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VK 519.713.1
IModynoBa — w-peryysipHoOro BUpasy, 3a1anoro rpagom ejaeMeHTApHHX NpooB:keHb / A.M. YUeGoTapbos //
KiGepuetuka ta cucremunii anamis. 2022. Tom 58, Ne 2. C. 3-9.

Anorauis. ITix gyac cuaTe3y X-aBTOMarta, Crielu(ikoBaHOro MOBOK LP, BUHHKa€e 3a/1a4a MOJaHHS MHO-
KHUHU — 0-CIIiB, o 3a1ae Gopmyna F (¢), y BUNIIAAL — w-peryaspHoro Bupasy. [loOymosa mporo Bupasy IpyH-
TY€ThCS Ha BIJINOBITHOCTI MK CTPYKTYPHHMH eJIeMeHTaMu (GOpMyIl Ta — w-peryispHux Bupasis. [lis 3abesme-
YEHHS TaKol BiAIOBIAHOCTI 3alpOBa/KEHO [Bi JOJATKOBI oOmepalii Hax —@-pery/SIPHUMH MHOXKHHAMH, [0
BI/IIIOBIIAIOTH ornepaiisM KBaHTHOikail y ¢popmyiax. 3asada 3BOIHIACH 10 OOUHCICHHS — @-PETYJSIPHUX BH-
pasiB, 0 BU3HAYAIOTHCS LIUMH OIeEpalisMu. Y HOro OCHOBI JISKHUTH T00Y0Ba Ipady eIeMEHTapHUX MPOIOB-
JKEHb, JIe TIeBHA MHOXKHHA HECKiHUCHHUX NUIIXIB BIINOBifa€ BCIM — @-CIIOBAM, IO HAJIEKATH — W-PETYIApHIN
MHOXHHI, Ky HOTpiOHO 004nCINTH. 3aIPONOHOBAHO METO HOOYAOBU — @-PETYISIPHOTO BUPA3Y, IO 3aAAE€THCS
TakuM rpadom. Lleit meton O6azyeTbesi Ha PO3B’A3aHHI CUCTEMH JIHIHHUX PIBHAHBb HAJl — W-PETYIIPHUMHU MHO-
KUHAMH.

KiiouoBi coBa: — @-coBo, — w-peryisipHHil BUpa3, IpedikCHO-3aMKHyTa MHOXHHA — @-CIiB, rpad eaeMeH-
TapHUX HPOJOBXKCHB, JiHIMHE PIBHSAHHA HaJ — @-PETYJSIPHUMU MHOXHHAMHU.

Constructing a —w-regular expression specified by an elementary extensions graph / A.N. Chebotarev //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 3-9.

Abstract. In synthesis of a X-automaton specified in the LP language, the problem arises how to
represent the set of —w-words defined by a formula F (¢) in the form of a — w-regular expression. Construction
of this representation is based on the correspondence between structural components of the formulas and
—w-regular expressions. To provide such a correspondence, two additional operations on —w-regular sets
relating to the operation of quantification in the formulas were introduced. The problem was reduced to
calculating the —w-regular expressions defined by these operations. This calculation relies on the construction
of an elementary extensions graph, in which certain set of infinite paths corresponds to all —w-words that
belong to the —w-set to be calculated. A method for constructing a —w-regular expression specified by such
a graph is proposed in the paper. This method is based on the solution of a system of linear equations over
—w-regular sets.

Keywords: —w-word, —w-regular expression, prefix-closed set of —w-words, elementary extensions graph,
linear equations over —w-regular sets.

VK 004.855:519.216
Jlorika Kay3aJibHOr0 BHBeJEHHS 3 JaHUX B YMOBAX NPHUXOBaHUX cniibHuX npuyuH / O.C. banadaunos /
KiGepuernka ta cucremuuii anamiz. 2022. Tom 58, Ne 2. C. 10-28.

AHoTtauis. Po3rigHyTo mpoGiieMu BHBEIEHHS Kay3albHHX MOJENEH 3 eMIipUYHUX JaHUX 1 JesKi Me-
XaHI3MH BUHUKHEHHS nOMHJIOK. [TokaszaHo, 1o Bigomi mpaBuia ineHTudikauii opieHTaniil (CnpsiMyBaHb) cra-
TUCTHYHHX 3B’sI3KIB y Kay3aJbHHX MOJCIAX MOXKYTh BTpayaTH aJeKBaTHICTb, KOJU IIIOTh JIATCHTHI KOH(bayH/Ie-
pu. 3anporoHOBaHO KOPEKIIii IUX MpaBHII OpieHTAallil, HEOOXIHI JUI iXHBOTO 3aCTOCYBAHHS JI0 MOJEJEH 103a
MeXaMH KJIacy aHLecTpalbHux Mozeineil. ChopMyap0BaHO HEOOXIIHI MPUITYIIEHHS, SIKi OOIPYHTOBYIOTH BHBE-
JICHHSI a/ICKBaTHUX Kay3aJbHUX BiJHOIICHb 3 JTaHHX.

KuiouoBi ciioBa: xaysanbHi Moedi, d-cenapaliisi, yMOBHA HE3aJIKHICTb, IPpaBuiia opieHTawii pedep, koHdayH-
ziep, KOJi30p, LII030pHE pedpo, MPHITYIICHHS TeCTaOLIbHOCTI 3aIeKHOCTI.

Logic of causal inference from data under presence of latent confounders / O.S. Balabanov // Kibernetyka
ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 10-28.

Abstract. The problems of causal inference from data (by independence-based methods) when latent
confounders are allowed are examined. We demonstrate that the well-known rules of edge orientation may
perform wrong under presence of latent confounders. We propose the corrections to the rules aiming to
successfully extend them for inference of models beyond the class of ancestral models. The necessary
assumptions to justify an adequate model inference from data are suggested.

Keywords: causal network, d-separation, conditional independence, edge orientation rules, confounder,
collider, illusive edge, dependence testability assumptions.

VK 519.2
PospisnioBanbHa artaka Ha muppocucremy NTRUCipher / A.M. Ouekciiiuyk, A.A. Mariiiko //
KibepHetnka Ta cucremHumii amamiz. 2022. Tom 58, Ne 2. C. 29-34.

AHoTauis. 3anpornoHoBaHO PO3Pi3HIOBAIBHY aTaky Ha cumerpuuny mmppocucremy NTRUCipher, Bu3-
Ha4YeHy HaJ| KUTbIEM JIMIIKIB 32 MOIYJIEM LIMKIOTOMIYHOTO MOJIIHOMA HaJl CKIHYCHHHUM MOJIEM IIPOCTOTrO MOPSIA-
Ky. Ataka 06a3yeTbcsl Ha icCHyBaHHI roMOMOP(i3My 1IbOrO KiJIbLS y 3a3HAUEHE T10JIE Ta MOKE OYTH TOCHTB e(ek-
THBHOIO 33 JOCTAaTHBO 3araJbHHUX YMOB.
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KoiouoBi cimoBa: pemritkoBa kpumnrorpadis, cUMeTpuYHa MU(pocUcTeMa, PO3Pi3HIOBAIbHA aTaka, ILHKIO-
tomiunnii mominoMm, NTRUCipher.

Distinguishing attack on the NTRUCipher encryption scheme / A.N. Alekseychuk, A.A. Matiyko //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 29-34.

Abstract. A distinguishing attack on the NTRUCipher symmetric encryption scheme, defined over the
residue ring modulo a cyclotomic polynomial over a finite field of simple order, is proposed. The attack is based
on the existence of a homomorphism from this ring into the specified field and can be quite effective under
sufficiently general conditions.

Keywords: lattice-based cryptography, symmetric encryption scheme, distinguishing attack, cyclotomic
polynomial, NTRUCipher.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

VIK 631.153.3:330.131.7
Onrumizaniss Hagiiinocti B pocaununurei / B.A. Ileneasie, O.M. Tosoxnikos, H.O. I'osoanikosa //
KiGepHernka Ta cucremuumii anams. 2022. Tom 58, Ne 1. C. 35-41.

AmnoTanis. PosrsiHyTo 3amady onTuMizanii CTPYKTYpH NOCIBHHX IUIONI 3 ypaxyBaHHSIM PU3HKY BTpaT
yposkaro. Jlnst MiHIMi3alii pU3MKY 3alpOlOHOBAHO 3aMIiCTh HMOBIPHOCTI BiJJ]MOB, SIKa LIMPOKO BHKOPHCTO-
ByeTbCs B Teopil HajilHOCTI, onTuMmizyBatn OydepHy iimoBipHicTs BigmoB (bPOE). Ha Bigminy Bin
iiMoBipHOCTi BiaMoB, bPOE Mae kparii BIacTHBOCTI, a came: Ll Mipa PH3UKY € HEeMepepBHOIO (YHKIIEI0, sIKa
BpaxoBy€ BCI 3HAYEHHs, IO IO3MILIOHOBaHI B XBOCTI (PyHKIUII PO3MOALTY BTpAT ypoixKaro.

Kuarouosi cioa: bPOE, mipa pusuky, onTuMizanis, KBaHTHJIb, XBICT (YHKUII po3moainty, NOCiBHA ILIOIIA,
CLIIBCKOrOCIIOAapChKa KyJbTypa.

Reliability optimization in plant production / V.A. Pepelyaev, A.N. Golodnikov, N.A. Golodnikova //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 35-41.

Abstract. We consider the problem of optimizing the structure of sown areas taking into account the risk
of crop losses. To minimize the risk, we propose to optimize the buffer probability of failure (bPOE), instead of
the probability of failure, which is widely used in the theory of reliability. In contrast to the probability of
failure, bPOE has more attractive properties: this risk measure is a continuous function that takes into account
all the values located in the tail of the crop loss distribution function.

Keywords: bPOE, risk measure, optimization, quantile, the tail of the distribution function, sown area,
agricultural culture.

VK 517.977

ExcrpemaibHi cTparerii 30/1MKeHHs] KepOBaHHX 00’€KTiB B irpoBuX 3aja4yax AMHAMIKHU 3 TePMiHAJIBbHOIO
dyukuiero miaatu / A.O. Yukpiii, U.C. Pannonopr // KibepueTtuka ta cuctemunit anamnis. 2022. Tom 58, Ne 2.
C. 42-57.

AHoTanis. 3anporoHOBaHO METOJ] PO3B’sI3aHHS IPOOJIEMH 30IMKSHHS KEPOBAaHUX 00’ €KTIB B IrpOBHUX 3a-
Jla4ax AMHAMIKK 3 TEPMIHAIBHOK (DYHKII€IO IUIATH, SIKUH 3BOAUTHCS 10 CHCTEMATHYHOTO BUKOPHUCTAHHS i1eit
®denxenss—Mopo CTOCOBHO 3arajibHOi CXeMH METOJy pO3B’si3yBajbHUX (GyHKIiH. CyTHICTH METOAYy MoJsirae
B TOMY, 1110 PO3B’s3yBajibHy (YHKI[II0 MOJKHA BUPA3UTH Yepe3 CIpsuKEeHy A0 (GyHKILT m1ath i, BAKOPUCTOBYIOUH
IHBOJIFOTHBHICTh OIEpaTopa CIOJTYYEHHs I OIYKJIOi 3aMKHYTOI (DyHKIIl, OTPMMATH I'apaHTOBaHY OLIHKY
TepMiHAJIBEHOIO 3Ha4YEHHsS (YHKIIT IUIaTH, SIKy MPEJCTABICHO Yepe3 3HaYCeHHS IUIATH B ITOYAaTKOBUH MOMEHT Ta
iHTerpai Bix po3B’s3yBanbHOI (GyHKHil. OCOONUBICTIO METOY € HAKONHYYBAIBHUN IPUHIIHIL, IO BHKOPHCTO-
BYETHCS B IOTOYHOMY IiICYMOBYBaHHI pO3B’sI3yBaJIbHOT (DYHKIIIT JUIsl OLIIHKH SIKOCTI TP JIO TOCSATHEHHS JIEIKO-
IO HOPOTOBOTO 3HAYCHHS. YBEJCHO MOHATTS BEPXHbOT Ta HIKHBOI PO3B’sI3yBaJIbHUX (DYHKIIIH ABOX THIIB 1 OT-
PHMAaHO JOCTaTHI yMOBH IapaHTOBAHOTO PE3yJbTaTy B AU(EpeHIianbHiil Ipi 3 TePMiHAIBHOIO (YHKIIEIO [UIATH
B pa3i, koiu ymoBa [ToHTpsriHa He BUKOHYeThcs. [T00yn0BaHO ABI cXeMH METOIY PO3B’sA3yBalbHUX (YHKILIIT 3
eKCTPeMaJIbHIMH CTPATerisiMH 30JMKCHHsI KePOBAaHUX O0’€KTIB 1 JTAaHO IOPIBHSHHS I'apaHTOBAHHX 4YacCiB.

KurouoBi ciioBa: TepMiHanbHa GyHKIIS 1aTH, KBa3UIiHIiHA Audepeniaibpha rpa, Oararo3HavyHe BigoOpakeH-
HsI, BUMIPHHII CEJIEKTOp, eKCTpEeMalbHa CTpaTerisi, po3B’si3yBalbHa (YHKIIS.

Extremum strategies of approach of controlled objects in dynamic game problems with a terminal payoff
function / A.A. Chikrii, J.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 42-57.

Abstract. The authors propose a method for solving the problem of approach of controlled objects in
dynamic game problems with a terminal payoff function, which is reduced to the systematic use of the
Fenhel-Moro ideas on the general scheme of the method of resolving functions. The essence of the method is
that the resolving function can be expressed in terms of the function conjugate to the payoff function and, using
the inclusiveness of the connection operator for a convex closed function, it is possible to obtain a guaranteed
estimate of the terminal value of the payoff function represented by the payoff value at the initial instant of time
and integral of the resolving function. A feature of the method is the cumulative principle used in the current
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summation of the resolving function to assess the quality of the game before reaching a certain threshold. The
notion of the upper and lower resolving functions of two types is introduced and sufficient conditions of
a guaranteed result in the differential game with the terminal payoff function are obtained in the case where
Pontryagin’s condition is not satisfied. Two schemes of the method of resolving functions with extremum
strategies of approach of controlled objects are constructed and the guaranteed times are compared.

Keywords: terminal payoff function, quasilinear differential game, multi-valued mapping, measurable selector,
extremum strategy, resolving function.

VK 519.8
MiniMy™M He4iTKHX 4YHce] 3 HediTkol0 MHOXHHOI0 omepaniiB / C.0. Mamenko // KibepHernka Ta
cucremuuii amami3. 2022. Tom 58, Ne 2. C. 58-69.

AmnoTanis. J[ociipKeHo onepalito MiHiMi3allii 3 HeUiTKOI0 MHOKHHOIO iHAEKCIB ONepaH/iB I HEUITKHX
gncen. ITokazano, mo pe3yapTaToMm Iiel oneparlii € HediTka MHOKHHA THITY-2, Ka MOe OyTH PO3KJIaJeHO0 32
BTOPHHHUMH CTYHEHSIMH HaJIeXXHOCTI Ha HaOlp BiIMOBITHUX HEUITKUX 4ucell. Takuil po3KiIaz Ja€ 3MOry Ipea-
CTAaBUTH PE3YJIbTIBHY HEUITKY MHOXKHHY THITy-2 Y 3pyYHOMY JJIsl PO3YMIHHS 1 3acTocyBaHHs BUrIsiai. HaBeneHo
UTFOCTPAaTUBHUN TPHUKIIALL.

Kao4oBi cj1oBa: HewiTKe YMCIIO, HEYiTKA MHOKMHA, HEYiTKA MHOXKHHA THITY-2.

Minimum of fuzzy numbers with a fuzzy set of operands / S.0. Mashchenko // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 2. P. 58-69.

Abstract. The operation of minimization with a fuzzy set of operand indices for fuzzy numbers is
investigated. It is shown that the result of this operation is a type-2 fuzzy set, which can be decomposed by
secondary degrees of membership into a collection of corresponding fuzzy numbers. This decomposition helps
to represent the resulting type-2 fuzzy set in a form that is easy to understand and use. An illustrative example is
given.

Keywords: fuzzy number, fuzzy set, type-2 fuzzy set.

V]IK 303.732.4

AJTOpPUTM JeKOMIO3HLIHHOr0 KepyBaHHSl Ta MPOTHO3YBAHHS TPACKTOPil HeTiHIHHHUX CTOXaCTHYHHUX
CHCTEM 3a HAsIBHOCTI pi3HOIIBHAKiICHMX mpoueciB y ixHiii munamini / B.B. Xunienko // Kibepuernka Ta
cucremuuii amami3. 2022. Tom 58, Ne 2. C. 70-75.

AHoTanis. 3anpornoHOBaHO JEKOMIIO3HIIIHHNN aIrOPUTM NIPOTHO3YBaHHS TPAEKTOPill HETIHIHHUX CTO-
XaCTHYHUX CHUCTEM, y AMHAMIIl SIKHUX NPUCYTHI CyOIpoLecH, IO 3HAYHO BiJPI3HAIOTHCSA 3a MIBUJIKICTIO.
ANTOPUTM CIIPSIMOBAHUH Ha CKOPOUYCHHS Yacy OTPHMAHHS NPOTHO3HHX PE3YNbTATIB UL CYyTTEBO HETIHIMHHX
00’€KTIB 1 CHCTEM, KOJIM PO3PaXyHKH 3a IXHIMHM MOBHHUMH MaTEMaTUYHUMHU MOJICISIMU TIOB’S3aHi 3 BEIUKHM 00-
CSATOM OOYHCIICHb Ta CKJIQJHOIAMH THMYacOBOTO KOPUTYBAHHS IapaMeTpiB.

Ki04oBi ci10Ba: HeNiHIIHI CTOXaCTHYHI CHCTEMH, MAaTEMAaTHYHE MO/ICIFOBAHHS Ta IPOTHO3YBAHHS JIUHAMIKH,
KEpyBaHHs IHHAMIYHAMH CHCTEMaMH, JIECKOMITO3HUIIIS MOJENEit.

Algorithm for decomposition control and prediction of trajectories of nonlinear stochastic systems under
different-speed processes in their dynamics / V.V. Khilenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol.
58, N 2. P. 70-75.

Abstract. The author proposes a decompositional algorithm for predicting the trajectories of nonlinear
stochastic systems whose dynamics contain subprocesses significantly different in speed. The algorithm is
focused on reducing the time to obtain predictive results for substantially nonlinear objects and systems, when
calculations based on their complete mathematical models are associated with a large amount of computation
and the complexity of temporary adjustment of parameters.

Keywords: nonlinear stochastic systems, mathematical modeling and forecasting of dynamics, control of
dynamic systems, decomposition of models.

Y]K 519.86
Onrumizanisi po3nofiay KamiTaJbHUX iHBecTHNil B yMOBaX BiIKpHTOI €KOHOMIKH Ha OCHOBi MojeJi
«suTpatn—Bunyck» / C.B. Ilamko // KibepHerrka ta cucreMuuit anamis. 2022. Tom 58, Ne 2. C. 76-85.

Anoranis. CTaTTIO NPUCBAYEHO ONTUMI3alil PO3NOALTY KAMITalbHUX IHBECTHLINH MDK Tally3sMH €KO-
HOMIKH KpaiHd. BuBeneHo (GopMysn 3aie)KHOCTI 3pOCTaHHS BaJOBOTO BHYTPIILIHBOTO MPOAYKTY Bix 00CATiB
iHBecTHLii. Ha OCHOBI MOJENI «BUTPATH—BHILYCK» 3allPOIIOHOBAHO 3aJ[a4dy ONTHMI3alil po3Mo/iay iHBECTHIIIH,
y SIKIf MAKCHUMI3y€ThCsl BAJIOBHI BHYTPIIIHIN HPOAYKT KpaiHU 3 BIIKPHTOIO €KOHOMIKOIO 3a YMOB, 11O OOCSTH
iHBecTHil oOMeskeHi. [ToO0ynoBaHO METOJ BU3HAUCHHS iHBECTULIIHIX KOe(ili€HTIB, pO3paxOBaHO ONTUMAIIb-
HUI PO3MOALT IHBECTUIIH MDK raay3sMH €KOHOMIKM YKpaiHu.

KurrouoBi c1oBa: onTuMisaris, po3nozia iHBECTHIIIH, MOJIENIb «BUTPATU—BHILYCK», BAJIOBHI BHYTPILIHIH 1po-
JIyKT, METOJ.
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Optimization of capital investment distribution in the open economy on the basis of the “input—output”
model / S.V. Pashko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 76-85.

Abstract. The article is devoted to optimizing the distribution of capital investment between sectors of
the economy. The formulas of dependence of gross domestic product growth on the volume of investments are
derived. Based on the input-output model, the problem of optimizing the distribution of investments is
proposed, which maximizes the gross domestic product of a country with an open economy under limited
investments. The method of determining the investment coefficients is constructed, the optimal distribution of
investments between branches of the economy of Ukraine is calculated.

Keywords: optimization, investment distribution, input-output model, gross domestic product, method.

YK 533.6.013.42

3acTocyBaHHSI ACHMIITOTHYHHX i YHCEJILHUX MeTOMIB /ISl BH3HAYEHHsl Mex cTilikocTi posmomineHnx
cucrem y noroui / ¥O.I. Kamox, O.I'. Jledins // KiGepueruka Ta cucremuuii anamniz. 2022. Tom 58, Ne 2.
C. 86-95.

AwnoTtanisi. Ha 0CHOBI aCHMOTOTHYHHX Ta YHCEIBHUX METOAIB AOCITIIKEHO MPUYNHU Ta CYKYIHICTh Ia-
paMeTpiB, 110 CIPUYUHSIOTH aCPOIPYKHI KOJIMBAHHA 3a (iaTepHUM THIIOM y posnoiinenux cucremax (PC).
HecrTilikicTb 3yMOBJICHA CHIJIHIM BIUIMBOM TPHOX YMHHHKIB: 3HECEHHSIM 30ypeHb B31oBxk PC 10 1mOTOKY, 3rH-
HaJBHOIO YKOPCTKICTIO 1 BIUTMBOM 1HEPUiifHOI CHIIH, IO € PO3MOAIIEHHM PyXOMUM B310Bxk PC HaBaHTa)KEHHSM.
30UIBIICHHS CUJIM HATATY 1 3rMHAIBHOT opcTkocTi PC 3pyIrye 30Hy HECTIHKOCTI y Oiibll BUCOKOYACTOTHHI
Jliarna3oH KOJMBaHb. 301bLICHHS BIIHOCHOT LIUIBHOCTI MOTOKY 1 BiHOCHOT noBxkuHU PC po3umproe o6aacTb
HectiiikocTi. HasBHicTh kyTa Haxmity PC 1o moToky moaae ocobuuBocteit y 6ananc cui, 1o aiots Ha PC, i B
(opmyBaHHS Mexi obnacTeil cTiikocTi 1 HecTilikocTi. OnHAK KOPEKTHE OLiHIOBAHHS HOTO BIUIMBY y PO3IJISLY-
BaHill MOJIeNi HEMOJKIINBE 1 BUMarae OUIbII JeTalbHOro Hojaibioro posriny. Kondirypamis PC y Hectilikiit
00acTi BKazye Ha KOHIIEHTPALIIO HAIPYKEeHb M0OIU3y BEpXHBOro ii KiHmsg. OTpHMaHi pe3yabTaTH Ul MalIuxX
KyTiB Haxmity PC 10 HOTOKY y3ro/UKyIOTECS 3 BIIOMUMU pe3yJIbTaTaMH, OJCPKaHUMHU 1HIIMMH aBTOPAMHU.

Ka104oBi ci1oBa: XBUJIi, a€pONPYKHICTh, ACHMIITOTHYHI METO/IH, (hiiaTep, Oe3/10naTeBuii BITpOreHepaTop.

Application of asymptotic and numerical methods for determining the stability boundaries of distributed
systems in a flow / I. Kaliukh, O. Lebid // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 86-95.

Abstract. The reasons and the set of parameters leading to aeroelastic flutter oscillations in distributed
systems (DS) are investigated on the basis of asymptotic and numerical methods. The instability is caused by the
combined influence of three factors: the drift of disturbances along the DS along the flow, bending stiffness, and the
influence of the inertial force, which is a distributed load moving along the DS. An increase in the tensile force and
bending stiffness of the DS shifts the instability to a higher frequency range of vibrations. An increase in the relative
flux density and the relative length of the DS expands the region of instability. The presence of the angle of
inclination of the DS to the flow introduces peculiarities in the balance of forces acting on the DS, and in the
formation of the boundary of the regions of stability and instability. However, it is not possible to correctly assess its
influence within the framework of the considered model and requires more detailed further consideration. The
configuration of the DS in the unstable region indicates the concentration of stresses near its upper end. The results
obtained for small angles of inclination of the DS to the flow agree with the known results of other authors.

Keywords: waves, aeroelasticity, asymptotic methods, flutter, bladeless wind turbine.

VK 004.82.855°24

Pectpykrypu3aniss Mojaesi «cTaH—iiMOBipHicTL BHOOPY» Ha OCHOBi BJacTHBOCTEH 100YTKiB
NPSIMOKYTHHX CTOXaCTHYHHX MaTpuisb / €.B. Isoxin, O.B. Onenbknii // KiGepHeTrka Ta CUCTEMHUIT aHaII3.
2022. Tom 58, Ne 2. C. 96-107.

AwnoTanis. [l aHanizy iHAWBIOyadbHOI Ta KOJEKTHBHOI NOBENIHKH arcHTIB 3allPOIIOHOBAHO MOJEIb
«CTaH-HMMOBIPHICTH BHOOPY», IO IPYHTYETHCS Ha PO3IIILALI HMOBIpHOCTEH BHOOpY albTEpHATUB Ta 3aCTOCY-
BaHHI MapKOBCBHKOT'O JIAHIIIOra 3MiHM [IUX HMOBipHOCTEW. PO3risiiaeThesi NOAANBIINI PO3BUTOK HAIIPSMKY, I10-
B’S13aHOTO 3 MOJICJIIOBAHHAM OIMCY CUTYalLil NPUUHATTS pillleHb, KU TOJITae B SBHOMY 3a/laHHI HMOBIpHOC-
Tel NPUHHATTS PIICHh HA OCHOBI MOJIENI «CTaH—IIMOBIPHICTH BHOOPY» 3a YMOBH, IO Ii HMOBIPHOCTI MOXYTb
3MIHIOBATHCS 3 YacOM. 3alpOIIOHOBAHO CTPYKTYpH3aLil0 MOJEINI, ska rnepenbdadac JeKOMIIO3ULII0 Ta (opmy-
BaHHS KJIACTEPIB CTaHIB, M0 MOXKHA 3MICTOBHO iHTeprperyBaTH. PO3IIISIHYTO JBOpIBHEBY CHCTEMY CTaHiB,
B sKiif 6230Bi CTaHU BiIOBiTAIOTh KOHKPETHUM IMOBIPHOCTSIM MPUHHATTS PillleHb,  CTAHH JPYTOro PiBHI —
rpynam cratis. [TokazaHo, 10 JEKOMITO3HUILS CYTTEBO MOCIA0II0E PaKTOP AOBUILHOCTI BUOOPY 0A30BHX CTaHIB.
Hapeneno npukinaj, e BUAUICHO JEKIIbKa IPyIl CTaHIB, Cepe]] IKMX OCOOIMBY yBary MpHIICHO MOBEAIHII ITe-
PCKOHAHUX TPHUXWIBHUKIB MEBHUX abTCPHATUB, @ TAKOXK areHTaM, IO BaraloThCs.

Kuio4oBi ci10Ba: MoJenb «CTaH—UMOBIPHICTH BUOOPY», CUTYALlisl IPUHHATTS PIillICHb, IPSMOKYTHI CTOXaCTHYHI
MaTpHll, JUHAMIYHa piBHOBara ajbTEPHATHUB.

Re-structuring of the model “state—probability of choice” based on products of stochastic rectangular
matrices / E.V. Ivokhin, O.V. Oletsky // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 96-107.

Abstract. To analyze the individual and collective behavior of agents, a “state—probability of choice”
model is proposed, based on considering the probabilities of choosing alternatives and using the Markov chain
of changes in these probabilities. Further development of the direction associated with modeling the description
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of the decision-making situation is proposed, which consists in explicitly setting the probabilities of
decision-making based on the “state—probability of choice” model, provided that these probabilities can change
over time. The proposed structuring of the model based on decomposition consists in the formation of the
introduction of clusters of states, which can be provided with meaningful interpretation. The paper considers
a two-level system of states, in which the base states correspond to specific probabilities of decision-making,
and the states of the second level correspond to groups of states. It is shown that decomposition significantly
weakens the factor related to the arbitrariness of the choice of base states. An example is given in which several
groups of states are clearly distinguished, among which special attention is paid to the behavior of convinced
supporters of certain alternatives, as well as to agents who hesitate.

Keywords: model “state—probability of choice,” situation of decision-making, rectangular stochastic matrix,
dynamic equilibrium of alternatives.

VK 519.8
IIpo nmesiki acUMOTOTHYHI BJACTHBOCTI po3B’sa3kiB Oirapmomiiinux piBusnb / 0.1 XapkeBuu //
Kibepuetuka ta cucremuuii anamiz. 2022. Tom 58, Ne 2. C. 108-117.

AnoTanis. Po3risiHyTO 3acTOCyBaHHS METOAIB Teopii HAOMIDKEHHS OO HPHUHIMIIB ONTHMAIBHOCTI
B TeOpii MpuitHATTA pimeHb. YacTto (yHKIIS pU3UKY B MPOLECI BiIIIYKAHHS ONTHUMAIbHUX PIllIEHb MA€ JIOCUThH
CKJIaZIHy CTPYKTYpY JJIs BUBYCHHS ii BIIACTHBOCTEH, TOMY BHHUKA€E MOTpeOa HAOMM3UTH (DYHKIIIO PU3UKIB 10
iHII01 GyHKIUIT 3 IPOCTHMH Ta 3pO3yMIUTUMHU XapaKTepUCTHKAaMU. J{0CiHKEHO aCUMITOTHYHI BIACTHBOCTI PO3-
B’sA3KiB GirapMOHIHHUX PIiBHSHB AK (yHKUi HaOmmKkeHHs. OTPUMAHO MOBHI aCMMITOTUYHI PO3KIIAN BEPXHIX
MeK BimxwieHb ¢QyHkiii kimacy CoboneBa W (ile MHOXHHA, SIKii Hanexarh (DyHKIII pH3MKY B Hpoleci
onTHUMi3anii IPHHHATTS PIlICHB) BiJ OIEPaTOpiB, IO € PO3B’I3KaMU OIrapMOHIIHUX PIBHSHB 13 IIEBHUMH Kpa-
foBumu ymoBamu. OTprMaHi PO3KIAAH AAIOTh 3MOTY 3HaXOAWTH KoHCTaHTH KommoropoBa—HIKOIBCEKOTO sIK
3aBrOJIHO BUCOKOT'O CTEIEHS MAJIOCTI, 3aB/ISKUM YOMY MOXKHA OL[IHIOBATH MOXUOKY HAOJIMKEHHS MiJl 4ac po3B’s-
3yBaHHS ONTHUMI3aliHHUX 3a7a4 i3 JOBUIBHOIO TOYHICTIO. 3a3HAYCHO, LIO 3a JOMNOMOIOI0 OirapMOHIHHUX
piBHAHBP MOXHa e(eKTHBHO OyayBaTH MaTeMaTH4HI MOJENi NPUPOJHUYMX Ta COLIAIBHUX SBHIL.

KuaiouoBi ci1oBa: moxubka HaOIMKEHHS, ONTUMI3ALIHI BIaCTUBOCTI (yHKIIM, OirapMOHIiliHI PiBHSAHHS, TOBHI
acUMIITOTHYHI po3kianu, kiaacu CobGoresa.

On some asymptotic properties of solutions to biharmonic equations / Yu.l. Kharkevych // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 2. P. 108-117.

Abstract. The author considers the application of the approximation theory methods to the principles of
optimality in the decision-making theory. In finding optimal solutions, the risk function often has rather
complex structure for studying its properties, which makes it necessary to approximate the risk function to
another function with simple and clear characteristics. In this regard, the asymptotic properties of the solutions
of biharmonic equations as approximate functions are investigated. Complete asymptotic expansions of the
upper limits of deviations of the Sobolev class functions W (the set that the risk functions in decision-making
optimization belong to) from operators that are solutions of biharmonic equations with certain boundary
conditions are obtained. The expansions allow us to find the Kolmogorov-Nikol’skii constants of arbitrarily
high degree of smallness that allows us to estimate the approximation error when solving optimization problems
with arbitrary accuracy. It is mentioned that the biharmonic equations can be used to efficiently generate
mathematical models of natural and social phenomena.

Keywords: approximation error, optimization properties of functions, biharmonic equations, complete
asymptotic expansions, Sobolev classes.

VK 517.988
Po3p’si3anns inTepnoasniiinoi 3amaui Epmira y ckinyennoBumipnomy EBkiaizoBomy mpocropi /
O.®. Kammyp // Kibepuernka ta cucremuuii anami3. 2022. Tom 58, Ne 2. C. 118-127.

AwnoTanis. PosrisnyTo inTepnomsuiiiny 3agady Epmita B EBkitinoBomMy mpocTopi y BHIAIKy, KOJIU 3a1a-
HO 3Ha4yeHHs (yHKLIl 0araTboX 3MIHHHMX Ta 3HAYCHHsI 1 MOXiAHUX ['aTo mepuIoro mopsAKy y By3jiax iHTEpIIo-
i, TTokasaHo, 1110 MOCTaBlIeHa 3a/1a4a Ma€e €JMHUIA PO3B’ 30K MiHIMAJIbHOI HOPMH Y pa3i HEJ0OBU3HAUCHOCTI.
OpnepikaHO YMOBH iHBapiaHTHOI PO3B’SI3yBAaHOCTI Ta €IMHOCTI PO3B’SI3Ky 3ajadi.

KumiouoBi ciroBa: intepriossiiiinuii nominom Epwmita, audepenuian I'ato, insbepris npoctip, EBkiiaiB mpo-
cTip, MiHIMaJbHa HOpMa.

Solving the Hermite interpolation problem in a finite-dimensional Euclidean space / O.F. Kashpur //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 118-127.

Abstract. We consider the solution of the Hermite interpolation problem in the Euclidean space in the
case where the values of the multivariable function and the values of its first-order Gato derivatives at the
interpolation nodes are given. The problem is shown to have a unique solution of the minimum norm in the case
of under-determinacy. The conditions of invariant solvability and uniqueness of the problem solution are
obtained.

Keywords: Hermite interpolation polynomial, Gato differential, Hilbert space, Euclidean space, minimum
norm.
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YK 519.21
Ipo 3amauy miniMmakcHoi iHTepmoasimii cramiomapuux mnocaizoBuocteii / O.}J0. Maciorka,
ML.II. Mokasayk // KibGepuernka ta cucremumii anamis. 2022. Tom 58, Ne 2. C. 128-142.

AnoTanis. Po3risiHyTO 33124y ONTHMAIBHOTO JITHIHHOTO OLIHIOBAHHS (DYHKIIOHAIB BiJl HEBIIOMHX 3Ha-
YeHb CTOXACTUYHOI CTAI[IOHAPHOI MOCIIIOBHOCTI 32 CIIOCTEPEKEHHSIMH MOCITIOBHOCTI 3 MPOIYIICHHMH 3Ha-
YeHHSIMU. 3HAIIEHO (OPMYIIH JUIs OOUNCIICHHS 3HAYEHHS CePEeHbOKBAPATUIHOT OXUOKH Ta CIIEKTPAIBHOI Xa-
PaKTEPUCTUKH ONTUMAIIBHOT JIIHIMHOT OLIHKK (DYHKIIOHAIB 32 YMOBH CHEKTPAIbHOI BU3HAYEHOCTI, KOJIU CIICK-
TpajbHa MIUIBHICTH MOCIIZOBHOCTI TOYHO BifioMa. Y BHIIQJIKy, KOJW CHEKTPAIbHA IIUIBHICTH MOCIIIOBHOCTI
TOYHO HE BIZIOMA, a 3a[al0ThCs JIMIIE JACSKI KJIACH JOMYCTUMHX CIIEKTPAJIbHUX IIIIBHOCTEH, 3aCTOCOBAHO
MIiHIMAaKCHO-pOOACTHUI MeTOA. 3HaiaAeHO (OPMYJIH Ui BU3HAYCHHS HAMMEHII CHIPUSTIMBUX CIICKTPAIBHUX
IIUTBHOCTEH Ta MIHIMAKCHUX CIEKTPAIBHUX XapaKTePUCTHK ULl ONTUMAIBHOIO JIHIIHOrO OLIHIOBAaHHS
(yHKIIOHANIB I KOHKPETHHX KJIAciB CIIEKTPAIBHUX IIiIIBHOCTEH.

KumouoBi ciioBa: cramioHapHa MOCTIZOBHICTb, MiHIMAKCHO-pOOAcTHA OIHKA, HAMEHII CIPHUSTIHBA CIICK-
TpaJibHA IIIIBHICTh, MiHIMAaKCHA CHEKTpPajbHAa XapaKTEePHCTHKA.

On the problem of minimax interpolation of stationary srquences / O.Yu. Masyutka, M.P. Moklyachuk //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 128-142.

Abstract. The problem of the mean-square optimal estimation of the linear functionals that depend on the
unknown values of a stochastic stationary sequence from observations of the sequence with missing values is
considered. Formulas for calculating the mean-square error and the spectral characteristic of the optimal linear
estimate of the functionals are derived under the condition of spectral determinacy, where the spectral density of
the sequence is exactly known. The minimax (robust) method of estimation is applied in the case where the
spectral density of the sequence is not known exactly while some sets of admissible spectral densities are given.
Formulas that determine the least favourable spectral densities and the minimax spectral characteristics are
derived for some special sets of feasible densities.

Keywords: stationary sequence, minimax-robust estimate, least favourable spectral density, minimax spectral
characteristic.

MNPOI'PAMHO-TEXHIYHI KOMILNIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 004.912

OGrpyHTYBaHHSI BUKOPUCTAHHSI CTATHCTHKHU KAlllla KOEHA B eKCIIEPUMEHTAJILHMX JociimkeHHsix NLP
Ta Text Mining / A.C. Kosnecnuk, H.®. Xaiiposa // KiGepueruka ta cucremuuii anamniz. 2022. Tom 58, Ne 2.
C. 143-153.

AHoTanis. BUKOHaHO TIOPIBHAHHSA Cy4YacHHX METPHK OLIHIOBAaHHSA Y3TOJUKCHOCTI (agreement
coefficients) Mixx pe3yIbTaTaMi eKCIEPUMEHTIB 1 eKCIEPTHOIO JYMKOO Ta OLIIHEHO MOXIIMBICTh BUKOPHCTAHHS
IUX METPHUK IiJ{ 4ac MPOBEIACHHS CKCIECPHMEHTAIBHUX IOCIIUKCHb y Taily3i aBTOMAaTHYHOrO OOpOOJICHHS
TEKCTiB METOJlaMU MALIMHHOTO HaByaHH:. OOrpyHTOBaHO BUOip KoediuieHTa kanna KoeHa K MipH OLiHIOBaH-
HSl y3TO/KEHOCTI AyMOK ekcreptTiB y 3amadax NLP ta Text Mining. HaBemeHo mpuKiIam 3acTOCYBaHHS
koediuienta kanmna Koena [uist oLiHIOBaHHS PIBHS y3rO/KEHOCTI MIXK IyMKOIO eKcrepTa i pesynpraramu ML
kinacuikanii Ta MipH y3rofKeHOCTI TyMOK €KCIIEpTiB y BUIIAJIKy BHPIBHIOBAaHHS PEUCHb Ka3aXChKO-POCIHChKO-
TO IapaJieIbHOro Kopiycy. Ha mijgcraBi HaBeIeHOro aHamizy JOBEIEHO, IO 3aBISKU 3PYyYHOCTI y BHKOPHUC-
TaHHI, IPOCTOTI OOYKMCIICHHS Ta BUCOKIil TOYHICTI pe3ysbTaTiB KoedilieHT karmna KoeHa € oHUM 3 Haifkpammx
CTATUCTUYHUX METOJIB BU3HAYCHHS PIBHS Y3TOJDKEHOCTI B E€KCIEPUMEHTAJIbHUX JOCIIKEHHSX TEKCTiB.

Kmrouosi caoBa: Text Mining, NLP, craructuka kxanma KoeHa, koe(iwi€HT y3roukeHOCTI, Kiachdikaris
TEKCTiB METOJaMM MAIIMHHOTO HABYAHHS, MapaJeIbHHH KOPILYC.

Justification for the use of Cohen’s kappa statistic in experimental studies of NLP and Text Mining / A.S.
Kolesnyk, N.F. Khairova // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 143-153.

Abstract. Comparison of modern metrics for evaluating the agreement coefficients between the
experimental results and expert opinion is made, and the possibility of using these metrics during experimental
research in the field of automatic text processing using machine learning methods is estimated. The choice of
Cohen’s kappa coefficient as a measure of expert opinion agreement in the tasks of NLP and Text Mining is
justified. An example of using Cohen’s kappa coefficient for evaluating the level of agreement between the
thought of an expert and the results of ML classification and measure of agreement of expert opinions in the
alignment of sentences of the Kazakh—Russian parallel corpus is given. On the basis of this analysis, it is
proved that the Cohen’s kappa coefficient is one of the best statistical methods for determining the level of
agreement in experimental studies due to its ease of use, simplicity of calculation and high accuracy of the
results.

Keywords: Text Mining, NLP, Cohen’s kappa statistic, agreement statistic, text classification with machine
learning, parallel corpus.
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HOBI 3ACObBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHUKHU, OBYUCTIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

VK 004.05, 004.4[2+9], 004.94, 519.7

Incepuiiina cemanTuka VHDL-moBu eexkTponHoro au3aiiny / 0.0. Jlernyescbkuii, O.M. OgapymeHnko,
B.C. Ilecuanenko, B.C. Xapuenko, B.B. MockaJjeup // Kibepneruka ta cucremuuid ananiz. 2022. Tom 58,
Ne 2. C. 154-165.

Amnorauis. Jlocnimpkeno npoOiiemy iHcepuiiiHOT ceMaHTUKHM cnenudikarniii anapaTHoro 3a0e3rnedyeHHs,
3okpema MoBu VHDL. [To6ynoBa ceMaHTHKH MOTPiOHA TSl IPEACTABICHHS MEpBUHHOrO Koxy MoBd VHDL y
BUIIISI IHCEPLIHHOT MOZIeIi 32 JOIOMOrol0 anredpu noBeAiHoK. Lle mpexcTaBieHHs 1ae 3MOTy IIHPOKO 3aCTO-
coByBaTH (hOpMabHI METOH IHCEPLIHHOr0 MOJETIOBaHHS JUIsl BepU]ikamil eJIeKTPOHHUX IIPOEKTIB KPUTHIHUX
cucTeM. Y CTaTTi PO3IIIHYTO OCHOBHI KoHCTpyKuii MmoBn VHDL, 30kpema mpomec, apXiTeKTypy, mapaielbHi
OIepaToOpH, Ta TXHIO IHCEPIIHY CeMaHTUKY. Y BUIIISAI MOBEIIHKOBHX PIiBHSHB MOOYJOBAaHO MOTIK KEPyBaHHS
VHDL-nporpamu. [TociizoBHi oneparopu IpeacTaBlIeHo K Aii anredpu noBeaiHoK. PosrisHyTo npobiemy me-
PErOHIB CHTHAIIIB Ta METO/IIB 11 BUSBIICHHS Yepe3 BU3HAYCHHS BIACTHBOCTI IepecTaBHOCTI (permutability).

Kuo4oBi ciioBa: MOBH JM3aiiHy amapaTHOro 3a0e3ME4YEHHs, NEPErOHN CHTHANIB, EPECTaBHICTh, CHMBOJIBHE
MO/JICTIFOBAaHHS, anreOpa MOBEIIHOK, IHCEpLiiHI MOJENi, CUCTEMHM, IO € KPUTUYHMMH 10 Oe3MeKu.

Insertion semantics of VHDL as electronic design languge / O.0. Letychevskyi, O.M. Odarushchenko,
V.S. Peschanenko, V.S. Kharchenko, V.V. Moskalets // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58,
N 2. P. 154-165.

Abstract. The paper considers the problem of insertion semantics of hardware specifications, in
particular the VHDL language. The creation of semantics is necessary to represent the primary code of the
VHDL language in the form of an insertion model using algebra of behaviors. This presentation allows the
widespread use of formal methods of insertion modeling to verify electronic designs of safety critical systems.
The main constructions of VHDL language and their insertion semantics such as process, architecture, parallel
operators are considered. The control flow of the VHDL program is built in the form of behavioral equations.
Consecutive operators are represented as actions of behavior algebra. The problem of signal races and methods
of its detection through detection of permutability properties is considered.

Keywords: Hardware Description Language, signal races, permutability, symbolic modeling, behavior algebra,
insertion model, safety critical system.

VK 517.983.54; 519.67; 539.122
Metoan peryaspusanii HeKOPeKTHO MOCTABJIEHHX 3a4a4 KBaHTOBOi omtuku / B.M. CrapkoB //
Kibepuetuka ta cucremuuii anamiz. 2022. Tom 58, Ne 2. C. 166-177.

Amnotanis. Ha npukinani konkpeTHoi (i3uuHoi 3aga4i peyKuii IryMy, 3yMOBJICHOIO BTpaTaMy, TEMHOBH-
MH BiJUlikKaM# i (JOHOBUM BUIPOMIHIOBAHHSIM, y CTAaTUCTHII (DOTOBIIIIKIB KBAHTOBOTO CBIT/Ia HABEACHO KOPOT-
KM BUKJIAJI METOJIIB peryispu3aliii HeKOPeKTHUX 3ana4y. Marematuyne GopMyIItoBaHHS 3a/1adi MPEACTaBICHO
OIIEPaTOPHUM PIBHSHHAM HepIIoro poxay. IokaszaHo, 1o ornepaTtop HOPOPKEHUH MATPULICIO 3 eIEMEHTaMH pa-
XYHKOBOi MHOKMHHU. 3a3HAa4€HO, 110 HEKOPEKTHICTh 3a AJIaMapOM PEKOHCTPYKIII CTaTUCTUKU KiTbKocTi (ho-
TOHIB KBAaHTOBOT'O CBIiTJIa CHPHYMHEHA KOMIIAKTHICTIO OIepaTopa MareMaTH4yHOi mozeni. IlinkpecieHo, mo
po6iIeMy CTIHKOTo HaOIMKEHHSI 10 TOYHOTO PO3B’ 3Ky OLEPATOPHOTrO PIBHSHHS I HETOUHO 33/IaHUX I10YaT-
KOBHX JIaHUX MOYKHA PO3B’S13aTH OJJHUM 3 HAHOULIBII BIIOMUX METOJIB PEryJsIpH3alil, TCOPETUYHI OCHOBH SKO-
ro Oynu 3aknazneHi B poborax A.M. TuxonoBa. Po3risHyTO BaXJIMBHI Kiac peryJsipu3aTopiB, SIKMH TPyH-
TYEThCS Ha MapaMeTPUYHiil cucteMi GyHKIH, [10 HA3UBAETHCS OPOKYBaTbHOIO. [TinTBepmkeHo, 1m0 perys-
PH3aTOPH 1IBOTO KJIACY Jal0Th 3MOTY JIOCSATTH ONTHMAJIBHOTO MOPSIKY TOUHOCTI [l PiBHAHB 3 BUTOKOYSBHUMH
PO3B’sI3KaMHU.

KimouoBi croBa: HEKOpPEKTHa 3aJada, KBaHTOBA ONTHKA, ONEPATOp, PEryspH3alis, alropuT™, (OTOH.

Regularization methods for ill-posed problems of quantum optics / V.N. Starkov // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 2. P. 166-177.

Abstract. On the example of a specific physical problem of reduction of noise caused by losses, dark
counts, and background radiation, a summary of methods for regularizing ill-posed problems is given in the
statistics of photocounts of quantum light. The mathematical formulation of the problem is represented by an
operator equation of the first kind. It is shown that the operator is generated by a matrix with elements of a
countable set. It is noted that the incorrectness of the Hadamard reconstruction of the statistics of the number of
photons of quantum light is due to the compactness of the operator of the mathematical model. It is emphasized
that the problem of stable approximation to the exact solution of the operator equation with inaccurate initial
data can be solved by one of the most well known regularization methods whose theoretical foundation was laid
by A.N. Tikhonov. An important class of regularizers based on a parametric system of functions, called
generating functions, is considered. It is confirmed that regularizers of this class allow one to achieve the
optimal order of accuracy for equations with source-representable solutions.

Keywords: ill-posed problem, quantum optics, operator, regularization, algorithm, photon.
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VJK 511 Y]JK 519.6
TeopeTuko-4ncyioBi MeToH pakTopu3alii CKJIAAEHHX YUces Ta 00YHCIEHHS TUCKPETHOro Jorapupma /
M.B. Cemoriok // KibepHernka Ta cucremHuii anami3. 2022. Tom 58, Ne 2. C. 178-188.

Anoranis. CtarTsi NpUCBSYCHA HOBOMY 3aCTOCYBAHHIO TGOPCTHKO-YHCIOBHX mepeTBopeHb. [lomaHHs
CHCTEM YHCIICHHS LIMMU TIEPETBOPEHHSAMHU J]a€ 3MOTY CTBOPUTH IPHHIMIIOBO HOBI 1 €peKTHBHI alropuT™MHu (ax-
Topu3aLil Yuces1, 00UHCICHHsI Tepioly MOKa3HUKOBOI (GyHKIIT Ta JUCKPETHOro jorapudma. AIropurm ¢hakro-
pu3anii T03BOJISIE 32 OJHMH IPOXiX PO3KIACTH OYyAb-SIKHH CKIHUCHHHI JOOYTOK Ha MHOXKHHKH, BIH € TOYHUM
TECTOM IIPOCTOTH YHcell. L[ei anropuT™ IpyHTY€EThCS Ha IOJAaHHI CHCTEM YHCIICHHS TEOPeTHKO-YUCIOBUM IIe-
PETBOPCHHSM 1 HE Ma€ aHAJOTIB, OCKLUIBKH BHKOPUCTOBYE TIIBKU HpoCTi apudmernuHi aii. BractuBocti mpo-
CTOTH uucen abo iHIII BJIACTHBOCTI YHCENl HE 3aCTOCOBYIOTHCS. Omke, (akTopHu3alis 4ucen, OO0YMCICHHS
nepiojty MoKa3HUKOBOI (DYHKIIT Ta JUCKPETHOTrO jorapudma € apudMEeTHUHIUMH ONEPaLisiIMH, 110 BUKOHYIOThCS
3a CKiHYeHHMI 4ac 1 Hanexarb 10 P-kiacy ckiamHOCTI.

Kii04oBi ciioBa: MHOXXHHA, TpaHI MHOXXHMHH, aJredpa, KiIbIe JIMIIKIB, MOYJIb, aKCIOMAaTHKA LIINX YHUCE, Te-
OPETHKO-YHCIIOBE MIEPETBOPEHHS, CHCTEMA YHUCIICHHS, OCHOBA CHCTEMH YHCIICHHsI, (hakTopu3awis, apupMeTHaHa
oreparlisi, Mepiof MOKa3HUKOBOI (yHKIIi, THCKPETHHIl Jorapudm.

Number-theoretical methods for factorization of composite numbers and calculation of the discrete
logarithm / M.V. Semotiuk // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 178-188.

Abstract. The article is devoted to a new application of number-theoretic transformations. Representation
of number systems by these transformations allows creating fundamentally new and efficient algorithms for
factorizing numbers, calculating the period of the exponential function and the discrete logarithm. The
factorization algorithm allows you to decompose any finite product into factors in one pass, and is also an exact
test of the simplicity of numbers. Based on the representation of number systems by number-theoretic
transformation, these algorithms have no analogs in the world, since they only use simple arithmetic operations.
Information about the simplicity of numbers or other properties of numbers is not applied; therefore,
factorization of numbers, calculations of the period of the exponential function and of the discrete logarithm are
simply arithmetic operations, are performed in finite time, and belong to the P-class of complexity.

Keywords: set, faces of a set, algebra, residue ring, modulus, axiomatics of integers, number-theoretic
transformation, number system, radix, factorization, arithmetic operation, exponential function period, discrete
logarithm.
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