ISSN 2073-7394

HauioHanbHun yHiBepcuteT
“MonTtaBcbka noniTexHika imeHi KOpia KoHapaTioka”

National University
“Yuri Kondratyuk Poltava Polytechnic”

Crenenm
YHPABAIIS,
Masirawfl

| sE'asKy
Bunyck 4 (62)

LLlokBapTansHe BUAAHHA

3acHoBaHe y 2007 poui

Y XypHani BigobpaxeHi pesynbTaTi HayKoBWX OOCTMKEHb
3 PO3pO0KN Ta YOOCKOHANEHHS CUCTEM YNpaBriHHS,
HaBirauii Ta 3B8’a3ky Yy pi3HUX NPOBNEMHUX rany3sx.

3acHOBHUK i BuaaBeLb:
HauioHanbHWn yHiBEpCUTET
“MontaBcbka nonitTexHika imeHi FOpia KonagpaTioka”

TenedoH:
+38 (050) 302-20-71

E-mail penkonerii:
kuchuk_nina@ukr.net

IHdpopmauninHun cant:
http://journals.nupp.edu.ua/sunz

Contiol™

COMMURICGAION

Issue 4 (62)

Quarterly
Founded in 2007

Journal represent the research results on the
development and improvement of control, navigation
and communication systems in various areas

Founder and publisher:
National University
"Yuri Kondratyuk Poltava Polytechnic"

Phone:
+38 (050) 302-20-71
E-mail of the editorial board:
kuchuk_nina @ukr.net

Information site:
http://journals.nupp.edu.ua/sunz

8a docmosipHicmb euknadeHux ¢hakmis, yumam ma iHwux eidomocmeli gidnosidanbHicmb Hece asmop

XKypHan iHOekcyembcsi MikHapoOHUMU HaykomempudHumu 6asamu: Index Copernicus (ICV = 81.37),
General Impact Factor, Google Scholar, Academic Resource Index, Scientific Indexed Service

BameepdxxeHuti do OpyKy BueHoro Padoro HauioHarnbHO20 yHigsepcumemy
‘MonTascbka noniTexHika imeri KOpis KoHgpatioka” (mpomokor 8id 25 nucmonada 2020 poky Ne 7).

Ceidouymeo npo depxkasHy peecmpauito KB Ne 24464-14404 6id 27.03.2020 p.

Bkrroweruti 0o “Tlepeniky Haykogux ghaxogux audaHb YkpaiHu, 8 sKux MOXymb nybrikyeamucsi pesynsmamu
oucepmauyitiHux pobim Ha 3006ymmsi Haykosux cmyrieHie oKmopa Hayk, kaHOuGama Hayk ma CmyreHs
Ookmopa ¢pinocopii ” do kameeopii b — Hakazom MOH YkpaiHu gid 17.03.2020 Ne 409 (3i amiHamu 6i0 24.09.2020)

MonTtaBa ¢ 2020

© HauioHanbHui yHiBepcuteT “lMonTaBcbka noniTexHika imeHi FOpis KoHpgpatioka”



PepakuinHa konerisa

lonoerutli pedakmop:
KOCEHKO Biktop Bacunbosuy
(0-p mexH. Hayk, npod., [Nonmaea, YkpaiHa).
3acmynHuku 2on0eHo20 pedakmopa:

HECTEPEHKO KatepuHa CepriiBHa

(0-p mexH. Hayk, npoap., Kuis, YkpaiHa).
LUE®PEP OnekcaHap Bitaniiosuy

(0-p mexH. Hayk, Oou., lNMonmasa, YkpaiHa).

YneHu pedakuiliHoi konezii:

BNAYHIITENH Hatan Onekcanaposuy

(0-p mexH. Hayk, npogp., I13pairb)
BOIrOM’A Bonoanmup IBaHoBWY

(0-p mexH. Hayk, npog., Kuis, YkpaiHa)
BAPBAHELb PomaH AxaTtoniiosuy

(0-p mexH. Hayk, npogp., Odeca, YkpaiHa)
BECOJTOBCbKNW Kwuwwtod

(0-p mexH. Hayk, npog., lNonbuwia)
TABPUJTKO €gren Bonognmuposuy

(0-p mexH. Hayk, dou., Kuis, YkpaiHa)
FAWLNMOB EnbwaH lisic ornn

(0-p Hayk, npogb., baky, AsepbalidxaH);
MBA BaneHTvnH AHaToninosuy

(0-p mexH. Hayk, npog., Kuis, YkpaiHa)
OAKI OneHa AHaTtoniiBHa

(0-p mexH. Hayk, douy., Ismain, YkpaiHa)
KACATKIHA HaTtanisi BiktopiBHa

(0-p mexH. Hayk, dou., Kuis, YkpaiHa)
KOBAJIEHKO AHngpin AHaToninosuy

(0-p mexH. Hayk, npog., Xapkie, YkpaiHa);
KOPOBEKO Borgan Onerosuy

(0-p mexH. Hayk, doy., lMonnmaea, YkpaiHa)
KPACHOBAEB Biktop AHaToninosuy

(0-p mexH. Hayk, npog., Xapkie, YkpaiHa);
KYYYK Meoprivi AHaToninosmy

(0-p mexH. Hayk, npog., Xapkie, YkpaiHa);
NYHTOBCBLKWI Anppiii Onerosuy

(0-p mexH. Hayk, npod., HimeyyuHa)
JNIYKOBA-YYWKO Hatanis BiktopisHa

(0-p mexH. Hayk, dou., Kuis, YkpaiHa)
MABJTEHKO Makcvum AHaToninosuy

(0-p mexH. Hayk, npodb., Xapkie, YkpaiHa)
MNCAPYYK Onekcin OnekcaHoposuy

(0-p mexH. Hayk, npog., Kuis, YkpaiHa)
MOOKOMAEB Ceprin BiktopoBud

(0-p mexH. Hayk, npog., lNokposckK, YkpaiHa)
CEMEHOB Ceprin 'eHHaginosmy

(0-p mexH. Hayk, npoc., Xapkie, YkpaiHa).
CTAHKYHAC VoHac

(0-p mexH. Hayk, npog., BinbHioc, Jlumea);
TUMOUYKO OnekcaHap IBaHOBUY

(0-p mexH. Hayk, npodb., Xapkie, YkpaiHa)
TUMOLWYK OneHa MukonaiBHa

(0-p mexH. Hayk, npog., Kuis, YkpaiHa)
TPUCTAH Anppin BikTopoBuy

(0-p mexH. Hayk, doy., Xapkie, YkpaiHa)
PPONNOB EsreHin AHApiioBKY

(0-p mexH. Hayk, npog., lNonmaea, YkpaiHa)
YOPHWIN Onexciit MeTposuy

(0-p mexH. Hayk, npop., KpemeHuyk, YkpaiHa)

BidnoeidanbHuli cekpemap:

KYYYK Hina NeopriiBHa
(kaHO. mexH. Hayk, dou., Xapkis, YkpaiHa).
TexHiyHul cekpemap:

METPOBCBKA IHHa FOpiiBHa
(mazicmp koM. iHX., Xapkie, YkpaiHa).

Editorial board
Editor-in-Chief:
Viktor KOSENKO
(Dr. Sc. (Tech.), Prof., Poltava, Ukraine).
Associates editor:

Katerina NESTERENKO

(Dr. Sc. (Tech.), Prof., Kyiv, Ukraine).
Oleksandr SHEFER

(Dr. Sc. (Tech.), Ass. Prof., Poltava, Ukraine).

Editorial board members:

Nathan BLAUNSTEIN

(Dr. Sc. (Tech.), Prof., Israel);
Volodymyr BOHOMYA

(Dr. Sc. (Tech.), Prof., Kyiv, Ukraine);
Roman VARBANETS

(Dr. Sc. (Tech.), Prof., Odesa, Ukraine);
Krzysztof WESOLOWSKI

(Dr. Sc. (Tech.), Prof., Poland);
Yevhen HAVRILKO

(Dr. Sc. (Tech.), Prof., Kyiv, Ukraine);
Elshan Giyas oglu HASHIMOV

(Dr. Sc., Prof., Baku, Azerbaijjan);
Valentyn GLYVA

(Dr. Sc. (Tech.), Prof., Kyiv, Ukraine);
Olena Daki

(Dr. Sc. (Tech.), Ass. Prof., Izmail, Ukraine);
Natalia KASATKINA

(Dr. Sc. (Tech.), Ass. Prof., Kyiv, Ukraine);
Andrii KOVALENKO

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine);
Bohdan KOROBKO

(Dr. Sc. (Tech.), Ass. Prof., Poltava, Ukraine).
Viktor KRASNOBAYEV

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine);
Heorhii KUCHUK

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine);
Andryy LUNTOVSKYY

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine);
Natalia LUKOVA-CHUIKO

(Dr. Sc. (Tech.), Ass. Prof., Kyiv, Ukraine);
Maksim PAVLENKO

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine).
Oleksii Pysarchuk

(Dr. Sc. (Tech.), Prof., Kyiv, Ukraine);
Serhii PODKOPAIEV

(Dr. Sc. (Tech.), Prof., Pokrovsk, Ukraine).
Serhii SEMENOV

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine).
Jonas STONKUNAS

(Dr. Sc. (Tech.), Prof., Vilnius, Lithuania);
Oleksandr TYMOCHKO

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine).
Olena TYMOSHCHUK,

(Dr. Sc. (Tech.), Prof., Kyiv, Ukraine).
Andrii TRYSTAN

(Dr. Sc. (Tech.), Ass. Prof., Kharkiv, Ukraine).
Yevhen FROLOV

(Dr. Sc. (Tech.), Ass. Prof., Poltava, Ukraine).
Oleksii CHORNYI

(Dr. Sc. (Tech.), Ass. Prof., Kremenchuk, Ukraine).

Responsible secretary:
Nina KUCHUK
(PhD (Ped.), Ass. Prof., Kharkiv, Ukraine).
Technical secretary:

Inna PETROVSKA
(MSD of Comp. Eng., Kharkiv, Ukraine).




SMICT

Llegep O. B., Bopw B. B., Bopw O. b. 90 pokiB nisuibHOCTI HanioHansHOro yHiBepcUTeTY
«[TontaBcpka momiTexHiKa iMEHI FOPist KOHIPATIOKA) ....coouviiiiiiiiiiiiiiiiieiiee ettt ettt e s 4

KOHTPOJ1Ib KOCMIYHOIO TA NOBITPAHOIO NPOCTOPY
Apxywenxo I1. JL, Lllegpep O. B., Lleiin I. B., Anopywxo M. B., @ropin O. [1. AHani3 MOXXIMBOCTEH Ta TOCBi Ty

3aCTOCYBaHHS CHCTEM OOPTOBHX BUMIipIOBAHb JUIS IIPOBEICHHS BUIPOOYBaHb OE3MIJIOTHUX JITATBHUX AIAPATIB ....eovveenereaneennne 9
Bepxoscoxuii B. B., Camoxiut A. B., Ywane B. M., Ilasnenxo M. A. MeTononoris npoeKTyBaHHS TpEeHaXepiB

3 IMEPCHBHUM CEPEIOBHUILEM JUIS ITiITOTOBKHU MUIOTIB IUBIIBHOT @BIALIIT .e..vevvvenreeireteereeiieiienieenesieere e sie e e 15
Topba A. A., Topba M. O., Topoa O. O. Panio4acToTHI KOMIUIEKCH BHSBJICHHST MJIOPO3MipHHUX O€3MiJIOTHUX

JUTATBHIX ATIAPATIB «...eeuvveeutieeutteetteentte ettt eaeeestee sttt esteeasbeeasteeaateesate e seeeabeees bt e st e eabeeeaseeea b e e es bt e bt e eabeeesb e e bt eessteebeeenbeesnbeenseeansees 21

YMNPABJIHHA B CKINAOHUX CUCTEMAX

Epminosa H. B., Kucnuya C. I. CucreMu aBTOMaTHYHOIO PETy/IIOBaHHA 1apaMeTpiB B TEINIO0OMIHHUKAX

TEMITEPYEOUIX MALIIHH .....veeutveenseesteesseanseeaaeeasseessseessseenseeasseenseeesaseesaeeenteeastee s eeeaseeeas et eabeeeebee st e embeeesbeensteensteenbseenbeesnbeenseeensees 25
Konwsax C. C., 3axapuenxo P. B. BusHaueHHs ONTUMaJIbHOI IIBUAKOCTI 00epTaHHs LEHTPUDYTrH

JUTS 320€3MEUEHHS IKICHOT'O YITUTEHEHHST OETOHY ...eeuvtitrieutiertteetteatteateeasteestteestteasteeasteentteesateeseeesbeessbeenbeeenbeesnneesnseessneesees 31
Iyiioenxo B. O., Xapuenxo B. C. ABToMaTHI Mozieni Ta CHHTE3 3ac00iB KOHTPOIIIO arapaTHOl pealli3allii alropuTMis

3AMIIIECHHST KEILI-TIAM SITI ..vevveeureieentiententeenteeteeeteesteearesteeseeueesteesseetseeuee st eseesbee s e ebeesaeenseeasesu e e st esnesaeenseeneebeesneeanesueenseennesseennens 34

IHOOPMALIIUHI TEXHONOTIT

Tuanceka H. B., /lem snenxo B. O. OcBiTHi [HTEpHET pecypcu Ta OH-JIAiH cepeIoBHUINa B HABYAILHO-BIXOBHIN

JUSUTBHOCT] BUKJTAZA9a 3AKITATY BUIIIOT OCBITH «...eeuvveentreentteasteentteetteesteeasseeasteessteeteeanteessseesaseenateenseeasbeesseeeseeenbeeenseesnneensneenseas 40
Jlaoa C. B. JlocniUkeHHS MHOKMH HECUMETPUYHUX JBOOIICPAH/IHUX JIBOPO3PSIHUX OIepawiit
3 MOABIHHHUM IIUKJIOM KPHIITOIIEPETBOPEHHST «....envveuteensteensteantteastteasteestteesseeanseessteensteesateanseeamseessbeenstesnseessseeanbeesnseenseeenseenseeens 43

Jivepe I. I, Moowcaes O. O., Kyuyk I. A. KOpoTKOCTpOKOBE NIPOrHO3yBaHHS Tpadika Npu CTATUCTHIHOMY
MYJBTUIIIEKCY BAHHI ..ouviviiiiiiiiiitiie ittt sttt ens
Jinuancokuii M. B., Invsawenxo O. O. IopiBusanns nigxonis Code First ta Design First B po3po6ui API ...
I1000yonuii B. O., Cesepinos O. B., [lycmomenvhux O. C. MeHeIDKMEHT Bpa3JIMBOCTEH SIK CKJIAJ0Ba YaCTHHA
TIOJITUKH 0€3MeKU 1HPOPMAI HHO-TEITEKOMYHIKAIIITHIIX CHCTEM ......veeruteetreanteensteenteeenieeeseeasseessseenseeenseessseessseessseenseesnseessneens
Ruban L, Ilina 1., Mozhaiev M. Researching priority directions in the area of data mining
Cananoa I. I1., baoiii H. B., @ypman O. A., Menvnuuyx FO. €. MeToauka cHHTe3y reTepOreHHUX iH(popManiiHuX

MEPEX HAa OCHOBI BBEJCHHS KOPUTYBAIIBHIX IIHKITIB ......veeuteensreasteentteentteestseanseessseestteaseesnseesseeessseessseenseessseessseenneeenseeeseessneens 64
Tymochko O., Larin V., Liuti A., Abdalla A. Method of coding predictable frames with the account of management

mechanisms for improving the quality of video information's SEIVICE ...........ceveiriieriiiiieiiiieieeeee et 69
Dinimonuyx T. B., Mapmosuywkuii B. O., I'onmapesa /]. B. Tpanzakuii i OIOKyBaHHS, piBHI i30JJb0BAHOCT1 TPAH3AKILH ...... 73
Cherednik O. S., Dmytrenko T. A., Derkach T. M. Intelligent model development for recognizing emotions in text .......... 77
Llanosanosa C. 1., Maxcapa O. O. BuzHaueHHs! €)eKTUBHOCTI MEXaHi3MiB JIOTTYHOTO BUBEACHHS ...cc.vevvvenveenreneennennnens 81
Tooopooicusx A. O., Jlobuenxo H. FO., I'etiko I'. B. HelipomepeskeBa cucTeMa pO3MI3HABAHHS aBTO HOMEPA ....cc..eeenveennne 88

LUMBINBbHA BE3MNEKA
lsaneys I'. B., Isaneyv M. I"., Mamyxno B. B., Toaxynos 1. O., Cmeyiox €. I, Ilonog I. I. ®opmarnizoBana

MaTeMaTU4YHa MOJEIb IIPOrHO3YBaHHS HaA3BUYAHUX CHTYaLiil Ta MOXKJINBUX 3aBJAHNX 30UTKIB BHACITIOK HUX ...c.oovvevvennennene. 92
Kacamkina H. B., Jleguenxo JI. O., Tuxenxo O. M. TIpoeKTyBaHHS €1€KTPOMAarHiTHUX €KpaHiB KOMIIO3ULIHOT

CTPYKTYpH 17151 3a0e3eyeHHs CTaOUIbHOCTI (PYHKIIIOHYBAaHHS 00’ €KTIB KPUTHUHOI IHPPACTPYKTYPH ...ovvenveenreerereennenneeneennens 98
Toaxkauoe A. M., Tpemvsxos O. B., I'ap6ys C. B., Poanos O. M. Teopernune oOIpyHTyBaHHs CIIOCOOY LIBUIKOL

JIKBIAIT JIBOSTHIX 32TOPIB HA PIKAX +euvveeuteeiteesteateeasteensteestteesteeesteessteestaeenseeaseeasseessteesseeesseessteenseeesaneebeesaseessteenseeanneennne 102

3B’A30K, TENEKOMYHIKALIT TA PAOIOTEXHIKA
Havryk L., Shyshatskyi A., Sova O., Lyashenko A., Palamarchuk S., Neroznak Ye., Velychko V. Methods of cyber

security assessment in the special purpose information and telecommunications SYStEIM .......c....eevueerueerieerieenieenieerieenieeee 109
Mauenxo B. O. InTenexTyanbHi MiIX011 €HEPro30epekeHHs y Oe3MPOBIIHIX CEHCOPHUX KOMIT IOTEPHHX MEPEkKAX ...... 114
Indyk S., Lysechko V. The formation method of complex signals ensembles with increased volume

based on the use of fFEQUENCY DANMS .........ooitiiiiiiieei ettt ettt e st et b e s e st e et e enne e 119
Makogon O., Dychko O., Isakov O., Lazuta R., Osmak H., Trotsko L. Simulation an unreliable wireless sensor

network mot by a heterogeneous qUEUING NEEWOTK .......cc..eiiiiiiiiiiieiiieeiie ettt ettt esite et e e saeeeaee e 122
Sokol G., Podhornyi P., Mishenko A., Piskovyi R., Herasymov D. Prospects for the use of MIMO

based on IEEE 802.11ac in [0T tEChNOIOZIES .....cccuuiiiiiiiiiiiieiiie ettt ettt ettt e ebe e 126
ANDABITHUMA TIOKANKUMK ...t 132




Cucmemu ynpaeninnsa, nasicayii ma 36'a3xy, 2020, eunyck 4(62) ISSN 2073-7394

YK 930(477.53)378.4 doi: 10.26906/SUNZ.2020.4.004

0. B. llledep, B. B. bopu, O. b. bopin

Harmionansauit yaiBepcuter «IlonraBebka monmirexHika imeni FOpis Konapatiokay, [Tontasa, Ykpaina

90 POKIB AIANbHOCTI HAUIOHANBHOIO YHIBEPCUTETY
«MONTABCbKA MNMONMITEXHIKA IMEHI FOPIAA KOHOPATIOKA»

IcTopis HauioHanbHoro yHiBepcuteTy «[MonTaBcbka nonitexHika imeHi KOpis KoHgpaTioka» Gepe
noyatok 3 12 rpyaHst 1818 poky, konu 3a iHiuiaten reHepan-rybepHaTopa Nontaecbkoi Ta YepHiriBcbKoi
rybepHin, reposi BitumsHsaHoOiI BilHM 1812 p. M.I. PenHiHa-BonkoHCLKOro Ta Moro gpyxuHu Bapsapwu
OnekciiBHM - OHYKM OCTaHHbOro retbmaHa JliBoGepexHoi YkpaiHu Kupuna Po3ymMoOBCLKOro, AOHbKM
TorovacHoro MiHictpa ocBitn Onekcis PO3yMOBCLKOro, nankoi NpUXMbHULL KynbTYPHO-NPOCBI THULIbKUX
inen, B MonTasi 6yno 3acHoBaHO [HCTUTYT LUNSIXETHMX MaHH WO CTaB MepLUMM CEPeaHIM HaB4yarnbHUM
3aKnagoM 3aKpuTOoro TUMy Ans >KiHOK-OBOPSIHOK Ha TepeHi ryGepHCBLKMX MICT pOCICbKOi camMmopepykaBHOT
imnepii. HanbaraTwuin nontaBcbkuin noMiwmk-6narogiiink C.M. KouyGen (Hawapok B.J1. KouybGes)
HagaB 4YacTWHYy CBOEl NMONTaBCbKOI cagubu, y SIKiM | po3MiCTMBCA Liel cepefHii HaBYanbHUI 3aknag
3aKpUTOro TUNy Ans AiB4aTtok i3 36iaHINnX ABOPSHCHKMX POOMH.

Bigomo, wo M.I". PenHiH-BonkoHCbKWIA, yKpaiHeLb 3@ MOXOMKEHHSIM, 3p0OUB CYTTEBUIA BHECOK B
po36yaoBy ocBiTU Ha NonTaBLmMHi. HUM, OKpiM CTBOPEHHS! iIHCTUTYTY LUNSXETHMX NaHH Byno 3acHOBaHO
Kagetcbkuin kopnyc y MNontaei. M.I". PenHiH-BonkoHcbkuin UikaBmBCA icTopieto YKpaiHW, cniBvyBaroum
YKpaiHCbKOMY aBTOHOMICTCbKOMY pPyXY, MOCRI4OBHO BiACTOOBaB iHTEPECU YKPAIHCbKOrO HaceneHHs
nepea pocincekum ypsagom. MNornagu M.IN. PenHiHa-BonkoHcbkoro npmuseenu 4o noro ycyHeHHs Mukonoto
| 3 nocagu reHepan-rybepHaTopa Ta emMirpalii 3a KopgoH.

Y nepiog rybepHaTopctBa M.I". PenHiHa-BonkoHcbkoro npotsrom 1828—1832 pokie 3a nnaHoM
apxiTekTypHoi 3abyanoBu, BukoHaHumK 3oguumm O.lltayGeptom i J1. LapnemaHem, Gyno 36ygoBaHo
npuMmilleHHss anst [onTaBCbKOrO iHCTUTYTY LUMSAXETHMX MaHH Ha YacTuMHIi NonTaBCbkoi cagubu
HanbaraTLoro nonTaBcbkoro nomiuka-énaroginHuka C.M. Kouy6es (Hawagok B.J1. KouyGes).

HuWHi Uue npuMilLeHHs € UeHTpanbHUM KOPMyCcOM, CKMaJoBow aHcambnio 6ynoB HauioHanbHoro
yHiBepcuTeTy «[lontaBcbka nonitexHika imeHi FOpis KoHapaTtoka» (puc. 1).

Puc. 1. CyyacHuin makeT Gyaisens i cnopya HalioHanbHOro yHisepcuteTy
«lMonTaBcbka noniTexHika imeHi KOpiss KoHgpaTioka»

3a CToniTHIN nepioa JisAnNbHOCTI B IHCTUTYTI LUNAXETHUX NaHH Y Pi3Hi pOKX NpawtoBanu BUAaTHI giadi
YKpaiHCbKOi, POCIMCLKOI i 4Yecbkoi KynbTyp. 3okpema, BigoMuiA ykpaiHCbKuIA noeT-6arikap, npodecop
M. M. N'ynak-ApTeMOBCbKUA, BUAATHUIA YKPaiHCBKUA i pOCINCbKMIA NoeT, apamaTypr B. B. KanHicT, Bigomi
niaHicTm n komnoauTopw, 36upadi ykpaiHcbkoro donbkrnopy — 4vexu Anoi3 i BeHuecnae €pniyku,

4 © Mlegep O. B., Bopw B. B., Bopu O. B., 2020
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XyooxHukn IBaH 3anueB, KatepuHa PowwuHa, Bacunbe Bonkos, rpaBep Cnnitcteccep, 3auynHaTtenb
YKpaiHCbKOro poMaHTuamy JleBko BOPOBUKOBCHKMIA Ta iHLLUI.

[HCTUTYT LWINSXETHUX MaHH 3akiHYMnu BigoMi ocobuctocTi, cepen HUx: BapBapa PenHiHa (goHbka
B.O. ta M.l PenHiHnx, «pobpun anren» T. LUeBYyeHka, sSkuin nNpucBATMB i1 noemy «TpusHay);
npeacTtaBHuLUi nonTtascbkol rinku Hawaakie O.C. MNywkiHa Ta M.B. loronsa: Codia, Hartania, Mapis,
TetaHa, AHHa Ta OneHa BbukoBu; xygoxHuua HOnis Bonkosa; goHbku [1. 1. MN'ynaka-ApTeMOBCbHKOrO;
BigOMa ykpaiHCcbka NUCbMeHHWUsi-aeMokpaTtka JltoboB HAHoBcbka (y AgiBoutsi JloGoe Llep6ayosa),
TBOPYICTb | rPOMaACHKy LisiNbHICTb AKOI
BMCOKO nouiHoByBann |.A. ®paHko Ta
M.M. KoutoOUHCBKMIA.

3i  CTiH  iHCTUTYTY  BMALINK
BCECBITHLO BiAOMa cniBayka, akTpuca,
OnekcaHgpa CaHTtaraHo (y AisouTsi —
GapoHeca oH MeseHkamnd),
CKynbnTopka €nusaBeta TpuninbCcbka,
xyooxHuus Macdpipa MNcbon Ta noeteca
OnekcaHgpa Mcwon, OnekcaHgpa
LWerigemaH — ManbyTHa  ApyXuHa
MaHaca MupHoro.

Y pi3Hi POKM IHCTUTYT LUNSXETHMX
naHH Bigsigyesanu |. 1. Kotnapescbkui,
T. . WeB4eHko, M. B. lorons,
B. A. XXykoBcbkuii, gekabpuctn Ceprin
Ta Martein MypasinoBsu-AnocTonu, Lo
6e3 CyMHiBYy CYTTEBO BMMHYNO Ha
3aranbHy aTtmocdepy Ta 3MicT
HaBYarbHO-BUXOBHOMO npouecy B
IHCTUTYTI.

Y ciuHi 1918 poky uyepes cknagHy
BiNCbKOBO-MOMITUYHY CUTYaLjilo B YKpaiHi
[HCTUTYT  WNAXeTHUX  nmaHH  Byno
eBaKynoBaHo 0o Bnagukaekasy.

Y nepiog 3 1918 no 1930 poku
B Oynosi LEeHTpansHoro Kopnycy
KONMULWHLOTO [HCTUTYTY WASXETHUX NaHH
npautoBann pisHOMaHITHI yCTaHOBU -
3eMNEBMNOPAOHUA  TEXHIKYM, OUTAYMN
NPUTYIOK, Wwkona cagiBHMUTBA
GnarogiriHa opraHisauis «Jlira nopaTyHKy
iTen», siky O4ornoBaB NUCbMEHHUK B.IM.
KoponeHko, Ta iHWi 3aknagn N
opraHisadlii. Pwuc. 2. 3acHOBHWKM OCBITHIX Tpaauuin MNMontaswuHn

Y 30-Ti pokn MUHYNOro cTopivys B
PagsHcbkoMy Cotosi BMHMKNA roctpa notpeba B iHXeHepHO-OyaiBenbHMX Kagpax Ans CiflbCbKoro
rocnogapctea Ta MPOMWCAOBOCTI. 3arnydeHHst iHO3EeMHWX CreLianicTiB He 3340BOMbHANO  NoTped
MOMoAoi kpaiHu, WO LWBKAKO po3BumBanacda. BignosigHo [o noctaHosu ypsagy CPCP Big 23 nunua
1930 p. 3a Ne 237 npo YTBOPEHHS HOBMX BULLMX HaBYanbHWX 3aknagis, HapkomaT 3eMenbHUX cnpas
yKpaiHcbkoro ypsay BuaaB 19 cepnHa 1930 poky Haka3 npo yTBOPEHHA [1onTaBCbKOro iHCTUTYTY
cinbcbkorocnogapcbkoro byaiBHMUTBa. 3a pilleHHsM [lonTaBcbkoi MiCbkoi pagu ans iHCTUTYTy 6yno
BUAINEHO NPUMILLEHHSI KONULLHBOTO IHCTUTYTY LWNSAXETHUX NaHH. Tak 6yB cTBOpeHuin BcecosHuin LeHTp
nigroToBKM iHXeHepIB cinbcbkorocnogapcbkoro dyaiBHMUTBa B M. [NonTaea.

Ha n’atm kadegpax e€guHoro Ha ToW 4vac GyaiBenbHOro dakynbTeTy HOBOCTBOPEHOIO BULLOTO
HaBYanbHOro 3aknagy npautosano 33 Buknagadi Ta Hasdyanuca 282 ctyaeHTtu. MNpueaHaHHsa y 1933-1934
pokax dakynbTeTy Cinbcbkorocnogapcbkoro 6ygisHMuTBa CapaTOBCLKOMO IHCTUTYTY  CiflbCbKOrO
OymiBHMuTBa pasom i3 200 cTygeHTamym p[o [MonTaBCbKOro iHCTUTYTY  CiflbCbKOrOCMOAapCLKOro
OGyaiBHMUTBA CYTTEBO PO3LLMPUIIO AOFO OCBITHI MOXITMBOCTI.
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Yxe B 1940 poui B iHCTUTYTI HaByanocs noHag 500 cTtypeHTiB. 3a OecATb AOBOEHHMX POKIB
KONeKTMB iHCTUTYTY nigrotyBae noHag 800 gunnomoBaHMX creuianicTiB — iHkeHepiB-0yaiBenbHUKIB Ans
cena.

Ha nodatky Benukoi BiTYM3HAHOI BiHU(Opyroi CBIiTOBOI BilHW) iHCTUTYT Byno eBakymoBaHO A0
MicTa YpanbCbk.

3a nepiog 1941-1945 pp. B [MonTaBCbKOMY iHCTUTYTI CinbCbKOrocnogapcbkoro OyaiBHMUTBA
nigrotoeneHo noHag 2000 iHxeHepiB-OyaiBenbHUKiB. 267 CTydeHTIB, BuKNagadiB Ta CniBpoOGIiTHUKIB
iHCTUTYTY BoOBanuM Ha @poHTax Benukoi BITYM3HAHOI BiVHW. Buknagay iHCTUTYTY - [OOUEHT
O.M. batuweB ocobucto BCTaHOBMB Mpanop MNepemorM Ha nodatky TpaBHA 1945 poky Ha opgHin 3
agMiHicTpaTMBHMX OyaoB y LueHTpi bepnina.

MopBurn 3arMbnux CTyAeHTiB, BMKNadadiB Ta CniBpobiTHUKIB iHCTUTYTY Ha dpoHTax Benwukoi
BITYM3HAHOI BiMHU([Opyroi CBITOBOI BiNHW) YBIKOBIYEHHI MaM’SATHUKOM, BCT@HOBMEHWUM Ha Teputopil
HauioHanbHoro yHiBepcuteTy «llonTaBcbka nonitexHika imeHi KOpia KoHapaTiokay.

Micna 3BiNbHeHHA [lonTaBM BiA4 HiMeELbKO-ALMNCTCbKMX 3arapOHUKIB  KOMEKTUB  iHCTUTYTY
19 xoBTHA 1943 poky posnoyaB BiAOYyAOBY HaB4YanbHWUX KopnyciB. [loBHe BigHOBMEHHs1 Gyaieni
3aBepLumnoca y 1955 poui.

Y 1961 poui 3a Haka3om MiHicTepcTBa BULOI i cepeaHbOi crneuianbHoi ocBiTM YkpaiHn Ne 12 Big
9.01.1961 p. iHCTUTYT NeperiMeHoBaHO B [onTaBCbkuii iHXeHepHO-0ydiBENbHUIA IHCTUTYT.

Ynpogoex 1954-1971 pokiB BigOyBanocb po3WMPEHHS OyaiBenbHMX npodoinie, 3a SKUMU
3aincHIOBanach NigrotToBKa cneuianicTib.

Puc. 3. CtaHoBneHHs prnarmaHa BULLOi OCBiTV [NonTaBLMHK




90 poxie oianvnocmi Hauionanvnozo ynisepcumemy «llonmaecvka nonimexnixa imeni IOpin Konopamioxa»

CTaHoBrMEHHS Ta PO3BUTOK YHIBEpPCUTETY B pPi3Hi nepiogu BU3Ha4aBCA MOro oudinbHWkamu. Lle:
0.1, InnaweHko (1930 — 1934 pp.), T.T. MaHbko (1934 — 1937 pp.), J1. M. JamaHcbkui (1938 — 1953 pp.),
I.C. OoueHko (1953 — 1982 pp.), O.I'. OHuweHko (1982— 2003 pp.) 3 2003 poKy yHiBEpCUTET O4Omtoe
OOKTOp €KOHOMIYHUX Hayk, npodecop, 3acnyXeHuin npauiBHUK OCBiTU YKpaiHw, naypeat [ep)kaBHol
npeMil YkpaiHu B ranysi Hayku i TexHiku Bonogmumup OnekcaHgposuy OHULLIEHKO.

3 1992 poky KONeKkTMB HaB4YanbHOro 3aknagy pedopmyetbes i3 MOHONPOMiNbLHOro GyaiBenbHOro
iHCTUTYTY A0 GaraTonpodinbHOro 3aknagy BULLOT OCBITH.

3aBOsikn KponiTKin poboTi NpodecopCbKo-BUKaAaLbKoro KONMEKTUBY HaBYarbHOrO 3aknagy Hag
NiAroTOBKOK HaB4YanbHUX pobo4vMx nporpam Ta MnaHiB, HaB4arnbHO-NabopaTopHOi i MaTepianbHO-
TEeXHIYHOI 06a3n, HayKOBO-METOAWMYHOI fiTepaTypu CTBOPEHO nNepedymoBM YCNiWHOI  akpeauTauit
yHiBepcuTeTy 3a IV, HavBULLMM, MPKHAPOOHUM piBHEM Ta MNepevMeHyBaHHS MOro 3rigHO 3 pilleHHAM
KabineTy MiHicTpiB YkpaiHu Big 29 cepnHs 1994 poky Ha [onTaBCbKUA TEXHIYHWIA YHIBEPCUTET.

21 yepBHsa 1997 poKy 3 HaroauW BiA3Ha4YeHHA MepedoBOl POMAACHLKICTIO CBITY, YKpaiHu
100-piyHOro toBinet Bifg OHSA HAPOMAXEHHS BMOATHOrO TeopeTuka KocMoHaBTukM HOpis KongpaTioka,
pilleHHAM ypsay MNonTaBcbkoMy TEXHIYHOMY YHIBEPCUTETY NPUCBOEHO MOMO iM'S.

3a piweHHam [pesngeHta VYkpaiHu 27 6epesHs 2002 VYHisepcuteT oOTpumaB CcTaTycC
«HauioHanbHuiA» | picTaB Has3By «[lonTaBCbKU HaUiOHANbHUA TEXHIYHWUIA YHiBepcuTeT iMmeHi HOpia
KoHapaTioka».

YBIiKOBIYEHHA NaM’aTi BMOATHOrO MOMTaBUs, BYEHOro-BUHaxigHWKa, iHXeHepa, ogHoro 3
nioHepiB pakeTHOI TexHikn Ta Teopil KocmiyHmMx nonboTie HOpia KoHgpatioka B MonTHTY Bigbynock
30 TpaeHsa 2017 poky 3 Harogn 120-0i pidHMLi Big [IHA NOro HapOMXKEHHS BIOKPUTTAM NaM’aTHUKa. Bigomo,
Wwo 3aBasiku pospaxyHkam HOpis KoHgpaTioka amepukaHCbKi KOCMOHaBTM BrepLue nobysanu Ha Micaui.

CborogHi HauioHanbHui yHiBepcuteT «llonTaBcbka noniTexHika imeHi KOpia KoHgpatioka» cTas
NOTYXXHUM MiXKHapoAHUM aBTOPUTETHUM HAyKOBUM W iHHOBAUIMHUM LEHTPOM — MigepoM Ha PUHKY
OCBITHIX Nnocnyr, y sskoMy (PyHKLIOHYye 8 CTPYKTYpHUX nNigpo3ainis, HaB4yaetbes binbwe 5 000 cTygeHTis,
cepeq HUX 6nu3bko 400 — iHO3eMHUX rpomagsH, 4itoTe 92 OCBITHI Nporpamu, yCrnilHO BNPOBaAXYOTbCH
CyyacHi TpeHAM Ta nigxoam 4o BUKIagaHHs.

KonektnB yHiBepcuteTy Hanidye 6nusbko 10 TucsAY ocib, OCBITHIM npouec 3abesnevyloTb
350 pgokTopiB Hayk i npodhecopiB, KaHAWAATIB HaYK | AOLIEHTIB.

MpoTdarom GaraTbOX POKiB B YHiBEpcUTETI chopmyBanuca Ta npauoots 10 3aranbHOBU3HAHMX
MOTYXXHUX HAYKOBMWX LLKIiM, SKi OYOMIOKTL YYeHi, Bigomi B YkpaiHi, Ta 3a ii mexamn. 3BaHHA naypearis
OepxaBHuX npemin YkpaiHu B ranysi Hayku i TexHikn otpumanu 10 cniBpobiTHUKIB, 3BaHHS naypearis
npewmin MNpesngeHta YkpaiHn ana monogux y4eHmx — 19, a 3BaHHsi nodecHUX npodecopiB yHiBEpCUTETY —
33, cepepq AKNX 7 IHO3EMHUX rPOMALSH.

Bucokuin HaykoBO-MeTOAWYHWIA MOTEeHUian 4O3BOMSE yHIBEPCUTETY, WO € YneHoM Benwukoi xapTil
YHIiBEPCUTETIB, aKTMBHO iHTErpyBaTUCs OO CBITOBOMO OCBITHBOrO MPOCTOPY Ta po3LMproBaTU reorpadito
MiXKHapoOHWX NapTHEePIB, SKUX HUHI HanivYyeTbca BNn3bko cTa.

2 cepnHsa 2019 poky HakazoM Ne1054 MiHictepctBa oCBiTM | Haykm YkpaiHu [lonTaBcbkun
HauioHanbHWUIA TEXHIYHUI yHiBepcuTeT imeHi KOpis KoHapaTioka oTpuMaB HOBUI BUTOK Y PO3BUTKY Ta HOBY
Ha3By — HauioHanbHui yHiBepcuTeT «lMonTaBcbka noniTexHika imeHi KOpia KoHgpaTiokay.

OpraHiyHe NoeAHaHHSA KMacUYHWX OCBITHIX Tpaguuii, y3aranbHeHHs GaraTopiyHux HabyTkiB i3
HaACy4YaCHUMMU HOBITHIMW TEXHOMOMSIMU Ta reHepauietdo HOBMX KpeaTUBHMX ider A03BOMAWIO ANMHaMIYHO
TpaHcopMyBaTM MOTYXKHUIA 3aknag BULLOI OCBITU TEXHIYHOTO CNpsMyBaHHA B GaraTtonpodinbHUN
€BPONENCHKUIA YHIBEPCUTET KNACUYHOro TUMY, LWO OO3BOSISIE CTyAEeHTaM ONaHOBYBaTU HE TifbKM TEXHIYHI
crneuianbHOCTI, ane N BMBYaTM MUCTEUTBO, dinonorito, npaeo, iHaHCKM Ta EKOHOMIKy, 3anmaTucs
CMOPTOM, FapPMOHINHO iHTENEKTyanbHO Ta AYXOBHO po3BuBaTUCS. 3a 6akaHHAM CTyOEeHT MOXe HaB4YaTUCh
Ha KiflbKOX crieujianbHOCTAX O4HOYACHO.

CTBOpeHa B yHiBEpCUTETI HafcCy4YacHa maTepianbHO-TEXHIYHA 6a3a ynpogoBX AEeKiNbKOX OCTaHHIX
POKiB CYyTTEBO OHOBMIACh, 3aBASAKM 3any4YeHHIO iIHBECTULIN Big NPOBIOHUX MiXXHAPOAHUX KOMMaHin.

Monoab Mae yHikanbHi MOXnuBocCTi 3armMaTtuca 3D-mogentoBaHHAM, poBOTOTEXHIKOW, MPOBOAMTH
HayKoBi [OCNifXeHHs, BUNpoOyBaHHs, 3anWmaTucA CMOPTOM B HaWcyyacHilwnx nabopaTopiax i
MangaHumnkax, npautoBaTti y HaBvanbHUX Qiniax ycTaHOB-NapTHEPIB YHIBEPCUTETY, CTBOPHOBATU BNACHI
cTapTanu i HaBiTb yCMilLHO 3ano4aTKyBaTu BnacHui 6isHec. Pa3om i3 IHHoBauiiHUM xonaunHrom Sikorsky
Challenge y 2018 poui BiakpuTo €anHy Ha NonTaBLMHi cCTapTan-LwIKony.

3MiCT OCBITHIX Nporpam MNOCTINHO adanTyeTbCa ANA POopMyBaHHS NPOMECIHMX KOMNETEHUIn y
ManbyTHiX daxiBLiB Anst poBOTH i3 Cy4aCHUMU TEXHOMOrIAMMU.
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Puc. 4. Hanbinblwa eBponeicbka TEXHOMOrYHa KoMnaHist Siemens
Bigkpuna B HauioHansHomy yHiBepcuTeTi «[MonTaBcbka nonitexHika imeri KOpis Kongpattokay
nepLunn B YKpaiHi cy4acHUin HaB4anibHO-HAYKOBUIN LLEHTP HadhTOBUX | ra30BMX NPOMMUCTIIB

Benuky yBary KepiBHULTBO YHiBEpPCUMTETY NpuAiNgae couianbHO KOPUCHUM MPOEKTaM Ta rPOMazChKin
JisnbHocTi. HaujoHanbHui yHiBepcuTeT «[llonTtaBcbka nonitexHika imeHi KOpis KoHngpaTioka» cTas
ocepedkoM nonynsipusauii  HaykoBoi  poboTM cepeg  Morodi  Ta  AisnbHOCTi  MonTaBcbKoro
TepuTopianbHOro BiggineHHsa Manoi akagemil Hayk YkpaiHu, BigirpaB BaXnuBY pofib Y BKMAOYEHHI
HauioHanbHoro ueHTpy «Manoi akagemii Hayk YkpaiHu» nig erigy FOHECKO. VYHiBepcuteT €
MafaH4YMKoM [ONS  PO3BUTKY YYHIBCbKOrO Ta CTYOEHTCbKOrO CrMopTy BCEYKPaiHCbKOro  piBHS,
nonynsipusawii 30opoBOro Crnocoby XuTTs.
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AHAJII3 MOKJIMBOCTEM TA TOCBIAY 3ACTOCYBAHHS CUCTEM
BOPTOBUX BUMIPIOBAHbB /UISs1 TIPOBEJAEHHS BUITPOBYBAHB
BE3IIVIOTHUX JIITAJIBHUX AITAPATIB

AHoTanisi. Y crarTi NpoBeiCHO aHali3 MOXJIMBOCTEH Ta JOCBily 3aCTOCYBAaHHS cUCTEeM OOPTOBHMX BUMIpIOBAaHb JUIS
IPOBEJECHHS BUNPOOYBaHb OE3MUIOTHUX JTITATBHUX allapaTiB, BU3HAYEHI IIUIAXH YIOCKOHAJICHHS 1X 3aCTOCYBaHH:L.

Mertoto fociiukeHb Oy10 BUBUSHHS MOXIIMBOCTEH 3aCTOCYBaHHS CHCTEM OOPTOBUX BUMIPIOBAHb JIJIsl IPOBEAEHHS BUIIPO-
OyBaHb OE3IIOTHHX JITAILHUX anapaTiB. AHaji3 BUKOPHCTAHHS CUCTEM OOPTOBUX BHMIpIOBAaHb UL IPOBE/ICHHS BUIIPO-
OyBaHb [10Ka3aB, 1110 MOXJIMBI HACTYIIHI BapiaHTH peaii3awii cucTreM OOpPTOBMX BHMIpIOBaHb ULl OS3MUIOTHUX JITAIBHUX
amapariB: IPOrpaMHO-aJITOPUTMIYHA peajizalist 3 repenadero iHhopmaii 3 6opra GE3MIOTHOrO JIITATEHOTO arnapaTy Ha
Ha3eMHY YaCTHHI KOMIUIEKCY Julsl 11 mofanbioi oOpoOKH; peaii3alis cucreM OOPTOBHX BHMIpPIOBaHb Ha CaMOMy OOpTYy
6E3IIJIOTHOrO JIITAJIBHOTO anapary 3a paxyHOK oOiajHaHHS OOpTOBMMHM 3acobaMu peecTpalii mapamerpiB monsory. B
LIbOMY BapiaHTi PO3rIISIAEThCA MOXKIIMBICTD IIepejadi MapaMeTpiB IOIbOTY B pealbHOMY MacliTall yacy Ha Ha3eMHY Jac-
THUHY KOMIUIEKCY Ta HAaKONWYEHHA 11 Ha OOPTY Ul HACTYITHOI'O 3UUTYBAaHHA (CIUCYBaHHS) Ta aHANI3y MiCIs 34iHCHEHHS
HOJIbOTY; BUKOPHCTAHHS B SIKOCTI cHCTeM OOPTOBHMX BHMipIOBAHb JUISl IPOBEJECHHS BUIIPOOYBaHb OE3IUIOTHUX JITAIbHUX
arapariB MajnoraGapuTHHUX Cy4aCHHX YHIBEpCaJIbHHX CHCTEM 00’ €KTMBHOIO KOHTPOJIO Ha 0a3i peecTpaTropiB mapaMmerpiB
nonbotry tuiy PI1-24 a6o BYP. PesynbraTt po60TH OLIIEHO BUKOPHCTOBYBATH IIPU IPOBEICHHI BUIIPOOYBaHb O€3IiIOT-
HUX JITaJbHUX anapariB Ta iHIINX TUIIB 030pPO€HHS Ta BIHCHKOBOI TEXHIKM HAYKOBO-JIOCIIIHUMU YCTAHOBAMHU Ta MiAIPH-
€MCTBaMHU POMUCIIOBOCTI.

Karo4dosi cioBa: 6e3nioTHI JliTayibHI anapary; cucreMa OOpTOBHX BHUMIpIOBaHb; 30ip, 00poOka mapaMeTpH4HOI iH-

¢dopmartii.

IMocTanoBka npodiemMu

AXTyaJIbHICTh JIaHOTO THTaHHS OOYMOBJIEHA THM,
III0 B YMOBax NPOBEJICHHs orepanii 00’ €JHaHUX CHJI Ha
cxoni kpainm jgo 30poiHnx Cun YKpaiHH HaJXOIUThH
OaraTo Oe3MmiIOTHHMX JiTadbHUX amapatiB (BrmJIA) pis-
HOTO ()YHKI[IOHAJILHOT'O ITPU3HAYEHHSI, SIK BITYU3HSIHOTO
Tak 1 iHo3eMHOro BHpoOHHUITBA. CHEKTp 3aBIaHb, sIKi
BUKOHYIOTh O€3MIJIOTHI JIITajdbHI amapaTtd JOCHThH IH-
POKMIT TIOYMHAIOYH BiJ IMBIIBHUX — JOCTABKH ITOLITH,
MepeBe3CHHsI BaHTaXIiB, CIIOCTEPEKEHHS, OXOPOHHUX
omeparliii Ha 00'ekTax Ha(TOra3oBOr0 KOMIUIEKCY Ta
€HEPreTUKH, B 30HaX HAI3BHYAHUX CHUTYallill, BEICHHs
T'e0JI0rOpO3BiAKH, 10 BIICHKOBHX — PO3BiJKa, OCTAaHO-
BKa PaiolepenIko/l, YIpaBiHHsI BOTHEM 1 IliJIeBKa3aH-
HSI, PETPAaHCIII] IOBIIOMJIEHb 1 JaHUX TolIo. Buko-
HaHHS (pyHKLiOHANBHOTO Npu3HadeHHs BrJIA minx uac
eKCILTyaTallii 3aJIe)KuTh BiJl 0aratbox (pakTopiB, OMHUM
3 HHX € KUIbKICHA OI[iHKa XapaKTEPUCTHK IOCIIIHOTO
3paska briJIA minx yac BunpoOyBaHb Ta MiAKOHTPOIBHOI
excroryaraiii. [Ilo B CBOIO uepry MOXIIHMBO TiIBKA 3
BUKOPHCTaHHIM BUMIipIOBAIBEHOI TEXHIKH.

Kinmpkicte Takux BnJIA ummana, npuHIunmu mooy-
JIOBY Pi3HI, TapaMeTpy, SIKi MiJSIraloTh BUIIPOOYBaHHIM
pizHoMaHiTHi. [IpoBigqHuMu po3poOHMKamMu (BUpOOHMKA-
MH), sKi 3/1IHCHIOIOTH pO3poOKy B cdepi iHpopMariiiHo-
BUMIPIOBAIFHUX CHCTEM, CTBOPEHO Oararo 3paskiB, B
TOMY YHCII JUIi BUKOPUCTaHHS Ha TIOBITPSHUX CYyIHAX.

Bonu morpedyroTh TOCKOHAJIOro BHBYEHHS 3 METOIO
MOXJIMBOCTI BHKOPHCTaHHSI IUIsl TIPOBEICHHS BUIPOOY-
BaHb briJIA. HaBeneni o0cTaBuHM Ta CTPIMKHN PO3BUTOK
TEXHIYHHUX 3aC00iB BUMipIOBaHb, NIEPETBOPEHHS Ta 0OMi-
HY JJaHUMH BCEPEIMHI CHCTEM Ta MK HUMH BHUMAararoTh
BIIOCKOHAJICHHS METOJIB PO3POOKH 1 3aCTOCYBaHHS OOp-
TOBUX 1H(OpMaliHHO-BUMIPIOBAJIbHUX KOMIUIEKCIB Ta
peecTpylouux cucteM Ui 3a0e3ledeHHs] MPOBEACHHS
BHIIPOOYBAILHUX POOIT, SKi BPaXOBYIOTH OCOOJIHMBOCTI
PO3BUTKY €JIEKTPOHHOTO OOJIaJHAHHS Ha JaHOMY eTarli
posutky BrJIA, OyayroTbcs Ha €IWHOMY IiJIXOMi [0
po0JIeMH ONTHMAJILHOTO BHKOPHUCTaHHSI PECYpPCIB CHC-
TeM 300py 1 00pOOKH MapaMeTpudHOI iH(popMarii.

AHaNi3 ocTaHHIX AocJiIxkeHb Ta MyOJiKkamii.
AmHaniz craHy BHUKOPUCTaHHS 3aco0iB BHMIipIOBaHb,
peectpanii Ta iHAMKAII, sIKI BXOJSTH JI0 CKIIaay OOpTO-
BUX iH(opManiiHO-BUMIpIOBAIEHUX KOMIUIEKCIB 1 pe-
€CTPYIOUMX CHCTEM NpU TPOBEAEHHI BHIPOOYBaHb
3paskiB OBT posrisiiaBes B psijii HAyKOBHX MaTepiaiiB
MEPEBAYKHO JIMIIE CTOCOBHO IJIOTOBAHHUX JIITAJIBHUX
amaparis, JUIsl BUMIPIOBaHHs IapaMeTpPiB CUCTEM SKUX
BOHU Oyiu po3poOneni [1-7]. Ane mutaHHS BUKOpHUC-
TaHHS CHCTEM OOPTOBHX BHUMIPIOBaHb JUIS ITPOBEICHHS
BunpoOyBanb briJIA panilie He po3rIsiAaIuch.

@®opmyJIIOBAaHHA MeTH cTaTTi. BUBYEHHS MOX-
JIMBOCTEH 3aCTOCYBaHHSI CUCTEM OOPTOBUX BHMipIOBaHb
JUIsl IPOBEACHHS BUMPOOYBaHb OE3MIJOTHUX JIITAIBHUX
araparis.
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BuKkJiaJ 0CHOBHOTO MaTepiajy

CTBOpEHHS HOBUX MPUHIIMIIIB 3aCTOCYBaHHS 3aCO-
0iB ypakeHHs, oOpraHizamii pi3HMX CHUCTEM 3B’SI3KY,
HaBiTali i criocTepeXKeHHs, 3aCTOCyBaHHS OaraTo(yHK-
IIOHAJIBHOTO 1HTErPOBAHOTO OOPTOBOrO OOJIa HAHHS
(oOumcmoBaIBHUX 3aC00IB, paliOCICKTPOHHUX 3aCO0IB,
3aco0iB 300py, mepenadi, 30epeKeHH 1 BiTOOpaKeHHS
iHpopManii) € JOMiHyIOYMMH HalpsSIMKaMH B MOJIEpHi-
3aIii eJIEeKTPOHHOTO OOJaJHAHHA OC3IIOTHOrO aBia-
nifinoro xomiwiekcy (BnAK). Boprosi 3acobu peectpa-
il Ta KOHTPOJIO pa3oM 3 HAa3eMHOIO CKIIAJOBOIO JUIS
CrHCaHHs, OOpOOKM Ta aHaJi3y MOJBOTHOI iH(pOpMAarii
BITHOCATBCS JI0 3aCO0iB EKCIUTYyaTaI[ifHOrO KOHTPOJIIO
BrAK. B naHiii cTaTTi po3risiiacThcs 00JIaIHAHHS, SIKe
BCcTaHOBITIOETHCS Ha BIAK 3 Meroro 300py Ta peectpa-
uii mapamerpu4Hoi, dpoBoi Ta Bizeo iHpopmaii Bixg
CHCTEM KOMIUIEKCY y TIOJNBOTI Ta Ha 3eMII, 10 B Tepc-
MEKTHBI JIO3BOJIUTH OOIPYHTYBaTH 3aBIaHHsS Ta BH3HA-
YUTH TEXHIYHUHA 00puc Maii0yTHBOI cuctemMu (KOoMIuIe-
KCy) aBTOMaTH30BaHOi OOpPOOKHM 1 aHallizy ImapaMmeTpud-
Hoi iH}opmanii BAK.

[Mapamerpuuna indopmarist (I1I) € BaxkuBimMM
JOKEpENIoM O0'€KTUBHHX JaHWUX NP0 PEXHMHU IOJBOTY,
MIPOCTOPOBE ITOJIOXKEHHSI, JiT 30BHIMIHIX IIJIOTIB (omepa-
TOpiB) Ta wWieHiB ekimaxy BmAK Ta TexHiyHMi cTaH
KOHTpomoeMux cuctem [4]. ToMmy mpoiiec OcHaImeHHS
BrAK 3 BHpoBajpKeHHSIM HOBUX iH(OpMAIHHUX CHC-
teM (IC) B 3aranbHOMY J03BOJISIE MTOKPAIUTH €(hEKTUB-
HiCTh TX 0OHOBOro 3aCTOCYBaHHsI Ta ITiABHIINTH Oe3rie-
Ky BUKOpHcTaHHs. OIHOYACHO IIe BeJe 0 30UIbIICHHS
KiJIbKOCTI popMartiB Ta 00’eMy LUPKYJIIOI0U0i Ha OOpTY
BrnAK I1I, sika peecTpyeThcsl pi3HOMaHITHUMHU peECTpa-
Topamu. IIpu po3poOIli HA3eMHUX CHCTEM (KOMILICKCIB)
00poOku Il iX BUKOHaBII HE 3aBXIH JOTPHUMYIOTHCS
BCTaHOBJIGHUX (OPM TMpEACTaBJIECHHSI pe3yJbTaTiB 00-
poOku [4], a BiINOBIHI KEPiBHI TOKYMCHTH HE 3aBXKIU
MICTATh BiZIOMOCTI IIPO MOPSIOK TX 00pOOKH, MpeacTaB-
JIeHHsI Ta 30epiranHs (apxiByBaHHs). Uepe3 BiICYTHICTb
Ha JIaHUW Yac Tajy3eBoi CTpaTerii po3BUTKY OOpTOBHX
siKka TIPU3HAYCHA I CIUcaHHs Ta o0poOku I1I, mpomec
CTBOpPEHHS Ta MOJIEpHi3allil 03HAYEHUX HOCHUTHh Oe3chc-
TeMHUI Xapakrtep. [HOmi Uit 3MiHCHEHHS KOHTPOIIO
napameTpiB cucteM onHoro tuny bnJIA BukopucroBy-
I0ThCsI OJIOKHM Ta PUCTPOi Pi3HOTO MpHU3HAYEHHS i, Bil-
MOBIIHO, JICK1JIbKa Ha3eMHHUX cucTeM 00poOku I1I, 1o €
HEIOIUIFHUM 3 TEXHIYHOI, eKCIUTyaTaIliiHOl Ta €KOHO-
MIYHOI TOYOK 30pYy.

Haszemni cuctemu 00poOku I1I HOBOroO MOKOIIHHS
BOJIOAIIOTh 3HAYHO OUTBIIMMHU (PYHKIIIOHAIEHUMH MOXK-
JIUBOCTSIMH, SIK TI0 OpraHizauii mpouecy oOpoOKku, Tak i
IO MOYKJIMBOCTSIM HaJaHHS 11 pe3ynbTaTiB[2].

3 METOI0 BUBYEHHS MOXXJIMBOCTEH BUKOPHUCTAHHS
cucremu 6opToBux BuMiproBans (CBB) npu nposenenHi
BUIIPOOYBaHb Ta MiJKOHTPOJbHOI ekciuryaranii brJIA
HaBeIEeMO BHU3HAYECHHS «CHUCTEMH OOPTOBHX BHUMIpIO-
BaHb» st BriJIA Ta mpoaHamnmizyeMo JOCBiJ MPOBiTHUX
Kpain cBitry B BukopucranHs CBB mis mpoeneHHs
BUMIipIOBaHb NapaMeTpuyHoi iHpopmaii Ha briJIA.

OpHuM i3 pKepen OTpUMaHHS BHXIIHHX JaHUX,
SIKI HEOOXIIHI JUIsl OLIHKU PE3YJbTaTIB JIHOTHUX BHUIIPO-

OyBaHb TiNOTOBaHMX Ta Oe3mioTHUX JIA € GOpTOBI
iH(pOpMAaIifHO-BUMIPIOBaJIbHI CHCTEMHU, SKi BKJIIOYAIOThH
KOMIUIEKC TEXHIYHUX 3aco0iB BHMipIOBaHb (IIEPBHHHI
MepeTBOpIOBadi MapaMeTpiB MOJIBOTY, a TAKOXK araparHi
Ta mporpamHi 3acobu 300py Ta 00poOku). Bumoru no
IUX CHCTEM - II€ HaIiiHICTh 1 TOCTOBIPHICTH OTpHUMa-
HUX JaHHX.

CBB Moke BUKOPUCTOBYBATHCS, SIK B TIpOIlECi Ha-
3eMHHX BHUIPOOYBaHb, TaK 1 B XOJi JHOTHUX BHUIIPOOY-
BaHb. B Xoz1i BUnpoOyBaHHs, B 3aJIXKHOCTI BiJ| 3aBJaH-
HSl, JOCITIJUKYIOTBCS HaNpyXeHO-IeOpMOBaHHH CTaH
KOpIyCY JITaJbHOrO anapary, BIUIMBY BiOparii, Temre-
patypu, pi3HOrO pOAy CHJ Ha HOro KOHCTPYKTHBHI
€JIEMEHTHU Ta CHCTEMHU.

Bunpo0OyBaHHs! IPOBOASATHCS, SIK B MPOLIEC] pO3po-
OKHM JIITAJILHOTO amapary, Tak i B TMpoIeci Horo mojaep-
Hi3alii, 3 METOI0 OTPUMAaHHS EKCIEePHUMEHTaJIbHUX JIa-
HUX JIITAJIHOTO amapary Jisl TIEPEeBipKH Ta OHOBJICHHS
CTPYKTYPHO-ZIMHAMIYHHUX MOJIEJNIEH, sIKi, B CBOIO 4epry,
MOXYTh BUKOPHCTOBYBATHUCS Ul IPOTHO3YBaHHS HOTO
TIOBE/IIHKY B IPOLIEC] eKCILTyaTalii.

[Tix yac npoTHHUX BUNPOOYBaHb OE3MIJOTHUX JiTa-
JIBHUX anapaTiB MOTPIOHO KOHTPOJb THX JK€ Mapamer-
piB, 10 i W BUNPOOYBaHHI IMIJIOTOBAHUX - ITACaKUP-
CBKHX 1 BIFICBKOBHX JIITAKiB 1 BEPTOJIBOTIB.

OCHOBHI BHMOTH, IO IPEJSIBISIOTECS 0 KOHC-
TpyKuii (ro3espKy — BIANOBIAHICTE MiX peasbHOO
MIIHICTIO (DIO3ESKY 1 TEOPETUYHUMH PO3paXxyHKaAMH
MIITHOCTI.

BriJIA BilicbkOBOTO TpHU3HAYEHHS MAlOTh Haii-
OiLIbII PI3HOMAHITHI 3aBJaHHS, OUIbII CKJIAJAHY KOHC-
TPYKIIi10, HECYTh Pi3HI BUIX KOPUCHOTO HABAaHTAXKEHHS,
TOMY OCOOJIMBO B&)KJIIMBUM € YCHIIIHE BHKOHAHHS 0O-
HOBOro 3aBJaHHA: 3aCTOCYBaHHA 3acO0IB ypa)kKeHH:,
MIPOBEACHHS TTOBITPSHOI PO3BIJIKM Ta BUKIIIOYEHHS I1a-
IIHHS B 30HI i MPOTHBHUKA. | HEMae CyMHIBIB y He-
00X1THOCTI MPOBEACHHS JHOTHUX BHIIPOOYBaHb i3 3a-
CTOCYBaHHSIM CIICIIaJIbHUX CHCTeM OOPTOBHX BUMIpIO-
BaHb. Kiacudikanis BrnJIA BilicbKOBOro NpH3HAYEHHS
HaBeJieHo y [4].

3naBanocs 0, MPoOJeMH HISKOI He iCHye 1 BIIPO-
Ba/DKEHO Oarato pinieHb y TMIJIOTOBAaHOI aBialidHOL
MIPOMUCIIOBOCTI Ta MOXKHA iX 3alO3WYUTH. AJle HE BCe
Tak npocto. KoHCTpyKTOpH BUPILIYIOTH ITUTAHHSI 3Me-
HireHHs BriJIA ms 3HWKEHHS 1X MOMITHOCTI, rabapuTiB
Ta MiJBUIIECHHS Bard KOPUCHOTO HABAHTAKEHHSI.

Ha cporoaniniHiii AeHb NMPOBEAEHHS JLOTHUX BH-
poOyBaHb BENMUKUX BIJIA MOXIHBO 3 BUKOPHUCTAHHIM
3BHYAWHUX CHUCTEM 300py JaHUX, sKi He NpU3HAuYeHi
st BrJTA 3 Masioro BaHTaXOMmiIHOMHICTIO.

CyyacHWi PUHOK BHMIPIOBAJBHOTO O0JaHAHHS
BUSIBUBCS. HE TOTOBHH JI0 TaKOTO CTPIMKOT'O PO3BHTKY
0e3MioTHOI aBiaii.

[Ipoananizyemo, siki CBB BUKOpUCTOBYIOTBCS Y
PO3BHHYTHX B BIMICbKOBOMY BiJJHOLIEHHI B KpaiHax
CBITY JUIsl IPOBENIEHHS BUIIPOOyBaHb BriJIA.

Cucrema OoptoBux BumiptoBanb [AMMA-2110
(BupoOHHUTBO — Pocist) HaBenena Ha puc. 1. Po3poOka
2000-x pokiB. CucTemMa OOCHTH CKJIaJHA 1 BHMAarae
Oararo yBarm 1 4Yacy Ha OIIAaHyBaHHsI. 32 Maco-
rabapuUTHUMU XapaKTEpPUCTUKAMU HE MiAXOAUTH IS
nerkux bnJIA [8].
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Puc. 1. 3osuimmnii Burisg CbB TAMMA-2110

Komriexc 00opToBHX arperatoBaHux 3aco0iB 300-
py, meperBopeHHs i peectpanii iHdopmanii TAMMA-
2110 nmpu3HaYeHU 1151 BUMIPIOBaHHS MTapaMeTpiB J10C-
JHUX 00’€KTIB, MIEPETBOPEHHUX B EJEKTPHUYHI CUT'HAIIH,
3aIKCy Pe3y/IbTATIB BUMIPIOBAHb MapalieIbHUM JBiiKO-
BUM KOJIOM Ha MAarHiTHy CTPIYKy 3 MOXKJIMBICTIO IOJa-
JBIIOT OOpOOKM Ta aHallizy NMpU NPOBEACHHI JILOTHHUX
BUTIIPOOYBaHb aBialiiHOT TEXHIKH.

CBB MIPA (BupoOuunrBo Pocist). 3a3nauena cuc-
Tema, SBIISE COOOI KOMIUIEKC MpPOrpaMHO-TEXHIYHHX
3ac00iB, TpPH3HAYCHUX IS 3a0e3MeYeHHS JIbOTHUX
BHUITPOOYBaHb BifCHKOBOI TEXHIKH, BUKOHAHA Y BHUTJIAII
PO3TIONIIBHOI BUMIPIOBAJIBHOI CHCTEMH, MOOYIOBaHOI
Ha 0a3i MarorabapUTHUX MOIYJIBHHX KOMIUIEKCIB. 30B-

MIC-1500
TeneMeTpHUacKii
HIMEPHMTENEHEIH KoMMNeKe

R

MDU-B12
Kpoccupoeka NUTaHWA, cHcTeMbl
CUHXPOHWEaLMM 1 WHTepdelicos

MyneT ynpaenaxua

MIC-170H
Dasnewna

MIC-1150
OuiHamuka (TeHzo/Bnbpo)

HIIHIA BUMIS po3po0iieHOro s aBialliifHOro 3acTo-
CyBaHHSI BHMIipIOBaJIbHO-00YHCIIIOBAIIEHOTO KOMILIEKCY
MIC-1150.

Komruiekc 103BoJisie BCTAHOBJIOBATH 10 BOCHBMHU
BUMIpPIOBAIEHUX MOAYMiB. KUTbKICTh Ta CKJIa] BUMIipIO-
BaJbHUX KaHAJIIB BHU3HAYAIOTHCS KOHKPETHHUM 3aBJIaH-
HSM BHUIPOOYBaHb Ta BWAOM JOCHikeHb. HomeHka-
Typa BUMIPIOBAJILHUX MOAYJIB HaJa€ MOXIIUBICTh BH-
MIpIOBaHb IIMPOKOT'O CHEKTPY MapaMeTpiB: TeMIepaTy-
pa, abcomoTHUH Ta audepeHIiaIbHui THCK, aKyCTHY-
HUH TUCK, BiOpallii, 9acToTa o0epTaHHsi, MepeMiIlCHHS,
nuHamivHa aedopmanis Ta iHmmx napamerpiB. CBB
MOXE TPAIIOBAaTH B aBTOHOMHOMY PEXHUMI, SIK aHaJOr
MOJIEOTHOTO PEECTPATOPa, MAIOYU PO3IIUPEHI MOXKIIU-
BOCTI.

BupoOHHK MPOITOHYE KOMIUIEKC 3 CHCTEM:

MIC-1150 dunamika (TeH30 / BiOpO);

MIC-700 ITudpori inrepdeticu ARINC, MKO,
RS-485, CAN;

MIC-1150 Crartuxa (TeH3o i iH.);

MIC-1170 Po3nozineni 6J10Ku;

MIC-1200 ADM;

MIC-140H Temnepatypy;

MIC-170H Tucky;

MDU-812 KpocupoBka XHUBJI€HHS, CUCTEMU CHH-
XpoHi3aii i iHTepQeiciB;

MIC-1500 [ducTaHuiiiHuii BUMIpIOBAIEHHN KOM-
miekc[9].

Cucremun KAMS500 I AXON
ACRA control, CIUA, ITiu. Ipnanmis)

(BUPOOHUIITBO

MIC-700
Undpossie unTep
ARINC, MKO, R5-485, CQN

a$rr - F. ]

! - i

| | '9e<ay
el velal

"o-'-._.

MIC-1150
Cratuka (TeHzo v np.)

“eee g
MIC-1170
PacnpeneneHHsie Gnokm

MIC-1200
AeM

MIC-140H
TeMnepaTypb

Puc. 2. Cxnan xommnexcy MIC-1150

Li cucremMu BioOMi 1O BCOMY CBITY i BUKOPHCTO-
BYIOTHCS TAKMMHU aBia Tirantamuy, sk Boing i Airbus.
Bapiant cucremu AXON noka3zaHo Ha puc. 3.

CucreMa NpHW3HAYCHI IS BCTAHOBJICHHS Ha Bep-
TOJILOTH, JITaKW, OE3MIJOTHI JITajdbHI amapaTH Ta B
KOHTEHHepH.

11



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 4(62)

ISSN 2073-7394

Puc. 3. Bapianr cucremn ACRA control AXON

Haii6inpimmii inTepec mis 6e3minoTHux JIA siBise
coboro cucreMa AXON, BoHa po3poOisuiacs Oesmoce-
penubo quist 1mx nited. lupokuit GpyHkmionan, maii
rabapury i Bara poOisTs 11 ineatpHOI0 171 300py TaHuX
3 briJIA. Henonmik onuH - cucreMa iMITOPTHA 1 1i BEeIHKa
iHa.

[l npoBeneHHs JbO0THUX BUNpoOyBaHb briJIA Bi-
omigHo  mipxomsars  cucremu  IMC CRONOSflex
(puc. 4). BigmiTHa 0COOJIUBICTh - po0OOTa 3 TEIEMETPH-
YHUM CHUCTEMAaMHU I10 IU(PPOBOMY KaHAIy.

MoxHa npuiiMaTH JaHi 3 OOEpTOBUX YaCTHH 1
E€KOHOMHTH 33 PaxyHOK 3BUIbHEHHs aHAJIOTOBUX KaHa-
miB. Takox € OaraTuii QyHKIIOHAN 3 yNpaBIiHH 1 Jier-
ko koH(pirypyerbes [10 IMC Studio[10].

Jlani cucreMu 3a CBOIMH MOXKJIMBOCTSMH MaroTh
HU3KY BXJIMBUX HEJIONIKIB, SIKI MOB’sI3aHi 3 iX eKCILTy-
aTaliero:

BeNUKi Maco-rabapuTHi po3mipu (0araTta KUTbKICTh
OnokiB — B geskux g0 10 ox., maca — mo 30-40 xr Ta
iHIIT);

BEJMKA MPOTSHKHICTD 3’ €IHYBAJIBHUX MIiKOJIOKO-
BHUX JIPOTIB Ta KOHTAKTIB;

HAIpYTa >KUBJICHHS OJJHOIO HOMiHAJTY (SIK ITPaBUIIO
+27 B);

rpaHMYHAa YacTOTa peecTpanii mapaMerpiB MOJbO-
Ty,

Cucrema OOpTOBHX BHMIpIOBaHb IMC 3HAYHI BUTpPATU 4acy Ha IIATOTOBKY Ta MOHTaX
CRONOSFLEX (Bupo6nunrso ®PH). obnaxnanHs Ha 60opTy BriJTA.
MR, i \. fo== -
sy &0 "

AATSIGN C WA T EDAON

CAN

| ] |

12
1
&

Ethernet (Sync)

Ethernet imc STUDIO

| |

SpORS

kd 5 3 U 1

Puc. 4. Cxinan ta npuniun gyskuionysanns cucremu IMC CRONOSflex

Jlist BUKOHaHHS POOIT, sIKi MOB’si3aHi 3 MPOBEJICH-
HSIM TEH30METPii, BUKOPHUCTOBYETHCS IX CHHXPOHI3aIlist
3a 4yacoM, BCT@HOBJICHHS JO/IATKOBUX IIPUCTPOIB CHpS-
xeHHs. [le mpu3BOAMTH 0 MOJAIIBIIOTO IiJBHIIEHHS
Maco-rabaputnux po3mipis CEB.

BukopucTtanHs Takux cHCTeM MOXJIHMBO Ha brJIA,
SIKI MAIOTh JIOCTaTHHO BEIHMKHH MPOCTIp AJs iX BCTaHO-
BieHHs. Kpim toro, Bukopucranus takux CbB momyc-
Ka€ BHKOHaHHs OOpOOKHM Ta aHaji3y JaHHX TUIbKU Ha
Ha3eMHOMY KOMIUIEKCI (TIPHCTPOi) 0OpOOKH, IO 3HAYHO
IiIBUIIYE TIEPiOA Yacy BiJ NMPOBEAEHHS JHOTHOTO EKC-
MIEPUMEHTY 1O OTPUMAaHHSI KiHIIEBOT'O PE3Y/bTaTy.

I'pamMoTHE BUKOpHCTaHHS CUCTEM OOPTOBHX BHMi-
pIOBaHb Ta BIJIIOBITHUX HA3eMHUX aBTOMAaTH30BaHHX
KoMIutekciB 00poOku Il miguac BumpoOyBane BrJIA

MOKa3ye, 10 BOHM B CYYacHUX YMOBaXx JAIOTh Ji€BUI
IMIYJIbC B IIMPOKOMY BHKOPHCTaHHI Pi3HOCTOPOHHBOI
napameTpuyHoi iH(opmarii s miIBUIIEHHS Oe3neKu
TIOJBOTIB, KOHTPOIIO Tpane3aatHocti bnAK a came:

JIO3BOJISIIOTH  CBOEYACHO 1 OMEPATUBHO BHSBIISITH
HeOe3mevHi (akTopy Ta TEHACHINI B pOOOTI TEXHIKH Ta
31ilicHIOBaTH iH(QOPMYBaHHSI KOMIIETCHTHUX OpPTaHiB;

3IIHCHIOIOTh aBTOMAaTH30BaHE Y3araJbHEHHsS pe-
3yJAbTATIB TOJBOTIB 3 METOI0 BUSIBJICHHS HETaTUBHUX
TEHJIeHIi# 1 (aKTopiB, O 3HWKYIOTh PiBEHb BUKOHAH-
HSI TOJIbOTHUX 3aBJIaHb;

CTBOPIOIOTH YMOBH JUIsl BCEOIYHOTO aHAJI3y CTaHy
Ta BUPOOJIEHHS KOHKPETHHUX LUIAXIB 1 Mporpam 3amno0i-
TaHHs 3pHBY Ta He 3a0e3le4eHHs BUKOHAHHS ITOJIbOT-
HUX 3aBJIaHb;

12
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HA/AIOTh IITUPOKY iH(opMauiiHy MiATPUMKY MO-
caioBUM 0co0aM, SIKi HECyTh BIAIIOBIJAJIbHICTh 32 TeX-
HivHH# ctan briJIA;

JIO3BOJISIFOTH 3/IFICHIOBATH aBTOMAaTHU30BaHY OIliH-
Ky npaue3aatHocti cucteM briJIA min yac BunpoOyBaHb
Ta IMiJKOHTPOJILHOT eKCILTyaTallii.

Takox B pobori [11] Oyno po3risHyTa MOXKIH-
BiCTh BUKOPUCTAHHS 3aC00iB 00'€KTUBHOTO KOHTPOJIIO,
B ocobmuBocti peectpatopa PII-24, B sxocti CbB mis
3aCTOCYBaHHS B SIKOCTI MajorabapuTHOI cucreMu Oop-
TOBUX (00’€KTOBMX) BUMIpIOBaHb MiJl Yac BUIPOOYBaHb
spaskie OBT. Byma 3milicHeHa OIliHKa JOCTATHOCTI
TEXHIYHUX XapaKTEPUCTUK JOCITITHOTO 3pa3Ka peecTpa-
TOpa MOJILOTHUX AaHUX. PeecTparop monpoTHUX mMapa-
merpiB PII-24 npusnauenuit uis 300py, MiJrOTOBKH i
3alucy B 3aXHIICHI TBEPAOTUIbHI (iel-HaKoMUYyBayi
rapaMeTpUYHKX JIaHWX Ta aymio iHdopmarii, mo cTBo-
PIOIOTHCS Ha TIOBITPSIHOMY CYZHI, Ta ii KOmiloBaHHS Ha
Ha3eMHI 3aCO0M Tepe3anucy Uil MOJANIbIIOI 00pOOKH
(pucyHOK 5).

Puc. 5. 3o0BHiIHIN BUIIIS peecTpaTopa
nonbotHoOI iHdopmanii PI1-24

B pe3ynbTati nmpoBeZeHOro aHaji3y BCTAHOBJIEHO,
[0 PeeCTpaTop MoJIbOTHHUX mapamerpiB PI1-24 € mocra-
THBO (PYHKIIIOHAIEHUM, YHIBEpCAJIbHUM IIPUCTPOEM Ta €
MOXITUBICTBH HOT0 3aCTOCYBaHHSI B SIKOCTI CUCTEMH Oop-
TOBUX (00’€KTOBMX) BUMIpIOBaHb MiJ Yac BUIPOOYBaHb
3paskiB pisHux BUniB OBT, B 0COOMUBOCTI ISt BUITPO-
OyBanb briJIA.

CyKyIHICTh TEXHIYHHX XapaKTEpUCTHUK peecTpa-
topa PII-24 nos3Bonse BBakaTH HOr0 CHCTEMOIO, sKa
MOXKE BCTaHOBJIIOBATHCh Ta €KCILTYaTyBaTHCh Ha 3pas-
Kax TEXHIKH BIHICHKOBOTO NMPU3HAYEHHS, IO BUIIPOOO-
BYETBCS.

MosksmBocti ManorabaputHoi CBB Ha 0a3i peect-
paropa nonsotHuX napametpiB PII-24 cymicHo 3 mpo-
IpaMHUM 3a0€3MECUYCHHAM [UI Tepe3amucy Ta 00poOKH
3apeecTpoBaHol iHGopMalIlii, TOBHICTIO 33I0BOJILHSIIOTH
CyJacHHM BHMOTaM, siki mpexn sBisioTbes 10 CBB Ta
3a0e3MeuyloTh BIIEBHEHY E€KCIUTyaTallil0 CUCTEMH SIK Ha
3eMUTi TaK i B ITOBITPI.

Binbm neranbHO CKiIan, XapaKTEPUCTUKH, MPHH-
UMK TTOOYIOBU IUX CHUCTEM PO3IJIAHYTO B [12], ToMy
Jani  3yMAHAMOCS JIMIIE Ha OCOOJIMBOCTSX X KOHCTPY-
KIIii, HEeOJIiKaX, Ta MOXKJIMBHX MUIAXaX 1X BUPIIICHHS.

[IpoBenenmii aHami3 Mokazye, IO MOXJIMBI Taki
BapianTu peainizanii CbB ans BriJIA:

MpOrpaMHO-ITOPUTMIYHA peaiizalis 3 rnepeja-
yero iH(opmamii 3 6opra BriJIA Ha Ha3eMHY YacTuHI

KOMIUIEKCY (Ha MYHKT JUCTAHIIHHOTO MiIOTYBaHHS
(ITAIT)) nns ii momankioi 0OpodKwy;

peanizauis CBB Ha camomy 6opty BriJIA 3a paxy-
HOK oOmajgHaHHA OOpPTOBUMH 3aco0aMu peecTpaii
rapameTpiB MOJbOTY. B 1IbOMY BapiaHTI pO3TIIsIAETHCS
MOXIIUBICTB TI€pe/iadi MmapaMeTpiB MONbOTY B PeabHO-
My MacmTabi yacy Ha [1J]I1 Ta HakonnueHHs i1 Ha Gop-
Ty JUIsl HACTYITHOTO 3HOMY Ta aHasli3y micist 31iHCHEHHS
TIOJBOTY;

BHUKOpHUCTaHHA B sikocTi CBB i npoBeneHHs BU-
npoOyBanb BriJIA manoraGapuTHHX CydacHHX YHiBep-
CaJIbHUX CHCTEM 00’€KTHBHOIO KOHTPOJIO Ha 0a3i pe-
€CTpaTopiB MapaMeTpiB Mmooty THITy PI1-24 abo BYP.

BucHoBku

Omxe, anani3 Bukopucranus CBB mimuac mpose-
JIEHHSI BUIPOOYBaHb Ta IiJAKOHTPOJBHOI eKCILTyaTaril
BrJIA mokasas 1m10:

- cydacHi BnAK € MOCTaTHRO TOTYXKHIM BHIOM
030pO€HHSI 3 BEIMKUM IIOTEHIIaJOM 3aCTOCYBaHHS.
3aBlaHHsl CUCTEMH KOHTpOJIO Mpaue3iaTHocti briJIA
HampaBjcHI Ha edekTuBHe OOWOBE 3aCTOCYBaHHS
BriJIA, migBumieHHS O€3MEeKH IONBOTY, MOJIMIIEHHS
KOHTPOJIIO 1 MPOTHO3YBaHHS TEXHIYHOTO CTaHy aBialliii-
HOI TEXHIKH Ta BU3HAYAIOTHCSI BUMOT'aMU 111070 00HOBO-
ro 3acrocyBanHs brmJIA 1 KOHTpoOmO iX TEXHIYHOrO
crany. CUCTEeMU KOHTPOJIO TaKTHYHUX, ONEPATUBHHUX,
OIlepaTHBHO-TAaKTUYHUX 1 cTparerivnux BriJIA pi3Hi 3a
00CSIrOM Ta CTyIEHEM CKJIaHOCTI, 110 BU3HAYAE aKTya-
JIBHICTh CTBOPEHHSI YHI(piKOBAHOI BITUM3HSHOI Majora-
6aputnoi CbB BnAK;

- BUpIMICHHSM MPOOJIEMH BCTAHOBJICHHSI CHCTEMH
0opToBHuX BHMipioBaHb Ha BrJIA € moOymoBa masora-
0apuTHOI YHIBEpCaJbHOI CHUCTEMH OOpPTOBHUX BHMIpIO-
BaHb i BriJIA, ska mOBUHHA 320€3IeUyBaTH 3aIUC Ta
30epiranHs iH(opMalii Mpo mapaMeTpu MoJbOTY, Tpa-
LIE3/IaTHICTh CHJIIOBHX YCTAaHOBOK, CUCTEM Ta O0JIaHaH-
Hs BriJIA BiZMOBIAHO 10 BU3HAYCHUX €KCILTyaTaIliHHOO
JIOKYMEHTAI[I€I0 TIepellikiB MapaMeTpiB Ajsl IIEBHOTO
turty briJIA. TloBunHa OyTH mepenbadeHa MOXIIHBICTbH
nepenayi mapaMeTpiB MOJBOTY Ta pOOOTH CHUCTEM, IO
peectpytotbess CBB na TI/II1 B peampHOMY MacmiTabi
qacy;

- JJIsl CTBOPEHHS! HA3€MHUX KOMILIEKCIB OOpOOKH
napameTpuyHoi iHopmMaris, ska orpumana CBB, mo-
BUHHI OyTH po3pobieHi yHidikoBaHi Bumoru. Haii-
OUTBII MIPUAHATHUM IUITXOM ONTHMI3allii i cTaHIapTHU-
3alii 3aCTOCOBYEMHUX B Ha3€MHHX KOMIUIEKCaX 0OpOOKH
MOJILOTHOI 1H(OpMaIii armapaTHUX 3aco0iB € po3podka
Ta NPUHHATTS Ha IOCTaYaHHS €IMHOTO YHIBEPCAIBLHOTO
MIPOrPaMHO-aNapaTHOr0 KOMIUIEKCY OOpOOKH, SIKUM Ou
miaTpuMyBaB QYHKIIT Ta 3aBAaHHS NPUAHITUX HA TOC-
TayaHHS Ha3eMHUX 3ac0o0iB 0OpOOKM Ta J03BOJISIB BH-
KOHYBAaTH [OAATKOBI 3aBJaHHS NUISIXOM BBEICHHS
OKpeMHUX nmporpamMHux mMoayiis [13-15];

- OCHOBOIO arapaTHoi YaCTHHU Ha3eMHOI YaCTUHU
KOMIUIEKCY OOpOOKH MONBOTHOI iH(opMmalii 3 TexHiu-
HOI Ta €KOHOMIYHOI TOYKH 30py Moxe Oytu ITEOM 3
KOMIUIEKTOM BiJIOBIIHUX iHTepdelc HUX IUIaT Ta YHi-
BepCaJIbHUN MPUCTPIH Mepe3arucy, sIKuii 3ade3neyyBaB
6u 3unryBaHHs 3 Oopty BriJIA mapamerpuuHoi iH(Op-
Mallii ycix 3acrocyemMux Qopmaris;

13
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- BpaxOBYIOYH, 1[0 BUCOKA €(EKTHUBHICTh O0'€KTH- BAaTH YXBAJICHHS pIlIEHHS 32 KOXXHHM OIL[IHIOBAaHHM
BHOT'O KOHTPOJTIO JOCATa€ThCS BUCOKUM CTYIIEHEM Bipo-  MapaMeTpoM 3 BIpOTIIHICTIO, HE HIDKYE 3aJaHoi, MpH
TITHOCTI MPUHHATHX PIlllEHh 32 KO)KHUM OIIHIOBAHUM  MIHIMAJIbHOMY Yaci IOCTaBKH MapaMeTpUdIHoOl iHpopma-
napamerpoM nonsoty bnJIA, CBB noBunHI 3a0e3medy- — 1ii 70 MicIst 0OpOOKH.
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Analysis of possibilities and experience of application of on-board measurement systems
for undertaking aircraft tests

P. Arkushenko, O. Shefer, I. Shein, M. Andrushko, A. Florin

Abstract. The article analyzes the possibilities and experience of using onboard measurement systems for testing un-
manned aerial vehicles, identifies ways to improve their application. The aim of the research was to study the possibilities of
using on-board measurement systems for testing unmanned aerial vehicles. Analysis of the use of on-board measurement systems
for testing has shown that the following options for the implementation of on-board measurement systems for unmanned aerial
vehicles are possible: software-algorithmic implementation with the transfer of information from the unmanned aerial vehicle to
the ground part of the complex for its further processing; implementation of on-board measurement systems on board the un-
manned aerial vehicle due to the equipment of on-board means of registration of flight parameters. This option considers the
possibility of transmitting flight parameters in real time to the ground part of the complex and its accumulation on board for
subsequent reading (writing off) and analysis after the flight; use as on-board measurement systems for testing unmanned aerial
vehicles of small modern universal systems of objective control on the basis of registrars of flight parameters such as RP-24 or
BUR. The capabilities of the small-scale on-board measurement system based on the flight recorder, combined with software for
rewriting and processing of registered information, fully meet modern requirements for these systems and ensure their reliable
operation both on the ground and in the air. The results of the work should be used in the testing of unmanned aerial vehicles and
other types of weapons and military equipment by research institutions and industrial enterprises.

Keywords: unmanned aerial vehicles; on-board measurement system; collection, processing of parametric information.
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METOJ0JIOI'ISI IPOEKTYBAHHS TPEHAKEPIB
3 IMEPCUBHHUM CEPEJIOBHUIIEM JIUIS HIATOTOBKHA
NIJIOTIB IIUBLJIBHOI ABIAIITI

AHoTanisi. B cTarTi po3risiHyTO OCHOBHI IiIXOAU 0 PO3POOKH HOBUX METOIB IIPOEKTYBAHHS IIPOSKTYBAHHS TPEHAXKe-
PiB 3 iIMEpCHBHHM CEpEeIOBHILEM IS ITiATOTOBKH MUIOTIB IUBIJIBHOI aBiallii. He3anepeuHa HesanepeuHo, o epeKTUBHICTD
HaBYaHHS i PUI0AHHS JILOTHAM CKJIQJIOM NPAKTUYHHX HABHYOK B paMKaxX HaBYAIBEHOI'O IPOLECY 3 BUKOPUCTAHHIM BipTY-
AJIBHUX TPEHAKEPIB MOXKYTh 3alIPONOHYBATH OYIb-sIKi CKJIaJ(Hi, HEZOCTYIHI a00 0pOri B peaJbHOMY XKUTTI YCTaTKYBaHHS
1 Marepiany, HeoOMeXeHHH Jac JUIs Crpo0 1 YCBIIOMIICHHSI IOCIIDKYBaHUX IPOIECiB, Oe3 HeOe3NneKn Il KUTTA. Basiu-
BUM (haKTOpOM, 1110 BU3HAUAE MOTPeOy BipTYalIbHUX TPEHAXKEPIB € cHociO iX CTBOPEHHS, 1110, B CBOIO Yepry, MOPOIKYeE 3a-
nady (opMyBaHHS 0COOJIMBOTO CEPEIOBHINA U X IIBHIKOTO IMPOSKTYBAaHHS, TOJIOBHUM YHHOM €KCIIEPTaMHU KOHKPETHOI
HpeIMeTHOI 0071acTi, SKi He MaroTh INIMOOKMX HAaBUYOK IporpaMmyBaHHA. OcoOJIMBO POIb BifirpatoTh KOPJOHU KOHTaKTy
JIFO/TUHY 3 BIPTYaJIbHIM CBITOM, IO 3a0€311eUyIOTh BKJIIOUYEHHS 1 3aHypEeHHS B HOTO 3MICT, Ta JAFOTh MOXJIUBICTH €(hEKTUB-
HOI 1 0€311eYHOI B3a€MOIil 3 HAM.

Kaw4yoBi ciroBa: mpoekTyBaHH, MiArOTOBKA JILOTHOTO CKJIA/Ty, aBialliiHUN TpeHaxep, IMepCiliHi cepeoBHIIa.

IMocTanoBka npodaemMu

OpHi€ro 3 YMOB PO3BUTKY LMBLIBHOI aBiarii € moc-
TIHHO 3pOCTar0Yi BUMOTH MIONO 3a0e3IeueHHsT Oe3neKu
nonpotiB. Bimomo [1], 1m0 He MeHIIe MMOMOBHHH aBia-
LMiAHUX I1HIMICHTIB, IO CTAJUCS 3a OCTaHHI POKH B
YChOMY CBITi, BUKJIUKaHI TOMHJIKaMH JHOTHOTO CKIIAJY.
Takox Bimomo [2], 110 MOMIMIIEHHS SKOCTI BUKOHAHHS
MONBOTHUX 3aBJaHb Ha TpEHaXXepax IMPHU3BOJUTH [0
PI3KOro 3HMKEHHSI HMOBIPHOCTI aBialliiHUX 1HITUICHTIB
B JIbOTHOI €KCIUTyaTallii nmoBiTpsHux cyiaeH. O4eBHOHO,
IO OJIHAM 3 OCHOBHHX LUISXiB 3MEHIICHHS YHCIIA aBia-
LiAHUX IHIUICHTIB 3 BUHH JILOTHOTO CKJIay MPEICTaB-
JISFOTHCSL THIUBIAYaNbHUH (3 ypaXxyBaHHSIM peabHUX
MOXIIMBOCTEH MiJIOTA) MiAXiJM 0 HABYAaHHs MIJIOTIB i
MOCTIHHUH KOHTPOJb 32 (OPMYBAHHSAM IX Ba)KJIMBUX
npodeciiiHux sikocred. CripusiTi BHUpIIIEHHIO 3a3Have-
HOI IPOOJIEMU MOXE pO3pOOKa HOBHX METOJIB IPOEK-
TyBaHHS TpPEHaXKepiB /s 3a0e3MeueHHs] Ipolecy Tpe-
Ha)KEpPHOI IiJTOTOBKHU JILOTHOTO CKIIAJTy.

AHani3 ocTaHHIX AocaigkeHb i myOJikaniid. B
po6ori [3] BCTaHOBIIEHO, IO CYTh OE3MOCEPETHBO Tpe-
Ha)KepHOI MirOTOBKH TOJISITAE B PILIEHHI TPHOX BHUJIIB
3aBJlaHb: MPOLEAYPHI — YIPaBIiHHS CUCTEMOIO 3B'S3KY,
pobota 3 HaBiraliifHUM OOJIaJIHAHHSM, YIIPaBJIiHHS Ia-
JIUBHOIO CHCTEMOIO, po0OTa 3 JaTYMKaMH; BUPIIIAIbHI
TUIaHYBaHHS TOJILOTY, Jil B €KCTpEMaJbHUX CHUTYaIlisX,
BU3HAYEHHSl TOPSIKY OINepauiil, po3nojis 00OB'sS3KiB
MIX WIEHaMH eKilaxy; MpelenTyalbHO-MOTOPHI —Teo-
rpadiyHe Opi€HTYBaHHS, IMUJIOTYBAaHHS JIiTaka, BEICHHS
3B'SI3KY, BU3HAUCHHS Ta 1IeHTU]IKAIlisT HEOE3MEKH.

B poborti [4], cykynHicTh (DakTOpiB TEXHIYHOTO,
€KOHOMIYHOI'0 1 HAYKOBOI'O XapaKTepy 3ymMoBmiIa ¢op-
MYBaHHSI TPEHa)XEPHOI ITiATOTOBKU SIK IIONO CaMOCTiH-
HOT'O HAYKOBOT'O HAIPSIMKY.

OpHi€ero 3 yMOB e(eKTUBHOTO 3aCTOCYBaHHS Tpe-
Ha)KEpHOI IiJrOTOBKM € HAasSBHICTh METOAWYHOIO Ta
MPOrpaMHO-TEXHIYHOTO 3a0e3INeueHHs, 10 BiJIOBiIae
IHTEJIEKTYaIbHOMY PIiBHIO PO3BHUTKY TPEHAXKEPHUX TEX-
HoJori# [5]. Ilpu npoMy BiA3HAYUMO, IO OCHOBHA YyBa-

ra CydacHHUX JIOCHI/DKEHb MPHIUIETHCS PO3poO0Il aBTO-
MaTH30BaHUX HaBYaJIbHUX CHCTEM .

Tak mpenMeTroM HayKOBHX AOCTIKEHb B POOOTI
[6] cramo migBuIIeHHs edeKkTHBHOCTI MpodeciiiHol mia-
TOTOBKH JILOTHOTO CKJIQAy IIpU €KCIuTyaTauii HOBIiTps-
HOTO CyJHAa HOBOI'O IIOKONIHHS UUIIXOM peastizamii
KOMITIETEHTHICHOT'O MiZIXOJy 3 BUKOPHCTaHHSIM aBTOMa-
TU30BAaHOI HABYAJILHOI CUCTEMU.

B po6ori [7] o0rpyHTOBaHO HEOOXIAHICTH BJOCKO-
HaJIEHHS] METOJIB 1 3ac00iB MPOQIiArOTOBKH JHOTHOTO
CKJIaJy 3a JOMOMOTOI0 3aCTOCYBAaHHSI aHAJITHYHHUX Ta
KOHTPOJIIOIOUMX NporpaM Ha 0a3i MepCOHAIBHOTO KOM-
m'IoTepa B paMKaX CaMOCTIHHOI MiATOTOBKH MaiOyTHIX
TIJIOTIB.

OpHak ChOrOZHI MI€ HEAOCTAaTHHO PO3poOlIIieHi Ta
3aJIMIIAIOTBCS TIUTAHHS MPOEKTYBaHHS KOMIUIEKCHHUX
TpeHa)KepiB 3 3aHYPEHHsIM Y iMepCiiiHi BipTyajbHi ce-
penoBuILa.

@®opMyJIIOBAHHAA METH CTATTi. BuzHaueHHs Ho-
BUX METOJIIB PO3POOKH 0araToKOpHCTYBalIbKUX a/alTH-
BHUX TPEHaXKEPiB JIS MiJBUIIEHHS PIiBHS TPEHAXKEPHOI
[IATOTOBKY IIJIOTIB LMBIIBLHOL aBiallii.

BuKkJ1aJ] 0CHOBHOTO MaTepiajy

[Iporec miAroTOBKM MiJIOTIB IUBIIBHOI aBiammii —
Lle KepoBaHMI Ipolec B3aeMomii ocodu (Imiiora) 3 Ha-
BYAJIBHUM KypcoM (abo 00JacTio 3HaHb), OCBOEHHS
SIKOT'O HEOOXITHO 1 TOCTATHBO I 3AIMCHEHHs mpode-
CIHHOT TisSUTBHOCTI, @ caMe JUIsl TIOBITPSHOI eKCITyaTarlii
mitanpaux amapatiB (JIA). CykynHicTh HaBYaJIBHHX
MaTepiaiiB Ta 3B’S3KIB MK HMMH, [0 BHU3HAYAIOTH iX
JIOTIYHY B3a€MOOOYMOBJIEHICTh — MPOCTip 3HAHb HAaBYa-
JIBHOTO Kypcy. TakuMm 4MHOM, MPOLEC MiIrOTOBKH — 1€
TisUTBHICTH 0CO0U (ITiJI0Ta) 3 OCBOEHHS MPOCTOPY 3HAHB
SIK CHCTEMHO OpPT'aHi30BaHOI CTPYKTYpH, IIO IPUBOAUTH
0 iHTerpanii 3HaHb, OTPUMAHUX B PE3YJIbTaTi BUKO-
HaHHS [i#, 1 B MiJICYMKY NPU3BOJMTH 0 CHHTE3Y IIiJTic-
HOi CUCTEMH 3HaHb Y MIiJIOTIB.

KoMInereHTHICHO-OpiEHTOBaHA MOJEIL MPOIIECY
IIATOTOBKY IIJIOTIB [TIOBUHHA:
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* BiToOpakaTH BJIACTUBOCTI IITICHOCTI MPOCTOPY
3HaHb KypCY IiATOTOBKH;

* BioOpakaTH TPOIEC IMIATOTOBKH SK TIPOIIEC
OCBOEHHS IIPOCTOPY 3HAHB;

* TO3BOJISITU OIIIHIOBATH CTYIIHb JOCATHCHHS METU
MiJITOTOBKY K OCBOEHHS 3HAaHb Ta YMiHb B X ITiTICHOC-
Ti, a caMe OBOJIOAIHHS MPO(ECIHHUMHU Ta 3arajbHOKY-
JILTYPHAMH KOMIICTCHITISIMH.

KonmenryaiapHa MoZEIb MPOIECY IMiATOTOBKH €
OMUCOM KJTFOUOBHMX KOMITOHEHT IIPOIECY ITiATOTOBKH, iX
BJIACTUBOCTEH Ta B3a€EMO3B'SA3KIB, III0 PEaTi3ylOTh IMPO-
(eciiini komreTeHii [8].

Mogens npoctopy 3HaHb K MOXKHA TPEACTABUTH
TaK:

K =(S,R) (1)

ne S - MHOKMHA €JIEMEHTIB IPOCTOpY 3HaHb, R - MHO-
JKUHA BIIHOCHH 00 S, 110 3a0e3eUyIOTh 3B'SI3HICTB 1
MIOBHOTY MO/IEJIi IPOCTOPY 3HaHb K.

Buninsitors wotupu crazii GpopMyBaHHS JIOTHHX
HaBHYOK.

VY nouaTkoBuii niepion (mepia cTaiis) miAroTOBKH
MJIOTYBaHHS B CKJIQJIHOMY MTOJIbOTHOMY 3aBJIaHHI, KOJIH
HaBHYKM IIe He chopMOBaHi, OCBOEHHS MPOrpamMu JiH,
npuiioMiB peanizanii KoxHOT pobo4oi oneparii i ix 3Ha-
YUMOCTI TIOB'Si3aHE 3 HEaJeKBATHOI CKJIAJHICTIO 3a-
BJIaHb, 3pOCTAHHSM DPiBHS (i310JIOTTYHUX peaKIliil.

Ha npyriii cranii, y Mipy BIOCKOHAJIEHHSI PyXOBHX
HABUYOK, CTPYKTYPU PO3MOALJICHHS Ta IMEepEKIIOYECHHS
yBaru, MpoleciB nepepodku iHpopmaliii, eHeproBuTpa-
TH OpraHi3My Ta piBEHb HEPBOBO-EMOIIHHOI HANpPYyru
TJIOTa 3HIKYIOTHCS, IO MPOSIBISIETHCS B TOCTA0IeHHI
(i310JI0TTYHUX PEAKIIH.

Tpers crazis XapakTepH3yeThCsl BUCOKOIO 1 cTadi-
JIBHOIO SIKICTIO IMIJIOTYBaHHS, ONTUMAJIBHUM 1 BiJIHOCHO
CTIHKUM piBHEM (Di3i0NOTIYHUX pEaKIiil opraHiamy,
BiJITIOBITHMM CKJIaJTHOCTI BUKOHYBAHOT'O 3aBJaHHS, IO
CBIIYHTH TIPO BUCOKY €()EKTHBHICTH (hi310JOTIYHUX BU-
TpaT i JOCTaTHHOIO HATPEHOBAHOCTI MiIoTa. 3pOCTAIOTh
pe3epBHI MOXKJIMBOCTI MiJOTa 3 BUKOHAHHS JIOAAaTKOBOL
3aBJIaHHSI B IIPOLIECI MIJIOTYBAHHSI.

UYerBepra crajiss MOXE BHUSBIATHCS TOMi, KOJIU
MPOLIEC BIATIPAIfOBaHHS KOHKPETHOI BIIPaBH HAJAMIPHO
3aTSATHYBCS, 1 B JILOTHOTO CKJIaqy 3HMKYEThCS 1HTEpEC
Ta 3'ABISEThC OAWAYXKICTh IO TpeHyBaHb. [Ipu mboMy
TIOPSAJ 31 3HMXKEHHSIM PiBHS HEPBOBO-EMOLIHOI Harpy-
T BiJI3HaYa€THCS 301IbLICHHS IOMHJIOK YIPaBIIiHHSL.

[IpodeciitHa ThOTHA isTBHICTH 3a0e3meuye ¢Gop-
MYBaHHS CKJIaJJHUX HABMYOK i YMiHb B3a€MOJIT mijoTa 3
JIA B yMOBax BIUIMBY pi3HOMaHITHHX BHYTPIIIHIX 1 30-
BHIIIHIX (pakTOpiB moipory. HaBuuku, mo ¢GpopMyroTh-
csl, 3aKpIIUTIOIOTHCS 1 MiATPUMYIOTBCS B TPOLECI JILOT-
HOI JiSUTBHOCTI, Ha3UBAIOTh JILOTHUMHU HaBUYKamu. [1u-
TaHHs (POPMYBAHHS JHOTHUX HABHYOK PO3TJISIAIOTHCS B
JILOTHO-METOAMYHOMY  (TICHXOJIOrO-I1e/IarOTiYHOMY),
IH)KEHEPHO-TICUXOJIOTIYHOMY, TIcUXo(i3ionoriuHomMy Ta
MEIMYHOMY acriekTax. HaBuuku Ta BMiHHS ITJIOTyBaH-
HS MOXXYTh XapaKTepU3yBaTHCsS YMIiHHAM IIJIOTa Mpa-
BIJIGHO BUOUPATH 1 TOYHO BUTPUMYBATH 3HAYECHHS Ke-
POBaHHMX NapaMeTpiB IOJbOTY Ha KOXHIM OKpeMid Ii-
JISHI MJIOTYBaHHS. 3a I[i€10 03HAKOI BHAUISIOTH KOM-
IUIEKCH YMiHb 1 HaBHYOK minoryBanHs. [lii minora 3 op-

TraHaMH YIpaBJIiHHA B KaOiHi, B 3aJI¢KHOCTI B/l BUKOHY-
BaHOTO €JIEMEHTa IMJIOTYBaHHS], XapaKTepU3YIOThCS
KOMIUIEKCOM JIbOTHHX OINEpPaTOPChbKUX HAaBUYOK Ta
yMiHb. JIbOTHI HABUYKH XapaKTePH3YIOThCSl MaTepiaib-
HUMHU O3HaKaMH, B POJIi SKUX BHCTYINAIOTh MapaMeTpH
SIKOCTI TMIOTYBaHHS, PyXy OpraHaMHM YIpaBJIiHHS 1 ma-
pameTpamu CTaHy caMoro IIijIoTa.

HeoOxinHi HAaBHYKM IIIOTYBaHHS BiANPalbOBY-
I0ThCSL B pe3yabTaTi 0OaraTopa3oBHX IOBTOPEHb IIPH
BUKOHAHHI CIelialbHO MPOAYMaHUX BIIPaB B XOJi Ha-
BYaHHS Ha TPEHaXKepi Ta B IMONBOTI. [HIIMMU clloBamMwy,
BUPOOJISIETHCS TUHAMIYHUHA CTEPEOTHUI ISl PI3HUX YMOB
noNboTy. TPyAHOI MiArOTOBKH MOXYTh BUHUKATH TIPH
BUPOOJICHHI YMiHb IIBHIKO OpPI€HTYBAaTHCS B CKIIAIHIH
00CTaHOBIN, B NPHUAOAHHI HABHYOK 0€3 3BOJIKAHHS
NpUiiMaTH NpaBUIIbHE, 4 YaCOM €MHE BipHE PIIlICHHS.

[ligroroBka JHOTHOTO CKJIATy MO MiOTyBaHHS JIA
Ma€ MPOBOIUTHUCS B CTPOTO BU3HAUEHOT ITOCHIJOBHOCTI 1
3a CHeliaJIbHUMHU IpOrpaMaMM, BHKOHAHHS SIKHX I10-
BUHHO OyTH YiTKO BH3HAY€HO METOJANYHUMHM aHAIi3aMH
no koxxHomy tuny JIA. Ilponec miAroTOBKH JHOTHOTO
CKJIaJly 10 MiJOTYBaHHS IPOBOJMTHLCS IO €Tanax B Ha-
CTYIHIH IOCIiIOBHOCTI:

- TEOpETHYHI 3aHSATTS B KJaci;

- IPaKTUYHI 3aHITTS Ha TPeHaXkepi KaOiHHUX IMPo-
uenyp B kaOini JIA abo B cTaTHYHOMY MOJOXKEHHI Ha
KOMIUIEKCHOMY TpeHa)xepi JliTaka, B KpailHbOMY BUTIA[I-
Ky - B Ka0ini JIA;

- iMiTalii MOJNBOTY B TMpOILECI MIIOTYBaHHS Ha
KOMIUIEKCHOMY TpEHaXepi;

- MOJILOTH B palioHi aepoapomy.

TpeHaxkepHa MiArOTOBKA, SIK €Tal, MiATOTOBKU JI0
JIBOTHOI JISUTBHOCTI, BHUPILIYE 3aBIAHHS OCTaTOYHOTO
(hopMyBaHHS TOTOBHOCTI MalOYTHBOTO MJIOTA IO JIHOT-
HOI TMPAKTHKHA, BUKOPHCTOBYIOYM HAasIBHI MOMJIUBOCTI
JIIarHOCTUKU 1 KOPHUT'YBaHHS TNPOQECIHHO BaITUBHX
SIKOCTEH.

3acTocyBaHHS Ha IbOMY €Talli TOCSATHEHb aBialfiii-
HOI MEeJAroriki Ta IICUXOJOril O3BOJISE IMiJABUIIATH
eeKkTUBHICTh mporecy (hopMyBaHHS NpodeciiHoi Ha-
niitHocti. TpeHnakepHa miaroToBKa € crerudiyHuM era-
noM npodeciiiHoi MiArOTOBKM MiNOTIB. SIK TMoKa3zamu
nocnimpkerns [9-11], came TpeHaXkepHi 3aco0H ITiATOTO-
BKHM 3/aTHI OYTH TUM IHCTpYMEHTapieM, 3a JOIOMOT OO
SIKOTO MOJKJIMBUM BCEOIYHHMI MigXij 10 MATOTOBKH IIi-
JIOTIB IHUBIJIBHOI aBiali, mo 103Boiisie (HopMyBaTH
3HAHHS, HAaBUYKU Ta BMIiHHS, 10 BaXIIUBI Ju1s1 mipode-
CIIIHUX SIKOCTEH Ta KOMIETEHIIiH MiJIOTIB.

VY 3araqbHOMY BUIIAIKy TpPEHaXKEp JIiTaka sBJIsIE
c00010 crTeliaai3oBaHnil KOMIUIEKC TEXHIYHUX 3aCO0iIB,
0 MOJICNIOIOTH NPOLIEC MIJIOTYBAHHS B HA3€MHHUX YMO-
Bax 3 BUCOKMM CTyIeHeM nonioHocti. TpeHaxep € yHi-
BepcaJlbHUM 3aCO00M Ha3eMHOI MiATOTOBKU JILOTHOTO
CKJaJy 1 CIY)XUTH IJIsl BHPILIEHHS HACTYITHHUX OCHOB-
HUX 3aBJIaHb:

- O3HalOMJICHHS 3 [JisIMM OpTaHiB YIPaBIiHHS JIi-
TAJBHOTO arnapaty i Horo cucrem;

- BIATIpaIfOBaHHSI HABUYOK 3 OIIIHKH OOCTAHOBKH 1
NPUAHATTS PIilICHHS B OCOOJIMBUX BHIAJKaX IMOJBOTY i
IIPY BUKOHAHHI TAKTUYHUX 3aBJaHb;

- BIATIPAIfOBaHHS HABUYOK Ji B OCOOJIMBUX BU-
najikax B MOJIBOTI;
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- BIINIpalIOBaHHs HAaBMYOK i OpraHaMu yIpas-
JIHHS 32 €JIEMEHTaMH NOJIbOTHUX 3aBJIaHb;

- aBTOMaTH30BaHa [MOCTaHOBKA 3aBJAaHHS HA JIHOT-
HY 3MiHy;

- CaMOCTIiliHa MiArOTOBKA [0 MOJLOTIB,

- TPYIOBUI KOHTPOJb TOTOBHOCTI O BHUKOHAHHS
TIOJIBOTHOT'O 3aBJ/IaHHS;

- po30ip MONBOTIB IHIUBIAYAIBHUH 1 B CKIIadl JIbO-
THOI TPYIIH.

EdexTuBHiCTh MATOTOBKH JILOTHOTO CKJIagy Ha
aBiallifHMX TpEHa)XepaX BU3HAYAETHCS HACTYITHUMHU
TIOJIO’KEHHSIMH:

- Ha TpeHaxepi mpocrtimre i Oe3meyHilne, HiK B
MOJBOTI, BiANpaIboByBaTy OaraTo orepaniii, Oaratopa-
30BO IX IIOBTOPIOIOYY;

- Ha TpeHaxepi Oe3MeYHO BiANpalnboOBYBaTH il
JILOTHOTO CKJIaJy IIPH MOJENIOBaHHI aBapiiHUX CHTYya-
i, SKI HEMOXJIMBO a00 HEOE3MEYHO CTBOPIOBATH B
peasbHOMY MOJBOTI;

- eKCIUTyaTallisl TpeHaXKepa HabaraTo eKOHOMHIIIIE,
HIX JliTaKa.

[TiaroToBka Ha TpeHakepax A€ IMUPOKI MOXKIIH-
BOCTI B JOCII/DKEHHI HOBHX INPOTPECUBHHUX METOMIB i
NpUOMIB HaBYaHHS, JO3BOJISE MPOBOJUTH aHANI3 JO-
MyIIEHUX MOMUJIOK B TEXHIIll MIJIOTYBaHHS 1 eKCILUTya-
TaIlii CUCTeM JTiTaka. ABiariiHuil (IT0TaXXHUIH) TpeHa-
Kep — 1e IMITaTop MOJBOTY, MPU3HAYSHUN IS Ha3eM-
HOI ITiATOTOBKM MIOTIB. B aBiariitHoMy TpeHaxepi imi-
TYETbCSl IMHaMiKa MOJNBOTY Ta pobora cucteMm JIA 3a
JIOTIOMOT'OI0  CTIELialIbHUX MOJEJIeH, pealli3oBaHuX B
MpOrpaMHOMY 3a0e3IeueHHI OO0YHCITIOBAIILHOIO KOM-
TUIEKCY TPEHaXepa.

Tpenaxepu nUBiIBHUX JIA MarOTh OUIBIIT BUCOKHIA
piBEHb JTOCKOHAJIOCTI, OCKIIBPKH B IHUBLIBHIN aBiamii
nitoTh xkoperki crangaptu JAR-FSTD ta ICAO 9625
[12], mo merajapbHO BU3HAYAIOTH BiAOBIIHICTH TpPEHA-
KepHoi mMozeni peasbHOMY JIA. ABialiiiHi TpeHaXxxepH
MOXKHa PO3AUTUTH Ha YOTHPH OCHOBHI rpymu: Full
Mission Simulator (FMS), Full Flight Simulator (FFS),
Flight Training Device (FTD), Flight Procedures
Training Device (FPTD) [12]. ¥V cyuwacHiii mpakrtumi
MATOTOBKM IUIOTIB LUBUIBHOI aBiamlii HaiOLIBIIOro
nommpeHHss HaOynu komiuiekcHi TpeHaxepu (FFS) i
npoueaypHi tpeHaxepu (FPTD).

KoMruiekcHUMU TpeHakepaMH Ha3MBalOTh TpeHa-
JKepH, o0JIaJHaHI CUCTeMO pyximBocTi. Ile TpeHaxe-
pu HaiiBumioro piBHs. KabGiHa KOMIUIEKCHOTO TpeHaxe-
pa BUKOHYETHCS Y BUTIISIII PEAbHOI KaOlHU JITalbHOTO
anapary. Ha KoMIIIeKCHI TpeHa)kepu BCTaHOBIIOIOTHCS
nepeoBi cUCTeMU Bizyamizanii. Taki TpeHaxepu peaiti-
3yIOTh HaBYaHHS Ha OUIBII JOCKOHAJIOMY DiBHI 1 MalOTh
Taki OCHOBHI BJIACTHBOCTI: MaKCHUMaJbHE HAOIKECHHS
YMOB HisZIBHOCTI JIbOTYMKA O YMOB PEANBHOI JisUIEHO-
CTi B MOJILOTI; 3a0e3NeYeHHs BiNpalOBaHHs HA iMiTa-
TOpi B IIJIOMY BCiX 3aBJaHb peajibHOI HisTIbHOCTI JIHOT-
YHKa, SIKY BiH 3JIHCHIOE B TIOJIbOTI; 3a0€3IIEYEHHST MOXK-
JIUBOCTI 00'€KTMBHOI'O KOHTPOJIO Pe3yJbTaTiB BCIX Bif-
MPanbOBYIOThCS Ha KOMIUIEKCHOMY CHUMYNSTOpi 3a-
BJaHb B IiJIoMy. KoMIUIeKCHUI TpeHaxep € HalBUIIIM
pPIBHEM TEXHIYHUX 3acO0iB HAaBUAHHs JJIS IMiATOTOBKU
JIBOTHOTO CKJIAAy 1 Ma€ MOMKIJIMBICTH BiJNPaIfOBaHHS
BCiX 0e3 BUKIIIOUEHHS PeXUMIB ekciuryaTaii JIA.

VY TpaguuiiHOMy «TpeHa)KEPHOMY» HANPSIMKY po-
3BUTKY TEXHIYHUX 3aCO0IB HABYAHHS MPOBOIATHCS J0C-
JIDKEHHS IOA0 3HW)KEHHS MOTpeOM B JOPOTHX KOM-
IUIEKCHUX aBlalliiHNX TpeHakepax. BBakaeTbcs, 1o 1e
Moxe OyTH JOCATHYTO 332 paXyHOK 3aCTOCYBAaHHs Tpe-
Ha)KEPHHUX CHCTEM, JIO CKJIQAy SIKUX IOBHHHI BXOAUTH
pi3Hi 32 piBHEM CKJIQJHOCTI IPHUCTPOIO, MOYMHAOYH Bij
HAMWITPOCTIINX TPOLEAYPHHUX 1 CHeliali30BaHUX Tpe-
Ha)XepiB 1 3aKiHYYIOYM KOMIUIEKCHUMH, SIKi 00'€qHY-
IOTHCSI HA MOIY/IBHUX NIPUHIUNAX [4].

BipryanbHe OTOYEHHS! MOBHICTIO BiJOKPEMIIIOE
KopHCcTyBaua Bij peanbHoi peanbHocti (RR) ¢ momomo-
roro VR-monoma, HaBYIIHUKIB, JKOHCTHKIB, KOHTPO-
JIepiB, pyKaBUYOK, IHIIUX MPUCTPOIB 1 3aMiHIOE 11 cUMY-
nAniero. BipTyanbHa peanbHICTh BU3HAYAETHCS SK 1HTE-
paxkTHBHA TpUBHUMIipHA rpadivHa clieHa, sIka BUKOPHCTO-
BYE CIIEI[iaJli30BaHy TEXHOJIOTiI0 BiJOOpa)KeHHs, 3aHy-
PIOE KOPUCTYBaya B peajbHOMY Yaci B CTBOPEHUI CBIT,
3 MPSIMAM MaHIMYJIIOBaHHSAM O0'€KTaMH B MOZIEIBHOMY
npoctopi. CHucTeMH BipTyallbHOI peasibHOCTI J[03BOJIS-
I0Th TIATPUMYBATH IHTEPAKTUBHY B3a€MOJII0 3 BHCO-
KUM CTYIIEHEM 3aHypEHHS.

Texniyna peanizaiis "BipTyaJabHOI peasbHOCTI"
3MIHIOBaJIaCs CJIIJIOM 3a PO3BHTKOM KOMITIOTEpIB i 3a-
co0iB BimoOpaxkeHHs. Ha 3MiHY eKcrepuMeHTaTIbHUX
momatkie  1980-x mpuinuid  CKIaAHI  IPOrpaMHO-
anapatHi koMmIuiekcn 1990-X ayst BiHCHKOBHUX, IPOMHMC-
JIOBHX 1 JOCTIAHUIBKUX 3aBaaHb. Crodyatky e Oyna
JIOPOTi CTEPEOCKOMiYHI YCTAaHOBKH JUIsl BY3bKOCHEIia-
JIHOTO 3aCTOCYBaHHSL.

3 2000-x pokiB 3pocTaHHs TPOAYKTHBHOCTI Tpadi-
YHUX MPOLIECOPIB 3a0€3MEeUMIIO Mepexil TeXHOMOTii Bip-
TyaJbHOI pPeajbHOCTI y BCe OUIBII MAacoBy Hillly, BOHA
cTajia JOCTYIHA s OYAb-KHX CHCTEM IIiJATOTOBKH.
ITomonauns wnHemonikiB VR-texHosorii HaBeneHo Ha
puc. 1.

Bingowmi Taki TMIH BipTyaJbHOI peabHOCTI:

e VR 06e3 3aHypeHHs;

e VR 3i crijibHOIO iHPPACTPYKTYPOLO;

® VR 3 edekTOM MOBHOTO 3aHYPEHHSI.

HesBaxkaroun Ha Te, 1m0 HeAOMIKH VR-TexHOom0rIT
1€ He MMOJ0JIaHi MOBHICTIO, CHOTOJHI HaBPs YU 3HAM-
JIeThCsl 00JIaCTh JISUTBHOCTI, Nie Ille HeMae MpPUKIaIiB
BUKOPHCTaHHS BIPTYaJIbHOI peabHOCTI, 30Kpema, B
HaBYaHHI - [Ie PI3HOMaHITHI TPEHaXKEPHI CUCTEMH, MPHU-
3HAYeHI JUIsl HaBYaHHS Npo(deciiiHIM HaBHYKaM.

BipryanbHa peanbHICTh 3 e()eKTOM 3aHYpEHHS BH-
Marae MpUCYTHOCTI JeIKHUX (DaKTOpiB, TAKUX, SK:

1) HasBHICTH JAOCUTH MTPOAYKTUBHOI TEXHIKH, 3/1a-
THOI IBUJKO PO3Ii3HABATH il Cy0'€KTa i pearyBaTH Ha
HUX B PEKUMI PEATLHOTO Yacy;

2) peaJyicTM4Ha, AETai30BaHAa CUMYISIS CBITY 3
e(EeKTUBHIM IOJIaHHSM 00'€KTIB Yy BipTyaJbHOMY cepe-
JIOBHIIII

3) cnmemianbHe O0JaJHAHHS, BKJIIOYAIOYM HOBITHI
iMepciiiHi cepenoBHIIa.

OfHUM 3 HAWBaXIIMBINIMX BJIACTHBOCTEH BipTya-
JIBHOT PEasbHOCTI € IMEepCIHHICTh — CTYIHb 3aHypEHHS
cy0'exTa B BIpTyaJIbHHH CBIT, IO JOCATAETHCS IUIIXOM
reHepanii MakCHMaJIbHOI CXOXKOCTI OCTaHHBOTO 3 pea-
JBHUM CBITOM 3a JOMOMOror cumyssiii. Ileperaroro
CUMYJIANIT HAJ IMITAIEI0 € KOIMIIOBaHHS 00'€KTIB 1 TO-
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niit Ha piBHI Mojeni. BipTyanbpHa peabHICTh CUMYIIIOE
IIOCh, 10 HE iCHYe B peasbHOCTi. Take 3aHypeHHS y

BU3HAYEHHI, IITYYHO CHUHTE30BaHI YMOBHU BIpTYaJbHOI
peasbHOCTI HA3UBAIOTh IMEPCIHHUM CEPEIOBHIIIEM.

Hype Cycle for Emerging Technologies, 2017
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Puc. 1. ®aza noxonanusa HeponikiB VR-texHomori1

VY nocnipKeHHSX 1HKEHEPHO-TICUXOJIOTIYHHUX ac-
MEeKTIB BipTyaJlbHOI pEalbHOCTI BHIUISIOTH HACTYIHI
BJIACTHBOCTI IMEpCIHHOTO CepeloBUIA: HaJIMIpHICTH
(BIIACTHUBICTB, IO J103BOJISIE 320€3MIEYNTH MHOKHHHICTh
B3a€EMHH i3 CEPE/IOBHIIIEM); CIIOCTEPEKHICTh (IIPOSIBIIS-
€TBCSl B TIPOIECI KOHCTPYIOBAaHHS IIHCHOCTI — cepeno-
BHUIIIEM MOXK€ OYTH TUJIBKH T€, IO CIOCTEPIraeThcsl, Ha-
BiTh SIKIIO BOHO ITIPUCYTHE B (Di3MYHOI peaybHOCTI);
KOHCTPYHOBaHICTh (a00 MOCTYIHICTh 1O KOTHITHBHOTO
JIOCBiAY, 110 XapaKTepU3ye MeBHUN CTYIiHb TOTOBHOCTI
cy0'ekTa JI0 BKIIIOYEHHS B CEPE/IOBHUINE); HACHUYCHICThH
(HacuyeHe cepenoBHIlE 3a0e3neUye MIMPOKHHA CIIEKTP
BIUIMBIB Ha JILOTHHH CKJIaJ 3a JOIOMOrolo OaraToBapi-
AHTHOCTI BIJTHOCHH); aBTOHOMHICTh iICHYBaHH: (ceperno-
BHUIIIE Ma€ CBOi CaMOCTIIHOI icTOpi€lo, He3aJIeKHOI Bif
30BHIIIHBOI'O CEPEJOBUINA); IUIACTUYHICTH (cepena 3
JIETKICTIO MO)KEe TpUiiMaTH 1 3abe3neuyBaTH CTaOlLIb-
HiCTh (OpM, OOYMOBJIEHHX pPI3ZHOMAHITTSIM 3MICTY);
CHHXPOHI3YIOThCS (Cepella Mae JIOKAIbHY CaMOOpTraHi-
3aIlif0 1 THMYACOBI SKOCTI BCiX CJIEMEHTIB CEPEIOBUINA);
03acy0’€KTHA MPOCTOPOBA JIOKAi3amis (pO3MIlICHHS
HE3aJISKHO BiJ] CY0'€KTa); BEKTOPHICTH (CHIPSIMOBaHUI
HaBYAIBHUN eEeKT B MEBHOMY Jiana3oHi 3aBJaHb); Li-
JICHICT (€IHICTH CEPEJOBHUILA 3 BIACTHBOCTSIMU CY-
0'exta, Mpu SIKOMY CyO'€eKT CrpHiiMae cepeay SIK CBiT

JUSUTBHOCTI); MOTHUBOT€HHICTh (MOXKIIMBICTH BIUIMBY
CepeIoBUINa Ha MOTHBAIIIIO JHOTHOTO CKIaAy); iHTepa-
KTUBHICTH (CTYIiHB, 0 SKOI KOPHCTYBad B 3M031 OpaTH
y4acTh B 3MiHi i )OpMyBaHHI BCTaHOBJIEHOI CEepeOBU-
12 B PeKUMI PETFHOr0 Yacy); iMepciiiHi (MOXIJINBOCTI
cepeIoBUINA 3Ty4aTH KOPUCTYBaya i OpiEHTYBAaTH HOro
B CHUCTEMIi BiJJHOCHH, SIKa BH3HA4a€ThCS BMICTOM cepe-
JIOBUILA); TPHUCYTHICTh (BHCIIOBIIOE IOYYTTS 3HAXO-
JOKCHHS JIFOJMHYU B TICBHOMY CEPEIOBHIIN; BiIMIiHY Bif
iMepciiiHi nonsrae B TOMy, 110 iMepcCiiHi OB MOB's-
3aHa i3 30BHIMIHIMY 1 I3MYHUMH XapaKTEPUCTUKAMHU, a
MIPUCYTHICTh BU3HAYA€ BHYTPIIIHI, CY0'€KTUBHI KOMIIO-
HeHTH). KomroHeHTamMu (eHOMeHa NPUCYTHOCTI NpH-
WHATO BBa)KaTH 3aJTy4ECHICTh 1 3aHYpEHHSI.

3araJbHOI0 XapaKTEPUCTUKOI0 HaBYAIBHHUX Tpe-
HaXXepiB B BIpPTyaJIbHUX IMEpCIHHHX CEpEelOBUINAX €
CUJIbHA 3QJICXKHICTh ¢(DEKTUBHOCTI HaBYAHHS BiJ SKOCTI
CHCTEMH, BKITIOYAIOYH CLIEHApil 1 BOPOBAKEHHS MpakK-
TUK TIiJBUINCHHS IMEpCIHHOCTI, a TaKOX BiJl TOrO, SIK
KOpHCTYBa4 IPaIfO€ 3 CUCTEMOI0. 3arajibHa CTPYKTypa
TpeHaXkepa IiArOTOBKH IUJIOTIB IIMBUILHOI aBiallii 3 Bip-
TyalbHUM IMEPCIHHAM CEpelOBHUIIEM 300pakeHa Ha
puc. 2.

IIpu cTBOpeHHI aBialiiHUX TpeHaXKepiB i3 3aHy-
PEHHSM B iIMepCiiiHi cepenoBuIa, i OLIbIIoi edekTu-
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BHOCTI HaBYaHHS HEOOXiJHO BHKOPUCTOBYBaTH iMiTa-
uiitHi abo cuTyauidHi MoOJENi, MPUIOMY MiJIXOISITh 5K
PO3IMKHYTI, TaK i TPa€KTOpHI METONU YIPABIiHHS Ha-
BYaHHSM, IIPH MOXKJIMBOCTI 3 BUOY/IOBYBaHHIM aJlalTH-
BHUX MiaXomiB (puc. 3).
| TpenaxHa MATOTOBKA
II1JIOTIB

Mope s mizora

|
| |
! |
! |
! |
| KomruiekcHuit |
| TpEeHaXKEP 3 |
| BIpTYJIbHUM |
| iMepcCiitHIM |
| CEPETOBHIIEM |
! |
! |
! |
! |
! |
! |
! |
! |

ABTOMaTH30BaHAa
CHCTEMa TPEHAXKY

Cuctema
OLl HFOBaHHS

Puc. 2. 3aranpHa CTpyKTypa TpeHaxepa
I ATOTOBKH IIIOTIB LIMBLILHOI aBiarfil

[Ticns aHamizy mapamerpiB, IO BIUIMBAIOTh Ha pi-
BEHb (CTYIiHB) IMEPCHBHOCTI CEPEIOBHIL, MOXKHA 3pO-
OWUTH HACTYIHI BUCHOBKH:

1. BipryansHe cepenoBuile Hagae abCOIIOTHO Pi3-
HUH BIUIMB Ha PI3HUX CYO'€KTIiB MiATOTOBKH, 30KpeEMa,
Yyepe3 HeOJHAKOBI apaMeTpu OpraHi3My 1 pi3HOI'O JKHT-
TEBOT'O JIOCBIy MIJIOTIB.

2. HasiBHe oOnajHaHHS Ui BIpTYaJIbHUX Cepeo-
BuIIl, 0€3CYMHIBHO, MiJIBUIIYE IMEPCHBHICTb, OJIHAK HE €
JIOCKOHAJIUM 4epe3 TMOXUOKH TeXHIYHHUX 3aco0iB. O0a-
JHAHHSA — Ha JaHId TEXHOJNOTIYHIM (a3l € HemocTaTHBO
KOM(OPTHUM JUTsI MAKCUMaJILHOTO 3aHYpEHHSI.

Kateropis Mozeni npeameTHOT
TIATOTOBKH obuacTi
Curyaniini
3HaHHA yani
Mozeri
CucreMa TpeHaKy
ImiTariimi
Hapuukn 1 .
Mozeni

3. KibepOone3nb € cepio3HUM (HAKTOPOM, IO
3HW)KYE IMEPCHUBHI CEPEIOBUINA, BOHA BaXKKO IMOBHICTIO
noziaBysieMa 3a HEJOCKOHANICTIO iICHYIOUHX TEXHOJIOTIH
1 IH/IMBiAyalbHOIO PEaKIli€l0 KOPUCTYyBadiB Ha BipTya-
JIbHI CepPeIOBHUIIIA.

4. Ha cporomHiniHii JieHb € JOCTaTHS KiIBbKICTh
eKCIIEPUMEHTAJIbHUX JaHUX TPO 3aJTydeHHsS pi3HUX 00-
JacTeil kopu ronoBHOro Mo3ky B BuHukHeHHs CEKIIA,
a TaKOoXX BUABJICHI J€AKI 3MIHM B AUHAMILl MO3KOBOI
aKTHBHOCTI TIpH MEpEeXUBaHHI AaHOl 11031, OpHaK, sK
BiJ[3HAYalOTh 0arato aBTOPIB, PE3YJAbTATH IMX JOCHIi-
JDKCHb YacTO HE Y3TO/DKYIOThCS MIXK COOOIO uepe3 Bij-
MIHHOCTI B BHKOPUCTOBYBaHOI CTHUMYJISLII 1 MeTOiB
OIIIHKM BUPaKEHOCTI 111031l (muB., Hanpukman, [128]).

5. [3omswis BIpTyanbHOrO CepeloBHUIIA Bix (i3uy-
HOI 1 CHUMYJISILSI BJIACHOI'O MEPECYBAHHS CTBOPIOIOTH
CKJIJHICTD JUISl TiJBHIICHHS IMEPCHBHI CEpeOBHIIA,
TaK SK HAWOUIBII iIMEPCHBHI NEepecyBaHHS BHMAarae Be-
JIMKHUX BUTBHUX MPOCTOPIB.

6. MakcumanbHuil e(eKT MPUCYTHOCTI TaK camo
Ha JaHUH MOMEHT HEe MOXKHa JOCSITH 4yepe3 Te, IO CY-
YacHI TEXHOJIOTIi 3aYiNaloTh HE BCI OpraHW YyTTS JIIO-
IUHH, HE 1€aJbHO CHUMYJIIOIOTH JEAKI IHIN BiTUyTTS
(30Kpema, JIOTHKOBI, HAalpUKIai, TeMIleparypa, Bara
BipTyaJIbHUX TPEIMETIB, X TEKCTYpa).

7. BukopucraHHs [UIsl OLIHKY IMEPCUBHI 1 IPUCYT-
HOCTI BipTyaJbHOI HaBYaJILHOTO CEPEOBUIIA Cy0'eKTH-
BHUX pe3ynbTaTiB TecTiB (muB., Hampukman [61]) He
JIO3BOJISIIOTH 3 BEJUKOIO TOYHICTIO OIIHUTH, SKUH pi-
BEHb IPUCYTHOCTI BiuyBa€ KOPUCTYBay, SIKMI repedy-
Ba€ y BipTyaJIbHOMY CEPEOBHILL.

TakuM 4MHOM, OCHOBHA TiNOTE3a Taka - JUIsl KOX-
HOT'O OKpEeMOro cy0'ekTa iMepciliHi cepeloBHIIa II0-
BUHHI ITIATPUMYBATHCS YHIKAJIBHI YMOBH 1 BUKOHYBATH-
csl TIEBHI YMHHHKH, SIKI BUSIBJISIIOTBCS 32 JJOTIOMOTOFO
oOcTexxeHb Cy0'eKTa Ha HOro cremudiuyHi 0COOIUBOCTI
OpraHi3My, aHaji3y KOTHITHBHUX (YHKLIH, NpW SKUX
piBeHb iMepcii, SIKUii BUMIPIOETHCS 3a JIOIMOMOIOO ic-
HYIOUMX METOIB OIIHKU e(peKTy NPHCYTHOCTI, Oyre
MaTH MaKCUMaJIbHe 3HAYECHHSL.

Meronu ynpasniHug
MiTOTOBKH

Mopneni opranizauii
MiTOTOBKH

PosimkmyTe .
YIIPaBITiHAS Komrnexcruit
Mopnemi TpeHaKep 3
TIATOTOBKH B'lpTya?IVLHPIM
iMepciiiHIM

CEPEIOBHILIEM

Tpaextophe
YIPaBITiHHSA

InnuBinyansHa
migroToBka?

Hi

AnanmisHi Jliniiini
METOH crparerii

| —

Puc. 3. KommiexkcHa Mojienb oprasizanii Ta yrpasJliHHS i JIOTOBKOIO Ha KOMIUIEKCHOMY TpeHaxepi
3 BIpTyallbHUM iMEpCIIiHUM cepesoBUIIEM
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BucHoBku

Cepen 3a3HaueHUX 3aco0iB mpodeciitHoi miaroro-
BKH JILOTHOTO CKJIaJqy OCOOJIHMBE Miclle 3aliMae TpeHa-
JKEpHa IIiJrOTOBKA, 110 Ma€ HAHOLIBII TiCHUI 3B'S30K 3
yCIiXaM¥ JIbOTHOTO HaBYaHHS 1 (POPMYBAaHHSIM BHUCOKOI
HAJIMHOCTI MIOTa B MONbOTi. CamMe TpeHaxepHi 3acoou
HaBYaHHS 3[aTHI CTaTW TUM IHCTpyMEHTapiem, 3a Jo-
IIOMOI'OI0 SIKOT'O MOMJIMBUM BCEOIYHUN MiAX1T 1O MiAro-
TOBKM JIbOTHOTO CKJIady, IO J03BOJSE (hOPMYyBaTH
3HAHHS, HABUYKH Ta BMIHHS, 8 TAKOX MPOQeciiiHO Bax-
JIMBI SIKOCTI Ta KOMIIETEHI[I] MalOyTHIX MiJIOTiB.

[IpoBenenuii aHasi3 THIIB BipTyaJbHOI peajbHOC-

aJBHUX CEPEOBUIL, a TAaKOX ICHYIOYOro iHCTpyMeEHTa-
pito 3aco0iB BUBEIECHHS iH(pOpMAIIil Ta 3BOPOTHOTO 3B'sI-
3Ky, MOXKHa 3pOOUTH KilbKa BUCHOBKIB HE PO3pOOIIEHO
METOAM OIlIHKK iMepcii KOHKPETHOTO IHIUBIAyyMa B
KOHKPETHOMY BipTyaJIbHOMY CEpENOBHIIi. 3anpONOHO-
BaHO 3aCTOCYBaHHS IUIS ITiTOTOBKH IMIJIOTIB ITUBLIBHOL
aBiallii KOMIUICKCHUX TPEHaXepiB 3 IMepCiiHMM cepe-
JIOBUILIEM, 1[0 JO3BOJISIE BPAaXOBYBATH aKTHUBHICTh JIHOT-
HOT'O CKJIaAy B mporeci npodeciiHoi miaroToBku. Jis
BHpIIIICHHS 3aBaHb, 1[0 BUHUKAIOTH B IPOIieCi po3po0-
KM HaBYaJIbHO-TPEHYBAJILHUX 3aCO0IB JJIS IiATOTOBKH
JILOTHOTO CKJIaJy, MOTPiOHI 3MiHH 1 JOMOBHEHHS B Me-
TOJIONOTIT TPOEKTYBaHHS, IO BPaxOBYIOTh XapakTep

Ti, TEXHIK MiJBHUIIEHHS iIMEPCii Ta METOIB, 10 3aCTOCO-
BYIOThCS JUIS peajtizalii BUCOKO PEaNiCTHYHUX BIpTY-

B3a€EMOJIIi B CHCTEMI «IIJIOT — JITANbHUHA amapar —
CEePENOBHUILIEY.
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Methodology for designing simulators with immersive medium for training pilots of civil aviation
V. Verkhovsky, A. Samokish, V. Wushan, M. Pavlenko

Abstract. The article discusses the main approaches to the development of new design methods for designing simulators
with an immersive environment for training civil aviation pilots. Indisputable It is indisputable that the effectiveness of training
and the acquisition of practical skills by the flight crew within the training process using virtual simulators can offer any equip-
ment and materials that are complex, inaccessible or expensive in real life, unlimited time for testing and awareness of the stud-
ied processes, without danger to life. An important factor that determines the need for virtual simulators is the way of their crea-
tion, which, in turn, gives rise to the task of forming a special environment for their rapid design, mainly by experts in a specific
subject area who do not have deep programming skills. A particular role is played by the boundaries of human contact with the
virtual world, which ensure inclusion and immersion in its content, and enable effective and safe interaction with it. The training
methods are widely accepted in the training of pilots; in this situation, it also has serious limitations due to the need to perform a
significant amount of algorithmic operations that are incomprehensible to the free staff and therefore cause an "information
shock". A way out of this situation is the use of special training tools that form an artificial learning environment and simulate the
main elements of the real benefits and conditions for using the studied technology. The simulator in simulated conditions allows
you to implement the activities of the privileged composition, the implementation of which on real equipment is impossible ac-
cording to economic criteria or is associated with a threat to life. In some cases, simulator training is the only method of ensuring
the professional readiness of the pilot.

Keywords: design, training of flight personnel, aircraft simulator, immersion environment.
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PAJIOYACTOTHI KOMIIVIEKCHU BUSIBJIEHHSA
MAJIOPO3MIPHUX BE3NIJIOTHUX JIITAJIBHUX AITAPATIB

AHoTanisi: 3aBaHH] BUABICHHS MaJOPO3MIpPHHUX OE3MIJIOTHUX JIITAJIBHUX alapaTiB YCKIAIHIOEThCA 3 MPUYMHU 1X Ma-
JMX rabapuTiB, BAKUBAHHIO KOMIIO3UTHUX MaTepialliB KOpITyciB, 110 He BinOuBaroTh paxioxsuii PJIC i MiHiManbsHOMY Tel-
JIOBOMY BUIIPOMiHIOBaHHIO. HaiiGinblily ypa3nuBicTs 00yMOBIIOE HAasBHICTh y HUX JDKEPEI €JIEKTPOMAarHiTHOrO BUIIPOMi-
HIOBaHH UL [Iepejadi B pealbHOMY Yaci KOMaH i 0OMiHy po3BiyBaJIbHO iH(OpMaLi€ro, y TOMY YHCII CUTHAJIAMU JUIS
nepeziadi B pealibHOMY 4aci TeJIeBi3iHHUX 300paskeHb. MeToro poboTH € po3podKa TeXHIYHUX NapaMeTpiB paioTeXHIYHUX
KOMIUIEKCIB JUISl MOHITOPHHI'Y €JIEKTPOMArHITHUX BHUIIPOMIHIOBAaHb MAJOPO3MipHHMX OE3MUIOTHHUX JIITAIBHUX anapariB B
panioyacToTHOMY, iH(ppauepBOHOMY Ta ONTHYHOMY Jlialta3oHax i MeJeHramii JpKepesl IUX BUIIPOMIHIOBaHb 3 METOIO 1X Ie-
PEXOIUIeHHS], IPUYIIeHHS a00 3HUIIEHH. Y po0OTi NPOBEICHO aHalli3 METOIB BHSBIICHHS MaJOPO3MipHUX OE3MIJIOTHUX
JITaJIbHUX aNapaTiB B paJiio4acTOTHOMY Jiana3oHi. 3po0JICHO BUCHOBOK IIPO JIOLIIbHICTh BUKOPHCTAHHS MOLIYKOBUX Me-
TOJIIB II0 YACTOTi i OE3MOIIYKOBUX METO/IB BUSABIICHHS 110 HANPAMY. 3alPOIIOHOBaHA CTPYKTYPa pa/liouacTOTHOIO KOMILIE-
KCY BHSIBIICHHS MaJIOPO3MipHUX OE3MIIOTHUX JIITAIBHUX anapatiB. Po3po0iieHi MakeT OlHOro KaHally 3 IIOIIYKOM CHI'HaJliB
II0 YacCTOTi Ta aJrOPUTMH IEPBUHHOI 0OpPOOKM paJlioCUTHANIB, BiIOOPaXKEHHs Pe3yNbTaTiB 0OPOOKH CUTHANIIB y BHUIJIALIL
CIIEKTPOrpaMH Ta BBOJY LIMX PE3YJbTATiB y KOMII IOTEPi.

KawuyoBi caoBa: manopo3mipHi Oe3minorHi mitanesi anapatid (MBIIIA), pagioMOHITOpHHT, MiKPOKOHTpOJIEp, paio-

NpUHMalbHUH MOZY/Ib, KOMIT'IOTED, IMOBIPHICTb BUSBIICHHS pajioBunpoMinioBads MBITIA.

Beryn

3HaueHHs OE3MIJIOTHUX JITalIbHUX  anapariB
(BILJTA), mio 3pocTae 3 KO)KHUM POKOM, CHpHsie Oe3re-
pepBHUM poboTaM Mo iX ymockoHaieHHIO. HoBi 3a-
BJAHHS, IONIMIICHHS TaKTHKO-TEXHIYHUX XapaKTepHC-
tuk BIUJIA, y TOMy umcii, 3MeHIIEHHS iX pO3MIpiB,
YCKJIQIHIOE 3aJladyy MO iX BUSABIIEHHIO. Y 3B'SI3KY 3 UMM,
BUSIBJIGHHS MaJIOPO3MIpHHX OE3MIJIOTHUX JIITAJIBHUAX
anapartiB (MBIUJIA) € npiopuTeTHUM 3aBIaHHIM TIPH
cTBOpeHHi cucteM 1o npotuaii BITJIA.

Mertoro po0oTH € po3po0Ka TEXHIYHHUX IMapaMeTpiB
pamioTeXHIYHUX KOMIUIEKCIB JJIsi MOHITOPDUHTY €JeKT-
POMarHiTHUX BHUIPOMIHIOBaHb MaJIOPO3MipHUX Oe3i-
JIOTHUX JITAIGHUX arapaTiB B pajiodyacTOTHOMY, iH(-
pavepBOHOMY Ta ONTHYHOMY Jialla3oHax 1 MeleHrarii
JOKEpeN X BHIIPOMIHIOBAaHb 3 METOIO X IepexoIlIeH-
Hsl, IPUAYLICHHS 200 3HUIICHHSI.

1. Knacudikanis BIIJIA

BignosigHo no icHyrowoi kiacudikaiiii BITJIA 3a
iX OCHOBHHUMH XapaKTEPUCTUKAMH, BOHH HOALISIOTHCS
Ha JIBI TPYITH:

- MaJopo3MipHi OE3MiJIOTHI JITalbHI amapaTH
(MBJIA);

- BITJIA cepenHix i BeIMKHUX PO3MIpiB.

Bopotrba 3 MBJIA € KOMIUIEKCOM 3aXO[IiB IO iX
BUSIBJICHHIO, PO3ITi3HABAHHIO, IIPHIILTIOBAHHIO 1 TIOpa3IIi.
VY 3B's3ky 3 Majow noMmitHicTio MBJIA 3aBmaHHS Mo
BUSIBJICHHIO 1 PO3MI3HABAHHIO IIMX arapatiB € HalOiIbII
CKJIAJIHUM 1 BaXKIIUBUM.

Knacudikauis MBJIA 3a po3mipamu Ta mMacoto [1-
3]

- HaHO-BJIA Macoro MEHII OJHOrO Kijorpama,
TPUBANICTIO MOJLOTY MEHII OJHI€] TOAMHH 1 BUCOTOIO
nosboTy a0 300 Mm;

- wMikpo-bJIA — macoro 10 10 kr, 4acoM HOIBOTY
01151 OJHI€T TOAMHY 1 BUCOTOO MONLOTY 110 1 000 M;

- wMiHi-BJIA — Macoro 10 50 kr, yacoM MOJIBOTY
0 JEKUIbKOX TOMUH 1 BUCOTOK MonboTy g0 3000—
5000 m.

2. Orasj icHYyI0YMX MeTOiB BUSIBJICHHS
MBILJIA Ha ocHOBI aHami3y
€JIEKTPOMArHIiTHOTO CIIEKTPY

CyuacHi sierki MBJIA poOnsiTh 3 KOMIIO3UTHHUX Ma-
TepialiB 1 IUIACTHKA i3 cremialbHuM (apOyBaHHAM 1 3
0cobmMBOI0 KOMOGiHAIIi€0 mapiB. X HeBenuki GeH3MHOBI
i, TUM OLIbIIE, ENeKTPUYHI ABUTYHU MAJI0 BHIIPOMIHIO-
I0Th TEIUIO 1 TpaIoroTh Maibke Oesmrymuo. Tomy st
e(peKTHBHOTO BHWKOHAHHS 3aBIaHHS BusBieHHS MBJIA
HeoOXiZlHE OJJHOYAaCHE BHKOPHCTAHHS IEKUIBKOX METO-
niB. Hatioinemia ypasmusicte MBJIA  00yMOBIIOETHCS
HAsIBHICTIO Y HUX JDKEPEN eJIEKTPOMarHiTHOrO BUIIPOMi-
nioBanHs (EMB). [/lo nemackytrounx EMB BimHOCSATBCS:
CUTHaJIM OOPTOBOTO BiZIOBiaYa; KOMAHIU 1 «JIOMOBI
KaHaJy YIIpaBIiHHA MiXK HA3eMHHUM ITyHKTOM YTIPaBIIiHHS
i MBJIA, a takox mix MBJIA i cymyTHUKOM-peTpaH-
CIIAITOPOM CHCTEMH HaBiramii; curHanu Ooprooi PJIC
01YHOr0 OMISAY; KaHAIM OOMIHY PO3BiIYyBaIBHOKO iH(O-
pMalli€lo, y TOMY YHCIIi CHUTHAJIM TENeBi3iMHUX 300pa-
JKEHb, 110 MEPENIalOThCS B PEalbHOMY Yaci; CUTHAJIM CHC-
TEMH aBTOMATHYHOI TI0CA/IKU Ha aepOJIPOM.

OCHOBHUMH paJliOTEXHIYHUMH 3aco0amMH BHSIB-
nerHss MBJIA B enekTpoMarHiTHoMy crekTpi € [1- 3]:
BHKOPHCTAHHS TEIUIOBiI30pa iH(ppaYyepBOHOrO Iiana3oHy
EM xBHIIb; BUKOPHCTaHHS KaMep ONTUYHOIO Aiarla3oHy
EM XBWIb, BUKOPUCTAHHS PaJiONOKAIIfHUX CTaHIIH;
3IHCHEHHS PaJiOMOHITOPUHTY 1 TENEeHryBaHHs Hamps-
My Ha mkepeno EM BUNpoMiHIOBaHHSI.

s BUABNEHHs 00'€KTIB 3 TEMIIEPAaTypolo, IO Bi-
TIPI3HAETHCS BiJ JOBKIJUIA, BUKOPHUCTOBYIOTHCS iH(pa-
YepBOHI TeIUIOBi3iiiHI kamepu. Lle mo3Boinsie Bect cro-
crepexends 32 MBJIA HaBiTh B yMOBax OOMEXEHOI
BUIAMMOCTI 1 B TEMHUI Yac 100U.

Jis 3100yTTs1 HalOIIbII 1HGOPMATHBHUX 1 HaTiH-
HUX DPE3YJbTATIB MOXJIMBE TOYHE HABEJCHHS 1 MOEM-
HaHHS 300pa)keHb TeNEeBI3iHHUX Kamep IO TeIIoBi3iii-
HUM 300payKEHHSIM.

BukopucranHs aisi BUSABJICHHS O€3MUJIOTHHX JIi-
TANBHUX arapaTiB METOIB paxiojioKamii € CKIaIHUM
3apraHHsIM i icHytounx PJIC. MBJIA wmatote mamy
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edexruBHy oty poscisaas (EITP), yepes mio ix Bu-
SIBJICHHSI CTa€ JOCHTh CKJIaJHHUM 3aBJaHHSAM. 30Kpema,
3HWKYETHCS MAKCUMaJIbHA JATBHICTh BUSBIICHHS.

PasioMOHITOpPUHT — € METO/ OTpUMaHHS iH(popMa-
1ii 3 BUKOPUCTAHHSIM TEXHIUYHUX 3aCO0IB Ha MISHIN 11
MIPOXOJPKEHHSI 110 JIIHISAX PaJlio3B'sA3KYy.

3aBIaHHSAMH PaJiOMOHITOPHHTY edipy €:

- TaHOPaMHUH CHEKTpajJbHUI aHali3 y peab-
HOMY Yaci;

- momyk BunpomiHioBanb Bin BIIJIA abo inHmmx
00’€KTiB, BUMIp X MapaMeTpiB Ta CeJEKIlis CUTHAIIIB Bij
CTOPOHHIX JKepesl BUIIPOMiHIOBaHHS,

- TOpIBHSHHS 3 023010 JaHUX IS BU3HAYEHHS 1X
TIPUHAJIEKHOCTI;

- 3ammc pagioCHrHANIB 13 CITY)KOOBUMHM Mapamer-
pamu (dacrora, 4yac, piBeHb CHT'HAIY, CIIEKTpOrpamMa i T.
I1.) 1 OJAJIBIIIE TX BiITBOPCHHS,

- TEXHIYHHH aHaJi3 PaliOCUTHAIIB B PEaIbHOMY
Yaci 1 Ipy BiAKIaACHiH 00pooiri;

- Bu3HaueHHs Hanpsmy Ha BIUJIA (menenrais).

3. KommiiekcHe BUKOPUCTAHHSA 3aX0/AiB
a9 susBiaennsa MBJIA

Haii6inpin eeKTHBHUM pILlIEHHSIM € KOMOiHyBaH-
HSl OCHOBHHX CIIOCOOIB BHSIBJICHHSI: 3aCTOCYBaHHS 3aCO-
0iB papionokailii, BHKOPHCTaHHS paliOMOHITOPUHTY,
BUKOPHCTaHHS iH(padepBOHMX i ONTUYHUX BijeoKamep.

HesBaxatoun Ha 3Ha4yHI MartepialibHi BHTpaTH,
KOKEH 3 IUX METOJIB JOMOBHIOE IHIIHMMA, 1, TAKUM YH-
HOM, 3MEHIIYETHCS KUIBKICTh HEMPaBIUBHUX BUSBICHD i
301IbLIyEThCSl 3arajbHa e(peKTHBHICTH cucTeMH — 30i-
JBINYETHCS iMOBipHiCTh BUsiBieHHs MBJIA Ha mocrart-
Hifl BifCTaHi I HOro MepexoIUIeHHS abo 3HEIIKO-
JOKEHHSI.

Panap canTrMeTpoBOro abo MiJIiMETPOBOTO Jliara-
30Hy XBWIb BusBise MBIIJIA, napanensHo 3 1TUM ycTa-
TKYBaHHS PaZiOMOHITOPHHTY NPUIMaEe CUTHAIU B 3a/1a-
HUX JIialla30Hax pajJiOYacTOTHUX BHUIPOMIHIOBAaHb, 1
LIyKae cepesl HUX Mifo3piii, Jaii iHppadepBOHi Ta Bi-
JleOKaMepH HaBOJSTHCS Ha BipoOriqHUI 00'€KT BUSIBIICH-
Hs, 1 IpUIIMaEThCs PIllIeHHS MPO Iepeiayy KOMaHIu Ha
MIPUAYIIEHHS, IepeXOIUIeHHs 00 3HUIIEHHS BUSIBICHUX
o0'extiB. Kommiekc i3 3acobamul pajiOMOHITOPUHTY
BUKOHYE 3aBJIaHHS BHSBJICHHS IepelaBayiB, BCTaHOB-
nennx Ha BITJIA, BU3HauYeHHS iX THIA 1 OCHOBHHMX Xa-
pakrepuctuk (imeHTndikaiiro) Ta 300py iHpopmarii
JUTSL 3J[1ICHEHHSI TIEPEXOTUICHHS yIPaBITiHHSL.

Bubip merony pafioMOHITOPHHTY — ITOIIYKOBOTO
abo 0e3MOoNIyKOBOr0 — € KOMIIPOMICOM MiX 3MEHIIEH-
HSIM IMOBIPHOCTI TPOITYCKY CHT'HAY 1 TAJIbHICTIO BUSIB-
JIEHHSI MeTH (TIpY IOITyCTUMHUX €KOHOMIYHUX BHTPATAX).

VY 6e3MomIykoBUX 3ac00iB BUSBIICHHS MO YacTOTi Y
BCHOMY Jialla30Hi CIIOCTEPEXEHHsI € IIUPOKI CMYTH
MIPOITyCKaHHs CUTHAIY 1, SIK HACIIIOK, 301JbIICHUH Pi-
BeHb IIyMiB (3aBan). Ile 3MeHIye UYTIUBICTH pajio-
NpUiMajIbHUX MNPUCTPOIB CUCTEM DPaJiOMOHITOPHHTIY,
0o0MeXeHy HIyMaMH, 1 3MEHIIyE NaIbHICTh BHSBICHHS
panioBunpominioBans BITJIA. TlomrykoBi cucremu pa-
JIOMOHITOPUHTY TO YacTOTi MalOTh HEBEIUKY CMYTY
MPOITyCKaHHs, SKa MOXXE OIEPaTHBHO 3MiHIOBATUCS
3aJIeKHO BiJl 3aBJIaHb IOIIYKY pajiOCUTHAIIIB KOHKPET-
HUX pajionepenaBaJbHUX NpHCTPoiB. Taki cucremu

MalOTh HaWKpally 4yTJIHBICTh, OOMEXEHY LIyMaMmH, i
MaKCHMAaJIbHY JTAJIbHICTh BUSIBJIEHHS 00’ €KTIB.

Henosikom MOITyKOBHX CHCTEM IO YacTOTi € Mij-
BHUIIIEHA IMOBIPHICTh MPOITYCKY KOPOTKHX CUTHAIIIB, SIKi
BunpomiHio0Th BITJIA.

OKpiM IONIYKY MO YacTOTi 00OB'SI3KOBHM 3aCO00M
BusiBieHHs1 BIIJIA € mpocTopoBa cenekiis TpHUHHITHAX
PaJiOCHTHAJIB I BU3HAYCHHS HAMpsIMy Ha 00'€KT 3a-
rpo3u (meJeHrauisi pajionepenaBalbHUX —HPHCTPOIB
BIUTA Tta pamionepenaBadiB iX KepyBaHH:).

BukopucraHHs 0€3M0IIYKOBUX aHTEHHUX CUCTEM 3
LIMPOKOIO JiarpaMol0 CIIPSIMOBAHOCTI POOHTH HEMOXK-
JIUBOIO TICJICHTAIlI0 JDKEPEd paliOBHUIIPOMIHIOBAaHb, a
TAaKOX CYIPOBOIDKYEThCS 3MEHIIEHHAM KoedilieHTa
ITiICUJICHHS] aHTEHH 1, SIK HACIII0K, 3MEHIIICHHSIM JIaJlb-
HOCTI BUSIBJICHHS 00’€KTiB 3arpo3 B IMOPIBHSHHI 3 BY3b-
KOHATpaBJICHUMH aHTEHAMU.

Sk mpaBmIIO, B CHCTEMax PajiOMOHITOPUHTY 3 Ofi-
HOYACHHMM IIOIIYKOM IO YacTOTi 1 1o HampsMy (3a Jo-
MOMOTOI0 KepoBaHMX (a30BaHMX aHTEHHHUX TIpar —
@A) 30inbLIYETHCS IMOBIPHICTD IPOITYCKY CHTHAITY.

ToMmy NpUIHATHEM KOMIIPOMICOM € TTOUTYK IO Ya-
CTOTi i OaraTokaHajJbHA CUCTEMa 3 JAEKiJTbKOMa aHTeHa-
MU 1 paJionpuiMarIbHIMU MOJYJISIMH JUTS TapalielIbHO-
IO BUSIBJICHHSI CUTHAIIIB 3 JIEKUTBKOX HAIPSIMIB 10 a3H-
MyTY 1 1o Kyty Mmicus (puc. 1).

HlupuHa giarpamut CpsIMOBaHOCTI aHTEHU B KOXK-
HOMY KaHalli BU3HAYAETHCsI HEOOXIAHOIO TOYHICTIO BU-
3HAYEHHs HANpsIMY Ha JDKEPENO PaiOBUIIPOMiHIOBAaH-
Hi. KiNBKICTh KaHAJIB «N» 3aJCKHUTh BiJ| ITUPUHU TTOB-
HOTO CEKTOpa CIIOCTEPEe)KEHHS 1 HIMPHHH Jiarpamu
CHPSIMOBAHOCTI KOYKHOI aHTEHH.

Y KOXHOMY KaHali € MIKpPOKOHTpOJIep, SIKHH:
nmpuiiMae KOMaHIM BiJ] MiHIKOMITIOTEpa, opMye Komu
Il BUOOPY YacTOTH B CHHTE3aTOpi palionpuiiMaibHO-
T'O MOJYJIs, BCTAHOBJIIOE YacOBi 3aTPUMKH Ha 4ac 3aBe-
pIIEHHS NEepexiJHUX MpOILECiB B CHUHTE3aTOpi palio-
NpUMaIbHOTO MOXYIIS, TIpUiMae 1 30epirae curHaiu 3
BUXOJy paionpuiiMaIbHOrO MOIYINS IS KOXHOI dac-
TOTH TPUHAHITOTO CUTHANy, IPOBOJIUTH NMEPBUHHY 00-
pOOKY NPUHHATUX CHTHAJTIB, IlEpeliac B MiHIKOMIT'IOTEP
pe3yNbTaTH panioyacTOTHOTO CKaHyBaHHsS BCHOTO Yac-
TOTHOTO Jliana3oHy. 3aBASKU TOMY, 1[0 KOMILIEKC CKJIa-
JnaeTbes 3 OJIOKIB  (KaHAJiB), MOXJIMBE CTBOPEHHS
(KOHCTpYrOBaHHs) HEOOXiqHOI KOH]Irypamii ajist cre-
1U]iKu BUKOHAHHS KOHKPETHOT'O 3aBIaHHSL.

Minikomm’'torep (a0o HOYTOYK) MPOBOAUTH 0OpO-
OKy pe3y/bTaTiB paJioyacTOTHOrO CKaHYBaHHS JUIs KO-
YKHOT'O KaHaJy HampsiMy.

[Micns oTrpumaHHS pe3yabTaTIB PajiouacTOTHOTO
CKaHyBaHHS BChOI'O YAacTOTHOIO [iarnia3oHy BUSIBIISIE
YaCTOTH CIEKTpa 3 MAaKCUMAaJbHUMH NPUAHITUMH PiB-
HSIMHM CHUTHAJIIB, TOPIBHIOE X 3 PIBHSIMH CHTHAIIB JUIS
THX K€ YaCTOT y CYCIJHIX KaHaJax HampsaMmy I po3pa-
XYHKY YTOYHEHOTO TMeJIEHIY Ha pajionepenaBaabHU
npuctpii MBITJIA. BpaxoByroun >k0pcTKi MiXKHapOHi
BUMOTY IO €JIEKTPOMArHIiTHIH CyMICHOCTI 1 YCYHEHHIO
B3aEMHHUX PAaIiONEPEIIKOA, — PaJiOuyacTOTHUNH OOMiH
Mmixk MBIIJIA i onepaTtopoM 37iiCHIOETBCS B OLIBIIOCTI
BUIIJIKIB B Jliana3oHax 4acToOT Ul MPOMUCIIOBOI, Hay-
KOBOI i MenuuHOI anaparypu — Industrial, Scientific and
Medical band (ISM niamazoHax).

22



Konmponb kocmiunozo ma nosimpanozo npocmopy

H Kanan nanpsmy 1
CuHres3aTop . o
€| MikpokoHTpoJep j<€=> o,
Y4acTOTH 5} N
: Y r E 3axuneHuit
:[PanionpuiiManbHuii| RS : E KaHai
: MOTTYITE : Z 3B’ 13Ky
i =
Kanan Hanpsamy 2 <> =
SRS B EEEEE T
; Kanan nanpsamy n >

Puc. 1. Komruiekc MOHITOPUHTY PajiiOBUIIPOMIHIOBAHb 110 YACTOTI 1 110 HALIPSIMY

PanmionepenaBanbHi mpucTpoi B IMX Jianma3oHax
MOXIIUBO BHKOPHCTOBYBAaTH 0€3 JEP>KaBHOTO JIIIEH3Y-
BaHHS, SIKIIO JIOTPUMYBATUMYThCS HOPMH, BCTAHOBJICHI
PETYNIOI0YMMHU OpraHaMu JUIsl i€l 4acThHI pajioyacro-
THOT'O CIIEKTpY (Tabi. 1).

Jlnst koxxuoro ISM nianma3oHy HEO0OXiTHO CTBOPIO-
BaTH OKPEMHUI KOMIUIEKC MOHITOPHHIY PaJliOBUIIPOMi-
HIOBaHb I10 YaCTOTI 1 110 HANpPsIMY (IUB. pHC. 1), OCKiIb-
KM YHiBepcaJbHI aHTEHHI CUCTEMH i yHiBepcajbHi pa-
JIionpuiiManbHl MOJIYN He 3a0e3redyloTh HaWKpamii
rapamMeTpH JUIsl KOXKHOTO Jliana3oHy.

Tabauys 1 —Yacroru ISM gianazonis

Ilupuna Make. noryx-
Yacrora, MI'n nianas., MT'n HicTh, MBT
2400 85 100
5000 100 200
5800 350 500

LenTpanbHuM By37IoM (DYHKIIIOHYBaHHSI iHTErpoO-
BaHoOi cucremu npotuiii BIIJIA, Ha siky Oe3nepepBHO B
aBTOMATUYHOMY PEXKHUMI 110 3aXUIICHUM KaHaJlam
3B’S13Ky TPUXOIUTH BCs 00poOneHa iHdopmamis Bifg
OKpeMHUX KOMIUIeKCiB (auB. puc 1), € xomm'rorep 3i
BCTaHOBJIEHUM Ha HHOMY CIELIIbHUM IpPOrpaMHUM
3a0e3MeueHHsIM, 3/IaTHAM ITIPUHMAaTh pillleHHsS B aBTO-
MaTHYHOMY PEXHMI.

BapianTu Takux pimeHs:

- mepelaya KOMaHIU PO BUKOPHCTaHHS 3aC00iB
iH(ppaYepBOHUX KaMep i KamMep ONTUYHOIO Aiarla3oHy
JUTSL T ITBEPKEHHST BUSIBIICHHSI LILIEH;

- mepelaya KOMaH/IW Ha yTOYHEHHs iH(opmarlii,
sKa OTpHMaHa, IHIIOMY KOMIUIEKCY, L0 Npalioe y
cKiaji iHTerpoBaHoi cucremu nporunii bITJIA;

- mepelaya KOMaH/IW Ha MPUAYIISHHS, Mepexol-
JeHHA a0o 3HUIIEHHA LiTi 3aco0aM, IO BXOAATH A0
CKJIaJly CUCTeMH TpuylieHHs i 3HumeHHst BITIA;

JI1s KOHTPOJIIO 32 PIlIEHHSMH, 10 TPUHMAIOTHCS
iHTerpoBaHO0 cucreMoro nporuaii MBITJIA, i 3aBaaH-
HSA HEOOXIMHUX MapaMeTpiB — y poOOTi cucreMu Oepe
y4dacTh omneparop. HasBHicTh omeparopa € 000B’s3KO-
BOIO Ha eTalli HayKOBHX JIOCIIPKEHb Ta BUOOPY allrOpH-
TMIB 1 mapameTpiB 00OpOOKM CUTHAITIB.

4. 3axucT KaHaJTiB 3B’A3KY B cHcTeMi
nporuaii MBILJIA

B inTerposaniii cucremi nporunii MBITJIA Ge3rne-
PEPBHO IMPKYJIIOE BEIUKHNA 00cAT iHGpoOpMaIii, sSKy
Tpeba 3aXHUINATH Bijl IEPEXOIUICHHSA Ta 3MiHHM. Baim-
BUM 3aBJaHHSIM € ayTeHTU]iKamis JDKepen rnepeaadi
iH(dopMaIrii. ABTOpaMH 3aIpPOIOHOBAaHI AJTOPUTMH 1
METOM 3aXUCTy iH(OpMaIlii, SKi peaTi3yloThCs 3 MiHi-
MaJbHUMHU arnapaTHUMH 3atpatamu [4, 5]. Ha opniit
nporpamMoBaHii JioriunHii iHterpanphid cxemi (IJIIC)
MOXIIMBA peaizallis KpPUIITOAITOPUTMIB, SIKi 32 KpHII-
TOCTIMKICTIO HE IMOCTYMAIOThCS BIIOMHUM aJrOPHTMaM,
IO BHKOPUCTOBYIOTBCS B CHUCTEMax CTIJIbHUKOBOTO
3B’S3Ky Ta IHIIMX IOTOKOBUX ajJropuTMax MuppyBaH-
Hsl. 3amnpoIOHOBaHI aBTOPaMH KPUIITOAITOPUTMHU 3aXH-
LIeHI naTeHTaMu Y kpainu [6- 8].

5. MakeTyBaHHS KaHAJLy
3 MOIIYKOM CUTHAJIIB MO 4acTOTi

3 METOI0 PO3pOOKH Ta JOCHIHKSHHS CXEMOTEXHid-
HUX pillleHb, PO3POOKH Ta HAJIAIITYBAHHS IPOIPAMHOTO
3a0e3IeUeHHsS MIKPOKOHTpOJIepa BHTOTOBJICH MaKeT
KaHaly PpaJionpUHAMAaIbHOTO NPUCTPOIO0 3 TOIIYKOM
curHaiiB mo yactoti B ISM mianasowni 2,4 I'T' (puc. 2).

CripanbHa aHTeHa 3a0e3nedye NpUioM pajiocur-
HAJIIB 3 BEPTUKAJIBHOIO 1 TOPU3OHTAILHOIO TOJISIPU3aIli-
ero. Ils Bumora ooymoBnena tuM, mo MBJIA mig gac
MOJBOTY TIOCTIHHO 3MIHIOE MTOJIOKEHHS Y TIPOCTOPI 1, 5K
HACITIJIOK, 3MIHIOETBCS TIOJISIPU3AIlisl paaiOCHUTHAIIB, 10
BUIIPOMIHIOFOTHCS

MikpokontponepHa 1miara ARDUINO MEGA
MOB’sI3aHa 3 PpajioNpUiiMaIbHUM MOJIYJIEM MOCIiI0B-
HuM inTepdeiicom SPI.

Jlerkicts mporpamysanns mwiat ARDUINO Bin
IIEOM uepe3 inrepdetic USB 6e3 momaTkoBHUX IIpoO-
rpamMaTopiB J03BOJISIE 3MIHIOBATH MEXI Jiara3oHiB yac-
TOT PpaAioONPUHMAILHOTO MOJYJNs, Ha IPOrPaMHOMY
piBHI 3MIHIOBATH CMYTy 4YacTOT pajionpuiiMada, 3Mi-
HIOBaTU JITOPUTMU TEPBUHHOI OOpOOKM CHTr'HAJNIB, Ha-
JIAIITOBYBaTH IapaMeTpH AJITOPUTMIB, BHUBOIHUTH pe-
3yJAbTaTH OOPOOKH CHTHAJIB Ha iHAWKATOp, Ta 3aBaHTa-
xyBatu pe3ynbratu y [IEOM (HOyTOYK).
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Ha puc. 2 (HaBepxy mpaBopy4) HaBeeHa CIIEKTPO-
rpaMa TPUAHATHX pamiocurHamiB B ISM miama3oHi
2,4 TTu, sixa BimoOpaxaeTbcs Ha 3,5 mroiiMmoBomy TFT
eKkpaHi 3 po3aineHOro 31aTHICTIO 480 Ha 380 mikcedis.

it

Puc. 2. MakeT kaHaily 3 IOIIYKOM CUTHAJIB 110 4aCTOTI

el expaH BXOIWTb IO EKOCHCTEMH IUIaTPOpMHU
ARDUINO Ta miKII04aeThest O MPOIECOPHOI ILTaTH
yepe3 po3HiMaHH: (0e3 BUKOPUCTAHHS MasIbHUKIB — 110
JIy’)Ke BaXJIMBO Ha €Tari MakKeTyBaHHS MiKPOKOHTpOJIe-
PHHX CHCTEM).

[lix wac mporpamyBaHHs Ta HaJaro/KEHHS MpO-
rpaM MakeT JXHBHThCS Bia Hampyru +5 B iHTepdelicy

USB. B «monpoBuX yMOBax» MaKeT KUBUTHCS Bi 30B-
HINIHBOTO akymyssiTopa Power Bank 3 BuximHONO Ha-
npyroto +5 B. Eneprii akymynsitopa Bucrauae st 0e3-
MepepBHOI poOOTH MaKeTa JCKiIbKa ACCATKIB TOIUH.

BucHoeku

3aBnanHsa BusBieHHI MBJIA ycknanHioeTbea 3
MIPUYXHHM X MaJINX Ta0apHTiB, BXXMBaHHIO KOMIIO3UTHUX
MaTepiaiiB KOpIyCiB, IO HE BiAOWBAIOTH PajiOXBHUII
PJIC i MiHiMaJIbHOMY TEIIJIOBOMY BUIIPOMiHIOBaHHIO.

Haii6inpiry ypaznusicte MBJIA o0ymoBioe Hasi-
BHICTh y HHX JDKEpel eJIeKTPOMAarHiTHOrO BUIPOMIHIO-
BaHHS IS Ilepesiadi B peasibHOMY Yaci KOMaH i 0OMiHy
PO3BiyBaJIbHOIO iHQOPMAI€I0, Y TOMY YHCIIi CUTHAJIA-
MU Ui Tiepefadl B peaJbHOMY 4Yaci TeNeBi3iHHHX 30-
OpakeHb.

3anpornoHoBaHO KOMIUIEKC MOHITOPHHTY pajliOBH-
npoMinioBanb MBJIA B Mexax koxkHoro ISM nianaso-
HY 3 MOUIYKOM II0 YacTOTi i OaraTokaHalbHa CHCTEMa 3
JIeKIIbKOMa paIionpuiMaNbHIMU MOJYIISIMH 1 BY3bKO-
HAIpaBJICHUMH aHTEHAMU TSl TIeJIEHTallii 110 HaIpsMy.

Po3pobmneHi MakeT 0JJHOr0O KaHaly 3 IMOIIYKOM CH-
THAJIIB IO YacTOTI Ta aJTOPUTMH IMEPBUHHOI 0OpOOKH
panmiocurHajiiB, BiIOOpa)Ke€HHS pE3YJbTaTiB OOpPOOKH
CHTHAJIB y BUIVISAII CIIEKTPOTpaMH Ta BBOJY IMX pe-
3ynbratiB y [IEOM.
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Radio frequency complexes for detection of small dimensional aircraft
A. Torba, M. Torba, O. Torba

Abstract: The task of detecting small unmanned aerial vehicles is complicated by their small size, the use of composite
materials of the hulls that do not reflect the radio waves of the radar and the minimum thermal radiation. The greatest vulnerabil-
ity is due to the presence of sources of electromagnetic radiation for the transmission of real-time commands and the exchange of
intelligence information, including signals for the transmission of real-time television images. The aim of the work is to develop
technical parameters of radio complexes for monitoring electromagnetic radiation of small unmanned aerial vehicles in the radio
frequency, infrared and optical ranges and direction finding of sources of these radiation in order to intercept, suppress or destroy
them. The paper analyzes the methods of detecting small unmanned aerial vehicles in the radio frequency range. The conclusion
on expediency of use of search methods on frequency and searchless methods of detection on a direction is made. The structure
of the radio frequency detection complex of small unmanned aerial vehicles is proposed. The layout of one channel with search
of signals on frequency and algorithms of primary processing of radio signals, display of results of processing of signals in the
form of the spectrogram and input of these results in the computer is developed.

Keywords: small dimensional aircraft, radio monitoring, microcontroller, radio-receiving module, computer, radio
monitoring of the small dimensional aircraft radio.
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CUCTEMU ABTOMATHUYHOI'O PETYJIIOBAHHSA TAPAMETPIB
B TEIIVIOOBMIHHUKAX TEMIIEPYIOUYIX MAIIWH

Anotanis. [IpoananizyBaBuu piBeHb aBTOMaTH3aLlil 00IaHAHHA Cy4aCHUX KOHAUTEPCHKUX BUPOOHHULITB, aBTOPU IPH-
WU 10 BUCHOBKY, 110 Ha KOHIUTEPCHKHUX (haOpukax 3/eOLIbIIOr0 BUKOPUCTOBYIOTh OKpPEMi I'OTOBI aBTOMAaTH30BaHi
KOMIUIEKCH 1 IIOTOKOBI JIiHiI, sIKi TOOY/10BaHi Ha JIOKAIFHHUX 3ac00ax aBTOMATHKH, [0 BUKOHYIOTh TEXHOJIOTIUHI oneparii
Y BIJNOBIZHOCTI 13 3aJJaHOIO MOCIIZIOBHICTIO Ta HE BPAXOBYIOTh 30BHIIIHI 30ypeHHs, KOTP1 IOTIM BiZlOMBAIOThCS Ha SIKOCTI
KiHIeBoi npoxykuii. MeTor poOoTH € JOCHiDKEHHS IPOIecy 3MiHM TEMIIEpaTypy B TEMIIEpYIOUiii KaMepi aBTOMaTH30Ba-
HOI CHCTEMH BUI'OTOBJICHHS LIOKOJNAJHHUX ILyKEpOK Ta 3a0e3nedeHHs HeoOXiZHOI TeMIepaTypH NpajliHOBOI MAcH; IOpiB-
HSIHHS METOJIIB PEry/IIOBaHHS TEeMIEpaTypy, BU3HAYEHHS HalKpaIloro MeTOMy peryiroBaHHsA. ABTOpaMU BUSBIICHO, IO B
Hall 4ac JUIsl YIpaBIIiHHI TeMIEPaTypHUMHU PEKUMaMH 3/€01JIbII0r0 BUKOPUCTOBYIOTECS ABONO3ULIIHHI PEeryisTopH, Ipo-
nopuiiiHo-inTerpansHo-qudepenuiiini (TIIJ]) perynsropu, a TakoX peryiasaTopH, SIKi NPaIfO0Th OCHOBI HEYITKOI JOTriKH.
IpoBeneHi 1OCHIPKEHHS Ta OTPUMaHI pe3yJbTATH IOPiBHAIBHOIO aHAJIi3y MiATPUMKH 3a/laHOI TeMIepaTypd B TEILIO-
OOMIHHHMKOBI TeMIepyro4oi MaIllMHK 3 Pi3HUMH TUIAMU PEryIaTopiB. JIoCHiIKeHHS J03BONSAIOTH 3pOOUTH BUCHOBKH, 1110
HaWTIPIIUM 3 TPhOX JOCIiKYBaHUX PErYJIATOPIB BUSBUBCS ABOIO3ULIMHUI PEryisTop, BiH Ma€ 3HauHi KOJIMBAHHS pery-
JIbOBAHOI TEMIIEPATypU Ta IIBUJIKUN BUXIiJ 3 JlaJly BUKOHaBYOro enementy. IIIJI-perymsrop, podora sikoro 6a3yeTscs Ha
METOoJlaxX YUCEeNBHOI iHTerpamii Ta JqudepeHnitoBaHHI BXiJHOrO CHUTHAITY, II0Ka3aB Kpalli XapaKTepHCTHKH, 1o Toro x [11/1-
PEryJaTop € AyXe NPOCTHM B HajlalmTyBaHHI. Halkpalqum e BUSBHBCS PEryisTop TeMIIEpaTypy Ha OCHOBI HEYiTKO] JIo-
KM, AKUH TI0Ka3aB HaMBUIY TOUHICTH HiJTPUMKH TEMIIEPATYPH, ajle B TOU K€ 4ac BiH € CKJIAJHIIINM B HAIAIITYBaHHI, B
yomy cyrTeBo nporpae [TI/I-perymsropy. [IpoBeneni po3paxyHku mokas3ai, 10 HE3BAKAIOUH Ha IIEBHI HEOMIKH, Peryis-
TOp TeMIIEpaTypy Ha OCHOBI HEUITKOI JIOriku 3a0e3NedYnuTh eKOHOMilo eHepropecypcis Ha 2,39 i 3,68 % y nopiBHsHHI 3

neonosuuiitanm ta [IJ]-perymnstopom.

Kar4doBi caoBa: cucrema kepyBaHH:, TEIIIOOOMIHHUK, PETYJIATOP, TEMIICPYBaHHS, MaTEMAaTH4YHA MOJIEIb.

Beryn

IMocranoBka mpodaemu. OHI€IO 3 MEPCIIEKTUB-
HUX Taiy3ei, siKi BU3HA4YalOTh €KOHOMIYHHH PO3BHTOK
KpaiH CBiTy, € KOHAUTEpCbKe BUpOOHMITBO. lle mosic-
HIOETBCS TUM, 110 KOHAUTEPCHKI BUPOOH € BUCOKOKAJIO-
pifiHUM, €HEepPreTMYHO I[IHHUM MPOJYKTOM, KpiM TOrO,
BOHM MarOTh BUCOKHI MOIHT y HACEICHHsS. ABTOMAaTH-
3allisi TEXHOJOTYHUX IPOIECIiB KOHAMTEPCHKHUX ITiJ-
MIPUEMCTB JIa€ 3MOT'Y MiJBHUIIYBATH SK KiJBbKICTh, TaK i
SIKICTB MTPOJIYKIIii.

OnrtuMainbHe NPOTIKaHHS TEXHOJIOTIYHUX IpOIie-
CiB, KOTpE € HEAOCTYIHHM Uil PYyYHOIO KEpyBaHHS,
3a0e3MeuyoTh aBTOMATH4HI CHCTEMH YIPaBIiHHSA pa-
30M 3 iH(OpMaIiHHO-BUMiPIOBaIbHUMH CHUCTEMaMHU.
ABTOMaTHu3alliss BUPOOHUNITBA JO3BOJISIE €(EKTHBHO
BUKOPHCTOBYBAaTH BCI pecypcH 1 BHpilllye HpoOiemMu
MOKPAIIEHHs SIKOCTI Ta 3ZEICBIECHHS KOHIUTEPCHKOI
MPOIYKIIii, TAKOXK 3MEHIIYIOTHCS JIOBOJI 3HAYHI BHUTpA-
TH Ha Il BUTOTOBJICHHSL.

Kpim Toro, 1ie 103BosIsiE CKOPOTUTH BTPATH IIBUI-
KOIICYBHOI CHUPOBHHH, 3HaYHO 3HU3UTH OOCSTH He3aBe-
PIIEHOTO BUPOOHUIITBA, @ TAKOX J[A€ 3MOTY MONIMIIATH
YMOBH pOOOTH IPaIiBHHUKIB Tay3i.

lonoBHUMYM omepauissMud NpH BUTOTOBJIEHHI pi3-
HOMAaHITHUX KOHAMTEPCHKHX BUPOOIB € oreparlii riasy-
PYBaHHs, TEMIIEPYBaHHS Ta OXOJIOKEHHSL.

3acTocyBaHHSI Cy4acHHX MIKpOMNPOIECOPHHUX 3a-
cO0IB IIpU PETYIIOBAHHS TEMIIEPATYPH JTA€ MOXKIHBICT
JUISl BJIOCKOHAJICHHS YIPABIiHHS [IUMHU TEXHOJIOTTYHUMHU
oreparisiMHu,

i 3aco0u 1ar0Th 3MOTy 3MEHIIIYBaTH Yac PEryIito-
BaHHS, IOMUJIKY PETYIIOBAHHS B YCTaJICHOMY PEXHUMI,
BEJIMYMHY TepeperyoBanHs, TOOTO MOKPAL[yBaTH TeX-
HOJIOTIYHUM MPOIeC B IJIOMY 1 3a0e3medyBaTH IUIaBHE
HOro MpoTiKaHHS.

AHani3 ocTaHHIX AocaikeHb i myOuaikauwiii. B
po06oTi OYB MEPENIIHYTHI PSI KEPE, IO MPUCBIYCHI
PO3IIISIY OCHOBHUX IUTaHb TEXHOJOT1i KOHIUTEPCHKO-
ro BUPOOHUIITBA Ta 3aCTOCYBaHHSA Yy HHOMY 3ac00iB aB-
ToMaru3allii. 3 iHpopmariii, mpuBeneHol B podoTtax [1-5]
MOXKHa 3pOOHTH BHCHOBOK, III0 HA Cy4aCHUX KOHAUTEP-
ChKHMX (pabpuKax B OCHOBHOMY BHKOPHUCTOBYIOTH OKpe-
Mi TOTOBI aBTOMATH30BaHI KOMILJIEKCH I TTOTOKOBI JIiHIT,
sIKi TOOY/IOBaHI Ha JIOKAJBLHUX 3aco0ax aBToMaTukd. 1li
JIiHIT 310111100 MPAIOIOTh Y BiIMOBIAHOCTI 3 YiTKO
3aJIaHOIO TTOCIIIOBHICTIO YCIX TEXHOJIOTIYHUX OIIepariii
Ta HE BPaxOBYIOTb 30BHIIIHI 30ypeHHs, KOTpi MOTIM
B1IOMBAIOTHCA HA SKOCTI KiHIIEBOI MPOIYKIIIT.

3a (QyHKIIIOHATEHO-AJITOPUTMIYHOK O3HAKOKO TaKi
aBTOMATH30BaHi JIiHIT BITHOCATBHCS IO CHCTEM JIOTiKO-
MIPOrPaMHOT0 KepyBaHHS TPYIOI OTHOTUITHUX TEXHO-
JIOTTYHHX OIEparii.

B ocHOBI poboTH JiHiH JeKHUTH TpsAMe IHdpoBe
KepyBaHHs [6-11], sike 31 CHIOETBCS IO JKOPCTKiH abo
HAITIB)KOPCTKIA MporpaMi B pexHuMi MOAUTY 4Yacy Mix
KEPOBaHUMH OIEpallisIMHU.

JIiHii BiAPI3HAIOTHCS BHCOKOIO HaJiHHICTIO 00saj-
HaHHS, TApPHOIO OPTraHi3ali€l0 YChbOrO TEXHOJOTIYHOTO
Iporiecy Ta Horo oOCIyroByBaHHS. [ OJOBHHM HEIOJIi-
KOM € Te, III0 TaKi aBTOMAaTH30BaHi JIiHil yIIPaBISIOTHCS
OlepaTopoM BPYUYHY Y BIIMOBIAHOCTI i3 3aBIaHHSIMU,
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KOTpPi OTPUMYIOTHCS BiJI TOJIOBHOI'O TEXHOJIOra Ta ILIa-
HOBOTO BiJTLTY TiIIPHEMCTBA.

Cuij 3a3HaYMTH, IO ONEPaTOp HE Ma€ MOXKIMBOCTI
LIBHJKO KOPEryBaTH Xifl MPOIECY Y BUNAJKY BiJIXHICH-
Hs1, 00 mepedip 1 KOpeKTyBaHHS KepYIOUnX BIUIMBIB 3a-
Oupae 3HaYHUIT Yac.

[pu anamnizi JiTepaTypHUX JKEpen Mo TeEMi MOXKHa
3pOOUTH BUCHOBOK, IIIO IIMTaHHS KOMIUIEKCHOI aBTOMa-
TU3allii KOHAUTEPCHKUX ITiIPHEMCTB 1€ HEAOCTATHHO
JOCTIKeHI, KOHTPOJb KIHIEBOI SKOCTI HMPOMYKIi Ta-
KOXX HE/IOCTaTHIH.

Meta pobdoTH — AOCITiIKEHHS MPOIECY 3MIHU Te-
MIEpaTypu B TEMIIEPYIOUili Kamepi aBTOMAaTH30BaHOL
CHCTEMH BHUI'OTOBJICHHS IIIOKOJIQJHUX IIYKEpOK Ta 3a-
Oe3reyeHHs1 HeOOX1AHOI TeMIIepaTypy NPaTiHOBOI MacH;
TIOPIBHSHHSL METOIB PEryJIIOBaHHS TEMIIEPaTypH, BH-
3HAYEHHsI KpaIloro METOAY PETyIIIOBaHHS.

OCHOBHA YaCcTHHA

IIpamizHoBi KOH(ETH BUTOTOBISIOTH 3 TOPIXOBOL
MacH (mpaiHe), BKPUTOIO IIOKOJAIHO0 Ta3yp to. Jls
OTPUMAHHS IPATIHOBOI MacH OepyTh 00CMaXKEHI TOPIXH
(Murmane, GyHAYK, BOJOCKKUMN, KEll'[0), TOAPIOHIOIOTh
iX Ta 3MINIYIOTh 3 IYKPOM, KaKao-MacjioM Ta TBEpIH-
MU KHPAMH.

Onepartlisi TeMIIepyBaHHS € OCHOBHOIO TEXHOJIOTi-
YHOIO OIEpalli€lo, KOTpa BUKOHYETHCS IEPE THUM, SK
LIOKOJIaJIHa Maca IEepeTBOPIOETHCS HAa IIOKONAJHI BH-
pobu. [Ipu BUTOTOBIIGHHI INIa3ypOBaHHUX IYKEPOK IIfO
Macy TaKok BUKOPHCTOBYIOTh Y SIKOCTI TJ1a3ypi.

L5 omeparist — ckiaaHuii OaraTopakToOpHUN TeX-
HOJIOTIYHHUI TpoIlec, IPH BHOOpI HOro TemnepaTypHUX
rapameTpiB BPaXOBYEThCSl HABITh TEMIIEPATypa Y BUPO-
OHMYOMY TIpUMiIeHHI. J[7s 3MiHCHEHHs MPOIECY TeM-
TiepyBaHHsI BAKOPUCTOBYIOTh TEMIIEPYIOYi MAIIUHU.

Po3pi3HsAIOTE TeMIepyrodi MamluHU SIK I1epioand-
HOI, TaKk 1 Oe3rnepepBHOI [ii.

B ocHOBI KOHCTpyKIii TeMIepyro4oi MalliHu Tie-
PIOIUYHOI Jii JIGKHTH CIICIiaJbHa €MHICTD, 10 MA€ IH-
niHapuuHy GhopMy. BoHa o0iiajgHaHa OPOKHUHOIO, 1110
OTOYYE CXWIIBHI JIO CHJIBHOTO HarpiBy eleMeHTH (BOJIs-
HOIO COPOYKOI0), a TAKOX MIIIAJIKOK, BIIKUIHOK KpH-
IIKOIO 3 €JEKTPUYHUM OJIOKYBaHHSIM CTaHy KPHIIKH,
TEPMOMETPOM OIIOPY CHUCTEMOIO aBTOMATUYIHOI CTa01JTi-
3allii TeMIepaTypy BOAH B COPOUII.

BukonyBaTHcsl Tipoliec TeMIlepyBaHHsI MPaTiHOBOL
MacH MOXe€ SK B Py4HOMY, Tak i B IpOIpaMHOMY pe-
JKUMI 32 JTOTIOMOTOK0 Pi3HOMAHITHUX MATYHKIB, TPHIIA-
IIiB Ta OpraHiB yNpaBJIiHHS HUPKYJISIIEI0 BOAH B CHC-
Temi JUIsl 3/IHCHEHHS TepMocTadumizalii mpu pi3HUX
pEeKUMax TeMIIEpyBaHHSI.

Jlns 3aBaHTa)XeHHS BHXIJHOI IIOKOJAJHOI Macu
NpU3HAueHa CrielliajibHa BiJKWIHA KPUIIKa, a BUBaHTa-
JKEHHSI B)KE€ BIJITEMIIEpOBAHOI MacH 3JIHCHIOEThCS 3a
JIOTIOMOT'OI0 PO3BaHTAXKYBaJILHOTO NPUCTPOIO abo  de-
pe3 crierianbHuil 3IMBHUN TPUCTPIN i3 KEPOBAHOIO 3a-
CYBKOIO.

Konu geprosa mopirist NIOKOJIAAHOT MacH 3aBaHTa-
JKEHa, aBTOMAaTHYHO BKJIIOYAEThCS Mimmanka. OpHodac-
HO B TIOPOXKHHHY BOZSIHOI COPOYKH MOYHMHAE IT0IaBATH-
s BOJIa CIIeIiasIbHOT, 3a3/1alIeriib 3aJaHOI TeMIIepaTypH
BIJIMIOBITHO IO PEKUMY POOOTH.

Onepariii 3MillyBaHHS Ta TEMIIEPYBaHHsS TpHBa-
TUMYTb JIO TOTO 4Yacy, OKH IIOKOJIaHO-IIpajiHOBa Ma-
ca He OTpUMa€e HEeOOXimHY Ui IVIa3ypyBaHHs Ta (op-
MYBaHHS TEMIIEPATYPY 1 B'SI3KICTb.

B mammHax TemriepyBaHHsI Oe3nepepBHOI Hii, SIK
MIPABWJIO, PEATI3YIOThCS Pi3HI TEXHOJOTIYHI CXEMU ITiJI-
TPUMKHU 200 3MiHM TeMIlepaTypH y BiAIIOBITHOCTI 3 XO-
JIOM TEXHOJIOTIYHOTO MPOIECY, SKi MOXKYTh BiJpPi3HATH-
Csl BAMOTaMH JI0 TIPOJYKTHBHOCTI MacH, po3MipiB ycra-
HOBOK, XapaKTePHUMH OCOOJIMBOCTAMH (OPMYBaHHS
PI3HOMaHITHHX LIOKOJAIHUX BUPOOIB (Pi3HUMH HAYHH-
KaMu, pi3HUMH (popMamMu (Biryp TOIIO).

Bin BipHOro BHOOpY Ta HaJamITyBaHHS PErYJSTO-
PpiB, 1110 BUKOPUCTOBYIOTHCSI B aBTOMAaTH30BAHUX CHCTE-
MaxX KepyBaHHS, 3aJIEKUTh SIKICTh MPOTIKaHHS TEXHOJO-
TIYHOTO TIPOIIECY.

B Hamr wac ans perynroBaHHsS TemriepaTypu Oara-
THOX TEXHOJIOTTYHHX 00'€KTIB BHKOPHUCTOBYIOTH CHCTE-
MU, KOPTi MpPAIIOIOTh 33 NPUHIMIIAMH JABOIIO3HIIIHHOTO
peryNIoBaHHs, CUCTEMH, 1[0 BUKOPUCTOBYIOTH ITPOIIOP-
uiitHo-iHTerpansHo-audepeHniini (I11J]) peryasropu, a
TAKOX PErYJISITOPH, SKi MPAIIOIOTh HA OCHOBI HEYiTKOI
JIOTIiKH.

[Tpu BUKOpUCTaHHI ABOMO3ULIHHOTO PETYITIOBAHHS
piBEHb 1 TOYHICTh HIATPUMKH 33aJaHOi TeMIEpaTypH
3aJIeKHUTh BiJl IBOX OCHOBHHMX YWHHHUKIB: TOYHOCTI BH-
Mipy Temnepatypu (IOXHOKH TepMoNapH, TEpMOpPE3HC-
TOpa, mpoMeTpa i TaK Jaji) Ta TpaHUYHOI KOMYTaIliiHOT
3ATHOCTI BUKOHABYOI'O €JIEMEHTY CUCTEMH PperyJo-
BaHHS TeMIlepaTypu (KOHTaKTOpa, MarHiTHOTO IycKada
a00 TUPUCTOPHOTO PErysTOpa HAIIPYTH).

KoHrakropHa anaparypa, Sk BiIOMO, MAa€ HIKYY
TpaHUYHY KOMYTAaliiiHy 3[aTHICTh y TOpIBHSAHHI ii 3
HAITIBIIPOBIIHUKOBUMH CUCTEMaMHU KepyBaHHs. Takum
YMHOM, IIPU BHUKOPHCTaHHI KOHTAKTOPHOI amaparypu
TOJIOBHUM IIapaMeTpoM, IO BIUTMHE Ha TOYHICTH pery-
JIIOBaHHS TeMIlepaTypH, Oyne rpaHM4YHa KOMYyTalliliHa
3JIATHICTb amaparis, a I HaIiBIPOBIIHUKOBUX CHCTEM
peryiioBaHHs HANPYTd — OCHOBHHUM ITapaMETPOM CTaHe
TOYHICTh BUMipy TEMIIEpaTypH 3aC00aMHU BHUMIPIB.

JIyis1 TI1aBHOTO pETyJIIOBaHHS HANPYTH, sIKa ITiJ(BO-
JIUTHCSL IO €JIEKTPOHArpiBayiB, BUKOpHCTOBYIOThCS TPH
(TUPUCTOPHI PEryJIsTOPU HATIPYTH).

Bin HamamryBaHHS Takoro peryisTopa, pasoMm 3
TOYHICTIO BUMIPIOBAHHS TEMIIEpaTypH, 3aJI€KHUTh TOU-
HICTh MIATPUMKH TEMIIEPATypH Ha PiBHI, IO 33Ja€THC.
Aue Ui TOOYIOBH TaKOro PeryisiTopa HeoOXiaHO PO3-
poOUTH afieKBaTHY MaTeMaTUYHY MOJIEIb.

Jlis moOynoBU Mozeli BUKOPHUCTOBYIOTH CTaTHC-
TUYHHUNA METOJI, IO JIa€ 3MOT'Y BUKOPUCTOBYBATH €KCIIe-
PUMEHTANbHI JlaHi JJsl Pi3HUX PEeXHUMIB poOOTH 00Ma-
HaHHS. BuHnkae mpoGiiema B TOMYy, IO BHMipIOBaHHS
JIeSIKUX TTapaMeTpiB Mpolecy MoKe OyTH CKIaJHuM abo
HEMOXUIUBUM. Lle MoXe CyTTEBO BIUTMHYTH Ha ajieKBa-
THICTh OTPUMaHOI MOJIEITI.

Mertonu ducenbHOi iHTerpamii Ta auepeHIliro-
BaHHS BXIJHUX CHUTHAJIB 3aCTOCOBYIOTH KiacuuHi [11J]
perynstopu it GOpMYBaHHS CUTHAITY KEpyBaHHSL.

VY BuUmNajaKy HECTaI[lOHAPHOCTI MapaMeTpiB TEXHO-
JIOTTYHUX O0'€KTIB Y peryssTopiB 3 GpiKCOBaHOIO CTPYK-
TYpOIO0 HEMa€e MOXJIMBOCTI SIKICHOrO (pOopMyBaHHS CHUT-
HaJly yIpaBJIiHHSL.
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B Takux ymoBax (OpMyBaHHS CHUTHATY CTAE MOXK-
JMBUM JIMIIIC TPY BHUKOPUCTAHHI aJANTHBHUX CHCTEM
YIIpaBJIiHHS, 200 PETyIATOPIB, IO MPAIIOIOTh HA OCHOBI
Teopii HEUITKUX BEITUYMH.

ANanTHBHI CHCTEMH KEpyBaHHS OpPraHi30BYIOTh
31EOUTBIIOTO 3 PO3POOJICHHIM Ta BUKOPHCTAHHIM €Ta-
JIOHHOT Mojieni 00'eKTy yrpaBiiHHs. Perymstopu 3 Ha-
YiTKOIO JIOTIKOI Il KepyBaHHs IpoOIecaMH 3acTOCO-

BYIOTh €KCIIEPTHI 3HaHHS, 5IKi 0a3yIOThCS Ha OCOOJIHMBO-
CTSX PEryJbOBAaHOTO ITPOIECY, TAaKUM YUHOM JUIsS Ha-
CTPOHKH PEryiaTopa JOCTaTHbO 3HATH OCHOBHI IPHH-
LUK Ta OCOOJIMBOCTI PETYIIOBAHHS OCHOBHUX Iapame-
TpiB 00'€KTY yIIpaBIIiHHS.

Ha puc. 1 npencraBieHa CTpyKTypHa CXeMa CHC-
TEMH pETYJIOBaHHS TEMIeparypu TeII000MiHHHKA
TEMIIEPYIOY0i MaIlIMHU Ha OCHOBI HEYITKOI JIOTIKH.
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Puc. 1. CrpykTypHa cXeMa CUCTEMHU HEUIiTKOIO PETYIIOBaHHS TEMIIEPATypH

Cucrema peryntoBaHHS (YHKIIOHYE TakuM YH-
HOM: CHTHAJIM 3HAY€HHs TEeMIlepaTypu BiA dbacy, sKi
copMoBaHi 30BHIIIHIM 3aJ[aBaJIbHUM HPUCTPOEM, HaJl-
XOMSATh Ha BXiJ OJIOKY 3aBIaHHsS 7, BiIOyBa€Thcs po3i-
IpiBaHHSA TEIUIOOOMIHHMKA TEMIICPYIOUOi MAaIIHHU 03
TEXHOJIOTIYHOI CUPOBHHH, KOHTYP CUCTEMH YIPaBIiHHS
€ PO3IMKHCHHUM.

ITpn upoMy curHain 3aBIaHHA [3,; Y BUKOHABUOMY
MeXaHi3Mi 6 allPOKCUMYETHCS BUPA3OM:

I3gq =k -t3400 +ka 1347,

ne kj, k, —macmtaOytoun Koedilli€HTH; #34/0— TEMIIe-
paTtypa JOBKUUISA; £34;— TEMIIEpaTypa 3aBJaHHS.

3amaHa TeMmIeparypa TaKOX ITOCTYMA€ Ha BXiJ
Osoky 5. BiAmoBimHO 10 NPUBEICHOTO BHIIE BUPA3y
Onok 7 popMye cUrHAN 3aBIaHHA [347, IO IIOCTYIA€E HA
cymatop 13. Temmeparypa B TeII000MiHHHKOBI BHMi-
PIOETBCS TEPMOIIAPOIO 4 1 CUTHAJ 3BOPOTHOT'O 3B'S3KY £33
MOCTyNae Ha OJIOK 5, B SIKOMY OOYHCIIOETHCSI 3HAYCHHS
CHTHAJTY pO3y3T'O/PKEHHS A’ notounoi TeMIIepaTypH ¢
i3 3a1aHUM 3HAYCHHAM £ 3 7. CHUTHAI At’ nagxonuTh Ha
BXij 070Ky 8, a Takox Ha BXxoau OinokiB 91 10. V mude-
PEHIIIOBAILHOMY MPUCTPOI 8 BiAOyBaeThCst OOYUCIICH-
Hi IIBUIKOCTI (Ato)’ 3MIHH 3HAYEHb PO3Y3TOKEHHS
norounoi remneparypu At’. Lleit curnan (Af’) nanxo-
IUTH Ha 1H11 BXoau oiokiB 91 10.

OGUHCITIOIOTECS 3HAYCHHS PO3Y3romkeHHs Af’,
noTiM y Guromti 9 BinOyBa€eThCs IEPETBOPEHHS iX B HEi-
TKi curHanu: "mane Heratushe 1" (M.H.1), "mane Hera-
tuBHe 2" (M.H.2), "Benuke neratusue 1" (B.H.1), "Be-
muke HeratuBHe 2" (B.H.2), "mane mnosutmBHE 1"

(ML.IL.1), "mane no3urusne 2" (M.I1.2), "Benuke mo3u-
tuBHe 1" (B.JL1), "Benmke mnosutuBHe 2" (B.I1.2),
(puc. 2), 3 pi3HOIO MipOIO HAJIEKHOCTI .

M.H.2 M.H.1 M.IIL2 M.IL1
1
/
s /
s | /
/ |
B.H.1 7 | / B.IL2
/ /
BH2 |
I I B.IL1
|/
{d
|/ Af”‘ Bim.ox.
r T T T T v T T T T I T T 1
-2 -10 -08 -06 -04 -02 0 02 04 06 08 10 1.2

Puc. 2. I'padixu QyHKIIT nepeTBOpeHHs 3HAUCHHS
PO3Y3rOKEHHS IOTOYHOI TeMIIepaTypu
y nepiomy 611011 He4iTKO JIOriKu

B mpoMy 07011 TakoXk BiAOYBa€ThCS MEPETBOPCH-
Hsl LWBMAKOCTI 3MiHK posysromkents (Af”) B 3anexHo-
CTi BiJl BEIMYMHU YUCEIHHOI'O 3HAUCHHS B HEUITKI CHI-
nanu: "HeratuBHa" (Her.) i "nosuruBHa" (I103.) 3 pi3-
HOIO MIipOI0 HaJle)KHOCTI [ (puc. 3).

[eprmmii 6;10K HEYITKOI JIOTIKH MPUCBOIOE CUTHATY
Kopekuii 30ypeHHs [xop OJHE 3 HACTYIHUX HEUITKUX
3HAYEHb:

"Benukuid nozutuHui" (B.I1.),

"cepenniit nozutuBHui" (C.I1.),

"maunuit nozutuBHEA" (ML.IL.),

"manuit HeratusHui" (M.H.),

"cepenniii Heratusauit" (C. H.),
"Benukuid HeratuBHui" (B.H.) (Tabm. 1).
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Puc. 3. I'padixu yHKIIT nepeTBOPEHHS MIBUIKOCTI
3MiHM 3HaYEHHS PO3Y3rO/UKEHHS Y IepiioMy Ouioni
HEYITKOI JIOTIKK

Jlam oTpuMaHe HEYiTKE 3HAUCHHS MTOTOYHOTO CHI-
Hally KOpekiii 30ypenns Ixop B mepiioMy 0JI0I HeYiT-

KOl JIOTIKM TIEPETBOPHUTHCS B UHCEIbHE 3HAYCHHS
(puc. 4) 3anexxHo Bing Mipu HanexHocTi W. [ToTounwmii
CHTHaJ KOpeKIii 30ypeHHsI HaJXOJUTh Ha BXOAM OIOKY
nam'sti 11 Ta kimoga Budopy 12.

B Gsoui 10 BigOyBa€eThCsl IEPETBOPEHHS CUTHAILY
PO3Y3TOKEHHS Af’ B HewiTki curnanu:

"merarusHe" (Her.),

"HeratuHe HynpoBe" (H.H.),

"noszutuBHe HynpoBe" (I1.H.),

"nozutuBHe" (I1.), 3 Pi3HOIO MIpOIO HAJIEKHOCTI W
(puc. 5).

Jpyruii 60K HEYITKOI JIOTIKU BIAIOBIga€ 3a mepe-
TBOPEHHS MIBUAKOCTI 3MIHHM PO3Y3TOXKEHHS (Ato) 3a-
JISKHO BIJI YMCEILHOTO 3HAYESHHS Ili€i BEIMYMHU B He-
yitki curHamu: "HeratuBHe" (Her.) i1 '"mosutuBHE"
(ITo3.), 3 pi3HOIO MipoOO HaJIEKHOCTI L (puUC. 6).

Tabnuys 1- ba3a 3naHb, 0 GOPMYEThCS Yy MepiroMy 0J101i HeUiTKOI JOTiKH AJIs1 OTPHMAHHS CHTHAJTY KOpeKIii

AP

B.IIL1.

M.H.1.

B.H.1.

M.H.1.

B.I1.2.

M.IL.2.

B.H.2.

M.H.2.

(A

Her.

C.IL

M.IL

B.H.

C.H.

Ilos.

B.IL

C.IL

C.H.

Tabnuysa 2 — ba3a 3HaHb, 10 (POPMYETHCHA Yy APYroMy 0101 HEUiTKOI JIOTiKH /151 OTPMMAHHS BUXiTHOI0 CHTHAJTY

A
[o3. ILH. H.H. Her. [o3. ILH. H.H. Her.
) Her. Kop. 3ar. Kop. Kop. - - - -
[o3. - - - - Kop. Kop. 3ar. Kop.
H
B.H. C.H. M.H. MLIL CIL B.IL o M e
1.0 A
; /
/
0.8 - 038
0.6 - 0.6
Ty
0.4 0.4
\ ’
/
0,2 4 /7 024
Lo Bim0 (&2, vin.on.
412 -0 08 06 -04 -02 0 02 04 06 08 10 12  -0,003 -0,002 -0,001 0 0,001 0.002 0003

Puc.4. I'padiku GyHKUiT IepeTBOPEHHS CUTHAITY KOPEKLIiT
y Hepiomy OJIomi HewiTKOI JIOTiKK

H.H.

M

\I.() 1

0.8 |
\
0.6 |
0.4

0,2

Al s

,]"ﬂ

-1,0 08 -06 -04 -0001 0 0001 04 06 08 10

Puc. 5. I'padixu dyHKIi] nepeTBOpeHHs 3HAYESHHS

Y Apyromy 0JI01i HEYiTKOI JIOTIKH

PO3Y3roKCHHA MOTOYHOI TEMIIEpaTypu

Puc. 6. I'padixu ¢pyHKIIT IEpeTBOPEHHS MIBUAKOCT] 3MiHH
3HAYEHHS PO3Y3IOJUKEHHS B JPYTroMy OJIOLI HEUiTKOI JIOTIKH

Jpyruii OJOK HEYITKOI JOTiKM BUKOPHUCTOBYE
OTpUMaHi MipU TPUHAIEKHOCTI HEYITKUX 3HAYCHB
A" i (A?") srigno 3 Gasoro 3HaHb (TaGL. 2).

BinOyBaeTbcs MPUCBOEHHS BHUXIJTHOMY CHUTHAIY
z abo 3naueHHs "kopekiis" (Kop.), abo "samam'srto-
ByBaHH:" (3aIL.).

[Torim 1e HewiTke 3HAYEHHS BUXIJAHOTO CUTHAIY
MEPETBOPIOETHCS B YUCIOBE 3HA4YCHHs (puc. 7) 3aje-
YKHO BiJI MipH HAJIE)KHOCTI L.

OTpuMaHUi CHUTHajdl Zz HAIXOOUTh Ha ApPYruit
BXix Onoky mam'sti 11 1 Ha TpeTiit BXig kitoua BuOO-

py 12.

[ToTiM MOTOYHE 3HAYCHHS CUTHANY [xop y 3aje-
YKHOCTI BiJl 3MiHU BEJIMYWHHU CUTHAIY Z 3araM'sTOBY-
€ThCs y Ouori mam'siTi.
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Puc. 7. I'padixu dyHKIIT nepeTBOPEHHs CUrHAILY KOPEKLiT
Y Apyromy 0JI01i HEYiTKOI JIOTIKH

Ha mepumii BXin kimoua BuGopy 12 Hamxomurs 3
610Ky 11 Buxigauii curaai [ ,[(OP. Bnok 12 B 3anexHoC-
Ti BiJ BEJIMYMHU CUTHATY Z TPHUCBOIOE BHX1THOMY CHUT-
nany ,[(OP 3HaueHHs Ixop abo [ ,[(OP.

Toni uel BuximHuii cursan [ ,[(OP KJII04Ya BHOOpPY
12 HamxomuTh Ha cymMatop 13, B sSIKOMY BilIOyBa€eThCs
(hopMyBaHHs CUTHAIy 3aBIaHHSA BUKOHABUOMY MeXaHi-
3My 6 3TiJIHO 3 BUPA30M:

Tynp = 1347 +1gop-

BukoHaBumnii MexaHi3M IOYHE IUIABHO 3MiHIOBATH
KUIBKICTD €IEKTPHYHOI eHeprii Ppgr, SKa HaAXOAUTH 110
eJIEKTpOHarpiBavis 3.

EnexkTpuuHa eHepris MepeTBOPIOETHCSA B TEILIOBY,
sika HarpiBae OapabaH 3MinryBada 2. TakuM 4WHOM Bij-
OyBaeThCA MIATPUMKA 33aJaHOI TEMIIEPaTypHd B TEILIO-
00MiHHUKOBI (010K 1).

Jlana cucteMa peryiroBaHHs TeMIlepaTypH, Ho0y-
JIOBaHA Ha OCHOBI TeOpii HEWITKMX BEIMYUH, Oyia arl-

Jpomo3anmiianii
peryJadarop

%

IIII-peryaarop

poboBaHa Ha IMITalliiiHIH Momem
MATLAB.

Takox Oyno mpoBelieHE MOETIOBAHHS JIBOIO3H-
uiitaoro ta 11 /I-perynsropa.

J171s1 mOpiBHSIIBHOT'O aHAIi3y NMpUBEACHI rpadiku
MiATPUMKH 3a1aHOI TeMIIepaTypH ¢ B TEIJIOOOMIiHHU-
KOBIi 3 iICHYIOUOIO CHCTEMOIO PETYJIIOBaHHS TeMIlepa-
TYpH, 1[0 BUKOPUCTOBYE IBOMO3ULIMHUN PETyIATOp,
cucremu 3 [IJ]-peryisTopoM Ta 3 HEUITKHUM peryis-
TopoM (puc. 8).

B pe3ysnbTaTi MpoBeneHOro aHajizy BHUSBHIOCS,
3alpONOHOBAHA aBTOpPaMHU CUCTEMa, IO Mpalloe Ha
OCHOBI HEUITKOi JIOTIKHM 1 peaji3ye CHCTeMy aBTOMa-
TUYHOTO KEpyBaHHS TeMIepaTypd B TEILIOOOMiHHH-
KOBI TEMIIEPYIOUOi MAaIUHH, A€ MOXJIHBICTH BJOC-
KOHQJIMUTU TPOTIKAaHHS TpOLECY 1 MiJBUIIMTUA TOY-
HICTh MIATPUMKH 3aJaHOi TEMIIEPATYpH BIiIHOCHO
JBOIO3HUIiiiHOTO perymtoBanus Ha 0,98% i 1,3% mns
MPONOPIiHHO-1HTErpaIbHO- AU EPEHIIHHOTO perys-
Topa.

B CEpCIOBHIII

HeuiTka dorika

102.4

102
101.6 -
101,2 ~
100,8 -
100,4 1

0 5 10 15 20

25 30 35 40 45

Puc. 8. ITopiBHsAHHSA cucTeM
PETYIIOBaHHS TEMIIEPATYPU
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BucHoeku

1. [IpoBeneHi moCiiHKEHHST TOKA3ajiH, IO JIBOIO-
3ULIHHUE PErynsTop € HaWripIIuM 3 TPhOX IPENCTaB-
JIEHUX, TOMY III0 Ma€ MOTaHi XapaKTEePUCTHKU PEryIito-
BaHHS, 3HaYHI BIIXWICHHS PErylIbOBaHOI TEMIIEpaTypH,
a TaKoX IIBUJAKWH BHXiJ 3 JIaJy BUKOHABYOI'O €JIeMEH-
Ty.

2. IIponopuiiiHo-iHTerpagbHO-AupepeHII HHUN pe-
TYIATOp, PoOOTa SIKOTro 0a3yeThCs HA METOAAX YUCEIIb-
HOI iHTerpalii Ta Au(epeHIiFoBaHH] BX1THOrO CHTHAIY,

HifiHO-1HTerpasbHO- AU epEeHIIHHAN PETYISATOP € IyXKe
MIPOCTHM B HaJalITyBaHHI.

3. Haiikpamum sBISETbCA PETYIATOP TeMIIEpaTy-
PHY Ha OCHOBI HEYITKOI JIOTIKH, SIKHI MMOKa3aB HAWBHIILY
TOYHICTh MIATPUMKH TEMIIEpaTYpH, aje B TOH Ke 4dac
BiH € CKJIaJHIIIMM B HaJaIITyBaHHI Yy TOpIBHSHHI 3
MII-peryasTopom.

4. IIpoBeneH] po3paxyHKH MOKa3aiH, IO HE3BAKAIOUH
Ha TeBHI HEIOJIKU, PETYNIATOP TEMIIEpaTypy Ha OCHOBI
HEYITKOI JIOTIKH 3a0e3MeUYUTh CKOHOMIID E€Hepropecyp-
ciB Ha 2,39 1 3,68 % y MOpiBHAHHI 3 JBOMO3MIIIHHUM Ta

MOKa3aB Kpallli XapakTepUCTHKH, 10 Toro x Ilpomop-  IIJ-perymsTopom.
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Automatic regulation systems of parameters in heat exchangers of tempering machines
N. Yermilova, S. Kyslytsia

Abstract. After analyzing the level of automation of modern confectionery equipment, the authors came to the
conclusion that confectioneries mostly use separate ready-made automated complexes and production lines, which are
built on local automation tools that control the process in accordance with clearly defined regulations of each
technological operation external disturbances that affect the quality of the products. The purpose of the work is to study
the process of temperature change in the tempering chamber of the automated system of making chocolates and to ensure
the required temperature of the praline mass; comparison of temperature control methods, determination of the best control
method. The authors found that nowadays the temperature regimes of many technological objects are controlled by
systems that use two-position control, proportional-integral-differential (PID) regulators, as well as regulators that operate
on the basis of fuzzy logic. The results of comparative analysis of maintaining the set temperature in the heat exchanger
of the tempering machine with the existing temperature control system using a two-position regulator, a simulated system
with a PID-regulator, and using a system with a fuzzy regulator. It was concluded that the two-position regulator is the
worst of the three presented because it has significant fluctuations in the control temperature and rapid failure of the
actuator. The PID-regulator has the best characteristics, which uses the methods of numerical integration and
differentiation of the input signal and, thus, improves the temperature control characteristic, in addition, the PID-regulator
is very easy to set up. The best is a temperature regulator based on fuzzy logic, which showed the highest accuracy of
temperature maintenance, but at the same time it is more difficult to adjust, which significantly loses to the PID-regulator.
Calculations have shown that despite certain shortcomings, the temperature regulator based on fuzzy logic will save
energy by 2.39 and 3.68% compared to the two-position and PID-regulator.

Keywords: control system, heat exchanger, regulator, tempering, mathematical model.
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BU3HAYEHHS ONTUMAJIBHOI NIBUJIKOCTI OBEPTAHHSI IEHTPU®YTH
JJIAA BABE3IIEYEHHSA AKICHOI'O YIHIVIBHEHHSA BETOHY

AHoTanisi. YV crarTi po3risIHYTO TEXHOJOrII0 Ta MAIMHU 1JIs BUTOTOBJIEHHS 3aJ1i300€TOHHUX TPYO, iX repeBaru Ta He-
nonikd. Ilix neHTpudyryBaHHAM y NPOMHUCIOBOCTI Oy/iBeNbHUX MaTepialiB pO3yMitOTh NPOLEC YIIIIBHEHHS HEOIHOPIM-
HHX CyMillleil y 0l BiIIEHTPOBUX CHJI. YILJIbHEHH OCTOHHUX CyMillel LHeHTpU(YryBaHHAM e(EeKTUBHO BUKOPHUCTOBY-
€ThCs IIPY BUT'OTOBJICHH] HallipHUX 1 Oe3HaripHux TpyO, ONop JIiHIH enekTponepenay, KOJIOH Ta iHIIMX KOHCTPYKIiH Kinb-
LeBOro neperuHy. Jlo OCHOBHUX HEIONIKiB ()OpMyBaHHS METOOM LIEHTpU]YryBaHHS HEOOXiZHO BiJHECTH BEJIUKY IIOTpE-
Oy B 1IeMeHTI Ul 3a100iraHHs po3IIapoByBaHHs OETOHHOI cyMilni npu ¢GopMyBaHHI. YIIUIBHEHHS CIIiJi HPOBOAUTHU IIpU
Takii mWBHUAKOCTI 00epTaHHS, ska 3a0e3ledye HeoOXilHy NOYaTKOBY MILHICTh BUPOOY, JOCTATHIO Ul TPAaHCIOPTYBAaHHS
fioro B (popMax Ha HACTYIHI TeXHOJOri4Hi nocty. Ha ocHOBI aHali3y T€XHOJIOril BUrOTOBICHHS 3113006 TOHHUX TPYO Me-
TOZIOM LIEHTPU(DYTryBaHHS 3aIPONIOHOBAHO LUIAX BU3HAUCHHS ONTHUMAJIBHOI IIBUAKOCTI 00EpTaHHS 1acoBoi LEHTPUBYTH 3a
K0T 3a0e3nedyeThes AKICHE YIIUIbHEHHs OSTOHY Ta BiAICYTHIN po3kua cymimii i3 Gpopmu.

Karw4dosi ciosa: 3anizobeTonHa tpyda, neHTpudyra, BiIleHTpoBe (HOpMyBaHHS, TEXHOIOTIYHA CXEMa, eJIeKTpoMeXa-

HIYHHMI IepeTBOpIOBAY.

Beryn

[NomepeqHpO HAMpPYKEHI 3a1i300€TOHHI TPYOU BU-
TOTOBJISIIOTH METOJIOM IEeHTpU(yryBanHs. TexHomoriy-
HUHA Tpolec iX BUTOTOBJICHHS CKIAJA€TbCs 3 HHU3KH
CKJIaJIHUX oOrmepalii. 3Ha4YHOrO MOUIMPEHHS HaOyIH
arperaTHUil Ta KOHBEEPHUI CHOCOOW BHUI'OTOBJICHHS
3amizo0eTonHux TpyO [1]. Ilpm arperatHoMy cmoco0i
BHUPOOHHUIITBA BHPOOM (OPMYIOTH Ha BIOPOILTOIIAII
a0o Ha cnenianbHO 00JIaIHAHUX YCTaHOBKaX-arperarax,
IO CKJIAJaroThcs 3 (OPMYBaIbHOI MalIMHK (3a3BUYAii
BiOpOIUIOIIAKK), MAIIMHU ISl PO3IOIITY OETOHHOI
cymimi no ¢opmi (beroHoyknaauuka). Bindopmosani
BHpPOOU B (pOpMax MOCTOBHM KpPaHOM IEPEMIIlIalOTh B
KaMepu TeIUIoBOi O00pOOKM OeTOHY /sl TBEpAiHHSL.
3aBepmiasibHa CTajis - BUjaya BUPOOIB 3 KaMepw 1 ix
posmanyoka Ha CreliaJbHOMY MOCTY. ArperaTHuii cro-
ci0 HaOyB LIMPOKOr'O IIONIMPEHHS 1 TPH HEBEIHKUX
KaIliTaJbHUX BUTPATaX, TakK SIK BiH JOIYCKa€ BUKOHAHHS
LIMPOKOI HOMEHKJIAaTypu BHpoOiB. KoHBeepHuii criocio
L€ BJOCKOHAJIEHWH IOTOYHO-arperaTHuil. Y HbOMY
TEXHOJIOTIYHUI TpoLleC PO3AUICHUI Ha OKpeMi orepa-
11, SIKi BAKOHYIOTHCSI OTHOYACHO Ha OKPEMUX POOOYMX
moctax. @opmu 3 BUpoOaMU MEPEMIIIAIOTHCS BiJ OJHO-
ro MOoCTa JI0 I1HIIOrO CIEliajJbHUMH TPAHCIIOPTHUMHU
npuctposiMi. JIo OCHOBHHMX HeEIONIKiB (hOpMyBaHHS
METOJIOM LeHTpU(YTyBaHHsI HEOOXIAHO BiJIHECTH BEIU-
Ky noTpeOy B HEMEHTi /I 3amoOiraHHs po3IMIapoBY-
BaHHs OeToHHOI cymimi rpu ¢gopmyBanHi. [laHa cTarTs
MIPUCBSTYEHA MOKIIMBOCTI TX YCYHEHHSI.

OcHoBHu#i MaTepian

IIpu BiguentpoBomy crnocobi dopma i3 3aBaHTa-
JKEHOI B Hei OETOHHOI CyMIIIIII0 0OepTaeThCs 3 IeB-
HOO IIBHJIKICTIO HABKOJIO CBOET TIO3/I0BXKHBOI oci [2].

Bunukaro4a npu 1boMy BiJIIEHTPOBA CHJIa PO3IIO-
JIJISIE€ 9aCTKU CyMilI 1O CTiHKax (opMu i mepemimae ix
mojiaJti Bifi oci 00epTaHHs, IIPH I[HOMY IPUTHCKAE MACy
JI0 CTiHOK QopMmu, yuinbHIOOUM Ti. B pesymbrati y
BUPOOi yTBOPIOETHCS BHYTPILIHS IJIIHIPUYHA TOPOXK-
HUHA, IO JO3BOJISE 3iiiicHIOBaTH (popMyBaHHS TPYO i

TpyOUYacTUX KOHCTPYKIiH. 3OBHIIIHIA O0OpHUC Momepey-
HOT'0 Tepepi3y eNEeMEHTIB TPyOUacToi KOHCTPYKINi Mo-
ke OyTh OyIb-SIKUM: KpYyIJIMM, 0araTOKyTHHM, KBaJpa-
THHM; PO3MipH BUPOOIB BIJLEHTPOBOrO (OPMYBaHHS
MOXYTb OYTH NOCUTH BEIUKHUMH SIK B IONEPEUYHOMY
nepepisi - Tpyou aiamerpoM 2 M 1 Oiiblie, Tak i IO
JIOBXKHHI - 10 15 M 1 BuILIE.

Tpybu BimuenrpoBoro ¢opMmyBaHHs, sIK i BiOpa-
LifHOr0, BHITYCKalOThCs OE3HANIpHUMHU 1 HaIipHUMHU.
Hanipsi 3anizo0eToHHi TpyOW MOBWHHI 3a0e3redyBaTH
BOJIOHETIPOHHUKHICTH TPYOOIPOBOAY IPU BHYTPILIHEOMY
poboyomy TuCKy B Mepexi Bix 0,6 mo 1,0 MIla i Oiib-
ure. HamipHi TpyOH BUITyCKarOThCS 3 pO3TPYOOM 3 OJTHO-
ro KIiHIS, IO JIO3BOJISIE 3aCTOCOBYBATH €(EKTHBHY
KOHCTPYKIIIO HEMPOHUKHUX CTUKIB IPH MOHTaXi TPY-
6omnpoBoay. Cami x TpyOu Ut 3a0€3MeUCHHS T ABHIIIC-
HOI TPIIIMHOCTIHKOCTI NMpU 3a3HaYEHUX TUCKAxX Mija-
I0ThCSl TIOTIEPEHFOMY OOTHUCHEHHIO 3 JJOBEICHHSM Ha-
npyru ctucHeHHst B 6eroni 10 10,0 - 15,0 MIla.

TpyOu i TpyOUacTi KOHCTPYKIIii apMYIOTbCSI 3Bap-
HUMH IWJTIHAPUYHUMHA KapKacaMH, sSIK PaBUIIO, 3 HeHa-
MIPY)KEHUMH MO37I0BXXKHIMH CTPIKHSIMHU.

Jlo TpyO mpen’sIBISAIOTHCA BHUCOKI BUMOTH IIIOIO
TOYHOCTI PO3MIpIB B JiaMeTpi, TJIaJKOCTI BHYTPILIIHbOT
TIOBEPXHI 1 SIKOCTi OETOHY.

BetoH B criHKax HamipHUX TpyO Mae 3a3BUYail Ma-
pxy 500 (B45) [3], #ioro ckiam NpU3HAYAETHCS IPU
peTeIbHOMY HiI00pPi 3epPHOBOTO CKJIay 3allOBHIOBAYIB.

s BigueHTpoBOro (hOpMyBaHHS 3aCTOCOBYIOTHCS
LHEHTPUPYTH, B SIKUX OWIIHAPHYHA (opMa 3 OETOHHOIO
CYMIIIIIO 00epTaeThCs 13 3aaHOI0 IIBUAKICTIO. 3aiie-
YKHO BiJl crIOCOOY 3aKpiruieHHs1 (opM 1 pUBENEeHHS iX B
00epTanbHUI PyX PO3PI3HAIOTH TPH THIH LEHTPUPYT
Jutst pOpMYBaHHS TPYO 1 TPyOUaCTUX KOHCTPYKIIH [4]:

1) ocwoBi neHtpudyru, B akux Gopma MinHO 3a-
THUCKAETHCSA B TOPIAX MiXk JBOX 0a0OK 3 IUIaHIIaiOamu,
LEHTPAIFHO HACa/KEHHUMHU Ha 00€pTarouy IIITHHIIEN];

2) BUIBHO-POJIMKOBI, B SIKMX (hOpMa BIIBHO JIATa€e
CBOIMH OaH/a)kaMH Ha 00epTOBi KaTKU (POJIMKH) 1 NpH-
TUCKAETHCS JI0 HUX IiJ JIi€EF0 CBO€ET Baru abo MPUTHCK-
HUMHU BepxHIMU ponnkamu. [lepemava oOepTaHHs Bif

© Komssax C. C., 3axapuenko P. B., 2020
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MIPUBOJHOTO KaTka J0 (opMu 3 OETOHHOIO CYMINIIIIO
3IIHCHIOETBCS B Pe3yibTaTi (GPUKLIHHOrO 3a4erIeHHS;

3) macoBi UEHTpUPYTH, B SIKHX QopMa BUIBHO
MiBillIeHAa Ha pEeMEHSX 1 NMPHUBOMUTHCS B OOEPTAHHS
3aBJISIKM CHJIAM TEPTS MIXK MacaMu i pedopaamu (Gpopmu.

OcboBa neHTpu(yra Mae IepeHI0 HEPYXOMY i 3a-
JTHIO PYXJIUBY 00K 3 3aTUCKHMMH IUTAHIIAH0AMHU IS
3aKpituieHHs (pOpMH B TOPIISX.

HInuHgeni nepeansoi i 3a1Hp0T 6a00K MPUBOIATH-
csi B 00epTaHHS TOJIOBHUM 1 PO3TIHHUM €JIEKTPOABUTY-
HamMH. Y CepiiHOMY BHpPOOHHMIITBI HEHTpU(Yrax s
¢dbopmyBanus Tpyo miamerpom Bim 0,5 10 1,0 M i goB-
JKMHOIO 70 5 M TOTYXXHICTh JIBUTYHIB CTaHOBUTH 115
kBrt. LlenTpudyra Mae 3aXUCHUN KOKYX I CTBOPEHHS
Oe3neyHUX yMOB mparli. OCHOBHUMH HEJONIKaMU OChO-
BUX LEHTpU(QYT € BENIHWKa IOTYXHICTh HPUBOIAHOTO
JIBUTYHA Ta CKJIQJHICTh 3aBaHTa)KEHHsI OETOHHOI CyMimTi
B (Qopmy. 3aBaHTaXEHHS JOBOIMTHCS 3HIMCHIOBATH
4yepe3 LEHTPAJIbHUHA OTBIp B ONHIM 3 IUIAHIIAWO, IO
BEJIbMH YCKJIAHIOE KOHCTPYKINIO IIEHTPUyTu.

BinbHO-ponMKOBa LEHTpU(Yra MO KOHCTPYKINT
MPOCTIllIE OCHOBOI i BUMAara€ MEHII IOTY)XKHUX JBUTY-
HiB. lleHTpudyra cxianaerbes 3 QyHIAMEHTHOI paMu i
JIBOX 200 TPbOX MapajeilbHUX TOPU30HTAIBHHUX BaJIiB 3
Haca/PKeHUMH Ha HUX I10 KiHI[SX KaTKaMu (POJIMKaMH) B
3aJIeKHOCTI BiJ TOro, GOpMYETHCS OHA YW JBI TPyOH
OJTHOYACHO; OJIMH 3 BaJiB MPUBOAUTHCS B 0OEPTaHHS Bij
enekTpoaBuryHa. dopMa cBOiMU OaHIakaMu JIsIra€ Ha
KaTK{ 1 BHACIIJIOK 3HAYHHUX CHJ TepTs (IpH BEIUKIH
Baszi (opMH 3 OETOHHOIO CYMIIIIIIO) MPUBOJHUTHCS B
o0epTaHHs BiJl KaTKiB IPUBOJHOTO Bajy; iHIII KaTKH,
Oynyun B 3aderuieHHI 3 OaHmakamu (OPMH, TaKOX
NpUBOAATHCS B 00epTanHs. Lle mo3Bossie 3acTocoByBaTH
POJIMKOBI BiAILIEHTPOBI BepcTaTH, (HJOPMYIOUi OJHOYACHO
JIBi TpyOU 1 OLIBII IPH OHOMY IPUBIIHOMY 1 BiJIIIOBiI-
Hill KUTBKOCTI BEIEHNX BaJiB 3 KATKaMHU.

Jlns 3a0e3meueHHsT HEOOXITHOTO 3aYETUIEHHS MiX
Oaniaxamu (OpMH 1 KaTKaMH IEHTpU(YrH HEoOXiaHo,
o0 KyT 0, YTBOPEHUH Bicclo obepTaHHs (opMu 1 ocs-
MU 00epTaHHS JBOX CYMIXKHUX KOB3aHOK, OYB B MeXax
70 ... 90 °. llenTpudyra cKIana€eThCs 3 YOTHPHOX IOIE-
pEYHHX paM-CTaHWH, NPUBOJHOTO CEKIIIfHOrO Bajy Ha
BCIO JIOBXXKMHY MAaIllHU, PO3TALIOBAHOI'O B HIDKHIN
YacTHHI ii MPOBITHUX POJIMKIB, HACA/HKEHUX Ha BajJy B
IUTOLIMHI TIONIEPEeYHUX paM i BEJEHUX HaNpsIMHUX a0o
MPUTHCKHUX POJIUKIB, YKPIIUIEHUX B MiANIMITHAKAX
TIONIEPEYHHX PaM 1 pO3MIIIYIOTECS 3 OOKiB 3Bepxy (op-
Mmu. IlonepedHi pamMu, poO3CTaBIICHI HA BiICTaHi 10 4 M
OJIVH BiJl OJIHOTO, € MMPOMDKHUMH OIOPaMH ISl TIOBIUX
¢dopM, B IKUX (HOPMYIOTHCSI BUPOOH.

HenomnikoM ponukoBUX UEHTpUDYr € 3HaYHHUMA
uryM 1 BiOpauist mpu po6oti. [IpuunHoro nporo € mera-
JIeB1 KaTKH, 32 SIKUMH 3 BEJIUKOIO IIBUIKICTIO KOTATHCS
Oanmaxi Qopm, i HemocraTHs 30aNaHCOBaHICTH (HOPM.
[Tpu HenocraTHii 30anaHcoBaHOCTI (OpMH 1 BEITHKUX
LIBHIKOCTSIX 00epTaHHsA (OpMHU 3 OETOHHOIO CYMIIIIIIO
MOXYTh BHUHUKATH 3HAauyHi BiJIEHTPOBI MPHUCKOPEHHS,
SIKI MOXKYTh MPUBECTH JI0 CKHIaHHS (OpM 3 Bepcrara,
TOMY TIpH POOOTI POJIMKOBHX IEHTPU(YT MOTPiOHI Ha-
MifHI 3aXMCHI oropo/mkeHHsa. Ciifl 3a3HAYMTH, IO I
3MEHILIEHHS [IYMY, 1[0 BUHUKAE TPU POOOTI POIUKOBO-
T'O HEHTPU(YTHU, OMOPHI POIUKU MOXKYTb BUKOHYBATHUCS

3 TYMOBUM MOKPHUTTAM. KpiM TOro, KpiM BiALIEHTPOBOTO
YIIUTBHEHHS CyMillli MoXke OyTH repeadadeHo 101aTKo-
B€ YUIUIBHEHHS CYMIllli YKOYYBaHHSM BiOpOBajoM, siKi
npoxoaats Bcepenuni Qopmu. Takumit cnoci® ymiiib-
HEHHS! JIOUIJIBHUH TOJ, KOJIH JI0 BHYTPIIIHBOI TOBEPXHI
TPYyOU Tpe]’ IBJIAIOTHCS ITiBUILCHI BUMOTH.

[acoBa neHTpU(Yra CKIAAAETHCI 3 YOTUPHOX MO-
3IOBXXHIX BaJiB, 3 SKUX OIMH TPHUBITHUHA 3’ €IHAHUIA
MIPUBOZIOM 3 EJIEKTPOJBHUTYHOM, iHIII BaJId BEAEHI; IO
JIOBXKHHI BaJIiB PIBHOMIpPHO PO3MIIlleH]I KaTKU 3 KiJIbIe-
BUMH Na3zamu i naciB. Katku Ha Bajax pasom 3 Hali-
TUMH Ha HHUX TacaMH YTBOPIOIOTH PsJi HapayebHUX
orop (BiJ YOTHPHOX MO IISCTH, B 3AJICKHOCTI BiJl JOB-
*uHU (popMoOBaHUX TPYyO), Ha SIKi JArae cBOIMH pedop-
namu MetaieBa ¢opMma. [lacu posmileHi i HATATHYTI Ha
KaTKaxX TaKUM YHHOM, L0 YTBOPIOIOTH V-IIOJi0OHE JIoXKe
it hopMHU.

B pe3ynbrari Tepts popMH B TOUKaX JOTHKY il 10
PYXOMHUX peMeHsSMHU BOHA IUIABHO 1 Oe3myMHO obepra-
ethes. KinbplieBi BUTOUKH B pebopaax (GopmMu CTBOpIO-
I0Th CBOEPIJIHI NIISIXH KOYEHHS (DOpMH.

[NacoBa nentpudyra 3aBIsKu yCyHEHHIO BiOparii i
HeOe3MneKkn BUKUAY (OpMH 3 YCTaHOBKHU JO3BOJISE PO3-
BHMBATH MIBHIKICTH oOepTanHsa 1m0 1500 006/xB. IToTyx-
HICTh JBWTIYHA MAcOBOi IEHTpU(YTU UIA TPYO HiaMer-
pom 500 ... 700 mm cknanae 22 xBr, a i Tpy6 niamer-
poM Bix 1000 ... 1200 MM - 55 xBrT.

OCHOBHUM HENIOJIIKOM acOBUX LEHTPU(YT € Bi-
HOCHO HCBEJIMKUI TEPMIiH CIY)KOM IaciB BHACHIIOK iX
BUTSTYBaHHS Ta BUKWJIAHHS YaCTHHH OETOHY i3 (opmu
4yepe3 HeJOCTaTHIW Jliala30H peryJaroBaHHS MIBUAKOCTI
obepTaHHs HopMH.

[epeBaroro Takux HEHTPUDYT € BITHOCHO HEBEIH-
Ka TOTYXHICTh NPUBOJAHOIO JBUTYHA Ta, BiAINOBITHO,
MEHIIIE EHEPrOCIOKUBAHHS y TOPIBHSHHI 3 IHIIUMH
TUIIaMu eHTpU(Yr. YCyHeHHS BHUKHIAHHS YacCTUHH
OeToHy i3 opMH MOXKHA JJOCSTTH 38 paXyHOK BHKOPHC-
TaHHS PEryJIbOBAHOrO eNeKTporpuBoay. PakropH, 10
BIUIMBAIOTh Ha IIpOLlEC NEHTPU(YTIyBaHHS, HaBeJeHI Ha
puc. 1. Bxigni dgakropu abo BIUIMBY XapaKTepU3YIOThCS
TYT KinbKicHUM ckiagioM (C) GeToHHOI cymimni: BHTpa-
TOIO0 I[EMEHTY, HaloBHIOBadviB, Boau; i sikicanMm (K) 11
CKJIaJIOM, AaKTUBHICTIO LEMEHTY, 3€pHOBUM CKIIAJIOM
3allOBHIOBAYa, THIIOM J00aBOK. YacToTH oOepTaHHS
HEeHTpUGYTrH Ha cTafii po3MOAUTY (Nposn) 1 YIIIJIBHEHHS
(Nywiz) BITHOCATBCS OO TEXHOJOTIYHHX IIapaMeTpiB
pobotu ycranosku (T,,).

TexHomoria
P,
Ta. TI'[
XapaxkTepHCTHKA
BHpOOY
CHETEMA
“Llenrpndyrysanms”
XapakTepucTHEA
BHPOOHHITBA

Puc. 1. ®akropy BILIMBY Ha IPOLIEC HEHTPU]YryBaHHS
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Buxinui unHHUKY: 1 — mIacTUYHO-B'SA3KI Xapak-
TEPUCTUKH OETOHY, [0 BHU3HAYAIOTHCS IUIACTUYHOIO
MinHicTio (Pm), rpaHuuHEM HanpyxeHHsM 3cyBY (T0)i
B's3KicTIO (W) 6eToHHOI cymimni; @ — 30epexxeHHs (op-
MU 1 rabapuTiB BUPOOHU, B TOMY YHUCIi TOBIIMHU TPYOH i
SIKOCTI MOBepxHi; X — 30epeKeHHs] IPOEKTHOTO po3Ta-
uryBaHHs apMmaTypu; Eyn — muroMa BHTpaTa eJIeKTpo-
eHeprii; Q — HeoOXiHa IPOAYKTUBHICTh YCTAHOBKH.

ViniapHEHHS CyMilli CJiJ NPOBOAWUTH TPH TaKid
IIBUAKOCTI oOepTaHHs, ska 3a0e3neuye HEOOXimaHY
MOYaTKOBY MIIHICTh BUPOOY, TOCTATHIO JJIsI TPAHCIIOP-
TyBaHHA #Horo B (opMax Ha HACTYIHI TEXHOJIOTiYHI
moctd. TOMY IIBUIKOMISA CHCTEMH CTaOuTi3amii IIBHI-
KOCTI €JEeKTpONpHBONa LEHTPU(DYTH Mae 3HAYHUH
BIUIMB Ha SIKICTh KiHIIEBOro NpoAykTy. IIponec ¢popmy-
BaHHS BUPOOIB NEHTPU(DYTYBaHHIM BKJIIOYAE JBI OCHO-
BHI CTajii: po3momia OeTOHHOI cyMiImi Ta ii yIlijabHEH-
Hs. beToHHa cymim po3moninseTscst B GopMi MpH MiHi-
MaJIbHIl 9acTOTi 00epTaHHA LEHTPUDYTH Ny, IPH SIKO-
MY BHKJIIOUAETHCS MOXKIIMBICTh PO3IIAPYBaHHS OETOHY
Ha CKJIAJIOBI 4acTUHM (I[EMEHT, IiCOK, IeOiHb, BOMY),
10 MAIOTh Pi3HY LIUIBHICTH 1 Pi3HY BENWYMHY BiIIECHT-
poBoi cuu [S5]. Kpim Toro, Ha wiil cranii MWBUAKICTH
3aTHA YTPUMYBaTH YacCTUHKH OETOHY B BEPXHBOMY
nonoxxeHHi. st Iboro Mae OyTH JOTpUMaHO YMOBY, JI€
BiJILIGHTPOBA CUJIa BU3HAYAETHCS:

Fy =m0 r=(Glg)-(enf307 r. (D)

ne r - paaiyc oOepTaHHS [EHTpa Bard YaCTUHKH, M; g -
TIPUCKOPEHHS CHITH TSXKIHHA, M/C’; 11 — 4HCIO 0bepTiB
ueHTpudyru. Yacrora odepraHHs Ha CTafii pO3MOALTY:

my, = (30/m)-\g/r , )

3 ypaxyBaHHAM MOXJIMBOI BiOpaIlii, MOIITOBXIB i
IHIIMX BiJXWJIEHb BiJ| PIBHOMIPHOTO OOEpTaHHS peab-
Ha HIBHJKICTh PO3MOALTY 301IbIIYETHCS B TIOPIBHSHHI 3
PO3paxyHKOBOIO B 1,5 ... 2 pa3u i JOPIBHIOE:

M posn

=n,1<p -1,5.

Yacrora oOepTaHHs Ha CTafii YIIUTbHEHHS:

€)

ne p — (hopMyBaJbHUI THUCK B 1eHTpH(yrax; R — 30B-
HIIHIA pagiyc TpyOu; » — BHYTpILIHIA paaiyc TpyOwH;
p — WUIBHICTH OETOHHOT CyMiIITi.

[IpaBuibHICTH Y pO3paxyHKax HEOOXiJHOI IIBUI-
KocTi oOepTaHHs HEeHTPU(YTH AO3BOJIUTH TOYHO 00pa-
TH €JIeKTPOMEXaHIYHUH TIepeTBOPIOBaY.

BucHoBku

VY paMkax NOpOBENEHUX MOCITIPKEHb PO3IVISTHYTO
TEXHOJIOTIYHY CXEMY BHTOTOBJICHHS 3alli300€TOHHUX
TpyO MeTomoM LeHTpu(yryBaHHS Ta BiIIOBIIHE 00Ia-
HaHH, TIPH [[bOMY BCT@HOBJICHO: TIEPEBArd Ta HEOJIKU
KOXKHOTO THITy OOJIaJIHAHHS; Ha OCHOBI CHiBBIJIHOIICHHS
repeBar Ta HEJOJIKIB KOXHOIO THITYy OOJIaJIHAHHS IIpH-
WHATO HaHOUIBII pamioOHaJbHUM Ui MOAAIBIIOTO YIO-
CKOHAJICHHS TacOBI LEHTPU(YIH; 3HAIOUM HEOOXiTHY
MIIHICTh 30BHILIHBOI TIOBEPXHI TPYOH, MOXHA PO3paxy-
BaTH HEOOXIHY HIBUIKICTh 0OepTaHHS HEHTPUDYTH.
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Determination of the optimal rotation speed of the belt centrifuge which provides quality concrete sealing
S. Kolvah, R. Zakharchenko

Abstract. The article considers the technology and machines for the manufacture of reinforced concrete pipes, their ad-
vantages and disadvantages. Prestressed reinforced concrete pipes are made by centrifugation. The technological process of their
manufacture consists of a number of complex operations. Aggregate and conveyor methods of manufacturing reinforced concrete
pipes have become widespread. In the aggregate method of production, the product is formed on a vibrating platform or on spe-
cially equipped units consisting of a molding machine, a machine for distributing the concrete mixture in the form. The aggregate
method has become widespread and at low capital costs, as it allows the implementation of a wide range of products. Conveyor
method is an advanced flow-aggregate. In it, the technological process is divided into separate operations, which are performed
simultaneously on separate workstations. Forms with products are moved from one post to another by special transport devices.
The main disadvantages of centrifugal molding include the high need for cement to prevent delamination of the concrete mixture
during molding. In the centrifugal method, the mold with the concrete mixture loaded into it rotates at a certain speed around its
longitudinal axis. The resulting centrifugal force distributes the particles of the mixture along the walls of the mold and moves
them away from the axis of rotation, while pressing the mass to the walls of the mold, compacting it. As a result, an internal
cylindrical cavity is formed in the product, which allows the formation of pipes and tubular structures. Centrifuges are used for
centrifugal molding, in which a cylindrical mold with a concrete mixture rotates at a given speed. Depending on the method of
fixing the forms and bringing them into rotational motion, there are three types of centrifuges for forming pipes and tubular
structures: axial centrifuges, free-roller and belt centrifuges. Based on the analysis of the technological scheme of production of
reinforced concrete pipes by centrifugation, ways to improve the electromechanical converter are proposed.

Keywords: reinforced concrete pipe, centrifuge, centrifugal molding, technological scheme, electromechanical converter.
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ABTOMATHI MOJEJII TA CHHTE3 3ACOBIB KOHTPOJIIO
AITAPATHOI PEAJIIBALII AJITOPUTMIB 3AMIINEHHSA KEHI-ITAM’ATI

AnoTtanisi. CuHTE3 aBTOMaTHUX MOJeed HoMiTHK 3aMimenHs anroputmiB pseudo — LRU, agantuBHOro ARC tTa MRU
MOKa3ye, 0 HEOIMIHHOIO KOMIIOHEHTOIO MOJIENIi € BUXiJHA KOMOIHAI[ii{Ha JIOriKa CeNIeKIii eJIeMEeHTIB OJIOKY JaHHX Kell-
mam’Ti 3a HanpAMKamu q. L{g komroHeHTa 1o0OysoBaHa Ha MiACTaBi JIOTIYHUX PIBHAHb CTPYKTYPHOI'O CHHTE3Y, SIKi OIH-
CYIOTB JIOTiKy poOoTu pemmdparopa. Bigomo, mo TumoBa koMmOiHalii{Ha Jiorika Jemudparopa MepeTBOPIOe ABIHKOBHUIA
KOJI B YHITapHHUH KOZ 1 Lie € ymMoBa Horo 0e3noMuikoBoi podoru. TakuM 4MHOM, YMOBaMHU MOMUIIKOBOI POOOTH CTaHYTh
BUXiJIHI BIAKOBI KOMOIHAI{, sIKi BiIPi3HAIOTHCS BiJ KOMOIHaLiM yHiTapHOrO KOAy. B craTTi peanizoBaHi ABa BapiaHTH CH-
HTe3y 3ac00iB KOHTPOIIIO JIOTiKU poboTu aemrdparopis. [lepinii BapiaHT IpyHTYEThCS HAa aBTOMATHIM Mozieni anapatypu
KOHTpONIO 0e3 eJIeMEeHTIB IaM’STi 3 HOJAIBIINM CHHTE€30M OTPUMAHHS MiHIMaJIbHUX HOPMaJIbHUX (POPM NepeMHKaIbHOL
GbyHKUii, ska onucye Joriky QyHKIIOHYBaHHS KOMOIHaIiHHOI cxemu Ga3ucy «i-Hi». JIpyruii BapiaHT IDYHTYEThCS Ha aB-
TOMAaTHIiI MozIeIi arnapaTypy KOHTPOIIIO 3 €JIEMEHTaMU I1aM’SITi 3 1/1e€10 MMipaxyHKy JIOTIYHUX OIMHUIIb Ha BUXOAaX KOMOi-
HaLiHOI JIoriku cenekuil q - HanpsiMKiB. JIJIst bOrO B CTPYKTYPY aBTOMATHOI MOJENI BKJIIOUEHI TaKi €I€MEHTH IaM’ATi,
SK CUHXPOHHHUH pericTp 3cyBy Ta CUHXPOHHMI ABIMKOBHUI JIIUMIBHUK 3 JOJATKOBOIO JIOTIKOIO KEPYBaHHs BXOIOM iHKpe-
MEHTY. B SIKOCTI KOMIOHEHTH NMOPIBHIHHSA 3 KOHCTAHTHUM 3HAUCHHSM JIOI'YHOI OZMHUILI BUCTYIIAE ABIKOBUI KOMIIapaTop
3 BUXIZIHUM pe3ynbTaToM (GYHKII] NOPIBHAHHS JUIS BU3HAYEHHS HAsBHOCTI a00 BifCYTHOCTI NOMUIKH. Takoxk, JOIATKOBO,
B CTATTi HaBEJECHWH PO3PaXyHOK TAKUX MAPAMETPIB TEXHIYHOI JIarHOCTHKH, SIK JOCTOBIPHICTH KOHTPOIIIO, JOCTOBIPHICTh
(bYHKLIOHYBaHHS, MPUPICT AOCTOBIPHOCTI (QYHKIIIOHYBaHHS Ta Koe(ilieHT eeKTUBHOCTI KOHTPOIIIO 1 JIlarHOCTYBaHH:L.

Kaw4yoBi ciaoBa: nomiTuka 3aMillleHHs], aIalITUBHUI arOpUTM, aBTOMaTHA MOZENb, KOMOiHaliiHa JIOTiKa, eeMEHTH
mam’Ti, CKJIaIHICTh 1 HaIMIPHICTb 3ac00iB KOHTPOIIIO i AiarHOCTYBaHH, JOCTOBIPHICTh KOHTPOJIIO i AiarHOCTHKH, IPUPICT

JIOCTOBIPHOCTI (DyHKIiOHYBaHHS, Koe(]illieHT e()eKTHBHOCTI KOHTPOJIO 1 AlarHOCTYBaHHS.

Beryn

HeonminHOIO CKIa0BOIO €(DEKTHBHOCTI arOpUT-
MIB TOJIITHK 3aMillIeHHsI IOCTOBIPHUX €JIIEMEHTIB € IeB-
Hi amapaTHi pillleHHS LUX aJrOPUTMIB 3 ypaxyBaHHIM
TaKUX XapaKTEPHUCTHK SK MIBUAKOMIS, CKJIaJHICTh pea-
nmisamii Ta HagidHICTE. Pa3oMm 3 MM BUHUKAE HEOOXiI-
HICTh 3a0€3MeYCHHST KOHTPOJIIO JOCTOBIPHOCTI (PYHKITi-
OHYBaHHsSI CHMHTE30BAaHUX CXEM 3 TaKUMH OJWHUYHUMHU
MOKa3HUKaMU e(EeKTUBHOCTI, SIK MOBHOTa KOHTPOJIO,
BIPOTiJJHICTh KOHTpPOJIIO, MMOBIpHOCTI TOMHJIOK 1-3
poxay, TIMOMHA AiarHOCTYBaHHS, OIEPAaTHBHICTH, 0e3-
BiJIMOBHICTb, CKJIAAHICTH 1, BiAMOBIZHO, KOMIUIEKCHHU-
MH, TaKHMH, K JIOCTOBIPHICTh (DYHKIIIOHYBaHHS, KOe-
¢imienT HaxMipHOCTI Ta KoedimieHT edekruBHocti. Ta-
KU peTeNbHUH MiaXiJ] 10 pO3pOOKH eeKTPOHHUX KOM-
TIOHEHT KOMIT'IOTEPHHUX CHCTEM € 3aIOpYKOI0 HaIiHHOC-
Ti Ta 6€3MEYHOCTI KOMII IOTEPHHUX CUCTEM B ILIIOMY.

B nyOmikamisix [2],[3],[4] npucBsyenux mocii-
JOKEHHIO BapiaHTIB amapaTHOl peaii3allii ajJropuTMiB
3aMillleHHs] HaBe/leHi (PYHKI[IOHAJIbHI CXEMH anapaTHUX
peasizauiii aITOPUTMIB, ajle pa3oM 3 THM BiJCYTHI TaKi
iX XapaKTEepUCTUKH, SK IIBUIKOMIS, CKIAJHICTH peali-
3amii Ta HamifHICTh. 3 1HIIOrO OOKy, y IyOJiKaIlli,
MOB’s13aHOT 3 PO3POOJICHHAM 3aco0iB KOHTPONIO [5]
npuijeHa yBara GopMyBaHHIO ONTUMAaJIbHOI'O HabOpy
TECTIB Ta CKOPOYEHHIO Yac TECTYBaHHS KeIl — I1aM’siTi,
ajie He MPHUIUISETHCS yBara 3aco0aM KOHTPOJTIO arnapar-
HOI peaji3auii ajnropuTMiB 3aMillleHHsS, SKa € He-
BiJl’€MHOIO YACTUHOIO KEIII — I1aM’ATi.

dopmynwBaHHA Wijded Ta 3amad. Jlnsa Oinbmn
I'PYHTOBHOI'O aHaIIi3y HaAIMHOCTI Ta Oe3MeYHOCTI 3a/a-
Ya CHHTE3y 3acO0iB amapaTHOro KOHTPOIIO Ma€ OyTH
BUpIllIEHa 3 ypaxyBaHHSM JBOX aBTOMAaTHUX MOJIEJICH:

MOJIETI 3 eIeMEHTaMU T1aM’sITi Ta MOJesIi 0e3 elIeMEHTIB
mam’sti. Le#t MeToq MycUTh 1aTH albTepHATHBY PO3PO-
OHMKaM 3aco0iB arapaTHOIO KOHTPOJIIO ITOMHJIOK ara-
paTHHUX peai3alliifi aJrOpUTMIB TOJITHK 3aMilllCHH,
0COOJIMBO 31 3HAYHOIO KUIBKICTIO ¢ - HampsSMKIB TpH
MIPOCKTYBAHHI allapaTHUX peatizalliii alrOpUTMIB 3aMi-
LIEHHS aCOIiaTUBHUX Kell-TiaMm’siTed Ta Kem-Oydepis
CTOPIHKOBOT'O MEPETBOPEHHS.

Merta mi€i cTaTTi moJsirae B OIiHIOBAHHI JOCTOBI-
pHOCTI (YHKIIIOHYBaHHSI 00’€KTY KOHTPOIIO 3 3aCO00M
KOHTPOJIIO 3 TOAAJBIIMM JIOCHI/DKEHHSIM JAWHAMIKH
MIPUPOCTY JOCTOBIPHOCTI (DYHKIIIOHYBaHHs Ta Koegili-
€HTY e(pCKTHBHOCTI KOHTPOIIIO 1 JIarHOCTUKUA CHHTE30-
BaHUX OUIBII CKJIaJHMUX 1 OUIBII MPOCTUX amnapaTHUX
pilleHs.

ABTOMATHA MO/IeJIb AMAPATHOI0 KOHTPOJIIO
3 eJIeMeHTaMH maM’ATi

B aBToMmaTHIii MoOETi amapaTHOr0 KOHTPOJIIO 3
eleMeHTaMu 1am’sTi (puc. 1) 3akiaziena ijiest 3 anropu-
TMOM MiJIpaxyHKy OAMHUIb Ha BHXOZAax Jemudparopa
g-HarnpsiMKiB (puc. 2). JluckpeTHa MaTemMaTuiHa MoJIejb
nemugparopa npenacrasieHa Gopmyioro (1). B momeni
TAKOX TPHUCYTHI JIEMEHTH IaM’ATi: pericTp 3CyBYy 1
NBINKOBHH JIIYUIIBHUK, SKi OMUACYIOTHCS BiIIIOBIIHUMU
JMUCKPETHUMHU MaTEeMAaTHYHUMH MoJielamMu (2),(4).

k-1
Y, =&-()?)=1‘[Ox;", )
p:

ne X = (X150 %0 ) X = Le, €{0,1}
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Yo o
Comt I Memory »—Qb
Xo Scheme Element
o Cs ME;,
Decoder Parallel
) Shift
X pC 2 Register
RG
Ya Q1
1
CLK
Combmanonal U
Scheme
. CS2

Memory »| Combman:
Element Scheme
ME: Css
Counter Comparator
CNT CMP
A*B | Z
+1 As-1
Bi= A=pB | Z=0-ERROR
3 . "
Bi=0 Z
—p A<B |—»
Bra=
R —
B =0
R

Puc. 1. ABTomaTHa MOZEJIb alTapaTHOI'O KOHTPOJIIO IIOMUJIOK 3 €JIEMEHTaAMU mnam’siti

O =Y,0,=0,1 > 2

neie {1..(n—1)} )

ABTOMAaTHa MOJEIb MICTUTh KOMOIHAIIIHY CXeMy
CS, GopMyBaHHS IMITyJIbCYy BUCOKOTO PiBHS IHKpEMEH-
Ty, sIKa OIMUCYETHCS MEPEMHUKAIBLHOI0 (QyHKITiE (3):

U=9(1,014)=1&0, ,

4)
ne G ,Z,De{o..(z’” —1)} :

Ue{0,1},vU =1,3§I=D.

JluckpeTHa MaTeMaTH4YHa MOJEIh KOMIIApaTopa,
SIKMHA TIpeNICTaBJICHU KoMOiHaIliHoI cxemor CS;,
onucyethes popmynamu (5),(6,(7)):

~ . |0, 4<B
Zy=u(A>B)=4""""; (5)

1, A>B

~ . |0, 4% B
Z]=,u(A=B)= . I (6)

1, A=B

~ ., |0, 4>B
Zy=u(A<B)={"""", (7)

1, A<B

ne B=(10,0...,0);

ERROR = p(A=B)=2=0.

ABTOMATHa MOJIeJIb ANIAPATHOI0 KOHTPOJII0
0e3 ej1eMeHTIB mam’aTi

B aBTOMaTHIN MOEN amapaTHOTO KOHTPOIIIO 03
€JIEMEHTIB TaM’sTi (puc. 3) BUKOPUCTOBYETHCS METO]
KJIACHYHOTo cuHTe3y (Tabx. 1) MiHiMi3awii nepemMuka-
npHOT PyHKLiT (8), sika omucye Joriky poboTH KoMOiHa-
mifinoi cxemu CS, BUABJIEHHS IIOMWIOK HAa BUXOJAaX
koMOiHaninoi cxemu CS; aBTOMAaTHOI MOJENTI.

Auntomaton contrel for
the algorithms
substitution

policy.

- A
[
1
-
|
=

— ) ey A
I
[l T — T |

NO ERROR; ‘ ‘ ERROR; |

T

Puc. 2. Anropurm poS0OTH aBTOMATHOI MOJIEII arapaTHOro
KOHTPOJIIO 3 eJIEMEHTaMH I1aM’ sITi

Yo
Combinational Combinational
Xp Scheme Scheme
— C8§, CS,
. Z=1-ERROR
Decoder Logical 4
25 Schen‘le
— DC Detection
Error
Yaa
—»

Puc. 3. ABToOMaTHa MOJIEIIb allapaTHOTO KOHTPOIIIO
0e3 eJIeMEeHTIB 1am’sITi

Z=p(X). ®)
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CuHre3 anapaTypu KOHTPOJIIO 6e3
eJleMeHTIiB nam’aTi (q=4)

Bwmicr Tabu. 1 BiITBOpIOE BCi MIOMMIIKOBI Ta HEMNO-
MUIIKOBI KOMOIHAIIi1, SIKi MOXKYTh 3’IBUTHCS HA BUXO/IaX
koMOiHariitHo1 cxemu CS; aBTOMaTHOT Mozeni (puc. 3).

Iepenecemo BMicT Tabnuni 1 y BiANOBIHY KapTy
Kapmo (puc. 4.)

3HaliJieHI KOHTYpHU Ha KapTi KapHo mamyTh Hacrty-
[THY MiHIMaJIbHy HOpMaJbHY ()OpPMY 3alHCy NEepeMHUKa-
npHOT yHKuii E y 6asuci «i-Hi» (9):

E=HKHLEY &G BB & LR &5Y , (9)

OTprMaHa MiHIMaJIbHY HOpMaJIbHY (hOpMY 3aIucy
nepeMukanbHOI GyHKIIT E y 6a3uci «i-Hi» onucye yori-
Ky poOOTH amapaTHOro pillleHHS KOHTPOJIO MOMHJIOK

(puc. 5):

Tabauys 1 — TloMHIIKOBI Ta HEMOMUJIKOBI KOMOiHAT
Ha BUXoJax koMmOiHamiiinoi cxemu CS;

Ya X2 11 Yo E
0 Q 0 0 i 3
0 0] 0 1 0
8] 0 1 8] 0
0 0 1 1 1
i 1 i 0] o
y] 1 ] 1 1
0] 1 1 4] 1
0 1 1 1 i}
1 0] 0 0 0
1 0 0 1 1
1 0 1 0 1
1 O 1 1 1
1 1 o 0 1
1 1 0 1 1
1 1 1 i) 1
1 1 1 1 1
Yi1Yo
L 00 01 11 10
Yi¥s 00 El] 0 :‘1‘: 0
oo [ o [T iAo
1 il |
i .
R R CEC O T
R e
U T
e [ Jie] o
Ll el

Puc. 4. Kapra KapHo 3 BiAIOBiAHIMY 3HAHIEHUMUI
KOHTYpamu

Puc. 5. AnaparHe pinieHHs KOHTpoo (q=4)

z=0-

no error

N 3 ’—E _ 271 -emor
&0 E.

AnapatHe pillleHHS Ha pHC. 5 Ja€ MOXIIHUBICTh
CTBOPHUTH BiAIIOBIJHY KOMIT FOTEPHY MOJIEINb

CuHTe3 anapaTypu KOHTPOJIIO 0e3
ejeMeHTiB nam’aTi (q=8)

Bwmicr kaptu Kapho (puc. 6.) BinTBOproe Bci Io-
MHJIKOBI Ta HEITOMMUJIKOBI KOMOIHAIlli Ha BHXOJaX KOM-
OinaniiiHoi cxemu CS; aBToMaTHOI Mozeni (puc. 3).

£ Ya¥a¥aYe

0000 0001 0011 0010 0110 0111 0101 0100 1100 1101 1111 1110 1010 1011 1001 1000
Y¥s¥sY

11 (1]0|1]|1 1|11 j1|1]1]1]1]¢0
0000

o1 (1]1|1]1 [ A A A O
0001

oonn |1 |1 |1 [1 )11 W O I O O A O O A B (O I O 1

A E A A AT N T
0110

0111

o0 | 1|1 |11 )11 L2218 2L |2 | X|FE|1

U IR [ TR P S T ¢ ¢ MO0 I G I GO N S O G O N O I
1100

1101

S EAE I N E N A A E A E A

e @ |1 |a|@| ¢ o || F | F || B D | AT
1010

1011

wor || | 7| k|50 | @ | 0| | % |2 || ¥ |d | @@

wo [ | 1

b4
s
gy
-
-
i
—
=
Ly
—
e
-
i
o

Puc. 6. Kapra Kapno

3HaiiieHi KOHTYpY Ha KapTi KapHo namyth Hacty-
ITHY MiHIMaJIbHY HOpMaJbHY (OpPMY 3alHCy NEepeMHUKa-
npHOT yHKUIT E y 6a3uci «i-Hi» IONOBHEHY JIOTiYHOO
oreparieto HepiBHO3Ha4HOCTI (10), sika ommcye JOTiKy
po0OTH amapaTHOro pimeHHs (puc. 7.):

E-TTBT, 451, &[5 01 &1 & 0T, &

BHY Y &Y Y &(% 0%)&%Y, &(1,©%) . (10)

Yo

Y1

O [Mf[i[ﬂ

]
&

Ya

I

Puc. 7. AnaparHe pineHHs KOHTpOO (q=S8)
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AnapatHe pillleHHS Ha pHC. 7 Ja€ MOXIIUBICTh
CTBOPUTH BiJIIOBIHY KOMIT FOTEpPHY MOJIENb pe3yibTa-
TaMH ii KOpeKTHOI poOOTH iKcallii MOMUIIOK.

CHHTe3 anapaTypH KOHTPOJIIO 3
ejleMeHTamu nam’ati (=4, q=8, q=63)

Ha migcraBi aBTOMaTHOT MOJIETIi  amapaTHOrO KOH-
TPOJIO 3 eIeMEHTaMH aM’sITi (puc. 1) 30yayemo QyHK-
LIOHAJIBHY CXEMY amapaTrypy KOHTpOJIO Mae OyTH BU-
pimeHa Ha Buxoi koMmOiHariitHoi cxemu CS; (puc. 8).

dyHKLiOHANFHA CXEMa arapaTHOro PIillIeHHS KOH-
Tponto (pHuc. 8) Ia€ MOXIIUBICTH CTBOPHUTH BiIIOBIIHY
KOMIT'IOTEpHY MOJeNb 3 pe3yibTaTaMU ii KOPEKTHOL
pobotu dikcamii momuiok (q=4, =8, g=63).

E? 5 | L D4

5882E8
|

Program

358

Control

',‘ Unit

Iloxa3HMKH JO0CTOBIPHOCTI KOHTPOJIIO Ta
(¢pyHKuioHyBaHHs

[ToBHOTa KOHTpOJIO L € OHUM 3 OCHOBHHX MOKa-
3HUKIB, SIKUH BU3HAYa€ CTEIHb OXOIUICHHS KOMII I0Tep-
HOI CHCTEMH 3ac00aMy KOHTPOJIIO 1 1iarHOCTYBaHHSI:

L=0,/0, (11)

ge (O, — WMOBIPHICTb BiJMOBU Ti€l YaCTHHU KOMII FO-
TEpHOI CHUCTEMH, CTaH SIKOi MOXKe OyTH pO3ITi3HaHO Ha
IiICTaBl OLIHIOBAaHMX MApaMeTpiB 1 XxapakTepucTuk; O —
WMOBIpHICTh Bi]MOBH Ti€i YaCTHHU KOMII IOTEPHOI CHC-
TEMH, CTaH KO MOkKe OyTH pO3ITi3HAHO Ha ITi/ICTaBI OIli-
HIOBaHHUX [TAPAMETPIB 1 XapaKTEePUCTUK.

e FRROR
[ - ERROR.

TRE
- NN

Puc. 8. OyHKIliOHANBEHA CXeMa anapaTHOTO PIllIeHHsT KOHTPOJIIO OMIIIOK (q=8)

CkJaiHICTh 1 HAAMIPHICTH 3aC00iB KOHTPOJIO 1 Ji-
arHOCTYBaHHS OIIIHIOETHCS KOeillieHTOM HaIMipHOCTI:

Ky = (Cokd + Csm) )/COI«) > (12)

ne C

0.
Oy KOHTpOJIIO BiJAMOBIZHO, a JOCTOBIPHICTH KOHTPOIIIO
JIiarHOCTYBaHHsI BU3HAYAETHCS 38 TPhOMA YHHHUKAMHU:

Dy (t)=L- Py - Py (1), (13)

- UMOBIpHICTh BUSBJICHHSI BiIMOBH, ! — Hac

0> Cleo — CKIAIHOCTI 06’ €KTY KOHTPOIIIO i 3aC0-

ae PO6H
(romuun); P, (t) - WMOBIpHICTh 0€3BiIMOBHOI poOOTH

3aCc00iB KOHTPOJTIO.
[MpupicT nOCTOBIpHOCTI (DYHKI[IOHYBAHHS € TAKUM:

aDy = P(t) P, (t)+(1=P(1)) Dy (1) P(t) , (14)

ne P(t) - iiMoBipHicTh 6e3BiAIMOBHOI poGoTH 00’ €KTY

KOHTpPOJIO, a KoeilieHT e(EeKTHBHOCTI KOHTPOIIO i
JiarHOCTYBaHHS BU3HAYAETHCS K

KE =AD¢/KH, (15)
HocaigxenHsi A0CTOBIPHOCTI KOHTPOJIIO
i pyHKUioHyBaHHA

Ha puc. 9-13 mpencraBieHi miarpamMu JTUHAMIKA
MIPUPOCTY JOCTOBIPHOCTI (DYHKIIIOHYBaHHs Ta Koegili-
€HTY €(EKTUBHOCTI KOHTPOJIIO 1 JIarHOCTHKH araparyp
aITOPUTMIB IONITUK 3aMilieHHs. Buime 3a3naveHi ma-

pamerpu po3paxoBaHi Ha mifcraBi BupaziB (11-15).
CKIIaHICTh 1 HAIMIPHICTB 3aC001B KOHTPOJIIO 1 JiarHoc-
TyBaHHS OLIHIOEThCS KOE(DIIIEHTOM HAJAMIPHOCTI, KU
BU3HAYAETHCs BigHomeHHsM (11) Ha mijcTaBi moka3HHU-
KiB CKJIQJIHOCTI 32 3arajJlbHOI KiJIbKICTIO ITOJIOCIB
00’€KTa KOHTPOIIIO Ta 3aco0y KoHTpoito. [IpupicTt mo-
CTOBIPHOCTI (DYHKIIIOHYBaHHS Ta KOe(illieHT epeKTUB-
HOCTi KOHTPOJIIO 1 JiarHOCTYBaHHSI OOYHCIIOIOTBCS  3a
3araJIbHOI0 KUTBKICTIO BEHTHIIIB 00’€KTa KOHTPOJIO Ta
3ac00y KOHTPOJIIO, a TAKOX 3 ypaxyBaHHSIM HMOBipHOC-
iy 107 BiZMOBH  OZHOrO  BEHTHNIO Ta
100,1000,10000,100000 romuH HampaIllfOBaHHS Ha BiJ-
MOBY BiJITIOB1THO.

BucHoBku

st Ol TPYHTOBHOI'O aHaii3y HaAIWHOCTI Ta
0E3MEeYHOCTI TIOCTaBIICHA 3a/a4a CUHTe3y Oysia BUpille-
Ha 3 ypaxyBaHHSIM JIBOX aBTOMAaTHHX MOJEJIEH: MOJEINI 3
eJIeMEHTaMH 1aM’ATi Ta MoJiesli 0e3 eeMEeHTIB mam’ siTi
3 MOJAIBIIOI PO3POOKOIO CXEM 3aC00iB KOHTPOJIIO.

JlocimimKeHo 3aeXHICTh MPUPOCTY TOCTOBIPHOCTI
(YHKI[IOHYBaHHS BiJ 4acy HalpamOBaHHSI Ha BiMOBY
Ta 3aNEXKHICTh Koe]ilieHTy e()EeKTHBHOCTI KOHTPOIIO
BiJl IPUPOCTY JIOCTOBIPHOCTI (PYHKIIIOHYBaHHS.

Ha migcraBi gociipkeHb MOXKHA 3pOOUTH BUCHOB-
KU, I0:

- TIpH 3pOCTaHHI KiJILKOCTI TOJMH HAIpaIfOBaHHS
Ha BiJIMOBY 30UIBIIYETHCS PUPICT JTOCTOBIPHOCTI (yH-
KLIOHYBaHHS Ta Koe(illieHT eeKTUBHOCTI KOHTPOIIIO i
JiarHOCTYBaHHS BiJIIOBIIHO;
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Puc. 9. [lunamika npupocTy 10CTOBIpHOCTI (pyHKIIOHYBaHHS
Ta Koe(iieHTy e(eKTUBHOCTI KOHTPOIIIO 1 IIarHOCTHKU
anaparypu PLRU 3i cxemoro KOHTpoIIIO
0e3 eneMeHTiB 1am’sTi (q=4)

Puc. 11. /lunamMika mpupocTy JOCTOBIPHOCTI (DYHKIIIOHYBaHHS

Ta Koe(iieHTy e()eKTUBHOCTI KOHTPOIIO 1 IIarHOCTHKA
anaparypu PLRU 3i cxeMo10 KOHTPOJIIO 3 eJIeMeHTaMu
mam’siTi (q=8)
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0,3
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0,2 /

0,15 /
01 /

0,05 //

——ADd

ADo
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0,8
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0,6
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0 & T 1
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0 o T T 1 v T T 1
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0,25 0,9
2 0,3 /’
0,2 0,7

0,6
0,5 /
0,4 / —t—KE
0,3 /
0,2 /
0,1 _’/
&

0,003 0,0296 0,2571 0,8516

Puc. 10. /lunamMika mpupocTy JOCTOBIPHOCTI (DYHKIIIOHYBaHHS

Ta Koe(iieHTy e()eKTUBHOCTI KOHTPOIIIO 1 IIarHOCTHKU
anaparypu PLRU 3i cxemoto KOHTpOIIIO
0e3 eneMeHTiB am’sTi (q=8)

Puc. 12. JlunaMika mpupoCTy JOCTOBIPHOCTI (DYHKI[IOHYBaHHS

Ta Koe(iieHTy e(eKTUBHOCTI KOHTPOIIO 1 IIarHOCTHKU
anapatyp ARC ta MRU 3i cxeM010 KOHTPOITIO
0e3 eneMeHTiB 1am’sTi (q=4)
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0,025 0,016
/\ 0,014
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—+—ADd / =—4=—KE
0,01 0,006
/ 0,004 /
0,005 /
/ 0,002 /
0 v T T T 1 a v T T T 1
100 1000 10000 100000 0,0003 0,003 0,023 0,016

Puc. 13. /lunamika npupocry
JIOCTOBIPHOCTI (DYHKIIIOHYBaHHS Ta KOe(illieHTy e()eKTHBHOCTI KOHTPOIIIO
i miarnocruky anaparyp ARC ta MRU 31 cxeMor0 KOHTPOIIIO 3 eleMeHTaMu naMm’siti (q=63)

HICTh 00’€KTYy KOHTPOJIO 3 MOAJIBIIMM BUPIBHIOBaH-
HAM CHAaJaHHSA; BUHOIp CXEM KOHTPOJIO 3aJICKHUTh BiJ
Yacy eKCIuTyaTallii.

- 3 IUIMHOM 4Yacy O0€3BiIMOBHICTh 00’€KTY KOHTPO-
JII0 Ta 3aco0y KOHTPOIIO crajae, aje Oe3BiIMOBHICTH
3ac00y KOHTPOJIIO CITaJa€ MOBLIBHIIIE, HIXK OS3BIIMOB-
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The automaton models and synthesis of monitoring means for hardware implementation
of cache memory substitution algorithms

V. Puidenko, V. Kharchenko

Abstract. The synthesis of automatic models of pseudo algorithm substitution policies - LRU, adaptive ARC and MRU
shows that the output combinational selection logic of selecting elements of the cache data unit in q directions is an indispensable
component of the model. This component is taken from the logical equations of structure synthesis, which describe the logical
operation of the decoder. It is known that a typical combinational logic of the decoder turns a binary code into a unitary code and
this is a condition of its error-free operation. Thus, the conditions of erroneous operation will be output binary combinations that
differ from the combinations of a unitary code. Two options of the synthesis for monitoring means of the decoder operation logic
is implemented in the paper. The first option is based on the automaton model of hardware monitoring with memory elements
with next synthesis for obtaining the minimum normal recording form of the switching function, which describing the logic of
the operation for the combinational scheme of the “and-not” basis. The second option is based on the idea of counting of logical
units at the outputs of the combination logic selection in q - directions. Such memory elements as a synchronous shift registers
and a synchronous binary counter with additional logic for controlling the input of a counter increment were included in the
structure of the automatic model for this. The comparison component with constant value of logical unit is a binary comparator
with the output result of a comparison function for definition of the existence or the absence of error. In addition, the article gives
the calculation of such parameters of the technical diagnostics as the reliability of control, the reliability of functioning, the in-
crease in the reliability of functioning and efficiency of control and diagnostic efficiency factor.

Keywords: substitution policy, adaptive algorithm, automatic model, combination logic, memory elements, complexity

and excessive means of monitoring and diagnostics, reliability of monitoring and diagnostics, increased reliability of functioning,
efficienc.
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OCBITHI IHTEPHET PECYPCH TA OHJIAMH CEPEJOBHUIIA B HABUAJIbHO-

BUXOBHIN JISIJIBHOCTI BUKJIATAYA 3AKJAJTY BULIOI OCBITH

AnoTtanis. [Ipeamerom nocnimkeHHs € iHpopmaTH3aris Ta KOMII IOTEpHU3allis OCBITH. Y CTaTTi HaBeIeHO Ta IpOoaHali-
30BaHO HAMIOMYJIAPHILI OCBITHI PECYpCH, AKI CTalIM HEBiJ €EMHOI YaCTHHOK HAaBYAJIbHO-BUXOBHOI JiSUIBHOCTI BHUKJIAJa-
yiB. Ile pucTaHuiiiHl HaBuanbHi UIATGOPMH, BipTyasbHi 06i0IioTeKH it My3el, MepexkeBi KapTH 3HaHb, COLia/IbHI MOMIIYKOBI
cucreMu ta reoceppici. KoxkeH 3 eJleMeHTIB OCBITHIX IHTEPHET PecypciB, 110 BUKOPHCTOBYIOTHCS [UIsl HOKPAIIEHHS TEXHO-
JIOTi/ HABYaHHS € e()eKTUBHUM i poOHMTH CBilf BHECOK B iH(popMaTu3awito ocBiTH. Ha cygacHoMy erari po3BUTKY CYCITiIbC-
TBa 1 OCBITH I'OJIOBHOIO METOIO € IiJrOTOBKA 3700yBaya OCBITH /10 aKTHBHOI 1 IUTiTHOI KUTTENsUIBHOCTI B iHpOpMaLiifHO-
MY CYCIIUIBCTBI, 3a0€3MeUYeHH ITi IBUILEHHS SIKOCTI, JIOCTYITHOCTI Ta epeKTUBHOCTI HaBuaHH:. [lsedexTuBHOrO 31iliCHEHHS
L[BOT'O IIpoLieCy HEOOXiIHO 3aCTOCYBaTH IJIECIIPAMOBAHUH BIUIMB CUCTEMH YIPABIiHHA Ha Bcichepu OCBITH Ta OiibIl
IIMPOKE BUKOPUCTAHHSA Cy4YacHHX iH(popMaliliHuUX TexHonorii. Pe3yabraTn - copMOBaHO CIIMCOK IepeBar Ta HeAOMi-
KiB iCHYIOUMX HaBUYaJIbHHUX IHTEPHET PecypciB, AKi eeKTHBHO BIUIMBAIOTh HA OCBITHIN mpouec. Po3pobieHo Be6-101aToK
JUISL TECTYBAaHHS 3HAaHb, IO BIHOCUTBHCS IO €JIEMEHTIB AUCTAHLIHHOrO HaBYaHHA. BHCHOBKM - y poOOTi pO3IIIHYTO
BIUTMB iH(OPMAIIHHUX TEXHOJIOrH Ha HaBYAIbHO-BUXOBHMII POLIEC Ta OCBITY B I[JIOMY Ta 3alIpOINOHOBAHO SIKiCHUII nepe-
JIK IHTEPHET PecypciB i OHIIANH cepenoBuIL, 0 € eheKTUBHUMU 1t iHpopMaTu3alii Ta KoMIT' IoTepu3altii OCBiTH, BKIIIO-
4arouu 0COOMCTO CTBOPEHUH pecypc.

Kar4dosi cioBa: inpopmaTusalis, OCBiTHI iHTEpHET pecypcH, iH(pOpMalliliHe CyCIiabCTBO, KOMIT IOTepU3aLlis, AUCTa-
HIil{He HAaBYaHHS, BipTyaJlbHi 010110TeKH, BIpTyallbHI MYy3€l, MEpEXEBi KapTH 3HaHb, COLLIaJIbHI MOIIYKOBI CHCTEMH, COLlia-

JIBHI TeocepBicH.

Beryn

OnHUM i3 BOXKIIMBHX CKJIaJIOBUX JyXOBHOT'O JKUTTS €
CHCTEMa OCBITH, METOIO SIKOi € IOIIMPEHHsS 3HaHb. BoHa
OXOIUTIOE JIiSUTBHICTh CPOPMOBAHHUX CYCIUTBHUX IHCTHTY-
TIiB,SKI 3MIHCHIOIOTH MIITOTOBKY MOJIOZi B JIOIIKUTEHHX
JITSMIUX YCTAHOBAX, B CEPEAHIX, MPOodeciitHO-TEXHIYHUX i
BUINMX HaBYaIbHHX 3akianax [1-10]. Cepen corianbHuX
IHCTUTYTIB CYCHLILCTBA OCBITa 3aiiMae OfIHY 3 MPOBIIHMX
MO3MIINA. AJDKe OJaro JIIOIMHY, CTAHOBHILE KYJIBTYPH Ta
JIyXOBHOCTI B CYCHLIBCTBI, TEMITH €KOHOMIYHOTO, HAYKO-
BO-TEXHIYHOTO, MOJITHYHOIO 1 COLIAJBHOrO MpOrpecy
3aJIeXKaTh BiJ| IKOCTI 1 PIBHS OCBITH.

MeTorw CcTATTi € PO3MIAN OCBITHIX IHTEPHET pe-
CypciB Ta iX BIUIMB Ha ONTHMI3allil0 HaBYaJbHO-
BUXOBHOI isTIbHOCTI.

OCHOBHA YAaCTHHA

CydJacHOMY CYCHUIBCTBY TOTpiOHA KOMIIETEHTHA
0COOMCTICTD, SIKa 37]aTHa OpaTH aKTHBHY Y4acTh y PO3-
BUTKY €KOHOMIKH, HAYKU Ta KyIbTypH. TOMYy ChOromHi
BOCBITI MIOCTaBJICHO 3aBJIaHHS CTBOPEHHSI CIIPHATIUBHX
YMOB JUIsI PO3BHUTKY 3I0OHOCTEH Y4YHIB, 3aJOBOJICHHS 1X
iHTepeciB Ta mOTped, PO3BHTKY HaBYAIIbHO-ITI3HA-
BaJIbHOI aKTHBHOCTI Ta TBOPYOI CAMOCTIHHOCTI.

CBiTOBHI MpoIlec Mmepexoay a0 iH(GopMamiiHOro
CYCIIIBCTBA, @ TAKOXK CKOHOMIYHI, MOJITHYHI 1 coIia-
JIbHI 3MIHHM 3YMOBJIIOIOTH HEOOXITHICTH MOJAEpHi3allil
cucreMu ocBiTH.OCBITa Ma€ Opi€HTYBaTHUCSA HA TEpCIIe-
KTUBH PO3BHUTKY CYyCIUIBCTBAa. A 1l O3Haudae, 0 B
CydacHii OCBITI HEOOXiJJHO 3aCTOCOBYBAaTH HAHHOBIT-
Hiwi iHdopManiiHi Texuomnorii. CtBopeHHs iH(opma-
LIIHOT'O CepeoBHIIA € KIIIOYOBUM 3aBAaHHIM Ha IUIS-
Xy Hepexoiy Ao iHpopMariifHoro cycmniiscrsa. Bopo-

BaJKEHHS 1H(OPMAIifHO-KOMyHIKATUBHUX TEXHOJIOTIH
B OCBITHIO c(hepy BHCYBa€e Ipo0ieMy KOMIT FOTepU3amii
3aKJIaJliB OCBITH.

CraH OCBITH B JiepXaBi € IOKa3HHUKOM SIKOCTI
KHUTTS CYCHUJIBCTBA, TOMY Yy 0araTboX €KOHOMIYHO
PO3BHHYTHX KpaiHax came AepikaBa JIMIIAETHCS TOJOo-
BHUM Cy0’€KTOM, SIKUHl YTPHUMYE CHCTEMY OCBITH i BH-
3Ha4ae crparteriuHi Hanpsmu il moxepnizaumii. 11100
BU3HAYUTHA MICIE€ OCBITA B TIf YM IHININ €KOHOMIYHIN
chcTeMi, HEOOXiHO HacamIiepel BUSBUTH TJI100aibHI
TEHJIEHIII] COI[IaJIbHO-EKOHOMIYHOI'0 PO3BUTKY CYCHLIb-
ctBa. Ha po3BHTOK CHCTEMH OCBITH B Cy4acCHHX YMOBax
BIUIMBAIOTh YOTUPHU (PAKTOPH:

e IIBUJIKO3MIHHICTb 1 IIBUIKOIUIMHHICTH IPOIIE-
CIB CyCIIJIBHOT'O PO3BUTKY;

e  COIiaJIbHO-eKOHOMIUHI TpaHcdopMarllii B cyc-
MJIBCTBI;

e MIPOIIECH IJI00ai3alil;

e iHdopmaniiiHuil “BHOYX” y CyCHiJIbCTBI, 3yMO-
BJICHUH IOSBOI0 HOBHX I1H(OpMamiiHUX TEXHOIOTIH i
MYJbTHMEIA.

KokHe CycmiibCTBO BiATBOpIOE cebe uepes CHuc-
TEMY OCBITH, TPAHCIIOIOUYM HACTYITHOMY IOKOJNIHHIO Ti
3HAHHSA, BMIHHS 1 HaBUYKH, SIKI JO3BOJISIOTH MOJIOII
BKIIIOUATHCS Y CTPYKTYPH CYCITUIBCTBA, a/IalTyBaTHCS
JI0 1X 3MiH, peali3oByBaTH cede K B OCOOUCTICHOMY,
Tax i B npogeciitHOMY HampsmMax.

B Hamr yac mmpoko nomupeHnii TepMiH iHpopMa-
LIAHOTO CycHiIbcTBA.['0JIOBHOIO PUCOI0 TaKOr'O CYCIHi-
JIBCTBA € TepeTBOpeHHs iHdopmamii B oauWH i3 To0J0-
BHUX BUpPOOHMYMX pecypciB. Tomy mpodeciiina miaro-
TOBKa MalOYTHIX menaroris, iX iHpopMaliiHa KyjiIbTy-
pa Ta npodeciiiHa TOTOBHICTh 10 BUKOPHCTaHHS iH(O-
pMaIifHAX TEXHOJIOT1# BUMararoTh 0COOJIMBOI yBark Ta
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Ingpopmauiiini mexnonozii

BHCTYMNAIOTh TapaHTI€I0 BIPOBAPKEHHS iHQOpMAaIiifHO-
KOMYHIKaILliIfHUX TeXHOJIOTiH y Bci chepu AisIbHOCTI
CYCIITBCTRA.

Baxi1MBOIO CKJIaJIOBOIO CTAHOBJICHHSI 1H(OpMAIIiii-
HOTO CyCITiIbeTBa € iH(popMaru3amisi ocBiTH. [H(opma-
THU3Allisl OCBITH — II€ CYKYITHICTh B3a€MOIIOB’SI3aHUX Op-
raHi3anifHO-TIPaBOBUX, COLIAbHO-EKOHOMIYHUX, HaBYa-
JIHO-METOAANYHHX, HAYKOBO-TEXHIYHHX, BUPOOHUYUX Ta
YHPaBIIHCHKUX TIPOLIECIB, CIIPSMOBAHUX HA 3310BOJICHHS
iH(pOpMaLIfHUX, OOYMCITIOBANIBHUX 1 TEEKOMYHIKaIlil-
HUX TOTped y4aCHUKIB HABYAJILHO-BHUXOBHOTO IIPOILIECY,
a TaKOX THX, XTO KEPYE IIM IIPOLIECOM.

[ndopmartuzalist Ta KoM’ 0TepH3allis BUMararoTh
BiJl JIIOJJMHM HOBHX 3HaHb, YMiHb Ta HaBHYOK, 110 OYy-
JIyTh aJaIToBaHi 0 YMOB iH(OPMAIIITHOTO CYCITiIBCT-
Ba. OcoOnMBa poib HUHI BiIBOAUTHCS Mepexi [HTepHeT
— 3aco0y PO3IMOBCIOKCHHS iH(OpMAIii, cepeaoBuIa
CHIBIIpali Ta CHUIKYBaHHS JIFOJEH, 110 € HaWOiIbIIOK
Ta TOMYJISIPHOIO KOMIT FOTEPHOI0 MEPEKEr, KOTpa Bif-
KpHBAa€ IMUPOKI MOXKIIMBOCTI €EKTUBHOTO ii BUKOpHC-
TaHHS B OCBiTi. HajaHHs pi3HOMaHITHHX OCBITHIX II0-
CIIYT, HaBYaJbHOI iH(OpMaIlii, BIAKPUTTS LIMPOKHX
MOXITUBOCTEH BUKOPHCTaHHS PI3HOMaHITHHUX PECYpCiB
Mepexi [HTepHeT, y TOMy YHCITi HaBYaJIbHI JUCTAHIHHI
KYpCH, TUCTAHI[iiHI OJIIMITIa ¥ i KOHKYpCH, 010110TeKH,
TEKCTOBI CXOBHWIIA, IHTEPAaKTHBHI EHIMKIONEAIi Ta
CIIOBHUKH, TIepeKyaaadi, BipTyalbHl My3€el Ta BUCTAaBKU
1 T. iH. y MArOTOBLI MaOyTHHOTO (haxiBIIs.

Mepexa [HTEpHET € JKepesaoM pi3HOMaHITHOI iH-
¢dopmanii. Buxonsuu 3 HaBYaIBHOI METH, L€ MOXYTh
OyTu, HalIPUKIIaJ, OCBITHI pECYPCH, SIKMX HUHI € O0araTo
1 B MOJAJIBIIIOMY KUTBKICTB 1X 30UIBIINTHECS. Maiike BCi
HaBYaIbHI 3aKJajM, JOCHIJHUIBKI YCTAHOBH MAlOTh
CBOI CalTH, IO MOCTIHHO ITOIIOBHIOIOTHCS 1H(OpMAIi-
eto. Kopucanmu € InTepHeT-pecypcH, siKi BUKOPHCTO-
BYIOTBCS JIJIsl OJIEp)KaHHS MOJAJbIIOI OCBITH, BHOOPY
npodecii Ta chepu isUTBHOCTI, MOCTIHHOTO i IBUILIEH-
Hs1 paxOBUX 3HaHb, KBadi(ikawii Ta iH.

3yNMHUMOCH Ha OKPEMHUX OCBITHIX pecypcax, KOT-
piHaOyu HAHOLTBIIOrO TOMIMPEHHSI.

Bipryanbni 0i0mioTekn cIpocTuiaM MOMIYK Ta
Bujady HeoOximHoi iHpopmauii. Bonn moxyts Oytu
yHiBepcasibHi abo TemaTtnyuHi. [lo mepeBar BipTyalbHHX
010J1i0TEK MOYKHA BiJTHECTH:

e HAjABHICTH 3aCc00IB ONTUMI3allii MOIIYKY HE0O-
X1THOTO BU/IaHHS;

e BiJCYTHICTh OOMEXEHb Ha OJHOYACHE BUKOPH-
CTaHHS JEKIJIbKOX BU/IaHb;

e MOXJIMBICTh BUKOPUCTaHHS JOKYMEHTIB B eJle-
KTPOHHOMY BHIJISII 3 MOJAJIBIIOI0 JIOKATi3alli€r0 OKpe-
MUX (parMeHTiB;

e MEpeXeBi JOBIIHUKH Ta SHIUKIIOEII.

Haii6inpimoro nommpeHHs HaOyBarOTh Tak 3BaHi
BipTyasbhi My3ei. Ix MoxHa oXapakTepusyBaTH SK:

1) HaOip iHpopMaUiiHUX pecypciB, SKUH MOXe
BKJIIOYaTH B ceOc KapTUHHU, MaIOHKH, (ororpadii,
nmiarpamu, rpadiky, 3aMucH, BiJco, Ta3eTHI CTATTI, CTe-
HOTpaMH IHTEPB’I0, YHMCENbHI 0a3M [aHWX, a TaKOXK
0araTo IHIIMX MaTepiajiB, IO MOXYTh 30epiraTucs y
(alitoBoMy cepBici My3elo;

2) Kojekuis IU(pPOBUX 3aNuUCiB, 3BYKOBUX (haii-
JIiB, TEKCTOBUX JIOKYMEHTIB Ta IHIIMX AaHHUX: iCTOpHY-

HUX, HAYKOBHX, KYJIbTYPHHX, SIKi JOCTYITHI Yepe3 eyeK-
TPOHHI 3aC00M MacoBOi iHpopMalIii.

BipryanbHi My3ei MOXXYTh BHKOPUCTOBYBATHUCS B
OCBITHIH JisUTBHOCTI, 3a0e3Ieuyroun AOCTYIl A0 BCIX
HeoOXximHux ekcroHatiB. L{udpoBa konexiis BipTyaib-
HOT'O MY3€l0 MOke OyTH OpraHizoBaHa sIK BipTyaJbHHH
TYp 1 PO3MIUPEHUH MTOLTYK.

CouianabHi reocepBicm — cepicu Mepexi [HTep-
HET, IO JI03BOJIAIOTH 3HAXOJIUTH, TI03HAYaTH, KOMEHTY-
BaTH, nocradaT (ororpadisMu pizHi 00’€KTH B Oy/b-
SIKOMY MiCIll Ha 300pa)keHHI 3eMHOI KyJi 3 JIOCHTh BH-
COKOIO TOYHICTIO. BHKOpHCTOBYIOTBCS peaibHi JaHi,
oJiep KaHi 3a JOIIOMOr0l0 HABKOJIO3EMHHX CYITyTHHKIB.

Mepe:keBi KapTH 3HaHB — CIIOCIO 300pakKeHHS
MPOLIECY 3arajJbHOr0 CHCTEMHOT0 MUCIEHHS 3a JIOMOo-
MOror0 cxeM. Takok MoXe po3IiIsigaTucs SIK 3pydHa
TEXHiKa aJlbTCPHATUBHOIO 3amucy. B mepexianax Tep-
MiH MOXe€ 3BY4aTH IO-Pi3HOMY — KapTH PO3yMy, KapTh
nam’siTi, iHTenekT-kaptu. Cepen cepBiciB MoOyI0BU
KapT 3HaHb, IO 3’SIBWINCh B MEPEXi OCTAHHIM YacoM,
HaiOIbII IpocTUM € cepBic Bubbl.us.

CouiaabHi MOIIYKOBi CHCTEMHM — IIe CHUCTEMH,
SIKi JTO3BOJISIFOTH KOPHCTyBauaM CaMHUM BH3HAuYaTH, B
SIKOMY HaIlpsiMi BECTH MOUIYK, SIKI CAWTH IMeperisuaTu
HacaMmepel, Ha sIKi CIIOBa 3BEPTaTH MEpPHIOYEPTOBY
yBary i sIK TpEICTaBIATH 3HaijeHi pe3yiabraTti. Ha
OCHOBI IOITYKOBHX CHCTEM HOBOT'O ITOKOJIHHS MO)KHa
o0y IyBaTH CBOI BJIAaCHI IHAUBIAyalIbHI 400 KOJICKTUBHI
MOIIYKOBI MammvHu. [lolIyK MOXKHA ajganTtyBaTH a0
MeBHOT TEMATHUKH, JI0 TIEBHOI'O CITIBTOBAPUCTBA.

VY pe3ynbTaTi MOMIMPEHHS COLIaJbHUX CEPBICIB Y
MEpPEeKEBOMY JOCTYIIi BUSIBIISIETHCSl BEIMYE3HA KiJlb-
KiCTh MaTepianiB, SIKi MOXYTb OyTH BHMKOpPHCTaHi B
HaBYaNbHUX I1iIAX.HOBI cepBicu coltianbHOro 3abe3re-
YEeHHS PaJIMKaJIbHO CHPOCTHJIM TPOLIEC CTBOPEHHS Ma-
TepiamiB 1 myoOmikamid ix y mepexi. Temep KoKHHIA
MOXE HE TUIBKU OEpPKaTH JOCTYII 10 HU(PPOBUX KOJIe-
KIiH, a i B35STH y4acTh y (hOpMyBaHHI BIACHOI'O Mepe-
KEBOT'O KOHTEHTY.

Jucranniiine HaByanHsa — ¢opMma opraizamii i
peaizauii HaBYaJIHLHO-BUXOBHOT'O IIPOIECY, 3@ SIKOIO
HOro y4YacHUKHM 3MiHCHIOIOTH HAaBYAIIbHY B3a€EMOJIII0
MIPUHIMIIOBO i MepeBa’kHO EKCTEPUTOPIiaIbHO.

HuHi Ha#01bIIOr0 pO3BUTKY HAaOYIIO TUCTaHIIiH-
HEe HaBYaHHS 3 BUKOPHUCTaHHIM [HTEpHET-TEXHOJIOTiH,
o0 Hocuth Ha3By E-JIH Ta Hajgae MOXIJIMBICTH 3ilic-
HIOBaTU: BUIBHUH 3alMC Ha AWCTAHIIWHI HaBYaJbHI
KypCH; CaMOCTiiiHE IUIaHyBaHHsS HaBYaHHSI, HaJaHHS
cBOOOMM B 4Yaci, IIBHUIKOCTI HABYAHHS, BIiJCYTHOCTI
0OMEXEHOCTI Yy 4aci, BUBYECHHS OKpEMHX ITUTaHb Ta
TeM, CKJIaJaHHs TECTiB, KOHTPOJBHHX Ta 3aJIIKOBHX
pobit; cBoOoIa B BUOOPI MicCIlsl HABUAHHSI.

lonoBHumu mpoOnemamu BripoBapkeHHss E-JIH €
KOMIT FOTEPHO-TEXHOJIOTIYHA,  OpraHi3alliHO-yIpaBiIiH-
CbKa, TICHXOJIOrO-TIeIaroriyHa Ta (hiHaHCOBO-€KOHOMIYHA.

ABTOpaMu CTaTTi 0y/nO po3po0IeHO BEO-T0IaTOK
JIJIs TECTYBaHHS 3HaHb, Ak € yactuHoro E-J[H. B3a-
raji, TeCTyBaHHA — I€ TOTY)XHHHA IHCTPYMEHT, IO
BUKOPHCTOBYETBCSI HE JIMIIE JUIs OIIHIOBAaHHS, aine W
JUIsl HaBYaHHSA. E(EeKTUBHICTH TeCTyBaHHS IBOCTOPOH-
HS, 1 CTYJEHT 1 BUKJIQAa4 MOKPAILYIOTh SIKICTH IICIs
MIPOBEACHHS TeCTyBaHb. T1IBKHU IS CTYJEHTA LIE SIKICTh
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HaBYaHHS, a /Ui BHUKJIQJaya L€ SKICTh BUKIIAJaH-
Hs1. Pi3HOMaHITHICTh 3aBAaHb Ta CHCTEMAaTHYHA PEryIisi-
PHICTh TECTYBaHHSI IAIOTh MOXJIUBICTh SIKICHO 3aKpillH-
TH BUBYCHUI MaTepial.

Jonartok cTBopeHuii Ha (peliMmBopkyAngular, Tak
SIK IS0 TEXHOJIOTISA 3a0e3leuye OpraHizaimiio Kooy Ta
HaJae IHCTPYMEHTH IJI1 CTBOPCHHS BeO-I0NATKIB.
Angular nossomnsie BukopucroByBatu HTML B sikocTi
MOBHU IIa0JIOHY, @ TOTIM PO3LIMPUTH CHHTAKCUC IS
BHPa)XCHHS KOMIIOHEHTIB J0IaTKy. Po3pobienuii noaa-
TOK JUIS TECTYBAaHHS € JIOCTYITHUM, ITPOCTHM 1 3pYYHHM
JUIsl KOpPUCTYBauiB. BiH 103BoIsie mpoaHani3yBaTH Ha-
CKIIBKU TIPaBHJIBHO CTYJEHTH Ta Y4HI PO3YMIIOTH BH-
KJIaJICHU Matepiasl i IpONOHYETHCS 10 BUKOPHCTaHHS
JUTSL BUKJIAJa4iB 1 BYMTEIIIB, SIKi XOTiJIH O BUKOPUCTOBY-
BaTH IHTEPAKTUBHI 3aCO0W HaBYAHHSL.

BucHoBku

Crpykrypa OCBiTHBOrO iH(pOpMAaLiiiHOIO cepe-
JIOBHUIIA CKJIAJAa€ThCA 3 OJIOKIB:

e MCEHEDKMEHT HaBUYAJILHOTO 3akKjany (reHepa-
TOp PO3KJIANAy YPOKIB, MOMAIIHI 3aBIaHHA, CJIEKTPO-
HHHI NIOJCHHUK, SJICKTPOHHU KypHa);

e eJeKTpOoHHA Oi0mioTeka (XyIOXKHS, HaBYalIbHA
JiTepaTypa, METOAWYHI Ta JUIAKTHYHI MaTepiay,
OCBITHE 3aKOHOJIABCTBO),

e OJIOK BUKOPHCTaHHS JUCTAHILIHHOrO HaBYaHHS
(TexHONOTIT BIpTyaJbHUX KIIACIB, OHJIAHHBIZIEOYPOKH,
cUcTeMa iHIMBITyaTbHOTO HAaBYaHHS);

e OJIOK CIIIKYBaHHS MK KOpPHCTyBauamu (Tpy-
ITH 32 iHTepecaMu, HOBUHHU, aHOHCH TIO/IiH, MOIITA).

OTmKe, KOMII'IOTepHU3alis i J0CTyN A0 Mepexi [H-
TEpHET B BUIIMX HABUAIBHHUX 3aKJajgax - e He JIHIIe
HOBI TEXHIYHI MOXKJIMBOCTI Ui cpepH OCBiTH, a U J0-
CTYN IO TiraHTCchKUX o0cariB iHdopmamii. CydvacHi
IHCTpYMEHTAaJIbHI 3aCO0M BiJKPUBAIOTH IUPOKI Iepc-
MIEeKTHUBY IS Bidyai3amii Ta IHTepaKTHBHOCTI HaBYalIb-
HOT'O TIpolecy. 3aBAsKH HOBOMY DiBHIO iH(pOpMaIiifHO-
ro 3a0e3neyeHHS CTa€ MOXIIMBHM YIOCKOHAJICHHS
METOJIB OCBITHBOI [ISUIBHOCTI, palliOHAJIbHE BUKOPHUC-

e YIpaBIiHHS HABYAHHSIM; TaHHS Tpalli negaroris ta aaMinicrpanii BH3.
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Educational internet resources and online environment in the educational activities of the teacher
of the higher education institution

N. Ichanska, V. Demianenko

Abstract. The subject of the research is informatization and computerization of education. The article presents and ana-
lyzes the most popular educational resources that have become an integral part of the educational activities of teachers. These
include distance learning platforms, virtual libraries and museums, online knowledge maps, social search engines and geoser-
vices. Each of the elements of educational online resources used to improve learning technologies is effective and contributes to
the informatization of education. At the present stage of development of society and education, the main goal is to prepare the
student for active and productive life in the information society, to ensure the quality, accessibility and effectiveness of educa-
tion. To effectively implement this process, it is necessary to apply the targeted impact of the management system on all areas of
education and the wider use of modern information technology. Results - a list of advantages and disadvantages of existing
educational Internet resources that effectively influence the educational process. A web application for testing knowledge related
to the elements of distance learning has been developed. Conclusions - the paper considers the impact of information technology
on the educational process and education in general and offers a qualitative list of Internet resources and online environments that
are effective for informatization and computerization of education, including personally created resources.

Keywords: informatization, educational Internet resources, information society, computerization, distance learning, vir-
tual libraries, virtual museums, network knowledge maps, social search engines, social geoservices.

42



Ingpopmauiiini mexuonozii

YK 004. 056.55:004.312.2

C.B. Jlana

doi: 10.26906/SUNZ.2020.4.043

VYnpasninas JJCHC Ykpainu y Uepkachkiit obnacti, Uepkacu, Ykpaina

AOCIIIUKEHHA MHOXKXHWH HECUMETPHYHUX IBOONIEPAHTHUX
ABOPO3PAIHUX ONNEPALIA 3 NOABIMHUM IIUKJIOM
KPUIITOIIEPETBOPEHHS

AHoTanisi. PoboTa npucssiueHa 10CHIIPKEHHIO MHOKMH HECUMETPUYHUX JBOONEPAHAHUX JIBOPO3PSIHUX KPUIITOONEpa-
Li# 3 MOIBIMHUM LIMKIIOM KPUIITONIEPETBOPEHHS I iX 3aCTOCYBaHHs B IIOTOKOBUX 1 OnokoBuX mmdpax. Cepes MHOKUHI
HECHMETPUYHUX JBOXOIEPAHIHUX JBOXPO3PSIHUX Olepalliii CHHTE€30BaHHUX 3a Pe3yJIbTaTaMK OOUHCIIIOBATIBHOTO eKCIIepHMe-
HTY BU3HAUEHO MHOXKIHH OIepalli, sIKi BKIIOYAIOTh B cebe orepaltii mpsiMoro i o0epHeHOro nepersopeHHs. Buxosmu 3 B3a-
€MO3B’S13KIB MK KOPTEXaMM OJHOOIIEPAHIHHUX ONEpaliii npsmMoro i 00epHEHOro KpHUITONEPETBOPEHHS, JaHI MHOMKHMHH 1
BKJIIOYEHI B HUX omepallii OyJI0 Ha3BaHO OIepawisiMy IOBIHHOIO IIMKITY IIEPETBOPEHHS. 3aporoHOBAaHO TIOCIIIOBHICTh Tie-
PETBOPEHB PE3YIIbTATIB eKCIEPUMEHTY, IIPEICTABICHOrO NIapaMy KOPTEXKIB OHOOIIEPaHIHUX ONEpaLliil KOLyBaHHS 1 IEKO/Ly-
BaHH, sIKa 3a0e31edye noOy10By MaTeMaTHYHUX MOJiesIeil onepaniil, puAaTHUX I NPAKTUYHOI peati3arii.

Karw4dosi croBa: kpunrorpadiuyne KogyBaHHS, KPUIITOIEPETBOPEHHs, HECUMETPUYHI Onepanii KpUITONEPETBOPSHHS,

CHHTE3 OIlepallii.

Beryn

IMocTanoBka npodiemu. CydacHi moTpeOH SKICHOT
pobotu Takux opranizarii sk JICHC Ykpainu Bumara-
I0Th 3a0€3MeYeHHs 3aXKICTy BEIUKUX OOCSTiB KOH(I/IeH-
HilfHICTh iH(pOpMaLii 3 MaKCUMaJIbHOIO MIBUIKICTIO Ta
MaKCHMAJIBHOIO HaJiiHicTIO. OJJHUM 3 BHCOKOE(EKTHB-
HUX HaIpsMiB 3aXuCTy iH(popMalil € KpunTorpadpiyHui
3axucT. SIK BiOMO, Cy4acHi KpUNITOCUCTEMH BUKOPUCTO-
BYIOTh ITIOTOKOBE Ta OJiokoBe muppyBaHHsA. OnHi€nO 3
TOJIOBHUX IIEpeBar MOTOKOBOTo Mn(pyBaHHs HaJ OJIOKO-
BUM € BHCOKa IIBHJKICTb BUKOHAHHSI ONEpalliii KpUITO-
MIEPETBOPEHHSI, 1110 JIOCSTAETHCS 38 PaXyHOK 3aCTOCYBaH-
Hs cuMerpuyHux omepauiid [1]. IIpore 3acrocyBanHs
ACHMETPUYHHX AITOPUTMIB OJIOKOBOTO MH(pyBaHHS Ma€e
B OUTBIIOCTI BUMAJKIB MEpeBary Mo HaIHHOCTI Ta KPHII-
TOCTIHKOCTI, @ 3HAUUTh HECUMETPHUYHI Omeparlii KpUnTo-
MIEPETBOPEHHST TAaKOX 3aCIyroBYIOTh HEOOXIIHOCTI Jo-
CII/DKEHHA. BHUXOmsuu 3 1bOro, akTyaJbHUMHU CTalOTh
3aBIaHHS «IHTErpallii» NPUHLMIIB aCUMETPUIHOTO OJIo-
KOBOro mu(pyBaHHs B TIOTOKOBE HA OCHOBI HECUMETpPH-
YHUX ONepaliii KpUIITOIEePETBOPEHHSL.

AHaJIi3 0CTaHHIX J0CTiTKeHb i myOsikamii.

3a ocTaHHI pOKH 3’SIBHJIACh 3Ha4YHA KUIBKICTh ITyOJIi-
Kalliii MPUCBSYEHUX KPUITOrpapiyHOMY KOAYBAHHIO, OJ-
HOMY 3 HamnpsIMiB PO3BHTKY KOMII'IOTEpHOI KpHUrTorpadii
[2-5]. B pamkax maHoro HamnpsiMy, OCOOJIBOI YBaru 3aciy-
TOBYIOTB JIOCII/DKEHHS TIPHCBSIUCHI PO3IIMPEHHIO CIICKTpa
omnepatliii NPUIATHUX O KPHITOINEPETBOPEHHS, 10 0azy-
I0TBCS. HE Ha KJIACHYHOMY JIO/IaBaHHIO 110 MOJYJIIO, a Ha
pi3HOMaHITHUX MoAMdiKalisx [6-8], a Takok Ha TOOYIOBI
oneparliiii 3 3aganumu BractuBoctsiMu [9-11]. TIpore, ciig
3a3HA4UTH, 10 MaibKe BCi JOCIIPKEHHsT HOBUX MOAN]IKO-
BaHUX OIEepallii, TaKUX SIK HATIPUKIIA]] OTepallii 3 TO4HiC-
TIO JI0 TIEPECTAHOBKH 30CEPEKEHI Ha CHMETPHYHUX Olle-
pamisx [12-14]. JlocmimkeHHIO MHOXHUH HECUMETPHYHKX
omneparliii yara Maibke He IPUILISLIIACk.

B pobori [15] mist ekcriepuMeHTaTbHOTO CHHTE3Y
JIBOXOTEPaHIHUX omepaniidl KpunrorpadidHoro mepe-
TBOpeHHsS iH(popManii Oyna BHKOpUCTaHa MHOXKHUHA
OIHOOIMEpaHIHUX omeparriil (Tadm. 1). B pobori [16] Ha

OCHOBI OOYHCIIIOBAIIBHOTO EKCIEPUMEHTY 3 CHHTE3Y
JIBOXOTIEPAaHIHUX JBOPO3PSIHUX KPHIITOOIEpalii Ha
OCHOBI OJJHOOIIEpaHHUX OYIIM 3HAWMIECH] TapH Oreparii
MPSIMOTO Ta KOPEKTHOTO OOEPHEHOT0 KPHIITOIEPETBO-
peHHst iHopMarlii Ha OCHOBI MOBHOIO Iepedopy. 3 1HX
map Oyno BuaiieHo 20 MHOKMH HECUMETPHUUHHUX JIBO-
OIlepaHIHUX IBOXPO3psAHUX orepauiit. [IpoBeneHuii B
poGori [16] momin Ha MHOKUHH Oa3yBaBCsl HA BHOKPEM-
JIEHHI BOXOIIEPaHJHUX OIlepalii, TaONuIl iCTHHHOCTI
SIKMX CHIBIIJal0Th 3 TOYHICTIO JI0 IEPECTaHOBKH.
MeTorw po60TH € IOCITiIKEHHS MHOKHH HECUMe-
TPUYHHX JBOOMEPAHIAHUX BOPO3PSIHUX KPHIITOOIIE-
patiit 3 TOABIHHMM IMKIOM KPHUITOMEPETBOPEHHS IS
3aCTOCYBaHHS B IOTOKOBHX 1 OJIOKOBHX HIH(pax.

OcHoBHU#i MaTepian

Buxonsuu 3 TOro, o OJHUM i3 IUIAXiB BUPIICHHS
poOJIeMU TiJBHUIIEHHS SKOCTI KPHUITOCHUCTEM € 30iib-
LIEHHSI BapiaTUBHOCTI OMepalliii NpUIATHUX YIS KPUIITO-
MIEpETBOPEHHS, MO)KEMO BHCYHYTH TillOTE3Y, IO SIKICTh
MOTOKOBOTO HIM(pyBaHHA MOXKe OyTH MiJBUILNEHa 3a
PaxyHOK 3aCTOCYBaHHSI B HbOMY HECUMETPHYHHUX Ollepa-
uiii kpunroneperBopeHHs. [IpoBeaemo aHaiz orpuma-
HUX MHOUH. [Ipy poBeneHHi JOCHi [PKEHHS BUSBHIIOCS,
1110 MHO>)KMHU HECUMETPUYHUX JIBOOTIEPAHIHUX OIlepallii
MOXKHA TIOJUIMTH Ha 2 rpynu. J{o mepuioi rpynu BigHO-
CATBCSL 6 MHOXHH, SIKI YMOBHO MO)KHa Ha3BaTH MHOXH-
HAaM{ HECHUMETPHUYHHX JBOOIIEPAHIHMX OMepaliii Io-
JBIHOTO IIMKITy KPHIITOIIEPETBOPEHHs, TOOTO JaHa
MHO)KMHA MICTUTB BCi omneparii sk i KOAyBaHHS Tak i
Ut AekomyBaHHs (Tabm. 2). Jlo mpyroi rpymnu HajieKaThb
14 MHOXUH TIOTPIHHOTO IIMKITY KPUIITO TIEPETBOPESHHSL

Awnani3 qaHux MHOXUH (Ta0n. 1) mokasas, mio 3a
aJITOPUTMOM TPOBEACHHS OOEpHEHOr0 KpHUMTO Iiepe-
TBOPEHHSI MOXXHAa YTBOPUTH TPH MaTeMaTH4HI TPYIH
HECUMETPUYHUX  JBOXOIEPAHAHUX  JBOXPO3PSTHUX
omepariii. Omxe OyJau BCTAHOBJICHI HOBI paHillle HEBi-
JIOM1 B3a€MO3B’SI3KH MK OIHOOINEPaHJAHHUMHU Ta IBOX-
OllEpaHIHUMHU ONEpalisiMH, MO 3a0e3MeYnIo CHUHTE3
HOBUX MaTE€MAaTUYHHX TPYH HECHUMETPHYHUX JBOXOIIE-
paHIHUX oOlepaliil KpUITOIEPETBOPEHHSI.

© Jlama C. B., 2020
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Tabauya 1 — OqHoonepanaHi 1BOXpo3psaHi onepanii kpunrorpadgiunoro nepersopeHHs ingopmauii

X1 X1 )C]@l )C]@l
£ = £ = 3= 19
X7 X, @1 X7 x) @1
)C]@)CZ )C]@)CZ )C]@)Cz@] )C]@)Cz@]
FzZ[ } FsZ[ } 54:[ 0=
X7 Xy @1 X7 Xy @1
X1 X1 )C]@l )C]@l
5= Iy = Hs= =
X1 D xp X1 @ x, @1 X1 @ xp X1 @ x, @1
X k%) )C2®1 )C2®1
Fy= Fo= Fe= Fry =
4 [x]} 10 |:x]€r)l} 16 |:x] } 2 |:x @1
X k%) )C2®] )C2®]
FSZ[ } F11=[ } 17:[ } F23:[
X1 @ xp X1 @ x, @1 X1 @ xp X1 ®@xy @1
@ @ Dxy, D1 Dx, D1
F6: X DX Fi2: XD X g = RIR=R%) F24: X1 '@ X
X1 x @1 X1 X @1

Tabnuysa 2 — MHOKMHY HECUMETPUYHHUX ABOONEPAHIHHX JABOXPO3PSAIHUX onepauii

«IOJBIfHOr0 MKy KPHIITONEPETBOPEHHS»

Muoxuna 1 MuoxuHa 2
0120138 € 027.14,19 O8.21,123 < 0156924 072115 © 0391319 020,.2,17,11 <> 0235814
0812013 € 0714192 0112318 < 0241569 0711521 © 9931913 O17,11,2,20 <> 0148235
0138120 € 0141927 04.2310,17 <> Os16,11,22 Oi521,1,7 € 01319,9,3 O416.24,12 <> 0618,10,22
0201381 < O192,7,14 010,17,423 < Q122,516 0211571 © 0191339 O2pa416 < 010,22,18,6
03182112 <> 0692415 01742300 < Oi6,1122,5 O11,17,202 <> 0814523 Oi6,4,1224 < 01862210
01231821 <> 0924156 0231017,4 < 051611 02201117 <> 0523148 0212164 < 022106,18

Muoxxuna 3

O116,10,19 € 0471322

0188224 < O461220

00,1196 € 0722413

022818 < 020,12,6,14

O6,19,110 < O13.4.22.7

03231115 <> 0592117

O9,10,161 € 0221374

01131523 <> 0917521

0218248 < O620,14,12

01511233 <> 0172195

0824182 < O1214,20,6

02315311 < 0215179

MuoxuHa 4
O17.19,13 € 0391521 O18,6,24,12 <> O16,4,10,22
0711319 © 0932115 O 12,186 < O22,10,4,16
O1319,71 © O152139 05231711 < 0220814
O1913,1,7 © O21,1593 O,17,235 < 3814220
06,18,12,24 <> O416,22,10 O17,11,523 < 0148202
O224618 < O10,22,16,4 0351117 < 022,148

MuoxxuHa 5

MmuoxuHa 6

O11913,7 € 0281420

018,24,12,6 <> 0153921

07,13,19,1 € O8.2.20,14

02418612 <> 0219315

0137119 < O1420.28

05171123 <> O422.10,16

019,1,713 © 02,1482

01123517 < 0Ol0,16,4,22

Os,12,24,18 <> 0315219

01752311 < O16,10,22,4

OL13,7,19 € O410,16,22 Ols2820 © O1812,6,24
0719113 © O10,422,16 0208214 © On612,18
O13,1,19,7 < O16,22,4,10 03219,15 © 05112317
0197131 © On.16,104 0915321 < O11,517,23
0820142 < 012,18,24,6 0159213 © O17,2311,5
0214208 <> Op2418,12 0213159 © 02317511

01261824 <> 0921153

02311175 < 0241610

Jocmiaumo ajs MpuKIaay AesKi oreparii dyeTBep-
TOi MHO)KMHH HECUMETPUYHHX JIBOOIIEPAHIHUX TBOPO3-
pAIHUX onepamnili NOABIHHOTO IMKITY KPUITOIEPETBO-
PEHHsI».

Hexait Oyny BuGpana onepauis O 71913, TOA

obepHeHoto onepauiero Oyae onepauist Ozg 5,7 - A

B3a€MO3B’sI3KIB TIPsMOi 1 0OepHEHOi omepallii BBeAeMO
MTO3HAYCHHS:

01]‘:7’19’13 — omeparlist KOAyBaHHs,
Of’ 9,15,21 — ONEPALLIs ICKOyBaHHL.

PosrmnsiHeMo 01l J€TaNbHO ONEepaliio 01]‘: 7.19.13 -

SIKIo 3HAYEHHs MEpIIOro OrepaHAa MO3HAYUTH
4epe3 x, a APYroro omnepaHia yepe3 k , AKuil oxHOuac-
HO € KOMaHJOK BHOOpPY IEPEeTBOPEHHS IIEPLIOro Olle-
paHza, Toli BiAMOBiAHO A0 Tabi. 1 otpumaemo:
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" =0k =0 ||%]<| 0N k=0 k, =0
, akwok, =0; k, = = , axkwok, =0; k, =
Y ol |x ek @k [ TR
(x, ] (x, ] [x®k
,akwo k=05 k, =1 = ,akwo ky =0; k, =1
o X @1 @1 |x, ®k Ok | x ek
MR @1 x, ®17 [x, @k X, @k ®F, |
, akwo k=1, k, =0 = , akwo k, =1, k, =0
| x, ®1] X, ®1] | x,®k SF, |
[x, ®1] _x] @1' x, @k, ]
,akumo ky =15k, =1 ,akmo ky =15k, =1
B2 x, Dk, @k, |
X, | Dk,
, axupok, =0;k, =0
x] Ox,| |x®x,®k,
| ®k
,akwmok, =05k, =1
o x]G-)x2 @1 x]®x2®k x]@)k
JCKOAYBAHHA — 39,1521 — x] ®1 X, @k] X, ®x2 @k
= , akwok, =1k, =0
1% ®x, | |x Ox, Ok,
[x, ®1 x, @k,
= ,akwok, =1; k, =1
|5 ®x, @1 |x,®x, Dk,
3a pe3yapTaTaMu B3a€MOIEPETBOPEHHS OTPHUMAHO: d x Dk
0391501 = — JiekonyBaHHs. SIkiio one-
k |: x1®k] :| . T X1®X2®k2
AKWO 0171913 = — KOAYBaHHS, TOJI _ .
X ®x, ®ky pauisi — Oy g 15 51 » TOIi 0GepHeHoo Oyae O) 71913 :
X, x, @k
= , akwok, =0;k, =0
X @x, x, ®x, Dk,
[x, X, @k
= ,akwok, =0; k, =1
o - |5 ®x,®1] | x, Dx, Dk, | X Dk _
3.9.15,21 —XI ®1 x ®k X ®x, Ok, |
= , akuok, =1, k, =0
|5 ®x, | [x®x, Dk,
[x, ®1 x, @k
= ,akwyok, =1; k, =1
|5 ®x,®1] | xOx, Pk,
K book—0 |5 ][4®k b =0; k, =0
, AKWOo Ky =V K, = , akwok, =0, k, =
X, Wo K, 2 %, x, ®k Dk, Wo kK, 2
[x, | XDk
,akuok, =0; k, =1 ,akwok, =0; k, =1
o xm @l x2®1 | x, ®k @k, | x, @k,
1,7,19,13 (x, @1 [x ®1 x, @k, B x, ®k @k, |
, akwok, =1k, =0 = , akwok, =1k, =0
x, @1 X, ®1] | x, @k Dk,
[x, ®1 b=l k <1 xl@)l | XDk b=l k =1
,akwok, =1; k, = ,akwok, =1 k, =
X, wo k, 2 xz@)kl@kz wo k, 2

X1 @k]

— omepawis Ko-
xl @ X2 @ k2 :| p

i
Axmo 0391571 ={

. d X1 ® k]
ayBaHHA, Togi Of7 1913 = Oyne omepa-
v Xy ® Xy ® k2
€10 JTEKOTyBaHHS.
Po3risiHyTi  TOCIIIOBHOCTI  B3a€MONEPETBOPEHb

JIO3BOJISIFOTD MEPENTH BiJl pE3yIbTaTiB O0UYHCITIOBATBHO-
ro EKCIIEPUMEHTY [0 IIOIIYKY Iap HECHMETPHYHUX
orepalifi KpUNTOMEPETBOPEHHsI MOABIHOIO UKy 110
MaTeMaTUYHUX MOJENICH MaHWX omepallii, mo 3ade3me-
4ye MOXKJIHMBICTH IPAKTHYHOrO 3aCTOCYBaHHSA iX B

KOMIT FOTepHill kpuntorpadii sk Ha amapaTHOMY Tak i
MPOrpaMHOMY PiBHi.

BucHoBku

Cepen MHOXXMHW HECHMETPHUYHUX JIBOXOIEPAH-
HHUX JIBOXPO3PSITHHUX OIepaliiii CHHTE30BaHUX 3a pe-
3yJAbTaTaMH OOYHUCIIOBAJILHOTO EKCIEPHMEHTY BH3HA-
YEeHO MHOXKMHH OIlepalliif, sSiKi BKIIOYAlOTh B cede ore-
pauii npsiMoro i 00EpHEHOro MepeTBOPEHHSI.

Buxonsuu 3 B3a€M03B’SI3KiB MK KOPTE€KaMHU OIHO-
OIlepaH/HHUX OMepamiil MpsiMoro i 00EpPHEHOr'0 KPUIITO-
TIepEeTBOPEHHS, aHI MHOKMHHU 1 BKIIIOYEHI B HUX OIle-
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pauii Oyn0 Ha3BaHO ONEpaLisMH NOABIMHOIO LUKIY  PTEXIB OTHOONEPAHIHUX OIepamiil KOTyBaHHS 1 JEKO-
HEPETBOPEHHSL. IlyBaHHS, sKa 3a0e3neuye IMOOYAOBY MaTeMaTHYHHX

3anpornoHoBaHO MOCIIAOBHICTh MEPETBOPEHb pe-  MoJeJel orepariid, IPUIaTHUX s MPaKTUYHOI pealti-
3yJbTATIB €KCIIEPUMEHTY, MPEJCTABICHOr0 MapaMu KO-  3ailii.
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Investigation of sets of asymmetric two-operate two-discharge operations
with a double cycle of crypto transformation

S. Lada

The work is devoted to the study of sets of asymmetric two - operand two - bit cryptocurrencies with a double cycle of
cryptocurrency for their application in stream and block ciphers. Among the set of asymmetric two-operand two-bit operations
synthesized by the results of a computational experiment, many operations are defined, which include direct and inverse trans-
formation operations. Based on the relationships between tuples of single-operand direct and reverse cryptocurrency operations,
these sets and the operations included in them have been called double-loop conversion operations. The sequence of transforma-
tions of results of the experiment presented by pairs of tuples of single-operand operations of coding and decoding which pro-
vides construction of the mathematical models of operations suitable for practical realization is offered.

Keywords: cryptographic coding, cryptocurrency conversion, asymmetric cryptocurrency operations, synthesis of opera-
tions.
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1 . o . o . . o . . o . .
HanionaneHuii TeXHIYHUN yHIBEpCcHUTET «XapKiBcbkui [lonitexHiunmii Incruryt», Xapkis, YkpaiHna
2 . o . o . . . . -
XapKIBCbKUH HAIIOHAJBHUN YHIBEPCUTET BHYTPIIIHIX CIIPaB, XapKiB, YKpaiHa

KOPOTKOCTPOKOBE ITPOI'HO3YBAHHSA TPA®IKA
IIPU CTATUCTUYHOMY MVYJIbTUIIVIEKCY BAHHI

AHoTanisi. Mera cTarTi — po3poOka MeToxy, KUl O3BOJISE OTPUMATH OINEPATUBHY OLIHKY OCHOBHUX CTaTHCTHYHUX
XapaKTEepUCTUK arperoBaHoro tpadika Ha KOMyTalifHOMY By3Ji MyJIbTHCEPBICHOI Mepexi, 10 3/iHCHIOE CTAaTUCTHUYHE
MYJIbTHIUICKCYBAHHS BXiJJHUX MOTOKIB, BUKOPUCTOBYIOUM 3HAYEHHS BIJUIIKIB BXiZHMX 1OTOKIB. Pe3ysbTaTu. 3anpornoHo-
BaHO METOJI, 110 J03BOJISE OTPUMATH ONEPATUBHY OLIHKY OCHOBHUX CTATUCTMYHMX XapaKTEPUCTHK (Ha NMpUKIAJ MaTeMa-
THUYHOTO CIIOAIBaHHS i aucnepcii) arperoBanoro Tpadiky Ha KOMyTalilfHOMY By3Jli MYJIbTHCEPBICHOI Mepexi, 1o 3iiic-
HIO€ CTAaTUCTHYHE MYJIbTUILIEKCYBaHHS BXIJIHUX MOTOKIB. 3alIpONOHOBAHUN METOJ IPYHTYEThCS Ha anpokcuManii GyHKiii
IIIBHOCTI PO3MOJULY MIBUIKOCTI OKPEMOrO BXiIHOrO MOTOKY Tpadiky. JloBeNeHO, IO IJIsi OTPUMAaHHS OLIHKH JJOCHTh
3HaYEeHb MAKCHMAaJIBbHOI OiTOBOI HIBHAKOCTI i GEPCTHOCTI KOXKHOI'O BXiJHOTO IOTOKY, SIKI PO3PaXOBYIOThCS 3a BiUTIKOM
Tpadiky. TouHicTb i 4aCOBI BUTPATH Ha PO3PAXyHOK OLIHKH BH3HAYAIOTHCS MacIITaOOM IIKAIM BiIUIKIB KOMYTAI[IHOrO
By3s1a. BenmkoMaciuTabHi MIKany MiJBUILYIOTh OIEPAaTUBHICTh PO3PaXyHKY 3HAUEHb CTATUCTHYHUX XapaKTEPUCTHK, OJTHAK
JIAI0Th 1CTOTHY MOTPIlHICTD OLIHKHM, piOHOMACIITA0HI IIKaIK 301IbIIYIOTh BUTPATH OOUKMCIIIOBAILHOIO PECYPCY KOMYyTa-
LIHHOro By3/1a, OHAK, 3HWXKYIOTh IOMUJIKY PEIPE3EHTaTUBHOCTI.

Kar4dosi cimoBa: arperosanuii Tpadik, My/IbTHCEPBHCHAS MEPEXY, KOMYTalliiHUHA By301, OCPCTHICTD, (QYHKIIS LIJIb-

HOCT1 po31oziny, 6iToBa MIBUIKICTb OTOKY..

Beryn

B nanwmii yac MoBCIOHO NIBUAKMMH TEMIaMU PO3-
BUBAIOTHCSl HOBI 1HQOpMaliliHI Ta TeleKOMyHiKaliliHi
TEXHOJIOT1I, CHpSIMOBaHI Ha MiJBHIIEHHS IPOIYCKHOI
CIPOMOXKHOCTI ICHYIOUHMX Mepex Iepenadi JaHux. Yc-
XA B 00yacTi 3aco0iB OOYHMCIIIOBAILHOI TEXHIKH, BHU-
KOpPHCTaHHs TepeqaBallbHAX CEPEIOBHII 3 BHCOKUMHU
LIBHIKOCTSIMH Tlepefadi 1 MajJuMH 3Ha4eHHSIMH HMO-
BIpHOCTI ITOMUWJIKH, pPi3Ke 301JbIIEHHS OOCSATIB Iepea-
Horo Tpadgika MPHUBENU 10 CTBOPEHHS JIOKAIBHUX 1H(O-
pMaiiifHO-KepyIOUnX CHCTEM, TeJIeKOMYHIKalliiiHe cepe-
JIOBUILIE SIKMX € MYJIBTHCEPBICHUM, Iepedavyae YnuciieH-
Hi MomudiKaIlil IBHUIKOI KOMYTAIlil MaKeTiB, IIHPOKO-
CMYTOBY NMaKeTHy KomyTartito [1].

IMocTanoBKa NMpo0JjieMH B 3arajJibHOMY BUIJISI]II.
B cywacHMX MyJnbTHCEPBICHHUX Mepekax HeoOXiTHO
MIPOBEICHHS MOTIEPETHBOI OIIHKU PiBHSI BUMOT 10 OCHO-
BHHUX NapaMeTpiB Mepexi, B IMEpIIy 4epry J0 MpOIyK-
TUBHOCTI LIEHTPIB KOMYyTalii i HeoOXigHOI IIBHAKOCTI
nepenadi 1MGPOBUX TPAKTIB 3B'SI3Ky, MO JIO3BOJISIE
BCTAHOBHUTH BiAIOBIAHICT:E MIX IIOIUTOM, €MHICTIO 1
MIPOIYCKHOI CIIPOMOXHICTIO 1 Ja€ Bi/IMOBiIb HA MUTAH-
HS [IPO MOXKJIMBICTh HAaJ@HHS TOTO YH 1HIIOTO BUIY IIO-
ciryr. OHaK po3B'SI3aHHIO i€l TPOOJIEMH MEPEIIKOKAE
BEJIMKA KiIBbKICTh (PAKTOPIB, TAKUX SIK Cllaba BUBUEHICTh
TEJIEKOMYHIKALlITHUX MEpeX 3 IHTerpaibHUM Tpadikom,
BiJICYTHICTh 3araJlbHUX METOIUK pPO3paxyHKy XapakTe-
pHCcTHK Tpadika B TAKUX Mepexax 1 iH.

AHani3 ocTaHHiX AocaimkeHs i myOaikanii. B
[2] moka3zaHo, IO MIMPOKHUIA [iara3oH HMIBHIAKOCTEH Iie-
penadi, iCTOTHUI CTATHCTUYHHUNA XapakTep iHpopMarllii-
HUX IOTOKIB B IHTETPAJIbHUX MeEpeXax, BEJIHKa pi3HO-
MAaHITHICTh MEpPEKHHX KOH]Irypalii 3HaA4HO YCKIaj-
HIOIOTH omnuc Tpadika B cydacHHUX iHQOpMaIiiHUX CHC-
TeMax B MOPIBHAHHI 3 KJIACHYHUMU MEpEXKaMH 3B'S3KY.

B [3] oOrpyHTOBaHO BHMOTY HAsSBHOCTI MOMKIIUBOCTI
Oy/Ib-5IKOi 3MIHM HIMPUHM CMYTH INPOITyCKaHHS KaHaly,
MPUYOMY IUIABHO 1 MPAKTHYHO Ha Oy/b-SIKYy BEJIHMYHHY,
10 pOOUTH B Psilli BUIAJIKIB HENPUHHATHUM ISl aHaTi-
3y XapaKTEepPUCTUK PEeaJbHOI0 MEpEeXHOro Tpadika BH-
KOPUCTAHHS KJIACHYHOrO Miaxomy [3], 3aCHOBaHOTO Ha
MapKiBCHKUX a00 HamiBMapKiBCHKUX MOJEISIX 1 TPUITY-
LIEHHSX IO/I0 ITyaCCOHIBCHKOTO XapaKTepy MOTOKIB [1-
3]. V psni poOiT aHami3 XapakTepUCTHK Tpadika mpoBo-
JIUTHCSI Ha OCHOBI HMOr0 CTATHCTUYHOTO XapakTepy B
chcTeMax 3 JOBTOTPUBAIIO 3aJIEKHUMH IPOIECAMU Ha
Bxozi [4-12]. Ognak, B 3arajJbHOMY BHUIUISAI IpoOiiemMa
OIIEpaTUBHOTO OTPUMAaHHS XapaKTEepUCTHK PEabHOro
Tpadika B MyJbTHCEPBICHUX MEpEkKax Ha ChOrOIHI HE
Bupimena [13, 14]. 3okpema, akTyaJbpHOIO € 3aaada
OTPUMAaHHS ONEPATHBHOI OIIHKK CTaTHCTHYHUX Xapak-
TEpUCTHK Tpadika, YTBOPEHOr0 Ha KOMYTALlIHHUX BY3-
JlaX MEpeXi MpH arperyBaHHI OKpeMHX iH(pOpMaIiHHIX
MIOTOKIB, SIKi HATIPABIISIOTHCSI OTHUM MapIIPYTOM.
MeToro maHoi cTarTi € po3poOka METomy, SIKHA
JIO3BOJISIE OTPUMATH OIEPATHBHY OLIHKY OCHOBHHX CTa-
TUCTUYHHUX XapaKTEepUCTHK arperoBaHoro tpadika Ha
KOMYTAI[IHHOMY BY3J1i MYJIBTUCEPBICHOI MEPEXi, 11O 3IiHC-
HIOE CTAaTUCTUYHE MYJIBTUILUIEKCYBAHHS BXIJHHX MOTOKIB,
BUKOPHCTOBYIOUH 3HAYCHHS BiUTIKIB BXIHHMX MOTOKIB.

Pe3yabTaTu a0caigKeHb

Po3risiHeMO KOMyTaliifHUi BY30JI MYJIbTHUCEpPBiC-
HOI Mepexi, Ha SKOMY UIsl TIOAAJIBLIOTO MPOXOIKEHHS
Mepexero arperyetbes [ BXimaux mortokie (BIT) [3].

Hexaii i-if motik (i =1,/ ) XapakTepu3yeThCs BUIIAIKO-

BUM IIpouecoM V; (t) , 10 BU3HAYA€ CIMEHCTBO BUIMA-

KOBHX (pyHKIIIH MIBUAKOCTI mepenadi iHpopmarii KOHK-
pPETHUX ceaHCIB. JlaHWil CTOXaCTHYHMI MPOIEC, PO3TIIs-
HYTUH TIPOTATOM JesKoro dacoBoro intepsany [0, T;,

© I T. JTi6epr, O. O. Moxaes, I'. A. Kyuayxk, 2020

47



Cucmemu ynpaeninns, nagizauii ma 36'a3ky, 2020, éunyck 4(62)

ISSN 2073-7394

MO)KHa OXapaKTepu3yBaTu TAaKUMHU MapameTpamu [4]:

Vl(maX) = max_V;(¢) — miKoBOIO WIBHAKICTIO Ie-
1€[0,7; ]

penadi i-ro BII,

T

Vl-(cp ) - J.Vl (t) dt — cepemHbOI0 IIBUJKICTIO TIie-

0
penaui (MaTeMaTH4YHKUM CIIOAiBaHHAM) i-ro BIT;
max)

=—1—— — OepcrHicTiO [3], IO BHU3HAYaE

CIIBBITHOIICHHS MiX BEJIHYMHAMHM IIIKOBOI Ta cepel-
HBOIT IBHIKOCTI;

S(max)

i — TpI/IBaJ'IiCTIO MMKOBOIO HABAHTAKEHHS.

Hexaii o6car inpopmariii, mnepenaHoi

te [O,Tl-] , XapaKTepU3yeTbCAd BUIIAIKOBOIO BEIUYHUHOIO

3a 4ac

VVI- (f) 3 MaKCHMaJIbHO MO>XJIMBUM 3HAaYCHHAM

VVl(max) — Vi(max) . i(max) (1)
Toni V(1) = dVEt(t) . (2)

Po3rnsiHeMo WMOBIpHICTh  JOCATHEHHS  ITIKOBOI
MBMAKOCTI nepenadi Tpadika i-ro BII Ha nanomy gaco-
Bomy intepsani [0,7; ], mo nopisHioe
A3)

1

p=P( (0 =1™).

I3 (1) u (3) BumMBae, MO PO3TISHYTa HMOBIp-
HICTh XapakTepu3ye He TUIBKM MIBHIKICTh TNepeaadi
iHpopMarii, aje i nepeaaxi oocsru:

1 1

01 = (1

Posi6'emo wacosuii intepsan [0,7;] Ha aBi min-

MHO>XHWHHU BKJIQJCHUX iHTepBaﬂiB TaKUM YUHOM:

{905 -for: 390 -

' 2 " 2 2
vil?) e[tl-( )1 )} c3? = Vl-(t(z))d/l.(max).

Po306utTs (4) 103BOJIsIE€ BU3HAYUTH TPHUBAJICTh ITi-
KOBOT'O HABaHTA)KEHHSI Ha 33/IaHOMY 1HTEepBaJIi

Vm_g%

1 1

Fmax)

)

[,1(1);,;}(1)} < 5

)

i 3HaWTH 3HAYEHHsS HMOBIPHOCTI JOCSTHEHHS ITiKOBOL

mBHAKOCTI nepenadi Tpadika i-ro BIl Ha posrmsgae-
MOMY YacOBOMY iHTepBaJi. J[Jst oro po3paxyeMo Imio-

111, 110 BIAIOBiAAIOTH ”s(l) u ”5(2)
2 ~ i ~ i .

O = [ Vi()de=y;" 1™V ()
5
\Sl-
0, = [ ¥(t)dr; (7)
32
©=0,+0, =y 7M™ o (g
Toni mrykana HMOBIpPHICTH JIOPiBHIOE
o Vi(max) 7;(max)
Pi= g T (max) (max) ®
. .T. +®2

1 1

BUKOPHUCTOBYIOUH y3arajbHEHY iHTErpalibHy Teo-
peMy Mpo cepeHe 3aMuIIeMo, o

Inel0,7] ‘ ®2=Vi(n)~(Tl-— l-(ma")). (10)
Braxkarouwn, 1o
©=0,+0, =11, (11

a Takox BUpa3s (7), 3HaiaemMo 3HaueHHI O, :

©, =0, =1\ gy pmx) )
Bigmitumo, mio i3 (10) u (12) BuruuBae, 1o
®2 Vi(cp) . 7; _ Vl(max) 'T'(max)
Vi (n) - (max) - (max) l
-1, h-T,
13 (9) u (11) orpumaemo, 1o
V(max) . T(max) T(max)
P = =P .o (13)
vl T

1

BBakaroun Ha Te, IO PO3INIANAECTECS Tpadik OK-
pemoro mxepena, ©,> 0 [3], Tobro, Buxomstun i3 (12)

OTpUMAEMO:
Vi(cp) T i(max) ' T'(max) ~0:
V(max) T(max) T(max)
i Y
yle) T, L
i

110 Y3rOKYEThCs 3 Bupa3om (13).

3HaOUHd HMOBIPHICTh JOCATHEHHS IIKOBOI IIBHI-
KOCTI MO)KHa BU3HAYUTH MMOBIPHICTH TOTO, IO ITiKOBa
LIBHIKICTH He Oyie TocsIrHyTa:

g =1-p; =P( Vl-(t)<Vl-(maX)). (14)
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Jl71s1 momasbIIoro aHaizy HeoOXiqHO 3HATH BEJIH-

YHHY PO3KUy MOXKJIMBUX 3HaYEHb BUITAJIKOBOI BEITHYH-
HM V; Ha JJaHOMY YacOBOMY iHTepBaJi [0,7}].
Jmst 1mpOro BH3HAYMMO IMIIBHICTH PO3MOALTY

f (Vl) JTAaHOI BHITIAJKOBOI BEJTMUMHM, TIPU SAKIH Jocsra-

€TBCS Sup D[Vl-] .
IIpu BimOMOI UITBHOCTI HMOBIPHOCTI AMCIEPCis
PO3PaXOBYETHCS 5K

D= [ V21 () ar, - M2 [

v v 2 (15)
= [V2r)avi-| [vif (v)av;

0 0

AprymeHT V; mpuiiMae 3Ha4eHHs y Jiarna3oHi Bij

i
Vl( min) 110 Vl( max

min)

) (0< Vl( < Vl-(max) ). Buxopstun i3

LHOro mpoBeaeMo ampokcuManio D[V;], posousum

BiZpi3oK A= [Vl(min);Vi(maX)} Ha N PIBHUX YacTHH

A= [ i

f ); Vl(/ )} TaKUM YHUHOM, II0:

LiJ = ﬁ_/:@

Toni BuOpaBIIM BecepeivHi KOXHOTO Biapizka A; 3a

TEOPEMOIO TIPO iHTerpajibHe CepenHe TOUKy &j, auciep-
CiI0 MOXKHA ITpeACTaBUTH, BUXoAsu i3 (11), sx

P[]
2
m v/ m V! (16)
=2 [ rmani-| X | rh)av;
o=l Jj-1 o=l Jj-1
Vj
Bigmitumo, 110 jf )dV P Zpl—l
sz -1 Jj=1

Ta MO3HAYUBINU J = ( Dls---Pn ) 3HAWIEMO eKCTpeMyM

mucriepcii (16), BHUKOPHUCTOBYIOYM METOA MHOYKHHKIB
Jlarpamka s 3amadi onTEMI3aIii:

2
Z;Pj & ‘(Zl pj '?;} —> extr;
Jj= 0=
(17)

CritageMo narpamkian 3amgadi (17):

2
= le_,- £ —(Z]p_,- "?z} ‘{Z}P/‘ ‘1}
j= 0= J=

Ta 3HaWAEeMO Horo Oe3yMOBHHMI EKCTPEMyM i3 Takol
CHCTEMH PiBHSHB!

U3 mepuioro piBHIHHS CHCTEMH 3Haiinemo &; :

g = + 2 +A, e g = Zp, g, (19

Jj=1
TO6TO JUIA MHO)KHI/IKiB HarpaH)Ka, 110 3a0BOJIBHAIOTH

YMOBI A > —i? icHye TinbKM [Ba Pi3HUX 3HAYCHHS &; :
&

&1 u &), mpH BOMY:
n=2p;=p;;pr=l-p =g,

TOOTO (DYHKIIS PO3NOALTY HMOBIpHOCTI Ma€ JUCKpET-
HUH BUIIISA, & IUTBHICTH PO3IIOJLTY

F)=pd(Vi=&)+q; (Vi -&,). (20)
ne o(+) — ¢ynkis Jipaka.
Toni a1 BUMagKOBOI BETHIUHU V; :
M[V;]=pi& +q8 = pi& +(1-p1) &5 (1)
D[Vz‘]=(1—Pz‘)Pz‘(i1—§2)2~ (22)

BO‘ICBI/II[I), o Sup D[Vl] J0CATA€EThCA TIPpU MaK-

CUMATBHOMY 3HaueHHI MHOKHUKA (&) —E&, ), TOGTO
g =™ gy =y, @3)
I3 (21) — (23) caiakye, 1o
M= py™™) (1 p ™ 24
Ane M[V;]= Vl-(cP ), a snauenns Vl-(min) 1A pea-

JILHUX MPOLECIB MOKHA IPUPIBHATH 10 HYJIS, TOOTO:

gy =) [y ) _ ( k_(p))‘1 ;

1 1 1

(25)

2
max
DF]=(-p)ei(v™) . o)
3 ornsany Ha Te, mo BII, mo HaaxoadTs Ha KoMy-
TaIliiHAN BY30J1, HE3aJICKHI, BUXO/SUU 3 BUPA3iB (25) -
(27) po3paxyeMo MaTeMaTW4HE CHOAIBaHHS 1 JUCIEp-
CiI0 arperoBaHoro MOTOKY:

I (max)

D
lzo K + Do %Ek(’;} (V’( ))2' @7)

1
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. max
3HauYCHHS 3MIHHHX Vl( ) u kl-(p ) MOYKHA OTpH-
Maty 3a Bimmikamu BII Ha komyTalifiHOMy BYy3Ji 3Ha-

YeHb BUMAJKOBOI BEIMUYUHU Vl .

BucHoBKM Ta mepcrneKTUBH
NOJAJBIIHNX JOCTIIKEHb

VY cTaTTi pPO3MISHYTO METOA, L0 JO3BOJIIE OTpU-
MaTH OIIEPaTHBHY OLIHKY OCHOBHMX CTaTUCTUYHHX Xa-
PaKTepUCTUK (Ha MPHKJIaIi MAaTEMaTHYHOTO CIIO/IBAHHS
i mucriepcii) arperoBaHoro Tpagiky Ha KOMyTaliiiHOMY
BY3JIi MYJBTHCEPBICHOI Mepexi, 10 3/iHCHIOE CTaTHC-
TUYHE MYJIBTHIUIEKCYBaHHS BX1THHX MOTOKIB. 3aIporio-
HOBaHHMH METOJ IPYHTYEThCS Ha ampokcumaii QyHKiii
LIUTBHOCTI PO3MOMLTY IIBHIKOCTI OKPEMOro BXIJHOTO

moroky Tpadiky. JloBeneHo, 1o s OTpUMAaHHS OIliHKH
IOCUTHh 3HAY€Hb MAaKCHUMaJIbHOI OITOBOI IIBHIKOCTI 1
OEpCTHOCTI KOYKHOTO BXIJTHOTO ITOTOKY, SIKI PO3pPaxoBY-
I0ThCSI 32 BimuTikoM Tpadiky. TOYHICT 1 YacOBi BUTPATH
Ha pO3pPaxyHOK OIIIHKA BHU3HAYAIOTHCS MAacCIITaOoM
LKA BiJUTIKIB KOMYTalliifHOrO By3/1a. Bennkomacuira-
OHI IIKaJdM MiABHIIYIOTH OMEPATHBHICTH PO3PAXYHKY
3HA4YeHb CTATUCTHYHMUX XapPaKTEPUCTHK, OJHAK JAIOTh
iCTOTHY IOTPIIITHICT OIIHKH, JAPiOHOMACIITAOHI IIKaIH
301IBIIYIOTH BUTPATH OOYHUCITIOBATILHOIO PECYpCy KOMY-
TaIifHOTO BY3Ila, OJHAK, 3HWKYIOTh ITOMHIIKY perpese-
HTatuBHOCTI. ToMy 3aBmaHHA BHOOPY ONTUMAaJIBLHOL
LKA BUITIKIB Tpadiky, 10 HAJIXOAUTh Ha KOMYTaIlili-
HUHA BY30JI MYJBTHUCEPBICHOI Mepexi, € HAmpPAMKOM
TOAJIBIINX JOCITi/IZKEHb.
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Method of the aggregated traffic statistical descriptions operative estimation
I. Liberg, O. Mozhayev, H. Kuchuk

Abstract. The purpose of the article is to develop a method that allows to obtain an operational assessment of the
main statistical characteristics of aggregated traffic at the switching node of a multiservice network, which performs statistical
multiplexing of input streams using the values of input streams. Results. A method is proposed that allows to obtain an operative
estimate of the main statistical characteristics (on the example of mathematical expectation and variance) of aggregated traffic at the
switching node of the multiservice network, which performs statistical multiplexing of input streams. The proposed method is based on
the approximation of the density distribution function of a single input traffic flow. It is proved that the values of the maximum bit rate
and roughness of each input stream, which are calculated from the traffic count, are sufficient to obtain an estimate. The accuracy and
time spent on calculating the estimate are determined by the scale of the scale of the switching node. Large-scale scales increase the
efficiency of calculating the values of statistical characteristics, but give a significant error of estimation, small-scale scales increase the
cost of the computing resource of the switching node, however, reduce the error of representativeness.

Keywords: aggregated traffic, multiservice network, interconnect knot, berst, function of distributing closeness, bit flowrate.
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MHOPIBHAHHA INIAXOAIB CODE FIRST TA DESIGN FIRST B PO3POBLI API

AHoTanisi. Y crarTi po3risIHYTI MUTaHHS MO0 An3aiiHy Ta MoaemtoBanHs AP mix wac po3poOku nmporpaMHuX MPOIYK-
TiB. OCTaHHIM 4acoM BUSBIICHO, 110 API MOXXHa BUKOPHCTOBYBAaTH B SIKOCTi IIOBHOLIHHUX NPOIYKTIiB Ta iHTepdeiciB mis
0i3HeCy, IO 3HAYHO JO3BOJISIE PO3MIMPHTH BJIACHY IIHHICHY NPOMNO3MIIIO 3a JOIIOMOIOI0 MOXIJIMBOCTEH MapTHEPIiB, Ta
3’€JIHYBaTHCS 3 KIII€EHTAMH 32 JOIOMOIOI0 PI3HOMAaHITHUX KaHalliB. MeTOro CTaTTi € OrJIs], aHalli3, Ta OPIBHAHHSI METOAY
Design First na 6a3i OpenAPI Specification 3 migxomom Code First mus crBopenns TunoBoro RESTful API. Ha ocHosi
mizxony Design First MoxkHa BukoHyBatu po3poOky API 6a3yrouncek Ha 3reHepoBaHoMYy boilerplate-kozi 3 onucy (KOHTpa-
kty) OpenAPI abo iHmumx $hopmari onucy, TECTOBUX CLEHApisAX Ta 3arlyllKax, 110 JO03BOJISE PO3MAPAIEIUTH BUKOHAHHS
3a1a4 MDXX BUKOHABLIIMU Ta I JBUILUTH MIBUKICT po3poOku. HaBeneHi pe3ynbTaT HOpiBHAHHS MPOAYKTUBHOCTI pO3po-
Oxu Ha 6a3i API, siki cTBOpeHi i3 BUKOPHCTaHHSIM JIBOX ITiJXO/iB, BCTAHOBJIEHO, o peamizawist API migxomzom Design First
HaJlae psi mepesar Juisl pi3HUX cy0’eKTiB po3poOku y nopiBHsHHI 3 MeTooM Code First. 3a nomomororo Burndown niar-
pamu Ta po3paxyHKy Velocity (IIBHIKOCTi) poOOTH KOMaH/IM 3p00JIeHO BUCHOBOK, mo miaxin Design First nossoisie orpu-
MyBaTH OLIBIII MIBU/IKE BUKOHAHHS [IOCTABJICHNX 3aB/IaHb.

Kawuosi caosa: Design First; Code First; API; RESTful API; OpenAPI Specification.

Beryn

IMocranoBka mpodaemu. API (Application Pro-
gramming Interface) abo mpukmazHi mporpamHi iHTep-
(elicu SBIAIOTHCS HAOOPOM MPOTPaMHOTO KOAY, IO 3a-
Oesrieyye mepeqady NaHUX MDK OJHHMM TIPOTPAMHUM
MPOIYKTOM Ta iHIIMM. BOHM Takok MiCTATh YMOBH LIbO-
ro oOMiHy JJaHUMH Ta CIYTyIOTh iHTepdercamu, 1o J10-
3BOJISIFOTH MPOrpaMaM CITUIKYBATUCS OfIHA 3 OIHOIO Tpo-
TArOM JecsaTuiTh. Ane ponb APl pisko 3miHmiacs 3a
OCTaHHI KiJIbka POKIB. |[HHOBamiiiHi KOMNaHIi BHSBHJIH,
mo API MO)KHa BHKOPHCTOBYBATH B SIKOCTI iHTEp(EHCiB
Ui Oi3Hecy, IO J03BOJISIE IM MOHETH3YBAaTH IU(POBI
aKTHBH, PO3LIMPHUTH CBOIO IIHHICHY TPONO3UIIIIO 32 JI0-
MIOMOT'OI0 MOKJTMBOCTEH, 110 HAJIal0Th MTApTHEPH, Ta ITiJI-
KJIFOYMTHUCS JI0 KIIIEHTIB Yepe3 pi3HOMaHITHI KaHAIH.

Anani3 jgirepatypu. [IpoTe ans1 oTpuMaHHSA SIKic-
HOro MpoAaykTy y BUrsimi API Ha mouaTkoBHX eTamax
PpO3pO0KHU 3aBXau mMoctae nuTanHsa ausanny API. Ilo-
CIIIOBHICTH Y cdepi auzaitny API — e Tema, sika mmu-
poko obroBoproeThess. CTaHmapTu3oBanuil auzaitn API
— Il BaXJIMBE INUTAHHs], SKE OpraHi3alisM IMOTPiOHO
BUPILITYBaTH Ha CBOEMY LUISXY MiJ 4ac cTBopeHHsT API,
sIKe JIETKO IATPUMYBATH, 3aCTOCOBYBAaTH Ta BHUKOPHC-
TOBYBaTH. THMM He MeHII, OopraHizauii He BUTPa4yaloTh
JIOCTaTHBO Yacy Ha CTaHJAPTH3alil0 COCO0y pO3pOOKH
API, 4aCTKOBO TOMY, III0 BOHHM HE YCBIJOMJIIOIOTH IIiH-
HICTh bOr0 mUTaHHs [1-11].

BuKkJiaJ 0CHOBHOTO MaTepiajy

API ckianaloThes 3 ABOX KOMIIOHEHTIB!

1. Texniyna crnerm@ikaris, Mo ONUCYE BapiaHTH
O0OMiHY JJaHUMHU MK pIlIEHHSAMH, clienudikaiis BHKO-
HaHa y (hopMmi 3anMTy Ha 0OpOOKY Ta MPOTOKOJHU JOCTa-
BKH JIaHUX;

2. Iutepdeiic mporpaMHOro 3ade3reueHHs, HaIHU-
caHuii 3a crenudikaliero, sika HOro MpeacTaBIIsE.

Koxxen API micTuth i peanizyeTbes 3a IOIOMOTO0
(YHKIIOHAJIPHUX BHKIMKIB — MOBHHX ONEpaTopiB, SKi
BHMAaraloTh NporpaMHoro 3a0e3redeHHs Uil BUKOHAHHS
MEBHUX il Ta mociyr. Bukmuku ¢GyHKIiH — e dpasm,

IO CKJIAJIAI0ThCs 3 JECIiB Ta iMeHHUKIB. Popmartu onu-
cy API BuctynaroTh SIK KOHTpAKT, SIKMH KiHIIEBI KOpHC-
TyBadi MOXXYTh BHKOPHCTOBYBATH, LI00 3pO3YMITH, SIK
Halikpame npaioBatd 3 APIL. Ileif KOHTpakT € MOBHO
arHOCTUYHHM 1 IHTEPIPETYETHCS SIK JIIOABMH, TaK 1 Ma-
IIMHAMH, [I0 JIONOMAara€e CIpPOCTUTH 3aCBOEHHS Ta IIO-
KpaIlUTH B3aEMOJi0 MK mporpamamu. 11{o crocyerses
BukopuctanHsi ¢opmaris onucy API, To 3’sBunmucs nBi
BaxxuBi mkonu: migxomu Design First Ta Code First no
po3pooku API. ITiaxin Code First — me OumbI Tpaauiii-
HU# miaxin go nooymnosu API, npuuoMy po3poOka Koy
BiZIOYBA€ThCA MICIA BUKIAJAHHS OI3HEC-BHMOT, 3 YaCOM
reHepyrouH JokyMeHTamito 3 koxy. [liaxin Design First
BHCTYIIa€ 3a IMOYaTKOBY PO3poOKy KoHTpakTy API mepen
HalMCcaHHsAM Oyzb-siKoro xoay. Lle BijHOCHO HOBHH M-
XiJI, aJie BiH IBHUIKO HAOWpaE MOMYISPHICTh, 0COOIHBO 13
BuKopucTaHHsM (opmartiB onucy API. 11{o6 xpamie 3po-
3YMITH JIBa MiJXOAHU, Tpeba MoOauYnTH iX MicCle y KHUTTE-
BoMy 1K ctBopeHHst API (puc. 1).

Sk 1 Oynb-sxkuit npoaykT, koHuentist APl mounna-
€THCS 3 TOTO, 1[0 KOMaHa Oi3Hecy BU3HAYae ifeto. Lues
aHaJI3yeThCs, 1 IUIaH, 11100 CKOPUCTATHCS HEI0, CTBOPIO-
€TbCS B TEKCTOBOMY JOKYMEHTI CTpaTeramu, aHaliTH-
KaMU Ta IHIIMMH TpelcTaBHUKaMu Oi3Hecy. [loTtim meit
JIOKyMEHT TIepeacThcsi KOMaH/li pO3pOOHUKIB, Je TUIaH
HaOyBae MeBHOI peasbHOi (hopMU.

B 11e#t MOMEHT € JBi MOXKIIMBOCTI po3pooutu API:

1. Design First: miaH mepeTBOPIOETHCS HA 3pyd-
HUH JUIS YUTaHHS JIIOJMHOIO YM MAIIMHOK KOHTPAaKT, 3
SIKOTO y TIOAAJIBIIIOMY CTBOPIOETHCS KOJI0Ba Oa3za.

2. Code First: Ha ocHoBi 6i3Hec-utany API xoxy-
€Thcs Oe3mocepeiHbO. 3 ILOro KOy Moke OyTu chop-
MOBaHHMH 3pYYHHU IJISI YUTAHHS JFOJUHOI YM MallH-
HOIO JIOKYMEHT.

Crij 3a3Ha4nTH pi3HMIIIO B ToMy, 1o Design First
JIO3BOJISIE LIBHKO PO3MOYATH MapajeibHy poOoTy Mix
KOMaH/IaMH JIOCIIIJDKEHHsI Ta pO3pOOKH, B TOW 4Yac sK 3
BukopuctanHsiM Code First morpiOHO odikyBaTu Ha
BuXiJ nepuoro Bumycky API, mepm Hi>k mouaTtu #oro
TECTyBaHHS Ta IHTErpallifo B KOJ Ha CTOPOHI KJI€HTa

(puc. 2).

© Jlimyauncekuii M. B., Inbsimenko O. O., 2020
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Puc. 1. 3aranpHa cxema ImiAroToBky Ta peanizamii API

Crerudikariiss OpenAPI, moyaTkoBo Bimoma sK
Swagger — 1me cnermdikamisgs MaIIMHOYHTAOCTHHUX
¢aiiniB 3 iHTEpdelicamMu, Ui ONKCY, CTBOPEHHSI, BUKO-
pucranns i Bizyamizauii REST Be6-cepgiciB. Web APIs
SIKI BIAMOBIAAlOTh apXiTeKTypHUM oOMexxeHHssM REST,
nasuBarotecst RESTful API. 1li APl BuKOpHCTOBYIOTH
HTTP-3anutH, sfKki TakoXK HAa3WBAaIOTh METOAaMH abo
nmiecmoBamu, s pobotu 3 pecypcamu: GET, PUT,
HEAD, POST, PATCH, CONNECT, TRACE,
OPTIONS Ta DELETE.

s crierudikariist € 4acTHHOO MojentoBanHsa API,
TOOTO CTBOPEHHS IU3aiH-IOKYMEHTY, SIKHM MOXXHa
MTOJIUTUTHCS 3 1HITUMHM KOMaHJIaMU PO3POOHHKIB, KITi€H-
TaMu a00 KepiBHHKaMH. L[ cxema — Iie KOHTPaKT MiXk
pospooHukoM API Ta oprasizarisiMu, KIi€HTaMH, SKi
OynyTh 11 BUKOPUCTOBYBAaTH. MOJEIL CXEMH IO CYTI €
KOHTPAKTOM OIMHUCYI0UH, 10 Take API, sk BiH mpalrroe, i
sIKI caMe KiHIIEBI TOYKH IUIAHYIOThCS OyTH po3podiie-
HuUMU. ToOTO cxema € 3py4YHUM AJIsl YUTaHHS OIHCOM
KOXKHOT KiHIIEBOI TOUKH, sIKa MOXK€ BUKOPHCTOBYBATHUCS
st obrosopennst APl nepen HanmcanHsIM OyIb-SKOTO
kony. Crerudikariiss APl € KIr040BHUM €IEMEHTOM Y
MozetoBanHl API, sikumii 703BOJIsIE BUKOHYBAaTH T'eHe-
panito API-mokymeHTarrii, BUXiIHOrO KOIy cepBepa Ta
kiieHra (puc. 3).

Crerudikariiss OpenAPI He 3anexuTh BiJf MOBH.
Takox 11 MOXKHa TOIIUPIOBATH HAa HOBI TEXHOJOTIi Ta
MIPOTOKOJIM Tiepeaadl AaHuX. 3 JAEKIapaTUBHOIO CIEH-
¢ikarieto pecypcy OpenAPI, kitieHTH MOXYTh pO3yMiTH
1 BUKOPUCTOBYBATH cepBicH 0e3 3HaHHS JeTalieil peati-
3amii cepsepa [8]. [IpukimamoM omucy omepaniii y ¢op-
Mmati OpenAPI Specification 3.0.3 YAML, 110 mos'si3aHi
31 CTBOPEHHSIM, BHJIAJICHHSIM, OHOBJICHHSIM Ta OTPUMaH-
HSM 32 YHIKaJbHUM 1JIEHTH(IKATOPOM pecypcy THITY
«AOOHEHT» HaBECHO Ha puC. 4.

Cepen iHCTpYMEHTIB i po3podku API migxomom
Design First cnig Buminuta OpenAPI Generator, 1o
NPU3HAYEHUH JJIsI CTBOPEHHS KIIEHTCHKUX O0i0miorek

API, 3armymok cepepa, KoH(Irypamiii Ta JOKyMeHTa-
uii 3 OpenAPI 2.0 Ta 3.x moxymenriB. BiH mae mmpo-
Kuil criekTp (YHKHIH 1 BUKOPHCTOBYETHCS HIMPOKHM
KOJIOM KOPHCTYBauiB, NEsKi 3 SIKHX TAKOX € CyNpOBiJ-
nukamu. OpenAPI Generator 3ocepemkeHnii Ha Mpoc-
TOTI BUKOPHUCTAHHSI, BiH IO3UI[IOHYE cebe sSK IHCTPY-
MEHT 3MEHIICHHS HaBaHTa)XEHHs Ha HOBI PO3POOKH Ta
TEXHOJOTIT 32 PaxyHOK IHTerpamii Ta BHUKOPUCTAHHS
noxkymentiB OpenAPI (puc. 5).

Miaxig Code First

Komaunga
po3poGKK
front-end 4acTuHK

Komanga
po3pobiu
back-end 4acTHHM

Peanizauis

MNigxia Design First

Komaxga
po3pobin
front-end yacTum

Komaxpa
po3poGKH
back-end 4acTuHK

Peanizauia

Puc. 2. ITopiBusnns migxonis Design First ta Code First y
IUIOIHHI MapanenbHol podoTH KOMaHA PO3poOKu

Ci uin API
y thopmari JSON, YAML

leHepauis
cneumdikaui
APl

Texepauia
Tenepauia koay
Kogy cepeepHol

TeHepaulia TexHepauin
KNIEHTCLEOT yacTuwM  AOKYMeHTauii AOKyMeHTauii
YaCTMHH APl AP|

| |

n i np i m
KOfl KNIEHTCLKOT YACTHHM HTML nokymenTuin API

REST knienty

W NporpamHni
KO[ CEpBepHOT 4aCTHHM
RESTful BeGeepaicy

Puc. 3. Crpykrypa monemtoBanss API,
3 BU3Ha4YeHo crienudikaniero APT
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4 OpenAPI 3.0 apiyml
v @ URLs

fsubscribers [GET, POST]

¥ A Schemes
Id object
Pagination object
Error ohject
Subscriber object
SubscriberWithld
Subscribers object

v A Parameters
globalPathSubscriberldParam
glebalPageParam
gleballimitParam

v A, Responses
Success200ResponseDefinition
Success201ResponseDefinition
Success204ResponseDefinition
Error400RespenseDefinition
Errord04RespenseDefinition

fsubscribers/{subscriberld} [GET, PUT, DELETE]

o
l?penapi: 3.8.3 CI'IEU,I’lﬂJiI{ﬂLLiH
info: ) OpenAPI

title: Diploma project Design First REST API = yaml
version: v0.0.1 d
servers: “-Json
R
- <2 keys>
tags: <1 item>
paths: h 4
[subscribers: f "
get: OpenAPl
tags: <1 item> MeHepatop
summary: -Find all subscribers Java
parameters: C#
- §ref: '#/components/parameters JavaScript
/globalLimitParam’ Ta iH.
- $ref: #/compone..1PageParam 4, 4
- <5 keys>
- <5 Keys>
responses:

208: <2 Keys>

508: <1 key>
post: <4 keys>
[subscrib.scriberId}: <3 Keys>
components:
schemas: <é keys>
parameters: <3 Keys>
responses: <7 Kevs>

Errord22Responselefinition
Error300Responselefinition

Jarnywsa
Cepeicy

s

KMmieHTCLKMA
NpeacTaBHKE

Puc. 4. CrpykTypa 10KyMEHTY
OpenAPI Specification YAML

Pe3ysnbpraToM NOpIBHSHHS MOXE CIyryBatu burn-
down miarpama (miarpama 3ropaHHs), sika € rpadidHAM
MIPE/ICTaBJICHHSM IIPO Te, SIK IIBUIKO KOMaH/Ia MPAIIIOE 3
OMHUMU icTopisiMU (IHCTPYMEHT, SIKHH BHKOPHUCTOBY-
€TBbCS Ul OIKCY 3aBJaHHS 3 TOYKH 30py KiHIIEBOT'O
KopucTyBaua). Burndown miarpama rmokasye 3arajabHUIN
BHECOK Yy pOOOTY B 3arajbHOMY 00Cs31 poOOTH IS KO-
xHOI iTepauii. 3a mkanowo Y BiJI3HAYAIOTh KiIBKICTH
3aIyIaHOBaHMX OamiB (B JAHOMY BUIIAIKY), TOOUH abo
KIJIBKICTh. 3a IIKAIOK X BiI3HAYaIOTh KIJIBKICTH JHIB

Puc. 5. 3aranpHa cxema poboTH
OpenAPI Generator

10 3aKiHueHHs cripuHTy. COpUHT — 116 KOPOTKHH Yaco-
BUl iHTEpBaJ, MPOTATOM SKOTO KOMaHJa PO3POOHHKIB
BUKOHYE 3a/IaHUH 00CST pOOOTH.

[ouaTkoBi 3a/1a4i TECTOBOI'O MPOEKTY Ta YMOBH iX
BHUKOHAHHS OyJM OJHAKOBUMH i 000X peai3allii,
migxomoM Code First Ta Design First. Ha puc. 6 300pa-
)KEeHa Jliarpama Juis TECTOBOT'O ITPOEKTY, 110 BiJoOpakae
3aBEpIICHUH CIIPUHT Ta ITIOKa3ye HEBHPIIIEHI 3aBJaHHS 1
TPYIOBUTpATH, HEOOXIHI s TX 3aBEpIIEHHS 3 po3pa-
XyHKY Ha 20 poboUHX JHIB.

we O4ATKOBKA OUiHKA

100
a0
80
70
60

50

Story Point

40

30

20

@ nNigxin Design First

% Miaxin Code First

0 11 12 13 14 15 16 117 18 19 20

LeHe

Puc. 6. Burndown miarpama po3po6ku migxomamu Code First Ta Design First

Bazyrounce Ha burndown miarpami mpoeKTy MOX-
Ha 3pOoOUTH BHUCHOBKH, 1110 3 migxomoM Code First kinb-
KicTh OaJiiB icTOpiH, sIKi OyNu 3aBeplleHi, € MEHIIOI B
nopiBHsiHHI 3 Design First. BukopucToByroun moHATTS
Velocity (mBuakocti) poOOTH KOMaHIX MOXHA IOpPIiB-
HSTU POAYKTHBHICTH PO3POOKH KOXKHHM i3 IIXOJIiB!

Ax

v = Ei{

Jie vV — IIBUIKICTh KOMaH]IH;
AX — KiJIBKICTh 3aBEpUICHHUX 1CTOPIH;
At — KiIBKICTB iTEpaIliii.
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Jus Code First ne 3naueHHs nopiBHioe 84 3aBep-
nieHux ictopiit Ha 1 itepamito, a aist Design First — 91.
ToOTo BUKOHAHHS TOCTaBJIEHHX 3aBJaHb, BUKOPHCTO-
Bytoun Code First, BimOyBamocs 3 MEHIIIOK MIBUIIKICTIO.
Cepen nNpUYMH HEraTHMBHUX PE3YJbTATIB MOXHA BUII-
JIUTH BIJICYTHICTh TMapaienbHoi poOOTH cepen KOMaH.
PO3pOOHUKIB, HamMMCaHHS OLTBIIOI KUTBKOCTI boiler-
plate-kony Ta mepepoOku OLIBIIOT YaCTHHU (PYHKITIOHA-
JIBHOCTI Ticist BiAryky kopuctyBadiB API. Bzarani on-
HUM 3 HAWBKJIMBIIIHMX acrekTiB miaxoay Design First €
3JIATHICTh OTPUMYBATH 3BOPOTHUI 3B’SI30K YK€ IIBHI-
KO 3aBJISIKM TAaKMM IPOEKTHUM aCIeKTaM, SIK:

— JIOKYMCHTAIlil — CIIJIbHE BUKOPHCTAHHS ITi€l
JIOKyMEHTAII] 3 yciMa MOMKJIMBUMH 3alliKaBICHUMH CTO-
pOHAaMU, TaKUMH SIK Pi3HI WIEHH KOMaH/W JOCITIHKEHb
Ta po3poOOK, MOXKE MPU3BECTHU JIO I'eHepalil KOPUCHUX
BKAa3iBOK 1 JYMOK, OCKUIbKM KO)KHA 3alliKaBJI€Ha CTOPO-
Ha Mae pi3HUN NOrjsiy i, IMOBIpHO, MpEACTaBIsE Pi3Hi
ayauropii st API;

— TecTyBaHHSA — OCKiNIbkM BusHaueHHs API € ko-
HTPAKTOM, HOTO MOXHA IEPEBIPUTH € 10 TOrO, SIK
Oye BIIpOBaKeHa Oi3HEC-JIOTIKa;

— 3TeHEepOBaHi 3ariylIKH KOJY CEpBEPHOI YacTH-
HHU — PO3POOHUKH, SIKI OYHHAIOTH BIIPOBAKYBaTH 0i3-
HEC-JIOTIKY, MOXXYTh 3HaXOJUTH NPOOJIEMH Ha eTari

MpOrpaMyBaHHs Ta BiJIIOBIIHO OHOBJIIOBATH BHU3HAYCH-
as API.

BucHoBku

B pesynbrati npoBeseHOro aHaiizy Oyao BCTaHO-
BieHO Te, mo peanizamist APl mimxomom Design First
HaJae s MepeBar Uil Pi3HUX CYO’€KTIB PO3POOKH Y
nopiBHsiHHI 3 MerogoM Code First. [l po3poOHMKIB
API MOXHa BHIUTUTH MOXKJIMBICTH T'€HEpalii Koay Ta
3arylIoK i3 BU3HAuYeHHsS AOKyMeHTy-ormucy API. Tnmni
PpO3poOHUKH, 1O € KopuctyBadyamu API, MOXXyTh BUKO-
PHUCTOBYBATH IIi 3arIyIIKH, IO 3MEHIIYE Yac PO3POOKH
MPOAYKTY B 1istoMy. Lle Haae iM 101aTKOBY MIBUIKICT
1 TIOCITIIOBHICTH (OCKIJIBKH MOJKJIMBO HAJIAINTYBATH IIIa-
OJIOHU BIATMOBIIHO JIO CBOiX MOTPeEO).

Design First miaxin Mae micue Juine Ha eTari g0
abo Ha paHHI# crazii po3podku API, i mouarkoBuM pe-
3yJABTATOM LOTO MiIXOAY € 3py4HE Ul YUTAHHS JIIO-
nuHO0 yu Mammuoro Bu3HadeHHs API. Omuc API y
mokymeHTi OpenAPI, mo € peamizamiero miaxomay
Design First, 103Bossic BUKOPHCTOBYBATH IHCTPYMEHTH
JUTs. aBTOMaTu3allii 0araThOX IPOIECIB, IMOB’SI3aHUX 3
API, a came: renepartist boilerplate-komy, TeCTOBHX MO-
JTyNiB, 3ariylIoK MailOyTHIX MeToaiB Ta 06a30BOro Kap-
Kacy I0JaTKy.
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Comparison of code first and design first approaches in api development
M.v. lipchanskyi, o.0. iliashenko

Abstract. This article deals with API design and modelling issues in software development. Recently it has been found
that the API can be used as full-fledged products and interfaces for business, significantly allows to expand your own value
proposition with the help of partners' capabilities, and to connect with clients through various channels. The purpose of the article
is to review, analyze and compare the Openapi specification-based Design First method with the Code First approach to create a
Restful API. Based on the Design First approach, you can develop an API which based on the generated boilerplate code from
the Openapi description (contract) or other description formats, test scripts and stubs, which allows to parallelize execution of
tasks between performers and increase speed of development. The results of the comparison of the performance of the API-based
development, which are created using two approaches, are shown, that the implementation of the API approach Design First of-
fers a number of advantages for different developers compared to the Code First method. Using Burndown diagram and calculat-
ing Velocity (the speed) of the team’s work, it is concluded that the Design First approach allows faster execution of the tasks.

Keywords: Design First, Code First, API, RESTful API, OpenAPI Specification.
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MEHEJI)KMEHT BPA3JINBOCTEM SIK CKJIAJIOBA UACTHHA
MNOJITHUKU BE3IEKH! ITC

Anotanis. [IpegMerom nOCIi/UKEHHS B CTaTTi € MEHELDKMEHT BPa3JIMBOCTEH Yy CKIIaJi CUCTEMH YNpaBiliHHA iHQopMma-
niiiHoro 6e3nexoro. MeTa podoTH — PO3IiIsi] Cy4aCHUX CTaHAapTiB, HOPMAaTUBHUX JIOKYMEHTIB, 1110 BCTAHOBJIIOIOTh Ta pe-
T'YJIIOIOTB IPOLIECH YIIPaBIIiHHS BPa3IMBOCTSMU Ta PU3HKAMHU, IO TI0B’sI3aHI 3 BPa3IUBOCTAMU. B cTaTi 31ilCHIOETBCS PO3-
IS TIPOLECY 1HTerpalii MeHe[DKMEHTY BPa3IMBOCTEH B CUCTEMI yNpaBiliHHs iHpopMaliiiHOw Ge3nexoro Ta Horo ¢popmu.
BuCHOBKH: B CydacHHX CHUCTeMax yHpaBiiHHA iHOpMaLiiHOIO 0e311eKOr0 HaIe)KHUM YHHOM HE BPaXOBYIOTHCS BPa3iIMBO-
CTi Ta PU3MKH, 110B’3aHi 3 BPA3IMBOCTSIMH, Cy4acHa HOpMaTHBHA 0a3a YKpaiHU Maiike He Perylroe Ta He BCTAaHOBIIIOE BH-
MOT JUIsl cUCTeM 3axucTy iHdopmauii B obnacti BpasinuBocTeld. B nanuii uac mporecn kepyBaHHS Ta OLHIOBaHHS PU3HKIB
OKJIaJICHO Ha a/IMiHICTpaTOopiB, TOMY Ul €()EKTUBHOrO MEHEKMEHTY Bpa3JIMBOCTEll HeoOXilHA YiTKa cUCTeMa MpaBull i
MeToauK. Po3poOka Takoi cucTeMu SIBISEThCS NEPCIEKTUBHOIO 331aU€to, a IPH IIPOLeci MOJepHi3alii cTraHAapTiB, BUMOT
VYkpainu uepe3 Jqeskuil gac crane HeoOXinHicTio. [Ipy nogaBaHHI sIKiCHOT CHCTEMH OLIIHKY BPa3JIMBOCTEH Taka cucteMa Oy-
JIe 4iTKOI0, HOPMOBAHOIO Ta CIIYTyBaTUME BKa31BHUKOM IO/ /il B KOHKPETHIH cuTyauii.

Kawuosi cioBa: Menemkment Bpaznmusocreii, CYIb, CVSS, ISO/IEC 27005, ISO/IEC 27035, ISO/IEC 35001, NVD.

Beryn

[Iporpamue 3a0e3nedeHHs — 1 CKJIaJoBa YacTHHA
iH(pOpMaIifHO-TEeIEKOMYHIKAIIIHOT ~CUCTEMH, TIPOTE
i Yac po3poOKH MPOrpaMHOro 3a0e3ledeHHs BHHU-
KalOTh MOMWJIKH, JCsIKi TIOMUJIKH HE HECYTh B cOOi He-
Oe3reky, a JesKi CTAaHOBJISITh CepPHO3HY 3arpo3y iHdop-
MallifiHO-TeIeKOM yHiKaliiHuM crcremam (mani — ITC).
Jns 3abe3nedenns Oesnexu Ta mpanespatHocti 1TC
BaXXJIUBO BECTH KOHTPOJIb 332 BUSIBJICHHSM, YCYHEHHSM
Ta CYNPOBOIDKEHHSIM Bpa3IMBOCTEH B NPOrpaMHOMY
3a0e3mneueHi (nami — [13).

ToMy HEOOXiTHO i Yac pO3pPOOKH Ta CKCILTyaTa-
il CHCTEMU 3/IMICHIOBATH MEHEDKMEHT BPa3JIMBOCTEH,
SIKMH perjiiaMeHTye, SKMM YHHOM BHSBJISITH BpPa3iHBOC-
Ti, pearyBaTH Ha THX Ta BCTAHOBIIIOE BiJIIOBIAAIbHICT
3a IPOLECH MEHEPKMEHTY.

OHi€ro 13 YaCTHH MEHEDKMEHTY BPa3JIMBOCTEH €
OIlIHKAa PH3WKIB, Taka OIliIHKa HEOOXigHa i1 BHUOOPY
pileHp MO0 peakiii Ha meBHy Bpa3nuBicTh [1]. Taku-
MU DILIEHHSIMH MOXKe OyTH: OHOBJICHHSI IPOIPaMHOTO
3a0e3MeueHH s, MPUHHATTS PU3MKY, 3IIHCHEHHS J0AaT-
KOBHX HaJIAIITyBaHb, pyYHE YCYHEHHs a00O BHIIPaBJICH-
Hsl, 3MEHIIIEHHsI Oi3HeC MpoLecy TOIIO.

[pore ciix 3ayBakuTH, IO XO4a 1€ JTOCUTH BaX-
JUBHH 1 HeoOXiqHUI Tpoliec, B YKpaiHi He iCHye BUMOT
YHM HACTAHOB, SIKi 3000B’S3yI0Th YM JJONIOMAraroTh opra-
Hi3alisM B BEICHHI TaKOro MEHEKMEHTY. Hacmiaku
TAKOr0 BiJHOLICHHS MOXYTh CHPHUSTH Pi3HOMaHITHUM
KiOepiHITUIECHTaM, 110 HECYTh 30UTKH Oi3HEC Mmpoliecam
kommaHid. Tak HampukiIax ofHi 3 HaAWOUTBIIMX Kibepa-
tak B Ykpaini (WannaCry i Petya) Oynu 3aiiicHeni de-
pe3 BUKOPUCTaHHS Bpa3nuBocTed mporokony SMB [2].

Tomy ympaBiiHHS Bpa3JMBOCTSMH € HEOOXiIHHM
MIPOIIECOM, III0 HE BHKIIOYUTH BpasiamBocTi B I13, mpote
MOM’SIKIINTH 200 yCyHe HACHiJKH Bij iX HasBHOCTI, JO-
ITOMO)KE B BCTAHOBJICHHI BIIITOBITAIBHOCTI 3a MPOIECH
KepyBaHHS BPa3JIMBOCTSIMU Ta HOPMYE JIii B PI3HUX CHUTY-
arisix. Takuii MEHEHKMEHT TaKOXK IOKpPAILye PO3yMiHHS
BIUIMBY KOHKPETHOI BPa3JIMBOCTI HA OKpeMi KOMITIOHEHTH,

abo cucTeMy B ILIJIOMY, II€ JOTIIOMara€ BCTAHOBUTH KOJH
HEeoOXiZHO MPUHMAaTH PU3UK (SIKIIO BIMB MiHIMAJIbHUI),
a KOJM 3/HCHIOBATH BHIIPABJICHHS, a/DKE OHOBJICHHS
MporpaMHOro 3abe3neveHHs, abo 3IMCHEHHS PYYHOTOo
BHUIIPABJICHHS MOXKE HApa)KaTH CHCTEMY Ha HOBi Bpasiu-
BOCTI, a 3yIIMHKA Y1 0OMEXEHHs Oi3HeC Mpoliecy Hece 3a
c000F0 30MTKH IS KOMTIaHii.

BukJia 0CHOBHOTO MaTepiajy

BpasziauBocTi mporpaMHOro 3a0e3reueHHS MAaloTh
pi3HUMI XapakTep MO CBOIH CTPYKTYypi, MOXOMKEHHIO,
KPUTUYHOCTI, TOIIO. TOMY MOCTa€ MUTaHHS MPAaBUIILHO-
ro KOHTPOIIIO 32 PI3HMMHU TUIAMH Bpa3nuBocTei. J{is
OLIIHKY BIUIMBY BPa3JIMBOCTI 3a3BHYail BUKOPUCTOBYIOTh
cucreMy omiHkud BpaznmmBocteii CVSS  (Common
Vulnerability Scoring System) Bepcii 2.0 ado 3.0. 3a
JIOTIOMOT'OF0 JTAaHOT CHCTEMHU MOYKHA CIIIIKYBAaTH 3a Bpas-
JUBOCTSIMH, Ta NPUAMATU PillleHHs 1[0 10 Mip peary-
BaHHA. CVSS HamaraersCs NpU3HAUUTH TOKA3HUKU
KPUTUYHOCTI BPa3JIMBOCTI, 110 JIO3BOJISIE PECIIOHICHTaM
BU3HAYATH MPIOPUTETH JIH Ta pecypciB BiAMOBIAHO 10
3arpo3u. OIIIHKH PO3pPaxOBYIOTHCS Ha OCHOBI BHpa3y,
IO 3aJISKUTh BiJl KUIBKOX MOKa3HHKIB. OIIHKK KOJHU-
Barotbed Big 0 mo 10, ne ominka 10 o3Hayae HaMBUIIMI
CTYMiHb KPUTHUYHOCTI Bpas3iuBOCTi. PiBeHb HeOe3neku
MOKHa OIiHUTH 3a mKkanor FortiGuard, me orinka 3a
cucremor0 CVSS mepeBonuTbesi B piBHI KPUTUYHOCTI.
Orinka Bix 0.1 10 3.9 3HAYNTH HU3BKUI PIBEHDb 3arpo3H,
Bix 4 1o 6.9 cepenniii, Bix 7 no 8.9 BucokuH, Bix 9 110
10 kpurnunuii. Tak Hampukmaz 3a nepiox 3 6.11.2020
mo 12.11.2020 3mnaiineno 401 HOBa Bpa3IMBICTH
(puc. 1), i3 HUX 7 KpUTHYHUX Ta 27 Bce Ille HE MAIOTh
BunpasieHs (puc. 2) [2].

Crip 3ayBakKMTH 110 B OCTaHHI POKM KUIBKICThH
3HAWJCHUX BPa3IMBOCTEH HEBIIMHHO 3pocTae (puc. 3),
ITiICTAaBIISFOYM 1111 HeOe3MeKy Bce Oible MporpaMHUX
3aco0iB Ta cucteM B mijomy [3-10]. Taxwuii pict 3ymoB-
JICHUH YCKJIaJHEHHSM CTPYKTYPH IPOrPaMHHUX 3aco0iB,
iX pO3poOKOI0 OLIBIIMMHU KOJEKTUBAMHU/KOMIIAHIIMHU
a0o BiJy1a40r0 PO3pPOOKHU Ha ayTCOPCIHT.

© Tlopmy6Huii B. O., Cesepinos O. B., ITycromenshnux O. C., 2020 55



Cucmemu ynpaeninnsa, nagicauii ma 36'a3xy, 2020, eunyck 4(62)

ISSN 2073-7394

Vulnerability statistics by severity (7 days)
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Vulnerability statistics by patch availability (7 days)
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Puc. 3. KinbkicTs BusiBIeHHX BpasnuBocTeil 3riqao National Vulnerability Database

O0poOKy maHOl iHpOpMaIlii MOKJIaIeHO Ha aaMiHi-
CTpaTopiB, SIKi X04 1 BHKOPHUCTOBYIOTH CKaHEpPH ISt
BUSBIICHHS IIMX BPa3JIMBOCTEH IPOTe BUMYILIEHI 3ailic-
HIOBAaTH OLIHIOBAHHS CUTYallii BUXO/SYM 31 CBOIX 3HAHb

Ta JI0CBiy.
Takuii miaxin 30UIbIIye KUTBKICTH ITOMUJIOK TPH
NpUAHATTI  pillleHb  IMOJO  pearyBaHHsA  i3-3a

cy0’eKTHBI3allil pe3yNbTaTiB Ta CTBOPIOE HEOIHO3HAY-
HICTh TpPaKTYBaHHS pe3yJbTaTiB. Takox Ie MiJBHIILYE
BUMOTH JI0 IIepCOHANY, Ta 4Yac ajamraiii, aJvke HOBUM
aZIMiHICTpaTOopaM HEOoOXiTHO 3HATU J00pe CTPYKTYpY,
CKJIaJ] 0COOIMBOCTI (DYHKIIIOHYBAHHSI CHCTEMHU.

B nmanuii yac icHyIOTh JIMIIE TapMOHI30BaHI CTaH-
nmapta ISO/IEC [11-14], sixi HamaroTh BKa3iBKH MO0
koHTpomto BpasnuBocteit y CYIb. Takox icHyroTh m0-
JaTKoBI  MeTomuku Taki sk «Implementing a

Vulnerability Management Process. SANS Institute
Information Security Reading Room» [15] mporte Hi
BOHH, Hi TapMOHI30BaHi CTaHAAPTH HE HAJAIOTh YiTKHUX
IHCTPYKII# 100 OIiHIOBaHHs pu3MKiB. Lli craHmaprtu
Ta METOJUKU MalOTh 3arajJbHUN PeKOMEHJOBaHUN Xapa-
KTep MIO/I0 OLIHIOBAHHS PHU3HKIB, ONKCY €TaliB MeHe-
JOKMEHTY Bpas3iMBOCTeH, po3noainy 06oB’s3kiB y CYIb,
(dopMu 3BiTIB, peKOMEHMAIT 00 3B’S3KIiB 3 IHIIUMHU
OpraHi3aiisM# TOIIIO.

B nanmit yac nie Haka3 Anminicrparii [lep>xaBHol
CIIy)OU CIIeIiajbHOrO 3B'A3KYy Ta 3aXUCTy iHpopMarii
Vkpainu Ne 269 Big 14.05.2020 "IIpo BcTaHOBIEHHS
BUMOT 3 Oe3reKH Ta 3axucrty iHdopmanii 1o kBamidiko-
BaHMX HAJABayiB EJEKTPOHHUX [OBIPYHMX IOCIYr Ta
iXHIX BIZJOKpeMJIEHUX MyHKTIB peectpauii” [16] BcTaHo-
BJIIOE SIK BUMOTY HasIBHICTh y KBaJIi(hiKOBAaHOTO Ha/iaBa-
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Ya eJeKTPOHHUX JOBIPYUX IOCIYT MPOLEAYp 3 yIpas-
JIHHSA DPU3WKaMH, IT€PCOHAJIOM, OIlepaliiiHo Oe3rme-
Koo, iHIMIeHTaMu. llell Haka3 He BCTaHOBJIIOE YITKHX
BHMOT, a00 (opMH MPOIEAYp, MPOTE MPOIEC TapMOHi-
3alii Ta BHECEHHS! KOPEKTHB B 3aKOHOJaBUy 0a3y IoKa-
3ye pyx YKpaiHH B JaHOMY HampsiMKy. Po3poOieHHs,
IHTerpallis, Mepexia Ta BBEACHHS B JIiI0 HOBUX BHMOT,
CTaH/AapTiB, MpaBWJI 3aiiMe AESKUi 4yac, IpoTe BXKe 3a-
pa3 MOXKHa CKa3aTH, 10 JaHUI NPOLIEC BXKe 3aIyIeHHH.
ToMy MeHEeIKMEHT Bpa3JIMBOCTEH uepe3 AEsSKWil yac
CTaHe He JOJaTKOBHM IHCTPYMEHTOM, a Ba)XJIMBOIO He-
O00X1QHICTIO.

OpHiero i3 GOpPM TAaKOrO MEHEHKMEHTY € BBEJICH-
Hs #oro B moiiTuky Oe3neku. Taka MomiTHKa IMOBHHHA
BiJITIOBIIaTH Ha PsiJI TUTaHb, a CaMe: SIKUM YHHOM BHSIB-
JISITW BPA3JIMBOCTI, SIKUM YWHOM OLIHIOBATU PH3HKH, SK
pearyBaTd Ha BPA3JIUBOCTI, SKi Jii MOBUHHE BUKOHATH
aZIMiHICTpaTop Oe3NeKu Ta ayAuTy, CUCTEMHHUH aaMiHi-
CTpartop, MpaBJIiHHS, JIe 3HAXOMUTHCS MeXa NPUHHATTS
pusuky. s Toro mo0 maTH BIAMOBIAI Ha Il MATaHHS
HEOOXiTHO TPaBWIBHO OIHIOBATH KOXXHY KOHKPETHY
Bpa3JUBICTh, 110 BUHHKaE 1pu ekciuryaraunii [TC.

Tomy mig yac po3poOKHM Takoi MOJITHKH HE 00i-
WTHCSA Bi CHUCTEMHU OIIHKH BpAa3IHBOCTEH, ska Oyne
3MIiHCHIOBATH OILIHKY BIUIMBY sk Ha Bcio ITC Ta Ha
OKpeMi KoMIOHeHTH. Taka cucrema moBuHHa chopmy-
BaTH SIKICHI OLIHKW BIUIMBY a NPH JIOJIaBaHHI KPHUTHY-
HOCTi KOMIIOHEHTIB CHUCTEMH OTPHMAEMO C(HOPMOBaHY
OLIIHKY PU3UKY KOHKPETHOI Bpa3iuBocTi. Bike ommcana
CVSS, sikpa3 Hajgae skicHMH Oajl Ta BEKTOp BILUIHMBY,
SIKMH MO>KHa BUKOPUCTOBYBAaTH NP pealtizaliii CHCTEMH
MEHEKMEHTY BpasnuBoctei. Lleit Bekrop Hamae iH(o-
pMaIfiro mpo BIUIUB Ha KOH(IIEHIIWHICTh, IUIICHICTS,
JIOCTYTIHICTh, BEKTOp aTakd, HasBHICTh BUIIPABIICHB,
HasIBHICTh IIPOrpaMHOi peajizallii eKCILIONTY, TOIIo.
[Nonituka Oe3meku B JaHOMY BHUIAJKy, BCTAHOBIIIOBA-
TUME JIUIIE dii SKi HEOOXiJTHO BHKOHATH MPU KOHKpET-
HOMY 3HaYeHHI pU3HKY.

Jlist Takoi cucteMu HEOOXiZHO MPaBHIBHO OLiHIO-
BaTH KOMITOHEHTH Ta B3a€MO3B’SI3KM KOMIIOHEHTIB, TaK
SIK BIUIMB BPA3JIMBOCTEH MOXKE BUXOJUTH 3a TPaHUII
OJTHOr0 00’ €KTY 4H Tpoliecy, a00 BIUIMB BPa3JIUBOCTI Ha
pi3HI KOMIOHEHTH CKOJIIOBATUMETBHCS W MPU3BOIUTHUME
J10 OLIbII 3HAYHUX HACIIKIB.

CxeMaTH4YHO Taka MOJIeNIb MaTUME BUIJISL SIK TO-
Ka3aHo Ha puc. 4.

B raxiii cucreMi Ha BXiJl IOJAETHCS OIHUC KPUTHY-
HOCTI pecypciB B YHCJIOBOMY IpeACTaBJIEHHI (Taki MO-
Ka3HUKH (POPMYIOTHCS 3a3Jalierifib MiJl Yac CTBOPEHHS
nosiTuku 6e3neku ITC), Ta KOHKPETHI OIIHKA Bpa3Jiu-
BOCTeH 3i ckaHepiB BpasiauBocted. Lli maHHI Hakmanaa-
I0ThCSI HA ONUC CHCTEMH JUIsl BU3HAYEHHS BIUIMBY Bpas-
JIMBOCTI HA KOHKPETHI KOMITOHEHTH, B32EMO3B'SI3KH MiXK
KOMITOHEHTaMH Ta 3arajioM Ha cucremy. Ilicist mporo
OTpUMaHa SIKICHAa OIiHKa BIUIMBY CIYTYE BKa3iBHHUKOM
IIOJI0 OIIIHKY PH3MKY Ta BHOOPY KOHKpETHUX Jii. Pi3Hi
MOKa3HUKH MaTUMYTh Pi3HY METOAWKY, IIOAO BHIpPaB-
JIeHb, a00 TPHUUHSTTS BPA3IMBOCTI, SKIIO BOHA HE €
KPUTUYHOIO a00 HE BIUTUBA€E Ha POOOTY CUCTEMH.

[IpaBuia pearyBaHHsi Ha KOHKPETHY OLIHKY ITOBH-
HHI OyTH cpopMoOBaHi 3a3/aerijp, MOroKeHi 3 KepiB-
HUIITBOM Ta aJMiHICTPAaTOPAMH.

[ii B KOHKpeTHIN
cuTyauii

Mpasuna wozao Ain

Onwuc ITC

7y
I |

OuiHKM BpasnueocTei

CVsS KpuTnyHictb pecypcis

Puc 4. IIpuknax moperni
KepyBaHHs BpasnusocTsiMu B CYIb

3 HaOopy MpaBWJI BUOMPAETHCSA ONTUMAIBHUIN Ba-
piaHT IIOAO il BUXOMIYM 3 SAKICHOI OINIHKU BILUIHBY.
[Micns 1poro agmiHicTpaTop 3MiMCHIOE HEOOXimHi il
IIOJI0 YCYHEHHsI a00 MPHUHHSTTS PU3UKY ITOB’S3aHUM 3
HasIBHICTIO BPa3JIUBOCTI.

B nmaniit cucremi eram OLIHKM PH3HMKY IOBHICTIO
3HATHH 3 aJMiHICTpaTopa, Lie 03HaYa€ MOXIJIUBICTH aB-
TOMATH3aIlii IIPOIIECIB KOHTPOJIIO BPA3IUBOCTIMH , YCY-
HeHHs1 cyO'exTuBU3alii HeOe3NeKku, OIMHO3HAYHICTh pe-
3yJIBTATIB.

[Ipore He3BaXkarouM Ha TEpeBard TaKol CHCTEMH
MEHE/DKMEHTY BOHA Ma€ OAWH CYTTEBUI HENOIIK, a ca-
Me: B JaHWH 4Yac HE ICHYE NMpaBHJI YM METOJMK sIKi O
ciyryBanu npaswiamu mozo onucy ITC. Tobro Ha na-
HUA MoMeHT cydacHuid ommc ITC He migxomuth mis
peaizauii BKka3aHOi CHCTEMHU KEpyBaHHs BPa3JIUBOCTSI-
MU, TaKH{ ONUC HE MOKa3ye HAICKHUM YHHOM B3aEMO-
3B'I3KM KOMITOHCHTIB, IPOIIECIB, PECYPCiB, Ta HE MOXKE
OyTH BUKOPUCTAHHM /sl peai3alii CHCTEMU KepYBaHHs
BpaziuBocTsaMu B CYIb.

CrBoproBaHa Ha 0a3i Takoro OMUCY CHCTEMa Me-
HE/DKMEHTY HE JIMIIMThCS WOro HEAONIKIB, i Marume
BUTJISIII 3arajlbHUX BKa3iBOK Ta PEKOMEHIAIlH, sKi He
MaTHMYTh YITKOCTI i OyIyTh CXOXI Ha BXKe iCHYIOUI
CTaHAapTH T4 METO/IUKH.

ToMy ofHi€l0 3 MEPCIECKTUBHUX Ta HEOOXITHUX
3a/a4d Ha PSAAY 3 CUCTEMOIO KEpYBaHHS BPa3JIUBOCTSIMHU
B CYIb € monens omucy ITC, sxa 6 mo3BONIMIIA HAJTICK-
HUM YHHOM BiqTBOpHTH Tponecu Ta o0'extu B ITC, ix
B3a€MO3B's13KM, Oyna O THYYKOIO B BHUKOPHCTAaHHI Ta
MIPOCTOIO B OCBOEHI.

OpHiero 13 Takux Mojened € ¢opmai3oBaHHUI
omuc ITC. Ha BiamiHy Bia HedopMasi30BaHOTO OMUCY
cucreMu (hopMasIi3oBaHUI Ma€ YiTKy CTPYKTYpPY Ta o-
pPMy ONHCY, BimoOpa)ka€ B3a€MO3B’SI3KM IIPOLECIB, €
THYY4KUM Ta yHiBepcaJbHUM. B Takiii cucTemi BIUTHB
BPAa3JIUBOCTI JIETKO BiJICTIIKYBAaTH BiJl TOYKH KOHTaKTy
JI0 BCix 00’ekTiB iH(popManiiiHoi cuctemu. dopmaniza-
Lisl Ja€ 3MOT'y BUSIBUTH 3arajibHy CTPYKTYPY CHUCTEMH,
copMyJIIOBaTH Ha I OCHOBI 3arajbHi 3aKOHH 1 Tpa-
BMJIA, 33 SIKUMU BiJOyBA€THCSl BU3HAUCHHS BIUIMBY Bpa-
3nuBoctei Ha ITC.
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Takox opmarizauis HeoOXifHa IS PiBHIB rapa-
wrin (I'-3, I'-4, T'-5 crunp onucy ITC moBuHeH OyTH
YacTKOBO-(opManizoBanui, s -6 ta I'-3 popmaiizo-
BaHUM).

BucHoBok

OTKe MEHEIDKMEHT Bpa3JIMBOCTEH € JOCUTHh BaX-
JUBOIO YacTUHOIO (yHKIioHyBaHHs ITC, i 3 KOXHUM
pPOKOM HOro BaXJIMBICTH 30inmblIyeThes. SIK BapiaHT
MIPOIIOHYETHCSI CYMIIIEHHS TTONIITHKH OE3MeKu 3 MeHe-
JOKMEHTOM BpasiuBocTed. Jliist iHTerpanii MeHeIPKMeH-
Ty 3 MOJITHKOI0 Oe3eKH HeoOXiqHa HasBHICTh THYYKOL
CHCTEMH OIIHKM BIUIMBY BpasiuBocreid Ha ITC, sika 6

Po3pobka Takoi cUCTEMH SIBISETHCS MEPCHEKTHB-
HOIO 3aJauero, a MpH MpoLeci MoAepHi3alii CTaHAapTIB,
BUMOT' YKpaiHU uepe3 AesKUil 4ac cTaHe HeoOXiqHICTIO.
[Ipu nonaBaHHI SKICHOT CUCTEMH OLIHKH BPa3JIMBOCTEH
Taka cucrema Oyze YiTKOI, HOPMOBAHOIO Ta CIYryBa-
TUME BKa3iBHUKOM IIOJI0 Aili B KOHKPETHIN CUTYallii.

OpHi€r0 13 BOYKJIMBUX YaCTHH YaCTHH TaKOi CHCTe-
Mmu siBisgeThes onuc [TC, Tomy HeoOXimHO chopMyBaTH
MpaBuIIa OMKCY Ki O Oynu yHIBepCaIbHUMH Ta ITOKa3y-
BaJM B3a€MO3B'SI3KM MiXK KOMIIOHEHTaMH 1 MpOIECaMU
CHCTEMH.

SIk BapiaHTOM TaKHWil ONMUC MOBUHEH OyTH (popma-
J30BaHUM, [UIS IIOKPALICHHS HArJISIHOCTI B3aEMO-

HaJaBaja AKICHY OLIHKY BIUIMBY JUIf OLHKU PU3UKY Ta  3B’S3KiB MPOIIECiB, THYYKOCTi, Ta aBTOMATHU3AIlil IpoIie-
BU3HAYEHHS Jill IIO-JI0 pearyBaHHsI. CiB.
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Vulnerability management as an integral part of its security policy
V. Poddubnyi, O. Sievierinov, O. Pustomelnik

Abstract. The subject of research in the article is the management of vulnerabilities in the information security man-
agement system. The purpose of the work is to consider modern standards that establish and regulate the management of vulner-
abilities and risks associated with vulnerabilities. The article considers the process of integration of vulnerability management
into information security management system and its form. Conclusions: modern information security management system does
not properly take into account vulnerabilities and risks associated with vulnerabilities, the current regulatory framework of
Ukraine almost does not regulate and does not set requirements for information security systems in the field of vulnerabilities. Cur-
rently, the processes of risk management and assessment are entrusted to administrators, so effective management of vulnerabilities
requires a clear system of rules and methodologies. The development of such a system is a promising task, and in the process of
modernization of standards, requirements of Ukraine after some time will become a necessity. When adding a quality vulnerability
assessment system, such a system will be clear, standardized and will serve as a guide to action in a particular situation.

Keywords: Vulnerability Management, ISMS, CVSS, ISO / IEC 27005, ISO/IEC? 27035 ISO/EC 35001, NVD.
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RESEARCHING PRIORITY DIRECTIONS IN THE AREA OF DATA MINING

Abstract. In the era of global informatization, social networks are acquiring great importance for obtaining various
information by network users. But it must be borne in mind that social networks such as Facebook, Twitter, Instagram contain
billions of raw unstructured data, the processing of which is indeed a rather difficult task for research. Data mining allows
extracting current information from a large number of data sets, structuring and, after analyzing, gaining knowledge by detecting
patterns among the data, which makes it possible to predict changes in the network that have occurred based on the interactions of
information flows and events. This information is used in various areas such as business, education, medicine, cyber security, etc.
The area of data mining has made tremendous success from its incipience to its current level, but Data Mining continues to face
many challenges, especially when processing social media data. This article analyzes the various data mining methods that are
used to analyze social networks, as well as explores the top priority areas in the field of data mining based on the review of various
studies, and also focuses on the field of data mining in social networks, which will be used in further studies.

Kawuosi ciaoBa: Data Mining, social networks, data extraction, Data Mining methods and algorithms.

Introduction

Using large amounts of data is a hallmark of the
21% century, which produces amazing results when
faced with another phenomenon of the century — social
networks. Today, almost 96% of the world’s population
have access to social networks and this number has
reached 2.34 billion people. Nowadays, out of the 100
most visited sites in the world there are 20 which are
classic social networks and another 60 are socialized to
one degree or another. More than 80% of companies
around the world use social networks in their
professional activities. About 78% of people trust
information from social networks. By the number of
users, Facebook is in first place — about 1.5 billion.
Scientists have calculated that the minimum time a user
spends on a social network is 3 hours, while he/she
visits his/her account at least twice a day [1].

By registering on social networks, users are given
the opportunity to communicate with relatives, friends,
colleagues, and also make new acquaintances. Social
networks can be used for self-development and self-
study, gaining access to various information of interest.
It is also possible to join a community on a specific
topic and gain knowledge in specific areas. Social
networks are a means for business development.
Advertising can be directed to the target audience and
one can find new customers, increase the loyalty of
regular customers. Social networks have provided an
opportunity to use a large amount of information,
develop, improve and earn money.

But social networks have a number of negative
features: due to the abundance of entertaining,
superficial and often unnecessary garbage information,
the time spent on the social network increases
significantly. Such a pastime can negatively affect
health, because a large amount of information often tires
and burdens the nervous system. The disadvantage is
that a person loses the skill of real communication,
because he/she gets used to online communication.
When texting on social networks, people often do not
follow the rules of grammar and punctuation, use a poor

vocabulary, emotions are replaced by emoticons — all
this negatively affects communication in the real world.
Intelligence agencies use social networks to organize
surveillance.  Intelligence  agents account  for
approximately 15% of public network users.

It should also be taken into account bursts of group
hate speech on social networks such as anti-Muslim,
anti-immigrant, racist, anti-Semitic, homophobic, etc. A
recent publication by the United Nations Educational,
Scientific and Cultural Organization (UNESCO)
indicates that “the nature of hate speech on the Internet
and its impact on speech and offline behavior are poorly
understood” and “the underlying reasons for these
phenomena in which certain types of content appear,
lead to actual discrimination, hostility or violence” [2].

Today, using social networks is continuously and
rapidly increasing. Even more significant is the fact that
these networks have evolved into a sizable pool of
unstructured data belonging to multiple domains
including business, governments, healthcare, etc. The
data structure of social networks is not organized and is
displayed in various forms such as text, voice, image and
video [3]. Moreover, social networks provide a huge
amount of continuous data in real time, including those in
the form of time series, which makes traditional statistical
methods not always effective for analyzing large amounts
of data [4]. Consequently, data mining methods that
combine mathematical and statistical approaches can play
a significant role in overcoming this problem and
facilitate data structuring. At the same time, the relevance
of combined or hybrid forecasting methods, as well as
methods for complexing forecast ratings [5], increases. It
should also be taken into account that the primary data
in many cases are characterized by various kinds of
uncertainty, which necessitates the adaptation of
traditional methods of analysis to such features [6].

Most of the predictive algorithms under these
conditions are designed to function in real time [7].

Data Mining in Social Networks

When studying large-scale social networks data
mining methods and algorithms are used. Analyzing the
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data in social networks is of great interest for many
reasons. For example, studying large social networks
allows understanding social behavior in different
contexts. In addition, by analyzing the roles of users
involved in the network, it is possible to identify how
information flows and opinions are disseminated in the
network, and which of them are the most influential
(Fig. 1). In addition, since the users of social networks
may receive too much information from time to time,
data mining of social networks can be used to support
them by providing recommendations and filtering
information on their behalf [4].

Fig. 1. Identification of the Most Influential
Users in a Social Network

By understanding the characteristics of a particular
social network, it is possible to build a mathematical
model that explains the processes in the network. The
mathematical model allows predicting future changes in
the network, it becomes possible to simulate the
behavior of users on the network.

Data mining includes the following stages:
understanding and formulating the analysis problem,
preparing data for automated analysis, applying Data
Mining methods and building models, checking the
constructed models, interpreting models by a person [8].

1. Collecting Data from Social Networks.
Social networks, forums, news and entertainment
portals and blogs contain a lot of material from which
one can get information about the preferences and
characteristics of users and companies. For this, first of
all, it is necessary to identify the user in each source,
which is not possible for all resources — on many of
them users do not register or indicate insufficient data to
identify them. Even where there is sufficient
identification data, additional user information may not
be useful. In this regard, social networks are the most
suitable source containing information for identifying
network participants, and additional data on preferences,
marital status, education, social circle, etc.

In general, the task of enriching user profiles is as
follows: using basic data (name, surname, date of birth,
city), additional information is searched: circle of
interests, social status, area of professional activity,
musical preferences, etc. The task is to collect data about
the client from social networks, identify him/her, enrich
the data and form a single profile for each user (Fig. 2).
One of the simplest ways to extract data is to use the
services of specialized companies that collect and
constantly update data from many sources. The main
advantage here is the speed of obtaining information,
which is essential with large volumes of the client base

and the use of various social networks. The disadvantage
is the paid subscription for data updates.

Data capture

Identification
of users

Linguistic
processing

Data
enrichment

Analysis and
studying

Fig. 2. Enriching User Profiles.

The next way is to use application programming
interfaces (APIs) provided by almost all popular social
networks. For different networks, APIs differ in the set
of available data, restrictions on the number of requests,
and the cost of accessing the interfaces. The
disadvantages of this method include the limitation on
the number of simultaneous requests and the number of
calls that the application can make per unit of time. In
addition, one need constantly to monitor changes in the
APIs and update the data collection application, with
some social networks providing important data only on
a paid basis. The advantages of the method are the
ability to retrieve data about a single user in a structured
form (JSON or XML), as well as the ease of integrating
API calls into one’s own application.

One more way is the manual parsing of web pages
of social networks, as well as the use of ready-made
search robots (crawlers) to collect data with subsequent
parsing. In this case, one has access to all open data and
there are no restrictions on the speed of their collection.
The disadvantages include the complexity of the
implementation — the web page of each social network
is unique, so each time one will have to develop one’s
own parsing rules, the complexity of support and the
need for large computing resources, but this process is
well parallelized.

The simplest identification method is to search for
an exact match of all known user characteristics, but it
must be borne in mind that the corresponding
characteristics in social networks are reliable only to a
certain extent — they may be absent or deliberately false,
or allow different spellings. Therefore, before carrying
out identification, it is necessary to cleanse and
normalize the data, and also check the correctness of the
parameters specified in the profile — for example, the
user’s city can be clarified based on the analysis of his
subscriptions, posts and statuses. In addition to the data
that netizens clearly indicate in their profiles, one can
supplement the information by analyzing posts,
subscription groups and photos.
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In addition, there is unstructured content that is
posted on social media — for example; messages
(tweets), comments, audio or video. Automatic text
analysis is impossible without the use of linguistic
technologies. The correct combination of linguistic and
statistical approaches increases the quality of the
analysis result and the level of its reliability.

However, it is worth noting that mining data from
social networks can involve serious legal and ethical
issues, many of which are not legally regulated. Privacy
issues are at the center of discussion concerning this
tool. Regulating the use of data of social networks is
necessary to protect freedom of expression among users
of social networks. Companies using data of social
networks often have their own views on how they will
apply it. A striking example is the situation when
Cambridge Analytica obtained access to the personal
data of 87 million users of the social network Facebook
without their knowledge in order to influence voters
during the 2016 US presidential election [1]. Its data
mining methods were contrary to Facebook policy.
However, upon learning the hack, Facebook did not take
serious legal action, which led to a scandal and the
payment of a $ 5 billion fine for violating privacy.

2. Methods for analyzing data in social
networks. Data mining allows automatically, based on a
large amount of accumulated data, generating hypotheses
that can be verified by other analysis tools. It is a
computational process of identifying patterns or
correlations in large relational databases using methods at
the intersection of artificial intelligence, machine
learning, statistics and database systems [9]. When
analyzing 66 scientific publications [10] (filtered out of
1187) on this topic, the authors identified 19 data mining
methods that have been used by researchers in the area of
social networks over the past few years. Table 1 includes
the detailed information on the frequency of occurrence
of descriptions of data mining methods that have been
encountered in the analyzed articles.

Table 1 — Data Mining Methods Described in the Analyzed
Publications and Their Frequency of Occurrence

Method Frequencies of
Occurrence
AdaBoost 2
Artificial Neural Network (ANN) 8
Apriori 1
Bayesian Networks (BN) 26
Decision Trees (DT) 11
Density Based Algorithm (DBA) 3
Fuzzy Logic 1
Genetic Algorithm (GA) 1
Hierarchical Clustering (HC) 2
K Means 6
k of Nearest Neighbors (k NN) 9
Linear Discriminant Analysis (LDA) 9
Linear Regression (Lin R) 1
Logistic Regression (LR) 4
Markov Queueing Network 1
Maximum Entropy (ME) 2
New Methods 1
Support Vector Machines (SVM) 29
Wrapper 1

The diagram (Fig.3) shows that the most
frequently used methods in the field of social network
analysis are (51% of analyzed articles) [10]: Support
Vector Machines (SVM): it is considered an accurate
classifier; resistant to noise; Bayesian Networks (BN):
they allow improving classification by removing
irrelevant features; they have good performance and low
computing time; Decision Trees (DT): they give an
accurate result; take up less memory; it takes less time
to create a model; they have a short search time.

AdaBoost
2% Artificial Neural
Support Vector Network (ANN)
Machines (SVM) 7%
25%

Apriori 1%
New Merhods i
1% Bayesian

Wrapper
1%

Networks (BN)
Maximum 22%

Entropy (ME) 2%

4
|

Jepesba
peLuenui (DT)
9%

Markov Queueing
Network...

Logictic
Regression 3% Density Based
Algorithm (DBA)
Linear 3%
Regresssion Discriminant K Means

(Lin R) Analysis (LDA) 5%
1% 8%

Linear

Fuzzy Logic 1%
Genetic
Algorithm(GA)
k of Nearest/ 1%
Neighbors (k NN)
8%

Fig. 3. Methods in the field of social network

Hierarchical Clustering
(HC) 2%

The techniques that had a low frequency of
occurrence, as each article was mainly devoted to its
new method, was not taken into account.

Summarizing the data obtained, it can be carried
out the following classification of data mining methods
in social networks (for methods, the frequency of which
was 3% and more) (Table 2).

The table shows that these methods were mainly
used to analyze content, detect spam, assess users’
preferences, detect inaccurate information, identify
influential users, analyze users’ characteristics, and only
in some situations the methods were used for
forecasting purposes (finance, medicine).

When working [10], the six areas of human
activity were also identified, in which various research
methods were used to analyze the flow of large data
sets: business and management (BM); education (EDU);
finance (FIN); government and the public (GP);
medicine and health (MH); social networks (SN).

Fig. 4 shows that the most active areas that are
used for data mining are: social networks, business and
management accounting for 79%. The data analysis of
social networks remains the most requested area of
research. And recently, with an increase in the number
of serious terrorist incidents in Western Europe and
North America, the data analysis in social networks is
aimed at identifying hate speech and predicting the
reaction of users of social networks to these events.

Also, the nine active research tasks were identified,
for the solution of which the methods of data mining are
used [10]: biometric; content analysis; cybersecurity;
disease awareness; geolocation; quality improvement;
risk management.
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Table 2 — Classification Data Mining Methods

Methods — |z —~ ~| € — —
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< | B = -’ g sX|.E a2 °on
S22 28|22 8 |5%|8%28|2
S B lSa|2E| S |z25|22 25|88
S 0 § N N = oA Yl Qnl 2.
2205 |3 |BE| % |3%5|5%7 8 52
2|z |8 |R2 “5 |52 ZldE
Parameters a < z |5 ~ S
Completing the task: classification; + + + + + + +
clustering + +
Approach to learning mathematical models: cybernetic; + +
statistical + + + + + + +
Solving forecasting problems + + + + + +
Social network content analysis + + + + + + +
Analysis of characteristics of social network users + + + + +
Spam filtering + + +
Identifying the influential user + +
Bugness and Conclusions

_management
(BM) 17%

Education
(EDU) 1%

/ Finance (FIN) 3%

Government and
the public (GP)
8%

Medicine and
Health (MH) 9%

Social Networks
(SN) 62%

Fig. 4. Areas of Studying

Data mining methods are the process of extracting
hidden knowledge from data. This can be done in a
variety of ways such as decision trees, artificial neural
network, Bayesian networks, k-NN, K-Means and SVM
as machine learning methods. Also, statistical methods
in some cases are considered as non-machine learning
methods that are used to detect patterns [10-26]. As
mentioned in [11], “statistical methods are data-driven
and are used to discover patterns and build predictive
models”. Hence, machine learning and non-machine
learning data mining methods such as traditional
quantitative methods in statistics complement one
another in data mining.

Based on the above, the following conclusions can
be drawn: common data mining methods used in social
networks are Support Vector Machines (SVM),
Bayesian networks (BN) and Decision Trees (DT).
SVM and BN are the most recommended methods for
analyzing social networks, which are used and described
in scientific articles [10]. Data mining methods have
both advantages and disadvantages, and this makes the
choice of certain methods dependent on the type of
informative data required and can be quite a difficult
task taking into account that the data transfer speed or
data arrival is enormous and the dynamic nature of the
data is also unpredictable.

In the area of social networks, more in-depth
research is still needed that takes into account the
precise application of data mining methods in the
academic and industrial sectors. A careful study of the
literature written in this area shows that a significant
number of studies have used methods that solve
segmentation problems, and to a lesser extent the
methods that solve forecasting problems. Obviously,
research in the area of social networks must include two
main factors: sufficiently accurate and complete
analyzed input data and the corresponding mining
analysis to obtain predictive results.
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JocikeHHs IPiOPUTETHUX HANPAMIB B 00JIACTi IHTEJIEKTYaJbHOT0 aHAJII3Y JaHUX
. B. Pyban, 1. B. Inpina, M. O. Moxaes

AHoTanisi. B enoxy rio6ansHoi iHpopMaTH3anii colianbHi Mepexi HabyBarOTh BEIMYE3HOTO 3HAYEHHS JUIS OTPUMAHHS
pi3HOi iHpOpMalii KopucTyBauaMu Mepex. Ase HeoOXiZHO BpaxoByBaTH, IO cOLianbHi Mepexi Taki Ak Facebook, Twitter,
instagram MicTsTh MiJIbIpAN HEOOPOOIEHNX HECTPYKTYPOBAaHMX JaHUX, 00pOOKa SKMX AIHCHO € JOCUThH CKJIAJHUM 3aBJaHHAM
JUISL TOCIHI/DKEHHSL. [HTeNeKTyaJbHUH aHali3 JaHUX JIO3BOJISE OTPUMATH IOTOYHY 1H(OPMAIlIO 3 BENUKOI KUJIBKOCTI HAaOOpiB
JIAHUX, CTPYKTYPYBAaTH, 1 ITiCJIs IIPOBE/ICHOTO aHAJIi3y OTPUMATH 3HAHHS LUIXOM BUSBJICHHS 3aKOHOMIPHOCTEH MiXk JaHUMH, 110
HaJa€ MOXJIMBICTb IIPOrHO3YBAHHS 3MIH B MEPEXi, AKi CTAIMC Ha OCHOBI B3aeMozil iH(MopMaliiHMX MOTOKIB Ta nomii. Ll
iHopmawist 3acTocoByeTbCsl B pi3HMX oOJacTsX, Takux sK Oi3Hec, ocBirta, MequiuHa, KibepOesmeka i 1.1 O6Gnacts
IHTEJIEKTYaJIBHOT'O aHaJli3y JaHUX JO0CSAIJIa BEIMYE3HNX YCIIXiB 3 MOMEHTY CBOI'O 3apOXKEHHS /10 HUHIIIHBOrO piBHs, ane Data
Mining HpofOBXYe CTUKAETbCA 3 Oararbma mHpoOiieMaMy, OcoOJIMBO Ipu oOpoOLi AaHMX colianbHUX Mepex. Llg crarrs
MPHUCBSTYEHA aHAIII3Y PI3HUX METO/IB IHTENEKTYallbHOTO aHaJli3y JAHUX, SIKI BUKOPUCTOBYIOTHCA JUIS aHAJII3Y COLIalIbHUX MEPEK,
a TaKO)K BUBYEHHS HalOUIBbILI NPIOPUTETHUX HANPSAMKIB B OOJIACT] IHTENEKTYalIbHOIO aHali3y Ha OCHOBI IPOBEICHOTO OrILILY
PI3HUX JIOCHI[KEeHb, a TAKOXK (OKyCye yBary Ha o0JAacTi IHTEJIEKTYyaJIbHOI'O aHalli3y JaHHMX B COLalbHUX Mepexax, 1o Oyzne
BUKOPHCTAHO B MOZAJIBIINX JOCIIPKCHHSX.

Karw4dosi caoBa: Data Mining, coniaibHi Mepexi, BUITy4eHHs JaHUX, MeToH 1 anroputMu Data Mining.
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METOJIUKA CUHTE3Y TETEPOTEHHUX IHOOPMAIIVMHAX MEPEX
HA OCHOBI BBEJIEHHS KOPUT'YBAJIbHUX LHTUKJIIB

AHoTanisi. B poOoTi nocraBieHo 3aBaHHs CUHTE3y CTPYKTYPH I'eTepOreHHOI iHpOopMalliiiHOT Mepexi 3a Kpurepiem Ma-
KCHUMYMY IIOKa3HHMKa ()yHKIIOHAJIBHOI CTIMKOCTI Npu OOMEXEHHAX Ha BapTiCTh NPOEKTYBaHHS 1 eKCIulyaTallii Mepexi. B
SIKOCTI IOKa3HUKa (yHKIIOHAIBHOI CTiHKOCTI BUOpPaHO MMOBIpPHICTb 3B’A3HOCTI Mepesxi. /laHe 3aBiaHHA € CKIaJHUM IpU
HEepiBHOHAAIHHKX peOpaX, OIHAK y BHIAJIKy piBHOHATIMHHUX pedep 3HaWAEHO TOYHI CHUIBHI PillleHHS JUIS JEesKUX KIIaciB
rpadiB i CITIUIBHI BJIaCTUBOCTI ONTHMAJbHUX CTPYKTYP B IiJIoMy. Taka IOCTAaHOBKA 3aBJIaHHS B MPAKTHYHOMY PO3YMiHHI
IHTEpIIPeTyeThCs SIK HAMaraHHs OTPUMATH CTPYKTYPY Mepexi, ska 0 32 paxyHOK 3aKiIaeHoi HaJMipHOCTi Moria O Makcu-
MaJIbHO YMHHTH OIip 30BHILIHIM Ta BHYTpIlIHIM aecrabinidyrounM ¢akropam. OCHOBHA yBara HaJaeTbCs ONTUMAJIBHO-
3B'I3HUM LMKJIIYHUM CTPYKTYPaM, TOOTO CTPYKTYpaM, 110 MiCTHTb YiTKO BUPaXEHi UKIU. PO3risiaeThesl MUTaHHS ONTH-
MaJIBHOT'O JIO/faBaHHS KOPUI'YBIBHHX LHUKIIB JI0 IMKIIYHUX TpadiB 3 METOO MiIBHIICHHS iX HMOBIpHOCTI 3B'13HOCTI. JloBe-
JIEHO ONTUMAJIBHICT PO3OUTTS 3’ €JHYBaHUX LUKJIIB Ha JIAHIIOTY PiBHOI (3 TOYHICTIO JI0 OJMHHMIL) TOXXUHU. B mpoueci mocii-
JOKEHHSI pO3pO0JIEHO METO/IMKY CHHTE3Y TeTeporeHHol iHhopManiifHoi Mepexi Ha OCHOBI BBEICHHS KOPUTI'YBAIBHUX LIMKIIB.
Bkazana Meronuka 1o3Boisie 3a0e3redyBaTd BUKOHAHHSA OCHOBHOI (DYHKIIT Mepexi IPOTArOM 3aaHOro IPOMIKKY 4dacy B
MOMEHT Iepe0yI0BH aKTUBHOI CTPYKTYpH. Lle 103BONsE BITHOBUTH Ipalle3AaTHICTh IPOrPAMHUX KOMIIOHEHT B YMOBAX IeTe-
POTEHHHX KOMIT IOTepHUX pecypciB. BapTicTh kamiTanoBKIageHh Ha TOOYJOBY Ta €KCILTyaTalilo Mepexxi Moxe OyTH oOpaHa
MIPOEKTYBAJILHIKOM Ha Oy/Ib-sIKOMY PiBHI, III0 HE IEPEBUIIYe BHAUICHUX OOCATIB iHBEeCTHLIH. B pe3ynprari MaTeMaTHaHOrO
MOJIEITIOBAaHHS OTPUMaHO Ipaiky MOMIHOMIB 3B’ SI3HOCTI I€TEPOreHHUX MEpeX, SIKi IiATBEPKYIOTh CIIPaBEINBICTh PO3PO0-
JICHOI METOZIMKH CHHTE3Y I'eTepOreHHHX 1HQOopMaliiHIX MEpeX Ha OCHOBI BBEICHHS KOPHI'yBAIbHUX LIUKIIIB.

Karw4dosi caoBa: iHdopmauiiiHa Mepexa, 3B’ sI3HICTb, METOIM ONTUMIi3aliil, HAIMIPHICTb, TinepMepesxa, (yHKLiOHaIb-

Ha CTINKICTb.

Beryn

['0JIOBHOIO BHUMOTOI0 J10 iH(pOpPMALIHHUX TeTepo-
TEHHUX MEPEK € BUKOHAHHA MEPEXEH I1i OCHOBHOI
¢yHKIIT — 3a0e3nedeHHss a0OHEHTIB MepeKi MOTEHIH-
HOIO MOXJIUBICTIO TOCTYITY JI0 PO3MOAUICHUX iH(opMa-
HiiiHuX pecypciB. Bei iHIII BUMOTH MOB's3aHi 3 SIKICTIO
BUKOHAHHS [[bOr'0 OCHOBHOT'O 3aBJIaHHS. Y LbOMY ILIaHi
0COOJIMBHI 1HTEpeC CTAaHOBUTH 1MOOyaoBa (pyHKIiOHA-
JIBHO-CTIHKUX MeEpeX, SKi JO3BOJSIOTH BHUPINIYBATH
MOCTABJIEHI 3aBJaHHs IIiJ] BIUTMBOM JIECTAOUTI3yIOUHX
¢axropis [1, 2]. Peamizaris GhyHKITIOHAIBHOI CTIHKOCTI
JIOCATAETHCSL  3aCTOCYBAaHHAM B CKIQAHIA TEXHIUHIN
CHCTEMI pI3HHX XK€ ICHYIOUMX BHAIB HAJMIPHOCTI
(cTtpykTypHOI, 4acoBoi, iH(popMaliitHOi, (YHKIIOHATH-
HOi Ta iH.) IUIAXOM IEPEepO3IOIiTY PECYPCiB 3 METOIO
MapupyBaHHs HACIIJIKIB O3AINTATHAX CHUTYAIlIH.

3aBlaHHsl CUHTE3y ONTHUMAJbHUX CTPYKTYp Tirep-
MEpeX JOIMYCKAIOTh 3aCTOCYBaHHS TPAAMIIHHUX OITH-
Mi3alliHHUX METOIB: JIHIHHOIO 1 JWHAMIYHOIO IIPO-
rpamyBasHs [3, 4]. OcKiJbKH 1i METOIH ITOraHO BPaxo-
BYIOTh CTPYKTYPHI OCOOJMBOCTI BUHHMKAIOUUX 3aBIaHb,
B OLIBIIOCTI BUTIAJKIB BOHU BUSIBIISIIOTHCS HEOCTATHBO
e(QeKTUBHUMH, 1 TOMY B JaHili poOOTi HE PO3IIISAAIOTH-
csi, a OCHOBHAa yBara NPUAUIAETHCA METOAAM Teopil
rpadiB i CIOpiIHEHUX AUCHUILTH [5, 6].

AHaniz myoaikanii

[MinBumieHHst eeKTHBHOCTI (YHKIIOHYBaHHS iH-
(dopMaIiifiHUX MepeK € BaXIJIMBUM HAYKOBUM 3aBIaH-
HsM. BupinieHHio nboro 3aBJaHHs IPHUCBSYEHO 0arato
HayKoBHX poOiT. OJHaK, Ha Hall MOIJIsL], OCHOBHA yBa-
ra B HUX MPHIUISETHCS BUPILIEHHIO YaCTKOBUX 3aB/IaHb,
a camMe — mOOYIOBU pE3CpPBOBAHMX I1H(POPMAIIHHO-

Kepyrouux Mmepex [7- 9], BIIMOBOCTIHKHUX 00YMCIIIOBa-
npHUX Mepex [10, 11], aganTHBHUX CHCTEM yIpaBIiHHS
[12, 13], onTuMmizalii NpOMyCKHUX 3AaTHOCTEH KaHAJIB
3B’s13Ky [14-16].

IcHyroui Meromu onTuMizamii Mepex, sKi 0asy-
FOTHCS Ha IMiIBUIICHHI 3B I3HOCTI TiEpMEpexi 3a paxy-
HOK po3napajeiioBaHHs pedep BTOPUHHOI MEpexi He
3aBXKIU BUSIBISIIOTHCS NMPHUIATHUMH, TaK SK CTPYKTypa
BTOPUHHOI MEPEXi 3aJIMIIAETHCS HE3MIHHOIO.

Tomy B naHiif poOOTi MOCTAaBIEHO 3aB/IAaHHS CHH-
Te3y cTpykrypu PIM 3a kxputepieM MakcuMymy MOKa3-
HUKa (DYHKIIOHAJIBHOI CTIHKOCTI NMpH OOMEXEHHIX Ha
BapTICTh NPOEKTYBAHHS 1 €KCILTyaTallii Mepexi:

f(P,,)— max
(p(S) < Dsq0. (S),

ne P,, — AMOBIpHICTh 3B’SI3HOCTI Mepexki, ¢(S) — Bap-
TICTh IPOEKTYBaHHs Ta eKcIutryaratii mepexi S [17].

Jlana mocTraHOBKa BIiJNOBiga€ JOTili NOOYIOBU
MepexX CHeliaIbHOro MPU3HAYEeHHs, BiAMOBiAae cydac-
HUM YMOBaM 1 HOCHTh OJHOKPUTEpiaJIbHUI XapakTep,
110 1O03BOJIAE JOCATTH MOTPiOHOrO pe3yibTary. Pesyib-
TATOM BUPILIEHHS AAaHOTO 3aBJaHHsA OyJle MHOXHHA
JHIA 3B'I3Ky MDK BYy3JlaMH KOMYTalii rereporeHHoi
iH(pOpMaIHHOT Mepexi.

MeTo10 cTaTTi € po3poOKa METONy CHUHTE3y OIl-
TUMaJIbHOI CTPYKTYpH iH(pOpMaLiiiHOi Mepexi 3a Kpu-
TepieEM MaKCUMyMYy (YHKIIOHAJIBHOI CTIMKOCTI, IO
0a3yeThCsl Ha BBEIEHI KOPUTYBaJIbHUX IIUKIIB.

OCHOBHA YaCcTHHA

Po3risiHeMO MUTaHHS ONTUMAJBHOIO 3’ €THAHHS
HE3ISKHUX IMKIIB B rpad OUTBIIOI pO3MipHOCTI: TO-
TpiOHO TaK 3'€IHATH LUKIN KOPUT'YBAIbHUMH IIUKJIAMH,
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100 pe3yNbTyrounil rpad OyB IIMKIOM Ta ONTHMAaJIBHO-
3B'I3HUM.

Hexait MaeMo k LUKIIB NOBXHHH Ny, N, ..., N,
3'€IHAHUX KOPHUT'YBAIBHHUM IIHKJIOM TAKAM YHHOM, IO
icCHye equHe peOpo, sKe 3'€IHye MEepIINid LUKI 3 JIpy-
THM, €MHE pedpo, 110 3'€IHyE APYrUid LUK 3 TPETIM i
TaK Jaji, 1 equHe pedpo, sike 3'emHye k-H MK 3 Tep-
mmM  (puc. 1). JlocmiauMo NHTaHHS ONTUMAaJIBLHOTO
croco0y po3rairyBaHHs peOep, IO BXOISATh B KOPUTY-
BaJILHUMN UK.

0 Vt ‘
Vs

Puc. 1. BBeneHHs KOpUryBaabHOro UKy
IIpY 3B’A3yBaHHI CTPYKTYPHU K IIUKIIIB

Bubepemo noBinpHMI WK i3 3'eaHyBaHuX. s
3pYYHOCTI OMYCTHMO IHAEKCH: HeXall JOBXKWHAa HOro
JIOPIiBHIOE 7 1 BEpIIUHHM, HIUICHTHI pedpaM KOpHUryBa-
JIBHOTO IIMKJY, TO3HAYUMO Vs 1 V,, JUISATH MK HA JaH-
LFOTH JOBXKHHOIO W 1 u=n-w.

CKOpPUCTAEMOCSI ~ METOJOM  IIOCIIiIOBHO-TIapa-
nenbHOI peaykuii. PeOpo, sike BiAmoBimae IaHMIOTY
JIOBXXHHH W OyJie, MaTUMe WMOBIPHICTh HassBHOCTI

1 _ p
wip-w+l w—(w=1)p’

P =

a pedpo, BIAMOBITHE JIAHIFOTY JOBXKUHU U, OyIe MaTu
HWMOBIpHICTh HassBHOCTI

u—-u-Hp n-w—-(n-w-1Dp

%)

Jlam 3aMiHIOEMO TIapy OJIep)KaHi KpaTHHX pedep
€KBIBJIEHTHUM PeOpPOM 3 HMOBIPHICTIO

P =ptp-pp=—L——
w—(w-1)p
+ p - P x
n-w—(n-w-)p w—-(w-1p

p =
n—-w—(n-w-1)p

X

_ np—(n—1)p*
[w—(w=D)plln—w—(n-w-1)p]’

Otpumanuii rpad) mo3HayuMMo SK H, a oTpuMaHe
pedpo — e Ilpu 1mpomy BenuuuHa KoedilieHTa, Ha
SKMH TOTPIOHO IMTOMHOXXKUTH WMOBIPHICTD 3B’SI3HOCTI
oTpuMaHoro rpada IS OTPUMaHHA HMOBIPHOCTI
3B’SI3HOCTI BHXI1JIHOTO, TOPIBHIOE

r=pw(z—w+1)~pn_w(u—n+w+l)=
p (1)
= p" 2 lw=(w=Dplln—w—(n-w=1pl.

Jlani mpoBeneMo KpoOK po3rajiyxeHHs 3a (opMmy-
noto Mypa-IlleHHona o npoMy pedpy, sIK OKa3aHO Ha
puc. 2 oTpUMaEeMo

P36.(G) = P36.(H) =
=1p P, (H" (eg)) +r(1— p )P, (H \{ey}).

Puc. 2. PosranyxxeHHs 1o peopy e,

I'padu H*(ey) i H\{ey}, oTpumaHi B pe3yabTaTi
pO3Tay’)KeHHs1, He 3aJIeXaTh BiJl pO3OUTTS PO3TIISIHYTO-
ro UKy Ha JaHIory. [1opiBHsAEMO HMOBIpHOCTI 3B's13-
HOCTI, OTpHUMaHiI B OCTaHHIN PIBHOCTI MJIS BUIAIKY
JJICHHS MKy HAaBIIUI 1 Ha Pi3HI YaCTHUHH.

[To3Haunmo BiANOBiAHI HMOBIPHOCTI HAasIBHOCTI
JIO3BUTBHOTO pedpa i xoedimieHTH K p* 1 #*, 1 p' 1 7,

BimnoBigHO. [l cTHcnocTi mo3Hauumo P, (H*(ey)) sk
Ai(H\{ey}) 1k B.
MaeMo pi3HHUIO

P (G)-P(G)=r"p " A+r"(1-p")B-rp'd-
—'(1-pB=@"p* —rpA-B)+(" —r")B.
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Hepaxko Oauuth, mo q00yTOK KoedimieHTa Ha

{iMOBipHiCTh HasBHOCTI 103BimBHOTO pebpa (r-p*) B
HAIIOMY BUIAJIKY 3aBA/IU J0piBHIOE np” ~(n-1)p", ToMy
MIepIIUiA JTOAaHOK B MOMEPEIHIH PiBHOCTI 3aBXKIU J0pi-
BHIOE HYJIO. BiAMoOBigHO, 3HaK BHU3HAYAETHCS IPYTHM
JIOAaHKOM, TOOTO JIOCTaTHHO PO3IJISAATH 3HAYCHHS
koediieHTiB. MaeMo 1Ba BUNAIKH: MapHy i HemapHy
JIOBYKMHH ITUKITY.
1) n=2k. V mnepenbaduyBaHOMY ONTHMAaJIbHOMY
BUNagKy w=n-w=k. s nopiBHsIHHS OepeMo
w=k-d, 1<d<k. 3 (*) orpumaemo:

=" (k—kp+ p)k—kp + p) =
=" (k—kp+ p);
r'=pn_2><
x(k+d—-kp—dp+p)k—-d-kp+dp+p)=

= p" 2 ((k—kp+ p)* —(d = dp)*)
PizHuns cxnanae
3=p" (k—kp+p)* - p"? x
X((k=kp+ p)? +(d = dp)?*) =
= p"2(d - dp)* > 0.

2) n=2k+1. B nepenbauyBaHOMY ONTUMAJIHLHOMY
BHIIAAKY W=k, n-w=k+1. JIi1 TOpIBHAHHA Bi3bMEMO
w=k+d, 2<d<k.

3 (1) oTpuMaeMoO HACTYIIHI 3HauYeHHs KOe]illi€H-
TiB:

*

= p" 2 (k—lkp+ p)(k+1-kp) =

=p"Plk—kp+ p)* + (k—kp+ p)(1- p)];
¥'=p"2(k+d—kp—dp+ p)k+1—-d —kp+dp) =
= p" [(k—kp+ p)+(d —dp)|[(k—kp + p) -
—(d—dp)+1-p].

Pi3uung cxkinanae
8= p"*[(k—kp+ p)* +(k—kp+ p)1- p)] -
—p" Lk —kp+ p)+(d —dp)][(k —kp+ p) -
—~(d —dp)+1- p]=p"2d(1-p)>(d-1) > 0.

3acTocoByOUHM IIi MIpKyBaHHS 1O BCiX 3'€JHYyBa-
HUX [UKJIIB TPUXOAMMO JI0 BUCHOBKY, III0 WMOBIPHICTb
3B’SI3HOCTI Tpada, AKUH CKIATAEThCs 13 3’ €IHAHHS UK~
JIiB €JMHUMHU peOpaMu KOPUTYBAJIBHOI'O IUKIY MAaKCHU-
MaJjbHa, KOJIM BEPIIMHY, IHIMICHTHI 3’ €IHYBaHUM peO-
pam, AUIATh ITUKJIA Ha JIAHITOTH, JOBXKHHA SIKUX Biapi3-
HAETHCA HE OUIBIIE HIXK HA OJIMHUIIO.

MeTtoanka cMHTe3y CTPYKTYPH reTeporeHHol
iH(popmaniiiHoi Mepe:ki IAX0M BBeeHHS
KOPUTYBAJIBHUX HNHUKJIB /1 MiIBUIIIEHHA

(pyHKUioOHANBHOI CTIHKOCTI CTPYKTYPH

[Tpu ontumanbHOMY 3’€IHaHHI k HE3aJEKHUX IIH-
KaiB B rTpad Oumbmioi po3mipHOCTi, MOTPIOHO Tak

3’€IHATH LIMKJIA KOPUTYBAIGHUM ITUKIJIOM 33JaHOi JIOB-
KHUHHU, 100 pe3ynbTytounii rpad OyB MaKCHMaIbHO
3B’S3HUM, TOOTO 3aJJOBOJIbHSIB KPHUTEPII0 MaKCUMyMYy
(yHKI[IOHAJIBHOT CTIHKOCTI.

Jlis uporo HeoOXiHO MOCIHIOBHO BUPIIIMTH TaKi
3aBJIAHHS:

1. Busecru 3anexHicts P, (p) — IMOBIpHOCTI 3B'sI-
3HOCTI I BUXITHOI CTPYKTYpH.

2. Bu3HauuTH BEpIIMHU, SAKI OyAyTh IHITUICHTHI
pedpaM KOpUTyBaJbHOI'O LUKIY. BU3HAUUTH CTPYKTYp-
Hi MapaMeTpy IUX BEPIIMH — W; Ta i; — JIOBXXUHH JIaH-
IIOTiB, HAa Ki BKa3aHi BEPIIMHH JUIATH  I-THH
3B’sI3yBaJIbHUMN ITUKJI.

3. 3aCTOCOBYIOUM PEAYKIIiIO JAHIIOTIB Ta (HOopMy-
ny Mypa-llleHHOHa BU3HAUUTH 3aJCKHICTh P, (p) s
OTPUMAHOI CTPYKTYpH.

4. Bu3HauuTH NpH SKUX 3HAYEHHSX W; Ta u; Oyne
MaKCHMaJIbHUHA TpHUpicT HMOBipHOCTI 3B'si3HOCTI. J{ns
LILOr0 HEOOX1THO MOMIIUTH k 3’€THYBaJbHUX IMKIH Ha
JIAHIIOTH, TOBXXUHH SIKUX BIAPI3HSIOTHCS HE OUTBILE HiXK
Ha OJTUHUIIIO.

5. Bu3HauyWTH 3HAYEHHS MOKa3HUKA P.(p), 110 €
HAKOUIBIINM JUIsl BBEJICHOT'O KOPUT'YBAJIBHOTO LIUKITY.

6. BBecTr KOpUTYBaJIBHUN ITUKJI MiX 3HAHICHUMHU
BEpIIMHAMHU 3 MMapaMmeTpaMu w; Ta u;, =1, ..., k, AKi €
OIITUMaJIbHUMHU.

7. 3poOUTH BUCHOBKH IIPO JOUIIBHICTH BBEICHHS
KOpPHUT'YBaJbHOTO IIUKITY.

Onuc pe3yJabTaTiB, OTPUMAHUX NPH NPOBEIEH-
Hi iMiTamiitHoro MomenwBaHHs. B skocTi npukiany
posrisiHeMo npukiIan (puc. 3), siKuil Mokasye crpaBef-
JIUBICTh BHCHOBKIB IPO ONTHMaJIbHE 3’€THAHHS k KiJb-
LIEBUX T'€TEPOrCHHUX MEPEX KOPUI'YBAIGHUM IIMKIOM 3
k KOpUTYBaJIbHUMH peOpaMH TaKMM YHHOM, MO0 KiHIII
X pebep ALTHIM 3'€IHaHI KM HABIILL.

[oniHoMu, IO BiAIOBINAIOTH HABEIEHUM Ha pHC.
3 BapiaHTaM 3'€/IHAHHS KOPUTYBAJBHUMH LUKIIAMH,
MAalOTh BUIJISIA:

P,(p)=p* +21(1- p)p* +189(1- p)* p'° +
+864(1- p)’ p'® +1620(1— p)* p'7,
Ps(p)=p*' +21(1- p)p*® +188(1- p)* p'° +
+852(1- p)° p'® +1584(1- p)* p'7,
P,(p)=p* +210-p)p® +177(1- p)? p"° +
+720(1- p)® p'® +1188(1- p)* p!7,
P.(p)=p* +210-p)p® +162(1- p)* p'* +
+540(1- p)° p'® +648(1- p)* p'”.

Ha puc. 4 HaBezneHi rpagiku nomiHoMa 3B’ SI3HOCTI
JUIs ONTHMMAaJbHOTO (BapiaHT a) 1 HaWripiioro (BapiaHt
T') BUITAJIKIB BBEJCHHS KOPUTI'YBAIBHHUX [IUKIIIB.

MaxkcumanbsHa pi3HuI, mo gopisaoe 0.1072, no-
CATA€THCA B TOULII

p=0.851.

TakuM 4YHMHOM, EKCIIEpUMEHTAJIbHO JOCIiKEeHa
CHpaBeUIMBICT PO3POOIIEHOI METOIMKU CHHTE3Y IeTe-
poreHHuX iH(OpPMaLidHUX MEPEeX Ha OCHOBI BBEACHHS
KOpPHUT'yBaJbHUX IUKJIB.
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Puc. 3. [Ipukinan 3’eHaHHS KiJIBLIEBUX IE€TEPOreHHUX MEPEX KOPUI'YBAJIbHUM LIUKIOM

P3B(p)

1

A

0,8

0,6

0,4

——Pa(p)
Pr(p)

0,2

0 ——

——

0,4 0,5 0,6

0,7

v

p

0,8 0,9 1

Puc. 4. I'padixu noniHOMIB 3B’SI3HOCTI IeTEPOr€HHUX MEPEX a) TaT) 3 puc. 3

BucHoBku

B po0oTi moCHiKeHO ICHYIOUI METOIU CHHTE3Y
pO3TaTy)KEHUX I1HQOPMALIHHIUX MEPEK ILIIXOM BBE-
JIEHHSI KOPUT'YBAJIbHHUX 3B’SI3KIB Ta IX BIUIMB Ha (yHKIIi-
OHAJIBHY CTIHKICTh CTPYKTYypH Mepexi. B pesymbrari
MPOBEACHUX JOCTIUKEHb BIIEpIIE PO3POOJIEHO METOJ
CHHTE3y CTPYKTYpH TeTeporeHHoi iH(opMariiiHoi Me-
PeXi Ha OCHOBI BBEJCHHS KOPUTYBAaJbHUX LUKIIB. Jla-

HHUH METOJ IOJISIrae B MO IUKIIYHUX MEpPEeX KOpH-
T'YBJILHUM LIUKJIOM Ha JIAHIIIOTH, JOBXWHU SIKMX BiJpi-
3HSIIOTHCS HE OLJIbIle HiIXK HA OAMHMIO. B sikocTi kpure-
pito onTuMizanii BUOpaHUH MakcUMyM (YHKI[IOHAJIBHOL
cTifikocTi Mepexi. Buxomsuu 3 0coOIMBOCTEH mapupy-
BaHHS BiJJMOB 1 ITOIIKO/DKEHb (PYHKIIIOHAIBHO CTIHKUMHU
MepeXaMH, SK IOKa3HUK (PYHKIIOHAJIBHOI CTIHKOCTI
00TpyHTOBaHO BHUOpaHa HMOBIPHICTH 3B S3HOCTI P (S)

rpada CTpYKTYpH MEpexi.
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Methods of synthesis of heterogeneous information networks
based on the introduction of adjustment cycles

I. Salanda, N. Babiy, O. Furman, Yu. Melnychuk

Abstract. The paper sets the task of synthesizing the structure of a heterogeneous information network by the cri-
terion of the maximum of the indicator of functional stability with restrictions on the cost of network design and operation.
The probability of network connectivity is chosen as an indicator of functional stability. This problem is difficult for un-
equally reliable edges, but in the case of equally reliable edges, exact common solutions for some classes of graphs and
common properties of optimal structures as a whole are found. Such a problem statement in the practical sense is inter-
preted as an attempt to obtain a network structure that would, due to the underlying redundancy, could maximally resist
external and internal destabilizing factors. The main attention is paid to optimally connected cyclic structures, that is
structures containing clearly expressed cycles. The question of optimal addition of correction cycles to cyclic graphs in
order to increase their probability of connectivity is considered. The optimality of dividing the connected cycles into
chains of equal (to the nearest one) length is proved. In the course of research, the technique of synthesis of a heterogene-
ous information network on the basis of introduction of corrective cycles is developed. This technique allows you to per-
form the main function of the network for a specified period of time at the time of restructuring the active structure. This
allows you to restore the functionality of software components in terms of heterogeneous computer resources. The cost of
investment in the construction and operation of the network can be selected by the designer at any level that does not
exceed the allocated amount of investment. As a result of mathematical modeling, graphs of polynomials of connectivity
of heterogeneous networks are obtained, which confirm the validity of the developed method of synthesis of heterogene-
ous information networks based on the introduction of correction cycles.

Keywords: information network, connectivity, optimization methods, redundancy, hypernetwork, functional stabil-
ity.
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METHOD OF CODING PREDICTABLE FRAMES WITH THE ACCOUNT
OF MANAGEMENT MECHANISMS FOR IMPROVING THE QUALITY
OF VIDEO INFORMATION'S SERVICE

Abstract. The main difficulties in working with video are large volumes of transmitted information and sensitivity to de-
lays in the video information transmission. Therefore, in order to eliminate the maximum redundancy amount in the forma-
tion of the video sequence, 3 types of frames are used: I, P and B which form a frame group. For a typical low complexity
video sequence, the weight of each P-frame in the stream is approximately three times smaller than the [-frame weight.
However, taking into account the number of P-frames in the group, they make the main contribution to the total video data
amount. Therefore, the possibility of upgrading coding methods for P-frames is considered on preliminary blocks' type
identification with the subsequent formation of block code structures. The differential representation of the frame, by using
the filtering threshold, makes it possible to identify stationary background regions (stationary component) and regions con-

taining dynamic objects (dynamic component).

Keywords: image, redundancy, coding, quantization, matrix, data.

Introduction

Problem statement. It has been analyzed the pre-
dicted frames processing in the MPEG standard and its
drawbacks has found during compressing video data. A
method for encoding P-frames with the ability to select
the type of blocks processing has been developed,
where the structural redundancy estimation of the block
is used as a decision rule [1-3]. Thus, it has been intro-
duced an additional possibility to control the video bit
rate by changing the number of I- and P-type blocks.
The method of coding and reconstructing predicted
frames has been improved by using block coding, which
unlike Huffman codes has more noise immunity and
less bit and time costs when processing data blocks.

Research publications. Delays in the processing and
transmission of objective video monitoring information
lead to the following fact. The temporary standards for the
transportation duration by rail are not maintained both un-
der normal conditions and during the liquidation of emer-
gency situations. This leads to delays in the flow of goods
on average by 10-15%. Also, this leads to untimely tasks
fulfillment for managing rail transport and long delays in
assessing the situation and making decisions.

The research aims and objectives. The aim of ar-
ticle is to develop method of coding predictable frames
with the account of management mechanisms for im-
proving the quality of video information's service.

The objectives of article are justification of the re-
quirements for video data compression systems in the
computer systems and concepts construction on the
formation of stationary background's dynamic images
compressed representation.

Research bases

Methods with loss of quality provide a greater
compression level than methods without loss of quality.
However, methods without quality loss, as well as
methods with quality loss, must be used to process and
transmit video information in the computer systems [4].

This need is explained by the following reasons:

1) for some practical tasks of railway transport
management, it is required to provide high quality im-
ages. At the same time, methods with quality loss, based
on the reduction of psychovisual redundancy, can not
guarantee to ensure high quality images;

2) wide use of methods without quality loss in
various image formats (TIFF, GIF, BMP, ART, etc.). At
the same time, these formats are characterized by an
increase in the compressed volume for realistic images
heavily saturated with small details;

3) compression methods with quality loss have a
longer data encoding time than methods without (doz-
ens of times), and in some cases this leads to a loss and
in the total time for processing and data transfer (FMS
method);

4) developed a group of methods aimed primarily
at compressing color coordinates, while arrays of series
lengths are transmitted without additional coding, which
reduces the image's degree compression and increases
the transmission time on the communication channel;

5) in many complex compression methods, the
length methods of the series are used as a subsystem for
compressing the service information. Therefore, for
further increase the compression ratio, it is required to
compress the length of the series [5-7].

At the same time, existing methods without quality
loss do not provide the transfer of images in the com-
puter systems in real time. This is due to the following
shortcomings of the length methods of the series and the
LZW method:

1. The presence of stationary background regions
is not taken into account.

2. For the dynamic component [8-10]:

- the amount of the simplest structural redundancy
decreases (the lengths of series of the same elements
decrease) for realistic images, and consequently, the
effectiveness of the RLE and LZW methods decreases;

- there is a problem of the color coordinates proc-
essing of the identical images series.

Basing on the analysis of known compression
methods, it can be concluded that there is a need to use
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methods for processing images in the computer systems
without quality loss. At the same time, they do not allow
to process and transmit video data in real time.

It will be analyzed the directions of developing
compression methods without quality loss in order to
improve the processing, transmission and video data's
noise immunity in the presence of stationary back-
ground images.

Reducing the total processing time and transfer in-
formation can be done due to further improvement of
existing compression methods [11-18]. From the analy-
sis of known compression methods, there follow such
variants of their improvement:

1. Using processing, taking into account the sta-
tionary background presence of images. Here are the
options:

- identifying motion compensation;

- using three-dimensional discrete cosine transfor-
mations.

However, this is a computationally complex proc-
essing process.

2. Using additional processing at the individual
frames level, i.e. to exclude intraframe redundancy.
Here the following options are possible:

1) using the series' lengths encoding. This, on the
one hand, makes it possible to improve the identifying
structural patterns efficiency. On the other hand, the
coding efficiency of the series lengths is sharply re-
duced in the case of multi-degradation data processing
with a high brightness difference probability.

2) as a result of image compression, by using DDS
and LZW methods, structural and statistical redundancy
is reduced. Therefore, the additional use of methods that
reduce statistical redundancy will not significantly af-
fect on the compression ratio. Existing element-wise
coding methods, basically, exclude statistical redun-
dancy;

3) the series lengths carry basic information about
the shapes and sizes of the image objects, which is cru-
cial for correct image recognition. Even small distor-
tions in the lengths' values of the series lead to a partial
or complete image destruction of the objects. Therefore,
it is not recommended to use existing methods, which
are based on the reduction of psychovisual redundancy
to compress the series lengths;

4) increasing the LZW methods effectiveness is
associated with an additional increase in the number of
operations for coding, spent on:

- statistical characteristics calculation of image
elements in each "sliding window";

- large window sizes lead to an increase in the
search time of elements in the window.

In addition, the representation of the series'
lengths, by uneven codes, slightly increases the com-
pression ratio (not more than 1.5 times). But at the same
time additional difficulties appear that make it difficult
to implement the compression method in practice:

- additional operations are required to calculate the
statistical characteristics of each block (of the order O
(Nlog:N));

- it is necessary to transmit data on statistical char-
acteristics;

-if an error in the codeword, it is impossible to re-
store the whole message.

It means, that the using of existing methods, which
exclude probability-statistical and psychovisual redun-
dancy, to further enhance the effectiveness of methods
without quality loss in the process of intraframe proc-
essing is inexpedient [11].

Therefore, it came an interest for investigate the
possibility of further increasing the compression ratio of
stationary background processing images, which are
based on the stationary component detection of the
frame in the substrate, which will allow:

- to identify the area of stationarity relative to the
previous frame;

- to form a binary mask of dynamic areas and
thereby provide the potential for reducing structural
redundancy as a result of identifying the lengths of bi-
nary series;

- to reduce the dimension of the array containing
elements of dynamic objects.

Thus, it is proposed to construct a method for
compressing images of a stationary background, which
is based on the following mechanisms:

1) an identifying area of stationary background,
which will allow to take into account the presence of
interframe redundancy between neighboring frames;

2) a separated processing of the allocated station-
ary and dynamic components, using the operation of
imposing a binary mask.

Concepts construction on the formation of sta-
tionary background's dynamic images compressed
representation. The frame of the differential representa-
tion is formed on the current and previous frames in the
conditions of the video information's stationary formation
[12, 19-24]. This process is given by the expression:

+1 +1
& & &

Here are: al(’&’j) - (i; j) -th element of the previous frame;

el(f’jﬂ) - (i; j) -th element of the current differential-
represented frame; afﬁJrl) - (i; j) -th element of the cur-
rent frame in the video sequence.

The format of the differentially represented frame
allows to distinguish two components, that describe the
stationary background and dynamic objects. In order to
obtain a stationary background, it is necessary to deter-
mine the positions of the elements, which belong to the
dynamic component. In this case, it is necessary to take
into account that the frame is formed in conditions,
when the illumination of railway trains in motion
changes, the video camera vibrates, as a result of fluc-
tuations during its fixing, distortions are detected during
conversion of the analog signal to digital form [14, 25-
28]. In order to take this into account in the process of
forming the stationary component of the differential-
represented frame, it is proposed to use the filtering
threshold AP . The filtering essence is to identify the
elements of the differential-represented frame, which
contain impulsive interference. This will determine
whether the element refers to a stationary component or
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to a dynamic component. To reduce the number of op-
erations for processing, it is suggested to use scalar
threshold filtering. Scalar threshold filtering is per-
formed according to the rule, where each processed
element ejj is compared with the threshold value AP.

If the value of the element is less than the threshold
value, i.e. €jj < AP.

Then this element is considered an element of the
stationary component ejj € Iy, and €jj =0.

Conversely, if the value of the element exceeds the
threshold value ejj > AP, then this element belongs to

the dynamic component ¢; € /; .

The filtered structure of the differential-
represented frame allows you to extract dynamic and
stationary components from it [29, 30].

Taking into account the separate processing for the
differential-represented frame, two components are
formed (Fig. 1).

Stationary component [ <

Differentially-represented
frame F

Stationary component /,

Fig. 1. The scheme for the formation of two differential-represented frame components

The filtered representation of the differential-
represented frame is given by the following system of
expressions:

0, > ‘el'j‘SAP;
e;,jz eiJ—AP, ‘el'j‘>AP&el'j > 0;

eiJ+AP,‘ >AP&el'j<0.

cij|
Thus, the differential representation of the frame, by using
the filtering threshold, makes it possible to identify station-
ary background regions (stationary component) and re-
gions containing dynamic objects (dynamic component).

Conclusions

1. It has been developed the requirements for video
data compression systems in the computer systems.

Proposed to construct a method for compressing
images of a stationary background, which is based on
the following mechanisms:

1) an identifying area of stationary background,
which will allow to take into account the presence of
interframe redundancy between neighboring frames;

2) a separated processing of the allocated station-
ary and dynamic components, using the operation of
imposing a binary mask.

2. It has been developed the concepts on the for-
mation of stationary background's dynamic images
compressed representation.

The differential representation of the frame, by us-
ing the filtering threshold, makes it possible to identify
stationary background regions (stationary component)
and regions containing dynamic objects (dynamic com-
ponent).
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Meronx KoxyBaHHS POTHO30BHX KA/JPiB 3 BPaXyBaHHSAM MEXaHi3MiB yNpaBJIiHHS
JJIs1 OJIINIIEHHsT IKOCTi HaJaHHA BiZeoindopmaniiianx mocryr

O. I. Tumouxko, B. B. Jlapin, A. B. JTroruii, Axmen A6namna

AHoTanisi. Y craTTi MokaszaHo, 10 OCHOBHI TPYJHOLII B po0OTi 3 BiJIeO - Lie BENHKI 00CsATH repeaaHoi iHpopmanii ta
YyTJIMBICTH JJO 3aTPUMOK IpH nepenadi Bineoinpopmanii. Orxke, 11100 yCyHYTH MaKCUMaJIbHY BEJIMUMHY HaJMipHOCTI mpu (op-
MYBaHHI BiIEOIOCIIIOBHOCTI, BUKOPUCTOBYIOThCS 3 Tunu Kaapis: I, P ta B, siki yrBoprorots rpymny xaapis. s THOBOI Bineo-
TIOCJIIIOBHOCTI HU3BKOI CKJIQJHOCTI Bara KOXXHOro P-kaapy B moToni npuOim3HO BTpHYi MeHIa, Hix Bara [-kaapy. OnHaxk, Bpa-
XOBYIOUH KiNbKICTh P-KazpiB y rpyIli, BOHM BHOCSTh OCHOBHHUI BHECOK Y 3arajbHuii 0OcAr BineomaHux. TOMY pO3IIIsIaeThes
MOXKJIMBICTH OHOBJICHHSI METOJIIB KOAYBaHHs JUIsl P-KkaapiB npu ineHTH}iKaii monepeJHsoro THITy OJI0KIB 3 MOJaIbIINM (GOpMy-
BaHHIM CTPYKTYp OJIOKOBHMX KOZiB. Po3po0ieHo BUMOru 10 cucTeM KoMIIpecii BiZICONaHNX B KOMII'TOTEPHUX CHCTeMax. 3arpo-
MIOHOBAHO MO0YIyBaTH METO/ KOMIIpecii 300pakeHb HepyXoMoro (oHy, KUl 0a3yeThCst HA TAKUX MexaHizMmax: 1) ineHTudiky-
104a 00J1acThb CTallioHapHOro (OHY, sSIKa JO3BOJIUThH BPaXyBaTH HAsBHICTb MiXKa/IPOBOI HAaJIMIPHOCTI MiX CyCiZHIMH Kazpamu; 2)
po3zinbHA 00poOKa BHIUICHHUX CTAliOHAPHHUX Ta JMHAMIYHMX KOMIIOHEHTIB 3 BUKOPHCTAHHSIM ollepamii HaKIaJaHHS JIBIHKOBOL
Macku. Po3poGiieHo koHnenmnito GopMyBaHHST 00pOOICHOrO MOaHHS JUHAMIYHUX 300pakeHb Hepyxomoro ¢ony. Judepenmia-
JIbHE TPEACTaBICHHS KaJlpy, BUKOPUCTOBYIOUHM nopir ¢inpTpanii, no3Bosnste inenrudixyBatu Hepyxomi GpoHoBi obnacri (crarwio-
HapHHI KOMIIOHEHT) Ta 00JIacTi, IO MIiCTATh ANHAMIYHI 00'eKTH (AMHAMIYHMIA KOMIIOHEHT).

Kar4doBi ciaoBa:300paxkeHHs, KOIyBaHHs, KBAHTYBaHHsI, MATPULIS, JaHi.
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TPAH3AKIII I BJIOKYBAHHS, PIBHI I30JIbOBAHOCTI TPAH3AKIIIN

Anortanis. IIpeamerom nociiukeHHs € epeKTHBHICTh BUKOPHCTAHHS PiBHIB 130Jb0BaHOCTI TpaH3akuiil. MeToro mpaHoi
CTaTTi € BU3HAUYCHHS JOLUIBHOCTI BUKOPUCTAHHS PO3NOBCIO/KEHNX PIBHIB 130/1bOBAHOCTI TpaH3aKLii, fKi BIUIMBAIOTH HA
OJIOKyBaHHS, Ul 3a100iraHHs BUHUKHEHHS HEY3TOKEHOCTI JaHuX (BTpaueHEe OHOBJICHHS, «OpyAHE» YUTaHHs, HEIOBTO-
proBaHe YMTaHHS, (paHTOMHE YMTAHHSA) [IPU NapaJieIbHOMY BUKOHAHI TPaH3aKIiHd. Bynu orpumani HacTynHi pe3y/IbTaTH.
OnHO4YacHO MOXKe OYTH BCTAHOBJICHMI TUIBKM OAMH IIApaMeTP PIBHs 130JbOBAHOCTI TPAH3aKIUi, KU MPOIOBXKYE NiSTH
JUISL TIOTOYHOTO 3'€/IHAHHS 0 THUX IIip, IOKK He Oyne sBHO 3MiHeHHi. Konu Juist TpaH3akiii 3MIHIOETBCS piBEHB 130JIs11,
pecypcy, sIKi 3UMTYIOTBCS IICIIs 3MiHHM, 3aXMILAIOTHCS BiNOBIIHO /10 NPAaBUII HOBOr'O PiBH:. PecypcH, sKi 34UTYIOTHCA 110
3MiHH, 3aJIMIIAIOTHCS 3aXMIIEHUMH BiJIIOBIAHO JI0 NPaBIJI ONEepeAHbOro piBHA. CucTeMu ynpailiHHA 6a3aMu aHUX, AKi
3a0€31e4yI0Th TPaH3aKTHBHICTb, HE 3aBXK/H MiATPUMYIOTh BCI PO3IJISHYTI YOTHPH PIBHI i301bOBAHOCTI TpaH3aKLi, a Ta-
KO MOJKYTh BBOJIMTH JOJATKOBI piBHI. BUCHOBKH. BHKOpHCTOBYIOUM BUCOKHUIA PiBEHB 130JIbOBAHOCTI (BIIOPSAKOBAHICTS),
MOJKHa 3aXHCTHTH OJHY TPaH3aKLil0 Bijl BIUIMBY iHIIOI, aJie 33 paXyHOK iCTOTHOrO 30MTKY JUIS IPOIYKTHBHOCTI 0a3u Ja-
Hux. Ha npomy piBHI pe3ynbTaTH NmapajieibHOr0 BUKOHAHHS TpaH3aKWil Uit 0a3u JaHWX y OUIBIIOCTI BHITAJIKIB MOXKHA
BB@)KATH TaKMMH, 110 30iraroThCs 3 IOCHIIZOBHUM BHUKOHAHHAM THX )K€ TpaH3akuiil (1o uep3i B Oyab-sKOMY MOPAAKY). 3
iHIoro OOKy, HU3BKHI PiBEeHb 130iALi1 (YUTAaHHS He3a(iKCOBaHUX JAHHMX) TPAH3aKLIl MOPOPKYE MPOOIEMH 3 HEY3TOKe-
HICTIO JIaHUX, 3a0e3edyouy IPH LIbOMY OLIbII BUCOKY NPOJYKTUBHICTb.

Karo4oBi c1oBa: HEy3roUKEeHICTh IaHMX, TPAaH3aKLil, BEPCIOHYBaHH, OJIOKYBAaHHS, PiBHI 130JIbOBAHOCTI TpaH3aKLiH,

YUTaHHs HeSa(i)iKCOBaHI/IX JaHUX, YUTaHH CbiKCOBaHI/IX JaHuXx, HOBTOp}OBaHiCTB YUTaHHA, BHOpﬂI[KOBaHiCTB.

Beryn

IHocTanoBKa Mpo0aeMH y 3arajJIbHOMY BHIVISAI.
Ha cphoromHimHii geHb KOMITIOTEPHI CUCTEMU BHKOPH-
CTOBYIOTBCSI y BCE OLIBLI PI3HOMAHITHUX 00JACTsIX Ta
noaatkax. BoHM cTaroTh MOMIMPEHIIINMY i BUKOHYIOTh
pi3HOMaHITHI 3aBJaHHs Maibke B ycix cepax Hamioro
KUTTA. J{7s TOro, 100 3a0BOJBHHUTH BCI HAIIl TOTpe-
01, KOMITIOTEpHI CUCTEMH HOBUHHI 30epiraTv BeIUKHA
obcsr iHpopmanii. HeoOxigHo, mo6 us iHdopmaris
30epiranacs i Oyjaa CTPYKTYpOBaHa TaKHM YHHOM, aOu
MIPUHOCHUTH KOPHUCTH 1 JUIs caMoi CHCTEMH, 1, TaK camo,
JUTSL JIIOJICH, SIKi IPOEKTYIOTh Ta MPAIOIOTh 3 CUCTEMOIO.
Taka cTpykTypoBaHa iH(pOpMAaIlis HA3UBAETHCSA JAHUMU
i 3a3Bu4ai ii nocriitHo 30epiratoTh B 06a3i JaHUX.

Ipu pobori 3 6azamu nanux (B/I) mocriiitHo BHHK-
Kae HeOoOXiTHICTP MATPUMKH JIaHUX B aKTyaJbHOMY CTa-
Hi. [Iyg 11pOoro HEOOXiAHO 3MIMICHIOBATH OHOBJICHHS Ta0-
JIMIB, 1O icHyITh. CHcTeMa yrnpaBiiHHs 0a3aMu JTaHUX
(CYB) mociimoBHO 3MificHIOE OOpOOKY 3ammuciB Taod-
JIUIb, SIKI HEOOXIJHO OHOBHUTH. AJie 3aBXKAW NMPHCYTHIN
IHTEpBaJI Yacy, KOJM YacTHHA 3aIUCIiB BXKE MiCTHTh HOBI
3HAYEHHS], a YACTHWHA — e He OHOBJIeHA. TakoX B Tporie-
cl OHOBJICHHS MO)X€ BHHHKHYTH CHTYyallis, KOJIH CTaH
LUTICHOCTI 0a3u JaHUX IMOPYIICHO, BHACIIIOK TOTO, IO
BUHHK 30iid. MepexHi, mapajenbHi Ta po3nojiieHi 6a3u
JTAHUX OOCITYTOBYIOTH 0€371iY KOPUCTYBAUiB, IO MPAITHO-
10Th OfiHOYacHO. [Ipu mapanensHOMY BUKOHaHHI TpaH3a-
KL}l MOKJIMBI HACTYITHI HEY3TO/PKEHOCTI JaHHX:

- BTpaueHe OHOBJICHHS — IIPH OAHOYACHIA 3MiHi
OHOro OJIOKY MaHWX PI3HUMH TPaH3aKIisIMU BTpaya-
I0ThCS BC1 3MiHH, KPIM OCTaHHbO;

- «Opy/iHe» YMTaHHS — YUTaHHS JaHUX, SIKi JOJaHi
a0o0 3MiHEeHI TPaH3aKIIi€lo, 110 3rOJI0M HE ITiATBEPAHUTh-
cs1 (BIIKOTHTHCA);

- HETOBTOPIOBAHE YNTAHHS — IIPH TIOBTOPHOMY YH-
TaHHI B paMKax OJHi€i TpaH3aKkuii JaHi, sKi Oyno paHi-
1II€ TIPOYUTAHO, BUSIBIISIIOTHCS 3MiHEHUMU;

- (paHTOMHE YMTaHHS — OJHA TPaH3aKIis B XOi
CBOT'O BUKOHAHHS KiJIbKa pa3iB oOupae 0e3miu psaKiB 3a
OHMMH ¥ THUMH XX KpHUTepisM. IHIIa TpaH3akuis B iH-
TepBaNax MK IIMMHU BHOIpKaMH J0a€ PSAKA a0 3Mi-
HIOE CTOBIIII JIESIKHUX PSJIKIB, SIKi BUKOPHCTOBYIOTBCS B
yMOBax BHOIpPKH Iepuioi TpaH3akiii, i YCHIIIHO 3aKiH-
4yyeThes. B pe3ynbTati Buiize, 110 OMHI i Ti K BUOIPKHU B
TepIii TpaH3aKIil JaroTh pi3Hi Oe3iidi PSIKiB.

s toro, mo0 YHUKHYTH NpoOsieM, siKi BUHHKa-
I0Th IIiJ] Yac OJIHOYaCHOTO BUKOHAHHS TPaH3aKIiH, BU-
KOPHCTOBYIOTHCS OJIOKYBaHHSI.

MeTta cTaTTi € BU3HAUYEHHSI ONTHMAJIBHOTO CTYIIe-
HIO 3a0e3Me4YeHHs] BHYTPIIIHIMA MEXaHi3MaMH CHCTEMH
YIIpaBJIiHHS 033010 JaHUX 3aXHCTY BiJl yCiX a0 JesKux
BUJIIB HEY3TOKEHOCTI NaHMX, SKi BUHUKAIOTH TIPH Iia-
payieIbHOMY BUKOHAHI TPaH3aKILi.

AHaJIi3 OCTaHHIX JoCHiIKeHb i myOaikamiii.
TpaH3axis — 11e Tpymna IoCiI0BHUX Oreparlliii 3 6a30t0
JAaHKX, sKa SBIISIE COOOIO JIOTIYHY OJWHUIIO POOOTH 3
nannmi [1]. Tpanzakuist Moxke OyTH BUKOHaHa abo IiJ-
KOM 1 YCITIIIIHO, TOTPUMYIOUUCH IUTICHOCTI TaHUX 1 He-
3aJIeKHO BiJ IHIIMX TpPaH3aKIid, 110 BUKOHYIOThCS Ia-
paJienbHo, a00 He BUKOHAHA B3aralii.

[IpoGnemu, siki BUHUKAIOTh PU BUKOHAHI TpaH3a-
KII{ 3amucy Ta YUTaHHS AaHUX 3TaJylOThCS Y JNEKiTb-
Kox jpkepenax [1, 3, 8, 9] Ta BUKIMKAIOTh HEY3TOIKeE-
HICTh JaHuX. JJI1 TOro, 100 MiATPUMYBATH Y3TOIKe-
HICTh Ta 130JIAI(I0 JAHUX, SIKI € OJHHMHU 3 TOJIOBHUX
XapaKTEepPUCTUK TpaH3aKllii, BUKOPUCTOBYIOTHCS OJIOKY-
BaHHS, SIKi Oy pO3rIIAHYTI B [3].

UuTaHHs 32 3aMOBYYBaHHSM Ma€ Ha yBa3i BUOIPKY
JTAaHUX 3 BUKOPUCTAHHSIM CIIIJIBHOTO OJIOKYBaHHsI. 3armuc
)K€ BHUMarae MOHOIIOJLHOTO OJIOKYBaHHS, TaK SIK BiH
MPU3BOJUTH A0 3MiHHM BMicTy Tabmuui. s Toro, mob
BIUIMBAaTH Ha OJIOKYBaHHs, BUKOPHCTOBYIOTHCS PiBHI
3ot [2].

BuaiisitoTs 4OTUPU OCHOBHI PiBHI 130JbOBaHOCTI
TpaH3aKIi, SKi HaBeleHO B [4].
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[Nepmmii piBeHb — 1€ MiHIMaJBHUIN piBEHb 130JI5-
ii, SIKKH TapaHTye TUIBKU (Qi3UYHY LIICHICTH NpH 3a-
muci maHux. B [3] fioro mie Ha3WBalOTh HE3aBEPIICHUM
(YOPHOBHM) YHTaHHSIM.

HacrynHuii piBeHb Ha3MBalOTh YUTAaHHAM (ikco-
BaHHUX JIaHUX, TOMY IO BiH 3aro0irae YUTaHHIO «Opy/I-
HUX» AaHuX. Ha maHuii yac OLIBINICTH HPOMMCIOBUX
CYBJ, 30xpema, Microsoft SQL Server, PostgreSQL Ta
Oracle, 3a 3aMOBYYBaHHSIM BHKOPHUCTOBYIOTH came Lei
piBens [6-8].

Tperiii piBeHb — 1€ piBeHb 130JALIl, TPH SIKOMY
HisKa 1HIA TPAH3aKIlis HE MOXE 3MIHIOBATH JaHi, SKI
YHUTAIOTHCS TOTOYHOIO TPAH3aKIN€l0, IOKH Ta HE 3aKiH-
yeHa. [Ipyu MoBTOpHOMY 3aIyCcKy iHCTPYKIii MOTOYHOO
TpaH3aKLie OyaAyTh BUITYdeHi HOBI PSJIKH, IO ITPU3Be-
Jie 10 «(aHTOMHOTO YNTAHHS», MPUKIIA] IKOrO HaBeJIe-
HO B [5].

Ha waiiBumoMy piBHI i30JbOBAHOCTI TpPaH3aKIIi1
130JIIOIOTHCSL OJTHA BiJ OZIHOI 1 BUKOHYIOTHCS TaK, HiOH
IHIIMX TpaH3aKIii HE iICHYE.

BepcionyBanHs Ta 6J10KyBaHHSA

Ha nanwii yac BAKOPUCTOBYIOTH HACTYITHI ITiXOIH
JI0 peattizalii i30JJbOBaHOCTI: BEpCIOHYBaHHS Ta OJIOKY-
BaHHSL.

BepcionyBaHHsl — 11e 30epe)KeHHs KIIBKOX Bepciii
PAIKIB, sIKI MapajielbHO 3MIHIOWOTh. [IpH KOXKHIH 3MiHi
psaaka CYBJ] cTBOproe HOBY BEpCilO IIBOTO psaKa, 3
SIKOIO TIPOJIOBXKYE ITPAIfOBATH 3MIHIOIOUH JIaHI TPaH3aK-
1is1, B TOM 4ac sk Oyab-sKHUH iHIIIH TpaH3aKIii mpomecy-
YHUTAHHS TIOBEPTAETHCS OCTaHHS 3a(iKCoBaHa BEPCis.

[lepeBara Takoro mmxony MOJNArae B TOMY, IO BiH
3a0e3medye OULTBITY MIBHIAKICT, TaK SK 3armodirae 0Jo-
KyBaHHIO. O/HAK BiH BMMarae OULTBINOI BUTPATH Olepa-
TUBHOI IaM'sITi, sIKa BUTPAYa€THCsI Ha 30epiraHHs Bepciit
pankiB. KpiM Toro, npu napanenbHiid 3MiHI JaHUX JEKi-
JIbKOMa TPaH3aKIisSIMH MOXXE BUHUKHYTH CHUTYaIlisl, KO-
JU KiNbKa TMapajeibHUX TPaH3aKUiii BUKOHYIOTH He-
Y3rOJPKEHI 3MIHM OJHUX i THX CaMUX NaHUX (OCKUIBKH
OJIOKYBaHHS BiJICYTHE, HIIIO HE 3aBaJUTh L€ 3POOHTH).
Toni Ta Tpan3axiiis, ska 3adikcoBaHa mepiioro, 30epe-
K€ CBOI 3MiHU B OCHOBHil B/l, a iHII mapanensHi TpaH-
3aKIl1 BUSBUTHCS HEMOXKJIMBO 3a(iKCyBaTH (Tak SK II€
NpU3Be/ie JI0 BTPATH ITIOHOBJICHHS MEPUIOl TpaH3aKIIii).
€nune, mo Moxe B Takii cutyanii CYB/] — e Binkoru-
TU 1HII TpPaH3aKIll i BUAATH [TOBIIOMJICHHS PO ITOMHU-
JIKY «3aIuic BKe 3MiHEHOY.

bnokyBaHHS maHMX — I MiAXiA, SKAH MONArae B
TOMY, IO TPaH3aKIis IPOLECY MUCbMEHHHKA OJIOKYE
naHi, sKi OyJ0 3MiHEHO, Ui TpaH3aKLiil mpolecy Y-
TaHHA. TakUM YWHOM, IEPEIIKO/DKAETHCI «OpyIHE»
YUTaHH], a JaHi, ki OyJ0 3a0JIOKOBAHO TPaH3aKIIIEID
NPOLIECY 4YWTAHHS, 3BUIBHSIOCSA BiJpa3y IMicis 3aBep-
IICHHS omeparii Hax HuMH [3].

O0'exkTom OsokyBaHHSI Moxke Oyt BJI 1rikom,
oKpeMa Tabuuil, pparMeHT Tabduili, 3amuc (psaok) ado
0CepeIoK.

ITo obnacri aii 60KyBaHHS MOALISIOTHCS Ha Psiji-
KOBE, IpaHyJsipHe Ta npeaukatHe [1].

PsiaxoBe O710KyBaHHS — Ji€ TUTBKU Ha OJJMH PSIOK
tabmuui b/, He oOMexyrour MaHimyssIii HaJl iHITMMU
pAAKaMH TaOJIHIIL;

I'panynsipHe ONOKyBaHHS — Jii€ HA BCIO TaOJIHIIO
abo BCIO CTOpIHKY Ta BCi psakd. biokyBaHHS, 1m0 00-
MEXY€e MaHIITYJISIT 31 CTOPIHKOO JaHUX B TAOJHII 1HO-
Jli HA3UBAETHCS CTOPIHKOBUM.

[IpenukaTHe GIOKYBaHHS Ji€ HA 00JacTh, sika 00-
MEXEeHa IpeluKaTaMy. 3a3BU4ail 1ie OJIOKYBaHHS IO
niamazoHy KirouiB. [Ipu Takomy OJ0KyBaHHI JUIs KiTto4a
abo 1HOEKCYy BKa3yeThCsl 3HaueHHs abo [iarma3oH 3Ha-
YeHb, Ha sIKi MOIIUPIOETHCS OJIOKYBaHHSI.

3a CyBOpICTIO OJIOKYBaHHS HOIUIAIOTHCS Ha CIILIb-
He Ta MoHomnobHe [10].

CriinbHe OJIOKYBaHHSI — HaKJIAJAEThCSl TPaH3aKIli-
€10 Ha 00'€KT y pasi, AKIIO omepallis, o0 0yiia BUKOHA-
Ha, Oe3rmeuna. ToOTO He 3MIHIOE HISIKMX JaHHUX 1 HE Ma€
nobiyHux edekriB. [Ipu 1boMy, BCi TpaH3aKIii MOXKYTh
BHUKOHYBATH OIEPAIlif0 TOrO X THITY HaJ 00'€KTOM, SK-
110 Ha HHOT'O HAKJIJICHO CITiJIbHE OJOKYBaHHS, 3a3BUYai
Take OJIOKYBaHHS BUKOPHUCTOBYETBCS IS Omepauiii 4u-
TaHHSL.

MoHornonsHe OJOKYBaHHSI — HAaKJIaJaeThCsl TpaH-
3aKINE€r0 Ha 00'€KT y pasi, AKIIO orepallis, 1o Oysa BU-
KOHaHa, 3MiHIOE JaHi. TiJbKM OJHA TpPaH3aKIls MOXe
BHUKOHYBAaTH IOJIOHY Omepanito Haja 00'€KTOM, SKIIO Ha
HBOTO HaKJIaJIEHO MOHOMOJIbHE ONoKyBaHHA. biokyBaH-
HSl HE MOXKe OYTH HakJaJeHeo Ha 00'€KT, SKIIO Ha HbO-
T'O BJKE HAKJIaJIEHO CITUIbHE OJIOKYBaHHSL.

3a jorikoro peanmizamnii OJOKYBaHHS IOALISIOTHCS
Ha ONTHMICTHYHE Ta IecumicTuyne [3].

OnrtumictiuHe OJIOKYBaHHSI — HE OOMEXYe MOIHM-
¢ikamito 1aHuX, ki 0yi10 00pOOJICHO CTOPOHHIMU Ceci-
SIMH, OJIHAK TIepe/l OYaTKOM MOAUDIKAIl] 3amuTye 3Ha-
YEHHS IESIKOTO BUIIIICHOr0 aTPUOYTY KOXXHOTO 3 PSAIKIB
MaHuX (3a3BUYail BUKOPHCTOBYETHCS HaWMEHYBaHHSI
VERSION Ta ninouncenbHUil THI 3 iHIIaJbHAM 3Ha-
yenusMm 0). [lepen 3anmcom mMoandikamiid B 6a3y 1aHux
NepeBipsETHCS 3HAUSHHS BUJICHOTO aTpHOYTY, 1 SIKIIO
BOHO 3MIHWJIOCS, TO TpaH3aKIlisl BiJKO4yeThcss abo 3a-
CTOCOBYIOTBCS PI3HI CXEMH JO3BOJNY KOMI3ii. SIKIIO
3HAYEHHs BUIJICHOTO aTpuOyTy HE 3MiHMIIOCS — MPOBO-
muThest (ikcaiis Moaudikamiid 3 0JHOYACHOI 3MiHOO
3HAYEHHs BHJUIEHOTO aTpHOYTy Ul CHUTHAmi3amii iH-
LIMM CECIsIM MPO T€, IO JAaH1 3MIHUITUCS.

[NecumicTiuHe ONOKYBaHHS HaKIaIa€TbCsl TeEpes
Moau(iKali€lo TaHuX, sKa € nepeadadeHoro, Ha BCi psi-
KH, sIKi Taka Moauikais iMoBipHO 3auinae. Bech yac nii
Takoro OJIOKyBaHHS BHKIIOUEHa MOAMQIKaIls JAaHHX 3i
CTOPOHHIX cecCild, JaHi 3 OJIOKOBaHHX PSJIKIB JOCTYITHI
BIZIMOBIZIHO 10 piBHS i3011b0BaHOCTI Tpan3akiii. [To 3aBe-
pureHH0 Moaudikalli, Mo € mnepeadaueHOr0, TapaHTy-
€THCS HECYTIEPEWINBUI 3aITUC PE3YIIbTATIB.

PiBHi i30o1b0BaHOCTI TpaH3aKkWii

IMix «piBHEM 130l TpaH3aKLii» PO3yMIEThCS
CTYMiHB, IO 3a0€3MeUyeThCsl BHYTPIIIHIMUA MeXaHi3Ma-
mu CYBJI 3axucrty Bix ycix abo JesKkuX BHIIB mepepa-
XOBaHUX BUINE HEY3TOPKEHOCTEH JTaHUX, 10 BUHUKA-
I0Th TIPH NapajenbHOMy BUKOHaHHI TpaH3akiii. CraH-
nmapt SQL-92 [2] Bu3HAYae IKady 3 YOTUPHOX PIBHIB
i3omstmii: read uncommitted, read committed, repeatable
read, serializable. Ilepmmii 3 HHX € HaiicaaOIIMM,
OCTaHHIN — HAWCHIbHIIINM, KOXKHUHA HACTYIHUHN BKIIIO-
4ae B ceOe BCi MOMEpeIHi.
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[epmmii piBens (read uncommitted) — 1e MiHIMa-
JIBHUH piBEHb 1307151111, TapaHTye TUIbKU (i3W4HY IiTic-
HicTh TpW 3amuci gaHux. lled piBeHb, Mae HaWripiry
Y3TOJDKEHICTh JIaHHMX, ajie HAWBWINY IIBUIKICTH BHKO-
HaHHS TpaH3akiii. Ha3Ba piBHS TOBOpUTH cama 3a cebe
— KO)KHa TpaH3aklisi 0auuth HezadikcoBaHI 3MiHHU iH-
mrof TpaH3akiuii ((heHoMeH «OpyqHOro» yuTaHHs) [4].

TunoBuit crioci6 peasnizalii AaHOro PiBHA 130JIs-
il — 11e 6JIOKYBaHHS JJAHUX Ha YaC BUKOHAHHS KOMaHIH
3MiHH, SK€ TapaHTye, 10 KOMaHIU 3MIHH OJHHX 1 THX
e PSIKIB, SIKi 3aMyIEHO MapajeiabHo, (PaKTHIHO BUKO-
HYIOTBCSl TIOCIIIIOBHO, 1 JKOAHA 3 3MiH HE 3aryOHThCHL.
Tpan3axuii, 1110 BUKOHYIOTh TiIBKM YWTAHHSI, TPU Jla-
HOMY piBHI i305sii Hikonu He OnoKyoThes. [Iponecu-
YuTadi MOXYTh 3YMTYBATH J[aHI HE3aBEPIIEHOI TpaH3a-
KT Ipolecy MMChbMEHHHKA.

Hpyruii pisens (read committed) — 11e piBeHb i30-
T, IKUi BKa3ye, 10 1HCTPYKIIi He MOXXYTh 3YHTYBa-
TH J1aHi, sKi Oy 3MiHEHI IHIIMMH TPaH3aKLisIMH, alie
e He Oynu 3adikcoBani. HaBenenuii piBeHb Iie Ha3u-
BalOTh YNTAaHHs (PIKCOBAHMX JAHHX, TOMY IO BiH 3aIo-
Oirae yuTaHHIO «OpyaHHUX» AaHUX. J[aHI MOXYyTh OyTH
3aMiHEHI IHOIMMHU TpPaH3aKIisIMH MK OKPEMHMH iH-
CTPYKLISIMH B MOTOYHIN TpaH3aKIii, pe3yJIbTaTOM 4Oro
Oy/ie MOBTOPIOBaHE YUTAaHHS a00 (haHTOMHI IaHi.

Pigenp i3omsmii (repeatable read) — ue piBeHs, npu
SIKOMY TPaH3aKI[is, 10 YUTA€E, HE OAYUTh 3MIHU JTaHHX,
sIKi OyJu Heto paHime npountai. [Tpu 1ibomy Hisika iHIIA
TpaH3aKIis HE MO)XXE 3MIHIOBAaTH JaHi, SIKI YUTAalOThCS
ITOTOYHOI TPaH3aKIi€lo, TOKK Ta HE 3aKiHueHa [S].

CriinbHe OJIOKYBaHHS 3aCTOCOBYIOTHCS JIO BCIX Jia-
HUX, 5IKi 3YUTYIOTHCS OY/Ib-IKOIO IHCTPYKINIEIO TPaH3aK-
ii, i 30epiratoThes Mo ii 3aBeprieHHs. Ile 3aboponse
IHIIUM TPaH3aKIsIM 3MIHIOBATH PSIIKH, SKi 3UUTYIOTHCS
MOTOYHOI0 TpaH3aKLi€ro. [HIN TpaH3akmii MOXYTh
BCTaBJISITU HOBI PSZIKM, IIO BiJIIOBIJIAIOTH YMOBaM IIO-
LIYKY 1HCTPYKIiH, SKi MICTATBCS B IOTOYHOI TPaH3aKIIil.
[Tpu moBTOpHOMY 3aITycKy IHCTPYKIIT MOTOYHOIO TPaH-
3aKIf€r0 OyAyTh BUIYYEHI HOBI PSJIKH, IO MPHU3BEAC 110
«(aHTOMHOT'O YUTAHHSD).

PiBenp BnopsiaxoBaHoCTi (serializable) — HaiiBu-
IWHA piBEHb 130JIbOBAHOCTI, TOMY IIIO TPaH3aKIIii OBHi-
CTIO 130JIIOIOTHCS OfIHA BiJ OJIHOI, KO)KHa BHKOHYETBCS
Tax, SIK HiOM mapaseabHUX TpaH3akuiid He icHye. Tinbku
Ha [bOMY DiBHI MapayienbHi TpaH3aKIii He CXWIBHI JI0
edekty «paHTOMHOrO UNTaHHS» [S].

bnokyBaHHs nianma3oHy BCTAHOBIJIIOETHCS B Jliama-
30HI 3HAY€Hb KIIOYA, IO BIJIOBIJIa€ yMOBaM IOUIYKY
OyIb-KO1 IHCTPYKIIii, sika OyJia BUKOHAHA IiJ] Yac TpaH-
3akifii. OHOBJICHHSA Ta BCTaBKa PSAKIB, sKi BiIOBima-
I0Th IHCTPYKIISIM TIOTOYHOI TpaH3aKIlii, OJOKYEThCS ISt
iHmMX Tpau3akniid. Ile rapanTtye, 1Mo SKIoO Oyab-sika
IHCTPYKIIisl TpaH3akiii BUKOHYEThCS IOBTOPHO, BOHA
Oyne 34MTyBaTH TOW ke caMuii HaOip psukiB. Bioky-
BaHHS Jiara3oHy 30epiraeThcs J0 3aBEpILISHHS TpaH3a-
kuii. e HalicyBopimmii piBeHb 13011, OCKIJIBKH BIiH
OJIOKYe IIiJTi Jiara30Hy KIIIOYiB Ta 30epirae OJOKyBaHHs
JI0 3aBEpIICHHs TpaH3akiii. Uepe3 HU3bKHUIN Mapasesnizm
Lel piBeHb PEKOMEHIYEThCS BHKOPUCTOBYBATU TIJIBKH
IIpY HEOOXiIHOCTI.

V Tabnuii HMKYe MOKA3aHO, BiJ SKHUX MOOIYHHX
e(eKTIB KOXKEeH 3 YOTHPhOX PIBHIB 130JIAII CTpa)iae

(Bim mpoOiieM mapayeniaMy, fAKi OyJl0 THepepaxoBaHO
pauimie). 3HaueHHs "Tak" B TaOnuIl 03Havae, 10 IIEBHA
npo0OJieMa MOXJIUBA IIPU JAHOMY PiBHI i30Js1ii, a 3Ha-
yenns "Hi" — mo mpobiema Ha TaHOMY PiBHI 130JAIT
HEMOJKJIUBA.

Tabnuya 1 —IloBeniHka NpPHU Pi3HUX PiBHAX i301b0BaHOCTI

:
@ ) A o &
== = 35 =

- | S¢E |EE| E3
PiBenb izossimii S = = Z = S 5=
= £ e @ E [ e 4
25 | 57|25 BB
S E 4 A3

Serializable Hi Hi Hi Hi

Repeatable read Tax Hi Hi Hi

Read committed Tak Tak Hi Hi

Read umcommitted Tax Tak Tak Hi

OHOYaCHO MOXKe OyTH BCTAHOBJICHO TLIBKH OJUH
rapameTrp piBHS 130JIALi1, SKUH NPOMOBXKYE IISTH IS
MOTOYHOIO 3'€JJHAHHS JI0 THUX Iip, MOKH HE Oyne sSBHO
3MiHeHuH. Bci onepariii 3untyBaHHs, sIKi 0yJI0 BUKOHA-
HO B paMKaX TPaH3aKIlii, YHKIIIOHYIOTh BiIMOBITHO 110
TIPaBUII PiBHS 130JIS1IIT.

PiBHi 13051111 TpaH3aKIlii BU3HAYAIOTH THUIT OJIOKY-
BaHHS, SIKUHA 3aCTOCOBYETHCS JI0 OMEpalliil 3UNTYBaHHS.
CrinbHi  OJNOKYBaHHS, IO 3aCTOCOBYIOThCs i read
committed abo repeatable read, sk mpaBuio, € OIOKY-
BaHHSIMH PSJKIB, aJe PU [[bOMY, SIKIIO B MPOIECi 3Uu-
TYBaHHS WJe 3BEPHEHHS 10 BEIUKOI KUIBKOCTI PSAKIB,
OJIOKYBaHHS PSIKIB MOXKe OyTH pO3IIUpeHe A0 OJOKY-
BaHHS CTOPIHOK a00 TaOmwuilk. SIKINO psAgok OyB 3MiHe-
HUH TPaH3aKII€IO MiCHs 3YUTYBaHHS, JJIs 3aXHCTY TaKO-
TO psijIKa TPaH3aKIlisi 3aCTOCOBYE MOHOIIOJIBHE OJIOKY-
BaHHs, SKe 30epiraeTbCs OO 3aBEpIICHHS TPaH3aKIIii.
Hanpuknan, skimo Tpansakiiis repeatable read mae cri-
JIbHE OJIOKYBaHHS PSAKIB 1 TPH IIbOMY 3MiHIOE HOrO,
Take OJIOKYBaHHS IEPETBOPIOETHCS B MOHOIOJBHE. Y
OyIb-IKMH MOMEHT TPaH3aKI[ii MOXKHA MEPEKITIOUNTHCS
3 OJTHOT'O PIBHSI 130JIA11iT Ha 1HIITHIA.

Konu st TpaH3akiiii 3MIHIOETBCS PiBEHb 1301111,
pecypcH, sIKi 3UMTYIOTHCS MICHIS 3MIiHH, 3aXHIIAFOThCS
BIJIMIOBITHO J0 TIPaBHJI HOBOTO piBHA. Pecypcew, siki 34u-
TYIOTHCS IO 3MiHH, 3aJIMIIAIOTHCS 3aXUIIEHUMH BiAmo-
BiJHO 0 MpaBWJ NONepeaHboro piBHsA. Hampukian,
SIKIIO JUTS TPaH3aKIii piBeHb 130111 3MiHIOEThCS 3 read
committed Ha serializable, To crisbHI ONOKyBaHHS, SIKi
OTPUMAHO TicNs 3MiHH, OyIyTh YTPUMYyBaTHCS 10 3aBe-
PILIEHHS TpaH3aKIIil.

CYB/l, sxi 3a0e3neuyloTh TpaH3aKLiHHICTb, He
3aBXIU MIATPUMYIOTH BCl YOTUPH PiBHI, 2 MOXKYTh BBO-
JIUTH JOJATKOBI.

MoxIIMBI TakOK Pi3HI HIOAHCH B 3a0e3IcucHHI
130111,

Tak, Oracle [7] B mpuHUMII HE MiATPUMYE HYIbO-
BUH piBeHb, TaK SIK HOro peanizallis TpaH3aKIili BUKIIIO-
yae «OpyIaHi YUTaHHS», 1 (QOpPMAIBLHO HE JO3BOJISE
BCTaHOBJIOBAaTH piBeHb repeatable read. Todro Oracle
miaTpumye TiNbKU piBHI read committed (3a 3amoBYY-
BaHHAM) Ta serializable. [Ipu npoMy Ha piBHI OKpeMHUX
KOMaH/I BiH, ()aKTUYHO, TapaHTY€E TOBTOPIOBAHE YUTaH-
Ha (sxio komanaa SELECT B mepmriii TpaH3akiii oou-
pae 3 0a3u HaOip psIKiB, 1 B el Yyac mapasenbHa qpyra
TpaH3aKIisl 3MIHIOE SIKICh 3 IIMX PSJIKIB, TO PE3yIbTYIO-
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4uii HaOip, SIKKI OTPUMAaHO MIEPIIIOI0 TPaH3aKIlE0, OyIe
MICTUTH HE3MIiHEHI PSIIKH, SIK HIOWM ApYrui TpaH3akiii
He Oyi0). Takox Oracle miaTpumye Tax 3BaHi read-only
TpaH3akuii, sKi BiAmoBizaroTh serializable, ame npu
LOMY HE MOXKYTh CaMi 3MiHIOBaTH JaHi.

Microsoft SQL Server miarpumye BCi YOTHPU CTaH-
JAPTHUX PIBHS 130JIMi1 TpaH3aKIild Ta JOAATKOBO — pi-
BeHb snapshot [6], Ha SKOMY TpaH3aKIlisi 0aYMTh TOH CTaH
JIaHUX, SIKUA Oyno 3adikcoBaHO 10 11 3aIycKy, a TaKOX
3MiHH, 5Ki 0yJI0 BHECCHO HEIO caMOr0. TOOTO MOBOAUTHCS
Tak, HayeOTO OTpHUMaja IPU 3aIyCKy MOMEHTAIbHHNA
3HiMOK nmanuxX BJI i mparoe 3 HuM. BiaMiHHICTH BiX
serializable monsrae B ToMy, 110 HE BUKOPHUCTOBYIOTHCS
OJIOKYBaHHs, ajic B pe3yybTaTi (hikcaIls 3MiH MOXe Iie-
pecTaTH IpalloBaTy, SKIIO MapajienbHa TPaH3aKIis 3Mi-
HHUJIa Ti K caMi JlaHi paHille; B IbOMY BHUIAJKYy Apyra
TpaH3aKIlisA Mpy Crpodi BUKOHATH commit BUKIMYE TI0-
BiJIOMJICHHS PO TIOMMJIKY 1 Oy/ie CKacoBaHa.

BucHoBku

B miii crarti Oy7a0 OMHMCAaHO MPOIEC YIIPABIIHHI
CTYIEHEM Y3TO/DKEHOCTI JaHUX 3a JOIIOMOrol0 BUOOpY
Pi3HUX PIBHIB 13011 1 Te, sIK I[el BUOIp BIUIMBA€E Ha
napayenbHuid T0CTyN. Byno po3risHyTo 4oTHPU pexu-
MH, B SIKHX BUKOPHCTOBYIOTHCS OJIOKYBaHHSI.

HesaBepiiene (4opHOBE) YMTaHHS — 1€ MiHIMaJb-
HUH piBEHb 130JIA1IT KU rapaHTye TITbKU Qi3HYHy

LUTICHICT TpH 3amuci Aanux. Llel piBeHb, Mae Hairip-
LIy Y3TOJDKEHICTh JaHMX, aje HaWBUIYy IIBUIKICTb BU-
KOHAHHS TPaH3aKIIi.

UuranHas (iKCOBaHUX JaHUX — IIC PIBEHb 130JIAIIIT,
SIKMH BKa3ye, 10 THCTPYKINI HE MOXYTb 34HTYBaTH Jia-
Hi, siKi OyJTM 3MiHEHI IHIIMMH TPaH3aKIIsIMH, alie IIe He
Oynu 3aikcoBaHi.

Tperiii piBeHb BUKOPUCTOBYETHCS 32 3aMOBUYBaH-
HsiM B MySQL. BiH Bigpi3HSA€TBCS BiJ Apyroro piBHS
TUM, IO 3HOBY JIOJaHi JaHi Bxe OyayTh OCTYIHI B
TpaH3aKIlii, aje He OyayTh AOCTYIIHI JO IMiITBEPHKCHHS
330BHI.

PiBeHb BNOPSIIKOBAHOCTI — HAWCYBODILINH piBEHb
130JIAI11i1, OCKIIIbKM BiH OJIOKY€ Wi Jiana3oHH KIIOYiB
Ta 30epirac OJIOKyBaHHS [0 3aBEpIICHHS TPaH3AKIIIi.
Uepes HU3BKMI Mapajeii3M Hel piBeHb PeKOMEHIYETh-
Cs1 BAKOPHCTOBYBATH TiJIbKH TPH HEOOX1THOCTI.

Peanpni 0a3u JaHuMX TOTPEOYIOTH 3aCTOCYBaHHS
KOMITPOMiCy MIX IapajelnbHUM JIOCTYIIOM 1 cepiaii3o-
BaHMMU peXHMaMH orepaniii. KimodoBuii MOMEHT TyT
TIOJIATA€ B TOMY, 1110, BUKOPHCTOBYIOYH BHCOKUH PiBEHb
130JIAI1111, MOYKHA 3aXUCTUTH OJHY TPAH3aKIIIO BiJ| BIUIH-
BY IHIIIOI, aJie 32 paXyHOK iCTOTHOI'O 30UTKY ISl IIPOAY-
KTUBHOCTI 0a3H NaHuX. 3 iHIIOro OOKY, HU3bKHUI PiBEHb
130511 TpaH3aKuii MOpOKYyE MPOoOJIeMU 3 IaHUMH,
oITMCaHi paHilie B Liil cTarTi, 3a0e3Meuyroun Npu Ibo-
My OLJIbII BUCOKY MPOITYKTUBHICTb.
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Transactions and locks, transaction isolation levels
T. Filimonchuk, V. Martovytskyi, D. Hontarieva

Abstract. The subject of the study is the effectiveness of the use of transaction isolation levels. The purpose of this pub-
lication is to determine the feasibility of using common levels of transaction isolation that affect blocking, to prevent data incon-
sistencies (lost updates, "dirty" reading, non-repetitive reading, phantom reading) in parallel transactions. The results were ob-
tained. Only one transaction isolation level parameter can be set at a time, which remains valid for the current connection until it
is explicitly changed. When the isolation level for a transaction changes, the resources read after the change are protected ac-
cording to the rules of the new level. Resources that are read before the change remain protected according to the rules of the
previous level. Database management systems that provide transactivity do not always support all four levels of transaction iso-
lation and may introduce additional levels. Conclusions. Using a high level of isolation (order), you can protect one transaction
from the impact of another, but at the expense of significant damage to database performance. At this level, the results of parallel
transactions for the database in most cases can be considered to coincide with the sequential execution of the same transactions
(alternately in any order). On the other hand, the low level of isolation (reading of unrecorded data) of the transaction creates
problems with data inconsistency, while providing higher performance.

Keywords: data inconsistency, transactions, versioning, blocking, levels of transaction isolation, reading of unfixed data,
reading of fixed data, repeatability of reading, orderliness.
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INTELLIGENT MODEL DEVELOPMENT
FOR RECOGNIZING EMOTIONS IN TEXT

Abstract. The topical issue of human emotions recognition in the text is considered. The offers of available products on
the market that offer similar functionality are analyzed. The possibilities of implementing the model for recognizing emo-
tions in the text are investigated. The program functions interact with the model and the requirements for the model itself
are determined. The steps sequence for obtaining data for training the model and its own implementation is given. The de-
veloped architectural model is presented, the programming language use is selected and substantiated, the methods and ap-
proaches use for training the model is selected and justified, the initial data and options sources for obtaining data for train-
ing the model are considered. A model and a data set for it are proposed, which will make it possible to obtain recognition
of some emotions in the text with a certain accuracy. Particular attention is paid to the possibility of developing the applica-
tion and improving this approach and model in the future for the possibility of using machines to better serve people, un-
derstanding the consumer, measuring the happiness level among the population, understanding the audience mood.

Keywords: recognition of emotions in the text, intelligent model, semantic analysis of the text, model building.

Introduction

More and more work nowadays is being done in
industries such as machine language translation, Chat-
bots, text classification (sentiment analysis, topic nam-
ing) and many others.

Considering the data amount in the world is grow-
ing every year, the areas where it would be advisable to
process such data and use the processing results are also
increasing.

Emotions take an important part in communication
when people interact with each other, but machines
cannot understand these emotions. Therefore, determin-
ing the emotion type will play an important role in the
future humans interaction with machines. Emotion de-
tection can have useful applications, such as:

e Understanding the person's condition to better
serve the person.

e Understanding of the user, and as a conse-
quence of improving the user with the ultimate goal of
increasing brand reputation and sales.

e Measuring the happiness level among the
population.

e Understanding the audience mood. Can be ap-
plied to social networks, forums, chats, etc.

Problem statement

The study objective is to design and programmati-
cally implement a model for recognizing certain emo-
tions in the text.

Appointment of an intelligent model for recog-
nizing emotions in the text. The main purpose of this
model is to recognize six main emotions categories that
are widely used to describe the basic people emotions:
happiness, sadness, anger, disgust, surprise, fear.

The creating purpose an intelligent model for
recognizing emotions in the text. The goal is to build
and model with the subsequent possibility of using it to
better serve machines to people, understanding the con-
sumer, measuring the happiness level among the popu-
lation, understanding the audience mood and other simi-
lar areas.

The target audience of the intellectual model for
recognizing emotions in the text. Target audience:
scientists, developers, entrepreneurs and people are
interested in such functionality.

Material and research results

Existing information products review with simi-
lar functionality on the market. To create an intelli-
gent model for recognizing emotions in the text, an
analysis of existing services and products was carried
out.

Here are a few of the reviewed products:

1. TwinWord is an API that allows you to high-
light one of six emotions (anger, disgust, fear, happi-
ness, sadness, and surprise) in a text paragraph. Used in
conjunction with AWS and RapidAPI where requests
are sent and after they are processed, we receive a re-
sponse with emotional ratings and emotion that was
detected (Fig. 1)[1].

2. Text analytics by Microsoft [2]. Text analytics
from Microsoft enables you to(Fig. 2):

* determine the text tonality (positive, neutral and
negative)

* determine the text language and the confidence in
this assumption;

* highlighting key phrases in not very structured
text.

3. IBM Watson Tone Analyzer [3]. This service
may analyze social media posts, emails, French product
views, and personal text. As a result, we will receive a
list of emotions present in this text (anger, fear, joy,
sadness, I am sure). You can also consider in more de-
tail each proposal for the presence of a particular emo-
tion (Fig. 3).

4. MonkeyLearn sentiment analysis [4]. The ser-
vice is focused on anticipating the sentimental content
of the offer, without highlighting the emotions. As a
result, it returns one of three values (positive, neutral,
negative) (Fig. 4).

The currently existing services analysis showed the
relevance of developing an intelligent model for recog-
nizing emotions in text and programs. With the such a
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program help, it will be possible to interact with this
model and the such interaction result will be the defini-
tion in the text of one or another emotion from six basic
emotions (anger, fear, joy, sadness, I am sure).

twinw-rd -

Building Tools With g .

Human Language -

Understanding -

© )

Fig. 1. TwinWord interface

Extract insights from text

kv

Fig. 2. Text analytics by Microsoft interface

-

Taxt Analysls API

NeticleText Analysis API
Convert data from unstructured 1o suctured.
Clowd or on-premise.

but the apes load very siowly

- ) 3

Fig. 3. IBM Watson Tone Analyzer interface

Fig. 4. MonkeyLearn sentiment analysis interface

Tools selection of and approaches
to implementation with their justification

First, let's think about a sentiment analysis tool
where we can anticipate the sentence polarity. Let's
consider the following message: "I'm so happy that I did
all the work today on time :) #happy". We can say that
this proposal has a positive meaning.

Such a tool can be used to view products on social
media data. Another way to use it is to anticipate a
company's reputation based on what users say.

Sentiment analysis is a good tool if we just want to
test the sentence polarity. But the purpose of this work
is to define a specific emotion, but only polarity, so in
this work there will be little sentiment analysis.

So specific emotions predictions that a specific
text carries within it will be realized. With the emotion
recognition help, you can get more detailed data about
what exactly the user felt at the moment of this particu-
lar message, etc., which means that the application is
wider.

It is for the emotions recognition in the text that
neural networks will be used.

For semantic analysis, one can use SENN [5] (Se-
mantic-Emotion Neural Network) or Bidirectional GRU
[6] (Gated recurrent unit).

SENN can use both semantic / syntactic and emo-
tional information by accepting pre-trained word repre-
sentations. The SENN model has basically two subnets,
the first subnet uses bi-directional long-term short-term
memory to gather contextual information and focuses
on semantic relationships, the second subnetwork uses
CNN [7] (Convolutional neural network) to extract
emotional characteristics and emphasizes the emotional
relationship words from the text.

In this case, the Bidirectional GRU model will be
used for semantic analysis of the data that will be re-
ceived from Twitter.

For the architecture of a machine learning model
for emotion recognition, Bidirectional RNN (Recurrent
Neural Networks) [8] LSTM (Long short-term memory)
[9] with CNN level will be used.

The idea is that the LSTM layer captures informa-
tion about the context of the proposal, while CNN grabs
local specifics.

A dataset for training a smart model. To train an
intelligent model, you need to have a dataset labeled
with the corresponding emotions. The datasets include
such filtered sets as:

o Sentiment Analysis: Emotion in Text[10]

e Complete Tweet Sentiment Extraction
Data[11];

e The GoEmotions dataset[12];

e Downloaded and filtered users posts from
Twitter.

Programming language. In my experience, the
two most popular programming tools for working with
data science are Python [13] and R [14]. It is difficult to
choose one of these two extremely flexible data analysis
languages. Both are free and open source and were
developed in the early 1990s. R for statistical analysis
and Python for general tasks.
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A wide libraries and frameworks range for ma-
chine learning, simplifies the development process and
reduces development time. Python's simple syntax and
readability make it quicker to test complex algorithms
and make the language accessible to non-programmers.

Python is a powerful, versatile language that pro-
grammers can use for a variety of computer science
tasks, so this project will be done using Python and
tools as related.

Training an intelligent model. Having a dataset
labeled with emotion is being trained, we move on to
building a model to predict emotions in the text.

Model training process:

« data is filtered;

* prepared data is divided into a training dataset
and a dataset for testing (in a ratio of 70% to 30%).

* Training and validation datasets are used to train
the classifier and optimize its parameters, while a test
dataset (invisible to the model) is reserved for model
testing to indicate how well the model is trained;

« the model is initialized;

* starting training for a certain number of epochs
and checking the accuracy of the model with subsequent
correction (Fig. 5).

When developing a software product and training
an intelligent model, modern technologies were selected

Trainable params: 5,694,886
Non-trainable params: ©

and substantiated, which make it possible to perform the
assigned task with the least amount of time and a fairly
good result.

Conclusions

The research results are: an intelligent model for
recognizing emotions in the text and a console program
that makes it possible to interact with the specified
model.

The program result is the percentage probability of
the sentence belonging to one or another of the above
emotions.

The console program works in one of two modes:

* the text analysis in a given document, which con-
tains a list of sentences in which the emotion should be
defined (Fig. 6);

* interactive mode: when the user enters a sentence
from the console and receives the output of the program
back to the terminal (Fig. 7).

The data set on which the intelligent model was
trained played an important role in achieving the re-
search goal.

As a result, the model accuracy was about 60%
(Fig. 8), but this is not the maximum possible indi-
cator.

Some ways you can improve the model result.

41 — accuracy: B.2247

Enter q to exit.
I'm tired of you
Time spent to remove stop words and clean up sentences:

al sentence: I'm tired of you
sentence: i'm tired
icted emotion for this sentence:

last song all american rejects an am g song
Time spent to remove stop words and clean up senten
Original sentence:
Cleaned sentence:
Predicted emotion for this sentence:
happiness
anger disgust happin sadness

9.8438 sec

: 8.8831 sec
the last song all american rejects an amazing song
last song american rejects amazing song

surprise

Fig. 7. Emotions determination in the user's proposal interactively
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Fig. 8. Trainthemodel.

One important aspect to explore is espatially the » Manually label the entire dataset with appropriate
dataset. You can balance the samples distribution for  emotions;
each emotion (giving each emotion equal samples). » The examples number in the dataset may be lar-
* Collect test data for verification, that is, designate  ger.
each user's post one by one so that the test set better Thus, the accuracy can be better.

reflects reality;
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Po3podka inTe1ekTya1bHOI MozieJli 110 po3Ni3HABaHHIO eMOLLiii B TeKcTi
O. C. Yepennux, T. A. imurpenko, T. M. Jlepkau

AHoTanisi. Y cTaTTi 3anpOIIOHOBaHO MOJENb i Halip JaHWX I Hel, sIKi TO3BOIATH OTPUMATH PO3ITi3HABAHHS JESKHX
€MOIIil B TEKCTi 3 MEBHOIO TOUHICTIO. [IpeaMeTroM BHBYEHHS B CTaTTi € MOJEJb IO PO3Ii3HABAHHIO eMOLil B TekcTi. MeToio
CTATTi € JOCII/DKEHHS Ta MMoOyJ0Ba MOZAEINI MO PO3Mi3HABAHHIO €MOLIl B TEKCTi3 MOAAIBIIO MOXIIMBICTIO 3aCTOCYBAaHHS JUIS
KpaIlloro pO3yMiHHS CIOXHBaya, BUMIPIOBAHHS PIBHS ILACTSA Yy HACEIEHHs, PO3YMIHHS HACTPOIO ayAUTOPIii 1 IHIIMX CXOXKHX
chepax. 3amaya, mo BUpimyerbes. [lociikeHO MOXKIIMBOCTI peatizaliii Mojiesi Ayl po3Ii3HaBaHHs eMoLii B TekcTi. BuzHade-
HO (yHKUI{ nporpamy, sika OyJe B3a€EMOIISATH 3 MOJIEIUIIO 1 BUMOTH 10 camoi Mozeni. B crarTi posrisinaerbes: akTyanbHe
[IUTAaHHA PO3Ii3HaBaHHA eMOLi moauHy B TekcTi. [IpoananizoBaHo NPpONo3ULii HASBHUX NPOIYKTIB HA PUHKY, SIKi IPOIIOHYIOTh
cxokuit yHkuionasn. HaBeleHO NOCIiOBHICTh KPOKIB OTPUMAHHS JaHUX I TPEHYBaHHsS MOze 1 BiIacHO! peanizauii. Oco0-
JIMBa yBara 3BEpPTA€ThCsl HA MOXJIIMBOCTI PO3BHTKY 3aCTOCYBaHHS 1 IOJIMIIEHHA AaHOro migxoxy. BucuoBkm. IIpencraBneHo
po3podIIeHy apXiTEeKTypy MoJeii, oOpaHO Ta OOIPYHTOBAaHO BHKOPHCTAHHS MOBH IIPOrpaMyBaHHs, 0OpaHO Ta OOIPYHTOBAHO
BUKOPHUCTaHHS METOJB 1 MiIXOAIB ISl TPEHyBaHHs MOJEINi, PO3IIIIHYTI JUKepesa BUXIIHUX JaHUX Ta BapiaHTH OTPUMAaHHS Ja-
HUX 71 TPEHYBaHHS MOZEIII.

Kar4doBi cioBa: po3mi3HaBaHHSA €MOLill y TEKCTi, iIHTeNEeKTyalbHa MOJE/Nb, CEMaHTUYHUI aHaNi3 TEeKCTy, No0y1oBa
MOJENi.
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BU3HAYEHHSA EOEKTUBHOCTI MEXAHI3MIB
JIOI'TYHOI'O BUBEJIEHH

AnoTanis. [IperMerom OCIiUKEHHS B CTaTTi € alrOPUTMU CITIBCTABJICHHS 3i 3pa3KoM, SIKi BAKOPHUCTOBYIOTbCS B IIPO-
IPaMHOMY 1HCTpyMEHTapii po3poOku cucreM, 1o 6a3yroThcs Ha IpaBmiiax. Mera poOOTH - IPECTaBICHHS 0COOINBOCTEN
BHOOpPY a00 TeHepallii OeHYMapKiB aITOPUTMIB CITIBCTABICHHS 31 3pa3KOM B 3aJIe)KHOCTI BiJ| CIIeIM(iKK BUPILTyBaHHUX 3a-
Jad. B craTTi BUpilIyIOTECA HACTYIHI 3aBIaHHS: BU3HAUUTH IPOOJIEMATHKY TECTOBUX 3a/1ay; IPOBECTH aHaJli3 KOHLCTIIH
6a30BUX aJTrOPUTMIB CIIIBCTABJICHHA 31 3pa3KoM; IPOBECTH aHaJi3 iCHYIOUMX OCHUMapKiB aJrOpPUTMIB CIIBCTaBIEHHS 31
3pa3KoM; BUOKPEMHUTH OCHOBHI IiIX01M Ta MeToau GpopMyBaHHs OeHUMapkiB. Meronamuy, 1110 aHani3yoThcs, € Rete, Treat
Ta X Mozxudikamii, a TAKOXX METOAM Ta MiAXoAu 10 (HOpMyBaHHS OSHUMApKIB UL aHaNli3y NPOJLYKTUBHOCTI aJrOpUTMiB
CIIBCTaBJICHHS Ta CUCTEM, 3aCHOBAaHMX Ha npaBwiaX. OTpUMaHi HACTYIHI pe3yJIbTATH: Ul IOPIBHAIBHOIO aHANI3y Ipel-
CTaBJICHO KOHLIETIIi 6a30BUX aJIrOPUTMIB CIIIBCTAaBJICHHS 31 3pa3KOM, IO J03BOJIMIIO BUOKPEMHUTH 3HAYNMI XapaKTepPUCTH-
KU, SIKi BIUIMBAIOTh HA MPOJYKTUBHICTh CIIIBCTABJICHHS B TEPMiHAX Yacy BUKOHAHHS Ta CTPYKTypH 0a3u 3HaHb. Buokpem-
JICHHS XapaKTEePUCTHK B1I0YBaocs 3a ABOMA IiAXOJaMH, SKi CTOCYIOTHCS JIOTTYHOrO BUBEJICHHS B CHCTEMaX, 110 0a3yloTh-
cst Ha mpaBmiax (rule-base) Ta g cucrem Semantic Web. BusnaueHo 6a30Bi TecToBi 3ajadi, sIKi BAKOPUCTOBYIOTbCS B
skocti GeHumapkiB. [IpencraBineHo OCHOBHI GeHUMapKH alrOpUTMIB CIIIBCTAaBJIEHHS 31 3pa3KOM 3 BIAIOBIHUM BH3HAY€H-
HsIM criendiky 001acTi IX BUKOPUCTaHHSA. BHCHOBKH: BU3HAauYeHO IPOOJIeMH aHalli3y e(eKTUBHOCTI MEXaHi3MiB JIOT14HO-
IO BHUBEIEHHS UL NPUKIAIHUX CHCTEM pi3HOro tuiy. I[IpoBeeHO aHami3 Ta MpeACTaBICHO KOHLENTYaIbHI BiMIHHOCTI
6a30BHUX alNrOPUTMIB CIIBCTABJICHHS 31 3pa3KOM, sKi BIUIMBAIOTh HA BUMOI'H 0 (opMyBaHHsA abo BHOOpy Oenumapkis. Ha
OCHOBI IIPOBEJICHOI0 aHaJIi3y NPEACTAaBICHO OCHOBHI XapaKTePUCTUKH OSHUMApKiB VI MPOAYKLIHHUX CUCTEM Ta CHUCTEM
Semantic Web. BuzHadeHo ocHOBHI migxoau Ta Metoau (popMyBaHHS OeHuMapkiB. IlepcrieKTHBHUM HaNpsMKOM HOJAiIb-
KX JIOCHi/KEeHb BOaUaeThCsl BOAYAEThCsl CTBOPEHHS HOBUX TECTOBMX 3aJ1a4, AKi JI03BOJIATH 3aCTOCOBYBATH IIPEACTaBICHHS

B TepMiHaX JIOTIKH TNEpIIoro nopaaKy.

KawuoBi ciroBa: npomykniiiHi CHCTEMH, CIIIBCTABICHHS 31 3pa3koM, OeHumapkH, Rete.

Beryn

IMocTanoBka mpodseMu. BuBeneHHs JOTIYHOTO
3aKIIIOYEHHS € OCHOBHOIO 33/1aueio B aBTOHOMHHUX €KC-
MepTHUX cucteMax. KpiM 1pOro Taka 3ajada TaKoX
4acTo TMOCTA€ SIK OfHA 3 0araThbOX B MPOTPAMHHX KOM-
IUIeKCaX, 30KpeMa, B CUCTeMax HaBirailii, MOHITOPHHTY
Ta miarHocTuku. i peamizarii miei 3amadi BUKOPHC-
TOBYIOTBCS CITCIlialbHI MEXaHi3MU BUBCICHHS, Hali-
OuTBII 3aTpeOyBaHi 3 SKUX MOXKHa YMOBHO MOIIJIHTH
3a TaKUMH OCHOBHMMH HAaNpsIMKaM{. BUBEICHHS 32
MPaBUIIO-OpiEHTOBaHUMH 0a3amu 3HaHb (rule-based)
Ta 3a 6azamu Semantic Web.

B 000x Bumajxax HalOLIBII PECYPCOEMHHM KOM-
ITOHCHTOM € CHiBCTaBjieHHsS 31 3paskoM (C33). Ilei
eTam BUBEICHHS O3BOJISAE OOpAaTH MiIMHOXHUHY Ipa-
BWJI, SIKI Y3TODKYIOTBCS 3 TMOTOYHOIO ITOCTaHOBKOIO
3anadi. [ oliHIOBaHHS MPOIYKTHBHOCTI MEXaHI3MiB
JIOTIYHOT'O BHMBEICHHS B IIIJIOMY Ta CIIBCTABJICHHS 3i
3pa3KoOM 30KpeMa BHKOPHUCTOBYIOTH CIICIlialli30BaHi
TeCTOBI 3a7aui — OeHuMapku. OMHAK OUTBIIICTH 3 HUX
Oylla 3arponOHOBaHa JJisl MEPIIMX PO3POOOK MPOAYK-
nifinux cuctem (I1C, rule-based systems) Ta He Biamo-
BiIa€ CyYaCHHM BHMOTraM 10 MPHKIATHUX MpOrpam-
HUX KoMmIutekciB. CydacHi pillleHHS BUMararoTh ITiJXo0-
IIiB IO TeHepallii MpaBWI Ta JaHUX TECTOBHX 3ajady, sKi
BiJIMIOBIZIATUMYTh XapakTepUCTUKaM 0a3 3HaHb, a Ta-
KOXX JTO3BOJISITUMYTh BU3HAYUTH crienu(idHi 0coOu-
BOCTI B IIPOIIECI CIIBCTABJICHHS JJII KOHKPETHHX pea-
Ji3alid aaropuTMiB. AKTYaJbHOK € 3a7ada BHOKPEM-
JICHHS TaKUX XapaKTEPHCTUK Ta CTBOPCHHS IIiIXOJiB
0 TepeBipku e(PEeKTUBHOCTI MEXaHi3MiB JIOTTYHOTO
BHBEJICHHS Ha OCHOBI IMPaBHUIIL.

AHaJli3 OCTaHHIX JIoc/ilKeHb i myOaikamii.
TecryBaHHS e(peKTUBHOCTI CHCTEM 3a3BHYail BinOyBa-
€TbCs 3a JBOMa 0a30BUMH IapaMeTpaMK: HIBHIKOIIs
Ta BUKOPHCTaHHs pecypciB mam’srti. Yacto 1 xapax-
TEPUCTHUKH MOTPEOYIOTh OKPEMUX peaji3alliil TeCTOBUX
6a3 3HaHb. KpiM TOro Ba)XIMBUM acCIEKTOM € Te, IO
peamizamisi TECTOBUX 3aJad Ma€ MPOBOJHUTUCH ab0O B
paMkax onHiel KOHIEMIT MPOAYKIIHHUX cUcTeM abo 3
BUKOPUCTAHHSIM JEKIIBKOX OOYMCIIOBATBHUX MEXaHi-
smiB. Tak, Hanpukian, B CLIPS npencrasieHo sk npo-
IYKIIHHY Tak i 00’€KTHO-OpPi€HTOBaHY Mojeib. B na-
HOMY MpPOrPpaMHOMY IHCTpyMeHTapii  00’€KTHO-
Opi€HTOBaHA MOJICNb PEali30BYBAIACH IHIIIOK TPYIIO0
PO3POOHHUKIB SIK JIOMIOBHEHHS /10 KJIACHYHOT'O TpejcTa-
BJICHHSl 1 ONUCY KOHCTPYKLiH (akTiB. B 3amexHocTi
Bil o0OpaHOro ¢opmary NpPEICTaBICHHS pPOOOYOi
mam’siTi, MOXYTh 3MIHIOBATHCS TIOKa3HUKH HAaBiTh B
paMKax ofHi€el Bepcii MPOAYKTY.

HatinommpeHnimumy OeHYMapkaMHd Ha ChOTOIHI
3aJMIIAIOThCS pealizalii KIacCHYHHUX 3a7ad IITYYHOr'O
iHTeNeKTy, Taki sk Waltz Ta Manners. OnHak, iHOmI
pa3oM C CHCTEMOIO TOMIMPIOIOTHCS TECTH Ta OeHYMap-
KH, SIKi BUKOPHCTOBYBAJIUCS B Ipolieci ii po3podku. Ile
MOXYTh OyTH CIIPOLIEHI 3ajayi, Opi€HTOBaHI Ha mepe-
BipKy crnenu(idHOi BIACTHBOCTI anroputmy abo pe-
rpecii Mixx pi3HEMHU Bepcismu cucremu [1]. B Tol xe
Yac BaXJIMBO 3a0€3MEYUTH KOPUCTYBAYiB MOXKIMBICTIO
KpOC-TIPOJJYKTHOTO MOPiBHSHHSL.

Waltz Ta Manners Oynu cTBOpeHi JUTsl TECTYBaHHS
Treat anroputmy C33 [2]. Tect Manners — ne 3amaua
po3MimeHHs rocteil Ha Beuepi. [IpaBuia nomnsrators y
TOMY, LIO CTaTh Ma€ 4YepryBaTucs (YOJOBIK, XKiHKa,
YOJIOBIK, YIHKa TOIIO), a TOCTI, sIKI CHIATh MOPYY, Ma-
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I0Th CITiIbHE X001. 3MiHa KiJIbKOCTI TOCTEH J103BOJISIE
nepeBipuTu eeKT Bija yckianHeHHS npoOiemu. Tecr
Waltz 3HaX0AUTh CHiBBITHOIICHHS JIiHIH JBOBUMIPHHX
300pakeHb 3 peOpaMu TPUBUMIPHOI CIIEHH.

JlocniTHUKaMu HEOAHOPA30BO HATOJIONIYBAJIOCh
Ha X HEMOCTATHOCTI Uil BH3HAa4YeHHs e(PEeKTHBHOCTI
pobotu mexani3miB BuBeaeHHs [1]. OmHak goci Oib-
LICTh TOPIBHSUIBHUX aHaJi3iB BUKOPUCTOBYIOTH CaMme
ui 6ernumapku. Kpim Toro Bapro Opatu oo yBaru, mo
aKameMivdHi JOCIIKEHHS aJrOpUTMIB BiIMIHHI BiJ 1X
BUKOPUCTAaHHSI B KoMepuiiiHux nponykrax [1]. Ilpo-
rpaMHHI IHCTpyMEHTapiii cucreM, 1m0 0a3ylOThCs Ha
MpaBUiIaX, a TaKOXK JesKi 3acobu Semantic Web, Bu-
KopuctoByoTh Rete anroputm mns C33. IlopiBHsLIb-
HUI aHami3 eeKTUBHOCTI peamizauii Rete anroputmy
B JIEKiIbKOX mochimoBHux Bepcisix CLIPS, HaBiTh 3
BUKOPUCTAHHSIM HaWNpPOCTIMHMX OEHYMAapKiB, J03BO-
muB G. Riley BUSBUTH OCHOBHI HENOJIIKH IMOTOYHOI
peamizamii i HACTYIHOTO POKY NPEACTaBUTH 3MiHH B
0a30BOMY aJTOPUTMI CIIBCTABJICHHS CEPEIOBUINA
CLIPS [3].

Binbin ckiagHOO 3amadeto € mepeBipka eeKTHB-
HOCTI CHCTEM 3aCHOBAaHMX Ha IMpaBWIaX B LIJIOMY.
CrieniaizoBati 3aco0u po3poOKH — OOTOPTKH HPOIY-
KIIHHAX CHCTEM — HAJaloTh KOPHCTYBAyeBi peaiza-
LII0 MEXaHi3My JIOTIYHOTO BHBEIEHHS Ta 3aJaroTh
CHUHTAKCUC TIPENCTaBIEHHs MPOAYKLii. [y mopiBHs-
JILHOTO aHai3zy MeXaHi3MiB BUBEICHHSA
(benchmarking), 3acHoBaHMX Ha TpaBHIaXx PoO3poOIIs-
10Th (ppeiiMBOpPKH, SIKI BUPILIYIOTH MPOOJIEMY Mirparii
TeCTOBUX 0a3 3HaHb B MeXax BU3HAUYEHOTO Habopy
obropTok [4].

Jnst Hampsimky Semantic Web data BaxiIuBUMHU
3aJladyaMH € TeHepallis OOCSTiB JaHUX, OJU3BKUX 0
peaJbHHX, Ta TOPIBHSHHS CHUCTEM, AKi 0a3yloThcs Ha
PI3HUX TEXHOJOTISIX MPEJCTaBICHH/00pOOKH MpaBHII.
CTBOpIOIOTHCS CHEIiai3oBaHi pecypcu 3 Habopamu
OeHuMapkiB Ta 3acobamu ix mirpauii Ha pi3Hi cucremu
[5, 6] KoMIuieKCHICTh TAKUX TECTOBHUX CHCTEM HaKJia-
Ja€e OOMEXEHHSI Ha TPENCTaBICHHS YMOBHOI YaCTHHH
npaBwi. TOMy BOHH 4acTillle BUKOPUCTOBYIOTBCS LIS
MTOPIBHSIHHSI BITHOCHUX MOKA3HUKIB IIBUIKOMII 4M 3a-
TpaT mam’sTi, a He JUIsl aHali3y 0a30BHX aJITOPUTMIB
BUBEJICHHSL.

Memoio cmammi € peAcTaBIeHHs 0COOIUBOCTEMN
BHOOpY Ta TeHepallii OEHUMAapKiB aJITOPUTMIB CIiBCTa-
BJICHHS 31 3pa3KOM B 3aJIOXHOCTI BiJl crielU]iKu BUPi-
LIyBaHHX 3a/1a4.

s nocsirHeHHs: MeTH OyJ10 BHpIIIEHO Taki 3a/a-
i

1. BuzHaunTn npoOiieMaTHKy TECTOBHX 3a/1a4

2. IpoBectu aHasi3 KOHIENIIA 6a30BHX aNTroOpHU-
TMIB CIIBCTABJICHHS 31 3pa3KOM

3. IlpoBectu aHaii3 iCHYIOYHMX OCHUMAapKIB aj-
TOPHUTMIB CITIBCTaBJICHHS 31 3pa3KoM

4. BHOKpEMHTH OCHOBHI MiJXOIW Ta METOAH
(dhopMyBaHHs OEHUMAPKIB

IMpobaemMaTHKa TECTOBUX 3a1a4

3 TOYKH 30py KOPEKTHOCTI Ta IMOBHOTH MEPEBIPKU
MOXXHa BHOKPEMHTH TakKi CKJIAIHOCTI 3aCTOCYBaHHS
TECTOBHX 3aJa4:

- BiAMOBigHICTH crenudini mpodieMHux obnac-
TeH, ISl IKUX CTBOPIOBAaBCs airoputM (obiacti He re-
PETUHAIOThCA, 3a/la4a TECTYye JIMIIEe He3HaYHYy ITiMHO-
JKUHY, 3aJla4ya TOBHICTIO BIAMOBigae crenudiri mpomy-
KTy);

- 3a0e3medeHHs]  IMIUIEMEHTAllli  aHaJOri4yHOl
SIKOCTI B paMKax MYJIBTHIIPOAYKTOBOT'O ITOPiBHSHHSI;

- Y3rO/KEHE BHKOPHUCTaHHS crenugpiuHOoi ONTH-
Mizanii (HanpuKIIaz, XenryBaHHs:)

- 3a0e3neyeHHs HeynepepKeHoT OLliH-
KU/BUMIPIOBaHHS B paMKaX EKCIIEPUMEHTY, OCOOJIUBO
SIKIIO CUCTEMH HE HAIal0Th OMHAKOBUX 3ac00iB 300py
CTaTUCTUYHHX JaHUX.

HeoOximHuM BOauyaeThCs CTBOPEHHSI TECTOBUX 3a-
Jadv, SKi BiAMOBINAIOThH crienudilli mpeaMeTHuX obac-
Teil 3acToCcyBaHHsI KiHIEBOro mpoxaykry. Lle 3ymoBito-
€ThCS HAsBHICTIO CIEIM(IYHMX XapaKTEepUCTUK 0a3
3HaHb Ta 3 TOYKH 30pYy MiAXOAIB 10 (opMyBaHHS Tpa-
BWJI Ta BIAMIHHOCTSAMH B TEHICHINAX 1O 3MiH po0040i
mam’sti. Tak, Hanpukiian, Rete anmroputM Oyno po3po0d-
JIEHO 3 PO3PaxyHKOM Ha Te, II0 CHUCTEMH, B SKHUX BiH
3aCTOCOBYETHCS, MaTHMYTh BIACTHBOCTI CTPYKTYpPHOI
MOJIOHOCTI Ta THMMYAcOBOi HaaMipHOCTi. CTpyKTypHa
noAiOHiCTh Nependavae, mo npaBmwia 0a3u 3HaHb Mic-
TUTUMYTh YMOBHI €JIEMEHTH CXOXKOi CTPYKTYpH Ta 3Ha-
yeHb. [IC HajiJieHa TUMYAaCOBOIO HAIMIPHICTIO, SKIIO B
MPOLIECi JIOTIYHOTO BUBEEHHS HA KOXXHOMY KpOL 3Mi-
HIOETBCS JIMIIE He3HayHa uvacTtka (akTiB podoyoi
mam’siTi.

QOueBHIHO, IO HE BCl 3a7a4i HagiJIeH] MOXiOHUMHU
XapaKTepPUCTUKaMH, IO MPHU3BEJIO 10 CTBOPEHHS BEIH-
KOT KIJTBKOCTI MonudiKalliii 0a30BOr0 alrOPUTMY.

B Toii xe uac, Hapa3i He 3alpPONOHOBaHO HaOIp
OeHuMapKiB, sKi J03BOJATH IOPIBHATH €(EeKTHBHICTH
nux Moaugikamii s 0a3 3HAHb 3 PI3HUMHU BJIACTHBOC-
TAMH.

BukopucraHHs peajbHUX CHCTEM B SIKOCTI OeHUY-
MapKiB JIO3BOJISIE OLIHUTH POOOTY ajJIrOpUTMIB B OTO-
YeHHI HaOJNMKeHOMY J10 KOMepUiiHuX 3anad. B Toi ke
Yyac BOHA TOPODKYE NOMATKOBI CKIIAIHOCTI SK B peai-
3amil Tak i B iHTepIpeTarii pe3y/bTariB.

BBaxaeTbcst topedHUM Mo7i0HE TECTYBaHHS B pa-
MKax Iepexo/y BiJ OJHi€i Bepcii MpoxyKTy 110 iHIIol 3
METOI0 TIepeBipKH Ha perpecito. OiHak, B 3arajJbHOMY
BUIIAJIKy, BUKOPHCTaHHS IMPUKJIAIHUX 3aqad B SIKOCTI
OeHuMapKiB ISl IepeBIpKHU peaizauiil pi3HUX 00rOpTOK
BOAYa€eThCS HEMOUIIPHUM 3aBISKH CKJIATHOCTI peajtiza-
uii. B Toit ke 4ac MOXIIMBHM € CHPOIIEHHS MPUKIa]-
HUX TpoOJeM 10 3ajad, Ul SKUX MOXIIMBA TeHeparlis
npaBui b3 Ta Mirpariist Ha iHIII OOTOPTKH B a/IeKBATHUIM
MIPOMIXKOK 4acy.

Bazosi anroput™Mu
cmiBCTaBJIeHHS 3i 3pa3KoM

Ockinbku C33 € HalOUIbII PECYPCOEMHUM €Ta-
TIOM JIOTIYHOT'O BHMBENEHHSI, CAME Ha BH3HAYECHHS NPO-
JIYyKTUBHOCTI HOro peaiizamii CHpsMOBaHO OLIBIIICTH
OeHYMapKiB.

[IponykiiiiHi CHCTEMH NPOBOIATH JIOTIYHE BU-
CHOBYBaHHsI IUKIIYHO. Ha KOKHOMY LUKJI 3 MHOXH-
HU TIpaBWJI 0a3¥W 3HaHb OOMPAETHCS ITiIMHOXKWHA TIpa-
BT (KOH(QIIIKTHA MHOXKHHA), 5IKi Y3TO/KYIOTBCS 3 BMi-
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cToM pobouoi mam’sTi. Bubip mpaBwmia, sike 3acTOCO-
BYETHCS Ha ITOTOYHOMY KpOIli, BU3HAYAETHCS CTPATEri-
€10 po3B’sizaHHs KoHQuikTy. Came Ha etami Qopmy-
BaHHS KOH(UIIKTHOI MHOKUHH 3aCTOCOBYETHCS CITiBC-
TaBJIeHHS 31 3paskoM. Ha mpomy erami JOBOIUTHCS
ICTUHHICTh YMOBHOI YaCTHHH IPaBUII, IPEICTABICHO]
y BUTJIAI JIOTIYHOT 3B’ sI3KM 3pa3kiB. KiacuuHuM mif-
XOJIOM BHpIIIEHHs L€l 3a/1a4i € BUKOPUCTaHHS 1HKpe-
MEHTHUX aJTOPUTMIB CIIIBCTaBIEHHS 31 3pa3koM
(C33). CyTp 1MX aJTOpUTMIB MOJSTaE B 30€pEKEHHI
iHpopmManii Ipo monepeaHi MUKIA 00pOOKH 3 METOI0
3MEHIIEHHA HEeOoOXiMHUX oO4ucieHb. Takui mmiaxifg
3YMOBIIIOE HEOOXiJHICTH KOMIIPOMiCYy Yy CHiBBiJHO-
LIeHH] WBHUAKOMIT A0 BUTpaT Ha mam ath. [Ipu mpomy
HE 3aBX/IM JOAATKOBI BUTPATH MaM sITI MPU3BOAATH 110
301IbIIEHHS BUAKOMIIT.

Peasizariii MeTOIiB iHKEPMEHTHOI OLIHKH ITOJi-
JISIIOTHCS 3a 00’ €KTOM OOYMCIIEHHSA Ta MIAXOZAMH 1O
30epeKeHHs] CTaHy MIDK LUKJIaMHU CITIBCTaBJICHHS Ha
anroputMmu xanionoi ominku (Eager Evaluation), mi-
uuBoi ominku (Lazy Evaluation) Ta 3B’s3yBaHHS TpoO-
cropy (Binding Space) [7]. HaiiGinbioro normmpes-
HSA B NPOrpaMHUX 3acobax po3poOku IIC HaOymm aj-
TOPUTMH HETEPIUIT4Ol OIiHKH. ba3oBuUM cepen Takux
anroputMiB BBaxkaeTbes Rete [8]. OOroptku mpomyk-
LWITHUX CHUCTEM 3a3BHYail BUKOPHCTOBYIOTH HOTO MO-
I Qikarii.

B akazmemiuHili CHITBHOTI 3HaYHY yBary IMpHIi-
nstoTh Treat anroputmy C33 sik Momudikamii  Rete,
sIKa TPYHTYETHCS Ha CIIOCTEPEKEHHI, 10 1HOI TOBTO-
pHE OOYHUCIICHHS BiIOYBA€THCS 3 OLTBINON e(EKTUBHI-
CTIO HIK MiAITPUMKa Ta OHOBJICHHS CTaHy, 110 30epira-
erbesa [2]. Cydyachi mommdikanii Rete anroputmy
3HAXOAATh CBO€ OOIPYHTYBaHHS B OaymaHCi Mix 30e-
PEeKEHHSM CTaHy Ta IIOBTOPHUM OOYHCIIEHHSIM.

[HKpeMeHTHI anropuT™Mu  CIiBCTaBIICHHS 31 3pa3-
KOM Ilepe0avyaoTh ABa €Tany BUKOHAHHS.

Ha mepumiomy erami — mpekomminsmii — 3 0a3u
3HaHb OYIYEThCS Mepeka TMOTOKY OaHWX — rpadose
NIPEACTABJICHHS YMOBHHX €JIEMEHTIB MpPOAYKIiil. 3a-
3BUYAl IPEKOMIUIAIIS BHKOHYETHCS IPH 3aBaHTa-
KeHHi/Monudikanii 6a3u 3HaHb. OJTHAK ICHYIOTh BUHSI-
tku y Bursiai [1C, sixi 31aTHI 10 HaB4YaHHA. Taki cuc-
TEMH JIeXKaTh 11032 MEXaMH [aHOTO JOCIiPKEHHS.
HactynHui#i eTamn JOriYHOrO BUBEICHHS — BUKOHAHHS,
KoM 3MiHM (hakTiB poOOY0i mam’sTi MOJAIOTHCS Ha
MepeXy MOTOKY JaHHX 1 Y3ro/MKYIThCs B 11 By3Jax.

Ha puc. 1 mpencraBieHO Mepexki NMOTOKY NaHUX
s Rete Ta Treat anroputmy.

Mepexa MOTOKY JaHUX CKJIaJaeThes 3 IBOX Yac-
TUH: O-MEpEeXi, sSKa BiJIMOBIAE 32 Y3TOMKEHHS KOHC-
TAHTHUX 3HAYEHb Ta MEPEXi Y3TO/KEHHs 3MiHHUX — [3-
Mepexi. [laHi, siki 30epiraloThCsi B By3Jjax Mepexi Mmpu
MIPOXOJKCHHI, BIAMOBIIHO HAa3WBAIOTHCS aTa P
nam’sITTIo.

Rete Ta Treat anropuT™Mu MarOTh OTHAKOBHIMA ITij-
Xi 710 MoOyaOBH Ta MPOXOKEHHS o-Mepexi. Bysmu
Mepexi OyIyIoThCsS HA OCHOBI KOHCTAaHTHHX 3HAa4YeHb
YMOBHHX €JIEMEHTIB. SIKIIO AeKilbKa MpaBHJI MAaroTh
OJIHAKOBI YMOBHI €JIEMEHTU BOHH OyIyTh MOAIIATH
MiX cO0OI0 OfHIN ¥ Ti & By3nu o-mepexi. [Ipu npo-
XOKEHHI 3MiH (akTiB pobdo4oi mam’sTi (JoJaBaHHS

YM BUJAJICHHS) IIA0JIOHW B BY3JIaX 3iCTAaBISIOTHCS 3
mabmonamu ¢aktiB. Y pasi BianmoimHocTi iHpopMa-
Iisl TIPO y3TO/KEHUH (QakT 30epiraeTbest B y3ii, Gop-
MYIOUH O-TIaM'SITh.

BinMinHicTs anroputMiB  Rete ta Treat momsrae
y MiJIXOAi 10 y3ro/pKEHHs 3MiHHUX B paMKax MpaBuia.
B Rete anroput™i [-Mepexa y3ro/pKEHHsI 3MiHHHX
Oynyetbest Ha erani npexomminii. Koxed join By3on
i€l Mepexi (puc.1) MiCTUThH J1Ba BXOIH - BiJ 3MiHHHX,
sIKI HEOOX1JTHO Y3TOAUTH, a00 BiJ MOMEPEIHHOIO y3ro-
JOKEHHS Ta 3MIHHOI.

TakuM YMHOM MPOXOJDKEHHS MO B-Mepexi BU3Ha-
Yae TOeTarHe y3ro/KeHHs KOXKHOI 3MIHHOI IpaBuia 3
MOTICPEAHBO Y3TO/DKCHUMU. SIKIIO B JIiBIA YacTHHI
MpaBmWiIa IMPEACTaBIEHO N 3MIHHHX , TO [-Mepexa
oyne mictutu (n — 1) By3011. Y3romKeHHs 3MiHHHX B 3
By3JaX 30epira€TbCsi Ta OHOBIIOETHCS HAa KOXHOMY
LUKIII CITIBCTAaBIICHHS.

B Treat anroputmi B-mepexa y3roJpKeHHS 3MiH-
HUX (Ha pUCYHKY | mpencraBieHa MyHKTHPOM) Oymy-
€ThbCS JIMHAMIYHO Ta JIMIIE AJISl MPaBWJI, JUIsl SIKUX Bif-
OyJocsi y3TOMKEHHs B o-Mepeki. IHomi 11 Ha3WBaKOTh
TEPMIHAJILHOIO MEpeXelo, a ii By3JIM BIANOBIAHO Tep-
MiHaJIBHUMH [Ipu IbOMY HeMae OOMEXEHHS Ha Kijlb-
KiCTh BXOJIB y By30i. Pe3ynbTaTn criBcraBieHHs 30e-
piraroThCs JIMIIE IS BY3IIiB, SIKi BU3HAYAIOTH [IPaBHIIa
B MOTOYHOMY KOH(QUIIKTHOMY HaOopi. B 3amexnocrti
Bijx pearizauii Treat, y3ro/pkeHi 3MiHHI 30epiraroTbes B
BY3JIaX Mepexi abo Juile B NpeCTaBIeHH] KOHQIIKT-
Horo HabOopy. JlaHi 3 y3rojKeHb, siKi HE TIPU3BEIH 0
aKTHUBAIIii MPaBHJI BUIAISIOTHCS.

B pe3ynbTaTi JOCATHEHHS JIMCTOBHX BY3IIB [3-
MepexXi BiIOYBa€eThbCsl aKTUBAllis MIPaBUiIa, TOOTO MpH-
KJaJx MpaBHIa 3 Y3TO/DKEHUMH 3HAUYEHHSMH 3MiHHUX
JIOJIAE€THCS 10 KOH(IIIKTHOI MHOXHHU.

[Ipouec BumaneHHs (QakTiB BiAOYBAETHCS CHMET-
PUYHO TIPOLIECY JOJABaHHS 3 TIEIO JIMIIE PI3HHUIEIO,
[0 TPABUWIO BHUAAIAETHCS 3 KOH(IIKTHOrO HabOpYy.
Koxna 3MiHa po0O0dYoi mam’sATi MICTHTh BIAMOBITHY
MITKY JOJaBaHHS YU BUJAJICHHSI.

Jliss  TeopeTMYHOTO NOPIBHSIHHS €(eKTUBHOCTI
aITOPUTMIB CIIBCTaBJICHHS IOCTIIHUKaMH Oylo 3a-
MIPONIOHOBAHO (hOpMallbHE MPENCTABICHHS Y3TOKEHHS
[9, 10].

CucreMu, CTBOpEHI Ha OCHOBI MPOAYKIIHHOI MO-
eIl BBAXKAIOTHLCS, aJaNTalli€lo KJIACHYHOI JOTIKHM 10
LITYYHOTO iHTENeKTy Ta imkeHepii 3HaHb [11]. Tomy
3a[a4i JIOTIYHOTO BUBEIEHHS JUIS TAKUX CHUCTEM JIOIli-
JEHO (hOopMasTi3yBaTH caMe B TEPMiHaX JIOT1KH.

[Moni6ni dopmamizanii JO3BOISIOTH PO3MIUPUTH
PO3yMiHHS (paKTOPIB, SKi BIUTUBAIOTh HAa €(DEKTHBHICTH
poOOTH aNTOpUTMY, IO3BOJSIOTH IHTEPIPETYBATH ic-
HYIOYl ONTUMi3alii Ta BUSBUTH 3aKOHOMIPHOCTI B BU-
KOPHUCTaHHI PeCypCiB JUIS PI3HUX iIXOMIB.

Tak, B poboti [10], Ha ocHOBiI ¢dopmamizarii
npezacTaBieHHs Treat aaropuTMy 3arponoHOBaHO yTO-
YHEHHS (OpPMYJIN pO3paxyHKy 3aTpar nam’sri, 3anpo-
nmoHoBaHoi B [12].

B Toll xe 4Yac IUId eKCIepUMEHTaJIbHOI JIeMOH-
CTpaIllii pe3yybTaTiB ONTHMI3aIll HaiyacTilie BUKOPHC-
TOBYIOThCS BHIIe3rafani Waltz Ta Manners Genumap-
KH.
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facts

o MEPERE

B mepema

Puc. 1. Cxema notoky fnanux 3a Rete Ta Treat anropurmamu

Benumapku anroputmis
cmiBcTaBJIeHHS 3i 3paskom

3arasbHI BHUMOTM 10 IIBHAKOMII Ta BUTpaT
mam’siTi MOXKHa TIEPEBIPUTH Ha TPHKIAAI KIACHIHUX
3aja4 WTy4YHoro iHTenekry. OqHak, npu BUOOpi anro-
puT™MYy Ui cnierivHOl 3a1a4i BapTO BPaxoBYBaTH ii
XapaKTepUCTHUKU Y BiJIOBITHOCTI 0 JoMeHY. B pobo-
Ti [7] Ha OCHOBI aHAJII3y MOMEPEIHIX TOCIIIHKEHb OyI0
BHOKPEMJIEHO XapaKTePUCTUKU 0a3 3HaHb Ta BJIACTH-
BOCTEH Yacy BUKOHAHHS, SIKi BIUIMBAIOTh Ha €(EKTHB-
HICTb JIOT1YHOI'O BUBEACHHS 3a 0azoBuMHu Rete Ta Treat
aITOPUTMAMH.

BBaxkaerbcst AOIUTBHUM (OPMYBaHHS TECTOBUX
OeHUYMapKiB, SIKi J03BOJISATH HOPIBHATUH €(pEKTHUBHICTH
aITOPUTMIB UIsl 33JaHUX XapaKTEPUCTHK YU i1 KOoMOi-
HaIlii.

Po3poOka Takux OEHUMApPKIB TO3BOJIMTH JTOCIITHU-
TH He JIUIIE KiJTbKICHI OKa3HUKH Ha KOHKPETHHX TIpH-
KJazax, aje W BiIHOCHI XapaKTEepUCTHKH Pi3HHUX M-
XOJiB peajizarii .

Jlo BmacTuBoCTE# 0a3 3HAHb BiAHOCATH KIIbKICTh
MPOAYKIN# B cHCTEMi, OOMEXKEHHs Ha MpPEICTaBICHHS
3HaHb, CTPYKTYpHI BJIacCTUBOCTI aHTeueneHty. Jo o0-
MEXEHb Ha MpPEJCTaBJICHHS 3HAaHb MOXXHAa BiJHECTH,
HAIpUKIIA], HasBHICTH/BIJICYTHICTh aHAJIOTiB KBAaHTO-
piB icHyBaHHs a00 3arajbHOCTI B paMKax 3aMKHYTOCTI

CBiTYy, TpeacTraBiieHOoro B cucremi. Jlo CTpyKTypHHX
BJIACTUBOCTEH aHTEIEJICHTIB HAJIeKATh: CEpEeIHs KiJlb-
KiCTh YMOBHHX €JIEMEHTIB, CEpelHs KiJIbKICTh 3MiH-
HUX, IPOLIEHTHA KiJIbKICTh HETaTUBHUX YMOBHHUX €Jje-
MEHTIB.

JIOUIBHUM BBa)Ka€ThCs BUOKpPEMJICHHSI OeHuMa-
PKiB, CIIpSIMOBAaHMX Ha TECTYBaHHS MPOMYKIIHHUX CH-
cTteM 3 OOMEXEHHSIMM Ha TpeJCTaBJeHHs 3HaHb. Ha-
MpUKIaz, B [13] mpeacTaBiieHo 3aadi, po3pooiieHi Jis
tectyBaHHs [IC, oOMeXeHHX NpPOMO3UIIITHO JIOTi-
KOIO.

B mpomno3wumiiHiiA JOTIiIi YMOBHI €IEMEHTH JIiBOi
YaCTUHH NPOAYKIi € KOHCTAHTHUMH, TOMY 3a3BHYaii
KO)KHE TPaBWJIO BUKOHYETHCS JIMIIE OAWH pa3. Biamo-
BiJTHO CHCTEMH TaKOrO THUIY 3a3BHYail MalOTh Habara-
TO OiNbIIe TpaBWII, HI’K 3aCHOBaHI Ha JIOTILI MEPIIOro
MOPSIIKY.

Kpim Toro, mi mpaBmia yacto MawoTh MOJIOHY
CTPYKTYpY Ta eJIEMEHTH.

BakJIuBO TakoX IMEpEeBIpUTH MOMKIHMBICTH CHCTE-
MU TIEpPEeXOJUTH MiX HabopaMH MpaBWi MOAIOHOTrO
TUIY.

B nanomy BHnajaky HeoOXigHO po3poOuTH OeHu-
MapK{ JBOX THIIB — JUIs TecTyBaHHs mBuakonii C33
Ha BEJIMKUX Habopax CXOXKHX MPaBHII Ta JUIs 3ATHOCTI
MeXaHI3MiB BHBEIECHHS 10 MOOYIOBH JIAHIIOKKA BH-
CHOBYBaHHs Ha 0a3i Tpym NOAIOHUX MpaBUIL

84



Ingpopmauiiini mexnonozii

Mopudikauii anropurmiB C33 3a3Bu4aii cipsimo-
BaHI Ha OITHUMI3alil0 ab0 TOJOoNaHH/3MEHIICHHS
BIUIMBY SIKOT'OCh 3 HEJJOJIKIB allTOPUTMY.

Ilpu npomy TecTyBaHHsS BinOyBaeThCs Ha 3aja-
yax, CIeliaJbHO pPO3POOJIICHUX IS JCMOHCTpAIii
BIUIMBY LIbOTO HeMONiKy. Take 0OMeXeHHS He 3aBXIH
JIa€ 3MOTY JOCJITUTH BIUTUB Moau(ikalli Ha iHII ac-
MIEKTH aJTOPUTMY.

Kpim Toro, yacro B poboTax BUKOHYETHCS MOPIB-
HSHHS 3 0a30BUM aJlTOPUTMOM, ajieé HE MPOBOIUTHCS
aHaJi3 IHIIUX MIAXOHIB 3 ONTHUMI3aLil.

Mopudikamii anropuTMiB CTaBJISATH 10 OeHUMAp-
KiB BUMOTH IEPEBIpKU cHenu(ivHUX BIACTHBOCTEMH,
aje B TOH jke 4ac, HEOOXiJHICTh HAJaHHS YSBICHHS
Npo 3MiHYy B 3arajJbHUX XapaKTepUCTHKaxX. 3ade3re-
YEeHHS [IUX BUMOT BHUMarae po3poOKH HOBHX TECTOBUX
3aad.

Amnaiiz 6a3zoBux Moaudikariii C33 mokasye, 1o
MOUIMPEHUMHU TTiIX0IaMH JI0 TiABHIIEHHS e(pEeKTUBHO-
CTi € iHeKcalist Ta ii OKpeMUil BUMAJOK — XEUTyBaHHS,
a TaKOXX MPHUHIUIY PaHHBOI BigMoBH [14-17].

[Mpukianom nepuoro niaxony € B-node indexing
- iHAeKcarlis (pakTiB BiMOBIIHO 10 IIA0JIOHIB, 3 AKUMH
BOHHM Yy3ro/uKytoThes. Jpyroro — Right/Left Unlinking
— 3yNUHKA NOUIKUPEHHS 3MiH 10 MEpeXi MOTOKY JaHHX,
SIKIIO HE BiAOYJOCSA Y3TODKCHHS B OMHOMY 3 BY3JIIB
JIAHOTO TIpaBHJIA.

OnTumizanii 3 iHACKCYBaHHAM pO3paxoBaHi Ha
BJIACTUBOCTI Yacy BUKOHAHHS CUCTEMU. SIKIIo cucTema
HE HaJlJIeHa TUMYACOBOIO HaJIMIpHICTIO, TO BOHH MO-
JKYTh HE TaBaTH 0aKAHOTO MPUPOCTY €(HEKTHBHOCTI.

Right/Left Unlinking — mo3Boisie mOKpaiiuTH
eQeKTHBHICT, POOOTH aNTOPUTMY Y BUMAIKY BEIHKOI
KUJIbKOCTI 3MIHHHX 32 PaxyHOK 3MEHIICHHS KiJIbKOCTI
nepeBipok B [ Mepexi. OmgHak B gociimkeHHi [14]
MMOKa3aHo, IO JJIsA OJHiel 3 TecToBHX 3amad Right
Unlinking >koHUM YMHOM HE BIUIMHYB Ha Pe3yJIbTaTH
BHUBeNeHHs, B Tod 4vac sk Left Unlinking mo3sonus
3HAYHO IOKPAUIUTH eEeKTHBHICTh BUKOHAHHS. Lle 3y-
MOBITIOBAJIOCH CHEIU(IKOI0 MPEeAMETHOI 00JacTi, ae
JIUIIe HE3HAYHA YaCTHHA MTPAKTUYHO HE3ISKHHX TIpa-
BWJI MOIJIa aKTUBYBATUCS Ha MOTOYHOMY KpOIIi, ajie B
npolieci BUBEJCHHSI TaKWX aKTUBAIil cTaBano Bce Oi-
npine. [lonepenHi naHi Mpo Y3TOPKEHHS HE BHIANS-
JUCh 3 Mepexi MOTOKYy naHux. [Ipu mpomy B Tpymnax
MOMIOHMX MPaBWJI MEpPIi ACKiJIbKa YMOBHHX €JIEMEHTIB
Oy OJHAKOBHUMH, aje HACTYNHI BiAMiHHUMH. Taxi
XapaKTepUCTUKHA TaKOXX BIUIUBAJIN Ha €(EKTUBHICTH
BUKOPUCTAHHS CIUIBHUX BY3JiB o mam’siTi. Buiesra-
JaHi OCOOJMBOCTI MPHU3BOIMIIM IO JIiHIHHOIO 3MEH-
mieHHs eekTUBHOCTI Rete anroputmy 3 nonaBaHHSIM
npaBui B 0a3y 3HaHb, HABITH 3 BUKOPHCTAHHSM OIITH-
Mizarii.

Jlanuii mpuKiIag UTIOCTpYE BaXKJIUBICTH CTBOPEH-
Hs OCHUMAapKiB 3 Pi3HMM Ha0OPOM XapaKTEPUCTUK B
paMKax TeCTyBaHHS €JMHOI KOHIIEIIii.

[likaBUM € MiaXix A0 MEepPeBipKU €PEKTUBHOCTI
MPOAYKIIHUX cucTeM, 3acTocoBanuid B [14]. s tec-
TyBaHHsI Oyno oOpaHo 7 3ajay, BHPINIEHHX B paMKax
MIOTIEPEHIX TOCTIKEHb 3 PI3HUX MPEIMETHHX 00Jac-
Tel, TakuX 5K, (GOpMyBaHHS PO3KIIay 200 TPEHYBaHHS
areHTy NpUUHATTA pimeHb. 1li 3agadi MarOTh BHIY

CKJIaJIHICTP B MOPIBHSHHI 3 KJACHYHUMHU OCHUMapKaMU
WITY4HOTO iHTeNeKTy. KpiM TOro, BOHHM BUKOPUCTOBY-
I0Th PIi3HI MiAXOOW Ta TEXHIKK OO BUPIMIEHHS MNPO-
Onem; Oynu peajyi3oBaHi PI3HHUMH pPO3POOHUKAMHU Ta
nependavaoTh B3a€MOJII0 3 IHIIMMUA KOMITOHEHTAMHU
cucreMu. KinpKicTh MMOYaTKOBHX IPaBHJI, HA OCHOBI
SIKMX BEJIOCS IOJaNbllie HaBYaHHs, Oylla B Jiamna3oHi
Bix 48 musa Hadmpocrtimoi 3amayi 1o 1953 mis Haii-
ckiaanimoi [14]. OmHak naHa iHIIIaTHBA CTBOPCHHS
TECTOBUX 3aJa4 Ha OCHOBI iICHYIOUHX IIPOrPaMHUX pi-
LIeHb HE 3HaWIUIa CBOTO MPOJOBXKEHHS B MOJAJBIINX
JTOCITIJDKEHHSIX 3 MTOPIBHSHHS aITOPUTMIB.

He 3Baxkarouu Ha Te, 110 3a3HaUeHa poboTa mpuc-
BSYEHa NPOAYKIIIHAM CHCTEMaM, II0 HaBYAIOTHCS,
MOXXHa BUOKPEMHTHU BaXKJIUBI aCIIEKTH MEpPEBipKH ede-
KTUBHOCTI TaKHX CHCTEM. EKCIEpHUMEHTH MpOBOJIH-
JIUCh B paMKax €IMHOI 00ONOHKM peanizauii Soar, mo0
MOPIBHIOBATH MPOTrPaMHi NPOIYKTH, peai3oBaHi OJIHi-
€10 MOBOIO.

B pobori nepeBipstacs MoBeAiHKa CUCTEM 3i 30i-
JBIIEHHSM KIUIBKOCTI BUBYEHUX IpaBui. HaBuaHHS
BiOyBaJloCs 32 paXYHOK CTBOPEHHSI HOBUX IpaBWI Ha
OCHOBI DPE3YNBTATIB IONEPEIHHOr0 JIOTIYHOIO BHBE-
JIEHHS 3a HaBUaIbHOW BHOIpkorw. Ile Oe3mocepentno
BIUIMBAJO Ha KiIBKICTh MOBTOPIOBAHUX YMOBHHUX €Jle-
MeHTiB B b3 Ta ¢opmar npaBmin. Tak, cuctemm, siki
HaMararoThbCs Ha OCHOBI HaBYaJIbHOI BUOIpKH copmy-
BaTH HAHOUTBIN cHenu(pivyHi NpaBUiIa, 3aKOHOMIPHO
TCHEPYIOTh MPOIYKINT 3 OLIBIIO KUTBKICTIO YMOBHUX
eneMeHTiB. KoxxHa 3 cucreM Masia BUBUMTH HE MEHIIE
100 000 mpaBui. Takuit miaxig 10 po3mUpeHHs 6azu
3HaHb JI03BOJISIE BUPILIIMTH MPOOIEeMy reHepariii Tecto-
BUX OEHUMApKiB Ul MEepeBipKH MacIITaOyBaHHS MPO-
IYKIIHHUX CUCTeM. B Toif e 4ac 3 BUKOPUCTAHHSIM
NPUKIAJHUX 337a4 XapaKTePUCTUKU NPOMYKIIHHUX
MpaBWI BU3HAYAIOTHCS crenu@ikoro mpodieMu i He-
MOXIIUBO Hallepe] 3aJaTv po3NoAil mapamerpiB. On-
HUM 3 IOXOMIB € TeHepalis He juiie 0a3u 3HaHb Ha
OCHOBI peaJbHOI HaBYallbHOI BUOIpKHU, aje W TaKoX
TeHepallisi HaBYaJbHOI BUOIpKM 3 Hamepe] 3aJaHUMH
XapakTepUCTUKaMHU. B 1lboMy BUMAaJKy IOCTa€ IMHUTaH-
HS IUTICHOCTI MPaBWJI HPOIYKLIHHOI cUCTeMHU (BEpH-
¢ikamis nmocraBieHoi 3amadvi). 3 iHIIOro OOKY, MepeBi-
pka e(eKTUBHOCTI aJITOPUTMY CIIBCTaBJIECHHS HE CTa-
BUTh BHMOI JI0 CEMaHTHYHOTO HAIlOBHEHHS 0a3u
3HaHb.

B [14] nnst kK0XKHOT 3 3alpONOHOBAHUX TECTOBUX
3ama4 OyJi0 CTBOPEHO reHepaTopH HpolieM — TecTo-
BHX BHOIpOK. ABTOpU CTBEPIKYIOTH, IO PO3IMOILT
mapaMeTpiB MojeNei OyB HaOJWKEHHM 10 PIBHOMIp-
Horo. Jlesike 3MIIIIEHHS 10 TIEBHOTO THITY MPaBUJI MOT-
JIO TIPU3BECTH 10 HE3HAYHOI 3MiHU B KIJIbKICHHX ITOKa-
3HUKaX, ajleé BiJIHOCHA €(EKTHBHICTh PO3IIISHYTUX B
POOOTI aNTrOpUTMIB JIUIIAETHCS KOPEKTHOIO.

JloinpbHOI0 BBa)KA€ThCA agamnTalis JaHOIo IIij-
X0y JUIS TepeBipkH e(EKTHUBHOCTI aJTOPUTMIB CITiBC-
TaBJICHHS 31 3pa3KOM Ha 3AaTHICTh MaclITaOyBaHHS
it b3 3HauHMX po3MipiB. BuHukae HeoOXiHICTh BU-
OKpEMJICHHSI TPUKIAIHUX 3a]ad, SKi MOXYTb CTaTH
OeHuMapkamu je-(haKTo.

Jl01aTKOBUM BUKJIMKOM Yy IIbOMY BHIAJKY € MO-
JKIIUBICTh TECTYBaHHS peaizaliid pi3HHX 000J0HOK. B
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TOH k€ 4Yac, OLIBIIICTh Cy4acHUX OOOJOHOK MPOIYK-
niiHux cucrteM 30epiraroth CLIPS-moniOHui cHHTAK-
cuc.

SIKIIO YHMKAaTH BUKOPUCTAHHS crieluiyHux ¢y-
HKIII MOBH, MOXKJTUBO 3a0€3IIEUHUTH MITPAIlif0 3 OHI€T
wiatpopMH Ha iHIIY 3 MiHIMAJbHHUMH 3aTpaTaMd Ha
aJIarlTaliro reHepOBAaHOTO CHHTAKCHUCY.

[HOIIMM TIXOZOM 1O CTBOPEHHSI TECTOBHX 0a3
3HaHb JJIS PI3HUX OOTOPTOK € TeHepallis MPOMIXKHOIO
(dopMary npeacTaBICHHS, TaK 3BaHOI METaMO/IeNi, sKa
B MOJAJBIIOMY TPAHCIIOEThCS B KOHKPETHI peanizaii
B3 [4].

Lle mo3BoMsie CTBOPIOBATH IHCTPYMEHTH BUMIpIO-
BaHHsI 3aTpaT MaMm’aTi Ta 4acy MEXaHi3MiB JIOTiYHOTO
BUBEJICHHS B 3QJIEKHOCTI BiJl TAKMX XapaKTEPUCTHK 5K
KUIBKICTh TPaBUII, CEPEIHsI KITbKICTh YMOBHHX elleMe-
HTIB B MeXax IpaBWiia, THIIH aTpUOYTiB B YMOBHHUX
eJIeMEeHTaX.

BakiuBUM B JIaHOMY BHIIQJKy € BHUKOPHCTaHHS
BIIKPUTOTO, HE3aJIEXKHOro (opMmaTy Ui TpelcTaB-
JIEHHs MpaBui, K Hanpukiax XML. 3anponoHoBaHuit
B [4] miaxing no3Boisie MOpiBHIOBAaTH €()EKTUBHICTH
MeXaHI3MiB BUBECHHS SIK JUIsl TPAAULIIHHIX OOTOPTOK,
Tak i a1 Semantic Web. B Toii ke yac cucrema Ha-
KJaza€e 0OMEXKEHHs Ha IPeJCTaBIeHHs JIiBOT (YMOBHOT)
YaCTUHH MPOJYKUIHHOrO IpaBWiIa SK KOH FOHKIIi
YMOBHHX €JIEMEHTIB, SIKIi MOXKYTh MiCTUTH JIUIIIE TTO3H-
TUBHI TepMH. J[OIaTKOBOIO CKJIATHICTIO € peaizaiis
TpaHCIALIT 3 3araJpbHOro GOpMaTy Ha MOBY OOOJIOHKH.
[IpaBuia TPaHCIIOIOTHCS IO OJJHOMY, TOMY HEMOXKIIH-
BO BpaxyBaTH TaKi Ba)KIHMBI KOHIEMIii MOBH SIK IIa0-
JIOHW TIpejcTaBiieHHs (akTiB. BaxmBoro mepeBaroro
PIIIICHHS, 3alIPOITIOHOBAHOTO B [4], € Te, 10 TeHepaTop
rapaHTye iCHyBaHHS JIAHIIOTa JIOTIYHOTO BHBEIEHHS,
SIKMI OXOIUTIOE BCi 3reHepoBaHi cxemu mpasui. Ha-
*aJb, 3 2017 poky cucreMa MpUINHHNAIA OHOBJICHHS.

Hinxoau 10 popmyBaHHA GeHUMAPKIB

Orysa miaxomiB 0 OIIHKM e(eKTUBHOCTI Mexa-
HIi3MIB JIOTIYHOI'0 BHBEICHHS Ha OCHOBI MPOAYKINHHOT
MOJIelli MPECTAaBIEHHS 3HaHb J03BOJISIE CHOPMYBATH
HACTYIHI 0a30Bi pillICHHS.

[epeBipka 00ropTOK NPOMYKIIHHUX CHCTEM B IIi-
JIOMY Ta ajJrOPUTMIB CIIBCTaBJICHHS 31 3pa3KoM 0e3ro-
CepelIHbO BUMAra€ pi3HHX MHiAXOMIB 10 (OpMYyBaHHS
OEeHYMapKiB.

Hati6inpmn 6araTooOiIsi04uMH 3 TOYKH 30Dy 3a-
raJbHOr0 TECTYBaHHS € MiIXOJH Ha OCHOBI BUKOPHC-
TaHHs OHTONOTM Semantic Web mis renepamii 0a3
3HaHb B €AMHOMY 3arallbHONPHHHSATOMY (opmati 3
MOJIANIBIIO0 TPAHCIISALIEID HA MOBY OOTOpTKH. Bakiu-
BOIO BIIKDUTOIO 33/1a4€0 € PO3UIMPEHHS 3ac00iB Npe/-
CTaBJIEHHsI MPOAYKIi/ B 3reHepOBaHUX 0a3ax JaHHX Ta
JI0JIaBaHHS TPAHCISTOPIB HA HOBI MOBH.

CkiaIHUM 3 TOYKH 30py peajizalii, aje mepcre-
KTHUBHHMH JUIS 000X HANpPSAMKIB, SK MEXaHI3My JOCITi-
JoKeHHs ocobmuBocter C33, Tak i A CTBOpEHHs O¢H-
YMapKiB, ONM3BKMX A0 TNPHUKIAAHHUX 3a7ad, € METOJ
reHepaii 0a3u 3HaHb SIK PE3YNbTATy HAaBYAHHS NPOIY-
KIIMHOI CHCTEMH.

B pamMkax TecTyBaHHs aJrOPUTMIB CITIBCTaBJICHHS
31 3pa3KoM IIei METOJ| O3BOJISIE BUSBHUTHU CrenU(ivHi

BUIIA/IKMA NPEJICTaBJICHHS 0a3 3HAHb B PI3HUX IMpeIMe-
THUX 00JIaCTsIX. 3 TOYKHU 30pY 3arajbHOTO TECTYBaHHS
CHUCTEMH JIOTIYHOI'0 BHCHOBYBaHHsI aKTyaJbHOIO € 3a-
Java Mirparii moioOHux OeHUMapKiB Ha pi3Hi wIaTho-
pMH 31 30€peKEeHHSIM ITO0YaTKOBOI €()eKTHBHOCTI.

OO6unBa BHUIIE3raJaHi METOAM TeHeparii 0a3
3HaHb JIOUIJILHO BUKOPUCTOBYBATH IS TIEPEBIPKH CH-
CTEM Ha MacIITaOyBaHHS.

Jlst 6a30Boi mepeBipkH e(hEKTUBHOCTI aJrOPUTMY
CHiBCTaBJIEHHs 31 3pa3koM HeoOxinHo renepysatu [1C
3 3aJlaHUMU XapaKTePUCTUKAaMHU 4Yacy BUKOHaHHS Ta
CTpyKTypH 0a3u 3HaHb. Kitlacuyni OeHUMAapKH, Taki sK
Waltz ta Manners, 1aroTh YSBICHHS PO 3arajbHy
eQEeKTHBHICTh allTOPUTMY, OHAK € HEJIOCTATHIMH IS
BU3HAYCHHS MEPEAyMOB crenndiyHol MOBEIIHKN aj-
TOPUTMY B 3aJI©KHOCTI BiZl OCOOJMBOCTEH MpPEeAMETHOT
obmacrti. B Toii ke yac, mepeBaror IUX aJropuTMIB €
MOXIIUBICTh 3MiHM HAaBaHTXCHHS HAa MEXaHi3M BHBe-
JIEHHS [UISIXOM 33aJJaHHS Pi3HUX IMOYAaTKOBHX YMOB.

OpHak 11 UX 3a/1a4 TMOUIYK HiJhOBOTO BUCHOB-
Ky 3HilicHIOETBCS abo Ha Tpadax NIpPOCTOPY CTaHIB
(State Space Graphs), abo 3a JOCHTH MPOCTUMHU 32
CTPYKTYpPOIO CXEMaMHU.

BrokpeMHBIIN XapakTepUCTUKU 0a3 3HAHb Ta Ya-
Cy BUKOHAHHS, SKi BIUBAIOTh Ha ¢()eKTUBHICTh POOOTH
anroputMiB C33, MokHa 3pOOMUTH BHUCHOBOK, IO iX
aHaJTi3 morpedye CTBOPEHHS OEHUMapKIB 31 CKJIaJIHOIO
CTPYKTYpOIO JIiBOI YaCTUHH MpOAyKuii. B Toi wac, sk
o0epHEeHy 3anady crpomieHHs (HopMaTy po3B’sS3yIOTh
JUTSL IPOAYKIIIMHUAX MOJIeNIel Ha OCHOBI MPOIO3HUIT HHOT
JIOTIKH.

Hapasi Opakye TeCTOBHX 3alad 3 MOKIHBICTIO
perymsiii KUTBKOCTI 3MIHHHMX, BUKOPUCTAHHS 3amepe-
YeHb Ta KBAHTOPIB.

Kpim Toro, uist HaOMMKEHHSI TECTOBHX 3a/1a4 10
pealbHUX, 30KpeMa, HeoOXiTHO, M00 IOTOYHHUIN BH-
CHOBOK TIPHIMAaBCsl HA OCHOBI 3aKJIFOYE€Hb, OTPUMaHUX
Ha IONEepeIHIX KPOKaxX Pi3HHX HampsMIB MOImYyKy. To-
My CTpyKTypy b3 JOIiTBHO TpencTaBiusTH — SK
AND/OR-graph meranpasui.

B [18] 3ampomoHOBaHO TECTOBY 3aJady 3a MOIi0-
HOI0 CXEMOI0, sIKa JI03BOJISIE PEryJIOBaTH HaBaHTa-
JKCHHSI Ha MEXaHi3M BUBEJICHHS IUISIXOM 3aJaHHS pi3-
HHUX BapiaHTIB MOYAaTKOBHUX (aKTiB poOOYOi Mmam siTi.

BucHosku

1. BwusHaueHo mpobiieMu aHami3y eQeKTUBHOC-
Ti MEXaHi3MIB JIOTIYHOTO BUBEIEHHSI JUIsS MMPHUKJIATHUX
CUCTEM Pi3HOTO THITY.

2. TlpoBeneHo aHaii3 Ta MPENCTaBIECHO KOHIIE-
NTyalbHi BiZIMIHHOCTI 0a30BUX aJTrOPUTMIB CITIBCTaB-
JIEHHs 31 3pa3KoM, sIKi BIUIMBAlOTh HA BUMOTHU 110 (op-
MyBaHHS a00 BUOOpy OeHUMapKiB.

3. Ha ocHOBI mpoBeneHOro aHali3y MpelCcTaB-
JIEHO OCHOBHI XapaKTEpHCTHUKU OeHUMapKiB 3a Jyis
MPOAYKIITHUX cuCTeM Ta cucteM Semantic Web.

4. Bwu3HaueHO OCHOBHI MiAXOAHW Ta METOAH (o-
pMyBaHHsI O€HUMAapKiB.

[lepcneKTHBHUM HANPSIMKOM IOJAJIBIIMX JIOCITi-
JOKeHb BOAYaeThCSl CTBOPEHHSI HOBUX TECTOBUX 3ajad,
SIKI JTO3BOJISITH 3aCTOCOBYBATH NPEACTABICHHS B Tep-
MiHax JIOTiKH NEPIIOTO MOPSIKY.
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Measuring efficiency of inference engines
S. Shapovalova, O. Mazhara

Abstract. The subject of research is the pattern matching algorithms that are used in software tools for developing
rule-based systems. The goal of this work is to stipulate the characteristics for the selection and generation of benchmarks
for pattern matching algorithms, depending on the specifics of the problems being solved. The following tasks have been
fulfilled: determination of test task problematic, analysis of pattern matching algorithms, underlining the main approaches
and methods of establishing benchmarks. The analyzed methods include Rete, Treat and their modifications, as well as
approaches to the generation of benchmarks for analyzing the performance of pattern matching algorithms and rule-based
systems. The following results were obtained. The concepts of basic pattern matching algorithms are presented to high-
light significant characteristics that affect matching performance in terms of runtime and knowledge base structure. The
definition of characteristics was done according to two approaches: the first approach relates to inference in systems based
on rules (rule-base) and second one is used for systems of the Semantic Web. Basic test problems that are commonly used
as benchmarks have been defined. The main benchmarks of the pattern matching algorithms are presented, with the corre-
sponding definition of the specifics of their area of use. Conclusions. The problems of analyzing the efficiency of infer-
ence mechanisms for various types of applied systems are defined. The conceptual differences of the basic pattern match-
ing algorithms are presented. Features which affect the requirements for the establishing or selection of benchmarks are
identified. Based on the analysis, the main characteristics of benchmarks for productive systems and Semantic Web sys-
tems are provided. The main approaches and methods for the formation of benchmarks are defined. A promising direction
for further research is the expansion of the proposed solution by the development of new solutions to enable representa-
tions of the generated knowledge bases in terms of first order logic.

Keywords: production systems, pattern matching, benchmarks, Rete.
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HEWPOMEPEXXEBA CUCTEMA PO3III3BHABAHHSI ABTOHOMEPA

Anortanis. IIpeamerom mocniUkeHHs € HefpoMepexeBa cucTeMa ieHTHdiKalii aBTOMOOLTFHIX HOMEpIB Ha 300pa<eH-
HSIX, OTPHMAaHHMX 3a JIOIIOMOTOIO BiJIeOpericTpyrounx 3aco6is. MeToro poboTH € 3a0e3IeueHHs poLecy po3Ii3HaBaHHs HOMe-
PHUX 3HaKiB TPAHCHOPTHUX 3aC00IB B IMPOKMX MEXax 3MiHM KyTiB CHOCTEPEXEHHS 1 PIBHIB OCBITJICHOCTI. 3aBJIaHH: — JOCIIi-
JUKEHHSI HeHPOMEPEKeBOI CUCTEMH PO3IIi3HABAHHS aBTOHOMEPIB HA 300pa)KEHHSIX, OTPHMMAaHHUX 3a JI0IOMOrOK0 3ac00iB BiJeo-
¢ixcallii B IMPOKUX MEXaX 3MiHU KYTiB CIIOCTEPE)XEHHS 1 PiBHIB OCBITJICHOCTI. AHaJIi3 poOJIeM METOJIB Ta aJlrOPUTMIB aB-
TOMATH30BaHOI'0 PO3Ii3HABAHHS HOMEPIB aBTOMOOLUIIB IT0KA3aB, 1110 HaHOLIBII EPCIEKTHBHO BUKOPUCTOBYBAaTH HeHpoMepe-
JKEBI aJITOPUTMH, SIKi ITi/UTAIITOBYIOTECS JI0 3MiHH YMOB CIOCTEPEKEHHS 3aC00IB KOHTPOIIO JOPOXKHBOTO pyxXy. PirieHHs 3a-
BJIaHHS PO3Mi3HABaHHS aBTOMOOUIEHMX HOMEpIB MOXKHA IPEACTAaBUTH Y BUIIIS PsLy IMif3a7ad, [0 BKIIOYAIOTE B cebe mep-
BUHHY 00p0OKY 300pakeHHS, BUSBIIECHHs 00JIaCTI HOMEpa Ha 300pa’KeHHI, CErMEHTALliI0 CUMBOJIIB 1 PO3ITi3HABAHHS CHMBOJIIB.
BucHOBKHM: 3apOIIOHOBAaHA HelfipoMepeeBa CHCTEMa PO3Ii3HAaBaHHs aBTOHOMEpA, 110 J03BOJISE 3/LHCHIOBATH IMOLIYK TEKC-
TOBHX 00JIaCTeH M/l IOBUIBHUM KYTOM B Pi3HHX YMOBax OcBiTiIeHOCTi. CHcTeMa JI03BOJISIE 3a0€3MeYUTH PO3Mi3HaBaHHS aBTO-
MOOUIBHUX HOMEDIB B IMPOKHUX MeXax 3MiHHU BiJICTaHi JI0 aBTOMOOLISA, KyTiB CIIOCTEPEKEHHS 1 PiBHIB OCBITJICHOCTI.

Kaw4yoBi ciroBa: BUMipIOBaNbHa CHCTEMa, TEMIIEPATYpPHI BUMIPIOBAaHHSI, MIKPOIIPOLIECOPHUIT BUMipIoBad, 00podKa Ja-

HHX.

Beryn

MacoBa iHTerpauisi iHpopMamiiHUX TEXHOJOTIH
i pi3HI aceKTH Cy4acHOro CBITy IpU3BeNa J0 TOTro,
IO TPAHCIOPTHI 3aCO0M PO3TJIIIAIOTECS K PECYpPCH B
iHpopManiiHux cucremax. OCKUIBKM aBTOHOMHA iH(]O-
pMamiiiHa cucTeMa He Mae 3Ha4yeHHs 0e3 Oyab-sKHX
JIaHWX, ICHye HeoOXimHIicTh y pedopmyBaHHI iHpOpMa-
il PO TPAHCIOPTHI 3acO0M MIXK peasbHICTIO Ta iH(O-
pMartiiiHoro cucremoro. 1lporo MoXKyTh HOCIrTH ado
JIIOM 200 CIieIliaIbHe 1HTENeKTyalbHe 00IaTHAHHS, K
JIO3BOJIUTH 1IeHTH(IKYBaTH TPAHCIIOPTHI 3aco0u 3a iXx
peecTpaniiHIMU HOMEPaMH y peajlbHOMY CEpPEIOBHIIIL.

B nanwmii yac B cBiTI Ha JJOpOrax 3HaXOMUTHCS MO-
Hax 1,2 minbsipia aBTOMOOLTIB, @ Ha TepuTopii YKpaiHu
moHaa 9 MiTBHOHIB OMUHUI (3T1IHO PE3yIbTATIB JOC-
mipkeHs  MiKHapoaHOi acomianii aBTOBHPOOHHKIB
(OICA) y 2015 pomi) [1].

VY SKOCTi IHTENEKTyalbHOro OOJaJHAHHSI MOXKe
BUCTYNATH CHCTEMa BUSBJICHHS Ta PO3Mi3HABAaHHS HO-
MEpHHUX 3HaKiB TPAaHCIOPTHHX 3aco0iB. CHUcTeMa BUSB-
JIEHHS Ta PO3IMi3HaBaHHS HOMEPHUX 3HAKiB TPaHCIOPT-
HOTO 3ac00y BHUKOPHCTOBYETHCS JJIsI BUSIBICHHS aBTO-
HOMEpIB Ha 300pa)KCHHAX aBTOMOO1JIIB, a MOTIM POOHTH
pO3ITi3HaBaHHS aBTOHOMEPY, TOOTO Mae pO3Mmi3HATH
CHUMBOJTH, 300paxkeHi Ha HoMmepi (rdpu Ta OyKBH yKpa-
THCHKOI Ta JJATUHCHKOI abeTkH) [2, 3].

Cucrema BHSIBIGHHSI Ta iIeHTH(IKAI] HOMEPHHUX
3HAKIB € IHTEJEKTYaIIbHOI0 CHUCTEMOIO, 110 MOXeE OyTH
3acTocoBaHa Yy 0Oaratbox o0OJacTsIX (MapKyBaHHS,
YIIPaBJIiHHS PYXOM TpPaHCHOPTY, BUSIBICHHS IOPYIIHH-
KiB, NepennpoAa)kHa NepeBipka aBTOMOOLTIB, SKi BKe
OyJIH Y BXKHTKY TOIIIO).

3 ypaxyBaHHSIM IepepaxoBaHUX (pakTopiB, BUHH-
Ka€e HeoOXiTHICTh PO3POOKH HOBHX 1 IOJIMIIEHHS iCHY-

FOUMX aJTOPUTMIB BHUSIBJICHHS Ta PO3Mi3HABAHHS aBTO-
HOMEDIB.

Merta craTTi. JlaHa cTaTTs npuCBsUeHA PO3POOII
Ta JOCIIHDKEHHIO MOJIENi CHCTEMH PO3IMi3HaBaHHS aBTO-
HOMeEpiB. J[yisi MOCATHEHHS MOCTaBIEHOI METH IMOCTAaB-
JIeHI HACTYITHI 3ajadyi: TPOBEIEHO BHOIp METOHiB Ta
ANTOPUTMIB JJIS BHUPILICHHS 3aBIaHHSA PO3Ii3HABAHHSI
ABTOHOMEpIB, PO3POOJICHO BIACHY MOJEIbL CHCTEMH
pO3ITi3HaBaHHS aBTOHOMEPIB Ta JOCIIKEHO po3poldiie-
HY CHCTEMY PO3Mi3HABAHHS aBTOHOMEPIB.

OCHOBHA YaCcTHHA

Ilepen po3riasmoOM OCHOBHHX 3amad JOCIIHKCHHS
OyI10 po3rIAHyTO crenudiky 3amad Ta yMOBH (YHKIIIO-
HYBaHHSI CUCTEMH pO3ITi3HABaHHS aBTOHOMEpIB B YKpa-
iHi. OcoOMUBOCTAMU (YHKIIIOHYBaHHSI TAKUX CHUCTEM B
CyJacHHX yMOBaX € WMOBIpHI HEIOCTATHE OCBITJIICHHS,
HASBHICTH 3a0pyIHEHb Ta BEJIHWKI TCOMETPHYHI CIIOTBO-
PEHHSI IUTACTHH aBTOHOMEPIB Ha 300pakeHHsX, IO BH-
Marae BEJTMKHX OO0YHMCITIOBAJIBHUX MOTYXKHOCTEH 1 0c00-
JIUBUX aJrOPUTMIB 00poOKkH [4, 5]. JleTampHO O0yIi10 po3-
[JISTHYTO OCOOJMBOCTI MOOYJOBU Ta (DYHKIIOHYBaHHS
amapaTHUX Ta MPOTPAMHHUX CHCTEM pO3ITi3HABAHHS aB-
TOHOMEpIB. 3anpoNOHOBaHA CTPYKTYpHA CXeMa CHCTe-
MU po3Mi3HaBaHHs HOMEpIB (puc. 1), sKa MOBHICTIO BU-
3HAYa€THCS OCHOBHUMH €TariaMH aBTOMAaTHYHOTO PO3IIi-
3HaBaHHA [5].

[lincucTema monepenHboi 0OPOOKH HEOoOXiaHa ITi-
JITOTOBKH 300pa)KeHHsI JI0 pO3Mi3HaBaHHs (MU 3aCTOCY-
BaJM (UIBTPaIil0 BUCOKOYACTOTHUX NIYMiB Ha 0asi Me-
niaHHOi (iNBTpalii Ta raycoBe pO3MUTTS, IICHS YOro
eKBaJTi3allisl TICTOrpaMH Ul PO3UIMPEHHSI MOMKJIUBOTO
JMUHAMIYHOTO Jiala30Hy BXITHHX 300pakeHb. [l Ta-
KHX TEpeTBOPEHb BHKOPUCTANM (YHKII, IO BXOMASATH
Io ckinany 6i0miorexu OpenCV [6, 7].

ITigcuacTenma ITigcrcTenma
monepeHEOL AOKATLZALTLA
0OpoDEH aBTOHOMEpA

ITigcmcTena ITigcEcTenma
CerMeHTAIIL PO3MizHABAHHA
apTOHOMEpPA CHMEBOJIE

Puc. 1. CTpyKTypHa cXeMa CUCTEMH PO3ITi3HABaHHs aBTOHOMEPIB
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3Haxo0/pKEHHS 00'€KTIB Ha 300pakeHHI a0 B Bije-
OITOTOL — 1€ 3aBJaHHs 3 00J1acTi KOMIT'IOTEPHOTO 30pY,
sIka BUPIUIYETHCS PI3HUMU MMiAXOAaMU, ajie Haifyacriiie
3a JIONOMOTOI, TaK 3BaHUX, 3TOPTKOBUX HEHPOHHUX
Mmepex [8-10]. Ham morpiOHO 3HaiiTH He mpocTo 00-
nacTh Ha (oTo300paXkeHH] B SIKi 3ycTpiyaeThCs IIyKa-
HU# 00'eKT (HOMEpHA IUTACTHHA), ajie 1 BIIOKPEMUTH YCi
HOro TOYKM BiJ iHIIKX 00'ekTiB abo ¢ony. Ileii pizHO-
BHJ] 3aBJlaHb Ha3uBaeThecs «Instance Segmentationy. 13
Cy4acHHMX apXiTEeKTyp 3TOPTKOBHX MeEpex Ui 3a/aad
cerMeHTalii yacto BukopucToBytoTh: U-Net abo Mask
R-CNN. Mu Bu6pamu Mask R-CNN [11-13] (puc. 2).

SVM
wnacuivavia
periouis

SVYM

Odpoira
BIILTEHIX
perionie
CNN

SVM

Bugineni
perioHn

Periosnn
JALiKABJIEHHA

Puc. 2. [TosicHeHHs NpUHLUITY JIOKaTi3aLii HOMepa
Ta ioro cermeHTauii Helipomepexero Mask R-CNN

Ha mepmiomy etami BXigHe 300pakeHHS JOBLIb-
HUM YMHOM PO30HMBA€THCS Ha MHOXHHY PETIOHIB 3alli-
KaBJICHHSI, SIKI ITOCTYIAIOTh Ha BXOIM 3TOPTKOBHX Me-
pex (CNN, Convolution Neural Networks), ski Bupi-
LIYIOTh 3aBAaHHS MICIIE€3HAXO/PKEHHSI aBTOHOMEpa Ha
BXi/IHOMY 300pakeHHI Ta (opmye Ha BHXOAI OaraTtoBu-
MipHHHA BeKTOp O3HaK (4096 y HaIIOMy BHIAIKY).
OTpuMaHi BEKTOPH O3HAK IOCTYMAIOTh Ha BXiJ Kiacu-
¢dikaropa SVM (support vector machine,), JiHiHHIX
KiacudikaropiB Ha 0a3i MeTOy OIOpPHUX BeKTopiB [14-
16]. Ha Buxoni Mask R-CNN HeiipoMepexi OTpuMyeMoO
MICIICTIONIOKEHHsI TUTACTHHU aBTOHOMepa Ha (hoTo300-
pakeHHi aBTOMOOLIA (pHcC. 3).

_

Puc. 3. Buninene xonipoM MicCIeNOIOKEHHS IIACTHHI
aBTOHOMepa Ha (hoT0300paskeHH] aBTOMOO1IIS

Jam — mo6 HopMaii3yBaTu 00JIACTh 3 HOMEPHUM
3HAKOM (TIPUBECTH HOTO B TAKHU BUJ, TIPU IKOMY PO3ITi-
3HABaHHS TEKCTy Oyzne MoxiuBUM). OCHOBHY YacTHHY
0 «BHPIBHIOBAHHS» TEKCTY JUIS MOJAJIBILIONO PO3ITi3Ha-
BaHHS pOOUTH aJIrOPUTM MEPCIEKTUBHOI TpaHchopMaItii
3 0i6mioreku OpenCV, aje B To# ke 4ac JOCHTH HEJli-
HIHOI € 3aBJaHHSA BU3HAUCHHS «OIOPHHUX» TOYOK, SKi
MOAAI0THCA Ha BXiJ LbOro anroputMy. Ilepen knacudi-
Kallie;o HOMEPHOT'0 3HaKy HOro MoTpiOHO «BUPI3aTHY 13
300pakeHHs 1 HOPMaJli3yBaTH, IHIIUMH CJIIOBaMH IO
MaKCHMyMy IIpHOpaTH BCi CIIOTBOPEHHS 1 OTPUMAaTH
aKypaTHHU MPSIMOKYTHUK, SIKHiA Oyne IMiJmaBaTUCS IO-
JanpIIoMy aHaitizy. Ha HacTymHoMy erami IpoOBOIMMO
MIEPETBOPCHHS YOTHPUKYTHOI 00JIaCTi B MPSIMOKYTHY,
TOOTO /1e(OPMOBAHOI TMPOEKUIHHIUMHU CIIOTBOPEHHSIMHU
YOTHPUKYTHOI 00NacTi B MPSIMOKYTHY. TeKCT HoMepa
aBTOMOOIISI PO3TANIOBAHUN MiJ ACIKHMM KYTOM IIOJO
OCHOBHOT'O 300pa)ke€HHsI, B 3B'A3KY 3 I[UM IIPOIIOHYETh-
Cs1 BUKOPUCTOBYBATH a(piHHI MIEPETBOPCHHS YOTUPHKYT-
HOi 00Jy1acTi B mMpsAMOKYTHY. OCTaHHE MOXHA 3IHCHUTH
IIPU BUKOPUCTAHHI ()OPMYIT ITEPETBOPEHHS TOYKU 3 OJI-
Hi€1 IBOMIPHOI TUTONTUHYU XY B iHITY X'y' [S]:

e a-x+b-y+c

,_d-x+e-y+f (1)
g x+h-y+1’

g-x+h-y+1’

nea, b, c d e f, g h— Koe}illieHTH IEPETBOPCHHS.

3Har0uu KOOpJMHATH 4-X TOYOK 00JIACTi sSKa MepeT-
BOPIOETBCSA, @ TAKOXX KOOPAWHATH 4-X TOYOK MPSIMOKYT-
HOi 00J1acTi, IPEICTaBIICH] Ha puC. 4, MACTABIIEMO IX Y
dopmyy (1), oTpuMyeEMO 3 KOKHOT Mapu TOYOK IO BA
PIBHSIHHS, TAKAM YHHOM, 3 4-X TIap TOYOK BUXOIHUTH 8
piBHSHB 3 8-Ma HeBimoMuMHU. Bupinryrouu 1o cucremy,
OTpUMAaEMO ITyKaHi koedilieHTH a, b, ¢, d, e, f, g, h. [Tix-
cTaBiseMO X B (1) i oTpuMyeMo (GOpMYJIH sl TIEPETBO-
PCHHS YOTHPHUKYTHOI 00JIACTi B IPSIMOKYTHY.

Puc. 4. TTosicHenHs npolecy NepeTBOPEHHS T0BUIBHOL
YOTHUPHUKYTHOI 00JIacTi HOMepa B IPSAMOKYTHY

Ha puc. 5 npencraBienuii pe3yabTaT MepeTBOPEH-
HA (parMeHTa 300paKCHHS aBTOHOMEpPa 3 IECBHUMH
BEpIIUHAMHM YOTHPHKYTHOI 00NacTi, 1o OOMEXYIOTh
00J1acTh, 110 BIANOBia€ HOMEPY TPAHCHOPTHOTO 3aCO-
0y, B MPSIMOKYTHY 00JIaCTh, MPUIATHY IS ITONAJIBIION
CerMeHTallii 1 po3Mi3HABaHHS OJUHOYHUX CUMBOJIB.

Puc. 5. Pesynbrar neperBopeHHs hparMeHra 300paxkeHHs
aBTOHOMepa y IPSMOKYTHY 00JIaCTh, IPHIATHY JUIS ITOAIBIIOL
CerMeHTall i po3Ii3HaBaHHs OXUHOYHUX CHMBOJIIB
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Ile onuH iHCTPYMEHT, KUl BUKOPUCTOBYEMO — 1€
6i0uioTeka 3 po3Mi3HaBaHHS TEKCTIB, sika O Moria rmpa-
IFOBATH 3 PI3HUMH MOBAMH 1 SIKy MOXKHA JIETKO HaNalll-
TOBYBATH IiJ| crienn(iky aBTOHOMEPIB, siKi MU OyaeMo
posmi3HaBaTu. 3actocoByemo 0ibmioTeky Tesseract Bin
Google [16-18]. ITogaroun Ha 11 BXig 0OpoOJICHE Mps-
MOKYTHE 300pa)k€HHsI HOMEPY — OTPUMYEMO pO3Mi3HaHi
oyksu i udpu Homepy AX0763AH.

VY miacymky, 0yio moOymOBaHO MOJICTh CHCTEMH
PO3Ti3HABAHHS aBTOHOMEPIB.

VY xoxi nocnipkeHHs 0yiI0 OTPUMAaHO OOMEKEHHS
PpO3po0IIeHOi Mojei: po3pisHEeHHs (JOTO MMOBHHHO OYTH
He menie 300x300, MakcMMalbHa pO3/iIbHA 3/1aTHICT
00MEXYETHCSI TIPOJYKTHBHICTIO KOMIT't0Tepa (IpU BU-
kopucranHi GPU Nvidia, To npu po3pi3HeHH] BXiTHOTO
300paxenHs 1920x1080 Touok po3mi3HaBaHHs 3alimMe
yacy 01m3pko 500 ms / 300pakeHHsI, TOIi SIK HAa 3BH-
yaiinomy CPU OymyTh ONUHHMIII-ICCATKH CEKYHI Ha
OJIHE 300paKeHHs1); IMOBIPHICTb pO3ITi3HABaHHS JOpIiB-
HIOE Maibke 1, SIKIIO PO3Mip 3HAWICHOTO HOMEPHOTO
3HAKy Ha 300pakeHHI MO BepTUKami Mae 32 i Oiiblie
TOYOK, MEXi HOMepa 3HaXOAATHCS HABITh NPH CHIBHO-
My moBopoTi (mo 70 rpam), po3MuTe abo 3alTymIIcHE
300paskeHHs Oy/ie po3Mmi3HaBaTHC HabaraTo Tipiie.

Jlnis 3MEHIIIeHHsT Yacy pPo3Mi3HaBaHHI HOMEPY aB-
TOMOOITIS pO3pOOJCHY cHCTeMy OYyJI0 PO3rOPHYTO Ha
cropoHHbOMY cepBepi (Montreal data centers) i3 Taku-
MU 0a30BUMHU XapaKTepPUCTHKAaMU: JBa mporecopu Intel

PN N —

(R) Xeon (R) CPU E5-2630 v4 @ 2.20GHz; onepatug-
Ha nam'sate — 128GB; xopcerkuit auck — aga SSD 1.9TB
B amapaTHOMY peWJi; MEepekXeBi XapaKTepUCTHKH — JBa
noptu o 100 Mbps.

OriHKa SIKOCTI pOOOTH CHUCTEMH PO3Ii3HABAHHS aB-
TOHOMEpa TPOBOMUTHCSA HA TECTOBIM BUOIpII. Y SKOCTI
KpuTEpito e€(eKTUBHOCTI Oyllo 0OpaHO OIIHKY HWMOBIp-
HOCTI TIPaBWJILHOTO PO3Mi3HABAHHS BCIX CHMBOJIB aBTO-
HoMepy P,,, sKka oniHroBanacs 3a Gopmyrnoro [17] (2):

Pnp = nan/NXa (2)

J€ 7ypx — KUIBKICTh NPaBHJIBHO PO3Mi3HAHUX aBTOMOOI-
JBHAX HOMEpPIB Ha 300pa)KeHHSIX 3 BHOpaHUM KYTOM
3fioMkHu X; Ny — 3arajgbpHa KiJIbKiCTh 300paKeHb 3 BHO-
paHuM KyToM 3HoMKH X; X — KyT 3HOoMKH (oTo300pa-
JKEHHS aBTOMOO1IA (y Tpamycax).

[NopiBHsIHHS sIKOCTI PO3Mi3HABaHHS aBTOHOMEpA
MPOBOJWIIOCS Y  CHIBBITHOIICHHI O MporpamMu
SeeAuto.USA [19].

Ha puc. 6 mpencraBiieHO OTpHMaHy 3aJICKHICTh
OLIIHKK HMOBIPHOCTI MPaBUJIBHOTO PO3ITi3HABAHHS BCIX
CHMBOJIB aBTOHOMeDY Pr, Amst po3pobieHoi cucremMu Ta
nporpamu SeeAuto.USA Ha TecToBii BuOopi (ckiaaa-
nacst 3 800 ¢orozobpakens aBroMoOumiB, 0 100 30-
Opakens s KyTiB 3tiomku 0, 10, 20, 30, 40, 50, 60, 70)
rpaayciB. Pe3ynapTyroua sKicTh Kiacugikamii JoCIiaKy-
BaHOI CHCTEMH ckjasia 96 BiJCOTKIB JUIsl KYTiB 3HOMKH
MeHIne 63 rpaayciB.
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Puc. 6. I'padik ouiHky HMOBIPHOCTI NPaBUIBLHOTO PO3Mi3HABAHHS BCiX CHMBOIIB aBTOHOMEDY P,

UTSL TOCIIIKYBaHOI CUCTEMHU

[IpexncraBneHi pe3yabTaTH MOKa3yIOTh, IO PO3PO-
OJieHa cucTeMa PO3Mi3HaBaHHs aBTOHOMEpPIB Mae 3Hau-
HO Kpalli XapaKTepUCTHKH SKOCTI BiJ Iporpamu
SeeAuto.USA nis BenMKHUX 3HA4YeHb KyTa 3HMOMKH HO-
MepHOI TTaCTHHU aBTOHOMepa (roHaxn 30 rpaaycis), Ha
MaJlUX 3HAYCHHSX KYTiB 3HOMKH XapaKTEPUCTHKU CHC-
TeM MaiiKe CIiBIaai0Th.

Ipum xyri 3iiomkn noHan 70 rpagyciB HMOBIHICTH
MIPaBUIILHOTO PO3Mi3HaBaHHs MeHIe Hixk 0,9.

BucHoBku

B crarTi HaBeJeHI MOJENb Ta JOCITIIKEHO e(ek-
TUBHICTh pO3pO0OJIEHOI MOJIENi HepOMEpexeBOl CHcTe-

Ta nporpamu SeeAuto.USA Sk

MU PO3Mi3HaBaHHS aBTOHOMEPIB. 3aCTOCOBaHI TEXHOJO-
rii J03BOJMJIM OpraHi3yBaTH NpOLEC pPO3Mi3HABAHHS
HOMEPHOT'0 3HaKy aBTOMOOLUIS Ha BiaICHOMY CepBepi.

Jl1s mokpalieHHsl MOKa3HUKIB SKOCTI Oylo BH-
KOPHCTaHO Cy4acHY MOJENb HeHpoMepexki cerMeHTa-
il Ta geTekTyBaHHsA 00’ ekTiB Mask R-CNN, HaBueHy
Ha BEJIMKIA KIJIBKOCTI peaibHUX 300pakeHb aBTOMO-
O1IiB, IO MIATBEPIKYETHCS OTPUMAHUMH pe3yJbTa-
TaMH Yy CHIBCTaBJIEHHI i3 iCHYIOUMMH Cy4acHHUMH Di-
LICHHSIMH.

Pe3ysnbpraT mOCHiKEHHS MOXYTh OyTH 3acTOCO-
BaHI MpH Po3poOIll HOBUX, Ta MOTU(IKAII ICHYFOUHX
CHCTEM PO3Mi3HaBaHHS HOMEPIB TPAHCIIOPHHUX 3aCO0IB.
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Neural network system for license plates recognizing
A. Podorozhniak, N. Liubchenko, H. Heiko

Abstract. The subject of this research is the neural network system of identification of car license plates on images ob-
tained by means of video recording means. The purpose of this work is to ensure the process of recognition of license plates of
vehicles in a wide range of changing angles of observation and light levels. The task is to study the neural network system for
recognizing license plates on images obtained by means of video recording in a wide range of changes in the angles of observa-
tion and light levels. The analysis of problems of methods and algorithms of automated recognition license plates of cars has
shown that it is most perspective to use neural network algorithms which are adjusted to change of conditions of supervision of
means of traffic control. The solution to the problem of recognizing car license plates can be presented in the form of a number of
subtasks, which include primary image processing, detection of the area of the license plate in the image, character segmentation
and character recognition. Conclusions: the proposed neural network system for license plate recognition, which allows you to
search for text areas at any angle in different lighting conditions. The system allows you to recognize car license plates in a wide
range of changes in distance to the car, viewing angles and light levels.

Keywords: measuring system, temperature measurement, microprocessor meter, data processing.
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' HamionaneHuii yHiBepCHTET NUBIILHOTO 3axucTy Ykpainu, Xapkis, Ykpaina
* XapkiBchKuit Hanionanbuuit yHiBepeuter Iopitpauux Cui imMeni IBana Koxeny6a, Xapkis, Ykpaina

OOPMAJII30OBAHA MATEMATHUYHA MOJEJIb ITPOI'HO3YBAHHA
HAJI3BBUYAMHUX CUTYAIIA TA MOXJIUBUX
3ABJJAHUX 3BUTKIB BHACJIIIOK HUX

AHoTanisi. AKTyansHicTs. [lonepe/keHHs HaJ3BUYAalHUX CUTYallill IPYHTYETbCS HA aHAJ3l, NPOrHO3YBAHHI 3arpo3
BUHUKHEHHS HaJ[3BUYAiHUX CUTyalill Ta iX MOXJIMBHMX HACHiJKIB K B JepxaBi, Tak i ii perionax. IIpu oMy nporaosy-
BaHHs HA/I3BUYANHUX CUTYyalili NOBUHHE OyTH CIIPSAMOBAaHUM HA PEry/NIOBAHHSA TEXHOI€HHOI, IPUPOIHOI Ta COLiaJbHOI
Oe3meku B KpaiHi, OLIHKY 3arpo3d BUHUKHEHHS HaJ3BUYalHUX CUTyalill Ta IX MoxuuBHX HaciinkiB. Mera. PospoOka ¢o-
pMaJIi30BaHOI MaTeMaTH4HOI MOJIEN MPOrHO3YBaHHs HAa/J3BUYAHUX CUTYallill Ta MOXIIMBUX 30UTKIB BHACIiZOK HUX. Me-
ToA. CUCTeMHUI MiJXi/ 10 BUPILICHHS MPOOIeMH IPOrHO3YBaHHs Ha/[3BUYAHUX CUTYallill Ta MOXKIIMBHUX 3aBJIaHUX 30UT-
KiB BHACNIJIOK HUX SIK B ZIepKaBi, Tak 1 1l perioHax 3 METOI0 HEIOIYIIEHHs IX BUHUKHEHHs a00 MiHIMi3alil MOXIIMBHX Hac-
JiJIKIB nepenbadae NPOrHO3yBaHHs Ha/[3BUYAMHUX CUTYALii B LIJIOMY 110 Jiep>KaBi Ta il perioHax; NporHO3yBaHHS Ha/3BH-
YallHUX CUTYalliil PUPOHOTrO XapaKTepy B LIOMY, 32 BUaMHU Ta PIBHAMH B JIep>KaBi; NPOrHO3yBaHHs HAJ3BUYalHUX CH-
Tyaliil TEXHOI€HHOT0 XapaKTepy; IPOrHO3yBaHHS Ha3BUYAHUX CUTYaLill COLIialbHOr0 XapaKTepy 3a BUIAMH Ta PIBHAMU
1 IPOrHO3yBaHHs 30MTKIB BHACHIJIOK HAI3BUYallHUX CUTYalill y nepkasi. PesynasTaTn. Po3pobieHo popmanizoBany mate-
MaTH4YHY MOZIEJIb IIPOrHO3YBAHHS HA/I3BUYaHUX CUTYaLild, MOXIIMBUX 3aBIaHNUX 30UTKIB BHACIIJIOK HUX Ta KEPYIOUMi al-
TOPUTM, SIKHH peaitizye po3pobieHy MaTeMaTHdHy Mojeib. BucHoBkn. dopmanizoBaHa MaTeMaTH4Ha MOJEIb IPOrHO3Y-
BaHHs HA[3BUYAIHUX CHTYAIi} Ta MOXKIMBUX 3aBJaHMX 30MTKIB BHACIIJIOK HUX BKIIFOYA€E MAaTEMAaTHYHI MOJEIi IPOrHO3Y-
BaHH IIPOLIECY BUHMKHEHHS HaJ3BUYaiHMX CHUTYall B JepiKaBi; MPOrHO3yBAaHHS NPOLIECY BUHUKHEHHS Ha/3BUYAHHUX
CHUTYallill B perioHax JepxaBy, IPOrHO3yBaHHS HA/I3BUUaHUX CUTYallill 32 XapaKTepoM, BUIAMH Ta PIBHAMH sIK B JIepKaBi
B LIIJIOMY, TaK 1 i1 perioHax; MpOrHo3yBaHHs MOXJIMBHX 30MTKIB BHACIIJOK HaaA3BUUaliHUX cutyaniil. OTpuMaHi pe3ynbraTu
JIOCIiKeHHS € QYHIaMEHTOM [UIsl OOIPYHTYBAaHHS OpraHi3allifHO-TeXHIYHHUX 3aXOJiB IO/I0 pearyBaHHs Ha HaJ3BUYaiiHI
cHUTYyalii 3 MEeTOI0 X MonepePKeHHs 1 MiHIMi3alii MOKITMBUX HACITIAKIB.

KawuyoBi caoBa: ¢popmanizoBaHa MaTeMaTHIHa MOJIEIb, KEPYIOUHI arOpuTM, HaJ3BUYaiiHa CUTYaLlisl, XapaKTep, BUJI,
PiBEHB HA/I3BUYAITHOI CUTYAaIlil, 30MTKH B HaI3BHYAHHNX CUTYaIiH.

HomenkJatypa

HC — nan3Buuaiina curyaris;
nyc(t) - xinekicts HC B nepixasi;

(r()a Ry ) - MapaMeTpu (byHKHll,
nch (¢) - xutekicts HC B i —my perioHi;

P;,C - iimoBipHicTh BuHukHeHHs HC B i—my pe-
rioHi B pasi BunnkHeHHst HC B nepikasi;

nry (), ngy (), ney (t) - kinekicts HC BifmoBi-
JTHO TEXHOT€HHOT'0, IPUPOJHOTO Ta COLIaTbHOIO XapaK-
Tep;

Pry, Pgy, Pcy - #imoBipHOCTi BuHHKHeHHs HC
BiJINOBIHO TEXHOT€HHOT' 0, IPUPOIHOr'0 Ta COLIaTbHOTO
XapakTepy B eprKaBi;

L:(t), v;(), r(t) - xinpkicts HC 3a Bunamu Bin-
HOBiTHO TEXHOI€HHOTO, IPUPOIHOrO Ta COLIalIbHOIO
XapakTepy B IeprKaBi;

Pryx,» Prx,» Fox; - HMOBIPHOCTI BUHUKHEHHS
HC TexHOreHHOro, MpUPOIHOTO Ta COLAILHOTO Xapak-
Tepy i— 20 BHIY B JEPKaBi;

n?X ®, n§7X ®, néX (t) - xinpkicts HC Biamnogi-
JTHO TEXHOT€HHOT'0, IPUPOJHOrO Ta COLIaTbHOIO Xapak-
Tepy B i — My PpETioHi;

P%X , P1i7X , PéX - iimoBipHOCTI BUHUKHeHH HC
BiJINOBiHO TEXHOT€HHOT' 0, IPUPOIHOr'0 Ta COLIaTbHOTO
XapaxkTepy B i— .My perioHi B pa3i BuHukHeHHs HC B
JIepKaBi;

npp(t), npp(t), nyp(t), nop(t) - xigpkicts HC
BiJITIOBITHO JIEPKaBHOT'O, PETiIOHAILHOTO, MICLIEBOTO Ta
00’€KTOBOTO PiBHIB;

Ppps Ppps Byp, Fop - IMOBIPHOCTI BUHUKHEH-

Hsa1 HC BiAMOBiAHO Aep:KaBHOI'O, PETiOHATIBHOrO, MicIie-
BOTO Ta 00’€KTOBOTO PiBHIB B JIEpIKaBi.

Beryn

OcTraHHIM 4acoM y BCBOMY CBITI CIIOCTEPIraeThCs
CTiliKa TEHJIeHIis 301JIBIIEHHS MPOTUPIY MIX JIFOJNHOIO
U OTOYYIOUHUM HOTo MPHUPOJHUM CEpPEOBUILEM (KaTact-
podbu Ha aTOMHHX CTAHIISAX, 3HAYHI MOBEHI, IyHaMI,
TOpPHAZI0, 3EMJICTPYCH 1 T.I1.). Bce 11e mpuBOIUTE 10 BU-
nukHeHHss HC pi3Horo xapakrepy, HacIiIKU SIKUX Hera-
TUBHO BIUIMBAIOTh HA €KOHOMIKY KpaiHM Ta >KUTTEisi-
JIbHICTh HACEJICHHSI.

Taxk, HanpukIIa, TUIbKH 3a mepion 3 2014 mo 2018
pik B Ykpaini Bunukio 795 HC, BHacnmiiok sKuX 3aru-
Hyno 1266 moneit, moctpaxaano 5213 mrojeil, HaHece-
HO MaTepiaJibHUX 30UTKIB JepkaBi Ha 1599 muH. rpH.
[1,2].
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Hueinvna de3nexa

Ionepemxenns HC — ne cykymHicTh 3aXofiB 3a-
KOHOTBOPYOrO, EKOHOMIYHOTO, aJMiHiCTPaTHBHOTIO,
TEXHIYHOTO Ta IHIIOTO XapakTepy, CHPSMOBaHHUX Ha
BUSIBJICHHSI Ta BHBYEHHS NpHYMH BUHUKHEeHHS HC pis-
HOT'O XapakTepy, IPOrHO3YBaHHs iX PO3BHUTKY, pO3p00-
Ky 1 peaizallito 3aX0/iB, AKi 3a0e3MeUyIOTh X YCYHEH-
HA a0 Hedrpamizaiito [3-5]. I[Tonepemxkenns HC rpyH-
TYETBCSl HA aHaJIi31, MPOrHO3YBaHHI 3arp03 BUHUKHEHHS
HC Ta iX MOXIMBUX HACIHiJKiB SIK B Jep)KaBi, Tak i i1
perioHax.

IMpu upomy nporHosyBanus HC moBuHHe OyTH
CHPSIMOBAaHUM Ha PEryJIOBaHHS TEXHOI'€HHOI, IPUPO.I-
HOi Ta COIiaJIbHOI OC3MEeKU B KpaiHi, OIIHKY 3arpo3u
BuHHuKHeHHS1 HC Ta X MOXIIMBHX HACIIAKIB.

Tomy, nporHo3yBaHHs 3arpo3 BuHukHeHHsS HC Ta
MOJKJIMBHX 30UTKIB BHACIIOK HUX SIK B IEpKaBi, TaK 1 Ti
perioHax 3 METOI HEIOMYLIeHHS iX BUHHKHEHHS a0o
MiHIMi3aIlii MOJKTMBHX HACIIJKIB € aKTyaJbHOK HayKO-
BO-TIPAaKTHYHOIO TPOOJIEMOIO B c(epi HUBLIBHOTO 3aXHU-
CTYy.

[pornoszyBanus HC pi3HOro xapaxrepy Ta Hac-
JIJKIB BHACIIIOK HUX 3IHCHIOETHCS HA OCHOBI aHANi3y
cratuctuyHoOi iHpopmarii mpo HC B nepkasi 3a neskuii
ronepeHii nepion MoHiTopuHry. IIpu nporuo3yBaHHi
HC [6,7] po3rnsnatorh:

- CTaTUCTHYHY 1H(OpMallilo PO TEXHOI'eHH] 1 MpH-
ponHi mxepena HC;

- MOJXJIUBI BapiaHTH BUHUKHEHHsI 1 po3BUTKY HC;

- Pe3yabTaTH EKCTPAOJALil BUSBICHHX TEHCH-
i;

- eKCIIEPTHI OITIHKH.

[porno3yBanus HC pi3Horo xapakrtepy mae cBoi
piBHI cKkiamHOCTi, Hampukiaax mnpupomni HC HecyTh
BEJIMKY CKJIaJI0OBY HEBHU3HAYCHOCTI HA BiIMIHY BiJl TEX-
HorenHux HC, siki B OCHOBHOMY 3ajeXaTh BiJ CTaHy
TEXHIKH 1 JIOJCHKOro (akTopy 1 mijaroTbest popmati-
30BaHUM PO3PaXyHKaM.

1. ITocTanoBKa 3amaui

i MOCATHEHHS IOCTaBJAEHOI METH HEOOXiTHO
BUPILIMTH HACTYITHI 3aau4i:

- po3pobuTH (popMasizoBaHy MaTEeMAaTHYHY MO-
nens nporuosyBanus HC Ta MOKIIMBUX 3aBIaHUX 30HT-
KiB BHACTIIOK HUX;

- 3aIIPOMOHYBATH KEPYIOUYHA aJIlOPUTM, KU pea-
JIi3ye po3po0JICHY MaTeMaTHYHY MOICTb.

2. Orasaa Jitepatypu

AmHani3 JiTepaTypHHX JDKEpes i3 3a3Ha4yeHol Ipo-
OJIeMaTHKM MOKa3ye, 10 MPOrHO3YBAHHS HPOLECIB BH-
nukHeHHs ~ HC ~ Oasyrotbess  Ha  IMOBIipHICHO-
CTaTUCTUYHOMY, iIMOBIPHICHO-JIETEpMiHOBAaHOMY 1 JeTe-
pMiHOBaHO-IMOBipHiCHOMY migxonax [8,9,10].

Jlnst npornozyBannst HC TexHOreHHOT'0 Ta MpUPO-
JTHOTO XapakTepy B OUIBIIOCTI BHIIAJKIB 3aCTOCOBYIOTh
IMOBIpHICHMH MiJXifA, KM HAaHKpaliuM YHHOM 3a0e3-
reyye OOIPYHTOBAHICTh OLIIHOK 1 JI03BOJISIE BPaXxOBYBa-
TH KyMYJISITHBHUI eeKT 0araTtbox JpKepesi HeBH3Have-
HocTi [11,12]. OcHOBHMIA HENONIK IMOBIPHICHOTO IIif-
X0y — CKJIJHICTh PO3POOKH MOJIeNeH MPOIIECiB BUHU-
kHenHs1 HC, 1110 3Ha4HO YCKIJIQJHIOE TPOBEIEHHS aHali-
3y PO3BUTKY JaHHX ITPOLIECIB B JHHAMIIIL.

BapianToM monoiaHHS IMX HE3PYYHOCTEW MOXKe
OyTH BHUKOPUCTaHHS PErPECiHHUX METOMIB aHali3y, sKi
BHUKOPHCTOBYIOTh CTATUCTHUYHI JIaHl 3a JNESKuil morepe-
IHIA Tiepios MoHITOpHHTY. ICHye MHOXMHA Bapiamiit
perpecii: JiHiiHI, HETiHIMHI, CTYIICHEB1, MTOPAIKOBI 1 TaK
nmam [13,14]. Jo mepeBar maHUX MOZCICH BiTHOCITH
MIPOCTOTY, THYUYKICTh, & TAKOXK OJJHO3HAYHICTH iX aHaJi-
3y 1 MPOCKTYBaHHS.

IIpu 3acrocyBaHHI JIHIHHUX perpeciiiHnX Moze-
JIed pe3ynbTaT MPOTHO3Y MOXKHA OJEpKaTH 3HAYHO
LIBHJIIIE, YUM TIPU 3aCTOCYBaHHI iHIIMX Mojenei. Kpim
TOrO, IEPEeBarol0 € MpPO30pIiCTh MOJEIIOBAHHS, TOOTO
JIOCTYTIHICTB JJIsl aHAJTi3y BCIX MPOMIKHUX PO3paxyHKIB.
Henomnixamu JTiHIHHUX perpeciiHUX Mojejied € HHU3bKa
aaNTUBHICTG 1 BIJCYTHICTH CIPOMOYKHOCTI MOICIIO-
BaHHS HeNiHIHHMX mpoueciB. OCHOBHHM HEHOJIKOM
HEJIHIHHUX perpeciiHuX MOJEJeH € CKIIaJHICTh BH3HA-
YeHHs BUIY (YHKI[IOHAJIBHOT 3aJIE)KHOCTI, & TAKOX TPY-
JTHOIIII BU3HAYCHHS TIapaMETPiB MOIEII.

Jlmst MomeNmtoBaHHS HENMIHIMHUX IPOIECIB, TaKHX
SIK TIPOLIECH BUHHWKHEHHS TEXHOIC€HHUX Ta MPUPOJIHUX
HC, 3pyuHO BUKOpHCTOBYBaTH HeHpoMepexeBi Mozeni
[15]. OcHoBHOIO nepeBaroo HelpoMepeKeBUX Moienel
€ He JIHIAHICTh, TOOTO BIACTHUBICTH BCTAHOBJIIOBATH
HEJIHIHHI 3aJIeKHOCTI MK MalOyTHIMHU 1 (haKTHIYHUMHU
3HAYEHHsMU MporeciB. Hemomikamu Takux Mopenen €
BIJICYTHICTh TIPO30pPOCTI MOJIEIIOBAHHS, CKJIaHICTh
BUOOpPY  apxXiTeKTypu Ta  aJroOpuTMy  HaBYaHHS
HEWpOHHOT Mepexi.

Jnst mporaosyBanuss HC comianbHOrO Xapakrepy
3aCTOCOBYIOTH ~ METOAM  EKCIIEPTHHX  OI[HOK Ta
COIIIOJIOTIYHUX JOCIIPKEHb, B MEHIIIH Mipi JOCIIIKEH]
CTaTUCTUKO-IMOBIPHICHI METOJH, SIKi BUKOPHUCTOBYIOTh
JlaHi 3a IesIKUH TTOoTepeHiH nepiol MOHITOpUHTY [16].

TakuM YMHOM, ITPOBEICHUI aHANI3 JiTepaTypHUX
Jokepen mono mnporHodyBanHa HC Ta MOXKIMBHUX
3aBJlAHUX 30WTKIB BHACIIJIOK HHUX ITOKa3ye, 10 BOHH
CHpsIMOBaHI B OCHOBHOMY Ha NMPOTHO3YBaHHS OKPEMHUX
BuziB HC TeXHOreHHOro Ta NPUPOJAHOro XapakTepy i He
JIO3BOJISIFOTH  pealli3yBaTH CUCTEMHHH MiOXid IIOJ0
nporiosy HC Ta 30WUTKIB BHACHIIOK HHX, KU
o3BoOJIsIe 3miticHioBatH mporHo3 HC B 1minmomy, 3a
BUJaMHU Ta PIBHSAMH, MOXJIMBI HaHECEHI 30MTKU SIK B
JiepkaBi, Tak i ii perioHax.

Ie BKka3ye Ha HEOOXiMHICTH PO3POOKH (hopMati3o-
BaHOI MareMaTHyHoi Mopeni mporHozyBanHs HC Ta
MOXIIUBHX 3aBJIaHUX 30MTKIB BHACTIJOK HUX SIK B Jep-
XKaBl, TaK 1 1 perioHax Ha OCHOBI CHCTEMHOT'O ITiIXOIy
IO BUPIIICHHS ITi€T MPOOIeMH.

3. Marepiaau i meToau

IIporeneMo po3poOKy (GopMalti3oBaHOI MaTeMaTH-
YHOI MOJENI TMPOTHO3YBAHHS HA/J3BHUYAWHHUX CHTYaIlii
Ta 3aBJIaHUX 30MTKIB BHACIIIOK HHX.

IHdopmaist B ocTaHHI pOKH CTae OCHOBOIO IMpPOIIe-
Cy MiJrOTOBKH YIPABIIHCHKHX PillleHh HA PI3HUX piB-
HSIX YIPABIIHHSA 1 3a0e31euye aJleKBaTHE HassBHUM YMO-
BaM IPOTHO3YBaHHsI, TUIaHYBaHHs Ta pearyBanHs Ha HC
pizHoro xapakrepy. [Hpopmaris MiCTUTB BiIOMOCTI PO
MPOTHO30BaHi 1 Taki, 1o Bxke BUHUKIN HC TexHOreH-
HOT'0, TIPUPOJHOTO W COLIANBHOIO XapakTepy Ta ix Hac-
JIIKA.
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[HdopmaniiiHo-aHamiTHUHE 3a0€3MIEUSHHS] OpPraHiB
BUKOHABYOI BIAJH /ISl MIATPUMKH TPUUHATTS pillleHb
SIK Ha JIep)KaBHOMY TaK 1 perioHaJIkHOMY pIiBHSX 13 Me-
TOIO BJKUBAHHS 3aXOJIiB LIOJIO MONEPE/KEHHSI, a/leKBat-
Horo pearyBaHHs Ta JikBiganii HC pisHoro xapakrepy
BHMAraroTh aHaJITUYHHUX JOCHTIPKEHb LI0/I0 TPOTHO3Y-
BaHHS MOXJIMBOTO Tmporecy BuHukHeHHss HC Ta Hac-
JIAKIB Bij HUX.

[IporHo3yBaHHS YABISE COOOK TOCTITHUIBKUI
MpoIleC, Y PE3yIbTATI AKOTO OACPXKYIOTh IMOBIPHI JTaHi
nmpo HC Ta iX HACNi KU Ha OCHOBI aHATI3y IX PO3BHUTKY 3
ypaxyBaHHSIM IIJIOTO psiy (pakTopiB, sIKi BIUIMBAIOTH Ha
nuHaMiky BUHUKHEHHS HC.

MaremaTtuuHa MOJENIb IMPOTHO3YBaHHS HAa/3BH-
YaiiHOI CHUTYyalii Ta HACTiAKIB BHACHIJOK HUX YSIBIISIE
co0OI0 CHCTEMY CITiBBiJHOIICHb Ta PiBHSAHb B MaTeMa-
TU4HIA Qopmi, siKi BimoOpaxkaloTh HaHOLIBII BayKJIUBI
0COOJIMBOCTI W BJIACTHBOCTI JTAHUX MPOLECIB 3 METOO
aHaJTi3y Ta IPOrHO3yBaHHS iX BUHUKHEHHS, PO3BUTKY Ta
HACJI/IKIB.

BximHy iH(opmauiliHy OCHOBY Ui HpPOBEICHHS
aHamizy Ta nporHozyBanHs HC Ta HachiakiB BHACIIIOK
HUX CKJIaQJaloTh CTATUCTUYHI JaHi MoHiTopuHry HC 3a
JIesIKAH TIepiof] yacy.

Ipouec BunukHenHst HC B nepkaBi OMUCYIOTH fe-
SIKOIO aJICKBaTHO BHOPaHOIO ()YHKIIIEIO perpecii:

i’ch(t)=U1(7’0,7’l,7"2’...7‘k,l‘), (1)

ne nyc(t) - xinekicts HC B mepxasi; (7, /.7, 1 ) -

napameTpu QyHKIIi.
Ipouec Bunuknennss HC B perionax B pa3i BUHH-
kaenHs HC B neprkaBi onmucyeThest QYHKINER BUIY:

Miac(0) = Uy {nyye (0. Pirc | 2)

ne nyc(t) - xinekicrs HC B i—my perioui; Pye -
riMoBipHicTh BuHMKHEeHHS HC B i— My perioni B pasi

BuHukHeHHs1 HC B nepikasi.
[Ipu pbOMy ITOBUHHA BUKOHYBATHUCS YMOBA:

S P =1EP. =1

3a xapakrepoM noxomkeHas HC po3aiifioThcs Ha
TEXHOTEHHI, IPUPOJIHI Ta collianbHi. [Iporec iX BUHUK-
HEHHS OIHUCYEThCsl (QYHKIISIMH, SIKI 3aJIeKaTh BiJl KLIb-
kocti HC Ta #imoBipHOcTeli BuHukHenHs HC Binmosin-
HOT'O XapakTepy B JeprKaBi:

ny (1) = F, {nHC(t)’PHX}nHX(t) =F {”Hc(t)’ PIYX} €)

nex () = Fy {npc (), Fex }

ae nyy (), npy (t), ney (¢) - xinekicts HC BigmosinHO
TEXHOT€HHOT0, IPUPOJHOTO Ta COLIANBHOTO XapaKTepy;
Pry . Pgx. Fox - ¥imoipHocti BunukHenHsa HC Biz-
MOBIZTHO TEXHOTEHHOI'0, MPHPOJHOTO Ta COILialbHOro
XapakTepy B JepKaBi.

I1pyu 1bOMY IIOBHMHHA BUKOHYBATHCS YMOBA!

PTX + PHX + PCX = lPTX + PHX + PCX =1

3a unamu HC TexHOT€HHOr0, MPUPOJHOTO Ta CO-
LiaJIFHOTO XapakTepy B JepikaBi € (QYHKISIMHU BiJ 3ara-
npHOT KinbkocTi HC BinnmoBigHOrO Xapakrepy Ta HMOBI-
pHOCTEel BWHHKHEHHS HaJ3BMUYAiHOI CHTYyalil JaHOTO
BULY:

YO =2, 0 Py 10 =9, {0, 5 @

()= ‘P3{"cx(t),chl-} ,

ae [;(t), v;(t), r(¢) - xinekicts HC 3a Bugamu Bixmo-

BiJTHO TEXHOT€HHOTO, MPUPOTHOIO Ta COL[IAJBHOIO Xa-

paktepy B aepxkasi; Pry., Py, , Fcy; - AMoBipHOCTI
1

BuHUKHeHH HC TeXHOreHHOr0, MPUPOIHOrO Ta Collia-

JIBHOTO XapaKTepy [ —2o BUIY B AepiKaBi.
HeoOxinHi ymoBH:

IIpouec BunukHeHHss HC TexHOreHHOr0, MPUPO-
HOI'0 Ta COIIIAJIBHOTO XapaKTepy B PErioHaX IepKaBU
OITUCYETHCS (DYHKIIISIMHU:

Hy () =S, {nm((t), P,iv(} ny () =S, {nm(t), P,"v(} . (5)
ney (1) =53 {nCX (), Péx} ,

ze n?X @), n§7X (1), néX (¢) - xinpkicth HC BignoBigHO
TEXHOT'€HHOT' 0, MPUPOJHOTO Ta COLIAIBLHOTO XapakTepy
B i— My DETiOHi; P%X, P,iv(, PéX - iMOBipHOCTI BH-
nukHeHHss HC BiANOBIAHO TEXHOT'€HHOT'O, MPHUPOIHOTO
Ta COLIANBHOrO XapakTepy B i —.My pPErioHl B pa3i BU-

nukaeHHs HC B nepikasi.
[Ipu 11bOMy MOBUHHA BUKOHYBATHUCS YMOBA:

SPpi=1; SRy =1; SRy =1.

3a piBasmu HC po3aisisiioTees Ha qep>kaBHOTO, pe-
TiOHAJILHOTO, MICIIEBOT0 Ta 00’€kTOBOro piBHI. [Iporec
BuHuKHeHHs HC BiIIOBIIHOTO piBHS B JIepXKaBi OMUCY-
€TbCsl PYHKLIAMHU:

"pp() =0, {nHC(t)’PPP} npp() =0, {nHC (t)’PPP} :
Myp () = O3 {nHC ), PMP} Myp(1) = O3 {”HC ®), PMP} (6)
nop(t) = Oy {npc (), Fop | »

ae npp(t), npp(t), myp(t), nop(t) - ximekicte HC

BiJITIOBITHO JIEP>KaBHOT'0, PETiOHAILHOTO, MICLIEBOTO Ta

00’€kT0OBOrO piBHIB; Fpp, Ppp, Byp, Fop - IMOBIp-

Hocti BuHUKHEeHHS HC BiImoOBiIHO AEp>KaBHOrO, perio-

HAJIBHOT0, MICIIEBOTO Ta 00’€KTOBOT'O PiBHIB B JCPKaBi.
[Tpu oMy NOBUHHA BUKOHYBATUCS YMOBA:

PDP+PPP+PMP+POP=1.

®yHkuii, o0 onucyoTh Tpolecu BUHUKHEeHHsT HC
3a PIBHSIMH B pErioHax JIep>KaBu MalOTh BUJI:

94



Hueinvna de3nexa

nf"P(t) =P {”PP(I)’ P;;P} ”jDP([) =2, {”pp(t), P;;P}
”jwp(’) =3 {”MP 0, P}(/[P} (7)
nop () = 2y {nop(f)spép} ,

ne npp(t), npp(t), nyp), npp(t) - ximbkicrs HC
BiJITIOBITHO JIEP>KaBHOT'0, PETiIOHAILHOTO, MICLIEBOTO Ta
00’€KTOBOTO PiBHIB B i —.My PETiOHI B pa3i BUHUKHEHHS

.. pl ] i ] 9 : :
HC B nepxasi; Ppp, Ppp, Pyp, Fop - AIMOBIpHOCTI
BuHukHeHHs HC BiINOBITHO JepKaBHOTO, PerioHalb-
HOT'0, MiCIIEBOT'O Ta 00’€KTOBOTO PIBHIB B [ —.M)y pErio-

Hi B pa3i BunukHeHHs: HC B nepxasi.
HeoOxinHi ymoBH:

SP pp=1; X Pp=1; SPyp=1; SFp=1.

36utku BHacmigok HC Busnauatses kinbkictio HC
3a PIBHSIMH B JIep)KaBi:

3B(t) = ©{npp(t),npp(t),nyp (), npp ()} . (8)

3 ypaxyBaHHSM BHIIC BHUKJIAICHOTO IIyKaHa Ma-
TEeMaTHYHA MOJEINb BU3HAYAETHCS CHCTEMOIO 3aJIEXKHOC-
reit (1) - (8):

npc(®) =U1 (10, 1,725e000);
e (t)=U, {nHC(t)sPIi{C};
”TX(f)zFi{”Hc(f)sPTx};
nx (t) = Fy {ngc (), Py 5
nex (6) = Fy {nge (0), Pey |5
l;(t) =¥, {nTX(f)sPTXl-};

Vi(f)=‘{’2{”nx(f)spnxl-}£
ri(f)=‘y3{”cx(f)spcxl-};

ny (1) = S| {”TX (f)sp%x};

Hiy (1) = S, {”17)( (f)sPIiYX}Q
ney (1) = S3 {nCX (f),PéX};
npp(®) = O {nyc (1), Ppp};
npp(t) =0 , {npc (), Ppp};
nyp(6) = O3 {npge (), Pyp |
nop(t) = 04 {npc (1), Fop

{
nhp (1) = By {nDP(f)sPLi)P}
{

npp(t) =@, nPP(f)sPIIJP};

)

niyp (1) = D3 {”MP (), PI(/[P};
Hop(1)= @, {nop (1. P ol

3B(t) = @{npp (1), npp (1), myp (), npp ()}

Takum uuHOM, (popmaiizoBaHa MaTeMaTHYHA MO-
nenb nporieciB BUHUKHEHHsS HC Ta MOXIHUBUX 30UTKIB
BHACIIJIOK HUX YABJIsIE co00r0 cucremy 3 20 aHamiTHy-
HUX 3anexHocred. [lepma ommcye B IijioMy Tpolec
BunukHeHHs HC B nepkagi. JI[pyra moka3sye 3ajaexHICTb
HC B perionax Big HC B nepxasi. Tpers, ueTtBepTa Ta
m’sita 103BoNsIOTh BuzHauut HC 3a XapaktepoM To-
xomkeHHs B pasi BunukHeHHs HC B mepikasi. Illocra,
choMa Ta BocbMa xapaktepusytots HC 3a Buaamu B pasi
BUHHMKHEHHS! TEXHOI'CHHHX, NPUPOJHUX Ta COLIAJIBHUX
HC B nepxasi. [le’siTa, necsita Ta OJUHAILATA TTOKa-
3ytoth posnoain HC 3a xapakrepoMm B perioHax B pasi
BuHHUKHeHHs1 HC BiJIOBiTHO TEXHOT€HHOTO, IPUPOTHO-
rO Ta COLIAJILHOTO XapakTepy B Jepxasi. [IBaHanusra,
TpUHAJIIATA, YOTHPHALIATA Ta I ATHAALATA XapaKTepH-
3ytoth HC 3a piBHsMU B pa3i BuHukHeHHs HC B nepika-
Bi. IllicTHamusTa, CcIMHAAIATa, BiCIMHAOIMTa Ta
JIeB’ ITHAALATA 1M0Ka3ytoTh posnonin HC 3a piBHAMHU B
perioHax B pa3si BuHukHeHHs HC BigmoBimHOTo piBHS B
nepkaBi. J[Baasra XapakTepu3ye MOXIIUBI 30HMTKH
BHacmigok HC.

Ha ocHoBi po3pobinenoi ¢opmaiizoBaHoi Marema-
TUYHOI MOJIENI PO3POOIIAEMO KEPYIOUUH ajJrOpuTM pea-
mizanii opmanizoBaHoi MaTeMaTHYHOI MOJIENI ITPOrHO-
3yBaHHs HaJ3BUYAMHUX CUTYallii Ta 3aBJaHUX 30UTKIB
BHacHiiok HuX. Kepyrouwmii anroput™, skuii peainisye
po3pobiieHy (opmalizoBaHy MaTEeMAaTHYHYy MOJCTh
nporeciB BuHUKHEHHS HC Ta MOXXJIHMBHUX 30WTKIB BHa-
CITIJIOK HUX TIPEJICTAaBICHUH Ha puc. 1.

AJNTOpUTM CcKJIagaeThes 3 9 OIOKIB, SIKI pO3MIlIEeH]
Ha 7 iepapxiunux piBHsX. [lepmmii piBeHb ckianae 610K
300py Ta 00poOKku cTatucTHyHOI iHGopMarrii mpo HC 3a
neskuii mepiox MoHiTopuHry. Ha mpyromy piBHI po3-
MimeHu#i 00K aHani3y iHpopmauii npo HC B minomy,
3a XapakTepoM, BUaMH Ta PiBHAMH B JepkaBi. Ha Tpe-
THOMY PiBHI pO3MIIlICHHI OJIOK aHaJi3y iH(popMaIii mpo
HC B minomy, 3a xapakTepoMm Ta PIiBHSIMHU B perioHax
nepkaBu. Ha yeTtBepToMy piBHI po3MillieHH# OJIOK Tpo-
THO3YBaHHs mporeciB BUHUKHeHHS HC B wminomy, 3a
XapakTepoM, pIiBHSIMH Ta BHIaMu B JepxkaBi. Ha
II’ITOMY PiBHI pO3MillleHH# OJOK MPOTrHO3yBaHHS IPO-
ueciB BuHukHeHHs HC B 1iyiomy, 3a Xxapakrepom i pis-
HSIMH B perioHax jaepxasu. Ha miocromy piBHI po3wmi-
HieHui OJIOK MPOTHO3yBaHHS MOJMJIMBUX 3aBJIaHUX 30U-
TkiB BHachigok HC. Cromuii piBeHb ckiIanae 0ok ¢o-
pMyBaHHS pillleHHs o0 AiH migpo3ainie L3 3a mpus-
HAuYEHHSM Ta OJIOK OIIHKH e()eKTUBHOCTI 1 KOpETryBaHHS
pillleHs Ha OCHOBI aHami3y Aii mimpo3aimi 113. Takum
YHHOM, KEPYIOUHH aJITOPUTM peajizye po3pobieHy ¢o-
pMaiizoBaHy MaTeMaTHYHY MOZENb Ta CKJIAAA€Thes 3 9
OJOKIB, sIKi po3MilleHi Ha 7 iepapXidYHUX PIBHAX 1
3B’s13aHi IPSIMUMH Ta 3BOPOTHUMH 3B’ SI3KAMH.

4. O6roBopenHs

B pe3ynbTaTi MpoBeNeHUX AOCIiIKEHb pO3po0IeHa
¢dopmasizoBaHa MaTeMaTUYHA MOJIENb ITPOTHO3YBAHHS
HAJ3BHYAWHUX CHUTYaIli}l Ta 3aBJaHUX 30MTKIB BHACIIIOK
HuX. BoHa peanizye CUCTEMHHH MiIXiA JO BHUPIIICHHS
MpoOJeMH TMPOTHO3YBaHHA HAI3BHUYAMHUX CHTYAIIii,
SIKMH JI03BOJISIE 3IIHCHIOBATH TIPOTHO3 HaJ3BHYANHUX
CUTyallil B IJIOMY, 32 BHIAaMH Ta DPIiBHSIMHU, MOXIIUBI
HaHeCeHI 30MTKH SIK B JIep>KaBi TaK 1 il perioHax.
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I 30ip Ta 00podka craTucTHYHOI iH(p opManii npo Hax3B U4 aiiHi cuTyanii 3a qeaKuii
nepiox MOHiTOPHHTY

Amnaui3 indopmauii npo
Haa3BH4aliHi cuTyauii B
niJioMy 3a Xap aKTepom,
BH/IaMH Ta PiBHAMH B
AepikaBi

Indopmaniss noBHa

Amnauji3 indopmanii npo
Han3BUY aiiHi cuTyauii B
ninomy, 3a xapakrepom Ta
piBHAMM B perioHax

AepiaBu

IIporno3yBanns npouecis
BHHHMKHEHHSI HAA3BH Yaii HUX
cuTtyaniii B nizomy, 3a
XapaKTepoM, piBHSIMHU Ta
BHJaMHM B Jep:KaBi

IIporno3yBanns npouecis
BHHUKHEHHS HaA3BH4Yaii HIX
cuTyauiii B misiomy, 3a
XapakTepoM i piBHsIMHU B
perionax aep:kaBu

Hi

Indopmanist noBHa

4

Indopmanis noBna

A4

®opmyBaHHS pillleHHs 010 Aiii Migpo3aiIiB UMBLILHOIO 3aXMCTy 32 NPU3HAYEHHSAM |

il migpo3aijaiB uMBijJbHOTO
3aXHCTY 32 NPH3HAYEHHIM

Ouinkn epexTHBHOCTI Ta

KOperyBaHHs pilll eH Hsl

Puc. 1. Kepyrounit asroputm peanisatii ¢popmainizoBaHoi MaTeMaTHYHOT MOJiedI

dopmanizoBaHa MaTeMaTUYHAa MOZAENIb BKIJIIOYAE
MaTeMaTU4Hi MOJENi MpPOTHO3yBaHHS HaJ3BUYaHHUX
CUTyallill 32 XapakTepoM IOXO/PKEHHsI BHIAMU, PiBHS-
MU Ta MOXKJIBHX HACJIiIKIB BHACIIZIOK HUX SIK B JiepKa-
Bi B IIUIOMY TaxK i ii perionax.

[Momanpmi JOCHIDKEHHS B LIbOMY HANpsMKY MO-
BUHHI OyTW CHpsSMOBaHI Ha JOCTIDKEHHs B3ae-
MO3B’SI3KIB ITPUYMH BUHUKHEHHS HaJ3BUYAlHUX CHTYya-
i#l B pi3HUX pErioHax AeprKaBH.

BucHoBku

1. Po3pobneHo (opmaizoBaHy MaTeMaTUIHY MO-
nenb porao3yBanis HC Ta MOKIMBHX 3aBIaHHUX 30UT-
KiB BHACJIJOK HMX, SKa BKJIIOYa€ MaTEMaTH4YHI MOJIEII

nporao3zyBanas HC B minomy 1o gepikasi Ta ii perio-
Hax; nporao3yBanHs HC mpupomHoro xapakrepy B ITi-
JIOMY, 332 BUJIaMH Ta PiBHSAMH B JEprKaBi; MPOrHO3yBaH-
Hi1 HC TexHorenHoro xapakrtepy; nporHozyBaHHs HC
COIIaJIbHOTO XapaKTepy 3a BHIAMHU Ta PIBHAMHM 1 Mpo-
rHO3yBaHHs 30uTKiB BHachigok HC y aepxkasi. Lle pea-
JIi3ye TPUHIMI CUCTEMHOIO IIJXOAY IO BHPIIICHHS
npobsemu nporuo3yBanus HC Ta MOKITMBUX 3aBIaHHUX
30UTKIB BHACJI/IOK HUX SIK B JIEpKaBi, Tak 1 ii perionax 3
METOI0 HENOMYIIEeHHS TX BUHHUKHCHHsA a00 MiHiMizarrii
MOJKJTMBHX HACIIiJIKiB.

2. Po3po0iieHO Kepyrounii allrOpUTM, SIKHHA peati-
3ye (opmanizoBaHy MaTeMaTHYHY MOZCIbh IPOTHO3Y-
BaHHsA HC Ta MOXIUBHUX 3aBIaHUX 30MTKIB BHACIIIOK
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HuX. MOro BUKOpHCTaHHs mepenbauyac BUKOHAHHS HA-
CTYITHHX TpoIeayp: 30ip, 00Opobka Ta aHami3 iHpopMa-
uii mpo HC B neprkaBi 3a neskuit monepenHiii nepion
MOHITOPUHTY; TPOTHO3YBaHHS IPOLECIB BHHHUKHEHHS
HC B minomy, 3a XapakTepoM, piBHSIMHU Ta BHUAaMH B
neprkasi; nporHozyBanas HC B 1isiomy, 3a XapakTepom
i pIBHSAMH B pErioHax Aep>KaBH; MPOTHO3YBAHHS MOX-

nmuBHUX 30uTKiB BHachigok HC; ¢bopmyBaHHS pilleHHS
oo it mixposainie L[3 3 MeToro ajekBaTHOTO peary-
BanHsA Ha HC Ta nmikBigamii iX HACIiKIB, OIIHKH edeK-
TUBHOCTI Ta KOPET'YBaHHS pillleHb HA OCHOBI aHATI3Y i
MiAPO3AUIiB pearyBaHHsa. BiH ckiamaeTbes 3 9 OJOKIB,
SIKI pO3MillleH] Ha 7 iepapXiYHUX PIBHSAX 1 3B’s3aHi Npsi-
MHUMH Ta 3BOPOTHUMH JIOTIYHUMH 3B’ SI3KAMH.
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Formalized mathematical model for forecasting emergency situations and possible damage caused by them
H. Ivanets, M. Ivanets, V. Matukhno, I. Tolkunov, Ye. Stetsiuk, I. Popov

Abstract. Relevance. Prevention of emergencies is based on analysis, forecasting of threats of emergencies and their possi-
ble consequences both in the state and in its regions. At the same time, forecasting emergencies should be aimed at regulating man-
made, natural and social security in the country, assessing the threat of emergencies and their possible consequences. Objective.
Development of a formalized mathematical model for predicting emergencies and possible losses because of them. Method. A sys-
tematic approach to solving the problem of predicting emergency situations and possible losses caused as a result of them both in the
state and its regions in order to prevent their occurrence or minimize possible consequences involves forecasting emergency situa-
tions in the country as a whole and its regions; forecasting natural emergencies in general, by types and levels in the state; forecasting
emergency situations of a technogenic nature; forecasting emergency situations of a social nature by type and level and forecasting
losses due to emergency situations in the state. Results. A formalized mathematical model for forecasting emergencies, possible
losses caused because of them and a control algorithm that implements the developed mathematical model has been developed.
Conclusions. A formalized mathematical model for predicting emergencies and possible losses caused as a result of them includes
mathematical models for predicting the process of emergencies in the state; forecasting the process of emergencies in the regions of
the state, forecasting emergencies by nature, types and levels both in the state as a whole and in its regions; forecasting possible
losses as a result of emergency situations. The obtained results of the study are the foundation for substantiating organizational and
technical measures for responding to emergencies in order to prevent them and minimize possible consequences.

Keywords: formalized mathematical model, control algorithm, emergency, nature, type, level of emergency, losses from
emergencies.
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MPOEKTYBAHHS EJEKTPOMATHITHUX EKPAHIB KOMITO3UIIMHOI
CTPYKTYPU IJA BABE3IIEYEHHS CTABIVIBHOCTI ® YHKINIOHYBAHHSA
OB’EKTIB KPUTHUYHOI IHOPACTPYKTYPHU

AHoTanisi. Po3pobieHo 3acasy MpOeKTyBaHHS MAarHITHUX Ta €JEKTPOMArHiTHUX €KpaHiB 11 3a0e3MeYeHHs eleKTpoMa-
THITHOI CYMiCHOCTI €JIEKTPHYHOIO Ta EJIEKTPOHHOr0 00JIaHaHHS OCOOIHMBO BaXKIMBHX 00’ €KTiB. [lokazaHo, 1o uis mia-
BUIIEHHA CTa0lIbHOCTI poOoTH 00nanHaHHS, sike 3a0e3neuye BaxiuBi GyHKUIT (KepyBaHHsS MOBITPSIHUM pyXxoM, pobora
€JIEKTPOr€HEPYIOYHX ITIANIPUEMCTB TOIIO) JONIIBHO eKpaHyBaTH TEXHIUHI 3aco0u Ta okpeMi ix kommoHeHTH. Ha npukiami
PO3pOOIIECHHS MITIHIAPUYHOI 3aXUCHOI KOHCTPYKILT HaBEeJIEHO OCHOBHI 3acajiu IPOEKTyBaHHA. JI0BeAEHO, 10 UL HIPOCKTY-
BaHHS 3aXMCHOI KOHCTPYKIIT HEOOXITHO MaTH JaHi IOAO pealbHOi eleKTpoMarHiTHOI oOctaHoBKH. Lle mae MOXIIHMBICTD
BU3HAYUTH MiHIMIBHO HEOOXiIHIH KOe]ili€HT eKpaHyBaHHS, BUXOIIYM 3 HOPMATUBIB I0JI0 CTIHKOCTI €JIEKTPOHHOro 00J1a-
JIHAHHA 110 €JICKTPOMAarHiTHUX BIUIMBIB. Ha OCHOBI KoedillieHTa eKpaHyBaHHS 3a BiIOMHUMH (YHKUiAMU OyJIu OTpUMaHi 3Ha-
YeHHs eNeKTpodi3MIHUX MapaMeTpiB eKpaHyrodoro marepiany. Lli mapamerpu oTpuMaHi 3MiHOKO KOHIEHTpALlil Ta TOBIIMHU
eKpaHytou0i KOHCTpYKii. Lleif eran € 000B’13KOBUM Yepe3 BiJJCYTHICTb JaHUX IOA0 eIEKTPOdI3MIHUX Ta MArHITHUX BJIACTHU-
BOCTEH KOMITO3MLIHHUX MaTepialliB y JIOBIOKOBIH Jiteparypi. JJ1s ClIPOIIEHHS Ta NPUCKOPEHHS NPOEKTHUX POOIT AOLIIBHO
OTPUMATH alpOKCUMAL] 1010 3MiHU XapaKTepUCTHK MaTepiaily 31 3MiHOI 3aXHMCHHX BiacTuBocTeil. HaBeneHo po3paxyHOK 3
BUKOpHUCTaHH:M nakeTy Comsol edeKTHBHOI MarHiTHOI MPOHUKHOCTI METAIONOIIMEPHOr0 MaTepialy y 3aJIeKHOCTI Bif Horo
cKJany (CIIiBBiZIHOIIEHHS BMICTY €KpaHyrouol cyOcTaHLii Ta nonimepy). Lleit napamerp o0ymoBiIroe KoedillieHT eKpaHyBaHHS,
OTpUMaHUi excriepuMeHTabHO. [TokasaHo, 1110 /i eKpaHyBaHHs BEIMKHX IUIOLI (OKPEeMHX MPHUMIILEHb) ITOTPIOHO BPaxoBy-
BaTH HeoOXiTHICTh 3a6e3MeUEeHHs CHIHATY YacTOT Ge3pOTOBOro 38’ 13Ky He Meue, Hixk 0,18-0,20 MkBr/cm>.

Knaro4doBi cioBa: eneKTpoMarHiTHa CyMICHICTb, €JIEKTPOMAarHiTHUH €KpaH, eleKTpodisnyHi BlacTUBOCTI, KoedimieHT

€KpaHyBaHHs.

Beryn

IlepeBaxkHa OUIBIIICTE METAJCBUX Ta KOMIIO3H-
WiHUX MatepialiB JUIs eKpaHyBaHHS eJEKTPHUYHHX,
MAarHiTHUX Ta €JIEKTPOMAarHiTHUX MOJIB BHKOPHUCTOBY-
I0ThCSL JUISl 3aXHCTY JIIOJe y BUPOOHUUMX YMOBAax Bif
€JIEKTPOMArHITHUX BIUTUBIB. AJie y 0araTbox BHIIaJKax
MOTPEOYIOTh 3aXUCTY i TEXHIUHI 3aCO0H.

BimoMo, 1110 i BIUIMBOM 30BHIIIHIX €JIEKTpOMAr-
HITHHX TIOJIIB Ma€ MicIie HelITaTHa po0O0Ta eIEKTPOHHO-
ro obnaaHaHHA, sKe 3a0e3neuye cTabiIbHICTh (DYHKIIIO-
HYBaHHS OCOOJIMBO Ba)KJIMBUX OO €KTIB Ta CHUCTEM —
KEpYBaHHS TEXHOJOTIYHUMH LUKIAMH ITiAIPUEMCTB,
CHCTEM KOHTPOJIIO JOCTYIY, OOpPTOBOro Ta CrarioHap-
HOro o0JlaJIHaHHS HaBiraimii Ta KepyBaHHs MOBITPSIHHM
pyxom Tomio. Ile € mpobieMaMu €IeKTPOMAarHiTHOI Cy-
MICHOCTI €JIEKTPOHHOT'O Ta €JIEKTPUYHOIr0 O0JIaHAHHS.
Ix BupimenHs mTaTHEMH 3ac06aMH MiJMPUEMCTB He
3aBXKIIU MOXKIIUBE.

Le MOsICHIOETBCSI BUKOPUCTAHHSIM Ha ITiIIPHEMCT-
Bax  YKpaiHM  BENMKOI  KUIBKOCTI  IMIOPTHOTO
KOMIT FOTEPHOTO Ta MEPEXEBOro OOJagHaHHS, EJIeKT-
POHHHX KOMIIOHEHTIB, SIKi NMPOEKTYBAJIHCS BUXOISMYU 3
IHIIMX BHUMOI' MIO/I0 EJIEKTPOMArHiTHOIO OTOYEHHS,
HOPMAaTHBIB 3 €JIEKTPOMArHITHOI CyMICHOCTI Ta SIKOCTi
enekrpoeHeprii. [puitnsarrs 3 01.01.2016 poky (Haka3s
MinekoHOMpO3BUTKY Bif 29.12.2014 p. Ne 1483) meto-
JIOM I ITBEPKEHHS SIK 000B’SI3KOBUX KIJIBKOX JECATKIB
MDXKHapOJHUX (3arajbHOEBPONEHCHKMX) HOPMATHBIB 3
€JIEKTPOMArHITHOI CYMICHOCTI He BHpIIIye HPOOJIEMH.
Ile MOSICHIOETHCSI HEMOXKIIUBICTIO BUKOHAHHSI 1X BUMOT
BHACJI/IOK €KCILTyaTalii BEJIHKOl KiIbKOCTI NPUIATHOTO
JI0O BUKOPHCTAHHS EJICKTPUYHOrO OOJaJHAHHS, 3acTapi-

JIUX CHUCTEM EJIEKTPOXKUBIICHHS, MOJEPHI3aLls SIKHX
BHMarae 0araTo 4acy ta KomTiB. ToMy JAOIIIBHO TOCTi-
JUTH  MOXJIMBOCTI 3a0e€3MEeYeHHs] EeNEeKTPOMAarHiTHOL
CYMICHOCTI €JICKTPOHHOrO OOJIaJHAHHS, MPUHANMHI Ha
00’€KTax KPUTHIHOI iHPPACTPYKTYPHU 3 BUKOPUCTAHHIM
IHHOBaLIHHUX MaTepiajiB 3 KepoBaHMMHU KoedillieHTa-
MU EKpaHYBaHHS €JIEKTPOMAarHiTHUX IIOJIB IIMPOKOTO
YaCTOTHOIO Jiara3oHy.

AHaJi3 ocTaHHIX Jocaimkens i myomikaniii. bi-
JIBIIICTH AOCII/KEHb Ta PO3POOOK 3 €NEeKTPOMAarHiTHOL
CYMICHOCTI CTOCYIOTHCS TiJIBUILEHHS SIKOCTI €JeKTpoe-
Hepril (IPUAYIICHHS TapMOHIK Ta 3a0C3ICUYCHHS CUHY-
COIIaJIBHOCTI €JIEKTPOCTYMY), IO 3HU)KYE BTPATH €JIeK-
TpPOEHEpPTii y CUcTeMax ii mepeaaBaHHsA Ta CIIOKUBAHHS
[1, 2]. [leBHUM YMHOM II€ TaKOX CIIpUSiE CTAOIIBHOCTI
€JIEKTPOHHOT0 O0JIaTHAHHS Yepe3 reHepallilo eleKTpo-
CTpYyMaMH TapMOHIK MPOMHMCIOBOI YacCTOTH BiJIIMOBIJI-
HUX MarHiTHUX nomiB [3]. 3aBamocriiikicth iHpOpMa-
MiHHUX KaOCeTbHUX MEpPEeX 3a0e3MeUyeThCs CIelialib-
HUM €KpaHyBaHHSM OKpPEMHX JpOTIB KaOemiB, IO 3a-
Oesreuye KOMIIGHCAIII0 3aBaJ0 HECYYMX MAarHiTHHUX
MOJIIB KOYKHOTO ApOTy y Kabeni [4]. ExpaHyBaHHs mar-
HITHOT'O €JIEKTPOMAarHiTHOTO MOJIsi METAJIEBUMH MaTepi-
ajaMi MOXX€ YHEMOXXIIMBIIIOBATH BHTIKaHHS TOJIS 3a
MEXI eJEeKTPUYHOTO MPUCTPOIO Ta 3HMKYE piBHI 3aBa-
JIOHECYYHX ITOJIIB HABKOJIO HBOrO [5]. Ane y oMy BH-
MaJIKy KOHIIEHTpAIlis TOJIsl Y 3aMKHEHOMY 00’€Mi Moxe
CTBOPIOBATH 3aBaJy caMoMy mpucTporo [6]. Kpim Toro,
SK TOKa3aHo y [7], y IOCTaTHhO CWJIBHUX MarHiTHHUX
MOJNSAX HAMarHiuyyBaHHS (PepOMAarHiTHOro exKpaHa He
TIOMIIIIIYE, @ TOTIPIIYE eNeKTPOMArHiTHY OOCTaHOBKY,
SIKIIIO BiH PO3TaIIOBaHMN MOOIU3Y mkepena mois. Jloc-
nipkeHHs [8, 9] cTOCYIOThCs OJIOKYBAaHHS JIOKAJTBHHX
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€JIEKTPOMArHITHUX TIOJIIB MOOUTBHHUX Tele(oHIB 1 He
BHPIIIYIOTH TPOOJIEM 3a HASBHOCTI 0araThbOX TEXHIYHUX
3ac00iB y IPUMIIICHHI Ta HEOOXiTHOCTI 3aCTOCOBYBATH
0e31poBiTHI Mepexi nepeaayl iHpopMariii.

VY Takux ymoBax HEOOXIJHO 3aCTOCOBYBaTH €Kpa-
HYyIO4i MaTepiaju i KOHCTPYKIII, SKi NEBHUM YHUHOM
JIO3BOJISITH ONTHUMI3yBaTH CITIiBBIJHOLIEHHS Koe(ilieH-
TiB €KpaHyBaHHs MarHiTHUX Ta €JIEKTPOMArHiTHUX MO-
miB pizHux pkepen [10]. TakuM BUMOram BiANOBiAal0Th
KOMITO3MILIIHI METaJoNoiMepHi MaTepiainu, sKi Mo-
KyTh OYTU CIPOCKTOBaHI 3 HEOOXITHUMH KoedilieHTa-
MU eKpaHyBaHHs Ta BifOuTTsa. OCTaHHIH nmapamerp oco-
OJIMBO BaXKJIMBUH Uil 3a0€3MEUeHHS eJIEKTPOMArHiTHOI
CYMICHOCTI ¥ 3HIMa€e 0OMEKEHHs Ha BiJCTaHb 3aXUCHOL
KOHCTPYKIIi Bif Jpkepena mons [11].

IMocTaHoBKa 3aBHaHHsA. Mera pobOTH — JOCII-
JOKEHHST YMOB 3aCTOCYBaHHS Ta €(pEeKTHBHOCTI KOMIIO-
3UIIHUX EIEKTPOMAarHITHUX €KPaHiB JUIsl 3aXUCTY Hak-
Ba)UTUBIIIHX JIAHOK 00’ €KTIB KPUTHYHOI iH(PPACTPYKTY-
PH BiJ €IEKTPOMArHITHUX BILIHBIB.

BuKkJiaJg 0CHOBHOTO MaTepiajy

KnacnynuM BU3HAYEHHSM EJIEKTPOMArHiTHOI Cy-
MICHOCTI TEXHIYHHMX 3aCO0IB €: CIIPOMOXKHICTh TEXHiY-
HOTO 3aco0y (YHKI[IOHYBAaTH i3 3a/JaHOIO SIKICTIO Y 3a-
JIaHil eIEKTPOMAarHiTHI 00CTaHOBIII Ta HE CTBOPIOBATH
€JIEKTPOMArHITHUX 3aBaJl IHIIUM TEXHIYHUM 3aco0aMm.

JlocBin 0OCTE)KEHD €JICKTPOMArHiTHOI 00CTaHOBKU
y NPUMILIEHHSAX Ta Ha TEPUTOPISAX CTPaTEriYHUX MiAm-
PHEMCTB — aBiaJIUCIETUYEPCHKUX Ta amapaTHUX aepoj-
POMIB IMBUIBHOI aBiallii, TOJOBHUX LIWTIB KEpyBaHHS
€JIEKTPOCTAHIIIH, MiAMPUEMCTB TEIUIONOCTAYaHHS, BiIK-
PUTHX PpO3MOAUIBYHX HPUCTPOIB TpaHC(HOpMaTOpHUX
MiJCTAHINH TOIIO, CBIMYHUTH, IO PO3POOJICHHS 3aralb-
HOT'0 MiIXOAY W pO3pO0JICHHS YHIBEPCAIbHHUX 3aXOMIIB 1
3ac00iB 3a0e3reueHHs] HaJISKHOTO PiBHS €IEKTPOMAarHi-
THOI CYMICHOCTI TEXHIYHHX 3aco0iB HEIOLIJIbHE U He-
MOXJIUBE. 3HAYHOIO MipOIO IIe 00yMOBJIIEHE TUM, L0 Y
0araThbOX BHITAJKaX MOTPiIOHE 3a0E3MEUYCHHSA W CIICKT-
POMarHiTHOI Oe3MeKu mepcoHaty. Bigomo, 1o 3a xpo-
HIYHOT'O €JIEKTPOMAarHiTHOTrO BIUIMBY OMEpPaTopaMu MoO-
KIIUBE MPUHHATTS XUOHOI'O PILIEHHs, IO BIUTUBA€E Ha
PiBEHB 3arajnbHOI Oe3neKkn 00’ €KTa.

VY 3a5eXHOCTI Bii KOHKPETHUX BUPOOHHYHX YMOB
MOTPeOYIOTh BHUPILIEHHS TPHU TPYNH 3aad, MI0 CTOCY-
I0ThCsl CTaOLIBHOCTI (YHKI[IOHYBaHHS HAHOLIBII KpU-
TUYHUX OOJaJHAHHS W BUPOOHUYUX JIAHOK ITiIPHU-
€MCTB!

- 3aXHCT YyNIMBOI'O €JIEKTPOHHOrO 00JIaTHAaHHS
BiJl 30BHIIIHIX €JIEKTPOMArHiTHUX BIUIMBIB Pi3HUX Yac-
TOT 1 aMILTITYI;

- 3HWKEHHS pIBHIB €IEKTPOMAarHiTHUX IIOJIB,
TEHEPOBaHUX EJIEKTPUYHUM Ta EJEKTPOHHUM O00aj-
HAHHSM, 110 Iepe0yBae y eKCILIyaTarlii;

- OJHOYACHWH 3aXUCT TEXHOTEHHUX 3aco0iB 1
MIepCOHATY BiJl IUTUBY EJIEKTPOMArHITHUX IOJIB BHYT-
PIIIHIX Ta 30BHIIIHIX JKeped.

Jns 3abe3mnedeHHst cTaOLIBHOCTI POOOTH E€JIEeKT-
POHHOrO 00NagHaHHs, 0OCOOIMBO 32 YMOBU HOroO IIiNb-
HOT'O PO3TallyBaHHS Y BUPOOHMYMX NMPHUMIIIEHHSX (Ke-
pyBaHHS TOBITPSHUM pPYXOM, T'OJIOBHUX IIUTIB Kepy-
BaHHS EJICKTPOCTaHIli#l, OOPTOBOr0 00JIaHAHHS EJICKT-

PUYHOIO TPAHCHOPTY TOIIO) HAWOUIBIT e()EeKTUBHUM
3ac000M € eKpaHyBaHHs OKPEMHX OJMHHIIL 00JIa THAHHS
a00 OKpEeMHX HOTro OJIOKIB.

s po3poOuieHHs1 3ac00iB eKpaHyBaHHs IMOTPiOHI
BUXIJHI J]aHI IIOJO €JIEKTPOMArHiTHOi OOCTaHOBKH Yy
MPUMIIEHH] — YacTOTHI XapaKTEepUCTHKH eJIeKTpoMar-
HITHOT'O TIOJISI.

BaknuBUMU € BiIacHI BUIPOMiHIOBAJIbHI BJIACTH-
BOCTI OOJIafiHAaHHSI — EJIEKTPOrepMETHU3Allisl IIPHCTPOIO
MOXe€ IOTipIIyBaTH WOro Mpale3aTHICTh Yepe3 BIUTUB
Ha HBOT'O BJIACHOTO BiIOMTOrO MOJNs. Y 3arallbHOMY BU-
MajiKy, JUisi BACOKOYACTOTHUX BUIPOMIHIOBaHb, 1I€ MO-
ke OyTH BHpILICHO MiJIOMpaHHIM PO3MIpiB eKpaHa, BU-
XOJSYU 3 OBXKMHH €JIEKTPOMArHiTHOI XBHWIII IPEBaIIIO-
10401 4YacToTH. Ajie y OUIBIIOCTI BHIAJIKIB PO3MIpH
3aXHMCHOI KOHCTpYKIii OaxkaHO MiHIMizyBaTH. ToMy s
3axXHCTy OOJIaJHAHHS JOLJIHO 3aCTOCOBYBAaTH KOMIIO-
3UIIAHI MaTepiaid 3 MaTUMU Koe(illi€eHTaMU BiTOUTTS
€JIEKTPOMArHITHUX XBWIb (BEJTMKUMHU KoedilieHTaMu
mornuHaHHsA) [12].

Ile no3Boisie HOpMalli3yBaTH TUIBKM 3OBHILIHIN
BIUIMB Ha 00JamHaHHS. HalOinbmIow CKIAAHICTIO IS
MIPOCKTYBAHHS TaKUX KOHCTPYKIIN € HEOOXIqHICTh ITiJI-
0opy TOBIIMHM Ta CKJIaay MaTepiajly Ui KOHKPETHOI
eJIEKTPOMarHiTHOi 00cTaHoBkH. Lle morpedye BUKOHaH-
HSl BEJIMKOI KUTBKOCTI eKCIIEpUMEHTaJIbHUX poOiT (min-
00py HEOOXiJHUX MapaMeTpiB).

Taki poboTu moTpeOyOTH OaraTo yacy Ta Martepi-
aJbHUX BUTpaT. TOMY IOLINBHO IOMEpENIHbO PO3Paxy-
BaTH HEOOXiMHI MapaMeTpH, BHXOISMYM 3 IOTPiIOHOTO
Koe(illieHTa eKpaHyBaHHSI.

Ha nepriomy erami, BpaxoBylO4H BUMOTH IO €JIEK-
TPOMAarHiTHOI CyMiCHOCTI KOHKPETHOr0 oOJIaJiHaHHs, Ha
OCHOBI HATypHHX BUMIpPIOBaHb 4aCTOTHO-aMILTITYIHHX
XapaKTEePUCTUK €JIEKTPOMArHiTHOrO )OHY, BU3HAYAETh-
cs moTpiOHMI KoedilieHT ekpaHyBaHHs. Ha ocHOBI Bin-
MOBIZTHUX MaTeMaTHYHUX (YHKIIH BH3HAYaIOTh HEOO-
XiIHI TMapamMeTpu ekpaHywodoro warepiany. lLle €
000B’SI3KOBUM 4epe3 BiJCYTHICTh OBIIKOBHX IaHUX
IIOJI0 MarHiTHUX Ta eNeKTPo(i3WYHUX BIACTHBOCTEH
KOMITO3HTIB (e()eKTHBHA MarHiTHa MPOHHUKHICTH, Jiele-
KTpUYHA MPOHUKHICTh, TMTOMA MPOBiIHICTb).

Hanpukian, ans OuTiHIPUYHOTO €KpaHa y HU3b-
KOYaCTOTHi# 007acTi crekTpa KoedilieHT eKpaHyBaHHS
MAarHiTHOI'O IIOJISl, CHOPSIMOBAHO IEPHEHIUKYISIPHO [0
LWIIHIPA, BU3HAYAETHCS SIK:

K, =1+0,5i08uar,

JIe ® - 4acToTa Mo, G — MUTOMa NPOBIJHICTh MaTepi-
aiy, | — TOBIIMHA Martepiaiy, 7 — BHYTPIIIHIN pajiyc
€KpaHYIOUuO0i MOBEPXHi.

Abo:

3HaueHHA O [UIS METAJONOJIMEPHUX MaTepiajiB
MOXIIUBO BHMIPSTH METOJOM IMOJBIifHOIO MocTy abo
OTpHUMATH 3 JiTepaTypHux mkepen [12]. Llel mapamerp
JUIE KOMIO3UTY MOXKE OYTH €KCTparojibOBaHUN ISt
PI3HUX KOHIIEHTpalili eKpaHyrouoi MPOBiIHOI cyOcTaH-
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uii. J{1st BU3Ha4YeHHs1 e()eKTHUBHOI MarHiTHOI IPOHUKHO-
CTi JIOLIBHO 3aCTOCYBAaTH €KCIIEPUMEHTAIbHI 3HAYCHHS
UL MaTepialiiB KiIBKOX IMapaMeTpiB Ta BiJOME CITiBBIJ-
HOIIEHHS TSl MU HIPUYHOI eKpaHYIouoi MOBEPXHi:

_up’-a*)
4p?

nie a i b — BHYTpilIHIN Ta 30BHIMIHIN paxiycu IUITIHAPH-
YHOI'0 eKpaHa.

Bu3HayeHHs 3alIe)KHOCTI KoedillieHTa eKkpaHyBaH-
H K Bin epexTHBHOI NPOHMKHOCTI KOMITO3HIIIFTHOTO
METaJIONOIIMEPHOTO MaTepiany MOXIIUBE, HAIIPUKIA, 3
BukopucTanHsiM nakery Comsol (puc. 1). Takuii migxizg
JIO3BOJISIE 3HU3UTH PiBHI MarHiTHOTO MOJS 10 HOpMaTH-
BHUX 3HAUYEHb.

Hanpukian, 3acodu o04YHCIIOBaIbHOI TEXHIKH MO-
BUHHI BUTPUMYBaTH BIUIUB MAarHiTHOIO IOJISI ITPOMHC-
JIOBOi YaCTOTH HAIpyXeHIicTio 1 A/M.

K,

e E

3acTocyBaHHS HABEJECHOTO MiAXOAY HO3BOJIMIO
CIPOEKTYBaTH Ta 3aCTOCYBATH MarHiTHUH €KpaH, KU
3HW)KYE 30BHIIIIHE MarHiTHe nose (puc. 2, a) 10 NpHiH-
SITHOTO piBHSA (pHC. 2, 0).

W,

i, =100 & =1000

Puc 1. Anpoxcumaris 3aexHOCTi Koe(illieHTa eKpaHyBaHHs
KOMIIO3M1IiHHOr0 METaI0NO01iMEPHOI0 EKpaHa
Bifl epeKTUBHOI MarHITHOI IPOHUKHOCTI
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6

Puc. 2. ExpanyBaHHS MarHiTHOro 10JIs KOMIO3UL[IHUM METAJIONONIMEPHIM €KPaHOM:
a — CIEKTP BUXIZHOIO 1oJisl; O — CIEKTP eKPaHOBAHOI'O MO

3a HeoOXiMHOCTI OTHOYACHOTO MiJBHUIIEHHS €JIeK-
TPOMATrHITHOI OE3MEeKH MEePCOHATY MOIMIIBLHO 3aCTOCOBY-
BaTH MarHiTHI Ta EJIEKTPOMArHiTHI €KpaHW BEJIHKUX

TUTOII JUTS OOJTUITFOBAHHS MOBEPXOHb CTiH 1 OyAiBeNb. Y
LBOMY BHIQJIKy KOe]Iili€eHTH eKpaHyBaHHsI €IEeKTpOMa-
THITHOTO TIOJISI YJIBTPAaBUCOKOI YacTOTH HEOOXiJHO BH-
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KOPHCTOBYBATH Taki, 1100 3HAYEHHS IOJIiB 4aCTOTAMH
1,8-2,6 I'T1 ve 6ynu Hwxuumu 3a 0,18-0,20 MKBT/eM?,
10 € MiHIMaJIBbHUM JIJIS 3a0€3MeUeHHs cTablIbHOTO (Y-
HKI[IOHYBaHHS 3aC00iB 0€3IPOTOBOIO 3B’S3KY.

BucHoBku

1. MarHiTHi Ta €JIeKTPOMArHiTHI €KpaHU JOIIEHO
3aCTOCOBYBaTH JUIsi 3a0e€3MEUeHHs] eNeKTPOMArHiTHOI
CYMICHOCTI €JIEKTPUYHOTO Ta €IEKTPOHHOTO 00JI1aIHAHHSL.
Ha o0’ektax kputHaHOi iH]pacTpykTypu (aepompoMu
LUBIJIBHOI aBiamii, eIeKTPOCTaHIIil, 3ai3HUYHUIA TpaHC-
MOPT) HEOOXIJITHUM € €KpaHyBaHHS HAMOUIBII BaXKIUBHX
JUTS BUPOOHUYMX UKIIIB €IEKTPOHHUX MPUCTPOIB.

2. IlpoexTyBaHHS eKpaHYIOUUX MaTepialiB 3iic-
HIOETHCS PO3PAXyYHKOBUMH METOJIAMH 3 BUKOPUCTAHHSIM
pe3yNbTaTiB HATYPHUX BUMIPIOBaHb €JIEKTPOMArHITHUX

3HAYNUTH 3HAYEHHS MIHIMAJbHO HEOOXiTHUX IUIs 3a0e3-
TeYeHHs] CTaOLIFHOCTI POOOTH ENEeKTPOHHOro 00Jaj-
HaHHS KOe(illi€HTIB eKpaHyBaHHS.

3. Jlmsg mpUCKOpPEHHS Ta CHPOIIEHHS TMPOIECy
MPOEKTYBAaHHA EKPaHYIOUHX ITOBEPXOHb  JIOLLIBHO
OTpUMATH anpokcuMaii e1eKTpo(i3HIHNX BIACTUBOC-
Tell KOMITO3ULIHHUX MaTepialliB Pi3HUX CKIAJIB Ta TO-
BuMHH. lle MOXIHMBO 3po0UTH 32 pe3yabTaTaMH Kijib-
KOX TPSMHUX BUMIPIOBaHb KOEQIII€HTIB E€KpaHyBaHHS
eKpaHiB CTaHJIapTHOI (OPMHU Ta BIJIOBITHHX MaTeMa-
TUYHHX CITIBBiHOILICHb.

4. Jns mpoeKTYBaHHS €KPaHYIOYHX KOHCTPYKIIH
BEJIMKHX IUTONI CJiJ OIIHIOBATH MOTPEOU ()YHKIIIOHY-
BaHH: 3aC00iB 0€3JpOTOBOrO 3B SA3KY.

Crij BpaxoByBaTH, 110 CTaOLIBHICTD HOro poOOTH
3a0e3MneuyeThcsi PIBHAMU BUIIPOMIHIOBaHb HE HIKYHX

MOMiB 'y BUPOOHWYMX mpuMinieHHsx. Lle mossomse Bu-  3a 0,18-0,20 MKBT/cM?.
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The design of electromagnetic screens of composite structure to ensure the stability of the critical infrastructure
N. Kasatkina, L. Levchenko, O. Tykhenko

Abstract. The principles of designing magnetic and electromagnetic screens for electromagnetic compatibility of electri-
cal and electronic equipment at critical objects were developed. It is shown that to improve the stability of the equipment that
provides important functions (air traffic control, power generation companies operation, etc.) some hardware and their compo-
nents should be screened. The basic principles of design are given on the example of designing cylindrical protective design. It is
proved that the actual electromagnetic situation must be studied for the efficient design of a protective structure. This makes it
possible to determine the minimum required shielding factor, based on the standards for the resistance of electronic equipment to
electromagnetic influences. Based on the shielding coefficient for known functions, the values of electrophysical parameters of
the shielding material were obtained. These parameters were determined by changing the concentration and thickness of the
shielding structure. This step is mandatory due to the lack of data on the electrophysical and magnetic properties of composite mate-
rials in the reference literature. To simplify and speed up the design work, it is advisable to obtain approximations for the changes in
protective properties depending on material characteristics. The calculation of the effective magnetic permeability of metal-polymer
material depending on its composition (the ratio of the content of the shielding substance and the polymer) using the Comsol package
are given. This parameter determines the shielding factor obtained experimentally. The screening of large areas (separate rooms)
must take into account the need to ensure wireless connection signal frequency of at least 0,18-0,20 mW/cm °.

Keywords: electromagnetic compatibility, electromagnetic screen, electrical properties, shielding coefficient.
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TEOPETUYHE OBTPYHTYBAHHS CIIOCOBY IBUAKOI JIKBIJTAIIIT
JbOJAHUX 3ATOPIB HA PIKAX

AHoTanisi. AKTyaJbHiCTB. Y CTaTTi II0Ka3aHO, IO caMe IMITYJIbCHHUI BUKUJ BOJM MOXHA PO3IIISIATH IPU CTBOPEHHI
BOJIOMETY JUIsl PyHHYBaHHsI JILOJIOBOI KPUI'M 3 BEIMKOIO AasbHICTIO Iii. [IpoBeneHrME BUIPOOYBaHHAMHU BUKHAIB BOIOM 3
BEJIMKOIO LIBUJIKICTIO, OiJIbIle HiXK JEKUIbKa JECATKIB METPIB 3a CEKyHIy, BCTAHOBJICHO, 1110 BUKUIU BiJOYBalOThCS y BH-
TJISIL TUCHePCHOI CTPYI, sIKa MIBUIKO PO3MIIIOETHCs. OCHOBHUM IecTalii3yrounM (hakTopoM CTpyi, SIKMH 3aIrycKae 30B-
HIIHI MeXaHi3Mu 1 pyiiHyBaHHs € TypOylneHTHICTh. bopoTsba 3 TypOyneHTHICTIO 1uIAXoM 3a0e3nedeHHs OLIbII IUIaBHOT
Tedii OiJIs CTIHOK KaHaJly 1 coIuia 3MIIyIOTh IT0YaTOK MPOLecy TypOYJICHTHOCTI, ajle He YCyBaloTh ii. TakuM 4uHOM, Tpa-
JLIAHI T1APOJUHAMIYHI TiXOIU HE JO3BOJISIIOTH CYTTEBO BIUIMBATH Ha TypOyJneHTHiCTh. MeTo qJaHoi podoTH € Teope-
THUYHE OOTPYHTYBaHHS CIIOCOOY IIBUAKOIO PYHHYBAaHHS JIbOJOBHUX 3aTOPIB Ha piuKkax B Iepiox Jibogoxony. st nocsrHeH-
HsI IOCTABJIEHOT METH BUPILIYBAJIMCS TaKi 3aBJaHHA: PO3p0OOKa TEOPETUYHOr0 OOIPYHTYBaHHS PYHHYBaHHS Jb0OJ0BOI KpH-
I' 33 JJOIIOMOTOI0 JUCKPETHOI'O CTPYMEHIO BEJIMKOI MIBUJKOCTI; OLIHKA ONTUMAJIbHUX HapaMeTPiB CTPYMEHIO 3a JIOIOMO-
TOI0 KOMII'FOTEPHOT'O MOJISJIFOBAHHS; BU3HAUCHHS OCHOBHUX IIapaMeTpPiB IPHUCTPOIO 3 KUIBKICHOI OLIHKOK MOMXJIUBOCTI
pYyHHYBaHHS IUIACTiB JIbOY pi3HHMX rabGaputiB. BucHoBok. IIpoBeneHo TeopeTHuHe OOIPYHTYBaHHS CIOCOOY IIBHIKOIO
pYHHYBaHHS JIbOJIOBHX 3aTOPIB Ha PIUKaxX B Iepiojl JIbOJOXOY, 3p00IIeHa OLliHKa ONTUMAIBHUX IapaMeTpPiB CTPYMEHIO BO-
I 32 JJOIIOMOI'OK0 KOMIT' FOTEPHOT'O MOJICJIIOBAHHS, BU3HAYE€HO OCHOBHI ITapaMEeTPH MPHUCTPOIO 3 KiJIbKICHOK OLIHKOK MO-

AIIMBOCTI pyHHYBaHHsI IUIACTIB JIbOJY Pi3HUX rabapuTiB.

Kar4dosi ciaoBa: piuka, JIbOI0BI 3aTOpH, PyHHYBaHHS KPUI'H, CTPyMiHb BEJIUKOI IIBUAKOCTI.

Beryn

3aTop JbOY — SABUINE JHOJOBOTO PSKUMY PIUKU B
nepios 3aMep3aHHs, IO MO3HAYAETHCS HAarpoOMaJiKeH-
HSM KPIDKHMH MiJ] 4ac JIbOAOXOAY B BY3BKHX MICIIfX.
ByBae Haigacrimie IijJ 4ac BECHSIHOTO JIbOJOXOIY, aje
BiaMiuaeTbcsi 1 BoceHH. YacTto OyBae NPUYMHOIO
npofocraBy. Ilpu 3atopi, sSIK 1 IIPH 3a)K0pl, BHIIE IIO
Teuii, BiJ MicliI HOrO YTBOPEHHS CIIOCTEPIra€ThCs Iif-
HOM, a HYKYe — 3HWKEHHS piBHA Boawm [1].

Ha tepuropii Ykpainu 3HaXOqUThCSI 3HAYHA KiJb-
KiCTh PIYOK, Ha SIKMX IIOPOKY y BECHSHHH HEpioj CIo-
cTepiraeTbcs HeOe3IeUHe SIBHIIE — 3aTOPH JIbOIY, IO
CTaHOBUTH YMMaJly 3arpo3y pyHHYBaHHs OIOp MOCTIB,
MATOIUIEHHS IPWIETJIUX TEPUTOPIi 1 moTpedye mocTii-
HOI yBard Ta MpOTHAIH 3 OOKY TiIPOJIOTIYHHUX CIYXKO,
miapozainie JICHC. IpuunHaMu maHOi cUTYyaIli sBIis-
€Tbcs reorpadiyHe po3TalryBaHHs JepiKaBH, Ta XOJIOM-
HUH KJIIMaT Y 3UMOBHI ITEPioJ POKY.

Jist m1boAy Ha OIOpPH, SKIIO HE MPUNHATI BiAMOBII-
Hi MIpH 3aXHUCTy, MarOTh NIPOSIB Y BiJIpUBaHHI €IIEMEHTIB
OITop BiJl OCHOBH (I'PYHTY) IIpH IiABUIIEHHI PiBHS JIbO-
Iy, Y pO3NMpPaHHi ONOp B3J0BXK Bicl MOCTY IIPU PO3LIH-
PEHHI JIbOY TiJl BIUIMBOM Di3KOI 3MiHH TEMIIEpaTypH, y
TUCKY Ha OIOPH IIPU PyXax JIbOIY, a TAKOX BiJl JIbOJHH,
IO 3YMUHSIOTHCS 1 HAKONUYYIOTH IEpes CIOpYIaMH
NIPU 3aTOpax, y CTUPaHHI Ta yaapax JbOAWH, IO TUIU-
BYTb IIPH JIbOJJOXOJIaX.

Came Taka curyaris Tpanmiacs 6 xBitHs 2018 po-
Ky Ilig macoro kpuru Ha piuni [Icen y micri [Napsui, 1o
posramoBaHo Ha [lonraBuuHi, BinOymacs 3arposa pyi-
HYBaHHS MOCTY, HaJ3BHYAiHy CHTYaIlil0 BAAJIOCsS YHU-
KkHyTH 32 nonomoroto 6iniB JJCHC ta nopoxuukis [2].

[TixBuIIeHHST PIBHIO JILOAY 3arpoXKye BUTSATYBaH-
HIO ITaJIiB i pyHHYBaHHSM CTHKIB B HUX, PYHHYBaHHIM

pamxkiB. BepTukaabHUIA 1 TOPU3OHTAIBLHUHN B3JIOBXK OCEH
MOCTY BIUTUB JILOJJOBOI'O TIOKPOBY, OCOOJIMBO Hebe3mney-
HUH JUIs IepeB’ SHUX OIop, HEOOXiMHO 3amodiraTu py-
HYBaHHSIM JIbOAY HaBKOJIO onop[3].

AHani3 JiTepaTypHMX JaHHX Ta IOCTAHOBKA
npoodaeMu. 3 METOIO MPOBEICHHS 3aMO0IKHUX 3aXOJIiB
Ha piukax YKpaiHH, O0COOJIMBO BETUKHUX 1 MOTOYHHX 3
MBAHS Ha MiBHIY, MPaKTHKYEThCS MPOBEICHHS JOCHI-
JUKCHHS CHTYaIlli Ta aHali3 PH3HKIB, 3a0€3MeuyeThCs
MOCTIHHE CITOCTEPENKEHHS 32 PyXOM JIbOAY Ha MOYATKY
3aMep3aHHs a0o iJl 4ac TAHEHHS PIYOK i MPUHMAIOTHCS
pilIEHHS Ha TPOBEJCHHS 3aBYACHUX IONEPEIKyBaIb-
HUX 3aXOJliB i 3aCTOCYBaHHSI METOJIIB IITYYHOr'O OCJIa0-
JICHHSI KPMKAHOT'0 TIOKPUBY AIISTHOK pivok [4].

IIpu yckmamHeHHI OOCTaHOBKHM, 3a3BHYail y pasi
HEO4iKyBaHOTO YTBOPEHHS 3aTOpY B HeOakaHOMY Micli
a00 MOTY)KHOTO 3a0HUTTA JHOJOM YaCTHUHU JKUBOTO IIe-
PETUHY PiYKH 3aBJISIKH 30iry HECTIPUSTIMBHX OOCTaBHH,
HETaiiHO B)KMBAIOTHCS MIpH IO JPOOJICHHIO JIbOAY B
MICIIIX MOKJIUBOTO YTBOPEHHS JIHOJAOBUX MPOOOK [5] i3
3aCTOCYBAaHHSIM MEXaHIUYHHX 1 BUOYXOBHX METO/IB [6].

[IpoBeneHHs momnepeKyBaIbHUX POOIT MO Ipo0-
JICHHIO JIbOAY B MiCTax BIpOTiJIHOr0O BUHHKHEHHS 3aTO-
PiB BUKOHYETHCSI 32 YMOB JIOCTaTHBOI KiJIBKOCTI 4acy
rpynaMy MipoTEeXHIKiB 3 BUX0IOM Ha Kpury. [Ipu npomy
BUKOPHCTOBYETBCS 3aHYpPEHHs y BOAY 3apsfiB, s
SIKHX TIOIIEPETHBO CBEP/UIST JTYHKH.

3acTocyBaHHS B MPAKTUIIl BHUICHABEICHUX METO-
IiB y 00poThOi 13 3aTOPHUMH SBUILAMH IPU KaTacTpo-
(IYHUX HACNIJKaX MOXJIMBE OKPEMO i B KOMIUIEKCI 3
BUKOPHCTAaHHSIM aBiarlii.

ABiarlist MO)ke BUKOPHUCTOBYBATHUCS 32 TpbOMa Ha-
TpsSIMaMH:

- TIOBITpSHA PO3BiJKA JILOJOBOI OOCTAHOBKH Y3-
JIOBX PIYKM IUIIXOM Bi3yaJIbHOTO CIIOCTEPEXEHHs H 13
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3aCTOCYBaHHSM aepogoTo3HIMaHHS. Sk MpaBHIIO, IS
OIIEPaTHBHOTO 3'SICYBaHHS TiJPOre0JIoraMH JIbOIOBOI
00CTaHOBKM Ha piyKaxX Ha 3HAYHIM BIiJCTaHi IOIIIBHO
BHKOPHUCTOBYBATH JICTKOMOTOPHY (Maily) aBiarfiro i
BEPTOJNBOTH 3 IIATOTOBIEHUMH eKinakamu. Kaprorpa-
Ma TOBITPSHOI PO3BIIKK JbOAY (CKiIajeHa Ha OCHOBI
cXeMH ab0 BEJTMKOMACIITAOHOI KapTU PIYKH) € OJHUM 3
OCHOBHUX OIEpPAaTUBHHUX JOKYMEHTIB IIpU BU3HAYEHHI
HAKOIIBII Ji€BUX 3aX0AiB OOpOTHOM 13 3aTOpamu;

- JIOCTaBKa B 3aTOpHI paioHM (axiBIiB, yCTaTKy-
BaHHA i MaTepialiB, HeOOXiJHUX ISl IPOBEJICHHS POOIT;
TaKOX — MaJia aBiallisi i BEpTOILOTH;

- NUCTaHLiliHe pYyHHYBaHHsS 1 3amOOIraHHs YTBO-
PEHHIO JILOJIOBUX 3aTOPIB HIIIXOM iX OoMOapayBaHHS 3
moBiTps  (OoMOapayBaibHa aBiamis) 1 IiIPUBAHHAM
3apsaniB W IHIIMX 1HXEHepHHX OoempwumaciB [7] abo
BiOpaiiero [8], 1m0 30ymKyeThCS XBUICIPOILYKTOPOM (3
BUKOPHCTAHHSM JITaKiB 1 BEPTOJIHOTIB).

[pore aBiamiitne 6omMOoOMeTaHHsS Malloe)eKTUBHE
Yyepe3 TPYAHOINI MPHUIIFHOTO MOMaTaHHS Yy HaHOUIBIII
HaIpY)XeHi 30HU 3aTOpy, Maly KilbKicTh 60MO B OJHO-
My BHJIBOTI Ta iX MiJpHB Ha BENUKiH rMOWHI i BETbMH
BHCOKY BapTicTh BWIBOTY. lleii MeTon ciix 3acTocoBy-
BaTH Yy BUHATKOBHX BHIIQJKaxX, KOJIHM BCi iHII 3aX0mu
BUYEpIIaHi, IpH KaTacTpo(idHUX MixiioMax 3aTOPHOrO
PIBHSI 1 HEMOJMJIMBOCTI BXKMTH IHIIMX 3aXOJiB B KOPOTKI
TEPMiHH.

Tax y Gepesni 2018 poky B micti Cemel, 110 po3-
TamoBaHO y cxigHoMy KasaxcraHi, mix 4Yac mipuBy
nmpoay Ha piuni Iprum BuOyxoBoro xBuiero Oyio 3pyid-
HOBaHO BiKHa y 0araTormoBepXOBHUX OYyJIMHKAaX, TaKOX
0yI110 3a(hikCOBAaHO 3BEPHEHHS TPOMAJITH IO MEIHYHOTO
3akiany [9].

Pa3zoMm 3 muM BenMKHi ycmix 3 pyHHYBaHHS pi3HO-
MaHITHUX TBEPIUX MarepianiB MaroTh IMIYJIbCHI TeX-
HOJIOTii Ha OCHOBI BinnoBimHUX BojgometiB [10]. BoHu
3a0e3MeuyoTh BEIMKY KIHETHYHY EHEpTrilo BOIH, Yy
BHUpOOax 3 MOPOXOBUM 3apsJOM — TiIpO MyIIKax MIBHI-
KicTh cTpyi mocsrae 1500 m/c [11], mo mo3Bonse pyi-
HYBaTH IPaKTUYHO OYIb-SKi TBEpl MaTepiaiy.

VY 3anporoHOBaHOMY METOJIi CTPYMiHb CKJIA/Ia€Th-
csl 3 OKPEMUX MOpIIii BOoAU, TO O TO € IUCKPETHUM, IO
3a0e3neuye BUKOPUCTAHHS TOTY)KHOCTI Ha 3a0e3redeH-
HSl KIHETHYHOI eHeprii okpemux nopiii. Came HeBelu-
Ka ii Maca J03BOJIS€ CTBOPUTHU TaKy BEJIUYE3HY IIBUI-
KiCTh PyXy OKpeMoi Hopiiii Boau. JJoBKHHY KOMIaKTHOT
JIIISTHKY TUCKPETHOI TOPIIiT pO3IIISAAI0TH K €PEKTHBHY
JIOBKMHY CTPYMEHIO, BOHA 3a3BUYaif CTAHOBUTH 1,5 M.

TakuM 4MHOM, came IMITyJIbCHHI BUKH] BOJIH MO-
JKHa PO3TJISIIATA MPU CTBOPEHHI BOAOMETY JUIS pYHHY-
BaHHS JIBOJIOBOI KPHUTH 3 BEIMKOI AajbHicTiO mii. Lle
NnoTpedye CYTITEBOTO TEOPETUYHOIO0 OOIPYHTYBaHHS
3aCTOCYBaHHS IIbOTO METOAY JUIsl PYHHYBaHHSI JIbOZOBOI
KPHTH, TIOIIYKY ONTUMAaJIbHUX ITapaMeTpiB CTPYMEHIO 3a
JIOTIOMOT'OF0  KOMII FOTEPHOTO MOJIENTIOBAHHSI Ta BH3HA-
YEeHHSI OCHOBHHX IapaMeTpiB MPUCTPOIO 3 KUIBKICHOIO
OLIIHKOI0 MOJKJIMBOCTI pYWHYBaHHS ILIACTIB JIBOIY Pi3-
HUX TabapuTiB.

Mera i 3amaui mociimkennsi. Metoro naHoi podo-
TH € TEOpEeTHYHE OOIPYHTYBaHHS CIOCOOY IIBUAKOTO
pyHHYBaHHS JBHOJIOBHX 3aTOpiB Ha piuykax B Iepiof
JIBOZIOXOLLY.

Jly1s mocsITHEHHS TOCTaBJIEHOT METH BUPIIIYBaJIHCS
HACTYITHI 3aBJaHHS:

- po3po0Ka TEOPETUIHOrO OOTPYHTYBAaHHS PYHHY-
BaHHS JIbOJIOBOI KPUTU 32 JOIMOMOTIOI JUCKPETHOTO
CTPYMEHIO BEIIUKOI IIBUIKOCTI;

- OI[IHKA ONTHMAJIbHUX TapaMeTpiB CTPYMEHIO 3a
JIOTIOMOT'OF0 KOMIT IOTEPHOT'0 MOJICIIOBAHHS;

- BU3HAYCHHsS] OCHOBHHX MapaMeTpiB MPUCTPOIO 3
KIUJIBKICHOIO OI[IHKOIO MOYKJIMBOCTI pyHHYBaHHS IUIACTIB
JILOJTY PI3HHUX TaOapHTIB.

1. O0rpyHTYBaHHS BUOOPY METOAMKH

BurtikaHHsS BOAM 3 CoIlIa BiAOyBaeThCs 31 IIBUAKI-
CTIO OULTBIIOI0 HiX TpaHUMYHA LIBHJIKICTH JIaMiHapHOL
Teuii.

PexxuM Teuii BU3HaYa€eThCs kKpuTepiem PeliHonbaca
— YHUCIIO, AKE XapaKTePHU3ye CIIBBIIHOIICHHS CHJIH iHE-
PIUT i CUTH B’SI3KOCTI:

v ()

Jie u — XapaKkTepHa HIBUAKICTh MOTOKY, L — Xapakrep-
HUA PO3MIp TOTOKY, vV — KOe(IIieHT KiHeMaTW4HOI

B’SI3KOCTI.

[IpoBenennuMyu paimnie BUNPOOYBaHHSIMHU BHKHUJIIB
BOAM 3 BEIUKOIO IIBUAKICTIO, OLJbIIEe HIX JEKiTbKa
JIECSITKIB METpPIB 32 CEKYHIY, L0 XapaKTepPH3YEThCS
BEIMKMMU 3HAUYeHHIMH Re >>2300, BcTaHOBJIEHO, IO
BHUKHIIY BiJIOYBalOTHCS y BUIVIAI AUCIEPCHOI CTPYi, sIKa
HIBUIKO PO3MIITIOETHCS [12].

OcHoBHUM JiecTa0ini3yrouuM (akTopoM CTpYi,
SIKMH 3aIlyCKae 30BHIIIHI MeXaHi3MH 1 pyHHYBaHHS €
TypOyJIeHTHICTh. bopoTh0a 3 TYpOYJIEHTHICTIO IUIAXOM
3a0e3neueHHs1 OLTbII TUIaBHOI Tewil OIS CTIHOK KaHay
1 comia 3MINIyIOTh MOYATOK IPOIECY TYpOYJIEHTHOCTI,
aJie He yCyBaloTh ii.

TakuMm YMHOM, TPaTUIiiHI TiAPOIMHAMIYHI ITiIXO0-
1 HE JO3BOJSIOTH CYTTEBO BIUIMBATH Ha TYpOYyJEHT-
HICTh, HAaNPHUKIJIAJ, NEPEUIKOHKATH PO3BUTKY CUIIBHOI
TypOYJIGHTHOCTI 3a JOMOMOIOI IITYYHO CTBOPECHOI
npi6romaciradHoi (JIM) Typ6yienTHocTi. [i 3HaYeHHs
I crabimizarii ctpyi 00roBoproBaiocsk y poooti [13].

@®akTUYHO CHEKTpajbHA 3aJIeXKHICTh CIEKTPaIbHOI
mibHOCTI eHeprii E(k) TOSCHIOE iCHYBaHHS IIOTOKY
TypOyseHTHoi eHeprii (puc. 1).

JIOBTOXBHIBOBHH

g Ek) iHTepEan

~ k3

IHTepran
IFCHIIALHT

ko ki, k

InepiEmii iHTepBan

Puc. 1. 3anexHicts cniekrpanbsHoi eHeprii £(k) Bin
XBHWJIBOBUX YHUCEIN k' y Torapu(pMigHOMY MacmTadi:
ko 1 k, — XBUIJIBOBI YMCHIA JUIS MAKCUMYMY €Heprii
1 Ha TTOYaTKy JTUCHITAIl]
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HauanpHuii iHTEpBaNl CIEKTPY 3 MaJUMU k BiJHO-
CHTBCSl JI0 TIPOLIECIB YTBOPEHHS KPYIHO MacUITaOHOI
(KM) typOysneHTHOCTI 3a paxyHOK €Heprii OCHOBHOI'O
MOTOKY. MakciMaibHe 3HA4Y€HHs CHeprii BimoBinae
XBHJIBOBOMY 4YHCIy ky. [lanmi crexTpaibHi 3Ha4eHHS
€Heprii 3HIKYIOTHCS, 1 BUHUKAE MOTIK €Heprii o Typ-
OyJEeHTHUM YTBOPEHHSM MeHIoro macmraly. Ilizcym-
KOBE NIEPETBOPEHHS KIHETUYHOI eHepril y Temo Binoy-
BA€THCH 13 CEpeTHBOIO IIBU/KICTIO AUCHIIALIT EHEprii € B
0o0acTi 3HAYEHb BETUKUX k,. BiAmoBigHO 10 Momei
Konmoroposa B inTepBaii k) < k; < k, eHEepreTHYHOrO
CHEKTpY Ma€ MicCIle TaKk 3BaHH 3aKOH - 5/3:

E(k) ~ 82/3 . k—5/3 . (2)

[IpucyTHICTH y CHEKTpi TiNBKU OHI€T XapaKTePHOL
BEJIMYMHM — €Heprii JUCHIALi]l & O3HAYa€E, IO MEPEHOC
eneprii JIM TypOyneHTHUMH (QIyKTyallisiMH HE 3alie-
JKHUTB BiJ| CHJIM TEPTS, @ BU3HAYAETHCS BUKJIIOUHO CHJIa-
MU iHepuii. [HTepBan 3HaUeHb k; , TP SIKUX BUKOHYETh-
csl 3aKOH - /3, 3BEThCs IHEPIIHUM IHTEPBAJIOM CIIEKT-
py E(k), #ioro mmpuHa THM OibIIe, YUM OiNIbIIE YHCIIO
Peiinonbaca. TakuM 4MHOM, BiANOBITHO A0 TEOPETHY-
HOI MozeNi y TinoTeTH4Hid Tewii 3 0OypeHHSIMH, sIKi
MaloTh XBWIBOBI uncia k; > kg, KM TypOysieHTHI CTpyK-
TYpH 3apOJKYBATUCS HE MOXKYTb.

IIpocrora Moneni KonmoropoBa TibKU 37a€Thes,
BOHA Mae (yHIaMeHTabHe 3HAUYEHHS IS TOCI1 JDKEHHS
TypOyneHTHUX Tedilt. Ii Hacmimgkm y BUIIAmi 3aKkoHy -
5/3 migTBeppKeHi 0araTo YMCENbHUMHU EKCIIEpHMEHTa-
JIBHAMH JTOCHI/PKEHHSIMH 1 THM CaMUM 3MiIHIJIH Teope-
TUYHI YSBJICHHS JIOKAJILHO 130TPOIHOI TypOYJIEHTHOCTI.
TakuM 4MHOM, € OOIPYHTOBaHMUM 3aCTOCYBAHHS BJIac-
TuBOCTel MacuBy JIM (uykryanii mo TypOyJIeHTHOI
Teuil 3 BeIMKUMHU 4uciamMu PeliHombca.

Buxonsun 3 HEMOXIUBOCTI BHUXPOYTBOPEHHS Y
cepenosuii 3 IM QuykTyamisiMu, ysBISETHCS MOXKIIU-
BHM BHKOPHUCTAHHA ii U1t cTabimizamii moToky. Y pooo-
Ti PO3IIISIAETHCS TEOPETHYHE OOIPYHTYBAHHSI CTBOPEH-
Hs WTYy4YHOI Tewii B pexxuMi JIM TypOyneHTHOCTI 3 Me-
TOI0 BHBEJEHHS ii cTpyi, Je B mporeci 3aryxanus M
¢ykryauiit Oyne BinOyBaTHCS CTPUMYBAHHS BHXPOYT-
BOpEHHSI.

2. OCHOBHI pe3yJbTaTH A0CTIIKEHb

CrBopensst JIM TypOyneHTHOCTI Oa3yeThesl Ha Ka-
CKaJHOMY TIpolieci mepenadi eHeprii Puyapjcona i mei
mporec A00pe BiAmpanboBaHWi. BUKOPHUCTOBYETHCS
Tedisl, sIKa MPOWIIIA aKTUBHY CTaji TYpOYJIEHTHOCTI i
3HAXOIUTHCS Y CTaHi TypOYNEeHTHUX (IyKTyamid 3i
3HAYCHHSAMH XBHWJIHOBUX YHCEN k;, sKi mepeOyBarOTh B
IHEpIIIHHOMY IHTEpBaJli €HepreTUYHOoro crekrpy. Heoo-
XimHa TypOyJeHTHa €Hepris BHOCUTHCS Y MOTIK IITYyY-
HUM CTBOPEHHSM BHMXODIB 3a JIOMIOMOT'OK) PEIiTKH, III0
BCTaHOBJIEHA Ha HUIAXY Teuii (puc. 2) [14].

3 HaBeIEHOrO PUCYHKY BHIHO, [0 KPYIIHI BUXOPH 3
BiJICTAHHIO 3MEHIIYIOTHCS 1 B TIPOIIEC] 3aTyXaHHsS TypOy-
JIEHTHOCTI 3HUKAIOTh, IEPEXOAiaTh Yy HeBuauMi JIM ¢ay-
kryariii. Came 00JNacTh Tedii 3 MHUMOIO BiJICYTHICTIO
TypOYIEHTHOCTI CTala MIpeAMETOM IHTepecy OaraThox
JocTigHMKiB. Boke Ha paHHIM cTamii JOCTiIKEHb OYI0
BCTaHOBJICHO, ITI0 TYPOYJCHTHICTh 3a PEIITKOK Ha Bij-

cransix 3040 M (me M — po3mip YapyHKH PELIiTKH), IO
0araTbOM CBOIM XapaKTEPUCTUKAM HaOJIKAETHCS 10
OJTHOPIIHOI Ta 130TponHOI TypOyaenTHocTi [15]. Ipuyo-
My A 1 icHyBaHHS TOTpiOHO 100 ymcio PeitHonbpaca
OyJ10 TOCUTH BETUKKUM (COTHI THCsY) [15].

Epyrm mrmopn Jpibsi Exmopi

Puc. 2. TypOyneHTHICTB y IOTOLII 32 PELLIITKOI0

JocmimkenHs 00aacTi po3naay TypOyaeHTHOCTI 3a
JIOTIOMOT'OI0  PEIITOK MPOBEAECHO PI3HUMH METOIAMHU.
Haii6inbm eheKTHBHO CTBOPIOIOTH JIM TypOYIIEeHTHICTh
PELNTKA 3 IPOCTOPOBOIO CUCTEMOIO (hpaKTaIbHUX KBa-
npartiB (puc. 3) [16].

(A [7h]

i e

Al g6
T

oL
3]
il

A5

LT
5]
1
2]

G 51 51 ™

Fagel

5] ] 5+
Puc. 3. MacimrabHa fiarpama (pakTajabHUX KBaJpaTHUX
PELIITOK, 3aIIOBHIOIOYHX IIPOCTip

Jl71s1 mpoeKTyBaHHSA BOAOMETY BajXKJIMBOKO € iH(poO-
pMaIrisi Ipo PO3MOALT MO MOTOKY IHTEHCHBHOCTI TOMO-
reHHoi i3orpornHoi TypOynentHocti [16]. Bona wmae
MAaKCHMYM Ha BIIICTaHi X,eq BiJl 1 Jall criajae eKCIoHe-
HIIiiHO. BigmoBigHO TS CKJIAMOBOI MO MOTOKY Cepel-
HBOKBAIPATHYHOI TyPOYICHTHOI IIBUAKOCTI 4 OTpHMa-
HO BHUpa3 [16]:

12 12

u = upeak exp[_ (x - xpeak )/ llurb]‘ (3)
BcraHoBieHui xXapakTep PO3MOMLTY JIOKami3arlii

IHTEHCHBHOCTI PEIIiT4acToi TYpOYJIEHTHOCTI T03BOJIUTH

BUIUIATH B Teuii obmacte [IM TypOysieHTHOCTI. Besy-

MOBHO IIsl 33/1a4a He € TPOCTOI0, TaK SIK XapaKTEePUCTH-
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KU pelriT4acToi TypOylneHTHOCTI i caMe 3HAYCHHS X peqx €
MOX1THOIO BiJ] IIBHIKOCTI TeUii i MapamMeTpiB PEIIiTKH.
Oco0JIMBOIO 3a7avuei0 € OTPUMAaHHS BEIUKOI iHTCHCHUB-
HocTi JIM TypOyneHTHOCTI B KaHaji Tedii, 1100 BOHa
30epirajia akTHBHICTh Y CTaHI 3aTyXaHHS B CTPYi.

IMpouec ¢popmyBanHs cTpyi MOBHHEH 3a0e3mevy-
BaTH MEPEHOC €HEPrii i3 BCTAHOBJICHOI 00J1acTi MaKCH-
MyMY IHTEHCHBHOCTI TypOYJEHTHHUX (IyKTyamid y
crpyro. CymapHa BeMunHa eHeprii B Iii o0sacTi 3ajie-
JKUTDH BiJl IHTETpaJbHOI €HEprii MO yCiii MHOKEHI XBHU-
JILOBUX YHCEJ IHEPIHHOro iHTepBany (BOHU IOBUHHI
peaiti3BaTucs B 00paHUX yMOBaX TypOyJEHTHOI Tedii), a
TaKoX BiJM 4YacoBUX MacmTaliB. CHEKTp XBUIIBOBHX
YypceNl 1HEPHIHHOrO0 EHEPreTUYHOrOo IHTEpBaly IpH
BEIIMKUX 4uciaaX PeHHONIBIACY OXOMIoe 2-3 IMOpSAKU.
BiamoBigHO BUHMKAE 3HaHUI HAOIp YaCOBUX MAacIITa0iB
3 aKTaMH TYpOYJeHTHHX (UIYKTyallii, sKi HpPOXOIIThH
OesmepepBHO. Y pe3ynbTaTi B 001aCTi MOTOKY MOOIH3Y
Xpeqr ICHYE JTOKATBbHUH MacHB HEOOXiTHUX (ITYKTYyaIii 3
pecypcoM TypOYJIEHTHOI KiHETHYHOI CHEprii, B SIKOMY
Wae TUTbKA JUCUIIATUBHUK mporec. TakuM YHHOM, IS
o05acTh MOTOKY € Oe3nepepBHUM TeHeparopoM M
TypOyJIEHTHOI eHeprii.

YacTrHa 1BOTO MacuBy, IIO BHUBEJCHA y CTPYIO,
Oy/ie mepenIKopKaTi YTBOPEHHIO B Hill CHIIBHOI TypOy-
JIHTHOCTI JI0 BUYEpIIaHHS TYpOYJIeHTHOI eHeprii yepes
JMCUTIATUBHUH TIporec. Y 3B’S3KY 3 IIUM IOCTA€ IUTaH-
HS TIPO CepefHid "yac ®UTTA T iMmyascy JAM TypOyneH-
THOCTI, SIKa moTpanwia y crpyto. ONTuMicTHuHHUN 1po-
THO3 3 IIbOT'O MTUTaHHS JTO3BOJISIIOTh 3pOOUTH BU3HAYEHE
y [17] mBuake 3pocranus 7 sk GyHKIisA yncna PeiiHo-
nbACY Re, IpakTU4UHO 5K /n 7 ~ Re. B mopmanpmmx no-
CIIJDKEHHSIX OYyJIO BCTAHOBJEHO, IO 3aJIeXKHICTh T €
OBl  CWIBHOWO —  TIOJABIHHO  EKCIIOHEHTHOIO:
7~ exp (exp(Re)) [18].

[pu nepenaui JIM TypOysneHTHOCTI i3 KaHay Te-
4ii B COILUIO 1 Aaji B CTPYlO BUHHKae HeOe3leKka YTBO-
PEeHHsI BUXOpIB 4epe3 3MIHYy pEXUMY Tedil Ta pPi3KHX
3MiH TIepepi3iB noToky. Aie Tevist 3 JIM TypOyneHTHic-
TIO pearye Ha 3OBHIIIHI Jii iHAaKIIC HIX JaMiHApHHN
NoTik. B ymopsiikoBaHOMY IMOJIi IIBUIIKOCTEH J1aMiHap-
HOi Tedii JloKanbHA (IyKTyallis Bigpasy X IOpPYIIyeE
MOPSAZIOK B AESKIH HAWOMK4Mii o0nacti, a y BUIAIKy
JIOKAJIBHO-130TPOITHOI ~ TOMOTEHHOI ~ TYpOYJIEHTHOCTI
HeMae Hisikoro nmopsaky. Cepenoruine JIM TypOyseHT-
HUX (UIYKTYyaliil MOKHa pO3IIISAATH SK JIPiOHO CTPYK-
TYpOBaHHH €JacTHYHUN KOHTHHYYM, Ul HHOTO HaBiTh
BHKOPHCTaHa Ha3Ba «TypOyJaeHTHA pigunHay [19].

B 1i noni mBuAKoOcTeH 11l YTBOPEHHS IajeKOro
MOPSJKY 1 TOSBH BHXOpIB HEOOXIJHO 3Ha4YHO OijiblIa
HAaIpyra, HiX B Oy/ab-sKiif inmii tedii. Kpim Toro, msu-
JIKICTh TYpOYJIEHTHOTO TMEpeHOCYy 1 3MIllyBaHHS Ha
MOPSZIOK BUIIE HIBHIAKOCTI MOJEKYISIPHOI'O TEPEHOCY
IMITYJIBCY, TeIIa i PEYOBHHH, TOMY pellaKcallisi BUHU-
Kalo4YMX HaIpyr, HaIlpUKIaJ, Ha HEPIBHOCTSX CTiHOK,
Oyne BinOyBaTUCS MIBUALIE HIXK Y JJaMiHAPHOMY ITOTOLI.
MoskHa BBaXkaTH, 110 TypOYJIEHTHA piguHa SIK OU Tede
10 IPUKOPIOHHOMY HIapy. AJie iCHye KpUTHYHA HaIIpy-
ra, Ipu sIKid, HaOpUKJIAA, HA YCTYI CTiHKH yTBOPIO-
10Thcsi BUXopu. Came Taki BUXOpH JOCITIKYBAIUCA Y
TIOBHICTIO PO3BHMHEHiN TypOyneHtHiit Teuii [20]. Ha-
JKaJIb B I1iil poOOTI HE JOCHIHKYBABCS MOPIT HAIIPY)KEH-

HS JJIs1 yTBOPEHHsI BUXOPIB, a TUIBKH MPOLEC X €BOIIIO-
1ii 1 mocnabyieHHs. SHUKHCHHS BUXOPY Y BUIJIAII CITiTY
€ BXJIMBIIIUM PE3YJIbTATOM IIi€i pOOOTH, KUl BKa3ye
Ha ycralieHicTh Tedii 3 JIM TypOyneHTHicTIO.

3a momoMorow OfHOro 3 makeTiB Po3paxyHKoBOT
lNapogunamixu (CFD) Gyio gociimkeHo cTanuii MoTik
BOJIM B MIPUCTPOT JUIsi CTBOPEHHSI IMITYJIBCHOI CTPYi.

J1J1s1 94MCIOBOrO EKCIIEpUMEHTY Oylia CTBOpeHa 3-X
MipHa MOJI€Nb BHYTPIIIHBOTO KaHAIY 3 pEHITKaMHU Yy
BHIVIAI JIUCTIB 3 IpiOHOIO mepdoparttiero ( d = 2 mm),
Koe(illieHT BTpaT BU3HAYABCs 10 EMITIpHYHINA (GopMyi
[21] = &= 1,15, BXinuuii MaTpyOOK po3TamoBanbq coc-
HO (puc. 4).

Poboue Tino — Bona npu Temmepatypi ¢ =20°C .

I'paHMYHMMH YMOBaMH BCTaHOBIJIIOBABCSl MOTIK 3
00’eMHUMH BuTpatamu Bogu Q = 2,26 .71/ ¢, 10 Bifmo-
BiAJO CepeHiil IIBUAKOCTI Ha TIepepisi coruia
Vep = 10.m/c . Y maremaTuuHili Mozieni Oy/nu BUKOpHC-

TaHi PiBHSHHS TiIPOIUHAMIKH i3 3aMHKaIOYMMHU yMOBa-
MU TypOyieHTHocTi k —¢ [22]. 1 Momenb aBOX mapa-
METpHYHa, SKa BUKOPUCTOBYE YCEPEIHEHHM Iapamer-

paM CHeprito TypOYJIEHTHOCTI k = 0,5(17)(/_2 + I7y2 + 1722)

Ta eHepriio poscitoBanus & =C, -k[8 . V; — ycepen-
HEHA IyJIbCallisd BIAXWICHHS BEIMYMHU KOMIIOHEHTH
MIBUIKOCTI, CH =0,09 — emmipnynunit xoedimieHT, J

— MaciTab TypOyIeHTHOCTI.
Haii6inpin 3py4HOI0 BENWYHMHOIO, IO XapaKTepH-

3ye TYpOyJIEeHTHICTh € IHTeHCUBHICTb — [ =V / V.

Puc. 4. TppoxmipHa Mozelb
MPUCTPOIO IMITYJIBbCHOI CTPYT

Ilepen comnom crBopeHa Qopkamepa, sika Ciy-
JKUTDH U BHUPIBHIOBAHHS 1 3aCIIOKOEHHS MOTOKY. JlOB-
)uHa dopkamepu 1,5...2 kamiOpi. Ha moyatky ¢opka-
MEpH YCTaHOBJICHUH XOHEHKOMO, SKHH CIYKUTh IUIS
BUPIBHIOBAHHS MOTOKY, 1 PEIIITKH, SIKi TacsATh MyJbCallii
MTOTOKY 1 BUPIBHIOIOTH IIBUIKICTh 110 BEJTHYHHI.

Ha puc. 5 300paxeHni niHii TOKy. 3 pUCYHKY BHITHO,
0 Y KaMepi 3aCIOKOEHHS 32 CIIPSIMOBYIOUOI0 KOHCTPY-
KIII€I0 € IBA THITH PYXY:

a) CTpyi, AKi CXOISAThCA 1 PO3TAHSIIOTHCS B HAIIPSIMI
IO BUX1JTHOT'O OTBOPY;

0) Omykaroui CTpyi, 110 BUHUKAIOTH SK BTOPHHHI
BHUXOPH BiJl pyXy IEPIIOro TUITY CTPYi.

105



Cucmemu ynpaeninnsa, nagicauii ma 36'a3xy, 2020, eunyck 4(62)

ISSN 2073-7394

(1] Velocity Magnitude - mss
12

Puc. 5. Jlinii Toxy y npuctpoi

Ha puc. 6 mokasaHi CTpyMKH piiMHH, sIKi Ha TI0Ya-
TKY COIUIa MPUCKOPIOIOTBCS, A HAa KiHIN COIUIA CTHCKA-
I0TBCS, TPH IIOMY CTPYMKH OTPHMAIOTh Ha BXOAI 3
coIuIa BiJl’€MHI KOMIIOHEHTH paJlialibHOI MIBUAKOCTI (3a
HAIPSIMOM JI0 LIEHTPY CTPYi).

Pe3yapTaTi KOMIT FOTEPHOTO MOJIEIIOBAHHS MOKa-
3amu (puc. 7), IO MpY MBUAKOCTI BUTIKaHHA 3 coruia 10
M/C IHTEHCHUBHICTh TypOyJIEHTHOCTI B TIepepi3i mooausy
PELIITOK JOCTaTHLO BUCOKA 1 MiciaMu jfocsirae 60%, a B
nepepiszi cepefHbOi YacTUHU CBOOIHOTO IPOCTOPY
kamepu Oyna Ha piBHI 30% 1 IPaKTUYHO PIBHOMIPHOIO
0 BCHOMY IIepepi3y.

(18) Turbiutence Intensity -
1

@ welocity Magnitude - m/s
12

Puc. 6. Posrin «aryuka» y coruti

SIk MOXHa NIPUITYCTUTH, caMe HasABHICTb Bix eMHOL
panianbHOI KOMIIOHEHTH MEPEeIIKo/Kae ii pyHHYBaHHIO
Ha TIOYaTKOBOMY eTarli i iCHyBaHHsI, TaK sSIK Bi/ANOBiIHO
JO Teopil B’A3KMX IIOTOKIB OJHA 3 BIACTUBOCTEH
B’SA3KOT'0 IMOTOKY € KyT NOITYpO3KpUTTA [23].

Ha Buxopi 3 coruia iHTeHCUBHICTh TYpOYJIEHTHOCTI
1€ 3MEHIIYeThCsA: 0 Kpasx 10 35% y umeHtpi — 1o 5-
10% (puc. 8).

Pe3ynpTaTi NpOBEAEHOTO MOIYJIIOBAHHSI MOXKHA
TPaKTyBaTH B SIKOCTI JI0Ka3iB BigcytHocTi KM TypOye-
HTHOI Tedii Ha BUXOAl 3 comuia CTpPYi 1 Jani y camii
crpyi. lle nae Hamiro, CTBOPEHHS Ha I[bOMY NPHHLUII
IMITyJIbCHOTO BOZOMETY JIO3BOJIUTH IIBUJIKO PYyHHYBAaTH
JILOJIOBI 3aTOPH Ha PivKax B MEPIOA JIbOIOXOMY.

Puc. 7. IIpodini po3noainy iHTEHCHBHOCTI TypOYJICHTHOCTI B Iepepizax KamepH pOpCyHKHU:
a — moOIH3Yy PeliToK, O — [0 cepenHi BUILHOTO IIPOCTOPY

OuiHUMO HOTYXHICTh TaKOTO BOAOMETY IS pyii-
HYBaHHSA JIbONY. MILHICT JbOMY, BIAMOBiAHO 10 [24]
AK Pe3yJbTaT AIJIEHHS 3yCHUII CTUCHEHHS, NIPU SKOMY
HAacTaJo pYyHHYBaHHA 3pa3Ka JbOAy  PO3MIpOM
70x70x70 MM, Ha IUIONIIy ONMOPHOI MOBEPXHI 3pa3Ka,
npu temmepatypi 0° C craHoBUTb — 16 Kre/cM”, T06TO
160 H/ eM’.

BusHaunMo SKMM MOBUHHI OyTH IapaMeTpu OJHO-
ro iMmynecHoro 3apsay Bomomery. OOepemo mepepis

ctpyi S = 10 eM?, mio Biamosizae d = 3,56cMm. (s Toro
mo6 3abe3neynTy pyiHYBaHHS JILOAUHHU, CTPYi TaKOro
niameTpy HOBUHHI cTBoproBaty 3ycwiuist F = 1600H (o
piBHO3HAYHO Aii Mack 160kr Ha miomty 10cM?).

O1niHuMO HEOOXiAHUH IMITYNbC CTPYi p 3 BHpazy
F =dp/dt, 3a ymoBU DIBHOMIpHOI BTpaTH IMIYIbCY Y
MOMEHT yziapy I1o nepemkoi — £ = Ap/At.

INopmanbma omiHka HOTpedye 3aBIaHHS PeabHUX
rapameTpiB: JOBKUHU CTPYi Ta ii MIBUAKOCTI.
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(18] Turbulence Intensity -
0.6

Puc. 8. [Ipodini po3noainy iHTEHCUBHOCTI TypOYJIE€HTHOCTI Ha BUXOJI 3 COIIa

Obepemo poBxuHy L = 2M, 11e Oyne BiANOBiaTH
06’emy 3apsiny V = L-S = 2-10°cM’ abo 2 mitpa.

BiamosinHo Maca m = 2KT, a IMITYJIbC p = mo TpU
npunymenii  mBuakocti v =100M/c  cTaHOBUTH
200 xr-m/c.

Yac 3MiHeHHS iMIynbCy Ap, B TaKOMY BHIIQJIKY
Horo BTpaTa, BiANOBiNae 4acy pylHyBaHHsS CTpYi IOB-
JKHHOIO 2 M, sIKa pyxaeTbes 31 mBuaxictio 100 m/c, npu
31TKHEHHI 3 NIepPENIKOJI0I0:

At =2/100=2-10"%¢ = 20muc.

TakuM YHHOM, MPH BHOPaHMX TapameTpax CTpyi
oTpuMaemo pyitnytouy miro F = Ap/At = 1-10"H, 100TO
1000H/cM?, 1o B 6,25 pasiB OljIblIIe, HK MILHICTB JILOIY.

3. OcHOBM KOHCTPYKUii BOAOMETY

[IpoBenenwii ananiz Bnactusocteid IM TypOysieH-
THOCTI KOMII'IOTePHE MOJIEIIOBaHHA Ta OLHKA Iapame-
TpiB IMIYJIBCHOTO 3apsay BOJOMETY JIO3BOJISIOTH 3a-
IPOIIOHYBATH HACTYNHY IPHHIMIIOBY CXEMY iMITynbC-
HOro BozoMeTy (puc. 9).

8 9

6 7

Crucne:

MOBiTPs

13

Puc. 9. [Ipuniunosa cxema iMITyJIbCHOI'O BOJIOMETa:
1— 3aTBOp coruia; 2 — coIIo; 3 — penriTky; 4 — CTBON; 5— HOPILIEHb CTBOJA;
6 — T HAP THEBMATUKH; 7 — MOPIIEHb THEBMATHKH; 8 — KJIallaH CKUAY THCKY;
9 — pecusep; 10 — kianas pecuBepa; 11 — peykTop BUCOKOIO THCKY;
12 — kJarmaH THEBMATHKH 3aTBOpa; 13 — KianaH mojadi Boau

Jlo mouaTKOBUX mMapaMeTpiB KOHCTPYKMIi BiaHO-
CATBCSl TUIBKH J[iaMeTp BOASHOTO 3apsiay i IIBUAKICTH
BWIUTY cTpyi. TiNbKHM Wicisl BiANpaIlOBaHHS [IUX Iapa-
MeTpiB B pexxuM Oe3nepepBHOi Tedii orpuManHs M
TypOyJEHTHOCTI MOXKHA Oyze MEePEeXOAUTH A0 IMITYIbC-
HOT'O PeXKHUMY 1 MiIi0paT ONTUMAIIBHY JOBKUHY CTPYi.

MiHimMaabHa JOBXXHHA CTBOJA IOBHHHA 3a0e3Ie-
4yyBaTu 00’€M TOBHOI Macu BOJHM B cTpyi abo OyTH Kpa-
THOIO JIEKIIEKOM TIOPIIiSIM.

Buknn Bomu 30iHCHIOETBCS MTHEBMAaTHYHUM METO-
oM. 11106 yHMKHYTH BHCOKOTO THCKY Y HOBITPSHOMY

INUTIHAPI BOAOMETY, TUCK Ha BOJAY CTBOPIOETHCS IIO-
JIBIHHUM IOPIIHEM pi3HOTO Mepepidy: oxHa ioro vac-
THUHA — 5 pyXaeThcs B KaHalli cTBona 4, iHma — 7 pyxa-
€TbCSl B LWIIHJAPI MHEBMaTHKH. Bukuj Boau BinOyBa-
€TbCA IPU NOCTIHHOMY THCKY, IO 3a0€3IEUyeTHCS 3a
JIOTIIOMOT'0I0 PecHBepa.

Oco0IMBO Ba)KIMBUM €IE€MEHTOM KOHCTPYKIIi €
3aTBOpP coIUia. BiH TOBHHEH OYTH IIBHIKOIIIOYUM,
MeHmie Hix 20 Mc 1 BUTpUMYBaTH Bemukud THCK. [Ipo-
HIOHY€THCS BUTOTOBUTU MOr0 Y BUIUIAAL 3aTBOPY 3 IIHE-
BMaTUYHUM IPUBOJOM.
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TUMaJIbHUX MapaMeTpPiB CTPYMEHIO BOJHU 3a JIOMOMO-
rOol0 KOMIT'IOTEPHOTO MOJENIOBAHHS, BHU3HAYEHO

IIpoBeaeHO TeopeTHyHe OOIPYHTYBAHHS CIIO- OCHOBHI NapaMeTpu NPHUCTPOIO 3 KiIbKiICHOIO OIiH-
o0y MIBUIKOrO pPYHHYBaHHS JbOAOBHMX 3aTOpPIB Ha  KOK MOXIHMBOCTI PYyWHYBaHHS IUIACTIB JIbOAY pi3-
piukax B mepiom JbOJOXOAY, 3po0OjieHa OIliHKAa Ol-  HHUX rabapuTiB.
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Theoretical justification of methods
for rapid elimination of ice blocks on rivers

A. Tolkachev, O. Tretyakov, S. Harbuz, O. Roianov

Abstract. Topicality. The article shows that it is the pulsed release of water can be considered when creating a water jet
to destroy the ice with a long range. Tests of water emissions at high speeds, more than a few tens of meters per second, found
that the emissions occur in the form of a dispersed jet, which is quickly sprayed. The main destabilizing factor of the jet, which
triggers the external mechanisms of its destruction is turbulence. Combating turbulence by providing a smoother flow near the
walls of the channel and nozzle shifts the beginning of the turbulence process, but does not eliminate it. Thus, traditional hydro-
dynamic approaches do not significantly affect turbulence. The purpose of this work is a theoretical substantiation of the
method of rapid destruction of ice jams on rivers during the ice drift. To achieve this goal, the following tasks were solved:
development of a theoretical justification for the destruction of ice using a discrete high-velocity jet; estimation of optimal jet
parameters with the help of computer modeling; determination of the main parameters of the device with a quantitative assess-
ment of the possibility of destruction of ice layers of different sizes. Conclusion. Theoretical substantiation of the method of
rapid destruction of ice jams on rivers during the ice drift, the assessment of the optimal parameters of the water jet using com-
puter simulation, the main parameters of the device with a quantitative assessment of the possibility of destruction of ice layers of
different sizes.

Keywords: river, ice jams, ice destruction, high speed jet.
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METHODS OF CYBER SECURITY ASSESSMENT IN THE SPECIAL PURPOSE
INFORMATION AND TELECOMMUNICATIONS SYSTEM

Abstract. To increase the effectiveness of the fight against cybercrime, developed countries have begun the relevant
work to increase the security of their own information and telecommunications networks of general and special purpose.
Current global trends in the spread of cybercrime and the intensification of cyberattacks indicate the growing importance of
combating it for the further development of society, which in turn leads to the attribution of certain groups of public rela-
tions of the cybersphere to the competence of legal regulation. The current situation with cybercrime requires constant im-
provement of methods of combating cybercrime, development of information systems and methods aimed at ensuring cy-
bersecurity in the country. That is why the authors of this article developed a method for assessing cybersecurity in a spe-
cial purpose information and telecommunications system. During the research, the authors used the main provisions of
communication theory, queuing theory, artificial intelligence, as well as general scientific methods of analysis and synthe-
sis. The difference between the proposed method from the known ones, which determines its novelty, is the possibility of:
detection and qualitative interpretation of cyber threats; modeling scenarios of extreme situations caused by the implemen-
tation of cyber threats; assessment of risks that have the characteristics of several classes and ranking of assets of the in-
formation and telecommunications system according to the degree of their criticality; perform an assessment of the number
of critically vulnerable assets of the information and telecommunications system; substantiate the composition and prob-
ability of cyber threats that can cause extreme situations in the information and telecommunications system; conducting
risk assessment of their implementation in the information and telecommunications system. The practical significance of
the proposed method is fatigue, that its application allows to automate the process of analysis of cyber threats and risk as-
sessment of cybersecurity of information and telecommunications system.

Keywords: cyberspace; cyberattacks; protection; cybersecurity; state security, information and telecommunication net-

works, artificial intelligence.

Introduction

The experience of operations (combat operations)
in recent years shows the growing role of information
and telecommunications systems (ITS) for special pur-
poses in achieving the goal of the operation (combat
operations).

The specificity of special-purpose ITS is that on
the one hand they solve the problem of transmission and
processing of information, and on the other hand they
should meet the requirements of survivability while
influencing on the enemy.

In order to disorganize management and achieve
information of superiority by the enemy, devices of
electronic warfare and cybernetic influence on special-
purpose ITS are widely used [1-5].

Cyberattacks on ITS have become a real threat and
they are one of the priority issues of national security
and risk management.

Cybersecurity encompasses all security measures
that can be taken to protect against these attacks. The
significant increase in the complexity and intensity of
cyber attacks in recent years has forced most developed
countries to strengthen their defenses and adopt national
cybersecurity strategies. Therefore, the problem of en-
suring the protection of cyberspace in the world is rele-
vant.

In order to develop measures to combat cyber in-
fluences on special-purpose ITS, the authors propose to

develop a methodology for assessing cybersecurity in
special-purpose ITS [6-8].

That is why the purpose of this article should be
considered a method of assessing cybersecurity in the
information and telecommunications system of special

purpose.
Presentation of the main material

The method of assessing cybersecurity in ITS of
the special purpose consists of the following main stag-
es (Fig. 1).

1. Entering the output data. At this stage, the op-
erational situation and available data on the possibilities
of cybernetic impact on special-purpose ITS are intro-
duced.

2. Analysis of cyber threats. During the implemen-
tation of this procedure, the following steps are per-
formed: 1) establishing the context of ITS; 2) conduct-
ing a security audit in ITS, which includes: question-
naires; detection of cyber threats in ITS assets; valuation
of ITS assets; threat detection; identification of typical
attack vectors and formation of scenario concepts.

The analysis of cyberthreats in the methodology is
carried out by comparing the identified cyberthreats
with cyberthreats that are available in the knowledge
base. Also at this stage, a list of critical assets and iden-
tified vulnerabilities corresponding to the cyber threat,
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as well as typical attack vectors, which are a chain of

vulnerabilities, threats and target assets [6-8].

START

| ntering the initial

/ data (‘Y = {y,})

[

2

Analysis of cyber
threats

5 l

cenario formation

14
Risk assessment

|

ITS objects
ranking

I

Decision making

15

THE END

Fig. 1 Algorithm for implementing
evaluation methods

Time lines

|

Based on the obtained result, concepts and connec-
tions between them are formed for further construction
of scenarios.

Formally, the initial data of the first stage of cyber
threat analysis and risk assessment are presented by
formula (1).

P={VT; 4R}, (1)
where P is the model of intruder attacks represented by

a chain of vulnerabilities and threats; V; is the identified

special-purpose ITS vulnerabilities; 7 is the cyberse-

curity threat; A4 is the target assets attack; R, is the
attack vector.

3. The formation of scenarios of extreme situations
in ITS caused by the implementation of cyber threats.

This procedure is based on systematic analysis and
information security research.

As a tool for scenario analysis of the impact of
cyber threats on the occurrence of extreme situations in
special-purpose ITS, it is proposed to use neurofuzzy
models (Fig. 2).

The architecture of decision trees is implemented
using fuzzy “IF” rules, which are considered as general
building blocks of the decision tree [8].

The decision tree (DT) is one of the most well-
known methods that are used to obtain classified data
from large data sets.

There are several reasons for their widespread use:

- in many cases, the accuracy of decision trees is
comparable or higher than other classification models
[9%;

- most decision trees do not require a large number
of parameters for their configuration in the DT construc-
tion [10];

Samples without
classification by the

v

v v

solution | Class 1 | | Class 2 | | Class ¢; |
v
Samples without
classification by the v v v
solution | Class 1 | | Class2 | | Class ¢ |
v
Samples without
classification by the v v v
solution | Class 1 | | Class 2 | | Class ¢ |
Empty sets

Fig. 2. General view of the decision tree of the fuzzy model
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- due to their intuitively attractive topology, the
results of classification models are easy to understand
[12-14].

However, the main disadvantage of existing
fuzzy mathematical models and other methods, which
has the nature of the "black box", is the difficulty of
interpreting the identification model and lack of under-
standing (representation) of the interaction between
technical indicators and fluctuations (changes) in time
series values.

There are cases in which it is difficult to classify
an object with high accuracy with one or another fea-
ture. These situations are solved due to the possibilities
of fuzzy logic, when we talk not just about belonging
to a class, sign, attribute, but about its degree of be-
longing.

The data, which is required for the operation of
the algorithm, must be presented in the form of a flat
table. All information about objects (following
examples) from the subject area should be described as
a finite set of features (following attributes). Each
attribute must have a discrete or numeric value. The
attributes themselves should not change from the
example, for example, and the number of attributes
should be fixed for all examples.

Let it be that a set of examples 7, where each
element of this set is described by m attributes. The
number of examples in the set 7" will be called the

power of this set |T| .

Let it be that through {Cj,C,,...,C;} marked

classes (values of the class label), then there are 3
situations [3-7]:

1. The set T has one or more examples belonging
to the same class C; . Then the decision tree for T is

the letter that defines the class C, ;

2. The set T has no example (an empty set). Then
it is again a letter, and the class associated with the
letter is chosen from another set that is different from
T.

3. The set T has examples belonging to different
classes. In this case, it is necessary to divide the set T’
into some subsets.

To do this, choose one of the features that has
two or more different values O,,0,,..,0,. T is

divided into subsets 7;,75,...,T,, , where each subset T;

contains all the examples that are relevant to the
selected feature O; . This procedure will be recursively

continued until the finite set consists of examples
belonging to the same class.

The task is to build a hierarchical classification
model in the form of a tree from many examples 7.
The process of building a tree occurs from top to
bottom.

In the first step, we have an empty tree (there is
only a root) and a source set 7 (associated with the
root).

Then as a result of partitioning » (on number of
attribute  values) subsets are received and =
descendants of a root are created, to each of which the

subset received at partition of set 7 is put. Then this
procedure is recursively applied to all subsets
(descendants of a root and further).

The advantage of this approach consists in the
fact that the reuse of the attribute while building a tree
is not excluded and any of the attributes can be used an
unlimited number of times while building a tree.

Let it be that we have X check (any attribute can
be selected as a check) that takes n values
A] N Az,..., An .

Then the partition 7 on the test X will give us
subsets  17;,75,..,7,, with equal respectively
A] N Az,..., An .

The only information available to us is how the
classes are distributed on the set 7 and its subsets
obtained by partitioning by X . This is what we use to
define the criterion.

Let be that Freq(C,-,S) is a set of examples
from some set S belonging to the same class C;.

Then the probability that a randomly selected example
from the set S will belong to the class C;.

freq(c,,s)
p=—1" 7 )
N

According to information theory, the amount of
information contained in a message depends on its
probability

log, (%j 3)

Since we have a logarithm with a binary base, the
expression (3) gives a quantitative estimate in bits.

Info(T)=
£ freq(CuT)  freq(C;.T) )

We obtain an estimate of the average amount of
information that is necessary to determine the class of
the example from the set. The algorithm uses a
theoretical and information approach. To select the
most appropriate attribute, it is proposed to use the
following criterion:

k

Info(T) =Y ;

i
J=1

Info(T; ). )

Then, the criterion for selecting the attribute will
be the following formula:

Gain(X)=Info(T)—lnfox(T). (6)

The criterion (6) is calculated for all attributes.
We selected an attribute that maximizes this
expression. This attribute makes a check in the current
node of the tree, and then it occurs the further
construction of the tree.
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Then, the node will check the value of this
attribute and further movement on the tree will occur
depending on the experience.

Criterion (6) must be maximized. From the
properties of entropy, it is known that the maximum
possible value of entropy is achieved in the case that
all its messages are equally likely to happen.

In our case, the entropy (5) reaches its maximum
when the frequency of occurrence of classes in the
examples of the set T is equally likely to happen. It is
necessary to choose such attribute that at partition on it
one of classes had the greatest probability of
emergence.

This is possible in the case when the entropy (5)
will have a minimum value and criterion (6) reaches
its maximum.

In the case of numeric attributes, you must select
a threshold with which all attribute values must be
compared. Let the numeric attribute have a finite

number of values. Let's mark them {V},V5,....V,}.

Pre-sort all values. Then any value between V;

and V;,; divides all examples into two sets: those to
the left of that value {/],V;,...V,,} and those to the
right {V1.Vis200 Vi )

As a threshold, you can choose the average

between these values V; and V;,

TH,; =M (7)

2
Thus, the task of finding the threshold is
significantly simplified, and we lead to the

consideration of all n—1 potential threshold values
TH,,TH,,TH;,....,TH, ;.

Formulas (4), (5) and (6) are consistently used for
all potential threshold values and among them is
chosen the one that gives the maximum value
according to criterion (6). Then, this value is compared
with the values of criterion (6), calculated for other
attributes.

If it happens that among all the attributes, the
specified numeric attribute has the maximum value
according to criterion (6), then it is chosen as a check.

4. Assessing the risks of cybersecurity in ITS.

This procedure is aimed at identifying risks, their
qualitative and quantitative assessment, as well as
ranking of the considered objects according to the
established criteria, which can be the values of both
the integrated indicator of risks on the object and
indicators of certain types of risks.

This procedure contains recommendations for
risk  description, qualitative and quantitative
assessment, selection of assessment scales and ranking
of energy facilities. The procedure for assessing the
risks of cybersecurity in information and
telecommunications systems includes 3 main stages:
risk description; qualitative and / or quantitative risk
assessment; ranking of objects.

5. Ranking of objects in ITS.

In this technology, the ranking of objects occurs
in accordance with the magnitude of the risks that may
be posed by cyber influences, information about which
is included in the database of external and internal
threats or factors.

The proposed ranking criterion:

K5 ={C,R,0}, (®)

K% is the significance criterion;

C is the risk assessment criterion;

R is the integrated indicator of the risks of the
affected objects;

® is the object that is represented by a set of
characteristics.

Conclusion

1. Nowadays, the main topic of discussion in the
world should be to strengthen cybersecurity and reduce
the number of cyber attacks in cyberspace.

This problem needs to be solved as soon as
possible, because the created models of cyber weapons
have a global reach, almost instantaneous impact
without any way to obtain warning about its use.

Cybersecurity is the only thing that can prevent
information loss and interference by some countries in
the security of others.

2. In the course of the research, the authors
developed a methodology for assessing cybersecurity in a
special-purpose information and telecommunications
system.

The difference between the proposed method
from the known, which determines its novelty, consists
in the possibility of:

the detection and qualitative interpretation of
cyber threats;

modeling scenarios of extreme situations caused
by the implementation of cyber threats;

the assessment of the risks that have the
characteristics of several classes and ranking the assets
of the information and telecommunication system
according to the degree of their criticality;

the assessment perform of the number of
critically vulnerable assets of the information and
telecommunications system;

the substantiate of the composition and
probability of cyber threats that can cause extreme
situations in the information and telecommunications

system,;
the conduction of the risk assessment of their
implementation in the information and

telecommunications system.

3. The application of the proposed technique
allows to automate the process of analysis of cyber
threats and risk assessment of cybersecurity of
information and telecommunications system.

Areas of further research should be considered
the development of methods for improving the cyber
security of information and telecommunication
systems.
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Meronnka oniHIOBaHHs KidepOe3nmekn
B iH(opmaniiiHo-TeIeKOMYHiKkaLiiiHil ccTeMi crieniaIbHOro NPU3HAYCHHS
I. C. I'aBpux, A. B. lHumanskuid, O. S1. Cosa, O. O. Tpousko, I'. T. JIsmenko,
C. A. ITanamapuyk, €. 1. Heposnak, B. II. Benuuko

AnoTanis. Ing nigsumeHHs edpekTUBHOCTI 60pPOTHOM 3 KiOEP3JIOYMHHICTIO, PO3BUHEH] KpaiHU CBITY IOCUTH JIaBHO
MoYyalM BIiIMOBifHI poOOTH, HEOOXiHI JUIs MiJABHIICHHS 3aXHIIEHOCTI BIACHHUX i()HOpMAaIiHHO-TEIeKOMYHIKaliifHIX
MEpeX 3arajlbHOro Ta cleuiagbHoro npusHayeHHs. CydacHi cBiTOBI TeHAEHLIi NOIIMpPEHHA KiOep3JIOYMHHOCTI Ta
MOCHJICHHS KibepaTak cBiguaTh IPO 3pOCTaHHS 3HAYCHHS OOPOTHOM 3 HEIO VIS MOJAJBIIOr0 PO3BUTKY CYCHINIBCTBA, L0 Y
CBOI0 YEpry 3YMOBJIIOE BIJHECCHHSA IE€BHUX TIpPyN CYCHUIBHMX BIJHOCHH Kifepcdepu 10 KOMIIETEHILII IpaBOBOTO
peryntoBanHs. Curyallisi, sika CKJanacs Ha CbOTOJHILIHIA JeHb 3 KiOEep3JIOYMHHICTIO, BUMArae MocTiifHOro y10CKOHAJICHHS
MeTOJiB 60pOoTHOM 3 KiOep3modnHaMHu, po3poOKH iHGOpMALIHHUX CHUCTEM Ta METOMAIB, CHPSIMOBAaHUX Ha 3a0e3nedeHHs
kibepOesneku kpainn. Came TOMy, aBTOpaMH 3a3HAYEHOI CTATTI MPOBEJCHO PO3pOOKY METOJUKH OLIHIOBaHHs Kibepoesre-
KM B iHpOpManiiiHO-TeIeKOMYHIKaliifHIA CHCTEeMI CIeliaJbHOro INpu3HadeHHs. B Xoni mpoBeaeHoro MOCiiIKeHHs aBTO-
paMH BUKOPHCTaHI OCHOBHI I1OJIOXKEHHS Teopii 3B’s3Ky, TeOopil MacoBOro 00CIyroByBaHHs, IITYYHOTO IHTENIEKTY, a TAKOXK
3araJbHOHAYKOBI METOJM aHajli3y Ta CHHTE3y. BiIMiHHICTH 3alpOIIOHOBAHOI METOAMKH BiJ BiJIOMHX, 1[0 BU3HAYAE II HO-
BU3HY NOJIATA€ Y MOXKJIIMBOCTI: BUSIBJIGHHS Ta AKICHOI iHTeprpeTauii kibep3arpo3; MOJeNI0BaHHI CLIEHAPIiB eKCTpeMalbHUX
CUTYallill, BUKIMKaHUX pealli3alieo Kibep3arpos; oliHIOBaHHI PU3HUKIB, [0 MAIOTh 03HAKH JEKUIBKOX KJIACiB 1 paH)KyBaHHS
aKTUBIB iHpopMaLiHHO-TeNeKOMYHIKaLiHHOT CUCTEMH 3a CTYNEHEM X KPUTHYHOCTI; BUKOHATH OLIHKY KiJIbKOCTI KPUTHYHO
Bpa3JIMBUX aKTUBIB iHpoOpMaNiiiHO-TelIeKOMYHIKalii{HOI cucTeMu; OOTpyHTYBATH CKJIaj 1 HMOBIpHICTB peanizanii kibep3a-
I'po3, 34aTHUX BUKIMKATH €KCTpeMaibHi curyauii B iHQopMauiliHO-TeIeKOMYyHIKalili CHCTEMi; IPOBEACHHS OLIiHIOBaHHS
pHU3HKIB Bij ix peanizauii B iHpopManiiiHO-TeIeKOMyHIKaIii cucteMi. [IpakTHuHa 3HAYUMICTh 3aIPOIIOHOBAHOI METOANKH
HOJISITAa€ BTOMY, 11O i 3aCTOCYBAaHHS J03BOJIsIE aBTOMATU3YBATH NPOILEC aHalli3y Kibep3arpo3 Ta OLiHKU PU3HKIB IOpYIIEH-
Hs KiOepOe3nexu iHpopManiiiHO-TeIeKOMyHIKalii cucTeMi.

Kawo4dosi ciuoBa: «kibepnpocrip; kiGeparaky; 3axucr; kiGepOesneka; Oe3mexa JepxaBd, iH(pOpMariiHO-
TEJICKOMYHIKalliiiHI Mepexi, IITYYHUH 1HTENIEeKT.
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IHTEJEKTYAJIBHI INIAXOAU EHEPI'O3BEPEKEHHSA
Y BE3IIPOBIIHUX CEHCOPHUX KOMIT'FOTEPHUX MEPEKAX

AHoTanisi. O0’€KTOM NOCIIIKEHHSI € aHAI3 ICHYIOUMX MiJXOIIB eHepro30epexeHHs Yy OEe3NpOBIIHMX CEHCOPHHX
KOMIT’ FOTepHUX Mepekax. OOMEkEHHS eHepreTHYHUX pecypciB Oe3NPOBIAHUX CEHCOPHUX KOMII IOTEPHUX MEPEX € BellH-
Koto npotiieMoro. EexTuBHicT poO0TH 0€3MPOBITHUX CEHCOPHUX MEPEX CHIIBHO 3aJIeXKHUTh BiJl TEpMiHY iX ciyxOu. Ak-
TyaJIbHUM € BUKOPHCTAHHSI ITiIXOMiB, 1110 0a3yr0ThCS HA TEXHOJIOTI] aBTOMAaTHYHOI IMHAMIYHOI 3MiHHU JKMBJICHHS IIPOLIECO-
py (Dynamic Power Management). Lle 3yMOBIItO€ 3MEHILICHHS CIIO)KMBaHHS €HEprii y By3J1ax JaTUMKIB MiCJIs PO3rOPTaHHS
Ta [IPOSKTYBAaHHs CEHCOPHOI Mepexi. OnHUM 3 6araTboX MOXIIMBUX PillleHb i€l MpoOieMu € BUKOPHCTaHHS IHCTPYMEHTIB
IHTEJIEKTYaJIBHOTO aHAJli3y JJaHMX, 30KpeMa ITy4HuX HeipoHHux Mepex (IITHM). Taxi minxoau HaOymu akTyaiabHOCTI y
3B’S13Ky 3 THM, 110 3acrocyBanHs [IIHM no3Bonse 301nbnTH eHeproedeKTUBHICTb Y O€3MPOBIIHUX CEHCOPHUX Mepexax.
IMepeBaramu Bukopucranns [ITHM e: npocrora napalieibHO pO3IOIUICHUX 00UHCIICHB, PO3IOIICHE CXOBUILE AAHUX, Ha-
JUMHICTD JaHMX, aBTOMAaTH3allis Kiacudikarii By3/IiB JaTYNKIB Ta 3YNTYBaHHS 3 HUX. 3MEHILIEHHS pO3MIpHOCTI Ta IPOTHO-
3yBaHHs JaHHUX JATUHKiB, OTPUMAHUX 3 BUXO/IB AITOPUTMAMHU HEHPOHHUX MEPEkK, MOXKE IIPU3BECTH JI0 3HWKEHHS BUTpAT
Ha 3B’5I30K Ta €KOHOMII0 eHeprii. Bcei 1i nepeBaru 1eMOHCTPYIOTh CYMiCHICTh MK O€3IIPOBIIHUMH CEHCOPHUMH MEpexaMu
Ta IITYYHUMH HEHPOHHUMH MEpeXaMH. 3TiHO 3 HAYKOBHMH JIOCIIDKEHHSMH B Lii 00J1acTi, MOKJIMBE 3aCTOCYBaHHS Hel-
POHHHMX MEpEeX I 3MEHILICHHS CIIOKUBAaHHS eHeprii. BucHoBku. EHepros0eperkeHHs € HallBaXUIMBILIUM ITUTaHHAM Y
nporpamax 0e3NpOBITHUX CEHCOPHUX MEPEXK, SKe CIIiJl BpaXOBYBATH Y BCIX acleKTaX BUKOPUCTaHHA IMX Mepex. Helipon-
HI Mepexi sIK IHTeNeKTyallbHi IHCTPYMEHTH JAE€MOHCTPYIOTh BEIIMKY CYMICHICTb 13 XapaKTepHUCTHKaMH OEe3IPOBITHUX CEH-
copaux Mepexx (BCM) i MOXyTb 3aCTOCOBYBAaTUCS B Pi3HHX CXeMax iX eHeproz0epekeHHs. Y wLii poOoTi mpencrasiena
Kinacudikallis HalBaXJIMBIIIMX 3aCTOCYBaHb HEHPOHHMX Mepex B nuraHHiAX eHeproedexrusnocti BCM. 3acrocyBaHHs
IITYYHUX HeHpoHHnX Mepexx y BCM MoxHa y3arajbHUTH 10 HPOrHO3YBAaHHS JIAHUX JIATYUKIB, 3JIUTTS JaTUYUKIB, BUSABIICH-
Hsl Kpalloro HuIAxy, kiacudikaiii faHUX NaTYMKiB Ta KiacTepusauii By3iiB. [IponoHyeTbcss BUKOPUCTaHHSA MOIU(ikoBa-
HOr0 METOHy KapT camooopraHizauii KoxoHeHa mis migBUILEHHSA e()eKTHBHOCTI pOOOTH alNropUTMiB HEHPOHHUX MEPEX.
Bce 11e npu3BoauTh 10 MEHIINX BUTPAT Ha 3B'I30K T4 €KOHOMIIO HEprii B CCHCOPHUX Mepexax.

Kawo4oBi cioBa: Oe3mpoBiHAa CEHCOPHA Mepexa; CHepro30epexeHHs; Ty Ha HeHPOHHA MepeKa; 1HTeNeKTyaIbHHI

aHaNi3 JaHWX; KapTa caMooprasizaiii KoxoHeHa.

Beryn

SIKiCHMIT MOHITOPHHT' HaBKOJIMIITHOTO CEepeIOBUINA
3a JIOMOMOTOI0 OE3NPOBIAHUX CEHCOPHUX MEPEK I0-
TpeOye BUPIMICHHS AEAKHX AaKTyaJbHHX IMTaHb, SKi
TTOB’s13aHi 3 OCOOJIMBOCTSMHU MICIIEBOCTI TX PO3MIIIICHHS:
OTPUMAHHS JIOCTYITY 1O KO)KHOT'O 3 JJaTUYMKIB Ta MOCTiH-
HE OTPUMaHHS JaHWX 3 MiCIlb, JI€ JIIO/INHI CKIIAJHO TPH-
BaJMi 4ac nepeOyBaTH. Y 3B’SI3KY 3 LHM, MPOIYKTHUB-
Hicte BCM y Benukiid Mipi 3a€XUTh BiJl IXHBOTO Tep-
MiHy cinyx0u. TakuM 4nHOM, eHepro30epeKeHHs € ce-
PHO3HUM 1 KPUTUYHHUM acHEeKTOM TP MPOEKTYBaHHI Ta
PO3BUTKY OE3IPOBIIHUX MEPEXK, a TAKOXK 301TBIICHHAM
TpHUBaNOCTI iX BUKOpUCTaHHS. JlocsrHeHHs Oa)kaHOTO
CTYNEHs] eHepro30epekeHHsl € NOUIBHUM IUIIXOM 3a-
CTOCYBaHHSl PO3YMHOTO YIIPaBJIiHHS €HEPreTHYHUMHU
pecypcamu. Bimomum € Tol ¢axT, o0 €Heprocrnoxu-
BaHHS IIJJICUCTEMH 3B'SI3Ky € Habarato OULIBIINM, HIX
00YHCITIOBAIBHOI MifcUcTeMH. J{OCIiKEeHHS TTOKa3ay,
mo nepegadya 0ita JaHuX Motpedye Takoi K KUTBKOCTI
€HEeprii, 1K BUKOHAHHS JTCKUIBKOX THCSY IHCTPYKIIH [2].
Omxe, Mae OyTH KOMIPOMIC MiX 3aBJaHHSIMH 3B’SI3KY
Ta 00poOku. CHOXKMBaHHS €Hepril pajioMonyls B yCixX
peXUMax MpuiioMy, Tiepeaadi Ta X0JIOCTOro X0ay € Ofi-
HAKOBUM, TOJ SIK CIIOKUBAHHS €HEpTii anapaTHUX KOM-
TIOHEHT Pa/lioOTPaKTy 3MEHIIYEThCSl NMPHHAWMHI Ha TO-
psanok y pexumi cHy. TakuM 4YnmHOM, €(EKTHBHUM €
BUMKHEHHS PaJiOMOIYJIO0, IOKH Y HhOMY HEMae HeoO-
xigHOCTI. BigmOBITHO MO KOHKPETHOTO 3aCTOCYBaHHS,
CEHCOpHA MiJicucTeMa MoXe OyTH 3HaYHHM JDKEpEIOM
CHOKMBaHHS eHeprii. Y I[boMYy BHIIQJIKY II€ CJiJl Bpaxo-

ByBaTH B eHeproedexkTHBHUX migxonax. B [2] npencra-
BJICHA JJOCKOHAJIa CHCTeMaTHKa, sIKa PO3ALISIE BCi eHep-
roe)eKTUBHI MiIXOJX HA TPU OCHOBHI I'PYIH: IUKJIIUHE
BUKOPHCTAHHS, CKOPOYEHHsI JaHHUX Ta IiAXOAW Ha OC-
HOBI MOOiTBHOCTI (pHc. 1).

OcTraHHIM YacoM iCHYE BEJIMKHUI 1HTEpEC 10 BUKO-
PHUCTaHHS IHTENEKTYaJbHUX I1HCTPYMEHTIB, TaKHX SK
[ITHM [3], B eneproedextuBanx meronax bCM. IITHM
— e apu(pMETUYHI aAITOPUTMH, SKi 3[IaTHI 3aCBOITH
CKJIAJHE CITIBBIOHOIIEHH MiX BXIJHUMH Ta BUXIIHAMUI
JTAHAMH BIANOBIAHO JIO KOHTPOJIHOBAHOTO HABYAHHS
abo xiracudikyBaTH BXiJHI JaHi, 110 3aJaHi HE BiIKpHU-
TO, BUKOPUCTOBYIOUHM HaBuaHHs Oe3 Bumrens [3]. Jeski
aJITOPUTMHU, IO PO3POOJICHI B pPaMKax KIIACHYHHUX INTY-
YHUX HEHPOHHHUX MEPEeX, MOXKYTh OYTH JIETKO 3aCTOCO-
BaHi /10 OE3NPOBIMHUX CEHCOPHHX ILIATPOpPM, 1 B TOH
)K€ 4Yac BOHU MOXYTh BiIIOBIZIATH BUMOT'aM JI0 CEHCOp-
HHUX MEPEeX, TAKHM SIK: TIPOCTE TapajielibHe pO3IOoJIiieHe
O0YHCIICHHS, PO3MOJiIeHe 30epiraHHs, HaIIHHICTh Ja-
HUX Ta aBTOMAaTUYHA KIacu(iKaIris.

SAxmo posrsiHyTH BCM 3 TOUKH MOy 3HUKEH-
Hsl BUTpAT Ha 3B’s130K Ta €KOHOMII eHepril, HeHpOHHI Me-
PEeXi 374aTHI 3MEHIITYBATH PO3MIPHICTh 3aBJISIKH BIIACHUM
anroputMaM Kiactepizamii. Onniero 3 Takux IIHM e
amapatr mepex Koxonena [3]. LleHTpamizoBaHuii xapak-
Tep Mepexx BCM, B sIKUX BCi JjaHi 3 BY3JIiB IaTYHKIB Yac-
TO JIOBOJMTHCS HAJCWIATH Ha (SK MPaBHIO, 30BHIIIHIO)
0a30By CTaHIIIO, JI03BOJISIE BUKOPUCTOBYBATU 3[aTHICTh
HEWPOHHUX MEPEeXK NepeadayaTH NOKa3HUKH JIATIYMKIB Ha
0a30Bili CTaHIi, [0 CYTTEBO 3MEHIIUThH HEMOTPIOHI KO-
MYHIKaITii Ta 3a01aJUTh 3HAYHY CHEPTiI0.
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Puc. 1. [Tixxomu no eneprozoepexxenns bCM

[HOIIMM Ba)XTMBMM YHMHHUKOM BUKOPHCTAaHHS Me-
ToJiB HelipoHHMX Mepex Y BCM e ananoris ix 3 [ITHM.
PoGora [4] cBimuuts mpo Te, mo IIIHM matoth Taky
camy apxiTekTypy, mo i BCM, ockilibku HEHpOHH BiJ-
TMOBIZIAl0Th BY3J1aM JIaTYHMKIB, a 3'€IHAHHS BiJIIOBIIAIOTH
JHISIM pajio3B’si3Ky. 3aCTOCYBaHHS IMapajurMu Hew-
POHHOI Mepexi B KOHTEKCTI CEHCOPHHUX MEpPEX MOXKe
MIPU3BECTH JI0 TIIMOMIOr0 PO3YMiHHS IIPOIECIB, IO Bif-
OyBarOThCS BCepeanHi. 3 i€l TOYKU PO3IIISIHEMO BCIO
CEHCOPHY MEpEXY SIK HEWPOHHY MEpEexy, 1 B KOKHOMY
BYy3J1i jaTuuka BeepenuHi BCM Takok Moxke mpartoBa-
TH HEWpOHHA Mepexa Ui NMpUHHATTS pimenHs. OTxe,
eeKkTUBHI peasizalii HEHPOHHUX MepeX i3 BUKOPHUC-
TaHHSAM TMPOCTHX OOYHUCIEHb MOXYTh 3aMIHWUTU TpPaid-
LiifHI aXropuT™MH OOPOOKH CHTHANIB, IO JO3BOJISIOTH
BY3JIaM JaT4YHKiB OOpOONATH JaHi, BUKOPHCTOBYIOUH
MEHIIIEe PecypCiB.

Enepro3oepe:keHHsI CEHCOPHUX MepeK 3
BHKOPUCTAHHIM HITYYHHX HEHPOHHUX Mepex

HeiipoHHa Mepesxa — 1ie BeJrKa cucTemMa, 1o Mic-
TUTPH TIapalieNibHi a00 pO3IOAiSIeHi KOMIIOHEHTH 00po0-
KU JaHuX (HeWpoHW), mo 3'eqHaHi Tomosorieto. L1 Heid-
pOHHM TTIOB’s13aHI yepe3 3BaKeHi 3B’s13KkH (cuHarich). Ba-
TOBI BEKTOpPH 3'€IHYIOTh MEPEKHHUH BXiIHHUU PIBEHH 13
BUXITHAM mmapoM. [Ipu IIbOMy BUKOPHCTOBYIOTHCS
apu(METUYHI aJTOPUTMHU, SKi 37aTHI 3aCBOITH CKJaHi
CIIIBBITHOIIEHHS MK BXIJHAMHU JAHUMH Ta BUXIJHAMU
(HaB4yaHHs 3 BuMTeneM), abo kiacu(ikyBaTH JaHi, IO
3aJlaHi HESBHO, IIPY HaBYaHHI 0e3 BUMTENs. AJile BUHH-
Kae mpobiieMa 0OpaHHs BiAIMOBITHOI TOMOIOTIT HEHPOH-
Hoi Mepexi. Llell BUOIp 3aJIeXuTh Bijl BIaCTHBOCTEH Ta

HAKOIIBII MOXKIIMBUX METOJIB BHUPIIIEHHS MTPpOOJIeMH, a
Takox Biactuocreil camoi IIIHM. HeoOxigHo 3a3Ha-
YHTH, IO iICHye 0arato HaBYAJILHHUX MPAaBUII TPEHYBaH-
Hs HTHM. V 6inbmocti nux Mepex HaBYaHHS 0a3yeTh-
cs Ha HaBYaHHI Ha NpUKiIagax. TakuM YWHOM, HaOIip
NMPaBWIBHUX JaHWX (BXII-BHXiJ) YacTo MepeaaeThCs
Mepexi, 1 Ha IMX MPUKIaZax Mepeka MOBHHHA 3MiHIO-
BaTH 3HA4YeHHs Bar, 1100, BBOJSIYM HOBI JlaHi, Mepexa
MOrJIa TIOBEPHYTH MPAaBUIIbHI pE3yJIbTaTH Ha BUXII.

Opuiero 3 HaliBaxxusimmx Biiactusocreit IIIHM e
3IaTHICTH PO3IMi3HABATH JIaHi, Ha SIKi BILUIMBAE IIyM a00
IHIIII YMHHUKY, 110 1HOJI MPU3BOAUTH JI0 3MiH B MEPEXKI,
1 BUAAJATH IIi 3MIHM ICIsA TEepeHaBYAaHHA. ICHYIOTBH
Pi3HI THITH TOIIOJIOTIH, KOXKHA 3 SIKHX Ma€ pi3Hi MOXKIIH-
BOCTI BIJIMTOBITHO 10 HEOOX1THOTO 3aCTOCYBaHHs. MOX-
JIUBOCTI Mepexki 3ajexarh Bifl 11 CTPYKTypH, JHHAMIKA
Ta TpaBWI HaB4YaHHS. HalBakimuBimn mporpaMu BKIFO-
YaloTh NPOTHO3YBaHHs, Kiacuikaiio Ta igeHTugika-
1ito.

Crij 3a3Ha4YMTH, 10 HEHPOHHI MEPEXi HE € METO-
JlaMH €HEepro30epexeHHs 1 He MOXKYTh CAMOCTIHHO JO-
MOMOI'TH 30€pEerTH CHEPril0 CEHCOPHUM Mepexam, aje
BOHH MOXYTh OyTH BHKOPHCTaHI B SIKOCTi iHTEJEKTYya-
JBHAX 1HCTPYMEHTIB aisi Oinbll edexkTUBHOI poOOTH
ICHYIOUMX METOMIB eHeproz0epexeHHs. MOXIHUBOIO €
peanizanis noBHux [ITHM Ha KOXXHOMY OKpEMOMY BY3Ti
JaTYMKa 3aBISKH 3rajaHiil panime aHamorii Mixx BCM
ta [ITHM.

EneproedexkTuBHi mixoau, 3acCHOBaHI Ha HEHpOH-
HHUX Mepekax, TAKOK MOXKYTh OyTH Kiacu(ikoBaHi Bi-
TMIOBIZIHO 70 POJIi, SIKY BOHU BiJirpatoTh y HUX, abo Bil-
TIOBIZIHO JI0 32CTOCOBYBaHUX HEHPOHHHX TOIOJOTIH.
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Ha puc. 2 mpencraBieHo Kiacu]ikalliro MOXIIH-
Bux poneii IIIHM, ne mepmmii croBmens BigoOpakae
poIb, SIKY Bifirpae HEHpOHHa Mepexa, NPYTruil CTOB-

Telb MPECTABIISAE BiIOBIHY TOMOJIOTIIO, 0 BUKOPHU-
CTOBYIOTBCS U HEi, a TPeTid CTOBIECIb - KAaTEropito
MiIXOMY A0 30epeIKeHHsI eHepril.

Pore, 8Ky Bigirpae . Kateropia Texzonorii
Ne P Tonomnoria IITHM P
IITHM eHeprozoepeKeHH
EneproegextieHe . N
1 = KapTi camMoopraHisanil MapmpyT KTy 3al0BHEHHA
BLIKPHTTSA IUTAXY . -
Knacrepizamnis 8 . MapmpyT K1Y 3anoBHeHHA
. P Momnndikosai KapTi PHIPY .
2 | eHeproedeKTHIBHHX S 3 BUKOPIICTAHHAM
. . caMoOTpaHI13alll .
PeAIIMIB KIacTepizanil
— . : Mapm IKTV 3AII0BHEHHA
Budip romosHOro Moaudikosasi kapTi PIOPYT THEC
3 R 3 BIKOPIICTAHHAM
KacTepa caMooTpaHi3amil ] SR
KIacTepizamil
KapTti camoopragizamii;
. Mepeka 3 IPAMIIM . - =
ATperyBaHHEA/3THTTA : CKOpOYeHHA NaHNX B 00podmi
4 POZNOBCHKEHHAM CHIHANA Ta .
HJaHHIX . MEPeKI
3BOPOTHIM
PO3MOBCIOLKEHHAM IOMILIKI
_ . CKOpOYeHHA 1aHIX B 06podui
5 | Acomiamia JaHIx Mepesxa Xondinia po® A PO
Mepei
6 AcorTiania MoOLTEHIIX KoHKypeHTHOCTIPOMOKHA CKOpoTeHHA JAHIX B 00podmi
JIAHIIX Mepexka Xondinaa Mepei
e CKopoYeHHA JaHIIX B 00poomi
7 | Kmacugikamia/ Kaptir camoopraizanii, ART1 e P i ‘ P
KTacgiKaria Jasmux be
Mepeska 3 IpsvimM
PO3MOBCIOKEHHAM CHIHATA T4
3BOPOTHIM CKOpO9YeHHS JIAHIIX,
8 | IlporHozyBaHHA JaHIIX
: POZNOBCIO/GKEHHAM NOMIUTKIL; | NPOrHO3YBAHHA JAHITX
mepexa Emvana; pagiankHO-
DazlcHa Mepeka

Puc. 2. Knacudixanis moxnusux poneii [IIHM B nutaHHsAX eHepro3oepekeHHs

3 puc. 2 BUAHO, 110 JESKi MOXJINBOCTI HEHPOHHUX
MepeX MOXKYTh MICTUTHCS B I€KIJIBKOX KaTEropisx eHe-
proeeKTUBHUX METOAIB a00 MOXKYTh OYTH ITiAMHOXH-
HOIO IHIMX KaTeropii (HampHUKIaJ, acoliamis JaHUX €
iIMHOKUHOIO 3JIUTTS IaHHX).

Takox 1mokasaHo, 1110 KapTH caMoopraHisariii, oue-
BHJIHO, MAIOTh OLJIBIIE 3aCTOCYBaHHS B METOAAxX €Hep-
ro30epeXeHHs. B TOPIBHAHHI 3 IHIIMMH HEHPOHHUMHU
TOMOJIOTiIMU. X0Ya IIe IUPOKE 3aCTOCYBAHHS IIUX KapT
MOXKHa TOSICHUTH iX CYMICHICTIO 3 0OaraTOBHMipHUMH
JTAHAMH, CaMOOPTaHi3ali€l0 Ta HEYITKHM XapaKTepoM
0e3MPOBITHOI CCHCOPHOI MEPEXi.

VY 1mi#f cTarTi AETamhbHO PO3TIIIHEMO eHEeproedek-
TUBHICTh MapUIPYTH3allii 3 BUKOPUCTAHHIM KapT caMo-
oprasisarii.

MeTor0 podoTH € aHaNi3 KapT caMooprasizamii
KoxoHeHa CTOCOBHO BUKOPHUCTaHHS Yy O€3MpoBinHIiH
CEHCOPHIN MEpEexi 3 METOI0 eHEepPro30epeKeHHsI.

CporoziHi paio3B's30K € HAHOLIBII €HEPrOEMHUM
3aBJaHHsIM O€3IMpOBIAHOT CEHCOpPHOI Mepexki. baraTto
JIOCITI/KEHb OYIJIO 30Cepe/KeHO Ha eHeproe(eKTUBHUX
MPOTOKOJIAX MapUIPyTU3allii Il BUPIIIEHHs Ii€i mpo-
Oemu.

Mapuipyrusaiiisi — ofHa 3 HaHBXIIMBIIIUX MPO-
OneM Oe3MpOBIHOI CEHCOPHOI MEpexi, SKa MOXe ITi[-
TPUMYBaTH TPOAYKTUBHICTH Mepexi. Uepe3 eHepreTny-
Hi OOMEXCHHS KOXKHOT'O BYy3Jia B OC3MPOBIIHIH CEHCOp-
Hill Mepexi, MapHIpyTU3allisi TOBUHHA 3/1HCHIOBATUCS
TaKUM YHHOM, 100 30aaHCYBaTH CHOKMBAHHS €HEpril

MIX yciMa By3JIaMH, II0 B€JI€ /10 MIPOJIOBKEHHS TEPMiHY
ciryxOu Mepexi Ta 3a0e3MeUnTH MOKPUTTSI Mepexi. Ye-
pe3 oOMexeHHsT 00pOOKH JaHUX Ta CHEPTrOCIIOKUBAHHS
BHUKOPHUCTAHHS IITYYHOTO 1HTEJEKTY iCTOPUYHO BiIKHU-
JIaocs.

OpHak y NesKMX CIeliajJbHUX CLEHapisx 0coOiu-
BOCTI HEUPOHHHUX MEPEX JIOPEUHI JJIs PO3POOKHU CKIIaI-
HUX 3aBJIaHb, TAKHUX K BUABICHHS MapUIpyTy.

Knacrepusanisa nanux 8 BCM

Kapra camoopranizanii Koxonena (KCK) — ue He-
KOHTpOJIbOBaHa HeHpoMepekeBa CTPYKTypa, L0 CKJIa-
AETBCSA 3 HEWPOHIB, OpPraHi30BAaHUX 3a PETYISAPHOIO
CITKOIO HU3BKHUX PO3MIpiB.

KokeH HeWpOH MpeacTaBieHWH n-MipHEM Baro-
BHUM BEKTOPOM, JI€ N JIOPIBHIOE PO3MipaM BXiJTHHX BEK-
TopiB. Baroi Bekropu (abo cuHaricu) 3'€IHYIOTh BXiJ-
HU piBEHb 13 BUXIIHUM IIAPOM, SIKUH Ha3MBAETHCS Ka-
PTOIO0 200 KOHKYPEHTHUM LIapOM.

HeiipoHu 3'eTHYIOTBCSI MiXK COOOIO 32 JJOIIOMOT OO
¢yHK1i cycigcrBa. [Ipu 1bOMY KOXKEH HEHPOH BXiIHO-
rO IIapy IOB'S3aHUH 3 yciMa HEHpOHaMHU BHXIJIHOTO, a
BCEpENMHI 1IapiB 3B'A3KIB HEMAE.

Ha HelipoHU BXiJHOrO mapy IOJAarOTHCS BEKTOPH
03HaK 00'€KTIB, IO KJIACTCPU3YIOTHCS.

Sk 1 B 3BUUAliHII HEWPOHHIN Mepexi, BXiJHI Heil-
poHH He OepyTh y4acTi B mporeci HaB4aHHs i 0OpoOI
JAHUX, @ TPOCTO PO3MOAUIAIOTH BXITHUH CHIHAN IO
HEHpOHAM HACTYIHOIO IIapy (puc. 3).
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Puc. 3. Monens KCK

KoskeH BXiZIHUI BEKTOp aKTHBYE HEHPOH Yy BHXIiJ-
HOMY IIapi (Tak 3BaHUI HEHPOH-TIEPEMOXKEIb) Ha OCHO-
Bi #oro Haiibinkmoi moxioHocti. IloniOHiCTh 3a3BHYAlf
BUMIPIOETBCSI €BKJIIJIOBOIO BIJICTAHHIO JIBOX BEKTOPIB.
BaxuBoro BiAMIiHHICTIO HaBYaimbHOro anroputMy KCK
BiJl IHIIUX &JITOPUTMIB BEKTOPHOTO KBAHTYBaHHS € Te,
IO HE TUTBKM HaWKpail y3ro/pKyBalbHI OMUHUII (HEH-
pOH-TIEpEMOJKELIb), ajle i HOro TOMOJIOTivHI Cyciau Oy-
JIyTh OHOBJICHI.

Y poGoti [5] aBTOpH 3ampOIIOHYBAJIN IHTEICKTYa-
JIbHUN MeToJl, 3acHoBaHUl Ha Helpomepexax KCK, mo
OINTHMI3YIOTh MapUIPYTH3AIiI0 3 TOYKU 30py €HEepros-
OepexeHHS Ta OOYHMCITIOBAJIBHOI MOTY)KHOCTI KOXKHOTO
By3ia. Lleit aaroputM OyB po3poOieHuil mist 6e3npoBi-
JTHOTO CEHCOPHOro By3ia. KojkeH By30J Mae 3Ha4YeHHs
3aBISIKM CBOIH pOJi B MapuIpyTH3allii, Tak IO BY3IH,
SIKI BAKOPUCTOBYIOTHCS Olibllie, HIXK iHIII BY3JIH B Ma-
plIpyTH3allii, MaloTh Oijble 3HAYEHHS 4yepe3 CBOI IIo-
3unii. Busnaueno napamerp Network Life Time (NLT),
SIKMH € CYMOIO BY3JIiB Y MapUIpyTU3alii B MOMEHT 4acy
t Ta BEJIMYMHOIO €HEPrOCIIOKUBAHHS BY3Ja Ul Mapll-
pyruzauii. Buxopucrano neiponny mepexxy KCK, mo6
BU3HAYUTU KOXKEH BY30JI, IO MICTHTh NaKeT IaHUX, i
B3SITH y4acTh y MapuIpyTusaiii abo CKHIaHHI Makery.
AnroputM HaBuaHHs KCK BukopucToByeThCs A7 Ha-
BYaHHS HEHPOHHOI Mepexi. Sk TibKu makeT npuoyBae,
Horo BekTop (QyHKUii Oyae BUTSATHYTHIA, i e BEKTOp
oyne Binnpasnenuii 1o KCK mporo By3na sk Bxia. Mera
- makcumizyBatu napamerp NLT. Ilicis nepemoru By3-
J1a B KOHKYPEHTHi# 00poThO0i 3 IHIIMMH By3JIaMH J103BO-
JISIETHCS BIATIPABIISITH MAKeT 1 OpaTH ydacTh y Mapuipy-
Tu3aii. B iHOIIOMY BUNaaKy BiH NOBUHEH CKHHYTH Iia-
ker. Ockinbku anroputmu HaByanHs KCK 3a3Buuaii
MIiMOPAAKOBYIOTHCSL  JTIHIHHAM  OOYHUCICHHAM, OYyI0
3pOOJICHO TPHITYLIEHHS, IO Il MEeToa MOoXe OyTH
eQeKkTUBHUM [T OEe3NPOBIIHUX BY3IIB uepe3 iX oOMe-
JKEH1 OOYMCIIEHHS Ta EHEPreTUYHI MOTYXHOCTI.

PaaukanbHUM crioco0OM MiIBUINEHHS €(eKTHBHO-
CTi poOOTH OOYUCITIOBAILHUX 3aCO0IB € 3aCTOCYBaHHS
postoziseHoi 00poOKH JaHUX, TPH SIKii nependavaeTsb-
cs JCKOMITO3HMIIiSE OOYMCIIOBAIBHOTO MpOIECY, BimO-
KpeMJICHHS He3aJIe)KHHUX (parMeHTiB 1 peajizaiist Bin-
MOBIZIHUX OOYHUCIIEHB Y BUIJIS/II HE3aJISKHHUX MOTOKIB Ha
OKpEeMHUX BY3Jax HasBHUX OOYHCIIOBAaJIbHUX CHUCTEM.
OO0uncroBalibHa cucTeMa Moxe OyTH, 30KpeMa, JIOKaJIb-
HO-MEPEXEBOI0 ab0 arapaTHoO 30cepeDKEHO0, 10 pea-
Ji30BaHa y BUMIAAI KOMITIOTEpa 3arajbHOr0 IpH3HA-
YeHHs 3 0araTosiIEpHUM IIPOIIECOpPOM abo Xk peajlizBaHa
y Burisiai BCM. IlpexacraBnsie iHTepec edeKTHBHE TO-

€JIHAHHS aJTOPUTMIYHHUX PIllIEHb 3 KOHKPETHUMH CTPY-
KTypHO-allapaTHUMU MOXJTUBOCTSMHU OOYUCITIOBAIBHUX
cucreM. HasiBHICTh mapanienbHHUX TIJTOK 1 HE3aJeXHUX
OJIOKIB BHKOHYBAHOI'O aJTOPUTMY Ma€ NpPHUAMATHCS B
PO3PaxyHOK 1 peai3oBYBaTHCS 3 ypaXyBaHHAM HasiBHUX
MOKJIMBOCTEH 1 CTPYKTYPHUX OCOOJHUBOCTEH PO3IOIi-
JIEHOT 00pOOKHU JaHHUX.

Oowmexennsm knacnyHnx KCK e «mokpokoBay
00poOKa HaBYATHHHX O0pa3iB: €IEMEHTHE IMpPE. sIBJICH-
HS BX1THUX 00pa3iB 1 KOPEKIisi CEHCOPHOro MOJIS Micis
00pOOKHM KOXKHOTO 3 MepemaBaibHuX. MoaugikoBaHi
CKK [6,7,8] npuiryckaroTh «makeTHy» oOpoOKy HaBya-
JBHUAX BXiJHUX JaHuX. OOpa3u HaBYaIbHOI BHOIpKH
HAJXOJATh TOCIIJOBHO, 1 SKIIO IX paaiyc BIUIUBY Ha
CEHCOpHE TI0JIi HE B3a€MOIEPETHHAETHCS, TO PE3YIbTY-
104a KOPEKIIisi CEHCOPHOro IoJisi BiaOyBaeThes micis (i
3a pe3ylbTaTaMH) HaJXOIDKEHHS BCHOrO makery. llpu
LLOMY MaTpHIIS pe3yIbTyI0U0l KOpeKiii OymyeThcs Tax,
o BKJIIOYAae B cebe BCi OKpeMi KOpeKii, BiqIoBimHi
OKpEMHUM TIpe[l'siBIIEHMM 00pa3aM, IO NpOSBUBCS Ha
PI3HUX HelepeciyHuX MiITHKax ceHcopHoro moms. [o-
CATHYTHH BHrpam e(peKTUBHOCTI 3a0e3reuyeTbest 3a
paxyHOK CKOpOYeHHsI 00poOOK CEHCOPHOTro IoJs 1 00y-
MOBJICHHH 00CSTOM He3aJeXHUX HaBYaJIbHUX 00pa3iB B
«makeTi» (HaBYaIbHINA BUOIPII).

Knacrepna mapuipyru3zanist [9] — ue HaiOiabI va-
CTO BUKOPHCTOBYBaHI €HEProe(eKTUBHI IMPOTOKOJIH
Mapuipyru3amii B 0e3NpoBiIHMX CEHCOPHHX MEpexax,
SIKI YHUKAIOTh apXiTEKTYpH €IMHOI0 LUTIO3Y ILISXOM
MOJTTY MEPEKEBUX BY3JIiB HA KUJIbKA KJIACTEPIB, TOMI K
roJIoBa KOXKHOTO KJIacTepa BHKOHYE POJIb JIOKAJIBHOI
0a30BOi cTaHIil. ANTOPUTMHU KJIACTEpHU3allii 4acTo BH-
KOPHCTOBYIOTH TOIIOJIOTIYHE CYCIJICTBO 200 CYMIXHICTh
SIK OCHOBHUI TTapameTp i1t OpMyBaHHS KIIacTepiB.

[IporionyeThes KiacTepu3alisi BY3JiB JaTUYUKIB 3a
nonomororo KCK, oOuncioeTbest 11t pi3HOI KUIBKOCTI
BY3JIiB, OCpy4H pi3HI MapaMeTPH By3ja TaTUNKa, TaKi K
HAIPSMOK, ITOJIOKCHHS, KIJIbKICTh CTPUOKIB, PiBHI eHEp-
rii, 4yTIMBicTh, 3aTpuMKa Toito. Habip manux criodart-
Ky Kiactepusyerhes 3a nornomoroto KCK, a nmorim kia-
cTepu3yeThest anroputMoM K-means[3]. 3MiHHUMHU, SIKi
CIIiJ| po3MIIAAATH SIK BXigHWI HaOip maHux SOM, € ko-
OpJIMHATH X 1 Y KOXXHOTO BY3J1a B MEPEXKEBOMY IPOCTOPI
Ta eHepreTUYHU piBeHb ix. Hacnpasni, 3MiHHI KiacTe-
pu3allii MaroTh J[Ba Pi3HUX THITH: BiICTAaHb Ta €HEPTisl.

By3nu patdukiB B AaHii oOnacTi 3a3BHYail yTBO-
PIOIOTH YYTJIMBHH KJacTep i MpalioloTh pa3oM po3Hozi-
JICHUM 1 TapajieIbHUM CII0COOOM, IMOMIOHO 10 mapy
HeHpoHiB. [[aHi BCIX JaTYHMKIB-WICHIB 30HIYIOYOr0 Kiia-
cTepa MOXOTh 3 OJHOI'0 KOHTEKCTY, alleé BOHM Pi3Hi,
OCKIIBKM KOXKEH JAaTYUK Ma€ Pi3Hy TOYKY 30py uepes
CBill pi3HMH CTaH, HANPHUKJIA HOTO MO3HMILIS OO0 MOIII.
Tomy 1i pi3Hi JaHi By3iB KiacTtepa MOBUHHI OyTH CTH-
CHYTI Ta 3JIMTI 332 JOIOMOI'OI0 METO/IiB 0OpOOKU B Me-
pexi. Taka 0OpoOka KOHTEKCTHOI iH(popMaii 3iHCHIO-
eTbed Takox [ITHM.

VY [10] netiponna mepexxa KCK Oyna Bukopucrana
JUTST 3MEHIICHHS Ta Kiacugikamii momiOHMX MOMEeseH.
Byno Bukopucrano KCK B iepapxiuHiii (Ha OCHOBI KJia-
cTepa) MepexeBill apxXiTeKTypi, B SKill BY3JIM OpraHizo-
BaHI B KiJIbKa KJIacTepiB 3 TOJIOBKOIO KiacTepa abo
LEHTPaMH 3JIUTTS. 3HIKYIOUM 00CAT JaHUX, IO IMiJs-
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raroth nepenavi, KCK BukoHye Kiacrepusaiiro momio-
HuX mabsoHiB. 1g XapakTepucTHKa T03BOJISE BU3HAYH-
TH B3a€MO3B'SI3KU MiJK 3aKOHOMIPHOCTSIMH, IIIO MTPU3BO-
IUTh 10 1X kiacudikaii. Ilelr MmeTom MoXe 3aCTOCOBY-
BaTHUCs B J0JaTKaX, kepoBaHux momismu, ae KCK moxe
kimacuikyBaTH MO0 Ta IiJABHUIIMTH HaTiHHICTH pi-
IICHHS.

BucHoBku

EneprozoepexeHHs € HAHBaXKIMBILIMM ITUTAHHSIM
y mporpamax Oe3NpOBITHHX CEHCOPHUX MEpex, SKe
CJIiT BpaXOBYBaTH Yy BCIX acIleKTaxX peaiizallii ux Me-
pex. HelipoHHiI Mepexi siK IHTeNeKTyallbHi iIHCTPYMEHTH
JIEMOHCTPYIOTh BEIIMKY CYMICHICTD 13 XapaKTepHCTHKA-

Mu BCM i1 MOXyTh 3aCTOCOBYBATHCSI B PI3HHX CXEMax
iX eHepro30epexeHHsI.

VY wiit poboTi mpencrarieHa kinacudikailis HaiBa-
JKITUBIIIUX 3aCTOCYBaHb HEMPOHHUX MEPEX B MUTAHHSIX
eneproedexkruBHocti BCM. 3acTocyBaHHS INTYYHHX
HelipoHHuX Mepex y BCM MoxHa y3araabHUTH 10 IIPo-
THO3YBaHHS JaHUX JATYMKIB, 3JIUTTS JAaTUYMKIB, BHSIB-
JICHHS KPaloro MuIixy, Kiacudikaiii JaHUX TaTYUKIB
Ta Kjactepusaiii By3miB. [IpONOHyeThCS BUKOPUCTAHHS
Mo(iKOBaHOIO METOAY KapT camoopranizaiii Koxo-
HEeHa ISl IiJBUIICHHS e()eKTHBHOCTI pOOOTH aJrOpHT-
MiB HEHPOHHHX Mepex. Bce e mpu3BoANTh 10 MEHIINX
BUTpaT Ha 3B'S30K Ta €KOHOMIIO €Heprii B CEHCOPHUX
Mepexax.
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Intellectual approaches to energy saving
in wireless sensor computer networks

V. Diachenko

Abstract. The object of research is the analysis of existing approaches to energy saving in wireless sensor com-
puter networks. Limiting the energy resources of wireless sensor computer networks is a big problem. The efficiency of
wireless sensor networks strongly depends on their service life. The use of approaches based on the technology of auto-
matic dynamic power change of the processor (Dynamic Power Management) is relevant. This leads to a reduction in en-
ergy consumption in the sensor units after the deployment and design of the sensor network. One of the many possible
solutions to this problem is the use of data mining tools, in particular artificial neural networks (ANN). Such approaches
have become relevant due to the fact that the use of ANN allows to increase energy efficiency in wireless sensor networks.
The advantages of using ANN are: simplicity of parallel distributed calculations, distributed data storage, data reliability,
automation of sensor node classification and reading from them. Reducing the dimensionality and prediction of sensor
data obtained from the outputs of neural network algorithms can lead to lower communication costs and energy savings.
All these advantages demonstrate the compatibility between wireless sensor networks and artificial neural networks. Ac-
cording to scientific research in this field, it is possible to use neural networks to reduce energy consumption. Conclu-
sions. Energy saving is a key issue in wireless sensor network applications that should be considered in all aspects of us-
ing these networks. Neural networks as intelligent tools demonstrate great compatibility with the characteristics of wire-
less sensor networks (WSN) and can be used in various energy-saving schemes. This paper presents a classification of the
most important applications of neural networks in energy efficiency WSN. The use of artificial neural networks in WSN
can be generalized to sensor data prediction, sensor fusion, better path detection, sensor data classification, and node clus-
tering. It is proposed to use a modified method of Kohonen self-organization maps to increase the efficiency of neural
network algorithms. All this leads to lower communication costs and energy savings in sensor networks.

Keywords: wireless sensor network; energy saving; artificial neural network; data mining; map of self-organization Ko-
honen.
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THE FORMATION METHOD OF COMPLEX SIGNALS ENSEMBLES WITH
INCREASED VOLUME BASED ON THE USE OF FREQUENCY BANDS

Abstract. Using known signal ensembles built on the basis of linear and nonlinear recurrent sequences, it is difficult to
obtain signal ensembles with large volumes and satisfactory intercorrelation characteristics. The purpose of the article is
the development of a method for the synthesis of complex signals ensembles of large volume by dividing the spectrum of
the descending pseudo-random sequences with low interaction in the time domain into bands with subsequent transmission
of the received signals in another range and subsequent permutations. The article presents the results of the development of
the formation method of complex signals ensembles of increased volume based on the use of frequency bands using the
process of transferring frequency elements in the operating frequency domain of LTE technology and subsequent
permutations. Applying multiple filtering to descending pseudo-random sequences with low interaction in the time domain
with re-filtering of the received signals and their subsequent permutation allows increasing the maximum volume of the
signal ensemble compared to existing complex signal ensembles used in modern radio communication systems with code
division multiplexing.

Keywords: multiple access interference, videopulse, signal spectrum width, pulse movement period, cross-correlation

function, signal base, low interaction in the time domain, complex signal

Introduction

Problem statement. Improving the modern radio
systems and networks functioning efficiency, provided
that multiple access to a variety of information
resources and technologies is possible through the use
of complex signals ensembles with large volumes.
Using known signal ensembles built on the basis of
linear and nonlinear recurrent sequences, it is difficult to
obtain signal ensembles with large volumes and
satisfactory intercorrelation characteristics [1 — 3].

The problem of increasing the volume of signals
due to subdividing of the descending pseudo-random
sequences in the frequency domain with low interaction
in the time domain with subsequent transfer to another
frequency range and permutations based on the
developed method of formation increased volume
signals due to spectral bands has been researched in the
work.

Recent studies and publications analysis. The
literature considers methods of forming complex signals
ensembles based on different types of sequences [4 — §].
Such signals are used in radio communication systems,
but in modern conditions, their statistical characteristics
do not meet the requirements of effective functioning of
modern radio communication systems.

The study of methods for signals volume
increasing in ensembles through the use of spectrum
bands has not been conducted before, and, therefore, is
an urgent task for the formation of complex signals
ensembles with large volumes for further use in radio
communication systems with code division multiplexing
in cognitive radio systems.

The purpose of the article is the development of
a method for the synthesis of complex signals
ensembles of large volume by dividing the spectrum of
the descending pseudo-random sequences with low
interaction in the time domain into bands with
subsequent transmission of the received signals in
another range and subsequent permutations.

Presenting main material

The implementation of increased volume signals
due to the use of frequency bands is based on pseudo-
random sequences with low energy interaction in the
time domain, which are described in [9, 10]. Such
sequences are characterized by the same pulse duration,
approximately the same pulse period and duty cycle, as
well as a different number of pulses in the sequences.

Pseudo-random sequences with low energy
interaction in the time domain are signals with a large
base, have a low level of cross-correlation, provide a
low level of multiple access interference and meet the
condition of minimal similarity [10].

In the process of applying bandpass filtering to
pseudo-random sequences with low interaction in the
time domain, their partitioning was performed at the
level of the frequency band. The result of this
subdivision is frequency-limited signals, which form
new signals to build an ensemble with increased
volume.

The ensembles volume based on pseudo-random
sequences with low interaction in the time domain,
which was taken as a basis, significantly exceeds the
volume of the conditionally large signal system, which
is described in [4] and is defined as:

na—l

[ln(an)]3/2 ’

Lcep =C(a) (1)

where C(a) =3r7"%a"%27203'2;

n — the number of pulses in pseudo-random
sequences;

a~1.6, according to [4].

The volume of signals ensemble obtained through
the use of spectral bands is determined by the value of
the superfactorial depending on the number of
subdivision bands (m!~1) [11]. A graphical
representation of this process is shown in Fig. 1.
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Fig. 1. Graphical representation of the estimation of complex
signals ensemble volume
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The total number of formed sequences will be
determined by the expression (2):

Ly = Lyg + Ly (ay =)+ Lo () = D)(ay = 1) +
+L (a1 = 1)(ay = 1)(az = 1) +...+ )

+Ly [ ]} (m=D),

where L,, — the number of sequences in the descending

ensemble, on the basis of which the remaining subsidiary
ensembles are formed; m — the maximum number of
bands into which the sequences are divided; a;, ap, a3 —
the filtration bands.

To increase the signal ensemble volume, the
frequency transfer of the components obtained as a result
of spectral filtering to the range of operating frequency
domain of LTE technology was carried out.

Performance of frequency transfer can be
represented in the form of the analytical expression
described in [12]:

F X (0—ap)} = s(t)e /07, 3)

where s(f) — the signal obtained by frequency filtering; X
— frequency spectrum of the signal; w,z — phase shift.

In expression (3), the signal delay leads to a change
in the phase-frequency characteristic, which shows the
ratio of the harmonic components:

sin(®)
cos(w)

To further increase the signals volume in the
ensemble, it is proposed to use permutations of the
obtained frequency segments in the formation of signals
in ensembles. An example of the formation of signals
ensemble with permutations is shown in Fig. 2.

Fig. 2 shows an ensemble fragment, consisting of
four signals, each of which is formed on the basis of
permutation of four frequency segments.

The use of permutations in the signals formation in
the ensemble allows you to leave the level of minimum
similarity of signals at an acceptable level, while
increasing the volume of the signal ensemble.

As a result of complex signals ensembles modeling,
which are formed due to the use of frequency segments,

to which the transfer to another band was applied and
their permutation, intercorrelation properties was
analyzed and calculated the values of maximum
emissions of side lobes (CCF), the results of which are
presented in the Table 1.

Fig. 3 shows the calculating result of CCF and the
points of maximum emissions of the side lobes of the
CCF for signal ensembles based on the use of bandpass
filtering sf(¢), signals based on the use of bandpass
filtering with frequency transfer sf#(¢), signals based on
the use of bandpass filtering with frequency transfer and
permutations of sfip(f).

T sft1l sft12 sft13 sft14 1]
T sft21 | sft22 | sft23 | sft24|_
T sft31 sft32 sft33 sft34 T ]
T sft41l sft42 sft43 sft44 I ]
L= l — |
sft14 sft23 sft32 sft41l
T sft24 | sft13 | sft42 | sf‘t21|_
| sft34 sft43 sft12 sft31 ]
T sft44 | sft32 | sft22 | sf‘t11|_

Fig. 2. An example of permutation
of frequency segments in a signal ensemble

Table I - The calculation results of the maximum emissions
of the side lobes of the CCF

R12 R13 R14 R23 R24 R34
sf(r) | 0.0056 | 0.007 | 0.0071 | 0.0078 | 0.0079 | 0.01
sfi(®)| 0.0056 | 0.007 | 0.0071 | 0.0078 | 0.0079 | 0.01
sfip(t)| 0.0164 | 0.0085 | 0.0092 | 0.0114 | 0.0121 | 0.0165
2 T
CCF
4+ Gf
o Sft
A e s R e R e R + s
T S P P P il
i:xz‘
g s ............ ............. ........... 4
ns 1 | 1 i 1
o 100 200 300 400 a00 500

ninj
Fig. 3. Graphical representation of CCF calculation
and points of maximum emissions of CCF side lobes
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From Table 1 and Fig. 3 it is seen that the complex
signal ensembles, which are obtained by bandpass
filtering and with subsequent frequency transfer and
permutations provide the condition of minimum
similarity of signals.

The intercorrelation properties of signals based on
the use of bandpass filtering coincide with the properties
of signals based on the use of bandpass filtering with
frequency transfer, and the intercorrelation properties of
signals based on the use of bandpass filtering with
frequency transfer and permutations deteriorate slightly
due to permutations of signal elements.

Conclusion

According to the results of the research, a method of
forming complex signals ensembles of increased volume
due to the use of spectral bands using the process of

frequency range of LTE technology with subsequent
permutations was developed. This approach increases the
amount of signals in the ensemble at the specified levels
of maximum emissions of the CCF side lobes.

The results of the evaluation of intercorrelation
properties show that the obtained signals in ensembles
have a fairly low level of cross-correlation, and,
accordingly, a low degree of interaction in the time
domain, i.e. provide a condition of low similarity of
signals. The reliability of the obtained results is
confirmed by the use of simulation methods, and the
processing of the obtained experimental results was
carried out using the methods of mathematical statistics.

In practical terms, the application of forming
complex signals ensembles of increased volume method
allows you to build cognitive radio systems with code
division multiplexing with a much larger number of

transferring frequency elements to the operating subscribers with high quality service.
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eMerton ¢popmyBaHHs aHCaMOJIiB CKJIaJHUX CHTHAJIB 30L/ILIIEHOr0 00’ €My
HA OCHOBi BUKOPHCTAHHS YaCTOTHHX CMYT

C. B. Innuxk, B. I1. JInceuko

AHoTanisi. BuxkopucroByroun Biziomi aHcam0i1i cursaiis, o0y oBaHi Ha OCHOBI JIIHIMHUX Ta HEMIHIMHUX PEKYPEHTHUX
MOC/IIZIOBHOCTEH, BajXKO OTPUMATH aHcaMOJli CHTHAIiB 3 BEIMKMMH 00CAraMuM Ta 3aJ0BUIBHUMH XapaKTepPUCTHUKAMU
B3aeMO3B'13Ky. MeToI0 cTaTTi € po3poOKa METOIy CHHTE3y CKJIaJHHX aHCAMOJIB CHI'HAJIB BEIUKOrO OOCATY IUIIXOM JiTeHHS
CIIEKTPY HU3XIIHUX ICEBJOBUIIAJIKOBHX I1OCIIZIOBHOCTEH 3 HU3BKOIO B3a€EMOJIEI0 B 4acoBiil o0iacTi Ha CMYru 3 IOJANBILIOKD
Hepeiauero NPUHHATUX CUTHAIIB B IHIUMH Jara3oH i HACTYNHI NEPEeCTaHOBKH. Y CTaTTi BUKIAJEHO PE3ylbTaTH PO3POOKU
MeTony (OpMyBaHHS aHCaMOJIB CKJIaJHHX CHTHATIB 30UIBIIEHOr0 00’€éMy Ha OCHOBI BHKOPHCTAaHHS YaCTOTHHX CMYr i3
3aCTOCYBaHHSIM IIPOIECY IEPEHECEHHS] YAaCTOTHHX EJIEMEHTIB B oOnacth poboumx dvacrtor texHonorii LTE i momanpmmmu
[epecTaHOBKaMU. 3acTocyBaHHs OararokpaTHoi (inbrparii JO BHXIIHHX IICEBIOBHIIAJIKOBUX IOCIIZOBHOCTEH 3 HU3BKONO
B33a€EMOJIIEI0 B YACOBii 00JacTi 3 MOBTOPHOIO (IIBTPAIli€l0 OTPUMAHHMX CUTHAIIB Ta iX IOJajblla IEpecTaHOBKa J03BOJISE
30LIBIINTH TPaHUYHMI 00’eM aHCaMOJIIO CHUTHATIB IOPIBHAHO 3 ICHYIOUMMH aHCaMONSAMM CKJIQJHUX CHMTHAJIB, SKi
BUKOPHCTOBYIOTBCS B Cy4aCHHUX CUCTEMax Pajio3B’ 3Ky 3 KOZOBUM PO3/iJIE€HHAM KaHAIB.

Karo4doBi ciaoBa: 3aBaja MHOXHHHOIO JIOCTYILY, BiZI€OIMITYJIbC, IIMPHHA CIEKTPY CHTHAIy, IHEpioJ CliJyBaHHS
iMITyIIbCiB, (DYHKIIIS B3a€MHOI KOpeJislii, 0a3a CUrHaly, HU3bKa B3a€MOJis B 4acOBiil 00/1acTi, CKIaHUH CUrHAIL
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SIMULATION AN UNRELIABLE WIRELESS SENSOR NETWORK MOT
BY A HETEROGENEOUS QUEUING NETWORK

Abstract. The subject matter of the article is the operation of a wireless sensor network in an unfriendly environ-
ment. The goal of the study is the simulation of processes occurring in wireless sensor networks, a comprehensive de-
scription of their main modes of operation and the analysis of "bottlenecks" to improve the reliability of the network and
minimize threats to its information security. The tasks to be solved are: based on the analysis of the technology for
building a wireless sensor network and the functioning of its elements; to determine the reliability characteristics that
have an impact on information security; to determine the structure of the Queuing network similar in structure to the
wireless sensor network as an object of research; to determine the main characteristics of the sensor network mot as a
Queuing network; to determine analytical dependencies for finding the characteristics of an unreliable wireless sensor
network mot. General scientific and special methods of scientific knowledge are used. The obtained results allow us to
understand and study the processes occurring in wireless queuing networks and to predict network operation in a hostile
environment. The ability to estimate the number of packets lost gives you an understanding of the reliability of network
mots. Conclusions. Wireless sensor networks can be defined as distributed communication systems. The reliability
characteristics of their structural elements have an impact on information security. The wireless sensor network may be
simulated by the queuing network. The main characteristics of the sensor network mot can be defined as the characteris-
tics of the queuing network. These analytical dependencies allow you to determine the characteristics of the unreliable
node needed to analyze the "bottlenecks", to improve the reliability of the network and minimize threats to the wireless
sensor network information security.

Keywords: wireless sensor network, unreliable mot, queuing network, reliability characteristics, information security

threats.

Introduction

Formulation of the problem and research
tasks. Today, wireless sensor networks (WSN) have
defined a new class of distributed communication sys-
tems, the use of which in the military sphere is appro-
priate for determining the location of mobile targets,
the territorial spread of chemical weapons, and so on.

In general, the WSN refers to networks consisting
of a set of wireless information mots located in space
and designed to monitor the parameters of the envi-
ronment or objects are located in it.

The configuration of the wireless sensor network
should be flexible and change depending on the cur-
rent position in space and power supply capabilities.
Sensory nodes usually function in an unfriendly envi-
ronment. Due to the discharge of power supplies, the
buffer overflow of lost packets may cause network
mots to shut down.

Under these circumstances, it becomes problem-
atic to predict the behavior of the network under dif-
ferent operating modes and make an estimate of the
number of losses, which is necessary to understand the
accuracy and reliability of calculations that take place
in the process of collecting data by mot sensors and
countering threats and attacks.

Thus, the question of study the WNS characteris-
tics, analysis of their properties and development of
methods for evaluating the basic characteristics and
determining ways to improve the reliability of the
functioning of the nodes are relevant.

Analysis of recent research and publications.
To date, the classification of sensor networks has been
carried out, their main properties have been deter-

mined, and software products for implementing a par-
ticular network architecture have been analyzed [1-
11]. In [12] it was shown that wireless networks are
more difficult to protect due to the use of an open en-
vironment as a data carrier and the broadcast nature of
wireless connections.

Of particular interest are such networks charac-
teristics as the mathematical expectation of the re-
quirements number and the mathematical expectation
(ME) characteristics, we should note the mathematical
expectation of the lost packages number.

The goal of this issue is the simulation of proc-
esses occurring in wireless sensor networks, a compre-
hensive description of their main modes of operation
and the analysis of "bottlenecks" to improve the reli-
ability of the network and minimize threats to its in-
formation security

To achieve this goal, it is proposed to model an
unreliable sensor network node using a heterogeneous
Queuing network.

This goal defined the following research tasks:

— based on the analysis of the technology for
building a wireless sensor network and the functioning
of its elements;

— to determine the reliability characteristics that
have an impact on information security; to determine
the structure of the Queuing network similar in struc-
ture to the wireless sensor network as an object of re-
search;

— to determine the main characteristics of the sen-
sor network mot as a Queuing network;

— to determine analytical dependencies for find-
ing the characteristics of an unreliable wireless sensor
network mot.
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General scientific and special methods of scien-
tific knowledge are used.

Namely: the position of Queuing theory and fun-
damentals of systems modeling, distribution of sta-
tionary probabilities by an open inhomogeneous queu-
ing network (QN), principles of sensor networks op-
eration. In addition, descriptions of analytical models
of network systems and their construction were used.

Main material

1. Technologies in the wireless sensor network.
Let’s consider a homogeneous self-organizing distrib-
uted monitoring and control WSN intended, for exam-
ple, for monitoring and managing processes and re-
sources. We will assume that each sensor WSN mot
consists of a computing device, receiver, sensors, and
power supply.

The computing device consists of a microproces-
sor and memory.

The microprocessor is designed to analyze and
convert data from adjacent network nodes and sensors
from that node. Programs and data are stored in the
memory of the computing device. The receiver is pro-
posed to be considered as a radio transceiver designed
to organize the radio interface between the nodes of
the sensor network. The sensor is designed to convert a
controlled value (electrical voltage, electric current,
temperature, pressure, illumination, oscillations, etc.)
into a signal that is easy to measure and convert with a
microprocessor.

There are usually several types of sensors in a
single sensor network mot. The power supply unit is
designed to ensure the operation of all electrical cir-
cuits of the sensor network node. Failure of the power
supply unit causes the entire mot to stop working. Re-
placing the power supply unit restores the health of the
network mot. Network nodes are able to relay mes-
sages from each other in turn, providing a significant
area of coverage over the 802.15.4/ZigBee short-range
radio Protocol [4, 13].

2. Simulation of a Queuing system (QS). As it
is known, a QN is a set of interconnected Queuing
systems provide for the reception, storage, processing
and issuance of requests received by the service sys-
tem during the operation of the network. from service
sources. QS is also divided into open, closed and
mixed. Open ones provide for servicing requirements
received from the infinite capacity source and return-
ing back to the source [14].

As the subject matter it is proposed an open
Queuing Network consists of two Queuing systems
and three classes of requirements.

For ease of presentation, all data in the sensor
network node, as well as data entering and exiting the
node, will be called requirements. Let's define the re-
quirements of the first, second, and third classes. First-
class requirements from node sensors are sent to the
microprocessor for processing. The second class of
requirements are sent from the network to the host
receiver. Requirements of the first and second classes
that have been processed by the microprocessor be-
come requirements of the third class and are relayed to

the network. To the microprocessor and the queue of
requirements for processing in the microprocessor, we
will put the QS S; in accordance with a single device
(service channel), an unlimited queue and the LCFS
service discipline (the last one came — the first one was
serviced).

The receiver-transmitter along with the queue of
packets to it in the model will display the QS S, with
one device and an unlimited queue with the FCFS ser-
vice discipline (first come — first served).

Let’s assume that from the source S0, the system
S| receives a Poisson flow of first-class requirements
with the intensity of first-class requirements with the
intensity Ag;.

The requirements that come to the microproces-
sor from the node's sensors will be considered first —
class requirements, and those that are received by the
node's transmitter from neighboring nodes will be con-
sidered second-class requirements, respectively.

The duration of servicing first-class requirements
by the S; system is an exponentially distributed ran-
dom variable with the parameter ;.

After completing service in the S; system, the re-
quirements change their class from first to third and
enter the S, system.

A Poisson stream of second-class requirements
with an intensity of Ag, and third-class requirements
from the S; system is sent to the S, service system
from the source. The service duration of the second
and third class requirements in the S, system is an ex-
ponentially distributed random variable with the pa-
rameter Hi2.

After completing service in the S, system, sec-
ond-class requirements enter the S; system, and third-
class requirements leave the Queuing network. The
duration of servicing second-class requirements by the
S, system is an exponentially distributed random vari-
able with the parameter p;s.

After completing service in the S; system, the re-
quirements change their class from second to third and
enter the S, system.

When the system is functioning, it is possible to
create queues for processing packets in the packet
processor.

In QN terminology, this phenomenon will corre-
spond to the presence of a buffer with the requirements
of the first and second class for the S; QS. Similarly,
we assume that the buffer in QS S, can contain m, of
requirements of the first and second classes [14]. The
structure of the sensor network mot as a Queuing net-
work is shown in Fig. 1.

3. The Characteristics of an unreliable sensor
network mot will be determined using the stationary
characteristics of the Queuing network.

The state of the Queuing network is determined
by a vector ¢ =(q11,912,922-923) > here q11, q12 — the
number of requirements in QS S; of the first and sec-
ond class, respectively; q22, q23 — the number of re-
quirements in the QS S, of the second and third class,
respectively. The stationary probabilities q;1, 12, 22,
qz; are uniquely determined by the characteristics of
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the systems and can be calculated by known methods,
based on the fact that the corresponding values Ag;, Ag2,
W11, and py, are known.
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A mot that can stop working during operation (for
example, due to a failure of the mot’s power supply)
will be considered unreliable.
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Packages to other mots
/ 1II class requirements.

Fig. 1. The structure of the node of the sensor network as a Queuing network

Based on this, we will determine the main charac-
teristics of the sensor network mot as a Queuing net-
work:

— ME of the S, systems requirements number;

— ME of the S, systems requirements number;

— service network response time;

— ME of the requirements stay time in the S; sys-
tem;

— ME of the requirements stay time in the S, sys-
tem;

— ME of the lost packages number.

The probability that the S;system is q;;, qi, and
equirements given by

P(q11) =F(q12) =

=[1_M—@I1——k01 +2}“°2Jx (1)
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The probability that the system S, is ¢ = g + o3
requirements is determined similarly by the expression
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S, systems requirements number number of requi-
?ements in the system S,

4 =Y. Pk). (6)
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We assume that the recovery time of a node is a
random variable that obeys the exponential distribution
law with parameter f3 .

Then Q can be determined by the formula [15].

Q=7\401/B. (11)
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Thus, the analytical dependencies (1) - (11) make
it possible to determine the characteristics of the unreli-
able node required for the analysis of “bottlenecks”, to
increase the reliability of the network operation and to
minimize threats to the WSN information security.

2. The wireless sensor network may be simulated
by the Queuing Network.

3. The main characteristics of the sensor network
mot can be defined as the characteristics of the Queuing
Network.

4. These analytical dependencies allow you to de-
termine the characteristics of the unreliable node needed
to analyze the "bottlenecks", to improve the reliability
of the network and minimize threats to the wireless sen-
sor network information security.

Conclusions

1. Wireless sensor networks can be defined as dis-
tributed communication systems. The reliability charac-
teristics of their structural elements have an impact on
information security.
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MopesroBaHHS HEeHAIiifHOTO BYy3J1a 0e3POTOBOI CEHCOPHOI Mepe:Ki
HEOHOPiTHOI0 MepPekKe0 MaCOBOro 00CTyroBYBaHHS

O. A. MakoroH, O. O. [luuko, O. B. Icakos, P. P. JIazyra, O. 0. Ocemak, JI. I'. Tpoupsko

AnoTtanis. IIpeamMerom BHBUCHHS B CTaTTi € (QyHKIIOHYBaHHS OE3IpPOTOBOI CEHCOPHOI MEpPEXki B HEJPYKHBEOMY Cepelo-
BUI. MeTor0 A0CTIKeHHsI € MOJICITFOBAHHSI IIPOLIECIB, sIKi BiIOYBalOTHCS y O€3APOTOBUX CEHCOPHUX MEpeKax, BCEOIIHOro OIHcy
X OCHOBHHUX PEXHMIB POOOTH Ta aHaNi3y “BY3bKHX MiCIb 3311 ITiIBULIIEHHS HAAIMHOCTI (DyHKIIOHYBaHHS Mepexi Ta MiHiMizarii
3arpo3 ii iHpopmauiiiHoi OGe3nexu. 3agadi: Ha OCHOBI aHANi3y TEXHOJOrIi TOOYIOBU OE3IPOTOBOI CEHCOPHOI Mepexi Ta IPOLECIB
(byHKLIOHYBaHHS 1 €J1eMEHTIB BU3HAUMTH XapaKTePUCTHKU HaJiHHOCTI, 110 MAIOTh BIUIMB Ha iH(opMaliiiHy Oe3neKy; BUZHAUUTH
CTPYKTYpY MEpexXi MacOBOro 00CITyroBYBaHHs, MOAIOHY 3a CTPYKTYPOIO JI0 O€3pOTOBOi CEHCOPHOI Mepexi sIK 00’ €KTY JIOCHi JUKEeH-
Hsl; BU3HAYUTH OCHOBHI XapaKTE€PHCTUKU By3Jla CEHCOPHOI Mepexi K MEepeki MacoBOro o0CITyroByBaHHS; BU3HAUNTH aHATITHYHI
3aJIXKHOCTI VISl 3HAXODKEHHS XapaKTePUCTHK HEHaJiHOro Bys3na Oe3JpOTOBOI CEHCOPHOI Mepexi. MeTo10I0ri4HO OCHOBOO
JIOCIIIJIKEHHS CTaJIM 3araJlbHOHAYKOBI Ta CHeLjajIbHi MeTOM HAyKOBOro HizHaHHA. OTpuMaHi pe3yJIbTaTH JOC/iI:KeHHs J03BOJIs-
I0Th 3PO3YMITH Ta BHBUMTH IIPOLECH, L0 BiIOYBAaIOThCS Y O€3POTOBHX MEpexax MacoBOIO OOCIYrOBYBAaHHS Ta CHPOTHO3YBATH
MOBE/IIHKY MEPEXi y HEJIPYKHbOMY CepeloBHILI. MOXIIMBICTh 3pOOUTH OLIHKY YHCIIa 3aryOJICHHX NAKeTiB J]a€ pO3yMiHHS HafliiHO-
c1i poboTu By3iiB Mepexi. BucHoBKH. be3poToBi ceHCOpHI Mepexi MOXKyTb OyTH BU3HAuUCHI SK PO3IOJUICHI KOMYyHIKaliiiHi cuc-
TeMu. XapaKTepUCTUKH HaJIIIHOCTI 1X CTPYKTYpHHX €JIEMEHTIB MaloTh BIUIMB Ha iH(popMmamiliHy Oe3neky. be3znporoBa ceHcopHa
Meperka Moxe OyTH CMOJIeNIbOBaHA MEPEIKEI0 MacoBOro oocyroByBaHHs. OCHOBHI XapaKT€PHCTHKU BY3J1a CEHCOPHOI MEepeski MO-
KyTb OYTH BHM3HAUCHI SIK XapaKTEPHCTHUKU Mepexi MacoBoro oociyroByBaHHs. IIpuBeneHI aHANITHYHI 3a1€XHOCTI J03BOJIIOTH
BH3HAYUTH XapaKTEPHUCTUK HEHaIHHOro By3Ja, HEOOXiJTHMX Ul aHamizy “BY3bKHX MiCIb, IiJBHIIEHHS HaIIIHOCTI (QyHKIiOHY-
BaHHs Mepexi Ta MiHimizawii 3arpo3 iHndopmariitHoi Ge3nexu 6e31poTOBOi CEHCOPHOI MEepeKi.

Kar4dosi caoBa: 6e31poToBa CEHCOpHA Mepexa, HEHaAiHUI By30I1, MEpeka MacoBOr0 00CIIyrOBYBaHH:I, XapaKTepuc-
THKH HaJUHHOCTI, 3arpo3u iHopmariiiiHoi Oe3meK.
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PROSPECTS FOR THE USE OF MIMO BASED ON IEEE 802.11ac
IN IoT TECHNOLOGIES

Abstract. Over time, the requirements on the network and the level of Internet traffic become more demanding. From
standard cable connection with a speed of 100 Mbps to the use of Wi-Fi at speeds up to 2.3 Gbps per channel 160 MHz
(802.11ac2) with simultaneous provision of multiple input mode - multiple output with multiple users (Multi User Multiple
Input Multiple Output, MU-MIMO). In addition, the introduction of 5G mobile communication systems has significantly
increased the level of mobile internet traffic. The development of the next generation of 6G with speeds from 100 Gbps to 1
Tbit / s has already begun in the world when controlling the artificial intelligence network, which is planned for 2026-30.

In its perspective, the expansion of the range of services based on cloud computing has given a significant impetus to the
development of new areas of Internet use. As a result, various concepts based on the Internet of Things (IoT) are being rap-
idly implemented. As you know, this approach allows you to connect to the Internet any object equipped with sensors or
sensors that can receive, transmit and process information, as well as apply different actions depending on the information
received. The quality of examples can include "smart home", "smart city" and others. Implementation of communication
between objects of opportunities via the Internet using Bluetooth, Wi-Fi, ZigBee, etc. Another, quite new direction is the
concept of the Internet of BioNanoThings (IoBNT). As you know, a living cell is already a kind of nanomachine that is
controlled by a genetic program. The cell's nucleus is the processor and memory, the mitochondria are the batteries, and the
receptor proteins on the cell's surface are sensors that can receive signals, and their slit contacts with other cells can send
signals. It only remains to reprogram them for your needs. At the same time, it is necessary to organize communication not
only between the cells themselves, but also with the Internet. The cell can transmit bitwise information depending on the

state, but at a very low speed. One of the options for implementing communications may be MIMO.
Keywords: Internet, Internet of Things, Internet of Bio-Nano things, MIMO, Wi-Fi, QAM.

Introduction

The Internet is a worldwide system of intercon-
nected networks based on the use of Internet protocols.
The Internet consists of a large number of local, global,
private, public, academic, business, and government
networks interconnected by wired, optical, and wireless
technologies. The Internet is the basis for hosting large
amounts of information and providing services such as
interconnected hypertext documents, e-mail and others..

Modern networks are created on a multilevel basis.
Transmission of information in the form of a sequence
of bits starting from the level of communication lines
and equipment. In turn, communication lines are of dif-
ferent quality. Then comes the level of basic software
that controls the operation of the equipment. The next
level is the software level, it provides basic software
with various additional features. Expanding the func-
tionality of networks by combining levels leads to the
fact that you get a very useful and convenient tool.

IoT is a network of interconnected devices that
have built-in transmitters and related software that allow
them to exchange data between computer systems and
the physical world using standard communication pro-
tocols. In addition to transmitters, the network can use
embedded physical devices and interconnected through
wired and wireless networks. Things have the ability to
read and activate, the function of programming and
identification, and the ability to exclude human partici-
pation, through the use of intelligent interfaces.

The term Internet of Things (IoT) was proposed in
1999 by Kevin Ashton, co-founder of the Auto-ID Re-
search Center at the Massachusetts Institute of Technol-
ogy. And in the same year, a research center was estab-
lished, which began to deal with radio frequency identi-

fication (RFID) and sensor technology. Due to these
areas, this concept has become widespread.

The Internet of Things is becoming quite a popular
topic of discussion in both work and everyday life. The
concept of directly connecting the device you need to
the Internet or another device, including mobile phones,
portable devices, coffee makers, headphones, washing
machines, lamps and anything else that can come to
mind. Also for machine components, a jet engine or
even an oil rig. A Gartner analyst said that by 2020, the
number of connected devices could reach more than 26
billion. The interaction will take place in pairs of peo-
ple-things, people-people, and things-things.

The term Internet of Everything (IoE) is also be-
coming widespread.

The idea of the Internet of Things is quite simple.
In general, the Internet of Things can be described as a
symbolic formula:

«IoT = Sensors + Data + Networks + Servicesy.

That is, the Internet of Things is a global network
made up of computers, actuators and sensors that com-
municate with each other using Internet protocols such
as IP. The concept of [oT plays an important role in the
development of information and communication tech-
nologies. IoT technology is based on three basic princi-
ples: a widespread communication infrastructure, global
identification of each object and the ability of each ob-
ject to exchange data via the local or global Internet to
which it will be connected.

Nano-technologies have led to the development of
devices that can range in size from one to hundreds of
nanometers. In turn, these nano-machines consist of
nano-components and are separate functional units that
are able to perform measuring, regulating and control
operations.
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The properties of recently studied nanomaterials,
such as graphene, have inspired the concept of the In-
ternet of NanoThings (IoNT), based on the interconnec-
tion of nanoscale devices. Nanotechnology is the minia-
turization and manufacture of devices in the scale from
1 to 100 nm. The prefix nano means one billionth
(1x10-9). Nanotechnology is "a branch of technology
that manufactures objects smaller than 100 nm and ma-
nipulates individual molecules and atoms." Nanomachi-
nes are full-featured devices and are capable to perform
trivial tasks. Single nanomachines are capable to per-
form only trivial tasks, so to perform more complex
tasks they must be interconnected to form an Internet of
Nano things proposed as the basis for many future ap-
plications, such as in the military, health and security
fields , where nanotubes, due to their small size, can be
easily hidden, implanted and scattered in the environ-
ment, where they can jointly perform sounding, opera-
tion, processing and networking.

In addition to connecting different devices, Inter-
net of Things technology already has its smoothing,
such as The Internet of Bio-Nano things (IoBNT).

Nanoting, like other devices, are artificial in na-
ture because they are based on synthesized materials,
electronic circuits and interact through electromagnetic
(EM) communications. Although the artificial nature of
Nano Internet devices is a favorable factor for many
applications, these characteristics can be detrimental to
some environments, such as inside the body or in natu-
ral ecosystems, where the deployment of nanotubes and
their EM radiation can lead to undesirable effects on
health or pollution. A new line of research in the field of
[IoBNT engineering, nanoscale devices and systems, is
carried out in the field of biology by combining nano-
technology with synthetic biology tools for control, re-
use, modification and reengineering of biological cells.
[IoBNT serves as a paradigm-changing concept for
communication and network engineering, where there
are new challenges for developing effective and secure
methods for information exchange, interaction and net-
working within biochemistry, while allowing Internet
connection, communication used for communication
between nanomachines. Based on the analogy between a
biological cell and a typical embedded computing de-
vice 10T, the cell can be effectively used as a substrate
for the implementation of bio-nano-things, by control-
ling, reusing and reengineering the functionality of bio-
logical cells such as probing, operation, calculation,
storage and communication. Because cells are based on
biological molecules and biochemical reactions rather
than electronics, the concept of the Internet of bio-
nanotinning is based on DNA, biochemical data proc-
essing, chemical energy conversion, and information
exchange through the transmission and reception of
molecules called Molecular Communication (MC, Mo-
lecular Communication) (Fig. 1).

MC is a paradigm in nanocommunication net-
works that use molecules to communicate between na-
nomachines. Molecular communication is biologically
inspired, ie it adapts the communication mechanisms
that already exist in nature, for communication between
living organisms. The human body consists of a large-

scale heterogeneous network in which molecular com-
munication takes place. A living cell is already a kind of
nanomachine that is controlled by a genetic program.
The cell's nucleus is the processor and memory, the mi-
tochondria are the batteries, and the receptor proteins on
the cell's surface are sensors that can receive signals,
and their slit contacts with other cells can send signals.

Transmitier
unit

Massage Mazzage
—-l Transmitter = Channel l—_@—-
Tmr\snuﬁlnd an'ﬁd
signal =g

Fig. 1. MC between a pair of nanomachines

The scientific community is currently studying
various aspects of MS communication and networking.
MS is based on many applications that will be included
in JoBNT:

- internal probing and activation of the body,
where Bio-NanoThings inside the human body will
jointly collect health-related information, transmit it to
an external health care provider over the Internet, and
execute commands from a single provider such as drug
synthesis and release.

- internal connection, where Bio-NanoThings re-
stores or prevents failures in communication between
our internal organs, for example, based on the endocrine
and nervous systems that underlie many diseases.

- Environmental control and purification: where
Bio-NanoThings deployed in the environment, such as a
natural ecosystem, will check for toxic and contami-
nants, and jointly transform these agents by bioremedia-
tion, such as bacteria used to clean up oil spills.

The Internet of Things is an open paradigm, ex-
tremely receptive and adaptable to new architectures
and principles. In this regard, it can be extremely useful
to use the principles and methods of cognition, by creat-
ing a cognitive Internet of Things (CIoT).

Cognitiveness, the presence of certain properties
in an IoT object, such as:

- the ability to self-analysis and readjustment tak-
ing into account the existing environment, also aiming
to achieve certain goals, which are due to the tasks per-
formed;

- ability to adapt to existing conditions or events,
based on certain knowledge of previous states;

- the ability to dynamically change its topology
and operating parameters in accordance with user re-
quirements, as part of the service policy, bandwidth
optimization or other indicators;

- self-configuration;

- the ability to independently determine their cur-
rent state and taking it into account - to plan their work,
making certain decisions according to the situation.

127



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 4(62)

ISSN 2073-7394

It is assumed that cognitive Internet of Things will
be able to:

- obtain and use knowledge of their operational
and geographical environment and location. For exam-
ple, using GPS technology;

- set yourself or use ready-made rules of interac-
tion between other objects (Internet things);

- dynamically or autonomously adjust their pa-
rameters and protocols in accordance with the acquired
knowledge to apply them in the tasks, for example, to
choose the technology of radio signal transmission;

- learn on their own based on the results achieved
using the best and most effective policies to achieve the
goals of ToT.

Interaction with the Internet of things occurs in
several ways, depending on the software and hardware:

- direct access;

- access through the gateway;

- access through the server.

In the case of direct access, Internet of Things
have their own IP address or network alias, which can
be used to connect to them from any client application,
and they must perform the functions of a web server.
The interface with such Internet things is usually made
in the form of a web-resource with a certain graphical
interface for management through a web-browser.

If the Internet of Things does not have built-in
support for IP and HTTP protocols, but only supports
private protocols, Bluetooth or ZigBee, you need to use
a special Internet gateway to interact with them. And the
third form of interaction - through the server, ic the
presence of an intermediary between the Internet of
Things and the user and can be implemented through an
intermediary platform. This approach requires a central-
ized server or multiple serv-
ers, the main tasks of which

to improve the technical characteristics of devices and
new methods of modulation and signal transmission.
The new 802.11b, 802.11a standards, which provided a
fivefold increase in transmission speed, and now the
universal 802.11g, which provides approximately 54
Mbps at 2.4 GHz.

802.11ac technology only works on Wi-Fi fre-
quencies of 5 GHz. Therefore, dual-band access points
often continue to use 801.11n at 2.4 GHz. But 802.11ac
Wi-Fi clients operate in the less busy 5 GHz frequency
range.

Next, we present a network of working channels
Wi-Fi and a frequency of 5 GHz (Table 1).

To calculate the average frequency of a Wi-Fi
channel you can use the following formula:

Foia.= 5000+ (5 - N) / MHz

where N is the Wi-Fi channel number, for example 36
(5180 MHz), 40 (5200 MHz), etc.

The formation of Wi-Fi channels at 5 GHz is pre-
sented below in Fig. 2.

The distance from the limit bands is 30 MHz, and
the inter-channel diversity is 20 MHz

Spatial Multiplexing (MIMO) - the use of several
transmitting and receiving antennas. Unlike - MISO and
SIMO, this option is aimed at increasing the transmis-
sion speed, rather than improving the reliability of the
transmission. MIMO technology is widely used for data
transmission to mobile stations, in good radio condi-
tions, while MISO and SIMO are used for data trans-
mission to stations in poor radio conditions. To increase
the data rate in MIMO, the input stream is divided into
several data streams, which are independently transmit-
ted from individual antennas (Fig. 3).

Table I - Network of working channels Wi-Fi and a frequency of 5 GHz

include:

Chanel 36 40 44 43
- recewving IMeSSages - Fiile frequency, S180 | 5200 | 5220 | 5240
from sensors of Internet of |yq1, -
Things and their subsequent
transmission to users; Radio band i
- storage and processing Chamel | 52 ] 56 | 60 | 64 [100] 104 ] 108 | 112|116 120 | 124 128 | 132 136 | 140
of received information; =y 5260 [5280 [5300 [5320 [5500 [5520 [5540 [5560 [5580 [5600 [5620 [5640 [5660 [5680 [5700
- providing an interface | frequency,
for the user with the possibil- | MHz
ity of duplex exchange be- T UNIL2
tween the user and the Inter-
net thing, Clanal 149 [ 153 [ 157 [ 161
The advent of wireless Midle frequency, 5745 | 5765 | 5785 | 5805
networks such as Wi-Fi, us- |MHz
ing the IEEE 802.11 stan- Radio band UNNIL-3
dard, has attracted the atten-
tion of manklpd. The net- 30 MHz o <30 MHz
works were quickly and well = !
received due to the low price !
and quite good indicators of
agility and reliability. Due to
the increase in transmitted
traffic in the network posed !
some difficulties to, at that 5150 5180 5200 5220 5240 5260 5280 5300 5320 5350

time, implemented technolo-
gies and standards and forced

Fig. 2. Formation of Wi-Fi channels in 5 GHz
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Fig. 3. Generalized scheme of MIMO

Through the use of a common channel, each an-
tenna of the receiving side receives a signal not only in-
tended for it, but also signals from other antennas. In gen-
eral, the effect of signals, other antennas, can be calcu-
lated and minimized in the presence of a transmission
matrix. The number of data streams that are transmitted
simultaneously depends on the number of antennas used.
With the same number of transmitting and receiving an-
tennas, the number of data streams is equal to or less than
the number of antennas. In the case of MIMO 4x4, the
number of data streams can be 4 or less. If the number of
receiving and transmitting antennas are different, then the
number of independent data streams is equal to the mini-
mum number of antennas or less. As an example, in
MIMO 4x2 the number of streams can be 2 and less. To
calculate the maximum bandwidth, the formula is:

C=M Blog2(1 + S/N),

where C is the bandwidth of the channel; M is the num-
ber of independent data streams; B - channel width; S /
N - signal / noise ratio. Depending on the number of
users to whom data is transmitted simultaneously, the
following types are distinguished:

* Single User MIMO (SU-MIMO) - MIMO
technology for data transmission to one user - all data
streams are addressed to one user.

e Multi User MIMO (MU-MIMO) - MIMO for
data transmission to multiple users simultaneously in
the same resource blocks, all independent data streams
are addressed to different users. In Fig. 4 an example of
a MU-MIMO with two users is shown.

The first generation (First Wave) of WiFi 802.11ac
(Wave-1) devices used half-duplex radio technology.
Such devices typically use frequency channels up to
80MHz wide and often up to three spatial streams.
Therefore, with a relatively rough distribution, we can
indicate a low level of 802.11ac products with speeds in
the radio channel up to 433 Mbps, an average level with
speeds up to 867 Mbps and a high level with speeds up
to 1.3 Gbps.

Virtually available speeds for users will be much
lower due to the overall efficiency of the 802.11 stan-
dards group. As a rule, a maximum of 60% is practically
available.

The second generation of 802.11ac products sup-
ports frequency channels up to 160 MHz up to four spa-
tial streams and simultaneous communication technol-
ogy with more than one MU-MIMO (Multi User
MIMO) user.

C | Receiver

Transmitter
\
»

C [Receiver

m
)

Fig. 4. MU-MIMO with two users

MU-MIMO allows you to send multiple frames
simultaneously to many users in the same frequency
spectrum. Thus, with multiple antennas and with the
help of appropriate technology, the access point can
behave as a wireless switch. But the technology is lim-
ited from above by the maximum number of available
spatial streams. Hence, in the case of three supported
spatial streams on the access point and only three client
streams (MacBook Pro, for example), only one client
will interact with the point, even with MU-MIMO sup-
port. Therefore, MU-MIMO looks especially promising
for the case when the network is mainly personal mobile
devices, such as smartphones and tablets, which have a
maximum of 2 spatial streams, but most often one. For
the case of smartphones with one thread and point with
three threads and MU-MIMO, we will have a case of
one to three operation, and point will support up to three
clients simultaneously and in parallel.

The second wave of the WiFi 802.11ac standard
(Wave-2) is characterized by access points with speeds
in the radio channel up to 3.47 Gbps (4 spatial streams,
QAM-256, MU-MIMO). The maximum of the 802.11ac
standard provides an output at a channel speed of up to
6.93 Gbps with support for up to 8 spatial streams. But
8 streams will require at least 8 antennas (and preferably
more) with the necessary diversity, which provides a
significant increase in device size and requires more
power to work via PoE.

This standard allows the use of 256-QAM modula-
tion with coding efficiencies of 3/4 and 5/6, which in-
creases the transfer rate, as well as the use of multi-user
access (MU-MIMO - Multi-user MIMO) and the STA
algorithm (Spanning Tree Algorithm). network tree).
Also in the 802.11 ace standard the access with spatial
division of channels (SDMA - Space Division Multiple
Access) at which streams are divided not on frequency,
and in space is applied..

Quadrature Amplitude Modulation (QAM) pro-
vides digital information stream transmission in the
form of an analog signal by dividing the carrier wave
into two carriers of the same frequency shifted in phase
relative to each other by 900, each of which is modu-
lated by one of two or more discrete levels amplitude.
The combination of all amplitude levels on these two
carriers is a binary bit pattern.

The I and Q components are two halves of the bit-
stream of the digital stream that are transmitted simulta-
neously as voltage levels of two identical frequency car-
riers shifted by 90° (Fig. 5).
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Fig. 5. The constellation diagram shows I/ Q vectors.
The trajectory of the vector, describing the curve
in time, passes through points 10, 01, 10, 00

Component I (incident) modulates the carrier with-
out phase shift. The Q (quadrature) component modulates
the carrier with a 90 ° offset.

Quadrature Phase Shift Keying (QPSK) is the sim-
plest form of QAM (QAM-4 uses two carriers of the
same frequency shifted by 90 ° and two possible ampli-
tude levels, one corresponding to zero and the other
corresponding to one). Constellation - a square matrix,
where the levels of amplitude I and Q components of
the QAM signal, reflected as significant points in the
square coordinate system I and Q.

The coordinate I determines the horizontal position
of the point, and Q the vertical. The integer value of
each obtained point is determined by the cell of the ma-
trix into which it falls. The error is defined as the loss of
the measured point from the cell. A QAM-16 diagram is
a 4x4 matrix in which each of the 16 cells represents

Table 2 — Achievable speeds in the standard 802.11as

one of 16 possible binary combinations. The vertical
and horizontal position of each point corresponds to the
I and Q levels of the amplitude of the signal transmitted
during one cycle (Fig. 6).
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Fig. 6. Signal constellation 64-QAM

It is important to note that the last two options with
eight spatial flows at this stage of technology develop-
ment are unlikely for mass production and application.
Moreover, the presence of three channels that do not
overlap in SGHz with a width of 160MHz, each has not
yet met in any country in the world. Only the FCC in
the United States has come close enough to clear this
part of the spectrum and provide maximum opportuni-
ties for the implementation of the solution of the Wi-Fi
802.11ac standard.

The coverage characteristics of 802.11ac radios are
much higher than 802.11n. Although the maximum
speeds of 802.11ac are available relatively close to the
access point, the total distances for providing high-
speed service are much longer than for 11n devices.

Channel Transceiver Modulation . . o Bandwidth
bandwidth antennas and coding Device type Bandwidth (individual) (total)
80 MHz 1x1 256-QAM 5/6, Smartphone 433 Mbps 433 Mbps
short separation signal
80 MHz 2x2 256-QAM 5/6, Tablet, PC 867 Mbps 867 Mbps
short separation signal
160 MHz 1x1 256-QAM 5/6, Smartphone 867 Mbps 867 Mbps
short separation signal
160 MHz 2x2 256-QAM 5/6, Tablet, PC 1,73 Gbps 1,73 Gbps
short separation signal
160 MHz 4x Tx AP 256-QAM 5/6, Several smart- | 867 Mbps per device 3,47 Gbps
(MU-MIMO) short separation signal | ?hones
160 MHz 8x Tx AP 256-QAM 5/6, Digital TV, | 867 Mbps up to two 1x cli- | 6,93 Gbps
(MU-MIMO) short separation signal | nettop, tablet, | ents; 1,73 Gbps up to one 2x
PC, smartphones | clients 3,47 Gbps up to one
4x client
160 MHz 8x Tx AP 256-QAM 5/6, Several nettops | 1.73 Gbps to each client 6,93 Gbps
(MU-MIMO) short separation signal | and PCs
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Conclusions

Intercellular diffusion, combined with MIMO
technology, is the prospect of a secure communication
link in the body. However, at present, the technologies
we have allow us to create only a model.

Given the global interest in this topic, investment
and rapid technological progress gives hope for the im-
plementation and implementation of bio-nano technolo-
gies.

Communication systems always have many obsta-
cles and obstacles for safe and comfortable signal
transmission. Sometimes the obstacles themselves help

plementation of the spatio-temporal distribution of the
signal on which there is a partially implemented MIMO
technology.

Instead of increasing the bandwidth of one chan-
nel, you can get out of the situation by increasing the
number of channels and transceivers.

In cases where it is not possible to influence the
transmission rate, for example in the implementation of
IoBNT technologies where transmission is possible by
cell diffusion, which by its nature can not give great
results. We can use simpler methods to improve speed
and communication in general by applying these tech-
nologies in an attempt to implement D-MIMO. This is

one of the prospects for development to realize the fu-
ture.

to solve complex problems, the reflection of signals and
the passage of certain obstacles that hinted at the im-
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HepcnexTuBu 3acrocyBanusg MIMO Ha ocnosi IEEE 802.11ac B TexnoJorisix IOT
I'. B. Coxon, I1. A. TTogropuuii, A. C. Mimesko, P. B. ITickoBuii, /1. O. I'epacumon

AnoTanisi. Bumoru no mepexi piBens Tpadiky [HTepHeT cTarorh Bce Outbin BUOGariusi. Bij craHnapTHOrO HiIKIFOYeHHS
kabenem 31 mBuakictio 100 M6it/c o Bukopucranus Wi-Fi 31 mBuakictio no 2,3 I'6it/c Ha xkaHan 160 MI'n (802.11ac2) 3 ogno-
YaCHUM 3a0€3ICUCHHAM PEKUMY MHOXHHHOIO BXOJly — MHOXHHHOI'O BUXOAly 3 KiJibkoma kopucryBauamu (Multi User Multiple
Input Multiple Output, MU-MIMO). Kpim Toro, BipoBamKeHHsI CHCTEM MOOLTEHOTO 3B’s13Ky 5SG J103BOJIMIIO 3HAYHO ITiABUIIUTH
piBeHb Tpadiky MoOinpHOro IHTEpHETY. B CBIiTI BaKe MOYaNNCh PO3POOKU HACTYIHOrO MOKOoMiHHA 6G 31 mBHAKOCTAMH Bix 100
I'6it/c no 1 T6iT/c npu ynpaBiliHHI Mepexi IITY4HUM IHTENEKTOM, sKe IuaHyroTh Ha 2026-30 pp. B cBoro uepry, posmmpeHHs
HOMEHKJIaTYpH CepBiciB Ha 0a3i XMapHUX OOUYHMCIICHb JaJI0 3HAYHUH MOLITOBX JIO0 PO3BUTKY HOBHMX HAINPSAMKIB 3aCTOCYBAaHHS
InTepHrery. Sk HacCIiZOK, MIBUIKO BIPOBA/KYIOThCS PI3HOMAaHITHI KoHuenuii Ha ocHoBi IHTepHery peueil (Internet of Things,
IoT). Sk Bimomo, TakuWi MigXix Hajgae MOMXJIMBICTD IIAKIIOYEHHS 10 [HTEpHETY Oyab-sIKOro 00’€KTy, OCHAIEHOrO JaTYHKaMH
abo ceHcopaMH, IO MOXKYTh OTPHUMYBATH, II€peaaBaTd Ta oOpoOIATH iH(pOpMalilo, i BUKOHYBATH IIEBHI il B 3aJI€)KHOCTI Bij
orpuMaHoi iHpopMalti. B skocTi npukiaziB MoXKHa BKa3aTH «PO3yMHHUI OyAMHOK», «pPO3YMHE MICTO», Ta iH. Peanizamuis 3B’ s3Ky
MK 00’€KTaMU MOXJIHMBa depe3 I[HTepHeT 3 BuKopucraHHsAM TexHoioriid Bluetooth, Wi-Fi, ZigBee Tta in. Ille onaum, nocutsb
HOBUM HaIpsSIMKOM € KoHIernist [ntepaery 6ionaHopeueii (Internet of BioNanoThings, [oBNT). Sk Bizomo, 1Ba KITiTHHA — BXKe
€ CBOEPIJJHOI HAHOMAIIINMHOIO sIKa KEPYEThCSI FeHETHYHOIO Iporpamoro. IIporecopom i maM’aTTI0 BUCTYIAE SAPO KIITHHH, MITO-
XOHPIT ciryxaTh OaTapeiikoro a OUTKU-perenTopy Ha IMOBEPXHI Ii€l KIITHHH — IIe CeHCOPH, SIKi MOXKYTh CIPHHMATH CHTHAIH, a
X LIUIMHHI KOHTAKTH 3 IHIMMMH KJIITHHAMHU, MOXKYTb BIANPABIATH CUTHAIU. 3aJIMIIAETHCS JMILE NIEePEeNporpaMyBaTH iX JUisl CBOI
notpe0. [Ipu oMy, MOTpiOHO IIe opraHi3yBaTH 3B’s30K HE TIIBKU MIXK CAaMUMH KITITHHAMH, aie i 3 Mepexeto [nreprer. Knitina
MOJKE IlepejaBaTi 1o0iTOBY iH(OPMAILIiI0 B 3aJISKHOCTI BiJl CTaHy, aje 3 AyXe HU3bKOI MBHAKICTIO. OIHNUM 3 BapiaHTIB peari-
3anii koMyHikanii moxe cratu MIMO.

Karw4dosi caoBa: InrepHer, Inreprer peueit, Inteprer 6ionano peueir, MIMO, Wi-Fi, QAM

131



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 4(62)

ISSN 2073-7394

AN®ABITHUA MOKAXYUK

Abnmamma A. 69 Kyayk I'. A. 47 Postnor O. M. 102
Anppymxo M. B. 9 Jlapa C. B. 43 Py6an I. B. 59
Apxymienko I1. JI. 9 Jlazyra P. P. 122 Cananpa I. IL 64
ba6iii H. B. 64 Jlapin B. B. 69 Camokimr A. B. 15
Bopu B. B. 4 JleBuenxo JI. O. 98 Cesepinos O. B. 55
Bop O. b. 4 JInceuxo B. I1. 119 Coga O. 4. 109
Bemunuko B. I1. 109 Jliepr I. T 47 Cokon I'. B. 126
Bepxoscbkuii B. B. 15 Jlimyancekuii M. B. 51 Cremok €. L. 92
I'aBpux I. C. 109 JIro6uenko H. 1O. 88 Tumouxo O. 1. 69
I'apOys C. B. 102 Jlrotuii A. B. 69 Tuxenko O. M. 98
leiiko I'. B. 88 Jlsmenxo I'. T. 109 TonkauoB A. M. 102
I'epacumos /1. O. 126 Maxapa O. O. 81 Tonkynos 1. O. 92
T'onTapesa [1. B. 73 Makoron O. A. 122 Topba A. A. 21
Jlem’sinenko B. O. 40 Maprosunpkuii B. O. 73 Topba M. O. 21
Jepkau T. M. 77 Maryxno B. B. 92 Topo6a O. O. 21
Junuko O. O. 122 Menpanuyk 1O. €. 64 Tpertbsixo O. B. 102
Jmutpenxo T. A. 77 Mimenko A. C. 126 Tporupko JI. T'. 122
Jsauenko B. O. 114 Moxaes M. O. 59 Tporuwko O. O. 109
€pwminosa H. B. 25 Moxaes O. O. 47 VYmans B. M. 15
3axapuenko P. B. 31 Hepoznak €. 1. 109 ®inximonuyk T. B. 73
IBanens I'. B. 92 Ocpmaxk O. 1O. 122 ®mopin O. I1. 9
IBanens M. T 92 [TaBnenko M. A. 15 Oypman O. A. 64
Inpina I. B. 59 [Tanamapuyk C. A. 109 Xapuenko B. C. 34
Inpsmenko O. O. 51 [TickoBuii P. B. 126 Yepennuk O. C. 77
Innuk C. B. 119 Ioaropuuii I1. A. 126 [Tanosanosa C. I. 81
Icakos O. B. 122 oany6nuii B. O. 55 leiin 1. B. 9
Iuanceka H. B. 40 Iomopoxusik A. O. 88 Iedep O. B. 4,9
Kacatkina H. B. 98 ITonog 1. I. 92 [Mumanpkuit A. B. 109
Kucnung C. T, 25 [Tyitnenko B. O. 34

Komsrax C. C. 3 ITyctromensuauk O. C. 55

HayKOBe BUAAHHA

CUCTEMM YNPABJIHHA, HABIFALIT TA 3B'A3KY

30ipHUK HAYKOBHX Ipallb
Bunyck 4 (62)

BignosinansHa 3a Bumyck K. C. Hecmepenko
Texuiunuii pepaxrop 7. B. Veaposa
Kopexrop O. B. Mopozosa
Kowmm'totepna Beperka H. I'. Kyuyk, I FO. I[lemposcoka

Odopmitensst ookmaguHk I. B. [nvina

CaizourBo nmpo gepxkaBHy peecrparito KB Ne 19512-93/211P Bix 16.11.2012 p.

Iixnucano g0 apyky 27.11.2020.  ®dopmar 60x84/8.  Ym.-npyk. apk. 16,5. Tupax 120 npum. 3am. 1127-20
Anpeca penakuii: Yxpaina, 36011, m. ITonrasa, ITepuiorpaBaeBuii npociekt, 24, tei. (066) 706-18-30
INonTaBchKHii HaLiOHANIBHUH TeXHIYHUI yHiBepcuTeT iMeHi HOpist Konaparioka

BinapykoBaHo 3 roToBHX opHriHan-makeriB y apykapai @OII ITerpos B.B.
€auHuit Aep)KaBHUI PeecTp IOPUANYHUX 0Ci0 Ta Gi3MYHUX OCIO-TIAIPHEMIIIB.
3ammc Ne 24800000000106167 Bix 08.01.2009.

61144, m. Xapkis, By I'. llluponinuis, 798, k. 137, ten. (057) 778-60-34
e-mail: bookfabrik@mail.ua



