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AHAJII3 IIOKA3HUKIB TA KPUTEPIiB E@FEKTUBHOCTI CUCTEMH
TEXHIYHOI EKCIINIYATALII PAJIOEJIEKTPOHHUX HABITAHIMHUX CUCTEM

3pocTaHHs CKJIAJHOCTI PajlioeIeKTPOHHUX HABIralliiHUX CUCTEM IOBITPSIHUX CYJCH 1 pO3IIMPEHHS KOJa BUKOHYBAHUX HU-
MU QYHKIIH OPU3BEI O TOrO, 1O JUIS YHPABIiHHA TEXHIYHUM CTAHOM PaJioeNeKTPOHHUX HABIrallifHUX CUCTEM MiAIpH-
€MCTBA 3MYIIIEHI BUKOHYBATH 3Ha4HHI 00CAr pobiT 3 TeXHIYHOro oOciyroByBaHHs i peMoHTy. CydacHi NOBITpsHI CyaHa
OCHAIIYIOThCS LIU(POBUMH MiTOTaKHO-HABIraliHHUMH KOMIUIEKCAMH HOBOT'O MOKOJIIHHSI, B IKMX BCI CHCTEMH MaOTh BOY-
JIOBaHI CHCTEMHU KOHTPOIIO 1 KOHCTPYKTHBHO BUKOHYIOTBCS y BUIIAAL sty JierkozaMiHHoro Onoky. Excruryaraniiini Bu-
TpaTH HAa TE€XHiIYHE OOCIYrOBYBAaHHS i PEMOHT PajliOeIeKTPOHHUX HaBirauifiHUX cucreM B JaHUi yac pocararors 30-40%
BiJl 3arajibHOi BapTOCTi TEXHIYHOTO 0OCIIyrOBYBaHHS 1 PEMOHTY IOBITPSIHOTO Cy/IHA, TOMY aKTYaJIbHHUM € IUTaHHA ITiBU-
IIEHHs e()eKTUBHOCTI CUCTEMH TEXHIUYHOr0 0OCIIyrOBYBaHHS i PEMOHTY 3a PaxyHOK 3HMJKCHHS €KCIUTyaTalliHHUX BUTpaT
npy 30epeKeHHI JIbOTHOI IIPUAATHOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI ITOBITPSIHOT'O Cy/IHA.

Kar4doBi ciaoBa: aBioHuKa, HalilHICTb, PajliOCICKTPOHHI CUCTEMH, TEXHIYHE 00CIYrOByBaHHS 1 PEMOHT.

Beryn

[okazHuku Ta KpUTEpii €PEKTUBHOCTI CHUCTEMH
TEXHIYHOTO OOCIYroBYBaHHS 1 peMOHTY. Bimomi mokas-
HUKU €(PEKTHBHOCTI CHCTEMH TEXHIYHOTO OOCIIyrOBY-
BaHHA 1 peMoHTY (TOiP) MoxHa po3inuTH HA TEXHIYHI
(MMOBIipHI) 1 TEXHIKO-eKOHOMIYHi (BapTiCHI a00 4acoBi).

Jlo TeXHIYHUX BiTHOCSATBHCS KOMILIEKCHI TOKa3HHU-
KM HaniiHocTi: koedimieHt roroeHocTi (KI'), cramiona-
pHHI KOe]ilieHT TOTOBHOCTI; KOE(II[iEHT OIepaTHBHOL
roroBHocTi (KOI'); koedillieHT TeXHIYHOro BHKOpPHC-
taHHs (KTB). Jlo TeXHIKO-€eKOHOMIYHUX BiJHOCSTBCS:
TIOBHI eKCILTyaTaliifHi BUTpaTH; MUTOMI CEpEeHi BUTpa-
TH; IMTOMA CepPEHsI TPUOYTOK TOIIO.

3rigno JICTY 2860-94 [2], koedimieHT TOTOBHOCTI
— 11e IMOBIPHICTh TOTO, II0 00'€KT BUSABHUTHLCS B Ipalie-
3aTHOMY CTaHi B JOBUILHHMIA MOMEHT Yacy, KpiM ILIa-
HOBaHHX IEPIOJiB, MPOTATOM SIKHUX 3aCTOCYBaHHsI 00'€K-
Ta 3a MPU3HAYCHHSIM He Iepe0ayaeThes.

CrarioHapHuii Koe(illieHT TOTOBHOCTI — IIe 3Ha-
yenns KI', Bu3HaueHe ajst yMOB poOOTH 00'€KTa, KOIH
cepeqHii mapamerp IOTOKY BiIMOB 1 cepemHidi yac
BiJTHOBJICHHSI 3QJTUIIAIOTHCS TOCTIHHUMHU.

KoeoimienT omnepatnBHOI TOTOBHOCTI — HMOBIp-
HICTh TOrO, IO O0'€KT BUSBUTHCS B Npare3JaTHOMY
CTaHi B JOBUIBHHA MOMEHT 4Yacy KpiM IUIaHOBaHHX
NepiofiB, INPOTATOM SIKMX 3aCTOCYBaHHs O0'€KTy 3a
NPU3HAYCHHSIM HE mependavyaeTbcsi i, MOYMHAIOYM 3
LIOrO MOMEHTY, Oy/Jie BUKOHYBAaTH HEOOXiqHY (PYHKIIifO
MIPOTSTOM 33[JaHOT0 1HTEpBAITy Yacy.

KoegiieHT TeXHIYHOrO BUKOPHCTaHHS — L€ Bi-
HOIIIEHHSI MaTeMaTUYHOTO OYiKyBaHHS CYMapHOrO 4acy
nepeOyBaHHs 00'€kTa B Mpale3aTHOMY CTaHi 3a je-
SIKMH TIepiof] eKcILTyaTalii 10 MaTeMaTH4HOro OYiKy-
BaHHS CyMapHOro 4dacy rnepeOyBaHHsI 00'ekTa B mparie-
3ATHOMY CTaHi i B IIPOCTOSIX, 3yMOBJICHHX TEXHIYHHM

00CITyrOBYBaHHSIM 1 PEMOHTOM 3a TOH e Mepioz.

HaiiBa)xTMBIIINM TTOKa3HUKOM JIJIs OIIHKH edek-
tuBHOCTI TO, SKMi BUKOPHCTOBYETHCS NPAKTHIHO
BCIMa TPOBITHHUMH aBIaKOMIIAHISIMH CBITY, € CEpEIHE
HalnpamoBaHHs Ha no3aruianoBuii peMoHT (CUHIIP)

VY pobotax [1, 3], crangapTU3ylOuUuX HeH MoKas-
HUK, BiH BU3HAYA€ThCS SIK BiJHOLICHHS HAIpaIfOBAHHS
CHCTEMH 0 KiJIBKOCTI M03aIUIaHOBUX 3HIMaHb 3a aHalli-
30BaHU TIepiof], TOOTO JJIs HOro po3paxyHKy HE0OXi-
HO MATH ITEBHHUI 00CAT CTATUCTHYHOI 1H(pOpMAIIii.

B maHuii yac BIACYTHI aHAQJIITHYHI BUPA3H IS
po3paxyHky nokazHuka CHUHIIP. Ilei moka3Huk pospa-
XOBYETHCSl yCiMa aBiaKOMIIaHISIMU TUTBKH 3a pe3yibTa-
TaMH OOpOOKHM CTaTUCTUYHUX JAHHUX BIIIMOB CHCTEM 3a
BH3HaueHUH nepio. Ha erami mpoexTyBaHHS BUKOPHUC-
TOBYIOThCS naHi mo 3HadeHHsM CYHIIP mns ananoriy-
HHUX CUCTeM paHinie po3podsenux I1C.

Sk moka3ye aHaii3 omyoiikoBaHUX poOiIT [4, 5], B
OLIIBIIOCTI 3 HUX PO3MIIsAAETHCS MpeBeHTHBHE TO, ke y
BITYM3HSHUX JDKepesiaX 3a3BUYall Ha3MBAE€ThCS IUIAHO-
BO-TIONIEPEDKYBaJIbHE a00 MPOQiIaKTHIHE.

VY psiai pobit TO Britowae KP omHOOG10K0BOT CHIC-
TEMH B JMCKPETHI MOMEHTH 4Yacy 1 3aMiHy Ha HOBY
cucreMy B pasi BinmoBu. Taxa crpareris TO Bukopuc-
TOBYETBCS /ISl Cy4aCHHX CHUCTEM aBiOHIKH, B SIKHX Tec-
TyBaHHS 3[ilcHIOETHCS 3a nonomororo BCK, a 3abpaxko-
Bani JIb 3amiHtorotbcs 3anacaumu 3 OD.

Sk mokasaB aHaii3 JitepaTypu [4-8], B OlibmiocTi
Bimomux Mozeneii TO oqHOOJOYHMX CHCTEM HE Bpaxo-
BYIOTBCS TOKa3HUKH JjocToBipHOCTI KP.

VY mxepenax BUKOPHUCTOBYBaHI IMOKa3HUKHU JIOCTO-
BIpPHOCTI HE BPaXxOBYIOTb OCOOJHMBOCTI OaraTopa3zoBOro
KP cucrem, siki mojisirarot B TOMYy, 10 YMOBHI IIMOBip-
HOCTI TIPAaBWIBHUX 1 MIOMHUJIKOBUX PIllIeHb B JaHUH MO-
MEHT 3anexath Bin pesynbrariB KP B monepenni mo-
MEHTH Yacy.

© Parynin C. B., Cupoixka 1. O., 2019
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VY poborax [9, 10] HaBeieHI BUpa3H IS TAKHUX IO~
Ka3HUKIB SIK KOE]INI€HT TEXHIYHOTO BUKOPUCTAHHS 1

(1-p)[1 - exp(-37)]

Koe(ilLliEHT TOTOBHOCTI, SIKi BPaxOBYIOTb OCOOJIHUBOCTI
6aratopasororo KP:

Krp =

k{(r +1xp )| 1-Bexp(—At) |+ (1-PB)| xporexp(—At)+1775 exp (—M)J}

(1-p)[1 - exp(-37)]

; (1)

K= 1{x[1-Bexp(—2t) ]+ (1-B) [xperexp(—e) + 75 exp(—hv) ]}

e 0 — YMOBHa HMOBIpHICTH "XMOHOI BigMOBH" TpH
KP JIb Ha crosuui [1C y 6a30BoMy aeporopry;

B — yMoBHa HMOBIpHICTh "HEBUsIBIEHOI BiAMOBH"
npu KP JIB na crostani [1C y 6a3oBoMy aeporopTy;

A — IHTEHCHBHICTh panToBuX BigmoB JIb;

T — cepenniit Hait [1C Mix aBOMa CcyciiHIME CTO-
SITHKaMH B 0a30BOMY aeporiopry;

ty— cepenns TpusaiicTs KP;

txg— CepemHs TPUBANICTh "XHMOHOrO BiIMHOBICHHA"
JIb na 3B a6o B nentpi TOiP;

tng— CepemHs TPHUBAJIICTh "HPABUIBHOIO BiTHOB-
nenns" JIb Ha 3B a6o B nentpi TOiP.

[Ipn BuBeneHHI maHMX BHpa3iB ekciuryararis JIb
posrnsiianacs Ha inTepBaii HampaigoBanus (0, Tp), ne
Tp — npusnauenuit pecypc, i OyJn0 NPUHHATO TPUITY-
LIEHHS PO HECKIHYEHHICTh iHTepBaiy mianyBanus TO,
T00TO Tp = 0.

Kpim Ttoro, mokasnuku (1) i (2) He BpaxoBYIOTbH
30BHIIIHIA TIPOSIB BiIMOB 1 CTPYKTYpY pe3epBYBaHHS
PEHC 3 Touku 30py HaZiHHOCTI.

VY nesxux poOoTax [6] po3TIIAAAOTHCS MOKa3HUKH
Ha/IiIHHOCTI Ha KiHLIEBOMY IHTEpBaJIi 4acy eKCILTyaTallii,
OJTHaK BOHM HE BPaxOBYIOTh BIUIUB TMOKa3HHKIB JOCTO-
BipHOocTi KP.

VY po3risHyTHX BUIE poOOTax HE pO3TIISIIaroThCs
MOKA3HUKH 0€3B1IMOBHOCTI HEPIOANYHO KOHTPOJIHOBA-
HHUX CHCTEM, IO BIUIMBAIOTH Ha Oe3leKy MoNboTiB. B
SIKOCTI TaKoro IIOKa3HWKa Oe3BIMOBHOCTI B CTaTTi
MIPOITOHYETHCSI BUKOPUCTOBYBATH AINlOCTEPiOPHY HMOBI-
pHiCTh 0€3BIIMOBHOI pOOOTH IEPIOJUYHO KOHTPOIBO-
BaHOI HEBIJIHOBIIOBAJILHOI OXHOOJOKOBOI CHCTEMH.
OpHak 1eil MOKa3HUK MOYKHA BUKOPUCTOBYBATU TUIBKH
1 HeBigHoBiroBanbHUX PEHC.

VY pobori [10] 3anpornoHoBaHui MOKa3HUK Oe3BiI-
MOBHOCTI Bi/IHOBJTIOBAJIbHOI OJHOOJIOKOBOI CHCTEMH Yy
BHUIUIAII EKCIUTyaTaliiHoOl HMOBIPHOCTI O€3BiIMOBHOL
poGoru (EVBP). Iix EMBP posymietscs iMOBipHiCTb
6e3BinMoBHOI podoTu JIb Ha iHTEepBai HampalfoBaHHS
(te t) 3 ypaxyBaHHAM TOrO, IO B MOMEHTHU #,; TpPO-

Bommiock TO, 110 BKITIOYANo B cebe eKCIuTyaTalliifHui
KOHTpOJIb 1 BifHOBiIEeHHs 3a0paxoBanux JIb. Ilpu exc-
MTOHCHINIIMHOMY 3aKOHI HarpalfoBaHHS Ha BiIMOBY IICH
MOKA3HUK Ma€ HACTYITHUIN BHUTJISI

P, =(kt;,t) =
- (R U)o (e i) -1-af T @

Pty exp (1 ki)

kty <t<(k + 1)1,

) )

ne P.(jty) — imosipaicts 3usTrs JIB B GasoBomy

aeporopry, 00yMOBJICHa SIK WMOBipHICTH Toro, 1o JIb
Oyne 3abpaxoBanwuii npu KP 3a nomomororo BCK;

tn — CepelHs TPHUBAJICTh MK BHJIIBOTOM 1 IOCa/I-
koro [IC y 6a30BOMY aepomopry.

Ile#t moka3HUK OTPUMAHHMA ISl HECKIHUCHHOTO 1H-
TepBaiy yacy mianyBanHs TO i Mae Ti K HEOMNIKH, IO
1 okasuuku (2), (3).

JlitepaTypHi mxepena [3] mpUCBSYCHI JOCITIHKEH-
HIO TapaJieIbHUX, Ma)KOPUTapHUX Ta KOMOIHOBaHHX
CTPYKTYp pe3epBYBaHHsI 3 TOUKH 30pY HaJIHHOCTI, PO-
T€ OTPUMaHI B HUX ITIOKa3HUKU HE BPaXOBYIOTh JOCTOBI-
pHOCTI 3ac00iB KOHTpOIIO. Y pobori [11] po3risinarors-
Cs MOJENTI JUIA OILIHKU TOKA3HUKIB JOCTOBIPHOCTI Pi3-
HHUX QJTOPUTMIB KOHTPOIIIO TIPH pe3epBYBaHHI CHUCTEM,
MpOTe OTPUMaHi B HUX MOKa3HUKU HE JIO3BOJISIOTH OIli-
HioBaTu edekTuBHicTh ekciuryaranii PEHC Ha kiHne-
BOMY IepioJli eKcIuTyaTalii i He BpaxOBYIOTh OCOOJIHBO-
cti Oararopa3oBoro KP i mepioguyHICTh KOHTPOJIIO.
Kpim TOro BoHM HE BpaxOBYIOTh BIUIUB SIBHHX 1 ITPUXO-
BaHMX BiIMOB Ha e(pEKTHBHICTh eKCILTyaTallii.

[Toka3HWKKM HaMIHHOCTI TEXHIYHUX 1 paiOcieKT-
POHHHX CHCTEM 3 YpaxyBaHHSM SIBHHX 1 NPHUXOBaHUX
BiJIMOB PO3IJISIHYTI B po0oTi [6], OMHAK BOHH HE Bpaxo-
BYIOTB JIOCTOBIPHICTb 3aC00iB KOHTPOJIIO.

TakuM YMHOM, SK TOKa3ye aHali3 OCOOJHUBOCTEH
ekcrutyaraniii pesepoBanux PEHC, mokasHuku edek-
THUBHOCTI ITOBHHHI MOPSJ 3 XapaKTEPUCTHKAMH Oe3Bij-
MOBHOCTI BpaXxOBYBaTH HE TLIbKU KPaTHICTh, & i CTPYK-
TYpY pe3epBYBaHHS CHCTEM.

Kpim Toro, moka3zHuku e(eKkTHBHOCTI pe3epBOBa-
uux PEHC noBuHHI OyTH 4YyTIMBI 10 XapaKTEPUCTHK
JIOCTOBIPHOCTI  ekciutyartaiifinoro KP, mocraTHOCTI
cucreMu 3a0e3MedeHHst 3amaciB 1 BCTAaHOBIJIIOBATH aHa-
JITHYHUH B32€EMO3B'SI30K 3 MapaMeTpaMH TEXHOJIOTUHO-

ro nporecy TOIP.
B sikocTi BapTICHUX TOKa3HUKIB €()EeKTHBHOCTI B
JTepaTypi BHKOPUCTOBYIOTHCS: HaBEJCHI BHTpATH,

cepeqHl eKCIUTyaTalliiiHi BUTpaTtu (BTpaTH); MUTOMI
cepeqHl eKCIUTyaTalliiiHi BUTpaTH (BTpaTH); MUTOMUIA
cepeqHiil MPUOYTOK; HaBEJEHI CEpPEeIHbOPIYHI BUTPATH
TOWIO.

VY po6orti [10] npomoHyeThCs 3MIHCHIOBATH OI[IHKY
edekTrBHOCTI pi3HuX cTpateriii TOIP mo xoMInIeKCHO-
My KpHUTEpil0 MIiHIMYMY CEpEIHBOPIUYHHX HaBEICHUX
BUTpAT:

C=Cpt EgK, 4

ne  Cg— cepeqHbOpIYHI eKCIUTyaTaliliHi BUTPATH;
K — kamitajpHI BKJIaJICHHS MTPOIIEC SKCILTyaTallil;
Ey — HOpMaTHBHUMIA TepMiH OKYIHOCTI KamiTaib-
HUX BKJIJICHb.
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VY nepepaxoBaHUX poOOTaX OTPUMAHO BHpa3M s
CKJIaJIOBHX IIbOTO MOKa3HUKA, IO J03BOJIAIOTH BCTAHO-
BUTH B32€MO3B'I30K Mi’)K OCHOBHUMH HMOBIPHOCTSIMH 1
BapTiCHUMH Xapakrepuctukamu npouecy TOiP, a ra-
KoK KamitaneHumu BkianeHHsmu B HACK 1 O®. On-
HaK BOHM OTpPHMaHi IpPU THX kK€ OOMEXEHHSX, L0 1
nokaszHuk (1) 1 (2). Kpim Toro, B HUX He BpaXOBY€EThCS
noka3sHuk CHHIIP.

Sk mokaszaHO B JiTepaTypHUX kepenax [12], B
JTAaHWH Yac BUKOPHCTAHHS HABEIEHWX BUTPAT VIS OLliH-
KM e(eKTUBHOCTI 1HBECTHUIIIH Ta MPOEKTIB HEAOIIBHO,
OCKIJIbKM BiJICYTHE Jep)kKaBHE HOPMYBaHHS HOPMAaTHB-
HOT'O TEPMiHY OKYITHOCTI KaIliTaJIbHUX BKJIQ/ICHb, KU
3a/1aBaBCsl €JIMHUM HOPMATHUBOM JUIsl BCIX Taiy3ed Ha-
POAHOI0 TOCNIOAAPCTRA.

Kpim Toro, mpu BUKOPHCTaHHI HaBEIEHUX BUTpAT
HE BPaxoBYETHCS (PAKTOP Yacy B OIHIII IHBECTHITIH.

Iporec excmnyartarii [IC Ge3mocepenHbO IMOB'S-
3aHUH 3 KamiTaIbHUMHU BKJIAJEHHSAMHU B 3aKyIIBJIIO Ha-
3EMHHUX 3aCO0IB CKCILIyaTaIlifHOTO KOHTPOITIO 1 hopMy-
BanHsa O® PEHC.

Tomy kputepii 1151 OLIHKH €()EKTUBHOCTI IIOBHHHI
BpaxoByBaTH €(EKTUBHICTh KAIliTAJILHUX BKJIAJACHb
(iHBecTHIIIH).

B nanwmii yac BiZJoMi HaCTYIHI iHTErpajbHI MOKa3-
HUKHU e(DeKTUBHOCTI iHBecTuILiit [12]:

- yuctuit moxix (Net Value - NV);

- uuctHi guckonToBaHuit jgoxinm (Net Present
Value - NPV);

- BHyTpiHs HopMa npubyTkoBocTi (Internal Rate
of Return - IRR);

- iHAeKCH NPUOYTKOBOCTI BUTPAT Ta IHBECTHIIIH;

- JMCKOHTOBaHMH TepMiH okymHocTi (Payback
Period).

L1i noka3HUKH € y3aralbHEHHMH 1 iX TOLITBHO BH-
KOPUCTOBYBATU JUIA OI[IHKU S(EKTHBHOCTI 1HBECTHIIH
Ha CaMOMY BEPXHBOMY DiBHI JUIsl BCi€i aBiakOMIIaHii B
uitomy. OJHaK OJHIE0 31 CKIAJOBUX JUIS KOXKHOTO
MOKa3HUKa HEOAMIHHO OyayTh eKCIUTyaTaliliHi BHTpa-
TH.

VY pobGoti [6] st oliHKKM e(EeKTHBHOCTI eKCIuTya-
Talii TEXHIYHUX CHCTEM HIMPOKO BUKOPHCTOBYIOTHCS
TOKA3HUKH Y BUTIISI:

- TNOBHHUX pO3PaxyHKOBUX (OUiKyBaHMX) BUTpAT
TEC (total expected cost), MOBHHMX eKCILIyaTaIlilfHUX
BUTpaT 3a mepion skurreBoro 1wmkiay TLOC (total
lifetime operating costs);

- y BHIUISI MOBHUX PO3PaxyHKOBHX eKCILTyaTa-
LiAHUX BUTpAT 3a nepiof skutreBoro nukity (IIEB).

[Moka3HWK y BHIVIS/AI TMOBHUX PO3PaxyHKOBHX
(ouikyBanux) Butpar TEC posrisHyro B poborax [6]
3aIpOIIOHOBAHMN JUIS BUNAAKY MPOBEJCHHS IEpioand-
Horo KP B MOMeHTH Yacy Ha HECKIHUCHHOMY IHTEpBai
IUIAaHYBaHHSI TEXHIYHOTO OOCIYrOBYBaHHS IIPH JOBLIb-
HOMY 3aKOHI pO3IIOily HAaIpalfoBaHHS Ha BiIMOBY
OJIOKY:

TEC(L,T»,...) =

fi . (5)

i
(=)
=

ne F (t) — GyHKIis po3moainy HalpaltoBaHHA Ha Bij-
MOBY OJIOKY;

7ij — cepenHs BapTicTh opHoro KP;

7i, — CepenHs BapTiCTh BTpaT 3a Iepio] MiX Bia-
MoBoO 1 HactynmHuM KP, mpu sikoMy BiH BHSBISETHCS
(BTpatu uepe3 NMpUXOBaHi BiJIMOBN);

C3; — CepeHs BapTICTh 3aMiHU OJIOKY, IO BiaMO-
BUB.

VY mux ke poboTax pO3TILIIAETHCA BapTICHUH TIO-
Ka3HUK Ha KiHLEBOMY iHTepBaii maHyBanHs TO npu-
yomy KP mpoBoauthest 4yepes meBHi mepiomu yacy kT
(k=1,2,...,.N), NT=S:

TEC(N)=
N—1(k+1)T
= (cl(k+1)+c2((k+1)T—t))dF(t)+
k=0 k1
+eNF (NT)+c¢3 = (6)
(o3
=|a+ kZ:;')F - cz'([F(t)dt+c3,
N=1,2,..

Iokasuuku (5) 1 (6) He BPaxOBYIOTh IOKA3HUKIB
JIOCTOBIPHOCTI KOHTPOJIO 1 30BHIIIHINA NPOSIB BiIMOB.
BukopucTaHHSA IIMX TOKAa3HHUKIB JJIS OIIHKH e()eKTHB-
HocTi ekcmuryaranii PEC Baxko, OCKIIBKM BOHH He
BPaxoBYIOTh OCOOJHMBOCTI TEXHOJIOTIYHOTO IpOIECcy
TOiP PEC, Butpatn Ha BukoHaHHs onepauiii TO i oco-
ONMMBOCTI JIiarHOCTHYHOrO 3abe3reueHHs. BapricHuii
MOKa3HUK TIOBHHEH TaKOX BpPaxOBYBAaTH KalliTallbHi
Bkianenns B HACK i O®.

ToMy 11i MMOKa3HUKHM TIOBHHHI OYTH BIOCKOHAJICHI
JUTSl IPAKTHYHOTO BUKOPHCTaHHS MPHU OLIHII e(eKTHB-
HocrTi excruryatauii PEC I1C.

Ha mingcraBi mpoBeeHOro oMy i aHai3y ImoKa-
3HUKIB e(ekTuBHOCTI cucremu TOiIP MoxxHa 3poduTH
TaKi BUCHOBKH:

- y OlIbIIOCTI MaTeMaTHYHHUX MOJEeH He Bpaxo-
BYIOTBCS ITOKa3HUKH nocToBipHOCTI KP. A TaMm, e BoHH
BHUKOPHCTOBYIOTBCS, HE BPaXOBYIOTHCS OCOOJIUBOCTI
6araropazoBoro KP PEHC B mporneci ekcrutyarariii, sika
MoJisArae B TOMY, IIO YMOBHI WMOBIPHOCTI pillleHb B
JTAaHWH MOMEHT 3aJIeXaTh BiJl pe3yJbTATIB MOMEPEAHIX
KP;

- BincyTHI MateMatiuHi Moaeini TO, B SIKMX OIHO-
YaCHO BPAXOBYBAJIHCh OM IOKa3HUKH OE3BIIMOBHOCTI,
pemonTonpunataocti PEHC, nocrosipHocTi OaraTopa-
30BOT'0 €KCILUTYaTallifHOr0 KOHTPOJIIO, HOTO TPUBAJIOCTI,
a TaKOX BIUIMB CTPYKTypu pe3epByBanHs PEHC 3 Tou-
KU 30pY HaJAiHHOCTI;

- BiIOMI TOKa3HUKH, IO BPaxOBYIOTH JOCTOBIp-
HicTh OaratopazoBoro KP, orpumani mpu gomyuieHHi
PO HECKIHYEHHOMY iHTepBalli yacy ranyBanus TO;

- BIJICYTHI IMOBIpHICHI TOKa3HHKU €(EeKTUBHOCTI
TO, mo n03BONSIOTH BPaxOBYBAaTH 30BHILIHIA TPOSB
BiJIMOB, TOOTO IHTEHCUBHOCTI BHHUKHEHHSI SIK TIPHXOBa-
HHUX, TaK 1 IBHUX BiJMOB;

- BIJICYTHI IIOKa3HHKH, 110 JO3BOJISIIOTH OL[IHIOBATH
KOMIUIEKCHI ITOKa3HUKM HaIiiHOCTI 1 O€3BiIMOBHOCTI
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PEHC nporsirom nonboty [1C 3 ypaxyBaHHSM 30BHilI-
HBOTO TIPOSIBY BiJIMOB Ha KIiHIIEBOMY i HECKIHYEHHOMY
IHTEepBaJax yacy;

- B JAaHWH Yac BIACYTHIH KOMIUICKCHHH TEXHIKO-
€KOHOMIYHUH MMOKAa3HHUK, IO JI03BOJISIE BCTAHOBIIOBATH
B3a€MO3B'130K Mi’)K OCHOBHUMH HMOBIPHOCTSIMU 1 BapTi-

CHMMH XapakrepucTukamu mnporecy TOiP, a Takox
o0csrom KamitanbHuX BKaagens B HACK i O®;

- BiJIOMi BapTiCHI MOKa3HUKU €(QEKTUBHOCTI €KC-
IUTyaTanii He YYTJIHBI JO CEPEAHBOTO Yacy HaIpalro-
Banus PEHC Ha nmoctpokoBmii 3iiom 3 Oopty IIC
(CYHITP).
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AHaJIn3 nokaszareseil 1 Kpurepues 3¢ QeKTHBHOCTH CHCTEMBbI
TeXHHYECKOH IKCITyaTAllMA PagM03JIeKTPOHHBIX HABUTAHOHHBIX CHCTEM

C. B. Parynun, 1. A. Ceipoexka

BO3paCTaHI/Ie CJIOKHOCTH PAaUO3JIEKTPOHHBIX HABUTI'allMOHHBIX CUCTEM BO3AYIIHBIX CY[JOB U PACIIMPEHUEC Kpyra BBIIIOJ-
HJACMBIX MU (byHKLII/Iﬁ IIPpUBCJIM K TOMY, 4YTO UL YIIPABJICHHUSA TCXHUYCCKUM COCTOSIHHUEM PaJO3JICKTPOHHLIX HABUT'AlITUOHHBIX
CUCTEM IIPEANPUATHUSA BBIHYKJACHBI BBITIOJIHATH 3HAYUTEIBHBIH 00bEM pa60T 110 TEXHUYCCKOMY 06CJ'Iy)KI/IBaHI/I}O U PpEMOHTY.
COBpeMeHHBIe BO3QYIIHBIC CyJda OCHAIAIOTCA I_II/I(l)pOBBIMI/I MHIOTaXXHO-HaBUTI'alITUOHHBIMHU KOMIIJICKCAMH HOBOI'O ITOKOJICHHS, B
KOTOPbIX BCE CUCTEMbI UMCIOT BCTPOCHHBIC CUCTEMBbI; KOHTPOJISI U KOHCTPYKTUBHO BBITIOJIHAIOTCA B BUJC PsJia JICTKO3aMEHACMO-
ro 6HOKy. 3KCHJ’IyaTaLIHOHHBI€ pacxoAbl Ha TEXHUYECKOC O6CJ'Iy)KI/IBaHI/Ie 1 PEMOHT PaIMO3JICKTPOHHBIX HABUT'ALITMOHHBIX CUCTEM
B HACTOALIEEC BpEMs NOCTHUTAIOT 30-40% ot 0611.16171 CTOUMOCTH TCXHHUYCCKOI'O 06CJ'Iy>KI/IBaHI/I5I U PEMOHTa BO3AYIIHOI'O CyJHa,
TII0O3TOMY aKTYaJIbHBIM SIBJIICTCSI BOIIPOC ITOBBILICHUS Bq)(i)eKTI/IBHOCTI/I CUCTEMbI TCXHUYECCKOI'O O6CJ'[y)KI/IBaHI/IH 1 pEMOHTA 3a CUET
CHMIXXCHHUS SKCIUTYaTallUOHHBIX PACXOH0B IIPpU COXpaHCHUHN JIETHOM T'OIHOCTHU U KOHKypeHTOCHOCO6HOCTI/I BO3AYIIHOI'O CyIHA.

KawueBbie cioBa: ABHOHMKA, HAZIC)KHOCTD, PaAO3JICKTPOHHBIC CUCTEMbI, TEXHUYECKOC 06CJ'Iy)KI/IBaHI/Ie 1 PEMOHT.

Analysis of indicators and system performance criteria technical operation of electronic navigation systems
S. Ragulin, I. Syroizhko

The increasing complexity of aircraft electronic navigation systems and the expansion of the range of functions performed
by them have led enterprises to perform a significant amount of maintenance and repair work to manage the technical state of
radio electronic navigation systems. Modern aircraft are equipped with a new generation of digital navigation and navigation
systems, in which all systems have integrated systems; control and structurally performed as a series of easily replaceable unit.
Maintenance costs for maintenance and repair of electronic navigation systems currently reach 30-40% of the total cost of main-
tenance and repair of the aircraft, therefore, the urgent issue is to increase the efficiency of the maintenance and repair system by
reducing operating costs while maintaining airworthiness and competitiveness the aircraft.

Keywords: avionics, reliability, radio-electronic systems, maintenance and repair.
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BU3HAUYEHHS OCOBJIMBOCTEN CTAHJAPTIB CHIA II[OJ10
METPOJIOT'TYHOI'O 3ABE3INEYEHHS BUIIPOBYBAHD
O3BPOCHHS TA BIMCHKOBOI TEXHIKHA

Mertoro cTatTi € Bu3HaueHHs1 ocobnuBocteit crannaptiB CIIIA, siki BU3HaYaroTh BUMOT'H IIOJI0 METPOJIOTiYHOro 3a0e3-
NeYyeHHs BUpoOyBaHb 030pOEHHS Ta BiiChKOBOI TEXHIKHM Ha OCHOBI X aHami3y. s miHicrepcrBa o6oponu CIIA po3s-
poOka 1 BIPOBAKCHHS JOKYMEHTIB IO CTaHAApTH3alii 3AIHCHIOEThCA 3a IPOrpaMor0 OOOPOHHOI CTaHAapTH3aLil
Defense Standardization Program B pamkax IisuIbHOCTI 3 ynpaBiiHHS cranaaprtusamieto Standardization Management
Activities. J/lokymeHTH 3i crangapru3sanii Bkimtodarots 5 BuniB. Y CIIA merponoriune 3a0e3nedeHHs: 030pOeHHs Ta Bili-
CHKOBOI TEXHIKM JUIsl BCIX BHJIB BIHCBK PErJIAMEHTOBAHO JIECATKAMH CTaHIAPTIB, Cepell AKUX BUALIEHO 4 OCHOBHHX:
MIL-STD-1839D, MIL-HDBK-1839A, DI-QCIC-80278C, MIL-STD-810D. MertponoriuHe 3a0e3neueHHs] BHIIPOOY-
BaHb 3a craHaaproM MIL-STD-810G, npezncrasieHe B y3arajibHEHOMY BUIUISAAI, PErJIaMEHTY€E BUMOIHU JI0 BUIIPOOYBa-
JIBHOT'O 1 BUMIPIOBAJIBHOI'O 00JIaJHAHHS, IHTEPBaliB KaJiOpyBaHHs Ta CyMapHOI NOXUOKHU (a00 HEBU3HAYEHOCTI BUMIpIO-
BaHb) BUIIPOOYBAJILHOI'O Ta BUMIPIOBAJIHOrO 00nanHaHHs. 3rinHo crangapriB CLIA Bce oOnaaHaHHS, 10 Mae METPO-
JIOTI4HI XapaKTepUCTUKH, pO3JijeHe Ha 4 BUIM, AKi 00'elHaHI B JIBi Ipynu, a came: 1) BunpoOyBaibHE, BUMIpIOBalIbHE
Ta giarHoctuuHe obnanHaHHs (Test, Measurement, and Diagnostic Equipment (TMDE); 2) BOynoBane o0nagHaHHS JUIst
BurnpoOyBanp (Built-in-Test Equipment (BITE)). 3Beneni Bumoru 1o xaniOpysanHs Ta BumiproBaHHs (Calibration and
measurements requirements summary (CMRS)) MIL-HDBK-1839A nerainizyfoTb BUMOTH: IOA0 BHMIPIOBAIBHOI CHC-
Temu, nigcucreMu abo obnaxHanus; TMDE; no cranmapriB Ta obiagHaHHs KaxiOpyBaHHS, sKi HEOOXiHI I 3a0e3re-
YEHHs METPOJIOriUHOl MIPOCTEKYBAHOCTI BCiX BUMIPIOBAaHb 4Yepe3 OKpeMi BiiCbKOBI BiJIOMYi METPOJIOTiUHI Ta KaniOpy-
BaJIBHI NPOrpaMM [0 3aTBEP/PKCHUX HAlliOHAJIBbHUX cTaHAapTiB. BilicekoBuit cranmapr MIL-STD-810G pernamentye
psiI CTaHJAPTHUX NapaMeTpiB JUId BEIUKOI KUIBKOCTI JJaOOpaTOpHUX BUIIPOOYBaHb BiiCHKOBOI IPOAYKIIT, IO JO3BOJISE
BU3HAYUTHU CTIHKICTh IIMPOKOro Hepeniky oOiaJHaHHA 10 Pi3HUX BIUIMBIB. Bu3HaueHi 3a pe3ynbraraMu aHali3y CTaH-
naptiB CIIIA ocobnuBocti NOTpiOHO BpaxoByBaTH NpH po3poOLi HOPMATUBHUX JOKYMEHTIB 3 METPOJIOridHoOro 3abesmne-
4eHHs BUIIPpoOyBaHb B 30poitHux Cunax YkpaiHu.

Karw4dosi ciaoBa: BUnpoOyBaHHs, CTaHIApT, 030POEHHS Ta BiliChKOBa TE€XHiKa, METPOJIOTriYHe 3a0e311eueHHs, METpO-

JIOT14HI XapaKTepPUCTHKU.

Beryn

IHocTanoBka mpodsaemu. B panuit wac Ykpaina
3MIACHIOE PO30YIOBY OOOPOHHO-IIPOMHUCIOBOIO KOM-
TUIEKCY KpaiHW, SIK Jep>KaBHOI'O HOro CErMEHTy, Tak i
MIPUBATHOTO.

CaMe OCTaHHIH BIPOIOBXK IT'SSTH POKIB aKTUBHO
Mo4aB PO3BUBATHCH, TOMY, IO YKpaiHChKe BIifICbKO CTa-
JI0 TOTpeOyBaTH HOBUX «TOTOBHX PillIeHb» 3pa3KiB Bild-
CHKOBOI TEXHIKM Ta MOABIMHOIO NMpH3HAYEHHS. A Jep-
JKaBHI IMIANPUEMCTBA, SIKi 3BHKJIH JI0 KIACUYHOI CXEMH
CTBOPEHHSI BIMCHKOBOI TEXHIKM y BHIVISII JIOCHiTHO-
KOHCTPYKTOPCHKOI po0OTH, SIK IOKa3aB JIOCBiJ, HE 3aB-
KIIM TOTOBI HAJaTH cydyacHi 3pa3ku. [Ipu npomy npusa-
THI MTiANPUEMCTBA-PO3POOHUKH, 32 PaXyYHOK BIIACHHX
00IroBHX KOIITIB, BUSIBJISIOTH OUIBIITY CIIPUTHICTH, IIO-
JIO TOBEIEHHS 3pa3KiB TOTOBOI MPOIYKINi BIHCHKOBOIO
MIPU3HAYEHHS 10 IPale3/laTHOrO CTaHy, HUIIXOM YCY-
HEHHSI HENOJIKIB 3a pe3yjibTaTaMu NpPUIMalIbHUX BH-
poOyBaHb.

AHaJi3 ocTaHHIX H0CJigxkeHb i myOaikamii. 3
oOpaHHsIM YKpaiHOIO KypCy Ha €BpOIHTErpaliio Ta

Beryn 1o HATO, ponbk edekTHBHOCTI BHUIIPOOYBaHb
3HaYHO 3pociia. YCHilllHa eKcIuTyaTallisi BifChKOBOI
TEXHIKM y BIHChKaXx 3aJIeXUTh BiJ] €()EKTUBHOCTI BH-
npoOyBaHb 3pa3KiB 030pOEHHS 1 BIICHKOBOI TEXHIKH,
SKi TMOKJIHMKaHa JaTHh IMOBHY Ta OO'€KTHBHY OLIHKY
3paska [1].

EdexruBHicts BUITpOOyBaHb 0a3yeThCsi Ha Pi3HUX
BU/IaX 3a0e3MeueHHs!.

J10 OCHOBHUX BHIIB HAJEXKHUTh i METPOJIOTIYHE 3a-
OesneueHHs1 BUNpoOyBaHb (M3), - sike, BiAMOBIIHO 10
[2], € «koMIUIEeKCOM 3axofiB, CIPSIMOBAHUX HA JIOCST-
HEHHS €THOCTI BUMIipIOBaHb Ta JOCTOBIPHOCTI KOHTpPO-
JII0 TapaMeTpiB 00 €KTIB BUMIPIOBAHHSA BIHCHKOBOT'O
MIPU3HAYCHHS.

MertponoriuHe 3a0e3neueHHs BUPOOyBaHb ITOBH-
HHO BpaxOBYBAaTH OCTaHHI 3MiHH y HOPMAaTHBHOI JIOKY-
MEHTallii B rajy3i METpoJIorii i JesKi MOM0KEHHsI CTaH-
JIapTiB MPOBITHKUX KpaiH cBiTy, 30kpema, CIIIA.

®dopmyaoBaHHS MeTH cTaTTi. BusHaunT 0co0-
muBocti cranaaprtiB CIIIA momo merposoriyHoro 3a-
Oe3MeUYeHHsT BUIPOOYBaHb O30pPOEHHS Ta BiHCHKOBOI
TEXHIKH.

© Apxkymenxo I1. JI., Bepseiixo O. 1., fIxosnes M. 0., ®uopin O. I1., 2019 7
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Bukaan
OCHOBHOI0 MaTepiany

Jnst minicrepctBa oboponn CIIIA po3poOka i
BIIPOBA/DKEHHS JIOKYMEHTIB 10 CTaHIapTHU3allil 31iiic-
HIOETBCS 32 TPOrpaMor0 OOOpOHHOI CcTaHAapTH3aLii
(Defense Standardization Program) B pamkax misuibHO-
cTi 3 ympaBiiHHA cTaHmapTuzaiiero (Standardization
Management Activities).

JlokyMeHTH 31 cTaHIapTu3allii BKIIOYAOTh 5 BU-
IiB.

[Momyxk iHdopmanii mo BificbKOBIW cTaHmapTH3a-
uii HarioHanpHME IHCTUTYT CTaHOAPTIB 1 TEXHOJIOTIMH
CIOA  (National Institute of Standards and
Technology) pexoMeHmye 3MiMCHIOBATH TIO 0a3i TaHUX
ASSIST, sxa € odiniiiaum mxepenoM crienudikamii i
craHaapTiB MiHicTepcTBa oboponu [3].

VY 06a3i manux ASSIST npoingekcoBano 114152
TEXHIYHHX JOKYMEHTiB, MicTuThcs 224739 PDF-
¢aiiniB, no's3anux 3 86856 MpoiHAEKCOBaHMMHU J0-
KyMEHTaMH.

Bona Hajae 0€3KOMITOBHUAN AOCTYII 10 BiIKPUTHX
TeXHIYHUX JOKYMEHTIB y BHIJIsAmiI aHoTamii, PDF-
¢aiiniB 0a30BOT0O TOKYMEHTA i BCIX HOro 3MiH.

3okpema, Ha crangapT MIL STD-810 HamaeTbcs
19 PDF-¢aiiniB, npuuoMy OLIBLIICTE 3 HUX Mae o0csT
moHan 1000 cTopiHOK.

BilicbkoBO-TexXHIUHUI  1HpOpMAIIiHHUNA  LEHTp
CIHOA (The Defense Technical Information Center
(DTIC), sikuit mie mig KepiBHUITBOM MiHicTpa 000po-
HU 1 MI3BITHAN 3aCTYNHHKY MiHicTpa oboponu CIIIA
3 JOCIIDKCHD 1 pO3PO0OK, € HAWOUTBIIAM I[EHTPAIb-
HUM pecypcoM MiHicTepcTBa OOOpOHM JUIsl HaJlaHHS
HAyKOBOi, TEXHIYHOI, IH)KEHEPHOI Ta KOMEepUiiHOi 1H-
dbopmarrii [4].

binpma yacruna 3amuciB B komekuii DTIC no-
CTYIIHA TUTBKH aBTOPU30BaHOMY IepcoHany MiHicrep-
cTBa 00OPOHM 1 HOro MiIpsAHUKaM, MepcoHany dene-
paNILHOTO YpSIy, Jep>KaBHUM MiJAPSAHUKAM 1 00paHUM
aKaJeMIYHUM yCTaHOBaM.

Joctyn no HeraemHOI iH]oOpMarii, sika MiCTUTb
0arato MOBHOTEKCTOBUX IOKYMEHTIB, OCTYITHUI 0e3
peectparrii.

BiiicekoBi crangapti CIIA mist BUBUEHHs, aHa-
N3y Ta y3arajdbHEHHs BilOHWpaiucs 3a Ha3BaMmH 1 pe-
(depaTaM Ha HUX IO JBOX HANPAMAaX:

CTaHJApPTH, W0 PErJaMeHTYIOTh BHMOT'H /0 BH-
MPOOYBaJIBLHOTO T4 BUMIPIOBAJIBLHOTO 00JIaJHAHHS,

CTaHJAPTH, 10 PErJaMEHTYIOTh MPOBEICHHS BHU-
npoOyBaHb, IS icTaBaHHs iH(popMalii po MeTpoIo-
riuHe 3a0e3edeHHs.

VY CIIA mertposnoriyHe 3a0e3neueHHs 030pOeHHS
Ta BIHCHKOBOI TEXHIKM Ui BCIX BHIIB BIMCHK perja-
MEHTOBAaHO JIECSTKAMH CTAHAAPTIB, cepel SKUX BHIi-
JeHo 4 ocHOBHUX [5-8].

VY cranpapTi [4] Bce oOnagHaHHSI, IO MAE METPO-
noriuni xapakrepuctuku (MX), po3aiiene Ha 4 Buy,
siki 00'€IHAHI B JIBI TPYIIH.

1. BunpoOyBanbHe, BUMipIOBallbHE Ta JliarHOC-
tuyHe oOnagHanHsA  (Test, Measurement, and

Diagnostic Equipment (TMDE)) — 6yap-sika cucrema
a0bo TpHUCTPiil, IO BUKOPUCTOBYETHCS Ui BHUIIPOOY-
BaHHs, BUMIPIOBAaHHS, OILlIHKH, TepeBipKu a00 1HIIOrO
aHai3y MartepiaiiB, oOJIalHAHHA a00 CHUCTEMHU IS
BUSBJICHHS Ta/a00 i3051ii Oynb-s1K0i (aKTUIHOI a0
MOTCHIIHHOT HECIIPaBHOCTI a00 BH3HAYCHHS BiJAIMOBi-
nHOCTI crienu(ikamisM, BCTAHOBIECHUM Yy TEXHIYHUX
JIOKyMEHTaX.

2. BOynoBane o0nagHaHHS [UIS BHIIPOOYBaHb
(Built-in-Test Equipment (BITE)) — Oynp-sikuii mpu-
CTpiH, SIKUM € YaCTHHOI CHUCTEMH, IiJICHCTEMH a0o
oOnagHaHHS 1 BUKOPUCTOBYETHCS 3 METOKO TECTYBaH-
HSl.

[Ipu BU3HAUYEHHI METPOJIOTIYHHX XapaKTEPUCTUK
030pO€HHSI Ta BIMICHKOBOI TEXHIKH CTaHIAPT BUMArae
BpaxoByBaTH KoedimieHT HeBu3HaueHocti (Test
Uncertainty Ratio (TUR)), sikuii xapakrepusye CIiB-
BiJTHOIIEHHS MK MaKCHMaJbHO JIOIYCTHMOIO HEBH-
3HAYCHICTIO Tapamerpa abo XapaKTEPUCTHUKU 030po-
€HHS Ta BIHCHKOBOI TEXHIKH, IO IiUIATAI0Th BUMIpPIO-
BaHHIM IIPH BUIPOOYBaHHSX, Ta HEBU3HAYEHICTIO, 11O
3abe3neuye MX.

Ieti koedillieHT BpPaxOBye MOXJIHBI JDKepena
MIOMUJIOK, 30KpeMa, TeMIepaTypy, BOJIOTICTb, HEBH-
3HAYEHOCTI TUMY A, HeBH3Ha4YeHOCTI Tumy B, Tomro.
Minimansae 3HaueHHss TUR noBunHO OyTH 4 110 1.

S0 Bka3zaHe 3HAUEHHSI HE MOXKe OYTH JIOCATHY-
T€, TO HAJAIOTh JOKYMEHTaJlIbHE OOIDYHTYBAaHHS JUIS
Menmoro 3HayeHHs TUR.

[Ipu aHami3i JguIIe BXiAHUX BIUIUBIB, AKi HE BU-
KOpHUCTOBYIOTBCsL st xapakrepuctukn TMDE ab6o
BITE, minimansre 3HaueHds TUR 1 mo 1 € npuitasT-
HUM.

Ha Bcix eraHax >KHTTEBOTO MKy 030pOEHHS Ta
BiliCbKOBOI TE€XHIKH CJIiJ BUKOHYBATH 3arajibHi BUMOTH
10710 BUMIPIOBaHHS:

- BCl mapaMeTpH, sKi MHiAIAraroTh BUMIpIOBaH-
HIO, IIcHTH(iKOBaHI Ta 3aI0OKYMEHTOBaHI;

- BOyzoBaHe mporpaMHe 3abe3redyeHHs, Heoo-
XiJlHe a1 BHMIpIOBaHHs a00 TeCTyBaHHs, ITOBHHHE
OyTu 3a0e3leycHEe aHOTAIlEI0 33 BEPCi€r0, HOMEpY
penakuii i garoro meperisiny. Bynab-siki 3MiHM B HHX
MOBHHHI OyTH 33I0KYMEHTOBaHI;

- KaniOpyBaHHS 1 BUMIpIOBaHHSI BUKOHYIOTBCS 32
HEOOXIHICTIO [UISl MIATPUMKH INPAIe3JaTHOCTI CHCTe-
MU Ta i JICUCTEMU;

— BCI IapaMeTpH € JICTKOJOCTYITHUMH 1 X BUMi-
PIOIOTH TaKUM YHHOM, 1100 MiHIMi3yBaTH KiJIBKICTh i
TPHUBAJICTH HEOOXITHUX BUIIPOOYBaHb;

- 33JIOKyMEHTOBaHa METPOJIOTIYHA MPOCTEXYBa-
HICTH BCIX NMapaMeTpiB CUCTEMH Ta IiICUCTEMHU.

KepiBHuuTBO KOpHCcTyBaua [6] mMpu3HA4YeHE IS
Ha/aHHS CHOXXMBa4yaM OUIBII TIIMOOKOTO PO3YMIiHHS
pumor MIL-STD-1839D, a Takox Ui HaJaHHS JOIO-
MOTH B 3a0€e3I1€YE€HHI OJHAKOBOI OLIHKH BiAIOBIIHOCTI
BUpPOOIB 1HIMBIIyaJbHHUM BUMOTAM.

VY 11bOMY KEpiBHHIITBI HaBOISITHCS BUMOTH 3 Bij-
noBimHUx pozainiB MIL-STD-1839D mnst 3pyuHocTi
BUKOPHUCTaHHS, 3 HACTYIIHUM DPEKOMEHJIAISIMH IIO0J0
3aCTOCYBaHHS IIMX BUMOT, 30KpeMa, 3a3HaYa€ThCs, 110
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3aCTOCYBaHHSI HaJMIpPHO CYBOPHX BHMOI MOXX€ HECTH
CyTTEBI HEMOTPiOHI BUTPATH.

OpHak 1€l mOCIOHMK HE MOXKe 3MIHIOBATH abo
JIOTIOBHIOBATH Oy/b-sKi BuMoru MIL-STD-1839D.

3BeleHl BUMOTH [0 KajiOpyBaHHS Ta BHUMIipIO-
BanHs (Calibration and measurements requirements
summary (CMRS)) [6] neranizytoTs BUMOTH:

II0/I0 BUMIPIOBAJIBHOI CHCTEMH, MiJCHCTEMH a0o
00J1aTHAHHS,

TMDE,;

JI0 CTaHAApTiB Ta OONaJHAHHS KalliOpyBaHHs, SKi
HEOOXiJHI U1l 3a0e3MeUYeHHsS METPOJIOTiYHOI MpOCTe-
’KYBAHOCTI BCIX BHUMIPIOBaHb Yepe3 OKpeMi BIHCHKOBI
BIJIOMYi METPOJIOTIUHI Ta KaliOpyBajabHI MPOTrpaMu 10
3aTBEPPKEHUX HalliOHAJBHUX CTaHAAPTIB.

Hamni, npeacraBneni 8 CMRS, BumararoTth nepi-
OJIMYHOrO OHOBJICHHS, 1100 BpaxyBaTh 3MiHH B KOHC-
TPYKLii, B TEXHOJOTi{, 3yMOBJEHI BJOCKOHAJICHHSIM
CHUCTEMH TOUIO, sIKI BIUIMBAIOTh Ha BUMOTH IOJI0 BH-
MiproBanbHOI cucremu abo TMDE.

Crpykrypa CMRS wmictuts 11 po3niniB, BUMOrH
110 TOOYTOBH, BUKJIAIEHHsI Ta O(OPMIICHHS SIKHX JeTa-
JBHO 1 3 mpukiagaMu HaBeneni B DI-QCIC-80278C.

BiiicekoBuii crangapt MIL-STD-810G pername-
HTYE psiA CTAaHIAPTHUX HapaMeTpiB JUIsl BEJIMKOI Kijb-
KOCTI J1ab0opaTopHUX BUMPOOYBaHb BiHCHKOBOI IPOIY-
KIIii, 10 JO3BOJIsIE BU3HAYUTH CTIHKICTh IIAPOKOrO
nepeniky oOJagHaHHs O Pi3HUX BIUIMBIB B HEIOJIBO-
BUX YMOBaX, TaKHX SK:

TIHJL,

IiCOK,

BOJIOTICTb,

THUCK,

MaJiHHs,

BiOparisi, TOmIO.

Ieti cTanmapT CXBaJCHU 11 BUKOPUCTAHHS BCi-
Ma JenapTaMeHTaMH Ta areHTcTBamu MiHicTepcTBa
ob6oponu CIIA.

[IpoxomkeHHs: BUNpoOyBaHb 1O HHOMY € HEO0O-
X1IHOIO YMOBOIO JUIsl y4acTi B 3aMOBJICHHSIX Ha IMOCTa-
BKY TEXHIKH 1 KOMIUIEKTYIOUHX.

CriouaTKy JaHHM# CTaHAApT CTBOPIOBABCS JJIsl BU-
npoOyBaHb BifiCHKOBOI NMPOMYKIIii, aje 3rojJoM CTaB
LIMPOKO 3aCTOCOBYBATHUCS 1 JJIsi BUNPOOYBaHb LIUBIIb-
HOI IPOAYKIIII.

Mertposoriuae 3a0e3neueHHsS BHNPOOYBaHb 3a
crangaptoMm MIL-STD-810G, mnpexacraBiene B y3a-

HaHHS MOBMHHO OyTW BigKasiOpoBaHi BiANOBIIHO 1O
Ja00paTOPHUX CTAHIAPTIB 3 BU3HAUCHHSIM METPOJIOTi-
YHOI MPOCTEKYBAHOCTI 10 HaIllOHAJBHUX CTaJIOHIB
Yyepe3 MEepBUHHI €TaJIOHU;

— IHTepBaJu KaTiOpyBaHHs IMOBUHHI BiIIOBIAATH
BumoraM ANSI / NCSL 7Z540.1 a6o ISO 10012-1;

- cyMapHa moxuOka ab0 HEBU3HAYCHICTH BUMI-
pIOBaHb BUNPOOYBAIHHOTO Ta BUMIpPIOBAIBHOTO 00Ja-
MHAHHS HE IOBHMHHA IEPEBUIYBAaTH OJHIET TpeTHHA
Bl mMoXuOKKM a00 HEBU3HAYCHOCTI mapamerpa abo xa-
PAKTEPUCTHKH OCIIIHKYBAHOTO 00'€KTa, SKIIO IHIIE
He 00YMOBJIEHO B METO/IHIII BUITPOOYBaHb.

BucHoBku

BuBueHHs, aHami3 Ta y3araJbHEHHS CTaHAAPTiB
CIIIA 1mo3BONMIN BU3HAYMTH HACTYITHI OCHOBHI OCO0-
JIUBOCTI:

1) moxin kamiOpyBaJbHOI'O 1 BHUMIipIOBAJIBHOTO
oOaHaHHS HA BUAW | TUIIH BiJIPI3HAETHCS BiJ| NPUIH-
aToro B YKpaiHi;

2) KepiBHUITBO KOpPHUCTyBaya CTaHIOApTy I03BO-
JISi€ TIOMITHO CIIPOCTUTH PO3YMIHHS 1 3aCTOCYBaHHS
BHUMOT CTaH/IapTiB;

3) MeTpoIoriyHa MpOCTEeXYBaHICTh KaJliOpyBab-
HOr'O 1 BHUMIPIOBAaJbHOTO OOJaTHAHHA TIOBUHHA OyTH
3a/JOKYMEHTOBAHa;

4) minimanbHe 3HaueHHs TUR noBuHHO OyTH 4
1o 1, KO JOKyMEHTallbHE OOTPYHTYBaHHS JUIsl MEH-
moro 3uadyennsd TUR He Hanmano;

5) TepMiHU «€IHICTH BUMIPIOBaHB» Ta «JIOCTOBi-
PHICTH KOHTPOIIO» B 3a3HaueHux crangaprax CLIA ne
3aCTOCOBYIOTHCS;

6) KOHIIENIisl €HOCTI BUMIPIOBaHb BUI03MiHEHA
Ha KOHIICMINIO JEMOHCTpAIlil MPOCTEkKYBAHOCTI, sKa
0a3yeThCs Ha KOHIICHINI Ta BiAMOBIIHUX MPOIEAYPax
KaJiOpyBaHHS;

7) uisi yCyHEHHS HENOIIKIB TEepMiHY «IIOXHOKa
BHMIPIOBaHb» 3aCTOCOBYETHCSA IPOCTa, 3po3yMija i
3araJlbHOBM3HAaHA B MDKHapOJHOMY MacmTadl Xapak-
TEPUCTHUKA SKOCTI PE3YNbTaTy BUMIPIOBaHb - HEBU3HA-
YeHiCTh BUMIPIOBaHb.

Bkasani BuIe 0coOJMBOCTI HEOOXiTHO BPaxoBY-
BaTH IPH pO3poOI1i HOPMATHBHUX TOKYMEHTIB (B TOMY
YHCT BiICHKOBHX CTaHIAPTIB) 3 METPOJIOTIYHOTO 3a-
OesneueHHs1 BUNPOOYBaHb B MiHicTepcTBI 000pOHHU
VYxpainu ta 30poiHux Cuiax YkpaiHU 3Bakaloud Ha
KypC LIOJ0 TEepexoy BITUM3HSHUX 30pOHHHMX CHII Ha

raJbHOMY BUIJIA[I, periaMeHTy€e HacTYyIIHI BUMOTH: cTaHmaptd  kpaiH-uieHiB  IliBHIYHO-ATIaHTHYHOTO
- Bce BUIPOOYyBaJbHE 1 BHUMIpIOBaJbHE 00Nai-  HOroBopy.
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Onpenenenne ocodennocreii crangapros CIHIA
0 METPOJIOrHYeCKOM 00ecNeYeHNH UCNIBITAHUI BOOPYKEHHUSI M BOCHHOI TeXHHKH

I1. JI. Apkymenko, A. U. Bepseiiko, M. 0. SIxosines, A. I1. diopun

Ilenbto craThu sBiIAETCS onpeneneHue ocodenHocreit crannapros CIIIA, kakue onpenenstoT TpeGOBaHUA K METPOJIO-
IUYECKOMY OOECIIeYECHUIO UCTIBITAHNH BOOPYKEHHUsSI U BOCHHOH TEXHHKHM Ha OCHOBE MX aHainu3a. [l MUHHCTEpCTBa 000-
ponu CIIIA pa3pabGoTka U BHEJpEHHE JOKYMEHTOB 10 CTaHIApTH3allMU OCYIIECTBIACTCS 110 NporpaMmme o0OPOHHON CcTaH-
JapTH3allid B PaMKax JEATEIBHOCTH IO YNPaBJICHUIO CTaHAapTH3aluel. JJOKyMEeHTHI 10 CTaHJapTH3allud BKIIOYAIOT 5
BunoB. B CIIIA merposnoruueckoe odecrieyeHue BOOPYKEHHUS U BOGHHON TEXHHUKH Ul BCEX BHJOB BOMCK perilaMeHTHpPO-
BaHO JECATKAMM CTaHJapTOB, Cpelu KOTOPBIX BbiAeneHO 4 ocHoBHbIX: MIL-STD-1839D, MIL-HDBK-1839A, DI-QCIC-
80278C, MIL-STD-810D. Merponoruueckoe obecneuenue ucneltaHuid no cranzapry MIL-STD-810G, npexcrasieHo B
0000LIEHHOM BHJIE, PErJIaMEHTHPYET TPeOOBaHMS K HCIBITATEIbHOMY U M3MEPHUTEILHOMY OOOpYHNOBaHHIO, MHTEPBaIaM
KaauOpOBKM M CyMMapHOW mOrpemHocTH (JIN0O HEONpEAeNeHHOCTH W3MEPEHMi) HCIBITATEIbHOIO M M3MEPHUTENILHOIO
obopynosanus. Cornacao cranaapros CIIIA Bce 06opynoBaHHe, KOTOPOE UMEET METPOJIOrHYECKUE XapaKTePUCTUKH, pa3-
JICJICHO Ha 4 BHJa, KOTOpbIe OOBEANHEHBI B JIBE I'PYIIbI, a HMEHHO: 1) HCHBITATEIbHOE, U3MEPHUTEIBHOE U JHarHOCTHYE-
ckoe 00opyaoBaHue; 2) BCTPOSHHOE 000pynoBaHue 1ist ucnblTaHuil. O600IIeHHbIe TpeOOBaHUA K KaJIMOpPOBKE U M3Mepe-
HusiM MIL-HDBK-1839A neranuzupyror TpeGOBaHMs: OTHOCUTEIBHO U3MEPUTEIBHON CUCTEMBI, IOACUCTEMBI WM 000pPY-
noBanust; TMDE; k cranpapram u o00pyl0oBaHUIO KalnOPOBKU, KOTOpPbIE HEOOXOAMMSBI sl 00ECIEYEHUsI METPOJIOrHye-
CKOH HPOCIIEeKUBAEMOCTH BCEX M3MEPEHMI 4epe3 OTAENIbHbIC BOMCKOBBIE BEJIOMCTBEHHBIE METPOJOIMUECKHE U KaJluOpo-
BOYHBIE NMPOrPaMMBI JI0 yTBEPKJCHHBIX HAllHOHAIBHBIX cTaHAapToB. Boennslil crannapt MIL-STD-810G pernamenTupyet
PSA CTAaHIAPTHBIX MAapaMeTpoB JUIs GONBIIOrO KOJIMYECTBA BOGHHOH NPOAYKIMH, YTO IO3BOJSET ONPEACIHUTh CTOMKOCTh
MIMPOKOT0 NepeyHs 000pyn0BaHMA K pa3HbIM BIUsAHUAM. OmnpeseneHHble 10 pe3ynpraTaM aHanu3a cranpapros CIIA oco-
OGEHHOCTH HEOOXOIUMO YYUTHIBAThH NPH pa3pabOTKe HOPMATHUBHBIX JOKYMEHTOB 110 METPOJIOTHYECKOMY 00ECIEeUSHHIO HC-
neiTaHuil B BoopyxeHHbIXx Cuinax YKpanHsl.

KawueBbie ciaoBa: HCIbITaHUA, CTaHAAPT, BOOPYKECHHUE U BOCHHAS TEXHUKA, METPOJIOIHMYECKOC 06ecnequHe,
METPOJIOTMYECKUEC XapaKTCPUCTUKHU.

Determination of peculiarities of US standards
on metrological support

P. Arkushenko, A. Verweiko, M. Yakovlev, A. Florin

The purpose of the article is to identify the features of US standards that determine the requirements for metrological
support for armament and military equipment testing based on their analysis. For the US Department of Defense, stan-
dardization documents are developed and implemented under the Defense Standardization Program as part of the Stan-
dardization Management Activities. Standardization documents include 5 types. In the US, the metrological support of the
armament and military equipment for all services and branches is regulated by dozens of standards, among which there
are 4 basic ones: MIL-STD-1839D, MIL-HDBK-1839A, DI-QCIC-80278C, MIL-STD-810D. The MIL-STD-810G me-
trology test specification, presented in a generalized form, regulates the requirements for testing and measuring equipment,
calibration intervals and total error (or measurement uncertainty) of test and measuring equipment. According to US stan-
dards, all metrological equipment is divided into 4 types, which are grouped into two groups, namely: 1) Test, Measure-
ment, and Diagnostic Equipment (TMDE); 2) Embedded Built-in-Test Equipment (BITE). MIL-HDBK-1839A Calibration
and Measurement Requirements Summary (CMRS) details the requirements: for the measuring system, subsystem or
equipment; TMDE; to the standards and calibration equipment necessary to ensure the metrological traceability of all
measurements through separate military departmental metrology and calibration programs to the approved national stan-
dards. The MIL-STD-810G military standard regulates a number of standard parameters for a large number of laboratory
tests of military products, which allows to determine the resistance of a wide range of equipment to various influences.
The peculiarities of the analysis of the standards of the USA should be taken into account in the development of regulatory
documents for metrological testing in the Armed Forces of Ukraine.

Keywords: tests, standard, armament and military equipment, metrological support, metrological characteristics.
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IPOT'PAMHI KOMIIOHEHTH BOPTOBOI KOMIT'IOTEPHOI CUCTEMH
JAU3EJb-IIOTAT' A

INpu BupileHH] 3aB1aHb B paMKaX T€OMETPHYHOI TeOpil YIpaBiliHHA BUHUKAIOTH NPOOIEMH, 11OB’SI3aHi 31 CKJIA/IHICTIO BUKO-
HaHHSA pO3paxyHKy noximHumx JIi, mepeBipku pO3MOAUICHb HA IHBOJIOTHMBHICTB, NOIIYKY (yHKIIH NeperBOpeHHS, sKi
I0B’SI3yIOTh 3MiHHI Ta PiBHSAHHSA JiHIHHOI Ta HeliHiMHOI Moznenel. [Ipy BUKOHaHHI LUX Olepaliil JIOANHOK BUHUKAE NOTpeda
Y BUKOHAHHI 3aHa/ITO 00’ €MHHX aHAJIITUYHHUX PO3PAXYHKIB SIKi MOXYTb CTATH IPUYMHOIO BiJIMOBH BiJl 3CTOCYBAaHHS I€OMET-
PHUYHOI Teopil ynpasiiHHA. Bupimury 1o npobieMy MOXKHA 3a JOHNOMOI'OX0 BUKOPHCTaHHS CIICLiali30BaHOrO MPOrpaMHOro
3a0e3IeueHHs, 0 PO3MIANAETHCS K IporpamMHe 3a0e3leyeHHs 111 OOpTOBOI KOMITIOTEPHOI CHCTEMH AU3ENb-TIOTATa, SIKe
3[]aTHE aBTOMATU3yBaTH HEOOXiJHI PO3paxyHKH, YUM iCTOTHO CKOPOTHTH 4ac BUKOHAHHS JIiHeapu3alii Ta MouyKy QyHKIiH
MEPETBOPEHHS ULl MATEMaTHYHUX MOJIEJIeH 3a paXyHOK BUKOPHUCTAHHS IIOTY)KHOCTEH KOMIT FOTEpPHOI TEeXHIKM Ta HEHPOHHUX
Mepex. MeToro podoTH € po3poOka CIeliali30BaHOro IporpaMHoro 3a0e3neueHH s 11 BAKOHAHHS JIiHeapu3anii MaTeMaTHd-
HHX MoJeNiel Ta nouryKy (yHKIii mepeTBOpeHHs 32 paXyHOK BUKOPUCTAHHS HEHPOHHUX MEPEK Ta MOXIIMBOCTEH MOBH IPO-
rpaMyBaHHs, 110 Mae rpadiunuil iHTepdeiic mis B3aeMoxii 3 kopucryBaueM. Pe3ysbraTu. 3a 10MOMOror MOXIMBOCTEH Cy-
YaCHUX MOB IIPOrpaMyBaHHS Ha OCHOBI 3aIIPOIIOHOBAHNX aJIFOPUTMIB OOPOOKH IaHUX Ta HEHPOHHUX MEpPEXk 3alpOIIOHOBAHOI
CTPYKTYPH, pO3poOJICHO crienianizoBaHe MporpamMue 3a0e3eueHHs sl BUKOHAHHS EPETBOPEHHS HeiHIHHUX MaTeMaTHYHUX
Moyzeneil y niniliHy Gopmy BpyHoBchKoro Ta nomryky ¢yHkuiii neperBopenHs. [Ipy BUKOpHCTaHHI po3pOOIEHOr0 Iporpam-
HOro 3a0e3MeueHHs 301/IbIIYEThCS IBUJIKICTh BUKOHAHHS IPOLECy JliHeapu3allii, MOoLIyKy (YHKLi IepeTBOpeHHs, a rpadid-
HUH iHTepdeiic Ta KOMEHTapi, K BUCBITIIOE IPOrpaMHe 3a0e3MeUeHHs B IIpoLieci poOOTH 1ar0Th MOXUIMBICTH ONEPYBATH KO-
pucTyBauaM, fKi HE MAarOTh ClEeLiaIbHOI MAroToBKy. [TOpiBHAHHS pe3y/bTaTiB MOAEIIOBAHHS HEHIHHOI MaTeMaTH4YHOI MO-
Jieni 3 JIHIHHOI MaTeMaTHYHOK MOAEILIIO Y GopMmi BpyHOBCHKOro moka3ano MOBHE CIIBIAAIHHA Ta MiITBEPIMIIO NPABHIIb-
HICTb TEOPETUYHHX IOJIOKEHb Ta €KBIBAJICHTHICTh HENiHIHHOI Ta NiHiIHHOT Mozieneil. BucHoBku. Po3poliieHo crenjianizoBaHe
IporpamMHe 3a0e3MeUeHHs UIsl aBTOMATH3aLlil aHAJITHYHNX IIePeTBOPEHb I'€OMETPHYHOI Teopii yIpaBIliHHA, BUPILIIEHHS CHC-
TEM PIBHAHb B YAaCTKOBHUX IIOXiZHMX, JUIS BU3HAuUCHHS (YHKIIH IepeTBOpEeHb, 110 3B s3yI0Th 3MiHHI JIiHIIHOI Ta HeliHiHHOI

Mozeneil. IIpomMozens0BaHo psi 00’ €KTIB, sIKi OKA3aIH HPALe3AaTHICTE IIPOrPaMHOro 3a0e3eueHHs.

Karw4dosi caoBa: nporpamue 3abe3neuenHs, Gpopma bpyHoBCbKOro, MaTeMaTH4YHa MOZIEIIb, HEHPOHHI MEpeKi, reoMer-

pHYHA TEOPis yIPaBIiHHA.

ITocranoBka npodaemu
i anaji3 siTepatypu

Po3BUTOK 3a1i3HMYHOI Tany3i B YKpaiHi moTpeOye
CTBOPEHHS CUCTEMH IIATPUMKH HPUUHATTS pillleHb Ma-
LIMHICTa T2 CUCTEMH aBTOMAIIMHICTA. AJDKE B BUCOKOPO-
3BHHEHUX KpaiHaX AMEpHUKH Ta €BpONHU 3aBaHTAKEHICTh
3aII3HUYHMX [UISIXIB € JOCUTH BUCOKOIO, IPOTE BHKOPH-
CTaHHs CIIENiaJli30BaHUX CHCTEM YIIPaBIIiHHS JIoroMara-
I0Th BUPIIIUTH MUTaHHS ONTHMAJILHOIO PyXy MOTATa TI0
MapIIpyTy HOro CIiIyBaHHS 3 ypaXyBaHHSIM (HaKTOpiB
IO BIUIMBAIOTH HA HBOTO: PO3KIAll PyXy, MPodijb HUisi-
XY, OCOOJIMBOCTI 3aJli3HUYHOTO TIOJIOTHA, ITOTOHI YMOBH,
Tomo. B Hamiii kpaiHi IbOro MOKW IO HEMAE, aje IH-
TaHHS CTBOPEHHS aHAJIOTIYHMX CHCTEM Ha IOTArax BiT-
YU3HSHOTO BHPOOHMIITBA BXKE CTOITh JIOCHTH TOCTPO.
AJKe ChOroJHi He MOYKHa MOKJIAIATUCS JIMIIIE Ha JTOCBI]
MalllMHiCTa, HEOOXITHO BHMKOPUCTOBYBAaTH HAyKOBHIi
X1 JUI1 BUKOHAHHS BIATIOBITHHMX PO3PAaXYHKIB, pe-
3yJAbTaTH SKUX OyIyTh NMEPETBOPEHHI B HOPMAJIBbHY IS
CHPUUHSTTS JIIOAUHOIO (OpMY, Ta HAJAABATUMYTh Mallld-
HICTY MiJIKa3KH, B 3aJISKHOCTI BijJl IOTOYHOI CHTYyamil Ha
Mapuipyti. B mepcriexTuBi JaHi cHCTEMH MOXYTh OyTH
MOJIEPHI30BaHi IO CHCTEM aBTOMAaTUYHOTO BEAEHHS IIO-
Tsra [1 — 8]. Ane, gk i B OyAb-sIKOMY HaINpsIMKy pO3BHT-
Ky TEXHOJIOTiH, TyT iCHYIOTh MEBHI OOMEXEHHs, ajKe
MPOIIECH PYXY PYXOMOIO CKJIaay OLIBII-MEHII TOYHO
OITUCYIOTBCSl 3a JIOIIOMOTOI0 CHCTEM 3BHUYAMHUX Helli-
HiltHUX JudepeHIiHHIX PiBHSIHD BUCOKOT'O MOPSIKY, TO
BU3HAYEHHS ONTUMAaJbHUX 3aKOHIB YIPAaBIiHHS B pea-
JBHOMY Yacl € JeKiJbka yckiaaHeHuM. JliHeapu3aris

o Telopy Takux CHCTEM PIBHSHB JI03BOJISIE OTPHUMATH
CHCTEMH JIIHIHHUX PIBHSHB, HO TIJIbKH HA OKPEMHX TOY-
Kax, 0 He JI03BOJSIE BU3HAYUTU ONTHMAJbHI 3aKOHH
YIIPaBJIiHHS TSATOBUM PYXOMHM CKJIQJIOM IIiJI 4ac Horo
npsimyBaHHsl. OnHaK, NpUBaOIUBICTE 00Ope po3podie-
HOI Teopil JHIHUX CHCTEM YIpaBIIiHHS NpPU3BENa JI0
CTBOPEHHSI '€OMETPUYHOI Teopii YNpaBiliHHSA, SKa AO-
3BOJISIE OTPUMATH CHCTEMH HEINiHIMHUX pIiBHSHB, MIO
OyIyTh €KBIBAJICHTHUMH TOYATKOBUM HENIHIMHHUM CHC-
TeMaM DIBHSHb B yciii 001acTi 3MiH 3MiHHUX MOYaTKO-
BOT'0 HENiHIHHOTO 00’ €KTa ympasiinus. [1, 3, 6 — 8].
TpynHomt, moB’si3aHi 3 CHHTE30M ONTHMAJIbHHX
CHUCTEM YIPABIIHHS JJI HENHIMHUX 00 €KTIB, 3irpaiu
BXJIMBY POJIb B PO3POOII METOMIB JIiHEapU3aIli Helli-
HIHUX CHCTEM, 3 TOJAJBIINM 3aCTOCYBaHHSIM JI0 HUX
Teopii JiHIHHKUX cucTeM ynpasmiHHi. OIHAK, B TaHOMY
BUIIAJIKy TaKOXX ICHYIOTh OOMexeHHs. Haxkaib, siHea-
pusarttis o Telinopy, sika Hal4acTilIe 3aCTOCOBYETHCHA,
oOMeXeHa JIUIIIC JIIHEApPHU3aIli€l0 HEBEIMKOI YaCTUHH
MIPOCTOPY HAaBKOJIO 0OpaHOi poOOUOi TOUKH, a 1€ HE Jlae
MOXITUBOCTI 3aCTOCOBYBATH 11 JUIsl JIiHeapH3alii CKia-
HUX 00’€KTIiB, TakuX sk amzenb-moTsar [1, 3]. Onnak,
0yJ10 po3p00JICHO HOBI METOMH, SAKi MAlOTh B CBOIi OC-
HoBi I'TVY. JlaHi MeTOmU T03BOJISAIOTH BUKOHYBATH JIiHE-
apu3alliio HeJTiHIHHUX CHCTEM YIPaBIIHHS 32 JOIMOMO-
TOI0 3BOPOTHOTO 3B’SI3KYy y MpOCTOpi “BXiJ — cTaH” Ta
“gxim — Buxin”. I'TY no3Boisie oTpuMaTh €KBiBaJICHTHY
JHIAHY MOJeNb Ha BCiH IUIOIIMHI, TOMY, BOHa 3apa3s
aKTHBHO PO3BUBAETHCS Ta 3aCTOCOBYETHCA [3, 6 — 8].
[Ipore BHKOHaHHS TAaKHUX IIEPETBOPEHb MPHU3BO-
IUTH 10 HEOOXIZHOCTI BUKOHAHHS BEJIMYE3HUX 00’ €MIB
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aHAJITHYHUX PO3PaXyHKIB, sIKi 3aliMaloTh OaraTo 4acy,
Ta B AKHUX JIETKO JOMyCTUTH oMUiKy [1, 3]. Tomy I'TY
3BHYAHHO 3aCTOCOBYETHCS IS pOOOTH 3 00’ €KTaMHU, sIKi
OITUCYBAJIMCS CcUCTeMaMy Iu(epeHLiHHUX pIBHSHB 10
miocroro mopsiaky. Tomy, mepeknaneHHs wiel 3agadi 3
JIIOIMHYA Ha KOMIT FOTEpHY TEXHIKY CTaj0 HE NMHUTaHHSIM
yacy, a HEOOXIIHICTIO. AJpKe BUKOPUCTAHHS CIeriati-
30BaHOrO IIPOrPaMHOr0 3a0e3MedeHHs O3BONWIO O
3MEHIIUTH KUIBKICTh Yacy, SIKMA OM BHUTpauaBcs Ha
IpoIiec JIiHeapH3allii, a TaKoX 3MCHIIMTH KiJIbKICTh
MOTEHIIHHUX TTOMMUIIOK, SIKI MOTJIM BUHUKHYTH BHACITi-
JIOK JTroickkoro dakropy [1, 3, 6 — 8].

[TutaHHsM CTBOpEHHS! MPOrPaMHOro 3a0e3NeueHHs,
sike O MaJIo MOXKJIMBICTh BUKOHYBATH Taki Aii Oyio mpu-
CBsiYEHO yBary y po0orti [1]. Bimem toro, mporpamue
3a0e3reyeHHs Oyo CTBOPEHO, i BUKOHYBAJIO CBOi (PYHK-
ii, MpoTe BOHO € HEIOCKOHATMM aJDKe Ma€ HACTYITHI
MiHycu. Jlane mporpamue 3a0e3medeHHs1 [1] 3anexuth
BiJl MATEMaTUYHOTO TTAKETY, a/PKe HAIIPSIMY TIPAIIIOE caMme
3 HBOT'0, TOMY 3MiHa (PYHKLIIOHATY Y1 HAOOpY IHCTPYKIIH
B MaTeMaTHYHOMY IaKeTi MOXKE BIUIMHYTH Ha 3arajbHy
npanesiaTHicts IporpamMHoro 3abe3nedeHHs. Takox, yci
3MiHHI Ta BXiJHI apaMeTpH 3aKOI0BaHi y KOJI BiZIIOBI-
MHUX (aiiniB, TOMy IJIs TOTO, 100 BUKOHATH IEBHI 3Mi-
HH, Y¥ BHKOHATH JIiHEApU3allilo 1HIIOro 00’€KTYy, HEOoO-
XiTHO BTpy4aTHcsi B IPOrPaMHUH KOJl Ta TIEPENHCYBAaTH
Horo, a 1ie 3Ha4HO IiABUIIY€E TUIAHKY Ta BUMOTH 110 (axi-
BIISL, SIKUH TIOBHHEH Oy/ie MPAaIfOBATH 3 II€I0 MPOrPaMoro.
Ile CHMJIBHO YCKJIATHIOE MOXKJIHMBOCTI BHKOPUCTAHHS Ja-
HOTO IporpamHoro 3abe3neuenns [ 1, 3, 6 — §8].

[Micnst orpumanss niHiHOT hopmu BpyHOBCEKOTO
I MaTeMaTHYHOI MOJIENi, TIoCcTae 3a1ava IMomyKy ¢y-
HKI[I} IepeTBOPEHHs, 110 3B’ S3YIOTh 3MiHHI JIiHIHHOT Ta
HemiHiiHOT cuctemu. Lle TakoXX CkiaaHa 3amada, sSKa
nmotpedye PO3B’s3aHHSA CHUCTEM DIBHSIHb B YaCTKOBHX
TOXiTHUX, 1 SKa MOTpedye TOCUTh 00 €MHUX pO3paxyH-
KiB Ta NpU BHKOHAHHI IIi€i 3ajadi JIIOJMHOIO, TaKOX
MOXE IPHU3BOAWTH 10 BHUHUKHEHHS NpoOJieM uepes
mojcekuid pakrop. Came ToMy, e TAKOX € CepHO3HUM
€TarioM B BHKOHaHHI MEPETBOPEHb, SKUH HEOOXiIHO
aBTOMATU3yBaTH Ta TEPEKIacTH Ha PO3PaxyHKOBI IO-
TYXXHOCTI KOMII'toTepHOi TexHikH [1, 3, 6 — 10].

3 MoMiXk Pi3HUX CITOCOOIB MOIIYKY (YHKINH Tmepe-
TBOPEHHS, MIAXOAAIIAM JUIsS iHTErpauii B IporpamHe
3a0e3MeueHHs € TOH, 1110 BUKOPUCTOBYE B CBOIH OCHOBI
HEeWpOHHI Mepexi 3 BiINoBiaHOW cTpykTypoto [1, 3]. B
poborax iHImMX HaykoBUiB [1] Oyso 3ampornoHOBaHO
BUKOPHCTAaTH CTPYKTYPY HEHPOHHOI Mepexki Ha OCHOBI
Mmepex tuiry APT, mpore B pamkax pimeHHs miei 3aaadi
B JIaHiii poOOTi MPONOHYETHCS BUKOPHCTAHHS HEHPOH-
HOi Mepexi 3 OUIBII MPOCTOK CTPYKTYPOIO, SKa MAae
aHaJIOT1YHI MOYKIIMBOCTI.

OTmxe, npobiemMa € JOCUTh CEPHO3HOI0 Ta CKIIaj-
HOIO, MPOTE NUIAXU 11 BUPIIICHHS OKPECICHi, a JOCBia
TorepeIHIX po3poOOK MoXKe OYTH BUKOPUCTAHHU B PO-
00Ti HaJl HOBOIO BEPCIEI0 MPOrPaMHOro 3a0e3IMCUeHHS,
110 JIO3BOJIUTH aBTOMATH3yBaTH Ta MPUIIBUALINTH IIPO-
LIeCH TOB’5I3aHi 3 JHEapH3ali€lo Ta MOIYKOM (DYHKITIH
MepeTBOPEHb, IO IOB’S3YIOTh 3MIiHHI HENiHIIHOI Ta
JIHIHHOT MaTeMaTHYHUX MOJIEIIEH.

MeTtorw podoTHm € po3poOKa CIeMiaTi30BaHOro
nporpamMHoro 3a0e3rnedeHHs, ske Oyne SBIATH COOO00

MPOrpaMHUAN KOMIOHEHT OOpPTOBOI KOMIT IOTEPHOI CHC-
TEMH AM3ENb-TIOTATa, Ta IO03BOJIHUTH aBTOMATH3YBaTH
MpoLIeC TIEPETBOPEHHSI HEIHIMHOI MaTeMaTHYHOI MOjIe-
Ji B JIIHIHHY MaTeMaTUYHy MoJeib y ¢popMi bpyHOBCH-
KOT0, a TAKOXK MPOIIEC MOUIYKY (DYHKIIH TepeTBOPEHHS,
10 3B’sI3yIOTh 3MiHHI HEJIHIHHOI Ta JiHIHHOI MaTeMa-
TUYHOI MOJENeH, a BUKOPHCTaHHS MOXKJIMBOCTEH PO3-
poOKHu momaTkiB 3 rpadiuHuM iHTepdericoM Makcuma-
JIBHO CHPOCTHTH 3aJlady B3aeMO[il KOpUCTyBaya 3 Jia-
HUM TIpOrpaMHUM 3abe3rnedeHHs M. OTxe, OCHOBHOIO
METOI0 pPOOOTH € 3aMiHa CKJIAaJHHX 3ajad YIpaBJIiHHSI
HENIHIHHUMA 00’ €KTaMH Ha OUIBIN MPOCTI 3aj1adi CHH-
Te3y yIpaBJIiHb JiHIHHUMHU MOIENAMH B pamkax ['TVY.

Pe3yabTaTtu 1ocaixkeHnb

[Tpu npoexTyBaHHI Crieliali30BAHOTO TPOrPAMHOI0
3a0e3neueHHs OyJio MPOMACHO JEKiJbKa €TalliB: aHawi3
ToTIepeIHIX po3pO0OK, CTBOPEHHS BiAMIOBITHIX BUMOT 110
MpOrpaMHOro 3a0e3neueHHs, ke HeOOXiJHO PO3pOOUTH,
CTBOpPEHHSI HOTO CTPYKTYpH, IepeBipKa XapaKTepPUCTHUK
MIPOrPaMHOTO 3a0E3MEUCHHS Ha BiAMOBIAHICTH BUMOT
sikocti 3rigHo 3 Bumor JICTY ISO/IEC 25010:2016 [11],
CTBOPEHHS &JITOPUTMIB POOOTH MPOrpaMHOro 3adesre-
YCHHS, CTBOPEHHS cXeMH Tpadiunoro iHTepdeiicy, pos3-
poOka, TecTyBaHHS. B paMkax aHaizy MONEPEIHBOTO
nporpaMHoro 3a0esmnedeHHsi Oyna poO3MIsIHyTa podora
[1], BusiBneHO Horo HenoIMiku Ta chOPMOBAHO BUMOTH IO
HOBOT'O MpOrpamMHOro 3abe3nedeHHs. 3okpeMa Oyino Mo-
JIEPHI30BaHO OJIOK-CXEMY JIFOJAMHO MAIIUHHOI CHCTEMH,
sIKa aBTOMaTu3ye aHaliTH4Hi po3paxyHku B I'TY (puc.
1), me HOBi OJIOKH, IO JIOAaHI B MPOrpaMHe 3a0e3IeucH-
HS IO3HAYCHI OLTBIIT TEMHUM KOJIHOPOM.

[Ticnst Toro, ik BUMOTH JI0 HOBOT'O MPOTPaMHOr0
3a0e3meueHHs Oyiao chopMOBaHO, Ta BHU3HAYCHO, Ha-
CTYIIHUM €TaroM CTajla IepeBipKa BiJIOBiTHOCTI IpO-
rpamMHOro 3a0e3MedeHHs], 10 PO3pPOOIISETHCS, KPUTEPI-
M saxocti 3rimao 3 Bumoramu JICTY ISO/IEC
25010:2016 [11]. Kpwurepii, no sikum BigOyBanacs mepe-
Bipka 300pakeHO Ha puc. 2. IlepeBipka MmpoOrpamMHOro
3a0e3MeueHHs J0oBeIa, 10 BOHO BIiJIOBIJA€ BKa3zaHUM
Ha puc. 2 BuMoraMm. Kpim Toro, 0ys10 BUKOHaHO IepeBi-
PKy HpOrpaMHOro 3a0e3NedYeHHs 10 TaKUM KPHTEpisM
(me Oyio BKa3aHO Ha BIOCKOHAJICHHS B IOPIBHSHHI 3
MOIIEPEHBOI BEPCIEI0):

1. ®ynknionansHicTh. DyHKIIOHAN mporpam-
HOro 3a0e3MeYeHHs] PO3MIMPEHUH 32 PaxyHOK aBTOMa-
TH3allii MpOoIeciB, OB A3aHUX 3 aHAI30M BXIiJHHX Ja-
HUX, X 00pOOKOI0 Ta MEePEeTBOPEHHS B NPEICTABICHHS,
sike OUIBII 3py4dHe JUIS IMONANIBIIoI 00pOOKH 3acobamu
MporpaMyBaHHS Y1 MaTEMAaTHYHUM TAKETOM.

2. ®ynknioHaapHicTh. @OyHKIIOHAN mpoOrpam-
HOro 3a0e3MeYeHHs] PO3MIMPEHUH 32 PaxyHOK aBTOMa-
TH3allii MPOoIeciB, OB’ I3aHUX 3 aHAI30M BXIiJHHX Ja-
HUX, X 00pOOKOI0 Ta MEePETBOPEHHS B NPEICTABICHHS,
sike OUIBII 3py4dHe JUIS IMONANIBIIoI 00pOOKH 3acobamu
MpOrpaMyBaHHS Y1 MaTEMAaTHYHUM TAKETOM.

3. HapifinicTb. [Iporpamue 3a0e3neueHHs] BUKO-
Hy€ TECTyBaHHsI IIPOTPAaMHHUX MOJYIIB Nepe]] BUKOHAH-
HSIM PO3PaxyHKIB.

4. 3pyuHicTb. ['padiunmii iHTEpdeiic B3aeMomuii 3
KOpPHCTYBa4eM 3HAYHO CIPOCTHB IPOIeC POOOTH 3 IPO-
TpaMHUM 3a0€31IeUeHHSIM.
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Bubip abo BBeeHHs HEJiHiiHOI
Mo et 06'eKTa yIpaBIIiHH I

A

Bubip onTUMalbHUAX HaJAIITy BaHb
nporpamu

3aBaHTa)XeHHs iHTEpQelicy mporpamu (4

'

'

A 4

TecTyBaHHs MOYJIiB IPOrpamMu

AHazi3 MaTeMaTHYHOT MoJesi 00'ekTa

ITinkoYeHHs 10 aapa
MaTEeMaTHyHOIO NaKeTy

Kanoniuna ¢opma-

3aBaaHHs HENIHIHHOT Moeli 00'ekra
— a6o il KOpUTryBaHHs NIPH HEBHKOHAHHI

BuGip omep KyBaHOI MO eI
KaHOHIYHA YM KBa3iKaHOHIYHA
¢opma BpyHOBCBKOTO

P

KsasikaHoniuHa popma

3acrocyBanHs ['TY juis uactuHM
KaHaJIiB ynpasIIiH Hi 00'€KTOM

v

CuHHTE3 3aKOHIB yNpaBliHHA 06'€KTOM
3 ypaxyBaHHsM pe3yJIbTaTiB,
OTpUMaHUX 3a jonomororw I'TY

YMOB iHB OJIFOTHBHOCTI

DopMyBaHHSI BEKTOPHHX ITOJIIB
00'€XTIB MO TX BXIJAHIM HEJiH IMHIH

¢ OTpuMaHHS ONTHUMATBHUX yIPaBIiHb *
3a JIOTIOMOTOIO JIiHIHUX Moeneil B
dopmi BpyHoBchKkoTO

JlonaBaHHS KOMEHTapiB 10
pe3yJIbTaTiB ISl IIOKPAILICHHS
CHPUAHATTS KOPHCTyBaueM

MoJeln.

v v

He Bukonyetncs

ﬂepeTBopeHHﬂ OIITUMAJIbHUX
yﬂpaBJ’[iHL, OTPpHUMAaHHUX 3a
JIOIOM OOk JIiHIMHUX Mojelieil, B
YHpaBJIiHHA HEJIiHIHHOIO MOIEIIIO +

3aBaHTaKCHHS JAHUX JUIS
MO IeJIFOBAHHSI Heil POHHOT Mepexi Ta
crienl. TabIMIb

ITepeBipka ymoB

* 3aBaHTa)KEeHHs1 HEHPOHHOT Mepexi

1HBOJIFOTHBHOCTI

AHaui3 3aBlaHHsA YIPaBIiHHA AK

3aB/IaHHsA 3 BEKTOPH UM KpHUTEpieM Ta v

NPH HEOOXiTHOCTI KOPHT'y BAHHS
yIpaBJiHb

JUISL OIIYKY (yHKIIiH IepeTBOPEHH st

MoiesiroBaHHs TabnuUb

Buxonyetbcs

v v

OTpuMaHHs JIiHIHHUX Moenel y

MosenroBanHs 00'ekTa 3
CHHTE30BaHUMHU yITpaBJ'[iHHHMM

Mo zentoBaHHsI HEHPOHHOI Mepexi

dopmi BpyHoBChKOTO

v v

v

BusnaueHHsa QyHKIIIH nepexomy Mix

AHaJi3 pe3yabTaTiB MOJCIIOBaHHs &

ITomyk (yHKIii epeTBOPEeHH st

3MIHHMMH HeJIHINHOT Mo e i
mozenei y popmi BpyHOBCBKOTO

v

Bu3HaueHHS NEPETBOPEHb IS
Nepexo 1y BiJl yHpaBJliHb B JIiHiiHHX
MOJIeJBIX JIO YIIPABJIiHb B HEJHIHOT

Mo e

v

ITopiBHAHHSA pe3yIbTaTiB
MOJIeJIFOBaHHs 00'€KTIB 3a

PesynbTaTH MO1€IIOBaHHS
3aJJ0OBOJIBHAIOTH YMOBaM

Tak

v

JIOIOMOT 00 BXiTHOT Mozedi i Moeni
B (opmi BpyHOBCBKOrO

30epeskeHHs Pe3yabTaTiB
PO3paxyHKiB 3 KOMEHTapsIMHU B
TEKCTOBHIl (aiin

A 4

Kineup

Puc. 1. Biok-cxema JIFOIMHO MAaIIMHHOI CUCTEMH, SIKa aBTOMAaTU3Ye aHANITHYHI po3paxyHku B ['TY

SIKiCTh HPOTPaMHOTO
3a0e3neyeHHs

Pe3yibTaTHBHICTD / \

3a/10BOJICHICTh

TIpoayKTUBHICT besneunicrp

Puc. 2. Kputepii sikocti nporpamHoro 3a0e3neyeHHs
srigno 3 JICTY ISO/IEC 25010:2016 [11]

5. EdextuBnicth. [ligBuiieHa 3a paxyHOK OI-
TUMi3alii iIHCTPYMEHTaMu pO3pO0OHMKa, BBEICHHS 10/1a-
TKOBHMX HaJallTyBaHb IJIi BMHUKAHHS YM BHMHUKAaHHS
HEOOXITHOTrO (PYHKITIOHAITY.

6. CynpoBomxeHictb. CTpykTypa mporpaMu
CKJIAJIA€ThCSl 3 OKPEMHX MOJIYJIIB, KOXKEH 3 SKUX MOXKeE
OyTU LIBHIKO OHOBJIEHMM YH 3MiHEHHM O€3 BUKOHAHHS
3MiH B iHIIUX MOAYJISIX MPOrPaMHOro 3a0e3MeYeHHsI.

7. MobiabHicTb. [Iporpamue 3abe3neueHHsS SB-
JIsi€ cOO0K0 BUKOHABYMH (haily Ta AeKijibKa 0i0Ii0TeK 10
HBOTO, TOMY MOXKE€ OYTH NPOCTO TepeHeceHe Ha 1HIIMI
KOMIT' [oTep, ab0 3amakoBaHe B IHCTAIATOP Uil OiibII
3pyYHOr0 BUKOHaHHS IHCTAJsAMii y pa3i HEoOXimHOCTI
BCTAHOBJICHHSI JTAaHOTO INPOTrPaMHOro 3a0e3nedyeHHs Ha
IHIIUX pOOOYMX CTAHIISX.

[lix yac mpoeKTyBaHHS aNrOPUTMIB poOOTH TpoO-
TpaMHOT0 3a0e3Ie4eHHsI, TaK CTBOPEHHS HOTO CTPYKTY-
pH, OyJI0 MPHUHHSTO pillleHHS MOIUTUTH MPOrpamMHe 3a-
Oe3reyeHHs] Ha BIATIOBIHI MOAYJi, siKi © J03BONMIA
BHUKOHATH IMMOCTaBJICHE 3aBJaHHsi, poTe Oyimu O He3aure-
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JKHMMH, 110 J03BOJIWIO O 6e3 mpo-
0J1eM OHOBJIIOBATH MPOTPaMHE 3a-
Oe3IeUeHHsT HE IJIKOM, a YacTH-

HaMH, 10 3HAYHO CIPOCTHIIO O IIei
IpoIieC, MiABUIIIO HAMIHHICTh Ta
CTablIBHICT POOOTH TpOrpamMH, a

Bbiox TecryBanHsS

Brnok 3aBaHTakeHHS
JaHuX

Biok He#poHH 0f Mepexi

TaKOX JI03BOJIHIIO, BiTHOCHO MPOC-
TO, JIOJABAaTH HOBI MOXKJIUBOCTI Ta
HoBU (yHKHioHan. Cxema MoOIy-
JIiB  TPOrpaMHOrO 3a0e3redeHHs
300pakeHa Ha puc. 3.

Posrnsinemo QyHkuii, siki BH-
KOHYIOTh OJIOKH IPOTrpaMHOIo 3a-
0e31e4eHHS OKPEMO:

KOMIOHEHT yTHIIIT

Y

nouryky (yHKIin
NePETBOPEHHS

IIporpamue

3a0 e3ne4eHHs 1S
6opToBoi
KOMII I0TepHO1
CHCTEMH AU3elb-
norsra

Biok poboty 3

1. Baok 3aBaHTa:KeHHS Ja-
HUX. Binmosimae 3a oTpUMaHHS
JAHUX 31 CHeLiaIbHUX TEKCTOBHX
NoMiB iHTepdelicy KoprcTyBaya Ta
MepeBeIeHHs] X 3 TEKCTOBOI'O BH-
[JIS1y B TIPOTPaMHE MPEJICTaBIICHHS.

2. Bbaok TecryBanusi. Bukonye TectyBaHHs 0J10-
KiB IPOrpaMHOro 3a0e3le4yeHHs, IepeBipsic MpaBUIIb-
HICTb IEPETBOPEHH TECTOBUX HAOOPIB JaHUX.

3. KommnoneHT yTmJIiT. BuKopHucTOBYyeThCA BCe-
penvHi MporpaMHOro 3abe3NeyeHHs IS TepeBeICHHS
JIAHUX MPOrpaMH 3 OJHOTO BUINIALY B iHIIMHA. MicTUTB
(GYHKIIT A7 IeperopTaHHs MaTpHLb, TIEpEeBE/ICHHS X B
(hopMy MacHBY 41 TEKCTY, TOLIO.

4. Po3paxyHkoBHii 6;10K. BukoHye OCHOBHI po3-
paxyHKH, MOB’si3aHi 3 IUQEpEHIIIOBaHHIM, PO3paxyH-
koM ayxok Jli, orpumanHs pe3ynbraty y dopmi Bpy-
HOBCBKOT0.

5. BJuox HellpoHHOI Mepexi MOIIYKY (pyHKIii
nepeTBopeHHsl. BrukoHye mpoiiecn nos’s3aHi 3 poOo-
TOK0 HEHPOHHOT MEpEXKi i Yac MomyKy GyHKIIiH mepe-
TBOPEHHSI, 1110 TIOB’S3YIOTh 3MiHHI HEJIHIWHOI Ta JiHik-
HOI MaTeMaTUYHUX MOJIEJIEH.

6. BJjok pobotu 3 daiyioBoro cucremoro. Buko-
Hye QyHKUii B3aemogii 3 (aiiioBoro cucteMoro st 30e-
PEXeHHsI pe3yNbTaTiB poOOTH MPOrpaMu, 3aBaHTaKECHHS
BXIJIHMX JJaHUX, TOIIO.

[Ticns Toro, sk po3poOKa i TECTyBaHHS POOOTH IPO-
IpaMHOro 3a0e3medeHHs Oyia 3aBepliieHa, HEOOXiTHO
OyJ10 TepeKoHaTUCs B TIPABUIILHOCTI pOOOTH ITPOrpaMHO-
ro 3abe3neueHHs. s mporo, OyJn0 BUKOHAHO JiHEApH-
3aIlil0 MaTEMAaTUYHOI MOJICTi, a TOTIM IOPIBHSHO pe-
3YJIBTATU 11 MOJCTIOBAHHS IS HENIHIWHOI Ta JHIAHOI
MaTeMaTHYHOi Mojeli y ¢popMi BpyHoBchKoOrO BiAmoOBiz-
HO. Pe3ynbTaT MOpIBHSHHS BUXIJHHUX JaHUX ITOKa3allvd

(haiyIoBOIO CHCTEMOIO

Po3paxyHKoBHit 610K

Puc. 3. CrpykTypa MOIyIiB IPOrpaMHOro 3a0e3IeueHHs
JUtst OOPTOBOI KOMIT IOTEPHOI CUCTEMH JIU3€Ib-TIOTSTa

MOBHE CIHIBMAIiHHSI, IO JO3BOJIAE CTBEP/DKYBATH, IO
mporpamMmHe 3a0e3neucHHs (YHKI[IOHYE MpaBHWIbHO. Mo-
JKIJIUBOCTI TPOrpaMHOro 3a0e3nedyeHHs st OOpTOBOI
KOMIT'IOTEPHOI CHUCTEMH, sIKe OyJIo po3poOJIeHO, I03BO-
JISi€ TIepelTH A0 HACTYMHOTrO TJIO0AbHOTO eTamy — Ie
BHUPILICHHS TIUTAHHS ONTUMAJILHOTO PyXy MOTATa IO Ma-
puIpyTy. AJKEe HasBHICTH MOXXJIMBOCTI BHECEHHS 3MIH B
MaTeMaTHIHy MOJETIbh Ta MOXJIMBICTh, Maibke BiJpasy,
OTPUMYBATH PE3YJbTAT Y BUIIIAII 1i JIIHIHHOTO eKBiBase-
HTY — II€ T€, 1110 JI03BOJIsiE POOUTH BEIUKY KiIBKICTH €KC-
MEPUMEHTIB, 6araTopa3soBo BUKOHYBATH MPOPAXyYHKH IS
OJITHOT'O 1 TOTO  BIJPI3Ky IIISAXY, YA MApPIIPYTy B IIJIO-
My, IO JO3BOJHTH 3HANTH ONTUMAIBHUHA PEXKHUM PyXy
JIU3EJIb-TIOTSITa 110 MapIIPyTy HOTrO CIIiyBaHHS 3 MOMIX
OTpUMaHHUX HaOOpiB TAHUX.

BucHoBok

TakuM 4MHOM, y CTaTTi OIMHCAHO CYTh HPOOJIEMH,
MOB’sI3aHO1 31 CKJIQJHICTIO TPOBEJECHHS JliHeapu3allii, i
SIK HACNIJIOK, JUTSA ii BUPIIICHHS 3allPONIOHOBAHO PO3PO-
OneHe mporpamMHe 3a0e3IedyeHHsl, TPOIEC MPOSKTYBaH-
Hsl, CTBOPEHHS OT'0 CTPYKTYpH, MEPEBIPKM HA BiJAMOBI-
JIHICTh BUMOTaM SIKOCTi, TECTYBaHHS, OIMCAHO B JaHIH
cTatTi. Pe3ynbraT BUKOpUCTaHHS IPOrpamMHOro 3a0e3-
TIEYeHHs] MIATBEPAWIA HOro poOOTOCHPOMOXKHICTD 1
MPaBUWIBHICTh OOpaHMX aJrOPUTMIB Ta TEXHOJOTIH.
3BijicH, MOKHA BHIUINTH, 10 B paMKax JaHOI po3pOOKH
OyJIO CTBOPEHO OLIBIN JOCKOHAJIE TporpaMHe 3abe3lie-
YeHHs, K€ B OUIbII KOPOTKMH Yac Ta OUIBII ITPOCTHI
croci0 3a1aTHe BUPINIyBaTH NIOCTABJIEH] 3a/1a4i.
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IIporpaMMHBIe KOMIIOHEHTBI 00PTOBOIi KOMIIBIOTEPHOI CHCTEMBI IH3eJIb-TI0e31a
JI. M. I'nmaBueB

INpu peruenny 3a1a4 B paMKax reOMETPUUISCKOI TEOPHHU YIPABIICHUS BOHUKAIOT IIPOOJIEMBI, CBS3aHHBIE CO CII0XKHOCTBIO BbI-
TIOJIHEHHS pacyeTa NPOU3BOAHBIX JIH, IPOBEPKH paclpeeieHuii Ha HHBOJIOTHBHOCTS, OUCKa (DYHKIMIT TpeoOpa3oBaHus, KOTOpbIE
CBSI3bIBAIOT IEPEMEHHBIE U YPABHEHNS JINHEHHOH 1 HETMHEWHOM Mozenei. I1py BEINOTHEHHH 3THX ONepanyii 4eJ0BEKOM BO3HUKAET
MOTPEOHOCTH B BBIIOJIHEHUH CIMIIKOM OOBEMHBIX aHAIUTHYECKHX PACUETOB, KOTOPbIE MOT'YT CTaTh IPUYMHON OTKa3a OT NPUMEHe-
HHSl T€OMETPUYECKOI TE€OpHH YIpapieHus. PeimuTs 3Ty mpo0neMy MOKHO ¢ HMOMOIIBIO MCIIOJIB30BaHUS CHEUATH3UPOBAHHOTO
nporpaMMHoro obecrieueHus. PaccmarpuBaercss nporpamMmHoe obecriedeHue [Uisi OOpTOBOH KOMIIBIOTEPHON CHCTEMBI AW3EIIb-
oe3z1a, KOTOpoe CIIOCOOHO aBTOMATH3UPOBAaTh HEOOXOMMBIE PAacyeThl, UEM CYIIECTBEHHO COKPATUTh BPEMsI BBIIIOJHEHUSI JIMHEAPH-
3aIMU U TIOMCKa (PYHKIMI NpeoOpa3oBaHMs JUI MATEMaTHIECKUX MOJENEH 3a CUeT MCHOJIb30BaHHsI MOIIHOCTEH KOMITHIOTEPHOI
TEXHUKH ¥ HeWpoHHbIX cereil. Ileabro padoThbl sBisercst pa3paboTka CHELMATU3HPOBAHHOTO MPOrPaMMHOIO OOECIICUeHUs I
BBITIONIHEHMS JIMHEAPU3ALMU MaTEMaTHUECKUX MOJIENeH U roucka (GyHKIUHA MpeoOpa3oBaHus 3a CUET MCIIONIB30BaHMUs HEHPOHHBIX
ceTell ¥ BO3MOXKHOCTEH sA3bIKa NPOrpaMMUPOBaHUs, UMeeT rpaduueckuil nHTepdeic Uit B3auMOIeHCTBUS C ToMb30BareseM. Pe-
3yJbTaThbl. C IIOMOIIBIO BO3MOXKHOCTEH COBPEMEHHBIX S3bIKOB MPOrPAMMHPOBAHHS Ha OCHOBE TIPEUIOKEHHBIX alrOPUTMOB 00pa-
OOTKM JIaHHBIX M HEHPOHHBIX CETeH NpPEeUIOKEHHOH CTPYKTYpBI, pa3paboTaHO CIELHATN3UPOBAHHOE IPOrpaMMHOE oOecredeHne
JUIS BBITIONIHEHMSI ITPeoOpa30BaHUsl HEIMHEHHBIX MaTeMaTHIECKUX MoJIeNell B JIMHelHyo ¢popMy BpyHoBckoro u noucka ¢yHkimii
npeobpazoBanust. [Ipy ucronb30BaHNM pa3pabOTAHHOTO MPOrPAMMHOIO O00ECIIEUEHHS! YBEIIMYMBACTCS CKOPOCTh BBITIOJIHEHHUS 1IPO-
1iecca JMHeapu3aluuy, noucka QyHkiuii npeobpa3oBanus, a rpaduueckuil nHTepdeiic 1 KOMMEHTapHHU, KOTOPbIE OCBEIIAET Hpo-
rpaMMHOE o0ecreyeHue B rporecce paboThl JatoT BO3MOXKHOCTb OIIEPHPOBATH [10JIb30BATENIAM, KOTOPBIE HE MMEIOT CIICLUAIbHOM
noAroroBkd. CpaBHEHHE PE3YIIBTATOB MOJIEIMPOBAHHS HETMHENHOW MaTeMaTUYECKON MOJIENH JIMHEWHONW MaTeMaTHYecKOH MoJe-
1610 B hopme BpyHOBCKOro mokazano 1monHoe COBNAJCHHE U MOATBEPAMIO IPAaBHIBHOCTD TEOPETUUECKUX MOJIOKEHUH U 9KBUBA-
JICHTHOCTH, HENTMHEWHOW M JIMHEHHON MaremaTmdeckuil mopeneidl. BeiBogbl. Pa3paborano crenpaii3npoBaHHOE IPOrpaMMHOE
obecrieyeHye Ul aBTOMaTU3alMK aHATUTHYECKUX [IPeoOpa3oBaHUii TeOMETPUUECKOM TEOPHHU YIIPABIICHUs, PEILCHUS CUCTEM YpaB-
HEHMI B YaCTHBIX IPOU3BOHBIX, [UIs onpeseneHus QyHKIMi mpeoOpa3oBaHui, CBA3bIBAIOIIMX IEPEMEHHbIE TMHEHHON U HeITMHEH-
Hoii Mozeneil. [IpoMozenupoBaH psijy 00bEKTOB, KOTOPbIE OKa3aId pabOTOCIIOCOOHOCTD MPOrPaMMHOI0 00ECIIeUEHHMSL.

Kaoudesbie caoBa: mporpammHoe obecrieuenue, popma bpyHOBCKOro, maremarudeckass Mojiellb, HEHPOHHbBIE CETH,
reoMeTpuyecKas TEOpusl yIIpaBICHHUS.

Software components of the on-board computer system of a diesel train
D. Hlavchev

When solving problems within the framework of the geometric theory of control, problems arise related to the difficulty of calcu-
lating the Lie derivatives, checking distributions for involutivity, searching for transformation functions that relate variables and equa-
tions of linear and nonlinear models. When performing these operations, a person has a need to perform too voluminous analytical calcu-
lations, which may cause the refusal to apply the geometric theory of control. This problem can be solved by using specialized software.
We consider software for the on-board computer system of a diesel train, which is able to automate the necessary calculations, thereby
significantly reducing the time it takes to linearize and search for the conversion functions for mathematical models by using the power
of computer technology and neural networks. The aim of the work is the development of specialized software to perform linearization
of mathematical models and search for conversion functions through the use of neural networks and the capabilities of a programming
language, has a graphical interface for user interaction. Results. Using the capabilities of modern programming languages based on the
proposed data processing algorithms and neural networks of the proposed structure, specialized software has been developed for convert-
ing non-linear mathematical models into the linear Brunovsky form and searching for conversion functions. When using the developed
software, the speed of the linearization process, the search for conversion functions increases, and the graphical interface and comments
that the software illuminates during operation make it possible to operate users who do not have special experience. A comparison of the
results of modeling a nonlinear mathematical model with a linear mathematical model in the form of Brunovsky showed complete coin-
cidence and confirmed the correctness of the theoretical positions and equivalence of the nonlinear and linear mathematical models.
Conclusions. Specialized software has been developed for automating analytical transformations of the geometric control theory, for
solving systems of partial differential equations, for defining transformation functions connecting variables of linear and nonlinear mod-
els. A number of objects were modeled that showed the operability of the software.

Keywords: software, Brunovsky's form, mathematical model, neural networks, geometrical control theory.
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MATEMATHYHA MOJEJIb
JJIsA CUHTE3Y YIPABJIIHb EJIEKTPOIIPUBO/J0OM 3MIHHOI'O CTPYMY

PosrisHyTi nuTaHHA PO3pOOKM Ta NOCHIIKEHHS MOJAENCH ISl CHHTE3y CUCTEM KEPYBAaHHS EJIEKTPOIPHBOAOM 3MiHHOTO
cTpyMy Iu3enb-noisny. [IpoBeeHo orsz JliTepaTypHHUX JUKEpell Ha 3aJaHy TEeMaTHKy Ta aHaJli3 ICHYIOUMX MiXOIIB 10
PO3B’s13aHHS HANINOIIMPEHIKX 3a/1a4 Yy JaHii ramysi. Po3risiHyTi cucTeMHu KepyBaHHS 3 BUKOPHCTAHHIM aJl'OPUTMIB BEK-
TopHOro ynpasiinua. [ToOynoBaHi MaTeMaTH4HI MOZEII AOCIIDKYBaHUX 00’ €KTIB, IPOBEJEHE MOJEIIOBAHHS iXHBOIO (Y-
HKUiOHyBaHHA. OTpUMaHi aHAJITHYHI CIiBBiZHOLIEHHS, SKi MOXYTh OyTH BHKOpHCTaHI 11t po3poOku crpykrypu CAP
€JICKTPOIPUBOAY AN3EIb-110i3/1a 1 pO3paxyHKy i1 mapaMeTpiB IPH 3alaHi HEBHOTO KPUTEPIrO AKOCTI 3 ypaXyBaHHAM II€BHO-
ro Horo 3aBaHTaxeHHs. CHHTE30BaHO 3aKOHH yIPABIiHHS, SKi 3a0e31e4yoTh CTIHKUIl PO3riH AU3eib-10i3/1a B PI3HUX TOY-
Kax TArOBOI XapaKTEPUCTHUKH 1 P [IbOMY BUKOHYIOTBCSI BUMOT'H 111010 TOYHOCTI IIPUBEJICHHS 00’ €KTa YIIpaBIIiHHS B 3a/1a-
HY TOYKY ()a30BOr0 IIPOCTOPY i AKOCTI MEpeXiZHUX MPOLECIB.

Kaw4doBi ciroBa: cuHTE3 CHCTEM KepyBaHHS, €IEKTPOIPUBOJ 3MIHHOTO CTPYMY, AN3EIIb-TI013/1, aITOPUTMHU BEKTOPHOTO

yl'IpaBJ'[iHHﬂ, Mar€MaThu4Ha MO/J€Jib, 3aKOHH praBJ'IiHHS[.

Beryn

3aBIaHHsl pO3pOOKH MOAENEH Uil CHHTE3y CHCTe-
MU KEpYBaHHsS TATOBUM €JIEKTPOIPUBOJOM 3MiHHOTO
CTPYMY € CKJIaJIOBOI0 YaCTHHOIO 3araJlbHOTO 3aBIaHHS
CTBOPEHHSI ONTHMAJIBHOI CHCTEMH KEepYBaHHS TPAHCIIO-
PTHUMH 3acobamu, 110 3a0e3reuye BUKOHAaHHS rpadika
PYXY Y BIAMOBIIHOCTI 3aaHOMY KPHUTEPII0 ONTHMAaJIb-
HocTi. OcCTaHHIMM pOKaMH BHPIIICHHA IMX 3aBJaHb
MIPOITOHYETHCSI BUKOHYBATH 3 BUKOPUCTAHHSIM CY4aCHUX
KOMIT FOTEpPHHUX TEXHOJIOTiH, B OCHOBY SIKUX TOKJIaJIEHO
METOIM MaTeMaTH4YHOTO MOJENIOBAaHHSA Ta aHamizy i
CHHTE3y CKJIJHUX TEXHIYHHX cucteM. Tomy po3poOka
ONTHUMAJBHUX CHUCTEM KEepyBaHHsS Ta MoJeled ms iX
JIOCITIJPKEHHS € aKTYaJIbHOIO 3a]auero.

IlocTanoBka 3agavi i ananis BizomMmux myoOmika-
mwiit. B qaHuit yac 3HauHa yBara mpu po3poOrl Ta BAOC-
KOHAJIEHI CyJaCHUX BHJIB PyXOMOTO CKJIay MPUALIISETh-
csl eNleKTporiepeiayaM 3 eJIeKTPOIPUBOIOM 3MIHHOTO
CTpyMy Ta X cucTeMaM KepyBaHHS, IO 3a0e3Me4yoTh
(YHKLIOHYBaHHS SK IX CaMHX, TakK i MiJICUCTEM OKPEMO,
30KpeMa ITiICUCTEMH EIEKTPOIPHBOLY 3MiHHOTO CTPYMY
3 YaCTOTHHM CIIOCOOOM KepyBaHHsS aCHHXPOHHHM JBH-
ryHoM. L TeHmeHIis Mae Micile HEe TUITbKH B Y KpaiHi,
aze i KpaiHax OJIKHBOTO 1 Janexkoro 3apyoixoks [1]. Ha
CBOTOJIHI TTOPSI] 3 YACTOTHUM CIOCOOOM KepYyBaHHS BCe
OLTBLIOl yBaru MPUALIAETHCS PO3POOKAM CHUCTEM Kepy-
BaHHS HAa OCHOBI aJITOPUTMIB BEKTOPHOTO YHpaBIHHS
[2—10]. Li anroputMu akKTUBHO BIPOBADKYETHCS Y BU-
COKOSIKICHHX eJIEKTpOIpHUBOAaX TpudasHoro crpymy. B
IropuTMax KEpyBaHHS 3aKiIajieHa iles OpiEHTYBaHHS
MOTOKY aCHHXPOHHOTO JBHT'YHA. 3 TOYKHU 30py MaTema-
TUYHOI MOJIEN i/iesl IoJIsirae B IPUBE/ICHH] CHCTEMH PiB-
HSIHb TPU(]A3HOr0 aCMHXPOHHOrO JBHryHa [2, 4, 10] no
OPTOTOHAIBHOI CUCTEMH KOOpAWHAT d-g, 110 00epTaeThCs
i3 IIBHIKICTIO BEKTOpa MOTOKY POTOpa, B SKid 3MiHHI
MIPE/ICTABIISIOTHCS, K CTajll BETMYMHH IOCTIHHOTO CTpY-
My. 3 TOUKHM 30py CUCTEMHU KepyBaHHS — a3y i aMILITy-
Iy CTpyMy CTaropa HEOOXiTHO PEeryJroBaTH Tak, 100
CKJIaJI0Ba CTPyMY IO OJIHIH OCi, 1[0 BH3HAYAE IOTIK, 3a-
JIUIIANACS MOCTIHHOIO. PeryimoBaHHs MOMEHTY 3.l CHIO-
€ThCS TUTBKU 3MIHOIO CKJIAJIOBOI CTPyMY IO IPYTid oci.

BximHnMu mapaMeTpamu Ul CUCTEMH € 4acToTra obep-
TaHHS POTOpPA TATOBOTO BUI'YHA 1 MOMEHT 3aBJaHHS JUIs
3a0e3revyeHHss BUKOHaHHS 33/IaHOr0 Tpadika pyxy Biaro-
BITHO IO HEOOXiMHOTO KPHUTEPIF0 ONTHUMaNbHOCTI. Ha-
npyru craropa (Kepytodi BILIMBU) CUCTEMH PIBHSHD (Ma-
TEMaTHYHOI Mojieni) Tpua3HOro aCHHXPOHHOTO JIBUTY-
Ha SK B PYXOMil, TaK 1 HEPYXOMiil CHCTEMi KOOpAWHAT
BU3HAYAIOTHCS 10 PIBHSHHSAX BEKTOPHOT'O YIIPABIIiHHSL

Pinrenns 3ana4i po3poOIeHHS ONTUMAIBHOI CHUCTe-
MU KEpyBaHHs EJIEKTPOIPHUBOAOM 3MIHHOTO CTPYMY B
TIEPIITy Yepry IOB’s3aHe 31 CTBOPCHHSIM HENHIMHUX Ma-
TEMaTHYHUX MOJENEH 3 BpaxyBaHHSM OCOOJIMBOCTEH
BUKOPHCTAHHS TOTO YH 1HIIIOTO METONy CHHTE3Y yIpaB-
JIiHb, KPUTEPIiB OL[IHKH SIKOCTI (PYHKI[IOHYBaHHSI CUCTEMHU
KepyBaHHs, MPOBEIEHHSIM KOMIUIEKCHHX JOCHiDKEHb
JMHAMIKA €JIEeKTPOMEXaHIYHOI CHCTEMH EJIEeKTPOIPHBO-
ny. Jlast pilieHHS 3aBIaHb ONTHMAJIbHOIO KepyBaHHS
MIPUCBSYEHO 3HAYHE YHCIO MyOuikamii [6], ne st CUH-
Te3y BHUKOPUCTOBYETHCS MAaTeMaTUYHE MOJIETIOBAHHS,
CydacHI METOJH Teopil aBTOMaTHYHOIO KEepyBaHHs Ta
ornTuMi3aii, KoM 10TepHi TexHoorii. B [6] mpomony-
€TBCS PsZI METOJIB CHHTE3Y YNPaBIiHb Ta MaTeMaTHU4Hi
MOJIETI €JIEKTPOIPUBOJY 3MIHHOTO CTPYMY, SIKI MOXYTb
OyTH BUKOPHCTaHi MPH PO3pOOII CHCTEM YIIPaBIIiHHS 3
ypaxyBaHHSIM BHOPAHOTO KPHUTEPIIO ONTUMAJIBHOCTI. Sk
MIPaBHJIO, 330BUIEHHUI Pe3yJIbTaT OTPUMYETHCS IPH CHH-
Te3l ONTUMAIFHUX CHUCTEM KepyBaHHS Uil 00 €KTIB, sIKi
OITUCYIOTBhCSI CHCTEMOIO TH(EPEHIIIHHUX PIBHSIHD HE BU-
e TPEThOro MOpsAKy. I cucTeM BHIIMX ITOPSIKIB
MOXJIMBO BUKOPUCTOBYBAaTH KOMOIHOBaHHMH METOJ 3Ha-
XOJIKEHHS YIIpaBJiHb. Bid 3BoauThCs 10 HacTymHoro. Ha
MepIIoMy €eTari 3 BUKOPUCTAHHSM CIIPOLIEHOI MOoJedi
€JIEKTPONPHUBOAY 3HAXOAUTHCS 3arallbHUH BUIl YIIPaB-
minb. Ha gpyromy — 3amaroThCs 3aKOHH MOMKIIMBUX
VIIPABJIiHb Ta B MPOIECI JOCIIIKCHHS YTOYHSIOTBCS X
BUJY Ta TApaMeTPH CHCTEMH KEpyBaHHS 3a JOIOMOTO0
MOBHOT MaTeMaTHYHOI MOJIEII.

MeToro n1aHoi podoTH € PO3pPOOICHHS MaTeMaTHI-
HUX MOJEJNIEH ISl CHHTe3y CHUCTEMH KEePyBaHHsS EJIeKT-
POIPUBOJY 3MIHHOTO CTPYMY 3 BUKOPHCTAHHSIM aJIrOpH-
TMY BEKTOPHOT'O YyIpaBIiHHS, MPOBEICHHS JOCIiDKEHb
MoJIeJIell CHHTE30BaHUX YIPAaBJiHb, OTPUMAaHHS SIKICHHX
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XapaKTepUCTUK POOOTH CHCTEM KepyBaHHS B MPOIECi
MOJIEJIIOBaHHS 3 BUKOpucTaHHAM nakety MATLAB.

OCHOBHA YacTHHA

BuximiHuMy 3MIHHUMH JJI1  JTAHOTO 00’ €KTY
YIIpaBJIiHHS (AM3ENb-TI013/1a 3 ENEKTPONPUBOIOM 3MiH-
HOT'O CTPYMY) € HIBHJKICTH pyXy V 1 mpoiaeHui nuisx
S. 3a BincyTHOCTI OOKCOBaHHS IIBUAKICTH PYXY IPOIO-
pLiiiHa KYTOBiH €JEeKTpUYHINA IIBUAKOCTI OOEpPTaHHS
poTopa ABHUTYHA . PIBHSHHS pyXy Ma€ BT

do
E=K1(MZ—MC), (1)

ne M, — TAroBUM MOMEHT Iu3€Nb-1oizaa; K; = p/J, ;

J; — MoMeHT iHepuii gu3enb-moizga; M, — MOMEHT

OIIOPY PYXY, SIKMH 3TiJHO MPABMI TATOBHX PO3PAaXyHKIB,
3HaXOJUTHCS 3TiHO BUPA3y:
Ilpu HOMiHaNMBHOMY 3aBaHTaxkeHi M . =M, :

M, =1299(1.1+0.012%0.1545 w) (Hm),

a6o M, =1429+2.41 o (Hw). )

3a yMOBH, IIO TATOBUII MOMEHT JHU3ENb-NOI3TY
3MIHCHIOIOTh YOTHUPU JBUTYHH, TO PIBHSHHS PYyXy Ma-
THME BUTJTIL

do
—=K,4M_,*i-M),
dt l( d (,)

ne M, — eneKTpOMAarHiTHUH MOMEHT ABUTYHA; i — Ile-

penaBanbHe YHuCIO penykTopa (i = 3.69).
3 ypaxyBaHHSM piBHSIHHS (2), OTPUMAEMO:

‘;—(” = K, (K, My —1429-2.410) =
t

ne K,=14.76; K3=1429; K,=2.41.
abo 62—(:=K5Md -Keo-K7, (4)
ne Ks=K,K,=0.000915; Ks= KK, 0.00015; K=
MoskeMo 3amnmcaTu:
dx;
d_tl=K5Md —Kex; —K7. ()

B pesynbrari otpumanu audepeHuiiiHe piBHIHHS
MIEPIIOro MPSAKY, SIKE OMHCYE AMHAMIKY PyXy IU3eIb-
noi3ga NMpH HOMIHAJIBHOMY 3aBaHTa)XeHHi. B skocTi
YIIPaBJIiHHS BUCTYNAE €JIEKTPOMATHITHUH MOMEHT TSi-
roporo aAsuryna M ;. Jlns #oro BU3Ha4YEeHHs BUKOPHC-

TAEMO MOJIENb TSATOBOTO JIBUTYHA Y BHIVISAI CHUCTEMH
nmudepeHIiiHIX PiBHSHD, JIe I (JOPMYBaHHS HANPYT'H
JKUBJICHHS Ta ii YaCTOTH BHKOPUCTOBYETHCS AITOPUTM
BEKTOPHOT'O YIPaBIIiHHSL.

3rigno [4, 10], 3a yMOBH, SKIIO IIBUAKICTH 00ep-
TaHHS KOOPIWHAT @K CIiBIIaa€ i3 MBUIKICTIO BEKTOPa
notoky poropa o (ok = ®¥), To BekTOp MOTOKO3YE-
neHHst poropa Wr BimoOpaxkaeTbcst Ha Bici 1 cBoiM Mo-
nyneMm ¥y, a Horo mpoexiiis Ha Bich 2 JOPIBHIOE HYJIIO i

PIBHSIHHS, 110 ONMCYIOTh JUHAMIKY €IeKTPOMAarHiTHHUX
MIPOLIECIB TATOBOTO JIBUI'YHA, MATUMYTh BUTJISA [2]:

_ d\Psl

Ua == ~¥oow+Rla; (6)
Usp = d‘jtsz +¥ 09 + Rl ; (7
0-Cm gy ®)
0=(op —po)¥,, +R.1,,; )
My = msz’ ¥, I, (10)

ne ¥, — momyms BexTOpa moToky poropa; [, Iy,
1

CTpyMiB cTaTopa i potopa; R;, R, — BiINOBiAHO aKTH-

/1> 1,7 — BIINOBIAHO HpOEKUii Ha Bici KOOPIUHAT

BHI onopu 00OMOTOK ctaropa i poropa TA/l; m — uucio
¢a3; p — uncno map nomocis; K, — koedilieHT 3B’ 53Ky
poTopa; ® — MBHUAKICTE 00ePTaHHA POTOPA; O — IIBH/-
KICTh BEKTOpa HAIPYT'H CTATOPA; My — MIBUIKICTIO BEK-

TOpa MOTOKY pOTOpa.
BukopucroBytoun piBHSIHHS 3B 513Ky [2]

W, =1L +I,L,; VY, =1L +I,L,,

stm >
OTpUMAEMO:
dl d¥
Uy = d;‘ L'+ K, dt" —I,L oy + R ;5 (11)
dISZ ' '
US2 =_LS +[S1LS (O1v7} +KV\{IVm +RSIS2; (12)
d¥y R
=f+l‘_r\yrm _ISIKVRV ; (13)
-
0=PpY¥,, —1nK,.R,; (14)
mpK
M, = 3 VW, L s (15)

ac LS = Ls _Lgn/l‘r ’ Kr: Lm/Lr .
BuxopucroBytoun piBasiHHs (11) 1 (12) 1 piBHSIHHS
3B’S3KY JJISl CUCTEMH YIPABIIIHHS 3 PEryJIIOBaHHSIM Ha-
MIPYTH JKUBJICHHS, 3HAXOIUMO CITiBBiTHOILIEHHS, 32 JI0-
TIOMOT'OI0 SIKUX BU3HAYAIOTHCS MPOEKIT HANPYTH JKUB-
nenHst TAJ] 1o koxHii i3 oceld pu BigoMiii ii 4acTori.

Ug =Rl — IpL' oy (16)
L'
Uy = Ryl p +oy'¥y, (L_+Kr) .

m

(17)

MoMeHT TsroBoro ABuryHa M ,; 3HaXOAUTBCA 3Ti-
ITHO piBHSAHHSA (15) 1O BiAMMOBIIHMM 3HAYEHHSM ITOTOKO-
syemnenns V,,, i ctpymy [, . Jlns BU3sHaUeHHS MOTO-
kozderuieHHss V,,, BHUKopucTaeMo TudepeHIiiiHe piB-
HsHHS (13). TSroBuit MOMEHT, SIKWI SIK YNpPaBIiHHS B
piBHsHHI (5), BusHauaeThes (a3oBoro 3MiHHOO VP, i1

HPOEKIII€I0 BEKTOpa CTPYMY CTaTopa - CTPyMOM [ .
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3minna ¥ 3riiHO AN(epeHIiHHOro PiBHIHHS

rm >
(13), BusHauaeThCs cTpyMoM [ . B pe3ynpTaTi, B IKOC-
Ti yHOpaBiiHb, MOXXEMO BHOpaTH TPOEKIii BeKTopa
CTpyMy cTaTopa - cTpymMu I i I, .

3 ypaxyBaHHSIM JMHAMIYHHUX MPOLECIB I BU3HA-
4eHHs TpoeKIii moToky poropa Y,, BHKOpHCTaEMO

piBastHHES (13) y BUIIISLAI:

dv¥y,,, R, L,R
— =L +1, 2L (18)
dt Lr rm N ,
[Ipu 3amanux mapamerpax TAJ] orpumaemo:
d¥
d”” =-0.771¥,,, +0.06681; . (19)
t

Awnanorivyno i3 piBHsHHsIM (5) piBHsHHS (19) s
ONTUMI3aMIHHOT MOZIEIi 3aIMIIIEMO Y BUIJISI:

de

=—-0.771x, +0.06681; .
dt 2 s1

(20)

st cuHTe3y ympamimiHb 00 €KT JOCIIIKEHHS
MPEJCTABIAETHCA MOJCIUTIO Y BUTJISAI cUCTeMHu aude-
PEHIIWHUX PiBHSIHB APYrOro HOPSIKY:

Xy +ay X, —a;, XUy +0.089 =0, 1)

Xz +a21X2—a22U2 =0. (22)

ne X;, X,, X, X, —BinnosigHo ¢a3oBi 3MiHHI Ta iX
noxigHi; Uy, U, — yOpaBmiHHS; a1, d12, d21, A2 — KOE-

¢ilienTH, SIKI BU3HAYAIOTHCS NTapaMeTpaMH CHCTEMHU.
Jlns cuctemu, 1O JOCTIKYEThCS:

Xlz(’); X2: \Prm;
an 2000015, apn 20004, a 20771,
aj 20068, U]Z ISZ; U2: IS]'

OCKIJIBKM MaTeMaTu4Ha MOAEeNb 00’€KTa 3 BUKO-
PHUCTaHHSIM aJITOPUTMY BEKTOPHOTO YIPaBIIiHHS 32 IIEB-
HHUX OOMEXEHb MOXKe OyTH IpeACTaBlIe€Ha CHUCTEMOIO
nmudepeHiiHIX PiBHAHB Apyroro mopsaky (21) — (22),
TO JIJISL CHHTE3Y YIIPaBJIiHb MPOIIOHYETHCS BUKOPUCTATH
OMH 3 METOJIB BapiallifHOTO YHCIIEHHS — pIilICHHS
3arajbpHOI 3aaay4i Jlarpamxka.

[pu piwenHi 3a1a4di onTUMi3zanii, BAKOPHCTOBYIO-
YM METOJ BapialliifHOrO YMCIICHHS, SK PIillIEHHS 3arab-
HOi 3amaui Jlarpamka, MaTemMaTH4Ha MOJENb 00'€KTYy
3a[1a€ThC Y BUINISAII CHCTEMH IU(epeHIiaJbHuX piB-

HSIHD Y BUIJISI:
X =y (X, X5, X,,U ) =0, (23)

Jge X; — 3MiHHI chiBBigHomeHHs; U; — ympaBiiHHS,

i=ln.
BimoMmi mouaTkoBi i KiHIEBI cTaHH 00 ekTy: X;(0),
Xi(D).
3anaHuii KpUTEpid ONTUMAIBHOCTI:
T
J = j G(X1, Xy,.... X, U )t . (24)
lo

BimoMi 001acTi TOMyCTUMUX YIIPABIIiHb.

PiBHSHHST 00’€KTy pPO3TJSNAIOTHCS SIK PIBHSIHHS
3B’SI3KIB B 3araibHiil 3amaui Jlarpamka BapialliifHOro
yucieHHs. KputepiemM ontumanbHOCTI € (DyHKIOHAI,
10 MiHIMI3yEThCSL.

SIKo Ha ympaBIiHHS 1 CTaHM HiSIKHX OOMEXEHb
HEe HaKJIaJIeHO, TO PIlIeHHs 3a7adi ONTHMi3amii mryka-
€THCS TIO aHAJIOTIT 3 METOJIaMH BapiallifHOTO YMCIIEHHS.
3 1i€10 METOK CKIIAAETHCS JOOMDKHHNA ()yHKITIOHAT:

T " T
Jy = j[G+Zk_j(t)(X_j —y)ldt = ledr. (25)
143} J=1 143}
Binnocno ¢ynkniit U;, X, A, cknamaroThesl piB-
usauHs Einepa:

dG, d dG,

1-0. (26)
dU, dt dU;

Tyr B piBasanHi (26) mig U; po3ymirorses (yHKIIT
Uy X, by | |
B pe3ynbrarti OTpEMaEMo CHCTEMY PiBHSHB 1O YH-
ciy HeBimomux Ul(t), Xi(1), \(f), j=1n.
PosrisiHeMo po3poOKky Mojeri onTumisarii BigHO-
CHO €HEepreTHYHUX BUTPAT IIPH PO3TOHI TU3eb- MOi3/1a
3a 3a/laHUi Yac i BUKOHAHHS TPAaHUYHHUX YMOB IO IIIBU-
JIKOCTI 1 IPOMICHOMY IILISXY.
®dyHKHioHal, IO MiHIMI3Ye eHEepreTHYHI BUTPATH,
MOXITUBO 33/IaTH Y BUTJIS:
T
2 2
J= j UL +U3dr, 27)
0
ne Uy, U,— ynpaBminHs, ¢, T — HauadbHUH 1 KiHIEBHUI
TEPMIHH Yacy PO3TOHY.
Toni HOBa migiHTerpanbHa QyHKUS G| OMHUCYETH-
sl CITIBBIAHOIICHHSM:

G] = U]Z +U22 +
0 (X +ay X| —a;, XUy +0.089) +
+hy (X5 +ay1 Xy —anU,y).

(28)

Ha mincraBi pieusaHas Eitnepa (26) ckimagemo
CIIBBITHOIICHHS [T 3HaXO/pKeHHS piBHsIHD U;, U,.

Jsa Uy:
dG
—=2U| —apM X, =0. 29
a0, 1~ anh X, (29)
Hsa Us:
dG
———=2U, —ayh, =0. 30
U, 2 ~anh, (30)
Toni ynpasninas U;, U, 3HaXomiThes fK:
U] 20127\41)(2/2; (31)
U2 = 022}\42 /2. (32)

Hesimomumu € A; Ta A,. JliIsg BU3HAYCHHS A Ta Ay,
X ta X, cknanemo piBasHHSA Ediiepa 3rigHo (26).

£= X] +a1]X1 —alzXzUl +0.089 =0,

o (33)
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dGg .
—_— = Xz +a21X2 —a22U2 =0.

dh, 34

B pesynbraTi OTpUMaNM aHAIOTIYHI CIiBBiTHO-
IICHHS, 110 BiIOBITAI0Th HAYAJIBHUM PIBHIHHIM (21),
(22) mns 3HaxOKEHHS HeBimoMuX X 1 X, Ta OIMHCYIOTh
JMHAMIKY 00’ €KTa yIpaBIiHHS, IO JOCIIIKYETHCS.

AHAJIOTIYHO 3HAXOMATHCS PIBHSAHHSA U1 BU3HA-
YEeHHS HEBIJOMUX A Ta A,.

Jlst BU3HAUCHHS HEBIOMHUX A Ta A, OTPUMAEMO
cucreMy qudepeHIiiHIX PiBHSIHB!

—ahy =0 (35)

7.\42 +)\416112U1 —a21k2 =0. (36)

B pesynbrarti otpuManu cucremy audepeHmiiHo-
anreOpaidHUX PiBHAHB JUIA 3HAXOIDKEHHS yIpaBiiHb U
1U,.

OCKIJIBKY 3 OJIIHIET CTOPOHM CHCTeMa PIBHSHBL He-
JiHiMHA, a 3 IpYroi 3HaXOKEHHs HEBU3HAYEHUX MHO-
xHUKiB Jlarpamka A; 1 A, morpebye [uif iX 3Haxo-
JOKEHHs1 0araToKpaTHOrO mepedopy BapiaHTiB, TO pi-
IICHHS 3a]ladi 3HAXOKEHHs YIpaBIliHb, AKi O 3aJ10BO-
JIBHSUTA KPUTEPIt0 onTUMizamii 3rigHo 3 Bupasom (27),
MOXITUBO IIUISIXOM MOJICITFOBAHHSL.

JIis IpakTUYHOTO BU3HAYEHHS 3aKOHY 3MiHHU He-
BIZIOMUX A Ta A, 1 3HaXODKEHH ympasiiee U 1 U,
MIPOITOHYETHCSl HACTYIHUH miaxif. 3rigHo piBHsSHHS (30)
ynpaBninaa Uj = apM X, /2, Uy — ue cipym Iy,
SIKMH BU3HAYa€e TAroBUi MOMEHT. Toi i3 MaTeMaTHYHOL
Mmoeni (10) BUXoauTh:

Iy =2M,;/(mpK,) ¥,,, . 37

[lpn MakcUMaIbHO-IOMYCTHMOMY MOMEHTI (mac-
noptHi gaHi) ( M ;=4800 Hm) i ymoBi, mo ¥,,, = 1B 1a
napamerpax (m=3, p=3, K, =0.982), 3rimHo (37) Oyne
JIOCSITATHCSI MaKCUMAJIbHO-JIONYCTUME 3HAuYeHHS CTPY-
My I (15 =960 A).

BukopucroBytoun piBasHHA (30) MOXXEMO 3HAWTH
MEXI1 3MiHH 3MIHHOI Aq.

Mmax = 2 1p / a35 =480000.

Ilpu ¥,,, =const (3a paxyHok cTabimizamii cTpy-
My), 3TiZIHO JOCHimXKeHb, (popMa 3MiHU MOMEHTY M,
Mae eKCIOHCHITIABHUI XapakTep (IuB. puc. 2), TO 3a-
KOH 3MiHH A{ MO)XE€MO IPEICTABUTH Y BUTTIAMII:

A =B (-, (38)

ne B =480000 (BU3HAYAETHCS MACIIOPTHUMH JTaHUMHU
nBuryHa), k= 0.2 (3HaYeHHsA k B TPOIIECi JOCIIIHKEHb
MOKE€ YTOYHATHCH).

Jliisa meBHOI 3aBaHTaXKeHOCT1 ympasiinaa U; Oyne

BH3HAYATHCh 3T1THO BUPA3Y:
Ui =apB (1-e )X, /2. (39)

3rimHo (32) ympasmiaHt U, =apk, /2. U, —

e CTpym [Sl , SIKMI BU3HAYa€ IOTOKO3YECIICHHS.

Busnaunmo A, aHajnoriyHo sk i Ay. I3 mporeciB
MOJIENIOBAHHA CJiAye, o Xapaktep 3Mmimnm U, (ue
npaktuaHo V,,, ) TeX HOCHUTh €KCIOHEHIlialbHUH Xa-

paktep. PeanbHO MakcumanpHe 3HadeHHs ‘V,,, He 06i-

neire 6 (B).

I3 piBHsiHHS (13) 32 yMOBM 3aKiHUEHHS IEPEXiTHO-
ro MpPOIECY MOXKEMO 3alMCaTH CIIiBBiIHOIICHHS IS
BU3HAUEHHS CTpyMYy [ .

Ig=Y,/ Ly, (40)

rm
Tomi /g max = 60(A).
I3 piBasHHS (32) 3Hal#eMoO A, :

7\42 =2 Uz/azz. (41)
B 3arajgpHOMY BHUIIISIAI:
Ay =¥, Lyay)i-e™), (42)

ne k — temn HapoctaHHs curHany V,,, (HadaabHe 3Ha-
4yeHHs kKoedinienta k = 0.2).

Vupasiinea U, Oyle BU3HAYaTUCh HACTYIIHUM
CITIBBiTHOIIICHHSM:

Uy =(¥,,, /L) (1-e¢ ). (43)

JIst meBHOI 3aBaHTa)KEHOCTI YIPABJIiHHS BH3HA-
YaroThCs 3TIAHO BUPA3Y:

U =a,B (1-¢")X,/2; (44)

Uy = (X, / Ly)(1-e™), 45)

ne B = 480000, k = 0.2 (3HayeHHs k B mpoleci IOCTi-
JDKeHb MOXe€ YTOYHATUCH), L,, — iHAYKTUBHICTH KOH-
Typa HamarHiuyBaHHs ( L,, = 0.0917 I'n).

[epeBipka 3aKOHIB YINpaBIiHHS JOCHIIKyBanach
HACTYITHUM YHHOM.

BianoBiiHO 0 CHHTE30BaHUX 3aKOHIB YITPABIIHHS
(44) — (45) cucremoro kepyBaHHS (pOpMyBaNUCS 3T1THO
cucremu audepeHuiiaux piBHsHb (21) 1 (22) yacrtora
obeptanns poropa TAJl, morokosuemnenns Y, Ta

MomeHT TAJl M ;. Ha iX ocHOBi BU3HaYaHCs MPOEKIi{
BekTopa Hampyru skuBnenHs TAJl Uy 1 Uy, Ta iforo

4acTora ®., AKI € BXIJHAMHU BIUIMBAMH JUIS MOZEIL

s
00’exTa mociipkeHH. O0’€KT TOCHIKEHHS — 1Ie eJIeK-
TpOMEXaHi4Ha YaCTHHA EIEeKTPOIIPUBOIY IH3eb-110i3/1a
3 TATOBUMH JIBUT'YHAMH 3MIHHOTO CTPyMY, MaTeMaTH4-
Ha MOJEJb SKOTO TPECTABISIIACh Y BUINISAII CUCTEMH
IudepeHIiiHIX PiBHSIHD I'ATOrO TOPSAKY B PyXOMii
cucremi koopaunar d-q [3, 6].

MomeHT onopy pyxy M., 3TiZIHO MPaBUI TATOBUX
PO3paxyHKiB, 3a/1aBaBCsl 3TiAHO PiBHSHHSA (2).

Ha puc. 1 i 2 HaBeJCHO pe3yyIbTaTH MOICTIOBAHHS
PO3pOOIICHOI CHCTEMH Y BUIJISAI MEPEXiMHUX MPOIECIB
norokosyemieHs V,,, Ta eneKTpOMarHiTHOr0 MOMEHTY

TAJl M, mo NeMOHCTPYIOTh POOOTY MOJENI MPH MEB-
HOMY 3HaueHi ynpasiias U 1 U, B cucteMi KepyBaHHI
1 SIK peaxilii Ha yInpaBJIiHHs 00’ €KTa JOCIIIKEHHSL.
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Puc. 1. IIpouecu 3MiHU 3aKOHIB YIIPaBIIiHHS
3a IOTOKO3UYCIUICHHAM

BHUKOPHCTOBYBABCSl KPHUTEpiil MiHIMyMYy €HEpreTHYHHX
BHUTpPAT MPH BUKOHAHHI OOMEXCHb IO BEJIUYMHI MPOH-
JIEHOTO NUISAXY 1 MIBUIKOCTI B KiHIIEBUII MOMEHT yacy.
Posrismanucs pisHi pexXuMH pOOOTH €IEKTPOIPUBOJIA,
30KpeMa, PO3TiH AM3eNb-ToTATa 32 3aJaHuil yac t i ori-
HIOBAJIUCS OTPUMAaHI XapaKTEPUCTUKU (IIBUAKICTb,
MPOWACHUI NUIIX 1 eHepreTHyHi BUTpaTh). Pe3ynbraTu
JIOCTIPKSHHS TIPUBEICH] B Ta0M. 1.

Sk cmigye i3 TaOMuUI 32 YMOBHM JOCSITHEHHSI IIBH-
nkocti  V=58.49 km/ron 1 mpoiiieHOro  OUIAXY
S=749.7 M 3HaueHHS yIIPaBIiHb

U, =250 A, U, =48.06 5A
Mae nepeBary 1o ynpasiiaas U; = 300A, U, =40 A .

[Tpu upomMy exoHOMist eHeprii cTaHOBUTH 1.67%.

Tabnuya 1 — Pe3ynbTaTn aHANi3y QYHKIiOHYBAHHS
mozei (p/J =0/000071; t =100 c)

Mg, HMA
U, | Uy v, P*10¢,
3500 A1 A2 KM/T0[ S, m kBT1*c P/S
3000 T 300 30 43.66 561.3 1.042 18.56
T 250 30 36.15 464.4 0.715 15.4
2000 200 | 30 2864 | 367.6 | 0453 12.32
/ 150 30 21.4 270.9 0.253 9.34
1000 300 25 36.28 467.6 0.756 16.17
250 25 29.99 386.2 0.517 13.40
500 200 25 23.71 304.9 0.323 10.59
te = 150 25 17.44 223.8 0.180 8.04
0 5 10 15 20 25 30 ” 300 35 51.07 655.7 1.38 21.05
Puc. 2. [porecy 3MiHM 3aKOHIB yIPaBIIiHHS 300 40 58.49 7504 1.773 23.63
3a MomeHTOM TA]] 300 45 65.91 846.2 2.22 26.23
250 35 42.32 543.1 0.951 17.51
Ha puc. 3 mpuBezieHi epexiaHi IPOLECH y BUIJIS- 250 40 4851 622 1.225 19.69
Ili OCITUIIOTPAMH SK PI3HUII CUTHAJIB 3aBJaHHSA YaCTOTH 250 45 54.7 7011 1538 71.94
o ool I TR AT B T
250 48 58.41 748.6 1.746 23.32
TH 00EpPTaHHS POTOpaA), IO IEMOHCTPYIOTH POOOTY MO-
JieTi IpY IEBHOMY 3HaueHi ynpasiins U 1 U, . 250 | 48.05 | 5847 7494 | 1749 23.34
250 48.06 | 58.49 749.7 1.75 23.34

Ao A
2

A

)

v

0 10 20 0 50 70 90 100

Puc. 3. [Iponecy 3MiHM pi3HUILI DIBUAKOCTEH
3aB/iaHHs Ta o0epranHsa TAJ]

BianoBiHO 10 MUX MPOIECIB KePYBaHHsI IO MOTO-
KO3YEIJICHHIO OTPUMaHi MOKa3HUKU BUTPAT €HEPTii NpH
PO3TOHI AM3€Ib-TI0I3AY 3 PI3HUMU MOKAa3HUKAMU 3aBaH-
Ta)KEHOCTI, MIBUAKOCTI PyXy Ta MPOHIEHOro HUIAXY 3a
MIEBHUI MPOMIXKOK Yacy. SIK KpuTepili ONTHMaibHOCTI

Buxozasuu 3 mpoBeIeHUX PE3yabTATiB JTOCIIIKEH-
HSl MOKHa 3pOOUTH BUCHOBOK, IO pO3po0JIeHa MOJENb
Ha OCHOBI BHKOPHCTaHHS alrOPUTMY BEKTOPHOTO Ke-
pYBaHHS EIEKTPONPHUBOIOM Ta OTPUMAaHi 3aKOHH
YIpaBIiHHSA, J03BOMISIOTH ONTHMI3yBaTH POOOTY eHep-
TeTUYHOI CHCTEMH IU3eNb-TI0i3[a B IPOLECi PO3TOHY 3
ypaxyBaHHAM HOro 3aBaHTAKEHOCTi, 3a0e3Meuylodu
OpH [[bOMY BHKOHAHHS 3aJ@HUX TPAHUYHHX YMOB, a
TaKOXX MPOBOJMTH JOCTIDKEHHS CHCTEM KEpyBaHHS B
3aMKHYTIH CHCTEMI yNpPaBIiHHSL.

BucHoBku

1. Po3pobiiena MaTeMaTH4HA MOJAEINb EJIEKTPOIPH-
BOJy JM3eIb-11013/1a MOXKe OYTH BHKOpUCTaHa JJIsl JOC-
JIDKSHHST 1 YyTOYHEHHsI TTapaMeTpiB CUCTEMH YIpPaBIIiH-
HSI 3 METOIO ONTHMIi3allii eHepreTHYHNX MOKA3HHKIB.

2. OTpuMaHi aHAJTITHYHI CHIBBIJHOIICHHS MO-
KYTb OYTH BUKOPHUCTaHi 11t po3pooku cTtpykrypu CAP
CJICKTPONPUBOY AU3EIb-1I0131a 1 po3paxyHKy ii mapa-
METpiB TpH 3aJlaHi MEBHOI'0 KPHUTEPIIO SKOCTI 3 ypaxy-
BaHHSM IEBHOI 3aBAHTa)KEHOCTI.
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3. 3ampomoHOBaHa ONTHUMI3alliliHA MaTeMaTHYHA
MOJIeNIb, 3aKOHH YIPABIIHHS, aHATITHYHI CIIBBiIHO-
LIeHHs 11 BU3HaYeHHs napamerpiB CAP peanizoBani y
BUTJLII MammuHHOI Mozeni. [IpoBexeHi mociimkeHHs
MOKa3aJId MEePCIIEKTUBHICTD TAKOTr0 MiIX0AY MPH PO3PO-
OLli Cy4acHHX ONTHMAIIbHUX CHCTEM YIIPaBJIIHHS EJIEKT-
POIPUBOAOM JAM3ENB-TIOI3/1iB 3 TSATOBUMH JBUTYHAMH
3MIHHOT'O CTPYMY.

4. Ha miacraBi npoBeneHUX IOCHTIIKEHb 1 TIOpiB-
HSHHI Pe3yJIbTATIB OTPUMAHUX HAa MOJENTI B TUHAMIYHUX
peXMMax 1 3a Pi3HUX YMOB PO3TOHY IU3eib-Toi3na (Be-
JIMYMHH 3aBaHTa)KEHOCTI, 3HAYCHHSI YIIPaBJIiHb) BCTAHOB-

JIEHO, 110 TIPOLIEC PO3TOHY TP 3aMpOIIOHOBAHUX 3aKOHAX
ynpasiiHHs criifikuii. [Ipy IbOMY BUKOHYIOTHCSI BUMOTH
010 TOYHOCTI MPUBEJEHHS 00’ €KTa YIIPaBJIiHHS B 3a]1a-
HY TOYKY (pa30BOr0 MpoCTOpy 1 SKOCTI YIpaBITiHHSL.

5. Po3pobiiena onrtumizaniiiHa MOJEb Ha OCHOBI
aJNropuTMy BeKTOpHOro kepyBanHs TAJ[ Ta 3ampomo-
HOBaHI 3aKOHHM YIPABITiHHS JO3BOJISIIOTH ONTHMI3yBaTH
pOOOTY EHepreTUYHOI CUCTEMH TU3eIb-110i3]ly B MpOIIe-
ci pO3roHy, 3a0e3MeUyroYr MPH IbOMY BHKOHAHHS 3a-
JIAHUX TPaHWYHHX YMOB, @ TaKOX IPOBOJMTH JOCIi-
JOKEHHS CHCTEM KepyBaHHS B 3aMKHYTIH cHcTeMi
yIIpaBJIiHHS.
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MaremaTndeckast MOIeJIb IS CHHTE3a YIPABJIEHHIT YJIeKTPONPUBOIOM IIEPEMEHHOr0 TOKA
H. U. 3anonosckuii, H. B. Me3enues, B. B. Ckopoznenos

PaccMoTpeHs! BOIpocs! pa3pabOTKU U MCCIIEOBAHMS MOJIENICH I CHHTE3a CHUCTEM YIPaBIICHHs 3JIEKTPOIPUBOJIOM Iepe-
MEHHOI'0 TOKa Jau3enb-noesza. [IpoBeneH 0030p JIMTEpaTYpHBIX UCTOYHUKOB I10 33JaHHON TEMAaTHKE W aHAJIU3 CYILECTBYIOIIUX
IOJIXO/I0B K PEIICHUIO HanOosee paclpOCTPaHEHHBIX 3a/ad B JaHHOH oOilacT. PaccMOTpeHsl COBpeMEHHBIE BApUAHTBI C HC-
0JIb30BaHUEM AJITOPUTMOB BEKTOPHOro yrpasiieHHs. [IocTpoeHbl MaTeMaTHYeCKHe MOJEIH, IPOBEICHO MOAEIUPOBAHHE HX
GbyHkunonnpoanust. [TonydeHHbIe aHATUTHYECKUE COOTHOLIEHUS, KOTOPBIE MOI'YT OBITh MCIIOJIb30BaHbI JUIS pa3pabOTKU CTPYK-
Typsl CAP 351eKTponpuBo/a JU3elb-I0e3/1a U pacueTa ee IapaMeTpoB IPH 3a1aHUH ONPE/ICNICHHOrO KPUTEPHs C y4€TOM OIpe-
JITICHHOHN 3arpy)KeHHOCTH cocraBa. CHHTE3MPOBAHBI 3aKOHBI YIIPABJICHHS, OOECICUMBAIOIINE YCTOWYUBBIM PAa3roH JU3€Ilb-
10e3/1a B Pa3JIMYHbIX TOUKAX TATOBOH XapaKTEPUCTUKU U IIPU 3TOM BBIIOIHAIOTCS TPeOOBaHUS 110 TOUHOCTH IIPUBEICHUS 00BbEK-
Ta yIpaBJICHUs B 3aJJaHHYIO TOUKY ()a30BOr0 IIPOCTPAHCTBA U Ka4eCTBA IEPEXOHBIX IIPOLIECCOB.

KamoueBble cJ0Ba: CHHTE3 CUCTEM YHpaBJICHUS, IJICKTPOIIPUBO IIEPEMEHHOI'O TOKa, aJITOPUTMbI BEKTOPHOI'O YIIpaB-
JICHWA, MaTeMaTH4IeCKas MOJECJIb, 3aKOHbBI YIIPABJICHUS.

Mathematical model for the synthesis of controls for AC electric drive
M. Zapolovsky, M. Mezentsev, V. Skorodelov

The issues of development and research of models for the synthesis of control systems for AC electric drive of an alter-
nating current of a diesel train are considered. A review of literary sources on a given topic and an analysis of existing ap-
proaches to solving the most common problems in this area are carried out. Modern options using vector control algorithms are
considered. Mathematical models are constructed, modeling of their functioning is carried out. The obtained analytical relations
that can be used to develop the structure of the automatic control system of the electric drive of the diesel train and calculate its
parameters when specifying a certain criterion taking into account a certain workload of the train. Control laws have been synthe-
sized that provide stable acceleration of a diesel train at various points of the traction characteristic, while the requirements for
the accuracy of bringing the control object to a given point in the phase space and the quality of transient processes are fulfilled.

Keywords: synthesis of control systems, AC electric drive, vector control algorithms, mathematical model, controls.

21



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2019, eunyck 5(57)

ISSN 2073-7394

YIK 519.87:316.458.6

doi: 10.26906/SUNZ.2019.5.022

B. b. Konosos, 0. I. Kymuepyxk, A. A. Hazapenko

XapkiBchkuil HallioHanbHUH yHiBepeuTeT [loBitpssnux Cuin imeHi IBana Koxeny6a, Xapkis, Ykpaina

JOCJIJ)KEHHS MPOEKTYBAHHSI TPUHIIMIIOBOI CXEMHA
MHNPUCTPOIO TECTYBAHHA IHTEI'PAJIBHUX MIKPOCXEM

IIpeameToM BUBYEHHS B CTATTi € MMTAHHSA NPOCSKTYBAHHS IPUHIMIIOBOI CXEMH IPUCTPOIO TECTYBAHHS 1IHTETPAIBHUX MIKpO-
cxeM. MeToI0 CTaTTi € DOCHiIKEHHS NPOSKTYBAHHS IPUHIIMIIOBOI CXEMH IIPHCTPOLO, AKIH MiAKIIOUYAE 10 KOMIT'IOTepa, IpH-
3HAYEHOr'O JUIS TECTYBAaHHs I BU3HAUCHHS THILy IHTErPaJIbHUX MIKPOCXEM METOJIOM CHUTHaTYPHOrO aHajlizy MIKpOCXeM, IO
JI03BOJIIE POOUTH NEPEBIPKY BCIX CTATHYHHMX PEXKUMIB pOOOTH IIMX IHTErPaJIbHUX MIKpOCcXeM. 3aBAaHHs — 32 JIOIIOMOI' 00 00-
PaHMX CKJIAJIOBUX NPUHIUIIOBOI CXEMH IIPUCTPOLO, @ caMe: BY3Jy BXIJIHUX PEriCTpiB; NPUCTPOIO Y3IOJDKEHHS 10 BXOLY; IIpHU-
CTPOIOH Y3TO/DKEHHSI 110 BUXOY; KEPYIOUOro IPUCTPOLO; OJIOKY JKMBJICHHS; IIPUCTPOIO KOMYTALIil )KUBJICHHS; JDKEpeIla JKHUB-
JICHHS NIPUCTPOIO JOCIIAUTH X NMPUHLMI i, 32 JOMOMOI'OI0 SIKOr0 OOIPYHTYBATU TEXHIUHI PillICHHS, BIPOBAPKCHHS SKHUX B
MPAKTHKY BUMIPIOBaHHS JI03BOJIUTh 3/1iiICHIOBATH IIEPEBIPKY BCIX CTATMYHMX PEXHUMIB pOOOTH iHTErpajIbHUX MikpocxeM. Bu-
CHOBKH: 3aIIPOIIOHOBaHI TEXHIYHI PillIeHHs, 1[0 OTPUMAaHI MPH JOCII/DKEHHI NPOSKTYBAHHS NPUHIUIIOBOI CXEMH IIPUCTPOIO
TECTYBAaHHS 1HTEIPAJIbHUX MIKPOCXEM Ha/lal0Th MOMJIMBICTh 00paTH HalHOUIbII KOPUCHY IIPUHIIUIIOBY CXEMY IIPUCTPOIO, sIKiH
nignodae 10 IBM - cymicHOro KoMIr'rorepa, IpU3Ha4YeHOro Uil TECTyBaHHS I BU3HAUCHHS TUITY IHTEIPaJIbHUX MIKPOCXEM.

Kar4dosi cioBa: iHTerpanbHi MiKpOCXeMH, NPOEKTYBaHHs MPHHIMUIIOBOI CXEMH, JKHBJICHHS BY3/1a, MAKCUMAJIBHO CIIO-

JKUBAHUH CTPyM.

Beryn

IMocranoBka 3amaui. [lpu nposeneHHi mociin-
KEHHSI CTPYKTYPU CHUCTEMH KOHTPOJIO IHTErpaibHUX
MIKpOCXeM O0a)kaHO PO3YMITH TEXHIYHI BHMOTH, IO
MIPUTaMaHHI MPU TECTYBAHHS 1HTErPajJbHUX MIKPOCXEM
Ha 3pa3kax TexHiku. [Ipu 1boMy 6a)xkaHo po3yMiTH, IIO0
panionerani, mo Hapite npoiinuin OTK Ha 3aBomi-
BUT'OTOBJIIOBAYi, MAalOThL JESIKHHA BiJICOTOK BIiIMOBH B
MPOLIECi TPAHCIIOPTYBAHHS, MOHTaXXy a00 eKCILTyaTallii,
IO CIPUYUHSE JOAATKOBI BUTPAaTH poOOYOro 4yacy i
3aco0iB Uil TXHHOTO BUSIBIICHHS U 3aMiHU (IpUUOMY
0Ly YacTHHY Yacy 3aiiMae came BHUSBIICHHs HecIpa-
BHUX jetaieii). J[is1 3a0e3medeHHs MOBHOI BIIEBHEHOCTI
B TIpaIe3AaTHOCTI Tiel abo 1HIIOT pamgioferani, HeOOXi -
HO TIepeBipsATH ii Ha CIPAaBHICTH OE3IIOCEPEAHBO TEpen
300pkor0 By3na abo BupoOy ("BXimHHMNA KOHTPOJB'").
SIk110 OLIBIIICTh pajgioaeTaneli MOKHA TIEPEBIPUTH 3BH-
YalilHUM OMMETpPOM, TO JUIsS II€PEBIpPKH IHTETPajbHOI
MIKpPOCXeMHU MOTPiIOHO Habarato OLTBII aCOPTHMEHTH
yCTaTKyBaHHs, a caMe HPHUCTPiH, 10 J03BOJISIE Olepa-
TUBHO IIEPEBIPSTH Npane3faTHICTh IHTErpajlbHUX MiK-
pocxXeM, 3 MOXJIUBICTIO TEPEBIPKH SIK HOBUX, TakK i BKe
JIEMOHTOBAHHMX 13 IIATH MiKpocxeM. ToMy muTaHHs, 1110
TIOB’sI3aHE 13 JAOCIIHKEHHSAM HPOEKTYBaHHS NPUHIIUIIO-
BOI CXEMH TPHUCTPOIO TECTYBAHHS IHTETPaJIbHUX MiKpO-
CXEM € aKTyaJbHUM HayKOBO-IIPAKTHYHUM 3aBAAHHIM

Anaji3 jgiteparypu. [lpuHumnu i opranizariiini
OCHOBH METPOJIOTIYHOT0 3a0e3MeYeHHs], a TAKOK POJIb K
Micie MeTpoJoridyHoro 3abesnedeHHs 30poiHux Cui
VYxpainu, BUKIaJeHO B Hakazax [1- 11]. MaremaTuusi
MOJIEJTi BU3HAYEHHS KUTBKOCTI 3aMOBJIEHb Ha TapaHTOBa-
HE METPOJIOTiYHEe 00CTYTOBYBaHHS 3pa3KiB 030POEHHS Ta
BIHCHKOBOI TEXHIKH 3 ypaxyBaHHSM iX Ba)XJIMBOCTI BH-
KianeHo B crarTi [1]. Meroauka mporHo3yBaHHS MOX-
JIUBOCTEH METPOJIOTIYHUX ITAPO3AUTIB 3 BiJHOBJICHHS
TMIOIIKO/PKEHNX 3aCO0IB BUMIPIOBAIFHOI TEXHIKU BIHCh-
KOBOTO MpHU3HAYEHHs BUKIaleHO B craTTax [2, 3]. Ha-
XKaJb B IMX JDKEpeNax MHUTAaHHS, SIKi [OB’s3aHi 3 JOCHi-
JOKEHHSIM MPOEKTYBaHHS MPUHIIMIIOBOI CXEMH MPUCTPOIO
TECTYBaHHS iHTErpATLHUX MIKPOCXEM, HE PO3TJISIIaIHCSL.

MeToro cTtarTi € JOCHI/KEHHS IPOEKTYBaHHS
MPUHIUIIOBOI CXEMHU MPUCTPOIO, KM MiIKIo4Yae 10
KOMIT'IOTEepa, NPU3HAYEHOTO JUIS TECTYBaHHS M BH3HA-
YEeHHS TUITY 1HTETPaJbHUX MIKPOCXEM METOJOM CUTHa-
TypHoro anainizy Mmikpocxem TTJI i KMOII, mo no3Bo-
Jsi€ pOOUTH MEPEBIPKY BCIX CTATUYHHUX PEKHMIB POOOTH
LUX IHTETPaIbHUX MiKPOCXEM.

OcHoBHU#i MaTepian

[epmiuM KpOKOM NIpH MPOEKTYBaHHS IPUHIIMIIO-
BOi CXeMU € 00MpaHHs BY3J1y BXiITHHX pericTpiB. [lanuii
BY30JI — 32-pO3psAHUNA 3amaM'siTOBYBaJIbHUI pericTp i3
TTJI- piBHsIMH, 6e3 Z-cTaHy, 0 BUKOPUCTOBYE 8 BXiJ-
HUX JIHIA TaHMUX 1 KUTbKa JiHIH KepyBaHHS Ha 32 BUXi-
qHi JtiHii. [IpucTpiit y3romkeHHs 3a BX0A0M 3a0e3neqye
y3rompkenHst Mk TTJI-Buxomamu pericTpiB i BXogaMu
BHITPOOYBaHOI MIKPOCXEMHU SIK 3a Hampyrow (mpuBe-
nenns piuiB TTJI (KMOII a6o TTJI)), Tak i 3a cTpy-
MOM. MakcumaibHi BXigHi ctpymu st mikpocxem TTJI
JIOTiKK JopiBHIOOTECS: cTpyM "0" - 2ma, ctpym "1" -
0.1 ma. Hanpyra +Umc - Hanpyra >KHBJIEHHSI BUTIPOOY-
BaHoi Mikpocxemu. s TTJI mikpocxem BoHa jopiB-
nioe +58. st KMOII mikpocxem — +9B. 3a 1onomororo
il gopmyersest Bxiguuit ctpym "1". Hampyra -Umc 3a-
JISKUTh Bl OOpaHOro THITy MIKpOCXeMH (33a€ThCs
KOpPHCTYBa4eM, BHCTABISIETHCS 3a JIONIOMOIOI0 OIHOTO
6ita kepyrouoro pericrpa). s TTJI mikpocxem BoHa
nopieatoe 9.38. Jlma KMOII mikpocxem — 1B. Jliomu
MOTPiOHI TsI OOMEXEHHS MOTCHINATY ... (ToOTO 1IECH
MOTEHI[iaJl He MOBUHEH OYyTH HIDKYE IOTEHI[ialy 3ara-
JIHOTO TIPOBEACHHS, OCKIJIbKH IIPU IIbOMY MOXKJIMBHH
Buxif 3 naay mikpocxem KMOII noriku). Jlanuii By3omn
IHBEpPTY€E 3HAYEHHSI BXiMHOro curHaiy. PozHimanns X3
€ TaHeJUTI0 JJIsl BCTaBKM BHIPOOYBAaHOI MIKPOCXEMHU.
[puctpiii y3rofpKeHHs 32 BUXOIOM CIYXUTh Ul y3rO-
mxennast TTJI ao KMOIT piBHiB, 3UNTYBaHUX 3 BUIPO-
OyBanoi mikpocxemu y TTJI-piBHI 1y mopavi Ha BH-
X1JTHI MYJBTHILIEKCOPH, IHBEPTYE BXiTHUI CUTHAII.

BuxigHuii MynbTHIUIEKCOP — IIEPETBOPIOBAY IS
nepenayi maHux 3 32-X BXITHUX JIiHIM Ha 4 BUXIiTHI JIi-
Hii. PiBHi curnanmis - TTJI. Ha Buxomax MyJIbTHILIEKCO-
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pa 3'SBISIOTBCA JIaHl 3 BIMIOBIAHUMX BXomiB. Kepyrouwii
MIPUCTPIH CITyXKHUTH U1l BUOIPKH HEOOXiTHHUX PEricTpiB i
MYJIBTHILUIEKCOPIB ITPHU 3aIUCi JaHUX Y PETiCTPH U 34UTY-
BaHHI JaHUX 3 MYJIbTHIDIEKCOPiB. € nemmuppaTopoM.
brnok >xuBneHHst 3a0e3neuye nuppoBe peryIroBaHHs Ha-
NIPYrH JKUBIIEHHS BUNPOOYBAaHOI MiKpocXeMH, Iu(ppoBe
KepyBaHHs OOMEXEHHSIM CIIOKHMBAHOTO CTPYMY 3 MaJliM
KPOKOM (3aBJ/ISIKM YOMY MOXIIMBO HOTO BHMIp 3 JOCTat-
HBOIO TOYHICTIO), 3aXUCT BiJI K/3 y JIaHII031 HABaHTa)KEH-
Hs. By3on mpaiiioe HaCTYITHUM YWHOM: @) peryiIOBaHHS
Harnpyry; 0) peryJaroBaHHs CIIOKUBAHOTO CTPYMY.

Sk mpuknman, AETaTbHO PO3IIISTHEMO IPUCTpIH
KoMmyTallii xwuBjieHHs. [lanuii By3on 3a0e3neuye Komy-
TaIil0 HANPYrd JKUBJICHHS, IO IMOAAETHCS HAa BXOMAU
BUTIPOOYBAHOT MIKpOCXeMH. 3a JIOIIOMOTOI0 HOro BUPO-

OseThes Takoxk nepemukanst —Uy. (-1B a6o -9.3B, s
KMOIT i TTJI noriku BiaNOBIIHO, 3aJICKHO Bl 00paHO-
T'O TUIY MiKPOCXEMH) 1 BKIIIOUEHHS PEryJIbOBaHOTO CTa-
Oumizaropa Hampyru. [IpuCTpiil Mpairoe TaKMM YHHOM.
AHAJIOTIYHO 3alKCy Y BXiAHI perictpu, y perictp DD6
MIPOrpaMHoO 3amucyeThest 8-0iTHe uucio. Jami 3ailicHio-
€TbCsl KOMyTamis "+" KUBIIEHHS BUIPOOYBAHOI MiKpO-
cxemu Ta komyramisi GND, xomyranist —Uy,. Ta BKIIO-
YeHHS Halpyru KuBJIeHHSA. JKepeno >KMBICHHS MpH-
cTporo (puc. 1) 3abe3mnedye KUBJICHHS BCIX 1HIIUX BY3-
JIiB TIPOEKTOBAHOI'0 MPUCTPOro. [lepes moyaTkoM Mmpoek-
TYBaHHS CXEMH HEOOXiZHO 3'ACYBaTH MAaKCHMAIbHO
CIIOXKUBAHUN CTPYM 3a KOKHOKO i3 HANPYT >KUBJICHHSI
(Iﬁamm., I'IOBH(,TP., I'O'7Bn0Tp,, I+UB"“0TP,)_ MaxkcumasHO
CTIOKUBAHUM CTPYM Iyyc.norp.maxe. IOPIBHIOE 256 Ma.
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Puc. 1. [I>xepeino xKUBIEHHS

Js HOpManbHOro ()YHKIIOHYBAaHHS IPUCTPOIO
HeoOXimHI Taki Hampyru >kuBjieHHs: +5B(400ma), -
108(100mMa), -0.7B(300ma), +13B(350ma). Hampyru
+13B 1 -10y MOXyTh OyTH BUIPSIMICHUMH, 3TJ1a/PKEHH-
MH, aji¢ HecTaOUTi30BaHMMH (TOMY IO B CXeMi OJIOKY
xuBJeHHs 3 +13y nani BUXoaaTh crabimizoBai, a -10y
CIyKHTh JuIe s 3abesmedenns 1, Ha BXOMaxX BH-
npoOyBaHOI Mikpocxemu). Tomy HEOOXiZHO IBOXITONS-
pHE JDKepeno JKUBIeHHs 3 Hampyramu +13B i1 -10B, 3
SIKHX 32 JIOIOMOT'OI0 JTOJaTKOBHX CTa0ii3aTopiB BUXO-
JTh Hanpyrd +58 1 -0.78. IIpu nboMy cTpyMHu cHoxu-
BaHHS 10 BiJIIOBIIHMX Hampyrax OyAyTh MiJCyMyBaTH-
csa. ToOro Bim wieya +13y Oyne CIOKUBATHCS CTPYM
nopsinky 400+350=750ma, a Bij mwieda -10y BiAMOBiAHO
100+300=400ma. [lns mxepena >KUBIEHHS NOTpiOeH
tparchopmatop Tl 3 2-Ms BTOPHHHUMH OOMOTKaMH, 2
nmiomHux BunpsaMHuX MoctH (VD69-VD76) i 2 cria-
JOKYBAIOYM KOHJCHCATOpH. Ilim Ii BUMOTH IMiIXOIUTh
tpancdopmarop TIIII-207- 127/220-50. B sixocti cra-
Oimizatopy +5B oOpana wmikpocxema KP142EHSA 3a
TUIIOBOIO CXEMOIO BKIIOYEHHS, K crabinmizatop -0.78 —
perynboBaHa cxema Ha JBox Tpansucropax (VT113,
VT114). [Ipuuomy, y 3B’s13Ky 3 HACTUIBKH MaJIOIO Ha-

MIPYTOr0, CTald1Ii3alliss BUPOOIAETHCS HE BITHOCHO «3EM-
iy (1o He BAanocs O 3MIMCHATH Y 3B’SI3KY 13 CyMapHUM
CMaJaHHAM HANPYTH Ha MEepeXxoaax TPaH3UCTOPIB IO-
panKy), a momo cradumizoBaHoro kepena +5B. Ha-
CTPOIOBAaHHS JTAHOTO BY3Ja TOJIATAa€ B IiJICTPOIOBAHHI
TOYHOTO 3HaueHHs Hanpyru -0.7y Ha BUXOAi GJIOKY K-
BJIEHHS 3a JOIOMOToOt0 pe3uctopy R198.

BucHoBku

1. B crarti g0ocmimKeHO MpOEeKTyBaHHs IPUHIIH-
MOBOI CXEMH MPHUCTPOIO, SKiH MiJAKII0Ya€e 10 KOMITIOTe-
pa, NPU3HAYEHOTO Ul TECTYBaHHS W BH3HAYECHHS THUITY
IHTErpaJIbHUX MIKPOCXEM METOJOM CHUTHATYPHOI'O aHa-
T3y MIKpOCXEM.

2. IIporec npoekTyBaHHs MPHHIUIIOBOI CXEMH Ta-
KOT'0 MPUCTPOIO BKJIIOYA€E B co0l 0OMpaHHs: BY3Jy BXiJ-
HHUX PETiCTpiB; MPUCTPi Y3TOMKEHHS 10 BXOAY; MpH-
CTpiil Y3rO/KEHHsI 10 BHUXOJY; KEpYIOUHMH IpUCTPIi;
OJIOK YKMBJICHHS, TIPUCTPil KOMYTAIli] KUBJICHHS; JKe-
PEJI0 JKUBJICHHS TIPUCTPOIO.

3. JIoCHmipKeHO MPHHIMUN [ii TPWIANiB, i3 SKHX
CKJIaJIa€ThCsl MPUHIMIIOBA CXEMa IMPHUCTPOIO, SKiH Imif-
KJIFOYa€ JI0 KOMIT'I0Tepa, NPU3HAYESHOTO JUIS TECTyBaHHS
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W BU3HAYEHHS THUITY IHTETrpajbHUX MikpocxeM. 4. Jlo- BH3HAa4YeHHS TUIY IHTETPAJIBHUX MIKPOCXEM JIO3BOJISIE
CJTiJPKEHa TIPUHIMIIOBA CXEMa MPUCTPOIO, SKIM MIJKI0-  3JIMCHIOBATH MEPEBIPKY BCIX CTAaTHYHUX PEKUMIB PO-
Yyae 10 KOMIT'IOTepa, NMPU3HAUEHOr'O JUI TECTYBaHHS i OOTH iHTErpaIbHUX MIKPOCXEM.
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HccnenoBanmne npoeKTHPOBAHUS NMPUHIHMIHAIBLHON CXeMBbI YCTPOHCTBA TeCTHPOBAHUS HHTETPAIBHBIX MUKPOCXeM
B. b. Kononos, 0. U. Kymnuepyk, A. A. Hazapenko

IIpeaMeTOM HM3ydeHHMsI CTaThU SBISIOTCS BOIIPOCH! NMPOSKTUPOBAHUS NIPUHIUITHAIBHON CXEMbl YCTPOHCTBA TECTHPOBAHUS
MHTErpajbHEIX MHUKpocxeM. Ilebio cTaTbH SBISIETCS NMPOSKTUPOBAHUS NMPUHIMIIMAILHON CXEMBI YCTPOHCTBA, KOTOPOE MOA-
KJII0YaeTCsl K KOMIBIOTEPY VTSl TECTHPOBAHMS ¥ OIPEACIICHHMS THIIA HHTErPAJIbHBIX MUKPOCXEM METOJIOM CHTHATYPHOI'O aHaIn3a
MHKPOCXEM, 4TO MO3BOJSCT JeIaTh IIPOBEPKY BCEX CTATHYECKUX PEKXHMOB PabOThI PacCMaTpHBAEMBIX MHTErPAIBHBIX MHKPO-
cxeM. IIpy MOMOLIM ONpeIeICHHBIX COCTABILIIOIIMX IPHHIMIINATBEHON CXEMBI YCTPOICTBA,, 8 UMEHHO: y3J1a BXOJHBIX PETHCTPOB;
YCTpOICTBa COIIaCOBAaHMS 110 BXOJY; YCTPOHCTBA COIIACOBAHMS 110 BEIXOAY; YIIPABIISIOIIETO YCTPOHCTBA; OJIIOKA IMUTAHMUS; YCT-
policTBa KOMMYTallMy IIUTAHUS; UCTOYHHKA ITUTAHUS YCTPOHCTBA, HCCIENOBAaH MX NMPUHIMN AeHcTBrs. OOOCHOBaHHE TeXHUYE-
CKUX PELICHUH JUIsl IPaKTHKY M3MEPEHUH M03BOJISIET OCYLIECTBIATh IIPOBEPKY BCEX CTATHYECKHX PEKHMOB PAabOTBI MHTEIPANIb-
HBIX MHKPOCXeM. BBIBOA: NpeUIOKEHHbIE TEXHUYECKHE PEIICHHS, ITOITyYeHHBIE NIPH HPOSKTUPOBAHYS IIPUHLUITHAIBHON CXEMBI
YCTpOICTBA TECTUPOBAHUS MHTEIPAIBHBIX MUKPOCXEM JaeT BO3MOXKHOCT BEIOUPATh HauOoJIee LeecoO0pasHyro IPHHIUIINAIb-
HYIO CXEMY YCTPOHCTBA, KOTOPOE MpeIHA3HAYACTCs Ul TECTUPOBAHMS ¥ ONPEIEIICHIS THIIA HHTErPAIBHBIX MUKPOCXEM.

KawoueBnle caoBa: HUHTEI'PpAJIbHBIC MUKPOCXEMBI, IIPOCKTUPOBAHNUC HpHHI.IHHHaJTBHOﬁ CXEMbI, IIMTAHUEC Yy3Jila, MAKCHU-
MaJIBHO MCHOJIb30BaHHBIN TOK.

The study of the design of the principle scheme of the device for testing the integral Microsystems
V. Kononov, Ju. Kushneruk, A. Nazarenko

The subject of study in the article is the question of designing a schematic diagram of a device for testing integrated cir-
cuits. The purpose of this article is to study the design of a schematic diagram of a device that connects to a computer compati-
ble with a computer intended for testing and definition of the type of integrated circuits by the method of signal analysis of mi-
crocircuits allows you to check all static operating modes of these integrated circuits. The problem solved with the help of the
selected components of the principle scheme of the device namely the node of the input registers of the device agreeing the horde
of the device to agree on the output of the control device power supply device to investigate the principle of action by which to
revolt the technical solutions of the introduction of the practice of measuring permissions to verify all static operating modes of
integrated circuits. The conclusions of the proposed technical solutions obtained during the study of the design of the principle
circuit provide the opportunity to select the most useful principle of the device that connects to the computer designed for testing
and definition of the type of integrated circuit.

Keywords: integral microcircuit, designing principle, power supply node, maximal consumed current.
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AHAJII3 METOJIB OPT'AHIBAIIl METPOJIOTTYHOI' O 3ABE3IIEUEHHSA
IHO®OOPMALNINHO-BUMIPIOBAJIBHUX CUCTEM YIIPABJIIHHSA OB’€EKTIB

IIpeqmerom BuBYEHHS B CTaTTi € iH(GOPMALiIHHO-BUMIPIOBAJIbHI CHCTEMH YIIPaBIIiHHS 00 €KTIB , Ki BUKOPHCTOBYIOTHCS
IIpY BUMIPIOBaHHI Pi3HOMaHITHHUX ()i3MYHUX BEIMYMH Yy MPOLEC] eKCIUTyaTallil BUMIPIOBAJILHOI TeXHIKH. MeTor cTaTTi €
aHaJli3 METOAIB OpraHizauii MeTpoIOriyHoro 3abe3neyeHHs iHPOpMaLifHO-BUMIPIOBAIBHUX CHCTEM YIPABIiHHSA 00’ €KTIB
Ta HaJaHHS PEeKOMEHIAliil IOoA0 MPaKTHYHOI peaiizaliii MeTposoriyHoro 3ade3nedeHHs iHpopMalliitHO-BUMIpIOBaIbHIX
cucreM. 3agaya, M0 BUPIMIY€EThCs1, — OOIPYHTYBAHHS TEXHIYHUX PillleHb, BIPOBAPKECHHS SIKUX B IIPAKTUKY BUMIPIOBaHHS
JIO3BOJISATH MiZABUIMTH METPOJIOTIYHY HaliiHICTh 3pa3KiB iH(GOpMaliHO-BUMIPIOBAJIbHUX CHCTEM YIPaBiiHHA 00’ ekTiB. B
CTaTTi PO3MIANAETHC OCHOBHI TEPMIiHM Ta BU3HAUCHHs iHQOpMaLiiiHO-BUMIpIOBAIBHUX CHUCTEM, X KiIacudikaris Ta ocod-
JIMBOCTI METPOJIOTiYHOrO 0OCIYTrOBYBAaHHS, MPOMO3ULLT III0/I0 CIPOILIEHHS METOJUKH PO3PAXYHKY BHU3HAYEHHS METPOJIOri-
YHHUX XapaKTEPUCTHK MPOCTUX BUMIpPIOBAIIBHUX KaHAJIB 3 HOMIHAIBLHOIO HEIHIHHOI (QYHKIII€I0 IIePEeTBOPEHHS, perinaMeH-
Tallis CKJIaJly BUMIPIOBAJIBHUX KaHaIiB Ta O(OPMIICHHS Pe3yJbTaTiB MOBIPKH JaHUX CHCTEM. BHCHOBKH: 3aIpOIIOHOBAHI
3aXOM JIO3BOJIATH HiJTPUMYBATH BUMIPIOBAIbHI CHCTEMH, KaHAIM 3B’SI3Ky, CUCTEMH YIPAaBIiHHA 00’€KTiB B HaailiHOMY

CTaHi, 1o B KiHLIeBOMy BUIIAJIKY IIPUBEAC 10 yCl'IiI_HHOFO BHUKOHAHHA IMOCTABJICHUX 3aBJ/IaHb.

KurouoBi ci10Ba: cucrema, MeTposoriuHa Ha/liiHiCTh, BUMIPIOBAIBHUN KaHAIL

Beryn

IMocranoBka 3amaui. KomriekcHe BUMipIOBaHHS
3Ha4YeHb (PI3MYHHUX BEJIMYMH IS OL[IHKH CTaHy 00’ €KTIiB
Ta yNpaBJIiHHSI HUMH Y TETEpilliHiil yac BUKOHYEThCS 3a
JIOTIOMOT0t0  1H(hOpMaliiHO-BUMIPIOBAIEHUX — CHUCTEM
(IBC). Ilpu upomy MeTposoriuHe OOCIYroBYBaHHS
00’€KTIB, a caMe ToBipKa (KaaiOpyBaHHsI) 3/1HCHIOETHCS
Yyepe3 MeBHI MIXKIIOBIpOYHI iHTEpBaJIM Ha TiJICTaBi Me-
TOJIIB OpraHi3allii MeTpoJorivHoro 3ade3neyeHHs iHpo-
pManiifHO-BUMIPIOBAIEHUX CHCTEM YIIPABIiHHS 00’€K-
TiB, IIIO J0O3BOJIAE MIiATPUMATH iX SKICHUH METpPOJIOriy-
HUi craH. Ha ocHOBI OTpUMaHUX pe3ynbTaTiB BUMIpIO-
BaHb IPUIMAIOThCS PIlIEHHS MPO BHU3HAHHS 00 €KTIB
MPUIATHAMH 10 BUKOPHCTaHHS a0o0 IpO HEOOXiJHICTh
X perynoBaHHS Ta PEMOHTY.

Anaxi3 girepatypu. [lpuHiunu # opraHizamidHi
OCHOBHU METPOJIOTTYHOr0 3a0€3MeUeHHs, a TAKOXK POJIb i
Miciie MerpoJoriyHoro 3abesnedeHHs 30poitHux Cun
VYxpainu, BukiageHo B [1-12]. Maremartuuni mozedni
BH3HAYEHHS KiJIbKOCTI 3aMOBJICHb Ha rapaHTOBaHE MET-
poJioriuHe 0OCITYyTOBYBaHHS 3pa3KiB KOHTPOJBHO-IIEpe-
BIpOYHOI araparypy aBialiiHOI TEXHIKHU 3 ypaXyBaHHIM
X Ba)XJIMBOCTI BUKJIAJCHO B cTaTTiX [1, 2]. Meromuka
MIPOTHO3YBaHHS MOYKJIMBOCTEH METPOJOTIYHUX IiJIpO3-
ITIB 3 BIJHOBJICHHS IOIIKOPKECHHUX 3aC00iIB BUMIpIOBa-
JILHOI TEXHIKU BUKJIAZICHO B CTaTTI [3].

MeTo10 cTaTTi € aHaANi3 METOAIB OpraHi3amii MeT-
posoriyHoro 3ade3nedeHHs iH(OpMaliHHO-BUMIpIOBaIIb-
HHUX CHUCTEM YIpaBJIiHHA 00’ €KTIB Ta HaJaHHS PEKOMEH-
JAI 100 MPAKTUYHOI peaizalil METpOJIOTiyHOro 3a-
OesmeueHHs 1H(pOpMaIli HHO-BUMIPIOBATBHUX CHCTEM.

OcHoBHU# MaTepian

Bignosiguo mo JICTY (I'OCT) 8.596 min Bumipto-
BaJILHOIO CHUCTEMOIO PO3YMIETHCSI CYKYITHICTH BHUMIpIO-
BaJIbHUX, CHONYYHHX, OOYMCIIOBAIEHUX KOMIIOHEHTIB,
SIKi YTBOPIOIOTH BHMIPIOBaJIbHI KaHAaIX W JOIMOMIXKHI
NpUCTpOi, MO (YHKIIOHYIOTh SIK €IUHE IIije, IPH3HA-
YEeHOI I

— orpuMaHHs iHpopMalii mpo craH 00'ekTy 3a
JIOTIOMOT'O0 BUMIPIOBJILHUX TIEPETBOPEHb, SKi B 3ara-
JILHOMY BHUIAJKY 3MIHIOIOTHCS B 4Yaci i PO3IOJICH] B
MIPOCTOPI BEJINYMH, IO XapaKTEePU3yIOTh Lel CTaH;

— 00pOOKH pe3ysIbTaTiB BUMIPIOBAHb,

— peectpamii Ta iHIUKamii pe3ynbTaTiB BUMipIO-
BaHHA i 00pOOKH IX Pe3yibTaTiB;

— TEpEeTBOPEHHS IUX JAaHWX y BHUXIJHI CHUTHAIIU
CHCTEMH B PI3HUX LIAX.

Pozpiznstors  iH(pOpManiiHO-BUMIpIOBaIIBHI  CHC-
TEMH, 1[0 BHTOTOBIISIOTHCS CEPiHHO, TaK 3BaHI THIIOBI
iH(OpMaIliTHO-BUMIPIOBAJIbHI CHCTEMH 1 CUCTEMHU OJU-
HUYHHX €K3EMILLIPIB.

Cepiiini (TumnoBi) iH(pOpMaIiHHO-BUMIPIOBaIbHI
CHCTEMU BHITYCKAIOThCS BUPOOHUKOM SIK 3aKiHUeHi
YKOMILJIEKTOBaHI BUPOOH, ISl YCTAHOBKH SIKMX Ha MICIIi
eKCILTyaTallii J0CTaTHhO TOYHO BKa3iBOK, HaBEJCHHX B
eKCILTyaTalliiHiil TOKyMeHTallii, B kil HOpMOBaHi MeT-
pOJIOTiUHI XapaKTePUCTHKN BUMIPIOBAIbHUX KaHAJIB.

OpmuHouni IBC mpoekTyroThCst AjIsi KOHKPETHHX
00'eKTiB (IpyHH TUTOBUX OO'€KTIB) 1 MPUUMAIOTHCS SIK
3aKiHYeHI BUpOOM Oe3mocepeHbO Ha 00'€KTI eKCILIya-
Tarii. YCTaHOBKY TaKMX CHCTEM Ha MICIll eKCILTyaTarii
31IACHIOIOTH BiJIIIOBITHO JO MPOSKTHOI TOKYMEHTAIIii Ta
eKCILTyaTaliiHoi mokymenTaunii. [lepepaxoBani Buan
iH(pOpMaIif{HO-BUMIPIOBAJIbBHUX CHCTEM MOXYTb OYyTH
BUKOPHCTaHI SIK aBTOHOMHO, TaK 1 B CKJIafi OlIbII CKIIa-
JHUX CTPYKTYp, Hampuxiaf, IBC, cuctemu xoHTpoIIO,
JIIarHOCTYBaHHsI, PO3ITi3HABaHHS 00 €KTiB, BHIIPOOY-
BaJILHOTO OOJIaJIHAHHS, a TAKOXK aBTOMaTHYHUX CHCTEM
YIIPaBJIiHHS TEXHOJOTTYHUMH TPOI[ECAMH.

[Tix BUMIpIOBaJIbHUM KaHAJIOM pPO3YMIETHCS KOHC-
TPYKTUBHO 200 (PYHKIIIOHAJIBHO BU/IiJIEHA YacTHUHA iH(]O-
PpMalifiHO-BUMIPIOBAILHOI CUCTEMH, 10 BUKOHYE 3aKiH-
YyeHy (DYHKIIIO BiJi CIPUAHATTSI BUMIPIOBAHOI BEJIMYUHU
JI0 OTPUMAaHHS pe3yJbTaTiB i BUMIpIOBaHb, 10 BUpaXKa-
€TbCs yuciioM abo BiAMOBIIHMM HoMy KonoM. B3aemomist
IBC 3 o0'exroM imocTpyeThes Ha puc. 1. BumiproBanbHi
kaHaiu BBeneHHs BK-1 npusHaueHi i oTpUMaHHS iH-
¢dhopmarrii mpo craH 00'ekTa, BUMIPIOBAJIbHI KaHAJIH BHBE-
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nenHst BK-2 npusHaueni st (opMyBaHHS BIUIMBY Ha
00'ext, a EOM st 00poOKH pe3ysbTaTiB BUMIpIOBaHb,
peecTparlii Ta iHAMKaLil pe3ynbTaTiB BUMIPIOBAaHHS 1 00-
poOku iX pe3ynbTaTiB. BumiproBanpHi KaHallu CKJana-
I0ThCSI 3 KOMITOHEHTIB, ITi/I SIKUIMH PO3YMIiIOTh TEXHIYHI
MPUCTPOi, IO BXOAATH 1O CKJIAAy iH(OpMariiiHo-
BUMIPIOBAIFHOI CUCTEMH i BUKOHYIOTH OJHY 3 (YHKIIIH,
nepe10aueHNX MPOLECOM BUMIPIOBAaHb.

L” Bk1 H 1 Bk2 [
O0'exrt EOM [—)
F, BK1 [ [ BK2 ) _l

Puc. 1. B3aemouis IBC 3 00'exTom

Knacudikauito BUMIpIOBAIFHUX KaHAIIB iH(Op-
MalIlifHO-BUMIPIOBAIBHUX CHCTEM, IO BimoOpa)kae Ki-
JIbKICHE CITIBBIJHOIIICHHS 332 KOHCTPYKTHBHO-()YHKIIiO-
HAJIBHUMU O3HAKaMH HaBEICHO Ha puc. 2.

3a BU/IOM BXiJJHUX BEJIUYHH [

ITA- mudpo ananorosi I
AII- ananoro-mmdposi

3a METOJI0M BUMipIOBaHb

IT - mpocri
C - cxaHi

3a MoCTiHHICTIO CTPYKTypH

I1 - i3 HOCTIIHOO CTPYKTYPOIO
3 - i3 3MiHHOIO CTPYKTYpOIO

Puc. 2. Knacudikariis BUMiproBaIbHHUX KaHAIIB

Po3risiHeMo OiMH 3 KaHANIB CUCTEMU KOHTPOIIO
(puc. 3), sIKMH CKIagaeThcs 3 BUMIPIOBAIBHOTO TeEpe-
TBOproBaua (BII) i mpucTpoi 10ITycKOBOro KOHTPOIIO Ta
peectpartii pesynbrati (Y KiP):

YT

X 7
]
Y
X, — Y TP —
X1y —

Puc. 3. CrpykTypHa cxema KaHally CHCTEMH KOHTPOIIIO

[Mo-nmpyre, xaHanu NpIMUX BUMIPIOBaHb JliaMeTpiB
BUMIPIOBAIBFHOI AUISIHKA TPYyOONPOBOMY 1 3BYXKEHOTO
ycrporo. Ilo-TpeTe, kaHaIM HENPSIMUX BUMIPIOBaHb Iii-
ameTpoM D?)() BUMIpPIOBAIILHOI ALISIHKK TPYOOTIPOBOLY 1
nmiamerpa d2() 3BY)KYBAJIBHOI'O IIPUCTPOIO, IIPUBEACHUX
1o 3HayeHHs Temiepatypu T =20 C. IIpu npomy He-
NpsiMi BUMIPIOBaHHSI 3JIHCHIOIOTHCS 3 BUKOPHUCTAHHIM
TemIepaTypHux KoeQilieHTiB Y1 Ta Y cy JNiHIHHOTO
PO3LIMPEHHsI BUMIPIOBAJILHOI ALSIHKKA TPyOOIpOBOIY 1
3BY)KEHO YCTPOIO, 3HAYEHHS SKHUX OJHOPA30BO OILIHIO-
I0ThCSl BUXOJSYM 3 KOMIIOHEHTHOTO CKJIaJy Martepiairy
BHUMIPIOBAJIBHOI JUISHKH TPYOOIIPOBOIY.

[Ipu HempsMuUX BHMIpIOBaHHSX OIOpY, LIO peai-
3YIOTBCSI 32 JIOIIOMOIOIO CKJIQJHOTO BUMIipIOBAJILHOTO
KaHally, ONUH 1 TOH e pe3yJabTaT BHMIipIOBaHb MOXE
OyTH OTpUMaHHMH NpU PI3HUX TOEAHAHHSAX HANPYTH 1
CTpyMy.

[Mpunycrumo, 1m0 BUMIpIOBAIEHIN KaHa HAIIPYTH
Mae Jiana3oH BUMipioBaHb Bif 1 mo 10 B, a BumiproBa-
JBHUH KaHau cTpymy Bin 1 1o 10 MA. 3 BUKOpUCTaHHSIM
3a3HAYEHUX BUMIPIOBAIFHUX KaHAIB OAWH 1 TOH Xe
pe3ynbTat BuMiptoBanb onopy 1 kOm Moxke OyTu oTpu-
MaHHH NPU PI3HUX pe3ysbTaTax BUMIpIOBaHb HANPYIH i
ctpymy: 1 Bi1MA, 10 Bi 10 MA i in.

[Tpu 3HaXOMKEHHI MEX JTOMYyCTHMOI MOXUOKH Oy-
JIEMO BUXOJIMTH 3 TOTO, IO MEXI1 JOIYCTUMOI MOXUOKH
CKJIaJIHOT'O BHMIPIOBAJBHOTO KaHAIYy MNpU OTPUMAaHHI
pe3yNbTaTy BUMIpPIOBaHHS OMOpYy OyoyTh Pi3HUMH ISt
PI3HUX PE3yJbTATIB MPSIMHUX BUMIpPIOBaHb, SIKi BUKOHY-
IOThCSL 32 JIOIIOMOTOI0 ITPOCTHX BHMIipIOBaJbHUX KaHa-
miB. Tak, mpu oTpuMaHHI pe3yJabTaTy BUMIpIOBaHb Ha-
npyru 10 B Mexi gomycTuMol BiZHOCHOI OXHOKH BHU-
MIpIOBaHb HaINlpyru CKJIaJaloTh Bcboro jume + Cp, B

Y, npux<X

X,

min >

y= npu X i <X < X0

min

BIII

Yy, npux>X

max»

Yey

ae X, 1@ X, — MiHIMaJbHE i MaKCH- >

doo

MaJIbHe 3HaYeHHsI Jliana3oHy BUMIpIOBaHHS,
Opy SKOMY pe3yiabTaT X BHUMIpIOBaHHA
3HAXOIUTHCS B MEXaX YCTAaHOBJIEHUX Ipa- AP

BII2

9

A 4

BII6

HULB; V) iV, — 3HAYEHHS 32 MEXKaMU pe3ylb- o
TaTiB KOHTPOJIIO, TIPU SKHUX PE3YJIbTAT BH- >
MIpIOBaHb X 3HAaXOJWUTHCI 33 MEXKaMH >

BI3 | M

YCTaHOBJIEHUX IrpaHulb X, 1a X, ..

Takok po3risTHEMO YacTHHY iHGOp-

BIT7 |4,
B4 | P J il

BII8

m

MallifHO-BUMIPIOBAJIBHOI CHCTEMH, III0 pea-

Ji3ye BUMIPIOBAHHS KUIBKOCTI TEIUIOBOI
eHeprii MeToIOM 3MIHHOIO Tepenaay THC-
Ky. Ilo-mepmre, kaHalu MPSIMUX BHUMIpIO-

BII9

BIIS

BaHb TEMIIEPATypH, TUCKY T¢ , pi3HUII THC-
KiB P, yacy t.

Puc. 4. CrpykrypHa cxema 4aCTHHH iH(pOpMAaLi{HO-BUMiPIOBAIBHOI CUCTEMH,
sIKa peaiizye BUMIpIOBaHHS KUIBKOCTI TEIUIOBOI €Heprii
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TOW Yac K NpU OTPUMAaHHI Pe3yJbTaTy BHUMipPIOBaHHS
Hanpyru 1B Bxe nopiBaioe = (Cy + 9 dp).

Texx came MOKHA CKa3aTd MPO TPaHUI JIOMYCTH-
MOi BiTHOCHOI MOXHMOKH. BigmoBimHO, pH OTpUMaHHI
OHOTO 1 TOro 3 pe3yJbTaTy BUMIPIOBAHHS OINOPY
1 kOM Mexi JOImyCTUMOI BiJIHOCHOI ITOXMOKHU CKJIaHO-
T'O BUMIpPIOBAJBHOTO KaHaly OyqyTh pi3HUMH IS Pi3-
HUX Pe3yNIbTaTiB MPSIMHUX BUMIPIOBaHb, MiHIMAJIbHI JIJIs
10 B i 10 MA 1 MakcumanbHi misg 1B 1 IMA.

Meroau po3paxyHKy METPOJIOTIYHUX XapaKTepHc-
TUK BUMIPIOBAJIBHUX KaHAJIIB MOXYTh OYTH BHKOpPHCTA-
Hi SIK 3 IPOCKTHOIO OIIIHKOIO Ha CTadii CTBOPEHHS, TaK i
Ha eTalli BBeJeHHsI iHQOopMaIliiiHO-BUMipIOBAJIbHOI CHC-
TeMH B eKcluryatamito. HeoOXimHicTh 3acToCyBaHHS
PO3PaXyHKOBUX METOJIB BHU3HAYCHHS IOXHOKU BHMi-
PIOBaJIbHUX KaHATIB 00ymMoBiIeHa ocobnmuBocTsmu 1BC,
IO HE JI03BOJISIIOTH 3aCTOCYBATH 10 HHUX TpauLiiiHi
METOJM TOBIPKM BiJIIOBIIHOCTI METPOJIOTIYHHUX Xapak-
TEpPUCTUK BCTaHOBJIEHUM HopMaM. [Ipu po3paxyHKax
OIEPYIOTh 3 YMCIOBUMH 3HAYEHHSMH BEJIMYMH 1 1X IO-
XHOKaMu, sIKi B OLJIBIIOCTI BUMAAKIB € HAOIMKEHUMH. Y
BUXIJTHUX JAHHX JJISI PO3PAXYHKY BXKE€ MICTATBHCS ITOXH-
OKH, SIKI MOXKYTH 301JIBIITYBATHCS 33 PAXYHOK MPOIEAYP
o0uuciens (anropuTMy OOYHCIIEHB), TAKUX SK OKpYT-
JICHHSI, alpOKCUMaIllisi, JiHeapu3allis, CTaTUCTUYHA 00-
poOKa TaHUX BHACIIJOK OOMEKEHOI KUTHKOCTI BUXITHUX
nanux. s po3paxyHKy METpOJIOTIYHHX XapaKTepHc-
THUK KOMIIOHEHTIB MOXYTh 3aCTOCOBYBATHCSI:

— HOpPMOBaHi 3HaYEeHHsI METPOJIOTIYHHUX XapaKTe-
PHCTHK, 1110 HABEJCH] B IOKYMEHTAIII;

— 3HAYEHHS METPOJIOTIYHUX XapPaKTEPUCTHK, M0
OTpUMaHi B pe3yNbTaTi eKCIIEPUMEHTY.

Jlnst po3paxyHKy METpPOJIOTIYHUX XapaKTEPUCTHK
MPOCTUX BUMIPIOBAJIBHUX KaHAJIB 3 HOMIHAJIBHONO JIi-
HilfHOIO (YHKIII€I0 MEPETBOPEHHS y JAHWH 4Yac iCHYye
nBi pekomeHmamii MIT122 i MII2168. I Bu3HAYCHHS
METPOJIOTIYHUX XapaKTEPUCTHK MPOCTUX BUMIpPIOBAIIb-
HUX KaHAJIiB 3 HOMIHAJIBHOIO HEJIHINHOI QYHKIIIEO TTe-
PETBOPEHHS , a TAKOX METPOJIOTIUHI XapaKTepUCTHKH
CKJIaJIHUX BHUMIPIOBAJIbHAX KaHAJB TOMIOHI 3arajibHi
pekoMeHaanii BiACyTHi. PO3IIsSHEMO OJMH 3 MPOCTHX
BUMIpPIOBAIBHUX KaHAMTIB, IO CKIAJA€ThCs 3 TPHOX Ie-
pETBOPIOBaYiB: TEPBUHHHUN BUMIPIOBAIFHHN NEPETBO-
proBau (I1BII),BTOpHHHMII BHMipIOBaJbHUI MEPETBO-
proBau (BBII) i obOuuciroBanpauii kommoneHT (OK)
(puc. 5). IIpu upomy BBII i OK 3a3Buyaii sIBISIOTH CO-
000 OJIMH 3 KaHaJIiB BUMipPIOBAJIbHO-00YHCIIOBAILHOTO
komiuiekcy (BOK).

IBIT .

|
|
|

X y | -4
|
T
|
|

Puc. 5. CrpykrypHa cxema npocroro BK

[Ipu npoMy B 00YHCITIOBAJIbBHOMY KOMITOHEHTI pea-
JI3YEThCS TIEPETBOPEHHS KOAY CTPYMY B KOJ THCKY 3
BiZIOOpa)KEeHHSIM pe3yJbTaTy BUMIpIB THCKY Ha MOHITODI.
Crig mam'siTaTd, 0 Ha BUIAJ0K BU3HAYEHHS METPOJIO-
TYHUX XapaKTePUCTHK BUMIPIOBAILHOTO KaHAly, IO
CKJIaJly SIKOTO BXOJSTh BUMipIOBAIBHI IIEPETBOPIOBAYI 3

HOMIHAJIbHOIO HEJIHIWHOI (YHKIEI TEepeTBOPEHHS,
MI1222 [39] i MI12168 [40] e mommprotoThes. Tumno-
BUM TIPEJICTABHUKOM BHMIipIOBAIBHOIO KaHAIY TaKOTO
TUITY €, HAIIPUKJIaJ, BUMIPIOBaJIbHI KaHAJIH TeMIlepary-
pH, 10 CKIaay SIKUX BXOISTH JBa KOMIIOHEHTA, IO BO-
JIOAIIOTH HOMIHAJIFHOIO HEJHIHHOI (DYHKII€IO epeTBo-
peHHsI: TepMonap.

Ckiajy i XapaKkTepUCTHKH 1H(pOpMaliiiHO-BUMIpIO-
BAILHUX CHUCTEM YIIPaBIiHHA OO0 €KTIB B MOBHIH Mipi
BH3HAYalOThCsl komnoHeHTamMu IBC i peryiaMeHTyroThCs
SIK B €KCIUTyaTalliidHii JOKyMeHTalil, TaK i B OIUCI THITY.
PernmaMenTalrist MOBMHHA BiOOpakaTH BiIOBIIHICTH
CYKYITHOCTI KOMIIOHEHTIB CUCTEMH 1 yMOB iX eKcIuTyaTa-
1ii, Jiana3oHy BUMIpIOBaHb 1| HOPMOBAHHX METpPOJIOTiy-
HHUX XapaKTEPUCTHK, a, OTXKEe, 1 METOAIB MEePEBIpKU Bi-
MOBIJIHOCTI METPOJIOTIYHHUX XapaKTEPHCTHK BCTaHOBJIE-
HUM HOpMaM. fIK i pemita 3aco0iB BUMIpIOBATBHOI TEXHi-
ku IBC miyiararoth MOBIpIN. 3 OMJIAAY Ha T, 0 Pe3yIib-
TaTOM TOBIPKH € MiATBEPKCHHSA NPUAATHOCTI 3acO0iB
BHMIPIOBaHHS JI0 3aCTOCYBaHHS, TO TIOBIpKa MOJATAE HE
TUIBKK B TIepeavi po3Mipy OIMHHII BENWYMHHM, SKa T10-
BUHHA 3/II/ICHIOBATHCSl B HOPMaJIbHUX YMOBAaX JUISl KOX-
HOrO KOMIIOHEeHTa iH(opMalliiHO-BUMIpPIOBAJILHOI CHC-
TEMH, aJie i B Pi3HUX IepeBipKax (30BHILIHBOTO OIJINY,
YMOB €KCILTyaTallil KOMIOHEHTIB, IIpae3aTHOCTI, Xxapa-
KTEpUCTHK Oe3MeKH Ta iH.), SIKI IUIKOM MOXYTh OyTH
BUKOHAaHI B poOo4nX yMoBax. B pe3ynbrari po3paxyHKH
3aBKIM TOAAIOTH OAHI 1 Ti Xk pe3yipratu. Came ToMy
MOBTOPEHHSI TAaKMX PO3PaxyHKIB NpPHW ITPOBEICHHI Mepi-
OJIMYHOI MOBIPKU POOHUTH HENOIIIBHO. JI0OCHTh BUKOHATH
PO3paxyHKH OJMH pa3 IpU MPOBEAEHHI BUIPOOYBaHHS 3
METOI0 3aTBEp/KEHHsI TUITy (a00 IepBHUHHIHN MOBIpIIi, 110
MIPOBOJUTBLCS TiCHs 3aMiHM KOMIIOHEHTIB) iH(opmariii-
HO-BUMIPIOBaJIbHOI CUCTEMHU.

BucHoBku

1. B crarTi npoBeieHuii aHalli3 METOMIB OpraHiza-
mii  MeTposoriuHoro 3a0esmnedeHHs iH(OpMAaIiHHO-
BUMIPIOBAIFHUX CUCTEM YIIPABIiHHS 00’ €KTaMH .

2. Cnuparoyrch Ha BUMOTH JIiFOYHX HOPMAaTHBHHUX
JIOKYMEHTIB MOXKHa HaJaTH peKOMEeHJalii IoA0 Mpak-
TUYHOI peaji3alii MeTpOoJIOriyHOro 3a0e3leveHHs iH-
(dbopMaIliifHO-BUMIPIOBAILHUX ~ CHCTEM  YIPABJIIHHS
00’extamu. [lo-nepme, noganus IBC no moBipku Bu-
KJIMKAa€ THMYacoBi IepepBU B poOOTi, IO MOXE OyTH
HeNnpUIycTUMUM. ToMy, OIHI€IO 3 0OOB'I3KOBHX BUMOT
JI0 TAaKUX CHCTEM € HAasBHICTh PE3epBHHUX CHUCTEM, IO
JIO3BOJISIE HE TIIBKU TPOBOIMTH METPOJIOTIUHE 00CITy-
TOBYBaHHS (PDEMOHT, TpaylOBaHHs, MOBIpKY) 0e3 3ymu-
HKU CHCTEMH B IIJIOMY, aji¢ 1 IpUBENE IO ITiBUIICHHS
il HagiiiHocTi. [To-mpyre, nmepionuuHy MOBipKYy HEOOXi-
HO TPOBOJUTH 3a MicCleM 1i pO3MillleHHs, a 3aco0u I0-
BipKH (€TaJIOHH 1 JONoMiXKHE oOJaJHaHHS) ITOBHUHHI
OyTH JAOCTaBJIEHI /10 MiCIl pO3MIleHHs iH(popMaIliiiHO-
BUMIpIOBAIBHOI cucteMu. J[is 11boro HeoOXinHO 3a0e3-
MIEYUTH BUI3HI METPOJIOTIYHI TPYIH MEPEeCyBHHUX J1a0o0-
partopiit BUMIpIOBaJILHOT TEXHIKH HOBOT'O TIOKOJIIHHSI.

3. Tlepemiueni 3axoau [O3BOJATH MATPUMYBATH
iH(OpMaILifHO-BUMIPIOBAIbHI CUCTEMH, KaHAIN 3B’SI3KY,
CHCTEMH YMNpAaBIiHHS 00’€KTIB B HaJiHHOMY CTaHi, 11O B
KIiHIIEBOMY BUITaJIKy CIIPSIMOBAHO Ha BUKOHAHHS ITOCTAB-
JICHUX 3aBJIaHb.
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AHaJIN3 METOI0B OPraHU3ALMH METPOJOIHYeCKOro odecnevenust
HH(OPMaNHOHHO-U3MEPHTEIBHBIX CHCTEM YNIPaBJICHHs! 00bEKTOB

A. M. Haymenxo, O. O. babuu, E. O. Koporkuit

Hpe}IMeTOM H3YUCHHUS CTAaTbU SBIISIOTCA I/IH(1)OpMaI_II/IOHHO-I/I3MepI/ITeJ'[I>HBIe CUCTEMBI YIIPABJICHUA 06T)GKT3.MI/I, KOTOpbI€
TNIPUMCHSIOTCA I[IPU UBMEPEHUN (1)I/I3I/I‘JGCKI/IX BCJIMYUH B IIPOLECCE SKCIUTyaTallun H3MepHTeJ'IBHOﬁ TCXHUKH. I_[em)}o CTaTbU SABJIsA-
€TCd aHaJIu3 METOAOB OpraHu3aluu METPOJIOIrHYE€CKOro obecrieueHHst I/IH(i)OpMaL[HOHHO-H?,MepHTeJ'[BHBIX CUCTEM YIIPABJICHUA
00bEKTaMH a TaK ke NpEeAOCTaBJICHUC peKOMeHZ[aLII/Iﬁ KacaTCJIbHO HpaKTquCKOﬁ peanusanii METPOJIOrNICCKOro obecrieueHus
I/IH(1)OpMaI_II/IOHHO-I/I?,MepI/ITeJ'[BHHX CUCTEM. 33}13‘{3, KOTOpas pacCMaTpuBaeTcH, - 000CHOBaHHE TEXHUUECKUX pemeHHﬁ, BHC-
JAPC€HUE KOTOPbIX B IPAKTUKY H3MEPEHUS IIOMOI'YT IIOBBICUTH METPOJIOIMYECKYHO HaAEKHOCTh 06pa3u013 I/IHq)OpMaLH/IOHHO-
HU3MEPUTCIIBHBIX CUCTEM. B crarne paccMaTpruBaCTCsl OCHOBHBLIC TCPMHUHBI U OIPEACIICHUA I/IH(1)OpMaI_II/IOHHO-I/I3MepI/ITeJ'[I>HBIX
CUCTEM, UX KJ'laCCI/I(l)I/IKaLII/IH 1 0COOECHHOCTH METPOJIOr'NIECKOro 06ecnequI/I${, NPEAIOKEHH KaCcaTCJIbHO YIIPOLICHUS METOAUKH
pacyeTa METPOJIOTHYCCKUX XapaKTECPUCTUK ITPOCTBIX U3MEPUTECIILHBIX KaHAJIOB C HOMUWHAJILHOW HEJIMHEWHOI q)yHKL[Heﬁ r[peo6-
pa3oBaHus, perilaMeHTals CoCTaBa U3MEPUTEIILHBIX KaHAaJIOB U Oq)OpMJ'leHI/Ie PE3YIbTATOB IOBEPKU JAAaHHBIX CUCTEM. BI)IBOJII)II
NPEAJIOKEHHBIC MEPOIIPUATHUS pa3spelIaT MOAACPKNUBATh U3MEPUTECIIbHBIC CUCTEMbI, KaHAJIbl CBA3H, CUCTECMbI YIIPABJICHUSA 00BbeK-
TOB B HAJIC’)KHOM COCTOSIHUH, YTO B KOHCYHOM HUTOI'C HpI/IBelIéT K YCTICIIIHOMY HCITIOJIHCHUH ITOCTABJICHHBIX 3a7a4.

KawoueBblie cioBa: CUCTEMA, METPOJIOrnICCKast Ha[[é)KHOCTB, H3MepHTeJ'lBHBIﬁ KaHaJl.

The analysis of methods of organization of metrological support of information-measuring control systems of the troops during
E. Korotkiy, A. Naumenko, O. Babich

The subject of the study in the article is the information-measuring control systems of troops used in the measurement of
various physical quantities in the process of exploitation of military measuring equipment use and the armament. The purpose of
the article is to analyze the methods of organizing the metrological support of information-measuring control systems of troops
and to provide recommendations on the practical implementation of the metrological support of information-measuring systems.
The solving problem is the substantiation of technical solutions, the introduction of which in the practice of measurement will
increase the metrological reliability of samples of information-measuring control systems. The article deals with the main terms
and definitions of information measuring systems, their classification and peculiarities of metrological service, proposals for
simplifying the methodology for calculating the determination of metrological characteristics of simple measuring channels with
the nominal nonlinear transformation function, the regulation of the composition of measuring channels and the design of the
verification of these systems. Conclusions: the proposed measures (events) will allow to maintain the measuring systems, com-
munication channels, and control systems in a reliable condition, which will ultimately lead to the successful execution.

Keywords: system, metrological reliability, measuring channel.
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CHUHTE3 IBOXPO3PAIHUX IBOXONEPAHJTHUX ONEPAIIINA
CTPOI'OT'O CTIMKOI'O KPUIITOTPA®ITYHOI'O KOJJYBAHHSI
HJIAXOM IIEPETBOPEHHSA APYT'OI'O OIIEPAHIA

Ha ocHOBi jocnimkeHHs pi3HUX (OPM IPEICTaBICHHS IBOXPO3PSAAHMX JBOXOIEPAaHIHUX OHEpalii cTpororo criiikoro
KpUNTorpaiyHoOro KoyBaHHs po3poOIIeHO Miixif 10 iX nmoOy/10BH Ha OCHOBI IEPETBOPEHHS IPYTOro OIepaHia HUIIXOM
3aCTOCYBaHHs OJIHOONEPAHJHUX omepalliil. 3aCTOCYBaBIIN TEXHOJIOTIIO NIEPETBOPEHHS APYroro onepasja Oyao OTpUMaHO
IpyIly ABOXPO3PSIHMX JBOXONEPaHIHHUX OINEpaliil CTpPOroro CTiKoro kpunrorpadidHoro KopyBaHHA. Y JaHidl CTaTTi
IPUBE/ICHO OZIEP KaHy IPYITy IBOXPO3PSIIHUX JIBOXOIEPaHIHUX Ollepaliil CTpororo CTiikoro KpunrorpadgigHoro neperso-
PEHHs1. 3aIpOIOHOBaHMIT MiJIXi/l 10 CUHTE3Y JBOXPO3PSIHUX JABOXONEPAHIHMX ONepaliil CTpOroro crifikoro kpunrorpadgi-
YHOTO KOJYBaHHs IIUIIXOM IEPETBOPEHHS JPYroro OHepaH[a 3HA4YHO CIPOILIYE NPOLEC IOCIIUKEHHS I'PyNH onepauiit

cTpororo CTIHKOro KpHUIITOIIEPETBOPCHHSL.

Karo4doBi ciaoBa: nBOXpOo3psiHI ABOXONEpaHIHI onepauii, KpuntorpadidHe NepeTBOPEHHs, MaTeMaTUYHE MOJEIo-
BaHHsI, CHHTE3 olepaliil, kiacudikalis onepaiiii KpHUITOnepeTBOPEHHS.

Beryn

IMocTaHoBKA MPOOIEeMH. Y CY4daCHOMY CYCITLIBC-
TBI TEXHIYHMH TPOrpEC BiAirpae Ba)XIMBY poOjb, IO, B
CBOIO Yepry, NPU3BOJUTH [0 30UIBIIEHHS KOMII fO-
TEpHUX 3JI04MHIB. KOMIT'IOTEpHI CUCTEMH 1 TEIEKOMYHi-
Kamii BH3HAYAIOTh HAMIMHICTH 1 HOTY)XHICTH CHCTEM
o0opoHHu 1 Oe3neku kpaiHu. ToMy rocTpo mocTae Iu-
TaHHs 3aXUCTY iH(OpMaAIlii.

Kpunrorpadiuamii 3axuct iHpopMarii sBISETHCS
OJTHUM i3 Hale(eKTUBHINIMX HA CbOTOJHI. TOMY BHHU-
Kae HeoOXiJHICTh BJIOCKOHAJIEHHS ICHYIOYHMX Ta CTBO-
PEHHS HOBHMX METOMIB Ta 3ac00iB KpHUNTOrpadigHOro
3axHCTy iHpOpMaIii, y 3B 53Ky 31 3pOCTaHHIM KiOep3-
Jo4nHIB. J{JIs1 TOCSITHEHHS JaHOTO Pe3yabTaTy HeoOXi-
HE TOKpAIlleHHsI BXKe PO3pO0JIeHUX abo CTBOPEHHS HO-
BUX aJTOPHUTMIB KpumroreperBopeHHs. OTxe, J0OCHi-
JOKEHHS Ta o0y J0Ba HOBUX OIlepalliii KpUITOnepeTBo-
PEHHsI Ha CHOTOJHIIIHIN JIeHb SBJSIETHCS OCOOJIIMBO aK-
TyaJbHUM.

AHaJli3 OCTaHHIX JoCHiIKeHb i myOmikamiii.
OcTraHHIM YacoM BeJIMKa yBara HPHIUIIETHCS OJHOMY 3
HaNpsIMiB  PO3BUTKY KOMIT'IOTEpHOI Kpumrorpadii, a
came — kpunrorpadiuHomy komyBaHHio [1-3]. Takox
3aCIYTOBYIOTh YBard JOCII/DKCHHS HampaBjIeHI Ha I10-
OyIoBY orepalliii 3 3aJJaHIMH BIIACTHBOCTAMU [4—6].

Oco0yIMBOi yBard 3aciIyroBYIOTh JOCHIKCHHS Ha-
npaBJjieHi Ha Mo0y/OBY ollepaliii KpUITOInepeTBOPEHHS
sKi 3a0e3MevyyloTh MaKCHMajlbHy HEBH3HAYEHICTh pe-
3ynbTaTiB mwudpysanss [7-12].

[Ipore Ha CHOTOJHINIHIN ACHBb 3aJTHUIIMINACS HE J0-
CIII/DKEHUMH TIPOLECH CHHTE3y TPYH JBOXPO3PSTHUX
JIBOXOTIEPAHIHUX ONepaliii CTPOroro CTiHKOro KpHIITO-
rpadiyHOTrO KOAYBAHHS.

MeTo10 po6OTH € BUKIIAJCHHS PE3yNbTATiB JOCITi-
JOKEHHSI 1 CHHTE3y JBOXPO3PSAHUX JBOXOIEPAHIHUX
orepariif cTpororo CTikKOro KpHUIITOrpadiuHOro KOmy-
BaHHS JUIs MOOYAOBH 1X Moauikalliii Ha OCHOBI Ieper-
BOPEHHS IPYroro ornepaHia.

OcHoBHUi MaTepian

PosrisiHeMO OIHY 3 MBOXPO3PSIIHUX JABOXOIECpPaH-
JHUX OTepalliii CTPOroro CTIHKOro KpHNTOrpadigHoro
KOIYBaHHS, HATIPUKJIA],

ke ®xy -k k
o =TT g2 (1)
x1~k1®x2~k1 k2
BiamosinHo mo [13] (1) MOXXHa ITPEACTaBUTH SIK:

BERCECER ® ky |
x1~k1®x2~/;1 ];2

[ x

! :|,HKH10k1=0; ky =0
| X2 1
[x, @1

! :|,HKU_I0 k=0; ky =1, 2
X2
2 , Ko ky =15 k, =0
7.X'1 @1
[x, @1
2 :|,HKH_IOk1=1; ky =1.
L1

Amnani3z Bupasy (2) mokasye, 10 3MiHa MOPSIKY
OJTHOOIIEpaHHUX TIEPETBOPEHb B TIpaBiii YacTHHI BUpa-
3y IpUBeJIE 10 3MiHH caMoi orepariii, HarpuKiIa,

Xk ®xy k| [k
Olk: 1" 2 J ® 72 _
x1~k1®x2~k1 kz

-
, akuo ky=0; ky =0
x2®1} o K 2
xl(-Bl
,akuo k=05 ky =1;
= *
akuo ky =1; k, =0;
x1®1} o Ky 2
X2®1
,akwo k=1 ky =1,
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, saxkwo k =0; k, =0;
x2®1} o K 2

7.X'1 (‘Dl
,akuo ky=0; ky =15
L %2

[x, ®1

LA }

"

| @1

=0§={x‘ o ®xy h}@{k@kﬂ.
X -k®x -k ki @k,

[Mpuknayn (3) moka3zye KOpPEKTHICTh HALIOTO IpH-
MYIICHHS.

sakwo ky =1; ky =0;

€)

},}mmo =1k =1

OpHUM 13 CaMUX MPOCTHX CIOCOOIB TEPETBOPEHHS
JIPYroro orepaHay € BUKOHAHHS HaJl HUM OJZHOOIEpaH-
JTHOT orepallii KpUITOIepeTBOPEHHSI.

I'pyny omHOOmepaHAHUX OIeEpalliii KPUIITOIEepeT-
BOpEHHSI, kiacugikoBaHuX Ha 0a30Bi omnepariii, oneparii
MepecTaHOBOK Ta oreparii iHBepcii HaBeleHa HaBejie-
HuX B Ta0Om. 1 [14].

Bi3bMeMO JBOXpO3psIHY ABOXOINEPAaHIHY OIepa-
L0 CTPOTrOro CTIHKOro KpUNTOrpadhiuHOro KOIyBaHHS
of
rpagiuHe nepeTBOpeHHs F.

BHaciok 1aHOTO TIEpETBOPEHHSI MU OTPUMYEMO

Ta BUKOHA€MO HaJl HCIO OJHOOIICPAHIHE KPUIITO-

OIepaIlii0 CTPOroro CTIHKOro KOMyBaHHS Olk , IO TIO-
Ka3aHO B HACTYITHOMY IPHUKIIAI:

—0f = k@ kgl (4)
x1~k1®x2~k1 kz

- M
1@&, aKuo ky =0; ky =0; 1@&, arwo ky =0; ky =0;
7.X'2 7x2
[ @1 [ @1
,aKugo ky = 0; ky =1; L aKkuo ky =0; ky =1;
F(0f)= 2 .
X X
@J’ axkuwo ky =1; ky =0; ® J, ko ky =1; ky =0;
L X1 L X1
7x2 @1 X @1
,akwo ky =1, ky =15 s aKkuo ky =15 ky =1;
7.X'1 X

Tabnuya 1 — Knacndikanisi oqHoonepaHIHUX IBOXPO3PATHHX onepaniii kpunrorpadiynoro nepersopenHs ingopmanii

Onepauii iHBepcii
Knacnd)ika'Tuop ore- 0 0 1 1
alu
pat 0 1 0 1
X1 X1 X1 D1 X1 D1
Fi = F2 = F3 = F4 =
X X @1 Xy X D1
. XI®X2 XI®X2 XI®X2®1 XI®X2®1
Basosi onepartii Fs = Fg = Fy = Fy =
X X @1 X X D1
X1 X1 X1 D1 X1 D1
Fy = Fo= Fy = Fap =
XI®X2 XI®X2®1 XI®X2 XI®X2®1
X X X D1 Xy D1
Fi, = Fi,= Fi-= F. =
13 |:x1 :| 14 |:x1 ® 1:| 15 |:x1 :| 16 |:x1 @1
- @1 @1
Onepauii nepecra Fy= X2 Fg= X2 Fo= X2 Fy = X2
HOBOK XI®X2 XI®X2 @1 XI®X2 XI®X2 @1
XI®X2 XI®X2 XI®X2®1 XI®X2®1
£y = 0= Fy3= Fyy =
X1 X1 @1 X1 X1 D1

AHaNOriYyHO BMKOHAEMO MEPETBOPEHHS Hall ApY-
MM OIEPaHIOM JBOXOICPAHIHOI Oreparlii CTPOroro
KpuITorpagiyHoro KoayBaHHs Olk 3a JJOIOMOTOI0 OJ-
HOOITIEpaHIHOI orepalii KpuUnTorpadiyHoro mepeTBo-
penHst F,. Lle nepeTBOpeHHs IPU3BOAUTH 0 OTPUMAHHS
oreparii CTpororo CTiiKoro KOAyBaHHS 0§ , 110 TIOKa-
3aHO B mpukiaai (5). SKmio Hax ApyruM OIepaHaoM
JIBOXPO3PSITHOI  TBOXOIEPAHIHOI OImeparii CcTpororo
CTIHKOT0 KpUIITOrpa(hiuHOro KOAYBaHHS 01k BHUKOHATU
MepETBOPEHHS IIUITXOM BHKOPHCTAHHS OHOOIIEPaHIHOI
kpurrorpadiunoi onepauii Fy, To Oyae oTpuMaHa orie-

parisi CTpOroro CTiHKOro KOTyBaHHS 05 , IO BIAMOBI-

nae npukiaaay (6). 3BeieHI pe3yabTaTH JOCIIIHKEHHS
pe3yNbTaTIB IEPETBOPEHHS IPYroro ornepaHjaa orneparii
of
TolepeTBOpeHHs1 F, HaBeneHHUX B TaOi. 1, mpencrasie-
HO B Ta0I. 2.

B Ttabn. 2 mpencraBiieHi oTpUMaHi ABOXPO3PSIHI
JIBOXOIIEPaHIHI OMepalii CTpororo CTiHKOro KpHITOrpa-
¢iuHOrO KOMYBaHHS Kiacu(ikakoBaHO Ha 0a30Bi omnepa-
1ii, omeparlii mepecTaHOBOK Ta Orepallii iHBepcii. AHaii3
TaONHUI MOKa3aB, 110 HA OCHOBI TIEPETBOPEHHS JPYTOro
orepaHy ABOXOMEPaHIHOI OMepalli cTpororo CTiHKOro
KpUITOrpadigHOro KOAYBaHHS 3a JOMOMOTOK TOBHOI
MaTeMaTHYHOI TPYNH OMHOOIEPAHIHUX OImepaliii oymae

3a JIOTIOMOTOI0 OJIHOOTICPAH/IHUX OIepalliii Kpui-
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Ingpopmauyinni mexunonocii

OTPUMAaHO TIOBHY MaTeMaTH4HY I'PYyIy JABOXOIEPAHIHUX
orepariii CTpororo CTiKOro KpunrtorpaiyHoro Kouy-
BaHHsI, NPUJIATHUX IS TPaKTHYHOTO 3acTocyBaHHs. Ha-

BEJIeHI pPe3yNbTaTh J03BOJISIOTH 3HAYHO CIIPOCTHTH MPO-
IIeC JOCHIDKEHHSA 1 CHHTE3y TPYN OIepaliii CTpororo
CTIHKOr0 KpUNTOrpadgivyHOro KOTyBaHHS:

X X
,ako ky =0; ky =0; ,akmo ky =0; ky =0;
%) @1} 1=nh X @1} Hefi =R
:|,HKH.I0k1=1; k=1 :|,;u<m0k1:0; k=1,
X
F(0f)=1 =
2
, ko k; =1; k, =0; , Ko k; =1; k, =0;
B @1} 1 2 } 110 Ay 2 (5)
7.X'1 @1
, Ko k; =0; ky =1; LAKIO k=15 ky =15
ki ®ky)® k ®ky)
_oko| 1 ®k)®x; (kO hky) @
X (k1®k2)®X2 (k]@k
E — 0 Fe — () o —0
, Ao k; =0; ky =0; akuo ky =0; ky =0;
7.X'2 D1
7.X'1 @1 xl @1
,akuo ki =0; ky =15 ,Aakuo ky =0; ky =15
X
Fy(0f)= 1 - -
Xy D1 .X'2 @1
, aKkwo ky =1; ky =1; , akuwo ky =1; ky =0, (6)
LM
R k=1 ky =0 = k=1 ky =1
,akwo ky =1; ky =0; ,akwo ky =1, ky =1
5 @1 o Ky 2 5 @1 o Ky 2
i |k ®xk ® ki © ky
=0y= _ R
x1~k1®x2~k1 k]@kz
Tabnuya 2 — T'pyna 1BoxXonepaHIHUX onepauiii cTpororo KpuNTorpadivHoro KOAyBaHHs MicJis NepeTBOPEHHSs
Omepauii insepeii
[o] 0 1 ]
[o_ 1 0 L1
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BucHoBku

B pesynbrari nocimimkeHHsT po3po0iIeHo Mmiaxia 10
MoOYI0BU IBO3PSTHUX ABOXOMEPAHIHUX Orepaiii cTpo-
TOro CTIHKOrO KpUNTOrpaghiyHOro KOAYBaHHS Ha OCHOBI
HEPEeTBOPEHHS APYroro ornepaHia. 3acTocyBaHHSA IPYIH

OJHOOIIEPAHTHHUX OIEpaliii ISl IEPETBOPEHHS APYroro
orepaHaa J03BOJSE OTPHUMATH TPYIY IBOXPO3PSIHHX
JIBOXOIIEPAHIHUX OIEpaIliii CTPOroro CTiHKOro KpHIITO-
nepeTBOpeHHs. Po3po0iieHni mijaXia J03BOJISE 3HAYHO
CHPOCTUTH TIPOLIEC TOCIIKEHHS Ta CHHTE3y IPYIH OIle-
pariii CTPOroro CTiiKOro KpUITONEPETBOPEHHS.
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CuHTe3 IBYXPa3pSIAHBIX ABYXONEPAHIHBIX ONEPaNHii CTPOroro CTOHKOro KpuNnTorpagu4ecKoro KOAUpoBaHus
nyTeM Npeodpa3oBaHusi BTOPOro onepanaa

P. B. bpeyc

Ha ocHoBaHuM ucciie1oBaHUs pa3jIMYHBIX (POPM INPEACTABICHHS JIBYXPa3psIHBIX JBYXONEPAHIHBIX ONEpaluidl CTPOroro
CTOMKOro KpUITOrpaduueckoro KoxupoBaHus pa3paboTaH MOAX0A K UX HOCTPOCHHUIO ITyTeM Ipeo0pa3oBaHKs BTOPOro OlepaHia
C TIOMOILBIO IPUMEHEHHUSI OJTHOONIEPAHIHBIX onepauuid. [IpuMeHnB TeXHOIOrUI0 Mpeodpa3oBaHus BTOPOro OlepaHza, Oblia Ho-
JydeHa TpYIa JBYXpa3psAAHbIX [IBYXOHNEPaHIHBIX ONEpaluii CTPOroro yCTOHYMBOro KpUNTOrpaduueckoro KoxuposaHus. B
9TOH CTaThe NMPHUBEICHA MOJy4EHHAs! TPYMIa ABYXPa3psAHBIX JBYXONEPAHAHBIX ONEPALUN CTPOroro yCTOMYMBOIO KPUIITOrpa-
¢bugeckoro npeodpasoBanus. [Ipe10KeHHbIH MOIXOA K CUHTE3Y JIBYXPa3psIHBIX JBYXOINEPAHIHBIX OIEpaliii CTPOroro ycTom-
YUBOr0 KPHITOrpauueckoro KOAUPOBAHUS IIyTEM NIPE0OPa30BaHUsl BTOPOro ONlEpaH/ia 3HAUMTEIILHO YIPOIIAET HPOLECC UCCIle-
JIOBaHMS IPYIIIBI ONEPALMil CTPOroro YCTOHYMBOr0 KPUITOIPEOOpa30BaHHUL.

KaouyeBble cloBa: IBYXpaspsHble ABYXONCPAHIHBIC OIEpAIMH, KpHITOrpaduieckoe Ipeodpa3oBaHue, MaTeMaTH-
4eCcKoe MOJICIMPOBAHHE, CHHTE3 ONepaliii, KiaccH(pHKAIHs Oepaiii KpHITOpeoOpa3OBaHHs.

Synthesising the two-bit two-operand operations of strict stable cryptographic coding
by the second operand's conversion

R. Breus

Based on studying the different representation forms of two-bit two-operand operations of strict stable cryptographic cod-
ing, it was developed an approach to their construction based on the second operand transformation by the one-operand opera-
tions use. A group of two-bit two-operand operations of strictly stable cryptographic coding was obtained by using the second-
operand conversion technology. The obtained group of two-bit two-operand operations of strict stable cryptographic transforma-
tion is presented in the article. The proposed approach for synthesizing the two-bit two-operand operations of strict stable crypto-
graphic coding by the second operand transformation simplifies the research process of strict stable cryptographic conversion
group of operations greatly.

Keywords: two-bit two-operand operations, cryptographic transformation, mathematical modeling, synthesis of opera-
tions, classification of cryptopreformation operations.
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PROFESSIONAL COMPETENCE OF FUTURE SPECIALISTS IN
INFORMATION AND COMMUNICATION TECHNOLOGIES:
QR CODING IN STUDENT LEARNING

The article explores modern information and telecommunication technologies, which are the basis of information proc-
esses in education. The fundamentals of improving the quality of student training from the point of view of the devel-
opment of a vocational education system are investigated. The authors explore the definition of an innovative educa-
tional environment. It is proved that professional IT education is the basis for improving its quality level and has certain
advantages over other types of knowledge, providing flexibility due to modern technological features, including the use

of QR coding information.

Keywords: pedagogical innovations, information technologies, software tools, QR coding, innovative teaching methods,

applied software.

Introduction

Modern society challenges the university to pre-
pare an active and responsible graduate who can subse-
quently be competent in all its fields: science, education,
economics, politics, etc.

This becomes possible only if the student wants to
gain new knowledge, to make any there were new dis-
coveries for himself, to know the world. On the way to
this, it is impossible to do without the means of new,
more interesting for students, teaching methods, modern
educational technologies.

If you make a portrait of a modern student, you
can see that more and more life of modern applicants is
occupied by new technologies. He brings a telephone,
laptop or tablet to the school. Thus, we can say that the
student is progressive and has access to any information
from world sources through his gadgets [1-3].

Today, the IT sphere is very well developed, but
not always new technologies can interact with the uni-
versity, because they imply a high level of teacher train-
ing, as well as considerable financial investments. How-
ever, many universities currently use digital laborato-
ries, projectors, interactive whiteboards, and much
more.

A very common conclusion is that phones in the
classroom interfere and distract the student from his
educational activities. But as already mentioned, in the
modern world it will be hard to do without mobile and
computer devices. That is why it is necessary to com-
bine, engage students in educational cognitive activities
using their smartphones.

Recently, a QR code has been actively used in the
process of preparing students. The abbreviation QR
(quick response) in translation from English means “fast
response”. This is a two-dimensional bar code (matrix
code), which was developed by the Japanese company
“Denso Wave” in 1994,

It allows you to place 2953 bytes of information in
one small square, that is, 7089 digits or 4296 letters
(about 1-2 pages of text in A4 format), 1817 characters
[3-5].

A QR code allows you to quickly encode and read
(decode): texts, URLs of various sites, active links for

downloading information, advertising, etc. Using QR
code, information is much larger than that of a conven-
tional bar code, and for decoding, personal devices of
students with an installed code reading program can be
used, which greatly facilitates work in an audience
where there are not enough computers (Fig. 1).

Coding tasks
for group or
. individual
Collections of work
comments, Communication
information ST (ol e
blocks and N 3
content providin,
active links USII'_Ig QR accgsto £
codingin electronic libraries
the
Posting links 3
to thematic learnin g Communication
multimedia process with online
resources on content providing
stands access to
Links to multimedia  S*C1ro0ic
sources and resources  * -
containing additional

information on a
specific topic

Fig. 1. QR coding in the learning process

Main part

To create a QR code, you need a generator that is
available online, which is easy to use and does not re-
quire any special knowledge. To do this, there are many
free resources in the public domain (Fig. 2).

The most popular code reading and decoding pro-
grams for mobile phones are:

1. I-nigma - already mentioned this program,
which exists for different mobile platforms.

2. Barcodes Scanner is a popular application that
exists in variations for Android and los.

3. QuickMark - suitable for almost any mobile de-
vice.

4. BeeTagg - another universal program for scan-
ning and recognizing a QR code, suitable for a huge
number of mobile phone models.

© Hafiiak A., Shefer O., Klochko A., Harlamov I., 2019
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5. UpCode - again a multi-platform scanner and
decoder.

6. Neo Reader - well, you get the idea.

7. Decrypt the QR code yourself - an article on
Habrice on how to do without reading programs.

Online services to help decrypt any code:

1. ZXing Decoder Online. It works simply: you are
prompted to specify the URL of the image with a QR
code that is located on the Internet or download it from
your computer. After you click the “Submit” button, a
page with decryption results will open.

2. Qr.foxtools.ru. Choose the decryption option
and get two options for downloading pictures from bar-
code.

3. BarCapture. The desktop is a program that has
the same features (Fig. 3).

QR technologies can initiate students' project ac-
tivities. The group is divided into mini-groups of 4-5
people, and each group receives its own QR code with
reference to certain information. Each group scans QR
codes and reads the received text, highlighting the main
idea of the text, the essence and necessity of the study,
the reasons for the success of the innovation and its fu-
ture prospects.

#" ZXing Decoder Online

XHMTDGIE HHCTPYMEHTH
Decode a 1D or 2D barcode from an image on the web. Supported form

+ UPC-Aand UPCE
« EAN-8and EAN-13
« Code 39

+ Code 93
+ Code 128
o |TF

+ Codabar

+ RSS-14 (all variants)

« RSS Expanded (most vi
+ QR Code

MogenwTeca...

Enter an
image
URL:

Or
upload
afile
(<10MB,
<10MP) .

Buifiepute haiin | Gaiin He Buifipan CO3AaTE qr-k0R  MPONMTATE qI-KOA

¥ FoxTools -

Ocrosroe  leHepatopsl Komepsl .NET Framework Cerb

maexan O npoexte  YcmoewA wcnonk3osanna APl Ofpatad (

leHepaTop QR-kogoB/YTeHMe

OBLIYHLIW TEKCT | BM3UTHAs Kaprodka  WaGroH sms

YKaxuTe TeKCT, #3 KOTOPOrO HYXHO CAen

BALL QR-KOA:

MocToAHaA cCbiNKa Ha IAE.Oﬁpa)KeHME:

http:/fqreoder. rufcodef ?2:C0 %EBYEBY%EQ+ %:CC % EB%FO%%EELFL

HTML-%0a Ans sCcTasky 8 Gnor:

<a hraf="http:/ greoderru” target="_blank"><img src="http://grec

Fig. 2. Generated QR code of the article title.

jaxo
systems

~ Home  Company Products Downld

Please, log

Welcome to Jaxo Systems,
A the Company that brings !
he world of 2D barcodes to |
handsets and PC's. |

Generate youry|
BarShowis a fll-fed
barcodes.

Decode QR-co
barcodes
+ from your mg|
« capturingima
+_usifigyou |

In several years of Research & Development,
Jaxo Systems developed a powerful and effici
Java library for barcodes, handling imagery,
encoders, and decoders.

We ported our expertize to several Java

Irse, J2VE, then
le and, finally,

To established companies, Jaxo Systems

P proposes to share its expertise, providing key-in- ‘
aTs QR-koa fione to . :

Fig. 3. Online QR code decryption services

Each group also needs to argue its position on this
issue. Then there is a change of groups: in a new group,
1 or 2 students from each previous group are combined,
that is, in a newly formed group, each student owns
information only in its own text. During the discussion,
each presents information on his own text, answering
the questions that arise, then the information is analyzed
and an oral or written statement is written on a given
topic.

The next interesting methodological technique that
stimulates the internal motivation of students and gener-
ates cognitive skills is the use of a QR code to create
educational posters.

So, for example, it’s easier to generate a QR code
to create a task of this kind:

Topic: «Formation of professional competence of
future specialists in information and communication
technologies». Task: prepare a Professional Case (ac-
cording to the topic of the variant according to the sam-
ple), which should include:

1) introduction (identification, selection and prob-
lem solving);

2) general knowledge or information (taking into
account the principle of cross-curriculum);

3) description of the problem (situation, history);

4) conclusions (formulation of questions, tasks,
etc., forecasting awareness on the issues);

5) package of information materials (video, audio
materials, materials on electronic media links to Internet
resources, etc.): advertising video (video, presentation)

6) conclusions.

The figure shows the generated QR code of this
job (Fig. 4).

For example, earlier in the design of course pro-
jects, stamps were widely used, the contents of which
were: the name of the discipline, the topic of the project,
the author of the project, page number.

Now this information can be encoded using QR
code. This will save time, paper and complicate the
process of copying information without the permission
of its author. It is also possible to use a QR code to en-
crypt the results of examinations, course projects, and
even graduate qualification works of bachelors and mas-
ters.
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So, for example, it can also be used in self-testing,
when the answers are encrypted in QR codes that are
added to documents and handouts or presented on the
blackboard before the lesson, as well as in additional
tasks that allow some students to complete tasks of in-
creased complexity

BALLl QR-KOQ:

Conclusions

The use of this technology has a very wide range
of applications, which is why it arose relatively recently.
Nowadays, when the use of other people's develop-
ments, both scientific, methodical, and any other nature
is becoming more common, it is necessary to apply ad-
ditional measures to combat plagiarism and other nega-
tive consequences, especially during the rapid develop-
ment of information and telecommunication technolo-
gies. The relevance of this research topic is undeniable.
Developments in this field of application of information
technologies are constantly appearing in the field of
student education and improve the quality of profes-
Fig. 4. Generated QR code of the task sional education at universities.

MocTosHas ccbiNka Ha msobpaxeHue:

http://greodenru/cods/ 73 ABY: D4 %6 EEY:FO 3 ECY:F236 E2 6 E03 ED 3 EDYLFF+ 341

HTML-Koa aAns s8cTasku & Gnor:

<a href="http://qreeder.ru” target="_blank > <img src="http://greeder.ru/cods,
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IIpodeccnonaibHasi KOMIETEHTHOCTH OYIyIIHX CIENHATMCTOB N0 HH()OPMAIMOHHO-KOMMYHHKAIIHOHHBIM
TEXHOJIOTHSIM: HCNoJIb3oBaHue QR-koaupoBanus B mponecce 00y4eHUs! CTYIeHTOB

A. M. Tadusik, A. B. Hlegep, A. Kitouko, 1. Xapnamon

B crarbe nccnenyrorcs coBpeMeHHble HHOOPMALMOHHBIE U T€IEKOMMYHHKAIIMOHHBIE TEXHOIOIMH, KOTOPBIE SBIIIOTCS OC-
HOBOW MH(OPMAIMOHHBIX HpoLEeccoB B oOpa3oBaHuu. VccienoBaHbl OCHOBBI MOBBIILICHHS KauecTBAa IOATOTOBKH CTYIECHTOB C
TOYKH 3PEHUS Pa3BUTHUs CUCTEMBbI PO(ECCHOHATIBEHOrO 00pa3oBaHusl. ABTOPBI UCCIEAYIOT ONpPEEICHUEe HHHOBAIIMOHHOH 00pa-
30BaTeNnbHON cpezpl. O6ocHOBaHO, uTo npodeccuonansHoe T obpa3oBaHue SIBISETCS OCHOBOW MOBBIILICHHS YPOBHS €ro Kade-
CTBAa M UMEET ONpEENICHHbIE IIPEHMYIIECTBA [10 CPABHEHUIO C APYTHMMH BUIAMU 3HaHUMH, obecrieunBasi FTMOKOCTb 3a CUET COBpe-
MEHHBIX TEXHOJIOTHUECKHX OCOOEHHOCTEH, B TOM uKciie ucnoiab3oBanue QR-koaupoBanus MHGOpMaLUH.

KawueBble cJjoBa: neaarorut4deCKuC MHHOBAIIWH, I/IHCI)OpMaL[I/IOHHBIe TEXHOJIOI'MH, IIPpOrpaMMHBIC CpEACTBA, QR-
KOAUPOBAHUE, MHHOBAIIMOHHBIE METObI 06yquI/I$[, TNIpUKIaAHOEC IPOrPpaMMHOE obecrieueHue.

Ipodeciiina koMneTreHTHiCTE Mal0yTHIX daxiBuiB 3 iHgopmManiiiHO-KOMYHIKANIHHAX TEXHOJIOTIi:
BuUKopucTannsg QR-koxyBanHs B iponeci HaBYaHHA CTYAEHTIB
A. M. T'adisik, O. B. Illepep, A. Kiouxko, 1. Xapnamon

V crarTi JOCHiKYIOTECA CydacHi iH(OpMaLiiHi i TeJeKOMyHIKaliiiHI TeXHOJOr], SKi € OCHOBOO iH(pOpMaLifHUX MpoLe-
ciB B OCBIiTi. JI0C/iIXKEHO OCHOBH i IBUILIEHHS SIKOCTI ITiITOTOBKM CTYJEHTIB 3 TOYKHU 30pY PO3BUTKY CUCTEMH IpodeciiiHoi ocBi-
TH. ABTOpHU JOCHTI/DKYIOTh BH3HAUSHHS 1HHOBAIIHOTO OCBITHBOrO cepenosumia. OOrpyHroBaHo, mo mnpodeciiine IT ocita €
OCHOBOIO ITi/IBUIIEHHS PiBHS HOro SKOCTI 1 Ma€ II€BHI IIepeBary B MOPiBHSAHHI 3 IHIIMMU BUJIAMH 3HaHb, 320€311€UYyI0UYH I'HYYKICTh
3a paxyHOK Cy4aCHHMX TEXHOJIOTYHHX OCOOIMBOCTEH, 30kpema BUKoprucTaHHs QR-konyBanHs iH(popMalii.

Karw4dosi ciaoBa: nenaroriusi iHHOBawii, iHpopmariiiHi TexHomnorii, nporpamui 3acodu, QR-koqyBaHHs, iHHOBaILiHHI
METO/M HABYAHHS, IPUKIIAJHE IPOrpaMHe 3a0e3eueHHs.
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INFORMATION SEARCH SYSTEMS USAGE IN POLTAVA NATIONAL
TECHNICAL YURI KONDRATYUK UNIVERSITY CHEMISTRY
DEPARTMENT INFORMATION SYSTEM

The article describes the features of the use of modern information systems in the activities of the department of higher
education institutions. The essence of information systems and the tasks they can perform are revealed. The features of
relational and social interaction are described. The basic components of the parts that form the internal information
base are determined. The directions of the introduction of information and communication technologies in the
management and educational activity of an educational institution are considered. The dependence of the information
system effectiveness on the correct strategy for the development, acquisition and use of software products is
determined. The article describes the ways of developing and developing information management systems in a higher
educational institution It is proved that the information systems use is a prerequisite for the activity of a modern higher
education institution, which will promote the adoption of sound strategic management decisions aimed at increasing
competitiveness and creating an adequate and efficient infrastructure.

Keywords: systems, information systems, information technologies, automation, management, information search

systems.
Introduction

Various types of resources are needed for the de-
velopment of human society: instrumental, material,
energy, as well as information.

At present, there is a significant increase in the
volume of information flows and this applies to almost
all spheres of human activity.

The environment in which a person lives, studies
and works has a significant influence on the formation
of the individual.

Therefore, the urgent problem for all higher edu-
cational institutions it is necessary to introduce modern
innovative technologies to create a modern informa-
tional educational and scientific environment. The
university has information systems in which the stu-
dent can at any time receive all necessary information
for training, tutorial instruction and communication
with colleagues.

The university information systems correspond to
the modern needs of the information society, the cur-
rent state of science and technology development,
educational standards and promote the formation of
information and communication competencies of all
participants in the educational process from the profes-
sor to the student [2].

The research purpose

Analysis of the peculiarities of the modern infor-
mation systems use in the activity of the higher educa-
tional institution in order to create an effective infra-
structure and its compliance with the strategic objec-
tives of the higher educational institution. Identify the
essence of information systems and the tasks they can
perform. To study the main components that form the
internal information base. Investigation of the impor-
tance of implementing information and communication
technologies in the management. Determine the de-
pendence of the effectiveness of the information sys-
tem on the correct strategy for the development, acqui-
sition and use of software products.

Literature Review

In scientific literature there are many definitions
of the "information system" notion. However, as the
research shows, there is no single established and gen-
erally accepted definition.

Depending on the need, in different cases, differ-
ent thoughts are applied. Thus, in the economic ency-
clopedia E. Panchenko notes that the basis of informa-
tion systems are information models that describe and
regulate information flows in management with the
help of certain algorithms and procedures for the re-
cording and processing information.

According to V. Ponomarenko, the purpose of the
information system is the production of information
for the use by the management apparatus. Accordingly,
it provides for the accumulation, editing, preservation,
processing, generalization and specification of infor-
mation.

I. Vovchak argues, if the definition of the term
"information system" is to be based on a resource
approach, the information system can be interpreted as
a combination of means and methods of production,
accumulation, transformation and use of information
resources of the enterprise in order to realize the basic
functions of management by users [6].

The Czech researcher K. Kachir considers the dif-
ference in the data processing system from information
systems, emphasizing the destination and purpose of
their design. At the same time, he notes that the data
processing system is designed to perform this function
over the data that arose at the enterprise and are re-
corded in certain information media. In other words,
this system is not conditioned by the ultimate goal of
management - making the necessary management
decisions [1].

Research results

Information system is a set of organizational and
technical means for storing and processing information
in order to provide information needs of users.
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Information systems exist from the moment of
the society appearance, because at each stage of its
development there is a need for management

The mission of the information system is the
processing of information necessary for the effective
management of all organization resources, the creation
of information and technical environment for manag-
ing its activities.

An information system can exist without the use
of computer technology, it is a matter of economic
feasibility.

In any information management system, the three
types of tasks are solved:

e problems of situation assessment (sometimes
referred to as problems of pattern recognition);

e tasks of transforming the description of the
situation (calculation tasks, modeling tasks);

o tasks of decision-making (including optimiza-
tion).

Information systems include: technical means of
data processing, software and relevant personnel. Four
components form an internal information base:

o means of fixing and collecting information;

e means of transferring relevant data and re-
ports;

e means of information preservation;

e means of information analysis, processing and
presentation.

For a modern higher education institution (HEI)
information is one of the most important components
of management processes, because its production,
transmission and consumption is a "foundation" for the
effective functioning of all spheres of society's life.

The result of any modern social institution activ-
ity, first of all - the education system, largely depends
on the formation correctness and use of information
flows [5].

Information system of a higher educational insti-
tution is a set of interconnected components that:

collect,

process,

store,

distribute and analyze information that provides
decision-making,

coordination,

monitoring and implementation of the organiza-
tion's activities.

Information refers to data that are presented in a
particular form and have meaning and benefit for those
who use it.

The effectiveness of the information system de-
pends on the correct strategy of the development, ac-
quisition and use of software products.

Qualitative higher education should be focused
on innovative technologies and products offered by
companies - world leaders in the field of information
technology.

The use of home-made software products that re-
quire the constant technical support of developers and
become morally obsolete even before their normal
work can be get its act together [1].

A new qualitative stage in the development of
education is possible only with the intensive introduc-
tion of information and communication technologies in
the management and educational activities of a com-
prehensive educational institution. Such activity is
conducted in two directions:

e implementation of information technologies in
the management of educational activities;

e computerization of the institution educational
process and educational work.

The first of these directions is in creating optimal
conditions for automating work places of the partici-
pants in the educational process and their use of soft-
ware, which will help to systematize the management
work of educational institutions at all levels of the
management system.

The second direction is the testing and introduc-
tion into the educational process of electronic learning
materials, the development and application of elec-
tronic support of training sessions, self-sustaining and
educational work and test software tools [6—11].

The use of an integrated information system and
modern information technologies in the educational
process and in the management system as a whole can
be considered from different points of view. On the
one hand, it is the basis of the university's innovative
management system, on the other hand, it is a means
of creating conditions for the development of student's
creative abilities, increasing the teacher's competence,
individualizing the learning process, and ensuring the
learning process quality.

Innovation in the educational institution man-
agement based on information technology is a key
mechanism that will create an advantage in a competi-
tive environment. In this direction, the main measures
in the development of informatization is the creation of
its proper and efficient infrastructure, the introduction
of unified means of access to corporate data, the man-
agement improvement of all complexes of information
resources, and also ensuring the compliance of the
infrastructure with the higher educational institution
strategic objectives [4].

In the structure of information systems of higher
educational institutions one can identify a number of
subsystems - both autonomous and integrated into the
general automated control system of universities.

There are the following subsystems:

e subsystems such as "electronic dean's office";

e the subsystem of the educational process su-
pervisory control, including the functions of develop-
ing the schedules of training sessions;

e subsystem of methodological support man-
agement and a base of educational materials, which is
intended to accompany educational and methodical
documentation and electronic educational materials;

e subsystem of the research sector management;

e subsystem of paperwork, supporting the work
of the office, archives, expeditions, etc .;

e subsystem "Cadre";

e accounting and planning-economic subsys-
tems;
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e library information system, which serves for
accounting of library funds, search for users of literary
sources, registration and satisfaction of quotes;

e remote control subsystem included in the edu-
cational portals software;

e subsystem of university engineering services
support.

Typically, there are two ways of developing in-
formation management systems at universities: the
creation of a single corporate automated control sys-
tem or the creation and integration of independent
programs that automate the activities of individual
units or some management functions [3].

In the process of developing the informatization
project for educational process management at the
university it is necessary to take into account such
features:

e a large number of workplaces, where com-
puter equipment is periodically changed and operating
systems are updated;

o considerable distance of users of the system
located in different parts of the city;

e information is created in the system by a small
number of "active" operators;

e information is used by a wide range of con-
sumers (management staff, dean's and department
staff, teachers and students, their parents) with differ-
ent access rights;

o the need for a permanent adaptation of the in-
formation system to the educational process needs,
which change as a result of the higher education sys-
tem transformation.

An information system is a system designed to
store, retrieve, and process information, and relevant
organizational resources that provide and disseminate
information.

There are two important components to finding
information on the Internet - completeness and accu-
racy. Typically, this is all called a single word - rele-
vance, that is, the relevance of the response to the
request [12].

Relevance is a measure of the search engine's
relevance to the search query.

The primary method for evaluating relevance is
the TF-IDF method, which is used in most search en-
gines (both Internet search engines and reference sys-
tems (MSDNss).

Its content is that the greater the local frequency
of a term (query) in document (TF) and the greater the
"rarity" (ie, the less common it is in other documents)
of the term in the collection (IDF), the higher the
weight of the document relative to the term - that is,
the document will appear earlier in the search results
for that term [3].

Associative search is based on two key princi-
ples: all data is stored in computer memory (RAM);
the calculations are performed in real time.

These architectural solutions are underpinned by
two important trends in computer development. The
first is the transition from 32- to 64-bit computing,

which has led to an exponential increase in the size of
computer RAM.

The second is the ubiquity of multi-core proces-
sors.

Currently, servers that have 8 processors and a to-
tal of 48 cores are widely used. The changes have
dramatically increased the computing power of paral-
lel-computing applications [5].

There is a task to create an information system
for the chemistry department of the Yuri Kondratyuk
National Technical University with a system of infor-
mation search.

This information system should contain informa-
tion about the history of the department and its staff
composition.

Also it has to provide information to students and
entrants about the teaching and research work of the
department, methodological support and participation
in conferences.

Conclusion

One of the challenges faced by a modern univer-
sity is to increase its efficiency, namely, a comprehen-
sive action on the strategy, network infrastructure,
organizational structure, management and payment
systems, and the corporate culture of a higher educa-
tional institution.

The construction, support and development of a
single integrated university management information
system is an extremely complex and time-consuming
process that must be consistent with the concept of
activity and strategy of the institution's development.
The main features of relevant and associative search
are described in the article.

The only solution to this problem is to automate
the university activities and create an informational
environment, which, on the one hand, provides access
to the necessary, consistent and complete information
when is essential for users, on the other hand, is an
essential tool for the university staff activities and the
training of students.

Such an information environment allows you to
manage processes, data and people, that is, the infor-
mation environment can be considered from the point
of view of maintaining of the university life and as a
management tool.

At the moment, most of the universities use "par-
tial" automation, that is, they computerize only certain
business processes.

It leads to duplication and loss of information,
lack of data for operational analysis, loss of time for
maintenance and maintenance of obsolete technolo-
gies, high degree of dependence on the human factor.

Thus, the experience of designing and practical
application of the automated control system at a higher
educational institution has shown that the innovative
technologies implementation in the field of its infor-
matization contributes to the optimization of the edu-
cational process and is an effective tool for providing
high-quality training of specialists.
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Buxopucranns cucrem nomyky ingopmanii B indopmaniiiniii cucremi kadenpn ximii
[oaTaBchbkoro HaioHaJAbHOro TexHiyHoOro yHisepeurery iM. ¥Opisa Kongpatioka
I'. B. 'onoBko, K. M. Hixioposa

B crarri onucano oco0aMBOCTI BUKOPHCTAaHHS CY4acHUX 1H(QOpMaLifiHUX cHCTeM y AisIbHOCTI KadenpH 3aKiajy BHILOL
ocBiTH. BusneHo cyrHicTh iHpopManiiiHUX cucTeM Ta 3azadi, sIKi BOHM MOXYTh BUKOHYBaTH. ONUcaHO 0COOIMBOCTI pesLiii-
HOTO Ta acoLiaTHBHOIO MOMYKY iH(popMarii Bu3HaueHO OCHOBHI CKJ1a10BI YaCTHHH, Ki YTBOPIOIOTh BHYTPIIIHIO iH(opMaLiiiny
OCHOBY. PO3risiHyTo HanpsIMKM 3arpoBaJUKeHHs iH(pOpMalilfHO-KOMYHIKaLliiHUX TEXHOJIOTiH B YIPaBIiHCbKY Ta HaBYaIbHO-
BUXOBHY JiSUIbHICTh HaBYAIBHOIO 3aKiajay. BusHaueHo 3anexHicTb edekTuBHOCTI iH(GOPMAIIHHOI CHCTEMH BijJ HPaBUIBHOL
crpaterii po3po0bieHHs, NpUAOaHHS 1| BUKOPUCTAHHS IPOrPaMHHUX HPOIYKTIB. Y CTATTi OIMCAHO CIIOCOOM PO3POOKH Ta PO3BUTKY
iHpopManiifHUX cHCTEM YIpaBIiHHS Y BUILOMY HaBYaJIbHOMY 3akiaji. JloBeaeHo, 1110 BUKOPUCTaHHS iHOpMAIifHUX CUCTEM €
000B'I3KOBOI0 YMOBOIO JISUTBHOCTI CY4aCHOT'O BUILIOIO HABYAJILHOTO 33Ky, L0 CIPUATUME IPUHHATTIO OOIPyHTOBAHUX CTpa-
TEriYHMUX YNPaBIiHCBKUX PillleHb, CHPSIMOBAHMX HA 3POCTaHHS KOHKYPEHTOCIIPOMOXKHOCTI Ta CTBOPEHHS HAJIEKHOI Ta eheKTUB-
HOI iHpacTpyKTypH.

Karw4dosi croBa: cucremy, iHpopmaniiiHi cucremu,iHopmaliiliHi TeXHOIOrI], aBTOMATH3ALlisl, YIPaBIiHHSI, CUCTEMU
HOIIYKY iH(popMaLlii.

Hcnosb3oBanue cucTeM NMoMCKa HHGOPManuy B HH)OPMAIMOHHOM crcTeMe Kadepbl XAMAN
ITonTaBCcKOro HAMOHAJIBLHOI0 TEXHMYECKOro yunsepcutera uM. fOpus Konaparioka

I'. B. 'onosko, K. H. Hukugoposa

B cratee ommcanbl 0COOEHHOCTH HMCIOJIB30BaHUSI COBPEMEHHBIX MH(OPMAIOHHBIX CHCTEM B JIEITEIIbHOCTH
Kadenpbl yUIpexIeHUs! BBICIIEro oOpa3oBaHUs. BeisBieHa CyIHOCTh HHPOPMAILMOHHBIX CHCTEM U 3371a4H, KOTOPbIE OHH
MOryT BbINoNHATh. ONHUCaHbl 0COOCHHOCTH PEISIIHOHHOTO U aCCOIMATHBHOIO TTOMCKA MH(OPMALIUH, ONpe/IeleHbl oc-
HOBHBIE COCTaBHbBIC 4acTH, KOTOpbIe 00pa3yl0T BHYTPEHHIOI MH(POPMALMOHHYIO OCHOBY. PaccMOTpeHb! HanpaBieHUs BHeEApeE-
HUS MH(OPMALIMOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOTUH B YIPABIEHYECKYIO H YUeOHO-BOCIIUTATEIbHYIO ASSITEILHOCTh YUeOHO-
ro 3aBeJieHus. B craTbe onucaHsl criocoOs! pa3paboTKu U pa3BUTHS HH(GOPMAIIMOHHBIX CUCTEM YIPABIICHUS B BBICIIEM Y4eOHOM
3aBesiennn OnpereneHa 3aBUCUMOCTh 3((GEKTUBHOCTH MH(MOPMALMOHHON CHCTEMBI OT NPaBHJIBHOW CTpaTeruu pa3paboTky,
MPHOOPETEHHUS U UCIIONB30BAHMS IIPOrPaMMHBIX NIPOAYKTOB. JIOKa3aHO, YTO MCIIONB30BaHNE HH(OPMAIIMOHHBIX CUCTEM SIBILIET-
cst 00s13aTeIIbHBIM YCIOBHEM JEATEIBHOCTH COBPEMEHHOI'O BBICIIEr0 Y4eOHOro 3aBelleHHs, OyzieT CrocoOCTBOBATh HMPHHSTHIO
000CHOBAaHHBIX YIPABJICHYECKUX PELICHHH, HAIPaBJICHHBIX Ha POCT KOHKYPEHTOCIIOCOOHOCTH M CO3JaHMs Hajulexauled u s¢-
(bexTHBHON HHPACTPYKTYpBHI.

Kamo4ueBnle coBa: CUCTEMBI, I/IHq)OpMaLII/IOHHble CUCTEMBI, I/IHq)OpMaI_II/IOHHLIe TEXHOJIOIMY, aBTOMaTu3alnusi, yrnpas-
JICHUC, CUCTCMbI ITOMCKa I/IH(l)OpMaLII/II/I.
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ASSESSMENT OF SOCIO-ECONOMIC VALUE AND EFFICIENCY
OF AUTHOR'S SOFTWARE AND HARDWARE SYSTEM

The main goal of the article is to study and analyze the functional software and hardware complex application areas, as well
as to assess the socio-economic significance and effectiveness of the developed software and hardware complex. Sum-
mary. As a study result, the following conclusions were obtained: 1. The implementation effectiveness of a particular inven-
tion, project or rationalization proposal is based on taking into account the results and costs incurred to achieve them and the
economic feasibility of the proposed solution to the problem. 2. Cost estimation model - COCOMO II and similar models are
suitable for automatically calculating the software product cost with a large number of code lines. 3. FSA is the most effective
way to determine the economic software and hardware systems feasibility, where you need to take into account the author’s
device material component itself. 4. The developed author's software and hardware complex will have an economic effect from
the introduction in the first year of its use both for the manufacturer or consumer, and for the state as a whole.

Keywords: software and hardware complex, intellectual potential, intellectual capital, functional-cost analysis (PSA).

Introduction

Nowadays in Ukraine, IT professionals are
relevant to carry out appropriate calculations to assess
the economic importance and effectiveness of software
product development necessary to promote innovation
on the market. At the present stage, intangible and
innovative-intellectual components, which include
software products, the quality of server services, and the
like, occupy an increasing share in the structure of the
value of goods.

The development of information technologies,
their deep penetration into the production process, a
decisive increase in the role and importance of the
human mind, science, information and knowledge in the
economy and society development as a whole,
contributed to the intellectual capital emergence. At the
present stage, most world countries determine the
priorities of their nation intellectual capital
development. Recently, it is the nation’s intellectual
capital that is increasingly becoming a leading factor in
economic growth and international exchange, radical
structural changes, and has become the main factor in
determining the market value of high-tech companies
and the formation of a competitiveness high level.
Based on this, it can be argued that a qualitatively new
type of economy is emerging in the modern world - an
economy based on knowledge and the artificial
intelligence use.

It is well known that leading countries ensure their
development through knowledge-based innovation-
oriented industries. The formation of Ukraine as an
independent and economically independent state is
based on the formation of a new world economic
development model - the knowledge economy [1]. The
knowledge economy concept has recently become an
important theoretical, methodological and scientific-
practical basis for the economic growth of many
countries. It reveals the new human intelligence role and
place in society. In connection with the technological
development accelerated pace, the knowledge
availability is becoming an essential condition for a
country's participation in global competition. The

current social and economic development state of
society requires the intellectual capital preparation as
one of the innovative development priorities.

For the needs of the country's innovative
development, education plays an extremely important
role and is the key to the accumulation of intellectual
capital. It is not only a connecting, but also a
constructive link in the system of the main components
of an innovative economy - “science-education-
production”. In combination, the educational potential
acts both as a source of replenishment of highly
qualified personnel and as the main factor in mastering
the population of modern knowledge.

The mastery level of modern knowledge directly
affects the educational potential, which in turn leads to
an increase in the state intellectual potential. Preserving
the student health during the educational process is great
importance for the our state future. Recently, the
increased young people fatigue during the educational
process leads to an increase in the treatment cost, first
aid, risk of accidents, etc. [2,3]. Therefore, a hardware-
software complex for determining human fatigue was
created, which provides high accuracy and flexibility of
a diagnostic operation to determine the person
functional state. It is characterized by convenience and
simplicity in its use and has the ability to remotely
change the frequency-pulse and  color-light
characteristic, which consists of a simple electronic
component base.

However, it is well known that the any invention
effectiveness, project or software development is based
on taking into account the results and costs incurred to
achieve them and the economic feasibility of the
proposed solution to the problem.

Analysis of recent research and publications

The intensive research beginning of models for
estimating the software products cost dates back to the
60s of the last century, when E.A. Nelson, an employee
of System Develop-C ment Corporation (SDC),
published his first paper [5]. After the book publication
- in the late 60s - early 70s - a fairly large assessment
models number appeared (Delphi, Wolverton, etc.).
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The Delphi model was created by Rand
Corporation back in 1940, but the research results were
published only in the seventies. TRW employee model
R.U. Volverton, who later became, together with a
group of other researchers, the creator one of the most
widely used cost estimation models - COCOMO, which
was released in 1974 [6].

The first commercial product for evaluating the
software project cost appeared in 1977, it was the
PRICE-S model developed by the staff of Martin
Marietta Price Systems F. Freimen and Dr. R. Park [7].
A little later, in 1978, a second commercial model
appeared - SLIM, created by Quantitative Software
Management, Inc. (QSM).

By the end of the 70s - beginning of the 80s, a
number of serious models appeared - such as SEER,
ESTIMACS. In 1981, Dr. Barry Bohem, a researcher,
director of the Center for System and Software at the
University of Southern California, proposed his
COCOMO model (The COnstructive COst MOdel - a
constructive cost model), which was based on the
counting lines code metric [8]. It has become one of the
most popular due to its accuracy and -calibration
capabilities for various projects. In 1995, an updated
model version was published [9]. In the eighties, large
organizations such as the Rome Air Development
Center (RADC) and NASA joined in the cost estimation
problem study.

Purpose of the article

The main goal of the study is to analyze the socio-
economic assessment significance and effectiveness of
the developed author's hardware and software complex
[10-13].

The main part of the article

At the present society development stage, in the
rapid development era of information technology, the
number of high-budget projects in the software devel-
opment field is constantly growing, and therefore it
becomes very important to be able to assess the project
benefits and losses at various development stages, to
analyze possible scenarios of the events development.
According to statistics, about a quarter of all started
projects are completed in a timely manner, a quarter is
canceled and about half of all projects are completed in
budget expenditures excess or delayed. Most of the
reasons are related to the project incorrectness cost
estimates, which makes this direction one of the most
important. The selected model and software should be
tested on real projects in order to identify discrepancies
between the values obtained on the model basis and
software and the actual values for the project. Based on
the results obtained, it can be concluded that it is advis-
able to use selected models and software as a cost esti-
mation model. In case of discrepancies, it is necessary
to find a way to eliminate them, to determine the model
improving possibility, improving the estimates accu-
racy.

To assess the invention effectiveness of the indi-
rect evaluation hardware-software complex methods are
used. It is clear that reducing fatigue will increase the

assimilation rate of educational material, improve the
training and maintain health quality of young people,
which in turn will reduce the treatment cost and etc. The
one person training cost in a comprehensive school for
the state is 3000 hryvnias. This value is obtained taking
into account the health costs protection and disease
prevention and it is 10-15%, that is, 300-450 hryvnia. If
the proposed inventions will reduce the incidence of
eyes, scoliosis or other organs by 5%, then the annual
savings per person will be 15 UAH If you take it on a
countrywide basis, you can easily calculate the total
savings by producing a certain amount by the total
number of students, that is, 4,299 thousand. People will
give 64.5 million UAH. saving.

The next step to solve the problem was to calculate
the hardware-software complex costs for measuring the
functional state. In order to improve the quality and
consumer software and hardware complex properties at
all stages of the life cycle, a functional cost analysis
(FSA) was applied. Functional-cost analysis is an effec-
tive method for determining the cost and other products
and services characteristics, which is based on the func-
tions resources involved use and in the production,
marketing, sale, delivery, technical support, services,
customer service, and quality assurance. This method
was first used by General Motors (USA) in 1947. The
method is widely used in the USA, England, Japan and
other countries. The method of an innovative object
comprehensive technical and economic study in order to
develop and improve its useful functions with the opti-
mal ratio between their importance for the consumer
and the implementation cost is perfectly developed and
described in the literature. So, the main purpose of the
FSA is to help reduce the production cost, work and
services while improving or maintaining the achieved
quality of work performed at all stages. Mathematically,
the FSA method can be represented by the formula:

Q:max €))]
B

where SB is the use value of the software package,
which is a consumer properties combination (total cost);
B - the cost of achieving the necessary consumer proper-
ties. The software product in question is a product, that
is, a use value, not for the manufacturer, but for the con-
sumer. The consumer software product value can be
estimated using both quantitative indicators and relative
scores, which are used for a qualitative and complex
description (assessment of the aesthetic and visual quali-
ties of software solutions).

In our study, we lay the foundation of the FSA on
such principles as a functional approach, that is, object
study consideration taking into account the functions for
which it is created; valuation, is a continuous economic
evaluation of emerging software solutions; systematic
approach to the FSA software solution; full achieve-
ments of computer science and heuristics, etc.

FSA methodological principles are presented in
Fig. 1. The tasks and features described above should be
carried out during the life cycle of the software product,
for management and health purposes it can be divided
into stages.
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Fig. 1. FSA methodological principles

The actions and stages sequence of the life cycle of
the developed hardware-software complex is shown in
Fig. 2.

Functional and cost software product analysis
consists of a set of interrelated activities aimed at
creating conditions for the organization of work for its
preparation and conduct.

For a detailed analysis of consumer properties of a
software product, its technical functions, as well as the
functions of its individual parts related to their
manufacture, it is necessary to attract various
specialists. It is impossible to conduct a comprehensive
analysis by the forces of one or a small group of
specialists, for this we need appropriate specialists:
developers, designers, economists, marketers,
innovation managers, etc.

The conducting process a software product func-
tional-cost analysis consists of the following stages:
preparatory; informational; research; analytical; recom-
mendatory; innovative.

At the first, preparatory stage, it is necessary to de-
termine the analysis object and develop organizational
forms for conducting the FSA. At the analytical stage,
information is collected and systematized on the object
functional structure and on the material carriers of its
individual functions. As a study result, it was at the
analytical stage that the technical, economic, opera-
tional, ergonomic and aesthetic object functions as
whole and additional technical functions were examined
in detail. As you know, in an analytical study, an object
is considered as a set of functions that it performs.
Among these functions, some are basic, since they stem
from the purpose of the object, the second are auxiliary,
because they create conditions for the implementation
of the basic functions, and the third functions are super-
fluous, that is, they are not needed at all. The proportion
of individual functions in the total set of consumer ob-
ject properties is determined by the importance coeffi-
cient or significance. When determining this coefficient,
the most important characteristics for the consumer are
taken into account (table 1).

The table computes and shows the cost coefficients
for each individual function.

*Program development

*Developing requirement

*Definition and justification

*Inspection and control

*Programming and replication, launch

(L L L

» Application (operation)

Fig. 2. The actions and stages sequence of the life cycle
of the developed hardware-software complex

In general terms, this coefficient is equal to the ra-
tio of the function specific gravity in expenses in the
function significance. An important parameter in the
table is the first one for which:

70
Ky =—=14>1. 2
@ =3, @

This coefficient indicates a mismatch between the
costs and function significance, usually it should be
equal to 1. If the cost coefficient is less than 1, the ratio
is considered favorable, and if the value is more than 1,
it is recommended to reduce costs.

The search for the most rational solutions was carried
out from the implementation perspective of the studied
functions and ensuring the requirements for the object
performance. The solution options feasibility study is car-
ried out according to the documents in force in the eco-
nomic efficiency field. Using the proposed methods, the
developed hardware-software complex was tested by both
the author and the Ministry of Economic Development [10,
11].

The main criterion for the rational decisions selection
was the maximum beneficial effect value per unit of total
costs for the manufacture and operation of the object, in-
creasing its competitiveness and increasing profits from its
implementation.
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Table I — Comparison of significance coefficients and
the functions parameters expenses share

Signi- | The function F .
: . unction
Functions ficance, share in Cost Ratio
% costs, %
Performance
Indicators Ecrera >0 70 1.4
Power consumption 25 10 0,4
Ergonomics 15 10 0,67
Information content 10 10 1
Total 100 100 -

The functional model was built using several lev-
els. Each functions level has its purpose.

At the upper (first) level, the study object external
functions are located, they are performed by the object
as a whole. At the second level - the main functions.
The third and fourth levels are designed to accommo-
date the study object auxiliary functions.

Customer | )
requirements n
Main function Fl Minor function Fz
Tlevel
11 level F, F, Fi
[l level Fin Fiiz Fi21 Fi2 Fias
IVlevel Fin Fiin Fian Fian Fian

Fig. 3. Functional Model Diagram

When evaluating the functions values having a
vertex at a higher functional model level, the main con-
dition is the equality:

Ya; =1, ®
i=1

where is a; — a value j-i functions; i = 1...n — the number
of given level functions having a common vertex.

Along with the function name, the value aj is
placed on the functional model. The functional model
has a multi-stage structure, where the function value of
any level (RFij) as a whole is proposed to be determined
by the following formula:

G
RFij :Hapij mpu 0< apij <1, (4)
I

Where is agjj — a value i-1 functions j — th level; G — the
number of functional model levels.

In the upper right corner, the numbers indicate the
function value in relation to the higher level function
value. The determination of the software solution func-
tions values in a functional model is presented in Fig. 4.

In accordance with the functional model, first of
all, were calculated values of the main and functions,
based on their providing role the object needs.

Fo |

7

Fle] Rl
NEAS

Fy (02 ]

0,15 | 0,20 | 0,10 | 0.25
Fy Lo |7 L0 |m, Lo |,
0.1 0,08
F3] I_ F34
0.08 | 0.04
F32| F33

Fig. 4. Determining the software solution functions values
in a functional model

Secondly, the functions values, based on the im-
plementation role of the main and auxiliary functions.
The sum of the main functions (F;, F,, F3) is equal to
one and equal to the value of the main function (Fy).
The sum of the auxiliary functions values (F;, Fy,) is
equal to the function value (F;). So, the function F; =
0.35, and its components F;; = 0.15 and F,, = 0.20.

Thus, we have: F;; +F;, =F,;; 0,15+ 0,20 = 0,35.

Similarly, we get the value F,, namely:

Fz] + Fzz = Fz, 0,10 +O,25 = 0,35

Accordingly, if F3;=0,1; F3,= 0,08 ; F3;= 0,04;

F3;, = 0,08, and Fs= 0,3, thus we have an expres-
sion: F31 + F32 + F33 + F34 = F3, 0,1 + 0,08 + 0,04 + 0,08
=0,3.

As noted above, the value of the main function is
unity (Fo=1), so:

F, + F, + F; =F; 0,35 40,35 +0,3 = 1.

The procedure for determining actual costs in-
cludes: the material carriers proportion in the function
implementation; the costs share determination of creat-
ing each material carrier that falls on this function;
summing the function costs for all tangible media.

In order to determine the share of each material
carrier in the identified functions implementation by
comparing the functional and structural models, a func-
tional - structural model (FSM) was built. To build it, a
graphic form was used. For each function, a detailed
analysis was carried out to identify its usefulness.

The carried out cost calculation made it possible to
determine the approximate annual economic effect of
the development implementation, which in turn allowed
us to draw conclusions about the using appropriateness
the proposed version of the hardware-software complex.
According to the analysis results, the estimated annual
economic effect from the development implementation
is 152,000 UAH. The proposed complex version will
reduce the manufacturing complexity by 128600 stan-
dard hours and reduce the indirect maintaining health
cost by 64500000. UAH. (The calculation is made for
students of a comprehensive school).

Conclusion

1. The implementation effectiveness of a particular
invention, project or rationalization proposal is based on
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taking into account the results and costs incurred to
achieve them and the economic feasibility of the
proposed solution to the problem.

2. Cost estimation model - COCOMO II and
similar models are suitable for automatically calculating
the software product cost a with a large number of code

way to determine the economic software and
hardware systems feasibility, where you need to take
into account the material component of the author’s
device itself.

4. The developed software and hardware complex
will be economically profitable when implemented in

lines.
3. Functional-cost analysis is the most effective

the first year of its use for the state, manufacturer and
consumer.
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Ouinka coniaJbHO-eKOHOMIiYHOI0 3HAYEHHs Ta e)eKTHBHOCTI aBTOPCHKOI0 MPOrPaMHO-aNapaTHOI0 KOMILIEKCY
A. 1. I'opouixo, T. M. Jlepkay, T. A. JImurpenko, A. O. IMUTpEHKO

OcHOBHa MeTa CTaTTi MoJIArae B AOCHIPKeHHI 1 aHami3i (yHKIIOHAIBHUX 00JIacTel 3aCTOCYBaHHS IIPOrpaMHO-aapaTHOro
KOMIUIEKCY, @ TaKOX B OLIHI COLIaTbHO-SKOHOMIYHOTO 3HAYeHHS Ta €(EeKTUBHOCTI pO3pOOJICHOTO HpOrpaMHO-anapaTHOro
komIuiekcy. BucnoBku: 1. EdexruBHicTb peanizauii 1eBHOro BUHAX0.ly, HPOEKTY ab0 pallioHai3aTopchbKoi pono3uuii 0a3yeTs-
csl Ha OOJIKY pe3yNbTaTiB 1 BUTpAT, IIOHECEHHUX VIS 1X JOCSTHEHHS I €eKOHOMIYHOI JOLIIBHOCTI 3alPOINOHOBAHOTO BUPIIICHHS
npobnemu. 2. Mozens ouinku Baptocti - COCOMO 1I i noxiGHi Mozeni mpuiaTHi i aBTOMaTUYHOTO IiPaxyHKY BapTOCTI
MIPOrPaMHOT0 MPOAYKTY IPU BEJIMKIK KUTBKOCTI psaakiB koxy. 3. ®BA - HalleekTuBHIMMIT crioci0 11st BU3HAYEHHS €KOHOMIiYHOL
JIOLIBHOCTI IPOrpaMHO-aapaTHUX KOMIUIEKCIB, e TOTPiOHO BpaXxoByBaTH MaTepiallbHy CKJIAJIOBY CAMOI'0 aBTOPCHKOIO IpHIIa-
ny. 4. Po3poGiieHnii aBTOpCbKHI IIPOrpaMHO-alapaTHUH KOMIUIEKC MaTHME €KHOMIuHiH edeKT Bil BIPOBA/LKCHHS BKE B Iep-
U PiK CBOrO 3aCTOCYBAaHHS [UIsl I€PKaBH, BAPOOHUKA 1 CIIOXKUBAYa.

Kar4doBi caoBa: nporpaMHo-anapaTHui KOMIUIEKC, IPOrpaMHUM NPOAYKT, GyHKIiOHAIBHO-BapTicHHUIT aHaui3 (PBA).

OneHka conuaIbHO-D)KOHOMHYECKOro 3HaYeHNsI ¥ (P eKTHBHOCTH ABTOPCKOr0 NMPOrpaMMHO-aNMAPATHOT0 KOMILJIEKCca
A. W. Topouxo, T. H. lepkau, T. A. imurpenko, A. A. JIMUTpeHKO

OcHOBHasl LIeJIb CTAaThU 3aK/II0YACTCS B UCCIEIOBAHNN U aHan3e QYHKIIMOHAIBHUX 00JacTel IPUMEHEHHUS IPOrpaMMHO-
alInapaTHOro KOMIUIEKCa, a TAKXKE B OLEHKE COLMAIbHO-9KOHOMUUYECKOro 3HaYeHHs 1 3G (PeKTUBHOCTH pa3paboTaHHOro Iporpa-
MMHO-aINapaTHOro KoMIuiekca. BeiBogpl: 1. DdQekTHBHOCTD peann3aluy onpeeieHHOro U300peTeH s, IPOeKTa WM Paluo-
HAJIM3aTOPCKOr0 NPEeIOKEeHHs 0a3upyeTcst Ha ydeTe pe3ylibTaToB U PACXO0B, IIOHECEHHBIX Ul X JOCTHXEHUS U 3KOHOMHUYE-
CKOM 11eJ1eco00pa3HOCTH TPEIIOKEHHOro perreHust npodiemsl. 2. Mogens orenku cronmoctd - COCOMO 1II u nonoGHbIe
MOJIENIH NIPUTOAHbIE Ul aBTOMATHYECKOro I0fICYeTa CTOMMOCTH HPOrpPaMMHOIO IPOJYKTa HPH OOJIBIIOM KOJIMYECTBE CTPOK
koza. 3. ®BA - camblii 3¢)peKTUBHBII CIIOCO0 VIS ONpPEAENICHUs] SKOHOMUYECKOH 11e71eCO000pa3sHOCTH IPOrPaMMHO-aNIIaPATHBIX
KOMIUIEKCOB, I'JIe HY)KHO YUUTBIBATh MAaTEPHAIIBHYIO COCTABIIIOLIYI0 CaMOro aBTOpcKoro npudopa. 4. Paspaborannblii aBTOpC-
KU NpOrpaMMHO-aNIapaTHbIl KOMIUIEKC OyJeT UMeTh eKHOMI4HMI 3(QeKT OT BHEIPEHHs YXKe B IEPBbIH 'Ol CBOETO HMPHIO-
MKEHHUS IS TOCYapCTBa, IPOM3BOANTEINS U IOTPEOUTEIIS.

KawueBbie caoBa: mporpaMMHO-aNIapaTHBI KOMIUIEKC, IPOrPaMMHBIA MTPOIYKT,
anamm3 (OBA).

(YHKIMOHAIBHO-CTOMM OCTHBIH
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O. A. Kobumnin, C. O. Buckpebennesa, P. B. [lerposa

doi: 10.26906/SUNZ.2019.5.045

XapkiBchKUH HAIlIOHANBHUI YHIBEPCUTET PaioeIeKTPOHIKH, XapKiB, YKpaiHa

OBPOBKA JAHMX, IIIO MICTSATH ITPOITYCKH B 3ATJAYAX KJTACTEPH3AIIII

IIpeamerom 1ociiKeHb € METOAN IiITOTOBKH Ta 0OPOOKH BXIIHHMX JaHUX, IO MICTSTh HPOIMYIIEH] 3HaYeHHS, JUIA IX I0-
JIATIBIIOro aHali3y Ta Kiacrepusaiii. MeTow JOC/izkeHHs € PO3IiIsL] ICHYIOUMX METOIB 1030aBJICHHS BiJl IPOIYCKIB Yy
JTAaHUX B 3aJjadax KIacTepH3allii Ta JONiIbHICTh IX BUKOPHUCTAHHS Y PEeaJIbHUX 3a/adax. 3aBIaHHsI: aHAJIi3 [lepeBar ta He-
JIONTIKiB KOXKHOT'O 3 METOJIIB, 1110 HAIIpaBJIeHi Ha BiJHOBJICHHS IaHUX, JUIS BU3HAYECHHS IOLIBHOCTI BUKOPUCTAHHS IX B 3a-
Jlagax Kiactepusamil Ta BUIUICHHS ONTHMAIBHOTO METOAY, HOPIBHSUIBHMIA aHajIi3 METOIB, OLiHKA Pe3yJIbTaTHBHOCTI 3a
HACJIiJIKaMU TIOPIBHSHHS KJIacTepu3amii BiHOBJICHUX JAHMUX 3 pe3yJbTaTaMy KJIaCTepH3alii eTaJoHHHX NaHux. MeTomm:
FCM - nns npoBezieHHs1 Ge3rmocepeJHO KilacTepu3anii TaHUX, METOJ BUAAICHHS BCIX PS/IKIB, IO MICTATBH IPOITYCKH, 3a-
TIOBHEHHS TPOITYCKiB BUOIPKOBHMH CTAaTHCTHKaMM, 3alIOBHEHHS IIPOITYCKIB 3 YpaxyBaHHIM CTPYKTYPH 3B’s3KiB. Pe3ysib-
TaTH: €(PEeKTUBHICTh 3aCTOCYBaHHS METO/IB IPH MiATOTOBII AaHHX VIS TIOJAJIBIIO] KJIacTepu3amii 3aJISKUTh Bl KITBKOCTI
HasBHUX HPOITYCKiB B IOXiJHOMY Ha0opi. SIKIIO TaKuX PANKIB JOCHTH Majlo, TO KOXEH, 3 PO3MIIIHYTUX METO/IB, MOXe Oy-
TH BUKOPUCTAaHUH 1 JaTH HEoOXinHI pe3yabTaTd. Aje, SKIIO PAAKIB 3 MPOIYyCKaMu A0cUTh Oarato, Hanpukian 30%, Toxui
HaWOUTBII NPUHHATHUMHE JUISI BUKOPHUCTAHHS MO)KHA Ha3BaTH METOJIM, IIO ITOB’sI3aHi 3 3aMiHOIO 3Ha4YeHb, OJIHAK CJIiJ Bpa-
XOBYBATH, [0 TaKa 3aMiHa MOXK€ IPU3BECTH 10 CIIOTBOPEHHS JIAaHUX, a 3 PeIITOIO 1 pe3ynbraTiB. BucHoBkn. HaykoBa Ho-
BH3HA — JIOCII/DKEHHS [IPo0JeMHy KilacTepu3alii TaHuX, 10 MiCTSTh IPOITYIIEH] 3HaYeHHs Ta PO3TJIs] METOMIB, SIKi JI03BO-
JISIFOTB PO3B’sI3aTH 110 331a4y. [IpoBeieHHs eKCIIEPUMEHTIB Ta OPiBHSIHHS Pe3yNIbTaTiB KOKHOTO 3 METO/IiB, BUCHOBKH ITPO
JIOLIBHICTD BUKOPUCTAHHA TOT'O YH IHIIOro MeToAy Ta nobiuni edextu. [IpakTuyna 3HaYymicTh poOOTH NOJIATAE Y BU-
3HaYeHI MOXKJIMBOCTI BUKOPUCTAHHS B PEAIBHMX 33Ja4ax, [0 3a3BHYAil He € 11eaIbHIMH i 3 BEJIUKOI0 HMOBIPHICTIO MiCTH-
THUMYTb IIPOITYCKH, METO/IB 0OpOOKHM TaHWX JUIsi BAKOPHCTAHHS iX B 3aJa4ax Kiacrepu3arii.

KawuyoBi caoBa: kiacrepusanisi, HENOBHI JaHi, 00poOka Ta aHamni3 nanux, Data Mining, FCM, Meronu BiHOBIICHHS

JTaHUX, MOBa NporpamMmyBaHHs R.

Beryn

3 MIBUIKMM PO3BUTKOM KOMIT'IOTEPHHX TEXHOJO-
rif 1 HayK 3ajgayi, MI0 TMOCTAlOTh Mepe]] HayKOBLSIMH
3MIHIOIOTBCS, TaK PaHIIe OOYMCIIOBAIbHI MAIIMHH, a,
pa3oM 3 HAMH i KOMITIOTEPHI HAYKH, PO3BHBAJIHCS
JIOCHUTh TTOBUJIBHO 1 OCHOBHHU# iHTEpEC CTAHOBUB PO3BHU-
TOK caMe amapaTHOI Oa3u: 30UIbIICHHS MaM’sTi, 5K
OIEpPaTUBHOI TaK i JKOPCTKUX HCKIB, 3arajibHa IIBUI-
KicTh OOYHCIICHD Ta iHIE. PO3BUTOK MporpaMHOro 3a-
OesrieueHHs1 OyB OOMEXEHHI caMe armapaTHUMHU Xapak-
TEPUCTHUKAMH, HEOOXITHO OYJI0 pO3B’SI3yBaTH MPOOIEMHU
36iMBIICHHS TPAIE3ATHOCTI MPOTpaMH Ta BHPILITYBAaTH
3a/1adi CKOPOUCHHS PecypciB, a caMe 3MCHIICHHS IPo-
TPaMHOTO KOAY.

Ha cporozani npoGiema 3 mam’sTTi0 260 004HCITIO-
BaILHUMH PECYPCaMH HE CTOITh TaK TOCTPO, amapaTHa
0a3a CTpIMKO PO3BHBA€ThCA 1 OijIbllle HE CTAHOBHUTH
ocHOBHHH iHTepec. 1lle omHie0 PYIIIHHOK CHIIOK € Te,
0 KOMIT' FOTEPH CTaIH BCe OLNBII JOCTYITHUMHU 1 HEMa-
JIUHA BKJIQJ B PO3BUTOK TEXHOJIOTIH POOIATH MepeciuHi
KOpHUCTYBadi. BpaxoByrouu 1ie, 301bIIYETHCS KIBKICT
iHpopMarii, oo moTparise B KOMIT IoTep i Oe3nocepen-
HbO B [HTEpHET.

3i 30UIbIICHHSIM 00’€MIB JaHUX CTAaJd BHUHUKATH
HOBI 3a/1a4i, Bce OLIBIINI IHTEpEC CTAHOBHUTH po0OOTa 3
JMAHUMH 1 PO3B’S3aHHSA MpOOJIEeM, IO TOB’sA3aHi 3 IX
00pOoOKOI0 1 MoAambIIUM aHami3oM. OCKIIBKH MOXKIIH-
BOCTI CTBOPEHHSI HOBOTO KOHTEHTY MAlOTh BCi OaKarouu
— 00CATH TaHUX HEMOMIPHO 3POCTAlOTh, & 1X BIOPSIKO-
BaHICTh cia0Kka. 3’SBISETHCS HEOOXITHICTH MOUIYKY
JIAaHUX, B TOMY YHUCII 300pakeHb, X 00poOKH, I Map-
KETHHIOBHX 1 CTATUCTUYHMX JOCHI/PKCHb, BUKOPHCTAH-
HIO Y iHIIUX cepax, HAMPHUKIIA MOBCAKICHHOTO KUTTSI
MEPECIYHOr0 KOPHUCTYBayYa.

HaiinonynspHilmuMu  HanpsMKaMu  JOCTiJHKEHb
yacrime cratote: Big Data, Data Mining, Machine
Learning, mocrae muTaHHS NOMIYKY AaHUX iX TJI00aib-
HU Ta iHTeNeKTyadbHUN aHami3. Cepen TaKUX aKTyallb-
HUX 3aBJaHb 3HAXOISITh CBOE MICIIE 1 IOHATTS Kiacudi-
Kallii Ta KIacTepu3aii JaHuX.

Knacuikaumis BCTaHOBIIOE 3aKOHOMIPHOCTI ISt
PO3OUTTS MaHUX Ha 3a3JaJeTiJb BHU3HAYCHI ITiIMHOXH-
HU (KJ1acH).

Krnacrepuszariist € mporiec po3OUTTs 3a1aHol BUOIp-
K1 00'€KTiB (CHOCTEpEKEHb) Ha MiJMHOXHHU (SIK TIpa-
BUJIO, HEMEPECIUHi), sIKI HA3MBAIOThCS KJIACTEpaMH, Tak,
o0 KOXEH KJacTep CKIANaBCs 3 CXOKUX O00'€KTIB, a
00'€KTH pI3HUX KJIACTEPiB ICTOTHO BixpizHsuHcs [1].

3ajaui moAiOHi, ajle OCHOBHA BiIMIHHICTE IOJISATA€
y TOMY, IO KJIAacTepHu3allis mependadae po30OUTTI 3a
YMOBH ITOYaTKOBOI HEBU3HAYEHOCTI IOJI0 KOHKPETHUX
TpyI, BOHa MOXE MaTH KPHUTEpii 11010 KiJIbKOCTI KiHIle-
BHX KJIACTEpiB, ajie He 1X 3MICT, TOOTO, MOXKHA CKa3aTH,
110 LIe HaBYaHHS 0e3 BYMTEIIS.

BuinsroTe HACTYIIHI OCHOBHI 3aBIaHHS KJacTep-
HOT0 aHaizy [2]:

- po3poOka THrosorii ado kiacudikartii;

- OCIII/DKEHHSI KOPHCHUX KOHIIENTYaJIbHUX CXEM
IpyNyBaHHS 00'€KTIB;

- IOPOJDKEHHS TINOTe3 HAa OCHOBI JOCIIKESHHS
JIAHUX;

- epeBipKa Tinore3 Jjisi BU3HAYECHHS, Y JIHCHO
U (TPYNH) BUIUIEHI THM YH 1HIIUM CIIOCOOOM, IMpH-
CyTHI B HasIBHUX JIAaHHX.

OTKe, KIacTepu3allisi CTAaHOBUTh 1HTEpeEC, SIK CIIO-
¢cib monepeaHboi 00pOOKM MaHWX, JUIs OLIBII 3PYyYHOTO
noAajbpIIoro ananizy. OTpuMaBIIM HEOOXiqHI IPymH, a
TaKOX X IEHTPOIIN MOXKHA MTPOIOBKYBATH POOOTY BiKE
3 KOHKPETHUMH ITIPEJCTaBHUKAMH, a HE 3 yCIM HaOOpoM
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JIAHKX, 10 OCOOJIMBO aKTYyaJbHO B YMOBaxX OC3KIHEYHO
3pocratodoro o0’emy indopmarii. Januit miaxin 103Bo-
JISiE Kpallle 3p03yMITH JaHi, IUIIXOM BUKOPHCTAaHHS JIJIst
KO)KHOTO KJIacTepy HaHOULIbII ONTUMAaJIbHOTO aJrOpHT-
My aHaji3y; NPOBECTH CTUCHEHHS, BUIUIMBIINA Haii-
OLJIBII THIOBUX NPEICTABHUKIB, 32 YMOB 30MTKOBOCTI
JIAaHWX; BUSBIICHHS HOBHM3HM, MUIIXOM BUJIICHHS
00’€KTIB, 110 HE MOTPATIMIIM J0 JKOIAHOTO 3 KIIaCTEPIB.

Cdepa 3acTocyBaHHS MOXKe OyTH JOBOJI INUpPOKA,
BHUKOPUCTAHHS B CErMeEHTaIlii 300pakeHb [8], aHamizy
Bizieo [9], mporHo3yBaHH, aHaJIi3 TEKCTIB, ONTHMI3allis,
MAalllMHHE HaBYaHHS, HTEJICKTYaJIbHOMY aHalli3i JaHWUX
[7]. TakuM YHHOM BUBYCHHS Ta BUKOPUCTAHHSI METOIB
Kjacrepu3amii Uil BUPINIEHHS 0araTboX Ba)KJIMBHX
MTUTaHb € JOCUTH IIKaBOIO 3aJauero, ajie BOHa Ma€ HU3-
Ky CBOIX HEIOJIKIB i mpoOiieM, 110 MOTPeOYIOTh BHPI-
LIEHHSI.

Taxk, HanpuKIad, OJHIE0 3 MPOOJIEM KIlacTepH3ariii
MOXKHa BHIUINTH POOOTY 3 IMPOITyCKaMHu NaHuX. IcHye
0e3J1iY METOIiB, aJie BOHM HE Tepea0dadaroTh BiICYTHOC-
Ti sIKOiCh KiIbKOCTI iH(opmamii. Aje, SK TIIBKH MU
BUXOJMMO 33 PaMKH TECTOBUX JIaHHX 1 IIEPEXOAUMO 10
00pOOKHM peasbHUX - CTUKAEMOCS 3 L€ MPOOJIeMOro,
ajpKe B JIMCHOCTI 1/IeajIbHUX JTAaHUX HE ICHYE 1 BCl BOHH
MICTATh IIyMH (HEKOPUCHY iH(pOPMAIIIO, SIKa MOXKe
3alIKO/INTHA Pe3YJbTaTy), MPOIYCKH, HeBiINoBiaHI (o-
pMaru Ta iHIe.

TakuM YMHOM, JOUUIEHMM € DO3IJIsL] BapiaHTiB
pileHHs poOIeMH KiTacTepu3allii JaHuX 3 MPOIyCcKa-
MHU.

Knacrepusauis
Ta KJIACHYHI METOIU KJacTepu3amii

Onucyrour Tporec KiacTepusallii, MO3HAYUMO
MHOXKHHY 00’€KTIB, IIIO CKJIAJA€ThCs 3 HAOOpy aTpuoy-

. . . n -
. )4 i i _ i o
TiB X, = {tl ,tz,...,tm} , K T = {xi }i:l , Ie t, upwuiimMae
3HAYEHHS 13 3a/1aH0i MHOKMHY 7 . 3aBJaHHs KIacTEpH-

3arii nonsrae B mo0ymoBi MHOXHHA C = {cv}v:l 1 BiJIO-

Opakenus F :7 — C 3agaHOl MHOXXUHH O0'€KTIB Ha
MHOXKHUHY KJIaCTepiB.

Knacrep mictuth 3amucu 3 7 mnoaiOHUMH (3a 3a-
JTAHUM KPUTEPIEM) OMH Ha OJHOTO

X, €c,,x;, €c, >d(x,x)<e, (1)

ne d(x;,x;) — mipa OmusbKocTi Mik ob'ekTamu (Big-

CTaHb), @ & - MaKCUMaJbHE 3Ha4eHHS Mopory, o ¢o-
pMye onuH knactep [1].

Buxomsuu 3 [3], MoxHa cka3aTH, 110 METOIU Kia-
cTepu3alii MoJISIOTECS Ha iepapXivyHi Ta HelepapXiuHi
(anmropuTMu poO3NOITY) AITOPUTMHU.

B nporieci iepapxiyHoi KiacTepu3ariii Bi0yBa€eTh-
sl 3JIUTTS Ta TOJUT KJIacTepiB mij yac moOyaoBH JiepeBa
BKJIAJICHUX KiacTepiB (meHaporpamu). lepapxiuni me-
TOJI TAKOX IMOIIISIOTHCS HAa:

- arJIOMEepaTuBHI, Ha TOYAaTKy AITOPUTMY KOXKEH
€JIEMEHT 11e OKPEMUH KJlacTep, NPH MOJaIbIINX KPOKax
KJIaCTEpPH MOEAHYIOTHCSI B OJUH. TakuM YHHOM, METOX
nonsArae B 00’€IHaHHI KJIacTepiB, 3MEHILEHH] X KUTbKO-
CTi;

- IiBI3WBHI, TOOTO OJMH KJIACTEp Ha MOYATKY 1 MO-
JaJIpIe HOro po3AUICHHS Ha OUTBITY KiJBKICTh KiacTe-
piB.

Heiepapxiyni MeTOAM BiJpi3arOThCS THM, LIO IIO-
TpeOyYIOTh HasBHICTh YMOBHU 3YIHUHKH 1 KUIBKICTh Kiac-
TepiB. Lle iTepaTUBHUIA MpOIEC MOILTY HA KIACTEPH 10
TUX Iip JOKW He Oyle BUKOHaHa yMOBa 3ynuHKH. Heie-
papxiuHi METOIM KJIACTEPHOTO aHaJli3y OLIBII MpHUIATHI
y BUIAJKy BEJIMKOI KITBKOCTI CIOCTEPEKEHb.

Haii6inpim monmymnsspHAM METOJIOM HelepapXiuyHOl
KJlacTepu3alii € MeToJ] HallMEHIINX KBaJIpaTiB

kN

j=li=

<

2
X, — sj| — min (2)

i oro 4yucesibHa pealizallisi Ha3WBAETHCS METOIOM k-
CepeIHIX.

AJNTOpUTM k—cepenHiX moisrae y ToMmy, 1o Ha Io-
4aTKy OOMPAEThCsA k JOBIIBHUX IEHTPH, N, 32 [UMHU
LEHTpaMH, pelTa MHOXHHH pPO30MBA€ThCS Ha TPYITH.
Ha HacTymHOMY KpOIli OOYHCITIOIOTHCS HOBI IICHTPH IS
OTPUMAaHUX KIJIACTEPiB TaKUM YHHOM, OO KBajpaT
eBKJIIIOBOI BiJICTaHI BiJ eleMEHTa KiacTepa IO HOro
LEHTPOiay OYyB MEHIIMM HiX BIACTaHb JO IICHTPOIIIB
peurtu knacrepis [4] .

Mopudikaiiero 1IbOro METOAy MOXHA BBaXKaTH
fuzzy k-means abo c-means [5], SKWi BiIpI3HAETHCS
TUM, 110 KOKEH €JIEMEHT KJIacTepy HAJICKUTDH 10 HHOTO
3 MEBHOIO WMOBIPHICTIO, 1 HOro He 00OB’SI3KOBO MOXHA
YiTKO BIHECTH IO OJHOrO 3 KJIAacTepiB, TOOTO TPYIIH
MOXYTb NIEPETUHATHCS.

Heiepapxiuni Meroau OnbI CTiKI 1O NIyMiB, He-
MPaBUIILHOT METPUKU Ta HAasSBHOCTI HE3HAYMMUX Iapa-
METpiB y TOpIBHSAHHI 3 i€papXiYHHUMHU METOJaMH, SIKi
BUTPAlOTh, Y BHUMAJKaX 3 HEBU3HAYECHOIO KUIBKICTIO
KJacTepiB, iTepalliii, ab0 yMOBHM 3ynuHKH. Takox iepa-
PXiYHI METOMH MO3BOJISAIOTH OLTBII JETAJbHO BHUBUYHTH
CTPYKTYpPY JaHHX.

IIpo6aemu kiaacTepusauii,
poboTa 3 nponmyckamu

P0o30WTTSI MHOXXHMHM Ha TPYIH MOIOHMX 00 €KTIB 11e
MOTYXKHUH MEXaHi3M [MirOTOBKU JaHWX JI0 MOJAJIbIIOro
aHayizy, aje icCHye mpoOiieMa OOpOOKH NaHHUX, IO HE €
MOBHUMH, TOOTO MarOTh TPOMYCKH. BiicyTHi paHi cTBO-
PIOIOTH 0araTo TPYIHOIIIB, OCKUTBKH OUTBIIICTL TIPOIEIYD
aHaJi3y JaHWX He Oy I HUX MpU3HaYeHi [6]. 3Baxaro-
Yl Ha Te, 1[0 B pEalbHUX JaHHX BEJIWKA HMOBIPHICTb
OTpHMATH TaKy CUTYaIlito, KoM iH(popMallis, 10 aHai3y-
€TbCSl HE ITOBHA, MOXKHA CKAa3aTH, IO BIAMOBHTHCS BiJ
KJIacTepu3alil 3a M€ NPHIMHOI HE BHUXIN, TOMY Taka
3aj1a4a moTpeOye BUPIMICHHS 1 € aKTyaJIbHOFO.

OTXe, ICHYIOTh JIEKiJIbKa MOXKJIMBHX PIIICHBIIPOO-
7leMu 0OpOOKH JaHKX 3 TIPOITYCKAMH. 1X yMOBHO MOYKHA
MTOJTITMTH HA TaKi, 10 HAIlJICHI Ha TOMEPEIHIO MiroTo-
BKY JIaHUX 1 Ti, III0 BUMAraroTh ajanrarii (Moxudikartii)
CTaHAapPTHUX AITOPUTMIB KiacTepu3amii Uit 0OpOOKH
OesrocepenHbO AaHUX 3 Tporyckamu. KokeH 3 mux
BapiaHTIB Ma€ CBOI HENONIKM Ta IepeBard, i He € yHi-
BEpCAIbHUM JIJIsI PIllICHHS POOJIEMH.

PosrisiHeMo nesiki BapiaHTH MOMEPeIHBOI 00pOOKH
BXIJIHUX JAHUX:
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Ingpopmauiiini mexuonozii

1. Bukmouennsi psoKie 3 HAA6HICTIO NPONYCKIB

Ile MeTo, 110 JIETKO peai3yBaTH, aje BiH MOXE
TIPU3BECTH JI0 CYTTEBOI BTPATH BAXIMBHX IaHHX. Vioro
MOYXHa BUKOPHCTOBYBATH JIUILIE TOAI, KOJIU MPOITYCKU B
JAHUX PO3MIIIICHI BUMAaIKOBUM YHHOM 1 iX JIOBOJII MaJio,
100 BIUIMHYTH Ha KIHIEBUI pe3yibTarT.

2. Memoo naiibnusicuux cycioie

Bbasyerbcst Ha TOMY, 11100 3HAWTH HAHOIMKYUI, 32
TIEBHUM KPUTEPI€EM, PSJIOK, CXOXKHN Ha PSIOK 3 TIPOITyC-
koM. [laimi, ans mo30aBieHHs BiA NMPOMYCKY, 3HAYECHHS
CXOXKOTO PSAZIKA YCEPETHIOETHCS 33 MEBHUM KPUTEPIieEM.
Jlanuii MeTon, y BUNAAKY BEIHKOI KUIBKOCTI MPOITYCKIB,
JIOIYCKA€E PsiJi IIOXHOOK.

I[pakTu4Hi pe3yabTaTH 3aCTOCYBAHHS METOIIB
00po0KH JaHUX 3 NPONMYyCKaMH

Tabauys 1 — MoxigHi nani 1151 JOCTiTKEHHS

Ne | Hazga | Ommc
1 age Bik, B pokax
2 sex Crartb (1 = yonoik; 0 = xiHKa)
3 cp Tun 6omro B rpyasx
4 trestbp | ApTepiaqbHUII THCK Y CTaHi CIOKOIO (B MM
S PT.CT. IpH HAJAXOJDKEHHI B TOCHITANB)
5 fbs PiBeI:IB LIYKpY B KpoBi Harme> 120 mr / a1
(1 =icruna; 0 = OpexHs)
6 restecg | PesymbraTu enexrpokapaiorpadii B criokoi
7 | thalach | JlocsirayTo MakCUMaJIbHUH ITyJIbC
] Po3BHHYTH CTEHOKAp/Ii0, BUKIHKaHY (i-
exang o
3WYHUM HaBaHTaxeHHsM (1 = tak; 0 = Hi)

3. 3anoenennsa nponyckie cepeOHimMu 3HAUEHHAMU Y
cmoenyi

BinOyBaeTbcst 3aMiHa IPOMYCKiB Ha X OIL[HKH,
Haifyacriie e Moxe OyTH CepelHE 3HAUYeHHS! BUOIPKH,
MoOJla, MeJiaHa 1 perpecHBHi MOjelNi, KOJIH HEBiJoMe
3HAUCHHA O3HAKU OOYMCIIIOETHCA 32 JIOIOMOIOI0 3HAid-

[,11 [,21 [,3] [,11 [.21 [.3]

[1,] 0.503 0.2476 0.2492 1 0.4942 0.2168 0.2890
[2,] 0.203 0.7080 0.0889 2 0.1298 0.7809 0.0893
[3,] 0.322 0.5473 0.1304 3 0.2238 0.6263 0.1499
[4,] 0.239 0.6528 0.1079 7 0.4347 0.2923 0.2730
[5,] 0.323 0.2860 0.3913 10 0.3306 0.4800 0.1894
[6,] 0.343 0.3160 0.3407 14 0.3695 0.2501 0.3804
[7,] 0.526 0.2766 0.1974 15 0.4660 0.2665 0.2675
[8,] 0.138 0.7956 0.0665 16 0.1732 0.7063 0.1205
[9,] 0.466 0.2874 0.2469 7 0.2529 0.5813 0.1659
[10,] 0.403 0.4520 0.1449 18 0.4144 0.2278 0.3578
[145,] 0.409 0.2480 0.3427 160 0.3868 0.3782 0.2349
[146,] 0.449 0.1752 0.3762 162 0.2761 0.5348 0.1892
[147,] 0.278 0.6023 0.1195 164 0.1312 0.7797 0.0891
[148,] 0.479 0.3619 0.1593 171 0.4473 0.1848 0.3678
[149,] 0.154 0.7817 0.0641 173 0,3781 0.3545 0.2674
[150,] 0.205 0.6947 0.1006 77 0.3981 0.1947 0.4072
[151,] 0.389 0.1626 0.4487 178 0.4136 0.3201 0.2663
[152,] 0.366 0.2239 0.4102 183 0.4156 0.2709 0.3135
[153,] 0.483 0.2632 0.2538 184 0.3178 0.4751 0.2072
[154,] 0.556 0.2238 0.220% 185 0.3908 0.1834 0.4258
[294,] 0.502 0.2211 0.2764 283 0.4502 0.2238 0.3260
[295,] 0.210 0.3137 0.4762 288 0.4696 0.2597 0.2707
[296,] 0.189 0.0882 0.7227 289 0.2670 0.1818 0.5512
[297,] 0.280 0.1620 0.5580 293 0.4406 0.1686 0.3908
[298,] 0.385 0.1915 0.4240 294 0.5121 0.1760 0.3119
[299,] 0.265 0.1431 0.5919 297 0.3096 0.1419 0.5485
[300,] 0.285 0.5300 0.1853 299 0.3098 0.1351 0.5551
[301,] 0.439 0.2076 0.2530 300 0.2257 0.5778 0.1965
[302,] 0.142 0.0932 0.7650 301 0.4582 0.1537 0.3882
[303,] 0.468 0.3800 0.1517 302 0.2466 0.0995 0.6539

a 0

nenoi QyHkuii perpecii 3a Bizomum o3Hakamu. Jlo He-
JIONIKIB CJIiJl BIJIHECTH CIIOTBOPEHHS, 110 BHOCSTHCS B
PO3IIOALT TaHKUX Ta 3MEHILEHHS! JUCIEePCii.

4. Peepecivinuii ananiz

Tak camo moTpeOye BHITAIKOBOTO PO3IOIIICHHS
MIPOITYCKIB 1 3aJIE)KUTh BiJl IPaBHIBHO OOPaHOTO METOY
perpeciiiHoro aHamizy. Iyl mo4aTKy NMpoBeneMo Kiac-
TepU3allii0 MOXiTHOI TaOuii, sIKa HE MICTHThH IPOIY-
meHux AaHux. g kiacrepusaniii o0epeMo METom —
fuzzy k-means i moBy mporpamyBaHHs R. Bukonaemo
noOynoBy "HewiTkux" KiIacTepiB 3 BUKOPHUCTAHHIM
¢ynkuii fanny() 3 makery cluster:

res.fanny <- fanny(data, k = 3, memb.exp = 1.3,

metric = "euclidean”, stand = TRUE, maxit = 500)
print(res.fanny$membership, 3)

- obpano 3 xiacrepu (k = 3);

- memb.exp 00paHO TaKUM YMHOM, 1[0 memb.exp
-> 1 gae OLIBII 4YiTKY KIacTepH3allifo, TOMI SK
memb.exp -> Inf npu3BOIUTH 0 TOBHOI HEYITKOCTI;

- metric - psAIOK CUMBOJIB, SIKUH BKa3ye METPUKY,
o OyJae BUKOPUCTOBYBATHUCS IUIS PO3PAaXyHKY BiIMiH-
HOCTel MiX crocTepexxeHHsIMH. Bapiantu «euclideany,
«manhattan» i «SqEuclidean». EBkiifoBi Biacrani - e
KOpiHb CyMH KBaJIpaTiB Pi3HUIIb, MAHXETECHCHKI BiJICTaHi
— cyma abcomoTHHX pisHHUIB, a «SqEuclideany, kBaj-
par eBKIJIIJJOBUX BiJICTaHEH — CyMa KBaIPaTiB Pi3HUIIb.

- stand — mapameTp JIOTIYHOTO THITY, SIKIIO true,
BUMIpPIOBAaHHS B X CTaHIApPTU3UPYIOTCS THepen obumc-
JICHHSIM BiZIMiHHOCTe#. BUMiproBaHHs cTaHIapTU30BaHi
JUIsE KOYKHOT 3MiHHOI (CTOBITYMK) LUISIXOM BUpPaXyBaHHS
CepeHbOro 3HAYEHHs 3MIHHOI 1 JIEHHS Ha CepejHE
a0COJIOTHE BIAXHMJICHHS 3MIHHOI: maxit — MaKCHMMaibHa
KUIBKICTB iTepauii, y Hamomy Bunaaky — 500; nepumii,
cepenHi Ta ocraHHi 10 psKiB, oTpuMaHi 3a pe3ynbTa-
TaMH KJlacTepu3allii, HaBeJJeHO Ha puc. 1, a.

[,11 [,21 [,3] [,11  [,21 [,3]
[1,] 0.413 0.263 0.3237 1 0.472 0.2742 0.25342
[2,] 0.206 0.660 0.1336 2 0.190 0.7050 0.1051
[3,] 0.303 0.501 0.1959 3 0.292 0.5531 0.1552
[4,] 0.253 0.593 0.1542 4 0.392 0.3199 0.2886
[5,] 0.342 0.270 0.3887 5 0.346 0.2427 0.4117
[6,] 0.354 0.276 0.3703 6 0.337 0.2566 0.4063
[7,] 0.433 0.281 0.2853 7 0.429 0.3461 0.2249
[8,] 0.158 0.739 0.1034 8 0.159 0.7487 0.0926
[9,] 0.204 0.682 0.1133 9 0.401 0.3250 0.2744
[10,] 0.337 0.459 0.2040 10 0.236 0.6512 0.1132
[145,] 0.362 0.304 0.3339 145 0.386 0.3268 0.287
[146,] 0.414 0.18L 0.4048 146 0.394 0.1980 0.4083
[147,] 0.269 0.555 0.1759 147 0.273 0.5945 0.1325
[148,] 0.358 0.416 0.2264 148 0.315 0.5478 0.137
[149,] 0.159 0.744 0.0965 149 0.143 0.7837 0.0728
[150,] 0.205 0.657 0.1380 150 0.194 0.6897 0.1162
[151,] 0.389 0.168 0.4431 151 0.330 0.1575 0.5122
[152,] 0.350 0.273 0.377 152 0.359 0.2779 0.3628
[153,] 0.396 0.3241 0.2635 153 0.411 0.2994 0.2894
[154,] 0.411 0.3214 0.2751 154 0.414 0.2784 0.307
[294,] 0.432 0.231 0.3372 294 0.424 0.2859 0.2899
[295,] 0.282 0.304 0.4141 295 0.245 0.2601 0.4951
[296,] 0.300 0.122 0.5691 296 0.218 0.0900 0.6924
[297,] 0.334 0.172 0.4935 297 0.301 0.1528 0.5466
[298,] 0.370 0.212 0.4187 298 0.399 0.1970 0.4038
[299,] 0.327 0.160 0.5131 299 0.284 0.1524 0.5633
[300,] 0.285 0.489 0.2261 300 0.298 0.5108 0.1914
[301,] 0.394 0.209 0.3967 301 0.438 0.2158 0.3461
[302,] 0.265 0.132 0.6034 302 0.190 0.1035 0.7063
[303,] 0.423 0.300 0.277 303 0.424 0.2601 0.3158
B T

Puc. 1. Pesynprar 3acrocyBanns GpyHKIUII fanny: a — Bei pai; 6 — npu Bupanennx 30% naHux;
B — 1ipu 3aMiHi 30% 3Ha4eHb Ha MeiaHu; T — rpu 3aMiHi 30% 3Ha4YeHb 3 ypaXyBaHHAM CTPYKTYpPH 3B’ SI3KiB
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B pe3ynbraTi BUBOOUTHCS MaTpulsl Koe(illieHTiB
MPUHAJIOKHOCTI, MAaKCUMAJIbHUN 3 SKAX BH3HAYa€ IIi-
JILOBUH Ki1acTep.

JIyis OLIHKH MipH HEYiTKOCTi, OTprMaHol Knacudi-
Kallil, BUKOPHCTOBYEThCS KoediuieHT noairy Dunn:

&l
ﬂ=;§7 ®)

Januit xoediuieHT npuiiMae 3Ha4YeHHs / B pasi vi-
TKOI KJIaCTepHU3aIlii:

normalized
0.1304630

dunn_coeff
0.4203087
B nanomy Bunanxy F, = 0,42, a ¥ioro HopMoBaHa

Bepcis, mo 3miHteTbes Bin 0 mo 1 —0.13.
[To6ynyemo miarpamy. Ha puc. 2, a HaBeneHO op-
JUHALIHHY AiarpaMy 3 pe3yJabTaTaMH KiacTepu3allii.

fviz_cluster(res.fanny, frame.type = "norm", frame.level = 0.7)

Jly1s momapIIoro aHaizy BHECEMO Y TOXiIHI 1aHi
30% npoIyCKiB BUITAJKOBUM YHHOM.
1. Knacrepu3auisi 3 BUgaJIeHHAM NPOMYCKiB
[epi, cepenni ta ocranni 10 psakiB, oTpuMaHi
3a pe3yJbTaTaMu KilacTepu3allii, HaBeieHo Ha puc. 1, O.
heartMissedNO <- subset(heartMissed, exang !="")
KoegimienT Dunn npuiimae 3HaueHHS:

normalized
0.1230597

dunn_coeff
0.4153731

Ha puc. 2, 6 HaBeieHO OpAWHAIINWHY Iiarpamy 3
pe3y/bTaTaMu KiacTepH3allii.

2. Knacrepuzanis i3 3an0BHEHHSIM NPONYCKiB
BHOIPKOBUMM CTATHUCTUKAMU

OTKe, BBEIEMO MPUITYIIEHHS, 1[0 B3aEMO3B’SI3KY
MiX 3MIHHHMH, Y JaHOMY BHIIAAKy, HEMA€E, TOMdI edek-
TUBHHUM CIIOCOOOM 3aIlOBHEHHs IPOITYCKiB OyIe BHKO-
PHUCTaHHs CEpeAHIX 3HAYEHb, I IIbOr0 00epeMO MeIi-
aHy.

heartMissedProcess<-heartMissed

ind <- apply(heartMissedProcess, 1,
sum(is.na(x))) > 0

heartMissedProcess[ind, 1:8]

pPml <- preProcess(heartMissedProcess/, 1:8], method =
‘medianimpute’)

heartMissedProcess|, 1:8] <-
heartMissedProcess], 1:8])

(Imp.Med <- heartMissedProcess[ind, 1:8])

function(x)

predict(pPml,

[epi, cepenni ta ocranni 10 psakiB, oTpuMaHi
3a pe3yabTaTaMy KIacTepu3allii, HaBeIeHO Ha pHC. 1, B.
KoeginienT Dunn npuiimae 3HaueHHS:

normalized
0.07304758

dunn_coeff
0.38203172

Ha puc. 2, B HaBeneHO OpOuHAILINWHY Jiarpamy 3
pe3y/bTaTaMu KiacTepH3allii.

3. 3anoBHEHHSA NPONYCKiB
3 ypaxyBaHHSIM CTPYKTYPH 3B’sI3KiB
[onepenniii Merox mependayaB  BiACYTHICTH
3B’SI3KIB MK MapaMeTpaMu, II¢ TaK 3BaHHU “‘HaiBHUI”

MeToA. AJIbTEpHAaTHBOIO HOMY MOXKHa Ha3BaTH METO[,
110 BPaXOBYE 3B’SI3KH MK ITapaMeTpaMu.
[Ipuxnan nuig 3arI0BHEHHA MOJIS age:

Im(age ~ trestbps, data = heartMissKor)
ageTres <- function(oP) {if (is.na(oP)) return(NA)
else return(34.7253 + 0.1508 * oP)

}

heartMissKorl[is.na(heartMissKor$age), 'age'] <-
sapply(heartMissKorl[is.na(heartMissKor$age),

‘trestbps'], ageTres)

heartMissKor[ind, 10]

[epui, cepenni Ta ocTaHHI AECATH PSJKIB, OTPHU-
MaHi 3a pe3ynbTaTaMH KJacTepu3allii, HaBeleHO Ha
puc. 1, 1.

Ha puc. 2, r HaBeZIcHO OpIWHALIINHY IiarpaMmy 3
pe3yapTaTaMu Kiactepu3altii mpu 3amini 30% 3Ha4YeHb 3
ypaxyBaHHSIM CTPYKTYPH 3B’S3KiB.

s mpoBeieHHsl KiacTepu3anii i OTpuMaHHs Ta-
paMeTpiB Ha KOXKHOMY eTari BHKOpUCTOBYBasacs (yH-
KIS

kmean <- function(data) {

res.fanny <- fanny(data, k = 3, memb.exp = 1.3,

metric = "euclidean”, stand = TRUE, maxit = 500)

print(res.fanny$membership, 3)

res.fanny$coeff

print( res.fanny$coeff)

Dunn <- res.fanny$membership*2

fviz_cluster(res.fanny, ellipse.type = "norm", ellipse.level
=0.7)

BucHoBku

B xoni pobotu Oyno po3rissHYTO METOAU KiacTe-
pu3aii JaHUX 3 MPOITyCKaMH.

Js npoBenenHs aHamizy Oyno oOpaHO MenuuHi
naHi, mo ckiaanarThes 3 303 psmakiB. s mpoBeneHHS
KJactepusailii 00poOJieHNX JaHUX OOpaHO METOo] Hedi-
TKOI KJIaCTepH3allil k CepeIHiX.

3a pe3yibTaTaMu MPOBEAEHOI pOOOTH MOXKHA 3pO-
OWTH BHCHOBOK, IO HAHTIPIIAM BapiaHTOM € BapiaHT
BUJAJICHHS BCIX PAJIKIB, sIKI MICTSTh Iponycku. lanuii
METOJlT MOXJIMBUH JIMIIEe y BUINAgKaxX KOJIH BUOIpKa
MICTUTh MiHIMaJbHY KUIBKICTH HPOIYCKiB, abo Toi
KOJIK OYJIO MOTepeIHbO MPOBEACHO IHIINI BUI 00pOOKH
i BiAOyBa€eThCs BUIAJICHHS 3QJIUIIKIB ITyCTHX 3HAYEHb.
HaiikpammM BBaXKaeThCsl METO] OOPOTHOM 3 MPOITyCKa-
MU 3 ypaxyBaHHSIM B3a€MO3B’SI3KIB MIX MOJISIMH, aJie Ha
JaHiid BUOIpLI BiH HE 3HAYHO IIEPEBEPIIYE METOH 3aMi-
HU Ha cepelHi 3HaYCHHS.

SIKIo mopiBHIOBATH IMOPIBHSUIBHI TaOJIHMIN, IO €
pe3ynbTataMu MeTOAy fanny, TO MOXHA CKa3aTH, IO
o0uBa METOJM BIIOpAIUCS N00pe Ha MaHOMy HaOopi
JaHuX 3 ypaxyBaHHsIM 30% MpormyckiB.

Sxmo ananizyBaTu rpadiku, To MOXKHa CKa3aTw,
1[0 € MOXUOKH B KJIacTepu3allii, BiTHOBJICHHS Bia0y-
JoCsS HE 1JealbHO, TOMY CJiJi BpPaxOBYBaTH BTpaTy
MOBHOI JTOCTOBIPHOCTI, NMPU BUOOpPiI OJHOTO 3 TaKUX
METO/IiB.

OTKe, i7IeaTbHOro METoy OOpPOTHOM 3 HEMIOBHUMHU
JTAHUMH HEMAE.

JIJ1s1 KOXKHOT'O OKPEMOro BHUINAJAKY HEOOXIJHO Ie-
TaJbHO aHANI3yBaTH MOXIAHUN HAOIp JaHUX, IO Oyne
HAKOUIBII TPUHHATHUHA Y KOHKPETHOMY BHITQJIKY.
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Puc. 2. I'padix pe3ynbraTiB HeUiTKOI KIacTepu3auii: a — BCi faHi; 6 — npu BuganeHux 30% naHux;
B — 1ipu 3aMiHi 30% 3Ha4eHb Ha MefiaHu; T — rpu 3aMiHi 30% 3Ha4YeHb 3 ypaXyBaHHAM CTPYKTYpPH 3B’ SI3KiB
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O0padoTka JaHHBIX, COAEPKALUUX NPONMYCKH, B 3aJa4ax KJIACTePU3ALUHN
O.A. Kobunun, C. A. Beickpebenuesa, P. B. Tlerposa

ITpeamerom Hcciie10BaHU SBISIIOTCS METOJIBI HOATOTOBKU U 00paOOTKH BXOJHBIX JJAHHBIX, COAEPMKAILUX IPOITYIICHHbIE
3HAaYeHUs, [Vl MX JlalbHelero ananusa u knacrepusanuu. Ileablo spiseTcs paccMOTpEHUE CYILECTBYIOIHMX METOI0B H30aBie-
HUS OT IPOITYCKOB B J@HHBIX B 3a[a4axX KJIACTEPU3aLUU U LENeco00pa3sHOCTh UX UCIOIb30BaHUS B PEaJIbHBIX CUTYalMsIX. 3aaa-
YH: aHAIU3 NPEUMYIIECTB U HEIOCTATKOB KaX0r0 U3 METOJIOB, HAIIPABIICHHBIX HAa BOCCTAHOBJICHUE JAHHBIX, JUIS ONpPEAEIICHHS
11€/1€CO00PA3HOCTH UCIIOB30BAHMUS B 331a4aX KJIACTEPU3aLMH U BhIIEJIEHHE HauOoIlee OAXOSIEr0 K IPUMEHEHHIO, CPABHEHHE
UX MEXIy COOOMH, OLIEHKA Pe3y/bTaTUBHOCTH IO Pe3yJIbTaTaM CPaBHEHUsI KIIACTEPU3ALMU BOCCTAHOBJICHHBIX JNAHHBIX C pe3yilb-
TaTaMy KJIACTepPHU3aLUK TAIOHHBIX JaHHBIX. [IpumensemMbiMu MeTogamu sBisitorcs: FCM, 11st IpoBelIeHNsT HETIOCPEICTBEHHO
KJIaCTepHU3alMy JIaHHBIX, METO/ YJIaJIeHHUsI BCEX CTPOK, COIAEPIKAIIMX HPOITYCKH, 3aIl0JHEHHUE NPOIYCKOB BEIOOPOUHBIMH CTaTH-
CTUKaMH, 3aII0JIHEHHE MIPOITYCKOB C Y4ETOM CTPYKTYpbI cBsi3eil. [lomydeHHbIe pe3yabTaThl: 3 (EKTHBHOCTD IPUMEHEHHS METO-
JIOB TP MOATOTOBKE JaHHBIX JUIA JaJIbHEHIIEeH KIacTepu3aliu 3aBUCUT OT KOJIMYECTBA MMEIOIIMXCS MPOIYCKOB B HCXOIHOM
Habope. Eciu Takux CTPOK 0CTAaTOYHO Malo, TO KaXKbli, U3 PACCMOTPEHHBIX METO/IOB, MOJKET OBITh MCIIOJIL30BaH U JaTh HE00-
XOIMMbIe pe3ynbTaTsl. Ho, ecii cTpok ¢ mporyckaMu JI0CTaTOYHO MHOro, Hanpumep, 30%, Torna Hanbosee NpueMIeMbIMH IS
HCIOJIb30BaHUS MOXHO HAa3BAaTh METO/bI, CB3AHHBIC C 3AMEHOI 3HAUCHUM, OIHAKO CIIElyeT YYUTHIBATh, YTO TaKasi 3aMEHa MO-
XKET NPUBECTH K UCKAKCHUIO JaHHBIX, a B UTOTe U pe3yiibTaToB. BeiBoasl. HayuHasi HOBU3HA - 1ccieioBaHNE NPOOJIeMbl Kila-
CTEpU3ALMHU JAHHBIX, COAEPXKAIIUX HPOIYIIEHHBbIC 3HAYEHUS U PACCMOTPEHUE METO/IOB, KOTOPbIE MO3BOJIAIOT PELIMTh 3Ty 3aja-
qy. [IpoBeieHNE KCIIEPUMEHTOB U CPAaBHEHUS PE3Y/IbTATOB KAXKIOI0 U3 METO0B, BHIBOJbI O 11€1€CO00Pa3HOCTH UCHOIb30BaHUS
TOr0 WM MHOro MeToza U nobounsie dddexrsl. [IpakTnyeckast 3HAYNMOCTH PAOOTHI 3aKIIFOYACTCS B ONPEAEICHUN BO3MOXHO-
CTHU HCIIOJb30BAaHUS B PEATbHBIX 33/1a4aX, KOTOpble OOBIYHO HE SBJIAIOTCS HJCATBHBIMU U C OOJIBIION BEPOSTHOCTBIO CONEPIKAT
IIyCThIE 3HAYEHUsI, METOA0B 00pabOTKU TAHHBIX I HCIIOJIB30BAaHUSA MX B 33/laUax KJIACTEPU3ALH.

KaueBbie cjoBa: KiacTepusalys, HENONHBIE JaHHBIE, 00paboTKa M aHaIU3 JaHHBIX, Data Mining, FCM, merombt
BOCCT@HOBJICHUS! JAHHBIX, SI3bIK TIPOrpaMMHUpOBaHus R.

Processing incomplete data in cluster tasks
0O.A. Kobylin, S.0. Vyskrebentseva, R.V. Petrova

The subjects of research is the methods of preparation and processing of input data containing missing values for their fur-
ther analysis and clustering. The goal is to consider existing methods of getting rid of data gaps in clustering problems and the
appropriateness of their use in real situations. The tasks include: analysis of advantages and disadvantages of each of the meth-
ods aimed at recovering data, to determine the appropriateness of use in clustering tasks and highlighting the most suitable for
use, comparing them with each other; performance evaluation by comparing the recovered data clustering with the clustering
results of the reference data. The used methods: FCM method for direct data clustering, methods of deleting all lines containing
omissions, filling in omissions with selective statistics, filling in omissions taking into account the structure of links. The ob-
tained results: efficiency of applying the methods to preparing data for further clustering depends on the number of omissions in
the original set. If there are few such lines, then each of the considered methods can be used to obtain the necessary results. But,
if there are a lot of lines with omissions , for example, 30%, then the methods that are associated with the replacement of values
can be called the most acceptable for use, however, it should be borne in mind that this replacement can lead to distortion of the
data, and ultimately the results. Conclusions. Scientific novelty - investigation of the problem of incomplete data clustering and
consideration of methods that can solve this problem. Conducting experiments and comparing the results of each of the methods,
conclusions about the advisability of using one of them and side effects. The practical significance of the paper consists in
determining the possibility to use it in real tasks, which are usually not ideal and most likely contain empty values, data process-
ing methods for using them in clustering tasks.

Keywords: clustering, incomplete data, data processing and analysis, Data Mining, FCM, data recovery methods, pro-
gramming language R.
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METO/ PO3I'AJTYKEHHA 3AIIUTIB 10 CXOBUIl JAHUX CUCTEM,
O MAIOTH N'NNEPKOHBEPI'EHTHY IHOPACTPYKTYPY

AKTyanbHicTh Jociaigzkenns. B nporeci QyHKiioHyBaHHS KOMI'FOTEpPHOI MEpeXxi IilepKOHBEPIreHTHOI apXiTeKTypH 3a
PaxyHOK LIEHTPaJIi30BaHOr0 YIIPaBIIiHHS 30LIbIIYETHCS Yac AOCTYILY 10 CXOBUII JJAHUX. AJe Ul AesIKUX MiJCUCTeM, 0C00-
JIMBO JUISl THX, 1110 TOBUHHI (DYHKLIOHYBaTH y PeXKUMI, HAOJIIKEHOMY 10 PEXKUMY PEabHOro 4acy, AaHi HOKa3HUKH € JTyXe
cyrreBUMHU. MeTo10 ¢TaTTi € po3po0Ka IMiXoay 10 3MEHILECHHS 4acy AOCTYIy [0 CXOBHII JAHUX Y I'IIEpKOHBEPIeHTHOMY
CEepeNIOBUIIl MULIXOM DPO3ralyKeHHs iH(pOpMaliiHuX NOToKiB. PedyapTaTH goc/ifiKeHHsl. 3alpONOHOBaHUN METOA €
JIBOXETAIHUM Ta CKJIAIAEThCS 13 MOCIIZIOBHOCTI KPOKIB 3HAXOUKEHHS MOMIIMBUX MApLIPYTiB Ta 3HAXO/UKCHHS ONTHUMAJlb-
HOTO i3 3HalIeHNX BapiaHTIB PO3NOALNY KaHaNiB. B pe3ynbraTi 3HaliieHO HalKpaluii BapiaHT PO3NOALTY MAKETIB 110 Ka-
Hajax 3B'I3Ky CepeJl TAKUX, 110 33/10BOJIbHAIOTE CHOpPMyYILO0BaHUM yMOBaM. 30KpeMa, MaKCHUMaJlbHUI yac nepejadi 3a J10-
HIOMOTO}0 OJIHOT'O 3 KaHaJliB 0OPAHOro BapiaHTy pO3MOALTY HE NEPEBUIIYE Yac, BUALUIEHUH 11 nepeaadi HeoOXiJHOro 00-
CAr'y JaHUX Ta BUKOHAHI OOMEXEHHs 3a IPOAYKTHBHICTIO Ta BapTicTio. BUCHOBKH. 3acTocyBaHHS MiXOy O3BONISE iCTOT-

HO 3MEHILIUTH Yac Iepeiadi JaHuX 1 BUTPAaTH Ha OpEH/y KaHaJiB, a TAKOXK MOMIIIINTH KHBYIiCTh MEPEXKi.

Kaw4doBi caoBa: FiHepKOHBepFeHTHa apXiTeKrypa; CXOBHIIIC JaHUX, YaC BUKOHAHHSA 3aIlUTYy.

Bctyn

AKTyadbHicTh 3aBAaHHs. PO3pOOHUKYM BETHKHX
CHCTEM B JIaHHH Yac BCE OLIbIIE CXUISIOTHCS 710 KOHBE-
PreHTHHX 1 TiMEpPKOHBEPIeHTHHUX DillleHb Uil 0a30BHX
KOMITTOTEPHUX MEpEeX, SIKi 32 paxyHOK IeHTpasizarii
YIIPaBJIIHHS CYTTEBO 3MEHINYIOTh BUTPATH Ha 0OCIYyro-
ByBaHHs [1]. IIpu TakoMy TEXHONOTiYHOMY pillleHHI
nepeabdavaeThcs 00'€JHAHHS TaM'sITi, 00YHCITIOBAIEHUX,
MPOrpaMHUX 1 MEPEKEBUX PECYPCIB B MY, 3a3/1aJIeTiIb
00’eHaHUX U1t poOOTH B nata-ueHTpi [2]. YpasmiHHs
BIIOYBA€THCA Uepe3 3arajibHy KOHCOJIb aJMiHICTpyBaH-
Hs [3]. TlepeBaramu rinepKOHBEPreHTHOI iHPpaCcTpyK-
TYPH € TaKi:

1) cipomieHHst  iHQPACTPYKTYpH YIpPaBIiHHSI —
LEHTpali3alis YIpaBIiHHSI CEPBEPOM, MEPEKEBHX pe-
CypCiB 1 CXOBHIIAMU JIAaHUX, IO JI03BOJISIE ONTHUMi3yBa-
TH TOBCSIKJICHHE 00CITyrOBYBaHHS;

2) MacmitabHa €MHICTh CXOBHII JaHUX — ycCi MO-
LIMpEeH] KOMYTaliiHi Mepexi i IPOTOKoIM BOYIOBaHI B
TiEpKOHBEPreHTHY 1H(PACTPYKTYpy, IO JO3BOJISE
JIOJIATH B Hel TOJATKORBI TirabaiTH MPOCTIIIE 1 IIBUIIIIE;

3) mwBUIKA MATOTOBKA 1 BHIUIEHHS pECypCiB —
CKOPOYEHHSI Yacy MiJrOTOBKH 1 BUIIIIEHHS PECYPCIB;

4) OinbIl WIBW/IKE pearyBaHHs iH(opMmauiiHOI Te-
XHOJIOTii 3a0e3nedyye THYYKICTh JUIsi pearyBaHHs Ha
3MiHHM Ha PUHKY 1 3MiHH TIpiOpUTETIB Yy Oi3Hec;

5) cripomieHuii mepexij B XMapy CIIpOLIye BIPOBa-
JDKCHHS TIPUBATHUX a00 TIOpUIHUX XMap;

6) miABHIIEHUH KOHTPOIIb 3a0e3Meuye OJHOYACHE
KepyBaHHsI KiJIbKoMa (DYyHKIISIMH 1 IPUCTPOSIMH.

IMocranoBka 3aBaanns. B mporneci QyHKIioHY-
BaHHA KomT'totepHOi Mepexi (KM) rinepkoHBepreHT-
HOI apXiTEeKTYpH 3a PaxyHOK IEHTPaJIi30BaHOIO yIpaB-
JIHHS 301JbIIYETHCS Yac NOCTYIY IO CXOBHII JAHHUX
(CH1) Ane nns mesKuX IMiJCUCTEM, OCOOJUBO JJIS THX,
IO TMOBHHHI (DYHKI[IOHYBaTH y PEKUMI, HAOIMKEHOMY
JI0 PSKUMY pEabHOro 4acy, JaHi IMOKa3HUKH € JIyXKe
CYTTEBUMH. BpaxoByloum OCOOJIMBOCTI TilEpKOHBEp-
TeHTHUX CHCTEM cepe]l 0araTboX METOIB, IPU3HAUYCHUX
JUIi 3MEHIIEHHS 4acy [OCTaBKH iHQopmauii obpaHo

METO/IH, 110 TIOB’sI3aHi i3 pO3Tay’)KEHHSM MOTOKY TaKe-
TiB naHuX. TakuMm YMHOM, 3aBIaHHS ITiIBUILCHHS Ollepa-
TUBHOCTI TPOLIECY JOCTYITy IO CXOBHIL JaHUX MOXE
Oyti c(OpPMYIbOBAaHUM TAKUM YHHOM: HEOOXiIHO 3a-
MIPOIIOHYBATH METOJ] PO3TAIY)KEHHS MOTOKY JaHUX II0
KaHaJax 3B’SI3Ky CHCTEMH, KOTPHIl BpPaxoBye 0COOIHBOC-
Ti TINEPKOHBEPTEHTHOI CHCTEMHL.

Amnaui3 jgireparypu. /s BupimeHHsS nocraBie-
HOT'O 3aBIaHHs IPOIOHYETHhCS 0arato pi3HUX METOJIB
[4-19]. Onnak, Bci mepepaxoBaHi METOIM MalOTh IMOPi-
BHSHO HEBHCOKY OOYHCIIOBaJbHY €(EeKTHBHICTH, IO
00MeXye pillleHHs] TOCTABJICHOTO 3aBAaHHs Y TiepPKOH-
BEPIeHTHOMY CepelOBHIII. Y 3B'SI3Ky 3 MM, BUHUKAE
HEeOoOXiTHICTh B pO3po0IIi BiNOBIAHOIO METOMY.

MeTor cTaTTi € po3podKa MiaXOAy M0 3MEHIIICH-
HS Yacy JIOCTYIy IO CXOBHII JIaHHUX Y TilepKOHBEpPIeH-
THOMY CEpPE/IOBHIII IUIIXOM pPO3Taly)XeHHs iHpopMa-
LIIHAHUX [TOTOKIB.

Pe3yabTaTtu 10ocaixkeHnb

Cucremy goctyny no cxopumy ganux (CHCH) ri-
MEPKOHBEPTEHTHOTO CEPEIOBHINA MOXKHA MPENCTABHTH
y BHUINIAL ilepapXidyHOro HeopieHToBaHoro rpadga G

(puc. 1).

Puc. 1. G — rpad cucremu JOCTYIy 1O CXOBHUIL JaHUX
riepKOHBEPIEHTHOI'0 CEPeIOBUIIA

Koxxae peOpo mporo rpada € meBHOI MmigMepe-
xero. [iticno, skmio By3imu CJCJ] 3HaX0mAThCs Ha 10-
CUTh BEJIMKIHM BiJICTaHI OAMH BiJl OJHOTO, MariCTpayib-
HHUH TPAaKT MIXK HUMH € JIEIKOIO ITiIMEPEXKel0, 10 CKIIa-
JIAETBCS 13 MHOKUHH BY3JiB (KOMYTAaTOpiB) 1 TPakTiB
MK HUMH. KOXHY 13 Takux MiMepex MOXKHA IpescTa-
BHUTH Y BUIJIII HEOpi€HTOBaHOro rpada (HampuKiIan,

© Kyuyk H. T, 3ukos I. C., Ilanuenko B. 1., 2019
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rpad G;; Ha puc. 2 BiANOBiAae pedpy MiXK BEPIIHHAMHU
113 rpada G, 11e NOTOKOBa Mepesxa i3 JPKEPEIIoM S, 110
BIJIMOBiJIa€ BEPINMHI 1 Ta CTOKOM ¢, IO BiITOBiZa€e Be-
puuHi 3). Bumorn, mo npexa'ssistrorsest 1o CAC/, Ta-
KOX TP SIBISIFOTHCS 1 JI0 TAKHX I IMEPEK.

Puc. 2. G; — rpad nigmepexi

Ha erani QopmyBaHHs Tpadiky OKpemo B3STOI
miMepexi 3a3BUYail CTOATH JBa 3aBIaHHS, SIKI BUXO-
JISITH 13 BUMOT OTIEPAaTUBHOCTI Ta )KUBYYOCTI:

1) HeOOXiAHO 3HAMTH ONTUMAJILHUM MapIIPYT Iie-
penadi JaHUX TpH 3a/aHiil MPOITyCKHil 3AaTHOCTI Tpak-
TiB 1 BY3JIiB migMepexi Tak, mo0 Jac mepenadi OyB He
Oinplie 3aJaHOi BETUYHMHU;

2) migMepeka IOBHHHa OYTH m-3B'SI3KOBOIO (B
HAKWIpOCTIIOMY BUMAAKy m = 2), TOOTO Mae OyTH Mi-
HIMYM m MapupyTiB, SIKi BiJIIOBIAIOTH IONEpEIHIH
YMOBI 1 HE MAIOTh CITUIBHUX BY3JIiB 1 TPAKTIB.

Jlyis BUpILIIEHHS TEpUIOro 3aBAaHHS icHye OaraTto
PI3HUX METOJIB MOIIYKY MapuipyTy, HalpHKIaa, METO-
1 Jletikcrpu abo ®oiina [5, 6]. ns BupimenHs apy-
TOro 3aBAaHHS MOXKHa BUKOPHUCTOBYBATH 3alpONOHOBA-
HUHA HaJaxi METOJ MOIIYKY 7-HalKOPOTIIUX LUISAXIB 3
BUXiJTHOI BEPILIMHU JPKEpeNia S 10 BEPIIUHU CTOKY f.

Po3risiHeMO MOKPOKOBO aJrOPUTM LLOI'O METOJY.

Kpox 0. Tloknanemo k = 1, Tod6to Oyaemo mrykatu
HAWUKOPOTINIMH NIDIIX i3 JuKepena s A0 croka t. Ilepen
MOYaTKOM BHKOHAHHS aJTOPUTMY BCI BEPIIMHU 1 IyI'H
rpada BU3HaYaeMO K HeBUAUIeHI. KoXHii BepvHI X
Hagaethes Bara d(x) takum yuHOM: d(s)=0 i d(x) =00
JUTS BCIX X, BIAMIHHMX BiJ JpKepesa s (Hamami IS BUIi-
JIHUX BEpIIMH Bara Oyje JOpiBHIOE JOBXWHI HaAWKOPO-
TIIOTO NIUIAXY i3 § JO X, IO BKJIIOYAE TUTLKU BUIUICHI
BEpLIVHH).

Kpox 1. BuninuMo BepIIMHY § 1 MOKIANEMO ) = §
(Y - ocTaHHS 3 BU/IIJICHUX BEPILHH).

Kpox 2. ]Ing BCiX HEBHIUICHUX BEPIIUH X, 1HIM-
JIEHTHUX 3 BEPIIMHOKO Y, Tmepepaxyemo Bary d(x) y Ta-
KM YHUHOM:

d(x) = min(d(x), d(y) +7(xy)), (1)

ne r (x, y) — Bara BiAMOBIIHOI JyTH.

Bupinsiemo Ty i3 BepumMH X, IS SKOI BeJIHMYHHA
d(x) € HaiiMeHIIOK 1 MOKIAZEMO y = Xx. SIKIIO X UIs
BCIX PO3MIISIHYTHX BEpIIMH X Bara d(x) = o, TO mojaib-
LM MTOUTYK HEMOXITUBHH 1 aJITOPUTM 3aKiHUyeE pOOOTY.

Kpox 3. Sxmo y #, To moBepTaeMocs 10 BHKO-
HaHHS KPOKY 2, B IHIIOMY BHUNAJAKY k- HalKOpOTIIM
LUISX 3 BEPIIUHU S 10 BEPIIUHM ! 3HAHICHUI.

Kpox 4. Slxmo k<m, 10 moknmagemo k=k+ 1, 3
rpada G BHIANMMO BEPIIMHH, IO BXOAATH B HAWKO-

poTIIH MapHIPyT (KpiM BEPIIUH § 1 f) 1 IEPEXOIUMO 110
kpoky 1. Ilpu k = m HeoOXimHMI pe3yabTaT NOCATHYTHIH
1 QITOPUTM 3aKiHIy€E POOOTY .

3ayBaxuMo, 110 KOXKEH TPakT (i, j) MiX BOMa OK-
peMO B3ATHMH BY3JIaMH i i j € CYKYIHICTIO JEKIJIbKOX
MATPaKTIB — (i3MYHO HE3ANISKHUX JIiHIH 3B'SI3KY, TAKHUX
SIK TIOBITpSHI JIiHIT 3B'I3Ky, MiJ3eMHUII OpOHbOBaHMUIA
Ka0eJb Too. 3 METOIO MiIBUIIEHHS KHUBYUOCTI Ta 3Me-
HILIEHHS Yacy, 10 BUTPAYa€EThCs Ha Mepenavy 3aJ1aHoro
o0CsTy aHuX, NMAKeTH MOXKHA BIANPABIATH HE IO Of-
HOMY, a I10 JCKIJIbKOX KaHaJlaX HE3aJICKHUX JIHIH 3B's-
3Ky. B ocHOBY peaizarii gaHOro MeTOAY MOKJIaJICHHIA
PO3IIOALT MaKeTiB MK JEeKUIbKOMa KaHAIaMH 3B'S3KY.
BianpaBHUK nocuiae MakeTd B KaHaJIM IO 4ep3i: rep-
IIMH MaKeT B MEPIINiA KaHaj, OPYrui - y APYrui i T.1.
OnepxyBad MpUMae MaKeTH 3 Pi3HUX KaHAJTIB i, BHUKO-
PHUCTOBYIOUM BIAIIOBIIHUI MeXaHi3M, BHOYIOBYeE ixX y
nopsiaky BimnpasienHst [11]. Tomy HeoOxigHa wiTka
CHUHXPOHI3allisl NpUIMaJIbHUX 1 IepenaBalibHUX MpH-
cTpoiB. /[ bOro B MOTOKH IAKETIB 3 IMPU3HAYEHOIO
Ul KOpUCTyBaya iH(oOpMalli€lo BCTABISIOTHCS Crelia-
JIBHI TaKeTH, SK, Hampukiaa, B TexHoiorii ATM ICP
(IMA Control Protocol, kepytounii mpotokon IMA). Lli
MaKeTH HapiBHI 3 1HIIOK, NMPU3HAYEHOI JJISI KOPUCTY-
Baya iH(popmarieto, yrBoprotoTh kKaapu IMA. Xoua
LIBHJKOCTI KaHalIiB, IO BXOAATH B OAHY IPYIly, € piB-
HUMH, HE iCHYE TapaHTii, 110 BCTaBJEHI MakeTu OyIayTh
oTpuMaHi oxHo4acHo. ToMy B OiNbII MBHIAKI KaHAJIH
JUTs. BUPIBHIOBaHHSI NIBUAKOCTEH HaJCHIIAIOThCS CHElli-
aJIbHI TIOPOXKHI KITITUHKH. MYJIBTUILICKCOPH OJICPKyBa-
Ya BUAQIAIOTH iX, MEpUI HDK NepeAaBaTH B MEPEeKY.
Po3monin moToKiB MakeTiB 10 Pi3HOTHITHUX Pi3HOMIBH/I-
KICHUX KaHaJlaX HE3aJIC)KHUX JIIHIN 3B'A3KY J1a€ MOXIIU-
BICTh TIJBHIIWTH >KUBYUICTH MEPEXKi, 3MEHIIUTH dYac
JIOCTaBKH TIAKETIB 1 IUIATy 32 OPEHAY KaHaliB.

PosrisineMo mporec nepenavi JAaHUX i3 BHKOpHC-
TaHHSM HaBEAEHOTO BHUINE anropurMmy. J[ns nporo BBe-
JIEMO TaKi MO3HAYeHHs: Vjy — 00CAT mepemaBaeMux i3
CXOBHIIA MaHUX; Vy; — cayx0oBa iHopMarltis mis ¢o-
pMyBaHHS KOMIpoK; Vs, — ciyxOoBa iHpopMaris ais
(dopmyBaHHs KanpiB; Vs — MoTpiOHMI o0car ciyx0o-
BOI iH(l)OpMaL[ill. (_pI/IC. 3, VSU: VSU] + VSUZ).

MHOXHMHY KaHajliB, HAasBHUX B JaHWUH MOMEHT i
MalO4UX MOXIIMBICTH JJISl OTPUMaHHS JaHUX 13 CXOBH-
1113, IIO3HAYUMO SIK

I={i‘i=1,_n}, ©)

a BCl MOXKJIMBI BapiaHTH PO3MOALTY KaHaTiB (), oTpu-
MaHi NpPYA BUKOHAHHI HAaBEICHOTO alTOPUTMY, € IIiJI-
MHOKMHAMH 1Ii€1 MHOYKHUHH, TOOTO

Hexaii Takox BimoMi Taki 3HadeHHs: V; — oOcsr
JaHMX, sKi OyAyTh mepeaHi 1o i-My Kanamy, i€y ; T;
— Yac mepenadi BiAmoBigHOro oocsry V; i-m kanaiaom; S;
— IIBUAKICTH Hepenayi maHux i-M kaHaiom; C; — Bap-
TICTh OPSHIW KaHaliB; Ty —4ac, BUAUICHHUN I Tepe-
nadi oocsry Vyy; Cpy —xomta (piHaHCYBaHHS), BUIIIEHI
JUTSL OPEHTU KaHAJIiB.

3a3Buyaii, 3HaueHHA 7; BIOPI3HAIOTHCS OJHE Bif
onHOro. BusHaunmo MiHiMaJIbHE cepel] HUX
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Viu

A\ 4

<>

VSU
1 2 3
Vsui Vsur Vsui
I _E I
a
VSUI VSUZ VSUI VSUZ VSUI VSUZ
[N I -
‘ Kanan 1 > < Kanan 2 >
Puc. 3. ®opmyBanHs KoMipok (a) Ta kazapiB (0)
Tonin = ?;}2(7;') : ) S+ Vsur (1)~ Viwy < St i€, (9)

Le Hagae MOXIIMBICTH OTPUMATH 3HAYEHHS 3aTPHU-
MKH TIpH Niepe/iadi MakeTiB KOKHUM i-M KaHaJIOM:

AT; = Ti - Tmin' )

1

OTKe HEOOXiJHO BHPILIMTH TaKy ONTUMi3alliliHy
3a/ady: 3HaUTH HAWKpaluii BapiaHT pO3IOLTY MTaKeTiB
M0 KaHajax 3B'S3Ky cepell TaKuX, IO 3aJOBOJBHSIOTH
YMOBI IIpO T€, 10 MaKCHMaJIbHUH Yac Iepeaadi 3a Jo-
TIOMOT'OI0 O/IHOTO 3 KaHalliB 00paHOro BapiaHTy PO3IO-
niny I, He TepeBHINye Yac, BUAUICHWH UIS Tepeaadi
HEOOXITHOro 00cATy JaHux Vjy, TOOTO

max Tl < TIU . (6)
iely

Kpim TOro, 3arpuMku mo IUX KaHallaX ITOBHHHI
OyTu 3BesieHi 70 MiHiMyMYy, TooTo (ATi — 0).

max < Ty AT; >0 Viely. (7N
iely

[le omHO OOMEXEHHS: KOUITH, IO BUTPAYAFOTHCS
Ha OpEHJY KaHATIB HE NMEPEBUIINYBAJIU BHILICHOrO (i-
HaHCYBaHHS

B xoi BUpilIeHHs OTPUMaHOI ONTUMI3aliiHOI 3a-
navi ToTpiOHO, mo0 BiAiOpaHi BapiaHTH 3aJ0BOJIBHSIIN
TaKii yMOBIi:

ne At — eJeMEHTapHHU NPOMIKOK dacy, a HalMEHIIa
LIBHKICTH Iepesiayi cepe]] BiiOpaHnX KaHaJIB € TaKOIO:

iGIk
BucHoBku

TakuM YMHOM, 3aIPONIOHOBAHUI METO]] 3MEHIICH-
HS Yacy JIOCTYIy IO CXOBHIII JIaHHUX Y TilEpKOHBEPIeH-
THOMY CEpPE/IOBHIII IUIIXOM pPO3TalyKeHHs iHpopMa-
LIHUX TOTOKIB. METO/1 € TBOXETAITHUM Ta CKIIAAETHCS
13 TIOCJIiIOBHOCTI KPOKIB 3HaXOJDKEHHS MOMJIMBUX Ma-
PUIPYTIB Ta 3HAXOKEHHS ONTUMAJIBHOTO 13 3HAHICHHUX
BapiaHTiB PO3MOALTY KaHAIIB.

BiazHaunMo, 1o npu 3aCTOCYBaHHI TAKOToO MiJIXO0-
Jly BUHUKA€E Psl TPYAHOLIIB 3 MEPEPO3NOJIiIOM MOTOKY
KOMIpOK B TaKUX BUIAJKaX:

- BUPOJDKEHHS MiJMepexi (BiMOBa KaHaIB 3B's13-
Ky 1 By3JIiB);

- HeOoOXI1THICTh MMOBTOPHOI Iepenadyi, K0 KOMip-
Ka OTPUMaHa 3 IOMUIIKOIO;

- OyIb-fIKMM KaHaJ II0YaB MpPAILIOBAaTH MIBHALIE
a0o MOBIJIBbHILIE.

HanpsiMok mogajbmmx AOCTiZKeHb: PO3IIISIHY-
TUN MIXiI OpeACTaBise Oe3MepedHuid iHTepec s Mo-
JIANIBIIONO BUBUYEHHS, TaK SIK JIO3BOJISIE iICTOTHO 3MEH-
LIMTH Yac Tepenadi JaHuX i BUTPATH Ha OpPEHAY KaHa-
JIB, @ TAKOXK IMOJIIIIATH KUBYYICTH MEPEXKI.
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Merton pa3BeTBJICHHS 3aNIPOCOB K XPAaHWJINIIAM JaHHBIX CHCTEM C THIICPKOHBEPTeHTHONH HHPPaCTPYKTYpOi
H. T. Kyuyx, 1. C. 3b1xoB, B. 1. Ilanyenko

AKTyaIbHOCTB HcceqoBanus. B npouecce (yHKIIMOHUPOBAHUS KOMITBIOTEPHOI CETH TUIIEPKOHBEPIeHTHOH apXUTEKTY-
PBI 33 CUET LEHTPATU30BAHHOIO YIPABJIEHNS YBEIMUMBAETCSA BPeMs JIOCTYNA K XpaHWINIIAM JaHHbIX. Ho 171 HekoTopeIx noz-
CHCTEM, OCOOEHHO JUISl TeX, KOTOpbIE JOJDKHBI (DYHKIIMOHMPOBATh B PEXKUME, MPUOIMKCHHOM K PEXHUMY PEalbHOrO BPEMEHH,
JIaHHbIE TIOKa3aTelH SBJISIOTCSA O4eHb CylecTBeHHbIMU. Lle/1bI0 cTaThu sBIseTCs pa3paboTKa MOAX0/a K YMEHBIICHHUIO BpeMe-
HM JIOCTYNA K XPaHWIHUIIAM JIaHHBIX B T'HIIEPKOHBEPIeHTHON Cpelie IyTeM pa3BeTBICHHS MH(POPMAILIMOHHBIX NMOTOKOB. Pe3yJib-
TAThI HCCIe]0BaHusA. [IpeoKeHHBI METO SIBISIETCS IBYXITAITHBIM H COCTOHMT M3 MOCIEA0BATENILHOCTH 1IarOB HAXOXKIACHHS
BO3MOXHBIX MaplIPYTOB M HAaXO0XKJECHHUs ONTHUMAJIBHOTO U3 HalIEHHBIX BADUAHTOB paclpe/ieNicHus KaHalloB. B pe3ynbpTrare Haii-
JICH JIy4IlIMil BapHaHT paclpe/eeHus IIaKeTOB 110 KaHAJIaM CBSI3H CPEIN TeX, YTO Y OBICTBOPSIOT C(HOPMYINPOBAHHBIM YCIOBHU-
AM. B yacTHOCTH, MakcHMaibHOE BpeMs IIepeiadi ¢ NMOMOLIBIO OJHOIO U3 KaHAJIOB BHIOPAaHHOIO BapHaHTa paclpeleseHus He
MPEBBIIACT BPEMsl, BBIJICICHHOE JUIS IIepe/ladn He0OXOAMMOro 00beMa JIAHHBIX U BBIIIOJIHEHBI OrPaHUUYCHUS 110 IIPOU3BOAUTEIIb-
HOCTH U cTouMOCTH. BeiBoabl. [IpnMeHeHne noaxona Mo3BoisieT CyIECTBEHHO YMEHBIINTD BpEMs NEPEadl JaHHBIX U PacXo-
JIbl HA apeH]ly KaHAJIOB, a TAKXKE YIy4IINTh KUBYYECTh CETH.

KawueBblie cioBa: TUIICPKOHBEPIreHTHAsI apXUTCKTYpa, XpaHWINIIE JaHHBIX, BPEMS BBIIIOJTHECHUSA 3aIlIpoca.

Method of branching requests to data system stores with hyperconvergent infrastructure
N. Kuchuk, I. Zukov, V. Panchenko

The relevance of research. In the process of functioning of the computer network of the hyper-converged architecture due
to the centralized management, the access time to the data warehouses is increased. But for some subsystems, especially those
that are supposed to function in real-time mode, these figures are very significant. The purpose of the article is to develop an
approach to reducing access time to data warehouses in a hyper-converged environment by branching information flows. Results
of the research. The proposed method is two-step and consists of a sequence of steps to find possible routes and find the best of
the found channel distribution options. As a result, we found the best variant of packet distribution over the communication
channels among those that satisfy the formulated conditions. In particular, the maximum transmission time by one of the chan-
nels of the selected distribution option does not exceed the time allocated to transmit the required amount of data and the per-
formance and cost constraints are met. Conclusions. The approach can significantly reduce data transmission time and channel
rental costs, as well as improve network viability.

Keywords: hyperconvergent architecture, data warehouse, query time.
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CHUHTE3 AITAPATHHUX 30COBIB PEAJIIBAIII I'PYII CAMETPUYHUX
JIBOXONEPAHJIHMX OMEPAII IOTOKOBOI'O IIU®PYBAHHS

CrarTs npucBs4eHa po3poOLll TEXHOIOr] CHHTEe3y arlapaTHUX 3aco0iB Ul reHepalii Ipyl CUMETPUYHUX JBOXOINEPAHIHUX
JIBOXPO3PAIHUX KpunrorpadiuHux onepauiil Juis MiABUIIEHHS SKOCTI MoTOKOBoro mudpysanHs. HaBeneno pesynbraTu
JIOCHIZDKEHHS 10 peaitizauii CHMETPUYHUX OIepalliil MoTokoBoro mudpysaHHs. Po3pobieHo ¢yHKIIOHaNbHI CXeMH IpH-
CTPOiB reHepallii i 3acToCyBaHHS I'PyYIl ONepaliil 101aBaHHS 3a MOAYJIEM /IBa, Ta YOTUPU. JlaHi rpynu onepauiif MOXyTb 3a-
CTOCOBYBATHCS, K OKPEMO, TaK i CyMiCHO. 3aCTOCYBaHHs PO3pOOJIEHUX alapaTHHX 3aco0iB NpH BIOCKOHAIEHHI peanizawii
METOAy MiZIBUIIEHHS CTIHKOCTI Ta HaaifiHOCTI moTokoBoro mudpyBaHHs 3a0e3neuye 301IbLIEHHS BapiaTUBHOCTI mudpy-

BaHHs B II’SITh pas.

Karw4dosi caoBa: kpunrtorpadidne KoxyBaHHs, HOTOKOBE MN(PYBaHHs, CHHTE3 TPy KPUIITONIEPETBOPEHHS, 10laBaHHS

3a MozyiieM, (PYHKI[iOHaJIbHA CXeMa.
Beryn

IMocTanoBka mpodsiemu. Ha choromuimHii neHb
B CBITI BiIOyBa€eThcs I100aIbHA iHPOpMaTH3alis cycri-
nbcTBa. OCOONMBO aKTyaJlbHUMHU CTAalOTh IUTAaHHS BH-
COKOe()EeKTHBHOIO 3aXUCTy 1HPOpMAIii, 0OCOOIHBO KpH-
nrorpagignoro. KpiM Toro, cydacHi TeHICHIIT MOCTIiH-
HOro 30UTbIIeHHS 00csATiB iH(OopMaNii Ta MBUAKOCTI ii
00poOKHM Ta mepenayi, oOyMOBIIEHI PO3BHTKOM HOBHX
iH(pOpPMaIIfHUX TEXHOJIOTiH, BUMAararoTh BiJIIOBITHOTO
PO3BUTKY 3ac00iB OTOKOBOTO mM(ppyBanus [1-3].

CyuacHi HayKoOBi JOCTi/DKEHHS B cepi KpHUITO-
rpagiuHoro 3axucry iHpopmanii Bce OLIbIIEe yBaru
NPUALSIIOTE PO3BUTKY MOTOKOBHX MH(PIB, 30KpeMa
TIOB'SI3aHOMY 3 BHPILIEHHSM 33/1a4 arnaparHol reHepaii
BHCOKOSIKICHHX TICEBJIOBUIIAIKOBUX ITOCIIJOBHOCTEH Ta
MoOYIOBH HOBUX JIOTIUHHX OIepaliii KpunrorpadiyHo-
rO TepeTBopeHHs iHdopMalii, JOCTiPKEHHIM 1X 1o0Y-
OB a00 BUKOPHUCTAaHHSIM apu(METUYHHX orepamiii 3
pizHuMu Moxyisimi [ 1, 4].

AHaJIi3 OCTaHHIX JIoc/ilKeHb i myOaikamii.
[IpoBenenuit aHani3 METOMIB CHHTE3y OJHOOIEPaH]-
HUX Ollepaliii KpunTorpagivHOro NnepeTBOPeHHs 1H-
¢dbopmMarrii mokasaB IO HE 3aJIS)KHO BIJ Omepariil siki
CHUHTE3YIOThCS, AJITOPUTM CHHTE3y MO)KHA MOJIIUTH Ha
OJIOK CHHTE3y OJHOOICPAHIHUX OIepamnii 0a30BoOi
rpymu, OJOK CHHTE3y olepaliii mepecTaHOBKH, OJIOK
CHUHTE3y omepanii iuBepcii [5, 6]. Jlani 60ku 10IOB-
HIOIOTh OZIMH OJHOTO 1 PO3IIUPSIOTH KUIBKICTH Omepa-
uifi. OcoOnuBOCTI peanizarii KO)KHOrO METOAY CHHTeE-
3y omepaliii BH3HAYAETHCI OCOOJHUBOCTIMHU CHHTE3Y
omepaniii 6a3oBoi rpynu. TexHiuHill peanizamii oxHO-
OTepaHIHHUX Ollepaliil IpucBsueHo psia podit [7-12].
Oco0nuBOi yBaru 3aciyroByIOTh JOCIHiDKEHHS IPHUC-
BSYEHI Ta CHHTE3y anapaTHHX 3aco0iB reHeparii of-
HoonepaHIHUX omepauiii [13, 14]. [Ipore cunTe3y ana-
paTtHuX 3aco0iB reHepalii Tpyn JIBOXOIEPaHIHUX Olle-
paiif He MPUALIIOCS 10CTATHBOI YBarH.

MeTtorw po6oTH € po3poOKa TEXHOJIOTIi CHHTE3Y
amapaTHUX 3aco0iB Ui TeHepauii Ipyl CHMETPHYHHX
JIBOXOTIEPAHJHUX JBOXPO3PAIHUX KpHUITOrpadiyHmux
orepalii s MiABUIIEHHS SKOCTI TOTOKOBOTO HIH(pPY-
BaHHS.

OcHoBHU# MaTepian

Jlis mocsTHEHHsT TIOCTaBJIEHOI METH B IpoIieci
aHaJli3y METOMIB CHHTE3y MaTeMaTHYHUX TPYI CHUMET-
PUYHUX JBOXOMEPAHIHUX JBOXPO3PSIIHUX OIeparliit
MOTOKOBOT0 MIM(pYBaHHS HA OCHOBI JOJaBaHHS 338 MO-
IylneM JiBa 1 JOAaBaHHs 3a MomayineM dotupu [2, 15]
BCTaHOBJICHO HACTYIIHE!

- CHHTE3 [BOXOIIEpPaHIHHX OIepaliid IMpoBO-
JIUTHCSI AHAJIOTTYHO CUHTE3Y OIHOOIIEPaHTHHUX OIIepalii
LUISIXOM TOOYI0BU omepaiiii 0a30BOI TPyMH, ITOEJHAH-
HAM OIlepalliid 6a30BOI IPYyIH 3 TPYIIOK OIepalliii mepe-
CTaHOBOK Ta TOEJHAHHS OTPUMAHOI IPYIH Omepauiil 3
TPYIIOI0 OTeparltiii iHBepcii;

- CHHTE3 IpyIH JBOXOINEpaHJHHUX Ollepaliil pea-
JI3YETHCS HA OCHOBI IPYNHU OIHOOIIEPAHIHHUX OIEpallii,
LUISIXOM TIOE€JHAHHS OJHAKOBUX OIHOOMEPAaHIHUX Olle-
partiii 0OpoOKH MEpIIOro Ta APYroro OrnepaHaa;

- METOQH CHHTe3y 0a30BUX IpyN CHMETPHUYHHX
JIBOXOTIEPAHIHUX BOXPO3PSIHUX OIepaliid MoTOKOBO-
ro mmpyBaHHs Ha OCHOBI JIOJ[aBaHHS 32 MOJYJIEM JBa
1 JonaBaHHS 32 MOAYJEM YOTHPH BiJPI3HSIOTHCS Tpa-
BUJIAMU TIOETHAHHS OJJHAKOBHX OJHOOIIEPAHIHHX Olle-
parii;

- TpaBWIa MOEIHAHHS OIepalliii 6a30Boi rpymu 3
olepamisiMi TPYNH TEPEeCTaHOBKH Ta TPYIH IHBEPCIH
aHAJIOTIYHI MpaBWJIaM NOEJHAHHS TPU CHUHTE31 OJHOO-
TIepaH/IHUX OTIepallii.

Buxonsuu 3 nporo amapaTsi 3acodu (opMyBaHHS
TPYH CUMETPUYHHX JBOXOICPAHIHHUX TBOXPO3PSIHHUX
orrepaniif MoToKOBOro IMU(PyBaHHS TOBUHHI BKIIIOYATH
cxeMy opmyBaHHs1 0a30BUX olepalliid, cxemy peaiza-
1ii omeparliif mepecTaHOBOK Ta CXEMY peatisarlii ornepa-
1i¥ iHBepCiil.

CuHre3 6a30BOi Ipynu CUMETPUYHHX ABOXOIEpa-
HIHHUX JBOXPO3PSAHUX OMepariii MOTOKOBOro mudpy-
BaHHS Ha OCHOBI JIOJ[aBaHHs 32 MOJIYJIEM JBa IPOBO-
JIUTHCSI 3 BPAaXOBYBAHHSIM B3a€MO3B’SI3KIB MDK OJHOO-
TIepaHJHUMH OMepanisiMi 0OpOOKU OrepaHIiB, sSKi OIH-

k )
CYIOTBCSL MoOAEII0 F = . Mopeni cuMeTpu4HUX
2

JIBOXOIICPAHIHUX JBOXPO3PSIHUX Omepaliii 06a30Boi
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TPy sIKi HEOOX1/IHO pealli3yBaTu B IPUCTPOI reHepartii
TpyIH OIepaliii JoJaBaHHs 3a MOJYJIEM J[Ba TaKi:

ki Dk

02 = g M || 1PA : 1)
X k2 X (‘Bkz

05962= xl@xz @ kl@kz _ xl@xz(-Bkl(-Bkz ’(2)
R%) k2 xZ(‘Bkz

0% _ {xl } @{kl } _ |:xl Dk } 3)
36 .
xl(-Bx2 kl@kZ xl@xz(-Bkl(-Bkz

Buxonsuu 3 BupasiB (1-3) amapati 3acobu ¢op-
MYBaHHS IPYIIH OIepalliii MOBUHHI BKJItoYaTH 00K (o-
PMYBaHHs JBOXOIEPAHIHUX OIEpaliil i3 OIHOOIEepaH]I-
HUX. B JgaHOMy BUMamky BiH TOBHMHEH 00’ €IHYBAaTH,
IIUIAXOM JOJaBaHHS 32 MOJAYJIEM JIBa, OITIB ONMEpaHIiB 3
OTHAKOBMMH HOMepamH. Ha OCHOBI JaHOro MiAXOmy
MoOYI0BaHO (PYHKIIOHAJIBHY CXEMY IMPUCTPOIO peali-
3alii Tpyn omeparliii JogaBaHHSA 3a MOIYJIEM JBa MPeE-
CTaBJIeHY Ha puc. 1.

| Cxema (pOpMYBAHHA
dazoBoi rpynH

L]

8]
(87

I

[

[TobynoBana QyHKIIOHATIBHA CXEMa MPHUCTPOIO PO-
30UTa Ha YOTUPH (PYHKIIOHAIFHO HE3aJIeKHI MO
0710K (hopMyBaHHS IBOXOIIEPAHIHUX ONEpaliii Ha OCHOBI
OJTHOOTICPAH/THHUX HUIIXOM JOJaBaHHS BiJIIOBIIHUX PO3-
PAAIB OIIEpaHIIB 3a MOIYJIEeM JiBa (00’ €JHYIOTHCS BiJIIO-
BiIHI PO3pAIM MEPIIOro ONepaHza x; i X, , 3 BIIIOBiA-
HUMH PO3pAJaMu JIpyroro omepanma k i k,); cxemu
(opmyBaHHs orepalliii 6a30BOi rpymnyu (CxeMa IMpaIoe B
3aJIKHOCTI BiJl 3HaYeHb KOMAaHJAW YIPABJIiHHSA 3a7aHOl
BXIJIHUIMH CUTHAJIAMU Z| 1 Z, ); CX€MH yIPaBJIiHHA Ilepe-

CTaHOBKaMH (TIEPECTAHOBKA 3a/Ia€ThCSl 3HAYCHHSIM BXiJI-
HOTO CHTHAIIy z3) ; Ta CXEMH YIPaBIiHHS 1HBEPCIsIMU
(HasiBHICTH 1HBEpCIH BHMXO[iB BH3HAYAETHCS CUTHAJIaMH
YIpaBIiHHA z4 1 z5). Tpu ocTaHHI CXEMH YMOBHO MOX-

Ha TOEJHATH B 00 €mHaHWN OJIOK (hOpPMYBaHHS TPYIH
ornepaniii. OyHKI[IOHANBEHA cXeMa ITPUCTPOIO peastizawil
TPyl onepaniil JogaBaHHA 3a MOIYJEM JBa IPAIlOE Ha-
CTYITHUM 4YMHOM: TIPH TOjadi Ha BXoaW iHpopmamii Ta
CHTHAIIIB YIPAaBJIiHHA HA BUXOJl Oyle pe3ylbTaT BUKO-
HaHHI orlepalii 3a1aHo1 CUTHAJIaMH1 YITPaBIIiHHSIL.

Cxema yOpasTiHHA
MEpPEeCTAHOBKAMHA

Cxema ynpasiliaHa
iHBep ciAMH

by

o

8]

o

T
I |
| |
1 |
| ;I | yl
I :I |
| |
| I
: |
| ] i
I |
| |
l |

JABOXONEPAHIHHX

]
]
l Buaok GopMyBaHHA I_
| omepaniii tTonaBaBHA |

Puc. 1. OyHkuioHanpHa cxeMa IPUCTPOIO peatizallii rpyn onepaiil 1o1aBaHHs 32 MOLY/IEM JBa

CuHTE3 TPYIU Olepaliil JOJAaBaHHSI 332 MOIYJICM
YOTHPH BiJPi3HAETHCS BiJ] CHHTE3 IPYIH OIepallii m10-
JTaBaHHS 32 MOJYJIEM JIBa O0YI0BOIO orepalliii 6a30Boi
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ky |
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TpyIH Ha OCHOBI Mozem F = {

)
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X1 @® Xy - k2 ® kl

X1 (‘BXZ (‘BXZ 'k2 (‘Bkl (‘Bkz '
Buxopsiun 3 (4-6) amapatHi 3acodu QopmyBaHHS
TpYyNH ONepalii 10JaBaHHs 32 MOIYJIEM YOTUPU MOXHA
Npe/CTaBUTH (DYHKIIOHAIBHOIO cXeMor puc. 2. [lana
(yHKIIOHATIbHA CXEMa BIJPI3HAETHCS Bif pHc. | e
6s10k0M (hOpMYBaHHS TBOXOMEPAHIAHUX OIeparliii 3a Mo-
nyneM. Jlanuii Onok 3a0e3reuye IMOETHAHHS OIEpaIlii
BIJITIOBITHO JI0 METOMY CHHTE3Y IPYITU JPYToi OIepalliii.
Cxemu (OpMyBaHHs TPYIH Ollepariil 3auuieHi 6e3 3Mi-
HU. OYHKIIIOHYBaHHS JAHOI CXEMH aHaJIOTIYHO ToTepe-
Hiit. O0’€eTHaBIIM M1i]] YIIPaBIIiHHSM CUTHAIY Zg TTO€IHAH-
Hs OJIOKIB ()OpMyBaHHS IBOXOIEPaHIHUX OMEpalii Jo-
JlaBaHHS 32 MOJYJIEM JiBa Ta YOTHPH OYylIO0 OTPUMAaHO
(YHKLIOHATIBHY CXEMY MPHUCTPOIO peaiizalii rpym ore-

parliii 1omaBaHHs 3a MOIY/ISIME JBa Ta 4OTUPH (puc. 3).

()
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Puc. 3. OyHKIiOHANBEHA CXeMa IPHUCTPOIO pealtizallii TpyH onepariii JoaaBaHHs 32 MOIYISIMH JBa Ta YOTHPH

Jlana ¢yHKHioHanbHa cxema peanizye 48 cumer-
PUYHHX JIBOXPO3PS/IHUX JBOXOIEPAHAHUX OIEparii
KPHIITOIIEPETBOPEHHS 3aMicTh 24, 10 peati3yloTh JBi
nionepeHi (yHKIIiOHABHI CXEMH.

B mpoueci mociimkeHHs Oyno BCTaHOBJIEHO, IO
MOOYOBaHUI TPUCTPIH JOIIBHO 3aCTOCOBYBAaTH B
670111 KpunTOonepeTBopeHHs iHdopmanii npu peanizamii
METOAY IiJBUIICHHS CTIHKOCTI Ta HAIIHHOCTI MOTOKO-
Boro mudpysanss [3].

B nipormieci mocmipkeHHsT BCTAHOBJIGHO IO CYMiCHE
3aCTOCYBaHHS olepallii 301IblIye KiJIbKICTh omnepaii 3
12 no 60, i sik HacmigoK, B 5 pa3 30inblIye BapiaTuB-
HICTB aJITOPUTMY TIOTOKOBOTO IIU(PYBaHHSI.

BucHoBku

[TobynoBa amapatHux 3aco0iB reHeparii Marema-
THYHUX TPYI CUMETPUYHUX JBOXOIMEPAHIHHUX JBOXPO3-
PSITHUX Omepallifi MOTOKOBOTO MIM(pPYBAHHS IO aHAJIO-
rii HOBMHHA Bi0Opa)kaTH KOHIEMIIII0 CHHTE3y MaTeMa-
TUYHHUX TPYI Oepallii i BKIoYaTu B cede 1moOynoBy
OJIOKIB TeHepalil oreparniii 06a30Boi rpymy, reHepaii

orepalliii IepecTaHOBKHM Ta TeHepallii omeparii iHBep-
cii.

Po3po0i1eHO GyHKIIOHATBHY CXEMY IPUCTPOIO pe-
aizarlii rpym omnepariiii 1oqaBaHHs 32 MOIYJIEM JIBa, siKa
peani3ye cuHTe3 24 CUMETPUYHHX OIepaliil MOTOKOBO-
ro mu@pyBaHHSI B 3aJISKHOCTI BiJl CHTHAJIB YIIPaBIIiH-
Hs. Po3poOrneHo (QyHKIIOHAJIBHY CXEMy arapaTHOro
CHHTE3y 24 CHUMETPHYHHX OIepaliil IIOTOKOBOro MInG-
pyBaHHS Ha OCHOBI JIONaBaHHS 3a MOJIYJIEM YOTHPH.
Po3po0iieHO (YHKIIOHATBHY CXEMY HPUCTPOIO CyMic-
HOI peaji3allii Tpym onepaiii JOJaBaHHSI 3a MOIYJICM
JIBa Ta MOJYJIEM YOTHPH.

PosrmsiHyTHi minxin [0 MOOYAOBH PO3IIISTHYTHX
amapaTHHX 3ac00iB MOXKHA TPAKTYBATH SIK TEXHOJIOTIIO
CHHTE3Y arapaTHUX 3aco0iB reHeparlii rpyrn CUMeTpuy-
HOT'O JIBOXOIEPaHIHHUX JBOXPO3PSIHUX OMepariii moro-
KOBOT'O MU(pyBaHHs. 3aCTOCYBaHHsI pO3POOJICHUX arla-
paTHUX 3aco0iB TpU BIOCKOHAJIEHHI peaji3alii MeToay
MABUILEHHS CTIMKOCTI Ta HAAIMHOCTI IMOTOKOBOIO IIIU-
¢pyBaHHs 3abe3neuye 301TbLICHHS BapiaTUBHOCTI IIH-

¢dpyBaHHs B 5 pas.
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CHHTe3 annapaTHBIX CPEICTB PeaJn3aliy Py CHMMETPHYECKHX ABOONIEPAHAHBIX ONlepanui
TMOTO4YHOr0 Mg poBaHus

H. B. Jlaga, C. I'. Ko3nosckas, B. M. 3axxoma, C. B. Bucoupkuii

Crarbs MOCBAILICHA Pa3pa0OTKe TEXHOJIOTMM CUHTE3a alllapaTHbIX CPEACTB Ul MEHEPalMy IPYNIl CUMMETPUYHBIX IBYX-
OIEPaH/HBIX JABOXPO3PAAHUX KpUNITOrpaguuecKux onepauuii s NOBbILIEHHS KauecTBa IOTOKOBOT O MIU(POBaHHU.

IpuBeneHb! pe3yabTaThl UCCIEIOBAHUS 110 PEAIU3ALMY CUMMETPUYHBIX oreparuii norokosoro mudposanus. Paspabora-
HbI (DyHKIIOHAIIBHBIC CXEMBI YCTPOHCTB I'eHepalluy ¥ NPUMEHEHUS IPYIII ONepalui CI0XKEHHS 110 MOLYJIIO 1Ba 1 4eThIpe. JlaH-
HbIE TPYNIBI OHNEPAlMii MOIYT NPUMEHATHCS KAaK OTAENBHO, TaK M coBMecTHO. IIprMeHeHHe pa3pabOTaHHBIX aNnapaTHbIX
CPEJICTB IIPH COBEPLICHCTBOBAHUM PEANIM3allMM METOZA IMOBBILIEHNS YCTOHYMBOCTH M HAJIEKHOCTH IIOTOKOBOTO MIM(POBAHUS
obecrieunBaeT yBeIMYEeHUE BAPHATUBHOCTH MIU(POBAHUS B IISTh Pa3.

KawueBbie ciaoBa: kpunrorpadpuyeckoe KoJUpoBaHie, HOTOKOBOE MH(pPOBaHe, CHHTE3 IPYIIT KPHIITOIpeoopa3oBa-
HUS, CJIOKEHHUE 110 MOJYJIIO, (PyHKIMOHAIBHAS CXeMa.

Synthesizing the hardware implementation means for groups
of symmetric two-operand stream ciphering operations

N. Lada, S. Kozlovska, V. Zazhoma, S. Vysotskyi

The article is devoted to the technology's development for synthesizing the hardware means to generate the groups of sym-
metric two-operand two-bit cryptographic operations for the quality of stream ciphering improvement. The research results of
stream ciphering symmetric operations implementation are presented. The generation and application devices' functional dia-
grams for groups of modulo-2 and modulo-4 addition operations are developed. These groups of operations can be applied indi-
vidually as well as jointly. Applying the developed hardware means increases the encryption variability by five times at improv-
ing the application of the stream ciphering stability and reliability increasing method.

Keywords: cryptographic coding, streaming encryption, synthesis of cryptoconversion groups, adding by module, func-
tional diagram.
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HAYKOBO-ITPUKJIATHI OCHOBH ITIOBY TOBH CTIMKUX MAPKEPIB
JOIMOBHEHOI PEAJIBHOCTI

ITpeameToM BUBYEHHS B CTATTi € MapKepH JOHOBHEHOI peabHOCTI. MeTor € po3pobka HAyKOBO-IIPUKIIAJHUX OCHOB I100Y-
JIOBU CTIHKHMX MapKepiB JIOIIOBHEHOI PEaIbHOCTI HA OCHOBI CUCTEMHU MOJIENell Ta METO/LB CTiHKOro ()opMyBaHHS, BUSABICHHS
Ta JIGKO/lyBaHHS JJAHUX, 110 3a0e3Medye BiJIHOBJICHHs 300pa)K€HHs B yMOBAaX 30BHIILHIX BIUIMBIB. 3aBAaHHsA: aHAJI3 epeBar
Ta HEJONIKIB ICHYFOUNX MapKepiB JOMOBHEHOI pealIbHOCTI, (POPMYIIIOBAHHSA OCHOBHUX BUMOT 0 MapKepa JIOIIOBHEHOI peaib-
HOCTI, JTOCJII/DKEHHSI CHCTEMH MOJIeJIelt Ta METO/IB CTiikoro (opMyBaHHS, BUSBICHHS Ta JEKOAYBAaHHS JaHMX, 110 3a0e3nedye
Bi/IHOBJICHHSI 300pakeHHs B YMOBAX 30BHIIIHIX BIUIMBIB. BukoprucroByBaHUMH MeToAaMu €: MeToau LudpoBoi 0Opodku 30-
OpakeHb, Teopii MIMOBIPHOCTI, MaTeMaTUYHOI CTaTHCTUKH, Kpunrorpadii Ta 3axucry iHdopmarlii, MaTeMaTHYHUI arapar Teo-
pii Marpuip. OTpuMaHi Taki pe3yJabTaTH. BusHaueHi nepeary Ta HelOJIIKM OCHOBHUX ICHYIOUHX THUIIB MapKepiB JOHNOBHEHOI
peanbHOCTi. CHOpMyYIIBOBaHO BUMOTH, SIKUM HOBHHHI 33JIOBOJIBHATH MapKepH JONOBHEHOI PeabHOCTI. 3alpOIOHOBAHO CHC-
TeMa MoJeliel Ta MeTOAIB CTiikoro opMyBaHHs, BUSABIEHHs Ta JEKOLYBaHHs JaHUX, IO 3a0e3liedye BITHOBJICHHS 300pa-
XKEHHsI B yMOBaX 30BHIIIHIX BIUIMBIB. BucHOBKH. Hanpsivkamu nopanpImx JOCHIZKEHb € po3poOka MeTony (hopMyBaHHS
CTIHIKOro Mapkepy JIOIIOBHEHOI peallbHOCTI; PO3poOKa METO/ly BUSBJICHHS CTIKOro MO3ai4HOrO CTOXacTHYHOTO MapKepy 1o-
MOBHEHOI PEaIbHOCTI; pO3p00Ka METO/Ly JEKOMYBaHHS MO3aI4HOI'O CTOXaCTUYHOIO MapKepy JAOHOBHEHOI peasibHOCTI; po3pol-
Ka METOJLy IPOEKTYBAaHHS BIpTyaJIbHUX 00 €KTIB Ha IUIOIIMHY MapKepy JOMOBHEHOI peallbHOCTI; po3podka iHpopMaLiiHoi Te-
XHOJIOTiT BUKOPHCTaHHS MO3aTUHMX CTOXACTHYHUX MapKepiB y CUCTEMax JIOIIOBHEHO! PEaIbHOCTI.

Kaw4yoBi cioBa: mapkep, Kox, JOINOBHEHA peajbHICTh, BipTyalbHa PEaJIbHICTh, MOJEII, METOIH, BHMOTH, podacT-

HiCTB, BUSIBJICHHS, ACKOAYBAaHHS.

Beryn

IHocTanoBKa Mpo0iaeMH y 3araJibHOMY BHIVIAI.
3rigHo mporHo3iB Oanky Goldman Sachs [1] (puc. 1)
LIOJI0 PO3BUTKY PHUHKY CHUCTEM BipTyallbHOI Ta JOIOB-
HEHOI peanbHOCTI 10 2025-r0 poKy 3a 00csAroM 000po-
TiB 1 IpUOYTKY PHHOK OyJie TOAIJICHUI Ha TaKi CerMeH-
TH (B MOPSKY CNIaIaHHA): irpH, MEIUIIMHA, OCBIiTa, Bili-
cpKoBa cdepa, BUPOOHHUIITBO 1 TPAHCIOPT, KIHO 1 Tere-
OayeHHs, OHJIAaWH-TPAHCIIALII, MATOTOBKA Ta HaBYAHHS
CIIBpPOOITHHUKIB, MapKEeTHHI 1 pekiama, po3apib/oH-
JIafH-KOMEpIis, TOPTiBIIsl HepyxomicTio. 3 puc. 1 Bua-
HO, II0O PUHOK CHCTEM JOIOBHEHOI PeajbHOCTI HaOIu-
3MBCS 10 PUHKY TTOCTaBKH IUIAHILIETIB, aje IIe CYTTEBO
BiJICTa€ BiJl PUHKY ITOCTaBKH CMapT(OHIB.

801 MIH,$
MocTaBku
60 cmapTdoHis
40 BapiaHTu:
MocTapku NPUCKOPEHWIA
20 nnaHweris
6a3oBuii
0 g .___.,,-_—e.—-:ﬁ'f_-—f-—-is 3aTPVUMKOIO
2015 2017 2019 2021 2023 2025

Puc. 1. IIpornos 6anky Goldman Sachs 110110 po3BUTKY
PHHKY CHCTEM BipTYaJIbHOI Ta JOOBHEHOI PeabHOCTI

TeopernuHo AR-mapkepom Moxke OyTu Oynb-sika
¢irypa (00’€xT), aje Ha MPaKTHILI BUOIp MapKepy oOMe-
JKEHUH PO3JIJIGHOIO 3/IATHICTIO KaMEpH, OCOOIMBOCTSIMH
nepezadi KoIbopy, OCBITIICHHS 1 OOYHCITIOBAJIBHOIO TOTY-
xHicTI0 oOnasHaHHs [2]. Tomy mist poObOTH y peabHOMY
Yaci BUOMPAEThCs 3a3BHYAi YOPHO-OLINIT Mapkep MpocTol
¢dopmu. Sk mpaBmiO 1€ TPSAMOKYTHHK a00 KBajapaT 3
BITMCAHNM BCEpEMHY 00pa3oM-ineHTudikaropom [2].

Icnyroui Tunu AR-MapkepiB MaroTh IEBHI IepeBaru
1 Hemotiky, a came [3]:

— BCi BOHHU JIO3BOJISIIOTH BU3HAYATH MOJIOXKEHHS Ka-
MepH, aje Uisl IHOr0 BUKOPUCTOBYIOTHCS Pi3HI METOIH:

— 3HaXOJDKEHHS KyTiB 300pakeHHs (11a0JIoHHI);

— 3HaXOJDKEHHS CHelialbHUX 00JacTel mpuB's3-
KU (LITPUX-KOJIOBI 1 KOJIOBI);

— 3HaXOJDKEHHSI OCOOJIMBUX TOYOK 300paskeHHS i
X eckpunTopiB (300pakeHHs);

—YacTHHA 3 HUX (IITPHX-KOIOBI 1 KOJOBI) MiCTHTb
JIOAATKOBY iH(oOpMalito (TIOBiIOMJICHHS), HAIPHKIaI,
MOCHJIaHHA B [HTEpHETI, 110 € OTHO3HAYHOIO MIEPEBAToIo,
OCKIJIKH JTO3BOJISIE POSIIMPUTH 00JIACTh 3aCTOCYBaHHSI.

Merta cratTi — po3poOka HAYKOBO-IIPHUKIIATHUX OC-
HOB MOOY/IOBU CTIHKHMX MapKepiB JIOMOBHEHO! PeaslbHOCTI
Ha OCHOBI CHCTEMH MojIeliel Ta METOMIB CTifikoro gopmy-
BaHHSI, BUSIBJICHHS Ta JIEKOIyBaHHSI IaHUX, 1110 3a0e31euye
BiIHOBJIEHHS 300pa)kKeHHS B yMOBAaX 30BHIIIHIX BIUIUBIB.

AHaJi3 ocTaHHIX gocaimxeHb i myOaikaunii. Tu-
ITOBa METOJIMKa 00pOOKH ITa0JIOHHOTO MapKepa CKiiaaa-
€TBCS 3 TAaKUX KpOKiB (puc. 2) [4, 5]:

— Tmepexij B rpajaliii ciporo;

— BU3HAYEHHS TTOpOTY 1 OiHapH3allist 300paXKeHHs!;

— 3HaXOJDKEHHS 3aMKHYTHX 00J1acTeii;

— BUJIUJICHHS KOHTYPIB;

— 3HaXOJKEHHS KyTiB MapKepa;

— 3HaXOJDKEHHsI IIapaMeTpiB MPOEKTUBHOTO Meper-
BOPEHHSI 1 IEPETBOPEHHS KOOP/IMHAT.

Meroauka poOOTH 3 IITPUX-KOJTOBUMH MapKepaMu
nependavyae 000B’SI3KOBE BUKOPHCTaHHS KOy KOpEKIii
noMwiok (y JaHOMy BHIAnKy — Iie komu Pina-
Conomona (puc. 3 [4, 5]).

HenmonikoM MapkepiB-300pakeHb € HEMOXIIUBICTh
3aKOyBaTH B HHOMY MO/ATKOBE IIOBIJIOMJICHHS, IO
o0Mexye ranysb ix 3actocyBanus [6, 7]. Takok MeToau
iX 00pOOKM MarOTh BHIIY O0UHCITIOBAILHY CKIIHICTb.

© Makoseiuyk O. M., 2019
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b mace ()
|Binarization~<CIGHTING THRESHOL
M

IMAGE (1)
Labeling

COMPONENTSHI;IST
(Cn C=t 7)™

‘Contour Detection
CONTOURS LIST
(€ C=txyp™)
|Line Contour Estimation|

LINES PARAMETERS, LIST
(€. ={a;bi.c)h)

' Sub-Pixel Corner Detection|

CORNERS LIS
(" C =t ¥ ™)

CAMERA
INTRINSICS

LINES |Pattern Normalization |
PARAMETERS MARKER
i C!;!S{T b g l REGION LIST P9
C={ab;.c; .
n oo |Template Matching I._ PATTERNS
l MARKERS SIZE LIST
(Cnurnl'cnm ={X,y)) FI
| Homography Computation ‘
1 MARKERS HOMOGRAPHY
")

|Camera Transformation |

MARKERS TRANSFORMATION
o]
timization
l MARKERS TRANSFORMATION
(rR.0")
Puc. 2. biok-cxema THIIOBOI METOIHMKHU
00po0OKH 1mabIOHHUX MapKepiB [4, 5]

“Do thl Rig ® Thing." "Do the Right Thing."

Puc. 3. Pesynbrar nexonysanus QR-kony [4, 5]:
a — 6e3 Bukopucranus koxiB Piga-Conomona;
0 — 3 BUKOpHcTaHHM KoziB Pina-ConomoHna

B [3] chopMysp0BaHO OCHOBHI BUMOTH JI0 HOBOTO
tuny AR-mapkepa, a came:

1) JerKo 1 MBHUIKO 3HAXOAUTHLCS Y BiI€O-IOTOIII;

2) BUKOPUCTOBYETHCSI MiHIMaJIbHa KIJIBKICTh KO-
JILOPIB, IIIe Kpallle — Ipajallii ciporo;

3) MicTHTBh AONATKOBY iH(opMaLito (MOBiIOMIIEH-
HD);

4) no3BOJISIE BU3HAYATH MOJIOKEHHS KaMepH;

5) myHktH 3 1 4 BUKOHYIOThCS IpH BTpati 10 50%
iH(hopMaIlii npo Mapkep (HampUKIad, MPH 3aKPUTTI Ho-
TO 3aBaJI0I0 YK (i3UUHIN BiACYTHOCTI Oyab-sIKOi YacTH-
HHU MapkKepa).

OCHOBHA YacTHHA

Jis mopiBHSHHS €(QEKTUBHOCTI BUKOPHCTAHHS
CTIHKMX MO3aiyHHX MapKepiB i3 IHIIUMH THUIAMH Bi3y-
aJBHUX MapKepiB JIOMOBHEHOI PEaNbHOCTI HEOOXiIHO

KUJIbKICHO OLIHUTH HACKIJIbKH KOXKEH THI MapKepiB
3aJI0BOJIBHSIE OCHOBHUM (DYHKI[IOHaJIbHUM BHMOTaM.

VY tabn. 1 HaBeEeHO 3aIPONIOHOBAHI KUTBKICHI KpH-
Tepii Al KOKHOTO (QYHKIIOHAJIBHOTO MOKA3HHKA.

Tabnuys 1 — Kpurtepii oninkn moka3HUKiB e)eKTHBHOCTI

okaznuk Kpwurepiii oninkn

IMomit- CepenHiit yac nerekuii TecroBoro AR-mapkepa

HICTB B O/IHAKOBHMX YMOBaX CIIOCTEPEKEHHS, CeK.

IIpocrora | KinbkicTh KONBOPIB (rpamamiii ciporo), 4ucio

Indopma- | JIoBKMHA IOBIZOMIICHHS, 1110 3aKOJI0BAHO y

LilHICTD Mapkepi, it

Opienro- | MoXIMBICTh BU3HAYEHHS HOJIOKEHHS KaMepH,

BaHICTh Tak/Hi

PobGacr- KinpKicTh HOMUIIOK IE€KOIYBaHHS HOB1IOM-

HICTb JICHHS (B 3aJISKHOCTI BiJ] THILY 1 piBHS ITOMU-
JIOK), YUCIIO

Kpurnro- CepenHs KiJIbKiCTh CIIpo0, 110 HEOOXiTHI ISt

CTIHKICTh | ONTHMAJIBHOTO aITOPUTMY JEKOYBaHHS IIPH
BIZICYTHOCTI JOIaTKOBOI anpiopHoi iHpopma-
if, 9KCiI0

VHiBep- KinpkicTh 10JaTKOBUX ITapaMeTpiB, 0 HE0O-

CaNBHICTD | XiJHi I BUKopHucTaHHa AR-Mapkepa, uncio

Posrisaemo B IDEFO-HOTaIi OCHOBHUIT Iporiec
3aCTOCYBaHHS MO3aiYHOTO CTOXaCTUYHOTO MapKepa
JIOTTOBHEHOI peasibHOCTI (pHc. 4).

Bxix mporiecy — clieHa OMOBHEHOI PeabHOCTI,
IO MPEACTABIIsIE COO0K 00IAaCTh PEANLHOTO CBITY, J€
3HAaXOAMUThCS KopucTyBad. CIleHa MICTHTh B 0OO0JIACTi
MPsSIMOi  BUIMMOCTI MO3aiTYHUI CTOXaCTUYHHUHA MapKep
JIOTTOBHEHOT PEaIbHOCTI.

YrpaBiiHHA MPEACTaBisie cO00K Halip BUMOT JI0
BisyanbHUX AR-MapkepiB (BUMOTM MOMITHOCTi, MpOC-
TOTH, 1HQPOPMATUBHOCTI, OPIEHTOBAHOCTI, POOACTHOCTI,
KPHIITOCTIHKOCTI Ta YHIBEpPCAJILHOCTI); crenudikaii
cMapThoHA; MaTeMaTHYHI 1 YUCETbHI MeTonu (METOAH
JIMCKPETHOI MaTeMaTUKH, METOIU ONTUMI3allii, JeCKpH-
NTHBHA CTAaTHCTHKA, AHAIITHYHA T'COMETpis, JiHIHHA
anredpa, romorpadis, MaTeMaTudHa MopdoJoris, Me-
TOJM OiHapH3allil, METOJM CETMEHTAILli1).

MexaHi3MaM# € caM KOpUCTyBa4, cMapT(oH, CHc-
Tema nporpamyBaHHsi MATLAB, 110 BUKOpPUCTOBY€ETh-
sl Tt IPOTOTUITYBAHHS MIPOLIECIB, a TAKOXK CIIEeliai3o-
BaHi Mmoxyni MATLAB, Taki six Statistics and Machine
Learning Toolbox, Image Processing Toolbox,
Computer Vision Toolbox, Optimization Toolbox.

Ha Buxoxni MaeMo JIeKOIOBaHE MMOB1TOMIICHHS, Bip-
TyanbHUH 3d-00’€KT, 10 MPOEKTYEThCS HA IUIONIUHY
AR-Mapkepa, mpolec peHJEpUHTY Bil€O-TIOTOKY B 00-
nacti AR-mapkepa.

JlexomIio3uiisi OCHOBHOI'O IIpoIecy Iependadae
MIPOBEICHHS IBOX IiAMPOIIECIB MEPIIOro piBHA (puc. 5):

1) cdororpadyBat AR-mapkep:

— BXxijg — AR-crena;

— BHX1J1 — 300pa)KeHHs] MO3aiYHOTO CTATUCTUYHOTO
AR-mapxkepa;

— YIpaBJiHHS — Hadip BUMOT 10 BizyaiabHux AR-
MapkepiB (BUMOTH HOMITHOCTI, IIPOCTOTH, iHPOpMATHB-
HOCTi, Opi€EHTOBAaHOCTi, POOACTHOCTI, KPUNTOCTIHKOCTI
Ta yHiBepcaJIbHOCTI); crienudikanii cMmaptTdoHa;

— MEXaHI3MH — KOPHUCTYBau, cMapTQOH;
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2) Bukopucrata AR-mapkep:

— BXil — 300pakeHHs1 MO3aiyHOro
cratuctuaHoro AR-mapkepa;

— BHUXiJI — JIEKOJIOBAaHE IOBiJOM-
neHHst, BipryanbHuid 3d-00’€kT, 1m0
MIPOEKTYeTbc Ha  IomuHy  AR-
Mapkepa, Tpolec PEHIEPHUHTY Biaeo-
MOTOKY B obyacTi AR-Mapkepa;

— ympaBiiHHA — Halip BUMOT 10
Bi3yanbHux AR-mapkepiB (Bumoru ro-
MITHOCTI, IPOCTOTH, iH(OpMATUBHOCTI,
OpiEHTOBAHOCTI, POOACTHOCTI, KpPHUIITO-
CTIMKOCTI Ta yHIBEpCaJbHOCTI); CIICIH-
¢ikamii cmaprdona; MaremMaTH4HI 1
YHCeNIbHI METOOU (METOIM AWUCKPETHOI
MaTeMaTUK{, METOIU ONTUMI3alli, Je-
CKpPUNTHBHA CTaTUCTUKA, AaHATITHYHA

TPOCTOTI,

Crena

reoMeTpis, JiHilHa anreOpa, roMmorpa- Kopuctysau
¢is, MaTeMaTH4IHa MOPQOIIOTisl, METOIH
OiHapH3aIlii, METOIU CErMEHTAIIT);

— MEXaHi3MH — CHCTeMa Mporpa- Crapror

MyBaHHI MATLAB, 110 BUKOpHUCTOBY-
€TbCSl ISl TIPOTOTHITYBAaHHS, CIeliai-
3oBani moxmyti MATLAB (Statistics
and Machine Learning Toolbox, Image
Processing Toolbox, Computer Vision
Toolbox, Optimization Toolbox).

Jlexomro3uisi migpoecy BUKOPHCTaHHS MO3ai-
YHOI'0 CTOXaCTHYHOTO MapKepa JOIMOBHEHOI PealbHOCTI
MOAIISETBCS HA TPU  IANPOIECH JIPYroro piBHA
(puc. 6):

1) AexoayBaTH TOBIIOMIICHHSL:

— BXiI — 300pa)KeHHs] MO3aTYHOTO CTATUCTUYHOTO
AR-mapxkepa;

— BHUXI1J] — IIOB1OMJIEHHS,

— YIIpaBJIiHHSA — BUMOTHY TIOMITHOCTI, IIPOCTOTH, iH-
(hopMaTUBHOCTI, pOOACTHOCTI, YHIBEPCATBLHOCTI; METOIU
OiHapu3alli, METOMU CErMEHTAIlli, METOIU ONTHUMI3allii,
JIMCKpETHA MaTeMaTHKa, MaTeMaTHaHa MOpQOJIOris;

Binori noMiTHOCTI.
HPOCIOLIL,
iHpopMaITHOCTI.
OpiEHTOBANOCTI.
podacTHOCTI,
KPIMITOCTIROCTI,
YHIBCPCHILHOCT]

Cueundirauii
eMapThoHa

Bunori moMiTHoOCTI,

indopMattifiHocTi,
OPICHTOBAHOCTI,
pobacrHocTi,
KpPHATOCTI{iKOCTI,
YHIBEpCATBHOCTI

JINcKpeTHa MaTeMaTika
MeTom onTinvizarmii
JecKpHnTHBHA CTATHCTHKA
AHaNiTHYHA [eOMeTpid
Jlinifiza anreGpa
Tomorpadis

MarematiraHa Mopomoris
Metoan SiHapn3auii
Metomt cermeHTaLIT

Creundixauii
cMapTdona

[loBizoMIeHHA
—
Bipryameamit 3d of'ext

BukoprcTaTH Mo3aiqHHI
—b

CTOXacTHYHMIT AR-Mapkep Biueo B obiacti AR-Mapkepa
l————————»

S0 0

Tmage Computer

Processing | Vision

Toolbox | Toolbox
MATLAB

. Optimization
Statistics and P *

Machine Learning Toolbox
Toolbox

Puc. 4. OcHoBHuUII npoLieC BUKOPUCTAaHHA MO3aiyHOTO
CTOXaCTHYHOI'0 MapKepa JIONOBHEHOI peabHOCTI

— mexanismu — MATLAB; Statistics and Machine
Learning Toolbox, Image Processing Toolbox,
Computer Vision Toolbox;

2) moOyayBaTH BipTyanbHuil 3d-00’€KT:

— BXil — 300pa)KeHHs] MO3aT4YHOTO CTATUCTUYHOTO
AR-mapkepa;

— BHX1J1 — 300pakeHHs BipTyaibHOro 3d-00’ekTa;

— YIpaBIiHHA — BHMOTH IOMITHOCTI, MPOCTOTH,
iH(OPMATHBHOCTI, OpPIEHTOBAHOCTi, POOACTHOCTI, YHi-
BEPCAJIbHOCTI; METO/IN JAMCKPETHOI MaTeMaTuKH, METO-
IV ONITUMI3allii, JECKPUNITHBHA CTaTHCTHKA, aHAJITHYHA
reoMeTpis, JiHiiHa anredpa, romorpadis, MaTeMaTHyHa
MopoJoris, MeToau OiHapu3allii, METOIU CETMEHTAITIT;
mlCKPCTlIﬂ. MaTeMaTIIKa
Meroan ourmisai
JIeCKpHITIRNA CTATHCTIKA
AHATITHYHA TeOMETpiA
Jlinifia anreGpa
Tomorpadis

MareMarita Mopdooria
MeToau Ginapmanii

l MeTtoain cerMenTanii
Y y y
ITorioMIeHHA
. Jobpasenns Bimopizerari -
Crena - Biprvansuuii 3d o6'exr
Cgororpagpysarnn cToxacTiranni AR- =
NApKep
50 1 50 2 Biuco B obiacti AR-mapkepa
- R . Image Computer
Kopuerysat | Cuapigon MATLAB Processing | Vision
Toolbox Toolbox

Statistics and
Machine Leamning

Optimization
Toolbox

Toolbox
Puc. 5. I[eKOMHO?;I/H.IifI OCHOBHOI'O IIPOLECY 3aCTOCYBAHHSA MO3aI4YHOI'0 CTOXaCTHYHOI'O Mapkepa }IOHOBHCHOT peaJ'IBHOCTi
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Bumorn noMiTHocTi, AuamiTiHuHa Jlnckpersa maremarka JleckpiunTiEHA CTaTHCTHKA
npoctomn, reoMeTpin Meroan onTiMizauil Maremaririna Mopdonoria
l“¢°P“3“l“_HDC'“- JTiniiina anreGpa Meroan GiHapmzamii
podactHoCTi, Tomorpadis Mertoan cermeHTanii
YHiBepcaIBHOCTI
) '
) ToBiOMIEHHS
eroayveamm
0 1
k. i
3obpaxeHns Bipryansamii 3d ob'ext
TNodyavearn -
S0 -
¥ Y
DBipecrnt Bineo B obnacti AR-Mmapkepa
S0 3
MATLAB
Image Processing Toolbox Oplimization Toolbox
Computer Vision Toolbox Statistics and Machine
Learning Toolbox

Puc. 6. I[eKOMl'IO?,I/ILIif{ niz[r[pouecy BUKOPUCTAHHA MO3ai4HOI0 CTOXaCTUYHOI'O Mapkepa JIOITIOBHEHOT peaHBHOCTi

—MexaHismu — MATLAB;
Toolbox, Computer Vision Toolbox;

3) BUBECTH BiJICO-TIOTIK B 001acTi AR-Mapkepa:

— BXiJ — 300pakeHHs1 Mo3aiuHoro AR-mapkepa;

— BHXiJl — NpOLIEC PEHIEPUHTY BiJIE€OMOTOKY B 00-
nacti AR-mapkepa;

— YIpaBIiHHA — BHMOTH IOMITHOCTI, MPOCTOTH,
iH(OPMATHBHOCTI, OPIEHTOBAHOCTi, POOACTHOCTI, KPHII-
TOCTIMKOCTI Ta YHIBEpPCAIBbHOCTi; METOIU IUCKPETHOL
MaTEeMaTHKH, aHAJITHYHA T€OMETpis, JiHiiHa anredpa,
romorpadisi, MmateMaTiyHa Mopdororis, Meroau OiHa-
pu3artii, METOIM CeTMEHTAIIIT;

—MexaHismu — MATLAB;
Toolbox, Computer Vision Toolbox.

JlexoMITo3uIlisl TiANpOIecy IeKOAyBaHHS Mo3aid-
HOTO CTOXaCTUYHOIO MapKepa JIONOBHEHOI peaslbHOCTI
MOIAETHCS HA TPH i AIPOIECH TPETHOTO PiBHA (pHC. 7):

1) nerexryBat AR-Mapkep:

— BXiI — 300pa)KeHHs] MO3aT4YHOTO CTATUCTUYHOTO
AR-mapkepa;

— BuXig — Macka AR-mapkepa;

— YIpaBIiHHA — BHMOTH IOMITHOCTI, HPOCTOTH,
pobacTHOCTI, YHIBEpPCAIBHOCTI; METOMH JIUCKPETHOI
MaTEeMaTUKH, JIECKPUIITHBHA CTATHCTHKA, MaTeMaTUYHa
MopoJoris, MeToau OiHapHU3aIli;

— mexanismu — MATLAB; Statistics and Machine
Learning Toolbox, Image Processing Toolbox;

Image Processing

Image Processing

2) 3HaWTH OIT-KOHTEHHEPH:

— BXiI — 300pa)KeHHsI MO3aT4YHOTO CTATUCTUYHOTO
AR-mapxkepa;

— BUXIJ — 00'€JTHAHHSA MacOK OiT-KOHTCHHEPIB;

— YIpaBIiHHA — BHMOTH IOMITHOCTI, MPOCTOTH,
pobacTHOCTI, YHIBEPCAJIBHOCTI; METOMH JUCKPETHOI
MaTeMaTUKH, MaTeMaTH4Ha MOpQONOTis, METOJH Cer-
MEHTAIT;

— MeXaHi3MH —
Toolbox;

3) AekomyBaTH MOBiTOMJICHHS:

— BXil — 300pa)KeHHs] MO3aTYHOTO CTATUCTUYHOTO
AR-Mapkepa, Macku OiT-KOHTeiHepiB, 00'¢/IHAHHS Ma-
COK OIT-KOHTEHHEDIB;

— BHUXI1J] — IIOB1JOMJIEHHS,

— YIpaBJIiHHS — BUMOTH iH(OPMaTHBHOCTI, pobac-
THOCTI, KPHUITOCTIHKOCTI Ta yHIBEpPCaJIbHOCTi; METOIH
JIMCKPETHOI MaTeMaTUKH, METOIU ONTUMI3allii, JeCKpH-
NTHBHA CTaTHCTHKA, AHAJIITHYHA T'COMETPIis, JiHIHHA
anrebpa, romorpadis;

— mexanizmu — MATLAB; Optimization Toolbox,
Statistics and Machine Learning Toolbox, Image
Processing Toolbox, Computer Vision Toolbox.

JlexoMIio3uis migIpoIecy AeTeKTyBaHHs Mo3aid-
HOT'O CTOXAaCTHYHOIO0 MapKepa JOMOBHEHOI peasbHOCTI
MOAINISETBCS HA TPH TMiANPOLECH YETBEPTOrO pPiBHS
(puc. 8):

MATLAB; Image Processing
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Puc. 7. JlexoMIo3uist miponecy AeKOoAyBaHHI MO3aT4HOTO CTOXaCTHYHOT'O MapKepa JIOMOBHEHOI PeasIbHOCTI
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Puc. 8. I[eKOMl'IO?,I/ILIif{ niz[r[pouecy JACTEKTYBaHHSA MO3ai4HOI'0 CTOXaCTUYHOI'O Mapkepa JIOITIOBHEHOT peaJ'IBHOCTi
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1) sacrocyBartu std-hinbTp:

— BXiJ — 300pakeHHs Mo3aiuHoro AR-mapkepa;

— BUXIiJ1 — BiA(inbTpoBaHE 300paXKeHHS;

— YIpaBIiHHA — BHMOTH IOMITHOCTI, MPOCTOTH,
YHIBEpCAJIbHOCTI; METOAM JMCKPETHOI MaTeMaTHKH,
JIECKPHUIITHBHA CTATUCTHKA, MaTEMaTHYHA MOPQOIIOTis;

— mexanismu — MATLAB; Statistics and Machine
Learning Toolbox, Image Processing Toolbox;

2) 6inapusyBaru 1o OTcy:

— BXi1 — BiAIIbTpOBaHE 300paXKeHHST;

— BHXi/1 — OiHapHe 300pakKeHHsT;

— YIPaBIiHHA — BHMOTH IOMITHOCTI, MPOCTOTH,

yHiBepC&HLHOCTi; METOAU Z[I/ICerTHO.l. MaTCMaTUuKH,
MeTou OiHapH3allii;
Busorn N
MOMITHOCTI, Metomn
HPOCTW“ CérmMeHTaln
HepopMauiiinocTi,
podacTHOCTI.

VHIBepCATBHOCTI

—wmexanismu — MATLAB; Image Processing
Toolbox;

3) ounctuTH 300pakeHHs Bij HIyMY:

— BXi1 — OiHapHe 300paKeHHS;

— BuXig — Macka AR-mapkepa;

— YIPaBIiHHA — BHMOTH IOMITHOCTI, HPOCTOTH,
YHIBEpCAJIbHOCTI; METOAM JMCKPETHOI MaTeMaTHKH,
METOJIM MaTeMaTHYHOI MOPOJIOTii;

—MexaHismu — MATLAB;
Toolbox.

Jlexommo3umisi MiANpoIecy 3HaXOMKEHHS OiT-
KOHTEHHEpIiB M03ai4YHOI0 CTOXaCTHYHOTO MapKepa Jo-
MOBHEHOI PEaNbHOCTI MOALISEThCA HA JIBA MiJIPOLECH

YeTBEPTOro piBHA (puc. 9):

Image Processing

MarematirtiHa

sMopdomnoris

3obpaseHHs
_—
Mack: -MApPK ~
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KOHTelHepiB
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Puc. 9. JlexoMIo3uist miporecy 3HaxoKeHHs OiT-KOHTeHHepiB MO3a{YHOr0 CTOXaCTUYHOT0 MapKepa JOMOBHEHO! PeabHOCTI

1) cerMeHTYBaTH 300payKSHHS:

— BXiJl — 300pakeHHs] MO3aiYHOrO CTATHCTUYHOTO
AR-mapkepa, Mmacka AR-Mapkepa;

— BUXIJl — MAaCKHU OiT-KOHTCHHEPIB;

— YIpaBIiHHA — BHMOTH IOMITHOCTI, HPOCTOTH,
YHIBEPCAJIBHOCTI; METOJM METOJIM CErMEHTAIIIi;

— mexanismu — MATLAB; Statistics and Machine
Learning Toolbox, Image Processing Toolbox;

2) 00'eqHATH MacKH:

— BXiJl — MacKH OiT-KOHTCIHHEIB;

— BUXIJ — 00'€JHAHHSA MAacOK OiT-KOHTCHHEPIB;

— YIpaBIiHHA — BHMOTH IOMITHOCTI, MPOCTOTH,
VHIBEPCAJIBHOCTI; METOJH METOJIM MATEeMaTHYHOI MOp-
¢onorii;

— MEXaHi3MHA —
Toolbox.

JlexoMITO3HIIisI MiAMPOIECY MEKOMyBaHHS IOBIIO-
MJICHHSI M03ai4HOrO CTOXaCTHYHOTO MapKepa JOMOBHE-

MATLAB; Image Processing

HOi PEaJbHOCTI MOMAIIAETHCS HA JCB’SATh IiAMPOIECIB
4yeTBepTOro pisHsA (puc. 10):

1) 3HaliTi apaMeTpy IPOSKTUBHOTO TIEPETBOPEHHST:

— BXiJl — 00'€THAHHSA MacOK OiT-KOHTCHHEPIB;

— BUX1J1 — MaTpuisg romorpadii;

— YIIpaBIiHHS — BUMOTH POOaCTHOCTI, YHIBepcab-
HOCTI; METOJIY ITUCKPETHOI MaTeMaTUKH, METOIH OIITH-
Mi3allii, aHATITHYHA TeOMETPis, JiHiHaA anredpa, ToMo-
rpadis, MaremaTH4Ha MOP(HOIIOTis;

—MexaHismu — MATLAB;
Toolbox, Computer Vision Toolbox;

2) 3aCTOCYBaTH MPOESKTUBHE TIEPETBOPEHHSL:

—BXig — 300paxeHHs AR-mapkepa, macku OiT-
KOHTeHHepiB, 00'eTHAHHS MacoK OiT-KOHTEHHepiB, Mat-
puwst romorpadii;

— BUXIJl — NIepETBOpEHE 300paxkeHHs AR-Mapkepa;
MEPETBOPEHI Macku OIT-KOHTEHHEpIB, mepeTBopeHe 00'-
€JIHAHHS MAaCOK OiT-KOHTEHHEIB;

Image Processing
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Puc. 10. JlexoMIo3uist miJIponecy JeKOyBaHHs ITOBITOMICHHS
MO3aT9HOT0 CTOXaCTHYHOI'0 MapKepa JIONIOBHEHOI PeasbHOCTI

— YIpaBIiHHS — BUMOTH POOaCTHOCTI, YHIBepcab-
HOCTI; METOIU JIWCKPETHOI MaTeMAaTHKH, METOIU OITHU-
Mi3allii, aHATITHYHA TeOMETPis, JiHilHaA anredpa, ToMo-
rpadis;

— MEXaHi3MHU MATLAB;
Toolbox, Computer Vision Toolbox;

3) mopaxyBaTH CepeIHi:

— BXi — TepeTBOpeHe 00'€qHaHHA MacoK OiT-
KOHTEHHEPIB;

— BUXIJl — CEPEIHI IO PSIIKAX/CTOBIIIISX;

— YIpaBIiHHS — BUMOTa YHiBEPCAIBbHOCTI; METOIU
JIUCKPETHOI MAaTEeMAaTHKH;

— Mexanizmu — MATLAB,;

4) mopaxyBaTH IOPOTH:

— BXiT — TepeTBOpeHe 00'€qHaHHA MacoK OiT-
KOHTEHHEPIB;

— BUXIJ — IIOPOTH;

— YIIpaBIiHHS — BUMOTa YHiBEPCAIBbHOCTI; METOIU
JMUCKPETHOI MaTEeMaTHUKH, METOId MATEMAaTHYHOI MOp-
¢onorii;

— MEXaHi3MHU
Toolbox;

5) mopaxyBaTH KUIbKiCTh TIEPETUHIB!

— BXIJl — CepeIHi M0 PAAKAX/CTOBIIIX, IOPOTH;

— BUXIJl — KUTBKICTh CTOBIIIIB/PSAIKIB;

— YIIpaBIiHHS — BUMOT'a yHIBEpCaJIbHOCTI, pobact-
HOCTI; METOJIU TUCKPETHOI MaTEMATHKHU,

— Mexanizmu — MATLAB,;

6) moOyayBaTH MaTpPUIO OITiB:

— BXiJlT — IEpPETBOpEHE 300paKeHHS, MEePEeTBOPEHI
MacCKH OiT-KOHTCHHEPIB, KUIbKICTh CTOBIIIIB/PSAIKIB;

— BUXIJl — MAaTPHIIA OITiB;

— YIIpaBIiHHS — BUMOTa yHIBEpCaJIbHOCTI, pobact-
HOCTI; METOJIN TUCKPETHOI MaTEMATHKHU,

— Mexanizmu — MATLAB,;

7) 3HalTH 3CYB:

— BXIiJl — MaTpHIIA OITiB;

— BUXIJ — TIOBHA MaTpPHILA OITiB;

— YIpaBiHHA — BHMOra iH(OPMATHBHOCTI, YHi-
BEPCaJIbHOCTI, POOACTHOCTI, KPUNTOCTIMKOCTI; METOIH
JIUCKPETHOI MATEMATHKH, METOIH ONTUMI3aIlil;

— mexaHizmMu — MATLAB; Optimization Toolbox;

Image Processing

MATLAB; Image Processing

8) 3acTocyBaTH IHBEPCHY IIEPECTAHOBKY:

— BXiJl — IOBHA MATPHIIA OITIB;

— BUXIJ — 3aIIyMJICHE TIOBIJOMJICHHS;

— YIpaBIiHHA — BHMOra iH(OPMATHBHOCTI, YHi-
BEPCAJIBHOCTI, pOOACTHOCTI, KPUNTOCTIMKOCTI; METOIH
JIUCKPETHOI MAaTEeMATHKH;

— Mexanizmu — MATLAB,;

9) 3HaliT MOAy:

— BXIJI — 3alIyMJICHE TIOBiIOMJICHHS;

— BHUXI1J] — IIOB1JOMJIEHHS,

— YIpaBIiHHA — BHMOra iH(OPMATHBHOCTI, YHi-
BEPCaJIbHOCTI, POOACTHOCTI, KPUNTOCTIMKOCTI; METOIH
JUCKPETHOI MATEMATHKH, JCKPUIITUBHA CTATHCTUKA;

— mexanismu — MATLAB; Statistics and Machine
Learning Toolbox.

TakuM 4YHHOM, BIEpIIE OTPUMAHO HAYKOBO-
MPUKJIaZHI OCHOBU ITOOYIOBH MapKepiB JOMOBHEHOI
peaNbHOCTI, 1110 0a3yIThCS Ha CUCTEMI MOJeei Ta Me-
TOJIB CTiHKOro ()OpMYBaHHs, BHSBJICHHS Ta JAEKOIY-
BaHHS JIaHUX, 1110 3a0e3Ieuye BiTHOBJICHHS 300payKeHHS
B YMOBaX HECIPHUATIMBHUX 30BHIIIHIX BILUIHBIB.

BucHoBKH i HANPAMKH
NOJANBIINX JOCTIIKEHb

BcraHoBieHO, 10 HA TaHWH Yac HAWOLIBII mepc-
MEKTUBHUM € BUKOPHCTaHHS MapKEpPHUX TEXHOJOTIH
JIOTIOBHEHOI peasbHOCTI i BU3HAUEHO IepeBaru i Hejo-
Jikd ocHOBHUX TumiB AR-MmapkepiB. ChopMylboBaHO
OCHOBHI BUMor# 10 AR-mapkep

Bnepiie oTpuMaHO HayKOBO-TIPHKJIAIHI OCHOBH
MoOYI0OBH MapKepiB JOMOBHEHOI PeabHOCTI, M0 0a3y-
FOTBCS Ha CHCTEMi MOJIEJICH Ta METOJIIB CTikkoro ¢op-
MYBaHHs, BUSIBJICHHSI Ta JEKONYBaHHs JAaHUX, LIO 3a-
Oe3rieuye BiJIHOBJIEHHS 300payKEHHsI B yMOBaX HECIIPHsi-
TIMBUX 30BHIIITHIX BIUIUBIB.

HamnpsiMkaMu moJjanbImx TOCIiKEHb €:

1) po3pobka merony (opMyBaHHS CTIHKOrO Map-
Kepy JOMOBHEHOI PeabHOCTI;

2) po3poOKa METO/y BHSIBICHHS CTIHKOro mMo3aiu-
HOT'O CTOXaCTHYHOTO MapKepy JOMOBHEHOI PealbHOCTI;

3) po3pobka MeToay ICKOMYBaHHS MO3aIdHOIO
CTOXaCTHYHOTO MapKepy J0TIOBHEHOI PeajIbHOCTI;
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4) po3pobka MeETOIy MPOCKTYBaHHS BipTyallb- 5) po3poOka iH(OpMAIiHHOT TEXHOJOTII BUKO-
HUX 00’€KTIB Ha IUIONIMHY MapKepy JAOMOBHEHOI pea-  PUCTaHHSA MO3alYHHMX CTOXaCTHYHUX MapKEpiB y CHC-
JIBHOCTI; TeMax JIONIOBHEHOI peajbHOCTI.
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HayuHo-npuKkJiafiHbIe OCHOBBI NOCTPOEHHS YCTOHYHMBBIX MAPKePOB A0NOJHEHHOH peajbHOCTH
A. H. Makoseiuyk

IIpeameToM n3ydeHUs B CTaThe SBISIOTCS MapKepbl JomojdHeHHO! peanbHOCTH. Ilenblo sBisiercs pazpaboTka Hayd-
HO-IIPUKJIAJIHBIX OCHOB IIOCTPOCHUS YCTOHYMBBIX MApKEpPOB JIONOJIHEHHON peajbHOCTH Ha OCHOBE CHUCTEMBI Mojeineil u
METOJIOB yCTOHYHMBOro (popMHpoBaHWs, OOHApYKEHHUS W JNEKOAWPOBAaHHUS NaHHBIX, YTO O00ECIeYHBAaeT BOCCTAHOBJICHHE
N300pakeHUs B yCIOBUSAX BHEIIHUX BO3JeHCTBUN. 3agayum: aHAIN3 JOCTOMHCTB U HEJAOCTATKOB CYIIECTBYIOIIUX MapKepOB
JIONIOJIHEHHOH peasbHOCTH, (OPMYJIMPOBKA OCHOBHBIX TPeOOBaHUI K MapKepy JIONOJHEHHON pealbHOCTH, HUCCIIEOBaHHe
CHUCTEMBI MOJIeJIell ¥ METO/IOB YCTOHUMUBOrO ()OPMUPOBAHMS, OOHAPYKEHHS ¥ JE€KOJUPOBaHMS JaHHBIX, YTO oOecrednBaer
BOCCTaHOBJICHHE N300pakeHHs B YCIOBHSAX BHEIIHUX BO3AEHCTBHU. VCIIONB3yeMbIMU METOAAMH SIBIISIFOTCS: METOMBI I (-
poBoii 00paboTKK N300pakeHUH, TEOPUU BEPOSTHOCTH, MATEMATHYECKONH CTaTHCTUKHU, KpUNTOrpaduu U 3aIlIuTsl HHPOP-
MalMM, MaTeMaTU4yeckuil annapar teopuu martpul. IlomydeHsl cnepyromue pe3yibTaThl. OnpesesieHbl TOCTOMHCTBA U
HEJIOCTaTKH OCHOBHBIX CYIIECTBYIOIINX THUIIOB MapKEepOB JONMOJIHEHHOW peanbHOCTH. CHopMyTHpOBaHO MATH TpeOOBaHMIA,
KOTOPBIM JIOJKHBI YIOBJIETBOPSTh MapKephl JOIOJHEHHON peanbHOCTH. [IpeioxkeHa cuctemMa Mojeneil 1 METOI0B yCTOM-
quBOro (opMHUpOBaHHS, OOHAPYKEHHS W JEKOAMPOBAHHS JTAHHBIX, YTO OOECIIEUYMBAET BOCCTAHOBIICHHE HM300pa)KeHUsS B
YCIOBUSIX BHEIIHHUX BO3AeHCTBHH. BhiBoabl. HanpaBineHusmu manpHEHIINX McciIeI0BaHUH SBIsSETCS pa3paboTka MeToxa
(opMupoBaHMs yCTOWYMBOI0 MapKepa AONOJTHEHHOW pPeaJbHOCTH; pa3paboTKa METOJa BBISBICHHS YCTOWYMBOI'O MO3aW4-
HOT'0 CTOXaCTHUYECKOr0 MapKepa JIOMOJHEHHON peaJbHOCTH; pa3paboTka METOAa JEeKOIUPOBAHMS MO3aHIHOT'O CTOXacTHYe-
CKOT0 Mapkepa JIONOJHEHHOH peaJbHOCTH; pa3paboTKa MeToJa NMPOEKTHPOBAHUS BUPTYAIbHBIX OOBEKTOB Ha IUTOCKOCTH
Mapkepa JONOJHEHHOH peallbHOCTH; pa3paboTka HHPOPMAIMOHHOW TEXHOIOIMH HCIOIb30BaHUS MO3AaWYHBIX CTOXAaCTHYe-
CKHMX MapKepoB B CUCTEMax JOMOJIHEHHON pealbHOCTH.

KiioueBbie cl0Ba: MapKep, KOJI, JOMOJIHEHHAS PeabHOCTh, BUPTYabHas PealbHOCTh, MOJCIIH, METO/IbI, TPeOOBaHUS, POOACTHOCTS,
BBISIBJICHHE, IEKOIMPOBAHHUE.

Scientific and applied fundamentals of building sustainable augmented reality markers
O. Makoveychuk

The subject matter of the article is augmented reality markers. The goal is the development of scientific and applied
foundations for the construction of stable augmented reality markers based on a system of models and methods for the
stable formation, detection and decoding of data, which ensures image restoration under external influences. The tasks
are: analysis of the advantages and disadvantages of the existing augmented reality markers, the formulation of the basic
requirements for the augmented reality marker, the study of a system of models and methods for the stable formation, de-
tection and decoding of data, which ensures image restoration under external influences. The methods used are: methods
of digital image processing, probability theory, mathematical statistics, cryptography and information protection, the
mathematical apparatus of matrix theory. The following results are obtained. The advantages and disadvantages of the
main existing types of markers of augmented reality are determined. Five requirements are formulated that augmented
reality markers must satisfy. A system of models and methods for the stable formation, detection and decoding of data is
proposed, which ensures image restoration under external influences. Conclusions. The directions of further research are
the development of a method for the formation of a stable marker of augmented reality; development of a method for iden-
tifying a stable mosaic stochastic marker of augmented reality; development of a decoding method for a mosaic stochastic
augmented reality marker; development of a method for designing virtual objects on the plane of the augmented reality
marker; development of information technology for using mosaic stochastic markers in augmented reality systems.

Keywords: marker, code, augmented reality, virtual reality, models, methods, requirements, robustness,
identification, decoding.
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LenTpanbHOYKpalHCHKUH HAIlIOHATBHUIM TEXHIYHUH yHIBepcuTeT, KpOMMBHUIIBKIIA

JTOCJIIIKEHHS BIIOMHUX MOJEJENA ATAK HA PEKOMEHJIAIIIAHI
CUCTEMMU 3 KOJJABOPATUBHOIO ®1JIbTPALIEIO

O06’€KTOM BHBUCHHS Y CTATTi € Ipoliec 3ade3neueH s inpopMaliiiHoi Oe3nekn peKoMeHJaliiHnX cucreM. MeToro € noci-
JOKEHHSI BIZIOMHX MoJIeNiell aTak Ha peKOMEH/IalliiHi cucTeMH 3 KonabopaTUBHOIO (QiuIbTpariiero. 3aBaaHHs: JTOCIIIUTH OCHO-
BHI OCOOJIMBOCTI BiIOMHX aTaK Ha PEKOMEHJALIMHI CHCTEMH, a TAaKOXX METOAM BUSBICHHsS Ta HeWTpaiizamil JaHUX aTak.
OtpuMaHi Taki pe3yJIbTaTH: IPOBEAEHO JOCIIPKCHHS OCHOBHHMX MOJIENEH aTak Ha peKOMEH/alliliHi cucteMu 3 KonabopaTu-
HOIO (IIBTpali€lo, IX BIUIMBY Ha Pe3yJIbTaTH pOOOTH PEKOMEHALIHHUX CUCTEM, a TAKOX XapaKTePHHUX OCOOJIMBOCTEH aHMX
aTak, 10 MOXYTb J03BOJIUTH iX BUsABIATU. BucHoBKH. [IpoBeneHe 10CHIDKEHHS ITOKa3al1o, 10 OCHOBHUM BHJIOM aTaK Ha pe-
KOMEHJIAIIIHI CUCTeMH € aTaka iH’ekiiero npodiniB. [laHnii BUI aTak MoXke OyTH peanizoBaHUH BHIIAJKOBOIO aTaKolo, Cepel-
HBOIO aTaKO0, aTAKOI0 MPUEIHAHHSA 10 OLIBLIOCTI, MOIYJIIPHOI0 aTaKo, TOIIO. JlaHi aTakiu MOXKYTh BUKOPHCTOBYBATHCS K
JUTSL TIIBUILEHHST PEUTHHTY IIIIbOBOr0 00’ €KTa, TaK 1 U1 IMMOHKEHHS HOro pedTHHTY. AJle ICHYIOTh CIielialli3oBaHi Mozei
aTak, 110 e()eKTUBHO IPALIOIOTh ISl IIOHWKEHHS PEHTHHTY, HAIIPUKIIAJ, aTaKa JIloOOB/HEHABUCTb Ta aTaka OOepHEHa IPHEN-
HaHHIO JI0 OUTBIIOCTI. YCi Il aTaky BiAPI3HAIOTHCS OJHA BiJl OJHOI KUIBKICTIO iH(opMarii, Ky HeoOXiTHO 3i0paT 310BMHUC-
HUKY 1po cucreMy. Yum Oiblue y Hporo iHdopmarii, THM Jerie HoMy cTBOpUTH Npodini OOTIB, AKi cucreMi Oyze CKIagHO
BI/IPI3HUTH BiJl CIPaB)XHIX Ta HelTpanizyBaTy, ajie TUM JIOpOXUE 1 JOBILE MiAroToBKa 10 araku. s 300py indopmarti npo
peKOMeHIaLiiHy cucteMy Ta ii 6a3y TaHMX MO)Ke BUKOPHCTOBYBATHUCS aTaka 30HIOM. JlJist 3aXUCTy peKOMeHJaliiiHuX crucreM
BiJl aTaK iH’€KIi€ro NpodiliB HEOOXiAHO BUABIIATH NPodiii OOTIB Ta HE BPaXOBYBAaTH IX OLIHKH /is HOPMYBaHHS CIUCKIB pe-
KoMeHIaliil. BusBury npodini 60TiB MOXHA JIOCHIDKYOUH CTaTUCTUYHI JaHi NPo(disliB KOPUCTYBa4iB PEKOMEHIALIHHOI cHc-
TeMH. ByIo po3risiHyTo NHOKa3HUKH, SKi JO3BOJSIOTH BUSABILTH Npodisti OOTIB Ta po3Mi3HABaTH JISAKI TUIH aTakK.

Karo4dosi croBa: pexoMmeHIauiiHi cucremy, iHpopMauiiiHi ataku, iHpopmMauiiina Oe3neka, [HTepHeT-00TH, Hakpy4y-

BaHHs PeHTHHTIB, KonabopaTuBHa (inbTpalis

Beryn

Pexomennarmiiini cuctemu (PC) Ha ocHOBI Kosabo-
paruBHOI ¢inbrpanii (K®) Bpaznusi 10 arak 370BMHC-
HUKIB, SIKI IPAarHyTh 3MICTUTH YacTOTY MOTPAILUISIHb Iie-
BHOTO KOHTEHTY YHM TOBapy y CIIMCKH PEKOMEHMAIii
MeBHOI KaTeropii KOpUCTYBayiB, ISl YOrO BOHU HaKpy-
YYIOTh PEUTUHTH JIesIKUM 00’ exTaM cuctemu [1, 2]. [Ipu
BukopuctanHi K® po3poOHHUKH poONATH MPUIYIIEHHS
[1] — mo xopucTyBadi BUKOPUCTOBYIOTH CHCTEMY JIUILIE
JUIsL OJiep KaHHs SIKICHMX peKOMEHIalii /s cebe, a ix
OIIIHKM Ta KOMEHTAapi, 3aCHOBaHI Ha OCOOUCTIH qyMIIi Ta
MOKPAIIYIOTh PEKOMEHJA] 1HIIMX KOpUCTyBadyiB (Ha-
p., PEHTUHTH MPOJABIB HA CAWTI OrOJIOUIEHB, 103BO-
JISIFOTh  KOPUCTYBauaM OOHMpaTH YEeCHHX IPOJABIIB Ta
OMUHATH HIaxpaiB). AJjie, HaXKallb, Y OKPEMUX KOPHUCTY-
BayiB CUCTEMH MOXKYTh OyTH ¥ 1HII IiJi — BIAMIHHI BiJ
LiIell BIacCHUKIB BeO-pecypcy Ta OCHOBHOI YacTHHH
kopucryBauiB cucremu [2, 3]. KopucryBaui MOXyTbh
MIParHyTH MiJBUIIYBATH YU TOHKYBATH PEUTUHTH Tie-
BHHUX 00 €KTIB CUCTEMH JUIs MPOCYBAHHS CBOiX KOMEp-
LiAHKUX, TOJMITHYHUX YU 1HIIUX IHTEPECIB.

OCHOBHUM THIIOM aTaK Ha PeKOMEHJAIliiHI chcTe-
Mu 3 KO g1 HakpydyBaHHS pPEHTUHIIB € aTaku
in’exuiero npo¢inis [1, 2, 4-10], ski monsraoTh y CTBO-
peHHi rpynu podiiiB OOTIB 1l BUKOHAHHS Y3TOJDKEHUX
Ii¥ 10 3MIIEHHIO PEHTHHTIB 00’ €KTIB y cucTemi. OCKi-
JIBKU pe3yJIbTaTH podoTu anroputMmiB K® 3anexarts Big
JIifl KOPUCTYBaUiB CHCTEMH, MO)KHA CTBOPIOBATH iIPO0-
Hi mpodini, ab0 IUIATHTH CHPaBXHIM KOPUCTyBayaM 3a
BUKOHAHHS Mil, 0 OyIyTh BIUIMBATH IMOTPIOHMM 3JI0-
BMHUCHHKY YHHOM Ha pe3y/lbTaTd poOoTu cuctemu. s
aTak iH eKuiero mpodiutiB 3aBxkau Oyae IUILOBUH 00 €KT
Ta 00’€KTH Iy HaroBHeHHs npodimo Oora [1, 5]. Peii-
THHT OUTLOBOTO 00’ €KTY 3JI0BMHUCHHKY TpeOa 30UIbIIHUTH,

a00 3MEHIIUTH, a HENLIbOBI 00’€KTH, OyIyTh OLIHIOBA-
THUCS JUIsl HAOBHEHHS Npo¢iTto 60Ta Ta HAMaraHHs 3po-
OUTH FOT0 CXOXKUM Ha TIPOQIJIb CIIPaBKHIX KOPHCTYBadiB
aTaKOBaHOI CHCTEMH. 3JOBMHCHUK JUIsl 3iHCHEHHS
BIUIMBY ITOBHHEH JIOCUTh TOYHO IMITYBaTH Jii 3BUMaHHIX
KOpHCTYBauiB, 00 He OyTH BusiBIIeHUM. A pobacTHa 10
atak PC moBWHHA mpamioBaTé Tak, 100 PE3yNbTAT BiJ
Il 3JOBMUCHHUKIB OyB HACTUIBKA Manoe(eKTUBHUM,
mo0 y HUX He OyJO CTHMYINIB IPOIOBXKYBATH aTakH, a
CIpaBXHI KOPUCTYBayi MPOJOBKYBAIH OJIEPIKYBaTH pe-
JICBAHTHI HCBUKPUBJICHI pEKOMEHIAITIi.

MeTor podOTH € TOCTIIKSHHS BIIOMHUX MOJCIICH
aTak Ha pekoMeHmalliini cuctemu 3 KO Ta BuaiieHHS
03HaK, 3a SIKUMH iX MOKHa 11eHTH(]iKyBaTH.

3arajJbHi NPUHIMIIM ATAK HA PpeKOMeHaauiini
cucreMH iH’ekuniero mpodinais

Atakoro Ha PC OymemMo BBakaTH Y3TOMKEHI 3y-
CHJUISL BEJIMKOI KUTBKICTI Tpo(iTiB 11010 3MillIEHHS pe-
3yAbTaTiB i pOOOTH TaKMM YMHOM, 10O AesKka rpyra
KOpHCTYBaiB a00 yCi KOpUCTYBayi MOYal OTPUMYyBaTH
pEeKOMEHaIIii, 10 Cymepevarh X morpedam.

3 TOYKH 30pYy 3JIOBMHCHUKA, HAHKpaIla aTaka mpo-
TH PEKOMEH/IAIIIHOI CHCTEMH — 1ie HAWOUTBIINIA BILTUB
Ha PEUTHHIM 32 HAaWMEHINY KUIBKICTh 3yCHJb 3 HOro
6oky. Ilpu arami Ha pekoMeHAaliiiHy cuctemy Tpeda
3IIHCHIOBATH /IBa BUIH 3YCHIIb!

1. 3ycuuis, noB'si3aHi 31 CTBOpeHHAM TpodiiiB Oo-
TiB. Peectpariist Ha BeO-pecypci JesKol KiJIbKOCTi Ipo-
¢iniB, HaBITH B ABTOMAaTHYHOMY, MOJKE BUMAraTy 4acy.
ATaku, sKi MOTPEeOYIOTh MEHIIOI KUTBKOCTI MpOQiiB,
OynyTh OLITBII MPUBAONMBI TS 37TOBMUCHHKIB.

2. 3ycuiuid, TOB’s3aHi 3 HANOBHEHHSIM NpodiiiB
ouinkamMu. TyT BaXXJIMBUM € KiJIbKICTh 3HaHb 3JIOBMHC-
HHUKa Tpo cucteMy. UnMm Olnbliie 3HaHb Yy 3J0BMHCHHKA
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PO PO3IOIIT OIIHOK Y CUCTEMI, TUM O1JIBII peaTiCTHY-
HUMHU OYIyTh BUIJISAAQTH MPOQisi OOTIB, sIKi BiH CTBO-
puTh. 3M0BMUCHUKY st ataku Ha PC 3 MiHIMalbHUMU
BUTpaTaMHu 4acy Ta KOINTIB HEOOXiJHO BU3HAYHUTH Mi-
HIMaJIbHY KUIBKICTh MPOQLIIB Ta OILIHOK, sIKi HOMY Tpe-
0a mofaty 70 CUCTEeMH, o0 aTtaka Oyia ehEeKTHBHOIO.
[MpuHOun atax iH’ekniero MpodisiB Ha peKOMEHAAIIHHY
cucremy 3 K® 300pakeHo Ha puc. 1.

06’ekTn
albfc|d|e]f
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20+ -|+|-]+]-
'2 3|+ -|+|+]|+]- - )
o — 3BMYaliHi KOpUCTyBaYi
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3
T+ +|+|-]-|+
sl - -1+[-1-]+ BoTu, Wwo aTtakyloTs
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+ |-+ -]-|+
9 £

Puc. 1. [Ipunnun arax in’exuiero npodinis
Ha peKOMEHJALiiHI CUCTEMH 3 KOJIabOpaTHBHOIO (DiIbTpaliero

Ha puc. 1 300pakeHO NMpUKIIa YaCTHHU 0a3H JAaHUX
PEHTHHTIB peKOMEHIAIIIMHOI CUCTEMH, Ha SIKY 3IiHCHIO-
€ThCcs aTaka. [IO3WTHBHI OINIHKM 00’€KTaM IMO3HAYCHO
CHUMBOJIOM «+», HETaTHBHI CUMBOJIOM «-», @ BIJICYTHI, SIKI
cucreMa Oyzie HamaraTucsi CporHo3yBatd — «?». B na-
HOMY BUIAJKy CHCTeMi Tpeba CIpPOTHO3YBAaTH OL[HKH
KopHCTyBauiB 5 Ta 6 s 00’ekry f. SIkmio cucrema cnpo-
THO3Y€ TIO3UTHBHI OIIHKH, TO 00’€KT f 3 BEIHUKOIO HMOBI-
PHICTIO TIOTPaNHTh Y CIUCKH PEKOMEHJAllil JaHUM KO-
puctyBadaM. ToMy OOTH BHCTABIISAIOTH MO3UTHBHI OIlIHKH
0o0’ekty f, a iHIIMM 00’ €KTaM CHCTEMH BUCTABJIIOTH
OIIIHKY CXOXI Ha Ti, Ki BUCTABWIN KOPUCTYBayi 5 Ta 6. 3
OIJIsTy Ha Te, IO 3BMYaifHi KOPUCTYBadi, CX0XKi Ha KOPH-
cTyBaviB 5 1 6, sKi ouiHIOBaNM 00’€ekT f, craBmim Homy
HEraTHBHI OIIHKY, TO 0¢3 Mili 3JIOBMHCHHKIB PEKOMEH/Ia-
LiifHa cHCTeMa CIPOrHO3yBalla O HU3BKY OL[IHKY JTAHOMY
00’€eKTy, 1 BiH HE MOTpamuB OW JO pekoMeHpari. s
TOro, 00 HEeHTpaTi3yBaTH JaHy ataky Tpeda BU3HAYHTH,
sIKi ripodisti € 60TaMu, Ta He BPaXOBYBATH iX OLIHKH MPH
¢bopMyBaHHI CIHCKIB pekoMeHmamid. Jlocmimkyroun
podiss 60Ta, MOKHA PO3UIUTH BCi 00’ €KTH CUCTEMH Ha
HACTYIHI MHOXXHHH (puC. 2):

MHoWHa 06’€eKTiB,

Lo oAepKanun MHoxunHa
ouiHKy Big 6oTa ob6’ekriB, anaakux  O6'ekT, wo e
1A HaNOBHEHHs y npodii 6ota UiN/I0 aTakm

ioro npodinto, ling  ouiHoK Hemae, Iy

ifl ifn im iﬂm itnrget

ri ro | null | null | null

Fmax 360 min

Puc. 2. [Tpunmmn oniHOBaHHS 60TOM 00’ €KTIB CHCTEMH

Sk BUIHO 3 puc. 2, npodisas 00Ta MiCTHTh HACTYII-
Hi TUTIH OL[IHOK:

— OI[HKH 00’€KTaM 3 MHOXUHH [jyjne JUIS iMiTALIT
Il cripaB)XHIX KOPHCTYBadiB, OIIHKH JaHUM 00’€KTam
3JI0BMUCHHK 3MiHIOBAaTH HE IparHe, a HaBMaK{ Hamara-
€ThCS MiAI0OpaTH ISl HUX 3HAYSHHS MaKCUMAJIBHO CXOXi
Ha CIPaBXHI IS IJILOBOI IPyNH KOPUCTYBayiB, Ha
SIKMX BiH TparHe BIUIMBATH;

— OMLIHKA JUISl LITBOBOTO 00’ €KTY fygrger, L€ OYIE Ma-
KcUMalibHa (Yd OJIM3bKA JI0 HEl) OIIHKA Y CHCTEeMI, SKIIO
METOIO 3JIOBMHUCHUKA € MiJBHIICHHSI PEUTHHTY JaHOTO
00’exTy, a00 MiHIMaibHa (4u ONMU3bKa 10 Hel) OIliHKa y
CHCTEMI, SKIIIO METOIO € 3HIKCHHS PEUTHHTY 00’ €KTY.

Jl1st mesitkoi MHOXKMHU 00’€KTIB y cucTeMi [y olli-
HOK Ipodisib 60Ta HE MICTUTB. JOCTIIKYIOUH TOBKHHY
Ta CKJIaJl MHOXHHU [ TAaKOXK MOXHA 3pOOUTH TEeBHI KO-
pHICHI BUCHOBKH IIiJ 4ac NepeBipKH npodiio Ta iJeH-
Tudikanii aTaku i 11 Tamy.

Ba3oBi mogeni atak Ha pekoMeHJaniiiHi
cucreMH in’ekuniero mpodiiais

Posrisinemo 06a30Bi Mozeni arak Ha pPEKOMEHja-
LifiHI cUcTeMU 3 KojabopaTuBHOIO (iibTpariiero. Haii-
mepIn Mojaeni arak Oyjo 3ampormoHoBaHoO B [3], — 1e
BUIIAJIKOBI Ta cepernHi mozeni arak. OOumBi mi Mojedi
aTak nepeadavaroTh TeHepalito npodiaiB 60TiB, 1m0 0y-
JIyTh BHIAJKOBUM YHHOM BHCTABJIATH OILIIHKUA 00’ €KTaM
3 MHOXUHH Iy B pobotax [1, 5, 6, 8-10] posrisayTo
TaKoX OLIBII CKIIAHI Ta iH)OPMAIIITHO-EMKI aTaKH.

1. BunagkoBa ataka Y npoginsix 60TiB MHOXHHA
Ly1ing OyIlEe 3aIIOBHIOBATUCS OLIHKAMU A7 00 €KTiB, BU-
OpaHux BUMAAKOBMM 4MHOM. OIiHKH  0OpaHUM
00’ekTaM OYyIyTh MiJOUPATUCS TAKOXK BUIMAJKOBUM YH-
HOM, ajie¢ Tak, mo0 BOHU OyiM OJNM3bKI 10 TII00ATBHOT
CepeHbOI OINIHKKM y CUCTEMI, HaIp., OyIe BUKOPHUCTO-
BYBATHCS HOPMAJIBHUN PO3MOIT 3 MATEMATHUHUM CIIO-
JIiBaHHSAM PIBHUM TJI00anbHiil cepenuii ouiHmi. Llinbo-
BOMY 00’€KTy OyTe CTaBUTHCS MAKCHUMAJbHA 7y, 400
MiHIMaJIbHA OI[IHKA 7, B 3AJEKHOCTI Bif I[iJICH aTaKH.
3HaHHA Ta 3YCHJUISA, HEOOXiMHI IS 3MIMCHEHHS TaKOi
aTaku, € JOCUTh MiHIMAJbHUMHU — TJI00aJbHY CEPEIHIO
OLIIHKY y 0araThboX CHCTeMaX MO)KHA JIETKO J[I3HATUCS
HanpsiMy abo 3a JIOTOMOTOI0 OIOCEPEIKOBAHUX JIAHHX.
L5 aTaka He € 0cOOJIUBO () EKTUBHOIO.

2. Cepennsi ataka BUKOpUCTOBY€E iHIMBITyallbHI
Cepe/IHI 3HAYCHHS OIIHOK KOXKHOI'O0 00 €KTYy IUIsl CTBO-
PEHHSI MHOXUHH Ifye. IHGOpMaNii 1st maHOi aTaku
Tpeba 3i0patu Ouibme. OgHAK cepenHs araka Moxe Oy-
TH YCHIIIHOI HABiTh IPH BUKOPHCTaHHI HEBEIUKOTO
Habopy eNEMEHTIB Y Ijjjing, 1O TO3BOJIAE 3MEHIINUTHU Ki-
JIBKICTh HEOOXITHOI I 300py iH(bopMaIlii. Aye IiHOK
TaKOro 3MEHIICHHS HEOOXIAHMX JaHUX Oyae BeTHKa
KUIBKICTh MPO(ITIB 3 OZIHAKOBUMH OIL[IHKaMHU, 1110 Oy1e,
3BUYAHO, JIETKO BUABHUTH. L[ aTaka OLTBIN e(eKTHBHA,
HiX BHIIAJKOBA. AJie BOHA MPAKTHYHO Hee(h)eKTUBHA IS
anroput™iB K@ tumy item-based. Cepennst ataka Bu-
Mara€ BiJJHOCHO BEJIMKOi KiJIbKOCTi 3HaHb PO CTaTHC-
TUKY JIifl CHIpaBXHIX KOPHCTYBauiB y cuctemi. Pozym-
Huit 3axucT PC BiJx Takux atak Oyjae YCKJIaJHIOBATH Ha-
najHUKy 30ip HeoOXimHux maHux. J{ast 0Oxomy Takoro
3aXUCTY BUKOPHCTOBYIOTBCS 1HII aTaku, IS SKUX BHU-
MOTH JI0 KUTBKOCTI 3HaHb 3HAYHO HIDKYI.

PosrisiHeMo icHYIOYI aTakW, IO BUMAararoTh MEH-
1Ie 3HaHb, HDK CepelHs araka, ajie NpamioloTh edek-
THBHIIIIE, Hi’K BUITaIKOBA aTaka.

3. Ataka mpuexHaHHS A0 GibmocTti Mera miel
aTaKd — acOLIIOBATH aTaKOBaHHH 00 ’€KT 3 HEBEIUKOIO
KUIBKICTIO 00’€KTIB, SIKI YaCTO OIHIOIOTHCS KOPHCTYBa-
yaMH (Ha3BeMO iX IIMPOKOBIJOMHMH). 3JIOBMUCHHUK
cTBOpIOE Mpodisti OOTiB, 1O MIiCTATE Y i, OLUHKH HIU-
pokoBiomnm 00’ektam. Taki mpo¢ini MarOTh BHUCOKY
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HMOBIpHICTh OYTH CXO)KMMH Ha BEJIMKY KUIbKICTh KOpHC-
TyBadyiB, OCKUIbKH IIHMPOKOBIIOMI 00 €KTH — II€ Ti, SIKI
OLiHWIM Oarato KopucTyBadiB. [laHi 111 Takol aTaku ofe-
pkati Jocuth Jierko. Omke, cepen IIMPOKOBITOMHUX
00’€KTIB BUIAJKOBUM YMHOM OOMpA€ThCs AeKiIbKa. Llum
00’€KTaM CTaBJIATHCA MAKCHMAaJIbHI OITIHKH Pa3oM i3 ITi-
JOBUM 00°€kTOM. /Jleskiit 4acTHHI 00 €KTiB Y ljyng MO-
JKYTh CTABUTHCS BHUIIQJIKOBI OILIIHKH, HAID., K Y BUMAJIKO-
Bil ararli Jy1s1 TOro, 100 ypi3HOMAHITHUTH TPOQiIi OOTIB.
Jlocuth edekTHBHA aTaka, aje, 5K 1 cepeiiHs, cTae Heeek-
THBHOIO TIPH BUKOPUCTaHHI NIpoTH item-based K.

4. CermenTHa ataka OCHOBHa iJiest IaHOI aTaku
MOJIATaeE 'y TOMY, 100 3MIHIOBATH PEHUTHUHT 00 €KTY Yy
LIBOBIM TpyIi KOPUCTYBaYiB 3 BIAOMHUMH a0 JIETKO
nepeadavyBaHUMH BIOAOOAHHAMH. TOOTO IITBOBOMY
00’€KTy peHTHHT OyJe HAKPYIYBATUCS TUIBKH y MEBHO-
My CerMeHTi KOpUCTYBadyiB, 100 BiH MOTpAIUISIB y pe-
KOMeHJalil TIILKH HUM. IHakie, SKIO MiJILOBHI
00’€KT MOTPANUTh Y PEKOMEH Al KOPUCTYBaYaM 3 iH-
IIMX CETMEHTIB BiH MOKE MOYAaTH OTPUMYBATH BiJl HUX
HU3BKI OILIHKH, SKUX Oyzae Ounblie, HIX HAKPYyYEHHX
omiHok. 11]00 3mificHUTH TaKy aTtaky Tpeba 3HaWTH pea-
JIBHAX KOPUCTYBAdYiB, SIKi HaJeXaTh JI0 I[JILOBOI'O Cer-
MEHTY Ta 3i0paTu JIaHi PO OI[iHKH, SKi BOHU 3a3BHUYAl
BHCTABJIAIOTh 00’€KTaM cHcTeMH. Sk 1 B aTaii HpHEn-
HaHHSA OO0 OIUIBIIOCTI, 3a3BUYAail BU3HAYAETHCS, SKI
00’€KTH B IUILOBOMY CErMEHTI € HIMPOKOBIJOMHMHU.
[{um 00’ekTaM NPUCBOIOETHCS MaKCUMallbHE 3HAYCHHS
OIIIHKM Pa3oM i3 MiTboBUM 00’ekToM. 11100 3a0e3meun-
TH MaKCHUMaJbHUHA e(eKT BiJ aTaku, JesKi 00 €KTH JJIs
Lj11ing OOUPAIOTHCS BUMAIKOBO Ta OJEPKYIOTh MiHIMalb-
Hi OILIIHKY, IO J03BOJIsIE 3p00HTH npodisi OOTIB pi3HHU-
Mmu. [lana araka € edexkTuBHOI0O npoTH anroputmiB K@
TNy item-based. Crig 3a3HaYMTH, MO YCI PO3TIIIHYTI
BHUIIIE MOJENI aTak MOXYTh BHKOPHUCTOBYBATHCS IS
TIOHIDKEHHSI PEUTHUHTY 00’€KTy, ajie iCHYIOTh CHeriati-
30BaHi aTaKH, sSIKi MPAIFOIOTh Kpallle, HiX 1HIII caMme JUIs
TIOHIDKEHHST PeHTHHTIB. Po3riisiHeMo Mopeni atak Npu-
3HAYEHI JUIsl IOHWKEHHSI PEHTHHTY 00’ €KTY.

5. Ataka s1000B/HeHaBHCTD 1151 aTaka mayxe mpoc-
Ta — 0€3 BUMOT JI0 3HaHb. 1[iTboBOMY 00’ €KTY MPHCBOIO-
€ThCS MiHIMAJIbHA OLUHKA 7y, & 00" €KTH IS Ljyjing OHEP-
KYIOTh MAKCHMaJIbHI OILIHKH 7,,,. He3Baxaloun Ha Ha-
3BHYAlHy MPOCTOTY, 1€ OJJHA 3 Haie()eKTUBHIIINX aTaKk
Ha MOHIWKEHHSI PEUTHHTY TIPOTH user-based anropuTMiB.

6. ATaka o0epHeHa NpHETHAHHIO 10 OlibIIocTi Lle
BapiaHT aTaKW MPHUEIHAHHS O OUIBIIOCTI, OMUCAHUN BH-
me, B AKOMY Ui 4, BUOMpPAIOThCA IIMPOKOBIIOMI
00’€KTH, SIKMM TepeBakKHa OUIBIIICTh KOPHCTYBauiB CTa-
BUTh HU3bKI OIHKU. [luM 00’ektam y mpodursx OOTiB
MPUCBOIOIOTHCS HM3bKI OIIHKM, a TAKO)K HU3bKa OIliHKa
TIPUCBOIOETHCS LITLOBOMY 00’€KTy. TakuMm YHHOM, LJIbO-
B 00’€KT IOYMHAE aCOLIIOBATHCS 3 00 €KTaMH, III0 HE
Mo/100ar0ThCSl BEJHKIHM KUIBKOCTI KOPUCTYBadiB, i 1 30i-
JIBIITYE IMOBIPHICTH TOT'O, IO YIS 00’ €KTa OYAyTh MPOrHO-
3yBaTUCSl HU3bKI OIIHKH 1 BiH He Oy/ie MOTparuisTH Y CITH-
CKM peKOMeHalliil. Xo4a 115 aTaka He € HaCTUIbKH e(ek-
THBHOIO, SIK CEpPEIHS aTraka 3 BEJIMKOI KUIBKICTIO 3HaHb
Jutst user-based crcrem, BoHa € JyKe e)eKTUBHOIO aTaKoko
Ha TIOHIKEHHSI PEHTHHTIB MPOTH item-based cucrem.

ATaky 3 HU3bKUM PiBHEM 3HaHb BUKOPHUCTOBYIOThH
IIMUPOKOBIZOMI 00’€KTH U HATIOBHEHHS Npodiyisa 60Ta
OLIHKaMH ISl HUX. TakuM YHMHOM 3JIOBMHCHHK MOXKE

CTBOPHUTH MPOQISIb CXOKHUN HA CEPETHbOCTATUCTHIHOTO
KOpHCTyBaya, JOCIIJMBIIN OLIHKH JIUIIE HIMPOKOBIIO-
MHX 00’€KTiB. SIKIIIO 3JIOBMHCHMK 3HA€, IKHI came ajl-
TOPUTM BHKOPUCTOBYE PEKOMEHIAIliiHa cUCTeMa, BiH
Moxe 3i0patu Oinbme iHdopmamii st ataku. Takum
YMHOM aTaKd MOXKHA KJIacU(iKyBaTH Ha: aTaku 3 MaJIO0
KUJIBKICTIO 3HaHb (LIEH THIT aTak He MoTpedye AeTaTbHUX
3HaHb MPO PO3MOLIHM OIIHOK Y CHUCTEMIi, BiH BHMarae
CHCTEMHO-HE3aJIeKHUX 3HaHb, SIKi JIETKO MOXKHA OTpH-
MaTH 3a JIONIOMOroro MmyOmiyHuX JpKepen iHgopmaii);
aTaKW 3 BEJHMKOI0 KiJIBbKICTIO 3HaHb (3JIOBMHCHHUKY I10-
TpiOHO MaTH SIKHAHOLIbIIE 3HAHb IPO AITOPUTMU CHC-
TEMU Ta PO3IOIIN OI[IHOK y 00’ €KTIB CUCTEMU).

[Mpuknagom ataku 3 BEJIHKOI KiNBKICTIO 3HAaHb €
MIONYJISIPHA aTaka.

7. llomyasipua artaka IlpumyctumMo, 1mo cucrema
BHUKOPHCTOBYE CTaHaapTHHi user-based amroputm KO,
Jie TOIOHICTh MK KOPUCTYyBayaMH BH3HAYAETHCS 3a
nonomororo kopessii Ilipcona. AHaJOTiYHUM YHHOM,
AK 1 B aTalli MpHETHAHHS 10 OiMbIIOCTI, /e 3ATIOBHIO-
€THCSl 3 BUKOPHUCTAHHSM ITUPOKOBIOMUX 00’€KTIB CHC-
Temu. OfIHaK 116 HE TapaHTYE BHCOKOI CXOXOCTI MiX
npodizem O6ota Ta crpapxkHiMH npodimsiMu. Tomy mo-
MyJsIpHA aTaka BUKOPUCTOBYE CepeiHI 3HaYEHHS OLlIHOK
Ta OLIHIOE 00’ €KTU IS Ljjing (Fynin + 1) 200 7yyiy, 32TEKHO
BiJl TOTO, YU € CEPEIHS OLIHKA JJI 00’ €KTY BHIIOI0 UM
HIK4Oo0. Taka cTpareris pu3Be/e 10 MO3UTUBHHUX KO-
pensuiid Mixk npodiasiMu OOTIB Ta aBTEHTUYHHMU TIPO-
¢insamu. J{71s1 BU3HaYSHHS MIMPOKOBIOMHX 00’ €KTIB HE
MoTpiOHO Oarato 3HaHb, aye IS BU3HAUCHHS CEpeaHIX
OIIIHOK 0OpaHuX 00’€eKTiB Tpeba 3i0patu Garato iHdOp-
Marii. [lomysipHy aTaky MOXHa JIETKO HaIallTyBaTH
TaKOX JUIsl aTak Ha MOHWKEeHHs pedtunry. [lonymspry
aTaKy MOYKHa BHSIBIISTH, SIKIIO MTOPIBHIOBATH mpodimi y
cucreMi — podisi 60TiB OYAyTh CHIIEHO CXOXKHMHU.

8. Araka 3oHaoM s 3i0panHsa iHdopmanii
[podini 60TiB THM Bak4e pO3II3HATH, YUM OLIBII CXO-
I iX OIIIHKM Ha OIlIHKH CIpPaBKHIX KOPHCTYBayiB.
3HaHHS PO peajibHi BIIOJOOAHHS PI3HUX CETMEHTIB KO-
pHUCTyBadiB MOKHa OTPUMATH 13 caMoi CHCTEMH Yepes
ataky 30HI0M. JIyis 3MiCHEHHS ITi€l aTaKU 3JIOBMUACHHUK
CTBOPIOE HACIHHEBUI Npo(diib, a MOTIM BHKOPHUCTOBYE
Horo Juis ofep)kaHHs pekoMeHzaauii 3 cucremu. Lli pe-
KoMeHalii (POpMyIOTECSl Ha OCHOBI iH(OpMaIii cucre-
MU IIPO peajbHUX KOPHCTYBadiB, TOMY BHUKOPHUCTAHHS
ofiep)KaHNX PEKOMEHaMil JJO3BOJIUTh CTBOPUTH IPOdi-
i OOTiB OiNbII CXOXI Ha CIPaBXKHIX KOPHUCTYBauyiB.
MoskHa 3IiHCHIOBaTH 30HAYBAaHHS HEBEJIMKOI YaCTUHH
KOpHCTYBayiB, 1100 MOTIM BIUIMHYTH Ha Majly TPYITY, sK
y CeTMEHTHIH aTarli, a00 BEUKOi YaCTHHU — 100 ofep-
)aT iH(pOpMAIlifo, HaMp., JUIS CEPeNHbOi aTaku. 3J0-
BMHUCHHUKY MOTPiOHO BUKOPUCTOBYBATH JIMIIE HEBEIUKY
KIUJIBKICTh HACIHHEBUX MPOQUTIB ISl TOro Iod peko-
MeHJaliliHa cucreMa caMa Hajana HoMmy MOTpiOHY iH-
(dbopmalrliro y BUIIIAII peKOMEHIAITIH.

Cnoco0u BusiBJeHHs nNpodiiiB 60TiB y
peKoMeHIaliiiHuX cucTeMax

s toro, mo0 3MiHCHUTH aTaKy, 3JIOBMUCHHK Ha-
MaraeThCsl OTPUMATH OCTYITHY iH(pOPMAINIO PO CHUC-
TeMy, 30KpeMa, Mpo PO3IIOJIiI OIIHOK, aje BiH HE MOXE
ni3HaTuCs BCro iHpopmamiro. Tomy npodisi 60TiB, 3aB-
XKIU OyIyTh BIAPI3HATUCS BiJl CIIPaBXKHIX KOPHCTYBa-
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yiB. /lyist BUsIBIIEHHS IPOQiJTiB OOTIB MOYKHA BUKOPHCTO-
BYBAaTH HACTYITHI 3arajibHi 03Haku [6, 8, 9]:

1. BigxwieHHS OINHOK Bill CEPEAHBOI YroIu
(RDMA) MoHa BHKOPHCTATH IJIsl 3HAXOPKEHHS MPO-

(bins 37T0BMHUCHHKA!
(ru,l' _Fi)/li‘/nu > (D

ROMA, = 3

JIie 1, — KUTBKICTh 00’ €KTIB, K OI[iHMB KOPUCTYBAY 1L} 1), —

OLIIHKA, SIKy ITOCTaBUB KOPHCTYBAY u €JIEMEHTY I; [; — Ki-
JIBKICTh OLIIHOK, BUCTaBJIEHUX 00’ €KTY i BCIMa KOPHUCTY-
BayaMu; 7; — CEpeIHE 3HAUEHHsI YCiX OI[IHOK 00’ €KTY i.

2. 3BaKeHE BINXWIEHHS BiJl CEpenHbOI Yromau
(WDMA), MOXHa BHKOPHUCTATH Ui 3HAXOIKCHHS
podiliB KOPUCTYBAYIB, 110 BHOCATH 3HAYHHUI BILTUB Ha
3MiHY PEHTHHTIB JIEIKHX 00’ €KTIB!

oA, = 3 (s =) @

3. Cryminb nmoaidHocti 3 Ton-cycinamu (DegSim),
JIO3BOJISIE BHSIBIISITM TPYMU OOTIB, OCKUTBKH MNpOo(iih
Oora Oyne CHJIbHINIE CXOXKHH Ha Tpodini HaHOiLIBII
CXOXKHMX Ha HbOT'O KOPHCTYBayiB, HIXK L€ BiIOyBa€eThCs 3
npoissIMK CIIPaBXKHIX KOPUCTYBaYiB:

DegSim,, = Z‘lle simy, , [k , (3)

ne sim,, ,, — KoeiLieHT o100 MiXK KOPUCTYBAYaMH U, V.

4. BiaxuiieHHS Yy KiJIBKOCTI OIIIHOK. Y CHCTeM, 110
Mae Jy)Ke BEIUKY 0a3y JaHuX 00’€KTiB, CIIPaBXXHI KO-
pUCcTyBadi HaBpS 44 OyAyTh OLIHIOBATH BEIHUKHUH MPO-
LIEHT 00’€KTIB CHUCTEMH, OCKIJILKH II€ JOBIO Ta HEIOLI-
JIBHO Ha MpakKTulli. A npogini OOTIB MOXKYTh BHCTaBIISI-
TH 3HAYHO OLIBINIE OIIHOK, OCKUIBKHA BOHH POOJIATH IIe
aBToMatn4Ho. Tomy MokHa crpoOyBaTH BH3HAYHTH
mpodini OOTiB 3a JOMOMOIOK BiIXWJICHHS KITBKOCTI
OLIIHOK B TIEBHOMY MNpodiji Bif cepeqHboi KiJbKOCTI
OLIIHOK B MPO(]IJIsIX KOPUCTYBadiB y 0a3l TaHUX CUCTe-
Mmu. [leli moka3HUK MOXXHA OOUHCITUTH 32 (HOPMYJIIOHO:

oD, =|n, />, (.~ @)

Jle 7 — CepeAHs KiUJIbKICTh OLIHOK y Mpodijsx Kopuc-
TyBadiB CUCTEMH; 7, — T€ 5K caMe 1 KOPUCTyBaya u.

MoxHa TaKoXX BpaxyBaTH, III0 KO)KHA MOJICIIb aTa-
KM Ma€ cBOi crieriiuHi Ta XapakTepHi OCOOIHUBOCTI.

[Toka3HMKH, O MOXKYTh JOITOMOITH BUSBUTH Jic-
sIKi 3 Mojesel aTak [6, 9, 10]:

1. CepemHe BiIXWICHHS 3HA4YCHb  OI[IHOK
(MeanVar) BUKOPUCTOBYETHCS JIJIS BUSIBIICHHS CepPEIHIX
aTaK Ha IiJBUIICHHS Yd [TOHWKEHHS PEUTHHIY Ta BU-
3HAYEHHS LIJILOBUX 00’ €KTIB 3JIOBMUCHUKA:

MeanVar = ZieP, 7 —Fi)z/nu , (5)

ne P, — MHOXXHHA 00’€KTIB, Cepell AKUX TIMOTETHYHO €

LJIEOBI; 7;

;. — OUIHKA KOpHCTyBaya u O0’€KTy i; 7;

1
cepeqHsl OLiHKa O0’€KTy i cepel yCiX KOpHCTYBadiB;
1, — KUIBKICTD OLIHOK y IPOQiJli KOpHCTYBaya u.
HeoOxinHo oGuucnioBatu MeanVar ajiast KOXXHOTO
MOXITUBOTO p, y mipoini KopucryBaua u, ae p, BuOupa-
€TbCsl 3 00 €KTIB, SIKI OTPUMYIOTH OLIHKY 7, (MaKCHMa-
JBHY — JUIS aTakW IiJBUIICHHS PEHTHHTY a0o MiHiMa-

JIbHY — JUISL QTaKK TOHIKEHHS PSHTUHTY).

2. Pi3HUII MK CepeTHIMHU 3HAUCHHSIMH OIIHOK TiITo-
TETHYHUX LIJILOBUX 00 €KTIB Ta 00’ €KTIB ISl HATIOBHEHHS
npodimo (FMTD). 1eli nmoka3HUK BUKOPHUCTOBYEThCS IS
BUSIBJICHHSI aTaKd TIPHETHAHHS IO OUIBIIOCTI, aTaKu 3BO-
POTHOI MPHETHAHHIO JI0 OUIBIIOCTI, CETMEHTHOI aTaku. Y
MHO)KHHY P, TOTPAaIULIIOTh BCl 00 €KTH, SIKUM KOPHUCTYBaY
u TIOCTAaBHB ITbOBY OLIHKY 7. Y MHOXHHY P moTparuis-
0Th Yl iHIITI 00’ €KTH, OLlIHEHI KOPHCTYBAYEM U.

SIS I

ne P, — MHOXHMHA 00’€KTiB y npodiii KopHcTyBaya u,
AKi MalOTh IiJIbOBI OIIHKM Bif HBOro; P, — yci iHmi
00’exktH y mpodisli KOpHCTyBaya u; 1, — KUIBKICTh IIi-
JIbOBHX OLHOK Y Mpodisi KOpUCTYBada u; 71— KiIbKIiCTh
BCIX 1HIITUX OIIHOK.

Meroau 3axucTy Bif atak Ha PC mOmUIAIOTBCS Ha
METO/IH TiJIBUILIEHHST HAJIIMHOCTI CaMHUX PEKOM eH/IallifHIX
CHCTEM BHKOPHCTaHHSM OLIbII pOOACTHHX JIO aTak ayro-
puT™MIB (30KpeMa, HaJIlaHHs TIepeBard aliropuTMaM 3acHo-
BaHUM HA MOJENSIX, 3aMICTh aITOPUTMIB 3aCHOBAaHMX Ha
mam’sITi, 1oJaBaHHI KOCQIliEHTIB JOBIPU Yy CHCTEMY IS
OIIIHKU KOPHCTYBaUiB), a TAKOXX CTBOPEHHSM CHUCTEMH Jie-
TEKTYBaHHs Ta HeUTpaizalii mpodiiis 6otiB y PC.

FMTD,, =

BucHoBku

[IpoBeneHe mociipKeHHs MOKa3alio, 0 OCHOBHUM
BUJIOM aTaKk Ha pPEKOMEHJAIiHI CHUCTeMH € aTaku
in’exuiero npodinis. JJanuii Bu arak Moxe OyTu peai-
30BaHUI BUIAJIKOBOIO aTAKOI0, CEPEIHBOI0 aTaKol, aTa-
KOIO TIPUEIHAHHS 10 OUIBIIOCTI, HMOMYJISPHOK aTaKolo,
tomo. JlaHi aTaku MOXYTh BUKOPHCTOBYBATHCS SIK JUIS
i IBUIIICHHS PEHTUHTY LIJIBOBOrO 00’€KTA, TaK 1 YIS IMO-
HIDKEHHSI IOro pedTHHTy. AJie iCHYIOTh CHeliai3oBaHi
MOJIE aTakK, 0 e()eKTHBHO IPALIOIOTH JUIS TIOHM)KEHHS
peiTuHry. YCi Il aTakd BipIi3HAIOTHCSA OIHA BiJ OIXHOL
KUIBKICTIO iH(OpMaLlii, 1Ky HEOOXiJHO 310paTh 3110BMHC-
HUKY IIpo cuctemy. YuM Oinblue y Hboro iHopmariii,
TUM JIeTIIe HOMY CTBOPUTH Tpodisi OOTIB, SKi cucTeMi
OyJle CKJIaHO BiJPI3HHUTH BiJ| CIIPaBXHIX Ta HEHTpai3y-
BaTH, ajJie TUM JIOPOXKYe 1 JOBIIE MiArOTOBKA JO aTaKH.
Jist 360py iHdopMaii npo pekoMeHaaliiHy cucTeMy Ta
ii 0a3y maHMX MOYKE BUKOPHCTOBYBATHUCS aTaKa 30HIOM.

Jl1st 3aXuCTy peKOMEHIAIliHHUX CHCTEM BiJ aTak
iH’exuiero npodiiaiB HeO0OXiMHO BUSBIATU NPodisi OOTIB
Ta HE BPaxOBYBATH iX OIIHKH JUIsi ()OPMYBAHHS CITUCKIB
pexoMeHaaniii. BussieHHs OOTIB MOXHA 3/iHCHIOBATH
Ha OCHOBI aHaJi3y CTATUCTUYHHX JaHUX KOPUCTYBadiB
cucrteMu — npodini OOTIB Ta 3BUYAHUX KOPUCTYBadiB
OyIyTh BIAPI3HATHUCS, IO MOXKHA BHUSBUTH 3a JOMOMO-
TOI0 PSAAY PO3TSIHYTUX METPHUK. TakoK KOXKHA 3 JOCi-
JOKEHHX aTaKk Ma€ CBOi XapaKTepHi OCOOJIMBOCTI, TpH
BUSIBJICHHI SIKHX MOXKHA 1IeHTU(IKYBaTH Hpodimai sK
3JI0BMUCHI.

Takok IUIs CTBOpEHHS HaIidHMX PEKOMEHIAIlii-
HUX CHCTEM CIIiJi BPaxOBYBaTH, IO Pi3HI aJTrOPUTMH
KonabopaTtuBHOI (inbTpallii MaTh pi3HY POOACTHICTH
IO aTak iH €KIE€r0 mpodiniB, 30kpeMa, item-based aj-
TOPUTMH HaJilHilm, HiX user-based anropurmu, a ai-
TOPUTMHU 3aCHOBaHI Ha MOJEJSAX HaJAiHHINI, HiX anro-
PUTMU 3aCHOBaHI Ha Iam’sITi.
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Hccnenopanne u3BeCTHBIX MOJeIeH aTaK HA PeKOMEHIaTeIbHbIE CHCTEMBI ¢ KOJIJIa0opaTHBHONM GrIbTpanmei
E. B. Menemxo, B. /1. Xox, A. C. Yindes

O0beKTOM M3Y4eHHS B CTaThe SBIACTCS MpoLece odecredeHus HHPOPMAIMOHHOH 0e30MacHOCTH PEeKOMEHIATEIIbHBIX CUCTEM.
Iesblo sBIAECTCS MCCIIEI0BAHUE N3BECTHBIX MOJIENICH aTaK HA PEKOMEH/IATENIbHbIE CHCTEMBI ¢ KoJuabopaTuBHON (uibTparyeil. 3aga-
YH: UCCIIEZI0BATH OCHOBHBIE OCOOCHHOCTH M3BECTHBIX aTaK HA PEKOMEH/IATEIIbHbIC CHCTEMBI, a TAIOKE METO/IbI BHISIBIICHUS U HElTpaiy-
3aLMK JaHHBIX aTak. [1oTydeHs! cleyrolye pe3yIbTaThl: IPOBEICHO HCCIeI0BaHUEe OCHOBHBIX MOJICIICH aTak Ha PEKOMEHIaTe IbHbIe
CHCTeMBI ¢ KoJTabopaTuBHON (rIbTparueii, UX BIMSAHHAE HA PE3yNIbTAaThl PabOThl PEKOMEHIATEINIbHBIX CHCTEM, a TAKKE XapaKTepHbIe
0COOSHHOCTH JIAHHBIX aTaK, KOTOPbIE MOT'YT II03BOJIUTH MX BBIABIATH. BeIBoabI. IIpoBeneHHOE HcceoBaHNE OKA3aJI0, YTO OCHOB-
HBIM BHJIOM aTaK Ha PEKOMEHIATeNbHbIE CUCTEMBI SIBILICTCS aTaka MHbeKLMeH npodueil. JlaHHbIi BUI aTak MOXeT OBbITh pea30BaH
CIIy4aiHOH aTakoii, cpeqHeil aTaKoll, aTakoi NPUCOSANMHEHHUs K OOJBIIMHCTBY, MOIYJISIPHON aTakoi, u ap. JlaHHbIe aTaku MOTYT UC-
TOJIB30BATHCS KaK JUIs TIOBBILICHHS PEUTHHIA 11eJIeBOro 00bEKTa, TaK U VISl MOHIKEHHMs ero peituHra. Ho cymecrByroT ciermanisu-
POBaHHbIE MOJENH aTaK, KOTopble 3((eKTUBHO padoTaroT Ul MOHIKEHHS! PEHTHHIa, HAIpUMep, aTaka JIF000Bb/HEHABUCTh U aTaka
o0paTHast IPUCOSAMHEHNIO K OOJIBIIMHCTBY. Bee 311 aTaky OTIIMYAOTCS JPYr OT Ipyra KOJIMYECTBOM MH(OPMALUH, KOTOPYIO HE00XO0-
JIMO cOOpaTh 3JIOYMBILUICHHUKY O cucreme. UeM Ooibliie y Hero HH(GOpMALMK, TeM JIerdye eMy co3zarh mpodiiu 00TOB, KOTOPbIE
cucreMe OyIeT CII0)KHO OTIIMYMTB OT HACTOAIIMX M HEHTpanM30BaTh, HO TEM JIOPOXKE M JONbLIE IOArOTOBKA K arake. s cOopa uH-
(bopMary 0 PeKOMEH/IATENIbHOH crucTeMe U ee 6a3e IaHHBIX MOKET MCIIONIb30BATHCS aTaka 30HAOM. IS 3alUThl peKOMEHIATEIbHBIX
CHCTEM OT aTaK MHbeKIHel npoduseid HeoOXOAMMO BBISBIATH NPOGIM OOTOB U HE YUUTHIBATH UX OLEHKH U1 (YOPMHUpPOBAHUS CIIU-
CKOB peKOMeHIaIWil. BeisiBuTh podhin O0TOB MOXKHO, MCCIENys CTAaTUCTHYECKHE JaHHble Mpoduiiel Mmob3oBareseil peKoMeH -
TEJIbHON CUCTeMbI. BbUH paccMOTPEHBI 110Ka3aTeNH, MO3BOJISIOLIHE BBIABIIATH PO N OOTOB M PaCIO3HABATH HEKOTOPBIE TUIIBI ATaK.

Kamo4ueBblie caoBa: PEKOMCHAATCIIbHBIC CUCTEMBI, I/IH(i)OpMaLII/IOHHLIe aTaku, I/IHCI)OpMaI_II/IOHHaH 68301'[8.CHOCTB, I/IHTep-
HeT-6OTI>I, HaKpy4YUBaHUA peﬁTHHFOB, KOJ'Ia60paTI/IBHI/IX (1)I/IJ'ILTpaL[I/I$I.

The research to known attack models for recommendation systems with collaborative filtering
Ye. Meleshko, V. Khokh, O. Ulichev

The subject matter of the article is the process of procuring information security of recommendation systems. The goal is
to investigate known attack models for recommendation systems with collaborative filtering. The tasks to be solved are: to study
the main features of known attacks on recommendation systems, as well as methods for identifying and neutralizing these at-
tacks. The following results were obtained: The researches to the main attack models on recommendation systems with collabo-
rative filtering, their impact on the work results of the recommendation systems, as well as the characteristic features of these
attacks that can allow them to be detected were conducted. Conclusions. The study found that the main type of attack on recom-
mendation systems is the profile-injection attack. This type of attack can be implemented by the random attack, the average at-
tack, the bandwagon attack, the popular attack, etc. These attacks can be used to increase the rating of a target object or to de-
crease its rating. However, there are specialized attack models that work effectively to decrease ratings, for example, a love/hate
attack and reverse bandwagon attack. All these attacks differ from each other in the amount of information that an attacker needs
to collect about the system. The more information he has, the easier it is for him to create bot profiles, which for a system will be
difficult to distinguish from real ones and neutralize, but the more expensive and longer the preparation for an attack. The probe
attack can be used to collect information about the recommendation system and its database. To protect recommendation systems
from the profile-injection attacks, it is necessary to identify bot profiles and not take into account their ratings for the formation
of recommendation lists. Identify bot profiles can be examining the statistics of user-profiles of the recommendation system. The
study metrics that allow identifying bot profiles and recognizing some types of attacks was conducted.

Keywords: recommendation systems, information attacks, information security, Internet bots, shilling attacks, collaborative filtering.
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PROCEDURAL BASIS OF CYBERSECURITY SYSTEMS

The subject of the research is a system of procedures implemented within the framework of a cybersecurity system, which
is analyzed and described in a formal form. The aim of this work is to develop a formal description of the system of proce-
dures implemented within the security system, which would automate the analysis, adaptation and design of the entire
complex of processes operating within the cybersecurity system. The technique is based on the use of set theory, as well as
system and process analysis. The tasks that need to be solved are to analyze existing approaches to the analysis of ongoing
processes to identify their advantages and disadvantages. Based on the analysis, to propose a new formal presentation and
classification of security system processes. The following results were obtained: the general characteristics of the security
system processes were identified, the information and model bases of the security system were formed, which made it pos-
sible to present an approach to the classification and formal presentation of procedures implemented in security systems.
Conclusion: The approach to the classification and the formal description of the procedures implemented in the security
system presented in the article allows us to formalize the approach to the analysis and subsequent synthesis of the necessary
procedural basis for the design and reengineering of security systems, in a more understandable way to the decision-maker.

Thus, the efficiency of managing the mechanisms for protecting the contour of business processes is increased.

Keywords: cybersecurity systems, decision maker, semiotic approach, cyberattack, decision making.

Introduction

Operational interaction of a decision maker (DM)
with computer processing tools, presenting information
and supporting the selection and application of tools to
counter cyber attacks constitute one of the main opera-
tions of the entire technological cycle to ensure cyberse-
curity of business processes. At the same time, the char-
acteristics of a person as an element of a contour are
increasingly becoming a «bottleneck» in operational
counteraction given the existing structure of means and
methods of man-machine interaction.

A way out of this situation is the creation of a cy-
bersecurity system structure that allows:

- collection and integration of information about
potential threats and sources of their implementation;

- processing and storage of this information with
acceptable degrees of aggregation;

- automatic and (or) man-machine assessment of
the state of the level of protection and the environment
of functioning of business processes with prediction of
the emergence of new types of threats;

- automatic and (or) man-machine search for so-
Iutions on the choice of countermeasures, initiated by
assessments of the state of the protected object and its
environment, as well as unfavorable forecasts of devel-
opment trends of cyberthreats;

- automatic and (or) man-machine optimization
in terms of money spent and time for found and recom-
mended solutions;

- human-machine decision-making with chal-
lenge capabilities for analyzing both the data underlying
the search for proposed solutions to counter cyberat-
tacks, and the logic and mathematical methods used, on
which the search for proposed solutions was based.

The semiotic approach explores the pattern in
which the control body knows:

- not always a certain set of parameters {x},
characterizing the current state of the object of protec-
tion and the environment of opposition;

- many ways to split {x} on classes of states
K={k,, k;, ..., k.}, requiring decisions;

- the set models of finding solutions {M};

- the set mechanisms for finding solutions on
models — {@}.

When implementing such a scheme, dynamically
formed sets {k} and {M}, of the possibility of obtaining
the necessary solutions in a reasonable time, but the
nature of the solutions obtained is qualitative.

Methods of the theory of identification and plan-
ning of an experiment can be applied only to the extent
that statistics can be collected on the reactions of the
object of defense to attacks in the mode of its operation.
This makes it difficult to use them directly in the sys-
tems under consideration.

Considering the many functions entrusted to the
system, the existing approaches to automating decision-
making processes, and the presence of decision-makers
united in teams, the cybersecurity system for ensuring
the contour of business processes should be based on
the concept of human-machine control.

Features of building cyber security systems

Currently, there is no complete general theory of
cybersecurity systems, and therefore there is no general
model of such systems that have knowledge of cyberse-
curity and can use cybersecurity systems to organize
purposeful behavior of the system while ensuring speci-
fied quality criteria [1].

At the same time, an analysis of the tasks to be
solved in decision-making systems with intelligent
mechanisms for automatically finding means to counter
cyber threats shows that [2]:

a formal apparatus describing the processes of rec-
ognizing situations, developing and making decisions in
a rapidly changing situation with elements of uncer-
tainty should be extremely flexible;

the processes of making decisions are based not
only on quantitative characteristics, but also on factors
that do not always have quantitative measures (psycho-
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logical, moral, etc.). Therefore, the preparation of in-
formation for decision-making on the means of counter-
action should be viewed as a creative act of choice from
a set of possible decisions, in which quantitative factors
are combined with the heuristic abilities embedded in
the computer that forms the decisions, i.e. decisions are
formed on the basis of two components of decision-
making and development (formal and creative);

Special attention should be paid to the decision-
making procedure itself, i.e. it is important to know
which components of the cybersecurity process should
be controlled by the decision maker, and which compo-
nents can be executed by the computer;

an important place is occupied by the problem of
human and computer communication. This problem has
two sides — the satisfaction of information needs on the
information available in the system and participation in
the procedure for developing and adopting decisions. A
natural requirement for the means of presenting infor-
mation is their informational content and perception to
the language of communication — proximity to the lan-
guage of professional vocabulary and its slang. The
form of communication should be interactive;

the problem of learning or adapting the developed
system to the emergence of a new class of threats (hy-
brid, synergistic) requires the development of a special
procedure that allows the release of information pre-
sented formally (algorithmically) and informally (ex-
pertly). Such a procedure should be man-machine in
nature and be applicable to a large class of situations;

the problem of designing and generating different
versions of software for decision-making systems re-
quires the development of a special human-machine
technology for designing within this class of systems.

Taking into account the nature of the activities of
the systems of this type, based on the ability to adapt
and build targeted behavior, we will distinguish two
types of information in the cybersecurity system [3]:

1) information that implements the targeted be-
havior of the system by organizing the processes of rec-
ognition of the type of cyber attack, search and deci-
sion-making on countering;

2) information that is elements of processing from
the above-mentioned processes.

The first type of information is called the knowi-
edge of the system about the subject field of manage-
ment — models, tasks, algorithms.

The second type of information is called data on
the state of the system, the object and environment of
the formation of threats — the parameters of the system,
the object, the environment and the area of definition of
these parameters.

Analysis of decision-making processes allowed us
to base the concept on the following notions [4]:

global logical model of knowledge as a set of
tasks, models and methods of their use for organizing
the processes of targeted recognition of situations of
threats, developing and making decisions on counterac-
tion;

the area of interpretation of the global logical
model of knowledge as a structured and ordered dy-
namic set of attributes characterizing the parameters of

the cybersecurity system, the object and the environ-
ment of functioning;

an army of system analysts, experts who, using
means of recognition and communication, can define
and describe the elements of a global logical model of
knowledge and its area of interpretation in a volume
sufficient to solve problems that can be posed in any
problem situations.

When developing a concept, the following model
characteristics should be taken into account:

Expertise — as a basis for shaping the goals of the
cybersecurity system, models that are the area of search
for solutions, rules for searching and making decisions
on cyber defense of the contour of business processes.

Associativity — as the basis for automatic accumu-
lation, generalization of information and adaptation of
the cybersecurity system to the changing environment
of functioning.

Many alternatives — as the basis for displaying all
possible ways of finding solutions.

Semiotics — as the basis for the development of
mechanisms for the integration of heterogeneous infor-
mation about the object of protection and the environ-
ment of the formation of cyber-thunderstorms.

Sociability — as the basis for the implementation of
dialogue means of communication system with decision
makers.

Virtuality — as a basis for reflecting the globality of
information, which is characterized by territorial dis-
unity and multi-level sources of receiving, storing and
using information.

Efficiency — as the basis for the implementation of
the model of ensuring the necessary level of cybersecu-
rity in software and hardware environments.

The resulting model has a number of new proper-
ties, for example, it is at the same time a means of solv-
ing problems arising before a system, and a methodol-
ogy for designing and implementing such systems. The
team of experts has both formal and informal knowl-
edge of the subject area of management. In addition,
each expert performs a specific learning function in the
team. This allows him to easily construct and fill a
knowledge model, highlight a specific local logical
knowledge model and have access to global knowledge
and data models.

The presence of experts allows, in addition to the
recognition, development and decision-making proce-
dures, to also build:

procedures for identifying consistent knowledge,
using dynamically changing expert groups; create expert
decision-making models for different classes of problem
situations (threats);

simulate any combination of centralized and de-
centralized decision making; achieve greater generality,
which allows for various methods of solving problems.
In addition, in such a team, it is possible to formalize
the connection between experts and build standard
means of communication on this basis. With the help of
these tools, various modes of interaction are organized —
from the explicit reference of one expert to another to
the implicit reference, when the addressee is determined
by the function implemented by him.
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The presence of a multitude of tasks, models and
knowledge of the way they are used in various situa-
tions of decision making and development allows us to
develop uniform means of describing such information
and organizing their use by the system. Linguistic and
software support tools are used as such tools: languages
of logical knowledge model definition (LKM) and ma-
nipulation of elements of a logical knowledge model
(KMM). The definition of knowledge involves the in-
troduction of new types of information, such as model,
task. Knowledge manipulation is based on planning
decision-making processes in the global knowledge
model by using, first of all, the goal setting mechanism.

The considered concept is in good agreement with
the nature of complex human-machine decision-making
systems and allows using the knowledge of experts and
programmers:

1) generate threat classifiers for the corresponding
contour of business processes;

2) to build models of recognition of cyber attacks,
the classification of the state, targeting, development
and adoption of governing decisions on countering cy-
ber attacks;

3) o build a functionally complete set of computa-
tional algorithms characterizing a specific area of cyber
defense;

4) “fill” the cybersecurity software system with
specific content;

5) to design and generate software systems and
organize its problem orientation.

Summarizing what has been said, it can be con-
cluded that the considered concept fully meets the prob-
lems of human-machine management of complex tech-
nological objects, methods and the theory of building
large control software packages, cybersecurity systems
[5].- The task of the research is the formation and de-
scription of a variety of procedures, the implementation
of which in the cybersecurity system of the business
process contour will allow to realize the properties and
features of the effective functioning of the cybersecurity
system as a complex human-machine system.

Decision making procedures in cyber
security systems

Ensuring the required level of cybersecurity of the
business process contour will be considered as a man-
machine activity to determine the state of the protected
object, which requires making decisions related to the
search and selection by targeted coordination of behav-
ioral patterns of all participants in cyber conflict — M,
and existing at the decision maker — M,. Such a model
representation is determined by the accumulated knowl-
edge of methods and mechanisms for ensuring cybersecu-
rity, the goals and limitations of each of the parties, ob-
jective and subjective preferences on the choice of ways
to achieve goals and assess their degree of applicability.
The interactivity of human interaction with the system is
organized by introducing the concept of a man-machine
situation that requires decisions S, and defining this no-
tion of a set of attributes. The nature of this activity, on
the one hand, is set by man by controlling the processes
of setting the task of tracking the progress of its solution.

On the other hand, the system clarifies the correctness of
the tasks set, proposes alternative ways of solving them,
using the “knowledge and experience” of the search for
solutions, reflected in its model. Thus, the person and the
system interact as partners, coordinating their methods of
solving the tasks of ensuring cybersecurity of the required
level. Symbiosis will be optimal only when the work of
the system is organized in the "intelligent" human advisor
mode, performing the routine functions of automatic rec-
ognition of attacks as well as the search for countermea-
sures based on information obtained both from experts
and using system knowledge. This knowledge exists in
the system in the form of two types of structured sets
{computational and set-theoretic}, {interactive and expert
logical-algebraic and logical-linguistic} models of cy-
ber-attack recognition and the search for means to
counter it. The first type of models is defined on situa-
tions for which an algorithm can be found that connects
the desired parameters with the given ones, and the
search of variants is not very large. The second type of
models is used to search for solutions that are highly de-
pendent on situations and where the search is extremely It
can be said that computational and set-theoretic models
are analogs of computational operations when searching
for solutions, and interactive and expert models are ana-
logs of methods of searching for solutions.

The capabilities of each of the interacting parties
to a cyber conflict are determined by the completeness
of behavior models, decision-making procedures and
the model basis for decision-making procedures. At the
same time, decision-making and behavior processes are
considered semiotic (sign). Used in this sequence of
steps (related causal, temporal, spatial and other rela-
tionships) finding control solutions for each problem
situation is considered as the logic of finding solutions.

At each step of interaction between the decision
maker and the decision support system of one of the
parties, a query is formed in the form of a problem
situation and (or) a subset of the model's algebraic op-
erations in accordance with the logic of the search for
solutions. The task of the decision-making system is to
find the interpretation of these operations in terms of
their model, their implementation and in response to the
formation of the request.

The formal representation of the model of behavior
of the decision maker in the operational decision mak-
ing is given by the expression

M,=<BT, DM, I>,
where
BT:<LBT, ACS, @>

- behavior theory (system knowledge model);
DM =<x",b*, f*,p* >.
- information data model describing the system;
I=<UI,CI, >.
- interpretation of BT in DM, here Lgr=Lxp; Lpp —
a language for describing a behavior model that is a com-
bination of knowledge and data definition languages;

ACS — theory axioms; ® —rules of inference statements in
theory; x°, b° — set of variables and state constants; ', p° —
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a set of function and predicate of state variables; Ul; —
user interpretation of the elements of the system knowl-
edge model, which defines expertly the correspondence
rule between the syntaxes structure of the language ele-
ments Lzrand their meaning in the field of cybersecurity
(semantics of decision makers); CI, — machine interpreta-
tion of elements, which specifies expertly the algorithm
for establishing the correspondence between the semantic
structure of language elements L7 and their truth at every
current moment of the search for solutions (pragmatics of
the field of cyber security).

Formal model of the behavior of a participant in a
cyber conflict, depending on the restrictions imposed on
the rules for deriving statements ®, can be described by
means of first-order predicate logic, production and
algorithmic systems. Indeed, in the predicate logic there
are no restrictions on the use of inference rules. Any
withdrawal rule fits any statement already deduced if
this statement allows its use. In production systems that
are also based on the logic of predicates, there are addi-
tional conditions on the applicability of a particular in-
ference rule. These conditions may change during the
operation of the production system, depending on the
receipt of this or that information in the process of with-
drawal. In algorithmic systems, the sequence of applica-
tion of the rules is uniquely determined. As a language
for describing control theory, a first-order predicate
logic language and an information processing algorithm
language are used. The rules of inference of statements
in the theory are the rules of inference in the logic of
predicates, their modifications in the system of products
and algorithmic rules.

The relationship of the model of behavior with
problem situations and problems of finding solutions
that appear when they appear is taken into account by
taking into account the logical sequence of decision
makers working stages while ensuring the security of
business processes and identifying a variety of decision-
making procedures characteristic of decision makers.
The specified set of procedures can be represented in
the following sequence:

procedure of situation classification:

P=<S,J,K, K, >,

where S — situation defined by some relation on the set
of elements I; J — set of expert preferences for the
choice of classification rules, given on the set {S x K;};
K, — set of classification rules — decision procedure; K,
—classes of situations set for which there are models for
finding solutions;

procedure of the model classification allows to de-
fine a set of decision-making models, organizing the
calculations on which you can find the required solu-
tions to ensure the required level of cybersecurity:

P, =<S8,K,4,M, >,

where 4, — a set of alternatives for choosing solution
search models whose weights depend on S and K, can
be set by the person in an interactive mode of work with
the system; M; — a set of models of finding solutions;
procedure of forming strategies for the goal of
finding solutions allows to define a set of local and / or

global goals of the cybersecurity system that must be
achieved with the help of solutions found in this class of
situations:

P,=<S.K.,G,C.,S, >,

where G — a set of current targets facing the control
system; Cr — a set of criteria for achieving goals (both
goals and criteria can vary and change over time); Str —
a set of strategies to find solutions;

procedure for finding target management solutions
allows to organize a search for solutions for each of the
problem situations in accordance with the goals and
criteria for ensuring the security of the business process
loop:

P, =<S,S

n,,M I’RG >,
where Rz — a set of target control solutions that can be
found in the decision search model (knowledge base)
M, tuned to the current situation s; €S when using strat-
egy str; eStr. This procedure performs two functions —
a computational sequence finder and a solver scheduler.
The first function is to form a crucial program sequence,
the second is to organize the execution of these pro-
grams and receive management recommendations in a
specific computing environment;

the procedure for determining the possible out-
comes of the implementation of solutions allows to set
the reachability of local and (or) global management
goals in the implementation of certain solutions to
counter cyber attacks. This is done by organizing calcu-
lations on a model of an admissible decision area —
M p4, defining this area — O ¢4, in accordance with the
objectives G and criteria — Cr, characteristic of this level
of decision making. This procedure is set by

B, =<AH,P, P,P, >,

1n =S4y

where Rg; — the set of those governing decisions that are
satisfactory outcomes, i.e. outcomes that can achieve
local and / or global management objectives.;

procedure of the decision substantiation allows as-
sessing the quality of decisions (their optimality) by
organizing calculations on a model for determining the
optimal decision-making area (Mop,) to select the area
of optimal control solutions (Opp) in accordance with
the goals and criteria. Tuple element Rg; is the set of
those control solutions that satisfy Opp and can be pri-
marily recommended for implementation. This proce-
dure

P.=<S,R..,G,C,,M,,,,0

0D=RGz > =

Gl1° oD4>

procedure of the solution synthesis allows reduc-
ing the number of simultaneously recommended solu-
tions for counteraction, regardless of how many situa-
tions are simultaneously analyzed by the system. In ad-
dition, the procedure ranks decisions issued by the deci-
sion maker as according to the information received
from the procedures Ps, P4, so using the set of prefer-
ences for the "narrowing" of the set Rs. These prefer-
ences can be set expertly.

The procedure is given as

P =<8,R.,,0,:,0pz R>.

G2° " ACD >~ ODR>
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Information for the decision maker after the opera-
tion of this procedure is issued in the form <{S}=> {R,
OACD: OODR}~

The decision maker can associate the current situa-
tion with the necessary decisions, taking into account
their belonging to Ocp or Oppp, setting Rg);,

procedure of the decision-making allows to organ-
ize the process of man-machine interaction in order to
make one decision to be implemented. In this case, the
decision maker may choose one of the means of coun-
teraction recommended by the system or accept his
own, different from the recommended, R;, what he
should inform the system. If R, ﬂl_e =(, then this solu-

tion can be implemented. Here R=R . NR,NR,, —
forbidden set of solutions. Formally, this procedure,

P =<S,R,R,R;,>.

procedure for evaluating the results of the imple-
mentation of the decisions allows to evaluate the effec-
tiveness of the adopted and implemented decisions for
the purpose of correcting (in the mode of training or
self-study) the model of knowledge of the system and
translating part of the information { <situation> — <de-
cision>} from the sphere of the decision-making system
to the sphere of automatic implementation of the deci-
sion. This procedure

P, =<S,RUR;,M,,B; >,

where P;; — procedure for learning (self-study) of the
system and correction of its knowledge model M;
procedure of the solution tracing makes it possible
to organize the tracking of the logic of machine reason-
ing when searching for solutions and the information
basis used for this. This procedure returns the DMP the

Information basis
Information

observability property, i.e. the possibility of establishing
any relationship on the elements of decision-making
procedures. The tracing procedure is based on the modi-
fication of an ordered sequence @;-¢9 — procedures. The
modification consists in introducing into each procedure
i an assertion about the correctness of obtaining results
with its help. Formally, this procedure

Ry=<u:B,p, B, ...opy R, C, >,

where u;, t, ..., to — conditions of performance (vali-
dation statement) of procedures P;, P,, ..., Py respec-
tively, recorded as g P;. With the help of the elements
of this tuple, a person can, through interaction with the
system, psychologically believe in the correctness of the
solutions found. Statements owned by Cor, determine
the consistency of logic embedded in the database of
models and procedures of a computer and a decision
maker, i.e. they allow the system to inform the decision
maker that the next cycle of search and decision-making
is completed;
procedure of the information dialogue organizes
the human-machine interaction of the decision maker
with the system in order to obtain the necessary infor-
mation. This procedure
P, =<P,P,

172>

BB >,

where P;-P, _ considered procedures in which the fol-
lowing substitutions were made: S/R,, M;/M,, C/Cp,
G/Gp; R/Ry; R; — many requests from the decision
maker; M, eM; — a variety of response search models by
query definition areas; Strp — a set of strategies aiming
for finding solutions ranked by a set M, Gp — a set of
current goals; Ry — a set of answers issued by the deci-
sion maker when the system responds to a request;

determination

basis

Computer-human dialog »]

B.P, B,P, cF,
S g

Decision search
q automation
{R+R}
A A
Experts
Adaptation (Py3)
Tracing (P;) Design (P;,) v

7y

t * ‘

o Model basis

A

Decision
making

Control
object [

Decision \
<

maker ~

Fig. 1. The logical sequence of cybersecurity system procedures

procedure for determining the information basis for
making decisions communicates with the information
collection system in order to organize the processing of
this information and record it in the information model
(database) of the systems. Formally, this procedure:

P]2 =<S,P,P2,P3,P4,M],MD >,

where Mp — information model storing the current state
of the object;

the adaptation / training procedure allows to or-
ganize an automated system setup for the cyber security
area.

This procedure

_ Comp
P|4 =< S’ LDKL > LDML > LLDL > M >’

where L, — a mechanism for correcting knowledge and
data base models (means for describing knowledge and
data), which allows to bind information in its machine

76



Ingpopmauiiini mexnonozii

representation; Ex, Ep — set of elements of the model
level of knowledge and data;

procedure of a computer-aided design, or, alterna-
tively, an interactive cyber-security system computer-
aided design system. For decision makers and system
analysts, designers is the procedure

_ Comp
P|4 =< S’ LDKL > LDML > LLDL > M >’

where S — design situation from a class of man-
machine design situations, reflecting the subject-
oriented formulation of the problem of constructing an
information-model basis; Lpx;, Lpyz, Lppr language

means of describing the elements of the model basis of
knowledge and data; M“°"” — machine representation of
information model basis.

Conclusions

The developed and cited procedural basis of cyber-
security systems will significantly improve the effi-
ciency of the development and implementation of mod-
ern cybersecurity methods. The use of the developed
models will significantly formalize the process of creat-
ing cybersecurity systems and thus eliminate the subjec-
tivity of the decisions made.
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IIpouenypHuii 6a3uc cucrem kidepoesnexku
O. Minos, C. Minescokuii, C. Ioraciit, X. P3aeB

IIpeameroM IOCIIUKEHHS € CHCTEMa IIPOLENyp, IO Peali3yeThCsl B paMKaxX CHCTeMH KiOepOesIleky, sika aHaJi3yeTbes i
OnHCYeThCs B hopMaibHOMY BUTIIsLIl. MeToro naHoi poboTH € po3poOka (hOpManbHOrO ONUCY CHCTEMHM IPOLEAYp, IO pealisy-
I0TBCSL B pAMKaxX CHUCTeMHU Oe3NeKH, ke JO3BOIIO O aBTOMATU3YBaTH MPOLIECH aHalli3, aJlanTallii Ta IPOEKTYBaHHs BCbOr0 KOM-
IUIEKCY TIPOLECiB, MO0 (YHKIIOHYIOTh yCepequHi cucreMu KibepOesmeku. Meroanka 3acHOBaHa HAa BHKOPHCTaHHI Teopii MHO-
JKHH, a TAKOXK CHCTEMHOTO i TPOIIECHOr0 aHaji3y. 3aBJaHHs, sSKi HEOOXiHO BUPILINTH - IPOaHAJI3yBaTH iCHYIOUI MiIXOIH 10
aHaJli3y peanizoBaHUX MPOLECIB JUIL BUSBICHH X IepeBar Ta HeJonikiB. Ha oCHOBI poBeeHOro aHaili3y 3alporoHyBaTH HOBE
(dopmanbpHe noaHHA Ta Kiacudikalito npoueciB cucreMu Oesnexku. bByny orpuMaHi HaCTYIHI pe3y/IbTATH: BUSBICHO 3aralbHi
XapaKTepUCTHUKH TpoLeciB cucreMu Oesmneku, copmoBaHi iHpopMariiHuii i MojenbHui 6a3ucu cucteMu Oe3NeKy, 10 J103BO-
JIVJIO MPEACTABUTH MiAXiM 10 Kiacudikamii i popMarbHOMY MTOJaHHIM IPOLENYp, PealizoBaHUX B cuctemax Oesneku. BucHo-
Bok: [Ipencrasnenuii B crarti miaxin no xiacudikanii i popmManbHOMY OIUCy NMPOLEYp, pealli3oBaHUX B CHUCTeMi Oe3IeKH, 10-
3Bonsie (hopMati3yBaTH MiJXiJ| 10 aHAJI3y 1 MOAANIBIIOr0 CUHTE3Y HEOOXiTHOro IPOoLeAypHOro 6a3ucy Ipy NPOEKTYBaHHI 1 peu-
H)XHMHUPUHT'€ CHCTEM O€3I1eKH, y BUIIIII Ol 3p0o3yMiIor0 0cobi, o npuiiMae pimeHHs. TakuM 4uHOM 3011blIyeThes eek-
THUBHICTH YIPaBJIiHHS MEXaHI3MaMH 3aXHCTy KOHTYPY Oi3HeC-IpOLIeciB.

KawuoBi caoBa: cucrema kibepOesneku, ocoda, ska mpuiiMae pillleHHs, CEMIOTHYHUN MiAXiJ, Kibeparaka, MPUHHITTS
piLlIeHb.

IIpouenypHslii 6a3uc cucreM KudepoHe30nacHOCTH
A. Munos, C. MunteBckuii, C. [Toracuii, X. P3aeB

IIpeamerom Hcciie1oBaHus ABISIETCA CUCTEMa MPOLEAYD, pealu3yeMasl B paMKax CHCTeMbl KHOepOe30acHOCTH, KOTopast
aHaIU3UPYeTCsl U onuchiBaeTca B GopmanbHoM Buze. Llennto naHHOi paboThl sBisieTcs pa3paboTka (GOpMaIbHOTO OIMMCAHUS
CHCTEMBI TPOLELYP, PEaTn3yeMbIX B PAMKaX CHUCTEMbI O€30IIaCHOCTH, KOTOPOE IO3BOJIMIO Obl aBTOMAaTHU3MPOBATh HMPOLECCHI
aHaJIu3, aJalTalid ¥ NPOSKTHPOBAHUS BCEro KOMIUIEKCA MPOLECCOB, (QYHKIMOHUPYIOIIMX BHYTPU CHCTEMbI KHOepOe30macHo-
cTi. MeToanka OCHOBaHA Ha HCIIOJIb30BAHUH TEOPUH MHOXKECTB, a TAK)KE CHCTEMHOrO M MPOLECCHOTO aHalKu3a. 3aga4m, KoTo-
pble HEOOXOIMMO PEIIUTh — MPOAHAIM3UPOBATH CYIIECTBYIOLIME TTOIXO/bl K aHAIN3Y PEaTU3yeMbIX MPOLIECCOB IS BBISBICHUS
UX IPEUMYILECTB M HelocTaTKoB. Ha 0CHOBE NPOBEJEHHOIO aHAIM3a NPEIIOKUTh HOBOE (JOPMAIIBHOE TIPEICTABICHUE U Kilac-
cU(UKALNIO IPOLECCOB CUCTEMbI 0€30MacHOCTH. Bbliy noiydeHs! cieyronye pe3yJibTaThbl: BhISIBICHBI O0LINE XapaKTePUCTUKH
IPOLIECCOB CHCTEMBbI Oe3omacHocTH, chopMupoBaHbl MHGOPMALMOHHBI U MOJENBHBIN 0a3UChl CHCTEMbI 0E30IaCHOCTH, YTO
MO3BOJIMJIO HPEJCTABUTD NOAXOM K KIacCHU(pUKAMK ¥ (HOPMAIBHOMY INIPEACTaBICHHUIO NPOLEYp, Pealn3yeMbIX B CHCTEMax
6e3onacHoctu. BeiBoa: IIpescraBineHHslil B cTaThe NOAXOM K KiIaccuukanuu 1 GopMaIbHOMY OIMCAHUS IIPOLENYp, peanu3ye-
MBIX B cHcTeMe 0e30M1acHOCTH, N03BOJIsIeT (POPMATU30BATH MOIXO/ K aHAIM3Y M IOCIIEYIOEMY CHHTE3y He00X0AUMOro Ipore-
JtypHOro 6a3uca Npu NPOSKTUPOBAHUY U PEHHKMHUPUHTE CHCTEM 0€30I1aCHOCTH, B BUJIE O0JIee TIOHATHOM JIMILY, IPUHUMAOLLIE-
My peienue. TakuM oOpa3oM yBenuuuBaercs 3Q(EKTUBHOCTD YNPABICHUS MEXaHU3MaMU 3alllUThl KOHTypa OM3HEC-TIPOLIECCOB.

KawueBbie cioBa: cucremMa KuOepOe30acHOCTH, JIMIIO, IPHMHUMAIOLIEE PEIIEHHE, CEMUOTUYECKUH oaxox, Kubepa-
TaKa, NPUHATHE PELICHHN.
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IPOT'PAMHE 3ABE3IEYEHHSA 1151 MOJEJTIOBAHHSI MEPEK PEITY TAIIII
KOPUCTYBAYIB COUIAJIBHUX BEB-PECYPCIB
HA OCHOBI BIHAPHUX JIATI'PAM PIIIIEHb

O0’€KTOM BUBYEHHS Y CTATTI € POLIEC MOJICIIOBAHHS COLIAJIBHUX Mepex. MeToro € po3pobka IporpaMHoro 3abesneyeH-
HsI JUIsL MOZIGIIIOBAaHHS MEPEX PeIyTallil KOpUCTyBadiB COLiaIbHUX BeO-pecypCiB Ha OCHOBI OiHApPHMX JiarpaM pilleHs. 3a-
BAQHHS: JOCIIIUTH MOXKIMBICTH MOJICIIIOBaHHS COLIAJIbHUX MEPEeX Ha OCHOBI OiHAPHHUX JiarpaM pilleHb, pO3pOOHTH Me-
TOJI MOJICITFOBAaHHS MEPEX pelryTallii KOpUCTyBadiB COLlialIbHUX BeO-pecypciB HAa OCHOBI OiHApHUX Jiarpam pilleHs, po3po-
OuTH mporpamHe 3a0e3reueHHs Il peatizamnii po3po0IeHOro MeToLy MOJIETIOBaHHSI MEPeX peryTalii KopucryBadiB. Me-
TOAM AOCTiIZKEeHb: Teopis rpadiB, Teopis MOIEIOBAHHS, TEOPis AITOPUTMIB, 00’ €KTHO-Opi€HTOBaHe IporpamyBanHs. Otpu-
MaHi Taki pe3yJbTaTH: PO3pOOJICHO METO/l HAKOIMYEHHS 3MiH Y OiHapHHUX jAiarpamax pillleHb Ul 3MEHIUCHHs KUIBKOCTI iX
penaryBaHb; po3po0iieHa MOJIeIb Mepexki pelryTalii KOpUCTyBadiB COLIABHIX BeO-pecypciB Ha OCHOBI OiHApHMX Jiarpamax
pimens. BucnoBkm: [IpoBeneHo nociipkeHHsT MOXKIIMBOCTI BUKOPUCTaHHS OiHapHUX AiarpaM pillleHb JUIsl MOJETIOBAHHS CO-
LiaTbHUX MepesK. JleTanbHO pO3rIITHYTI OCHOBHI THITH COLIAIbHIX MEPEX Ta METOM iX aHasi3y. Po3kpura akTyanbHICTb po3-
BUTKY Ta 3aCTOCYBaHHSI METOJIOJIOTI] aHAI3y COLIAIBHNX MEPEX, 30KpeMa B CyJacHUX iH(popMaliiHux TexHounorisx. [Ipose-
JICHO OIVISAZL MOJIENeH aHalli3y COLiaJIbHUX MEPEX, 3 YPaXyBaHHSAM TOTO, IO COLUaIbHI OIMHMIII HE JHIOTh HE3aJe)XHO, a Ha-
BIIaKH, BIUIMBAIOTh OZlHA HA OJHY. Pe3ynbraTy 1ociimkeHb oKa3aly, 1o OiHapHI AlarpaMy pillieHb — 11 OJMH 3 HAHKOMIIAKT-
HIIIMX CIIOCOOIB IPE/ICTaBICHHS CTPYKTYPH COLIIBHUX MEpEeX, ajpke CTPYKTypa OlHApHHX Jiarpamax pillleHb I03BOJISIE
CTBOPIOBATH BiJHOIICHHS MK OLTBIE HDK JIBOMa areHTtaMu. Po3po0ieHnii MeTon HakomM4ueHHs 3MiH y GlHapHUX Jiarpamax
pillleHb Il 3MEHIIEHHs KiIbKOCTI iX peJjaryBaHp JI03BOJIAE 3MCHIINTH KUIBKICTb Onepaliii Haj OiHapHUMU diarpamamu pi-
nreHb. Po3po0iieHo MeTo ] MOJIeNIOBaHHSL MEPEXK pelryTallii KOpHCTyBadiB collianbHux BeO-pecypciB. Po3pobnena mporpamua
Moziellb MepeKi peryranii KOpHCTyBadiB COLiaIbHUX BeO-pecypciB Ha OCHOBI OiHapHUX Aiarpamax pillleHb JIO3BOJISE MOJIE-
JIFOBATH TIOLIMPEHHS iH(popMaLii y colliabHUX Mepexax 3 BpaXyBaHHAM pelryTallii KOpUCTyBayiB MepesxKi.

Kar4dosi ciaoBa: couianbHa Mepexa, Mepexka peryranii, OiHapHi JiarpamMu pillleHb, MOJEIIOBaHHS, PO3IOBCIOPKEHHS

iHdopmarii.

Beryn

ComnianbHa Mepexa Bigirpae (yHJaMeHTATbHY
POJIb SIK CePEOBHUIIE TS TONIMPEHHS iH(popMaIlii, iaen
Ta BIUIMBY Cepej il YiICHIB, a CTPYKTYpa COIiabHOI Me-
pexi — ne BaxiMBUI QakTop QYHKIIOHYBaHHS €KOHO-
MIYHHX Ta COI[IaJIbHUX CHCTEM.

CporofiHi 3aCTOCYBaHHS aHANI3Y Ta MOJEITIOBAHHS
COIIIaTPHUX MEpeX HaOyJ0 HEaOHIKOro IMOIIUPEHHS.
MopentoBaHHs COLIAIEHUX MEPEX 30CepeKYEThCS Ha
JIBOX OCHOBHHX HAIpsIMKax: aHali3 CTPYKTYpH collia-
JIBHAX MEpeX Ta NOCIiIPKeHHs MMOIIMPEeHHs iH(popMarii
y comiadbHUX Mepexax [1]. MomentoBaHHSA TO3BOJISE
JIOCIIJIUTH, SIK (POPMYIOTBCS Ta PO3BHBAIOTHCS COLiANb-
Hi MEpEeXKi, a TAKOXK JOIOMarae 3po3yMiTH 1 CIIPOTHO3Y-
BaTH MOUIMPEHHs iH(opMarii, BUOIp IMOBEIIHKU JHOIb-
MHU, NOBEJIIHKY PUHKY TOIIIO.

JlocmiIKeHHS COIabHIX MEPEX Ma€e IIUPOKE 3a-
CTOCYBaHHS y Oi3Hec-aHaNITHUIN, MApPKETHHTY Ta PO3Bi-
Ii. AHai3 COIiajJIbHUX MEPEX BUKOPHCTOBYETHCS IS
MIPOTHO3YBaHHS POCTY MEPEXi, IIOBEIIHKH Ta B3a€MOIi
KOpHCTYBa4iB, a TAKOX ISl CTBOPEHHS CIIMCKY peKoMe-
HIAMINA Ta BU3HAYCHHS JIiJICPIB COI[IaIbHUX 00’ €IHAHb.

BakiiuBe 3HaueHHsI MOZEIOBaHHS COIAIbHUX Me-
PeX TaKOX Ma€ y KOMIT'IOTEpHHX DOJbOBHX irpax, y
SIKMX TIepen0adeHa MOXITUBICTh CIUJIKYBaHHS 13 Heirpo-
BUMHU IepcoHaXaMu [2]. ¥ 1poMy BHUNAAKY MOJETIOBAH-
HS CIIPSIMOBAHE HA BiITBOPEHHS MEPCOHAKAMH, KEpOBa-
HUMH KOMIT FOTEPOM, 3BHYHOI COLIIaJIbHOI TOBEAIHKH.

VY poborax [3-5] po3risnaerses eheKTUBHICTD Ka-
CKa/IHOTO TTOIIMpeHHs iH(opMarii y coiabHUX Mepe-
xkax meromoM «word-of-mouth» («i3 BycT y Bycray) Ta

aJITOPUTMH BU3HAYEHHs KIIFOUOBHX OCi0 (J1imepiB) me-
pexi. Jlimepu Mepexi MalOTh BEJTUKY KiJTBKICTh 3B’S3KiB,
3aBJISIKM YOMY MAlOTh 3HAYHHWH BIUIMB Ha KacKaJHe I10-
mIMpeHHs iHpopMalii y Mepexi. Y JTBOKpPOKOBIH Moeni
crovyatky (hOpMYIOTECS AYMKH JIiIEpiB MEpexi, a MOTiM
(GOpMYIOTBCS IYMKH I1HIMUX arcHTiB. Y MOJIENAX, SKi
BPaxoBYIOTh CXWJIBHICTh areHTiB JI0 BIUIUBY, JiJepH
MalOTh MEHIIHMH BIUIMB, a 3HA4YHI KacKaJu CIPUYMHS-
I0ThCSl TIOIIUPEHHSAM iH(pOpMaIi MK areHTam, IO
JIETKO TiJIal0ThCS BILTUBY [6].

I3 BIuIMBOM JTiIepiB MEpexXi TaKOXK MOB’si3aHi J0c-
JIJDKEHHS METOJIIB aTaKU Ha COIiaJbHOI MEpexi Ta 3a-
XHCTY BiJl BTpydaHHS. /[0 OCHOBHHMX BEKTOPIB aTakH
BiJTHOCSATH NPUMYC JIiJiepa Mepexi J0 HomupeHHs (da-
necugikoBaHol iH(opMarii Ta BUITydeHHs Jinepa 3 Me-
pexi [7]. Yepes mizepa Mepexki MPOXOIUTh OaraTo Iuis-
XiB, TOMY HOT0 BHJIYy4E€HHS MOXKE HPHU3BECTH IO pO3Ia-
Iy COLIiaJIbHOT MepeXi Ha HETOB’s3aHi MACTPYKTYpH. Y
po6oTi [8] MPOITOHYETHCS aIrOPUTM BUOOPY ONTUMAITb-
HOI KiJIBKOCTI CEHCOpIB (IIMHOXKUHH BY3IIiB MEPEKi)
I PAaHHBOT'O BUSIBJICHHS TTOTEHIIMHO IIKIJUTUBUX Kac-
KaJliB Ta MiHiMi3alii TOMKMPEHHs MK UTUBOT iHpopMarii
210 11 BUSIBIICHHSL.

Cepen moneneii, ski GirypyroTh y ITOCHTIHKEHHSIX
OCTaHHIX PpOKiB, INEpeBaXkaloTh IMITaliiiHI Momemni, y
TOMY YHCIII areHTO-OPiEHTOBaHI Mojeii. Y ILOMY THII
MoJielicH BU3HAYAETHCS MMOBEIHKA areHTIB Ha 1HIAMBIIY-
aJbHOMY PIiBHI, a TJ100ajbHA MOBEIIHKA MOJEII BH3HA-
YaeThCsl HA OCHOBI JIiSUTLHOCTI 11 areHTiB [9].

MopentoBaHHS BEIUKUX COLIAIEHIX MEPEX BHMa-
rae 30epexeHHs iH(pOpMAIll PO BEIMKY KIJIBKICT
00’€KTIB Ta 3B’SI3KIB MK HHMH, TOMY JUI1 IXHBOTO

78

© Mixas B. B., 2019



Ingpopmauiiini mexnonozii

MIPE/ICTaBIICHHS y TIaM’sITi KOMIT'I0Tepa HeoOXiJHO BU-
KOpPHCTOBYBATH CTPYKTYPY JaHUX, sIKa YK€ EKOHOMHO
BUTpayae mnam’siTb. biHapHi qiarpamu pilieHb J103BOJIS-
I0Th €(PEKTUBHO MPEACTABIATH OyneBi QpyHKLIi, y TOMY
YHCIi 1 3B°SI3KM MK By3JlaMH Mepexi. Tomy MU BBaxa-
€MO, 110 JaHi MOJIENi COLiaNbHOI Mepexi MOXHa e(ek-
TUBHO IPEACTaBUTH 3a JOIIOMOTOI0 OiHApHHX Jiarpam
pilleHs.

Metorw maHoi podoTH € po3podka IPOrpamMHOrO
3a0e3MeueHH s 115l MOJISITIOBaHHSI MEPEeX peryTalii Ko-
pHCTYBadiB COIiaJbHUX BeO-pecypciB Ha OCHOBI OiHap-
HUX JliarpaM pilieHb.

OCHOBHA YaCcTHHA

OnvH 3 HaHOLIBII TOMIMPEHUX CIIOCOOIB MpeacTa-
BieHHsA Tpada G = (V, E) — 11e MaTpuis CyMiXKHOCTI.
[Ipumyctumo, 1m0 MHOXXMHA BepumH V= {1, 2, ..., n}.
Martpurl cyMi>KHOCTI A71sl He3BaxkeHoro rpada G — me
MaTpuIlsl A po3Mipy n X n 31 3HAUCHHIMHU OyJICBOr'O TH-
my, ae A[i, j] = true Toxi i TIJABKH TOJI, KOIU iCHYE ayra
BiJ By3Ja #, 10 By3na j [2] (puc. 1). Ha nmpakrumi y maTt-
PHILSIX CYMDKHOCTI 3HauYeHHs true 3aMiHIOEThCs Ha 1, a
3HaveHHs false — Ha 0. SIkmo rpad 3BaxkeHwid, TO Horo
TAKOXX MO)KHA MPEACTaBUTH 3a JIONOMOIOI0 MAaTpHII
CYMDKHOCTI, ajie y sikoi eneMeHT A[i, j] mopiBHIOe Ba3i
IYTH [ —3].

[pencraBnenHst oprpada y BHIJISAAI MaTpHlli Cy-
MIDXKHOCTI 3pYYHO 3aCTOCOBYBATH y THX aJTOPHTMaX, Y
SKMX HEOOXiTHO YacTO IepeBipATH ICHYBaHHs JAaHOI
nyrd. [onOBHHI HENONIK IBOTO IAXO0AY B TOMY, IO
BoHa notpeGye Q(n”) 00’ eMy mam’sTi, a s ii YuTaHHS
HeoOXinuuit yac mopsaky O(n”), He3aNeKHO Bl KiTbKo-
cTi nyr[2, c. 185].

1. lIpeacraBieHHs opieHToBaHUX rpadis 3a go-
noMoro OiHapHMX jgiarpam pimeHb. Matpuiusg cy-
MIXHOCTI 4 MICTUTH 3HaueHHs! OyJIEBOTrO THUIY, TOOTO
BOHA € MAaTPUYHUM IIpEJCTaBlIeHHsIM OyneBoi (QyHKIil
F, sixa omnuicye HasBHICTb TYT'W MIX IBOMa BY3JIaMU.

VY sikocTi mapamerpiB QyHKLIT F MH IIPOIIOHYEMO
BUKOPHCTaTH HOMEpHU BY3JiB y OiHapHiii ¢opmi. Tomi

G yHKITIS F(io,il’...,im,jo,jl,...,jm)= true , SIKIIO iCHYE

ayra 0(2') i/, ne ne N, ije[On], iy, -
3HAYCHHs OITy Ha MO3UIT p, p € [0, m] .

Sxmo oprpad G nmomiyeHuid, TO HEOOXITHO TAKOX
30epertu ioro Bary. [lnsa 30epexeHHA Barn k Iyru
i — j MOXXHa BUKOPHUCTATH JOAATKOBY TPYILY IapaMer-

piB ko,ky,.ky, = [logz (max k)} .V 1npoMy BUMAAKy

JUId 3HAXOPKCHHA Baru Ayru HeO6XiI[HPII>i qgac nopsaaxky

[pencraBnennst OysieBoi (QYHKINI SK TaOmUIi ic-
TUHHOCTI qu JIOCKOHAJIO1
KOH FOHKTUBHOT\IN3 IOHKTHBHOI HOpMaJbHOI  (hopMuU

mnorpedye Q(22m+l ) maMm’sITi Ta BUMarae 3Ha4HUX 00-

YHCIIeHb /ISl BU3HAYCHHs 3HaueHHs QyHkuii. Tomy s
npezcTaBieHHs. Oyi1eBoi (YHKIIT MH MPOINOHYEMO BH-
KopHCTaTu OiHapHI JiarpamMu pillleHb.

0100
0011
1100
0000

Puc. 1. OpienroBanuii rpad Ta iioro Marpuns
CYMI>KHOCTI

o
o
—
o
—
o
—
—

\

6

Puc. 2. ITepexin Bin GiHapHOTrO AepeBa pillieHsb (a)
1o 6iHapHOi aiarpamu pimeHs (0)

2. binapui niarpamu pimensb. binapHi giarpamu
pimens (BJIP, binary decision diagram, BDD) — ne exo-
HOMHa (opMa mpejcTaBieHHs OyneBHX (YHKIIH Yy BH-
IJIS/Il OPIEHTOBAHOTO AlMKIIYHOrO rpada. Bepumxu
rpada mpencTaBisAOTh apryMeHTH (QYHKII, JTUCTKH — ii
nBiiikoBi 3HaueHHs [10]. Ilpu mpencraBieHHi OyneBUX
¢byukuiit y ¢popmi BJIP crano MOXIUBHM pO3B’sS3yBaTH
OaraTo npoOJieM, SKi IPH TPAAULIHHUX NPECTaBICHHSIX
CTPYKTYp HEpO3B’s3HI uepe3 3HaYHy PO3MIpPHICTh TaKHX
MIPEJCTaBJICHh 1 CKJIAQHICTH orepaliiii Hajy HuMH. BJIP
MOXYTh YCIIIIHO 3aCTOCOBYBATUCS (DAKTUYHO B KOXKHIH
rajysi, Ae TOTpiOHO OOpOONATH IHMCKPETHI CTPYKTYPH
JIAaHWX, Y TOMY 4Hcli 1 B komOiHatopuui. binapna miar-
pama pilieHb mpejacTaBisie OyieBy (YHKLIIO Y BHIJIAI
MiHIMaJIBHOTO alMKIIYHOTO HAMPaBJICHOTO rpada.

3. Ananranis B/IP nias nmpencraBieHHs: opieH-
ToBaHMX rpadie. [Iyis momaBaHHS i BHIyYCHHS pedep
Ta 3MiHM Baru pebep HEOOXiTHO MAaTH MOXIIUBICTH pe-
nmaryBaTtu naHi rpady. BJIP marote MoxIuBICTh 30epira-
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TH JaHl y CTUCHEHOMY BUIJISZI Ta MBHIKO OTPUMYBATH
3HaveHHs (QyHKUIT 3a ii mapameTpamH, ajie peraryBaHHs
BJIP Bumarae ckiagHuX OOUHCIICHB.

4. Hakonu4venns 3min 1o BJP. Skmo anropurm
nepeabavae Mepioan iHTEHCUBHOIO pEAaryBaHHsS Ipa-
¢y, MOXXHa THM4YacoBO 30epiratu 3MiHH y CTPYKTYpi
JAaHUX, OUIBII MPUCTOCOBAHIA O BHECCHHS 3MiH. Mu
MPOTMIOHYEMO 3aCTOCYBaTH i7c0 “‘rapsdoro” (Xer-
Tabmuipl) ta “xomomuoro” (BJIP) cxopuwm. YV xem-
TaOJHIII0 3aHOCATHCS MapaMmeTpu (QyHKIIi, Ha SKUX He-
00XiZITHO 3MIHUTH 3HA4YEHHs, Ta caMe 3Ha4yeHHA. [Ipu
JIOCATHEHHI TICBHOT'O pO3Mipy abo0 M0 3aBEpIICHHIO JIO-
riYHOr0 OJIOKY omepariiii i3 xemnr-tadmiuii (GopMyeThCs
kopurytoua BJIP, sika moTiM 37IMBa€THCS i3 OCHOBHOIO.
[Ipu unTaHHI 3HaUYEHh HEOOXIMHO CIIOYATKY MEPEBIPUTH
ICHYBaHHS 3Ha4€HHs y XEII-Ta0JHIli, 1 y BUNAJKy HOro
BimcyTHOCTI unTatu i3 BJIP.

CkJaiHICTh BUKOPUCTaHHS IHOTO MiJXOMy MOJIs-
rae y BuOopi OysIeBoi omepariii, sika Oyae BUKOPHCTOBY-
Batucs npu 3autTi B/IP. MokHA PO3IIIHTH KOPUTyBaH-
HS Ha JIOJABaHHS 1 BHIYYCHHS 3Ha4Y€Hb 1 CTBOPUTH IBi
kopuryBaibHi B/IP: onHy a1 TogaBaHHs 3HaYEHb 3 BU-
kopucranHsM onepauii ABO Ta oxHy Ui BHIy4eHHS
3HA4YCHb 3 BHUKOpHCTaHHAM omeparlii 1. IIpote eit min-
XiJ He onTHMaJbHUM. SIKIIO MOPIBHIATH 30epexeHi 3Ha-
YeHHS 13 TUMYacOBUMH, TO MOXKHAa BU3HAUUTH, SIK cCame
3MiHWIOCS 3HaueHHs. Toxi y xopurytodiii BJIP mist ko-
YKHOT'O 3MIHEHOT0 3HaYeHHsI HeOOXiJJHO Oyie BCTAaHOBU-
TH 3Ha4YeHHs | Ta 37muTH 11 13 ocHOBHOW BJIP 3 BHKOpH-
CTaHHAM omeparlii BUKIo9He a00 (XOR). 3aBasKH 1bO-
My BHECEHHS 3MiH MOXXHa OpraHi3yBaTH 3a OJHY Olle-
pauito 3auTTa. OCOONMBO KOPHCHHM BUKOPHUCTAHHS
XOR crae, Koo MU X04eMO 30epiraT iHpOpMaIliio He
nimie mpo (akT HassBHOCTI AYTH MiX BY3J1aMu, a i 30e-
piratu Bary 1i€i ayru. s mboro My MpOIOHYEMO BH-
JIUINTH TOAATKOBY TPYIY 3MiHHHUX, SIKa BiJIIOBifaTHME
3a npencrapieHas Bar y BJIP. [TosHauumo Taki 3MiHHI
sik OyneBui BeKTop c. 3HaueHHS 0 MU pe3epBYEMO s
TO3HAYEHHS BiICYTHOCTI Ayru. Takuii miaxin He nepen-
0auae 30eperKeHHS IPOOOBUX YHCE, IIPOTE MOXKHA PO3-
pobuTH HyMepalilo qpoOOBUX YHCeN i 30epiratu He ca-
Me YHClio, a Horo Homep. s Toro, mo0 mpoduTaTH
3HAYEHHs Bary, mij yac npoxoxay mo b/IP nHeoOXxigHo:

e 3adikcyBary, SKi 3MiHHI 3 TPYIU ¢ TPAILISIOTh-
sl Ha 1IUIAXY;

e TIEPEBIPHUTH, YM CTBOPIOE TaKa 3MiHHA ajbTep-
HATUBHHUN MapUipyT: SIKIIO TaK, TO HEOOXiTHO IepeBi-
puTH 00MIBa MapIIpPyTH Ta BiAKUHYTH XUOHHMA.

Ha ocHoBi 3adikcoBaHMX 3MiHHHX (OPMYETHCS
3HA4YeHHs Baru. Mu BBa)kaeMo, 110 KOXKHIH mapi HoMe-
PiB BY3JIiB MOXKE Bi/IOBIZIaTH JINILIE OJTHE 3HAYCHHSI Ba-
ru. Y 3arajlbHOMY BUIIAJIKy MU MOXXEMO OTPUMATH Jie-
KiJbKa JivicHux MapuipytiB y BJIP i, BinnoBigHo, nexi-
JIbKa 3HaueHb. Taka CHUTYyallis MOXXE BUHUKHYTH, SIKIIO
3aMiCTh HOMEpIB NIBOX BY3JIB Yy 3amuTi OyJe BKa3aHO
HOMEp BY3JIa Ta 3HAUSHHS Bar: y I[bOMY pa3i MH 3MoO-
KEMO OTPUMATH HOMEPH YCiX BY3IiB, O SKUX € IyTH
BiJl BKa3aHOI'O BY3Ja i3 BKa3aHOI Baror. MOXJIHBICTh
CTBOpPEHHS TaKMX 3amuTiB BUriaHo Buaiiasie BJIP cepen
IHIIMX CITOCOOIB MPECTaBICHHS TpadiB.

30epiranHs 3HaueHb Bar y OiHAPHOMY BHIJISII HE
Jla€ MOXKJIMBOCTI BHOMpPATH 3HAYEHHS, sIKi OUIbII YM

MeHII 3a BkazaHe. [IpoTe, SIKIIO IIaHYeThCS BUKOPHUC-
TOBYBAaTH HEBEJHKI IIiJIi 3HAUYEHHS Bar, MOXKHA TIEPEUTH
BiJ OiHApHOI 10 YHapHOI cucTeMu 4ucieHHs. L{e 30ib-
LIMTH KUTBKICTh 3MiHHHX Y B/IP, mpote maino BrunHe Ha
il po3Mip, OCKUTBKH OLIBLIICTh HOBUX 3MIHHHUX OYyIyTh
MPUCYTHIMU B Jiarpami JIMIIE pa3. 3aBIsKH YHapHIH
CHUCTEMI YHCJICHHS MOXHA 3IIMCHIOBATH BHOIPKU 3a
ymoBaMu > Ta <. OKpeMy 3MiHHY MOXHa BUJILIHTH
JUTsE 30epiraHHs 3HaKY.

Le#i miaxia ga€ MOXKIMBICTh HAKOMUYYBATH 3MiHU
i ¢ikcyBatn ix 3a HEOOXiJHOCTI, 3aBISKH YOMY 3MEH-
urye KipKicte onepauiit 3nuttst BJAP. IIpore Bin BuMma-
rae 3Ha4YHOI'O YCKJIaTHEHHS NPOEKTy Ta JOAAaTKOBHX
BUTpAT MaM’sITi sl peaizalii rapsuoro CXOBHIIA.

Y po3poOiroBaHiit cucteMi OyiI0 BHIiIEHO 3 OC-
HOBHI CYTHOCTI: arcHT, MOBiJOMJICHHsS Ta Tema. IloBi-
JIOMJIEHHSI Ma€ 1H(OopMallito Npo BiNpaBHUKA, OAEPKY-
Baya, y4acHHKIB noii Ta ii ominku. [ToBimoMieHHs MO-
e OyTH TOB’si3aHE i3 KiIbKOMa TeMaMu. ATeHT Mae
iH(OpMaIiio PO BJIACHI 3B’S3KU Ta YABJICHHS PO Bif-
HOCHHH IHIIMX areHTiB, a TaKOX IIOB’S3aHICTh arcHTIB
3a TEMaMH.

Temu nal0Th MOXKIJIMBICTH MOIIMPIOBATH TTOBiIOM-
JIEHHSI HE JUIA BCiX 3HAHOMMX areHTiB, a JIMIIE JUIs THX,
KOMY, 3a JIyMKOIO aBTOpa IIOBiJIOMJIEHHS, BOHO Oyie
mikaBe. Ha OCHOBI ITOBIZIOMJIEHH areHT MOXE CKJIACTHU
yABJICHHS TIPO BIHOCHMHU MDK IHIIMMHU areHTamH, Ta
BUKOPHCTAaTH It0 iH(opMmaliro mig yac BHOOpPY IJiei
JUTS TIONIMPEHHS TTOBiIOMIIEHb. Y 3B’S3KY 3 IIUM JOITyC-
Ka€eThCSl aCHMETPUYHICTB 3B SI3KIB: areHT A MOX€E 3HATH
arenrta b, ane npu upomy areHt b Moxxe He 3HATH areH-
Ta A. Hanpukian, 6arato jgozeli 3Hal0Th 3HAMECHHUTICTb,
ajie 3HAMEHUTICTh He 3Haloma i3 HuMu. Lle Moxe OyTH
KOPHMCHO JIJIsl TTOLUIMPEHHSI MOBiJOMJIEHb NPO CHUTBHUX
3HaMOMHX.

KopucryBau mMae goctyn 10 4 OCHOBHHX [Iill y MoO-
JielTi: CTBOPEHHsI areHTa, 3aJlaHHs [TOYaTKOBUX BiIHO-
CHH, BU3HAYCHHS BIJIHOCHH areHTa Ta iHIL[IFOBaHHS Ie-
penadyi moBiAOMIICHHS.

Hama peamnizanist Mozeni He Npu3HaueHa Juisl ca-
MOCTIHHOI pOOOTH, TOMY B3aEMOJIIIO 3 HEI0 KOPHCTYBa
MOBUHEH 3MIMCHIOBATH 4Yepe3 IHIIy mporpamy, ska
BHUKOPHCTOBYBaTHME iHTepdelic Hammoi mozeni (puc. 3).

PoGoua crantin Mogens couiansHoi mepesi

Mopgent

Mporpama

KOPUCTYBEYA mepexi

t

BiGnioTexa aonA
poGoTh 3 BAP

W

Kopurctyeay

Puc. 3. [liarpama po3ropraHHs
Jnst byHKIIOHYBaHHA MOJAETI HEOOXITHO MaTu
MOJKJIMBICTh BU3HAYATH BiMHOCHMHH MK areHTamu. J[is
LOTO MTOTPIOHO MaTH MOXIIUBICTh BH3HAYATH, 32 SKHUX
napametpiB B/IP Mo)kHa OCATTH IIYKaHOTO TEPMiHAITY.
Jiarpama [isuIbHOCTI iHILIIOBaHHS IMOUIYKY TaKHWX Iia-
pameTpiB 300paxkeHa Ha puc. 4.
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Puc. 4. [liarpama JisIbHOCTI iHiLitOBaHHSA nouryky B BJIP

Ha puc. 5 mokazano, sk B3a€MOJIIIOTH KOPUCTYBa-
IIbKa TporpamMa Ta KOMIIOHEHTH MOJENI COIialbHOI Me-
pexXi mmix yac BUOOPY areHTIB IS TOIIMPEHHS ITOBiJOM-
JIEHHSI HA OJIMH KPOK. MoJienb Ma€ BU3HAYHTH, 3 SKUMH
areHTaMy MOTOYHHMH areHT Mae€ JO0CTaTHhO XOpOIli Bi-
HOCHHH, a TAKOX SKUM areHTaMm Moyke OyTH IikaBa TeMa
TIOBIJIOMJIEHHSI 4M Horo ydacHUKH. OCKUIBKM JIaHi 1po
BiJITHOCHHH Ta TEMH 30€piratoThesl y pi3HUX Jiarpamax, TO
U OTPUMAHHS KIHIICBOTO PE3yNIbTaTy HEOOXITHO 00’€n-
HaTH OTpuMaHi naHi. [Ipu oMy CIHCKM 3allikaBlIeHUX Y
TeMax TIOBITIOMJICHHS Ta HOro yYaCHUKaX MO)KHA 00’ €/IHa-
TH, a MOTIM 3HAMTH MEepeTHH 31 CIIMCKOM 32 PIBHEM BiJTHO-
cuH. Hamra pearizariis Mozieni comiajabHOI Mepexi TTOBUH-
Ha e(eKTHBHO BHUKOPHCTOBYBaTH PECYpPCH KOMIT IOTEpa,
OCKIJIBKA MOJIEJTIOBAaHHS TTOBEIIHKH BEJIMKOi KLIBKOCTI
00’€KTIB BUMArae 3Ha4HOro 00’ eMy mam’siti. Takox, OcKi-
JIBKU Hallla MOJIENTb Ma€ BUKOPHUCTOBYBATHCS sIK 0i0JtioTe-
Ka, a He CaMOCTIHHMI MPOAYKT, TO BOHA IIOBUHHA JIETKO
IHTETpyBaTHCSl 3 IHIIMMH TPOTPAMHUMH TPOJYKTaMH.
Jnist peaizawii Mofeni MU 00Opajii MOBY MpOrpaMyBaHHS
C. Bu0ip 3yMOBJICHUI TAKUMHU PHIHHAMH:

1. ¥ wmoBi C peanizoBaHo mpsMe KepyBaHHS
nam’sTTio. Lle jae MOXIMBICTH MiHIMIZyBaTH CYIYTHI
BUTpaTH IaM’sTi, aje TaKOXX MOXE CTaTH JDKEPEIoM
TaKUX BPa3JIUBOCTEH, K BUTIK IaM’SITi YK MEePEOBHEH-
Hs Oygepy [11].

2. bararo moB mporpamyBanHsi, Taki sik Python,
C# ta NodeJS, MOXXyTh BUKOPHCTOBYBATH PO3LIMPEHHS,
Hanucadi Ha C.

3. Kon, namucanmii Ha C, mo0Ope IMepeHOCHThCS
MiX rIaTgopMaMu Ta OnepaliiHIMH CHCTEMaMH.

Jis peamizauii OiHapHHMX JiarpaM pilieHb HeoO-
X1JIHO BU3HAYMTH croci0 npeacrasicHHs BJIP y mam’sTi
Ta peanizyBaTH olepailii CTBOPEHHs Ta peIyKyBaHHS Ta
penaryBanss bJIP, mouryky 3nauenns bB/IP 3a mapamer-
pamu Ta onTuMizanii mopsIKy 3MiHHUX. Mu onumpanucst
Ha izei, 3anpornioHoBani J{. Knyrom y pobori [12], a Ta-
KOJX BBEJIH JIESIKI BIIACHI ONTHUMIi3allii.

[MuraHHs eQEeKTUBHOrO BUKOPHCTAHHS Iam sITi
npu poboti 3 B/IP cToiTh 0COOIMBO TOCTPO, OCKIJIBKH
BOHU MalOTh €(PEKTUBHO IPEICTABIATH OyneBi QyHKii
BEJIMKOI po3MipHOcTi. Hanpuknan, y pobori [12, ¢. 276]

46
MOKa3aHo, IO He OiNibIe 2 i j dyskmii Big 98

3MiHHHX MatoTh BJIP po3mipom MeHIe TpuiibioHa, Toai
K po3mip iHmmx mae nopsgok O(2°%). Tomy GinbimicTs

OIITHMIi3aliil HarpaBJIeHO Ha €KOHOMIto mam’siti. [Tpuk-
J1a7 poOOTH POTPaMHOI MOAENI 300pakeHo Ha puc. 6.

Jlis npuKiagy My BUITQIKOBUM YHUHOM 3TEHEpYe-
MO JICKIJIbKa COLIaTbHUX MEPEK.

Crioyatky MH CTBOPIOEMO HOBY MOJIENb, y SIKIi
Mmictutbest agentCount arentiB. DyHkuis createModel
ctBoproe BJIP, HeoOXimHI 11l poOOTH MOJENi, Ta 3Mi-
HIOE TXHI PO3MIpH BIAMOBIIHO JO KiJBKOCTI arcHTIB y
Mepexi. Hampuknaz, st mpencTaBieHHS 3B’ SI3KIB MK
arentamMu bJIP moBHHHa MICTUTH TpU IpYyIU 3MiHHHX,
KO)KHa 3 SKHX NOBHHHAa MaTH MOXJIHMBICTh OIHCATH
agentCount 3MIHHHX.

Mogens
Kopucryeaupka nMSJTr ::aabm collianbHOT Ei6nioteka 6P
nporpama Mepexi

Bu6ip kaHaupaarie Ana
MOLUMPEHHA NOBIAOMAEHHA - BuGip 3Haiiomux areHTis
>

3 BiANOBIAHUMN BigHOCUHAMM
>
>

CnucoK areHTie

BuGip 3HAAOMWX areHTis |
3a TeMor ﬂOEiﬂOMJ’IeHHH
>

Y

Cnu1CcoK areHTis

BusHaueHHs nepeTuHy
cnuckis

Cnvcok areHTie

L

T Cnucok areHTis | |

Puc. 5. [liarpama JisibHOCTI iHilitOBaHHSA nowryky B B/IP

Jamni ctBoproeMo MacuB varParams, kv He0OXij-
HUH A7 IMEHYBaHHS 3MiHHUX, 30epexxenux y B/IP. ¥V
HBOTO OyJe 3aITCyBaTUCS PE3yJIbTAT MEPETBOPESHHS Ma-
pupyty Bcepeauni b/IP Ha rpymu 3MiHHKX Ta IXHi 3Ha-
YeHHs. Y LUK 11 KOKHOTO areHTa BUNaJKOBUM YHHOM
00UpPaEMO I1HIIOrO arcHTa, Ta BCTAHOBIIIOEMO MK HHUMU
B3a€EMHUI 3B’S30K 32 JIOTIOMOT'OI0 JIBOX BHKIHKIB (DYHK-
uii modelAddContact, sixa ipaIfoe TAKUM YHHOM:

1. SIkmio moyaTtkoBe CTaBJIEHHS HE BKa3aHE — BHU-
3HAYUTH HOTO BUIIAJJKOBUM YHHOM.
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2. 3HaiiTu ycixX 3HaHOMHUX areHra, 3 SKMM BCTaHO-
BIIIOETHCS 3B'SI30K.

3. JIs KOXKHOrO 3HAaHOMOIr0 BU3HAYUTH HOBE CTa-
BJICHHS Ha OCHOBI ICHYIOYHMX CTaBJICHb MK arcHTaMHU.
SIKIo areHT, KUl BCTAHOBJIIOE 3B’SI30K, Y)K€ MA€ CTaB-
JICHHS 70 IIbOT0 3HAHOMOI'0 — OHOBHUTH CTABJICHHS.

4. 30epertv CTaBJICHHS JO arcHTa, 3 SKAM BCTa-
HOBJTIOETHCS 3B’ S30K.

Puc. 6. I'padix couianbHOI Mepexi 3 32 By3iiB

Jami mu iHimiroemo momyk g BJIP, mo6 3HaiTi
ycl iCHYIO4I CTaBJICHHS y MEpEeXi. 3a I0NOMOror0 BHpa-
3y x = searchBddParams(model->relations) Mu otpumy-
€MO HACTYIHUH JomycTUMUIN MapupyT Beepenuni B/IP,
sika 30epirae BiTHOCHHU MiXK areéHTaMH, a 3a JOIOMO-
roto ¢yHkuii generateBddVarParams(model->relations,
varParams) My mepeTBoproeMo MapmpyT y Halip 3MiH-
nux. Koiu x Oyze piBHUM HYITIO, OTPiOHO Oy1e BUHTH
3 IIUKITY, OCKIUJIBKH 1I€ O3Ha4ae, 10 MU 001U yci go-
ITyCTHMi MaplIpyTH; B iHIIOMY BHIIQJIKy 3MiHHA X 30e-
piraTuMe CTaBJI€HHS MiX areHTaMH, HOMEpH SKHX
TIpe/ICTaBIIeHi y MacuBi varParams.

TakuM 4MHOM, Mpolleypa BCTAHOBIICHHS 3B’S3KY
nepeabavae oOMiH 3HAHOMHMMH, TOOTO SKIIO arcHTH A
Ta B yxe 3HalioMi, i areHT C 3HAHOMUTBCS 13 arcHTOM
A, 10 icHye HMOBipHICTB, 10 areHT C Mi3HAETHCS MPO
areHta B. Hiwk4ye HaBeneHO NpuKIiIag oOMiHY 3HAHOMHU-
MH Y Mepexi 13 4oTupbox areHtiB. JlaHi HaBeneHO y
dopMmaTi x — y:v, e x Ta y — HOMEPH arcHTiB, X —
MOYaTOK IOyrd, y — KiHeUb JAyrd, vV — Bara Iyry,
v €[-50;50].

1>0:7, 1->2:7, 0->1:6; 2->1:-43.

VY upoMy BHNajKy areHT 1 mae ciaOke IO3UTHBHE
crasyieHHs 10 arenriB 0 Tta 2, areut 0 Mae cia0OKe 03H-

TUBHE CTaBJICHHS JIO areHra 1, a areHT 2 Mae€ CUJIbHE
HeraTuBHE CTaBJeHHs 1o areHta 1. JlogaBmm 3B’s30K
MiX areHTamu 3 Ta 2, MM OTPUMAEMO TaKi 3B’ S3KH:
1>0:7, 1->2:7, 0->1:6;
2->1:-43;, 3->2:23; 2->3:-7, 3->1:-10.
Sk MOXHa 1OOAaYMTH, y areHTa 3 3’sSBUIIOCS J10/1a-
TKOBE CTaBJICHHS 10 areHra 1, xoua MU He 3J[IHCHIOBaIIN
OKpeMe 3HailoMcTBO Midk HMUMHU. CTaBJCHHS JO TaKHUX
3HAaHOMHX BU3HAYA€ThCS HAa OCHOBI JIOOYTKY BiIOMHX
BigHocuH. CTaBieHHs areHrta 3 10 areHra | HeraTHBHe,
OCKIJIbKH areHT 3 Ma€ MO3UTHBHE CTABJICHHS J0 areHTa
2, a areHT 2 Ma€ HeraTUBHE CTaBJEHHS A0 areHrta 1. k-
Ou craBlieHHs areHTa 3 0 areHta 2 Oyno HeraTHMBHUM,
TO WOro CTaBJICHHA 70 areHTa 1 0yino O mo3uTHUBHUM (32
MIPUHIMIIOM «BOPOT MOT'O BOPOra — Miit Apyr»).
[Mommpeni 3HaOMCTBA JIETKO BUSIBUTH HA Tpadiky
colialbHOI Mepexi, OCKIJIbKM BOHM aCHMETPHYHI
(puc. 6). MoxHa nobauuTy, IO I Mepeka CXOKa Ha
Mepexi «TICHOro CBITy» Ta Oe3macmTaOHI Mepexi,
OCKIJIbKM 0arato areHTIB ITOB’s3aHi Mik COOOI0 Y KOJIO,
MpoTe ICHYIOTh TaKOX BiJOKPEMJIEHI TPYIIH areHTiB.
3MIHUBIIM TIpaBHIa BCTAHOBJIEHHS HOBOI'O KOHTAaKTY,
MOXKHa HaOJIM3UTHUCS JI0 OJTHOT'O 13 IIUX BUIIIB MEPEK.

BucHoBku

VY naHili po6oTi Oy10 peanizoBaHo Taki 3a1aui:

- JIOCHIIXKCHO MOXKJIHBICTH 3aCTOCYBaHHS OiHap-
HUX Jiarpam pillleHb y peaitizamii MOAeTi COIliaTbHOT
Mepexi Ta omucaHo crocobu apantaunii BJAP mo mpen-
CTaBJICHHsI OPIEHTOBAHUX rpadiB;

- po3po0JIEHO MOJIENb MEpEeXi pemyTarlii Kopuc-
TyBadiB COLIANbHUX BeO-pecypciB Ha OCHOBI OiHapHHX
Jiarpam pilieHs.

Sk OyJ10 BUSIBIICHO ITiCIIS POBENCHUX JJOCII[PKEHB!

1) OiHapHi miarpamM# pillleHb — OIUH 13 HAHOUIBIII
KOMITaKTHUX CIIOCOOIB MpEICTaBICHHS MATPHIi CYMiX-
HOCTI Opi€EHTOBaHOro rpady y mam’sTi KOMII 10Tepa;

2) 3HaYeHHs, MPE/ICTaBJICHI 3a JIONOMOror OiHap-
HUX Jliarpam pillieHb, CKJIaIHO peJaryBaTH;

3) anroputM Hakomu4eHHs 3MiH 10 BJIP mo3Bo-
JIsSi€ 3MCHIIIMTH KUTBKICTh omeparttiii Hang BJIP;

4) mouryk pebpa 3a IMOYaTKOBOIO YU KiHIIEBOIO Be-
PIIMHOIO y OpieHTOBaHOMY rpadi, MpeACTaBICHOMY 3a
JIONIOMOTror0 OiHapHOI JliarpaMu pilieHb, Mae OIHAKOBY
CKIIQJHICTD;

5) BBeIEHHsS TEMAaTHYHHX 3B’s3KIB MK arcHTaMHu
coliabHOT Mepexi J03BOJISIE TOKPAIIUTH MPOLEC I10-
LIMPEHHS TIOBIIOMJIEHb Y MEPEXKi.
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Software for modelling social media users' reputation networks based on binary solution diagrams
V. Mikhav

The object of the article is the process of modelling social networks. The goal is to develop software for modeling social
media users' reputation networks based on binary solution diagrams. The tasks to be solved are: to investigate the possibility of
modeling social networks based on binary diagrams of solutions, to develop a method of modeling the reputation networks of
users of social web resources on the basis of binary diagrams of solutions, to develop software to implement the developed m-
ethod of modeling the reputation networks of users. Research Methods: Graph Theory, Modeling Theory, Algorithm Theory,
Object Oriented Programming. The following results were obtained: a method of accumulating changes in binary diagrams of
solutions was developed to reduce the number of edits; developed a model of reputation of users of social web resources on the
basis of binary diagrams of solutions. Conclusions: A study of the possibility of using binary diagrams of solutions for modeling
social networks was conducted. The main types of social networks and methods of their analysis are considered in detail. The
urgency of the development and application of the methodology of social network analysis, in particular in modern information
technologies, is revealed. The models of social network analysis have been reviewed, taking into account the fact that social units
do not act independently, but on the contrary, affect each other. Research results show that binary solution diagrams are one of
the most compact ways to represent the structure of social networks, because the structure of binary solution diagrams allows you
to create relationships between more than two agents. The developed method of accumulating changes in binary diagrams of so-
lutions to reduce their number of edits allows to reduce the number of operations on binary diagrams of solutions. A method of
modeling the reputation systems of users of social web resources is developed. The developed software model of the reputation
of users of social web resources on the basis of binary diagrams of decisions allows to model the dissemination of information on
social networks taking into account the reputation of the users of the network.

Keywords: social network, reputation network, binary decision diagrams, modelling, information dissemination.

IIporpammHoe obecniedeHue I MOJETHPOBAHNSA ceTell penmyTaliy M0Jb30BaTe e
CONMAJIBLHBIX Be0-pecypcoB HA OCHOBe OMHAPHBbIE AUATPAMMBI pellIeHu i

B. B. Muxas

O0BEKTOM H3y4eHHUS B CTAaThe SIBJIACTCS MPOLIECC MOJEIUPOBaHUS ColManbHbIX cerell. Ilennlo siBisercs pazpaborka npo-
IPaMMHOr0 00eCIeUeHus JUIs MOJICIMPOBAHUs CETeHl perryTalny I10/1b30BaTelel COLMaNIbHBIX BeO-pecypcoB Ha OCHOBE OMHAp-
HBIX JIMarpaMM pemeHuil. 3aja4a: ucciie[oBaTh BO3MOXKHOCTh MOJZICITMPOBAHMUS COLMANIBHBIX CETEH Ha OCHOBE OMHApHBIX JHa-
rpaMM pelleHuil, pazpaboTaTb METO/ MOAEIUPOBAHUS CETeH pelyTaluy I0/1b30BaTelel COUaIbHBIX BeO-peCypcoB Ha OCHOBE
OMHApHBIX IMAarpaMM peIleHHH, pa3paboTaTh NPOrpaMMHOE 00ecIIeueHUe I peali3aliii pa3padoTaHHOIO METO/a MOZIEIIHPO-
BaHUs CeTel peryTauuu noib3obateneili. MeToabl Hecjie 0BaHMii: Teopus rpados, Teopuss MOIEIUPOBAHUS, TEOPHs AT OPUT-
MOB, 00bEKTHO-OPHEHTHPOBAHHOE NporpaMMupoBaHue. [loiydeHs! cieyronye pe3yJibTaThbl: pa3paboTaH METO/ HAKOILICHUS W3-
MEHEHHMI B OMHAPHBIX MarpaMMax pelIeHUH JUlsl yMEHbIIEHHs KOIMYECTBA X M3MEHEHUH; pa3paboTaHa MOJIENb e-PEKUME pelry-
TallMy TI0/b30BaTeNell COLMANIBHBIX BEO-PECYpPCOB HA OCHOBE OMHAPHBIX JMAarpamMmax peleHuH. BeIBoAbI: POBEICHO HcCle0Ba-
HHE BO3MOXKHOCTU MCIOJIb30BAHNS OMHAPHBIX AUArpaMM PEIeHHI I MOZIeIMPOBaHNUs COLMaIbHBIX ceTeil. [logpobHO pacecMorpe-
HbI OCHOBHBIE THIIbl COLMAIIbHBIX CETEH M METO/bI X aHaJM3a. PacKpbiTa aKTyalbHOCTb Pa3BUTHS U IPUMEHEHUS METOOIOrHYe-
CKHE JIOTHH aHaJI3a COLMAIBHBIX CETeH, B YACTHOCTH B COBPEMEHHBIX MH(OPMAIMOHHBIX TeXHOnoruu. IIpoBeneH 0630p Moneneit
aHaJIM3a COLMAIBHBIX CETeH, C y4eTOM TOr0, YTO COLUAJIbHBIC SIMHHILIBI HE JICHCTBYIOT HE3aBHCHMO, @ HA000POT, BIMAIOT APYT Ha
npyra. Pe3ynbrarel MccliesoBaHHil 10OKa3aiaM, YyTO OMHAPHBIE AWArpaMM PELIeHUH - 3TO OAMH M3 CaMbIX KOMIIAKTHBIX CIIOCOOOB
NPEJICTaBIICHHS CTPYKTYPbl COLIMAIBHBIX CeTell, Belb CTPYKTypa OMHAPHBIX JHarpaMMax peIICHHIl II03BOJISET CO3/1aBaTh OTHOLIE-
HUS MEXly Oonee 4eM JByMs areHtaMu. Pa3paOoTaHHbBIM METO/ HAaKOIUICHHS M3MEHEHUH B OMHAPHBIX JUarpaMMax peLIeHUH s
YMEHBIICHHS KOJIMYECTBA X M3MEHEHHUH IO3BOJIAET YMEHBIIMTbh KOJIMYECTBO ONEpaluil Haj OMHAapHBIMU JMarpaMMaMHM pelie-
Huil. Pa3paboran MeTon MOJeIMpPOBaHUS CeTell pelyTaliy 110/1b30BaTeNlei CoMalbHbIX BeO-pecypcoB. Paspaborana nporpamm-
Has MOZIENb CETH PEeIyTalliy I10JIb30BaTelIel COLUANIBHBIX BeO-pecypCcOB Ha OCHOBE OMHAPHBIX AMArpaMMax PelIeHHI 03BOJseT
MOJIEITUPOBATh PACIPOCTPAHEHHE HH(POPMAIIMHU B COLUAIBHBIX CETAX € YI€TOM peIyTaluH MOJIb30BaTeNeH CeTH.

KaroudeBble ciaoBa: conuanbHas CeTh, CETh pEIlyTallMM, OMHApHbIE AMArpaMMbl PELICHHH, MOJEIMPOBAHUE, PACIPo-
CTpaHeHHe UH(POPMALIHHL
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DATA PROCESSING CENTER AS THE BASIS
OF INFORMATION SECURITY OF THE DEFENSE MINISTRY OF UKRAINE

Nowadays, the development of information technologies determines the successful functioning of the political system,
since they allow to control political processes, prevent social and political conflicts. Increasing the level of reliability of the
information, the most effective use of information resources, external and internal information ropes increase the stability
of the political system, stability of the socio-political development of the country. The combination of different telecom-
munication technologies that create the preconditions for building flexible and high-performance service-oriented systems
can be used to solve problems in different industries. However, nowadays, one of the constraints on the implementation and
further development of such networks is the theoretical under-development of service delivery models, due to the lack of
comprehensive information on the structure of data center networks. During the research conducted by the authors, it was
found that the data processing center is the basis for informing the defense ministry of Ukraine. During the research, the au-
thors used general scientific methods of analysis and synthesis, as well as the basic provisions of the theory of informatics,
the theory of complex technical systems, the theory of information, etc. During the research, the authors substantiated the
main tasks that will be performed by the data processing center of the defense ministry of Ukraine, identified the main in-
formation and calculation tasks that will be performed by them. The authors also substantiated the requirements for build-
ing a data center of the Defense Ministry of Ukraine. The authors evaluated modern technological solutions and software
and hardware for the creation of the information infrastructure of the defense ministry of Ukraine. Possible technical and
software for building a reliable and secure data processing center of the defense ministry of Ukraine are proposed. There-
fore, the prospective direction of further scientific research of the authors should be considered the justification of ways of
improvement of informatization of the armed forces of Ukraine and the creation of information infrastructure of the defense
ministry of Ukraine are mobile data centers. This will allow the deployment of information infrastructure in various condi-
tions, including in the open space, which is very relevant for the specifics of actions in the east of Ukraine.

Keywords: informatization, data center, the defense ministry of Ukraine, cloud computing, telecommunication technologies.

Introduction
The proposed information technology, service
engineering, and telecommunications systems are

iyeemT new pre-projector requests that attempt to
create the theoretically unrestricted multiple services
that are available. Successful information technology
(IT) experience has placed a generator of positive
applied active people in various spheres of human life,
including in the use of military force and weapons to
succeed in military affairs.

In recent years, and in Ukraine, special attention
has been given to this issue, so, according to the strate-
gic defense bulletin, the following has been defined:
Objective 1.4. Creation of an effective system of opera-
tional (combat) command, communication, intelligence
and surveillance (C4ISR) 7, the end result of which is:
creation of a national telecommunication network, mod-
ernization and transfer to modern digital technologies of
the special communication system, departmental infor-
mation and communication networks and communica-
tion systems for public authorities, as well as the crea-
tion of an automated C4ISR component of defense forc-
es that meets NATO standards, doctrines and recom-
mendations, and ensures its integration into NATO sys-
tem defense management..." [1].

The combination of different telecommunication
technologies that create the preconditions for building
flexible and high-performance service-oriented systems

can be used to solve problems in different industries.
However, today, one of the constraints on the imple-
mentation and further development of such networks is
the theoretical under-development of service delivery
models due to the lack of comprehensive data on the
structure of the data network center (DNC). Therefore,
in the process of providing a composite service, the pa-
rameters of the information and telecommunication in-
frastructure should be taken into account in order to
optimally select the elementary components of this ser-
vice or to migrate it in its virtualized implementation.

The transition to new strategies for implementing
public information policy in Ukraine and the use of in-
formation in the civilian and military sectors proves that
at present our state cannot claim competitiveness with-
out an effective information infrastructure [1-3].

Nowadays, the development of information tech-
nologies determines the successful functioning of the
political system, since they allow to control political
processes, prevent social and political conflicts. Increas-
ing the level of reliability of the information, the most
effective use of information resources, external and in-
ternal information ropes increase the stability of the
political system, stability of the socio-political devel-
opment of the country.

Therefore, according to the authors, the problem of
informatization of the armed forces of Ukraine, one of the
directions of which is the creation of the information infra-
structure of the defense ministry of Ukraine, is very urgent.
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The issue of implementation of information policy
and application of modern information technologies in
the Armed Forces of Ukraine is a superficially re-
searched question.

Therefore, the purpose of the article is to evaluate
modern technological solutions and software to create a
hardware and software platform for the information
infrastructure of the defense ministry of Ukraine.

Presentation of the main material

Informatization of the armed forces of Ukraine is a
component of informatization of the state and includes
the process of creation, implementation and application
in different spheres of their activity in peacetime and
wartime modern methods, systems and devices of ex-
traction, processing, storage, transmission and use of
information. This implies the creation of information
infrastructure of the defense ministry of Ukraine, further
development of the information and telecommunication
network of the armed forces of Ukraine, implementation
of the project of the unified automated system in the
armed forces of Ukraine [3].

The center of data processing of the Armed Forces
of Ukraine should become the software-hardware base
and the main component of the information infrastruc-
ture of the Ministry of Defense of Ukraine.

A typical DNC structure is shown in Fig. 1.

Daté Block Servers
=
=]
[z]

: I

Switch Client

|l

SRU

SRU-Server Request Unit
Fig. 1. Typical DNC structure

The main functions of the DNC of the armed forc-
es of Ukraine should be ensured the guaranteed data
integrity, continuity of application systems, tasks and
services, constant readiness and accessibility of infor-
mation for users. The tasks of the future DNC of the
armed forces of the country are:

- the provision of technological resources in accor-
dance with the growing volume of information being
processed;

- ensuring the rapid commissioning of new sys-
tems;

- providing guaranteed data retention, backup and
data recovery;

- improving the performance of storage systems
and their optimization;

- the maintenance of continuity of processes and
scalability of information infrastructure.

(g%*ﬁ;@

The approach to creating a data center for the
armed forces of Ukraine should be based on the follow-
ing principles:

- complexity, i.e. to include a complete set of
works taking into account the integration of all compo-
nents into a single information infrastructure;

- multi-vendor, ie each component of the data cen-
ter can be implemented on the basis of equipment or
software of different manufacturers, which will allow to
create the optimal solutions in functionality.

The DNC engineering infrastructure is responsible
for communications, power supply and cooling and
must ensure the smooth and reliable operation of all
information systems. The selection of equipment and
design of engineering systems is made taking into ac-
count the prospects of further development of the DNC,
as well as based on the requirements for the level of
reliability and availability of information services.

A DNC engineering solution should be aimed to
reduce the likelihood of downtime in information sys-
tems, which may be due to equipment malfunctions,
routine preventive work, or malfunctions caused by
personnel errors. The DNC engineering infrastructure
has the following components:

- general and uninterruptible power supply
systems meeting the requirements for electricity quality
and continuity;

- air-conditioning equipment to provide the
required values of temperature and humidity in specified
ranges throughout the volume of the DNC premises;

- cable system for the creation of reliable
physical communication lines of guaranteed quality
between the DNC equipment;

- assembly constructions for placement of server
and switching equipment of DNC,;

- the center floor of the DNC for placement of
communication, power cables, pipelines of the system
of support of climatic parameters, distribution of cold
air, laying of cable lines in the data center premises;

- DNC grounding system for the connection of
data center equipment to grounding bus;

- fire extinguishing system.

Table 1 shows possible solutions from various manu-
facturers for the construction of engineering infrastructure.

Table I —Is the possible solutions from different
manufacturers on engineering
infrastructure construction

Comprehensive Rittal, APC,
solution BTICINO

Uninterrupted Eaton. APC, Neuhaus
power supply
Climate control Stulz, Uniflair, Emicon, Liebert
Mounting .
constructions 19" Rittal, Enexrpocuina, Conteg
False floor Uniflair, Jansen

If they approach the critical values, the system
promptly informs the dispatcher. Also, the system must
implement the function of controlling the work of engi-
neering equipment and provide the ability to automati-
cally prevent the development of emergencies accord-
ing to the given algorithms [4-6].
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The system of monitoring and management of the
engineering infrastructure consists of the following
components.

Lower level:

- sensors of engineering subsystems of DNC;

- interface converters for gathering information
from sensors of engineering subsystems;

- sensors for climate control in server racks in
DNC premises;

- current transformers for controlling the
parameters of the electricity supply as a whole for the
DNC and for each consumer separately.

Intermediate level (automation level):

- a network of programmable logic controllers
using open technology and standard protocols.

Top level (level of visualization):

- an automated workplace manager that provides
a convenient interface to access the controlled
parameters of the data center.

Server hardware is the core of the DNC. The
server park should be reasonably productive and

redundant, easily managed and scalable, and
economical in terms of energy consumption.
Servers, which are dedicated to certain

information systems are most often used inefficiently:
in the vast majority of cases, their useful load does not
exceed 10-15%. Thus, over 70% of the DNC computing
capacity is actually idle. To solve this problem, it is
advisable to use virtualization technology [2].

Server virtualization allows you to create multiple
virtual machines on a separate physical server, each of
which solves a separate task.

Thus, multiple virtual servers can run on the same
physical server, increasing its aggregate payload. As a
result, the degree of server usage can increase up to 70-
80%, which will reduce the total number of servers in the
DNC and reduce the cost of their acquisition and support.

Data storage systems (DSS) are used to ensure the
reliability of storage, high availability and the efficiency
of providing large amounts of information. It is advis-
able to use storage networks to connect DSS to servers,
since the direct connection of storage limits scalability
and controllability. It is possible to use a multilevel
storage model to organize the storage of large amounts
of information efficiently. This concept assumes a hier-
archical division of information depending on the level
of its demand by users [5].

A backup and restore system is a software system
that prevents loss of information in the event of equip-
ment malfunction, as well as software or user errors.
The backup system must allow the DNC to be stored in
full. This guarantees complete recovery of information
in the shortest possible time, reduces downtime of the
DNC and associated material losses.

Within the DNC project, it is possible to use mod-
ern backup systems that support all types of remote copy-
ing, mirroring and replication of data (including in real-
time) from various sources, using tools for easy copy
management in heterogeneous information infrastructure.

Designing and deploying a network infrastructure
is one of the most important steps in creating a DNC, as
only a properly planned network can provide optimal

availability and productivity, the security of its re-
sources, uninterrupted user access and business continu-
ity. The DNC network infrastructure must be imple-
mented through a switched factory that connects the
various DNC components: applications, servers, dedi-
cated devices, storage systems and users.

There are four key components to a DNC network
architecture:

- a network of high-performance computing to
ensure server interaction in high-performance clusters;

- a storage network to consolidate memory
resources so that they can be distributed and used more
efficiently;

- a network of interconnection with the backup
DNC, which connects the main and backup DNC over
optical or traditional networks and provides replication
and mirroring of data;

- an access network that provides secure access
for users.

Uninterrupted operation of all DNC components is
not possible without the use of specific physical and
information security solutions. DNC physical security
systems protect equipment from fire and thermal dam-
age, water and flooding, as well as electromagnetic ra-
diation. In addition, DNC physical security systems
prevent the penetration of unauthorized persons and
unauthorized access to equipment [2].

In order to protect the information stored and proc-
essed in the DNC, it is necessary to use the experience
and technologies of leading manufacturers. Decisions
must guarantee protection against network attacks, em-
bedded executable code, and unauthorized access to data.
This ensures the maximum level of failure of the DNC 1
eliminates the risk of information leakage [4].

The conclusion from the article

The analysis showed that the creation of a single
information space is a long and objective process that
requires the improvement of forms and methods of
information systems management, further centralization
and integration of computer databases and the
introduction of advanced computer information
technologies for the widespread use of effective and
powerful computer networks, application of specialized
security and information security tools, establishing
effective information sharing between users. The authors
evaluated modern technological solutions and software
and hardware for the creation of information
infrastructure of the defense ministry of Ukraine, an
integral component of which is the data center.

The article proposes one of the options of hard-
ware and software for building a reliable and secure
data processing center of the armed forces of Ukraine.
A further direction of the authors' scientific research
should be considered in the justification of ways of im-
proving the informatization of the armed forces of
Ukraine and the creation of information infrastructure
of the defense ministry of Ukraine on the basis of mo-
bile DNC. This will allow the deployment of informa-
tion infrastructure in different conditions, including in
the open space, which is very relevant for the specifics
of actions in the east of Ukraine.
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enTp 00po0ku naHuXx ik ocHOBA iHopManiliHoro 3ade3neyenns MinicrepcTBa 000poHH YKpaiHu
C. O. Cyrax, JI. B. Illabanosa-Kymnapenko, M. I'. Cipuk, A. O. MimeHnko

CrorozHi po3pobka iHpopManiifHUX TeXHOIOri i BU3HAaYae ycimHe QyHKIIOHYBaHHS HOMITHYHOI CUCTEMH, OCKIIbKH BOHU
JIO3BOJIAIOTH 3/1IHCHIOBATH KOHTPOJIb HAJ MONITHYHUMHE ITPOLIECAMH, 3al00iraTH COiadbHIM 1 HOMITHYHUM KoH(miktaMm. [Tinsu-
IIIEHHS PiBHSI JOCTOBIPHOCTI Ta HaiitHOCTI iH(dopMalii, Haii6inbII eeKTHBHE BUKOPUCTAHHS 1H(pOpPMalLiHHUX pecypciB, 30BHilI-
HIX 1 BHYTpIIIHIX iHQOpMaLiHHUX KaHATIB MiABMINYIOTh CTIHKICTh MOJITHYHOI CUCTEMH, CTAOUIBHICTH COLiAJILHO-IOIITHYHOIO
PO3BUTKY KpaiHu. [ToenHaHHA Pi3HUX TEJIEKOMYHIKalliHUX T€XHOJIOTIH, Ki CTBOPIOIOTH II€PELyMOBH I II00Y10BU F'HYYKHUX Ta
BUCOKOIPOYKTUBHUX CEPBICHOOPIEHTOBAHUX CHUCTEM, MOXKYTh BUKOPHCTOBYBATUCH JUIS PO3B SI3aHHSA 33Ja4 y PI3HUX raly3sx.
OnHak, Ha ChOTO/IHI, OHUM 13 CTPUMYIOUMX (haKTOPIB IIOJ0 BIIPOBAUKEHHS Ta MOJAJIBIIOIO PO3BUTKY TAKUX MEPEXK € TEOpETH-
YHE HE/I0O0NPALFOBAHHS MOJIENICH HaJJaHHS CEpPBICIB, 1110 3yMOBJICHI BiJICYTHICTIO BUYEPIHUX BiZIOMOCTEH PO CTPYKTYPY MEPEex
LEHTPIB 00poOIeHHs JaHux. B Xozi mpoBeeHOro aBTopamMu JIOCHiKEHHsT BCTAHOBJICHO, III0 OCHOBOIO iH(opMartun3anii MiHic-
TepcTBa 000POHU YKpaiHU € LIeHTp 00poOKM NaHMX, OOIPYHTOBAHI OCHOBHI 3aBJIaHHs, sIKi iM Oy/[yTh BUKOHYBAaTHCS, BU3HAUCHO
OCHOBHI 1H(OpMaIiHO-pO3paxyHKOBi 3a1aui. OOIPyHTOBAaHO BUMOTHM OO MOOYZOBU LIEHTPY 00poOku naHux MiHicTepcTsa
oboponn Ykpainu. [IpoBejeHa OLiHKa CydacHHX TEXHOJOrIYHMX DillleHb Ta MPOrpamMHO-anapaTHUX 3aco0iB IIOAO CTBOPEHHS
iHdopmaniiiHoi iHdpacTpykTypu. 3anporoHoBaHi MOXJIMBI TEXHIUHI Ta MPOrpaMHO-aNapaTHi 3acobu Ui MOOY0BH HaliHHOTO
Ta Oe31euHoro 1eHTpy 00poOku naHuX. [lepCrieKTHBHMM HaIpSMKOM HOJAJIBIINX HAYKOBHX JIOCHI/KEHb aBTOPIB CIijl BBAXKATH
OOIPyHTYBaHHS LULIXiB yAOCKOHaTIeHHs iH(opmarusanii 30poiiHux Cuit Ykpainu Ta cTBopeHHs iHpopMaliiiHoi iHppacTpyKTy-
pu MiHicrepcTBa 000poHH YKpainu € MOOUIbHI IeHTpH 00poOku nanux. Lle 103BonuTh po3ropHyTH iHbOpMaLiiHy iHppacTpykK-
TYpY Y Pi3HHX YMOBAaX, Y TOMY YHCIIi Ha BIAKPUTOMY IPOCTOPI, 110 € aKTyalbHUM 11 crienudiku niif Ha Cxoxni Ykpainu.

Karw4dosi caosa: inpopmarusanis, ueHrp o0podku naHux, MiHicTepcTBO 000poHH YKpaiHH, XMapHi 00YMCIICHHS, Te-
JIEKOMYHIKAIii{HI TeXHOJIOT 1.

enTp 00padoTKH JAHHBIX KAK OCHOBA HH(OPMALMOHHOIO0 o0ecnieyeHusi MUHHCTEpCTBA 000POHBI Y KPaUHbI
C. A. Cyrax, JI. B. IllabanoBa-Kymnapenko, H. I'. Cupsik, A. A. Muienko

Ceroannst pa3paboTka MH(GOPMALMOHHBIX TEXHOJIOTHH ompesenser ycnemHoe (QyHKIMOHUPOBAHHUE TOIUTHYECKOH cHCTe-
MBI, TIOCKOJIBKY OHH TO3BOJISIOT OCYLIECTBIISATh KOHTPOJIb HAJ MOJMTHYECKUMH MPOLECCAMH, MPEAOTBPAIATh COLMAIBHBIM H
MOJIUTHYECKUM KOH(IMKTaM. IToBBIIICHNE YPOBHS DOCTOBEPHOCTH M HAaJEKHOCTU MH(opMauuu, Haubonee sdpdexruBHoe uc-
0JIb30BaHHE HMH(OPMALOHHBIX PECYPCOB, BHEIIHUX M BHYTPEHHHX HMH(OPMALMOHHBIX KAaHATOB MOBBILIAIOT YCTOHYMBOCTH
MOJIMTHYECKOH CUCTEMBI, CTAOMIIBHOCTD COLIMAIbHO-IIOIMTUYECKOrO pa3BUTHs cTpaHbl. CodeTaHue pasIuyHbIX TeIeKOMMYHHUKA-
LIUOHHBIX TEXHOJIOT Ui, KOTOPBIE CO3/1At0T MPEANOCBUIKH ISl IOCTPOSHUS TMOKUX M BBICOKOIPOM3BOAUTENBHBIX CEPBUCHOOPHUCH-
TOBaHHUX CHCTEM, MOTYT UCIIOJIb30BaThCs IS PELIEHUS 3a/1a4 B pa3iIMuHbIX 001acTsX. OHAKO, Ha CerOAHSIIHUI 1€Hb, OAHUM U3
clieprkuBaromuX (HakTOpOB MO BHEAPEHUIO U JalbHEHIIEMY Pa3BUTHIO TAKUX CETEHl SIBIACTCSA TEOPETHYECKOe HeJOpabOTKH MO-
JieNel IpeIoCTaBIeH s CEPBHCOB, 00YCIIOBIECHHBIE OTCYTCTBUEM MCUEPIIBIBAIOLINX CBEAEHHH O CTPYKTYpe ceTell ieHTpoB oOpa-
GOTKH JaHHBIX. B XoJ1e IPOBEIEHHOr0 aBTOpPaMU UCCIIE0BAaHUS YCTaHOBIEHO, YTO OCHOBOH MH(poOpMaTh3anuu MuHucTepcTsa
000pOHB! YKpauHbI SBJISETCS LEHTP 00pabOTKM JaHHBIX 0OOCHOBaHbI OCHOBHBIC 33J1a4H, KOTOpPbIE OYIIyT MM BBINOIHSTHCS, OIl-
peleneHbl OCHOBHBIE MH(OPMAIMOHHO-pacUeTHbIC 3a7au. Takke aBTOpaMH OOOCHOBaHBI TPEOOBAaHMS K IIOCTPOCHHUIO LIEHTPA
00paborku naHHbIX. IIpoBeneHa OLEHKA COBPEMEHHBIX TEXHOJIOIMYECKUX PEIICHWH M IPOrpaMMHO-alNapaTHBIX CPEICTB IO
Co3/1aHuI0 HHPOPMALMOHHON HH(BPAcTPYKTYphl. IIpe/uioskeHbl BO3MOXKHbIE TEXHUYECKUE U POrpaMMHO-AIIapaTHbIe CPECTBa
JUISL HOCTPOCHUS HAJISKHOr0 U 0e30MacHOro LeHTpa o0paboTku NaHHbIX MuHucTepcTBa 000pOHbI YKpauHbl. IlepcreKTHBHBIM
HaIpaBJICHUEM JlalIbHEHIINX HAYYHBIX HCCIIEJOBaHUI aBTOPOB ClEIyeT CUMTATh 0OOCHOBAaHME IYTEH COBEpIICHCTBOBAHMS HMH-
dopmatuzauuu BoopyxenHsix Cun Ykpaussl U co3aHue MHGOPMAlMOHHOW HHpacTpyKTypsl MuHHCTEpCTBa 0OOPOHBI YK-
panHbl €CTh MOOMIIBHBIE LIEHTPbI 00PaOOTKH AaHHBIX. DTO MO3BOJIMUT pa3BepPHYTh HHPOPMALMOHHYIO HH(PACTPYKTYPY B pa3iind-
HBIX YCJIOBHSIX, B TOM YHCIIE Ha OTKPBITOM IIPOCTPAHCTBE, YTO aKTyaJIbHO JUIs crienuduky aeiicrsuii Ha Bocroke YKpauHsl.

KawueBbie ciaoBa: uapopMaTH3aIMs, IEHTP 00pabOTKU AaHHBIX, MUHHCTEPCTBO 00OPOHBI YKpauHbI, 00JaYHbIE BBI-
YHCIICHUS, TEJIEKOMMYHUKAIIMOHHBIE TEXHOJIOTHH.
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MHAPAMETPUYHA IJEHTU®IKALIIA JTTABETUYHUX CTAHIB

P BUKOPUCTAHHI NOJITHOMIAJIbHUX MOJEJENA TUHAMIKH T'JIIKEMII

IIpeaqmerom A0CTiTKEHHS € €IEMEHTH aHAJIITHYHOTO i CTPYKTYPHOI'O CHHTE3Y IpoLeaypH ineHTudikarii Mozeni quHami-
KU TJiKeMil 3a KpUTepieM MaKcHMalbHOI npaBionofioHocti. MeTow podoTH € 3MEHIIEeHHS pU3UKiB ineHTudikanii niabe-
TUYHUX CTaHIB IIPU BUKOPUCTAHHI MOJIHOMIaJIbHUX Mojelnell nuHamiku riikemii. 3apaanus. Ha ocHOBI pe3ynbTartis rinto-
KO30TOJISPAHTHOT'O TECTYBaHHsI JOCIIIMTH MOXIIMBOCTI IIApaMETPUYHOTO PO3Ii3HABAHHS [[ia0eTUYHUX CTaHIB, KOJIU JIMHA-
MiKa piBHS IJIIOKO3H allPOKCHUMYEThCS IOJIIHOMIaJIbHOKO MOZEIUIIO OYIIb-SIKOTo NOpAAKY. BukopucTaTi aHamiTHYHUNA BUpa3
UL MIHIMyMY CEpeIHbOIO PU3UKY IS CTPYKTYPHOIO CHHTE3y Ipouenypu ineHtudixanii sumy niabery. IlinrBepantu
e(EeKTHBHICTh BUKOPUCTAHHS OTPHUMAHOI CTPYKTYPHOI CXeMHU MpouenypH ineHTHdikamii Mozxeni AMHAMIKK riikeMii npu
TJIIOKO30TOJIEPAaHTHOMY TecTyBaHHI. BucHoOBKH. Po3pobieHo 010K-cxeMy 3 aganTHBHOIO (IO BiIHOMIEHHIO 1O KUTBKOCTI
ineHTH(hIKOBaHUX TIIIKEMIYHMX MOAeJIel) CTPYKTYpOro 1 BiinoBinHa il KOMII'IOTepH30BaHa cHCTEMa 0araToCTOPOHHBOI
imeHTH}IKaLil MoJenel TMHAMIKU TIIKeMii 3a IBOMa IIIOKO30TOIEPaHTHUMH TecTaMu. J[0BEIEeHO MOXKIIUBICTH ITiJJBHUIIICH-
HsI JOCTOBIPHOCTI AiarHOCTHKH IIPY BUKOPHCTAHHI 3aIpOIIOHOBAHOTO METO/LY, Y IMOPIBHSAHHI 31 CTaHAAPTHHUM BiJl 3HAUEHHS
0,972 o 0,974 (o6csr nHaBuanbHOI BUOIpKH N = 60).

KawuyoBi ciaoBa: niabeTnuHuii cTal, TMHAMIKA TIIiKeMil, mapaMeTpHyHa ileHTH(iKalis, MoTiHOMiabHa MOJEb, cepe-

JIHIH PU3UK, aJITOPUTM iJeHTU(IKaLil.

Beryn

B nmanuii yac po3poOsieHuid TOCHUTh MIMPOKWHA Kilac
MojIeNeil TMHAMIKHY TJIiKeMil cTaHaapTHa Moxmens [1], Bmo-
CKOHaJIeHa Moyienb [2], moniHoMiasnbHa [3], ski 0a3yroThest
Ha BUKOpHCTaHHI (DiKCOBaHOI KiNBKOCTI iH(QOpPMATHBHHX
mapaMerpiB (03Hak). Bci mepepaxoBaHi MOZENI ONEPYIOTh
TOYHUMH [2] a00 CTaTUCTUYHO HAOMKEeHUMU [3] 3aex-
HOCTSMHM BHMIPSHOTO PIiBHA TJIFOKO3M B (PYHKILi dYacy
TecTyBaHHs. [lepeBara TOUHMX MoOJENel — aJeKBATHICTh
0iOXIMIYHMM 3MiHaM KUTBKICHOTO cKiany Kposi. Hemorik
— HEBM3HAYCHICTh MaTEMaTHYHOI MOJIEI 32 (DYHKITIOHATH-
HUM 3MmicToMm. [lepeBara HaOMIKEHHX MojENel — OMHUC
0ioXiMIYHOro 00’€KTa B MPOCTOPI BHKOPHUCTOBYBAHHX
rapaMeTpiB, IO JO3BOJISIE 3aMIHUTH 3a1ady KUTBKICHOI
ineHTU(DIKAIli (BHU3HAYAETHCS TOYHICTIO MATEMATHYHOTO
ONKCY MWHAMIKM TJIKeMii) 3aBIaHHAM TapaMeTpUIHOTIO
po3mi3HaBaHHs 00pas3iB, 30epiratouu, MPaKTUIHO, HE3MIH-
HOIO JTOCTOBIpHICTh inenThdikanii. Hemomik — 3anexHicTh
MOJICNI PO3Mi3HABAHHS Biji SIKOCTI HAaBYaHHS (TOYHOCTI
OIIHIOBAaHHS KOE(IIIEHTIB), TOB’S3aHOr0 3 0OCSTOM Ha-
BYaJIbHOI BUOIpKU. OHAK, TaKUil HEJOMIK MOYKHA aCHMIT-
TOTUYHO 3BECTH IO CTATHCTUYHO OOIPYHTOBAHOrO MiHi-
MyMY, 30UIBIIYIOUH 00CSTH HaBYaIbHUX BUOIPOK.

MeTo10 po6oTH € MiHiMi3alis PU3HKIB ineHTH(I-
Kamii aia0eTHYHUX CTaHiB, VIS TJIFOKO30TOJEPAHTHUX
TECTiB, TIPM BUKOPHUCTaHHI IOJIIHOMIaJIbHUX MOJENeH
JTMHAMIKY ToTiKeMii. J[JIsl JOCSTHEHHS MOCTaBIEHOI METH
HEOOXITHO BUPILITUTHU TaKi 3aBJIaHHS:

1) po3poOHUTH aHATITHYHUI BHpa3 Uil MIHIMyMY
CepeHbOr0 PU3UKY IMPH MapaMETPUYHOMY PpO3Ii3Ha-
BaHHI JMia0EeTUYHUX CTaHIB METOJOM MAaKCHMallbHOL
IIPaBIOIONiOHOCTI;

2) CHHTE3yBaTH CTPYKTYpHY CXEMY aJITOPUTMY
iTeHTUdIKaIi MOJCTl JUHAMIKA TJIiKeMil Ha OCHOBI
PpO3ITi3HABaHHSI 10 MiHIMYMY CEPEHBOTO PUBUKY;

3) miaTBepauTH eeKTHUBHICTH PO3POOIEHOrO al-
TOPUTMY ieHTU]iKalii Ha eKCIIepUMEHTAILHOMY MaTe-
piaJti KIIHIYHHUX TJII0OKO30TOJIEPAHTHHUX TECTIB.

Pe3yabTaTtu gocaixkennb

1. ®opmanizania mogeseii inenTudikanii. byne-
MO PO3MIISAATH TIPOLEAYPY ineHTH(iKamil Takux Moje-
JIel K MapaMeTpuiHy, 38 YMOBH, IO YHCIIOBI XapaKTep-
pHUCTHKH 1HPOPMATUBHUX O3HAK ISl KOXKHOI 3 MOJiesiel —
BiJIoMi. SIKIIIO B SIKOCTI YMCIIOBUX XapaKTEPUCTUK BUKO-
PHUCTOBYEThCS MaTeMaTUYHE O4YiKyBaHHS 1 JUCIIepCis
O3HAK NPH aIPIOPHUX TPHITYIIEHHSIX HOPMaIbHOCTI (200
Xoua O CHMMETPHYHOCTI) 3aKOHIB PO3MOJUTYy O3HAK, TO
mporeaypa ineHTudikarii Oyme eKBiBaJIeHTHA MPOLCAYPI
MapaMEeTPUIHOTO PO3IMi3HABAHHS BHIY MOJEII JUHAMIKA
riikemii. BBegeMo MOHSTTS BeKTOpy mHapamerpiB X ,
CKJIQIOBHMH SIKOTO € p iHPOPMATUBHUX O3HAK:

X= (xl,...xp),

Jie p — PO3MIpPHICTB IPOCTOPY 1HHOPMATUBHHUX O3HAK.

Hexait (xl,...x ) — CYKYIIHICTh PE3yJIbTaTiB BUMi-

P
ProBaHb 3HAYCHb p KOHTPOJIbOBAHUX BEJIIMYHH, 11O YTBO-

PIOIOTH BEKTOp X = (xl yeorX, ) , 1 3ayIeKaTh BiJl TOTO, SIKUH

p
3 cTaHiB Mae Micre. Hexair f (x | ®k) — YMOBHHUH po03-
TIOZLJ LOT OBEKTOPY, 110 BiMOBiIae cTany ®. € Takox:
Habip pillleHb 7Yy,...Y,, (M — KUIbKICTb iIeHTH(IKOBAHUX
MoJIeNie IMHAMIKH TiiKeMil). € TakoX MpaBHIO BUOOPY
pimeHs y(x), IO MPUIKCYE KOXXHOMY MOXIIUBOMY pe-
3yIbTaTy OJHE 3 pillleHb, MaTpuLs BTpart I1 ; , mo Bpa-
XOBYIOTb HACIIZIOK BHOOPY PILICHHS Y; HpPH AifiCHOMY

crani ©. 3amaHuil TaKoXK KpUTEpid sSKOCTI Ry mpaBuia
BHOOpY pimeHHs [4]. B paMkax Teopii IepeBipKH CTaTUC-
TUYHHX Tinote3 [4, 5] Halip pilieHb sBIsIE COOOI0 psijt
JIOTIYHUX TBEPIPKEHb NP0 BHI CTaHy © , TOOTO MpoO Te,

sAKa 3 rinores, /) : 0 € Qy,..h, :® €O,,, ictuaHa. OnHa

3 TilOTe3 MHOKHHH {Y],...Y,, | MOXe OyTH HyIbOBOI, 4
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IHIII TOAI, YTBOPIOIOTH CKJIAJHY aJbTEPHATUBHY TillOTe-
3y. Inentndikauis omsoro 3 crauis {0,..0,} 380-
JIUTHCSL, TAKMM YHHOM, 0 MapaMEeTPHYHOTO TECTYBaHHS
BEKTOpa BUMIPSHHUX 3HAYeHb 33 JONOMOTOI0 (YHKIII,
€KBIBJICHTHIH CEpeTHbOMY PH3HUKY

Ry =F[{fGI®k)},ij,{P,...Bn} |}} 1)

npu 3amaHoMy vY(x). lle o3Havae, 1m0 MPOCTIp BCIX
MOXJIMBHX BHOIpOK 3HAau€Hb BHUIIAJKOBOI'O BEKTOPY

KOHTPOJILOBAHUX BENUYMH X Mae OYyTH pO3MiieHHH Ha
m HelepeciyHuX olnacTel, 3 IKUX OfHA — Ie 001acTh
TPUAHATTS PIillICHHS, a 10 3aJUIIIINCS — [Ie KPUTHYHA

obmacte . [Ipy TakoMy TeCTyBaHHI MOKJIMBI IIOMHJIKU
TIEPILIOTO 1 IPYroro poay, HMOBIPHOCTI SIKUX

a:P[yj |;em;®e®k],k¢j;;

B=Ply;lxcm0e0; .

Crip 3a3HauuTH, IO TPABWIIO BHOOPY pIllICHHS
v(x) 3a7aeThcs 10 MOYATKY TECTyBaHHS.

TeopeTUuHOI0 OCHOBOIO PO3IISIHYTOI 3arailbHOi
MOJIel TPHUHHATTS pillleHb € OaifeciBcbka Teopis pi-
1IeHb [6], sKa CKiaJae OCHOBY AMCKPUMIHAHTHOTO aHa-
nizy [7]. B paMkax Takoro aHami3zy aoOpe po3poOicHi
MOJIeNIi MapaMeTPUYHOI JUCKPUMIHAIT IS 00’ €KTiB
KOHTPOJIIO 3 IBOMa, (m = 2), cranamu Oy, ©,.

VY xiacu4Hil Teopii cTaTUCTUYHHX pimeHs [§] Taki
MOJIENII pealli3yioTh MapaMETPHUYHI TECTH JIBOCTOPOH-
HBOI Kiacu(ikamii. SIKIo YnCIo MiarHOCTOBAaHHMX CTa-
HiB OliJIbIIIE TBOX (m > 3) , TO IUCKpUMIiHaIlis 0a3yeThCs

Ha MapaMeTPUYHKMX TecTaX 0araToCTOPOHHBOI Kiacudi-
Karii. 30UIbIIeHHs YHCa JiarHOCTOBAHHUX (IMCKPHUMI-
HOBaHMX) CTaHIB PI3KO YCKJIQJHIOE MOJENb MPUHHATTS
pillleHb, OCKUIBKU ISl KOXKHOTO 3 CTaHIB HE0OXiIHO
anpiopi 3HaTH YHCIIOBI XapaKTEpUCTUKH iH(opMmaTus-
HUX O3HaK (Xoua O Ha PiBHI CEpeHiX 3HaYeHb i JHUCIEp-
ciif). Taka ampiopHa iH(popMaIlis Moxe OyTH OTpUMaHa
TIJIBKM Ha eTali HaBYaHHS CHCTEMH JUCKpHUMiHamii, mo
€KBIBAJICHTHO CTBOPCHHIO IMOBIPHICHMX MOJIENeH IUis
CTaHAapPTHHUX 3pa3KiB iHHOPMATUBHUX O3HAK IO ampiopi
BCTaHOBJICHUM BHJaM JiarHOCTOBAaHHMX cTaHiB. OCKiIb-
KM eTan HaBYaHHS BUMAarae JIOCHTh BEIUKUX OOCSTIB
BHMIPIOBAIBHOI 0araToBUMIpHOI 1H(OpMaIii, o 10-
CUTh TPOOJIEMATUYHO /ISl OLTBIIOCTI NPHUKIAJHUX 3a-
a4y MeIUYHOI MIarHOCTHUKH, TO B OLIBIIOCTI BHITAIKIB
MOJIEJI TaKOi AiarHOCTHKHU — 1Ie IBOCTOPOHHI TECTH.
Crpobu BUpILICHHS 3aBOaHHA 0araTOCTOPOHHBOT
Knacudikamii 3741HCHEHO JMIIE TPH OOMEXEHHSIX Ha
HWMOBIPHICTh TIOMHJIKH IIEPUIOrO POAY O 1 SIBISIOTH
co0or0 MoJIeNi TecTyBaHHS Ha 3HAYMMICTh, 3 ampiopi
HEBIZIOMOI0 MMOBIPHICTIO MMOMMJIKH APYroro pomy f3.
[IpakTH4HO, BCi ICHYIOYI MOJENI AUCKPUMIHAIIT PO3po-
OJNeHi JuIs BUNAJAKIB, KOJMM OaraToBUMipHa HIJIBHICTH

f(x | @k) , k=1,m , € HEBUPOPKEHUM p-MipHUM HOp-
MaJbHUM PO3IOJIIOM 3 OJHAKOBMMHU a00 PI3HUMH 3a

KknacamMu 0y,...0,, KoBapiallitHUIMH MaTPHIIAMH.

2. CunTe3 HinboBoi QyHKHii MiHiMizanii cepen-
HBOT0 PU3UKY. [IpakTrka BUKOPHCTaHHS OaraToBUMIp-
HOT'O JAWMCKPUMIHAHTHOTO aHalli3y NMpH OOMEXEHHSX Ha
00CsTy HaBYaJbHUX BUOIPOK 1 HA KUIBKICTh alpiOpHUX
MPUMYIIEHb PO iX IMOBIpHICHI BiIacTHBOCTI [9] moka-
3y€e, 110 B OCHOBY MPOIEAYPH iAcHTU(IKAIT MOaee
JIMHAMIKH TJIiKeMii 3py4HO MMOCTaBHTH METO] MaKCHMa-
npHOT mpaBaononioHocTi. OcoONUBY IHHICTE METOH
MaKCHMAaJIbHOI TPaBIONOAIOHOCTI, B HALIOMY BHIIAJIKY,
HaOyBa€ yepe3 HOro roJIOBHY BJIACTHUBICTh — 3a0e3Mmedy-
BaTH MIHIMYM CEpPEIHBOrO PU3UKY IPH TII00ATBHOMY
MakcuMyMi QyHKLIT npaBronoaioHocti. Kpurepiit Mak-
CHMaJIbHOI IPaBAONOIIOHOCTI MOXe OYTH pealli3oBaHui
B BEKTOPHIH (opMi sk 1imboBa GyHKIist BUrisny [10]:

W(;cl ®k) =(2n)i; |z|% exp —%(;—M(k) )' -1 (;C—M(k))

JJId CTaHy ®k — MaKCHuMaJlbHa (x — BCKTOp CTOBIICLIb

BUMIpAHUX 3HaueHb; 1* — BekTOp yMOBHIX cepennix;
— Matpuis Kopapiauiii). Ciniz BpaxyBaTH, 10 BU3HAYHUK
KOBapiallifHOI MaTpHIll TIOBHHEH BIIIOBIIATH YMOBI

HEBUPOPKEHOCTI PO3IOILTY W(; | @k) , TOOTO |Z| >0.

B skocti iHpOpMATHBHHX O3HaK BUKOPHUCTOBY-
I0ThCSl CTATHCTHYHO HE3JISKHI BEIMYMHH, BHIAIKO-
BICTh SIKMX OOYMOBJICHA HEIepecOOPHOIO HEBU3HAYCHIC-
TIO Mozesiell JuHaMiku rimikemii. Taka HEBU3HAUEHICTh
MOCHITIOETHCSI OOMEKEHICTIO BUMIPIOBaJIbHOI OaraToBH-
MipHOi iH(OpMalii, BUKOPUCTOBYBAHOI Ul HABYAHHS
cHCTeMH ieHTUdiKarii.

KokHy 31 CKIIQIOBHX BEKTOPY O3HAaK X OymeMo

(k)

BBaXaTu BHIIAAKOBOK BCIUMYHHOKO X; 3 YMOBHOIO

HOPMAJIBHOIO IIUIBHICTIO PO3MOnity f (xl-(k)), ne k —

HOMep 11eHTH(]PIKOBaHOTO CTaHY:

—(k 2 J— P
f(xl-(k)) = NORM Xl(- ),(cl(-k)) si=Lp; k=1m.

®OyHKIis NpaBAONONIOHOCTI B CKaJsIpHii (opmi
IUTS BCIX p iHGOPMATHBHUX O3HAK € TAKOO:

— 2
R e G

Jlist 3pydHOCTI MOJAJBIIOrO aHallizy MpoJorapH-
¢dbMyeMo 10 QYHKITIIO MPaBIOMOMIOHOCTI, BPaXOBYIOUH,
IO Taka Orepalis He 3MiHIOE KOOPAWHATH JiorapudMi-
YHOI'O TIEPETBOPEHHS MO BiJHOIIEHHIO JO 3HAYEHb iH-
¢opmaTuBHUX napamerpis [10]:

)\

- p k), (k) 1 X; —X;
1nF(X/®k)=_51n(zn)—Zl_:] Ino! )—5 ’ —lc(k;
i

Jlst 3pydHOCTI poOOTH 3 MO3UTUBHUMH 3HAYCHHS-
MU Jsorapudma (yHKIT npaBIonoAiOHOCTI BpaxyeMo,
10 MAaKCUMYM BHXI/IHOTO Jiorapudma OyJe BU3HAYATH-
¢S MiHIMYMOM IThOT'0 K Jiorapugma, aje 3i 3HAKOM «-»,
110 BiJINIOBiIa€ yMOBI

sup{lnF(Y/(ak)}=inf{1nF—‘(}/®k)}. )
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Maxkcumym In F (}/ ®k) CKBIBQJICHTHHI 3a BU-

3HAYEHHSIM MIiHIMyMY

InF~! (?/@k) = p-In(2m)/2+

p B Iop —(k) k
+Zl_:]lnc§ )+52i:1((xi —X; )/Gg )j

OcraHHil 10JaHOK TpaBoi yacTHHU Bupasy (3) €
JHIHHOIO (QYHKIII€I0 TEOMETPHYHOI BIICTaHI MiXK IBOMa
TOYKaMHU B p-BUMIPDHOMY IpocTopi iH(opMaTUBHUX
o3Hak. [lepma To4ka BiTHOCHUTHCS A0 1IEHTU(IKOBAHO-
ro 00’eKTy, a Ipyra — 10 HOPMOBAHOro (0 [ucIepcii)
LEHTPY TOYOK, IO HajJexaTbh A0 KiIacy 3 HOMEpPOM K.
MoskHa noka3zatu [10], 1o Taka BiICTaHb €KBiBaJIeHTHA

2 (3

MDK(QYHKIIIOHAIBHIA BigcTaHi pj () IUIsl TIOpIBHIOBA-

HUX TONIHOMIiaNbHUX (YHKIH, 3HAYEHHS SKUX IPO-
HOPMOBaHI 10 UCHEPCisX.

3. CuHTe3 CTPYKTYPHOI Mojei npoueaypu ine-
HTHpikanii giaGeTMyHUX MopyweHs BuxopucroByto-
Yl MaTeMaTHIHY Moeib (6), MOKHA MTOOYAYBaTH CTPY-
KTypHY MOJENb Ipoueaypu iaeHTudikamii Homepa k
rapaMeTpUYHOI MOZENI TUHAMIKH TJIKeMiil 3a pe3ynbTa-
TaMH BUMIPIOBaHHS p iH()OPMAaTHBHUX O3HAK XseXp s

puc. 1, sxuil mokasye, Mo CTPYKTypa IpoLeaypH MOXKe
OyTH amantoBaHa sl OyIb-IKOTrO YKciIa m 11eHTU(IKO-
BaHMX OiojorivHux cra”iB (m >2). Jlomyckaerscs i
ajianTamis 10 Yucia p BUKOPUCTOBYBAaHHUX iH(OpMaTHB-
HUX O3HaK. ExcriepuMeHTaibHa NepeBipKa MOMKIUBOC-
Tei po3po0IIEHOT CTPYKTYPHOI CXeMH ISl ineHTHdiKail
JiaOeTUYHUX CTaHIB, 110 BUKOPUCTOBYIOTHCS B JIIKAPCh-
Kilf MPaKTHII 1 KITIHIYHAX JTOCIIHKEHHX, IT0Ka3aa, 1110
MOKA3HUKH €(EeKTUBHOCTI ICHYIOUHMX TIJIFOKO30TOJNEpaH-
THHUX TECTIB ICTOTHO PO3Pi3HAOTHCA. OLIHKKA PU3HUKIB 1
JIOCTOBIPHOCTI Pe3ysIbTaTiB ifeHTH]IKAI mid 3-X Io-
PIBHIOBaHHMX TECTIiB IpeCTaBlIEH] B Ta0I. 1.
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Puc. 1. CrpykrypHa cxema npouenypu inenrudikaiii Mogeni AMHaMiKK TinikeMmil

BucHoBku

1. Po3poOseHO OJIOK-CXeMy 3 aJanTHBHOKIO (110
BITHOIICHHIO JO KiJBKOCTI 1ICHTHU()IKOBAHUX TIIIKEMid-
HHUX MOJIeJIel) CTPYKTYPOIO i BiANOBiAHA Tif KOMIT IOTe-

pU30OBaHa cucreMa 0araToCTOPOHHBOI ineHTH(IKAIIT
MoJIeNiel TUHAMIKHU TJIiKeMil 3a IBOMa IIIFOKO30ToJIepa-
HTHUMH TecTaMHU. 30epekeHa MOXIIUBICTD iAeHTU(iKa-
iT TIIIKeMIYHUX MOJIeNeH T po3nIMpeHol (OiIbie 2-X)
KIUJIBKOCTI TECTIB IPU HEOOXIJHOCTI IMiABUIIEHHS JJOCTO-
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BipHOCTI ieHTHdiKalii 32 YMOBU 30epexeHHs] MiHiMa-
JIBHO JIOIYCTUMOT'O 3HAYEHHSI PHU3HKY 2-TO POAY.

Po3paxyHok mocToBipHOCTI B Ta0m. 1 mpoBOgUBCS
JUTs anpiOpHUX HMOBipHOCTEH

¢ =0,633 1 ¢, =0,367.
2. JloBeIeHO MOXIJIMBICTH MiJIBUIIEHHS JOCTOBIp-

Tabnuya 1 — Ioka3HUKH edeKTUBHOCTI
IJIIOKO030TOIePAHTHUX TECTiB

] Meroa TecTyBanus HOCTI JiarHOCTHKH NPU BHKOPUCTaHHI 3aIIPONOHOBAHO-
Pmymani Brocko- | Po3pob- TO METO[y, y TIOPiBHAHHI 31 CTaHIAPTHUM BiJl 3HAYCHHS
nocrosiprocti | Crampapr | oo Tennii 0,972 mo 0,974 (obcsr HapyanbHOi BUOipKH N = 60),
Pusuk 1-ro pony 0 0 0,026 MIPUYOMY OCTAHHIO JOCTOBIPHICTH TEOPETUYHO MOXKHA
Pusuk 2-ro poay 0,091 0,409 0,045 M ABUIIMTH 110 3HaueHHs 0,979, sKio o0car HaBYaIbLHOI
CepenHiil pu3Huk 0,033 0,15 0,033 BUOipKH Oyze 30inblryBaTucs (10 00yMOBIJIEHO ITOTEH-
JlocrosipHicTs 0,967 0,85 0,967 HiHUM 3MEHILEHHAM PH3KKY JPYToro poay f3).
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[Mapamerpuueckas naeHTHGHKANNA TUA0eTHIECKUX COCTOSIHUI NP UCN0JIB30BAHUM
NOJTHHOMHUAJIBHBIX MOJe/1eil JMHAMHKHU IITHKEMUH

O. B. UmbixoBa, I1. @. Ilanos, B. B. Kynuuenko, A. B. T'opOynuu

IIpeamer ucciie10BaHus. DICMEHTBI QHATUTHYECKOrO U CTPYKTYPHOT'O CHHTE3a MPOLEAYPhl HICHTU(DHUKAIINKA MOJICIHN [H-
HAMUKH TJIIMKEMHH 110 KPUTEPUIO MakCUMaJIbHOro npasaononodust. [leas paGoThl. YMEHbIICHHE PUCKOB HICHTH(HUKAILNY Ana-
GETHYECKUX COCTOSHUI MPU MCIIOIb30BaHUH [TOJMHOMHANIBHBIX MOJIe/IeH THHAMUKH TnkeMun. 3amanue. Ha ocHOBe pe3ynbra-
TOB IVIFOKO30TOJICPAHTHOrO TECTHPOBAHMS MCCIEIOBATh BO3BMOXXHOCTH HAapaMETPHYECKOro Paclo3HABaHUS IUAO0ETHYECKUX CO-
CTOSIHHMIA, KOT/Ia MHAMHKA YPOBHS TIIFOKO3bI AlPOKCUMHPYETCs HOJMHOMHUAIBLHOM MOJIEINBIO JIF0OO0ro mnopsjaka. Vcnoiabp308arh
AHAIMTUYECKOE BBIPAKEHHE Ui MUHUMYyMa CPEIHEro pUCKa JUIsi CTPYKTYPHOTO CHHTE3a MpOLeypbl MICHTH(HKALNK BHAAQ
nmuabera. [TonrBepauth 3 (HPEKTHBHOCTD UCIIOIB30BAHMUS OMYUYCHHONW CTPYKTYPHOM CXEMBbI IPOLIEYPhI HACHTH)UKALIMH MOJICIH
JIMHAMHKHU TJIMKEMUH TIPU TIIFOKO30TOJICPAHTHOM TECTUPOBaHUU. BhIBoABI. Pa3paborana Oiok-cxeMa ¢ afanTHBHOW (10 OTHO-
LICHUIO K KOJIMYECTBY MICHTU(PUIMPYEMBIX INTIHKEMHUYECKHX MOJEJICi) CTPYKTYpPOil 1 COOTBETCTBYIOLIAS €ii KOMIBIOTEPU3HPO-
BaHHAs CHCTEMa MHOIOCTOPOHHEH HACHTH(HUKAIMK MOJENCH JMHAMHKH TJIMKEMHH HO JBYM TJIFOKO30TOJIEPAHTHBIM TECTaM.
Jloka3zaHa BO3MOKHOCTH MOBBIIICHHS JOCTOBEPHOCTH IUATHOCTHKH HPH MCIIOIb30BaHUH MPEIAraéMoro MeTo/Ia, 1o CPaBHEHHIO
co cragapTHbIM oT 3HaueHus 0,972 no 0,974 (o6bem obyuaromeid BeIOopku N=60).

KawueBble caoBa: zma6emqe<:1<oe COCTOSIHUE, IMHAMUKA I'NIMKEMUH, ITapaMETpUICCKas HHCHTHq)HKaHHH, TIOJIMHOMMU -
aJibHasA MOACIIb, Cpe[[HI/Iﬁ PUCK, aJIr'OPUTM I/II[eHTI/Iq)I/IKaL[I/H/I.

Parametric identification of diabetic conditions using polynomial glycemic dynamics models
O. Chmykhova, P. Shchapov, V. Kulichenko, A. Gorbulitch

The subject. Elements of analytical and structural synthesis of the procedure for identifying the glycemic dynamics model
by the criterion of maximum likelihood. Objective. Reducing the risks of identifying diabetic conditions using polynomial gly-
cemic dynamics models. The task. Based on the results of glucose tolerance testing, investigate the possibilities of parametric
recognition of diabetic conditions when the dynamics of glucose levels are approximated by a polynomial model of any order.
Use an analytical expression to minimize the average risk for structural synthesis of the type of diabetes identification procedure.
Confirm the effectiveness of using the obtained structural diagram of the procedure for identifying the glycemic dynamics model
during glucose tolerance testing. Conclusions. A block diagram has been developed with an adaptive (with respect to the number
of identifiable glycemic models) structure and a corresponding computerized system for multilateral identification of glycemic
dynamics models using two glucose tolerance tests. The possibility of increasing the reliability of diagnosis using the proposed
method is proved, compared with the standard one from a value of 0,972 to 0,974 (training sample size N = 60).

Keywords: diabetic state, glycemic dynamics, parametric identification, polynomial model, medium risk, identification
algorithm.
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EFFECTS OF LOADING SPEED ON THE SITE TRAFFIC CONVERSION

The subject of this article is the impact of site loading speed to increase user conversions. The goal is to determine what
is the optimal site loading speed for users and further site optimization. Tasks: identify and optimize the components
that take the longest load time. The methods used are: optimization of the server part of the site; Configuring Apache
and Ngix Server Using server side gzip compression Using CDNs to download popular JavaScript libraries server-side
caching settings; database optimization; optimization of TCP, TLS, HTTP / 2; client side optimization. The following
results are obtained. Using the methods described above, on the example of a working draft, it was possible to optimize
the site loading speed by 40%. Taking statistics for the period of 7 days, with the same amount of traffic, the conversion
of users to customers increased from 7% to 15%. The number of failures on the first visit to the site decreased by 30%.
Conclusions. In the course of work, the correlation between the speed of loading the site and the conversion of users to
customers was confirmed. By optimizing the speed of loading the site, it was possible to increase the conversion of
users by 2 times and reduce the percentage of failure on the first visit to the site.

Keywords: user conversion, failure percentage, optimization, server part, client part.

Introduction

Download speed is one of the key parameters that
influence the failure rate and the conversion of users.
An example of this is typical behavior when visiting the
site. If a user navigates to a page and is forced to wait a
long time to obtain the necessary information, it is likely
to leave the page and go to a site that immediately
provide him with the necessary information.

The most relevant download speed for commercial
sites. Particularly acute this option if the site is
promoted with the help of contextual advertising in
search engines. Based on research and personal
experience, identifies the following user behavior: 1) the
user enters a query into the Google search box; 2) the
user receives the search results; first 3-5 results of issue
advertising and appropriately marked marker; 3) user
opens new tabs in the first few sites from search results;
4) the user starts alternately studying the open pages.

In this context, if your site will be a long time to
boot, the user can quickly move to the next site, rather
than expect your download. Of particular relevance is
the download speed on mobile devices. Mobile Internet
is not stable fast download speeds, as well as the context
and the user environment is not conducive to a
measured information search. If you want to get
information on the go, in a hurry with low internet
speed, the speed of page loading is important.

Research results

1. Site speed for business. It's no secret that the
current business to a greater extent now depends on the
promotion of their services on the Internet. Site as one
of the tools to promote their brand and services must
comply with many criteria to meet the user's
expectations. These criteria include: UX, information
architecture, offers relevant, marketing content and
other component. The first with a user faces - how
quickly he can get to the information on your site. The
average conversion into the desired a ction is 1/10. In
other words, 10 out of 100 people visiting your site
likely to make a purchase or other desired effect. Due to
low download speed you risk losing users at an early

stage - they visit your site. Suppose due to the long
download speed instead of 100 users you passed 60. The
average conversion of 60 people will have 6 members
who have committed targeted action. If we translate this
into the plane of money and income, we assume that
each user brings you 50 USD. We get the following:
100 users - 10 to make a purchase - 10 * 50 = 500 USD;
60 members - 6 to make a purchase - 6 * 50 = 300 USD.
Just because you download speeds as an entrepreneur
may lose 40% of the income in this case.

2. Exceptions. The exception to this rule are the
large and popular resources such as Facebook, OLX,
Rozetka and so on. This phenomenon is due to the fact
that the user's motivation and desire to get content
higher than the irritation of waiting time. The benefits of
waiting only works if your service is quite well known,
and helps the user to solve his problem. The user knows
in advance what to expect from life and what he'll get.
Instead, he is willing to expectations.

3. Research. Large companies, including Google,
conducted numerous studies on the impact of download
speed. The following describes the results of these
studies [1-6].

3.1. Google: "If the site is loaded for more than
three seconds, 53% of users leave it" [1]. Download
speed - an important parameter. To check the speed of
the download, you can use the service from Google -
Test My Site [2].

3.2. SOASTA: "Every second mobile page
conversion delay reduces by 20%". According to the
results of a joint study of the analytical agency SOASTA
conversion depends on how fast the user is the target site.
So, those pages that often led to conversion, were on
average 26% faster than the others.

3.3. Google: "The mobile page, which has
decreased the rate of 1 to 10 seconds, the failure rate
increased by 123%". The largest gap in conversion is
observed in the range of 2-5 seconds. According to
studies, the conversion drops to 9 times.

3.4. Google: "Slow download speed - a negative
ranking factor in Google». One of the principles of
ranking in Google SERP - Mobile First Index. This
principle works as follows: if the site is slow and not
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optimized mobile version, the desktop and in issuing it,
too, will pessimizirovan (i.e. goes down).

3.5. Google: "Slow download speed is the most
irritating factor for mobile users". According to a survey
conducted by Google in 2015, the year she went around
advertising unplayable video and redirects to the main
page. It is important to note that this refers exclusively
to mobile users - but they are the most active internet
audience in the last few years.

3.6. Search Engine Land: "The most popular
websites with heavy traffic does not meet Google's
criteria". Analytical site Search Engine Land conducted its
own study, which analyzed the 1000 most popular
websites with high traffic. He tested each through service
Page Speed Insight and got some interesting results. It was
found that only 2% of mobile sites received 100 out of 100
points. On the desktop the percentage has not changed
much: only 4% exceed level of 90 points. The average
stayed near 55 points, and the average speed of the page -
11 seconds. This casts doubt on the idea that 53% of users
leave a site that loads more than three seconds.

3.7. Google: "Index loading speed affects the issue
of less than 1% Google search results". Google
acknowledges in its official blog. It also confirms that
the chase too high download speed does not make sense.

3.8. User Interface Engineering: "If users
complain about download speed, then in fact the
problem lies elsewhere". It is to this paradoxical
conclusion reached by researchers from the User
Interface Engineering website. They found that there
was no correlation between the actual speed of the
download site and how it is perceived by users. As it
turned out, if the site does not meet their needs if they
can not find in it what they are looking for, they will
perceive the session as a waste of time. A download
speed will seem to them more slowly than it actually is.

3.9. WP Faster: "The download speed is not one
of the eight main indicators of the effectiveness of the
site". Many web developers are engaged in site
optimization, do not focus on speed, and comfortable
user experience.

3.10. Total. Based on the above studies, we can
draw the following conclusions:

- Google engineers found that the user notices
even the trifling delay loading - 0.4 seconds;

- Users are more likely to leave the page, if that
is loaded 3+ seconds;

- Mobile users are willing to wait a little longer -
6-10 seconds;

- 79% of users of online stores do not re-buy if
the first time the site was loaded for a long time.

What download speed performance necessary to
be guided?

- 1 second - great but elusive results.

- 2-3 seconds - the standard response time most
successful resources.

- 3-5 seconds - a small, but for some tolerant rate
of projects;

- 6-10 seconds - so low rate of negative impact
on the promotion;

- 11 seconds - a lamentable result that urgently
needs to speed up the site.

4. From what download speeds depend on?
Download speed can be divided into server and client
side. It is these two components subsequently fall under
optimization. Full load cycle on the first visit as follows:

e DNS-query on the name of the resource.

e Connecting to the server by IP-address.

e Installation secure connection when using
HTTPS.

e Query HTML-pages on the url and wait
response from the server.

e Loading HTML.

e Parsing file on the browser side, the creation of
the request queue.

e Download and analysis of CSS-styles.

e Download and run JS-code.

e Top of the page rendering, execution of
JavaScript (JS).

¢ Download web-fonts.

e Uploading images and other media.

e End drawing, work deferred JS-code.

The individual steps may be reversed or performed
in parallel, but the essence remains unchanged.

Items from the first to the fourth refer to the server
optimization, the rest - to the client.

5. Tools for monitoring the speed of loading [6].

5.1.Google PageSpeed Insights. Convenient
analyzer from Google for a quick assessment of client
optimization. PageSpeed lets you know the speed and
level of optimization for computers and mobile devices.
Site speed is determined by two metrics: FCP and DCL.

5.2. Pingdom. Service to calculate the average load
time and the number of calls to the server. Service details
displays important information about the speed of images,
styles, JavaScript, scripts and other page elements - allows
you to immediately detect problem areas that hinder your
site, and get tips on how to improve them.

5.3. Google Analytics Report. Reports Google
analytics allow us to get a full range of data on your
resource. Including performance reports until each page
and the session. The result is a general summary of the
average speed of response from the server, domain
lookup, forwarding, and page load.

5.4. GTmetrix. Service testing resource
productivity by providing a lot of useful information.
Thanks to the preservation of the history of this service
makes it possible to compare how deteriorated or
improved speed after making edits..

5.4. PR-CY. The service allows the project to
evaluate the performance of your phone and computer.
In addition, the service provides detailed information to
help in optimization.

6. Accelerating the speed of loading site [5-9].

6.1. The server part.

6.2. Improving hosting.

6.3. Configure Nginx server.

6.4. Removing unused nginx-modules.

6.5. Working with the Server section.

6.6. Data compression.

6.7. Caching static files.

6.8. Apache server configuration.

6.9. Gzip - compress on the server side.

6.10. CDN to load popular JavaScript libraries.
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6.12. Configuring server-side caching.

6.13. Database optimization. Conclusion

6.14. Optimization of TCP, TLS, HTTP/2. 1 Taken together, the measures described above
6.15. Number of HTTP-requests. make it possible to get the most optimal download
6.16. Decrease redirects. speed, thereby directly affecting the conversion and the
6.17. The client part. number of users of your site. All the above measures
6.18. Setting up an asynchronous download. have been imposed on the company website
6.19. Remove extra plugins. Geometrya.com.ua - online store mirrors. conversion
6.20. Optimize the page size. growth figures do not take long to wait. Taking the
6.21. Physical compression graphics. statistics for the period - 7 days, for the same amount of
6.22. Refusal to scale images. traffic, conversion to purchase the site has grown from
6.23. Optimization of JavaScript and CSS. 7% to 15%. A number of failures at the first visit
6.24. Optimization of web fonts. decreased by 30%. As a result of impact on the number
6.25. Setting up caching on the browser side. of purchases and share profits.
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BnumBe mBuaKoCTI 3aBaHTAa:KeHHsI caliTiB Ha KOHBepcilo Tpadiky
M. B. SIkosnes, K. [I. ®inoneHKO

IIpeamMeTroM BUBYCHHS € BIUIMB IIBHIKOCTI 3aBaHTa)KCHHs CAaWTIB Ui 30UIBIIEHHS KOHBepcii KopucTyBadiB. MeTol0 €
BU3HAUCHHS ONTHUMAJIbHOI IIBHUAKOCTI 3aBAHTa)KCHHs CaiiTy JUld KOPHCTYBadiB 1 IOJaibllla ONTUMI3allid caiity. 3aBJaHHs:
BU3HAUUTHU Ta ONTHMIi3yBaTH KOMIIOHEHTH, SIKi 3aliMalOTh HaiOlibllle yacy 3aBaHTa)KeHHS. BUKOPHCTOBYBaHMMH METOHAMHU €:
ONTHMI3allisl CepBEPHOI YACTHHU CaiiTy; HanaluTyBaHHA cepBepa Apache i Ngix; BukopucranHs Gzip CTHCHEHHS Ha CTOpPOHI
cepsepa; BukopucraHHs CDN mia 3aBaHTaxeHHA nomynspHux JavaScript 0i0mioTek; HAacTpolika KellyBaHHS Ha CTOpOHI
cepBepa; onTuMizamis 6a3u manmx; ontmmizauis TCP, TLS, HTTP / 2; ontumizanis kiieHTchkoi yacTuHU. OTpHMaHi Taki
pesyiabratu. Ha npuximani poGodoro mpoexTy, BIAJIOCS ONTHMI3yBaTH IMIBUAKICTH 3aBaHTakeHHS cailTy Ha 40%. B3sBmm
CTAaTUCTHUKY 3a Iepion - 7 JHiB, NpHU TiH ke KinbkocTi Tpadiky, KOHBEpCis KOPHCTYBadiB B HOKYILIB 3pocia 3 7 1o 15%.
KinpkicTh BiJMOB IpH NEPIIOMY Bi/BifyBaHHI caiiTy 3HM3mIacs Ha 30%. BucHoBku. B xoni poboru miaTBepKeHa KopesLis
MDK IIBHAKICTIO 3aBaHTa)KCHHs CaliTy 1 KOHBEPCIEI0 KOPUCTYBadiB B MOKYHLiB. ONTHUMi3yBaBIIM MIBUIKICTh 3aBAHTa)KCHHS
caiiTy, BOAnocst B 2 pa3u 30UIBIINTH KOHBEPCil0 KOPUCTYBAYiB i 3MEHIIIMTH BiJICOTOK BiZIMOBH IIPH NEPILIOMY BiJIBiyBaHHI CaiTy.

Kaw4yoBi ciroBa: KOHBepCis KOPUCTYBaUiB, BiJICOTOK BiJIMOBH, ONITHMI3allisl, CEpBEpHA YAaCTHHA, KIi€HTCHKA YaCTHHA.

Bansinne ckopocTH 3arpy3Kku caiiToB HA KOHBEPCHIO Tpaduka
M. B. SIkosnes, K. JI. ®inoneHKO

IIpeamer u3ydeHus — BIUSHME CKOPOCTH 3arpy3Kd CalTOB Ul yBEIMYEHUs KOHBepcuM moib3oBareneil. Iesbro
SBJISICTCS OIPE/ICJICHHE ONTHMAIBHONW CKOPOCTH 3arpy3kKd caiTa Juis NOJIb30BaTeNel M JanbHEHINas ONTUMU3ALMS caiTa.
3ajaum: onpeneNuTh M ONTHMH3UPOBATH KOMIIOHEHTHI, KOTOpbIC 3aHMMAIOT HauOoublee BpeMs 3arpy3ku. Mcrons3yembiMu
METO/IAMHU SIBJISIOTCS: ONTUMU3ALIS CEPBEPHOI YacTu caiita; HacTpoiika cepBepa Apache n Ngix; ucnonszoBanue Gzip cxartus
Ha cTOpoHe cepBepa; ucnonb3oBanre CDN s 3arpy3ku momynspHbIx JavaScript OMOIMOTEK; HACTpPOMKa KIIIMPOBaHHS Ha
CTOpOHE cepBepa; onTiuMu3anus 6as3pl nanubix; ontummsarust TCP, TLS, HTTP/2; ontumusanus kiaueHTckoi 9acty. [lomydeHsr
crenyromye pe3yasTaThl. Ha npumMepe pabodero mpoekra, yIajaoch ONTUMH3UPOBATh CKOPOCTH 3arpy3ku caiita Ha 40%. B3ss
CTATHUCTHUKY 3a IEpUO — 7 HEH, P TOM e KoIuyecTBe Tpaduka, KOHBEpCHUs MOJIb30BaTeNIel B IOKyMaTeneil Beipocna ¢ 7 10
15%. KonuuecTBo 0TKa30B HpH IEPBOM IOcelIeHHH caiita cHuswiack Ha 30%. BeiBoawl. B xome paborbl moxrsepxieHa
KOPPEJISILIMS MEXTy CKOPOCTBIO 3arpy3KH caiTa M KOHBEpCHeH Ioip3oBaTeiell B okynareneid. ONTUMHU3UPOBaB CKOPOCTh 3arpy3Ku
caiiTa, y1aioch B 2 pa3a yBeIM4YUTh KOHBEPCHIO MOJIB30BaTENCH U YMEHBIIUTH NPOLEHT OTKa3a IPH MEPBOM ITOCEILEHNH CaliTa.

Kamo4ueBblie cioBa: KOHBEpCUiA HOHB3OBaTeHeﬁ, IIPOLCHT OTKa3a, ONTUMU3alMs, CEPBEPHAsS 4acCTh, KJIIMCHTCKAsA 4acCThb.
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Jlep>xaBHa eKOJIOTIUHA aKaieMis MICISIMTUIOMHOI OCBITH Ta yripasiiHHs, KuiB, Ykpaina

3ACTOCYBAHHSI KOHIEMNII 3BOPOTHUX 3AJIAY IMHAMIKH
B MOBIVIBHUX KOMIIVIEKCAX EKOJIOT'TYHOTI'O MOHITOPUHI'Y
JIJISI CTABLJII3AILIL PYXY ITPM BUHUKHEHHI HEIITATHUX CUTY AL

3anpornoHOBaHO 3aCTOCYBaTH KOHLEMII0 3BOPOTHHUX 3a/lay JAMHAMIKM ISl CTBOPEHHS CHCTEMH KEpyBaHHS MOOiIBHOrO
KOMIUIEKCY €KOJIOIIYHOrO MOHITOPHHTY. 3alpOIOHOBAHUH IMi/Xif TOLUIBHO BUKOPUCTOBYBATH P BUPILICHHI 3aBJaHHS
crabinizauii pyxy B yMOBax HEIUTaTHHUX CUTYyalild. BuzHaueno, mo ¢popMyBaHHs cCTeMH KepyBaHHS Ha OCHOBI KOHLISTILIT
3BOPOTHOI 3aJiaui AMHAMIKH nependayae BUpilIeHHS ABOX 3anad. [lo-mepiue 1ie BU3HAYEHHS KepyHO4oi CHIIM Ul 00’ €KTa
kepyBaHHs. [lo-Ipyre e BU3HAYCHHS aNropUTMY KepyBaHHA cHii00. OTpUMaHO aHANITHYHUN BUpa3 Ul BEKTOPY Kepyro-
40l CHJIM 3 ypaXyBaHHSM BJIaCTHBOCTEHl 00'€kTa KepyBaHH:, IOYAaTKOBUX YMOB, 3aBJaHHSAM IPOIPAMHOI TPAEKTOPIi pyxy.
Hanana ananiTH4HA OLHKA SKOCTI IPOLECY KEPYBaHHS NPH HEIUITATHUX CHTYAIsIX 3 aJrOPUTMOM Ha OCHOBI BUDIIICHHS
3BOPOTHHUX 3a/iay AuHaMiku. Yac nepexifiHoro npouecy B CUCTEMi KepyBaHHS OLIHEHO IS IBOX BUIIAJIKIB, - sIK O€3 30BHi-
IHIX 30ypeHb, Tak i pu 30y/KeHHI cuCTeMH KepyBaHHsA. HajaHi nmpakTuuHi pekoMeHzalii mono no0y10BH CUCTEMH MO-
G1JIBHOT'O €KOJIOr1YHOI'O MOHITOPHHT'Y.

Karo4dosi ciaoBa: 3B0pOTHA 3aJa4a AMHAMIKY, HEPEXiHUI IpoOLIeC, IPOrpaMHa TPAEKTOPis PyXy, CUCTEMa KepyBaHHs,

4ac MepexiJHOro Mporecy, SAKiCTb KepyBaHHS.

Beryn

IMocTtanoBka npodaemMu Ta i 3B'S130K i3 BaKIu-
BHMH HAYKOBHMHU YW NPAKTHYHNUMH 3aBJaHHIMH.
[To6ynoBa anropuTMiB KEpyBaHHS PyXOM 3 3aCTOCYBaH-
HSAM KOHIICTIIii 3BOPOTHHX 3aJay JWHAMIKH 3I1HCHIO-
€THCS 32 IBOMA ETaIlaMH.

Ha mepuiomy erami 31ilCHIOETBCS Oe3mocepeiHe
(opMyBaHHSIM BEKTOPY HOTPIOHOI Kepyro4oi CHIM JUIs
KEepyBaHHsI JIMHAMIYHUM 00’€KTOM (pO3TIISAAETHCS MO-
OLTbHUIT KOMIUIEKC €KOJIOTYHOT'0 MOHITOPUHTY).

Ha gapyroMmy erami 37iHCHIOETBCA OOYHCICHHS
3HA4YeHb EJIEMEHTIB BEKTOpY Kepyrouol QyHkmii, ski
3a0e3IeUyI0Th CTBOPEHHS HEOOXiaHOI cuiu. Bakiupa
OCOOJIMBICTH JAAHOTO MiJXOIy MOJNATAE B TOMY, IO IS
CHHTE3Y aJTOPUTMIB KEpYBaHHS MOXXYTh BUKOPHUCTOBY-
BaTHCS TIOBHI HEJHIMHI PIBHAHHA pyXy 0e3 iX JiHeapu-
3anii. OTpuMyBaHi IpU LLOMY aJTOPUTMH TaK CaMo €
HeniniitauMu. IX cTpykTypa ajexBaTHa CTpYKTypi Ma-
TEMaTUYHHUX MOJIENEH KepOBaHUX MPOLECIB, a Mapamer-
PH aNropuTMiB BU3HAYAIOTHCS MapaMeTpaMi MaTeMaTH-
YHUX MOJENEH MTPU3HAYEHUX TPAEKTOPIEIO PYXY.

AHani3 octaHHix nmyOnaikauniii 3a mpodJemartn-
KO0 Ta BH3HAYEeHHS HEBUPIlIEHWX paHillle YacTHH
3arajibHoi mpo0JjieMu. BukianaeTscsi METOIMKA CUHTE-
3y (DYHKIIOHAIBHO-CTIHKMX CHCTEM KEepyBaHHs IIpoO-
TpPaMHUM PYXOM, sika 0a3yeThCsl Ha iesIX METOAY, Po3-
pobnenoro Ilerpoum b.M., TTomoBum E.II., Kpyrbko
ILJ., a Takox MeTomy, po3pobieHoro TumodeeBUM
A.B. B poborax bapbammna E.A. po3risiHyTO MUTaHHS
HAOMKEHHs 3[IMCHEHHS pyXy AMHAMIYHOTO 00’€KTy
mo 3amaHiii Tpaextopii [1]. JlociimkeHHIO MOOYIOBH
aITOPUTMIB KEPYBaHHS K 3BOPOTHOI 3a/1a4i JTUHAMIKH
npucestuiy cBoi npani Ilerpos B.H., Kpyrsxo I1.J1.,
[onor €.I1. [2-5]. Metonu pilieHHsT 3BOPOTHHUX 337124
3anponoHoBaHo ['amuymnunum A.C. [6]. Cunresy anro-

PUTMIB KepyBaHHS IOJIHOTOM JITAIBHOrO amapara Ha
OCHOBI pIllIEHHs] 3BOPOTHHX 3aJ]ay JMHAMIKH IIPHUCBsIYE-
Hi npaui Aptrommua JI.M., MamkoBa O.A., IlaHoBa
B.1., Hlamosa I'.B. [7-28].

MerToro cTaTTi € POKPUTTS OCOOIUBOCTEH 3acTO-
CYBaHHS KOHIICIIII 3BOPOTHUX 3aj]a4 AWHAMIKH B MOOi-
JIHAX KOMIUIEKCaX €KOJIOTYHOTO MOHITOPUHTY JUISl CTa-
Oltizawii pyXy Npy BUHUKHEHHI HEIITATHUX CUTYaIli.

BukJiajg 0CHOBHOTO
Martepiany qocaiTzKeHHs

1. BusHavyeHHs Kepylo4oi CHJIH 11 00’€KTa Ke-
pyBanHs. [lomyckaeMo, IO CTaH PYXy MOOLIBHOrO
KOMIUIEKCY €KOJIOTIYHOTO MOHITOPUHTY OIHUCYETHCS
BekTop-dyHKIieo X (¢) =[X;(?),..., X, (¢)] . Kommone-
HTH X;(), i=lLn CTBOPIOIOTH (ha30Bi KOOpPAWHATH Y
n -BUMIPHOMY €BKJIIJOBOMY TIpocTopy R".

JluHamika pyxy MOOIJIBHOTO KOMILIEKCY eKOJIOTid-

HOT'O MOHITOPHHI'Y B 4Yaci / ONHUCYETHCS MaTPHYHUM
JdepeHIiaTbHIM PIBHSIHHIM

X(t)=F[X(),U(t), Z(t)]+ P(t);

(1

X(tg) =X, telty,tr],
ne X — n-BUMipHUIA BeKTop (a3zoBux koopaunat; U(t) —
m-BUMIDHUI BEKTOp KepYyIOUMX BIUIMBIB; Z() — r-
BUMIpDHUHA BEKTOp IapamerpiB o0’exra; P(t) — n-

BUMIpHUH BEKTOp 30BHIIIHIX 30ypeHb; Xy — MOYaTKOBHUI
craH; T=tr—ty —4ac pyxy 00’ekra. Ha kepyBaHHS 1 cTaH
006’exTa 3a1aHi ooMexeHHa X () e Oy ; U(t) €Oy . Ha
iHTepBanax 4vacy [ty,fy] ¢yHkuis kepyBanus U (t)
KyCOYHO-HENepepBHa 1 MOXK€ B 130JbOBaHMX TOYKaX
MaTH PO3PUBH MEPILIOTO POAY.

Meroto kepyBaHHS € 3a0e3leueHHs] pyxy 00’eKTa
3a 3a[]aHOI0 IITAaTHOIO TPAEKTOPIEI0 PYXy HUIIXOM Bij-
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nosifgHoro Bubopy U(t) € O, . Ilig mporpamoro pyxy
00’eKkTa po3yMieMo OakaHWi 3aKOH 3MiHH B 4aci CTaHy
X(#), mo 3a3manerias BOJOJIE 3alPOITOHOBAHIUMY BJIAC-
TUBOCTAMHU (PyX 3a BiACYTHOCTI BiMOB). SIkiio mei
3aKOH € BUpILIEHHsIM piBHSAHHSA (1) mpu gesskoMy nomyc-
tumomy U(t) € O, , Ha3uBaTUMEMO HOTO MPOrpaMHHM

pyXoM i mosHauatu X,(¢), t €[y, tr] .

Jomyctume kepyBaHHsI, 110 IOPOMKYe X,(f) Oyme-
MO Ha3MBaTH IPOrPaMHUM KepyBaHHAM U, (?) .

Jana 3amava chopmysiboBana E.A.bapOammanm
[1] i Ha3BaHa 3amauero 3MiHCHEHHS 3aJaHOl TPAEKTOPIi.
[porpaMuuii pyx MOXKHa MOOYAyBaTH BUXOASYHU 3 Pi3-
HMX MipKyBaHb. IIporpamue kepyBanns U, (f) i mopo-

IKyBaHE HUM X(f) Ha3MBaTUMEMO ONTUMANBHUMH i

Mo3HavaTH BianoBigHo U 2 ®, X 2 (t) sKmo BOHM HO-
CTaBJISIOTH MiHIMYM 3aJlaHOMY (DYHKI[IOHAJTy SIKOCTI

JUL 0, X2 ()] = minJ[U, (), X, ()]

3anexxHo BiJ yMOB (hyHKIIIOHYBaHHSI 00’€KTa 1 BH-
MOT, IO TP IBISIOTHCS 0 CUCTEMU KEPYBaHHSI, MOXK-
Ha BUJIUJIUTU TPH OCHOBHI 3aaui:

3aja4a cTaditi3aii mporpaMHoOro pyxys;

3aJ1aua TepMiHaIBHOTO KEPYBaHHSI;

3aJaya aJalnTUBHOTO CTEKEHHSL.

Jlis po3riisimy 0coOIMBOCTEH 3aCTOCYBAaHHSI METO-
Iy 3BOPOTHHX 3ajay JUHAMIKH Ul 0araToBUMIipHOTO
00’exta piBHsHHS (1), mpeicTaBUMO B OIepaTOpHIi
¢dopmi (0e3 ypaxyBaHHS 30BHIIIHIX 30ypeHb) [22]

A(p)X =B(p)U, )
IS
Ap)=taz(p)}, ij=Ln,
xT=(x,..x,1,
B(p)=1{b;j(p)}, i=Ln, j=Lr,
vl =,..u,1.

Binomo, 110 Take kepyBaHHs MOxe OyTH TpejcTa-
BieHe y opmi Korri.

[To6ynyeMo anroputM KepyBaHHS MPH SKOMY PyX
00’exta 3 Toukd X (0) y movaTky KOOpAUHAT 3I1HCHIO-

€ThCA 3a TpaGKTOpiGIO

C”e)”]l +...+ C]ke)\‘kl

C21e)”]l +...+ C2ke)”kl

200 B MaTpUuHIl Gopmi
At
X,(t)=Ce™,
i=Lk,

i=ln,

ne C={Cy},

[eAz]T =[ex,zex2z._.exkz] ,

ae A; [ =1k — pizHi giiicHi ab0 KOMIIEKCHO 3B'A3aHi
4Ky, 0 3aJ10BOJIBHAIOT YMOBI R M <.

Iocritini koedimientn C;;, i=1,n, i=1,k BuU-

>
3HAYalOThCs TIOYATKOBUMH 3HAYCHHSIMH (ha30BUX KOOp-
nuHAT 11X (k —1) moximHoi.

3a yMOBH IOBUIBHOTO YHHY Y BUOOpI MPUIHATHHAX

3HAYCHb IapaMeTpiB Cl_-l-, i=l,_n, i=l,_k, A l=1,_k
OTPUMAEMO PI3HOMAHITTS Pi3HHUX MPOTrPaMHHX PYXIB.

3acTocyBaHHS BHOOPY JOBIILHUM YHMHOM MOXKE
OyTH BUKOpPUCTAaHE UIsl BUAIIIEHHS THX HPOTPaMHHUX
pyxiB X, (t), AKi € pileHHAM piBHAHHA (2) i 3a10BO-
JNBHSIOTH PI3HHUM OOMEXEHHSIM (Hamnpukiaa, KOHC-
TPYKTHBHHM OOMEXEHHSIM a00 oOMexeHHsSIM Ha 0e3-
TeKy pyxy)

C+Cp+...+Cyy

Ci+Chr+...+C
X(0)= 21 22 2k’

CiiM +Ciphy +..+ Cip
Coih +Cpody +...+Cyp

X(0)= ’
Cn]kl + an}\,z +...+ an}\’k
CM T s k!
k=1 k-1 k-1
X(k—l)(o)z Czl}h] +C227\42 +"‘+C2k}\‘k

Cnlk{“_l + anklf_l +.o+ ankﬁ_l

Kepyrouay cuiy, mo peanizoBye TpaekTopito X, (¢)
nosHauumo f; [t]. LllykatuMeMo Taky TpaeKkTopilo y
BUTJISAIL

Jultl=A(p) X, (1) . (4)

Jlis oTpuMaHHS TPOrPaMHOTO 3aKOHY 3MiHHU Ke-
pytouoi cunu migcraBumo Bupas (3) B (4).

i Mt Ayt 7
aj (pXepe™ +. o +epe )+ +
At Ayt
+ay, (p)c e +...4+ e
Mt At
ar (p)(cp€™” +..+epe )+ +

fn(t) =

At At
+ay,(p)epe™ +...+epe™)

Mt At
an(p)ene™ +. . +epe )+ +

At Ayt
+a,, (p)cp e+ +cpet) |
Kpim Toro, BBakaemo, 110

A(p)={a;(p)} = {myp* +rp+ by}, (9)

i,j=ln.
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3 ypaxyBaHHsM BHpa3y (5) y BUpa3 Kepyrouoi cH-
JIM B MaTpuuHiil popmi

£,[t]= (MCA% + RCA, + HC)eM (6)
e M={m4-j},i,j=,n;
C={cij}, i=ln, j=Lk;
Ay =diag{h;}, i=1Lk;
R={”l_',‘}a Lj=lLn;
[e)\'l]Tz{e)\'il}’ i=l,_k.

Jast toro, mo6 Tpaekropis X, (f) mouuHanacs B
TaKii TOYIII:

.. (k=1) ]
Xlo..-XlO
. .. (k-1
X,(0)=|X20 X2 Xz0.-X30 |,

X0 X0

. .. (k=1
XnO XnO XnO "'XnO_

CIIEMEHTH MAaTpHIIi C={cl-1-}, i=l,_n, j=1,_k Tpeba

BU3HAYUTU B PE3YyNbTATi PillIeHHS 7 CHUCTeM k anreo-
paluHKX piBHIHB
C]] +C12 +"‘+C1k = X]O;
C] 1}\41 + C]z}hz +...+ C]k}\’k = X]O;

k-1 k-1 k-1 k-1
C]])\‘% )+C12}\4(2 )+...+C1k}\/§€ )=X1(0 ),

C

n

Cnl}\‘l +Cn2}\‘2 +...+ an}\'k = XnO;

]+Cn2 +...+an =Xn0;

D 4 a7 s € E ) = D

a0o B MaTpHuHii popMi

1 1 L] e X0
MM Mool ¢y X10
X = ,
k=1 k-1 k-1 k-1
AR M LCi XI(O )
1 1 1] ey, X0
Moo M Mol |Col | Xno
X =
k=1 k-1 k-1 k-1
MM m LG ) XY

Pimenns UX MaTpUIHUX piBHfIHB Ma€ BUTJIAA:

- : k-1
[Cp1.-C T =07y Xy XG0T, ()

- g k-1
[Cope-Cop I =07 X0 X XSV, (®)

i (]
1 |
Mo A o A
oo| 2 k ‘ ©)
Y Akt

Crnig BpaxoByBaTH, 10 A = ||CD|| € BU3HAYHUKOM
BangepMmoHaa, kil MOKHA 3aITUCATH Y BUIJISII

IT &;-2)

1<i< <k

Ileit BUBHAYHUK MOYKE JOPIBHIOBATH HYJIIO JIHIIE Y
TOMY BHUIAJKY, KOJIU k]- =A; j#i.

Ockinbku BeTMYUHHU A;, i =1,k BuUOpaHi pizHU-
MH, TO B HAIIOMY BHIAJKy BH3HAUYHUK Bangepmonma
HE JOPIBHIOE HYIIO, i, OTXKE ICHYye 3BOPOTHA MaTPHILI
o

[MixcraBuBim Bupas (9) y Bupasu (7), (8) 3Haxo-
JTAMO

. (k=1)
X0 X0 ... %o
Y k-1
c_| X0 X x|
(10)
Xpo Xpo o xUD
n0

=o' =x00 .

Bupasz mis BeKTOpY KEpyrodoi CHIM MOXE OyTH
3HAWJCHUH NUIIXOM MiACTaHOBKU BUpasy (10) y Bupas
(6). Maemo:

£lt]= {M(X(O)[(D_IJTJAZ, +
+R(X(0)[CD_] JTjAd +

+H(X(0)[CD_] T j}em.

Amnanizyroun orpumanuii Bupa3s (11) Bu3Hauaemo,
IO U1l OTPUMaHHs MOTPiOHOI Kepyrouoi cuiu [22] He-
00XiIHO 3a3/1aJIeTi/b:

—onucatd O00'€KT KEpyBaHHs, LUIIXOM 3aJaHHs
eeMeHTiB Matpuite M , R, H ;

—3aJaTh MOYATKOBI YMOBHU IO KOXKHIH KepoBaHii
KOOpJMHATI 1 X nepmmx (k —1) moximHuX ;

—3aJaTi TPOrPaMHy TPAEKTOPIIO PYXY, ILIIXOM
BiIMOBIJTHOrO BUOOPY €NEMEHTIB A;, i =1k .

BigmykaHHsM Bupasy Ui Kepyrodoi CHIM 3aKiH-
YyeTHCSI MIEPIINA eTan BUPIIeHHS TOCTaBJIeHOT 3a1a4i.

2. Bu3Ha4YeHHs AJrOpUTMY KepyBaHHS CHJIOIO.
PosrnsHeMo Tenep HacTynmHuU eram, MOB's3aHUM 3 pea-
JI3aIi €10 TPOrPaMU 3MiHH CHIIH.

3amaya TpaKTUYHOI peajizalii alroputMy Kepy-
BaHHA CHJIOK f, TIONATAE y BU3HAYEHHI BEKTOPA Kepy-

(11)
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tounx ¢yHkuiit U, TOOTO BETHYUH BiIXHJIEHb OPraHiB
KepyBaHHs 3a JIOMIOMOIOI SIKMX CTBOPIOETHCS CHJIA
Ju1X,,U,]. Bupimenns muiei 3agadi BH3HAYA€ThCSA
CTPYKTYPOIO 1 MapaMeTpaMu 00’ €KTa KepyBaHHs 1 BUMI-
PIOBaHOIO iH(OpMAIIIEO.

BBaxxaemo, npu npomy, 1mo o0'ekt kepyBaHHs (1)
BOJIOZIi€ BIACTHBOCTSIMU KEPOBAHOCTI, cuia f, OIHO-
3HAYHO BU3HAYAETHCSA BEIMYMHOIO BEKTOpa KEPYBaHHS

ul = (U;...U,.) . Tomy, anst KO>KHOTO MOMEHTY 4acy ¢
1 BiAMOBiAHOTO HOMY cTaHy X (f) MOXKHa BKa3aTu Take

U, (t) npu sixomy
f(X, U = flt]. (12)

KepyBannst (12) moxxe OyTH BupillleHe BiJTHOCHO
U, TakuMm 4uHOM:

aHATITHYHO (OKpEMHI BHIAIOK),

AITOPUTMIYHO (HaWOIIBII 3arajIbHAN BUIAIOK).

PosrisiHeMo apyruii nUISX BUPIIIEHHS PiBHSIHHS
(12), sixmit peacTaBisie HAMOUTBIINIA IHTEPEC 3 MOTIISY
MPaKTHYHOI peaizarlii.

Hexait f(X,U) Taxa, mo

Ui'f(Xan:Uj)>Os

U, izla_na jzla_na

j =const ;

i=j.

lykaTumemo BupimenHs piBHsHHS (12) y Takomy
BUTJISL

U, =pAf (1), (13)

Jc

T .
p° =diag(py,...,0p,)

MO = (0= f(X,U).

Takuii migxig A0 BU3HAYEHHS KepYyOUnX (yHKILH
0a3yeThCs Ha pe3yibTaTax JoCipKeHb [12-28].

Bubip anroputmy (13) BU3Ha4yaeTbcs B IEpIIy
4epry BiacTuBocTsMU QyHKuin f(X,U):

LimU() =U, (f).

{—0

CrpykrypHo anroput™ (13) moxe OyTH npencras-
JICHWH y BHTJISI 3aMKHYTOI CUCTEMH CTEKEHHS CHCTe-
MH, CXeMa sIKOi NpuBeJieHa Ha puc. 1.

Onuc ob'ekTa M
M:Wlmm
My My, Bu3HaueHHA Kepytoyol
R cumm
R:r]] Nn ]
Tl Tan 7
e H Mxp[@7] %
H= " | £ o
Pt P > x Ny
3afaHHs NOYaTKOBKX YMOB
X X0 ... x&D R . . ,
o0 0 T Rl < | ho o |P v u| ofexr | x
XO_Xzo Xy - Xy A At — [(.)dt | kepyBaHHs >
= <Ay b
; k-1
Xy X oo X% ) 10
3apaHH#A NporpamHoi e
TpaekTopi pyxy A=
7 T A Apn
. > HX,[®7]
A
A= 2
Mg

Puc. 1. CprKTypHa CXeMa aJIrOpUTMY KEPYBaHHS 110 METOAY 3BOPOTHUX 3aJa4 I[I/IHaMiKI/I

Ls cxema BiAmoBizae alropuTMiYHOMY BHpIIIEH-
HIO PiBHSHHS

JX,U)=f,(0),

NporpaMHe 3HAa4YeHHS KEepYyIo4Oi CHIIM BHU3HAYAETHCS
cniBBigHOmeHHM (11).

Crin BpaxoByBaTH, IO HaBiTh SKIIO NMpOrpamHe
KepyBaHHs SK (YHKIIS yacy 1moOyqoBaHe, NMpaKTHYHA
KOpPHCTh BijJi HOro 3acTOCyBaHHs HEBEJHKA: PI3HOTO
pony 30ypeHHSsI, a TAKO)K HEBU3HAYEHICTh BJIaCTHBOCTEH
i yMOB (DYHKI[IOHYBaHHSI 00’€KTa y TOMY YHCIi i TpH

HEIITATHUX CUTYaIisX 3aBaIiTh peaizallii mporpaMHo-
ro pyxy X, (t) npu Bukopuctansi U, (¢).

Tak, sxmo B 00'ekti (1) KepoBaHOMY 3a 3a3jaje-
Tifb NeBHOW mporpamoro U, (f) BHHUKHYTh B AesKuif
MOMEHT ¢ =1¢(-) HemepembaueHi 30ypeHHS AX(¢(-))
BEKTOpYy cTany X(f), TO 3afaHe He3MiHHE mpH ¢ > /(-
nporpamMHe kepyBaHHA U, (f) "moBeme" 00'eKT, modu-
HAlO4YM 3 MOMEHTY ¢ ={(-) B cTaH X (¢r), B3araii Ka-
Kydu, BigMiHHE (i, MOXKJIMBO, Iy>)K€ CYTTEBO) BiJ 3a-

98



Hueinvna 6e3nexa

HPONOHOBAHOTO cTany X, (f7). Y IbOMY BUNAJAKY Ke-
pYBaHHS TIOBUHHO ()OPMYBATHCS 3 ypaxXyBaHHSAM J0Ja-
TKOBOI iH(pOpMaIIii, 0 HAIXOJUTh B CUCTEMY KepyBaH-
HS B TIPOILIECI PYXY.

Lli#i BuMO3i BiAINOBiae KepyBaHHS 31 3BOPOTHUM
3B’ SI3KOM.

AJITOPUTM KEpYBaHHS 13 3BOPOTHHM 3B'SI3KOM MO-
ke OyTH OTpUMaHM 3a JoroMorow Bupasy (6). Ilpen-
CTaBUMO MPOTPAMHHIA PYX Y BUTJISI

X, (t)=Ce™

e C= {cl_-/-}, ij =ln — KBaJpaTHa MaTpPHUILL PO3Mip-
HOCTI nXxn .

Crij 3a3HauuTH, MO Y JAHOMY BUNAAKY MaTPUI
C BHIO3MiHEHA B MOPIBHSAHHI 3 BUpa3oM (3) — 3BeeHa
J1o KBajpatHoi. [Ipu yMOBI BUKOHAaHHS PiBHOCTI

MaeMoO X(@)= ceM .

A =elX(t), detC#0. (14)

Toni 3akoH kepyBaHHs CHION (3) 3 ypaxyBaHHSIM
BHpa3y (14) Moxe OyTH MPEJACTaBICHUIN Y BUTJISAI

Sl X(®)]=
- (MCA2 +RCA + HC)[C"X(t)J '

3BiaKku

(15)

VY KkoeH MOMEHT 4acy f, () dbopMyeTbcs 3a BU-

MIpIOBaHHSAMH MOTOYHOTO CTaHy CHCTEMH, TOOTO Ha
OCHOBI 3BOPOTHOTO 3B'SI3KY.

XapakTepHUM TIpU I[HOMY € Te, 10 KOoe]ilieHTH
aITOPUTMY KEPYBaHHS CHJIOI0 BU3HAYAIOTHCS I1OYATKO-
BuMH ymoBami (1)

CTpyKTypHa cxeMa CHUCTeMHU KepyBaHHs, 1o0yo-

X () =X,() BaHOTO BiamnoBiaHo 10 (15), mpuBeaeHa Ha puc. 2.

MCA* + :

x| ¢ VY U i U X
» +RCA+ —>®—> p=| . > I 0 >
— 0
+HC)C! 16 o
X X
Xk

A

S (x,u)

Puc. 2. CprKTypHa CX€Ma CUCTEMHU KE€pYBAHHS 110 METOAY 3BOPOTHUX 3aJa4 Z[I/IHaMiKI/I

3. Ouinka akocmi npouecy KepyeaHHs npu He-
WMAMHUX CUMYAyisax 3 anzopummom Ha OCHOGI 6u-
piwmenusn 360pomuux 3a0ay ounamixu. OIIHUMO CTiii-
KIiCTh 1 MaKCUMAaJIBHUI Yac MEepeXiTHOro MpOIeCy B aB-
TOMATHUYHIN CHCTEMI MPU HEIITATHUX CUTYAIlIAX 3 aJro-
PUTMOM KEpYBaHHS Ha OCHOBI BHUPIIICHHS 3BOPOTHHX
3a/a4y TUHAMIKM B YMOBaX KOJH ITOYATKOBI 30YpeHHS i
MIOCTIHHO Nit04i 30BHIIIHI 30ypeHHsI 00yMOBJIEHI 0OMe-
KEHHAMU BUIIIALY [22]

X (t0) = X, (0] < 8o
[POl<Cp.

ae &y, C » JIesIKl TIO3UTHBHI MapaMeTpH.

BBakaemo, 110 icHye Taka ['ypBinesa matpuns I
3 IPOCTUMH BJIACHUMH YHUCIAMH Y;, [ =1,n — KOpeHs-
MU XapaKTePUCTHYHOT'O PIBHSIHHSA CHCTEMHU

erX, X(lo)zXo,

sIKa 33JI0BOJILHSIE YMOBI
X, X,)+T(X-X,0))eR, V>

(16)

nms 6ynb-sxoro X € R”.
IToxaxeMo, 10 3aKOH KepyBaHH

U, X)=U[X,X,+T(X-X,),Z], telto],

3a0e3reuye acCUMNTOTHUYHY CTIHKICTh TPOrPaMHOTO
pyxy X, (t) B mizomy, ToO6TO Oynp-sKuii 36ypeHuil pyx
X(¢t) npu Oymp-sikux X(fy) € R acuMnToTHYHE 30I7H-
KyeTbes 3 X, ().

Crij 3a3HAYUTH, IO BiANOBIAHO a0 [1] mporpam-
HUHA PyX € aCUMITOTHYHE CTIHKUM B LIOMY SIKIIO BiH
ACUMIITOTUYHE CTIHKUH MPHU MOYATKOBUX JAHHX, 5K O

BEJIMKI BOHH HE OYJIH.
3 Bupazis (1), (16) 3HaxoauMoO

FLX(),U(),E]= X = X, () +T(X - X,,(1)),
3BIZKH O€3MOCEPEIHBO CITIIYE
X-X,(0)=T(X-X,). (17)

[Ipu 1pOMY CITi7T BpaXOBYBATH, IO 3a OMOMOTOI0
BIMOBiTHOTO BHOOpPY Matpuili I" MoXHa 3a0e3MeunTH
OyIb-SIKHI 3alPOIIOHOBAHHI XapaKTep 3aracaHHs Iepe-
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XiJIHOrO Tporecy B mporeci kepyBanHsi. Hacmpasmi,
SIKIIIO BCl KOPEHI XapaKTepPUCTUYHOI'O PIBHSHHS CHUCTE-
MU (17) MaroTh HEraTHBHI IiHCHI YaCTUHH, TOOTO

Rey; <0, i=l,_n,

TO TPUBIaJIbHE PIlIIEHHSI CUCTEMU HECTIHKe.

Ockinbku o yMoBi (16) matpunst I” BuOpana 3
MPOCTHUMHU BJIACHHUMHU YHCIIAMH, TO iICHYIOTH ITO3UTHBHI
guciaa C 1y Taki, IO

Rey; <-v,
X -X,0)|<C|Xt)- X, (to)"e_y(l_lo), (18)
Vi > 1.

3Bigku Oe3rmocepesHbO CIiIyE ACHMITOTHYHA
CTIHKICTh MPOTPaMHOr0 PYXY B LIJIOMY.

JlaMo OIIIHKY MaKCHMajbHOI'O 4Yacy MepexiJHOoro
npotecy

Bunanok 1. 3oBHimHI BIutuBY BiacyTHi () =0 .

Hexaif moTpiOHO CHHTE3yBaTH 3aKOH KEpPYBaHHS,
Mo rapaHtye s Oymp-skux £e€Z, n(t)eQ,, € —
ONM3BKICTh PEATHFHOTO 1 MPOrpaMHOrO PYXiB, MOYWHAO-
YH 3 IEIKOr0 KIHI[EBOI'O MOMEHTY 4Yacy t, >, TOOTO

(19)

Bupas (19) 3 ypaxyBanusm Bupa3zy (18) moxe Oy-
TH NIPEACTaBICHUH Y BUTIISII

|Xx-x,0|<e  vizt,.

Clxtg) - X, ()] e ™70 <,

3BIAKH CITiIyE

C
V(ty —1tp) < 1Hz||X(fo)—Xn(fo)||~ (20)
Ilosnauumo T, =t, —t, — Yac HepexiiaHoro mpo-
IIECY B CHCTEMI.
Yac nepexiaHoro npouecy I, Moxe OyTH OL[iHEHO

3a JOIoMOroro Bupasy (20)

I Cll X () - X, (1) .
e

T, <y (21)

Bumajok 2. MaroTe Micue 30BHIIIHI 30ypeHHS
n(t)=0.
Hexaii 00'ekT KepyBaHHS OIHCYETHCS PIBHIHHAM

X(t) = FIX(0),U(t),£]+ n(t),
X(tg) =Xy, telty.t,)

Kpim Toro
XeQy,
X, () +T(X = X,) €Oy .
KepyBannst U BUOpaHO y BUIIISII
Ut,X)=U[X, X, +T(X - X,),&],
t €fty, ).

PiBuanns SaMKHyTO.I. CHUCTEMU Ma€ BUTIIAN

X(t)- X, (t) =T[X(t)- X, ()] +n(t) .

Ipunyctumo, mo X, (1) i X o (1) nexaTe Ha
MHO)MHAX Qy 1 Oy 13 3anacamu BiAnoBinHo ) i d;,

npHHoMy
81 > C|Xo X, (1)
8, > C[lXo = X, (to)[- [T
a60 3 ypaxyarmsn [ % 0

5] —C"XO —Xn(to)" >0 ,

8 [T = C|xo - X, (1)) > 0.
BBe/IeMO MO3HATEHHS
X = min 8 = C|[Xo = X, t0)] .8 " -
~C|Xo =X, @) ];
Cy~'C, < min(x,e),
e>||X(0)-X,0). (22)

3 YpaxXyBaHHAM HpHﬁHHTHX IIO3HAYCHb MOXKEC 6yTI/I
OTpuMaHa Taka yMOBa

X)X, <

<

/(=0 H X0 = X, (to)] + €'

3Biaku 3 ypaxyBaHusM (21) crigye
C|lxo - X, (tp)]e 7 +CyC, <.

Bupinryroun orpuMmaHy HEpiBHICTH  BiJIHOCHO

t =t,, 3HaxXoAUMO
e—Cy'Cy > C|Xg = X, (1) e Vim0, .

C”XO _Xn (t())" )

t, <t +y_1 In ;
e-Cy C;

Yac nepexiIHOro mporecy

T,<y" -
e-Cy C,

(23)

[opiBHiotoun Bupa3 (23) 3 Bupasom (21) moxHa
3pOOUTH BHCHOBOK IIPO T€, IO 3@ HASBHOCTI 30BHIIIHIX
30ypeHb 4Yac MepexiJHOro mporecy 30iLIbIIyeThes Ta-
KAM YUHOM:

T,(C,#0)=

=T,(C,=0)+y ' In———°
T €— Cy_l Cy
Ilpu Benukux 36ypeHHsX (30inbmieHHs C) ) 3HaU-

HO 3pOCTa€ 4ac MepexiJHOrO IPOLECy.
JIy1s1 3MEHIIeHHsT Jacy MepexiHOro Mpolecy B CH-
cTeMi HeoOXiHO 301IbIIYyBaTH Y UUIIXOM BiANOBiIHO-

ro BUOOpY KepyBaHHSI.
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Hueinvna 6e3nexa

BucHoBku

3arpornoHoOBaHO TEXHOJIOTIIO YIIPaBIiHHS ISl JTUC-
TaHIIHHO MIJIOTOBAHOTO JIITAJIBHOIO anapary y BHIAIKY
KOJIM CTPYKTypa aJrOpPUTMY KepyBaHHS HE MICTUTH B
SIBHOMY BUIJISJI PIBHSHHS pyXy 00’€KTa.

3anponoHOBaHMUM MiAXiJ O KOHCTPYIOBaHHS ajl-
TOPUTMIB KEpyBaHHS JIO3BOJISIE OTPUMYBATH aJTOpH-
TMH 0e3 BHUKOPHCTaHHS JE€TaJIbHHUX PiBHSIHb KepoBa-
HOT'O IIpoLecy.

[Ipu ©bOMy JOCHTH BHKOPHCTOBYBATH B SIKOCTI
MaTeMaTHYHOI MOJelNi y3arajJbHEHI pIBHSHHS, IO
BiATBOPIOIOTH (PYyHAAMEHTAIbHI 3aKOHU PYXY.

Jlis cuHTE3y aNnropuTMIB KEpyBaHHS ITUCTAHIIHHO
MJIOTOBaHUX JIITAJbHUX arapaTiB MOXYTh BHKOPUCTO-
BYBATHUCs ITOBHI HENiHINHI PiBHSIHHS pyXy 0e3 iX JiHea-
pusauii. OTpuMyBaHi NpPU IBOMY AITOPUTMU TAKOK €
HENHIHHUMU.

Ix cTpykTypa anekBaTHa CTPYKTYpi MaTeMaTHYHUX
MoJIeIiell KepOBaHHUX MPOIECIB, a MapaMeTpH ajropHT-
MiB BU3HAYaIOThCS MMapaMeTpaMy MaTeMaTHYHUX MOjie-
JIel IpU3HAYEHUX TPAEKTOPIN pyXYy.

Mo cyTi, moOynoBa aNropuTMIB KEPYBaHHS PYXOM
JIUCTAaHIIHO MIJIOTOBAHMX JIITAJBLHUX anapariB I10 MpH-
3HAYEHIH TPaeKTOpPii Ma€ JBa acIleKTH.

[epiwii 3 HUX MOB'sI3aHMIA 3 Oe3mocepeHiM Gop-

. . .. *
MYBaHHSM BEKTOpY MOTPiOHOT Kepyrouoi cwiu [ [x],
a Apyruii — 3 OOYHCIICHHSIM 3HAYEHb CIEMEHTIB BEKTOPY
kepytouoi ¢yHkuii U, (f), sKuil CTBOPIOE HEOOXiTHY

cuny f*.
Po3paxyHKOBi CITIBBiTHOIIEHHS, 33 JOMOMOTIOO

* o, .
AKUX obuMcmiooThest 1 U, (f) Ta CKIagaroTh 3MicT

aITOPUTMY KEPYBaHHS PYXOM.

OCKIUIBKM KepyBaHHsS PYXOM 3JIiHCHIOETBCS 32
MPUHIUIIOM KepyBaHHS CHJIOI, OTPUMAaHHWH aJrOpHTM
KEpYBaHHsI € aallTUBHUM, HOTO TMHAMIYHI BIACTUBOCTI
aJIeKBaTHI JJMHAMIYHAM BJIACTHBOCTSIM CUCTEMH.

KoeogimnienTn cucremMu KepyBaHHS BU3HAYAIOTHCS
MOYAaTKOBUMH MapaMeTpaMu pyxXy O0’€KTa, a TaKOoX
rapameTpaMH 3aJ[aHol IIPOrpaMHOil TPAEKTOPII.

Ile mo3Bossic 3MiHIOBATH MapaMeTpH MPOrpaMHOI
TpaeKTOpii B IpoIIeCi pyxy 00’ €eKTa.
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Hpnmenelme KOHllel]lll/lﬁ OﬁpaTHI)IX 3aa4 TMHAMHUKHU B MOOHJIbHBIX KOMILJIEKCAX IKOJI0THYECKOT0 MOHMTOPHHIA
IS cmﬁmmsamm ABUKCHHUSA NIPU BOSBHUKHOBCHHUSA HCIITATHBIX chyalmﬁ

O. A. Maukos, }O. B. Mamuyp, C. B. Xyxkayckac, C. A. Hiropoznosa

B crarhe IpeioKeHO IPUMEHNUTD KOHIIENIMIO OOPaTHBIX 3aa4 AMHAMUKH JUIS CO3JAHMS CUCTEMBI YIPABICHHUS MOOWIIb-
HOI'0 KOMIUIEKCA 3KOJIOrNYeCKOro MOHUTOPHUHTA. IIpe/IoyKeHHbIH TOAXO0A LeIeco00pa3Ho UCHONb30BATh NPU PEIICHUH 3a1auu
cTabMIIM3alMK IBH)KSHNUS B YCIOBHSIX HEIITATHBIX cUTyaruil. OO0CHOBaHO, YTO (hOPMUPOBAHUE CHCTEMBI YIIPABICHUS Ha OCHOBE
KOHIIEIIMY 00paTHOH 3a7auyl IMHAMUKY HIPEAIIoNaraeT pelieHue qByx 3anad. [lepsas 3aa4a - 5T0 ONPEAeICHNE YIIPaBIIsIomeH
CHJIBL JUTsl OOBEKTa yHpaBlieHHs. Bropas - 3To onpeeneHne aropuTMa ynpaBieHHs CIION. B craThe NMPEMIOKeHO aHaIUTHYe-
CKOE BBIpa)KEHHUE ISl BEKTOPa YIPABILIONIEH CHIIBI, KOTOPOE YYUTHIBAET CBOHCTBA OOBEKTa YIpaBJICHMUs, HAaYaIbHBIE YCIOBHIA,
3a/laHue IPOrPaMMHOM TPaeKTOpUM IBYKeHus. [IpeanoxeHa aHaIUTHYecKas OLeHKa KadecTBa Ipolecca YIpaBiIeHUs IIpU He-
IITATHBIX CHTYaLlMsIX C UCIONB30BAHUEM aIrOPUTMa Ha OCHOBE PELIECHHMs OOPaTHBIX 3a/ia4 JHHAMHKY. IIpeIuiokeHo aHaIuTHde-
CKOE BBIP)XCHHE VTS BPEMEHH NEPEXOJHOrO MpPOLiecca B CUCTEME YIPABICHUS Ul IBYX CIIy4aeB - Kak 0e3 BHELIHHUX BO3MYILE-
HHI, TaK U NIPY BO30Y)KIEHUH CUCTEMBI yIpaBieHus. JJaHbl IPAKTHYSCKHE PEKOMEHIALNH 110 IOCTPOSHUIO CUCTEMBI MOOMIIBHO-
'O KOJIOTMYECKOr0 MOHUTOPHHTA.

KawoueBblie ciaoBa: O6paTHaﬂ 3ajlaya 1TMHaMUKH, HepeXOI[HLIfI Tpouecce, nmporpaMMHast Tpa€KTopus ABUKCHUS, CUCTE-
Ma yIipaBJICHUS, BpEMS IIEPEXOAHOIO IIPOLECCa, KAaUECTBO YIIpaBJICHUS.

Application of the concepts of inverse problems of dynamics in mobile complexes of environmental monitoring
to stabilize the movement in case of emergency situations

O. Mashkov, Yu. Mamchur, S. Zhukauskas, S. Nigorodova

The article proposed to apply the concept of inverse problems of dynamics to create a control system for a mobile environ-
mental monitoring system. The proposed approach is advisable to use when solving the problem of stabilizing the movement in
emergency situations. It is substantiated that the formation of a control system based on the concept of the inverse problem of
dynamics implies the solution of two problems. The first task is to determine the control force for the control object. The second
is the definition of a power control algorithm. The article proposes an analytical expression for the control force vector, which
takes into account the properties of the control object, initial conditions, the task of the programmed motion path. An analytical
assessment of the quality of the control process in emergency situations using an algorithm based on solving inverse problems of
dynamics is proposed. An analytical expression is proposed for the transient time in the control system for two cases, both with-
out external disturbances and when the control system is excited. Practical recommendations on the construction of a mobile
environmental monitoring system are given.

Keywords: inverse dynamics problem, transient process, programmed motion trajectory, control system, transient time,
control quality.
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JOCIIIKEHHSA 3AXVCHUX BJIACTUBOCTEN
METAJIEBUX EJIEKTPOMATI'HITHUX EKPAHIB TA
BU3HAYEHHSA YMOB IX MAKCUMAJIBHOI EOEKTUBHOCTI

3axuUCHI BJIACTUBOCTI CIUIABIB y Pi3HUX YaCTOTHMX [lialla30HaX €KPaHyHO4MX MarepianiB MarTh ckiIanHuil xapakrep. [Ipe-
JIMET JOCIHIKEHHS JaHOoi poOOTH — BU3HAUCHHS aMIUIITYHO-4aCTOTHUX 3alIeXKHOCTEH KoedillieHTa eKpaHyBaHHs €JIeKT-
POMAarHiTHHX IOJIB CydaCHUMH METAJIEBUMH CIUIaBaMu. JIOCIIDKEHO: TpaIMIliitHI MaTepiaiy; eJIeKTPOTeXHIYHI cTall pi3-
HOT'0 KJIacy Ta aJIFOMiHI€BOrO CIUIaBY, SIKi MalOTh Pi3HY IIMPHHY 3aXHCHOI'0 €KpaHy; METAJIOBMICHI LIHYPH pi3HOro (1Bo-
IIAPOBOr0 Ta TPHUIIAPOBOr0) CIUIETIHHA. J[OCIIIPKEHO 3aJIeKHOCTI 3aXMCHUX €KPaHYBaJIbHUX BIACTUBOCTEIl MarHiTHOro
TOJISL 32 PaXyHOK BIAOWTTS JUIsl €IEKTPOTEXHIUHOI cTaii kiacy 121 Ta cruiaBy 3 JIOpaJIFOMiHIIO Ta €JIEKTPOTEXHIYHOI CTali.
Mera po6otn — BU3Ha4eHHs Koe(ili€HTIB eKpaHyBaHH Y HU3bKOYACTOTHIH Ta cepeHbO-9aCTOTHIH 00JacTsIX eNeKTpoMa-
THITHOTO CIIEKTPa Ha OCHOBI BUMIPIOBaHH: KOe(iLi€HTiB eKpaHyBaHHs HAHOLIBII MOIIMPEHUX METANIeBUX 3aXUCHUX Mare-
piaiiB Ta HagaTH OOIPYHTOBAHI PeKOMEHMALi 11010 TX HaKOINbII eEKTUBHOIO BUKOPHCTAHHS y POOITHUYNX YMOBAX UL
3aXHUCTY BiJl €IEKTPOMArHiTHUX I10J1iB Ta BUIIPOMIHIOBaHb IPALFOIOUNX Ta CyMiCHOCTI €JIEKTPUYHOr0 Ta eJIEKTPOHHOIO Te-
XHIYHOTO OoOsagHaHHs. Po3pobiieHO aMIUTITY/THO-4aCTOTHI 3aJIe)KHOCTI KoeillieHTa eKpaHyBaHHS €IeKTPOMarHiTHHX I10-
JIiB Cy4aCHHMH CTaHIAPTHUMH METaJECBUMH CIUIABAMU JUIA 3aXUCTY JIOAEH 1 i 3a0e3IeueHHs eeKTPOMArHiTHOI cymic-
HOCTI1 €JIEKTPUYHOIrO Ta €JIEKTPOHHOI0 TEXHOJIOrYHOro 00JiaiHaHHs. 3alpPOIIOHOBAHO 3aXUCHI 3aXO0/IM 3aXHCTY BiJl BIUIUBY
BiJl €JICKTPOMArHIiTHUX II0JIiB T4 BUIIPOMiHIOBaHb, 1110 3aCHOBAHI Ha IIPUHIIMIIAX PO3YMHOI IOCTATHOCTI, 3 ypaxyBaHHIM Mi-
HiMaJIbHUX BUTPAT. JI0OBEICHO EKCIICPHUMEHTAIBHO Ta €KOHOMIUHO OOIPYHTOBAHO, 1110 HalOIbII e(h)eKTHBHUM 3ac000M 3a-
XHCTY BiJl €IEKTPOMarHiTHOI 6e3MeKH Ha ITiIIPUEMCTBAX B yMOBAaX CKJIAJHOI JIil PI3HOMAHITHUX €JIEKTPOMAarHiTHUX IOIiB,
€ eJIEKTPOTEXHIUHI cTaii. B pe3ynbrari OTprMaHuX CHiBBiJHOIIEHb 3aXMCHUX BJIACTHBOCTEH (32 PaXyHOK €JIEKTPOMAarHiT-
HOI eHeprii Ta BiIOUTTSI eleKTPOMArHITHUX XBHIIb) PAIliOHAIi30BaHO 3aXUCHI MOAM(IKaIiiHI KOHCTPYKLIT 3 MiHIMaJIbHUM
Koe(iLlieHTOM BiZIOMTTS €JICKTPOMArHITHUX XBWIb Y HeOa)kaHOMY HANpsAMKy B Pi3HOMY 4aCTOTHOMY Aiamna3oHi. Taki Bu-
CHOBKH HaJIaJId 3MOT'Y 3alIpOIIOHYBaTH METOIOJIOrII0 PO3PAXyHKY 1100 HEOOXiHOT ONTUMaJILHOI TOBILMHY 3aXHUCHOIO Ma-
THITHOTO €KpaHa HaWOLIbII CIPUATINBOI e(heKTUBHOCTI y naHuX ymoBax. Lle 103Bossie MiHIMI3yBaTH 0OCATr J1OBiIHUKOBHX
Ta EKCIEPUMEHTAIBHUX JaHUX Ta OJHO3HAYHO BU3HAUMTH TOBLIMHY €KpaHa HEOOXiIHOI e()eKTHBHOCTI, a TAKOXK 3MEHIIIYE
3araJibHy BapTiCTh 3aXMCHOI KOHCTPYKLIi.

Karo4oBi cioBa: eIeKTpOMarHiTHi MOJIS; BUIIPOMIHIOBAHHS; €KPAHYBaHHSI; €I€KTPOMarHiTHa CyMiCHICTb; TEXHIUHI 3a-

cobu.

Beryn

Y cy4acHMX yMOBax CKJIATHHX aMIUTITYIHO-
YaCTOTHUX XapaKTEPUCTUK EIEKTPOMAarHiTHUX IOJiB,
MPUTaAMaHHUX BUPOOHWYMM yMOBaM HalOijblna yBara
MIPUALTSIETHCS PO3POOIIEHHIO KOMIIO3UTHUX EJIEKTpOMa-
THITHHX €KpaHiB. AJe, y 6ararb0X BHIIaJIKaX, 0COOJINBO
3a HassBHOCTI BiJJHOCHO BY3bKOI YaCTOTHOI CMYI'Ul €JieK-
TPOMArHITHOT'O ITOJISI, TOCTaTHHO €(hEKTHBHUMH MOXYTh
OyTH TpajuWIiiHI MeTaneBi 3axXHCHI KOHCTPYKIHi. Y
MepIry 4epry e CTOCYETHCS eHEpreTHYHOI Taiysi, ne
MIPEBAJIIOIOTH CIEKTPUYHI Ta MATHITHI TOJIA HaTHU3BKOT
YacTOTH, a TaKOX BUPOOHMYMX YMOB 3 HE3MIiHHOIO Yy
Yaci eIeKTPOMarHiTHOI 0O0CTaHOBKOIO.

Taxi 3axuCHI eKpaHH MaroTh HU3KY IepeBar — BH-
TOTOBIISIIOTBCSL 3 MartepiayliB IHUPOKOI HOMEHKIIATYPH,
10 BUPOOJIIETHCS METAYPTiHHOO Tally33k0, 10 TOrO XK
BiJTHOCHO JICIIIEBI.

AJle HEeONIKOM CIUIaBiB YOPHUX Ta KOJIbOPOBHX
METAJliB € CKJIAJHICTh 3aJIGKHOCTEH KOe]iIliEHTIB eKkpa-
HYBaHHS BiJl YaCTOTH Ta aMIUTITYX TOJIs, sIKE OTpedye
eKpaHyBaHHSI.

Taxki 3aJ€KHOCTI HE MOHOTOHHI, TOOTO MOTpPeOy-
I0Th JTOCHI/DKEHHS caMe Il apaMeTpH, 110 HaJla€ 3MOT'y
OOTpYHTYBAaTH HaWOINIbII CydacHi pekoMeHnauii edex-
TUBHOTO 3aCTOCYBaHHSI METAJEBHX EIEKTPOMAarHiTHHUX
eKpaHiB.

JlocmimkeHHs, BUKOHAHI Y TOTIEPEIHI POKH 31iic-
HIOBAJIUCS 37€0UIBIIOr0 3 BHKOPHCTAHHSIM HecepTUdi-
KOBaHOT0 JilabopaTtopHoro oOmajHaHHs, abo cTaHIapT-
HUX BUMIpIOBAYiB €JIEKTPUYHOTO T4 MArHiTHOI'O MOJIS
MIPOMUCIIOBOI YacTOTH 3 MaKCUMaJbHUMH TOXHUOKaMH
BUMipIoBaHb 10 3 1b.

Ha Tenepimmniit yac ne He NMpUHHITHE, HAIPUKIA]
4yepes Te, [0 3arajJbHOEBPONEHCHKI CTaHIAPTH 3 EJIEKT-
POMarHiTHOI CyMiCHOCTI, sIKi HA0yJIM YMHHOCTI B YKpa-
THI METOIOM ITiITBEPIPKEHHS, AY)KE )KOPCTKI.

Tomy, HEOOXiJHO MaTH HaJiiHI i MaKCUMaJbHO
TOYHI JaHi mOA0 Koe(DillieHTIB eKpaHyBaHHS HAaWOLIBII
TIOIIMPEHUX METaJIeBUX €KpaHyIOUHX MaTepiajiB 3 ypa-
XYBaHHSM crieudiki peaqbHuX BUPOOHUUMX yMOB. Lle
JIaCTh 3MOT'Y HaJlaHHSI pEKOMEH/IAIlii 11010 1X e(eKTUB-
HOCTI Yy 3aJI©KHOCTI BiJ aMIUTITYIHHX Ta YacTOTHHX
XapaKTepPUCTUK E€KPAHOBAHOI'O TONs H enekrpodizmy-
HHUX XapaKTEPUCTHK EKPaHYIOUNX MaTepialiB.

AHaJi3 oCTaHHIX JoCHiIKeHb i myOsikamii.
UuHHI caHITapHI HOPMU €JIEKTPOMArHiTHOI Oe3rexu [1]
PEKOMEHAYIOTh Y SKOCTI €JICKTPOMArHITHUX EKpaHiB
BHUKOPUCTAHHSA Mii ¥ aJFOMIiHIIO Ta iX CIUIaBiB, CJIEKT-
POTEXHIYHHX CTajeH Ta iX nepmainoiB. He nuBnsauch Ha
e, y JAOBIAKOBIH JliTepaTypi MPakTUYHO BiJCYTHI JaHi
IIOJIO X 3aXMCHHUX BJIACTHBOCTEH.

31e01IbIIoro MoKa3aHo, 1o KoedillieHTH eKpaHy-
BaHHS MaroTh TEHJEHIIIO O MiIBUILEHHS 31 3011bIIeH-
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HSIM YaCTOTH €KPaHOBAHOTO 1mojisi. YacTuHa JT0CiHKEHb
PO3PaxyHKOBOI'O XapaKkTepy ornepye abCTpaKkTHUM Mpo-
BiJTHUM MatepiajioM 3 (hiKCOBaHUMH ENEKTPODI3HIHUMH
BJIACTUBOCTAMHU [2—4].

Taki poOOTH CHPUSIOTH OOMPAaHHIO MOTPIOHOTO
KJIacy 3aXHMCHHX CIUIaBiB, aje HE HaJalOTh KOHKPETHHX
peKoMeHAalii o0 iX 3aCTOCyBaHHs y peajbHUX BH-
POOHUYMX YyMOBaX Pi3HOrO MPU3HAYECHHSL.

VY poborti [5] HamaHO pe3yNbTaTH JOCTIIKEHb 3a-
NeKHOCTEH Koe(illieHTIB eKpaHyBaHHS JISSIKUX CTallei
BiJl aMILTITYHUX Ta YaCTOTHUX XapaKTEPUCTHK MarHiT-
HOT'O TI0JIs, 30KpeMa IMOKa3aHo, 10 y 0araThoX BUIA[-
Kax Il 3aJeKHOCTI HEMOHOTOHHI. AJie JOCIiKEHHS
BUKOHAHI 3 BHKOPHCTaHHSIM OTPUMAHOrO OOJaJHAaHHS
[6], siKe 3a3manerip Ma€ BENHUKI TOXUOKH BUMIpPIOBAHb,
PO IO CBIAYUTH KaJliOpoBOUHUI rpadik.

BukoHaHo psij TOCHIKEHb Ta PO3PaxyHKiB, IO/I0
3aXMCHHUX BJIACTHBOCTEH MaTepialliB BiJIHOCHO HOBOTO
KJIacy — aMmopHHX MeTaneBuX civiaBiB. Tak, y po0OoTi
[7] HaBenmeHO pe3yabTaTH BUMIPIOBaHb KOCQII[IEHTIB
eKpaHyBaHHS MAarHiTOM SKOr0 aMOpQHOro CIUIaBy Ha
ocHOBI k00anbTy (10 70 %). JlocmimkeHHs BUKOHAHI 3
BUKOPHCTaHHIM ocLiiorpady Ta iHIyKIIHHOrO AaTdu-
ka 6e3 ocepast. Lle 00yMOBIIIOE HU3BKI PiBHI CUTHAIIIB Ta
BEJUKI IPUIIAIHI TTOXHOKH.

OcraHHIiM yacoM aMopdHi CIUIaBH HAOyJIM MOUIN-
PEHHSI JJIsl BUTOTOBJIEHHSI Pa/liOTEXHIYHMX KOMIUIEKTY-
I0YMX 4Yepe3 IX BHUCOKI MarHiTHI IPOHUKHOCTI (10
800000) Ta cTaOLIBHICTP MATHITHHX BJIACTHBOCTEH.
[Ilomo X BUKOPHUCTAaHHS SIK EKPAHYIOUNUX MaTepiajiB, TO
JIaHl TyXKe CylepeuwInBi.

Bupobnuku amopduux cmnasie  (TAMMET,
MAPIK, MMP50) He HangaroTh iX XiMiYHOTO CKIIaAy,
aje TpeACTaBlieHI KOe(ilieHTH eKpaHyBaHHS JIyXKe
PI3HATBCS SK 3a 3HAYEHHSMH, TaK 1 3a aMIUTITyIHO-
YaCTOTHUMH 3aJIEKHOCTSIMH.

BpaxoByoun BHCOKY MillHICTh, MaJly TOBIIHHY Ta
BEJIMKI MAarHITHI TPOHUKHOCTI OLIIBHO JOCIITUTH
mapaMeTpyu amMop(HUX CIUIABIB, SKi BHUPOOJIIOTHCS B
VYxpaiHi (BUCOKOKOOAIBTOBI) Ta MOPIBHATH iX 3 BIACTH-
BOCTSAMH TPATUIIIMHUX MarHITOM’ SKHX MaTepiamip (Ie-
PMaJIoiB) 3 OJIM3LKUMHU MAarHITHUMHU BJIACTHBOCTSIMHU.

Aute yci i MaTepiaju IOCHTh A0POTi y BUPOOHHII-
TBi 1 JOLIJBHI 10 3aCTOCYBaHHS B YMOBax, KOJH 1HII
cepiiiHi MaTepiain HeOCTaTHHO e()EeKTHBHI.

HaBenene o0yMOBIIIOE HEOOXIJHICTH MPOBEICHHS
KOMIUIEKCHHX JOCII/DKEHb 3aXHCHHX BJAaCTHBOCTEH
yCiX TOIIMPEHHX KJIaciB METalIeBHX MarTepiaiiB 3 yrod-
HEHHSM aMIDTITYIHO-9aCTOTHHX 3aJIKHOCTEH Koedirri-
€HTIB €KpaHyBaHHSL.

IMocTanoBka 3aBnanHsA. MeTa J0CHTIPKEHHS — Ha
OCHOBI BUMIPIOBaHHSI KOE(]ILi€HTIB €KpaHYBaHHS HaM-
OUIBII TIOMIMPEHUX METANIEBUX 3aXWCHUX MaTepiaiiB
HaJaTH OOIPYHTOBaHI PEKOMEHIAINT MIOM0 X HAWOLIBIIT
€(EeKTUBHOrO BHKOPHCTaHHSl y PEAIbHUX BHPOOHUYUX
YMOBax pi3HOTO NPU3HAYECHHSI.

BuKkJiaJ 0CHOBHOT0 MaTepiajy

Jlis Bu3HaueHHs KoedillieHTiB eKpaHyBaHHS Y HHU-
3bKOYACTOTHIN Ta CEpeIHLO-YaCTOTHIN 00IACTAX eJeK-
TPOMArHITHOTO CIEKTpa BHKOPHCTOBYBABCS MOBIpEHHIt
aHamizatop enekrpomarHiTHoro crekrpa SPECTRA

NNF 5035. MakcumaibHa OCHOBHA IOXHOKa BHUMIipIO-
BaHb nepeBunryBaia 1 % (3riHO MaCHOPTHHUX JaHUX).

BpaxoByroun, 10 MakCUMaJbHa 4acToTa JUIs 1bO-
ro npuiaay ckiaazgae 2 MI'n, amst BUMiproBaHb Koegili-
€HTIB €KpaHyBaHHs €JEKTPOMArHiTHOrO TOJS BHIIHX
YacTOT BHUKOPHCTOBYBABCS KalliOpOBaHMH BHMIiprOBay
HANpPYXEHOCTI EJIeKTPUYHOrO0 Ta MArHITHOrO MOJIs
I13-31.

MakcumanbHa OCHOBHA ITOXHMOKa BHMIpIOBaHb HE
nepeBunryBasia 3 %. Y o0yacTsX HU3bKUX YacTOT eJleK-
TPOMAarHiTHUH eKpaH OyB TI'€OMETPUYHO 3aMKHEHHH.
Jlns my)ke BHCOKHMX 1 BUIMX 4YacTOT €KpaH OyB Iniac-
KUH, BMIIIEHUH Y OTBIp CYIIIFHOI'O METAIEBOrO JIKCTA,
110 BUKJIFOYAJIO IPOHUKHEHHS TIOJIS 11032 €KPAHOM.

KonbopoBi MeTanu He 3HaHILIM MIMPOKOTO BUKO-
pHUCTaHHS y SKOCTI €KpaHyHO4YMX MatepianiB. Tilbku
MijHa (OIbra BUKOPHCTOBYETHCS JJIsl 3aXUCTY OKPEMHUX
EJIEKTPOHHMX OJIOKIB [UIsl 3aXHUCTY BiJ| 30BHIIIHIX BILIH-
BiB, TOOTO 3a0€3MeUeHHs €JICKTPOMArHiTHOT CyMiCHOCTI.

Ha#i0ipl MONMpPEeHUMH € 3aXUCHI KOHCTPYKIIT 3
AIFOMIHIEBHX CIUIABIB, SIKi BHKOPHCTOBYIOTBCS SIK KO-
patuBHi MOKpUTTs [7]. BoHM BUTOTOBISIOTHCS 31 CILIa-
BiB Al, Cu, Mg (mypantoMinm).

Byno mpoBeneHO MOCHIHKEHHs BIUTUBY TaKUX IO-
KPHUTTIB Ha €JICKTPOMATHITHY OOCTaHOBKY Yy CEpeauHi
OynmiBenb. Tak, y miamazoni dactor 30 MI'm—3 ITm,
Koe(illieHTH eKpaHyBaHHS AIIOMIHIEBOTO CIUIaBY, Ha-
HECEHOro Ha OeTOHHY CTiHY ckiamanu 20-24. J[is cy-
IiJTBHOT OYIIBII 3 I[OT'O CIUIABY (aHrapy) mei MoKa3HUK
ckianaB 38-40.

BpaxoByloun Maily TOBIIMHY METAlIEBOTO JIHCTa
(0,8 MM), MO’KHA 3pOOHMTH BHCHOBOK, III0 3HAYHA YaCTH-
Ha 3aXHCTy NPUIANAE Ha BIIOWTTSA CICKTPOMArHITHUX
XBHJIb, 1110 IOTPeOyE YTOUHEHHSI.

Oco0JMBO 1€ CTOCYETBHCS ENEKTPOMArHiTHUX MO-
JIB HU3bKUX YaCTOT.

VY 3arasbHOMY BWIIQJIKY JOCITIJDKEHHS 3aXHCHHX
BJIACTHBOCTEH MaTepiajiB MOBUHHI CKJIAJAATHCS 3 BU-
3HAYEHHs 3arajbHOr0 KoeillieHTa eKpaHyBaHHS Ta
IMITTaHTAIl]1 B HHOT'O 3aXKCTY 33 PaXYHOK BiIOHUTTS.

Ha puc.1 ta 2 mpezacrasiieHi pe3ysibTaTH 3aJI€KHO-
CTi KoeillieHTa eKpaHyBaHHS HAHOUIBII PO3MOBCIO-
JOKEHHUX €JIeKTPOTEXHIYHUX CTajed BiJ 4acToT eKpaHo-
BaHOT'O MarHiTHOT'O TOJISI.

SIK BUITHO 3 OTPUMaHMX JIaHWX, 3aXHCHI BIACTUBO-
CTi (XapaKkTEepUCTUKU MaTepiajly) CIUIaBiB CYTTEBO Bil-
PI3HSIOTHCS, IO TOTPeOye 3’ ICyBaHHS.

BimoMo, 1o moriMHANBHI BIACTUBOCTI (hepomar-
HITHUX MaTepiaJiB 3ajexaTh, B OCHOBHOMY, BiJ ix mar-
HITHUX BJIACTUBOCTEW (BTpaTH Ha TicTepe3uc, BHXPOBI
CTpYMH).

Taxk, nuromi Brpatu crani mapok 2011 Ha yacroTi
50 T’ 3a MarHiTHOI IHAYKIII, YUCIOBE 3HAYCHHS SKOI
1,0 Tn, cknapatots 3,8 Br/kr. 11i mapamerpu uis cTasnei
Mapok 2211 Ta 2312 3a wmarnitHOl iHmykuii 1,4 Tn
CKJIIaJaroTh BiamoBigHo 2,6 BT/kr ta 1,75 BT/Kkr.

AJle BUSIBIISIETBCS, IIO Y TNPaKTH4YHIA poOOTi BH-
3HAYEHHsI MOKa3HUKIB MUTOMUX BTpAT MarepiaiiB Jo-
CHUTB CKJIaJTHE.

ToMmy, MOXXJIMBO KEpYBaTUCS MUTOMHMHU OIOPaMHU
CIUIaBIB, SIKi JIETKO BU3HAYUTH KOMIIEHCAIIHHUM METO-
JIOM TOJIBIHOT'O MOCTY.
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Puc. 1. 3anexHicTb eKpaHyBaJIbHUX BJIACTHBOCTEN
€JIEKTPOTEXHIYHUX cTajel (muprHoio 0,5 MM)
BiJI YaCTOTH MarHiTHOro 1moJjs, jae 1;2; 3 —
craii mapok 2011, 2211, 2312 (BiznoBizHO)
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Puc. 2. 3anexHiCTh eKpaHyFOUNX XapaKTEPHCTHK MaTepiaiy 3
METAJIOBMICHHX IHYPIB BiJl 9aCTOTH €KPAHOBAHOT'O IOJIs, Jie 1 —
TPUIIAPOBE TKAHE IUICTIHHS, 2 — IBOIIAPOBE TKAHE IUICTIHHS

3anexxHicTh KOe]ili€HTIB eKpaHyBaHHS MapoK
cTajel BijI iX MUTOMHX OIOpIB, IIOKAa3aHO Ha pHC. 3.

K, 12
10
N 2011
6
2211
; 2312
0
0,1 0,2 0,3 0.4 0.5 P, MxOMM

Puc. 3. 3anexHicTs KoedillieHTIB eKpaHyBaHHS €IeKTPOTEXHIYHUX CTaeil
Mmapok 2011, 2211, 2312 Bix ix muToMux oropiB Ha yactoTi 6 K[t

OtpumaHi pe3ynbTaTH CBiAYaTh, IO JUIA IIUICH
€JIEKTPOMArHITHOT'O 3aXHCTY HaWOUIBII JOIIIBHO BUKO-
PHUCTOBYBATH €JIEKTPOTEXHIYHI CTali, HAWMEHII Mpua-
THI /1151 OCHOBHOT'O 3aCTOCYBaHHs (0Cep/isl Ta MarHiTor-
poBonu).

3HayHa YacTWHA 3aXWCHUX BJIACTHBOCTEW CIUIaBIB
y BHCOKOYACTOTHIH 0O0JIacTi TNpHMajae Ha BiAOUTTS
€JIEKTPOMArHITHUX XBWIb. Lle muraHHs morpedye nona-
TKOBHX JOCJI/KEHb Ta 3’SICYyBaHHs NPUYUH HOro BUHHU-
KHEHHS

Ie MOSICHIOIOTH THUM, IO BIAOWUTTS XBUJIb MOXE Bi-
nOyBaTHCs y HeOa)KaHOMY HaIpSIMKY.

Pe3ysnpraT BUNpoOyBaHb eKpaHyBaHHS MarHiTHO-
TO TOJIS 332 PaXyHOK IOTJIMHAHHS JUTS €IEKTPOTEXHIYHOI
crami 121 xmacy Ta ajqroOMiHIEBOTO CILIaBY MOKa3aHO Ha
puc. 4 Ta 5. JlochmikeHHsS MPOBOAMINCH 13 3pa3KaMu
EJIEKTPOTEXHIYHOI CTali Ta IypalfOMiHIIO Pi3HOI TOB-
HIAHA.

KpuBi Ha puc. 4 BiANOBIAAIOTH 3aralbHUM (YHK-
LisIM:

K,=4V"

ne A - KoediIlieHT MPOOPINHHOCTI, V - YaCTOTA TIOJIA).
HaBeneni naHi IOUINIBHO BUKOPHCTOBYBATH JIJIS

PO3pOOIICHHS OpraHi3alliiHO-TeXHIYHUX 3aXOJIiB 3 eJIeK-

TPOMAarHiTHOI O€3MeKH Yy KOHKPETHUX BHUPOOHHYMX

YMOBaX, KOJH KPUTUIHUMU € BITOUTTS €IEKTPOMArHIT-
HHX XBHJIb Ta HEOOXIIHICTH OJJHOYACHOIO 3a0e31IeueHHs
€JIEKTPOMArHITHOI CYMICHOCTI €NEKTPHYHHUX Ta EJIEKT-
POHHUX TEXHIYHHUX 3ac00iB [8].
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Puc. 4. CriiBBiJHOIICHHS €KPaHyBaHHSA MarHiTHOIO IOJIS
3a paxyHOK IOTJIMHAHHS 171 €JeKTPOTEXHIYHOI cTa
kiacy 121 Ta amominieBoro cray,ae 1, 2 — cranb
enekTporexHiyHa 3 MM Ta 0,5 MM (BianoBinHo); 3, 4 —
nmypamominii JI1 3 mm i 0,5 MM (BiZNOBiTHO)
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Puc. 5. 3anexHicTb eKpaHYBaIbHUX BJIACTHBOCTEN
MAarHiTHOTO IOJIs 33 PaXYHOK BiIOUTTS JUIsl €l1eKTPOTEXHIYHOT
craii kiacy 121 Ta anroMiHIEBOro CIUIaBy; 1€
1 — mypanroMiHiif; 2 — eleKTpOTEXHIYHA CTaJb

HeoOximHO TakoX BpaxOBYBaTH, 110 €KPaHYBaHHS
MOTPEOYIOTH MOJIS MOLIIMPEHOT0 YaCTOTHOTO CHEKTpa, a
JTOBIJIKOBI JIaHI IIOJI0 CIEKTPOMATHITHUX BJIACTUBOCTEH
CepifHMX MaTepiajiB OMUCYIOThCS i yacToT 50 I'n Ta
400 't y Mar"iTHUX MOJNSX 1HIYKII€IO, YUCIOBE 3HA-
yeHHs skux ckiagae 1,0-1,7 Tn, Ta HampyXeHOCTIMU
0,4 A/m ta 10 A/™M (BiaNOBiHO).

3a3BUYail BUKOPHCTOBYIOTHCS MaTepiaiu, 30KpeMa
EJIEKTPOTEXHIYHI CTali, 3 HOMEHKIIATYpH, 110 BUPOOJIS-
10ThCs mpomuciopictio 0,15 — 5,0 MmM.

JIyis 3aXHCTy BijJ MarHiTHUX IOJNIB MajMX Hampy-
sxeHocted (mo 10 A/M) TOBIIMHA JMCTa MaiKe HE KpH-
TiuHa. [l OLIBIIMX HampyKeHocTell e(eKTHBHICTH
eKpaHyBaHHS HEOOXIHO PO3PaxOBYyBaTH.

CHiBBiHOIIICHHS, HaBEeNIEH] y 0arathox JpKepenax,
Hanpukian [5, 8, 9] He 3aBxaAu NMPUHHATHI Yepe3 HeoO-
X1THICTh HasIBHOCTI €KCIEPUMEHTAIBHHUX IaHUX, HIONO0
KoedillieHTa BiIOUTTSA, MMOTOHHOIO OCTAOJCHHS IO
tomo. Jlis BU3HaYeHHS HEOOXIJAHOI TOBIIMHM EKpaHa
JIOLUIBHO CHHpaTHcs Ha (yHIAMEHTadbHI CIiBBiIHO-
LIEHHS:

Hy=Hye ™,

e o =./pfl,d, H — HampyxeHOCTi BHXiJHHX elleK-
TPUYHOT'O 1 MarHiTHOT'O MOJIiB; d— TOBIIWHA ekpaHa; f —
YacTOTa €KPaHOBAHOT'O ITOJIS; L, — AOCONIOTHA MarHiTHa
MIPOHUKHICTh MaTtepiaiy; 6 — IUTOMa IPOBIAHICTH MaTe-
piaiy.

ITuToMi TPOBIMHOCTI CIUIaBiB a00 BifoMi, ab0 BU-
3HAYAIOTHCS SIK BEJTMYMHU, 3BOPOTHI TUTOMUM OIIOPAM.

om0 p,, Ta ii 3HAaYEHHSIM € eeKTHBHA MarHiTHA
MIPOHUKHICTh 32 KOHKPETHUX MTapaMeTpiB ekpaHa. Aje y
pasi morpedu 1 BenuurHa Moke OyTH po3paxoBaHa Ta
eKCTparoiboBaHa 3 BUKOPUCTAHHSIM mpodeciiiHoro
nakery COMSOL [9].

Jlist GinbIIoi KOPUCHOCTI Pe3yJbTaTiB y MOAAb-
LIOMY JIOLUIBHO OTPUMAaTH EKCIIEPUMEHTANIbHI JIaHi
0/10 ePEeKTUBHUX MArHITHUX TPOHUKHOCTEH HaHO1IbII
MOIIMPEHUX EKPaHYIUMX MaTepialliB 3 HaJaHHSAM pe-
KOMCHJIAIIIH 1010 iX MaKCUMaIbHOI €()eKTUBHOCTI IS
3aXHCTy TPAIlIOOYMX HAa BUPOOHUITBAX JUIs Pi3HOTO
KJIacy NpU3HAYECHHSL.

BucHoBku

1. YTOuHeHI aMIUTITYIHO-YaCTOTHI 3aJIeXKHOCTI
Koe(illieHTa eKpaHyBaHHS MarHiTHUX IOJIB CTaHAapT-
HUMU METAJIEBUMH CIUIaBaMU J03BOJISIOTH 3aCTOCOBY-
BaTH iX K JUISl 3aXUCTY MPAIIOI0YHX, TaK 1 Iuis 3abe3re-
YEeHHS eJIEKTPOMArHiTHOI CyMICHOCTI €JIeKTPHYHOrO Ta
€JIEKTPOHHOT'O TEXHOJIOTYHOT0 00JIaJHAHHSI.

2. OTpuMaHi eKCIEepPUMEHTAJIbHI JaHi CBiTYATH,
IO IS LIl eNIeKTPOMAarHiTHOI Oe3neku HalleeKTUB-
HIIIMMH € eNIEKTPOTEXHIYHI CTali, HalMEHI MpHIATHI
JUIsSi OCHOBHOT'O 3aCTOCYBaHHSI.

Ile mae 3Mory 3iifiCHIOBATH 3aXHCHI 3aXOmd Ha
MIPUHIMIIAX PO3YMHOI JOCTATHOCTI 3 MiHIMaJTbHUMH
BUTpaTaMU.

3. OrpumaHi CHiBBiJHOIICHHS 3aXHUCHUX BJIACTH-
BOCTEH 33 paXyHOK TTOHSITTS €JIeKTPOMArHITHOI eHepril Ta
BiZIONTTS €NEKTPOMAarHiTHUX XBWIb JIO3BOJIHTH pallioHa-
J3yBaTH 3aXUCHI KOHCTPYKUIT 3 MiHIMI3alli€lo BiIOUTTS
€JIEKTPOMATHITHUX XBUJIb Y HE0a)KaHOMY HAaIIPSIMKY.

4. Hanmana meTonosorisi po3paxyHKy HeoOXiqHOl
TOBIIMHYU MarHiTHOTO €KpaHa J03BOJISIE 32 MiHIMAIBHUX
00CSTIB JOBIIHMKOBUX Ta EKCIIEPUMEHTAJIBHUX JaHUX
OJJHO3HAYHO BHM3HAYUTH TOBIIUHY €KpaHa HEOOXiIHOI
e(peKTHUBHOCTI.
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Hccnenopanne 3alIMTHBIX CBOMCTB METAJNIMIECKHX 3JIEKTPOMATHATHBIX JKPaHOB
H ONpesieIeHUs! YCJIOBHI HX MaKCHMAJIbHOM 3 ()eKTHBHOCTH

E. B. [Tanoa, O. H. Tuxenko, O. B. Xongakosckuii, O. }O. CanenpHrKoBa

3amuTHBIE CBOWCTBA CIUIABOB B Pa3JIMYHBIX YACTOTHBIX JHMAIIa30HAX SKPaHUPYIOIINX MaTEepHaloB HMEIOT CIIOXKHBIH Xapak-
tep. [Ipeamer ncciieoBaHus TaHHON pabOoTHI - ONpeieNIeHHe aMIUTUTYTHO-4aCTOTHBIX 3aBUCHMOCTEH KO PHITEeHTa SKpaHUPO-
BaHMS DJICKTPOMArHUTHBIX II0JIeH COBPEMEHHBIMH METaIMYECKHMH CIUIaBaMH. lccienoBaHbl TpauIMOHHBIE MarepHalibl;
NEKTPOTEXHUIECKUE CTAIIM Pa3JIMYHOr0 KJj1acca M aJllOMHHHUEBOIO CIUIaBa, KOTOPbIE UMEIOT Pa3HYIO LIMPUHY 3aLIMTHOIO SKPaHa,
METAJUIOCOAEPIKAIME IIHYPbl Pa3IMYHOrO (ABYXCIOMHOTO M TPEXCIOWHOro) CIUICTeHMs. Takke HCCIIelOBaHbl 3aBUCUMOCTH
3aIIUTHBIX YKPAHUPYIOIIUX CBOMCTB MarHUTHOT'O MOJIS 32 CUET OTPAKEHMS JUTS SJIEKTPOTEXHUIECKON cTany Kiacca 121 u crmasa
W3 JIOPATIOMHUHUS U JIEKTPOTeXHUYeckor cranu. Llens paboThl - onpeneneHue Ko QUIEHTOB SKPaHUPOBAaHHS B HU3KOYAC-
TOTHOM M CpPEJHEYacTOTHOM 00JacTsX JIEKTPOMArHUTHOTO CIIEKTpa Ha OCHOBE M3MepeHHs Kod((HIMEeHTOB 3KpaHMPOBAHUS
Hanbolee PacIpOCTPAHEHHBIX METAUIMYECKHX 3aIUTHBIX MaTepUajioB; HPEIOCTaBUTH OOOCHOBAaHHBIE PEKOMEHIAIMH IS MX
Hanbonee 3((PEKTUBHOIO UCIIONB30BaHMS HA IPOU3BOACTBE JUIS 3alIUTHI OT IEKTPOMArHUTHBIX ITOJIEH U U3JIydeHHi paboraro-
KX JIIOZEH U COBMECTHMMOCTH SJIEKTPHUYECKOTO U DJIEKTPOHHOIO TEXHHYECKOro o0opynoBaHUs. MccienoBaHBl aMIDIMTYIHO-
YaCTOTHBIE 3aBUCUMOCTH KOI((PHUIMEHTa SKPaHNPOBAHUS AIIEKTPOMATrHUTHBIX ITOJIEH COBPEMEHHBIMH CTaHIAPTHBIMU METaJLIH-
YEeCKHMH CIDTaBaMHM JUIS 3aIlUTHI JIIOAEH U JUIs 00eCIiedeHunsl SJIeKTPOMAarHUTHON COBMECTUMOCTH 3JIEKTPUYECKOTO U JJIEKTPOH-
HOT'O TEXHOJIOTHYECKOTro 000pyioBanHus. [IpeaioxkeHo Mephl M0 3alyTe OT BO3IEHCTBHS OT AJIEKTPOMArHUTHBIX IOJNEH U M3ITy-
YEeHU, OCHOBAaHHBIX Ha IPHHIMIAX Pa3yMHOH JOCTATOYHOCTH, C YI€TOM MUHHMAJIBHBIX 3aTpaT Ha IPOU3BOJCTBO TAKHX MEPO-
npusThil. JlokazaHoO 3KCIEPUMEHTAIBHO W SKOHOMHYECKH O00OCHOBAHO, 4TO Hawmbosee 3((QEeKTHBHBIM CPEICTBOM 3aIlUTHI OT
JIEKTPOMAarHUTHON O€30IIaCHOCTH Ha MPEAIPUSTHSAX B YCIOBUSX CIOKHOTO ACHCTBUS Pa3iHMYHBIX JIEKTPOMArHUTHBIX IOJIEH,
SIBJISICTCS QJIEKTPOTEXHUUECKUE CTANIU. B pe3ynbraTe MoaydeHHBIX COOTHOIISHUI 3aIlUTHBIX CBOWCTB (33 CUET JJIEKTPOMArHUT-
HOHM SHEPrMU ¥ OTpPaXXEHHE SJICKTPOMArHWUTHBIX BOJH) PAIlMOHAIM3UPOBAHO 3aIIUTHBIE MOAM(UKAIMOHHBIE KOHCTPYKIUH C
MHHUMAJIBHBIM KO3()(DUIIMEHTOM OTpa)KeHUsI SIEKTPOMArHUTHBIX BOJH B HEXKEJIATEIFHOM HAIPaBIEHHU B Pa3HOM YacCTOTHOM
Juana3one. Takue BbIBOJIBI IIPEIOCTABIIIM BO3MOXHOCTD HPEIIOKUTh METOJONIOTHIO PacyeTa 0 ONPEIeICHUI0 HHTEPECYoIeH
ONTHMAJIBHOW TOJIIMHBI 3AIITHOIO MAarHUTHOTO SKpaHa HanOoliee OJIaronpusaTHON 3((GEKTUBHOCTH B JaHHBIX YCIOBHSX. DTO
M03BOJISIET MUHUMHU3UPOBATh 00bEM CIIPABOYHBIX M IKCHEPHUMEHTAIBHBIX JaHHBIX M OJHO3HAYHO ONPEIENIUTh TOIIIHHY KpaHa
Heo0X0oquMOoH 3 (PEeKTUBHOCTH, a TAK)KE YMEHBIIAET OOIIYI0 CTOMMOCTD 3aIUTHOH KOHCTPYKIIHH.

Kamo4ueBblie cioBa: QJICKTPOMArHUTHBIC I10JIs1; U3JTYYCHUS; SKPpAHUPOBAHUE, DJICKTPOMAarHuTHass COBMECTUMOCTD, TEX-
HHUYECKUEC CpEACTBA.

Researching the protective properties of metallic electromagnetic screens and determining
their maximum efficiency conditions

E. Panova, O. Tykhenko, O. Khodakovsky, O. Sapelnikova

Protective properties of alloys used in shielding materials of various frequency range are complex. The subject of this study
is to determine the amplitude-frequency dependences of modern metal alloy electromagnetic fields' screening coefficient. Re-
searched: traditional materials; electrical steel of various classes and aluminum alloys, which have different widths of protective
screen; metal-containing cords of various (two-layer and three-layer) plexus. The dependences of the protective shielding proper-
ties of the magnetic field due to reflection for Class 121 electrical steel and an alloy of duralumin and electrical steel have also
been investigated. The purpose of this work is to determine screening coefficients in low-frequency and mid-frequency regions of
electromagnetic spectrum based on measuring the screening coefficients of the most common metal protective materials; to
provide reasonable recommendations for their most effective use in production for protecting the workers and electronic techni-
cal equipment against electromagnetic fields and radiation. Measures of protection against electromagnetic field and radiation
exposure, based on the principles of reasonable sufficiency, taking into account the least possible spending on them are proposed.
It has been proved experimentally and economically that the most effective means of protection against electromagnetic safety in
enterprises under the complex effects of various electromagnetic fields is electrical steel. As a result of the obtained ratios of
protective properties (due to electromagnetic energy and electromagnetic wave reflection), protective modification designs with a
minimum coefficient of electromagnetic wave reflection in an unwanted direction in a different frequency range have been ra-
tionalized. Such conclusions provided an opportunity to propose a calculation method for determining the optimal thickness of
the protective magnetic shield, for the most favorable efficiency in these conditions. This minimizes the amount of referencial
and experimental data and also determines the thickness of the screen for the required efficiency, reducing the total cost of the
protective structure.

Keywords: electromagnetic fields; radiation; shielding, international standards, electromagnetic compatibility, technical
means.
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TEOPETUYHI TA EKCIIEPUMEHTAJIBHI JOCJIIKEHHSA
CHHEKTPY JOIIVIEPIBCBKOI'O CUT'HAJIY HA BUXO/I
MPUMAMAJIBHO-ITEPEJIABAJIBHOI'O MOIY.JIIO
PATIOJIOKAIIMHOT O BUMIPIOBAYA ITAPAMETPIB PYXY

Merta cTaTTi — aHAJTITUYHE Ta EKCIIEPUMEHTAIbHE BU3HAYSHHS CIIEKTPY OIUIEPiBCHKOTO CHIHATY Ha BUXOJI MPUHMabHO-
TepelaBaIbHOr0 MOAYJIIO PaIioNIOKaIifHOro BUMipIoBaya IapameTpiB pyxy. Pe3syabraTu mociimkenns. B crarri HaBe-
JIeHI CTPYKTYPHI CXeMH Pa/ioioKalifHOr0 BUMipIOBaya MapaMeTpiB Pyxy, SIKMH NpU3HAYEHUH ISl BAKOPHCTAHHS B aBTO-
HOMHHMX IiJICHCTEMaX HaBirauii Ta TOIOr€0Ie3MIHOI IPUB'SI3KKM Ha3eMHUX pyXoMux 00’ ekTiB. HaBezieHi excriepuMeHTanbHi
JTaHHI MiATBEPUKYIOTH OCHOBHI ITOJIOXKEHHS aHATITHYHHUX JOCIIPKeHb. [lokazaHo, 10 MHPHHA CIIEKTPY JOIUIEPiBCHKOrO
CHTHAJTy OIHO3HAYHO BM3HAYAETHCS IMPHUHOIO JiarpaMy CIIPSIMOBAHOCTI IPHUHMaJIbHO-TIepelaBaIbHIX aHTeH. BHCHOBOK.
HaBeneHi excriepuMeHTaNIbHI JAHHI MiATBEP/KYIOTh OCHOBHI ITOJIOKEHHSI aHAJITHYHHUX JOCTiDKeHb. PesynapraTh, Mo
OTpHMaHI B IPOIIEC] JOCHIPKEHHS TPU3HAYeH] ISl MOAABIIOI pO3pOOKH Ha IX MiCTaBi OIM3BKUX J0 ONTHMAIBHHUX ajro-
PUTMIB BU3HAUYCHHS I1apaMeTPiB PyXy Ha3eMHHX PyXOMHX 00’ €KTiB.

Kar4dosi ciaoBa: HagirauiiiHi cucremMu, BUMiproBadi mapamMeTpiB pyxy.

Beryn

AHani3 npo6aeMH Ta HAYKOBMX MyOumikamii.
CporoziHi pobiieMa ONepaTHBHOTO OTPUMAHHS 1 BUKO-
pHUCTaHHS aHUX HIONO MICIs PO3TallyBaHHS 37400yia
BUKIIIOYHY aKTyaJbHICTh. Tak, 3a OIL[IHKAMH 3aKOPJIOH-
HUX BilicbkOBUX ekcrepTiB 80% TpydOBUTpAT 3 OpraHi-
3amii yHOpaBIiHHSA MpoOLECaMH, IO BiJOYBAarOThCS,
MOB’S3aHO 3 TOUIYKOM BiAmoBinel Ha mnuraHHs: «/le
3HaxXomKych 7y, «Kyau pyxatucs?» [1].

Haii6inpin mommpeni 3aco0u HaBiraiii Ta Tomore-
OJIE3UYHOI IIPUB’SI3KH, 110 BUKOPUCTOBYIOTH JaHHI CY-
MyTHUKOBUX papioHasiraniiiaux cucrem (CPHC) ne
3aBXKIU Tpale3aTHi B KPUTUYHUX yMoBax. Tomy s
BU3HAUEHHS MICLEMONIOKEHHSI Ha3eMHHX PYXOMHUX
00’€KTIB MIMPOKO BHKOPUCTOBYIOTHCS IHEpIiiiHI HaBi-
rauiini cucremu (IHC) i onomerpuuHi 3acodu Hairarii
1 TOTIOr'€0IC3UYHOI MPHB’A3KH, sKi 1omoBHIOI0TE CPHC
LUISIXOM KOMIUIEKCYBaHHS JaHWX, 1[0 OTPUMaHi 3a pi3-
HUMH (I3MYHUMH NPUHIUIIAMY, a B pa3i IX MoAaBICHHS
MPAIIOIOTh B aBTOHOMHOMY pexuMi [2, 3]. MeTor ma-
HOI CTATTi € aHAJTITHYHE Ta eKCIIepUMEHTaJIbHE BH3HA-
YEeHHS CIEKTPY IOIUIEPIBCBKOIO CHTHANY Ha BHXOJI
NpuiiMaIbHO-TIEPeaBaIbHOIO MOJYIIO PaJioiIoKallii-
HOT'0 BUMIiproBaua mapametpis pyxy (PBIIP).

Pe3yabTaTtu gocaixkennb

Cepen onmoMeTpu4yHHMX 3aco0iB HaBiramii pospis-
HSIOTh KOHTaKTHI (MeXaHi4Hi) i 0e3KOHTaKTHI (panioio-
KaliiiHi, a3epHi 1 onTH4Hi) BuUMiproBadi. Tpamumiiini
METOJIM BU3HAYCHHS MMapaMeTpiB PyXy Ha3eMHHX PyXO-
Mux 00’ektiB (HPO), 1110 BUKOPUCTOBYIOTHCS B Cydac-
HUX CIIJIOMETpax 1 0JIOMeTpax Ta 3aCHOBaHI Ha KOHTAK-
THHX METOJIaX BHUMIPIOBAHHS 3a JOMOMOTOI0 MipaxyH-
Ky umcina o0epTiB Koeca abo TpaHCMICiT MalOTh 3HAYHY
MoXMOKy 3a paxyHOK 3MIHH JiaMeTpy Kojeca Ta Horo

MIPOKOB3YBaHHS TIPH PyCi JOpOraMH 3 Pi3HUM IMOKPHT-
TSM, OCOOJIMBO MO OE3OPIKIKIO Ta MepeciueHii Miciie-
Bocti. IlpakTHka mokasye, M0 KapAWHAJIBHUM pillleH-
HSM JUIs BU3Ha4YeHHs mapamerpiB pyxy HPO, B Ttomy
4HCIi 1 Ha 0e3710piXkoKi, € BAKOPUCTaHHS! OE3KOHTAKTHO-
ro BUMIpIOBaHHs (pakTHYHOI MIBUAKOCTI, IPUCKOPEHHS
pPyXy 1 NIpoiIeHoro UUIIXy 3a JOIMOMOrO0 paiioiioKa-
uiitHoro BUMiproBaua napamerpis pyxy (PBIIP) 3 nBoma
NpuiiMajbHO — TepeNaBalbHUMH aHTEHAMH, Jliarpamu
CHPSIMOBAHOCTI SIKMX pO3TamoBaHi mix kyrom 90° i Ha-
TpaBJIeHi Briepen-Hasaj mija KyroMm 45° BiIHOCHO moIo-
THa Jopor [4].

®ynknionansHo PBIIP cknmamaeTsest 3 40THPHOX
OCHOBHUX CKJIaJIOBHX YaCTHH: NMPUHMabHO- Iepe/iaBa-
spHOrO Mony:s (ITTIM), Groky 1udpoBUX BUMiprOBaHb
(bB) 3 nBonamnpasnenum inrepgericom RS-232, nopra-
tuBHoro koM 'rorepa (I1K) i Gioky mKepen BTOpHHHO-
ro enekrpoxusieHHs (BXK). 3anexxHo Bix THIY BHUITpO-
OyBaHb 10 BB MOXYTh MmiIKIIOYaTUCh AOAATKOBI JaT-
YHKH [6].

CtpykTypHa cxema ocHoBHOro ckiany PBIIP nHa-
BeJleHa Ha puc. 1.

M [s| BB || TIKK

BX

Puc. 1. CrpykrypHa cxema PBIIP

PBIIP npusHaueHuii ;s poOOTH B yMOBax yaap-
HUX HaBaHTa)KEHb, BiOpamlili 1 IIMPOKOro Jiama3oHy
TEMIepaTyp Ta MOKe OyTH BUKOPHCTAHUH I MPOBE-
JICHHS NIIIXOBUX BUIPOOYBaHb, KOJTICHHUX 1 TYCCHUIHHUX
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TPAHCIIOPTHUX 3aCO0IB, & TAKOXK JUTs BUPIMICHHS 1HIIIHX
NPUKIAIHUX 33Jad, 110 BUMAaraitoTh BHCOKOTOYHOTO
BUMIpIOBaHHS IapaMETPiB pyXy B YMOBaX pyxy sK 3alli-
3HUIICI0 Ta ABTOMOPOXKHIMH HUISXaMHU 3 TBEPAUM II0-
KPHUTTSIM, Tak i Oe3mopixokaM. J[i1st 3a0e3nedeHHs podo-
TH KOMIUIEKCY 3a PU3HAYEHHSM HOI'0 OCHOBHI CKJIaJ0-
Bi YaCTWHH BUKOHYIOTh HACTYIHI QYHKIIIi.

[IIM 3piiicHIoe OpMyBaHHS Ta BUIIPOMiHIOBAHHS
30HIYIOUOr0 CHTHANY, IPUHOM BiIOMTOrO BiJl MOJOTHA
JIOPOTH CHTHAITY 3 JOILIEPIBCHKUM 3MIIIEHHSIM 4acTOTH,
BHJIUICHHS 1 iICHJICHHS CUTHAJTY JTOIUICPIBCHKOI YacTo-
TH.

Biiok BUMIpIOBaHb 3JIMCHIOE TOMIEPEIHIO 00POOKY
JIOMIUIEPIBCHKUX CUTHAMTIB, 110 HamxomaTh 3 IITIM i ix
¢inprpariro. OcoOMUBICTIO HOro MOOYAOBH € BUKOPHUC-
TaHHS U(PPOBUX METOIIB 00pOOKH Ta (inbTparii imMIry-
JILCHUX CUTHAJIB, IO JO3BOJE YHIQIKyBaTH 0OpOOKY
CUTHAJIIB, SIKi HAJAXOJSTh BiJl PI3HOTUITHUX TATYHKIB.

BXX 3abesneuye ¢opMmyBaHHS BCiX HEOOXiTHHX
Hanpyr >usienns [11IM, BB i IIK Big 6oproBoi Mepexi
00’€KTy BCTAaHOBJICHHS 3 HANpyroto sk 12, Tak i 24 B.

[Iporpamue 3a6e3neuenns [1K 3aificHIOE TOYATKO-
By yCTaHOBKY Ta (pyHkuionampHuii koHTponbs AKBK,
Kepye pexumMamu Horo poOotu, 3abe3nedyye HAKOIH-
YeHHS Ta 00pOOKY NaHHMX, BiMOOpa)KCHHS BHXITHOI 1H-
(dopmarii sk B TaOJINYHOMY, TaK i B rpadyivHOMY BUTJISI-
oi [4].

PosrisiHeMo  0coOMMBOCTI TOOYMOBH HAHOLIBII
opuriHanbpHoi yactuau PBIIP — TIIIM, omTumi3zariis
MOOYIOBH SIKOTO 3HAYHO BIUIMBA€E K HAa E€KOHOMIuHI,
TaK 1 Ha eKCIUTyaTaliiHi XapaKTEpPUCTUKH KOMILIEKCY.

[IIIM siBiste cOOOrO aBTOMUHHUI TpUHOMoOIIepe/ia-
Ba4 5-TH MUIIMETPOBOTO J[iala30Hy XBUIIb.

CrpykrypHa cxema I1IIM HaBeneHa Ha puc. 2, 3Ti-
ITHO sIKOT OJIOK CKIJIQJA€ThCsl 3 IepenaBalibHOro, IMpH-
HMaJbHOTO Ta aHTEHHOT'O TPAKTIB.

Jlo ckiany mepenaBaabHOIO TPAKTY BXOMSATH: CTa-
oimizarop crpymy Al, JIIIJ-remepatop GIl, BeH-
T W1.

Jlo cxiagy npuHMaibHOTO TPaKTy BXOISTh: 3Mi-
nryBajibHa kamepa W2, miICHIIoOBay JOIUIEPiBCHKOI Ya-
crotu A2, popmyBau imiysbciB A3.

Jlo ckimajy aHTEHHOT'O TPAKTy BXOASATH: MIITHHHHUN
mict W3, pynopHi anrean W4, WS5.

Jlst 3a6e3medeHHs (QYHKI[IOHAIEHOTO KOHTPOIIIO B
[IIM nependavyeHa MOXIUBICTh oAyl curHany "Kon-
Tpons". Meanapouii curran "KoHTpons" HaAXOAUTH 3
BB i Mae yacTory, sika 3HaXOAUTHCS B Jiamma3oHi JOIII-
nepiBcbkux yactor. B IMIIM 1ieii curHam HaaxomuTh Ha
crabimizaTop cTpymy i 3a paxyHok 100% amrmiiTymHOl
MOJYJISIII 30HAYIOUOTO Ta TE€TEPOJMHHOIO CHIHAIB
(opMye Ha BUXOJI MPUHAMATILHOI'O TPAKTY CUTHAJ OUTTS
Toi camoi yactotu. Koncrpykrusno IIIIM 3MoHTOBa-
HUHA B OPUTiHAJBLHOMY JIUTOMY KOpIYCi 3 rabapuramu
187x164x70 mm. Maca Onoky He mepeBuuIye 2,5 Kr.
OCHOBHOIO KOHCTPYKTHBHOIO OCOOJIMBICTIO KOPIIYCY €
Te, IO BiH 3a0e3neuye po3TallyBaHHsS OCeH Jiarpam
cnpsimoBanocti anteH (JJCA) W4, W5 mig kyrom 45°
JI0 TIOJIOTHA JTOPOTH BIEpE-Ha3aJ BiJHOCHO HAIPSIMKY
pyxy. Apyrorwo KOHCTPYKTHBHOI OCOOJUBICTIO TOOYIO-
Bu [IIIM e Te, mo By3nmu HaaBucokoi wactoru (HBY)
nepenasanpHoro Tpakty Gl, W1, npuiimansHoro tpax-

Ty W2, Ta antenHoro tpakty W3, W4, W5 xopctko
3’€HaHI MK CO00I0 0€3 TepeXiTHUX XBHIBOBOIIB, IO
JIO3BOJISIE ONITUMAJIBHO MiHIMi3yBaTH rabapuTH OJOKY B
uitoMy i 3a0e3neynTy Horo podoTy B yMOBax BiOpariii
Ta yIapHUX HAaBAaHTA)KEHb.

3a (yHKIIOHAIBHUM MIPU3HAYEHHSIM po00Ta OJIOKY
BiIOyBAETHCS HACTYITHUM YHHOM.

I'enepatop G1 Bunae HBY curnan

u,(t)=A4,cosw,t,

SIKMH 4epe3 HeB3aeMHUI npuctpiii (BeHTwin) W1, 1o
CIIYXKHTB JIJIsl pO3B'SI3KM Ta IOTOJDKEHHS I'eHepatopa 3
QHTEHHUM TPaKTOM, HaJXOAATh Ha OJHE 3 IUIeUeH Ii-
smuaHOTO MocTy W3. TyT BigOyBaeThCcst pO3AiJIeHHs MO-
TYXHOCTI MK anTeHamu W4, W5 Ha 1Bi piBHI 4acTu-
HH, [IPUYOMY HEBENIMKA YaCTHHA TOTYKHOCTI 3 PiBHEM
(-15...-20) n1b HapxOAMTH Ha 3MilTyBaNbEHY Kamepy W2.

Cursan, 1o BiIOMBA€THCS BiJl MOJOTHA JOPOTH,
npuiiMaeTbest anteHaMu W4, W5 1 mae nonmepiBcbke
3MIIIIEHHS YacTOTH, SKE B IepHIoMy HaOmmkeHHi (6e3
ypaxyBaHHsl KiHneBoi mupuan JICA), onucyetscst Bu-
pasamu:

Uy () = Ay xcos(w, +Q)t, )

U5 (1) = Ag xcos(w, —Qy)t,

ne Qn =2n Fn, Fn— nonmiepiBcbke 3MillIeHHS YaCTOTH
30HYIOUOT0 CUTHATY.

B mopanpniomy i CHrHanM JOAAIOThCS B ILIEYi
IIIIMHHOTO MOCTY, SIKiff HaBaHTa)KCHUH Ha 3MIIIyBaJib-
Hy Kamepy. TyT BinOyBa€eTbcsi IEpeMHOKEHHS BiIOUTHX
CUTHAIB Uw4(t), Uws(t) 3 curHazoMm ug(t), mo Biaramy-
KYEThCS 3 BUXOJY IepeaBaya:

Uy (1) = Uy () xu, (t) + 1,5 () xu, (1) =

= Ay cos(w, +Q))t x 4, coso,t + (2)
+A45 cos(w, —Qy)t x A,cosm,t .

[Micns dinpTpawii rapMoHiK 3 4aCTOTOO 2@, BUI-
JISIETBCS CUTHAJ Pi3HMIEBOI yactotu Jlomruiepa, skuii
HAJXOMUTh B MiJCHIIIOBAY JOIUIEPIBCHKOI YacTOTH
I1a4) A2:

uy(1) = Ay (cos Qut +cos (-Qyt)) = 24,c0s Qyt . (3)

Sk BiIMI4aI0Ch, OCHOBHOIO OCOOJIMBICTIO TIOOYIO-
Bu [1IIM e Te, mo giarpamMu cripsMOBaHOCTi aHTeH W4,
W5 posramosani mijg kyrom 90° i cipsMoBaHi M Ky-
ToM 45° 10 MOJOTHA JOPOTM  BIIEPEA-HA3ad BiJHOCHO
HaAIPSMKY PyXYy.

Take po3TalnyBaHHsS aHTCH 1 HaBeIEHA cXeMa ce-
JIKI[T JOMIUICPIBCHKUX CUTHATIB 3HAYHO 3MEHINYIOTh
MOXMOKKU BUMIPIOBaHb, SKi BUHUKAIOTH 32 PaxXyHOK IIO-
JIOBXKHIX KOJIUBaHb KOPIYCY OO0’€KTYy BCTAHOBJICHHS
PBIIP BigHOCHO #Or0 IIEHTPY Mac.

CyTb 0COOJIHMBOCTI TIOSICHIOETBCSI PUC. 2 1 TIONSTAE
B HACTYITHOMY.

[Tix wac pyxy o0’ekra, Ha SIKOMY BCTaHOBJICHO
PBIIP, BiiHOCHO TOBEPXHIi, IO OMPOMIHIOETHCS HOro
[IITIM, 3HaveHHs AoIUIepiBChKOI yacToTu F, 1 pamians-
HOI MIBUAKOCTI V; MOB'sI3aHi Mik COOO0 BIIOMHM BHpa-
30M:
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Puc. 2. PosramryBanns anten PBIIP na HPO

e
F():er_g,a (4)

ne  Fy[I'n] 3MIIICHHS

V:[M/c] - pamianbHa CKJTagoBa MIBHAKOCTI B3a€MHOTO
nepeminieHHs 060’exTiB; f, [I'1] - Hecyua wacToTa 30H-
ayrouoro curnany; C=3x10% [m/c] - mBHaKicTH po3ro-
BCIO/KCHHSI PaliOXBHJIb.

Benmnuuna V., moB's3aHa 31 MIBHIKICTIO MepeMi-
LIEHHsI 00 €KTY BCTAHOBJIEHHS BIJJHOCHO ITOBEPXHi, 1110
OMPOMIHIOETBCS V, SIK

V.=V cosy, (5)

I[OHHJ'IepiBCI)Ke HaCTOTH,

JIe Y — KyT MK BEKTOPOM IIBUJKOCTI 00 €KTa, Ha IKOMY
BcraHoBieHo PBIIP, i HampsMoM Ha IOBEpXHIO, IO
OITPOMIHIOETHCSI.

IIpu pyci mo nepeciveHiit MicueBocTi KyT y Oyze
MOCTIHHO 3MIHIOBATHCh 3a PaxyHOK KomuBaHb [I[IM
BimHOcHO Touyku O. 3 puc. 3 i Bupasis (1)...(5) BumHO,
10 3a HasBHOCTI B ckiaai [ITIM Tinbku OmHOI aHTEHH
W4 BHHUKaTUME BiAIMOBiTHA 3MiHA JOIUICPIBCHKOI Yac-
TOTH, IIIO BEJE 10 MOXUOOK OLIHKU IIBHUIKOCTI PyXy, a
3a HasABHOCTI JBOX aHTeH W4 1 W5 11i moxuOku Komrie-
HCYIOTbCS B HaBeJleHil cxeMi o0y nosu [1TTM.

Baxxmsoro ocobmuBicTio mooymou IIIM e Te,
110 KOKHA aHTE€HA ONPOMIHIOE MOJIOTHO JIOPOTH 3 IIIH-
punoro JICA 0=10°. Taka mmpuna ICA BuOpana Ha
OCHOBI EKCIIEPUMEHTAIBHUX JIOCHIIPKEHb 1, 3 OJHOrO
00Ky, J03BOJISE MiABUITUTH TOYHICTH BHMIpPIOBAaHb 3a
paxyHOK yCepeAHEHHs aMIUITYIHHX (IyKTyamii cur-
HaJly, IO BiNOWBAETHCS BiJ IOJOTHA JOPOTH B MEXax
UIMPUHHA TIPOMEHIO, a 3 IHIIOrO — BEJIE IO CKJIA/IHOIIIB
BUMIpPIOBaHHS, SKi TOB'S3aHI 3 BTOPUHHUM €(EKTOM
JHommutepa. [IpuunHa CKJIaTHOIIIB MONATAE B HACTYITHO-
My.

B 3B’s13ky 3 TiM, 1m0 JICA Mae KiHIIEBY LIMPUHY,
BIIOWTHI CUTHAJ Ha BXOJI MpuiiMada HE SABJSIE COOOI0
MOHOXPOMATH4HI KOJMBAaHHS HAJBUCOKOI YaCTOTH SK
1Ie OMHUCYIOTh BUpa3u 1-3, a 3aliMae NnesKy CMyTry 4dac-
10T AF 01 (pHC. 3).

[MpyuunHa 1BOro SIBUIIA NONATAE B TOMY, IO 30H-
JIyIOUHI CUTHAJ BiOMBAETHCS HE OIHIEI0 TOYKOIO 3EM-
HOI MOBEPXHi, 3 MHOKUHOIO TOUYOK, SIKi 3HaXOMASATHCS B
MeXaX IUIOIIUHH, 110 OCBITIIOETHCS TPOMEHEM aHTEHH.
OCKIJIBKY HaInpsIMU Ha Il TOYKHU 3 MICIsl pO3TalIyBaHHS
aHTCH Pi3Hi, PI3HUMHU BUSBIISIOTHCS MPOCKINT MUITXOBOT
LIBHJKOCTI Ha HANpPSIMH, 3 SIKUX BEIEThCS MPUIOM Bil-
OWUTHX CHTHAIIB, 1 JONIUIEPIBChKI 3CYBU YaCTOTH CHUTHa-
JiB, WO npuiMaroThes. [Ipu nbOMYy iIHTEHCHBHICTH Pi3-
HUX CKJIaJIOBUX CIIEKTPY HEOIHAKOBA.

A
P

otp

o ' FAOHB

« D Foon

Puc. 3. Cmyra vactot AF o

Haii0ipiry iHTCHCUBHICTh MAlOTh CKJIAJIOBI CIICK-
TpY BIIOMTOrO CHUTrHANY, MO (OPMYIOTHCS B HAIPIMKY
Makcumymy JICA. TTOTyXHICTh CHEKTpaJbHUX CKIIAIO0-
BHUX, 110 (OPMYIOTBCSI B HANIPSIMaX, sIKi HE CIiBIIaIAl0Th
3 HANpsIMOM MaKCUMyMY, THM MEHIIAa YHM MEHIIE 3Ha-
YyeHHs BiAmoBimHUX HUM opauHat JICA, 1 3MiHIOEThCS
nponopuiiino kBaapaty JICA 3a moTyxHicTio. Takum
YHHOM, OT'MHAro4a CIIEKTPY CUTHAJIIB, IO MPUHMAIOTh-
cs, BU3HavaeThes kBaapaToM JICA 3a MOTYXHICTIO, a
PEe3yNBTYIOUMI CHUTHAN Ha BXOJl NpuiiMaya SBISE CO-
000 CYKYITHICTh KOJIMBaHb OUTTSI OJIU3BKUX MiXK COOOIO
yactoT. ToMy oOrmHaroua pe3yJbTYOUOro KOJMBaHHS
3MIHIOETBCS B Yaci.

JlocBin nusixoBux BHIIPOOYBaHb i J1abopaTopHi
JIOCITIJKEHHST CBIAYaTh, IO OTHHAIOYA PEe3yNbTYIOYOro
KOJIMBAaHHSI SIBJISIE COOOIO TOCUTH CKJIaJ{HE KOJIMBaHHS, i
Lle KOJMBAHHS Ma€ BUIJIS/I BUIAIKOBUX 3MiH HAIPYTH,
SIKE 332 CBOIM XapaKTepOM HaraJye BUIMAJAKOBHUH MPOIIEC.
Jlst fioro onucy B ApyroMy HaONMKCHHI KOJIHMBAaHHS Ha
BXO/Ii TIpHiiMada MOXXHa TPEJICTAaBUTH B BUIJISII BOX
€KBIBAJICHTHUX JUCKPETHUX YaCTOT Fiona 1 Fromp, fKi
xapaxrepusytoTh mmpuny JICA Ha piBHi 0,5.

PizHung mMixx 1uMu gacroramu ckiagae AF. Mox-
Ha TI0Ka3aTy, 110 B CIIEKTPi BiOMTOr0 KOJMBaHHS Iiepe-
Ba)KAIOTh YaCTOTH, SIKI 3HAXOIATHCS B MeXaX UIMPHHH
CICKTPY JOMIUIePiBChKHX YacToT AF.

MexaHi3M X (opMyBaHHS [TOKa3aHO Ha puc. 4, HA
SIKOMY HaBeJIeHa CXeMa OIPOMiHEHHsI ITOJIOTHA JOPOTH.

O | Anrtena

/

/
A _
B

Puc. 4. Mexanizm ¢popMyBaHHs
JIONIIEPIBCHKUX YACTOT

7
s
P
A

[Ipu onpomiHIOBaHHI MOJIOTHA JOPOTH aHTEHOIO 3
JliarpamMoro CIpsIMOBaHOCTI KiHILIEBOI IIMPUHU O BHACITI-
JIOK CKJIaJIaHHSI CUTHAJIIB, IO BiAOMBAIOTHCS BiJ Pi3HUX
TOYOK ITOBEPXHi, SIKa ONPOMIHIOETHCSI, BUHUKAIOTh OMT-
Ts, SIKI HA3UBAIOTH BTOPUHHUM edekrom [Jommuiepa.
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st 3amucy GopMu CUTHaNY, IO BiAOHUBAETHCA,
BiJIOKPEMHMO J/IBi KpaiiHi TOYKH IUIsIMH A 1 B, pu mpo-
My OyIeMO paxyBaTH, IO BEKTOP INBHAKOCTI V CIIiB-
nmagae 3 Biapiskom AB. YacroTu KonMBaHb, IO BigOU-
BalOThCS BiJ| KPAalKOBUX Iiyieil A 1 B mpu po3mimieHHi
aHTeHH JaBava B Touni O, BU3HAYAIOTHCS SIK:

2V cosy
Fna=Jo +TA,

2V cosy ©
fna=Jo +TB,

Ie fo 1A Hecy4a dacToTa Ta nosxuHa xBui PJIC Bixmo-
BiJTHO.

Ipu 11bOMY YacToTa OUTTS PE3YIBTYIOUHX KOIH-
BaHb BiJ| KparKoBHX ILiiyeil Oyze:

2V (cosy 4 —cosyp)

Mpy=fau—Sis = )
2V + M
— 2 5sin Y4 YB nJa” 'YB
2 2
3 ypaxyBaHHSIM TOTrO, IIIO:

0 0
=Yy ——Y4=Y0 +—, 8
Ya=Yo=3:Y4=Yo+3 ®)

. YBtYa _ . . YB Y4 _

sin——= =siny, ,sin——= =sin—, 9
5 Yo 2 2 )

MaKCHMaJIbHE 3HAYCHHS BTOPHHHOI yactoTh [ommuiepa
JIOPIBHIOE:

. . 0
Fp =—siny, smz. (10)
3Ha4yeHHs JOIUIEPIBCHKOTrO 3MillIEHHS YacTOTH CH-
THaIy, 110 BiJOWBA€ETHCS BiJ| MMOJOTHA JIOPOTHU 3 ypaxy-
BaHHAM BHpa3iB (2, 3) MOXKHa 3amucaTH
2V
fq =——cosy,. (11)
A7

®opmymu (10), (11) 103BONSAIOTH BCTAHOBUTH KO-
edimieHT 3B’A3Ky MiXK 4aCTOTaMH IepBUHHOTO {1 1 BTO-

punHoro Fr edexry donmiepa, sKuii JOpiBHIOE:

clgYo (12)

2sin9
2

3 (12) Buano, 1o yactotH fa i Fo moB’s3ani Mixk
co00t0, TIpU YoMy Koe(illieHT 3B’ SI3Ky HE 3aJICKUTh BiJ
IIBUIKOCTI PYXY.

Hanpuknan, s ODpUAHATAX B CHUCTEMI 3HAYCHBb
napametpiB: Yy=45°, 0=10° koedilieHT 3B’s3Ky IOpIiB-
HIOE

In
Fy

K= ~5,7.

Hageneni aHaiTHYHI BUpa3H, 10 MOSICHIOIOTH (Ho-
PMYBaHHS CIEKTPY JOIUIEPIBCHKOTO CHTHANY, IIiJI-
TBEPIKCHI Pe3ylIbTaTaMH EKCIICPUMEHTAIBHHUX JIOCTi-
JDKEHB (puc. 5).

U,B

. ,mninxicrb PYXY ]:lPO -5 km/r

—_
W

HH

MHHM
Y

|”“ \ “h 1

Yac, mc

20 37 55 72

89 107

Puc. 5. ExciepumenTanbHi ocuuiorpamMu (OpMH Ta CrieKTpy curHanis Ha Buxozi ITTIM PBITP
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Li pe3ynbpraTi HagarOTh MiJACTABY IJISI PO3POOKH
aJTOPUTMIB HOro oOpoOKM 1 Ha 11 OCHOBI BU3HAYECHHS
napametpiB pyxy HPO.

BucHoBku

BuzHaueHi aHaNITHYHI 3aJISKHOCTI JUIsl 4acTOT Tie-
PBUHHOTO 1 BTOpHHHOrO edekry Jlommiepa curHaiis,
mo ¢opmyothes Ha Buxomi IITIM PBIIP. 3uaiineni
CHiBBIIHOIIEHHS MIX I[MMH YaCTOTAMH JUIsi KOHKPETHOI
peanizauii [1IIM. Pe3ynbraTél ekcriepuMeHTy ITiATBEp-
JIAITH TEOPETUYHI BUCHOBKH, a TAKOX 3aCBIAYMIIM HasIB-
HiCTh BTOpUHHOro edekry J[lonmuepa 3a paxyHOK

KiHIIEBOI HMIMPUHH AiarpaMH CIIPSIMOBAaHOCTI PHUHMaIIb-
Ho-TiepenaBanbHuX anteH PBITP.

Hanpsiv nogaiabmmx K0ciaKeHb — ITiBUIIICHHS
TOYHOCTI 1 3aBaJO3aXUIIEHOCTI ABTOHOMHUX CHCTEM
HaBiTalji Ta TOMOreoAe3MYHOI MPUB'A3KH LIISIXOM CTPY-
KTYpHO-JITOPUTMIYHOI ONTHMIi3allii pajionoKaiiiHoOro
BHMIpIOBaYa IapaMeTpiB pyxXy Ha3eMHHX PyXOMHX 00'-
€KTIB, a caMe: 3MEHIIICHHS BIUTUBY ()a30BUX (IIYKTyaIlii
CUTHAJIIB, IO BiJOMBAIOTHCS BiJ 36MHOI MOBEPXHI, Ha
TOYHICTh BUMIPIOBaHHS; pO3pO0Ka aIrOPUTMIB 0OpOOKH
curnaii PBIIP i Ha 11 mijicTaBi BU3HAYCHHS MapaMeTpiB
pyxy HPO.
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TeopeTHuecKkHe U IKCIEPUMEHTAILHBIE HCC/IEJOBAHNS CIIEKTPA JOMJIEPOBCKOr0 CHIHAJIA HA BBIX0/e
NPHEMO-TIePeAIoLIEero MOIYJIsl PAINOTOKAMOHHBIX H3MepHUTeeli TapaMeTPOB ABHKeHHUSsI

M. B. baxwmar, 1O. 1. bynapeuskuii, T. B. JIapyr, B. B. bonnapes

Hesns craTbn — aHAIMTUYECKOE M OKCIIEPUMEHTAILHOE ONPEIENICHHE CIEKTPa JOIUIEPOBCKOrO CHIHajla Ha BXOIE NMPHEMO-
NEPENAIOIIET0 MOAYJI PaaMOIOKAalMOHHOIO H3MEPUTENS apaMeTpoB IBIDKeHMs. PesybTaThl nccaenosanns. B crarbe npuBeieHE!
CTPYKTYPHBIE CXEMBI PaMOIOKAalIMOHHOIO M3MEPHTENS TTapaMETPOB BMKEHNS, KOTOPBII MpeJHa3HAYEH I UCIIONB30BaHHs B aBTO-
HOMHBIX IOJICHCTEMAaX HABUTaALMM U TOIOTEOAC3UYECKON TPHBSI3KM HA3eMHBIX MOABIKHBIX OOBEKTOB. IIpHBEnCHHbBIE 3KCIIEPUMEH-
TaJbHBIE JAHHBIE NIOATBEPYKAAIOT OCHOBHBIE IOJIOKEHHS aHAMTUYIECKHUX MccnenoBanuil. [oka3ano, 4To mMpHHa CIEKTPpa JOIUIEPOB-
CKOT'O CHTHAJIa OZTHO3HAYHO ONpPEENAETCS MUPUHON arpaMMbl HAIIPABIIEHHOCTH MIPHEMO-TIEpearoiX anTeHH. BeiBoz. IIpuBenen-
HBIE PE3YIbTaThl SKCIEPUMEHTAIBHBIX UCCIIEI0BAHUI MOATBEPKIAIOT OCHOBHBIE MOJIOKEHNS AHATUTHYECKHX COOTHOIIEHHH. Pe3yrb-
TaThl, MOTyYEHHbIE B NPOLIECCE MCCIIEIOBAaHKS NPE/IHA3HAUCHBI IS JalIbHeHIIeH pa3paboTKy Ha NX OCHOBAaHHH ONMBKHX K ONTHMAJb-
HBIM aJIT'OPUTMOB OIPEIENICHHS [IapaMeTPOB JIBIKEHHS HA3eMHBIX MOBIKHBIX OOBEKTOB.

Kamo4ueBble CJI0BA: HABUTAIMOHHAS CHCT €Ma, UBMEPUTEITb IapaMETPOB IBHKCHUSA.

Theoretical and experimental studies of the spectrum of the Doppler signal at the output transmit-receive module
of radar measuring instruments of motion parameters

M. Bakhmat, Y. Budaretsky, T. Lavrut, V. Bondarev

The purpose of the article is the analytical and experimental determination of the Doppler signal at the output of the transmitter
module of the radar meter of motion parameters. Results of a research. The article presents the structural diagrams of a radar meter
of motion parameters, which is intended for use in autonomous navigation subsystems and topographic and geodetic reference of
ground moving objects. The given experimental data confirm the main points of analytical studies. It is shown that the width of
the spectrum of the Doppler signal is uniquely determined by the width of the radiation pattern of the transceiver antennas. Con-
clusion. The above experimental results confirm the main points of the analytical relationships. The results obtained during the
study are intended for further development on their basis close to optimal algorithms for determining the motion parameters of
ground moving objects.

Keywords: navigation system, radio locating instrument of movement measuring.
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EKCHEPUMEHTAJIBHE JOCJIKEHHS MOJISIPU3AIIMHO-PO3CIIOIOUYNX
BJJACTUBOCTEHX PATIOJIOKAIIIMHOI IIJII KOHIYHOI ®OPMH,
INOKPUTOI PAAIONOTJIMHAIOYUM MATEPIAJIOM

IIpeamerom BUBUEHHA B CTATTi € iH(pOpMaLis Npo xapakrepucTuku posciroBanHs PJIL] npu HaHecenHi Ha Hei PIIM
JUld BUPIIICHHS NPUKIAJHUAX 3aBJaHb PO3Mi3HABAHHS pajioioKaliiiHuX uineidl. MeTolo € OTpUMaHHS €KCIepUMEHTa-
JIBHOI OLIHKH MOJSPHU3aIMOHHO-PO3CIIOI0YHX BIACTUBOCTEH padioNoKaliiHOl i KOHIYHOI ()OpMHU HA SIKif 3aBJaHO
MOTJIMHAIOYMHA MaTepiall MarHiTHOTrO THUIly. 3aBAAHHA: 3MEHIICHHS MOMITHOCTI i 301JIbIICHHS TOMUIOK BU3HAYEHHS
koopaunat PJIL] npu HanecenHi Ha Hei PIIM, ouinka BinOMBHMX XapaKTepUCTHUK (XapaKTepUCTUK PO3CiIOBaHHS) pi3-
Hux tunis PIIM, oTpuMaHHS KiJbKiCHUX 3Ha4€Hb XapaKTEPUCTHK PO3CitoBaHHA Linel, mokpurux PIIM, mns By3bKko-
CMYI'OBHX CUTHaJiB. BUKOpHCTOBYBaHMMH METOAAMH €: MaTeMaTUYHI MOJENI ONTHMI3alii, METOI! BUPIIIEHHS MaT-
puuHUX 3a1a4. OTpuMaHi HacTynHi pe3yabTaTu. Bukopucranas PIIM npusBoguts 1o icrornoro 3uuxeHHs EITP wi-
1i B KBa3ionTH4HOI 001acTi BinoOpa)keHHS pajioOXBWJIb IPU BUKOPUCTAHHI BYy3bKOCMYI'OBOI'O CHTHasly. BHcHOBKH.
HaykoBa HOBU3HA OTPUMAaHHX PE3y/IbTaTiB IOJArae B HACTYNHOMY: [Ipu HaHECEHHI Ha HOCOBY YacCTHHY i Ha IiiCTaBy
MeTH KoHiuHOI opmu PIIM BinOyBaeThes CIOTBOPEHHS MENOCTKOBOI CTPYKTYPH peallizaliii aMILIiTy BiOUTHX Bix
LUX JUISHOK CUTHAJIiB HA OCHOBHMX 1 KPOCOBHX IOJISPU3aLisX NPH CyMIillIEGHOMY IIPUHOMI, a TAKOX JesKe 3MEHIIEH-
HS 3Ha4YCHb aMILIITYJ BiOMTHX CHUTHAJIiB HA OCHOBHMX IHOJISIpU3alisx KBasionTuuHoi. Bukopucranus PIIM posris-
HYTOT'O THITY TaKOXX IPU3BOAMTH 10 icToTHOro 3HMKeHHs EITP mini B obiacti BizoOpaskeHHs paioXBWIb IPU BHKO-
PHUCTaHHI By3bKOCMYTOBOTO CUTHAIy. AHai3 CTaTUCTUYHHUX XapaKTEPUCTUK aMIUIITY/ BiIOMTHX BiJl KOHYca CUTHAJIB
(cepenHboro 3HaueHHs i aucnepcii), mokasas BIUIMB po3risHyroro PIIM ananoriynuii BIuMBYy Ha peanizauii JaHux
ammuityn. Hanecenns PIIM Ha okpeMi 4aCTHHHU KOHYyca TaKOX IPU3BOJIUTH 10 3MEHIICHHS MPOTSXHOCTI ricTorpam
aMIUIITYZ BiAOUTHUX CUTHAJIIB HA PI3HUX MOJSPU3ALIAX.

KawuyoBi caoBa: panionokaniiiHa minb, mojspu3aniiHa MaTpUI PO3CIIOBaHHS WLiji, NOTJIMHAIOYMN MaTtepiai,

BY3bKOCMYIOBHH CHTHAI.

Beryn

IMoctanoBka npodaemu. B nanuit yac jis 3meH-
LIEHHS TIOMITHOCTI i 301UJIbILIEHHS] TOMHJIOK BU3HAYECHHS
KoopauHAT panionokauiiHux wined (PJIL) mmpoke
3aCTOCYBaHHS 3HAXOMSATH PajioONOrTMHAIOY] MaTepiaiu
(PTIM). OnHak, uist iX YCHIIITHOTO BUKOPUCTaHHS HEO00-
XiJTHO IOIIepeIHhO OL[IHUTH BiAOMBHI XapaKTEPUCTHKH
(XapaKTepHCTHKN PO3CIIOBaHHS) PI3HUX THIIB IUX Ma-
tepiamiB. 3acrocyBanHs B PJIC mmpoxoro niamazony
YacTOT Ha pI3HUX MONAPH3ALIAX HACTIHHO BUMarae
OTPUMaHHS KiJbKICHUX 3HA4€Hb XapaKTEPUCTHUK PO3Ci-
FOBaHHA Ifiyiel, mokpuTux PIIM, mis 1ux THIIB CHUTHA-
miB. Takox B 3B'SI3Ky 3 MEPEXOAOM IPU CHOCTEPEKEHHI
3a PJIL] Bixg omuomosumnitinux PJIC mo PJIC 3 po3Hece-
HUM NPUHAOMOM BHHHUKA€ HEOOXIJHICTh OTPUMAaHHS Xa-
pakTepucTuk poscitoBanus PJIL] 3 moriwHarounMu Ma-
TepiaaMi B BHHECEHHX Ha Pi3HI KyTH NPHHMabHHX
myHKkTax. KpiM TOro JOIiIBHO MPOBECTH aHAi3 OTpPH-
MaHHUX XapaKTEPUCTHK PO3CIIOBaHHS 32 OJHUMH 1 TUMH
K OUISIMH CTOCOBHO DPi3HUX BUKOPHCTOBYBAHHM 4YacTO-
Tam, MOJSIPHU3ALISM 1 PI3HUX YMOB CIIOCTEPEKEHHS IS
OJTHOTO 1 TOr'0 ) BHMIPIOBAJIBHOIO KOMIUIEKCY. Sk mo-
CITiJPKYyBaHOI MeTH Oy/ie BUKOPHCTaHa MOJEb KOHIYHOI
dopmu.

AHani3 ocTaHHIX AociaimxeHb i myOmikamii.
OtpumManHs iHpOpMAIi PO XapaKTEPUCTHUKH PO3Cito-
BanHsg PIIM moke OyTu 3AiHCHEHO ABOMa ILISXaMH:
PO3PaXyHKOBUM 1 Ha MiJACTaBi €KCIICPUMCHTAILHUX BU-
MipioBaHb. Ilepimuii IUIAX € TOCUTh CKIaJHUM i TPOMi-
3nkuM. BiH BuMarae 3HaHHS BEIWYWH Ji€NEKTPUYHOI 1

MarHiTHOi nponukHocti PIIM i B psini BunanakiB He 3a-
Oe3rieuye TOCUTh BHCOKOI TOYHOCTI BU3HAYEHHS Xapak-
TEPUCTHK PO3CIFOBaHHS ITUX MaTepiaiis [1-3].

Jpyruii nuiax nonsrae B MpoBEICHHI Oe3mocepe-
HBO E€KCHEPHMEHTAIBHUX BHMIpIOBaHb Ha MONIrOHAX 3
BUKOPHCTaHHIM CIeElialbHUX pPaIioNIOKallifHuX YycTa-
HOBOK a0o0 Oe3nyHHuX kamep [4, 5]. YV 3B'si3Ky 3 TuMm,
mo cxinangni PJIL MoxyTh OyTH yTBOpEHi 3 CYKYITHOCTI
00'€KTiB TPOCTOI T'€OMETPUYHOI (QOPMH, JOUITHHO
OTpUMATH €KCIIEPUMEHTANIBHI AaHi M0 TaKuX 00'eKTax 3
pizuumu PIIM. TloTim, BUKOPHUCTOBYIOYM METOIH CYIIe-
prio3uLii, OTPUMYBAaTH 3HAYEHHS XapaKTEPHCTHK PO3-
CIIOBaHHS IIUJIEH Ul PI3HUX PaKypciB CHOCTEPEKEHHS.
OpHak, eKCIIepUMEHTaJbHI JaHi, OTpUMaHi B I[UX BUIIA-
JIKaX, HOCSATh YPUBYACTUU XapakTep IS Pi3HUX THIIB
PIIM i B pi3HMX Jiama30oHaX JOBXXUH XBWIb [4, 6]. Kpim
TOrO, Ii JAaHI XapaKTepH3yIOTh Jnie e(QeKTHBHY ITOBe-
pxuio poscitoBannsi (EIIP) kokHOro mociimxyBaHOTO
PIIM Ha oHil OCHOBHIN TOJSIPU3ALLi.

MeTo10 CTATTI € eKCIepUMEHTAIIbHE JOCIIKEHHS
XapaKTEePUCTUK PO3CitoBaHHs 00'eKTa KOHIYHOI hopmu 3
PIIM, 110 onpoMiHIOETBCSI CUTHAJIAMH Ha PI3HUX TOJIS-
pH3alisX Ipy CyMIIIEHOMY MTPUHOMI.

OcHoBHU#i MaTepian

B sxocti gocnimkysanoi PJIL] BukopucToByBanacs
MOJIETb KOHIYHOI (hOpMH, 30BHIMIHII BUIIIS SKOI TOKa-
3aHuil Ha puc. 1. JlocaimKeHHs IPOBEICHI Ha €KCIepH-
MEHTaJIFHOMY BHMIpIOBaJIbHOMY KoMmiuiekci [7]. Sk
€TaJIOH BUKOPHCTOBYBaBcs Kyisi miamerpom 200 M.
PJIIT i xyist BUKOHAHI 3 aqroMiHi0. BumiproBaHHs mpo-
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Boamuchk Ha yactoti f= 9160 MI'u. Koedirmient moxme-
JIIOBaHHS m = 3.

B excriepiMeHTaIbHUX JOCIIIKEHHSIX BUKOPUCTO-
ByBaBcsi PIIM marsitHoro Tuny BPII-3.

Puc. 1. Bug mozemi . L = 13000mM,
J =370 MM, 1y =46 MMm.
PapmiorexHiuni xapakrepuctuku aaHoro PIIM Ha-
BejieHi B Tabi. 1, me &', p' milicHI YaCTHHU ieNeKTpH-

"

. . . . " .
YHO1 1 MardiTHO1 IMIPpOHUKHOCT1; € , uo- YABH1 YaCTHUHU,

‘R‘ - MOIYJIb KOe(iIlieHTa BiIOUTTS.

Tabnuya 1 — Xapaxrepuctuxku PIIM tuny BPII-3

' " ' "

€ € W n |R]”, b
20 0 1,40 0,7 15

2

Tosmmua PIIM cranoBuma 1,3 M. s gaHoi misi
BUKOpPUCTOBYBaJIocd dYacTkoBe mnokputrts PIIM. Ilo-
KPHUTTSI HAHOCHJIOCh Ha HOCOBY YacTUHY 1 Ha IiJCTaBy
mimi. Taki MicIsl HAHECEHHS TTOKPUTTS 00paHi B 3B'3KY
3 THM, III0 PO3CIIOIOYM BJIACTHBOCTI I[UTi B (hopMi Tija
obepTaHHs 0e3 311aMiB TOBEPXHi, XapaKTepHI pO3MipH
SIKOTO TIEPEBUINYIOTH J0BXHHY XBuimi PJIC, Bu3Hawa-
I0ThCSI BHECKOM BiJJOOpPa)KeHb Bij JIOKAJIBHHUX [UISHOK
PO3CIIOBaHHS JIBOX THIIB - €JIINTUYHOro (HOCOBa 4Yac-
THHA) 1 KpoMouHoro tuiry. OciaOiieHHs 3aJIUIIKOBOTO
BiJJOOpa)KeHHs, 110 BHHUKAE 4epe3 pi3ke BiIMIHHOCTI
iMnenancy PIIM i meraneBoi moBepxHi iyl Ha AUISHIN
"kpomka PIIM - koHiYHa IOBEpXHS Lidi", 3A1HCHIOETHCS
LUISIXOM BUOOPY cTpykTypu Kpomku PIIM. Jlnst uporo
yactuHy moBepxHi PIIM BUKOHYeThCSl y BUTIISIII Tepi-
onuyHOI cTpykTypH. Po3mipu 3akpuBaemux PIIM mins-
HOK TIOBEPXHi ITiJTi O1IbIe ab0 MTOPIBHIOTH A/2, a po3-
MipH NepiOANYHOI CTPYKTYPH CKIIANAIOTh A €KCIIepHMe-
HTaJIBHOT'O KOMILJIEKCY.

Jlst oOpanoi MoJieni Wi TOCHiPKYBaJIHUC HACTY-
mHi 4 BapiaHTH YacTKOBOTO IIOKPHUTTS, TYT i Hajaii
YMOBHO NoO3Ha4eHi mudpamu B ayxkkax: 1 - 6e3 PIIM;
2 - 3 PIIM Tinbku Ha HOCOBIH yacTHHi; 3 - 3 PIIM Tinb-
KM Ha Kpowmili i miacrasi; 4 - 3 PIIM Ha HOCOBIl yacTu-
Hi, KpOMII 1 TiJICTaBI.

Pe3ysnpraTi BUMipIOBaHb y BHIJISIII Jiarpam 3BO-
POTHOTO BTOPUHHOTO BiJOOpa)KeHHS ISl aMILTITYIHUX
enementiB [IMP B pakypci kyrtiB cnocrepexenss (O ...
180)° mpuBeneni Ha puc. 2 i 3. Ha pucyHkax 1o oci op-
IUHAT BimkianeHi 3HaueHHs EITP mimi B morapugmiy-
HOMY MacIuTa0i, po3paxoBaHi 3a CIIBBIJHOIICHHIM S
(mb/M%) = 10 log S (M?), a 110 oci abcuuc - KyT crocTe-
pexxeHHs 1T B rpagycax (mpu f = 0 HOocoBa 4acTHHA
LTI HAalpaBJieHa B CTOPOHY €KCIIEPUMEHTAJIBHOI'0 KOM-
tiekcy). [lepmmii ingexc npu S mo3Havae MOJSPU3ALIIT0

NpUHOMHOI aHTEHH, a JPYrui - MOIAPH3AIIo Tepea-
BaJIbHOI aHTCHH.
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Puc. 2. [liarpamu 3B0pOTHOrO BTOPUHHOI'O Bil0OpaskeHHs
JUTSL aMIUTITYIHUX eJleMeHTiB Sy, [IMP
B PaKypcl KyTiB CIIOCTEPEKECHHS

Ha puc. 2 a, 3 a nokasasi JiiarpaMy aMILTITyJHUX
enementiB [IMP mozeni wmini 6e3 nokputtst PIIM, a Ha
puc. 2 6, B, T - Uil Pi3HUX BapiaHTIB YaCTKOBOI'O MO-
kpurts PIIM (BapiaHTH MOKPHUTTS MMO3HAYEHI HUppamMmu
B rypTkax). Edexr smenmennst EITP nposiBisieTsest He y
BChOMY JIiaIla30Hi KYTIiB CIHOCTEPEIKEHHS 1 HEOTHAKOBHIA
JUIs BCiX BapiaHTiB MOKpHUTTA. HaifOinbin icToTHE 3HHU-
XKeHHs cepeanboro 3HaueHHs EIIP mposBiserscst ams
YETBEPTOr0 BapiaHTy MOKPUTTS B HANpSAMKax MajiHHSI
XBUJI, HE3HAYHO BIIXHWISETHCS BiJl OCHOBOrO, i B o0jac-
Ti HOpMaJli, MPOBEACHOI JO OCHOBH IIUJIi. 3MCHIIICHHS
cepennboro 3HaueHHs EINP B mux agiamasoHax KyTiB
CIIOCTEPEKEHHS € HACIIIKOM 3aKPHUTTS HOCOBOI YacTH-
HH, KPOMKH 1 miacrasu 1t PIIM, npuuomy nipu namis-
HI XBWI Yy HaIpsAMKy HOpMaJi JO0 OCHOBH Wi
(B = 180°). Lle 3HmKenms mocsrae ~ 12 1b.
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Puc. 3. Jliarpamu 3B0pOTHOrO BTOPHHHOT'O BiI0OpaKeHHS 11s
amrritynaux einementis SI'T i SBI [IMP
B PaKypci KyTiB CIIOCTEPEKEHHS

3a pe3ysibTaTaMu €KCIEPUMEHTAIBHUX JaHUX PO3-
paxoBaHi BENWYMHM CEpeHIX 3HAYEeHb 1 JHUCIEpCii
¢dykTyariii aMmniTyqHux eiaeMenTiB [IMP monmeni 1imi
IIPU HOCOBHX 1 OIYHHMX paKypcax CIIOCTEPEXKEHHS 1 pi3-
HUX iHTepBamax ycepeamenus AP = (+20°% +30°; +40°;
+50%; +60°).

Ha puc. 4 a npencraBiieHuii XapakTep 3MiHH cepe-
nHboro 3HaueHHs: EITP ocCHOBHMX 1 KpOCOBOTO aMILTITY-
nuux enementie [IMP npu HOCOBOMY pakypci crocre-
peXeHHsI Mozieni i, a Ha puc. 4 6 - npu 6iYHOMY pa-
Kypci criocrepexenHs. Ha 1mux pucyHkax mo oci opau-
HaT BigkianeHo cepeane 3HaueHHs EIIP, Bupaxene B
M?, a 110 oci aGcIuc - iHTepBaN ycepeaHeHHs AP B rpa-
JycaxX, CUMETPUYHHU IO/I0 PAaKypCy CIIOCTEPEKECHHS.
AHati3 HaBeJCHUX Ha puc. 4 a, 0 rpadikiB Mokasye, 1o

HaliMeHmie cepeane 3HaueHHs EITP ocHOBHUX aMIUTITY-
nuuxX eneMeHTiB [IMP mposBiseThess B HAPSMKY 3BO-
POTHOTO BiJI0OpakeHHs IIPU HOCOBOMY paKypci crocre-
pesxenns (B = 0+ 20°) i BapianTi mokpuTTs 4.

IcHye BIIMIHHICTH B 3HIDKCHHI CEPEIHHOTO 3HA-
yenHs EIIP npu BepTHKanbHil i TOPU3OHTANIBHIN TOJIS-
pH3aIlisfaX 30HAYIYOro curuaiy. s OI4HOTO pakypcy
CIOCTEpEe)XEHHS HaliMeHiIe cepeqHe 3HayeHHs EIIP
OCHOBHHMX aMILTITyIHHX ejieMeHTiB [IMP manoi 1imi
MPOSIBJIIETHCS B HAWOUIBIIIOMY 3 IHTEPBAJIB ycepel-
wenns (B = 90° £ 60°), konu mouMHAE MO3HAYATHCS
BIUIMB JUISHOK 3aKPUTTSA IUJII YETBEPTHM BapiaHTOM
TIOKPHTTSL.

Brmue PIIM Ha 3MeHIIeHHS cepeqHbOro 3HaYeHHS
EITP "kpocoBux" enementie [IMP Momemi miii He cyT-
TEBO.

Hucnepcis ¢unykryaniii EIIP enementis IIMP mo-
Jeni it (puc. 4 B) 3 PO3IIMPEHHSAM IHTEPBAIY ycepe-
HEHHS [l HOCOBOTO PaKypCy CIIOCTEPEXEHHsI 3pOCTaE,
a 1715t OOKOBOT'O - 3MEHIY€eThes (puc. 4 T).

Sk mpuknan Ha puc. 5 i 6 mpencraBieHi ricrorpa-
MH OCHOBHOTO amIutiTynHoro enementa [IMP (S,;,) npu
pI3HUX BapiaHTaxX MOKPUTTS KOHYyca 1 Pi3HUX pakypcax
CIOCTEPEKEHHSI.

Ha pucynkax 1o oci aOCIuc BiKIaJaeHI 3HAYCHHS,
BUpa)XeHI B METpax, a 1o 0ci OPJINHAT - KUIbKICTh BUMi-
pIOBaHb, SIKi IOTPAIMIN B TOM YW IHIIWHA 1HTEpBa CIIO-
crepexenHs 3HaueHb F. [ictorpaMu HaBezneHi ajist HO-
coBoro (puc. 5), i 6iunoro (puc. 6) pakypcie crocrepe-
JKeHHsI 1 npu inTepBani ycepemuenns A = + 60°. Bapi-
aHTU TOKPUTTS SK 1 paHille mo3HaveHi Homepamu 1, 2,
3, 4.- 3MeHIIyeThes (puc. 4 T).

3 puc. 5 100pe BUAHO, IO TicTOrpaMa JUTisk MOJAEI
il 6e3 MOKPHUTITSA MPH HOCOBOMY pakKypci crocrepe-
eHHs Mae "mpoTspkHui" BuA. IToKpUTTS OKpemMux dac-
TuH it PIIM npu3BouTh A0 3MIHH XapakTepy TicTo-
rpam.

3MeHIIyeThes X "MPOTSHKHICTE" 1O oci adcIuc i
301IBIIYETHCSL KUTBKICTh BUMIpPIOBaHb, SIKi MOTPAIIN B
00IacTh Malux 3HAYEHb \/g , (0,03+0,07) m. Ilpu

OIYHOMY paKypci CIIOCTEPS)KEHHS ONMMCaHa TCHICHINIS
30epiraeTbes, aje He € HACTUTBKU BUPaXKEHOIO.

BucHoeku

[Ipu HaHeceHHI Ha HOCOBY YacTUHY i Ha IiJCTaBY
i xoHiuHoi ¢opmu PIIM BinOyBa€eThcsl CHOTBOPEHHS
TIEJTFOCTKOBOI CTPYKTYPH peaizalliii aMIuTiTy ] BiIOUTHX
Bil IMX IUSIHOK CHTHAJIB HAa OCHOBHHX 1 KPOCOBHX
MOJISIPU3ALISX NPU CYMIIIEHOMY TPUIOMI, a TaKOXK Jie-
sIKe 3MEHILEHHS 3HaYeHb aMIUTITY/ BiIOWTHX CHUIHANIB
Ha OCHOBHHUX mHonsipu3auisx. Bukopucranus PIIM pos-
TJITHYTOTO THITY TaKOX MPU3BOIUTH JI0 ICTOTHOTO 3HH-
skerns EINTP mini B kBa3ionTU4HOI 00JIaCTi BigoOpakeH-
HS PaliOXBWIb NPH BHKOPUCTAHHI BY3bKOCMYI'OBOTO
CHTHaJy. AHaJli3 CTATUCTHYHHUX XapaKTEPUCTHK aMILTi-
TyI BiIOMTHX BiJ KOHyCa CHUTHANIB (CEpeIHHOrO 3HA-
YeHHs 1 Aucriepcii), mokaszas BIUIMB po3risiHyroro PIIM
aHAJIOTIYHMI BIUIMBY Ha peaji3allii JaHuX aMILTiTy.
Hanecennst PIIM Ha okpemi 4acTHHH KOHYCa TaKOX
MPU3BOJUTH A0 3MEHIICHHsS IMPOTSDKHOCTI TicTorpam
aMILTITY]] BIIOUTHX CUTHATIB HA PI3HUX MMOJIAPH3AIIIsIX.
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IKCNepuMenTaIbHOE HCCAeJ0BAHME MOJSPH3ANHOHHO-PACCEHBAIOINNX CBOMCTB PaiH0J0KANHOHHON eI
KOHMYeCcKOoi ()OpMBI, MOKPBITOH PaJIHONOIJIOIIAIOIIAM MATEPHAIOM

E. JI. Kazakos, A. E. Ka3zakos, B. M. Pemmernuk

IIpeameToM H3ydeHHs B CTaThe SBISIOTCS HHPOPMALHS O XapakTepucTukax paccesnus PJIL] npu HaHeceHUH Ha Hee
PIIM nns perieHus NpUKIaJHBIX 33/1a4 pacllO3HABaHUs pajuoIoKalMOHHBIX Leiel. Ileablo sBiasercs noiaydeHue dKCIepu-
MEHTAJIHOW OLIEHKHU NOJISPHU3allMOHHO-PACCENBAIONIEH CBOMCTB PaIMOIOKAIIMOHHOM eI KOHUIeCKoi popMbI Ha KOTOPOi
HaHECEeH NOTJIOIAIOIINN MaTepHal MarHUTHOTO THIA. 3agayn: YMEHBIICHHE 3aMETHOCTH U YBEJIMYCHHS OUIMOOK orpene-
nenus koopaunat PJIL] npu Hanecennn Ha Hee PIIM, oleHKa oTpakaTesIbHBIX XapaKTEPUCTUK (XapaKTepUCTHK PACCEsTHU)
pa3nuuHblX TUNOB PIIM, nosydyeHue KolIMUECTBEHHBIX 3HAUCHUM XapaKTEePUCTUK paccessHus ueyed, nokpsITeix PIIM, nns
Y3KOIOJIOCHBIX CUT'HAJIOB. McIonb3yeMbIMU METOOAMMU SIBISIFOTCSA: MaTeMAaTUYEeCKUE MOAEIH ONTUMU3ALMU, METObl PEIIECHUS
MaTpuuHbIX 3atad. [lomydens! ciepyronue pesyiabTarbl. Vcnons3oBanue PIIM npuBOAUT K CYIIECTBEHHOMY CHIDKEHHIO
OTIP menu B KBa3HMONTHYECKOH 00JIACTH OTpPakKEHUs! PaJMOBOJIH NPH HCIOJIb30BAHHH Y3KOIIOJIOCHOTO CHTHaja. BhIBOIBI.
Hayunas HOBU3HA NTOy4YEHHBIX PE3yNIbTAaTOB COCTOUT B ciedyroeM: [Ipy HaHeceHun Ha HOCOBYIO 4acTh U HAa OCHOBAHHUE LIEIU
KoHM4Yeckoi Gpopmbl PIIM nporcxoauT McKakeHUEe JICIECTKOBOM CTPYKTYPHI peaanu3aliii aMIUIUTY/A OTPaKEeHHBIX OT 3TUX
Y4aCTKOB CUI'HAJIOB Ha OCHOBHBIX M KPOCCOBBIX MOJISIPU3ALUAX IIPU COBMEILEHHOM IIpUEMeE, a TaKKe€ HEKOTOpOe yMEHbIe-
HUE 3HAUYEHUH aMIUIMTYZA OTPa’KEHHBIX CHUI'HAJIOB Ha OCHOBHBIX nousisipusdanusx. Mcnonb3oBanue PIIM paccmorpeHHOro
THIIA TaK)Ke MPHUBOAMT K CyIIECTBEHHOMY CHIDKeHHIo D[P menn B kBasnonTudeckoil o0iiacTu oTpakeHHs pagHoBOIH IpU
HCII0JIb30BAHUHU Y3KOIIOJOCHOI'O CUTHajla. AHallu3 CTaTUCTHMYECKUX XapaKTEepPUCTHK aMIUIMTYZA OTpPa)KeHHBIX OT KOHyca
CUTHAJIOB (CpeJHero 3HA4YeHUs M JUCIIEPCHH), TI0Ka3ajl BIMsSHUE paccMoTpeHHoro PIIM aHamornyHo BIMSHUIO Ha peaju-
3auuy JaHHbIX amiuiutyn. Hanecenue PIIM Ha orlenbHble 4acTH KOHYyca TakKe NPUBOJUT K YMEHBLICHUIO NPOTSHKEHHO-
CTU FUCTOI'PAaMM aMILIUTYJ OTPAXKEHHBIX CUTHAJIOB HA Pa3HbIX MOJISAPU3ALMIX.

KawueBbie ciaoBa: paanoJIOKalluMOHHAA 1€Jib, IOJIIpHU3allMOHHAsI MaTpulla pacCesaHus 11eJIu, MTOTJIONIAOIINI Ma-
Tepual, y3K01'IOJ'IOCHBH71 CUursall.

Experimental study of the polarization of mono-scattering properties of the radar objective
of the conic form covered with radio-absorbing material

E. Kazakov, A. Kazakov, V. Rechetnik

The subject of the study is information on the characteristics of the radar scattering when applying an RPM to it to
solve applied problems of recognizing radar targets. The goal is to obtain an experimental assessment of the polarization-
scattering properties of a conical-shaped radar target on which a magnetic type absorbing material is applied. Tasks:
reducing the visibility and increasing errors of determining the coordinates of the radar station when applying RPM to it,
evaluating the reflection characteristics (scattering characteristics) of various types of RPMs, obtaining quantitative values
of the scattering characteristics of targets coated with RPMs for narrow-band signals. The methods used are: mathematical
optimization models, methods for solving matrix problems. The following results are obtained. The use of RPM leads to a
significant decrease in the EPR of the target in the quasi-optical region of reflection of radio waves when using a narrow-
band signal. Conclusions. The scientific novelty of the results obtained is as follows: When a conical RPM is applied to
the nose and base of the target, the petal structure is distorted by the realization of the amplitudes of the signals reflected
from these sections at the main and cross polarizations with combined reception, as well as a slight decrease in the
amplitudes of the reflected signals at the main polarizations. The use of RPM of the considered type also leads to a
significant decrease in the EPR of the target in the quasi-optical region of reflection of radio waves when using a narrow-
band signal. Analysis of the statistical characteristics of the amplitudes of the signals reflected from the cone (average
value and dispersion) showed the effect of the considered RPM similar to the effect on the implementation of these
amplitudes. The application of RPM to separate parts of the cone also leads to a decrease in the length of the histograms of
the amplitudes of the reflected signals at different polarizations.

Keywords: radar target, polarization target scattering matrix, absorbing material, narrowband signal.
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TOYHICTH OIITUMAJIBHOI'O BUMIPIOBAHHSA PAI[IAJII:HOT
HMBUAKOCTI HIJII ITPU BPAXYBAHHI ®JIYKTYALIU
MNOYATKOBUX®PA3 PAAIOIMITYJbCIB TAYKHA

V crarTi po3rIIsAaOThCA MUTaHHS OLHIOBAHHS PajliaiibHOl IIBUAKOCTI HPH BUKOPHCTAHHI KOI€PEHTHOI IauKu paioiMITy-
JIbCIB CTOCOBHO BHIAJKY HasBHOCTI y BiIOMTHX BiJ LiJi pajioiMITylbcaX KOPEJIbOBaHMX (IIyKTyaliil mouyaTkoBux ¢as.
OIiHIOETHCS TOYHICTh BUMIPIOBAHHS YaCTOTH MTAYKH JUIS BUIAIKY ONTHMAIBEHOI 0OpOoOKH 3 BpaxyBaHHSIM (pa3oBux (iyk-
Tyauiit 11 pagioimimyibeiB. Po3risa npoBoanThCS y NPUITYIIEHH], 10 Ha BXiJ npuiiMansHoro npucrporo PJIC Hagxoxuts
aJINTUBHA CyMilll BiIOMTHX Bij Lijeil CUTHAMIB i HEKOPEJILOBAHOI'O TayCiBCHKOro mymy. OnTuManbHe OLiHIOBaHHS JOILIe-
POBCBKOTO 3MIIICHHS YaCTOTH BiJIOMTOrO Bif IiJIi CHTHATY 3/11HCHIOETCS 38 KPUTEPIEM MakCUMyMY HaTypaJbHOTO JIOTa-
pu¢Ma BiTHOIICHHS IPaBIONOAIOHOCTI YCepEJHEHOro M0 YCIM MOMIIMBUM 3HA4YEHHSIM BUIAJKOBUX HEiH(OPMATHBHUX I1a-
pamerpiB. BBaxkaerbcs, mo (a3oBi quiykryanii panioimMIrysbCiB IPUIHATOI NaYKKU PO3IOJIICH] 32 HOPMAIBbHUM 3aKOHOM
C HYJIbOBUM CEpEeJIHIM, a Kopeslisa (pa3oBuxX (uIyKTyalii 31 301IbIICHHIM 1HTEpBAly MK PaJiioiMITy/IbCaMy Ia4uKu yOyBae

3a eKCITOHEHIIaJIbHUM a00 3HAKO3MIHHUM 3aKOHAMH.
KawuoBi ciaoBa: xorepenTHo-immynscHa PJIC,
rayciBCbKHI IIyM, BIJHOIIEHHS MPaBIONOIiOHOCTI,
e(eKTUBHICTD ONTUMI3aL].

Beryn

IMocTanoBKa mpodeMu. PamiaibHa MBUAKICTE €
Ba)XJTUBUM IApaMETPOM PYXy LiJi, SIKHH J03BOJISE BU-
3HAYaTH JWHAMIKY 1 HanpsMOK ii mepeMilleHHs 3a pe-
3yJABTATOM INEPBUHHOI 0OpOOKU pajioioKaliiHoi iH}o-
pMmatiii, a TaKO)K 00YMOBJIFOE MOJIUBICTB 1 SIKICTB ITO-
JIATIBIIOI BTOPUHHOT OOPOOKH Ta CYIPOBOKEHHS L.

B xorepentHo-iMmynbeHux PJIC, sxi B sikocTi 30-
H/IYBaJBbHOI'O CHUTHAJIY BUKOPHCTOBYIOTH KOTEPEHTHY
Mayky pajdioiMITyNbCIB, CTYNiHb KOTEPEHTHOCTI SIKOi
Maykyl BH3Ha4Yae Mipy po3ninbHoi 3xatHocti PJIC 3a
pamialbHOI0 IMIBHIKICTIO Ta TOYHICTh BHMIipPIOBAHHS
panianbHOT MBUIKOCTI MOBITPSIHOTO 00’ €KTa.

TypOyneHtHicTh aTMOC(hepH MPHU3BOAUTH 10 (IIy-
KTyalliii TOKa3HUKa ii 3aJOMJICHHS Ta JO BUIIaJKOBUX
3MiH ()a30BOI CTPYKTYpH CHUTHaIY. Y Tporocdepi, gaHe
siBHIIe 0OyMOBIIeHE (IYKTyallissMU TeMIlepaTypH, BO-
sorocri i Tucky [1, 2]. Pyx peanbHOi i NpUBOJAMUTH 110
3MiHH TIPOCTOPOBOTO TMOJIOKEHHSI CKJIA/IOBHX 11 €leMeH-
TiB 1 MOsIBI IIyKTYyamlili CyMapHOr0 BiIOMTOrO CUTHAITY
[3, 4]. Ilpu panioneneHry MOBITPSHUX 00’€KTIB HA Ma-
JIUX BUCOTaX BUHHUKAIOTH (pa3oBi (uryKkTyamii mpuitHsATO-
TO CUTHAIIy BiJOUTHX BiJl HEPIBHOMIpPHHUX JAIJISTHOK Mic-
1eBocri [5, 6].

BkazaHe CBiIUUTH MPO HEOOXITHICTH ONMTHMi3allil
4ac0-4aCTOTHOI OOpOOKM KOTEpPEHTHOI MAayKH MUITXOM
BpaxyBaHHs QIyKTyalii ¢a3 ii pagioimMiynbciB. OiHka
TOYHOCTI BHMIPIOBAaHHs PajiajbHOI IIBUAKOCTI HiTi 3a
paxyHOK BpaxyBaHHS (a30BuUX (UIYKTyalliii CHUTHAITY
JIO3BOJIUTH BH3HAYMTH YMOBH JIOUUIBHOCTI BKa3aHOI
ornTUMizarii.

AHaJi3 ocTaHHIX Joc/ilkeHb i myOikauii. Pa-
JIOJIOKALiHHOMY CIIOCTEPE)KEHHIO IIJIeH Ta BHMIpIO-
BaHHIO X KOOpAMHAT il mapameTpiB pyXy B CKJIaJHHX
YMOBaxX IPHCBSYCHA 3HAYHA KUIBKICTH poOiT. Tak, B
po6orax [7-10] po3rIsimarOThCs MUTAHHS ONTHMAIBLHOTO
OIIIHIOBAHHS PadiaibHOI MBUAKOCTI LTI MpH 1i JIOKAIN1

nayka pagioimiyibciB, (as3osi Quykryawii, paxianbHa LIBUAKICTb,
OITUMAaJIbHE

BUMIPIOBAHHS, PaJliOJIOKALIIHE CIIOCTEPEKEHHS,

i MATUMH KyTaMd MicLsl 32 HasBHICTIO CIOTBOpPEHb
(ha30BOi CTPYKTYPH PaiONOKAI[IHOTO CUTHAITY.

Onykryanii ga3u, 00yMOBIIEHI HasBHICTIO aTMOC-
(hepHUX HEOIHOPITHOCTEH Ta OCOOIUBOCTI 3aCTOCYBaH-
HSl PaJiOTEXHIYHUX CHCTEM B YMOBaxX iXHBOI'O BIUIUBY
omucani B podorax [1, 5, 9, 10]. Okpim mporo, ckiaaHa
¢bopma 1T Ta 3AATHICTH 1i O BUKOHAHHS PANTOBOrO
MaHeBpy, 00yMOBJIIOe OnykaHHs ii pajionokaiiHOro
LEHTPY Ta, K CJIil, NOSBH (pa30BUX BHKPHBJIICHb MPH-
WHATOr0 CHIHay Ta INBUIAKICHUX mrymiB mimi [1, 3, 4].
SIk110 pagionoKallifiHe CIIOCTePeIKEHHS Pealli3yeThes MO
LUISAM, [0 PYXaloThCs MiJl MaJUMUA KyTaMH MiCIld, Ta
BHACJIIOK 0araToTpacoBOro ITOUIMPEHHS pajioioKa-
LIHHOTO CUTHAY 3’SBJSIOTHCS HOro MOMaTKOBi (ha30Bi
BUKPUBIIEHHS, 1110 pO3TIIAAAIOTRCA ¥ [3, 5, 6].

Pe3ysnpraTi HaBeneHi y 1aHUX poOOTax CTOCYIOTh-
Csl BUIaJly BUKOPUCTAaHHS B SIKOCTI 30HIYBAJIBHOTO CHI-
Hany PJIC ab0 MOHOXpPOMATHYHOT'O BHIIPOMIHIOBAHHS
200 MMOOIMHOKHX Pa/IiOiMITYIIBCIB.

B cyuacHux korepeHTHO-iMmynbcHUX PJIC s
3a0e3MeueHH s palioNoKaIlifHOrO CIIOCTEPEXKEHHSI CKIIa-
JTHUX MaHEBPYIOUYHX I[iJIEH BUKOPUCTOBYETHCS KOI'€pPeH-
THa TayKka pajioimMmyibciB. ToMy, Mae pakTHYHY KO-
PUCTh OIHIOBAaHHS MOTEHIIHHUX MOMIIUBOCTEH OITH-
Mi3alii 4aco-4acTOTHOI OOpOOKM NPHHHATOI MayKHu 3
BpaxyBaHHAM (azoBux (iykryamii il paaioiMIyabCiB.

[MuraHHs BIUIMBY KOpenbOBaHHX (ha3oBUX (IIyK-
Tyamiil paaiooKaIlifHOro CUTHATY Ha 3HIDKEHHS SIKOCTI
Horo 4yaco-4acToTHOi O0OpOOKHM Ta BHMIPIOBAaHHS pali-
aJbHOI MIBWJKOCTI I po3risiganucs B podorax [11-
14].

PesynpraTn ontumizaiii BUMIpIOBaHHS YacTOTH
MPUIHATOT TAYKU PadioiMITyJIbCiB BUKIIAJEHI B poboTax
[15-26].

MeTo10 cTaTTi € JOCTIDKEHHS BIUIUBY CTaTHCTHY-
HHUX XapaKTepHCTHK (IyKTyalili mowaTkoBux (a3 pa-
JIOIMITYJIECIB TIPUHHATOT MAYKK Ha TOYHICTH ONTHMAaJIb-
HOT'O BUMIPIOBaHHS PaJliajbHOI NIBUAKOCTI L.
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OcHoBHu#i MaTepian

Sk mokazaHo B po0OoTi [7], OLIHIOBaHHS pajiaib-
HOI IIBUJIKOCTI ILTi 3/IHCHIOETHCS 3TIHO 3 BUPA30M

V,=—Q, 1
4 M

ne Q= 27‘le - IMKJIIYHUHN TOMJIEPIBCHKUIN 3CYB YacTO-
tn; F, - wactora Jlomepa; A - 0BXKMHA XBUII pajtiosno-

KaIiiHOTO CHTHAITY.

[IpuryckaeThcs, M0 NMPUHAHATA peaji3allis mpen-
CTaBJIsLe€ COOOK CYMY BIIOHTOI Bi ITI AYKH PAIioiM-
MyJbCiB Ta BHYTPIIIHBOTO MIYMY MPUHAMAILHOIO TpHU-
CTpOIO

y(t,Q2) =x(t,QQ)+n(t), (2)

ae y(ta Q) -
x(t,€2) - peamizawisi KOpUCHOTO cUrHaiy; n(t)- peadi-

peanizaiis TPUHHATOrO KOJHUBAHHS,

3allisi BHYTPIIIHBOTO TayCiBCHKOTO HIYMY.

KopucHuM cHTHANIOM € KOTepeHTHa INadka pajio-
IMITYJIBCIB 3 BHIAJAKOBOIO aMILIITYIOI0 1 MOYaTKOBOO
(ha3010, KOMILJIEKCHA aMIUTITy/Ia SIKOI € TAKOO

n
X(t,)=bY X; (1, Q) explj(B)]. 3)
i=1
ne X;(t,(2) - KOMIUIEKCHA aMILTITYAa 1 - To paAioiMIy-
JIbCy; b- BHMIAIKOBAa aMIUNTYda pamiOCUTHANY, sKa
posmozinena 3a 3akoHoM Penesi; § - BumaznkoBa movar-
KoBa (ha3a paJiOCHTHATY, KA PO3MOALICHA 3a PIBHOMI-
PHHUM 3aKOHOM; 1- HOMEp PaioiMIyJIbCy, SIKMHA BiTi-
YyeThCsl BiJ| MOYATKY MAYKH; N - YUCIO PaIiOIMITYIIBCIB
B Maulli.

B po6ori [7] BU3HAYCHO, 110 BiAHOIICHHS MPaBIO-
MOAIOHOCTI Ui KOr€PEHTHOI'O0 CUTHAIy 3 PIBHOMIPHO
PO3IIOAIIEHO0 BUMAKOBOIO (ha30l0 i BHUITAJKOBOIO aM-
IUTITYZ0I0, PO3MOAIJICHOI0 3a 3aKOHOM Penes, sik pe-
3yJAbTAT CTATUCTUYHOTO YCEPEIHEHHS 332 BHIIAIKOBUMHU
napamerpamMu b i f Mae Bua

2

.

2 2
exp—2(Z,@, @
1+ 20+ 9y

2 2

HQ) =

ac q2- BiI[HOIJ_IeHHH CUTHAJI-IIyM 3a HOTy)KHiCTIO;

|Z,, (Q)|2- KBaJpaT MOMYTI0 HOPMOBAHOTO KOMILIEKC-
HOTO BaroBOTO iHTerpana sk ()yHKI[sI BUMIpIOBAHOTO
napamerpa.

B ymoBax perymspHOro BHMipOBaHHS (q2 >>1)
CHpaBEeUIMBOIO € PIBHICTH

|ZH (Q)| = |ZH ((i)c ’&)0 )| ~ qp(&)céo) =qp(Q), ()

ne i)c =||ch1 ||T (i=1, 2,.., n) - BEKTOp crocTepe-

)KYBaHMX 3HA4Y€Hb II0YAaTKOBHX (a3 pamioiMIyJbCiB
I

nagyky; D =||d)0i BEKTOp OUiKYBaHUX 3HAuYCHb

MoYaTKoBUX (a3 paaioiMIyIbCIB MAyuKy; p((f)c,cf)o )=
=p(Q) — HopMoBaHa (YHKIIiS PO3Y3TOMKEHHS 3a IO-
YaTKOBOIO (ha30l0 CIIOCTEPEKYBAHOTO Ta OYiKYBaHOTO
pamiocCUrHamYy.

3 ypaxyBaHHAM (5) BiJIHOIICHHS MPaBIONOai0OHOC-

i (5) 1pu q >> 1 mpuiimae BUI

22
HQ) ~ %exp%@). ©)

OTpuMaemMo BHpa3 Jucnepcii MOMHIKH BHMIiprO-

BaHHS 4aCTOTH IMIAYKH O g)OHT. npu OHiHIOBaHHi OonTuMa-
JIbHUM aJITOPUTMOM.

B JJAHOMY BHUIIAJKYy KOMIUICKCHa aMrmiTyz[a KOopu-
CHOI'0 CUTHaJly MOX€ 6yTI/I 3arrcaHa HaCTYITHUM YWMHOM

n
X(t,)=bY X; (L expliB+op], ()
i=1
ae ¢; - ¢aykryaniiiHa ckiagoBa nouatkoBoi ¢asu i-ro
PamioIMIYIIBCY.

B po6oti [7] BU3HAYEHO, IO ONTUMAJBHE BHMi-
PIOBaHHS JOIJIEPOBCHKOIO 3CYyBY YAaCTOTH MAYKU Pajiio-
IMITYJIBCIB 3IHCHIOETHCS IUIAXOM 3HAXOKEHHS apry-
MEHTY MakCHMyMy HATypaJbHOro Jiorapudmy ycepen-
HEHOro 3a BCiMa BWIIAJKOBUMH IapaMeTpaMu BiaHO-
IICHHS MPaBAONOAi0HOCTI

Q. =argmaxIn ), (8)

OnT

VYcepeaHeHe BiIHOUIEHHsI MPaBAOIOAIOHOCTI 3HA-
XOIMJIOCS 3T1THO BUPA3y

Q) = [ [ «Q/b,B,8)p(b)p(B)p(§)dbdBdd =
bBo

= [(@p(@)d5, ©)
¢

ne ((Q/b,B,p) - yMOBHE BiJHOIIEHHS TPaBAONOAI0OHO-
cTell mpu (PIKCOBAaHUX BHUIAJKOBUX HEiH()OPMATUBHUX
napameTpax odikyBaHoro pagiocurnany; ¢ =|lg;| -
BEKTOp-CTOBIICIb 3Ha4YeHb (IYKTYallifHUX CKJIaJI0BUX
novatkoBux (a3 pamioimmynbciB nmayku; p(b) , p(B) i
p(®) - HIIBHOCTI IMOBIPHOCTI BHITAJIKOBOI aMILTITY/IH,
Mo4aTKkoBoi (ha3u MavyKoOBOTO PaJiOCHTHATY 1 BEKTOpa-
CTOBIIIA (© BiAmoBiaHO; /() - BiIHONICHHS MpaBIO-
noaiGHocTi (6), SIK pe3yNbTaT CTaTHCTHYHOTO YCepe.-
HEHHS 3a BWIIAJKOBUMH IapaMerpaMu b i f;
6 = (d,dg,..de,)" .

VYcepenHeHe BiIHOIICHHS TMpaBAonoaioHocTI (9)
3aJIOKHUTH BiJl BUMAJAKOBHX CKJIaJOBUX Pi3HUIB (a3 cH-
METPUYHUX PATIOIMITYJIbCIB AYKH 1 BU3HAYAETHCS SIK

Q)= [ «QADPAGAG ,  (10)
(A¢)
e (T)=||A(pK || - BEKTOP-CTOBIELb 3HAYEHb BUIIAJKO-

BUX CKJIaJIOBUX DPi3HUIB (a3 paaioiMIyIbCiB CUMETpPH-
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YHHUX BIJHOCHO IICHTPY Madku; p(A@) - 3aKOH pO3MOIi-
Iy minbHoCTi iMoBipHOCTE; dAQ = dA@dA,..dAg,, .

Bupas posnoainy miijapbHOCTI IMOBIPHOCTI BHIIAJI-
KOBHX CKJIQJIOBHX DI3HHUIb ()a3 CUMETPUYHHUX PalioiM-
IyNBCIB MAYKK OTpUMaHo B [7] ssBHOMY BUTJIsII. 3 ypa-
XYBaHHSIM HbOTO yCepeqHEHE BiHOMICHHS HPaBIOIOIi-
OHOCTI MOYKHA 3aIUCATH Y BUTJIAI:

2
= 2 2
A=K [ expl~"(ay A0 +am,mAep +

(Ap)
m—1 5 m—1
+ 3 A AQ +2 D A AQAQy  +
k=2 k=1
m
123 ag mAe)]dAQdAQ,..dAg, . (11)
k=1
ne K= 241+a »
qZ(ZJ%G(p)m(]_aZ)m/Z
2 m l+a+a’ &
q 1 NI T 1.
xexp| —(1—— oD A = —+t—
xp{z( 21{2:1&( k)‘| N it 2
1 1+a?
SN S W b N1
’ 2y(1+a) 2 T 2y(I+a) 2
(k=2,3,...m-1); Ay oy =Bppqp = —————
R 3 A k41 = Ak4lk 2+a)’

1 22
Ak m+l = amlk =5§k5q’k; Y=q7c,(l-a);

50, =Ad, —(2k-1)QT;

k - HOMep mapu pamioiMITyNbCiB, CHMETPHYHHX BiJTHOC-
HO LeHTpy nauku; AD, - pisHumi (a3 CUMETpUYHHX
BiJTHOCHO IIEHTPY Ma4yKH paaioiMIynsciB k-1 mapu.
[Mapamerp y m03BOJISIE OJHOYACHO BPAXOBYBATH
BIUIMB SIK BHYTPIIIHIX IIyMiB, TaKk i KOpeaboBaHHUX (ha-
30BUX (IIyKTyallii. SIKIIO BIUIMB BHYTPIIIHIX IIYMiB
nepeBaXkae, TO MapaMeTp Y TNpHUAMae Maji 3HaYCHHS
(y <<1), a sKmo nepeBakae BIUIUB (a30BUX (QIYKTya-

Ui, To JaHWM mapaMeTp AocATaE€ 3HAYHUX BEIUYUH
(y>>1).

I3 cniBBigHOmIEeHHs (11) BUAHO, 110 B MOKa3HHUKY
€KCIIOHEHTH, SIKa 3HaXOAUTHCS TiJl 3HAKOM IHTerpaia,
MICTATBCS €JIEMEHTH, SKi YTBOPIOIOTH KBaJpaTHYHY
¢dbopMy m 3MiHHHX AQ .

Jlnst Toro, mo0 B3ATH IeW iHTErpaj, HEOOXiTHO
MepelTH Bij JOBIILHOIO 3alUCy KBaJpaTU4HOI (popmu
1o ii kaHoHiuHoro. ToOto y cniBBigHommeHHi (11) moka-
3HUK €KCIIOHEHTH ITPUBECTH JIO:

2( m A
q 2
Y 2 hMeYi +% ) (12)
i @l
nie |®| — BHU3HA4YHUK Matpuii © KoediuieHTIB npu
YjieHaX JPYroro CTyNeHs KBaapaTtudHol Qopmu;

y= ||yk || — HOBI 3MiHHI; "kk || — BJIACHI 3HAYEHHS MaT-
puni ®, oTpUMaHOI BUKpECTIOBaHHAM (m+1)-01 CTpoKH
i (m+1)-ro cToBmus i3 MaTpuIl KoedilieHTIB KBaJpaTH-
4yHOi hopMu A, sika Ma€ Takuii BUSHAYHUK:

a; a0 : 0 aypmy
ay] Ay a3 . 0 a2 m4l
1A= 0 a3p  A33 : 0 azmy
0 0 : 4m,m-1 Am,m Am,m+l
Am+,l  Am+12 Am+l,m-1  4m+lm 0

Bukopucrosytoun Bupas (12), ycepenHene BiaHO-
neHHs npasaononioHocTi (11) npexcraBisieTbes SK:

2
7(Q) = Kexp _atjAl,

2 |e|

q Ay
><H J exp —Tkk Vi -
k=1 _—wo

(13)
BpaxoByroun TaONu4HMIA iHTErpa:
0 2, 2
A 2
o 27
o qr
m

1 BIIACTHBICTD BJIACHUX 3HAYEHb Hkk , OTPUMAEMO:
k=l

q” [4]

2 jel)

_ m
(@) =KJ[] 5“ exp
k=1Y4d Ak

(14)

SIkmo B3sTH HaTypajbHUE Jorapudm Bupasy (14)
1 3QJIMIIMBIIY 3aJICKHI Bl BUMIPIOBAHOTO MapaMeTpa
€JIEMEHTH, OTPUMAEMO CITIBBIHOLIEHHS [UIsl IOCTATHBOI
CTaTUCTHUKH:

2 m 2
- 1
S@=L|1-2Y g 807 a (15)
2 24

|A
2|0
Enementn (m+1)-0i crpoku i (m+1)-ro croBOIs
MaTpuni A MICTATh BUMipIOBaHHI mapamerp. Buxopu-
CTOBYIOYM BJIACTUBICTh BH3HAYHHUKA |A| Horo Mo)kHa
3aIuCcaTH B HACTYITHOMY BUIJISII:

m
|A| = Z ak,m+lAk,m+l 5 (16)

k=1

ne Ay mil anreOpaiyHe JONOBHEHHS €JEeMEeHTa
Ay m41 Matpumi A.

s Buapinennst 0@y BractuBicts (16) 3acTocoBy-

€ThCSI TIOBTOPHO JI0 €JIEMEHTIB (m+1)-01 CTpOKU MaTpu-
ui A. Takum yuHOM, (hOopMyIIa U pO3paxyHKy BH3HA-

YHUKA |A| npuitMae BUIIIAL;

m m 1
Al == (=D ay st D amer (1) |®k,l| =
k=1 =1
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1 m m
3 2D ad Y (D'gde e[, (17)
k=l 1=1
nie ‘®k,i‘ — MiHOp eneMeHTa K,i matpumi © .

3 ypaxyBanusM (17) i (15) orpumaemo Bupas st
JIOCTaTHHOI CTATUCTUKU:

S =L

2 ¢[m )
1——
15 £§k5®k[1 2|®|§k| kk|J

15
©l &

Z Z 1)k+iékai8®k8®i|®k,i|:| - (18)
k=l i=k+

2 .
Jnsa pucnepcii ¢ HOMMIKM BUMIPIOBAaHHA yac-
TOTH MAYKH 3TiHO [ 16] cripaBeasvBe CIiiBBiTHOMIECHHS

1 i)

cé do?

~d*InS(©)
do?

mpu Q=0 ,(19)

ne In /(Q) - HarypadbHWI Jorapum ycepeaHEHOTro
BITHOIICHHS MPaBIONOMIOHOCTI ab0 HOro JOCTaTHBHOL
cratuctuku S(Q).

Bupa3z mnst aumcnepcii HOMHMJIKH  ONTHMabHOTO
BUMIpPIOBAaHHS YaCTOTH MAa4YKH TPH BpaxyBaHHI (UIYKTY-
amii ¢a3 i paaioiMITyIIbCiB, 3 BUKOPUCTAHHSM CITiBBiJI-
HoureHb (18) 1 (19), mae Bua

LI P TC e
csglorrr 2 k=1 « 2|®| Pk
—@Z > (DEg@I-DEk-D|Oy | 20)
k=1 I=k+1

[lpn mnepeBaxHOMY BIUIMBI AJJUTUBHOTO IIyMY

v <<1 Bupa3 (20) npuiiMae Bux
1 2T2 m 5
=D G2k

k=l

SQonr.

21)

Ilpu mepeBaskHOMY BILIMBI KOpeIbOBaHUX (ha3o-
BUX Quyktyaniid (y >>1), Bupas (20) mepeaBoproeThes
JI0 BUAy (Tipy m > 2)
1 Tz(l—a)(zm—l)X
200 (1+a)

2
SQonr.

(42m-1)% -1)1-2a)> + 2m-1-(2m-3)a)
(1-a)*

Ha puc. 1 HaganHi rpagiku 3aeXHOCTI JOOYTKY
KBajJpaTa CepeJHbOKBAIPATHYHOI IMOMUIKHA ONTHMAIIb-
HOT'O BHMIPIOBAHHS NMAYK{ 3 AECATH PaJiOiMITYIbCIB i

(22)

niepioay iX CItiyBaHHS (chOHT.T)2 , OTPUMAHOT'O 3TiJHO

(22), Bia BiTHOUIGHHS CHIHAJ-IIYM IO HOTYXHOCTI q°

(puc 1, a) Ta Big qucnepcii ¢a3oBux ¢uykryarii (puc.
1, 0) mpu eKCrOHEHNiIHHOMY 3aKoHI YOyBaHHS iX Kope-
JSLT B ME@XKax MMavyKy pajioiMITyIIbCIB.

110*

Puc. 1. [lucniepcist MOMUIKH OITUMAJIBHOTO BUMiPIOBaHHS
YaCTOTH Ma4yKH Pa/lioiMITy/IbCiB IPH BpaxyBaHHI
da3zoBux Quykryarnii

I'padixu Ha puc. 1, a BIINOBIAAIOTH 3HAYEHHIO KO-
edimieHTa MDKIMITYIbCHOI Kopesiii ¢a3oBux (IyKTy-
amiit a = 0,99 Ta pi3HUM BEIMYMHAM iX JuUCHepcii

o5 =0,1; 1; 10 pax’.

I'padixu Ha puc. 1, O omepxaHi IS BiTHOIICHHS

CUTHAJI-IIIYM 3a IOTYXKHICTIO q2 =1000 Ta TpPHOX BU-

MaJKIB 3HIDKECHHS KoedilieHTa MIXKIMITYJILCHOT KOpes-
uii  ¢azoBux Quykryamiii Ha 1%, 10% Ta 30%
(a=0,99; 0,9; 0,7).

Pe3ysnbraTn HaBeneHi Ha puc. 1, a cBiqUaTh 1po Te,
IO MPU MaJUX 3HAYEHHSIX BiIHOUIEHHS CHTHAJI-IIYM
TOYHICTh ONTHMAJIBHOIO BUMIPIOBAHHS YacTOTH MaYyKH
panioiMIyIsIbCiB HE 3aJIEKHUTh BiJl CTATUCTUYHUX Xapak-
TEpUCTUK (a30BUX (ITyKTYyallili, a B YMOBaX peryJspHo-
ro BUMIpIOBaHHs (TIpH q2 >>1), HaBMmaky, JaHi Xapak-
TEPUCTUKH CYTTEBO BITUBAIOTH Ha BKa3aHY TOYHICTb.

Tak, npu 3HIWKEHHI KoedillieHTa MiXIMITYJIbCHOT
Kopensmii  ¢asoBux  ¢uiykryarii smme Ha 1%
(a=0,99), 30uIbLIEHHS iX aAucnepcii Ha TOPSAOK B

00acTi CyTTEBHX 3HAYCHb (cé =1...10 pag?), mo €
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XapaKkTepHUM ISl peasibHUX BHIIAJIKIB, BUKIHMKAE 1O
3pOCTaHHs AMCHEpCii MOMWIKA BHUMIPIOBaHHSI YacTOTH
MAYKH paIioiMITYIIBCIB B IEKUIbKA Pa3iB.

Hapeneni Ha puc. 1,0 pe3yapTaTd 4YHCEIBHOrO
OLIIHIOBAaHHS CBiAYaTh MpO Te, MIO NPU BHUMIipIOBaHHI
YacTOTH MayKd pajlioiMIyNbCIB BpaxyBaHHS (ha30BHX
GIyKTYyaIiil € JOIIBHUM, SKIIO TX TUCIepcis npuiiMae
3HAYEHHS Gé =0,1...10 paz[2 i Oinbmre. [Ipu mbomy, Ha

BEIWYMHY JUCHEpPCii NOMWIKHM BUMIPIOBAaHHS YacTOTH
MaYKU PaioiMITy/IbCiB HAHOUIBII CyTTEBUI BILTUB 3/iM-
CHIO€ 3MEHILEHHS KOe(ilIEHTY MIXKIMITYJIbCHOT KOpeJsi-
uii asoBux ¢urykryanii B aianasodi 1...0,9 (3HmWKEHHS
B Mexax 1...10%), sike MoOxe cIiocTepiraTucsi B IpH
BukoHaHHI PJIC 3apnaHb 3a MpU3HAYCHHSAM Yy CKJIATHIN
LIUILOBIN Ta 3aBaloBiil 0OCTAHOBIII.

[lpn nepeBaxHOMY BIUIMBI aJUTUBHOIO LIYMY
(y<<1 ), Ha BenMYHMHY QUCIEPCI] MOMUIKH BUMIpIO-

BaHHS YacTOTH HE BIUIMBAIOTh  3HAYEHHS CTaTUCTHY-
HUX XapaKkTepucTuk Qa3oBux ¢(iykryarii. Bxa3zani
0COOJIMBOCTI BpaxoBye CTpyKTypa Bupasy (21) 3a mo-
MOMOT'OI0  SIKOTO OLIHIOETHCS TOYHICTH BHMipIOBaHHS
4acTOTH IpH Yy << 1.

[Ipn mepeBa)kHOMY BILIMBI KOpEJIbOBaHUX (ha3o-
BuX (uykryauiit (y >>1), OCHOBHHI BHECOK Yy TOYHICTh

BI/IMipIOBaHHH YaCTOTH BHOCSTH CTATHUCTHYHI XapakTe-

puctuk# (azoBuX (IIyKTYyaliil — qucnepcist i Kopessis.
Li ocobnmmBOCTI BpaxoBye CTpyKTypa BHpasy (22) 3a
JIOTIOMOT'OF0 SIKOT'O OIHIOETHCSl TOUHICTh BUMipPIOBaHHS
4acTOTH pUy >>1 .

[Tpu npoMi>KHHUX 3HAUEHHSX Mapamerpa y Ha 3Ha-

YEeHHs AMUCIIEPCii MOMIIKH BUMIPIOBAaHHS YaCTOTH BILIH-
BaIOTh SIK XapaKTEPUCTUKH BHYTPILIHBOTO MHIYMY IpH-
HWMaJbHOTO NPHCTPOIO, TaK W 3HAYEHHS CTATHCTUYHHX
XapakTepucTuk (azoBux Qaykryaniit. B nanomy Bunan-
Ky OIL[IHIOBaHHS TOYHOCTI BUMIipIOBaHHS YacCTOTH IAYKH
pamioiMITyNbCIB  OIJIBHO TPOBOJMTH 3TIJHO BHpaszy
(20). Takum umHOM, OTpUMaHi pe3ynbratd [27] HO3BO-
JISIFOTh BM3HAYaTH 3HAYEHHS IMapaMerpa Yy IpH SIKOMY

JIOLITLHO 3aCTOCOBYBATH CHiBBiAHOIIEHHS (20-22).
BucHoBkH

[Ipu onTrManbHOMY OIHIOBaHHI, TOYHICTH BHMi-
PIOBaHHS paIiajibHOI MIBUIKOCTI IIJi CYTTEBO 3aJICKUTH
BiJI CTATHCTUYHMX XapaKTepUCTUK (a3oBux (iayKkTya-
i — aucnepcii 1 KopeJsii.

Cryninp BIDIMBY (UIYKTYyalili MOYaTKOBHX (a3 pa-
JOIMITYIIBECIB TPUUHSTOI MAYKU MOXKe OyTH BH3HA4Y€Ha

BEIMYHUHOIO ITapamerpa y = qzczq) (1-a), mo Bu3HaAYae

0COOJIMBOCTI 1X BpaxyBaHHs MpH 00poOIl pajiocurHany
B KOorepeHTHO-iMIynbcHux PJIC.
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To4HOCTH ONITHMAJIBHOI0 H3MEPEHUS PAMAJIBHON CKOPOCTH LeJIH
npH y4yere QUIYKTyanuid Ha4aJIbHbIX (a3 paAHONMITYJIbCOB NAYKH

B. JI. Kapnos, A. JI. Ky3nenos, A. H. Apremenko, A. /1. Kapios

B cratee paccMaTpHBaroTCs BOIPOCH! OLIEHMBAHMS PaJNAIbHON CKOPOCTH IIPU HMCIOIb30BAHUU KOTEPEHTHOM MayKH pa-
JIMOUMITYJIbCOB [IPHMMEHHUTEIIBHO K CIIy4ar0 HAJIMYMS B OTPa)KCHHBIX OT LIEIH PAAMOMMITYIILCAX KOPPEIMPOBAHHBIX (IIyKTYyarii
HayanbHUX (a3. OLEHUBACTCS TOYHOCTh M3MEPEHMS YacTOThI NMAa4YKH UL Cllydas ONTHMAalbHOH 00paboTKH ¢ ydeToM (ha30BuX
GurykTyauiii ee paguouMITynbcoB. PaccMoTpeHHe NMPOBOAUTCA B NPEAIONOKEHHHU, YTO Ha BXOZ NpueMHoro ycrpoiicrsa PJIC
MOCTYNAeT aJUTHBHAs CMECh OTPAXKEHHBIX OT LEJIEH CUTHAJIOB M HEKOPPEIMPOBAHHOIO rayCCOBCKOro myma. OnTuMaisHoe
OLICHUBAHUE JIOTUIEPOBCKOrO CMEIIEHHUS YaCTOTHI OTPAKEHHOTO OT €M CHTHajla OCYIIECTBIAETCSA MO KPUTEPHIO MaKCHUMyMa
HaTypaJIbHOr'o Jiorapu()Ma OTHOLICHUS MIPaBJIONOL00HS YCPEAHEHHOTO 110 BCEM BO3MO)KHBIM 3HAUCHHSM CIIydaiiHbIX HenHpOp-
MAaTHUBHBIX IapameTpoB. IIpexnonaraercs, 4ro (asoBble (UIyKTyalu pajHOMMITYJILCOB MPUHATONW MAYKKM PACIIPE/ENICHBI I10
HOPMaJIbHOMY 3aKOHY C HYJIEBBIM CPEHUM, a KOppelsiius (a30oBbIX (GIykTyaluii ¢ yBeIMYCHUEM UHTEPBAd MEXKIy paJHOUM-
IyJIbCAMH [aYKH YOBIBACT 110 3KCIIOHEHIIMAIbHOMY WIIM 3HAKOIIEPEMEHHOMY 3aKOHaM.

Karwuessie ciaoBa: xorepeHtHO-uMmynbscHas PJIC, nauka paguoumiynbscoB, ¢a3oBble (uIyKTyaluy, paauaibHas CKoO-
POCTb, I'ayCCOBCKMH IIIyM, OTHOLIEHHE IPABIONONO00Ms, ONTHMAIbHOE U3MEPEHUEe, PajoiIoKalMOHHOe HabmoneHue, s¢dex-
THUBHOCTb ONTUMU3ALIIH.

Accuracy of optimal measurement of the target’s radial velocity taking into account fluctuations
of the radio pulse burst’s initial phases

V. Karlov, O. Kuznietsov, A. Artemenko, A. Karlov

The article deals with the estimation of the radial velocity when using a coherent burst of radio pulses as applied to the
presence of correlated fluctuations of the initial phases in the radio pulses reflected from the target. The accuracy of the meas-
urement of the burst frequency is evaluated for case of optimal processing with taking into account the phase fluctuations of
its radio pulses. The signals at the input of the radar’s receiver is an additive mixture of signals reflected from the targets, and
uncorrelated Gaussian noise, that is the assumption of investigating. The Doppler shifts of the signals’ frequency reflected from
the targets are carried out by the criterion of the natural logarithm maximum for likelihood ratio of the random non-informative
parameters averaged over all possible values have been estimated. It is assumed, that the phase fluctuations of the received radio
pulses bursts are distributed according to normal probability laws with zero mean, and correlations of phase fluctuations decrease
with exponential or alternating, sign-variable laws by increasing interval between radio pulses within the bursts.

Keywords: coherent pulse radar, burst of radio pulses, phase fluctuations, radial velocity, Gaussian noise, likelihood ra-
tio, optimal measurement, radar surveillance, optimization efficiency.
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