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KIBEPHETUKA CYBERNETICS

YIK 519.72, 003.26
JloBepHTe/bHbIC BBIYHCICHHS € MCNOJb30BAaHMEM CKJaAbiBalomeil mMammubl. I / A.B. AHncumos,
A.K. HoBokmonoB // KuGepHernka u cuctemublii ananmus. 2017. Tom 53, Ne 5. C. 3-13.

In.: 0. Tabn. 0. bibmiorp.: 16 Ha3B.

AnHoTanus. [IpemwioxkeHo perieHne IpooOIeMbl LEITOCTHOCTH apH()METHIECKUX IIPOrpaMM, BBINOJIHSIC-
MBIX Ha yJIaJICHHOM BBIYHCIIHTEIILHOM pecypce. PelieHre cocTouT B 3aMeHe apru(h)METHUECKUX Ollepalinii, TAKUX
KaK YMHOXKCHHUE U JIeJICHUE, poLeIypaMu ckiiaapiBaroniei MmaumHbl (addition machine), BBenennoii P. ®noii-
oM u JI. Kuyrom. BerauciaeHust i mOpsIoOK CICIOBAHUS KOMAH/I MOAIICHIBAIOTCS THHAMUYCCKH H3MCHIEMOM
1(POBON MOANKCHIO, TOMOMOP(HO# 10 CIOKEHHIO/BEIYMTAHIIO. Bepudukarus nudpoBbIX MOIMICEH rapaH-
TUPYET OOHApYKEHUE JTIOOBIX HECAHKLIOHHUPOBAHHBIX H3MEHEHHI B HCXOHOM TEKCTE MPOrPaMMBI U Pe3yIIbTa-
TaX BBIYMCIICHHN.

KuoueBble cjioBa: CKiIa/bpIBaIONas MalluHA, U(QPOBAs MOANUCH, TOMOMOpQHAas Kpunrorpadus.

JoBipui 00unc/IeHHs 3 BUKOPUCTAaHHAM JoAaBaibHoi MamuHu. 1 / A.B. AnicimoB, A.K. HoBokuionos //
Kibepueruka ta cucremuuii anamiz. 2017. Tom 53, Ne 5. C. 3-13.

AHoTamisl. 3anpONOHOBaHO PO3B’SI3aHHs MPOOIEMH LITICHOCTI apH(METHUHHX TIPOrpaM, sIKi BUKOHYIOTHCS
Ha BiJy1aJleHoMy oOuncioBaabHOMY pecypei. TTinxin 10 poss’s3aHHs nonsrae y 3aMiHi apu)METHIHUX Orepallii,
TaKUX SIK MHOXKSHHS 1 JJUTeHHS, TIpoleaypaMyl noxaBaibHoi MamvHy (addition machine), BBenenoi P. @uoiinom i
J1. Kayrom. OOUHCIIEHHS 1 MOCIIOBHICTE KOMAHJ ITiIIICYIOTHCS. AUHAMIYHAM [U(POBHM IIiIIICOM, III0 € TOMO-
MOpGHUM 3a J0JaBaHHAM/BiJHIMaHHAM. Bepudikaiis 1mmdppoBux MiANKUCIB TapaHTye BHUSBICHHS Oy/Ib-SIKHX He-
CaHKIIOHOBAaHUX 3MiH y BMXIJHOMY TEKCTI NpOrpamu 1 pesyJbTaTaXx OOYHCIEHb.

Kimo4oBi clioBa: JoaBaibHa MallivHa, U(POBUIA TiITHC, ToMOMOpdHa Kpurrrorpadist.

Trusted computing with addition machines. I / A.V. Anisimov, A.K.Novokshonov // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 3. P. 3-13.

Abstract. A solution of the integrity problem for arithmetic programs running on a remote computing
resource is proposed. The solution is to replace the arithmetic operations such as multiplication and division by
procedures of the addition machine introduced by R. Floyd and D. Knuth. The order of instructions as well as
current meanings of variables are signed by dynamic digital signatures, which are homomorphic with respect to
addition and subtraction. Verification of digital signatures ensures detection of any unauthorized changes to the
source code of the program and to the results of calculations.

Keywords: addition machine, digital signature, homomorphic cryptography.

VK 512.548.7+519.713
ABTOMATBI Ha a0CTPAKTHBIX KOHEYHBIX KBasurpynnax / B.B. Cxobexnes, B.I'. Ckobeses / KnubepHernka u
cuctemubiii ananm3. 2017. Tom 53, Ne 5. C. 14-21.

Im.: 0. Tabn. 0. Bi6miorp.: 13 Ha3s.

Annoranus. VccienoBaHna CTpyKTypa CEMEHCTB aBTOMATOB 0€3 BbIXO/1d, 33IaHHBIX PEKYPPEHTHBIMU CO-
OTHOIICHUSMH HA aOCTPAKTHBIX KOHEUHBIX KBa3urpymmnax. O00CHOBaHa 11e1ec000pa3HOCTh UX MCIOJIb30BAHMS
JUISL TIOCTPOCHHSI CEMEHCTB HTEPUPOBAHHBIX XAII-(QYHKIHUH ¢ JOCTATOYHO BBHICOKOM BBIYMCIUTEIBHOMH CTOHKOC-
Th10. [TOKa3aHO, KAk Ha OCHOBE DTHX CEMEICTB aBTOMAaTOB 0e3 BBIXOJA MOXKHO IIOCTPOUTH CeMeWCTBa 00paTu-
MBIX aBTOMaToB Mmmu 1 Mypa. O60ocHOBaHa 11e1eco000pa3HOCTh HCIOIb30BaHUS MIPEUIOKEHHBIX CEMEHCTB aB-
ToMaToB Munu n Mypa st IOCTPOCHHS MAaTeMaTHYeCKOW MOAEIM IOTOYHBIX WIH(POB.

KiroueBble ciioBa: KOHCYHBIC KBa3uUrpyImIbl, aBTOMaTbl 6e3 BbIXO/1a, aBTOMAaThI Mumun u Mypa

ABTOMATH Ha a0CTPAKTHUX CKiHYeHHUX KBaszirpynax / B.B. Cko0eieB, B.I'. Cro6eunes // Kibepueruka ta
cucreMuuii ananiz. 2017. Tom 53, Ne 5. C. 14-21.

AHoTanisi. JIoCTHi/DKEHO CTPYKTypy cimeil aBTOMaTiB 0e3 BHXOIy, SIKi BH3HAUYCHO DPEKYPCHTHUMH
CIIBBiHONIEHHSIMU Ha aOCTPaKTHHUX CKiHUEHHHX KBasirpymax. OOIpyHTOBAaHO NOLUIBHICTH IXHBOTO BHKOPHUC-
TaHHS U1 HOOYIOBU CiMEH iTepoBaHUX renl-QpyHKIii 3 J0CTATHRO BUCOKOK OOYMCIIOBAIBHOKO cTiliKicTo. [To-
Ka3aHo, K Ha 0a3i LUX ciMell aBToMaTiB 0e3 BUXOAY MOXHA MOOyayBaTH CiM’T 000poTHHX aBTOMaTiB Mini Ta
Mypa. OOrpyHTOBaHO JOLIIBHICTE BAKOPUCTAHHS 3alPONIOHOBAHUX cimeil aproMatiB Mini Ta Mypa Jjuis no0y-
JIOBH MaTEeMaTHYHUX MOJEJeil MOTOKOBHX LIH(PIB.

KaiouoBi ciioBa: CkiHYeHHI KBa3irpymu, aBTomMatH Oe3 BUXOAy, aBTomatu Mimi ta Mypa.
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Automata over abstract finite quasigroups / V.V. Skobelev, V.G. Skobelev // Kibernetika i sistemnyi analiz.
2017. Vol. 53, N 3. P. 14-21.

Abstract. The paper analyzes the structure of families of automata without output mapping that are
defined by recurrence relations on abstract finite quasigroups. The expediency of their use to design iterated
hash functions with sufficiently high security is justified. It is shown how some families of reversible Mealy
and Moore automata can be constructed based on these families of automata without output mapping. The
expediency of using the proposed families of Mealy and Moore automata as the basis for construction of
mathematical models for stream ciphers is justified.

Keywords: finite quasigroups, automata without output mapping, Mealy and Moore automata.

VJK 519.713.1
IIpoGaeMsbI cuHTe3a X-aBTOMATOB, cieliMGUIHPOBAHHBIX B si3bikax LP u LF jiornkn nepsoro nopsaka /
A.H. Yeborapes // Kubepueruka u cucremusiid anamms. 2017. Tom 53, Ne 5. C. 22-33.

In.: 0. Tabn. 0. Bi6miorp.: 13 nass.

Annoranus. [{ns nsyx ¢pparmenton, LP u LF, noruku nepBoro nopsijika ¢ OrpaHM4eHHbIMU KBAHTOPAMHU
copMyIMpOBaHEI M JJOKAa3aHbI COOTBETCTBYIOIIHE BAPUAHTHI TEOPEMBI O CIIeM(DHKAIIHH, TO3BOJIAIONINE CBECTH
HpOLIelypy CHHTE3a L-aBTOMATOB, CICHU(PHUIMPOBAHHBIX (OPMyIaMU 3THX JIOTHK, K SKBUBAJICHTHOMY IIpeo0-
pazoBaHHIO (HOpMYIL.

KimioueBble cj10Ba: JIOTHKH IEPBOro Iopsijka, cnenudukanms, X-asromar, LP-dhopmyna, LF-popmyna, aBro-
MaTHasi CEMaHTHKa, TeopeMa O CICLH(UKALNH.

Ipobaemn cunrte’y X-aBromatiB, crneuupixkoBannx moBamu LP i LF joriku nepmoro nopsiaky /
A.M. Yeborapbos // KibepHeruka Ta cucremnuii anamis. 2017. Tom 53, Ne 5. C. 22-33.

Amnoranis. [{nsa nBox gparmentis, LP i LF, noriku nepuoro nopsiaky 3 ooMexeHIMH KBaHTOpaMu cop-
MYJIBOBAHO 1 JIOBEJICHO BiJINOBIJHI BapiaHTH TEOPEMH PO Crelr(iKallito, SKi Ial0Th MOXIUBICTh 3BEICHHS
MPOLIE/IypH CUHTE3Y X-aBTOMATIB, 110 crenudikoBaHi (OpMyIaMu KX JIOTIK, 10 €KBIBaJICHTHOTO IIEPETBOPECH-
H (dopMyIL.

KuarouoBi c10Ba: sioriky nepuioro nopsaxy, crenudikaris, X-apromat, LP-popmyna, LF-popmyita, aBromarna
CeMaHTHKa, TeopeMa Ipo CrerupiKallio.

Problems of synthesis of X-automata specified in languages LP and LF of first order logic /
A.N. Chebotarev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 22-33.

Abstract. For two fragments LP and LF of monadic first-order logic with bounded quantifiers, the
corresponding versions of specification theorem are formulated and proved, which enables the Z--automata
synthesis procedure to be reduced to the equivalent transformation of formulas.

Keywords: first order logics, specification, -automaton, LP-formula, LF-formula, automatic semantics,
specification theorem.

YK 004.8
Omnpenenenne sa3pikoB XML/RDF Semantic Web B Meras3bike HOpMaibHbIX (OpM 3HaHMi /
A.®. Kypraes, C.H. I'puropses // Kubepuerrka u cucremublii anamu3. 2017. Tom 53, Ne 5. C. 34-42.

In.: 0. Tabn. 0. bibmiorp.: 10 Ha3B.

AnHoTtamusi. J[laHbl (opMaybHBIC TEKCTOBBIC OIMCAHHS IPOOJIEMHO-OPHEHTHPOBAHHBIX SI3BIKOB
XML/RDF — 6a30BbIx s1361k0B Semantic Web. Hannune Takux onmvcaHuil rapaHTHpyeT peaii3yeMOoCTb SI3bI-
xoB XML/RDF ¢ ncrons3oBaHHeM HHTEPIIPETATOpa METas3bIka HOpManbHEIX (opM 3Hanui (HD3). [Tokazano,
9TO BBIPa3UTEIbHbEIE BO3MOXKHOCTH MeTas3bika HD3 i onucanust CHHTaKCHCa ATOH Maphl S3bIKOB BIIOIHE CO-
TOCTAaBUMBI C BBIPA3UTENIbHBIMU BO3MOkHOCTAMH EBNF.

KiroueBble clioBa: MeTas3bIK HOPMAIBHBIX (OopM 3HaHMI, (hopManbHOE OIMCaHHE MeTas3blka, eXtensible
Markup Language, Resource Description Framework, Semantic Web.

Busnayennss mop XML/RDF Semantic Web y meramoBi HopmansHux ¢opm 3Hanb / O.II. Kypraes,
C.M. I'purop’eB // KibepHetuka Ta cucremuuii anamiz. 2017. Tom 53, Ne 5. C. 34-42.

Amnorauis. HaBeseno gopmaibHi TeKCTOBI onucu npodiaemuo-opienToBanux MoB XML/RDF — 6azoBux
MoB Semantic Web. HasiBHiCTh TakuX OnuciB rapantye peanizoBaicts MoB XML/RDF 3 BUKOpHCTaHHSIM iHTEp-
nperaropa MeTaMoBH HOopMaibHHX (opM 3HaHb (HD3). [Tokaszano, mo BupaszHi MoxiuBocTi MmetamoBrn HD3
JUIS ONKCY CHHTAKCUCY Iii€i Mapy MOB I[JIKOM MOPIBHSHHI 3 BHpa3HUMH MOXJIHBOCTsMH EBNF.

KurouoBi ciioBa: mMeramoBa HOpMasbHHX (GopM 3HaHb, hopmaibHuil omuc MeramoBH, eXtensible Markup
Language, Resource Description Framework, Semantic Web.
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Definition of XML/RDF Semantic Web languages in the normal forms of knowledge metalanguage /
A.F. Kurgaev, S.N. Grigoriev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 34-42.

Abstract. Provided are the formal text descriptions of the problem-oriented XML/RDF languages, which are the
basic Semantic Web languages. The availability of such descriptions guarantees the ability to implement the
XML/RDF languages with the implementation of the interpreter of the NFK metalanguage. It is shown that the
expressiveness of the NFK metalanguage in describing the syntax of the given pair of languages is quite compa-
rable with EBNF expressiveness.

Keywords: Normal Forms of Knowledge Metalanguage, formal description of Metalanguage, eXtensible
Markup Language, Resource Description Framework, Semantic Web.

CUCTEMHHU AHAJII3 SYSTEMS ANALYSIS

VJK 519.8
Teopust 1 mporpaMMHuble peaausanuu r-aaroputmos llopa / I1.LU. Cremtok // KuGepHernka u CHCTEMHbIN
anamu3. 2017. Tom 53, Ne 5. C. 43-57.

Im.: 1. Tabn. 1. Bi6miorp.: 20 Ha3s.

AnHoTanus. PaccMOTpeHB! TPH BEMUCIUTENBHEIE (JOPMEI 7-aITOPUTMOB C Pa3IMIHBIM 00BEMOM BBIUHCIIC-
HHI Ha OJHOI nurepanuu. [IpuBeIeHbl pe3yIbTaThl O CXOAUMOCTH MPEAEIBHOTO BAPUAHTA 7-aIITOPUTMOB IS BBI-
IYK/IBIX DIAAKHX QYHKUMI U 7, (¢1)-anropuTMa Uist BT KIIBIX KyCOUHO-IIaAKuX QyHKuuii. O6CYKICHBI PaKTH-
YECKHE aCIEKThl BapUaHTA /(¢ )-JITOPUTMOB € TIOCTOSIHHBIM ¢ — KO3 (MUIIMEHTOM PACTSHKEHUS IPOCTPAHCTBA, U
aJIANTUBHBIM CIIOCOOOM PEryJIMPOBKH IIara B HAIPaBJICHUH HOPMHUPOBAHHOIO aHTHCYOrpaJueHTa B mpeodpaso-
BaHHOM IIPOCTPAHCTBE IEPEMEHHBIX.

KiioueBble c10Ba: CyOrpaiueHTHBIH METOJ, HAUCKOPEHIIMI CITyCK, Pa3HOCTh CyOrpajHEHTOB, PACTSLKCHHE
IPOCTPAHCTBA, F-aJITOPUTM, METO]] CONPSKEHHBIX IPaJUEHTOB, aJalTUBHBIH 11ar, IPOrpaMMHas peaH3alus.

Teopist Ta mporpamui peanizauii r-anroputmis opa / I1.I. Cremok // KiGepHeTrka Ta CHCTEMHHIN aHAaTi3.
2017. Tom 53, Ne 5. C. 43-57.

AHoranis. PosriasHyTo Tpu oOuMciioBanbHI (OPMH r-aJdrOPUTMIB 3 PI3HUM 00CATOM OOYMCIEHb Ha
onHii itepanii. HaBeneno pesynbraTi mpo 301KHICTh TPAHHYHOIO BapiaHTa r-aJTOPUTMIB UL OMYKJINX IJIajl-
Kux (QyHKOIH 1 rﬂ(a)-anropHTMy JUISL OIYKJIMX KyCKOBO-TJIAAKHX (yHKIIH. OOroBOpeHO HMpaKTHYHI acHEeKTH
BapiaHTa 7( )-JITOPUTMIB 3 HOCTIHHUM ¢ — KOe(iliEHTOM PO3TATY MPOCTOPY 1 aJalTUBHUAM CIOCOOOM pery-

JIIOBaHHS KPOKY B HANpsSMKy HOPMOBAHOI'O aHTHUCYOrpajii€eHTa B NEPETBOPEHOMY MPOCTOPI 3MiHHHX.

KurouoBi cioBa: cyOrpamieHTHHH MeToJN, HaAWIIBHININI CITyCK, Pi3HHULS CyOrpai€HTIB, po3TSAr HPOCTOPY,
r-aITOPHTM, METOJ| CIIPSDKCHHX TIpajJi€HTIiB, aJalTHBHUII KPOK, IIPOrpaMHA peai3aiis.

Theory and software implementations of Shor’s r-algorithms / P.I. Stetsyuk // Kibernetika i sistemnyi
analiz. 2017. Vol. 53, N 3. P. 43-57.

Abstract. Three computational forms of r-algorithms with different amount of computation per iteration
are considered. The results on the convergence of the limit variant of r-algorithms for convex smooth functions
and the 7, (a)-algorithm for convex piecewise smooth functions are presented. Practical aspects of the variant of
r(a)-algorithms with a constant coefficient of space dilation @ and an adaptive method for step adjustment in
the direction of the normalized anti-subgradient in the transformed space of variables are discussed.

Keywords: subgradient method, steepest descent, difference of subgradients, space dilation, r-algorithm,
conjugate gradient method, adaptive step, software implementation.

YIK 517.977
O pacTszkeHHH BpeMeHH B IH(pdepeHIuaTBHBIX HIPaX ¢ HMIYIbCHBIME ynpasienusavu / I'.Il. Yukpnii
/I Kubepuernka n cucreMHubiid anamu3. 2017. Tom 53, Ne 5. C. 58-66.

In.: 0. Taba. 0. Bi6miorp.: 21 na3Ba.

AnHoTauus. B pazsutue uiei akagemuka b.H. [TmieHnyHoro paccMotpena inHeiiHas quddepeHnnab-
Hasi urpa CONMKEHHUSI C UMITYJIbCHBIMU YIIpaBJIeHUsIMH. [Ipe/uioxkeHa MeTOMKa UCCIICI0BaHUs, OCHOBAaHHAs Ha
pacTSKEHHM BPEMEHH U OPUEHTHPOBAHHAs Ha CHTYAIMIO, KOTa Kiaccuueckoe ycioBue [ToHTpsruHa He ume-
et Mecta. [loaydeHbl JOCTaTOYHbIC YCIOBUS KOHEUHOCTU rapaHTHUPOBAHHOTO BpeMeHu cOmmxenus. [IpuBenen
WITIOCTPATUBHBINA TTpUMED.

KiroueBble c1oBa: (QyHKOUS pacTsDKeHHS BpeMeHH, HuddepeHIUansHas Urpa, UMITYICHOE YIPABICHUE,
MHOTO3HAuHOE OTOOpa)KeHHE, TeoMeTpuuecKas pasHOCTh MHHKOBcKoOro, ycnosue I[loHTpsruHa.
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IIpo posTsaryBanHs 4acy y audepeHnianbHux irpax 3 immyabcHumu kepyBanusvu / I'.Il. Yukpiit //
Kibepuetnka ta cuctemuuii anamiz. 2017. Tom 53, Ne 5. C. 58-66.

AwnoTanisi. Y po3BuTok izneit akagemika b.H. ITmennuHoro posrisHyTo niHiiiHy qudepeHuiaaby rpy 3
IMITyJIbCHIMH KepyBaHHSMH. 3alpOIIOHOBAHO METOJMKY JOCII/DKEHHSI, 1[0 0a3yeThCsl Ha PO3TATYBaHHI Yacy i
OpIEHTOBAaHA Ha CHUTYyaIlif0, KOJM KiacuyHa ymosa [loHTpsirina He Mmae micus. OTpHMaHO JOCTaTHI YMOBH
CKIHYCHHOCT]I rapaHTOBAHOIO 4acy 30umkeHHs. HaBemeHO 1IIOCTpaTHBHMI NPUKIA.

Kumrodosi cioBa: dyHKIis po3TaryBaHHs yacy, Au(epeHIiaibHa Ipa, iMITyJIbCHE KepyBaHHs, OaraTo3HauHe
BiZoOpaXkeHHs, reoMeTpHYHa pi3HULsT MiHKOBCbKOro, ymoBa IloHTpsriHa.

On the time extension in differential games with impulse controls / G.Ts. Chikrii / Kibernetika i sistemnyi
analiz. 2017. Vol. 53, N 3. P. 58-66.

Abstract. In the development of ideas of B.N. Pshenichnyi, the paper considers a linear differential
game with impulse controls. A research technique is proposed, which is based on time extension and oriented to
the case where the classical Pontryagin condition does not hold. Sufficient conditions for the finiteness of the
guaranteed approach time are obtained. An illustrative example is given.

Keywords: function of the time extension, differential game, impulse control, set-valued mapping, Minkowski’
geometric difference, Pontryagin’s condition.

VK 519.8
Hcnonb30BaHue KOHMYECKOl Pperyasipu3aldd TNPH BbIYHCJICHHH JIATPAH/KEBBIX OLEHOK B 3aJadax

kBaapaTnuHoii ontumusanuu / FO.I1. Jlantun, O.A. Bepe3oBcknii / KubepHeTrnka i CHCTEMHBIN aHAH3.
2017. Tom 53, Ne 5. C. 67-81.

In.: 1. Ta6n. 0. Bi6miorp.: 30 Ha3s.

Annoranusi. [liss HEBBITYKIIBIX 3a/1@4 KBaPATUYHON ONTUMH3ALMN PACCMATPUBACTCS BEIYHCIICHHE OLe-
HOK 3HAYEHHUI TII00ATBHBIX YKCTPEMYMOB HA OCHOBE JIATPAHIKEBBIX PENAKCAINI HCXOMHBIX 3a1ad. Ha rpanuie
JIOIYCTHMO# 00JIaCTH OIEHOYHO 3a/1auu e¢ QYHKIUH SIBISIOTCS Pa3PhIBHBIME U IIOX0 00YCIOBICHHBIMH, YTO
HAKJIA/IbIBACT OMPEICICHHBIC TPEOOBAHIS Ha BHIYMCIUTCIbHBIC ATOPUTMBL. [Ipe/IiokKeH HOBBIH MOIXO0, OCHO-
BaHHBIA Ha WCIOJIb30BAHUH KOHHYCCKUX PETYJISAPU3ALMi BBITYKIbIX 3a4ad ONTHMH3ALMH [TO3BOJIIOIIHIA
y4ECThb yKa3aHHbIE OCOOCHHOCT, @ TAK)KE TOCTPOUTH IKBHBAICHTHYIO 33/1a4y 0e3yCIIOBHOM ONTHMH3ALMH, Lielie-
Basi (DYHKUHs KOTOPOHM OIpeJielieHa Ha BCEM MPOCTPAHCTBE MEPEMEHHBIX 3a/1aud M yJOBJICTBOPSIET yCIOBUIO
Jlunmnna.

KurodeBble ci10Ba: 3a1a4n KBaAPaTUYHOI ONTHMU3ALNH, TarPAHKEBA PENIAKCALNs, YCIOBUE HEOTPHIATEIBHOM
OIIPE/ICNICHHOCTH MATPHLBI, KOHUYECKas! PEryysipu3arius.

Buxopuncranns KoHiuHOI pery/sipu3anii npu o04YHC/IeHH] JJarpaH:KeBUX OLIHOK Yy 32/1a4aX KBaJpaTHYHOI
onrumizanii / FO.IL. Jlanrin, O.A. Bepe3oBcbkuii // Kibepueruka ta cucremuuii ananis. 2017. Tom 53, Ne 5.
C. 67-81.

Anorauis. [ HeonmyKIMX 3a7a4 KBaJpaTUYHOI ONTUMI3aLil PO3IISHYTO OOYMCICHHS OLIHOK 3HAYEHb
rI00anbHUX SKCTPEMYMIB Ha OCHOBI JIArPAaHIKEeBOI penakcailii mouatkoBux 3agad. Ha rpanumi gomyctiamoi 06-
JacTi oniHOYHOI 3a/1a4i if GyHKIIT pO3pUBHI Ta MOraHo 0OYMOBIICHI, 110 HAKJIAJ[a€ TIEBHI BUMOTH Ha 00YHCITIO-
BaJIbHI aNTOPUTMH. 3aIPOIIOHOBAH HOBHM MiAXIJ MU ypaxyBaHHS 3a3HAUYEHUX OCOOJIMBOCTEH, KMl 6a3yeThes
Ha BUKOPHCTAHHI KOHIYHHUX Perysipu3aniil olykInx 3agad ontumMizanii. Bin no3Boisie moOyayBaTu eKBiBaIeH-
THY 3aja4y Oe3yMOBHOI ONTHMIi3allil, HiboBa (YHKIlisA SKOi BU3HAYECHA HA BCbOMY MPOCTOPI 3MIHHMX 3amadi
i 3a70BOJbHSE yMOBI Jlimmmis.

KarwouoBi ciioBa: 3a7ada KBaJpaTHYHOI ONTHUMI3allil, JIarpaHKeBa pellakcallisi, yMOBa HEBiJl’€MHOI BH3Haue-
HOCTI MATpHIi, KOHIUHA DPeryJspU3aris.

Using conical regularization in calculating Lagrangian estimates in quadratic optimization problems /
Yu.P. Laptin, O.A. Berezovskyi // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 67-81.

Abstract. For nonconvex quadratic optimization problems, calculation of global extreme value estimates
on the basis of Lagrangian relaxation of the original problems is considered. On the boundary of the feasible
region of the estimation problem, the functions of the problem are discontinuous, ill-conditioned, which
imposes certain requirements on the computational algorithms. The paper presents a new approach taking into
account these features, based on the use of conical regularizations of convex optimization problems. It makes it
possible to construct an equivalent unconditional optimization problem, whose objective function is defined on
the entire space of problem variables and satisfies the Lipschitz condition.

Keywords: quadratic optimization problem, Lagrangian relaxation, condition of non-negative definiteness of
the matrix, conical regularization.
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VK 519.85
MeToa HCKYCCTBEHHOI0 PacIIMpeHHs MPOCTPAHCTBA B 32Ja4aX Pa3MellleHHs] FeOMeTPHYECKHX 00beKTOB
/ C.B. SIxoBaeB // KuGepHernka u cuctemublii aHanmu3. 2017. Tom 53, Ne 5. C. 82-89.

In.: 0. Tabn. 0. Bi6miorp.: 30 Ha3s.

AnHoTanusi. PaccmMaTpuBaercst 3a/jaua ONTHMAIBHOTO PAa3MEIEHHsI TeOMETPUYECKHX 0OBEKTOB C 3a/1aH-
HBIMH (POPMOI U (U3NKO-METPHISCKUMH TapaMeTpaMu. Beixessiercst komOuHaTopHas CTpykTypa 3agadd. Ha
OCHOBE HCKYCCTBEHHOT'O PAaCIIMPEHHs] Pa3MEPHOCTH MPOCTPAHCTBA CHOPMYIMPOBAHA SKBHBAJICHTHAS MOCTa-
HOBKA MCXO/IHOII 33/1a4u, B KOTOPOi (pH3HKO-METPHUYECKUE [TapaMeTpPhI SBISIOTCS HE3aBHCHMBIMHU MEPEMCHHBI-
Mu. PaccMOTpeH mpuMep MOCTPOCHHS! PAaBHOBECHOW MOJEIN 3a/a4y YIIAaKOBKU KPYrOB B KPYI' MUHHMAJIBHOTO
pajmyca.

KioueBble cjI0Ba: ONTHMAILHOE pasMelIaHue, KOMGI/IHaTOpHOe MHOKECTBO, PaBHOBECHAas YIIAKOBKa.

MeToa IITYYHOr0 PpO3LUMPEHHS MPOCTOPY Yy 3aJadyax po3MillleHHS TIeOMeTPUYHUX 00’€KTiB /
C.B. sIxoBiaeB // KiGepHernka Ta cucreMmHmit anamis. 2017. Tom 53, Ne 5. C. 82-89.

AHoTauis. Po3risHyTO 337124y ONTUMAIBHOTO PO3MIIICHHSI TEOMETPUYHUX 00 €KTIB 13 3a1aHuMu (HOPMOIO 1
(hi3uKo-MeTpuYHIMH MapameTpamu. Brinero koMOiHaTOpHY CTPYKTYpY 3a7aui. Ha OCHOBI IITYYHOTO pO3LIMPEHHS
PO3MIpHOCTI IIPOCTOPY CHOPMyYITLOBAHO CKBIBAJICHTHY MOCTAHOBKY BHXITHOI 3a/1a4i, Y sIKOi (i3HKO-METpHYHI Hapa-
METpH € He3aIeKHNUMHU 3MiHHUMH. PO3rIIsiHyTO NpHKIIaj o0y 0BH PiIBHOBAKHOI MOJIEINI 3a/adi YIIaKOBKH KPYTiB y
Kpyr MiHIMAJIBHOTO pPajiycy.

KurouoBi ciioBa: ontuMmanbHe PO3MIICHHS, KOMOIHATODHA MHOYKHHA, PIBHOBa)XKHE MaKyBaHHI.

The method of artificial space expansion in problems of optimal placement of geometric objects /
S.V. Yakovlev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 82-89.

Abstract. The problem of optimal placement of geometric objects with specified shape and physical-metric
parameters is considered. The combinatorial structure of the problem is defined. An equivalent problem is
formulated based on the artificial expansion of space dimension with physical-metric parameters being
independent variables. The proposed approach is illustrated by the solution of balanced circular packing problem.

Keywords: optimal packing problem, combinatorial set, balanced packing.

YIK 517.9:519.6

PemieHusi HekoTOpbIX 3aha4 JpoOHO-Au(depeHuMaIbHON GUILTPANMOHHONH JUHAMMKM HA OCHOBE
Mmojaean ¢ ABC-gpo6uoii nponssoanoii / B.M. ByaaBaukmii / Kubepueruka n cucremusiii anamu3s. 2017.
Tom 53, Ne 5. C. 90-101.

In.: 0. Tabn. 0. Bibmiorp.: 29 Ha3s.

AnHotramus. s reoQUIbTPAMOHHONW MaTeMaTHYeCKOW MOJACIU C  JIpOOHOM  MPOM3BOIHOI
AraHrana—baineaHy nojy4eHbl 3aMKHYThIC PEIICHUS KPAEBBIX 3a/1a4 TEOPHU (DUIIBTPALIUK B OJTHOPOIHOM M CIIO-
HCTOM MacCUBaX KOHEYHOW MOIIHOCTHU. [IpHBe/IeHbI MOCTAHOBKU U PEIICHUS 3aja4l ¢ HEJOKAIbHBIMU TPaHUY-
HBIMU YCIOBHSIMH M OOpaTHOH 3amaun ApoOHO-anddepeHunanbHoil GUIbTPpaHoOHHON IHHAMUKH.

KitrouyeBble cjI0Ba: MaTeMaTHYeCcKoe MOJIEIMPOBAHUE, APOOHO- I hepeHIaIbHAsS JUHAMUKA (UIbTPALIMOHHBIX
MIPOLIECCOB, I'€OMOPUCTHIC CPE/bl, HEKIACCHYECKUEe MOJIeIH, ypaBHeHue (uibtpaunu ¢ ABC-npoOHO npous-
BOJIHOM, KpacBbIC 3a[auH, 3aMKHYTBIC PCIICHUS.

Po3p’si3ku  eskux 3amad apodoBo-audepenniiinoi ¢inbrpaniiinoi auHamiku Ha ocHoBi Mogemi 3
ABC-npodosoio noxignorw / B.M. Bynasaupkuii // Kidepueruka ta cucremuuii anamniz. 2017. Tom 53, Ne 5.
C. 90-101.

Anorauisn. J{ns reodinprpamiiiHoi MateMaTH4HOI MOJETi 3 JIpoOOBOK MOXigHOW ATaHraHa—baneany
OJIep)KaHO 3aMKHEHI PO3B’SI3KM KPaHOBUX 3anay Teopii (iabTpamii B 0JHOPIIHOMY Ta IIapyBaTOMy MacHBaxX
CKiHYEeHHOI 1oTykHOCTi. HaBeileHO mocTaHOBKM 1 pO3B’sI3aHHS 3a/1a4i 3 HEIOKaJIbHUMH IPAaHUYHHMH YMOBaMH
Ta oOepHeHOi 3anaui JpoOoBo-aupepeHLiitHol QUIBbTPAIiHHOT JMHAMIKH.

Ki104oBi ci10Ba: MareMaTH4HE MOJICNIOBAHHS, Jpo0oBo-aAndepeH iiina AuHaMika (UIBTpaLiiiHuX MpoLeciB,
TEONOPHCTI CEePelOBHUINA, HEKIACHUHI MoJeni, piBHsHHS (inbTpanii 3 4BC-1po6oBOIO MOXIIHOI, KPaloBi 3a-
navi, 3aMKHEHI pPO3B’s3KH.

Solutions of some problems of fractional-differential filtration dynamics based on models with
ABC-fractional derivative / V.M. Bulavatsky // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 90-101.

Abstract. For geofiltration mathematical model with Atangana-Baleanu fractional derivative, closed
solutions of boundary-value problems of filtration theory in homogeneous and layered arrays of finite size are
obtained. Problems with nonlocal boundary conditions and the inverse problem of fractional differential
filtration dynamics are formulated and solved.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, geoporous media,
non-classical models, equation of filtration with 4BC-fractional derivative, boundary-value problems, closed
form solutions.
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VK 517.95:519.86:539.3

O 3agauax ynpabjeHHsl THHAMHKON HeIOJIHO OIpeJesIeHHBIX TpexMepHbIX ynpyrux tel. II. Coiy4aii
JAMCKPETHO 3a/IaHHOTO0 sKejaeMoro cocrosiHusi / B.A. Crosn // KubGeprerrka n cucreMuslii anamms. 2017.
Tom 53, Ne 5. C. 102-112.

In.: 0. Tabn. 0. bibmiorp.: 7 Ha3B.

AHHOTauus. Pemensl 3a1auu yrnpasieHus JIMHEHHO peoOpa3oBaHHON BEKTOP-(YHKIMEH CMEIIeHUi To-
YeK TPEeXMEPHOIo YIPYroro Tena B LESIX CPeJHEKBAAPATUUECKOro MPUOIIKEHUS ee K JUCKPETHO 3aJaHHbIM
3HAYCHHAM. 3a/[a4y pelaroTcs 6e3 OrpaHUUYCHNI Ha TEOMETPHIO Tela U IIPU AUCKPETHO ONpPEJICICHHBIX Ha0II0-
JICHUSIX 33 €ro HayaJbHO-KPAaeBbIM COCTOSIHMEM. B kauecTBe ynpaBisIOIUX (paKkTOpOB paccMaTPUBAIOTCS 00b-
€MHO-, I0BEPXHOCTHO- ¥ HauaJIbHO-PACIIPE/ICTIEHHbIE BHEIIHEIMHAMUYECKIE BO3MYIIEHHs. BbInoiHeHa olieHKa
TOYHOCTH M OJHO3HAYHOCTU YIIPABJICHHUS.

KuroueBbie ciioBa: NPOCTPAHCTBEHHO PACHPEACIICHHBIC TUHAMUYCCKUE CUCTEMBbI, IIPOCTPAHCTBCHHBIC 3a1a4n
TEOpUU YHPYroCTHU, IICEBAOUHBEPCHUS, YIIPABICHHUE.

Ilpo 3agaui KepyBaHHsI THHAMIKOI0 HENOBHO BH3HAYeHHX TPUBUMipHHX mnpy:xHux Tia. II. Bumagok
JUCKPETHO 3a/1aHoro GaxkaHoro crany / B.A. Crosin // KiGepueruka Ta cucremuuii anamiz. 2017. Tom 53,
Ne 5. C. 102-112.

AmnoTauist. Po3B’s13aH0 3a1a4i KepyBaHHI JIHIHHO IIEPETBOPEHOIO BEKTOP-(DYHKIIIEI0 3MIMIEHb TOYOK TPH-
BUMIPHOTO TIPYXKHOTO TiJIa 3 METOIO CepeAHbOKBAIPATUIHOTO HAOIIDKEHHS 11 10 TUCKPETHO 3a/laHKX 3Ha4YeHb. 3a-
Jlaui po3B’sA3yroTCs 63 00MEKEeHb Ha TEOMETPIFO Tijla 1 PU JUCKPETHO BU3HAYECHUX CIIOCTEPEKEHHSX 3a HOTO M0~
YaTKOBO-KPAHOBHM CTaHOM. SIK KepyBajbHi (haKTOPU PO3IIISIHYTO 00'€MHO-, TIOBEPXHEBO- 1 OYATKOBO-PO3IO/IIICHI
30BHIIIHBOANHAMIYHI 30ypeHHs. [IpOBeNeHO OLIHIOBAHHS TOYHOCTI Ta OJHO3HAYHOCTI KEPYBaHHS.

Kuio4oBi cjioBa: npocTOpOBO PO3MOJIINICHI AMHAMIYHI CHCTEMH, IIPOCTOPOBI 3a/1a4i TEOpil MPYKHOCTI, IICEB-
JIOIHBEpCisl, KepyBaHHS.

Problems of control of the dynamics of incompletely defined three-dimensional elastic bodies. II. The case
of discretely defined desired state / V.A. Stoyan // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3.
P. 102-112.

Abstract. The author solves the problems of control of linearly transformed vector function of displacement
points of three-dimensional elastic body with the purpose of root-mean-square approximation to its discretely
defined values. The problems are solved without constraints on the body geometry and under discretely defined
observations of its initial-boundary state. Space, superficial, and initially distributed outward perturbations are
considered as control factors. The evaluation of accuracy and uniqueness of control is conducted.

Keywords: spatially distributed dynamical systems, spatial problems of elasticity theory, pseudoinversion,
control.

VK 519.8
CoBepiieHHbIe TapocoveTanust 1 moumarpounst / ®.A. lllapudgos // KubepHeTrka 1 CHCTEMHBIH aHATH3.
2017. Tom 53, Ne 5. C. 113-119.

In.: 2. Tabn. 0. Bibmiorp.: 7 Ha3s.

Annoranus. ITokazaHo, YTO NPOHM3BOJBHBIA Ipad) COAEPKUT COBEPLUICHHOE MAPOCOYETAHME TOrJA M
TOJILKO TOT'JIA, KOT/Ia CHELHNAIbHO ONPE/IeIeHHBIH BEKTOp ABJIAETCA 0a30i PaCIMPEeHHOro MOIMMATPOU/IA, OIH-
CaHHOTO CyOMOJyJIspHON (DYHKIMEH, Onpe/Ie/IeHHOI Ha MOIMHOXKEeCTBaX MHOXKeCTBa BepiuuH. Ha 6ase storo
(hakTa MOXKHO IIPUMEHHTD PA3JIMYHBIC AITOPUTMBI PELICHHU 3a/[a4i O JOMYCTUMBIX TIOTOKAX Ha CETAX I Ha-
XOXKJICHUs COBEPIICHHOTO TNApOCOYETaHMs B 3aJaHHOM Tpade.

KirodeBble c10Ba: COBEpIICHHOE MAapOCOYCTAaHUE, rpad), PACIIMPCHHBIH MOIMMATPOMI.

Jockonaui mapHocnoayku i noaimarpoinu / ®.A. Illapidgos // KidepHeruka ta cucremuuii ananiz. 2017.
Tom 53, Ne 5. C. 113-119.

Awnotauisi. [TokazaHo, 1110 JOBUIbHMI Tpad) MICTUTH JOCKOHATy MAPHOCHOIYKY TOAI 1 TUIBKHM TOMi, KOJH
CrieialIbHO BU3HAYCHHH BEKTOP € 623010 PO3ILIMPEHOr0 MOMiMATPOIIa, OMHCAHOr0 CyOMOIY IPHOIO (PYHKINEIO, BU3-
HAYCHOIO Ha MiJIMHOXKMHAX MHOXKHMH BepiiiH. Ha 6a3i 1iporo ¢akty Mo)KHa 3aCTOCOBYBATH Pi3HI aJITOPUTMHU PO3B’si-
3aHHS 33/1a4i PO JOIYCTHMI IOTOKH B MEpeXKax ISl 3HAXO/DKEHHS JOCKOHAJIO! HApHOCIIONYKH Y 3aaHoMy Tpadi.

Kuo4oBi cs1oBa: 10CKOHANII MApHOCHONYKH, rpad, poO3MUpPEeHHi MoIiMaTpois.

Perfect matching and polymatroids / F.A. Sharifov // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3.
P. 113-119.

Abstract. It is shown that any graph has a perfect matching if and only if a specially defined vector is the base
of the extended polymatroid associated with the submodular function defined on subsets of the vertex set. Based on this
fact, different algorithms for testing flow feasibility can be used to find some perfect matching in a given graph.

Keywords: perfect matching, graph, extended polymatroid.
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VK 519.6+004.02
HoBbimenue PPeKTUBHOCTH YeObINIEBCKOIl CerMEeHTHOI /POOHO-PAllMOHAJbHON annpokcumManum /
JLII. Bakan, A.A. Kanenuyk-Ilopxanosa, E.C. Bakan / KnGeprernka u cucremnsiii ananms. 2017. Tom 53,
Ne 5. C. 120-128.

[n.: 0. Tabmn. 2. Bi6miorp.: 21 Ha3zBa.

Annortanus. IlpencraBieH aaroputM 4eOBIIIEBCKOH CErMEHTHON ampOKCHMALUH CO CBOOOIHBIMH
y3iaMu. B kadecTBe anmmpoKCHMHPYIOMNX GYHKINH Ha IOJBIHTEPBAIAX UCIIONB30BaHbl PAlIOHAIBHBIC TPOOH.
JI7st momcKka ONTUMAIIBHBIX Y3JIOB IIPUMEHEH alrOpuUTM I hepeHHaIbHoN dBoonun. [IpuBeieHs! YucIeH-
HbIE PE3yJIbTaThl 110 CErMEHTHOH ammpoKCHManun (GyHKIWI C ONTHMAIBHBIMH Y3JIaMH.

KuroueBble c10Ba: 4eObINIEBCKAs CErMEHTHAs! AIIPOKCUMALIMS, 3a/1a4a MHOIOMEPHOI HeJIMHEIHOM onTHMu3a-
LUK, PAlHOHAIBHBIC IPOOH, ONTHMAJIBHBIC Y3JIbl, AITOPUTM AU(PPEPSHIHAIBHON 3BOJFOLIUH.

IlinBumenns e(eKTHBHOCTI YeOMIIOBCHKOI CerMeHTHOI /Apo0oBO-panioHaJbLHOI anpokcuMmamii /
JLII. Bakau, A.O. Kanenuyk-Ilopxanosa, €.C. Bakau // KibepHeruka ta cuctemuuit anainiz. 2017. Tom 53,
Ne 5. C. 120-128.

Amnorauis. [IpeacTaBieHo alropuTM 4eOUIIOBCHKOI CErMEHTHOT arnpoKcumalii 3 BUIbHUMHU By3J1aMu. Sk
anpoKCUMYI04i (YHKIII Ha MiJiHTepBajJaX BHKOPHCTOBYIOTH PalliOHATbHI ApoOH. J{yis MOLIyKy ONTHMAaIbHUX
BY3JIiB 3aCTOCOBY€EThCSI alrOpUTM AudepeHLianbHoi eotonii. HaBeeHo YucenbHi pesyIbTaTi 010 CerMeH-
THOI ampokcumarii (yHKOiif 3 ONTHMaIbHHMH By3JIaMH.

KumiouoBi csioBa: 4eOUIIOBChKA CEIMEHTHA ampPOKCHMALIis, 3a/1a4a 0araTOBHUMIpHOI HENIHIHHOI OmTHMI3aLii,
palioHaNbHI JIPOOH, ONTUMAIbHI BY3IIH, alrOPUTM AM(EpEHIiaIbHOT CBOIIOLLII.

Increasing the efficiency of Chebyshev segment rational fractional approximation / L.P. Vakal,
A.A. Kalenchuk-Porkhanova, E.S. Vakal // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 120-128..

Adstract. An algorithm for Chebyshev segment approximation with free nodes is presented. Rational
fractions are used as approximating functions on subintervals. The differential evolution algorithm is used to find
optimal nodes. Numerical results concerning segment approximation of functions with optimal nodes are given.

Keywords: Chebyshev segment approximation, multidimensional nonlinear optimization problem, rational
fractions, optimal node, differential evolution algorithm.

VK 621.396

Mojaeab paGoThl JIOKAJIBHOTO IJIAHMPOBIIMKA HA OCHOBe pelIeHHMsl 3a/a4 HeJWHeiiHoro OyJieBoro
nporpammupoBanust / E.C. Jlucrposasi, B.A. Bpbikcun, M.C. Kypues // KubGepHeTuka M CHCTEMHBIi
anamm3. 2017. Tom 53, Ne 5. C. 129-140.

In.: 4. Tabn. 3. bibmiorp.: 7 Ha3B.

AuHoOTanusi. PaccMOTpeHa MMHUTALMOHHAsS MOJENIb PaboThl IPHI-CHCTEMbI, [O3BOJISIIOIIAs CPABHUBATH
CYLIECTBYIOIINE METO/IbI [UIAHMPOBAHHS BBIIOJHEHHS 3a/1aHUii, ¥ JaHO MATEMATHYECKOE OMHMCAHHE HCCIE/Lye-
MBIX B MOJIEJIN XapakTepuCTUK. [IpHBEIeH NPUMEp PelleHHs 3aaui Ha OCHOBE METO/a TPYIIOBON BBHIOOPKH.
TTosy4eHb! SKCIEPUMEHTANIBHBIC PE3YIIbTAThl, JOKa3bIBAIOMINE MPEHMYIIECTBA METO/A TIAHUPOBAHMSI BBIIIOJ-
HEHUs 33/laHUi HA OCHOBE peIUCHHMs 3a7ad OyJIeBOrO HENHHEHHOTrO IPOrpaMMUPOBAHHMSL.

KiioueBble ¢/10Ba: rpuI-CHCTEMBI, INIAHUPOBAHKE, PECYPC, KIACTep, MaKeTHast 00paboTKa, TPyMIoBas BEIOOPKA.

Mojaenib po6oTH JIOKAJIBHOIO INIAHYBAJIBHHKA HA OCHOBI pPO3B’s3aHHSA 3a/1a4 HejdiHiiiHOro 6yJieBoro
nporpamysanHns / O.C. Jlictposa, B.O. Bpukcin, M.C. Kypues // KibepHetnka Ta cucreMunii anainis. 2017.
Tom 53, Ne 5. C. 129-140.

AmnoTtanisi. Po3risHyTo iMiTauiiiHy Mojiesb poOOTH TPiA-CHCTEMH, SIKa JO3BOJISIE NOPIBHIOBATH HAsBHI
METO/HU IUIAaHyBaHHS BUKOHAHHS 3aBJaHb, Ta JAHO MAaTEMAaTHYHHUIT OIHC JOCII/UKYBAaHUX B MOJIEJ XapaKTepuc-
TuK. HaBeieHO mpukian po3B’si3aHHs 3a1adi Ha OCHOBI MeTOAy rpynoBoi BHOipku. OTpUMaHO EKCIEpPUMEH-
TaJbHI Pe3ysbTaTH, IO JOBOJATH IEPEBard METO/Y IUIAHYBAaHHS BUKOHAHHS 3aBJaHb Ha OCHOBI PO3B’s3aHHS
3aja4 OyJEeBOro HEMiHIHOrO MPOrpamyBaHHS.

KurouoBi ciioBa: rpi-cucTeMu, IUIaHyBaHHS, pecypc, KiacTep, MakeTHe OOpoOseHHs, rpyrnoBa BHOIpKa.

Modeling local planner operation based on solution of nonlinear boolean programming problems /
E.S. Listrovaya, V.A. Bryksin, M.S. Kurtsev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3.
P. 129-140.

Abstract. The simulation model of grid system operation is considered, which allows comparing
available job scheduling methods. The mathematical description of the characteristics analyzed in the model is
given. An example of problem solution based on cluster sampling method is presented. The experimental results
are obtained, which demonstrate the advantages of scheduling method based on the solution of Boolean linear
programming problems.

Keywords: grid systems, planning, resource, cluster, batch processing, sample group.
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YIK 519.21
Omnpe/esienne CTAHOHAPHBIX XaPAKTEPUCTHK HEKOTOPBIX CHCTEM OOCIY:KMBAHHS C IPJAHIOBCKHMH
pacnpenenennsimu / FO.B. JKepnoswiii // Kubepnernka u cucremusiii anamm3. 2017. Tom 53, Ne 5.
C. 141-150.

In.: 0. Ta6n. 3. bibmiorp.: 9 Ha3B.

Amnnoranus. I[Ipeuioxen MeTos uceieoBaHus cucteM obcmyxuBanus M / Eg/1/ m, E,. [ E;/ 1/ m n
E, / M /n/m, Bioyas ciydaii m = oo. ITomydeHsl peKyppeHTHbIE COOTHOLICHMSI ISl BBIYMCIICHUS CTAIHO-
HApHOTO pacIpeieNieHns] Yicia 3asBOK B CHCTEME M CTAlIMOHAPHBIX XapaKTepHCTHK. IlocTpoeHHbIE anropuTmel
HPOBEPEHbl HA NPUMEPAX C MCIOJIb30BAHUEM MMHTALMOHHBIX MOJENEH, CO3/IaHHBIX C MOMOLIBI0 HHCTPYMEH-
TaneHbIX cpeacte GPSS World.

KaioueBble caoBa: cucteMa 00CITy)KHBaHHUs, dPJIAHTOBCKUE pacIpeneIeHus], MeTo]] (UKTUBHBIX (a3, pe-
KyppEHTHbIE COOTHOLICHHS, CTAallHOHAPHBIE XapaKTEPHUCTUKH.

BusHayeHHsI CTAiOHADHHX XapPAaKTePHUCTHK AESKHX CHCTeM OOCIYrOBYBaHHSI 3 epJIaHTiBCbKHMH
po3noxisamu / FO.B. ’Kepuosuii / KibepHetuka ta cucremuuii ananiz. 2017. Tom 53, Ne 5. C. 141-150.

AmHoTanis. 3anpornoHOBaHO METOJ AOCIIKEHHs cucteM obciyrosyBauns M / Eg/1/m ,E. [/ Eg/1/ m

TaE,. /M /n/m,B ToMy uHcHi ansi BUIaAKy m = . OTpUMaHO PeKypeHTHI CIiBBiIHOIIECHHS A/ 0OUHCICH-
HS CTAIIOHAPHOTO PO3IOIUILY KiIBKOCTI 3aMOBJIEHb y CHCTEMi Ta CTAI[lOHAPHUX XapaKTepUCTHK. [loOynoBaHi
ITOPUTMH HEPEBIPEHO HA MPUKIAAX 3 BUKOPUCTAHHAM IMITaliffHUX MoOjelel, CTBOPEHUX 3a JONOMOIOI0
iHCTpyMeHTanbHUX 3aco0iB GPSS World.

KirouoBi cioBa: cucremMa OOCIyroBYBaHHS, €pJIAHTIBCBHKI PO3MOAIIH, MeToX (IKTUBHUX (a3, PeKypeHTHI
CIIIBBIHOLIICHHS, CTAL[IOHAPHI XapaKTePHCTUKH.

Determining steady-state characteristics of certain queueing systems with Erlangian distributions /
Yu.V. Zhernovyi // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 141-150.

Abstract. We propose a method to study M /E,/1/m, E,. /E,/1/m, and E, / M / n/ m queueing

systems, including the case of m = oo. Recurrence relations are obtained to compute the stationary distribution
of the number of customers in the system and the steady-state characteristics. The developed algorithms are
tested on examples using simulation models constructed with the assistance of the GPSS World tools.

Keywords: queueing systems, Erlangian distribution, fictitious phase method, recurrence relations, steady-state
characteristics.

YIK 519.212
HHTEeHCHBHOCTH NepeceveHMii 3aJaHHOT0 YPOBHSI OTHOPOIHBIM ciay4aiinbiM moJsiem / JI.B. EBrpados //
Kubeprernka u cucremubiid anamus. 2017. Tom 53, Ne 5. C. 151-159.

In.: 3. Ta6n. 0. bibmiorp.: 16 Ha3B.

AnHoTanus. J[aHO onpe/elicHUe MOHATH HHTEHCUBHOCTH TI€PECEUCHHIT OHOPO/IHBIM TI0JIEM 33/IaHHOTO
YPOBHSI KaK CPEAHEro KOJIMYECTBA MONaJaHNi TOUCK MOBEPXHOCTH YPOBHS B PACIIMPSIONIEECs TPOCTPAHCTBO.
IToka3aHo, 4TO HE3aBHCHMO OT HOJIOXKCHUS IIEHTpa PACIIUPSIONIETOCS IPOCTPAHCTBA 3a/1ada OTHICKAHUS HHTEH-
CHBHOCTH CBOJHTCS K IOJCUETY IOBEPXHOCTEH YpOBHs B equHHIe oObeMa. ChopMynpoBaHa BO3MOXKHOCTh
OTBICKAHMS KOJIMYECTBA TOBEPXHOCTEH YPOBHSI KAK XapaKTCPUCTUKH, 3aBUCSIICH OT KOJIIMYECTBA HOBEPXHOCTHO
MOpOXJAoMMX Touek. HaiineHo nuddepeHnuanbHoe ypaBHEHHE, CBA3BIBAIOINICE MHTEHCHBHOCTH TOUYEK JIO-
KaJIbHBIX MAaKCHMYMOB M JIOKQJbHBIX MUHUMYMOB C HCKOMOM HHTEHCHBHOCTBIO IIOBEpXHOCTEeH ypoBHs. Ha ra-
YCCOBOM CTaI[MOHAPHOM IIPOLIECCE POBEPEHa JOCTOBEPHOCTD MOTYHYEHHBIX PE3yJIbTaTOB, KOTOPhIC MOIHOCTHIO
COBIAJAIOT C BBIPAXKCHHEM, BIIEPBbIC HaWJCHHBIM Paiicom.

KumioueBsle ci1oBa: nepecedeHus GMKCHPOBAHHOTO YPOBHS CHU3Y BBEPX (CBEPXY BHH3) CIydailHBbIM I1OJIEM, OXKH-
JlaeMoe KOJIMYECTBO BBIOPOCOB CITy4aiHOr0 MOJIs, pacipeiesieHHe abCoM0THOTO MAaKCUMyMa CIIy4aifHOTo OJIA.

IHTeHCHBHiCTE TepeTHHIB 3agaHoro piBHA oOJHOpiTHMM BHmaakoBuM mnodem / JI.B. €srpados //
KiGepuernka ta cucremuumii anams. 2017. Tom 53, Ne 5. C. 151-159.

Anorauisi. HaBe/leHO BH3HAUYCHHS [IOHSTTS IHTEHCUBHOCTI TIEPETHHIB OIHOPIIHIM II0JIEM 3a/1aHOTO PIBHS
SIK CePE/IHBOT KiTBKOCTI MOTPAIUITHHS TOYOK TOBEPXHi PiBHS Y po3uIMpHOMY mpoctopi. [lokaszaHo, 1o He3aneKHo
BiJI IIOJIOJKEHHSI IICHTPY PO3LIMPHOTO MPOCTOPY 3a1a4a BiAIIyKyBaHHS IHTCHCHBHOCTI 3BOAUTHCS JIO IiAPAaxyHKIB
KUIBKOCTI TIOBEPXOHb PiBHS B oxuHHLI 00°eMy. CHopMyIb0BaHO MOXIIMBICT BIIIIYKYBAaHHS KUIBKOCTI ITOBEp-
XOHb PIBHS SIK XapaKTEPUCTHKH, L0 3aJICKUTh BiJl KUTBKOCTI OBEPXHEBO MOPODKYBAIBHUX TOUOK. 3HAHIACHO JH-
(epeHtiiliHe PIBHSIHHS, SIKE 3B’S13y€ IHTEHCUBHOCTI TOYOK JIOKIBHUX MaKCHMYMIB 1 JIOKQJIbHUX MIHIMyMIB 3 IIIy-
KaHOIO 1HTCHCHBHICTIO ITIOBEpXOHb piBHA. Ha rayciBcbKOMYy CTaliOHapHOMY IIPOILECi IepeBIPEHO JOCTOBIPHICTH
OTPHMAaHUX Pe3yJIbTATiB, sIKi MMOBHICTIO 30iraroThCsi 3 BUPA3oM, yrepiue 3HaiineHum Paiicom.

KuarodoBi ciioBa: nepetnHn (iKCOBAHOTO PIBHS 3HM3Y BBEpPX (3BEpXy BHH3) BHIIAJIKOBHM II0OJIEM, OYiKyBaHa
KUIBKICTh BHKHIIB BHIIAAKOBOTO IOJISL, PO3IOIUT aOCOTIOTHOTO MaKCHMYMy BHIIAJKOBOTO IIOJIS.
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Intensity of crossings of a given level by a homogeneous random field / D.V. Yevgrafov // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 3. P. 151-159.

Abstract. The author defines the concept of the intensity of crossings of a given level by a homogeneous
field as the average number of points of level surface that hit the expanding space. It is shown that irrespective
of the position of the center of expanding space, the problem of finding the intensity reduces to counting the
level surfaces per unit volume. The author formulates the possibility of finding the number of level surfaces as a
characteristic that depends on birth-surface points. A differential equation is found that relates the intensities of
points of local maxima and local minima with the desired intensity of level surfaces. The accuracy of the results
is verified for the stationary Gaussian process. The results completely coincide with the expression found by
Rice for the first time.

Keywords: up-crossings (down-crossings) of the fixed level by random field, expected number of excursion
sets for the random field, distribution of absolute maximum of random field.

YIK: 656.09:519.832.3

@opMUpOBaHHEe MATPHUIbI BbIMIPbIIIeH B (OPMAIM30BAHHONH HIpe MeXKIy CyAOBJIajelblUeM U
MeHeKepekoii komnanueii / E.C. Menemenko // Kubepueruka u cucremuslii ananus. 2017. Tom 53, Ne 5.
C. 160-166.

Im.: 0. Tabn. 3. Bibmiorp.: 11 Ha3s.

AnnoTtanusi. PasperieH KOHGIMKT MEXITy CYAOBIAACIBLEM U MEHEUKEPOM I10 JOTOBOPY CYIOBOTO Me-
HEDKMEHTA MOCPE/ICTBOM HCIIOIB30BAHUS METOI0JIOTHYECKOro ammnapara Teopuu urp. [IpeicraBieHs crtpare-
T'UH MOBEACHHS UTPOKOB — CyIOBJIAJCIbIAa U MCHEKEpa, HA OCHOBAHHH KOTOPBIX C(OPMHUPOBAHBI MaTPHI[bI
BBIUTPBILLICH, CIIOCOOCTBYIOIINE IPUHATHIO PEIICHUH 110 00ECIICUCHUIO YCTOHYMBOTO U 3()(EKTUBHOTO B3aUMO-
JIeHCTBHS.

KuroueBble ciioBa: TEOpHUst Urp, MaTpuLa BBIPI]"pLIHJeﬁ, Cya0oBJIaZIc/IeL, MECHEDKEPCKast KOMIIaHUs, CTPATEIUs.

®opmyBaHHsl MATpHIi BUrpamiB y ¢opmanizoBaniii rpi Mizk cyIHOBJIACHHKOM i MeHeIKepChKOIO
kommnaniero / K.C. Menemenko // Kibepueruka Ta cucremunii anamis. 2017. Tom 53, Ne 5. C. 160-166.

AHorauis. Po3B’s13aH0 KOH(IIIKT MIXK Cy/JTHOBJIACHHUKOM i MEHEJDKEPOM 32 JIOTOBOPOM CYJTHOBOTO MEHE/I-
JKMEHTY 3a JIOIIOMOT'OI0 BHKOPUCTAHHS METOAOJIONiYHOro amapaty teopii irop. IIpexcraBineHo crparerii mo-
BEJIIHKM T'PABIIiB — CYJHOBJIACHUKA 1 MEHEDKepa, Ha MiJICTaBi KX c(hOPMOBAHO MATpPUILl BUTPALLB, 10 CIIPUs-
I0Th NPUIHATTIO pillIeHb MO0 3a0e3Me4eHHs cTajnol Ta epeKTHBHOI B3aeMOJIi.

KorouoBi cioBa: Teopist irop, MaTpums BHUIPAIIiB, CyJHOBJIACHHK, MEHEKEPCbKa KOMIIAHIS, CTpaTeris.

Forming the payoff matrix in the formalized game between shipowner and managing company /
K.S. Meleshenko // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 160-166.

Abstract. The settlement of the conflict between the shipowner and manager under a contract of marine
management can be realized through the use of methodological apparatus of game theory. The paper presents the
strategies of behavior of players (shipowner and manager), on the basis of which the matrixes of wins are formed and
decision-making for sustainable and effective interaction.

Keywords: game theory, payoff matrix, shipowner, management company, strategy.

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

VK 004.22 + 004.93°11
HHaekcHbIe CTPYKTYPBI ISl OBICTPOrO NMOMCKA 1O CXOACTBY OMHAPHBIX BeKTOpoB / /I.A. PaukoBckmii /
Kubepueruka u cucremubiii ananus. 2017. Tom 53, Ne 5. C. 167-192.

In.: 0. Tabn. 0. Bibmiorp.: 134 Hazs.

AnHoTauus. /lan 0030p MHIEKCHBIX CTPYKTYP Uil OBICTPOTO MOKMCKA MO CXOACTBY OOBEKTOB, MPEACTAB-
JICHHBIX OMHAapHBIMU BeKTOpamu (¢ KomroHeHTaMu 0 uiu 1). PaccMOTpeHbI CTPYKTYpPhI KaK JJIsi TOYHOTO, TaK U
JUIsL IPUOITHIKEHHOTO MOKMCKA 110 PAcCTOSHNIO XAOMMHUHTa U APYrUM MepaM cXozacTBa. [IpeacraBieHbl, TiaBHbIM
00pa3oM, MHICKCHBIE CTPYKTYPBI Ha OCHOBE X3II-TAONHI], COXPAHSIOLIECTO CXOJCTBO XALIMPOBAHUS, a TAKKE
JIPEBOBU/IHBIX CTPYKTYp, IpaoB COCEACTBA M HEHPOCETEBOIl pacHpeeneHHOH aBTOaCCONMATHBHON MaMsTH.
W310%KeHbl MIEH W3BECTHBIX M IIPE/UIOKEHHBIX B IOCICIHEE BPEMs alrOpPUTMOB.

KaroueBble ¢JI0Ba: MOUCK 110 CXOJICTBY, PACCTOSIHIE XAMMHUHIA, OIMKaANIINIA cocell, OJIMKHUI cocell, NHIICK-

CHBIC CTPYKTYPBI, MYJIBTUHUHJACKCHOE XJ3MIHUPOBAHUE, JIOKAJIbHO-UYYBCTBUTEIIbHOC XJ3MIMPOBAHUE, NPEBOBUIHBIC
CTPYKTYPBHI, rpa(i) COCeICTBA, HeﬁpOCeTeBaﬂ aBToacCoMaTUBHAA MaMATh.
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IngexcHi CTPYKTYpPH JJIsi MIBHKOIO NOIIYKY 3a cXoxkicTio GinapHux BekTopiB / JI.A. PaukoBcbkwuii //
KiGepuernka ta cucremuumii amams. 2017. Tom 53, Ne 5. C. 167-192.

AmnoTtanis. HaBeneHo orsi iHASKCHHX CTPYKTYp IS MIBUAKOTO IONIYKY 32 CXOXICTIO 00’€KTIB, IIO
npezcTaBieHi OiHapHuMHK BekTopamu (i3 komrnoneHtamu 0 a6o 1). PO3risiHyTO CTPYKTYpH SIK AJIst TOYHOTO, TaK
1 111 HaOMMKEHOTO MOUIYKY 3a BiJICTAHHIO XEMMIHra Ta iHIIUMHU MipamMu cx0xocTi. OnucaHo, TOJIOBHUM YH-
HOM, IHJEKCHI CTPYKTYPH Ha OCHOBI XCII-Ta0JIHIb, XCITyBaHHS, 1[0 30epirae CX0XKiCThb, a TAKOXK JCPCBOBHIHHUX
CTPYKTYp, rpadiB cyciicTBa Ta HeilpoMepekeBoi pO3MOIiICHOI aBToacoliaTHBHOI mam’sTi. BuknageHo inei
KOHKPETHHX JTOPUTMIB (BIZOMHX Ta HENIOJABHO 3alPONOHOBAHHUX).

KuarouoBi cjioBa: 1momyk 3a CXOXKICTIO, BiJICTaHb XEMMiHra, HalOMMKUMiA Cycil, ONVKHIA Cycin, iHIEKCHI
CTPYKTYpH, MYJbTHIHICKCHE XCIIYBaHHS, JIOKAIBHO-YYTJIHMBE XCLIyBAaHHS, JCPEBOBHIHI CTPYKTypH, rpad
cycigcTBa, HeHpoMepe)keBa aBTOACOLIATHBHA IMaM’STb.

Index structures for fast similarity search of binary vectors / D.A. Rachkovskij // Kibernetika i sistemnyi
analiz. 2017. Vol. 53, N 3. P. 167-192.

Abstract. We survey index structures for fast similarity search of objects represented by binary vectors
(with components 0 or 1). Structures for both exact and approximate search by Hamming distance and other
similarity measures are considered. Mainly, we present index structures based on hash tables,
similarity-preserving hashing, as well as tree structures, neighborhood graphs, and neural distributed
autoassociative memory. The ideas of specific algorithms, including the recently proposed ones, are outlined.

Keywords: similarity search, Hamming distance, nearest neighbor, near neighbor, index structures, multi-index
hashing, locally-sensitive hashing, treelike structures, neighborhood graph, neural autoassociative memory.
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