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CTPYKTYPHOE TECTUPOBAHMUE ITPOI'PAMMHBIX
CUCTEM C UCITOJb30OBAHUEM 2JIEMEHTOB
KOMIIBIOTEPHOM AJITEBPHI

JI.C. Jlomakuna, A.H. Burypa

Hmxeropoackuii rocyqapcTBeHHbIH TexHUYECKU yHUBepcuTeT uM. P.E. Anekceesa,
yi. Mununa, 24, Hiwkauit Hopropon, 603950, Poccuiickas ®eneparus; e-mail: llomakina@list.ru

Hpez[nomeH MCTO CTPYKTYPHOI'O TCCTUPOBAHUA IMPOIrpaMMHBIX CHUCTEM, OCHOBaHHEIN Ha
aﬂFeraI/I‘IeCKOﬁ MOACIN HNporpaMMbl U JUHAMHUYECKOM CHMBOJIBHOM BBLIIIOJTHECHUM Ha
YPOBHE MAlIMHHOTO KOJa U HO3BOJ'IHIOH.[PII>1 ABTOMATU3UPOBATH MOAYJIBHOC TCCTUPOBAHUE
mnmporpamMm, p€ajin3oBaHHbIX Ha KOMIIMJIMPYEMBIX A3bIKaX MPOrpaMMHUpPOBAHUA.

KuarwueBble cjioBa: IMpOrpaMMHBIC CUCTEMBI, TCCTUPOBAHUE, I'CHEPALl TECTOBLIX JaHHBIX,
aﬂFeraI/I‘IeCKaH MOJEIIb, CHUMBOJIBHOC BBIITOJTHCHUEC

BBenenune

B HacTosiiee BpeMs akTyaldbHOM siBIsieTCS mpoOjema KOHTpOJis W obecrieueHus
HAJEKHOCTH MPOTPAaMMHBIX cuUcTeM. Kak M3BECTHO, HAJEKHOCTH JIF0OOHM BBIUYMCIUTEIHLHOM
cucTeMbl OOycJOBJIEHa ABYMs (akTOpaMu — HAJEKHOCTBIO alnapaTHOTo oOecreueHus u
HAJEKHOCTBIO MIPOrpaMM, YIPABJISIOUIMX anmnapaTHbiM obecniedeHueM. [Ipu atom, xoTs i
JUarHOCTUPOBAHUS  amlmapaTHBIX  CpeAcTB  pa3zpaboraHbl  3(G(QEKTUBHBIE  METOJIBL,
MO3BOJISIFOIIME  BBISBISATH  JePekThl U (QopMalbHO O0OOCHOBBIBATH HMX OTCYTCTBHUE,
aHaJIOTMYHas 3ajaya Jyid IporpaMM B IOJIHOM Mepe He pemieHa. [locTosHHOE ycio)KHEHHe
UCIOJIb3YEMbIX Ha MPAKTUKE B PaA3IUYHBIX OTPACIAX MPOMBIIIJIEHHOCTH IPOrPAMMHBIX
CUCTEM IPHUBEIO Kak B o0JacTu BepU(PUKAIMM U TECTUPOBAHMS, TaK U B 00JACTH CHUHTE3a
HAJEKHBIX U KOHTPOJIETIPUTOIHBIX TPOTPAMM.

OcHOBHOM mpOOJIEMOII TECTUPOBAHUS SBISETCS TNPUHUUNHNAIbHAS HEBO3MOKHOCTh
HaX0XJACHUs Bcex NeEeKTOB B MporpaMMHOM mpoaykre. Kak cienctBue, npu TeCTUPOBAHUU
TpeOyeTcsl pelieHre CIeIyIoIuX B3aUMOCBSI3aHHbIX 3a/1a4:

1) onpenenenue MOJHOTHI TECTUPOBAHMUS;

2) BBIOOp MHOXKECTBa TECTOBBIX BO3JEHCTBUH C ILENbl0 OOecreyeHusl 3aJaHHOMN
MIOJIHOTBI TECTUPOBAHMUS;

3) npoBepKa KOPPEKTHOCTH MOJYUYE€HHBIX BBIXOAHBIX JAHHBIX.

[Ipy 3TOM HECOMHEHHO aKTyaJlbHOM SIBJISETCS 3a/ada CHUKEHUs OOUIMX 3arpaT Ha
TECTUPOBAHUE U MOAJEPKKY IPOrPaMMHOTO Mpoaykra. OJHUM U3 MyTel K PEeLIeHUI0 JaHHOU
3aaud  SABJSETCS OOHapyXeHue JepEeKTOB Ha PpaHHUX CTAAUAX IKU3HEHHOTO IHKIIA
MIPOrPaMMHOM CUCTEMBI, PEATU3yEMOE C MOMOIIBI0 aBTOMAaTU3allMK TECTUPOBAHUS Ha 3Tare
pa3paboTKK 1 MOHUTOPUHIAa METPUK KayecTBa B paMKax CUCTEM HEIPEPHIBHON MHTETPALUH.

TectupoBanue Ha 3Tane pazpabOTKU MpeACTaBIseT cOO0N CTPYKTYpHOE TECTUPOBAHUE,
B paMKax KOTOPOTO TE€CThI BRIOMPAIOTCSI UCX0A U3 Tpad-MOJIeNIN MPOrPaMMHOMN CUCTEMBI, a B
KayecTBE METPUKU KaueCTBa MCIOJIb3YETCs] TECTOBOE MOKPhITHE KoJia. B cuiny aToro nasnee B
HacTosIer paboTe paccMaTpHBAETCs CTPYKTypHOE TecTupoBanue. OTMETHM, 4YTO Ha
MIPaKTUKE TMOJHOM aBTOMAaTH3alUMK IMOJJIAIOTCS TOJIBKO MOJYJbHBIE TECTHI, B TO BpeMs Kak
MHTErpallMOHHOE JU3aliH-TECTUPOBAHKE BBINOIHIETCA BPYUHYIO pa3padotuukamu. [Ipu stom
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TECTOBBIE BO3JEUCTBUS, BBIOPAHHBIE I MOJIYJIBHOTO TECTHPOBAHMS, 3a4acTyl0 TOXeE
BBIOMpAIOTC pa3pabOTUMKAMM BpPY4YHYI0. OTO MPHUBOJUT K CYIIECTBEHHBIM 3aTpaTam
BpEMEHU Ha TECTUPOBAHHWE U, COOTBETCTBEHHO, K MOBBILIEHUIO 3aTpar Ha pa3pabOTKy u
CTaOWJIM3aLMI0 MPOTPAMMHOIO MpOJyKTa. TakuMm 0Opa3oM, aKkTyaJlbHOM SIBJISETCS 3ajayda
pa3paboTKH METOJIOB U PeaM3yIOIIMX UX MPOrPaMMHBIX CPEJICTB, OPUEHTHUPOBAHHBIX Ha
aBTOMAaTUYECKYIO OLIEHKY ITOJIHOTHI TECTUPOBAHUS U aBTOMATU3UPOBAHHBIN BHIOOP TECTOBBIX
BO3/ICHCTBUH.

CoBpeMeHHbIC MOIXO/BI (peann3oBaHHble, B yacTHOCTH, B cuctemax CUTE u CREST
[1]) k aBTOMaTU3aMU TECTUPOBAHMSI OPUEHTUPOBAHBI Ha IE€HEPALMI0 TECTOBBIX NAHHBIX U
OCHOBaHbl Ha JMHAMMYECKOM CHUMBOJIbBHOM BBINOJHEHUH, IpPU KOTOPOM OJHOBPEMEHHO
MIPOM3BOJIUTCS BBIIIOJIHEHUE MPOTrpaMMbl «B YHCIAX» U «B CHMBOJIAX», W UHCJICHHbIE
3HAUEHUS JAHHBIX HCIHOJIB3YIOTCS B TOM Ciydae, KOTJla CHMBOJIbHbIE HE MOTYT OBbITh
onpezeneHbl. OTMETUM, UYTO CYILECTBYIOUIME CHCTEMbl HE IO3BOJISIIOT oOpabaThiBaTh B
CUMBOJIBHOM BHUJIE€ OIEpalli pa3bIMEHOBAHMS yKa3zaTele, 4YTO OrpaHu4YMBaeT HX
NPUMEHUMOCTh, @  TaKkKe He  NOJIEpKHUBAIOT  00pabOTKy  B3aUMOJAEHUCTBUSA
MHCTPYMEHTHPYEMOTO W  HEHMHCTPYMEHTHUPYEMOro Koja (HampuMmep, CTaHIapTHBIX
noanporpamm). Hacrosimas pabota HaleneHa Ha NpPeoAOJICHUE YKa3aHHBIX HEIOCTaTkoB. B
paboTe MpeasoKeH METOJ MOAYJIbHOTO TECTUPOBAHUS MPOTPAMMHBIX CHUCTEM, OCHOBAaHHBIN
Ha JUMHAMUYECKOM CHMBOJIbHOM BBINOJHEHMH Ha YPOBHE MANIMHHOIO KoJa U
anredpanvdeckoi MOJIeIH MPOrpaMMBbl, U MO3BOJISIOUINI YUUTHIBaTh B MOJEIH ONEPALUU HaJl
yKazarelasiMi, a Takke o0palaThiBaTh BBI30BbI CTaHAAPTHBIX moimnporpamm. Ha ocHoBe
MpEeIOKEHHOr0  MeToJa  pa3paboTaHa  IporpaMMHas — CUCTEMa,  pealu3yrolas
KOHTPOJMPYEMOE BBINOJHEHHE MPOTrpaMMbl € IOMOUIBIO JOpaOOTaHHOW BHPTYyalbHOM
MamuHbl Valgrind [2].

OcHoBHAA YacTh

CTpykTypHOE TECTUPOBAHUE MPEIIOIaraeT BbIOOP TECTOBBIX BO3JIEHCTBUN HAa OCHOBE
rpad-Moenyu nmporpamMmbl TakuM 00pa3oM, YTOObI JOCTUYb JKEIAEMOI0 3HaYEHHs] TECTOBOTO
MOKPBITUSL (HAapUMep, HMOKPBITHUS Ayr yrnpasistouiero rpada). O0masi cxema CTpyKTYpHOTO
TECTUPOBAHUs IIPUBEJICHA HA pUC. 1.

obpaTHas CBA3b T'eneparop
TECTOBBIX
~ ~ o
BO3JICUCTBUA E
3
__________________________ - &
i z
o
1 . =
1 | Tecr-nppaiiBep: , TecT-opaky:
I Tectupyemas
| 3aIycK : CpaBHEHHE
porpaMma I
| MPOTPAMMET TeCTf)BOC porp ! BBIXOJ/IHbIE C STANOHOM
I BO3/ICHCTBHE , /laHHbIE
|
| TecroBas cpexga: !
|
! HHCTPYMEHTHPOBAHUE |

Puc. 1. Cxema CTpyKTYpHOTO TECTUPOBAHUS
OTmeTHM, YTO Kak IeHepalusi TECTOBbIX JAaHHBIX, TaK M OIPEJIEJICHUE TECTOBOIO

MOKPBITUSL TPeOYIOT MOJIU(PUKALUU TECTUPYEMON HIPOrpaMMHOI CHCTEMBI, IMOCKOJIbKY B
oOuiemM cinydyae (DakTbl BBINOJHEHHS] TE€X WJIM HMHBIX OJOKOB KOJia CHCTEMbl HE SIBJISIOTCS
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HaOMoJaeMbIMM — JaHHas MpoOjemMa pemraercs BCTaBKOM HHCTPYMEHTAIbHOIO KOJa,
BBINIOJIHSAIOUIETO  TPacCHUpOBKY HporpaMmbl. TakuM oOpa3oM, 4TOObI pean30BaTh
JUHAMHYECKYIO T€HEepaIMIO TECTOBBIX BO3JICHCTBUIM, TpeOyeTcs peluTh CIeIyIOIIHNEe 3a1a4u:

1) PackppiTHe CTPYKTYpBl IPOTPAMMHOM CUCTEMBI - IOCTPOCHHUE €€ MOJIETIN CTPYKTYPbI
C LIeJIBbIO JAIbHEWIEro BbI0Opa TECTOBBIX MyTEH.

2) Moaudukanus TecTupyeMoil mporpaMMHON CUCTEMBI — BCTaBKa
MHCTPYMEHTAJILHOTO KO/a, OTCJIEKHUBAIOIIEr0 X0/ BBIMOIHEHUS IPOrPAMMBbI M ONIEPALIUHU C
MIPOrpaMMHBIMH MIEPEMEHHBIMU.

3) CuMBOJIBHOE BBIIIOJHEHUE IPOTPaAMMBbl — OTIPEIEIICHUE YCIOBHUM MIPOXOKACHUS
TECTOBBIX MMYTEH B 3aBUCHUMOCTH OT BXOJHBIX JaHHBIX B CUMBOJIBHOM BHJIE.

4) Bb100op TeCTOBBIX BO3JCHCTBUI HA OCHOBE MOJYYEHHBIX YCIOBHM MPOXOKICHUS
ITyTeH.

Bba3oBas moaeJsib nporpaMmsl

Hameit 3amaueit sBisieTcss ompeieleHHE TECTOBOTO BO3JCHCTBHS I BBIOPAHHOTO
TECTOBOI0 MyTH, I 4YCTO HYXHO OIPCACINUTL YCIOBHUC IMPOXOXKACHUA I3TOIO IIYTH B
3aBUCHUMOCTU OT BXOJHBIX IEPEMCHHBLIX B CHMBOJIBHOM BHIC (B BHUIC anre6pa1/1qecxor0
BeIpakeHus1). C IENbI0 pelIeHHs JaHHOW 3a1adu OyJeM HCIOJb30BaTh alreOpanvecKyro
MOJCJIb IPOrpaMMbl B BHUAC MHOXKCECTBA CBA3aHHBIX IO YHPAaBJICHUIO OJIOKOB MAIIIMHHBIX
WHCTPYKIUH [3], KaK 1MoKa3aHo Ha puc. 2.

[Ipemyaraemass Mojenp MPOrpaMMbl OCHOBaHAa Ha TMOHIATHH alreOpandeckoro
BBIpaKeHUs. AnreOpandeckoe BeIpakeHue [3] mpeactamisieT coOOW OOWMH WM HECKOJIBKO
TEPMOB, COCAMHEHHBIX MEXIY COOOW 3HAKaMHU ONepalnuii M 3HAKaMH IOCJIEeI0BATEILHOCTH
oneparnuii (ckoOkamu). MHOKECTBO BBIPAKEHHM OMPEACIIUM CIIEAYIOIINM 00pa3oM:

Expr =Term U {(0, a):oeOp,ac Expr”’”y(”)},

rjae

EXxpr — MHOXeCTBO BBIpQXKECHUM;

Term — MHOXECTBO TEPMOB;

Op — MHO’K€ECTBO BO3MOYKHBIX OIlEpaluii;

arity:Op—> N — otobpaxkenue, ONpeAensomee s KakI0i Onepalyuu KOJIMIECTBO
apryMeHTOB.

Ha ypoBHe MammHHBIX HHCTpYKuMi DBM omnepupyer pauvoHaIbHBIMU YHMCIAMU —
KOHCTAaHTaMHM U PAcIoJIaraloluuMHUCs IO ONpeAeIeHHBIM aJpecaM B MaMITHU IEPEMEHHBIX.
HUcxonss w3 3TOrOo, ONpeAeauM  MHOMKECTBO  TEPMOB  CIEIYIOIIUM  00pa3oM:
Term = QU Addr x Types, tne Addrc N U{0} — MHOXeCTBO JONMYCTUMBIX axpecos, Types
— MHOXKECTBO IPUMHUTHUBHBIX TUIIOB JaHHBIX

WHcTpyKuuu npencTaBisitoT OO0 371€MEHTHI CIIEAYIOLIEr0 MHOYKECTBA!

Ins = {(addr, expr,bt,bf )} C Addr x Exprx Addr x Addr ,

rjae

Addr — MHOXECTBO JOMYCTHUMBIX aJIpeCOB MaMsTH, addr — aapec WHCTPYKIUH, expr
— BBITIOJIHSIEMOE BBIPaKCHUE;

bt — anpec cnenyrolie HHCTPYKLUHU B ClIy4ae UCTUHHOCTH 3HAUEHUS €;

bf — anpec cnemyromiei HHCTPYKIIUU B CIIydae JIO)KHOCTH 3HAUCHHUS €.

Jnst BerBneHwid bt #bf , mia mpounmx WHCTPYKuMi bt =bf . MuoxectBo Addr

ompenenseT AOIYCTUMBbIE aapeca MPOrPaMMHBIX MHCTPYKUMNA M IepeMeHHbIX. MHCTpykunun
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0

. :

CTPYNIIUPOBaHbl B 0a3HCHBIE OJIOKM bb,, COCTaBIAIOIIME MHOXKECTBO BBC Ins :UInsl ,
i=0

KaX/IbI U3 KOTOPBIX MPEACTaBISIET COO0H HEASIMMYIO TIOCIIeIOBATEIbHOCTh HHCTPYKIIUH, B
KOTOPOH BBIJIENICHA TOJBKO OJHA BXOJHAs MHCTPYKIHS M CYIIECTBYET HE MEHEe OIHOM
BBIXOJIHOW HMHCTPYKIIMH, TIEpPENaroIiell yrpaBieHHe Ha Hadaio ApPyroro 0a3ucHOTro Oioka.
BrimenuB Bo BceM MHOKECTBE 0a3UCHBIX OJJIOKOB BXOJHOUW M BBIXOJTHOM OJIOKH, ChopMHUpyEM
MOJIeNIb IpOorpamMmbl cienyomuM obpazom. OOG03HaUUM ajpec BXOJHOIO Oa3ucHOro Ojoka
yepe3 entry, a aapec BBIXOJHOro Oa3ucHOro Onoka uepe3 exit. [lporpammy Oyaem

MPEJCTaBIATH B BHJIE TPOUKH P = (BB, entry, exit).

int max(int *a, int s) { BB1: BB4: @
intm= *a, *¢e =a +s; go,m:*a, 1, 1), (6, ret=m, 0, 0)
while (a <e) { l,e=a+s,2,2), c

if (*a>m) m = *a;
++a;

BB2:
} 2,if Ea<e), 3,6), § O g’)e
return m; 3, if (deref(a)<=m), 6, 5), BB3: ¢ 00

4, m = deref(a), 6, 6) (5,a=a+1,2,2)

o o0

}

Ucxonublit TEKCT bazoBas monenb Ypasmistomuii rpad

Puc. 2. ba3oBas Mozienb U ynpasisifolinii rpad nporpamMmmsl

[Toctpoenne Moxaenu OyneM OCYIIECTBISATH C MOMOINBIO aHaIW3a MAIIMHHOTO KOJa
MpPOrpaMMbl, YTO [0 CPAaBHEHUIO C METOJaMHU aHaju3a MporpamMM, padOTAIOMIUMU C
HCXOJIHBIMH TE€KCTAMHU, JAET CIEAYIOIIHE PEUMYLIECTBA:

* OTCYTCTBHE HEOOXOJAMMOCTH BBINIOJIHEHUSI TPYJOEMKOTO0 CHHTAKCHYECKOTO aHalln3a
HCXOJHBIX TEKCTOB U y4eTa HHIUBUYaTbHBIX OCOOEHHOCTEHN pazIMYHbIX KOMIIUISTOPOB;

* OTCyTCTBUE IpoOieMbl 0OpabOTKM B3aUMOJECHCTBUS HHCTPYMEHTUPYEMOIO U
HEMHCTPYMEHTUPYEMOIO KOJIa B TOM Cilydae, KOI/la He BCE MCXOJHbIE TEKCThl JOCTYIHBI (B
YaCTHOCTH, IPH BbI30BAX MOJIPOrpaMM CTaHJIapTHON OUOIMOTEKN).

JAunarnocruyeckasi Mojaejb

Jliisg ompeneneHus MOJHOTHl TECTUPOBAaHUS W BbIOOpa TECTOBBIX BO3ACHCTBUN Oynem
MCII0JIb30BaTh B3BEIICHHBIN ympasistouuii rpag nporpammsel (YI'TI) ¢ neranuzauuei 1o
UHCTPYKUMH. Yrpapistoolmuid rpad mOporpamMmbl — SBJISE€TCS OJHOM M3  OCHOBHBIX
JUArHOCTHYECKUX MOJIENEN B CTPYKTYPHOM TECTUPOBAHMM HpOorpamMMmHbIX cucrteM. B YITI
BEPIIMHBI COOTBETCTBYIOT JJIEMEHTaM IIPOrpaMMbl (OIepaTropaM, JIMHEHHBIM YydacTKaM,
0a3ucHBIM OJOKaM M T.IL.), @ YT — IepelayaM YIpaBJICHUS MEXIY 3TUMU ONEPAaTOPaMHU.
VTI'TI umeet cTporo 0JHYy BXOJIHYIO U OJHY BBIXOJIHYIO BEPIIUHY.

Takum o0Opazom, Oyaem 3amaBaTh YIPABISIOMUNA Tpad KOPTEKEM GZ(V,E,S,e,w),

seV, eV, rne V< Insn — MHOXeCTBO BepmiuH, E € V' xV — MHOXECTBO AyT, § —
BXOJ/IHAs BEpIINHA, e — BBIXOJHAs BEPIIMHA, W — OTOOpaXEHHUE, CTaBsIIIEEe B COOTBETCTBHE
BepmiMHaM M jyram rpada ux Bec. Ilyre P B rpade MoxeT ObITh NpPEICTABIECH Kak
YIOPSIOYEHHAs IOCJIEN0BATEILHOCTE BEPIIMH: P = (v],vz,...,vl.,...,vm), PeV". Ina xaxaon

BEPIIMHBI M JYTU YIPABJSIIONIEr0 rpada ONpeneinM Bec w(v), MPEACTABIISIONIUNA COO0H
YHUCJIO HpOXO)KI[CHI/Iﬁ 110 I[aHHOﬁ BCPpHIMHE WM AYIr€ B XOJC€ TCCTUPOBAHUA IIPOrpaMMBI:
w:VUE—>NuU {0} [Ipu 3amycke mporpaMmbl ¢ MOAa4€l Ha BXOJ HEKOTOPOTO TECTOBOTO
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BO3JICHCTBUS B YIPaBISIOLIEM rpade MpoXoaAUTCs HEKOTOPBIN MyTh (Tpacca), IpU 3TOM Beca
MPOXOJMMBIX IyI' YBEJIIMYMBAIOTCA HAa | NMpU KaXJIOM MPOXOXIAeHHU. Takum oOpa3oM, Ha
OCHOBE JaHHOTO Tpada MOKET ObITh OINPEAEICHO 3HaYCHUE MMOKPBITHS BETBEH:

C Z‘{e:eeE/\w(e)>O}‘
b £

JlanHoe 3HaueHue OyJieM HCMOJIb30BaTh B KaYECTBE KPUTEPHS MOJHOTHI TECTUPOBAHUS
(menbro sBIAETCA AOCTHXAKEHUE 3HaueHus C, =1).

VYrpanstomuii rpad mporpaMmMbl MOXKET OBITH JIETKO TMOCTPOCH MO 0a30BOM MOIEIH
ImporpamMmal, IIOCKOJIBKY IMOCICAHAA ONPEACTIACT KaK MHOXKECTBO I/IHCTPYKIII/II\/II, TaK U CBA3U I10
YIOPaBJICHUIO MCKAY HUMHU: B KAUCCTBC MHOXXECTBA BCPIINH rpaq)a BI)I6I/IpaCTC$I MHO>XKECTBO
MHCTPYKUUN BCeX 0a3UCHBIX OJOKOB MPOrpaMMBbl, @ MHOKECTBO JYI' ONPEACIIAETCS UCXOIS U3
CBSA3EH 110 YIPABJICHUIO MEXKly HHCTPYKLHASMHU.

OO0mas cxeMa nmoaxoaa

B pamkax mnpennaraeMoro mojxojaa BbIOOp MOCIEAYIOUIMX TECTOBBIX BO3JIECHCTBUI
OyZeM OCYIIECTBISATh Ha OCHOBE (DAKTUYECKUX IyTeHd U CHMBOJIBHBIX 3aBHCHUMOCTEMN
MIEPEMEHHBIX, MTOJIYUEHHBIX IIPU MPEAbIAYIINX TECTOBBIX 3anmyckax. C 1enbio NoJy4eHus 3TUX
CBEJICHUN KaXJbli TECTOBBIM 3allyCK NPOM3BOJUTCA C MOMOIIBIO JIWUHAMHYECKOTO
CHUMBOJIBHOTO BBITIOJIHEHMUSI, IPU 3TOM MEPBBINA TECTOBBIN 3aITyCK IPOU3BOIUTCS C MOJJa4ei Ha
BXO/I IPOTrpamMMBbl IIPOU3BOJILHOTO TECTOBOTO BO3JeicTBUS. [Ipu TecTupoBaHUM BBINIOIHAETCS
cieayronas nocyie10BaTeIbHOCTh JEHCTBUM:

1) IlepBrIii 3amyck mporpaMMBbl OCYIIECTBISETCS C IOJayell Ha BXOJ TECTOBOTO
BO3JICUCTBUS, CTCHEPUPOBAHHOTO CIY4allHBIM 00pa3oM. BxXonHbIe NaHHBIE TTOMEYAIOTCS B
HCXOJHOM TEKCTE TeCT-JpaiiBepa MporpaMMHUCTOM.

2) [lepen KaxIplM BBIIOJHEHHEM IPOTPaMMbl  OCYLIECTBIISIETCS  IOCTPOEHUE
anreOpaudeckol  MOJENM MporpaMMbl U BCTaBKa HHCTPYMEHTAJBHOTO KOJAa C
HCI0JIb30BaHMEM BUPTYyaJIbHON MamuHbl Valgrind:

= Valgrind ocymecTBiser JAEKOMNUISLIUIO TECTUPYEMOM MporpaMMbl U €€
pa3zbuenue Ha G6asucHble O0s0ku. Kaxapiil 010K pa30OupaeTcs ¢ LEIb0 ONpeesieHus
XapakTepa BBINOJHSAEMBIX B HEM UHCTpyKuud. Ha ocHOBaHMM 3THX JaHHBIX
OCYUIIECTBJISAETCS MOCTPOCHUE MOJIEIHN IIPOIPAMMBIL;

" B KaX/blil OJ0K 100aBJII€TCS MHCTPYMEHTAIBHBIN KO/ OTCIIEKUBAHUS OINEpaluii
C MaMSThIO U IMYTH MEpeAayu yIpaBIeHUs B IPOTPaAMME;

® OCYHIICCTBJISICTCS KOMIWIALMS MOAU(GUIIMPOBAHHBIX Oa3UCHBIX OJIOKOB B
MAaIIUHHEIN KO 1ejeBoii DBM;

" B IIE€PEMEHHbIE, IIOMEUYEHHbIE IPOrPAMMHUCTOM KaK BXOJHbBIE, 3alHCHIBAIOTCS
3HAYEHUS U3 TEKYLIEro TECTOBOIO BO3JACHCTBHUS;

* MOJU(UUMPOBAHHBIN KOJ TECTUPYEMON MPOTPaMMbl BBIMOIHIETCS HEHTPAIbHBIM
MPOLECCOPOM OBM HEMOCPEICTBEHHO. [Tpu 3TOM n00aBJICHHBIN
MHCTPYMEHTAJIbHBII KOJ BBINOJHSIET COOp CTATUCTHUKU [0 TECTOBOMY IMOKPBHITHIO U
OCYILIECTBJISIET TMHAMUYECKOE CUMBOJIbHOE BBINIOJIHEHUE, COXpaHsAs KOHKPETHbIE U
CHUMBOJIbHBIE 3HAUYEHUS [IEPEMEHHBIX U YCIOBHI MPOXO0KIEHUS BETBICHU.

3) Ilocine TecTOBOrO 3amycKka CTaHOBUTCS] U3BECTHBIM ITyTh, PONACHHBIN B IpOrpaMMe,
U YCIIOBUE €T0 IPOXO0XKJACHUS B CUMBOJIbHOM BHJie. Ha ocHOBaHMM 3THUX JaHHBIX BbIOHMpaeTcs
CIIEIYIOIIMI TECTOBBIM IIyTh M COOTBETCTBYIOIIEE €MY TECTOBOE BO3JEHCTBHE, IOCIE YETO
ocyiecTBisieTcss nepexon k mary 2. Ecim nocturHyro tpeOyemoe 3Hau€HUE TECTOBOIO
MOKPBITHUS, TECTUPOBAHUE MOXKET OBITH 3aBEPIICHO.
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CHuMBOJIbHOE BBLINOJTHEHHE

IIpy kaxJoM TECTOBOM 3allyCKe IMPOU3BOAUTCA JIMHAMUYECKOE CHUMBOJIBHOE
BBINIOJIHEHUE (pUC. 2) OT TOUKHU BXOJa entry 10 TOYKU BBIXOJA exit, IPU KOTOPOM JUIsl Kax 01
MIEPEMEHHOM X B MAMSTU COXPAHSIOTCA CIEIYIOIINE 3HAYCHUS:

1) KOHKpeTHbIE (YMCIIEHHBIE) 3HAYEHHUS, OTIpe/iesieMble 0TOOpakeHuEM

val: Addr<Types—Q,

CTaBsIEEC B COOTBETCTBUE KAXKIOW MEPEMEHHOM, paclojiararwlleiicsa Mo JaHHOMY aJipecy u
MMEIOLIEeH 3a/laHHBIN THII, €€ YHCIIEHHOE 3HaueHue (KoTopoe OyleM B JajbHElIIeM Ha3bIBaTh
KOHKPETHBIM 3HAUE€HUEM);

2) CUMBOJIbHBIE 3HAUEHUS, OIIPEeIIIeMble OTOOpa)KEHUEM

sym: AddrxTypes — Expr U {1},

CTaBslIEEC B COOTBETCTBUE KAXKIOW MEPEMEHHOM, paclojiararmlleics Mo JaHHOMY aJipecy u
HMEIONISH 3aJaHHBIA THII, €¢ CHMBOJBHOC 3HAUCHHC,
3) BXOJHBIE IEPEMEHHBIE, OTIPEEIsIEMbIE OTOOpAKECHHEM

input : Addr x Types — Terms U {1} .

BxomHbple 1epeMEHHbIE HENOCPEACTBEHHO JOCTYNHBI JUIi M3MEHEHHMS B IIpolecce
TECTUPOBAHMSL.

CoxpaHeHue il KaKJOM NMPOrpaMMHOM MEpEMEHHOM OJHOBPEMEHHO KOHKPETHOIO U
CUMBOJIBHOIO 3HAUEHHUs ITO3BOJISIET B TOM YHCIIE ONPEACNATh CHMBOJIBHBIE 3HAUECHHs LIEIEH
yKa3aTeJIbHbIX [IEPEMEHHBIX IIPU UX Pa3bIMEHOBAaHUU.

Ha4aJIo

O «— PC « entry;
P — A, sym = input

L o-rC <TC = exiz—>"
A

5> W(O,PC)<—W(O,PC)+1 P — P°(PC),’
svioopka insn=(PC, e, bt, bf)

BBIIIOJIHEHUE INSH;

COXpaHEHHE
val(x)=val(y); € - NPUC8AUBAHUL
MOJICTAaHOBKA =
sym)=sym(y)
Y
P PC < bt; PC « bt;
cond(insn) < 1; cond(insn) < subst(e);

PC < bf: '
cond(insn) < subst(e);

Puc. 3. Aiiroput™ JTUHaAMHYECKOTO CUMBOJIBHOTO BBITIOJIHEHUS
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Jis  ynobctBa BBeNeHO 00O3HAYeHHE IyCTOTO Koprexka A, KoTopoe Oyaem
WCIIOIB30BaTh /IS 3aIMCH OTCYTCTBUSA 0OBEKTA 0 OTIPEICIICHHOMY aIpeCy MaMsTH.

CyThb CHMBOJIBHOTO BBITTOJHEHHS 3aKJIFOYAETCA B IMOJCTAHOBKE B BBIPAKECHHE KaKIIOU
BBITIOJTHSIEMOU MHCTPYKIIMM CUMBOJIBHBIX 3HAYEHUN ee onepaHaoB. [loacTaBisis 3T 3HaUYCHUS
B YCIIOBHS TPOXOXICHHUS BETBICHUH, MOJTydaeM HEOOXOIMMBbIE BBIPAKEHHUS IS BBIOOpa
TECTOBBIX BO3JCUCTBUI. Pe3ylbTaroM siBisS€TCS MPOMACHHBIN TECTOBBIN MyTh P = (vo,...,vk),

Beca JIyr YIpasJsiolero rpagda w(vl.,vl.ﬂ) U YCJIOBHSI ITPOXOKJCHUS BEPIIMH YIIPaBIISIOIIETO
rpada cond(vl.), MPUHAUIEKALUIMX TECTOBOMY MYyTH. Poib TEpMOB B BBIpaXKEHUAX YCIOBUN

UTPalOT KOHCTAHThl M BXOJHBIE IMEpEMEHHbIE input — TakuM oOpa3oM, pelias CUCTEMY
YCJIOBHI, MOJy4aeM COOTBETCTBYIONIEE €1 TECTOBOE BO3/ICHCTBHE.
Ha puc. 4 HamsaHo n300pak€HO CHMBOJIBHOE BBINOJIHEHHE ABYX IOCIENOBATEIbHO

PAcCIIOJIOKCHHBIX MAIIWHHBIX HHCTPYKIMA — HMHCTPYKIMH MPUCBAWBAHUS W HHCTPYKIHH
BETBIICHHSI.
BB val sym
a a by
PC10| a=b+c |1|1m| |0 [20] |5 ]2
. c 1 c |xty
11 if (a>0) 20| 12 x| o v | x
cee ces cee ves y 1 y y
PC=10: a=b+&—> a=20+x+y
val = 20; val =1; val(a) « 21,
sym =X\, sym = x+y; sym(a) < 20+x+y;
conc =20. conc = x+y. cond(10) « 1.
PC—11: if (a>0)—> if(20+x+y>0)
val =21, val = 0; cond(11) «— 20+x+y>0.

sym=20+xty; sym=X\;
conc = 20+x+y. conc=0.

Puc. 4. [Ipumep TMHaAMUYECKOTO CUMBOJIBHOTO BBITTOJTHEHHS

Br100p TECTOBBIX MyTEH

[Io 3aBepuIeHMM CHMBOJIBHOTO BBINIOJIHEHUS HA OCHOBE IIOJIYYEHHBIX JaHHBIX O
MOKPBITUU U YCIOBUM INPOXOXKJIEHUS TEKYIIETO MYTU OCYIIECTBISETCS BHIOODP CIETYIOLIEro
TecToBOro mytu. IIpeanosokum, 4TO MpPU HEKOTOPOM TECTOBOM 3allycKe ObLI IpPONAET

TECTOBBIA ITyTh P=(v],v2,..., vn), 1 ObUIM ONpEENIEHbl YCIOBUS MPOXOXKIECHUS €r0 BEpLINH
cond(v.).

YroOBbI ONpeieNUTh TECTOBOE BO3AEHCTBHE, IPUBOSILEE K IIPOXOKACHUIO HEKOTOPOTO
AIBTEPHATUBHOI'O TECTOBOIO ITyTH, HAM HYXHO:

1) HaliTu HENmoKphITYIO Oyry e = (vk,v,f) B yHpaBisitolieM rpade, HauaiabHasi BEpIIMHA

KOTOPOH V)  IPHHAIJICKUT IIyTH P:(vo,v],...,vl.,v. ,vk). ITockonmeky BCE nmyru

i+12°°

paccMaTpuBacMoOro mmyTu ObLIN IMOKPLITHI IPpH MPEABIAYIIEM TCCTOBOM 3aIlyCKE, VZ HE MOXKET

IMpUHAIJICKATh P—re. Ayra e MOXET HAUMHATBCA TOJIBKO B MHCTPYKIIUU BCTBJICHUA.
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2) Haiitu Hapymiaromiee YCJIOBHE ¢ B BHJE€ KOHBIOHKIUHU YCIOBUN IPOXOXKICHUS
BEPIIMH IIYyTH P OT Ha4ajabHOM 10 V, BKJIIOYUTEILHO M MHBEPCHUHU YCIOBHS BEPIIUHBI V., :

i
c= condivm ) ]/:\O cond(vl.). WuBepcust nocnenaHero ycinoBus Tpedyercs, yToObl YIpaBieHUE B

MHCTPYKLIMU BETBIICHUS V. TI€PEIABAIOCh 110 AILTEPHATUBHOM JyTE €.

3) Haiitu TecToBO€ BO3/IEHCTBHE, PEIIUB HAPYIIAIOIIEE YCIOBHE.

[Tocne Kax10T0 TECTOBOTO 3aITyCKa IIPOCMAaTPUBAIOTCA BCE NMPOMJACHHBIE paHEe MyTH Ha
[peaIMeT HaJIM4yusl HEMOKPBITHIX IYyI, MCXOAAIIMX M3 MpUHAIIeKauX UM BepunH. [lpu
OTCYTCTBMM TaKHX JyI TECTHPOBAaHHUE MOXKET OBbITh 3aBEpUICHO (MOCKOJbKY IOCTHUTHYTO
MIOJIHOE TOKpbITHE BeTBel). biiok-cxema anroputma BbIOOpa TECTOBBIX MYyTEH UM TECTOBBIX
BO3JICHCTBUY IIPUBE/ICHA HA pUC. 5.

Ha4ajio

MHOKECTBO BCEX MMyTeH
Paths — @

Y

BBIOOD MIPOU3BOILHOTO
TECTOBOIO BO3JEHCTBHS fest

Y

Y

JUHAMHYECKOE CUMBOJILHOE
BBIIOJIHEHUE MTPOTPAMMBbI:
oIpejieIeHue TeCTOBOIO My TH
P=, vy .., V)

Y
Paths < Paths U {P}

Y Q € Paths

je2bedce1

Ja

Jjz19l

HECT

A

ve Qe - cAcond(v)

J—jtL
¢ < chcond(v)

TeHepanus
TecTa

e b (v
¢ « chcond(v)

Puc. 5. Anroputm BpIOOpa TECTOBBIX ITyTEH U TECTOBBIX BO3JIEHCTBUIM
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[IpermymiecTBOM NPEACTABIEHHOTO MOAXOAA MO CPAaBHEHHUIO C CYIIECTBYIOLIUMU
ABJIIETCA KaK ydeT olepauuil Haja ykazaredassMd B 0a30BOM MoOJEIM U CHUMBOJIBHOM
BBIIIOJTHEHUM, TaK W AaHaJIU3 MpOorpaMMmbl Ha YpOBHE MAIIMHHOTO KO/, IO3BOJISIFOIIMN
n30eXaTh CMHTAKCMYECKOTO aHajlu3a M pelIUTh MpoliieMy 0O0pabOTKH BBI30BOB CTOPOHHHUX
MOJIITPOrPAMM.

IIporpammuas peanusauust

Ha ocHoBe mpennokeHHBIX B HACTOsIIEH paboTe Mojneieil W anropuTMOB ObLia
pa3zpaboTaHa mporpamMMHasi CUCTEMa aBTOMATU3ALMU TECTUPOBAHUS, MpeIHA3HAuYECHHas JUIs
TECTUPOBAHMUSI IPOIPAMM, PEAIM30BAHHBIX HA KOMIIMIIUPYEMBIX A3bIKaX POrPaMMUPOBAHUS.

Cucrema npefocTaBiseT Cleayoume GyHKINOHAIbHbIE BOZMOXKHOCTH:

1) I'enepamusi TECTOBBIX BO3JCUCTBHII Ha OCHOBE JIUHAMHYECKOTO CHMBOJIBHOTO
BBINIOJTHEHUS (C LEJIbI0 aBTOMATU3aluu MOylIbHOTO TectupoBanus [10).

2) [loacuer mokpeITHs KojAa (MMOKPBITUE CTPOK M BETBEW) 0e3 HEOOXOIMMOCTH COOpKHU
CHeIHaIbHbIX UCIOJIHAEMBIX 00pa30B.

3) Busyanuzanus NOKpeITHA KoJa B JMHAMHKE 0€3 HEOOXOAMMOCTH Iepe3aycka
TECTUPYEMOU MPOTPaMMBI.

4) CoxpaHeHue [aMIIOB TpPacC BBIMOJIHEHHUS MPOTPAMMBI C IIEIBIO0 OTIOKEHHOTO
aHaJIM3a U JIOKAJIM3aluU JePEKTOB.

5) HezaBucuMoCTh OT HCHOJNB3YEMOTO fA3bIKa POrPAMMHUPOBAHMS, IOCKOJBKY
OTCJIC)KMBAHHUE BBIIOJHEHUSI TPOIPAaMMBbl MPOU3BOJUTCS HA YPOBHE OTAEIbHBIX MHCTPYKLUN
MalIMHHOTO KO/a.

6) [lonnepxka pa3nuyHbIX anmnaparHeiXx apxutekryp OBM. Cucrtema noanaep:kuBaer
BCE apXUTEKTYphl, JUI1 KOTOPHIX peajin30BaHa TpaHcisuus koga B Valgrind (x86, AMDO64,
POWER, ARM).

Cucrema coOCTOUT U3 TPEX MOJYIEH — HHCTPYMEHTAILHOTO MOJIYIISI, MOJIYIIS aHAIU3a U
TecT-ApaiiBepa,  CBA3aHHbIX  MEXIy co0oil  pasgensemoil  mamsaTeio  (puc. 6).
WNHcTpyMeHTalbHBII MOJYJIb OCHOBaH Ha CBOOOJHO pacmpocTpaHseMmoi yrunurte Valgrind,
MpeICTaBIsItoIed co00i BUPTyalbHYIO0 MAllMHY Ha OCHOBE JMHAMUYECKON PEKOMITMIISLUH.
WNHcTpyMeHTalIbHBIN MOAY/Ib OTCIIEKUBAET aJipeca U XapaKTep BBINOIHIEMbIX HHCTPYKIUH U
omepanuil ¢ MamsATblO, U OTHPABISET TPacCcy B MOMAYJIb aHAJIW3a, BCTABISIS IS 3TOTO B
TECTUPYEMYIO IpPOrpaMMy HEOOXOOUMBIM KOJ Ha JTale BBINOJIHEHUS. 3afadedl Moayis
aHaJln3a SBJISIETCSl KaK OLIEHKAa TECTOBOIO MOKPBITHS KOJa, TaK U BBIOOP TECTOBBIX MyTEH U
OTpe/ieJICHNE TECTOBBIX BO3JIEHCTBUN HA OCHOBE PE3YJIbTAaTOB CHMBOJBHOIO BBIMOJIHEHUS C
MTOCIIEAYIOLIEH ITepenadeil HalJICHHbIX 3HAYEHU I TECT-IpanuBepy.

JlanHast cucTeMa HCIONB30Balach B XOJ€ BBIYMCIUTENBHBIX 3KCIIEPUMEHTOB,
pe3ynbTaThl KOTOPHIX IPUBEIEHBI HUXKE.
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Tect-npaiiBep

I( TECTOBOE BO3/ICHCTBUE

JaHHBIX

Puc. 6. Apxutekrypa cucTeMsl

JdkcnepumeHT 1. Moay/ibHOe TeCTHPOBaHUe

JNOCTUTHYTO YKa3aHHOE MOKPBITHE) IPpUBEIEHBI B Tadnuue 1.

3amycK *
Tectupyemas
nporpamma
T T T \
Valgrind ! X Mopnyinb aHanusa
1 ! !
[ Mexommmmsims — |<€— ' ' —>  3amnch navma | |
: Pasnensiemast namMsTh: ! '
1
1 1
BasucHble 610KK 29| v |- uscrpyxmmm; ' o > Ouerka MOKphITHS | !
(VEX IR) iR ’ ! = CTPOK KoJa ,
= 5 1 - BETBJICHUA, : § !
o of ' .
v ) § > - COOBITHS; (:-) e OTClIEKUBaHUE '
Bcraska £ | | |- KOHKpETHbIC ' o > paGoTsi ¢ IAMATHIO !
HHCTpyMeHTalIbHOTO |€— = & ! | 3HaUCHHS ICPEMCHHBIX;| | © '
Kozma E ) . | - cuMBOIBEHBIE ) 8 IMocTpoenue !
Y = é ' | 3HAYEHHS [IEPEMEHHBIX;| | éﬂ 2 ynpasJsiromero rpada !
MonudunuposanHas g 5 ! ' & ] '
nporpamma S B ) ! |- Orenka TOKPBITHS !
v ! . ~ BCTBEU '
1 | I 1
1
1
I Brimonnenue |—) ! ' CUMBOJILHOE X
. I > BBIIOJIHEHUE \
___________________________ : ¥ 1
[ Beixomusie jannbie | ! Onrumusarop: :
\ BBIOODP TECTOBBIX BO3JCHCTBUI I
' I
Tecr-opaxymn: N
Ortuer o
TIpOBCPKa BBIXOHBIX TECTUPOBAHUU TecToBbIE BO3AEHCTBUS

B xoje 3KcriepuMeHTOB MPOBOIMIIOCH CPAaBHEHUE pa3pabOTaHHOW CHCTEMBI C OTKPBITOM
cucremoii CREST [1], opueHTupoBaHHON Ha TecTHpoBaHuEe mporpamm Ha si3bike C, u
CITyJaifHBIM TECTUPOBAHHEM C HCIIOJIB30BAaHUEM CIICAYIOIIUX TECTOBBIX IPOTPAMM:
" COPTHPOBKA METOJIOM BbIOOpA IJIaBHOTO 3JI€MEHTa (sort);
" COpPTHPOBKA yKa3aTesilell MET0/I0M BbIOOpa IJIaBHOTO 3J1€MEHTa (psort);
* Moau(UIIMPOBaHHBIC BAPUAHTHI C JT0OABICHHBIM BETBJICHHUEM BU/IA if (a[1i]==13);

® BBIYHCIICHHE YaCTUYHOW CYMMBI YHCIIOBOTO psifa (series);
= OpICTpasi COPTHUPOBKA, peaTn30BaHHAs BPYUYHYIO (gsort);

= ObIcTpasi cOpTUpOBKa U3 cTaHnapTHoi 6ubnanoreku C (gsort std) — BBIIOJHSIOCH
TECTUPOBaHKE OOPaTHOTO BbI30Ba PYHKLUU CPABHEHMUS,;
* BCTaBKa U NOCIEAYyIOlIee YAAJECHUE JIEMEHTOB B UePHO-KpPacHOE JAEpPeBO (rbtree) U3
peanu3anuu std: :set B GNU libstdc++.
B nporecce TecTrupoBaHus Onpenesuioch JOCTUTHYTOE OKPbITHE BeTBEU. Pe3ynbTarhl
(tocturHyroe mnokpeiTHe BeTBedl C, M 4YHCIO TECTOBBIX BO3AEHCTBUH N, IpU KOTOPOM

WuTepnperanys pe3ylnbTaToB cCieAylomas. lIpuMepbl sort M psort OKa3alUCh
AOCTAaTOYHO IMPOCTBIMU MJIA JOCTUKCHHS MMOJIHOI'O IMOKPBITHUA KOJa AJId BCEX TPEX MCTOOOB. B
nmporpammax sort* U psort* cucreMa CREST He cMoria HaiiTi 100aBI€HHOE BETBICHUE W3-
3a OTCYTCTBHUSA MOJJICPKKHU ONEpalnil ¢ yKazareasiMHu. B npumepe series JOCTUYB MOJHOTO
IMOKPBITHA YAAJIOCh TOJIBKO € IIOMOIIBIO CUMBOJIBHOI'O BBIINIOJIHCHUSA H3-3a CTPOIOro yCiaoBHUA
BXOJa B MOJIPOrpaMMy, KOTOPOE MPH CIy4alHHOM TECTUPOBAHUM HHUKOTJA HE BBITOIHSAIOCH,
MIPU STOM pa3paboTaHHAsi CUCTEMa JIOCTHUIJIA TIOJIHOTO TMOKPBITUS BETBEH MEHBIIUM YHCIOM
TECTOB. AHAJIOTWYHAs CHTyalus HaOMIogaeTcs B TpHMEpe gsort (CIOXKHBIC YCIOBHS
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BETBJICHUN HE MOTYT OBITh NMPOBEPEHBI MOJHOCTHIO CIy4yallHBIM TecTupoBaHueM). [Ipumepsl
gsort U rbtree cucreMa CREST BbIMOIHUTH HE cMorua, pa3paboTaHHas )K€ B HACTOSIIEH
paloTe cucTeMa MOKa3bIBACT B LIEJIOM JIYYIIIHE PE3YyIbTaThl, YEM CIIydailHOE TECTUPOBAHHUE.

Taouuna 1.
Pe3ynbrarhl cpaBHUTEIBHBIX SKCIIEPUMEHTOB
CLyAamtoe CREST pa3zpaboTaHHasi cucTeMa
Tect TECTUPOBAHHE
N C, N C, N C,
sort 4 1 4 1 4 1
psort 4 1 4 1 4 1
sort* 4 0,93 9 0,93 4 1
psort* 4 0,94 9 0,94 4 1
series - 0 8 1 6 1
gsort 13 0,94 8 1 5 1
gsort std 3 1 - 0 3 1
rbtree 13 1 - 0 6 1

3KCHepI/IMeHT 2. HHTeraHHOHHOB )1H3aﬁH-TeCTI/Ip0BaHI/Ie

B kauecTBe 3KCHEpHMEHTa NPOM3BOJWIOCH TECTHPOBAHHME OJHOIO U3 KOMIIOHEHTOB
camMO# cucTeMbl aBTOMAaTU3allMU TECTHUPOBAHMSI — I'PAaHUYHOIO peIlaTess, OCHOBAHHOIO Ha
FeHETUYECKOM aJrOpuTME, a TakKkKe ero Trpaduueckoro wuHTepdeiica MoJab30BaTeNs.
Komnonent nanucan Ha C++/Qt4, cocrout u3 npuMepHo 20 THICSY CTPOK MCXOTHOTO TEKCTa
(c yueroM TpaHCIATOpAa CHUMBOJIBHBIX YCJIOBHUM, 0a30BbIX OMOIMOTEK U TIpaduyecKoro
uHTepdeiica), rpapuueckuii UHTEpQEiic NpeaoCcTaBIseT CASAYIOMY0 (PYHKINOHAIBHOCTS!

* BBOJ M KOMIWISLIMIO B MAIIMHHBIA KOJ 11€JIeBOM (YHKIMH B BUJE aJIreOpanieckoro
BBIPAYKEHUS;

" MHHUMM3ALUIO 3HAUEHUS 11eJIeBOM (YHKIIMH C MOMOLIBI0 T€HETHYECKOIO alrOpUT™Ma
C UCIOJIb30BaHUEM paciapauieIuBaHus;

" BU3YAJU3aLUI0 PE3yJIbTaTOB ONTUMU3ALMM U TpapUKOB H3MEHEHHs LEJIeBOU
(GYHKIMY B 3aBUCUMOCTH OT UTEpALUH.

TecTupoBaHue MPOU3ZBOJWIOCH B HHTEPAKTHUBHOM pEXHME, B KauecTBe OOBEKTa
TECTUPOBAHUSA OBLIO BBIOPAHO MHOXKECTBO KJIACCOB AJIEMEHTOB I10JIb30BATEILCKOTO
uHTepdeiica, OTBEUarOLMX 3a BBOJ M BBIBOJ JIaHHBIX. B mporecce TecTupoBaHus cuctema B
JMHAMHKE OOHOBJISIET TECTOBOE MOKPBITHE 10 MOANPOrpaMMaM M METOJiaM KJIacCOB U BBLAAET
MI0/ICKa3KHU IO BBIOOPY TECTOB.

IIpu TectupoBaHuM OBLIO HCHOJB30BaHO 24 TecTOoBBIX Bo3aeicTBus, 10 ayr
yhpasisitolero rpada ObuUIM MOMEYEHbl Kak Hepeain3yeMble (BeTBH 00pabOTKH OIIMOOK B
onepatopax ASSERT, He BocmpousBojsmiuecss Ha mnpaktuke). C yderom HUX ObUIO
JOCTUTHYTO IOJHOE TOKPBITHE BETBEH TECTUPYEMbIX YYaCTKOB KOJIa.

3KCHepI/IMeHT 3. TeCTI/IpOBaHI/Ie MPOU3BOJAUTEILHOCTH

HemanoBakHbIM (akTOpOM, OrpaHUYHMBAIOIIUM IPUMEHUMOCTD TOW UJIM MHON CUCTEMBI
JUHAMHAYECKOTO aHaJIM3a IPOrpamM, SIBISETCS BIMSAHUE HUHCTPYMEHTUPOBAHUS HA BPEMEHHbBIE
COOTHOILIEHUSI paboThl mporpaMMmbl. [loa MpoM3BOAUTENHLHOCTHIO najiee OyneM MOHUMAaTh
[IPOM3BOJIUTENBHOCTh CPEAbl HCIOJIHEHHWS MpOorpaMMbl (ammapaTHOro oOecredyeHus u
BUPTYaJIbHOW MAIlMHBI) B BHUAE KOJUYECTBA MALIMHHBIX HHCTPYKIHUI, HCHOJHSIEMBIX B

211



JI.C. Jlomakuna, A.H. Burypa

cpeaqHeM B eAuHMIy BpemeHH. (OueBHJHO, 4YTO ONpENeNIeHHas TakuM 00pazoM
MIPOM3BOIUTENBHOCTh 3aBUCUT OT XapaKTepa BBINOJIHIEMbIX MHCTPYKLHH, O3TOMY MOXHO
HCI0JIb30BaTh €€ TOJBKO C LIEJIbI0 CPABHEHUSI PA3JIMUHBIX CPEJl UCIIOJHEHUS IPU BbINOJIHEHUH
OJIHON U TOM ke mporpammbl. B Tabn. 2 mpuBeneHbl pe3yibTaTbl CUHTETUYECKOTO TECTa
Dhrystone  [4], BBIMOJHEHHOTO C  HCIOJB30BAHUEM  DPA3IUYHBIX  BAPHUAHTOB
UHCTPYMEHTUPOBAHUS.

Pe3ynbTaThl CUHTETHYECKOTO TECTa HAIJISIIHO IOKAa3bIBAIOT MPEBOCXOJCTBO B IUIaHE
MIPOU3BOIUTENIBHOCTH HWHCTPYMEHTHpPOBaHUS Ha ypoBHE ucXxonHbix TekcTtoB (GCC/gcov).
Junamuueckas pekoMnuisius B Valgrind npuBoAUT K MaJeHUIO IPOU3BOAUTENBHOCTH B 4-5
pa3 naxe 0e3 BCTaBKM MHCTPYMEHTAJIBHOI'O KOJla — JJaHHbIE HAKJIAHBIE PACXO/IbI SBJISIOTCS
aTod 3a TUOKOCTh JUHAMMUYECKHX METOJO0B HWHCTpyMEHTHpoBaHHUs. [l cpaBHEHUA
MpUBEACHA MPOU3BOJIUTENILHOCTb, JOCTUTHYTasi BCTPOEHHBIM HHCTpyMeHTOM Valgrind
memcheck.

Haubonpiiee BausiHUE HA MPOU3BOAUTEIBHOCTh OKa3bIBAET OTCICKUBAHUE OTEpaluil ¢
namsATeio. [lo cpaBHEHHMIO ¢ HaKJIaAHBIMU PacXoJaMy OT 3TOr0 MHCTPYMEHTAIBHOIO KOJa
BJIMSIHUE CHMBOJIBHOTO BBIMOJHEHMSI MPAKTHYECKU HE 3aMeTHO. OnTuMmanbHas paccTaHOBKa
TOYEK HWHCTPYMEHTHUPOBAHUS 3JIeCh MPEICTaBIsieT CcO00Ml HECOMHEHHO BAXHYI U
MHTEPECHYIO 3aJ[auy U SBJISIETCS OJHUM U3 HallpaBJIEHUH JalbHENIIEro CCIeI0BaHusl.

Tabumuna 1.
Pe3ynbTaThl CHHTETHUECKOTO TECTa
Tom samycka [Ipon3BOIUTENBHOCTSD, Bpeh:m BBIIOJIHEHUSA
DMIPS OJIHOY UTepaluu, MKC
be3 uncTpymMeHTHpOBaHUS 6587 0.09
GCC/gcov 5591 0.10
Valgrind (T0JIbKO pEKOMITUIISALNSA) 1504 0.39
Valgrind (memcheck) 166 3.43
[TokpsiTue BeTBel 544 1.05
3anuce gammna 547.2 1.04
OTCJ’IC)KI/IBaHI/I;'I;é\:IFi{(;I/; (TomMeueHHbBIE 455 12.6
OtcnexuBanue namsTH (BCce oreparum) 11,8 48.0
JlnHaMHU4YecKoe CUMBOJIBHOE BBITIOJIHCHUE 11,7 48.6

[TonyueHHble pe3ynbTaThl E€CTECTBEHHBIM 00pa3oM OrPAaHUYUBAIOT MPUMEHHUMOCTh
IIPEACTABJIEHHOTO ITOAX0Ja MOLYJIbHBIM TECTUPOBAHUEM, IIPU KOTOPOM ITPOU3BOAUTEIIBHOCTD
0ObIYHO HE siBIsieTcs] KpUTUYHOU. C Jpyroil CTOPOHBI, OLIEHKAa MOKPBITUN B JAWHAMUKE 0e3
OTCIIC)KMBAHUS OIEpalMii C IaMATHK II0J€3Ha NPU BBIIOJIHEHUM PYYHOTO JU3aNH-
TECTUPOBAHUS CJIOKHOU ITPOTPAMMHOMN CUCTEMBI.

BrIBOABI

Pe3ynbTaThl BBIYMCIMTENBHBIX 3KCIEPUMEHTOB IOKa3bIBAIOT, YTO MPEUIOKEHHBII
METOJl MOJIyJIbHOIO TECTUPOBAHMS B PAJIE CIIy4aeB IO3BOJISET JOCTHYDL OOJIBILIEr0 TECTOBOTO
MOKPBITUSL [0 CPAaBHEHMIO C W3BECTHBIMM MeToAaMH. JlocTuraercsi JaHHBIA pe3yibTaT B
OCHOBHOM 3a CYeT AMHAMMYECKOTO aHaliu3a IporpaMM Ha YpOBHE MAIIMHHBIX KOJOB U
OTCJIEKUBaHMs oIepaluii ¢ ykasareiasimu. Pa3paboTanHas aBTopamMu IpOrpaMMHasi CHCTEMA €
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YCIIEXOM MOXET NPUMCHATHCA KaK JIA aBTOMAaTH3alWuKu MOAYJIBHOI'O TCCTUPOBAHUWA, TaK H
Uig OOJeryeHus pydyHOTO TECTUPOBAaHUA (B YAaCTHOCTH, MHTETPALIMOHHOIO TECTHPOBAHUS)
IIPOrpaMMHBIX CHCTEM Ha 3Tarne pa3paboTku. C Apyroil CTOpOHbBI, JUHAMUYECKUN aHAIU3
nporpaMm OKa3bIBA€T CUJIBHOC BJIMAHUC HA MPOU3BOAUTCIBHOCTL, YTO OI'paHUYNBACT C(bepy
€ro IpUMCHCHHA, B YaCTHOCTHU, ACJIaA CHUMBOJIBHOC BBLIIIOJIHCHUC HCIIPUMCHUMBIM Ha
IMPAKTUKE JJIs1 TCCTUPOBAHUA HpOFpaMMHOfI CHCTEMBI B IICJIOM. TeMm He MCHCC, ITPUBCACHHLIC
B JaHHOM pasacic HpO6J’IeMI)I ABJIAIOTCA TCXHUYCCKMMHU W MOAAAFOTCA PCHICHUIO. TaknMm
o0pasom, HacTosImast paboTa UMeeT OOJIBIION MOTEHIMAT JUIsl JATbHEHUIIIETO UCCIeOBaHUS —
B YAaCTHOCTH, MOT'YT OBITh C(QOPMYIHPOBAHBI CIEAYIOIINE 3a/1a4H:

* 33/1a4a ONTUMAIBHOM PacCTaHOBKH TOUYEK MHCTPYMEHTHUPOBAHHUS;

* 3a/1a4a OOHAPYKEHUS ¥ yIAJIICHUS HEHY)KHOTO HHCTPYMEHTAILHOTO KOJIa;

" 3aJla4ya HCHMHTPY3UBHOI'O BBIYHCIICHHA TCCTOBOT'O IOKPBITHUA KOJA.

Pemenne AaHHBIX 3aa4 B ICPCIICKTUBEC IMMO3BOJIUT IMPUMCHATH NPCIIOKCHHBIC MCTOAbI
C UeNbI0O TPOBEACHUS TECTHPOBAHMS OE30MAaCHOCTH W OOHApYKEHHs YSI3BUMOCTEH B
MporpaMMHBIX CUCTEMAaX Ha YPOBHC MHTCIPAIMOHHOI'O U CUCTEMHOI'O TCCTUPOBAaHM.
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CTPYKTYPHE TECTYBAHHS ITPOI'PAMHUX CUCTEM 3 BUKOPUCTAHHSAM EJIEMEHTIB
KOMIT'FOTEPHOI AJITEBPU

JI.C. Jlomaxkina, A.M. Birypa

Hmxeroponcekuii fep>kaBHUN TexXHIUHUN yHIBepcuTeT iM. P.€. Anekcees,
ByJI. MiHina, 24, HwxHi#t HoBropon, 603950, Pociiiceka ®eneparrist; e-mail: llomakina@]list.ru

3anpornoHoBaHO METOJl CTPYKTYPHOI'O TECTYBaHHs MPOIPaMHHX CHUCTEM, 3aCHOBaHWIl Ha
anreOpaiyHOi MOJIENi MpOrpaMu 1 IUHAMIYHOMY CHUMBOJIBHOMY BHMKOHAaHHI Ha piBHI
MaIIMHHOTO KOy 1 JIO3BOJIIE aBTOMAaTH3yBaTH MOJYJBHE TECTYBaHHS IIporpam,
peasti3oBaHMX Ha KOMITIJIHOBAHUX MOBaX IPOTrPaMyBaHHSI.

KirouoBi ciaoBa: mnporpamMHi CHCTEMH, TECTYBaHHS, TCHEpallis TECTOBUX HaHHX,
anreOpaiyHa MOJIeJIb, CHMBOJIbHE BUKOHAHHS

STRUCTURAL TESTING OF SOFTWARE SYSTEMS USING ELEMENTS OF COMPUTER
ALGEBRA

Lyubov S. Lomakina, Anton N. Vigura

Nizhny Novgorod State Technical University n.a. R.E. Alekseev,
24 Minina str., Nizhny Novgorod, 603950, Russian Federation; llomakina@list.ru

A method of software system structural testing based on the program algebraic model and
machine code-level dynamic symbolic execution is proposed. The method allows for unit
testing automation for programs written in compiled languages.

Keywords: software systems, testing, test data generation, algebraic model, symbolic
execution
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OINPEJAEJIEHUE OIITUMAJIBHBIX TAPAMETPOB
TEXHUYECKOI'O OBCHIY’KUBAHUA 110 COCTOAHUTIO
CJIOKHBIX OB BEKTOB PAJIMODJIEKTPOHHOM
TEXHUKHA

C.B. Jlenkos', A.B. Cemoxos’, B.B. 3y6apes’, B.H. Ilbimapes'

! Boennsiit uHCTUTYT KHEBCKOro HarmoHaIbHOT0 YHUBEpcUTeTa uMeHu Tapaca llleBuenko,
yi. JlJomonocosa, 81, Kueg, 03680, Ykpauna; e-mail: lenkov_s@ukr.net
2 T'ocynapctBenHoe npeanpusaTie « HaydHbIi IEHTP TOYHOTO0 MAITMHOCTPOCHUS,
yi. bopucnonsckast, 9, Kues, 02099, Ykpauna; e-mail: selukov@3g.ua
3 LenTpanpHblil HAYYHO-HCCIEI0BATENbCKUN HHCTUTYT BOOPYKEHUS U BoeHHOH TexHuku BC Ykpaussl,
Kues, Ykpauna

[IpemiokeHsl MeTOAMKA M aJTOPUTM peIIeHHs 3aJaydl OMNpeleleHUs ONTUMAalIbHBIX
MapamMeTpoB TEXHHYECKOTO OOCIY)XHMBAaHHS II0 COCTOSHHIO CIOXHBIX OOBEKTOB
PaaAMO3JIEKTPOHHON TEXHHMKH. 3ajada ONTHUMM3AIMU CTAaBUTCS KakK 3ajaya MHUHUMHU3AIUU
YOETBHOM CTOMMOCTH OKCIUTyaTallid OOBEKTa TpU 3aJaHHOM OrpaHUYeHUH Ha
MUHHAMAIILHO JIOIYCTUMBIH YPOBEHb 0€30TKa3HOCTH 00BEKTa.

B kauecTBe ONTHMU3UPYEMBIX MapaMEeTPOB Mpolecca TEXHHYECKOTO OOCITY)KHUBAHHUS MO
COCTOSIHHIO IIPHHSATBHL: 1) MHOXECTBO OOCITY)KMBAaEMbIX 3JEMEHTOB OOBEKTa, 2) YPOBHHU
NPEe/IeIbHO  JIOIYCTHUMBIX 3HAYEHUH OMNpEAeNAIONIMX IapaMeTpoB  00CIY)KMBaeMbIX
AJIEMEHTOB, U 3) MEPUOANIHOCTh KOHTPOJISI TEXHUYECKOTO COCTOSHUSI OOBEKTA.

LeneBrble QyHKIMM 3a1a4u — yJeTIbHAs CTOUMOCTD SKCIUTyaTallud U Cpe/IHss HapaOoTKa Ha
OTKa3 00BbEKTa IOIY4aloTCsl C IIOMOIIBI0 UMUTAIMOHHOM CTaTUCTHYECKON Mozeny. 3anada
pemaercs  NPHOMIDKEHHO C  HCIONB30BaHMEM  pa3pabOTaHHOTO  MPOTrPaMMHOIO
obecrieueHnsl. B MOMCKe ONTUMAaIBbHOTO PEUICHUs PUHUMAET Y4acTHe B WHTEPAKTHBHOM
pexrMe uenoBek-3KciepT. [IpuBoauTcs npumep pereHus 3ai1adu.

KnrouyeBble cioBa: TEXHHYECKOE OOCITY)XHBAHHE, PAJUOINICKTPOHHAS TEXHHUKA,
IKCILTyaTaIys

BBenenune

Texunueckoe o6cnyxuBanue (TO) anas CIOXHBIX OOBEKTOB PaJUO3IEKTPOHHOMN
texHuku (POT) sBnsercs oqHUM U3 cpeAcTB obecriedeHus! TpedyeMoro ypoBHs HaJEKHOCTH
0o0BeKTOB B Mpoliecce OKciyarauuud. Ecnu  TpeOyembli  ypOBEHb  HAJIEKHOCTH
obecrieunBaetcs u 06e3 Besikoro TO, To Bompoc o HeoOxonumoctu TO BooOIIE CHUMAETCH.
OpHako A MHOTMX THIIOB CJOXHBIX 00bekToB POT mpobnema oOecrneueHuss ux
HAJEKHOCTH BCE M€ OCTAeTCs aKTyaJlbHOM, HECMOTpsS Ha IPUMEHEHHE COBPEMEHHOMU
3JIEMEHTHON 0a3bl U HOBBIX TEXHOJOTMH pa3pabOTKU W W3TOTOBJIEHUS ammapaTypbl. s
TakUX OOBEKTOB pa3pabOTUMK BCEr/la CTPEMUTCS HCIOJIb30BATh BCE BO3MOXKHBIE MEPBI IS
MOBBILIEHUS HaeXKHOCTH, B TOM umciie U1 TO. B atux ciydasx pazpaboTuuKy BaXXHO 3HATb,
Kakasi MOTEHIMAJIbHO BO3MOKHAasi NpuOaBKa B YPOBHE HAJIEKHOCTU OOBEKTa MOXKET OBbIThH
nosydeHa 3a cueT TO M kakue JOMOJHHUTENbHbIE CTOMMOCTHBIE 3aTpaThl JJIS 3TOIO MOTYT
OTpebOBaTHCSL.

3ajauya COCTOMT B CIENYIOHIEM: Ui 3afaHHOTO Tuma oOwvekra POT ¢ m3BecTHBIMU
COCTAaBOM, CTPYKTYpO#, HaJ€KHOCTHBIMU M CTOMMOCTHBIMHU XapaKTEpUCTUKaMU TpedyeTcs
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onpenenuTs onTuMainbsHele mapameTpsl cuctemsl TO (CTO). Ontumanehbie nmapamerpsl CTO
JOJKHBI OOecrieuynBaTh 3a/JaHHbIl ypOBEHb HAJEKHOCTH OOBEKTa NpPU MHUHUMAJbHBIX
3aTparax Ha €ro AKCIUTyaTanuio. 3agady Oyaem pemarth s cTparerud TO «mo cOCTOSHUIOM
(TOC), xotopass cuuTaeTcs TMOTCHHHAILHO Haubosnee »IddexkruBHONH. OmHako s
npaktuuecko peanusamuu  crpatreruu  TOC  KOHCTpyKius oOOBEKTa JOHKHA OBIThH
MpUCIocoOiieHa JIsi 3TOro, B YAaCTHOCTH, HEOOXOIMMO, YTOOBI I OOCTY>KMBAEMBIX
AJIEMEHTOB CYIIECTBOBAJIM U3MepsieMble onpezenstonue napamerpst (OI1).

[Ipotecc TO, opranuzoBaHHBII B cooTBeTcTBUU co crparerueii TOC, nomkeH
MPOTEKaTh CIIEAYIOUUM 00pa3oM. B mporecce skcrutyaTany IporU3BOIUTCS MEPHOIUUECKUMA
KOHTpoJb TexHuueckoro cocrosiuust (TC) obcnmyxkuBaembix aneMeHToB. Ecnu B pesynbrare
KOHTpOJIsl oKa3biBaeTcs, 4To TC aneMeHTa He COOTBETCTBYET TpeOyemMoMmy, BbinoiHsgercs TO
(11K 3aM€eHa) 3TOTO AJIEMEHTA.

OO6o3nmaunM E, €  MHOXKECTBO OOCIY)KMBAacMBIX DIEMEHTOB OOBEKTa, WM Oynuem
1oJlaraTb, 4To JUIsl BceX OOCIyKMBaeMbIX 3eMeHTOB cymecTBytor OIl. HopmupoBanHoe
3HayeHue OlI, u3amepeHHoe B MOMEHT BpeMeHH t, Oynem obo3Hadate U, t . Bennuuna U, t
MOJKET IpUHUMaTh 3HadeHHs B auanasoHe [0,1], 3mauenme U, t O cooTBercTBYET
HOMUHaIbHOMY 3HaueHuto OIl, 3Hauenne U, t 1 sBIgETCA KPUTHUECKUM, IPU TOCTH)KEHUN
KOTOPOIo HacTymaeT OTKa3 neMeHTa. g kaxioro anementa €, E_ 3amaercs ypoBeHb TO

u TaKOfI, 4TO €CJIM IIPU KOHTPOJIC OKA3bIBACTCH, YTO U; t u TO IPOU3BOJUTCA 3aMCHA

TOI TOi ?

SIEMEHTA €, .

C YUE€TOM BBCIACHHBIX 0003HaYeHN W IIOHATHUHA IMOCTAHOBKY 3aJa4dd OITHUMH3alWKN
napamerpoB TOC 3anumiem ¢opManbHO ciienyronum oopazom [1]:

™
TO ETO’UTO’TK T() ’
(D
c, E..U,.T, min ,
rne
T, — 3amaHHOe TpeOyeMoe 3HaueHue CpeAHel HapabOTKU Ha OTKa3 0OBEKTa;
E., U, m T, — uCKkOoMBIe onTuMainbHble 3HaueHus napamerpos TOC: E  —

i LIE

TO

MHOJKECTBO 00CITY’)KHBaeMBIX 311eMeHToB; U =~ U — BekTop ypoBHeir TO U

T0i 2 Toi 3
T — nepuoanYHOCTH KOHTPOJIS 00BEKTA.

CnoXHOCTh peIIeHUs JaHHOW 3a7adu OOyCIIOBJIEHA IBYMsI OOCTOsITENbCTBaMU. Bo-
IEPBLIX — 3TO CJIOKHAA CTPYKTYpa HPpOCTPpaHCTBA, B KOTOPOM JOJIKCH OCYHICCTBIIATHECA ITOUCK

ontuMaibHbIX 3HaueHuil E_, U u T_. [IpocTpaHcTBO 3TO npencTapisieT coOOON 1eKapTOBO

TO ? TO

MIPOU3BEICHUE

(E.} [0,0%! [0, ), (2)

rme
E — MHOYECTBO BCEX MHOXeECTB E

TO TO ?

rne E. — MHOXECTBO IIOTEHIMAJILHO
TO

obcmyxuBaembIxX dneMeHToB (E . E );

E o
0,1‘ ol TUIEepKy0, Kaxaas TOo4yka B KOTOPOM HPEICTaBISIET cOOOM BEKTOp

Pa3sMEpHOCTBIO |ET0 , JJIEMEHTaMHU BEKTOpa SIBJIAIOTCS YUCIIa, IpUHauIexkamue otpe3ky 0,1 ;

0, — YHUCJIOBasA OCb, coacpKaliass BCC MOJOXKUTCIIbHBIC YUCJIA.
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[HOOPMATUKA TA MATEMATUYHI METO/I1 B MOJIEJTKFOBAHHI = 2013 = Tom 3, Ne3

Bo-BTopsIX, 0co0eHHOCTRIO 3aaaun (1), OCIOXKHSIOMIEH ee pelIeHUE, SIBISETCA TO, YTO
I €€ LECIJIEBBIX (bYHKHI/Iﬁ TO u C3 HCU3BCCTHBI AaHAJIUTUYCCKUEC BBIPAKCHUA, UX 3HAYCHHA B

OTJIEIbHBIX TOYKAX MOTYT OBITH IOJIy4€HBI TOJBKO IyTeM MozenupoBanus [2]. C yuerom
3TOT0 OYEBUJIHO, YTO MOKHO PacCUUTHIBATh, MO BCEW BUAMMOCTH, TOJIKO Ha IPUOIMKEHHOE
pemienue 3anaqu (1).

B nmanHoO# cTaThe mpemiaraeTcsi METOAWKA MPHOJMKEHHOTO pemenus 3amaun (1),
MIpE/ICTaBJICHHAs] OINUCHIBAEMBbIM HU)KE aJTOPUTMOM. AJTOPUTM OCHOBaH Ha MPUMEHEHUU
MMHTAIIMOHHOM cTaTuctudeckon moaenu (MCM) [2].

AJIFOpI/ITM peuicHud 3a1aumn

CrpykTypHas cxema airoputMma peunienus 3ajnauu (1), npusenena Ha puc. 1. Mcxonnoit
uHpopmanuen JUid aaropuTMa sBIAOTCA Bcsl uMHPopMmaius o0 oOwvexkte POT, koropas
ucrionpzyercss UCM [2], MOTOJHUTEIBHO TaKXe 3aJal0TCS MHOXECTBO MOTEHITUATBHO

oOcmyxuBaeMbIX d1eMeHTOB E =~ 1 TpeOyemoe 3HaueHHMe cpeiHeill HapaOOTKM Ha OTKa3
obwexra T,7 .

Omnepatop 1 co3maer MHOXkecTBa E

nu U ; (BHauase mycThle), U HHULHHUPYET

TOi
MNEPEMEHHYTIO i, KOTOpad HCIOJIB3YCTCA I MOACUCTAa YMCJia BBIINOJHCHHBIX HIArOB IMOMCKa
peICHUA (OHHOBPCMCHHO IEpEMECHHAsA | SABJISICTCS HOMEPOM IJICMECHTA ei . KOTOpBH\/’I HO6aBHeH

B MHOXecTBO E ; mocnenuum). MuoxectBo E ; ucmosb3yercs B KauecTBE TEKYLIETO

MHOYECTBA 00CITY>)KMBAEMBIX JIEMEHTOB (B HETO Ha KaKJOM Iare OyaeT J00aBJISIThCS OJUH
JIIEMEHT, B3ATBII M3 MHOxecTBa E ). MuoxectBo (Bekrop) U, wHcnonb3yercs st

3allOMMHAHUSl HalJICHHbIX ONTHMAIbHBIX 3HaueHud ypoBHed TO U ; 271eMEHTOB, yke

BKJIIOYEHHBIX B MHOXKECTBO E_ ;.

Ormeparop 2 popmupyeT HOMep | 0uepeTHOro (TEKyIIero) mara nporecca MoucKa.

Omeparop 3 BbIOMpaeT W3 MHOXKecTBa E  I-ii sjmeMeHT € U J00aBiseT ero B

TO

MHOkecTBO E_ ;. BeiOop snemenToB €, M3 E  npousBoaMTCs B MOpsAAKE BO3PACTaHMS HX

CpenHel HapabOTKHU O OTKa3a.
Omneparop 4 crpout (mporpaMMHO) Tpaduku ¢yHKOut U, T u c, T B

TOI K

3aBucuMocTH oT nepuoangocty TO T . u_; T, — 310 onTUManbHOE 3HaueHue ypoBHs TO

1 K

IUIS 1-TO DJIeMeHTa, HallICHHOE U3 YCIIOBHS:

Ui T :C, E

TOI K

TOI ’UTOi’

TK min . (3)

u,; U

TOi TOi

rre U, U u U, — 9TO BEKTOp, B KOTOpOM U u

TOl

ro15+++sUroi 15 wols-+sUi | — ONTHMAJIbHBIE

3HaueHus ypoHed TO odneMeHTOB €,,...,€, ,, HaliJIcHHbIE B IPEABIAYIINX MmMarax, a U, —

BapbUpyeMblii ypoBeHb TO [y 31€MeHTa €, ONTUMAJIbHOE 3HAUY€HHE KOTOPOTO JOJKHO
OBITH HAMICHO B COOTBETCTBUU C yciaoBueM (3).
Bemnunna €, T, — 3T0 ynenpHas CTOMMOCTB OSKCIUIyaTalluH, IIOJIydaeMmas IIpH

ONTUMAJILHOM 3HadyeHuu ypoBHsa TO U ; T,

C3 TK C3 ETOi’UTOi’ K ° (4)
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Bextop U, B (4) orimmuaercs ot U ; Tompko TeMm, uto B U, B KadecTBe i-0if

KOMIIOHEHTBHI [T0/ICTaBJIEHO HAl/ICHHOE YCIIOBHO ONITUMAJIBHOE 3HaYeHue U ; T,

1
EToi 5 UToi M I 0,
>
2 i i
3 BuiGpate € E
EToi : EToi {el}
4
[MocTpouTb rpadpukn yHKLUA
uTOi(TI\‘) “ 03 (T,\)
5
Onpegenutb TK :
T, :¢,(T,) minc, (T,)
TK
7 o )
npegenute U_;:
Upi  Upi(Te) HalipeHo?
9 ‘ 8
Coxpanue Uy, 8B/ Bagatb T, 1 U_,
uToi : uToi (uToi UTo) «BPY4YHYO»
10 Onpepenuts T, :
TO : TO <E'roi’U'roi’TK >
aa
12 11
: ‘ET" HeT
HeT na
13
ETo : ETOi;UTO UTOi;TK TK 5

Puc. 1. Anroput™m novcka onTuMalibHbIX apameTpos crpareruu TOC

OmnepaTtop 5 ompenensieT ONTUMAIbHOE B TEKylleM miare (yCJIOBHO ONTHMAIBHOE)
3HAYCHHUEC NIEPHUOINIHOCTHU KOHTPOJIA T

K

, YIIOBJIETBOPSIIOLIEE YCIOBHIO:
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c, . mmc, T_ . (5)

Ecnu Benuuuna T, HalifieHa, TO Jlajiee BBIINOJIHAETCS OIepaTop 7, KOTOPBIN ONpenesiseT

onTuMalibHOE 3HadyeHue ypoBHsa TO U ;:

uToi uToi TK (6)

(3mech «++» IMOMYEpPKHBAET TOT (HAKT, YTO 3HAYeHHE U, OTHOCUTCA K HalJCHHOMY
ONTUMATLHOMY 3HAYEHUIO T ).
Omneparop 9 HalineHHOe 3HaueHue U ; coxpasser B b/l B kadecTBe ONTUMaJIBHOTO

3HAYEHUs], U TEM CaMbIM noaroTasiuBaeT b/l k pacueram B MOCIEAYIOIIMX IIarax.
Ha nanno¥ cTaguy pacyeToB MblI IIOJy4aeM yCIOBHO ONTUMAJIbHOE PEIICHUE 3aJaUu:

(EisUis T )

B HekoTOphIX ciydasx MUHUMYM y GyHknuu C, (T,) MOXKET OTCyTCTBOBaTh. B 3THX
Clly4asX B IIPOLECC BMENIMBAETCA JKCIeEpT, KoTopbld mo rpapukam C (T.) m T, (T)
BBIOMpAET IpUEMIIEMOE 3HAUEHHE |, M COOTBETCTBYIOIIee eMy 3HaueHue 1, (T, ). Bennuuna

U,.i, COOTBETCTBYIOLIAs BeIOpaHHOMY T, onpenensercs no rpaguky U, ;(T,). Otu geiictBus

TOi ? TOI

JKCTIEpTa Ha CXEME alrOpuTMa MPeICTaBIeHBI onepaTopamu 6 u 8.
Omeparop 10 ompenenser MOCTUTHYTOE B I-M IIare MOWCKa 3HAYCHHE CpEIHEH

HapaOOTKM Ha OTKa3 oObekTa T, :

T, T <ET0i’UToi’T1< > .

Omneparop 11 mnposepsier BbmoaHenue yciaoBus 1, T,°. Ecau 310 ycinoBue
BBIIIOJIHAETCS, TO MOJIyYEHHOE YCIOBHO ONTHMAJIbHOE PEIICHHE <EToi U i Ty > IIPUHUMACTCA

B KayecTBe OKOHYATEIbHOIro peuieHus 3anauu (omepatop 13). Ilponecc nmoucka pemieHus B
3TOM CITydae 3aBEpILIaeTCH.

B nporusHoM ciyuae, eciu T, T, , BbIoJHsAeTcs oneparop 12, KOTopblil mpoBepseT,
ETO

omeparop 12 mepemaer ymnpapieHUE OINEpaTopy 2 A MNPOJOJDKEHHs] Mpolecca IOHUCKa
peluenus.

BCE JIM 7IeMeHTHI U3 E  ObuTH ncroib30BaHbl pH noucke pemrenns. Ecom wer (i ), TO

Ecnu Ha HekoTOpOM 1are BcCe 3JIEMEHTHI, BblOMpaemble u3 E_, OyayT ucuepranbl

ETO

TO ?

(i

tpeboBanue T,” 3a cuer TO He MoxeT ObITh 0OecnedeHo. IloaydeHHOE Ha MOCIEHEM IIare

), TO 3TO OyIeT 03HauyaTh, YTO UCXOHAS 3amaya (1) He uMeeT pemeHus — 3aJaHHOe

3HaUYeHHE CpefHed HapaOOTKM Ha OTKa3 [, — 5TO, NO-BUAMMOMY, MAaKCHMAallbHOE €e
3HaYeHHUE, KOTOPOE MOXKET ObITh JOCTUTHYTO 3a cueT npoBeaeHus TOC.

JlaHHBIN aNropuTM peasu30oBaH MporpaMMHO B paMkax mnporpammsl ISMPN [2]: B
[porpaMMe JUisi 3TOr0 BBeJeH JonosiHuTenbHO pexxkuM Onrtumuzamus TO | TO “no
COCTOSIHHIO”.
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Jlyig mprMepa BOCHOJIb3YEMCSI TECTOBBIM OOBEKTOM, KOTOPBIN MbI YK€ UCIIO0Ib30BAIN B
[2]. KoncTpykTuBHas cTpykTypa oObekTa moka3zaHa Ha puc. 2. CocTaBHbIE 3JE€MEHTHI Ha

pUCYHKE H300pa)keHbl NPSMOYIOJbHUKAMHU, NPOCThle — KpyxkKamu. Psgom co

3Ha4YKaMHu

MPOCTHIX AJIEMEHTOB MHUGPOM TOKa3aHO KOJUYECTBO OJHOTHUITHBIX KOMIUICKTYIOIINX
anemenToB (KE), Bxoasmmx B naHHBIA 31eMeHT. Bce mpocTbie 2JIeMEHTBI COCTOSIT U3
omuHakoBbiX KE, ¢ XxapakrepucThkamMu HaJACKHOCTH: CpefHss HapaboTka 10 OTKasza

T, 20000 4; xoadpduureHT Bapuanuu 0.8; DN-pacnpenenenne HapaOOTKH 10 OTKa3a
[3].
O6bekT
Lkadp-1 Lkadp-2 Lkadp-3
1
vy
//1;/% ‘21“22“23‘1 33
30 30 30 10 10 10
10
v
N ,
10 10 10 10 10 10 10
‘ 3311 ‘ | 3312 |
10 10 8 10 10 10

Puc. 2. KoHcTpyKTHBHAs CTPYKTypa TECTOBOTO OOBEKTA

[ToaMHOXKECTBO OTKA3bIBAIOMIMX 3JIEMEHTOB E  O0TMEYeHO Ha pHCyHKE IITPUXOBKOH. B

MHOXKECTBO ITOTCHIHMAJIBHO O6CJ'IY)KI/IBaGMI)IX JjieMeHTOB E BKJIIOYUM 5

TO

HaJIeKHBIX 2JIeMeHTOoB u3 E . JlanHble 00 anemenrax E & mpencrasiienst B Tabmd. 1.

HanMMCHEC

Taoauua 1.
XapakTepuCTUKH TOTCHIIMAIBHO 00CITY)KHBAEMBIX 2JIEMEHTOB TECTOBOTO 00BEKTA

Howmep anemenTta HaumenoBanue Cpennsist HapaboTka | CTOMMOCTB d7€MEHTa
dJIEMEeHTa mo otkaza T, 4 Coi» y-e.

1 31 2108 900

2 331 2425 680

3 11 2828 500

4 12 3123 410

5 131 3380 350
MogenupoBanue OylneM HPOM3BOIAMTH HAa HMHTepBaye SKciuryaranuu 1, 20 ner. B
pe3yibTaTe MOJENUpOBaHUs s ciydast, eciu TO He npoBoaUTCS, ObUIM MOJYy4YEHBI

CJICAYIOIUEC 3HAYCHUA nokKa3aTelieii:

220



[HOOPMATUKA TA MATEMATUYHI METO/I1 B MOJIEJTKFOBAHHI = 2013 = Tom 3, Ne3

T, 2774, c, 1468 ye/a, K, K  0.99278.
3aganum TpeOyemoe 3HaueHHe cpenHel HapaboTku Ha oTka3 T," =400 u.

B cooTrBercTBUM C MPHUBENEHHBIM aIrOPUTMOM pacueThl IPOU3BEAEM B ClIEAYIOLIEH
[I0CJIEI0BATEIbHOCTH:

Ha 1-M mare (B 1-M 1MKII€ HCIIOJIHEHHS aITOPUTMa pUc. 1) B MHOKeCTBO E =~ BKIHOUMM
anement 31: E , 31 .

3anyctum nporpammy ISMPN B pexume Ontumusauusa TO | TO “no cocrosnuio”.

I[J'ISI IMIOMCKa YCJIIOBHO ONTUMAJIbHBIX 3HAYCHUU UTo n TK 3aaluM CICAYIOMHNE MHTCPBAJIbL

i
BAapbUPOBAHMUS [TAPAMETPOB:

s U ot 0,4 no 0,8 ¢ maTeppanom 0,05;
ans T : ot 100 no 500 4 ¢ uaTepBanom 20 u.

[Tocne 3aBepuienust mogenupoBanus Buj 3kpaHa [IK Oyzxer nmpumepHo TakuM, Kak 3TO
MOKa3aHo Ha puc. 3.

ISMPN: lMowck onTHManbHbix napameTpoe TO no coctosHMiw (BapbHpoBanme Uto+Tk) @

Ofwexr: T-2 [ucTorparnsl 6e3TO To=276,84 Cu=1,46880ye./y Mposomsas | g

TOD “no cocroanun™ Ui (T ONTUMENEHOE SHaYeHWE YPoBHA TO
Kpurepuii \min Cu vl : : ; 0,40
J Beixoa
03 - - - . - - \ o
BapbupoBaHve yposHs TO 100 150 200 250 300 350 400 450 500 u L
HauaneHoe sHavenwe 0,20 A Bl
KoneuHoe sHauetme  |0.60 ¥AENeHaA CTOMMOCTE O*CI'IJ'I)"GTEI.I,MM' yeM
Wrrepean usteHenus |0.05 : :
Y Cy,(T)
BapbupoBaHve Tk 107341
1,1- 300.00
HauanbHoe sHaverue |100 109 \ T
Koneuroe aHaverue  |S00 108 ' ' ' ' i *
— 100 150 200 250 300 350 400 450 500
Wrrepsan usmeneun |20
T, (T) CpegHaa HapaBoTka Ha oTKas, 4
300 F===--reeeees Feeeees feeeees Feeeees Teeeees Teeeeeeyeeeee
250
2004 - R S S S Lot 387
150 §-----mnnnns teenmn femeannd e e T SETTEE 1)
100 v ] ] ; :
T J
u] t

Cnucok ofCny«. 3NEMEHTOB:
21082 3

Em K, (T,)  KoshhuupeHT TeXHWHECKOr MCNONBI0BaHIA

0,988
0,986
0,954
0,982 T : e :

098 | A~ (— S— S—— R — AN —
0,978 : : : : : : :

100 150 200 250 300 350 400 450 500

CroumocTs KoHTpons, y.e. 10 eps = 0,062
MNpoaoms. KOHTPOAA, MUH 05

098775 «— K, (T,)

Puc. 3. Bun skpana [1K nocne 3aBepiienust pacuetoB Ha 1-m miare

IIo rpadpuky yskumu cC, T, ompeneNsieM €€ MHHUMAQJIbHOE 3HAYEHUE
c, T, 1.07941 u coorBercTByrOomEee eMy ontumanbHoe 3HaueHue I, 300 4. Ilo rpaduky

u,, T, oIpeleiseM ONTUMalbHOE 3HadeHue U, U

TOl K

T 0.45. Takum oOpazoMm, B

10l 'K
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pPE3YIbTATC BBIIIOJHCHHA PACUCTOB Ha I-M 1mare mojryqacM  ciacayroaiece yCIOBHO
ONTUMAJIBHOC PCIICHUE!

101>~ TOl® "K

(Evr-UonT, ) (1313,{0.45},3009).

ITo rpaduxy T, T, ompenenseM JOCTHTHYTOE 3HaYEHHE CpeIHEN HapaOOTKU Ha OTKa3
T, 319 u. CpaBHuBas mnoisrydeHHoe 3HaueHue [, 319 u c TpeOyeMblM 3HaueHHEM

T™ 400 4, OpuXOAUM K BBIBOIY, YTO 3aJaHHOE TPEOOBAHHUE HE BBIMOJIHACTCI. SHAYUT
0 s y:

HEO00XO0MMO TIPOJIOJDKUTH PACUEThI U MEPEHTH K BHITIOJIHEHHIO caeayromiero mara. Ho nepen
3TUM HEO00X0IUMO OTKpHITh b/ m mist anmemenTa 31 BBeCTH MOYyYEHHOE JJII HETO YCIOBHO

onTUMalIbHOE 3HadyeHue ypoBHsa TO U, .

AHanoruyHpIM 00pa3oM TMpOU3BEAEM pacyeTbl Ha BCEX IMOCIEAYIOIIMX LIarax,
MOCIIEI0BATENLHO BKIIKOYask B MHOKECTBO E, ;) Bce anementsl u3 E - (Bcero 5 miaros). Jlns
SKOHOMMH MecTa He OyJeM MPUBOAUTH BCE MIPOMEXYTOUHbIE pe3yabTaThl. [IpuBenemM ToJIbKO

OKOHYATEJIbHBIC JaHHBIC YCIIOBHO ONTHUMAJIBHBIX PEIICHHH, TOJYyYCHHBIX HA KaKJIOM IIare.
JlanHbIe cBeCHBI B Ta0M. 2.

Ta6auua 2.
Pe3ynbrarhel pacueToB ycioBHO onTUMaIbHBIX TapameTpoB TOC s TeCTOBOTO 00bEKTa

YCI0BHO ONTHMAILHBIE NAPAMETPBL | 3yayenys nokasaTeNnei, M0ydaeMble IPA

Howmep <ETOi U is T > YCJIOBHO ONTHMAJIBHBIX MapaMeTpax
mara

I E..i U T ,d T, ,d G, K.,

y.e./q

0 - - - 277 1,46880 | 0,99278 0,060

1 {31} 0,40 300 319 1,07941 | 0,98775 0,062

2 {31,331} 0,45 280 366 0,80331 | 0,98755 0,075

3 {31,331,11} 0,42 260 422 0,63401 | 0,98725 0,072

4 {31,331,11,12} 0,50 280 483 0,50673 | 0,98784 0,083

5 {31,331,11,12,131} 0,50 280 568 0,40421 | 0,98789 0,081

ITo noyry4eHHBIM IaHHBIM BUJHO, uTO TpeboBanue T, 400 4 BeIIOIHAETCS yXkKe Ha 3-
M IIare, ¢ y4eToM 3TOr0 B PacCMaTpUBAEMOM IPUMEPE IOJIy4acM CICAYIOIIEE DPEIICHUE

3amauu (1):

(En:U,.T,) (31331 11; 0.40;0.45:0.42,260 ).

TO ? TO? K

[Ipu nonydyeHHsIx onTuManbHbIX napameTpax TOC OyayT oOecrieunBaThCsl CAEAYIOLIUE
3HAYEHUS NIOKA3aTENCH:

T

0

422 4, ¢, 0.63401 y.e./u, K 0.98725.

) TH

Cratuctuueckas ommMOKa pe3ylbTaToB MOJEIMPOBaHUS (OTHOCHTEIbHAS OLIMOKa
OLIEHKH T, ), IpH KOTOPOM IOJIy4EeHBI 3TH PE3YIbTAThI, PAaBHA 0.072.
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BrIBOAbI

1) PaccMoTpeHHBIE aITOPUTM M METOJIMKA MO3BOJISIOT PEIIaTh MOCTABICHHYIO 33/a4y
omnpezeneHus: onTuMaabHbIX mapameTpoB TOC ¢ npuemneMoit A NPaKTUKH TOYHOCTBIO.

2) Pa3paboranHoe mporpaMMHOe oOecredeHue Uil pelIeHMs] JTaHHOM 3aJaud MOKET
MPUMEHSTHCS IpU pazpadboTke 00bekToB POT B KauecTBe aJeKBAaTHOIO HMHCTPYMEHTa MJIst

IMPOTrHO3UPOBAHUA rnmokasareiieii mx 3KCHHyaTaHHOHHOﬁ HAaAC)KHOCTU C YUCTOM IPOBCIACHUA
TOC.

3) Ilosryqaemple TNIPOrHO3HBIE OLIEHKM TMoOKaszarened T,, C, m K sBisiorcs

5
OIITUMHUCTUYCCKUMH (SaBI)IHIeHHBIMI/I) BCJICACTBUEC TOro, 4YTO aJropuT™M MOJACIUPOBAHUIA
OCHOBaH Ha AOOMYIICHHWH O CYICCTBOBAHMHM KW BO3MOKHOCTH HU3MCPCHUSA OI1 I BCEX
O6CJ'Iy7KI/IBaCMBIX JJeMeHTOB o0bekTa. Ha IMPAKTHUKE TaKO€ AOOIMYIICHHUEC, K COXKaJICHUIO,
AaJICKO HE BCCraa MOKHO pCajin30BaTh.
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BU3HAYEHHSA OIITUMAJIBHUX TAPAMETPIB TEXHIYHOI'O OBCJIYT'OBYBAHHA 3A
CTAHOM CKJIAJTHUX OB’€KTIB PAIIOEJEKTPOHHOI TEXHIKH

C.B. Jlenkos', O.B. Cemokos’, B.B. 3y6apes®, B.M. Iurapes’

! BiiicbkoBuii incTuTyT KHiBChKOrO HallioHambHOro yHiBepcuTery iMeni Tapaca IlleBuenka,
Byi1. JlJomoHocoBa, 81, Kuis, 03680, Ykpaina; e-mail: lenkov_s@ukr.net
? JlepaBHe mmianpueMcTBo «HayKkoBHi IEHTP TOYHOTO MAIIHHOOYTyBAHHS»,
ByI. Bopucminbcbka, 9, Kuis, 02099, Ykpaina; e-mail: selukov@3g.ua
3 LleHTpasbHuI HAYKOBO-IOCI THUI IHCTHTYT 036pOeHH 1 BilichkoBoi TexHiku 3C Vipainu,
Kuis, Ykpaina
3anpornoHoOBaHO METOAMKY Ta AJITOPUTM PO3B’SI3aHHS 3aj[adi BH3HAYEHHS ONTHMAJIBHHX
mapaMeTpiB TEXHIYHOrO OOCITYyTOBYBAaHHS 32 CTAHOM CKJIAJHUX 00 €KTIB paaioeieKTPOHHOT
TeXHIKH. 3aBJaHHs ONTHMIi3alii PO3TJIsIAETHCS SIK 3aBAaHHs MiHIMi3alii MMTOMOI BapTOCTi
eKCIuTyaTallii 00’ekTa INpH 3aJaHOMy OOMEKEHHI Ha MIHIMAJIBHO IOMYCTHMHUH DiBCHb
0e3BiIMOBHOCTI 00’ €KTa.
B sKkocTi onTHManbHUX TapaMeTpiB MpOIECY TEXHIYHOro OOCIyrOoBYBaHHS 3a CTaHOM
npuitHATI: 1) 6€37114 00CIyroByBaHUX €JIEMEHTIB 00’€KTa, 2) PiBHI TPaHUYHO JOMYCTUMHX
3HA4Y€Hb BHM3HAYAIBFHHUX IapaMeTpiB OOCIYrOBYBaHMX €JIEMEHTIB, Ta 3) NEepiOAWYHICTH
KOHTPOJIIO TEXHIYHOTO CTaHy 00’ €KTa.
inpoBi QyHKIT 3aBIaHHSA — TUTOMA BapTICTh EKCIUTyaTallil Ta CepeIHE HANPAIIOBAHHS Ha
BIIMOBY 00’€KTa BHXOISTH 3a JOIMOMOIOI IMITAIIMHOI CTATHCTUYHOI Mozeii. 3amada
BUPILIYETHCS 3 BUKOPHCTAHHSIM pPO3POOJIECHOTO IPOrpaMHOrO 3ade3rnedeHHs. Y MOIIYKY
OINITUMAJBHOTO DIllIeHHs] TPUIMAaE y4acTb B IHTEPAKTHBHOMY PEXHMIi JIFOIUHA-EKCIEPT.
HaBonuTbest mpukiiaz po3B’ss3aHHs 3a7adi.
Koarou4ogi ciioBa: TexHiuHe 00CITyroBYBaHHS, palioeJIeKTPOHHA TEXHIKa, eKCILTyaTaris

DETERMINATION OF THE OPTIMAL PARAMETERS OF MAINTENANCE AS FOR THE
CONDITION OF COMPOUND FACILITIES OF RADIO ELECTRONIC EQUIPMENT

Sergey V. Lenkov', Oleksandr V. Selyukov?, Valery V. Zubarev’, Vadim M. Tsytsaryev'

! Military Institute, Taras Shevchenko National University of Kyiv,
81 Lomonosov str., Kyiv, 03680, Ukraine; e-mail: lenkov_s@ukr.net
? Scientific center of precision engineering, State enterprise,

9 Boryspilska str., Kyiv, 02099, Ukraine; e-mail: selukov@3g.ua
? Central Research Institute of weapons and military equipment,
Kyiv, Ukraine

The methods and algorithm for problem solving concerning the determination of the
optimal parameters of maintenance as for the condition of compound facilities of radio
electronic equipment were proposed. The optimization problem is set as a problem of
minimizing the cost factor of the facility maintenance given the restriction to minimum
permissible level of the facility reliability.

As the optimal parameters of the maintenance process as for the condition the following
was accepted: 1) a lot of facility’s elements being maintained, 2) levels of maximum
allowable values of the determining parameters of the elements being maintained, and 3)
the frequency of monitoring the technical condition of the facility.

The target functions of the problem, that is the cost factor of maintenance and the average
time between failures, are being obtained by using simulation statistical model. The
problem is being solved approximately by using the developed software. A person-expert
participates in the search for optimal solutions interactively. An example of solving the
problem is given.

Keywords: maintenance, radio electronic equipment, exploiting
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CTPYKTYPUPOBAHHOCTb CNT'HAJTIOT PAMM U
YHVBEPCAJIbHOCTb ®PAKTAJIbHOI O NMOAXOAA INMPU
CO3JAHUN MHCTPYMEHTAPVA ®OHOCKOMNUYECKOW

SKCIEPTU3bI

B.B. XXypasens, O.B. Pbi6ansckuii®, B./. Conosbes®

! ["oCyfapCTBEHHbIA HAY4YHO-MCCNEA0BATENbCKINIA 3KCNEPTHO-KPUMUHANUCTUYECKWIA LIeHTP MyHUCTepCTBa
BHYTPEHHUX AN YKpauHbl,
yn. bonbLas OkpyxxHas, 4a, Kues, 03170, YKpanHa; e-mail: fonoscopia@ukr.net
2 HaumnoHanbHaa akafeMus BHYTPEHHUX fen,
nn. ConomeHckas, 1, Kues, 03035, YkpaunHa; e-mail: rybalsky_ol@mail.ru
3 BOCTOYHOYKPaNHCKMWIA HaLMOHaNbHbIA YHUBEPCUTET MeHW Bnagumupa Jans,
KB. MonogéxHbiin, 20A, JlyraHck, 91034, YkpanHa; e-mail: mettilyd@mail.ru

PaccmoTpeHa 3afadya MOCTPOEHMs KOMMeKca METOAOB M MPOrpaMMHOro oGecreyeHus
NpoBefieHNs (hOHOCKOMMUYECKO/ 3KCMEPTU3bl, OCHOBAHHbLIX Ha €AVHOM HaydyHOM W
METOZO0/M0rMYeCKoM noaxofe. lMokasaHa BO3MOXHOCTb MOCTPOEHWSI Takoro KOMM/eKca
WHCTPYMEHTOB Ha OCHOBE (DPaKTasibHOro NoAXopa.

KntoueBble c/ioBa: 3KcnepTu3a, Ungposas hoHorpamma, Lugposas BuaeorpaMmMa

BBefeHue

MosBNeHVEe W LUMPOKOE BHeApeHWEe BO BCe 06/1aCTM Ye/IOBEYECKON [esaTenbHOCTU
NHOPMALMOHHBLIX TEXHOMIOTUIA NPUBENO K CYLLECTBEHHOMY PacLUMPEHMIO BO3MOXHOCTEN
N3roTOB/NEHUA NOAAE/NbHBIX (DOHOrpamMm 1 BUAeorpaMm asbcuukaTopamm 41 AOCTUXEHUS
CBOMX Heb6MaroBUAHbIX LieNeil.

C Halleli TOYKM 3peHusi, Hanbosee onacHbl Cpean HUX fABe — co3aaHune asbCUnKaToB
AN NpefocTaBneHns B CNeACTBEHHbIE U CyeOHble OpraHbl B Ka4eCcTBe AoKasaTeNbHON 6asbl
N npegoctaBneHne qanbwnBok B CMW wmnn rnobanbHyt0 CeTb AN BO3AENCTBMS Ha
00L1eCTBEHHOE MHEHME.

EAVHCTBEHHBIM  MPOTUBOAENCTBMEM  TaKMM  MNPOSBMAEHUAM  MOXET  ObITb
(hoHOCKOMMYecKaa akcrnepTm3a. OfHaKo ee MpoBeAeHVE (4a M caMO MOSABNEHWE) Takxke
HEMbICIMMO 6€3  MCMO/b30BaHNA  MH(OPMAUMOHHBIX TEXHONIOMUA. JTO  MOSACHSETCS
KOMMN/IEKCOM OCHOBHbIX 3a/jay, peLlaembliX Takor 3KCNePTU30M: NAeHTU(NKaUMsa AUKTopa no
(hbM3MYeCcKMM MapaMeTpaM CUrHajIoB ero peyu; WAeHTU(MKauua annapatypbl 3anMcu u
npoBepka OpPUrMHa/IbHOCTU U MOAMHHOCTM (OTCYTCTBME CMELOB MOHTaXa) JoHOrpaMm u
BUAEOrpaMm, NpeAcTaB/IeHHbIX Ha AKCNepTu3y.

Ho B HacTosLlee Bpems B OCHALLEHUWN 3KCMEPTOB, NMPOM3BOAALLMX Takune 3KCNepTusbl,
OTCYTCTBYET MOJIHbIA KOMMMIEKC METOANYECKUX W annapaTHO-MPoOrpaMMHbIX MHCTPYMEHTOB,
npefHasHayYeHHbIX A9 WX NPOBEAEHUs, MOCTPOEHHbIX Ha OCHOBE €eAMHOro Hay4Ho-
060CHOBAHHOI0 METOO/IONMYECKOr0 M TEOpPeTUYecKoro nogxoga. lMpu 3toMm, y4uuTbiBas
3HAUNTENIbHO BO3POCLLUEE KOMIMYECTBO 3KCMEPTU3 U YBENNYEHME OOBLEMOB 3KCMEPTHbIX
nccnefoBaHWiA, TakkKe BeCbMa akTya/lbHa 3afadya asBTOMaTM3aumMM camoro npoecca
3KCNepTU3bl.
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Llenb cTaTbu 1 NocTaHOBKA 3afaHunin

Llenb HacTosiweld paboTbl — MoKasaTb HaaMuMe eaMHOro Hay4yHO-060CHOBAHHOMO
MEeTOZ0N0rMYECKOro U TEOPETUYECKOrO MOAXo4a M 060CHOBaTb BO3MOXKHOCTb CO3[4aHMsA Ha
ero OCHOBe HeoOXOAMMOro KOMMfekca MeTOAMYECKMX W annapaTHO-NpPOrpaMMHbIX
WNHCTPYMEHTOB NPOBeAeHNs (DOHOCKOMMYECKOMN 3KCMEPTM3bI.

[ns [OCTMXKEHNS NOCTaBNEHHON Lienn B paboTe peLuarTcs 3agaudu:

1) OnpepeneHne XxapakTepHbIX CTPYKTYPHbIX 0COGEHHOCTEN CUrHANMOB;

2) Bblbop ONTUManbHOrO MaTeMaTW4ecKOro WHCTPYMeHTapusi [And  BblAeneHus
CTPYKTYPHbIX COCTaBHbIX YacTel CUrHaO0B;

3) PaspaboTKa creynanm3vpoBaHHOrO MPOrpaMMHOro 06ecneyveHuns, peansyroLLero
NpeLNoXeHHble METOANKMN 3KCNEPTU3bI.

OcCHOBHasa YacTb

Onyb6nvMKoBaHHble Hamy paboTbl M pa3paboTaHHble W BHEAPEHHble B MPaKTUKY
CMeunann3npoBaHHble NporpaMmbl M METOAWMKM WX MNPUMEHEHUS NPU  UAEHTUQUKaLUN
LM(POBOWA annapaTypbl 3BYKO3aNmncu B 3KCNepTm3e OpUrMHabHOCTU LU(POBbIX POHOrpaMm
[1, 2], HaBenn Hac Ha MbIC/Ib O BO3MOXHOCTM MPUMEHEHUSA WCMOMb30BAHHBLIX MPU KX
CO3[aHMN MEeTOLO/IONMN M Hay4yHOro Moaxoja A1 CO3[4aHUs aHAIOTUYHbIX UHCTPYMEHTOB
NpoBeLeHNA 3KCMEepTU3bl LUPPOBLIX (oTorpaunii 1 BULEO3aNuCen.

Pe3ynbTaTbl UCCNEA0BAHWIA B 3TOM HanpaB/eHUM OKa3aInch BeCbMa NPOAYKTUBHBIMU W,
B KOHEYHOM WTOre, MPWBEMM K CO3LaHWIO MporpaMMmbl MPOBefeHUs WAEHTUMPUKALMOHHBIX
nccnefoBaHMi LUMpoBoi hoToannapaTypbl M AMArHOCTUKN OPUTMHATILHOCTU LMU(POBBIX
(hoTorpadgmii [3].

B ocHoBe pa3paboTaHHbIX MPOrpamMMHbIX CPELCTB Y METOAUK UX MPUMEHEHUS NEXUT
TOT (haKT, YTO BCe 3TU CUTHa/Ibl HOCAT (hpaKTasIbHbIN XapakTep. MpoBefeHHbI CTPYKTYPHbIA
aHasn3, NOATBEPXKAEHHbIA MHOTOYMUC/IEHHbIMU 3KCNEPUMEHTaMK, NOKasa, YTo CYLLECTBYOT
YeTKas B3aMMOCBA3b MeXAy MapasUTHbIMU MapaMeTpamy  annapaTtypbl 3anMcn  u
VNHAVBULYANTbHBIMU XapaKTePUCTUKaMIN CUTHA0B, (PUKCUMPYEMbIMU Ha HOCUTESNE B MpoLLecce
3anucy, BblpaXaemMass B 06pa3oBaHUM B CUrHasiax CamonofO6HbIX CTPYKTyp. [losTtomy
(hpaKTasbHbIA NOAXOA K UAEHTU(MULMPYIOLLMM NPU3HaKaM, BblAeNseMbIX U3 UCCefyeMblX
UM(POBBIX (HOHOrpaMM, LBETHbIX oTorpaduii M BuAeorpamm (Jasee CUrHanorpamm)
naeanbHO, Mo Hallemy MHEeHUI, MOAXOANT A/ CO34aHUA HEOOXOAMMOro MHCTPYMEHTapHS.

MpoBeas HekoTopble 06006LLEeHNs, aBTOPbl MPULLIN K BbIBOAY, YTO 3TOT K€ MOLXOL
BMOJIHE TMPUMEHUM K WAEHTUPUKALNOHHBIM UCCMEf0BAHNUAM JIMYHOCTM AWMKTOpa MO
(h3nyeckuM napameTpaM CUrHa/I0B ero YCTHOW peuun. Mo3ToMmy ceilyac MpOBOAUTCA pAf,
nccnefoBaHuiA, nepeble pesybTaTbl KOTOPbIX OKa3a/IMCh BECbMa OOHALEXMBAKOLLMMK (CM.,
Hanpumep, [4]).

B oOCHOBaHMM NpessIoOXKEHHOro MOAX0fa NIeXUT (hakT  HaMuMs  YCTOMUMBbLIX
MOBTOPAIOLLUMXCA CTPYKTYP pasHOro maclitaba, HOCALWMX UHAVBUAYAIbHBIA XapaKTep, Kak B
CUrHasax COBCTBEHHbIX LUYMOB LM(POBONM annapatypbl 3anucu uHhopmauuv, Tak U B
CUrHanax peun. ITy CTPYKTYPUPOBAHHOCTb MOXHO YBUAETb BO BPEMEHHOW 0651acTu npu
PacCMOTPEHUN peyeBbIX CUTHa/I0B, Kak 3TO MoKasaHo, HarnpumMep, Ha puc. 1.

B Hannuuu (pakTasbHOCTU CUrHA/IOB peyumn Nierko ybeauTbes, pacCMOTPEB BeinBreT-
MOpPTPEeTbl 3BYKOBOIO CWrHasa, 3anmcaHHOro Ha LM(pPOBOM [AMKTO(OHE, MOKa3aHHble Ha
puc. 2. Ha HWUX ABHO NPOrNAAbIBAOTCA BETB/IEHUS UCCNELYeMbIX PeyeBblX CUTHAIOB, YTO
AB/IAETCA OCHOBHBIM MPU3HAKOM X (PPaKTaIbHOCTW.

3BeCTHO, 4TO BeMB/ET-aHA/IM3  ABMSETCA  ONTUMASIbHbIM ~ UHCTPYMEHTOM  A/1S
BblAeNeHNs CaMONOJ06HbIX Y MyNbTUDPAKTa/IbHbIX CTPYKTYP [5].
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YunTbIBas CBOWCTBA CUTHA/IOB PeYn, 3anmncaHHbIX B LUQPOBOI (hopmMe, U COOCTBEHHBIX
LLYMOB LM(POBOIA annaparypbl 3arnucu, MOXHO Obl10 NPEANOI0KUTb, YTO KOMMIEKCHbIN
BeliBneT Mope Hanbonee NOAXOAUT AN15 BbILENEHNS U3 HUX TaKuUX CTPYKTYP.

Bo BpemeHHOV 0651acTK NpefcTaBneHme BenBneT-gyHKummM Mopne [6]
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Fle Edt Miew Inset Took ‘Window Options Help

Data [Size]| Y [290)
Wavelet Idme}. vl
Sampling Period: I 1

Scale Settings

IStep by Step Mode j

Min [ » 0] | m
atep (> 0] | 15

Maw [ ¢=128] 129

Analyze |

New Coefficients Line |

Refresh Maxima Lines |

Selected Awes
W Coefficients

[™ Coefficients Line
[™ Masima Lines

¥ Scales " Fraquencies
Coloration Mode

curent + by seale j

[—=——

Colarmap et -

Nb. Colors o | 2I[775
Brightress  «| | |
View Aues

-]
YA On f Info Histoy ™ ¢ Close |

B

Puc. 2. BeliBNeT-NOpPTPeT MOAYNS PeYeBOro CUrHaa, 3arnvMcaHHOro Y BOCMPOU3BELEHHOIO
npy YactoTe AncKpeTusaumn 8 Ky, ¢ 16-paspsagHoii OLMGPOBKOKA, MONYYEHHbI B NPOrpamMmmve
MathWorks MATLAB: a — npu manoi getanusauuu; 6 — npy yBenMyeHUn aetanmnsaumm; B —
npy NOCNeLyroLWeM YBeIMYeHUN aeTann3aunm

JToT BelBMET  ABNSAETCH rapMOHUYECKNM KonebaHvem (HocuTenem),
NPOMOAY/IMPOBaHHbIM ~ (OYHKLMIA Taycca efuHWYHOM LUMPWHBL, UM OTHOCUTCA K Tak
Ha3blBaeMbIM MPOrpPeccBHLIM BeliBieTaM. Tak Ha3blBatOT BEeMB/IETbI, CNEKTP KOTOPbIX paBeH
HYMt0 [0S OTpULATeNbHbIX 3HAYeHUA  MPOCTPAHCTBEHHbIX 4acToT. OHM  XOpoLlo
nprcnocobneHbl 419 aHanM3a NpPoLeccoB, NOAUMHAIOWMXCA MPUHLMNY MPUUYMHHOCTU. ITU
BelB/IETbl COXPAHAKT Harpas/ieHVe [ABVWXXEHUS BPEMEHW W He CO34alT  NapasvMTHOM
NHTEpPdepeHUMM Mexay npowsbim n oygywmum [8]. lMoscHAeTcA 3TO TeMm, 4TO Takwue
BelB/eTbl W, B 4aCTHOCTW, paccMaTpuBaemblii Hamy BeliBneT Mopne, MNOCTPOeHbl Ha
rayccumaHe. Kak W3BeCTHO, OH 06nafaeT HaulyylnM COOTHOLLEHWEM pa3peLuatoLLen
CMOCOBHOCTM MO YacToTe K paspeLuarolieil CrnocobHOCTM BO  BpeMeHW  (NMpUHLMN
HeornpeeneHHoCT, T.e. HEBO3MOXHOCTb O[HOBPEMEHHOr0 OrnpeaeneHns MrHOBEHHOM
4aCTOTbl CUrHaMa M ero 3Ha4yeHus B JaHHbIA MOMEHT BpeMeHu). STUMM CBOCTBaMU BeiBneTa
Mopne NosicCHAETCA ero TeOPeTUYECKUIA BbIGOP A4/15 peLleHns paccmMaTpuBaeMblX HaMU 3ajau.
PaHee, B paboTe [9] Oblna 3KCNepuUMeHTalbHO NMOKa3aHa ero ONTUMalbHOCTb ANS BEMBMeT-
aHasm3a co6CTBEHHBIX LLYMOB arnnaparypbl LM(pOBOI 3B8yKo3anucu. B psage nocnegyrowmx
paboT 6bII0 NOKa3aHO, YTO 0CO6ble CBOWCTBAa 3TOr0 BeiBMeTa Havbonee MPUroAHbI A1
Bble/IEHNS U3 CUTHAI0B COOCTBEHHbIX LLYMOB annapaTypbl U CUrHANIOB peyn camonofobHbIX
CTPYKTYp [3, 4, 10]. Moatomy npu paspaboTke NporpaMmM [n1s peLleHns BbilLenocTaB/IeHHbIX
3a/ila4y 3KCMepTU3bl aBTOPbl UCMO/b30Ba/IM BeinBeT Mopne Ans BblAeNeHNs Camonofo6HbIX

CTPYKTYp.

229



B.B. XXypasesnb, O.B. Puibansckuii, B.W. Conosbes

Mpy pa3paboTke nporpamMm HeoOXOAMMO PeLnTb PAA OCHOBHLIX A8 HWUX 3ajad,
Hanpuwmep, 3agady BblAeNeHWUs nay3 M aBTOMATUYECKON CermMeHTauuMy PeyeBOro CUrHana,
3afayy OnTMMU3auMy BbIENeHUs M yyeTa CamomnofO6HbIX CTPYKTYp, 3aJadvy BblAeNleHUs
OCHOBHOIO TOHa WM T.M. bonblwas yacTb 3TMX 3aay Ha CErofHs YCMeLHO peLleHa (CM.,
Hanpuwmep, [10]).

Cnepyet OTMETUTb, YTO MPY PELLeHMN 3a4adW BbIAENeHUS U yyeTa Camomnofo6HbIX
CTPYKTYp Oblfia UCMO/Ib30BaHa MAEA MUHUMAaILHOMO MOKPbLITUSA U MHAEKCA (PPaKTa/bHOCTH,
BrepBble MpefiokeHHad B pabote [8]. VIX mpuMeHeHve MO3BOMWMIO, HanpuMmep, PeLunTb
3a7jauu BbISAB/IEHMSA MOHTaXa B May3ax 3ByKOBOro curHana (cm. puc. 3) [10].

OfHako npu ee peann3auymn nNoTpeboBasiCca psfd BeCbMa CYLLECTBEHHbIX [0PaboToK U
HOBbIX Mfel, CBA3aHHBIX C HAXOX/AEHWEM, Hanpumep, HOBbIX a/ITOPUTMOB, 06eCNeUnBatOLLMX
MPUEMIEMYIO BbIYUCIUTENIbHYHO C/TIOXKHOCTb MPOBOAMMbIX PacYeTOB. HO UX pacCMOTPeHMe He
ABNAETCS MPeAMETOM HaCTOALLEel CTaTbM.

COxpaHHTE hafn B
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Puc. 3. PacnpefeneHne cpefHero 3HauyeHWs amnanTydbl 3BYKOBOM BOJHbI (Nays3a cC
MOHTaXXOM)

PasymeeTcs, UTO BCe MPUBEAEHHbIE PaboTbl ONMPAKOTCS He TOMbKO Ha TeOpeTUYeCKme
ncCnefoBaHns, HO W 3KCMEpUMEHTaNlbHble [AaHHble, MOMyYeHHble B pe3ynbTaTe COTEH
MPOBeLEeHHbIX 3KCNEepuMeHTOB. pu 3ToM AN UX NPOBeAeHUs OblNo pa3paboTaHo CBOe
creuuann3npoBaHHoe NporpaMmMHoe obecrieveHune, cTasllee OCHOBOM A/ pa3paboTaHHbIX W
paspabaTbiBaeMbIX MNPOrpaMm ¥ METOAMK 3KCMepTu3bl. pumep WCNOMb30BaHWA TaKoro
NpPOrpamMmmMHOro o6ecneyeHns nokasaH Ha puc. 4.
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Puc. 4. MNpumep BbISBNEHNA U UCCEL0BaHWSA CAMOMNOLO06HbIX CTPYKTYP

BbiBoAbI

TakuMm 006pa3oM, MOXHO OTMETUTb, UTO B HacTOsiLiee BPEMS CO3[aHbl BCE
TEOPETUYECKNE U  IKCMEPUMEHTA/IbHbIE TMPEANOCLIIKA AN pa3paboTKU  annapaTHo-
MPOrpaMMHOI0 KOMM/IEKCA Ha OCHOBE (hpaKTa/bHOrO MNoAxofa, NpefHasHaYeHHoro s
npoBefeHNst POHOCKOMMUECKOV SKCMEPTU3bI B MO/IHOM 00bEME PeLLaeMbIX B Heil 3a1au.
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CTPYTYPOBAHICTb CUITHANOIPAM TA YHIBEPCAJIbHICTb ®PAKTAJIbHOI O MIAXo4yY
MNP CTBOPEHHI IHCTPYMEHTAPIHO ®OHOCKOMIYHUX EKCIMEPTN3

B.B. Xypasenb', O.B. Pubanscukuit’, B.1. Conosiios®
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Po3rnsHyTo 3aBAaHHs MOOYLOBM KOMIMJIEKCY METOAIB i MporpaMHOro 3abesneyveHHs
MpoBefeHHA (HOHOCKOMIYHOW eKCnepTu3W, 3aCHOBaHWX Ha EAMHOMY HayKOBOMY i
MeTofoMoriyHoMy  migxogi. [lokasaHa MOXNMBICTL MOBYAOBM Takoro KOMMEKCY
IHCTPYMEHTIB Ha OCHOBI (PpaKTanbHOro Nigxoay.

Kno4oBi cnoBa: ekcnepTusa, Lugposa GoHorpama, Ludposa Bigeorpama

SIGNALOGRAMM STRUCTURE AND UNIVERSALITY OF THE FRACTAL APPROACH TO THE
DEVELOPMENT OF THE PHONOSCOPE ASSESSMENT TOOLKIT

Vadim V. Zhuravel', Oleg V. Rybalsky?, Viktor I. Solovyev®

! State research expertly-criminalistics center of Ministry of Internal Affairs of Ukraine,
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¥ Volodymyr Dhal East Ukraine National University,
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The task of construction of complex of methods and realization of fono examination
software is considered, based on single scientific and methodological approach. Possibility
of construction of such complex of instruments is shown on the basis of fractal approach
Keywords: assessment, digital phonogram, digital videogram
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METOAMNYHI 3ACAAN 3BACTOCYBAHHA HEMPOMEPEX Y
SAOJAHAX TTIPOIM'HO3YBAHHA TA KEPYBAHHA

C.B. Nlenkos', B.M. LLTena?, A.O. Ayaxuk?, A.C. LLsopos®

! BiiicokoBuit iHCTUTYT KUIBCLKOTO HaLioHa/IbHOro YHiBepCUTETY iMeHi Tapaca LLleBUeHkKa,
BYN. JToMmoHOCOBa, 81, KuiB, 03680, YkpaiHa; e-mail: lenkov_s@ukr.net
2 HaujioHanbHWiA yHiBepcUTeT 6iopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHu,
By/. 'epoiB O6opoHy, 15, Kuis, 03041, YkpaiHa; e-mail: dudnikalla@mail.ua
BilicbkoBa yacTuHa K1410,
YKpaiHa

OnucaHo npoueaypy CWMHTE3Yy METOAMKM HeiipomepexkeBoro (HM) nporHosyBaHHS
30BHILLHIX 36ypeHb Ha 06’eKT cnevjiansHoro npusHadeHHs (OCHT). MposefeHo NopiBHAHHSA
MPOrHO3YBaHHA  4acOBMX pALIB  TeMnepaTypyM  HaBKOMMLIHLOIO — CepefoBuLla 3
BMKOPUCTAHHAM TUMNOBOrO Nigxody (rpagieHTHWIA MeToh) LWoAo ONTMMI3auil 3HadeHb
BaroBMxX KOeqhiLiEHTIB HEMPOHHOI Mepexi Ta i3 3aCTOCYBaHHSIM FEHETUYHOIO anropuTMy.
JocnipkeHo SKICTb  pobOTM  CUCTEMM  KepyBaHHA 3 G/I0KOM  HEpOMEPEXEBOr 0
MPOrHO3yBaHHsA Ta ONTUMIi3aLliel0 AOro HaCTPOMOK Ha OCHOBI BUKOPUCTaHHA FeHETUYHOr O
anropuTtMy MopiBHAHO i3 CUCTeMOIO 6e3 Takoro NpOrHo3yBaHHA. BcTaHOBMEHO, L0
BUPILLEHHS 3aBAaHHA MaTEMaTUYHOrO0 MOZE/OBaHHA MPOEKLiA YacoBUX psLiB A03BOMSE
3HAYHO MNiABMLLMTM LUBMAKOAIKO CUCTEMU KepyBaHHA Ta 3abe3neynTy MakcumanbHy
edeKTUBHICTb (PYHKLUioHYBaHHA OCT.

K/to4oBi cnoBa: HelipomepeXXeBe NpOrHo3yBaHHsl, 36YPeHHs!, CUCTEMA KepyBaHHS

Bctyn

3HauHi BuTpaTy nanmea Ha 06irpis OCIl 3yMOBfieHI [eKislbKoMa MnpuynHamu,
OCHOBHUMMW 3 SIKMX € HU3bKi TENI03axuMCHi BNaCTUBOCTI OrOPOMKYHUMX KOHCTPYKLiA Ta
HefoCKOHa!a poboTa CUCTEM OMa/IeHHA. Y 3B’A3KY 3 BMCOKOK BapTICTHO eHepropecypcis
BaK/IMBOTO 3HAYEHHS Ta aKTya/lbHOCTI HabyBae pO3pobKa HOBMX KOMMJIEKCHMX PiLleHb,
peanisawia AKMX LO3BO/IUTL 3HAYHO 3MEHLUWTU BUTPATK eHeprii Ha o6irpis OCI. JouifibHum
BOAYAETLCA BpaxyBaHHA MPOrHO30BaHNX 3HAYeHb 30BHILLHIX 30YpeHb Ha MPOLEC KepyBaHHSA
o6irpisom OCI1 3 MeTO0 MiABULLEHHS eDEKTUBHOCTI MOro PYHKLIOHYBaHHA. [ns BUPILLEHHS
LUbOro 3aBAaHHS BWMHUKAE HeOOXIAHICTb Yy pPo3po6uUi  METOAMKM  HelipOMEpPEXEBOr0
MPOrHO3yBaHHA 30BHILLIHIX 30ypeHb Ha npotiec 06irpisy OCIT.

MeTa f0cNipKeHHS

Po3pobuTn MEeTOAMKY HENPOMEPEXKEBOr0 MPOrHO3YBaHHA 30BHILLHIX 36ypeHb Ha
npouec o6irpisy OCI1, focnianTn ePeKTUBHICTL TaKOro nigxoay.
BuknageHHA 0OCHOBHOIO martepiasty LOCNiIKEHHS

OCHOBHVMM (haKTOpaMUn 30BHILLIHLOTO CEpefoBMLLA, L0 BMJIMBAKOTb Ha MpoLEeC
obirpisy OCI1, € Temneparypa Ta IHTEHCMBHICTb COHAYHOT pagiauii [3, 5]. OnTuyHe
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BUMPOMIHIOBaHHS BI/IMBAE Ha TEMNIOBUIA PEXUM CMOPYL, | € BXXIMBUM (haKTOPOM, LLO TakoX
Heob6XiHO BpaxoByBaTu B TennoBomy banaHci criopys OCT1.

IHpopMaLlif LLOoA0 3HaYeHb NapameTpiB MIKpPOKiMaTy Ta 36yprotoumnx Braveis Ha OCIT
Oyna oTpuMaHa 3 BMKOPUCTaHHAM iH(opMaLiiHo-BUMiptoBasibHOT cuctemn (IBC), sika
po3po0bsieHa i3 3aCTOCYBaHHAM ATUMKIB TeMMepaTypu, BOJIOTOCTI Ta IHTEHCUBHOCTI COHAYHOT
pagiauii, Ta 3MOHTOBaHa Ha TepuTopii bpoBapcbKoro painoHy Kniscbkoi 06/1acTi.

Ha OCHOBI CTaTUCTMYHMX daHUX, OTpMMaHMX 3a gonomoroto IBC, 3actocoByBanacb
MEeTOAMKa MPOrHO3yBaHHSA 4YacoBUX pagiB TemnepaTypy [4] 3 BUKOPUCTaHHAM HelipOMEXeBNX
TexHonorin [2].

[ns cuHTesy Ta gocnimkeHHss HM BMKopucTOBYBaBCA MporpamMHMin nakeT Statistica
Neural Networks. 3 MeTOH OTPUMMaHHS MPOrHO30BaHWX 3HaYeHb [15 TEMMEepaTypHOro
4acoBOro psigy nNPUAHATHA TOYHICTb NpeavKatiB 6Oyna OTpumMaHa 3a [A0MNOMOroH
6araToLLapoBOro nepcenTpoHy 3 ABOMA HelipoHamu y NpuxoBaHoMy Lwapi (puc. 1).

MoganbLui focnimpkeHHs Oynn CNpsAMOoBaHi Ha MOoLYK ONTUMI3aLinHWUX anropuTMiB 4ns
MiABULLEHHA TOYHOCTI npeaukaTie. Ceped ONTUMI3ALIAHMX MaTeMaTUUYHWUX anapatiB Yy
KOHTEKCTI MOCTaB/eHOT 3afa4i BUAINAETLCA reHeTUUYHWIA anroputm (FCA).

Tenmiepatypa, 0C
30

JaHi cTATHCTHYHIIX J0CIReHb

0 e " A A A AN S
. i B " . 5 M Y

Puc. 1. 'paikv NpoOrHo3yBaHHA TEMMEPATYPHMX YaCOBUX PALIB

CyTb MeTO4y MoJfiirae B HaialTyBaHHI BaroBMX KOEMILEHTIB HeipOHHOT Mepexi
LUISXOM BMMNafKOBOrO MepexpeLlyBaHHA XPOMOCOM [0 TUX Mip, NOKWM He Oyde 3HaifeHe
onTUMasibHe pilleHHsA. PO3B’A3KY 3afadi BiANoBifae XpoMocoma 3 MiHIMa/IbHUM 3HaYeHHAM
(YHKLIT HaNeXxHOCTi, WO BM3HAYae ONTMMa/bHWIA BEKTOP BaroBuX KoediuieHTiB W., npu

LIbOMY MOX1OKa HaBYaHHA MeHLLA 3aAaHoT BennumHu .. [1].

KnacnyHo 19 HaBYaHHSA HEMPOHHUX MepeX BUKOPUCTOBYBABCA HACTYMHWIA aniropuTMm:
1) 3apatotbes geski - (0 1), E,,, 1/[edKa mana BUMNafKoBa Bara W, mMepexi.
2) 3apgatotbca k 11 E 0.
3) BBOAWTLCH ueprosa HaBYanbHa napa x*,y
MpoBoaATLCA NO3HAYEHHS

k

x: X<, yooy,

0BUYMNCITIOETLCA BEIMYMHA BUXOLY MEPeXi:
1
0 oOWXx ———. (1)
4) O6HOBNAETLCA (KOPeryeTbes) Bara:

Wi w y ool ox. 2
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5) KoperyeTtbca (HapOLLYETbCS) 3HAUYEHHA PYHKL,IT MOMUIKN:
E: E % y 0°. 3)

6) Akwo k N, Toai k: k 1 i nepexig fO KPOKY 3, Y MPOTUIEXXHOMY BMNALKY —
nepexig [0 KPOKy 7.

7) 3aBeplleHHA UMKy HaBuaHHA. AKwo E E.,, TO 3aKiHYyeTbCcAd npoLeaypa

HaBYaHHA. Akwo E E__ , TOAI NOYMHAETLCA HOBUIA LMK HaBYaHHA NEPEXOAOM [0 KPOKY 2.

MapanensHO BM3HAYaIMCA ONTUMasbHI BaroBi KoegilieHTW HeMpOHHOT Mepexi Tuny
baraToLlapoBuii  MepcenTpoH A8  TemnepaTypHOro 4acoBOro psgy 3a  [LOMOMOror
FEHETUYHOrO anropuTMy. AHai3yroun MNPOekUii 4YacoBMX psAgis Temnepatypu (puc. 2),
HeobXigHo BigMiTMTK, WO HM BiGHOCHO BIPHO CNPOrHO3YBa/IM 1T 3HUXKEHHS, 30i/IbLUEHHSA Ta
crtabinizayito. lMpn nporHosyeBaHHi Ha 12 roAuvH BhepeL B LiIJIOMY CMOCTePIraeTbCs
NiABULLEHHA TOYHOCTI MPOrHO3Y HEMPOHHOK MepeXer 3 BUKOPUCTaHHAM TEeHETUYHOrOo
anropuTMy (CepefHbOKBaApaTWyHa nomunka — 0.53641°C), MOPIBHAHO i3 3BMYAliHOIO
HEMPOHHOI MepPEXeto (CepeAHbOKBapaTUYHA NOMUIKA — 1.007193°C).

* Buxin HM s T4 Buxin HM 6es T A

& f Jaui cTaTHCTHHHEE AOCH LK e HE

Puc. 2. Ipahikn HaBYaNbHOrO NMPOrHO3YBaHHS TEMMEPATYPHUX YaCOBUX PALIB HEAPOHHUMY
Mepexamm

3 MeTOK BU3HAYeHHS e(EeKTMBHOCTI MPOrHO3yBaHHSA 30BHILLHIX 30ypeHb Yy BUMNAAI
TemrnepaTypy NpPOBeLEeHO MOPIBHANbHE JOCMIMKEHHSA Yacy perysoBaHHsA, TOOTO nepiogy, 3a
AKWIA TemnepaTypa B Tenauui [OCArHe YCTa/leHOro 3HayeHHs. Crnoyatky BUKOHYBaINCh
LOCNIMKEHHA CUCTEMW KepyBaHHSA, AKa He MICTUTb 670Ky NPOrHO3yBaHHA 30BHILLHIX
NpUpoAHuX 30ypeHb. [ Takoi CMCTEMU Yac perysoBaHHSA 3MiHIOBaBCA B Mexkax Big 4010 go
5150 ceKyH/ B 3a/1eXKHOCTI Bifi TeMnepaTypy MOBITPSA 330BHI Tenunyi. JocnigKeHHA CMCTeMun
KepyBaHH$, Ka MICTUTb B/10K MPOrHO3yBaHHS, MOKa3an 3MiHY Yacy peryfitoBaHHA B MeXax
3600 — 4100 c, L0 3Ha4HO MEHLLIE Bif, CUCTEMM MEPLLIOrO TUNY.

Ha puc. 3 nokasaHi po3riHHi KpuBi npouecy Harpisy Temnepatypu nositps B OCIT,
OTPVMaHi 3 BUKOPUCTaHHAM iMiTaliinHOT mogeni. Tak, Ana AOCArHEHHS TemnepaTypu noBiTps
23°C cuctema crabinizyetbca 3a 5150 ¢ (puc. 3(a)). ImiTauiiiHe MOAENHOBAaHHA CUCTEMM
KepyBaHHf, WO MICTUTb 610K NPOrHO3yBaHHA, MOKasano, WO YCTaJleHe 3HAYeHHS
TemnepaTypu NoBiTps 6yae AocsrHyTo 3a yac 4100 ¢ (puc. 3(6)), Lo Maibke Ha 21% MeHLUe B
MOPIBHAHHI 3 ICHYHOUOK CUCTEMOKO KEPYBaHHS.
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Puc. 3. Po3riHHi kpuBi ana Temnepatypu nositpsa B OCIl npy 30BHILWHIA Temnepatypi
noBiTpsA -15°C: a  cucTema KepyBaHHSA 6e3 6/10Ky MPOrHO3yBaHHA 30BHILLHIX 30ypeHb, 6
cucTemMa KepyeaHHS 3 6/10KOM MPOrHo3yBaHHSA 36ypeHb

Y Tabnuui 1 HaBefeHO pe3y/nbTaTh iMITaliiHOro AOCMIAKEHHS CUCTEMM KepyBaHHS 3a

4acoM peryntoBaHHA BHYTPILWHLOT Temnepatypu nositpsa B OCI, 3aneXHO Bif 30BHILWHIX
36ypeHb (Y BUrNs4i TeMneparypu noBiTps).
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Tabnnuysa 1.

Pe3ynbTaTy MOZIENtOBaHHS Yacy PeryntoBaHHs [/1 CUCTEM KepyBaHHS Pi3HUX TuNiB

30BHiLLHI 30ypeHHs 3MiHHa EeKTMBHICTb CUCTEM KepYBaHHSA 3a 4acoM
KepyBaHH$ PErynoBaHHA
TemnepaTypa, | Temnepatypa | TemnepaTypa Yac Yac KoediuieHT
°C rnoBiTps B rnoBiTps B PEry/ItOBaHHA | PerysniioBaHHA | eqeKTUBHOCTI
OCrl, °C OCIl, °C (1), c )", c K
-15 500 18.5 4010 3600 10.22
-10 400 19.5 4300 3200 25.58
-5 600 20.5 4500 3400 24.44
5 700 22.5 4800 3600 25.00
10 350 23 5150 4100 20.39

" cucTema KepyBaHHS, L0 NpaLytoe 3a anropuTMoM cTabinisallii napameTpis (6e3 NporHo3yBaHHs 36ypeHb);
cMCTeMa KepyBaHHS 3 HepOMePEXXEeBMM NPOrHO3yBaHHAM 36ypeHb

EbeKTUBHICTb CUCTEMU KepyBaHHs 3a 4acOM PerysitoBaHHs BM3Hayaiacb 3a BYPa3oM

(1):
K M 100% (4)
Tp
MokasHMK edekTuBHOCTI K mMoOKasye, Ha CKilbKM BIACOTKIB 3MEHLIUTLCA 4Yac

PerynioBaHHA B CUCTEMI KepyBaHHSA 3 MPOrHO3yBaHHAM 30ypeHb MOPIBHAHO 3 CMCTEMOKO

crabinisauii napameTpis.
Ha oCHOBI OTpMaHuX pe3ynbTaTis NobyAoBaHO rpadik 3a1eXKHOCTI Yacy perynoBaHHSA

Temnepatypu B OCIT B 3a/1eXKHOCTI Bij, 30BHILLHLOT TEMMepaTypu nositps (puc. 4).

Yac peryntoBaHHS, C

6000

/1

- |

5000

4000

/..

—

L 29

P

3000

2000

1000

0

-0

-b -D

-5

0

5 D

30BHiLWHA TemMnepaTtypa nosiTpsi, rpag.C

Puc. 4. 3miHa vacy peryntoBaHHS 3a/IeXXHO Bif 30BHILLIHbLOI Temnepatypu nosiTps: 1
cucTemMa KepyBaHHA 06e3 MpOrHosyBaHHA 30ypeHb; 2 CUCTEMA KEpyBaHHA 3
MPOrHO3yBaHHAM 36ypeHb
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BuvcHOBKU

Po3po6nieHa METOAMKA HEiPOMEPEXKEBOIr0 NPOrHO3YBaHHS 30BHILLHIX 306ypeHb Ha OCI
[03BOJISE NIABULLMTI LIBUAKOAIKO CUCTEMU KepyBaHHSA i BigMOBIgHO 3abe3neyvye nigBuULLEHHS
TEXHO/IOTIYHOT epeKTMBHOCTI (PyHKLiOHYyBaHHSA OCTT.
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METOANYECKME OCHOBbI ICMOJIb30BAHA HEMPOHHbLIX CETEN B 3ALAUYAX
MPOIMHO3NPOBAHUVA N YTIPABJIEHA

C.B. Nenkos’, B.H. LLTena?, A.A. OyaHuk?, A.C. LLisopos®

! BoeHHbIN MHCTUTYT KEBCKOro HaLMOHabHOr0 YHUBEpCUTeTa MeHu Tapaca LLIeBUeHKo,
yn. JlTomoHocosa, 81, Kues, 03680, ¥YkpauHa; e-mail: lenkov_s@ukr.net
2 HaumoHaNbHbIN YHUBEPCUTET GUOPECYPCOB 1 MPMPOAONONL30BaHNS,
yn. FepoeB O60poHbI, 15, Knes, 03041, YkpavHa; e-mail: dudnikalla@mail.ua
® BoeHHas vacTb K1410,
YKpaunHa

OnwucaHa npouefypa CUHTe3a METOAMKM HEeMpOCeTeBOro MPOrHO3MPOBAHUA BHELUHUX
BO3MYLLEHU/ Ha O06BLEKT creyuasibHoro HasHadeHus (OCH). [MpoBegeHO cpaBHeHWE
MPOrHO3MPOBaHWS  BPEMEHHbIX  PALOB  TemrepaTypbl  OKpyXKatoweli  cpefbl €
MCMOMb30BaHNEM TWUMOBOrO NOAX0AA (rpagveHTHbIi METOA) MO ONTMMM3ALMM 3HAYEHUI
BECOBbIX KO3(hPULMEHTOB HEWPOHHOM CETU WM C MOMOLLBIO FEHETUYECKOro anroputma.
WccnepgoBaHo KauecTBO paboTbl CMCTEMbl  YNpaBieHWs € G/I0KOM  HelipoceTeBOoro
MPOrHO3MPOBaHKS N ONTUMM3aLMER ero HaCTPOEK Ha OCHOBE FEHETUYECKOrO anropuTMa no
CPaBHEHWIO C CUCTEMOI 6€3 TaKOro NMPOrHO3VPOBaHUs. Y CTaHOB/EHO, YTO PELLEHMe 3a4a4K
MaTemMaTUyecKoro MOAeNMpPoBaHNs NPOEKLMA BPEMEHHbIX PALOB MO3BOASET 3HAYMTENLHO
MOBLICUTL  BbICTPOAEWCTBME CUCTEMbI YMNpaBieHUs W 06ecneunTb MakCUMabHYHO
3(heKTMBHOCTL (DYHKLIMOHMPOBaHNA OCH.

KntoueBble c1oBa: HelipoceTeBOE NPOrHO3MPOBaHNE, BO3MYLLEHWSA, CUCTEMA YMpaB/eHUs

METHODOLOGICAL BASIS OF NEURAL NETWORKS APPLICATIONS FOR FORECASTING
AND MANAGEMENT TASKS

Sergey V. Lenkov*, Volodymyr M. Shtepa?, Alla O. Dudnik? Andriy S. Shvorov®

! Military Institute, Taras Shevchenko National University of Kyiv,
81 Lomonosov str., Kyiv, 03680, Ukraine; e-mail: lenkov_s@ukr.net
2 National University of Life and Environmental Sciences,
15 Heroyiv Oborony str., Kyiv, 03041, Ukraine; e-mail: dudnikalla@mail.ua
¥ K1410 Military Unit,
Ukraine

The procedure for the synthesis method of neural network prediction of external
perturbations on the special-purpose entity (SPE) is presented. A comparison of the time
series forecasting ambient temperature using a typical approach (gradient method) to
optimize the weighting coefficients of the neural network and genetic algorithm.
Investigated the quality of the system control unit neural network prediction and
optimization of its configuration based on genetic algorithm compared to a system without
such a prediction. Found that the solution to the problem of mathematical modeling of time
series of projections can significantly improve the performance of the control system and to
maximize the efficiency of the SPE.

Keywords: neural network forecasting, disturbance, control system
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NHPOPMALMOHHAA KO HUTVBHAA MOAEJ1b
TEXHOJIOI MYECKOW B3AVMIMO3ABVCUMOCTI
CNOXHbIX TEXHNYECKUX CNCTEM

H.[A. PygHnyeHko, B.B. Bblvy>aHUH

Ogecckuii HaUMOHa/IbHbI MOPCKOWA YHUBEPCUTET,
yn. MeyHukoBa, 34, Ofecca, 65404, YkpaunHa; e-mail: rudnick@mail.ua

B craTbe NpuBEAEHbl Pe3ynbTaTbl WCCNEfOBaHUI pa3paboTaHHO WH(OPMALMOHHO
KOTHUTUBHO MOAENN TEXHOMOrMYECKoli B3aMO3aBMCHMOCTM W B3aIMOCBSI3N CMOXKHBIX
TEXHUYECKMX CUCTEM [J151 OLIEHKU MX YA3BMMOCTW. MOCTpoeHa 06Las CTPYKTYpHas cxema
B3a/MOCBSI3aHHOCTV  CYIOBbIX  C/IOXHbIX  TEXHWYECKUX  CuUCTeM.  MccnegoBaHo
B3aVMOJECTBE  arperaTtoB  Cy[OBOW  3HEPreTWYECKO  YCTaHOBKW,  CUCTEMbI
3HEpProcHabXeHUs CyAHa W CYfOBbIX BCMOMOraTe/lbHbIX CUCTEM B  aBapUiAHbIX
3KCTPEMa/IbHbIX CUTYauMsX. Ha OCHOBaHMM MOSTyYeHHbIX PE3YNbTaTOB MCCMEeA0BaHWiA
paspa6oTaHa MH(OPMaLMOHHas KOFHWTMBHas MOZENb TEXHO/MOTMYECKOI
B3a/MO3aBUCUMOCTM (DYHKLMOHMPOBAHWS CYAOBbLIX CMNOXHBLIX TEXHWUYECKUX cucTeMm. B
COOTBETCTBMM C  CO3AaHHbIM  a/IFOPUTMOM  OLEHKW  YA3BMMOCTW  3/1EMEHTOB
VH(OPMALUMOHHO/  KOTHWTUBHOW — MOAENM  MpOM3BEAeH  pacyeT  KO3((ULMEHTOB
CTPYKTYPHO YS3BUMOCTW €€ 3/IEMEHTOB. Pe3ynbTaThbl pacyeTa MO3BOMWIN OMpeaenuThb
Hamboree KPUTWYHBIE MO HAAEXHOCTW 3MEMEHTbI MOAenn. [ofydYeHHble Pe3ynbTaThb
CCNefoBaHNA 1 pa3paboTOK MO3BOMAIOT MOBLICUTL 3(PGEKTVBHOCTL  IKCMIyaTaLMK
CNIOXHBIX TEXHUYECKMX CUCTEM, 0BECMEYUNTL KAUeCTBEHHOE MPOrHO3MPOBaHME HAAEXXHOCTU
VX (YHKUVMOHMPOBAHWS B aBapUIiHBIX 3KCTPEMasIbHBIX CUTYaLUSIX.

KntouyeBble c/ioBa: B3avMM03aBMCUMOCTb, B3aMMOCBS3b, KOTHUTUBHOE MogenmposaHue,
HaAeXHOCTb, CMCTEMa NOAAEPXKKN N NPUHATUA peUJeHIAI7I

BBefeHue

CnoxHble  TexHuuyeckne  cuctembl  (CTC),  (pyHKUMOHMPOBaHME  KOTOPbIX
XapaKTepu3yeTca B3aMMO03aBMCUMOCTbIO W B3aVIMOCBA3HOCTLIO, 06/1a4at0T MOBbILLEHHBIM
PUCKOM B paboTe, CBSI3aHHbLIM C MOABEPXKEHHOCTHLID Pa3HOro pofa aBapuiiHbIM CUTYaLWIA.
[na HagexHoW paboTbl Taknx CTC KpaliHe BaXXHO OnepaTUBHOE MPUHATUE YNPaBSOLLIMX
PeLLeHNA MO NPOrHO3UPOBAHUIO U MUHUMU3ALMM HEraTUBHbIX MOCNeACTBUA OT aBapUiHbIX
cuUTyaumin. B aTuX Lensx BO3MOXHO WCMO/Mb30BaHME CUCTEMHOrO MOAX0Aa MpY OLEHKe
HageXHocT  (PyHKumoHuposaHmss CTC,  yuuTbiBatOWEro  B3avMO3aBMCUMOCTb U
B3aVIMOCBSI3HOCTb  MOAOOHLIX cucTeM. OCHOBOM CUCTEMHOrO noaxofa MOXeT CcTaTb
paspaboTka W  WCMO/b30BaHWE  KOTHWUTWMBHLIX  MOJE/e, MO3BONSAIWMX  BbISBUTb
NPOTUBOPEUYNS COBMECTHOIO (DyHKUMOHMpoBaHUs CTC, OCYLLECTBUTb WX KayeCTBEHHbIN
aHanm3, paspaboTaTb CTPYKTYPHYHO CXEMY MPUYUHHO-CNELCTBEHHbIX CBA3EW K/IHOUEBbIX
arperatoB UCCnefyemMoin TexHU4eckoh cuctembl [1-5] . KOrHWTMBHOE MOZeNMpoBaHue
Pa3/IMYHBIX CLIEHAPUEB Pa3BUTUA MO3BOJAET PACCMOTPETL BapUaHTbl Pa3BUTUA CUTYaLMKN NPU
Pa3/IMYHbIX YC/IOBUSAX, OLEHWUTb BO3MOXHOCTb [AOCTMXKEHWS Lenel. Bbnarogaps aTomy
CTaHOBMUTLCA BO3MOXHOW pa3paboTka onTUMasibHO cTpateruv ynpasneHus CTC.

MepBbiIM  3TanoM  pa3pabOTKM  KOTHUTMBHOW  MOLENN  TEXHONOrMYecKoin
B3a¥MoO3aBMCMMOCTM M B3aumocBssn CTC  pgo/mkHa cTaTb  (JOPMYNMPOBKa  Lienei
(NpepHasHaueHns) AeATeNlbHOCTU TEXHUYECKMX cucteM. Tak CTC, ycTaHOB/IEHHbIE Ha CyaaX,
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[O/MDKHbI 06ecneynTs Tpebyemble MOpPeXofHble KayeCcTBa CYZOB, NOAAepXaHWe 3afaHHbIX
napaMeTpoB MX (YHKUMOHUPOBaHUSA. Creumnpukoin (PYHKLMOHMPOBAHNUSA TEXHOMOMMYECKU
B3aVIMO3aBUCUMbIX W B3aMMOCBA3aHHbIX CyfoBbiXx CTC ABNseTca TO, UYTO B YC/MOBUSAX
MOCTOSIHHbIX BHELUHUX W BHYTPEHHWUX BO3AENCTBMIA, MOCPEACTBOM COracOBaHHOW paboThbl
CUCTEM MPOM3BOAMTCS Mepefavya U 0OMeH WMH(OpMaumWeid, SHepruen, a Takke >XXULKAMWU,
rasoobpasHbiMM 1 MHOrO(aKTOPHbIMY  BeLLeCTBaMM, MO3BONAKOLWMNX CYAHY YCMELIHO
(hYHKUMOHNPOBAT.

Llenb cTaTby 1 NocTaHOBKA MCCej0BaHNIA

Llenbto cTaTbm sBNsieTCs pa3paboTka U uccnefoBaHne NHHOPMALMOHHOW KOrHUTUBHOW
MOZe/IN  TEXHO/IOMMYECKO B3aMMO3aBMCUMOCTU U B3aMMOCBSA3M CYLOBbIX KOMIMJIEKCOB
TexHu4yecknx cuctem (CKTC) g oueHKM 1 06ecnevyeHns MnporHo3vpoBaHUe HafeXHOCTU
060py0BaHNS CYA0B B aBapUAHbIX IKCTPEMasIbHbIX CUTYaLusX.

[ns ycnewHoro npoBefeHns UCCnefoBaHNIA NpesfiaraeTca NpescTaBuTb 060pyaoBaHue
CyflHa COBOKYMHOCTbIO CWUCTEM, COCTOALMX W3 B3aUMO3aBUCHUMbIX W B3aMMOCBSA3aHHbIX
Hambonee 3HauMmbix CTC: cygoBasa 3Hepretmyeckas ycraHoska (C3Y); cucrema
3HeprocHabxeHusa cygHa (C3C); cynosble BcriomorartesibHble cuctembl (CBC). Mpu
NPOBeAEHUN UCCNef0BaHNA HEOOXOAMMO YHeCTb BO3AENCTBMS BHELLHEN OKPY)XKatoLLeid cpeabl
(BC), Kak COBOKYIMHOCTb C/TIOXHO MPOrHO3MPYeMbIX MPUPOLHbLIX U HEMPUPOLHbLIX (haKTOPOB B
aBapUAHbIX 3KCTPEMa/IbHbIX CUTYaLMsIX.

M3n10xXeHne 0CHOBHOIo Matepuana uccnegoBaHusa

OCHOBHbIMW CTPYKTYPHbIMU 06bekTamy COY sBnstOTCA: rnaBHblil asuratens (IF4),
cynosoii asmxkutens (CA), sanonposog (BIM), a Takke BCnoMorarte/ibHble MexaHn3Mbl (BM).
C3C cOCTOMT M3 WUCTOYHMKOB 3/1EKTPUYECKO 3Heprum (M33) B BULe reHepaTopoB
MOCTOSIHHOTO M MEPeMEHHOro  TOKa, aKKyMynaTopoB, KabenbHbiX ceTeld  (KB),
anekTpopacnpeaenuTenbHbIX Wwutos (SPLLL), npeobpasosateneit anekTpoaHeprum (M3). CBC
NpeacTaBnAtoT CO60M KOMMEKC Pa3/NYHbBIX CUCTEM, OCHOBHbIMU U3 KOTOPbIX ABMISHOTCS:
TproMHaa (TP); 6annactHaa (BC); MoXapoTylleHns — KOMMIEKC noxxapoTyweHus (KI);
KOM(POPTHOrO KOHAMUMOHMPOBAHWSA BO34yXa, TEXHWYECKOTO KOHAMLUMOHWPOBAHWUSA BO3AYyXa,
NapoBOro oTonneHns — Knnmatuyeckuii komnnekc (KK). Ons BbibpaHHOro coctasa CKTC
CTPYKTYpHasi CXema B3avMMO3aBWCUMMOCTM W B3aVIMOCBA3aHHOCTW CUCTEM WMEET BUA,
npefcTaBNeHHbIM Ha puc. 1. B KorHutmBHoi mogenn CKTC yuTeHO B3aMMOAENCTBME U
B3aVIMOCBSI31 arperaTos, HaXoAALLMXCA B Kaxaoi nogcucteme C3Y, C3C n CBC (puc. 2).
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| )

(0C) 74 CaC CBC
I'naBubiii 1BUTATENH T'enepatopst Tpromusie
CyZzoBoii IBHKUTEN MOCTOSHHOTO K HaJIMBHBIX CyJIOB

Banonporon HepeMEHHOTo TOKa Wsmeputensusie
Benomoratensusie AKKYMyISTOPBI IleperoBopusie
MEXaHU3MBI < KaGenbusle cetn | Bospymmasie
DnekTpopacipeje- Komnneke
JIUTETLHBIE IIUTHI MOXapOTYIICHUS
IIpeoGpazosatenu Komnneke
SIEKTPOIHEPTHI BOJIOCHAaOKEHHU S
Konpunuonnposanue
BO3yXa
A
\,
BC

Puc 1. CTpyKTypHasa cxema B3aMM03aBMCUMOCTY 1 B3aumocsazaHHoCcTU CKTC

a

Puc 2. B3ammogeiicTBmne u B3aumocBsa3n arperatoB mogenn CKTC: a — B3anMopeincTeme
00bekTOB noAacucteMbl C3Y; 6 — B3auMoAelicTBMe 00bEKTOB noacucTembl COC; B —
B3aMMO/leicTBME 06bEKTOB noacuctemsl CBC

Mpn pa3paboTke KOTHWTMBHOW MOJEeNM WCMNosib3oBaH fA3blk DOT, cnyxawmin gns
onucaHus M MOCTPOeHus rpagoB  Mofenn. WHTeprpetaumss Koja npov3BefeHa C
MCNO/b30BaHNEM MporpaMMHoro npogykra Graphviz. MogfenvmpoBaHue OCYLLECTB/IEHO B
COOTBETCTBMM C &/ITOPUTMOM, NPUBELEHHBLIM Ha puc. 3.
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Puc. 3. AnropntM OLEeHKIN ya3BUMOCTH Y3/10B

CornacHo KOFHWTMBHON KapTe B3aMMO3aBUCUMbIX W B3aMMOCBSA3aHHbLIX CYOOBbIX
TEXHUYECKMX cpeactB (puc. 4), nepBOHaYa/lbHOE BO3AENCTBME HA CYAHO OKa3blBaeTCH
BHeLWWHel cpefoi. Mpu npoBedeHWM UCCNefoBaHWUIA UMMY/bC NOPaXKatoLWEero BO3AENCTBUS,
CBSI3aHHbIV C (PaKTOpaMun BHELLHEN cpefbl, NepemMeLLLaeTcs K K/KOUEBbIM 31IEMEHTaM KaxX oW
n3 nogcuctem. [lpoxoas NO COOTBETCTBYHOLIMM CBA3AM 4epe3 Bce arperatbl CKTC,
nopaxarowmii MMNynbC NocTynaeT Ha 610K npuemHuka (BMP), npefHasHauyeHHbIA Ans
aHa/3a COCTOAHMA pPaboTOCMOCOBHOCTM Kaxaoh MOACUCTEMbI KommMnekca. Kntouesble
aneMeHTbl nogcuctem C3Y n C3C Ha puc 6 0603HaYeHb! BOMHBIMU OKPY>XXHOCTAMMU.

Mpy MoAenMpoBaHWM [OMONHUTENbHO WCMOMb30BA/ICA NOAXO[, 3aK/HYatoLMIACS B
aHa/IMTUYECKOM WM 3KCNEPTHOM BblGOpe COOTBETCTBYHOLLMX BEPLUMH rpada, Ha KOTOpble
NPOM3BOAMTCA MOAENUPYIOLLEe BO3AECTBME, a TakKKe MOMEHTOB BPEMEHW, B KOTOPbIE
[aHHble BO3AENCTBMS MPOBOAATCA. pn 3TOM YUUTbIBANCL Pas3IMyHble XapaKTepPUCTUKM
(nokasatenn) o6bvekTa nccnefosaHus (tabn. 1).

[Ons  MaTeMaTM4yeCKOM OUEHKM  CTeNeHn  YysS3BMMOCTM  (PakTOpOB  MPUMEHEH
KO3(ULMEHT CTPYKTYpHOM Yyrpos3bl K. [6], npefcTaBnsawoLWmii co6oii KOM4ecTBEHHOE

COOTHOLLEHNE NOPaXKEHHbIX NMIMY/IbCOM Y3/10B K O6LLI|eMy KOJINYECTBY Y3/10B CUCTEMBbI
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roe
F. — O0ObeKT CUCTEMbl, Ha KOTOPbIA BO3AENCTBYET EAMHWUYHBIA MOpaXKatoLLui

NUMMYNbC;
i — 0OLLee KO/IMYeCTBO NOPAXKEHHbIX 00BHEKTOB;
N — obLiee KO/IMYeCTBO 0ObEKTOB B CUCTEME.

Puc. 4. KorHUTMBHaA KapTa B3aMmo3aB1CcMMOCTM 1 B3anmocBszaHHOCTN CKTC

YCTaHOBNEHHble B XO4e WCCNefOBaHW W pacyeToB 3HAYeHUs  Ko3ahduLmeHTa
CTPYKTYPHOI ysi3BuMocCTM no arperatam CKTC npusegeHb! Ha ructorpamme puc. 5. Ha ocu
abcumcc nokasaHbl HaMMEHOBaHWS BCeX OOBLEKTOB MOJIYYEHHON  MH(OPMALMOHHOW
KOrHUTMBHOW MOZENN, Ha OCWM OpAMHAT — [mMana3oH 3HauYeHWid, KOTopble MNPUHUMaET
KO3(P(ULMEHT CTPYKTYpHOU yassumocTu (0T 0 go 1 ¢ warom 0,1).
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Tabnnuya 1.
XapaKTepuCTUKM nokasaresieil Mogenun

No Ha3BaHue 06bekTa Bok 06bekTa OueHka
1 ["naBHbI ABUraTeNb Ccy KayecTBeHHas
2 CypnoBOiA ABMKUTESb Coy KauecTBeHHas
3 Banonposopg Coy KauecTBeHHas
4 BcnomoratesnbHble MeXaHU3MbI Coy KauecTBeHHas
5 VICTOYHMKW 3N1EKTPO3HEPT A C3aC KonnyecTeeHHas
6 JInHuK snekTponepesay C3aC KauecTBeHHas
7 AnekTpopacnpenennTeNbHble WUTbI C3aC KauecTBeHHas
8 MpeobpaszoBaTenin 3N1eKTPOIHEPTUN C3aC KonuyecteeHHas
9 TpHOMHbIE CUCTEMDI CBC KauecTBeHHas
10 CuCTeMbI Ha/IMBHbIX CYA0B CBC KauecTBeHHas
11 i3smepuTenbHble CUCTEMBI CBC KauecTBeHHas
12 MeperoBopHbIE CUCTEMBI CBC KauecTBeHHas
13 Bo3ayLLHbIE CUCTEMBI CBC KauecTBeHHas
14 Komnnekc noxkapoTyLleHns CBC KauecTBeHHas
15 Komnnekc BofoCHabXeHWs CBC KonnyecTeeHHas
16 KnumaTtunyeckuii KoMniekc CBC KonnyecTeeHHas
17 Mopckoe BonHeHWe BC KauecTBeHHas
18 Bo3geictaue BeTpa BC KauecTBeHHas
19 Bo3zgelicTBne NoaBMXHbIX 06HEKTOB BC KauecTBeHHas
20 Bo3zgelicTBue HEMOABMXKHbIX 0ObEKTOB BC KauecTBeHHas
21 LLITopMOBO€ BO3A€ENCTBME BC KayecTBEHHas
K., 1 1

0 0,275

0.2 75 75

07 06875

0.6

b3 0,4375

0.4

0,3 [INES]

02 01875

0,125
0 L1 .

rnm <O BII BM H3> B3PI KE IIZ ,KII B HP IIF HC KB TP KK
Hanmencoeanue obbekTa

Puc. 5. 3HaueHNs KOIPPULNEHTOB CTPYKTYPHOM yA3BUMOCTY No arperatam CKTC

3 pe3ynbTaToB MPOBEAEHHBbIX MCCNeAOBaHWI CneayeT, 4YTo Hambonee ysa3BUMbIMKA B
CKTC aBndtoTca rnasHblin gpuratens (CAY), Komnnekc noxapoTtylleHuns (CBC), MCTOYHUKM
anekTpoaHeprum (C3C), UTO CBSI3aHO C BbICOKOW CTEMEHbK) WX 3aBUCUMOCTM OT ApPYrux
arperatos CKTC.
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MMonyyeHHble  pe3ynbTaTbl  MHMOPMALMOHHO  KOTHUTMBHOTO  MOAENMPOBAHUA
B3aMMO3aBMCMMbIX W  B3aMmMocBf3aHHbIX CTC no3BoNAKOT onucatb  MexaHu3Mm  UX
(DYHKLMOHUPOBAHNS,  CLEHapMu  BO3MOXHOIFO  pa3BUTKS,  CTPYKTYPHble  CBOMCTBA.
PaspaboTaHHas WH(OPMaUMOHHas KOrHWTUBHas wmogenb CKTC  sBnseTca OCHOBOM
NPOEKTUPYEMOI CUCTEMbI MOALEPKKN MPUHATUA PeLLeHni A Mpu OueHKe U obecrieveHue
HageXHocTu (hyHKumMoHuposaHus CTC.

BbiBoabI

MonyyeHHble pe3ynbTaTbl WUCCNeA0BaHUA WHGHOPMALMOHHON KOTHUTUBHOM MOAENw
B3aMMO3aBMCKMbIX U B3ammocBsAzaHHbIX CKTC nokasanm paboTocnocobHOCTL MOZenu, a
TaKKe LenecoobpasHoCTb MNPUMEHEHMS MeTofda KOFHUTMBHOIO MOAENMPOBaHUA  ANns
NCCNeaoBaHNsa CNOXHbIX TEXHWYECKMX CUCTEM. Mcnonb3oBaHMEe NPeANoXeHHOro MeTofa
pacyeTa 3Ha4eHWin KO3APMUUMEHTOB CTPYKTYPHOWN YA3BMMOCTM 06ecrneynBaeT onpeneneHve
Hanbonee YsA3BMMbIX WM KPUTUYHBIX NO HagexHocTu arperatoB CKTC. [Mony4yeHHble
pesynbTaTbl MCCNeAOBaHWMI U pa3pabOoTOK MO3BONMAT  MOBbLICUTb  3(I(EKTUBHOCTb
aKcnnyaTaunm CNoXHbIX TEXHUYECKMX CUCTEM, 06ecneynTb KayeCcTBEHHOE NPOrHO3MpoBaHMe
HaaeXXHOCTU UX PYHKLMOHMPOBaHWSA B aBapUiiHbIX 3KCTPEMa/IbHbIX CUTYaLUsX.

cnonb3oBaHne MHGOPMaLNOHHBIX KOFHUTUBHBIX MOAENEN CNOXHbIX TEXHWYECKUX
CUCTEM SIBNAETCA MepBOOYepefdHbIM 3TarnoM MpWv MPOEKTUPOBAHUM CUCTEM MOALEPXKKM
NPUHATUS PeLLEeHWI, YTO NO3BOIMT aBTOMAaTMU3MPOBaTb U ONTUMM3MPOBATb MPOLLECC OLEHKM
HaAeXXHOCTU CMOXHBbIX TEXHUYECKNX CUCTEM.

Cnucok nuTtepaTypsbl

1. Makcvmos, B.W. Pa3Butune mogeneli NpUHATAS peLleHmnid: npobiemMbl, NapagoKehbl Y NeperneKTUBbI
/ B.W. MakcumoB // BaHKoBCKMe TexHonormn. 2000, Ne 3. C. 39-43.

2. Makcvmos, B.W. AHanus n ynpaeneHue B HecTabunbHoi cpege / B.W. Makcumos, C.B. Kauaes,
E.K. KopHoyLueHko // bBaHkoBcKue TexHonormn. 1999, Ne3.  C. 47-52.

3. Makcrmos, B./. KOrHUTUBHBI aHann3 u MOLeNMpoBaHne CAOXHbIX cuTyaumii / B.. Makcumos,
E.K. KopHoyLueHko, C.B. Kavaes // baHkoBckue TexHonorun. 2001,  Ne7.  C. 21-26.

4, LLlepeneko, FO.J1. Knaccumkaums MHGHOPMaLMOHHBIX MpoLeccoB. KOrHUTUBHLIE npouecchbl /
HO.J1. Lepeneko // YnpasnstoLwme cucTeMbl M MaliMHbl YCu M. 1998,  Nel. C.5-17.

5. lopenoga, .B. KOrHWTMBHOE MOLENMPOBaHWE A1 WHTEIEKTYalbHON CUCTEMbl MOAAEPXKKM

MPUHATUA PeLLeHWi ynpasneHns TpaH3uTHoli Toprosneid / .B. Mopenosa, A.W. XnebHukosa //
VckyccTBeHHbIV nHTennekT.  2010.  Ne3.  C. 473-482.

6. Boiiko, B.[l. Mogenb OLEHKM XXMBYYECTM CYHOBbIX TexHuueckux cuctem / B.[. Boiiko,
B.B. BoluyxaHuH // BectHuk HYK. 2012,  Ne3. C.62-67.

246



IHPOPMATUKA TA MATEMATUYHI METOAW B MOZEJ/TFOBAHHI = 2013 = Tom 3, Ne3

IHOOPMALIMHA KOTHITVBHA MOJE/Ib TEXHONOMYHOT B3AEMO3ATEXKHOCTI
CYOHOBUX TEXHIYHNX 3ACOEIB

H.A. PynHiueHko, B.B. BuuyxaHiH

Opfecbkuii HaLioHa/TbHUIA MOPCLKIIA YHIBEPCUTET,
BY/N. MeuHuMKoBa, 34, Opeca, 65404, YkpaiHa; e-mail: rudnick@mail.ua

Y cTaTTi HaBeAeHO pe3ynbTaTh AOCAiMKeHb PO3po6/eHOl iHopMaLiiHOI KOrHITUBHOT
MoZeni TEXHONOMYHOT B3aEMO3IEXHOCTI | B3aEMO3B’A3KY CKNaAHWUX TEXHIYHWUX CUCTEM
[Ns OLiHKM TX Bpa3mBocTi. MobyaoBaHo 3arasibHy CTPYKTYPHY CXEMY B3aEMOMOB’A3aHOCTI
CYLHOBMX CKNafHWX TeXHIYHMX cucTeM. JocnifpkeHO B3aEMOAil0 arperatis CygHOBOI
€HepreTUYHOI YCTaHOBKMW, CUCTEMW EHeprornoctavyaHHa cyfHa i CyAHOBMX [OMOMIKHMX
CUCTEM B aBapiliHMX eKCTpemManbHUX CUTyauiax. Ha nigctaBi oTpumaHux pesynbTaTis
[OCNiMKeHb  po3po6ieHO  iH(opMauiiiHy — KOrHITMBHA  MOAENb  TEXHO/MOTIYHOI
B3AEMO3NEXHOCTI (hYHKLIOHYBaHHA CYLAHOBUX CKMAAHUX TEXHIYHUX cucTeM. BignosigHo
[0 CTBOPEHUM anrOpuTMOM OLIHKW BPa3nMBOCTI eneMeHTiB iHhopMaLiiHOi KOrHITUBHOI
Mogeni 3po6fieHO po3paxyHOK KOediljieHTiB CTPYKTYPHOI Ypas3nuMBOCTI 1i eneMeHTiB.
Pe3ynbTaT po3paxyHKy [03BOAWAM BU3HAYMTW HabiNbLL KPUTUYHI 3a HaAIAHOCTI
efieMeHT Mogeni. OTpuMaHi pesynbTaT fOCNILKeHb | PO3PO6OK A03BONAIOTL NiABULLMTU
e(heKTMBHICTb  eKcrnyaTtauil  CKNagHUX TeXHIYHMX CUCTeM, 3abe3neunmtn  sKicHe
MPOrHO3yBaHHA HaLIAHOCTI X PYHKLIOHYBaHHSA B aBapiliHWX eKCTPEMAIbHUX CUTYaLisX.
KnouoBi cnoBa: B3aEMO3a/IEXHICTb, B3aEMO3B’A30K, KOTHITUBHE  MOAE/OBAHHS,
HafiHiCTb, cucTeMa NiLTPUMKM Ta NPUAHATTS pilleHb

INFORMATION COGNITIVE MODEL OF TECHNOLOGICAL INTERDEPENDENCE OF MARINE
TECHNICAL RECOURSES

Nick D. Rudnichenko, Vladimir V. Vichuzhanin

Odessa National Maritime University,
34 Mechnikova str., Odessa, 65404, Ukraine; e-mail: rudnick@mail.ua

This paper contains the results of studies of the cognitive model developed information
technology interdependence and interrelation of complex technical systems to assess their
vulnerability. A general block diagram of a ship interconnectedness of complex technical
systems. The interaction of ship power plant units, the power supply system of the ship and
ship's auxiliary systems in extreme emergency situations. Based on the results of research
developed an information processing model of cognitive functioning marine
interdependence of complex technical systems. In accordance with the established
algorithm vulnerability assessment information elements of the cognitive model calculated
the coefficients of the structural vulnerability of its elements. The calculation results have
allowed to identify the most critical elements of the model in terms of reliability. The
results of research and development will improve the efficiency of operation of complex
technical systems that provide high-quality prediction of the reliability of their operation in
extreme emergency situations.

Keywords: interdependence, interaction, cognitive modeling, reliability, support system
and decision-making
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MOBbILLEHWE CKPbITOW MPOMYCKHOW
CMOCOBHOCTU YCTONUYMBBIX K COKATUIO
CTErAHOIMPA®UNYECKUX AJITTOPUTMOB 14
MPOUN3BOJIbHbIX N30BEPAXXEHWNIN-KOHTEVHEPOB

M.A. MenbHUK

Ogecckuii HaUMOHa/IbHbIA MOAUTEXHUYECKWIA YHUBEPCUTET,
npocn. LesyeHko, 1, Opecca, 65044, YkpanHa; e-mail: ritochek@yandex.ua

Pa3paboTaH CTeraHorpagMueckuin anropuTiM, YCTOMUMBBIN K aTake CKaTVeM, B TOM YWCHE,
C MasibiMM Ko3(hULMeHTamMmM KauecTBa. B kayecTBe KOHTelHepa 1CMoMb3yeTcs LUgpoBoe
1306paKeHMe, XpaHUMOE B MPOK3BO/bHOM (hopmMaTe. Pa3paGoTka airoputma nposeaeHa Ha
OCHOBE CYLLIECTBYIOLMX aHA/IOT0B, MAaTeMaTUUYECKUM 6a3nCOM KOTOPbIX SBNSETCS OBLLNIA
noaxod K aHanv3y COCTOSHWUSI U TEXHOMOTMM (PYHKUMOHMPOBaHUS MHAOPMAaLMOHHBIX
cucteM. OCHOBHbIM MPEMMYLLIECTBOM HOBOIO CTEraHOArOpUTMa SBNSETCS YBENNYEHME B 6
pas €ero CKpbITO/ MNPOMYCKHOW CMOCOGHOCTW, MO CPaBHEHWIO C  aJropUTMamu,
MONOXEHHBIMM B €r0 OCHOBY. MNMprBefEHbI PE3yNbTaThl BbIUUCAUTENBHONO 3KCMEPVMEHTA,
MOATBEPKAAIOLLME BbICOKYHO 3(EKTUBHOCTb AEKOAMPOBAHA MOFPY)XXEHHOW MHopMaLn
B YC/OBMSIX aTakKn CXKaTUEM C MaibIMW KO3(MLMEHTaMM KaUYeCTBa Ha CTEraHOCOOGLLEHME.

KntoueBble C/I0BA: CTEraHorpagMueckunii airopruTM, aTaka CKaTueM, CTEraHoCOoGLLEHNE,
UMPOBOE M306paXKeHMe, CUMMETPUYHAS MaTpuLa, COGCTBEHHbIE 3HAYEHUS, COBCTBEHHbIE
BEKTOpbI, CNEKTPasIbHOE PasfoKeHue

BBefeHue

3asiaya pa3paboTKy CTeraHorpauyecknx airopuTtMoB, YCTOMUMBBIX K pacrnpoCcTpaHeH-
HO Ha CErofHsILLHWIA AeHb aTake CXaTuem, OTHOCALLENCs K aTakaM MpPOTMB BCTPOEHHOIO
COOOLLEHNS, HaMpaB/eHHOMW Ha paspylleHne [LOMONHUTENIbHOW WH(OpMaLMK, SABASETCS
aKTya/lbHOW W HepelleHHOW [0 KoHua [1]. PeweHuto 3TOW 3af4ayM MOCBSALLEHO MHOrO
COBPEMEHHbIX HaYYHbIX U3bICKaHWiA, B TOM uncne, [2—4], rae aBTOpoM HacTosLLein paboTsl Ha
6aze O06LWero noaxoda K aHain3y COCTOSAHMS W TEXHONIOTUW  (PYHKLMOHUPOBaHUA
NH(OPMALMOHHBIX cUCTeM [5, 6] OblnM NpeaioXeHbl CTeraHoaIrOPUTMbI, UCMO/b3YHOLLME B
KayecTBe KOHTelHepa, UM ocHoBHOro coobuweHuns (OC), undgposble n3obpaxeHus (L),
XpaHALwMecs B Npomn3BobHOM (hopmaTe, 0603Hauaemble fanee Al, A2, A3, YCTON4YMBble K
arake CXaTvem, 3Ha4YMTeNIbHO MPeBOCXOAALLMe CBOM COBpeMeHHble aHantorun (S, [7],S, [8],
S, [9], S, [10], S5 [11], Sq [12], S, [13], S, [14], S, [15], Sy, [16], Sy [17], SS,, SS,
[18]) no agpeKTMBHOCTM [OEKOAMPOBAHUA B YCMOBUAX CXATUA CO  3HAYMTESIbHBIMU
KoathouumeHtamm (Tabn. 1). B [2-4] n HacTosiweli paboTe aTaka CXKaTWeM Ha CTeraHo-
coobuieHne (CC), aBnsatoLLeecs pe3ybTaToM CTeraHonpeobpasoBaHus, MOLENMPYETCA MyTeM
nepecoxpaHeHnss CC B opmar Jpeg C pasnnuHbIMU KO3uumeHTamMmm Kavectea QF B

obLenocTynHOM rpadmyeckoM pepaktope IrfanView, ath(heKTMBHOCTb CTeraHoairoputma
OLIEHMBAETCA CTaHAapPTHbIM 06pa3oM: NMpu MOMOLLM KO3(h(pMUneHTa Koppenauum NC  ans

[OMONHUTENbHON  MHGopmauun  (A), B KauyecTBe KOTOPOW BbICTYNaeT CryyaiiHO
1t —

chopmmnpoBaHHas 6GuHapHas nocnefoBaTelbHOCTb: NC . Pi' P’y TOE Py Py Py
il
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Py Py Py Pin Py {043, i Lt, — COOTBETCTBEHHO MOTPYXXeHHast 1 AEKOAMPOBaHHAs U3
creraHocoobuiennss AW, p,' Lp,' 1, ecwm p, Lp, 1, u p' Lp' 1, ecom

P; O'Bi 0, T.e p Bil { 1.

OauH wn3 paspaboTaHHbix anroputMoB (Al) [2] ocHOBaH Ha BO3MYLLEHMAX
MaKCUMasTbHbIX CUHTYNApHbIX yucen (CHY) 610KOB Matpumubl KOHTeHepa, MoJsly4eHHbIX
nocne ee CTaH4apTHOro paséuenHus, apyroin (A2) — Ha sign-HevyyBCTBMUTENbHOCTM NIEBLIX U
npaBblX CUHIYNApHbIX BekTopoB (CHB) 6/10K0B, COOTBETCTBYHOLMX MakcuMasibHbiM CHY
[3], Tpetuin (A3), saBnsscb KombuHaumeir Al n A2 [4], NO3BOMAMA MOBBLICUTb CKPbITYIO
nponyckHyto cnocobHocTb (CIMC) [1] 6a30BbIX CTeraHoOaNroOpUTMOB, COCTaBnAoLyo0 1/64

6uT/nuKcenb, B Tpu pasa. OaHako CIMNC 3/64 6ut/nukcenb, AOCTUrHyTas B A3, OCTaBnseT
YKenaHue 1 BO3MOXXHOCTb €€ MOBbILLEHNS.

Tabnuuya 1.
3HauveHne NC [/19 pa3/IMyHbIX CTEraHoaIrOPUTMOB MPY aTake CXXaTueM C pasInyHbIMU
KO3prLmeHTamMmy KayecTBa Ha CTeraHocoobLLeHne

CreraHo- QF

anroput™™ | 10 | 20 25 30 40 50 60 | 70 | 75 | 80 90
S, - | - - lo1s| - |o028| - [o57] - | - 1
S, 0.15|0.34 - 0.52 - 0.52 - 063 - - 0.80
S, 0.17 | 0.61 - 0.79 - 0.89 - 1097 - - 1
S, 0.34 | 0.67 - 0.82 - 0.96 - 1097 - - 0.99
S, - - 0.63 - 0.80 | 0.89 - - - - -
Se - - /0801 - |0828 0916 | - - - - -
S, - - - - - - 0701095 | - |0.99| 0.99
Sq - 10.85 - - - 0.87 - - - 10.90 -
S, - o84 - - - 1093 | - | - | - |o97| -
Si 0.86 | 0.95 - 095| 097 | 098 [ 098|098 | - |0.98| 0.99
s, |042|056| - |080[095 095 | 1 | 1 | - |1 1
sS, - | - | o067 | - - o8| - | - |092] - -
ss, - - |07 | - - o091 | - | - |095| - -
Al 0871093 | 094 |095| 096 | 098 [0.98|0.98 |0.98|0.98| 0.98
A2 0.941095| 095 |095| 095 | 095 [0.95|0.96 | 0.96 | 0.96 | 0.96
A3 0.90 093 | 093 |093| 093 | 094 [ 094|094 (094|094 | 094

Llenb cTaTby 1 NocTaHOBKA MCCNej0BaHNIA

Llenblo  HacToslein paboTbl sABNseTCA pa3paboTka MOAMHOMUAILHOIO  CTeraHo-
aNropuT™Ma, YCTOMYMBOIO K arake CXaTuem, B TOM 4ucine Npu MasbiX KO3PhULMEHTaX
KayecTBa, Ha OCHOBE alroOpMTMOB, MPeL/IOKEHHbIX aBTOpom paHee (AL, A2, A3), ans
nosbiweHna CINC opraHnM3yeMoro CKpbITOro KaHana cBasn, no cpasHeHuto ¢ CrC gna Al,
A2, A3.

[ns [OCTKEHNSA NOCTaB/EHHON Lenn B paboTe peLlatoTcs crefytoLme 3afauun:

1) YBennyeHns CINC KaHana CKpbITOM CBA3M 3@ CYET BUPTYa/lbHOW CUMMeETpU3aLum
matpuu, 6510KoB LIVI-KOHTeHepa;

2) OugeHKa BbIYMCINTE/BbHOM CMOXHOCTM pa3paboTaHHOro CTeraHoanropuTma.
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3) CpaBHuTe/bHAA OLeHKa 3((heKTUBHOCTM [ekoampoBaHusa AW pa3paboTaHHbIM
CTeraHoa/IrOPUTMOM B YC/IOBUAX aTaku CXXaTuMem Ha CTeraHoCOO0OLLeHVe.

OcCHOBHasa YacTb

Myctb F — m n-matpuua L|N-KoHTeliHepa. B kadectBe [ paccmatpuBaeTcs
CNyvaiiHO CcopMupoBaHHas GMHapHass MocnefoBareNibHoCTb p,,...,p,, P; {04}, i 1t.

MycTb B — npou3BonbHbIA 8 8-610K MaTpuLbl OC, NOMYYEHHbI Nocne ee CTaH4aPTHOMO
pasbueHna [19]. MaTpuue B MnocTaBMm B COOTBETCTBUW YETbIpe CUMMETPUYHBIE MATPULLbI
B,, B,, B;, B, no npasuny, HasbiBaeMOMy faniee npasuiom SB, HarnsgHo npeacTaBieH-

HOMY Ha puc. 1 (3aecb Ludpammn 5,6,7 0603HaUeHbI rnaBHas U YacTh NOGOYHON AuaroHaaun
B), oTpakas OTHOCWUTENbHO [/laBHOM W MOOOYHOM AuaroHanelt TPeyrosibHble 4YacTw,
0603HaYeHHble umgpamn 1,2,3,4, NCXOLHON MaTpULbl COOTBETCTBEHHO, KOTOpble U Byaem
paccMaTpuBaTb HMXKE KaK G6/10KM KOHTeliHepa. N8 KaX4oro U3 NoMyYeHHbIX BUPTYa/lbHbIX
610KOB B CUNY MX CUMMETPUYHOCTU BO3MOXKHO MOCTPOEHWE HOPMa/lbHOrO CMeKTPasibHOro
pasnoxeHuns [20]:

B, U U/, i 14, (1)
rae
U., I 14, — matpuubl OPTOHOPMUPOBAHHLIX NEKCUKOTrPaUUeCKn Mo0KUTENbHBIX
co6cTBEHHBIX BeKTOpoB (CB),
. diag V..., ", i 14, — maTpuupl co6CTBEHHBIX 3HaueHwii (C3) B, i 14,
COOTBETCTBEHHO.
Bg BI
@ o
@ @ T &
@ iy
BS Bj'
3 2
3 < @ @
< e

Puc.1. Tpasuno SB  MNOAyYeHWA CUMMETPUYHBIX BUPTYa/lbHbIX 6/10KOB  MaTpuULbl
KOHTeliHepa
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Mo aHanormum ¢ A3 [4], 0603HauMM K — MOporoBoe 3HayeHne BapuaLy BO3MYLLEHNIA
MakcumanbHbiX C3 6/10k0B (B cOOTBeTCTBUU C [2], yumTbiBas cBA3b Mexay CHY mn C3
cuMMeTpuyHoin Matpuubl [20], K 6epetca paBHbiM 200 ana C3, kak u gna CHY

T
1 1
npoctpaHcTea R®, o6ragaowmii MakcumanbHOM Sign-yCTORUMBOCTBIO K MPOM3BO/bHBIM
BO3MYLLAIOLLMM BO3AeNCTBMAM [6].

OCHOBHble LWlarn npeg/iaraemoro CTeraHoa/iropuTMa, HasbiBaemoro panee A4,
cresyrouipe.

IMorpy>keHve 4.

Lllar 1. MaTtpuua F KoHTeliHepa pa3buBaeTca CTaHAapTHbIM 06pa3oM Ha 610ku B
pasmepoM 8 8. Kaablii 610K MCMONb3yeTCs Ans NorpyxeHus 6 out .

LLar 2. (Morpy>keHve AW). Myctb B — oyepeHOM 610K € anieMeHTaMu b

MCMONb3YEMbIVA 151 CTEraHONPeo6pa3oBaHUs.
2.1. Kakgomy 610Ky B CTaBATCS B COOTBETCTBMM CUMMETPUYHbIE G/IOKM

HECMMMETPUYHbIX 6o0koB B CA Al), n° R® — n-onTUManbHbI BEKTOP

m,I 18,

ml ?

B, i 1,_4, no npasuny SB; p;, P; ;1. P; s — OYepefHble 6 out AN,
2.2. CTposATCA HOpMasibHbIE CNEKTPasibHble pa3noXxkeHus (1) gna B, i 14.
2.3.
Ecnw p, O,
TO -
N 1 |
4
r4e N — HaTypalbHOE YMC/O 34€eCh U HNXKE;
NHaue —
RIS 3
4
2.4.
Ecim Pi. O,
TO -
@ @ gy 1 ’
4
4
2.5.
Ecnu Pio 1,
To 251 uw® n°,

roe u:® — BosmywenHbIl B xoge CM u,® ;
2.5.2 TMpuseaerve CB u,”,...,u," 6noka B, K
opToHOpMUMpoBaHHOMY ¢ u:™ fiekcukorpaguueckm
NONOXMUTENLHOMY BuAay. PesynbTtaT — u2®, us’.
MHaue 251 u® n°,

roe us® — Bo3myLeHHbIN B xoae CIM u,®;

2.5.2 TMpuseaerve CB u,?,...,u,? 6noka B, Kk

OPTOHOPMMPOBAHHOMY C U1® NeKCMKOrpathnuecKu
NONOXUTENLHOMY Buay. PesynbTaT — uz2? ,...,us? .
2.6.
Ecnmn pis O,
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TO -

@ O Knq %;
MHayve -

1(3) 2(3) Kn % .
2.7.
Ecnu Pis O,
TO -

@@ ko %;
MHayve -

1(4) 2(4) Kn % .
2.8.
Ecnmn pis 1,
TO 281 u® n°,

rae us® — BoamyLLeHHbIN B xoge CIM u,@ ;
2.8.2 MMpwuseaenve CB u,?,...,u,"” 6noka B, K
OpTOHOPMUpOBaHHOMY ¢ u:® nekcukorpaduyeckm

NONOXUTENLHOMY Buay. PesynbTtat — u2®, us®.
nHa4e 281 61(4) n°

roe u: — Bo3myLeHHbIN B xoae CIM u,;
2.8.2 MMpuseaerve CB u,”,...,u," 6noka B, k
OPTOHOPMMPOBAHHOMY C U1® NeKCMKOTpathmuecKu

NoNoXUTENbLHOMY Buay. PesynbTat — uz2™® ...,us™ .
LLlar 3. ®opmupoBaHue 651oka CC.

3.1.
Ecu P2 1,
TO B: U: Ui, B, U, 2U,,
rge Ul nO,Gzl, ,asl ,_1 diag _1(1),---, 8(1) )
o diag 1?,.., {9 ;
MHaue B: U, U, B> U, .U, ,
rge Uz nO,GzZ, ,682 ,_1 diag _1(1), 2(1),---, 8(1) )
2 diag 1@, ,.., P .
3.2.
Ecnun pis 1,
TO Bs Us 3Us', Bs U4_4U4T,
rjeUs nu.®, ,us® , 3 diag ¥, @,
4 diag 1., ;9
MHaue Bs U, U, ,Bs Us U, ,
rjeUs n%u2t, Jug® , 3 diag 9., @,
T4 diag ¥, 9.
3.3. OneMeHTbI MaTpuL, Bi, i 1,234, 0603Ha4NM COOTBETCTBEHHO Bﬁf m, |

Bnok B CC 6yfeT UMeTb BUA;
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) ) ) — @ —(1) —(1)
b, bz bs bu  bs” bs by by

4 =) =) = 1 =@ —(2)
bx® b, bz ba  bxs” bx b, b

(4 —(4) —@) T —(2) —(2)
bx bz by, bu bs” by by b

5 ba® b b b, b, Dbe by b .
9 B0 B9 b b, B2 B2 52 @
ba® b by, bs Dbs® b, by bew
bu® b, Y BY bs® bY b, bR
b, bw bw Dby bs® b be by

JekoamposaHue ,EILI/I.

Lar 1. Matpuya F CC pa3buBaeTca cTaHAapTHbIM 06pa3om Ha 6/10Ku B pasmepom
8 8. Kaxaplin 610K Mcnonb3yeTca Ans Aekoamposarms 6 6ut AN.

Lllar 2. (Oekoguposanne [AWN). Myctb B — ouepedHoli 610K, M3 KOTOPOro
U3BNEKAOTCA OUTLI P;, P; 1ve-0 P; 5 AV

2.1. Kaxgomy 610Ky B CTaBATCA B COOTBETCTBUM CUMMETPUYHbIE GMOKM B,
i 14, B COOTBETCTBMM C NPaBUIOM SB .
2.2. CTpoAaTcs HopMasibHbIe CNeKTpa/ibHble pasnoxeHus suaa (1).
El Ul_ialT, | 1,_4

2.3.
Ecmm — — K

mod . Y K =,

2

roe  — Lenas vyacTb aprymMeHTa;
NHaue Bi 1.
2.4.

2

TO Piy O
NHaye Bi . L
2.5. Haittu UN, n UN, — yrnbl Mexgy sektopamn ui® u n°, u® n n°
COOTBETCTBEHHO.
Ecnw UN, UN,;
o Pi. L
nHaue p., O.
2.6.
Ecmm — - K

mod .© ¥ K E;
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TO Pis O;

NHa4e BiS 1.

2.7.

Ecmm mod _1(4) _2(4),K 5;
2

To Pia O

MHave Bi .

2.8. Haitm UN, n UN, - yribl Mmexgy BeKTopamu u® mon°, w® onone

COOTBETCTBEHHO.

Ecnw UN, UN,;

To Pis L

MHa4e Bis 0.

3ameyaHue 1. BbluncnutesnibHad CMOXHOCTb pa3paboTaHHOro cteraHoanroputma A4
OnpefenseTcs Ko/M4ecTBOM 6/10koB  maTpuubl F  Li/I-KOHTeliHepa, MonyvaeMbiX B
pe3ynbTaTe ee CTaHAAPTHOrO pasbueHus, U B Ciydae, Korja Marpuua MeeT pasmepbl N N
nuKcenen, 6yeT oLeHNBaTLCA Kak O n®  onepauuii.

3ameyaHve 2. B anroputme A4 B KauyeCTBe BUPTYasibHbIX 6/I0KOB MaTpuLbl
KOHTeiHepa WCMOMb3YHOTCA CUMMETPUYHbIE 6710KW. 3TO  TpeboBaHWE He fB/IAETCH
o6s3aTeslbHbIM, T.€. MaTpuLie 6/10Ka B He 06s3aTe/IbHO CTaBUTL B COOTBETCTBUE B/IOKM B,

B,, B,, B, no npasuny, oTpaxkeHHOMY Ha puc. 1. OfHaKo, OCHOBHOW BbIYVCANTESbHbIN Luar

npu 06paboTKe Kaxgoro 6710ka KOoHTeliHepa B A4 — 3TO MOCTPOEHME CMeKTpasibHOro
pasNoXXeHusa, KOTOpoe, B Cllydae HeCMMMETpUYHoCcTK 6nokos B,, B,, B,, B, LenecoobpasHo

OyLeT 3aMeHUTb Ha CUHTYNAPHOE pPasfioXKeHWe, 4YTO, KakK W3BECTHO, NOoTpebyeT OO/bLUe
BbIUMCNNTENbHBIX 3aTpaT A1 cBoeit peannsauum [20], a NOTOMY SBSETCSA HEXeENATe bHbIM.

3ameyaHue 3. YuutbiBaa Bug (2) 6noka CC, a MMEHHO NpeLJIoXKeHHbIn cnocob
MOCTPOEHNS TNTaBHOW M NOBOYHOW AnaroHanei (OHU 0CTatoTCA HEM3MEHHBLIMU MO CPaBHEHMIO
C [WaroHaiiMW  KOHTeiHepa), OYeBWUAHbIM SBMAETCH  YBE/IMYEHWE  BbIYUCIIUTENbHOM
norpewHocTn npu gopmupoBaHnn CC B A4 no cpaBHeHuto ¢ Al, A2, A3, u
npegckasyembiM yxygaLleHue 3(¢eKTUBHOCTW. TakoW pesy/nbTaT fBASETCA CBOeoOpasHOM
«nnatoi» 3a yeenmyeHune CIC cOOTBETCTBYHOLLENO CKPLITOIO KaHama CBA3W M0 CPaBHEHUIO C
aHa/IornyHbLIM napameTpom ana Al, A2, A3.

Pe3ynbTaTbl CpaBHeHMA 3(hhEeKTUBHOCTEN AekoampoBaHus AW cTeraHoanroputMmos Al,
A2, A3, A4 B ycrnoBusx ataku cxatvem Ha CC ¢ pasnnyHbIMK KO3guumMeHTammn KadyecTsa
[N KOHTeHepoB B popmarte TIF npeacTaBneHbl Ha puc. 2.

N3 pe3ynbTaTtoB 3KCMepMMeHTa BUAHO, YTO 3PMEKTUBHOCTL A4  [eiCTBUTENbHO
HECKO/IbKO ycTynaeT anroputmam Al, A2, A3, HO OCTaeTcs [0CTAaTOYHO BbICOKOM MO
CPaBHEHWIO C [PYrMMU COBPEMEHHBLIMW aHasoraMmu, WUCMosb30BaHHLIMW [N1A CpaBHeHUA
(tabn. 1), ocobeHHO npu Manbix QF . Mpu 3aToM pa3paboTaHHbI cTeraHoanroput™m A4

MNMeET CKPbITYH NPOMYCKHYIO CNOCO6HOCTb, NpeBocxoadawyto CMNC Al, A2 B 6 pa3, A3 —B
/ABa pasa, U cocTaBnifeT 3/32 6UT/MUKcens.
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NC
0.95

1

DBE / — = _,_--..—'.-
e 7._/_ I

D.Bd"". /

_ _3 -
0.92 ,’J/ L /
L4

, /|
0ok

0.55 / /

0.36

0.24 QF
W 2 3 40 s BD 70 &1 &0

Puc. 2. SdekTnBHOCTL AekoavposaHus [ paspaboTaHHbIMK CTeraHoairopyutMmavu: 1 —
Al;2- A2;3- A3;4- Ad

3aKnto4eHumne

B HacToswel paboTe pa3paboTaH cTeraHorpamyecknin anropt A4, yCTOMUMBBINA K
OKaTUKD CO 3HaYMTeNbHbIMK  KOahduumeHTamn: Tak ans QF 10 cpegHee 3HauyeHue

NC 0.84, npu 3TOM CKpbITast NPOMyckHas CrnoCcOOHOCTbL KaHana CBSA3W, OpraHnM3yemMoro npu
nomowy A4, coctasuna 3/32 6ut/MuKcenb, 4to B 6 pasa npesbicuno CMC Al, A2,

MOMOXKEHHBIX B €0 OCHOBY. BbIUMCNNTENBHAA CNOXHOCTL anroputma coctasuna O n’
onepawuii.

OCHOBHbIM BO3MYLLAIOLLMM BO3EACTBUEM [1A MOMyYaemMoro npu nomowm A4
CTEraHoCOO6LLEHNs, OYEBUAHO ABNAETCSA NPOLLECC OKPYr/eHWid, npoucxogawmnii nocne Cri.
OT0 3aKNOYeHWe  OnpefensieT  HanpaeNeHve  JabHeMWWX  UCCMefoBaHWn  aBTopa:
opraHmsaumn npouecca CI1 Takum 06pasom, 4TOObl YMEHBLUMTL BbIYUC/UTENLHYIO
norpeLuHocTb Npy noctpoeHumn CC.
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MIABULLLEHHSA MPUXOBAHOIT MPOMYCKHOT CIIPOMOYXHOCTI CTINKKX 40 CTNCKY
CTEM' AHOIPA® IHHNX AJTTOPUTMIB 014 AOBI/IbHNX 30OBPAXXEHb-KOHTEVHEPIB

M.O. MenbHUK

OgecbKuii HauioHabHWIA MONITEXHIYHUIA YHIBEPCUTET,
npocn. LLeByeHka, 1, Ofeca, 65044, YkpaiHa; e-mail: ritochek@yandex.ua

Po3pobneHnii cteraHorpaiuHuiA anropuTMm, CTIMKWIA A0 aTaku CTUCKOM, Y TOMY Ywuchi, 3
MasMMK KoedhiLlieHTamMM AKOCTI. AK KOHTeHep BUKOPUCTOBYETLCS L(poBe 300padKeHHS,
36epexxeHe B 0BiNIbHOMY (hopmarti. Po3pobka anroputmy npoBefeHa Ha OCHOBI ICHYHOUMX
aHanoris, MaTemMaTUyHMM 06a3McoM AKX € 3aranbHuid nigxig [0 aHanisy craHy W
TEXHOMOrIT (PYHKUIOHYBaHHA iH(opMauiiiHux cucteM. OCHOBHOIKO MepeBarold HOBOTMO
CTeraHoa/IropuTMYy € 36i/bLUeHHs B 6 pasiB [ioro NprxoBaHoi MPONYCKHOI CPOMOXHOCTI,
Yy TMOPIBHAHHI 3 anropuTMamy, MOKMageHMMW B 1Oro ocHoBy. HasegeHi pe3ynbTatu
06YUC/IOBANIBHOrO  €KCMEPUMEHTY, L0  MIATBEPIKYIOTb  BUCOKY  e(EKTUBHICTb
[lekoayBaHHs BOYA0BaHOI iHhopMaLlii B yMOBax aTakv CTUCKOM 3 MasiMMu KoeilieHTamu
AKOCTi Ha CTEraHomnoBifOM/IEHHS.

Knto4voBi cnoBa: creraHorpaivyHWin anroputM, ataka CTUCKOM, CTeraHoMoBifOMEHHS,
UMppoBe 300pakKeHHs, CUMETPUYHA MATPWULUA, BMaCHi 3HaYeHHs, BMIACHI  BEKTOpWU,
CreKTpasibHe Po3KIafaHHA

INCREASE STEGANOGRAPHIC CAPACITY OF COMPRESSIVE STRENGTH ALGORITHMS FOR
ARBITRARY COVER IMAGES

Margaret A. Melnik

Odessa National Polytechnic University,
1 Shevchenko Ave., Odessa, 65044, Ukraine; e-mail: ritochek@yandex.ua

Developed steganographic algorithm is compressive strength algorithms for arbitrary cover
images including attacks with low quality factor. Cover is digital image stored in arbitrary
format. Development of proposed algorithm based on existing analogues that based on
general approach to the analysis of the status and technology functioning of information
systems. The main advantage of the new steganographic algorithm is 6 times increase of its
capacity, compared with the algorithms which it is based. The results of computational
experiment confirming the high performance decoding of embedded information by
compression attacks with low quality factor.

Keywords: steganographic algorithm, compression attack, stegano message, digital image,
symmetric matrix, eigenvalues, eigenvectors, spectral decomposition
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YK 004.9 Informatics and Mathematical Methods in Simulation
Vol. 3 (2013), No. 3, pp. 258-265

MOAE/TFOBAHHA MNMPOLUECIB NMPUTTMHEHHA TOPIHHA
METOA0OM KINITUHHNX ABTOMATIB

M.O. MNMycToBiT

AkafieMis NoXeXHOoT 6e3rekn imeHi Mepois YopHobuna ACHC YkpaiHu,
Byn. OHonpieHka, 8, Uepkacu, 18034, YkpaiHa; e-mail: fire@fire.ck.ua

Po3rngHyTO mMartemaTuyHi Mofeni Mnpouecy NPUMNUHEHHA TOpiHHA. Bka3aHO Ha OCHOBHi
BiAMIHHOCTI Mogeneid, HaBefeHi MpUKnagu iX 3acToCyBaHHS Ha MpakTuui. Po3pobneHo
MOZeNb MpPOUecy MPUMNWHEHHS TOPIHHA HA OCHOBI METOAY KNITMHHWX aBTOMATIB.
BpaxoBaHO NPUNMHEHHSA FOPIHHA NPU 3HWKEHHI KOHLEHTpaLiT KUCHIO, MOBHOIO BUrOpaHHA
roOprOYOro HaBaHTaXKeHHs Ta Mofadi BOAAHMX CTPYMEHIB Ha M/IOLLY ropiHHS.

KntouoBi cnoBa: MOZENOBaHHA, NPUMUHEHHS TOPIHHA, MOLUMPEHHA MOXEXI, KMITUHHI
aBTOMATW, PO3NWMIEHI BOAAHI CTPYMEHI

AKTYa/IbHICTb Npo6eMun

BLOCKOHaneHHs MiAroTOBKM NepcoHaly OMnepaTuBHO-PATYBa/ILHOT CYXOM LMBIILHOTO
3aXMCTy HEMOXX/BE 6e3 BNPOBaKEHHSA B MPOLIEC HaBYaHHSA KOMIM'OTEPU30BaHNX CUCTEM |
TpeHaxepis.

Y Takiil ranysi 3HaHb, e MNPaKTUYHO HEMOX/IMBO HAOYHO BIfOOPasUTN CKNagHi
npoLecKn i sBuMLLa, WO BigdyBatOTLCA B peasibHOMY XXWUTTI, KOMM'OTEPHE MOZENOBAHHA €
0C006/1MBO aKTya/ibHUM. MOJentoBaHHS B NPOLIECI HABYAHHA MOXXHa pO3rnafaTv He NnLLe fK
Croci6 y3ara/ibHeHHs i NpeACTaB/eHHs 3HaHb, ane i 9K 3HapALAdA (3aci6) Moro hopmyBaHHS.

ICHYtOUi Ha CbOroAHi MOAENi raciHHA NOXeX, BE/IMKWIA BHECOK Y PO3BUTOK SIKUX BHEC/N
AcTtaxosa |.®., Kowmapos FO.A., MNy3ay C.B., PxkoB A.M. Ta iHLWI, Ta TPEHaXEPHI CUCTEMM
Ha X OCHOBI He peani3oByBanMCA AN1s1 Lineld HaBYaHHA. BOHM crpsAMoBaHi Ha pilLEHHS
KOHKPETHUX MPaKTUYHKX 3afay MOXeXHOT 6e3mneku, BifobpaxaroTb OKpeMi BUMAaLKM FOPIHHA
PEYOBUH | MaTepianiB B MPUMILLEHHAX MeBHOI opmu. Mpu LpOMYy BUMaratTh 15 CBOrO
(PYHKLIOHYBaHHA 3HAYHOro 4Yacy i3-3a BE/IMKOro 06’eMy MpOBefeHWX O06umncrieHb. A
PO3P06/IeHI A0 TenepiHbOro 4acy TPeHaKepHi CUCTEMU PO3BUTKY MOXEX Y OIiNbLIOCTI
BMMNAAKIB HE MICTATb Y CBOIN OCHOBI OCUTb afieKBATHNX MOJENEN FaciHHA NOXeX.

AHani3 iCHyUMX MaTeMaTUYHUX MOJeneil raciHHA MOXEeX A03BONNTbL 06paTh cepef
HUX Halbinbl eqeKTMBHI Ta ONTUMa/bHI AN MOAENtOBaHHSA BiAMOBIAHMX NPOLECIB Ta
BUCYHYTN BUMOTM [/151 CTBOPEHHSA KOMM’HOTEPU30BAHOI0 TPEHAKEPY MIArOTOBKY MOXEXHOr0-
PATYBa/IbHNKA.

AHani3 ocTaHHIX gocnigpkeHb i ny6nikawin

AHani3 icHyrouMx maTteMaTUYHUX MOAENEeN TaciHHA MNOXEeX He BWSBUB FOTOBUX i
anpo6oBaHNX pilleHb A/19 BUKOPUCTaHHSA B TPEHaXXepax, L0 3HAYHOK MIpOK MOB’A3aHO 3
BIACYTHICTIO [OCTaTHLO BiANPaLbOBaHUX Teopii I NPaKTUKN PO3B’A3aHHA MOLIOHUX 3a4ay Y
pamKax MigroToBKMN MOXKEXXHOr0-PATYBa/IbHMKA.

ABTOpamu [1] onucaHo 3aranbHUIA NigXi4 4O MOAENOBaHHA raCiHHA MOXXEX BOAAHUMU
CTPYMeHsAMU. Y faHiii po6oTi 6yno NokasaHo, K Teopisi 3aiMaHHA NOSICHIOE BUKOPUCTaHHS
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BOAM [ANA TaciHHA noXeX. Po3po6neHO Mofenb raciHHA MOXeXi, Y SKiil KopucTyBau
BCTAHOB/IHOE KPUTEPIi raciHHA LUNAXOM BU3HAUYEHHS KiNbKOCTI Na/IbHOTO | TeMMNepaTyp CTiH.

Y komn’toTepHii nporpami «INTMODEL», Wo peanizoBye iHTerpaibHy matemaTuyHy
MOZenb noxexi [2], 3aracaHHA nonym’s BigOYBaeTbCA MPU 3HAYEHHI (YHKLIT pexumy
noxexi [2, HepiBHicTb (2.21)] K 0,01, T06TO nNpu KOHLUEHTpaLii KACHIO B MPUMILLEHHI
6nm3bko 3%. Y po6oTi C.B. MNy3aya [3] — npu KoHUeHTpawil K1ucHIo 8%. B 060X poboTax npu
BUHUKHEHHI BKa3aHMX YMOB 3aracaHHsi MOJEMOETLCA BMUTb Ha YCili NIOLLL NOXeXi.

Taka cTpmbKonoAibHa imiTauis, Ha Hawy AYMKY, NPU BUKOPUCTaHHI B TpeHaxepi
Bi3ya/lbHO CMpPUIAMaTUMETLCA KOPWUCTYyBayeM $K MNPOLEC HEeorivyHWiA, HeBiANOBIAHWIA
AivicHocTi. TomMy npu  MOJENtOBaHHI  3aracaHHs MofymM’s  BapTO  BUKOPUCTOBYBATU
IMOBIpPHICHMI MigXig.

JocnigHukom [4] po3pobneHa Mofenb raciHHA MOXeXi 418 BUKOPUCTaHHA Y
KOMM’IOTEPHI Mporpami TpeHyBaHHS KepiBHMKa raciHHA MoXexi. Y Ui mMogeni He Mae
3HAYeHHs, BEAETHCA raciHHA CyLiIbHUMM ab0 PO3NUIEHMU CTPYMEHAMI, BOLOK ab0 MiHOH.
Ko>keH NiTp BOrHeracHoi pe4yoBMHN, NOLAHWI 3a OAHY CEKYHAY, BUK/IMKAE 3MEHLLEHHS M/OLL

MOXeXi 3a L0 CeKyHAy Ha MeBHY BENMUMHY. Y Mogeni girypye senmunHa W' — 06’em

BOFHEracHOi PeyoBWHM, HEOBXiAHOT NS FaCiHHA OAHOrO KBAAPATHOTO MeTpa NoXexi (n/m?),
fKa BW3HA4Ya€ BOrHeracHy 3AaTHICTb PevyoBMHW. Pi3Hi (hakTopu, WO YCKNaLHKOKTL abo
CMpPOLLYIOTL  TaciHHA, B KOHKPETHOMY BWMAaAKYy BPaxoBYHTbCA 30i/bLUEHHAM a60
3MEHLLEHHAM L€l BeNnMUnMHU. KpimM LpbOro 3afatoTbCs FpaHW4Ha JasibHICTb raciHHA (pagiyc
po60TK CTBONA) B METPax i BUTpaTa BOAM 3i cTBoMA (q,, ) Y Ni/C.

Y komn’toTepHiii nporpami «KWC PTM», wo pospobneHa C.B. CybayeBum [5]
peaii3oBaHO MPOLEC raciHHA MOXeXi MeToA0M KNITMHHUX aBToMartis. B Mogeni BpaxoBaHo
MPUNUHEHHS TOPIHHA BHAC/MIAOK BUIOPaHHS MOXKEXHOIN0 HaBaHTaXEHHS, 3HVDKEHHSA
KOHLeHTpauil KMCHIO Ta nojadvi MeBHOI KiSIbKOCTI BOAM Ha raciHHA noXkexxi. OCHOBHUM
HeLOo/IKOM € Te, L0 B MO/e/i He BpaxoBaHO 3MiHa epeKTMBHOCTI raCiHHA NOXeXi BOAOH npu
PI3HUX KyTaxX pPO3MUIEHHS CTPYMEHS, Aa/lbHOCTI CTPYMEHS Ta iH.

[MocTaHOBKa 3aBAaHHA

MeTor A0CNiMKEHHS € aHai3 ICHYHOUMX MaTeMaTUYHNX MOAENEN raCiHHS MOXEeX ANs
BUKOPWCTaHHSA B KOMM’HOTEP130BAHOMY TPEHAXEPI MiLrOTOBKM MOXEXHOM0-pATYBA/IbHNKA.

3acTocyBaHHA TaKMX CUCTEM [O3BOMUTL BILOWUTU YCHO CYKYMHICTb MPOLECIB | ABULL B
YCiil Ti CKNagHOCTI i B3aEMO3B’A3KaX, 3HAYHO 3HWU3UTW BUTPATU HA HATYpHE MOJE/OBaHHS
MOXeX, CKOPOTUTW TepMiHW | MIiABUWNUTK piBeHb MIAFOTOBKM (haxiBLiB A0 YXBasIEHHS
eheKTUBHMX pillieHb B 061aCTi MOXEXHOT 6e3nekn. HeobXigHICTb X BNPOBagKEHHSA B MPOLEC
npogeciiHoT NiAroToBKU (PaxiBLiB ONepaTUBHO-PATYBAILHOI CNYXOU LMBINBHOIO 3axXUCTy
HeoAHOpPa3oBO  BigbuBanaca B poboTax  bpywnuHcbkoro M.M.,  [eHucoa A.M.,
Kadgigosa B.B., Konowmiiius FO.1., MictokeBuua M.C., Cemukosa B.J1., Cobonesa M.M. i
HLWNX.

Mpy po3pobui maTtemMaTUyHOT MOLENT NMPUMUHEHHS TOPIHHA BapTO OKPEC/IUTU OCHOBHI
BUMOTW:

1) MatematmyHa  MOJenb  MOBMHHA  BpaxOBYBaTW  BUTOPAHHSA  MOXXEXHOro
HaBaHTaXXEHHS, 3HMKEHHS KOHLIEHTpaL T KUCHIO Ta nojadi NeBHOT KisIbKOCTI BOAW Ha raciHHS
MOXeEXi.

2) MatemaTvyHa MOJe/b NOBMHHA BPax0oBYBATW 3MiHY e(DEKTUBHOCTI raciHHA MOXexi
BOAOK MpWU Pi3HMX KyTaxX PO3MWIEHHA BOASHOrO CTPYMeHs, [anbHOCTI MOro nopaui,
HepiBHOMIPHICTb PO3MOAiNY Kanesb B 06°eMi CTPYMEHS.
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BuknageHHA 0OCHOBHOIO martepiasty LOCNiIKEHHS

3aracaHHa nonym’s B po3pobneHin mopeni noxexi BigdyBaeTbca MO OAHIA 3
HaCTYMHWX NPUYH.

1) BHacnigoK NOBHOro BUropaHHsA roproyoro HaBaHTaXKeHHA Ha AesKiil po3paxyHKOBIi
oAnHWLI nowwi (puc. 1).

2) IMpy 3HMKEHHI KOHLEHTPALIT KMUCHIO B MPUMILLEHHI B pe3y/nbTaTi Bi/lbHOr0 ropiHHA
abo B pe3ynbTari nogadi a3oTy abo BYrnieKncnoro rasy.

imosipHicTe EXT_PROB;, 3aracaHHs eeMeHTY Ha KOXHOMY Kaapi aHimauii (Kpoli
paxyHKy) BHAaCMiAOK 3HWKEHHS KOHLUEHTpauil KUCHIO B TMPUMILWEHHI BU3HAYaETLCA

thopmynoto (1):
EXT _PROB, 1.1 6.25K, (1)
fe K — (yHKLUIA pexxnmy rnoxexi.

pahiyHO 3aneXHICTb L€l MMOBIPHOCTI Bif KOHUEHTpauil KUCHIO B MNPUMILLEHHI
nokasaHa Ha pUCyHKy 1.

*
*

0,5 /

0 10 20
———= - (pYHKIILT peskRIMy TToKe I,
—— - fIMOBIPHICTE 3aTACAHHA THKCET

Puc. 1. 3aneXHicTb NMOBIPHOCTI 3aracaHHs Mikcens Bif KOHLUEHTpaUii KUCHIO B MPUMILLEHHI

3) 3aracaHHs Monym’s IMITYETbCA TakOXX MPW Mofdadi Ha L0 MOy FOpPIHHA NeBHOT
BUTpaTV BOAW. INpryoMy Yac 3aracaHHs 3a/1eXXN1Tb Bif, BIAHOLWEHHSA (haKTUYHOT IHTEHCUBHOCTI

nofadi sogn 1, Ao HeobxigHot 1, (puc. 2):

1k—2 0.37, @)

Je
— 4ac, XB.;
K o
IH
HeobxifHa IHTEHCMBHICTb NMOAayi BOAM Ha raciHHS NOXKeXi € BiJOMOK BE/IMUYMHOK Ta
3HaxoamuTbcA 3a Tabn.11.1. [6]
PaKTUYHY IHTEHCUBHICTb Nogadi BOAM 064YMC/THOEMO 3a HACTYMHOK (hOPMY/IOHD:
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° g 3
ne
S 0, — N/0LLA MOXEXi, M,

0., — BUTpaTa BOAM 3 MOXEXHOr0 CTBONA, N/C.

T, XB
60

40

\\

0 0,5 1 1,5 2

Puc. 2. 3aneXHICTb 4yacy 3aracaHHs nonym’s Bif BiAHOLIEHHS (PaKTUYHOT IHTEHCUBHOCTI
nogayi BoAN A0 HeobXigHOT

Mpy Takili 3aneXHOCTi 4ac 3aracaHHs MNoAym’s Npu nogadvi BOAWM HeOO6XigHOH
IHTEHCUBHICTHIO CKnagae 6/1M3bKo 10 XBUAVH.

Buxoaaun 3 KinbKOCTi eNeMeHTiB B 0JHOMY KBaJpaTHOMy MeTpi niowi, a 1600 M7, i
KiNbKOCTI KaJpiB paxyHKy B xBuinHy 300 x8™ oTpumaHa (hopmyna, L0 OMNUCYe 3a1eXHICTb
MIMOBIPHOCTI 3aracaHHs KOXKHOIO e/leMeHTY Ha MOTOYHOMY KPOL,i paxyHKY Bif, KpaTHOCTI K:

1

300 2 0.37 (4)
k

EXT _PROB, a

Ha pucyHKy 3 nokasaHuil anroputM obumcneHHs imosipHocTi EXT_PROB 3aracaHHs
KOXXHOTO €/leMeHTY 3a/IeXXHO Bif KOHLUEHTpaLil KUCHIO, IHTEHCUMBHOCTI nojadi Bogn i macu
3a/IMLLIKY FOPHOYOro HaBaHTaXKEHHS.

Okpim Uporo, y opmyny (2) B1U3Ha4YeHHSA MMOBIPHOCTI 3aiiMaHHs efleMeHTy A04aHui
KOeiLieHT, WO 3MeHLWYe NiHINHY LWBUAKICTL MOLWMPEHHA NOMyM's Npu nofjadvi BOAM,
BU3HAYyBaHW Mo hopmMyni:

|
K, I—‘b 1. (5)

BrKopurCTaHHS Lb0oro KoedilieHTa A03BO/ISE IMITYBATU 3HUKEHHS MIHIAHOT LUBUAKOCTI
MOLLMPEHHSA FOPIHHA NPV BBEAEHHI NMepLUnX 3ac06iB raciHHs [6].

Tak sK Oyno 3a3HayeHO BULLE, [N TaCiHHA TMOXEeX BCepefauHi Oypisesnb
BUKOPWCTOBYIOTHCA  PO3NWMEHI  BOAAHI  CTPYMeHi. 3BaXaluM Ha  TaKTUKO-TEXHIYHI
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XapaKTePUCTUKA MU MOXEMO BU3HAUYUTK (POPMY CTPYMEHIB Ta arnpoKCUMyBaTKh iX [O YMOB
HaLoT IMOBIPHICHOT MaTeMaTUYHOT MOZE.

EXT_PROB: double

Tak

EXT_PROB,=0
OBuncneHHa
EXT_PROB;
Tax lo>0 Hi EXT_PROBy=0
OBuncneHHa
EXT_PROB;
EXT_PROB:=1 EXT_PROB:=1-(1-P1)(1-P2)

Result:=EXT_PROB

Puc. 3. AropuT™M 064MCNeHHA MMOBIPHOCTI 3aracaHHs KOXHOro enemeHTy FireList, Lo
3HaxX04UTLCA B CMIUCKY

KyT po3nuntoBaHHA CTBOJIIB MOXe 3miHoBaTUch B Mexxax 0,3-1,9 pag (30-110 rpag).
Matrouu L faHi, po3paxoByeMO MnsioLly CTpymeHs (6)

S —, (6)

ne

0 — KyT po3nuntoBaHHS, pag;

R — #OBXWHa CTpymeHs.

Becb cTpyMiHb Boay He Gepe yyacTb B NPUMUHEHHI FOPiHHSA. Halibinbl eheKTUBHO Lie
pobuTL po3nueHa (asa, Lo NpuUbaM3HO AOPIBHIOE 2/3 CTpyMeHsA. Tomy nsoLlla CTPyMeHS,
Lo 6yae 6paTn yyacTb Y raciHHi 064MCHOETLCA 3a HACTYMHOK (hopMynoto (7)
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Je
s a2
S,,c — NJioLLa BOAAHOIO CTPYMeHS, Lo 6epe y4acTb B raciHHi, M%;

ra
R1 — [OBXWHa CTPYMEHS, M;
R2 — [OBXMHA CTPYMEHS, L0 He 6epe y4acTb B raciHHi MOXeXi.
TakMM YMHOM, OTPMMAEMO KiNbKIiCTb €eMeHTIB KNITMHHOrO aBToOMaTy, LU0 Ha JaHWii
MOMEHT 06p06/1A0TLCSA BOLOKO (8)

N, ﬁ (8)

[ie & — KiNIbKICTb e/IEMEHTIB Y 04HOMY KBaZpaTHOMY MeTpi.

PO3noAineHHs KisIbKOCTi BOAW Y N/IOWMHI CTPYMEHS € HepiBHOMIpHWUM. Haibinblua
KINbKICTb BOAW 3HAXOAMTbCA B LEHTPasbHIA YaCTUHI CTPYMeEHs, HailMeHLWa — Mo Kpasm
CTpymeHs (pwuc. 4). Yum OGinblua KinbKiCTb BOAWM NpUNafae Ha O4HY KOMIPKY KIITUHHOIO
aBToMaTty, TMM Oinblia pakTMyHA IHTEHCMBHICTL NoJadvi BOAM Ta LUBUAKICTb Mepexony
aBTomarty 3i cTaHy «BURNING» B cTaH «<EMPTY». Takum unHom, opmyna (3) byae matu
HacTYMHWUIA BUrNAA:

qecb
| :

no>x

Ag ., — E(eKTVBHA BUTpaTa BOAW 3i CTBO/A B 3a/IEXKHOCTI Bifj MPOCTOPOBOTO MOJIOXKEHHS
KA BIJHOCHO LieHTpYy CTPYMEHS

ol

e T ! 1
Qep Rer, (10)
ae
I, — HallkopoTLwa BiacTaHb Bif KA [0 cepefyHN CTPYMEHS, M;
R.rp — Pagiyc CTpyMeHs, M
Rep oy tanE, (11)
Ae l.,, — MBOBXWHA CTpymeHs BOAM Bif Kpato CTBOMA A0 OCi 3 MOTOYHUM KA, w0

nepneHAVKYNSpHa CepeayHi CTPYMEHS.
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30Ha raciHHg noxexi

CepeauvHa CTpymMeHs

BICb, A€ PO3MiLLIEHMIA - /
noToqHWIA KA T

Puc.4. 3aranbHuWii BUrNsz po3nnieHoro BOASHOTO CTPYMEHS

BuvcHOBKU

3pificHeHUIA aHani3 MaTemMaTUYHWUX MoZenieid NPUMNUHEHHS TOPIHHA [LaB MOXMBICTb
OUIHUTX TX OCHOBHI rMepeBarn Ta HeAONIKA [N MOCMIAYHOHOrO0 BUKOPUCTAHHA B
KOMIN’0TEPU30BaHOMY TPEHaXXepi MiArOTOBKU MOXEXHOT0-pATYBa/IbHUKA.

Mpy po3pobLi maTemaTUYHOT MOLENT MPUMUHEHHS FTOPIHHA 6Y/10 BPaxOBaHO BUrOpaHHsA
MOXEXXHOr0 HaBaHTAXEHHS; 3HVDKEHHS KOHLeHTpauii KMCHI0O Ta nofadi neBHOT KifIbKOCTi
BOAM Ha raciHHA MOXexi; 3MiHy e()eKTUBHOCTI raciHHA MOXexi BOLOK Npu PI3HUX KyTax
PO3MNWNEHHS BOAAHOIO CTPYMEHS; [AafbHOCTI MOro nogadi; HepiBHOMIPHICTb po3noginy
Karesib B 06’eMi CTpPyMeHs

MojanblwyMn MEepCnekKTUBHUMU LOCMIKEHHAMU € CTBOPEHHS KOMIJIEKCHOT MOZeni
PO3BUTKY Ta MPUMUHEHHS TOPIHHA 3a AOMOMOrOK MeTody KMITUHHMX aBTOMaTiB AnA
TPVBUMIPHOIO NPOCTOPY, WO AacTb 3MOTY Bi3yasli3yBaTu BKasaHi NPOLECcH Ta BUKOPUCTATH Ti
B KOMIM’HOTEPU30BaHOMY TPeHaXXepi NiArOTOBKMN NOXEXHOT0-pATYBa/IbHUKA

Cnucok niTeparypu

1. Sardqvist, S. Water for Manual Fire Suppression / S. S&rdqvist, G. Holmstedt // Journal of Fire
Protection Engineering.  2001.  Vol. 11, No. 4.  PP. 209-231.

2. MporHo3upoBaHWe OMacHbiX (DakTopoB Moxapa [TekcT] : fabopaTopHbIi  NpakTUKym  /
FO.A. Kowmapos, HO.C. 3otos, B.B. AHapees, C.B. NMy3au. M.: MUIMB MBZ Poccun, 1997.
68 .

3. Mysay, C.B. MeTogbl pacyeTa TenjoMaccoobMeHa npu noXape B MOMELLEHUN U UX NPUMEHEHWE MPK

peLleHny MPaKTUYeCKMX 3afady Moxapos3pblBobesonacHocTn : MoHorpadms / C.B. Mysay ; Akag,
roc. NpoTuBoNoOXap. cnyxoel n gp. M. : Akag. I'MC, 2005. 336 c.

4. PasnueaHoB, VI.H. KomnekcHas Mofenib noxapa v NoXapoTyLeHWst B YCNOBUAX OrpaHUYeHHOCTM
cun n cpeacte / W.H. PasnueaHoB // Mpob6nembl MPOrHO3MpOBaHUA Ype3BblYaiHbIX CUTYaLMid.
CbopHuk maTepuanoB VIl Bcepoccuitickoil  Hay4HO-MPaKTUYeCKOn  KoH(epeHumn, CaHkT-
Metepbypr, 8-10 okT. 2008 1.  M.: LleHTp «AHTUCTUXNSA», 2008.

5. CybaueB, C.B. CoBeplLeHCTBOBaHNE NOArOTOBKM NepCOHasia MPOTUBOMOXKAPHOI CY»KObl Ha OCHOBE
TEXHOMOTMIA UMWUTALMOHHOTO MOZAENMPOBaHNS NOXApoB B 34aHuAX [TekcT] : AuC. ... KaHfg. TexH.
Hayk : 05.13.10 / Cy6aueB Cepreit Bnagumuposuy. M., 2008.  113c.

6. TepebHes, B.B. CnpaBoYHWK pYKOBOAWUTENS TYLUEHWs MoXapa : TakT. BO3MOXHOCTW MoXap.
nogpasgeneHuii / B.B. Tepe6Hes ; M-Bo Poc. ®eaepauum no genam rpaxs. 060poHbI, Ype3BblyaiiH.

264



IHPOPMATUKA TA MATEMATUYHI METOAWV B MOAEJ/TFOBAHHI = 2013 = Tom 3, Ne3

CUTYaLMaM W1 IMKBMAALUW MOCNEACTBUN CTUXUIH. 6eACTBUIA, AKaf. roc. NPOTMBOMOXAp. CMYXKObI.
M. : MIBC-XonguHr, 2005. 243 c.

MOJAEJ/IMPOBAHME MPOLECCOB MNPEKPALLEEHVE TOPEHUA METOJOM K/IETOUHbLIX
ABTOMATOB

M.A. MNycToBuT

Axagemus noxapHoii 6esonacHocTy umeHn epoes YepHobbing MCYC YkpauHbl,
yn. OHonpueHko, 8, Uepkaccol, 18034, YkpaunHa; e-mail: fire@fire.ck.ua

PaccMOTpeHbl MaTemaTMyeckue MOAENM NpoLecca MPeKpaleHns ropeHus. YKasaHbl
OCHOBHble OTAMUMA MOgfeneld, MoKasaHbl NPUMEPbl WX WCMOMb30BaHWA Ha MPaKTMKE.
Paspa6oTaHa MofeNb MpoLecca MPEeKpalLeHnsl TOpPeHKsl Ha OCHOBE MeToda KIeTOYHbIX
ABTOMATOB. YUTEHO MpeKpallieHWe FOPeHUs MPU CHUKEHUM KOHLEHTPALMM KMCNopoaa,
MONHOTO BbIFOPAHKA FOPIOYEro Harpy3Ku 1 NoJaUn BOAHbLIX CTPYI Ha NOLLaL FOPEHUs.
KntoueBble CroBa: MOAENMPOBaHME, NpeKpallieHe FopeHusl, pacnpocTpaHeHve noxapa,
KNETOUHbIE aBTOMATbI, pacrbleHHble BOAAHbIE CTPYM

MODELING THE PROCESSES OF BURNOUT BY CELLULAR AUTOMATA
Mykhailo O. Pustovit

Academy of Fire Safety named after Chernobyl Heroes,
8 Onoprienko str., Cherkassy, 18034, Ukraine; e-mail: fire@fire.ck.ua

The mathematical models of the extinguishing process were examined. Main differences
between the models and examples of their use in practice were shown. The model of the
burnout process on the basis of cellular automata is developed. Burnout while reducing the
concentration of oxygen, complete combustion of the fuel load and the supply of water jets
on the burning area is taken into account.

Keywords: modelling, burnout, fire spread, cellular automata, sprayed water jets
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ANTOPUTMW OMNPALIOBAHHA IHPOPMALLINHNX
MOTOKIB B KOMITHOTEPHNX CNCTEMAX

1.3. Akumerko', M.M. KacsHuyk®, J1.M. TumoLLeHko?, H.€. pebeHb’

! TepHOMINbCLKMIA HaLiOH/IbHWIA eKOHOMIYHWIA YHIBEpPCUTET,
BYN. JIbBiBCbKa, 11, TepHoninb, 46029, YkpaiHa; e-mail: iyakymenko@mail.ru
Ogecbkuii HalioHanbHNIA MONITEXHIYHWIA YHIBEPCUTET,
npocn. LLeByeHka, 1, Ofeca, 65044, YKpaiHa; e-mail: nata-stid@mail.ru

O6rpYHTOBYETLCA  BMKOPUCTAHHA  TEOPETMKO-YMCIOBOTO  6asncy KpecTeHCOHa, WO
MOPOMKYE CUCTEMY UMCMIEHHS 3a/IMLLKOBUX KMacis, [fNA peanisauii  anroputmis
onpaLtoBaHHs iHopMaLiiHMX MNOTOKiB. Po3po6/eHi HOBI  anroputMy  MOLYNSPHOrO
MHOXeHHS B TEOPeTMKO-uMcrioBOMY 6asuci Pafemaxepa-KpecTeHCOHa, Lo [A03BOMMIN
3MEHLUWTW CKNAAHICTb 3 NONIHOMia/IbHO-EKCMOHEHLIAHOT [0 0rapugMiyHoi, WO Ha OauH-
[Ba nopagky 36iMbLUNM0 WBUAKOAIK PilleHHs 3a4ay faHoro knacy. HasefeHi pesynbTatu
YuceNbHUX EKCMePUMEHTIB BiAMOBIAAOTL TEOPETUYHO PO3PAax0BaHUM MNapamMeTpam i
NiATBEPLKYIOTb NPaBU/LHICTb 3aNPONOHOBAHOI0 HAYKOBOI0O Migxoay.

KntouvoBi cnosa: iHGpopmauiiiHi  NOTOKW, TeOpeTMKO-4YncnoBuin 6asnc Pagemaxepa-
KpecTeHcoHa, cucTema 3a/IMLLKOBUX K/aciB, MaTPUUYHO-MOAYIAPHE MHOXEHHS

Bctyn

Cnocobn kofyBaHHSA iHhOpMaLiiHNX NOTOKIB BU3HAYatOTbCS TEOPETUKO-YMCIOBUMM
6asuncamu (TYB), sAKi 3aCTOCOBYIOTLCS AN X NpefAcTaBieHHs [1-3], HalbifbLy NoWnpeHnMm
3 AKX B CyyacHUX Komn’toTepHux cuctemax (KC) € HacTynHi: yHiTapHui, Xaapa, pes,
Papgemaxepa, KpecteHcoHa Ta ["anya.

CaiToBuin poceif cTBopeHHs npouecopis ans KC 3a octaHHi 50 pokis, nopag 3
3actocyBaHHAM TUB Pagemaxepa, AKuin MOPOMKYe ABINKOBY CUCTEMY YMUCNEHHSA, EMOHCTPYE
TEHJEHLII0 BCe LUMPLUOro 3acToCyBaHHA iHWMX TYB, B TOMY uuChi: yHiTapHOro, Xaapa,
KpecTeHcoHa, Manya, Ta CYMICHOrO BMKOPUCTaHHA KOMOiHaLili HasBaHuX TYB, Hanpuknag
Pafemaxepa-Xaapa, KpectoHcoHa-I"anya ToLo [4].

Y 3B’A3Ky 3 UMM iCHye npobnema TrMO0OKOro [OCNIIKEHHA XapaKTepucTuk
«HepajeMaxiBcbkmx» TUB Ta rpaHUYHMX MOXIMBOCTEN iX 3acTocyBaHHsA. [Mpu LboMy
MepcrneKTUBHMUM, KpiM Halbifibll  CbOrOAHI  MacoBOro OAHOBWMMIPHOINO  (BEKTOPHOrO)
NpefcTaBNeHHs 4YMcen Ta BMKOHaHHA onepauin 'y TUB Pagemaxepa, € 3acTOCyBaHHS
ABOBUMIPHUX CUCTEM YMCNEHHS, BEPTUKa/IbHOT iHthopMaLinHOT TexHoMorii y 6a3nci Manya Ta
Pi3HMX (hopM 6araToBMMIPHOIO MPeACTaB/IEHHA YMCen Y BUMNALI 3a/IULWWKIB PI3HUX (HOpM
cucTemu 3aMLWIKOBUX Knacie TYB KpecteHcoHa [5, 6].

Cucrtema umcneHHs sanmwkoBux knacie (C3K) TUb KpecteHcoHa, po3pobrieHa
Akywicbkum I.A.  T1a  HKOgiubkmum A.1., o0cobnmBo 11 uinoymcenbHa (opmMa,  LIMPOKO
BUKOPWCTOBYBa/1aCb, MOYMHAKOUM 3 70-X POKIB  MWHYNOro CTONITTA Ans  nobynosu
LWUBMAKOAIKOUMX Creliafi3oBaHMX MNpPOLEecopiB CUCTEM MOBITPAHOT O0BOPOHM KONULLHBLOIO
CPCP [7]. HopmanizoBaHa hopma C3K, 3anpornoHoBaHa HayKOBOK LUKOJIOH Mpodecopa
Hukonaiiuyka $.M., aKTMBHO BMKOPWUCTOBYETHCA Ta 3aCTOCOBYETHCA MPU LOCHIMKEHHI
[BOBMMIPHUX (MATPUYHKX) (hopm cuctem uncneHHs TUB Pagemaxepa ta Manya [8].
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MeTa Ta 3agaui AoCNipPKEHHS

[JocarHeHHs HeoOxigHOro piBHA 3axucty iHgopmauii B KC, sKi po3sBuBaroThbCS,
OOr'pyHTOBYE MEPCMNeKTVBY YAOCKOHAIEHHS a/ropuTMiB (JOPMYBaHHS Ta OMpautoBaHHA
iHhopMaUiHMX noToKiB. [ns  [JOCArHEHHA MeTW YAOCKOHaNeHHA Ta MiABMLLEHHS
epeKTUBHOCTI 3aXUCTY iH(OopMaLiiHNX MOTOKIB HEOOXIAHO BUPILLNTY PSS 3akay:

[OCNIANTN TEOPETUYHI 3acaay onpawtoBaHHS IHPOPMaLiMHNX NOTOKIB;

PO3POOUTY LLUBUAKOAIOYI anropuTMy OnpaltoBaHHA iH(opMaLiiHUX MOTOKIB Ha
OCHOBI pi3HuX TYB;

CTBOPUTY CcnevLianizoBaHi NporpamHi 3acoou onpawoBaHHs IHPOPMAaLLIMHNX NOTOKIB.

TeopeTnUHI 3acagn BUKOPUCTAHHS CUCTEMW 3a/TMLLIKOBUX KaciB

Bigomo, wWwo [BilikoBa CUCTEMa UYWCMEHHS, SIKA BWUKOPWUCTOBYETbCA B CydYaCHWUX
KOMIM’IOTEPHUX CUCTEMax, Mae MeBHI HefONIKA — HasfABHICTb MDKPO3PAAHUX 3B’A3KIB Ta
BENMKY pPO3pAfHICTb [9]. ToMy akTyanbHUM € PO3BMTOK | 3aCTOCYBaHHS HEMO3ULIMHUX
CUCTEM YMC/EHHS, B AKUX BIACYTHI BKa3aHi Hegoniku. Mpuknagom moxe 6yt C3K, abo, aK 1i
LLie Ha3MBatOTb, NpeAcTaBneHHs yncen y 6asuci KpecteHcoHa [10], [11], npuyomy HalbinbL
(PyHAAMEHTaIbHO AOC/IKEHO LinoyncesibHy opMy B CUCTEMI 3a/IMLLKOBUX Kracie. Xoua
BOHAa He Habyna 3HaYHOro MOLMPEeHHA Y 3B’A3KY 3 HEeOOXiAHICTIO BU3HAYEHHS YMOB
MepenoBHEHHS, CKIAAHICTIO Ta TPOMI3LKICTHO 3BOPOTHLOIO MEPETBOPEHHS YMCEN Y AECATKOBY
CUCTEMY YMCNIEHHS, a TaKoX CKafgHoLaMKn peanisaLii onepauin gineHHs Ta NOPIBHSAHHSA, ane
C3K MOXKHa eheKTVBHO BMKOPUCTOBYBATU Y MY/IbTMOA3NCHMX MpoLiecopax, crewiani3oBaHmx
064YMCNOBaIbHUX MalLUHAX A4/ BUKOHAHHA onepavyiii 4o4aBaHHS, BigHIMaHHA Ta MHOXEHHS,
Hanpuknag, y 3afadax NiHiiHOT anrebpu (MaTpUYHO-BEKTOPHI onepaii) Towo. HeobxigHo
BIAMITUTY, WO UA cMCTEMA 0CO6/IMBO e(DeKTMBHA MNP 0BUMCNEHHAX 3 BEMKUMW YMCnamu
[12], [13].

dyHjameHTalbHOO OCHOBOKO C3K € Teopis uucen [14], 30Kkpema, BNacTMBOCTI
KUTaNCbKOT TeopeMn Npo 3anunWwKN. byap-gke uine godaTHe yncno Ny AecsTKOBIl cuctemi
yncneHHsa npegcraBnseTbcd B C3K y BUrnagi Habopy HaiMeHWMX AOAATHIX 3aMLLKIB Big
LINEHHA LbOro umcna Ha (QikcoBaHi Uil AoAaTHI MOMapHO B3aEMHO MPOCTi  yucna

PPy P, (Ng bbb, ooz, pno A€ b. N mod p,), AKi Ha3VBarOTLCA MOAYNAMM (N

— KifbKicTb mogynis). lMpy ubOMY MOBMHHA BUKOHyBaTuUcb ymoBa 0 N P 1, pge

n
P P, -

il

Ha BigMiHY Big MO3WLIAHMX CUCTEM YUCNEHHS, e BeIMYMHA BM3HAYEHOro po3psamy
CYMU, PI3HULI ab0 MHOXEHHS 3a/IeXXUTb He TiIbKW Bif 3Ha4yeHb BiAgMoOBIgHWX, ane i Bif
nonepegHix pospsagdiB fojaHKiB abo MHOXHUMKIB, B C3K pofaBaHHsA, BigHIMaHHA Ta
MHOXEHHSA LINMNX YMCeN BUKOHYETbCA OKPEMO MO KOXHOMY MOAY/O | MEepeHocn Mix
po3psgamm BigcyTHI. OTxe, Taki onepauii B C3K € mogynbH1mMu [15].

Hexali fBa fecaTKoBi uncna A i B, 3anuncaHi 8 C3K 3a BubpaHUMmn MOLYNAMMN:

AiO al’aZ’ ’ai’ ’an pl,p2, ,pi, ,pn’

BlO bl,bz, 1bia lbn pl,p2, ,pi, ,pn"’
Togi:

AiO BlO ClO Cl’CZ’ ’Ci’ ’Cn pl,p2, ,pi, ,pn’
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AiO BlO DlO dl’dZ’ ’d' d

1 ¥n plp2 ,pi, ,pn’

e
c a b,

d a b.

OcTaHHI piBHOCTI CnpasefvBi Nvlle B TOMY BUNAAKY, KON pe3yfbTar onepauii He

n
BUXOAMTb 3a MeXi IHTepBay p, 1.
il
3BOpOTHe nepeTBopeHHs i3 TUB KpecTeHCOHa Yy [ECATKOBY CUCTEMY UWCNEHHA €
[OCUTb FPOMI3LKUM i PYHTYETBCS HA BUKOPUCTaHHI KUTaNCbKOT TeOpeMu Mnpo 3anuLikum [14]:

N b.B, modP, Q)

i1

ge B Mm, M, E m. LYKaeTbcA 3 BMpasy M;m, modp, 1, npu LbOMY NOBUHHA

BWMKOHYBaTMUCb YMOBa B, modP 1.
il
Cnig, 3a3HaunTK, WO npu nepesefeHHi yncen i3 C3K y AeCATKOBY CUCTEMY UUC/IEHHSA
3HauHY O0BUMC/IIOBANILHY CKNAAHICTb CTAHOBWUTb MOLIYK KoegiuieHTiB m. M, mod p,. ¥
po6oTi [8] po3rnsHyTo gockoHany opmy C3K (4P C3K), y sikiil nigdip moaynis Takui, Lo
m, 1, T06T0

M;mod p, 1. (2)

Mojanbwuii po3sutok AP C3K oTpumana y pobotax [16, 17], y akux 6yno
BCTaHOB/1IEHO Mpasumia NobynoBu Habopis 3 6yAb-AKOT KinbKocTi moaynis AP C3K ans 6yab-
AKOro AianasoHy AeCATKOBUX yncen. LLykaHi Moay/i MOBMHHI OTPUMYBATUCA 3 TaKOT YMOBM:

p 2
P PPp; L1 0N (3)
P, PPPry L

Cnig, 3a3HauMTK, LWO 3anporoHOBaHa CUCTeMa HEe BUYepnye BCIX MOXIMBUX HAbopIB
ans TYB KpecTeHcoHa npu 3agaHux n. Habip moaynis, oTpyMaHuiA 3a AONOMOroH CUCTEMY
(3), HaioNTUMa/bHILLWA, OCKINbKM B LbOMY BUMaAKy BennMyMHa P € MakcumanbHa, Lo
[03BOMISE PO3rNa4aT HalbiNbLIMIA Aiana3oH AeCATKOBUX uucen. Mpu uboMmy AocAraeTbes
3MEHLLEHHS PO3PSAAHOCTI BABIUI.

Kpim TOro, y umx poboTtax 3anpornoHoBaHa HanisgockoHana gpopma C3K (m. 1), AKy

3pY4YHO BUKOPWUCTOBYBATU Yy BUMAAKY OOMEXEHOI KiNbKOCTI MOAYNiB Ta HeobXigHOCTI
po3rnagy Benukux uucen. lMepcnektuBHumKn Mogudikauismm C3K, Aki Ha gaHuid 4ac
LOCNIMKYOTLCA, € HOpMasi3oBaHa Ta po3mexosaHa opmmn C3K.

OTmXe, nepesary MpefcTaB/ieHHs uyucen y 6asuci KpecTeHcoHa Ans onpautoBaHHSA
iH(hopMaLinHMx noTokiB B KC o4yeBUAHI — BUKOHaHHA Onepawiin Haj BeNMKOpPO3pALHUMM
yucnamu, fAKi MpefcTaBNAOTLCA 3a/MWLIKAMKW, a He Haj BeMKUMW uyucnamu  6asucy
Pagemaxepa.
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ANTOpUTM MOLYNAPHOro MHoXXeHHA y TUB Pagemaxepa—KpecTeHcoHa

Y po6oTi [18] BMKNageHi TEOPETUYHI OCHOBM BMKOHAHHA Onepauiin MoAynspHOro
MHOXEHHA Ta EKCMOHEeHLt0OBaHHA MpW  3acTOCyBaHHI TEOPETUKO-YMCNOBUX 6asucis
Pafemaxepa Ta KpecTeHCOHa Ta OTPMMaHO aHa/liTUYHI BUpa3n 064MCNOBaASIbHOT CKNagHOCTI
3anponoHOBaHVX BUCOKOMPOAYKTVBHUX a/ITOPUTMIB.

3anponoHoOBaHO aNropuT™M MaTPUYHO-MOLYNAPHOTO MHOXEHHA N—PO3PALHUX YUCEN

a a "' a2 a2 a, Ta b b,,2"" b, 2’ b2 b,, ge
a,b, 0,1, n — pospsgHicTb mMogyns p. [icns nobyaosn MaTpuLi Hcin 2" "mod p
[0OYTOK ymcen a Ta b OTpUMYETLCA 3rigHO (hopMynn:

nlnil
ab ab;2' 7 modp, (4)

i1j1

Age a,b; 1, T06TO C; 3HAXOANTLCA HA NEPETUHI CTOBMLSA Ta PsAKa, ANs AKMX BiANOBIAHI &
Ta b; AopiBHioOTL 1.

MogynspHe MHOXeHHSi B TYB Pagemaxepa—KpecTeHCOHa 3[IMCHIOETLCA 3rigHO
HaCTYMHOTo a/IrOPUTMY.

Bxig: a a, ,2"' a2 a2 a, b b 2" b, 2’ b2 by,
a,b; 0,1, n— po3psaHicTb Moayns p.

1) 3HaxoAMMO 3a/IULLIKM KOXHOTO 6iTa a i b no 3agaHoMy moaynto p.

2) CyMyeMO 3a/IMLLIKM OCTaHHbOT CTPIYKN MaTpuLLi po3knagy uncen a i b no mogynio p.
OTpumyemo c, .

3) TMomHOoXyruM C 2 3a MOAYNeM p i MPOMyCKarun HyNbOBI CTPIYKKM, 3arvCcyeMO
BEKTOP CTOBMNYUK C,. OTPMMYEMO BEKTOp 3anuLwKiB a b mod p .

Buxig: ci.

Bnok-cxema anroputMmy npeAcTaBneHa Ha puc. 1. OTpuUMaHuiA airoputM  3amiHu
onepaLlii MHOXEHHs, fKa Mae KBafpaTWuHy OBGUUCMIOBaNIbHY CKaagHicTb Oln  n?,

MaTpMYHO-MOLY/IbHOK  onepauietdo  cymyeaHHA B TUb Pagemaxepa—KpecteHcoHa 3
NorapugMI4YHOI CKIaAHICTHO

log,n %, akwon 256

O2n ] .
n log, n, B iHLWKX BUNAAKaxX

OcHoBHa nepesara po3po6/1IeHOro anropuTMy Mo BiJHOLIEHHIO A0 iCHYHOUYMX — 3aMiHa
6araToTakTHOT oOrnepauii MHOXEHHA Ha OfHOTAKTHY CYMYBaHHS 3a/MLIKIB. AJITOPUTM
[03BOJISIE peanizyBaTn MaTpuui po3psgHocTi 1024 6iTn 3a 2-4 Mc, WO NPK TaKTOBIN YacToTi

npotecopa 10° npuckoproe peanisayito anroputmy B 20-40 pasis.
Y [NOCKOHa/IEHNA aNifOPUTM MOZLY/ISIPHOM0 MHOXEHHS Ha OCHOBI BMKOPUCTaHHA TUb
Pagemaxepa-KpecTeHcoHa

[ns BUKOHaHHA onepauii MOAYNSPHON0 MHOXEeHHA a b mod p  ABOX N—pO3psALHUX

yncen, NpeacTaBUMo umcna a Ta b B ABIVKOBIN cuCTeMi uMcneHHs 6a3ncy Pagemaxepa,
TO6TO:
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i 0 1 2 nil
a 8,2 a,2° a2 a,2° .. a,,2"",

b b2 b,2° b2' b,2° .. b, 2"",

ne
a 01;

b. 0.1;

J
N — PO3PALHICTb MOAYNA P.
[Nna 3HaXOMKEeHHA pe3ynbTaTy iX MHOXEHHS 3a MOAy/neM p nobyayemo MaTpuuio,
npeAcTaBneHy B Tabn. 1, ae k; 2’ mod p.

Tabnmuysa 1.
Martpuua mHoXeHHA B TUB Pagemaxepa—KpecTeHcoHa
Kn-1 Ky Y Kn-1 Ky Ko
an-1 bn.1 b1 bo 0 0 0 0 0
0 | s s e, 0 0 0 0
di 0 0 bn.1 b1 bo 0 0 0
0 0 0 | | i | i | e 0 0
ai 0 0 0 0 bn-1 b, bo 0
do 0 0 0 0 0 bn-1 by bo
a bmodp a,bk, ab ab,k ab, ab abk,
(6)
(aobn 1 a'1bn 2 a'n 1b0)ki
[Mo3Haunmo yepes:
A ab, , ab,, .. a, bk, (7)
2n
a b modp A modp. (8)
11
3 BpaxyBaHHsAM (7) criBBigHOLWEHHS (8) Habyae Burnaay:
2n n1l
a b modp a;b; k, modp,
10 (9)
jo
i J n1l

Mpuyomy, skwo a; 1, b,,b, 1, ToAI OTPUMYEMO CMPOLLEHHS MpK PO3PaxyHKY

onepawii MOLyNSPHOr0 MHOXEHHS 3 BUKOPUCTAHHSAM HACTYNHOTO CMiBBiAHOLLIEHHS:
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(bs bq)ki ki 1- (10)

OTXe, Npy BUKOPUCTaHHI cniBBigHOLWEHHSA (10) CyTTEBO 3MEHLLYETLCSA 06YMCIOBa/IbHA
CKMafHICTb BMKOHAHHA onepauii MOAYNAPHONO MHOXEHHSA, WO [03BOJSIAE e(EKTMBHO
BMKOPWCTOBYBATW 3arponoHOBaHUIA METO/ B a/ifOpUTMax 3axucTy iHthopMaLiinHUX NOTOKIB,
nobyfoBaHMX Ha aCUMETPUYHUX KPUMTOCKUCTEMAX.

(7 owo )
, o

Beiga;, b, p,n s=smod p

s=0 Busig s

< Kinemp >
n

Tak

e=c+(2™Vmod p)

<
<

Puc. 1. Bnok cxema anroputMy MoLynsapHOro MHoXkeHHs B TUB Pagemaxepa-KpecTeHcoHa
Po3rnsHemo npuknag: 3HaiT 3Ha4YeHHs Bmpasy 21 25mod 29.

[na novatky npefcrasngemMo umcna 21 i 25 B ABINKOBI CUCTEMI YMCNEHHSA, TOOTO
21=10101, 25=11001, ToAi Ha OCHOBI BUKOPUCTaHHA Tabn. 1 oTpuMyemo:

271



1.3. AkumeHko, M.M. KacaHuyk, J1.M. TumoLueHko, H.€. 'pebeHb

19 24 12 6 3 16 8 4 2 1
1 1 0 1 0 1
1 1 0 1 0 1
0
0
1 1 0 1 0 1

3 BpaxyBaHHAM criBBigHOLEHHSA (10) ogepXumo
(24+12+6+16+16+8+4+1)mod29=(19+8+4+1) mod29=3.

TakMM Y/MHOM, OTPUMaHO YLOCKOHA/IEHWIA HOBWA anroputMm 3amiHn  onepawii
MHOXEHHSI, sIKa Mae KBafpaTU4HY OBGUMCMIOBAbHY CcKMagHicT Oln  n®, MaTpuyHo-
MOZY/IbHOK — onepauieto  cymyBaHHs B TUB Pagemaxepa—KpecTeHCOHa 3 NiHiAHO
cKknagHictio O2n  2n.

PesynbTatv LOCNIIKEHHA 00YMCHOBA/ILHOT CKNALHOCTI 3anpornoHOBaHOIO afiropuTMy
HaBeieHi Ha PUCYHKY 2.

O(n)
108

0
10°g 80 160 240 320 400 480 i 560 640 720 800 880 960
n, 6iT

Puc. 2. O6umncntoBa/ibHa CKIaAHICTL onepauii MOAYNSAPHOr0 MHOXKEHHS YAO0CKOHA/IEHOIo
/IrOpPMTMY Ha OCHOBI BUKOpuCTaHHA TUB Pagemaxepa-KpecteHcoHa

Pe3ynbTaT  4YMCENbHOrO0  eKCMEePUMEHTY MOKa3yloTb, WO pPO3po6neHNiA  MeTos
XapaKTepu3yeTbCs Ha 1 NOpsAA0K MEHLLOK 06YMCOBA/IbHOK CKMAAHICTIO MO BifHOLLEHHIO
[0 BigOMUX i [03BONSE e(IeKTMBHO 3aCTOCOBYBATU MOr0 B Pi3HOr0 poAay 3adavax, Hanpuknag
B aCMMETPUYHMX CUCTEMAX 3aXMUCTy Ha eTanax $K TFeHepyBaHHA K/OYiB, TakK |
LWndpyBaHHA/felingpyBaHHa fjaHuX.
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BuvcHOBKU

Po3po6seHi HOBI airOPMTMKM OMpaLtoBaHHA IH(OPMALiMHUX NOTOKIB — MOAYNAPHOIO
MHOXeHHA B TUb Pagemaxepa-KpecteHcoHa [03BO/MAM  3MEHLUUTM  CKNAAHICTb 3
NoNiHOMia/lbHO-eKCMOHEHLIMHOT [0 Norapu@MiyHOT Ta NiHIMHOI, Wo Ha 1-2 nopsgku
36IMbLLIMMO  LWBMUAKOLIKO PileHHs 3afady [aHoro Knacy. Po3po6neHi IHCTpYMeHTa/IbHI
nporpaMHi 3acobu peanizayii airopuTMisa MOLYNAPHOTO MHOXEHHS Ja MOX/MBICTb
[OCNIAUTU BMNMB YacoBOI CKNALHOCTI Ha XapaKTepUCTUKU 3arpornoHOBaHUX alropuUTMIB.
PesynbTatv BIANOBIfAalOTL TEOPETUYHO pPO3pPaxOBaHUM MapameTpam | MiATBEPAKYHOTb
MPaBWNbHICT  Ta  Pe3yNbTaTMBHICTL  3amnpOoroHOBAHON0  HAayKOBOro  nigxoZy Mo
BLOCKOHA/IEHHIO a/1rOpUTMIB  ONpaLtoBaHHA iH(OPMALiMHAX MNOTOKIB B KOMIM’HOTEPHUX
cucTemax.

OcKinbKkn onepayis MOAYNSPHOTO MHOXEHHS € 6a30BOK) B HaMGiNbLL MOLLUMPEHNX
cucTeMax 3axucTy IH(opMaLiiHMX MOTOKIB 3 BIAKPUTUMMW  K/IOYaMW, TO AOLIIbHO
BUMKOPWUCTOBYBATU PO3P0OO6MEHNIA METOA B 3adadax 3axucTy iH(hopMauiiHMX MOTOKIB Ha
NpakTuLi AN BAOCKOHANEHHS CUCTEM 3aXMCTY iH(OpMaL,iiHUX NOTOKIB.
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ANNMTOPUTMbIl OBPABEOTKN MH®OPMALIMOHHBLIX NMOTOKOB B KOMIMbHOTEPHbIX
CUCTEMAX

11.3. Akumenko’, M.H. Kacanuyk®, /1.H. Tumowerko?®, H.E. Mpe6eHs’

! TepHONONLCKII HaLOHa/IbHbIV SKOHOMUYECKIA YHUBEPCUTET,
yn. JlbBoBCKasd, 11, TepHononb, 46020, YkpavHa; e-mail: iyakymenko@mail.ru
2 O[ecCKMii HaLMOHabHbI MONUTEXHUYECKMIA YHUBEPCHUTET,
npocn. LLeeyeHko, 1, Ogecca, 65044, YKpanHa; e-mail: nata-stid@mail.ru

OGOCHOBbLIBAETCA  UCMOMb30BaHME  TEOPETUMKO-UMCIOBOTO  6asnca  KpecTeHcoHa,
MOPOXAAIOLLETO CUCTEMY MCUMCNEHMS OCTaTOUHBIX KMAccoB, /1S peann3aLmy anroputMoB
06paboTKN MHHOPMALMOHHBIX MOTOKOB. Pa3paGoTaHbl HOBble a/IrOPUTMbl MOALYNSPHOTO
YMHOXEHUSI B TEOPETUKO-YMCOBOM 6asuce Pagemaxepa-KpecTeHCOHa, YTO MO3BOMAO
YMEHBLUNTL CMOXHOCTb C MOMMHOMMUASIbHO-3KCMOHEHUMANbHOM [0 NOrapudMUYECKOid,
YTO Ha OfMH-[Ba MOPSAKA YBENMUMNO GbICTPOAEMCTBME peLleHns 3a4ay aHHOro Knacca.
MpriBefeHHbIE Pe3yNbTaTbl YMCMEHHBIX 3KCMEPUMEHTOB COOTBETCTBYHOT TEOPETUYECKU
paccunMTaHHbIM NapameTpam U MOATBEPXKAAIOT MPaBUILHOCTb MPEANOKEHHOrO Hay4HOro
noaxoga.

KntoueBble cMoBa: MH(OPMAaLOHHbIE MOTOKYM, TEOPETUKO-UYMCNOBOI 6asnc Pafemaxepa-
KpecTeHCOHa, CCTEMa OCTATOYHbIX K1acCoB, MaTpUYHO-MOAYNSIPHOE YMHOXEHNE

ALGORITHMS OF PROCESSING OF INFORMATION FLOWS IN COMPUTER SYSTEMS
Igor Z. Yakimenko', Michael N. Kasyanchuk®, Lidiya M. Timoshenko?, Nataliya E. Greben?

! Ternopil National Economic University,

11 Lvivska str., Ternopil, 46020, Ukraine; e-mail: iyakymenko@mail.ru
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The using of Rademacher-Krestenson’s basis is justified for realization of algorithms of
information flows processing. New algorithms of modular multiplication in the theoretical
and numerical Rademacher-Krestenson’s basis are developed. It helped reduce the
complexity from polynomial or exponential to logarithmic. The theoretically calculated
parameters are confirmed by the results of numerical experiments.
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AHATN3 MPEVMMYLWECTB MPOCTPAHCTBEHHOW
OBJIACTV UM PPOBOIMO N30OEPAXXEHUNA-KOHTENHEPA
014 CTEI AHOINPEOBPA3SOBAHNA

O.B. KocTbIpKa

Axagemus noxxapHoii 6esonacHocTy umeHn Mepoes YepHobbing MCYC YkpauHbl,
yn. OHonpueHko, 8, Uepkaccol, 18034, YkpaunHa; e-mail: chaykaov@rambler.ru

B pabote npoBedeH [feTanbHbli  aHaiM3  NPEeMMYLLECTB  WCMO/b30BaHUA — A/1s
CTeraHonpeobpa3oBaHUs MPOCTPAHCTBEHHOM 061acTh  M306paXKeHWs-KoHTeliHepa Nno
CpaBHeHWIO C 06/1acTbl0 Mpeobpa3oBaHnA. B xofe aHanuM3a  MOMyYeHbl OLIEHKU
BbIYUCNUTENBHON CMOXHOCTU MepeBofa U306paXKeHWs M3 MPOCTPaHCTBEHHOW obnacTv B
00/1aCTN pasnuyHbIX NpeobpasoBaHuii, Hanbonee YacTo MUCMOMb3YeMbIX B CTeraHorpagum,
a TaKKe OUEHKM BbIYUCAUTENLHOM MOTPELIHOCTY, BO3HMKAOLWEA B  pesysbTaTe
BbIMO/IHEHMA MPAMOro M 0BPaTHOro MpPeobpa3oBaHWA M300PAKEHUA. YCTaHOB/IEHO, UYTO
MPOCTPaHCTBEHHaA 06/1acTb M3006pPaXXEHMA-KOHTelHEpa ABAAETCA NPeAnovTUTENbHOM No
CpaBHeHMIo ¢ 06N1acTbi0 NpeobpasoBaHWa 4ns BHEAPEHUS AONOAHUTENLHOR MH(OpMaLMn ¢
TOYKM 3PEHUS OLEHKUN BbIYUCAUTENBHOM CIOKHOCTM U BbIYUCANTENBHOA NOrPELLHOCTY.

KntoueBble cnosa: LquJpOBOE I/I306pa)KEHI/Ie, NPOCTPaHCTBEHHasA obnactb, 0651acTb
I'IDEO6DHSOBaHI/IFI I/I306pa)KEHI/IFI, BbIYNCNNTENBHAA CNOXHOCTb, BbIUNCNNTENBbHAA
MOrpeLwHoCTb, CTeraHOI'Ip606pEISOBaHI/Ie

BBefeHue

Linchposble nsobpaxkeHns (LI) cerogHs 4acTo UCMob3yTCA B Ka4ecTBE KOHTENHEPOB
B creraHorpajuu. OfJHOM U3 NPUYMH 3TOTO  SABNSETCA BO3MOXHOCTb  M3MEHEHWI
matpuubl/MaTpuL, N306paXkeHNs, NPONCXOAALLMNX B NpoLecce cteraHonpeobpasosaHus (Cr1),
0e3 HapyLLIeHWIA ero HafeXXHOCTW BOCMPUATHUS.

[na norpyXeHns [ONOMHUTENBHON MHGopMaumn (AN) B KOHTeiHep-n3o6paxeHue
MOTYT WCMO/b30BaTbCA KakK MPOCTPaHCTBEHHasd, TaK M o06nacTb npeo6bpasosaHus L. B
KayecTBe 006/1aCTV NMPeobpasoBaHNA MOXKET, B YaCTHOCTW, BbICTYNaTb YacTOTHas o6nactb LA
[1, 2], 06nacTb pasIMUHbIX Pa3NOoXEHUA MaTPULLbl: CUHTYNAPHOrO, CreKTpasbHoro [3, 4], u
ap. [5, 6].

Ha npoTsykeHWM  [JOATOr0  BPEMEHW  CUMTaIOCh, 4TO  And  0becneveHus
MOMEX0YCTOMYMBOCTY CTeraHorpauyecknx MeToL0B U anropuTtMoB NPeLNoYTUTENIbHON 15
norpyxenusa AW asnsetcs obnactb Npeobpa3oBaHns N3006paXKEHMS, B YaCTHOCTU, YaCTOTHaA
obnactb. JT0 yTBEPXKAEHME B CBeTe paboT [7,8] ABNseTCA OLWMOOYHBLIM, MOCKO/bKY B HUX
MoKa3aHo, YTO He MMeeT 3HaYeHWs, B KaKoi 06/1aCTU KOHTeliHepa NPOUCXOAUT MOrpyXKeHue
[W; BXXHO, K KakvM BO3MYLLEHUAM CUHTYNAPHLIX yncen (CHY) 1 CUHIYyNapHbIX BEKTOPOB
(CHB) maTpuLbl KOHTeliHepa 3TO MpWBELET, rhe 3TV BO3MYLLEHWUA OY4yT NIOKaIM30BaHbI.
OueBNOHO, YTO KaxKyLLeecs MpeuMYLLECTBO CTeraHoairopuTMoB, norpyxawowmnx AN B
obnactm npeobpa3oBaHUs, OCHOBAHO Ha TOM, 4TO peasn30BaTb MOJyYeHHble B [8]
[0CTaToYHble YC/TOBUS YCTOMYMBOCTY CTeraHoa/IrOpUTMa K BO3MYLLAIOLWMM BO3AENCTBUAM B
MPOCTPaHCTBEHHOM 06/1aCTU CMIOXKHee, YeM B 06/1acTV npeobpas3oBaHns, HO MPUHLMNUAIBHO
BO3MO>KHO.

MpocTpaHCTBEHHAs 06/1aCTb M300paXXEHUS-KOHTEMHepa Mpy  pa3paboTKe CTeraHo-
IrOpUTMOB Ha CErOAHALIHWIA AeHb Hecnpases/IMBO OTXOAMT Ha BTOPOI nnaH. VcknoveHme
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COCTaB/IAET, MOXaNyi, MMLLb METOA MOAU(DUKALUM HaMMEHbLLIETO 3HaYallero 6uTa, ocyLlecT-
BAIOWMIA norpyxxeHne AW B NpoCTpaHCTBEHHOM 06/1aCTH, LUMPOKO MCMO/b3yeMblil A0
HaCTOALLEr0 MOMEHTA, HO 1 OH MpPeTeprneBaeT B NOC/eAHEE BPEMS MOAUMUKALAW, CBA3AHHbIE
c opraHu3auyein CIMN B 06/1aCTN ANCKPETHOTO KOCUHYCHOMO nNpeobpasosaHus (AKIT).

Mo MHeHMIO aBTOpa, YuUTbiBasg MNPUHLMUMNAIBHYIO BO3MOXHOCTb  MOCTPOEHUA
YCTOMUMBLIX K  BO3MYLLAIOLWMM  BO3AENCTBUAM  CTEraHOMeTOJ0B  He3aBMCUMO  OT
ucnonb3yemon ana CIT obnacT KOHTeilHepa, OCHOBHOE BHUMaHWe Mpu pa3paboTke
IrOPUTMOB  CErOfHA HeoO6X0AMMO YOeNsATb WMMEHHO MNPOCTPAHCTBEHHOW 06nactu ans
opraHusaumun BHeapeHus O, oyepefHbIM apryMeHTOM Yero 1 fB/ISETCA HacToALas paboTa.

Llenb cTaTtbn 1 NocTaHOBKA 3aaHWiA

Llenbto ctatb ABNAETCA [JeTa/lbHbIA aHa/IM3 MPeuMyLLEeCTB MCMO/b30BaHWUA A1
cTeraHornpeo6pa3oBaHWs MPOCTPAHCTBEHHOW 06M1acTU  KOHTEMHepa-n3o6pakeHus, Mo
CpaBHEHWIO ¢ 061acTbo Npeobpa3oBaHms.

[ns [OCTMKEHNS LenM HEO6X0AMMO PeLnTb CrefytoLLme 3aauun:

1) OueHUTb «HaKNafHble» BbIYUC/UTENbHbIE pacxodpl Ana  nepesoga LN u3
NPOCTPaHCTBEHHOIN 06n1acTK B 06/1acTU NpeobpasoBaHns, Hanboee YacTo UCMO/b3yemble B
cTeraHorpaguu;

2) OUEHUTb  BbIYUCIUTENBHYKO MOTPELUHOCTb, BO3HMKAKOWYKO MpY  BbINOSHEHUN
nMpsAMoro 1 obpatHoro rnpeobpasoBaHUsA M306paKEHNS BMAA: «MPOCTPAHCTBEHHas 06/1acTb —
obnactb npeobpasoBaHua (MO — OMM)», «obnacTb NpeobpasoBaHNA — MPOCTPAHCTBEHHAS
obnactb (Ol - MO)».

OcCHOBHada 4acTb

Hanbonee 4acto MCMONb3yeEMbIMW Ha CErOAHAWHWIA AeHb nNpeobpasoBaHusMu LA,
npeasapaoLLLMn norpyxeHune A, aBnatoTca:
[AMCKPETHOE KOCUHYCHOe npeobpasosaHue (AKIT);
BeliBneT-npeo6pasosaHue (BM);
CUHTYNApHoe/crnekTpasibHOE pasnoxXeHue matpuubl LIN.
Jio6as npepobpaboTka LI noTpebyeT LOMOMHUTENIbHBLIX BbIMUCIUTENbHLIX 3aTpar.
OueHVM 3TV 3aTpaThbl /19 NepeynceHHbIX BbiLLe NpeobpasoBaHuid.
MycTb MaTpuua KoHTeiiHepa F C anemeHTammn f; nuMeeT pasmepbl m m nuKceneil

(i,j O,m 1).C yyetom Toro, 4yto npamoe AKI ¢ matpuueii T, 3NeMeHTbl KOTOPOI HUXKE
0603HayaroTCA Kak t,,, Bblpaxaetca B Buge [9]:

uv !

mim 1 H H
t f. u v cos 2l lu cos 2) 1v

uv ij

i0jo 2m 2m

anau,v 0Om 1,rge

Ym pgns u O
J2/m pgna u 12,..m 1

N aHa/IOTNYHO ANV , a 06paTHOE MOXKET ObITb NPeACTaBNeHO Kak
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mim 1 2i 1lu 2j 1lv
fi t, U Vv cos cos :
oV 0 2m 2m

TO npouecc MO — Or, O - MO B cnyyae AKI B «knaccMyeckoM Buae» NoTpedyet
s om 1)

onepauuii, 4To Ha NOPSAOK MPEBOCXOANT BbIYUCIUTENbHYHO CNOXHOCTbL NpoLecca NoyyeHus
CUHTYNSIPHOMO/CNeKTPasibHOro pasnoXKeHns Mmatpuubl F .

[ns GONbLUMHCTBA COBPEMEHHbLIX CTEraHoa/IropMTMOB neped  norpyxeHvem AN
mMaTpuua KOHTeHepa pa3buBaeTca Ha 6/10KM pas/IMyHOro (HMKCMPOBAHHOIO pasmepa N n
(yawe Bcero — 8 8 nuKcenei), nocne 4ero KaxAablh 610k nogsepraetca Crl.
Mpeno6paboTKoO 6/10Ka MOXET CNY>KWTb NEpeBoj ero M3 MpPoCTPaHCTBEHHOW 06/1acTh B
o6nacTb Npeobpa3oBaHWs, Ha YTO 3aTpayMBaeTCs OnpesesieHHOe, He 3aBuCALLee OT pasmepa
MaTpuLLbl KOHTeHepa, KOM4ecTBo onepaumin K. Torga obLiee ynMcno onepaumiia, Kotopoe
notpebyercad [Ana nepeBofja BCeX 6/10KOB B 006M1acTb Mpeobpas3oBaHus, OMpefenseTcs
KO/IM4ecTBOM 6/I0KOB 1 COCTaB/ISET:

m m
n n

S K om*, 2)

onepauuii, rge  — Lienas YacTb aprymeHTa. Takoe e KofMyecTBo onepauuii notpebyercs

n ona  obasatenbHOro o6paTHOro nepexoga w3 o6nact  npeobpasoBaHUs B
MPOCTPaHCTBEHHYIO 06/1aCTb N306paXKEHMS.

Mpwn yyeTe TOro, YTo peasbHble LI nMetoT 3HaunTenbHble pasMepbl, 3HAUYNTE/TbHBIMM
OKas3blBatOTCA U «HaKNafHble BblYMCUTENbHbIE pacxoipl» (1), (2) ana npoueccos MO — Off,
on-no.

®opmynel (1), (2) gatoT pelleHve 3a4a4m 1 B CrIMCKe peLlaemblx 3agau.

OC06eHHOCTY MaLLMHHOW apUPMETMKIN HaK1aLbIBAtOT CBOW OTMEYaTKM Ha BblYMUC/EHUS,
Npou3BOAMMbIE B CUCTEME C M/aBatoLleld TOUKOW. Henb3d He yuuTbiBaTb TOT (PakT, 4To
BbIUMCNEHNS, CBA3aHHble C Mepexojom B 06nacTb  npeobpasoBaHus LI,  BHOCAT
[OMOJHUTENIbHYI0  MOTPeLHOCTs B /I060M MpoLecc, CBA3aHHbIA C  BO3BpalleHMeM B
MPOCTPaHCTBEHHYIO 006/1aCTb, YTO 0053aTeNIbHO NPONCXOAWT MpPY CTEraHonpeobpasoBaHmN.

PaccMoTpyM B 3TOW  CBA3M  [JeTabHO  KaXK[0e W3 BblLLenepeymcieHHbIX
npeo6pasoBaHuiA, HaumMHas ¢ AKI1.

Bo MHOXecTBe [elCTBUTE/NbHbIX YWUCEN MOc/efoBaTe/lbHOe BbINOSIHEHWE MPAMOro U
obpatHoro AKI1 Bo3BpaLiaeT npeobpasyemyto MaTpuLy K ee nepBoHavya/ibHOMY BUAY, HO B
CUCTEME uMCeN C MaBalolleil TOYKOM, [AOMyCKatolleld TOYHOe npeAcTaBfeHne NnLb
KOHEYHOTO MHOXeCTBa [eiCTBUTENbHbIX uncen [10], HakonseHue BbIYNCUTENBHOW
MOrpeLIHOCTM NPUBOAUT K TOMY, YTO pe3ynbtaTtom obpatHoro AKI He sBnsieTcs ncxogHas
matpuua. MoATBepXAeHNEM 3TOMY SABUINCL Pe3Y/bTaTbl BbIYUCIUTENBHOIO 3KCNEPUMEHTa, B
KOTOpoM 6b1n0 3agelicTBoBaHo 100 LW, xpaHUMbIX B pa3nnyHbIX hopmatax (c notepsmu, 6e3
notepb). B xofde akcnepumeHTa matpuua Kaxgoro LI pasbreanacb Ha 6/710ku B pasmepom
N n nukcenein. Ana kaxgoro 6noka B BbINOMHANOCH npsamoe (pesynbtaT — By, ) #

obpaTHOe [AMCKPETHOE KOCMHYCHOe npeobpa3oBaHne (pesynbTat — By, ), Mocne 4ero
Haxofmnacb abCo/HOTHAA MOrPeLHOCTb 419 KaXKAOro 3/1eMeHTa MaTpuLbl UCXOLHOro 6/10Ka
nyTem BbluncneHus abs B, B, rge onepauus BblYMCNEHWA abGCOMOTHOIO 3HaYeHMS

abs  paccmaTpuBaeTCsi MO3NEMEHTHO. VTOrOM SIBUMOCh BbIUWC/EHWNE CPEAHEr0 3HAYEHMSs

277



0.B. KocTtblpka

MOrpeLwHoOCT ., Mo BCeM 6/10KaM BCeX PacCMOTPeHHbIX LIV Anst KaXKaoro (MKCUpoBaHHOTo

n, n {8,32,128}. Pe3ynbTarbl 3KCNepruMeHTa OTPaXKeHbl Ha puc. 1.

[ns BIM aHanornyHblin 3KCNepUMEHT Aan pe3ynbTaTbl, OTPAXKEHHbIE Ha pUc. 2.
OfHoi 13 obnacrtein npeobpasosaHus LI, koTopas B nocnefHee BpeMs UCMOJb3YeTCs
[N19 opraHu3auumn npouecca norpyxxeHms AW, asnsetca 061acTb CUHTYNSAPHOTO Pas3/oXeHUs

MaTpuLbl/MaTpuL, n3obpaxenns: B U V', rge U,V — opToroHabHble MaTpuLbl NeBbIX,

NpaBbIX CUHTYNAPHLIX BEKTOPOB MaTpuLbl B COOTBETCTBEHHO, — AMaroHa/ibHas matpuua
CUHTYynapHbIX ymcen (CHY); a Takke 06/1aCTb CMEKTPa/IbHOIO PasfiodXeHns maTpuubl (ecnm
aTa MaTpuua SBMSETCS CUMMETPUYHOM, WAN NpuBefeHa K CUMMETPUYHOMY BUAY):

B U U, rge U — opToroHanbHasi MaTpuLia co6CTBEHHbIX BeKTOpos (CB) matpuusl B,

— [AMaroHabHas matpuua Cco6CTBEHHbIX 3HaveHui (C3). CreraHonpeobpas3oBaHume
OCYyLLeCTBMIfeTCA 3f4ecb nytem mogudmkaumm CHY/C3 wu/mnm CHB/CB. B xoge CIl
MPOUCXOAUT CUHTYNAPHOE/CMEKTPaIbHOE  Pa3/ioKeHne MaTpuLbl 6n0Ka - KOHTeMHepa

nocne CIM BoccTaHaBnvBaeTcs 6GMoK B matpuubl  CC: B U V' /B U U , rge

U, ,V, — pesynbTaTbl onpeaeneHHbiX mogugukaunin CHB, CHY, C3, CB.

B ob6nactm [AencTBUTENbHBIX YWUCEN MPWM OTCYTCTBMM KakoW-nMbo Moampukaumn
3M1EMEHTOB CUHTY/SIPHBLIX/COBCTBEHLIX MHOXWUTeneid U, ,V, matpuuya U V' (U UT)
[O/MKHA COBMacTb C MaTpuuein B, HO B CUCTeMe umcCen C MnaBaroLlelt TOYKOA 3TO He
MPOMCXOAMT  M3-3a  HAKOMMEHUS  BbIYAC/UTENIbHON  MOrpewwHocTn.  Pe3ynbTaThbl
BbIYWC/IUTENIbHOTO 3KCMEpPUMEHTa A1 CUHTYNIAPHOIO pPasfioXXeHus MaTtpuubl, HarnsgHo
WNNIOCTPUPYIOLLME CLeNlaHHbIN BbIBOA, MPeACTaB/eHbl Ha pUC. 3. AHa/I0MMYHble pPe3y/bTaTbl
MoJTy4YeHbl B C/lyyae CMeKTPa/IbHOr0 Pas/ioXeHus.
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Puc. 1. 3aBMCMMOCTb CpeAHeil abCOMOTHOW MOrpewwHoCT 3nemeHToB 60ka LI npu
nposefeHNn npamoro 1 obpatHoro AKI1 oT pasmepa 6510Ka
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Puc. 2. 3aBMCMMOCTb CpefiHeli abCO/MOTHON MOrpeLwHoOCTM 3neMeHToB 6r0ka L npu
npoBefeHnn Npamoro 1 obpatHoro BIT oT pa3mepa 6/10ka
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Puc. 3. 3aBMCUMOCTb CpefAHeil abCOMOTHOW MOrpewHoCT 3nemeHToB 60ka LI npu
MPOBEAEHUN CUHTYIAPHOTO PasfioXeHus OT pasmepa 6/10Ka
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Kak BWOHO M3 MNOMY4YeHHbIX pPe3y/bTaToB, abCO/MOTHAA MOrPELUHOCTb 3/IEMEHTOB
BOCCTAHOB/IEHHOTO 6/10Ka MaTpuubl PacTeT C POCTOM €ro pasmepa. JTO MOJIHOCTbIO
COOTBETCTBYET OXWLAHWAM: C YBeNNYeHVeM pasMepa 6/10Ka YBENMUMBAETCA KOIMYeCTBO
onepauuii Npy nepecyeTe ero 3MeMeHTOB B npouecce nepexogos MO — OM, ONM - MO,
NPOUCXOANT HaKOM/eHWe NOrPELLHOCTU.

3amMeTnm, 4TO abCo/OTHAA CpefHsAs NMOrPeLIHOCTb 31eMeHTOB MaTpuusl B nipn MO —
Orl, O - IO, ocywecTBAsSeMbIX C WCMOMb30BAHUEM CUHTYNAPHOI0/CNEKTPa/IbHOrO
pasznoXKeHUs MaTpuLbl, Ha NOPAAOK 60/bLUe, YeM C ucnonb3oBaHvem AKIT nan BI.

HecMoTps Ha TO, UTO 3HaYeHMst abCOJIIOTHBIX NOrPELLHOCTEN Masibl, He/b3s 3abbIBaTh O
BO3MOXHOCTW HaKOMJIEHWUst 3TUX MOrpewwHocTell. Kpome TOro, MX HeHyseBble 3HAYeHWS
MOryT 6bITb YBE/IMYEHbI B C/y4ae BO3MYLLEHWIA, KOTOpble OyayT npetepneBarb 3/1EMEHTbI
obnactu npeobpazoBaHus LI, Hanpumep, B npouecce norpyxenua AW, 410, Kak
CBUAETENLCTBYHOT MaTepuasibl HEKOTOPbIX Ny6nmMKauuii [8], MOXET NpUBECTU B UTOre faxe K
BbIXO4Y 3/1eMEHTOB MaTpuubl LI nmpy Bo3BpalleHMM B NPOCTPAHCTBEHHYHO 06/1aCTb 3a
rpaHuusl [0, 255], 4TO npuBeAeT K BO3HUKHOBEHWIO MOMPELUHOCTM, MNPEBOCXOAALLEN

3HauyeHue MOrpeLlHOCT OKPYF/IeHUs, U KaK CNeficTBME, K MOHMKEHMIO 3PheKTUBHOCTU
[EKOAVPOBaHS CTEraHOANTOPUTMA.

BbiBoabI

B pa6ote gnd LI ¢ m  m-matpuueii:
1) MonyyeHbl OLIEHKN BbIYNCANUTENbHBIX 3aTpaT AS NpoBeaeHus nepexoos MO — Of,
Ol — MO, koTopble cocTaBuin O m* , O m® onepaunii B ciydae Npeo6pasoOBaHWA BCeid

Matpuubl, O m?  onepayuii — B cnyyae no6GIOKOBOrO MNpeobpasoBaHUs, 4TO Mpw

3HauMTeNbHbIX pasMepax m m-MaTpuL, peasbHbIX N306PaXKEHNIA NPUBOAAT K 3HAUNTETbHbIM
«HaKNaAHbIM» BbIYNC/IUTENBbHBIM 3aTpaTam;

2) MpoBefeHa aMnNMpUYeckas oLeHKa cpefHelt abCoNKOTHOW MOrPeLLIHOCTN 3/1IEMEHTOM
6nokos matpuubl LI npu nepexoge MO — ON, O - MO B cnyyaax Hanbosiee «nonynspHbIX
npeo6pasoBaHuii»: AKM, BI1, CUHIyNsapHOro/CnekTpasibHOrO pPas/ioKeHUs MaTpulpl.
YCTaHOB/NEHO, YTO B YCMIOBUAX MALLUMHHOW apUGMETMKIN 3Ta NOTPELLIHOCTb OT/IMYHA OT HYNS;
MOrPeLHOCTb MPY CUHTYNAPHOM/CMEKTPASIbHOM Pa3fioXXeHUNn Ha MOPSAOK MPEBOCXOAUT
norpewHocts npu AKI, BI1, abcontoTHas MOrpewwHOCTb 3/1eMEHTOB PacTeT C POCTOM
pasmepa 06pabaTbiBaeMOro 6/10ka MaTpuLbl M306paXKeHus.

B pesynbTate NpoOBeAeHHbIX WUCCMEfOBaHWA MOXHO Chenatb  BblBOZ, 4TO
NPOCTpaHCTBEHHas 06/1acTb LI-KOHTeliHepa ABNSETCA MPeAnoYTUTENbHOM N0 CPaBHEHUIO C
06nacTbl0  Mpeobpa3oBaHNA KOHTEMHepa [ANA MPOBeAeHNs NHObIX MoauduKauni  ee
3NEMEHTOB, B 4YaCTHOCTW, ANA BHeAPEeHWUS AO0NOMHWUTENbHON WHOPMaLMKN, KaK C TOUKU
3pEeHNS OLEHKN BbIYUCANTENBHON CNOXHOCTU, TakK C TOUKWN 3PEHUS OLEHKM BbIYUCIUTENbHOWA
MOrpeLLIHOCTL.

B HacToAWMA MOMEHT YyCWIWA aBTOpa HarpasfieHbl Ha pa3paboTKy YCTOMYMBBLIX K
BO3MYLLAIOLLMM  BO3LEACTBUAM  CTeraHorpagmyeckmux anroputMoB, OCYLLECTB/ISHOLWMNX
norpy>xeHune AW B NpocTpaHCTBEHHONM 06/1acT KOHTeMHepa. Mcxoaa m3 [8], cywiecTByeT
NPUHUMNMabHAA BO3MOXHOCTb pa3paboTKM TakMX airopMTMOB, He YCTynarowmx o
3hpeKTUBHOCTN  CTEraHOA/IrOPUTMOB,  NPOBOAALLMM  norpyxeHne AW B  06nactu
npeobpasoBaHus.
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AHAJI3 MEPEBAI MPOCTOPOBOT OB/IACTI LIM®POBOIO 305PAXEHHA-KOHTENHEPA
ONA CTEF AHOMNEPETBOPEHHA

0.B. KocTupka

Akafiemis NoXeXXHoT 6e3rekn imeHi M'epois YopHobuna ACHC YkpaiHu,
BY/. OHonpieHka, 8, Yepkacy, 18034, YkpaiHa; e-mail: chaykaov@rambler.ru

Y  poboTi  npoBedeHWii  OeTaslbHWIA  aHanmi3  nepeBar  BUKOPWUCTaHHA  Ans
CTeraHonepeTBOPEHHS! MPOCTOPOBOI 06M1acTi 300paXKeHHS-KOHTeliHepa B MOPIBHSHHI 3
0061acTHO MEepeTBOPEHHS. Y X0A4i aHanisy oTpvMaHi OLiHKM 064MCNtoBanbHOT CKNaAHOCTI
nepeBefileHHs 300paXkeHHs i3 NPOCTOPOBOI 06nacTi B 06MacTi Pi3HMX MEepeTBOpeHb, LU0
HaiuacTille BMKOPUCTOBYIOTbCS Y cTeraHorpaii, a TakoX OUiHKM 064MCNtoBaNbHOL
MOXMOKW, WO BUHMKAE B Pe3yNbTaTi BMKOHaHHS MPSMOro i 3BOPOTHOrO NepeTBOPEHHS
300pa)KeHHs. BCTaHOB/EHO, L0 MPOCTOPOBa 06/1aCTb 306paXKEHHA-KOHTeliHepa € KpaLLloo
B MOPIBHAHHI 3 06/1aCTI0 MEPETBOPEHHS A4na BOYAOBM AOLATKOBOI iH(hopmaLii 3 nornagy
OLiHKM 0BYMCOBa/IbHOT CKNaAHOCTI 1 064YMCIOBANIbHOT MOXNGKN.

Kno4oBi cnoea: uuppoe 300paXKeHHs, NpPocTopoBa 0651acTb, 06/1aCTb MEPETBOPEHHS
300paXkKeHHs, obuncnioBanbHa CKNafHICTb, obuncnoBaibHa noxunobka,
CTeraHonepeTBOPEHHS

ANALYSIS ON THE BENEFITS OF SPATIAL DOMAIN OF COVER IMAGE FOR
STEGANOGRAPHY TRANSFORMATION

Olesya V. Kostyrka

Academy of Fire Safety named after Chernobyl Heroes,
8 Onoprienko str., Cherkassy, 18034, Ukraine; e-mail: chaykaov@rambler.ru

Analysis on the benefits of using spatial domain of cover image for steganography
transformation in comparison with steganography transformation domain is discussed.
Computational complexities for image transformation from spatial domain to domains of
various transformations are defined. We obtain estimates of the computational error of the
image transformation. We have shown that spatial domain of cover image is preferable for
embedding additional information than steganography transformation area.

Keywords: digital image, spatial domain, image processing transform domain,
computational complexity, computational error, steganography transformation
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SYNCHRONIZATION SIGNALS IN PACKET SWITCHED
NETWORKS: PARAMETER MONITORING AND
MEASUREMENT

NataliyaV. Fedorova

State University of Telecommunications,
7 Solomenskaya str., Kyiv, 03680, Ukraine; e-mail: Natasha_f@ukr.net

In the present paper, measurement of the parameters of synchronization signals in IP/MPLS
transport networks is considered. The results of measurements of synchronization signal
instability indices for base station are presented. The basic principles for the development
of the system for monitoring synchronization signals are considered.

Keywords: packet switched network (IP/MPLS network), synchronization signal,
parameters of synchronization signals, measurement of the parameters of synchronization
signals, monitoring of synchronization signals

Introduction

Because synchronization issues are crucial for modern IP/MPLS transport networks [1-
4], enhancement of the role of synchronization network is the modern trend in the
development of primary network, and this trend will continue in the immediate future [2].
Moreover, synchronization problems are related not only to primary network, but are
important when developing access networks with consideration for various technologies and
protocols embodied in the specific IP/MPLS network [2-4].

Measurement of parameters of reference signals as well as evaluation of their instability
is a prerequisite for the solution of synchronization problems in electric communication
networks.

The aim of the paper is to solve the following topical issue: measuring the parameters of
synchronization network in IP/MPLS network, and real-time monitoring of these indices to
provide for timely response to network emergencies.

Problem statement

Currently, in communication operator networks, more and more network segments are
being deployed for communicating through IP/MPLS transport only. However, with increase
in the number of devices (e.g., mobile communication base stations), synchronization
problems should be considered on a systemic level rather than on case-by-case basis. To this
is related some kind of local revolution in approach: arrival of some «critical mass» of users
of synchronization signals in the IP/MPLS network results in the requirement for considering
synchronization system as a separate component of electric communication system.

With the following increase in the number of digital devices, the concepts of the
development and principles of control of synchronization network start being subjected to
changes. Such system-based approach may be provided by measurement of the parameters of
synchronization network.

Therefore, this work is devoted to the solution of the following topical problems:
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1) Measuring the parameters of synchronization network in IP/MPLS network, and
2) Real-time monitoring of these indices.

Main part

In «Definition and Terminology for Synchronization Networks» [1], TIE (Time Interval
Error), MTIE (Maximum Time Interval Error) and TDEV (Time Deviation) are the three
parameters used as basic criteria for evaluation of quality of synchronization signals, but only
TIE function is directly measured.

TIE is defined as the time deviation between the signal being measured and the
reference clock. One can perform calculation of MTIE based on obtained TIE array.

MTIE is defined as the maximum peak-to-peak delay variation of a given
synchronization signal with respect to an ideal synchronization signal within an observation
time for all observation times of that length within the measurement period. Besides,
performed is the calculation of TDEV (Time Deviation), which is described as «a measure of
the expected time variation of a signal as a function of integration time» [1]. TDEV may
provide information on spectral components of either phase or time noise of the signal.

Because, by definition, MTIE equals peak-to-peak delay variation of a given
synchronization signal with respect to an ideal synchronization signal within a certain period,
it provides for the detection of phase transients in synchronization signal. However, because
of its sensitivity to phase transients, MTIE is inadequate to show the underlying noise of
synchronization signal.

Random noise is better characterized by TDEV which is an RMS power estimator
instead of a peak estimator. TDEV tends to remove transients in a synchronization signal, and
is therefore a better estimator of the underlying noise processes [2]. It has been shown [5] that
measurements may be taken at digital ports of terminal equipment (at Tributary E1) and
directly at Ethernet port (for this purpose, such special meters as STA-61 (Spectracom) and
Paragon-m (Oscilloquartz) have been developed recently).

Measurement Example

Measurements of frequency stability parameters were performed in IP/MPLS network
at the level of PE-router with three retransmissions for synchronization of mobile
communication base station connected through IP. As the reference frequency for IP/MPLS
network, use was made of a clock net signal transmitted through SDH (Synchronous Digital
Hierarchy) network. Sources of clock signal were cesium oscillators and GPS-receivers
distributed over the network. From PE Level, the signal can be distributed to the lower levels
(e.g., to P Level), and, correspondingly, can be used for synchronization of the base unit.

MTIE and TDEV mask in accordance with the ITU-T Requirements G.811 (timing
requirements of primary reference clocks) is shown in Figs. 1(b) and 1(c), respectively. MTIE
and TDEV were calculated based on directly obtained TIE values (see Fig. 1(a)).

The signal is suitable for a base station, because its daily stability is better than 5x10°®,

Strictly speaking, there is no requirement for synchronization as such for network core
and aggregation level. However, when implementing an IP/MPLS network and performing
station-by-station deployment of a great number of base stations with IP interfaces in large
networks, a problem related to synchronization between old base stations and remaining
islands of conventional TDM (Time Division Multiplexing) transport network may occur.
Therefore, there may take place a transfer of synchronization signal from IP/MPLS cloud to
separate SDH sections, and directly to base stations themselves through organization of
separate E1 streams. Interestingly, that, in such a case, traffic and signal data may be
transferred in a similar way to (1) minimize time and cost when implementing transfer to
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packet networks and (2) make the very process of upgrade (or change) of base stations for
those with IP interface more flexible.

c

Fig. 1. Measurements of stability parameters: a — time interval error (TIE); b — Maximum
Time Interval Error (MTIE) and ¢ — Time Deviation (TDEV)
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When deploying and operating a synchronization network within IP/MPLS transport
network, it becomes necessary to develop a synchronization signal monitoring system. The
latter system must depend neither on the number of equipment manufacturers nor on the
number of sources of synchronization signal. It is proposed to perform continuous
measurement of TIE values for the signals from several primary sources with respect to each
other, and, based on gradually accumulated data, to calculate MTIE and TDEV values at
predetermined time intervals.

The number of signals to be compared should be at least three; it will provide for
identification of abnormal signal based on majority decision. For this purpose, software-and-
hardware complexes are developed to become the backbone of monitoring system. In this
case, the meters may be represented by the above-mentioned state-of-the-art measurement
devices to be installed stationary within the network.

Unlike synchronization of classic digital networks, the measurement points within
IP/MPLS networks may be of more variable locations due to flexibility of IP-based
configuration [3, 4].

Therefore, based on continuous monitoring, it is possible to decide which of the three
signals is out of the norms defined by the masks of ITU-T requirement G.811. To calculate
MTIE and TDEV values, firstly, TIE data arrays accumulated; then, the results will be
produced at definite time intervals.

Another parameter used to assess synchronization quality should be mentioned. Packet
Delay Variation (PDV) characterizes IP/MPLS network load level depending on packet delay.
In classic digital networks, this parameter is absent because of the very nature of these
networks. PDV value should not exceed 50 ms; otherwise, synchronization signal stability
parameters will be out of the norms defined by the masks of ITU-T requirement G.811 [2].
This fact has been confirmed by MTIE and TDEV measurements at the pilot section of
synchronization network in IP/MPLS network.

PDV parameter is measured with special meters STA-61 (Spectracom) and Paragon-m
(Oscilloquartz) and may represent an operating parameter in the synchronization network
monitoring system being developed for IP/MPLS transport network.

Conclusions

In the present work, the following conclusions and results were obtained:

1) With increase in the number of devices, synchronization problems should be
considered on a systemic level rather than case-by-case basis, i.e., arrival of some “critical
mass” of users of synchronization signals in the IP/MPLS network results in the requirement
for considering synchronization system as a separate component of electric communication
system.

2) With increase in the number of digital devices, the concepts of the development and
principles of control of synchronization network start being subjected to changes. Such
system-based approach may be provided by measurement of the parameters of
synchronization network.

3) TIE, MTIE and TDEV are the three parameters used as basic criteria for evaluation
of performance of synchronization signals. This work presents the results of practical
measurements. Besides, there has been established a relationship between synchronization
quality and network load level using PDV index.

4) In this paper, we addressed the issues of the development of synchronization network
monitoring system in IP/MPLS transport network. This system must depend neither on the
number of equipment manufacturers nor on the number of sources of synchronization signal.
A full-blown monitoring system, if available, will provide for timely response to network
emergencies.
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CUTHAN CUHXPOHU3AUITY MEPEXAX 3 KOMYTALIEKO MAKETIB.
KOHTPO/1b | BAMIP X MAPAMETPIB
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[JepxaBHuid yHiBepCUTET TeeKOMYHiKaLlil,
Byn. Conom’sHcbKa, 7, Kni, 03680, YkpaiHa; e-mail: Natasha f@ukr.net

Po3rnsgHyTO MpOBEAEHHS  BUMIpIOBaHb  NapameTpiB  CUTHa/iB  CUMHXPOHi3auil B
TpaHcrnopTHUX Mepexxax IP/MPLS. MpeacTtaBneHi pe3ynbTaTy BUMIpPHOBaHb MOKa3HUKIB
HecTabiflbHOCTI  CUrHa/ly CUHXPOHi3auil ana 6a30BOi  CTaHUii. PO3rAHYTO OCHOBHI
MPUHLUMW CTBOPEHHSA CUCTEMWU MOHITOPUHTY 415 CUMHAIB CUHXPOHi3aLil.

Knioyosi cnoBa: Mepexa 3 KoOMmyTauieto nakeTis (Mepexa IP/MPLS), curHan
CUHXPOHi3aLii, mapamMeTpyu CUrHany CUHXPOHi3aLil, BUMIpIOBaHHA NapamMeTpiB curHany
CUHXPOHI3aLlii, MOHITOPWUHI CUTHATY CUHXPOHI3aLii

CUMHAbI CUHXPOHW3ALIMN B CETAX C KOMMYTALME MAKETOB.
KOHTPOJ1b N USMEPEHUE NX MAPAMETPOB

H.B. ®efoposa

"ocyaapCTBEHHbI YHUBEPCUTET TENEKOMMYHUKALWA,
yn. ConomeHckas, 7, Kues, 03680, YkpauHa; e-mail: Natasha_f@ukr.net

PaccMOTpeHO MpOBefeHWe W3MepeHuii NapameTpoB CUrHa/oB  CUHXPOHM3aLMKM B
TpaHcnopTHbIX ceTax IP/MPLS. [MpefctaBneHbl pe3ynbTaTbl M3MePeHUIi nokasaTenei
HeCTabunbHOCTU CUrHaNa CUHXPOHM3aLUMK 415 6a30B0li CTaHLUMKU. PacCMOTPEHbI OCHOBHbIE
MPUHLMMBI CO3[4aHUA CUCTEMbI MOHUTOPUHIA 419 CUTHAIOB CUHXPOHMU3ALMN.

KnioueBble cnoBa: CeTb C KOMMyTaumeid naketoB (cetb IP/MPLS), curHan
CYHXPOHM3aLMN, NapameTpbl CUrHana CUHXPOHM3aLUMK, U3MEepPeHe napaMeTpoB CuUrHana
CUHXPOHM3aL NN, MOHUTOPUHT CUTHaIa CUHXPOHM3aLMK
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YK 378.147 Informatics and Mathematical Methods in Simulation
Vol. 3 (2013), No. 3, pp. 288-293

IHTEPAKTUBHI KOMYHIKATVBHI TEXHONOI I
ocBITN: MOBIJIbHE HABYHAHHA AK HOBA
TEXHOMOr A B NigBUWEHHI MOBHOT KOMMETEHLIT
CTYAEHTIB HEMOBHWX BH3

O.B. MappgapeHKo

OfecbKuii HauioHaIbHUIA MONITEXHIYHUIA YHIBEPCUTET,
npocn. LWWesueHka, 1, Opeca, 65044, YkpaiHa

BnKOHaHO aHai3 OCHOBHMX 3acaf Ta HanpsAMiB BUKOPUCTAHHA MOGISIbHUX TeXHONOTIl Y
HaBYaHHI iHO3eEMHMX MOB Y HeEMOBHMX BH3. Bifi3HavaeTbes, WO CyyacHi 3acobu Mo6inbHOI
KOMYHiKaLil fBNA0TL COBO00 3HAYHWIA NOTeHLian 415 NigBULEHHS NPOgECiiHOI i MOBHOT
KOMMETEeHLIT CTYyAeHTIB HemoBHMX BH3. Po3rnsaHyTo ronoBHy npobremy eeKTUBHOMO
BMKOPUCTaHHA MOOBINbHUX 3ac06iB IHTEPAKTUBHMUX KOMYHIKaTUBHUX TexHonorii (IKT) y
BUKNaJaHHi iHO3eMHMX MOB. [laHO pekomeHgauii i crnpolueHa TexHonorif (MeToauka)
BUKOPUCTaHHSA MOOGINbHUX MPUCTPOIB Y HABYaHHI 4151 MiABULLEHHS MOBHOI KOMMETEHLT.

Kno4oBi cnoBa: Mo6iflbHe HaBYaHHSA, MOGINbHI TEXHOMOrIT, IHTEPaKTUBHI TEXHOMOTIT,
HaBYaHHS MOB.

Bctyn

CyuacHi KomyHikatopy (cmapTtdoHu, KK, kamepgoHu, aigoHW, NiaHLWeT TOLLO)
HajalTb X BACHWKAM Taki (PYHKUIOHaIbHI MOXIMBOCTI SIK: pob0oTa B CTI/IbBHUKOBUX
Mepexxax pi3HUX CTaH4apTiB 3 BUXOLOM B IHTepHeT; NiATPUMKA 3HIMHUX HOCITB IH(opmaLit
(emHiCTb TakuMx HociiB nepesuwye 4-8 I'b); nigTpMMKa KonbopoBux aucnneis (320x240,
640x200, 640x480 i 6inbLLE); NOTY>KHI MOBINbHI NPOLECOPYU; BeiMKa TpMBaicTb poboTn 6e3
nepe3apsaKu; 3pyUYHUA hopM-dakTop.

He BaXKO MOMITUTK, WO LMX MOXIMBOCTEW LIKOM AOCTAaTHbO NS MOBHOLIHHOT
MO6iNIbHOT poboTK B Pi3HMX NpodeciiHux cdepax — 6i3Heci, Hayui Ta ocBiTi. Oco6a1BO
LiKaBMM |1 MEPCNEeKTUBHUM € BUKOPUCTAHHA Cyd4aCHUX MOOGIMbHUX MPUCTPOIB B HanpsMKy
TEXHOOTIN ANCTaHLIHOIrO HaBYaHHS, IK MOGINbHOro HaB4aHHA. 0/10BHA NPo6/eMa 3 KO
CbOrOfHI CTUKAKOTLCA BUKNafayi — Le epeKTMBHE BUKOPUCTaHHA 3aco6iB IKT y BUKIaaHHi
IHO3EMHMX MOB.

OcHOBHa MeTa HaBYaHHA CTY[EHTIB HEMOBHOIO BWLIOrO 3aK/iagy OCBITU Monsrae y
(hopmyBaHHiI NPOdeCinHOT KOMMETeHLIT crelianicTa 3a CBOIM haxoM. K BigOMO npodeciinHa
KOMNETEeHLis CKNaJaeTbCsl 3 ABOX YaCTWH: MPOQeECIiNHOT KOMYHIKAaTUBHOT KOMMETeHUiT Ta
IHLUOMOBHOT KOMYHIKaTUBHOI KOMMETEeHUIi. Y MeToAauui HaBYaHHA IHO3eMHMX MOB Baroma
pO/Sib A/19 OpraHizauii eyeKTUBHOINo (POPMYBAHHSA CKIALOBUX KOMYHIKATUBHOT KOMMETEHLT
BIZBOAMTLCA anapaTHUM (TEXHIYHMM) 3acobam.

Cepefi iCHYHOUMX B OCBITHIX 3aKfagax TexXHIYHMX 3aco6iB Halbifbll LIMPOKO
BUKOPUCTOBYIOTLCSH KOMIM’OTEPU 3 MYNIbTUMELIHUMUM NporpaMamu, crevjiasibHe niHragoHHe
obnagHaHHSA, Bigeo Ta iHwe. Ane Cy4yacHi HayKOBi JOCATHEHHA Ha NpakTuui AOCUTb 4acTo
3aCTOCOBYIOTLCA HE MOBHOK Mipoto. barato BuWwMX 3aknafiB OCBITW LUe HeLOCTaTHbO
3abe3neyveHi TakMMKM TeXHIYHMMM 3acobamMmu AK fliHrapoHHe o06n1agHaHHSA, Bigeo- Ta
KOMMN'tOTEPHI Knacu Towwo. OfHa 3 NpuynH — 06nagHaHHA | mporpamm LOporo KowTyoTh. He
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Kpawuid CTaH i 3 AWAaKTUYHMM 3abe3neveHHsAM. 3aknafaM OCBITU Gpakye BifeoKypciB i
MYNbTUMELIMHUX KOMM'HOTEPHUX nporpam. A npu X HafBHOCTI BOHW HELOCTaTHLO
3abe3neyeHi METOAMYHVMMM PO3PO6KaMU, LU0 3HWKYE Ee(eKTUBHICTb iX 3aCTOCYBaHHA Yy
NpoLeci HaBYaHHSA IHO3EMHMX MOB.

MeTot cTatTi € aHani3 nybnikauii 3 MOGINbHUX TEXHONMOTIA HaBYaHHS Ta PO3pobKa
Npono3nLin A0 METOAMKM 3aCTOCYBaHHSI TEXHIYHMX (amapaTHMX) 3acob6iB y MO6iNbHOMY
HaBYaHHI B KOHTEKCTI BMBYEHHS IHO3EMHMX MOB.

OCHOBHa YacTUHa

Mpo6ieMa BUKOPUCTaHHSA TEXHIYHMX 3aC06IB | ANAAKTUYHMX MaTepianiB y HaBYaHHI He
€ HOBOIK, MWUTaHHA BUKOPUCTAHHSA CTIIbHUKOBUX (YHKUIA MOBINMBHUX MPUCTPOIB Y
HaBYa/lbHOMY MpoLeci BUHUKIO Wwe y 80-x pokax 20-ro ctopivys. 3 po3BUTKOM MOOBINbHUX
TEXHO/OriN 3pocna notpeba i MOX/MBICTL LUBUAKOrO AOCTYNy A0 iHopmauii i 0cobnmBo
IHLLIOMOBHOI, a/pke 3pocna MOOIMbHICT HaCeNeHHA | MOTYXXHICTb MOOGIbHUX MPUCTPOIB.
TomMy 0Cc06MMBOT aKTyasibHOCTI HabyBae NOLUYK HOBMX MIAXOAIB A0 OpraHisawil HaB4a/IbHOro
NpoLecy i CTBOPEHHA HaBYa/IbHUX MaTepianiB i TEXHONOT IR, AKi 6 BpaxoBYyBasM MOX/IMBOCTI
MOOGISIbHUX MPUCTPOIB.

Mig MOGINbHUMY IHPOPMALLINHO-KOMYHIKATUBHUMUN TEXHOMOTIAMK 6yLeMO po3ymiTu
CYKYMHICTb MEepPCOHa/IbHUX arnapaTHWX 3aco6iB, MPOrpamMHOro 3abesneyeHHs, a TakoX
npuitomis, 3acobiB i MeTofiB, L0 [A03BONAOTL 3AIACHIOBATM AiSNbHICTb, MOB’A3aHYy 3
OTPUMAHHAM, 30epeXXEeHHAM, KOMM’IOTEPHUM OMpauloBaHHAM | BIATBOPEHHAM TEKCTOBMX,
aypio-, Bifeo- Ta rpagiyHMx AaHWX B YyMOBax OMepaTtuMBHOI KOMYHIKaLii 3 pecypcamu
IHTEpHETY, L0 CNpAMOBaHi Ha NILTPUMKY 0COBUCTICHO-OPIEHTOBAHOIO HaBYaHHSA [1].

3a ocTaHHI 5 pokiB OynM wWKMpoki gebatv Mpo Te, AK BU3HAYUTKU came Te, WO €
MOGINBHUM HaBYaHHAM. TpygHOWi B [OCATHEHHI KOHCEHCYCYy MOB’A3aHi 4aCTKOBO 3
LWBMAKAM PO3BMTKOM MOOGINIbHOTO HaBYaHHA. €Bponeiicbka Trinbaia 3 eneKTPOHHOro
HaBYaHHS BM3Ha4yae MOro TaK: Oydb-AKa AiSNbHICTb, fKa [403BONAE NOAAM OyTU 6inbL
NPOAYKTMBHMMM Y CMOXXMBAHHI, B3aEMOAIT abo CTBOPEHHI iH(opMauil KOMMNaKTHUMM
LUMDPOBUMI NPUCTPOSIMK, AKLWO NOAMHA MPU3BOAUTL Li AiT Ha perynspHii OCHOBI, Mae
HafiNnHWIA 3B’A30K | MPUCTPI NOMILLAETLCA B KULLEHT a60 cymouLi [2].

OTXe, TepMiH «M06iNbHE HaBYaHHA» (M-HaBYaHHs), abo mobile learning (m-learning),
BIZHOCUTLCA A0 BUKOPWUCTAHHA Y BUKIALAHHI Ta HaBYaHHI MOOIMbHUX | mopTaTMBHUX IT-
MPUCTPOIB, TakmX, AK K1leHbKoBi komn’totepyu PDA (Personal Digital Assistants), MOGiNbHI
TeneqoHNn, HOyTOYKN, HeTOYKK, nnaHwweTHi MK, iPhone, iPad Ta iHwwe.

Mob6inbHuiA Assisted Learning. Moea (MALL) — TexHonoris HaB4YaHHA MOBaM 3a
[0MOMOrOK0 NOPTATUBHUX MOBINILHUX NPUCTPOIB, TaKNX AK MOBINbHI TeNetoHW (CTINIbHUKOBI
TeneoHn), MP3- i MP4-nneepun, KIK, iPhone a6o iPad Ta iHwe. MALL € NiAMHOXMHOIO
MOO6I/IbHOr0 HaBYaHHA (M-HaBYaHHSA ) | KOMMN’HOTepHOro HaByaHHA mosam (CALL) [3].

Ornag i aHani3 ny6nikauii 3 Mo6iNbHOr0 HaBYaHHS CBIAYMTb, O Cy4acHi MOGIMbHI
MPUCTPOI B PO3BMHYTUX KpaiHaX BUKOPUCTOBYIOTLCA B Trasly3i OCBITW, YNpaBiHHSA,
opraHisauii BUKnagaHHA Ans (axiBLiB-NPaKTUKIB, a TakoX AK TEXHIYHI 3ac00M MigTPUMKM
HaBYaHHA 18 YYHIB Ta CTYAEHTIB. 3pOCTaHHSA X BUKOPUCTAHHSA NMOYasioch 3 mo4yaTky 21-ro
CTONITTA B Pi3HUX cthepax CyCMisIbHOr0 XMWTTH, K peakLis Ha 3a40BONEHHSA NOTPeb ntoaei y
pyci [4]. OcobnmnBo yBara [0 MOGISILHOr0 HaBYaHHS 3POCTaE Y BULLMX HABYA/IbHUX 3aK/iajax
Mpo WO CBigyaTb 3pOCTaHHA HayKOBMX My6/ikauii i 3apyODKHUX HayKOBUX KOH(epeHLii
(ranpuknag, mLearn, IMCL), 3poCTaHHS KiIbKOCTI HAYKOBUX >XYPHa/IB, TEXHIYHUX 3BITIB |
KHUT (Tpakcnep, 2008; Herrington & Herrington, 2008; Kukulska-Xbstom i Tpakcnep, 2005;
Ally, 2009) [5-8]. IHTepHeT, fK pecypc, MOXxe 36araTUTV | PO3LWMPUTU MOXK/INBOCTI
BMBYEHHA MOBW. Lla popatkoBa (pyHKUiOHasbHICTE Web 6yae niATpMMyBaTW CTBOPEHHS
IHTepaKTVMBHMX BEO-CTOPIHOK 4151 MOBHOT NPakTuKu [9].
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3apybbkHi 1 yKpalHCbKi HaykoBLi B CBOTX Myb6nikauisx [10-13] KOHCTaTylOTb Taki
OCHOBHi nepeBarn MoGiIbHUX TEXHOMOTIA B MOPIBHAHHI 3 KOMM’IOTEPHUMU: YUHI MOXYTb
B3aEMOZIATM OfMH 3 OAHMM i 3 BMKIadayeM; Habarato npocTile po3MICTUTU B Kaci Kinbka
MOOGIIbHUX NPUCTPOTB, HK KiflbKa HACTINIbHUX KOMM’IOTEPIB; KULLEHbKOBI 200 NaHLeTHUI
MK (KMK) i eneKTpOHHI KHUMW fnerLue i 3aliMatoTb MeHLUe Micus, HDK NiAPYYHUKK 3 nanepy i
HaBiTb HOYTOYKW; pO3Mi3HaBaHHSA 3a [OMOMOrol CTuayca abo CeHCOPHOrO eKpaHy cTae
OifbLl HAOYHMM, HDK NPV BUKOPWUCTAHHI KnasiaTypy i MuLLi; iICHYE MOXMBICTb OBMIHY
3aBfaHHAMM Ta CNifbHOT pPoboTW; Y4YHI Ta BUKNaZa4vyi MOXYTb HagcunatM TeKCT Mo
eNIeKTPOHHIA NOLWTI, BMpi3aTK, KONitoBaTW i BCTaBNATWU, MepefaBaTv MPUCTPOT BCEpeauHi
rpynu, npautoBatM OAVMH 3 OLHWM, BMKOPUCTOBYHOUM iH(pavepBoHi ¢yHKuii KIMK a6o
6e3gpoToBoi Mepexi, Hanpuknag, Wi-Fi abo Bluetooth; mo6inbHI NpUCTPOT MOXYTb ByTK
BUKOPUCTaHi B Byab-AKOMY MicLi, B Oyab-SKUiA yac, B TOMy yuchi y OyAMHKY, B Moi34i, B
rotenax, B ayguTopii 4n 3a MicleM pob0TW; HOBI TEXHIYHI MPUCTPOI, Taki, AK MOOIMbHI
TeneOHN, ra/KeTn, irpoBi MPUCTPOT TOLLO, 3a7yyaloTb YYHIB — MOMOAMX NOAen, Ki,
MOX/IMBO, BTPATWUM IHTepec L0 OCBITU; M-HaBYaHHA (M-learning) Yepe3 MOGINbHUIA NPUCTPIA
po6UTL HaBYaHHA [AIACHO [HAMBILYaNbHUM. YUHi MalOTb MOX/MBICTb BMOOPY 3MICTY
HaBYaHHS 3 ypaxyBaHHAM iX iHTepeciB, B pe3y/nbTaTi 4oro m-learning € OpieHTOBaHWIN Ha
CTyfleHTa. Hy4YKiCTb Ta HeraHWin AOCTyn A0 iH(opmauii, Heo6XiAHOT ANA KOHKPETHOI
poboTK, [O3BO/SAE 3@ LOMOMOIOK MOOGIbHUX MPUCTPOIB MIABULLMTA MPOLYKTUBHICTL npaLi
NMOAMHN; CaMOCTIHE HaBYaHHA i HeraliHe HaflaHHA KOHTEHTY 3a 3aruMTOM € XapakTepHUMM
pucamm m-learning, Hagae KoOpUcTyBadaM MOXK/IMBICTb NPONTW HaBYaHHS B NM03a Po60Uii Yac
| CTBOPOE YMOBM /151 CMi/IbHOT0 HaBYaHHA Ta B3aEMOA]I.

OcTaHHIMKN TeHAEeHUIAMM B HaBYaHHI € 3MilLlaHe HaBYaHHS, SKe MOEAHYE B CO6I pi3Hi
BUAN HaBYaHHSA, W06 3p06UTM HaBYaHHSA OiNbLL ePEKTUBHUM i LiKaBUM. 3MillaHe HaBYaHHS
noeaHye B cobi nepesary PisHUX (POPM HaBYaHHS, i Kpalle BCbOro MigxoauTb A0 KOHTEKCTY
HaBYaHHSA B IHTEPaKTMBHOMY HaBYa/IbHOMY CepefoBuLli. MoOGifbHe HaBYaHHA MOXHA
KOMOIHYBaTV 3 IHLWIMMW BMAAMN HaBYaHHS, 3abe3meyyroun IHTEPAKTUBHI YMOBW HaBYaHHSA
[N CTYAEHTIB.

3acobu MobinbHNX IKT HaBYaHHSA MOXHa PO34INNTY Ha anapaTHi i nporpamHi. IcHyroui
nporpamHi MoOGifibHI 3ac06M HaByaHHA, abo nporpaMHi MOGINbHI CUCTEMMU NIATPUMKU
HaByaHHs MCIH: MLE-Moodle, Blackboard, Mobile ELDIT, Amadeus LMS Mobile, Hot
Lava Mobile (HLM), SumTotal ToolBook, Lectora, MLEX, MoSync, MentorMate, OnPoint
Digital, mobiSiteGalore, LearnCast, Clickatell, Mobl21 Ta iHWi gocnimpKyBanCh
Pawescbkoto H.B. [14]. B 3B°A3Ky 3 UMM (hparMeHTapHO PO3rISHEMO Ti/IbKW ABI NMPOrpamMHi
nnatopmn, AKi po3pobneHi cneuiabHO 3 METOK HaB4YaHHA MOB a Oifbll  feTasibHO
PO3r/IAHEMO Cy4YacHi arnapaTtHi MO6isIbHI 3aC06M | TX (PYHKLIOHA/IbHI MOXX/IMBOCTI.

Omxke, nnargopma Mobile ELDIT — mob6inbHa cucTema MIATPUMKM HaBYaHHS, L0
po3pobsieHa B ITanii 3 MeTO MIATPUMKM npouecy HaByaHHSA moB. MCITH Mobile ELDIT
CKMafaeTbCs i3 CMOBHUKA, Habopy TeKCTiB | TecToBMX 3aBfAaHb. Cxoxoto MCIH ans
CTBOPEHHS HaBYa/IbHUX MaTepiasiB /19 BUBYEHHSA MOB € cucTema Mobilearn.

IHwa, nnatgopma Mobl21 € nnathopmoro 41 MOBINBHOrO HaBYaHHA, fKY MOXYTb
BMKOPUCTOBYBATU AK BUKMNaadi AN CTBOPEHHA HaBYa/IbHUX MaTtepianis, Tak i CTyAeHTU Ans
CTBOPEHHS KOHCMEKTIiB 3aHATb. 3a fgornomorotd Mobl21 moXHa: LWBWAKO 1 e(EKTUBHO
CTBOPHOBATU HaBYasibHI Matepiann y BUMNALI MyNbTUMELIMHUX HaBYa/IbHUX MOCIGHUKIB,;
CTYAEHTV MOXYTb OTPMMATK A0CTYyN A0 Matepianis y 3py4yHWU 41 HUX Yac i B 6yAb-AKOMY
MiCLi; CTYLEHTM MOXYTb MepernsafaTy Matepian y 3py4HoMy 4719 HUX TeMni; BUKagay MoXxe
KepyBaTy 3MICTOM | KOpUCTyBayaMu CUCTEMU MIATPUMKU HaBYaHHSA; CTYLEHTU MOXYTb
MPOXOAUTUN TECTYBAHHSA | 6paTh y4acTb Y BIKTOPUHAX.

Bci cyuyacHi anapaTHi nNpucTpoi, Ha SiKi BCTaHOB/EHI BKasaHi B Tabn. 1 onepauiiHi
cucTemMu, 6e3KOLUTOBHO MIATPUMYHOTb MOBHI (DYHKLIOHa/IbHI MOX/IMBOCTI 6€3 J04aTKOBOro
NporpaMHOro 3abesnevyeHHs.
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Tabnnuysa 1.
Cy4acHi Mo6inbHI onepawiiiHi cucTeMn NPUCTPOIB | MOXAMBOCTI NIaTHopm

MoxnmsocTi/nnargopma | Android BlackBerry iPhone NSOGk(;a W'rcl:ds WS
Mepeknag, 3 pi3HNX MOB TaK TaK TaK TaK TaK
Mae MOBHi CTOBHUKM TaK TaK TaK TaK TaK
UwnTae IHO3eMHI CKpUNTU TaK Hi TaK TaK TaK
[NepeTBOpPIOE TEKCT B . . .
MOBY TaK Hi TaK Hi Hi
Mae ronocosuii Habip Tak Hi Tak Hi Hi
36epirae icTopito Tak Hi Tak Tak Tak
!\/lO)K}'II/IBi po3vMOBM B TaK Hi b i i
IHTEPaKTVIBHOMY PeXxXumi

MMig yHKLIOHAIbHUMW MOX/IMBOCTAMU MW PO3YMIEMO CepBicK, Lo nponoHytoTs OC i
caMm MpUCTpiii CBOIM KopucTyBadam:nepeknas cnis, pas, ab3auis abo MOBHOMo0 TeKCTY;
KINbKICTb MOB | HanpAMKIB Mepeknagy; MOX/MBICTb ayAitoBaHHA CNiB, (Ppa3, TEKCTY; TuN
iHTepdelicy BBOAY — TEKCTOBMIA ab0 3BYKOBWI Ta iHWe. CRiNbHUMK XapaKTepucTukamm
TakMX CUCTEM € Te, WO Ha niatopmm 3a3HavyeHnX OC MOX/IMBO BCTAHOBUTU GE3KOLUTOBHI
fnofatku: époysep Google Chrome i nporpamy Google Translate.

Y HaBYaHHI IHO3eMHWX MOB TMPOBIAHMM METOAMYHUM TMPUHLMUMOM, € MNPUHLMN
KOMYHIKaTMBHOCTI, WO nepef6ayae MobydoBY MpoLeCcy HaBYaHHA SK Mofeni npouecy
peasibHOT KOMYHiKauil. KoMyHiKauisa — ue npouec 06MiHy iH(opmauieto (haktamu, igesmu,
nornsgaMu, eMouissMun Towo) MK IHAMBIAAMM, WO CMINKYTLCA. KOMYHIKATUBHI CUTYaUIT,
|0 BMKOPUCTOBYKOTLCA B HaBYaHHI IHO3EMHMX MOB, MalOTb BIATBOPIOBATM TUMOBI CUTYaLii
peasIbHOr0 XXWUTTA Y BiAMOBIAHIN chepi cninKyBaHHSA. BaXMBUM (PaKTOPOM, LU0 BNIMBAE Ha
MpoLLeC KOMYHIKaLii, € opraHisayis Bzaemogii (4ianory) Mk iHaMBigamm, WO CNinKywTbCH, a
came IHTepakT1BHa (PYHKL IS KOMyHiKauiT (06miH gismu) [1, 14].

®PYHKLiIO  IHTepaKTMBHOIO  CrMiBPO3MOBHUKA-KOPUCTYBaya, Hanpukiag, MOXHa
noknactm Ha nporpamy Google Translate, 6poysep Ta KOMYyTaTMBHI MOX/IMBOCTI
onepauiiHnX CUCTEM i eNeKTPOHHUX NpucTpoiB. Google Translate — 6e3KOLITOBHNIA A0AATOK,
AKNIA MOXXHA BCTAHOBMTW Ha BCi BKa3aHi NpUCTPOT.

Bpoysep Google Chrome, BCcTaHOBNEHUIA Ha MOGINbLHUX NpucTposx OS Android, mae
MOX/IMBOCTI JocTyny o pogatkis Google Play Ha 30 moBax i MOMy fofaHi HOBI PYHKLiA, B
TOMY YMC/Ti:KOPUCTYBaY MOXe 3anuTaTy HacTilbHY Bepcito Be6-CaiTy, y BUNaAKy, AKLWO BiH
He Xoue nepernggatv MoOINbHY Bepcito; AofaBaTv 3akKnagku Af1d LWBMAKOrO AOCTYMYy Ha
poboyomy cToni, L0 3abe3neyye GifbLU LWBUAKWIA Nepexif Ha ynrobeHi cainTu; Bubpatu ceoi
yntobneHi nporpamn ansa 06pobku nocunaHb Bigkputux B Chrome. Mporpama Android mae
HanawTyBaHHA npokci ana Wi-Fi goctyny. € MOXAuBICTb BukopuctoBysatn Chrome 3
CUCTEMOIO MpPOKCi B HacTporikax Android i nmigkntoyatuck o IHTepHeTy no Wi-Fi mepexi
[15].

Ockinbkn Komn’toTepy T1a IHTEpPHET cTaii HEOBXIAHUMW OCBITHIMW IHCTPYMEHTaMK |
3’ABUIMCb OBiNbLL MOPTATMBHI Ta AOCTYMHI, OiNbl eqeKTUBHI 1 MPOCTi Y BWMKOPUCTaHHI
MPUCTPOT, BIAKPMBAKOTLCA BE/IMKI MOXIMBOCTI A4J1 PO3LUMPEHHSA yyacTi Ta goctyny go IKT,
30kpema B IHTepHeTi. MOGifibHI NPUCTPOT MaroTb Biflbll «PO3YMHI» LiIHW, HDK HACTi/bHI
KOMN’toTepu, 1 € 6inbll JelieBum 3ac060M JOCTyny A0 IHTepHeTy. AKWO0 B3ATU [0 yBaru
CyYacHi MPOLLeCOPHI NMOTY)KHOCTI MOBGIIbHUX MPUCTPOIB, MIAHLLETHUX | KapMaHHUX MK T0
cnif Big3HauMTK, WO 3’ABWIACL MOXMBICTb BUKOPUCTOBYBATM MOOGIMbHUIA [LOCTYN B
IHTepHeT 3 0AHAKOBOI (DYHKLIOHA/ILHICTIO 3 HACTISIbBHUMU KOMMNIOTEPaMMU.

3acTocyBaHHA TexXHIYHWX 3acobiB Yy Mpoueci HaBYaHHA IHO3EMHUX MOB [a€
MOX/IMBICTb: CTBOPEHHS NMPUPOLHOr0 MOBJIEHHEBOIO CEPEAOBMLLA SIK BArOMOro YMHHUKA Y
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HaBYaHHI IHO3eMHMX MOB; MiABULLEHHS 3aLikaBNeHOCTI CTYAEHTIB Yy BMBYEHHI iHO3eMHUX
MOB; BUKOPUCTaHHS AMMEPeHLiioBaHOro NigXo4y A0 HaBYaHHS; 3MINCHEHHS IHTeHcUdiKaL i
HaBYa/IbHOTO MPOLeCy.

E(eKTUBHICTb BMKOPUCTaHHSA anapaTHWX 3aco6iB BM3HAYAETLCSH, MOIOBHUM YMHOM, 3a
TakMMW  acnekTamu: napaMeTpaMmu W  MOX/MBOCTAMM  anapaTHUX 3acobiB  Ta  iX
BUKOPUCTAHHAM Y KOHKPETHUX YMOBax; SKICTHO [AWAAKTUYHOIO Matepiany; BMIHHAMU
BUKNajaya il CTyLeHTIB BUKOPUCTOBYBATM anapaTHi 3acobu i AnAaKTUYHI MaTepianu.

HeBM3HAYeHICTb LIOAO0 aBTOPCbKMX MPaB Ha E/IEKTPOHHI [aHi MOXe YTPYLHWUTM
(hopmyBaHHS IH(opmaL i’ NpuaaTHOT ANA BIATBOPEHHSA 3 MOOIbHUX NPUCTPOIB. Po3pobka
MOGINbHUX [OAAaTKIB BUMaraTume MigBULLEHHSA KBanigikauii BUKNagadiB abo 3a/yyeHHs
(haxiBLis. MprpoAHO, WO AN LbOro 3HaA0bUTLCA cneliasibHe NporpaMHe 3abe3neyeHHs, ske
6 MOr/I0 BUKOPUCTOBYBATUCA Ha PI3HMX NIAaTPOPMax KOMYHIKaTopis.

BucHOBOK

PO3rnsHyTO METOLO/OrIYHI, OpraHisayiiHi i TexHiYHi (anapaTHi) acnekTn nobyaosu Ta
3aCTOCYBaHHS IHTEPaKTUBHMUX KOMYHIKaTUBHMX TEXHOMOrIA OCBITW, fKi OpPIEHTOBAHO Ha
NnpoLec BMBYEHHA IHO3eMHMX MOB. [laHO T/IyMayeHHSi OCHOBHMX BU3HayeHb ITK, X
CTPYKTYPY, @ TaKOXX peKoMeHZauil WoA0 BUKOPUCTaHHA MOOGINbHUX MPUCTPOIB Y HaBYaHHI
NS NiABULWEHHA MOBHOT KOMMETEHLIT.
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NHTEPAKTVNBHBIE KOMMYHUKATVBHbBIE TEXHOJIOI N1 B OBPA3OBAHNN: MOBU/IbHOE
OBYYEHUVE KAK HOBAA TEXHOJ1IOI 1A B MOBBLILLEHNI A3LIKOBOW KOMIMETEHL NI

CTYAEHTOB HEA3BLIKOBbLIX BY30B
E.B. MapgapeHko

Ofeccknii HauMOHabHBbI NOUTEXHUYECKWIA YHUBEPCUTET,
npocn. LWWesueHko, 1, Ogecca, 65044, YkpanHa

BbINOMHEH aHannM3 OCHOBHbBIX MPWHLMMOB M HanpaBneHWUA MCMONMb30BaHWS MOGUIbHBIX
TEXHOMOrWiA B 06YYEHUN MHOCTPaHHBIM f3blKaM B Hesi3bIKOBbIX BY3ax. OTMeuaeTcs, UTo
COBPEMEHHbIE CPEACTBA MOBUMbHOWM KOMMYHUKALMW NPeACTaBAstoT Co60l 3HAUNTENbHbII
MOTeHUMan Ans MOBbILUEHUS MPOBECCMOHANIbHON W S3bIKOBOW KOMMETEHLMW CTYAEHTOB
Hes3bIKoBbIX BY30B. PaccmoTpeHa npo6nema 3theKTMBHOTO MCMONb30BaHNS MOGUIbHBIX
CPeACTB MHTEPAKTMBHBLIX KOMMYHWKATMBHbLIX TexHomoruin (MIKT) B npenogaBaHvn
MHOCTPaHHbIX A3bIKOB. [laHbl PEKOMEHAAUMM W YMpoLieHHas TexHonorus (MeTOAMKa)
CMO/Mb30BaHNA MOBWMBHLIX YCTPOWCTB B  OBYYEHUM [l MOBbLILIEHWS  A3bIKOBOVA
KOMMETEHLMMN,

KntoueBble Cc/i0Ba: MOBWUMbHOE 0GYuYeHWe, MOGU/bHBIE TEXHOMOTUM, MHTEPAKTVBHbIE
TEXHOMOr MK, 06YYeHNE MHOCTPaHHbBIM S3bIKaM

INTERACTIVE COMMUNICATION TECHNOLOGIES IN EDUCATION: MOBILE LEARNING AS
A NEW TECHNOLOGY OF IMPROVING OF LANGUAGE COMPETENCE OF NON-LINGUISTIC

UNIVERSITY STUDENTS
Elena V. Mardarenko

Odessa National Polytechnic University,
1 Shevchenko Ave., Odessa, 65044, Ukraine

The analysis of basic principles and directions of the use of mobile technologies is executed
in educating to the foreign languages in non-linguistic institutions of higher learning. It is
marked that modern facilities of mobile communication are considerable potential for the
increase of professional and language competence of students of non-linguistic institutions
of higher learning. The problem of the effective use of mobile facilities of interactive
communicative technologies is considered in teaching of foreign languages.
Recommendations and simplified methodology of the use of mobile devices are given in
educating for the increase of language competence.

Key words: mobile learning, mobile technologies, interactive technologies, foreign
language
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