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YIK 681.3
K Bompocy 06 mnTepnmperanuu Bo3moxkHoctu / A.W. IlpoBorap, A.A. IlpoBorap // KubGepHetuka u
cucteMHublid aHaims. — 2016. — Tom 52, Ne 6. — C. 3-10.

In.: 0. Tabn. 0. Bibmiorp.: 5 Hazs.

Ipemnaraercst conepkaTelbHass HHTEPIPETANUsI MOHATHS «BO3MOMKHOCTH» KAaK BEpXHEH I'paHH BEpOST-
HoctH. IIpy 3TOM BO3MOXKHOCTb M BEpPOSITHOCTD 331AI0TCS TPEYTOJIbLHBIMU YnciamMu. [IpuBeieHbl COOTHOMICHHS
JUIL BEPOSITHOCTEH M BO3MOXKHOCTEH HEYETKHX COOBITHM.

KiaioueBblie cioBa: BEPOATHOCTH, BO3MOXKXHOCTh, HCYECTKOC YHCJIO, HECYCTKOC coObITHE.

Jlo nmutanusi mpo intepnperauilo MoxuuBocti / O.L. IIposorap, O.0. IlpoBorap // Kibepueruka Ta
cucreMuuii ananiz. — 2016. — Tom 52, Ne 6. — C. 3-10.

3anpornoHoBaHO 3MICTOBHY IHTEPIIPETALIIO MOHATTS «MOXKIMBOCTI» SIK BEPXHBOI MexXi iiMoBipHOCTI. [Tpn
IBOMY MOJIIMBOCTI 1 IMOBIPHOCTI 3aJalOThCsi TPUKYTHUMH YHCIaMH. HaBeleHO CIHiBBIIHOUICHHS JUIs
HMOBIPHOCTEH 1 MOXIMBOCTEH HEYITKHX MOJIMH.

KurouoBi cjioBa: HMOBIpHICTb, MOXKIJIHBICTb, HEUITKE HYHCIIO, HEWITKA MOJIS.

On possibility interpretation / O.1. Provotar, O.0. Provotar // Kibernetika i sistemny analiz. — 2016. —
Vol. 52, N 6. — P. 3-10.

A meaningful interpretation of the concept of “possibility” as the upper bound of probability is proposed.
Possibility and probability are defined by triangular numbers. The relations for the probability and possibility of
fuzzy events are presented.

Keywords: probability, possibility, fuzzy number, fuzzy event.

YK 004.8
Mertasi3bpik HOPpMATBHBIX (popm 3nHanuii / A.®. Kypraes, C.H. I'puropbe // KubepHeTHka u CHCTeMHBIN
ananm3. — 2016. — Tom 52, Ne 6. — C. 11-20.

In.: 5. Tabn. 0. bi6miorp.: 4 Ha3Bu.

IlpencraBieH MeTas3blK HOPMAIbHBIX (POPM 3HAHUM, JaHBI €r0 TEKCTOBOE M IpadHdYecKkoe OMHCAHUS.
B TexcToBoli u rpaduueckoil popmax HaHbI GopMaIbHbIE OMHCAHUS MHOXKECTBA JIMHTBHCTHYCCKUX IPUMEPOB,
B TOM YHCJIE CHHTAKCHCa ITOJMHOXECTBA IPOCTHIX MPEUIOKECHUH aHITIHICKOTro sI3bIKa U MeTasi3blka Extended
Backus—Naur Form. Cnienano 3akirouenue 00 aJjeKBaTHOCTH MPETI0KESHHOTO METasi3bIKa BO3MOJKHOCTSIM Yello-
BeKa IPEJCTaBIATh U HCIOIb30BAaTh 3HAHHI.

KioueBble €j10Ba: CHHTAKCHUC, METas3bIK HOPMalbHBIX (pOpM 3HAHMH, rpauyecKhe CpeiCTBa MeTas3bIKa,
dopmanbHOE onucaHue MeTas3bika, Meras3bik Extended Backus—Naur Form, cMHTakCHC aHTIHHCKOTO
MIPEIIOKEHUSL.

MetamoBa Hopmanbuux ¢(opm 3uanb / O.IL. Kypraes, C.M. I'purop'es// KiGepHeTnka Ta CHCTEMHHH
anamiz. — 2016. — Tom 52, Ne 6. — C. 11-20.

TIpesacraBieHa MeTaMoOBa HOpMaJIbHUX (DOPM 3HaHB, JIaHO i1 TEKCTOBHIA i rpadiuHuil onmcH. Y TeKCTOBIH
i rpadiuniii GpopMax maHO (opMasbHI ONMHCH MHOXKHHH JIHTBICTUYHUX MPUKIAAIB, Y TOMY YHCI CHHTAKCHCY
MZIMHOXKMHHU TIPOCTHX pEe4eHb aHrIilicbkoi MoBH it MetamoBu Extended Backus—Naur Form. 3po6ieno BUCHOBOK
PO aJeKBATHICTh MPECTABICHOT METAMOBH MOKJIMBOCTSIM JIFOAMHH I0/10 [OJAHHS il BUKOPUCTAHHS 3HAHb.

KurodoBi ciioBa: cHHTaKcHC, MeTaMOBa HOPMaIbHUX (hOPM 3HaHb, rpadiuni 3acobn MeTamMoBH, (hOpMabHUI
omc MmeramoBH, metamoBa Extended Backus—Naur Form, cuHTakcuc aHITiHCBKOrO pEYCHHSL.

Meta-language of normal forms of knowledge / A.F. Kurgaev, S.N. Grigoriev // Kibernetika i sistemny
analiz. — 2016. — Vol. 52, N 6. — P. 11-20.

The meta-language of normal forms of knowledge is presented and its graphic and text descriptions are
provided. The formal descriptions of numerous linguistic examples (including syntax of a subset of simple
English sentences and the meta-language of extended Backus—Naur forms) are set out in text and graphic forms.
It has been concluded that the meta-language presented can be favorably compared to human capabilities of
knowledge representation and usage.

Keywords: syntax, meta-language of Normal Forms of Knowledge, graphic tools of the meta-language,
meta-language formal description, Extended Backus—Naur Form, syntax of English sentence.
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VK 519.7

PacnosnaBanue jJeiicTBHH MeJMUMHCKHX Ppa0OTHHKOB HAa OCHOBe IOKa3aTelleli akcelepoMeTpoOB
¢ MCNO/Ib30BAHNEM IIyOMHHOI ceTn yoexmennii / A.A. l'ankun // KubepHeTHka ¥ CHCTEMHBIH aHAIN3. —
2016. — Tom 52, Ne 6. — C. 21-29.

Tn.: 0. Tabn. 4. Bibmiorp.: 8 Ha3s.

Hccnenyercss M aHAIM3UPYETCS PealbHOE MHOXKECTBO OOJBLIMX 10 00BEMY MEIMKO-CTaTHCTHYECKHX
JIQaHHBIX, UCIIOJIb3YEMBIX [UISl PACIIO3HABAHUS JCHCTBUN MEIMIMHCKUX PAaOOTHUKOB HAa OCHOBE TOKa3aTeel ak-
CeJIePOMETPOB B OIPE/CICHHBI MOMEHT BpeMeHH. B mporecce pacro3HaBaHusi IpUMEHEHa ITyOHHHAs CeTh
yOeXK/ICHUI Ha HEepa3MEUYEHHBIX JIAaHHBIX, MOCIE YEero MPOBEACHO OOYUYSHHE C yYHUTENIeM METOJ0M OOpaTHOro
pactipoctpaneHus omuOKy. [omydeHHbIe pe3yabTaThl OKa3aiu 00Jee BEICOKYH TOYHOCTh PAaCHO3HABAHUS 110
CpaBHEHHIO ¢ 0a30BBIMU MeTOJaMU. JJOCTHTHYTO TaK)Ke 3HAYMTEIBHOE YIIYyUIICHUE OTHOCUTEIBHO MPOIOIIKH-
TEIbHOCTU JICHCTBUI MeanepcoHana.

KiioueBble cioBa: rryOuHHas ceTh yOekKIESHHH, aKcelepoMeTp, IIyOMHHAas HEHpOHHAas CeTb.

Po3nmizmaBannsa 1iii  MeaM4YHHMX NpamiBHHMKIB Ha OCHOBI NOKa3HHKIB aKcejepoMeTpiB
3B MKOPHCTAHHSAM IIMOUHHOI Mepe:ki nepexoHanb / O.A. INankin // KibepHeTrka Ta cucteMHuii anamiz. —
2016. — Tom 52, Ne 6. — C. 21-29.

JlocmipKy€eThest Ta aHATI3Y€EThCs peaibHa MHOKHHA BEJIMKHX 32 00CSATOM MEIHKO-CTaTHCTUYHHUX JIaHMX,
1110 BUKOPHCTOBYIOTHCSI ULsl PO3MI3HABAHHS Aifl MEJUYHHX MPALiBHUKIB HA OCHOBI IIOKA3HHKIB aKCEJIEPOMETPIB
Yy BH3HAYEHHII MOMEHT 4Yacy. Y MHpoleci po3mi3HaBaHHs 3aCTOCOBAHO IIMOMHHY MEpeXy NepeKOHaHb HA He-
PO3MIYEHHX JAHHX, MICIIsl YOTO IPOBECHO HABYAHHS 3 YUUTEIEM METOJOM 3BOPOTHOIO IOIIMPEHHS IIOMUIIKH.
OtpuMaHi pe3yIbTaTH MOKa3ald OLIBII BUCOKY TOUHICTH PO3IIi3HABAHHSA y MOPIBHAHHI 3 0a30BUMHU METOJAMH.
JIoCSrHYTO TaKOXK 3HAYHE MOKPAILIECHHS BiTHOCHO TPUBAJIOCTI Jiii MeANepcoHamy.

KiarouoBi cioBa: rianbuHHA MEpEKa INMEPEKOHAHb, AKCEIEPOMETP, TIMOWHHA HeﬁpOHHa MEpEeKa.

Recognition of actions of medical workers on the basis of readings of accelerometers using a deep belief
network / O.A. Galkin // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 21-29.

The paper analyzes the real set of large-volume medical and statistical data to be used for recognition of
actions of medical workers on the basis of readings of accelerometers at a particular moment of time. During the
recognition, deep belief network is applied on unlabeled data, and then trained with supervised learning by
backward propagation of errors. The obtained results show a higher recognition accuracy as compared with the
basic methods A significant improvement is achieved as to the duration of actions of medical staff.

Keywords: deep belief network, accelerometer, deep neural network.

VIK 519.7
HcceiieioBanne MHOTOITANHBIX CTOXACTHYECKHX 33Ja4 noprdenbHoii ontumusamuu / O.A. IN'ankuna //
Kubepnernka u cucremHubiii aHams. — 2016. — Tom 52, Ne 6. — C. 30-39.

In.: 3. Tabn. 2. bibmiorp.: 8 Ha3s.

HcenemyroTcst MHOTOATAIIHbIE CTOXACTHYECKHE 3aJa4l ONTUMU3ALHUU MOPThENs ¢ IPHMEHEHHEM Mephl
puckoB 1o Kycyoku u CrieKTpajibHOM KOTepeHTHOH Mepbl puckoB. Jliist oneHkn 3¢ GekTHBHOCTH MOJEeH ¢ Hc-
I0JIB30BAHIEM HCXOJHBIX JAaHHBIX pa3paboTaH mporecc 09K-TecTHpoBanus. Ha pa3HBIX BpeMEHHEIX dTamax Ay
MoJenel ¢ Mepol puckoB 1o Kycyoku u crieKTpajibHOW KOT€PEeHTHOH MEpOl PUCKOB HAMJICHO MPONOPLUOHAIb-
HOE COOTHOIICHHE aKTUBOB IS 33/JaHHOT0 MopTderns. MHOroITarHble CTOXaCTHYECKHEe MOJICIH ONTHMU3ALMH
nopTdens n3MepsIOTCS TECTHPOBAHUEM OTHOCHTENIBHO CTOUMOCTH MOpTders. s pa3auvHbIX BpeMEHHBIX 3Ta-
OB TOJCYMTaHbl MHHHMAaJbHBIC MOPT(ENbHBIC MOTEPHU.

KioueBbie ciioBa: nopchem;Haﬂ onTuMuszanus, MEpPbl PUCKOB, AKTHUBBI.

JocuikeHHs1 0araToeTamHUX CTOXaCTHYHHX 3a1a4 moptdeiabHoi ontumizanmii / O.A. Tanxima //
KibGepuetnka ta cuctemuuii anamiz. — 2016. — Tom 52, Ne 6. — C. 30-39.

JocmimkyroTbest OaratoeTanHi CTOXacTHYHI 3aJadi onTHMi3arii moprdesns i3 3acTOCyBaHHSAM MIpH pH-
3uKiB 3a Kycyoki i cmekTpanbHOi KOrepeHTHOI Mipu pu3HKy. [l OLiHKH eeKTUBHOCTI Mojeneil 3 BUKOpUC-
TaHHSM BHXIJHUX JaHHX po3poliieHo mporec Oek-recTyBaHHs. Ha pi3HMX 4acoBHX eramax Juis MoAeneit 3
Mipoto pu3uKy 3a Kycyoki i CieKTpajbHOI KOI€pPEHTHOIO MIpOI0 PH3HKIB 3HAWIAEHO MPOMOpIiHE CIiBBiHO-
LICHHS aKTUBIB /ULl 3a7aHoro noptders. baratoeranHi croxacTHdHi MoJeni onTuMizanii moptdens BUMIpro-
I0ThCSl TECTYBAHHAM BiTHOCHO BapTocTi moprdens. Jist pisHUX 4acOBUX eTariB OOYMCIICHO MiHIMalbHI Mop-
T(enabHl BTpaTH.

KumiouoBi cioBa: moprdenpHa onTHMI3amis, MipH PU3HKIB, aKTHBH.
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Research of the multistage stochastic portfolio optimization problems / O.A. Galkina // Kibernetika i
sistemny analiz. — 2016. — Vol. 52, N 6. — P. 30-39.

The author investigates multistage stochastic portfolio optimization problems with application of
Kusuoki’s and spectral coherent risk measures. The back-testing process is developed to evaluate the
performance of the models using historical data. Proportionate share of the portfolio assets is found at different
time stages for models with Kusuoki’s and spectral coherent risk measures. The multistage stochastic portfolio
optimization models are measured by testing in terms of the portfolio value. Minimum portfolio losses are
calculated for different time stages.

Keywords: portfolio optimization, risk measures, assets.

CUCTEMHHUIA AHAJI3 SYSTEMS ANALYSIS

YK 519.872

Hepapxuyeckuii aaroput™m (a3zoBoro ykpynHeHMsi /UIsi aHAJIM3a TAHAEMHBIX OTKPBITBIX ceTei
obcayxuanus / A.3. Memukos, JI.A. Ilonomapenko, A.M. Pycramos // KuGepHeTtnka u CHCTEMHBIi
agamn3. — 2016. — Tom 52, Ne 6. — C. 40-52.

In.: 8. Ta6n. 0. Bibmiorp.: 26 Ha3B.

Ipeanoxena MOJEIb OTKPBITOI TAHIEMHON CETH MAacCOBOTO 0OCITY)KHBAHHS C OrpaHHYCHHBIMU Oydepa-
MU 1 OOpaTHOW CBS3bIO, B KOKIbIH y3€J KOTOPOH MOCTYNAKOT HE3aBUCHMbIE I1yaCCOHOBCKHUE IOTOKH 3asBOK.
YacTh 3asBOK I10CIIC OOCIY)KHBAHUs B IIEPBOM y3Jle MTHOBEHHO IIOCTYIIAeT BO BTOPOMH (€C/IM B HEM HMEETCs
CBOOOZHOE MECTO), OCTAJIBHBIC 3asIBKH OKOHYATEIBFHO MOKHAAIOT ceThb. [locie 3aBepmieHHst 00CTyKHBaHUS BO
BTOPOM Y3II€ 3asBKa MOKUJAeT CEeTh MO0 IPH HAIMYHU CBOOOZHOTO MECTa MTHOBEHHO IOCTYIAeT B MEPBEIN
y3el1, 100 B OpOUT M TOCiIe Cily4dailHOM 3a/IepKKu TpeOyeT IOBTOPHOTo obciyxuBaHus. [lokasaHo, 4To mMate-
MaTHUYECKON MOJIEIIbIO JaHHOH CETH sBISETCS TpeXMepHas 1ienb MapkoBa, MpeanokKeH HepapXUUeCcKHil anro-
puT™ (Ha30BOrO YKPYIHEHHMS Ul pacdeTa BEPOSTHOCTEH ee cocTosHMMA. [IpuBeieHbI pe3yIbTaThl YHCICHHBIX
9KCIIEPUMEHTOB.

KuioueBble ¢J10Ba: OTKPBITAs TaHACMHAs CeTh, 00OpaTHast CBsi3b, TPEXMEpPHas 1ielb MapkoBa, HepapXxuyecKuii
IrOpUTM (ha30BOr0 YKPYITHCHHS.

Iepapxiunmii ajaropurm ¢a3oBOro yKpyNnHeHHsi /UISi AHAJXi3y TAHJEMHHX BiIKPHTHX Mepex
obcayropyBanns / A.3. Mexikos, JI.A. Ilonomapenko, A.M. PycramoB // KiGepHeTnka Ta CHCTeMHHH
anamiz. — 2016. — Tom 52, Ne 6. — C. 40-52.

3anpornoHoBaHO MOJENb BiIKPUTOI TAaHIEMHOI MEPEki MacOBOro 00CIyroByBaHHs 3 0OMeKkeHUMH Oyde-
paMu Ta 3BOPOTHHM 3B’SI3KOM, Ha KOXKHUI By30J1 SIKOT HaJAXO/ATh HE3aJIekKHi IyacOHIBChbKI MOTOKH 3as1BOK. Hac-
THHA 3a5BOK ITiCJIs OOCIYrOBYBaHHs Y IMEPIIOMY BY3Ji MHUTTEBO HAAXOAUTH y APYrHil (AKIIO TaM € BilbHI
MicIyst), iHII 3asIBKH OCTATOYHO MOKHAAIOTH Mepexxy. [Ticis 3aBepieH s 00CIyroByBaHHs y ApyroMy By3ii 3a-
sIBKA MIOKHJA€ MEpeKy ab0 3a HasBHOCTI BUIBHOTO MiCISI MUTTEBO HAaJIXOAUTH y IEPIIH By301, a00 B OpOIT i
ITiciIs BUMAAKOBOI 3aTPHMKH BHMAarae IOBTOPHOTO 00CIyroByBaHHs. I[Ioka3aHo, [0 MaTeMaTHYHOIO MOJIEIIIIO
i€l Mepexi € TPUBUMIPHHUH JTaHIIOr MapKoBa, 3alpONOHOBAHO 1€pApXiUuHKM aNropuT™ (Ha30BOr0 yKPYIMHEHHS
JUIs PO3paxyHKy iMoBipHOcTed ii ctaniB. HaBeneHO pe3yibTaTé YMCEIbHUX EKCIIEPUMEHTIB.

KiiouoBi cnoBa: Bigkpura TaHIEeMHa Mepexka, 3BOPOTHHII 3B’S30K, TPUBHMIPHHH JaHIIOr Mapkosa,
iepapXi4Huii anroput™ (azoBOTO YKPYIMHECHHSL.

Hierarchical space merging algorithm for the analysis of open tandem queuing networks / A.Z. Melikov,
L.A. Ponomarenko, A.M. Rustamov // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 40-52.

The Markov model of two-stage queuing network with feedback is proposed. Poisson flows arrive to both
stages from outside. A part of already serviced calls at the first node instantaneously enter the second node (if
there is free space here) while the other calls leave the network. After the service is completed at the second
node, there are three possibilities: (1) it leaves the network; (2) it instantaneously feeds back to the first node (if
there is free space here); (3) it feeds back to the first node after some delay in orbit. All feedbacks are
determined by known probabilities. Both nodes have finite capacities. The mathematical model of the
investigated network is a three-dimensional Markov chain, and a hierarchical space merging algorithm is
developed to calculate its steady-state probabilities. The results of numerical experiments are demonstrated.

Keywords: open two stage queuing network, feedback, three dimensional Markov chain, hierarchical space
merging algorihtm.

VK 658.52

OcHOBHBIC TOHATHS M MaTeMaTHYeCKHe AacHeKThl B 32Ja4aX KaHAJIBHOIO KOJAMPOBaHMS:
MHoroainbTepHaTHBHbIe nmpasuia / A.K. IOaun, 10.K. 3uatannos, A.H. Boponun, A.B. Hibenko //
Kubeprernxa n cucremusiii anamms. — 2016. — Tom 52, Ne 6. — C. 53-59.

In.: 2. Ta6n. 1. BiGmiorp.: 8 Ha3zs.
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ITocTpoena Mozenb peaomux IpoueIyp CTATUCTHYECKHX MPABUIL 171 ONpeie]IeHHsT BOZMOKHOCTU HC-
0JIb30BaHKsl MHOIOAJIbTEPHATUBHBIX METO/I0B NPHMHATHS PELICHUS B 3a/a4ax JIEKOJAMPOBAHUs MOJIHON KOm0-
BoU KoHCTpyKumH. OmpeeseHbl MpaBmiia ¥ Mepbl KOIMYecTBa HH(OpPMALHU, a TAKXKE YCTAHOBJICHBI HOPOTU
MIPUHSTHUS PEIICHHS C IeIbI0 BO3MOMKHOTI'O BOCCTAHOBIICHUS IIOJHON KOJOBOH KOHCTPYKIMH HH(POPMAILIHOHHOTO
MOTOKA JaHHBIX.

KiroueBble ciioBa: MHOI'0QJIbTEPHATUBHBIC METO/bI, LEJIOCTHOCTL JAAHHBIX, KaHAJIBHOEC KOJAUPOBAHHE, CTATHUCTHU-
YECKHUE IIpaBWIa, I'MIIOTE3BI.

OCHOBHi HOHATTS Ta MATEMATHYHI ACIIEKTH B 321a4aX KAHAJIBHOI0 KOAYBAHHs: 0araToajibTepHATHBHI
npasmiaa / O.K. IOxin, 10.K. 3iatainos, A.M. Boponin, A.B. Insenxo // KibepHerrnka Ta CHCTEMHUI aHai3.
— 2016. — Tom 52, Ne 6. — C. 53-59.

[ToGymoBaHO MOJIEINb BUPILIANBHHX IIPOLEAYDP CTATUCTUYHUX IPABUII TSI BU3HAYCHHS MOYKIIHBOCTI BHKO-
pucTaHHS OaratoajbTePHATHBHUX METO/IB NPUHHATTS PIIICHHS B 33a7adax JCKOIyBaHHS ITOBHOI KOJOBOI KO-
HCTPYKILii. Bu3sHaueHo npasuia i Mipu KUIBKOCTI iH(pOpMallii, a TAKOK BCTAHOBJICHO MOPOTH MPUHHATTS PillleH-
HSl 3 METOIO BIPOTiJHOTO BiJHOBJICHHS MOBHOI KOJOBOI KOHCTPYKIIi iH(GOpMALifiHOro MOTOKY AaHHX.

KuirodoBi ciioBa: GaratoajabTepHaTHBHI METO/H, LUTICHICTh IAaHUX, KAHAJIBHE KOJYBaHH, CTATUCTHYHI [IPaBUIIA,
rinoTesu.

Basic concepts and mathematical aspects in channel coding: Multi-alternative rules / O.K. Yudin,
Y.K. Ziatdinov, A.N. Voronin, A.V. Ilyenko // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. —
P. 53-59.

The result of the research in this paper is a mathematical model of procedures of statistical rules to
determine the possibility of using multi-alternative methods of decision-making in problems of decoding a code
construction. Rules and measures of information are defined, and decision thresholds are established in order to
restore full information flow data.

Keywords: multi-alternative methods, the integrity of information, channel encoding, statistical rules,
hypotheses.

UDC 519.21

Croxacrnyeckue moaeau nopeaenus. Knaccupuxauus / 1.B. Koposox, M.JI. BeprorTn, B.C. Kopo.aiok
/| Kubepnetnka m cucreMmHblii aHamms. — 2016. — Tom 52, Ne 6. — C. 60-72.

In.: 10. Ta6a. 0. bibmiorp.: 11 na3s.

CroxacTHueckue MOJETH MOBEICHHS ONMPENEIAIOTCS PA3HOCTHBIMU HBOIONHOHHBIME YPaBHEHHAMH IS
BEpOSATHOCTEH OMHAPHBIX anbTepHAaTHB. Knaccudukaiys cToXacTHIECKUX MOZENeH MOBEACHHUS OCYIIECTBIICT-
Cst IO HPEIeIIbHOMY MOBE/ICHHIO allbTEPHATUB BeposiTHOCTEH. OCHOBHOE CBOMCTBO KiIacCH(UKAILIMK XapaKTepHU-
3yeTcsi TpeMsl THIIAMH PaBHOBECHS: NPHUTATMBAIOIINM, OTTAIKUBAIONIMM MU JOMHUHHpYomUM. Kiaccudukarms
CTOXAaCTUYECKUX MOJIeNIeH OBEICHHS OCYIIECTBISICTCS C UCIIONIb30BaHHEM AU ((Y3HOHHOM arpoOKCHMAaLIH.

KuiroueBble cj10Ba: 3BOJIIOLMOHHBIN TOBEJCHYECKHN MPOLIECC, CTOXACTUYECKUH MPOIECC MTOBEICHU, PAaBHOBE-
cHe, NPUTACHBAIOIIAs MOJENb, OTTAJIKUBAIONIAs MO/C/b, TOMHHUPYIOLIUEG MOJEIH, [EHEPATOP IUCKPETHOIO
MapKOBCKOTO Mpoliecca.

Croxacrnyni mMoaeni nmoseninku. Kiacudikauis / 1.B. Kopomok, M.JI. Beprorri, B.C. Kopomok //
KiGepuetnka ta cucremuuii anamiz. — 2016. — Tom 52, Ne 6. — C. 60-72.

CroxacTH4HI MOJENI TOBEAIHKM BH3HAYAIOTHCS PI3HULEBUMH CBOJIOLIHHUMM  PIBHSHHAMH JUIS
HiMoBipHOCTeH OiHapHHX anbrTepHaTHB. Kitacudikamiss CTOXaCTHYHHX MoOJeNeil MOBEIIHKH 3IiHCHIOETHCS IO
TPaHUYHIM TMOBEAIHI ajbTepHATHB HMOBIpHOCTEHl. OCHOBHA BIIACTHBICTH Kiacu@ikalii XapaKTepu3yeThCs
TPbOMA TUIAMH PiBHOBArd: NMPHUTATYBAJIbHNUM, BIIITOBXYBaJIbHUM 1 gomiHaHTHUM. Kiacudikamis croxactuy-
HUX MOEJIEH MOBEIIHKM 3IIHCHIOEThCS 3 BHKOPUCTaHHSAM AnQy3iiHOI armpokxcumarii.

Ki1ro4oBi ci10Ba: eBOMIONINHHUI TTOBEAIHKOBUIL TIPOLIEC, CTOXACTUYHMUIA MPOLIEC MOBEIIHKH, PIBHOBAra, MPUTSTY-
BaJIbHAa MOJIeNIb, BIIIITOBXYBAJIbHA MOJIEIIb, JOMIHAHTHI MOJEII, TEHepaTop IUCKPETHOIO MapKOBCHKOTO IIPOLECY.

Stochastic behavioral models. Classification / D.V. Koroliouk, M.L. Bertotti, V.S. Koroliuk // Kibernetika i
sistemny analiz. — 2016. — Vol. 52, N 6. — P. 60-72.

Stochastic behavioral models are specified by a difference evolutionary equation for the probabilities of
binary alternatives. The classification of stochastic behavioral models is analyzed by the limit comportment of
alternatives probabilities. The main property of classification is characterized by three types of equilibrium:
attractive, repulsive, and dominant. The stochastic behavioral models are classified by using the stochastic
approximation.

Keywords: evolutionary behavioral process, stochastic behavioral process, equilibrium, attractive model,
repulsive model, dominant models, generator of discrete Markov process.
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YK 519.85
Heverxkue JMHeiiHbIe CHCTEMbI YpPaBHEHHWil: CHJIbHAsI Pa3pelIMMOCTh H CHJIbHASI JOMYCTUMOCTH /
0.A. Emen, A.O. Emen // Kubeprerrka u cuctremusblii ananu3. — 2016. — Tom 52, Ne 6. — C. 73-83.

In.: 1. Tabn. 1. Bibmiorp.: 22 Ha3B.

PaccMoTpeHbl BOIIPOCH! CHIIBHOM J10ITyCTUMOCTH M CHJIBHOM Pa3pelinuMoCTH HEYETKON JIMHEHHOM cucTe-
Mbl YpaBHEHHMH B IISITH CMBICTAX (YETKOM, KBa3HMYETKOM, ITOJIyYETKOM, KBa3HHEUCTKOM M HEUETKOM).

KuroueBble cioBa: HeueTKHe MHOKECTBA, MHTECPBaJIbHASA MAaTpHIla, HEUYCTKAasA MaTpUlla, HHTEPBAJIbHBIE CUCTE-
MBI ypaBHeHuﬁ, HEYECTKHUE CHUCTEMBI ypaBHCHI/Iﬁ, CHJIbHast paspelIMMOCTb CHUCTEMbBI JINHEHHBIX ypaBHeHHﬁ,
CUJIBHasl JOIYCTUMOCTb CHUCTEMbI JIMHEHHBIX ypaBHeHHﬁ.

Heuitki Jinilini cucremMu piBHfIHB: cHIBbHA pPO3B’si3HiCTH i cmiabHa gonycrumicts / 0.0. €mens,
Oua-pa O. Emenn // KiGeprernka ta cuctemuuii anamiz. — 2016. — Tom 52, Ne 6. — C. 73-83.

Po3risiHyTO MUTaHHS CHIIBHOI JOITyCTUMOCTI i CHIIBHOI PO3B’SI3HOCTI HEWiTKOI JIHIIHOI CHCTEMH PiBHIHD
y I’ATH ceHcaxX (4iTKOMY, KBa3idiTKOMY, HAMiBUITKOMY, KBa3iHEUITKOMY i HEUITKOMY).

Kuro4oBi ci10Ba: HewiTKi MHOXKHHH, iHTEPBaJIbHA MATPHILI, HEUITKA MATPHIL, iHTEPBaIbHI CHCTEMH PiBHSHB,
HEYiTKi CHCTEeMH DIBHSIHbB, CHJIbHA PO3B’SI3HICTh CHCTEMH JIIHIHHUX PIiBHSHB, CHJIBHA JOITyCTUMICTh CHCTEMHU
JIHIHHUX PIBHSHB.

Fuzzy linear systems of equations: strong solvability and strong feasibility / O.O. Iemets, O.0. Yemets’ //
Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 73-83.
The authors consider strong solvability and strong feasibility of uncertain linear systems of eguations in

five grades (exact, quasi-exact, semi-exact, quasi-fuzzy and fuzzy).

Keywords: fuzzy sets, interval matrix, fuzzy matrix interval systems of equations, uncertain systems of
equations, strong solvability of systems of linear equations, strong feasibility of systems of linear equations.

VK 519.2

TouHble HUKHHE TPAHHIBLI BePOSATHOCTH OTKAa3a CHCTeMbl B HHTepBajie BpeMeHH NpPH HEMOTHOI
uHpopmanuu o QYHKIMM pacnpejeleHusi BpeMeHH a0 otrkaza cucrembl / JI.C. CroiikoBa,
C.H. Kpacuukos // Kubepuernka u cucremuslii amamm3. — 2016. — Tom 52, Ne 6. — C. 84-94.

In.: 0. Tabx. 4. Bi6miorp.: 17 Ha3B.

PemratoTcst 3ajaunM HAaXOXICHUS TOYHBIX HIDKHHX TpaHUN BeposTHOCTH F (V) — F(u),0<u<v<o,
B MHOXKECTBE (YHKIMI pacripeaeneHus F (X) HEOTPHLATEIbHBIX CIyYaiHbIX BEJIUYMH C YHUMOJAILHON IJIOTHOC-
TBIO C MOJOH m , u<m <V, U JIByMs HEpBIMU (DUKCHPOBAHHBIMH MOMEHTAMH.

KiroueBble ¢10Ba: 5KCTpeMyM JIMHEHHOro (QyHKIHOHANA, YHUMOJAIbHAS (QYHKIUS paclpeleNeHust ¢ MOLoH
m U AByMsA (QUKCHPOBAHHBIMH MOMEHTAMH, pa30HeHHEe OONacTH MapamMeTpoB.

Touni HuKHI rpaHuni iMoBipHOCTI BiIMOBH cHcTeMH B iHTepBalli yacy npu HenoBHiii indopmauii moo
¢yuknii po3moainy yacy no BinmoBm cucremn / JI.C. CroiikoBa, C.M. Kpacuikos // Kibepreruka Ta
cucremuuii anamiz. — 2016. — Tom 52, Ne 6. — C. 84-94.

Po3B’s13aH0 3ajadi 3HAXO/KCHHS TOYHHX HIDKHIX TpaHULb iMoBipHOCTI F (V) — F(u),0<u<v<oo,
B MHOXKHHI (pyHKIIH po3noiny F (x) HEeBiJ]’€MHHX BHIIAIKOBUX BEINYHH 3 YHIMOJAIBHOIO IIIBHICTIO 3 MOJIOIO
m, u<m<v, i J1BOMa MepUIHMH (PIKCOBAHUMH MOMEHTAMH.

KumiouoBi citoBa: exctpeMyM JiHiHOrO (yHKIIOHANA, YHIMOAAIbHA (YHKILSI PO3IOILTY 3 MOJIOIO /1 1 [BOMA
(hiKCOBAaHNMH MOMEHTaMH, PO30HMTTS 0OJacTi mapamerpis.

Exact lower bounds of system failure probability on a time interval under incomplete information about
the distribution function of time to failure / L.S. Stoikova, S.N. Krasnikov // Kibernetika i sistemny analiz.
— 2016. — Vol. 52, N 6. — P. 84-94.

The authors solve problems of finding exact lower bounds for the probability F (v) — F (u),0<u<v <o,
in the set of distribution functions F (x) of nonnegative random variables with unimodal density with mode
m, u<m<v, and two first fixed moments.

Keywords: extremum of a linear functional, unimodal distribution function with mode m and two first
moments, partition of the domain of parameters.

YIK 519.8
Kpurepun tounoctu SDP-pesiakcanuii KBaJpaTHYHBIX JKCTpeMajbHbIX 3a1a4 / O.A. Bepe3oBckuii //
Kubeprernka u cucremuslii anamus. — 2016. — Tom 52, Ne 6. — C. 95-101.

Im.: 0. Tabn. 0. Bibmiorp.: 14 Ha3s.
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HcenenoBansl yClnoBHs HOMYYSHHs] TOYHBIX DENICHHI KBAaApPAaTUYHBIX DKCTPEMANbHBIX 33mad OOILIEro
BUja ¢ nmomouipio SDP-penakcanuuii. Ha 0CHOBE M3BECTHBIX PE3yJIbTaTOB OTHOCUTEIBHO TOYHOCTH JIBOWCTBEH-
HBIX OLIGHOK (JTarpaHKeBbIX PeaKCaliii) M UX B3aUMOCBsI3H ¢ SDP-penakcauusiMi c(hopMyTHPOBaH PsI yCiIo-
BUif, IPH KOTOPBIX ONTHMAaJbHbIC 3HAYCHHs LEJIEBBIX (DYHKLHMH KBaJPaTHYHON IKCTPEMAIBHON 3amadd U ee
SDP-penakcalliy paBHBI.

KimoueBble ciioBa: KBaJpaTHIHAs IKCTpEeMaibHas 3a1a4a, SDP-penakcaiiys, 1BOHCTBEHHAsT OLCHKA, (YHKIHS
Jlarpanxa, TOYHas pellaKCalus.

Kpurepii Tounocti SDP-penakcauiii KBaJpaTu4HuX exkcrpeMaibHux 3aaad / O.A. Bepe3oBcbkuii //
KiGepHernka Ta cucremuuii anamiz. — 2016. — Tom 52, Ne 6. — C. 95-101.

JlocmimpkeHO yMOBH OTPMMAaHHS TOYHUX PO3B’SI3KIB KBaJPAaTHYHHX EKCTPEMAIBHMX 3aJad 3arajbHOro
BUIIIANY 3a jpomomororo SDP-pemakcamiii. Ha ocHOBI BiTOMHX pe3yibTaTiB CTOCOBHO TOYHOCTI ABOICTHX
OIIIHOK (JTarpaHXeBUX peJakcailiil) i iIXHbOro B3aeMo3B’s3Ky 3 SDP-penakcaliisiMu copMyJIbOBaHO PsiJi YMOB,
NIPU SKUX ONTHUMaJIbHI 3HAYECHHS LTbOBUX (DYHKIIH KBaApaTHUHOT eKCTpeMalbHOI 3aaa4i Ta 11 SDP-penakcanii
piBHI.

KirouoBi cioBa: xBajpaTHdHa ekcTpeManbHa 3amada, SDP-penakcamnis, ABoicta ominka, Gpynkmis Jlarpamka,
TOYHA peJaKcallis.

Exactness criteria for SDP-relaxations of quadratic extremum problems / O.A. Berezovskyi // Kibernetika
i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 95-101.

The author analyzes the conditions of obtaining exact solutions to quadratic extremum problems of
general type by using SDP-relaxations. Based on the known results for exactness of dual bounds (lagrangian
relaxations) and their relationship with SDP-relaxations, several conditions are formulated, under which the
values of optimal objective function of the quadratic extremal problem and its SDP-relaxation are equal.

Keywords: quadratic extremal problem, SDP-relaxation, dual bound, lagrangian, exact relaxation.

VK 519.85

O HenpepbIBHBIX NPEACTABJEHUAX W (YHKIHOHAIBLHBIX NPOJAOLKEHHSX B 3aJadaX KOMOHMHATOPHOI
ontumusauuu / O.C. lInuyruna, C.B. fIkosiues // KubepHerrka u cucreMuslii ananus. — 2016. — Towm 52,
Ne 6. — C. 102-113.

In.: 0. Tabn. 0. Biomiorp.: 36 Ha3zs.

Baenens! mousTHs (QYHKIMOHAIBHOTO MPEACTABICHUS] MHOMKECTBA TOUYCK EBKIUIOBOrO apH()METHIECKOIO
MPOCTPAHCTBA U MPOJOIDKEHHS (QYHKIMI ¢ JAHHOTO MHOXKECTBA B €r0 HaAMHOXKEeCTBO. [TokazaHa cBSI3b (pyHKIHO-
HAJIBHBIX MPEJICTABICHUI MHOXKECTB U MPOJODKCHUI ¢ HUX. [lomydensl cTporue (yHKIHOHAIBHbIC PEACTABIIC-
Hust OyJIeBOro, oOIIEro IepecTaHOBOYHOIO U IOJIHIIEPECTAHOBOUYHOIO MHOXKECTB. [1poJieMOHCTpUpPOBaHBI HPEH-
MYIECTBA IPHMEHEHNUsI CTPOIHX HPEICTaBICHIH eBKINIOBBIX KOMOMHATOPHBIX MHOXKECTB B IOCTPOCHHH (DyHK-
LMOHAIBHBIX IPOJODKEHUH C OTHX MHOKECTB M PEIICHHH KOMOMHATOPHBIX 3ajiad.

KimioueBble clioBa: KOMOMHATOpPHAsI ONTHMH3ALMS, CBKIMIOBO KOMOWHATOPHOE MHOXECTBO, HENPEPBIBHOE
(DYHKIHOHAIBHOE HPEICTABICHUE MHOXKECTBA, NPOJOJDKCHHE (GyHKIHMi, o0liee MHOXKECTBO IEPECTAaHOBOK,
OyJIEBO MHOXECTBO.

IIpo HenepepBHi mnpeicTaBjJeHHs Ta (YHKUiOHAJbHI TNPOJOBKEHHS B 3aJa4aX KOMOIHATOPHOI
onrumizanii / O.C. Iliuyrina, C.B. SIxos.es // KibepHetuka ta cucremuuii ananiz. — 2016. — Towm 52, Ne 6.
— C. 102-113.

BeeneHo MOHATTS (PyHKIIOHATPHOTO TIPEJICTABICHHS MHOXHHH TOYOK EBKJIIJIOBOTO apH(METHYHOrO
MPOCTOPY 1 MPOJOBXKEHHS (YHKIIN 3 TaHOT MHOXKUHHM Yy T HaJIMHOKUHY. [Toka3aHo 3B'A30K (pyHKIIOHAIBHUX
MPEACTAaBICHb MHOXKUH 1 IPOJIOBKEHD 3 HUX. OTpUMaHO cTPOri (yHKIIOHAIbHI IPEACTABICHHS OyJIeBOi, 3araiib-
HOI MEpPEeCTAHOBOYHOI Ta IOJINEPECTAaHOBOYHOI MHOXHH. IIpOJIEMOHCTPOBAHO IEpeBArn 3aCTOCYBAHHS CTPOIHX
TIPE/ICTABIICHb CBKITIZIOBUX KOMOIHATOPHUX MHOMKHMH Yy T100Y10BI (DyHKIIOHATBHNX MPOJIOBKEHB 3 IIUX MHOXKHH i PO3-
B'sI3aHHI KOMOIHATOPHHX 3aJ1aY.

KuouoBi cioBa: koMOiHaTOpHA ONTHUMI3allisl, €BKIIII0Ba KOMOIHATOpPHA MHOXMHHA, HeTepepBHE (yHKIIOHAIb-
HE NPe/ICTaBICHH MHOXUHH, IIPOJIOBKEHHs (YHKIIIH, 3arajlbHa MHOXKHHA TIEPECTAHOBOK, OyJIeBa MHOXHHA.

Continuous representations and functional extensions in combinatorial optimization / O.S. Pichugina,
S.V. Yakovlev // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 102-113.

The concepts of functional representation of a set of points of the Euclidean arithmetic space and an
extension of functions from the set onto its superset are introduced. Functional representations of sets are
related to their extensions. Strict functional representations of the Boolean set, general permutation, and
polypermutation sets are derived. The advantages of applying strict representations of Euclidean combinatorial
sets to construct functional extensions from them and to solve combinatorial problems are presented.

Keywords: combinatorial optimization, euclidean combinatorial set, continuous functional sets' prime
representation, an extension of functions, the general permutation set, the boolean set.
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VK 517.958

O0o0meHHble MOCTAHOBKH M CBOICTBA MoJelleii ImpoleccoB ImepeHoca B o0jacTax ¢ paspe3amu /
J.A. Homuposckuii, A.W. Boctpukos // KuGeprerrka u cucremublii ananus. — 2016. — Tom 52, Ne 6. —
C. 114-126.

In.: 0. Tabn. 0. Bibmiorp.: 12 Ha3B.

W3yuaetcs nuHEiHOE MapaboInyecKoe ypaBHEHHE B 00JaCTH C TOHKHM ClIa0OMPOHUIIACMBIM BKIFOUCHH-
em. Jlust Takoit 3a7a4M nosyyeHa HoBasi MOJIEIIb C HEM3BECTHBIMHU (U, @) . B pamkax 3Toit MoJies OCHOBHOE I1a-
pabosdeckoe ypaBHEHHEe BTOPOro HOpsiika TpaHCHOPMUPYETCs B cUCTEMY IBYX AU (hepeHIHaNbHbIX ypaBHe-
HHH TIEPBOTO MOpsiika ¢ Ko UIIEeHTaMI U3 KJIacCOB 0000MEHHbIX (yHKIMI. M3yueHa cBsI3b 9TOr0 IMOaX0Ma
¢ KJIACCHYECKOH U CcIa0ol MOCTAHOBKAMH 3aJaduM.

KuroudeBbie ciioBa: mapaboiMueckoe ypaBHEHHE, Pa3pbIBHBIC PEIICHUS, YCIOBUsS INEPEHOCA, 00OOIICHHBIC
yHKIHIH.

VY3arajabHeHi NOCTAaHOBKH Ta BJACTHBOCTI Mojelleii mpoueciB mepeHocy B 006JacTsix 3 pospizamu /
J.A. Homiposcokmnii, O.1. Boctpikos // Kibepuernka ta cucremunii anamis. — 2016. — Tom 52, Ne 6. —
C. 114-126.

BuBuaerhcs niHiliHe mapabosiuHe piBHAHHS B 00JacTi 3 TOHKUM CIa0ONPOHMKHUM BKJIIOYEHHsAM. Jlyis
1i€i 3a5a4i OTPMMAaHO HOBY MOJIENb 3 HeBixomMuMu (#, ). B Mexax uiei Mozeni ocHOBHE mapabostiuHe piBHSH-
Hsl JPyroro IOpsIKY TPaHC(OPMYETbCS B CHCTEMY JABOX AM(MEPCHLIANbHUX PIBHSHB MEPIIOr0 MOPSAKY
3 Koe(ilieHTaMH 3 KJIaciB y3araabHeHHX (QyHKmiil. J{0CIikeHo 3B’ 30K HBOTO MiIXOY 3 KJIACHYHOIO Ta CIad-
KO INOCTaHOBKAMH 3a/1adi.

Kurodosi ciioBa: napaboiiune piBHSHHS, PO3PHBHI PO3B'A3KH, YMOBH IIEPCHECEHHS, y3aralbHEHI (yHKIIIT.

Generalized formulations and properties of models of transmission processes in domains with cuts /
D.A. Nomirovskii, O.1. Vostrikov // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 114-126.

We study a linear parabolic system in a domain with a thin low-permeable insertion. A new formulation
of the problem is obtained with the unknowns (#, ). Under this approach, the main second-order parabolic
equation is converted to a set of first-order partial differential equations with distributional coefficients. The
relations of the approach to the classical and weak formulations of the problem are analyzed.

Keywords: parabolic equation, discontinuous solution, transmission conditions, generalized functions.

VK [519.245+519.214]: 519.237.8
AJITOPUTM NOCTPOEHHS PAa3JeJUMBIX ¢-ceTeil ABYX MHoxkecTB / M.A. UBanuyk, WU.B. Manbik //
Kubepuernka u cucremubiii anamus. — 2016. — Tom 52, Ne 6. — C. 127-134.

In.: 5. Tabn. 0. bibmiorp.: 9 Ha3s.

IlpennoxkeH HOBBIF METOJ PEIICHMS 337a4yd KiIacCU(HUKAIMN, OCHOBAHHBIA HA Pa3[EICHUH JBYyX MHO-
JKECTB B IIPOCTPAHCTBE RY. Jloka3aHbl HEOOXO/IMMBbIE U JIOCTATOYHBIE YCIOBUA e-pazaenumoctu. Chopmyimpo-
BaH aJTOPUTM MOCTPOCHHMS Pa3JENUMBIX €-CETel IBYX MHOXeCTB pazmepa [2d / €]. PaccmoTpen mpumep nc-
TI0JIB30BAHMS JAHHOTO aJTrOPUTMA JUIS JBYX MHOXKECTB, CTeHEPHPOBAHHBIX M3 HOPMAJIBHO PacIpeeIeHHBIX CO-
BOKyImHOCTell. Pe3ymbraTel KIacCH(OUKAMU IPELIOKEHHOIO METOAAa CPaBHHUBAIOTCI C pe3ysbTaTaMu
KJIAaCCH(UKALNK TI0 METOAY OMOPHBIX BEKTOPOB.

KuaroueBble ciioBa: €-CE€THU, PasMEPHOCTH BaHHHKa*qepBOHeHKPlca, pasaeieHne MHOXKECTB, pasAC/Isronias
TIJIOCKOCTb.

AJIrOPpUTM TNOOYAOBH BiIOKpEMJIIOBAHMX ¢-CiTOK ABOX MHOxuH / M.A. IBamuyk, L.B. Mamuk //
KiGepnernka Ta cucremuumii anamiz. — 2016. — Tom 52, Ne 6. — C. 127-134.

3anpornoHoBaHO HOBHUIT METOJ PO3B’sA3aHHs 3a1a4i Kinacudikaii, mo 6a3yeTbcsi Ha BiTOKPEMIICHHI JBOX
MHOYHH Y TIPOCTOPi RY. JloBeneHo HeoOXiaHi i mocratHi ymMoBH &-BimokpemimoBanocti. ChopmynpoBaHuii aj-
TOPHTM MOOYOBH BiZIOKPEMJIIOBAHUX E-CITOK JABOX MHOXKHH po3MipoM [2d / &]. Po3rsiHyTO MpHKIag BHKO-
PHCTaHHS [IbOTO AITOPUTMY JUISL IBOX MHOXKHH, 3r€HEPOBAHHMX 3 HOPMAJIbHO PO3NOAUICHUX CyKymHOCTel. Pe-
3yJbTaTH KiIacHu(ikalii 3arporoHOBaHOTO METOy HMOPIBHSHI 3 pe3yibTaTaMyl Kiacudikamii 3a METOIOM OIop-
HUX BEKTOPIB.

KumouoBi cioBa: e-citku, po3mipHicth Bannika—UepBoHeHKica, BITOKPEMIICHHS MHOXHH, BiZOKPEMIIIOIOYA
IUIOLIHHA.
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An algorithm to construct separable e-nets of two sets / M.A. Ivanchuk, I.V. Malyk // Kibernetika i
sistemny analiz. — 2016. — Vol. 52, N 6. — P. 127-134.

The authors propose a new method to solve classification problem based on separation of two sets in space

RY. The necessary and sufficient conditions of e-separability are proved. The algorithm of constructing two
separable e-nets of size [2d / €] is proposed. The paper contains an example of applying this algorithm to two sets
generated from normally distributed sets. The classification results for the proposed method and for support vector
machines are compared.

Keywords: e-nets, VC-dimension, sets’ separation, separating plane.

VK 519.17
(a,d)-IMCTAHIHOHHS AHTHMAru4eckasi pa3MeTka OTJAeJbHbIX THHOB rpagos / M.d. Cemeniora //
Kubeprernxa u cucremusiii anamus. — 2016. — Tom 52, Ne 6. — C. 135-142.

Im.: 1. Tabn. 0. Bi6bmiorp.: 11 Ha3s.

M3yueHpl HEOOXOMMBIC YCIOBHS CYIIECTBOBaHUS (d,d )-AMCTAaHIMOHHOM aHTHMAarMyecKoil pa3MeTKu
rpada G = (V,E) nopsiaxa n. [lomydeHsl TeOpeMbl, paCIIUPSIONINE CEMEHCTBO He (@, d )-AUCTAHIHOHHBIX aHTH-
marudeckux rpados. B yacTHoCTH, 10Ka3aHO, 4TO KOpoHa P, o P, He jiomyckaer (a,1)-1McTaHMOHHON aHTHMa-
THYECKON Pa3sMeTKM UId 7 >2, ecii a <2. YCTaHOBIEHBI 3HAYCHHS d, NPH KOTOPHIX LieNb P, MOXET ObITh
(a,1)-IUCTAaHIIMOHHEIM aHTUMAarudecKuM Trpadom. McciaenoBaH OTAENBbHBIH cilydail HUPKYJISHTHOTO Trpada.

KuiroueBble c¢j10Ba: JUCTaHIMOHHAs Maruyeckas pa3MeTKa, AMCTAHLMOHHAs aHTHMarudeckas pasMeTka,
(a,d)-mucTaHIMOHHAs AaHTUMarudeckas pa3MeTKa, IIelb, PeryJISpHbIA Tpad), HUPKYISHTHEINH rpad.

(a,d)-pucranuiiina anTUMariyHa posmirka okpemux tunis rpagis / M.®. Cementora // KibepHeruka ta
cuctemuuii anamiz. — 2016. — Tom 52, Ne 6. — C. 135-142.

JocnimxeHo HeoOXiaHi yMOBH icHyBaHHSA (a,d )-AucTaHiitHOi anTUMAariunoi po3mitku rpada G = (V,E)
nopsiaKy 7. OiepIKaHo TEOPEeMH, L0 PO3IIUPIOIOTH CIMEHCTBO He (a,d )-ANCTAHIIHHNX aHTHUMAri9HHX Tpadis.
30Kpema, JIOBEICHO, 1110 KOpoHa P, o P He nomyckae (a,1)-MCTaHI[iHOT aHTUMAriuHOi PO3MITKU s 1 > 2,
AKIIO a <2. BCTaHOBJIGHO 3HAYCHHS @, NIPH SKUX JaHIior P, Moxe Oytn (a,l)-ANCTaHI[IHHIM aHTUMAridyHUM
rpadom. J[oCHi/KeHO OKpEeMHI BHIAIOK LUPKYJISTHTHOIO Tpada.

KumiouoBi ci1oBa: mucraHmiiina Mariuna po3MmiTka, AUCTaHIIHA aHTEMAridHa PO3MITKa, (a,d )-aucTaHuiiiHa aH-
THMariyHa po3MiTKa, JIAHLIOT, PeryispHuid rpad), HUPKYISHTHUH rpad.

(a,d)-distance antimagic labeling of some types of graphs / M.F. Semeniuta // Kibernetika i sistemny
analiz. — 2016. — Vol. 52, N 6. — P. 135-142.

We investigate an (a,d)-distance antimagic labeling of a graph G = (V/,E) of order n. Graph which
admits such a labeling is called an (a,d )-distance antimagic graph. We analyze the necessary conditions for the
existence of this labeling. We obtain the results that expend a family of not (a,d )-distance antimagic graphs. In
particular, we prove that the crown P, o P does not admit an (a,1)-distance antimagic labeling for n >2 if a <2.
We determine the values of a at which path P, can be an (a,1)-distance antimagic graph. Among regular graphs,
we investigate the case of a circulant graph.

Keywords: distance magic labeling, distance antimagic labeling, (a,d)-distance antimagic labeling, path,
regular graph, circulant graph.

MNPOI'PAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE COMPLEXES

VK 681.391, 681.3, 621.372

MeToa nmocTpoeHusi MPOCTOro LeJOYHCIEHHOI0 KOCHHYCHOIO NMpeodpa3oBaHHs 00/IbIION pa3MepHOCTH
JUIs1 KOZIMPOBAHMSI H300paskeHHii M BUeo ¢ BbIcOKNM pa3pemenueM / JILA. I'natuB // KuGepHernka u
cucreMHubrid aHaim3. — 2016, — Tom 52, Ne 6. — C. 145-155.

Tn.: 2. Tabn. 7. Bibmiorp.: 20 Ha3B.

PaccMOTpeH MaTpHUHBII METOJ IOCTPOCHHS HPOCTOTO IIENIOYHCICHHOTO KOCHHYCHOTO CTYHNEHYaTOro
npeoOpaszoBanus nopsijaka 32. [IpeanokeHo 0JHOHOPMOBOE MPOCTOE 1IEIOYUCICHHOE IIPEoOpa30BaHKE TOPSIKaA
32 u paspaboTaHbl €ro OBICTPbIC AJITOPUTMBI, KOTOpPbie HUMEIOT B 4,3 pa3a MCHBIIYIO BBIYUCIUTEIBHYIO
CJIO)KHOCTb, YEM B M3BECTHBIX alroput™max, u B 19 pa3 — yem B cranmapre H.265.

KurodeBble c10Ba: MCKPETHOE KOCHHYCHOE IPe0Opa3oBaHue, 1EJIOYHUCICHHOE KOCHHYCHOE peoOpa3oBaHie,
IIEJIOYNCIICHHOE  KOCHHYCHOE  CTyINeH4YaToe NpeoOpa3oBaHHMe, MaclIaOMpoBaHHOE MpeoOpa3oBaHue,
¢axropusamus, ObicTpoe mpeoOpazoBaHHe, d(PGEKTHBHOCTH KOMHPOBAHMS, KOIDPUIMEHT — CHKATHS,
Buzeokonuposanue, H.264, H.265, AVS.
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MeToa moGya0BH MPOCTOr0 HiJIOYHMCEIBLHOT0O KOCHHYCHOIO IepeTBOPEHHsl BeJIMKOI po3MipHOCTI aJist
KOJIyBaHHS 300pazkeHsb i Bileo BHcokoi po3aiibhoi 3naTHocti / JI.O. I'natiB // KibepHeTrka Ta cCUCTEMHUIA
anamiz. — 2016. — Tom 52, Ne 6. — C. 145-155.

PosrmsinyTo MaTpudHHil METOR MOOYJOBH IPOCTOTO LLIOYUCEILHOIO KOCHHYCHOTO CTYIIIHIACTOrO mepe-
TBOPEHHS MOPSAKY 32. 3ampOrOHOBAHO OJJHOHOPMOBE IPOCTE IIJIOYHCETbHE TEPETBOPEHHS MOPAAKY 32 1 po3-
PpoGJIeHO HOro MIBUAKI AITOPUTMH, SIKI MAtOTh B 4,3 pa3u MEHITY 004YHCIIIOBAIbHY CKJIQ/IHICTh, HIK BiJIOMI airo-
purmu, Ta y 19 pasi, Hix y cranmapti H.265.

Ku11040Bi cj10Ba: AHCKPETHE KOCHHYCHE MIEPETBOPEHHS, [[IIIOYNCEIBHE KOCHHYCHE IEPETBOPCHHSI, IIIOYHCEITb-
HE KOCHHYCHE CTyINiHYacTe IepeTBOpeHHs, (akTopusalis, IBHIKE IEPETBOPEHHsS, MaciiTtaboBaHe
MepeTBOpPeHHs], e(heKTHBHICTh KOAyBaHHS, Koe(ilieHT cTHCHEeHHs, BimeokomyBanms, H.264, H.265, AVS.

Methods to construct large-size simple integer cosine transform for high-resolution image and video
coding / L.O. Hnativ // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 145-155.

A matrix method is considered to construct order-32 simple integer cosine step transform. The one-norm
order-32 simple integer transform is proposed and its fast algorithms are developed. Their computational
complexity is 4.3 times less as compared with well-known algorithms and 19 time less than in H.265 standard.

Keywords: discrete cosine transform, integer cosine transform, integer cosine step transform, scaled transform,
factorization, fast transform, coding gain, compression ratio, video coding, H.264, H.265, AVS.

HOBI 3ACOBU KIBEPHETHUKHMU, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHUKH, OBYUC/IIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

YK 004.22 +004.93'11
BemecTBeHHbIE BJIOJKEHHSI H CKeTYH /UIsI OBICTPOIi olleHKH paccTostHuii u cxoacts / JILA. PaukoBckwuii //
Kubepuetnka u cucremusii aHammus. — 2016. — Tom 52, Ne 6. — C. 156-180.

In.: 0. Taba. 0. Bi6miorp.: 153 na3eu.

PaccMOTpeHBI METOBI U ANTOPHTMBI OBICTPOI OLICHKH MEP PACCTOSHUS/CXOACTBA JAHHBIX IO GOpMHpYe-
MBIM BEIIECTBEHHBIM BEKTOpaM Masioii pa3mMepHocTH. [IpuBenensl MeToas! 63 00yUdeHH s, HCIOIb3YIOIHUE TI1aB-
HBIM 00pa30M CllydaiiHoe IPOoeHPOBaHUE U COMILIUPOBaHHeE. MIcX0aHbIe JaHHbIC SIBJIAIOTCS B OCHOBHOM BEKTO-
pamu GOJIBIION Pa3MEPHOCTH C Pa3INYHBIMK PACCTOSHUSAMH (€BKINIOBBIM, MAHXITTCHOBBIM, CTATHCTHYESCKHMH
1 JIp.) U CXOJACTBaMH (CKAISIPHBIM IPOHM3BEIeHHEM H 1p.). OOCYKIal0TCsl M BEKTOPHBIE TIPEICTABICHHS HEBEK-
TOPHBIX JaHHBIX. [loydaeMble BEKTOPHI MOXHO TAKXKe IPHMEHATH B aITOPHTMAax IIOMCKA MO CXOACTBY, Ma-
MIUHHOTO OOYYCHHs U Jp.

KiroueBble ciioBa: paccTosiHuEe, CXOACTBO, BJIOXKCHUA, CKETYH, CHHIKCHHUC PasMEPHOCTH, cnyqa}?moe Ipoenu-
POBaHUE, COMIUIMPOBAHUE, JIEMMaA [[)KOHCOHaf.HI/IH- JICHIITpaycca, sACPHOE CXOACTBO, IIOUCK 110 CXOJACTBY.

Milicni BryIageHHsi i ckerdi JUisi WIBHAKOI OUMiHKHM Bigcrameii Ta cxoxkocreit / J1.0. PaukoBchbkuii //
Kibepuetuka ta cucremuuit anamiz. — 2016. — Tom 52, Ne 6. — C. 156-180.

Po3ristHyTO METOAN 1 AITOPUTMH IIBUAKOT OLIHKU Mip BiJICTaHI/CX0XKOCTI JaHUX 3a AIHCHHUMH BEKTOPHH-
MH TIPEACTaBICHHAMH Majol po3MipHocTi. JlocmimkeHo MeToan 6e3 HaBUaHHS, 3 BUKOPUCTAHHAM BHIIAJKOBOI
MPOEKIIT Ta CeMIUTiFOBaHHs. BXiHi JaHi €, B OCHOBHOMY, BEKTOPaMH BEJIMKOI PO3MIPHOCTI 3 Pi3HUMHU Mipamu
BiJICTaHi (€BKJIZIOBE, MAaHXETTEHOBE, CTATUCTUYHE Ta iH.) i CXOXKOCTI (CKanspHuii 100yTOK Ta iH.). OGrosopro-
I0ThCSl TAKOXK BEKTOPHI MPEICTABICHHS HEBEKTOPHUX JAaHUX. OTpHMaHi BEKTOPH MOXKYTh TAKOX 3aCTOCOBYBa-
THCS B QIrOPUTMax IOIIYKY 3a CXOXKICTIO, MAIIMHHOTO HAaBYaHHS TOLIO.

Ku1104oBi c10Ba: BifcTaHb, CXOXKICTh, BKJIQJICHHS, CKETYi, 3HW)KEHHSI PO3MIPHOCTI, BUIIAIKOBI MPOCLIIOBAHHS,
ceMILTiIOBaHHA, JeMa JxoHcoHa—JliHACHIITpayca, sIIEpHA CXOXKICTh, MOLIYK 33 CXOXKICTIO.

Real-valued embeddings and sketches for fast distanceand similarity estimation / D.A. Rachkovskij //
Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 156-180.

This survey paper focuses on methods and algorithms for fast estimation of data distance/similarity
measures. The estimation is done by real-valued vector representations of small dimension. The discussed
methods do not use learning and mainly use random projection and sampling. Initial data are mainly
high-dimensional vectors with different distance measures (Euclidean, Manhattan, statistical, etc.) and
similarities (dot product etc.). Vector representations of non-vector data are discussed as well. The resultant
vectors can also be used for similarity search algorithms, machine learning, etc.

Keywords: distance, similarity, embeddings, sketches, dimensionality reduction, random projection, sampling,
Johnson-Lindenstrauss lemma, kernel similarity, similarity search.
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JUCKYCIAHI MMOBIIOMJIEHHS DISCUSSIONS

YIK 517.946 +517.948 + 612.821.6

HoBasi mogenb  (yHKIMOHHMPOBAHUS KMBOH  HelipoceTH, Y4YMTBIBAIOIIAsg  3amna3ibiBaloliee
B3aumoyeiicrBue Heiipono / B.I'. Ilncapenxo // Kubeprernka u cucremusiii anamus. — 2016. — Towm 52,
Ne 6. — C. 181-192.

In.: 2. Tabxn. 1. Bi6miorp.: 38 Haszs.

Ipemnoxkena Mozenb (HYHKIHOHHUPOBAHUS KUBOIT HEffpoceTn, B KOTOPOi 000CHOBAH HOBBII MaTeMaTH-
YeckHil 6a3uc MeXaHW3Ma 3alOMHHAHWS M HAKOIUICHHs BAaXKHOIl IS BBDKMBAHUs OpraHM3Ma HH(OpPMAIUH,
OCHOBAHHOTO Ha ydeTe 3ala3[bIBaHMs B3aHMOJCHCTBHS HEHPOHOB B mpouecce nepenaun uapopmarnmu. C mo-
MOIIBIO JTaHHOH MOJETN MOKHO OIHCATh OCHOBY IIpoLiecca B3aUMOIeHCTBIS HeHPOHHBIX aHcaMOJIel IIpH 3a110-
MHHAQHHM M COXPAHCHHH JKH3HECHHO BAKHOI HH(pOpMAIMH.

KuroueBble ciioBa: MaTeMaTHuecKasi MOJIelb, (DYHKIIHOHHNPOBAHHE JKHBOU HeiipoceTn, HeHpohH3nOoNorus, Ma-
TeMaTuka, Helpodusuka, HeHpoceTb, IPHUINHEI ICUXHMIECKUX U HACIIEACTBCHHBIX 3a00JeBaHUN Mo3ra, Mexa-
HH3M 3allOMHHAHUS, 3allOMHHAaHHe MHGOpPMAaMd B MO3re, y4eT OIPaHHYCHHOCTH CKOPOCTH IIepeadn
nHGOpPMALMU MEXTy HEHPOHAMH.

HoBa monens (yHknioHyBaHHsI *KHBOI HeiipoMepexki, 110 BpaxoBye 3ami3Hily B3aeMoJil0 HelipoHiB /
B.I'. ITncapenko // KiGepuernka Ta cucremuuii anamiz. — 2016. — Tom 52, Ne 6. — C. 181-192.

3anporoHOBaHO MOJIEb (YHKIIOHYBAaHHS KMBOT HEHPOMEPEXKi, B sIKii CTBOPEHO HOBUH MaTeMaTHYHUI
6asuc Uit ONMUCy MEXaHi3My 3araM’sITOBYBAaHHS Ta HAKOIIMYEHHS BaXKJIMBOI JUIsl BIDKUBAHHS OpraHiamy iHdop-
Malii, 0 I'PYHTYEThCS Ha BpaxyBaHHI HAsBHOCTI 3alli3HINOI B3aeMOJil HEHPOHIB y mpomeci HmepeiaBaHHS
iH(opMamii. 3a JOIIOMOroI0 MOJENi MOXKHA OIHCYBAaTH OCHOBY IIpoLiecy B3aeMOil aHcaMOJIiB HEHPOHIB IpH 3a-
IaM’sITOBYBaHHI Ta 30€pe:KECHHI KUTTEBO Ba)KIHMBOI iH(opmarii.

Kurodosi ciioBa: MatemaTnuHa Mojielib, QYHKIIOHYBaHHs )KUBOI HelipoMepexi, Helpodizionoris, MaTeMaTnKa,
Heifpodisnka, HelfpoMepeska, NPUUMHN MICUXIYHUX 1 CIIAZIKOBHX 3aXBOPIOBaHb MO3KY, MEXaHI3M 3araM’sTOBY-
BaHH, 3aIlaM’sITOBYBaHHs iH(opMamiil y MO3Ky, ypaxyBaHHS OOMEXKEHOCTI IIBHAKOCTI IepemaBaHHs iH(Op-
Marii MK HeiipoHaMu.

A new model of functions for alive neuronet that takes into account retarded interactions for neurons /
V.G. Pisarenko // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 181-192.

A new model is proposed to describe the operation of an alive neural network. For this model, the new
mathematical ansaz for retarded neuron interaction in alive neuronet is obtained. This model can describe the
fundamentals of the interaction of neuron ensembles during storing and extracting information from neuron
memory.

Keywords: mathematical model, function of alive neuronet, neurophysics, neuronet, cause of psychological

and genetics-mind diseases,storage information mechanism, genetic disease in mind, taking into account
limitation for speed translation information between neurons.
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