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Ckaaj opranizaniiino-nporpamuaoro komirery cimaaausitoi MHTK BOTTII 18 — 2018
ILII. Bopobienko. - npoghecop, o.m.u., unen-xop. HAIIH Yxpainu, pexkmop OHA3 im.. Ilonosa - conosa
opaxomimemy;
I.B. Tpounmus —npog., 0.m.u, axademix YTA, conosnuii pedaxmop MHT)K "BOTTII" - 3acmynuux 2o106u
opaxomimemy;
Ynenu opzkomimemy:

T.B. Bop6orsko (binopycist, MiHck); O.M. lerpenxo (Anruisi, JIoHI0H)
ByoOyauc Anrumanrac, (JIutsa) C.K.IIiguenko (Ykpaina, XMeIbHUIbKUIA)
Binbsam Keii i (Pecrry6utika Kopest) IMonor BajenTun, (Himeuunna)
Harpiamsini Tama3 MamieBny, (I'py3is) O.I1. Iynuenko (Ykpaina, Onmeca)

M.H. 'nagkos (National Instruments) B.I1. Poiizman (Ykpaina, XMeIbHULIBKUI)
B.b. lynukeBuu (Ykpaina, JIbBiB) O.H. Pomanwok (Ykpaina , Binautis)
MLII. duBak (Ykpaina, TepHOITiJIb) B.B. Pomaniok (Ykpaina, XMeTbHUIIBKHI )
Kyaroscbkuii boraan, (ITombma) O.I1. Porurreiin (I3paine, €pycaninm)

B.I" 3nopenko (Ykpaina, KuiB) B.I1. Tapacenko (Ykpaina, Kuis)

C.M. 3aenko (Ykpaina, Binaws) A.B.Toabaros (Ykpaina, Cymu)

B.I'. Kanuryn (Ykpaina, XMeTbHULBKHAN) FO.M. Ty3 (Ykpaina, Kuis)

B.A. Kanryp (Ykpaina, Oneca) B.B.Cebxo (Ykpaina, XapkiB)

B.M. Kuuak (Ykpaina, Binaus) M.M. Cypay (Ykpaina, Kuis)

B.T. Kongparos (Ykpaina, Kuis) II.M. Conpyniok (Ykpaina, JIbBiB)
€.B.Kopooko (bimopycist) O.I1. CraxoB (Kanana)

B.J. KocenkoB (Ykpaina, XMeIbHUIIKHH) H.I. Crennens (Ykpaina, CeBepooHeIbK)
AL Jlemix (Ykpaina, Oneca) B.1O. IIBerkoB (bimopycis, MiHck)

A.O. Meabnuk (Ykpaina, JIbBiB) 0.b. llapnan (Ykpaina, Kuis)
Mamncypos Todik Maromenosu4, (AzepOaiimxan) K.JI. llleBuenxko (Ykpaina, Kuis).

C.B. I1aBaoB (Ykpaina , Binauis)
Opzanizayiiina zpyna:

B.O. Jla3ykin - nupexrop 6a3u Bignounuky OHA3,
S1.B. 'amanoBuy — xepipauk L{ITC Tta I1, OHA3,
I.B. TpouumuH — TEXHIYHUHA CEKpeTap

Peznamenm poo6omu konghepenyii BOTTII 18 — 2018

IIssTHuus, 8.yepBHs
9-00_ 20-00 Peectpariist yqacHUKIB KOH(pEpeHITii
10-30__17-00 IomepenHiit po3risin AUCEpTAIIHHAX POOIT MONTyKaviB
(ba3a Bigmounnky OHA3 im. O.C.I[TonoBa, 3aToka, «Kapoaino-byrasy)

9-00_ 10-00 Cy6ota, 9.uepBHs, PeecTpauis ydacHHKIB KOH(pepeHii
(ba3a Bimmounnky OHA3 im. O.C.ITonoBa, 3aToxa, «Kapoaino-byrasy)

10-30_12-00 [Inenapue 3aciganHs

12-00__13-00 OO06in, Opelik-kaBa

13-00 _ 17-30 Po6ota cexiiit

19-00 21-00 Hpyxus eeqvepsi

9-00 17 00 Henins, 10- IoHeninok, 11 q¢4epBHS

Po6oTa cexiiit
BiBTOpOK, 12 yepBHS
8-00 21 00 Exckypciitni  moizgku:  @oprewi  binropoa-/IxictpoBcbkoro;  3HaiiomMcTBO 3
T mignpuemcTBoM «IITABO»
Cepena, 13. yepBHs

10-00 _12-00 Pob6ota ceximiit

12-00_13-00 Opelik-KaBa

13-00_14-00 [Inenapue 3acinanns. [linBenenns pesynsraris, [IpuifHATTS pimeHb
14-00 Bio’i30 yuacnuxis
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2018.

IIporpama xkondepeHnuii

CyooTa, 9.uepBHA

10-20. Biokpumm=s 18-i MHTK BOTTII.
1. Berymue cioBo pektopa OHA3 im. O.C.ITormoBa Bopoo6ienka INL.II., Tomou oprromitery BOTTII-18-

2. ITnan niii Ta pernamenT koHdpepenii. Tpouumud I.B. —3acTymHUK TOJIOBH OPTKOMITETY.

10-30-12-00 ITnenapni 3acioanns
[IPOBJIEMbl ®YHJIAMEHTAJIbHOM METPOJIOTMM BYEPA, CETOJHS M 3ABTPA B.T.Konmparos.
Wucruryr knbepueruxu uM. B.M.I'mymxosa HAH Ykpaunst.
«TABJIULS MEHJIEJIEEBA» JIJIS1 EOEKTUBHOI'O AI'POITPOMUCIIOBOI'O BUPOBEHUIITBA TMTPOAYKIIIT
POCJIMHHULITBA - KIACU®IKALIMHA MOJEJb EJIEMEHTIB TOYHOI'O 3EMJIEPOBCTBA
OJIEKCAHJIPA  BPOBAPLISI  JJIS1  PEAJIIBALIL CYYACHHUX  E®EKTMBHUX  TEXHOJIOTIA
POCJIMHHULTBA. O.0. BpoBapeus. KuiBcbkuii koonepaTuBHui iHCTUTYT Oi3Hecy i mpasa.
HAYKOBI OCHOBU METPOJIOITYHOI'O 3ABE3MEYEHHS KIBEP - ®I3UYHOI CHUCTEMU
BUT'OTOBJIEHHS JETAJIEM IITAMIIIB. I'. M. Kiemos. Ogecbka AepKaBHa aKajeMis TEXHI4HOTO
perymoBanHsI Ta sikocTi, Ozxeca.
MPUHIUIIU TA METOJIOJIOT'T AKTUBHOT MPOTUIT BITJIA 3A AJITOPUTMOM AKAJIL. 1.B.Tpounmmumn,
Opnecpka HarioHanbHa akanemis 3B’sa3Kky iM. O. C. [Tomosa, O.IL.BoiiTiok, BAT HOBATOP, XMenbHUAIBKHIA.
OCOBJIMBOCTI 3ACTOCYBAHHsS MEIUYHNX TADKETIB TA MOBUIBHUX HOOJATKIB IS
BUMIPIOBAHHS TA AHAJI3Y BIOMEIUYHNX HOAHUX. O.I. Hopow, O.FO. Crenanwk HauionansHuit
yniBepcuter «KueBo-Mormmsiacska Axanemisy, I'.JI. Kyumiii, Hamionansuuit yniBepcuteT «JIbBiBCbKa MOMITEXHIKa
H.B. Jopour, M.B. Kounapenko, JIbBiBCbKuil HalliOHATBHUM MeANYHUIA YHiBepcuTeT iM. JJanuna ['anunpkoro .
DEVELOPMENT OF THE INTERNATIONAL MEDICAL RESEARCH CENTER ON THE ESTIMATION OF THE
STATE OF HUMAN HEALTH AND ITS REJUVENATION. Pavlov Sergii', Zlepko Sergii', Waldemar Wojcik’,
Korobov Anatolii®, Avrunin Oleg®, Vlasenko Oleg®. Vinnitsia National Technical University (VNTU), Ukraine
Politechnika Lubelska, Poland., V. N. Karazin Kharkiv National University, Ukraine, Kharkiv National University of
Radio Electronics, Ukraine. , National Pirogov Memorial Medical University, Ukraine.
IIAHYBAHHS BUTPAT EHEPTOPECYPCIB JIJIS1 KOMEPIIMHAX YCTAHOB. O.B. B’onenxo, * A.B.
Toabaros, ** B.A. TonbaToB. * Cymchkuii HallioHanbHUi arpapHuil yHiBepcuteT, M. Cymu, Ykpaina; ** CyMcbKuit
nepkaBHUi yHiBepcuteT, M. Cymu, Ykpaina.
KBAHTOBI ITPUMMAUI JIJI1 TEPATEPLIEBOTO CIIEKTPY YACTOT. B. M. Kuuak, I. A. Camomiok, M. B.
BacuiabkiBebkuii. BiHHUIbKHI HallIOHAIBHUI TEXHIYHUH YHIBEPCUTET.

12-00__13-00, 6peiixk-xkaBa, O06ia.

13-00-16-00 Cexuiiini 3acioanns

Cekuyia 1_3azanvni numannsa mempono2ii ma eumiploeanvHoi mexuniku;, Onmuyuni ma Qizuko-ximiuni
sumiprosanns; biomeouuni eumiprosannsn i mexnonozii; Hogimui memoou ma mexnonoziy
Kepisnuxu: 0.m.n. Konopamoe B.T., 0.m.n. 3nenxo C.M.

[IPOBJIEMBI TIPEOBPA3OBAHMSI HEJIMHEMHBIA CUCTEM VIIPABJIEHWS TEXHOJIOIMYECKUMMU
[IPOLIECCAMMU K 3KBHBAJIEHTHBIM JIUHENHBIM B ®OPME EPYHOBCKOI'O. B.J. Amutpuenxo, C.FO.
JleonoB, A.IO. 3akoBopornbiii, /I.M. I'nmaBueB. HanuonanbHbelli TexHuuyeckuil yHuBepcuTeT '"XapbKOBCKUI
MOJIMTEXHUYECKHH MHCTUTYT".

HEKOTOPBIE ACIIEKTBI PEAJIM3AIIMM A3BIKOB BBICOKOI'O VYPOBHS. B.A. Bpimmackmii, A.FO.
Kononenko, A.B. Cnenen. Uucturyt kubepueruku uMm. B.M.I'nymkosa HAH Yxpaunsr.

CIIEKTPAJIBHBIA METOJ, M3MEPEHUS S®®EKTUBHOM IJIMTEJIBHOCTH CBEPXKOPOTKHMX
OIITUYECKUX UMIIVJIbCOB. H.A. Operos, E.B. IOpbeBa. Onecckas HanuoHanbHas akajgemus cBsizu uM. A.C.
Ilonosa.

BU3HAYEHHS OPBITU HEHTPY OBEPTAHHS POTOPA IIOTY>KHOI'O TEHEPATOPA 3A PE3VJIBTATAMU
BUMIPIOBAHHS [TOBITPSIHOT'O 3A30PVY. €.0. 3aiiueB, A.C. JleBunbkuii. [actutyT enexrpomunamiku HAH
Ykpainu.

METO/] UBMEPEHUA ITOKA3ATEJIA IMTPEJIOMJIEHUA TTPU ITPOU3BOJICTBE OIITUMYECKHNX BOJIOKOH.
H. Kynax, JI. Xapuaii, A. KonoBano, K. Hukudopenko, ¥0. CorHuuenko, IO.MatwmuueB. Onecckas
HalpoHanbHas akagemus cazu uM. A.C. Ilomnosa .

NOPUCTPIN JJIA TMPOBEJIEHHS BOJIOMETPHUHHX JOCJIIIXEHb. B.C. Mopaschkuii, A.M.
Kyuepenko, JI. [lynedoBa, I I'aiinoc. Harmionansauii yHiBepcuteT “JIbBiBChKa MoJiTeXHiKa”, TexHIuHMi yHIBEpCHTET
M. Kommre (CnoBauunna).

MOJEJIb I METOJ] BU3HAYEHHS BUTPATU IMPOAYKTIB 3IOPAHHS TA3IB IIPUPOJHOI'O I
HITYYHOI'O TIOXO/DKEHHS. O.B.Byrenko. Opnecbkuii  HAl[iOHAJIbHUN  MOJITEXHIYHMH  YHIBEpCHUTET
O.I.bpynerkin. Opecbkuii HanioHanbHUI ToniTexHiuHul yHiBepcuteT. B.E.J{lemunenko. Onecbkuii HarjioHanbHUN
nonitexHiunuid yHisepcuret. B.B.bonnapenko. Hauionansuuit ynisepcuter «Onecbka MOPChKa akaaeMisn .
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U3VUYEHHUE BBICOKOTEMIIEPATYPHOI'O TEINIOMACCOOBMEHA U KHWHETUKH OKUCJIEHHA
IMMOPUCTBIX YI'OJIBHBIX YACTUIL ITPU ITOMOILIN OIITHUKO-LIM®POBBIX METOJIOB. C.I'. OpJaosckas,
O.H. 3yii. Onecckuil HanvoHanbHbIM yHUBepcuTeT uMeHd V.M. MeuynukoBa.

BOJIOKOHHO-OIITUYHUI JATYMK TUCKY MEMBPAHHOI'O THITY 3 KUIBLIEBUMH BOJIOKOHHO-
OIITUYHUMU KOJIEKTOPAMHU. B.M.Illamap, B.C. JImcenko, IHctuTyT Oi3UKM HamiBIPOBITHUKIB M.
B.€.JlamukaproBa HAHY. A.B.CaBuyk, Mixnapoanuii ueHtp «lHcTuTyT npukiaaguoi ontukny HAHY.

NEW PHOSPHATE FERTILIZERS WITH ORGANIC COMPONENTS * A.B.Shandyba, * O.0. Vasilenko, * A.V.
Tolbatov, * O.V. Semerna, * L.V. Ambarjan, ** V.S. Vakal. * Sumy National Agrarian University, Sumy, Ukraine;
** Sumy State Research Institute of Fertilizers and Pigments, Sumy, Ukraine .

HEYITKA CUCTEMA KOHTPOJIIO B’SI3KOCTI BATATOKOMITIOHEHTHOI'O PIAKOI'O ITAJIMBA HA BA3I
IMPOTPAMHOI'O KOMIUIEKCY FUZZYTECH. IC. Kymmnip. Opecpka HaIloHaNbHa akajeMis 3B SI3Ky
im. O. C. Ilonosa. O.M. Xapa6eT. OpecbKuii HalliOHATBHUI MOTITEXHIYHAN YHIBEPCHTET.

BU3HAYEHHS EOEKTUBHOCTI BUKOPUCTAHHS BE3PE3OHAHCHOI'O KPIITUJIBHOI'O ITPUCTPOIO. B.
A. Mopo3, B. II. Poiizman, O. K. SlHoBunbkuii, B. B. Miman. XMenbHUIBbKAI HALIOHATBHUH YHIBEPCUTET.
KOMITFOTEPHA MOJIEJIb AHAJI3Y CTATUCTUYHUX TA KOPEJISLIMHUX XAPAKTEPUCTHUK CIIEKJI-
IHTEP®EPOI'PAM. Boromosios H.®., Peyrcbka FO. 0. HanuoHanbHbI TEXHUUECKHH YHHBEPCUTET YKpauWHBI
«KueBckuii HONMUTEXHHYESCKUI HHCTUTYTY, T. Kue, Ykpauna. Tpou A. A. Hauionanehuii yHiBepcuteT 6iopecypcis u
IIPUPOAOKOpHCTYBaHHA Ykpainu,M. KuiB, Ykpaina.

E®EKTUBHICTh BUKOPUCTAHHSI CUCTEMM AS4U JIJIs PEAJIBALIT BEB-PECYPCY ®AXOBOI'O
MEJUYHOI'O ITEPIOJUYHOI'O BUIAAHHS. O.B. Boiiko, K.I. Inbkanuy, C.B. Pizumuok, B.}O. Maiixep.
JIbBiBCHKHI HALIIOHAILHIA METUYHUH yHIBepcUTeT iMeHi [lanmna [anmumpKoro.

MOBUIBHI IOAATKH I CUCTEMU UIA NIATHOCTUKH 1 JIIKYBAHHA IYKPOBOI'O HIABETY 1-'O
THUITY. A. M. BapanoBcbkuii, C. M. 3nenko, C. B. Tumunk, C. B. Koctinmn, T. A. Yepnumona. Binauipkuii
HaLiOHAJILHUI TEXHIYHUH YHIBEPCHUTET.

AITAPATHO-TTIPOTPAMHUI KOMIUIEKC (HTEJEKTYAJIbHA BETA KJITUHA». JI. M. BapanoBchKuii.
BiHHUIbKUIT HALIOHATBHUHA TEXHIYHHUI YHIBEPCHTET.

®OPMAJIM3ALIUS  TIOKA3ATEJIEM OBOHSTEJIBHOM UYBCTBUTEJBHOCTH IIPM IOIJEPXKKE
PUHATUS PELIEHUIA /I OJIb@AKTOMETPUYECKOM JUATHOCTHKU SLB. Hocoa, O.I. ABpyHuH.
XapbKOBCKHMI HAIIMOHAJIBHBIN YHUBEPCUTET PaHOIICKTPOHHKH.

XIMIYHA MOJU®IKAILA ITOBEPXHI [TOJICTUPOJIY [JIS1 BACTOCYBAHHSA B IMYHO®EPMEHTHOMY
AHAJIIZL. O.B. lllunkapenko I'.B. Bekeros B.II. Kucawnii, A.L. Jlintyra, [HcTuTyT i3uKy HamiBIPOBITHUKIB iM.
JlammkaproBa HAH Ykpainn.

COAXIAL APERTURE SENSOR FOR ASSESSING THE STATE OF BIOLOGICAL OBJECTS. A.Yu.Panchenko,
N.I. Slipchenko, O.B.Zaichenko, I.N.Bondarenko. Kharkov National University of Radioelectronics.

METOIUKA 3ACTOCYBAHHS BEWBIIET-AHAJI3Y I OLIHKM ®YHKIIOHAJIBHOTO CTAHY
OPI'AHI3MY JIIOAWHMU. 1. 0. Xyneubkuii, F0. B .AuTtonoBa-Padi, A. B. llleBuyk..Hanionansanii Texaiunnii
VuiBepcurer Ykpainu «KuiBcekuii ITonmitexuiunuit [ncruryt im. 1. Cikopeskoro» Knis, Ykpaina .

[EPCIIEKTUBU PO3BUTKY IHOOPMALIMHO-IATHOCTUYHUX 3ACOBIB YIIPABJIIHHSA TA 3AXUCTY
MEJIMYHOI'O OBJIAJHAHHSA. B. €. KpuBonocos, €. JI. Iliporti, O. }0. A3apxos, JI. I'. KoBaas, M. B.
Manamapuyk. BiHHULBKHMI HAl[IOHATBHUN TEXHIYHUI yHIBEpCUTET.

THE PLANK'S CONSTANT: LENGTH, MASS, TIME AND THE FINE STRUCTURE CONSTANT COMBINE
GRAVITATIONAL AND ELECTROMAGNETIC INTERACTION. V.F Timkov'., S.V.Timkov %, V.A .Zhuko.?,
K.E. Afanasiev..’1 The Office of National Security and Defense Council of Ukraine, 2 Research and Production
Enterprise «TZHK», Odesa..

KOPEJILUMHNI ~ AHAJI3ATOP IHOOPMALIMHUX CUTHAJIB A®IHHKX BIOCEHCOPHUX
IMEPETBOPIOBAUIB. P.51. SIpemuxk. JIsBiBCHKHMIT HalliOHaNBHUN yHiBepcuTeT iMeHi IBana ®@panka.
MVYJIbTUCIIEKTPAJIBHASI TIEYUEBHO-IMATHOCTUYECKAS YCTAHOBKA JIJIST ®OTOJAMHAMUYECKOI
TEPAIIMU OITYXOJIEN. Boiiuexosuu B.Cl., ITaBaos C.BZ., IMerpam H.T%., Herpyuko 10.Al., TuroBa H.B2,
Xosmu B.B'., YenypHas O.H." - 'TIMBIT «®omonixa Inocy, m. Yepkacu, Yxpaiua. Binnuyvkuii nayionanoHuii
mexuiyHull ynigepcumem, M. Binnuys, Ykpaiua.

K BOIIPOCY O BJIMAHUU IIOAAYM HA IIEPOXOBATOCTH ITOBEPXHOCTHU IITOKA mPu
HAKATBIBAHNM POJIMKOM. B.B. Ctpeasounkuii, O.C. Toran . Onecckuil HalMOHAIbHBINA MOIUTEXHUYECKUI
yHuBepcurer, r. Onecca..

Cexkuist 2_ Enexmpuuni ma padiomexuiuni eumiprosants; Ingpopmauiino-eumiprosanvui ma
06uuCII06a1bHI cUCeMU | KOMNIEKCU 8 MEXHON0ZIYHUX npoYyecax;
Kepisnuku: o.m.nu. Tpoyuwun 1.B., 0.m.n. Pomanrox O.H.

THE DEVELOPMENT OF MATHEMATICAL MODELFOR CONTROL AND MANAGEMENT OF
AUTONOMOUS APARTMENT ENERGY SUPPLY COMBINED SYSTEMS. A.A. Asmankina, M.G. Loria, O.B.
Tselishchev, A.B. Zhydkov. Volodymyr Dahl East Ukrainian National University.

OPERATOR METHOD ANALYSIS OF PULSE-FORMING LINES AND SCREENING. V. I. Chumakov, O. L
Kharchenko. Kharkiv National University of Radioelectronics.

STANDING OUT OF DIGITAL SIGNALS BY MEANS OF NONLINEAR STOCHASTIC FILTRATION. O. I
Kharchenko. Kharkiv National University of Radio Electronics.

AHAJII3 METOMIB TIIEPETBOPEHHS ®A3A-AMIUNTYIA VYV IMUPPOBUX OBYMCIIIOBAJIBHUX
CHUHTE3ATOPAX. O.I. ITonikapoBcbkux, I.B. I'yina. XMenpHUILIBKHI HAI[lOHATBHUN YHIBEPCHUTET.

CIIOCIb BUBHAYEHHS YACTOTH BUMIPIOBAJIBHOI'O TEHEPATOPA ITAHOPAMHOI'O ITPUJIAZLY. C. II.
Kononos, M. A. I'puropenko, A. C. Jlynnummn. BinHAIBKHIT HAIOHATBHUN TEXHIYHUN YHIBEPCHUTET.
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19.

20.

21.
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HIBUAKOMIMHUI ~ AHAJIOTO-LIM®POBUIT  TTEPETBOPIOBAY 3 JIOJATKOBUM KAHAJIOM
OBPOBJIEHHSA CUTHAJLY. I'.T'. BOPTHUK, O.I'. Boptauk, P.M. Birep. Binuunupkuii HaioHanpHuil TeXHIYHUN
YHIBEpCHTET.

AHAJIOTO-LIM®POBHUIA IIEPETBOPIOBAU 3 IIEPEJBAYEHHSM CHUIHAJIY. I.I. Boprauk, A.B.
KoBanenko. BiHHUIIbKHI HAIIIOHAILHUNA TEXHIYHUN YHIBEPCHTET.

NAEHTUOUKALINA 3APOXJAIOIIUXCA HEUCIIPABHOCTEMMETOIOM PA3JEJIBHOI'O
OLEHVBAHVA. A. 1O. Boaosuk, O. B. Ocaguyk, M. A. lllyruao, O. I1. YepBak. BunHMIKMI HalMOHAIbHBII
TEeXHUYECKUH YHIBEPCHTET.

EJIEKTPOTEXHOJIOTT 3HE3APAXKEHHS 3AXMIIEHOTO I'PYHTY. B.O.Crpuxk, M.C. Ipuxoasko, O.B.
Psicna. CymMcbkuil HallioOHaNIBHUI arpapHuii yHiBepcutet, M. Cymu, YkpaiHa.

JOCJIIKEHHSA E®EKTUBHOCTI 3ACTOCYBAHHS TPUMMAJIBHUX AHTEH JUJISI IIPUMOMY
CIELIAJIBHOI IHOOPMALL BIJ] KA TUITY CUBSAT B X-JIAIIA30HL 'O. Kaabsatuncbknii *C. ®pus"
Llentp npuiiomy i 06poOku crenianbHOi iH(MOpMalii Ta KOHTPOJIIO HaBirauiHoOro moisi, XMeJabHHUIBKA 00JIacThb, C.
Samicui~ Xuromupebkuii BiticbkoBuit inctutyT iM. C. I1. KoponsoBam. XKutomup

[IPOEKTYBAHHS 3ACTOCYHKY /151 CACTEMHOI POBOTHU 3 ®AVIIAMU BA3 JJAHUX. B.O. Boiitenxo,
B.I. [Tanyenko. Hamionansauii TexXHiYHMI yHIBEpCHTET «XapKiBCHKHI MONITEXHIYHUH IHCTUTYTY.

O3POBKA CTPYKTYPU INTYYHOI HEMPOHHOI MEPEXI IIPMJIAJJOBOI CHUCTEMHM MOBUIBHOI'O
POBOTA. A.B. Pyauk. Hanionanbanii aBianiitanii yuisepcurer. B.A. Pyauk, KuiBcbknil HamioHanbHUI yHIBEpCUTET
OyIiBHHUIITBA i apXITEKTYpH.

METAMOJEJIIOBAHHS SIK METOJ] IMPOEKTYBAHHS BUXPOCTPYMOBUX IIEPETBOPIOBAYIB 3
ATIPIOPI BU3HAYEHUMU BJIACTUBOCTIMU. P.B.TpemOoBeuska, B.SI. T'arpuenko, B.B.Tuukxos.
YepkachKuii Aep:KaBHUN TEXHOJIOTTYHUH YHIBEPCHUTET.

PA3PABOTKA CHUCTEMbI ABTOMATH3ALIMM MOHHO-TIJIASMEHHOI YCTAHOBKH. K.I.KupkomyJo.
Opecckuii HAMOHAJIBHBIN MOJUTEXHUUECKHH YHIBEPCHUTET.

ITPOITPAMHASA PEAJIM3ALINA OUIIBTP KAJIMAHA JUJISA TIIOAABJIEHUA IIYMOB C HOPMAJIBHBIM
PACIIPEJIEJIEHUMEM. O.FO. Oueiinuk, H0.K. TapaneHko. VYKpauHCKHA TOCYIapCTBEHHBIH XHMHKO-
TEXHOJIOTHIECKUH YHUBEpCUTET, T.J{Hemp.

HUCCJIEIOBAHUE OBJAYHBIX TEXHOJIOTHIA. O.1. Kobryn, O.A. Jemenko, K.K. Jlyxnosckas. Kuepckuii
HalMOHAJBHIN yHUBepcuTeT MMeHH Tapaca llleBuenko.

HYBRID OPTIONS IN THE CONSTRUCTION OF SECURITY SYSTEMS AND THE IMPLEMENTATION OF
THE DIGITAL HOME FUNCTIONS. O.V.Andrieieva. National Technical University of Ukraine, “Igor Sikorsky
Kyiv Polytechnic Institutes”, Ukraine.

IIOBYJIOBA IIPOCTOPY IH®OPMATHBHHUX O3HAK BIUIMBY HA SKICTb BIIPOBAJ/IXKEHHA
JUCTAHIIMHOI'O HABYAHHS V BH3 3A JJOIIOMOI'OIO HEMPOHHUX MEPEX. K.M. ®inonenko, 0.0.
®omin. OnechKkuil HallIOHAIBHUIT MOTITEXHIYHUH YHIBEPCUTET

MIKPOKOMIT'IOTEPHA CUCTEMA IMITYJIbCHOI IMIIEJAHCHOI CHEKTPOCKOIII JJIS1 KIJIBKICHOI
OIIHKN CTAHY EJIEKTPOXIMIYHOI'O 3AXHCTY OB’€KTIB. P.SI. SIpemuk. JIbBiBChbKMil HaliOHaJbHMIL
yHiBepcuTeT iMeHi [Bana dpaHka.

PEAJIM3ALIMSL METOJZIOB UCIIBITAHUI BJIEKTPMYECKUX/3JIEKTPOHHBIX CBOPOYHBIX Y3JIOB HA
VCTOMYMBOCTh K BO3JEMCTBUIO DJIEKTPOMATHUTHOI'O H3JIYYEHUS. A.®. Pospagosckwmii,
A.M..Iono6aes* 'Hayuno-uccrenoBarenbcKiii HHCTUTYT pamuo, Pocens . “Camapckuii HaydHO-HCCIIEI0BATEIbCKHIM
uHctuTyT uM. AK. Koponesa C.I1., Poccust.

OIIIHKA MOXIJIMBOCTI BUKOPUCTAHHSA ACHUHXPOHHOI'O EJIEKTPOIIPMBOAY I3 CKAJIAAPHUM
KEPYBAHHAM JIJI1 ABTOMATU3ALIIT TTPOLIECY BUPOBHULITBA THTEJIEKTY AJIbHUX TTOJIIMEPHUX
KOMITO3ULIIMHUX MATEPIAJIB . O.M. Xaximosebkuii , O.JI. Coxonnenknii , LI Isinbxuii, O.C. Boryra .
Hauionanbuuii TexHiuHuil yHiBepeuteT Ykpainu "KuiBcbkuil nomitexniunuii inctutyT iMmeni Iropst Cikopebkoro"

HU3bBKO-ITIPOOUJIBHA HIMPOKOCMYI'OBA JUCK-KUUIBLIEBA AHTEHA. C.B.Cinensb, P.A.®okiH.
OpecbkanarionansHa akagaemis 38”s3kyim. O.C. ITonosa

Cekuyia 3_ Oomin 0oceioom ma mexnonoziamu; Tenexomynikauiini ma ingpopmayiitni mexnonozii.
Kepisnuku: 0.m.n. Kuuax B.M., 0.¢h.-m.n. Jlenix A.1.

HIJBUIIEHHS TOYHOCTI CYJHOBOIHHSA 3 JOIIOMOTOIO BATIMETPIYHOI CUCTEMU HABITAIIIL.
H.O. IIynuenko, C.I'. Ma3sypenko, A.C. lomopoBcbkuii, O.0. [lonos, B.O. Yonoscska, B.B. llleayasko, 10.10.
CrosinoB.Oziecbka ep)kaBHa aKaJeMis TEXHIYHOTro peryiroBaHHs Ta sikocti Harionansuil yHiBepcuter "Ogmecbhka
MopceKa akageMis", OnechbKuil HalllOHAIBHUI MONMITEXHIYHUH YHIBEPCUTET.

A NEW METHOD FOR HEAT TRANSFER PREDICTION IN CONDENSING INSIDE PLAIN. V.V.Tubes.
Seredanational University Of Water And Environmental Engineeringv. V. Gorinodessa State Academy Of Technical
Regulation And Quality.

TOPICAL ISSUES OF UNIVERSITIES' DISTANCE E-LEARNING SYSTEM SUPPORT. * A.V. Tolbatov, O.B.
Viunenko, * G.A. Smolarov, ** V.A. Tolbatov * Sumy National Agrarian University, Sumy, Ukraine; ** Sumy State
University, Sumy, Ukraine.

EJIEKTPOMOBUIbHMI TEXHIYHUI 3ACIB /151 OBPOBKM I'PYHTY IIPMCAIWMBHUX JUISHOK. M.C.
IIpuxoabko, B.O. Ctpm:k. CyMchkuil HanioHANBHNUIT arpapHui yHiBepcuret, M. Cymu, YkpaiHa.

AHAJIN3 CTOMKOCTHA CBEPJ IIPM OBPABOTKE OTBEPCTUIl B IIEYATHBIX IIIATAX. B.B.
CrpenbOunkmii. Onecckuii HAMOHAIBHBIN NOJIUTEXHUYECKUH YHUBEpCUTeT, T. Oxecca.
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BUBIP CIIEKTPIB PEAJIBHUX OBEKTIB UIA OUIHIOBAHHSA SAKOCTI KOJIBOPOITIEPEJAUYL.  B. B.IInassckwuid,
P.B BanbkoBu4, B.B IlItedan, M.O. @opocrtenko, K.C.Heymutux. Onecbka HauioHaibHa akaaemis 38’s3ky im. O.
C. Ilonosa.

KOHCTPYKTOP HABYAJIBHOI'O JTJABOPATOPHOI'O KOMIIJIEKCY 3 KYPCY «®I3UKA» (EJIEKTPUKA 1
MATHETHU3M), CTAH TA IIEPCIIEKTUBU. L.B.Tpouumun. Oneckka HamioHainbHa akaaeMis 3B s3ky iM. O. C.
Ilonosa.

[IPAHLIMIT IIOCTPOEHMS BECIIPOBOJHOM CETH LI-FI U IYTH IIPAKTUYECKOM PEAJIM3ALIMN.
AJM.POMAHOB, I.M.®exromuna, T.T.Jour. Hanuonanensiii Texuuueckuil ynusepcureT Ykpauns! "KIIN umenu
Urops Cuxopckoro" YkpanHa.

CTATUCTHUYECKAS MOJIEJIb TYPBYJIEHTHOM ATMOC®EPHI IJI1 MOPCKUX CUCTEM PATMOCBSI3H.
N.J1.Adonnn, B.B.I'osioBun, FO.H.Teimyk. ®I'AOY BO «CeBacTononabcKkuil TOCy1apCTBEHHBI YHUBEPCUTET», T.
CeBacTomnoib.

VCOBEPIIEHCTBOBAHME AJITOPUTMOB ®PAKTAJIBHOI'O CXKATUS M30BPAXKEHHI BBICOKOU U
CBEPXBBICOKOM YETKOCTH. B.B. AMypog. Onecckast HaMOHAIbHAS akagemus cBssi uM. A.C. TTomosa.
HCIIOJIB3OBAHUE TEXHOJIOTMM HHU®POBOI'O PAJIMOBEIIAHMA DRM JUII OPIAHM3ALIMN
MHOBEILIAHUWS ITTPOT'PAMM YKPANMHCKOI'O PAZIMO. H.M. Baaan, A.C. KoasmoBa Opecckasi HalfioHabHAs
akanemust csizu uM. A.C. [Tomora, I'TI « YHUUPT».

USING THE DATA EXCHANGE FUNCTION BETWEEN INDICATORS IN INTEGRATED NAVIGATION
SYSTEMS. B.Ch. Berdiev, N.O. Punchenko, O.0. Popov. Odessa State Academy of Technical Regulation and
Quality

AYJIOBI3YAJILHI OF'€KTU I METAJIAHI. O. B. OmapoBcbka. Ozecbka HalioHanbHa akagemis 38”s3ky iM. O.C.
Iomnosa.

EKOHOMETPUYHI MOJIEJI 3AJIEXXHOCTEM TAPU®IB PUHKY IHOOPMALIMHO-KOMYHIKALIMHUX
I[TOCJIVT. 1.B.Boponenko, F0.0.Ham’sicenko. HanionanbHuii yHiBepcuTeT 6iopecypciB i MPUPOIOKOPHCTYBAaHHS
Ykpainu.

VIIOCKOHAJIEHHS APXITEKTYPU TPAHCIIOPTHOI MEPEXI CTUIBHUKOBOI'O OIIEPATOPA
P.C.Onapuenko, JI.O.Xapuaii. HanionansHuii aBianiiiuuii ynisepcuter.

MOBUIbHHIA 3ACTOCYHOK OBPOBKHU LIM®POBUX 305PAXKEHb JIJIS IIPMCTPOIB II1 YIIPABJIIHHIM
OC i0S. O.€. Jinycenko, B.I. ITanyenxo. Hamionansuuii TexHiuHMi yHIBepcUTeT «XapKiBCHKHI MONITEXHIYHUH
IHCTUTYTY.

OLTHKA TAPAMETPIB CAMOIIOJIBHOI'O TPA®IKA TA X BIUJIMBY HA XAPAKTEPUCTUKU SKOCTI
OBCJIYTOBYBAHHS. A.I'. JloxkkoBcnbkuii, €.B. JleBen6epr. Onecpka HamioHanbHa akazgemis 3B°s3ky iM. O.C.
ITonosa.

3AXUCT TH®OPMAIIT V BOJIOKOHHO-ONTUYHMX JIHIAX 3B’S3KY. M.B. Bacuabkiscbkuii, P.II.
Manamapuyk. BiHHUIbKHIT HALIOHATBHUI TEXHIYHUN YHIBEPCHUTET.

OCOBJIMBOCTI HAHAHHA ITOCJIYT B APXITEKTYPI IMS. F0.0. CotHiyenko. KuiBcbkuii Koiemxk 3B’ I3Ky.
PO3PAXYHOK ITIOTYXHOCTI 3ABA/IU BIJ] CYCIJHbOT'O CTIJIbHUKA. P.I'. bukoB. Ozecbka HauioHanbHa
akanemis 3B s3ky imM. O.C. [Tonosa.

COJIITOHHI BOJI3 TIJIBUILLIEHOI CITEKTPAJILHOT E@EKTUBHOCTI. A.B. Masyp, M.B. BacuibKiBcbKHi.
BiHHUIbKHIT HALlIOHATIBHUI TEXHIYHUN YHIBEPCHUTET.

KPUITOIPAGHMYECKHUIA ITIPOTOKOJT JIOKA3ATEJIbCTBA C HYJIEBBIM PA3TJIALIEHMEM HA OCHOBE
AJITEBPAUYECKOM CTPYKTYPBI [IOJIMHOMHUAJIBHOT'O KOJIbIIA. A.B. Onaukuii ', O.B. XKaposa * .
"Opecckas mamponanbHas axagemus cssu um. A.C. Ilomosa, >Opecckuii HaIHOHATBHBIA IOTUTEXHHUYECKHUIL
YHIBEpCHTET.

METO/ 3HAXOJ/UKEHHS MOJEJIT JUHAMIYHOI'O OB’€KTA 3A BUXIJHUM CUT'HAJIOM. I'.O.JumoBa.
XepCOHCHKIH HaIlOHANBHUI TEXHIYHUI yHIBEPCUTET.

MODERNIZED DIJKSTRA’S ALGORITHM AND MATHEMATICAL MODEL FOR GEOGRAPHIC
INFORMATION SYSTEM. Ruslan Skuratovskii Kiev, MAUP, Ukraine, Yevgen Osadchyy Kiev National
University named by Taras Shevchenko, Ukraine.

INEPCIIEKTHBA ITIEPEXOJIA K CETU ITATOI'O ITOKOJIEHWA HA BA3E TEXHOJIOTMH MIMO U LTE. 3.A.
Cykaues, A.A. Bakapuyk, C.B. Cunenb, E.I'.CmexoB. Onecckas HarmoHasnbHas akagemus csa3u uM. A.C. Ilonosa.
KOHCTPYKTOP HABYAJIbBHOI'O IABOPATOPHOI'O KOMINIEKCY 3 KYPCVY «®I3UKA» (EJIEKTPHUKA I
MATHETU3M), CTAH TA IIEPCIIEKTUBU. L.B.Tpounmmun. OHA3 im..O.C.ITonoga..

KBAHTOBUI TTIPUHIIUIT 3AXUCTY KAHAJTY 3B’S3KY HA ITPEJCTABHUILILKOMY PIBHI MOJIEJI OSI
C.Aa. PanKeBnql, A.C. Tixonos”. 1HauiOHaJH,HI/IfI TPAHCIOPTHHUIA YHIBEPCHUTET, 2 Ojechbka HaI[iOHAJBHA aKaJIeMis
3B’s3ky iM. O.C. ITomoga..

THE SOFTWARE VERIFICATION ISSUES OF THE NETWORK MAXFLOW PROBLEM. V.I. Tikhonov., O.M.
Yavorsckaya, V.V.Berezovskiy. A.S.Popov Odessa National Academy onTelecommunication.

SCHEDULING ALGORITHM FOR CONVEYOR-MODULAR METHOD OF MULTIMEDIA DATA TRANSFER.
0.V. Tykhonova. A.S.Popov Odessa National Academy onTelecommunication..

SELF-CALIBRATION OF IMAGE FORMER WITH OPTICAL TEST-RING. O.V. Andrieieva. National
Technical University of Ukraine, “Igor Sikorsky Kyiv Polytechnic Institute,” Kyiv, Ukraine.

[IPOCHO3YBAHHSI HAJIIMHOCTI OINTHUYHOI'O KABEJIIO 3A OLIHKOIO CIIEKJI-CTPYKTVP.
0.€.3emasiHcbKuii.. XMeNbHUIBKUN HAllIOHAIBHUI YHIBEpCUTET.
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3ATAJIbHI IATAHHA METPOJIOI'Ti, BUMIPIOBAJILHOI TEXHIKH I TEXHOJIOI'TIA

YOK 389:638.011.54 n 621.315:001(06)
B.T. KOHAPATOB

Wuctutyt kubepuernku uM. B.M.I'mymxosa HAH Ykpauns
vladikon@kievnet.com.ua

MPOBJEMBI ®YHIAMEHTAJBHOM METPOJIOT MU
BYEPA, CEI'O/IHS 1 3ABTPA

AHHomayus. B pabome akyenmupyemcsi 6HUMaHUe Ha HEO6X00UMOCMb paspabomku Me2a-cmpameauu pasgumust
@pyHdameHMaAbHLIX HAYK, npexcde 8ce20 — Me2a-Hayku MempoJio2ul, Hanpas/ieHHoe Ha peuleHue HYHOaMeHMa/abHbIX
npob6siemM UHHOBAYUOHHO20 pa38uUmMusi, nepeocHaweHue u docmusiceHue nsimozo U Nocaedyroujux mexHo102u4eckux ykaaoos
8 HaQYKOEeMKUX 0mpacasx Mamepua/ibHo20 npou3eodcmada, 8 HacmHocmu, 8 Npu6opocmMpoeHuUU.

Ymeepoicoaemcs, umo Ha ce2o0HAWHULE 0eHb HaYYHO-MeXHUYeCKULl npo2pecc 8 NPOMbIULIEHHOCMU He 803MOJCeH 6e3 passumust
obuje20, HQyMHO20 U CNEYUATbHO20 NpubopocmpoeHust. B smotl cessu, noaumuka 2ocydapcmea 0019cHA Bblimb HaNpas/1eHa Ha N0O0epHCKy
Mez2a-cmpamezuu passumusi hyHOAMEHMAIbHbIX HAYK, Npexcoe 8ce20, — Me2a-HayKu Memposio2ul, Ha NoodepicKy nepeoovepedHo20
passumusi npubopoCmpoeHusl, Kak Haubos1ee HAyKoeMKoU 0mpac/au MamepuaabHo20 npoussoocmsa.

Koncmamupyemcs, umo 6 ¢yHdameHmaabHOU Mempoao2uu U npubopocmpoeHuu HAKONUAOCL MHOMCecmeo
npob6siem, pewleHUeM Komopblx He 3aHumaromcesi HU 'occmandapm, Hu MuHucmepcmeo 06pa3o8aHus U HaAyKu YKpauHbul, HU
HayuoHnasavHas akademus Hayk YkpauHbsl. Ha ce2o0Hsi omcymcecmeyiom 2ocydapcmeeHHble U akademuyeckue npozpammol
passumusi Me2a-HAyKu Mempo/102ull U coOCmagAsiowux ee HQyyHslx HanpasaeHull u Hayk. Takoe nosodxceHue dena seasemcs
mopmo3um 8 passumuu Hay4Ho-mexHu4ecKko20 NOMeHyuaaa CmpaHbl.

OnucaHbl cywjecmsyowue u Hogble npobsaemvl PyHOAMeHMAaAbHOU MempoJio2u, Komopble mpefylom ceoe20
peuleHus.

Katouesble cnrosa: cmpameaus, me2a-Hayku, Mempo/102usi, npo6aemMbl, USMEPEHUSL.

V.T. KONDRATOV
V.M.Glushkov Institute of cybernetics of National academy of Science of Ukraine
vladikon@kievnet.com.ua

PROBLEMS OF FUNDAMENTAL METROLOGY YESTERDAY, TODAY AND TOMORROW

The summary. In paper the attention to necessity of working out of mega-strategy of development of fundamental
sciences, first of all — the metrology mega-sciences, directed on the decision of fundamental problems of innovative
development, re-equipment and achievement of the fifth and the subsequent technological ways in the high technology
branches of production of goods, in particular, in instrument making is focused.

It is asserted that to date scientific and technological progress in industry is not possible without the development
of general, scientific and special instrument making. In this regard, the state policy should be aimed at supporting the mega-
strateqy of the development of fundamental sciences, first of all, mega-science of metrology, to support the priority
development of instrument-making as the most knowledge-intensive branch of material production.

It is stated that in fundamental metrology and instrumentation, a lot of problems have accumulated, the solution of
which is neither the State Standard Committee nor the Ministry of Education and Science of Ukraine, nor the National
Academy of Sciences of Ukraine. At present, there are no state or academic programs for the development of mega-science of
metrology and the scientific directions and sciences that make up it. This impedes the development of the country's scientific
and technical potential.

Existing and new problems of fundamental metrology which demand the decision are described.

Keywords: strategy, mega-sciences, metrology, problems, measurements.

Mezna-cmpamezus pazeumusn yynoamenmanbHvlX HAYK

Mera-cTpateruro pa3BUTHS (YHAaMEHTAJIBHBIX HAyK — CTPATErHI0O 3aKOHOMEPHOIO CHCTEMHOTO
00BEeTMHEHNSI KOHEYHOW COBOKYITHOCTH (YHOAMEHTAIBHBIX HAayK M TEOPHH B COOTBETCTBYIOIIME MEra-HayKd U
00eCIeunTh MX KOMITIEKCHOE pa3BUTHE, HalPaBJICHHOE Ha pellieHre (DyHIaMeHTAIBHBIX MPOOJIeM HHHOBAIIOHHOTO PA3BHUTHSI,
MIepPeOCHAIlICHHEe M JOCTIDKEHHE IIATOT0 W TIOCNEAYIONMX TEXHOJIOTMYECKHX YKIAJA0B B HAYKOEMKHX OTpacisix
MaTEepHaJFHOTO TIPOM3BOACTBA, Ha OOECIEYeHHWE YCTOWYMBOTO PAa3BUTHS HAyYHO-TEXHHYECKOTO MOTEHIMAIa
JTAHHOM OTPac)IM ¥ CTPaHbI B miesoM [1].

Co3nmanue Mera-Hayk, Kak CUCTEMbI (DYHIaAMCHTAIBHBIX 3HAHUH TI0 OTPAaCisiM HAPOJHOTO XO3SHCTBA, SBISCTCS
Ba)KHEHILIEl TOCynapcTBeHHOM 3amadeil. B mepBylo owepenp 310 Kacaercs (yHIaMEHTAIGHOM METPOJIOTHH H
TPHOOPOCTPOCHHSL.

Meea-nayka memponocuss — 3TO KOHEUHasi COBOKYITHOCTb B3aMMOCBSI3aHHBIX M B3aHMMO3aBUCHMBIX
(hyHIAMEHTAITPHBIX HAYK M TEOPHH C OONIMMH W YaCTHBIMH 3aKOHAMH, TPHHIMIIAMH, METOAAMH, MAaTEMaTHICCKIMU
MOJICIISIMY, TIOJIOXKCHUSIMH, YCIIOBUSIMH W OTPAHWYCHWSMH, Pa3BHBAIOINAS CTPATETHU MPSMBIX ¥ (CBEPX)HM30BITOUHBIX
MBMEPEHNHA TIpH  JIMHEHHOW, HEeNMHEHHOW W HecTaOmwibHOW (yHKIuM TpeoOpasoBaHMs W3MEPHTENHHOIO KaHaja,
TIpeJyIararoniasi HOBBIC SBICHUS (HaIpuMep, SBICHHE IepeHOca SHEPIWH W MHQOPMAIMH Yepe3 IMPOBOMAIINE M Cliabo
TIPOBOJIAIIHE Cpefibl), 3DMEKTHI U METOBI H3MEPUTENTHHOTO TIPeoOpa3oBaHMsl BEIMYMH pa3HON (DM3HUIECKON MPUPOJIBI, U
TIPEICKa3bIBAIONIAs TOCTIDKAMBIC PE3ybTaThl MO KAa4eCTBY HW3MEPEHHMH, a TakkKe MO0 KAa4eCTBY W METPOJOTHYECKON
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HaJIe)KHOCTH MHTEIUIEKTYaIbHBIX M3MEPUTEIILHBIX CUCTEM M TIPUOOPOB, B TOM YHUCIIE U CBEPXMHHHATIOPHBIX [1-3].

3a nocieHue 5-7 JeT Mera-Hayka MeTpoJIorHst odoraTuiiack 12-10 HOBBIMU TeopusiMU. B Hacrosiiiee Bpemst Mera-
HayKa MeTpOJoTusi o0beauHseT: 1) METPOJIOTHIO C €€ JIBYMsl CTpaTerMsMH DPa3BUTHS, — CTpaTerueil npsmbIX,
cTparerueil M30BITOYHBIX U CBEPXHM30BITOUYHBIX M3MEPEHHUI, TEOPHIO U METOJbI MAarHUTOIOJIEBBIX U3MEPEHUil; 2)
TEOPHUIO CTPYKTYPHOTO aHAM3a YPaBHEHUI M30BITOYHBIX U3MEPEHUH; 3) KOMOMHATOPUKY YPaBHEHUH CBS3H MEXIY
¢usnyeckMMH BeIWYMHAMK; 4)  TEOPHIO JIMHAMHYECKOrO YCPEIHEHWs; S5) METpOJIOTMYECKYI0 NpOorpamMMartuky; 6)
AMMPOKCUMETHKY; 7) METPOJOTHYECKYIO MAaTCTATHCTUKY; §) METPOHFIKY; 9) BuneonnKy; 10) CXeMOTEXHUKY (TCOPHIO 1
TPaKTHKY) ; 1 1) MEKpOMeXaTpoHHKY; 12) CEHCOPHIKY.

Ha ceronusnmauii geHb 3P PEeKTHBHOE pa3BUTHE NMPOMBINIICHHOCTH HE BO3MOXKHO 0€3 pa3BHUTHs OOIIEro,
HAyYHOTO ¥ CIIEIMAIBHOTO IPHOOPOCTpOeHHMs. B 3T0i CBs3M, MOMUTHKA TOCYIapCTBa JOJKHA OBITH HalpaBlCHA Ha

MOJICP)KKY MEra-CTpaTeTHH pa3BUTHA (yHIAMEHTAIBHBIX HayK, HPEeXIe BCEro, — MeTa-HayKd METPOJIOTHH, Ha
MEPBOOYCPEIHYIO MOICPIKKY Pa3BUTHUS MPHOOPOCTPOCHHUS, KaK Hanboiee HAYKOEMKOH OTPacid MaTepHaIbHOTO
MIPOU3BOJICTBA.

OyHIaMEHTaTbHASS METPOJIOTHSI — 3TO Ta BETBb HAYKH 00 HM3MEPCHUSX, MPEIMETOM KOTOPOW SBIISCTCS
pa3paboTka (yHIAMEHTAJIBHBIX OCHOB 3TOW HAYKH W Pa3BUTHE Ha e¢ 0a3e MPHUKIATHBIX TCOPHA W HAYIHBIX
HanpaBieHuil. DyHIaMeHTaIbHAS METPOJOTHS BBISBISICT HOBBIC (PU3UUCCKHC MPHHIIMIIEI H3MEPCHUH, COBEPIICHCTBYET
CYILIECTBYIOILIHE, CO3/IacT ¥ Pa3BHBACT HOBBIC METOIbI TO3HAHMS (PH3HUCCKIX SIBJICHUH U IPOLIECCOB, 00ECTICUHBAIOLINE

33IaHHYI0 TOYHOCTh W JIOCTOBEPHOCTD PE3YJIBTATOB FBMEPEHMH, OCYIIECTRIBIET CBS3b TEOPHH M TPAKTHKM Ha YPOBHE
MaTeMaTHIeCKHX MOJIeIei METOIOB M3MEPEHHI M COOTBETCTBYFOIIMX TEXHUUECKHX PEITieHHH (CTPYKTYp) cpencts mmeperuii (CH),

Ilpoonemvr memponozuu

C 2000-x romoB B pyHIAMEHTAILHOW METPOJIOTHH U IPHUOOPOCTPOCHUH HAKOMTUIIOCH MHOKECTBO MPOOIIEM,
(cM. pPHCYHOK) pelIeHHeM KOTOpBIX HEe 3aHMMAIOTCS HU [ occraHmapT, HI MHHHCTEPCTBO 00Opa3oBaHMSA M HAYKH
VYkpaunsl, H1 HaipionanbHast akazemusi Hayk YkpauHbl. Ha ceromss OTCYTCTBYIOT IOCYJApCTBEHHBIE U AKaJEMHUUYECKHUE
MPOTPaMMEI Pa3BUTHS METa-HAYKH METPOJIOTUU M COCTABIIAIONINX €€ HAYYHBIX HAMPABICHUIA U HAYK.

W3yueHne peambHOro coCTOsHUS MeTposiorn Hadana XXI-ro Beka M HOBBIX €€ JOCTIKCHUM, a0 BO3MOXKHOCTh
copMyIHpPOBATH yIKE CEMb TPYIHIT IPoOJeM (pyHIaMEHTATBHON MET-POJIOTUH, KOTOPBIC HEOOXOMMMO peliaTh B OJIIDKAMIIIe
TOITBI (CM., C YIETOM [5], pHICYHOK).

— 1po0JIeMBbI TTOBHIIIICHUS Ka4eCTBa U3MEPEHUIA,

— npobnembl MeTposnorieckoi HanexHoctd (MH) CU u cpencts m30bTounsix mmepennii (CUN);

— TIPOOJIEMBI METPOJIOTHIECKOH 3 ()EKTUBHOCTH;

— 1po0IeMBI TPO(ECCHOHATHHOTO HAyYHO-TEXHIYECKOTO S3bIKA,;

— TIpo0JIEMbI HAHOMETPHH;

— 1po01eMbl 00paOOTKH PE3yIbTATOB MPSAMBIX, H30BITOYHBIX M CBEPXU30BITOHBIX H3MEpEeHHUH [6];

— TIPOOJIEMBbI MAarHUTOIIO-JIEBO TEOPHUN U3MEPEHUH.

Hoevie npobaemvl hynoamenmanvroii memponozuu

Ha ceromusimiauii JeHp Ha3pena ocTpas HEOOXOAMMOCTh B PEIICHHH MPOOJIEMBI M3MEPCHHS CKPBITOMN
BHYTpeHHEH dSHeprun DepMu OTHOPOJHBIX WU Pa3HOPOTHBIX MATEPHANOB.. DTO OOYCIOBICHO IOSBICHUCM
OrPOMHON HOMCHKIIATYPbl HOBBIX MAaTEPHAIOB M HAHOMATCPUAIOB C Pa3HBIMH MEXaHUYCCKHMHU, MATHUTHBIMU W
JNEKTPUYECKUMH CBOWCTBAMH.

Ipwuem, ecnmu npuOOPHI AJIS HCCICIOBAHWUS MEXAaHWYCCKHX M MArHUTHBIX CBOWCTB MAaTEpHAIIOB
pa3paboTaHbl Ha AOCTaTOYHO BBICOKOM YpPOBHE, TO MPHOOPH I (GyHAAMEHTATBHBIX HCCICIOBAHNN BHYTPEHHEH
sHeprun depmMu MaTepraioB OTCYTCTBYIOT. [ToTpeOHOCTE B M3MepeHnH dHeprun depMu OOIBIIONH HOMEHKIATYPHI
COBpPEMEHHBIX MAaTEepUaioB U BEIIECTB, a TAKOKe DHEPIU JMCKPETHBIX SHEPreTHUeCKHX ypoBHel Jlannay oOycioBHmM
HEe00XOMMOCTh 0003HAYUTH HOBBIEC TTPOOIEMBI PyHIAMEHTAIBHON METPOJIOTHH.

B XXI Beke, — Beke TIOOATBHBIX TIEPEMEH 1 IMHAMITIECKOTO MHHOBAITMOHHOTO Pa3BUTHS IIIECTOTO TEXHOJIOTHYECKOTO
YKIIaz1a, Ha3pesa ocTpas He0OXOAMMOCTE B PEIICHHH CIEAYIONTNX aKTyalbHBIX ITpo0iieM (hyHIaMEHTATIBHOM MeTpoJIoriu [2, 3]:

1) co3nanue Teopuu B3aMMOJCHCTBIS MATHUTHBIX TIOJIEH BRICOKHX U CBEPXBBICOKUX YaCTOT C OTPHUIIATEIIEHO
3apsHKCHHBIMU KBa3WUACTHIIAMH WM 3JCKTPOHAMH MAaTCPHAIOB MaKpOMHpA. IJTO HEOOXOIMMO [UIS PEIICHUS
(hyHIAMEHTAIBHBIX TIPOOJIEM METPOJIOTHH, CBS3aHHBIX C TIOBBIIICHHEM KayeCTBA HW3MEPCHUI, H3Yy4YCHUEM
JNEKTPUYCCKUX U CIIEKTPAIBHBIX CBOWCTB ATHX MATCPUANOB, H3MEPCHHEM | HCIOJIH30BAHUEM 3aIIACCHHON B HHUX
MOTCHIMAIBHOMN SHEPTHUH;

2) co3aaHne HOBOTO HAyYHOTO HAIPABJIEHMS! B METPOJIOTHH, CBS3aHHOIO C M3MEPEHNEM BEIMYMH Pa3HOM (QU3HYECKOH
MIPUPOABI C UCHOIB30BaHNEM (DYHIAMEHTAIBHOTO SIBJIICHHS NepeHOCca YHEPTUH U HH(POPMAIUH CKBO3b IIPOBOSIIIIE
1 CJIOOOTIPOBOJISIIIINE CPEIBI;

3) u3mepenue (Wi MpeoOpa3oBaHME) CKPHITOW BHYTpeHHeH sHeprunm DepMu HUCCIeAyeMbBIX 00pa3IoB
(O) MaTepunanoB W BEMIECTB: MPH MACIITAOHBIX KCIIEPUMEHTATBHBIX HCCIICIOBAaHUSIX CBOMCTB CYIIECTBYIONINX U
HOBBIX MaTEpHaIIOB B HOPMAJBHBIX YCIOBUSAX MX IKCIUTyaTalllH; NP HACHTU(UKAIIUN MaTePHaJIOB; IPH CO3TaHUI
HOBBIX MATCpHUANOB C JWa- ¥ TapaMarHUTHBIMHA CBONCTBaMH, MAaTEpPHAIOB C PAa3HOH JIEKTpO- U
TEIUIONPOBOIHOCTHI0, OMOMATEPHATIOB C HOBBHIMH BKYCOBBIMH KayeCTBaMH (OBOILCH, KapTOQels, MOPKOBH, CBEKIIBL,
perbl, TpUOOB-OKICBUKOB U T.M., ()PYKTOB — SOJOK, TPYII H Jp.), CYHCPU3OIAIUOHHBIX MATEPUATOB JUIS
ANIEKTPOHUKH, aBTOMOOMIECTPOCHHS, CAMOJICTOCTPOCHUS, METUIIMHBI U T.J1. ECIu 7151 viccne[oBaHUs MEXaHUIEeCKHUX
Y MarHUTHBIX CBOMCTB MaTepHajoB pa3paboTaHbl MPHOOPHI HA COBPEMEHHOM YPOBHE, TO JUIS (DYHIAMEHTAJIBHBIX U
MPUKJIAIHBIX UCCIICIOBAaHUI BHYTpEHHEH Heprun @epMu MaTeprUaioB MAKpOMHPA TAKOBBIE OTCYTCTBYIOT;,
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| IIpo6nemsl pyHIaMEHTATBHOH METPOJIOTHH |

—>| ITpobsieMbI MOBBIIICHHS KaueCTBa N3MEPEHHA |

IIpo6siembl oBEI- | [ITpoOaEMBI OBBILLICHUS TIpoOneMbI ortepaTHBHOCTH,
IICHUSI TOYHOCTH JIOCTOBEPHOCTH pe- COITOCTaBUMOCTH U CTaOMIIb-
p-TOB UBMEPEHUH | | 3yIbTAaTOB UBMEPEHHUH | | HOCTH pE3yJIbTATOB U3MEPEHUIT

TIpo6Gsema 06pabOTKX METPOJIOTHY. YKce IpH pas-| | TIpobriembr co3manmst MHOTO-
HBIX 3aKOHAX PACTIPENIEN. CITyYaiHbIX COCTaB. TIor- | | pa3psi. MATPHYHBIX apHpM.
pEIIHOCTEN P-TOB NPOMEXKYTOUHBIX U3MepeHHH | | IPOLIECCOPOB Napal. IEUCTBUA

H TTpobiieMbl METPOJIOTMYECKON HAZCKHOCTH CPEICTB M3MEPECHHUI |

/

TIpoGiiema IIpobmema mporuo3upo- IIpobiiema ycTaHOBIIECHHUS
cunTesa rubkux || Banus u onpenenen. Bpe- | | Haydno-o6ocHoBan. MITU
B®-mozeneit MO || menn napaGorku na MO | |15 sxcnimyaTupyemeix CHU:

J//V —

npuseneHue BO- ||Bpemenn npose-| |Bpemenn nposenenus| | IIpobnema onpenen.
MoJienel B cooT- || meHust mepBoii ||BTopoii n mocnenyro- | | apyrux napameTpoB u
BerctBue ¢ MX CH|| mosepxku CHU mux nosepok CH || nokazareneit MH CU

H TIpoGiemsbl MeTposiornyeckoi 3G GeKTuBHOCTH |

3akoHomatesb- || IIpobnema BeiBOAa yp-Huii niorpent- | | Onpenen. MX addex-
HOT'0 XapakTepa| |Hocrell u3MepeHuii MeToJa-npoToTUNA| | THBHOCTH 10 YPOBHSM

H ITpoGieMbI IPO(hECCHOHATEHOTO HAYIHO-TEXH. SI3BIKa |

OCHOBBI HAY4YHO-TEXHH- Pazpaborka 'OCT Ha IIpoGnemsl 00yueHUs
YECKOT0 s3bIKa CO3MaHbl || YCIOBHBIC 0003HAUYCHU | | HAYYHO-TEXHUY. A3BIKY

I IIpoGemb! HAaHOMETPUHU |

//\

TIpobnemsl Bu3ya- TIpoGnembr IIpo6Gitemb! n3me-| | IIpobieMsl coznanus
JIM3alMH HaHO- cratuy., abeon. | | pennii ceoiicts u| | Mep u CO coctasa u
00BEKTOB ¢ CYOIUK- | | ¥ OTHOC. TIO3H- apamMeTpoB B CB-B HAaHOMaTepua-
CEIIbHOM TOYHOCTBIO| | moHMpoBanust | | Hanoauanazoxe JIOB M BEIIIECTB

H TTpoGieMb1 00PabOTKHU PE3yIIbTATOB MHOTOKPATHBIX U3MEPEHHUI

L v

IIpoGnembl mammmuuaON | |[Ipobiems! co3nanms C UCIL. TEOPUH U METOZIOB
00pabOTKH P-TOB MPSIMBIX HOBBIX CTpaTeruit CTPYKTYPHOI'O aHaJIM3a ypaB-
Y M30BITOYHBIX M3MEpPEHHH| | ycpetHeHusI JaHHBIX | | HeHHMil YMCIIOBBIX 3HAYCHUH

H ITpo6sieMbl MArHUTOTIONICBOM TEOPUH M3MEPEHHIA |

TIpoGnema co3ganus IIpobnema xamuOpoBKU IIpo6iema noBepku
cTaHapTHBIX 00pa3nosB | | MaranTononeBbix CU u UIT MarHUTOIIOJIEBBIX
MaTepralioB U BEILIECTB (pu3HUEeCKUX BENTHUYHMH CU u U1

Puc.1.. Ctpykrypa npod./em ¢yHIaMeHTAIbHO MeTPoJI0run

4) W3MepeHre WM TpeoOpa3oBaHKE B DJIEKTPHUECKUN CHTHAT SHEPIMH JUCKPETHBIX SHEPreTUUeCKUX YpOBHEH
Jlanmay IO matepriaioB MakpoMmupa. ITO CBS3aHO C TIOSBIICHHMEM OTPOMHOM HOMEHKJIATYPhI KOMITO3UTHBIX MAaTEepHAIIOB,
HAHOMATEPHAIIOB M APYIMX C Pa3HBIMA MEXaHWYECKMMH, MArHWTHBIMH, SJICKTPHUECKMMHA M WHBIMHA CBOWCTBAMH U
crpykrypami. CremyeT OTMETWTh, YTO HA CErOAHS OTCYTCTBYIOT MPHOOPHI I W3MEPEHHS SHEPIriM JHCKPETHBIX
SHEPreTUUECKUX ypoBHEH Jlannay;

5) pa3paboTKa METONOB BOCTIPHSTHS W TIpeoOpasoBaHvsl (CHATHS) WHPOPMAIMK O HEOJHOPOTHOCTH MATepHH B
ANEKTPUYECKHI CUTHAI (TIOCTOSHHBIA MM TIEPEMEHHBIN), yI00HBIN U1l JaibHEHIe 00paboTKH, HAKOTUIEHHS, IPe00pa3oBaHus
U TIepEIavH 10 KaHAJlaM CBSI3H;

6) OOBsICHEHHE TIOSIBIICHNSL, YUeT 1 (POPMATM30BAHHOE OIMCAHME Pa3HBIX BUJIOB MIEKTPHUYECKUX TOKOB: KOHBEKIIMOHHOTO
TOKa WJIM TOK ITepeHoca — 3JIEKTPUYECKOr0 TOKa, 00YCIIOBJICHHOIO JIBUYKEHHEM OTPHLIATENLHO 3apsHKEHHBIX KBA3HUaCTHI] —
JNIEKTPOHOB B (DMBMYECKOH CHCTeME 3aMKHYTOrO THIIA; TOKA CMEIleHWs MakcBena; TOKa MPOBOAMMOCTH — TOKa,
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00YCJIOBIICHHOTO JIBIDKCHHEM SJIEKTPOHOB B (DM3MUYECKOH CHCTEME OTKPBITOIO THIIA, HAIPUMED, Yepe3 HENOIBIDKHBIN TPSIMOM
TPOBO/IHUK OMpPE/IENIEHHON JUTHHBI [2, 5].

JloTIOTHUTENEHO MOXKHO Ha3BaTh MPOOJIEMY MaTepHAJIOBEICHHSI — CO3/IaHHsI MArHUTOMSITKUX (heppOMarHUTHBIX
MaTepuagoB JJsl W3TOTOBJICHHMS BBICOKOYACTOTHBIX OpOHEBBIX CEPACYHUKOB C PaBHOMEPHOW YacTOTHOM
XapaKTEePUCTUKOW B IMana3oHax 4acToT OT €IMHUIL JI0 IECSITKOB, COTEH U Oonee Merarepi. bes Takux ceplieuHUKOB
HEBO3MOYKHO CO3/IaHHE MarHUTOIIOJIEBHIX IpeoOpa3oBareneil 1 MpHOOPOB I HCCIIeI0OBaHNH CBOWCTB MaTepHAaIoB
(BemiecTB), 0COOCHHO Ha CBEPXBBICOKUX YaCTOTAX.

[Nomaraem, 9to (yHIAMEHTaTBHBIC ICCIICIOBAHIS IEKTPOHHBIX, MATHATHBIX 1 MEXaHUYESCKUX CBOWCTB MaTepHAIIOB,
B TOM YHCJIe 1 HAHOMATEPHAJIOB, HE SBIITIOTCS MOJHOIEHHBIMH W 3aBEPIICHHBIMU 0€3 M3MEpPEHHUI SHEPTETHUESCKIX YPOBHEH
DepMH U JUCKPETHBIX SHEpreTUIecKUX ypoBHel Jlanaay. I 11aBHOM NpUYMHOMN OTCYTCTBHS TAKUX UCCIIEIOBAHUM SBIISIETCS TO,
YTO JI0 HACTOSIIIETO BPEMEHH HE JOCTATOYHO TITyOOKO MCCIICIOBAHBI M M3YYCHBI IPOIIECCH B3aMMOJICHCTBIS FIMITYIIHCHBIX
MAarHUTHBIX MOJIEH C OTPULIATENBHO 3apsKEHHBIMU KBA3MYACTUIIAMI MaTEPUAIOB MaKpPOMUPA.

Boisoowr

HayuHbIii IpOPBIB B OCBOCHHH IIECTOrO TEXHOJIOTMYECKOTO YKIIAa HE BO3MOXKEH 0€3 pean3allii Mera-CTpaTerii
pa3BuTus QyHIaMEHTATBHBIX HAYK.

D¢ dekTuBHOE pa3BUTHE TPOMBIIUICHHOCTH BO3MOXKHO TOJIBKO MPH TEPBOOYCPEITHOM PA3BUTHU OOILETO,
Hay4HOTO M CHEHAIbHOTO MPUOOPOCTPOSHHSI, KaK HanbOoJIee HAYKOSMKOIT OTPACIM MAaTEPHAIIBHOTO IPOMU3BOJICTRA.

TomuTrka TOCymapcTBa JOJDKHA OBbITh HAlpaBlicHA HA TOMACP/KKY M HMHTCHCHBHOE PAa3BUTHE Mera-HayKd
METPOJIOTHH, KaK IBIDKUTES HAyYHO-TEXHHYECKOTO MPOrpecca, a TAKKe M Ha PEIIeHHe MpOOIeM COCTABILTIONIMX €€
HayK.

Ilpunuto BpeMsi MEPEOCMBICIICHUS BHYTPCHHEH IOJUTHKH CTPaHbI C TEM, YTOOBI HAINPABHUThH YCHUIHS
YUYEHBIX M CIEHHAJIUCTOB Ha JWHAMUYECKOE MHHOBAIIMOHHOE Pa3BUTHE MPOMBILIUICHHOCTH CTPAHBI, HA pEIICHUE
HAYYHO-TEXHUYECCKHUX 33734 IIECTOT0 TEXHOJIOTMYECKOTO YKIIaJa, Ha CO3JaHHE HOBBIX ITOKOJCHUN TEXHHUKH C
HCIIOJIb30BAHUEM HAHOTEXHOIOTHIA.
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YOK 681.513
0.0. BPOBAPEIb

3aBimyBau kadenpu iHpopMaiHHO-TeXHIYHIX Ta IPUPOIHHINX AUCIUILIIH KHIBCPKOTO KOOIEpaTUBHOTO iHCTUTYT Oi3Hecy i paBa
brovaretsnau@ukr.net

«TABJIMLSI MEHIEJIEEBA» JJI51 EGEKTUBHOT'O ATPOIIPOMMCJIOBOTO
BUPOBHUIITBA MTPOIYKIIi POCJOMHHUILTBA - KJIACU®IKAIIITHA MO/JIEJIb
EJIEMEHTIB TOYHOTI'O 3EMJIEPOECTBA OJIEKCAH/IPA BPOBAPISI 1151
PEAJIIBALII CYYACHUX E®EKTUBHUX TEXHOJIOTTI POCJIMHHUIITBA

Anomayisa. Bidomo, wjo Ykpaina mae o0uH 3 camux 8UCOKUX NOKA3HUKI8 podiouocmi rpyHmie y ceimi. Y motil xce
uac, NUMAaHHI0 0XOPOHU podiovocmi rpyHmie He npudinsemucs HaaedxcHoi yeaau. [Ipozpecytoms pisHi udu pyliHyeaHHs i
dezpadayii rpynmise: epodoeaHicme, iHMeHcusHicmb MiHepaaidayii 2ymycy, nepeywiabHeHHS piajai, niokucaeHHs ma
0CO/I0HYHBAHHS PaHiule HellMpPaAbHUX I'PYHMI6 — OCHOBHA PUCA YKPATHCLKUX 3eMe/lb HA CbO200HI.

Cb0200HI Ha puHKy npedcmas/sieHO WUPOKUUl chnekmp mexHIKU 045 peanizayii mexHoso2ill movyHoz20
3em/1epobcmaa.

IIpo me He 3s8axcarovu Ha ece ye, 8idcymHi KoMnaHiil, AKi Moxcyms (Paxoeo «nid KAOU» «3amouumu» yeecb
HAasA8HUIl apceHa/1 MexHo/102ili mo4H020 3eMAepo6Cemaa y Mexcax neeHo2o0 azponionpuemcmsa.

AK npasuo KOXCHA KOMNAHIs, AKA «NPonazye» moyHe 3emaepobcmeo, «<HaKpusae» ceill ceemerm, Ha2010UWyovu
Ha Uiozo saxcausocmi. Bce ye cmeopioe nepewkodu 0415 ehekmugHo20 8nposadiceHHs KOMNAEKCYy mexHoA02il mo4Ho20
3em/1epobcmea.

Ilompi6He po3ymiHHA mozo, wo JAuwe Komn/ekcHull nioxido npu peasnizayii mouHozo 3emaepobcmea dacmb
MOdHCAUBICMb ompumamu o4iky8aHuil eKOHOMIYHUTl pe3ytbmam.

IcHyroui cnocobu MoHIMOpUH2y cCMaHy ciibcbko2ocnodapcbKkux y2ids He daiomb Moxcausocmi 3abesneyumu UCOKI
sumozu 0o eko.102iyHOI ma npodosoabyoi 6e3neku do 8UPOGHUYMBA CibCbK020CN00apcbKoi npodyKyii.

OuesudHo, wjo 0.4 npasuavHoi opzaHizayii ynpaeaiHHs SAKICMI0O HABKOAUWHBLO20 NPUPOOHO20 cepedosuuja
abco1lomHo Heobxi0HO0 YMO08010 € op2aHi3ayis cucmemu MoHImopuHzy. Bpaxosyrouu, wo 8 ocHogi cmpamezii i makmuku
YNpasaiHHs eKOHOMIYHO NpuGymkosuMm (KopucHuM) GiopisHomaHimmsm imoyeHosis, 30kpema i eHMoMOpPi3HOMAHIMMSIM,
€ HaolliHull, weudkull ma egpekmusHUll MOHIMOPUH2 CMAHY NPUPOJHUX MA KYAbMYPHUX eKocUCmeM, BUHUKAA HeobXidHicmb
pPO3PO6KU NPUHYUNOBO HOBUX epeKMUBHUX | BUCOKONPOJYKMUBHUX CEHCOPHUX CUCMEM MOHIMOPUH2Y 3a1e4CHO 8i0 06paHux
HanpsiMkie 3emsaepobcmea ma psidy iHWUX napamempie.

Kiovoei cnoea: mexniuni cucmemu onepamugHo20 MOHIMOPUHaY, eKo102iuHa 6e3neka, npo0osob4a be3neka.

0.0. BROVARETS

Head of the department of informational, technical and natural sciences
Kyiv Cooperative Institute of Business and Law
brovaretsnau@ukr.net

"PERIODIC TABLE" FOR EFFECTIVE AGRICULTURAL PRODUCTION CROP PRODUCTION -
CLASSIFICATION MODEL PRECISION FARMING ELEMENTS FOR ALEXANDER BROVARTSYA
REALIZATION OF MODERN EFFICIENT TECHNOLOGIES FOR CROP

Abstract. It is known that Ukraine has one of the highest fertility rates in the world. At the same time, the issue of
soil fertility protection is not given due attention. Different types of destruction and degradation of soils are progressing:
erosiveness, intensity of mineralization of humus, redevelopment of arable land, acidification and alkalization of previously
neutral soils - the main feature of Ukrainian lands today.

Today, the market presents a wide range of techniques for the implementation of precision farming technologies.

Notwithstanding all this, there are no companies that can "turn off” on a professional "turnkey basis" all available
arsenal of precision farming technologies within a particular agro-enterprise.

As a rule, every company that "promotes” precision agriculture "covers" its segment, emphasizing its importance.
All this creates obstacles for the effective implementation of a complex of precision farming technologies.

It needs an understanding that only an integrated approach to the implementation of precise agriculture will
provide an opportunity to obtain the expected economic result.

Existing methods of monitoring agricultural lands will not allow for high requirements for ecological and food
security to produce agricultural products.

It is obvious that the organization of the monitoring system is absolutely essential for the proper organization of
the quality management of the environment. Considering that the strategy and tactics of management of economically viable
(useful) biodiversity of phytocoenoses, in particular entomorphisms, are based on the reliable, rapid and effective monitoring
of the state of natural and cultural ecosystems, it became necessary to develop fundamentally new efficient and high-
performance sensory monitoring systems depending on the chosen areas of agriculture and a number of other parameters.

Key words: operational monitoring systems, ecological safety, food safety.

BincyTHICT cTaHIApTiB, HACTaHOB, MPUIKCIB, HABITH €JIEMEHTApHUX CUcTeM Kiacudikamii Ta MeToIiB
cHCTeMaTH3allil eJIEMEHTIB TOYHOTO 3eMJIepOOCTBa TPOBOKY€/3MYIIIy€ BUKOPUCTOBYBATH arpolliJIIPHEMCTBA Pi3HOTO
POy TEXHIYHI CHCTEMH TOYHOTrO 3eMjepoOcTBa 0e3 PO3yMiHHS CYTTI iX BHKOHYBaHOIO Ipolecy, 0e3 po3yMiHHS
TOTO IO BiAOyBaeThCS Ta JOIIBHOCTI, e()eKTUBHOCTI i HEOOXIMHICTh iX BHKOPHCTAHHS NPH BUKOHAHHI Ti€l 4u
IHIIOi TEXHOJOTIYHOI omeparltii, BiMOBIIHOCTI IIUX CHCTEM PIiBHIO TOYHOTO 3eMiepoOcTBa. YacTo Takuil JOCBIf
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JICKUTh Ha JIOCBiNlI MEHEIXKepa AUICPChKOI KOMIIAHIH, sika «[Ipomarye» Ty 4H iHIIY TEXHOJIOTIK. 3p03yMilo, IO
3aJ]a4er0 Takoro MeHe/pKepa € 301IbLISHHs NMPOAAaXy TaKMX CHCTeM 0e3 1X po3yMiHHS KiHIEBOI HEOoOXiJHOCTI,
e(eKTUBHOCTI Ta JAOLIJIBHOCTI X BUKOPUCTaHHS MPH pealtizallil TeXHOJIOTii TOYHOTO 3eMJIepOOCTBa.

Bce me crBOproe mepenymMoBH Ui OAHOOOKOTO BHKOPHCTAaHHS €JCMCHTIB — TEXHOJIOTIH TOYHOTO
3eMJIepoOCTBa NPY BUKOHAHHI TEXHOJOTIYHUX OIMEpAIiil i IK HACTIIOK 3HMKCHHS 1X e(eKTHBHOCTI Ta JOIIBHOCTI
BHUKOPUCTAHHS.

e crBoproe HeoOXigHICTH KiacH(piKyBaTH €JIEMEHTH TEXHOJIOTi TOYHOTO 3eMJIepoOCTBa, IO JacTh
MOXJIUBICTh 3a0€3MEeUNTH yBECh KOMIUIEKC BHKOHAHHS TEXHOJOTIYHUX IMPOIECIB CUIbCHKOTOCIIONAPCHKOTO
BUPOOHMIITBA TIPH peajti3alii cydacHIX e(peKTHBHUX TEXHOJOTIH POCIMHHHUITBA.

Came TOMY MpPONOHYETHCS MOAENH U Kiacudikarmii eIeMeHTiB To4Horo 3emiiepodctBa OlnexcaHapa
BpoBaprs mms peamizamii cydacHHX TEXHOJIOTIH POCIMHHHUIITBA, sIKa 3a 3pa3koM Tabmwmi MeHeneeBa KOXKHOMY
CJIEMEHTY IIMX TEXHOJIOTiM BU3HAYUTH CBOI KOMIPKY Ui peaii3aiii Ta iX IOCTiOBHICTh, a BIANOBIIHO NACTh
po3yMiHHS e(h)eKTUBHOCTI Ta HCOOXITHOCTI iX BUKOPHCTAHHS.

3 mi€r0 METOK po3poOdiieHa cucTeMa Kiacudikaiii pi3HUX €JIEMEHTIB TOYHOTO 3eMIIepoOCTBa 3a eTamaMu
BIIPOBAJKCHHsI Ta HEOOXITHICTH TX BIPOBAPKEHHS HA KOKHOMY 3 €TaIliB.

st knacugikanii e1eMeHTIB TOYHOTO 3eMJIepoOCTBa CKJlaIeHa HACTYITHA TaOJIHILIs.

Tabymrs
Kaacudikaniiina mogenn Osexcanapa bpoBapus 1is peaJizaiii TeXHOJI0TiHi TOYHOTO 3eMj1epo0CcTBA

11 BusHayeHHs — KOOPOUHAM — MICYe3HAX00JCeHHs — 00’ckma 3
o 6UKOPUCMAHHAM HABIAYIUHUX CUCTEM.

12 BuoinenHs epanuyb 00CTOHCYBAH020 NOJA 05 peanizayii enemeHmis
- mexronoziu mouHozo semaepoobcmaa.

13 Texniuna cucmema JOKANLHO20 —ONEPAMUBHO20 — MOHIMOPUHS))
o le1eKmpOonpoGIOHUX XapaKmepUCmuK IpyHmo6o20 cepedosuLya.

1.4 Texniuna cucmema JOKANLHO20 —ONEPAMUBHO20  MOHIMOPUHS))
o e/1eKMpPOMACHIMHUX XAPAKMEPUCTUK IPYHIMOBO20 cepedosuLyd.

15 BusHayenHs CMamuyHoi meepooCcmi IPYHMY N0  20PU30OHMAX|
o oOpobtosanozo wapy.

16 Busnauenns OuHamiunoi meepoocmi (WiNbHOCMI) 1O  NOGEPXH
o CilbCbK020Cn00apChKUX Y2iob.

17 Buoinentss 30H HeOOHOPIOHOCMI/BAPIAbENbHOCMI HA OCHOGI OAHUX
o npo noxne.

1.8. [ 1p0606106ipHUKU 0151 8I06OPY 3PA3KIE [PDYHMOBUX NPOD.

1.9. lAepoximiune o6cmedicens 1abopamopiero.

110 Cucmemu mexHiyHO20 30py PpO3MiWjeHi HA pIZHUX dazpe2amax
T (HazeMHi, NOGIMPAHI, KOCMIUHI).

111 Memeocmanyii 01 KOHMPONIO CMAHY a2po0ioNIo2iuH020 CMAH))
T CibCbK020Cn00apcbKuX Y2ios (TpYHmMY, no8impsl, no2oou,).

2.1. BusnauenHs, enubuHU BUKOHAHHSL MEXHONI02IYHOT onepayii.

2 V{ughepenyitiosane BUKOHAHHA MEXHONIOIUHUX ONepayiti OCHOBHO20
- 0OpobImKy IpyHmY.

2.3. [ InyoicHuit 06podImoK.

2.4. [uckosuii 06po6imox.

2.5 Texnonozisi No-till.

2.6. Texnonoeis Strip-till.

3.1. OcHogre Oughepenyiiiogane HecerHs 00OPUS 8 PO3KUO.
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OcHogne Ougepenyiiiosane HecenHst 000pUS 6 psOOK.

OcHosne eHecenns 3aco0is s3axucmy pocCiuH.

Cucmemu  onepamuHO20  MOHIMOPUHSY — AKOCMI  GUKOHAHHS
mexnonoziunux onepayiil.

Vughepenyitiosana cigba ciibCbK020CHOOAPCLKUX KYIbMYP 6 PAOOK.

Vlughepenyitiosana cigba ciibCbK020CHOOAPCLKUX KYIbIMYP 8 POKUO.

Vlughepenyitiosana  cieba  CitbCbKO2OCNOOAPCHKUX — KYAbIMYP N0
vep3iomanomy ipyHmy.

Vlughepenyitiosane  6HeceHHA MiHepaibHux 0o0pus npu cisdi
cinbcor020Cn00ApPCLKUX KYTbIMYP.

Vlughepenyitiosane  6Hecenmsi  OpeanivHux — 00Opus npu  cigoj
cinbcbro20Cn00apcbKUx Kynbmyp.

OnepamueHuii MOHIMOPUHE 3Ac0OAMU  NOBIMPAHO20 06A3Y6AHHS,
Oponamu.

OnepamueHuti MOHIMOPUHE 3ACO0AMU CYNYMHUKOB020 MOHIMOPUHSY.

Vlughepenyitiogane HecenHs MIKpOeIeMeHmie ONPUCKy8ayamu.

/lughepenyitiosane necenHst XIMIYHUX 3AC00I6 3aXUCNY.

Vughepenyitiosane HecenHs op2aHiuHUuX 3ac00i8 3aXUcny.

IMonimopune ypoorcatinocmi.

/[amuuk 601020CcMi.

/lepesanmadicyeaui 3 6azamu.

Cneyianizogane npoepamue 3abesneuenHss Onsi  pobomu i3
eremenmamu mounozo semnepobcmea

Cogpmu.

Caumu.

B kiHueBii MeTi OyayTh IponMcaHi 4iTKi NMpaBWJIa Ta HOPMAaTHBH BUKOPHUCTAHHS TEXHOJIOTIH TOYHOTO
3eMiIepoOCTBa. 3Ba)Karouyd Ha I0YATKOBY CIPOOy Takoi CHCTEMH BOHA € HE IOBHOIO, 1 MICTHTh MOJYJb JJIS
Ha/0y/I0BH Ta JIOMOBHEHHS. ToMy Ko)keH Oakalounii MOKe 1aTH CBOI IPOIO3MIIT 110 HAIIOBHEHHIO TaKOi CUCTEMH.
Knacudikamiss MeToaiB, MiAXOIIB Ta CHCTEM TOYHOI'O 3eMJICPOOCTBA Ta MIAXOIIB IO peaji3ailii CUCTEM TOYHOTO
3eMJIepoOCTBa Ha OCHOBI 3aIIPOITIOHOBAHOrO Iepestiky ToBapi 1 nocnyr. Ha naHuit MOMEHT BiICYTHIH €KOHOMIUYHHMN
aHami3 peamizamii THX ab0 IHIIMX TEXHOJOTIH PI3HOTO POXy KOMIIaHISIMH, IO € BaXXJIMBOIO OCHOBOIO peajri3arii
TEXHOJIOTiH TOYHOTO 3emiiepoOcTBa. Y MOJANBIIOMY BiOYBaTHMETHCS pO3MHU(PYBaHHS KOXKHOTO MYHKTY TaKoOl
CHCTEMH Ta iX YTOYHEHHS 3a JOIIOMOTOIO JTOCBiTy ab0 OCOOMCTOro 3BEpHEHHS KEepiBHHKA a00 yIOBHOBAXECHOTO
JAaHOT KOMIIaHil, IKa peani3ye eIeMEeHTH TOYHOTO 3eMIepoOCTRa.

Taka ximacudikariiss 1acTh MOXJIMBICTD 3a0€3MEYUTH BU3HAYCHHS €KOHOMIYHOT e(DEeKTHBHOCTI KOXKHOTO
KPOKY IpH peajti3anii TEXHOJIOT1H TOYHOTO 3eMIIepoOCTBa.
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YOK 62.52.011.108
I''M. KJIEIIIOB

Opecbka iepKaBHA aKaJieMisl TEXHIYHOTO peryJiroBaHHs Ta sikocti, Oneca

HAYKOBI OCHOBU METPOJIOI'TYHOI'O 3ABE3NEYEHHS KIBEP — ®13UYHOI
CHUCTEMM BUT'OTOBJIEHHS JETAJIEH IIITAMIIIB

Pozensidaemcs meopis snucmosozo wmamnyeaHHa 1 3aco6u eumipy fAKi  npodoexcylomb possusamucs i
yodockoHantosamucs.  IIpoyec po3sumky uUCmMO08020 WMAMNY8aHHS 0aseko He 3asepuioH. HuHi cnocmepizcaembcs
meHdeHYis yce 6i1bWl IHMEeHCUBHO20 800CKOHA/EHHS CNOCO6I8 KOHMPOI0 WMAMNYBAHHS | yCMAMKY8AHHS, 8i4#CUBAHO20
oaa wmamnysanHa. Lo cmocyemocs  Kibep - ¢isuunux cucmem (K®C), mo eoHu Hasexcamsv 0o cy4acHux ceimosux
npiopumemuux npo6sem i gidHocsimubesl do maliGymHboi vemeepmoi npomucaoeoi pesoatoyii(l14.0) a6o "Industry 4.0". [insa
3a6e3neveHHs1 IKOCMI 8UPOGHUYMBA wmamnie 8UKOpucmogyemcsi aKmueHull mMemod KOHMpo/w0 ma agmomMamu4Huil
KOpU2y8aHHs1 3HOCY PI3a/NbHO20 [HCMPYMeHmMy 3 8UKOPUCMAHHAM Jd3epHUX 3acobie sumipy. «Hosa mexHoa02is1» pi3Ko
nidsuwye eekmusHicmev 3a paxyHOkK CKOpo4eHHsl /H0OJCbKUX pecypcis, mepmiHie i nideuujeHHs1 sakocmi. Lle dossosse
supiwiumu O0cHO8HI npobsiemu: yeHmpasaisosaHe eupobHuymeo I pemoHm Jdemasell, asmomamusayiio npoyecis
8UMIpH08aHbL | nideuujeHHs1 mo4HoCmi.

Kawouoei caoea: inmezposara cucmema, nidzomoska supobHuymea, Kibep - ¢isuuHa cucmema, npomuca08oi
pesoaroyii, «kHoea mexHo102is1», yKpynHeHull mexHo02i4HUll npoyec.

G. KLESCHEV
Odesa state academy of the technical adjusting and quality, Odesa

SCIENTIFIC BASES OF METROLOGY PROVIDING ARE CYBERBUCK - PHYSICAL SYSTEM MAKING
DETAILS OF STAMPS

Development theory of the sheet punching and measuring facilities which continue to develop and perfected. Process
of development of the sheet punching far not 3aeepuion. Presently there is a tendency of more intensive perfection of methods of
control of punching and equipment, used for punching. What a cyberbuck touches - physical systems, then they belong to the
modern world priority problems and behave to future fourth industrial revolution(l 4.0) or "Industry 4.0". For providing of
quality of production of stamps of used an active method of control and automatically adjustment of wear of cutting instrument
is with the use of laser facilities of measuring. "New technology" sharply promotes efficiency due to reduction of human capitals,
terms and upgrading. It allows to work out basic problems: the centralized production and component overhaul, automation of
processes of measuring and increase of to exactness.

Keywords: computer-integrated system, preproduction, a cyberbuck is the physical system, industrial revolution, "New
technology”, large-sized technological process.

OcnoBoto KDOC € indopmaniiiHO-TEXHOIOTIYHI CUCTEMH 3 THTErpawLi€ro B HUX 00YHCIIIOBAIBHUX PECYPCIB.
VY Takux cucTeMax JaTYMKH, YCTaTKyBaHHS i iH(QOpMaliiiHO - BUMIPIOBAIbHI CUCTEMH CIOJIy4YEHI YIPOJIOBXK ycCi€el
CHUIBHOT POOOTH, SIKA BUXOJUTH 32 PAMKH OJTHOTO IianpueMcTBa. HuHI miAroToBKa BUPOOHUIITBA i BUTOTOBIICHHS
IITAaMITiB CIIEI[iajTi30BaHa 3a Taly3sIMH 1 OKpPEMHMH IIJIpHeMcTBaMH. Bmepme mnpomnonyerbes no «Hosoi
TEXHOJIOTI1» MPOIIeC aBTOMATH30BAHOI ITiITOTOBKK BUPOOHUIITBA IUTAMIIIB, IX BUTOTOBJICHHS B METaJi 1 pEMOHT He
NPUB'SI3yBaTH 10 YMOB KOHKPETHiH ramysi abo 0 OKpeMoro IiJIpPHEMCTBA, & BUTOTOBIISTH iX [EHTPAIi30BaHO Ha
JIEKITBKOX (SIK MIHIMYM 2-X) CHeIliaJli30BaHuX MignpueMcTBaX Ykpainm i3 3acrocyBanasiM KOC B/l 3 aktuBHUM
Ja3epHUM KOHTpOJIEM. Y MOJeNli HayKOBHX OCHOB MeTpoJioriyHoro 3ade3nedenHs KOC BJIII 3  ykpynmHeHUM
TEXHOJIOTIYHAM TIPOIIECOM TIPE/ICTAaBJIIEHI HACTYIHI omeparii 3 iX MeTpOJIOTIYHHM 3a0e3MeYeHHAM: BXiOHUL
Kommpoabs MaTepiany (JIHCTa, CMYTH, CTPIUKH);, 0OpoOKa YopHO8a, mepmoobpobxa Oemanell MTaMIIIB, 06podKa
yucmosa, 0bpobrxa gopmomeoproco incmpymenmy i xoaonox. OCHOBHMM mpuHIUI padotu momem «Hosoi
TEXHOJIOTI1» TIpolecy NPOEKTYBaHHS 1 BUPOOHMITBA JeTalel IITAMIIB IIOJIITa€ B HAcTymHOMY. B kpaiHi
CTBOPIOIOTHCS /IBa (K MIHIMyM) HiIIpHEMCTBA - MyOJepiB, SKi MPOEKTYIOTh 1 BUTOTOBIIIIOTH B MeTali yci aeTaii
mwramiiB Ha [TEOM 1 Ha Bepcrarax 3 UIIY, 3anumaroum yci Bimomocti mpo gerani mwrammniB y cBoix BJi3. 3a
"HoBoro TexHojoriero" 3aBojaM - 3aMOBHHMKaM MITaMITiB BHIAIOTHCS IITaMIM TIIBKH B METali, a JOKyMEHTAIIis:
KPECJICHHS 1 KapTH TEXHOJIOT'IYHI He BUAAIOTHCS (0€3 mamepoBa TEXHOJIOTIS)). Y LbOMY BHIIQJAKY BUBUIBHSIOTHCS
KOHCTpyKTOpa, TexHoiyori, a Kb mo npoekryBanuio mramniB XJIIII — pi3ko ckopouyrotbes (Oesmogna i
Oe3mamnepoBa TEXHOJIOTis). J[Js peMOHTY IITaMIIB 1 IITaMITiB AyOnepiB (SKUX 3aMOBIISIOTH Bix 2 1o 4 i OLIB)
3aMOBHHK BiJJBAaHTaXYE iX MiANpUEMCTBaM-BUpoOHHKaM. [TiIpreMCcTBO-BUPOOHHK, MAIOUH YCi TaHi TIPO MITAMITH Y
cBoix b/1i3, pobuts peMoHT, BuKoprucToByroun Ty camy KOC B/IIII, Ha TOMy caMOMy YCTaTKyBaHHi 1 THMHA CAaMUMHU
poOiTHUKaMU (MTPOJOBKEHHS (OKHTTEBOTO ITUKIY» INTAMITIB), a 3aMOBHHMKY HE Tpeba MaTH: IeX IO PEMOHTY
MITaMIMiB, 0OCITYTOBHIOUNH TEPCOHAN, yYCTAaTKyBaHHS; IUIATHTH 3a IDIOMI [UIS PEMOHTHOTO IIeXy, MaTepiand, 3a
MeTa i T.4. OCKiIBKU BUTPATH Ha PEMOHT Y BUPOOHWKA iCTOTHO MEHIIe, HiXK JUIS j -TO IMiIMPHUEMCTBA - 3aMOBHHKA
HITaMIiB, BiAmagae moTpeda y BUTOTOBJICHHI OKYMEHTAllii, HASBHOCTI CBOTO PEMOHTHOTO IeXy (HiJISHKH) i
00CIIyroByBaHHI PEMOHTHOTO yCTaTKyBaHH:. SIK BUIHO, COOIBapTICTh KiHIEBOI MPOAYKIii (IUTAMIOBAaHMX JeTaleil),
BUT'OTOBJICHOI HA IITaMIIax, IPH HOBil MOJENI TEXHOJIOTI] IPOEKTYBaHHS | BUTOTOBJICHHS IITAMIIIB ICTOTHO MEHIIIE,
OCKIJIbKM MIJIPUEMCTBO HE HECE BHUTPATH, IOB'I3aHI 3 PEMOHTHHUM IIEXOM 1 OOCIyroBYBaHHSIM PEMOHTHOTO
yCTaTKyBaHHS, a TaKOXX BUTPAaTH Ha KYIIBIIO JOKYMEHTAlii i, y 3B'I3Ky 3 LUM, HeMae HEOoOXiTHOCTI MaTu
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KOHCTPYKTOPIB, TEXHOJIOTIB 1 pOOITHHUKIB BUCOKHMI KBaUTi(hiKalii A1 pEMOHTY IITaMIIiB. 3aMOBHUK y ceOe BUBIIbHSE
COTHI KOHCTPYKTOPIB, TEXHOJIOTIB 1 pOOITHHKIB BUCOKOI KBami(ikallii, 1o Opany yyacTb B pEMOHTHHX po0OoTax, a
TaKOX 3a0IIaJUKYIOTHCS IO, YCTaTKyBaHHS, HeoOXimHi 1y pemoHTy. Ha mixcraBi Bume BukinageHoro K®C
BJIIII mpakTuyHO BiTHOCHUTHCS A0 "OepexIMBOro" BHPOOHHITBA OCKUIBKA CGKOHOMHTBH: BHPOOHMYI ILIOII,
Marepiaiu, piKydi iIHCTpYMEHTH, BUBIJIbHSIE TPOEKTYBAJIBHUKIB 1 pOOITHUKIB BUCOKOT KBami(ikarlii.

Ile no3Bonsie BUPIMIUTH OCHOBHI MNpOOJIEMM: LEHTpaTi30BaHE BHPOOHUITBO 1 PEMOHT JeTajeH,
aBTOMATH3AIIiI0 MMPOIIECIB BUMIPIOBAHb 1 IMiJIBUIIICHHS TOYHOCTI, a TaKOX CKOPOYECHHS TPYIOMICTKICTI 1 BapTiCTi
BHT'OTOBJICHHS INTaMIIiB B YMOBaX PHUHKOBOI €KOHOMIKH, MiABUIIUTH €()EKTUBHICTh i KOHKYPEHTOCITPOMOXKHICTD Y
IPOMHCIIOBUX Tally3sX.

«HoBa TexHOJOTis» aBTOMATH30BAaHOTO IPOIECY BHPOOHHIITBA INTAMIIIB B MaTEeMaTHYHOMY PO3YyMiHHI
BimHOCHTBHCS 10 Teopii A.K. DpnaHra- Teopii MacoBOro 0OCITyTOBYBaHHS 3 BUKOPHUCTAHHAM amapaTy MapKiBChKHX
JIaHIIIOT1B. Tak 3amoBieHHs mrTammiB 3a «HOBOIO TEXHOJOTi€I0» Ha NPOEKTYBAaHHS 1 BHUTOTOBIICHHS JUIS
«IIiIPUEMCTB- BUPOOHHKIBY, @ TUM OLIBII MITAMITH, SKi HATIHIUIA HA PEMOHT BiJl «3aBOJIIB 3aMOBHHKIB)» HOCSTH
iMoBipHHUI xapakrep. [loTpeda y BHpOOHHMITBI IITaMIIB MO KpaiHi CKIagae AECATKH THCAY i HOCHTh MaCOBHH
xapakTep. MOMEHTH BCTYIly 3aMOBJIEHb - BUIIAJIKOBI 1 HOCSITh XaOTHYHHMN XapakTep, 4yepes 10 Y BXIJTHUX «IIOTOKax
IyaccoHa» (Ha MPOEKTYBAaHHS 1 HA PEMOHT), YTBOPIOIOTHCS BUITAJKOBI HEPIBHOMIPHI 3aBaHTa)KEHHS YCTAaTKyBaHHSI.
«HoBa TexHousoristy  pi3ko MHiABUINYe €PEKTUBHICTH 3a PaXyHOK CKOPOYEHHS JIIOACBKUX PECypciB, TEPMIiHiB,
TPYAOBUTPAT i MiABHUIICHHS SKOCTI.
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MNPUHIMIUA TA METOJOJIOT TSI AKTUBHOI MPOTUII BILJIA 3A
AJITOPUTMOM AKA/]

Texnonoeziss AKA/] (aepokobpa-anmudpoH), nepedbauac susigneHHs, 8idcaidkogysanHs ma Helimpanizayiro BIIJIA
8 30Hi mepumopiii siki nompe6yroms 3axucmy 8id nogimpsiHux 06’ekmis.

[punyun dii 8ionosidae nosedinyi peasbHux 06’ekmis (K06pu) Ha emanax sUCMeENCeHHs | NO/HBAHHS HA JHcepmay,
eK/14aKO4U dasieKe susie/eHHs (onmuyHe, padionesneHzayis, iHPpauepsoHe camoHasedeHHs), 3aXONAeHHA Yiai, 3anyck 3a
HanpsiMkoM gidcmedsiceHHs1 Yini, (danvHs 30HA), nepexid 8 30HY Men/108020 HagedeHHs1 (6AUJNCHS 30HA), i3 0OHOYACHUM
6/10Ky8aHHS KaHal8 38’5A3KY, AKI YU IHOUKamopom padioneseHzy.

Anzopumm ma cykynHicme komnsekcHoi 0ii pisHux cucmem camoHasedeHHs i padionodasieHHs1 3a6e3neyye (1K
nicas1 na08Ka 100M y peanvHoi kobpu), cmaéinizayiro pyxy BII/IA, ma cmeopeHHs ideanbHUX yM0O8 0151 BUKOHAHHA PyHKYiT
KAMIKA/I3E, (yKkyc 3HedsusiceHoi scepmau kobpoio) cmocosHo yini BII/IA - nopywHuka nogimpsiHo2o npocmopy.

BkasaHa mexHos02is1 € nodeiliHo2o 3acmocysaHHs (8ilicbkosozo (Helimpasaizayis po38idysanbHO-0usepciliHux
nosivomie Had 3akpumumu 06’ ekmamMu), ma YusinbHo20 (3axucmumu 06’ekmu mepumopiii npusamHoi enacHocmi gid gideo
@domo 3HIiMaHHSA).

Peanizayiss komnaekcy moxcausa y eueasioi aemoHomHux BII/IA «kamikadse», mak i y euensioi modysaie do
icHyroyux modeseil BIIJIA (wasxom npuedHanHss modyasa AKAJZl ma tiozo npuyinbHoi adanmayii), wo 8 pasu 36iabuwye
MOXHCAUBOCMI BUKOPUCMAHHS (0C06.1UB0 8 MACOBUX MOOESX).

OCHOBHUM NPUHYUNOBUM NiOX00OM € BUKOPUCMAHHS KBAHMOEoi meopii 8UMIp08aIbHO20 NnepemeopeHHtsl, SIKa
IIPUHIHUTIOBO 3a6e3nevye OJHOYACHE nokpaujeHHs 8 10-100pasie i mouHocmi i weudkocmi sumiproeanbHux onepauitl, 8
pescumax gidcmesiceHHsl, CAMOHABe0eHHs, a MakKoxc padioneneHaayii i cesekmusHo20 padio610Ky8aHHS cUCMeM Kepy8aHHSs
ma padioobminy BII/IA-yinl.

Karwuosi caoea: Texnonozia AKAJ, uelimpanizayis BI1/I1A, asmoHomHi BII/IA «kamikadse», camoHasedeHHs i
padionodasaenHs, padioneseHzayis, iHppauepsoHe cAMOHABEOEHHSL.

LV.TROCSYCHYN
ONAT im.O.S.Popova
vottp.tiv@gmail.com

O.P. VOYTYUK
OJSC NOVATOR, Khmelnitsky

PRINCIPLES AND METHODOLOGY OF ACTIVE COUNTERACTION OF UAV
BY ALGORITHM AKAD

The technology of the AKAD (airborne antidrone), involves the detection, tracing and neutralization of UAVs in the
area of the territories that need protection from airborne objects.

The principle of action corresponds to the behavior of real objects (cobra) in the stages of tracing and hunting for
the victim, including remote detection (optical, radio radar, infrared homing), target capture, launch in the direction of
target tracking (distant zone), transition to the thermal guidance zone (near-field), with the simultaneous blocking of
communication channels, which were an indicator of a radio call.

The algorithm and the complex combination of different systems of self-propagation and radio-suppression provide
(as after spitting poison in a real cobra), stabilization of the UAV movement, and the creation of ideal conditions for the
performance of the CAMICIDZE function (a bite of an unborn victim of a cobra) in relation to the purpose of the UAV, the
violator of the airspace. The indicated technology is double-use (military (neutralization of reconnaissance-sabotage flights
over closed objects), and civilian (to protect objects of territories of private property from video shooting photos).

The implementation of the complex is possible in the form of autonomous UAK UAK "Kamikaze", as well as modules
to existing UAV models (by joining the AKAD module and its target adaptation), which in turn increases the possibilities of
use (especially in mass models).

The basic principle approach is to use the quantum theory of measuring transformation, which PRINTSIPOVO
provides simultaneous improvement in 10-100 times and the accuracy and speed of measurement operations, in tracking
modes, self-guidance, as well as radio-exposure and selective radio-locking of control systems and radio-change of the UAV
target.

Key words: AKAD technology, UAV neutralization, autonomous UAK "kamikaze", self-propagation and radio-
suppression, radio bearings, infrared homing.

Bci icaytodi cuctemu [IBO i ITPO =e 3maTHI BuKoHYBaTH Bech KomIuteke mpotunii BITJIA, y Bcbomy cBiTi
(manpuxnan «Ilerpiotn i TomaraBku» He 30min xomHoro MmanarabaputHoro BIIJIA), a icHyroui cripo®u pi3HHX
MiAXOJIB, HE MAalTh JOCTATHHOTO €(EeKTy caMme i3 3a BHKOPHCTaHHS «KJIACHYHHX BHUMIPIOBAJbHHUX Ta
MIEPETBOPIOBAIIEHUX TEXHOJOTIH IS paliOCUTHATIBY, B IIUPOKOMY IX pO3yMiHHIO. B Toi ke wac, mepearu y 10-
100 pasis, 3a «moctiitauM s kinacuku napamerpom TOUHICTBxIIBUAKO/IIA», HOBITHIX MiAXOMIB, SKi Hamae
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KBaHTOBa Teopisi BUMIpIOBaJIbHUX IIEPETBOPEHB, 1 YiTKOrO joTpuManHs TexHonorii AKAJl 3abesnedye npocTuii y
KOpHUCTYBaHHI (Olleparopa MOKJIMBO HaBYMTH 3a KiJIbKa XBHWIHMH), i pocToToto 3amycky KAMIKA/I3E, sixuii mae
ABTOHOMHE CaMOHaBeJIeHHs, 1 cTilikuil 10 PED Ta iHmMxX cucteM 3axucry, i Mmpaltoe Ha MPUHIUIAX Peati3oBaHuX y
BifmoMill «Kompuy3ix.

OCHOBHUM BY3JIOM € OJIOK BiACIIJIKYBaHHSI Ta aBTOHABEJICHHS, SKMH Moke OyTH BMOHTOBaHUM y BITJIA-
AKAJI, abo k, oxpeMHii NpHETHYBAaHMH MOIYNb, N0 icHytounx moxeneil BITJIA, skxi cepiiiHO BHITyCKalOThCH,
nuixoM nepeminkiaroueHHs kKaHaniB «BEPX-HU3» i «JIIBO-IIPABO», mo [103BOJs€ ONTHUMI3yBaTH I[IHOBY
TOJTITHKY, 1 BapTicTh 3HenkomkeHHs: BITJIA antuapornom - KAMIKA/I3E.

Tum Ginple, y mpUBaTHUX 3aCTOCYBAaHHSX, BAPTICTh «OPYXTY SKHi BIIaje Ha MPUBATHY TEPUTOPIIO» B pa3H
nepeBurnyBaTiMe BuTpatd Ha AHTU/IPOH, mo poOHTe MPOEKT €KOHOMIYHO NPWBAOIMBUM, a Ui BIHCHKOBHX

cucreM BiH He mae AJIbTEPHATUBU [1].

AKTYyaJbHicTh Mpo6aemMu ocobmuBo rocTpa B pamkax ATO, a Takox 3a0e3nedeHHss 000pOHO3IaTHOCTI, a
TaKOX MOX€e BUKOPHUCTOBYBaTHCH s ciyk0 MHC, a Takox rizpomereociryx0, 3aco0u sikux Ha ocHOBI Teopii ©UB
i ITP He MOXyTh OyTH BUKOPHCTaHI HE CAHKIIIOHOBAHO, a 1 MoAaBieHi «kiracnaHuMi PEby.

Meta. CTBOpeHHsI BUCOKOE(DEKTHBHIX MOOUILHUX 3aC00iB pPalioeIeKTPOHHOT OOPOTHOH 13 pajliokaHAIAMHU
KepyBaHHS Ta 3HATTA BimeoiHpopmarii, abo i JmikBigamii cy9acHUX O€3MUTOTHUX PO3BiMyBAIBHUX CHCTEM, IIIJISTXOM
BUKOPHCTAHHS MPUHIMIIOBO HOBUX MOXKJIMBOCTEH sIKi BiAKpHBaloThCcs B pamkax Teopii @UB i IIP, i He maroTh
aHAJIOTIB y CBITI 3a CBOIMHM KOMIUIEKCHMM HapaMeTpoM TOYHICTh X HIBMIKOAIS BUMIipioBaHHS ((popMyBaHH:)
pamiocUrHanis

Pospobiieno KBaHTOBY Teopil0 BHMIpIOBAILHOTO TepeTBOpeHHs, ska 3abesneuye OJHOYACHE
nokpamieHHss B 10-100 pasiB 1 TOYHOCTI i HIBHJKOCTI BUMIPIOBAJbHUX ONEpalii, B peXUMax BiJICTEKEHHS,
CaMOHAaBEJICHHSI, @ TAKOXK paJioNesIeHralii i CeIeKTUBHOTO Paaio0JIOKyBaHHS CHCTEM KEpyBaHHS Ta pagiooOMiHy
BITJIA-mimi.

Po3pobneHo 670K BiICTiAKYBaHHS Ta aBTOHABEICHHS, SKUH Mo)ke Oyt BMOHTOBaHMM y BITJIA-AKAJI,
a0o0 X, OKpEeMHUH TpHETHYBAHWA MOJIYyINb, MO icHyrounx moxeneit BITJIA, ski cepiiiHO BHITYCKAIOTHCS, MUISIXOM
niepeniamouerts kanaiiB «BEPX-HU3» i «JIIBO-ITPABO».

Jlmst 3aBepIIeHHS TMPOEKTY MOTpiOHO BcTaHOBHTH (BUTOTOBUTH) cuctemy BIIJIA —AHTUJIPOH, Tta
TPOBECTH HOTO MOJIHOBI (HATYpHi) BUTIPOOYBaHHS

Y BIIKPUTOMY IOCTYII HE MiCTHThCS oxHOi iHpopmanii npo AHTU-JIPOHU tuny «kamikamzey.

Icnytoui cuctemu I1I1O i PEB numie yacTkoBO MOKYTh BUPIINTH pobieMy O1okyBaHHs BIIJIA (smime B
AKTHMBHOMY PEXHMIi), ajie 11e noTpedye 3HaAYHUX BHUTPAT (COTHI THCSY MIJBOMHHU 10J), 1 B IPHHLUII HEMOXKIIMBO
6opotucs i3 «manorabaputHuMm» BITJIA, oco6uBoO sKi HAyTh 3a IPOrpaMor0 NaCHBHOTO KEPYBaHHSI.

Bei  akTHBHI cHcTeMHM OpPOTHAIl  BHKOPHCTAarOTh pPaJioBUNIpPOMiHEHHs (IiACBiuyroThH cebe Tmepen
HamagHuKoM), B Toif sxe yac AHTU-JIPOH «kamikaaze» BUKOPUCTOBYE KOMOIHOBaHy CHCTEMY CaMOHaBEIECHHS, 1

MicTuTh «mictieBy PEB», woro He MicTuThCA B J)KOAHIN cucTemi potuuii, (puc.1).
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[lepmmm HampsIMKOM HampaBJIeHMM Ha BHUPIIIEHHs 3ajgadi OJOKyBaHHs mepenadl 300pakeHHs (came B
peaibHOMY 4Yaci) MOXKe CIy)XUTH BUKopuctaHHs cucteM PED i3 BHKOpHCTaHHS BIacTHBOCTEH 13 «IPSMOKYTHHM
JVICKPETHUM CIEKTPOM», JPYTUM, € paJuKajbHUI MiJIXiJ HarpaBiIeHHH Ha 3HUIIEHHS HeOesneynoro BIIJIA, ame
cucteMd NoBHHHI Oyt mobimaumM 1o 3YPC, i3 Tieto pi3HMIEIO, 110 BHUKOPHCTOBYIOTHCS €(EKTHUBHI 3acoOu
aBTOHOMHOTO panionaBesicHHs BITJTA - «kamikaa3ey, sKi TaK0K 0a3yIOThCs Ha BIACTHBOCTIX DyHKIIT sinc(X).

losoBHUMH TIepeBaramMy HOBITHIX MiIXO/IB € NOAOJIAHHS IPOOJIEM SIKi ICHYIOTh Y BIJOMHX CHCTEMaX.

bITIA

H(\n;l.x:l 4 KM /3“5

Puc. 2. 'eomeTpnyHa inTepnperanis Jinii 3 PC na BIIJIA

OCHOBHUMH HEAOJIKaMH HasBHHX CHCTEM € Hee(DEeKTHBHI (3 €HepreTHYHOI TOYKH 30pYy), (popMyBaHHSI
MOJIaBIISIIOYNX CUTHAIIB, BIAMOBIIHO MajHi pamiyc Hii, Ta JOCHTh BHCOKA BapTIiCTh, IO HE 3aBXIW JO3BOJIE iX
BUKOPHUCTAaHHA g 60poThOu i3 BITJIA. (puc.2).

ITutanHs mpoTHIiii B MOJb0BUX yMoBax OoroBux maiii (ATO), mokazano BHCOKY €()EKTHBHICTh HaBiTh
MIPUMITHBHUX 3aCO0IB PO3BiJIKH, 1 B TOH XK€ Yac MOBHY BIJICYTHICTh Oyab SKHUX METOJIB iX MOMABICHHS (OKPiM
3HUILEHHS BOTHEM i3 CTPLIKOBOT 30p0i), 1110 IPU3BOANTH IO CYTTEBHX HACII/IKIB y OOHOBHX OIeparisx.

ToMmy oueBMAHMM € HEOOXimHMM (akT pPO3pOOKHM MOOUIPHHMX, HMPOCTHX Yy eKCIUTyaTamii BifiCBKOBHX
orepariiid, BucokoepektuHux cucteM PEB came i3 cyyacHMME BUJaMu paiio3B’ 3Ky, SIKMA MOXe OyTH pO3B’s3aHO
JIMIIE NIISIXOM BUKOPHUCTAHHS MPHHIMIIOBO HOBUX MOXKJIMBOCTEH IMpH BUMIpIOBaHHI Ta popMyBaHHI pafioCHIHAIIB,
sKi 3a0e3mneuytorhbes e B pamkax @UB i [P, 1 BincyTHI y «KiacH4yHiH pafioTEXHILI».

Peasizamiss KOMIIEKCY MOXKJIMBA Y BUIIIAI aBTOHOMHUX BITJTA «kamikanse», Tak 1 y BUTJISAI MOAYIIIB JIO
icayrounx Mozenedt BIIJIA (mumsixom mpuemHanHs momyns AKAJ] Ta #oro mpuiiinpHOi amamTariii), o B pa3u
301IBIITy€ MOXKITUBOCTI BUKOPUCTAHHS (OCOOIIIBO B MACOBHX MOZETISIX).

OCHOBHHMM TIPUHITUIIOBHM ITiTXOZOM € BUKOPHUCTAaHHS KBaHTOBOI TEOpii BUMIPIOBAILHOTO MEPETBOPEHHS,
ska TIPUHIOUIIOBO 3a6esnmeuye OJIHOYACHE mnokpamends B 10-100pa3iB 1 ToYHOCTI 1 IIBHAKOCTI
BUMIPIOBAJILHUX OTepalliid, B peKUMax BiJICTSKEHHS, CAMOHABEICHHS, a TAaKOX PaIioNeNIeHTallil i CelIeKTHBHOTO
pamio0IOKyBaHHS CHCTeM KepyBaHHS Ta pamioooMiny BITJTA-mimi.

OCHOBHUM BY3JIOM € OJIOK BiACIIJKYBaHHSI Ta aBTOHABEICHHS, SKMH Moke OyTH BMOHTOBaHuUM y BITJIA-
AKAJI, abo k, oxpeMHi INpHETHYBAaHMH MOIYNb, N0 icHytounx moxeneil BITJIA, sxi cepiiiHO BHITyCKarOThCH,
NUISTXOM MEPEIiAKITIOUCHHS KaHAIIB «BEPX-HHU3» 1 «CTIBO-TIPABO»

IIpoctunii y xopucryBaHHI (omepaTopa MOXJIMBO HAaBYMTH 3a KiIbKa XBWJIMH), 1 NPOCTOTOIO 3aIlyCKy
KAMIKA/JI3E, sixuit Ma€c aBTOHOMHE caMOHaBeIeHHs, 1 cTilikuid 1o PED Ta iHIMX cucTeM 3axucTy.

Y mpuBaTHHX 3aCTOCYBaHHSX, BapTICTh «OpyXTy SKHHA BIaJe Ha NPUBATHY TEPUTOPIIO» B pasd
nepesumryBatuMe BuTpatn Ha AHTUAPOH, mo pobuTs MpOEKT eKOHOMIYHO NpHUBAOIMBHM, a JJS BiHCBKOBHX
cucreM BiH He Mae AJIbTEPHATUBU.

OcranHi moxii i3 BUKOPUCTAHHS OE3MIJIOTHUX amlapaTiB JUIsS 3HUIICHHS BiWCHKOBHX 0a3 Ha XapKiBIIWHI,
3anopixkcbkiit oomacti Ta 30ui ATO B JloHenpkii o6macTi, miareepauan npobiemy, sky CIIA, ®pantis, [3pains,
Apabcbki EMipaTu, 3asiBUIH K OJIHI€I0 i3 OCHOBHHMX CBITOBHX 3arpo3 0e3melli, BpaxoBYIOUH O€3CHUIICTh iCHYIOUMX
cucreM [0 i [TPO crocoBuo BITJIA, Ta poHIB, MapK SKUX PO3BHBAETHCS HEKOHTPOJIHOBAHO, 1 IX BUKOPHCTAHHS
JUISL TEPOPUCTUYHUX LIEH cTae Bce O1IbII HeOe3MEeYHNM.

Jns Ykpainu 1e Takox oJHa i3 HalO1IbIINX 3arpo3, 0COOJIMBO Y CTaHi TiOpHIHOT BifHU.

€avHuM Oe3aNbTepHATUBHUAM 1 €()EeKTUBHUM HANpPsSIMOM BHpILIEHHsS BKa3aHO! MPOOJIEMU MOXKE CIIyryBaTH
3aIpOIIOHOBAHUI HAMU HANPSIMOK po3poOuieHni i Ha3Boto «[IpuHnumm Ta Metoooris akTuBHOI npoTuaii BITJITA
3a anroput™MoM AKAI».

OcHOBHa ifiesi: BpPaxOBYIOUH IMIATBEP/KEHY HA TMPAKTHII TPO HEMOXKIWBICTh €PEKTUBHOI MPOTHIIT
ctocoBHo BIIJIA, ski Hecnu TepmiTHI Ta ¢docdopHi enemeHTH BpaxkeHHs, cuctem IO (BkiIrouarogn
panionoKamiiHi), 3eHITHUX CHCTEM, 1 CTPUIEIbKOi 30poi, a TakoX BPaxOBYIOUH, IO JaHi Hii MajdW AMCTaHIIHHE

KepyBaHHs, edeKTHMBHUM OyJae came 3anpONOHOBAaHWW MiAXil, BHKOPUCTAHHS MNPUHIMIY «KaMikaaze», i3
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BUKOpHCTaHHs ojtHOpazoBux BITJIA (aHanoriyHoro kiacy), i3 cicTeMaMy IaCUBHOT'O Ta aKTHBHOI'O CAMOHABEICHHS.

B npuHmmn aii Takux cUCTEM 3aKiaJeHO HOBITHI PO3poOKH, SIKI HE MalOTh aHAJIOTIB y CBITI, 1 103BOJIAIOTH
OJTHOYACHO TOKpAIyBaTH 1 TOYHICTH 1 IBHAKOAI0 BuMipioBaHHS (y 10-100pasiB), Tomi sSK A «KITAaCHYHHUX
crcTeM» JOOYTOK LIMX IapaMeTpiB € BETMYMHOIO IOCTIHHOIO.

He BupimenHs BkazaHoi mpoOnemu, He 000B’si3k0B0 HAMMU (Hexail Oyne BIpPOBaPKEHO HAWOIIBII
e(heKTUBHY CUCTEMY, SKIIO Taka €7?), CTaBUTh ITiJ 3arpo3y He JIUIIE BIHCHKOBI, a 1 00’ €KTH IMiABUIIICHOT TEXHOTSHHOT
Hebe3neky (XiMiuHi Ta HahTO-KOMOIHATH, €TIEKTPOCTAHIII1, BAXKITUBI JepKaBHI Ta TOCIIOAAPCHKI 00’ €KTH).

l'imoTesa sika € IiTBOBOIO IS IPOCKTY, 1€ YHEMOJXKIIMBIICHHS CaM€ ONIEPAaTHBHOTO 3HSITTS PO3BiAyBaIbHOL
iHdopmarii Ge3MIOTHUMHU 3aco0aMH B yMOBax AWMHAMIKH OOHOBHX miHi, konu Bia edextuBHocTi PEB 3amexuTsh
3aXMCT BIHCBK BiJl BOTHEBOT'O BPayKEHHSI.

B ninomy po3po0Oka 3Haiine mupoke 3acTocyBaHHs y 3a0e3neduenHi BificbkkoBux MinictepcTBa O00poHH, a
takox IIpukopnoHHOi cinyx0u Ykpainu, B cucremMax MoHitopunry MHC VYkpainu, Ha 00’€KTax 3 HiIBHUILECHUM
PIBHEM €KOJIOTIYHOI HeOe3MeKH (aTOMHI CTaHIIi1, XIMiYHI ITiJIPUEMCTBA, TOIIO).

OuikyBaHi HayKOBi Ta HAYKOBO-TEXHIUHI PE3YJIbTATH Ta iX MepeBard HaJ aHajoramu. OyayTh BUKOPUCTaHI
TIPUHIIMITIOBO HOBi TexHoJjorii Teopii ®YUB i IIP, sxi MaloTh CyTTEBI mepeBard Haj ICHYIOUHMH 1 JTO3BOJISIIOTH
CTBOPIOBATH 3aCOOM i3 HOBHM BIACTHBOCTSAMH. OYAyTh pO3pOOJICHI MaKETHI Ta EKCIEPUMEHTAaIbHI 3pa3Ku IS
cuctem PEB B MI't i I'Tm niamazoHax aJis TUTIOBMX MOIYJIB pamiokananis i3 3aBagoctiiikux (FFSS, ADT, GSM,
CDMA,) Ttomro. Oyme po3poOiieHe HeoOXigHe MporpamMHe 3a0e3MedYeHHS ISl aBTOMAaTHYHOTO — BUSBICHHS Ta
OJIoKyBaHHST OE3MUJIOTHUX 3ac00iB. OyIyTh PO3pOOJICHHI METOAMKH KOMIUIEKCY 3axoJiB 1o posropranHio PEB Ta
METOJMYHI pekoMeHpaaii it kopucryBauiB (6iniB ATO). Oynme po3pobiieHa eckizHa JOKyMEHTAllst st
BUT'OTOBJICHHS] MAKETHUX Ta €KCIIEPUMEHTAIILHUX 3Pa3KiB.

[lepcnekTBM MNOAANBIIOrO PO3BUTKY OTPUMAHUX pe3yJbTaTiB IOCIHIIKEHHS. NEPCIEKTUBHUM €
CTBOPEHHSI HOBHX CHUCTEM PaJlio3B’sI3Ky Ha 3aca/iaX MPHHLMIIB Teopii GuB 1 mp, sIKi CTIHKI 70 pe® HOBOTO MOKOIIHHS
(merampHa iH(QOpMAILis € KOH(DIICHIIITHOO).

OuikyBaHi HayKOBi Ta HAYKOBO-TeXHiYHi pe3y1bTaTH Ta iX MepeBaru HaJ aHAJOTaMU.

Bynyts BuKOpHUCTaHi MpUHIUTIOBO HOBI TexHoorii Teopii @UB i IIP, siki MaloTh CyTTEBI mepeBaru Haj
ICHYIOYMMH 1 JIO3BOJISIOTH CTBOPIOBAaTH 3acO0M 13 HOBHM BIIACTHBOCTSAMH. bymyTh po3poOieHi MakeTHI Ta
excrepuMeHTanbHi 3pasku s cucteM PEB B MI'm i I'T'nm miama3oHax Juisi THIIOBMX MOXYIIB paliOKaHANIB i3
3aBanocriiikux (FFSS, ADT, GSM, CDMA,) Tomo. Byzne po3pobiene HeoOXiqHe mporpaMHe 3a0e3neyeHHs IS
ABTOMATHYHOT'O BUSBJICHHS Ta OJIOKYBaHHS O€3MUIOTHUX 3aco0iB. BymyTh po3poOJCHHI METOJUKU KOMILICKCY
3axoziB o posropranHio PEB Ta meromuuHi pekomenpanii s kopucrysauis (OiiiniB ATO). Byne poszpobiena
€CKi3Ha JIOKYMEHTAIlisI /115l BATOTOBIICHHS! MAKETHUX Ta EKCIIEPUMEHTAILHUX 3Pa3KiB.

IlepcneKTHBH MOAAIBIIOTO0 PO3BUTKY OTPHMMAHMX Pe3yJIbTATIB A0CTiKEHH.

[lepcrieKTHBHUM € CTBOPEHHS HOBUX CHCTEM pajiio3B’sI3Ky Ha 3acafax mpuHiumiB Teopii ®UB i 1P, sxi
critiki 1o PEB HOBOTO mOKoINiHHA (eTanbHa iHpopMallis € KoH}ineHIiHO0).

limore3a ska € I[IBOBOIO JUIA MPOCKTY, II¢ YHEMOKJIUBJIEHHSI caMe ONEPATHBHOIO 3HATTS
po3BinyBaabHOI iHopMamii 6e3miToTHIMH 3aco0aMH B yMOBaX AWHAMIKK O0HOBUX Aiil, KOMU Bif e()eKTUBHOCTI
PED 3ane:xuth 3aXHCT BifiCEK BiJl BOTHEBOTO BPaKCHHS.

B minmomy po3po0xka 3Haiize mupoKe 3aCTOCYBaHHA y 3a0e3neueHHi BilichkoBHX MiHicTepcTBa 000POHH, a
Takox [IpukopmoHHOi ciay)0m Ykpainu, B cucreMax MmoHiTopuary MHC VYkpainu, Ha 00’€KTax 3 MiIBUIIEHAM
piBHEM €KOJIOTiuHOT HeOe3Mmekn (aATOMHI CTaHIIi1, XIMIYHI HiAMPUEMCTBA, TOIIIO).

Jlitepatypa

1. HoBiTHI  TexHoyorii BUMIpPIOBaJIbHUX IIEPETBOPEHb paliOCHTHANIB il  MOOYZOBH  3aco0iB
pamioeneKTpoHHOI OOpOTHOM 3 pajiokaHaiamu Oe3MiIOTHHX po3BimyBanbHUX cuctem / 1. B. Tporwmun, H. 1.
Tpouummna, M. 1. Jlucuii / BumiproBaibHa Ta 004MCITIOBaIbHA TEXHIKA B TEXHOJIOTTYHUX rporiecax. — 2015. — Ne 4
—C. 226-234
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B.Jl. IMUTPUEHKO, C.IO. JEOHOB, A 0. 3AKOBOPOTHBIN, .M. TJTABUEB

HanuonanbHbIi TeXHUYECKUI yHUBEPCUTET " XapbKOBCKUIT NONIUTEXHUYECKUI HHCTUTYT"
serleomail@gmail.com

MPOBJIEMBI TIPEOBPA30OBAHUS HEJIMHEWHBIA CUCTEM YIIPABJIEHUSI
TEXHOJIOTMYECKUMH IMTPOIIECCAMMU K SKBUBAJEHTHBIM JIMHEWHBIM B
®OPME BPYHOBCKOI'O

Paccmampusaemcsi 3ada4a JuHeapusayuu mamemamuyeckux modeJell, ONUCLIBAIOWUX MEXHO02UYecKuUe
npoyeccol, ¢ yeavio noay4eHus y006HO20 UHCMpyMeHma 0/ ynpasieHus umu. 3ada4d JAuHeapu3ayuu pewaemcsi ¢
nomoujblo 2eomempuveckoli meopuu ynpasaerusi (I'TY). IlpueaekameavHocmv [TY c8a3aHa ¢ noayvyeHuem
59K8UBA/EHMHbBIX HEe/AUHEUHbIM MO0ensiM JAuHellHbix Modesell, komopble yOO6HO ucno/nb3osams 045 peweHust 3aday
ynpas/eHusl, noay4as Cmpykmypwl pe2yAsimopos U/aU 3aKoHbl ynpaseHus. Ilocae uvezo ocywjecmeasemcs o6pamHulil
nepexod u3 NPocCMpAaHcmea AUHeUHbIX CUCmeM 8 NPOCMPAHCMEB0 UCX0OHOU HeauHeliHol cucmembl. IIpu 3mom ocHO8Hble
aHaaumu4ecKue npeobpasosaHusl A8MoMamusuUpo8aHbl C NOMOWbH CNeYUaAU3UPOBAHHO20 NPO2PAMMHO20 06ecneyeHusl.
Iouck ¢yHKkyuil npeobpa3osaHusi, c8s3bI8AIOWUX NepeMeHHble JUHEUHOU u HesuHeliHoU modesel, ocywjecmeasemcs ¢
NOMOWbI0 HOB020 KOHCMPYKMUBHO20 Memooa pewleHus cucmemsl OJud@depeHyuanvHblX ypasHeHull & YacmHbuiX
npou3e8odHbIX.

Kniouesuvie caoea: nuxeapusayus mamemamuyeckoli Modeau; mexHo/102u4ecKue npoyeccsl; 2eomempuqeckas
meopus ynpas/aeHusi; npo2pammHoe obecneveHue; GyHKYUuu npeobpasoeaHusl.

V.D. DMITRIENKO, S.YU. LEONOV, A.YU. ZAKOVOROTNY, D.M. GLAVCHEV

National Technical University "Kharkiv Polytechnic Institute"
serleomail@gmail.com

PROBLEMS OF TRANSFORMATION NON-LINEAR CONTROL SYSTEMS OF TECHNOLOGICAL
PROCESSES TO EQUIVALENT LINEAR IN THE FORM OF BRUNOVSKY

The problem of linearization of mathematical models describing technological processes with the purpose of obtaining
a convenient tool for managing them is considered. The problem of linearization is solved by means of a geometric control theory
(GCT). The attractiveness of GCT is connected, first of all, with obtaining equivalent nonlinear linear models, which are
convenient for solving management problems and receiving regulatory structures or control laws. After that performed the
reverse transition from the space of linear systems to the space of the original nonlinear system. A wider application of the
geometric control theory is hindered by cumbersome analytical transformations connected with the calculation of the derivatives
and the Lie brackets, the definition of the involutivity of distributions, and so on, and also the problem of determining the
transformation functions connecting the variables of linear models in the form of Brunovsky and initial non-linear models of
control objects. The authors developed specialized software that automates the main analytical transformations of GCT. The
search for the transformation functions connecting the variables of the linear and nonlinear models is carried out using a new
constructive method for solving the system of partial differential equations.

Keywords: linearization of the mathematical model; technological processes; geometric control theory; software;
conversion functions.

Bonpmioe uncio pa3iMYHBIX TEXHOJOTHYECKMX MPOLECCOB PAIlMOHAIBHO OIMHUCHIBATHL U HCCIEAOBATh C
MOMOIIBIO0 CHCTEM HEJIMHEHHBIX OOBIKHOBCHHBIX AU()()EPECHIIUATBHBIX YPABHCHHM, PEIICHUS KOTOPBIX 9acTO yI00HO
MPEJICTaBIsATh B BUJAEC KPUBBIX M MOBEPXHOCTEH B TpPeXMEpPHOM MpocTpaHCTBE. [1OCKOIBKY OJHO M3 OCHOBHBIX
Ha3HauCHUIA Tu(GepeHIIMaTbHON TeOMETPHU COCTOUT B M3YYCHHU CBOWCTB TaKHUX T'€OMETPHUUCCKUX OOBEKTOB, TO
HEYJMBHUTEIBHO, YTO HA CTHIKC TECOPHUU YIPABJICHUS TEXHOJIOTHUYCCKUMH OOBEKTaMU W JTU(PQPepeHIUATBHON
TEOMETPUHN BO3HHUKIIA TeOMETpUYecKas Teopus yrpasieHus [1, 2], koTopas HaXOOUT ONpeAesieHHOe PUMEHEHUE
IIPY TIONCKE ONTHMANBHBIX YIPaBICHUH pa3IHYHBIMH OOBeKTaMHu. [IpHBIIEKaTEIbHOCTE TEOMETPUIECKON TeopHH
ynpasienus (I'TY) cBs3ana, B IepByI0 ouepeib, C IMOIyUYSHHEM SKBHBAJICHTHBIX HETMHEHHBIM MOJEIISIM JIMHEHHBIX
MoJiesieii, KOTopble yI00HO HCIIONB30BAaTh IS PEIICHHs 3a7ad ONTHMAJIBHOTO YIIPABICHHS, MOIyYas CTPYKTYPHI
PerynasaToOpoB WM 3aKOHBI ympasieHus. I[lociae wero ocymiecTBIsieTcss OOpaTHBI Tepexon W3 MpPOCTPaHCTBA
JIMHEWHBIX CHUCTEM B TIPOCTPAHCTBO HCXOAHOM HEJIMHEHHOM cHUCTeMBl. bojiee MHUPOKOMY TNPUMEHEHUIO
TEOMETPHUYECKON TEOPUH YIIPABICHUS MPETATCTBYIOT IPOMO3IKHE aHAJHTHICCKHE MPeoOpa3oBaHus, CBSI3aHHBIC C
BBIYUCIICHIEM MPOU3BOIHBIX U CKOOOK JIu, onpeneieHueM HHBOIOTUBHOCTH pacnpesencHuid u T.4. [1, 2], a Takxke
npobieMa ompenencHus (QYHKIUN mpeoOpa3oBaHUs, CBI3BIBAIONINX IMEPEMCHHBIC JIMHEHHBIX MoOJAeieH B (opme
BpyHOBCKOTO ¥ HMCXOJHBIX HEITUHEWHBIX MOJENICH OOBEKTOB YIPABICHHSA. BOJBIIYI0 YacTh aHATUTHYCCKHUX
npeoOpa3oBaHuil yIaioCh aBTOMATH3UPOBATh C MOMOIIBIO CIENUAIM3UPOBAHHOTO MIPOrPAMMHOTO obecrieueHus |3,
4]. OmHako mpobiieMa ompenercHus (QYHKIUI mpeoOpa3oBaHUs B 00mEM ciiydae TPeOyeT CBOETO PEIICHHUs, YTO
CBSI3aHO C HEOOXOIMMOCTBIO PEIIeHHS CHCTEMBI Au(hepeHInaNnbHBIX YPaBHEHHH B YaCTHBIX IPOM3BOIHBIX BHA:
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M O ()

g .
an aip In =Y
6x1 axZ 0 n
0Ty (x) 0Ty (x) 0Ty (x)
a, +a,, +...+a,——=0; )]
ox 0x5 0ox,,
0Ty (x) 0Ty (x) 0T, (x)
a +a +...ta,—=
k1 k2 kn >
ox 0x5 ox,,
rac apls 12 «ovs Afy — IOCTOSHHBIC K03(1)(1)I/IHI/I€HTLI, 3aJaBa€MbI€ BEKTOPHBIM ITOJIEM 00BEKTa YIpaBJICHUA,
Tg (x) — neusBecTHas GyHKIUA MpeoOpa3oBaHus i g-0i KIeTku bpyHoBckoro; x = ( X{> X2, ..y X,;) — BEKTOD
(1)330BLIX NEPEMEHHBIX HCXOJHOI'O 06”I>eKTa; Apls Ap)s vves Ay — KO3(1)(1)I/IHI/IGHTLI, OIpeACISIEMBIC TPOU3BOJHBIMU

JIu ot ¢hyHKIIHHK Tg(x) BEKTOPHOTO apryMeHTa X.
3Has Tq (x) TIyTeM IIOCIENOBATENBHOTO B3ATHS IIPOU3BOAHBIX JIM BIOJE BEKTOPHOTO IOJS (ha30BBIX

MIEPEMEHHBIX HECJIOKHO MOJIYYUTh BBIPAKEHUS, CBSI3bIBAIOLIME IEPEMEHHBIE JIMHEWHON U HETMHENHON Mozenel uist
g-o¥i KJIeTKH KaHOHNYecKoit popmbr BpyHOBCKOTO.

Yucno ypaBHeHu# B cucteme (1) 3aBHCHT Kak OT YHCJIa YIPaBICHUH, TaK U OT MHJEKCA YIPaBISIEMOCTH
COOTBETCTBYIOMIEH KieTku bpyroBckoro [3, 4]. [Ipu uncne ynpasnenuit /[ =3 u uHIEKCe YIPaBIIEMOCTH, PABHOM
4, gucno ypaBHeHWH paBHO 12. Pemenue cucteMbl ypaBHeHHH (1) B 00meM cirydae HE SBISETCS TPUBHUAITBHON

3ajadeii. B cBA3M ¢ 5TUM OBLI IpeIokeH HoMcK (GyHKIM mpeobpazopanmii 1, g (x), rae g=12,..,k g’ kg -

9HCIIO KJIETOK BpyHOBCKOTO, C MOMOIIBIO HEHPOHHOM CETH, a TAKKE METOJ, CBA3AHHBIN C yMEHBIIEHHEM YMCIA
apryMEHTOB, OT KOTOPBIX MOYKET 3aBHCETh QYHKIHS 1 J (x).

Jlutepatypa
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HEKOTOPBIE ACITIEKTBI PEAJIM3AIIMUA A3bIKOB BBICOKOI'O YPOBHA

B mesucax paccmampugaemcsi nped/oxceHue annapamypHol peaau3ayuu s13bIK08 BbICOKO20 YPOBHS 8
nepcnekmusHulX KOMNbIOMepax, no3e0asuee «nozpy3umbsb» 4acmes 3a0a4 8blMUCAUMEABHOU MamemMamuku 8
annapamypy. 3mo ¢ 00HOU CMOpPOHbI, Nh0380AUM NPUBAUSUMb CAM S3bIK 06UWEeHUs C MAKUM KOMNbHMEpPoM K
ecmecmeeHHOMy 53blKy, m.e. ynpocmumbs a/20pummbsl peuleHus 3adav u, ¢ dy20l CMOPOHbI, COKpaMumbv 8pemsi ux
peaauzayuu.

Katouesble cn08a: 8blMUCAUMEAbHASI MEXHUKA, UHMEpPNOJSIYUOHHbIU MHO2041eH, a/12e6pa NOJAUHOMOS,
annapamypHas nod0depicKa, peaausayusi 3blK08 8bICOK020 YPOBHSI.

V.A. VYSHINSKIY, A.Y. KONONENKO, A.V. SLIPETS
V.M.Glushkov Institute of cybernetics of National academy of Science of Ukraine
vyshinskiy@ukr.net, kononenkol7@ji.ua, alla_volod@ukr.net

SOME ASPECTS OF IMPLEMENTATION OF HIGH-LEVEL LANGUAGES

Annotation: The thesis deals with the proposal of hardware implementation of high-level languages in perspective
computers, which allows to "submerge" part of the tasks of computational mathematics into hardware. This, on the one hand,
will make it possible to bring the language of communication with such a computer closer to the natural language, i.e.
simplify the algorithms for solving problems and, on the other hand, reduce the time of their implementation. The
"immersion” of tasks is carried out due to the fact that some of them participate in solving "almost” all classes of problems in
computational mathematics. First of all, they include: interpolation, approximation and approximation of functions to a form
convenient for presentation and processing in Computer Engineering, numerical integration and differentiation, solution of a
system of linear algebraic equations, matrix processing. Modern means of solving these problems are reduced to purely
sequential algorithms, with their subsequent parallelization. In the present paper, it is proposed to solve these problems
simultaneously throughout the interval of the function assignment, using, at the same time, the mathematical apparatus of
regular representations of the Cauchy algebra whose elements they are. As such a representation, it is proposed to use the
algebra of polynomials. In addition, the differentiation of functions in such a representation is proposed in computational
mathematics, not separately by points, but over the entire range of their task, that is, over its functional representation,
simultaneously at all points of the interval. Proceeding from the fact that modern hardware support for the operations of
such algebra can rely on a microelectronic base, it will be very cheap at a cost. In other words, it is convenient to load these
classes of tasks into cheap microelectronic equipment, having computed them at the design stage of an electronic computer
in the best way once and for all.

Keywords: Computer Engineering, interpolation polynomial, algebra of polynomials, hardware support,
implementation of high-level languages.

ITosiBneHWIo SNMEKTPOHHOW BBHIYMCIUTENbHON TexHukH (BT) cmocoOGcTBOBama BceBo3pacTaromas
MOTPeOHOCTh Hamlell MUBIIM3AIMH B pocTe 00BEeMOB BhIUMCIEHHUH. IIpekne Bcero, yBemMUCHHE KOJIUYECTBA
BBIYUCIICHIH OBUIO BOCTPEOOBAaHO B BOCHHOW TEXHHKE, B YACTHOCTH, I BEACHHUS NMPHUIETHHOTO OTHS OOBIYHON M
3€HUTHOH apTuimiepuu. s 3Toro moTpeboBaIoch pemaTh CHCTEMBI TMHEWHBIX anre0pandeckux ypaBHEHUH, 9TO B
YCIIOBUSIX pPeaIbHOTO Maciutaba BpeMEHHU CTaIH PE3KO BO3pacTaTh TPEOOBaHMS K CKOPOCTH CUETa, KOTOPHIE MOKHO
ObUIO0 00ECIEYUTh TOJBKO MPHOOPaMH BBIYHMCIMTEIBHOW TEXHUKH, MOCTPOCHHBIMHM HA 3JICKTPOHHOW 3JIEMEHTHOMN
6aze. JleificTBUTENBHO IEpBBIE AIIEKTPOHHO-BBIYHCINTENbHBIE Mammubl (OBM), kak B Hamieil crpaHe, Tak M 3a
pyOexom, Harpyxajrch, IMEHHO, 9TOH 3a/laucii pacueTa TpaeKTopHH rojera cHapsizia. bonee Toro, B Kuese Oblta
CO3/laHa IepBasi CICHMANIN3UPOBAHHAsI JIEKTPOHHAs CUETHAsl MalllHA, OPUEHTHPOBAaHHAs Ha pEIIeHHEe, HMEHHO,
TOJIBKO ATOM 3a1auu B apTwiuiepun. B mpomecce passutus BT cran pacmmpsaTbes U KPYT BBIYUCIUTEIBHBIX 33124
BBIYUCITUTEIHFHON MaTeMaTHKU. [IpuBeeM ero nepedeHs:

1. UnaTepnonupoBaHue, ampOKCUMAaINs ¥ MPHOIIKeHne QYHKIMHA K BUAY, yIOOHOMY JUIS TIPEICTaBICHHS
1 00paboTku B cpenctrax BT,

2. UucnenHnoe naTerpupoBanue u auddepeHnpopanne,

3. Pemenune cucTeMbl TIMHEHHBIX alreOpandecKknx ypaBHEHUH, 00pab0TKa MaTpHII,

4. PemieHne «BEKOBOTO YpaBHEHHUS» (XapaKTEPUCTUYECKOTO YpPAaBHEHHUsS MATpHIBI), €ro COOCTBEHHBIC
3Ha4eHUs (YKCiIa) — KOPHU 3TOTO ypaBHEHHS,

5. Pemenue cucteMbl 0OBIKHOBEHHBIX M depeHInanbHbIX ypaBHEHNH,

6. Pemenne cucrems! nquddepeHmansHbpIX ypaBHEHAH B YaCTHBIX TPOU3BOIHBIX,

7. Anannz GyHKIMH.

OTH ceMb KJIAcCOB 33/1a4 NPAKTUYECKH HAKPHIBAIOT BBIYMCIHUTEIBHYIO YacTh COBPEMEHHOW 00paboTKH
nHpopmanmu. KoHedHO, I COBEpIIEHCTBOBAHMS HMX pemieHus TpeOyrorcs Oosee OBICTpoaeicTByomue, Oojee
HaJIe)KHBIE C JOCTaTOYHON JOCTOBEPHOCTHIO BRIUHCICHHUN cpencTBa. OTHAKO TEXHUYECKOE Pa3BUTHE STUX CPEICTB,
B CBOEC BpeMs OBUIO OrpaHWYEHO, TOJHKO MPUMEHEHHEeM OoJiee OBICTpOIEHCTBYIONICH, Oojee HaISKHOM
MHKPORJIEKTPOHHOM 6a3bl. UTO KacaeTcs HOBBIX CTPYKTYpP, HOBOM MH(POPMAMOHHONW TEXHOJIOTHH, 3aKJIabIBAEMOM
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B anmapaTrypHbIC PEIICHHUS, BO BHOBb CO3/IaBa€MbIX KOMIIBIOTEpAx, TO 3/ech pa3Butie BT ocramock Ha ypoBHE
MATHICCATBIX  TomoB. Takum 00pa3oM, ajirOpuTM pPEHICHHS BBIYHCIUTEIBHON 3aJaud, MO-IIPEeKHEMY,
OpUCHTUPYETCS, TOJBKO, HA MPOTPaMMHOE OOECIICUCHHE, HCIIONB3YIOIIee YeThIpe apu(METHUCCKUX ICUCTBUS,
KOTOpPBIC pEali30BaHbl B BHUJIC MAIIMHHBIX KOMaHJ. VHBIMU clloBaMH, OoJiee KPYIHBIC M ONCPAHJIbI, U OICPAIUH,
peaM3yIOIUe B KOMITBIOTEPE SI3BIK BEICOKOTO YPOBHS, OCYIISCTBISCTCS B MPOIPAMMHOM BHUJIE, T.€. B KOHCYHOM
CYeTe, CBOMAATCS K TEM >C MAIIMHHBIM KOMaHIaM — apU(PMETHYCCKHM ACUCTBUSAM. DTOT YCTOSIBINUICS 3a
MOCJIETHIE COPOK JIET IMOIXOJ, PaHO WM TO3AHO, TMPHUBEIET K OCTAaHOBKE POCTa W TPOM3BOAUTEIBHOCTH, H
Ha/Ie)KHOCTH KOMIBIOTEPHOH TeXHUKHU. 110 MHEHHIO HEKOTOPBIX «MaCTHTBIX» YUEHBIX CMBICH pa3BuTist BT momken
OBITH HampaBJIeH HE Ha €€ yCOBEPIICHCTBOBAHHUE, a Ha pa3paboTKy TaKUX CIIEIHAIN3NPOBAHHBIX CPEICTB, KOTOPEIC
Ob1 crmocoOcTBOBasM 0oJjiee IMUPOKOMY TNPHMEHEHHWIO YK€ JOCTHTHYTHIX WH(POPMALHNOHHBIX TEXHOJIOTHH W
amnmapaTypHBIX CTPYKTYP HX pealu3aliH, T.€. B 9TOM MECTe KOMITBIOTEPHOE Pa3BUTHE JOJDKHO OBITH OCTAHOBJICHO.
UYro 1 HaOMIOIACTCS B COBPEMEHHON KOMITBIOTEPHOM TEXHUKE.

Opnako B paseutuu BT, eme B BOCEMHUAECATHIX TOJAX MPOIUIOTO CTOJCTHS, MOSBHWINCH PabOTHI, B
KOTOPBIX MpeJiaracTcss COBEPIIMTh JaTbHEHIIMH TPOPHIB B HWH(POPMAIMOHHOW TEXHOJOTHHM KoMmmbioTepa. C
MOMOIIBI0 STOW TEXHOJOTMHM TNPUHIMIIHAIBGHO I10-HOBOMY, pa3pemiacTcss OJHA U3 BAXKHEHWIINX MPoOieM
COBPEMCHHOW KOMITHIOTCPHOW TEXHHKH, Kacalomascs pachnapajUicIiBaHus BBIYUCIUTEIBHOTO IpoIlecca.
Hanpumep, coBpeMeHHas yuciacHHas 00paboTka QYHKIMIA TPaIUIIMOHHO BBIMONHSACTCS OTICIBEHO B KaXIOW TOUYKE
WHTEpBalia ee 3aJaHus. PacnapanienuBaHue 3TOTO BEIYUCIUTEIHHOTO MPOIiecca Ha MHOTOTIPOIIECCOPHON CHCTEME,
Ka3aJIoCh ObI, HE MPEACTaBIAET CO00M 0COOBIX TpyaHOCTeH. OMHAKO pacrapalljeIiBaomas mporpaMMa Impu 3TOM
SBIISICTCS YHUKAJIBHOM B TOM CMBICTIE, UYTO OHA YETKO MPUBA3aHA K 0COOEHHOCTSIM KOHKPETHOW MHOTOIPOIIECCOPHOMN
anmaparype. Ilpemmaraemas HOBas WH(pOpPMAIMOHHAs TEXHOJOTHWS, OPHEHTHPOBAHHA YK€ HE Ha MAIIMHHYIO
apu(MeTHKy, a Ha HOBBIC KPYIHBIE KOMaHJBI, B Ka4eCTBE KOTOPHIX BBICTYIAIOT, HAIIPUMEpP, OIEPaldd aiareOphI
MIOJIMHOMOB, TI03BOJISIET YHCIIEHHYI0 OOpa0OTKy (YHKIMA BBEIONHATH YK€ Ha BCEM HHTEpBaJe WX 3aJaHUI
MOCPEICTBOM ~ MAHHIYJSIUM C WHTEPIOJSIUOHHBIMA MHOTOWICHAMU. VHBIMH  CIOBaMU, JIeTalU3allus
BBIYUCIUTEIHFHOTO TpOIlecca MO0 TOYKaM HHTEpBajia B 3TOM CIIydae OTCYTCTBYET, KOTOpas BEChMa 4acTO MOXKET
MOJB30BATENII M HE WHTEepecoBaTh. Elle pa3 MOMYCpKHEM, YTO B pPacCMaTPHBAEMOM CIy4Yae Ha CpPEACTBaxX
JIUCKPETHON TEXHUKU TPOU3BOJSATCS BBIYHUCICHUS HaX (DYHKIMSIMH, OTHOCHTEIIEHO TOYCK MHTEpBala WX 3aJaHUS,
JKBHUBAJICHTHBIC AHAIUTUYECKAM MPEOOpPA30BaHUSAM. OTa 3KBUBAJICHTHOCTH JOCTHIAeTCS 3a CYET TOro, 4TO
UCXONHBIC (YHKIIMY B MAIIWHE TPEICTABISIIOTCS U 00pabaThIBAOTCS HAJI UX HHTEPIOISIIMOHHBIMI MHOTOYICHAMH,
3HaYCHHE KOTOPHIX COBMANAeT CO 3HaUYeHHEM (GYHKIMA B pacCMaTpPUBAaEeMBIX TOUYKAaX WHTEpBayia. Takne
aHATUTHYECKHE TMpeoOpa3oBaHns HaA (OYHKIMSIMA-MHOTOWICHAMH B IHCKPETHOH MamIMHE COOTBETCTBYIOT
AHATUTHYECKIMH TIpeoOpa30BaHIsIMA Hal GYHKIMSAMH B TOUYKAaX WHTEPBAJIA MX 3aaHUS.

B paccmarpuBaeMoil MammHHOW WH()OPMAIIMOHHONH TEXHOJOTHHM AaKTyaJlbHOW CTaHOBUTCS 3ajaada
HaXOXXICHUS HMHTEPIIONSAIMOHHOTO MHOTOWIEHA KOHKPETHOW (YyHKIWH. TpagurOHHBIA MOAXOX OINpeIeNeHHS
TAKOTO MHOTOWICHa TpeOyeT BBIUMCICHUS 3HAYCHUH 3TOM (YHKIMU B y3JaX HHTEPBAIA C IOCICIYIOIIUM
MPUMEHECHHEM K IMOJIyYCHHOMY BEKTOPY 3HAYCHHUI ajlropuTMa WHTEPIONUMpOBaHUs. [IOHATHO, YTO 3THU 3HAYCHUS
¢GbyHKIIME  TPeOYIOTCS ~ TOJMBKO AN TOJNYYCHHUS  HMHTCPHOJSIIMOHHOTO  MHorowieHa.  COBpEMCHHEIC
MHUKPORJICKTPOHHBIC ammapaTypHble BO3MOXHOCTH IO3BOJIIIOT 000WTHCH 0e3 HuX. J[eJ0 B TOM, YTO OOBIYHO
(dbopMynbHOE 3amaHKMe (PYHKIUHM, KaK MPABUIIO, MPEACTABISACTCS CYMEPIO3UINCH H3BECTHBIX MAaTEMAaTHYECKHUX
(hyHKIMHA, COCAMHEHHBIX MEXIy COOOH omepanusMu HW3BECTHOH anreOpel Kommmw, T.e. ¢ MOMOIIBIO OMeparuii
CIIO’KEHUS, BRIYUTAHMS, YMHOKEHUS 1 1eieHns QyHKuid. KomnaecTBO BCEBO3MOKHBIX MaTEMAaTHIECKAX (PYHKINH,
KaK TpaBWJIO, COCTaBsIeT HE Oojee COTHH. B TpakTHYECKHMX pacyeTax OHO OOBIYHO OTPaHWINBACTCA
3JIEMEHTAPHBIMH MaTeMaTHYeCKUMH (PYHKIIMSAMH, KOTOPBIX — HE 0ojee IBYX HECSITKOB. JTO OOCTOSTEIHCTBO
MO3BOJISIET B TOCTOSHHOW TMAaMSTH MAIIWHBl XPaHUTh HWHTEPIIOJIIHNOHHBIE MHOTOWICHBI, pPacCMaTPHUBAEMBIX
CTaHOAPTHBIX MaTeMaTHYeCKUX (YHKIWH, B y3JaX HMHTEPBAJOB, HMHTEPECYIOUINX IIONb30BaTens. Torma mms
HaXOXXICHMS WHTEPIOJIIIMOHHOTO MHOTOWIEHA paccMaTrpuBaeMoi (yHKIuH HeoOxogmMo B ee  (opmyiry
MOJICTABUTh BMECTO MATEMAaTHUYCCKUX (YHKIMHA COOTBETCTBYIOIIMEC WM WHTCPIOJSAIMOHHBIC MHOTOWICHBI M
BBIMOJTHUTH OIMEPANMU alareOphl TIOJMHOMOB HaJl HUMH, 3aJlaHHBIC B 3TOH (popmyiie. Takum 00pa3oM, MOTydCHHBIH
MHOTOWIEH OyJIeT COOTBETCTBOBATH WHTEPHONSIMOHHOMY MHOTOWICHY paccMaTpuBaeMoi (YHKIHMH. OTOT
BBIYUCITUTEIBHBIN TPOIECC, SCTECTBCHHO, BECbMa YAOOHO MOXET OBITh peajH30BaH Ha MalluHE, KOMaHIaMH
KOTOPOH BBICTYIAIOT ONEPALUU HAJ| TOJIMHOMAMH.

AHaornvHas CUTyarms ¢ 00pabOTKOW MHTEPHOJSIIMOHHBIX MHOTOYJICHOB U NPU PEUICHUHU Kiacca 3aaa4
yuCcIeHHOTO Au(depeHnnpoBaHsT W HHTCTPUPOBAHHS, C KOTOPHIMH IIOJIb30BATENh CTAJKHBAcTCI B
muddepeHInaTbHBIX W HHTETPANBHBIX ypaBHEHHSAX. M 37ech TOKE BCE CBS3aHO C WX TPEICTABICHHEM B
COBPEMEHHBIX KOMIBIOTEpax B IUCKPETHOM BHIE, T.€. C TOMOINBIO TabiHIBEl (MaccHBa) 3HAUEHUH B y3lax
HEKOTOpOW pacueTHO# ceTku. Mcmonp30BaHme B KaueCTBE MAIIMHHBIX KOMAaH, OTPa)KAIOMINX OIEPaIldi aareOpsl
MOJIMHOMOB, TPUBOAWT HE K IOTOYCYHBIM BBIYMCIEHUSAM B JTOH CeTKe, a K 00pabOTKe HHTEPIIONSIIMOHHBIX
MHOT'OYJICHOB, 3HAYCHHE KOTOPBIX COBIANACT CO 3HAYCHHUSIMHU MCXOMHBIX (YHKIWH B y3laX WX 3aJaHUs, T.C. HAJ
KPYITHBIMU OTNICpaH/IaMU, OTPAKAIONIMMHU (PYHKIIMU BO BCEX y3JiaX, 3HAYCHHUE B KOTOPHIX HHTEPECYET ITOJIb30BATEIIS.

Oty ABa Kiacca 3aiad BBIYHUCIUTECIBPHON MAaTEMAaTHUKH, KPOME TOTO, YTO CaMH MO ceOe MpPeJCTaBISIOT
HHTEpEeC sl TI0JIh30BATEIIs, OHHU TaK)KEe MPUCYTCTBYIOT B APYTHX OOJce CIOKHBIX 3aaa4ax. [I[puBegeM cienyromuit
npumep. [IpakThka pacdera CIOXKHBIX MAIlMH B MEXaHHWKE II0Ka3aja, YTO JUIsl CO3IAHHUS COBPEMEHHBIX
MEXaHUYCCKUX KOHCTPYKIIHIA TPeOyeTCs PelICHHs CHCTEMbI THHEHHBIX alreOpandecKux ypaBHCHUMH, UCUUCIIIEMBIX
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COTHSAMH ThIcsid. KpoMe Toro, Kaxablii KO3 GUIUEHT B ypaBHEHHH STOH CHCTEMBI IIPECTaBISET cO00i (QyHKIHMIO.
WHbiMM  ciioBamH, Takas CHCTEeMa JIMHEWHBIX ypaBHEHMH TpencTaBisercs (YHKIUMOHAJIBHOW MaTpHLEeH.
Knaccuuecknii mpueM perieHus 3Toi CUCTEMBI B IeHCTBUTENBHON 001acTH TpeOyeT cBeAeHHs ee (PYHKIIMOHAIBLHON
MaTpHLbl K YHCIOBOW Marpule B (PMKCHPOBAaHHOW TOYKE MHTepBajia 3ajnaHus ee pyHkumit. Takum obOpazom, st
pelIeHns] paccMaTpuBaeMOil CUCTEMBI YpaBHEHHIT HEOOXOJMMO pemarh s KaXJIOW TOYKHM MHTepBalla 3a/laHMs
(yHKIMHA CHCTEMBI JMHEHHBIX anreOpanyeckux ypaBHEHMH, NMPEICTABICHHON NEWCTBHTENbHOM Marpuied. s
3TOTO, IPEABAPUTENBHO, (PYHKIIMOHAIBHYIO MAaTPHUILy CIIEAyeT IPEACTAaBUTH B BHJIE COBOKYITHOCTH JEHCTBUTEIBHBIX
MaTpHII, a TTOIYIeHHOE MHOKECTBO (MAaTpHIly) ACHCTBUTEIBHBIX BEKTOPOB PEUICHUS STOW CHCTEMBI IIPeo0pa3oBaTh
B BEKTOp (DYHKIMIA — pemieHne cucTeMbl. [IOHATHO, YTO 3TOT MyTh PEIICHHUS CHCTEMBI JIMHEHHBIX alNreOpandecKux
YpaBHEHHH SBISIETCS ITMHHBIM U TpeOyeT HETIOMEPHBIX 3aTpaT OOJIBIION KOMIBIOTEPHON CHCTEMBEI.

Ecmu BoCmOnmp30BaThCs KOMIIBIOTEPOM, B KOTOPOM B KadecTBE KOMAaHJ BBICTYHAIOT OIEpaIfy anreOpbl
MOJIMHOMOB, MOJAJEP KaHHBIE aNMapaTypoi, TO PElIEHUE PACCMOTPEHHON BBIIIE CUCTEMBl YPAaBHEHMH CBOAMTCS K
NPE/ICTABICHUIO (DYHKIMOHAIBLHOW MAaTpPUIIBI, OMHUCHIBAIOUIEH €€, MaTpHled WHTEPHOJAIHOHHBEIX MHOTOUYJICHOB,
Ka)KIIbIil U3 KOTOPBIX MPEICTABISIET COOTBETCTBYIONIYIO (DYHKIMIO (DyHKIMOHAIBHOW MaTpupl. [IoHSITHO, YTO TIpH
OIpe/IeJIeHHBIX pa3Mepax MAaIIMHHOW MaTpUIbl KOMIIBIOTEpa BCSl 9Ta HpolLeaypa CyLIeCTBEHHO OyJer Tmpolle,
HEeXeNM TpejcTaBiIeHre (YyHKIMOHAIBHOM MaTpUIGI MHOMKECTBOM JEHCTBHTENBHBIX MATPHIl TPaJWUIMOHHBIM
CIIOCOOOM pEIICHMSI paccMaTpHBaeMOM cCHCTeMbl ypaBHeHWil. UTO Kacaercst camMoro peleHusi 3TOH cucrteMe B
IpeylaraéMoOM KOMITBIOTEpE, TO TOTpeOyeTCsl OTHOPa30BOE €€ pemIeHHe B ONepanusx anreOpsl MTOITMHOMOB,
KOTOpBIe, KaKk 00 3TOM YK€ YINOMHHAJIOCh, SBISIOTCS KOMAaHIAMH MAIlMHBI, BBIIIOTHEHHBIMH allapaTypHBIM
criocoboM. IlomydeHHBII BEKTOp HHTEPHOISIMOHHBIX MHOTOYICHOB COOTBETCTBYET BEKTOPY (PYHKITHIA, KOTOPBINA H
SBIIICTCS. PEIICHWEM paccMaTpUBAaEMOM CHCTEMBI JIMHEWHBIX aireOpanmdecKuX ypaBHEHWH, OINHCHIBAGMON
(dbyHKIIMOHANMEHOW MaTpuiiel. IIpakTHueckw 5TOT (YHKIIMOHAIBHBIM BEKTOP W MPEACTABISET HWHTEpEC It
MIOJIB30BATEIA, & PA3lIOKEHHE €ro MO TOYKaM WHTepBasia 3afaHus QYHKIWH SBISETCS yKe He 00s3aTeNnbHBIM, T.€.,
0 CYIIECTBY OHO B aJITOPUTME OIYCKAeTCs, TEM CAMBIM, COKpAILasi PEIIEHUE CUCTEMBL.

AHajnoruyHasi CHUTyallus CKJIQfbIBa€TCS U  HCIOJIb30BAHMEM UHCIEHHOTO HHTETPUPOBAHUA U
muddepeHunpoBaHus UL, TPHUBEICHHBIX  paHee KJIAacCcOoB  3ajad, KacaloUIMXCsl PEHICHUs]  CHUCTEM
muddepeHINaNBHBIX YpaBHEHUH, Kak OOBIKHOBEHHBIX TaK M B YacTHBIX IPOW3BOAHBIX. VIHBIMH cllOBamH,
yucineHHoe quddepeHpoBanne BBIIOIHIASTCS HE MOTOYEYHO HA MHTEpBalle 3a/laHusi GYHKIMH, a Cpa3y BO BCEX
TOYKax, 4TO IO3BOJIIET TOT JK€ adroput™M auddepeHIHpoBaHusl, HO yKe Hajx (YHKIHMEH, IpeacTaBICHHON
WHTEPIOIAINOHHBIM MHOTOWICHOM

P (x) = P(x+Ax)—- P(x)
Ax 9

rae P(x+Ax) n P(x) — MHTEpIIONAIINOHHBIE MHOTOYJICHBI COOTBETCTBEHHO QYHKIHH #(x + Ax) u @(x).

s peanu3anny onepauyy YUCICHHOTO MHTErpupoBaHus GyHKIMH B rpeasaraemoil 9BM ucronb3yeres,
Kak ¥ B Ciydyae YHCIEHHOro Au(p(EepeHIUpPOBAaHUS, TMPEICTABICHUE HWCXOOHOM (QYHKIMM B  BHIC
WHTEPIIOJIAIIMOHHOTO MHOTOYJICHA. 3aMEHUB UCXOAHYI0 (QYHKITUIO f(X) e€e WHTEPIIOSIIIMOHHBIM MHOTOYICHOM P(X),
NPUMEHUM K TOCIEJHEMY AJISI YMEHBIIEHHS MOTPEIIHOCTH METOJ, KOTOPBIH COOTBETCTBYET NPHUMEHEHHIO IBYX
BapUAHTOB METO]Ia IPSIMOYTOJIBHUKOB (JIEBOTO W MPaBOTO).

Ecnmu yHKOns, mHTErpan KOTOpOH paccMaTpuBaeTcCs, 3afaHa KOd(QQHUIMEHTAMU €€ HHTEPIOISIIHOHHOTO
MHOTOWIEHA, TO 3HAUYEHHsI TOI'0 MHOTOYJICHA B y3JIaX CETKH M HaXOX/IEHHE COOTBETCTBYIOLIEr0 HHTErPaia MOYXKHO
HaWTH CJIEAYIONINM 00pa3oM.

m | n .
=3~ XX/ xa;
0=17\i=1

[TockonmbKy BEKTOp

noo.
2
i=1

MPEJICTAaBIsIeT COO0M KOHCTAHTY, TO OH MOXET OBITh MOATOTOBJICH 3apaHee M HAXOIUTCS B IOCTOSHHON MaMSTH
MalluHbL. B pesynbTare, anroputM BBIUMCICHHS STOTO BBIPAXKEHHUS CBOAUTCA K OJHOMY CKAIAPHOMY YMHOXEHHIO
JIBYX BEKTOPOB.

B macrosmem mokmaze paccMaTpUBAIOTCS 3a1a4M BBEIYHUCIUTEIEHOW MaTEeMAaTHKH, NMpeIHAa3HAUYCHHBIC IS
peuieHuss Ha BM, B KOTOpO#i MallMHHBIMU KOMAaHJAMH SIBJIIIOTCS OTIEpaliiu HaJ nmojuHoMamu. [loguepkHem, 4To
obecrieyeHne 3TUX OMNEpaIiii Kak KOMaH MOJAEP)KaHO ammapaTypHBIMU cpeacTBaMu. VIHBIMU CJIOBaMH B MaIlnHe
BBINIOJIHEHA aNIapaTypHas peann3anus s3bIKa BBICOKOTO YPOBHS, YTO II03BOJIIET CYIIECTBEHHO YIPOCTHUTH
CTPYKTYpPBI CaMUX aJTOPUTMOB PEIICHHUS 3a7ad M onepanuu (KOMaHIBI), KOTOPBIE BXOAAT B HUX. Vcmonp3oBaHue
TaKAX KOMaHJI €CTh HE YTO, MHOE, KaK IOTPYKCHHE PELICHHE 3a/ad BBIYUCIMTEIBHOW MaTEeMAaTHKH B MAIINHY,
KOTOpOE TPUBOJUT K TOMY, YTO YacTh W3 HUX MOXKET OBITh OIYIICHA W3 aJrOPUTMHYECCKOTO oOecredyeHus. Bo
BCSAKOM cClly4ae, TaKOW Kjacc 3ajad, KaKk MHTEPIOJIMPOBAHKE, allPOKCHMAIIUS U MPHOIMKCHNUE (DYHKIUN, MOXKET,
pa3 ¥ HaBcerAa pelleH, U ero pe3yJibTaThl IPEACTABICHbI B MaMSITH MalIMHbI B BUIE KOHCTaHT. B paBHOI cTeneHu
UCIIOJIb30BAHUC 3apPaHEE BBIYHMCICHHBIX WHTCPIOJSIIIMOHHBIX MHOTOWICHOB (DYHKIIMIA CIICAYEST UCIIONB30BaTh U IS
YUCIICHHOTO UHTETPUPOBaHUs U AuHepeHIUPOBAHHUS.
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XIMIYHA MOJHU®IKALIA ITOBEPXHI ITIOJIICTHUPOJIY JIA 3ACTOCYBAHHS B
IMYHO®EPMEHTHOMY AHAJII3I

CyuacHi meduuHi docaidxiceHHs1 00380/5110mb npogodumu paHHio diaeHOCMuKy 6a2amuox x80pob, HA OCHOBI
aHanizie 6ionoziuHux piduH. Ha ocHogi Haykosux ma MeduyHUX 3HAHb CMBOpeHo psi0 HOBUX Memodie diaeHocmuku
3axeoprogaHv 00uHU. BodHouac 3pocmae nompeba y Hogux ceHcopax, siKi moijcymb gidobpajxcamu cmaH 300po8’s
nayienma e yisomy. Y donoeidi nogidomasiemucsi npo npocmutl, Hedopozuii ma eko102iyHo 6e3nevHuli cnocib 2idpoginizayii
nosepxHi nosicmuposay, sKutl Mae 3HaYHUl nomeHyiaa 0451 3dCMOCYBAHHS 8 Memodax (epMeHMHO-iIMyHOCOPOEHMHO20
aHanizy (IPA) 3a paxyHok 36inbweHHs adcopbyii 00cAI0HCY8AHUX MONAEKY.

IIpedcmasseni pesyabmamu docAaidsiceHHs nosepxoHb 2idpodginizoeanozo noaicmupoay 3 sukopucmarusim PTIP-
cneKkmpockonii, ckaHyo4oi 30H00801 MiKpOcKonNii, BUMIPIOBAHHS KOHMAKMHO20 Kyma ma adcop6yitiHux eaacmusocmet 015
okpemux Kaacie 6iomoaekya. 062080pHI0MbCsl MONCAUBT MexaHizmu 2i0podinizayii Ha ocHO8I Xapakmepucmu4HUX peakyitl
deHinbHo20 20pa ma ymeopeHHs noAsspHUx GyHKYIOHALHUX 2pyNn HA NOBEPXHI NOAICMUPOY.

Karuosi caosa: mexHosozis eidpogdinizayii, nonicmupos, FTIR-cnekmpockonis, ckaHyioua 30H008a MIKpocKonis,
B8UMIpIOBAHHS KOHMAKMHO20 Kyma

G.V. BEKETOV, V.P. KYSLYT, A.I. LIPTUGA, O.V. SHYNKARENKO
Lashkaryov Institute of Semiconductor Physics, NAS of Ukraine
o.shynkarenko@isp.kiev.ua

CHEMICAL TREATMENT OF POLYSTYRENE SURFACES FOR ELISA APPLICATIONS

Modern healthcare allows early diagnosis of many diseases by analyzing biological fluids. The development of
science and medicine knowledges lead to a number of new methods of diseases identification in the presence of certain
human diseases. At the same time, a growing need for new sensors that can reflect the state of health of the patient as a
whole. We are reporting on simple, inexpensive, and environment-friendly method for hydrophilization of polystyrene surface
which has strong potentiality for use in manufacturing of enzyme-linked immunosorbent assay (ELISA) plates as an
adsorption-promoting technique.

ELISA is a biochemical assay widely used in immunological diagnostics for detection of peptides, proteins,
antibodies, hormones etc. It is an essentially heterogeneous assay, in which separation of some component of the liquid
analytical probe is performed by adsorbing them specifically onto a physically immobilized solid phase. The solid support is
usually constructed as a multiple-well polystyrene plate known as the "ELISA plate". The critical issue in manufacturing the
ELISA plates is achievement of an optimal adsorption capacity and affinity for the specified biomolecules used as a ligand.
The world-leading brands (TermoFisher Nunc, Corning etc.) widely use proprietary hydrophilization technologies for this
purpose.

Availability of an independently developed hydrophilization technology will promote competitiveness of emerging
local manufacturers of ELISA-related products and facilitate access to advanced medical care for all sections of the
population.

Results of investigation of the hydrophilized polystyrene surfaces using FTIR-spectroscopy, scanning probe
microscopy, contact angle measurements, and adsorption properties for selected classes of biomolecules are presented.
Possible mechanisms of hydrophylization are discussed on the ground of characteristic reactions of the phenil core and
formation of polar functional groups at the polystyrene surface.

Keywords: Hydrophilization technology, polystyrene, FTIR-spectroscopy, scanning probe microscopy, contact angle
measurements

Imynodepmentnuit ananiz (I®A, aurn. enzyme-linked immuno sorbent assay, ELISA) — iMyHONOTi4HUI
METONl JUIsi BHU3HAYCHHsS HASBHOCTI TIEBHMX aHTUTCHIB, IDIAXOM peakiii aHTureH-anturtimo. Illupoko
BUKOPHUCTOBYETHCS B HAYKOBO-AOCTITHIA poOOTI Ta KIIiHIYHIH JJabopaTOpHil AIarHOCTHIN JJIsl BUSBIICHHS MTETITHIB,
OiNKIB, aHTUTLJI, TOPMOHIB TOIIO. Lle 1Mo CyTi reTeporeHHHUN aHaji3, MPU SKOMY BHIICHHS TIEBHOTO KOMIIOHEHTA
piaxoi mpoOu BinOyBaeThcs mpu ioro cnenndivunid agcopOmii Ha ¢izumgHO iMMOOiTi3oBaHy TBepAy ¢a3y. B pomi
OCTaHHBOI, SIK MPABUIIO0 BUKOPUCTOBYIOTH IOJIICTUPOJIOBI MIKPOTUTPYBaIbHI TUTAIIKH IS PiIKUX TPOO, BiIOMi sSK
"mnactuakn ELISA". Kputnunoro npoGiiemMoro npu BUroToBiieHHI TuiacTul Juist IOA € nocsrHeHHsT onTUMaiIbHOL
a/1copOLiiHOI 3/1aTHOCTI Ta CHOPIITHEHOCTI 3 BKa3aHMMHU O10MOJIEKYJaMH, sIKi BHKOPHUCTOBYIOTBCS SIK JIraHI.
BigmramMnoBana HOBEpXHS HOJNICTHPONY Mae€ TiIpoQiIbHI BIACTHBOCTI, IO 3HAYHO 3MEHIIYE MaKCHMAIbHY
KIJIbKICTb 371cOpOOBaHOi PEYOBHHHU Ha TIOBEPXHI 1 301IbIIIye MiHIMAJILHUN PIBEHb KOHIEHTpALil pEYOBUHH, 110 MOXKE
Oyrn BmsHauena. CgitoBi Openmu (TermoFisher Nunc, Corning ta iH.) IIMPOKO BHKOPHUCTOBYIOTH (DipMOBi
rigpodimizaliitai TexHonorii s el metu [1].

Pi3Hi THNM XiMiYHEX 3BS3KIB, M0 OEpyTh y4acTh Ipu afacopOrii 6ioMoJieKys Ha MOBEPXHI IMONICTHPOIY
300pakeHi Ha puc. 1.

B 3anexHocTi Bl mepeBaXkHOT OITBIIOCTI TiApodiMbHUX 9 TigpohOOHUX aMiHOKHCIOTHHUX 3aJIMIIKIB Ha
MTOBEPXHI MOJIEKYJI, TIIO aACOPOYIOTHCS, ONTUMATBHUM Oy BUKOPUCTAHHS IMOBEPXHI MOJICTAPOIY 3 BIAMOBITHUM
crymeHeM TimpodimsHocTi. Hamu po3pobiieHa MeToawka, IO JO03BOJISE IUIABHO 3MIHIOBATH TigpodiabHICTh
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MOBEPXHI MOJICTUPOITY i OTPUMYBATH MOBEPXHI 3 BIIOMHUM CTyNEHeM rinpodinbHocTi. [Ipukiian moiaicTHpoIoBUX
Yaml 3 pi3HMM cTyneHeM TigpodinbHocTi HaBeneHo Ha puc.2. Crocid rigpodimizanii ocHOBaHMH Ha PiTMHHUX
peakmisix, € eKOJOTIYHO Oe3NeYyHHM, HEIOPOTMM Ta HETpyJOoeMKMM. HasBHiCTH caMmocTiiiHO po3pobieHoi
TEXHOJNOrIl rifipodinizamii CrnpusTUME MiJBHIICHHIO KOHKYPEHTOCIIPOMOXXHOCTI YKpailHCBKMX BHPOOHHKIB TECT-
cucteM st [OA Ta MOKpanuTh SKICTh MEMYHOI JONOMOTH JUIS BCIX BEPCTB HaceleHHs [3].
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Puc. 1. Tunu xiMiynux 3Bsi3kiB 110 6epyTh y4acTh NPHU agcopoduii 10 noBepxHi noxicTupo.ay. Ban-nep-BaanbscoBcebki 3B's3Ku: () -
BO/IHEeBUH 3B'5130K Mixk 1BoMa aunosamu; (d) - 3B'130K NMOJISIPHOCTEH 1110 YePrylThesl MiK Byr/1eBOAHeBUMM 3aumkamu; "leTunni"
ximiuHi 38's13k1: (b) -KoBa/IeHTHHIT JUCYIbDITHUI 3B'A30K; () - iOHHUIA 3B'A30K MixkK ioHOM KapOOKCHUIy Ta aMiHO-i0HOM, (e) -
KoMOiHOBaHa il BOJHEBHX CHJI T 3B'SI3KIB 3MiHHHX MOJISIPHOCTell Mi’K BYIJIeBOAHEBHMH 3aJTHIIKAMH. [2]

(e)

B pmomoBini mpeicraBiieHi pe3yabTaTH JOCTIHKEHHS I[OBEPXOHb TiPOGIi30BaHOrO MOJICTUPONIY 3
BukopructanasaM DTIP-cnexTpockomii, CKaHyl040i 30HIOBOi MIKPOCKOIi, BUMIpIOBaHHS KOHTAKTHOTO KyTa Ta
aJcopOIIfHUX BJIACTMBOCTEH Uil OKpeMuX KiaciB Oiomoiekys. OOroBopIOIOTHCS MOJMJIMBI  MEXaHI3MHU
rizpodinizanii Ha OCHOBI XapaKTEPHUCTUYHHUX PEaKIii (EeHITBHOTO A1pa Ta YTBOPEHHS MOISIPHUX (PYHKIIOHATEHUX
IpyI Ha IIOBEPXHI MOJIICTUPOITY.

Puc.2. IloaicTupoJiosi yaui 3 pisHUM cTyneHeM riapogiibHOCTI 3a10BHEHI BO10I0
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ITOBEPKA U KAJIUBPOBKA B ®A30BbIX UBMEPEHUAX

AnHomayus: Cmamvsi  nocesiujeHa pasHuye NOHAMuUL 8 3a8UCUMOCMU om Heob6xodumMocmu noJayyums
MempoJio2uyeckull doKyMeHm o moM, Ymo 0aHHbLll npubop 045 usmepeHusl uau socnpouseedeHus yaaa ¢azosozo cosuza
npogepeH He 2de-mo, HeU38ecmHo 2de, A 8 Y3AKOHEHHbIX NPednpusimusix - YeHmpax Mempo/o2uu, 2de 8cé 0CHO8aHO HA
CPagHeHUU C 3MAJA0HaMu eQuHUY , KOMOPbIX MHO20 (Memp, ceKyHda, niockull y2o/, 20e ecmb 8bix00 HA Cneyyc/a108Uusl,
Komopble Heo6Xo0uMbl Hayke U mexHuke). Ha 60/bwux 3a800ax, HAyYHO-UCCAe008AMEALCKUX UHCMUMYmMax umeromcs
Mempoio2uyeckue omaesibl, 8 KOMOPbIX MAK¥HCe UMEIMCsl 3Ma/0Hbl U 3MA/A0HHble YCMAHO8KU, KOmopble ammecmogaHbl
8 coomeemcmeywWux UYeHmMpax u UM OaHO npaso noeepku. B yeumpax memposozuu Pocculickoli Dedepayuu
ocyujecme/isilom nogepKy omeyecmeeHHblX Kaaubpamopos gasvl muna K@-1, ®5224, ®1-2, YOAMII-1, ®1-4, H6-2, H4-14
moJ/ibko Ha uacmomax, ykasaHHulx 6 nacnopme I'ocamasnouna (I'3T61-88, a umeHHo - 8 duana3oHe Yacmom, MOYHO
coomeemcmgyroujum 4acmomam [locydapcmeeHHo20 smasaoHa eduHuysl yaaa Hazosozo cosuza Mexcdy 08yMs
3/N1eKmpU4eCcKuUMU HanpsaxceHusMu 8 duanaszoHe yacmom om 1-10-2 do 2-107 I'y (I'3T61-88), a umeHHO Ha wiecmu yacmomax
-0,01Ty, 1000y, 100kI'y, 1 MI'y, 10 MI'y u 20 MT'y.

Camu kaaubpamopbul asel uMerom cobcmeaeHHble caedyroujue duana3oHsl 4acmom:

- kaaubpamop gazet KO-1 (30 I'y, 50 I'y, 1000 I'y, 3a800 «Imaaox» npu BHUHUM e. /lenunepad),

- HU3Kouacmommbulil kaaubpamop gaszvt 5224 (0,001 I'y - 200,000 kl'y, 3a800 «PHUII», 2. Kues),

- kanubpamop ¢asel ®1- 2 (5kl'y, 10 kl'y, 50 kI'y, 100 k'Y, 200 kl'y, 3a800 «Mamac» 2. BuivHioc),

- kaaubpamop gasvt ®1-4 (5 kI'y - 10 MI'y), 3a800 «K3PHUII» 2. KpacHodap),

- kaaubpamop ¢aset H6-2 (1,0 I'y-100 MI'y, 3a800 «K3PHUII» 2. KpacHodap),

- 9maunon I'3T 61-88 (0,001 I'y - 20 MI'y) 3a800 «ImasoH) npu BHUUM e. JlenuHzpad).

®Pazomempbl makdce A0AAHCHBI NPOXOOUMb NOBEPKU Yepe3 8peMeHHble nepuodsl, 00bIYHO Yauje 8cez2o vepes 2od.
Hau6osee uzgecmuble omevecmsenHble gazomempul - ©2-34 u @K2-35 ¢ paspewarowetl cnocobHocmobio no gase 0,01° u
0,001° 8 duanasoHe yzs08 0-3600 u 8 30He uacmom om 1 'y do 1 MI'y.

Kaau6poska 6 0CHOBHOM npumeHsiemcsi mozaoa, Kozda paspabamvieardm Ho8ble 06pasybl Npubopos8 u HAdo
onpedeaums CKO umeHHO 8 mex moyKax, KOMopblx Hem JaHHbIX IMUX MOYeK 8 NepeKpbleaeMOM YACMOMHOM JUANA30He.
Jlasi amozo cayvas daHvl uccaedosamesam 8bipadxceHus 05 NOJAYYEeHUsl pe3y1bmamog pabomel ¢ yeabio 6e30UuU604H020
onpedeseHus HeonpedeaéHHocmell muna A, muna B u cymmapHyio HeonpedesnéHHOCMb, pacuupeHHyr do yposHs 0,95.

S.A. KRAVCHENKO, V.P. PIASTRO, A.N. PRONIN
OI'VII « BHUUM um. I,11. Mengneneesa)y, Cankr-IlerepOypr

VERIFICATION AND CALIBRATION IN PHASE MEASUREMENTS

Abstract. The article covers the difference between concepts and actions depending on the need to obtain a
metrological document that the given instrument forphase shiftmeasurement or reproducingis tested at authorized
enterprises such as centers for metrology, where the testing is based on comparison with measuring standards of various
units (like meter, second, or flat angle), allowing to meet special requirements of science and technology.Large manufactures
and research institutes have metrological departments that operate measuring standards and reference standards that are
certified by relevant metrological centers. In metrology centers of the Russian Federation, calibration of domesticphase
calibratorstype KF-1, F5224, F1-2, UFAMP-1, F1-4, N6-2, and N4-14 is carried out only at the frequency range specified in the
passport for State Measurement Standard GET 61-88. This frequency range strictly corresponds to the frequencies of the
State Measurement Standard of unit of phase shift between two voltages in the frequency range from 1 - 102Hz to 2 - 107 Hz
(GET 61-88), more specifically at 6 frequencies: 0.01 Hz, 1000 Hz, 100 kHz, 1 MHz, and 20 MHz.

The phase calibrators have the following frequency ranges:

- phase calibrator KF-1 (Etalon, VNIIMbased enterprise, Leningrad): 30 Hz, 50 Hz, 1000 Hz;

- low-frequency phase calibrator F5224 (RIP, Kiev): 0.001 Hz - 200.000 kHz;

- phase calibrator F1-2 (Matas, Vilnius): 5 kHz, 10 kHz, 50 kHz, 100 kHz, 200 kHz;

- phasometric calibration device UFAMP-1 (Matas, Vilnius): 0.001 Hz - 1.08 MHz;

- phase calibrator F1-4 (KZRIP, Krasnodar): 5 Hz - 10 MHz;

- phase calibrator N6-2 (KZRIP, Krasnodar): 1.0 Hz - 100 MHz;

- instruments reproducing phase shift N4-14 (KZRIP, Krasnodar): 1.0 Hz - 10MHz;

- measuring standard GET 61-88 (Etalon, VNIIM based enterprise, Leningrad):0.001 Hz - 20 MHz

Phase meters are subjects to periodical verification, usually once a year. The most well-known domestic phase meters
are F2-34 and F2-35 with phase resolution of 0.01° and 0.001°, in the angle range of 0° — 360°, and in the frequency range from 1
Hz to 1 MHz.

Calibration is mainly used when developing new types of measuring instruments and it is necessary to determine mean
square deviation precisely in specific points for which there is no data to verify those points from the entire frequency range. For
this case, the researchers are given equations for accurate determination of type A and type B uncertainties, as well as combined
uncertainty extended to the level of 0.95.

W3mepenne yria ¢pa30BOro CIBUTAa MEXKAY OBYMS DICKTPUICCKUMH HANpsDKEHUSMH B nuarasoHe ot 0 1o
360 ° sBisieTcst ¢ OIHOM CTOPOHBI MOOT/ICIOM SIEKTPHIECKHX H3MEPEHHH W BXOIUT B CEMEHCTBO SIEKTPHISCKHX

32 8 — 13 uepena 2018 p. Bumiprosansha ma o6uucniogansna mexuika ¢ mexnonoziunux npoyecax — 2018



U3MEpPEHUIl, a ¢ APyrod CTOPOHBI SABJISETCS MOJOTACIOM H3MEPEHHS IUIOCKOTO yriia B OCOOBIX, TOYHEE B TaK
Ha3bIBAEMBIX CIICI[HATBHBIX YCIOBUAX, KOTOPOE OTHOCUTCS K YUCTO YIJIOBBIM U3MEPCHUSM.

Hanpumep: yron ciBura Mexay TOKOM M HalpsDKEHHEM ( MPOMBIIUICHHAS 3JICKTPOIHEPTeTHKA), MEXKIY
IUIOCKOCTSIMHM ~ TIOJISIpU3alii  (ONTHKA), MEXKAYy OpOMTAMH 3JICKTPOHOB W MPOTOHOB (TEXHUKA SICPHBIX
UCCIICIOBAHH), MEXKITy BYMS SJIEKTPHUYCCKUMH HANPSKCHUAMH ( BBIXOJHBIC CHTHAJBI-HAMPSDKCHUS  YCTPOMCTB,
CBSI3aHHBIX C JABIDKCHHEM (PH3MUECKUX OOBEKTOB — PAKET, CAMOJIETOB, MTOJABOJHBIX W HAJBOJHBIX CYIOB), CHTHAIIOB
OT YCTPOWCTB C MepeKaunBaHIEM ITIOTOKOB IO TPyOOmpoBoaaM - HE(TH, Ta30B, OT YCTPOICTB CBS3U — TeNePOHUH,
TEJNEBUICHNUS, B CHCTEMaX CITy>KOBI TOCYAapCTBEHHOTO BPEMEHH U JIp.

M3BecTHO 16 crienuaabHBIX YCIOBHH IS H3MEPEHHS ITIOCKOTO yriia ()a30BOTO CABHTA B Pa3HBIX 00JIaCTAX
HayKA W TeXHUKH. VI UIT KaXIBIX M3 CHEIyCIOBHH pa3palaThIBAIOTCA CBOM HETOX0)KHE METOIWMKH OIpeIeTCHHS
METPOJIOTHYECKHUX XapaKTepHUCTHK [1].

VYron ¢aszoBoro capura (YPC) B 00macTu 3JIEKTPUYECKUX, A TaKKe M PaJMOTEXHHYECKUX H3MEPEHHH
U3MEpPSETCS B OTIMYUM OT HJICKTPOIHEPTCTUKU IJICKTPOHHBIMU CIIOKHBIMH CHCTEMaMH, MOTPEOISIONUMHU
MHUKPOMOIITHOCTH, HAa3bIBAEMBIX 10 pa3sHOMY:  (asoMeTpamu, 3JICKTPOHHBIMU (a30METpaMH, H3MEPUTCISIMHU
pasHoctu (a3, ha3ou3MepUTEITHHBIME CUCTEMAMHU | JIp.

BocmpousBenenne  YOC  cosmaéress  TouHOW  (azomeTpuueckoid — ammaparypoit  TOA
(1ByxcasHbIME reHepaTopamu ¢ auanazoHoM YOC ot 0 10 360° , paboTaromuM B MHPOKOM JHANA30HE YACTOT OT
COTBIX U THICSYHBIX JOJEH repma 10 eIUHHIl U JecATKOB Merarepir, Hanpumep A®D-4) [2]. [Ipu moBepke BakHO,
9TOoOBI morpemHocTh TAA Obuia paBHa WU okojo 1/3 oT morpemHocTH u3Meputens pasHoctu (a3 (MPD).
KammnbpoBka e TpeOyeT He mPOCTO 3HAHMSA MOTPEITHOCTH camoro TDA, a TogHoro y4éTra MOTPEeIrHOCTH UMEHHO
npu niepenade pasmepa equHUALB Y PC o TOA k kanmubpyemomy MP®. [IpumenutensHo Kk yacTore, Hanpumep 1 M
' oto Beinsyut Bot Tak: CKO Bocmpomssenenns Sy = [0,004° ], HCII Bocnponssenenus 0 = [0,002° ], CKO
nepegaqn Sy = 0,005° . VunrsiBas, 4o KaanGpoBKa TpeGyeT MHOTO OOJbIIe BpeMEHH [T YIETa TOHKIX HIOAHCOB
NpY TPOBCACHUM W3MEPCHHUU W ONpEACICHUS  METPOJIOTHYCCKUX XapPaKTEPUCTHK C YYETOM JBOHHOTO OXBaTa
HEONpeeNIEHHOCTH, 11e1eco00pa3Ho BBIOpaTh I M3MEPEHHS TOYKH C MAKCHMAIBHBIMU 3HAYCHUSMHU
MOTPEIIHOCTH,  WCXOAS W3 TPHUHIMNA JCWCTBUS H3MEpUTENs pa3sHOCTH (a3. Takumu TOYKaAMH SIBISIOTCS
crenyromue 3uauenns YOC: 90°,270° . 1u Toukn Ha paz0-ha3oBoil XapaKTEpPHCTHKE OOBACHSAIOTCS IPUHIHIIOM
JeficTBUs AByXKaHanbHBIX P®, a MMeHHO u3-3a TOrO, YTO BCE TaKU CYIICCTBYIOT CBS3H MEXKIy KaHAJaMH — B
Buze 1) - paguocBsA3d MEXIY IBYMs BXOJAMH TIIATEIFHO SKPAaHHPOBAHHBIX KAHAJIOB MpHOOpa M 2) CYIIECTBYET
CBSI3b MEXIY KaHAJaMH dYepe3 UCTOYHWK MHUTAHUS, TaK KaK yKa3aHHbIE KaHAJbl MUTAIOTCS OT OJHOTO MCTOYHHKA
MUTaHUSA. DTy CBA3b pa3pabOTUYMKM MBITAIOTCS CAeNaTh o4deHb crnaboil ( mo mumuyc 120 xb), HO oHa momydaeTcs
3aBHCAIICH OT Ka4ecTBa SKPAHOB KaHAJIOB JAPYT OT Apyra M OT BpeMmeHH. [Ipu BEITyCcKe ¢ 3aBO/a M3TOTOBICHHBIX
n3MepuTeneil pasHocTH (a3, Bce DICKTPOIUTHUYECKHE KOHIACHCATOPHl B CTaOMIN3aTOpe HANpPSDKEHUS MHTaHUS,
nuTaroneM oba KaHaia, IMEIOT ThICAYHBIE 1onu OMa M [ake MeHbIIe. JTHUM 3aKOPAuyMBAIOTCS Ha 3€MITIO MaJlbie
CUTHAJIBI, TPOHUKAIOIINE M3 OJHOTO KaHATa B JPYroi Yepe3 UCTOYHUK MHUTAHUSI. ITO ONPENeNseT MUHUMAIBHYIO
CBSI3b MEXY KaHAIaMU U MUHUMAIIbHOE 3HAYCHHE HeompenenEHHOCTH m3MepeHnid. Co BpeMEHEM KOH/ICHCATOPHI
BBICHIXAIOT ¥ HAYMHACTCS YBEJIMYCHHUS CBSA3M MKy KaHAIAMHU U BO3pacTaHue 3HaucHue Heomnpeaenéanoctn Y DC.
®a30Bblif psaag AoKEeH uMeTh 5 Touek — 0, 90, 180, 270,360:00 , Toukd 90 u 270 cneunanbHo BeIgeneHbl. [Ipu
Vo = 90° BEKTOpa HANPSIKEHUH JAlOT OT CBSI3U MEXIY KaHallaMd MaKCHUMaJlbHOE TOJIOKUTENIbHOE 3HaueHHe, a
npu YOC = 270 naoT MakCUMaJbHOE OTPULIATEILHOE 3HAUCHHUE HEONPEACIEHHOCTH U3MEPEHHI.

YacTOTHBIN psifl TOJKEH COAEPkKATh MEPEKPHITUE YAaCTOTHOTO JUAaNa3oHa B 5 TOUKaxX — JIBE TOUKH Y KpacéB
JMama3oHa W TPH TOYKH B CepequHe nuamna3zoHa. KammOpoBky mamepurtens pasHoctu (a3 MPD moboro tuma
BBITIOJTHSIOT METOJIOM TIPSIMBIX M3MepeHuid yria (azosoro cnsura (YPC), 3amaBaeMoro TO9HOW (ha3oMeTpHUIECKOI
anmaparypoit TOA tuma AD-4, KoTopast HOAKIIOYAETCS IBYMs CBOMMH BBIXOJaMH K BXOAHBIM pazbémam VPO B
COOTBETCTBUH C PUCYHKOM 1.

[Ipu npoBeneHny KamnOPOBKHU MPOBOIUTCA cepust 3 n =10 m3MepeHwnd 3HaUeHUHA yriia (a3oBOTO CABHUTA
(YOC) @upgi B KaxKI0H M3 HE MEHEE, YEM B

5 Toukax pabodero amamazona Y®C (0, 90, 180, 270, 360= 0 ° B cilydyae Ka4yeCTBEHHOI'O IpOrpeBa
yxonma TD®A u HP®D ne Oyner, Touku 0 u 360 mosHOCTEIO OyAyT COBNaJaTh M BO3MOXKHO T'OBOPHUTH TOJIBKO O
yeThIpEX Toukax uaMepenuss YOC ) U B KaKJIOW U3 HE MEHee, 4YeM B 5 TOuKaxX yacToTHOro auanazona MP®. Tak
Hanpumep, s PO tuma @2-34 A 3710 Oynyt touku (2 I'm, 1 x['w, 100 k[, 1 MI'n, 7,5 MI'n), a s UP®
tuna O®K2-35 (0,5 Ty, 1 k', 100 k', 1 MI'm, 10 MI'n) 1npu ycTaHOBKE COOTBETCTBYIOLIUX 3HAUEHUH YaCTOTHI
fip4 BBIXOMHBEIX cUrHanoB TOA ¥ Ipu MX HyJIEBBIX OCIA0JEHHAX CUTHAIIOB.

A 4

TOA

(AD-4)

NPOD

A 4

Puc. 1

KannOpoBKy OCYyIIECTBISIOT CIEIYIONIIM 00pa3oM:
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Caayana Haxomst cpennee 3HaueHue YOC u3 10 uzmepennii UP® (n = 10)

_ 1 i=n
Pupg = H Zi:l Pupgi

OnenuBatot norpemraHocts UP® mo popmyse:

Ai = (Prgai = Pupg) r aw-a TPAL,

rmue Opa-4i - TeKymiee 3Hauenne Y DC, BocnpousBogumoro TDA, rpax;

(PHI)(b - cpeaHee 3HaueHue YOC VPO , BeruncnenHoe no pesynsrataM n = 10 u3MepeHuii, rpaa.

CranmapTHasi HEOIPENCIIEHHOCTh HM3MEpeHHH, omeHéHHas mo Tumy A (u,) paBHa 3Hauenmoo CKO
CITy9aifHO TOTPEUTHOCTH U3MepeHui S, T.e. (uy) = S.

_ 2
D (Oag4i ~Pupg)

n

ua =
n(n—1)

O1eHKa OCTaNbHBIX THIIOB HEONPENEICHHOCTEH M3MEPEHHil: OleHeHHas mo tuiy B ( up ), cymmapHas
cra”japrtHas (Uc) U pacIlMpeHHas HeolpeneaEHHOCTb A ypoBHs noBepusa p = 0,95 (U(os)), BBINONHAETCS NPH
KaJHOpOBKE CIIEAYIOIIAM 00pazoM.

Ug — CTaHIapTHas HeompeneneHHOCTs 3HadeHnss YDPC TOA, onenénnas nmo tumy B ompexpemnsiercs mo
hopmyie:

ug =0 / 1,1 x1,73, rpan,
e 0 —HCIT Y®C TDA (A) Ha maHHoi yactote. ¢ =u((A) rpam.
CymMapHasi CTaHIapTHas HEOIPEICIICHHOCTh W3MEpeHui mnpu KamuOpoBke MP® ompenensercs mo

bopmyre:
u(A) =4 uj +ug .

PacmmpenHas HeonpeneneHHOCTh H3MEPEHUH It ypoBHs goBepus 0,95 mpu kKanmmOpoBKe OIpenenseTcs
o popmyre:
Upos5(A) = 2u(A).

PesynbraTel kanuOpoBku UP® opopmisior cepriudukatoM 0 KalnOpOBKE YCTAaHOBIEHHOH (opmbl. [lns
NoIy4eHus BeIcokUX TouHocTelt TOA cnexyer nuraTh OT CTaHAapTa 4acTOTh! U BpeMenu tuna CUB-74 [3].

KannbpoBka nenaeTcsi B OCHOBHOM Ha HOBBIX 00pa3uax HpuOOpOB, KOTOpbIE pa3padaThIBAIOTCS IS
OTIpe/IeIeHUsI METPOJIOTNYECKUX XapaKTEPUCTUK Ha JIIOOBIX YacTOTax paboyero Juara3zoHa, KOTOphIe HHTEPECYIOT
HayYHBIX COTPYIHHMKOB - DPa3pabOTYMKOB JJISi CPaBHEHMS TEOPETUYECKUX METPOJIOIMYECKHUX IaHHBIX HOBBIX
npuOOpoOB, CO3AaHHBIX B HCCIEAOBATENBCKUX J1a0OpaTOPHUSIX C JEeWCTBUTENBHBIMH METPOIOTHYECKUMU
XapaKTepPUCTUKAMHM, IIOMYyYCHHBIMM  Ha 00pa3lax, INPOU3BEAEHHBIX B 3aBOJCKHX YCIOBHSIX MacCOBOTO
MPOU3BOJICTBA C LENbI0 YTOYHEHHS NAHHBIX, KOTOpPBIE IOJDKHBI OBITh BIHMCAHBI B JOKYMEHTHl Ha ammapaTrypy
(macmopT, TEXHHYECKOE OMUCAHNE W METOJTUKY ITOBEPKH).

IToBepka OyaeT MpOM3BOAUTHCS Ha ammaparype B METPOJIOTMYECKHX IIEHTPAxX C LENIbI0 OMNPENCICHNS HE
MPEBBIICHNS TTOTPEIIHOCTH B Auana3oHax 4actoT ¥ Y®C, yKa3aHHBIX B TEXHHYECKOW NOKYMEHTAI[MHM Ha 3TH
prOOPHI COTIIACHO METOIUKH u3Mepenuss MU 1949- 88.
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OIITUYHI TA ®I3UKO-XIMIYHI BUMIPIOBAHHA
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A.B.CABYVK

MixHapoaHuii nentp «lHetutyT npukiaaHoi ontukn» HAHY.

BOJIOKOHHO-OIITUYHUH JJATYUK TUCKY MEMBPAHHOI'O TUITY 3
KUVIBHEBUMMH BOJTIOKOHHO-OIITUYHNUMH KOJIEKTOPAMU

Jana poboma npuceauena po3podyi 0e3KOHMAKMHO20 B0N0KOHHO-OnmMuyHo2o damyuka mucky (BOAT) ua
0CHOGI QhynKyionanvhol inmezpayii 6010KOHHOI onmuky i Hekocepenmnoi onmoeaekmpouiku. Ipunyun 0ii oamuuxa
3ACHOBAHULL HA PO3NOOLNL CUSHANLY 8I0OUMO20 6i0 20POBAHOT 03ePKANLHOI MeMOPAHU NO OeKiIbKOX NAPANeNbHUX
ONMUYHUX KAHANAX 34 OONOMO20I0 80JIOKOHHO-ONMUYHO20 nepemsopiosaya (BOII) 3 nodanvuioro mamemamuynoio
00POOKOI0 OMPUMAHUX CUSHATIIG Y KOJCHOMY 3 YUX KAHALLG.

B 00onosioi npusedeni pezyremamu meopemuunux i eKCnepuMeHmanrbHux 0ocaiodcens koncmpyryii BOJT 3
OOHUM NepeddsanrbHUM B0JOKOHHUM KAHAIOM KPY2ioi popmu i KilbKOMa Kilbyesumu nPUUMAatbHUMU 80J0KOHHUMU
KaHanamu, po3mauio8aHumMu KOHYeHMPU4HO YeHMpaibHOMY.

B excnepumenmanvnomy 3pasky oOamuuka 3aCMOCO8AHO 084 OCHOBHI [ 08a 000aMKO8i BUMIPIOBANbHI
NPUUMATbHI KAHANW, CMBOPEeHi HA OCHO8I Mano2abapumuux — NpeyusitiHux Kiibyesux B0J0KOHHO-ONMUYHUX
nepemeopiosayis, IHmMesposaHux 6 MOHONMHUL B010KOHHO-onmuynul rorekmopuuti (BOK). B nopisnauni 3
BOIOKOHHUMU ~ KOJEKMOPAMU 3 NPAMOKYIMHUMU MOPYAMU, AKI  GUKOPUCTNOBYIOMbCA 6 GIOOMUX AHAN02AX,
3acmoco8ami 8 KOHCMPYKYIi 0amuuKka 60J10KOHHO-ONMUYHI KOAEKMOPU Kilbyegoi Gopmu 003801uUnu Cymmeso
RIOBUWUMYU TMOYHICMb OAMYUKA 3d PAXYHOK 3MEHUIeHHs 6NAUEY HA XAPAKMEPUCTNUKY NepemeopeHHs OamuuKd
2e0MEMPUYHUX NOXUOOK PO3MAULYBAHHS MOPYsL 6OJIOKOHHO-ONMUYHO20 KOJEKMOpA NO GIOHOWEHHIO 00 MeMOPAHU 6
Kkopnyci. [looamkoei eumipioganvui Kawanu 3abesneuyiomsv — MeMnepamypHy CmabilbHiCMb Xapakmepucmux
oamuuxa 8 wupokomy dianasoni sminu memnepamypu 6io -10°C oo +40°C.

3nauna yacmuna 0onogioi npuzHaveHa MmeopemuyHiu Mooeri 0amyuxa i pe3yabmamam 1oeo KOMn l0omepHozo
mooentoganns. Ilpuxnaoue npoepamue 3abe3neuentis 01 NPoGeOeH s KOMN T0MepHO20 MOOeTI08AHHS | Onmumizayii
KOHCMPYKYII 0amuuka Ha MOYHICMb, YYMAUSICMb | JIHIUHICMb XAPAKMEPUCMUKU NePemEOpeHHs CMEopeHe 8
npoepamuomy cepedosuwyi cucmemu Matlab.

OcnosHa noxubka 6UMIPIOBAHHA 8 eKCHEePUMEHMANbHOMY 3pAasKy Oamuuka 3 20Qpo8anol CMAalbHOK
Mmembparnoro moswurnolo 20 mkm He nepesuwye 5% 6 Oianazoui smin mucky +0.5 amm. Jliniina oinanka Ha
xapakmepucmuyi nepemeopenHs 3 memopanow 20 mxm He nepesuwye +0.1 amm. [na poswupenns RiHIUHOL
oinauku xapakxmepucmuxu 0o +0.5 amm HeoOXiOHO euxopucmosyeamu memoéparu moswunor 6ina 100 mrm.
Obnacmio UKOpUCMAHHS 0aMUUKIE € HaPMOO00Y6HA, 2a308a MA BY2INbHA 2ANY3i NPOMUCTIOBOCHIL.

Kniouosi crosa: 6010Kk0HHO-ONMUYHUTL OAMYUK MUCKY, BOJOKOHHO-ONMUYHUL KOJIEKIMOP.

V.M. SHAPAR, V. S. LYSENKO,
V. Lashkaryov Institute of Semiconductor Physics of the National Academy of Sciences of Ukraine.
A.V.SAVCHUK
MixHapoaauii IeHTp «/HCTUTYT MpuKiIaaHoi ontukm»y HAHY.

FIBER-OPTICAL MEMBRANE TYPE PRESSURE SENSOR WITH CELLULAR FIBER-
OPTICAL COLLECTORS

This work is devoted to the development of contactless Fiber Optic Pressure Sensor (FOPS) based on the
functional integration of fiber optics and incoherent optoelectronics. The principle of operation of the sensor is
based on the distribution of the signal reflected from the corrugated mirror membrane over several parallel optical
channels using a fiber optic converter (FOC) with subsequent mathematical processing of the received signals in
each of these channels.

The report presents the results of theoretical and experimental studies of the FOPS design with one transmitting
fiber channel of circular shape and several circular receiving fiber channels located concentrically central. In the
pilot sample of the sensor two main and two additional measuring receiving channels, created on the basis of small-
scale precision circular fiber-optic converters integrated into the monolithic fiber-optic collector), were
used.Compared to fiber-optic collectors with rectangular ends used in known analogs, the fiber-optic collectors of
the annular shape used in the design of the sensor have significantly improved the accuracy of the sensor by
reducing the effect on the geometric errors of the location of the fiber optic collector towards the membrane in body.
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Additional measuring channels provide temperature stability of the sensor characteristics in a wide range of
temperature changes from -10°C to + 40°C.

Much of the report is devoted to the theoretical model of the sensor and the results of its computer modeling.
Application software for conducting computer simulation and optimization of sensor design for precision, sensitivity
and linearity of the conversion characteristics created in the sofiware environment of the Matlab system.

The main measurement error in the experimental sample of the sensor with a corrugated steel membrane with a
thickness of 20 um does not exceed 5% in the range of pressure variations = 0.5 atm. The linear section on the
conversion characteristic with a membrane of 20 um does not exceed £ 0.1 atm. To expand the linear section of the
characteristic to + 0.5 atm it is necessary to use membranes with a thickness of not less than 100 microns. The scope
of the use of sensors is the oil, gas and coal industries.

Keywords: fiber-optic pressure sensor, fiber-optic collector.

[Ipu po3poO11i Ta BIpOBaPKEHHI CyYaCHUX CHCTEM KOHTPOJIIO 32 TEXHOJIOTIYHMMH HpoluecaMu (axiBii 3 pi3HUX
rajgy3eil TeXHIKM 9acTO CTUKAIOTHCS 3 IPOOIEMOI0, KOIH ICHYIOUI THITH JaTYHKIB, [0 CEPiHHO BUTOTOBIISIOTHCS, HE
BIANOBIJAIOTH Cy4acCHUM BUMOI'aM HaJIHHOCTI 1 Oe3neku Mpu iX BUKOpUCTaHi B BHOYXOHEOE3EeUHUX CepeIOBUILAX.
Tomy Garato BUCHHX Ta iHXKCHEPIB pi3HOro (haXy aKTHBHO MPAIIOIOTh HAJ CTBOPCHHSM IPUHIIMIIOBO HOBUX BHUJIIB
JaTYMKIB Ha OCHOBI BOJIOKOHHOT OonTHKH. OCOOJMBO OYpXJIMBO PO3BHMBAETHCS HAINPSIMOK BOJIOKOHHO-ONTHYHHUX
nmatunkiB y CIHA, @panmii, Benmukoopuranii, Anonii. Hampuximazn, y CIIIA B HOBOMY HOKOJiHHI JTFOTHUX anapaTiB
YacTKa BOJIOKOHHO-ONITHYHUX JAaTYHWKIB CTAaHOBUTH TOHA®m 60 %. B VYkpaiHi BOJOKOHHO-ONTHYHI JATYUKHA HE
BUTOTOBIISIFOTHCSL.

3aranpHi (Pi3WYHI OCHOBH 1 MiAX0JaMH IIOAO0 MOOYMOBH 1 3aCTOCYBaHHS Pi3HOTO POAY BOJOKOHHO-OIITHIHHX
JATYMKIB, TIPUHIIMT dii SIKUX 0a3yeThCcsl HA 3MiHI aMIUTITyaH, 9acTOTH, (a3m, abo mossipu3amii CBiTiIa JeTaabHO
BukianeHi B [1,2]. Tam xe po3rnsHyTi MeToan oOpOOKH i TpencTaBIeHHs iH(opMallii, BUMiIpIOBalIbHI CHCTEMH i
eJeMEHTHa 0a3a ONTHYHUX JAaTYHKIB, JO SKHAX BIJHOCATHCS ONTUYHI CBITJIOBOJH, TPATIEHTHI ONTHUYHI JIH3H,
MOJISIpU3aliiiHi eJIeMEHTH, 1HTep(hepOMETPH, BOJIOKOHHO-ONITHYHI ripockonu Tomo. Pazom 3 TuM, y MoHorpadisx
[1,2] mpakTHYHO HE TMpoaHaNi30BaHI TEXHIYHI pIMIEHHS KOHCTPYKIH BOJIOKOHHO-ONTHYHHUX JaTYHKIB 3
BiZIOMBaIO4Y0I0 MEeMOpPaHOIO, B TOMY YHWCII 1 HOBITHI TEXHIUHI pIlIEHHS, MPHHIMI Iii SKUX IOKJIAJAEHO B OCHOBY
PO3pOOKH JaTYMKA TUCKY, TIPEACTABICHOTO B I[iil JOMIOBIII.

OnuH 3 MOXXJIMBUX HAIpSMKiB CTBOPEHHS HaJiiHOTO BHOYXO00E3NEUHOro JaTyhKa TUCKY 0a3yeThcs Ha OCHOBI
(yHKITIOHATEHOT iHTETpallii HEKOTePEHTHOI ONTOEICKTPOHIKM 1 BOJOKOHHOI ONTHKH NIJISXOM BHKOPUCTAHHS B
JaTYMKaX BOJOKOHHO-onTHYHHX reperBopioBadiB (BOII). Cepen pisHoro tumy 6e3kontaktHuX BOII camocTiitanit
Kitac 3aiiMaroTb BOII 3 30BHINIHBOIO aMILTITYAHOIO MOIYJISIIIIEI0 IHTEHCUBHOCTI CBITJIOBOTO ITOTOKY.

AMIUTITYTHA MOZYJIALiS BUIPOMIHIOBAaHHS 3pYy4HA JUIS ITOJANBIIOI OOPOOKM BHXITHOTO CHTHAIY ONTHYHOTO
JlaT9rKa, He TIpel sBISIE CIemMialbHUX BUMOT JI0 BUIIPOMiHIOBada. KpiM TOro, aMILIiTyJHO MOIYJIHOBAHHNA CHTHAI
peecTpyeThest Oe3rmocepeHb0 3a AOMOMOTOI0 3BHYAHOrO (oTomnpHiiMada i He MoTpedye M0NaTKoBOi 0OpoOKn
CUTHaJy. 3aBAS4YIOUM IPOCTOTI KOHCTPYKIUII, TaTYMKK 3 30BHIIIHBOIO aMILTITYJHOIO MOAYJISIIEI0 iIHTEHCHBHOCTI
MPOMEHIB MOKHA BiIHECTH 10 HATIHUX HEAOPOTUX BUPOOIB, MEPCIICKTUBHUX JUISI MACOBOTO BHPOOHHMIITBA.

IpuHnun QyHKIiIOBAaHHS ONTHYHHUX NATYUKIB THCKY Ha ocHOBI BOII € cX0X¥M 3 MpUHIMIIOM [ii JaTYMKIB
mepeMilieHHs, BiOpaiii Ta pamianbHux OuTTiB[3,4]. [yis OUTBIN HATNIATHOrO CHPUIHSTTSA PO3LNITHEMO JaTYHK
JiHIHHOTO MepeMimeHHs. B nartankax THCKY BUKOPHCTOBYETHCS PO3IIOILT CUTHAY BiIOMTOTO BiJ TTOBEPXHI THYYKOT
MeMOpaHH 10 TapaleIbHUX ONTHYHUX KaHanmax 3a jgornomoror BOII 3 momanpmior0 MaTeMaTHYHOIO 0OpPOOKOIO
OTpUMaHUX CHUTHANIB y KOXHOMY 3 IHMX KaHaliB. A B JaTdyWkax TNepeMimeHHs 1 BiOparii Bix moBepxHi
JociipKyBaHoro o0'ekty. [l mpukmany, Ha puc.l(a) cXeMaTWYHO MOKa3aHO AATYMK JTiHIHHOTO IMEepeMiIIeHHS,
moOynoBaHni Ha 0a3i TpbOXKaHAIBHOTO KinmbieBoro BOII, B SkoMy IEHTpaJdbHHAN KaHall, BHKOPHUCTOBYETHCS SIK
BHIIPOMIHIOBAIBHUM, a KiJbIIeBI KaHamu sK mnpuiiManbHi. Ha pwuc. 1(0) mpumBenmeHi po3paxoBaHi THIIOBI
XapaKTEePUCTUKK TEePETBOPEHHS JJsl TAKOro [ardvKa, OTPUMaHi METOJOM KOMIT'IOTEPHOTO MOJICIIOBAHHS B
MIpOrpaMHOMY cepefoBHIIl cucTeMr Matlab 1uist oHi€T 3 CTPYKTYp BOJIOKOHHOTO KOJIEKTOpa.

Bennuunna

CUTHAJIy B KaHalax,

Bincrans hi(o]

~

Puc. 1. Cxema BOJIOKOHO-ONITHYHOI0 JATYMKA JiHIiHUX NepemilleHsb (a) i po3paxoBaHi XapaKTepHCTHKHU
nepeTBOpeHHs JaT4ynKa (0).
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[pamroe Takwmii mpucTpii HacTynHuM 4YmHOM. CBITIO BiJ JDKepella BUIPOMIHIOBAHHS NEPENAETHCS IO
LIEHTPaJIbHOMY BOJIOKOHHOMY KaHaJly JIO 3arajlbHOi TOPLIEBOi OBEPXHI BOJIOKOHHOT'O KOJIEKTOPA 1 BUITPOMIHIOETHCS
B HampsMKy oO'ekta. B skocti mocmimkyBaHoro o0'ekra Moxke OyTH IIOCKa ab0 WWITIHAPHYHA TOBEPXHS,
HaNpHKJIaJ MMOBEPXHs Bally, 0 oOepTaeTbesi. Binbure Bix o0'ekra CBITIO moTparuisie B KijbleBi kaHamu 2 1 3 i
Mepe/lacThCsl MO CBITIOBOJMAX N0 (POTOETCKTPUYHUX MPUAMAaYiB, pPO3TAMIOBAHUX HA BHXOJAaX BiJIOBITHUX
BOJIOKOHHHMX KaHaJIiB KoJIeKTopa. Benmuwnua (oTocurHamy B KOXKHOMY 3 IMX KaHaNIB 1 iX CITiBBIJHOIICHHS MiX
co00¥0 3ajekaTh BiJ BiacTaHi 1o 00'exty. [IpuHIMN mii gaT9rKa THCKY 3 TO(POBAHOIO A3EPKAIHHOI0 MEMOPaHOIO
HOMIOHMIA.

B namiii po0OoTi mpoBeneHO po3pOoOKYy BOJOKOHHO-ONTHYHOTO JAaTYMKa THUCKY 3 J3EPKATBHOI0 TO(pOBaHOIO
MeMOpaHOIO, IMOOYIOBAHOTO HA OCHOBI MPENU3iHUX KITBIEBUX BOJOKOHHO-ONTHYHHX II€PETBOPIOBAYIB 3
JIOATKOBUMH  BOJIOKOHHO-ONTHYHAMH  KaHajlaMd. BHKOpUCTaHHS  KUNBLEBHX IEPETBOPIOBAYiB  3aMiCTh
MPSIMOKYTHUX B KOHCTPYKIIii JaTYMKa JO3BOJISE CYTTEBO MiJBUINUTH TOYHICTH JAaTUYMKA 32 PAXYHOK 3MCHIICHHS
YYTJIIMBOCTI XapaKTCPUCTUKH TMEPETBOPCHHS JATYHMKA JO JIHIHHUX 1 KyTOBUX MOXHOOK PO3MIICHHS BOJOKOHHO-
ONTUYHOTO KOJIEKTOPa MO BiTHOIICHHIO 0 MeMOpaHu. JI0JaTKOBI KUTbIICBI ONTHYHI KaHATH 3a0€3MeUyIOTh TaTYUKY
CTaOUIBHICTh B ITMPOKOMY Jlialma3oHi 3MiHH TEMIIEPaTypH.

OCKINTbKH TaKi MepeTBOpIOBayi Ha CHOTOIHI HE BUTOTOBJISIOTHCS B JKOJHIN KpaiHi CBITY, 3aBJaHHAM Li€l poOOTH
SIBIISUTOCH TAKOXK BiJIIPAIIOBAHHS TEXHOJIOTIT i BUTOTOBJICHHS MAPTii MIHIATFOPHUX KJIBIICBUX BOJOKOHHO-ONTHYHIX
TIePETBOPIOBAYIB 3 33/IaHOI0 TEOMETPIEI0 KiNBIIEBUX KaHAIB IS PI3HOTO POAY JAaTYHKiB (DiI3WIHHUX BEITUYNH, B TOMY
YUCII JUIS JATIUKIB THCKY [3].

Ha puc. 2 npuBeneno (oro maTdyuka THCKY 1 XapaKTEPHCTHKa MEPETBOPEHHS MATYMKA, MPAIIOI0YOro Ha
BKa3aHOMY NPUHIMII. B gaTunky BuKoprcTaHa roppoBaHa CTalbHa MeMOpaHa TOBITUHOIO 20 MKM.
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Puc.2. BoJIOKOHHO-ONTUYHHUI JaTYMK THCKY 3 BOJOKOHHUMHU JIiHisIMH 3B’ SI3KY (a)
i eKxcrepuMeHTaIbHA XapAKTePUCTHKA NePeTBOPEHHS 1aTYNKA THCKY (0).
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CHEKTPAJIbHBIA METO/ U3MEPEHUS 3®®EKTUBHOM JIVINTEJLHOCTH
CBEPXKOPOTKHUX OITHYECKHUX UMITYJbCOB

AnuHomayus. Ilpedaazaemcsi memod usmepeHust 3pg@ekmueHoli OAuMeabHOCMU ONMUYECKUX UMNYAbC08
npou3eo1bHOU OpMbl HA CMOPOHe npuema. 3adava pewaemcsi 0151 CBEPXKOPOMKUX UMNY/AbCO8 AUMENbHOCMbI NOPsA0KA
0,1-1 nc. Memod ocHO8aH HA CNEKMpPAJNbHOM NpedCmMAasaeHuU CUZHAAAd U KOCEEHHbIX U3MEPEHUSIX C UCNO/1b308aAHUEM
PYHKYUOHAIbHBIX NPe06pa308aHuUli omcyemoeg sHep2emu4eckozo cnekmpad.

Katouessie cnosa: ducnepcusi, cuzHaz, popma umMnyascd, KOCGEHHble U3MepeHUSsl, CheKmp.

N.A. ODEGOV, E.V. YUR'EVA
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SPECTRAL METHOD OF MEASURING THE EFFECTIVE DURATION
OF SUPERSHORT OPTICAL PULSES

Abstract. A method is proposed for measuring the effective duration of optical pulses of arbitrary shape on the
receiving side. The problem is solved for ultrashort pulses of duration on the order of 0.1-1 ps. The method is based on the
spectral representation of the signal and indirect measurements using functional transformations of energy spectrum
samples. The essence of the method is the following. The energy spectrum of the optical signal is a stable characteristic. This
function is slightly influenced by the different types of dispersion in the optical fiber. Thus, it can be used as some invariant of
the optical pulse. In this case, we note that the shape of the pulse in the time domain is distorted significantly. Expressions for
the dispersion functional were obtained in the previous papers of the authors. This functional allows us to connect the energy
spectrum of the signal with its effective duration. The concept of pulse duration of an undefined form is further refined. For
this, Chebyshev's inequality, known from probability theory, is used. Specifically, a typical case of a narrowband transmission
channel with a width of about 100 GHz is considered. This corresponds to one frequency channel of the transmission
equipment of type STM-16 or STM-16. It is believed that as a result of the effect of dispersion, the initial duration of the
optical pulse at a distance of 100-300 km can increase by a factor of 10-100. Fundamentally important in this report is the
condition that it is necessary to measure the duration of pulses of an arbitrary initial form. This provision follows from the
earlier work of one of the co-authors. The essence of these works is to propose a method of substantially increasing the
spectral efficiency of fiber-optic transmission systems. The method is based on the use of the alphabet of signals with different
low-frequency envelope in the time domain. Preliminary calculations show that such a method allows increasing the
transmission channel capacity by about an order of magnitude. In this case, an already used optical cable is used.
Clarification of the adequacy of this method requires direct measurements of the duration of pulses of different shapes. These
aspects are the subject of this report.

Keywords: dispersion, signal, pulse shape, indirect measurements, spectr.

[lepcreKTHBHBIM METOIOM IMOBBIIICHUS CIIEKTPaTbHONH 3()(PEKTHBHOCTH BOJOKOHHO-ONTHYCCKUX CHCTEM
nepenaun (BOCII) sBnsieTcss MCHONB30BaHUE an(aBUTa CUTHAIOB C AMIUTUTYJAHOW MOMYJSAIUCH M YaCTOTHOM
ManwumyIsiuei [1]. [IpakTiuyeckas peanu3anus TaHHOTO METO/a TPeOYEeT BBHINOIHECHUS M3MEPCHHUH JTUTCIBHOCTH
ONTUYECKUX UMITYJIbcOB Ha cTopone mpuema BOCII nmst npoBepku T€OPETUYECKUX MOTOKESHHM.

[IpsMble U3MepeHHs JIUTEILHOCTH CBEPXKOPOTKMX MMIYJbcoB (mopsaka 1-100 mc) myrem onpeneneHus
3alIepXKKU MEXIy MEpeIHUM U 3aTHUM (POHTAMHU IMPEICTABISACTCS CIOXKHOW TEXHHUYECKOW 3amadeii. KocBeHHBIC
M3MEpEeHUs] MyTeM HCIIONb30BaHus KOI(PPHUIIMEHTOB aucnepcud [2] HE IMO3BOJISIIOT ONPEACTUTh JIUTEIBHOCTH
HMITyJIbca Ha CTOPOHE IpHeMa MPH Pa3InIHON UX HadansHOU dopme. [IpuMep 4yBCTBUTEIHHOCTH AUCIIEPCHOHHOTO
pacuIpeHus UMITYJIbCOB IIPUBEIEH Ha puc. 1.

Takum o0Opa3oMm, CTaBHTCS 3agada W3MEPECHUS [UIMTEIHHOCTH ONTHYECKOTO HMITYJIbCa ITPOU3BOIBHOM
HadalbHOW (OpPMBI Ha CTOpOHE IpHeMa. B kadecTBe mokas3areisl IJIMTENbHOCTH UMITYIbCOB, HE MMEIOMINX YETKO
BBIpOKEHHBIX TPAHMII, TPUMEHSEeTCS T.H. dddexTuBHas muTensHocth (D) [3]:

Ty :m T(t—tm,.d)zUz(t)dt, ]| = TUz(t)dt, (1)
rae cpenHee Bpems f,., MOXHO IIOJIOKHTH PAaBHBIM HYJIIO, a HOpMa ”U ” — «Heprusi» umiyisca. D] ummynbca

Ha CTOPOHE TIPUEMA MOYKHO TPEJICTABUTH B BHJE CYMMBI: T;f (z2)= T;f (z=0)+ AT;f (2), tne T;f (z=0) -
OJ] B MOMEHT BOJa UMIyJibca B ontuyeckoe BojokHO (OB); ATeér (z) — npupamenue /] Ha pacCTOSHUU Z OT

Touky BBoja (JunHEl OB). B peabHbIX CHCTEMAX BBITIONHSACTCS YCIOBHE AT;f (z)>T ;f (z=0).
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o o
Puc. 1. Moaess 3aBucumocTd (pOPMbI UMIIYJILCOB HA paccTostHUU 10 KM OT MX HAYaJbHO# (opMbI

PaccMoTpuM THNAYIHBINA clTydalt OJTHOTO YacTOTHOTO KaHama obopymoBaHus tuna STM-16 wim STM-16.
[[upuHa xanana B yactotHO# obmactm 100 I'T'm, 9To B OKpEeCTHOCTH OKHa Mpo3padHocTh 1550 HM maeT moJocy
gactoT nopsinka 0,8-1,0 am. [Ipu TunmaHoM 3HadeHnH [2] kodddunmenTa aucnepcun 1-3 mc/(HM-KM), Ha TUTTAIHON
JUIMHE PEereHepalMoHHOTO ydYacTKa M MNpPU HavalbHOW JUIMTENBHOCTH HMIIyJbca mopsiaka 1-3 mc momydaem

npubnusutensHo 100-kpatHoe yenuuenue DJI. Hanee Oynem moiararhb Tezp (z) = ATezr (z). Jlns atoro cnyuas

nonydeHa ¢popmyia [ 1], Beipaxkaromas 3] uMIybca yepe3 S3HePTeTHIECKUI CIIEKTP:

AQ
2 2(P2 (a)o)z'2 2,2
T,(z)=—"—"— | QG (Q)IQ, ()
v 7|u]
—AQ
rie @(@,)— 3HaueHHe NMUCTIEPCHOHHOH (YHKIMM B TOUKE (J,— 3HAYEHWH LEHTPAILHON YacTOThl KaHasa

(ecyImeif YacTOTHI U3IyYeHHs Na3epa); T — BpeMs PacIpocTpaHeHus uMITynbca Bonb OB; () — neBuanus 4acToTsl
OTHOCHTEIIFHO HECYIIEeH B ImpeJenax 0JHOT0 YaCTOTHOTO KaHama [a)o -AQ, o, +]AQ. Jucniepcronnas GyHKIHS
OTIPENIEISACTCS 3aBUCUMOCTBIO OT 3HAYCHHS TICPBOM U BTOPOI MPOU3BOIHON KOA(D(GUIIMCHTA MPEITOMIICHHS B TOYKE
. — ' " o

@, : go(a)o) =2n (a)o) +n (a)o)a)o . Bpemst 7 ompenensercss kak (GYHKOHS W3BECTHOW [UIMHBI JHHUH |
rpymmosoii ckopoctu: 7 =2z /V,, .

Takum o00pazoM, KOIDQOUIMEHT Iepe] HHTErpajJoM B BhIpaxeHWH (2) OJHO3HAYHO OMPEAEIAETCS
napamerpamu BOCII u B KaXJOM KOHKPETHOM CIIy4ac MOXET OBITh BBIYHCICH. B METpOJIOTHYECKOl cxeme
HEOOXOIUMO OTIPEICIIUTh JIUIIb OLCHKY 3HAYCHUS] HHTETpaa.

B MOABIHTCTPAJIbHOM BbIPAKCHUU q)HprpreT 3HepFCTI/I‘ICCKI/II7[ CIICKTP CUTHAJIA. ):[J'Iﬂ €ro ompeAcJICHUA
BXOL[HOﬁ CUTHaJI MOAACTCA Ha CUCTEMY L[I/I(i)paKIII/IOHHLIX PEUICTOK C HOCTaTO"IHOI\/'I pa3pema}01uel71 CITOCOOHOCTBIO

[4]. B pesyabrate momyuaercs cucrema orcuero: G(@, £ kAXY), k =1..N, NX) = AQ, rpe war cerkn

qacToT &2 OIpCACIIACTCA pa3pema}0meﬁ CIIOCOOHOCTBIO CHCTEMBI L[I/I(i)paKIII/IOHHBIX PCUICTOK. I[anee IMOJTYYCHHBIC
OTCUYCTBI DHEPICTUYCCKOTO CHEKTpa IMOAAIOTCA Ha BXOJbI ONTHYCCKUX yCHHHTCHeﬁ, KOB(bCI)I/IL[I/ICHTI)I YCUIICHUA

KOTOPBIX TPOIOPIHOHAIBHBI, COOTBETCTBEHHO, M3BECTHBIM BEINYMHAM A’ . Manee MOJy4YEHHbIE CUTHAIBI U3
Pa3IMYHBIX YACTOTHBIX KaHAJIOB ITOJAIOTCA Ha CyMMHPYIOIIHI yCHIIUTENb.

Taoke cunTaeM HEOOXOOMUMBIM YTOYHHUTH ciexyromee. Cam 1o cebe mokaszarens (2) HE HMeeT
¢usmyeckoro cmbicia. Ero MOKHO MCHONB30BaTh JIMIIG JJISL CPABHEHUS! OTHOCHUTEIBHOM JUIMTENBHOCTH Pa3HBIX
UMITyJIbcOB. B TO ke Bpemsi, HOpPMHUpOBaHHasi aMIUIMTyJHAs (DYHKLIUS CHT'Hala BO BPEMEHHOH OOJIacTH MMeEeT

1

cnenyiomme csoifctsa: U (¢) > 0, VE; —— J. U?(t)dt =1. Takum 06pasoM, 0 CBOMM MaTeMaTHUECKHM

ol

CBOWCTBaM JaHHAS (DYHKIHSI HUYEM HE OTIMYaeTCs OT INIOTHOCTH pachpeneneHus BeposTHocTed. CienoBaTeibHo,
CrIpaBeTMBO HepaBeHCTBO YeOwmmieBa. [loaToMy B KauecTBe KOHEYHOH XapaKTEPHCTUKA MOXKHO HCIIONIB30BATh

—00

soipaxkenue AT ch = 6 ij (z) . Tpu sToM a1 ummysbca M0G0l popmbl nopsiaka 90% ero sHeprum OyzeT

COCpCAOTOUCHO B HHTEPBAJIC TC , UTO W MOXKHO CYUHTaAThb (1)I/I3I/I"IGCKI/I HHTepHpeTpreMOﬁ XapaKTepHCTHKOﬁ

JJATCIIBHOCTU UMITYJIbCA.
HpI/IHHI/IHI/IaJ'IbHaH cXeMa U3MEPUTECIbHOI'O yCTpOﬁCTBa JlaHa Ha puc. 2.
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Puc. 2. [IpuHuMnuaabHas cxeMa H3MEPUTEIBLHOI0 YCTPOoiicTBa
PBA — npeaBapuTe/IbHbIi LIHPOKONOI0CHBIH yenauTeab DG — nudpakuuonnas pemerka; Gx — 0TCUeTbl JHEPreTHYECKOro CeKkTpa; Ag
— YCHJIMTEHU ¢ KoY PUIHEHTAMH YCHIIeHHs], TPONOPIHOHAIbHBIMU KBaJpPaTaM IeBUALMH YACTOTHI; X — ONTHYECKHIT CyMMATOP; Aporm —
YCHIHTE/Ib-HOPMATH3ATOP Pa3MePHOCTH; AA — aHAJIU3ATOP AMILIMTY/AbL. AMILTHTY/IA HMIIY/IbCA HA BbIX0Je YCTPOlicTBa

NPONOPIHHMOHAIBbHA NJIUTEJIbHOCTH BXOHOI'0 UMITYJIbCA
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NEW PHOSPHATE FERTILIZERS WITH ORGANIC COMPONENTS

Annotation. The increase in yield per hectare was due largely to the improvement in biological/genetic technology
and production techniques as well as the continuous application of fertilizers and pesticides. The agronomic effectiveness of
new fertilizers produced by the Sumy Phosphate Corporation (SumyKhimprom) has been studied by conducting pot and field
trials with wheat and maiz as test crops at Sumy and Kharkov regions.

Physical and chemical properties of granular mineral fertilizers, in particular, their solubility in the ground-water
systems of irrigable agricultural lands is played extraordinarily important role. Process of signup of plants, so in the decision
of ecological problems of contamination of water sources by biogenic components. witnesseth that too high solubility of
granules increases part of movable components that dart out in ground or superficial water substantially. On the other hand,
subzero indexes of solubility of fertilizers are reason of the uneffective mastering of nutritives in the process of vegetation.
Influence of grain-size distribution of fertilizers on the height of spades of curves of washing in theory is illustrated by
experimental data. Shown remaining mass of granules of different diameter (proportional to his cube) at egual to the
agrotechnical norm of bringing and duration of precipitations. Prior to the registration of a new agricultural chemicals or
the reregistration of a well established one, extensive studies of its environmental behavior are conducted. These include
water solubility, mobility in a variety of soil types, persistence in soils and rate of hydrolysis. It is possible to make predictions,
based on these properties of the fertilizers and its use pattern, whether the chemical components are likely to reach surface
or ground water and how long it will remain there. Mathematical models can sometimes complement experimental work on
the fertilizers and assist with such predictions.

The distinction needs to be made between the use of fertilizers according to Good Agricultural Practices (GAP) and
their improper use or disposal. In those situations, where fertilizers are improperly used or where spillage or improper
disposal occurs, the that chemical components will reach surface or ground water is clearly greater than where GAP is
employed. A comprehensive risk assessment method of health loss and socio-economic consequences after the occupational
accident is considered. The disability insurance management has to recognize that further emphasis should be given to
promoting scientifically sound models with optimization of data processing under industrial safety providing.

Key words: fertilizers, migration, organic components, mathematical model, persistence in soils,

evironmental behavior, Good Agricultural Practices (GAP).

O.b. TAHAWEBA, O.0. BACHUJIEHKO, A.B. TOJIBATOB, O.B. CEMEPHZ, JI.B. AMBAPH
CyMchKHii HalliOHANBHUIT arpapHuil yHiBepeuteT, M. Cymu, Ykpaina
B.C. BAKAIJI

CyMCBKHii Iep)KaBHHIT HaAyKOBO-IOCIITHUIT IHCTUTYT MiHepaJbHHX JOOPHB Ta mirmeHTiB, M. Cymu, Ykpaina
HOBI ®OCPATHI JOGPUBA 3 OPTAHIYHUMHU KOMIIOHEHTAMHA

Anomayia. IlidsuweHHs1  epodcaliHocmi  cinbcbkozocnodapcbkux — Kyabmyp nompe6ye yO0OCKOHA/EeHHS
azpomexHo.102ili ma BupobHU4Oi MeXHIKU 8 yMoeax mpuea/noz20 3acmocy8aHHs1 MiHepaabHux dobpue I necmuyudie.
Aepoedpekmugricms miHI06pu8 HOB020 NOKOAIHHS, Wo 8upobase [TAT «CymuXimnpom» 8 menaudHUX ma noAbOBUX YMOBAX
6ysna npedmemom docaidxceHb mecmosux epoxcaie nweHuyi ma Kykypyosu 8 Cymcukill ma XapkiecbkKux o6sacmsix.
Ilpiopumemom 0451 peecmpayii Hosux az2poximitHuXx 3aco6ie nopsid 3 WUPOKO pPO3NOBCHONCEHUMU MemooUuKamu
docnidxiceHs 6ys ix enaue Ha 006KiAAS, WO, 30Kpemda, Xapakmepusyembucsl e/1eKmponposioHicmio e2pyHmoeo-800H020
po3vuHy. Lje 8kat04as10 8000po34UHHICMb, pyXOMicmb, KOMNOHEHMI8 8 pI3HUX munax 2pyHmis, cmilikicms 0o 8UMUBAHHS
ma cmyninb 2idpoaizy, moujo. IcHye Moxcaugicms KomMn’tomepHo20 NpO2HO3YBAHHS, W0 8PAX08YE 81acmusocmi dobpus ma
ix 3paskie, epaxogyroyu Ha CXUAbHICMb CKAAJ08UX KOMNOHEHMI8 Mizpysamu 0o nogepxHi epyHmy 4u 8 2pyHmosi eodu i
mepMiHy ix nepebysanHs mam. MamemamuuHa modeab Moxce 6ymu dONOBHEHHAM eKChepUMeHmMaabHUX 0aHUX CMoCO8HO
MiHO06pue ma oyiHKOWw makux npozHosie. HeobxidHo po3pisHsamu 3acmocysaHHsi MiHOo6pue y eidnogidHocmi 0do
azpoeko102iYHUX HOpM Ha 8I0MiHY 8i0 Henpagu/abHOI npakmuku iX 6HeceHHA 8 2pyHm. B makux cumyayisx Kinbkicmb
XIMIYHUX KOMNOHeHmMis, wo docsizHymb nogepxHesux 4u 2pyHmosux 800 6yde 3Ha4Ho nepesuujysamu donycmumi pigHi.

Kawouosi cnaoea: miHepaavHi dobpusa, mizpayis, op2aHiuHi KOMNOHEHMU, MaAMeMamuyHa Modeas, cmiikicms do
BUMUBAHHS, eK0/102i4Ha hosediHKka, adekeamHa azpoHoMivyHa npakmuka (GAP).

1. Phosphate fertilizers with organic components.

GRANPHOS is a long-time action fertilizer produced by composition of N, P, organic matter and Ca, Mg
accompanying elements. According to the environmental recommendations it may be used in spring with N-K or in
autumn with K- fertilizer. Quantity ratio of fertility components can vary. GRANPHOSKA is an improved fertilizer
with NPK — 1:18:5; Py0s o — 17,8%; P3Osuccess-15,8%; N — 0,85%; K)O o - 4,5%; H,O — 0,5%;
GUMIAGROPHOS is  produced with phosphate wastes and adding (NH,4),SO,4 Percentage of active ingredients
are N — 1,8 %, Py0s a1 > 9% P2Os aecess > 7.8%;  K,0 > 1.5%; organic matter — 1%. AMMOPHOS is traditional
fertilizer product including N — 10.9 %; P,Os orar. — 49.3%; P2O5 secess — 45.4%; H,O — 0,3%; pH of 10% suspension —
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4.45%; Cd — 22.7 mg/kg; Pb — 33mg/kg; As — 2,5 mg/kg, organic matter — 1,2 %. MELIORANT is a long-time
fertility composition also produced with phosphate wastes and organic ingredients for treatment of saline and
contaminated soils. Percentages of active ingredients are P,Os 11 > 8%, P2Os aecess > 7%, CaO > 20%, S > 7%. The
basal optimal dose of MELIORANT is 2-3 t/ha. The observations suggest that the application of mineral-organic
fertilizer may not alter the soil pH improving fertility properties, but also fix the dangerous chemicals.

2. Agronomic and environmental evaluation. Maize crops in three different cases were studied in field
trials. These experiments have demonstrated that using environmental mineral-organic fertilizer presented no
problem for agro-techniques with yield growth to 1.5 times average. Shoot and root growth, as well as the plant
height, improved in maize at the optimal dosage, compared to unfertilized control field. To identify ecological
characteristics of fertilizers for interrupted migration regime we must find the adequate experimental dependence of
their relation on rain (snowmelting) intensity. The likeness of the experimental curves which correspond to
interrupted as well as uninterrupted regimes produces the reasons for achievement of the predictive aims of the
suggested model under native weather conditions. The two-dimension experiment was carried on the thin-layer
model. A soil sample were placed in the box 100x 60x10 cm. In order to measure the concentration distribution into
layer it was first necessary to apply the conductometer method. The result for relational conductivity shows that the
pollution redistribution caused by precipitation depends upon the box slope, soil structure and individual distance
from watershed (Fig.1). A very important application of this investigation was to predict the pollution area as the
ecological consequence of the chemical substances migration in soil-water systems. The results of modelling under
real landscape and weather conditions are presented as the residue relational pollution of the contamination fields.
This soil-geochemistry mapping demonstrates great changes of the concentration isolines which are due to relief,
soil properties and precipitation intensity. Various natural soil, plants and landscape geochemical agents have been
considered as accumulating for the soil pollution. The content of fertilizers/pesticides elements depends not only the
agrochemical treatment intensity, but also on soil texture, redox conditions, relief slope and location of soil in the
system of elementary landscapes. Thus, a number of methods are available for specifying with regard to assessment
of agrochemicals movement. But difficulties can arise because of antagonistic or synergistic effects resulting from
the presence of a mixture of different fertilizers components and it may be appropriate to use a holistic approach
when fields with comparable histories are being considered [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12],
[13].

—
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Fig.1 Relational conductivity of initially equal contaminated sand after equal precipitation

3. Ecological risk assessment. The assessment and forecast of migration consequences on a field is very
difficult to prepare because the nature of contamination can be so varied. Besides, there are differences in migration
behavior between contaminants into different soil-water systems then toxicological risk assessment should be made
on case by case basis for each soil. Under some circumstances, limiting contaminants can reach ground and surface
water, the most likely being interrupted drift and run off from the contaminated site. Some authorities, therefore, are
issuing directives requiring that at the control border no limiting contaminant shall be present in lysimeter outlet
water above a given maximum concentration. On the other hand, modern analytical techniques are now able to
detect trace amount of chemicals in water which, sometimes, are present at concentrations well below those that
could cause harmful effects. Prior to the agricultural chemicals use, extensive studies of its environmental behavior
should be conducted. At the same time, computer programmes and modern survey instruments have revolutionised
mapping techniques and manipulation of information [3-5], [6], [7], [8], [9], [10]. [11], [12], [13]. Under real
environmental management it is possible to make a risk assessment, based on the integer loss function calculated for
limiting contaminant at the control border

42 8 — 13 uepena 2018 p. Bumiprosansha ma o6uucniogansna mexuika ¢ mexnonoziunux npoyecax — 2018



o || vaCldxdr )
M,S
where ¥ - hydraulic transfer parameter; ¢ - precipitation intensity, m>/HaS; C - actual concentration; [ -
length of a flow line from watershed OO* to the control border XX* ; dx — element of control border; dr -
element of summary time of precipitation; A/ - initial contaminant content, Kg/Ha; S — control area, Ha.

SUMMARY AND CONCLUSIONS. The fertilizer policy is being critically reviewed in recent years
because of the growing annual deficit. The experimental data with maize showed that complex lower mineral-
organic fertilizers were as effective as the traditional expensive fertilizer for all the plant growth parameters studied.
There were number limitations for this trend, chief among which is that fertilizer industry may have to reduce the
current production capacity. But the government intervention in fertilizer marketing is unavoidable in promoting any
fertilizer application. Ecology damage consequences caused by chemicals migration or unsound agricultural
practices may be prevent by means of the effective geotechnical structures, environmental monitoring as well as
safe use of agrochemicals. In order to minimize movement of any chemicals into ground and surface water it may be
necessary to make a long-term ecology forecast (including soil-geochemistry mapping) based on computer
simulation of the interrupted mass-transfer processes in soil-water systems. The environmental migration of
dangerous chemicals depends upon relief, weather, hydrogeological, pH and redox conditions as well as diffusion
characteristics.
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BU3HAYEHHS OPBITHU HEHTPY OBEPTAHHSA POTOPA ITIOTY>XXHOI'O
I'EHEPATOPA 3A PE3YJIbTATAMU BUMIPIOBAHHS ITOBITPAHOI'O 3A30PY

B donogidi po3zasidaemuvcst BuKOpUCMAHHS pe3y/ibmamie 8UMIPHOBAHHS NOBIMPSIHO20 3A30pY MIjC cCmamopom ma
pOMoOpoM 8 NOMYICHOMY 2eHepamopi 2i6pudHUMU e1eKMPOHHO-ONMUYHUMU 8UMIPI08AYAMU 3 EMHICHUMU CEHCOPaMU 051
BU3HAYeHHs1 opbimu yeHmpy obepmaHHs pomopa. PozeassHymo cnoci6 susHayeHHs1 opb6imu pyxXy yeHmpy ea/sa pomopda
nomyycHuX. 3anponoHoeaHull cnoci6 Mmodce 6ymu eukopucmaHull 045 peanizayii npozpaMHO-MAMEMAMUYHOZ0
3a6e3neveHHs cucmem mexHiuHoi diazHocmuku. IlokazaHo, wWo aHa.aiz macugie daHux 3a dekiabka obepmie 0038045€
ompumysamu cmamucmu4Hi daHi npo duHamiky nogediHKUu es1eKmpoo6AadHAHHS, 30KpeMa npo cmabiibHicmb op6imu
pomopa.

Kaiouosi caoea: eenepamop, pomop, cmamop, nogimpsiHuil 3a3op, EMHICHUT ceHcop, opbima, 2z00o2padp.

1.O. Zaitsev, A.S. Levytskyi
Institute of Electrodynamics of NAS of Ukraine,
zaitsev(@i.ua

DETECTION POWER GENERATORS ROTOR ORBIT BASED ON THE MEASUREMENT OF THE AIR GAP

In this paper presents considers the use of measurement results of air gap between rotor and stator in power
generator by hybrid electron-optical meters with capacitive sensors to determine the orbit of the rotor center. The trajectory
of the center of the rotor it's the one of the informative parameters for fault diagnostics system of synchronous power
generator that can be used in it's diagnosing. Analysis of the change of orbit in dynamics allows to analyze the control and
diagnostic parameters, deviations from the norm is accompanied by a change in physical processes in the nodes of the
hydrogenerator and is a characteristic of its technical state. The results of the analysis allow to predict the possibility of a
defect, a possible variant of its development, to determine the degree of risk of development of the defect. The peculiarity of
this analysis is the use of air gap data between the stator and the rotor, obtained for several turns of the rotor. Considering
that, except for emergencies, the change of air gap is relatively slow, it is possible to use systems with periodic measurements,
saving results to the built-in flash memory with the subsequent transfer of data to the processing system.

The method of determining the orbit of the center of the shaft of a powerful rotor is considered. Ability to use
vibration or movement sensors for building the shaft orbits is based on the fact that the rotation shaft is oscillating / moving
and moving it axially proportion of this oscillation / movement. These vibrations / movements cause a corresponding
vibration of the stator.

The proposed method can be used for implementation of software and mathematical support of systems of
technical diagnostics. It is shown that analysis of data arrays in several turns allows to receive statistical data on the
dynamics of behavior of electrical equipment, in particular about the stability of the rotor’s orbit.

Keywords: generator, rotor, stator, air gap, measurement, orbit, hodograph

Opmaumu i3 1HGOPMATUBHUX TapaMeTpiB, IO MOXYTh OYTH BHUKOPHCTAaHUMH TIPU JiarHOCTyBaHHI
MOTYXHHUX T€HEPATOPIB € TTapaMeTPU TPAEKTOPii pyXy HEHTPY poTopa. Y BITUM3HSHIN Ta IHO3EMHIN JIiTEpaTypi s
TpaekTopis HaOya Ha3BU opOiTa abo romorpad [1,2]. AHami3 3MiHA OpOITH B IMHAMIIII TO3BOJISIE TPOBOANTH aHATI3
KOHTPOJILHO-JIIarHOCTUYHHUX IapaMeTpiB, BIAXWICHHS SKUX BiJl HOPMH CYNpPOBOIKYETHCS 3MIHOIO (I3UUHHX
MpPOIIECiB B BY3JIaX TipOTreHEpaTopa 1 € XapaKTePUCTHKOK HOro TexHi4HOro crany [3]. Pesynpratu anamizy
JIO3BOJISIFOTh TIPOTHO3YBAaTH MOMIJIMBICTh BUHUKHCHHS Ne()EKTy, MOXJIMBHHA BapiaHT HOTO PO3BHUTKY, BU3HAYATH
CTYIiHb PHU3UKY pPO3BUTKY naedekty. OcoONMBICTIO MPOBEACHHS TaKOTO aHANi3y € BHKOPHCTAaHHS ITaHUX
HOBITPSTHOTO 3a30py MK CTaTOPOM Ta POTOPOM, OTPHMaHHUX 3a JIEKiIbKa 00epTiB poTopa.

Bimomwmii crioci6 Bu3HaueHHs OpOITHM LeHTpa poropa (Bana) 3 BHKOPUCTAHHSM JaTYHMKIB IapaMeTpiB
BiOparii craropa o6eproBoi Mammuu. [Tpu boMy AJIs MOOYI0BH OpOITH HEOOXITHO MaTH CUTHAIIA 3 ABOX JAATYHKIB
BibponepeMimieHs a60 BiGPOMIBHAKOCTI, siKi BCTAHOBIGHI Ha cratopi mix kyroM 90° OmuMH 10 OXHOTO y
BEPTUKATBHIN IJIONTUHI, MEPIEHANKYISPHIN EHTpaTbHOI oci Bana [4].

MosxnuBicTh BUKOPHCTAHHS JaTYHKiB BiOparii abo mepemimmeHs Uit mo0yI0BH OpOiTH Bayia IPYyHTYETHCS
Ha ToMy (axTi, MO MpU 0OepTaHHI Bajl POOUTH KOJMBAHHS/MEPEMIIEHHS i, MEPEMIIIeHHs HOT0 IMEeHTPaIBHOI OCi
MIPOTOPIIHHO MM KOJIMBaHHSAM/TepeMimeHHs M. [li KomuBaHHS/IEpeMillleHHs] BUKIUKAIOTh BiIMOBIAHY BiOpaIliro
cTaropa.

Henomnixom crioco0y € Te, 110: mo-neplie, NOMMpPEeHIiCTh Ta HOMEHKJIATypa CUCTEMH BiOpoaHai3aTopis, 110
JIO3BOJISIFOTh CHHXPOHHO IPOBOIMTH BHUMIPIOBAHHS II0 JBOX KaHajaX, BEIbMH OOMEKEHA, MO-ApYyre, IMpU
BUMIpPIOBaHHI a0COIIOTHOI BiOpailii He0OXiJTHO BPaXOBYBATH aHI30TPOIHICTh (Pi3HY KOPCTKICTB) OImop abo Kopmycy
CTaTopa y BEPTUKAIEHOMY i IMTOTIEPSYHOMY HANPSIMKaX, sSIKa ICTOTHO BILTUBA€E HA BULJIA OPOITH.

B npamiii momoBimi 4y BU3HAYSHHS Togorpady poTopa MOTYKHHX TeHEpaTopiB IMPOHOHYETHCS
BUKOPHUCTATH CUCTEMY 3 IBOX O€3KOHTAKTHHUX €MHICHHUX CEHCOPIB MOBITPSHOTO 3a30py MiK CTATOPOM Ta POTOPOM B
MoeTHAHHI 3 iHpOpMaIIi€lo BiJl CEHCopa KyTa IoBOpoTy potopa [3,5].

3 ypaxyBaHHSAM [3,5] pe3ynbTaTH BHMIPIOBaHb IIOBITPSHOTO 3a30py 3alMCYIOTHCA MOJKHA 3aIMCaTH Y
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BUTJISIL CUCTEMHU (DYHKITi#:

{SXG (H)Zf(dxme) (1)
Sy (0) = f(dXV’€_¢)
e d,; — 3HAaYCHHs TOBITPSHOIO 3a30py B TOPHU3OHTAJBHIN IUOIKHI; € — KyT MOBOPOTY poTopa; d,, —

3HaUeHHs! [IOBITPSHOTO 3a30Py B BEPTHKANbHIi IUIOMKHI; ¢ — 3aTpuMKa peanisauii curnanis S, () ta S, (0)
Ha kyT 90",

BukopucroByrooun cucteMy piBHSIHB (1) BU3HAYa€ThCS KpHBa APYroro MOPSAKY, ska BimoOpaxae opOity
poropa (puc.1) Ta Mo>xe OyTH IpeICTaBIeHa BiIIOBIIHOIO (YHKIII€IO:

Sy (g)zfxv (f);Gl (SXG)_(O)- ()

BukopucroByroun ¢yHKIio (2) OTpUMYIOTH Bi3yallizalliro
op0OiTH  LEHTpy poTopa  pO3paxoBaHy 3a  pe3yJbTaTaMu

“(f‘g’"@“’ﬂm““ﬁ BHAMIPIOBaHHS TIOBITPSHOTO 3a30py AJIS TOBHOTO 00epTy poTopa,
concop) sKa B 1meadbHOMY BUMAAKy (0e3 HasBHOCTI Me(deKTiB) SBISIE
//d;-?——\— 0, KpYyroBUH pyX BEKTOpa, SK IIOKa3aHO Ha puc.l. Y Bumazaky
/ ! Opira HasBHOCTI aedekTiB QyHkmist (2) Oyae BUIO3MIHIOBATUCS Bif
/ o\ \/— (dbopmu igeanbHOTO KOJa, TpHiiMarodu GopMy Bix Jielb TTIOMITHOTO
/ a, | CIIOTBOPEHHSI KOJa /0 KapTUHU IOBHOTO XaOTHYHOTO pyxy. Ilpm
} dlxc ’} =G HAsBHOCTI CTATUYHOTO EKCUEHTPHCHTETY — ¢dopma Hpn. JIESTKUX
\ (Cr— BHJIaX MEXaHIYHHUX MOCIA0JICHb 0p0OiTa MOXKE CHIIBHO BiAPI3HATHCS
\ // cercop) BiJl €JIINTHYHOI 1 MaTH BUTIISI XaOTHYHOTO PyXy[2].
\\ P
~_L -~ Bucnosok
3anponoHoBaHU# croci® BU3HAYCHHS OPOITH pyXy IEHTPY
Puc. 1 BusHaueHHsI TpaekTopii 00epTaHHs poropa MmOTYXHHX reHepaTopiB 3a pe3yJbTaTaMu BI/IMip}OBaHHﬂ
BEKTOPA, 1110 ONHCYe 0poiTy pyxy Bajia MOBITPSHOTO 3a30py €MHICHUMH CEHCOpPaMH, BCTAHOBICHHMH Ha

pPO3TOYECHHI Ocepas cTaTopa, MOXe OyTH BUKOPHUCTAaHWH IS
peamizamii  mporpaMHO-MaTeMaTHYHOro  3a0e3MeueHHs, IO
BUKOPHCTOBYETHCSI B CUCTEMAX KOHTPOJIIO Ta TIarHOCTHKHU IIMX MAIIHH.
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BU3HAYEHHSA EOEKTUBHOCTI BUKOPUCTAHHSA BE3PE3OHAHCHOI'O
KPIIIUJIBHOT O ITPUCTPOIO

Anomayis. [IposedeHo OduHamiuHe eunpobysaHHsi Odilovo2o 3paska padioenekmpoHHoi anapamypu 3
BUKOPUCMAHHAM 0e3pe30HAHCHO020 Kpinu/bHO20 Npucmpoilo ma e/neKkmpopeoso2iuHoi cycneH3ii das  Pikcayii
s8unpo6ogysaHux supobie Ha cmoi eibpocmeHaa.

IIpedcmasseHo pesyabmamu eunpobysaHb 3a OAHUMU GUMIPI0BAHb 3 SKUX BUOHO, WO BUKOPUCMAHHA
6e3pe30HaHCHO20 Kpinu/bHO20 NpUCMpOoIo 3a6e3ne4ye N08Hy nepedayy KousaHb cmo/a 8ibpocmenda Ha sunpobogyeaHuil
06’ekm 6e3 cnomeopeHb koe@iyieHma nepedaui MexaHiYHUX HagaHMaxiceHv, wo sidnogidae HadiliHoOMy Kpin/ieHHI 8upo6y
ma nidsuwye mo4Hicme 8i6pogunpobysaHs.

Kawuosi cnoea: wacmoma, koausaHHs, 8ibpayis, eumiproeau eibpayill, akcesepomemp, 6e3pe30HAHCHULL
KpinuabHUll npucmpili, e1eKmpopeo102iuHa CycneH3sisi.

V.A. MOROZ, V.P. ROYZMAN, O.K. YANOVYTSKYI, V.V. MISHAN

Khmelnitsky National University
vik-moroz@ukr.net, royzman_v(@ukr.net

DETERMINING THE EFFICIENCY OF USE WITHOUT RESONANCE DRIVER DEVICE

Abstract. A dynamic test of an active sample of a radio-electronic device with the use of a non-resonant fastening
device and an electrorheological suspension for fixing the tested articles on the vibrostand table was conducted.

The efficiency of using a non-resonant fixing device with an electrorheological suspension during the testing of
products of the electronic equipment is shown, which reflects that the time of replacement of the test product to another
significantly decreases and amounts to a fraction of a second. Also, with the use of a non-resonant cube-shaped mounting
device, you can increase the productivity of vibration testing by allowing you to vibrate the object's testing on the horizontal
and vertical axes, and you can increase the efficiency of using such a fastening device by increasing the number of objects
simultaneously tested on it. The electrostatic method of fixing with an electrospray suspension shows that it is not necessary
to use fasteners in the form of bolts, studs, staples, clamps, which themselves have their own oscillation frequencies, that is,
their resonance frequencies in the test frequency range. The use of the relayless fixing device allowed to reduce the errors of
measurements of accelerations of the tested radio-electronic equipment during tests on vibration and impact. The results of
the tests according to the measurements are presented, from which it is clear that the use of the non-resonant fastening
device ensures the complete transfer of vibrations of the vibrostand table to the test object without distortion of the transfer
coefficient of mechanical loads, which corresponds to the reliable fastening of the product and increases the accuracy of the
vibratory tests.

Key words: frequency, oscillations, vibration, vibration meter, accelerometer, non-resonant fastening device,
electrorheological suspension.

Juis Bu3HaueHHS e(EKTUBHOCTI BHKOPHCTaHHS OE3pE30HAHCHOTO KPIMWIBHOTO IPHCTPOI B  XOIi
MpOBeACHHS HaykoBo jgociigHoi podotu Ne 4B5-2015 «Po03BHTOK HAyKOBHUX Ta iHXKCHEPHHX OCHOB HaJiHHOCTI
BHUIIPOOyBaHHS Ha MexaHiuHi BIumBH (BiOpamii, ymapm) BupoOy PEA 3 BHUKOPHCTaHHSM eIEKTPOPEOIOTIHHOT
cycrensii Ta 6e3pe30HaHCHUX KPIMWIBHUX MPHUCTPOiB [1, 2].

O6’exToM mocrmimkeHHs Oyno BuOpaHo By3on kepyBaHHS BAPY nem. momep AAB®.469555.011 NO14
(puc. 1) saxuif MiCTHTB B 001 IpyKOBaHY IUIATy 3 €IEMEHTaMH ITOBEPXHEBOTO MOHTaXY. 'abapuTHI po3MipH By3ia —
97mMmM*9TmMm*20MmM. Bara — 0,3 kr. [Ipu npoBeeHHi BunpoOyBaHs Oy BUKOPHCTAHI HOBI TEXHOJIOTIi BUIIPOOYBaHb
PEA, ski 3axumeni mateHtoM Ykpaiam Nel10855 Bim 25.10.2016 p., mo [03BOJIAIOTE BUKOPHUCTOBYBATH
0e3pe30HaHCHI KpimwWibHI mpucTpoi must 3akpimieHHs PEA Ha BuIpoOyBalbHHX CTEHAAX 3a JONOMOTOIO
CJICKTPOPEOJIOTTYHHX CycHeH3il [3, 4].

Puc. 1. O6’ekT qocaigKeHHs

46 8 — 13 uepena 2018 p. Bumiprosansha ma o6uucniogansna mexuika ¢ mexnonoziunux npovyecax — 2018



Hdns  BunpoOyBanHs Onoky «VY3en ympasiaenuss BAPY» nmen. nHomep AAB®.469555.011 NO14
BUKOPHCTOBYBAJIOCH HACTYITHE O0JIaIHAHHS:

1. Bibpocrenx BEJIC-200

2. Ipunan VIIY-10

3. Akcenepomerp ADXL335

4. TlepcoHaNbHAN KOMII IOTEP

BunpoOyBaHHs IpOBOAMIOCH HACTYITHIM YHHOM (pHc. 2). Ha uratdopmy ctomy Bidbpoctenaa BEJIC-200 B
MiCIle 3aKpilieHHs] 0e3PE30HAHCHOTO KPIMWIBHOTO MPHUCTPOI0 HAHOCHIIACH €JIEKTPOpEOoJIoTiuHa cycrensis. Ha Hel
BCTAHOBJIIOBABCSl O€3pe30HAHCHHWM KpPIMMJIBHUK TPUCTPIH, HAa SIKUH TaKoX HAHOCHJIACH EJIEKTPOpPEOIoTiyHa
cycriensis. Ha 1ieit mpucTpiii BCTaHOBIIIOBABCS BUIIPOOOBYBaHMN 00’€KT - 00K «Y3en ymparieaus BAPY». Ha
SJICKTPOIM 0E3pE30HaHCHOTO KPIMMIIBHOTO MpHcTpoto 3 npuiany YIIV-10 nonasanack Bucoka Hampyra. [lig giero
BHCOKOI HaNpyry eJIeKTPOPEeosIoriyHa CyCIIeH31sl MBHUIKO MepexoJuiia 3 PIIKOr0 CTaHy B TBEPAMH NPU HEOMY MIITHO
¢ikcyroun cam Oe3pe30HAHCHUH KpIMWJIBHUI NPHCTPiil Ha MOBepxHI BiOpocTody, a BHIPOOOBYBaHWI BHPIO Ha
MOBEPXHi 0€3pe30HaHCHOTO KPIMWILHOTO MIPUCTPOIO.

BumnpoGosysanmit AxcenepoMeTpu
BupiG ADXL 335

ITepconanbHuit
KOMIIL'FOTED

S

TIpunan VIIV-10m

\ o

Bespesonancuuit
KpinmumbHHit

npHCTpiit

BiGpocrenn
BEJIC-200

O

Puc. 2. CxeMa ycTaHOBKH /i1 IPOBeJIeHHS] BUNIPOOYBAaHbL

[Micnst 3akpimwieHHss BUIIPoOOBYyBaHOro 00’ekTa Ha MiatdopmMi BiOpocToiy, OyJao HPUIHATO pilIEHHS
NPOBECTH BHUIIPOOyBaHHs OJOKYy MeronoM (ikcoBaHMX dYacToT. s 1mporo Oyjno BCTAHOBJICHO JBa JATYUKHU
akcenepomerpn ADXL335. OxuH gatuMk BCTaHOBIIOBaBcs Ha tuiaTdopmi BiOpocTody Oinst Ge3pe30HaHCHOTO
KPIMAJIBHOTO TIPUCTPOIO, APYTrUil — Oe3mocepeIHh0 Ha caMoMy BHIIPoOOBYyBaHOMY Outorli. CHUTHaIM 3 ITUX JaTYHKIB
HAaJIXOAWIM Ha IEPCOHANBHUH KOMII'IOTEp Ha SKOMY BCTaHOBJIEHE CIICL[iajbHe INporpaMHe 3a0e3NedyeHHs 10
JTO3BOJISIE CUTHAJ 3 IATYMKIB BiJIoOpakaTv Ha €KpaHi MOHITOpA.

Pesynbratn BUnpoOyBaHb HaBeIeHI B TaOmuIIi 1.

Sk BHAHO 3 TaOJIMII CHIHAJIM TPHCKOPEHb 3 JaTYMKIB IOBHICTIO 30iraloThCs, IO O3HAYae IO 3a
JIOTIOMOT'010 BUKOPHUCTAaHHs 0€3pe30HaHCHOTO KPINMIBHOTO MPUCTPOIO BAAETHCS NepeiaTH BiOparii Bix miathopMu

BiOpocToiry 10 BUIIpoOOBYBaHOTO 00’€KTa O€3 CrIOTBOPEHk, TOOTO B MaciuTabi 1:1.

Tabmus 1
JaTuuk, Yacrora f, I'n
MIPUCKOPEHHS 10 20 30 50 70 100 150 300 500
a, g 2,74 2,81 2,89 3,00 2,46 1,83 1,56 1,37 1,17
a g 2,74 2,81 2,89 3,00 2,46 1,83 1,56 1,37 1,17

e 103BOMMIIO 3MEHIIUTH MOXUOKH BUMIPIOBaHb HPUCKOPEHB BUIPoOOBYBaHOi PEA mpu BUnpoOyBaHHSIX
Ha BiOparii Ta yaapwu.

BukopucranHsi 0e3pe30HAHCHOTO KPIMUILHOTO MPUCTPOIO 3a0e3nedye MOBHY Hepeaady KOJMBaHb CTOJNA
BiOpocTeH 2 Ha BUTMIPOOOBYBaHUU 00’€KT O€3 CIOTBOpPEHb KoedillieHTa mepenadi MeXaHIYHMX HaBaHTAXKEHb, IO
BiJIMTOBiTa€ HAAIHOMY KpIIICHHIO BUPOOY Ta ITiIBUIY€E TOYHICTH BiOPOBUTIPOOYBaHb.

HenoTtpiGHO BUKOPUCTOBYBATH KPIMMIBHI PUCTPOi y GopMi OONTIB, MMHIBOK, CKOO, CTPyONHH, AKi cami
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MaJIi YaCTOTH BJIIACHUX KOJMBAaHb TOOTO CBOI PE30HAHCHI YaCTOTH B BUMIPOOOBYBAHOMY Jiarma3oHi 9acToT.

3a JI0NIOMOTOI0 €JIEKTPOPEOJIOTIYHOTO CIIOCO0Y KPIIUIEHHS BUIIPOOOBYBAaHHUX 00’€KTIB OJHIEIO 3 BAXIIUBHX
nepeBar € Te, 0 3HaYHO 3MEHIIYETHCS Yac 3aMiHM OJHOTO TaKOTro BHITPOOOBYBaHOTO BUPOOY Ha IHIIMH Tak SIK 4ac
¢ikcauii Takoro BUpoOy micisi MOAadl HANPYrW Ha €IEKTPOAM CTAHOBHUTH JIOJI CceKyHAW. s mporo HeoOXigHO
TUIBKHU 3HSTH HANPYTY 3 €JIEKTPOJiB 0€3pE30HAHCHOTO KPIMMILHOTO NPUCTPOIO, 3HATH BUIIPOOOBYBaHHI BUPiO, a Ha
HOro Micrie BCTAHOBUTH 1HIIHH, ITOIIEPEIHBO 3MaCTHBIIN HOTO CYCIIEH31€I0 Ta M0JIaTH HAIIPYTY 3HOBY.

IIpu BuKOpHUCTaHHI OE3PE30HAHCHOTO KPIMUIBHOIO TPUCTPOIO y ¢opMi Kyba MOXKHA TiABHUIIUTH
MIPONYKTUBHICTh BiOPOBUMPOOYBaHL 3a PaxyHOK MOXJIMBOCTI TIPOBOJWUTH BiOpOBUNPOOYBaHHA OO0’€KTa IO
TOPU3OHTANIGHIM 1 BEPTHKAIBbHIH HOTO OCAX, a TaK0X MOKHA 301JbIIATH €(PEKTHBHICTh BUKOPHCTAHHS TaKOTO
KPIMIIFHOTO IPUCTPOIO 32 PaXyHOK 30UTBIIEHHAS KiJTBKOCTI OJJHOYaCHO BUIIPOOOBYBaHUX Ha HHOMY 00 €KTIB.
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YOK 535.36
H. KYHAX, JI. XAPJIA, A. KOHOBAJIOB, K. HUKM®OPEHKO, 0. COTHUYEHKO,
0. MATIOIINYEB

Opecckas HauuMoHanbHas akajgemus cBsizu uMm. A.C. [Torosa

Lharlay@ji.ua

METOA UBMEPEHMUS ITIOKA3ATEJIA NPEJTOMJUIEHUSA ITPU TPOU3BOJACTBE
OIITUYECKHUX BOJIOKOH

Annomayusa Bonokonno-onmuueckas céa3v 6 Hacmosiwee 8pemsl A6Isemcs Haubonee Obicmpo pazsusaioweticsa 0o1acmoio
menexommynuxayuii. OCHo8ol 051 Hee AAAeMCA Onmu4eckoe 80J10KHO, CHOCOOHOe 0becnedums UHGOPMAYUOHHO-NPONYCKHYIO
CNOCOGHOCb, npesbluarwylo oecamku mepabaim 6 cekynoy. IIpoyecc u3eomosneHuss ONOKOHHO20 C8emMo600d ABNAEMCs
CNIOJCHBIM MEXHONOSUHECKUM NPOYECCOM, MPedyIowuM NPUMEHEHUs BbICOKOMOYHO20 000PYO0BAHUSL.

IIpeonoscen memoo onpedeneHuss NOKA3AMENs NPENOMIeHUs Ol 3A20MOBKU CePOYeBUHbL ONMUUECKO20 BONOKHA C
UCNONb306aHUEM NPUHYUNOS ABNeHUA pacceanus ceema. IIpu paspabomke memooa UCHOIL3I0BANUCH NPUHYUNBL KEAHMOBOU
INIEKMPOOUHAMUKIU, 68 COOMBEMCMBUU C KOMOPBIMU C8EMOBOU NOMOK, HANPABNAEMblU HA UCCIedyemblll 00beKm, npedcmasisien
coboil Habop Ouckpemuvix 00pazo8aHuli — Cc8emosvix Keawmos.  Ilpoyecc usmepenuss 3saxaOuaemcs 6 onpeoeieHuu
UHOUKAMPUCHL paACCeAnUsi OAsl 3A20MOBKU  cepoyesunvl 8onokna. Ilokazamo, umo umouxampuca paccesHus OOHO3ZHAYHO
onpedensem 3HaueHue NoKazamens nperomienus. Mzamepenus, nocmpoentvle HA NPUHYURAX AGLEHUs PACCEsHUS, NO360A0M
3HAYUMENbHO PACWUPUMS OUANA30H UMEPAEMbIX 3HAYEHUll NOKA3amens NpPeloOMAeHUsl NPpU COXPAHeHuu OO0CMAmMOYHOU
MOYHOCMU, ONpedensieMoll MOYHOCMbIO Y2108bIX UMepeHull. Dmo 0COOeHHO aKmyanbHO OJsi U3MepeHUus Napamempos
ONMUYECKUX BOJOKOH U OPY2UX YCIMPOUCMS, CO30AHHBIX HA 6aA3e MEXHONI02UU QOMOHHBIX KPUCAIO8 U HAHOMEXHOIOUL.

Knouegvie cnosa: nokasamens nperomienus,, ONMu4eckoe 60J10KHO, UHOUKAMPUCA PACCEAHUA, CePOYEBUHA

KUNAKH N., KHARLAY L., KONOVALOV O., NIKIFORENKO K., SOTNICHENKO YU.,
MATYUSHICHEV YU.

Odessa national academy of telecommunication a.n. O.S. Popov

Lharlay@ji.ua

METHOD OF MEASURING THE REFRACTIVE INDEX IN THE PRODUCTION OF OPTICAL FIBERS

Abstract Fiber-optic communication is currently the fastest growing area of telecommunications. The basis for it is an
optical fiber capable of providing information capacity exceeding tens of terabytes per second. The process of manufacturing a
fiber light guide is a complex technological process that requires the use of high-precision equipment. The main constructive
element of the optical fiber is its core. At the same time, the refractive indices of the core of a fiber light guide are determined by
the refractive indices of its preform. A high level of stability of the refractive index in the production of optical fiber is determined
by high requirements to the level of losses at the joints of optical fibers, which in turn are determined by the difference in the
numerical apertures and the refractive indices of the cores of the fibers to be joined.

A method for determination of the refractive index of the optical fiber preform using the principles of light scattering
phenomena is proposed. When developing the method, the principles of quantum electrodynamics were used, in accordance with
which the light flux directed to the object under study is a set of discrete formations - light quanta. The measurement process
means determination of the scattering function for the preform of the fiber core. It is shown that the indicatrix of scattering
uniquely determines the value of the refractive index. Measurements based on the scattering phenomenon allow us to
significantly expand the range of measured values of the refractive index while maintaining sufficient accuracy, determined by
the accuracy of the angular measurements. This is especially true for measuring the parameters of optical fibers and other
devices based on the technology of photonic crystals and nanotechnologies.

Keywords: refractive index, optical fiber, scattering indicatrix, core

Bo10KOHHO-ONITHYECKAS CBA3b B HACTOSIEE BPEMS SIBIICTCS HAanOOoIIee OBICTPO pa3BUBAIOLICHCS 00JIACTHIO
TenekoMMYHHUKaIwii. OCHOBOM JUTS Hee SBISCTCS ONTHYECKOE BOJIOKHO, CIIOCOOHOE oOecneynTh HH(POPMAIMOHHO-
MPOIMYCKHYIO0 CHOCOOHOCTD, MPEBBILIAIOIIYIO ECITKH TepabaiT B cekyHy. [Ipolecc U3roTOBICHHUS! BOJIOKOHHOTO
CBETOBOJIA SIBJISICTCS CJIOKHBIM TEXHOJOTMYECKUM TPOIECCOM, TPeOYIOMNM TPUMEHEHHS! BBICOKOTOYHOTO
obopynoBanusi. BoIOKOHHBIE CBETOBOJbI OOBIYHO HM3TOTABIMBAIOTCS B XOJE PsAa TEXHOJOIMYECKUX OIEpPalHi,
TPeOYIOIIX TTOCTOSHHOTO KOHTPOIIS TapaMeTPOB ISl 00eCIIeYeH N NX CTAaOMIBHOCTH U TIOBTOpsieMocTH [1].

OCHOBHBIMU METOAaMH M3MEpPEHHs TIOKa3aTels NPEIOMIICHUS] WM pepPaKTOMETPUH SIBISIFOTCS: METO/IbI
HOPSIMOTO M3MEPEHHs YIJIOB IPEJIOMIICHUS CBETAa MPH MPOXOXKICHHH UM TPAHMIBI pasjesia JBYX CPel; METOJEI,
OCHOBAHHBIC Ha SBJICHUH TIOJTHOTO BHYTPEHHETO OTPAXKCHUS, HHTEPPECPEHIIMOHHBIC METOIBI [2].

H3mepeHus mo 3TUM METoJaM TPeOYIOT MOTeph 3arOTOBKH B MAacce M 3aTpaT Ha MPOBEACHUE 00pabOTKU
MaTepuana. Kpome TOro, HEKOTOpble M3 HHUX HEIPUMEHHMBI ISl TIPOBEJCHHS W3MEPCHHU MapaMeTpOB
TBEPIIOTEIBHON 3arOTOBKHU.

Kpome Toro, cymectByrwomue peGpakTOMETphl TO3BOJISIOT ONPEICHATh 3HAYCHUE IIOKAa3aTels
MIPEJIOMJICHHUS] B CPAaBHUTEIIEHO HEOOJIBIIIOM Irana3oHe BenuduH — oT 1,4 10 2,1 (71 IpOCTHIX KOHCTPYKIMI) H OT
1,2 mo 2,8 (mpu HAIMYUM psiia CMEHHBIX 0JIOKOB) [3]. B TO ske BpeMs CO3MAIOTCS HOBBIC BHJBI CHHTETHUYECKUX
MmarepuanoB (B TOM 4wncie (OTOHHBIE KPUCTANIBI), MOKa3aTedH IMPEJIOMIICHUS KOTOPBIX MOTYT BBIXOAUTH 32
HpeJIeNibl U3MEPEHUSI CYLIECTBYIOIINX TPHOOPOB.

Takum 00pa3zom, aist oOecrieueHns KOHTPOJIS TEXHOJOIHYECKOro Mpolecca MPOU3BOACTBA ONTHYECKOTO
BOJIOKHA HAa PaHHUX 3Talax, He0OXOJMMO NPUMEHEHHE METO/Ia U3MEPEHHUS! €ro0 ONTHYECKUX TapaMETPOB C YUETOM
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BBIIICTIPUBEICHHBIX 3aMCYaHUI.

C »T0#l 1Henp0 B paboTe ObUT MPEUIOKEH METON, OCHOBAaHHBIA Ha sSIBICHHMU paccesHus cBeta [2]. Ilpu
pa3paboTke MeToJa WCIOJIB30BAIUCH MPUHIIMITEI KBAHTOBOW AJIEKTPOJUHAMUKH, B COOTBETCTBHH C KOTOPBIMU
CBETOBOW MOTOK, HAIIPABJISICMBII HA HCCIICyEeMbId 00BEKT, IPEACTABISICT COO0N HAOOP TUCKPETHBIX 00pa30BaHUMN —
CBETOBBIX KBAaHTOB. 3HaueHHe KOA((UIMECHTA OTPaKCHUS CBETA HA TPAHHMIE pa3fielia ABYX ONTHYCCKHUX CPE MpH
9TOM TPEJCTABISACT COO0I BEPOATHOCTh OTPAKCHHUS KBAHTA OT TpaHMIBI pa3neina [4]. Uuaamkarpuca paccesHus,
MOJIydeHHas! B pe3yJibTaTe Mpolecca paccesiHust Asi 00beKTa ¢ KOHKPETHOW reoMeTpreil U 3HaYeHHEM MOKa3aTels
MPEIOMIICHHSI, OJHO3HAYHO OTIPECIISIeT MI0Ka3aTellb MPEIOMIICHHS HCCIIELyeMOro 0ObeKTa.

OTUM 00BEKTOM B Pa0OTE SIBISUICS ONTHYECKHI IMIMHAPHYECKUH DIIEMEHT, KOTODPBIH MOIEIUpPOBa
3arOTOBKY CEpJLEBHHBI ONTHYECKOr0 BOJOKHA, O0Jajgaroulyro LwinHapudeckoi ¢opmoit. Kak mnpaBuio, s
3arOTOBOK CEPLIEBUHBI ONITUYECKUX BOJIOKOH BBIMONHACTCS COOTHOIIeHUe: D>>A, tae D — nuamerp 3aroToBKH, a A
— JUIMHA CBETOBOW BOJHBI. J[M(pPAaKIMOHHBIC SBJICHUS B 3TOM Ciydae HE YYUTHIBAIUCH, U MOJCIUPOBAHHE
paccesiHUSL CBeTa MPOBOAMIOCH B COOTBETCTBUH C 3aKOHAMHU T'COMETPUYCCKOW ONTHKU. B 3TOM mpuOmmkeHun
MOBEJICHHE TTaIAIOIICTO Ha ONITUYECKHUN JICMEHT CBETA TIOJTHOCTBIO OIMCHIBACTCS COOTHONICHUSIMHU TCOMETPHUICCKOM
OINTUKHU — MPSAMOJMHEHHBIM PAaCIPOCTPAHEHUEM CBETa B OJTHOPOJHOM cpene, 3akoHoM CHemnyca u GopMynamu
O®penens [5].

IIpennonaranock Takxke, 4TO MOKA3aTeb MPEIOMIICHHS COXPAHSCT MOCTOSHHOE 3HAUCHHE B MpejieiiaX Beel
3arOTOBKH, YTO COOTBETCTBYET CEP/LIEBUHE CO CTYNEHYATHIM MPOQUIEM MOKa3aTels MPEIOMIICHNUSI.

B kauecTBe BXOJHOI'O IOTOKA OBLI PaCCMOTPEH HEKOT'€PEHTHBIN MOTOK MOJSPU30BAHHOIO CBETA B BHUIIE
napauieNibHbIX Jy4eil (KBaHTOB), MaIAONUX HA OOKOBYIO MOBEPXHOCTh HUJIMHAPA. BEKTOp 3JIEKTPUYECKOro MOJIst
CBETOBBIX KBAaHTOB CUMTAJICS MapaJUICIbHBIM OCH IIMIMHAPA. B 3TOM ciiydae k03 (DUILMEHT OTpaKeHUs Ha TPaHHILIE

pasnena aByx cpes Cj, ONUCHIBACTCS BBIP@XKCHHEM, IIOJyYCHHBIM B COOTBETCTBHH C [5]:
n’' cos26—2n’ cos 49\/(712 /n)* —sin’ @ +n;

)
n’ cos26+2n’ cos tﬁ?\/(n2 /n)’ —sin’ @ +n’

rie n; M n, - TMOKa3aTedW MPEJIOMIICHUS BO3JyXa W CTEKJIa COOTBETCTBEHHO, € - yroy maJcHHs JTy4a Ha
MOBEPXHOCTh HuIHHApa. [loTepu B MaTepuaiie ONTHYSCKOTO MIJIMHIPA CYMTAIHCH MPEHEOPEKUMO MABIMH, TaK
910 3(QPEKT MOTIOMEHUSI KBAHTOB HE YUYWTHIBAJCS. 3HadeHHWE Kod(h(dUIMEeHTa OTpa)keHWsl CBETa Ha TPAaHHUIIC
pa3gena IOBYX ONTHYECKHX CpeA NpPU D3TOM MPEACTAaBISAET COOOW, COTJACHO IIPUHIMIAM KBAaHTOBOM
JIEKTPOAMHAMUKH, BEPOATHOCTh OTPAXECHMS KBaHTa OT TpaHMIBI pazmena [5]. C yderoM 3TOTO, TpoIEce
pacmpocTpaHeHHsT KBaHTa B IpeAeTax ONTHYECKOTO AJIEMEHTa PACCUUTHIBAJICS C IMOMOIIBI0 MeTona Morte-Kapio
[6]. [Ipu mepecedeHnn TpaeKTOPHEH KBAaHTA TPAHUIIBI ONITHYECKOTO JIEMEHTa IPOU3BOAMIICS pacueT KodddurimenTta
OTpaKeHHSI OT TPAHUIIBI pa3zielia C YIeTOM yIJia majeHus & B COOTBETCTBHU C COOTHOIICHNEM, IPHBEICHHBIM BEIIIIE.
ITocnme dero, B pe3ynbTaTe ONIpoca TI'eHEpaTopa CIyYalHBIX YHCEN, BKIIOYAEMOTO INPH KaXKIOM IEepPeCCYCHUU
TPAaeKTOpUCH KBaHTAa TPAHUIIBI pa3lielia: ONTUYCCKHH HJIEMEHT — BO3IYX, ONPEACIUICS MaNbHEUIIMHA BapHaHT
HaTpaBJICHUS TBIKCHUS KBaHTa (OTpa)KCHHE OT TPaHUIIBI pa3zierna 0o MpoxoxacHue ee). Ecnu 3HaveHue 4ucna,
c(hOPMHUPOBAHHOTO TEHEPATOPOM CIYYaWHBIX YHCEN, HE MPEBBINIATIO BEIUYUHBI KOA(D(GUIMCHTA OTpPaKCHUs, Ha
TpaHUIle pa3/iejla MMEJIO MECTO SBICHHE OTpPaKeHWs. B MPOTHMBHOM cllydae KBaHT IPOXOAMI 4Yepe3 TPaHUILY
pasnena. PacnpenencHrue KBaHTOB B MAJAONICM HA ONTHYCCKHUI AJIEMEHT MOTOKE MPEAIONAraJoch paBHOMEPHBIM.
[Ipu BEIXOMIE KBaHTA 32 MpPEAeIHl MITHHIPHIECKOTO dJIeMEeHTa (PUKCHPOBAJIOCh 3HAYCHIE yTIIa PacCesTHNUS KBaHTA 110
OTHOIICHUIO K HANpPaBICHHUIO BXOIIIETO ITOTOKA. MHIUKaTpuca paccesHus IpencTaBistia coboil  yriioBoe
pactipenieieHie HHTCHCUBHOCTH, HOPMHUPOBAHHOE K MaKCHMAaJIbHOMY €€ 3HaueHHI0. MaKcuMabHas pa3penaronas
CHOCOOHOCTH MTPOTPaAMMBI ISl pacdeTa HHINKATPUCH PACCESTHHS COCTABIISIA OUH YTIIOBOH rpamyc.

C moMompi0 YKa3aHHOTO METOAa OBUIM MPOBENEHBI pacdyeThl MHIUKATPUCH PACCESTHHUSA TPH Pa3THIHBIX
3HAYCHUSAX TI0Ka3aTeNis IPEJIOMJICHUS OITHYECKOTO DJJIEMCHTAa. B  4YacTHOCTHM OBUIM MPOBCACHBI PACUCTHI
WHIUKATPUCHl PACCESIHUSA B OKPECTHOCTH 3HAYCHUS IMOKAa3aTelsl MPEJIOMJICHHUS, PaBHOTO 1,46, KaKk TaKOro, 4ro
XapaKTepU3yeT KBapIeBOE CTEKIIO.

Ha puc.1 nzo0pakeHa HHIUKATPUCA PACCESIHUAS ONTHYCCKOTO MIMHIAPUIESCKOTO JIIEMEHTA C MTOKa3aTelIeM
npenomiieHuss n = 1,458, HanpaBneHue BXOJOHBIX Jy4yeil coBmazaeT ¢ HampaBieHueM ocu X. Kak BuaHoO u3
WHIUKATPUCHI, €W TPUCYIIM YCETHIPC IIMKA WHTCHCUBHOCTH PACCESHHS, PACIOIOKCHHBIE CHMMETPHYHO
OTHOCHMTEJILHO OCH X MO yriioM @ = = 100° u nox yrioMm @, = £ 155°. HopMUpOBaHHbIE 3HAYEHNS HHTEHCUBHOCTH
STHX IMMKOB 3TUX MHUKOB cocTaBistioT 0,62 1 1,0 COOTBETCTBEHHO.

IIpn yMeHBIIEHWHM TIIOKa3aTeNs TPETOMIICHHUS YTOd () YBEIHMYUBAJICA, a Yrold ¢ COOTBETCTBEHHO
yMeHbIIancs. TakuMm o0pa3oM, OSTHM IapaMeTpaM OKa3ajiCh CBOMCTBEHHBI YTJIOBBIE JAHUCIEPCHOHHBIE
XapaKTepUCTHKH IO OTHOIICHHWIO K IIOKA3aTENI0 TPEIOMIICHHS 7. OTH XapaKTePUCTHKHA OTpa)kaeT BeINYHWHA

Cp =

IPou3BOIHOI O)/ ON , KOTOpas COCTaBJISET JUIs MEPBOro NMuka - 3,49 pamuan, a s BToporo - 1,745 panuan, To
ecTh B JBa pa3a MeHblle. UNCIEHHO JTH BENHYMHBI OTPAKAIOT YIIOBOE (B pajuaHax) CMELIEHHE ITHKA, MPU
M3MEHEHMH MOKa3aTels IpPeIOMICHHS HA €IMHHUIY U ONPEJENSIOT YyBCTBHTEILHOCTh METOJA MO H3MEHEHHUIO
TI0KA3aTeJIs IPEIOMIICHHS 1.
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Bxoghiie napamerpubi:

Nin= 1000000

Maccus ULL
i L]

MngurraTpuca paccentm:

= ! 0.33
033
I
n2= 032
S T

ke |7ED 0.32

033

Amana somasi-[155

Msmenyrs napamerpu

0.32

1
2
3
4
5 033
B
7
8
9

0.34

10 0.33

1 0.34

12 0.34

13 0.34

14 0.34

15 033

Puc.2 - UnaukaTpuca paccesiHusi HHIHHIPHYECKOr0 3JIeMEHTa U3 KBapIeBOro CTeKjia

ITomyuyeHHBIC peE3yNbTaThl CBUACTEIBCTBYIOT O BO3MOXHOCTH ONPEACICHHS IMOKAa3aTels MPEIOMIICHUS
ONTUYECKOr0 MWIMHIAPUYECKOTO 3JIEMEHTA COTJIACHO BHJY €r0 WHIUKATPUCHI PACCESHUS U YIIIOBOMY IOJIOKCHHIO
MTUKOB WHIUKATPHCHL.

C 1menpi0 TPOBEPKH PE3yNBTATOB MOJCIMPOBAHUS  IIMHAPHYCCKOTO OMNTHYECKOTO 3JICMEHTA,
BBITIOJTHEHHOTO U3 KBapleBoro crekna (Si0,), ObIJI0 MPOBEIEHO YKCIIEPUMEHTAIBFHOE UCCIIeIOBAaHNE HWHIUKATPUCHI
paccesiHUsI KBapleBOTO CTEPXKHS LMIHHAPUYECKONH (GOpMBI. Pe3ylbTaThl 3KCIEPUMEHTAJIBHOIO HCCIICIOBAHUS
MHUKATPUCHl paccesHus u3okeHbl B [7]. B 3Toit paboTe MOIy4eHO 3KCIEPUMEHTAIbHOE MOATBEPKICHNE
pe3yJIbTATOB TEOPETUYECKUX PACYETOB HHIUKATPUCHI PACCESIHUS LUIUHIPUYECKOrO ONTHYECKOr0 JIIEMEHTA,
BBITIOJTHEHHOTO M3 KBApIIEBOT'O CTEKIIA.

Takum 006pa3om, pe3ysbTaThl MOACIUPOBAHUS MPOLIECCA PACCESIHUS CBETA B ONTHYECKOM [HJIHHAPHYECKOM
JJIEMEHTE W AKCICPUMCHTAIBHBIC MaHHBIC ITOATBEPIKIAI0T BO3MOKHOCTh OIPEICIICHHS ITOKA3aTels MPEIOMIICHUS
aneMeHTa. [lomydeHHBIC NaHHBIE MOTYT OBITh HCIIOJIE30BAHBI MPHU YIPABICHHU TEXHOJOTHYECKHM IPOILECCOM
W3TOTOBJICHHS ONITUYECKOTO BOJIOKHA.

PesynbraThl MccnenoBaHUs SBICHUS PACCESHHS HA MPUMEpPE ONTUYCCKOTO MMIHHIPUYCCKOTO 3JICMEHTA
MOKa3ajld BO3MOYKHOCTH OIPEICIICHUS TOKA3aTeNlsl IPEIOMIICHHsS 3arOTOBKH JJIS MPOU3BOJICTBA ONTHYECKOTO
BOJIOKHA. OTO TO3BOJSIET YIPABISATH TEXHOJOTHYECKHM IMPOLECCOM €ro HW3rOTOBICHMS, W MPOU3BOJUTH B
HEOOXOJNUMBIX CIy4asXx KOpPpPEKIHio mpoiecca. [Ipu 3TOM BHI MHAWKATPHCHI PACCESHUS MO3BOJISIET OJHO3HAYHO
OTPE/ICINTh 3HAYCHHE TTOKa3aTel s NPEIIOMIICHHSI 3aTOTOBKH LIUITHHPUIECKON (HOPMBI.

Kpome Toro, M3mMepeHusi, MOCTPOCHHbIC HA MPHHIMIIAX SBJICHHS PACCESHUS, MO3BOJIIOT 3HAYUTEIILHO
pacUIupuTh AUAMa30H U3MEPSIEMbIX 3HAYCHUI ITOKA3aTeNs MPEJIOMIICHHUS [IPU COXPAHEHUH JTOCTATOYHON TOYHOCTH,
OTpe/IeIsIeMON TOYHOCTBIO YIJIOBBIX HM3MEpEeHHH. ITO OCOOCHHO aKTyalbHO [UIsi H3MEpPeHHs [apamMeTpoB
ONTHUYCCKUX BOJOKOH U JIPYTUX YCTPOMCTB, CO3MaHHBIX Ha 0a3e TEXHOIOTMH (DOTOHHBIX KPHCTAUIOB H
HAHOTEXHOJIOTHH.
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K BOITPOCY O BJIUSAHUU ITIOJAYHN HA HIEPOXOBATOCTDb NTIOBEPXHOCTHU
IITOKA ITPU HAKATBIBAHHUHU POJIMKOM

Annomayusa. B pabome npedcmasnensvi uccne0oéanus GuuAHUA NOOAYU POIUKA HA ULEPOXOBAMOCMb NOBEPXHOCIU
sana. Ananuz 3agucumocmetl WepPoOXo8amMocmu 0OKAMAanHbIX nogepxHocmeli Ra om nooauu noxaswligaem, umo 3a8UCUMOCHb
ABNACMCSA HEUHEIHOU, UepoXo8amocms NOGEPXHOCMU 3AGUCUM OM WUPUHbL POJUKA, NPU OOUHAKOGHIX YCIOBUAX 00pabomxu
wepoxosamocms wmoxog uz cmanu 30X obpabomannvix poauxamu wupunou 6 mm na 15-25% bonvwe obpabomanmvix
poauxamu wupuHo 4 Mm..

Knouesvie crnosa: wepoxosamocms, nogepXHocmuoe niacmuyeckoe oegpopmuposanue, nooaud.

V.V.STRELBITSKIY, O.S. TOGAN

Odessa national polytechnic university, Odessa
strelbitsky.v.v@opu.ua

TO THE QUESTION THE INFLUENCE OF THE FEED ON THE ROUGHNESS OF THE SHAFT THE
ROLL BURNISHING

Annotation. Determination of optimal cutting conditions is one of the most important technical and economic tasks of
modern engineering, since the performance properties of these products depend on the quality of the surface layer of individual
parts and assemblies, the latter forming at the finishing operations of processing [1-4].

Therefore, the problem of technological quality assurance of the surface layer of parts is an urgent task.

In modern engineering in developed countries, the methods of surface plastic deformation (PPD) are widely used in the
manufacture of products, which allow combining low roughness, hardening of the surface layer, high efficiency and simplicity of
the technological process practically in any production conditions [1-4] . The purpose of the study was to study the effect of
roller feeding on the surface roughness of the rod.

In the experiment, preliminarily ground samples were examined, in an amount of 10 pcs. 30 mm in diameter, of steel
30X, the roughness of the surfaces of which was the same and was Ra = 2.5 um. The rollers of width 4 and 6 mm were installed
in the toolholder of the machine in such a way that its axis was at the height of the centers of the machine and was perpendicular
to it, and the rear angle between the surfaces of the roller and the shaft was 2 °.

To determine the effect of roller feeding on the roughness of its surface with an effort - pressing the tool against the
rolling surface P = 700 N, the rolling speed V = 100 (m / min), using coolant - industrial oil, depth t = 0.2 mm, with the
following The feed values are S = 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.4 mm / vol. The surfaces of the shafts were rolled in rollers in
one pass. The force of rolling was determined by the transverse movement of the support of the machine (roller) along the limb,
its value was set according to the calibration diagrams of rolling of 30X steel with cylindrical rollers 4 and 6 mm wide.

Analysis of the dependence of the roughness of the rolled Ra surfaces on the feed shows that the dependence is
nonlinear, the surface roughness depends on the width of the roller, under the same machining conditions, the roughness of the
30X steel rods treated with rollers 6 mm wide is 15-25% larger than the 4 mm-wide rolls treated.

Keywords: roughness, surface plastic deformation, feed.

OmnpeneneHre ONTUMAJIBHBIX PEKUMOB PE3aHUs SIBISIETCS OJHON BOKHEHIINX TEXHUKO-DKOHOMHYECKHX
3ala4 COBPEMEHHOTO MAIIMHOCTPOCHHS, MOCKOJIbKY 3KCIUTyaTallMOHHBIC CBONCTBA YKAa3aHHBIX HU3JICIIUN 3aBHCST
OT Ka4eCTBa [TOBEPXHOCTHOT'O CJIOSI OTIEIbHBIX JIeTalel U y3J0B, IpruueM (pOpMHPOBaHHE TOCIEIHETO TPOUCXOIUT
Ha (MHUIITHBIX omnepanusx oopaboTku [1-4].

[TosTOoMy 1po0GsieMa TEXHOJIOTHYECKOTO 0OecIedeH!sl KauyecTBa IIOBEPXHOCTHOTO CJIOS JIeTaleH SIBISETCS
aKTyallbHOM 3aja4eil.

B coBpeMeHHOM MAaIIMHOCTPOEHHM PAa3BHUTHIX CTPaH MPH NPOU3BOJACTBE H3IACTUN HAXOIST IIMPOKOE
MIPUMEHEHUH METOIBI MOBEPXHOCTHOTO Iuiactudeckoro aedopmuposanus (I111]]), koTopbie MO3BOISMIOT COYETATh
HU3KYI0O IIEPOXOBATOCTh, YNPOYHEHHE IIOBEPXHOCTHOIO CIIOS, BBICOKYI0 O9KOHOMHUYHOCTb U IIPOCTOTY
OCYILIECTBIICHNS] TEXHOJIOTMYECKOT0 Ipoliecca NPAaKTHYECKH B JIFOOBIX MPOU3BOICTBEHHBIX YCIOBHsX [1-4].

Lenpto wuccienoBaHusl HW3yYEHHE BIMSHUS NMOAAYM POJIHMKAa Ha IIEPOXOBATOCTh TOBEPXHOCTH IITOKA.

B skcnepumeHnTte ObLIM HCCIENOBaHbI NPEABAPUTENILHO OOTOYEHHBIE 00pa3ubl, B KoiaudectBe 10 1miT.
nmuameTpoM 30MM, u3 ctaym 30X, MIepoXoBaTOCTh MMOBEPXHOCTEH KOTOPHIX ObLIa OJMHAKOBA U cOCTaBisuia Ra =2,5
MKM.

PonukoBeIif HaKaTHUK IMUPUHOW 4 W 6 MM YCTaHaBIMBAJIN B pe3lEAep)KaTellb CTaHKAa TaKUM 00pa3oM,
9TOOBI €0 OCh HAaXOIWJIACh Ha BBICOTE IICHTPOB CTaHKAa M ObUIa il MeprIeHANKYISIpHA, a 3aJHHH yrojl MEXIy
TIOBEPXHOCTSMH POJTUKA U Bajia COCTABIIST 2°.

Jns ompeneneHus BIUSHUE 110/1a4U POJIMKA HA IIEPOXOBATOCTD €0 MMOBEPXHOCTH IPH YCUIIUH - TIPHXKATHUS
WHCTpYMEHTa K oOkarbiBaeMoi moBepxHocth P = 700 H, ckopocts oOkareiBanms V = 100 (m/mMuH), c
npumenenreM COX - mHayctpmanbHOro macia, riryoune £ = 0,2 MM, TpH CIEIyIOIIMX 3HAYEHHUsIX Hoxad - S =
0,05, 0,1, 0,15, 0,2, 0,25, 0,3, 0,4 MM/00. [TOBepXHOCTH BaJIOB OOKATHIBAIACH POJIMKAMH B OJIMH MPOXOJ. Y CHITHE
0oOKaTBIBaHUS 33/1aBATOCH ITONECPEYHBIM MEpEeMEIIeHHEeM CYIIIopTa CTaHKa (pOoiHKa) Mo JUMOy, ero BeTMYHWHa
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yCTaHaBIHMBAJIaCh II0 TAPHPOBOYHBIM IpaduKkaM HakaThBaHUA cTand 30X DMIMHAPUIECKUMH POIHKAMH ITHPUHON
416 MMm.

ITo 3aBepmicHMIO MKKIA 00PAOOTKU HA KAXIOH U3 CKOPOCTEH IITOKU CHIMAJH, H3MEPSUIN IIEPOXOBATOCTH
00OKaTaHHBIX MMOBEPXHOCTEH BaJia B TPEX PA3IUYHBIX MECTaX C MOMOIIBIO npoduiaomerpa «Surtronic 10 Ra Surface
Tester», TO3BOJISIONINI OMPEACISICT CPEIHUEC 3HAYCHHUS IICPOXOBATOCTH MOBEPXHOCTH C TOYHOCTHIO 110 0,1 MKM.
OnBITH TOBTOPSUTH TPIDKIBI IS KAKIOTO YCHIIHS, Pe3yIbTaThl YCPEIHSIIH.

[Tomy4yeHHBIE 3aBUCHMOCTH IIEPOXOBATOCTH Ra MOBEPXHOCTH IITOKA OT BEIMYHH MOAAY POIHMKA IIUPUHON
4 1 6 MM. TIpeACTaBIeHBI Ha puC. 1.

Ra, MEM

0.1 02 0.3 0.4 S: /o0

Puc. 1. 3aBucumocTb mepoxoBaTocTH nopepxHocTu Ra or nmopaym S poanka npu odpadorke mTokoB u3 crajei 30X,
npu wupuHe posuka 6mm (1) u 4 mm (2)

AHanu3 3aBUCHUMOCTEW IMIEPOXOBATOCTH OOKATAHHBIX MOBEPXHOCTEW Ra OT mojaum moka3biBaeT, 4To:

1) 3aBHCHMOCTB IIEPOXOBATOCTH Ra OT mogauu ponuka siBisieTCs HeTMHEHHOM.

2) MIepOXOBATOCTh MOBEPXHOCTH 3aBHCUT OT IIMPHHBI POJHKA, IPH OJWHAKOBBIX YCIOBHSAX OOpabOTKH
[IePOXOBAaTOCTh MTOKOB U3 cramu 30X o00pabOTaHHBIX pOJMKAMH MHUPHHOH 6 MM  Ha 15-25% Oombmie
00paboTaHHBIX POJMKAMHU IIUPUHON 4 MM.

BoiBoabI
IMomawa ponwka SBISETCS OCHOBHBIM (DAaKTOPOM, OMPEICISIONIMM KadyecTBO 00paboTKU, mpHU
000CHOBaHHOM BEIOOpE PEKUMOB 00paO0OTKE U TEOMETPUICCKUX PA3MEPOB POJIHKA.
[Ipu oAMHAKOBEIX YCIOBUSIX 00pabOTKH MIEPOXOBATOCTH MITOKOB U3 cTamu 30X ¢ yMEHBIICHHEM ITHPUHBI
pOJIMKa 3HaUYEHHUE IEPOXOBATOCTH CIAJAET 10 OMPEIEICHHOIO Mpeiena, Aajiee - BO3pacTaeT.
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IIPMCTPIN )11 TIPOBEJEHHS BOJIIOMETPUYHUX JOCIIJI)KEHD

Posensanymo moscaugicmo docnioxcenna weuokocmi Ximiunoi peakyii memanizayii nonimepie 6010OMeMmpudHuM MemoooM.
Po3spobaeno xoncmpyxyiro npucmpoio, iKa 0036014€ NPOBOOUMU OOCTIOICEHHS WBUOKOCMT peakyii 6 aBMOMAMU4HOMY PEICUMI.
Kniouosi crnosa: kinemuxa peaxyii, 06 ’em 2azy, nanpyea, asmomamusayis, Arduino Mega

V.S. MORAVSKYI, A.M. KUCHERENKO, L. DULEBOVA, I. GAJIDOS

Lviv Polytechnic National University, Technical University of Kosice (Slovak Republic)
vmoravsky@gmail.com

DEVICE FOR VOLUMETRIC RESEARCH

Annotation — The device which allows automating the process of studying of the kinetics of reaction of chemical metallization
of polymers has been developed. The essence of the proposed method is to measure the change of the level of fluid, which is
displaced from the measuring burette by gas. To fix of position of the fluid and its change in the burette measurements of the
voltage change in conductors that are connected through the surface of the liquid which creates contact between conductors are
used.

The design of the device involves the use of two measuring burettes, which are connected according to a scheme with using
electromagnetic valves.

When closing the first pair of valves, the gas enters into the gas volume of the first measuring burette and displacing the
water. When reaching in the first measuring burette of the set gas volume, the first pair of valves opens and simultaneously closes
the second pair of valves. The gas from the reaction volume enters into the gas volume of the second measuring burette. After
switching the valves, the gas volume of the first measuring burette is connected to the atmosphere. This ensures the return of
displacement of the water volume and the establishment of the entry level water. After reaching the specified volume of gas in the
second measuring burette, the valves are switched again. The gas volume of the second burette is connected to the atmosphere
for setting the initial water level. At the same time, the gas volume of the second burette is connected to the atmosphere for
setting the initial water level. The continuous connection of measurement burettes with the reactive volume and atmosphere
provides continuous measurements of any amount of gas.

The control scheme of the developed device is based on the Arduino Mega 2560 Rev3. An analog-to-digital converter on an
ADSI1115 chip is used to measure voltage. The initial control parameters that must be specified for the operation of the device
are the voltage in the measuring burettes, which corresponds to the initial volume of gas and the voltage corresponding to the
volume of gas in which the switching of the valves. The obtained values of the voltage with the ADC are scaled according to the
volume of measuring burettes and recorded as a function of the volume of the isolated gas from the time of the experiment.

Keywords: reaction kinetics, volume of gas, voltage, automation, Arduino Mega

[Ipobnema opranizauii HayKOBHX JOCIIIKEHb MIBUAKOCTI XIMIYHUX Peakiiid noisrae B He0OOXiqHOCTI 3aTydeHHS
KBaTipikOBaHOTO TIEpCOHANY 1 3HAYHMX 3aTparax dacy, II0 BUKIUKAHO BUKOPHUCTAHHSIM METOIB, SIKi B CBOii
OUTBIIOCTI BaXKKO aBTOMAaTH3yBaTH. B 3B’S3Ky 3 IHMM BIPOBA/KCHHS aBTOMATH30BAaHMX METOMIB OCIiIKEHHS
KIHETUIHUX 3aKOHOMIPHOCTEH XIMIYHUX PEakIlii € akTyaJbHHM HayKOBO-TEXHIYHWM 3aBIaHHSIM, SIKE€ IO3BOJHUTH
BHUPIIIATU PSAJl BOKIUBUX TMpoOieM. J[0 MEepCIeKTUBHUX METOJIB JOCHTIDKEHh MOYXKHA BITHECTH BOJIOMETPHUYHI
METOJIH, IKi OCHOBaHi Ha BUMIipIOBaHi 00’ €My ra3y, SKHi BUAUIIETHCS B PE3yIIbTATi XIMIYHOI peaKIii i SKuii MO)KHA
BUKOPHCTATH ISl OLIHKM LIBHIKOCTI YTBOpPEeHHS a00 BUTpaTH LIBOBOTO NpoAykTy. Hamm nmocmimpkysanach
cucTeMa, II0 CKIaJae€ThCd 3 PO3YMHY XIMIYHOT MeTaii3auii 1 aKTHBOBaHOI IOJIMEPHOI CHPOBUHHM, sIKa
BUKOPHCTOBYETBCS JUISL OJICPXKAHHS BUCOKOTEXHOJIOTIYHUX METAJOHANOBHEHHX IIOJIIMEpPHHX KOMIIO3MTIB [1, 2].
L{i1b0BMM MPOAYKTOM B IaHOMY BHIQJIKY € METaJl, IKUI BiTHOBJIIOETHCS B PO3UMHI XIMIYHOT MeTai3awii 1 NOKpHBae
aKTHBOBaHY NOJIMepHY cHpoBUHY. [I001YHMM IPOIYKTOM BiJHOBJIEHHS MeTaly B PO34YMHI XiIMIYHOI Meramizamii €
BOJICHb, SKUH BHIUIAETHCS B CTEXiOMETPHYHIN KUTBKOCTI, IO MOXHA BHKOPHCTATH IS OI[HKH KiTBKOCTI i
MIBUIKOCTI YTBOPEHHS LIJTHOBOTO MPOAYKTY.

IcHyro4i MeTOIM HOCHTIKEHHS 00’ €My ra3y nepeBaKHO OCHOBaHI Ha BUMIPIOBaHHI MIBUAKOCTI IMMOTOKY Ta3y. Taki
METOIIA JIO3BOJISIFOTH JIETKO aBTOMATH3YBaTH MPOIEC BHUMIPIOBAaHHA Yy BHUIAAKy 3HAYHUX O0’€MiB raszy i €
BaXKOpEaTi30BaHUMHU 332 HE3HA4YHOI 00’€MHOI BHUTpATH Ta3y, IO Ma€ Micile MpHu JabopaTOpHUX JOCHTIKEHHSIX. B
JIAHOMY BHWITaJKy METOJIHM, III0 OCHOBAaHI Ha BHUMIPIOBaHHI IIBHUIKOCTI Ta30BHX IOTOKIB € Majo €(pEeKTHBHUMH i
HeoOXiHO mykaTu iHm Metoan. ONTHMaTbHUMH MOXKHA BBaXKAaTH METOJIM, IO OCHOBaHI Ha Oe3mocepeHhbOMY
BUMIpIOBaHi 00’ €My rasy, siKi JO3BOJISIOTH peajli3yBaTH MOXKJIMBICTH (ikcauii HaBiTh HE3HAUYHUX 00’ €MiB rasy.

CyTh 3ampoNOHOBAaHOTO BOJIIOMETPUYHOTO METOJNY NOJNATae y BUMIPIOBAHHI 3MIHM pIBHS piIAMHH, sIKa
BUTICHSE€TbCS 3 Otoperkn rasoM. [lns ¢ikcamii nonoxeHHs piguHU 1 HOro 3MiHM B OMOpETIi BHKOPUCTaHO
BUMIPIOBaHHS 3MIHH HalpyTrd Yy TPOBIJIHUKAx, sKi 3’€QHYIOTBCS 4epe3 CTOBN piguHU. [loBepxHs pianHH, sKa
BUKOPHCTOBYEThCS /I (ikcanii 00’eMy ra3zy B OIOpETILi TakoX CTBOPIOE KOHTaKT MiX JBOMa NPOBIAHMKaMHU 3
BEJIMKUM [TUTOMHUM E€JIEKTPUYHUM OIIOPOM, BUMIPIOBaHHS HAIIPYT'y MK SIKUMH JIS)KUTh B OCHOBI BU3HAUEHHS 00’ €My
piIVHM SIKUH BUTICHUB Ta3. Cxema IpUCTPOIO 3 OJHOI0 BUMIPIOBATILHOIO OFOPETKOIO HE € YHIBEPCATLHOIO 1 HE MOXKe
OyTH BHKOpHCTaHA IJIi BUMIPIOBaHHS Pi3HMX 00’€MiB Ta3y, OCKIJIBKH BHMara€ BHKOPHCTAaHHS OIOPETOK pi3HOTO
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00’emy. [yt MiIBUIIEHHS YHIBEPCAIBHOCTI MPHUCTPOI0 BUKOPHCTAHO JIBI BUMIPIOBAIBHI OIOPETKH, SIKi 3’€JHaHi 3a
MIEBHOIO CXEMOI0, 3 BUKOPUCTAHHSM €JISKTPOMArHiTHUX KJIanaHiB (puc.).

B aTMoOchepy B aT™Mochepy

3 peakiiitHoro
o6'emy
Puc.1. Cxema 3’€iHaHHs peaKUiliHOr0 00’€My 3 BUMipIOBAJbHUMU 0I0peTKaMHu

1, 2 — BumipoBaJIbHi 010peTKH; 3 — 6 — eJIeKTPOMArHITHUIH KIanan

[Ipuctpiii mpamroe HACTYIHUM YHMHOM. 3 peakuiiHOro o0’eMy ra3 IOYEproBO IOHagae B OJHY 3 JBOX
BUMIPIOBaJIbHUX OIOPETOK B PE3yJbTATI OJHOYACHOTO 3aKPUTTS Mapu kiamaHiB. [Ipu 3akputti knamaHis 4 1 5 ra3 3
peakmiifHoro 00’eMy IMoOCTymae B ra3oBUi 00’eM BHMipIOBaIbHOI OIOpeTKH 1, a BUTiCHEHHA ra3oM 00’€M BOIH, 3
BUMIpPIOBAJIFHOT OIOPETKH, MOCTYTIAE Y 3pIBHOBAXXYBAIBHY IpyITy (Ha cXeMi He Mmoka3aHa). B meii gac razoBuii 00’em
BUMipIOBallbHOI OtopeTkn 2 3’emHaHuit 3 atMmocdeporo. Ilpm nocsarHeHHI y BHMiproBanmbHINA Oroperii 1
BCTAHOBJIGHOTO 00’eMy ra3y xianmanu 4 Ta 5 BIOKpHBAIOTHCS 1 KiIamaHu 3 Ta 6 3aKpUBaIOThCA. 1'a3 3 peakiiifHoro
00’eMy TIOCTymae B Tra30BUH 00’€M BHMIPIOBIBHOI OIOPETKH 2, a BUTICHEHHH ra3oM 00’€M BOIU IOCTYIAE Y
3piBHOBa)KYBaJIbHY rpyuly. ITicist nepeMuKaHHs KianaHiB, ra30BUi 00’€M BUMipIoBanbHOI OlopeTkH 1 3’€IHyeThCS
3 arMocgepolo, B pe3yibTaTi YOro BUTICHEHWI 00’€M BOIM 3 3pIBHOBAXYBAJIBHOI TPYIIi Has3a] IOCTYyNaE y
BUMIpIOBaJIbHy OIOpPEeTKY |, BCTaHOBIIIOIOYM IOYAaTKOBHUH piBeHb BoAW. Iliciisi MOCSATHEHHS y BUMIpIOBaJbHIN
Oroperi 2 3amaHoro o0’eMy rasy, KiamaHH 3HOBY IEpEMHKAIOTHCS, IPH LIOMY ra3oBuii 00’eM Oroperku 2
3’€IHy€eThCS 3 aTMoc(eporo, B pe3ydbTaTi YOro BUTICHEHHWH 00’€éM BOAM 3 3PiBHOBAXYBAJIBHOI T'PYIN Hazaj
MOCTyNae B OIOPETKY 2, BCTAHOBIIOIOUM PIBEHb HA ITOYATKOBOMY piBHI. [loueproBuM 3’€HaHHSAM BHUMIPIOBAIBHUX
Oropetok 1 i1 2 3 peakitHUM 00’€MOM Ta aTMOC(EPOI0 MOXKHA 3a0€3MeUUTH Oe3nepepBHE BUMIPIOBaHHS OY/Ib-IKO1
KUTBKOCTI Ta3y.

Cxema KepyBaHHS PO3po0JIeHOTO TpUCTporo mobymoBaHa Ha Arduino Mega 2560 Rev3. s BuMiproBaHHS
HaIpyTH BUKOPHUCTAHO 4 - KaHAIBHUI 16 - OiTHHIT aHanoro-nnpoBuili mepeTBoproBad Ha Mikpocxemi ADSI1115.
IToyaTkoBMMH KOHTPOJIBHUMH TIapaMeTpaMH, SKi HEOOXiTHO 3amaTd isi poOOTH TPHUCTPOIO € Hampyra y
BUMIpPIOBaIFHUX OIOpeTKax, IO BiATIOBiae MOYaTKOBOMY 00’eMy Tra3y i Hampyra, IO BiAMOBimae 06’eMy rasy 3a
AKOTO BifAOyBaeThCsl TepeMHUKaHHs kiamaHiB. Opepxani 3HadeHHs Hanpyrum 3 ALl macmraOyrotecs y
BIJITIOBIZTHOCTI 3 00’€MOM BUKOPUCTAHUX BUMIPIOBAJIHHHUX OIOPETOK 1 3amHMCYIOThCs Ha SD KapTy sk QyHKIisS 00’ eMy
BUJIUJICHOTO Ta3y BiJl 4acy JAOCIIiy.

TakuM YHMHOM, BHKOPUCTaHHS PO3POOJICHOTO MPUCTPOIO JIO3BOJISIE ABTOMATH3YBAaTH NPOLEC JOCIIIKEHHS
KIHETUKM XIMIYHOi MeTaii3auii MOJIMEpPHOI CHUPOBHMHH, a TaKOX MiJBUIIMTH YHIBEpCAJIBHICTb 1 TOYHICTH
BUMIpIOBaHb, B TOMY YHUCJI 1 MaJiX 00’eMi rasy.
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MODEL AND METHOD OF DETERMINATION OF CONSUMPTION OF GAS COMBUSTION
PRODUCTS NATURAL AND ARTIFICIAL ORIGIN

The mathematical model of the calculation of the conditional formula of gaseous hydrocarbon fuels is based on the
laws of conservation of matter in the given case for hydrogen, carbon and oxygen atoms.

The calculation of partial pressure of products of combustion of hydrocarbons in oxygen at given temperatures and
pressures will be sought from among the possible individual substances of combustion products for our case, consider the basic

C0,C0,,HO,0H, H,O,, H, O, C. Using the Dalton law will allow you to calculate the sum of partial pressures and equal

this amount to the pressure at which the burning of hydrocarbons takes place. Previously, the dissociation reactions between the
substance under consideration and the constituent elements were calculated and on the basis of this compiled equation of
chemical kinetics. Then a set of equations for any dimension of volumetric costs will be written in the form of six equations of the

Jformation of a compound CO, CO,, H O, OH, H_ , O,, the law of active masses.

The law of chemical equilibrium, which is the ratio of the concentration of substances of corresponding reactions,
which is a constant of chemical equilibrium. But it is more convenient to determine the composition of the gas mixture not
through concentrations, but through their partial pressures. In order to replace concentrations with partial pressures, in addition
to them, one more variable quantity of the fuel moles considered is introduced.

The model is a system of nonlinear algebraic equations and in the process of its solution it requires linearization. To
reduce the difference between the resulting partial pressures (it can reach 10 to 15 orders) and, accordingly, to reduce the error
and increase the stability of the solution, all the equations of the output system logarithm. This leads to the fact that the members
of the modified system thus remain non-linear, but will differ by no more than 10-15 times.

In linearization, which is carried out in the usual way, using the arguments for the desired quantities (partial pressure
of the products of combustion), the corrections will be determined for them. Consequently, they can vary among themselves for
the same 10 - 15 orders. To avoid this as arguments in the differentiation, logarithms of the sought-after arguments of partial
pressures and magnitudes are used.

Key words: steam generating installation, linearization, gaseous hydrocarbon fuel, steam loading.

IIpuitHaTO OKHUCIIOBAaY - KUCEHb, MaJbHE - BYIJIEeBOJHEBUH ra3. J[o Horo ckiaay BXOIATh eleMeHTH «C» -
Byryens 1 «H» - BonmeHb. KOHKpeTHWH ckiiag MajbpHOTO, a TakoX KoedilmieHT « O » (kKoe(illieHT HaIUIUIIKY
OKHCITIOBAYa) HEBiIOMI.
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i

. . . . . ) 1V (2). 2.
[ManbHe i okucIIOBad B rasonofiGHoMy crani. Buximmi maui: Vs V. T3 SV Vo OT 5 p s

u, 5 iys P56, ne Voo - o6'emna BuTpaTa okucioBaua; V., - 00'eMna Butpara nanpHoro; T — temneparypa B

. . 1 2 o . o .
KaMepl MIpu AaHUX BUTpATAX IMAJbHOIO 1 OKHCJIIOBA4a; ()X; ()X- BCPXHIM 1HJACKC, SAKWU BKa3dy€ Ha 3aMip

NapamMeTpiB PH BiJNOBIAHUX BUTPATAX V.o « Vs g, 4, , M, - BIINOBIIHI MacK BYIJIELIO, BOAHIO, KUCHIO; B -
THCK y Kamepi; O - Koe(illieHT HIKHBOT peraKcartii.
TlonepenHb0 BU3HAYAIOTHCA:
(1 Dy D15 D15 2 @1 [ @7 2)71; (1 D17 Dy Dy
)a,.=()V,./()V L0y Py o )V_/ Vo oy a = ”V_/ oy,
oK I I I oK I oK 0K I

oK

(Z)am = (Z)VOK/(Z)VOK + (Z)Vr > Hcos Heo,s Hu,> Ho,> Huo> Hon
(1)
PosrisiHeMo 004MCIIEeHHs MapliajJbHAX THCKIB IPOJXYKTIB 3rOpaHHs BYIJICBOJHIB B KHCHI IIPU 3a/aHHUX
TeMIiepaTypi i THCKy. 3 4Hclia MOJIMBUX IHIUBIIyalbHUX PEYOBHH MPOIYKTIB 3TOPaHHS PO3IJISTHEMO OCHOBHI

co,Co,,H,0,0H,H,,0,,H, O, C. MonekynspHa Maca yMOBHOi (OpMyJH IajuBa BU3HAYAETHCA y BHUITIAAL

f,=p AV Ven,m =6, +6 " p 4V IV ap,,

2

ok r

ne V., V. - o0'eMHi BUTpaTH OKHCIIOBa4a i HalbHOTO BiMNOBIMHO; 4 , [/, - MOJEKYIAPHI MacH

OKHCIIIOBA4a i MaJbHOTO BiMOBIAHO; £ — MOJEKYIIpHA Maca yMOBHOI (hOpMyIIH TaIKBa.

(ox) (ox)
Hons oxkuciroBava g, =2-p, =a-u, 3)
ne u,= 15,9994 — atroMHa mMaca KuCHS; @ =2 — KiJIbKICTh aTOMiB KMCHS B OKHCITFOBAYi.
Jls manpHOTO =¢""u +¢'"
H. =8, Hy c Heo (4)

ae u, = 1,00795 — aromna maca Boaus; u.= 12,0108 — atomHa maca Byrienio; eHm ecm - KIJBKICTh

2
aTOMIB BOJIHIO 1 BYTJIEITIO B YMOBHIN (hOpMYITi MTaabHOTO.
SKmo mangpHe CKIANa€ThCsl 3 OJAHIET PEYOBHMHHU, TO 1 BIAMOBINAIOTH KUIBKOCTI BiJIIMOBIAHUX aTOMIB B

BT C 3i ry ., () _ (1, V /V o
XIMIYH1U (bopMyJ‘Il 11€1 pEYOBUHH. 31 CKa3aHOI'0 BUILJINBAE 6[_[ = 6H N 8C = 8(5 s Ve e a= 60 .
() (r (r . . . . -
TyT 6H 5 6C ) . 60 L. KUIBKICTh aTOMIB BOJHIO, BYTJICHIO 1 KHCHIO B YMOBHIU (1)0pMyJ‘IOIO rmajvBa.
(1_) (1_) . .. .
BeJ‘[I/I‘{I/IHI/I 6H u ec - HEB1AOMI1 1 I1JIATaOTh BUBHAYCHHIO.

Tonai Habip piBHAHB I OyAb-sKO1 TOUKH 3aMipy 00'€eMHHMX BUTpAT 3alUIIEThCA Y BUIIIA/I [IECTH PIBHSIHD
3aKOHY JIF0YMX Mac.

P -P, /P, =k/(T), Pc'Poz/PCO,

k,(T), P, -P, /P, ,=x(T),

P,-P,IP, =), P} IP, =«(I), P,IP, =x(T). ©)

[TomepenHsO pO3paxoBYBAIMCA pPeaKiii AUCOMiaIii MK PO3TIIHYTHMH pPEYOBHHOIO 1 CKIIAZOBUMH
eJIEMCHTaMHU.

PiBHsHHS 30epeXeHHs peYOBUHA

(T) ) Ty _ ()] _
M_ -6 =e, ~MT:PC0+PEDI+PC, M, -6, =s¢, .MT_Z-PH20+2-PH2+POH+PH’

oK

M, -6, =V |V.-a-M, =P, +2-P, +P, +P,+2.P +P (6)
3akon [lanerona P, + P, +P, +P, +P, +P +P +P +P =P, ™
+KJK/K_.[(())).MT = Z])q 'I‘]

¢ ®

. . .. (1) (1) (1)
PiBHsHHS 3amucaHi AJ1s OJHOTO 3 3aMipiB, Hampukiaax Ve, Vr, T.

3amukaroue pisHsnus (I
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. : 1) (1) @ () (1 () :
Ilpu upomy, B SKOCTI HEBIIOMHX BHCTynatumytes P, M_, e, ', "6. .Jlua npyroro samipy

(2) ) (2) . . .
Vo, Vr, °T moxe OyTH 3amucaHa Jpyra 4acTHHA PiBHSAHb B aHAJIOTIYHOMY BHUTJISAI. Y IIbOMY BHITAIKY, SK

: . (Z)P (Z)M 2) () () () T v . . o
HCB1JOM1 BUCTYNIATUMYTb ) ;o 6, > 6 . aK SK OPUHUHATO, IO CKJIaJ MaJlbHOTO XO4Ya 1 HCB1AOMUM,

C
. . . . 6 o 6 o . . .
ayie He 3MIHIOETHCS BiJ 3aMipy IO 3aMmipy, BETUUMHU 7 w® € oaHaKoBi ais mepiioi (1-uit 3amip) i mgpyroi (2-uit
3aMip) YacTHH 3arajibHOT CHCTEMH PiBHIHb.
JIo1st T IBHIIIEHHS CTIMKOCTI PillIeHHsT HEOOX1THO 3HANWTH JKOPCTKHMA 3B'I30K Mi’K 00yMOBIICHUMH BEIMINHAMH,

110 HE 3MIHIOIOTECS B TIpoIieci 00YHCIeHb CKIaay MPOAYKTIB 3rOpaHHs. 3 Ii€f0 METOI0 OyB BU3HAYECHHUH 3B'SI30K MK

KIJIBKICTIO aTOMIB [C] i [H ] B NaJbHOMY Hpu « =1 (CTEXiOMETPUYHOMY CIIiBBIJIHOIIEHHI KOMIIOHEHTIB).

VIV i=a 2, =X,
3 iHmoro OOKy, NpH CTEXiOMETPHYHOMY CIIBBIZHOIIEHHI KiNbKICTh MaKCHMalbHUX BaJICHTHOCTEH

OKHCITIOBAIBHUX €JIEMEHTIB JOPIBHIOE KIIBKOCTI MAaKCHMAaJIbHUX BaJICHTHOCTEH BiTHOBIIOBAILHUX elleMeHTiB. ToMy
CTOCOBHO JI0 BYTJICBOIHIB 1 KHCHIO MOJKHA 3aIlMCaTH TaKUil OanaHc:

C.H, +V [V, -0 =b -CO +b, /12-HO,
©)

a 13 HpOTO OaJaHc 1Mo aToMaM KUCHIO: 2 - V/V ==2:b.+b, /2, (10)

PiBHSIHHS € OCHOBOIO PO3IIIIHYTOI MOJIeNi 1 € HeliHiHHUMY. PimeHHs ix Moke OyTH OTpHMMaHO 32 METOJIOM
HeroTona muisxom JiHeapu3anii BUXiTHUX PIBHSHB 1 pIlIEHHS CHCTEMH JITHIMHUX PiBHSHB 1010 TOIPABOK IIYKaHUX
BesinuunH. 1llykaHi BeTMYMHY BU3HAYAIOTHCS B ITEpALlifHOMY MpOIeci NUIIXOM CKJIQJIAHHS II0YaTKOBUX HAOJIMKEHb
13 3HAWIEHUMH TTOTIPaBKaMHU.

Merto/1 BU3HaUE€HHS ONTHMAJILHOTO BiJTHOIICHHS IaJbHE/TIOBITPS MPH CIIATIOBAHHI BYTJIEBOJHEBOTO Ta3y,
CKJIQJT IKOTO JTOBIJIBHO 3MIHIOETHCS B Yaci, HACTYITHUH.

Kpoxk 1. Ha inTepBani wacy Az BuMiproeTscs Temrieparypa I i ycepenHioeTbes ii 3HaueHHs. Ha puc. 1
rpadivHa LIIOCTpalis IbOro BUMIpy NoKa3aHa JjiHiero I = const . BumipioBaHHsI TeMIepaTypH 31HCHIOETbCS NPU

(hikCOBaHMX MOTOYHUX [-MX 3HAUCHHSIX V:,K P R A

Kpok 2. [Ipu dixcoBanoMy 3HaueHHI V. . BimOyBaeThCs 3MiHa V,,K ; Ha BEIMYUHY o Vm_ . Bumiproerscs

ok i ox

HOBE 3HAYCHHS TCMIICPpATypU T (V +oV 1 BUBHAYAETHCS XapaKkTep MOHOTOHHOCTI Ha POBTIIAHYTOMY iHTepBaJ’Ii

3MiHu o6'emHOi BuTpatH mToBiTps. Skmo (V )> T (V +0V ), 1o Temneparypa T crazae Ha IbOMY

ok i ok i ox

inrepsarmi i y Bumagky 7 \7 ) <T ( v . +ov ) — BOHa 3pocTae auB. puc 5. Kpok 2 3iHCHIOETECS 0 THX TIip,

oK i
noku nogansma i +1 svina O V HE TIpYBE/Ie 10 3MiHU XapaKTepy MOHOTOHHOCTI Ha MPOTHJIC)KHUH.

Kpoxk 3. 3MiHIOETBCS 3HaK IPUPOLIEHHS OV wa NPOTWIC)KHUI Ta BiI0OYBa€THCS Epexij 10 KPOKy 1.

VY TakoMy MOLIYKOBOMY PEXHMi B HECKIHYEHHOMY THUMYAaCOBOMY LUKJI PO3MIISHYTHH aIrOpuTM BH3HAYAE
00J1acTh TOTOYHOTO eKCTpeMyMy. SIKiCHa 3MiHa CKJaxy ra3y B IPOIECi TOPiHHSA HMPU3BOAWTH A0 MONIYKY 00JacTi
HOBOT'O €KCTPEMYMY.

[To-mepmie MPUHIMIIOBO HOBA OKOJHWIA €KCTPEMyMY 3HAUCHHS TemIlepaTypu I MOXe 3HaXOIUTBCS SIK

BHIIE, TaK 1 HIOKYE TMOTOYHOI 30HU i, MO-Ipyre, 3a 3HAYCHHSIM O0'€MHOI BUTPATH TIOBITPS VOK - K 37iBa, Tak i
IpaBopyd Bix HE.

PosrisiHeMO Ha pHUKIIaAl CIIATIOBAHHS METaHy, €TWIeHY 1 cymimn metany 80%, etany 10% i etuneny 10%
31 3MIHOIO 00JTaCTi EKCTPEMYMY, OTPUMAHOT 3a 3aIIPOITOHOBAHUM QJITOPUTMOM TTUB. puC. 1.

[Tpumnyctrmo, 10 BKa3aHUH MONTYKOBHH aTOPUTM TPUBIB 10 OKOJIHIN TOUYKH A KpuBOi (4) 1 Bimomi

notouni 1 (V ) u Vm. ;. JomycTumMo, cTpruOKonoAiOHO BiAOymacs 3MiHa SKiCHOTO CKJIaAy MaJIbHOTO: Ha

meran kpuBa (1) abo erwren kpuBa (3). Y TakoMy BUNAAKYy NpH HE3MiHHOMY V,,,”« BiiOyzeTbcs 3MiHa

Temnepatypu T Ha wacoBoBy inTepBani A7 . SIkmo skicHuii cknam Oyje BiANOBiIaTH €TMIEHY, TO MOTOYHE
3Ha4YeHHs TemrepaTypu (Kpok 1) Oyne 3HaX0ANUThCS B OKOJIMII TOYKH B; Ha 3pocTarodiii yactuHi kpuBoi (3). Skiio
SKICHUH CKiajm Oyne BiANOBiMaTH MeTaHy, TO IMOTOYHE 3HAYCHHS TeMIeparypu (Kpok 1) 3HaXOOUTUMEThCS B

okonuii Toukn C; Ha crmagHoi wactuHi kpuBoi (1). HesaneskHo Bij TOYKM 31MCHIOETHCS HPUPOLIEHHS o VOK i
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BU3HAYAETHCS XapaKTep MOHOTOHHOCTI TOTOYHOI KpWBOi. BHKOHYIOUM KpOK 2 3alpONOHOBAHOTO AJITOPUTMY
BU3HAYAETHCSI HOBA OKOJIMI eKcTpeMyMy: Touka C - i1t Metany kpusa (1), Touka B - nist eruneny kpusa (3).
PesynpraToM MOKHa BBaXKaTH METOJ IMIATPUMKH 3aJIaHOTO ITAPOBOTO HABAHTAKEHHS, SKUH 0a3yeTbcs Ha
MaTeMaTH4YHUX MOJEISIX OOYMCICHHS YMOBHOI (popMynM ra3onomiOHOro BYIJIEBOJHEBOIO ManuBa 1 BU3HAYECHHI
JUHAMIYHUX XapaKTepUCTHUK IapoBOr0 KOTJIA, IO JAJI0 MOXJIMBICTh MIITPHUMYBATH MaKCHMAallbHHH piBEHb
e(heKTHBHOCTI TeHeparlii mapu Mpu BUKOPUCTAHHI BYTJIEBOJAHEBOTO Ta3y 3MIHHOTO CKJIATy 3a PaxXyHOK IMOCTIHHOT
3MiHH BiJHOCHHH IaJIMBO/IIOBITPS 32 JOTTIOMOT0I0 BUMipIOBaHb TeMIIEpaTypH (akena B HapOTreHepyI0d0i yCTaHOBII.
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Puc.1 — 3anexxnicTs 3MiHM TeMnepatypu ropinus T (merany (1), erany (2), eruieny (3), cymimi merany

80%, erany 10% i ernseny 10% (4)) Bin 00'eMHoOi BUTpaTH NoBiTps V;K .
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HEYITKA CUCTEMA KOHTPOJIIO B’I3KOCTI BA'ATOKOMIIOHEHTHOI'O
PIIKOT' O ITAJIMBA HA BA3I IIPOI'PAMHOI'O KOMIVIEKCY FUZZYTECH

Anomauia. Ilpeocmasneno pesynbmamu CMEOPEHHs CUCEMU KOHMPONIO 8 A3KOCmi 6 npoyeci 6upoOHUYmea
6a2amoKoMnoHeHmMHO20 piOK020 NAIUGA 3 GUKOPUCMANHAM meopii newimkux mMHodcun. Cmeopeno mepmu 6i0N0GIOHUX 6XIOHUX
ma 6UXiOHOI NIH2GICMUYHUX 3MIHHUX, 3 OONOMO2010 AKUX GUKOHAHO MOYHULL ONUC MOJICTUBUX CHIBBIOHOUIEHL KOMNOHEHMHO20
CKAady 3 6MICMOM pedaceHmy-niacmu@ikamopy Ha KiHyege 3HAUeHHs 6 'A3Kocmi 6uxioHoi cymiwi. Bukowano po3pobry 6asu
npasun Ona Hewimko2co OA0KA NPUUHAMMA piieHb 3 MOJMCIUBICMIO poswupenns ma oonognenns. Haoani nponosuyii wooo
peanizayii 3anpononoganoi cucmemu Cy4acHUMU CReYiani3o8aHuMy NPOSPAMHUMU 3AcOOAMU HA NPUKIAOi 6UKOPUCTHAHHSL
npocpamnozo naxemy FuzzyTECH. Ompumano noGepxmio MOJNCAUBUX 3HAUEHL 6 A3KOCMI 6acamoKOMNOHEHMHO20 PIOKO20
Nnanuea y 3aiedicHocmi 6i0 KOMROHEHMHO20 CKIAdy Ma KIIbKOCHI pea2enmy-niacmu@ikamopy.

KirouoBi ciioBa: meopisa neuimxux muodcun, 6aza npagui, JiH2GICMUYHA 3MIHHA, MepPM, MeXHON02IUHI napamempu,
8 ’A3Kicmb CyMiwi.
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FUZZY CONTROL SYSTEM OF VISCOSITY OF MULTICOMPONENT LIQUID FUEL ON
BASE OF PROGRAMMING COMPLEX FUZZYTECH

Annotation. The results of creation of the control system of viscosity in the process of production of multicomponent
liquid fuel with the use of theory of fuzzy sets are presented. The therms of corresponding entrance are created and initial
linguistic variables by means of that exact description of possible correlations of component composition with content to the
reagent-plasticizer for the eventual value of viscosity of initial mixture. Development of base of rules is executed for the fuzzy
block of making decision with possibility of expansion and addition. Suggestions for realization of the offered system are given by
modern specialized programming facilities on the example of the use of programming package FuzzyTECH.

The surface of possible values of viscosity of multicomponent liquid fuel is got in dependence on component
composition and amount to the reagent-plasticizer. The special man-machine interface for expert-operator of control system by
the production of multicomponent liquid fuel is also worked out for the area of control of viscosity and estimation of quality
indexes of initial mixture which is made by FyzzyTECH components of fuzzy systems developing, industrial programming and
computing. The experimental design of working of the created system performances is executed in accordance with the credible
states of entrance sizes taking into account their converting into the simplified linguistic variables in case of a limit amount of
therms and in case of the extended amount of therms without the change of kind initial to the parameter of viscosity of
multicomponent liquid fuel in the process of its production. The research of reaction of the created fuzzy control system of
viscosity is executed not only on the change of entrance variables, but also on appearance of out-of-control external
indignations.

Keywords: theory of fuzzy sets, base of rules, linguistic variable, therm, technological parameters, viscosity of mixture.

[anuBHO-eHepreTHYHUI MOTeHIia) YKpaiHU 3HAYHOIO MIPOIO 3aJI€KHUTh BiJ] BHKOPUCTAHHS 3aKOPJIOHHHUX
€HEeproHoCiiB, 0COOJIMBO NPUPOIHOTO ra3y Ta HadTOIPOAyKTiB. BripoBamKkeHHs HETPAAULIHUX Ta BITHOBIIOBAHUX
JUKEpeI eHepril, 1e He JOCATII0 3HAYHOrO PO3Maxy, a B JACSKHUX perioHax KpaiHH € TakoX HEeBUTiTHHMM. [cHyroua
CHUTYyaIlis He J]a€ MOXKIIMBOCT] PO3BHUTKY BITIU3HSHOTO PUHKY MAJMBHUX PECYPCIB, cepel SKUX O€3YMOBHHM JTiJIepOM
€ TBEep/Ii BUIM Ia1Ba.

IIpucesaeni GararokommoHeHTHoMY pinkomy manmuBy (BKPII) mociimkeHHS pO3KpUBAIOTH JIHIIE
PI3HOMAaHITTS CIOCOOIB BHUPOOHHUIITBA Ta IX OCOOJIMBOCTI, ajleé HEe MICTATH iH(popMalii mpo Oynb-AKy WMOBIpHY
CHUCTeMY KepyBaHHsI TaKMM IpoIiecoM abo HaBiTh HOTO OKpEeMHUMH YacTUHaMU [1].

B’s3kicTh NpSAMONPONOPLIHHO 3aJeXHUTh BiJ 00’€MHOI YacTKM TBEpAOI PEYOBMHHM B CyMiln Ta
00epHEHOMPONOpIiiHA B SI3KOCTI PiaKoi CkiIamoBoi [2, 3], came yIpaBIiHHSA BIIMOBITHO JO TaKOI 3aJIEKHOCTI
HeoOXiJHO peasti3yBaTH B MallOyTHIM cucteMi KepyBaHHSI BADOOHUIITBOM. BapTo 3ayBaskuTH, 10 BUTpaTa peareHTa-
rtacTudikaropa He MOBUHHA IIEPEBUIYBAaTH 3HAUEHHS B 1 % Bif 3arajpHOi KibKOCTI cymimi [1].

B OurbinocTi BUIIaIKIB BU3HAUEHO, IO B Ipolieci BUPOOHMITBA BapTO 30CEPEIUTH YBary napamerpam
BMICTY TBEp/I01 CKJIaJJ0BOi, IPaHyJIOMETPUYHOMY CKJIaJy, B’SI3KOCTI Ta CTaTU4HIiH cTadinbHOCTI [2, 3]. Takum 4nHOM
CHUCTeMa YIPAaBIHHA B TEPIIy 4Yepry IMOBHHHA 3a0e3MedyBaTH KOHTPOJIb Ta MIATPUMAHHSI Ha 3alaHOMY piBHI
HaBEJICHUX BHIIE TApaMETPIB.

Bapro 3ayBaxkuTH, 1110 moAiOHI BUPOOHUYI MIPOIECH HE MAIOTh JOCTATHROTO MAaTEMaTUYHOTO OIHMCAHHS Ta
ix poboTa 3HaYHOIO MipOIO CYNPOBOKYETHCS TEBHOIO HEBH3HAYCHICTIO Ta HETOUYHICTIO BUMipioBaHb. Came TOMY
BapTO 30CEpPEINTH CBOIO yBary Ha CTBOPEHI CHCTeMHU KepyBaHHs mporiecoM BupoOHuiTBa BKPII 3 BUKOpHCTAaHHIM
HEYITKUX CUCTEM TATPUMAHHS MPUHHATTS pillieHb [4].
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Po3pobOka cuctemu kepyBanHs B’si3kicTio BKPII Ha OCHOBI HEWiTKOT CHCTEMH HiATPUMAHHS MPUAHSATTS
PIIICHB J03BOJIUTh BUKOHYBATH KOHTPOJb OJHOTO 3 OCHOBHHUX MapaMEeTPiB KiHIIEBOI MPOJYKIIi BIPOJOBXK YChOIO
Ipoliecy BUPOOHUITBA Ta 3a0e3neunTy ii 6axkaHe 3HaUCHHS.

CyuacHuii pHHOK MPOTPaMHOI0 3a0€3MEeUYCHHS a€ 3MOTY BUKOPUCTATH JIJIsl BUPIIICHHS TOCTABJICHOT 3a1a4i
He JIMIIE caMy Teopilo, a i creliaibHe IporpamMHe 3a0e31eYeHHs.

VY po0oTi HaJ CTBOPEHHSIM OCHOBH HEUITKOI CHCTEMH KOHTPOJIIO B s13K0CTi B mpoueci Bupoonunrsa bKPIT
O0yno BuxopucraHo nporpamuuii maker FuzzyTECH kommanii INFORMGmbH (Inform Software Corporation,
Himeuunna), mo mnpu3HadeHa JIs BHPINICHHS Pi3HOMAaHITHHUX 3a7ad HEYITKOTO MOJETIOBaHHsA. B mporpami
rependadeHa MOKJIMBICTE CTBOPEHHS CIICI[IAIFHOTO IMPOTPAMHOTO KOAY IS PNy iCHYIOUMX HpOTPaMOBaHHUX
JIOT1YHUX KOHTPOJIEPIB 3 METOIO peasibHOI peai3alii CTBOPIOBAaHUX HEYITKIX CHCTEM YHpaBIiHHSA [4].

ES Spreadsheet Rule Editor - RB1 =]
mia el =l e e
B % x -
o IF THEM
ViSGOSity Of MCLF COHtrOller Correlation Reagent DoS  Wiscosity
1 poz_small zEl0 1.00 | neg_medium
Input Interfaces Fule Block Output Interface _2_ 2010 2810 1.00 |zem
_ 3 |poz_small cloze 1.00 |neq_medium
% Comelation RE1
Carrelation Wiscozity Wiscozity R 4 =10 close 1.00 | zero
Reagen! —rmmar | 5 |neg_smal close 1.00 | pos_medium
Qj‘z: Reagent E  |neg_small mediurm 1.00 |poz_high
¥ |neg_big medium 1.00 | poz_medium
8  zen far 1.00 | pog_medium
9  [neqg_small far 1.00 |poz_high
10 LI

Puc. 2. Tabauus npaBuJ it OTPUMAHHS PillieHb 0/10 3HAYEHHS
B’SI3KOCTIi BilOBiHO /10 CHiBBiqHOIIEHHS] OCHOBHHX KOMIIOHEHTIB
Ta 101aTKOBOI'0 peareHTy

Sk pe3ynbTaTH CTBOPCHHS HEYITKOI CHCTEMH KOHTPOJIIO OJHOIO 3 HAWBAKIMBIIINX TEXHOJOTIYHUX
TapameTpiB — B’SI3KOCTi, OTPUMAHO BiJTIOBIIHY TAOJIHINIO MPaBUJ U1l OTPUMAHHS PillIeHb 010 KMOBIpHUX 3HAYEHB
CITiBBiTHOIICHHS OCHOBHHUX KOMITOHEHTIB Ta I0OJIaTKOBOTO peareHTy, 1o Moka3aHa Ha puc. 2.

[lig wac cTBOpeHHS HEYITKOI CHCTEMH YIPaBIiHHSI B CIIEIiajli30BAaHOMY IMpOrpaMHOMY 3a0e3ledeHH1
FuzzyTECH BukopucTroByBasach 06a3a eKCIIepUMEHTAILHUX JAaHUX [1], Mo miamsrae moaanbiioMy pO3IIHPEHHIO,
3a0e3meuyroun aJanToBaHicTh QYHKIIOHYBAaHHS B YMOBaX Pi3HOMAHITTS TEXHOJIOTTYHOTO OOJIaTHAHHS.

PosrnsHyTa cucTeMa € BiIKPUTOIO i JTO3BOJISIE BHECEHHS 3MiH IOJI0 BUTJISAY 1 KUTBKOCTI TEpMiB, 3HAYCHb
KOHTPOJIFHIX TOYOK, a TAKOXK JTO3BOJISE€ 3MiHU 0a3W TMPABUII Ta BArOBUX KOCQIIIEHTIB KOKHOTO.

Bukopucranns y cucremi ynpasiinHs BupoOHuuTBoM BKPII crcremMn HE4iTKOro NMpUHUHATTS pillleHb, sKa
CTBOpEHa B crewuializoBaHoMy mporpamHoMy 3abesnedenHi FuzzyTECH nae MOXIMBICTH MHiIBHUIIUTH SKiCHI
MTOKa3HUKN BUPOOHMITBA W €Heproe(eKTHBHICTb TEXHOJOTIYHOTO INPOIECY y LUIOMY, a TaKOX BiANOBITHICTH
3aJJaHM BUMOTaM OO SKOCTI BUX1JHOT MPOYKIIii.

Puc. 1. 3aranbHuii BUI IPOEKTY HeYiTKOI cHcTeMH
KOHTPOJII0 B’si3KocTi y BUpoonuuTei BKPIT
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N3YYEHUE BBICOKOTEMIIEPATYPHOI'O TEIINTOMACCOOBMEHA U
KNMHETUKHN OKHUCJIEHUSA IOPUCTBIX YTI'OJIBHBIX YACTHUI ITPU ITIOMOLIA
OIITUKO-IU®POBBIX METOA0OB

Jas uzyveHuss KuHemuku OKUC/AeHUsl Yacmuy, pa3pabomaH U npumeHeH HO8blU Memod JuazHOCMUKU
8blCOKOMeMNepamypHbuIX NpPoyeccos, 0CHOBaHbll Ha Yugdpoeoll pecucmpayuu obsekma uccsedosaHull ¢ nocsaedyrowei
KoMnblomepHoll obpabomkoll uzobpaxceHull. llenvio pabombl A8UM0CL U3y4HeHUe BAUSHUSL NOpUCMOCMU Y2/1epo0H020
Maccuea HA memnepamypHo-8pemMeHHble XApaKmepucmuKku U MeXaHU3M 8bICOKOMeMNnepamypHo20 OKUC/AeHUs 4acmuy
yaas1 8 HaepemoMm eo3dyxe. B peaysomame nposedeHbix s3KkcnepumMeHmManbHbIX UCCAC008AHUL YCMAHOB81EHO, YUMo nepuod
UHOyKyuu 4acmuy c 6o/1ee pa3sumoll 8HympeHHell N08epXHOCMbl0 MeHblUle, a Mmemnepamypa OKUC/AeHUsl 60.bue 8
pe3y/sibmame 0ONOJHUMEAbHO20 Men/08bloeeHUsl 8 nopax yacmuybl. IIpumeHsiemolll 043 onpedeneHus: 3P pekmusHozo
duamempa uacmuysl onmuko-yug@poeoli memod, no3goaus dokazams OuP@y3uHOHHbII pexcuM OKUCAEHUS dacmuy
pasAuvHoU nopucmocmu.

KiroueBble cs10Ba: yriieposi, NOPUCTOCTb, OKUCJIEHHE, BHYTPEHHEE pearupoBaHHe, NePUOJ HHAYKLHHY,
TeMIepaTtypa
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STUDY OF HIGH-TEMPERATURE HEAT AND MASS EXCHANGE AND KINETICS OF
OXIDATION OF POROUS COAL PARTICLES BY THE OPTICAL-DIGITAL METHODS

Annotation — The relevance of research is caused by the tasks of increasing the efficiency of burning fuels in power
devices. The main characteristics of combustion are the temperature, time and completeness of combustion of fuel particles. In
this paper, a new method for studying the kinetics of particle oxidation was developed and applied, based on the digital
registration of the object of investigation, followed by computer processing of the images obtained. To study the temperature
regime of oxidation, a thermocouple method was used, as well as a noncontact method of brightness pyrometry. The aim of the
research was to study the influence of the porosity of the carbon massif on the temperature-time characteristics and the
mechanism of high-temperature oxidation of fuel particles in heated air.

As a result of the conducted experimental studies it was established that the induction period (the time for which
the particle passes to the high-temperature oxidation regime) for coal particles with a more developed inner surface is
smaller. This is due to additional heat release during the course of chemical reactions in the pores of the particle. This
circumstance also leads to an increase in the oxidation temperature of particles with a higher porosity. This difference is
approximately 50-70 degrees in the regime of quasi-stationary high-temperature oxidation. The optic-digital method used to
determine the effective diameter of a particle made it possible to study the oxidation regime of particles of different porosity.
As a result, it is proved that the coal particles are oxidized in the diffusion regime. It was also found that the main decrease in
particle diameter occurs in the interval 1200K + 1250K.

An important characteristic of the fuel processing process is the time of high-temperature oxidation, counted from
the induction period to the moment of completion of oxidation. The application of the analog-digital device developed for this
task made it possible to establish with a maximum accuracy the period of induction of coal particles of different porosity. It
has been proved that the time of high-temperature oxidation decreases with increasing porosity of particles.

Keywords: carbon, porosity, oxidation, internal response, indium period, temperature

AKTyanmpHOU 3amadeil [UIs CO3MaHUS BBICOKOA((MCKTHBHBIX KaMEp CXHUraHWs TBEPIOTO TOILIMBA JHUOO
YCOBEPIIICHCTBOBAHUS Y)KE UMEIOIIUXCS, SBJISIETCS MCCIIEJOBAHUE BBICOKOTEMIIEPATypPHOIO TEIUIO- U MacCOOOMeHa
W KHHCTHKM XMMHYCCKHX TMPCBPAICHUA YIIIEPOAHOTO TOILIMBA. B paboTe mNpUBEAEHBI PE3yNBTATHI
IKCIEPUMEHTANIbHBIX HCCIICAOBAHUI BIMSHHUS TMOPHCTOCTH YIIEpPOJa HAa BpeMs, TEMIEPaTypy U KUHETHKY
OKHCJICHHS YaCTHUI[ B HATPETOM BO3JyXe. YTJIEPOIHbII MAaCCUB MOPE3aH OTPOMHBIM KOJIMYECTBOM MHKPOTPEIIUH U
Top, KOTOPBIE COCMUHSASACH MEXTYy CO00i, 00pa3yIoT OONBITYI0 BHYTPEHHIOW MOBEPXHOCTH [1]. [ToaTomy ropenue
YIJIEPOIHBIX YaCTHIl O0YCIOBICHO XMMUYECKUM PEarnpoOBaHHUEM KaK Ha BHEIIHEH MOBEPXHOCTH, TaK U BHYTPH — Ha
MOBEPXHOCTH IIOP.

DKCHepUMeHTANbHBIC MCCIIEIOBAHUS TPOBOAMINCH CO CDEPUISCKUMH YaCTHI[AMU YIIepoJa ¢ HaYalbHBIMU
JquamerpaMu fy—5.1+5.4 mM. TemnepaTypa 4acTHIl U3MePSUIIACh [IPU OMOIIIU TEPMOIIAP U SPKOCTHOTO MUPOMETPA.

W3MeHeHne nuamerpa 4acTuIll (UKCHUPOBAIIOCH IU(PPOBON KaMepoil. B mampHelimem npowmcxoamia oOpaboTka
mudpoBbIX H300paxenuii ¢ npumeHenueM nakera MATLAB [2]. [lepen HayamoM onbiTa ONMPEeTsUIUChH IIOTHOCTD
(p) u mopucrocts (I1) wactuu. Jus nenopucroit yactuipr 11=0. B onbitax nenons30Baiich yroiabHbIE YacTHIIBL

¢ motHOCTBIO 1640 kr/™° 1 1534 xr/M°.
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Ha pucyHke | mpeicTaBieHb! B CPAaBHEHHH BpeMEHHbIE 3aBHcHMOCTH Temneparypsr 1, (), amamerpa d(t)

2 .
u kBagpata auamerpa d”(t) wacTui yriepoja pasiMuHONW TOPUCTOCTH B MPOLECCE BBICOKOTEMIIEPATYPHOTO
OKHCIICHHS TpH OIMHAKOBOW TEMIIepaType HarpeTroro rasa Tg. Anamu3 pwuc.1,B) MOKa3sIBaeT, YTO KBaapar

JaMeTpa YrJIepoJAHBIX YacTHUIl HA CTaJUH TOPEHHs SBILSIETCS JIMHEHHOM (QYHKIMEHl BpEMEHH, T.e. XMMHUYECKOE
pearupoBaHre YacTHI] NpoTekaeT B auddysnonHom pexxmme. M3 puc.l, a) BHIHO, YTO YacTHIa ¢ OOJBIIEH
MOPHUCTOCTHIO OBICTPEE BBIXOAUT HA BBHICOKOTEMIICPATYPHBIH PEXUM IO CPABHCHHIO ¢ MEHEE MOPUCTOM YacTHIIEH,
T.K. BEIHKAa POJb BHYTPCHHEIO pCarupoBaHHsS HAa CTaJuM pa3orpeBa. Bpems BBICOKOTEMICPATYPHOH CTaauu
OKHUCIICHHS TOPHCTOW 4YacTUIBl 3HAYMUTENLHO MeHblie. Ha 3Toil crammu mpoucxoauT OoJiee HHTCHCHBHOE

M3MEHEHHEe auamerpa HOopucTod wactuus! (puc.l, 6). U3 puc.l, r) ciexyer, uro go temmeparypst 1, =1200 K
JMaMEeTp YaCcTHI[ MPAKTUYCCKH HE U3MEHsUICA. MHTEHCHMBHOE yMCHBIICHUE AWAMETPOB YACTHI[ MPOUCXOIUT B

unTepsane Temneparyp 1, =1200+1250 K. 3aTeM CKOPOCTb XHUMHYECKOTO PEarnpOBaHis YMEHBIIACTCSL.
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Puc.1. BpeMeHHbIe 3aBUCHMOCTH TeMIepaTypbl (a), iuamerpa (6) u KBagpaTa aAuamerpa (B) YaCTHIUbI; 3aBUCHMOCTH IHAMETPA OT
TeMIepartypsl (r) aJs di‘.'=5-1 MM IIpH TeMIepaType rasa Tg =1100 K. 1- 0 =1534 Kr/m’, 1T =0.2;2 - P =1640 Kr/m’, 1T =0.3; kk*k —

TeMIepaTypbl, H3MepeHHbIe SPKOCTHBIM NUPOMETPOM.

Taxum 06pa30M, OBLIO YCTAaHOBJICHO CYHICCTBECHHOC BJIMSAHHUEC MNOPUCTOCTU HA CTAJUM IEPEXOda 4HaCTHULl K
BBICOKOTEMIICPATYPHOMY OKHCJICHUIO (HepI/IO,H I/IH,HyKIII/II/I). HOKa3aHO, YTO BBICOKOTEMIICpATypHast CTaaus
OKHCJICHHA YaCTHUIL pa3anH0171 MOPUCTOCTHU NPOTCKACT B L[I/I(b(l)yZH/IOHHOM peKUME. I[OKEBaHO, YTO HMCIIOJIBb30BaHHC
MOPUCTOI'0 YIJIEPOAHOI'O TOIJIUBA SABJISICTCS Ooutee S(b(i)eKTI/IBHLIM.
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EJIEKTPOTEXHIYHI TA PAAIOTEXHIYHI BUMIPIOBAHHSA

YK 678.027.3:621.31 . . .
O.M. XAJIIMOBCBKHH , O.JI. COKOJIbCBKHNN , LI. IBILIBKUU, O.C. BOI'YTA

HamionansHuii TexHidHui yHiBepcuTeT Ykpainu "KuiBcbkuil moniTexHiunuii iHcTUTYT imMeHi Iropst Cikopebkoro" Ykpaina, Kuis,
03056,mpocnext Ilepemoru, 37
e-mail: o.khalimovskyy@ukr.net

OINIHKA MOKJIMBOCTI BUKOPUCTAHHA ACHMHXPOHHOI'O
EJIEKTPOITPUBOY 13 CKAJISPHUM KEPYBAHHSIM JJ151 ABTOMATHU3ALIT
IMPOLHECY BUPOBHULTBA IHTEJIEKTYAJIBHUX ITOJIMEPHUX
KOMITO3UIIMHUX MATEPIAJIIB

BusHaueHo medici 3MiHU 8eAUYUHU [HMEHCUBHOCMI CU2Ha/y 3A80aHHS CUCMeMU a8MOMAMUYHO20 Kepye8aHHs
weudKocmi pyxy wWmoky [H#eKmopHo20 Npucmpor 8 YUKAIYHOMY pexcumi i pobomu npu 3acmocy8aHHi KAacuyHo20 ma
Fuzzy pezyasimopis. Y sakocmi enekmponpugody eukopucmosysadcb Cucmemda nepemeoprosay yacmomu acuHXpOHHUL
deuayH 3i CKaNAPHUM KepyB8aHHSAM.

Kawuyoei caoea: cucmema asmomamuyvyHo20 KepysaHHs, e/feKmponpueod, ACUHXpOHHUU 08u2yH, pezyasimop,
cKa/sipHe Kepys8aHHsl, noaimep, IHmeaekmyaasHUll damyuxk.

O.M. KHALIMOVSKYY, O.L. SOKOLSKYT, L.I. IVITSKYI, O.S. BOHUTA
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

ASSESSMENT OF THE POSSIBILITY OF USING ASYNCHRONOUS ELECTRIC DRIVER
WITH SCALAR CONTROL FOR AUTOMATION OF PRODUCTION PROCESS OF INTELLIGENT
POLYMER COMPOSITION MATERIALS

Diagnostics of the stress-strain state of parts and assemblies and obtaining real-time information about their
characteristics determine the necessity of automate process of manufacturing intelligent polymer composite materials
(IPCM). The task of automation of the IPCM production process consists in the cyclic formation of a polymer blend portion
with intelligent sensors (IS) and transporting it to products at a certain depth using an injector device. Transportation of a
polymer portion in automatic control systems (ACS) can be realized by using various drive systems. The use of an electric
drive (ED) in the ACS to transport a polymer portion with an IS has advantages. They consist in the fact that in certain parts
of the rod movement the ED operation in a recuperative mode, it can deliver electric energy to the grid. In addition, the ED
can provide, within certain limits, the necessary dynamics of the injector device rod (IDR) movement. Therefore, the issue of
evaluating the possibility of using various ED systems to provide the necessary modes of IDR movement is topical. The
analysis of the operation of such ACS speed using a vector-controlled induction motor showed satisfactory performance
indices of their performance in dynamic modes. In order to assess the possibility of using other ED systems in these ACS, it is
necessary to determine the marginal boundaries of the system speed reference signal intensity (dUr/dt) during the
development of the IDR trajectory, taking into account the overload capability of the engines. This evaluation determines the
time range of the cycle duration for forming a polymer portion with the IS and the possibility of achieving the necessary
injection rate of the existing portion for transporting to a predetermined depth in the extruder main channel. The results of
mathematical modeling developed ACS determined the possible limits of the ACS signal speed setting intensity while working
off the trajectory of the IDR, taking into account the overload capability of the engine.

Keywords: automatic control system, electric drive, induction motor, regulator, scalar control, polymer, intelligent
sensor.

Meta po6oTun. Po3pobka cucremu aBromatuyHoro kepyBanHs (CAK) mBHIKOCTI pyXy IITOKY iHXXEKTOPHOTO
MIPUCTPOIO Ta BU3HAYCHHS MEX 3MIHM BEIMYMHHU iHTEHCHBHOCTI curHamy 3aBranHs (dUs/dt) mBuakocTi cucremu B
MUKIIITHOMY peXuMi 1l poOOTH IpY BUKOPUCTAHHI Y SKOCTI enekrponpuBoay (EIT) cuctemu mepeTBoproBad 4acTOTH
acuaxpoHHNH 1BUTYH (ITY-AJ]) 31 cKanspHUM KepyBaHHSM.

Marepianu i pe3yabTaTH AOCHiI:KeHb. 3ajada aBTOMAaTH3allii TMporecy BHPOOHHUIITBA IHTEIEKTYaTbHUX
noiiMepHuX Kommno3unidHux marepianis IIIKM nomnsrae y nukimivHoMy ¢GopMyBaHHI HOpLIT cyMimni mojiiMepy 3
iHTenekryansHuMu  natunkamu (IZI) 1 TpaHcmopryBaHHI I y BUpoOM Ha 3ajaHy IJIHOMHY 32 JIONOMOIOIO
imkekTopHoro mpuctpoto (II1). TpancnopryBanns Takoi mopuii nmoximMepy B CAK Moxe OyTh peanizoBaHO 3a
JIOTIOMOT'0I0 3aCTOCYBaHHSI PI3HMX CHCTEM NPUBOAY. 32 pe3yibTaraMH aHAJTITUYHOTO orny pizHux tumis II1 B
poboti [1], sk HaWOUIBII MEpPCHEKTHBHY, OyJ0 BH3HAUYEHO KOHCTPYKUito MomudikoBanoro II1 Ta pospobieHo
anaioroBy CAK mBHAKOCTI pyXy IITOKY iH)KEKTOPHOTO ITPUCTPOIO 3 BEKTOPHO-KepoBaHUM acuHXpoHHUM EII. s
OIIiHKK MOXHBOCTI 3acTocyBaHHA B nX CAK acuaxpornoro EIl 3i ckainsipHUM KepyBaHHIM HEOOXiTHO BU3HAUYNUTH
TpaHW4YHI MeXi iHTeHCHBHOCTI curHanmy 3aBaaHHs (dUsz/dt) mBuakocTi cHCTEMH TIpH BiANpPAIIOBaHHI TPAEKTOPii
pyxy LHIIT 3 ypaxyBaHHSM TEpEeBaHTAXYBAILHOI 3MaTHOCTI JMBHUTYHIB. Taka OIliHKa BW3HAYa€ YacCOBWH Jiara3oH
TpHUBaJOCTI WKy ¢GopMyBaHHS mopuii momimepy 3 IJ[ Ta MOXNHBICTH MOCATHEHHS HEOOXiTHOI MIBUAKOCTI
BIIPUCKYBaHHS CHOPMOBAHOI MOPIIii IS 11 TpaHCTIOPTYBaHHS Ha 3a/JaHy TJMOWHY B OCHOBHMH KaHANl €KCTPYyepa.
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Sk Binomo, 3actocyBannsi CAK 3 EII cucrem [TH-A/] 3i ckaisgpHUM KepyBaHHSM Ma€ OOMEXEHHsI iX BUKOPUCTAHHS
B YIpPaBJIiHHI BUCOKO JMHAMIYHUMU IpouecaMu. J[s omiHkn Mexx BukopucranHs acuHxpoHHoro EIT 3i ckanspHum
KepyBaHHSIM po3poOiieHo ¢yHKIioHanbHy cxemy CAK, mo mnpencraBiena na puc.l. IlepemimieHHs MmTOKY
IHKEKIiHHOTO MPHUCTPOI0 L 31 MBUAKICTIO V, XapakKTep 3MiHHU sKoi popMye curnai 3aBganag U 3, 3a0e31eTy€eThCS

3a ponomoroo CAK mBuzakocti. Curnan kepyBanHs Ugep (opmye Hanpyry U Ta 4actoty [ IKMBIEHHS

aCHHXPOHHOTO ABUTYHA (A/).

Uz U U £ v L
Eau:asm_rgm‘i: Per'gmmp | z! [epeTEopIOELY . Folsnimiaalal i i I"Brl:[-rr- | mmx [
TR HETRIH IEHIRDCTL HACTOTH OEHTYH Taiika

Uy p—— I} IscgerTopHEd TRHCTRIHR
LEMTHOCTL Rt T e T

Puc. 1. ®ynkuionaabHa cxema CAK

Js monemoBanass CAK Oymno pospaxosano mapamerpu AJl tumy 4AA56A4Y3 moryxHictio P =0,12xBt. B
pe3yNbTaTi CHHTE3Y CHCTEMH OTPHMAaHO MPONOpHiiHuN iHTerpansHo-mudepeHmiamii (I11/]) perymsarop npu
CTaHJApTHOMY HaJIAIITYyBaHHI KOHTYpY MBUAKOCTI [2]. MoaemoBaHHs OyiI0 MPOBEICHO 32 HACTYITHUMH YMOBaMH:
cepenHs MIBUAKICTH IOJIiMepy B OCHOBHOMY KaHaii — 0,02 m/c, TOBmIMHA mepepizy OCHOBHOTO KaHATy IIITHHHOL
dhopmu — 5 mm. Tuck cymimri 3 momiMepy y mutiaapi — 20 MITa.

Pesynpratn MatemaruyHoro monemoBanHs ¢(yHkuionyBaHus CAK 3 EIl cucremu ITU-AJl i3 ckamspHuM
KEpYBaHHSM IpeACTaBIIeHI Ha pUC. 2.
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Puc. 2. Ilepexinni npouecun CAK 3 kiacuunnm anajgorosum IIIJI peryisTopoM IBHAKOCTI NPU 3HAYEHHSIX 3MiHH iHTEHCHBHOCTI
3aBJIaHHS , IO BiAPi3HAIOTECS Mixk 00010 Ha 4%: MOMEHTY HABaHTa:KeHHs1 )M - Ta XapakTepy 3MiHM curnajy 3asaanus U ; —a, 0;

KyTy ¢ obepranus AJl Ta xapakTepy 3MiHH BeJTHUHHU dU3/dt - B, I} y BiTHOCHUX ouHuusX MomMeHTy M Ta IBHAKOCTI 00epTAHHS
OAdl-n1,e

3 ‘ — AHaii3 pe3ysbTaTiB MOAETIOBAHHS ITOKAa3ye, II0

—— MiMH 3actocyBanHs CAK pyxoMm ImTOKYy iH)XXEKTOpa Mae

7777777777 \ﬂ\\/ R OOMEXKEHHS, 110 ITOB’sA3aHi 3 BEIMYMHOI IHTEHCHUBHOCTI

1 \f Mo T WJ ,\J\J\/\—u rrrrrrrrrrrrrrr . 3aBlaHHs CHTHANy IIBUIKOCTI. BelwuynHa iHTEHCHBHOCTI

{ | Oimpmie  3a 3HayeHHs 3.34 B/c mpusBogute 10

MEPEBUILCHHS 3aJ]aHOTO TEXHIYHHMHU XapaKTCPUCTUKAMU

A | | MOMEHTY T[EPEBaHTXKCHHsI OOPaHOrO0 AaCHHXPOHHOTO

JIBUTYHA. 3actocyBaHHS Fuzzy MIPOTTOPIIIHHOTO

IHTETpaNbHO-AH(EPEHITIHHOTO (FPID) perynsTopa

3 ‘ JIO3BOJISIE  30UTBIIMNTA  MEXi 1HTEHCHBHOCTI  CHTHAIY

0 05 1 1‘5tc 2 25 3 38 3aBaaHds Ha 4% po 3HauenHs 3.47 B/c. PesymsraTté

Puc. 3. Mepexizui nponecn ﬁomenry AJl ta mBwKOCTI Y moxemoBanHss CAK 3 FPID perymsaropom mpencraBieHi

BiHocHux oquHunsx 1 CAK 3 FPID peryasitopom Ha puc. 3.

IBHKOCTI IIpu nobynosi Gioxa Fuzzy norikm mnst FPID

peryistopa BUKOPUCTOBYBaJlaCh CHMETPUYHA (DYHKILiS

HAJIC)KHOCTI HEUITKOi 3MIHHOI, IO CKJIaJa€ThCA 3 CEMH

JMHrBicTHYHMX TepMiB. HalimeHyBanHs1, popMu Ta napameTpu 1ux tepmis noxani B tadmn.1. s FPID perynstopa
BHUKOPHCTOBYBaach 0a3a Impasmil, 10 BigoOpaxeHa y Tabi. 2.

W/WH, M/MH
o

Ta6a.1.HaiimenyBanus, ¢opmun Ta mnapamerpu Ta6u.2. baza npaBua
3navenns X1(k

TepMiB

Tepm Popma TepMy XapakTepHi TOYKH BB BC BM H DM DC DB
BB (Bix’emue Benuke) Tparneris [-10, -10, —0.9, —0.6] DB H DM | DC DB DB DB DB
BC (Bin’emne cepesmie) TPHKYTHHK [-0.9, 0.6, -0.3] - | .DC BM | H DM | DC | DB | DB | DB
BM (Bin’emne mase) TPUKYTHHK [-0.6, -0.3, 0] § DM BC BM H DM DC DB DB
H (Hysb) TPUKYTHHUK [-0.3,0,0.3] = H BB BC BM H DM DC DB
DM (JlonatHe Mae) TPUKYTHHK [0, 0.3, 0.6] z BM BB BB BC BM H DM DC
(Jlonathe cepeje) TPUKYTHHK [0.3, 0.6, 0.9] E gg gg gg gg gg glc\:/l gM I]—)IM
DB (JlomatHe Benuke) Tpamneris [0.6, 0.9, 10, 10] )

BucHoBku. BBeneHHS iHTENEKTyaJbHUX JAaTYUKIB Y 3a7aHi MPOCTOPOBI KOOPIWHATH 00’€eMy BHUPOOIB i3
MOJIIMEPHIX KOMITO3MIIHHUX MaTepialliB B Mpoleci eKCTPy3ii JO3BOIUTH MPOBOIUTH AUCTAHIIKHY JiarHOCTHKY Ta
MOHITOPHHT IIMX BHPOOiIB Oe3mocepenHbo Mmif dac iXx ekcmoryaTtamii [3].3a pesyiapraTaMu  po3poOKu Ta
Matematranoro monemoBanHs CAK 3 EIl cuctremu ITY-AJl 31 ckaiasipHUM KepyBaHHSIM OyJIO BCTaHOBJICHO, IO
HOro BUKOPHUCTAaHHS A 3a0€3MECUCHHS BIANPAIIOBAHHA TPAEKTOPil MIBHAKOCTI pyXy IITOKY iHJKEKTOpa IIpH
TpaHCIIOpPTYBaHHI mnopuii momimepy 3 I/l B muKIiYHOMY peXxumi poOOTH 10 OCHOBHOTO KaHaly EKCTPYAEpY
00MEKEHO BEIMYMHOI IHTCHCHBHOCTI CHUTHATY 3aBJAaHHS CHCTEMH. Taki OOMEXEHHS OOYMOBIICHI BEITUYHMHOIO
MePEBAHTAXKYBAJIbHOI 3/JaTHOCTI JBUTYHAa B mepeXimHux pexumax pobotn CAK mpu cKalspHOMY 4YacTOTHOMY
kepyBanHi EIl. Pesynpratn maremaruunoro monemoBanHs GyakuionyBanus CAK 3 knacnunum anamorosum I11]]
perymsitopom ta FPID perynsropoM IIBHAKOCTI TMOKa3adu BHUILY €()EKTUBHICTP BUKOPUCTAHHS OCTAHHBOTO B
MepexigHNX peknuMax podotu cucteMu. [IutanHs ocTarouHOro BUOOpPY BapianTy cTpykTypu CAK mBuakocti pyxy
MITOKY iHKEKTOPHOTO MPUCTPOIO 31 CKAIAPHUM ab0 BEKTOpHUM KepyBaHH:M [ 1] acuaxponnoro EIT BupintyeTscs Ha
OCHOBI TOPIBHAJIBHOTO aHANi3y TEXHIKO-€KOHOMIYHHX ITOKa3HUKIB 000X CHCTEM KEpyBaHHS B 3aJE€KHOCTI Bix
BEITMYHMHU IHTEHCUBHOCTI 3aBJIaHHs HEOOXITHOT IS peaizallii 3a/1aHoi TPaeKTOpPil pyXy IITOKY iHKEKTOPA.
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YOK 621
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Volodymyr Dahl East Ukrainian National University
asmankina@ukr.net

THE DEVELOPMENT OF MATHEMATICAL MODELFOR CONTROL AND
MANAGEMENT OF AUTONOMOUS APARTMENT ENERGY SUPPLY COMBINED
SYSTEMS

Annotation -Development and creation perspective sourcesenergy supply autonomous users electric power actuality is a
long ago acknowledged in many industrial-developed countries. Narrow-mindedness of fossil energy sources supplies, and also
situation folded presently with a price advance on a hydrocarbon fuel, along with intensifying of ecological situation, are factors,
by a stimulant introduction and use of renewable natural resources in the electric energy production field. The combined systems
creation, able to work remotedly and regardless of direct energy sources, will result in the considerable protection increase level
from instability of temperature overfalls and overfalls in an electric network. The purpose of the article, the solution of which is
directed to the invention, is to develop a mathematical model of the heat exchange unit with a heat pump, which provides an
increased thermal coefficient by reducing the power consumption for compressing the working fluid in the heat pump working
cavities, as well as by using the second level of the hydrodynamic device.The cavitation efficiency and degree increase coolant is
arrived at by process intensification on the phases section border due to liquid stream co-operation kinetic energy and
cumulative effect slam of strings. In the bubble disappearance moment (in the moment of his slamming) kinetic energy will be
transformed in elementary particles collision energy.Energy, selected at bubble slamming on a few orders exceeds elementary
particles (nucleons) connection energy in a kernel. As a declared method kernels collision result energy, selected between
elementary particles, will be transformed in thermal energy in a liquid and it is taken from an area by treatments of
hydrodynamic kvitation reactor.The presence of sensors in this system allows to control, regulate and signal about its state, and
also allows to set necessary parameters for the mathematical model construction.

Keywords: control system, economical, independent, mathematical model, system, heat pump, temperature

A. A ACMAHKIHA, M.I"JIOPI, O.5.LIEJIIIEB, A.b.XXMUIKOB
CxinHOyKpaiHCHKHI HalliOHATBHUN yHiBepcuTeT iMeHi Bonoanmupa Jlanst
asmankina@ukr.net

PO3POBKA MATEMATHYHOI MOJIEJI JJISI KOHTPOJIIO 1 YIIPABJITHHS ITIOE€THAHAX
CUCTEM EHEPI'OIIOCTAYAHHA ABTOHOMHOI'O IPUMIINEHHA

Axmyanenicme  po3pobku i CMEOPEHHA NePCHeKMUGHUX OJicepell  eHep2ONOCMAad4ants A6MOHOMHUX —CHOJICUBAUIE
eflekmpoenepeii 0agHo GusHaHa 6 6azamvox NPOMUCIO60 po3guHeHux Kpainax. ObOmedcenicmsv 3anacié GUKONHUX Odiceper
eHepeii, a Makodc Wo CKIAnAcs 6 OAHUll uac cumyayis 3 pocmom YiH HA 8y2ie00He8e NAIU60, NOPAO i3 3A20CMPEHHAM
€eKoN02I4HOT 0OCMAHOBKY, € PAKMOPAMU, WO CIUMYTIOIOMb BNPOBAOICEHHS | BUKOPUCMAHHS NOHOBTIOBAHUX NPUPOOHUX PECYPCI8
6 cepi supobnuymea enexmpuynoi emepeii. Cmeopenns KOMOIHOBAHUX cucmeM, 30AMHUX NPAYIOBAMU OUCTIAHYIUHO 1
He3aNedCHO 6I0 NpAMUX eHepeopecypcis, npuzgede 00 3HAYHO20 NIOBUWJEHHS DIGHS 3aXUWeHoCcmi 6i0 HecmabiibHOCmi
memnepamypHux nepenaoig i nepenadie 6 eiekmpuunii Mmepedici.  Hasewicme Oamuukie 6 yill cucmemi 0038015€
KOHmMponiogamu, pe2yniogamu i cueHanizysamu npo it cmam, a makoc 0036015€ 6CMAHOBNIO6AMU HeODXIOHT napamempu Ousl
n06y006u MamemamuyHoi mooeri.

Kniouogi cnoea: cucmema ynpagninmus, eKOHOMIUNHA, HE3ANEICHA, MAMEMAMUYHA MOOeNb, CUCMeMd, Meniosull Hacoc,
memnepamypa

All types basic energy and power users mediums are enterprises, and necessary part of any enterprise is it’s
energyeconomy. It is an aggregate of the generating, transforming, transmitter and consuming power settings by
means which providing all necessary enterprise types of energy and use it to carry out in the production process. In
addition, an energyeconomy plugs in itself devices and automatic control systems with their informative providing,
not power settings, buildings and resources, providing reliable and economical enterprise energy work, and also
lighting, heating and fuel supply. An enterprise energyeconomy is not only an auxiliary and attendant production but
also basis, providing the normal enterprise functioning. [1]

Users presence (small cities, settlements), being in districts, isolated from existent grids, or provided with
electric power, for diverse reasons, with interruptions, require autonomous energy supplien organization. [2]
Development actuality and creation of electric power autonomous users energy supply perspective sources is a long
ago acknowledged in many industrial-developed countries.Fossil energy sources supplies narrow-mindedness, and
also situation folded presently with a price advance on a hydrocarbon fuel, along with ecological situation
intensifying, are factors, by a stimulant introduction and renewable use of natural resources in the electric energy
production field.[3] Modern European and Scandinavian countries have advanced very far in the development and
application of alternative energy sources.The expansion of theat supply systems use in Ukraine based on heat pumps
with ground heat exchangers is not sufficiently high, however, in the face of a sharper deficit and rising energy
prices, the energy saving issue for the Ukrainian economy as a whole and for its housing and communal sector in
particular becomes very relevant.
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Fig.1 - Parameters for constructing a mathematical model, where V is the volume of the liquid, t is the temperature indicator, d is the
diameter of the hole, Q is the amount of heat

For the leadthrough of alpha tests setting which consists of compressor K, batteries, was developed, throttle Dr,
temperature sensors systems Ti and pressductors PI. For liquid motion on pipes a pump is foreseen on the laboratory
setting entrance. Water, entering setting passing through a compressor, where a compression and coolagent steams
moving is, as in the refrigeration settings.At the steams compression there is not only pressure increase but also
temperature. After a compressor the compressed refrigeration agent enters condenser, where the compressed gas
cools down and grows into a liquid, a liquid after through a choke device enters vaporizer (its pressure and
temperature goes down thus), where it boils, passes to the gas state, the same taking away warmly from surrounding
space. After it the coolagent pair enter again compressor for the cycle reiteration. Thus, on an output water will have
a temperature much higher, than on an entrance, what provides radiator heating. The liquid further used and
reducing a temperature passes through a throttle, for hydraulic resistance creation the liquid stream. Additional
hydraulic resistance is created due to the liquid stream communicating section change.The hydraulic resistance
change is create the necessary pressures overfall, that results in the yet greater stream temperature decline.

The strong side of this research is the positive effect obtained from reducing the energy load on the
compressor. The same decrease in the throttle losses of working heat in the heat pump circuits is achieved at
medium condensation temperatures. The increase in the thermal coefficient of the whole installation takes place in
the hydrodynamic cavitation reactor, which is considered by the second power plant, which is very important for
heating houses, cottages and, in particular, for preheating and improving the rheological properties of oil and
petroleum products. The weak side of theresearchis the collection of results for the further development of the
mathematical model of the heating installation. To assess the adequacy of a mathematical model, the collection of
readings from sensors is performed depending on the temperature characteristics of the external environment, which
requires more detailed observations depending on the time of year and the desired temperature in the room.
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OPERATOR METHOD ANALYSIS OF PULSE-FORMING LINES AND SCREENING

Annotation - In this paper the results of the operator method application to the analysis of processes in the pulse-
forming lines and the process of the electromagnetic field screening are presented. The model is considered as a system of
Laplace transformed telegrapher’s equations and examples of its solution by the Fourier method and the method of traveling
waves (d'Alembert method) are given. Wide perspectives the operator method has for solving problems of analysis of
transient in linear devices and systems. The advantages of the operator method are shown, which makes it possible to
simplify the analysis. It is shown also that the initial conditions of the problem are taken into account automatically.
Examples of the solution of the charging problem of the forming line from the DC voltage source are considered and a
comparative analysis of the results obtained by both methods is carried out. It is shown that the solution by the Fourier
method allows obtaining an expression for the voltage in the line in the form of a spectral function and may be used at the
frequency domain analysis. It was thus obtained that, when the line is charged, the expansion of the function in a series
contains only odd harmonics. The solution is given by the d'Alembert method in the form of traveling waves. This result may
be used for the time domain analysis. The overlapping of traveling waves leads to overvoltage in the line and the possibility of
breakdown of dielectrics between the busducts. An example is given of calculating the screening gate, in which the action of
the screen is simulated using a line with distributed parameters Distribution of electric fields is considered. Lattice diagram
of the waves is shown to allow explaining process of forming interference pattern in media around the screen and into the
screen.

Keywords: telegrapher equations, formation line, screening gate.
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The mathematical model of processes in linear radioengineering systems and electrodynamics structures is, as a
rule, a system of differential equations. Its analysis with the help of the operator method makes it possible to
simplify the problem considerably. Thus, in the case of partial differential equations, the operator method makes it
possible to go over to ordinary differential equations, whose solution is much easier to find [1-3].

The model of processes in the forming lines is a system of telegrapher equations whose operator form for a
lossless line is written as [4]

dUu .

__dx :pLI—Ll(O) , (1a)
dl

~Z = pcUu-cu(o
=P u(0) . (1b)

where, U , I — Laplace images of voltage and current in the line, L, C — linear inductance and linear capacitance,
u(0), i(0) — initial values of voltage and current in the line. We note immediately the important advantage of the
operator method: the initial conditions of the problem are taken into account automatically when changing over from

the voltage and current originals to the images. The system of equations (1) can be reduced to the operator analog of
the wave equation for the voltage

2
Y U=, @
dx
the general solution of which can be written in the form
U=Achyx+Bshyx. 3)

Here A and B are constants of integration, the values of which are determined by the boundary conditions,
y = pNLC — is the operator propagation constant. Further, the solution is carried out by various methods, among

which we single out the classical method (the Fourier method) and the method of traveling waves (d'Alembert
method) [5].
In the first case, the voltage image is reduced to the ratio of the two functions
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and the original of voltage is calculated using the decomposition theorem [3,4]. The calculation of the roots of the
denominator function (4) is the most difficult. In a lossless line, the voltage distribution is an interference pattern of
the incident wave on the input of the line and the reflected waves from the end of the line and the input terminals (in
the case of a mismatched load). It is shown, for example, that in the idling mode when a constant voltage U, is

forced on the input, the voltage in an arbitrary section x of a line of length / is obtained as a Fourier series

4)

expansion of two sequences of rectangular pulses of opposite polarity with duration 7=2x+LC, frequency
o} =27r/ 4IJLC and duty cycle g=T/r=4I\JLC / 2xVLC =2I/x, which oscillate with respect to a constant
component U, (fig. 1):
2 0 0
u(t,x)=[Uy+= 3 4, cos(nayt+7)+ Y. A4, cos(nat +n7z)} . )
q n=0 n=0
The expansion coefficients are expressed by the formula [6], where the series contains only odd harmonics:

T X
sin |:(2n + 1) — f:|
4y 2ty sinc[(znﬂ)ﬂ]
(ns) 22X 21
21
The same problem solved by d’Alembert method is shown to give the voltage image in form

U, [e_yx L) ) e_y(u_x)]

p
from which the traveling waves solution may be obtained:

u(t,x) = U, Ht—%)ﬂ[t—21V_xj—1[t—2l;xj—1[t—4ll;xj+..}, ©)

where 1() is the Heaviside function. It is obvious that the time diagram of expression (6) coincides with Fig. 1. It

>

should be noted that for U, =1 the obtained solution is a transient characteristic of the line and it may be used for
the calculation of processes in line by the Duhamel integral. As it may be seen on fig. 1 maximal voltage in the line
arises to 2U, .

23 X
uﬁ,x) Vv vV
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o A X
[ v [ —
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4
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Fig. 1. Formation of the time-domain voltage diagram in the breaking line

The operator method can also be used in analyzing the effect of shielding the electromagnetic field [7]. A clear
interpretation of the process can be obtained with the aid of a lattice diagram (Fig. 2) [4]. Here, the wave with the
electric field strength E, falls from the region of space I to the conducting screen II at an angle « . In this case, the
wave is partially reflected, partially penetrates the screen, where partial absorption takes place, secondary reflection
from the screen boundaries and partial passage into the region of space III. The screening gate is expressed by the
ratio of the field strengths in regions III and I

S=Ey/E;
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Solving the system of telegraph equations for the line interpreting region I by the d'Alembert method [5], it can
be shown that the field in region I is a superposition of the incident wave E| propagating in the direction of positive

x, reflected wave E,, and refracted waves E,_ 4, :

—2yh 3 —4yh
Ep =E [1—(r12 +anmiqne " Hr31ande +)}
In region I1I, superposition of refracted waves transmitted through the screen takes place
—vh 2 —3yh
Ep =Ey, = E (%261218 "+ ridingae +)

If medium I and II is a dielectric (for example, an air) with parameters z4 and &, then the process can be
represented as the inclusion of a function £ in a line with losses (Fig. 3), the parameters of which are equal to
and o, . An ideal line of infinite length with parameters 4 and &, is connected to this line. Taking into account
the coefficients of reflection and refraction between regions

Z, -7, Z, -7, 27, 27,
N2 =77 o3| “ 2,47, g2 =1-r2 AT g2 =1-ry “ 417,
the screening gate is expressed by the formula
S-= ! : @)
ch}/h—i-l[zl—i-zzjsh}/h
2\ z,  z

where g4 and g — is the operator field propagation constant in the screen, Z; and Z, — are the wave impedances
of the dielectric and screen regions, respectively.
m .

EQ I Hy, Ty T E
Hp &) 5 L

o EIMM

EERHM

k

E y Fig. 3. Formatting line model of the scree
Thus, the process of field formation in various regions of space

and in the screen is an interference pattern of traveling waves
formed by reflections and refractions of the field in the screen.
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STANDING OUT OF DIGITAL SIGNALS BY MEANS
OF NONLINEAR STOCHASTIC FILTRATION

Annotation - Analysis results of noise immunity of digital communication systems using methods of nonlinear filtering
are given. Nonlinear filtration is based on stochastic resonance effect. The stochastic resonance is given to a phenomenon that is
manifest in nonlinear systems where by generally feeble input information (such as a weak signal) can be amplified and
optimized by the assistance of noise.

Numeral simulation of response at affecting input of the system on additive mixture of harmonic signal and white Gaussian
noise are given. Use of a nonlinear stochastic filtration allows reducing significantly output noise, but the form of a output signal
significantly differs from harmonious. It indicates on the nonlinearity of this system. Amplitude spectrum of output signal has
been investigated. Results of calculation of the output signal-to-noise ratio of the stochastic filter for the additive sum of a
harmonic signal and white Gaussian noise for different values of the input noise dispersion are given. It is shown that the output
signal-to-noise ratio of the system will peak at a certain value of noise intensity under a action of the input signal and noise.

The comparative analysis of noise immunity of the matched filter and nonlinear stochastic filter for input square pulses
are given. The effects of signal distortions in nonlinear processing with a stochastic filter are considered.

It is shown that it is possible to efficiently extract a digital signal from an additive mixture with Gaussian noise of high
intensity.

Keywords: stochastic resonance, signal-to-noise ratio, nonlinear stochastic filter, matched filter, digital signal, white
Gaussian noise.

0.1. XAPYEHKO
XapkiBcekuit Hanionansuuii YHiBepcutet PanioenekrpoHiku
dthnbycrbq@gmail.com

BUALIEHHSA IN®POBUX CUTHAJIIB 3A TIOIIOMOT'OI0
HEJ/ITHIMHOI CTOXACTUYHOI ®IJIBTPAIIII

Anomauia - HasedeHo pe3yavmamu aHaaidy zasadocmitikocmi yu@posux cucmem 38'a3Ky 3 3acmoCcy8aHHIM
Memooie HeaiHiliHol @dinbmpayii. PoseasHymo cmoxacmuuHuil @Ginbmp Ha OCHO8l edekma CmoxacmuuHo20
pe3onatncy. HasedeHo pe3yabmamu po3paxyHky euxioHo2o 8I0HOWeHHA cusHaa/wym npu Oii Ha 83001 dirbmpa
adumueHoi cymiwl NPAMOKYMHO20 imMnyabea ma 611020 eayciecvkozo wymy. IIposedeHo nopisHsaabHUL aHAAl3
3asadocmitikocmi Yy3200xceH020 Ginbmpa i cmoxacmuuHoz2o Ginbmpa 8 pasi NPAMOKYMHUX IMNYAbCI8 HA 8X001.
Kaiouoei cnosa: cmoxacmuuHuil pe3oHaHc, cnigBlOHOWEHHS CUSHAN/WYM, HeATHITIHUl cmoxacmuuHull @dinemp,
yugposuii cueHan, 6iauil 2ayciscvbkuil Wym.

At present time digital communication systems are widely used in assessment of parameters of signals, in
telecommunication systems. One advantage of digital information is that it tends to be far more resistant to
transmitted and interpreted errors than information symbolized in an analog medium [1, 2, 3].

The search of new methods of signal processing on a background intensive Gaussian noise urged on
development of vehicle of stochastic filtration, that is based an stochastic resonance effect.

Stochastic resonance (SR) is a nonlinear physical phenomenon in which the output signals of some nonlinear
systems can be enhanced by adding suitable noise under certain conditions [4]. The SR effect characterizes the
response of the nonlinear system on a weak input signal. Thus data-output of the nonlinear system, such as signal-
to-noise ratio, at certain terms have the distinctly expressed maximum

The equation describing SR effect is given by [4, 5]

dy/dt=y(t) -y () +x(t), (1),
where x(f) = S(t) + n(t) - is an input process being additive mixture of desired signal and normal noise;

y(¢) - output signal.
Consider a rectangular impulse $(Z) as a useful input signal. It is known that the model of a rectangular

impulse is basic in the theory of information and coding [1, 2, 3].

Numerical solution of the equation (1) illustrates effective standing out of pulse signals from the signal-
high intensive noise mixture (Fig. 1). The signal-to-noise ratio (SNR) becomes much higher at the output of a SR
filter than at its input.

Filtration in the transmitter and the channel usually leads to distortion of the impulses sequence caused by an
intersymbol interference, therefore, these symbols can't be allocated and detected [6]. The accepting filter has to
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restore an impulse with the greatest possible SNR and without intersymbol interference. Such filter is the matched
filter (MF) which is widely used in digital communication [7].

The comparative analysis of the output SNR of MF and CR are shown in Fig.2 at various pulse duration. It is
evidently visible, that SR filter provides higher value of the output SNR in comparison with MF.
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Fig. 1. Dependence of a useful digital signal (green line), additive  Fig. 2. SNR dependence the SF (red line-duration rectangular

rflixture of a signa! and noise (b.lack line), a signal at the exit (red pulse T =5s ; green- T =6s ) and the MF (black line -
line). Pulses duration — 6 s, the input SNR =10 (on power).
T =5s ) on an input noise dispersion

It is shown that it is possible to efficiently extract a digital signal from an additive mixture with Gaussian noise
of high intensity. Increase of signal separation efficiency at high frequency it is possible to achieve frequency
displacement to other area. In [8] the justification is given for transposing the frequency characteristics of the filter
to any frequency range. This allows you to get rid of the constraint that is superimposed on the stasis filter as solely
on a low-pass filter [4]

It is shown that stochastic filtration is accompanied by nonlinear distortions of the input signal.

Use of effect of SR to rectangular pulses showed advantage in comparison with the MF which is widely applied
in digital communication. The stochastic resonance effect provides more efficient separation of the digital signal
from the additive mixture with Gaussian noise it is shown also.
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AOCHIKEHHA EOEKTUBHOCTI 3ACTOCYBAHHA MPUHMAJIBHAX
AHTEH JJIs1 TPUAMOMY CIIEHIAJIBHOI IHOOPMAIII BIJI KA THUITY CUBSAT B
X-ITAITA3OHI

Anomauia.y 0onogioi npogedeno amaniz xocmiunux anapamie (KA) oucmanyiiinozo sondyeanna 3emni ([33) muny
CUBSAT wo0o moociusocmeil cucmem nepedasaibHo2o obaaonants yinboeoi ingopmayii. Ilposedeno oyinky egexmusrnocmi
3aCmoCcy8ants NPUILMATLHUX aHmen 3 pisHumu diamempamu pegnexmopa. [ocriodceno enaus muny 60pmogoi nepedasanrbHol
AHMeHU Ha MIHIMATbHE Kymu Micysi nputiomy yinboeoi ingpopmayii.

Kniwwuoei cnoea: xocmiunuii anapam, CUBESAT, oucmanyiiine 3ondysanns 3emni, bopmoguii nepedasay, nputiManoha
CManyis, MIHIMATbHI Kymu Micys nputiomy iHgopmayii.
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Annotation. The article is the radio links of the target information of the space remote sensing systems (Earth remote
sensing) from spacecraft of the CUBESAT type. The aim is to study the effectiveness of receiving antennas of different diameters,
namely, changing the information receiving zone. The goal: to develop a mathematical for determining the minimum reception
angles of the target information, taking into account the directional pattern and the flaps of the maximum of the diagram from
the direction to the receiving station. Determine the minimum angles of the receiving location of the target information with a
given error probability per bit of information (<10-7) under the condition of different types of on-board transmitting antennas
and receive antennas of different diameters. The methods used are: synthesis, mathematical modeling and graphical analysis of
the results obtained. The following results are obtained. When using a transmitting helical antenna, the minimum reception
angles with a given error probability per bit of information <10-7 are less by 100 than using a patch antenna. But the value of
signal to noise ratio (S/N) when using a helical antenna is dominated by a patch antenna at elevation angles greater than 640,
subject to rotation in the direction of the receiving station. When using reflectors with a diameter of 5 m, it is possible to receive
information with a specified error probability only for elevation angles greater than 23.50. Thus, the use of reflectors with a
diameter of 12 m will significantly increase the possibilities for surveying the Earth's surface due to a longer session of receiving
special information. Analysis of the technical characteristics of modern on-board components of spacecraft like CUBESAT has
demonstrated the promise of using such spacecraft for environmental monitoring. The study of the CUBESAT satellite radio link
was carried out taking into account the directional pattern of the on-board transmitting antenna of the target radio link, using a
mathematical model created by the author. Using a patch antenna in comparison with a helix antenna makes it possible to extend
the information receiving area with specified quality indicators by 100 by the elevation angle.

Keywords: spacecraft, CUBESAT, remote sensing of the Earth, onboard transmitter, receiving station, minimum angles
of the information receiving area.

CydJacHi TeHJEHIIIT pO3BUTKY KOCMIYHHMX CHUCTEM CIIpsSIMOBaHi Ha 3MeHmeHHs Macu KA. 3rimHo 3BiTiB NASA
[1,2], onepaTopu KOCMIYHHX CHCTEM 3aliKaBJIEHI B eKCIUTyaTalil Hu3bkoopOitansHux KA 3 Macoro menmoro 180 kr.
[Ipu npoMmy, sIK TIOKa3ye IOCBiJ OCTaHHIX POKIB, HAHOUIbIIA 3aliKaBICHICTh Y KOMEPIIHHIX ONEepaTopiB KOCMIYHUX
cucreM € y BukopuctanHi KA, ctBopenux 3a rexHonoriero CUBSAT. [e moB’s13aHO 3 HU3HKOK BapTICTIO PO3POOKH,
CTBOpEHHS, 3aIlyCKy Ta ekcruryatanii Takux KA. Mana maca KA CUBSAT (10-12) xr crioHyKae 10 BUKOPHCTaHHS
paniofiHiii 3 MEHIIOI MOTYKHICTIO OOPTOBOTO TEpeaaBaya NMpU BHCOKIM MIBUAKOCTI nepepadi nanux (monaxa 200
M6it/c) Ta itmoBipHOCTI MOXHOKY MpuitHsTOl iHpopManii Pour=10".

ToMmy IOUUTEHUM € JOCHTIDKEHHS €()EeKTHMBHOCTI BHUKOPUCTAHHS MPUAMAIBLHUX aHTCH 3 PI3HUM JiaMeTpOM
pedaexTopa (5 -12) M 3 METOIO OIIHKK MiHIMadbHUX KYTiB MicCIsl TipuiioMy iH(opMarlii 3 WMOBIpHICTIO TTOXUOKH
Pow<10". BaxiusuM (akTOpOM U OIIHKH MiHIMAIBHHX KyTiB Micis mpuitoMy indopmarii € Bux miarpamm
CIIPSIMOBAHOCTI TIepeaBaIbHOI OOPTOBOI aHTeHU (PpopMa, MaKCUMATBHIHA KoedIIieHT miCHIeHHs To1o). Jliarpama
CIPSIMOBAHOCTI OOPTOBOI MEepeIaBaTbHOI aHTCHH Ma€ BIUIMB Ha MiHIMaJbHI KyTH MICII MpHioMYy iHpopMarii Bix
KOCMIYHOI CHCTEMH, BiJIIIOBITHO BILUTUBAE HA KUIBKICTh OTPUMAHOI iHpopmanii Big KA.

TakoXk aKTyaJbHUM € JOCTIJUKEHHS €(EeKTUBHOCTI BHUKOPHCTAHHS HA3eMHUX AHTCHHUX CHCTEM 3 PI3HUM
niameTpoM pedaexropa s npuiiomy minboBoi iHGopmanii Bin KA PLANET LAB npu pisHuX MOmymsmisx ta
MIBUAKOCTAX TNepenadi naHWX. IIpym IIbOMYy BpaxoBYETBHCS IiarpaMa CIPSIMOBAaHOCTI IeperaBajbHOI OOpTOBOT
aHTeHH. 32 OCHOBY JIOCIII/PKEHb B3STI TEXHIYHI XapaKTEPUCTHKH IiepenaBauiB X — Jiana3oHy siki crBopeni miss KA
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turty CUBESAT mnpu ymoBi Bukopuctanus cranaapty DVB — S2 [3] Ta TexHi4HI XapaKTepHUCTUKH MPUIMaNIbHUX
CTaHIIN.

32013 poky Ha op6ity BuBeneno monan 200 KA /133 tuny CUBESAT, GinbIricTs 3 SKUX € KOMEpPIiHHUMUA. Y
OIepaTopiB KOCMIYHMX CHCTEM BHHHKIA cepiio3Ha mpobiiemMa LIoA0 3AiHCHEHHS npuiiomy iHpopManii 3 nnx KA,
NPUYUHOIO SIKOi € BIJICYTHICTH HEOOXIJHOI KUIBKOCTI HazeMHUX mNpuiiManbHux craHuid [1]. 3okpema B [1,7]
BKa3aHo, II0 IS SIKICHOTO IpuiioMy iH(opManii HeoOXinHi cTaHwil 3 AiamMeTpoM pediekropa He MeHIIe 5 M. Ale
IiKaBUM € ()akT, IO BiJICYTHI TEOPETUYHI JOCITiPKEHHS 100 MOXKJIMBOCTI BUKOPUCTAHHS NMPUHMAaTbHUX aHTEH 3
OLTbIUM miaMeTpoM Ta e(DEeKTHBHOCTI BHKOPUCTAHHS iX. IS WX MOCITIKEHh HEOOXimHI 3HAHHS TEXHIYHHUX
XapaKTepUCTUK OOPTOBOTO IMepenaBaabHOr0 oONagHaHHi. Bimomo, mo ¢panmy3bka kommanis SYRLINKS [1]
po3pobmiia Ta cTBOpHMIIA Psif MepeaaBadiB U MBUAKICHOI Tepenadi JaHuX B X — Aiara3oHi I MiKpOCOIYTHHKIB
ta HaHocynyTHUKIB. [TepenaBad KA PLANETLAB mae xapakTepuCTHKH, SKi HaBeaeHi y Tadm. 1 [3].

Tabiuusa.1 XapakrepucTuku 00pTOBOro nepeaapaya X - gianazony

HazsBa xapaxkTepucTuku Bennuuna
[otyxHicTh NepenaBaya, Bt 2

Heciiina wactora, MI'1 8133;8200;
MaxkcumanbHa NIMPUHA CHEKTPY curHany, MI'g 66,84
CraHmapt nepenadi JaHUX DVB-S2

AHai3 TeXHIYHUX XapaKTePUCTHK CydacHHX OopToBuX ckianoBux eneMeHTiB KA tunmy CUBESAT moxkasas
MEPCIIEKTUBHICTh BUKOPUCTAHHS TakuxX KA U1 MOHITOPHUHTY HaBKOJUITHROTO cepenoBua [3].

Jnsa mepenaui iHpopmarii BUKOprCcTOByeThes cTanaapt DVB — S2 [4]. Po3paxoBaHi 3a1eKXHOCTI CUTHAM\IITYM
Bix KyTa Micist KA 1mpu pi3HUX THUIax aHTEH.

Jocnimxenns pagioninii KA CUBESAT npoBoxwiucs 3 BpaXyBaHHSM JiarpaMu CHPSIMOBAHOCTI OOpPTOBOI
nepenaBajIbHOI aHTEHH IITLOBOT PaIioIIiHIT 32 JOITIOMOT0I0 MaTeMaTHYHOT MOJIEIi CTBOPEHOI aBTOPaMH.

BukopucranHs maT4-aHTEHHW TOPIBHSHO 31 CHIPaJbHOIO AHTEHOIO JO3BOJISE PO3MIMPUTH 30HY IMpUHOMY
inpopmanii 3 3agamumm mokasuukamu skocti Ha 10 mo kyTy micus. ITopiBHSHHS NpPUIMANBHHX CTaHIH 3
JliaMeTpoM aHTeHH 5 M Ta 12 M BKa3ye Ha NEpPCINEKTUBHICTh BUKOPUCTAHHS peduIeKTOpiB 3 miamerpom 12 M, ski
HaXOIATBCS HA BITYM3HSAHIA TEpUTOPii Ta EKCIUTyaTyIOTBCS YCTaHOBaMHU Jlep)KaBHOTO KOCMIYHOTO areHTCTBa
Ykpainu.

BuxopucTanHs Ha3eMHHUX aHTEH 3 AiaMeTpoM pediekropa 12 M 103BOJIUTH 3AIHCHIOBATH IPHIHOM CTIEIiaIbHOT
iHpopMamii mpu MiHIMAJIBHUX KyTaxX MIiCIA 12° npu YMOBaX B3STHX J0 PO3paxyHKiB (BHCOTa OpOiTH, MOTYXHICTh
0OpTOBOTO TIEpeaBaya, MBUAKICTh Mepeaadi JaHHX ).
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EJEKTPOTEXHOJIOI'TI 3HE3APAKEHHSA 3AXUIIEHOT'O TPYHTY

AHoTania. Po3rnsHyTO METOIHM 3HE3apakeHHS 3aXWIIeHOTo TpyHTy. I[lokazaHa MOXKJIMBICTh
3aCTOCYBaHHS €JIEKTPOTEPMidHOI 0OpPOOKHM 3aXHINEHOT0 IPYHTY, OCOOJMBOCTI i mepeBarn JaHOTO METOXY
00po0OKH.

Katouosi ciioBa: ¢diTonarorenu, 3He3apakeHHs IPYHTY, €IEKTPOIHE 3HE3apaskeHHs, CTEPHUIII3aTop TPYHTY.

V.O. Strizh, M.S. Pryhodko, O.V. Ryasna
Sumy National Agrarian University, Sumy, Ukraine
energeticus@gmail.com

ELECTROTECHNOLOGIES OF PROTECTED SOIL UNCERTAINTY

Annotation. Plant disease - is a violation of the normal structure and metabolism of cells, organs and an entire plant
under the influence of phytopathogens. Phytopathogen, penetrating into plants, violates the normal process of life, which
dramatically reduces yields or impairs the quality of products. The yield due to the disease may decrease by 40-50%. Soil is the
main source of propagation and living of diseases and plant pests. Therefore, in the construction of cultivated soil protected soil
is replaced in 2-4 years, which requires high costs. The most effective and economically feasible way to control pests and plant
diseases is by thermal decontamination of protected soil. Soil disinfection with electric current is one of the most effective and
economically feasible methods of soil treatment. In this method of decontamination, metal plate electrode placed in the ground,
connected directly to the electrical network. Electric current, passing through the soil, serves not only as a source of thermal
energy, but also a factor in the action of microorganisms and pests in the soil. The time of electrode disinfection of protected soil
is much less and is 60-90 s. In addition, the electrode method of decontamination in comparison with the chemical is
environmentally safe. Soil can be used immediately after decontamination. The process itself is easily controlled and can be
automated. The fatal influence on pests and plant diseases occurs at temperatures below 20-30 ° C from the temperatures of
decontamination due to the action of electric current passing through the soil.

The conducted experiments showed that as a result of electrothermal treatment of soil, the nitrate nitrogen content
increases by 1.5 times, and also increases the content of ammonia nitrogen, which positively affects the growth of plants, on the
basis of which it can be concluded that there is only disinfection and disinsection of the soil, but complex compounds of nutrients
are decomposed into more simple, which ensures their better assimilation. Other soil parameters remain normal or increase
slightly. In almost all experiments, the value of the thermometers was taken 5 minutes after the voltage was removed.

As a conclusion, we can note the following: provides: 1. Electrothermal disinfection of soil is the most economically
feasible method of disinfecting soil; 2. The use of disk electrodes provides the required speed of soil treatment; 3. Remote control
of the installation provides safe conditions for its use for workers; 4. Potential possibility of complete automation of the
decontamination process.

Keywords: phytopathogens, disinfection of soil, electrode disinfection, soil sterilizer.

XBopoOa pOCIMHU - 1€ TOPYIICHHS HOPMaJbHOI OymoBH i OOMiHY PEYOBHH KJITHH, OpPraHiB 1 ITijoi
POCIMHYU T BILTUBOM (iTomaroreHoB. ditonaToreH, MPOHUKAIOYN B POCIMHU, TMOPYITYE HOPMATLHUN TIPOIEC
JKUTTEIISUTHHOCTI, IO Pi3KO 3HMKYE BPOXKAHHICTE abo MOTipIIye sIKICTh MpOoAyKiii. BposkalHICTh depe3 XxBopoOy
Moke sumsuThcs Ha 40-50 % [1]. IpyHT € OCHOBHMM CEPENOBUINEM PO3MHOXKEHHS 1 MEIIKAHHS XBOPOO i
IIKITHUKIB pOciHH. TOMY B CIIOPYJKEHHSIX KYJIbTHBALIN 3aXUIIEHOTO IPYHTY 3aMIHIOIOTH IPYHT uepe3 2-4 poky,
0 BUMarae BEJIMKUX BHUTpaT. [Ipu CHIIbHOMY 3apa)KeHHI I'PYHT JOBOIUTHCS MIHATH MIOpidyHO. ExoHOMIuHI
PO3paxyHKH MMOKa3yIOTh, II0 YacTO OyBa€ MOUIIbHIINIE 3MIHCHIOBATH MEPCHECEHHS TCIUIUI[ HAa HOBE MICIE, YUM
IIOPIYHO MIHATH B HiH IpyHT. HaiiGinbm egexTuBHUI cnoci® 60poThOM 3 IMIKITHUKaMU 1 XBOPOOaMHU POCINH
MOJIATae B TEPMIYHOMY 3HE3apaXKeHHI 3axuieHoro rpyury [2], [5], [6], [7], [8].

3He3apakeHHS TPYHTY BinOyBaeTbcs OararbMa MeTOJaMH i OIWH 3 HalHeEeKTHBHIMMX - 3a
JIOTIOMOT 010 €JIEKTPUIHOT0 CTPpyMYy. BiH BiZIpi3HAETHCSA MOPIBHAHO BHCOKOIO €(PEKTHBHICTIO i €KOHOMITHOIO
nonubHBCTIO. [Ipr mhbomy cmoco6i 3He3apakeHHS MeETalleBi IUTACTUHYATI €IeKTPOIH, MOMIIIeHI B TPYHT,
MiIKJII09aloTh 0e3MmocepeHbo 0 eIEKTPUYHOI Mepexy. ENeKTpudHHMil CTpyM, NMPOXOASYH dUepe3 IPYHT,
CITy’)KUTh HE JIMIIE JHKEPEJIOM TEIJIOBOI €Heprii, aje i YMHHUKOM Jii Ha MIKpOOpPTraHi3MH i MIKiAHUKIB, IO
3HaXOAATHCS B I'PYHTI. Hac eIeKTpoJHOro 3He3apakeHHs 3aXHUIIEHOT0 I'PYHTY 3HA4HO MeHIe i ckiagae 60-90
c. Kpim Toro, enexkrpoauuit cnoci6 3He3apakeHHs B MOPIBHAHHI 3 XiMiYHUM eKoJOTiuHO Ge3neynuil. [pyHT
MO’KHa BUKOPHUCTOBYBATH Biipa3y X Mmiciisl 3He3apakeHHs. CaM Ipomec JEerKo KOHTPOIIOETHCS 1 Moxe OyTH
aBTOMaTH30BaHUi. JleTanpbHUI BIUIMB Ha IIKIJIHMKIB 1 XBOPOOM POCIMH BifOyBa€ThCs NpU TeMIEparypax,
meHmmx Ha 20-30 °C Bixm TemmepaTyp 3HE3apakeHHS 3aBISKHM il HAa HHUX EJICKTPUYHOrO CTPyMy, IO
MPOXOJIUTH Yepe3 IPYHT.

[IpoBeneni nocminm [4] mmoOKa3anu pe3yNbTaTH BIUIMB EJIEKTPOTEPMIYHOI OOpOOKHM TPYHTY B
pe3yJIbTaTi 4OTO BMICT HITPATHOTO a30Ty 301IbIIYETHCS B 1,5 pa3y, TaKOXK 3pOCTAE BMICT aMOHIHHOTO a30Ty,
10 TTO3UTHUBHO BIUIMBA€E HA PICT POCHHH. [HIIN eXeMEeHTH TPYHTY 3aJUIIAIOTHCS B HOpMi a00 301TbIIyIOTHCS
He3HauyHo. Maiixke B yciX Iocliiax 3HAaYeHHS TEPMOMETpPiB Opanncs depe3 5 XBHJIMH MiCI 3HATTS HaIpPYTH.
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YcraHOBKa JUISL JIGKTPOAHOTO 3HE3apPaXEHHS IPYHTY SIBJISE COOOI0 EJIEKTPOAM 3 JIMCTOBOI cTaji 3
pO3TalIOBaHUMHU OJIMH BijJ OJHOTO HA NeBHiH BiacTaHi. ' pyHT 3Bonoxyerbes 10 30 % BOJIOTOCTI, Micis 4Oro
3aBaHTaXYEThCSI B YCTAaHOBKY 1 Ha 3JIEKTPOAM TNojaeThcsi Hampyra 220 B mpommciioBoi wacroru [3].
EnexTponHe 3He3apakeHHS I'PYHTY B LIl yCTaHOBII HE 3HAWIUIO LIMPOKOTO 3aCTOCYBaHHS Yepe3 BEIHUKY
TPYIOEMHICTh, KA MOJATAE B TOMY, IO I'PYHT HEOOXIJHO JICTaBATH 3 TCIUIMIl, TPAHCIIOPTYBATH IO MIiCIlA
3He3apakKeHHs 1 3HOBY 3aBO3HMTH B TeIUIHIIO. KpiM TOro, icHye pu3MK MOBTOPHOTO 3apakeHHS IPYHTY. Takox
Oyma cTBOpeHa OJHA 3 HAWOINBII BAATUX MOOITBHHX YCTAaHOBOK JUISI €IEKTPOTEPMIYHOTO 3HE3apaKeHHS
IpyHTY [4]. JIMCKOBi emekTpoau 1€l yCTaHOBKM BUKOHaHI 3 HEp)KaBilodyoi cTaji 1 i30J1bOBaHi Bij Baty
IBOJSIIIIMHUME BTYJIKaMH, B 130JBIIIHHIA TUTUTI 3poOJieH] mpopi3u Uisl yCTAaHOBKH eleKTponiB. Pobora i€l
YCTaHOBKHM IIOJISITA€ y HACTYNHOMY. 3a JABa AHI OO0 OOpOoOKM IPYyHT 3BONOXYIOTh A0 40 % Bojorocti i
MEePeBIpSAIOTh TOTOBHICTH CTepuiizaTopa A0 pPoOOTH. BKIOYEHHSIM €IEKTPONPHUBOAY CTBOPIOETHCS
o0epTaJIbHUN PyX EJIEeKTPOAiB, SIKI 3aHYpIOIOThCS B I'pyHT. OJHOYACHO BiIKPHMBA€ETHCA KpaH, i BoJa 4depes
PpO3MOAITEHUN KOJIEKTOP CTIKA€ BEIMKUMH KPAIUIIMH 110 MOBEPXHI €JIEKTPOAIB, 3a0€3MeUyI0Yr KOHTAKT MiX
enekTpoaamu 1 rpyHToM. Ilicns 3armuOieHHsT eJIeKTpOiB Ha HHUX NMOJA€Thecsl Hampyra. Yac oOpoOku IpyHTY
3aJIeXXUTh BiJl HOoro cTpykTypu 1 Bojorocti. IIpu HarpiBi rpyHty no temmneparypu 80 °C BMHKaeTbcs
CJIEKTPONPHBIA 1 cTepuiizaTop mepemimaeTbcs Ha HOBe Micie oO0poOku. [loTiM mpolec MOBTOPIOETHCS.
JKuBieHHs1 eJIeKTpOAiB 3MIHCHIOETHCS TPU MO IOTY)KHOCTI CTPYMO3EMHOTO NPUCTPOIO, L0 BKIIOYae Habip
CTPYMO3EMHHEX KiJISIb i IIITKOTpUMAYiB. YTIPaBIiHHS 30iHCHIOETHCS TyMOJIepaMu, BCTAHOBICHUMHU Ha KOPITyCi
cTepuitizatopa. Y CTaHOBKA JO3BOJISE 3HE3apaKyBaTH IPYyHT Oe3nocepenuro B et [2], [5], [6], [7], [8].

BucHoBkHM. YcTaHOBKa €JIEKTPOTEPMIYHOTO 3He3apakKeHHA TpyHTy 3abesmeuye: 1. Habimpm
€KOHOMIYHO JOIIJFHUN METOJ 3He3apaKeHHS TPYHTY; 2. BHUKOpUCTaHHS AMUCKOBUX EJEKTPOJIB 3abe3reduye
HEOOXIJIHY IIBHIAKICTH O00OpoOKHM TpyHTYy; 3. JlucTaHIliiHE KepyBaHHS yCTAaHOBKOIO 3abe3meuye Oe3nedHi
yMoBH ii BHUKOpHUCTaHHS aisg poOiTHUKIB; 4. IloTeHIiiHY MOXXJIHMBICTH ITOBHOI aBTOMAaTH3aIii Iporecy
3HEe3apa’keHHSI.
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HU3bKO-ITPO®IJIBHA HITPOKOCMYT'OBA IUCK-KIJIBIHEBA AHTEHA

Anomayis:[IpedcmaeaeHi monos02is ma onucaHi OCHO8HI xapakmepucmuku WUPOKOCMY20801 HU3bKO-NpoPiabHOT
duck-Kinbyeeoi aHmeHu, ompuMaHi Ha 0CHOB8I kKomn’romepHo20 Modeato8aHHs. OCHOBHUMU 0COBAUBOCMAMU AHMeHU € iT
wupokocmyeosi eaacmusocmi (2.2...6 I'Ty), sk no exioHomy imnedaHcy, mak i no xapakmepucmukam cCnpsamo8aHocmi
(koedpiyienmy cnpsimosaHoi 0ii ma Jdiazpami cnpsimoeaHocmi). Kpim mozo awmeHa mae 8i0HOCHO maal po3mipu ma
docmamHbo npocma y peanizayii.

Katouosi cnoea:UWB, aHmeHu, HU3bko-npo@iabHi aHmeHu, aHmeHHe Mo0es18AHHS

SIDENS.V., FOKINR.A.
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BROADBAND LOW-PROFILE DISC-RING ANTENNA

Annotation:The development of modern wireless technologies leads to the need for the development of antennas
that have broadband properties, both in terms of input impedance and directional characteristics(directivity, directional
pattern). In addition, the antenna should be small in size and weight, and also be easy to manufacture. The topology of a low-
profile broadband antenna consisting of a thin ring in the inner region of which, in the plane of the middle section of which, a
disk 1 mm thick is disposed. All elements of the antenna are made of a good conductive material. The antenna is powered in
the region of the minimum distance between the ring and the disk by a coaxial line. The presented results are obtained by
calculating electrodynamic parameters based on the computer simulation in the environment of the FEKO software complex.
The principle of the calculation module is based on solving the diffraction problem by the method of moments. The problem of
determining the amplitude-phase distribution of surface currents on antenna elements is reduced to solving a system of
linear algebraic equations. On this basis, the amplitude distribution of fields in the far field and the directivity coefficient
were calculated, and the frequency dependences of the input impedance and the modulus of the reflection coefficient at the
antenna input were determined. As shown by the results of numerical analysis and experiment - this antenna has wideband
properties both in terms of input impedance and directional pattern. For the investigated modifications, the operating range
lies in the range from 2.2 to 6 GHz. One of the main features and advantages of this antenna is the possibility of its
optimization when coordinated with the supply line by changing the width of the ring and / or the distance between it and
the disc. It should also be noted the simplicity in the manufacture of antennas and relatively small dimensions.

Keywords: UWB, antennas, low-profile antennas, antenna modelling

OpHi€0 3 OCHOBHUX TEHAEHIII PO3BHUTKY CYYacHHX O€3IpOTOBHX 3ac00iB 3B'SI3KY € MiIBUIIEHHS SKOCTI
MOCITYT, [0 HAJAIOTHCSA, a CaMe 3pPOCTaHHA IMIBUAKOCTI 1 oOcsriB mepenadi nanux. OKpeMO BapTO BUAUTUTH
TexHoJorito Oe3nporoBoro 3B's3ky UWB, sika 103BoNIsse HAa MaluxX BIiACTAHSAX NPU HHU3BKUX BUTpATax EHEpril
nepenaTy CUrHa 31 mBHIKICTIO 10 480 MOiT / ¢ pu BUKOpUCTaHHI cMyrd 4acToT He MeHme 500 MI'm [1].

OO0OB'I3KOBUM €JIEMEHTOM OE3[POTOBOI CHUCTEMH 3B'SI3Ky € aHTCHA, sKa MMOBWHHA BOJOMIITH 3aJaHUMHU
BJIACTUBOCTSAMH B YChOMY poOOOYOMY Jiama3oHi 4YacTOT. 30KpeMa, CTa€ aKTyaJlbHOK 3ajiada CTBOPCHHS
MUPOKOCMYTOBUX aHTEH, IO BOJIOMIIOTH HEOOXiMHUMH BJIACTHBOCTSMH, SK IO BXIJHOMY OIOpY, TaK i
xapaktepuctukam crpsmoBanocti (KH/I, miarpama cripsiMOBaHOCTI.) B IIMPOKOMY Jiarma3oHi 4acToT.

VY TOi1 e "ac, y 6aratbox BUMAIKaX HEOOXiTHO 3a0e3MeYNTH KOMIIAKTHI Ta0apUTH i MPOCTOTypeari3amii
aHTeHW. TOMy CTBOPEHHS TaKUX aHTEH CTAHOBUTH 3HAYHHIA HAYKOBHH 1 MPAKTUIHHN iHTEpEC.

T'eometpist Moaeni. [JocnmimkyBaHa aHTeHA CKJIAJIAETHCS 3 IBOX OCHOBHUX €JIEMEHTIB — TOHKOTO KiJIbIIA 3
JnoOpe INpOBIJHOrO MaTepially INMPHHOIO/Z 1 paniycoM R, y BHYTpIilIHIH 00JacTi fKOro, B IUIOLIMHI HOro
CEPEIHBOI0 NEPETHHY, PO3TAILOBAHUIl AUCK paaiycoM R, . 'eomeTpis MoJieni NpoinocTpoBaHa Ha puc. 1.

Hentp amcka 3MileHWH MOAO IEHTPY, BHACIIIOK YOTrO IIMPHHA IIUTMHH MiX KUTBIIEM 1 JHCKOM €
3MiHHOW. JIWCK 3'eMHaHWI 3 KUIBLEM 1 JDKEPENOM JKUBJICHHSA TOHKHM TPOBIAHUKOM. JKWBJICHHS aHTEHU
30IMCHIOECTHCS B 00J1aCcTi MIHIMAJIBHOT BICTaHI MIXK KIJIBLIEM 1 JUCKOM KOAKCiaJabHOT JIHIEIO.

OcHOBHI TapaMeTpu MOJeli HpeJCTaBlIeHI HIbK4Ye: paiiyc Kinbls: R, =TR,; paaiyc nucka: R, = 1R ;

MiHIMaJbHa MMUPWHA KUTBI /2 ; MiHIMaJbHA IMIMPUHA MIIJTMHA MDK KiJbIIeM 1 JUCKOM d ; TIONEPEYHUH po3Mip
pOBiTHUKA | MM.
OcHOBHI TapaMeTpH MOJeNi MHpelCTaBlIeHI HIDK4Ye: paiiyc KilbIl: R, =TR,; pagiyc nucka: R, = 1R ;

MiHIMaJbHa TIMPUHA KUTBI A ; MiHIMalbHA IIMPUHA IIUIMHA MDK KUTBIIEM 1 JAMCKOM d ; TIOTIEPEYHHHA PO3Mip
MpOBiTHUKA | MM.
JlocmipkeHoneKiIbka KOHCTPYKTUBHUX BapiaHTiB; 3 METOI0 KOPEKTHOTO MOPIBHSAHHS MapaMmeTpiB aHTCHU

NPUHHATO HACTYIIHI 3HAYEHHs OCHOBHHUX napameTpis: R, = 0,254, , 1€ Kmax JIOBXKMHA XBHJII y BITBHOMY IIPOCTOPI,
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sdKa Bifnosigae yacrotri f, =21Tu, h=4,6,8 MmTa d =0,5;1;1,5 Mm.

IIpencraBneHi pe3yabTaTH OTPUMaHI MUITXOM PO3PAXYHKY EICKTPOAMHAMIYHUX ITapaMeTpiB 3a TOTIOMOTOI0
YUCENILHOTO MOJIeToBaHHA. [IpuHIMI poOOTH pO3paxyHKOBOTO MOJYJS 3aCHOBAaHWM Ha BUpIMIEHHI AUQpaKIiitHOl
3aja4l IpH BUKOPHUCTaHHI MeToqy MoMeHTiB. [lpuHumn wmerony
3aCHOBaHMH Ha MOJAHHI KOXHOI 3 TIOBEPXOHb aHTEHHUX CJIEMEHTIB Y
BUIJIAAI TPUKYTHMX CerMeHTiB. lle mae MOXIHMBICTH HpPUBECTH
pilleHHs 3ajadi  BU3HAYEHHS aMIUITYIHO-()a30BOro  po3moiinry
CTPYMIB Ha IOBEPXHSX AHTEHHM JO BUPIMICHHS CHCTEMH JIHIHHHX

Kinbue
~

anreOpaiyHuX piBHAHB [2].B mporeci KOMI'TOTEPHOTO MOJIETIOBAHHS
PO3paxyHKH MPOBOIMIINCS HAa JAUCKPETHHUX YacCTOTaxX B Jiama3oHi Bif
1,5 no 7,5 ITm 3 xkpoxkom 50 MIn. Tlpm gocmimkeHHI
CIEKTPOAMHAMIYHUX  XapaKTePHCTHUK  BHUPINIyBaJoCs  3aBHaHHA
BU3HAYEHHS aMILNTYAHO-(pa30Boro posnoauty (AP®P) mimsHOCTI
CTpyMiB Ha moBepxHi ii enemenriB. J[lami Oynam po3spaxoBaHi: MpoBiaHMK
AMIUTITYJHAA ~ PO3MOJII TOJIB Yy JaNbHIA 30HI 1 Koe(ilieHT £ d
7N
e \
CIPAMOBAHO1 A11. Puc. 1 — I'eomeTpis moaei
PesynbTaTn mocaimkeHHsi. [IIupokocMyroBi BIaCTUBOCTI aHTEH 33 Y3TOPKCHHSIM MPHUIHATO OLIHIOBATH

YaCTOTHOIO 3AJIEKHICTIO MOAYIISI KoeiieHTa BiqOUTTS |S1 l| Ha BXOJ1 aHTEHH.

(1)

OnHi€lo0 3 OCHOBHHMX OCOOJIMBOCTEH 1 IepeBar AOCIIKYBaHOI aHTEHH € MOXJIMBICTH II ONTHMI3alii npu
Y3TOJDKEHHI 3 JIIHIEI0 JKMBJICHHS 32 PaxyHOK 3MiHM IIMPHMHM Kijbls 1 / abo BiacTaHi Bix MK HMM 1 quckoMm. Ilpu
LbOMY, 3MiHa JJaHMX IapaMeTpiB MOJENI He3HayHO BIUIMBA€ Ha ii giarpamy crpsiMoBanocTi 1 Benmuuuny KH/I. B
LIMPOKOMY Jiiana3oHi yactoT (2.2 ... 6 I'T) |S“| Mae 3HaueHHsHWK4Ye -10 nb, mo o3Hauae noOpe y3rojkeHHs 3
niHiero xuBieHHs.CMyra pobounx yacror no KH/I, Bu3HaueHa Ha piBHi -3 nb nexuTs B pianazoni 2...6 I'T.

BucHoBku. Y poOOTi omucaHa TOMOJOTIA 1 OMHCAaHI ENEeKTPOJWHAMIYHI XapaKTEPUCTUKA HHU3BKO-
npodiIbHOT MIUPOKOCMYTOBOI TUCK-KIJBIIEBOI aHTeHHW. SIK TMOKa3aid pe3yiabTaTH YHCEIBHOTO aHami3zy i
EKCIIEPUMEHTY — JlaHa aHTEeHa BOJIOJI€ MTMPOKOCMYTOBUMH BJIACTUBOCTSAMH SIK TI0 BXiTHOMY IMITEJAaHCY, TaK 1 1O
niarpami cupsiMoBaHOCTI. TakoX CI1iJl 3a3HAYNTH MMPOCTOTY y BUTOTOBJICHHI aHTEHH 1 MaJi Maco-TabapuTHI po3MipH.
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PEAJIM3AIIMA METOA0OB I/[CHI)ITAHI/II:/I IJEKTPUYECKHUX/3JIEKTPOHHBIX
CBOPOYHBLIX ¥Y3JI0B HA YCTOUYHUBOCTD K BO3JEUCTBHUIO
AJIEKTPOMATI'HUTHOT' O U3JIYYEHUA

B pa6ome paccmompeHbl pasaudtble Memodbl UCNbIMAHUL 3/1eKMpu4ecKuX/3/1eKMpoHHbIX C60POYHbIX Y3108 HA
ycmoliiuusocms Kk 803delicmeuro 31eKmpomMazHUmMHoz20 usjayverus. [lokasana Heobxodumocms muameabHoO20 nodxoda npu
OYyeHKe coomeemcmeus, 8 YAaCMHOCMU, 8 aHA/U3e KOHCMPYKMUBHbIX 0cobeHHOocmel u3deausi npu evlbope Memoda
ucnbimaHui.

Kawouesvie csao0ea: memod ucnvimaHuil, 3/€KMpPOMAZHUMHOE U3JyYeHue, yCcmolivugocms, 3/4eKMpOHHbILI
c60poUHbIll y3es, mpaHcnopmHoe cpedcmao.
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REALIZATION OF TEST METHODS OF ELECTRICAL/ELECTRONIC ASSEMBLY UNITS FOR
SUSTAINABILITY TO INFLUENCE OF ELECTROMAGNETIC RADIATION

In this work there are considered the different methods of testing electrical / electronic assembly units for
resistance to electromagnetic radiation. The necessity for a careful approach in assessing compliance is shown. In particular,
there is necessary the analysis of the design features of the product for choosing a test method.

The most common approach of electromagnetic field immunity of electronic/electrical sub-assembly (ESA) is to
check the operability of a product when it is irradiated in a shielded chamber.

If ESA has a metallic (shielded) case, it will successfully withstand this type of test.

In this case, its circuit elements and nodes turn out to be screened. The conductive disturbances in the connecting
lines and power wires are created only by that part of the electromagnetic waves which irradiated these conductors. The
energy of electromagnetic interference is "distributed" over the body of the product and its wires and cables.

If connecting lines and / or power circuits are subjected to testing for electrical disturbances from narrowband
radiated electromagnetic energy, the result may be different from testing of electromagnetic radiation inside the shielded
chamber.

One of the reasons for this difference in test results is that when injecting a volumetric current, the main effect of
electromagnetic interference is applied to the input / output ports of the product. The stability of the ESA in this case is
determined not by the screening of the product as a whole, but by the implementation of its protective circuits at the inputs
and outputs.

So, when choosing the test method of ESA immunity, their design features should be given taking into account.

Key words: test method, electromagnetic radiation, stability, electronic assembly unit, vehicle.

Beenenue

CoBpeMeHHbIE MAIIMHBI W MEXAaHW3MBI, BKIIOYas TPAHCIIOPTHBIE CPEICTBA, B HACTOSIIEE BpeMs
OCHAIIAIOTCS Pa3HOOOPA3HBIMU JJIEKTPUICCKUMIE/3IEKTPOHHBIME cO0podHbIME y3namu (DCY), mpuMeHseMble s
yHpaBiIeHUs, KOHTPOJIS U 0ToOpakeHus: nHpopMmanuu. [Ipu 3ToM B mponecce (GyHKIMOHUPOBAHUS JAHHBIX MAIIWH
M MEXaHU3MOB, a TaKKe WX OTICIHHBIX y3JIOB M arperaToB, BOZHUKAIOT PA3HOTO POZa dJIEKTPOMAarHUTHBIE TOMEXH,
OKa3bIBAIONIHNE BIUSIHAE HA HOPMaIbHYIO paboty DCY.

TakuMm o00pa3oM, BO3HHMKAET akTyajbHas 3amada obOecmeueHus yctoddmBoctd DCY K BO3ACHCTBHIO
JJIEKTPOMATHUTHOTO U3JIyYCHHUs, C OJHOH CTOPOHBI, M KA4eCTBCHHOW mpoBepku (ucmbitanumit) ICY Ha
YCTOWYUBOCTH K TaHHOMY BUIY BO3ICHCTBHSA, C APYTOH CTOPOHHI.

IToxg «ycroitunBocthio DCY K BO3ACUCTBUIO DJIEKTPOMATHUTHOTO H3JIY4YEHHs, B YacTHOCTH, B BHIE
JJIEKTPOMArHUTHBIX MOMEX» mozpazymeBaeTcs crnocoOHocTh DCY (QYHKIUMOHUPOBATH 0€3 yXY/IICHUS PadOdInX
XapaKTCPUCTHK TMPH HAIMYHA KOHKPETHBIX 3JICKTPOMATHUTHBIX IOMEX. ODJICKTPOMATHUTHBIC TOMEXH MOTYT
MIPEACTABIATE COOOW AIEKTPOMArHUTHBIM IIyM, HEXKeNaTeNbHBIE PaIioYacTOTHBIE CHTHAIBI PaluoNepeIaTINKOB
WM W3JIydeHHE B COOTBETCTBYIOMICH II0JIOCE HYAaCTOT PabOTHl NMPOMBINUICHHBIX, HAyJHBIX WA METUIMHCKHAX
npubopos [1]. C yaeTom TOTO0, 4TO pedb, B JAHHOM Cllydae, HICT 00 dJIeMEHTaX M OTIENbHBIX TEXHUISCKUX Yy3JIax,
NpeHa3HaYeHHBIX ISl YCTaHOBKH Ha TpaHcnopTHoe cpeactro (TC), To mox OCY noapazymeBaeTcs SIeKTPHUIECKOe
W/WIIA 3JIEKTPOHHOE YCTPOWCTBO WM KOMIUIEKT YCTPOWCTB, KOTOPBIE JOJDKHBI COCTaBIATH, BMECTE C JIFOOBIMH
COOTBETCTBYIOIIMH 3JICKTPUICCKAMHI COCAMHEHMSMH W 3JEKTPONPOoBOAKOH, dacTh TC M KOTOpBIC BBIMOIHSIOT
OJTHO WJIM HECKOJIBKO CIICIMABHBIX QYHKIMH [1].

AxTtyanbHOCTh 3a7aun ucneitTanuit OCY, ycranapnuBaeMoM Ha TC, 3akiitoyaeTcsi B MOATBEPKICHUU:

— TpeboBaHuil B OTHOIIEHUH YcTOHYMBOCTH DCVY K M3ITy4yaeMbIM U HaBEJICHHBIM IIOMEXaM, HapyIIarIUM
(hyHKIMY, CBS3aHHBIC C HEMOCPEACTBCHHBIM ympaBieHueM TC, ¢ 3amuToOd BOAWTENS, MACCAXKHUPOB H JIPYTHUX
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YYaCTHMKOB JOPOKHOIO JIBMXEHUS M C NOMEXaMM, KOTOpPbIE MOTYT IE30pPUEHTHPOBATH BOJAUTEIS WIM APYTHX
Y4aCTHHUKOB JIOPOKHOTO IABIKEHHUS;

— TpeOOBaHMI B OTHOIICHWH IIOJABJICHUS HEXKEJIATEIBbHBIX M3JIy4aeMBbIX W HABEJCHHBIX MOMEX B IEISIX
obecrieueHus 3aMThl npegycMoTpernHol Gpynkunu ICY, ycranosnenHoro Ha nanHoM TC wim TC, Haxonmsmumxcs
psIoM WM ITOOJIM30CTH, W HOJABJICHUS IIOMEX, BBI3BAHHBIX BCIIOMOIATENILHBIM 00OpYJOBAaHHEM, KOTOPOE MOJKET
Ob1Th ycTanoBneHo Ha TC [1].

B obmem caydae, OCY mnoasepraroTcsi HCHBITAaHWAM HAa WH3IydacMble M HAaBOJMMBIC IIOMEXH, Ha
YCTOWYMBOCTh K U3JIy4YaeMbIM M HAaBOJUMBIM IOMeXaM. VIchbITaHUs NpOBOAAT TEXHHYECKHE CITyKOBI,
OTBETCTBCHHBIE W aKKPEIWTOBAaHHBIC IIOA NAHHBI BUA HCHOBITaHUHA. Vcneitanusa Ha ycroiumBocte OCY K
M3Ty9aeMbIM ¥ HAaBOAWMBIM ITOMEXaM ITPOBOASATCS] HA OCHOBAHHH COOTBETCTBYIOIINX METOJ0B [2 — 5].

OcHoBHAafI YaCTh
Haubomee oOmmM moaxonoM mpu mpoBepke ycroiuuBoctd ICY K BO3ACHCTBHIO IJICKTPOMATHUTHOTO
TOJISL SIBIISICTCS TIPOBEPKA PabOTOCTIOCOOHOCTH H3JCTHS HPU €ro OONYyYCHHH B DKPaHUPOBAHHOHN kamepe [2] (cM.
puc. 1).

Puc. 1 — Kondurypanust paéouyero Mmecra npu 06jay4eHud ICY 3JIeKTPOMATHUTHBIM 10JIEM B IKPAHHPOBAHHOI Kamepe

OmnebitT UcnbiTarensHoro nentpa «Omera» — punmana GI'YIT HUUP (nanee — UL «Omeray) nokaseiBaer,
410 B ciydae, ecian DCY uMeeT MeTaJUIMuecKni (IKpaHUPOBaHHBIN) KOPITYC, TO OHO YCIIEIIHO BBIACPKHUT JaHHBIN
BUJI UCITBITAHUM.

Puc. 2 — Kondurypauus padodero mecra npu ucnsitanuu ICY
Ha YCTOIYMBOCTH K BO3/ICHCTBHIO Y3KOMOJIOCHOTO H3TyYeHHSs
3JIEKTPOMATHUTHOI{ 3HEePTHHU ITyTeM HHKeKIMH 00beMHOr0 TOKa
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B »TOM ciyuae ero cXxeMOTEXHHYECKHE 3JEMEHTBHl U Yy37bl OKa3bIBAIOTCS HKPAHUPOBAHHBIMH, a B
COCIMHUTENIFHBIX JIMHUSAX M TPOBOJAX MUTAHUS HABOIATCS KOHAYKTHBHBIC MOMEXH, CO3[aBaeéMble TOJIBKO TOH
YacThIO DJIEKTPOMAarHUTHBIX BOJIH, KOTOPBIMH OHM oOiaydarorcs. Ilo cyTu, sHeprus 3JIeKTPOMAarHUTHBIX MOMEX
«pacupesieNsieTcs» M0 KOPITyCy U3AEIHs U €ro MpoBoiaM U Kabelsim.

OnHako, eciii, HalpuMep, UCIBITAHUIO ITOJIBEPTHYThH TOJIBKO COSTUHNUTEIIbHbIC JINHUN W/IH LETTH TUTaHUs
OCY cormacHo Mertomuke [5] (cM. puc.2), TO pe3ynbTaT MOXKET OBITh OTIIMYHBIM OT HCIBITaHUI BO3IEHCTBHIO
3JIEKTPOMAarHUTHOTO M3ITy9IEHHs BHYTPH S3KPaHUPOBAHHOM KaMephl BIUIOTH 10 OTKa3a U3AEIHS.

OpHOM W3 TPUYMH TaKOTO Pa3Nu4Yusl B PE3ylIbTaTaX HCHBITAHWN SBISAETCS TO, YTO IPH HHXKEKINUU
00BEMHOTO TOKAa OCHOBHOE BO3JICHCTBHE 3JICKTPOMATHUTHBIX IOMEX IIOJACTCS HAa BXOAHBIC/BBIXOTHBIE ITOPTHI
m3penus. YcroituuBocts OCY B JaHHOM Cllydae ONpPEIEISIETCSl YK€ HE SKPaHMPOBAHHEM W3ACIHSA B LIEJIOM, a
peanu3anyeil 3alUTHBIX LETeil ero Ha BXOAaX U BBIXOJaX.

[TosToMy B psine citydaeB, IpH BBIOOpE METOJa UCIBITAHUI coryiacHO [1] ciexyeTr mposBIsTS THOKOCTH C
Y4ETOM KOHCTPYKTUBHBIX ocobeHHocTeit ICY, B 4acTHOCTH BBIOMpast )KECTKHH METOJ UCTIBITaHHUH coryiacHo [2 — 5].

3akJ/iouenue
OmnsiT padotsr ULl «Omera» mo mpoBenaeHuto orieHku cooTBeTcTBUst ICY TpeboBaHusM [1] moka3siBacT,
YTO BBIOOP TOM WM WHOW METOIWKH WCIBITAaHWHA [2 — 5] MOIDKEH MPOBOAMTHCS C YYETOM KOHCTPYKTHBHBIX
0COOEHHOCTEH M3IENHS C IENIBI0 CO3/1aTh HanboJIee JKECTKHIE YCIOBHS AJIS IPOBEICHNS UCTIBITAHUH.
HcnbiTatensHOM Ta00paTOpPHH 1EeNIeCO00pa3HO OCBOMTh MAKCUMAIBHO BO3MOYKHOE YHCIIO METOJOB [2 — 5],
4TOOBI B JaJIbHEHIIIEM TPOBOAUTE 00JIee TIIATEFHYIO OIIEHKY COOTBETCTBHSI.
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UCTIBITAHUN KOMIIOHEHTOB HA YCTOHUMBOCTb K BO3JEHCTBUIO Y3KOIOJOCHOTO HU3Iy4EHHUS JIIEKTPOMArHUTHOM
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UCTIBITAHUN KOMIIOHEHTOB HA YCTOHUMBOCTb K BO3JEHCTBUIO Y3KOMOJOCHOTO HU3Iy4EHHUS JIIEKTPOMArHUTHOU
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ANALYSIS OF METHODS FOR TRANSFORMATION OF PHASE-AMPLITUDE IN DIRECT DIGITAL
FREQUENCY SYNTHESIZERS

The methods of converting counts in samples of the amplitude phase in digital computer synthesizers (DDS) was
proposed. Analysis of various algorithms for this conversion. Considered methods are analyzed in terms of reducing hardware
costs to implement transformation of the required quality. The principles of organization of digital computing frequency
synthesizers - DDS are considered. Namely, the phase-amplitude converter. The main problem of such a converter in a
classical digital computational synthesizer is a large volume of a permanent storage device, which leads to large hardware,
energy costs and, accordingly, leads to an increase in the cost of the final product. The paper analyzes the main methods used
to reduce the amount of ROM in the synthesizer. The alternative methods of frequency synthesis considered, do not use ROM
as the basis of the phase-amplitude converter (the CORDIC method). Mathematical modeling of these methods in the Matlab
system was carried out, the simulation results were analyzed. A table is made that allows to implement the engineering
solution in the process of designing digital computational synthesizers with maximum suppression of side components and
minimal hardware costs. Optimum from this point of view is the architecture of digital calculating synthesizer Nikola.
However, in cases of designing synthesizers for systems with quadrature modulation, it is advisable to use the CORDIC
method. This method is expensive in terms of hardware, and it is advisable to use it only in the case of FPGA chips
(programmable logic integrated circuits). The analysis shows that the architecture of DDS based on the CORDIC method wins
the classical architecture based on ROM in the case of applying a phase word larger for 9-bits or more. Also, the CORDIC
method is effective for quadrature frequency mixing solutions. A conventional quadrature mixer requires 4 multipliers, two
adders and a sine / cosine memory in addition to the DDS synthesizer itself. And in the CORDIC method, the same result is
achieved with the use of 4 multipliers, two adders and a ROM without the use of a DDS reference synthesizer.

Keywords: ADC, DAC, digital computing synthesizer, direct frequency synthesizer (DDS).

[IpoananizoBaHO METOAM MEPETBOPEHHS BLMIIKIB (a3u y BiUTIKM aMIDNTYAH, SKi Hagxomath a0 LIATL a
nani y ¢insTp. Ha mpakruni cxema ¢pa3oBoro akymyssropa HE MOKe BUKOHATH 0arato OiTHe JOAaBaHHS 32 OIWH
TaKTOBHH II€pioJl, Yepe3 SIBHIIE 3aTPUMKHU INepeHocy y cymaropi. s BupimeHHs 1i€i mpobieMn 3acTOCOBYIOTh
pI3HOMaHITHI METOJM, SIKi JOKJIaJHO IpoaHaiizoBaHi y crarti [1]. Ilpore cnekrpanbpHa YHMCTOTa THIIOBOTO
dposoro oduncoBansHOro cuHrezatopa (DDS) Takok BU3HAYAE€THCSI PO3PAIHICTIO 3HAUEHD, 1110 30€piraroThCs
B TIOCTIHHOMY 3araMm’sITOBYIOUOMY TPHUCTPOIO BiTIKiB QYyHKII cuHyc. TakuM 4YMHOM OakaHUM € 3pPOCTaHHS
po3pizHIOBaNbHOI 3maTHOCTI TadymnpoBaHoi ¢yHkmii y II3I1. IIpore Takmii mimxin HPU3BOAWTEH IO 3POCTAHHS
EHEProCIIOKMBaHHS, 3MEHIIeHHIO ImBHUAKOCTI BuOipku 3 II3[1 Ta mM0 3HAYHOrO 3pOCTaHHS BApPTOCTI BHPOOY.
3aBHaHHAM JOCTIPKEHHS € aHaJli3 ICHYIOYMX Ha ChOTOIHINIHIA JeHh METOAIB 3MeHIIeHHs 00’ emy I1311.

Hatinpocrimum MetonoMm 3meHmeHHss 06’emy 1311 € 36epiranus numie 72'/ 2 pagian QyHkuii cunyc Ta

(GopMyBaHHs BiTiKiB yHKIIT 10 277 HLISXOM BUKOPUCTaHHS CUMETpil (QyHKuii. KpiM TOro BUKOPHCTOBYIOTHCS
HacTyIHI Metoau 3MeHmeHHs 00’emy 1311 : Anpokcumartis psaamu Tetinopa, CORDIC anropurm, metoa Hikona
ta iH. Metog CORDIC we BuxopucroBye I3[l must 30epiraHHs 3HaYeHb CHHYCa, a BHKOPHCTOBYE iTE€paTHUBHI
obuncmoBanbHi MeToad. [lnaToro 3a BUKOpUCTAaHHA AUQEPEHLIHNX METOAIB € 3POCTaHHS CKJIAJHOCTI CXEeMO-
TEXHIYHHX PillIeHb Ta 301JbLICHHS PIBHIB CIIOTBOPEHb CHHTE30BaHUX CHI'HAJIB.
Po3rsHyTO BHNamOK i3 30epiraHHsaM Y4 3HaueHb IOBHOTO Nepioy. 3MEHIIEHHS! HE00X1JHOTO
o0csry mam’aTi 1uist 30epiraHHs YBepTi Mepioy CHHYCOInanbHOI (DYHKIIT JocsTaeThes 30epiraHusim 1
B 1311 BimnikiB ¢pynkmii [1,2]:

7(P)= sin(”f) _P,

_ . TP ,
3aMicTh QPYHKIIIT Sm(j) . Ile MO>XIIMBO uepe3 Te L0 BUKOHYETHCS 3aIEKHICTh:

max sin(”;)—P ~ (.21 max sin(zP) ,
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1 TaKMM YMHOM MO>KHA 30epertd 2 OiTH aMIUNTyIu y MOCTIHHOMY 3amam’siToBytouoMy mpuctpoi. [Tnatoro 3a me
3MEHILIEHHS! € HEOOXiIHICTh 3acCTOCYBaHHS MJOJATKOBOIO CyMaropa Ha BHXOAI TaONWI NEpeTBOPEHHS I
MPOBEICHHS OTIeparlii:

[ sin(”zp)—P J+P.

O6csr TI3IT moxe GyTn 3MeHIIeHuit, y pasi 36epiranns y upomy byukuii sin(7zP/2) — P, ne r - Ginbie
Hik 1. Ille omanM MeTomoMm 3MmeHmeHHs HeoOXigHoro o0’emy I13I1 € Cannepnenn apxitektypa. @a3oBe CIOBO
JUIs YBEPTi CHHycOinanbHOT (yHKIii posainsetses Ha P =a-+b+c, 3 po3paaHicTIO 3MIHHMX BiANOBIIHO
a—> Ab— B,c— C [2]

AnprepHaTHBHIM MeTonoM 10 Metoxy Canpepnenn € 36epiranas B II3I1 BiamikiB mo NMEeBHHAM YHHOM
ontuMizoBani. da30Be CIOBO UBEPTI CHHYycOimambHOi (yHKIi mpexctasuMo sk P =a + b+ ¢, ne Bizmosinmi
pospsamrocti @ —> A,b — B,c — C . 3minni a,b anpecyiots «rpy6uii» I1311, a 3MiHHI @,c aapecyioTh «TOUHHI»
I3II [1, 3].

Takok BUKOPHCTOBYIOTh METOJI TeHEpYBaHHS CHHYCOinaNbHOI QyHKI, sIKHii HOCUTHh Ha3By MeTon Hikoma

[2]. Hauuit Mmeton Moske OyTH BHKOPUCTAHHMH ISl pO3MapajeiioBaHHs Mpolecy (OpMyBaHHS CHHYCOIJalbHIO
CHTHAJy, KOJIM, HalpHKJal, ONUH NpsMuid nudpoBuidl oduucimroBanbHuii cunresarop (DDS) npamroe Ha wotupu
6uoku I1311, Biznmiku 3 sikoro BubHpaiotses 3 yacrororo f = f,, /4.

[lle omHWM IiKaBUM METOJIOM IIEPETBOPEHHS (a3a-aMIUTITyla € METOJA alpoKCHMAIlii CHHYCOiTaIbHOT

¢dbynkuii psgamu Tefnopa. Y mpoMmy MeToni ¢a3zoBa ajapeca P mominsgerscs Ha JBi 4aCTUHU BHINY (Ga3oBy agpecy
“u” Ta HIKYY (as3oBy agpecy — “P-u”. Posknanenns y psa Teittopa BUKOHYETHCS BiTHOCHO — U:

. T
- . . k,(P—u)’ sm(z u) )
sin(— P) =sin(—u)+ k,(P—u)cos(—u)— +R,,
2 2 2 2
e kn - o€ KOHCTaHTa, M0 BUKOPHUCTOBYETHCA A KOPETYBAHHIA KOHOI 3 CKJIaIOBHX. HH KOHCTaHTa

HeO6XiZ[Ha qyepe3 1€, mo (ba3a BI/IMipIO€TI)CH Y KYTOBUX OJUHUIIAX. A KoxeH HaCTyHHI/Iﬁ YICH pO3KJIaay:

T
Ny
d" (sin(=r)) P_u) (3)
= ,ne ¥ €lu,P|.
dr n!

3anpornoHOBaHWI MeTOj 3HAYHO 3MeHIIye oOcsr HeoOximHux I13I1, mpoTe yCKIaaHIOETBCS CTPYKTypa
NPUCTPOIO, BHACIHIZOK BUKOPHCTaHHS JOJATKOBUX CyMaropiB Ta IEPEeMHOXyBada, IO B KIHIEBOMY pPe3yJIbTaTi

NPU3BOJUTH 10 3MEHIIEHHSI MaKCUMaJIbHOT CHHTE30BaHOI 4aCTOTH IU(PPOBOT0 00UNCIIIOBAIFHOTO CHHTE3aTOPA.
ANBTEpHaTUBHAM MeETOOM (OpMyBaHHS CHHycoinanpHoro curHany € meroq CORDIC [4], sxuit
BUKOPHCTOBYE TIPOCTI 3CYBH Ta omepauii J0jaBaHHSA BiAHIMaHHS JUIs OOEpTaHHS KOOpPAMHAT BEKTOpY. SIKIIO

nouatkoBi 3Hauenns suoupaoteest sk /) =1 1 Oy =0 roni pasa curnany P, pemroro k —2 6itis  dasosoro

perictpy DDS. Pesynbrar pobotu cunreszaropa merogom CORDIC ommcyeTbes y 1[bOMY BHIIAJIKy HACTYITHOIO
AQHAJTITUYHOIO MOJEIIIIO:

n-1 -
1,=G,cos(4):0, ==G,sin(4):G, = IT/1+ 27, A=P -P, 4)
ne P, - nommika anpokcumarii kyra. Skmo x mnouatkosi mami obpani [, =1/G, i Q,=0, 1a P,

BH3HAYAETHCS pemToo kK — 2 6iTiB (ha3oBOro perictpy, Toxi Biamamae HEOOXiMHICTS y oOmepalii MacTabyBaHHSI
micist CORDIC meperBopenHs, TUB. puc. 1.
Left MeTox € 3aTpaTHUM 3 TOYKH 30pY amaparypu, i € JOMUIBHNAM JIMIIE Y pa3i 3aCTOCYBAaHHS MiKpPOCXEM
TUTIC (ITporpamoBanux Jloriuaux IaTerpansamx Cxem), aHalli3 MOKa3ye, IO apXiTEeKTypa MoOymaoBaHa HA OCHOBI
metomy CORDIC Burpae y kmacudHoi apxitektypw, 1o 3acHoBaHa Ha 1311 y pasi 3acTocyBaHHs (a30BOTO CIIOBa
6impmmoro 3a 9-0it Ta Gimpmre. Takox metox CORDIC € edexTHBHEM AJs pillleHb KBaJAPAaTypHOTO 3MIITyBaHHS
perictp 4acToT. 3BMUaiiHNi KBajpaTypHHUil 3MilyBad noTpeOye 4
[=1 Q.=0 Peniion MepeMHOXKYBaya, [BA CyMaTropa Ta HamM’siTh i3 BiUTiKaMu
CHHYCa/KOCHMHYCa JOAAaTKOBO JO CaMOro CHHTe3aropa
DDS. A y wmeroni CORDIC Ttoii camuii pesymbrar
JIOCATAEThCSI 13 BHKOPHUCTAaHHAM 4-X TEPEMHOXKYBAYiB,

P, k-2 | « nBox cymaropiB i II3I1 0e3 BHKOPHCTaHHS OIIOPHOTO
o B CORDIC " 3 m-1 S
- 3 cunrtezaTopa yactotu DDS.
nepeTeoptoBay & 7 .
g B cepemoumi Matlab 6ymo po3pobieHo Momensb
UG POBOTrO 0OUUCITIOBANIBHOTO crHTe3aTopa DDS, B skoMy

Puc.1.CORDIC meTon popmyBants 4BepTi IOCHigOBHO  Oyno  IpoaHami30BaHO  Pi3HI  MeTomH
nepiony cunycoinaLHoi gpymicuii neperBopeHHs  (asa-ammiuityga. B Taboumumi |
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IPE/ICTABIICHO, SIK 0araTo mam’sarTi Ta JOAATKOBUX KOMIIOHEHTIB HEOOXIHO JUIsS KOXXHOTO THIy CTUCHEHHS Iam’siTi
a0 anroputMy (GOpMyBaHHS CHHYCOINAIBHOTO CUTHAILY, JUIsl JOCSATHEHHS PIBHS MOJaBJICHHS OIYHUX CKIAZ0BUX Y -
851b.

Tabmus 1
IopiBHsiIbHA Ta0IMLS Pi3HUX METOAIB NepeTBOPeHHs (pa3a-aMILIITYAA i3 piBHeM nojaBJieHHd -851b
, .. | Koedimienr I[oaan.con.l TlonaBieHns .
Meton 006’eM nam’aTi HeoOXiTHi JOCSATHYTE y Ipumirka
CTHCHEHHH . .
MiKpocxeMHu Moaei
Hectucnena 14 ) .
Cl)yHKL[iﬂ 2 X 12 oir 1:1 - '97,23 b -
ApXiTeKkTypa 28 %9 Gir I
) ) pocTa
CaH,Z[epHeH,Z[ 28 “ 4 Six 59:1 cymaTop 86,91 b peani3auiﬂ
ApXiTekTypa 8 :
Hikona 2" %9 Gir 59:1 cymaTtop -86,81 nb Hp(.)CTa.
28 x4 6ir peams3aris
Anpokcumaris ;

y . .
patamu 2" x9 6ir 110:1 Cymarop 85,88 1B HeoOxinHicTh
Teitnopa 3 27 %5 6ir HNEepEeMHOXKYBad MepeMHOXKYBada
JIBOMa I0AaMuU
AnroputM 14 xoHBeepHUX Bemika
CORDIC craHiB, 18 0iT —

- - . -84,25 nb 00YHCIIOBaIbLHA
JIOBXKHMHA BHYTPIIIL .
CKJIaJIHICTb
NEPETBOPEHHS

[lomaBneHHs OiYHMX CKIIAOBUX y - 851b He € BH3HAYANBPHUM Yy poOOTI HU(PPOBUX OOUMCIIOBATBHHUX
cuHTe3aTopiB. Uepe3 Te mio el piBeHb JMIIAETHCS 3HAYHO HUKYHMM 32 PiBEHb IIyMiB BHCOKOIIBHIKICHOTO 12-
6iTHOTO U PO-aHATOTOBOTO MEPETBOPIOBAYA.

BucHoBku

Po3risHyTO TpUHIMIIK OpTraHi3amii MHGPOBUX OOYHUCITIOBATLHUX CHHTE3aTOpiB yacToTh — DDS. A came
nepeTBoproBada (aza-amrnriTyga. OCHOBHOIO TPOOJIEMOIO TaKOTO TEPETBOPIOBaYa Yy KIACHYHOMY HH(DPOBOMY
00YHCITIOBAILHOMY CHHTE3aTOPi € BEJIHMKHA 00CAT MOCTIHHOTO 3amaM’sITOBYFUOro MPHUCTPOIO, IO MPU3BOIUTH IO
BCJIMKHUX amapaTypHUX Ta CHEPreTHYHHUX 3aTpar i BIJMOBIIHO TPU3BOIUTH IO 3POCTaHHS BapTOCTi KiHIIEBOTO
BUpoOy. B poOoTi mpoaHasli3oBaHO OCHOBHI METOIM, IO BHUKOPUCTOBYIOTHCS Ui 3MeHIIeHHs o0’emy II3I1 y
cuHTe3aTopi. PO3MIAHYTI anbTepHATHBHI METOIM CHHTE3y YacTOTH, IO He BUKOPUCTOBYIOTH II3I1 sk ocHOBY
nepeTBoproBada (aza-ammuityga (merom CORDIC). [IpoBeaeHO MaTeMaTHYHE MOJICIIOBAHHS [IUX METOMIB Yy
cucremi Matlab, mpoaHnanizoBaHo pe3ynbTaTH MojeOBaHHA. CKIAJEHO TaOIUIIO sIKa JO3BOJISAE 3MIHCHIOBATH
IHKEHEepHE pIlIeHHS y TPOIeci MPOEKTYyBaHHS HH(PPOBUX OOUYHCITIOBATHHUX CHHTE3aTOPIB i3 MaKCHMAalbHUM
MOJABJICHHAM OIYHMX CKIIQJOBHX Ta MiHIMAJFHHUMH alapaTHUMH 3aTpaTamy. ONTHMAaJIbHOIO 3 IIi€l TOYKH 30py €
apxitekTypa 1udpoBoro oduucIoBaIbHOTO cuHTe3aTopa Hikomna. [Ipore y Bumamkax MpoeKTyBaHHS CHHTE3aTOPIB
JUTSI CHCTEM 3 KBaIpaTypHOIO MOAYJISIIEI0 NOIUIbHIM € BukopuctanHs metoxy CORDIC.
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BiHHMLBKYI HAI[IOHATIBHUM TEXHIYHUN YHIBEPCUTET
knnvknnv(@ukr.net,nikolaonline123@gmail.com, tkp15b.lutsyshyn@gmail.com

CIIOCIb BUBHAYEHHSA YACTOTH BUMIPIOBAJIBHOI'O TEHEPATOPA
ITAHOPAMHOT O ITPHUJIAY

Anomayia -BupiweHnHs akmyaabHoi npobiemu 8U3HAYEHHS YACMOMHUX XapaKmepucmuk npucmpoie ma AiHitl
38’S13Ky nossieae y po3po6byi Hogux Mmemodis, ujo donomoicyms nokpawjumu moyHicms makux NGHOPAMHUX 8UMIPIOBAHb MaA
3a6e3nevumu sikicHe npo8edeHHsl yCix BUMIPI08A/IbHO-MEXHOA0214HUX onepayill.

/Jlana po6oma 3HalioMums 3 HOBUM CNOCO6OM BU3HAYEHHS 4ACMOMU BUMIpH8AIbHO20 2eHepamopa Ha 3II-
pe3oHamopi.

Cxema BU3HAYEHHS YACMoOMUu BUMIPIO8A/ILHO20 2eHepamopa CKAadaemuvcsi 3 610Ky NepeHanaumyeaHHsl,
064UCA108ANbHO20 60Ky, B8/AACHO BUMIPIO8A/ILHO20 2eHepamopd, CmpoOOCKONiYHO20 3miuyeayvad, @Ginbmpa HUNCHIX
yacmom, gopMmysaua Mimok, nepemukayid, nepuiozo i dpyeozo Keapyosux ONOPHUX 2eHepamopie, mpemvo20 0NOPHO20
dianazoHHo20 2eHepamopa

Kawuoei caosa:navopamuuii npusaad, eumiproganvHuill zeHepamop, 3II-pezonamop, 3miuysay, keapyosuil
ONnopHUll 2eHepamop, YacmomHuil cuhHme3amop, KOoOpdUHAMHA MimKa, BUMIPIBAIbHA MImMKaA

S. P. KONONOV, M. A. HRYHORENKO, A. S. LUTSYSHYN
Vinnytsia National Technical University
knnvknnv(@ukr.net,nikolaonline123@gmail.com, tkp15b.lutsyshyn@gmail.com

METHOD OF DETERMINING THE FREQUENCY OF THE MEASUREMENT GENERATOR OF THE
PANORAMIC DEVICE

Annotation -Solving the actual problem due to determination of frequency characteristics of devices and
communication lines is developing of new methods that will help to improve the accuracy of such panoramic measurements
and ensure the high quality of all measuring and technical operations.

This work introduces a new way to determine the frequency of measuring generator on ZIG-resonator. There are no
loop control in generator. It's don't cause increasing of the level of his phase noise, and temperature frequency instability
slightly affects the accuracy of measurements. There is proposing structural scheme that implements a new way to determine
the frequency of measuring generator.This work is relevant at the present stage of development of electronic and
telecommunication technologies, because it allows to represent to a wide generally a new algorithm determine the frequency
of measuring generator. Such approach will improve characteristics and quality of measuring panoramic devices, which in
turn optimizes and speed up a process of researching, development and operation of electronic and telecommunications
equipment devices and systems.

Scheme that determine the frequency of measuring generator consists of the changing block, computational block,
measuring generator, stroboscopic mixer, lowpassfilter, marks maker, switch, the first and second quartz supporting
generators, the third supportinband generator. Measuring mark is forming with any frequency in the oscillation band, during
the full cycle of the scheme work. As a result, error of definition frequency in the panoramic device will be such or less, as in
the best samples of frequency characteristics measuring devices. For example, 0,1 - 0,5 % in the serial device P4-MWM-20
developed by MWM LAB (Belarus).

High linearity depending frequency of ZIG-resonator generation from the control current allows, using piecewise
linear approximation, to show information about the frequency in the point of the the cursor location in the device's monitor

Keywords:panoramic device, measuring generator, ZIG-resonator, mixer, quartz reference oscillator, frequency
synthesizer, coordinatemarks, measuring marks

OcHOBHA YacTHHA

3anporoHOBaHO HOBMH CHOCIO BH3HAYEHHS YaCTOTH BHMIipIOBalbHOTO reHeparopa Ha 3II'-pe3onaropi, B
SKOMY, Ha BIIMIHY BiJBIIOMHX TeHeparopiB Ta cuHTe3aTopiB[l],BiACYTHI METIi peryiroBaHHsA, HE 30UIbIICHUN
piBeHb (a30BUX LIYMIB, a TEMIIEpaTypHa HECTAOIIBHICTD YACTOTH CYTTEBO HE BILIMBAE HA TOYHICTH BUMIPIOBAHb.

Cxema BU3HAYCHHs 4YacTOTH BUMIpIOBAJIbHOTO TeHepaTopa (puc.l) ckimamaerbes 3 OJIOKY
nepenanamryBanas  (BII), o6umcmioBamsHOro Osoky (OB), BmacHo BumiptoBasibHOTO TreHeparopa (BI),
cTpobockormigHoro 3minryBada (3), ¢inerpa HwkHIX dactoT (PHY), dopmyBada mitok (PM), mepemukaua (I1),
MIEPIIOTO 1 IPYroro KBaprmoBux onopHux reHeparopis (OI'1, OI'2), TpeThOro OMOPHOIO Tiala30HHOTO TeHepaTopa
(OI'3). 3a noBHMI LUK pOOOTH cxeMu (POPMYIOTHCS KOOPAMHATHI MITKHM Ta BUMIPIOBAIbHA MITKa 3 OY/Ib-SIKOIO

YaCTOTOI B MC)KaX CMYI' XUTaHHA.
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Puc. 1 — Cxema BU3HAYEHHS YACTOTH BUMIPIOBAJILHOIO FeHepaTopa

BinmosimHo mo cxemu (puc.l) muikononiOHy Hampyry OJOK IepeHaJamTyBaHHS Mo4dnHae (GopMyBaTd 3
MIPUXOJOM Ha WOTO BXIiJ IMITYJBCIB BiJf 004HCIIOBaIBbHOTO OJOKY. YacToTa BHXiJAHOI HaNmpyrW BHMipIOBAIEHOTO
TeHepaTopa, MiIKIIOYEHOT0 10 TEpIIoro BXOAY 3MillyBada, 3MIHIOETBCS I 4ac MPSMOTO XOIy PO3TOPTKH 3a
TMiHIAHUM 3akoHOM. Ha npyruit BXij 3mimryBada depe3 IMepeMHUKad MONAEThCS HAINpyra y BHTIIAII KOPOTKHX
IMITyJIBCIB 3 Tepuioro abo Apyroro, abo TpeThbOro ONOPHUX IeHeparopiB. ['apMOHIKM BUXiZAHOI HAIPYrH ONMOPHHUX

TeHEepaToOPiB PO3IOALIEH] PIBHOMIPHO Y pOO0YOMY Aiana3oHi 4acTOT BUMiPIOBAJIBHOTO TEHEPATOPA.

BucnoBku

Posrnssmyro  HOBHE  cmoci0  BHM3HAYeHHS ~ YAacTOTH  BHMIpIOBalbHOro TeHepatopa Ha  3II-
pe3oHaTopi.BuMiproBanbHUIT TeHepaTOp HE OXOIICHO 3BOPOTHHUMH 3B’SI3KaMH JIOJITATKOBHX PEryNIOBaHb. BiH
KEepPYETHCS JIHIIE KOJOM Bijl 00UHCITIOBATIHLHOTO OJIOKY.

IToxnOka BU3HAYEHHS YaCTOTH B MAHOPAMHOMY MPHIIAJIi peaTi3oBaHO MAJIEHBKOIO, SIK 1 B KpalInuX 3pa3kax
BUMIpPIOBAaYiB YaCTOTHHX XapaKTepHCTHK, Hanpukiax, (0,1-0,5)% B cepiiinomy mpuiani P4-MBM-20 BupoOHUIITBA
¢ipmu MWMLAB (Binopycs).

Bucoka niHifiHICTE 3aJeKHOCTI yacToTH reHepamii 3II-pe3oHaTopa Bil CTpyMy KepyBaHHS IO3BOJISE,
BUKOPHCTABIIN KyCKOBO-JIIHIHHY alipoOKCHMAIlifo, TI0AaBaTH Ha MOHITOpI Npuiagy iHGopMamilo mpo 9acToTy B TOUI
po3TalryBaHHs Kypcopa.
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IBUAKOIIIMHAN AHAJIOTO-IIA®POBUI MIEPETBOPIOBAY 3 JIOJIATKOBUM
KAHAJIOM OBPOBJEHHS CATHAJTY

AHomayis. 3anponoHo8aHO weudkoditinuii aHarozo-yugposuti nepemeoprosay (ALIT) 3 000aMKO8UM KAHAA0M 06pO6AEHHS
cuzHay ma nOKpawjeHuMu QUHAMIYHUMU Xapakmepucmukamu. /151 3HusiceHHs: OUHAMIYHOT noXU6KU aHA1020-Yudp0oB8020 hepemaopeHH s
30ilicHioembes dodamkoge 06po6aeHHSI 8XIOH020 cueHay, Wo 3MeHWYe weudKkicmb 3MiHU cueHaay Ha exodi ALIl. OcHosHOW nepesazoio
po3pobsieHozo weudkodilinozo ALIl € moxcaugicmb edekmugHO20 BUKOPUCMAHHS CMPYKMYPHOI HAOAUWKO80CMI 0/ 3MeHUWeHHs
JuHami4HOI NoXubKu.

Karouosi cnoea: ananozo-yugposuii nepemsoprosau, 06po6aeHHs cueHaJie, yacmoma duckpemusayii

G.G. BORTNYK, O.G. BORTNYK, R.M. VITER
Vinnytsia National Technical University
bgen88@gmail.com

HIGH-SPEED ANALOG-DIGITAL CONVERTER ITH ADDITIONAL CHANNEL SIGNAL PROCESSING

Annotation. A high-speed analog-to-digital converter (ADC) with an additional channel of signal processing is offered. To reduce
the dynamic error of an analog-digital conversion, additional processing of the input signal is made, which reduces the rate of signal change
at the input of the ADC.

Introduction of structural surplus, implementing the operations of analog differential differentiation of the input signal ADC and
digital integration of its source code leads to a decrease in the dynamic error in the intervals of rapid change of the signal.

The structure of a fast-acting ADC is proposed, in which signal restoration is performed using a digital integrator. The choice of
the channel that is connected to the output of the multiplexer is carried out by the comparison device based on the comparison of the signal
change rate with the given threshold. When processing the signal in the second channel, there is a loss of information about the constant
component of the signal. To restore it, the source code of the integrator is summed up with the last ADC 1.

Increasing the sampling rate of signals in this channel allows processing at the same level of dispersion of dynamic error with
signals with a wider spectrum. When processing the samples in the conditional real time, the use of identical ADCs in both channels, provides
a reduction of the dispersion of the dynamic error by 4 times. Taking into account the proportional dependence of the mean square deviation
of the dynamic error on the rate of change of the input signal, it is possible to increase the frequency of the input signal by 2 times with
constant dynamic error.

1. An essential feature of the ADC is that it is not critical to the type of ADC modules and ADCs that are used. The main
requirement put forward to them is the independence of the dynamic error from the signal level.

2. The advantage of the developed high-speed ADC is the ability to effectively use structural redundancy to reduce the dynamic
error of signal conversion.

3. Keywords: analog-to-digital converter, signal processing, sample rate.

Po3BuTok 1 po3mmpeHHs chep BHUKOPHCTAHHS KOMIT IOTEPHHX CHCTEM OOPOOJICHHS BHCOKOYACTOTHUX
CUTHAJIIB HEMOXKITHBI 0€3 MOKpAIIeHHS XapaKTePUCTHK 3ac00iB aHanoro-uupoBoro nepersopeHHs. [Ipore icHy09i
aHajoro-1ugposi nepersoproBadi (ALII) He 3aH0BOJBHSIOTE YCIM BUCYHYTHM JI0 HMX BHMOTaM i, B MepIIy 4epry,
BMMOTaM IIOAO0 MBHAKOAII Ta TouHOCTI. OOMEXKEHHS IIMPHHM CleKTpa BXigHoro curHany AIIIl oOymoBieHO
3POCTAHHSM 3 IJBHUINCHHSIM 4YacTOTH MOXHOOK meperBopeHHs [1, 2]. OCHOBHHM HaAmpsSMKOM pPO3B’s3aHHS Ili€l
3a/1a4i € BIOCKOHAJIEHHS IHTErPaIbHOI TEXHOJIOTII, [0 MPU3BOIUTE IO OE3MOCEPEIHBOTO MMOKPAIICHHS THHAMITHUX
xapaktepuctuk AIL[Il. TIpore pO3BUTOK IHOIO HAMPSAMY MOMJIMBUAN TUIBKA TPU HASBHOCTI BiJIOBITHOT
TEXHOJIOTI4YHOI 0a3y 1 BUMarae 3Ha4YHUX BUTpAT Ha po3poOKy HOBOi TexHoorii [3].

VY 3B'SI3Ky 3 UM aKTyaJbHOIO € 3aJladya 3MCHIICHHS BIUIUBY HEiJCAIbHOCTI TUHAMIYHHUX XapPaKTEPUCTHUK
ALIT Ha pe3ynbTyrOUy TUHAMIYHY TOYHICTh IEPETBOPCHHS CTPYKTYPHUMHU METOIAMH.

B poGoTi 3ampormoHOBaHO ISl 3HIDKEHHS MWHAMIYHOI TMOXHMOKH aHaJIoro-IU(GPOBOTO TEPETBOPEHHS

curnany X(¢) 3miiicCHIOBaTH J01aTKOBE TIEPETBOPEHHS L{x(l‘ )} , 1[0 3MEHIIIY€E IIBUJIKICTh 3MiHU CUT'HAJIy Ha BXOI
-1 .
AIII. Knac Moxnueux nap neperBopenb L, L jpocutk By3bkuil. OCHOBHOI NPUYHHOK, IO YCKJIAIHIOE MOLIYK

. . .or-1 .
TaKHX IIap, € HAABHICTH OI€paliil aHaJ’IOl"O-HI/I(prBOFO NEPETBOPCHHS, IO PO3ALIAE OII€pallil L 1 L , Y pe3yJibTaTl

-1
40ro mepeTBopeHHs L BHKOHYEThCS HaJ aHAOTOBUM CHTHaioM, a L — Hag mudposum curHamoMm [4].
Opniero 3 HebaraTb0X MOXKJIMBHUX Tap MEPETBOPEHb, IO 3aJ0BOJILHAIOTh HABEICHUM YMOBaM, € JiHiiHI

nepersopennst L(p)=(1-e*") 1a Lt (z)=(>1- Z_l)_1 . Hepetsopenns Jlannaca curnany 7 (), npu skomy
pesymstar y (nAt) BignoBmotouoro mepetsopenns L' (z) mnoBumen 36iratrcs 3 M(pOBHM EKBiBaJeHTOM
x"(nAt) exigsoro curnany x(¢), ropieHioe R(p)=x(p)-L(p).

Tomy, sxmo L '(2)=(1-Z7") ", 10 Y(2) = R(z)- L' (2) = Z{X (p)} = X (2).

. -1 . .
TakuM 4YWHOM, B pe3yJbTaTi nepeTBOpeHHs L, BinOyBAacThCs TOBHE BiJHOBJIEHHS HU(POBOrO
eKBiBaJIeHTy BXimHoro curHaiy. Crpykrypa ALl 3 momaTKoBUM KaHalIoM OOpOOJEHHS, SKHH BUKOPHCTOBYE
pizHuLEeBe AudepeHIiIoBaHHs BXiTHOTO CUTHAJly, HaBeJeHa Ha puc. 1.
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Puc.1. Ctpykrypa mBuakoaiiinoro ALII 3 noqaTkoBUM KaHa10M 00p00/IeHHS

. -1 -15-1 .
BiJHOBIEHHSI CUTHaly BHKOHyeThcsi 3a jonomororo mepetsopennss L (z)=(1—2z7), peanizosanoro

muGpoBUM iHTETpaTopoM. BuOip kaHamy, SKHA M €THYETHCS O BHXOMY MyJbTHUILUIEKcopa (M), 3MIHCHIOETHCS

npuctpoem nopisusitis (I11T) Ha 0CHOBI NOPiBHSHHS WBUAKOCTI 3MiHK curHany X(f) i3 3agaHum noporom Y, . Lls

oneparlisi Moe 3iHCHIOBATHCA 5K B aHAJIOTOBOMY BHUIJIS, IIUIIXOM HOPiBHAHHSA CUTHALY X (t) 3 noporom B Yo s

Tak i B IU(GPOBOMY, MOPIBHAHHAM BUXigHOTO Koy ALIII2 3 xomoM, BiamoBigHuM mopory. [Ipu nudepeHIiroBaHH y
JIpyroMy KaHajl BigOyBaeTbcs BTpara iH(pOpMamii moa0 MOCTiHHOI ckiamoBoi curHanmy. Jns il BiZHOBIEHHS
MiJICYMOBY€ETHCS BUXITHUH KOJI iHTErpaTopa 3 octaHHiM Bimmikom ALIIT 1.

CytreBoro ocoOmuBicTio AIIIl € Te, mo BiH He KpuTwyHWA 10 Tuny MoxymiB ALl i ALII2, ski
BUKOPHUCTOBYIOTHCSI. OCHOBHOIO BUMOTOIO, 1110 BUCYBAETHCS JI0 HUX, € HE3AICKHICTh TUHAMIYHOI MOXUOKHU BiJl PiBHS
CUTHAIY.

EdekruBHicTs BBeneHHS Au(BEpEHIIalbHOIO KaHAly IEPETBOPEHHS 3pOCTa€ 3 IMIJBHMINCHHSIM YaCcTOTH
IucKpeTu3anii, Tomy B ckiuaai AIIIl mominpHO BHKOpUCTOBYBaTH Moaym mapanensbHux Allll, mapamensHO-
nocinigoBaux AL 3 Bunepemkenusm, ALl 3 mpucTposMHM aMIUTITYZHOI 3rOPTKH Ta iHII, IO MAalOTh BHUCOKY

4acToTy Auckperusaii. [TiBUIIEHHs YaCTOTH IMCKPETH3allii B IboMy KaHami y d pasiB 7103BoJisie 00pOOIATH TIpH

TOMy  PiBHi JuCIIepCii AMHAMIYHOT MOXHOKK CHTHAIH, 10 MAKOTh CHeKTp Y+ d pasis mmpmmii [5].
IIpu 06poOieHHi BiAJiKiB B yMOBHO-pealbHOMY daci, BUKopuctanHs ogHakoBux AIIl B o0ox kaHamax, 1o
TIPAIIOIOTh 3 BiTHOCHOIO YacTOTOIO AUCKpeTH3anii | = 8, 3a0e3medye 3HIKEHHS AUCTIEpCii TMHAMIYHOT TOXHOKHU B

4 pasu. BpaxoByroum NpOMOPIHY 3aTeKHICTh CEPEIHBOKBAIPATHYHOTO BiIXHJICHHS IWHAMIYHOT MOXHOKH Bif
MIBUAKOCTI 3MIHM BXiTHOTO CHUTHANy, MOXHa y 2 pa3W MiIBUIIMTH YacTOTY BXiJHOTO CUTHANY TpHU HE3MIiHHIH
IWHAMIYHINA TOXHUOLII.

OcHOBHOIO TiepeBaror po3podieHoro mBuakoAiiiHoro AIIIl € MOXIUBICTE €()EKTHBHOTO BUKOPHUCTAHHS
BBEJICHOT CTPYKTYPHOI HAJTHIIIKOBOCTI JUIsSi 3MEHIICHHSI AMHAMIYHOT TOXHOKH.
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AHAJIOT O-IIU®POBUI ITEPETBOPIOBAY 3 ITEPEJIGAYEHHSAM CUTHAJY

AHnomayis. Y pobomi 3anponoHosaHo aHasnozo-yugposuii nepemeopiosau (ALIl) 3 nepekpummsm wkan i
onmumaabHUM nepedbaveHHAM cueHaay. Poapobaeno cmpykmypy ALII, wo 6a3yembca Ha nepekpummi po3psdie kodie, a
ye dae 3mozy kKopuzysamu JUHAMIYHI NoXU6KU dpy2o2o pody, sKi He MOJCymb 6ymu 8paxosaHi neped6aieHHsIM. BUukoHaHo
aHa/i3 ONMUMAaAbHUX 3Ha4eHb KoegbiyieHmie nidcusieHHs: 0451 pi3Hoi Kiabkocmi po3psidie ALl npupocmis, wo do3soss€
3MeHWUmMu ee/UHUHY Nepekpumms cX0OUHOK I muM camuM 3HU3UMU 8na1u8 OUHAMIYHUX NOXUGOK dpy2020 pody, Wo & C80H
yepey dae 3mo2y nokpawumu JUHAMIYHI 81aCMUBOCMI Nepemaop8ayd 8 Yijomy.

Katouosi cnoea: ananoro-uudposuii nepeTBoproBay, 0NMUMA/1bHE nepedbayeHHs cuzHaay, OUHAMIYHI NOXU6KU

G.G. BORTNYK, A.V. KOVALENKO

Vinnytsia National Technical University
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ANALOG-DIGITAL CONVERTER WITH SIGNAL PREDICTION

Annotation. The paper presents an analog-digital converter (ADC) with overlapping scales and optimal prediction
of the signal. It is established that the real quantization step of the ADC may differ from the nominal step given in the
normalization of the parameters of the APC in the static mode. This discrepancy arises due to the inertia and delay of the
response of the ADC comparators to the change of the input signal, which leads to an increase in error and quantization
noise; therefore, for estimating the errors introduced by the ADC as a result of dynamic measurements, it is necessary to be
guided not only by static but also dynamic characteristics.One of the ways to improve the dynamic ADC parameters is to use
the structural methods of redundancy in the construction of converters, namely the creation of multi-stage ADCs, which
enable an increase in the accuracy of analog-digital conversion while maintaining high-performance ADCs.

It is proposed to compensate for dynamic errors in the structures of multistage ADCs, along with the overlapping of
the scales of these converters, to use the prediction of the input signal at the time of its coding the ADC of the junior level. This
allows you to lower the requirements for the size of the overlap of scales of ADC steps and thus increase their resolution.

The structure of ADC is developed, which is based on overlapping of code digits and prediction of the signal. In this
structure, a digital-to-analog converter and a signal mixer are used in the feedback loop. This allows you to adjust the
dynamic errors of the second kind, which can not be taken into account by prediction of the signal.

The analysis of the optimal values of gain coefficients for different amounts of ADC increments is made, which
allows to reduce the size of the overlapping steps and thus reduce the influence of the second-generation dynamic errors,
which in turn allows us to improve the dynamic properties of the converter as a whole.

Proved for the case if the range of the input signal of the device and the range of the input signal of the ADC degree
coincide, then to fully utilize the resolution of the ADC stages with optimal prediction, it is necessary to amplify the prediction
error signal. In this case, the gain must be chosen equal to the ratio of the ranges of input signal change and prediction
errors.

Keywords: analog-to-digital converter, optimal prediction of the signal, dynamic errors

JlunaMiuHi BIacTHBOCTI aHANOro-nuQgpoBux nepersoprosadiB (ALIT) BizoOpakaroTs HOro 37aTHICTH (QyHKIIIOHYBAaTH
31 3MIHHMMH y 4Yaci BXiTHUMH CHTHajJaMHu. Y OUHAMIYHOMY pexumi nepepatHa xapakrepuctuka ALIII Ta ii mapameTpu cyTTeBO
BIIPI3HSIOTHCS BiJ 3HA4YeHb, BUMIPSHHUX y CTaTHYHOMY pPEXHMi BUIpoOyBaHb. Peanpuuii kpok kBantyBanus ALl moxe
BIZIpI3HATHCSA BiJ HOMIHAIBHOTO KpOKYy, 3aJaHOro Ipu HopMyBauHI mapamerpiB AIlLl y cratmanomy pexumi. Ll
HEBIMOBIHICTh BUHUKAE BHACII/IOK iHEPIIHHOCTI Ta 3aTpuMKH peakuii komnaparopis AIIT Ha 3MiHIOBaHHS BXiJJHOTO CHT'HAIY,
10 NPU3BOAUTH 0 301IBIICHHS MOXMOKM Ta LIyMy KBaHTYBaHHS, TOMY JUIS OL[HIOBaHHS NOXHOOK, 1o BHoOcsThest AIIIl B
pe3ynbTaTi AMHAMiYHHX BUMIPIOBaHb, HEOOXiZHO KEpyBAaTHUCh HE JIMIIE CTATUYHHMH, aje W AWHAMIYHMMH XapaKTepUCTHKAMU
[1].

OJHUM 3 HUIAXIB MOKpALeHHs AUHaMiuHuX napameTpiB ALIIl € BUKOpHUCTaHHS CTPYKTYPHUX METO/iB HAJIMIIKOBOCTI
npu noOynoBi IepeTBOpIOBaviB, a caMme CTBOpeHHs OararoctymeHeBux AIIIl, ski DalOTh MOXIIMBICTD MiABUIIUTH TOYHICTDH
aHAJIOro-nu(POBOTo NMEPeTBOPEHHS IpH 30epekeHHi Bucokoi mBuakoxaii AL [2, 3].

Hnst komneHcanii B crpykrypax OaratoctyneneBux AIIl nuHamMidHHUX MOXMOOK, Pa3oM 3 MEPEKPUTTSIM IIKA
CXOJIMHOK LIMX IIEPETBOPIOBAYIB MOXKHA BUKOPHCTOBYBATH Iepe10aueHHs BXiJHOTO CUTHAILy HA MOMEHT #oro koayBanHs AIIIT
Mooauoro piBHs. Ile 103BONsE TAKOXK 3HH3UTH BHMOTH [0 BEJIMYMHH MEPEKPUTTS wIKan cXOAMHOK AITIT i mifABHILUTH THM
caMuM iX po3IibHY 37aTHICTh. BakiuBe Micue TyT 3aiiMae BUOIp MEBHOTO CHiBBiJHOLICHHS MK KUIbKICTIO pO3PSIIiB CTYIICHIB
AITI i mudpo-ananorosux nepersoproBadi (LIAIT) Ta kinbkicTio po3psiB Buxinuux Bimmikis AL [4].

BuxopucraHHs ~ cepeIHBOKBAIPATHIHOTO  KPHUTEPiI0  ONTHMAJIBHOCTI  mependadeHHS BULY

E,,, = min M {[Sx (4) = Spepeo(tis U ,Bl)]z }, HATIPABJICHE HA MiHIMI3aLil0 CEPeHBOrO KBafpara MOMMIJIKH
APy
nependadeHHs E.
OueBHIHO, 110 BUKOPUCTAHHS Mepeq0adyeHHs Mae CEeHC JHIIe y BUMAJKY, KO Eg,, He NepeBHIye
CepeHbOTO KBaJpaTa 3HAYCHb BXIAHOTO CUTHANY (I BXIHWX CHUTHAJIIB 3 HYJIBOBHM CEPEIHIM JIHCIIEPCii:

D, =M{S 3x (¢;)}). Orxe, BUGIp Eqyy OBHHEH 3a10BONBHSATH HEPIBHOCTI:
0<E,,,<D,,..

onm —
v 3araJibHOMYy BUIIAAKY, JJI1 BU3HAYCHHS BCJIMYUHU Eunm: H€06Xi[[HO Y BHUpa3 sl CEPEAHBOI0 KBaJApara
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TIOMIJIKHA Tiepef0adeHHs MiACTaBUTH Pe3yIbTaT PO3B’sI3aHHSI CUCTEMH DPiBHSIHbB, IO JIA€ ONTHMAaJbHI KOeQillieHTH
nepenoadeHHs

VxB =C, (1
re i k=Ln; ¢ =RUT) =Y b R(I-k|-T)): V={Vy}: Vy=R(I-K-T,).
=1

JImsi  BH3HAYEHHS ONTHMAJIBHOTO, BIAMOBIMHO 1O BHOpPAaHOTO KpHUTEpito, BeKTOpa Koe(illieHTIB
nepenGauenns B'={b,}, BuxopucraemMo Bupa3 s B3a€MOKOPENAUIHHOT (yYHKUil BXiZHOTO Ta BHXiZHOTO
CHUTHAJIB:

Eonm = Rex (O) - zzb]; b; R(|l _k|T()): (2)

k=11=1 onm onm

ne R,.(0)=M{S 32x (t;)} = D,, — uynbosuii KopenuiiHAil MOMEHT BXiJHOTO CHTHAy, IO TPEACTABIE

Horo Aucrepciro.

Jpyruit nonaHok y Bupasi (2) MOKHA OXapaKTEPU3yBAaTU SK BEIHUYUHY, Ha SKY CKOPOUYETHCS JUCIEPCIs
CUTHAITY, B PE3yJIbTaTi aHAJIOTO-IU(GPOBOrO MEPETBOPEHHS MPH ONTHMAJIbHOMY MependaueHi. B pesynbraTi Moxe
OyTH 3MCHIIICHHUH fiana3oH BXigHux curHaniB ALl npupocTiB, skuii MOBUHEH BiAMIOBIIATH TEIEp iana30Hy 3MiHH
MTOMUJIKH OTITUMAJIBHOTO TIepe0aueHHS.

Crpykrypa AIIII 3 mepenbadeHHsIM CHTHATY Ha 0a3i MEPeKPUTTS KAl MpencTaBieHa Ha puc. 1.
K 1/knia

Usx AS .
—| P7 X = Aaun X = 5" eo
B PRl Z = Seux(z)
P Eat * W C8 z » 3
i - -t
Uueped - ij ; zZ
- - - p ’33”
£ - Xb'-; xart
-
-
r - r
- be——— b, "
uan b4 > o :
fian 2 xaz
xb'z

Puc. 1. Crpykrypa ALIII 3 nepeadayeHHAM CUTHAJTY

Ha npaxruni, nianason Bxiguux curnanis AL napanensHoro tumy € GikcoBaHOIO BEIUYMHOIO. Y LLOMY,
BHIIAJIKy MPUBEACHHS Y BiJMOBIIHICTH Aiama3oHy BXiMHWUX cuTHaNiB cTymneHiB AIIIl 1 curHamy, mo miamaeTbes
MIEPETBOPEHHIO, JIOCATAETHCA MUIIXOM TiACHIEHHS a00 TMOCIa0IeHHs NaHOTO CHUTHalIy, IO BiAMOBizae
€KBIBaJICHTHOMY 3BYKEHHIO a0o posmmpeHHro maiamazony ALl IIpm mpomy Ha Buxomax crymeHiB AL micns
MIEPETBOPEHHSI BAKOHYETHCS BiATOBIIHE MACIITA0YBaHHS OJIEPKAHOTO BiJUTIKY IMTOMIJIKH ITepea0adeHHsI.
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YOK 621.396.96
A. 10. BOJIOBHUK, O. B. OCAJUYVK, M. A. LIYTUJIO, O. II. HEPBAK

Bunnunxuii HalMOHAIBHBIN TEXHUYECKUH YHUBEPCUTET

UJIEHTA®UKAIIMUS 3APOKIAIONINXCSI HEUCITPABHOCTEN METOJOM
PA3JIEJIBHOI'O OHEHUBAHUA

IlepgoHauanbHO Memod pa3denbHO20 OYeHUBAHUS, pa3pabomaHHbilii PpudaaHOOM, UCNOAb308AACS 8 Kayecmeae
agpdpekmusHo20 cpedcmea NOHUNCEHUS 8bIYUCAUMEABHOU CAOHCHOCMU pacuupeHHo2o duasempa Kaamana m.e. uirompa,
PA3MEepHOCMb KOMOpPo20 3HAYUMENbHO 8bllle pa3MepHOCMmU KOHmMpoJaupyemoll cucmembsl. Cmpykmypa, npednoxceHHast
®Ppudaandom, npedcmasasem coboll napy cneyuaabHuvlX @duabmpos, Komopble passeduHeHbl, HO delicmgylom
napannensHo, a AUHelHas KoMOUHayus ux 8b1x0008 annpokcumupyem 8ovixod pacuupeHHozo guabsmpa Kaamana. B camom
obujem cayvae, sIma cmpykmypa He s18/15emcsi ONMUMA/AbHOU 8 MOM CMbIC/e, YMO OHA He NOJAHOCMbI0 3K8UBA/NEHMHA
pacuwiupenHomy @puabmpy Kaamana. B dauHol pabome paccmampusaemcsi npumeHeHue Moou@uyupoeaHHo20
deyxkackadHozo pasdeseHHozo guabmpa Kaamana k 3adave udemmugukayuu sapoxcoaroujuxcs HeucnpagHocmell 8
JIUHEUHbIX OUHAMUYECKUX CUCMEMAX.

Karuesble crosa: pacuwuperHblil puremp Kaamawa, dgyxkackadwolil pussmp Kaamaua, pursmp, ceo600Hblil om
HeucnpasHocmell, pazdenbHoe oYeHU8aHuUe 3apoxicoaruxcsi HeucnpasHocmetl.

A.YU. VOLOVIK, A. V. OSADCHUK, N. A. SHUTILO, O. P. CHERVAK

Vinnytsia National Technical University
ARISING MALFUNCTIONS IDENTIFICATION BY METHOD OF SEPARATE ESTIMATION

Annotation - Originally the method of separate estimation developed by Friedland was used as an effective
approach of computing complexity lowering of an expanded Kalman filter i.e. the filter which dimension is much higher than
dimension of controlled system. The structure offered by Friedland represents pair of special filters which are isolated, but
work in parallel, and linear combination of their exits approximates an exit of an expanded Kalman filter. In the most general
case, this structure is not optimum in the sense that it is not completely equivalent to an expanded Kalman filter, being
optimum only for perturbations of the determined type. In case of random disturbances the two-stage Kalman filter stops
being an optimum filter because of connected with performance of very rigid restrictions which are difficult for executing in
practice. The purpose of this work is such modernization of two-stage structure of the filter of Friedland which with the
arising malfunctions modelled by accidental process of the general type is capable to provide filter responses close to
optimum. Use of unitary matrix transformation for the purpose of receiving two standard Kalman filters which linear
combination of exits approximates an exit of an expanded Kalman filter is the basis for a method of modernization, and
introduction of the additional adjusting input significantly weakens the restrictions imposed on a mutual complete
correlation matrix between noise of perturbation and system noise. From the mathematical point of view of structure of the
separated filters the expanded Kalman filter which leads covariation matrixes to a diagonal look can receive by application
two step linear unitary transformation. The main feature, the entered transformations the fact that direct and return
transformations are connected by rather simple parity is. Direct application of the specified transformations to an expanded
Kalman filter allows to offer parallel structure of the two-stage filter based on linear combination of exits of the modified
filter free from malfunctions, and the filter specializing only in estimation of dynamics of the arising malfunctions.

Keywords: the expanded filter of Kallman, the two-cascade filter of Kallman, the filter, free from malfunctions,
separate estimation of the arising malfunctions.

Beenenue

PaccmarpuBas 3azady OLEHMBAHUS COCTOSIHMSI JIMHEMHOW AMHAMMYECKOM CHUCTEMBl B IPUCYTCTBUU
3apO’KAAOIINXCS HEMCTIpaBHOCTEH. B 00mem cirydae, WX MPUHATO CYUTATh COCTAaBHON YacTBIO BEKTOPA COCTOSHUS
W, CJIEIOBATENbHO, OLCHUBATHh TaKXKe KaK W BEKTOP COCTOSHHA. lIpyW Takod HHTEpIIpEeTary 3apOiKIAIOIIHXCS
HEWCIpaBHOCTEH MpuxoanM K ¢mibTpy KanmMana ¢ pacmiMpeHHBIM BEKTOPOM COCTOSHHMA, Pa3MEpHOCTh KOTOPOTO
3HAQUUTEIHHO BHIIIE Pa3MEPHOCTH KOHTPOJIMpYeMoi cucrembl. IlpakThdeckass peanmzanus Takoro QuibTpa
CONPSDKEHA CO 3HAYUTEILHBIMU TPYIHOCTSAMH BBIYHCIUTEIBHOTO XapakTepa. [Jist MpeooieHus 3TuX 3aTpyAHEHNUIH
Opmtann [1] npemnoxun BMecto paciuupenHoro ¢uistpa Kanmana wHcrnons3oBaTh COCTaBHOW —(MIIBTD,
COCTOSIIMI U3 IBYX MapauIe]bHO pabOTaIOMMX OT/ACIBHBIX KaCKa 0B, HO MEHBIIICH pa3MEpPHOCTH.

W3BecTHO, 4TO JEKOMIO3MIMS pacuiMpeHHoro ¢uiabrpa Kammana, pexomenjgoBanHash DpuuiaHiom,
SBIISICTCA ONTUMAJIBHOW TONBKO JUIsl BO3MYILEHMH JeTepMHHMpOBaHHOro Tuma [l]. B cmyuae cmoywaiiHbIX
BO3MYIICHNH ABYXKacKanueld GpuiasTp Kanmana mepectaer OBITH ONTUMAIBHBIM (QHIBTPOM IO MPUYMHE CBSI3AHHOM
C BBIIIOJTHEHNEM BEChMa JKECTKHX OIpaHIMYEHHN, KOTOPBIE TPYIHO BHITTONHUTE Ha mpakTuke [4,5].

IMocne BeIXOma paboTer [1], BO3MyIIEHHS MHOTMMH aBTOpPaMH pPacCMaTPHBAJINCh B BHIE IMpoIiecca,
yOpaBiIsieMoro OeJbpIM IIyMOM KOTOPBI HE OBUT KOpPPEIMPOBaHHBIM C CHCTEeMHBIM ImymoMm [2,3]. Omnako
MOJTydeHHbIE pPe3yiIbTaThl OKa3allMCh KBa3WONTHMAaNbHBIMHA. B pabotax [5,6] ObUT paccMOTpeH ciydail, Koraa
CiTy4alHble BO3MYIIEHHSI TOPOXKIAIUCH OCNBIM IIIyMOM, KOPPEJIMPOBAHHEIM C CHCTEMHBIM IIyMOM. bbuto mokasaHo,
YTO B 3TOM ClIy4ae MOXKHO MOJYYUTh ONTHMAJIBHYIO CTPYKTYpy ABYXKackajHoro ¢guibrpa Kanmana, ogHako
OCTaBaJIMCh OIPaHUYEHHS, HaKJIa[bIBaeMble Ha B3aNMHYIO KOPPEISLHOHHYIO MAaTPUILy MEXKIY IIyMOM BO3MYIICHUS
Y CUCTEMHBIM IIyMOM. Llespo 1anHOM paboThl SABIISETCS TaKash MOJCPHHU3ALMS BYXKACKaIHONW CTPYKTYpPBI QHIIbTpa
@®puyianna, KoTopas NMpHU HaJMYUK 3apOKAAIOIIMXCS HEUCIIPABHOCTEH, MOJICIUPYEMBIX CIyYalHBIM IPOLIECCOM
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06H161"0 THIIa, criocobHa 00€eCIeunTh XapaKTCpUCTUKHN (1)I/IJ'ILTpa OnM3KHe K OIITUMAJIbHBIM, a BBCIACHUC
JOMOJIHUTCIIBHOTO KOPPEKTHUPYIOLICTO BXOAa CYIIECTBEHHO ociabiser OrpaHU4CHU, BBEJICHHBIC B pa60Te [5]

IlocTaHoBKA 3aa4M MCCIEeIOBAHUI
IIpeanonaraeTcs, YTO MpeIMET UCCIEIOBAHN OMMCHIBAETCS CUCTEMOM Pa3HOCTHBIX YpaBHEHUIA

y (k)= A(k)x(k)+Z (k) (k)@ (k)+v(k); )
x(k+1)=®(k)x(k)+G(k)o(k)+w,(k); )
q)(k+1):l“(k)q)(k)+wq,(k), (3)
rue y(k)eR'“ — BEKTOp HabIIoeHui; x(k)eR" — BEKTOpP COCTOSIHHS CHCTEMEI, (|)(k)eRp — BEKTOD

COCTOSIHHS 3apOIKIAIONIEHCA HEUCIIPABHOCTH, @ CHCTEMHBIE MATPHUIBI A (k) , X (k) , D (k) ,G (k) ,T (k) W3BECTHBI

U UMCIOT COOTBCTCTBYIOLIUEC PA3SMCPHOCTHU, KPOME TOro Marpula r(k) npeamnoJaracTces HeBprO)KﬂeHHOﬁ.

[IymoBble mpomeccsl W 0 (k ) SW (k ) ,V (k ) SIBIIIFOTCS.  OCNBIMH ~ TayCCOBBIMHU  TOCIICIOBATEIBHOCTSMH,
AMEIONTUMHU HYJIeBbIE cpenHue 3HAYCHUS u 3a/laHHbIC KOBapHAaIlMOHHBIC MaTpPHIIBIL:
Miw, (k)w," (j)1=Q, (k)3(k, /)

MIw, ()W, (1) Q, (F)8(k.j): MIw, (£)w," (1)]=Qu (€)8(k.j):  M[¥(k)v" (j)]=R(£)3(k.)).
M [qu (k) vT (j)] =0; M[w, (k) vT (j)] =0. HauanbHbie COCTOSIHUS X 0),(9 (0) MPEAIOJIaraTCs
HEKOPPEIUPOBAHHBIMU C OCJIBIMH TayCCOBBIMU ITOCIICIOBATCIBHOCTSIMHU W, ( k)an ( k ,V(k) U TPEICTaBISIIOT

co00¥ TayCcCOBHI CITy4YaifHbIe BETHIUHEI C TapaMeTPaMHu:
M([x(0)]=x,, Cov[x(0)]=P,(0). M[¢(0)]=9,. Cov[9(0)]=P,(0)>0, Cov[x(0)¢" (0)]=P, (0).
PaccmarpuBas x( k),(p( k) B KayecTBE IEPEMEHHBIX COCTOSHHUS gz ( k) 0000IIIEHHONH CHCTEMBI, MOKHO

3alrcaThb YypaBHCHUS IJI1 PACIHUPEHHOTO (bPIJ'Ipra Kanmana B CTaHﬂapTHOﬁ (1)opMe:

2 (k/k=1)=F,(k=1)z" (k=1/k-1); @)
2" (k1k)=2"(k/k-1)+K, (k)] y(k)-T(k)z" (k/ k-1)]; (5)
P, (k/k=1)=F,(k-1)P (k-1/k-1)F", (k-1)+Q, (k—-1); (6)
K, (k) =P, (k/k—=1)0" (k)| TL(k)P, (k/k—1)T" (k)+R(k)]"'; (7)
P, (k/k)=[1-K, (k)11 (k) |P, (k/k-1), ®)

OOIIEU3BECTHO, 4YTO CJOXKHOCTh BBIYMCICHUH BO3pacTacT HEJIMHEHHO C POCTOM pa3MEepPHOCTH
3 v
pacmmpeHHoro (GuibTpa ~(n+ p) W BO MHOTHX CiIydasx mojenb (4) — (8) CTaHOBUTCS HENMPHEMIIEMOW st

MPaKTUYECKUX NpuiokeHUH. OCHOBHBIM MCTOYHHKOM JTHX TPYIHOCTEH CTAaHOBUTCS 4Ype3MepHas CIIO0XKHOCTb
BBIYMCJICHUI B3aUMHOM KOPPENALMOHHON MaTpPHULIbI P, ( k/ k), YcrpaHeHue 3TOM COCTaBIAIONIEH U3 PACCMOTPEHUS

OyzeT crocoOCTBOBATh CYIIECTBEHHOMY YIIPOLICHUIO BHIYNCIICHUH NPH MPAaKTHYECKOH peann3anun GuibTpa B BUIE
(poBOro CHENUATM3UPOBAHHOTO YCTpoiicTBa. B ciemyromem mnozpaszene mpeaiaraeTcs KBa3HONTHMAalIbHas
JBYXKACKa/IHas allIPOKCUMAIIHS PACIIMPEHHOTO (GUIBTPA, O3 SIBHBIX BBIYUCICHUH COCTABIIAIOMICH P, (k/k).

CTpykTypa MOAU(UIIUPOBAHHOTO IBYXKACKAAHOTO (PUILTPa 1Jis1 pa3iebHOr0 OLeHMBAHUS

IIporecc cmATE3a KBa3MONTHMAIBHOTO ABYXKACKAJHOTO (MIBTPAa COCTOWUT M3 IBYX JTAIOB, M €r0 MOXKHO
ommcath cremylommM obpazom. Ha mepBom 1mare mpoekTHpyercss (WIbTp, B KOTOPOM 3apOKIArONIHEcs
HEHWCIIPABHOCTH WTHOPHPYIOTCSA, a JUIA TIOCHEAYIOIIeTO ydeTa BO3HUKIIEH HEWCHPAaBHOCTH, BBOIUTCS
JIOTIOTHUTENFHBIA BHENTHWA BXoJa. Ha BTOpPOM Imare MpOeKTHUPYETCS OTACNbHBI (DUILTP, KOTOPBIA OIICHUBAET
TIEPEMEHHBIC 3apOKIAIOIIEHCSI HEHUCTIPAaBHOCTH C IENBI0 BBEICHHS KOPPEKTHUPYIOIIEro BO3IEHCTBHA B (UIBTD,
CBOOOJHBIN OT HEWCIpPAaBHOCTEH. DTH JBa (QUIBTPA COCTaBISIFOT Oa3KC, HA OCHOBE KOTOPOTO CTPOWTCS HOBBIM
(UIBTP, B HEKOTOPOM CMBICIIC, SKBUBAJICHTHBIN HCXOJHOMY paciimpeHHOMY QuibTpy Kanmana.

C ¢dopManpHO-MaTEeMaTUYCCKOW TOYKH 3PCHHS CTPYKTYPBI Pa3JCICHHBIX (DUIBTPOB MOXKHO TOJNYYUTH
MyTeM TPUMCHEHUS JBYX IIarOBOTO JIMHCHHOTO YHUTapHOTO IpeobOpazoBanus U-V k pacmmpeHHOMY QUIBTPY

Kanvana, koTopoe mpnBosuT koBapuaunonnsie Matpuusl P, (k/k—1),P,(k/k) x mmarowambhomy Bumy. Dt

npeoOpa3oBaHMsl UIMEIOT BUJ:

T[U(k)]:{(l) ng)} U(k)=P,(k/k=D[P,(k/k-D]";

[V (k)]= LI) VE")} V (k) =Py, (k/ KR, (k/K)] .

I'naBHoOI OCO6€HHOCTLIO, BBCACHHBIX npeo6pa3OBaHnﬁ ABJIACTCA TO, 4YTO MpAMOC U OGpaTHOC
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peoOpa30BaHusl CBSI3aHBI OYEHB IPOCTHIM COOTHOIICHUEM, a IMEHHO T-! [U( k)} = T[—U(k)] , T.€. OTJIMYHE TOIBKO

B M3MCHEHHMU 3HaKa. B CBA3M C 3TUM CIPaBeAJIMBBI BBIPAKEHHS, KOTOPHIC OMKMCBHIBAIOT B3aMMOCBS3b MEXKAY
nepeMeHHBIME (4)—(8) B cTapoil 1 BHOBL BBEJICHHOU KOOp,HHHaTHOﬁ cHCTEME:!

2" (k/k-1)=T[U(k)]2(k/k-1); 2(k/k=1)=T[-U(k)]z" (k/k-1);
(k/k T[V(k)]|2(k/k); (k/k) [ ]z (k/k):;
 (k/k-1)=T[U(k) ]F k/k-1)T"[U(k)]; B (k/k-1) 1—T[U k)], k/k—1)TT[-U(k)};
K T[V(k)]R (k); K, (k)=T[-V(k)]K, (k)

k/k T[V(k)]P,(k/k)T[V(k)]; Z(k/k) T[-V(k)]P,(k/k)T"[-V (k)]

3akaiouyeHnue
HemnocpenctBeHHoe TpHUMEHEHHE VYKa3aHHBIX TpeoOpa3oBaHWi K pacmupeHHoMy ¢(unsTpy Kammana
MO3BOJISIET TPEMIOKUTH CIETYIONUTYI0 MapalIeNbHYI0 CTPYKTYPY ABYXKacKagHOTO (HIBTpa, OCHOBAaHHOTO Ha
JUHEHHOW KOMOWHAIIMK BBIXOJIOB MOJIU(PHUIIMPOBAHHOTO (UIILTPA, CBOOOIHOTO OT HEUCHPABHOCTEH, U (PUIBTPA,
cneunanmnpy}omeroc;{ HCKITIOYUTENIHO Ha OLICHUBAHUH JUHAMUKH 3apOKAAIOIINXCS HEUCTIPABHOCTEH

Rk / k=1 =", (k [ k=1)+U (k)9 (k/k=1); ©)
x(k/k)—xl(k/k)+V() “(k/k); (10)
ll(k/k—1)— (k7 k=1)+U(k)P, (k/k—1)U" (k)= M{[x (k)= &(k / k= DI[x (k) - ]Gk / k=D]"}; 1
P, (k/k)=P, (k/K)+V (k) (k/K) VT (k) =M{[x (k) - 3Gk / O)IDx ()~ &(k /)] (

P, (k/k-1)=U(k) (P(k/k—l)=M{[x(k)—i(k/k—1)][q) )=o" (k1 k-1)]'}; (12)
P, (k/k)= V(k)P, (k/k)=M{[x(k)-x(k/ D[ @(k)-0 (k/k)] (1)
P, (k/k—1)=P, (k/k—1)= {[(p(k)—q)*(k/k—l)][ (k)-¢ (k/k—l)]T}; 2:3
P, (k/k)= P, (k/k)= {[q)(k)—qf(k/k)][ (k)-¢" (k /)] } (16)

[IPH CIEYIOINX HAaYaJIbHBIX YCIOBUSX:
V(0)=P,(0)P" (0); X(0/0)=x,+V(0)p,; @ (0/0)=g,;

P, (0/0)=P,_(0/0)-V(0)P,(0/0)V(0)"; P,(0/0)=P,(0).
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TH®OPMAIIMHO-BUMIPIOBAJIBHI TA OBUNUCJIIOBAJIbHI CHCTEMHA
I KOMIIVIEKCH B TEXHOJIOT'TYHUX ITPOIIECAX

YOK 621.325.5
O.V. ANDRIEIEVA

National Technical University of Ukraine, “Igor Sikorsky Kyiv Polytechnic Institutes”, Ukraine
elvian44@gmail.com

HYBRID OPTIONS IN THE CONSTRUCTION OF SECURITY SYSTEMS AND
THE IMPLEMENTATION OF THE DIGITAL HOME FUNCTIONS

Security systems and digital home ("clever home") today are the testing ground for new computer technologies. Well-
established security system is always open for updates. This paper shows the advantages of hybrid systems that can combine
all the best features of today. The rapid development of computer technology often attracts developers of measuring systems in
the race for innovations. In the world of electronics it is clear that the capabilities of measuring systems must always meet the
requirements of the present time. However, everything is not so simple. Sometimes in the pursuit of something new proven
reliable options and designs are unjustly discarded. At the same time, there is no guarantee that this innovation will not
disappoint or let you down after a while. Quite often, a new development of a well-known company has the main goal to push
the competitors and increase the volume of sales of the new product. Attention of potential buyers focuses exclusively on positive
aspects, such as increased accuracy, computing power, increasing speed, reducing size and weight, etc. Thus disadvantages are
ignored, however they are present and can subsequently occur. That's why the developers of security systems and experts in the
implementation of the digital home functions ("smart homes") should be especially cautious and picky. They work in an area
where the main customer requirements are often associated with a desire to get a reliable, non-standard, in a sense unique
product. The requirement for a reasonable price is not always put forward. There is a strong flow of new products from the
Internet (new modules, new standards, new line, etc.).It attracted offers to do everything on a turnkey hardware components
supplier firms. Considering the foregoing, the most reliable to date is the hybrid version of data collection system setup that can
combine together all the advantages of the well-known and new, i.e. ideally complement what works today reliably with that
new that appears on the global market. This applies to all issues related to the construction of a data collection system: the
choice of analogue or digital sensors; selection of video surveillance systems - analog or digital; selection of data transmission
channels, wired or wireless, etc.

Keywords: digital home, security systems, smart house, wireless connection.

O.B. AHIPEEBA
Hamionaneanit Texnigyauit yaisepcutet Ykpainu «KIII im. I.Cikopcbkoroy
elvian44@gmail.com

T'IBPUJIHI BAPIAHTH ITPU ITOBY JOBI OXOPOHHUX CUCTEM TA PEAJIIBALII ®YHKIIIA
NUOPOBOI'O BY IUHKY

YV 0onosioi nokasani nepesazu euxopucmanms iOpUOHUX 6apiaHmMie 6 OXOPOHHUX CUCMEMAX MAa Npu peanizayii
@ynryiti pozymnozo 6younxy. Oxopouni cucmemu Oist HAOILIHO20 QYHKYIOHYBAHHS NOMPEOYIOMb NOCMIUHO20 MeCmy8anHs ma
oHosnenns oonaonanna. QOOHax nicia 5-6 pokie KOpUcmyeaHHs OXOPOHHY cucmeMmy Kpawje 83az2ani 3aMinumu Ha Ho8y (abo
cymmeso nepepooumu). Ceimosuil puHOK eneKmpoHiKU HPONOHyE Oe3niy 2omosux npoekmis oxoponnux cucmem. Cnio
8paxosysamu, Wo OXOPOHHA cucmemd € HAUOLIbW NPUBAOIUBOIO 3 MOYKU 30pYy HAOIUHOCMI, AKWO BOHA AGAAE OO0
opucinanbHy po3poOKy, a He cmanoapmmuy cucmemy oOuici 3 gidomux kKomnauii. Haubinew nputinimnum eapianmom 3a
Kpumepiem Haditinicmv/yina mModice cmamu, max 38aua, 2iopuona oxopouna cucmema. Came 6 miil npocmiwie peanizygamu Hogi
Hecmandapmui piwienns. 1 IOpUOHICMb 6 OXOPOHHY CUCEMY MONCYMb 000AmuU MAKi pileHHs, K.
- NOEOHAHHA OJiA CYMICHOI POOOMU AHANO208UX MA YUPPOBUX KaMeP 8i0e0CHOCePeHCeHH L
- 3acmocysants 080x (ab6o Oinvbuie) 8apianmis HcusieHHA NPUCMPOIE cucmemu (a maxoc 3acobis ix
OUCMAHYTIIHO20 NIONCUBICHHSL),
- NOCOHAaHHsL 080X apianmis AiHill 360py iHpopmayii 6i0 damuukie (Opomogi ma 6e30pomogi Kinii 36 A3KY).
Kniouosi crosa: yugposuii 6younok, oxopouti cucmemu, po3ymuuii OyOuHox, 6e30pomosuii 36 s30K.

Video surveillance in the hybrid system. For a long time surveillance developed only in analogue
systems. Nowadays Cameras with 600-800 TVL successfully work in security systems. They have several
advantages over IP-cameras (for example, on the street recording at night, especially when raining). The first
digital-camera with a matrix resolution less than 1 megapixel (704x576) could not compete reliably working analog
CCTV systems. However, today we use digital cameras with 3- and 5-megapixel sensors. Even more - there are
models with a resolution of 20 megapixels and more. Digital cameras provide a transmission in a digital format over
the Ethernet and Token Ring, using the IP protocol. The main difference from analog cameras is the absence of
intermediate transformations. Image remains in digital format all the time after receiving from CCD - or CMOS -
matrix until the digital display or monitor.

There are some problems during the upgrading of already working security surveillance systems (usually
after 6 years of operation). In these cases the compromise solution is appropriate - the construction of a hybrid video
surveillance system is one of them. This solution allows to leave a part of the equipment from analog video
surveillance systems (e.g. 704x576), but in places where high detailing is necessary it is possible to set network IP
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cameras with high resolution. This approach allows the creation of efficient and flexible system to obtain a gain in
function. Advanced Hybrid solution allows to receive a number of advantages in the construction of new security
systems since it successfully combines all the advantages of analog and IP-cameras. The surveillance system
receive additional functions such as video analytics, the ability to work via a dedicated free cloud service "tescar-
cloud" provides supporting of high-definition live video: standard 960H for analog signals and standard 1080p for
digital. Also it supports a huge total storage capacity up to 12 TB, and recording video and audio streams
synchronously.

Interfaces for the hybrid systems. Now measuring systems are used a new generation of electronic
measurement instruments standard - LXI (LAN Extension for Instrumentation). This standard compared with the
predecessors has a number of advantages at a low price: web interface, equal messaging, wired synchronization
interface, the new distributed interface with synchronization on timestamps , etc.

It should be noted that the new standard allows for the construction of hybrid systems with the
simultaneous use of multiple interfaces, including LXI, UXI, PXI. During upgrading of operating systems, adding
LXI standard components associated with low expenses, because LAN is a low-cost technology.

Wireless Networking "Smart house" and hybrid approach. Keep in mind that wireless networks
are short-range action can interact with each other. Special equipment may serve as a gateway between different
wireless networks. For example, if system “ZigBee” detects intruders at territory of a Digital Home, it can
communicate with a special security network IEEE 802.11 and activate thus the host computer and the security
service.

Zig Bee competitors today can be considered a Z-Wave technology (also with cellular topography) and
INSTEON -technology (simultaneous transmission of data on two channels: wired and wireless; can be operated
without a central computer.

Conclusions:
In conclusion, it should be noted the following:
1. Despite the external domination of sales of digital meters, the relevance of analog sensors is not
becoming
less. This is explained not only by their miniature nature, but also by a number of other advantages.
Developers of security systems and smart house functions are not in a hurry to part with a well-proven
element base for gathering information about the state of the facility. The main criterion here is the
reliability
of the system and the absence of false positives.
2. The hybrid system of data collection for today are the best option in terms of price and quality due to

the
versatility, originality and openness for improvements.
3. Hybrid versions prepares a reliable platform with the element base for the construction of measuring
systems
of the future.
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MPOEKTYBAHHS 3ACTOCYHKY JJISI CHACTEMHOI POBOTH 3 ®AWJIAMU BA3
TAHUX

Anomayis. [Ipedcmasaero po3easio cmpykmypu, cymHocmell 6a3 daHux ma esnacmugocmeti memadaHux. OnucaHo
emanu po3po6KU 3ACMOCYHKY 0451 cucmemHoi pobomu 3 ¢atinamu 6a3 daHux. [IpedcmasseHo po32/50 8UKOPUCMAHUX
namepHie nNpoeKmyeaHHsi 0/s NoOJe2UleHHsl ma CnpoujeHHs1 emanie po3pobKu ma nidmpumKu 3AdCMOCYHKY.
IIpozpamHuii npodykm nosuHeH KOPeKMHO 06po6asimu NOMUAKU ma 8i0M08/1eHHs1 8 pobomi He no8uHHO npusodumu do
empam iHgopmayii. IIpusedeni 6i6aiomeku, 3a donomozow sKux 6yde gidbysamucs mecmy8aHHsi 3ACMOCYHKY, 045
nepegipku lio2o npaye3damHocmi ma UKOHAHHS HeO6XIOHUX 3a0aH.

Karuosi cnoea: 6aza daHux, memadati, JavaFX, Java, MVVM, Lazy Load, MySql, SQL, JDBC.
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DESIGNING APPLICATION FOR SYSTEM WORK WITH DATABASE FILES

Annotation. The structure, database essences and metadata properties are presented. Our view is that, the database
is structurally composed of metadata, so if we get metadata from one database, we can structurally recreate the same
database. This is very useful when migrating data from one database management system to another.

Describes the stages of application development for system work with database files.

A review of the design patterns used to facilitate and simplify the development and maintenance of the application
is presented. The modular structure of the application will allow adding additional components as needed.

The software product should handle errors correctly and refusal to work should not lead to loss of information.
Listed libraries, which can be used to test the application.

The application is intended for obtaining metadata, generate sql code for the ability to further recreate the
database, update the contents of the database and for the possibility of searching for the required table, form, function,
procedure.

Compared to existing analogues, the program will have the following benefits: user-friendly interface, quick
download and updating of database entities, and convenient display of metadata.

Keywords: database, metadata, JavaFX, Java, MVVM, Lazy Load, MySql, SQL, JDBC.

Po3pobnennst mepmmx 6a3 maHux Oepe modatok 3 1960-x pokiB. BOHM BHKOPHUCTOBYIOTHCS ISt
BITOPSIAKYBAaHHS IIEBHOTO HAOOpYy MAaHUX AJIS TOJIETIEHHS 30€peKeHHS Ta POOOTH 3 BEIHKOI0 KIIBKICTIO JaHHX.
CyuacHi 0a3u JaHUX MICTATH HE TIJIBKH JIaHi, aie i iX ommc Ta 3acobu ix oOpoOku. 3a ommC HaHWX BiANOBITAIOTH
MeTanani. To6To MeTagani MicTATh iHpopMaIito po cami aaHi. Tak sk 6a3u JaHUX € IyKe PO3TMOBCIOKEHUMH B
Hall yac, 0yJ10 BUpILIIEHO CIIPOEKTYBATH 3aCTOCYHOK JJIsi CHCTEMHOI poboTH 3 daitnamu 6a3 gaHuX.

Hama nymka momsirae B Tomy, o 0a3a JaHUX CTPYKTYPHO CKIIAJA€ThCS 3 METaIaHUX, TOMY TP OTPUMaHI
METaJaHKX 3 OJHI€T 023K JaHUX MU MOKEME CTPYKTYPHO BIITBOPHUTH TaKy K 0a3y manux. lle € qye KOpHCHUM MpH
Mirparuii JaHuX 3 OHi€T CUCTEMH KepyBaHHs 0a3aMH JaHUX JI0 1HILOI.

3aCcTOCYHOK PO3pOOIISETHCS SIK HABUAIBHUHN JTOJATOK JJIs JIFOJICH, SIKUX I[IKaBUTh pOoOOTa 3 0a3aMu TaHHX.

3acTOCYHOK TpH3HAYEHHWH JJIss OTPUMAaHHS METaJaHuX, TeHepyBaHHs sql KoIy Miasi MOXIHBOCTI
MOJIaJIBIIIOTO BiATBOPEHHS 0a3W JaHWX, OHOBJICHHS 3MIiCTy 0a3W JaHWUX Ta JUISI MOXUIMBICTI MOIIYKY HEOOXimHOT
TabIuIi, BUAY, QyHKIIII, mporexypu.

Po3pobka iHTEpdeiicy mporpamMu € OJHUM 3 TOJOBHHUX KPOKiB, Oy3CyMHIBHO iHTep(eiic MmoBHHEH OyTH
3pO3yMUIMM 1 3pyYHUM B BHKOpHCTaHHi. J[7s mboro OyaeMo BUKOpUCTOBYBaTH matdopmy JavaFX. Jlns po3poOku
3aCTOCYHKIB 3a jgoromoroto miatdpopmu JavaFX nocrynuuit Garatuii rpadiunuit i mynsrumeniitauit API, mo
CIIPOIILY€E CTBOPEHHS Bi3yaJIbHUX ITPOTPaMm.

Hacrymuuii kpok — 1e HanmcaHHs camoi mporpamu. 3acooom po3poOku € IntelliJ IDEA Bin xomnanii
JetBrains. MoBa mporpamyBanHs Oyna oOpaHa Java, mo0 nporpamy MokHa OyJno BHKOHAaTH Ha OyIb-siKiid
wiatgopmi.

Jlnst 3'emHaHHs 3 0a3010 MaHWX Oyle BUKOPHCTOBYBATHCS TPUKIAAHWA MpOTrpaMHUM iHTepdelic Java
DataBase Connectivity.

Java DataBase Connectivity — npuKIagHUN TporpaMHui iHTepdeiic Java, skuii BU3HAYa€ METOMAH, 3a
JIOTIOMOTOI0 SIKMX IIporpaMHe 3abe3mnedueHHs Ha Java 3mitficHioe noctyn no 6a3u manmx. JDBC — me mmardopmo-

8 — 13 uepena 2018 p. Bumiproeansna ma o6uucnioeanvha mexuika 6 mexuonoziunux npoyecax — 2018 97



HEe3aJe)KHUH TPOMUCIIOBUH cTaHAapT B3aemogii Java-zactocynkiB 3 pizHomaniTHuMu CKBJI, peamizoBanuii y
BUIJISA/I MTaKeTa java.sql, 1mo BXxoauTs 1o ckiany Java SE.

ApXIiTeKTypa IporpaMHOro KOMIUIEKCy Oyzae BiNIOBinaTH narepHy mnpoekTyBanHs MVVM, a moxyneHa
CTPYKTYpa J03BOJIATUME JI0J]ABATH B Mipy HEOOXITHOCTI JJOJATKOBI KOMITOHCHTH.

[TporpamMHuii MPOXYKT MOBHHEH KOPEKTHO OOpOOJSTH NOMHIIKH Ta BiZIMOBJIEHHS B poOOTI HE NMOBHHHO
NPUBOAMTH 10 BTpAT iH(OpMaIii.

Jliist mepeBipKM KOPEKTHOI mpaili nporpamu Oyjie BUKOHAHO TECTYBAaHHS MMPOTPaMH 32 JOMOMOTO0 TaKHUX
610mioTek: TestNG, JUnit, Mockito, TestFX.

HaiickiiaqHilo YacTHHOI B HAIIMCAHI HAIIOI IPOrpaMy € OTPHUMAaHHS METa/IaHHX, TeHepyBaHHs 3 HUX sql
KOJTy, 3aBaHTa)KEHHS Ta OHOBJIICHHS 3MiCTy 0a3H JaHUX.

B manomy 3acTOCYHKY KOpHUCTyBaueBi Oyie HaJaHO 2 BapiaHTH JUIS MOYATKY POOOTH:
- CTBOPEHHA HOBOrO 3'€4HaHHA 3 6a30t0 AaHUX
- BiAKPUTTA 36EPEKEHOro NPOEKTy
VY 3actocyHKy Oyzie MOXJIMBICTb JIOBAaHTAXXyBaHHS JaHHX, IO Ja€ MOXKJIMBICTH OLIBII LIBHKOT
poOOTH Ta 3MEHIIYE Yac 3aBaHTAXEHH yciel 0a3u JaHUX.

OueBUHO, IO AVl 3aBaHTa)XEHHS BEJIMKOTO 00’€éMy JaHUX Ta iHpopMauii moTpiOHO BHTpaTHTH Oararto
yacy. Jlns po3s’s3Kky miel mpoOiemu, Oyio BupilieHo BHKopucrtoByBatu natepH Lazy Load. IMarepn Lazy Load
(Jlemaue 3aBaHTakeHHs) Ma€ Ha yBasi BiIMOBY BiJ 3aBaHTa)XEHHS JOJATKOBHX JaHUX, KOJIM B I[bOMY HEMae
HEOOXiTHOCTI. 3aMiCTh IIOT'O CTABUTHCSI MapKep Mpo Te, IO JaHi He 3aBaHTa)xeHi i ix Tpeba 3aBaHTAXKUTH B pa3i,
SIKILIO BOHH 3HAI00JISTHCS.

SQL (Structured query language — MoBa CTPYKTYpPOBaHHMX 3alUTiB) — JeKJIapaTHBHA MOBa
MpoTpaMyBaHHSA U B3a€EMOil KOpHCTyBada 3 0a3aMH [OaHHX, IO 3aCTOCOBYETHCSA A (pOpMyBaHHS 3aIUTIB,
OHOBJICHHS 1 KepyBaHHA peisiuiiHuMu BJ1, cTBopeHHs cxemu 0a3u naHuX Ta 1l Moaudikamii, CHCTEMH KOHTPOJIIO 3a
JIOCTYTIOM JI0 0a3H JaHUX.

Sk cucremy KepyBaHHs 0a3aMu JaHUX, 3 AKOI Oy/JeMO OTpUMYBaTH METajaHi, OyJeMO BHKOPHCTOBYBATH
MySql. Cuctema kepyBaHHs 0a3aMu JaHUX — II¢ KOMILUICKC MPOTPAMHOTO 3a0C3ICUCHHS, [0 HAJTa€ MOXIHUBOCTI
CTBOpEHHSI, 30epe)eHHs, OHOBJICHHS Ta MONTYKY iH(opmarii B 6a3ax JaHUX 3 KOHTPOJIEM JOCTYyMy A0 ganux. MySql
— IIe OJIHA 3 HAHTIOMMPEHINIINI CUCTEM KepyBaHHS PEILMIHHNME 0a3aMy JaHHUX 3 BiIKPHUTHM KOJIOM.

VY mopiBHAHHI 3 ICHYIOUMMH aHAJIOTaMH, Iporpama Oyle MaTH TakKi MMepeBard: 3pYJYHHHA Ta 3pO3yMiJTAi
iHTepdeiic, MBUAKE 3aBAaHTAKECHHS Ta OHOBJICHHS CYTHOCTEH 0a3 MaHuX, 3pydHe BiJOOpakKeHHS METalaHUX.

Jlirepatrypa

1. 3. ®pumen [Tatrepus! npoextupoBanus. / 3. @pumen. — M.:ITurep, 2015. - 656 c.
2. b. lIBapu MySQL. Onrumuzanust nponssoautensHoctd. / b. IBapu. — M.:Cumsoi, 2010. — 823 c.

References

1. E. Frimen Patterny proektirovaniia. / E. Frimen. — M.:Piter, 2015. - 656 s.
2. B. Shvarts MySQL. Optimizatsiia proizvoditelnosti. / B. Shvarts. — M.:Simvol, 2010. — 823 s.

98 8 — 13 uepena 2018 p. Bumiprosansha ma o6uucniogansna mexuika ¢ mexnonoziunux npoyecax — 2018



YOK 621.317.08
A.B. PYIUK

HauionansHuii aBiauiiiHuil yHiBEpCUTET
andrey4453117@gmail.com

B.A. PYJIUK

KuiBchkuii HaiOHANBHUI YHIBEpCUTET OYAIBHHUITBA i apXIiTEKTYpH

PO3POBKA CTPYKTYPH HITYYHOI HEUPOHHOI MEPEXI ITPUJIAJIOBOI
CUCTEMMU MOBIJIBHOI'O POBOTA

/Jlas o6uucaeHHs 3 8UCOKOI0 moyHicmio gidcmawi 0o nepewkodu 3a 3HAYEHHAMU KiAbKOCMI AMUAbHUX IMNYAbCI8
ma weudkocmi yabmpaseyky 8 nogimpi nposedeHo po3pobKy ma aHaniz modeseli wmy4Hoi HelipoHHoi mepexci (ILIHM)
muny Feed-forward (FF) i Cascade-forward (CF).

3a pesyabmamamu npogedeHozo axaaizy LLIHM muny Cascade-forward nokasaau kpawi pe3yasmamu, Hixc [LIHM
muny Feed-forward, npu yvomy CF-mepedci 3a mouHicmio maroms npubausHo o0Hakosi pesyssmamu (045 LLIHM 3 odHum
npuxosaHum wapom MSE=1.577 mm, MAE=2.035 mm, a das IIHM 3 dsoma npuxosaHumu wapamu MSE=1.412 wmm,
MAE=1.892 mm). O0Hak 3a paxyHOK Kpaujux mo4HiCHUX xapakmepucmuk 0151 BUKOPUCMAHHA 8 npu1adosux cucmemax MP
npononyemocs [ITHM CF-muny 3 dgoma npuxo8aHuMu wapamul.

Knawuyoei cnoea: wmyuHna HelipoHHa mepedca, Mo6iabHUll po6om, npuaadosa cucmema, HA8YAHHs, HelpoOH,
nepedasasnvHa OyHKYis, PyHKYia akmueayii, cepedHbokeadpamuyHa noxubka, Npuxo8aHutl wap.

A.V.RUDYK
National Aviation University
V.A.RUDYK

Kiev National University of Civil Engineering and Architecture
DEVELOPMENT THE ARTIFICIAL NEURAL NETWORK OF THE MOBILE-ROBOTS DEVICE SYSTEM

To calculate with high accuracy the distance to the obstacle by the number of counting pulses and the speed of
ultrasound in the air, the models of an artificial neural network (ANN) of the Feed-forward (FF) and Cascade-forward (CF) type
were developed and analyzed. The nature of the nonlinearity and the complexity of the relationship between the parameters are
unknown in advance, so the number of hidden layers, neurons in the layers and the activation functions of neurons are chosen
experimentally. As a result of the analysis, a set of 69 ANN models of different structures was developed and analyzed. For
learning, the method of backward propagation of error was used. Based on the results of the analysis of 20 CF-type ANNs, the
most accurate is an ANN consisting of 6 neurons with transfer function (TF) tansig and 9 neurons with TF purelin in the hidden
layers and one neuron with TF purelin in the output layer. As a result of the training of this ANN with the duration of the 42nd
epoch, the mean square error (MSE) of the training was 0.723 mm, and according to the results of the ANN testing on an
additional sample, the MSE was 1.526 mm and the average absolute error was 1.965 mm.

Since in the learning process the full sample is divided into parts (60% for training, 20% for testing during training
and 20% for testing), then the adequacy of the developed models was not tested on the training data vectors. For the final
selection of the ANN structure, the samples for testing and testing were combined in a total size of 50, and the accuracy of the
models that had previously shown the best results was checked on this combined sample. Based on the results of the analysis, the
ANN of the CF-type showed better results than the ANN of the FF-type, while the CF networks have approximately the same
accuracy (for an ANN with one hidden layer MSE=1.577 mm, MAE=2.035 mm, two hidden layers MSE=1.412 mm, MAE=1.892
mm). However, due to the best accuracy characteristics for use in MR systems, an ANN CF-type with two hidden layers is
proposed.

Keywords: artificial neural network, mobile robot, instrument system, training, neuron, transfer function, activation
function, mean square error, hidden layer.

IIpoBenenuit B [1] aHami3 TOKa3aB, IO iCHYKOTH JOCHUTh CHJIbHI KOPEJSIIMHI B3a€MO3B’SI3KH MiXk
BIZICTAHHIO JI0 NEPEIIKOJH, BUMIPIOBAHOIO YJIBTPa3ByKOBHM JAJIEKOMipoM MoOiIpHOrO podoTa (MP), Ta KijbKicTio
JYMIBHUX IMITYJIBCIB 1 IIBUJKICTIO YJIBTPa3BYKy B MOBITPI, sika € (QYHKIIEI0 TpynH KiiMaTHYHUX (akropi. Tomy
caMe IIi HTapaMeTpH HEOOX1THO BUKOPUCTOBYBATH SIK iH(POPMAIiiHi JUTS BU3HAYESHHS BiZICTaHI J0 MEPEIIKOJIH.

st 300py aHMX IpH IOCTaHOBII excriepuMeHTiB MP mepemintyBascst mmo npsimiid 3i mBunkoctsimu 0.25
m/c, 0.5 m/c Ta 0.75 M/c, a yac mepemimieHHs BHOHMpaBCsS TakMM 4YHMHOM, 00 mnepemimenHs MP ckianano
mpubau3Ho (3...5) M. [Ipu nepeminienri MP 34utyBanucs mokasaHHs yJIbTPa3ByKOBOTO JallekoMipa 3 9acTOTOO 5
I'm, xiHmeBa Touka mepemimeHHs (ikcyBasacs 3a JIOTOMOTOI0 30BHIIIHIX BUMIPIOBaHB, a 33 OTPIMAaHUMH JaHUMHU
pospaxoByBaymcss 10 mpomixamx mnos3umii MP. Jlns mocmimpkeHHS B3a€EMO3B 3Ky MK BHIIEBKa3aHUMHU
nmapaMeTpamMu CTBOpeHO BHOIpKY 3 200 KOHTpOJBHHX 3HAa4eHb. XapakTep 3B’S3Ky MiX IUMH IapamMeTpaMu €
CKJIQTHAM 1 3aJIS)KUTh BiJl OaraTthox (akTopiB, SIKi BAYKKO BCTAHOBUTH aHAJITUYHO.

Jlst o04uCIIeHHs 3 BUCOKOIO TOYHICTIO BiJICTaHI IO TIEPENTKOAM 3a 3HAYSHHSAMH KUTBKOCTI JIIYMIIBHUAX IMITYJTBCIB
Ta MIBHJKOCTI YJIBTPa3BYKy B IOBITPI MPOBEJACHO po3poOKy Ta ananiz moaened IIIHM tuny Feed-forward (FF) i
Cascade-forward (CF). Xapakrep HETIHIHHOCTI Ta CKJIaJHICTh B3a€MO3B’SI3Ky MIX I1apaMeTpaMH 3a3jalerijpb
HEBIJJOMUIA, TOMY KUJIbKICTh NPUXOBAaHUX IIApiB, HEWPOHIB y IMIapax Ta (YHKIII akTHBaIii HEHPOHIB BUOMpANHCS
eKCIIepUMEHTANIbHO. B pe3yibraTi nmpoBeneHoOro aHaiizy CTBOPEHO i IpoaHanizoBaHo Hadip 3 69 moxpenert IITHM
pi3HOi cTpykTypu. Jlisi HaBUaHHS BHKOPHCTOBYBAaBCS METOJ| 3BOPOTHOTO IIOIIMPEHHS IOMWIIKH. 3HAUYCHHS
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1 L
cepenubokBaapatuyroi momunku [ITHM pospaxosyetsest 3a Qopmynono E Z—ZZ(yf —mf 2)2, ge L —
k=1 j

PO3MipHICTE HABYATBHOI BUOIpKHM; /7 , — Hapa eTalOHHMX KOOPAMHAT peanbHoi mosuuii MP.

Jist HaBuanHs [ITHM B SKOCTI €TallOHHUX 3HA4Y€Hb BUKOPHCTOBYIOTHCS KOOPJWHATH peaibHOI MO3HIIl podoTa,
sIKa OIIHIOETHCS 3a TOTIOMOTOIO JIBOX MMIIXOMIB — BijeopeecTpairii poboTa 3a JOMOMOTO0 KaMepH, 3aKpilieHoi Ha
cTeni, 1 pydyHoro BuMiproBaHHs. byna 3aiificHeHa cipo6a BUMIpIOBaHHS peasibHOT 1O3ULIT Ha OCHOBI 1H(PaYepPBOHUX
JTAICKOMIpIB, aje MOXHOKM IaHWX CEHCOPIB HE IO3BOJIMJIM 3POOWTH BHCHOBOK ITIPO pPEANbHY SKICTH POOOTH
HeHpoHHOT Mepexi. J[is HaBuaHHS HEHPOHHOT Mepexi Oyia miroToBJieHa HaBYalbHa BHOIpKa 3aralbHUM PO3MipoM
L =120, npu upoMy BIIaCHE ISl HABYaHHS BUKOPHCTaHO BUOIPKY po3mipoM 70, a /i nepeBipkd NpU HaBYaHHI Ta
TecTyBaHHs — BUOIPKH po3MipoM 110 25.

HaByanHs 1 TecTyBaHHsS HpOBOIMIIOCS 3acobamu nonatky Neural network toolbox mnakeTy NpPUKIAIHOTO
nporpaMHoOro 3abe3neuents MatLab 3a nonomoroto GYyHKIT trainlm 3 BUKOPUCTAHHIM JITOPUTMY, IO MOIUDIKye
BaroBi koeiIieHTH 1 3cyBH 3a MeTo/I0oM onTuMmi3zallii Jleenbepra-Mapksapara. Kpurepiem epexkTHBHOCTI HaBYaHHS
Oyna cepemupokBagpatuana mommika (CKII), a makcumManbHa KimpkicTh emox craHoBmia 100 ©e3 gwacoBoro
obMexeHHs mporiecy. PoboTy kokHOT 3 cTBopeHux mozeneit [ITHM Oyrno mpoTecToBaHO Ha MOMATKOBIH BHOIpI 3
25 3HaYeHb, SIKi HE BUKOPHCTOBYBAJINCH B Mporeci HapuaHHSI. OCHOBHUMH KPUTEPISIMHU Al BHOOPY ONMTHMANbHOL
cTpykrypu i napamerpiB IIIHM Oynu cepennbokBaaparuuna (MSE) ta cepennst abcomorHa (MAE) noxnbku npu
MOPIBHSHHI TICHUX 3HA4YEHb 3 JaHMMH, OTPUMaHMMH B pe3ynbTari podotu IIIHM. B pesyneraTi nanoro BubGopy
OyJ10 BIIKMHYTO HaJMIpHO aJalTOBaHi MOJIEN, 110 HE MIIXOMATh I peallizallii, a TAKoX Ti, 0 MalOTh BiJIHOCHO
BUCOKI TIOXHOKM 32 PaxyHOK CTPYKTYpH, IIO HE BIANOBIJa€ XapakTepy B3aeMo3B’s3Ky. Jlani posrisHemo nesiki
ITHM, npu MozetoBaHHi SIKUX OyJI0 OTPUMAaHO Kpallli pe3yJIbTaTH.

3a pesynbraramu aHamizy 18 pospobienux mopnened tumy FF 3 OIHMM NPHUXOBaHMM IIapoM HaWKpari
PE3YJIbTATH 32 KPUTEPIEM MAKCUMAIIbLHOT TOYHOCTI oTpuMaHo mpu BukoprcTanHi [IIHM, ska Mae mpuxoBaHU 1map
(Hidden Layer), mo ckiagaeThcs 3 BOCBMH HEHPOHIB 3 tansig-QyHKIIE0 akTHBalii, 1 Buxiganit map (Output Layer),
SKAHA CKJIaJa€ThCS 3 OJHOTO HeipoHa 3 logsig-pyHkuieto aktuBanii. Hapuanas [IIHM npomomxyBasiocs Bin 20 mo
100 emox, mpu mpomy CKII 3amexxHO BiI CTPYKTYypH Mepexi (KiTbKOCTI HEHPOHIB y TPHUXOBAHOMY IIapi) Ta
KUTBKOCTI €roX HaBYaHHS 3Haxomwmiaacs B Mexax Bim 1.357 mm mo 2.352 mm. BuObipkoBi maHi momo pe3ymnbTaTiB
ominku CKII naBuanus I[IIHM B 3anexxHOCTI Bix cTpykTyp Mepex tuny FF i CF HaBeneHi B Tabm. 1.

Tabmuus 1. Pesyneratn oninkn CKII Hapuanns IIIHM B 3anexHOCTI Big CTpYKTyp Mepex Tuny FF ta CF

KimpkicTh HEHpOHIB y NPUXOBAHMX  I[Iapax Ta

N CeperHbOKBaIpaTUIHA noxuoka
KUTBKICTh €IMOX HaBYaHHS (3HAYCHHS HABEICHO B

HaByauus [ITHM, Mmm

JIy’KKax)
Feed-forward Cascade-forward Feed-forward Cascade-forward
rap 1 miapu 112 miap 1 mrapu 112 rap 1 mrapu 112 | map 1 mrapu 112
6 (100) 814 (40) 5(25) 618 (28) 2.352 1.989 1.767 1.388
6 (50) 814(26) 6 (206) 618 (36) 2.097 1.761 1.544 1.159
6 (20) 1014 (30) 6 (32) 719 (32) 1.783 1.663 1.431 1.212
8 (100) 1014 (16) 7 (26) 719 (40) 1.649 1.526 1.372 1.034
8 (50) 1115 (26) 7 (32) 619 (36) 1.516 1.478 1.045 0.865
8 (20) 1115(16) 7 (40) 6i9 (42) 1.357 1.367 1.154 0.723
10 (50) 11i7 (26) 8 (22) 718 (30) 1.492 1.143 1.267 0.882
10 (20) 1117 (16) 8 (30) 718 (44) 1.565 1.259 1.193 0.911
12 (50) 1216 (30) 9 (26) 8110 (32) 1.886 1.371 1.233 1.055

B mporeci mocmimkeHb KUTBKICTh HEWPOHIB y MPUXOBAaHOMY IIapi 3MiHIOBajack Bix 6 o 12. IIpu 30inpmenHi
KimpkocTi HedpoHiB g0 15 IIIHM 3amam’sitoByBana BXifHI 00pa3u i Ha HOBHX JIaHHMX IOKa3yBajla HE3aJOBUIbHI
pesyibraty. IIpy NOpiBHSAHHI 3Ha4Y€Hb BiACTaHI O MEPEKoan (TT0TOYHOro nosnokeHHs: MP), orpumanunx 3a jormo-
mororo [ITHM, 3 nitfichumu 3HauenHssMu BusHaueHo, mo CKII cranoButs 2.943 MM, a cepe/iHs aOCONIIOTHA TOXHOKA
ckmanae 3.862 mm. Haiikpami pesynbraTté npu asamizi 16 Mepex Ttumy FF 3 1BOMa NPUXOBaHUMH IIapaMu
orpumaHo npu TecryBanHi IIIHM, npuxoBaHi mapu sKoi cKiagaioTeCcst BiamosigHo 3 11 Ta 7 HelpoHiB 3
nepefaBaIbHUMKE (QYHKUISIMH fansig, a BUXIAHUI LIap — 3 OJHOTO HEHpOHA 3 aHAJOTIYHOIO IepelIaBaIbHOIO
¢dynxkiiero. Hapuannst Mepesxi TpuBaio 26 enox, a CKII mapuanus ckinamae 1.143 mwm (tabu. 1). 3a pesynpTaTamu Te-
cryBauns LIIHM na nomatkosiit BuGipii orpumano CKII 2.492 MM Ta cepennio abcomoTHy TOXHOKY 3.251 MM.

IIpu mocmimxkenni kackagaux [ITHM tuny CF 3 oqHHM NMPUXOBAaHUM IapoM cepex 15 BapiaHTIB MaKCHMaIbHY
TOYHICTh TPY HaBYAHHI OTPUMAHO B MEpEXi, MPUXOBAHUH MIap SKO1 CKIATAEThCs 3 7 HEHPOHIB 3 MepeaaBaIbHIMHU
¢yaxuismu (I1D) tansig, a Buxigawii map — 3 oxgHoro HelpoHa 3 I1® /ogsig. HaBuanns IIIHM mpoxommmo 32
enoxu, npu oMy CKII HaBuanus cknamae 1.045 mm (tadm. 1). OpHak npu MOPIBHSHHI JIMCHUX 3HAYeHb 3
BusHayeHnmu [1ITHM CKII cranosuia 2.247 mm, a cepeans adcoioTHa nmoxuoka — 2.919 mm.

Tomy 1o TouHIiCHI XapakTepucTuKH naHoi kackaaHoi IITHM npubnusHo Taki cami, mo i y mepexi tuny FF 3
JBOMa NPUXOBAaHMMHU IIapaMH, OyJao po3poOneHo, HaBueHO 1 mpoanamizoBaHo 20 IIIHM CF-tumy 3 nBoma
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MIPUXOBAaHUMHM IIApaMH. 3a pe3ysibTaTaMH IPOBEACHOro aHanmizy Haibinbm touHoro € IIIHM (puc. 1), sika
cKiaaeTses 3 6 HelpoHiB 3 [1O fansig 1 9 neiiponis 3 [1® purelin y npuxoBaHMX 1apax Ta oAHOr0 HelipoHa 3 [1P
purelin 'y BuximHomy mapi. 3a pesynbraTamMu HaBuaHHA Takoi LIIHM TtpuBamictio 42 emoxu orpumano CKII
HaBuaHHA 0.723 MM (Tabum. 1), a 3a pesynpratamu tectyBanus LIIHM na nonartkosii BubGipmi orpumano CKIT 1.526
MM Ta CEPeIHI0 a0COMOTHY TOXHOKY 1.965 MMm.

Puc. 1. Ctpykrypa IIIHM Tuny Cascade-forward 3 1BoMa NnpuxoBaHUMH LIapaMu

Tomy mo B mpoueci HaBuaHHS 3aranbHa BHOipKa posaiienHa Ha vactuHu (60% s naBuanus, 20% mis
nepeBipkn npu HaB4aHHI Ta 20% 1711 TECTyBaHHS), TO aJE€KBAaTHICTb PO3pOOJICHUX MOJeNIe He mepeBipsuiacs Ha
HaBYANBHUX BeKTopax naHmx. s ocratognoro BuOopy crtpykrypu IIIHM Oyno o6’emHaHo BHOIpKH ais
TECTYBaHHS 1 IEPEBipKY NPU HaBYaHHI 3arajJbHAM po3MipoM 50 Ta mepeBipeHo Ha miit 00’ €qHaHii BUOIPI TOYHICTH
MOJIeNeH, 10 MOTIePEHBO MTOKa3a i HalKpalli pe3yIbTaTy.

3a pesynsratamu nposeneHoro anamizy IHHM tuny Cascade-forward moka3zanu kpaimi pesynstatd, Hix [ITHM
tuny Feed-forward, npn oMy CF-Mepexi 3a TOYHICTIO MalOTh NPUOIU3HO OAHAKOBI pe3ynsbraté (st [ITHM 3
ONHUM TpuxoBaHUM mapoM MSE=1.577 mm, MAE=2.035 mmM, a mus [IIHM 3 gBoMa NMpUXOBaHUMH IIapamMu
MSE=1.412 mm, MAE=1.892 MM). OnHak 3a paXyHOK KpallMX TOYHICHHX XapaKTEPUCTHK JJIsI BUKOPHCTaHHS B
npunanoBux cucremMax MP npononyerscst HIHM CF-turmy 3 iBoMa IpuxoBaHUMH mapamu (puc. 1).

Po3paxyHOK 3HaueHHs BiACTaHI 110 MepemKoad (MoToYHOI KoopauHatH MP) 3a pesynbraTaMu OLIHKH
LIBHJKOCTI yJIbTPa3BYKY B IOBITPI Ta KiJIbKOCTI JIIYMIBHUX IMITyJIbCIB IPOBOIUTHCS 3a TAKMMH (hopmyinamu [2]:

L= /{02t 1) Sl o S i)

B OO U TR0 NW) PRI N 3 U NE v W ol VS W

e f —byukuis  akrwBanii  Heifpona; n,k —mopankoBi  HoMepw  HeHfpoHiB  mapiB;

f (V3 ), f (N )—HpI/IBGI[eHi CUTHAJIM IIBUAKOCTI YJIBTPa3ByKy B MOBITPI Ta KUIBKOCTI JIYMJIBHHX IMITYJBCIB;
Y, . . N 12 o . .

w/, b —BaroBi koediuientn Ta 3cyBH HeHpOHiB; d,,d, — BUXiQHi CHIHAIM HelpOHIB MEPIIOro i APYroro

MPUXOBAaHUX IIAPiB.
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0. KOVTUN, O. LESHCHENKO, K. DUKHNOVSKA
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RESEARCH OF CLOUD TECHNOLOGIES

Abstract — The paper considers the architecture, as well as the application of cloud computing technology. In the
general case, the cloud-computing environment includes hardware platform, virtualization tools, management and monitoring
tools, data storage system; security service. When using and building a cloud infrastructure, complex tasks arise where efficient
management is required. Cloud computing technologies can be used in heterogeneous information systems, in which it is
necessary to provide efficient management. All these aspects require the study of cloud computing technology, which involves
complex processes of information conversion.

To study cloud-computing technology, a mathematical apparatus is proposed that describes complex processes of
information transformation in dynamic systems. The mathematical description of such a system has three main components. the
phase space, time, and the law of evolution.

Depending on the problem, one can consider either continuous time (when the state of the system is of interest at each
moment), or discrete (when the system's state of interest in isolated moments of time is of interest). Generally, the phase space of
a dynamical system is endowed with a certain structure: a measure, a topology, a structure of a smooth manifold; Evolution
operators are coordinated with this structure, that is, they maintain the measure, are continuous, smooth. Therefore, for the study
of the properties of a cloud system, the properties of topological spaces are investigated.

The development of cloud infrastructure as a complex dynamic system has been studied. This will significantly save the
resources needed to ensure the functioning of information systems. The implementation of information systems using cloud-
computing technologies will ensure the management of information processing processes and the necessary level of access
control to the physical resources of information systems, which ultimately leads to a reduction in the total cost of creating,
developing and operating cloud systems.

Keywords: cloud-computing; cloud computing technology, fog technologies; internet of things; dynamic system, phase
space, topological space, topological dynamics, differential dynamics.

Ob6naunsle BerUmcieHus (cloud computing) SBIAIOTCS OXHWM W3 HamOoOJIee TOMYIAPHBIX HaIpaBICHUI
passutus UT. D10 mpenocraBieHHEe BBIYHCIUTEIBHBIX YCIYT — CEPBEPOB, XPAHWIHI, 0a3 IOaHHBIX, CETEH,
MPOrPaMMHOTO 00€CIICUCHMsI, aHAIMTUKA M MHOTOTrO JIpyroro depe3 MHTepHeT («0b6mako»). OHW OCHOBaHBI Ha
MacmTaOMpOBaHHBIX U BUPTYAIM30BaHHBIX pecypcax (HaHHBIX M MPOrpaMMax), KOTOPEIE TOCTYIHBI MTOJB30BATEIISIM
uepe3 Unumepnem M peanu3yroTcst Ha 6a3e MOITHBIX IIEHTPOB 00paboTky MaHHBIX (data centers).

3HaYUTENBHYI0 POJNb B TOSBICHUHM OOJNAYHBIX TEXHOJOTHHA CHITPaJio CO3JaHWE MHOTOSIEPHBIX
MPOLIECCOPOB M YBEIMUCHHUE EMKOCTH HaKONUTEIeH NHPOpMAIMU a TaKke pa3BuTHe Takux cetedd kak SDN, FTTH
[1, 2]. Takum 0Opa3oM, OCHOBO ISt CO3IaHUS U OBICTPOTO PAa3BUTHS OOJAYHBIX TEXHOJOTHUH IMOCITYKUIHA KPYITHBIC
MHTEPHET-CePBUCHI, Takue kKak Google, Amazon, a TakkKe TEeXHUYECKUH MPOTPECC, YTO, IO CYTH, TOBOPHUT O TOM, YTO
MOSIBIICHHE OOJIAYHBIX BBIYMCIICHUN OBLIO BCETO JIUIIE AEJIOM BpeMeHH [3; 4].

VYuensiMu HanwonansHoro uHcTHTyTa cTrangaproB u texnoioruit (NIST) [5] CIIA paspaborana
JTAJIOHHAS apXUTEKTypa OOJAYHBIX BBIYUCICHUN COCTOSIIAs W3: TPEX CEPBUCHBIX Moxenei (SaaS, PaaS, TaaS),
YeThIpeX MOJeNiell pa3BepThIBaHMS (YacTHOE 00yiako - private cloud/obmee ob6mako - community cloud/myonuanoe
obmako - public cloud/ rubpugHOoe obmako - hybrid cloud) u AT ocHOBHBIX XapakTepucTHK (on-demand self-
service/broad network access/resource pooling/rapid elasticity/measured service)

ApXHUTEKTYypa 00,IaYHbIX BbIYHCIEHHIT

OOnaynasi cucteMa MOXXET (YHKIMOHHPOBATh B OIHOM M3 4eThIpex moaeneit: Private cloud: OGnaunas
nHdpacTpykTypa QyHKIMOHUPYET LIEIUKOM B LENSX 00CTyKUBaHUS 0JHOI opranuzaunu. MHppacTpyKTypa MOXeT
YIPABIITHCSL CAMOM OpraHU3aluel WIN TPEeThe CTOPOHOW M MOJKET CYIIECTBOBATH KaK Ha CTOPOHE MOTPEOHTENs
(on premise) Tak u y BHemHero mnposaiinepa (off premise). Community cloud: Obnaunas wuHppacTpyKTypa
UCIIOJNIb3YETCSI COBMECTHO HECKOJIBKUMH OpraHM3alMssMH W TIOJJICPKUBAET OrPaHHMYEHHOE COOOLIECTBO,
pasmensitolinMu - obue mpuHOMIOBL.  Takas oOmayHas WHQpAacTpyKTypa MOXKET YIPaBIATbCS —CaMUMHU
OpTaHU3AISIMA WIN TPEThEH CTOPOHOH M MOXKET CYIIECTBOBATH KaK Ha CTOPOHE MOTpeOHUTENs (on premise) Tak Uy
BHEITHeTo npoBaiinepa (off premise).

Public cloud: Obnaunas wHPpacTPyKTypa co3gaHa B KayeCTBE OOMICNOCTYNMHOW WM JOCTYITHOH ISt
Oonpmoirpynmel moTpeduteneii. Takas WHOPACTPYKTypa HAXOOWTCSA BO BIIAJCHWH OPTaHM3AINH, MPOIAIONIEH
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COOTBETCTBYIOIIUE 00IaYHbIC YCIIyTH/ MPEIOCTABIISIONICH 00JIauHbIC CEPBUCHI.
Hybrid cloud: O6naunas mH}ppacTpyKTypa SABISETCS KOMIIO3UINEH (coueTaHneM) IBYX U Ooiee 00IaKoB

(4acTHBIX, OOIMMX WM MYOIMYHBIX), OCTAIOIIUXCS YHUKAIBHBIMH CYIIHOCTSIMH, HO OOBEIUHECHHBIMH BMECTE
CTaHJIAPTU3UPOBAHHBIMH TEXHOJIOTUSMH, OOCCICUMBAIOIIUME MOPTHPYEMOCTh IAHHBIX M MPUIOKCHUH MEXKIY
TaKUMHU OO0JIaKaMH (HampuMep, TaKMMHU TEXHOJOTHSIMH, KaK MaKeTHas Mepefaya NaHHBIX Uil OallaHca 3arpy3Ku
Mexay o0akamu).

HepnocTtarok 00MauHBIX BBIYHCICHUN B TOM, YTO MOJH30BATEIh OKA3bIBACTCS IOJNIHOCTHIO 3aBUCHMBIM OT
ucrojbp3yemMoro um "obiaka" (B KOTOPOM JIOCTYNHBI HCIIOJB3yEMble UM JaHHBIE M MPOTPaMMBbI) M HE MOXKET
YIOPaBIATH HE TOJBKO paboToii "o0ravuHbIX" KOMITBIOTEPOB, HO Aa)Ke PE3EPBHBIM KOIMMPOBAHWEM CBOMX NaHHBIX. B
CBS3M C ATHM BO3HHKAET LEJBIH Psii BaXKHBIX BOMPOCOB O 0€30mMacHOCTH OOJAaYHBIX BBIYMCICHHUH, COXpaHECHUH
KOH(HICHIIHATHHOCTH TIOIH30BATEIECKAX JAaHHBIX H T.J.; JAJEKO HE BCE M3 HUX HA TaHHBII MOMEHT PEIICHBI.

Cepbe3Hoil mpo0ieMoil opraHM3alMy OOJAYHBIX BBYHCICHWH C TOYKM 3pEHHS ammapaTypsl LEHTPOB
00pabOTKN MaHHBIX SABJSAETCS YIKOHOMUS AJICKTPOIHEPTHH U MPoOiIeMa pactpeielieHus 3arpy3Ky, Tak Kak 00JadHbIe
BBIUUCIICHUSI B KaXJOM [EHTpe OOpabOTKM JaHHBIX UMEIT (WM B Onmkaiimem OyaymeM OyayT
MMETh) MHJUTMOHBI YIQJICHHBIX TIOJIb30BaTeNieil. B Hacrosimiee Bpems yenwitl psii KPYHHBIX, B TOM 4YHCIE —
MPaBUTEILCTBEHHBIX N KoMMepueckux opranuzanuii CLLIIA 3akpbiBatoT cBoM 1eHTpH! 00padoTku nanHbix (LIOM1), B
CBSI3M CO CIIMIIKOM OONBIIMMHM 3Heprozarparamu. B camom nene, LIOJl MoxeT 3aHMMAaTh OHO WJIM HECKOJIBKO
OTPOMHBIX 3/TAaHHI.

Bo3HHKaIOT CIOKHBIE 33a4H TIPH HCIIOIB30BAHUN M IIOCTPOCHUH CIIOXKHON 00JIa4HOM WHPPACTPYKTYPHI,
pH KOTOPBIX HeoOxomumo obecneunTh 3pQexTuBHOE ympaBieHne. Kpome 3TOro KOHBEPreHIUs TEXHOJIOTHI
WHTrepHera Bemeidl u 00JaYHBIX BBIYHCICHHUH, MTPHOOpeTaeT Bce OOJbIIee pacIpOCTpaHEHUE M SBISACTCS OBICTPO
Pa3BUBAIOIIMMCS W MEPCIEKTHBHBIM [T JATbHEHUIIIETO UCCIICTOBAHMA.

Bce 3ti acnexThl TpeOYIOT MCCIENOBAaHUS TEXHOJOTHH OOJIAYHBIX BBIYMCICHUH, B KOTOPOH MPOUCXOIAT
CJIOYKHBIE TIPOLIECCHI IPeoOpa3oBaHms HH(OPMALHH.

HccnenoBanne TEXHOJIOTHH 00JIaYHBIX BbIYMCIECHUH
MaremaTHueckoe ONHCAaHWe MWHAMUYECKOW CHCTEMBI[6] MMeeT TpPW OCHOBHBIX KOMITOHEHTa: (pa3oBoe

IPOCTPAaHCTBO, BpeMs M 3aKOH 3Borouuu [6]. da3oBoe MPOCTPAHCTBO — 3TO HEKOTOPOE MHOMKECTBO, JIEMEHTHI
KOTOPOTO OTOXIECTBISIFOTCS C COCTOSIHUEM CHCTEMbI. PaccMOTpeHHE JBONIOLHMH CHCTEMBI TPeOyeT MpUBIICUCHUS
BpeMEHH. B 3aBHCHMOCTH OT 3a/laud MOXET PaccCMaTpUBAThCA HJIM HEIPEPBIBHOS BpeMs (KOrga HHTEPECYIOT
COCTOSIHHE CHCTEMBI B Ka)XAbIi MOMEHT), HJIH JHCKpETHOE (KOTAa HHTEPECYIOT COCTOSHHE CHCTEMBI B OTACIBHO
W30JIMPOBAHHBIC MOMEHTBI BPEMEHH).

PaccMoTpuM, 4TO ecnM B JaHHBIE MOMEHT cUcTeMa HaxoAuTcs B coctosHud X € X (X - dasoBoe
HPOCTPAHCTBO), TO Yepe3 IPOMEKYTOK BPEMEHH ! CHCTeMa OyaeT HaXOAWTCS B OJHO3HAYHO OMNPEICICHHO
cOCTOSHMM  KoTOpoe o6o3Hauum F(x,f). Ilpu dukcupoBanHOM ¢ mojiydaeM oTobpakenne @' :x —> F(x,t)
(a3oBoro npocTpaHcTBa B ceOsL.

Iycts T 0603HagaeT oaHo u3 MEHOXeCTB [ ,3,[] +,S+ . Torma quHaMu4YecKoil cucTemMol OyaeM Ha3biBaTh
o t v r,
TaKoe CEMEHUCTBO {(o } , orobpaxennid @ : X — X HEKOTOPOro HemycToro MHoOxkectBa X B cebs, 4TO
te

BeImonHstoTes pasenctsa (1.1) u (1.2) mwin Beex gomyctumeix s U t.Ecmu T =[] To cucreMa Ha3bIBaeTCs MOTOKOM,

ecim 1 =[] . -~ HOJYyIIOTOKOM; B obonx ClIy4dasixX roBopsT O CUCTEME C HEIIPCPBIBHBIM BPEMECHCM.

MmnosxkecTBo X Ha3bIBaeTCs q)aSOBI)IM MMPOCTPAHCTBOM CHCTCMBI, a OTO6pa)KeHI/I€ ¢t — 3BOJJIIOIITMOHHBIM

omeparopom. OOBIYHO (Da30BOE MTPOCTPAHCTBO JTUHAMUYECKON CHCTEMBI HAJCICHO HEKOTOPOW CTPYKTYpOI:
HalpuMep, MEpOW, TOIOJNIOTHEH, CTPYKTYpOH TIAAKOTO MHOTO00pa3us; O3BONIONHMOHHBIE OMEPaTOpBl  XKe
COTJIACOBAaHBI C D3TOW CTPYKTYpO#, TO €CTh, COOTBETCTBEHHO, COXDAHSIOT MeEpy, HENPEPBIBHBL, TIIAIKH.
COOTBETCTBEHHO  BBINECNAIOTCS  HANPABICHUS TEOPHH JWHAMHYECKHX CHCTEM: JProAndecKas TeOpwHs,
TOTIOJIOTHYECKAs TUHAMUKa, T depeHnnanbHas TMHAMAKA (TEOpus TIIaJKuX JMHAMHUIECKUX CUCTEM) H Jp.

1
JuckpeTHas TMHAMHUYECKas CUCTEMa BIIOJHE OTIPENeNIeTCs OJHUM oToOpakeHreM (@ = ¢ . HenpeprIBHBIE
JUHAMHUYECKHE CHCTEMBI Yallle BCEro 3aJaroTcs He SBHBIM yKa3aHHEM 3BOJIOIMOHHEBIX OIEPaTOPOB, a C TIOMOIIBIO

aBTOHOMHEIX audepeHIManbHbIx ypaBHeHuid. IlycTh B oTKpeITONM oOmactm 7 mpocrpamctea [ " 3amama
aBTOHOMHAasi (C HE 3aBUCSAIIUMH OT [ TIPaBBIMH 4YacTsAMH) cHcTeMa audQepeHInanbHbIX YypaBHEHUH

X =f(x,.x,), (i=1..,n) ,  KOTOpas MMEET EIMHCTBEHHOE PEIICHHE ¢ JIOOBIM HaYalbHBIM YCIOBHEM,

npuHaaIexkanmM U (JUIs 3TOro JOCTaToqHO HempephiBHOH auddepenimpyemocts dynkimii f; B o6mactu U).
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HpCZ[HOIIO)KI/IM, YTO KaXI0€ PCIICHUE CUCTEMBI MOXHO ITPOJOJDKHUTH Ha BCIO BCIICCTBCHHYIO OCh. Torma
CHUCTEMa (13) 3a4acT HCMPCPLIBHYIO JUHAMUYCCKYIO CUCTEMY C (1)2[30BLIM MMPpOCTPaHCTBOM Umn 9BOJIIOITMOHHBIMHU

orneparopaMmu qﬂt U—->U , KOTOPBIC TOYKaM X, €U craBar B COOTBETCTBHME 3HAYEHHE B MOMEHT f peuicHus ¥

cucremsl (1.3) ¢ mauamebiMu  ycnoBusmu  W(0)=x,. Jnddepenumanshpie ypaBHEHHS —€CTECTBEHHO

paccmarpuBaTh Ha JuddepeHIpyeMbIX MHOT000pasusx, NMpHYeM aBTOHOMHBIE A (epeHInanbHbIe ypaBHEHHS
HaXOJATCS B €CTECTBEHHOM CBSI3U C BEKTOPHBIMU MOJISIMHU.

Beskmii motok {(Dt} r MOpOKAACT AUCKPETHYIO JUHAMUYCCKYIO CUCTEMY {qﬂt} _, €CJIn OIrpaHHUYHUThH
te ted
BpEMs TOJIBKO LECJIbIMU 3HAYCHUSAMH, aHAJOTMYHO, MOKXHO pacCMaTpuBaTh AUCKPCTHBIC TUHAMHUYCCKUC CUCTCMBbI

1
BU/IA {(p" 0 }lﬁ ,Tae ¢, - QUKCMpPOBaHHOE YUCIIO. B 5TOM cilydae JMCKpETHas JMHAMHYECKas CHCTEMA NPECTABIIAET

o 1
co0oit UTCpaln 0T06pa)KGHI/IH ¢0 , KOTOpPOC HA3bIBACTCA OTO6pa)KeHI/Ie CIBHIA 3a BpeMs ¢ Jjs IOTOKa {Q)t} 0
te

OHaKO JUIIb HEMHOTHE TUCKPETHBIC TUHAMUYICCKHE CUCTEMBI MOTYT OBITH TIOJIY4YEHBI TAKUM 00pa3oM.

Takum 00pa3oM, TEXHOJOTHUH OOJAYHBIX BBIYUCICHUA MOTYT MPHMEHATBCS B  Pa3HOPOJIHBIX
MHPOPMAIIMOHHBIX CHCTEMaX, B KOTOPBIX HEOOX0auMo obecrieunTh 3 PekTuBHOE ynpaBienue. Pazsurre obmavnoit
UH(PACTPYKTYphl, MOKHO HCCIICHAOBATh KaK CIIOKHYIO JUHAMHYECKYIO CHUCTEMY. DTO IO3BOJHT CYIIECTBEHHO
COKOHOMHTH PECYpCHl, HE0OXomuMble mJisi oOecredeHUS (YHKIIMOHHPOBAHUS WH(HOPMAIMOHHBIX CHCTEM.
Peanuzanust uHOOPMALMOHHBIX CHUCTEM C HCIIOJb30BAHHEM TEXHOJOIWH OOJaYHBIX BBIYHUCICHUH ITO3BOJHT
obecreunTh ympaBiIeHHe mporeccaMu o0paboTku WH(pOpPMAIMKA W HEOOXOMUMBIH ypPOBEHB KOHTPOJIS TOCTYNa K
¢dusmueckuM pecypcaMm HH(GOPMALMOHHBIX CHUCTEM, YTO B KOHEYHOM CUETE MPHUBEAET K CHIDKCHUIO COBOKYITHOM
CTOMMOCTH CO3/IaHUs, Pa3BUTHS U PYHKIIMOHUPOBAHUS WH(POPMAIIMOHHBIX CHCTEM.
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BUXPOCTPYMOBHUX IIEPETBOPIOBAYIB 3 AIIPIOPI
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BukoHnaHo no6ydogy memamodesi 8UXpocmpyMoz20 nepemeopiogayd 3 gukopucmauHsim MLP HeliponHoi Mepedici.
OyiHeHo adekgamHicmbs ma iHgpopmamugHicms ompumaHoi memamodei.

Kawuoei caoea: suxpocmpymoguii nepemeoprogat, po3nodin wiabHocmi guxpogux cmpymis, memamodens, JIIT,-
nocaidosHocmi, MLP HelipoHHa Mepedca
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METAMODELIZATION AS A METHOD OF EDDY-CURRENT PROBE DEVELOPING WITH THE PROVIDED
PROPERTIES APRION

Annotation - The problem of a homogeneous eddy-current density distribution in a control object creating can be
solved by using surrogate optimization, the application of which involves the construction of the eddy-current probe surrogate
model (metamodel). When solving the problem, a developing metamodel heuristic method based on neural networks is used. As
an approximation in this study, a neural MLP-network is used on a multilayered perceptron. Because of the possible complexity
of the response in this study hypersurface topology, a computer method of filling a multidimensional search space, which
provides a high probability of homogeneous filling it with reference points, in which the resource-intensive target function values
are subsequently calculated, is used. To obtain the points of the experiment plan, use the LPt-sequence (<), &5) for 255 reference
points. In the probing points obtained coordinates, the target function values were calculated. As an overhead eddy-current
probe, an actuator with an alternating current I and a frequency o that is located at a height zy above the control object of
thickness d with constant specific electrical conductivity o and magnetic penetration u, was used in the work. The medium was
considered linear, isotropic. At the stage of neural networks training, selection of the best was carried out according to
indicators: determination coefficient, the forecast error standard deviations ratio and learning data S, model error average
relative magnitude, residues histogram, scattering diagram. The received metamodel adequacy was evaluated according to the
indicators: the sum of the squares of regression SSp, the remnants SSg, the total SSy; middle squares, MSp, MSy, MSr,
respectively; reproducibility dispersion &’p, adequacy variance o, general oy, reproducibility estimation standard error sp,
adequacy estimation standard error sy, general sy; determination coefficient R*; standard deviations ratio S.D.ratio; model error
average relative magnitude (or average approximation error) MAPE, %.

Keywords: eddy-current probe, eddy-current density distributions, metamodel, LPr-sequence, MLP neural network

i Beix THmiB BEXpocTpyMoBHX neperBopioBadiB (BCII) posmoain mimsHOCTI BuxpoBux ctpymiB (ILIBC)
B MacHBi CTpyMOTpOBiHOTO Martepiany 00'ekTy koHTpomio (OK) € nHeomHopimauM. bakanum (imeanbHHM) IS
BHXPOCTPYMOBOT'O KOHTpoIt0 € oaHopimauii po3nonin IIIBC B 30ui konTponro BCII. TexHiuHO peanizyBaTu Takuit
posnoxin HIBC B xnacnuanx koHCTpYKIisx BCII HemoxmmnBo. MakcHMaabHO HAOIH3UTH PEe3yIbTYIOUHNA PO3IIONIT
IIBC no igeampHOTO MOXHaA TOOYMOBOIO KOTyIIOK 30ymkeHHs BCII y BUTIIANI CHUCTEMH KOTYIIOK MEBHOT
CTPYKTYPH 3 iX Y3rOJDKCHHM a00 3YCTPiYHHUM BKIIOYCHHSIM I10 TONIO. 3ajJada CTBOPEHHS 1€aTbHOTO PO3MOILTY
IIBC B 30HI KOHTPOJIO MOJJIMBA B paMKax 3ajgadl ONTUMAJIBHOTO CHHTE3Y 3 BHKOPHCTaHHSIM CYpOTaTHOI
onTHMi3anii, 3acTocyBaHHs sKoi mepenbauae moOynoBy cyporatHoi mozeni (Meramopeni) BCII. Takwuit minxin
JI03BOJISIE BUPILIYBATH 3a]a4yl ONTUMAaJIbHOTO CHHTE3Y 3 BHUKOpUCTaHHAM Meramozeneii BCII, mo 3acTocoByroThCs
npu GopmymroBaHHI QYHKINT T

Mera po6orTu: nodbynosa MLP-meramoneni BCII, siky MOXHa BHKOPHUCTOBYBAaTH JUIi PO3PAXYHKY IIIJIBHOCTI
BUXPOBHX CTPYMIB B TOYKax, PO3TALIOBAaHMX Ha MOBEPXHI 00’€KTy B 30HI KOHTpOJIIO, y IPOLECI ONTHMAJILHOTO
CHHTE3Y.

IIpu BupimeHHI TOCTaBICHOI 3a/1adi BUKOPUCTOBYETHCS €BPUCTHYHHI CIOCIO MO0y 0BM MeTaMojeni Ha 0asi
HEHPOHHUX Mepex. B SKOCTi anmpokcuMaTopa B JaHOMY JIOCHI/PKEHHI BUKOPHCTOBYEThCsl HelipoHHa MLP-mepexa Ha
OararorrapoBoMy TiepcenTpoHi [1].

IToOynoBa Meramomeni Tmiepenbadae BHUPIMICHHS TPhOX B3a€EMOIIOB’S3aHWX 3a/a4: BU3HAYCHHS TUIAHY
00YNCITIOBAJIBHOTO ~ €KCIIEPUMEHTY, TOOYNOBM amnpoKCUMAIiifHOi Mozenl 1 TepeBipkM aJeKBaTHOCTI Ta
iH(OPMATHBHOCTI OTPUMAHOI MeTaMOJelIi.

B po6oti po3risiHyTO pilleHHS KOXHOI i3 IIMX OKpeMHX 3azad s 3ajadi nmodynoBu meramozeni BCII, mio
po3TaimoBaHui Hax 00’€KTOM KOoHTpoutto (puc.l a). B sxocti kotymkn 30ymkeHHs BCII BukoprcToByBaBCcsi BUTOK
13 3MIHHUM CTPyMOM [ 9acTOTOIO @, IO PO3TAIIOBAaHUN HAa BHUCOTI zy HaX 00’€KTOM KOHTPOJIO TOBIIHHOIO d 3
MOCTIHHOIO TTUTOMOIO €JIEKTPUYHOIO TPOBITHICTIO O Ta MarHiTHOIO TMPOHUKIUBICTIO i, (puc.l a). CepenoBurie
BBAXaJocs JIiHIMHWMM, i30TponHuMM. B3aemonis mneperBopioBaya i3 00’€KTOM KOHTpOJIIO BHM3HAYAETHCS
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CHIBBIJHOIICHHSAMHM, IO OTPUMaHO i3 piBHSAHB MakcBena. CKJIa[OBiI INUIBHOCTI CTPyMy IO KOOpAMHATaM X, y
BIJINIOBITHO BU3HAYaIOThCA 32 popMyiaamu [2-4]. OTpuMaHi 3HaU€HHS IIIBHOCTI BUXPOBUX CTPYMIB B TOUKaX IUIAHY
BHUKOPHCTAHO, SIK BUX1/HI JaHi I BUKOHAHHS IPYroro eTaiy — Mo0yJI0BH METaMOAEII.

[Tpu BubOpi MIaHy eKCHEpUMEHTY Cepell MOKIMBOrO pPO3MAiTTsl BapiaHTIB IepeBary CIij BiIaTH reHepaTopaM
TOYOK, IO 3allOBHIOIOTH NPOCTIp MOIIYKY Ta B Ipoleci peanizauii skuX BUKOpUCTOBYIOThCs JIII -mociminoBHOCTI
Cobomns [5, 6]. Jlns oTpuMaHHS TOYOK TUIAHY €KCTIepUMEeHTY BuKopucTaHo JIIT -mocmimoBHOCTI (47, 4;) mmst N=255
TOYOK. B oTpuMannx koopauHaTax 30HAYBaJIBHUX TOYOK (pHc.]l 0) po3paxoByBanucs 3HAUYCHHS LIJILOBOT (DYHKIIII.

A W AT AN S e i
L R e

(2 ]

Puc.1 — BuxpocTpyMoBHii IepeTBOPIOBaY, IO CKJIAJAETHCH i3 PyXOMOro BUTKA: a) reOMeTPUYHA MO/eJIb;
0) m1aH ekciepuMeHTy N=255, HaHeceHuU# Ha JIiHil piBHSA WiboBOT PyHKLIT

st modynoBu MLP — MeTaMoieneit BAKOpHUCTaHO aBTOMATHYHY Ta 3aJaHy KOPUCTyBadeM cTpaTerii moOymoBu 3
BUIIIKOBAM ITIOJIIOM BHOIpKHM y HacTymHoMmy cmiBBimHomieHHi: 70 % - HaB4anmbpHa, 15 - koHTpompHa, 15 % -
tecroBa. CTBOpeHo Maibke 60 MLP HelipoHHHX Mepex st iany N=255 3 KiJIbKICTIO IPUXOBaHUX HEHPOHIB BiJ
50 no 70.

HactymauM erammoM mnoOymoBu MeTamofeni € TmepeBipka i agekBaTHOCTI. AJEKBAaTHICTh 3a3BHYai
BCTaHOBIIIOEThCS TI€PEBipKOI0 F—KpuTepito TinoTe3sw NpO CTAaTUCTHYHY HE3HAuyHy BIIMIHHICTB jaucrepcii
aJIEKBAaTHOCTI Ta AWcHepcii BIATBOPIOBAHOCTI pe3ysbTaTiB €KCIEPHMEHTIB, 3a SIKUMHU OyJH OTpHMaHi KoedilieHTH
matematnaHoi moxeni [6]. IlepeBipka wmozeni Ha iHGOPMATHBHICTH BHKOHYBAjacs MUIAXOM PO3PaxXyHKY
MHOKHHHOTO KoeirieHTy Kopemsmii R Ta mepeBipku #0ro cTaTHCTHYHOT 3HAYYIIOCT.

Ha puc.2, HaBeeHO pe3ynbTaT BiIHOBICHHS ITOBEPXHI BIATYKY, OTPUMaHOI 3a TOIOMOT00 MeTamoneni MLP-2-
70-1(28), Mo BUKOHAHO y BCbOMY Jiama3oHi BapitoBaHHs 3MiHHUX X€[0;25], ye[0;25] 3 kpokom 0,04, ToOTO Ha
625 Toukax.
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Puc.2 - BinTBopeHHsi noBepxHi BiAryky 3a gjonomororw meramoneai MLP-2-70-1(28): a) ricrorpama 3aianumkiB; 0) giarpama
po3ciloBaHHS 3HaYeHb LiILOBOI Ta BiTHOBIEHOI QyHKIIT
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r)
IIponosikeHHs puc.2 — B) JiHii piBHA BiqHOBJIeHOT QyHKLii; ) 3D - rpadik BiAHoB/IeHOI NOBepXHi BiATyKY
Taxum YMHOM, PE3YJIbTaTH YHUCCIbHUX eKCHepI/IMGHTiB CBiZI"IaTI) apo MOKJIUBICTh BUKOPUCTAHHSA

3aIpOIIOHOBAaHOI 00YMCIIIOBAIFHOT TexHoJoril mooynoBn MLP-meramoneneit mis anpokcumariii GyHKmid 1imi B
3agaui cunreszy BCII.

JlirepaTypa

1. Xaiikun CaiiMon. HelipoHHBIE CeTH: TIONHEIHA Kypc, 2-¢ u3f.: Ilep. ¢ anrit. — Mocksa: M3naTensckuii 1oMm
«Bunpsamcey, 2006. — 1104 c.

2. Itaya T. Visualization of Eddy Current Distributions for Arbitrarily Shaped Coils Parallel to a Moving
Conductor Slab / T. Itaya, K. Ishida, Y. Kubota, A. Tanaka, and N. Takehira // Progress In Electromagnetics
Research M, Vol. 47, pp. 1-12, 2016. doi:10.2528/PIERM 16011204

3. Itaya T. Eddy current distribution for a rectangular coil arranged parallel to a moving conductor slab / T.
Itaya, K. Ishida, A. Tanaka, N. Takehira, and T. Miki // IET Science, Measurement & Technology, Vol. 6, Iss. 2, pp.
43-51,2012. doi:10.1049/iet-smt.2011.0015

4. TItaya T. Analysis of a fork-shaped rectangular coil facing moving sheet conductors / T. Itaya, K. Ishida,
A. Tanaka and N. Takehira // IET science, measurement & technology, Vol. 3, Iss. 4, pp. 279-285, 2009. doi
10.1049/iet-smt.2008.0087

5. Cobome .M. Beibop onTuMaibHBIX IMapaMeTpoB B 3amadax co MHOTUMHU kputepusmu / Cobons .M.,
CrarnukoB P.b. [2-e u3a., mepepab. u momn.]. - Mocksa: lpoda, 2006. - 175 c.

6. Pamuenko C.I. Mertogosnorusi perpeccMoHHoro aHamm3a: MoHorpadus / Pamgenko C,I. — Kuis:
«KopHiituyk», 2011. - 376 c.

References

1. Xajkin Sajmon. Nejronnuje seti: polnuj kyrs, 2-je izd.: per. s angl. — Moskva: Izdatelsky dom «Viljamsy,
2006.— 1104 s.

2. Itaya T. Visualization of Eddy Current Distributions for Arbitrarily Shaped Coils Parallel to a Moving
Conductor Slab / T. Itaya, K. Ishida, Y. Kubota, A. Tanaka, and N. Takehira // Progress In Electromagnetics
Research M, Vol. 47, pp. 1-12, 2016. doi:10.2528/PIERM 16011204

3. Itaya T. Eddy current distribution for a rectangular coil arranged parallel to a moving conductor slab / T.
Itaya, K. Ishida, A. Tanaka, N. Takehira, and T. Miki // IET Science, Measurement & Technology, Vol. 6, Iss. 2, pp.
43-51,2012. doi:10.1049/iet-smt.2011.0015

4. Itaya T. Analysis of a fork-shaped rectangular coil facing moving sheet conductors / T. Itaya, K. Ishida,
A. Tanaka and N. Takehira // IET science, measurement & technology, Vol. 3, Iss. 4, pp. 279-285, 2009.

5. doi 10.1049/iet-smt.2008.0087

6. Sobol I.M. Vubor optimalnux parametrov v zadachax so mnogimi kriterijami / Sobol I.M., Statnikov
R.B. [2-je izd., perepab. i dop.]. - Moskva: Drofa, 2006. - 175 s.

7. Radchenko S.G. Metodologija regressionnogo analiza: monografija / Radchrnko S.G — Kujiv:
«Kornijchuk», 2011. —376 s.

8 — 13 uepena 2018 p. Bumiproganvna ma o6uucniosansna mexunika ¢ mexnonoziunux npovecax — 2018 107



YOK 004.4 .
0.10. OJIEMHHUK, 10.K. TAPAHEHKO

YKpauHCKuii rocyJapCTBEHHBIN XMMUKO-TEXHOJIOTUYECKUI yHUBEPCUTET, T.JHemp

oleinik_o@ukr.net

ITPOI'PAMHAS PEAJIM3ALIUA ®UJIBTP KAJIMAHA JJIS1 IIOJABJIEHUSA
IIYMOB C HOPMAJIBHBIM PACITPEJEJEHUEM

AHHomayus. Paspabomana memoduka gpusrempayuu ¢ ucnoab3ogavuem uabmpa Kaamana oaa omauuHozo om
2ayccoeckozo pacnpedeseHus wymos. bulia npogepena e2o pabomocnoco6Hocms paspabomaHHol Modeau npocpamMHoOl
durempayuu nymem 06pabomku HOPMA/AbHO20  3AKOHA pacnpedeneHuss wymos. IloayyeHHblll pe3ys1smam
nodmsepicdaem sgpgdekmusHocmsv paspabomaHHoll memoduku 68 obaacmu npumeHeHusl 06pabomku Hea2aycos8cKux
cueHanos. Ilpedcmasnena npozpammuas peaaudayusi duabmpa Kaamana 045 nodasneHusi wymo8 ¢ HOPMA/AbHLIM
pacnpedeseHuem npu 06pabomke cuzsHa/08 8U6PAYUOHHLIX damyukos. B kauecmee maccusa O0aHHbIX UCNO/1b308a1U
9KCnepumMeHmMa/bHvle O0aHHble NOJAYYeHHble C UCN0/Ab308aHUEeM Ub6pOYacCmomHo20 damyuka C MexaHU4ecKuMm
DPE30HAMOPOM.

Karuessle caosa: pursmpa Kaamaua, Python, eubpayuoHHblii damyuk. He2aycco8ckull WyM, HOpMaAbHbIU 3aKOH
pacnpedesieHus

0. OLIYNYK, YU. TARANENKO
Ukrainian State University of Chemical Technology

oleinik o@ukr.net

PROGRAM IMPLEMENTATION OF THE KALMAN FILTER FOR NOISE REDUCTION OF NOISE
DISTRIBUTION

Annotation. The software implementation of the Kalman filter for noise suppression with a normal distribution in
the processing of vibration sensor signals is presented. The Kalman filter is a sequential recursive algorithm that uses the
adopted model of the dynamic system to obtain an estimate.

Today, the Kalman filter is widely applicable in the field of engineering, where a Gaussian noise distribution is
common. This fact significantly reduces the applicability of the filter and the Kalman filter can not claim universality. In this
case, statistical models and methods based on Gaussianity (in particular, estimates of confidence intervals for the sample
mean) are often applied without an elementary check, by default. The development of filtration techniques using the Kalman
filter in the field of non-Gaussian noise will significantly expand its scope and make it a universal filtering tool.

A filtration technique using the Kalman filter for a different from the Gaussian noise distribution was developed. Its
functionality was tested for the developed model of software filtering by processing the normal noise distribution law. The
obtained result confirms the effectiveness of the developed technique in the field of application of processing of non-Gaussian
signals.

As an array of data, experimental data obtained using a vibration sensor with a mechanical resonator were used.

Keywords: Kalman filter, Python, vibration sensor. the non-Gaussian noise, the normal distribution law.

OmHO W3 MPUOPUTETHBIX 3a/1a4 Pa3padOTYUKOB M3MEPUTEIFHON TEXHHUKH SIBISICTCS MOBBIIICHHE TOYHOCTH
M3MepUTeNbHOW cxeMbl. Cpemu CymiecTBYIOIIMX IIOAXOMOB K pEIIeHHIO ITaHHOW 3aJadd 0co0oe BHHMaHUE
MPUBJICKAIOT AJalTUBHBIE METOABI TOBBIIICHUS TOYHOCTH IMHAMHYECKHX H3MEPEHHH ¢ WCIOIb30BaHUEM
mUGPOBBIX  (GUIBTPOB ¢ TporpamMMHor peanmsanmerd [1]. Punptpa Kanmana oTiHyaeTcss CyIIECTBEHHBIM
MIPEUMYIIIECTBOM - BO3MOXKHOCTBIO 33JaTh alpHOPHYI0 HH(MOPMAIIHIO O XapaKTepe CHCTEMBI, CBSI3M MEPEMEHHBIX H
Ha OCHOBaHUH 3TOTO CTPOUTH OoJiee TOYHYIO OIEHKY, HO Jake B IpocTedmieM ciaydae (6e3 BBOZa ampHOpPHON
WHQOPMALMK) OH NaeT OTIAWYHBIE pe3ynbratsl [2]. Llempio paboTer Obuta pazpaboTka MPOTPaMMHON pearn3aliiy
¢unpTpa Kanmana 1isi MONABICGHWS IIYMOB C HOPMAlbHBIM pACIpENCICHUEM MpH  00pabOTKE CHTHAJIOB
BUOPAI[MOHHBIX JATYHKOB.

B kagecTBe cpenpl IporpaMMHON peanu3anuu GuiabTpa 0bu1 BeIOpaH Python 3.4. JInctuHr paspaboranHoN
MpOTpaMMHOM peanu3aiuu GuisTpa Kamvana ¢ oneHkod 3()()EeKTHBHOCTH BBIMONHECHHON (MIBTPAUU MPHUBEICH
HUDKE!

fromnumpy import *

importmatplotlib.pyplot as plt

fromscipy.stats import norm

n_iter =50 # Yucroumepayuii .
sz = (n_iter,) # Pazmep maccusa
X =2# Ucmunnoe 3navenue uzmepsaemoll 8eudutvl (puibmpy Heuzeecmmo)

R1=0.1 #Cp .x6. owmubra usmepenusi .

R=RI1*R1 #/Jucnepcus

nr="HOpMaJbHBIM pacnpeaeneHuem"”

y=norm.rvs( x, R1, size=sz)

Q = le-5 # JJucnepcus cnyuaiinou eenuyutsbl 8 MOOEIU CUCHEMbL
# Buvidenenue namsamu noo Maccugol:

xestl = zeros(sz) # Anpuopmnasn oyenka cocmosuus
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xest2 = zeros(sz) # Anocmepuopuas oyeHka cOCMOsIHUSL

P1 =zeros(sz) # Anpuopnas oyenrxa owubku

P2 =zeros(sz) # Anocmepuopras oyenka owubKu

G =zeros(sz) # Koapguyuenm ycunenusi punompa

xest2[0] =0.0

P2[0]=1.0

for k in arange(1, n_iter,1): # Luxinoomcuémamepemenu.

xestl[k] = xest2[k-1] # Anpuopnas oyenxa cocmosmnus.
P1[k] = P2[k-1] + Q# Anpuopnas oyenxa owuobxu.

# Ilocne NOJIy4eHUA HOB020 3HAYEHUA USMEPEHUS 8bIYUCTAEM ANOCMEPUOPHbIE OYEHKU .

G[k]=P1[k]/(P1[k]+R)

xest2[k] = xest1[k] + G[k] * ( y[k] - xest1[k] )
P2[k] = (1 - G[k]) * P1[k]

plt.figure()

plt.title('TlonaBnenne nrymoB ¢ %s'%nr, size=12)
plt.plot(y, 'k+', label="3amrymnénnsie uamepeHus')
plt.plot(xest2,'b-', label='AnoctepropHas orenka')
plt.axhline(x, color="g', label="MicTiaHOE 3HAaUCHNE")
plt.legend()

plt.xlabel("Homep ureparuu')
plt.ylabel(u'smepsiemas BenuanHa')

plt.figure()

plt.title('OmmOKY Mpy MOJABIEHUH IITYMOB C e 0+ F

2.0 2 S SR M. . -

%s'%nr, size=12) ¥ e TS +
valid_iter = arange(1, n_iter,1) # P/ na O m i
uiaze He ONPeOeneHo
plt.plot(valid iter, P1[valid iter])
plt.xlabel("Homepureparnun')
plt.ylabel(' AnpuopHasioneHkaommoku')
plt.setp(plt.gca(), 'ylim', [0, .01])
plt.show()

Ha puc. 1. mpencTaBieHa 92
rpaduueckas dYacThb pe3yJbTaTa padOThI
MOJEIY, IOKa3bIBAaeT, YTO aIloCTEPHOPHAs

1.5

1.0 4

MSMEpﬂE‘MaH BENM4YMHa

+

3aluyMnéHHble U3MEpeHus
—— AMOCTEPUOPHaR OLEHKa
0.0 —— WcTHHHOE 3HaveHue

OILICHKa CHUTrHaJia HpI/I6HI/I)KaCTCH K 6 lb 2|0

HUCTUHHOMY 3HAYCHHIO, YTO HAacT MAeJIacT Homep uTepauun

40 50

BO3MOJXHBIM NPHUMCHCHHUEC JIAaHHOW MOJEIH Puc. 1. 'paduyeckast yacThb pe3yabTaTa padoThl Mogesan ¢puibTpa Kaamana

npu  o0paboTKe  CHIIBHO3ALIYMIICHHBIX
CHTHAJIOB BUOPAIIMOHHBIX IaTYUKOB.
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YOK. 652
K.I'. KUPKOIIYJIO

Opecckuil HAMOHAIBHBIH TOJTUTEXHUYCCKHI YHUBEPCUTET
k.g kir2018@gmail.com

PA3PABOTKA CUCTEMBI ABTOMATHU3AIIMHA HOHHO-IIVIASMEHHOM
YCTAHOBKH

AHHOmayus - Paccmompena 3adava asmomamusayuu UOHHO-NJAA3MEHHOU YCMAHOBKU C Ye/iblo NO8blUeHUs
KauecmeeHHbIX nokazamesell memasaaopexcyujezo uHcmpymenma. IlokazaHo, umo 3adaua dekomnosupyemcss Ha mpu
COCMABASIOWUX: cuHmes cucmem asmomamu4ecKko20  ynpas/ieHus, paspabomky MexHU4ecK020 u
npozpammHozoobecneyenull. Onucavbl hapamempbl CUCMeEMbl A8MOMAMUYECK020 ynpae/eHus, Komopble Heob6Xo0umo
noddepcusams HA KAicAOM 3mane pabomul MexHo102Uu4eckoll yCmaHo8KU.

Kiiouesble cao8a: uoHHO-N/AG3MEHHAS, YCMAHOBKA, CUCMeMA ynpag/eHusl, agmomMamu3sayus.

K. KYRKOPULO
Odessa National Polytechnic University
k.g kir2018@gmail.com

DEVELOPMENT OF AUTOMATION SYSTEM OF ION-PLASMA INSTALLATION

Annotation— A problem of automation ofion-plasma installation for metal cutting tools coatingis investigated. The
investigation aim is to improve the quality of coated tools. This can be achieved by providing more accurate technological
parameters of the installation. The problem of automation of installation can be divided on three subproblems: control system
design, technical implementation, software implementation. Thehigh quality control system design subproblem can be solved
utilizing precocious dynamics models in the simulation and controller design. It’s need to design a control system for each
installation technological process stage, namely, ionic clearing, coating of the tools, cooling. At the stage of ionic clearing it’s
needed to provide linear temperature rise inside the tools using relay controller. At the stage of the tools coating it’s needed to
precisely stabilize temperature and vacuum pressure in the installation chamberby changing voltage of substrate and flow rate of
gas respectively. At the stage of cooling the temperature it’s needed to control by changing gas flow rate in chamber. The
subproblem of technical implementation can be solved with the usage of modern sensors. The main problem is the estimation of
the tool temperature. The temperature of a tool bottom can be measured by precocious thermocouple, but more representative is
temperature of a tool top that can be only estimated. The estimation equation can give good results only if it takes into account
the dynamics of the tool material. The subproblem of software implementation is hard in the case of reconfiguration needs. The
implemented software should calculate optimal controller settings and operation mode parameters on the base of the tool
properties and quality requirements. The main requirement for the tools is resistance, good results for which can be achieved
only by solving three these problems.

Keywords: ion-plasma, installation, cathode arc deposition, control system, automation.

Beryniienue.

3amaga co3gaHWS CHCTEM aBTOMATH3allMd YCTAaHOBOK OOpa0OTKH METAUIOPEXYIIETO O00O0pYyI0BaHUS
ABIISICTCA AKTyaJbHOM, ITOCKOJBKY TpeOOBaHMS K KadecTBY oOpalaThIBaeMBIX IeTajeidl pacTyT U Tpedyemoe
Ka4eCTBO HEBO3MOKHO OOECTIEUHUTHIIPH PYYHOM YIPABICHUNYCTaHOBKOM.

PacnipocTpaHEHHBIM THIIOM YCTaHOBOK AJIsI TIOBBIIICHHWS KAadECTBEHHBIX XapaKTEPHCTHK HHCTPYMEHTa
SBJISIIOTCSL YCTAHOBKH, pabotaromue 1o merony KUB (nonHas 6omOapanpoBKa NMPOMCXOAUT NPH CMeHe (a3oBOro
COCTOSIHMSI Ha TUIa3MeHHOe B BakyyMme).B pabote [1] pa3spaborunkoM Mmerona aH MOApOOHBIH 0030p TEXHOJIOTUH
KUB u ucropuu ee pa3Burus.

Krnaccuueckoit ycranoBkoii, paboratomeii mo merony KUB, sBisiercst ycranoBka «bynat-3». OcHOBHBIE
MOJM(UKAIMU 3TOH YCTaHOBKH IEPEYUCIICHEI B padote [2].

Meron KB BirO9aeT Tpu OCHOBHBIX 3Tara 00paboTKH HHCTPYMEHTA:

1. bopMupoBaHHe MOTOKa WMOHOB MeTalla B IUIa3MEHHOW (pa3e ¢ HWCIOIb30BaHMEM BAaKyyMHOW IYTH,
YCKOpPEHHE MOTOKA C TOMOIIBIO IMIPUIIOKEHNS K HHCTPYMEHTY OTPHUIIATEILHOTO MOTEHINAa, OYHCTKA IIOBEPXHOCTH
MHCTPYMEHTa HHTCHCHUBHOW 00MOapANpOBKOH TOBEPXHOCTH, IPOrPaMMHBINH HAIPEB HHCTPYMEHTA;

2. KOHZEHCAIMsI HOHOB MeTajllla Ha MHCTPYMEHTE,0CYIIECTBICHUE PEAKIIMU IIOBEPXHOCTH MHCTPYMEHTA C
PEaKTUBHBIM Ta30M

3. mporpaMMHOE OXJIaXKI€HHEe HHCTPYMEHTA.

3ajgaya aBTOMAaTH3allMM MOXXET OBITh pa3jielieHa Ha TPH COCTABIBIIOIIME: CHHTE3 CHCTEMBI
ABTOMATHYECKOTO YIPaBJICHUS, TEXHUYECKas peann3alys 1 pa3paboTka MporpaMMHOro o0ecreyeHusl.

1. CunTe3 cHCTEMBI ABTOMATHYECKOIO yYupasBJjieHHUS. CxeMaTHYeCKH TEXHOJIOTHYECKUH nmponecc ¢
YKa3aHHUEM COOTBETCTBYIOIIUX HeO6XO,HI/IMI)IX PEryIsATOpPOB MIOKAa3aH Ha puUcC. 1.
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MNoHHasg oymncTka HaHeceHue nokpbITUA OxnaxgeHue

lnasHbil
peaynsamop
[naeHbit peaynsmop memnepamypel | memnepamypbi

lnaeHbIt peaynsamop dasneHust

PenelHsbit

peaynsmop
memnepamypbi
q
Harpes Crabunusauus Temneparypbl MnasHoe
no nporpamme N AaBneHus oxnaxgaeHue

Puc. 1. CxemaTnyeckoe npeacTaB/IeHHe TEXHOJOMHYECKOr0 Npolecca PadoThl HOHHO-INIA3MEHHOl YyCTAHOBKH

CHHTE3 CHCTEM VIpaBICHHUS IeNeCOOOpPa3sHO TMPOBOAUTH C  HCIOJB30BAHHEM  CIICIHATBHBIX
MaTEeMAaTHYCCKUX TaKETOB, KOTOPBIC MO3BOJSIFOT HPOMOJCIHPOBATh IUHAMHKY TEXHOJIOTMYECKOro IMpoIecca.
JluHaMuKa MpOIECCOB YCTAHOBKH MMEET 3HAYUTEIILHO HEJIMHEHHBINH XapakTep, MO3TOMY IMOJYYUTh ONTHMAJIbHBIC
HACTPOUKHU PEryJIATOPOB 03 BRIYHCIUTEIBHO 3aTPATHBIX MPOLEAYP MPAKTHICCKA HEBO3MOXKHO.

OnumieM cUCTEMBI YIIPaBIEHUS TPoIieccoM OoJiee moapoOHO.

1.1 Cucrema ynpaBiieHHs] HOHHOH OYMCTKOW MeTAJIOpPEXKyIlero MHCTpyMmMeHTa. Llenbio cucrembl
ABIISIETCSA oOecneueHne CTaOMIFHOCTH TpoIiecca HOHHOH O0oMOapAMpOBKH 0Oe3 meperpeBa WHCTPYMEHTa, KOTOPBIi
npuBoAMT K Opaky. Owumctka oOecreuyuBaeTcss BBHITOpAHHEM TPUMECeH TpH PaBHOMEPHOM TOBBIIICHUN
TEMIIepPaTyPHhI [0 OJIN3KOH K TMHEHHOW MpOoTrpaMMe 3a BpEMsi, 3aBHCSAIICE OT THIIA METaIa HHCTPYMEHTA.

YHOpaBisFomuM  BO3ACUCTBUEM  SIBIISICTCS HANPSDKCHUE DJICKTPOAYTOBOIO HCIAPUTEINS, YIIPABIIEMOU
MEPEMEHHON — TeMIlepaTypa IOBEPXHOCTH WHCTPYMeHTa. I3-3a 0COOEHHOCTH pabOTHI 3JIEKTPOIYTOBOTO
UCIIAPUTENSI JOMYCTUMO B CHCTEME YIPABICHHE TOJBKO pPElIeHHOE PeryJMpoBaHHe: BKIIOYCHUE M OTKIIOYCHUEM

JIYTH.

1.2 Cucrema ynpaBijieHHs] HaHeCeHHeM HOHHO-IUIA3MEHHOTO NMOKPBLITHSI HA HHCTPyMeHT. llembio
pabOTBI CHCTEMBI SBISIETCS OOeCTIeueHe CTA0MITPHOTO U PABHOMEPHOTO TTOKPBITHS.

s 5TOoro HEOOXOAMMO BBHITTOTHHUTE ABE 3a/a4d: CTA0MIN3NPOBATh TEMIEPATypy HHCTPYMEHTA U JaBIICHHUE
B BaKyyMHOU Kamepe.

Crabumm3anus TeMIepaTypbl MHCTPYMEHTa HeoOXonuMma Uil KOMIICHCAIIMH OCHOBHOTO BO3MYIIECHUS—
W3MEHEHHE TEeIUIOBOTO TI0TOKAa WHCTPYMEHTa Ha 3aKpEeIIEHHOM KacceTe WHCTPYMEHTA. Y IIPaBIISIONINM
BO3ACUCTBUEM JISI CHCTEMBI CTA0MITU3AIMH TEMIIEPATYPHI SIBISCTCS HAMPSDKCHUE HA MTOIIOKKE.

Crabunu3anus IaBlCHHUS a30Ta B BaKyyMHOM Kamepe HEO0OXOoauMa s KOMIICHCAIMM OCTaJbHBIX
BO3MYIICHUHN. Y IPaBIISIOIIUM BO3JICHCTBAEM ISl CACTEMBI CTAOMIIM3AINY TABJICHUS SIBIIICTCS PACXOJ a30Ta.

1.3 Cucrema ynpaBieHUsl OXJIaXKIeHHeM HHCTpyMeHTa. [lociie MOKPBITHS HEOOXOIUMO OXJIAJUTh
MHCTPYMEHT C TMOMOIIBI0  TeIJIoNepesayd B OMOPHYI0 KacceTy M mojadd a3ora. OxiaxaeHue HeoO0XOIUMO
MPOBOJUTD IJIABHO C MOMOIIBIO PEryiisitopa ¢ o0parTHoi cBs3bl0. [locie oxnaxaeHne Kamepa pa3repMeTH3uPyeTcs
Y HAUYMHAETCS BBI'PY3Ka HHCTPYMEHTA.

2. Texunuyeckasi peajusanusi. OCHOBHON MPOOIEMOH TEXHUIECKOW peall3allii CHCTEMBI aBTOMAaTH3aI[UH
YCTaHOBKH SIBIISICTCA 3a]1a4a U3MEPEHHUs TeMIepaTypsl. Bo3M0OXHO H3MepeHne TOIbKO HIKHETO OCHOBAHUS, OTHAKO
Ooyiee LIEHHOM SBISCTCS 3HAYCHHE TEMIEPATyphl TOH YacTH WHCTPYMEHTA, KOTOPOE HEAOCTYITHO M3MEPCHUI0, HO
MOJKET OBITh OllCHEHO. [laHHas 3aja4a MOXKET OBITh pelicHa C MOMOIIBI0 MPEIU3NOHHOW TePMOMAphl, 3HAUCHHE
KOTOPOI KOPPEKTHPYETCS € MOMOIIBI0 CHEIHATBHOTO aHAIUTHYECKOrO YpaBHEHMS, YUHUTHIBAIOIIETO JUHAMHUKY
TEIUIOOOMEHHBIX TPOIIECCOB KOHKPETHOTO MHCTpyMeHTa [3]. [y M3MepeHus: NaBIICHUs BO3MOXHO HCIIOJB30BaTh
CTaHJapTHbIE TEPMOIAPHBIE W HOHHU3ALMOHHBIE JAaTYMKW H3MEpPEHHUs JaBjieHHud. B KauecTBe yNpaBsIOLIETo
YCTpOICTBA MOKET UCIIOJIB30BAThCA KaK MPOTpaMUPYEMBId JIOTHYECKUH KOHTPOJUIEP, TaK U MUKPOKOHTPOJLIEP HIIN
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OOBIYHBIH KOMIBIOTEP. AJTOPUTMBI CHCTEMBI YIPaBJICHUS BO3MOXHO pEaJM30BaTh NPAKTHYECKH Ha JIO0OM
YIPaBIISIOLEM YCTPOHCTBE.

3. IlporpammHoOe o0ecnieyeHue.

B ciydae H€O6XOL[I/IMOCTI/I MOJIy4YeHUsA Ha YCTaHOBKC L[eTaJ'IefI Pa3HOTro TUIIA WJIM Ka4YE€CTBa HCO6XOI[I/IMO
pa3pabaTbhiBaTh CHELHATLHOE JOCTATOYHO CIIOXKHOE IIPOrpaMMHOe obecredeHue. 3amadeil Takoro mporpaMMHOIO
obecredeHrne TOJDKHO SBJSITHCS pacueT ONTHMAIBHBIX HACTPOEK PETYJITOPOB M PEeKMMa pabOThI MPOU3BOJIBHO
33IaHHOTO HWHCTPYMEHTa C Yy4eTOM TpeOoBaHWH K ero KadecTBy. KIIIOUEBBIM KpUTEpHEM KadecTBa
METAJUIOPEXKYIIEro WHCTPYMEHTa SIBISIETCSA €ro CToiKocTh. Boiee moapoOHO KpuTepuu W METOABI MX pacueTa
OTIMICaHKI B padorte [4].
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OpecbKuii HalliOHAIBHUIN MOJITEXHIYHUI YHIBEPCUTET
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NNOBYAOBA MPOCTOPY IHOOPMATUBHHUX O3HAK BILIUBY HA SIKICTb
BITPOBA/KEHHSA IMCTAHIIMHOI'O HABYAHHSA Y BH3 3A TJOITOMOT O1O0
HEMPOHHUX MEPEX

Anomayia - Y po6omi npedcmaeaeHuill mMemod SuU3Ha4eHHs IHPopmamueHux 03HAK, W0 HalbinbWwow Mipow
enusaromb Ha AKiCmu 8nposadiceHHss ducmanyiliHoi ckaadosoi y Has4aabHUll npoyec 8UW020 HABYA/NBHO20 3aKAAJY.
Ilpoyec oyinku iHgopmamueHocmi o03HaK nposoduecs 3a donomozoi HellpoHHOi Mmepedci. [leped nposedeHHSM
docnidxceHHs1 6yau copmosaHi HasuanbHa eubipka ma yinvosull eekmop. HasuasvHa subipka npedcmasssie co60io
38edeHy mabauyro 38’s13Kie noKasHukie cmydenmie ducmanyiliHux Kypcie ma ix 6eanocepedHbo0 akmugHicmio y cucmemi
ducmaHyiiiHo2o HaguaHHA. Lliavosull eekmop y daHoMmy esunadky - ye nidcymkosuil 6an cmydeHma, ompumaHuil nicas
HasyaHHs Ha Kypci. O6paHull an2opumm Ha8YaHHS HelpOHHOI Mepedxci 3 yuumesnem dae 3mozy 3pieHioeamu 00cAiOxcy8aHi
daxi (Has4anbHy 8UbIpKy) 3 daHuMu eyumens (Yinbosum sekmopom) i popmysamu mampuyro eaz o3Hak. TAKUM YUHOM, Y
Xx00i nposedeHHs docaidxceHHs 6yaa po3e'asaHa 3adaya opmysaHHs mampuyl eaz o3Hak. 3a80sIKU ompuMaHiti mampuyi
8az 6yau eusHayeHi Halibiabw [HPopMamueHi 03HAKU 8NAUBY HA AKICMb 8nposadxyceHHs JUCMAHYIUHO020 HABYAHHA Y
8UWOMY HABYAILHOMY 3akaadi. [Ipu nposedeHHi docaidxiceHHs1 6yau sukopucmai peaavHi daHi cucmemu ducmaHyiiiHo2o
HasuaHHA Moodle, AKy sukopucmogylombs K iHcmpymeHm 6edeHHs HA84A/1bHO20 npoyecy 8 OdecbKomy HAYIOHANLHOMY
nosimexHiuHomy yHieepcumemi. [locaidxiceHHs1 8U3HAYeHHs1 iHpopmMamueHocmi 03HAK 3a JONOMO2010 HelipoHHOI Mepedici
npogodusiock d8iui. [lepwiuli eman docaidsiceHHss nposoduscsi Ha dsowapogiii HelipoHHill mepedci 3 20 HellpoHamu y wapi,
wo 003804U10 ceped ycbo2o HAGOPY 03HAK obpamu mi, YUC/A08€e 3HAYEHHS 8a2U SAKUX NPSAMYE 00 MAKCUMA/AbHO20, MUM
camMum ycyHyswu npobsemy o6pobku eenukozo Habopy danux. [pyeull eman docaidyiceHHs npogoduscs 3 Memoro
OMpPUMAHHS 6ifbW MOYHUX pe3ysbmamis wodo iHgopmamusHocmi 8i0i6paHux 03HAK 3 BUKOPUCMAHHSIM O0HOWApo8oi
Mepedci Ha 10 Heliponax. Takum 4yuHOM 6GY/10 8U3HAYEHO HAUGLAbW [HPHOpMaAMUBHI 03HAKU, WO 8NAUBAIOMb HA AKICMb
8npo8addceHHs JUCMAHYITIHO20 HABYAHHSA Y 8UWOMY HABYAAbHOMY 3aKkAadi. Takoic 6y/10 06rPyHMOBAHO NpunyweHHs nNpo
me, Wo 3Ha4eHHs 82 03HAK XApAKmepu3yrms pieeHb iHopmamueHocmi KoxcHoi docaidicysaHoi 03HaKU.

Kaiouosi caoea: ingpopmamusHicms 03Hak, ducmaryitine HaguaHHs, LMS Moodle, HelipoHHi Mepedici.

K.M. FILONENKO, 0.0. Fomin
Odessa National Polytechnic University
katharina.fil@gmail.com aleksandr.fomin@gmail.com

INFORMATIONAL FEATURES SPACE CONSTRUCTION OF QUALITY INFLUENCE OF DISTANCE LEARNING
IN HIGHER EDUCATION BY NEURAL NETWORKS

Annotation - In the present paper the method of determining the informative features, which most influence on the
quality of implementation of the distance component in the educational process in higher education, was used. The process of
assessing the informativity of the features was carried out using a neural network. Before the study, a training sample and a
target vector were formed. The training sample is a summary table of student distance learning indicators and their direct
activity in the learning management sytstem. The target vector in this case is the final student's score obtained after studying
on the distance course. The chosen algorithm for teaching the neural network with the teacher allows you to compare the
data (training sample) with the data of the teacher (the target vector) and to form the matrix of the weight of the signs.
Thus, in the course of the research, the problem of the formation of the matrix of weights of signs was solved. Due to the
received matrix of weights, the most informative signs of influence on the quality of introduction of distance learning in
higher educational institutions were determined. The real data of the learning management system Moodle, used as a
learning process tool at the Odessa National Polytechnic University, was used during the study. The study of determining the
informativity of the features through the neural network was conducted twice. The first phase of the study was conducted on
a two-layer neural network with 20 neurons in the layer, which allowed among the whole set of features to select those
whose numerical weight of weight goes to the maximum, thus eliminating the problem of processing a large set of data. The
second stage of the study was conducted with the aim of obtaining more accurate results on the informality of the selected
features using a single-layer network of 10 neurons. Thus, the most informative features that influence the quality of the
implementation of distance learning at a higher educational institution were determined. It was also grounded the
assumption that the weight of the signs characterizes the level of informativeness of each of the studied trait.

Key words: informativeness, features space, distance education, LMS Moodle, neural networks.

Beryn. [Hdopmarmzamisi cydacHOT OCBITH CTBOPIOE HEOOXITHICTh BIPOBAKEHHS i1HGOpMAIiHHUX 1
TEJCKOMYHIKAIIMHUX TEXHOJIOTi B OCBITHIH MpoIleC HaBUAIBHOTO 3akiamy. [IpoTe, He3Bakalouyu Ha aKTHBHE
3aCTOCYBaHHS HOBITHIX TEXHOJOTIH, BCE IIe iCHye moTpeda B KOpETYBaHHI METOJIB iX BHKOPHUCTaHHSA. JlocarHyTH
e(heKTUBHHX PE3yJIbTATIB BIPOBAKEHHS CYydacHUX iHQOPMAIiHHUX METOIB B OCBITHIO MisUTbHICTH MOYKITUBO JIHIIE
MICJIS BUSIBJICHHS [UISAXIB HOTO MOKPAIICHHSI.

Meroro mpencraBieHol poOOTH € MiJBUIICHHS SIKOCTI IMCTAHIIHHOTO HAaBYAaHHS 3a JOIOMOTO0 ITOIIYKY
O3HaK, 10 HAWOLIBIIOK MIpOIO BIUTMBAIOTH HA SKICTh BIPOBADKCHHS IUCTAHIIIHOI CKJIAaM0BOI Y HaBYAIBHUMA
npouec BH3. 3aBnanHsM poboTu € po3pobka MeTOMy OLIHKM iH()OPMATUBHOCTI O3HAK 3a JONOMOIOI0 HEHpPOHHOT
MepexKi.
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Orasig girepatrypu. MeToau OIHKH SKOCTI qucTaHiiiiHoro HaBuaHHs (JIH) mominsioTecs Ha cTaTHYHI i
BHYTpIilIHI. ICTOTHI HEJONIKM BUKOPUCTAHHS IIUX METOJIB (3HM)KEHHS IIBUAKOCTI OOPOOKM JaHUX Ta IiJIBUIICHHS
MOXMOKHM MiJl 4ac aHallizy JaHWX) Jajdl MPUBiA BiJIaTH IIepeBary IMOBCIOJHOMY BUKOPHUCTAaHHIO BHYTPIIIHIX METOIIB
OLIHKM SKOCTI. BHYyTpilIHI MeToau BHKOPUCTOBYIOTH 1/€I0 aHAi3y OJEpXKYyBaHMX LHM(PPOBUX IaHUX,
BUKOPHCTOBYIOYM BOY/MOBaHI 1HCTpyMeHTH iH(popManiiiHoi cucremn. Hampuknan, cucrema AuMCTaHIIHHOTO
HaBuanHsa (CJH) Moodle, sixa € mHaiiOinpm mommpenoro CJH y cBiti, Mae BOyZOBaHI IHCTPYMCHTH aHAII3y
pe3yIbTaTiB TECTYBaHHA YYAaCHHKIB AWCTaHIIHHUX KypciB [1]. IlepeBaramMu BHKOpPHCTAaHHS BHYTPIIIHIX METOJIB €
BHCOKa MIBUJIKICTh OOPOOKH OJIEp)KyBaHUX JaHUX, MOKJIMBICTh aHAIII3y Pe3yJabTaTiB, y TOMY YHCII i 32 JOTIOMOTOIO
IHCTPYMEHTIB Bi3yaizallii JaHuX.

V mpencraBieHiii poOOTi 3alpOIIOHOBAHO METOJ] OILIHKHK 1H(GOPMATHUBHOCTI O3HAK, MO XapaKTePU3YIOTh
piBeHb sKOCTI BripoBapkeHHs JIH y HaB9ambHUH TpoIiec, 3a JOTIOMOT0r0 HelpoHHuX Mepex (HM).

OcHoBHa YacTHHA Po0dOTH. 3MICTOBHA IOCTAaHOBKA 3ajayl OLIHKM 1H()OPMATUBHOCTI O3HAK IOJISITAE B
HEeoOXiTHOCTI BUALIEHHS BUMIPIOBAaHMX O3HAaK 3 HAaHOLIBIIOI Barolo, IO XapaKTepU3ye PiBEHb BIUIMBY Ha SKICTh
ocBitTi 3acobamu JIH. 3ampormoHoBaHa TEeXHOJOTIS OLIHKK iH(OPMAaTHBHOCTI O3HAK B 3ajJayax aHallizy SKOCTI
JMCTaHLIMHOrO HaB4YaHHs anpoboBaHa Ha naHux Aitoyoi CIAH. VY skocti Jukepena o3HaK BUKOpHcTaHa 0a3a JaHUX
CJIH Moodle Onecpkoro HarioHansHOTO ToditexHiyHoro yHiBepceutety (URL: http://dl.it-school.com.ua).

Ha0ip o3Hak, 110 BUKOPUCTOBYIOTHCS B JOCIIIIPKEHH], PO3/UICHUI Ha TPU KaTeropii:

1. KITBKICHI O3HAKH: KIJIBKICTh TECTIB, KUIBKICTE OILIHIOBAHMX 3aBIaHb TOIIO;

2. OIIHIOBaH1 O3HAKM: OIliHKA CTYACHTA 3a TECT, 32 OKPEMY CIIPOOy TECTY, TOIIO;

3.49acoBi 03HAKH: Yac MMOYATKy TECTYBaHHS KOKHOTO CTYICHTA 1 T.JI.

ITepen mpoBeAeHHSIM IOCTIKEHHS HEOOXiIHO MiArOTYBaTH MaHi. ETam miArOTOBKHM MaHWX BKIIOYAE TaKi
000B's13K0BI il sIK 30ip MaHWX, HOPMYBaHHsS JaHUX i (JOpMyBaHHS HAaBYIBHOI Ta eK3aMeHalliiHoi BuOipok [2, 3].
HapuansHy BUOipKY (GOPMYIOTH JaHI aKTUBHOCTI CTYJIEHTIB IUCTAHLIHHOTO KypCy, L0 3HAXOAAThCA y 0a3i JaHuX
CIH. Ycporo mocmimxyBanock 37 o3Hak. PazoMm 3 HaBuaibHOIO BHOIpKOIO OyB cpopMOBaHMH LiNBOBHH BEKTOP
BUXIJIHUX 3HaueHb (MoKa3aHHs BuuTeis). L{inboBuil BeKTOp siBiIsiE cOOOI0 CyMapHE 3HAYEHHS BCIX OLIHOK CTY/CHTA,
0 XapaKTepH3ye YCIHILIHICTh CTylNeHTa Ha Kypci. Bubip HM € BaxiIMBOIO CKJIaZOBOIO TEpel] IOYaTKOM
nocnimkeHHs. Bix toro, skuit Tum HM Oyne oOpanuii, B mepury 4epry Oyne 3aiexaTH, HacKUIBKH OTpHUMaHi
pe3ynbpTaTé OyayTh HAOMIDKEHI 10 peambHOCTI. B pesymprari ekcriepruMeHTiB IS MPOBEACHHS JOCHiKeHHS Oyna
obpaHa BomIapoBa HelipoHHA Mepeka Ha 20 HelpoHax.

V nmaHiii po6oTi OyB BUKOPUCTAaHUH anropuTM HaB4aHHS HM 3 yumrenem, Tak sk came IeH anropuTM aae
MOJKJIMBICTh (QOPMYBATH LiTHOBUI BEKTOP, 3 AKUM IIOPIBHIOETHCS poboTa Heliporie HM. Hapuanas HM mpoxoauts
HACTYITHAUM YHHOM: KOXXE€H 3pa30K IIJIHOBOTO BEKTOpa TMOJAEeThcs Ha Bxoaw HM, MOTIM MpoxXomuTh 0OpoOKy
BcepenuHi CTpykTypu HM, OOYHCTIOETBCS BUXITHHNA CHTHAJ MEPEXKi, SKHH TOPIBHIOETHCS 3 BiAMOBIIHUM
3HAYEHHSAM LTbOBOro BekTopa. HaBumBmmcs, HM nmpoxoauts mpoueaypy icriuTy sl BU3HAYECHHS PiBHS TOYHOCTI
BUKOHYBaHHMX 00YMCIICHb 1 JOPMYyBaHHS MaTpHUIll Bard KOXXHOT 03HaKH, TOOTO, BU3HAYCHHS 11 iHPOPMATHBHOCTI.

B pesyinbrati HaBuanus HM ¢opmyerbest matpuis Bar W. [HpopMaTHBHICTE KOXKHOT 03HAKH BU3HAYAETHCS
Ha ocHOBI Matpuii W 3a BUpa3oM:

1 < 2
P=—> (wk,i)",

ne w — copMoBaHa MaTpuils Bar Oe3mivi o3Hak HM, i — mopsjakoBuii HOMEp O3HAKH, # — KUIBKICTh
HeHpoHiB B nepmomy mrapi HM.

Pob6oTa 3 BermkuM 00’€MOM IaHWX NPUBOIHUTH 10 TMPOOIEMAaTHYHOMY aHANi3y, TOMY PEKOMEHIYETHCS
micnst HaBuaHHS HM 3amycTWTH mpoliec HaBYaHHsS IMMOBTOPHO, BUKOPHCTOBYIOYHM IPU I[bOMY HOBY BHOIpKY 3

OTPUMAHHUX O3HaK, Bara sKUX mparse 10 makcumymy. Tomy Oys0 obpano 10 HaitOLIbII iHGOPMATHBHIX
O3HaK, Bara sKux MpsMye JI0 MaKCUMyMY, IO JIO3BOJIHIIO ¢(hOpMyBaTH HOBY HaBYAJIbHY BHOIpPKY.

JlocnipKeHHsT IPOBOJMIIOCH 13 BUKOpHCTaHHAIM JBoX HM: nBomapooi Ha 20 HelpoHiB
Ta oHOMmapoBoi Ha 10 HEHPOHIB, IO JO3BOIMIIO JOCATHYTH OUTBIIOI TOYHOCTI NMPU BU3HAYCHHI

1H(QOPMATUBHOCTI O3HAK. Pe3ynbTaT HaBUaHHS MepeXi Ta BUSBJICHHS HalOUIbII iHGOPMATHBHUX O3HAK CEpel
JOCIIKYBAaHHUX IPEICTaBICHUH Ha pucC. |

Puc.1. Bisyanizauis 38’3kiB HeiipoHiB Mepe:ki 3 iHpopMATHBHUMH 03HAKAMH
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[ToBropHe nHaBuanHs HM nano 3Mory orpumary pe3yiabTaTH 100 iH(GOPMAaTHBHOCTI O3HAK, SIKI MOYKHA
HpoCIiKyBaTH y Ta0u.1.

Tabmuns 1
Pesynbrar BU3HaueHHs HaO1IbIT 1HDOPMATHBHUX O3HAK

Ne |O3HAKA BAT A
1 Kinbkicts 3aBnans it mabopatopaux poodit  |0,456937
2 |KinbKicTh TEOPETUYHHUX MaTepiaiB 0,441847
3 Or1iHKa 32 KOHTPOJIbHUM TECT 1-T0 THKHS 0,253303
4 Orinka 3a KOHTPOJIBHHUM TECT 2-TO THKHS 0,433377
5 Or11iHKa 32 KOHTPOJIbHUM TECT 4-T0 THKHS 0,694704
6 Ominka 3a TMpPakTUYHY YACTUHY MEPIIOTO 0.34185

MOJYJTIO
5 Yac 3aBepuieHHs CHpoOM TeCTyBaHHS 9-ro 0457173

THIKHS

Ominka 3a KOHTpOIbHHA TeCT 10-r0 THXKHS 0,414055

Or1iHKa 32 KOHTPOJIbHUIM TeCT 11-ro THKHSA 0,291418
10 |OuiHka 3a APYruif MOYIBHUHN TECT 0,535258

BucHoBku. Ilicas mpoBeneHHs AOCTIMKEHHS Oynu 3HaAWAEHI HaWOUTRII iHQOPMATHUBHI O3HAKH, IO
BIUTMBAIOTh Ha SIKICTh BIPOBADKCHHA JUCTaHIIHHOTO HaBuaHHa y BH3. Omke, HalOinmpmmidi BIDIMB Ha
BUKOPHUCTAHHS TEXHOJIOTIM NHUCTaHIIITHOTO HaBYaHHS MAlOTh PE3yJIbTaTH OIHIOBAHHS CTYACHTIB Oe3mocepenHbo
nepes MPOBEICHHSIM TEePIIOr0 MOIYJIBHOTO KOHTPOJIIO Ta Pe3yJbTATH OI[IHIOBAHHS CTYACHTIB MICJIS IPOBEICHHS
JPYTOro MOIYJIFHOTO KOHTPOJIIO. B cBOIO depry, HaiiMeHI iH()OPMATHBHOK O3HAKOKO € TECTYBaHHS CTYJICHTIB Ha
I-my TixkHI Kypcy. lle 00yMOBIICHO THM, IO CTYJCHTH, IOWHO MO3HAHOMHUBIIKCEH i3 TEXHOJOTIE€I0 MPOBEICHHS
Kypcy, IIe HE MAaroTh OCTAaTHHOTO JOCBiIy JUIs BHpIIICHHS 3aBJaHb CAaMOCTIHHO, TOMY Ha MEPIIOMY THXHI
BIIOPATHCS 3 3aBJIAHHSAM JJOMIOMArae MEHTOp Kypcy (BUK/Iaaad i KOHCYJIbTAHT).
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BIOMEJIMYHI BUMIPIOBAHHS I TEXHOJIOT'Ti
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DEVELOPMENT OF THE INTERNATIONAL MEDICAL RESEARCH CENTER ON
THE ESTIMATION OF THE STATE OF HUMAN HEALTH AND ITS
REJUVENATION

The level of development of medical industry determines, in particular, the level of social development of the
country. In addition, medical engineering and medical products are among the most knowledge-intensive industries. The
level of technology used in the medical industry is comparable to that of military technology and is often the result of their
conversion for civilian use. In this regard, it is impossible to overestimate the importance of the development of the medical
industry for the successful realization of the scientific and innovation potential of China and Ukraine. Increasing the duration
and quality of life of the citizens of China and European states is a state priority. The decision of these tasks contributes to the
growth of the economy, as well as the reduction of treatment costs and social payments. However, this requires the
availability of modern high-quality medical equipment and medical products. At present, in connection with the catastrophic
increase in the number of antibiotic-resistant strains of pathogenic bacteria, the growing allergization of the population, it is
relevant to search for alternative non-medicament methods for the prevention and treatment of the most common human
diseases, as well as medical rehabilitation after severe illnesses.

Keywords: photonic systems, medical engineering, biomedical devices, diagnostics.

C. B. TIABJIOB', C. M. 3JIEIIKO', BAJIbJIEMAP BYUILIMK?, A. M. KOPOBOB’,
O.T. ABPYHIH*, O. B. BTIACEHKO’

BinHuupkuii HanioHanpHUI TexHiYHUA yHiBepcuteT (BHTY), Ykpaina
JIrooninceka [TonitexHika, [Tonpma? XapkiBcbkuii HanioHanbHUi yHiBepceuTeT iMeHi B.H. Kapasina, Ykpaina
XapKkiBCchKHII HAIIOHAIBHUH YHIBEPCUTET pagioeneKTpoHiky, Ykpaina? Hamionansauii Menuunuii yHiBepcutet iMeHi [Tuporosa, Ykpaina

PO3BUTOK MDKHAPOTHOT'O MEJIMYHOT'O JOCJIJTHALILKOTO LIEHTPY OITHKYA CTAHY 37J0POB'SI
TA PO3BUTKY JIIOJIMHA

Anomayisi: PigeHb po3eumky meduuHoi 2aay3i 8u3Ha4dae, 30Kpema, pigeHb COYia/IbHO20 pPO3BUMKY KpaiHU.
MeduuHa iHxceHepisi ma Jikapcbki npenapamu € odHumu 3 Halibinew iHpopmayiliHux easyseil. PiseHb mexHiku, wo
BUKOPUCMOBYEMbCS 8 MeQUUHIL NPOMUCA080CMI, MOXCHA NOPIBHAMU 3 8iliCbKOBOI0 MEXHIKOM, i Ye Yacmo € pe3y1bmamom
ix nepemeopeHHs 0415 YUBIAbHO20 BUKOPUCMAHHA. Y 38'A3KY 3 YUM HEMONCAUBO NepeoyiHumu eaxcausicms po3sumky
MeduyuHoi eaaysi dasa ycniwHoi peasizayii Haykogo-iHHosayiliHozo nomenyiany Kumaro ma Ykpainu. IlidsuujerHs
mpusasocmi ma skocmi xcumms epomadaH Kumarw ma esponelicbkux Oepxcag € npiopumemHum 3a80aHHAM 0epicas.
PiwenHsa yux 3a60aHb cnpusie 3pOCMAHHI0 eKOHOMIKU, d MAKOXC 3MEeHWEeHHI0O 8apmocmi AIKy8aHHsA ma coyiaabHux auniam.
OdHak ye eumazae HAsABHOCMI CY4ACHO20 BUCOKOSIKICHO20 MeJuYHO20 00641a0HaHHA ma JAikapcbkux 3acobis. Haykoea
npobsema, sKa nosuHHa Oymu eupiwieHa, no/aszae y CMBOPEeHHI HO8020 KAACYy ONMmMoeneKmpOHHUX npusaadis, wo
diazHocmyromb  nepugepuyHuill Kpogomik ma iHmesekmyaavHi GOomoHHI cucmemu, wo nidsuwums HaodiliHicmb
diazHocmuku nopieHAHoO 3 mpaduyiliHumu mMemodamu diaeHocmuku (peonaemusmozpagiuHi, yabmpaszgykosi moujo), a
makodic gyHKYioHa1bHicmio 6iomMedu4HUX npucmpois ma cucmem weudkoi diazHocmuku nepugepuyHo2o0 Kpogoobizy.

Knarouosi cnosa: pomouHi cucmemu, meduuHa inxceHepis, 6iomeduuHi npucmpoi, diazHocmuka.

Introduction

From the point of view of ensuring a decent standard of living for the citizens of China and Ukraine, the
medical industry is one of the key, creating the opportunity to provide quality medical care. The level of
development of this industry determines, including, the level of social development of the country.

In addition, medical engineering and medical products are among the most knowledge-intensive
industries. The level of technology used in the medical industry is comparable to that of military technology and is
often the result of their conversion for civilian use. In this regard, it is impossible to overestimate the importance of
the development of the medical industry for the successful realization of the scientific and innovative potential of
the China and Ukraine.

Increasing the duration and quality of life of the citizens of China and European states is a priority task of
the states. The decision of these tasks contributes to the growth of the economy, as well as the reduction of the cost
of treatment and social payments. However, this requires the availability of modern high-quality medical equipment
and medical products.
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The production of medical equipment and medical supplies is connected with the issues of ensuring
national security - the basic level of medical care and the need for medical disasters should be provided primarily
through own production.

Appointment of the Strategy
e to determine the priority directions of development of the MRC and the methods of their implementation;
e lay the foundations of public-private partnership;
e give impetus to the intensive development of technological biomedical developments, production and market
introduction of innovative Chinese-Ukrainian-Poland products;
e Implement a new type of training system for biomedical engineering.

The main directions of the development of the Strategy:

e Estimation of the current state and identification of the main systemic problems of the development of
biomedical engineering of the Research and Development Center.

e Definition of key approaches to overcoming systemic problems, determination of tasks of strategic
development of biomedical engineering.

e Determining the role of state support in solving strategic tasks of biomedical engineering development

e Identify key activities aimed at the successful implementation of the Strategy, including a set of state
measures to support the development of biomedical technologies.

The strategy is based on the following priorities:

e Implementation of an innovative model for the development of biomedical engineering, which includes the
creation of high-tech industries, a research base that leads to the growth of the market of medical equipment and
medical devices;

e Increasing the export potential of biomedical engineering products;

e Priority of Chinese, Ukrainian and Polish medical equipment and medical products in the implementation of
state programs for the modernization of health care;

e Development of partnership with the world's largest leaders in the development and production of medical
equipment and medical products, involving specialized technical specialists to intensify the development of
advanced technologies;

e Localization in the territory of China, Ukraine, Poland of high-technology production of equipment,
components, raw materials, materials for medical equipment and medical products.

Background of International Medical Research Center on the Estimation of the State of Human
Health and its Rejuvenation

At present, in connection with the catastrophic increase in the number of antibiotic-resistant strains of
pathogenic bacteria, growing allergization of the population, it is relevant to search for alternative non-medicament
methods for the prevention and treatment of the most common human diseases, as well as medical rehabilitation
after severe illnesses.

The complex ecological situation, urbanization, frequent stresses, lack of exercise and a number of other
factors that negatively affect people's health have led to the fact that today not only the adult, but also the majority
of children are in the polymorbid state, i.e. have more than two pathological processes in the body.The use of
intensive medication in this situation (especially antibiotic therapy) will only exacerbate the situation, finally
destroying the adaptive capabilities of the body.

Today a significant number of leading companies engaged in development and production of diagnostic
medical equipment. The most famous ones are: Philips, MEDIC (Medizinische Messtechnik GmbH), Nonin, Cas
Medical System, Radiometer, Micromed, Criticare, UTAS (Ukraine) and others. For biomedical devices is not the
most important characteristics are painless, noninvasive measurements in the diagnosis. Among the methods that
can provide it, occupy a prominent place optical. Optical methods inherent advantages such as noninvasive of
diagnostics, optical signal indifference to electromagnetic interference, multi potential. They can accurately
determine the quantitative and qualitative indicators of biological objects.

The scientific problem to be solved is to create a new class of optoelectronic devices diagnosing peripheral
blood flow and intelligent photonic systems that will increase the reliability of diagnosis compared with
conventional methods of diagnosis (reopletyzmographic, ultrasonic etc.) as well as the functionality of biomedical
devices and systems in rapid diagnostics of peripheral circulation.

Photoplethysmography technique compared with other diagnostic methods for biological object, such as the
photoacoustic method to increase the reliability of registration hemodynamic circulation, and the introduction of
fiber elements technology and sources of different wavelengths of radiation allows the probe accurately solve
problems photodynamic studies remote measurements of hemodynamic parameters or other biological object.

In this respect, promising work to create optoelectronic systems for diagnosis, therapy and prediction of the
cardiovascular system as an effective universal means of rapid diagnosis of peripheral circulation, allowing for a
long time to carry out monitoring of peripheral vascular publish current and averaged diagnosis-information on the
physiological state.
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Detailed description

L In the pathogenesis of the absolute majority of clinical diseases present specific first phase - a
violation of blood circulation. Therefore, treatment in a disease should be based primarily on the restoration of blood
circulation in the body. Therefore, finding, development and improvement of technologies normalization of blood
circulation in the human body and peripheral blood evaluation methods have always been, are and will be important
task for developers of new medical equipment.

Among the known factors that are used to improve blood circulation, the most effective, completely safe
and natural for humans is electromagnetic radiation in the optical range of the spectrum (light) and constant
magnetic field.

Study of effect of these factors on blood circulation and development of technologies and related devices,
and monitoring of human health is impossible without diagnosis or evaluation of peripheral blood circulation in the
body. The most advanced methods nowadays considered optoelectronic conversion methods of registration and
biometric information.

By non-invasive optical methods for diagnosing peripheral circulation refers PPG method to increase the
reliability of the control of blood circulation in the diagnosis of early stages of the most common human diseases.

Significant advances in the pharmacotherapy of recent decades could not solve the problem of effective
treatment of certain diseases. Moreover, there was a group of diseases and pathological conditions associated with
the use of modern medicines. The number of diseases resistant to treatment. In some cases, treatment is aimed at
combating the effects of disease, not its cause. This path can not be considered promising.

Therefore, it remains questionable finding and developing non-drug treatment and prevention of the most
common human diseases, aimed at addressing the root causes of these pathologies. As such the primary cause in
most cases is a violation of blood circulation in the human body, the question of the development of technologies
and methods of restoring blood circulation its assessment remain in the zone of maximum attention of scientists,
doctors and engineers.

Object is a state of blood circulation of the human body, which certifies that the prerequisites of the
disease or its existence, and dynamic processes of interaction and transformation of optical radiation in biological
tissue that occur in the registration and diagnosis of peripheral microcirculation.

The urgency of restoring impaired blood circulation is determined that it applies to almost every person
because photonic peripheral blood recovery technology and non-invasive methods of evaluation, of course, provide
maximum market needs.

1L Electrotherapy is a field of physiotherapy, using for therapeutic purposes electric energy out-of-
the-way through special electronic equipment. Modern forms of electrotherapy use dosing the effect on the human
body of various electrical signals, but primarily electric currents, electric and magnetic fields or electromagnetic
fields. The effects of individual electrotherapy methods depend on the kind of electrical stimulation applied and its
parameters. Known applications for the excitation of nerves, muscles, pain reduction, mitigation of inflammation,
increased tissue poisoning, intensification of metabolism or acceleration of tissue regeneration. Electrotherapy is
also used in ion-phoresis. Using devices for electrotherapy, you can also carry out the diagnosis of the
neuromuscular system, which allows for a quantitative assessment of the functioning of the muscles.

I1I1. Two stages of the algorithm are presented instantaneous evaluation of tremor parameters in the
retime. At the first stage, the algorithm divides tremor and accompanying arbitrary movements that based on their
different distributions in the frequency region. Further, estimates of the arbitrary motion of the from the aggregate of
kinematic data, for the purposes of obtaining a tremor assessment. This assessment is then to the second stage, to the
weighted Fourier transform, for estimating the tremor frequency, and for the Kalman filter, which uses the
frequencies obtained to estimate amplitude of tremor. As a result of the algorithm

A high accuracy of the amplitude estimation and tremor frequency. The two-stage algorithm was tested
on tremograms of patients suffering from pathology-states that cause tremors during performance of clinical and
functional tasks. This algorithm can be used in automatic neuropsychodiagnostic systems, as well as in
microsurgical robotics for compensation tremor of the hands of the surgeon during the operations.

The tasks to be performed in the frame of the project:

e establish the cooperation between the research groups in China, Ukraine, Poland University to gain research
potential, transfer the knowledge and initiate the development of advanced biophotonic technique;

e develop measurement protocols and preliminary hardware, perform physiological measurements to explore
patterns of interaction of low-intensity non-monochromatic electromagnetic radiation in different frequency range of
the optical spectrum to the blood microcirculation system in the area of exposure and in remote areas of the human
body;

e develop, create and validate hardware prototype for normalizing blood flow circulation using low-field non-
monochromatic radiation for healthy people and patients with the most common diseases;

e develop photoplethysmography based contact-manner measurement technique for evaluation of physiological
state of the microcirculation in the area subjected to the low-intensity non-monochromatic electromagnetic radiation.

e perform physiological measurements in laboratory conditions on healthy persons involving the low-intensity
non-monochromatic electromagnetic radiation interaction and photoplethysmographic technique for blood perfusion
assessment;
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e develop a corrective model of distribution of optical radiation in biological objects with a comprehensive
view of the effects of dispersion and uniform optoelectronic safety systems designed for research and rapid
diagnostics of peripheral vessels;

e develop new algorithms and methods of registration scattered optical radiation, processing and identification
of key hemodynamic parameters of peripheral circulation;

e create a new class of problem-oriented intelligent photonic technologies of diagnostics, treatment and storage
of information to form a diagnosis, and practically apply basic results in medical practice (vertebrology,
maxillofacial surgery, vascular disorders in diseases with systemic lupus, fibromyalgia, surgery of the anterior
abdominal wall);

o reflect the obtained results and innovations in scientific publication or in international scientific conference in
field biophotonics

e prepare national or European-China Union research program project proposal for the further investigation of
light-tissue interaction and early detection of microcirculation alterations.

[ ]

Conclusion

Main research areas in creation biomedical technologies for diagnosis and treatment

» Development of optoelectronic systems of diagnosis of peripheral blood supply

* Development of two-dimensional systems multiparameter Mueller-matrix polarimetry for optical
diagnostics-multilayer anisotropic structure of biological tissues

* Development of optoelectronic information - measuring systems for non-invasive diagnostics of biological
tissues

» Development of laser devices for physiological effects

» The development of tomographic methods and implementation of optoelectronic systems of microcirculation
research and conjunctiva of the eye fundus

* Methods of processing of biomedical images and signals
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YOK 004

0.B. BOMKO, K.I. TIbLKAHIUY, C.B. PI3HNYOK, B.IO. MAUXEP

JIbBiBCHKMIT HAI[IOHATIBHUI MEeMYHUIA yHIBepcuTeT iMeHi Januia ["anuipkoro

E®EKTUBHICTh BUKOPUCTAHHS CUCTEMM AS4U JIJIAA PEAJI3ALIL BEB-
PECYPCY ®AXOBOI'O MEJUYHOI'O HEPIOANYHOI'O BUJAHHA

Anomayisa: Y mamepianax docaidxceHo HogimHi nidxodu iHopmamusayii Haykosux nepioouvHux eudaHb.
3anponoHoeaHa Modeab iHpopmamu3zayii Haykosux MeduvHux nepioduyHux sudaHbv, sAka ckaadaemuvcs i3 deox emanie:
nepwuil - cmgopeHHs iHdugidyabHo20 ogiyitinozo caiimy; dpyauil - npedcmasaeHHs1 paxo8o20 nepiodu4HO20 BUOAHHS 8
MIHCHApOOHUX HaQyK0B0-Mempu4YHUX 6a3ax daHux. Po3pobaeHa cxema calimy Hayko8o20 Medu4Ho20 nepiodu4H020 8UOAHHSL.
3anponoHoeaHi nidxodu 0o npoekmysaHHs, po3po6KU Ma KepyeaHHs HANOBHEHHAM [HMepHem-pecypcy peani3osaHi Ha
npukaadi Haykoeozo MeduvHoz2o yaconucy JIb8iecbkozo HAYIOHANLHO20 MeduYHO20 YHigepcumemy imeHi /Januaa
T'aauywvkozo “Acta Medica Leopoliensia”.

Kawuoei cnaoea: ingopmamusayis, Haykoge nepioduuHe eudanHs, AS4U, Public4u, File4u, Galery4u,
iHopmayiliHuil pecypc.

0.V. BOYKO, K.I. ILKANYCH, S.V. RIZNYCHOK, B. YU. MAIKHER
Danylo Halytsky Lviv National Medical University

EFFICIENCY OF USE AS4U SYSTEMS FOR IMPLEMENTATION OF THE WEB RESOURCES MEDICAL
PROFESSIONAL PERIODIKALS

Annotation: In the materials are researched the latest approaches of informatization of the scientific periodicals. The
model of informatization of scientific medical periodicals is proposed, which consists of two stages: the first - the creation of an
individual official site; the second is the presentation of a professional periodical in international scientific-metric databases.
The structure of the information resource model for the implementation of informatization of the services of the magazine with
the use of modern IT technologies is developed; formation of a methodology for assessing the effectiveness of the use of
information technology at the stages of their implementation and operation, creation of the sofiware product algorithm and
elaboration of the mechanism of implementation and determination of methodological approaches to the assessment of
investment efficiency in the IT system; The capabilities of the software AS4U product is developed and implemented the web
project coled www.aml.lviv.ua - professional edition of Acta Medica Leopoliensia / Lviv Medical Journal (AML), the founder of
which is Danylo Halytsky Lviv National Medical University (LNMU) . In the article offered approaches to design, develop and
manage content of an Internet resource. As the result of the scientific analysis and new approaches to informatization of medical
institutions, and new design and development of web presentations for medical periodicals was analyzed the statistical operating
indicators of the developed product and as a result there is a tendency to increase the number of publications annually as among
the authors of the LNMU, and as well from other medical scientific institutions. For the development of an online resource for
scientific medical periodical are proposed a new approach facilitates simplification a dialogue between the authors and the
editorial board of the magazine. Presentation of professional publications in the Internet as a separate site allows increasing
demands of scientific publications and improve the quality of published materials.

Keywords: informatization, scientific periodical, AS4U, Public4u, File4u, Galery4u, information resource.

Beryn
BaxnBy poiib y mpolieci HayKOBOi KOMYHIKaIlil HAICXKNTh (paxoBUM HepioAnyHUM BuaaHHsIM. [lyOmikaris
y HayKOBIH Nepio/uili J03BOJISIE BUCHUM CTBOPIOBATH HOBI iH(OpMaLiifHI OBITOMIICHHS, OpaTh y4acTh Y HAyKOBHX
JMCKYCIsIX, MAaTH JIOCTYH J0 aKTyalbHOI HayKOBOI iH(pOpMallii, BIIKpUBAE HOBI TBOPYI MOXIIMBOCTI JUIsSl HAYKOBOTO
CIiBPOOITHHUIITBA 1, K HACITIIOK, CIIPUSE BIPOBAIHKCHHIO HOBITHIX PO3POOOK y CHCTEMi OXOpPOHH 310poB’st. Tomy
0COOJIMBO aKTyaJIbHOIO HHHI cTana iHpopMaTH3arlis mepiofMIHUX BUIAHb YKpaiHH.

IMocranoBka npodeMu
Mertoto Hamoro gochiKeHHS Oyma po3poOka MoOJeNi IHTepHEeT-pecypcy HayKOBO-IPAKTHIHOTO

MepiOUIHOTO BHUIAHHSA, BHOIp CydacHOI TEXHOJOTii NMPOEKTyBaHHS N pO3pOOKH BeO-Tpe3eHTalii, CTBOPEHHS Ta
BIIPOBA/KCHHS MIPOCKTY IHTEPHET-CAUTY MEPIOTUIHOTO YACOMICY, OIIHKA BIUIMBY BUKOPUCTAHHS BeO-TEXHOIIOTIT Ha
HATIOBHCHHS KOHTCHTY TIEPIOJUYHOTO BUIAHHS.

Po3pobiiena Hamu KkoHuemnuis iHdopmaru3anii HayKOBHX MEJMYHMX IEPIOJUYHMX BHJAaHb BIAIOBiJgae€
BUMOTaM HaBe/ICHOT'0 BHIIE Haka3zy MiHicTepcTBa OCBITH i Hayku YKpainu i MiHicTepcTBa OCBITH 1 HayKu YKpaiHu
nepembadae peamizaiifo IBOX €TalliB: nepuiuti - CTBOPEHHS I1HAWBIAyaIbHUX OGIMIMHUX CaWTIB;, Opyeutl —
TIpeCcTaBiIeHHsT (aXxOBOTO IEPIOJWYHOTO BHUIAHHA B MDKHAPOJAHHX HAyKOBO-METPWUYHUX Oazax maHuX. Takuit
TIXi JO3BOJUTEH PO3IMIMPUTH HANIOHATLHUNA HAYKOBUH MIPOCTIp YKpaiHd, HaAacTh HAYKOBIIM OiJIbIlli MOXIIMBOCTI
UL aHaji3y myOmikamii Ta MOJaHHA CTaTel, MIATPUMKH iX CYNPOBOAY Bil MOMEHTY MONAHHS IO MyOsmikarii. 3
METOI0 BIIPOBAKEHHS i€l KOoHIenIii HamMu MiHiCTepCTBa OCBITH i HayKH YKpaiHu Oyio po3poOieHo iHTepHeT-

pecypc $haxoBOro NepioJUYHOTO BHIAHHS.
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Pimenns 3agaui
VY pesynbTari HayKOBOTO aHANi3y W MOLIYKY HOBUX HiJIXOXIB B iH(pOpMaTH3alil MEAWYHUX 3aKJIAAiB Ta

HOBHX TEXHOJIOTifl TNpOEKTyBaHHS W pPO3pOOKM BeO-TIpe3eHTaliil Uil MEIUMYHHX IepiOJUYHMX BHAAHb OyJio
MIPOBEJCHO: PO3pPOOKY CTPYKTYpH Mozeni iHdopmamiiiHoro pecypcy i peamizauii iHdopmarnzamii mociyr
4aconucy 3 BUKOPUCTaHHAM cydyacHUX [T TexHooriit; popMyBaHHS METOIMKH OLIIHKK €()EKTUBHOCTI 3aCTOCYBaHHS
iH(pOpMamiHHUX TEXHOJOTIH Ha eTamax iX BIPOBAaIPKEHHS Ta eKCIUIyaTamii; CTBOPEHHS aJTOPUTMY HPOTPAMHOTO
NPOJYKTY Ta OINpALOBAaHHS MeEXaHI3My BIPOBAKCHHS Ta BH3HAUCHHS METOAMYHUX IiAXONIB 1O OLIHKH
edextuBHOCTI iHBecTHLIN y IT cucremu; 3acobamu nporpamuoro npoaykry AS4U [3] po3poGieHo Ta BIPOBaIKeHO
mpoekT web-pecypcy www.aml.lviv.ua — iHTepHeT-caiit (axoBoro Bumanus “Acta Medica Leopoliensia /
JIpBiBChKMIT MenmuHMid yaconuc” (AML), 3acHOBHHKOM sIKOTO € JIBBIBCHKHIA HAalllOHAILHUH MEJUYHNUN YHIBEPCUTET
imeni Janmna [Nanunekoro (JIHMY).

BB 3anpoBajKeHHS IHTEpHET-pecypcy Ha HAIOBHEHHS KOHTKHTY YacONWCY HaBeIEeHO Ha puc. 4.
[Ipornsnaerbess TeHAEHIIST [0 30UMBLICHHS KUTBKOCTI MyOJiKamid MIOPIYHO SIK i3 YMCia aBTOPIB-TPalliBHUKIB

JIHMY, Tax i 3 iHIIMX MEAUYHUX HAYKOBUX YCTAHOB.

= BO A
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E 40 A B THMY
E 30 - M Bcooro
o
g o
2013 2014 2015 2016 2017
NHMY 44 35 47 30 =1
Boeoro 50 51 73 58 75

Puc. 4. lnnamika kiabkocti nyoaikauii y yaconuci AML no pokax.

Oxpim HaykoBuiB JIHMYVY, aBropamu wacormcy AML y 2014-2017 pp. cramu npencTaBHUKH [HCTHTYTY
MeICEeCTPUHCTBA 1 HayK mpo 3710poB’s (Kemrys, [Tomsma), [HecTuTyTy Meauuman cena (JIro6miH, [Tonema), Axkanemii
¢ismgaoro BuxoBaHHS, CeiaboHCKOro MeawmgHoro yHiBepcureTy (Karoime, Ilonpma), mepeBakHOi OinbIIOCTI
HAayKOBHX Ta HAaBYANBHUX 3akiaaiB Ykpainm: HamionamsHoro Meamunoro yHiBepcutery imeHi O.0. boromonbis,
Harmionansnoi memmanoi akamemii micmsauruiomaoi ocBiti iMm. ITJI. Illynmka, BiHHWIBKOTO HaIliOHAITBHOTO
MeandHoro yHiBepcurery iMeHi M.I. IluporoBa, XapkiBCbKOro HaIliOHAIBHOTO MEIWYHOTO YHIBEPCHUTETY,
VYxpaincbkoi MenuuHoi cromaroioriqnoi axanemii (IToxaraBa) ta iH. TakuM 4MHOM, MOXXKHa KOHCTAaTyBaTH, LIO
BIIPOBA/DKEHHSI IHTEPHET-CTOPIHKM HAyKOBOIO MEPIOJUYHOTO BUAAHHS CIPHsI€ PO3MIMPEHHIO HayKOBUX

KOMYHiKarlii.

BucHoBknu
3anpornoHoBaHUN Y PO3pOOIN iHTEPHET-peCypCy HAyKOBOTO MEAWYHOTO MEPiOJWYHOTO BHAAHHS HOBHH
X1 CTIPHS€E CIPOMICHHIO ialoTy MK aBTOpaMH Ta peAKOJIeTiero KypHaiy. [IpeacraBinenHs ¢paxoBoro BUIAHHS B
IHTEPHET-IPOCTOPi Y SKOCTI OKPEMOTO CalTy J03BOJISE 301TBIINTH BUMOTIIUBICTD JO HAYKOBOTO PiBHS ITyOJIiKariit
Ta MiIBUIIUATH SKICTh OIMyOJIIKOBAHUX MaTepialliB.
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BararomoBHa peanizaiisi caliTy JO3BOJISE€ BUKOPHCTOBYBATH 1HO3€MHI MOBH JUIS IMiJrOTOBKU ITyONIKAIIii,

iHTeraIIiIO BUJAHHA JO0 CBITOBOrO HAYKOBOI'0 IIPOCTOPY, HOPOAOBXKHUTHU 3aXOAXW IOAO BKIIIOUCHHS Horo y

MDKHapOHI HAyKOBO-METPUYHi 0a3u.
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COAXIAL APERTURE SENSOR FOR ASSESSING THE STATE OF BIOLOGICAL
OBJECTS

Water is the main substance that makes living organisms. The state of any bioobject is characterized by the total
amount of water in it and its distribution. In biological matter, water can be in two states, in the form of free water and
water, associated with its macromolecules. The distribution of free water and water associated with molecules of biological
matter determines its state. Therefore, the task of rapid assessment of water distribution is topical. The water molecule has a
low mass and in the free state the molecules have a high relaxation frequency, which lies in the microwave range. The dipole
moment of water has a high value. Therefore, at frequencies below the relaxation frequency, water has a high value of the
dielectric constant. In the bound state, its electrophysical properties of water depend on the properties of the macromolecule
in which it is embedded. Therefore, microwave methods and electrodynamic measurement sensors are effective means of
operative measurements. They have a high speed, simple measurement procedure, do not require special preparation of
samples, they allow performing non-destructive testing. Therefore, under certain conditions, they have advantages over other
methods. However, the problems of using electrodynamic methods are caused by the indirect nature of the data obtained and
the rather complicated process of determining the transfer function of the microwave sensor. The report presents a scheme of
the microwave sensor, in which the generatrix coincides with the coordinate surfaces. For such a scheme, you can create a
rigorous analytical model. Solving the task of describing fields in the working area of such a sensor allows determining the
transfer function of the sensor. The presented scheme allows a principled possibility of further development. For example, in
the presence of a mathematical model of changes in the properties of a bioobject under external influence. This will allow a
numerical evaluation of the sensor parameters at the theoretical preparation stage. Such an approach will significantly
reduce time costs and reduce the cost of design, prototyping and experimental development of specific designs.

Keywords: aperture, capacitance, coaxial line, boundary conditions, eigenfunctions, bound water, free water,
electromagnetic field components.

0.10. TAHYEHKO, M.I. CJIMITYEHKO, 0.5. 3AMYEHKO, I.M. BOHJTAPEHKO
XapbKOBCKHI HALMOHATBHBIA YHUBEPCUTET PagHOdICKTPOHUKHI
oleksandr.panchenko@nure.ua

KOAKCIAJTBHHI AITEPTYPHHUI CEHCOP CEHCOP JIJISI OITHKH CTAHY BIOJIOTTUHUX OF'€KTIB

Y donoegidi HasedeHa cxema HBY ceHcopa, y siko2o meipHi 36i2arombcst 3 KOOPOUHAMHUMU NOBEPXHAMU. []151 makoi cxemu MOXCHA
cmeopumu cmpozy aHaaimu4Hy mooesaw. PiweHHs 3a80anHs onucy noaie y po6ouill obaacmi makozo ceHcopa 00380/8€ 8USHAYUMU
nepedasanvHy ¢yHKyito ceHcopa. HagsedeHa cxema npunyckae npuHyunosy Moscausicms nodaabwozo possumky. Hanpukaad, npu
HasieHocmi mamemamuyHoi modenai 3MiH eaacmusocmell 6i006'ekmy nid 308HIWHIM 8nausoM. Lle do3goaumb damu yuceabHy OYIHKY
napamempam ceHcopa edxce Ha emani meopemuyHoi nidzomosku. Takuii nidxid cymmego ckopomumbs vacosi eumpamu i 3dewesums
emanu npoeKmye8aHHsl, MaKemy8aHHs ma eKcnepuMeHma/ibHo20 8i0npayo8aHHs KOHKDeMHUX KOHCMPYKYIl.

Karwuosi cnosa: anepmypa, emHicmb, KOAKCiaAbHA AIHIS, 2paHuyHi ymosu, eaacHi ¢pyHkyii, 3e'asana eoda, sinbHa 6004,
KOMNOHEHMU e/1eKMpOoMaAZHIMHO20 NOJA.

In the study of biological objects, electrodynamic methods are often used. They allow to explore objects in
vivo, have a high speed of information obtaining, can be used outside laboratories. The primary information in
electrodynamic means of measurement is a complex dielectric constant. Its value depends to a large extent on the
distribution of free water and water associated with its macromolecules of biological matter [1,2]. On the other hand,
the state of the bioobject is characterized by the distribution of free water and water.

The water molecule has a low mass (18 u) and a significant
dipole moment (p = 1.84 D). In the free state, the molecules have a
relaxation frequency of about 10 GHz. Below this frequency water
has a high dielectric constant. In the bound state, the properties of
water depend on the properties of the macromolecule into which it
is embedded. Therefore, electrodynamic measuring devices
operating in the microwave range allow a significant amount of
information to be obtained to estimate the distribution of free and
bound water.

Two types of microwave converters are used: waveguide and
resonator. The most suitable type of microwave converter is a
quarter-wave resonator (QR) with a sensor in the form of an open
coaxial measuring aperture (CMA) (Fig. 1).

It has a number of advantages. A significant part of the antinode
of the electric field, as shown in Fig. 1, is outside the main
resonating volume. Therefore, with some loss of sensitivity, the Figure 1 — QR with CMA sensor
working region can be located outside the resonator. The coupling
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of the field of the resonator with the sample is carried out through the CMA (section z1).

CMA can be equipped with dielectric inserts, rings, which allow changing the transfer
function. Dimensions of the CMA can be substantially smaller than the wavelength. Therefore,
the volume of biological samples can be minimal. QR allows a change in operating frequency
over a wide range. To do this, it is sufficient to change its inductive, shorted part (Az in Fig. 1).
Another advantage of this sensor is that it is possible to obtain a rigorous mathematical
representation of the EMF components in the entire volume of the QR [3,4]. Using certain
approximations, the final expressions can be not too cumbersome. In particular, it is possible to
specify a source in the form of an electric field in the plane of the aperture [5].

When E (z,,r)=U, Or'_l , on the basis of the known tensor Green's functions of the Maxwell equations for

cylindrical regions, one can obtain an expression for the magnetic field H (p( zZ,,r ). It can be taken into account

that the sample is multilayer one, as shown in Fig.1. Using the representations for the Poynting vector, one can
obtain expressions for the reduced capacitance in the CMA plane:

i4r t
C = - [, radr .

oU, In*(R,/R,) R

Conclusion
The selected sensor circuit does not require a large sample volume, permits to influence on the object under
test during the measurements, simultaneously ensuring the repeatability and definiteness of their conditions, allows
for the principle possibility of the holding of all stages of the theoretical calibration. Especially it should be noted
that this sensor can operate in a wide range of frequencies, from the relaxation frequency of free water to,

practically, zero.
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KOPEJIAMIMHUNA AHAJIZATOP ITHOOPMAIIMHUX CUTHAJIIB A®THHUX
BIOCEHCOPHUX ITEPETBOPIOBAYIB

Pozzsnsidaemubcsi po3pobaeHutl npozpamHo-opieHMo8aHUll Memod aHai3y 8 yacmomuiii o6aacmi iHghopmayiiiHux
cueHaaie mampu4Hux agiHHux 6ioceHcopie Ha 6a3i nopy8amozo KpemHiio
Kaiwouosi caosa: kKopeassmop, imnedaHcHa cnekmpockonisi, 6ioceHcop, nopyeamutll kpemHil, @yp’e-anasis,
anpokcumayis
R.YA. YAREMYK
Ivan Franko National University of Lviv
yaremyk@yahoo.com

CORRELATION ANALYZER OF THE INFORMATION SIGNALS OF AFFINE BIOSENSOR TRANSDUCERS
Abstract:  The novel software-intensive approach and algorithm real-time computation for identification of biochemical
processes of biosensors by frequency response analysis are considered. The principle of apparatus realization of the interface
is based upon decentralized architecture of the program-managed analog-digital and digital-analog units, the majority of which
are integrated into the chip of the multisignal controller produced by the firm Cypress and digital signal processor (DSP)
produced by the firm Texas Instruments.

Experimental affine biosensor is developed and approved with transducer on the base of porous silicon (porSi) - perspective
sensory material with unique electro-physical properties. Modification of surface of porous silicon as a result of a complexing
agents antigen-antibody in the process of immunoreactions changes a volt-ampere, volt-farade and impedance characteristics of
primary transducer. Impedance analysis allows to identify objects and processes of sensory matrix and kinetics of their change,
as they are characterizing individual frequency responses. The construction of individual complex amplitude-frequency
characteristic of sensory matrix will be realized on the basis of cross-correlation methods of analysis and processing of signals.

On the input of every element of sensory matrix the excitant is given a signal with parameters near to white noise which as
the classic delta-correlated process are considered. If a test-signal on the input of linear quadripole-sensor, autocorrelation
Junction C.(t) which can be presented é-function, then inter-correlation function of C,(t) is between input and output signals,
will be equal to pulse characteristic of the system.

Complex FFT fast Fourier transform of autocorrelation function of output signal of C,(t) equals the square of the module
complex transfer function and admittance matrix.

We have also developed the program of graphic visualization of the experimental data and the results of their mathematical
processing. This program allows automatic scaling and choosing different function by the user as arguments for comparative
analysis.

Keywords: correlator, impedance spectroscopy, biosencor, porous silicium, Fourier analysis, approximation

Po3pobiieHo i anpoOoBaHo ekcriepuMeHTaNbHUI adiHHMK 6i0CeHCOp 3 TpaHCAICcepoM Ha 0asi IopyBaToro
KpEMHII0 - TIEPCIIEKTHBHOTO CEHCOPHOTO MaTrepialy 3 VYHIKQJIBHHMH €JNEeKTPO(I3UIHUMH BIACTHBOCTSIMHU.
Iopysaruit kpemnuiir (IIP) — HaHOCTPYKTypOBaHHII Matepiay, SKHH XapaKTepU3yeThCS BUCOKHM BIDIMBOM Iii
JIOKaJHHUX MIKPOTIONIB aIcOPOOBAaHMX Ha IMTOBEPXHI MOJIEKYII, HA MEXaHi3M IIePeHOCY HOCiiB 3apsaaiB. Moaudikaris
TTOBEPXHI IMOPYBATOTO KPEMHII0 BHACTIAOK KOMIUICKCOYTBOPEHHS aHTHTEH-aHTUTIIO B TPOIECi IMyHHUX DPEaKITiit
3MiHIO€ BOJIT-aMITepHi, BOJILT-QapaaHi Ta iMITeJaHCH] XapaKTEePUCTUKHA TIEPBHHHOTO MIEPETBOPIOBAYA.

Jnst amamizy 3miH enekrpodiznaaux mapametpiB [IP B mporeci peectpamii 0i0XiMIYHHX peakIiif, KOKeH
€JIEMEHT CEHCOPHOI MaTpPUIll MPEACTAaBISAETHCS JIHIHHUM €JISKTPUYHUM YOTHUPHUIIOIIOCHUKOM (“UOPHUM SIITUKOM)
3 IHIUBIAYaIEHOK CKBIBAJICHTHOI CXEMOIO 3aMIICHHS Ta iHIUBIAyaIbHUM KOMIUICKCHUM KOCe(illieHTOM TMepeaayi.
KommiekcHuii koediieHT nepenadi J03BoJsi€ 11eHTH]IKYBaTH 00’ €KTH 1 IPOLIECH CEHCOPHOI MaTpHIll Ta KIHETHKY
X 3MiHH, OCKUJIBKU BOHHU XapaKTCPU3YIOThCS 1HIUBIyaTbHUMU YaCTOTHIUMH BiKIUKaMU.

[ToOynoBa iHAMBITyaIbHUX KOMIUIEKCHUX KOE(III€HTIB Iepeaadl elIeMEeHTIB CEHCOPHOT MaTpHILli peasi3yeTbest
Ha OCHOBI KOpEJSIIHHMX METOMIB aHajii3y Ta oOpoOKHM curHaiiB. Ha BXix KOKHOTO eleMeHTa CEHCOPHOI MaTpHIi
MOJA€THCS 30yIKYIOUN CUTHAI 3 TTapaMeTpaMu OIM3bKUMHE J0 OL10TO IIyMy, SIKHH PO3TIIAIA€ThCS SK KIACHIHUHA
O-KopenboBaHWH mporec. SKIoO Ha BXiA JIHIHHOTO YOTHUPHITONIOCHUKA-CEHCOpA TIOCTYIIAE TECT-CHUTHAI,
apToKopenAliiiny Gynkuiro Cy(T) AKOro MoXHa IIPeACTaBUTH O-pyHII€0, TO B3acMHa Kopensuiina GyHkuia Cy(t)
MDK BXIIHAM 1 BHUXiZHAM CHTHajJamu, Oyzae piBHa IMITyJIbCHIH XapakTepucTuii cucremu, a Dyp’e-o0pa3
aBTOKOpenANiiHoi pyHkuii Buxignoro curnany C,y(t) piBHMI KBaapaTy MOAyJId epeaaTounoi Gpynkuii {1}:

TF{ Cyy(@}=HO)? =W2njv)f (1)

BXifHi TeCT-CUTHaNMHM IS CEHCOPHUX EJICMEHTIB MATPUYHOro OioceHcopa (QOPMYIOThCS MPOrpaMHO-
armapaTHUMH 3acobamu nudpoBoro curaansHoro npouecopa (DSP) tumy TMS320F2812 ¢ipmu Texas Instruments.
CUHXPOHHO 3 IoJjavyero BXIIHUX TecT-curHaiiBs DSP-nporecop 3 20moMororo MIBHIAKOAIFOYOTO aHAIOTO-IIM(POBOTO
MepeTBOPIOBaYa PEECTPYE BIAIIKM CUTHAY BIIKIMKY Ta O0UMCIIIOE 3HAUCHHS B3a€EMHO-KOPEIALIHHOT QYHKIIT Mixk
BXIIHUM 1 BHXiZHHM curHamamu. OTpuMaHa mNOCHiIOBHICTE h(n) Oyae NIYKAHOK IMITYNIBCHOKW (DYHKIIE0
BiJIMOBITHOTO CEHCOPHOTO €JIeMEHTa, sika (YHKI[IOHAJIHLHO 3B’S3aHa 3 HOMIHALHUMH YHCENbHUMH IapamMeTpaMu
€KBIBaJICHTHOT €JIEKTPUYHOI CXEMH 3aMiIllEHHS JTaHOTO CEHCOPHOTO eJIEMEHTA-YOPUTHUIIONIOCHUKA 1 BifoOpakae
ocobmmBOCTi #oro BHYTpimHBOI CTpykTypu. Ha ocHOBI oTpuMmanmx BimmikiB ¢yHkmii h(n) Bu3HadaeThCA
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KOMIUIEKCHHH Koe(illieHT nepenadi YoTHpUIoNocHUKa kil € dyp’e-rpancdopmanTor0 HOro iMIysbCHOT QyHKIIT

[2]:
K(e™)= iy(nT) e (2)

n=0
ne @ =2rx- f —uukiivna yactota, y(nT)=h(nT) — iMmyabcHa QyHKILSA .

KommiekcHuid xoedilieHT mnepenadi Jo3Boiisie ieHTH(IKyBaTH 00’€KTH 1 NMPOLECH CEHCOPHOI MaTpuili Ta
KIHETUKY iX 3MIiHM, OCKUIBKM BOHH XapaKTEepPHU3YIOTHCS IHAMBIAYyaJbHUMH YaCTOTHUMH Biakiukamu. Po3poGreHo
METOJIl 1 TporpaMHe 3abe3leueHHs, SKi JO3BOJIAIOTH NMPEACTABUTH OaraToOMipHY MepelaTOYHy XapaKTepUCTUKY
MaTPUIHOTO Oi0CEHCOPHOTO IEPEeTBOPIOBAYA Yy BHIIAAI CYIEPIO3UI] OJHOMIPHHX ANMpPOKCHUMYIOUHX (YHKITIH
moJIiHOMiaJTbHOTO THITY. [I00yI0Ba anmpoOKCHMAIIIHOT KOHCTPYKIlii BUKOHYETHCS B KiJIbKa €TaliB, HA KOXHOMY 3
SKUX BPaxOBYIOThCS crenmu(iuHi A JaHUX CEHCOPHUX EJIEMEHTIB BJIACTUBOCTI Ta ampiopHa iH(OpMAIis, IO
OTPUMYETHCS B TIPOLIEC] IHAMBIAyaIbHOTO KaiOpyBaHHs. OCOOIMBICTIO METOY € iTEpaTUBHE 3aCTOCYBAaHHS €MHOT
MPOTPaMHOI MPOLEAYPH IS MOOYAOBH CUCTEMH OJHOMIPHHMX almpoKcHMamiiHUX (QyHKIiH Ha OCHOBI CKaHYIOUYOTO
ITOPUTMY BHOOPY PETYISAPHOI CITKHM BY3JIiB allpOKCUMALlil Ta MOCIIiT0BHA NOOY/I0BAa alIPOKCUMYIOUMX CTYIIEHEBHX
MOJIIHOMIB TI0 KOXKHi¥ 3MiHHIH, SIKi JO3BOJSIFOTH OTPHUMATH KOMIIAKTHHHA OJTHO3B’SI3HHUN CIHCOK IMOJIIHOMiaTbHUX
Koe(illi€HTIB, 110 ONMUCYIOTh MEPEAATOYHY XapaKTEPUCTUKY OioceHcopa B TIPOIECi BUMipIOBaHHS.

Anroput™M MOOYIOBH aHATITHYHOTO MPEICTABICHHS KOoedillieHTa mepeaadi KOKHOTO CEHCOPHOTO EIEMEHTA
MOJISITAE B 3HAXOKEHHI KOS(IIIEHTIB alPOKCHMYIOYOT0 MOJIIHOMY YV BHIIISII (PYHKITIT:

3
K(F)=Yla,-F' .i=0,..3 3)
i=0

ne F —yacrora , 1 — mopsIoK MoJIiHOMY, a; — ITyKaHi Koe(illieHTH HOTiHOMY.
B wmexax po0O4Yoro YacTOTHOTO JIiarna3oHy 3 PIBHOMIPHUM KpPOKOM BHOHPAIOTHCS YOTHUPH BY3IH
IHTepIOJSIii TSt 3HaYeHb JacToT Fy, Fy, Fy, F3 g BuOpaHux iHTEPHONAIIHHUX BY3/IiB MPOTPAMHO TEHEPYETHCS
cUCTeMa JIiHIHHUX anreOpaidHuX PiBHSAHB:

K,(F)=a,+a,-F, +a, -F +a, F;,
K(F)=a,+a,-F, +a,-F’ +a,-F’,
K,(Fy=a,+a,-F, +a, - F} +a, - F,,
K.(F)=a,+a,-F, +a, -F, +a, -F;,
ge Ko ...K;5 - xoedimientn nepenaui y BuOpaHux Bysnax inTepmomsanii mns uactor Fo...Fs;. 3nauenns

KOe(DIIiEHTIB OTPUMYIOTBCS B TIPOIECi BUMIpiB Ha OCHOBI OOUMCIIEHHS BUpasy (2).
BekropHo-marpuyHa Gopma cuctema piBHSIHb (4) Ma€ BUIIIS:

Ky(F)| |1 F, F} F,||a,

“4)

K(F)| |1 F, F} F'||a
() P T, aBo K(F)=W(F)-A (5)
K, (F) 1K, F F |
K5 (F) 1L F FOF||a
e K(F)= [Kl. (F )J - BEKTOD BUIBHMX 4IEHIB , NoOyIOBaHMM 3 TaGIMYHMX 3HA4YeHb (YHKIIL,

W(F)= [Fll} - MaTpuns Bannepmonna, nobynoBana 3 TabIMYHUX 3HA4YeHb aprymenTa F; A = [a l.] - BEKTOp

HEBIJJOMUX, (BEeKTOp KOe]iLi€HTIB BU3HaYyBaHOTo IoJiHOMY). lllykaHi Koe(ilieHTH 1HTEPIOIIOIYOT0 MOJIHOMY
BU3HAYAIOTHCSI METOJIOM PO3B’sI3aHHS CUCTEMH PiBHSHB!

A=W lF).K®F ©)

InenTudikaniss peecTpOBaHHMX IPOLECIB BHUKOHYETHCS METOAOM CIIIBCTABJICHHS I1HIMBIIyalbHUX 0a30BHX
KaJIiOpyBaIbHUX XapaKTEPUCTHK Ta XapaKTEPUCTHK €KCIIEPUMEHTAITBPHO OTPUMAHUX B MPOIECi BUMIPIOBaHHS.
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OCOBJIUBOCTI 3ACTOCYBAHHSI MEJMUYHUX I'AJIUKETIB TA
MOBLIBHUX JTIOJATKIB AJ151 BAMIPIOBAHHSI TA AHAJII3Y BIOMEJIUYHUX
TAHUX

B pobomi pozenamymo cyuacuuii cman po3pobOKu ma 3acmocy8anHsa MEOUYHUX 2a0dHcemie ma MoOiIbHUX 000amKie
Pi3HO20 muny 01 CHOCMEPEeACeH s 3a CIAHOM 300p0g st niodunu. I[lokaszano, wo 3a ix 0ONOMO2010 MOJICHA KOHMPONIOBAMU
@izuuny axmusHicme, KitbKicms ma sKicmb CHY, 6CMAHOBTIOBAMU MICYEIHAXOONCEHHS TIOOUHU, SUOIPAMU PEANCUM XAPYYEAHH
ma po3paxosyeamu KilbKiCmb CHANEHUX KAIOPIU Mma iH., d 3a 00NOMO20I0 MOOLIbHUX 000amKi@ pe3yibmamu 6UMIPIOGAHHS
MOJHCYmb 8I00OpAdNCAMUCA Y YUCTOBOMY MaA cpagiunomy ueasioi na expami cmapmgpony. Kinokicms nponoHosanux Ha punKy
MeOUYHUX 2a0dicemie ma MOOLIbHUX 000amKI6 CMPIMKO 3DOCMAE, POZUUPSIOMbCS MAKONC X QYHKYIOHANbHI MOJNCIUBOCMI.
Ilpeocmasgneno ocobnueocmi 3acmocy8anus MeOUUHUX 2adxcemie ma 8iON0GIOHUX MOOITbHUX 000AMKI6 0N 6UMIPIOGAHHS MA
auanizy izionociunux NOKAHUKIE, WO XApaAKmepuszyioms cman cepyeso-cyOunnoi cucmemu moouny. Ilpueedeno nopisHsibhy
OYIHKY QYHKYIOHANLHUX MOJICIUBOCMEN MA pe3yibmamié GUMIDIOGAHHA HYACMOMU Cepyeux CKOpOYeHb md apmepiaibHo2o
MUCKY 30 00NOMO2010 MOOIbHUX MeouyHux 3acobie MioFuse+MioGo ma CKIIs+FitCloud. Bcmanoeneno, wjo ons gimmuec-
opacnemy CKIls ne nepedbaueno onyii docmyny 0o enympiwiniti nam’smi eaddicemy ab6o 0o Oasu Oanux cmapmeomny ons
opeanizayii nepedaui OaHUX HA cepéep, WO € CYMMEBUM OOMENCEHHAM Ol  NOOATbWOl aHanimuuHoi pobomu 3 OaHumu
sumiprosans. JJooamox MioGo dozsonse 30itichumu nepedayy 0anux eumipiogauus 3 gimuec-opaciemy MioFuse y nam samo
cmapmepony ma 3a oonomozoio 86ydosanoi Gynxyii Extract Workout Data nepedamu ix na cepgepny wacmumny xomn iomepHoi
cucmemu. IIpu po3pobyi 6azamo@ynkyionanbHux MOOIILHUX BUMIPIOBAILHUX CUCTEM 3 YUPPOBOIO 0OPOBKOI0 OMPUMAHUX OAHUX
Cnio 8paxogysamu 0coOAUBOCME PYHKYIOHATLHUX MOACIUBOCIIEN MA 3ACMOCYBAHNL MEOUUHUX 2A0HCemis, o 6Uubipaomucs 0
BUMIPIOBAHHS (DI3I0N0CIUHUX NOKA3ZHUKIE MaA GIONOBIOHUX MOOIIbHUX 000amKi6é Olii NpOo8edeHHs:  Npogeciiinozo aHarizy
OMPUMAHUX OAHUX 3 BUKOPUCTAHHAM CYYACHUX MEMO00i8 00KA3060i MEOUYUHU.

Kniouoei cnosa: meduuni eadaicemu, MoOiNbHI 000AMKU, GUMIPIOBAHHS , AHALI3
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PECULIARITIES OF USING MEDICAL GADGETS AND MOBILE APPLICATIONS FOR
MEASUREMENT AND ANALYSIS OF BIOMEDICAL DATA

The paper considers the current state of development and application of the different type medical gadgets and mobile
applications for the health monitoring. It is shown that using this devices you can control physical activity, quantity and quality
of sleep, locate a person, choose a diet and calculate the number of calories burned, etc., and with the help of mobile
applications, the measurement results can be displayed numerically and graphically on the smartphone screen. The number of
medical gadgets and mobile applications offered on the market is growing rapidly and their functionality is expanding. The
features of the use of medical gadgets and mobile applications for measuring and analyzing physiological indicators ,that
characterizing the state of the human cardiovascular system are presented. The comparative estimation of functionality and
results of measurement of heart rate and blood pressure using mobile medical devices MioFuse + MioGo and CK11s + FitCloud
are presented. It has been established that for the CK1ls Fitness Bracelet, there are no options for accessing the internal
memory of a gadget or a smartphone database for organizing data transfer to the server, which is a significant limitation for
Sfurther analytical work with measurement data. The MioGo application allows you to transmit measurement data from the
MioFuse Fitness Bracelet to a smartphone and use the built-in Extract Workout Data function to transfer data to the server part
of the computer system. When designing multifunctional mobile measurement systems with digital processing of the received
data, account should be taken of the features of functional capabilities and the use of medical gadgets chosen to measure
physiological parameters and relevant mobile applications for professional analysis of the data obtained using modern methods
of evidence-based medicine.

Keywords: medical gadgets, mobile applications, measurement, analysis

Ha nmanwii yac MequuHi rapkeTd Ta BiAMOBiAHI MOOUTHHI health-mogaTku A BUMipIOBaHHS Ta KOHTPOIIO
0loMeIUYHUX TTOKa3HUKIB AKTHBHO BUKOPHCTOBYIOTHCS CIIOXKMBayaMH y TOBCAKICHHOMY XXKUTTI. Sk mpaBuio, 3a
iX JIOTIOMOTOI0 MO>KHA KOHTPOJIIOBATH (Pi3MYHY aKTHBHICTh, KIJIbKICTb Ta SIKICTh CHY, BUOIpaTH PEKUM XapuyBaHHS
Ta PO3paxoBYBaTH KUIBKICTh CHAJICHWX Kalopidi Ta iH. OJHUM 3 BaKJIMBUX INPUOPITETIB MpPU PO3pOOILI TaKUX
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raJpKeTiB € 3a0e3neyeHHs] (YHKIIOHAIbHOI MOXKJIMBICTI BUMIPIOBAaHHS NOKA3HUKIB, 110 XapaKTEpPH3YIOTh CTaH
CEepLEBO-CYJIMHHOT CHCTEMH, TaKMX SIK 4acCTOTa CEpPLEBHUX CKOPOYEHB, NMapaMeTpH apTepialbHOrO THUCKY Ta PIBEHb
HacHYeHHS KpoBi KucHeM. KuIbKICTh NMPOIOHOBAaHMX HAa PHUHKY MEIMYHUX TaJDKETIB Ta MOOUIBHHMX IOAATKIB
CTPIMKO 3pOCTa€, PO3IIUPSIOTHECS TaKoXK I1X (yHKHIOHANBHI MOXIMBOCTI. Pe3ynbraT BHMIpIOBaHHS JaHHUX
30eperaroTbesi y mam’sITi MpUIIajiB Ta 3a JOMOMOrol0 MOOUIBHHX JOAATKIB MOXKYTbh BiZJOOpaXKaTuCs y YUCIOBOMY Ta
rpagiyHOMY BHUIIIAL Ha ekpaHi cMapTdony [1-3]. Ha puc. 1,2 npeacTaBieHo npukiaay BigoOpakeHHs pe3yJbTaTiB
BUMIpPIOBaHHS IIyJIECY Ta apTepialbHOTO THCKY 3a IOMOMOTOI0 MEAWYHHX TakeTiB MioFuse, skuil mpaigoe 3
MoOUTEHUM goaatkoM MioGO (puc.1) Ta Memuanoro ¢itHec - Opaciety CK/ls ta moGinpHOTO nogatky FitCloud

(puc.2).

Puc.1 Megnunuii ragpxer MioFuse Ta pe3yJbTaTH BUMipIOBAHHS YACTOTH CePLEBHX CKOPOUeHb Yy pe:kuMi (isHuHoi akTHBHOCTI Ta mix
Yyac CHy Ha ekpaHi cMmapTdoHy y rpadiunomy BUrIsiai

falle)
J O paa/mun

UBETOTA CEPEUHI CORDEIEHIR B HOPME TSBAEHWE NOREILRRE

B CNpaDOsIEIE ROCBIITERN AODNENS
CoCTOAMN NoKDA: 60-100P 3 M

Pacranman &

Puc. 2 Meauunnii ragxer CK11s ta
BigoOpaikeHHsl pe3yJbTaTiB BHMIpIOBaHHs My/bCY TA apTepPiaJbHOI0 THCKY Y YHCI0BOMY Ta rpadiuyHoMy BHIJISIi HA eKpaHi
cmaptdony

AKTyanbHOIO 3a/a4€l0 CTa€ IMONAJBIIE OIpPAIIOBaHHSI OTPHUMAaHUX [AaHUX 3 METOI0 IPOBEACHHS iX
npodeciifHOro aHaji3y 3 BUKOPHCTAaHHAM CYYaCHHX METOMIB JOKa30BOi MeAWIUHH. [IpoOIeMHMM NHUTaHHSIM €
MOJKJIMBICTh TI€peadi MaCHBY OTPUMAHMX JAaHUX 3 TaJDKETy HAa CEPBEPHY YaCTHHY KOMII FOTEPHOI CHCTEMH IS
nojajpuIoro aHaimizy. Ham He Bimoma yHiBepcalibHa Iporpama, sika J03BOJISIE CUMTYBAaTH JaHi BUMIPIOBAaHb 3
M000r0 THUIy MeAWYHHMX rajpkeriB. Hanpukman, meamunuii rajpker CKlls mo3Boiisie MOAMBUTHCS Pe3yabTaTH
BUMIPIOBaHHS IyJIECY Ta apTepiaibHOTO THUCKY y YMCIOBOMY BUIVISAII Ha  AucIuiel rajpkeTy abo 3a JOHNOMOTOIo
mobinbHOro noxarky Fit Cloud orpumarn y uucnoBomy Ta rpadiyHOMY BUIUIALI Ha ekpaHi cMapToHy. PyHKIiT
JOCTYIy IO BHYTpILIHIA maM’sTi rajpkery abo mo 0a3u jaHMX cMapTOHy A Mepedadi JaHuX Ha cepBep He
nependadeHo, o € CyTTEBUM HEIIOJIIKOM JUIT pOOOTH 3 JAaHUMH BHMIipPIOBAaHb.

Honmatrok MioGo mo3Boisie 3miCHUTH Tiepefady AaHWX BHUMIPIOBaHHA Ha CEPBEPHUIM KOMI'IOTEp 3a
nmoroMororo BOymoBaHoi Qynkmii Extract Workout Data. BumipioBaHHsS mapaMeTpiB BiIOyBa€ThCS y peXUMIi
HOLD-GO-FIND-PULSE, a mis mepenadi AaHWX BHUMIPIOBAaHHS 3 MEIUYHOTO Tajpkery MioFuse motpioHO
cuaxponizyBatu {ommis SINC} fioro po6ory 3 gomatkoM MioGo , 3amucath pe3ysibTaTd BUMIipioBaHb {Fuse
Workout} y mam'ste cMapTdoHy Ta 3a momomororo omiii Extract Workout Data mepematu oTpuMaHi maHi Ha
CepBEpHY YaCTHHY CHCTEMHU Ta BIAKPUTH, HANpPHKIAJ, y CEpPEJOBHII EIEKTPOHHHUX TaONMIb A MOJAIbLIOTO
ompairoBanHs . Ha puc. 3. mokazaHo ekpaH cMapT(oHY y peXXHMI Iepeadi JaHUX 3a JOIIOMOTOI0 BOY/I0BaHOI OMIIil
Extract Workout Data Ta BIKHO eJIEKTPOHHOI TaOJMLi, Je Yy IpYyriil KOJOHII BiJOOpa)KarOThCS PE3yNbTaTH
BUMIPIOBaHHS YaCTOTH CEPLEBUX CKOPOYEHb, a B OCTaHHII — pe3yJbTaTH PO3paxyHKy TPUBAJIOCTI KaplioiHTepBalliB
Trr. Y BIKHI eJEeKTPOHHOI TabNHIlI TaKoX BigoOpakaeThcs iHQopMamlis Nmpo gaTy i yac BUMIPIOBAaHHS, THII
MEJIMYHOTO I'a/PKETY Ta Mapka cMapT(hoHYy.
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Puc. 3 Expan cMapTdony y pe:xkumi nepeaadi JaHux 3a aomomoror BOynosanoi onuii Extract Workout Data Ta BikHO
eJIeKTPOHHOI Ta0/Mui 3 MacuBOM JaHuX BuUMiproBanHsi Heart Rate Ta pesyjabTaTamu po3paxyHKy KapiioiHTepBaiiB

MacuB JaHUX BHMIPIOBAHHS Ta PE3yNbTaTH MPOMIKHHUX PO3PaxXyHKIB MOXHA 3allMCaTH y TEKCTOBI Yy
(aiinu, 1, HaNpUKNIAA, NepeJaTy A aHalizy BapiadenbHocTi ceprieBoro purMmy {HRV} 3a normomoroto cnenianbaoi
nporpamu Project 1, a Takox IpOBEICHAS KOMILIEKCHOTO CIIEKTPAILHOTO aHAJII3y Y PI3HUX OPTOrOHAIBHUX 0a3mcax
[1,3].

IIpu po3podmi OaraToPyHKIIOHATHPHUX MOOUIBHHX BHMIPIOBAILHUX CHCTEM 3 IU(GPOBOIO 0OPOOKOIO
OTpUMaHUX JaHWX CIiJ] BPaxOBYBaTH OCOOJMBOCTI (YHKI[IOHAIFHUX MOMKIUBOCTEH Ta 3aCTOCYBAHHS METUIHHX
Ta/DKETIB, III0 BUOMPAIOTHCS JIJISl BUMIpIOBaHHS (i310J0TYHIX TMTOKA3HUKIB Ta BiAMOBITHUX MOOUTEHUX JTOMATKIB JIJIS
pillICHHS] KOHKPETHUX MPAKTUYHUX 3a/1ad.
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MOBIJIBHI JOJATKHU I CUCTEMMU JUIA JIATHOCTHUKU 1 JIIKYBAHHA
HOYKPOBOI'O ATABETY 1-I'0O THUI1Y

AHomayis: 8 pobomi po3easitHymo pesysbmamu 00CAIOHCeHHS CY4acHUX npujaadie i cucmem 048 AIKY8AHHS
yykposozo Odiabemy | muny. IIposedeHo aHaai3 icHyroyux anapamie cucmem ma Mo6iAbHUX dodamkie 041
NIKy8aHHs Yyykposozo diabemy I muny. Po3easiHymo npobsiemy giocymHocmi cmandapmise y Mo6iabHill 0XopoHi 30opos’s,
nepewkodu iHMEHCUBHO20 PO3BUMKY cUCMeM MO6IAbHOI 0XOpOHU 300p08 1.

Karuosi caosa: nikysaHHs yykpoeozo diabemy, yykposuil diabem, 2a10komemp, MobiabHi dodamku
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MOBILE APPLICATIONS AND SYSTEMS FOR THE DIAGNOSIS AND TREATMENT OF TYPE 1 DIABETES

Abstract: the paper considers the results of the research of modern devices and systems for the treatment of type I
diabetes. The analysis of existing systems of systems and mobile applications fortreatment of type I diabetes. Diagnosis and
treatment of diabetes is one of the priority areas in which mobile health care can quickly progress and bring tangible benefits.
According to the WHO report, diabetes is considered one of the fastest growing non-communicable diseases. Today, about ten
percent of the adult population in developed countries suffers from diabetes. Diabetes is one of the major risk factors that cause
many serious illnesses, such as heart failure, hypertension, lower limb blockage, renal failure, retinal neuritis, encephalopathy,
and many others. Diabetes is a rather complex disorder of the endocrine regulatory system "glucose - insulin - glucagon”, which
is primarily characterized by hyperglycemia. One of the key issues in the organization of mobile healthcare networks is to
achieve a balance between mobility, reliability, scalability, minimization of energy consumption and uninterrupted
communication without introducing additional and, at the same time, excessive complexity in mobile devices. However, the
service and support of mobile equipment on the user's side should be at least as comfortable and invisible as in modern mobile
telephony. The lack of constant and uninterrupted communication, as well as well-developed technical support in mobile
personal systems will lead to a significant reduction in their market share.

Key words: diabetes mellitus, diabetes mellitus, blood glucose meter, mobile applications.

OpHiero 3 iICHYIOYMX MEPENIKo]] Ha MUISXY iHTEHCHBHOTO PO3BUTKY CHCTEM MOOIIBHOI OXOPOHHU 370POB'S
MOB'S3YIOTH 3 HeOaXaHHAM MEIIepCOHaNIa TIEPEHABYATHCS Ta aJalTyBaTHCS 10 BUMOT HOBHX TexHoiorii. Jlikapi i
MEIUYHUHN IMepCOHAaN 3a3BUYail BUKOPUCTOBYIOTh HOBI TEXHOJIOTIT 1 TPHCTPOi MOOITHPHOTO OXOPOHH 370POB'S, JIHIIE
TOJI KOJIN BOHM 0a4aTh BIIUYTHI iepeBaru. ToMy po3BUTOK PUHKY MOOUIBHHX CUCTEM OXOPOHH 3/I0pPOB'S, B. T. 4. 1 B
VYkpaini, MOXe JEII0 3aralbMyBaTH i3-3a HEOOXITHOCTI OOOB’SI3KOBOrO HABYAHHS KIIHIIUCTIB, MEIMYHHUX
IHKeHepiB 1 JIiKapiB BHUINOi JIaHKW (3aBiAyBadiB BiJJIIJICHHSMH, TOJOBHHMX JIKapiB Ta. iH.) 3ayBaXUMO, IIO
BIJITIOBIJTHO JI0 YMCJICHHUX MEIMKO-COIIOJOTIYHX TOCTIKEeHb (30KpeMa, npoBeneHux B Himeuuwnni i CIIIA) Benuka
YacTHHA JIIKapiB B I[LIIOMY 3aJJ0BOJICHA CBOEIO POILIIO 1 poOOTOI0, HE3BAXKAIOYH HA YACTI ICPEBAHTAXKCHHS, 3aTalIbHY
BTOMY 1 HaTUIIOK Oropokpatudaux mporenyp [1]. o pedi, B mboMy BimHOMmIEHHI MOOITbHA OXOpPOHA 370POB'S
HaJa€ MOXKITUBOCTI JIsl 3SMEHIIICHHST HaBaHTaKCHHS Ha Jrikapis [1].

OnHUM 3 TPIOPUTETHUX HAMPSIMKIB, B IKOMY MOOUJIEHA OXOpOHA 3J0POB'S MOXKE MIBHUAKO MPOTPECYBATH i
MIPUHOCUTH BiIyTHY KOPUCTb, € AIarHOCTHKA 1 JTiKyBaHHs aiadety. BigmosimHo mo 3BiTy BOO3 miabeT BBaXKaeThCst
OJTHAM 3 HaWO1IbII MIBUIKO3POCTAIOYHX HE3apa3HUX 3aXBOPIOBaHb. ChOTO/IHI OJM3BKO JAECATH BiICOTKIB JOPOCIOTO
HAaceJICHHS B PO3BHHEHUX KpaiHaxX CTpaXAaroTh maiadetoMm. Jliaber — oamH i3 cepho3HUX (HaKTOPIB PU3HKY, SIKUH
TATHE 332 CO0OI0 0arato Cepio3HUX 3aXBOPIOBAaHb, TAKHX, SK YK€ 3rajiaHa ceplieBa HEJOCTATHICTh, TIMEPTOHIs,
3aKyIopKa CYAWH HIDKHIX KiHI[IBOK, HUPKOBA HEJOCTATHICTh, PETHHO-HEBPHT, CHIlC(AIONATisA Ta 0arato iHIIHX.
Jia0eT € TOCUTH CKIATHUM PO3JIAAOM CHIOKPUHHOI PETYISITOPHOI CHCTEMH «TIFOKO03a - 1HCYIIIH - TIIOKAroH», SKUi
B IIEPIIIY YEPry XapaKTePU3yEThCS TinepriikeMiero [2].

3 iHImOi cTOpoHH, fiaberT — e cepiiozHe MeTaboJiuHe MOPYIICHHS, SIKe BUMAarae CHeLiaJIbHOTO OIUCY 1
MOJICTFOBaHHsI, 30KpeMa, TUHAMIKH pi3HUX 010XIMIYHMX KOMIIOHEHTIB, 10 OepyTh ydacTb y MeTabodizmi. Ha xxais,
TIpsIMi BUMIpIOBAaHHS BUKHIIIB 1 HATXOKEHHS B KPOB TPhOX HAWOIIBII iCTOTHMX KOMIIOHEHTIB, IO BILTMBAIOTH Ha
piBEHb TIIOKO3M B IIIa3Mi KpoOBi, 1HCYIIHY (IMTPOAYKYEThCA OeTa-KIITHHAMH TiANUTYHKOBOI 3aJI03H), TIIOKAroHy
(mponykyetbess anbha-KIITHHAMHA MiANUTYHKOBOI 3ajlo3M) 1 TiiKOTeHy (moiicaxapup, SKWM 3amacaeTbes i
BHUKHJIAETHCS B KPOBOTIK TIEUiHKOIO, IO MPUBOIUTH IO 3pOCTaHHS PiBHA TIIOKO3H B KPOBi) JUIsI KOKHOTO OKPEMOTO
narieHTa abo 3aHaaATo AOPOri, a00 MamoeekTUBHI. ToMy B JiKapCchKill MPaKTUIll BAUKOPUCTOBYETHCS BUMIPIOBaHHS
KOHIICHTpAI[il TJIFOKO3W B KPOBI 3a B3ATOK NPOOOI, MPUUOMY HAWMEHII iHBa3UBHHUM METOJIOM BUSBIISETHCS
MPOKOIIOBAHHS MOAYIIOK manbliB. [Tpu nmpomy OGaraThboM JiaOeTHKaM TOBOAMTHCS 3[aBaTH KPOB KiJbKa pa3iB Ha
JICHb, BUTPUMYBATH MPOIECIYPY, JOCUTh OOJII0OYY 0COOIHMBO, sl NiTEH, SKi 1 CKIIaJar0Th OUIBIIICTE Cepe]] Malli€HTIB
3 aiaberoM mepuioro tuiy [3].
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MoskimBe HeiBa3uBHE PIILICHHS JUIS JIarHOCTUKH PIiBHA LYKPY B KpoBi OyJjio po3poOJieHO B yHiBEpCHUTETI
mwrary Bammarron (CLIA) cnineHO 3 mociiHUIBKUM Tijgpo3aitoMm kopropauii Microsoft (Microsoft Research).
Cnpasa B TOMY, III0 KOHIICHTPAIIIO TJIIOKO3M B KPOBI MOYKHA BCTAHOBUTH HE TUIBKH 3 ITPOO KPOBi, ajie i MpakTHYHO 3
Oynp-sikoi pimmHM B Timi. IIporoHoBaHe pilleHHs 3aCHOBAaHO HAa MOHITOPUHTY PpIBHS TJIIOKO3M B CIbO3i 3a
JIOTIOMOT'010 JIaBayiB, BMOHTOBAHMX B KOHTaKTHI JIH3H, SIKi IIPU [IbOMY HE 3BUIBHSIOTHCS B peryysipHoi QyHKIil
onTH4YHOI Kopekuii 30opy [4]. Mo)kHa Bif3HAUWTH, IO Take pilleHHsS BijoOpakae HOBY TEHAEHIIIO B MOOUIBHHX
TEXHOJIOTiSX, BIIOMUX SIK CTBOPEHHS NMPHPOTHOTO iHTepdeiicy kopucTyBada (natural user interface — NUI).

HeinBazusuuii rmoxoMerp «Omenon A-1» mpalfioe 3a MPUHIUIIOM TPOCTOTO TOHOMETPA, 3aMipsie THCK i
MyJIbC, a TOTIM BHW3HAYa€ 3a IUMU MOKA3HUKAMHU BEJIWYIUHY, SKa TPSIMO MPOTOPIiiHA BMICTY TIIOKO3H B KPOBI.
[IpucTpiif BH3HAYa€ TMOKa3HUKH KPOB'SHOTO THUCKY 1 YaCTOTH MYJBCY 3a JOIIOMOTOI0 KOMIIPECIHHOI MaHXeTH, II0
KPIMUATBCS 0 PYKH MK JIIKTEM 1 ruiedeM. TOHOMETp BHU3HAYae BMICT IYKpy 6e3 3a00py KpOBi, BHKOPHUCTOBYIOUH
JlaHi, K1 OyJIn OTpHMaHi ITicJisl BUMIPIOBAaHHS THCKY B apTepisx [5].

Mpunan «Gluco Track» (I3paine) BU3HAUae BMICT IyKpY B KpPOBi, BAKOPHUCTOBYIOUH CHELiaIBHY KIIICY,
sIKa 3aKpIIUTIOETHCS. Ha MOYIII ByXa Ta 30epirae i 3HaYeHH JUIsl OAAIBIIOTo aHai3y. MexaHi3M Aii nmoeanye B coOi
3 TEeXHOJIOTI]: yJIBTpa3ByK, TEIUIOEMHICTh 1 BH3HAuUCHHs eleKTpomnposigHocTi. KoxkHa 3 mux TexHousoriil paHime
BUKOPHCTOBYBAJacsl B pi3HUX PO3pOOKax, MpOTe, XKOAEH OKPEMHI METO/ HE rapaHTyBaB TOUYHHMX PE3YJIbTATIB. Ale
KOMOIHAIisl TPHOX J1ajla MOXJIMBICTh OTPUMYBATH MAaKCUMaJIBHO TOYHI ITOKAa3HUKH [5].

«Contour ts» 11e TITFOKOMETp BiJ HiMeIbKOTO BHpOoOHHKa — (pipmu «batiepy, aKuif Mae BUCOKY HaJiHHICTP 1
TOYHICTh BUMipIOBaHb Ta 3aCTOCOBYETHCS JUIsl 3BMUAiiHOI Tepartii. oro mepesaroio € mpocToTa BUKOPHCTAHHSA, SKa
3a0e3meuyeThCsl BiICYTHICTIO KOMyBaHHS. [mrokomeTp Mae MonmBicTh mimkimrodeHHs mo [IK mms mepemadwi
pe3yJIbTaTiB BUMIpiB, aje TITbKH MICsI MPUAOAaHHS MIPOTrPaMHOTO 3abe3rnedeHHs Ta kademro [39]. [Ipumax MicTUTh
BOymoBaHy mamM'aTh Ha 250 BUMiptoBaHb. Pe3yabTaTi BUMIpIOBAaHHS PIBHS TIFOKO3H JAOCTYITHI Yepe3 8 CEKYyH/I Micist
MOYATKy BUMIPIOBAHHS i BUBOAATHCS Ha eKpaH. [y 301IbIIeHHs] aBTOHOMHOCTI POOOTH Tepe0adeHo aBTOMaTHIHE
BIAKITIOUEHHS Tpuiaxy yepes 3 XxBmwimHu [6, 8].

I'nroxomerp «Diacont OK» — mpunajn pociiicbKoro BHpPOOHHMITBA, SIKMI BHU3HAyae€ piBeHb LyKpy 0e3
KOJIyBaHHS 1 MPALIOE 3a TPHHIMIIOM €JIEeKTPOXIMiYHOTo aHamizy. KpoB BecTynae B peakuito 3 OUIKOM, IICIs 4OTo Ha
eKpaHi 3’ABJSIETbCS Pe3ysIbTaT BUMIpY. [licis 3akiHUueHHsS poOOTH NpHIIax TaKOXX BUBOJUTH iH(pOpMaLilo PO Te, YU
€ OTpPUMaHMW Pe3yJlbTaT BIAXWICHHAM Bij mpuitHaTol HOpMU [9]. IIBUAKiCTE BUMIPIOBAHHS CKIIAZae 6 CEKYyH]I.
[Mam'sTe pUCTpOIO, po3paxoBaHa Ha 30epiranns 250 BuMmiptoBanb. KaniOpyBaHHs 31iHCHIOETBCS 32 M1a3Mor0. SIK 1
B TIOTIEPEHBOMY MPHIIAZL PEali30BaHO ABTOMATHYHE BiAKIIFOUEHHS MPOTITOM TPHOXXBHIMHHOTO MIPOCTOIO.

I'moxomerp «EasyTouch GCHb» mae kpamuii (yHKITIOHANI cepell aHAIOTIYHHMX NMpwiaaiB. BiH 3maTHHI
BHMIPIOE HE JIMINE PiBEHb TJIIOKO3M B KPOBi, a W piBeHb XoJecTepuHy Ta TeMmornoOiny. IIpuctpiii mpairioe 3a
MPUHINIIOM KomyBaHHSA. KpoB OepeThCs BHKIIOYHO 3 Majibld. Pe3ymbTaT BHMIipIOBaHHS KpOBi Ha TIIOKO3Y i
TeMorio0iH - 6 cexkyHa, Ha XoyecTepuH - 2 xBunuHH. O0'eM mam'sati 3maTHUE 30epiratu 10 200 BUMiproBaHb Ha
ykop, mo 50 Ha reMorio0iH i xonecrepus [7, 10].

I'nroxomerp «One touch select simple» — kpamuii npuiaz 3a NOKa3HUKOM KOM(OPTHOCTI BUKOPHCTAHHSL.
Anapar mBeinapcbKkoro BUpoOHMKa, MpaIioe 0e3 KoxyBaHHS. Mae BEMKHH €KpaH 1 Ba CBITJIOBUX 1HANKATOPA, L0
CUTHAJI3YIOTh PO IiABHINEHMHA a00 3HWKEHHMH piBeHb IyKpy. IIpmiiag BUKOPHCTOBYE 3BYKOBHH CHIHAl HpPHU
BIZIXWMJICHHI PiBHS I[YKpY BiJl HOpMH Ta 3HaueHHs piBHs 3apsaxu [11].

IIle oxmieto 3 mpobieM MOOIIBHOI OXOPOHM 3[0OPOB'S € BIICYTHICTH CTaHIApTiB abo ix HemoBHOTa. L5
30KpeMa, CTOCYETHCSI MEHEDKMEHTY Oe3ApOTOBHX MEAWYHHX MEpex, iX B3aeMonii, HamidHocTi 1 Oesmeku. Tak, B
CHUCTeMaX, 3aCHOBAaHWUX HA TIOEAHAHHI CEHCOpiB 1 cMapT(oHAa, CHOTOMIHI 3aCTOCOBYIOTHCS SK MIHIMYM YOTHPH
KoHKypytouux crienndikarii: Wi-Fi, Bluetooth, NFC i ZigBee [12]. IIpu oMy BuOGip Mixk nmpotokosiom Bluetooth i
IHITUMY BYSIBIIETECS OCOOJIMBO KPUTHYHUM, OCKUTbKM Bluetooth Haiigacrime BHKOPHUCTOBYETHCS IS 3'€ THAHHS
HATUTPHUX CEHCOPIB 3 MOOUTBHOTO 0a30BOIO CTaHIIIEIO, HANPHUKIAN, cMapTGoHOM abo HoyTOykoMm. Bluetooth —
CTaHIAapT 0E37POTOBOTO 3B'A3KY HA MAJMX BiICTaHAX; HOTO ITOYATKOBE MPHU3HAYCHHS OyIIO B TOMY, IIOO 3aMiHUTH
JOCUTh HEHaJiiHWI iH(ppauepBOHMI KaHaj, 1 Temep BiH 4YacTO BHKOPUCTOBYETHCS B IEPCOHAIBHUX, 30KpeMa,
HaTIbHUX, Mepexax. 1o x crocyerses cimeiictBa nporokounis IEEE 802.11, Bimomoro sik Habip nporokoui Wi-Fi,
TO 1 y3arajpHeHa crenugikaiis J03BOJISE BHKOPHCTOBYBATH IHTEpHET Tak caMO JIETKO, SIK: MOOUIbHUH
(cTinpHUKOBUI) 3B'130K; 3ayBakumo, mo Wi-Fi He mpoekTyBanacs crneniagbHO 111 MOOUTBHUX JOAATKIB — e OyB
npocTo 0e3ApOTOBUI BapiaHT JIOKanbHOI Mepexi (3okpema, Ethernet). Cam tepmin Wi-Fi MoxHa po3rispaTcs sk
JiesKe, y3arajJbHEHE IIOHSTTS, [0 II03HA4Ya€ IIBHALIEC ajbTEPHATUBY KaOeJIbHIH Mepexi, HIK KOHKPETHY
crieruikariro [12].

OpmHMM 3 KapAWHAIBHUX ITUTaHb B OpraHi3amii Mepex MOOLIFHOI OXOPOHH 3[I0POB'S € JOCSTHEHHS OalaHCy
MK MOOIUTBHICTIO, HAIIWHICTIO, MacmTabOBaHICTIO, MiHIMI3aIli€l0 CIIOKUBAHHS eHeprii Ta Oe3mepebiitHoI0
KOMYHIKaIliero 6e3 Toro, mod BHOCUTH JOJATKOBY, 1 pa30M 3 THM, HAJJITUIIKOBY CKJIAJHICTh B MOOIIBHI TPUCTPOI.
Ante, cepBic i maTpuMka MoOITEHOTO O0JIaTHAHHS Ha CTOPOHI KOPUCTYBadya MOBHHHI OyTH SIK MIHIMYM HACTUTBKH 3K
3pYYHUMH 1 HETIOMITHUMH, SIK B Cy4acHid MOOUIbHIN Tenedonii. BixcyTHicTs mocriitHoro 1 6e3mepebiitHOro 3B'I13KY,
a TakoX J100pe pO3BMHEHOI TEXHIYHOI MIATPUMKH B MOOUIBHHMX IEPCOHAIBHUX CHUCTEMax MPHU3BEJE 10 ITIOMITHOTO
CKOPOYEHHS IX YaCTKH PUHKY.
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YOK 620.179
B.€. KPUBOHOCOB, €.JI. ITIPOTTI, O.10. A3BAPXOB,
JL.T. KOBAJIb, M.B. ITAJJAMAPYYK

BiHHULBKHI HAL[IOHATBHUH TEXHIYHHN YHIBEPCHTET

HNEPCHEKTHUBHU PO3BUTKY IHOOPMAIINHO-IIATHOCTUYHUX 3ACOBIB
YIIPABJIIHHA TA 3AXUCTY MEJIUYHOI'O OBJIA/ITHAHHSA

AHomayis: 8 pobomi po3zaasiHymi nepcnekmusu po3sumky iHopmayitiHo-diazHocmuyvHuUX 3acobi8 ynpasasiHHs
ma 3axucmy medu4Ho20 004a0HAHHA.  PoszesassHymi numanHs po3pobku iHgopmayiliHo-diaeHocmuyHux Memodis
ynpasinHs i 3axucmy 610kie meduyHozo 06.1adHaHHs. Hagedena mamemamuuHa Modesb nonepediiceHHs: 36Umkie

Karouosi cnosa: meduuHe 061a0HAHHS, 601moge 3’€0HaHHS, NonepeoXceHHs 30UmKIe, Mepexci Hus.N1eHHS

V.YE. KRIVONOSOV, E.L. PIROTTI, A.YU. AZARHOV, L.G. KOVAL, M.V. PALAMARCHUK

Vinnytsia National Technical University

PERSPECTIVES FOR DEVELOPMENT OF INFORMATIONAL AND DIAGNOSTIC MEANS OF MANAGEMENT
AND PROTECTION OF MEDICAL EQUIPMENT

Abstract: prospects of development of information-diagnostic means of management and protection of medical
equipment are considered in this work. The issues of development of information-diagnostic methods of management and
protection of blocks of medical equipment are considered. The mathematical model of damage prevention is presented.
Modern diagnostic and therapeutic medical equipment (MO) are complex technical devices that contain electrical elements,
mechanical units, electronic and microprocessor blocks, operating on low voltage and high voltage voltages, with a power of
30 kW and above. 10 is installed, as a rule, in enclosed areas receiving power supply on separate lines and have independent
nodes of relay protection of uninterruptible power supply units. The practice of using imported IM shows that it is very
sensitive to the quality of electricity of Ukrainian 2-and 3-phase networks. The quality of electricity (PAYE) is not taken into
account in the process of operating the medical equipment, although it is in the delivery of the MI. This results in operational
failures and malfunctions caused by unpredictable changes in the network supply voltage parameters. Exit PYAE beyond the
norm, established GOST. 13109-97 leads to the complication of finding and troubleshooting the malfunction and its
elimination, as well as - to increase financial and time costs. To select and evaluate the effectiveness of the multi-level
diagnostic management and protection system of the MO, the authors proposed a multi-level criterial assessment of the
choice of the system of protection, in which the main criterion is the mathematical expectation of the set, which consists of
the cost of the warnings.

Keywords: medical equipment, bolted connection, loss prevention, power supply

CyvacHe JIiarHOCTHYHE Ta TepamneBTHIHe MenudHe oOmamHaHHs (MO) € CcKIagHUMU TeXHIYHUMH
MIPUCTPOSIMH, IO MICTATHh CJICKTPHUYHI €IEMEHTH, MEXaHIuHI BY3JIH, €JIEKTPOHHI Ta MIKpOMPOIECOPHI OJIOKH, IO
MIPAIIOIOTh Ha HU3bKOBOJBTHIN 1 BHCOKOBOJIBTHIHM HAIIPy3i, MatoTh NOTYKHICTH Bif 30 kBT i Bumie. BcranosmoeTses
MO, sx mpaBWIO, B 3aKPUTHUX NPUMIMICHHIX, IO OTPUMYIOTh EJIEKTPOKHBIICHHS 10 OKPEMHUX JIHIAX 1 MaloTh
CaMOCTIHHI BY3/IH peJIeHHOTO 3aXUCTy OJI0KiB Oe3mepebiitHoro sxuBieHHs. [IpakTika exciuryaTamii immoptHOoro MO
TIOKa3ye, 10 BOHO JTy)Ke YyTIIMBE JI0 SIKOCTI eJIEKTpOeHeprii yKkpaiHchkuX 2-X 1 3-x dazHux mepex. [TokasHuk sikocTi
esrextpoeneprii (ITSIE) He BpaxoByeThest B mpolieci excInyartarii MeAnYHOro 00IafHaHH, X04a B YMOBaxX IIOCTaBKU
MO Bin €. lle npu3BOOWTH O BHHUKHEHHs eKCIUTyaTalliHHMX BIiMOB 1 HeCIpaBHOCTEH, OOYMOBJIEHHUX
HENpOTHO30BAaHUMH 3MiHaMH MapaMeTpiB MepexkeBoi Hampyrd xwusieHHs. Buxin IISIE 3a wmexi Hopww,
BcraHoBieHoi [[OCT. 13109-97 npu3BoauTh 10 YCKJIQJHEHHS NOMIYKY Ta JIarHOCTUKW HECHPABHOCTI 1 ii yCyHEeHHH,
a TaKoX — JI0 30UTBIICHHS (piIHAHCOBHX 1 YaCOBUX BUTPAT.

[IpoBenenuit HaMu 1 MATBEpHKCHUIA KOJieTaMHd B YKpaiHi 1 3a KOPJIOHOM aHaji3 BUHUKHEHHS aBapiiHUX
cutyamtiii i npuanH Buxoxy MO 3 maxy, 103BOJISIE po3AUIHTH iX Ha [1]:

— BHYTPIIIHI IMOIIKOKEHHSI, SIKi BUKJIUKaHi1 TTOJIOMKOI0 0710KkiB MO.

— 30BHIITHI MMOMIKO/KEHHS Y BUTIISAI TIOJIOMOK 1 3001B B CHCTEMI €JIEKTPONOCTaYaHHS,;

— TIOMIKOJDKEHHS, IO BHHHKAIOTh Bcepeaudi MO depe3 BIIXWICHHS TapaMeTpiB B CHCTEMi
€JICKTPOTIOCTaYaHHsI B/l 3HaUeHb, HOpMoBanux 1o 'OCT 13109-97.

B TtenepimHiii yac HEJOCTaTHHO BUBYEHI NHUTaHHSA PO3POOKHM 1H(OPMALIIHO-IIarHOCTUYHUX METOJIIB
YIpaBiiHHA 1 3axXHCTy OJloky MO+ cucrema enekrpoxkusieHHs. OfHUM 13 BIAJIMX MPHUKIAAIB PO3pOOKH MMOAiOHOTO
o0JyiasiHaHHSI MOXE CIyryBaTH OaraTopiBHEBa MiarHOCTHYHA CHCTeMa yNpaBiiHHA 1 3axucty MO HOBH3HA SIKOI
HOJIATaE B TOMY, 110 010K «MO + Mepeska KUBJICHHS» PO3IIIIAEThCS SIK €MHNI KOMIUIEKC, SIKUH nepedoavae Taky
MOCITITOBHICTh POOOTH PIBHIB 3aXHCTY:

1. Jlixap abo omeparop gae KOMaHAy Ha BXix cucteMu ynpasmiaHI MO.

2. Cucrema ympasiiaasg MO mepeBipsie HassBHICTh 200 BiICYTHICTh OJIOKYBaHHS mepes migkmodeHasM MO
IO MepeXi KUBIICHHS.

3. Ilpum BigcyTHOCTI OJOKyBaHHS cWTHan 3 KoMaHAgHOTO ONoKy «Ilyck» — «CTom» momaeThcs Ha BXif
MIKpOKOHTpOJIEpa.

4. MiKkpOKOHTpOJIEp JTa€ KOMaHIy Ha BKIIOUCHHS MEPIIOTro CTYIEHS 3aXHCTY.
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5. ®yHkuii mepumioro CTyIHeHs 3aXWCTy: BUMIPIOIOTH pIiBHI JIIHIHHUX Hampyr Mepexi >KHMBJIEHHS 1
BU3HAYAIOTh HAsSBHICTH HEMOBHO(A3HOTO PEXHUMY Halpyru B Mepexi. BigcyTHICTh aBapiiiHUX pexuMIiB B Mepexi
JKUBJICHHS (hOpMy€e CHTHAJI, SIKUHM HaIXOIUTh Ha BXiZl MIKPOKOHTPOJIEPA.

6. Y mpoueci podorn MO 3ailiCHIOETbCS MOHITOPMHT 3MiHH ()POHTY NEpIIOi rapMOHIHHOI CKJlagoBO1
JHIHHUX HANPYT MEPEKi 1 AlarHOCTHKA MPOBay 200 HEMOBHO(A3HOTO PEKUMY B MEPEXKI HKHUBICHHS.

7. Ilpu HOpMaJIBLHOMY pEXHUMi POOOTH MepesXi JKMBJICHHS MIKPOKOHTPOJIEp A€ KOMaHly Ha BKIIIOUYCHHS B
poboty MO, TTP i npyroro crynens 3axucty. [Ipu msomy MO BKIIOUEHHH B PEXKIMI MTPOTPIBY.

8. ®yukuii Apyroro cTymeHs — BUMip (a3HHX CTPYMiB, 3a BEIIMYMHAMH SKHX BH3HAYAIOTHh IUTICHICTH
CTPYMOBHX JiHIH.

9. IMapanexsro MO BrimrogatoTs BK — 6aTapei koHAeHCATOPIB T KOMIICHCAIT] pEaKTHBHOI MTOTYKHOCTI.

10. 3piiicHIOIOTE Oe3mepepBHU MOHITOPHHT JIHIHHUX HANpPyr KOJW MiarHOCTYIOTh MPOBAJl HAINPYTH B
OJHIN 3 JiHIHHMX Hanpyr, TBepAoTiIbHI pene (TTP) po3MHUKalOTh CTPYMOBHI JIAaHIIOT B MOMEHT, KOJIM 3HAYEHHS
(ha3HOTO CTPYMY JAOPIBHIOE HYIIIO, a EHEPTis, KA 3aKyMyiboBaHa B bK, BUKOpPHUCTOBY€ETHCS 1S IIIIABHOTO 3HMKEHHS
piBHs Harpyru Ha kiemax MO.

11. Ilpu nocsruenHi MO BCTaHOBJICHOTO pEXHMY, SKHH BU3HAYAa€ThCS JUIS PI3HUX BY3IIB
€JICKTPOIIOCTAYaHHS BEJMYMHOIO TIOCTIHHOIO HAarpiBy, BKIIOYA€THCS TPETIH CTYHIHb — TEMIEPAaTYpHUH 3aXHCT i
JiarHOCTyBaHHs INPHYMH TEIUIOBHX IepeBaHTaxkeHb. (DYHKIS mepeTBOpeHHs 3aco0y Juisi BUMIPY HOIyCTUMOI
TOBIIVHY MIUTYy Ha OBEPXHI 130111, Ta CTPyMOBOT'O EPEBAHTAXKECHHS Ma€ BUTIIA,

Hoon = f(tt)aml’ thmZ ’ tK]l)

12. Y cranoMy TEIIOBOMY PEKUMi IPOBOAUTLCS: JIarHOCTYBaHHS i IPOTHO3YBaHHS IT0OYaTKOBOTO MOMEHTY

ocnabneHHss GONTOBOro 3'eaHaHHs (YHKUIA [EPETBOPEHHS sKOro Mae sunwin 1ty = f (tog_cp_l ”az'tcnpﬁj');

BU3HAYCHHS 4acy JOCSITHEHHS TEMIIEPATypOI0 OOJIITOBOTO 3'€JHAHHS KPUTHYHOTO 3HAYCHHS (DYHKIIiSI IEPETBOPEHHS
3aco0y BU3HAYEHHA TEPMiHy pO3BMTKY aBapiiiHoi curyamii, sxuil Mmae Burmam: £, = f (t,1,.75.) — ue

YETBEPTUH PIBEHB 3aXHCTY.

13. 3a xomanmoo «CTOm» MIKpOKOHTpOJIEp BKIIIOYA€ M'ATHH PIBEHb 3aXHUCTy — KOHTPOJb BEIWYHHU
00'eMHOTO OMOpY 130JIAMii Ta BH3HAYEHHS BUAY 1 TOBIIWHW IHJIOBOTO TIOKPUTTS TOBEPXHi i30Jmii. DyHKIsS
MEPETBOPEHHSI 3aCO0y MOJICITIOBAHHS PO3ITi3HAHHS BUAY JeeKTa aBapiiHOT CHTYyallil IBOCTYyIEHYATa i Ma€e BUTIIAL,

= f(R,G,,R,,,,G,, ), BIKOMy BU3HAYAETHCS IPUPONHE CTAPIHHS 1300w, i

ITepwa crymine — R on®

u3.00n
3BOJIOXKEHHS 1 TOKPUTTS TTOBEPXHI 130JIA11i1 TPOBITHAM TTHIIOM.

Hpyraerynens— R, = £/ 20 99 gomy.

dt,” dt

Jisl IKOTO TIOYMHAETHCS IMICHIS 3aBEPILCHHS JIiT MEPIIOTo i 3aKiHYYETHCS MOMEHTOM BH3HAYEHHS HOKPHTTS
130JIAILliT HETPOBITHAM THIIOM.

14. Ilpm noCSTHEHHI KOHTPOJILOBAaHMMH IlapaMeTpaMHM KPUTHYHHX 3HA4YeHb BKJIIOYAETHCS KOMaHZa
«bnokyBaHH:». 3HATTS OJOKYBaHHS MOJKIIUBE ITICIISl YCYHEHHs IPUYMH, 1110 IPU3BEIIN JI0 aBaAPIHHOTO PEKUMY.

[t BUOOPY 1 oiHKK e(heKTHBHOCTI poOOTH OaraTopiBHEBOI JIarHOCTUYHOI CHCTEMH YIPABIIIHHS 1 3aXUCTY
MO aBTOpamMu 3amporioHOBaHa OaratopiBHEBa KpHUTepiaidbHa OIIHKA BHOOPY CHCTEMH 3aXHCTY, B SKili OCHOBHUM
KpPHUTEpiEM TIPOTIOHYETHCS MaTeMaTHYHE OYIKYBaHHA MHOXWHH, fKa CKJIAJA€ThCS 13 BApTOCTI IONEPEKEHUX

soutkis ¥ = f(,),

MaremaTidHa MOJIENb MONIEPEHKEHUX 30UTKIB ¥ Ma€e BUTIIA:
n n m k
Y= E G ND"NB
i=

A€ — MHOXXHHaA D- (baKTOpI/I BIUIMBY Ha MO, MHOKHHA B — 3ac00M Ta eJIEMEHTH CUCTEMH 3aXUCTY.
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MYJIbTUCIHEKTPAJIbHAS JIEYEBHO-TUATHOCTUYECKASL YCTAHOBKA JUIsA
POTOAUHAMHUYECKOH TEPAIINU OITYXOJIEU

Annomayusi. Ilpoyecc @AT MHo209manHbll uau MHO20¢ha308bll U 3agucum om 6HYympeHHell HacbiWeHHOCmuU U
npomsiziceHHocmu 80 epemeHu (om do.ielil cekyHd do decAMKo8 Cymok) , a makxce om/au4aemcsi no KUHemuke U npoyeccwl,
Hacvlwyarowue kaxcoolli sman DAT. B pabome paccmampusaemcss nogvluieHue 3s@ddexkmusHocmu memoda
¢domoduHamuyeckoli mepanuu Ha OCHO8e paspabomku Je4e6HO-duazHoCmMu4eckoll yYCmMaHosku 05 O0nyxo/esoll
¢domoduHamuueckoli mepanuu. IIpu smom enosHe 060CHOBAHHbLIM 8UOUMCS MOHUMOPUH2 NApamempog8 KOMNOHEHMOo8
@/T e npoyecce pomoduHamuyeckozo soszdelicmsus. Paspabamuieaemas ycmaHoeka co30aemcs HA OCHO8e CO4emaHust
npuHyuno8 onmu4eckozo gozdelicmeausi u onmuyeckoll duazHocmuku. YcmaHoska obecnevugaem: onmu4eckuli KOHmMpoJb
KUHemuKu, ypoeHsi HaKon/eHus u KoHmpacma HakonieHuss ®C e onyxo.egoli 30He; onmu4eckuli KOHMpoaAb cmeneHu
okcuzuHayuu mkaHell Ha ecex smanax D/T; eosdelicmeue Ha onyxo/ab OnMu4eckuM U3/ay4eHuem C OJAUHOU B0/IHbl,
coomeemcmeayiowell nuKy nozaoweHusi npumeHsemozo PC. Hmozoswlii kackad Yyumomokcu4eckux U 80CNAAUMeNbHbIX
peakyuil, KaK U MeXaHU3M 80CCMAHO8/eHUS N08PeNCOeHUll, SA8AAMCA pPe3yAbmamoM ONUCAHHBIX Npeduecmsyruux
amanos uau ¢as.

Kaiouesvie caosa: ¢domodunamuveckas mepanus, @domoceHcubuau3amop, 80/J0KOHHO-ONMuUYeCKUll KaHa,
onmuueckoe u3/y4eHue, NI0MHOCMb MOWHOCMU, OKCu2eHayus, g1yopecyeHyusl.

V.S. VOYTSEHOVICH !, S.V. PAVLOV 2., N.T. PETRASH !, YU.A. PETRUSHKO !, N.V. TITOVA 2, V.V. KHOLIN !,
O.M. CHEPURNA !
' PSE «Photonica Plus», Cherkasy, Ukraine
*Vinnytsia National Technical University, Vinnytsia, Ukraine

MULTISPECTRAL MEDICAL AND DIAGNOSTIC DEVICE FOR PHOTODYNAMIC THERAPY OF TUMORS

Annotation. The growth of cancer in the modern world stimulates the search for new progressive approaches to
the solution of cancer problems. In modern oncology, methods of minimally invasive treatment that have a selective effect on
pathologically altered tissues are becoming increasingly prevalent. Such methods of treatment of malignant tumors include
the method of photodynamic therapy (PDT). The process of PDT is multi-stage or multi-phase and depends on internal
saturation and extent in time (from fractions of a second to tens of days), and also differs in kinetics and processes that
saturate each stage of PDT. In this work, the efficiency of the photodynamic therapy method is considered on the basis of the
development of a medical diagnostic facility for tumor photodynamic therapy. At the same time, it seems reasonable to
monitor the parameters of the PDT components in the process of photodynamic action. The system being developed is created
on the basis of a combination of the principles of optical action and optical diagnostics. The device provides: optical control of
the kinetics, level of accumulation and contrast of accumulation of PS in the tumor zone; optical control of the degree of
tissue oxygenation at all stages of PDT; the effect on the tumor by optical radiation with a wavelength corresponding to the
absorption peak of the applied FS. Optical radiation from laser emitters to the tumor zone is transmitted by means of optical
fibers (OB). In the same way, fluorescence radiation and inverse diffuse reflected radiation are also delivered to the
photodetectors. The hardware ends of all OBs are designed in the form of plugs for unified optical connectors, which provide
detachable connection to standard outlets of laser emitters and photodetectors. The length of optical fibers is superimposed
mainly on operational limitations. Typically - a few meters, sufficient to remove the block part of the installation from the
area of exposure to PDT. The resulting cascade of cytotoxic and inflammatory reactions, as well as the mechanism of damage
repair, are the result of the described previous stages or phases.

Key words: photodynamic therapy, photosensitizer, fiber-optic channel, optical radiation, power density,
oxygenation, fluorescence.

AKTYaJIbHOCTb.

Poct pakoBrIx 3a005ieBaHI B COBPEMEHHOM MHPE CTHMYJIMPYET ITOMCK HOBBIX NMPOTPECCHBHBIX MOIX0A0B
K PEIICHUI0 OHKOJOTMYEeCKHX MpoOieM. B coBpeMeHHOW OHKOIOTHH BCE OOJBIEE PaCTIPOCTPAHEHHE ITONydaroT
METOABI MAaJOMHBA3UBHOTO JICYCHUS, KOTOPHIE MMEIOT CEIEKTUBHOE ACHCTBHE HAa MATOJOTMYECKH W3MEHEHHBIC
TkaHu. K TakuM MeTomaM JICYCHHs 3JI0KAYSCTBEHHBIX OIyXOJCH MOXXHO OTHECTH METOH (POTOTUHAMUYECKOM
tepanuu (OIT). [Ipoueaypa ®JIT 3aknrodaeTcs B CIEAYIONIEM: ITOCIE BBEACHUS (POTOUYBCTBUTEILHOW BEUIECTBA -
tdorocencudmnmzaropa (PC), kKOoTOpBId W3OMPATETHHO HAKAILIMBACTCS B OIyXOJCBBIX TKAHSIX, MPOBOIUTCS UX
00Jy4eHUs ONTHYECKMM (Yalle BCEro Ja3epHbIM) H3IYyYCHHEM C JUJIMHOW BOJHBI, COOTBETCTBYIOIICH MHUKY
noromernss ®C. OnHON U3 TIIaBHBIX 0COOCHHOCTEH METO/Ia SBISCTCS BO3MOYKHOCTh COBMCIICHHS JHATHOCTUKH W
JICUCHUSI OHKOJIOTMYCCKIX 3a00JIeBaHUI B TIpeeiaX OJHOH MPOLCAYPHI.

Meton
B ocnoBe Qorogunamudeckoirr Tepammu (DJIT) neXKUT SABIEHWE YCWICHHS IHUTOTOKCHIHOCTH
(hOTOUYBCTBUTENHHBIX BEIIECTB ((HOTOCEHCHOMIN3AaTOPOB) 10 BO3ACHCTBHEM M3ITyYCHHUS ONTHYECKOTO JHAaIa3oHa
[1-3]. ®oTomuHamMmUUecKasi TEpANUs — 3TO KOMIUIEKCHBII MHOTOKOMIIOHEHTHBIA MeTo. Kaxapiii kommoneHT OJIT
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3aHMMaeT CBOE MECTO M BBINOJHIET CcBOIO (QyHKIMIO. OTnenbHble mapamerpbl kKomroneHToB DT moryr
M3MEHSTHCS B HIMPOKOM JMHAMHUYECKOM aMana3oHe. B ciyuyae orcyrcrBust kakoro jamubo kommonenra ®AT nmbo
HEONTHUMAJBHBIX ITapaMeTPOB KOMITOHEHTA 0XKuAaeMblii 3 dekT GpoTomnHaMUUecKOi Tepanuu He TOCTHIaeTCsL.

IMpouecc ®JIT MHOrosTamHelii MM MHOTO(A30BBI M 3aBUCUT OT BHYTPEHHEH HACBHIIIEHHOCTH H
NPOTSHKEHHOCTH BO BPEMEHH (OT JI0JeH CeKyHJ JIO0 JECSATKOB CYTOK) , a TaKXKe OTJINYaeTcs 10 KUHETHUKE U
npouecchl, Hackimaromue Kaxapii stan DJIT. Ilpm sToM BHoixHEe O0OOCHOBAaHHBIM BHIUTCS MOHHTOPHHT
napameTpoB koMmroHeHToB DJIT B mporiecce GOTOAMHAMUIECKOTO BO3ICHCTBHSI.

Ob6mas >¢¢pexrtuBHOCTs deueHneM MmerogoMm DPIT mocturaer 90-95%, B ToM umcie momHas pe3opOums
omyxoneit 55-60%. IImoTHOCTP MOIITHOCTH, KOTOpPAs IIOMAfaeT B 30HY OITYXOJH JOJDKHA COOTBETCTBOBATH OOIINM
TpeboBanmsaM sddexrusroro mposexerns ®AT (or 300 mMBr/em®). Ommako, B ciIy4ae OOJy4eHHs OITyXoJei
0opIIOro pa3Mepa, BO3HUKAET HEOOXOIUMOCTh YBEIMUEHHUS MOIIHOCTH Ja3zepa. C yBeIMYeHHEM MOIITHOCTH B CBOIO
odepeJlb pacTyT IHEPreTHYECKUE 3aTPaThl U CTOMMOCTB IpHOOpa.

Lean padotel. [loBsimenne 3¢ dexTuBHOCTH MeTO1a (HOTOAMHAMUYIECKON Teparuy Ha OCHOBE pa3paboTKu
Je4eOHO-TMarHOCTHUECKOM YCTAaHOBKH ISl OITyX0JIEBOH (DOTOIMHAMHYECKOH Teparum.

Marepuanbl 1 NpaKTHYECKAs] peajn3anusi.
PazpabarsiBacMasi yCTaHOBKA CO3/[A€TCA HA OCHOBE COUETAHHSI MPHHIUIIOB ONTHYECKOTO BO3ACHCTBHS U
OINTHYECKON JUArHOCTHUKH. Y CTAaHOBKA 00ECIIEYNBAET:
® ONTHYECKUH KOHTPOJb KMHETHKH, YPOBHS HAKOIUICHUS U KOHTpacTa HakomuieHnss @C B omyxoJeBoil 30He,
® ONTHYECKUU KOHTPOJIb CTETICHH OKCUTHHAIIMU TKaHew Ha Bcex atarnax OJIT,
e BO3JCHCTBHE Ha OITyXOJNb ONTHYECKUM W3IyYCHHEM C JUIMHOM BOJIHBI, COOTBETCTBYIOUIEH MHKY
nornomeHus npuMensemoro OC.
OyHKIMOHANBHAs CXeMa pa3padaThlBaeMOW YCTaHOBKM TIpHBEJeHA Ha puc.l B OCHOBE KOTOpOH
peau30BaHbl HOBbIE KPUTEPHHU PEaIM3alliy ONITHYECKOTr0, IPOLECCOPHOTO U BOJIOKOHHO-ONTHYECKOTO OJI0KOB.
Onrtudeckuil OJIOK yCTAaHOBKM COCTOMT M3 4 nasepHbIx manydatened (JIN) m 4 doronpuemuukon (PDII).
Wznyyarens JIM1 ¢ AnuHOM BOJMHBI M3Jy4eHHS COOTBETCTBYIOIIEH MUKy IOIJIOLIEHUsS Hcnoiabzyemoro OC
CTEMYJIHpPYeT poTogmHAMUYECKyI0 peakiuio. M3mygatens JIN2 ¢ nnmmHON BONHBI M3IYYEHUS B IIpefesiaX MOJIOCH
Cope (405-410 um) mpemnazHadeH a1 Bo3OyxknmeHus Quyopecnennmun OC. Wznygarenm  JIM3 u JIN4
o0ecreunBaroT KOHTPOIb CTENEHN OKCUTHHAIIMY TKaHEH B 30HE OITYyXOJH.

ATMEGAB535
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Pucl. ®ynknuoHaabHasI cxeMa pa3padaTbiBaeMoii yCTAHOBKH

[Mpuemanku ®I11 u OII2 perucTpupyroT usznydeHue (GpIyopecIieHIIMA OIyXOJIEBOTO U CMEKHOTO ¢ HUM
y4acTka OMOJOTrHYecKor 30HBI coOTBeTCTBeHHO. [Ipuemuukn ®I13 u ®I14 peructpupyror obparHoe muddysnoe
OTpaXXEHHOE OIYyXOJIEBOM TKAHBIO U3yuyeHue [ .

VYmpasienue mpoueccaMu AuarHocTUkU M BozaeiictBus npu DUAT B ycTaHOBKE OCYIIECTBISIETCS C
MOMOIIIBI0 MUKPOKOHTpoJuIepa. Mcmonbs3yercss MUKpOKOHTpoJuiep cemericTBa Mega ¢upmbr Microchip Technology
ATMEGA 8535. On wusroraBnuBaercs no maionotpeOmstomeiit KMOII-TexHonornn, KoTopas B COYETaHUH C
YCOBEpLIEHCTBOBAHHOM RISC-apxurextypoii MTO3BOJISIET JIOCTUYb JIy4ILEro COOTHOIIEHUS
OwIcTpoeiicTBre/3HEpronoTpedaeHue. [Ipomeccop MMeeT aHAOTOBBIM MOPT A ¢ 8 HE3aBHCHMBIMH BXOJAaMH, Ha
KOTOpBIE MPHUXOAAT CHTHANBI OT (oronpueMHukoB PII. JlazepHble H3IydaTenHw YNIpaBiSIOTCS 00pabOTaHHBIMHU
MHUKPOKOHTPOJIJIEPOM CHTHaJIaMu depe3 mopt D [1-4, 7].
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OnrTuyeckoe U3IyYeHHE OT JIa3EPHBIX M3JIydaTelieil K 30HE OIyXOJIM MepelacTcsl ¢ MOMOMLIbI0 ONTHYECKUX
BosiokoH (OB). Takum sxe criocoboM JrocTasisieTcs K (POTONPUEMHUKAM U M3JydeHUe (QIIyopecleHIM: 1 00paTHoe
muddy3HOEe OTpaskeHHOE M3TydeHHe. AnmapaTHble KOHIBI Bcex OB oopMiteHs! B Bujie BUIOK YHU(DHIIMPOBAHHBIX
ONTHYECKUX COEAMHHUTENCH, OOECIEeUMBAIONINX pPa3beMHOE IIOJICOCANHEHUE K ILITATHBIM PO3ETKaM J1a3€PHBIX
nznydarened W QoTonmpueMHMKOB. Ha uIMHY ONTHMYECKMX BOJIOKOH — HAKJIaJbIBAIOTCS B OCHOBHOM
9KCIUTyaTallMOHHbIE OrpaHW4YeHus. Kak IpaBmIo — 3TO HECKOJIBKO METPOB, NOCTATOYHBIX Ul ydaJeHUs! OJIOYHON
YacTH yCTaHOBKM OT 30HBI Bo3zaeiictsust npu ®OIT. Ha ompenenenHom paccrosinuu ot JIM n @Il ornenbHble
BOJIOKHA OOBEAMHSIOTCS B YIIAKOBKY, “OJ€BAIOTCS B 3aIIMTHYIO 000JI0UKY, HHBIMHU CIIOBaMH O(QOPMIISIOTCS B BHIIE
MHOTOBOJIOKOHHOTO ONTHYECKOTro kabems. Ha BBIXOAHOM (OuCTalbHOM) KOHIIE BOJOKHA OPTraHW30BBIBAIOTCS B
MIPOCTPAHCTBE B COOTBETCTBHE C PHC.2.

EI5+F400 11
Puc.2. Peasm3anusi BOJTOKOHHO-ONTHYECKOI0 0JI0KA

BpeMEHHLIe JAuarpaMMbl  OAHOTO M3  BO3MOXHBIX BapUaHTOB (l)yHKL[I/IOHI/IpOBaHI/IH YCTaHOBKH,

apantaposanHoi o @C xmopuHOBOTO psina «DPOTOIOHY, IPUBEACHH Ha pHC.3
P, uBr

=405 I |
BoaBiykaeni dinyopecLeHLIm {
T=3-60c

16T 04m I
PencTpaws dinyopecuexum anyanil

e

K=T0km I I
PericToain dnyogecieiuth 10, Tz

heBls
OcroBos TepanesTAECHDR onyere]

A=635Hwu I |

Tlasep AR parHocTHRN CaTYpRLM
(remarmiafink)

=340m i I
[1edeg AR QKaTHOCTN CTYRaLM |
{oncaremomiaie)

B35k l I

PeTpalmn carypaumm (remomofik)

e | |

PerHCTIALHR CATYDRLM (ORI

Kewmpons

el

Puc.3 Bpemenuble AuarpaMMbl 0HOTO U3 BO3MOKHBIX BADHAHTOB (hyHKIIMOHHPOBAHMS YCTAHOBKH
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Metoaunka uccjie]0BaHus.

[Tpu 5TOM mpezaraeTcs CIeAyOMUA NOPSI0K PaOOTHI.

Uepes HEKOTOpOE BpeMs nociie Havana BHyTpuBeHHOro BBeAeHUss @C (10-30 MuH. B 3aBUCUMOCTH OT THUIIA,
pasMepoB ¥ JIOKJIM3AalMU OIYXOJM W T.N.) COBMEINAIOT JMCTAJbHBIH KOHEI| BOJIOKOHHO-ONTHYECKOTO OJIOKa
(ontrueckoro kabens) ¢ marosorndyeckor 3oHod. JIM2 m JIM1 BkimodaroT B HENpPEPHIBHOM CIa0OMHTEHCHBHOM
pexxuMe NWIOTHpoBaHWA. I[lyTeM mepeMemeHuss TUCTaJbHOTO KOHIIA ONTHYECKOro Kalens M OTHEeNbHBIX
ontuyeckux BoiokoH oT JIM1 u JIN2 OTHOCHTENEHO OMYyXOJIEBOM 30HBI, 00ECIEeUYNBAIOT BIMCHIBAHHE TIOCTIETHEH B
cBeroBoe nATHO JIM1 ¢ MUHUMAaNBHBIM 3armacoM 1o AuameTpy. BruceiBaHue omyXo0seBOi 30HBI B CBETOBOE ISITHO
nazepHoro u3nydatens JIM2 BrIMonHAETCS ¢ OONBIINM JHAMETPOM, JOCTATOYHBIM IS TOMAJaHHS ONTHYECKOTO
BoJiokHa K DPI12 Ha CMEXHBIH C OMyXO0JIBbI0 YIaCTOK 37J0POBOM TKAHH.

[Mocrne 3aBepieHus poLecca COBMELIEHUS JUCTAILHOTO KOHIIA ONTHYECKOro Kabes ¢ OIyX0JIeBOM 30HON
Ha MUKPOKOHTpOJUIEp IOCTyNaeT KOMaHAa O Haudane yMpaBisgeMoro omnrudeckoro posaeiicteus. Ot JIM2 Ha
OITyXOJIb Yepe3 INpeIBapUTEIbHO COPUEHTUPOBAHHOE ONTHYECKOE BOJIOKHO IOMNagaeT M3IydeHHe BO30YXKICHUS
¢yopecuennmu (umHa BosHb! 405 HM, paurensHocTs 10-20 Mc, nepuon noBropenus 30-60 c). Uepes ontuyeckue
BOJIOKHA M3JTy4eHHE (IIyOpECIeHIIMN OITyXOJIEBOM 30HBI M CMEXKHOTO yJ4acTKa 3I0POBOW TKaHU IMPUXOJST Ha BXOIbI
@II1 u PI12, a moce ONTOIIEKTPOHHOTO ITPE0OPA30BAHMS U ITPEABAPUTEIILHOTO YCHIICHUS — HA aHAJIOTOBBIM BXO[
MHUKPOKOHTPOJIIEPA.

C HeOOoNbIIMM WHTEPBAJIOM ITOCIIE 3aBepIIeHus Bo3aeicTBusA JIN2 ¢ TOM ke JINTENhHOCTHIO U TIEPHOIOM
MTOBTOPEHHS BKIIOYAIOTCS (OJHOBPEMEHHO MO0 ¢ HeOOIbIMM caBuroM mo Bpemenu) JIM3 wu JIM4. JlazepHbrit
n3nmydatenb JIM1, 3amyckarommii (OTOAWHAMUYECKYIO PEAKIUIO, BKIIOYAETCS  IPOIECCOPOM IIPH  YCIOBUHU
npekpamieHus pocta curHana ot ®I11 u makcumanpHOTO cooTHOmeHus curHano @IT1 u OI12. JIM1 Bo3aeicTByeT
Ha OITyXOJIEBYIO 30HY C COOTBETCTBYIOIIEH 3(p(heKTHBHON (HOTOAMHAMHYECKONW PEAKINH IUIOTHOCTHIO MOIIHOCTH.
Bpewms usnyuenus — 3-5 c. ITocne Boikmouenus JIM1 npoueccop nocnenosatensHo BKiatouaeT JIN2, JIN3 u JIN4.

BriBoapbl.

Takum 00pa3oM, Ha OCHOBE JaHHBIX PEKOMEHIANUN MOYKHO CHPOTHO3HPOBATH PCHICHHE TEXHHUYCCKUX
3a/a4 peaan3anuu GOTOMPUEMHUKOB (IIPEXk/Ie BCETo Il KOHTPOJISI CTCIICHN OKCUTHHAIMY TKaHEH) B Ipe/iiaracMoi
ycTaHOBKe. BMmecTe ¢ TeM, HOCTaToYHOE OBICTpONCHCTBHE, KOHCTPYKTUBHAS U CUCTEMHAs TPaHCPOPMHPYEMOCTh
(ycedeHne WM pacIIpPeHHe), BO3MOXXHOCTh M TIOKACKaJAHOW, W KOMIUIEKCHOH ONTHMH3AIUH, JEIaroT
MYJIBTHCIIEKTPATbHYIO JIe4eOHO-ANAaTHOCTHYECKYI0 YCTAaHOBKY Ui (DOTOAMHAMHYECKOW TEpamuy OITyXOJeH
WHBECTUITMOHHO, TEXHUYECKH, ()YHKITMOHAILHO U WHBECTUITMOHHO MPUBJICKATEIILHOM.
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KOMIIOTEPHA MOJIEJIb AHAJII3Y CTATUCTUYHHUX TA KOPEJIAMIMHUX
XAPAKTEPUCTUK CHHEKJI-IHTEP®EPOT'PAM

Jas docaidceHHss 83aemodii enekmpomMazHiMHO20 8UNPOMIHIOBAHHS 3 epumpoyumamu Kpogi JNH0uHU 6Y/10
06paHo Mmemod cheka - iHmepgepomempii.
B xo00di nposedenozo ekcnepumenmy 3Hsmo 06i cneka - inmepgepoepamu 8i0 deox 3paskie Kposi sroduHu. Pospobiaena
KoMn'tomepHa mMo0eab 04151 aHaAI3y cmamucmu4vHUX ma KopeAsyiliHux xapakmepucmuk OmpumMaHux 8 xodi ekcnepumenmy,
cnekn - IiHmepgepoepam. JaHull kKomn'romepHull aszopumm 0038045€ 06pobasimu cnhneka - IiHmepgepozpamu i
nopigHioeamu ix mix co60w no OMPUMAHUM ~CMAMUCMUYHUM Ma KOpeAsiyillHUM  XapakmepucmuKkam.

IIpu oceim/ieHHI 8UCOKO KO2epeHMHUM NYYKOM 8eAuKoi o6.aacmi onmuyHo dyxce wWopcmkoi nosepxHi hopmyemubcss mak
36aHA HOPMALHO - pO36UHEHA ChekA - Kapmuua. [i cmamucmuumi enacmueocmi He 3aqedxcams 6i0 demaabHux
Xapakmepucmuk Mikpopeabe@y nosepxHi. 3o6padxceHHs1 8idbusaryozo (npoHukar4o2o) 06’ekma npedcmasase cKAadHy
2PAHYAAPHY CMPYKMYpY, WO He MAE 5S18HO20 38°A3KY 3 MIKPOCKONIYHUMU 8/1aCMUB80CMSAMU 00°€KmMa, Wo 0C8IMAIOEMbC.
Binvwicme, nosepxHel, wo sidbusaroms (nponyckarome) ekcmpemaabHO WOPCMKI B8I0HOCHO 008M#CUHU X8UAL
8UNpPOMIHIOBAHHA. MoodHa paxyeamu, Wo OCHOBHUI 8K/1a0 8 pO3Cie8aHHs1 ceim/aa eHOcAMb Masali OiASIHKU NOBEpXHI 3
YyeHmpamu 8 MoyKax, ujo d3epkanbHo 8idbusaromoucs. 3i 36i1bWeHHAM Kpymu3HUu wopcmkocmi i geauquHu obaacmi, wjo
0C8IMNIEMBCS YUCA0 MOYOK BUNPOMIHIOBAHHSA 3pocmae. Biobuma eid makoi naowuHu xeu1s ckaadaemscs 3 ekaadie 8id
8e/1UK020 HUCAQ MAAUX OLISTHOK NOBEPXHI, AKI MOXCHA paxyeamu He3a1eHCHUMU PO3Ci8a1bHUMU 061acmsamu.

Kawouoei croea: epumpoyumu kposi 1100uHu, memod cnek/ — inmepgdepomempii, komn’romepHa modenbw.

M.F. BOGOMOLOV, J.Y. REUTSKAYA
National Technical University of Ukraine "Kyiv Polytechnic Institute", Kyiv, Ukraine
A.A. TROTS

National university of life andenvironmental sciences of Ukrain , Kyiv, Ukraine

COMPUTER MODEL OF STATISTICAL AND CORRELATION CHARACTERISTICS SPEKLE
INTERFEROHRAM

To study the interaction of electromagnetic radiation with human red blood cells, the speckle-interferometry
method was chosen.

In the course of the experiment, two speculum interferograms from two human blood samples were taken.
A computer model was developed for the analysis of statistical and correlation characteristics obtained during the
experiment, speckle - interferogram. This computer algorithm allows processing speckle - interferograms and compares them
among themselves based on the obtained statistical and correlation characteristics.

When illuminated by a highly coherent beam of a large region of an optically very rough surface, a so-called
normally formed - speckle is developed - a picture. Its statistical properties do not depend on the detailed characteristics of
the microrelief of the surface. The image of the reflecting (penetrating) object represents a complex granular structure that
has no explicit relation with the microscopic properties of the illuminated object. Most, reflecting surfaces (pass) are
extremely rough relative to the wavelength of radiation. It can be assumed that the main contribution to the light scattering
is to make small surfaces of the surface with centers at mirroring points. With increasing steepness of roughness and
magnitude of the region, the number of radiation points increases. A reflection from such a plane wave consists of deposits
from a large number of small areas of the surface, which can be considered independent scattering regions.

.Keywords: human red blood cells, the method of speckle - interferometry, computer model.

IIpu ocBiTIEHHI BHCOKO KOT€PEHTHHUM IIyYKOM BEJHKOi 00JIacTi ONTHYHO IyKe IIOPCTKOI TOBEPXHIi
(OpPMyeThCS TaK 3BaHA HOPMANBHO — PO3BHMHEHA CIIEKT — KAPTHHA. i CTATUCTHYHI BIACTMBOCTI HE 3aJ€XaTh Bif
JIETATBHAX XapaKTePUCTHK MiKpopenbedy TMoBepxHi. 300pakeHHs BiAOMBAaIOYOTO (IMIPOHUKAIOYOTO) 00’ €KTa
MpEJICTaBIsIE€ CKIANHy TpaHYJSpHY CTPYKTYPY, IO HE MA€ SIBHOTO 3B’S3KY 3 MIKPOCKOIYHHMH BIACTUBOCTSIMH
00’exTa, MO ocBiTMIOEThCs [1]. BinbmricTs, moBepxHero, MO BinOMBalOTh (IPOMYCKAIOTh) €KCTPEMAIBHO HIOPCTKI
BITHOCHO JIOBXXMHHM XBWJII BHUIPOMIHIOBaHHS. MOXXKHA paxyBaTH, IO OCHOBHHU BKJaJ B PO3CIIOBAaHHS CBITIa
BHOCSTh MaJli JTUISHKA MOBEPXHi 3 IICHTPAMHU B TOYKAX, IO J3EPKATHHO BiIOMBAIOTHCA. 31 30UIBINCHHIM KPYTH3HU
HIOPCTKOCTI 1 BETMYMHHU 00JACTi, MO0 OCBITIFOETHCS YUCIO TOYOK BHIIPOMIHIOBaHHS 3pocTae. Bimbura Bim Takoi
TUTOIIMHN XBWJIS CKJIANAETHCA 3 BKJIAIIB BiJ BEITHKOIO YMCIIAa MaJHMX TUISHOK IMOBEPXHI, AKI MOXHa pPaxyBaTH
He3aJe)KHUMHU PO3CIFOBATbHIMHE 00smacTsamMu[2,3].

TTommpenHs BiOUTOTrO (MPOIIEHOT0) BUMPOMIHIOBAHHS JI0 00JIACTI CITOCTEPEKEHHS MPU3BOJIUTH IO TOTO,
IO B 3aJaHidl TOYIl CIOCTEPEKEHHS CKIANAIOTHCA PO3CISTHI KOMIIOHEHTH — KOXHa 31 CBOEID 3aTPUMKOIO.
Iarepdepennis nux nedazoBaHHMX, ale KOTEPEHTHHX XBIJIb, NPU3BOAWTH 1O TPAaHYISIPHOI CHEKI — KapTHHHU.
[HImIMMU coBaMH, CIIeKIN — 1ie iHTepdepeHIliiiHa KapTHHA HEPETYJSIPHUX XBUJIHOBHUX (DPOHTIB, IO BUHUKAIOTH MPH
MaJliHHI KOTEPEHTHOTO BUITPOMIHIOBAHHS HA CUJIBHO MIOPCTKY OBEPXHIO.
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1. O6’exTHBHi i cy0’€KTHBHI cHeKIH
Po3pizustors 00’exkTHBHI 1 cy0’exTuBHI cnekiu. OO0’€KTHBHA CIEKI — KapTHHA (OPMYEThCS Yy BCHOMY
MPOCTOpPI Tepes IMOBEPXHEI0, IO OCBITIMIOEThCsA. CyO’€KTHBHA CIIEKI — KapTHHA BHHUKAE IPH BigoOpaXkeHHI
PO3CilOBAILHOT MOBEPXHI Ha €KpaH 3a JIOMOMOTrol ONTHYHOI cucTeMd. OO’€KTHBHY CHEKI — KapTHHY MOJXKHA
3apeecTpyBaTy, SIKIIO B IUIOLIMHI CIIOCTEPEXKEHHS PO3MICTUTH (POTOILTIBKY 1 3aCBITUTH ii CHEKIIOBOIO KapTHHOIO.
Ane skmo cdoTorpadyBaTH IO K KapTHHY 3a JOIOMOTol0 QoToamapara, TO Ha (OTOIUIBII OTPUMAEMO
cy0’eKTHBHY KapTHHY TaK SK ii mapaMeTpu OyAyTh BXKe 3aJie)kaTH Bill 00 eKTuBY (otoamaparal[4] .
2. KomniorepHa Mojiesib 00po0Kku crnekJi-intepgeporpam
Byna crBopeHa xomm’roTepHa Mojaenb A 00poOku crekn — iHTepdeporpam B cepemoBuini Matlab. V
3B 3Ky 3 IPOTPaMHUM OOMEKEHHAM 110 00poOIli JaHWX Ii€i mporpamu, OTpUMaHi iHTepdeporpamu Oyl CTUCHYTI
JI0 po3MipiB 262 x 197 mikcemniB, po3mupeHHs 300paxkeHb 72 X 72 TOYOK Ha aroiM, ¢opmat 300pakenb — JPEG.

oTpuMaHoOi cneks — iHrepdeporpady 3UUTYIOTHCS 3HAUEHHSI KOJKHOTO 3 ITKCEJIB Ta 3aIHCYIOTHCSI B TPHOXMIPHHUHN
MmacuB naHux Qopmary uint8, 3a ne Bignosizae Onox (1). Posmiphicte macuBy: 262 x 197 x 3, ne 262 x 197 —
KIJIbKICTb MIKCeNiB, a 3 — cki1agoBi konbopy ¢popmaty RGB (red, green, blue). Koxxen mikcens Mae BlacHe 3HaYSHHS
iHTeHCUBHOCTI cBiTia Bix 0 g0 255. Biok (2) Bigmosizae 3a MEpeTBOPEHHS 3alMCaHOr0 MacuBY (opmary uint8 B
IHIT TAMIA JaHWUX JUIS TIOJAjbIIol CTaTUCTHYHOI 0O0poOku nmaHux B Omomi (3). (4) 1 (5) OJokM BiAOBiIHO
BiTOOpakatoTh pe3yabTaT 0OpOOKHU CIeKsI — iHTepdeporpaM y rpadiqHOMy BUTIISII Ta MPEACTABICHHSAM Y MacHBax
IaHWUX BIAMOBIIHO.

(1) 34MTYBAHHA
OAHKY Ta 3aNKC IX B
MACHE OaHnX

(2) MNepeTBOpEHHA

OAHWX B iHWI THNK 2] - rameCTar

obpobka naHux

OaHWX
¥ L
i4) MpegcTaneHHA (5) MpeocTaBneHHA
OaHWX Yy BArMALD OaHWX ¥ BArNALi
rpadiikie MaCHEBIB OaHWX

Puc.1. CTpykTypHa cXeMa KOMI’I0TepHOI Moie1i 00podku crek1 — inTepgeporpam

Kpoxk 1. 3untyBaHHS 1aHUX i3 300paskeHHs
3unuTyeMo 300pakeHHs B (hOpMaTi jpeg 3a JOMOMOTOI0 KOMAHIH :
I =imread('spec_1.jpg');

Kpox 2. Ouinka i anpoxcumaiis nikcesiB ¢poHy

300paXKeHHs, 10 PO3INISAAETHCS XapaKTEPU3YETbCs HEPIBHOMIPHOIO 3acBITKOIO (OHY II0 IIOJIIO
300paxxeHHs. ToMy criepiry 3a JOIOMOro0 onepaiii MOpgoJIOriyHOT0 PO3KPUTTS OLIHMMO IHTEHCHUBHICTH (OHY.
[Tpu BuKOHAHHI orepalii MOpQOIOTIYHOTO PO3KPUTTSI BHKOPUCTOBYETHCS CTPYKTYPHHUH €IEMEHT.

Bukopucraemo ¢QyHkuito imopen, sika BUKOHYE MOPQOJIOTiYHE PO3KPUTTS, TOOTO CIOYATKY 3BY)KCHHS, a
HOTIM PO3IIUPEHHS 300paKeHHs, METOI0 JaHOI olepalii € BUIYYUTH BUCTYIIM Ha MeXaxX 00 €KTiB, TOOTO 3poOHTH
O1IbII YiTKI TpaHULi 00 €KTIB. B SKOCTI CTPYyKTypHOTO eleMeHTa BUKOPHCTaeMO (QyHKILito strel y BUTIISII JUCKa 3
paniycom 15.

background = imopen(],strel('disk’,1));
figure, imshow(background)

Kpox 3. Anpoxcumanis i nepersasa noBepxHi ¢pony

BuxopucroByemo komanmy surf g BigoOpakeHHS moBepxHi (QoHy. 3a J0mMomMoror koMaHmu surf
CTBOPIOETECSL KOJILOPOBA IapaMEeTPHYHa IIOBEPXHS, SKa Ja€ MOXIIUBICTH IEperisifaTH NPSMOKYTHY 0OacTs,
300paXKeHHs MO JMoCHipKyeThess. DyHkmis surf mpamioe 3 manuMu, mo npencrasieHi B ¢popmati double. Tomy,
OTpHUMaHUil MacuB HEOOXITHO MEPEBECTH Y BIAMOBIIHUN OpMaT AaHUX. 3aIUIIEMO HACTYITHE:

figure, surf(double(background(1:8:end,1:8:end))),zlim([0 2557);

Kpox 4. CTBopeHHst 300pa:keHHs 3 piBHOMIpHIM (poHOM

Jlnist cTBOpeHHs 300paskeHHs 3 OLIbI piBHOMIpHMM (oHOM, BiHIMEMO 300paxkeHHs ¢ony background Bin
BHX1THOTO 300paxeHHs .
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12 = imsubtract(I,background);
Kpox 5. CtBopeHHs1 6iHApHOT0 300paKeHHSA
Bukopucraemo ¢yHkuito graytresh , sika BU3Ha4a€ 3Ha4CHHS INI00AJIBLHOTO 1OPOTa, 10 BUKOPHCTOBYETHCS
JUISL TIEPETBOPEHHS IHTEHCUBHOCTEH 300pakeHHs B OiHapHe 300pakeHHs B ¢yHKOII im2bw. 3HaueHHs
HOPMaJli30BaHMX IHTEHCUBHOCTEH 3HaX0AThCs B JiamasoHi 0...1.

level = graythresh(I2)
bw = im2bw(I2,level)

Kpoxk 6. BuzHaueHHs ync/ia 00’ €kTiB (CneKJIiB) HA 300pakeHHi

Jlnst mporo BUKOpHCTOBYeEMO (yHKIII0O bwlabel(Bw,n) , mo Bigmidae BCi KOMIOHEHTH Ha OiHapHOMY
300paXKeHHI 1 OBepTae iX YMcio y BUIIIAL 3HadeHHs numObjects, ne Bw — OiHapHe 300pakeHHs, n — mapamerp,
1110 BKA3y€ KPUTEPIiH 3B 53aHOCTI, 110 BUKOPUCTOBYETHCS AJIS1 3HAXOJKEHHSI 3B’ s13aHNX o0JacTeil — 00’ eKTiB.

[labeled,numObjects] = bwlabel(bw,4)
numObjects

Kpok 7. OTpuMaHHS CTATUCTHYHHUX JAHUX 300pasKeHH S
Jnst cratucTaHoi 0O0poOKHM 300parkeHHs, crepury mnepeBeemMo RGB  300pakeHHS B HaIiBTOHHE
300pakeHHs 3a momomororo ¢yHKmii rgb2gray. Jlana ¢yHKIiS CTBOPIOE HAIIBTOHHE 300pa)KeHHS, IEPETBOPIOIOYHN
mpu IboMy R — G — B — ckimaioBi MmikcelniB KOJOPOBOTO 300payKeHHS B BiATOBIIHI iM 3HAYSHHSI SICKPABOCTI.
Im=rgb2gray(I)

BucHoBkn:

e Sk BuaHo 3 3 — D noepxons (ony inTepdeporpam 1 — Ta 2 — ro 3pasKiB, HAWBHUIY IHTEHCHBHICTb MalOTh
mikcenmi R — ckiamoBoi, e 3yMOBICHO UM IO JOCITIJDKYyBaHI iHTepdeporpamu Oyiau OTpHMaHi 3a
nonomoroto He — Ne nazepa «JII' — 38» , B stkoro pobo4a JOBKUHA XBHUIII JISKUTH B YSPBOHOMY CIIEKTDI.

e KinbkicTh crekiiB Ha iHTepdeporpamax Oyna olliHeHa NPUOIM3HO, OCKUIBKM TOYHO IOCIIANTH 1i qyXe
CKIIQJHO. AJle e MeToJ OOpaxyHKy MOKHa BHKOPHUCTOBYBATH JUIsl TIOPIBHSAHHS KIJBKOX 3pa3KiB
iHTepdeporpaM, Oepyun OgHY 3a €TAJIOHHY, a iHIII HOPIBHIOBATH 3 €TAaJOHHOI0. Sk TIOKa3amu 0O0paxyHKH
Ha 1 — 3pa3ky maibke Ha 60% OiibIIe CIIEKTIB aHIXK Ha 2 — MYy.

e CepenHsi IHTCHCHUBHICTh BHIIPOMIHIOBAaHHS 000X 3pa3KiB ICTOTHO He po30iraerscs, mum Ha 12%
IHTEHCUBHICTh BUTIPOMIHIOBaHHS 2 — 3pa3ka BHIa 3a 1 — .

e (CepenHe KBaJpaTWYHE BiIXWJICHHS BUHILIO JOCTATHRO BHCOKMM, alleé 3Ba)kal0UM Ha Te MI0 KUIbKICTh
rpajamiii ToHy JopiBHIOE 256, 1ie 3HauyeHHS Oyno ouikyBaHuUM. CepenHe KBaJpaTHUHE BiIXHMICHHS
HEepUIOro 3paska ckiano 27,94 yMOBHUX OJUHMLE , @ 2 — ro 3pa3ka — 24,94 yMOBHUX OJUHUIIb.

e Posmonin KNBKOCTI MIKCENiB MO IX IHTEHCHBHOCTI, ITOKa3aB i1 000X 3pa3KiB, M0 HAHOUIbINA KUTBKICTh
MIKCEIIB JEKUTH B Aiana3oni 40 — 70 iX IHTEHCUBHOCTI.

e Koeoimient xopemamii MK BIOMa CHEKJ — KapTuHamu, ckiaB 0,44 yMOBHI OJMHHMIU, WO JO3BOJISE
CTBEpKYBATH PO MOMIPHHUH 3B’S30K MiXK ABOMA JOCHTIKYBaHUMH 3pa3KaMHu.
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®OPMAJIM3ALIAA IOKA3ATEJIEN OBOH{[TEJILHOFI YYBCTBUTEJbHOCTH
IIPU NOAAEPKXKE INTPUHATHUA PELIEHUU IS OJIbO®AKTOMETPUYECKOU
ANATHOCTHKHU

IIpedsoxceH uHmezpa/bHelll nokazameab OYeHKU OOOHSIME/NbHOU YyecmeumesnabHOCMU Ha OCHose Memoda
9KCnepmHbIX OYeHOK (Memod npunucsl8aHus 6a1108).

Kiwouesvle caoea: oabgakmomempus, 4y8cmeumenbHOCMs  O0GOHAMEAbHAS, CUCMeMbl 3IKChepmHble,
odopusekmop

Ya. VNOSOVA, O0.G. AVRUNIN
Kharkiv National University of Radio Electronics
nyav007@gmail.com

FORMALIZATION OF OLFACTORY SENSITIVITY WITH SUPPORT FOR DECISION-MAKING FOR
OLFACTOMETRIC DIAGNOSIS

Annotation. There are many methods for assessing olfactory disorders, among them the most popular are Sniffing
sticks test, University of Pennsylvania Smell Identification Test and others, but the main difference is the number of odorivectors
used, which makes it difficult to formalize the olfactory disorders. Therefore, it seems reasonable to propose an integral criterion
for assessing olfactory disorders. The choice of odorivators in olfactory tests is also due to the geographical factor: olfactory
stimuli should be easily identifiable by the subject. Another aspect for effective olfactometric research is the use of objective
means of measurement, the lack of objectivity is a drawback of the most popular tests. In view of the foregoing, it seems
necessary to develop an integral index of olfactory sensitivity on the basis of a method for increasing the objectivity of
olfactometric studies, through which objective studies of respiratory-olfactory disorders can be performed and it completely
meets the requirements.

1t is necessary to perform the determination of the importance of selected particular indicators (the degree of sensation
of odorivectors), in other words, the weights used in integral functions. One of the most common methods of determining
weighting coefficients is the method of expert assessments (attribution of points). Unlike the ranking method, experts here place
scores from 0 to 10 depending on the importance of the indicator, and it is allowed to estimate the importance of the indicator
with fractional values, and the same scores can be assigned to different indicators. Experts of otorhinolaryngologists were
offered questionnaires, where it was suggested to put points from 1 to 10 in terms of the importance of using odorivectors
(tincture of valerian, acetic acid, ammonia) to detect olfactory disorders. Where 1 point is not important, 5 is of medium
importance, 10 is very important. The weighting factors (by the method of attribution of scores) of the sensation of three
odorivectors were determined by the method of increasing the objectivity of olfactometric studies to determine the integral index
of olfactory sensitivity with the support of decision making for olfactometric diagnosis.

Keywords: olfactometry, sensitivity olfactory, expert systems, odorivector,

HeomnpeneneHHOCTh B METUITUHCKOM MTPAKTHKE CTAHOBUTCS OOJIBIION MPOOIIEMOl Ha IyTH K TTOCTAHOBKE TOYHOTO
JIMarHo3a, TaK KaKk MellaeT BhIOpaTh JIydlliee pEIICHWE, W, CICIOBATEIbHO, MOXKET CTaTh MPHYUHON
HekadecTBeHHOTro oTBeTa [1]. CymecTByIOT pa3inyHble MOAXOABI CO3JaHUSI MEIUIMHCKHX CHUCTEM JWAarHOCTHKH,
HarpuMep, SKCHEPTHBIC CHCTEMBI, KOTOPHIE 3aHMMAIOTCS pEILICHHEM He(pOpPMaIN30BaHHBIX 33ja4, TPeOYIOLMIMX
HecTaHapTHOro moxaxona. OmHON W3 CIOXHEHIMX HePOpMaIM3MPYEMbIX 3aJad MEAWIMHCKOW IUarHOCTUKU
ABJISIETCS OJb(haKTOMETPHYECKOE UCCIIEIOBaHNE.

CyniecTByeT MHOXECTBO METOJIOB OLIEHKH OOOHSITEIbHBIX HAapYyLIeHUH, cpean HUX Haubosee nomyisapHsl Sniffing
sticks test, University of Pennsylvania Smell Identification Test (UPSIT) u apyrume [2], ogHaKo TJIaBHBIM HX
pa3nuYIreM SBISETCS KOTMIECTBO MCIIONB3YEMBIX OIOPUBEKTOPOB, UTO 3aTPYIHSACT (hOpMATN3AINI0 00OHATEIBHBIX
HapymeHnd. IloaToMy mpeacTaBiseTcss IIeTIecOO0pa3HBIM MPEUIOKUTh WHTETPAIBHBIN KPUTEPUl  OICHKH
00OHATENbHBIX HapylIeHUH. BIOOp 0I0pUBEKTOPOB B OOOHATENHHBIX TECTAaX TakKKe 00YCIOBIICH TeorpaduIecKuM
(hakTOpOM: OOOHATEIBHBIC CTUMYJIBI JOJDKHBI OBITH JIETKOY3HaBaeMBIMU oOciexyeMbM. Emie ogHAM acekToM I
3¢ (eKTUBHOTO 0JIB(AaKTOMETPUIECKOTO MCCIICTOBAHMS SBISCTCS NMPUMEHEHHE OOBEKTUBHBIX CPEICTB M3MEPEHHS,
OTCYTCTBUE OOBEKTUBHOCTH SBJISIETCSI HEOCTAaTKOM caMbIxX romyisipHbix TectoB (UPSIT, Sniffing sticks test u ap.).

VYuuTeiBasi BBIILIEH3JIOKEHHOE, MPEACTABIsIETCS HEOOXOAMMBIM pa3padoTaTh HHTErPalbHBIM  IOKa3aTelb
OOOHSTENBHONW YYBCTBUTEIBHOCTH C LENbIO (pOpPMAM3alMU AWArHOCTHYECKUX IAHHBIX IPU Pa3pabOTKe CHUCTEM
NOJJICP)KKA TPHUHATHS pEIICHWH Ha OCHOBE CHOCO0a TMOBBIMEHUS OOBEKTUBHOCTH OJb(PAKTOMETPHUECKHUX
uccieoBaHui [3-4], ¢ NOMOIIBIO KOTOPOTO MOJKHO BBINOJNHATH OOBEKTHBHBIE HCCIIEIOBAHUS JAbIXaTEIbHO-
00OHATENBHBIX HAPYIICHUH W OH MOJTHOCTHIO YIOBIETBOPSIET MPEABABIACMBIM TPEOOBAHUSAM.

Heo0xonnMo BHIITOTHUTE ONpENEIeHHe BaXHOCTH OTOOpaHHBIX YACTHBIX ITOKa3aTelied (CTeNeHb ONTyIICHHUS
OJIOPUBEKTOPOB), OPYTUMH CJIOBaMH, BECOBBIX KO3(P(PHUINEHTOB, HCMOIB3YEMBIX B HMHTETPATBHBIX (YHKIHAX.
OmHUM M3 CcaMBbIX paclpOCTPaHEHHBIX CIOCOOOB ONPENCICHNUS BECOBBIX KOA(D(HUIIMEHTOB SBISETCS METON
SKCIEPTHHIX OIICHOK (MpHMUCHIBaHUSA OamnoB). B oTimume oT Meroma paHXHpPOBAaHUS 34ECh DKCIEPTHl B
3aBHCHMOCTH OT Ba)XHOCTH MOKa3aTelsl BRICTABIAIOT O0amtsl oT 0 1o 10, mpudem paspemaeTcs OIeHNBaTh BaXKHOCTh
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MoKazaTessi APOOHBIMH BEJIMYMHAMM, a TAKXKE pPa3HbIM I10KA3aTeNIsIM MOXKHO HPUIHCATh OJWHAKOBBIC OaluIbl.
JkcnepraMm OTOPHHOJIAPUHTOJIOraM OBLIH IPEJIOKEHBI OIPOCHUKH, TAE MPeUIarainoch NpocTaBuTh Oayuisl ot 1 10
10 mo cTeneHW Ba)KHOCTH NPUMEHEHMs! OOpUBEKTOpPOB (1 — HacTolKa BaJepbsiHBI, 2 — YKCYCHas KHCJIOTa, 3 —
HaIIATHIPHBIA CIUPT) AJIS BBISIBICHHST OOOHSATENbHBIX HapymeHuil. [ne 1 6amn — He BakeH, 5 — cpeiHel Ba)KHOCTH,

10 — oueHb BaxkeH. 3aTeM OIIpEACIsIIN BEC KAXKAOI0 MOKa3aTeId ’/;'j , IOACUUTAHHOI'O KaX/JbIM 3KCIICPTOM.

CornacHO MeTOIy IPUIUCHIBAaHUA OaILIOB [5]:

&

ij m ?

2

Jj=1

rae 7, —Bec j-TO TIOKa3aTessl, OMPENCIEHHBIM i-M JKCIEPTOM, hi/ — 0am1 i-To JKCIepTa, BRICTABICHHBIA j-My

MOKAa3aTel0, M — KOJIMYECTBO Mmokaszarelnieit. OKOHYATENbHO BECOBbIE KOI((DHUIMEHTHI TOKa3aTeNiedl OnpeessiFoTcs
o Gopmyie:

rAe n — YrCJI0 OKCIICPTOB.

Tabmuna 1 — Onpenenenne BecoBbIX KO3 (HUIIMEHTOB METOIOM IPHUITUCHIBAHUS OaLIOB

Bamnaer mokazareneit Beca noxazareneit
Jwenepret n, L) N ey T o) T
1 10 10 5 25 0,400 0,400 0,200
2 10 8 0 18 0,556 0,444 0,000
3 10 5 0 15 0,667 0,333 0,000
4 9 3 1 13 0,692 0,231 0,077
5 10 2 0 12 0,833 0,167 0,000
6 10 3 1 14 0,714 0,214 0,071
7 10 1 0 11 0,909 0,091 0,000
8 9 5 1 15 0,600 0,333 0,067
9 10 7 1 18 0,556 0,389 0,056
cymma 5,927 2,603 0,471

Becosrie K03(1)(1)I/IIII/IGHTLI MNPpUMYT CICAYIONINEC 3HAYCHUA:

=3927 659 |
w, = 2803 _ 0 289,
w, =247 052

MaiieHbkoe 3HaueHne BecoBOro kodpduumenta onopusexktopa 3 (mawatbipubiii crmpr) Wy =0,052 ne

O3HA4YacT, 4YTO MaHHBIA TIOKa3aTellb HE IOJDKEH y4aCTBOBaTb B HHTeI‘paHBHOﬁ OIICHKE OOOHSITEIBHOM
YYBCTBUTCJIBbHOCTH. HaHIaTLIpHLIﬁ CIupT I/IH(l)OpMaTI/IBeH TOJIBKO TOrJa, Korja OTCYTCTBYIOT IIOKa3aTCJIM IIpU
HCCICO0OBAaHUN Ha HaCTOfIKy BaJICPbSAHBI U yKCYCHOﬁ KHCJIOTBI, TO €CThb IIPU aHOCMHUHU, HO TIPU 3TOM 00OHSTENBHO-
BKYCOBasi 4yBCTBUTCIILHOCTb OCTACTCA (byHKIlPIOHprIOHIGﬁ.
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Takum o0Opa3om, ompeneieHsl BecoBble K0d(dUIMEHTH (METOJOM INPHUIHMCHIBAHHMS 0ajUIOB) OIIYLICHUS TpeX
OJIOPUBEKTOPOB IO CHOCOOY MOBBINIEHHSI OOBEKTUBHOCTH OJIb(AKTOMETPUUECKUX MCCIIEIOBAHUN ISl ONIpeeTICHUS
MHTETPAJIBHOIO IIOKa3aTeNsl OOOHSTENBHONW YYBCTBUTEIBHOCTH TIPH TOJNACPKKE NPUHATHS PEIICHUH s
0JIb()AKTOMETPUUYECKOM AUATHOCTHKE.
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METOIMKA 3ACTOCYBAHHS BEUBJIET-AHAJI3Y JIJISI OIIHKH
OYHKIIOHAJIBHOI'O CTAHY OPTAHI3MY JIIOJIMHHU

[Ipedcmassaeno MemoduKky 3acmocy8aHHs 6a/em-aHaAaizy 045 OyiHku PYHKYIOHAAbHO20 CMAHy Op2aHiamy
A100UHU 3 3CMOCYBAHHAM CY4ACHUX 6€3np0o8iIOHUX MedUYHUX 2adicemis.

06'ekmusHa oyiHka pobomu cepys € [HMe2pamueHOl XAPAKMepPUCMUKow, Wo J0360/14€ KOMNJIEKCHO ma
cucmemHo oyiHumu PyHKyioHaabHull cmaH 300poe’ss AJuHU 8 yinomy. AHaai3 eapiabeabHocmi cepyesozo pummy - ye
MmexHo/102is1 8uBYeHHsI [ OYiHKU eezemamusHoi pezyasiyii izionoziuHux @yHkyil, wo noe'ssaHa 3 BUKOPUCMAHHIM
npoepamHoO-anapamHux KOMn/aekcis, siki noguHHI 3abeaneyumu HaditiHe 3Hamms iHopmayii, HadiliHe po3nizHagaHHs1 ma
suMiproeaHHs kapdioiHmepsaie 3 N06y3d0801 MuM4aco8ux OUHAMIYHUX ps1die i 3acmocysaHHst 00 HUX CIMaHAapmu308aHux
Mamemamu4Hux npoyedyp aHa.nisy. B danuil wac akmyanbHow € po3pobka npozHOCMU4HUX Modesell Ha OCHO8I OYiHKU
nomo4Ho20 @YHKYIOHAIbHO20 CMAHY Op2aHi3My 3d O00NOMO20K0 ABMOMAMU308AHUX KOMNJAEKCI8 04 aHaaizy ma
sizyanizayii RR-inmepsabHo20 psidy.

Karwuosi caosa: selisesnem-ananis, kapdioinmepsanozpagis, pummozpama, cnekmpaabHull aHais.

IGOR KHUDETSKYY, JULIJA ANTONOVA-RAFI, ANASTASIA SHEVCHUK
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, UKRAINE, Kyiv
igorkhudetskyy@gmail.com

APPLICATION OF WAVELET ANALYSIS METHOD TO ASSESS THE FUNCTIONAL STATE OF THE HUMAN
BODY

An objective evaluation of the heart's work by an integrative characteristic that allows a complex and systemic
assessment of the functional state of human health as a whole. The analysis of heart rate variability is a technology for studying
and evaluating the vegetative regulation of physiological functions associated with the use of software and hardware complexes
that must provide reliable information retrieval, reliable recognition and measurement of cardio intervals with the construction
of temporary dynamic series and the application of standardized mathematical analysis procedures to them. At present,
development of prognostic models based on the evaluation of the current functional state of the organism using automated
complexes for analysis and visualization of the RR-interval series is actual.

HRYV analysis is associated with the use of hardware and software systems that must ensure reliable information
retrieval, reliable recognition and measurement of cardio intervals with the construction of temporary dynamic series and the
application of standardized mathematical analysis procedures to them. The use of the wavelet analysis apparatus for processing
medical information is the most promising in comparison with other methods. It is his use that allows us to identify key
diagnostic features and obtain a frequency-time characteristic of the signal under study.

We propose the use of modern hardware and software systems based on the use of wireless technologies that could
contain both long-term and short-term recording modes and could conduct a monitoring analysis of the rhetoric of dispersion. If
they go beyond the limits of the norm, they could provide the transfer of information to the server for the coincidence of data and
Sfurther dispatch to a medical institution for detailed analysis

Key words - wavelet analysis, cardiointervalography, rhythmogram, spectral analysis.

BusHaueHHs CTaHy OpraHi3My JIFOJUHH B PEabHOMY PEKUMI yacy 0e3 0OMEXEHHS MOMIIMBOCTI 1i 3BUYaHOL
MOBCSKJICHHOT TiSTTHHOCTI € BAXKIIMBUM 3aBIAHHSIM I Cy9acHOi MeauuuHu. Lle B cBOIO uepry motpedye BUPIMICHHS
psaay nutanb. [lepm 3a Bce 1e BUOIp MakCHUMaibHO iH()OPMATHBHOIO MOKa3HHWKA (PYHKIIOHATIBHOTO CTaHy. [HIIe
MUTAHHS 116 MOXJIUBICTh PEECTPALIil IIPOTO MOKA3HUKA 3 3aCTOCYBAaHHIM HOCUMHUX OC3MPOBITHUX TaKETIB.

Ilum BUMOTaM BiAMOBINAIOTH MOKA3HWKHU BapiabenbHOCTI cepueBoro putmy (BCP). B manuit wac putm cepus
PO3TIIIAE€THCS HE TUIBKM K MOKAa3HUK BIACHO! (YHKIII CHHOATPiaIbHOTO BY3Ja K BOJIS PUTMY, ane B OiIbIIiit
Mipi SIK iHTETpaJbHUN Mapkep CTaHy Oe3Jidi CHUCTeM, IO 3a0e3MedyloTh roMeocta3 opraHismy. [lo cTpykTypi
CEpIIEBOTO PHUTMY, 3aKJIaJICHOTO B MOCTiNOBHOCTI RR-iHTepBamiB, MOXKHA CYIUTH TPO aJanTalliiiHi MeXaHi3Mu,
piBeHb (DyHKIIOHYBaHHS BET€TATHBHOI MiJICUCTEMH OPraHi3My, 110 J03BOJISIE BUSIBUTH PEaKiilo OpPraHi3My JIIOJUHA
Ha CTpEC, a TaKOXK MPOBECTH CKCIIpec-aHalli3 MOTOYHOro craHy. JlaHa METOIWKa BIAMOBIA€ 1 iHIIH BHUMO3i —
CTBOPCHHIO HEIHBa3WBHOI OE3MPOBIIHOT HOCHMOT anapaTypH, 0 J03BOJIIE OTPUMYBATH HEOOXiTHY iH(OpMAIIIIO HE
00OMEXXYIOUH MAIlieHTa B HOTO MOBCIKACHHIN MisUTBHOCTI. 3 OISy HA ITUPOKI MEPCICKTHBH PO3BUTKY METOAY, THM
OinbIie BaXKIMBO 3a0€3MEUYWTH WOTO CTAaHAAPTH3AIII0 1 TMOPIBHAHHICTh JaHHWX, OJICPKYBaHUX PI3HUMH
nmociigaukamu[1].

BuainstoTe HACTYIIHI TPYIIH METO/IIB OIliIHKHA BapiabeIbHOCTI CEPIIEBOTO PUTMY:

. METOJIM YaCOBOi 00JIACTI - CIIUPAIOTHCS HAa CTATUCTHYHI METOM Ta HANpaBIlIeH! Ha JOCIIHKSHHS 3aralbHOT
BapiabenbHOCTI;

. METOJM YaCTOTHOI 00JIACTI - TOCIHIPKEHHSI IePioANIHUX cKianoBux BCP;

. iHTerpanbHi nokasHuku BCP (BigHOCATH aBTOKOpEISLIMHUN aHaNi3 1 KOpelsuiiHy purMorpadiro).

Jis mocnimkeHHs (heHOMEHa Peryisilii CepleBOoro pUTMy aHATOMIYHUMHE CTPYKTYPaMHU 3aCTOCOBYETHCS aHAII3
BCP, a6o meronm kapmiointepBanorpadii. CyTs MeTomuku KapzaioiHTepBasorpadii monsrac B HACTYITHOMY.
Peectpyetnesa enextpokapmiorpama (EKI') B Tppox ocHOBHHX BifBemeHHsX (JliBa pyka — IpaBa pykKa, JiiBa pyka -
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JiBa HOTa, IpaBa pyka - JiBa Hora). 3a orpuManolo EKI" BuzHauaroThcst iHTEpBanu Mix cycigHiMu R-3yOusmu, siki
Ha3uBaloThcsi RR-iHTepBanu, abo kapuiointepanu. [[ns peamizauii ananisy BapiaOesbHOCTI CEpPLIEBOTO PUTMY
HeoOxinHo Bix 100 (i miniitHOTO aHamnizy) no 3000 (aus HeniHIMHOTO aHANi3Y) KapaioiHTepBaiiB. [aii mpoBoaiTh
CTaTHUCTHYHUH, ricTorpadiuHuii, KOPEJSLIHHMI 1 CIeKTpaJIbHUI aHali3 PUTMOTpaM.

CraTHCTHYHI METOAM 3acHOBaHi Ha BuMipi NN-iHTepBalliB, a TaKOK HA TMOPIBHSAHHI MMOKa3HWKIB. BOHN nmaroTh
KUTbKICHY OIIHKY BapiaOenbHOCTI. TlamieHT micas 00CTe)XXEeHHS OTPUMYE KaplioiHTepBajIorpamy, sika MpeICcTaBIsie
coboro cykymHicTh RR-iHTepBamiB, sKi BinoOpakatoThCs OIMH 32 OJHUM [2].

Jltst aHami3y KapaioiHTepBaorpaMyu BUKOPUCTOBYIOTHCSI HACTYIIHI KPUTEPIi.

. SDNN - crangaptHe BigxwieHHs Bcix NN-iHTepBaiiB. BimoOpaxae Bci mepiofnuHi CKJIagoBi
BapiabeNbHOCTI 32 Yac 3amucy, To0To € cymapHuM rokasHukom BCP;

. RMSSD - nani ouinku criBBigHOIICHHS NN-1HTEpBaIiB;

. pNNS50 - neit kputepiit npencrasise BigHomeHnHss NN-iHTepBajiB, sIKi BIAPI3HAIOTHCS OJUH BiJl OJHOTO
Oinpm Hik Ha 50 Mc, 13 3aranbHUM gnciaoM NN-iHTepBalliB.

Jnst ananizy BCP BHKOPHUCTOBYIOTBCS Takok TreoMeTpwduHi MmeTomu. CyTh Tonsira€ B OTPUMaHHI 3aKOHY
PO3MOAiTy KapAioiHTEePBalliB K BHIIAJKOBHX BEIWYHH. PO3MOAiT TpHBaIOCTI KapaioiHTEpBaliB BimoOpakaloTh Ha
ricTorpami.

VY crpecoBux cHTyalisix, a TakOX IpU NATOJOTIYHMX CTaHax JjiarpamMa OyJae 3 TOCTPOIO BEPIIMHOIO
(excuecnBHa). AcMMETpUYHA jiarpaMa CIIOCTEpIraeTbesl MPU HEPEeXifHUX Npolecax, MOPYIICHHI CTaliOHApHOTO
npouecy. baraTtoBepiinHHa fiarpaMa CBiIUUTh PO HECHHYCOBHUH PUTM (€KCTPACUCTOJIi1, MUTOTINBOI apUTMii).

l'eomeTpuuHi MeTOAM JO3BOJSIOTH OLIHUTH BapiaOelbHICTh CEPLEBOr0 PHUTMY 3a JIONMOMOIOI0 HACTYIHHUX
mapaMeTpiB: MOJH, aMIUTITYAH MOJAM i BapiariitHoro po3maxy. Moaa (Mo) - BiamoBigae kinbkocti RR-iHTEpBaNiB,
SKi 3yCTPIYarOThCS HAMOIIBII YacTo, OTXKE, TO3BOJISIOTH OI[IHUTH PEalbHUH CTaH CHUCTEM PEryJsIlii TalieHra.
Awmmmityna moan (AMo) - mokasye dYacTKy iHTepBalliB, fKi BiAMOBiNAIOTH 3HaueHHsAM Monw. lleit mapamerp
BimoOpakae cTabimizyrounii eekT meHTpalizamii ynpaBiiHHS CeplieBUM pUTMOM. Bapiamiiitauii po3max (VAR) -
BIJITIOBIZIa€ Pi3HMIII MK TPUBANICTIO HAWOLIBIIOro i HaliMeHImoOro iHtepsainiB. s Toro, mo0 OILIHUTU CTYMiHbB
ajanTamii CepreBO-CyTUHHOI CHCTEeMH IO Pi3HHX (DaKTOpIiB i TMOAMBHUTHUCS CTYIiHb PETYNALii JaHUX MPOICCIB
BUKOPHCTOBYIOTBCS JO/IATKOBI ITAPaMETPH, SIKI pO3paxoBYIOThCs. J|0 HUX BIHOCSTB 1H/ICKC BEr€TaTUBHOI piBHOBaru
(IBP), moxasumk aneksarHocti mporeciB perymsuii (ITAIIP), inpexc Hampyrm perymstopHux cucrem (IH),
BereTaTuBHUMA MokasHWK putMmy (BIIP). IHmexc BereTaTwBHOI piBHOBArW MOKAa3ye CITIBBITHONICHHS BIUIMBY Ha
CEepIEBO-CYJMHHY CHCTEMY CHMITATHYHOI 1 MapacUMIaTHIHOI cucTteM. [oKa3HUK aJleKBaTHOCTI MPOIECIB PEryJImii
JO3BOJISIE BH3HAYHTH BIUIMB HAa CHHYCOBHH BY30J CHMIIATHYHOTO BiAminy. BererarnBHWII TMOKa3HHUK PUTMY
BimoOpakae OasaHC perysimii poOOTH CepleBO-CyIMHHOI CHCTEMH 3 OOKY CHMITATUYHOTO 1 MapacUMIaTHYHOTO
BiJTUTy BEreTaTHBHOI HEPBOBOI cuCTEeMH. [HIEKC HANpyru BKa3ye Ha CTYIIHb BIUIMBY HEPBOBOI CHCTEMH Ha poOOTYy
cepI.

ABTOKOpEISILIHHUNA aHalli3 BUKOPUCTOBYETHCS JIUISL OLIHKHM CEPLIEBOIO PUTMY, SIK BHIIAJIKOBOTO Ipouecy. SBise
co0010 SIKICHMIT aHali3, 3a JaHUMH SIKOT'O MOXKHa CyJIUTH PO BIUIMB Ha aBTOHOMHY CHCTEMY Ceplisl LEHTPaJIbHOI
JIAHKH.

Kopensmiiitna putmorpagiss ado ckareporpadis - me rpadidHe BimoOpakeHHS PO3MOAITYy KapAioiHTEpBaiB
(ToTrepeIHLOTO 1 HACTYITHOTO) B NIBOMIpHIM KOOpAWHATHIN TutomuHi. [Tpu mpoMy mo oci aGCIuC BiAKIama€ThCs
BenmunHa R-Ri, a mo oci opamnar - BenmmunHa R-Ri + 1. ['padik i 06:1acTh TOYOK, OTpUMaHUX TAKUM YHHOM (TIISIMHU
[Tyankape abo JlopeHua), Ha3MBAETHCS KOPEILIIHOI pUTMOrpaMoro, abo ckareporpamoto. Lleit crnoci6 orinkn
BCP BimHOCHUTBCS O METOJIB HEITIHIHHOTO aHAJ3y Ta OCOOJIMBO JJIs PO3Ii3HABAHHS 1 aHANI3y CEPICBUX apUTMIH.
Ha putmorpami BUAIISIOTE «XMapy» - €JIIIC, KU BIANOBIJae CTaHAAPTHOMY BinxuieHHIO Bcix NN-iHTEpBais.
3aBISIKM  IIbOMY METOMYy MOXHA OIIHUTH AaKTUBHICTh CHUMIIATHYHOI BEreTaTUBHOI HEPBOBOI CHCTEMH IIO
BiJTHOIIIEHHIO JI0 cepiis. Y 37J0pOBOi JTIOAWHH Ha CKaTepOorpaMi eine Oy/ie BUTATHYTHH y3IOBX OicekTpucu [3].

3acTrocyBaHHS METONy CHeKTpanbHoro aHaiuizy BCP mo3Bomse KinbKiCHO OLIHHUTH BIUIMB Ha poOOTY cepus
PI3HHX pETYISITOPHUX CHCTeM. BHIULIFOTP TP OCHOBHHMX CIIEKTpajJbHHUX KOMIIOHEHTa, SKi BiAMOBITAIOThH
KOJIMBAaHHSM DPUTMY cepIlsl pi3Hoi mepiogmuHocTi — BucokodactotHi (HighFrequency - HF), musskouacToTHI
(LowFrequency - LF) i nyxe HusskovactoTHi (VeryLowFrequency - VLF) koMnoHeHTH, SIKi BUKOPHUCTOBYIOTHCS
npu kopoTtkouacHoMy 3amuci EKT (Taou. 1).

TApIMI 1 KOMIIOHEHTU CIIEKTPY

HasBa YacToTHuUii Ilepion, cex
KOMIIOHEHTIB naiamazos, I'n
CIEKTPY
HF 0,4-0,15 2,5-6,6
LF 0,15-0,04 6,6 — 25,0
VLF 0,04 -0,015 25,0 - 66,0
ULF Menmre 0,015 Binsmie 66,0
JImst  TpuBamMX 3amWCiB  BUKOPHCTOBYIOTH TaKOX JOJATKOBI KOMIIOHEHTH - YJIbTPaHHU3bKOYACTOTHI

(UltraLowFrequency (ULF). HF xoMIOHEHT MOB's3aHMi 3 AMXATBPHAMH PyXaMH 1 BijoOpakae BILTUB HA POOOTY
cepiis 0mykarouoro Hepea. LF KOMIIOHEHT XapaKkTepu3ye BIUIMB HA CEPICBHI PUTM K CHMIATHYHOTO BIIJILTY, TaK i
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napacumnaruyHoro. VLF i1 ULF komnoneHTH BitoOpaxaloTh Ait0 pi3HUX (aKTOpiB, 10 SIKUX BIIHOCITH, HAPUKIIAJ,
CYIUMHHHH TOHYC, CHCTEMY TepMoperyismii i in. Baximeumu nmapamerpamu € Takox TF - 3arajipHa MOTYXHICTB
crnekrpa, inaekc nenrpanizanii IC (obuncmoerses 3a ¢popmynoto (HF + LF) / VLF)) i iHgekc BarocuMnaTHYHUX
B3aemoniit LF / HF. TF - no3Bossie ouiHUTH cyMapHy aKTHBHOCTI BIUIMBIB Ha PUTM CEpIisl BEreTaTUBHOI HEPBOBOL
cuctemu. LF / HF - xapaktepusye OanaHc BIUTUBY Ha CEpIle MapacHMITATUIHOTO 1 CHMIIATHYHOTO BiIIITIiB.

IIpu 06poOIIi cUrHAITIB 31 3MIHHUMH YaCTOTHO-9YaCOBUMH TTapaMeTpaMH HAWO1IbIII MEPCIIEKTUBHUM Y HaIll Jac €
BUKOPUCTAHHS BEHBIIET-aHANi3y, a caMe TaK3BaHEBEUBJIET-TIEPETBOPEHHS, SKe Mae Oe3CyMHIBHI IEpeBaru mepen
inmmu. [leperBopennst Dyp'e, sike 4aCTO BUKOPUCTOBYETHCS, TIPEACTABIISE CUTHAN, 3alaHAH B 4acoBiil o0nacTi y
BUIJIAJI PO3KJIAJAHHSA 110 OPTOTOHAIBHUX 0a3ncHMX (YHKUIAX (CHHYycaM 1 KOCHHYCaM), BHAUISIOYM YacTOTHI
kommoHeHTn. Henmonix mneperBopenHs ®Dyp'e monsrae B TOMy, IO YacTOTHI KOMIIOHEHTH HE MOXYTb OYyTH
JoKai3oBaHi B yaci. [{e 00yMOBITIOE HOT0 3aCTOCOBHICTB TIIBKHU JI0 aHANI3Y CTAllIOHAPHUX CUTHAIIB.

BinpiiicTh MEIUYHUX CUTHATIB Ma€ CKJIAJHI YaCTOTHO-4acOBI XapaKTEPUCTUKH. YacTo Taki CHIHAIH
CKJIaJIAI0ThCA 3 ONMM3BKHX 3@ 9acOM, KOPOTKOKMBYUHX BHCOKO-9aCTOTHIX KOMITOHEHTIB 1 TOBTOTPUBAIINX, OJM3BKUX
10 9aCTOTi HU3bKOYACTOTHUX KOMITOHEHTIB [4].

Jis aHamizy TakWxX CHTHAJiB MOTPiOEH MeTon, 1o 3abe3medye XOpoIle O3BLUI 1Mo 9acToTi 1 mo gacy. Ilepre
TOTPiOHO IS JIOKaMi3allii HU3bKOYACTOTHUX CKIIQJOBHX, APYTE - IJIS JO3BOJY KOMIIOHEHTIB BHCOKOi YacTOTH. Y
pasi BeHBIICT-IIEPETBOPEHHS HECTAI[IOHAPHUN CHTHAN aHANI3YEThCS IIJISIXOM PO3KIAJaHHS M0 0a3sUCHUX (DYHKINISX,
OTPHUMAaHUM 3 JESKOTO NMPOTOTHITY LIISXOM CTHCHEHB, PO3TSATHEHD 1 3CYBiB. PO3pi3HSIOTH AUCKpETHE 1 Oe3mepepBHE
BeiiBneT-niepeTBOPECHHS, SIKi MOJKHA 3aCTOCOBYBATH SK JIJIsl OC3MEPEePBHUX, TaK 1 ISl TUCKPETHUX CUTHANIB. CUrHam
AHAII3Y€ETHCS MUISIXOM PO3KIIAIaHHs M0 0a3UCHUX (YHKIISX, OTPUMAHUM 3 JISSIKOTO MPOTOTUITY. DYHKIIS-IPOTOTUT
Ha3WBAETHCS aHATI3YIOTh (MATEPUHCHKUM) BEHBIIETOM.

Meton monitopunary EKI' € omamM 3 HalBaXIMBIMIMX HEIHBa3MBHHUX IHCTPYMEHTIB MIaTHOCTHUKU CEPIIEBHUX
3axXBOpIOBaHb. B HaIl 4ac 3HaYHOTO MOIIMPEHHS Ta BIOCKOHAJICHHS HaOysia TeJIeKOMYHIKamiiHa iHppacTpyKTypa.
IIpencraBneHa Beauka KiIBKICTh MiAXOMIB, CIPIMOBAHUX Ha PO3BUTOK TEIEMETPUIHHUX KapIiOJIOTIYHUX PUCTPOIB.
Tenemerpuuni npuctpoi EKI" mo3BosoTh nerko i meuako koutpontoBatd EKI™ nmamieHTiB 3 mio3poro Ha ceplieBi
mm3dynknii. CydacHi cuctemu ananizy BCP  103BossiIOTH OTpHMYBaTH 300paXKCHHS CIIEKTPOTpaM uepe3 IEBHi
MIPOMIXKKH 4acy JJIsl OLIHKM JUHAMIKH KOMITOHEHTIB CIIEKTpa ITijl 4ac JOCHIipKeHHs [S].

B mnam wac po3poOiieHa BeiMKa KUIbKICTh amapaTHO-IPOrpaMuX KOMIUIEKCIB JuIs peaji3alii MEeTOIHKH
kapmaioiatepBanorpadii («Bapikapm», «Bira-Putm», « BHC-Putm», «BHC-Bita» i «BHC-Cnektpy, «HetipocodT»,
«Kapam»). BpaxoBytounm cywacHi peamiii mopsm i3 SKICTIO OIEpKyBaHHX pe3yJbTaTiB Ta (HYHKIIOHAIEHUMHU
MOXIJIMBOCTSIMH arapaTiB OJIHAM i3 BOKJIMBHUX acCIeEKTiB € iX IiHa. Bci 3a3HaveHi amapaTHO-TIPOTPaMHI KOMITIEKCH
TIPAITIOIOTh CITITFHO 3 KOMITIOTEPOM 1 3a0e31edyoTh GOpMYyBaHHS TUHAMIYHHUX PAIIB KapAiOiHTEPBATIB 3 YaCTOTOIO
JICKpeTH3allii enextpokapaiorpadignoro cursany go 1000 I'p i Bumne. Tounicts BuMiproBanHs RR-inTepBanis + 1
Mc. [IpoTe B cydacHUX pealisfix aKTyaJIbHUM € IPOBEICHHS MOHITOPHHTY CTaHy MAIliEHTa B aMOYJIATOPHUX yMOBaXx.
[MauwienTn 3 cepueBMMH IpoOieMaMM, a TaKOX 310pPOBI JIIOAW Temep MOXyTh peectpyBatH curHamu EKI i
BIJITIPABJIATH X JIiKapsiM a00 MEIMYHHUM IICHTPaM 3 BUKOPHUCTAHHSM TEJICKOMYHIKAIIMHAX TEXHOJOTIH, 10 TI03BOJISE
BrirounTH 3anuc EKT He3anexxHo Bif micus 1 gacy [6]. 3 IBHIMCH pi3HI MPUCTPOI SAKi 3a0€3MeUyIOTh 3pYUHICTh Y
TTOBCSIKIGHHOMY BHKOPHCTaHHI NIPY HOCIHHI HA PEMEHSAX YH MiJ OISIroM. 3a OCTaHHI KiTbKa POKiB 3'ABHIIOCS Oe3imid
nmonatkiB ans BumiptoBaHHs EKI' 3 BukopucTanHsMm cMmapT(oHIB a0o0 cremiani3oBaHUX MOPTATHBHUX IPHUIIAIIB.
OnHak SKICTh 3alMCAaHUX CHUTHANIB 3aJIIIAETHCS OCHOBHOKO TEPEITKOAO0 JJIs 3aMIICHHsS] CUTHAIIB, 3aIllMCaHuX
CTaHJAPTHAUMU MOKPUMU aJIr€3MBHUAMH CIICKTPOJAMH, sIKi SK 1 paHillle € MEPEeBAXHUMHU JJIs JTOBrOTPUBAIIOTO
3amucy. [lorana sKiCTh CHUTHANY i, K HACNIJOK, HU3bKA KJITiHIYHA 3HAYMMICTh € OCHOBHOIO IPUYWHOK HEUiTKOT
Kiacudikauii Ta IOMUIKOBOI IHTEpIpeTalii cepleBUX CKOPOUeHb 3 apTedakramu. ToMy BUKOPUCTaHHS CMapT(HOHIB
€ HeIOUUIBHUM Ta HeMae (QyHKIIOHAILHOTO OOTPYHTYBaHHSI.

Mpu nponoHy€eMO BHKOPHCTaHHS CY9aCHUX amapaTHO-IIPOTrpaMHUX KOMIUIEKCIB, III0 3aCHOBaHI Ha BUKOPHCTaHHI
0e3IpOTOBHUX TEXHOJIOTIH 110 MOTJI O MICTHTH SIK JOBIOCTPOKOBI TaK i KOPOTKOTPHUBAJI PEKUMH 3aITUCY TA MOTJIH
TPOBOJUTH MOHITOPHUHTOBUH aHaii3 puTMorpaMm o aucnepcii. [lpm Buxomi 3a Mexi HOpMH BOHH MOTIH 0O
3a0e3neduyBaTy nepenady iHpopmarii Ha cepBep A 30iraHHS JaHUX Ta MOJANBITY BiANPAaBKY B MEAWIHHUN 3aKiaj
JUISL IeTalbHOTO aHauizy (puc. 1)
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3AK/IOYEHHS

Teopetnuni ocHoBu ananizy BCP moOBHWHHI CIIy)XUTH 3aBIaHHAM KIIHIKOQI310JOTIYHOT 1HTEepHpeTaltii
pe3yNbTaTIiB JOCTIKEHb. YCIX BIPOBA/PKCHHS HOBOI METOJOJIOTIi B MPaKTHKy 0araTo B YOMY 3alIeXKHUTh BiJl
HasBHOCTI aJIeKBaTHMX TEXHIYHMX 3aco0iB. AHamiz BCP moB's3aHuili 3 BUKOPHCTaHHSIM anapaTHO-IIPOTPaMHHUX
KOMIUIEKCIB, sIKi TOBUHHI 320€3MeYNTH HAIIHHUKA 3HIMaHHS iH(OpMalil, HaliiiHe pO3Ii3HaBaHHS Ta BUMIipPIOBAHHS
KapliOiHTEPBATiB 3 MOOYJOBOK THUMYACOBHX JTUHAMIYHHMX PsOiB 1 3aCTOCYBaHHS JI0 HUX CTaHJAPTU30BAHUX
MaTeMaTHYHUX MpoLeayp aHanizy. BukopucranHs anapary BeifBieT-aHanizy ais oOpoOKH MenudHOI iH(popMarii €
HaHOUTBII TEPCIEKTHBHUM y TIOPIBHSAHHI 3 iHMMMH MeToaamu. CaMe HOTO BHUKOPHCTaHHS JO03BOJISIE BUSBUTH
KITFOYOBi 1IarHOCTUYHI O3HAKH 1 OTPHMATH YaCTOTHO-YaCOBY XapaKTEPUCTHKY TOCIiKYBaHOTO CUTHAIY.
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IMPROVING THE ACCRACY OF NAVIGATION BY BATIMETRICHNOYI NAVIGATION SYSTEM

In this regard, great importance is the problem of the automation of navigation near the coast and the main part is to
automate the process of determining the location of the vessel. With the reduction in the maneuverability of large vessels, as well
as with increasing precipitation the need arose to significantly improve the accuracy of the methods and means of determining
the place of the vessel. Even more stringent requirements on the accuracy of determining the location are presented in terms of
swimming in channels, narrow waters, ports and coastal voyages. The essential navigational information provided by various
navigation systems, interactive navigation devices, allowing to identify main parameters you need to know to skippers to ensure
the safety of navigation: ship's course, the static and dynamic angles of roll and pitch, vessel speed, distance traveled, sea depth
under the keel. This information serves as the basis the functioning of the various systems of automatic control of ship motion.

But the presence of only such an Autonomous navigation system and the above uses of depth with the use of outdated
technologies not allows determining the location of the vessel with a given. The most widely Autonomous navigation system
consisting sensors of the course and speed. In theory, marine navigation, there are also ways to define and Refine the positions
of vessels in the depths.

The theoretical basis of correlation-extreme navigation systems with a combination of maps and set working depth.
Shown something must pridiliti pidvischenu attention bathymetric navigation system for finding the ship.

Keywords: seabed topography, navigation system, ship management system, location-ship.

31 3MEHIICHHSM MaHEBPEHOCTI BEJIMKOTOHHAXXHUX CYAEH, a TakoX 31 30UIbIICHHSAM iX Omaau BUHHKIA
HEOOXIHICTh ICTOTHO MiJBUINUTH TOYHICTH METONIB 1 3ac00iB BH3Ha4YeHHs Micus cynaHa. llle Oumemn »opcTki
BUMOTH 0 TOYHOCTI BH3HAYEHHS MicUs TPEA'SBIAIOTHCS B YMOBaxX IUIABaHHS B KaHAJIAX, Y3KOCTSX, MOPTax i
nprbepeXkHOMY IUTaBaHHI. Y 3BSI3KY 3 MM BeNWKE 3HAa4eHHS HaOyBae mpolieMa aBTOMAaTH3alii BCHOTO MPOIECY
CYITHOBOJIiHHS TT00OIM3y OeperiB 1 ii OCHOBHA YacTHHA - aBTOMATH3AIlisl IPOIECY BU3HAYEHHS MICIls CyTHA.

V pesomonii IMO A.935 (23) «BcecBiTHs panmioHaBiraimiiHa cucTeMa» HaBOASITHCS BUMOTH JI0 TOYHOCTI
TJTaBaHHS MMPU BUKOPHUCTAHHI PaliOHABITAIIMHUX CHCTEM.

JInst  TiABWIIEHHS TOYHOCTI BH3HAYEHHS KOOPAWHAT TIPW  TPOBEACHHI  TimporpadidHux  3HOMOK
BUKOPHUCTOBYEThCsl nudepenuiinmii Bapiant GPS (DGPS). B pesynpraTi 1boro crano MOXJIMBUM BU3HAYEHHS
MICIISI CyHa 3 TOYHICTIO 0 10 M. Y mopiBHsAHHI 31 3HOMKOI0, BUKOHAHOI MoHa 20 pOKiB TOMY, 3pocia i TOUHICTb
BU3HAYCHHS PO3TAlllyBaHHS IJIMOWH: B 3aJIE)KHOCTI BiJl 4acy NPOBEAEHHsS NMPOMIpiB 1 BHIIB oOcepBalii TOUHICTH
KOOpJHMHAT IIIMOMH CKiana 2 MM Ha IOBEPXHI KapTH . 3HAYHO HIXYE TOYHICTh OKEaHCHKOro abo MapLIpyTHOTO
poMipy.

Takum ynHOM, NeTabHa 3HOMKA Ha MaJUX INIMOMHAX 3 BUCOKOIO PO3JAUILHOIO 3[aTHICTIO BUMArae A0CSTHEHHS
MOPIBHAHHUX TOYHOCTEH SIK TI0O BUMIipIOBAaHUM TJIMOWH, TaK 1 32 BU3HAYCHHSM X KOOPAWHAT.

VY Toii ke Jac, TOYHICTh HaBiTalii 1o MO0 penbedy THA OOMEKYETHCS 3HAHHSAM IMIBUAKOCTI TOITHPEHHS 3BYKY
B palioHi po3TaimryBaHHSA 00'€KTa Ta BIUIMBOM KYTiB Haxmiy TpyHTY. Uepes Iie moxnOKa BH3HAYCHHS OIS TIIHOMH
csrae 2-3% Big rHOWHY, IO MEPEIIKopKae BU3HAYSCHHIO KOOPAMHAT MICIIS pO3TallyBaHHS 00'€KTa 3 HEOOXiTHOIO
TOYHICTIO B pailoHax 3 CepeHIMH 1 BEIMKHUMH TNIMOMHAMH. Y paiioHaX Pi3KuX 3MiH pelibedy 1 3HAUHUX KOJHUBaHb
piBHSI MOps MOXUOKHK TAMOMHYM HaiOLIbLI. Bei i dakTopn HEOOXiHO BpaxoByBaTH SIK Ipu (GOpMyBaHHI HUPPOBUX
KapT TIMOMH, TaK i IpU po3poOLli aNropuTMIB HaBiramii mo peabedy MOpcbKOro IHa. Buxonsuu 3 1MX BUMOT 3apa3
BEJIMKA yBara MPUJUISETBCS HMUTAaHHAM CTBOPEHHS 1 BIPOBA/DKCHHS HaBiraumiiHux iHQoOpMaumiiHUX cHCTEM 3
BiTOOpaXEHHSIM EJIEKTPOHHOI KapTH, IO CJIiJl pO3MIAaTH sK peajbHE IIJBHIIEHHS TOYHOCTI 1 Oe3neKu
CYTHOBOJIIHHSI.
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InrerpyBanns HaBirauiiHux iHQoOpMamiiHMX CHCTEM 3 CHCTEMaMH YINpPABIIHHSA CyIHA BIIKPUBA€E HIMPOKI
MOXJIMBOCTI 110 3a0€31eYeHHI0 Oe3MeKH MOpeIIaBaHHs, aBTOMAaTH3alli] IPOLECY CYyHOBOJIIHHSI.

TakuM YMHOM, BHHHMKAae 3ajgada KOPEKIii OCHOBHMX aBTOHOMHHX HaBITallifHUX CHUCTEM 32 IOIOMOTOI0
BUKOPHCTAaHHsS JOINOMDKHOI HaBiramiiHoi cucremu. PimeHHsM 1€l npobiemu Moxke OyTW HaBiramis 0
npUpogHOMY reogizudHoro mois 3emii. TeopeTwdHi Ta eKClepUMEHTAIbHI JIOCITIDKEHHS, 10 IPOBOISITHCS 3
METOI0 MOAJBIIOr0 BAOCKOHAICHHS 1 PO3BUTKY alapaTypy aBTOHOMHOI HaBiranii, mpuBeny, Ha TyMKy (axiBIiB, 10
PO3pPOOKH JOCUTH MEPCIIEKTUBHUX KOPEIAIIHHO-eKCTpEeMaIbHAX HaBIraitHuX cucteM. Taki cHCTEMHU 3acCHOBaHiI Ha
3icTaBJIeHHI iH(pOpMAIlii IPUCTPOIB CITOCTEPEIKECHHS (IaTYUKK TIOJSA) 3 KApTOIO IOJISI, IO 30epira€ThCcsl B MaM'sTi
O6opToBoro Komm'roTepa. OcTaHHIM YacoM MIMPOKE 3aCTOCYBAaHHS 3HAXOMATH T1IPOAKyCTHYHI HaBIrariiiHi CHCTEMH,
B SKHX BUKOPHCTOBYETHCS iH(OpMamis Mpo TIUOWHY MiA KideM, Taki CHCTEMH Ha3WBaIlOTh OaTiMeTpideckas
CHCTEMaMH HaBirarii.

CyuacHa OariMeTpiyeckas CUCTEMa SIBJIIE COOOI0 HABIrallifHUH KOMIUIEKC, B SIKOMY HaBIramidHI MPHIAIH,
TiIpoaKyCTHYHI CUCTEMa, MpUMadl CYIyTHUKOBHX HaBiralifHMX cHcTeM iH(opMaliiiHo 00'eqHaHI 3a JOMOMOTOI0
Mepesxi 00PTOBHX KOMIT'IOTEPIB B €IMHY HaBIraliifHy CHCTEMY.

HagirauiliHuii KOMIUIEKC OCHALIEHUH MPUEMOUHIUKATOPE CYITyTHUKOBOI HaBiramiiHOi CHCTEMH, FiPOKOMIIACOM
i/ a00 MarHiTHUM KOMIIacOM, INTaTHUMH THAPOAKyCTHYECKUMHU NMPUIAAaMH - KOPEISLIHHNM ab0 NOIUIEpOBCKAM
TiIpOaKyCTUYHUM JIaroM, €XOJI0TOM.

bnok BM3HaUeHHS TMMOMHM € IJCHCTEMOIO BHMIPIOBAHHS 1 3amuCy 3HA4YeHb TTTMOWH MOpPCHKOTO THa B 0a3y
JIAaHUX B peaJIbHOMY Yaci 3a JOMOMOTOI0 exoJioTa. Best HairariiiHa iHGopMarltis 30epiraeTbcst B 0a3i gaHux i mami
BUKOPHCTOBYETHCSI PO3PAXyHKOBUMH JITOPUTMAMH.

Koppensimonno-skctpemanpHas cucrema napuraimu (KOCH) mnpouwsBoauT omnpeneiceHHe MecTa CyaHa
MOCPEZICTBOM COBMeIeHUsT KapThl 3amaHHbix TiyouH (K3I') u kapter padounx rimyoun (KPT'), dopmupyemoit mo
X0y cyna, ¥ 3amucd MHGOPMALMKM OT JaTYMKOB riIyOMH B 0a3y AaHHbIX. Bce HAaBUTAl[MOHHBIC BBIYUCICHUS
MPOM3BOJATCS LIEHTPAJIBHBIM OOPTOBBIM KOMIBIOTEPOM, BKJIIOUCHHBIM B JIOKAJIBbHYIO BBIYUCIUTENBHYIO CETh, I/IE
HaBHI'ALMOHHBIE IATYUKH SIBJISIOTCSI A0OHEHTaMH 3TOH BBIYMCIUTEIBLHOM CETH.

To ectp OaruMmerpuueckas CHUCTEMa HaBUTallMMd — O3TO COBOKYIHOCTh pAacIpENCNICHHBIX IIOCHCTEM,
B3aUMOCBSI3aHHBIX MEXy COOOH 1 yIpaBisieMbIX IPOTPAMMHO.

Indopmantist 3 6a3u naHUX HAIXOIUTH B OJOK KOpEJsLiHHO-eKcTpeMasbHOi cucteMu Hasiramii. [lanuit Giiox
peaii3oBaHUi CYKYINHICTIO PO3PaXxyHKOBHUX aJITOPUTMIB, sIKi BUPOOJISIOTH BU3HAYECHHS HAHOLIBII HMOBIPHOTO Mictist
CyllHa B TaHWH MOMEHT 4acy 3a JOMOMOTror0 0OpoOKH HaJilIIIa HaBiramiifHoi iHpopmarlii i TOpiBHAHHS IIOTOYHOTO
podiTro TIMOWH 3 KapTOIO 3aJaHUX TJINOMH.

Hagiramiiina inHdopMartis mo xoay oO0YHCIeHb BimoOpakaeThes B TpadigHOMY 1 HPPOBOMY BUTIISAII Ha eKpaHi
OopToBOrO KOMM'IOTepa. 3aBHaHHs BimoOpakeHHs iH(popMallii Ha ekpaHi MOHITOpa € JIpYropsaHolo, aje Bix ii
PIIIICHHS 3aJIEXKUTh CTYMiHb TOBHOTH CHIPUHHATTS iH(GOpMAIli i MOXJIHMBICTh MPUUAHATTS MPaBUIHHOTO PIIICHHS.
HacrynmHe 3aBmaHHs - ne 0ok aHamizy iHQopmanii, SIKMH TpEeACTaBICHUI alrOpUTMaMH, LIO J03BOJIAIOTH
BU3HAYMTH TOYHICTH OTPUMAaHMX PE3YJIbTATIB 1 3pOOUTH BioOpaxkeHHs HeoOxi1HOT iHdopmanii 3 6a3u JaHuX.

basa manux rimOuH Mae OJIOK MPOTrpaMHOI afanTallii (o1aBaHHs, KOPEKIil) HasBHOI iH(popMarlii Ipo TIHOuHH
JUIS 38JaHOTO PAalOHY eJIEKTPOHHOT KapTH.

[lepeBarn GaTMMETPUYHOI CUCTEMH IOJISTalOTh B TOMY, IO IIPU HAasSBHOCTI BIJIIOBIJHUX KapT MOPCBKOTO JHA
CHCTEeMa JIa€ MOSKJIMBICTh BU3HAYUTH MICII€ CYZHA 3 JJOCUTh BUCOKUM CTYIICHEM TOYHOCTI NpH Oy/1b-KO1 BUAMMOCTI
1 OyIb-SIKMX TOTOJHUX YMOBAaX, HE BUKOPHCTOBYIOUH 3acO0M acTpOHAaBIrariii i paaioHasirarii.
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IIJIAHYBAHHS BUTPAT EHEPTOPECYPCIB JIJIsI KOMEPIIMHUX YCTAHOB

AHnomayis. Po3zasdaiombscsi nUMaHHs po3pobKu eHepzemu4Hi cmpamezii komepyiliHux ycmaHog 015 nidsuujeHHs
edpekmugHocmi ix cucmem ynpasaiHHsi.
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PLANNING OF ENERGY CONSUM PTION FOR COMMERCIAL ORGANIZATIONS

Annotation. Most organizations plan their budgets by analyzing the time series of consumption data, showing a
tendency and performing forecasts by adding certain factors to the growth of their costs. Others have the opportunity to turn
to communal services to determine the forecasted growth rate next year. Both of these methods are inaccurate. The rates of
utilities are constantly changing, and they are influenced by factors that are not subject to control and can not be foreseen,
such as natural and man-made disasters, extreme weather conditions or political unrest. The most effective way is to develop
a budget based on actual energy consumption and tariffs. Collect all data from various utility accounts and base forecasts on
this data. The assumption in this method is that data is used to change the cost of energy, and not vice versa. The budget of
energy resources is expedient for companies, the cost of which energy resources constitute a significant share in the cost of
production. This budget is intended for the planning, analysis and control of the needs for production and sales of services in
energy costs by types, activities, in general, in the enterprise in terms of value and physical indicators throughout the budget
period. In general, the energy budget is a plan for the energy industry of the institution and is based on the planning of
annual consumption and production or purchase of energy resources. The need for energy resources is based on: 1) energy
consumption for production purposes; 2) permanent expenses for lighting, ventilation and heating of buildings, structures,
structural subdivisions of the institution; 3) planning of losses of electric and thermal energy according to normative
characteristics taking into account measures for their reduction; 4) the possible needs of subscribers of the institution in
energy resources. Also, having its own production facilities, specialists of the institution calculate the amount of conventional
fuel, the cost of materials and purchased products, plan the trends in changes in costs for energy resources and analysis of
general economic indicators, as well as conducting research on the economic feasibility of the load and make balances of
electrical and thermal energy.

Keywords: energy strategy, energy efficiency index, energy efficiency management.

JUis BIIaCHUKIB KOMEPIIHHOI HEPYXOMOCTi TPOTHO3YBAaHHS 1 OIOKETYBaHHA CHEPrOHOCIIB € TOCHUTh
CKIIQJIHUM TIPOeKTOM. Bennki 00’€kTH i3 pisHUMH (OpMaMU BIIACHOCTI BaKKO OIOJKETYBATH, OCKIIBKH HEMAae
3arajJbHOHAIIOHATLHUX TIPOTpaM JUIsl JOMOMOTH BJIAaCHHKAM Ta KEepiBHUKAaM TaKuX 00'€KTiB. BUTpaTm Ha eHepriio
MOXXYTh MTOCTIHO KOJIMBATHUCS, ajieé BIIACHUKH Ta KEPIBHUKHU 00'€KTiB MOBUHHI TPUMATH BUTPATH ITiJ KOHTPOJIEM Ta
MIPOTHO3YBATH, 11O 1 K Oyze BUTpadyeHo B HaOmkyi micsai [1], [2], [3], [4], [5], [6], [7].

BinbmricTs opraHizariii TNIaHyOTh CBOI OIOJKETH, MPOBOJSYH aHAJI3 JaHUX YaCOBUX PSIJIiB CIIOKHUBAHHS,
BUSIBJISIFOYM TCHJICHIIIO Ta BUKOHYIOTh MPOTHO3M JIOJABIIN INEBHI ()aKTOPH 3pOCTaHHS CBOiX BUTpaAr. [HIINI MaroTh
MOJKJIUBICTh 3BEPHYTHUCS O KOMYHAIBHUX CITY>KO, 00 BH3HAYHUTH MPOTHO30BaHI TEMITH 3pPOCTAHHS B HACTYITHOMY
poui. O6usa 1i MeToau € HeTouHUMH. CTaBKH KOMYHAJIbHHX MOCIYT MOCTIHHO 3MIHIOIOTHCS, 1 HA HUX BIUIMBAIOTh
(axTopw, sIKi He MiATAFOTHCSI KOHTPOIIIO 1 HE MOXYTh OyTH nependadeHi, Taki sk IPUPOAHI Ta JIIOJCHKI KaTacTpodu,
eKCTpeMaJIbHI TMOTOAHI YMOBM abo IOJITHYHI 3aBopymieHHS. HalOinbpm epeKTHBHHUM CIocoOoM € po3polka
Oro/pKeTy, Mo 0azyeTbesl Ha (pakTHUHOMY CIIOKMBaHHI eHeprii Ta Tapudax. 30epiTh Bci JaHi 3 Pi3HUX OOJIIKOBHX
3aMKCiB yTUIIITH Ta 0a3ylTe MPOTHO3M Ha IUX JMaHuX. [IpUMymeHHS B IbOMY METOJi IOJIATaE B TOMY, IO
BUKOPHCTOBYIOTHCS JaHi IO 3MiHI BApTOCTi eHeprii, a He HaBMaku. bromkeT eHepropecypcis JOMITHHO CKIIAAATH U
KOMIIaHi{, BUTPATH Ha EHEPropecypcH SKHX CKIAJal0Th 3HAYHY YacTKy B COOIBapTOCTI BHPOOJIEHOI MPOIYKILii.
Jlanuit Oro/pKeT MpU3HAYCHUH TS TUTAHYBaHHS, aHAI3Y Ta KOHTPOJIIO TOTpeOr BUPOOHMIITBA 1 peaizallii mociyr y
BUTpaTaxX CHEPropecypciB 3a BUAAMH, HANpSIMKaMHU TiSUTBHOCTI, B HiJIOMy IO MiANPHEMCTBY B BapTICHHUX i
HaTypaJIbHUX MOKa3HUKAX IIPOTATOM YChOTO OIOPKETHOTO TIEPiozny.

3aranom OIOKET €HEProHOCIIB € IJIaHOM POOOTH €HEpreTHYHOro rOCIIONApCTBa YCTAHOBHU 1 IPYHTYETHCS
Ha TUTAHYBaHHI PIYHOTO CIOXKUBAHHS 1 BUPOOHMIITBA a00 mpuabGaHHs eHepropecypcis. [lorpeda B eHepropecypcax
CKJIQIA€ThCSl 3 ypaxyBaHHsIM: 1) BUTpaTH eHeprii Ha BHpOOHHMYI Iiyi; 2) MOCTIHI BHTpaTH Ha OCBITJICHHS,
BEHTWJIALIIO Ta ONAJCHHS OyliBeslb, CHOPYA, CTPYKTYPHUX HiJPO3AITMIB YCTaHOBHM; 3) IUIaHYBaHHS BTpaT
CJIEKTPUYHOI 1 TEIUIOBOT CHEPrii 32 HOPMATUBHUMHY XapaKTCPUCTHKAMY 3 YPaXyBaHHIM 3aXOJIiB O X 3HIKCHHIO; 4)
MOXITUBUX TIOTpeO CyOaOOHEHTIB YCTaHOBH B eHepropecypcax. Takok Maroud BIIacHI BUPOOHWYI YCTaHOBKH,
(haxiBIi yYCTAaHOBM pPO3PAaXOBYIOTH KUIBKICTH YMOBHOTO TAlMBa, BapTiCTh MaTepialiB i MOKYMHHX BHpPOOIB,
3MIMCHIOIOTH TUTAHYBaHHS TEHACHIIIM 3MiHM BUTPAT 0 €HEPropecypcax i aHami3 3aralbHOCKOHOMIYHUX TTOKa3HUKIB,
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a TaKOX MPOBOJSATH JOCIIJKCHHS SKOHOMIYHOT HOIUILHOCTI 3aBAHTAXKCHHS 1 CKIIAJAIOTh OANaHCH €JEKTPHYHOI i
TEemyIoBOi eHeprii. Benuki ycTaHOBHM BUTpayaroTh MIOPOKY 3HAa4yHI KOIITH Oe3mocepeHbO Ha EHEprilo, a TaKoX
O1IBII OMOCEpEeIKOBAHO, HA JIAHIFOKOK IMOCTaYaHHS, ayTCOPCHUHI Ta JOTiCTHYHI BuTpartu. OJHAK, OKpPIM CaMHX
SHEepPro€MHUX Tajy3ei, OUIbLIICT YCTaHOB MiAXOAATH O EHEprii SK A0 mpoctoi BapTocTi Juis ynpasiinas. Lle
CTpaTeriyHa IOMMJIKA, sSKa He MOMI4a€ BEJMKHX MOXKJIMBOCTEH 3MEHIICHHS PU3MKIB, MiABHIIEHHS CTIMKOCTI Ta
CTBOpPEHHS HOBUX IiHHOCTEeH. [IpoBinHI ipMu B GaraTboX ceKTOpax po3poOiIsIOTH CBOT €HEpreTHYHI cTpaTerii, ane
MOJKHA BUIIIATH I'SITh OCHOBHUX €TaIiB, sIKi € 6a3010 1 moOynoBH HailtHOI eHepreTnaHoi crparerii [1], [2], [3],
[41, [5], [6], [7]. 1. EnepreTruna cTpaTerist Oyae BayKKO BIPOBAKYBATHUCH O€3 SBHOTO 3aTy4eHHsI 3 OOKY AHPEKTOpa
Ta YiTKOI CTPYKTYpH YIIPaBIiHHS, TOOTO B paMKaX YCTaHOBH HEOOXiTHO 3pOOUTH EHEPreTHYHY CTpAaTeriio
[EHTPAIBHOI0 MICi€I0 Ta KOHKYPEHTOCHPOMOXHICTIO ¢ipmu. 2. [HTerparmis mutaHb eHEpreTMKH y OadeHHA Ta
omepartii ycranoBu. Cepen MUTaHb, SKi CIIiJ] PO3TJISTHYTH B MEPIITY YEPTy - CKIJIbKH €HEeprii BAKOPUCTOBYE yCTAHOBA,
i mo ne xomrye? Skuil BIIMB pOOJSATH LI BUTPATH HAa OCHOBHI (hiHaHCOBI NoOKa3HMKU? UM BHKOpPHCTaHO BCi
MOXIIMBOCTI JUIS 3aCTOCYBaHHS ITOHOBJIIOBAHMX JDKeped eHeprii? SIk e cmiBmazae 3 CIOIBaHHSAMHU KIIEHTIB,
IHBECTOPIB Ta MPALIBHUKIB, 1 SK I BUIIAAAE€ Y MOPIBHIHHI 3 KOHKypeHTamu? BiAmoBini Ha Iii MUTaHHS IIBHIKO
PO3KPHIOTH TOTCHINIMHI MOXIIMBOCTI POOOTH Ta HENONIKU opradizamii. ITicis BCTaHOBIICHHs MLijed HEOOXiTHO
CTBOPUTH CTHUMYJIM JUIsl TPALiBHUKIB y BCIH opraizarii, ToOTO 3pOOWTH €HEprilo OnepaifHUM IPIOPUTETOM.
[Tnanu, sxi TICHO MOB'A3aHI 3 KOMIICHCAII€I0 KEPIBHUKIB YCTAaHOBW, ITIOBHHHI BKJIIOYAaTH HE TUIBKM OYiKyBaHi
eKCIUTyaTalliiiHi MOKa3HWKH, Taki fK OOCATH BUPOOHHUIITBA, a TaKOX EHEPreTHYHI Ta EKOJIOTiYHI MOKAa3HHKH
e(heKTUBHOCTI, TaKi K €Hepris, M0 BUKOPHUCTOBYETHCS HA KOXKHY OJMHHINIO MpoAyKIii. KpiM Toro, KepiBHHIITBO
MTOBUHHO BU3HAYWTH, SK IHTETPYBAaTH €HEPTeTHUHI NPUOPITETH 31 CTpaTeTiYHMMHU mporecamu ¢GipMH, a TaKOoX
MOETHATH JIBI omepartii, ski 3a3BUUYall BiPI3HAIOTHCS: 3aKYIIiBIS €HEprii Ta ympaBlliHHA i1 BUKOpHCTaHHSIM. Sk
MIPaBWIIO, MEHEIKEPU B OIHIN "acTHHI (ipMHU 30CepeDKYIOTh YBary Ha KYIIiBJI eHeprii 3a HaWHMKYIOIO IIHOIO Ta
po3poOKy OromkeTy 1 crparerii pusmKy, a iHINI MEHEKepPH MPaliol0Th HaJX 3MEHIICHHSIM CIOKHUBaHHA Ta
MiABUIICHHSAM e(eKTUBHOCTI 1i croxuBaHHsA. KoopmuHamis IUX 3aXOMiB MOXKE 3a0INAIWTH KOIUTH 1 3MCHIIUTH
orepaniiHi pusukd. Hanpukmax, MeHemKepH 3aKkyliBelb MOXYTh OOMpaTH €HEpPreTW4Hi KOHTPAKTH 3 OUIbII
BHUCOKMMH BUTpATaMH IIiJ] 4yac Mepioay MiKOBOTO MOMUTY MepeXi B 0OMIH Ha OUIBII HU3bKI CTaBKU B O1IBII CITOKIHHI
nepioan, a MEHE/DKEpH, sIKi IPalioloTh HaJA IOMUTOM, MOXYTb 3MIHUTH Tpadiky CIOXMBAaHHS, 100 YHHKHYTH
MIKOBUX MEPIiOJiB 1 HABITh 3MEHIIMTH IJIATEXI 332 KOMYHAJIbHI ITOCIYTH IIPH CKOPOYEHHI €HEpProCHOXHBaHHSI y
mikoBi roguHH. CydacHi yCTaHOBHM TaKOXX EKCIIEPUMEHTYIOTb 13 3HM)KCHHSM IXHBOTO ITIKOBOTO BHUKOPHCTaHHS
eHeprii, BUKOPHUCTOBYIOUM HAKONUYEHY paHillle EHEeprifo, HANpUKIal, BHUKOPUCTOBYIOUH aKyMYJSATOPH IJIst
30epiranHs eHeprii i3 coHsuHNX naHenel. 3. BincTexxeHHs eHeprii Ha BCiX piBHAX. BiJBIIICTh yCTaHOB HE MOXYTh
JIETKO CKa3aTH, CKUIbKM €HEeprii BOHW BUKOPHUCTOBYIOTh Ha PiBHI MiANPHEMCTBA 200 HA PiBHI OKPEMHX BHUPOOHHUIITB
abo BUAIB nisTbHOCTI. EHEpris € ofHielo 3 HaWOUTBIIMX BUTpaTHHX cep Ui YCTaHOB, pa3oM i3 BHTpaTaMH Ha
MepCcoHaN, TPOAYKINIO 1 oOJiagHaHHS, aje BCEe € HE KOHTPOIIOETHCSA 1 HE KEPYEThCs Ha HEOOXiMHOMY piBHI.
Bimpmricte yCTaHOB HE MarOTh HEOOXIMHUX 1H(QOPMALIHHUX CHUCTEM JUIS INBHIKOTO JOCTYIY JO CHEPreTHYHHX
JaHux abo He MaroThb Oe3mepepBHOI omneparuBHOI iH(opMalii, siKa MiJNAETHCS BIIMNOBIAHOMY 3aCTOCYBAHHIO.
MOHITOPHUHT Ta aHaJi3 BUKOPUCTAHHS €HEPrii MOXKYTh BUSBHUTH OIepaliiiHi Mpo0IeMHu, sKi BIUINBAIOTh Ha BUTPATH,
NPOJYKTUBHICTb Ta SIKICTb, @ MOPIBHSAHHS BUKOPUCTAHHS €HEPTii Ha aHAJIOTIYHHUX O0'€KTax MOXXE TAKOX BUSBUTH
NUISAXU iIBUIICHHS €(pEKTHBHOCTI BUPOOHUITBA. HeoOXiMHO TakoK MaTH JETalbHE PO3YMIiHHS BUKOPHCTAHHS
eHeprii B Macmrabax Bciel ycTaHoBM, I iHQopMmamis MOXKe IOIMOMOTTH PO3POOHTH JETaNbHI HPOTHO3M, SK
HEeCTaOUTBHICTD IiH Ha €Hepriio Ta HasBHICTH €HEpTii BIUIMBATUMYTh HA 3arajibHi omepariii, mpuOyTOK Ta TPOIIOBi
notoku. 4. Ilepexin Ha MOHOBIIOBANBHI JKepelda €HEeprii Ta iHINI IMepeaoBi €HEpreTHdYHi TeXHONOTii. PUHOK
€KOJIOTIYHO YHCTUX CHEPreTUYHHMX TEXHOJIOTIM IIBHUIKO 3MIHIOETHCSA i BCIM YCTaHOBaM HEOOXiHO PO3YMITH, SIK
TEXHOJIOTil, Tak 1 BapiaHTH iX ¢iHaHcyBaHHA. PipMH, SKi HE TOCHTH arpeCHBHO BHKOPHUCTOBYIOTH IOHOBIIOBaHI
JUKepena eHeprii Ta iHIN HOBI EHEpPreTHYHI TEXHOJOTil y CBOIX 3arajbHHX €HEPreTHIHHX CTpaTeTisX, He
BpPaxoOBYIOTh BaXUIMBHX IEpeBar Ta MiAnaioTh ceOe JOAaTKOBUM pu3vKaM. Ha chbOrofHi eHepreTHIHUN JaHamadT
XapaKTepU3y€eThCs MiIBUIICHHSAM MTPOTIO3ULIH 1 MaAiHHIM BUTPAT PSAY aJbTePHATUBHUX EHEPTETHYHNX TEXHOJIOTIH,
B TOMY YHCJI BITPOBHX TypOiH, COHSYHHMX Oarapeii, OiomaiuBa, MaJUBHUX €JIEMEHTIB, Oarapeil, CBITIOAIOIHOTO
OCBITJICHHSI, 1 BJJOCKOHAJICHUX BUMIPIOBAJILHUX IMPUCTPOiB. HOBITHI MpOEKTH 3 BiJHOBIIOBAHOI €HEPreTHKU BXKE
MaroTh BapTICTh €Heprii HIDKYE BapTOCTi Oyab-fKOro IHIIOrO JpKepena eHeprii. UMCTi eHepreTHYHi TEeXHOJOTil
MOXYTb ITOCTil{HO HapoOIIyBaTUCh, a TXHI LIHU HaJaTUMYTh, ajle KOMIIaHil He 3aBXIH MOXXYTh JEI'KO CKOPHUCTATHCS
HUMH. Bce e BuMarae ckjialHOro po3yMiHHs (iHAaHCOBHX Ta PU3MKOBUX HACIIAKIB PI3HUX BapiaHTIB NPUIOAHHS 1
BIIPOBADKEHHS. B3araii, MOHOBIIOBaHI JKepelia eHEeprii Ta HOBI €HepreTHYHI TEXHOJOTIl 3a0e3nedyroTh Oe3nid
nepeBar, KpiM Xe/DKyBaHHs IiH, HalpHKIal, BOHH MOXYTb JIOIOMOITH YCTaHOBaM 3a3Jalierifib MpPaBHIbHO
MO3UITIOHYBaTH cebe 10 3MiHM MaHOyTHIX MpaBWI EHEepropwHKy. Hapermri, 9iTKi eHepreTH4YHi 3000B'S3aHHSI
3a0e31meuyIoTh OpeHIOBI MepeBaru Ta MOXJIMBOCTI Uil KOHKypeHTHoi audepentiarii. 5. 3amydeHHs KIIOYOBUX
ydacHUKIB. Benmki ¢ipMu MOBHHHI CHiBIpamioBaTH 3 JEp)KaBHAMH YCTAaHOBAMH 1 OpraHaMH MICIIEBOTO
CaMOBpSIyBaHHsI, 1100 BIUIMBATH HAa €HEPTeTHYHI Ta €KOJOTIYHI HOPMH, SIKi BIUIMBAIOTH HA IXHIH Oi3HEC, BOHU
MOBUHHI 3B'S3aTHUCS 3 KII€HTaMH, CIIJIBHOTAMM, IHBECTOpAaMM Ta IpaliBHHUKaMU B IUIAHI HPOCYBaHHS CBOET
€HEepreTUYHOi CTpaTerii, afanTylo4Yl CBOi KOMYyHiKamii 10 iHTEpeciB KOXKHOTO 3 HHX. 3apa3 3HayHa yacTHUHA Jid
BiZI0OYBA€THCS Ha MICIIEBOMY Ta PETIOHAIBHOMY PIBHSX 1 I TOTO, 100 BiOOPA3UTH IIHHICT BUKOPUCTAHHS YUCTOT
TEXHOJIOTI], BCl YCTAaHOBHU IOBHHHI BUCTYNATH 3a IIOJITUKY, sSKa CHPHsIE€ BJOCKOHAJIEHHIO €HEPreTHYHOI CUCTEMH,
BKJTIOYAIOYH PO3IOJAIIEHY I'eHEpallifo. 30BHIIIHI KOMYHIKaIlil TaKOXX MMOBHHHI OyTH aJanToBaHi O 1HBECTOPIB Ta
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JUIOBHX TMapTHEpiB. 3B'I30K i3 MapTHEpaMH Ta iHBECTOPaMU OCOOJIMBO BAXKJIMBHUIL, KOJIM EHEpris Ta BYIJIELb €
CYTTEBUMHU IHUTAHHSIMH, TOB'I3aHMMHU 3 BUTpATaMH, PU3MKaMH, CTIMKICTIO Ta MPOJYKTUBHICTIO KOMMaHIl 4M il
KiTi€eHTIB. 3ycmuist QipM oo cTifikocTi Oi3Hecy, BKIIOYAarouM 3000B'SI3aHHS IOJ0 YHCTOI CHEPrEeTHKH, MOXYTh
OyTH KIIIOYOBUMH (haKTOpaMH JOBipH 10 OpeHay Ta BapToCTi Bchoro Oi3Hecy. 3ailydeHHs NpaliBHUKIB 10 peatizamii
€HepreTUYHOi cTparterii Mae MaTepiajbHy Ta HeMaTepiajbHy KOpHCTh. Ha mpakTHili Ba’KKO MOBHICTIO BHKOHATH
Oynp-sIKy cTparerito 0e3 ydyacTi IpaniBHUKIB B iHilliaTHBaX 3 MiABUIICHHS €()EKTUBHOCTI, a BIIKPHUTE CIIUIKYBaHHS 3
MpaliBHUKaMH B MHUTAHHAX €HEPTreTHYHOI CTpaTeril YCTAHOBH BiAYYTHO MOCHIIOE IX 3amikaBieHicTs. Lle Baxko
BHUMIpSITH, ajie OYEBUIHO, 110 OPTaHi3aIiifHi MIHHOCTI TAKOX BaXKIIUBI JJIsI BCIiX MPaIliBHUKIB.

BucnoBku. EHeprernuHi iHimiaTuBu B Oyab-siKiii dacTuHi Oi3HeCy MOTpeOYIOTh NMEBHHX iHBECTHINHN i
HaBiTh AKIIO BOHH HE TOTPEOYIOTh IONATKOBHX KAIliTAaJOBKIAIEHb, TO BOHH MOTPeOYIOTH Yacy i opraHi3amiiHOro
JIOCBimy. AJie BCi HaBelleHI peKOMEHAIlii 3HAXOIATHCS B PO3IMOPSHKCHHI OiJIBIIOCTI HAIUX BITYM3HAHUX YCTAHOB, 1
3HAYHI MepeBary, sKi BOHM MOXYTb HaJaTH CydyacHOMY Oi3HeECY, NMOCTIHHO 1 IIBHJIKO 3pOCTalOTh. PO3risHyBIIN
MPaKTHKHA PO3POOKM €HEpreTHYHi CTpaTerii yCTaHOBH B IIJIOMY, 1 OIOJUKETYBaHHS 30KpeMa, OYE€BHJIHO, IO HaBiTh
iZIeaTbHO TOOYIOBaHI OIODKETH HE 3MOXKYTh BHPIIIMATH BCiX mpobieM. OmHak BOHHM OYyIyTh 37aTHi JOMOMOTTH
KEpiBHUKaM IIJIPHUEMCTB 3pO3YMITH, B YOMY Li MPOOJIEMH IOJSATAIOTh 1 K MAaKCUMAJIBGHO HIBHIKO 1 €pEeKTUBHO
MOXJIMBO TX MOJI0JIaTH.
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TOPICAL ISSUES OF UNIVERSITIES' DISTANCE E-LEARNING SYSTEM
SUPPORT

Annotation. The work overviews models by which the system of distance education was developed within the University.
Intellectuality of the system consists in learning process personalization and the automatic development of tests according to the
certain course.

In terms of information glut and rapid development the annual knowledge growth of a student is about 4-6%, specialist
gains up to 50% after graduation. That means that almost the third part of the working time should be spent on the replenishment
of professional knowledge. All these leads to extremely high significance of the professional knowledge management and
studying support systems development.

Distance education e-learning technology usage is completely different from traditional ways of studying and is mostly
based on individual studying by a student. Significant part of teacher’s work is handed to computer. Basically educational
systems become an expert-teacher and transfers knowledge to the student. Therefore, the main feature of the distance education
systems is the ability to establish necessary knowledge sources and gain knowledge individually. The possibility of studying
process individualization is one of the main advantages of the application of information technologies.

Everything mentioned above contributes to solving the issue of studying individualization based on methods, technologies
and software development for distance education. During the studying process within one subject, adaptive E-learning
management model based on Moore’s finite-state machine has been implemented. In this case educational process is considered
as discrete one which is characterized by certain stable states of information E-system.

Usage of the Tree-Net model components allows personalization of the educational environment which helps to
understand the place of the information in the educational plan. It also helps to extend opportunities for individual acquaintance
with the subject field of the study.
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AKTYAJBHI IUTAHHA OIATPUMKHA CUCTEMHU JUCTAHIIIMHOT O HABUAHHS BH3

Anomauia. Poszensidaromecs axmyanvHi nUmMauHa RIOMPUMKU cucmemu  oucmanyiinoeo uaguanna BH3  ons
nioguwens epexmueHocmi ix QyHKYIoHY8aHHSI.
Kniouogi cnosa: E-naguanns, oucmanyivina oceima, ingpopmayis, ingpopmayitini mexuonozii.

In terms of information glut and rapid development the annual knowledge growth of a student is about 4-6%,
specialist gains up to 50% after graduation. That means that almost the third part of the working time should be
spent on the replenishment of professional knowledge. All these leads to extremely high significance of the
professional knowledge management and studying support systems development.

Distance education e-learning technology [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], usage is
completely different from traditional ways of studying and is mostly based on individual studying by a student.
Significant part of teacher’s work is handed to computer. Basically educational systems become an expert-teacher
and transfers knowledge to the student. Therefore, the main feature of the distance education systems is the ability to
establish necessary knowledge sources and gain knowledge individually. The possibility of studying process
individualization is one of the main advantages of the application of information technologies.

Everything mentioned above contributes to solving the issue of studying individualization based on
methods, technologies and software development for distance education. During the studying process within one
subject, adaptive E-learning management model based on Moore’s finite-state machine has been implemented. In

this case educational process is considered as discrete one which is characterized by certain stable states of qi
system. Formalized model of programmed studying management is depicted on figure 1a as Moore’s machine; its
representations as a flowchart algorithm is depicted on figure 1b [8], [13], [14].

On the every single step of cooperation with the system objects students gain certain educational
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Fig. 1 — Educational model based on Moore’s machine

influence X; - some amount of the educational material Ry, represented by the set of text (hypertext) g,
static graphic PV;, animated graphic and video information 1?}1'1_, as well as audio data @'};. However, if the

material is learned by the student, he transfers from the state J,,, to the new stable state .. If the result of studying
is negative (Ex), then the additional material & adg should be learned or one should return to the educational
material represented by other objects Q.}’i—l' Thus, the transition from the state , to g is performed if

influence X'y was successful otherwise transfer to the state {f 5 is occurred. Conceptual thesis model is used for text

analysis [8], [13], [14]. Through analytical review of text and special visual interface, semantic entities are
highlighted and included into the database by the operator. The main semantic entities of the model are concepts and
theses. The concept expresses the object of knowledge which is discussed in the given fragment of the studying
material. A thesis is a statement or assertion of the concept. Each concept corresponds to a set of theses extracted
from the text describing this concept. The set of concepts is C={c,, ...,c,,}. The set of theses is T={1,, ..., t,;}. The set
of content elements is V'={v,,...,v,3}.The information stored in the database as a pair "concept - the thesis" allows to
draw conclusions about the discussion objet in a given text.

Individual
educational
environment

Target = ';”? T < e, knowledge
competencies P I ™ s control

| s

| e
Individual d ;
content individual S

terminclogy
quide

Fig. 2 — Set of components for personalized educational environment

Each element of the content v, may have any number of the theses #:7V: V/ —27

Each theses ¢ is related to one element of the content v;. V7: T'— V.
Each concept ¢; may have any number of theses t;. Theses affiliation to concepts can be reflected as CT: T'— C.
Each concept has a certain set of theses which can be reflected as TC: C—2".

One more essential task is to prepare personalized educational environment which would be able to
organize personalized access to resources and meets all other needs of the user. The basic set of components of the
educational environment which is generated on the basis of Tree-Net[8], [13] models complex contains a set of

individual competencies iSeS , individual content area ivev , individual set of domains G S G and

individual terminology guide which is represented by the set of concepts iccce

where LE =< IS, IV, IG, ic =
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Summary and conclusions. Hence, the article deals with the intellectual educational system model. It is
aimed at solving scientific and technical issues in informatics and system engineering domains. The educational
process is based Moore’s machine model, conceptual thesis model which is used to develop ‘concept-theses’ pairs
and tests on these pairs. Usage of the Tree-Net model components allows personalization of the educational
environment which helps to understand the place of the information in the educational plan. It also helps to extend
opportunities for individual acquaintance with the subject field of the study.
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EJEKTPOMOBLIbHUM TEXHIYHWMI 3ACIB J1JIsI OBPOBKU I'PYHTY
INPUCAJUBHUX JIJIAHOK

AHoTtauis. HaBeneHO pe3ynbTaTH TEOPETHUHMX Ta EKCIEPUMEHTAIBHUX AOCIHI/UKEHb 110 BCTAHOBJIICHHIO 3aJI€XKHOCTI
MNPOJIYKTUBHOCTI €IEKTPOMOOIIBHOTO TEXHIYHOTO 3aco0y  Bim (i3MKo-MeXaHiYHHMX BIACTHBOCTEW TPYHTY Ta IapaMeTrpiB
pobouoro oprany, pobora sSKOro mepeadaueHa B yMOBax 3aXHIIEHOro IPyHTY. Ha mincraBi HpOBEICHHUX EKCIIEPHUMEHTIB
OTPHMAHO PErpeciiHy MOJeNb, sika MoOXKe OYyTH BHKOPHUCTaHa [iJIs BHKOHAHHS HEOOXiJHHX PO3PaxyHKiB Ta BH3HAYCHHS
NepeyMOB MPOBEICHHS MOAABIINX SKCIIEPUMEHTAIBHUX HOCIIKEHB 1 TEXHIYHOI pealti3alii arperary.

KorodoBi ciioBa: enekTpoMoOiTbHIHI IPHCTPIif, €IeKTPOMOTOOIOK, 00pOOKa TPYHTY, KyJIbTHBALS TPYHTY.

M.S. PRYKHODKO, V.O.STRIZH
Sumy National Agrarian University, Sumy, Ukraine
Mprykhodko91@gmail.com

ELECTRICAL MECHANICAL PROPERTY FOR SURFACE TREATMENT OF SUSPENDED
SURFACES

Abstract. The results of theoretical and experimental researches on the establishment of the dependence of the
productivity of an electromotive technical means on the physical and mechanical properties of the soil and on the parameters of
the working body, the work of which is provided in conditions of protected soil. Based on the experiments we obtained a
regression model that can be used to perform the necessary calculations and determine the preconditions for conducting further
experimental research and technical implementation of the unit. The purpose of the work is to create an electric unit for use on
private plots and in protected ground conditions. To ensure the normal operation of the unit, it was conducted: the study of
theoretical material on the planning of the experiment, analysis of existing aggregates. Experimental studies, in which the
dependence of the load on the electric drive on the soil moisture, the speed of rotation of the working bodies, the angle of attack
of the cutting knife is established. Collection and processing of experimental data. Execution of necessary calculations and
interpretation of output data. Making suggestions for improving the structure and functions of the unit. Depending on the type of
work performed and the industry, the units can be divided into: power, width of capture and type of energy carrier. In the work
with a hand cultivator can be used additional nozzles, which facilitate the processing of small-area areas. When pressed on the
handle, the knives are immersed in the ground, and when pushed, the cutting blade cuts the surface layer and the roots of the
weeds. The electric wiring is characterized by a small weight, which facilitates its use, is a unique tool in combating weed plants
and soil preparation; reliable, mobile. Design features allow, if necessary, to disassemble the unit for transportation or storage.
At work, the effort is distributed between the three points - a comb and two cutters. The cutting tool can easily handle different
types of soils. Two transport wheels facilitate the movement of the instrument on the site. The productivity of the cultivator is
directly affected by the type of soil to be cultivated and its moisture content.

Keywords: electric vehicle, electric locomotive, soil tillage, soil cultivation.

MeTor0 poOOTH € CTBOPEHHSI €IEKTPOMOTOOJIOKY IS BAKOPUCTAHHS HA PUCAAUOHUX TIISTHKAX 1 B yMOBax
3axXUIeHoro IpyHTy. J[lma 3abesmedeHHs HOpPMaidbHOI pOOOTH arperary Oylio TPOBENCHO: OIPAIIOBAHHS
TEOPETHYHOr0 MaTepially 3 IUIAaHYBaHHS EKCIIEPUMEHTY, aHajl3y IicHylouMx arperatiB. EkcnepumMeHTanbHi
JOCIIIJPKEHHS, B PE3YJbTATi SKUX BCTAHOBJIEHA 3AJIC)KHICTh HABAaHTAKCHHS €JIEKTPOIPHBOAY BiJ BOJOTOCTI IPYHTY,
LIBHJKOCTI 00epTaHHs poOOYMX OpraHiB, KyTa aTakM piKydoro Hoxa. 30ip Ta oOpoOka eKcrepHMEHTAIbHUX
JaHuX. BukoHaHHS HEOOXIAHMX pO3paxyHKIB Ta IHTEpIpeTalis BHUXIIHUX IaHUX. BHECeHHS NPONO3MUIH IO
MTOKPAIICHHIO CTPYKTYpH Ta ¢yHKii arperary [1], [2], [3], [4], [S].

[IpoanamnizyBaBmu npouec 0OpoOkH 3eMii Ha 00’€kTi, OyJ0 BU3HAYEHO IO BOHA BHMAarae 0arato CHi Ta
4acy, a AKiCTh He BiJNoBimae MOTpiOHUM ymMoBaM. ToMy JUIsl TIOKpAIIEHHS SIKOCTI OOPOOKH Ta TOJIIIIICHHS YMOB
nparii 6ys0 po3pobIEHO eIEKTPOMOTOOIOK CTYIEHTCHKUM TYPTKOM Ha 0a3i kadenpu eneKTpOTEeXHIYHUX CHCTEM B
AIIK Ta ¢izuxu ams o6poOiTKy 3emii B TermmaHoMy rocronapctBi CHAY. EnxexTpoMoTo07I0K BUKOPHUCTOBYETHCS
JUTSI: PO3MYITyBaHHS BEPXHBOTO MIApy IPYHTY, BEACHHS OOpOTHOM 3 Oyp'sTHaMU, 3HATTS MiAKIPKH i MiaAropTanas [1],
(2], [3], [4], [5], [6], [7], [8].

3ajeXHO Bi BHUIY BHKOHYBaHHMX pOOIT 1 ramy3i BHUKODHCTaHHS arperaTd MOXHA pPO3AUIMTH 3a:
MOTYXXHICTIO, IIUPHUHOIO 3aXBaTy Ta  THIIOM EHEProHocis. Y poOOTI 3 py4YHHM KyJIbTHBATOPOM MOXKeE
BUKOPHCTOBYBATHCSl JIOAATKOBI HAacaJKH, SIKi IOJETIIYIOTh OOpOOKY HEBENMKHMX 3a Iulomielo JuistHOK. Ilpum
HaTHUCKaHHI Ha PYKOSTKY HOXIi 3aHYPIOIOTHCS B IPYHT, a IPH IOLITOBXY PiXKydYe MOJOTHO MiJpi3a€ MOBEpXHEBHH
map i KOpiHHSA Oyp'sHIB. ENeKTpoMOTOOJIOK XapakTepH3YEThCS HEBEIMKOIO Barolo, IO MOJErurye Horo
BUKOPHCTAHHS, € YHIKQJIPHUM IHCTPYMEHTOM IpH OOpoThOi 3 Oyp'stHAMH POCIMHAMHU Ta MiATOTOBKH IPYHTY;
HamidHui, MoOiTpbHMA. OCOONWBOCTI KOHCTPYKIli TO3BOJISIIOTH TPH HEOOXiTHOCTI po30MpaTH arperar s
TpaHCHOPTYBaHHA abo 30epiranus. [Ipm poOOTI 3ycWuIL PO3MOAIISAETHCS MK TPhOMa TOYKAMH - COIIHHK 1 IBi
(pesun. Pixkyde mostoTHO (hpe3 JeTKo CIPaBISETHCS 3 00POOKOIO Pi3HUX 3a THIIOM TPYHTIB. /IBa TpaHCIOPTYBAILHUX
KoJieca MOJIETIIYIOTh IePECYBaHHA IHCTPYMEHTY IO NisHLi. Ha mpoayKTHBHICTH KyIbTHBaTOpa Oe3mocepenHiit
BIUIMB Ma€ TN 00pOOIIIOBAaHOTO IPYHTY Ta HOTO BOJIOTICTE.
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OpHi€I0 3 OCHOBHUX XapaKTEPUCTHK IPH BHOOPI KyJIBTHUBATOpPAa € IOTYXKHICTh ABHI'YHA, caMe BOHA
BU3HAYA€ TMPOAYKTHBHICTH IHCTpyMeHTY. JleMill peryntoe TriMOMHY OpaHKH, IUISXOM 3MIiHM HOTO MOJIOXKEHHS,
3a(hikcoBaHE 3aTHCKAHHSAM I'BHHTA, a00 MEpEeMIlICHHIM ITOJIOKECHHS PYKOSTKH KyJIbTHBATOPA, MIISIXOM iX IiTHATTS
YW OIyCKAaHHS, IO BIUIMBa€ Ha 30UIbIICHHS a00 3MCHINCHHS TIMOWHM OpaHKH Qpe3aMu. EIekTpoMoTOOIIOK
€KOJIOTIYHHUH, ajle BUMarae HasBHOCTI JUKEpesa >KMBJICHHS, BIIJAJCHICTh BiJ SKOTO OOYMOBIIOETHCS JOBKHUHOIO
kabemo. Takok BMMarae MiZBHIIEHHX 3aXOJIB O€3NEKH NP HOro BHKOPUCTaHHI: KOPIYC Ma€ OyTH 3a3eMIICHHH,
CTPYMOBEIYUUH MPOBiA 3aKpiIICHUH [UIA TOTIEPEDKSHHS MOMagaHHs IIiJl HOXI arperaTy, poOiTHUK OJSTHEHHH Y
CTIEIiaIbHANA 3aXMCHUN OJST IO 3aXHINAE BiJl MPEAMETIB SKI BHIITAIOTH 3-TiJ HOXKIB (TPYJOYKH 3€MITi, KaMiHHS,
T Ta iHIIE). Y YWCII OCHOBHUX IepeBar JAaHOTO BUIY TEXHIKH JJIs TOPOJY MOKHA BiJ3HAYWTH: HE3HAUHY
BiGpAIlif0, HU3bKMIA PIBEHB IITyMy, HEBEIHKY Bary, MOOINbHICTh, KOMIAKTHICTh. MIOro BHKOpHCTaHHS GaraToOrpaHHo i
0CcO0OMBO €(PeKTHUBHO TP OOPOOIl MiXKpSIb TMOXYHHUIl, COHSIIHUKY, KYKYpyI3H, OypsKiB, KapTorii, rapOy3a, Ta
IpU BHECEHHI JOOpPHMB Ha NpHcaguOHI AISIHKM. BUKOpHCTaHHS MiJropTajgbHUKA B SKOCTI J0JAaTKOBOI HAacaJKu
3abe3nedye Hapi3Ky OOpoO3H, miaropraHHs Tpsgok. 11[o0 BHKIIOUNTH NepeBaHTAXKEHHS EJIEKTPOJBHIYHA MpH
eKCIUTyaTallii nepedayeHa BiIIOBIAHA CUCTEMA 3aXHUCTY.

BucnoBku. BukopucranHs elnekTpoMOTOOJIOKY TO3BOJIMIIO 3HU3UTH €KCIUTyaTaliiHi BUTPaTH, CKOPOTHTH
omtaty eHeproHocis. I[lizBucutm skicte 0OpOOKM IPYHTY Ta NPOAYKTHBHICTH mpami. Bce me mpusBomuts a0
MOKPALIEHHs BPO)KAaHHOCTI POCIINH.
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A NEW METHOD FOR HEAT TRANSFER PREDICTION IN CONDENSING INSIDE
PLAIN TUBES

Annotation - Since the publication of Tepe and Mueller’s one of the first works and until now, there were published
hundreds of studies with the results of heat transfer investigations in vertical and horizontal tubes with vapor condensing of
various liquids. There were proposed dozens of methods and formulas based both on the results of the theoretical research,
and on the experimental data.

The existing discrepancy in more than 50% between different experimental data and various empirical and theoretical
relationships is shown. At that, the absence of both substantiation of different methods, and explanations of methods disagreement both
between themselves and with different experiments is noted. Also, there are often no remarks concerning boundaries for use of the proposed
relationships.

There are proposed simple semi-empirical correlations for the local and average heat transfer prediction in condensing inside the
plain tubes at the annular and intermediate flow of the phases. These correlations are based on the nature of film condensation process, new
empirical data on local heat transfer coefficients and on the specific features of the theoretical solutions results. The range of application of
the complexes, which determine the heat transfer process is also substantiated.

Good convergence of a new method with the experimental data on condensation of steam, carbon dioxide, hydrocarbon
refrigerants and other various fluids inside horizontal and vertical tubes is shown.

Keywords: film condensation, heat transfer, plain tube.
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HOBUI METO/I PO3PAXYHKY TEILTOBIJZIAYI ITIJ] YAC KOHJIEHCAIII B CEPEIWHI TJIATKHUX TPYE

3anpononosano npocmy HANIGEMRIPUYHY 3ANIEHCHICMb PO3PAXYHKY JIOKANLHO20 Md CePeOHbO20
meniooOMiHy npu KoHoeHcayii @ cepeduni mpyo npu Kiibyesomy ma npoMidICHOMY percumax meuii ¢as.

Haseoeno xoppexmmuy 36ixcHicmb H08020 MemOOy 3 eKCRePUMEHMATbHUMYU OAHUMU NO KOHOEHCayil
napu, 0lokcudy gyaieyro, 8yeie00He8UX X0I000aA2eHMI68 MA [HUUX PI3HUX PIOUH 8CepeOUHI 2OPUBOHMALLHUX §
BEpPMUKANLHUX MPYO.

Knrouosi cnosa: nuiskosa kondencayis, meniogiooaua, enaoka mpyoa.

1. Analysis of semi-emperical relationships

In [1], Ananiev et al. deal with a homogeneous model of phase flow in condensing in tubes. The authors are
of the opinion that active entrainment of a con-densate takes place in most of a tube at a high mass velocity. It is
considered the flow of vapor and condensate mix to be turbulent. The authors restricted using their model when
Re;,>5-10°. Accepting the Reynolds analogy, the authors think that heat transfer in mix condensing is completely
analogous to  convective  heat transfer in  turbulent liquid flow in a tube ie.

Nu, =ad /A, =0.023Re}* Pr’* d / A, . Two phase flow were taken into account by introduction of the following

complex:
Nu, = cRel* Pr’*[1+x(p, / p,~ 1], @

where Re;, — only liquid Reynolds number; p;, p, — luquid and vapor density, respectively, kg/m3 , ¢=0.024.

In [2], the experiments on steam condensation in horizontal stainless steel tubes of @=10, 13 and 17 mm and
[=2.5, 12 m was performed. All 540 experiments have convergence with (1) within the limits of £20%.

Shah [6] submitted simple meth od of local and mean heat transfer prediction, in which the correlations for
one-phase convection in liquid turbulent flow in tubes are corrected by function ¥ including vapor content x and
reduced pressure p,. For local heat transfer the formula looks like

a=aV¥, ()

n

In [12] Shah specified correlation (2) inserting there new complex ( y7 / 14 ,uv)
a,=a, (u/14u,) ¥, 3)
It should be noted that Borishanskij et al. [7] used reduced pressure p, for heat transfer prediction in
condensing earlier that Shah [6].

Comparison of the additional complexes from (1) and (3) for condensation of steam [2], methane [8],
isobutene [9], R22 [10] and R245fa [11] show the values of the additional complexes are practically the same
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(divergence within 25%). However, Ananiev’s et al. relationship (1) is preferred to use for heat transfer prediction,
in contrast to Shah’s formula (3).

The third known semi-empirical relationship for heat transfer prediction in condensing inside horizontal
tube were drawn by Thome et al. [13]:

Nu, =0.0039 f, Re}’ Pr”, )

The authors did not prove the introduction of f; by any experimental data. Equation (4) gives good
convergence with some experimental data in annular and intermediate flow.
Equation (4) for annular flow regime can be represented in this form Nu=f(f, Re,, Pr)):

Nu= Cnewfi (O-SC/.F},} )0.5 Re1_0,07 PI‘IO'S ’ o

where c,.,, is a new constant.

The calculations of function f; for experimental data of steam [2], R22, R32, R134a, R236ea, R410a [19],
hydrocarbon refrigerants and dimethyl ether [9] and carbon dioxide [18] were shown, that f; changes from 1,5 to 2,0.
Taking mean value of f=1.75, following relationship can be obtained:

Nu=1.75c,,,(0.5C, Fr,)” Re;"" Pr™, ©)

associates with the results in [14].

Equation (6) was used in the experimental data processing on vapor condensation inside a vertical tube [20]
and inside a horizontal tube [21]. The demerit of (4) and (6) lies in the constant power of Fr;, Re; and Prj, regardless
of the numerical values of those numbers. This diverges both with the theory [14] and with the experiments.

The method of Thome at al. (4) is often used by researchers for comparison with different experiments. In
contrast to the Ananiev’s et al. relationship (1), formula (4) is used for the annular and intermediate flow of the
phases (under existing influence of shear stress) and for the stratified phase flow.

As shown in [18], there is the good convergence (~20%) between the experiments on condensation of
carbon dioxide inside the horizontal tube of d=3,42 mm and /=3.5 m at G=200+800 kg/(m2~s) with calculations by
(4). It was also shown in [22] that there is the discrepancy in 172% between the experimental data a,,, on
condensation of carbon dioxide inside the horizontal tube of @=5,15 mm at G=600+1000 kg/(m*-s) with the
calculated data a.,. by (4).

In [13] the experimental data of Cavallini et al. [9] are compared with (4) for two cases: first, without
taking into account the influence of waves — parameter f; in (4); secondly, when the parameter f; is taken into
account.

2. Substantional and the rang of application of a new semi-empirical correlation

The analysis of the works, where the experimental data on condensation inside tubes were compared with
different design methods, showed great difference among the results of different authors in the case of using the
same relationships for heat transfer prediction for all kinds of fluids. The discrepancy in the same design methods
for the same refrigerants is 100% and more.

When employing theoretical solutions, the main reason for attaining different results can be first of all the
use of different methods for prediction of the friction coefficient Cy. Then, it is very important to know the range of
application for one or another relationship in order to compare them with theoretical solutions as well as with
experimental correlations. Many semi-empirical relationships were obtained over a short range of the changes of G,
x and physical properties. For this reason, semi-empirical relationships can only be used in conditions which are

close to experimental ones.

The theory of film condensation under existing influence of vapor velocity shows that Nu, is a function of
three parameters f, Re, Pr; [4]. In [4] the theory predicts different influence of power of §, Re, Pr, depending on
values of 5, Re, Pr;. For example, in the region of laminar and laminar-wave film flow, the influence of Pr;
decreases along with the decreases Re, till full absence.

The accuracy of the calculation of Nu, in the region of the influence f depends on the accuracy of the
friction coefficient C; determination. There is no substantial procedure to calculate C;up to now. So, in [2] it was
reviewed more than 20 formulas for calculation of 4P and Cj; respectively. None of them has enough accuracy
(within £40%), when they are compared with experiments.

In this work, the following data were generalized: Cavallini et al. [19] data on condensation of R134a,
R125, R32, R410A, R236ea and Ghim and Lee [11] data on condensation of R245fa, NOVEC649 and HFE-7000;
Park et al. [9] data on condensation of propylene, propane, DME and isobutene and Kim et al. [18] data on
condensation of carbon dioxide; data on steam condensation inside horizontal [2] and vertical [3] tubes. Of all
experiments of the authors, mentioned above, the experimental data at such values of G and x, when according to
[13] the annular or intermediate regime takes place, were chosen for generalization. As usual it occurs at f/>5, when

Fr, > 500. These data are generalized by the correlation:
Nu, =0.0144Fr"* P} (7)
Equation (7) generalizes all experimental data with the error less than 25% ( R* = 0.9574).
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Conclusion
1. The new correlation for heat transfer prediction was obtained. It is based on the theoretical model of

turbulent condensation and it is drawn in the form Nu, =0.0144Fr}0'36 PI‘ZO'43 (Re>800). This equation

generalizes the large quantity of the experimental data on condensation inside horizontal and vertical tubes of
different fluids.

2. The calculation by the suggested formula does not need a correct estimation of phase flow regimes,
condensate accumulation and a friction coefficient Cy.
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KOHCTPYKTOP HABYAJIBHOI'O JJABOPATOPHOI'O KOMIUIEKCY 3 KYPCY
«PI3UKA» (EJIEKTPUKA 1 MATHETHU3M), CTAH TA IIEPCIHEKTUBU

IIpedcmassieHo npakmu4Hy po3po6Ky 1a60pamopHo20 NpaKmMuKymy 3 Kypcy gisuka (esekmpuka ma mazHemusm)
04151 3a2a/16HO0CBIMHIX WKiA YkpaiHu. Bnepwe nponoHyemucsi komnaekcHull nidxid do supiwieHHst npo6.ieM i3 npaKkmu4Howo
nidzomoskoto 3 ¢pizuku y cepedHix wkoaax YKpaiHu, W/ASXOM 6NnpoeadxHceHHs /Aa6OPaAmMoOpHO20 NPAKMUKYMY, SKUll
0p2aHIYHO NOEOHYE 8 CO6I Cy4acHi eeKMPOHHI KOMNOHEHMU, MAKeMHy nJiamy, 8UMIpr8abHi npuaadu (Myasmumempu), a
MAaKoic Mae eAeKMpPOHHUU CMUMYASIMOop, 0151 MOOeAI08AHHS A1A60PAMOPHUX 3A80aHb.

BupiweHnHs1 gu3sHaveHux npobiem nNponoHyeEmMuvCsl WASAXOM:30iliCHEHHs] OHO8/1EeHHS MamepiaibHO-mexHiYHoi 6a3u
WKiAbHO20 KabiHemy dpizuku 0as1 eugueHHss mem «Esekmpuka ma mazHemusm», BUKOPUCMOBYIOHU HABYAAbHUL
aabopamopHuli komnaekc 3 Kypcy «®Pizuka» (esnekmpuka i mMazHemu3M);8Upo6aeHHsT HOB0I MemoJduKU HABYAHHMS, SIKA
no/isi2zae 8 NOEOHAHHI MPbOX CKAAA08UX KOMNOHEHMI8 KOMNJIEKCY: meopemu4Ho2o (MemoduuHi pekomeHdayii 015 uumens
ma JdudakmuvHuil mamepian 0451 Y4Hig), npukaadHozo (MakemHa nJaama i3 eAeKMpUYHUMU npuaadamu ma
B8UMIPI08ANIbHUMU 3AC06aMU) MA CUMYAAYILIHO20 (NpaKmMu4He 8UKOPUCMAHHS NPO2PAM - CUMYASIMOPI8);CMm8OPeHHs HO8oT
dudaxkmuuHoi 6a3u (3owum 049 1a60pamopHux po6im) das onmumizayii npakmu4Hoi yacmuHu npu eus4eHi gizuxu e 7-11
Kaacax. fka 00380/5€ 8uKOHyg8amu ekKcnepuMeHmaJabHy YacmuHy 0608°s13k080i npozpamu 3 @i3uku, sk 8 K/idaci, I3
BUKOPUCMAHHAM MakemHoi naamu, mak i 0451 camocmiliHoi po6omu y4Hsi edoma, i3 BUKOPUCMAHHAM npozspamu -
cumyaamopa.

Ilpu cucmemHoMy BUKOpUCMAHHI MOXCAUBOCMell 3anPONOHOBAHO20 A1AGOPAMOPHO20 KOMNJAEKCY NOAINWamucs
3HAHHS yYHi8 3 i3uKU, Wo cmaHe 6e3yMOBHUM HAKMOPOM HOPMYBAHHS KOHKYPEHMOCNPOMONCHO20 8UNYCKHUKA OCHOBHOI
wkou. Bapmicmu komnsekcy npu cmandapmHoMmy Habopi He 6yde nepesuuyysamu 100doaapis CLIA.

Kamwwuyosi cnoea: nabopamopHozo npakmukymy, Kypc ¢pisuka (esekmpuka ma mMazHemusM), OHOB/1EHHS
MamepianbHo-mexHivYHOT 6a3u, kabiHem @i3uKu, noAINWAamuvCcsi 3HAHHS YYHI8 3 Pi3uKu.

LV.TROCSYCHYN
ONAT im.O.S.Popova
vottp.tiv@gmail.com

CONSTRUCTOR OF EDUCATIONAL LABORATORY COMPLEX WITH THE COURSE "PHYSICS"
(ELECTRICITY AND MAGNETISM), STATE AND PROSPECTS

The practical development of a laboratory practice course on physics (electricity and magnetism) for general
education schools of Ukraine is presented. For the first time, a comprehensive approach to solving problems with practical
physics training in secondary schools of Ukraine is proposed, by introducing a laboratory workshop that organically
combines modern electronic components, model board, measuring instruments (multimeters), and also has an electronic
stimulator for modeling laboratory tasks. .

The solution of the identified problems is proposed by: updating the material and technical base of the school's
office of physics for the study of the topics "Electricity and Magnetism", using a training laboratory complex from the course
"Physics" (electricity and magnetism), the development of a new teaching method, which is to combine three components
components of the complex: theoretical (methodical recommendations for the teacher and didactic material for students),
applied (model board with electric devices and measuring instruments) and simulation (Practical application programs -
simulation), creating a new didactic base (booklet labs) to optimize the practical part when studied physics in grades 7-11.
Which allows you to perform the experimental part of the compulsory program in physics, as in the classroom, using a model
board, and for the student to work independently at home, using a program simulator.

With the systematic use of the possibilities of the proposed laboratory complex, students’ knowledge of physics will
improve, which will become an unconditional factor in the formation of a competitive graduate of the main school. The cost
of a complex with a standard set will not exceed 100 USD.

Key words: laboratory workshop, physics course (electricity and magnetism), updating of material and technical
base, physics room, knowledge of students in physics.

Beryn

Dizuxa € GyHIAMEHTAIFHOIO HAyKOIO, SIKa BUBYAE 3arajbHi 3aKOHOMIPHOCTI Mepediry IpHpOIHNX SBUIL,
3aKjiaJjla€ OCHOBM CBITOPO3yMiHHS Ha pI3HMX pIBHAX Mi3HAHHSA NPUPOAM W Hajae 3arajbHe OOIPYHTYBaHHS
NPUPOTHUYIO-HAYKOBOT KAPTHHU CBITY.

lonoBHa MeTa HaBuaHHS (I3UKHM B CEpelHIA IIKOJII MONATaE€ B PO3BUTKY OCOOHMCTOCTI Y4HIB 3acobamu
(hi3UKM SK HABYANBHOTO TMPEAMeTa, 30KpeMa 3aBISKH (OPMYBaHHIO B HUX MPEIMETHOI KOMIIETCHTHOCTI Ha OCHOBI
(hi3MYHUX 3HAHb, HAYKOBOTO CBITOTUISAMY ¥ BiAIOBITHOTO CTHIIIO MUCJICHHS, PO3BHTKY €KCIIEPUMEHTAIBHUX YMIiHb 1
JTOCIT THUITPKAX HABHUYOK, TBOPYHX 3AI0OHOCTEH 1 CXMIIBHOCTI IO KPEaTHBHOTO MHUCIICHHSI.

3aceocunsa yunamu cucmemu QizuyHuX 3HaAHbL MA 30AMHICMbL 3ACMOCO8Y8amu iX y npoyeci ni3HaHus i 6
NPAKMUYHIN OBLIbHOCME € OOHUM i3 20JI06HUX 3A80AHb HAGUAHHS (DI3UKU 8 CepeOHill WKOL

@Di3uKa TIPYHTYETbCSI HA EKCIEPUMEHTI. 3aBJAsSKM HaBYAIGHOMY (I3MYHOMY EKCIIEPUMEHTY Y4HIi
OBOJIOJIBAIOTh JOCBIJOM NPAKTHYHOI MiSUIHOCTI JIIOACTBA B Tairy3i 3700yTTs (akTiB Ta NONEPETHBOro ix
y3arajJbHEeHHs Ha PiBHI €MIIPUYHMX YSBJICHb, OHATH i 3aKOHIB. 32 TAKHX YMOB CKCIICPUMEHT BHKOHYE (YHKIIIIO
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METO/ly HAaBYAJILHOT'O Mi3HAHHS, 3aBASKH SIKOMY Yy CBIJIOMOCTI y4YHsI yTBOPIOIOTHCSI HOB1 3B’SI3KM W BiIHOIICHHS,
(hopMyeThCsSt 0COOHCTICHE 3HAHHS.

Came uepe3 HasuanbHull Qi3uUyHUL excnepumenm HavlegexmusHiule 30IUCHIOEMbCsL OIIbHICHUL NIOXI0 00
HABUAHHS I3UKU.

3anpornoHoBaHUN JTa0OpPaTOpHUII KOMIUIEKC Ha Cy4acHOMY €Talli He Ma€ BITYM3HSIHHX aHAJOTIB Ta Ja€
3MOTy O0’€IHATH TEOPETWYHI 3HAHHS YYHIB 3 MPAKTHYHUM 3aCTOCYBAHHSM IIPH BHBYCHI BIiAMOBITHWUX PO3ILTIB
¢izukn. MeTOmOIOTIYHII CYIPOBiT KOMIUIEKCY JO3BOJINTH BUMTENIO OPraHi3yBaTH HABYAJIBHY HiSUTBHICTH YUHIB Ta
3100yTH INKOJNApaMH BMIiHHS MpPALIOBaTH 3 peaJbHUMH (i3WYHAMH TpWIaZaMHu, 30HUpaTH eKcIepuMEeHTaIbHi
YCTaHOBKH, KOPHUCTYBaTHCh BUMIPIOBAJIFHIMHI IpriIagaMu. Jlae 3MOry OmnTHMI3yBaT caMOCTiHHY poOOTy y4HIB 3
MOJIIOBAHHS €NEKTPUYHMX SBHILL, ITOJIMIICHHS JOCIIIHUIBKOI AisIbHOCTI. JJ03BOJUTH YYHIO Ta BUMTEIIO BUATH
3a MeXi 000B’s3KOBOTO POTPaMHOTO MaTepiaiy. SIK KiHIeBHH pe3ysbTaT — cripusie (OpMyBaHHIO CTIHKUX 3HAHb 3
BIMOBIMHUX po3aimiB (i3MKH, (OPMye KOHKYPEHTHO-CIIPOMOXKHOTO BHITYCKHHMKA 3 TEXHIYHHMX JUCLUILIIH.
KoHcTpyKkTOp MOXHa TakoX BHKOPHCTOBYBAaTH B paMKaX HOTO MOJJIMBOCTEH 1 JUIi IHIIMX 3a/1ad y CaMOCTiHHIN
TBOpYii poOOTi yuHiB. [IporpaMHH TPOIYKT SBISE COOOIO CICKTPOHHUN KOHCTPYKTOP, IO JO3BOJISE IMITYBaTH Ha
€KpaHi MOHITOpa NpoIecH 30ipKU EIeKTPUYHUX CXEeM, JJOCIHIIPKYBaTH OCOOJIMBOCTI 1X pOOOTH, MPOBOIUTH
BUMIPIOBaHHS €JIEKTPUYHHUX BEJIUYUH TakK, SIK 16 POOUTHhCS B peanbHOMY (i3MYHOMY ekcriepumeHTi. OpHieo 3
TOJIOBHUX OCOONHMBOCTEH KOMIUIEKCY € MAaKCHMalbHO MOXIIMBA IMITallisl peanbHOro (HI3WYHOTO IPOIIECy.
BurorosneHo 10 MakeTHHX 3pa3KiB KOHCTPYKTOpa.S — arpobaris B Ko, 2 — Ha ctadmii KOHUX TeXHIKIB.

‘ulmh" im“‘m I
e
idd 8wl
hetti I

Puc.1. Burorosieni Koncrpykropu

IIpn3HayeHHs NPOAYKTY Ta 3arajibHi 0CO0JMBOCTI

[IpoaykT mpu3HAYeHUI B JOMOMOrY y4HsIM (i BHKJIQJayaM) CEpeIHIX, a TaKOX CEpPEHIX CeliallbHUuX
HaBYAIIBHUX 3aKJaJiB AJsI BUBUCHHS PO3ZiIiB Kypcy (isuku "Enekrpuka i maraetn3m". BiH NpUpOIHUM YHHOM
JOTIOBHIOE KJIACHYHY CXEMY HaBYaHHS, 110 CKJIANAETHCS 3 3aCBOEHHS TEOPETHYHOTO MaTepialy Ta CIpsIMOBaHUH Ha
BHUPOOJICHHS MPAKTHIHUX HABUYOK EKCIIEPUMEHTYBaHHSA y (i3ndHiN mabopartopii.

.3a 10TIOMOr0I0 KOHCTPYKTOpa MOYKHA: BUBYATH 3aJICKHICTH ONOPY MPOBITHHUKIB Bil MUTOMOTO OIOPY HOTO
MaTepiary; BUBYATH 3aKOHH ITOCTIHHOTO CTpyMy - 3akoH OMa ajisl IUISTHKH Kona i 3akoH OMa Ul TOBHOTO KOJIa;
BHBYATH 3aKOHH IIOCIIZOBHOTO 1 TapayielbHOTO 3'€JHAHHS NPOBIAHUKIB, KOHIEHCATOPIB 1 KOTYIIOK;BUBUATH
MIPUHIMIN BUKOPUCTaHHS 3alIO0DKHMKIB B €IEKTPOHHUX CXEMaxX;OBHBYATH 3aKOHW BHJIUICHHS TEIJIOBOi €HEprii B
€JIEKTPOHArpiBAILHUX Ta OCBITJIIOBAIBHUX TPHJIaJax, MPUHIMIIN Y3TO/KESHHS JUKEPEI CTPyMy 3 HaBaHTa)KEHHSIM;
03HAaHOMHTHUCS 3 MPUHIMIIAMHI NTPOBEJICHHS BUMIPIOBaHb CTPYMY i HAIIPYTH B EJIEKTPOHHHUX CXEMax 3a JONOMOTOI0
Cy4acHMX BHMMIPIOBUIBHMX TNpHIagiB (MyJIbTUMETP; BUBYATH BUAUJICHHS IOTY>KHOCTI B IIOCTIHHOTO CTPyMY;
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JOCIIIAUTH SBUILE PE30HAHCY B JIAHIIOrax 3 IMOCJIZOBHHMM 1 MapalelbHUM KOJIMBAJBHUM KOHTYPOM; BHU3HA4YaTH
napaMeTpy HEBiJIOMOI JieTai; AOCHIANTH NPUHLIUIHM NOOYAOBH E€JNEKTPUYHHMX (UIBTPIB Ul JIAHLIIOTIB 3MIHHOTO
CTpyMy.

KoHCTpyKTOp MOXHa TakoX BHUKOPHCTOBYBAaTH B paMKax HOro MOXIIMBOCTEH 1 JUIs IHIIMX 3amad y
caMOCTiitHil TBOp4ili pOOOTI yUHIB.

3a cBOIMH MOXJIMBOCTSIMH, Ja0OPaTOPHUI KOMIUIEKC HE IOCTYHA€ThCsA (B paMKax BHUMOI CEPEAHBOI
LIKOJIM) CYYACHUM 3apyOiKHHM HaualbHUM KOMIUIEKCAM TPOBimHuX (ipm, Hanpuknan - NI ELVIS™ II. Bapricts
KOMIUIEKCY MPH CTaHAapTHOMY Habopi He Oyne mepesuntyBatu 100momapis CIIIA.

TTotpeba mkin Ykpaiau (17 thc. mkin) motpedye (BpaxoBylodu 10 KOMIUIEKTIB Ha (i3UUHHN KaOiHET),
nmopsiaky 200 Tmc. xomriekTiB. KpiM Toro BHWKOpHCTaHHA y mMO3amKiabHIH OCBITI IE POOOTH KPYKKiB
«PagmioenekTpoHHEe KOHCTPYIOBaHH», «PoboToTexnika», Tomo. Cxmamae 0xm3pko 10% Bif 3aranbHOTO KiTBKOCTI
¢i3uuHNX KaOiHETIB.

[IpuBarHe mpundanusa (BpaxoByrouu IiHy Menme 100momapiB (2000 rpH)) y4HSMH, AL CAMOCTIHHOTO
BUBUCHHS. ToMy 3arambHa KuTbKicTh 200THC. KOMIUIEKTIB, Ha IOYaTKOBOMY eTami, i 10 2-3 THC. HIOpiYHO, B
HactynHui nepion. Illo mae o6’emm Bumycky y 400muH. TpH.,(4-6 MuH.IpH). [Ipu cucreMHOMY BUKOPHCTaHHI
MOJKITUBOCTEH 3alpOIIOHOBAHOTO JTAOOPATOPHOTO KOMIUIEKCY IOJIMIIATHCS 3HAHHSA YYHIB 3 (DI3WKH, MO CTaHE
06e3yMOBHIM (akTOpoM (OpMyBaHHS KOHKYPEHTOCTIPOMOKHOTO BUITYCKHHKA OCHOBHOI IITKOJTH.

Buxonanns mabopatopHUX poOiT mependayae y3araibHeHe eKCIIepUMEeHTaIbHE BMiHHS:

a) yMiHHS TUTAHYBaTH €KCIIEPUMEHT, TOOTO (OpMYIIOBATH HOrO0 METy, BU3HAYaTH EKCIICPUMEHTAIbHUI
METO/]l i JaBaTh HOMY TeOopeTHYHe OOTPYHTYBaHHS, CKJIaJaTH IJIaH J0Cily i BU3HAYaTH HaMKpall yMOBH JuIs HOro
NpOBEICHHs, 00MpaTH ONTHMAaJIbHI 3HAYEHHS BUMIPIOBaHHUX BEIWYHH T2 YMOBHU CIIOCTEPE)KEHb, BPAXOBYIOUH HasBHI
EKCIICpUMCHTANIBbHI 3aC00H;

0) yMIHHS MiATOTYBaTH EKCIIEPUMEHT, TOOTO oOMpaTn HeoOXiaHe 0OJaJHaHHS W BUMIipIOBaIbHI NPHIIaIH,
30MpaTd JMOCTIMHI YCTAaHOBKM YH MOJEJi, PalliOHAIBHO PpO3TAIOBYBATH IPHJIAAH, JOCATAIOYH OE3MedHOro
MIPOBEIEHHS JOCTITY;

B) YMiHHS CIIOCTEpiraTv, BU3HAYaTH METY ¥ 00’€KT CTIOCTEPEKESHHS, BCTAHOBJIIOBATH XapaKTEPHI O3HAKH
nepebiry (i3UYHUX SIBUII i TPOIIECiB, BUAUIATH IXHI CYTTEBI O3HAKH;

I') YMiHHS BHUMipIOBaTH (Di3WYHI BETMYMHH, KOPUCTYIOUHCH DPI3HUMH BUMIPIOBATBHHMH TIPHJIAJaMU Ta
MipHJIaMH, BU3HAYATH IiHY MMOIUIKH ITKAIH MPUIaLy, 3HIMATH TTOKa3H MPHIIaIy;

) YMiHHS OOpOOJISITH PE3yNIbTaTH CKCIIEPUMEHTY, OOUNCITIOBATH 3HAYCHHS BEJUYHH, 3HAXOJIUTH TTOXHUOKH

BUMIPIOBaHb, CKJIaJaTh TaOJHII OJep>KaHUX JaHUX, TOTYBATH 3BIT IIPO NPOBEAEHY pOOOTY, 3alnMCyBaTH 3HAYECHHS
(I3MYHUX BEIMYHMH Y CTaHJAPTH30BAHOMY BUIJISII TOLIO.
VY4HI MOBHMHHI BMITH NpPALIOBaTH 3 peabHUMH (I3SMYHMMH NPUIAJaMH, 30UpaTH eKCIIEpPUMEHTalIbHI YCTaHOBKH,
KOPHUCTYBaTHCh BUMIPIOBAJbHUMH NpHiagaMu. MoOAENIOBaHHS X PI3HOMaHITHHX CHTYyallild, HaNpUKIag, Mix vac
poOOTH "KOHCTPYKTOpPaMH €IEKTPUYHUX K" Ta IHIIMMHU aHAJOTIYHUMH KOMI'IOTEPHHUMH IPOTPaMaMH, JT03BOJIUTH
MIBUIIIE TTi3HATH 3aKOHOMIPHOCTI TUX YH 1HIINUX TPOIIECIB 1 SIBUIIL.

BucHoBknu
TToBHa BignoBimHicTE BUMOTaM [Iporpamu « Dizukay.

Jlae 3Mory 00’€THaTH TEOPETHYHI 3HAHHS YYHIB 3 NPAKTHYHUM 3aCTOCYBAHHSIM NPU BUBYEHI BIAIIOBITHUX
po3niiB (izuKH.

MeTo0oTiYHU CYNPOBi KOMIIIEKCY JTO3BOJINTD BUMTENIO OPTraHi3yBaTH HaBYAIbHY AisJIBHICTD YYHIB Ta
3100yTH IIKOJSpaMHM BMIHHS NpALIOBATH 3 PEAIbHMMH (I3MYHUMHU TNpHUIajaMu, 30MpaTH eKCHEepPHUMEHTANIbHI
YCTaHOBKH, KOPHCTYBATHCh BUMIPIOBILHUMU MPHJIaaMH.

Jlae 3Mory ONTHMI3yBaTH CaMOCTIHHY POOOTY YYHIB 3 MOJNETIOBAHHS EJIEKTPUYHUX SBHII, MOJIIMIICHHS
IOCIIAHUIILKOT TiSIIBHOCTI.

J103BONIMTH YUHIO Ta BYMTEIIO BUHTH 32 MEXi 000B’I3KOBOT'O ITPOTPAMHOTO MaTepiaiy.

KoHCTpYKTOp MOXHa TaKO)X BHUKOPHUCTOBYBaTH B paMKaxX HOro MOXJIMBOCTEH 1 AJd IHIMX 3amad y
CaMOCTIiHHIN TBOpUiit poOOTi yUHIB.

[Iporpamuamii MPOAYKT SBIISIE€ COOOIO ENEKTPOHHWUH KOHCTPYKTOpP, IO O3BOJIAE iMITyBaTH Ha eKpaHi
MOHITOpa HpolecH 30ipKH €IEKTPUYHUX CXEM, JIOCHTIPKYBAaTH OCOOJMBOCTI iX pOOOTH, MPOBOJUTH BUMIpPIOBAHHS
CJICKTPUYHMX BEIWYHH TaK, K 116 POOUTHCS B pealbHOMY (hi3HUHOMY €KCIICpUMEHTI.

OpHi€I0 3 TOJIOBHUX OCOOJIMBOCTEH KOMIUIEKCY € MaKCHMaJbHO MOJKIJIMBA IMITallisl peaJbHOro (hi3n4HOTrO
Hpolecy.

Sk KIHLIEBUH pe3ysbTaT — crpuse GopMyBaHHIO CTIHKMX 3HaHb 3 BIANIOBITHHUX PO3ALIB (i3ukH, GpopMmye
KOHKYPEHTHO-CIIPOMO>KHOTO BHITYCKHHKA 3 TEXHIYHUX AUCIUILIIH.
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BUBIP CIIEKTPIB PEAJIBHUX OBEKTIB J1JIs1 OHIHIOBAHHA SAKOCTI
KOJIbBOPOIIEPEJJAYI

AHomayis. Po32as10arombcsi NUMaHHs Mempo.102iYH020 3a6e3neveHHss cucmem nepedasaHHsl 8ideo KaHa/AaMu.
IIpusodsimubcs koopduHamu ocHogHUX ma dodamkosux 00 OCHOBHUX KO1b0pis, a makoxc idenHmugikayisi konvopie 32i0HO
MixcHapodHozo cmandapmy ISO/TR 16066. 06rpyHmogyemuscs 8ubip Koabopie 01 OYiHI08AHHS sIKOCmi 3 8i0HOCHOH
HacuveHicmio, wjo pieHa oduHuyi, 04151 OYiHIOBAHHS HACUYEHUX KO.1b0pie, 3 HacuveHicmio pigHotw 0,9 045 oYiHIOBAHHS
Xapakmepy KOJpHUX CnomeopeHb, a makoxc 3 HacuveHicmio 0,5, wo eidnogidae mMemody OYIHIEAHHS KOAIPHUX
cnomeopeHs 8 cepeduHi mpukymHuka koaipHocmi. [IpedcmasneHo anzopumm subopy cnekmpaabHo20 po3nodiny Ko/vopis
ma npedcmae/ieHo X Ha PUCYHKAX, AK M, WO MO}IYmb 8UKOPUCMOBYBAMUCH OYIHIOBAHHA sKocmI Ko/boponepedaui
ckpizHum s8ideo mpaxkmom. [Ipedcmas.ieHo aHaAiMu4Hy Gopmyay 8U3HA4EHHS D08HCUHU 8eKMOPY, WO 8KA3YE HA 8I0CMAHb
MIHC emanoHHUMU KoopoduHamamu ma 3HatideHumu. [IpedcmasieHo aHaaimuyHull 8upas onucy Kpumepin 6U3Ha4eHHs
gidnosidHocmi 06paHo20 cnekmpaibHo20 po3nodiay 3adaHuM koopduHamam koabopie. Ompumari pezyssmamu 0o8o0s1mb,
Wo ompumaHi cnekmpa/avHi po3nodiau 045 3a0aHUX KO/bOPI8 MoOlce 6ymu 8UKOPUCMAHO 8 nodaavwomy. B mabauyi
npedcmas/ieHo HA38U KO/1bOpie, wo 8idnosidaroms 06paHuM KOOpOUHAMAM KO/bOPI8 Ma MOXCYMb 8UKOPUCMOBYS8AMUCH
04151 Mempo/102iyH020 3a6e3ne4eHHs1 CKpi3HUX eideompakmie ma 0.5 no6ydosu onmuyHUX BUNpPo6Y8aAAbHUX MAb6AUYb.
IIpedcmasserno nponosuyii ujodo noda16w 020 BUKOPUCMAHHSA OMPUMAHUX pe3y1bmamis.

Karouosi crosa: koswoponepedaui, cnekmpu Ko/vbopis, ocHogHI kobopu, ISO/TR 16066.

V.V.PILYAVSKII, RV. VANKOVYCH, V.V. SHTEFAN, M.O. FOROSTENKO, K.S. NEYMUTUH
Odessa National A. S. Popov Academy of Telecommunications
v.pilyavskiy@ukr.net

SELECTING REAL OBJECTS SPECTRA FOR THE EVALUATION OF QUALITY OF COLOR TRANSMISSION

Abstract. The questions of metrological support of systems of transmission by video channels are considered. The
coordinates of the main and additional to the main colors, as well as color identification according to the international
standard ISO / TR 16066 are given. The choice of colors for the estimation of quality with relative saturation equal to one, for
the estimation of saturated colors, with saturation equal to 0.9 for assessing the color of the color, is substantiated. distortion,
and also with a saturation of 0.5 corresponding to the method of estimating color distortions in the middle of the color
triangle. An algorithm for selecting the spectral distribution of colors is presented and presented in figures as those that can
be used to evaluate the color rendering video path. An analytical formula for determining the length of a vector is presented,
indicating the distance between the reference coordinates and the found ones. The analytical expression of the description of
the criterion of determining the correspondence of the chosen spectral distribution to the given color coordinates is
presented. The obtained results prove that the received spectral distributions for the given colors can be used in the future.
The table shows the color names that match the selected color coordinates and can be used for metrological provision of
snapshots and for the construction of optical test charts. Presented suggestions on the further use of the obtained results.

Keywords: color transmission, spectra of colors, base colors, ISO/TR 16066.

TpagumidHMA miIXig A0 OWIHIOBAHHS SKOCTI pOOOTH CKPi3HOTO BifIeO TPAKTY € OOTOBOPEHO B PSIi IKEper
HAyKOBOI JIiTepaTypu. AJle Iporpec Bileo TEXHOJOTiH MoTpedye YIOCKOHAJICHHs Ta MOOYI0BH HOBUX CHCTEM, IO
OyInyTh BUKIIOYATH ICHYIOWI Ha NaHWUK 4yac (akToOpH, IO MOXYTh MPU3BECTH IO CIIOTBOPEHb, a caMe, BEITUYHNHY
OCBITJICHHS, - ACKpaBe COHIIE, 3aXiJl YW Maike BiCYTHE OCBITICHHS (TeMHe OTO4YEeHH:). [0 OCTaHHIX TaKOX CIix
BiJIHECTH Pi3Hi JoKepesia OCBITIICHHS, a caMe, Pi3Hi TUIH (QIyOpECIIEHTHOTO, CBITIOIIOIHOTO Ta 1HIIOTO OCBITIICHHSI.
Beci 3a3HaueHi akTopy i iHIII MOXKYTh OyTH JIOCHIPKEH] HA CIIEKTPAILHUX XapaKTEPUCTHKaX CLeHU 00’ekry. Tomy
HUUTI0 aHoi poOOTH € MUTaHHS BHOOPY BHUIIPOOYBAJHHOTO CHEKTPAJIBbHOIO PO3MOALITY /IS OLIHIOBaHHS SKOCTI
KOJIbOpoTIepeaadi.

CrexTpajbHUN po3Mmoail 00’ €KTIB AJIsl TOCITIPKEHHS Oyiio BHOpaHO 3 MDKHApOJHOTO craHiapty [1], mo
rapaHTye 3a0e3re4eHHs HEOOX1THUX YMOB, 110 BUCYBAIOTHCS /IO CIIEKTPAILHUX PO3IIOIIIIB.

Cepen MacuBIiB KOJIBOPIB, IO MICTATHCS B CTAHAAPTI OYJI0 BUIICHO IO OJHOMY CHEKTPAJILHOMY PO3IOILTY
JUISL KOJIbOPiB uepBOHO (R), 3eneHoro (G), cunsoro (B), xosroro (Ye), romyboro (C), mypmypHoro (M). Tounicte
KoJIboporepeaadi; il TOYHICTIO PO3YMI€THCS OIIIHIOBAHHA BEKTOpPY (BEKTOp Mae Oe3po3MipHy BeNHUYHHY W
PO3paxoByeThes, K BiACTaHb Mi JBOMAa TOUKAMH B JeKapToBiii cuctemi koopaunar (AE)) sminm xoopauHar
KOJILOPY B KOJIIPHOMY IPOCTODI.

IToBHOTA OITiHIOBaHHS SIKOCTI KOJIHLOPOTIEpEIaBaHHs 3a0e3Meuy€eThCsl HACTYITHUM HabOpOM KotbopiB (Tadi.1):

3.1 i OIiHIOBAaHHS HACHYCHHX KOJIBOPIB CJIJI BHUKOPHUCTOBYBAaTH CIEKTpalbHI pO3MOAUIH, IO IX
BiJITIOBIZIAOTH KOJIiPHI KOOPAWHATH 3 BiTHOCHOIO HACHYCHICTIO 1;

3.2 it 3abe3MedeHHs] MOYKIMBOCTI BU3HAYCHHS BEKTOPY 3MIiHHM KOOPAMHAT HACHUYEHUX KOJBOPIB y BCiX
HarpsMax KOOPJMHATH HACHYEHOCTI ITOBMHHI OyTM MEHIIA BiJ BiHOCHOI HAaCHYEHOCTI KOJBbOpPY, IO piBHA 1.
BpaxoByroun naHi yMOBH PEKOMEHIYETHCS OpaTH BiJHOCHY HACHYEHICTHP OCHOBHHX Ta JOJATKOBHX 10 HHX
KOJIbOPIB piBHY 0,9.
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3.3 [J1s IOBHOTO OLIHIOBAHHS HE HACHYEHUX KOJIBOPIB PEKOMEHAYETHCS TOAATH 10 HAOOpY BUTIPOOYBATEHUX
KOJIOPIB OCHOBHI KOJIbOPH 3 BITHOCHOIO HacuueHicTio 0,5.

[Tomryk HEOOXiTHOTO KONBOPY 3MIHCHIOETHCS BUXOASYM 3 MHOKMHA HAa0OpY CHEKTPAIbHUX PO3MOALTIB
kombopiB (N) srizuo [1]. M komip KOOpAMHATAM SKOrO HEOOXiTHO 3HAMTH BiAMOBIAHMII CIEKTPAaNbHHMIT POSIOILT.
KpurepieM BU3HAYCHHS LIYKAHOTO CHEKTpajbHOrO po3mnoxainy € AE (1), 3HadeHHs 3a3Ha4Y€HOT BEJIMYMHU [MOBUHHO
OyTH HaOMIKEHO 10 HYIs (2).

2 2 2
AE = (x - xspcctral) + (y - yspcctral ) + (Z - Zspcctral) (1)
AE(i)zO, ie(l,N) )
Tabnuns 1 — [aHi KOJBOPIB, MO iX PEKOMEHIOBAHO BHKOPHCTOBYBATH JIJISl OLIHIOBAHHS KOJILOpOIEpeaayi
(Y — koopmunatu konsopy 3rimHo ITU-R BT.709, eV — KOOpAMHATH KOJBOPY, LIO €KBIBAJEHTHI
HaiineHoMy criektpy, Koumip — Ha3Ba kompopy 3rigso [1])
R G B c M Ye Ry Goo By, Cos M, |Ye, Rys Gys By
X 0.640 0.300 0.150 0.224 0.321 0.419 0.595 ]0.300 |0.224 ]0.231 [0.320 0.408 [0.440 0.305 0.224

0.330 0.600 0.060 0.328 0.154 0.505 0.329 [0.578 [0.182 |0.329 [0.171 [0.487 ]0.329 |0.476 [0.182
0.638 0.301 0.157 0.222 0.314 0.419 0.689 10.302 [0.167 |0.232 |0.322 [0.406 [0.440 |0.304 [0.224

Xspectral
Yspectral 0.330 0.602 0.060 0.328 0.156 0.505 0.305 [0.577 |0.081 [0.328 |0.170 [0.488 0.329 [0.474 ]0.182

Komip[l] [of09 g h03 t h02 t |of02 d rij 4 r ij 3 r ds 2lgr p r sh 2|0f06 d |of04 d jpr ds 1of08 d |pr ds 4jpr sh 2
AE 0.0014 |0.0024 |0.0075 ]0.0019 ]0.0065 [0.00025 |0.3066 [0.0020 |0.0045 [0.0013 |0.0022 [0.0019 |0.00024 [0.0017 |0.0007

B tabnumi 1 B rpadi «Komip» mpeacTaBieHo HACTYITHI KOJbOPH:
[lykaHi ceKTpaibHi pO3MOILIN IPEJICTABICHO HA pUCYHKAX 1-3.
1 T 0 T 1

i
wepacesi 3%
a8 | sensveni 30%
[ cvrad 90%
| oamaR 30%
a8 i \ Enawemani 00%

BUIHOCHHIT PIBCHE
BUIHOCH I PIBCHE
I
in

400 450 500 550 600 450 7aa 400 450 500 550 800 50 700
A HM A HM
Puc. 1 - CuexrpanbHuii po3noail st KoJabopis 3 Puc. 2 — CnexTpajibHuii po3mogia A/1si KOJILOpiB 3
BiIHOCHOI0 HacHYeHicTIO 1 BigHOCHOI0 Hacu4eHictio 0,9

[lykaHi criekTpanbHi PO3MOALIH, 0 €KBiBAJICHTHI
KOOpAMHATaM KOJIPHOCTI, BEKTOp pPO30DKHOCTI MiX
CTAJIOHHUMH Ma€ 3HAXOIUThCS B JIOMYCTUMHX MEKax.
OTxe JaHi OTpUMaHI JaHi MOXXKHA BUKOPHCTOBYBaTH IPH
BHU3HAYCHI BEJIMYMHA TIOXUOKH TIPH Jii pi3HUX PaKTOpiB HA
KOJIbOpOTIepeIadi B CKPI3HUX KaHaJlax BiJIeo 3B’sI3KY.

B mopanbiioMy HpOIOHYEThCS BUKOPHCTOBYBATH
OTpMMaHi JaHi TpU YJOCKOHAJCHHI ICHYIOYHMX YH
CTBOpEHHI HOBHUX CUCTEM npu ajanTarii
KoJIbopoTepenadi 0 pizHuX HaxTopis.

BLIHOCHHI pIBCH b

" Jluteparypa

o e e =0 o p 2w 1 ISO/TR Graphic technology - Standard object colour
A M spectra database for colour reproduction evaluation (SOCS):
Puc. 3 — CriekTpajibHuii po3noaina Jjist KoJIboOPiB 3 BITHOCHOIO 16066:2003.

Hacuyenictio 0,5
References

8. ISO/TR Graphic technology - Standard object colour spectra database for colour reproduction evaluation (SOCS):
16066:2003.
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AHAJIN3 CTOUKOCTHU CBEPJI ITPH OBPABOTKE OTBEPCTHUM B IEYATHBIX
IIVTIATAX

AHHOmayus. B pabome paccmMompeHO 8/AusiHUE pPeXCUMO8 ceep/eHusi Ha 00/1208eYHOCMb pabombl CGepL.
IlokazaHo, ymo nodaua, cKOpocmv pe3aHust U KOJAUYECMB0 NpoceepseHHbIX omeepCmull 0Ka3ble8awm cyuecmeeHHoe
e/usiHUe Ha usHoc ceep. Tak, npu oduHakoswvlx ycao8usix o6pabomku do 1400 omeepcmuil usHOC c8epa npakmuyecku
00uHaKos, ¢ yseaudeHUueM noda4u, CKOpocmu pe3aHus u koaudecmea omeepcmull (ceviwe 2100) u3HOC UHMEHCUBHO
yseauvusaemcsi.

Kaiouesvle ca08a: ceepio, nodaua, kouvecmeo omeepcmuti, ne4amHsle naamel.

V.V. STRELBITSKIY
Odessa national polytechnic university, Odessa
strelbitsky.v.v@opu.ua

ANALYSIS OF THE DRILLING STABILITY AT THE HOLE PROCESSING IN PRINTED BOARDS

Annotation. In electronic equipment, practically at all levels, printed circuit boards (PCB) are widely used, the
manufacture of which is impossible without drilling operations.

Analysis of modern literature [1-3] and PCB production technologies has shown that the quality of the drilled holes
depends on the base material and foil, tools, equipment and cutting modes. Moreover, it is necessary to analyze more
thoroughly the bunch of processed material - cutting modes, since it directly affects the quality and productivity of the holes
being processed.

Experiments on testing the durability of drills were carried out on the machine tool with numerical control ICV
4030. As the material to be processed, a 4-layer PCB made of Fr 4 textolite, rigidly fastened to the table with the help of
tackers (plates). As a research object, drills were chosen for PCB, 1.0 mm in diameter made of hard alloy (analog VK 6).

At the first stage, the influence of the cutting speed (speed) on the wear of the drills on the front and rear surfaces
was determined for longitudinal feed S = 0.05 mm / rev and two values of rotation speed of 10000 and 15000 min-1. Drilling
holes was carried out in one pass. After processing 200 holes, the working surfaces of the drills were examined with an
instrumental microscope, measuring wear along the transverse edge and back surfaces.

The experiments were repeated three times, the results were averaged. The influence of the drilling modes on the
durability of drill work is considered in this paper. It is shown that the feed, cutting speed and number of drilled holes have a
significant effect on the wear of drills. At the end of the processing cycle, at each of the speeds, the boards were removed and
inspected on both sides.

Analyzing the obtained results, it can be concluded that the drill wear is affected by the feed rate, the cutting speed and
the number of drilled holes in the PCB. With an increase in the number of holes (more than 2000), the wear rate of the drill
increases, so it becomes necessary to replace or re-sharpen the drills.

Keywords: drill, feed, number of holes, printed circuit boards.

B pangmosnexkTpoHHO anmapatype, MpaKTHYeCKH Ha BCEX YPOBHSX, IIMPOKOE IMIPUMEHSIOT NeYaTHBIE TUIATHI
(ITIT), wm3roTOBJICHWE KOTOPHIX HEBO3MOXKHO O€3 OIepaIuii CBEpIIeHUsT OTBepCTHil [1-6].

AHanu3 coBpeMeHHOU nutepaTypsl [1-3] wm TexHomormit mpousBozactBa III mokasan, 9To KavyecTBO
MIPOCBEPIICHHBIX OTBEPCTHI 3aBUCUT OT MaTepHajia OCHOBAaHUS U (OJIBTH, MHCTPYMEHTA, 000PYIOBAHUS M PEKUMOB
pesanus. Ilpuuem, HeoOxommmo Oojiee THIATENFHO NPOAHAIM3UPOBATH CBA3KY O0OpabaTbiBaeMblii Marepuanl —
PSXKUMBI pe3aHusi, IIOCKOJIBKY HMMEHHO OHa HalpsMyl0 BIMSET HA KadyeCcTBO M IPOU3BOAMTEIHLHOCTH
00pabaThIBaEMBIX OTBEPCTHH.

Crenyer OTMETHTB, YTO CIIOXKHOCTH Hpoliecca cBepieHust orBepctuid B III1 oOycroBieHa 3HaYMTENBHOM
pasHuiel B TBepHocTsIx apmupyromeii ocHoBel (HB 350-500) u nommmepnoit cesyromerr (HB 40-55), npuuem
TBEPAOCTh MOCJIEJAHETO CHIBHO 3aBHCUT OT TeMIepaTrypbl. Tak Kak IpH CBEpJIEHHUM MHCTPYMEHT HPOXOAMT
CIIydaifHBIM 00pa3oM pPAacIIONOKEHHBIE YYaCTKH MaTEepPHaliOB, TBEPIOCTh KOTOPHIX pa3iWdaeTcss Ha TMOPSIOK, a
CTETICHh H3HOCA HHCTPYMEHTA (CPOK CITY>KOBI) 3aBUCUT OT TBEPIOCTH 00pabaThIBa€MOTro MaTepuana.

[TosToMy meJbl0 HMCCIeOBAHUS SBISICTCSA M3YUCHHE BIUSHHA MOIAYU U CKOPOCTH 00pabOTKH Ha M3HOC

CBepII.
OKCIIepUMEHTHI 110 HCIIBITAHIIO CTOWKOCTH CBEpJ OBLIM MPOBEACHBI Ha CTaHKE C
UIly ICV 4030. B xauecTBe oOpadaTbiBaeMoOro MaTeprana 4-x cijoifHas rmevaTHas miara
ﬁ\ U3 TeKkcTosnTa Mapku Fr 4, )KecTKo 3akpelieHHble Ha CTOJE C IOMOLIbIO NPUXBATOB
(mnactuH). B kayectBe 0OBEeKTa uccienoBaHMK ObuTM BbIOpaHBl cBepsa aust 1M1,
nuamerpoM 1,0 MM 13 TBepaoro crasa (aHanor BK 6) (puc.1), KoTopble HU3rOTOBJICHBI B
Kurae.

Ha mnepBom »Tame omnpemeisuioch BIMSHHE CKOPOCTH — pe3aHust (YacTOTHI

Puc.1. — 3aTouka ceeps  BPAIICHHS) HA M3HOC CBEPII IO MEPEIHCH M 3a[HEH MOBEPXHOCTH — NPH MPOIOIBHOM
mogade S = 0,05 Mmm/00 m aBYX 3HadeHmit yactoTa Bpamenus 10000 u 15000 mun".
CBepJiieHHe OTBEPCTHH OCYIIECTBIBUIOCH B 0uH mpoxo. [Tocne o6paboTku 200 oTBepCcTHil paboune TOBEPXHOCTH
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CBEpJI HCCIIEIOBAIM C MOMOIIBI0O MHCTPYMEHTAIBHOTO MHUKPOCKOIA, U3MEpPSsi U3HOC MO MOMEPEYHONM KPOMKE U
3aHel MOBepXHOCTIX. OTBITH MOBTOPSUIH TPIDKIABI, PE3YJbTaThl - yepenHsuin. [1o 3aBepieHUI0 nukia 00paboTKu
Ha KKIOH U3 CKOPOCTEH IIaThl CHUMAIIU B OCMAaTPUBAIH C 00CHUX CTOPOH.

ITockonbky BO BCeX OKCIEPUMEHTaX H3HOC CBEpJ MO 3aJHEH IMOBEPXHOCTH TNPEBBHIIIANl TAKOBOH IO
MONIEPEYHON KPOMKE, MOATOMY B paboTe Ha pUC. 2 TIOKa3aHa JWHAMHKA HM3HOCA CBEPJ TOJBKO IO 3aaHEH
MIOBEPXHOCTH. Ananu3 pe3ynbTaToB
CBHUJIETENIBCTBYET O HENMHEWHON 3aBUCUMOCTHU
H3HOCA OT CKOpPOCTH  pE3aHusl. IIpu
OJIMHAKOBBIX  YCIIOBUSIX OOpabOTKH W3HOC
ceepn a0 1400 orBepcTWii  MPaKTUIESCKH
OAMHAKOB, C YBEJIWYEHHEM  KOJIMYECTBA
orBepctuii (cBbime 2100) M3HOC WHTCHCUBHO
YBEJIMUHBAETCSL.

UccnenoBanuss 1o  yCTaHOBJIEHUIO
BIMSHUSL ~ MOAAYM  Ha  HM3HOC  CBEpI
MIPOU3BOJMIIM IO ONTUCAHHOM BBIIIE METOIMKE,
Ha CJEAYIOUIMX TEXHOJOTHYECKHX PEeXKUMAaXx:
n=10000 Mun"', NpPH CIIEAYIONHMX 3HAYCHHSX
nmogad momadax - S = 0,05 u 0,07 mm/06.

0 500 1000 1500 2000 gom-o oreepermit  LIOMYYCHHBIC  PE3YIbTATHI aHaJOTUYHBI

Puc.2 — 3aBucumocts u3Hoca ceepa I ot konnyecTBa NPEICTABICHHBIM Ha PUC 2, TI09TOMY B pabore

npoceepJieHHbIX oTBepeTHii B ITII npu yacrote Bpamenust mmuHeas 10000 He npuBoasATca. VX aHamu3 CBUACTEIBCTBYET

(1) n 15000 mun™ (2) 0 HENMHEHHOM 3aBMCHMOCTH H3HOCA OT

cKkopocTH pe3anusi. Ilpm oaMHAaKoBBIX ycnoBuAx o0paboTku a0 1400 oTBepcTHi M3HOC CBEpT MPAKTHYECKH
OJIMHAKOB, C YBEJIMUEHUEM KonyecTBa oTBepcTHii (cBbie 2100) U3HOC MHTEHCUBHO YBEJIUYUBAECTCSL.

AHanu3upys NOJy4YeHHbIE Pe3ylbTaTbl, MOKHO CJENIaTh BBIBOJ, YTO Ha M3HOC CBEPJl OKA3bIBAIOT BIUSHUE
nojaya, CKOPOCTb pe3aHusi M KOJIW4YecTBO mIpocBepiieHHbIX oTBepcTuit B IIIl. C yBenuueHueM KOIMYECTBa
orBepctuii (Oonpmie 2000) MHTEHCHMBHOCTh HW3HOCA CBEpja BO3PACcTacT, IOITOMY BO3HHKAET HEOOXOJUMOCTH
3aMEHBbI WIN NIEPETOUYKHU CBEPI.
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KBAHTOBUI NPUHITATI 3AXUCTY KAHAJY 3B’SI3KY HA
INPEACTABHUIIBKOMY PIBHI MOJEJII OSI

AHomayia -Po6oma npucesiyeHa NUMAaHHAM 3aXucmy KaHaJie KOMyHikayii Ha pi3Hux pieHsix modesi 83aemoodii
gidkpumux cucmem OSI. PoseasiHymo ocobausicms keaHmosoi kpunmoepadii y KoHmekcmi sguwa KeaHmogoi
3anaymaHocmi cumeosie nepedaui daHux no Gizu4HOMYy KaHAAY 38°S13KY. 3a3HA4eHO, Wo Memodu K8aHmMoB8oi MeXaHiKu
nocmynogo 8uxodsame 3a pamku ¢pizuku, i Habysarmv WUPOKO20 3ACMOCYBAHHSI Yy pI3HUX 2a/y3siX, Hanpuk/aad, y
MamemamuyHill AiHzeicmuyi, ck1ado8oio YacmuHoO sIKOT € Hayka npo kpunmoepagiyHuill 3axucm 3micmogHoi iHgopmayii.
B po6omi 3anponoHosaHo eukopucmamu npuHyun KeaHmosoi 3anaymaHocmi 048 wu@dpyeaHHs mekcmie Ha
npedcmagHuybkoMy pieHi modeai OSI. Takuill cnoci6 wugdpyearHs po3WUPHE MO*CAUBICMb nepedasaHHsl CAyx*H608oi
iHopmayii no 8i0kpumux KaHa/nax 3a2a/1bHO20 KOPUCMYBAHMS, d MAKOXC 000amko8o YCKAAOHUMb HeCaHKYiOHO8AaHUll
docmyn do mekcmosux gaiinie wo nepedarmuvcsi N0 KAHAAAX CNEYiaabHO20 38 °SI3KY.

Kawouoei cnoea: 3axuwjeruil kaHas, KeaHMosd 3anaymaxicms, npedcmasHuybkuli pieers OSI.

S.D. RADKEVICH
National Transport University
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A.S. TIKHONOV
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QUANTUM PRINCIPLE OF SECURE COMMUNICATION CHANNEL AT THE PRESENTATION LEYER OF THE
OSI MODEL

Abstract - The problems of protecting information are of particular relevance in the modern "digital” society with
an open information world. The communication channels correspond to the well-known model of the open systems
interconnection OSI, which has seven layers. The first four layers (physical, data link, network and transport) directly relate
to the hardware and software of the telecommunication infrastructure (Internet, public telephone network, special
communication networks, etc.). Fifth and sixth OSI layers (session and presentation one) can be implemented both by means
of the network and on the client side in various ways (for example, the virtual private networks VPN). Though, the seventh
layer of applications directly relates to the end users (these can be individuals or electronic devices). The protection of
information communication channels between end-users of the network can be carried out at different layers of the 0SI
model (from physical to application layer). At each of these layers different means and technologies are used, including
encryption technology, as well as detecting unauthorized channel listening, and even interference and distortion of the
information being transmitted.Recently, considerable attention is paid to the quantum methods of channel protection at the
deep physical level. Traditional data transfers are mainly bits. In modern coherent systems, characters of two or more bits
are used. With an increase in the speed of the transmission of characters, the probability of errors in receiving characters
increases. A certain symbol transmitted via the channel, with some probability, perceived as another symbol (so-called
quantum entanglement). Knowing the matrix of quantum entanglement enables symbol recognition and hacker attack
detection. As experience of scientific achievements of recent years shows, the methods of quantum mechanics gradually go
beyond the scope of physics and become widely used in various fields, for example, in mathematical linguistics, which is part
of the science of cryptographic protection of content information. This work aims to apply the principles of quantum
entanglement of alphabet characters for cryptographic encoding the texts of ordinary or special professional language at the
presentation layer of the OSI model. An effective implementation of such a task simplifies transmission of closed information
through public communication channels, as well as increases the security of information in channels of special
communication.

Key words:channel security, quantum entanglement, presentation layer OSI.

1. Beryn

[Ipobnemu 3axucTy TeNEeKOMYHIKaIllfHUX Ta iH(oOpMamiiHUX KaHaJiB 3B’A3Ky HaOyBalOTh OCOOJHMBOI
aKTYaJIbHOCTI Y Cy4YacHOMY «UM(POBOMY» CYCHUIBCTBI 3 BIAKPUTUM iHpoOpMaumiiHUM npocTopoM. Kanamu
iH(QOpMAIIIfHAX KOMYHIKAIii BiAMOBIAAIOTh BiJOMii Moaemi B3aeMoii Binkputux cucteM OSI, y skii BUIIICHO CiM
piBHiB, [1]. Ilepmi wotupwu piBHi (Pi3ndHUH, KaHATBHHNA, MEPEKEBHM, TPAHCTIOPTHHUH ) 6€3MOCEPETHBO CTOCYIOTHCS
amapaTHO-TIPOTPAMHHUX 3acO0iB TeleKOMYHIiKaIliitHoi iHdpacTpykTypu (Mepexa IHTepHer, TenmedoHHa Mepexa
3arajJbHOT0 KOPUCTYBaHHS, MEPEXKi CIEMiaIbHOTO 3B’ SI3KY TOIIO).

II’sTwit i mocTwit piBHI (CeaHCOBHI Ta MpeACTaBHUIBKHN) MOXYTh OyTH peaji3oBaHi SK 3aco0aMH Mepexi,
TaK 1 Ha CTOPOHi KIIIEHTIB y Pi3HI cocoOn (HAMpUKIIad, 32 TEXHOJOTIEIO BIpTyallbHUX MPpUBaTHUX Mepex VPN, [2]).
Haromictbs chomuii (IpuKiIa Huii) piBeHb O€3M0CEpPEeIHBO CTOCYEThCS KIHLEBMX a0OHEHTIB (16 MOXKe OyTH JIIOJIMHA
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a00 eJICKTPOHHHMU TPUCTPIiN).SIK CBIAYUTH JOCBIJ HAYKOBHX JOCSITHCHb OCTAHHIX POKIB, METOIU KBaHTOBOI
MEXaHIKH IIOCTYIIOBO BUXOJATh 32 paMKu (i3Mku, 1 HaOyBalOTh IIMPOKOTO 3aCTOCYBAHHS Y PI3HHMX Taly3sx,
HaNpuKiag, y MaTeMaTH4YHIH JIIHTBICTHII, CKJIQJIOBOIO YAaCTHHOIO SKOI € HayKa Npo KpHnTorpadidyHuil 3axuct
3MICTOBHOT iH(pOpMaIlii.

Memoio danoi pobomu € nocmanoeka 3a0aui NpPo 3ACMOCYBAHHA NPUHYUNIE KEAHMOBOI 3aNIYMAHOCHI
cuMgonie angasimy 0nsi Kpunmozpagiunoco Ko0ysanHs mekcmis 36udaiinoi abo cneyianvbhoi npogecitinoi mosu Ha
npedcmasnuybromy pieni mooeni OSI.

EdexTuBHa peanizais Takol 3a1adi po3IMUPIOE MOKIMBOCTI TIepelaBaHHs 3aKpUTOi iHpOopMaIlii Mo KaHaJIax
3B’A3KY 3arajIbHOT0 KOPUCTYBaHHS, a TAKOX IICHIINTH 3aXUIICHICTh iH(QOpMaIlil y KaHaJax CIeHialbHOTO 3B SI3KY.

2. IIpyHOMI KBAHTOBOIO 3aXHCTY KAHAJIY HA NPEeACTABHAILKOMY PiBHI

3axuCT KaHAIIB iHQOpMAIiHHOI B3aeEMOMII MK KiHIIEBUMH a0OHEHTaMH MEpEeXi MO’Ke3miHCHIOBATHCS Ha
pizHux piBHsAX Moxeni OSI (Bin ¢iznunoro no npukiagHoro). Ha ko>kHOMY 3 IIMX PiBHIB BUKOPHCTOBYIOTHCS Pi3HI
3aco0M 1 TeXHOJOTii, y T.4. YMCIi, TeXHoJoril mudpyBaHHS, a TAaKOX BHUSBJIEHHS (aKTIB HECAHKLIOHOBAHOTO
MPOCITYXOBYBaHHS KaHaIy, Ta HaBiTh, BTPYYaHHsI i CIIOTBOPEHHS iH(popMmarii mo nepenaerses, ([3]).

OcraHHIM 4YacoM 3HayHa yBara IpPUAULIETbCS KBAaHTOBUM KaHajaM TeJEKOMYHIKalid, SKi MOXYTb
BUKOPUCTOBYBATH METOAM 3aXUCTy KaHATy Ha TMTHOWHHOMY (ismuHoMy piBHIi, [4]. Tpamumiitai metoan nudpoBoi
nepenavi JaHux (i3MIHOTO PIBHS ONMEPYIOTh MEPEBAKHO MiHIMAIBHOIO OAWHHMIICIO iHpopMallii B oguH 0iT, TOOTO
nepeaaya 31CHIOEThCSI OKPEMIMH CHMBOJIAMH 3 IBOMA YiTKO (hiKCOBAaHWMH CTaHAMU (YMOBHO HYJIb Ta OJUHUIIA).
BBaxaerbes, M0 Ha MPUAMANBHIA CTOPOHI 3HAYEHHS KOXHOTO IMEPETAHOrO OiTy 1MeHTHU(IKYETHCS aJCKBATHO 3
JOCTAaTHBO MAJOI0 BIPOTiAHICTIO MOMHIKH (Hampukaam, 10°a6o me Mermre). YV CydacHHX KOTEpPEHTHHX CHCTEMax
nepeaadi MUPPOBUX JaHUX CHMBOJIHM MafOTh Oiiplry iH(popMariiiHy eMHICTh (Hanpukian, 2 6ita, 4 OiTH i OinbIre).
3a YMOBH 301UJIBIIECHHS MIBUAKOCTI TIEPEAaBaHHS CUMBOJIB, a TAKOX 3MEHIIECHHS CHEPrii 110 BUTPAYa€ThCs HA OJMH
CHMBOJI, IMOBIPHICTh MOMMJIKH NPaBHJIBHOTO NPHUHOMY CHMBOJIB HOCTYIIOBO 3pOCTa€, i JOCSrae piBHs, SIKMH HE
NPUHHATHAN U1 TPAIULIHHUX AITOPUTMIB 1 METOJIB KoAyBaHHs. Lle sBHIIE NMpOSBISETHCS y TOMY, IO NEBHUH
CHMBOJI § € S 110 MepesaHo B KaHail 3B’3Ky, Ha NPUHAMAbHIM CTOPOHI MOXe OyTH CIPUHHATHM K Oyjab SKuii

iHIME cuMBON ¢ €S 3 JIEAKOK0 BIPOTiIHICTIO p(q/ S). Marpuust H (s,q) = { p(s/ q)} 0 sSKy Ha3UBAIOThH

KBaHTOBOIO 3aIUTyTaHICTIO, € 00 €KTUBHOI XapaKTEPUCTUKOI KOHKPETHOro (izmyHoro kanamy. L{ro marpwuiro
MOJKHa 00paxyBaTH 3 MEBHOK TOYHICTIO MUISXOM CIEIiaIbHUX EKCICPUMEHTANBHUX JOCTIKCHb KaHAITY 3B’SI3KY,
K Ha eTami HOro MpOeKTyBaHH:], TaK 1 MEepiOJWYHO B IPOIECi HOro eKcInTyaTamii. 3HaHHS MaTpHIS KBaHTOBOI
3aIUTyTAHOCTI Ha TMPUHAMANBHIA CTOPOHI KaHaIy JO03BOJISIE, IIO-Tiepine, OyayBaTH clieliajdbHi alTOpUTMHU
HMOBIPHICHOTO PO3Mi3HABAaHHS OKPEMHX CHMBOJIIB, a MO-JIPYTe, BUSBISITH (DAKTH HECAHKI[IOHOBAHOTO JIOCTYITY JIO
KaHay 3B’S3Ky (SKi BIUIMBAIOTh Ha (i3WYHI BIACTHBOCTI KaHATY i1 3MIiHIOIOTh MIOTOYHUH CTaH MATPHUIll KBAHTOBOI
3aIUTyTAHOCTI).

3. BucHoBok

B po0oti npoaHani3oBaHO NPUHLOMIM KBaHTOBOI Kpunrorpadii Ha (i3MYHOMY piBHI Ha OCHOBI MaTpHIl
KBAaHTOBOI 3allIyTaHOCTI OKPEMHX CHMBOJIIB, IIO MEPEAaloThCcs IO KaHalTy 3B’SI3Ky. 3alpONIOHOBAHO 1/1€10
3aCTOCYBaHHS NMPUHIMIY KBaHTOBOI 3aIUTyTAHOCTI Uil JiTep andasiTy Ha mpeacTaBHHIBKOMY piBHI Moxeni OSI,
TOOTO U1 crneuianbHOro mHGpPyBaHHS TEKCTiB 1o0yToBoi abo mnpodeciiHoi MOBM 31 CTATHCTHYHUM
MIEPEKOTlyBaHHAM OJHMX CHMBOJIB Yy IHII. TakMd MeXaHi3M MMUQPYBAHHS TEKCTiB JOJATKOBO YCKIAIHUTH
MIPOLIEAYPH 1 00JIaHAHHS ISl HECAHKIIIOHOBAHOTO JOCTYITY IO TEKCTOBUX (DaiiiIiB TaHMX.
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THE SOFTWARE VERIFICATION ISSUES OF THE NETWORK MAXFLOW
PROBLEM

Abstract -The software verification is an actual computational problem in the sphere of application programming
interfaces (API) development. Among variety of API products, the optimization software occupies an important niche. This
work considers the issues of the software verification; namely, the technique of algorithm coding has been taken in this work
as the object of study, with particular accent on the software product which targets the optimization tasks solution. A great
deal of the optimization tasks is working out there in the network engineering and management realm. The network
optimization problem originates from the classic logistics, where the flows of matter products had being transferred from the
manufacturer hub (source point S) to consumer hub (target point T). The classic transporting network of logistics is
commonly simulated by the so called directed weighted graph (DWG) with the two singular vertices of the graph (S and T).
The Maxflow problem took its further impulse in telecommunication networks and systems, and first of all, in the so called
software defined networks (SDN. In contrast to conventional algorithms of two-pole Maxflow computation (from the source
to the target),a new model has been developed for the three-pole network graph at the Communication Networks
Department of A.S. Popov ONAT. The core idea of our approach is that the decomposition of the entire network graph is
performed into the set of primitive graphs (e.g. “duplet”, “triangle, “triget”, “triplet”, “fractal” etc.). The complex Maxflow task
algorithm developed in the form of step-by-step analysis of the network graph topology and metrics. This algorithm is
performed in Python programming language with the usage a set of particular cellular algorithms of maximal flow task. The
cellular algorithms are embodied by correspondent primitives of cellular program code. Though, the testing of this algorithm
is challenging yet. This work aims to fill this niche through the formalizing the software verification problem in terms of
space states design for a complex system. The main principles of the complex software verification have been considered. The
testing of the Maxflow algorithm is posed here in the context of an abstract space design for the algorithm states. Each point
of this space of states corresponds to a particular Python cellular code of maximal flow calculation. The space of the
algorithm states is presented in the form of a testing table. The test table has been constructed for testing particular cases of
the "Maxflow" algorithm for an arbitrary three-pole network graph up to six vertices. The 3-hop paths are taken as the
constraints. Further work on this issue presumes the four and five-hop paths study, along with theoretical foundation the test
table completeness.

Keywords: software verification, Maxflow algorithm, open network, free oriented graph
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BEPU®PIKAIISA IPOTPAMHOI'O ITPOJIYKTY B 3AJTAUYI TIPO MAKCUMAJIbHUM IMMOTIK MEPEXKI

AHomayia - B po6omi npoaHani308aHo desiki numaHHs Wodo mecmy8aHHsl Npo2pamMHuUxXnpodykmie e sada4ax onmumizayii.
PoszisaHymo anzopumm nowlyky Maxkcuma/nbHo20 NOMOKY 8 Mepedici, AKa npedcmaseHa gidkpumum 2pagom 3 8inbHO opieHmosaHumu
pebpamu. Janull aszopumm po3pobaeHull Ha kagedpi mepesc 38'a3ky im. 0.C.llonosa y cepedosuwji npozpamysarus Python. 3adaua
mecmyeaHHsl 04151 a120pUMMYMAKCUMAIbHO20 NOMOKY CHOpMY/1608aHA 8 KOHMeKcmi no6ydosu abcmpakmHoz0 npocmopy 0451 cmatis
aseopummy. KosxcHa mouka Yybo2o npocmopy cmatie 8ionogidae negHomy kody Python 015064uUc/1eHH MaKCUMA/IbHO20 NOMoKy. [Ipocmip
cmauia aszopummy npedcmagsienull y guzas10i mecmogoi ma6.auyio11 npocmopy cmawia asa20pummy.

Kawyoei caoea: mecmysaHHs npo2pamHo20 npodykmy, a/A20pumm MakCUMA/bHO20 NOMOKY, eidkpuma Mmepexcd, 8i/AbHO

opienmosanuii zpagp.
Introduction

The software  verification is an actual computational problem in the sphere of
application programming interfaces (API) development. Among variety of API products, the optimization software
occupies an important niche. Inthiswork, a well-known optimization problem considered of maximal data flow
provision inthe software defined networks (SDN). A brief history of the Maxflow problem is highlighted in [1] for
transportation systems. One of the first Maxflow task statement was made by T. E. Harris ([2],1955), while L. Ford and
D. Fulkerson firstly proposed a method for solving this problem ([3], 1956). A lot researches and publications followed
the fundamental results [4] on Maxflow algorithm design ([5]). However, construction a relevant computational
algorithm for Maxflow task solution is challenging yet. Among those issues related to Maxflow problem, the process of
the software testing is a key point for general method verification.

This work aims to formalize the software verification problem in terms of space statement definition for a

complex system.
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Maxflow algorithm

Commonly, the Maxflow task is formulated on a two-pole weighted graph. The complexity of network flow
optimization increases rapidly with the growth of the network poles number. Known algorithms of Maxflow task
primarily operate with the two-pole directed weighted graphs, wherein one pole is a unique source vertex (denote S);
another one is a single target vertex (denote T). One of the first statements of Maxflow problem towards a multi-pole
open network graph presented in [6] for a telecom transporting network, with particular focus on the 3-pole free-
oriented network graph in the concept of SDN architecture.

The core idea of this approach is decomposition of the entire network graph in simple primitive graphs (called
“duplet”, “triangle|, “triget”, “triplet”, “fractal” etc.). The complex Maxflow task algorithm developed in the form of
consequent analysis of the network graph topology and metrics.This algorithm is performed in Python programming
language with the usage a set of particular cellular algorithms of maximal flow task. The cellular algorithms embodied
by related primitives of cellular program code.

The problem of finding the maximum flow is considered on the example of a typical structural primitive,
which is called “fractal”, (Fig. 1). Fractal is a weighted graph of six vertices with freely oriented edges. The
topology of a fractal is, in general, fully connected with three open vertices (named “poles” of a graph). Three poles
(with numbers 1, 2, 3) are connected to the surrounding network by three open (external) edges (denoted as al, a2,
a3). Three internal vertices (designated 4, 5, 6) form the internal structure of the graph using 15 internal edges. All
edges are divided into categories; in each category there are 3 edges.

The categorization of edges aids logical structuring the Maxflow algorithm, as well as facilitates construction
smart program code and reduces the risk of coding errors. In total, there are 6 types of edges in the fractal:

—"a": open (external) edges;

—"b": shortest (one-step) edges between poles of a fractal (poles-triangle of the fractal);

—"c","d": edges on the ring of the fractal;

—"s": edges connecting the poles to the inner vertices of the fractal;

—"h": edges connecting the internal vertices of the fractal (inner triangle of the fractal).

The Maxflow task on the fractal graph is formulated the following way:

Jow =Hh T Lt S M
where f,, fz, f 5 are the so called outer transit flows of digital data between the pairs of the three poles
(regardless the data flow directions). Apart from the overall maximal flow, all the Maxflow partial components
fl, f 25 f 5 are to be obtained, as well as the distribution of these partial components among the internal fractal

TIPS LN

edges. The outer constraints of the fractal Maxflow are determined by the three open edges of category “a”:

o+ f; Lal; fi+ f, <a2; fL+f,<a3 . 2)
The Maxflow task is reduced to the set of primitive tasks related to particular graph cells: triget and triplet.

The general algorithm of the Maxflow task solution for the fractal network graph is shown in Fig.2. The algorithm includes three
functional modules: Triget, Triplet and Hop3flow. Table 1 presents the space of the Maxflow algorithm states.

Fig.1 — The structure of fractal graph
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Triget (a;, a5, a3)

Triplet (a;, a,, a3, by,

Hop3flow (a,, a,, a3)

1 Hop flows: x;, X5, x32 Hop flows: Y1, Y2, Y3 3 Hop flows: 71, 72,73
Y 1=y (D)+y2(1)+ys(1) Case 1-8 — 3 edge/ring

Y2=y1(2)+y2(2)+ys(2) Case 9-17 — 2
edge/ring

Fig.2 — The architecture of the fractal Maxflow algorithm

Table. 1 — The states of the Maxflow algorithm

Ne Flow bl | b2 | b3 |c¢l |2 |c¢3 |dl [d2 [d3 |sl |s2 |[s3 |[hl |h2 |h3

Casel zl,22, 73 1 1 1 3 3 3 1 1 1 1 1 1 1 1 1

Case2 72 1 1 1 3 3 1 1 1 3 1 1 1 1 3 1

Case 9 73 1 1 1 1 3 3 1 1 1 1 1 1 3 1 1

Case 18 73 1 1 1 1 1 3 1 1 1 3 1 1 1 3 1

Case 24.4 z1,272,73 1 1 1 1 1 1 1 1 1 3 3 3 3 3 3
Conclusion

In this paper, the principles of the complex software verification considered. The test table constructed for testing a particular

case of the "Maxflow" algorithm for the three-pole open network graph computation with 3-hop paths constraint. Further work on

this direction presumes the four and five hop paths study, along with theoretical foundation the test table completeness.
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CTATUCTHYECKASA MOJIEJIb TYPBYJIEHTHOM ATMOC®EPBI
JJIs1 MOPCKHUX CUCTEM PAIMOCBA3HU

AnHomayus. [IpusedeHbl OCHOBHblE Xapakmepucmuku myp6y/s1eHmHblx HeoOHopodHocmell u npedcmas./ieHsl dge
Modenu ammocpepubl 8 NpUBOOHOM c/0e 0151 paciema MOPCKUX KAHA/108 C8513U.

Kawouesvie caoea: cmamucmuveckas Mmodeav, Tayccosa Modesav, myp6yseHmHble HeodHOpPOOHOCMU,
KOppeAsyuoHHas yHKYus, cucmema Mopckoll paduocessu.

I.L. AFONIN, V.V. GOLOVIN, YU.N. TYSCHUK
FSAEI HE «Sevastopol State University», Sevastopol
E-mail: Igor Afonin@inbox.ru; v_golovin@mail.ru; y.tyschuk@gmail.com

STATISTICAL MODEL OF TURBULENT ATMOSPHERE FOR MARINE RADIO COMMUNICATION SYSTEMS

Annotation. On the sea paths, the practical using of the VHF band (along with the HF band), including centimeter and millimeter
waves, has significantly increased. The use of these ranges of radio waves is caused by the need to ensure high reliability of radio
communication within the line of sight, especially in the presence of a large number of vessels. Under normal conditions, the propagation of
ultrashort waves is significantly influenced by the atmospheric above-water layer, the main characteristic of which is the refractive index
n(x, y,z, t) and its altitude profile n(h), where h is the altitude reckoned from the mean sea level. On the sea paths, inversion layers are

observed, which lead to the phenomenon of superrefraction, while the propagation of electromagnetic waves occurs as in a spherical
waveguide. Along with atmospheric waveguides, inhomogeneities of the refractive index are formed in the above-water layer due to the
turbulent motion of air masses, which lead to the scattering of radio waves. Thus, along with regular changes in the refractive index n with
height h, fluctuations in the refractive index at inhomogeneities will occur, and consequently, the value of n must be considered as a random
function of three dimensional coordinates and time.

The report presents two models of turbulent inhomogeneities that allow one to determine the fluctuations in the amplitude and
phase of the electromagnetic waves passing through the atmosphere above-water layer.

Taking into account the first approximation of the Rytov method, which, under the certain condition, agrees with the geometrical-
optical method and allows one to determine the random variations in the phase of the wave due to the presence of large-scale
inhomogeneities, formulas are derived for the phase dispersion and the correlation function for the Gaussian model of the turbulent
atmosphere, which showed complete agreement with fluctuations in the refractive index.

It is shown that the proposed method for determining of the phase fluctuations for the plane electromagnetic waves allows one to
consider real antennas for which elementary radiators (Hertzian electric dipole or the Huygens element) create the spherical waves.

Keywords: statistical model, Gaussian model, turbulent inhomogeneity, correlation function, marine radio communication system.

B 0OBIYHBIX YCIOBUSAX YIBTPAKOPOTKUE HJIEKTPOMArHUTHBIE BOJMHBI HE OTPAXXAIOTCA OT MOHOC(EPH U Ha MX
pacnpocTpaHeHUe CYIIECTBEHHOE BIUSHUE OKA3bIBAaeT HAJBOAHBIN CIIOH aTMoc(hephl, OCHOBHON XapaKTEPUCTHKON
KOTOpOTO SIBJISIFOTCS I10Ka3aTellb IPEJOMIICHUS n(x, y,z,t) 1 €ro BBICOTHBIN MPOQHIb n(h) Ha mopckux Tpaccax
HAOJIFOIAI0TCST MHBEPCHOHHBIC CIIOM, KOTOPHIC MPHUBOJAT K SBJICHUIO cBepxpedpakuuu. Hapsay ¢ atMocdepHbIMEU
BOJTHOBOJIaMH B TPHUBOJHOM CII0O€ OOpa3yIOTCs HEOMHOPOJHOCTH TMOKa3aTeisl MPEIOMIICHUS n(x, y,z,t),
00ycIOBICHHBIE TYypOYJIEHTHBIM IBI)KCHHEM BO3IYIIHBIX MAacC, KOTOPBIC NMPHUBOIST K PACCESTHHIO DPaIHOBOIH.
Takum o00pa3oM, B HaIBOTHOM CIIo€ aTMoc(epsl BETUYWHY /7 HEOOXOOMMO paccMaTpHBaTh KaK CIIy4alHYIO
(hyHKIHIO TPOCTPAHCTBEHHBIX KOOPAWHAT M BPEMEHH, Ompeneisis (IyKTyalHio MOKa3aTels IMPeJIOMIICHHS 7 C
MTOMOIIIBIO OTHOIICHHUS

n (x,y,z,t) = <n(x,y,z,t)> - n(x,y,z,t) , (1)
IJle MO/l CPE/IHUM 3HaueHneM 7(x, y,z,¢) TOHUMAETCS:
—  ero cpejiHee 3HAYCHHUE [0 BPEMEHHU, KOTOPOE XapaKTepH3yeT CTAl[HOHAPHOCTh CIIy4aifHOro mpolecca;
—  cpenHee 3HaYCHHUE IO MPOCTPAHCTBY M XapaKTEPU3yeT OJHOPOIHOCTD MOJIS.

Kak moxa3siBaloT 3KCIepUMEHTaNbHBIE wHcciaeqoBaHus [1, 2] ¢uykTyamum mokas3aTems IpeIoMICHHUS
nl(x, y,z,t) HOCST HECTAallMOHAPHBIA U HEOJHOPOIHBIN XapakTep.

MaremaTtnueckuit armapar Ajid onmrMCaHus (bHyKTyaIII/IfI n (x,y,z,t) MPUMCHACTCA AJId CJICAYIOIHNX CIIYyYacB:

Korga n(t) = const , T QIYKTyaluu nl(x, y,z,t) SIBIIIFOTCS CTAIlMOHAPHBIM cirydaitHbiM mporieccom (CCI); korma

n(t) # const , To ucnonbzyetcs Teopus 1t CCII, Ho nMeromux crarroHapHsie npuparienus (CIICIT).

Ilo amanormm c BBHIIEH3IOKEHHBIM paccMaTpUBAIOTCS ogHopoaHble ciydaiabie mons (OCII), To ectsb
MPOBOIUTCA aHAINW3 TPOCTPAHCTBEHHBIX (IIYKTyaIruit nl(x,y,z) n OCII co cranmmoOHapHBIM TIPUPAIICHUEM.

PaCCMOTpI/IM HanOOJIBIIINE pasMepbl HCOAHOPOAHOCTH, KOTOPBIC COM3MEPUMBI C pasMEPOM UCXOAHOTO BO3AYIIHOTO
IMMOTOKa U NpUMEM UX 0003HaUYeHUE KaK LO . BI)I,HGJ'II/IM MEJIKOMAcCIITaOHEIE JIOKAJIbHO-U30TPOITHBIC HECOAHOPOAHOCTHU

C BHYTPCHHUM Macirabom ZO , TOr'’/Ia BOBMOXKHBIC Pa3sMCPbI HeO,HHOpO,HHOCTeﬁ MNPUHUMAIOT 3HAYCHHUA B UHTCPBAJIC

ly <<lpyps << Ly .
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[IpuBeeM OCHOBHBIE COOTHOILLIECHUS JUIsl TaHHBIX MOJIeNIel aTMOC(heEpHI.

I'aycoBa Mogenb. B peanbHbIX YCIOBHAX 00pa3yeTcsi HECKOJIBKO TYPOYJICHTHBIX HEOAHOPOJHOCTEH, OJTHAKO
JUISL TIPAKTUYECKHX pacdyeToB HCIOJB3YEeTCs OAWH MacmTad TypOyineHTHocTH. IIpy 3TOM CHEKTp IUIOTHOCTH
NPOCTPAHCTBEHHBIX BOJIHOBBIX 4YMceNl y Uil (iaykryaruid

n;(r,t) NPUHUMAET BUJL

N\ o’ . & e Prliries)
S(x) =(n exp| — , & % % o
(X) < 1>8T[\/; p 4 @

rae 7, — HPOCTPAaHCTBEHHBIA paaMyC KOPPENALUH 1 =) B (00
duykryanuu n(r,t) . 4’/ o P L X
CriekTpanbHOH  TJIOTHOCTH S(y) COOTBETCTBYET %
KOppEISAHOHHAS ()yHKIIHS
2 Puc. 1
2 r
Rl‘U‘l :<nl >6Xp T )
To

KoamoropoBckass Moaedb. /IJis JaHHOH MOJENW TPUMEHSIOTCS CTPYKTYpHBbIE (YHKIIUU MPH OMUCAHUH
¢nykryanuit n;(r,t) [1]. CnexTpanpHas IIOTHOCTh Ul 3TOH Mogenu S()) XOpOIIO H3y4eHa B WHEPIMAIbHOMN

o0J1acTh 3HaYEHUH

2n 2n
S RS
0 0
1 OTIPEEISAETCS COOTHOIEHHEM
11

S(x)~0,033Cax 3,
rae C,%I — CTPYKTYpHas IOCTOsIHHAA 1, (¥, 1) .
B obnacTu guccunaniy HCIOJIB3YIOTCS COOTHOLICHNS BHIA
1 2
S~y 3 i S ~exp|—L5 ],
A
592
ly
C y4eToM H3JI0KEHHOTO TIPENIOKEHA cIeayromas GopMyJa s YUCICHHBIX PACYECTOB B BUIIC
11 2
S(x)=0,033C2y 3 exp| - L |. (4)

2
I

The ¥, =

Takum oOpa3om, cooTHomEeHUE (4) TOCTATOYHO NPABHIBHO ONMCHIBAcT S(y) B MHEPLHMAILHOW 00JIaCTH U
ABISICTCA TPUOMIDKEHHBIM B JWUCCUNIATUBHOM obOmactu. B pesymerare @ypbe-mpeobOpazoBanus S(y) ¢

ucronb3oBaHueM (3) u (4) moayuuM id CTpYKTYpHBIX GyHKIUHA D, (r) ciemyromue COOTHOLICHHS:

2
z 2 2
—C2%43 . —-C%1 >
D, (r)=C,r3 ,npu Ly >>r>1;; (5) D, (r)=Cyly3| — |, mpu r <<l . (6)
0
Ceenenms o wmacmrabax [, , Ly, Cp MOXHO TONTYuHTh i DPEATbHBIX TPAacC TONBKO M3

IKCICPUMCHTAIBHBIX TaHHBIX.

Jlanee B KauecTBEe MpHMeEpa pacCMOTPUM IpuMeHeHue ['ayccoBoil Monenu TypOyJieHTHOW aTtMochepsl s
ompeneneHus QUIyKTyarii (assl  AIIEKTPOMATHUTHOW BOJIHBL, MpOINEAmIed cioit atMmocdepsr. s 3Toro
BOCTIOJNIE3YEeMCSl TIEPBBIM MPUOIIIKEHHEM MeTo1a PeiToBa [2], KOTOpOE IIPpH BEITIOJTHEHUH YCIOBUN

Liyps >> AsNAL <<l 5,

rae L — JuimHa Tpacchl,
COBIAJIa€T C TEOMETPOONTHYECCKHMM METOIOM M TIO3BOJISIET OMPENCIUTL CIydailHble M3MEHEHHS (a3bl
BOJTHBI, 00YCIIOBIICHHBIE HAJTMIHUEM KPYITHOMACIITAOHBIX HEOHOPOTHOCTEH B BUJIE

L
(p(x,y,z)zkx+kjn1(x’,y,z)dx’, (7)
0

e BCC 0003HaUYeHHUS [TOKAa3aHbI HA PUCYHKE 1.
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B coornomenuu (7) mepBoe ciaraeMoe onpefelseT NOCTOSHHYIO (a3y BOJHBL, PaBHYIO ¢, = kL . OcoOblii
L
MHTEpeC MPEACTaBIsIeT BTOpoe cinaraemoe B (7) ¢ = kj n (x', Vs Z)dx' ,3aBHCSIIEE OT (QIIYKTyaIii nl(x', y,z) .
0

2
Jnst nucnepeuu G(Zp MOXHO NOJIYYHUTb CIIeAyIOUIyI0 GopMyity (Si = <(p12> - <(p1 > = \/;kerO <n12> .

Ilpu onpepenenun QyHkuun xoppensuud R, (S) BOCHONB3yeMCsl CICKTPAIbHOH IUIOTHOCTBIO  S(Y)

CJIC/TYFOLIM 00pa3oM.
C y4erom 0003HaYEHUH Ha pUCYHKE | MOKEM HOIYyUYHUTh CIIEIYIOIIEEe BEIPAKCHHIE

L L
R,(S)= <(P1902> = kzjdxlj<nl(x1,0,0)n2 (xzah,zz )>dx2 ) (3)
0 0

rae (nl (xl ,0,0)n2 (x2 0,8 )> =R, (x1 -X5,8 ) — KoppessiuoHHas QyHKIus QIyKTyauui n, (x, y,z).

INocne noxcranosku R,; B (8) u HOBOU mepeMeHHOH & = x| — X, , HOIy4UM

Ry(S)=2kL[ R,y (&, S)E, ©)
rie '
Ry (&,8)=2n[ S(r. Mo (xEhedy. (10)
[Mocne noncranosku (10) B (9) 1 HHTErpUPOBAHHUS 110 dio [IOJIy4HM BBIPAKEHUE

2 s?
R,(S) =0, exp —g . 11

ITomyuennoe cootnomenne (11) u ero cpaBHeHue ¢ ¢Gopmyioii (3) MOKa3bIBaeT, YTO MPOCTPAHCTBEHHAS
KOppeIsius GIyKTyanuid Gpasbl IOJHOCTBIO 3aBHCHUT OT R, , a UX PaJANYChl KOPPEILILUH COBIAIAIOT.

BriBoabI
Ha ocHoBaHMM TIPOBENEHHOTO HWCCIEIOBAHHUS CTATHCTUYECKUX MOJENel atMochepsl IJIsi MOPCKHX Tpacc
MO>KHO CIIeJIaTh CIEAYIONTNE BBIBOIBI:
— 000CHOBaHBI JIB€ MOJENIH TYpOYJIEHTHBIX HEOJHOPOIHOCTEH, IMO3BOJISIFOIINE ONPEISIUTD (QIIYKTyaIiH

aMIUTUTYZAB! B (ha3bl AIEKTPOMarHUTHOHN BOJIHEL, IPOXOIAIIEH depes cioit atMmochepsl.

2
¢

MOJECJIH, KOTOPBIC ITOKA3aJIN ITOJHOC COOTBETCTBUEC C (1)J'IyKTyaI_lI/I}IMI/I TI0Ka3aTeIIsl MMPEJIOMIICHUS 1y (l") .

—  BbIBeJeHB! (OpMyIBl Uit aucnepenu (asbl G, M KOppeIsUHOHHON QyHkiumu R (S) awt Iayccosoit

—  [peyIoKeHHAasi MeTOIMKa onpeencHus (a30BbIX (GIyKTyarmid AJis MI0CKOH 3JIeKTPOMArHUTHON BOJTHBI
MO3BOJISIET paccMaTpUBaTh pealbHble aHTEHHBI, IUIS KOTOPBIX JJIEMEHTapHbIE U3Nydarend (Aunoib lepra wiu
a7eMeHT [loiireHca) co3nmaroT chepudeckyro BoiHy. CremoBaTenbHO, Jaliee HeOOXOIUMO OMpeneauTh (pa3oBbie
(haykTyanuu chepraecKoil 3eKTPOMATHUTHOW BOJTHBI, POIIEIIEH CIIOH aTMOC(EPHI.
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BJIOCKOHAJIEHHS AJITOPUTM ®PAKTAJIBHOIO CTUCHEHHS 3065PAKEHDB
BUCOKOI I HAJIBUCOKOI UITKOCTI

AHHomayusa-Bpabome npedsaazaemcs modudukayus anr20pummos GpakmanbHo20 cxamus 0451 u3obpaxceHuil
8bICOKOU U ceepxsblcokol uémkocmu. Byso sanponoHoeaHo sukopucmosysamu Mo3aivHuil aszopumm @GpakmaabHO20
CMUCHEHHS 8 A0anMUBHUX CXeMax po3oummsi 300paxiceHHs: Ha paHzo8i 6/0Ku 8 sskocmi kpumepir nepexody Ha HwUll
piseHb posbummsi cepedHe sidxuaenus (CKO) sickpasocmi nikcesie paHeie 3amicmb cepedHboke8adpamu4Hoi NOMUAKU
NOpiBHAHHS paHeie | doMeHis.

BukopucmaHHsi HoB8020 Kpumepilo 00380./151€ 6e3nocepedHbo chopmysamu cxemy po3éumms 3006paxceHHs: Ha
paHau, 6e3 BUKOHAHHSA YUC/AEHHUX NOPIBHSHb paHzie i domeHis. Po3pob.aeHo mo3aiuHa cxema po3bumms 3 nepekpusarvumu
paHzosumu 6.10Kkamu. BukopucmanHus yiei cxemu do3eo45€ 3meHwumu 6,10K08ull efpekm i 36iabwiumu cmyniHb CMUCHeHHs
Yy nopieHsHHI 3 HAUI6ibW nowupeHUM Memodom kKeadpo depesa.

O6rpyHmMo8aHO BUKOPUCMAHHS 8 sKOoCcmi Kpumepilo OonmumaabHocmi npu nopieHsiHHi paHzy 1 domeHa
Koedpiyienma kopeasyii 6210kie 3amicme cepedHbok8adpamuyHoi Mempuku. 3acmocy8aHHs HOB020 Kpumepito cnpu4uHu/I0
3a co6010 3MIHy a/n120pummy nopieHsaHHs 6,10KI8, 8 peayabmami 4020 weudKicmb pakmanbHO20 CMUCHEHHS 3pocaa 6iabl
Hidic 8 16 pasis.

Takoxc 36inbwuiacs sKicmo 8i0H08/1€H020 300PANCEHHS, 3HAYHO 3MeHWUBCs 6/0kosull epekm, weudkicmob
8i0H08/1eHHS 306PAXCeHHS] MAKOX}C 3p0c/aa 8 08a pasu.

O6rpynmoeaHo docmamusi ymosa 36ixcHocmi 00 HepyXomy mMOUYKy npoyecy 6i0H08/eHHS 306paxceHHs,
cmucHymozo ppakmaabHum cnocobom. PoszaasaHymo posnodin koopduHam yeHmpie mac 0omeHie Ha NOAAPHIU NAowuHi 3
mouku 30py ix Kopeasiyii 3 paHzamu, mo6mo 3 mo4ku 30py Kpumepio onmumaabHocmi. EkcnepumMeHmasibHo noKa3aHo, o
dobpe kopesbosaHi paHzo8i ma doMeHHI 6/10KU MOXCYyMb nepebysamu 8 NPOCMOpPO80 PO3HECEHUX YACMUHAX 300PAHCEHHSI.

B pe3yabmami po3po6.1eHo Ho8I anzopummu Kaacugikayii 6,10Kie 306paxceHHs1 N0 NOASIPHOMY Kymy yeHmpis mac
6.s10ki8. Bukopucmarnusa kaacugikayii dos3gonua0 npuckopumu gpakmasnbHoe CMucHeHHs 8 6-12 pasie & 3asexcHocmi 8id
306pasceHHs1 8 NOPIGHAHHI 3 NOBHUM nepe6opom domeHis 6e3 8i3yanbHO nNoMimHoio Odezpadayii sskocmi 8i0H08.1eH020
306pAXHCEeHHS.

Karuessle caosa: pakmadel, cacamue, npocmpaHcmeeHHas Yacmoma, YemKoCcmy, OMHOWeHuUe CU2HAA/WYM.

V.V.AMUROV, M.O. PATLAYENKO

A.S. Popov Odessa national academy of telecommunications

IMPROVING ALGORITHMS OF FRACTAL COMPRESSION OF IMAGES OF HIGH AND SUPER-HIGH
DEFINITION

Annotation—In this paper, we propose a modification of fractal compression algorithms for images of high and
ultra-high definition. It was suggested to use a mosaic algorithm for fractal compression in adaptive schematics of image
partitioning on rank blocks as a criterion for switching to another level of partitioning the mean deviation (RMS) of the
brightness of pixel ranges instead of a rms error in the comparison of ranks and domains. Using the new criterion allows you
to directly form a pattern of splitting the image into ranks, without performing numerous comparisons of ranks and domains.
A mosaic partitioning scheme with overlapping rank blocks is developed. Using this scheme reduces the block effect and
increases the compression ratio compared with the most common quad tree method. The use as the criterion of optimality for
the comparison of the rank and the domain of the coefficient of correlation of the blocks is substantiated instead of the mean
square metric. The application of the new criterion led to a change in the algorithm of the comparison of the blocks, which
resulted in the fractal compression rate increased by more than 16 times. Also, the quality of the restored image has
increased, the block effect has significantly decreased, the image recovery speed has also doubled. A sufficient condition for
convergence to a fixed point of the image restoration process contracted in a fractal way is substantiated. The distribution of
coordinates of centers of masses of domains on a polar plane from the point of view of their correlation with ranks, that is,
from the point of view of the optimality criterion, is considered. It has been experimentally shown that well-correlated
ranking and domain blocks can be located in spatially spaced parts of the image. As a result, new algorithms for the
classification of image blocks by the polar angle of centers of mass units have been developed. The use of the classification
allowed to accelerate fractal compression in 6-12 times depending on the image as compared to the complete overview of the
domains without visually noticeable degradation of the quality of the restored image.

Keywords. fractals, compression, spatial frequency, clarity, signal-to-noise ratio, Fourier regions.

Tenebauenns HDTV i UHDTV 3 moBHoto TeoperndHoi diTkicTio 3840 enemenTiB i 2160 psakis (puc. 1)
MOXIIMBO TIUIBbKH, SKIIO CTAapTyBaTH BiJ KaMepu 31 3HAYHO OUIBIIOI0 PO3/UIHLHOIO 3JATHICTIO 1 ITOJAJIBIIOL
mudpooro dinpTpariero. Yepes onTHYHUX €PEKTiB KOHTPACT MOXKE OyTH HE ONTHMAIBHUM 1 HAOIMKATUCS IO HYJIS
3aJI0Bro J10 AocsrHeHHs yactotd Haiikeicra na aucmnei. Ilpwm 3xilficnenHi ¢inbrpanii @yp'e aHamizoMm BHHHKae
HepiBHOMIipHiICTh AUX THM caMMM Ha KOpJOHaX 3'SIBISIOTHCS MEPEXOH THITYy IIOMIIKOBI KOpAoHY. J{ns ycyHeHHs
edeKTy 3Ma3yBaHHS KOPAOHIB 3aCTOCOBYIO (DpaKkTaJIbHUI aHaii3, Tak SK €HEpris PiBHOMIPHO PO3MOIUIATHCS IO
BCHOMY CIIEKTpY (pHC. 2).
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Puc 2 — Hicas (])paKTabHOFOCTl/lCHeHHﬂCKB =0,007

Puc 1 — ITouaTkoBe 300paxeHHs

TectoBe 300paskeHHs migmaeTbest (impTparii mo ropusoHTami i Beptukani KX ¢inerpamu po3pinsiodn
BHXIiJTHE 300paKeHHs Ha CKIIAJOBI JCTATBHOCTI 300paXCHHS aPOKCUMAIIHHIX, ATl 110 BEPTUKANTi, TOPH30HTAII,
JiaroHaji Take PO3OUTTS 3MIHCHIOETHCSA JO THX Mip MOKH MU B HHU3BbKOYACTOTHOI 00NACTi HE OTPUMAEMO OJHY
MOCTIHHY CKJIQJIOBY, TAKMH MPOIEC Ha3uBaTUCS TITMOMHOIO0 AeKoMro3uLii. Jlani KosKeH paHroBuil OJIOK MiJIaeThes
KBaHTYBaHHSI KOC(Qili€HTIB KOXXEH piBeHb BHOHMPAETHCS TAKMM UYHMHOM, IO JUII BHCOKOYAaCTOTHHUX KOMIIOHEHT
BHOMPAETHCS PIBHI KBAaHTYBAHHS HaWMEHII, a JJIsl HU3bKOYACTOTHUX pPIBHIB BHOMpaeThCs HaHOLIBIIMK piBEHBb
KBaHTYBaHHS.

Takoxx Oyn0 TPOBEOCHO TIOPIBHAHHSA MiXK IEPBHHHHUM TECTOBHX 300paXCHb Ta 300pakKeHHSIMH 31
CTHCHEHHSIM IIPH TOCTYIIOBIH 3MiHHI cepenHpokBaapatnaHoro BigxmwieHHs (CKB).

ExcnieprMeHTaNIbHO TOBEAEHO, IO IapaMETPHYHUN alNrOpUTM J03BOJIE CTHCKATH 300paKeHHS B ECATKH
pas3iB MBUAIIE 32 YacOM, IIPH OJTHAKOBHX MapaMeTpax HANAIITYBAHHS AJITOPUTMIB, HiXK 0a30BHA.

[Ipu 36impIIeHH] YHMCcTIa PaHTOBMX OJIOKIB Yac KOAYBaHHS 3MEHIIYETHCS, Ta MpU 30UIbIIEHHI MOXHOKHA —
SIKICTh 300pa)KCHHS 3HUKYETBCSL.
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Puc. 4 — 3anexHocTi yncia paHropux 0J10kiB Bif yacy
KOJAYBAHHS

BigHoweHHA koediyieHTa cTHcHeHHA Big CKB

CepefHeKBaspaTMUHE BIAXUNEHHA

Puc.6 — Binnomenns koediunienra crucuenns Bix CKB
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Puc. 7 — BinnomenHns koediuienra crucHenus Big CKB

Pesynbrar mociimKeHHs TTOKa3aB, 0 BiTHOIICHHS CUTHAN / IyM 30utbmmaucs Ha 15 dB mo BigHOIICHHIO

3 pO30MBKOIO KJIACHYHUM IPU BUKOPHCTaHHI nepeTBOpeHHst Dyp'e.
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HNCITIOJIB30BAHHME TEXHOJIOTMHA UPPOBOI'O PAINOBEIMAHUWSA DRM V1A
OPI'AHM3AIINM NTHOBEIAHUS ITPOTPAMM YKPAUHCKOI'O PAZIMO

Onpede/silomcsi OCHOBHble 3a0avu, KOmMopble Heo6Xo0umo pewums 0Js pazeumusi UHOBEWaHUS YKPAUHCKUX
paduonpozpamm ¢ nomoujblo yugposoii mexvosozuu Digital Radio Mondiale (DRM), nockoabKy opeanu3ayusi eewjaHust
npo2pamm 38yK08020 8ewjaHusl Ha meppumopuu dpyaux 20cydapcme Ha ce200HAWHUL 0eHb OMHeceHa K HaAYUOHA/AbHbIM
uHmepecam YkpauHul 8 uHgopMayuoHHoU cepe.

Katouegvle caosa: uHogewjaHue, mexHoaoz2usi DRM, 30Ha nokpbimus, pexcum nepedauu, uH@pacmpykmypa
aHA/10208020 8eWaHUS

N.M. BALAN, A.S. KOLTSOVA

Odessa national academy of telecommunication n.a. A.S. Popov, State Enterprise «UNIIRT»

USAGE OF DRM DIGITAL BROADCASTING TECHNOLOGY FOR ORGANIZATION OF FOREIGN SERVICE OF
UKRAINIAN RADIO PROGRAMS

The development of foreign broadcasting service is one of the main tasks for today for enhancing the informational
security of Ukraine. The delivery of broadcasting content of ukrainian programs can be implemented by different ways: using
terrestrial broadcasting infrastructure of Ukraine, which is intended for the use of analogue AM technology or to use the
technology of satellite broadcasting.

Viewed in this way, it is reasonable to consider the possibility of introducing digital DRM broadcasting technology for
deployment of the foreign broadcasting service of Ukrainian radio. Though DRM technology have been used for certain time by
world’s broadcasting companies, in Ukraine DRM still doesn’t have practical implementation on a regular basis. The
advantages of this technology — enhanced audio quality compared to the quality provided in analogue AM broadcasting, and less
expenses on deployment compared to the satellite broadcasting technology, especially taking into account the possibility of usage
of existing infrastructure of analogue sound broadcasting.

For the successful start of programs transmission in DRM technology it is necessary to carry out the preliminary
studies on determination of transmitter/transmission network characteristics and corresponding planning parameters (especially
the values minimal useful field strength and radio-frequency protection ratio) with respect of available frequency channels,
which can be used for DRM broadcasting purposes.

In this paper the main tasks are determined, which have to be solved for the development of foreign broadcasting of
Ukrainian radio programs using Digital Digital Mondiale (DRM) technology.

Keywords: broadcasting foreign service, DRM technology, coverage area, transmission mode, analogue broadcasting
infrastructure.

Ha ceropmsimHuii geHb BO3pOCia aKTyaJbHOCTh BONpOca 00 OpraHM3allid WHOBEIIAHUS YKPAWHCKHX
NporpaMM Ha TEPPUTOPHM APYIHX TOCYIAapcTB. DTO IOATBEPXKIAETCS U yTBepxkIeHHOW Ykazom IIpesunenta
Joktpuae wnHOOPMAIMOHHON Oe30macHOCTH YKpauHbl [l1], B COOTBETCTBHE C KOTOPOH pa3BUTHE CHUCTEMBI
WHOBEIIaHUS OTHECEHO K HAIIMOHAJIFHBIM HHTepecaM B MHPOPMAIMOHHON cdepe.

TpanuIMoHHO AJIs1 BeJIEHUST HHOBEIAHUS UCIIOJIb30BaTUCh pagnokaHatbl guana3oHoB BU u CY (kopoTkux
U CpEeIHUX BOJH), a MTO3/HEE 331eHCTBOBAHBI TEXHOJIOTHH CITyTHUKOBOTO U VIHTEpHET-BeIanusl.

Crnemyer OTMETHTD, YTO B Pe3yNbTaTe 3HAYNTEIHHOTO Pa3BUTHUS JIOKAIFHOTO BEIIAHMSA B CTpaHaX MUpPa Kak
¢ wucnois3oBanneM FM-cmyx0b1 B amamazone OBY, Tak M HOBBIX IM(POBBIX BEIIATEIBHBIX TEXHOJIOTHIT
(DAB/DAB+/DMB u HD-Radio) uaTepec ciymaresnei Kk mpueMy paadornporpaMM Ha CpeTHUX U KOPOTKHX BOJTHAX
HECKOJIbKO cHu3micsa. OIHAKO, Kak IOKa3bIBACT OMBIT KPYIHBIX BEHIATCIBHBIX KOMIIAHWH, Takux kKak BBC,
Deutsche Welle, Radio Vatican u np., nepenada paguonporpamm B auanasonax 10 30 MI'n umeer 3HauuTENIBHYIO
cirymartenbekyto ayauropuio. I[Iporpammer BeemupHoit cimyx6s1 BBC 60% aynuropun mpuHHMaeT 1o cpenHe- U
KOPOTKOBOJIHOBBIM pajioKaHaiam [2].

Bemanve B yka3aHHBIX JHMAla30HaX BEIETCS KaK B aHAJOrOBOM pexxuMme ¢ AM, Tak U B IUPPOBOM C
ucrosnb3oBanreM TexHojgorun DRM. BemarenbHple KOMIIAHUH AJI [I€peJaydl CBOMX MPOTPaMM JJII MHOCTPaAHHOM
ayouToOpuu Bce OOJBINE HCIONB3YIOT TexXHONornio DRM, MOCKONBKY C €€ MOMOIIBI0 MOXKHO 00eCTednTh
3HAYUTEIHHOE TOBHIMICHIE KaYeCTBA 3BYYaHHUS 110 CPABHEHUIO C aHAJOTOBBIM BemlaHueM. KauecTBo, oneHnBaeMoe
KaK «IKBHBAJICHTHOE XOpomeMy kadecTBy FM Bemanus» MoXeT ObITh 00ecrieueHO Ha TEPPUTOPHUN 30HBI IIOKPHITHS
C JIOCTaTOYHO OONBIION Tomaapio [2, 3]. Eme oqHuM MpUBIeKaTEIBHBIM aCIIEKTOM JIJIsl BEIIaTesel SIBIETCS TO,
yro DRM Bemanne B KOpOTKOBOJIIHOBOM JHANa30HE paCCMAaTPUBAETCS KaK albTepPHATHBA CITyTHUKOBOMY BEIIaHUIO,
He TpeOyromas TakhX CYLIECTBEHHBIX (DUHAHCOBBIX 3aTpaT Ha pa3BUTHE MHOPAcTPyKTypsl [2]. YmobctBOM s
CIIyIIATENs SBISCTCS BO3MOXKHOCTh aBTOMATHYCCKOTO MEPEKITFOUYCHHUS B MU(MPOBBIX MPUEMHHUKAX YaCTOTHI BEIAHUS
npu ee u3MeHeHWu [2, 3], a Takke PeKuM padOThl MPHEMHHUKA, MO3BOJSIONIUMI MPH HATUYUU HECKOJBKUX
HCTOYHUKOB OJHOM W TOH X MPOrpaMMbl B TEKYIIUH MOMEHT BHIOMpATh U 00padaThIBATh CUTHAJT C HAWIYYIIUMHU
xapakrepuctukamu (¢pynkmust AFS — Alternative Frequency Switching) [3]. Ormerum, yro Texnomorus DRM
M3HAYalIbHO pa3pabaThiBajiach C LENBIO OCYIIECTBJICHHUS Iieperadyd B IU(POBOM BHIEC NIPOrpamMM 3BYKOBOTO
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BCIIAHUS W JOMNOJHUTCIBHBIX JAHHBIX B YACTOTHBIX TMOjocax auana3oHoB 10 30 MI'L, BBIACICHHBIX JUIs
aHAJIOTOBOTO BeIIaHWs, 0Oe3 HEOOXOMUMOCTH YaCTOTHOrO neperuiaHupoBanus. lllupwHA MONOCEI YacTOT,
BBIJICIICHHON NIl pabOThI OJHOW PaaUOBEIIATSIBHOW CTaHIUH, cocTaBisieT 4,5; 9 mubo 18 k[l mis [UIMHHO- U
CPETHEBOJIHOBBIX HANA30HOB M, COOTBETCTBCHHO, 5; 10 6o 20 kI [uisi KOPOTKOBOJHOBOTO auamna3oHa. [Ipu
9TOM, B OTJIMYHME OT MPAKTHKH aHAJOrOBOTO BEINAHUS, MPOTPAMMBI MEPENAIOTCS B CTEpeOPOHUIECKOM (dopmare,
UMEETCsl BO3MOKHOCTh MEpeiaull A0 YEThIPEX MPOrpaMM B OJHOM ITU(POBOM IMOTOKE, a Oiaromaps MPUMCHECHUIO B
DRM HoBoif Texnonoruu koaupoBanus XHE-AAC BemaTeny MOTYT OCYIIECTBIIATE TIepeiady mporpamm B (opmate
MHOTOKaHAJIPHOTO 3BYKa MPH HU3KUX CKOPOCTSAX MU(PPOBOTO mMoToKa [3].

B texnomornu DRM mnpegycMoTpeHO KCIIONB30BaHHUE PA3JIUYHBIX PEKUMOB IE€peadll B COOTBETCTBUH C
BO3MOYKHBIMH YCJIOBHSIMH PAacCIIPOCTPAHEHUS PAJUOCUTHAIOB B BBIMICYKAa3aHHBIX THAIIa30HAX, 9TO 00ECHEUNIO ei
JIOCTAaTOYHO BBICOKYIO CTENEHb «THOKOCTH», MO3BOJIAIONIYI0 OOCCIIEYHTH NMPHEMIIEMOE Ka4eCTBO NMPUHIMAEMBIX
OporpaMM JaXe B HEOJIArONMpHATHBIX YCIOBHSIX. J[Is KaXIOro 3HAYEHUS INIUPHUHBI IOJOCHI YAacTOT KaHaja
YCTaHOBJICHBI 3HAUCHUS IMapaMeTpOB, IO3BOJIIONIME OOcCcednTh JIPQPEKTHBHOCTE Tmepenadu [3], KoTopas
OTIpeJIeNIIeTCs. KOMIIPOMHCCOM MEXIYy MOJE3HOM CKOPOCTBHIO Mepefaud 3BYKOBBIX JAHHBIX M YCTOMYHMBOCTBIO K
BO3JICHCTBUIO [TOMEX. DTO MapaMeTphl ABYX TUIIOB: BO-IIEPBBIX — CKOPOCTh KOPPEKTUPYIOUIETO KOJIa B COUYETAaHUH C
KPaTHOCTBIO HCIIONB3YEMON MOIYJSAIMM JJIs Mepeladd JaHHBIX, U BO-BTOpbIX — mapamerpsl OFDM cumBona,
WCIOJIb3YEMBIE B 3aBUCIMOCTH OT YCIIOBHH paclpOCTpaHEHUs PaJuOBOIIH.

BapuanT ucmons30BaHus U BEIIaHUS YKPAHMHCKUX MPOTpaMM UIA 3apyOeKHON ayIUTOPHUH TEXHOJIOTHH
DRM sBusieTcss ONTUMAIBHBIM C TOYKH 3PCHHMA KaK TEXHWYECKMX XapaKTEPUCTHUK CHCTEMBI NEepemadd, TaKk M
MPaKTUIECKOTO OIBITA HHOBEIIAHNS MHPOBBIX BEIIaTEIbHBIX KOMIAHHUH.

OpHako, cieqyeT OTMETHTh, YTO HCIHOJB30BaHME KOPOTKOBOJHOBOTO JAWAmna3oHa s LH(pOBOTO
panuoBeIIaHus, 110 CPABHEHUIO C IPYTMMHU IWana30HaMH, Hanbojiee KPUTHYHO M CTaBUT O0cOoObIe TpeOOBaHUS K
BEIMYMHE 3aMHPaHUS CHUTHANa OTHOCHTENBHO CTAaHAAPTHOTO YPOBHS, IIOCKONBKY ecinu mpu AM-BemaHumn
3aMHpaHUC COMPOBOXKIACTCS YBEIMYCHHEM YpPOBHS IIYMOB B KaHaje W YXYIIICHHEM pa300pYMBOCTH, TO B
U(PPOBOM PAIMOBEINAHUY [IPH CHIDKCHUH YPOBHS CUTHAJA HIDKE IIOPOTOBOTO MPUEM CTAHOBUTCS HEBO3MOXKHBIM.
DT0 00CTOATENBCTBO TPEOYET 00ECIICUCHHS JOMOTHUTEIBHOTO 3amaca MOIIHOCTH H3Ty4aeMOT0 CHTHANA.

BaxxHO! 0COOCHHOCTBIO TEPEXOJHOTO IEPHOAa BHEIPCHUS paauoBemanus B cucteme DRM sBisercs
COBMEIIICHUE aHAIOTOBOW U NU(POBOIA TIepeIayul, BIUIOTH JIO OJTHOTO MMepexo/ia Ha cyryoo nmudpoBoe BellaHue.

Ha mepBoM sTame BHenpeHUs WH()OPMAIMOHHOIO BEIIaHUS C HCHojib3oBaHneM DRM menecooOpa3Ho
MIPOBE/ICHHUE MCCIIEI0BATENBCKAX PaOdOT MO M3YYEHUIO B3aWMHOTO BIMSHHS aHAIOTOBOTO W MU(POBOTO KaHAJIOB, O
BBIOOPY PEKUMOB TIEpeaayy sl pa3HBIX THAa30HOB C yUETOM BO3MOXHBIX YCIOBHH pacIpOCTPaHEHHS PaJIHOBOIH
M YTOYHCHHIO TTapaMeTpoB ITAHUPOBAHMI. PEeKOMEHIAINH KacaTeNbHO ITapaMeTpoB IUTAHUPOBAHHS IIPUBEICHBI B
COOTBETCTBYIONIEM MokymeHnTe MCD [4], omHako, Kak MoKa3al MpakTHIecKuid ombIT BeAenus DRM mepenad, sTu
JTaHHBIC HYXXTAIOTCI B yTOYHEHHWH. [Ipexme Bcero, 3TO OTHOCHTCS K TaKOMY IapameTpy IUIAaHUPOBaHHSA Kak
MUHHMAaJbHAs HCIOJb3yeMas HAMpPSHKCHHOCTh IOJISE B MECTE TpPUEMa, a TAaKKE YTOYHCHHUE HEOOXOIUMO JUIS
3HAYCHHUN 3AIIUTHBIX OTHOIICHWHA IO PaJdo4YacTOTe NPU PA3IUYHBIX Pa3MEINCHHSIX AHAJOTOBBIX M LU(MPOBBIX
KaHAJIOB B BHIOpaHHOM [uama3oHe. Ha OCHOBaHMM YTOYHCHHBIX JAHHBIX [0 ITapamMeTpaM ILIAHUPOBAHUS
000CHOBBIBACTCS BEIOOP HEOOXOIMMOM MOITHOCTH U3ITyYCHHUS TIPY BEIIAHUH HA 33JaHHYIO TEPPUTOPHIO.

[MonoxwurenpubM akTopoM DRM Bemanus sSBISETCS BO3MOXKHOCTh UCIIOJIB30BAHUS ISl €r0 pealiu3aliu
cyliecTByomei HHppacTpykTypsl AM-Bemanus [5, 6].

IIpob6nemusiM pakTopom DRM Bemianus octaeTcst Malblid ITApK MPUEMHBIX YCTPOWCTB U 3HAYNTENIbHAS, Ha
CETOIHSAIIHUN JIeHb, MX TOopOoroBU3HA. CHIKEHUE CTOMMOCTH paaronprueMHnKoB DRM BemaHus BO3MOKHO TOJIBKO
IpH CYIIECTBEHHOM YBEIMYEHHH WX MPOM3BOACTBA. IIepCIEKTHBHBIM pEIICHHEM YBETWYEHHUS IMapKa
panuonpueMHukoB DRM Bemanus SBISETCS WX MHTETPAHs C IPUEMOM M APYTHUX CTAaHAAPTOB HHU(POBOTO PAIHO.
Kommanuss NXP Semiconductors wu iBiquity Digital Corporation pa3paboTana crenuain3upoBaHHYIO
OTHOKPHUCTAJbHYI0 HHTETPAIBHYI0 MHKPOCXEMY, MOANEPKUBAIOIIYI0 HECKONBKO CTaHAapTOB HH(POBOTO
pamuoBemanus — DRM, HD-Radio u DAB/DAB+/T-DMB. Curnansl 3TUX CTaHIApPTOB 00pa0aTHIBAIOTCS OIHUM
cUrHaJbHBIM TponieccopoM SAF356X, obecreunBaroniyM NPOrpaMMHYIO pEaln3alfio TMOANCPKKH TpeOoBaHMI
MHOT'OCTaHJAPTHOTO IIH(PPOBOTro paJMOBEIIAHKS U PACIIUPEHUS CIYIIATEIBCKON ayIUTOPUH TUPPOBOTO PAIHO.

Takum 00pa3zoMm, Ui YCHCUTHONH OpPTraHWU3aI[M HWHOBCIIAHHS IPOTPaMM YKPAUHCKOTO Paguo C IMOMOIIBIO
cucrembl DRM noTpeOyercs pernieHue psijia 3aay:

- ompeaencHue reorpaUUecKuXx TEPPUTOPUN, HA KOTOPBIX MPOXKHBAET HACEICHUE, COCTABIIIONICE
MOTEHIMATBHYIO AYAUTOPUIO YKPAMHCKUX IIPOTPaMM;

- HCXOMSI U3 MECT IIPOKUBAHUS ayAUTOPHH, OTIPEIICHUE 1IeTIeCO00Pa3HOCTH HCIIONB30BAHMS AJIS BEIAHHS
TOTO WJIM MHOTO YAaCTOTHOTO JHAIla30Ha U ONpEeIeIeHUE JOCTYITHBX HOMUHAIBHBIX 3HAYCHUH 9acCTOT;

- HWCXOOA W3 PEKOMEHAOBAHHOTO [UIi paboTBl YacCTOTHOTO JHAana3oHa, ONPENeTUTh PEXUM
nomexoyctoranBocT DRM mnepenaun (A, B, C wm D), a Tarxoke mapameTpsl MOIYIISIIAN M IIOMEXOYCTOHIHUBOTO
KOJIMPOBAHUS,;

- ONpeCTICHUE KOJIMYECTBA M MECT PACIIOJIOKCHHS MEPEIAIOIINX YCTPOUCTB, UX MOIIHOCTEH U croco0oB
UCIIONIb30BaHMS YAaCTOTHBIX KaHAJOB (Hampumep, A Bemanus BecemupHoit ciayx0s1 BBC Ha crpans! 3amanHoil u
ICHTpaTbHONH EBpOMNBI, HWCHONB3YIOTCS TPH IepelaTdyhka, KOTOpbIe MOTYT padoTaTh Kak B CHHXPOHHOM
OJIHOYAaCTOTHOM CEeTH, TaK U MHOTOYacTOTHO [3, 7]);

- OTpe/ieIICHHE CIIoco0a JOCTABKH KOHTCHTA JI0 MEPEIArOIUX CTaHIUH.
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USING THE DATA EXCHANGE FUNCTION BETWEEN INDICATORS IN INTEGRATED
NAVIGATION SYSTEMS

The functions for sending commands to the restructuring of the communications and the functions of information
exchange to a higher level with the use of computer networks for communication to the integrated navigation
system. When analyzing the choice of navigation systems, of special note are the integrated navigation systems, and
communication systems of modern large-tonnage vessels with unlimited navigation area interest are the types of
digital information flows. In such systems, information flows at the level of the terminal communication systems and
navigation occurs at a relatively low speed in the relevant standards. Deserved special attention, the transfer
function of the current coordinates of the vessel. In integrated navigation systems, high speed information flows
observed in the satellite communication system INMARSAT. Great noteworthy features of the operating system. It is
necessary to highlight the problems of using INMARSAT in the high latitudes. If you use elements of the standard
European system ASTERIX at high-speed exchanges in ship reporting systems to traffic control systems of ships In
the integrated system provides option high-speed flow of information exchange using equipment of the automatic
identification system, it is necessary to know the basic characteristics and types of data in various operation modes
of equipment.

The informational exchange of indicators readings in the integrated navigation system is considered in this
article. This article is written on the basis of analysis of integrated navigation systems and communication systems
of modern large-capacity ships with unlimited area of using.

Key words: the integrated system, the indicator's reading, the data bus.

b.4. BEPJUEB, H.O. IT'YHUYEHKO, O.0. IIOIIOB

OnechKa AepKaBHA aKaJAeMisi TEXHITHOTO PeTyJIIOBaHHS Ta SKOCT1
iioonn24@rambler.ru

3ACTOCYBAHHSA ®YHKIIA OBMIHY IHJIUKATOPIB IHTETPOBAHUX HABITAIIIHHAX
CUCTEM

Ha niocmasi ananizy inmeeposanux cucmem Hagieayii i cucmem 36's3Ky Cy4acHO20 KDYNHO MOHHANCHO20 CYOHA
3 HeOOMeCEeHUM PAUOHOM NAABAHHS PO32ISI0AEMbCS THHOPMAYITIHUL 0OMIH NOKA3AHHAMU THOUKAMOPIE 8 CYOHOBUL
inmezposaniil cucmemi Hagieayii.

Kniouosi crosa: inmezposana cucmema, noKa3ants iHOUKAmMopa, MazicmpaibHa WuHA.

Ship integrated navigation system (SINS) is used for determining of navigation parameters of the vessel. The
communication system is used for duplex communication of the ship and other subscribers. SINS composition
depends on the gross registered tonnage (GRT) while the composition of the communication system depends on the
geographical region of using [1].

Fig. 1. Marine integrated navigation system
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1. RSI

2. WAAS/GPS

3. Search network sounder

4. Network Fax receiver weather maps
5.Rreceiver AEIS.

In this article it is examined one of the functions, which is associated with the exchange of the indicators
readings in the system. In SINS the informational indicators are: the radar station indicator (RSI) with devices of
automatic radar gasket (DRAG), the indicator of electronic cartographical navigation information system (ECNIS),
the indicator of receiver of global positional system (GPS), the indicator of echo-sounder, the indicator of
automatically equipment identification system (AEIS) and the multifunction indicator.

The devices in SINS are connected to the data bus according to the protocol, which allows to transmit
navigational data from all devices over one common cable. If the network of navigation devices is expanded, then
the additional devices are connected to the bus and they do not affect the work of already connected devices. It is
possible, because during the work of the data bus, all devices get their unique identifier.

All the necessary data is displayed on any indicator in the network. An electronical map with points, which are
set from the data of other indicators, can be displayed on the ECNIS indicator. On the RSI indicator such actions can
be done in the radar format. On the multifunction indicator in the sequential-parallel mode can be displayed data
from ECNIS and RSI indicators, from the receiver of GPS, echo-sounder and AEIS indicator. Using the
multifunction indicator allows to reduce the number of indicators in the SINS.

Conclusion
It is proved, that digital information streams in modern SINS must correspond to the international standards,
because it is necessary for the safety and for the equipment unification. For the data exchange between such devices
must be used the MEC 61162 standard, but in the situations of really big data volume its possibilities are not
enough. In such cases new more suitable standard must be developed.
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AYAIOBI3YAJIbBHI OB'€EKTHU I METAJJAHI

AHomayisi— Y po6omi nponoHyemucsi poszasdamu  KoxceH Media-06'ekm AK Habip nos's3aHux 3 HUM
deckpunmopis, daHa oyiHka o6csizy MemadaHux.
Kauuesi cnroea: Memadani, media 06'ekmu, deckpunmopu.

0.V. OSHAROVSKA

0.S. Popov Odessa national academy of telecommunications
AUDIOVISUAL OBJECTS AND METADATA

Annotation— In this paper is offered to consider each media object as a set of associated descriptors and estimate
the amount of metadata. In multimedia broadcasts, metadata covers both service descriptions and multimedia controls.
Metadata is integrated into the transmission cost chain, taking into account all stages of the development of digital television
broadcasting. Any metadata is integrated into the standards relating to the digital lifecycle. The concept is the company's
idea of understanding syntactically and semantically complex data by improving their essence in a set of simple descriptors.
The television scene is composed of several objects. Video objects should be represented by triangulation meshes. The data on
the mesh object has spatial and temporal aspects as well as a high dimensional variable at different resolutions, which
enhances the task of finding compact, accurate, and easily computable data models. A model that is equivalent to a
description of content-oriented metadata should create a lower bit stream than the source data of the mesh object, at least
by an order of magnitude. Secondly, the metadata presentation should contain enough information to support a wide class of
queries. Finally, the accuracy and speed of queries should be within the tolerances required by users. The search for content
based on the metadata description can be represented by three levels of queries: search using descriptors, such as color,
texture, shape, or spatial arrangement of image elements. An important part of this methodology is the development of an
ontology that completely captures the semantic model of metadata.

Keywords. Metadata, media objects, descriptors.

BukopucranHs MeTaganux abo JaHUX MPO JIaHi Ja€e 3MOTy e(eKTHBHO Ta 3pyYHO MiAOUpaTH pi3HOMaHITHI
MOCIYTH Ta BMICT HOBOiI HHUQPOBOI TeneBiiitHOiI mmatgopmu. IlpoTe BUKOpHCTAHHS METaAaHHWX TPAHCIIOBATH
MyJIbTHME/ia HE MOBUHHO PO3MNIIOATHCS SK IHCTPYMEHT IS BUPIIICHHSA MPOOJIEM, TOB'A3aHUX 13 CKJIAaHUM
MEpEeKEBUM MYJIBTUMEIIHHUM cepenoBuiieM. HaBmaku, 1ie CTBOPIOE HOBI MOJKIJIMBOCTI JJIsl PO3POOKH HOBHX
IHHOBAI[ITHUX TTOCITYT.

VY MMPOKOMOBHUX MYJIbTHUMEHIHHUX 3aCTOCYBAHHSX METAJaHi OXOIUTIOIOTH SIK OMHMCYBaHHS MOCIYT, TakK 1
MYJbTHMEIIMHUN KOHTPOJIb. MeTaaHi IHTErpYIOThCS y JIAHIFOKOK IMepeadi BapTOCTI MOBJICHHS 3 ypaxyBaHHIM
yCiX eTamiB PO3BUTKY IM(POBOTO TENEBi3IHOrO MOBIECHHS. Byap-siki MeTanaHi, IHTETpYIOTBCS y CTAHIApPTH, LIO
CTOCYIOTBCSL JKHUTTEBOTO MHKIY IU(POBOro MoBIeHHSA. KoOHIENIisS Hece iAer0 KOMIMAaHil MO0 PO3yMiHHS
CHHTAKCHYHUX Ta CEMaHTHYHO CKJIAJHUX JaHMUX IUIIXOM BJOCKOHANCHHS iX CYTHOCTI B HaboOpi MHpOCTHX
JIECKPUIITOPIB.

TenesiziifHa CIlcHa KOMIIOHYETHCS 3 JEKUTBKOX 00'ekTiB. Bimeo 00'€ekTH JOUUIBHO MPEACTABIATH
TpiaHTyIsIidHUME ciTkamu. CiTKOBI TeNeBi3iiHI 00'€KTH 00'€IHYIOTh NECKPHUIITOPH JCKITBKOX CTPYKTYP, 30KpeMa:
MHOTOKYTHY TpaHUIIO 00'ekTa; Habip BIANOBIAHMX TEKCTyp; Hallp HOPMAaJbHUX BEKTOPIB JO TpaHEH; KONipHY
ricTorpamy mpo BMICT, SIKAH TOMiHYy€e Kouip i T. 1. [1]

JlaHi ipo ciTKOBI 00'€KTi MalOTh MPOCTOPOBI Ta YACOBI aCMEKTH, & TAKOXX 3MIHHY BUCOKY PO3MIPHICTb NPH
PI3HOT PO3IINBHIN 3JaTHOCTI, IO MOCHJIIOE 3aBIAHHS MMOMIYKY KOMIIAKTHUX, TOYHUX 1 JIETKO OOYHCIIOBaHUX
Mojenelt maHux. Takuil miaxil IpU3BOAUTH IO LiKaBHX MpoOsieM. MoJielb 10 €KBIBAJICHTHO OMHCY METaIaHUMH,
OpIEHTOBAHMMH HA KOHTCHT, ITOBHHHA CTBOPIOBATH MEHIIUM MOTIK OiTiB, HiX BHXIiJHI JIJaHI CaMOTr0 CIiTKOBOTO
o0'ekTa, o KpaiiHii Mepe, Ha nopsanok. [lo-npyre, ysSBICHHS METaJaHUX Ma€ MICTHTH JOCTAaTHbO iH(pOpMAINi s
MiATPUMaHHS IHAPOKOTO KIIacy 3anuTiB. HapemTi, TOYHICTE 1 IIBUAKICTH 3aIIUTIB TIOBUHHI OyTH B MeXax JOITyCKiB,
HEOOXITHUX KOpHCTyBadiB. BH3HAYMMO NaHi TpO CITKOBOMY OO'€KTI SIK TUCKPETHE YSBIEHHS PO Oe3nepepBHY
TTOBEPXHi BIOPSIKOBAHUM O€3JiU4I0 KOPTEXKiB, OYAydH BCHOTO JIAIIE HAOOPOM KOOPIMHAT TOYOK O€3 TOIOJIOTIdHOT
3B'I3Ky MiXK HUMH.

{t7 X1, X2, *775 Xp, V1, V2, ”.7Vm}7 (1)

Jle t 03HaYae 4acoBy 3MiHHY, SKa BH3HAYa€ eTam Jacy, X;, i € [1, .., n] mo3Havyae mMpocTOPOBY 3MIiHHY, IIIO
BM3HA4a€ T€OMETPUYHI KOOPJAMHATH B N-MipHOMY IIPOCTOpi, a Vj, j € [1, .., m] mo3Hauae 3MiHHY 110J1, BU3HAYEHY B
KOEH BY30J1 (MTO3UIIis IpH <t, X;, Xo, ***, X,>>) a00 KOXKHI{ 30Hi y CITIIi Ha eTarti 9acy t. 30Ha B peryJspHii CITII € n-
MIpHOIO KyOiYHOI0, OOMEXEHOI0 HABKOJMITHIMU 2N CITYACTUMH BY3JaMH, TOJl sSK HEBH3HAY€HA KUIBKICTH BY3IIiB
0TOUY€ 30HY B i-peTyJsIpHii CITII.
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Meranani opranizoBaHi B 1Ba piBHsA. HikHi piBeHb MIicTUTH 1Ba eneMeHTH. [lepmmii enemeHT - 1e
MOJIEJIb CITKM IPH Pi3HOMY JI03BOJI, 3 BUKOPUCTAHHSAM BiJIIOBIIHOT MapaMeTpUYHOI MOJIeNTi, HAPUKIIAM, CIUIAiHIB,
BeiiBneToB abo kiacrtepiB. Jpyruil eneMeHT MeTamaHuX sBise€ co0OI0 Halip iHAEKCIB, SIKi BU3HAYAIOTH CTPYKTYP
ciTkH 1 1i po3ranryBaHHs B clieHi. BepxHiii piBeHb Hece iHpOpMALIi0 PO CEMAHTHUKY CITKOBOTO 00'€KTa.

€ Oararo 3aBJaHb JJIs TIOJOJIaHHS IIHOTO MiAXOMY 0 POOOTH, MEsKi 3 SKUX HaBEJCHO HIDKYE. BupimeHHs
ix mossATae y BUBUEHHI Ta 3MIHCHEHHI CKIAJHUX KOMIIPOMICIB MiXK IEepioJIoM TOMEepPEeaHbOro 0O0poOJICHHS, piBHEM
CTHCHCHHSI, IIBUJKICTIO 3alUTIB, TOYHICTIO 3alUTIB Ta [alla30HOM 3alUTiB, SKI MIATPUMYIOTh METaJaHi.
MacmraboBani  pimeHHs: BCi acnektd (asu  monepeqHboi 0OpoOkM TOBMHHI OyTHM MacimTaOoBaHi 10
TepabaliTHUX JaHWX, a AITOPUTMH TIOBMHHI OyTH TignaHi eeKTHBHIN mapanernizalii Ha MallMHAX i3 COTHAMH IO
THUCSY ITPOLIECOPIB.

[ToBHI Mozemni: Majo IO BiIOMO MPO Te€, MO POOUTH EPEeKTHY MOJENb OOYMCIIOBAIBHOI CITKH 3IaTHOIO
HiATPUMYBaTH aTpHOYTH, IO JTyXKe CKJIaIHi, CleialabHi 3anuTH. Mojeni OBHHHI OyTH KOMIAKTHUMH, OJHAK BOHU
MICTATH JIOCTaTHBO iH(opMaiii A BINOBIAI HA MIMPOKUH CIIEKTP MOXJIMBHX 3alUTiB. MOXXHA NMPUITYCTHUTH, IO
MeTa TMONepeIHbOI 00OPOOKH NaHWMX CITKU IOJISATaE B TOMY, MO0 CTBOPHUTH HPEJCTABICHHS MOJENI, sika Habararto
MEHIIIa, aJie¢ MOKe OyTH BUKOPHCTAaHA JJIs MIATPUMKH MPHOIU3HUX 3anuTiB. [lo-mepiie, Bes ciTka pO3KIagaeThes Ha
BIJIMOBITHUY PO3JiJ, TOAI JaHi B KOXHOMY PO3JAUIL CTHCIO amnpOKCUMYIOTHCS, BHKOPHCTOBYIOYH BIAMOBIIHY
nmapaMeTpUYHy MOJENb (HAPHUKIAL, CIUIAHHN, BEUBICTH YU KIAcTepH). AJTOPUTMU JUIS TEHEepallil uX MeTagaHuX
3a3BUUAll iTepaTyrOThCS ABOMA €TallaMU: CETMEHTHE PO3IIJICHHS Ta XapaKTePUCTHUKA PO3AUIiB. ITeparis Mk muMu
(hazamu BimOyBaeThCS I MEperiAy (HPaKTHIHOTO PO3OUTTS HAa OCHOBI aHAIOTIYHOCTI (200 MOXHMOKN), IKa BUMIPIO€E
PI3HHITIO MK XapaKTEPUCTUKOIO JTAHUX B PO3IJIi Ta GaKTUIHUMHU JaHUMH BIIACHOT CITKH.

Konremniiiss MeTamanux Hece B coO0i icr0 00'€NHAHHS aHANI3y CHHTAKCHYHUX I CEMAaHTHYHO CKIIAJHUX
JIaHUX, YTOYHIOIOYM iX CYTHICTh B Ha0ip MPOCTHX JecKpUNTOpiB. OQUHULS OOMIHY SIBIISIE COO0I0 CTPYKTYpPOBaHUH
mudposwuii 00'ekt (udpouii enement (DI), onmucyBaHuit MeTagaHUMHU 1 MOCUIAETHCS HA TTOB'I3aHI MyJIbTHME]IIHHI
TeMaTu4Hi 00'ekTH. O0'€eKTaM MyJIbTUMEAIa MOXKE 3HAJIOOMTHCS TIOTIK JaHUX, SIKAH MEePETBOPIOETHCS B OJUH abo
KiIbKa eleMeHTapHUX TOoTOKiB [2]. Tlomyk KOHTEHTY Ha OCHOBI ONHUCY METaJaHUMHM MOYKHA YSIBUTH TphoMa
PIBHSAMHU 3alUTIB: TONIYK 3a JOTIOMOTOI0 IECKPUNTOPIB, TaKWX SK KOJip, TeKCTypa, (Gopma abo mpocTopoBe
pO3TalIyBaHHs €JIEMEHTIB 300pakeHHs; BUTAr 00'€KTiB 3aaHOTO THITY, iAeHTH(IKOBAaHUX MOXITHUMHU (pYHKITiSIMHE;
BUTAT a0CTPAaKTHUX aTpPHOYTiB, MO0 BKIIOYAE BEIUKY KiJbKICTh BUCOKOTO PiBHA MipKyBaHb MPO METy 00'€KTiB abo
CIleH, 300pakeHHX. BaKIMBOIO YaCTHHOIO IIi€i METOHOJOTii € po3poOKa OHTOJOTII, SKa TOBHICTIO 3aXOILTIOE
CEMaHTUYHY MOJIENIb METaJaHUX, IeBHY B ceMaHTH4YHOi yactTuau MPEG-7.

Ham migxing mo inTerparnii onronorii OWL B pamkax MATPUMKHA CEMaHTHYHOI iHICKCAIlii Ta TMOIIYKY
aylioBi3yaJbHOTO 3MICTy Ha OCHOBI OHTOJIOTii BHKOPHCTOBYE OHTOJIOTIIO, siKa (DIKCYe MOMAENb, MPEICTABICHY
CEMaHTHUYHOIO YacTHHOI0 MPDS-7 MDS st mpencTaBineHHsS CeMaHTUYHOTO BMIcTy, TeKkcTOBI MeTafaHi Ui OTHCY
aynioBizyaiabHOTO BMICTY. Ll OHTOJIOTISI (hiKCy€E CEMaHTHKY MEPIIOTO Mapy ABOMIAPOBOI MOJIEII ISl CEMaHTHIHUX
METaJaHMX, 110 BUKOPUCTOBYIOThCS B pamkax DS-MIRF.

Hpyruit map mozeni Bkitodae B cebe cnenuidHi A JOMEHY 3HaHHS, SKi MOMIUPIOIOTH CTAaHIAPTH OIHCY
ayNioBi3yaIbHOTO 3MICTY, 0O BOHU 1HTETPYBAJIN MPO30POBI JOMEHHI OHTOJIOTI1. L] OHTOMOT s, HA3UBHA OCHOBHOIO
oHTOJIOTi€r0, Oyna peanmizoBana B OWL. Mogens ceMaHTHYHOTO ONKCY aydiOBi3yaJhbHOTO 3MICTy, HAaJaHOTO B
cemanTiuHii 9actuHi MPDS-7 MDS, cxitafaeTses 3 CKIQIHAX THITIB TaHUX, SKi BU3HAYAIOTHCS, BUKOPHCTOBYIOUH
cuaTakcuc MmoBu XML Schema Language [1], B Habip cxem ommcy (DSs) 3 kopeHsMu B cemManTH4HIN 6a3i DS.

MeragaHi y BUIJISAI TEKCTOBOI Ta Bi3yanbHOI iH(pOpMAaIii CKIAZAal0Th BAKIUBY YaCTHHY ITU(PPOBUX
iH(GOPMAIIfHAX MMOTOKIB MK PI3HUMU TeleBi3iiHuME cucTemMamu. [TosiBa iHpopMariiitHux cucteMm Ha TenebadeHH1
TIPU3BEN0 0 HEOOXiAHOCTI MOJIEIOBAaHHS Meia MaHUuX. Y TelleBi3iiHUX cHcTeMaxX BHPOOHHUIITBA BXiTHI MeTagaHi
JIO3BOJIAIOTh 3HAXOJUTH Ta BHOWpaTH (parMEeHTH BHXITHUX MaTepiamiB JUIsi CTBOPEHHS HOBUX MpOTrpaM IS
BUKOpHUCTaHHA. [Iporpamu, 3aBepiieHi BHPOOHWIITBOM, TMOBHHHI OyTH HaJe)KHWM YHHOM oOmucaHi y Qopmi
OpraHizoBaHOr0 HaboOpy MeTagaHWX. MeTagaHi Ha CTBOPEHI MPOTPaMH MICTATh YaCTHHY BXiIHUX METaJaHUX Ta
JICSIKUX HOBUX METaJaHuX, IO BiJOOPaXKalOTh CYyTh CTBOPIOBAHMX Iporpam. TakuM YHHOM, MOXKHA CTBEpP/DKYBATH,
110 y BUPOOHMYMX CUCTEMAaX TEJICBI3IHNX Nporpam € oneparlii 3 GopMyBaHHS Ta 3MiHCHHSI METalaHUX.
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SCHEDULING ALGORITHM FOR CONVEYOR-MODULAR METHOD OF
MULTIMEDIA DATA TRANSFER

Abstract -This paper addresses the conveyor-modular method of multimedia data flow transfer over the packet-
based communication network. For this method, the special algorithm is developed of optimal channel resource allocation
across multiple virtual connections. According the conveyor-modular method, data link layer frames are considered as
conveyor-transporting modules (CTMs) regularly circulating over communication channel and carrying the multiplexed
multimedia data flow.The proposed algorithm operates with CTMs size, CTMs circulation frequency, the incoming requested
real-time data fragment size and flow rate, along with the real-time flow minimal rate; the latter is served by the virtual
connections driver. Scheduling algorithm includes four main parts: 1) definition of the maximal "division factor” for real-time
data fragments to be allocated in CTMs; 2) determination of the algorithm processing cycle, i.e. the minimal number of
consecutive CTMs that should be scheduled; 3) computation of the incoming request's "division factor” as far as the virtual
connection request arrived; 4) analyzing the flow allocation table throughout the algorithm cycle, in order to make decision
of whether the current request on virtual connection may be accepted or denied;if accepted request, the allocation table of
virtual connections is modified. An optimality criterion in the proposed algorithm is a uniform-even distribution payload of
conveyor-transporting modules; this improves the overall network performance of virtual connection service. The rest of free
unscheduled space in CTM modules is used for low priority traffic.

Keywords: real-time data, virtual connection, conveyor modules, optimal resource allocation.

O.B. TUXOHOBA
Opecbka HaioHasnbHa akaaemis 38’ a3ky iM. O.C.ITonoBa
elena.tykhonova@onat.edu.ua

AJITOPUTM IIAHYBAHHS JUISI KOHBECPHOI'O-MOJYJIbHOI'O METO/Y IEPEJIAYI
MYJIbTUMEIITHAX JAHAX

AHomayis - PoszistHymo memod KoOH8eepHo-M0ody1bHOI nepedayi myabmumediliHo2o nomoky daHuUX no nakemHiti mepesici. [las
0aHo20 Memody po3po6/eHO a/20pUMM ONMUMAALHO20 PO3N00JiAY pecypcie KaHaay 38'a3Ky MIXC NOMOKAMU 8IpmyanbHUX 3'€0HaHb.
Kpumepiem onmumansHocmi € pigHOMIPHICMb 308AHMANCEHHS KOHBEEPHO-MPAHCNOPMHUX MOAY/18, Uj0 003801UMb 30iAbWUMU KiAbKiCMb
3a0080./1eHUX BUMO2 HA 8ipMYaIbHE 3’ €OHAHHS.

Kawuoesi cnoea: daui peanvHozo yacy, gipmyasbHe 3’ €0HaHHS, KOHBEEPHI MOAY/i, onmuMaabHUll po3nodia pecypcis.

1. Introduction

One of the open problems in current telecommunications is ensuring QoS requirements when real-time data
transferring over the converged packet network, [1, 2].In the 2000s, a technology appeared of different traffic
classes separation in the optical domain - Optical Migration Capable Networks with Service Guarantees (OpMiGua)
[3] — where Guaranteed Service class Traffic (GST) packets follow a circuit path with no packet loss or jitter;
instead, the Statistically Multiplexed (SM) packets are following packet switched path being statistically
multiplexed. An enhanced packet based internetworking approach was originated in [4], as well as an appropriate
method to leverage integrated heterogenecous data flow in a converged digital channel based on cyclic conveyor
module resource scheduling.The conveyor-modular method is characterized in that itconsiders the data link layer
frames (e.g. Ethernet frames) as the conveyor transporting modules for multimedia data, multiplexed in the general
stream. CTMs regularly circulate through the communication channel and carry the general stream's fragments. The
amount of virtual connections that can be established for real-time flows depends on the particular data link layer
technology, CTMs circulation frequency,and the part of total bandwidth, intended for this type of service. Real-time
flow segments should be regularly allocated in CTMs to guarantee the necessary data rate.

This work aims developing anoptimal algorithm of virtual connection scheduling in a packet based channel
to improve the overall network performance.

2. Algorithm for optimal scheduling of virtual connections

As optimality criterion of virtual connection packets localization, the uniformly distributed payload of CTMs
is taken. According conveyor-modular method, the CTM modules are embedded in the data-link layer frames, which

circulate in synchronous mode at a constant frequency f, ) Over communication channel.
The circulation frequency of frames carrying CTMs is determined by the bandwidth B of communication
channel and the determined maximum possible frame size S : f,, = B/ S.

Let P, be the real-time data fragment size, produced by the given codec. When R, is the real-time flow rate,
the frequency of the real-time segments circulation equals f,, = R, / P, . It is obvious, that f, < f,,. Define

"division factor" k of real-time flow scheduling as the f, to f}, ratio:
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The factor k determines the size of the CTM subsequence block, whereina particular real-time fragment must

be allocated somewhere once at least. For example, the option & = 8which is assigned to particular virtual
connection, guaranties that an arbitrary CTM module within any block of 8 consecutive CTM modules will be
granted for one request of fragmentservice related to given virtual connection.

The proposed algorithm contains three items.

1) Definition the maximal value kmwc of division factor, i.e. the minimal rate of real-time flow that is served
by the virtual connections driver. For example, let k, = 8.

2) Computation the minimal number of consecutive CTM modules for given k which can be divided into

any kK < k___(the so-called flow scheduling cycle N i )- This aims to distinguish an integer number ofnested cycles

max

inside the scheduling cycle N, foranyk <k,

X

multiple” value for all the k < k, _.Ifk, =8, then N, =2 -3'-5".7' =840 . The number 7, of nested

of correspondent real-time flow. Apparently, the N, is "minimal

cycles is defined for any k < kmax as n, = Tk . Each nested cycle contains k consecutive CTM modules, tab. 1.

Table 1. The number of nested cycles nrelated todivision factor &

k Divisible factor of real-time flow 1 2 3 4 5 6 7 8
n Number of nested cycles 840 | 420 | 280 | 210 | 168 | 140 | 120 | 105

3) Suppose, the real-time flows are scheduled within the flow scheduling cycle N, . Let [ € [1, N k] be the

CTM number within the N, cycle; q(l ) determines the unscheduled part of the overall payload capacity for the
CTM module numbered/.
4) Suppose, a request for virtual connection occurred with factor k& and payload size PV . Considering the

two-byte header [5], the fragments size of requested connectionyields PV + 2. Next in algorithm, searching for
optimal CTM scheduling launchedfor the entire CTM cycle IV, .
5) Suppose k = 3, P, + 2 =12 bytes. The number of nested cycles for such request is 7 = 280 (see

tab. 1); each nested cycle contains kK = 3 consecutive CTM modules. For this request, there are three possible
variants of scheduling:

- each first CTM module from 280 nested cycles;

- each second CTM module from 280 nested cycles;

- each third CTM module from 280 nested cycles.

To select the best of these three options (based on optimality criterion), the module with minimal free space

¢, is determined among the first modules of each nested cycle in the flows scheduling table; similarly, the
q, isdetermined among the second modules, and ¢, among the third modules. Then, the maximal value g, . is
determined among ¢,,4,.q5: ¢, = max(ql,qZ,%). If gq,,. > P, +2, the connection request is

accepted. A corresponding entry is added to the flows scheduling table, which assigns packets of this flow to each
first (second or third) CTM module, depending on calculated g, . value.

The proposed algorithm is illustrated for the X, = 4 and ten consecutive connection requests, fig. 1.

max
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Request, | f | p | CTM modules

Nr. 11 J273 T4 [5]6 [7 [8]9 [10]11]12
> 0 [o]o [o o Jo Jo [o]o 0
1 3 [4 |4 4 4 4

2 4 |5 |5 5 5

> 9 [o]o [4 |5 ]o [4 [o]5 4 [0 ]o
3 [2 |2 2 2 2 2 2 2
> 9 |2]0 [6 |5 |2 [4 [2]5 |6 [0 ]2
4 13 [3 3 3 3 3
> 9 [213 |6 [5 5 |4 [2]8 |6 [0 [5
5 4 |2 2 2 2

> 9 [2]5 [6 [5]5 16 [2]8 |6 [2 [5
6 [1 |3 3 1313 3 [3 |3 |3 [3]3[3]3]3
> 1258 [9 [8 [8 [9 [5]11]9 [5 [8
7 [2 |3 3 3 3 3 3 3
> 12/8|8 [12]8 [11]9 [8[11|12]5 |11
7 |3 |2 2 2 2 2
Y 12/8|10[12]8 [13]9 [8[13]12]5 |13
8 |4 |5 5 5

Y 120815128 [13]14]8[13]12]10]13
9 4 18 [ 1-1-1-1-1-1-1-1-1=-1-1-
Y 120815128 [13]14]8[13]12]10]13
10 |4 |6 |6 6 6

Y 188 |15[12]14[13]14][8[19]12]10]13

Fig.1 Optimal allocation of the multiple virtual connections

Algorithm starts with an empty table (no flows are scheduled). Gradually, the load of CTM modules in
scheduling table increases, and finally, the requestNr. 9 cannot be accepted (virtual connection establish failure).
Request Nr. 10 fills some CTM modules close to the maximum. Further real time flows scheduling is impossible
until some of the previous virtual connections will not terminate.The rest of free space in CTM modules are densely
filled with fragments of logical connection flows and fragments of IP packets.The developed algorithm at each step
guarantees a maximum free space in heavy loaded modules (that is, the virtual connection flows are optimally

scheduled across all CTM modules). The algorithm works similarly for any other value of divisionfactor & .

3. Conclusion

In this paper, a scheduling algorithm is developed foroptimal allocation of the multiple virtual connections
within a sequence of conveyor-transporting modules. The proposed algorithm is based on conveyor-modular method
of multimedia data transfer. The optimality criterion is the uniform evenpayload of conveyor-transporting modules.
This enables increasing the overall network performance in virtual connection service.
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SELF-CALIBRATION OF IMAGE FORMER WITH OPTICAL TEST-RING

Vibrating oscillations of the image forming system (especially angular oscillations) are cause of blurring appearing.
The transfer functions of the image forming system go to zero in blurring points. If it is known angular and linear oscillation
parameters it ensures a folloving: the two-dimensional display adjustment and the digital filtering of distorted image.
Testing of the television video channel upon effect of destabilizing vibrating oscillations includes forming the special optical
test. For example in form of thin right shape ring. If test image is available it permits to organize self-calibration condition of
television video channel (for instance the TV system). It is ensured by permanent comparision condition the running and ideal
forms in the data- processing equipment for vibrating oscillation parameters calculating to compensate its effect. The unit-
analyser of vibrating oscillations states the value of violation degree the shape and size of the ring test (the amplitude of
angular and linear oscillation) and the conditions for disruption of dynamics. The flicker frequency can be ensured in
according to define vibrating oscillation parameters analyzing programm. Measuring method of local linear and angular
displacements on three- coordinate axises is proposed with assistance of optoelectronical system set on studied objects. Block 1
forms the luminous flux, earring thin ring picture. This flux ingresses into radiation detector 2 (for example, charge
communication device - CCD), which is being controled by block 3. Information about ring's gravity centre shift and about
distortion because of the vibrations is being formed in block 2. Measuring information is transmited to processor 5, where testing
parameters of not shifted and not deformated rings also transmit from offline storage 4. Special comparision algorithm of formed
picture with testing one is realised in processor 5. Result of measuring are being detected by indicating device 6. Proposed
method permits considerably to reduce hardware expenses and to improve measuring reliability. Realization of this method
permits with assistance of one optoelectronical channel to measure parameters of angular and linear vibrations by three axises
simultaneously.

Keywords: measurement of small oscillations, image protection during oscillations, testing of communication
channels, active vibration compensation for image reconstruction.

O.B. AHJIPEEBA

Hauionaneunii Texuiunuii yniBepeuter Ykpainu «KIII im. 1. Cikopcskoro
elvian44(@gmail.com

CAMOKAJIIBPYBAHHSI TPAKTY ITEPEJIABAHHS 30BPAJKEHHSI 3A JIOTIOMOT' OO ONITHYHOI'O TECTY-
KLJIBIIS

Y 0donoeidi poszasiwyma modscausicms 3axucmy cucmemu GopMmyeaHHs 306paxceHHs 8id 0ii 8ibpayiliHux KoaugaHs (K
ATHITHUX, mak | Kymosux). [lokazaHa moxcaugicms pobomu 3 mecmom y 8ue/s10i Kiabyst npasuavbHoi popmu. 3MiHA NON0KHCEHHS YeHmpy
Kinbysi (0osepxy, 0oHu3y, /i80pYyY, npasopy4), @ Makoxc nepexio 306paxceHHs Kiavys 8 eainmuuny gopmy, dae ingpopmayiio wodo 0ii
AIHITHUX ma Kymosux nepemiujeHb, iki nompi6Ho komnexcysamu. [logepHeHHs1 306pajceHHst Kibys y 30Hy donycKy ma 8i0H081eHHs 11020
npasuibHoi opmu ceiduums npo docsizHeHHs1 3a0aH020 cmyneHio kKomneHcayii, Hanpukaad 20”, skujo npulimMay - npuaad 3apsi008020
38’a3ky (1133) mae po3dinbHy 30amuicms He zipwe 20 /iHili Ha 1 Mmm ma do3605€ KOHMpoloeamu 3adaHuli ehekm 2acitHs. 3acmocy8auHs
nomyscHuUX cneyianizogaHux o64UCAI08AYI8 3 napasenbHol 06po6kot Hpopmayii dozeosse nobydyeamu HadiliHuli aszopumm
KoMneHcayii.

Katouosi cnosea: UMIpro8aHHs MAAUX KOAUBAHb, 3aXUCM 300pajxceHb Npu KOAUBAHHSIX, MECMy8aHHS KAHAJIE 38’SI3KY,
akmueHa eibpokomneHcayist 0151 8i0HO8/1eHHS 306PadiCceHb.

The problem of vibrating oscillation compensation can be brought to '"recalculation" the
communication channel statement Pks into the equivalent two-dimensional display regeneration statements:

P=P-P,-P,=P-P! =P -P,

cc a equ equ
d _
Pequ - Pcc ' Pd
Here is the equivalent two-dimensional display statement with taking into account the communication channel;
r J—
Pequ - Pr ' Pcc

is the equivalent regeneration statement with taking into account the communication channel.

According to violation character the definite quantity of computational - control modules are switched on; one
module is for the ring image processing (the tuning on the "ring") and two and more one's are for basic image
processing (it is meant tuning away the basic image from effect the angular and linear oscillations).
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__distortion test

Zone S - zone of moving and distortion optic’s test ring;
AXeo, AYies - legitimate value;

Yu, YL - high and low points;

XL, Xr - left and right points

Fig. 1
It is realized the correction of the ring shape (the choice of the compensating actions) with taking account of the

quantities of the destabilizing factors. The reconstruction of ring image in tolerance zone shows the attainment of the
given compensation degree (it depend on receiving system sensitivity).

— W
-]

1- light sours; 2-receiver (CCD); 3-CCD control unit;
4-memory block; 5 — processor (image processing unit); 6- indicator block

Fig. 2

In this case the processing algorithm of distortion image of test-ring comes to the solution of algebry equation
system in realtime by method of paralleles. Equation system's order is determinated by requirements to image
detector's abilities of resolutions. When utilization CCI-matrix (CCI-charge communication system) as a detector,
computer's memory can be considered as a medium for unit automatics machine's work. Choosing corresponding
zones of paraliele processing field of cording scene it can be determinated degree of violation of ring's geometry on
three axises with recalculation on vibrations parameters, and also calculated control signals in order to compensate
vibrations.
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EKOHOMETPUYHI MOJEJI 3AJIE)KHOC0TEI71 TAPU®PIB PUHKY
IHOOPMAININHO-KOMYHIKAINIMHUX ITOCJIYT

[Ipoananizosano puHok i[HPopMmayiliHo-kKoMyHIKaYiliHUX nocayz YkpaiHu 3a cmamucmu4HUMU OQHUMU,
8CMAH08/1eHO 11020 OCHOBHI ceemeHMU 3a 06csizom 00x0dis, a came: MOBIAbHULL 368’130k ma nocayau [HmepHem. BusHaveHo
OCHOBHI 3aKOHOMIpHOCMI 8cmaHos/ieHHs1 mapughie Ha Yi nocayeu e KpaiHax ceimy & 3asexcHocmi 8id dobpobymy
HacesneHHs], iHOekcy demokpamii, iHOekcy [H@opMayiliHO-KOMYHIKaYilIHUX mexHo.02il, a makoxc iHdekcy cnputiHsimms
kopynyii. [lo6ydosano diazpamu po3cisiHHS 045 3aaexcHocmi mapughie Ha Mo6inbHUL 36’5130k ma [HmepHem 8id BBII Ha
dywy HaceneHHs. Ilposedenull auaniz napamempis adekeamHocmi modesell Ha 6a3i po3paxyHky koegbiyienma
demepmiHayii 3aceiduus, wjo auwe Heseauka vacmka ducnepcii mapugpie susHauaembucsi ducnepcieio BBIl Ha dywy
HaceneHHs. Ha dymKky asmopie ye nosicHEMbCA 8NAUB0OM HU3KU 3A2A/1bHOHAYIOHANIbHUX hakmopis, wjo 8axcKo KilbKiCHO
oyinumu. flo makux ¢pakmopie moxcHa 6i0Hecmu HAsI8HE HOPMAMUBHO-NPA8Ose 3ab6e3neveHHs, COYIaabHy NoAIMuky
Kpaiiu, mepumopito, WifbHicCMb HaceneHHsl, icmopuy4Hi, KyAbmypHi, HaQyioHabHI, peaieilini mpaduyii moujo.

Hocaidxceno napamempu odHogpakmopHoi ma 6azamogakmopHoi modeneii enausy BBII Ha dyuty HaceneHHs,
iHdekcy demokpamii ma iHOekcy iH@opMayiliHO-KOMYHIKaUiliHUX mexHo.so02ill Ha mapu@u Ha Mo6iabHULl 38°30K ma
InmepHem 3a pezioHamu ceimy. 3po6/eHO B8UCHOB0K, W0 mapugHa noaimuka onepamopie YkpaiHu chpsamosaHa Ha
OXONJ/IeHHsl WUPOKUX 8epcme Hace/eHHs I Hagsimb nicas e8paxy8aHHs egekmy pieHsi eKOHOMIYHO020 pO38UMKY KpaiHu
mapugu 3aauwaromsesi HQA0Mo Husbkumu. KoxcHomy pezioHy ceimy npumamaHHa pidHa kom6iHayis ¢axmopie, ski
enausaroms Ha mapugu wodo nocaye MobinbHO20 38’a3Ky. Tak, Hanpukaad, 045 pezioHie AmMepuka ma €spona Halibinbwuill
enaue Ha mapugu 3dilicHioe BBIl Ha dyuwy HacesneHHs ma pieeHb possumky IKT, npuuomy KodxcHa 3 po3aasiHymux
€K302eHHUX 3MIHHUX MQA€ ab6COMOMHO npomujexcHull 3a 3HadeHHsAM egpekm Ha 3anexcHy 3minHy. Tak, dasa €sponu
36inbweHHs1 00X0dy HAcCeNeHHs CNpUSiE HA CYMMEBOMY pieHI 3Hauumocmi 3pocmaHHo mapudis, a pieeHv pozsumky IKT
HAaBNAaKu 3MEHWYE ix.

Bidanauumo, ujo 045 pezioHy A3is pieeHv BBII Ha dywy HacesneHHs MA€E 308CiM He3Ha4UMUll 8nau8 Ha opMy8aHHs
po3mipy mapudbis, wjo He MOX*CHA ckasamu npo piseHb demokpamii ma pozeumok IKT, 36i1bWeHHs AKUX Ha 00CMAMHbOMY
pieHi 3Hauumocmi npuzeodsams do nideuujeHHss mapughie Ha Mo6iNbHUTL 36°A30K.

Kawuoei caoea: ekoHomempuuHa Mmodeab, mapugu, dobpobym HaceneHHs, [HPopmayiliHo-KoMyHIKayiliHI
nocsyau, Mo6inbHUll 36’5130k, [HmepHem.
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ECONOMETRIC MODELS OF TARIFFS ON THE MARKETOF INFORMATION AND COMMUNICATION
SERVICES

The market of information and communication services of Ukraine according to statistical data was analyzed, its main segments are
determined by the volume of revenues, thatare: mobile communication and Internet services. The basic regularities of setting tariffs for these
services depending onthe welfare of the population, the index of democracy, the index of information and communication technologies, as well
as the index of perception of corruption were determined for the worldwide. Diagrams of scattering for dependence of tariffs on mobile
communication and Internet from GDP per capita were constructed.

The analysis of model adequacy parameters based on the calculation of the determination coefficient showed that only a small
proportion of the tariffs dispersion is determined by the dispersion of GDP per capita. According to the authors, this is happens due to the
influence of a number of national factors, which is difficult to quantify. These factors include the existing regulatory framework, the country's
social policy, territory, population density, historical, cultural, national, religious traditions, etc.

The parameters of one-factor and multi-factor models of GDP per capita, democracy index and information communication
technology index on tariffs for mobile communication and Internet by regions of the world are investigated. It was made a conclusion that the
tariff policy of Ukrainian operators is aimed at reaching the general population and even after taking into account the effect of the level of
economic development of the country, tariffs remain too low.

Each region of the world has a different combination of factors that affect the tariffs for mobile services. For example, for the
America and Europe regions, the highest impact on tariffs have GDP per capita and the level of ICT development, with each of the exogenous
variables considered has an absolutely opposite effect on the dependent variable.Thus, for Europe, an increase in the income of the population
contributes at a significant level of significance to the growth of tariffs, and the level of development of ICT, on the contrary, reduces them.

It should be noted that for the Asia region, the GDP per capita has a very small effect on the formation of tariffs, which can not be
said about the level of democracy and the development of ICT, which increase on an adequate level of significance lead to an increase in tariffs
for mobile communications.

Keywords:econometricmodels, tariffs, welfare of the population, information and communication services, mobile communication,
Internet.

Bukian ocHOBHOTO MaTepiany

B sikoCTi ek30reHHUX 3MiHHUX, kpiM BBII Ha qy1y HaceneHHs sk BU3HAYAIEHOTO 0a30BOTO KPUTEPItO
J106po0OyTy, Oyze mpoaHani3oBaHO HU3KY (haKTOpiB, L0 BIIMBAIOTH Ha Tapu(HY MOJITUKY, CEPEl IKUX: 1HIEKC
nemokparii (I1), innexc indopmarniitno-komyHikaniiaux Texnomnorii (IKT) ra ingexe cnpuiinsarrs kopynuii (ICK).
HageneHi akTopu BiTHOCATHCS O THITY CTUMYJISTOPIB, I¢ OUIBIINM 3HAYCHHAM BiIOBIIAIOTH KPalli ITOKa3HUKN
COIIaTbHO-eKOHOMIYHOTO PO3BHUTKY KpaiHU. B SKOCTi eHI0TeHHO1, BU3HAYEHOI B MEXKaxX CHCTEMH, 3MIHHOI Oynn
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BUKOPHCTaHI Tapu(u 32 KOPUCTYBAHHS I0CIYraMi MOOUIBHOTO 3B 53Ky JUIsl a0OHEHTIB NEPEAIUIaYE€HOT0 3B'SI3KY 32

1 xBunmuHy (7ami — MoGiBHHI 38’130k, 1 ) ctocoBHO 89 KpaiH cBiTy 3a manumu 2017 poky Ta (ikcoBaHOTO

M3
(IPOBOJIOBOTO) HIMPOKOCMYT'OBOT'O JIOCTYILY 110 Mepexi [HTepHeT 6e3 oOmexeHb Ha mBHaKocTi 60 MOiT/c 3a Micsib
(mami — Intepuer, T, ) [23, 24].

3a pe3ypTaTaMu MPOBEICHUX PO3PAXyHKIB Ha pUC. | MPEACTaBICHO TiCTOrpaMy PO3MOALTY TapudiB Ha
MOOUTEHUT 3B's130K Ta IHTepHET. BinTak, Ha MoOimpHMI 3B’ 130K Tapudu Bapitorotees Bix 0,01 mo 0,44 USD 3a
XBUWJIMHY, JI¢ HAalHWKYUH Tapu@ crocTepiraeThes oapaly y HU3II KpaiH, Takux sk: banrmanen, €runer ta [His,
HavBumiiit y bpasunii (0,44 USD). 3a numu nannMu Yipaina notparusie y 7% KpaiH 3 HalfHIKIUM piBHEM Tapu(is,
OCKiJIbKY Tapu( Ha MOOiIBHMI 3B’ 130K cTaHoBUTh 0,03 USD.

Yo

% Vkpaina YkpaiHa

8= ' 10+

Y
ﬂWHTHH L1 11

] o1 0z 03 i USD ° = - e = 1w USD
a) 6)

Puc. 1. Ticrorpamu Tapudis: a) Ha MoGiabHMIi 3B’ A30Kk 0) Ha IHTepHeT 3a JanuMu 2017 poky

HactynauM KpokoM cTaja oIliHKa piBHS JIIHIHHOTO B3a€EMO3B 3Ky MiXK MTOTCHIIIHHUMHU (aKTOPAMH BILTUBY
Ha BCTaHOBJICHHS Tapu(QiB, SKi B MOAATBIIOMY OyJIH BUKOPUCTAHI TSl ITOOYJOBH €KOHOMETPUIHHX MOJIEIICH
3aIeXHOCTEH Tapu(iB, IO OMKUCYIOTh KOPEIAIiHHO-pETPECiiHMIA 3B'130K MiXK TaprudaMu Ta TOKa3HUKaMHU
MaKpOEKOHOMIYHOT'O PO3BUTKY (TabI. 1)..

Ta6J. 1. PiBeHs JiHiliHOr0 B3a€M03B’A3KY Mizk (paKTOpaMu NOTEeHLiiiHOI0 BIVIMBY HA Tapudu
Ha MOOILHMII 3B’A30K Ta IHTepHeT

BBII
| Ha3zpa noka3nuka | 1"/‘13 T] Hace}j_laeizlfy | U:[ || IKT || ICK |
T, Lt ]| | | | || |
T, [odo=+ [ 1 | | | || |
pveny | [Codo= | [ ossm || ! | | || |
HaCCJICHHA
0| 0,44*** 0,24* 0,57*** 1
IKT 0,40%%** 0,30%** 0,77%%* 0,527%%* 1
ICK 0,35%%*%* 0,45%%* 0,86%** 0,70%%* 0,80%%** 1

*#% _ piBeHp 3HaunMocTi MeHI Hixk 0,001; ** — piBens 3HaumMocTi MmeHI Hixk 0,01;* — piBeHb 3HAYMMOCTI MEHII HiXK
0,1

JIxeperto: BIacHi po3paxyHKH

B manomy po3noini mpuiiMaeMo 3a eK30T¢HHI 3MIHHI BCi 3MiHU 332 BUKITIOUYCHHAM Tapudis. bepyuun no
yBar, 110 HaBeAEHI OLIIHKM KOPEeJSLii € 3HaYMMUMHM Ha piBHI, 0 He nepeuinye 0,1, MOXHA CTBEpXKYBaTH, L0
IpH T0O0YI0BI MOJIeNiel NOTPiOHO BPaxoBYBAaTH MYJIBTHKOIIHEAPHICTh BXO/IIB.

Buxonsun 3 kopensuiitnol Marpuii, HaiOUIBIIIN BIUIMB HA piBeHb Tapu]iB, sIK HA MOOLITEHUI 3B’SI30K, TaK 1
Ha IatepHer, 3niticHioe BBII na nymy Hacenenns. HaiiOuib1ii B3a€M03B’ 130K MiJK €K30I€HHUMH 3MIHHUMH
crioctepiraerses ast ICK (octanHil psimok Tadbmuii 1). V 3B°SA3Ky 3 MM y MOAAIBIIOMY, Ha HAITYy TYMKY, Il
(haxTOp MPOTIOHYETHCS HE PO3TIIANATH B SIKOCTI BXiTHOTO 3 METOIO 3aII00iraHHs MyJIbTHKOIIHEAPHOCTI B MOZETISIX
MHOXKHHHO] perpecii. BogHouac, 11e € KoM 3p03yMiIiM, TOMY 1110 HU3bKHHA PiBEHb KOPYMIIil, IO BiOOpakaeThes
y BucokoMy noka3zHuky ICK, crocTepiraerbest y IpOMHUCIOBO PO3BUHYTHX KpaiHax, TOA1 sIK HAHBUIIHIA PiBEHB
KOpYTIii XapakTepHU A KpaiH 3 Hu3bKiM piBHeMm BBII Ha mymry HaceneHHS.

Ha pucynky 2 naBeneno posnoain BBII na nymry HaceneHHs [uist BUOIPKH, IO TOCHIPKYEThCs. YKpaiHa
3HAXOJUTHCS B NEPILii rpyni HaAHOIAHIMIMX KpaiH 110 sikoi BigHOCUTHCs On3bko 48% Bubipku 3 BBII Ha nymry
HaceneHHs 1o 6,7 tuc. USD.

HasiBHICTB 3HAUMMOTO JTIHITHOTO B3a€MO3B’SI3KY J103BOJISIE TOOY/IyBaTH JIiHIHHI perpeciiiHi MoaeNi BIUTUBY
BBII Ha nynry HaceneHHs KpaiHM (€K30re€HHA 3MiHa) Ha BU3HAYESHHS pO3MIipy TapUdiB.
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Binrax, _ Tepumi eTam o 17 Vpaiia
NPUCBSYEHO aHalli3y OJHO(pAaKTOPHOTO so
BBy BBII Ha nymy HaceneHHs

1mo/10 po3mipy Tapudis (Tadm. 2). ao]

[IpoBenenuit aHa3
mapaMeTpiB aIeKBaTHOCTI MoOJelel Ha o
6asi PO3paxyHKy koeimienTa

JIeTepMiHaIlii 3acBiT4WB, IO JIKIIIE
HEBEJMKA dYacTKa JaucIiepcii Tapudis
BH3HAUYaeThCs aucnepcieiro BBIT nHa
JIYITy HACEJICHHSL.

Ha ngymxy aBropiB  1e

T T T f t t

MTOSICHIOETHCS BIUIMBOM HU3KHU ¢ © i * e *
R . Tnc. USD

3aralbHOHAIIOHANEHUX (PaKTOPIB, IO

BAXKO KiNbKiCHO OIiHMTH. J[0 Takux Puc. 2. l'icrorpama BBII Ha qymy Hacesnenns 1jist 89 kpaiu cBity

(baxTOpiB MOXHA BiJIHECTH HasBHE HOPMATHUBHO-TIPABOBE 3a0€3IEUCHHS, COLiaNbHY MOJITUKY KpaiHH, TEpUTOpIIO,
IIIJIBHICTD HACEJICHHS, ICTOPUYHI, KyJIbTYpPHI, HalllOHAJIbHI, peJIiriiiHi TpaauLii ToIo.

Tao.. 2. [Tapamerpu ognodakTopHoi Mojei BiuinBy BBII Ha nymry HaceneHHs Ha Tapudgu 3a nanumu 2017 poxy

Koedimient Kpurepii
3MiHHI 3alekHICTh JeTepMiHaIIi1 CrprofcHTa Crannaprha
R2 t : noxu6bka (USD)
0 1
y =T,,, MoGinsmuil Y=0,09+0,000002x, 0,17 7,4 42 0,09
3B’s130k(USD)
X = BBII wna AyIIy HaCCJICHHS
(tuc. USD)
y =T, Iutepuer (USD) Y=22,29+0,4x, 0,29 9,7 6,1 14,8
X, = BBII wa nymy nacenenns
(tuc. USD)

Jxepeno: BIacHi po3paxyHKH
3HadeHHs napamerpy CThIOJICHTA CBIUNTH TIPO Te, 0 HYJIHOBA TilloTe3a BigHOCHO KoedimienTa mpu BBIT
Ha Jylly HaceJICHHs IIOBHHHA OYTH BiAXMJIeHA Ha piBHI 3HaunMocTi MeHuI Hix 0,001.

[TpoBeneHa KibKiCHA OIIHKAa OTPUMAHUX 3aJIe)KHOCTEH JJ03BOJISIE 3pOONUTH BUCHOBOK, 1110 3pocTanHs BBII
Ha ayury HacesieHHs Ha 1 Tuc. USD npu3BoauTh 10 04iKYyBaHOT'O 3pOCTaHHs BapTOCTi | XBHIMHE MOOITBHOTO
3B’s13Ky Ha 0,0002 nenra ta tapudy Ha Intepuer Ha 40 1eHTIB.

AHai3 BUIbHHUX WICHIB PerpeciiiHuX piBHSIHb, BpaXOBYIOUH HA/I3BHYAHO BEJHMKE 3HAYCHHS MapaMeTpy
CrbrozieHTy (Mai NOXHOKH), Ha/laB 3MOTY PO3IJISIIATH 1X sIK MiHIMabHi 3Ha4eHHs TapudiB (HyJIbOBi Tapudm), 3a
SIKUMH TIOTOJISTHCS TPAITIOBATH MICIIEBI TPOBANIEpH 3B’ SI3KY HE3aJIEKHO BiJ PiBHS J0OpOOYTY HACEICHHS KOXHOL
KOHKPETHOI KpaiHHu.

BucHoBknu

[IpoBeneHe mocCiHKEHHS 3aKOHOMIpHOCTEH BCTAaHOBJICHHS Tapu(DiB B KpaiHaX CBITY B 3aJIGKHOCTI Bif
KITIOYOBUX TOKa3HHUKIB €KOHOMIYHOT'O PO3BHUTKY JO3BOJISIIOTH CTBEPAKYBATH, 1[I0 HE3BAXKAIOUH HA IPUCYTHICTh
0COOIIMBOCTEH BCTAHOBIICHHS Tapu(}iB Ha MOOUTBHII 3B'I30K Ta [HTEepHET Ha HAIliOHATEHOMY PiBHI iCHYIOTh H JAEsKi
O3HaKM iX 30JMKEeHHs Ha MDKHApOJHOMY PiBHI.

o crocyeThbes TapuiB Ha MOOIIBHUI 3B'A30K, TO 3aJISXKHICTD B/l HOKa3HUKA J0OpOOyTy HaceseHHs, 10 B
JIOCITIKEHH] 0YJI0 BpaXxoBaHO ITOKa3HUKOM eKOHOMIYHOTO po3BUTKY BBII Ha nymry HaceneHHs, CIoCTepiraeThes
TUIBKM JUIs perioHiB €Bpora Ta A3is, Jie 3HaYUMHUM € He TUIbKK HynboBi Tapudu: 0,06 — 0,1 USD 3a xBuinnny, ane i
ix MaprinanbHi BenuuuHu: (1,9 —2,6)-10°USD/ mucUSD.-
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YOK 621.317.08 .
P.C. OTAPYEHKO, JI1.O. XAPJIA

HauionansHuii aBiauiiiHuil yHiBEpCUTET
Lharlay@ji.ua

VJIOCKOHAJIEHHA APXITEKTYPU TPAHCIIOPTHOI MEPEXKI
CTIVIBHUKOBOI'O OIIEPATOPA

3anponoHogaHo ydockoHaaumu Modesb MpPAHCNOpMHOI Mepedxci cmilbHUKO8020 Oonepamopa 3d pPAaxyHoK i
y3a2a/AbHeHHsl, 8PAXYB8AHHS HAUBANCAUBIWUX XAPAKMepUCMuUK Mepedxci 0151 HA0aHHs SKICHUX nocaye 38’s13Ky a60HeHmam
32i0H0 i3 dozogopamu npo sikicmb 06C/1y208y8aHHS, pe3ep8om nponyckHoi 3damHocmi ma eumpam Ha ii no6ydosy. JaHa
Modeab 003801UMb Npogecmu onmumizayio sumpam onepamopie cCmibHUK08020 38’13Ky 3d paXyHOK MiHIMizayii pyHKyii
Heob6xioHoi nponyckHoi 30amHocmi 3a ymosu 3a6e3neveHHsi He06Xi0HO20 pigHs skocmi 06¢/1y208y8aHHS AGOHEHMI8.

Katouosi caoea: cminbHUKo8a mepedica, apximekmypa Mepeic, AKicmo 06¢1y208y8aHHS

R. ODARCHENKO, L. KHARLAI
National Aviation University
Lharlay@ji.ua

IMPROVEMENT OF THE ARCHITECTURE OF THE TRANSPORT NETWORK OF THE MOBILE OPERATOR

In connection with the development of technical, and also with the creation of new, more abundant mobile devices,
which give rise to more or less motility, there is a feasibility in the emergence of constant high-speed non-interconnected
interconnection. Essential smarfphones, tablet computers, laptops, and other "smart" devices will give you a sense of hum
new opportunities. Due to this, there appears a more high-speed connection.Essential operators of mobile communications
are required to communicate in their own language of the new technology, which are not limited to the objective connection
speed and communication quality.These networks are the unique archetype, Due to which higher speeds and quality are
achieved. At the same time, operators around the world are recording a sharp increase in data volumes.

This is due to the great popularity of smartphones and tablets for easy access to services. By monitoring the
development of their own resources, operators overshoot a minimum of two-quarters of the yearly traffic estimates.
According to forecasts traffic data in mobile estimates may grow more than a hundred times. In order to cope with the
returning volume of traffic and remain profitable at the same time, communication operators should implement high-speed
economic radio technologies, increase efficiency, and ensure balanced development of the network. At the same time, the
main requirement for the design of such a network is the choice of the most profitable and high-quality data transmission
technology. It is proposed to improve the model of the transport network of the cellular operator due to its generalization,
taking into account the most important characteristics of the network for providing high-quality communication services to
subscribers in accordance with the agreements on quality of service, capacity reserve and expenses for its construction. This
model will allow you to optimize the costs of cellular operators by minimizing the required bandwidth provided that the
required level of customer service quality is ensured.

Keywords: cellular network, network architecture, quality of service

JIst HalleKHOT MIATPUMKH HOBHX IIMPOKOCMYTOBHX TEXHOJIOTiIH PaliofOCTyIy B CTITHHUKOBUX Mepekax
MOBHHHA OYyTH MiJBHIIEHA eQEeKTHBHICTE Iepeaadi iHgopmariii mpu 3HWKEHHI BapTOCTI JOCTaBKH KOXKHOI OJMHUII
Tpadiky Ta 3abe3nedeHHi HeoOXiaHOT SKOCTI oOciyroByBanHs (Q0S) Ta HamIHHOCTI , XapaKTePHOi KOKHOMY THITY
Tpadiky.

Mintpumka 3apmanux y Service level agreement (SLA) moka3HHKIB SIKOCTI OOCIyroByBaHHsS aOOHEHTIB
3a0e3nevyeThes IUIIXOM aJalTHBHOTO NEPEpPO3INOUTy Y pealbHOMY 4Yaci PecypciB TEIEKOMYHIKAIIHHUX MEpex,
30KpeMa MIBUIKOCTI IepeaBanHs JudepeHiHOBaHNX MTOTOKIB Ta BUIUICHUX JUII HUX KaHAIBHUX CMYT. AJTAalITUBHE
KEpyBaHHs IapaMeTpaMHd KaHaly IOTpeOye OJHO3HAYHOTO BHM3HAUCHHS 3aJIEKHOCTI MK IMIBUAKICTIO mepenadyi
JIaHUX 1 MMOKAa3HUKaMHM 3aBaJIOCTIHKOCTI KaHay. baskaHo, 11100 MexaHi3M Nepepo3Nnoily MaB 3MOTY ONTHMAILHUM
YMHOM HAaJAIITOBYBaTH IapaMeTpd MEpPEXKEBOro OONagHaHHS Ha MATPUMKY andepeHmiiioBaHoi SKOCTI
00CITYyTrOBYBaHHS BiATIOBITHO IO MPUHHATOTO KPUTEPIIO ONTHMaNbHOCTI. ToMy BHHUKIA TOTpeda Y BUKOPUCTAHHI
AHAMITHYHUX MAaTeMaTUYHHX MOJENel KaHaTiB TepeJaBaHHS JaHWX, IO aJeKBaTHO BiJOOPaKalOTh pealbHO
icHyto4i (YHKI[IOHATBbHI B3a€MO3B’A3KHM MDK IIapaMeTpaMH Takux KaHaiiB. [lapamerpndnHa omnTuwmizaiiis moux
MOJIeTIell BWSIBUTH ONTHUMAIBbHI 3aJIe)KHOCTI MK MMapaMeTpaMu MepeXeBOro OONaaHaHHA i, OTXKE, IO3BOJUTH
ONTUMAFHIM YHWHOM TIOOYAYBaTH MEXaHi3M aJalTHBHOTO MEPEepo3NOAiTy KOMYHIKAIfHHX pecypciB Mix
KITI€HTCBKUMH 3aCTOCYBaHHIMH.

diznyna Meperxa npenacTaBieHa HeopieHToBaHMM Tpadom (V, P), a oriuna Mepexa npeacTaBieHa 1HIINM
HeopienToBaHuM rpadikom (V, L) (puc.1).

OOuyBa mapy MarTh OJHAKOBUI HaOip By3imiB. IlocHiaHHS JIOTIYHOTO mIapy € MOTEHLIHHO JOIyCTUMHUMH
JIOTTYHUMH TIOCHJIAHHSMH, TOJI SIK ITIOCHJIaHHs (hi3uuHOro mapy BuszHaueHi. Ha o6ox rpadikax pedpa € npoctumu,
OCKIJIbKH B LIl MOJIeJIi MyJIbTHIpadiB HE JO3BOJISETHCS.

Jnst KoskHOI pi3HOT Iapy BY3JiB p, g € V Bimomuii obesr tpadiky d,, 1d nepeaadi no yHIKaIbHOMY IUIAXY
(Tynemo), et Tpadik ciigye mo Beilt KoHdiryparii sorigroro piBHA. Lli IUIAXH € yHIKaTbHAMH Ha KOKHOMY €Tati,
ajie y BUMAJKy HEIOCTYIHOCTI MEBHOTO MIISIXY BOHU MOXKYTh 3MIHIOBATHCS, [IEPEIAIOYH JIaHi 10 albTepHATHUBHOMY
MappyTy. JlJIsl IpOCTOTH MOZENI NPUITYCKAEMO, 10 00cAT Tpadiky CUMETPUYHUM (Hanpuknan, d,, = dgp).
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flapo Arperauus Aoctyn g
Cisco 7609 Cisco ME3600X Cisco ASR901 R

o "

E30—E30

Puc.1. TonoJioriuHi 38’13k TPAHCHOPTHOI PO3MO1iIeHOT Mepeski

HpI/I ObOMY MaTpuls MPOITYCKHUX 3ZlaTHOCT€ﬁ KOJXHOI'0 KaHally 3B’H3Ky OIMUCYETHbCA HHKYC HABCACHUM
YHUHOM:

Ci G o G
C = Gy CGp o G
Ci Gy e G
[Tpu yoMy nporTycKHa 3/IaTHICTh KOXXHOTO 00’ €IHAHOTO KaHAJy:
¢y =n; by,
I BapTicTh BiANOBITHO:
LA ZNAUNT
Pii=Y n - pr
i Pl
ne b, - Gitpeiit, wo Moxe Oyru 3abesnedcHnit B (1j)-My ONTHYHOMY BOJIOKHI; 7, ; - KUIBKICTb ONTHYHHX

BOJIOKOH; p, . - BApTICTh OPEHAM 1-TO ONTHYHOI'O BOJIOKHA B MICSIb;, pr, , - BapTICTh KYIIBJIl ONTHYHOTO BOJIOKHA;
i,j LJ

{,; - 4ac opeHau (i,) BOIOKHA (MiCALIB).

3arajpHa HEOOXi/HA MPOITyCKHA 3[aTHICT B Mepexi — cyMapHuUi Tpadik, m0 reHepyeThcst abOHEHTaMU
R, pa3soM i3 3aKIaJICHAM Pe3epBOM R :

gen
R= Rgen + Rm .
R =R, .,
Tonai Mae BHKOHYBaTHCh YMOBA!

R<C

sum?

+ Rr es 0> " Tpadik, II0 TeHEPYETHCS MK ITApOIO BY3ITIB.

B KO>HI# Ti11i Ma€ BUKOHYBAaTHUCh YMOBA!

R, sc

Jis mporHO3yBaHHS KiBKOCTI Tpadiky HEOOXiTHO BHUKOPHCTOBYBAaTH KOPEIAIiHHO-perpeciifHuii aHami3
ToTIepeIHIX YacOBUX iHTepBatiB. TakuM 4MHOM, Oy/ie MOXKIMBHM BH3HA4YaTH HEOOXinHMI 3anac. Takox i aHamizy
HEeoOXiHOTO 3amacy Rr s HEOOXIJHO NMPOBOJUTH CTATUCTHYHMH aHaNi3 KUIbKOCTI Tpadiky, IO TeHEPYeThCs B

MepexXi B 3aJIeXKHOCTI B yacy no6u. Toai cymapHa MpoIryckHa 3/IaTHICTh Mae OyTH sIKOMOTa MEHIIIO0, TIPH IEOMY
3a0e3neuyroun HeoOXinHuii 3amac (pe3eps):
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N Ny

Com = ZZCW — min;

i=1 j=1

st mpaBritbHOT TOOYIOBH TPaHCIOPTHOT Mepexi, sika Oy/e 3/1aTHa 3a0e3neuyBary moTpeou BCix aDOHEHTIB,
HEOOXiTHO pO3pOOUTH MPOTHO3H KIIBKOCTI Tpadiky, SIKUH NepemaBaTUMEThC depe3 Mepexy. Lle MoxHa 3poOuTH
Ha OCHOBI aHaNi3y THX CEepBICiB, AKi OyIyTh HAMOLIBII 3aTpeOYBAHUMH B CTUTBHUKOBHX MEpeXax, aHalli31 KUTbKOCTI
KOPHUCTYBaYiB Ta iX akTHBHOCTI.

OmHuM 13 JpKepen TPOTHO3YBaHHS TIOTOKIB Tpadiky B Mepeki MOXYyTh OyTH, SK pe3yJbTaTH
JIOBTOTEPMIHOBOTO aHaNizy ymomo0aHh KOPUCTYBadiB Il dYac eKCIDIyaTamii Mepexi, Tak 1 pe3yJbTaTH
COLIIOJIOTIYHUX ONMHUTYBaHb MOTEHIIHHUX KOPUCTYBAYiB Ha €Talll IJIaHyBaHHs 3aIlyCKy MEpexKi.

3a aHaNi30M pe3yJbTaTiB ONUTYBAHHS MOXIIMBO IPOBOAWUTH OLIHKY HEOOXIJHOI HMPOITyCKHOI 31aTHOCTI
panio iHTepdeiiciB 6azoBux cranmiii (bC):

N1,1 N1,2 N1,3 N14

B

C = Nz,l Nz,z N2,3 N2,4
serv > N =

G N, Ny, Ny Ny
Csum = CS(:'"V : Nt

ne t=1,2,3,4 (1 — paHok; 2 — neHb; 3 — Beuip; 4 — HiY);
Cjery — HEOOXI/THA MPOITYCKHA 3/IATHICTH KaHATY JJIs 3a0€3MeUCeHHS SIKICHOTO HaJJaHHS TIOCIIYT;
N, — KiTbKicTh a0OHEHTIB CTITLHUKOBOTO 3B’SI3KY, IO KOPHCTYIOTHCS PSIOM TOCIYT B TIEBHI MPOMIKKH
gacy.
Po3paxoBana cymapHa IpOITyCKHA 3[aTHICTh HE Ma€ MEPEBUIIYBAaTH NPOIYCKHY 3AaTHICTb, 0 BUAIISAETHCS
BC.
Cs‘um < CEC.

VY 0BrocTpOKOBIH K€ MEePCHEeKTHBI 3 METOIO 3aKJIafiaHHs MOXKJIMBOCTI MaciiTaOyBaHHS MEpeXi HEOOXiHO
MPOBOJIUTH JIOBIOTPUBAJII IPOTHO3M HEOOXITHOT NMPOMYCKHOI 3/1aTHOCTI SIK B CTUIbHHMKAaX, Tak 1 B TPAaHCIOPTHIN
TiAMEpexKi.
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HauionansHuii TeXHIYHNH yHIBEpCHTET «XapKIBCbKUI MOMITEXHIYHUI IHCTUTYT
ksenia71894@gmail.com

MOBLIbHU 3ACTOCYHOK OBPOBKH IU®POBUX 305PAKEHD 151
MPUCTPOIB M1 YIIPABJIHHSAM OC 10S

IIpedcmassieHo po3zss0 onepayitinoi cucmemu i0OS. HagedeHo 024510 3aco6ie 0451 po3pobku 3acmocyHKy. OnucaHo
npoyec po3po6ku 3acmocyHKy 3 6azamuma gisempamu i iHcmpymeHmamu 04151 06po6Ku yugpposux 306paiceHs.

Kaiwouosi caoea: 3acmocyHok, 06pobka yugposux 3o6padxcens, JPEG, i0S, Xcode, Interface Builder, Ul, Apple,
Objective - C.

O.E. DIDUSENKO, V.I. PANCHENKO
National Technical University "Kharkov Polytechnic Institute"
ksenia71894@gmail.com

MOBILE APPLICATION OF PROCESSING DIGITAL IMAGES FOR DEVICES WITH 10S MANAGEMENT

Annotation - In our time, it's hard to imagine a person who does not have a smartphone. Almost all phones have
cameras and the process of photography has moved to a new level. For some people, mobile photography has become an art and
even a work. Everyone tries to create a competitive photo and turns to graphic editors for help. Therefore, applications for photo
processing are in great demand on the market.

The application will be created for Apple mobile phones under the iOS operating system. Which allows you to create a
reliable and easy to use application. The programming language Objective-C is chosen for development. It is a high-level object-
oriented programming language used by Apple. The development tool for the application is selected Xcode, - the integrated
development environment (IDE) for MacOS, iOS, watchOS and tvOS platforms developed by Apple.

Xcode includes the Interface Builder and most of the documentation for the developer from Apple. Apple distributes the
iPhone simulator in the iPhone SDK. This simulator repeats many elements of the iPhone environment. Presented consideration
of i0S operating system. Described the process of developing of application with many filters and tools for processing digital
images. The application will work with the most common formats jpg, jpeg (Joint Photographic Experts Group) - a raster format
for storing graphic information using lossy compression.

For the developer, the iOS operating system is convenient, since it provides many opportunities for creating mobile
applications. With Xcode, you can easily move from writing a code to debugging it and developing a user interface-and it's all
within the same workspace. The iOS SDK is constantly expanding the Xcode toolkit, adding compilers and frameworks that are
required to work with the operating system.

Keywords: application, processing of digital images, JPEG, iOS, Xcode, Interface Builder, UI, Apple, Objective — C.

B Ham wac ckiazHO YSIBHTH JIIOJHMHY, Y sKOI HeMae cMapTdoHa. Maibke y Bcix TeredoHax € Kamepu i
npouec (GOTO3HOMKHU MeperInoB Ha HOBHMM piBeHb. [is Neskux Jrojied MobinbpHa dororpadis crana ik MUCTELTBO
Ta HaBiTh, K poOoTa. KokeH HamaraeTrbcs CTBOPHUTH KOHKYpPEHTHO3AaTHY ororpadiro i 3BepTaeTbcs 3a
JIOTIOMOTO10 110 TpadiuHmx pemaktopiB. Tomy, 3acToCyHKH It 00poOku ¢ororpadili MarOTh BETUKHI MOMUT Ha
PHHKY.

3acTocyHOK Oyze cTBOpeHO st MOOUIbHMX TenedoHiB Gipmu Apple mix omnepauiiiny cucremy iOS. Ska
JTIO3BOJISIE CTBOPUTH HATiHHUHN, MPOCTUH 1 3p0O3yMUINN B BUKOPHUCTaHHI 3aCTOCYHOK. JIJIsT po3poOKH BHOMpPAETHCS
MoBa mnporpamyBaHHs Objective — C — BHCOKOpiBHEBa 00'€KTHO-Opi€HTOBaHa MOBa IPOTPaMyBaHHS, sKa
BUKOPHCTOBYETHCSI Koprniopatiieto Apple. 3 Ha3Bu Objective-C BUIIIMBaE, IO 11 MOBA MPU3HAYCHA ISl YIIPABIiHHS
o6'ektamu. OO'eKTH - TIe, TIO CYTi, KOHTEHHEPH ISl BCHOTO TOTO, YAM BH KEPYETE B MPOTPaMi, BiJi YOTOCh 30BCIM
MIPOCTOTO, SIK TOYKA B KyTKY MPSMOKYTHHKA, 0 IUJINX BiKOH, IO MIiCTATh pi3HOMaHiTHI BijkeTn. B Objective-C He
JIONYCKA€ThCS MHOKMHHE CHaJKyBaHHA. ToMy KOXKEH Kiac € NMpsSMHUM HallaJkoM (K MpaBHJIO) IHIIOTO Kiacy.
KopeneBum kimacom Oimbmiocti 00'ekTiB B Objective-C € kmac NSObject. Llefi kmac kepye MOMXIHBOCTSIMH
CepelloBUINa BHWKOHAHHA, 3ampomnoHoBanuMu B 10S. Tomy Oynb-skuii kiac, sSKud TpsMo abo MmoOidHO
ycnaakoByeThsest Big NSObject, yenaakye i i MoxxiuBocTi[1]. 3aco6om po3poOku i1t 3acTOCYyHKY BuOpaHo Xcode
— iHTerpoBane cepenosuuie po3podku (IDE) nporpamuoro 3abesneuenns mist mwiathopm macOS, i10S, watchOS i
tvOS, po3pobnero koproparniero Apple. Xcode Bkmodae B cebe Interface Builder i Oinpury yacTuHy JOKyMEHTAIIil
po3pobnuka Bix Apple. Interface Builder no3Boinsie po3poOisTé KopucTyBaubKui iHTepdeiic, po3miuryoun
esleMeHTH KopuctyBaubskoro iHtepdeiicy (UI) — Tabmumi, MITKM 1 KHONKM — , IO HaJa€ 3pYYHUH IMonepeaHii
TIeperJIsiA Pi3HUX CTaHIB iHTEep(heHCy 3aCTOCYHKY (HANPHUKIIAJ, MOXHA TIOJUBUTHUCS SK iHTepdeiic Oyae BUTIISAIATH
JUTSE pizHUX Bepciid i0S  mis pisHUX po3MipiB ekpaHy). Y mporpami Oyae BUKOPHCTOBAaHO Xcode pa3oM 3 J0AaTKOM
Interface Builder. L{e moeanaHHs yTBOPIOE MOTYXKHE CEPEOBUILE U1 PO3pOOKH IpOrpaM i3 3acobaMu pefaryBaHHs
Ta HaJaroJpKEHHS 1 3pYYHHM JOCTYIOM A0 online-IOKyMEHTAIlil i TO3BOJISE JIETKO PO3pOONIATH CKIIamHi rpadidHi
intepdeiicn (GUI). dpelimBopku I TIATPUMKH 3aCTOCYHKY, IO 3a0€3MeUyIOTh 3pYYHHN MPU3HAYCHHUHA IS
KopuctyBaua iHTepdelic, HazuBaroTecst Cocoa. lle nBa QpeiimBopku: Foundation framework i ¢pelimBopk
Application Kit (a6o AppKit). [Apyruii ppeiMBOPK MiCTHTh KJIACH, TIOB'sI3aHi 3 BIKHAMHU, KHOIIKAaMH, CIIUCKaMH 1 T.JI.
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{06 mucatu mporpamu st iPhone, HeoOximHo BcranoButu mie koMmiuiekT iPhone SDK. Ileii SDK moxxHa
oTrpumaru Oe3KOHITOBHO 3 BeO-caiity Apple. Apple mommproe imitatop (simulator) iPhone B ckiagi SDK iPhone.
Ileti imiTaTop TOBTOPIOE Oarato eeMeHTIB cepenoBuina iPhone, BkIO9arodn IOMAIIHIO CTOPiHKY, BeO-Opaysep
Safari, nogatok Contacts (Konrtaktn) i 1.1. Llei imiTarop Habarato CHpoIlye Hajlaro/KEHHS IOJAaTKiB, BaM HE
MOTPIOHO KOKEH Pa3 3aBaHTaXyBAaTH 3aCTOCYHOK, SKMH po3poOJisieThCsl, Ha peanbHUN npucTpiii iPhone 1 mortim
BUKOHYBAaTH HAJIArOPKCHHS Ha IIbOMY TPUCTPOi. [2].

HaBememo piBHI, sKi BiZOKPEeMIIIOIOTH 3aCTOCYHOK Bix oOmamHaHHA. Sapo cuctemu 3abe3medye
HHU3KOPIBHEBHH 3B'130K 3 00s1aAHaHHAM B (hopMi ApaiiBepiB IpUCTpoiB. BOHO Kepye pecypcamMy CHCTEMH, TAKUMH K
NpOrpaMH-IUIaHyBaJIbHUKH, KEPyBaHHS IaM'STTIO 1 €IEKTPOXKMBIIEHHSIM 1 BUKOHAHHS 0a30BUX ONepalliii BBEJACHHS-
BuBeaeHHs. Cepeicu sapa (Core Services) 3a0e3medyroTh TiATPUMKY Ha HIKHBOMY piBHI (piBHI sigpa), Ha BiAMIHY
BiZl piBHIB, sIKi 3HaXOJThCS BUIIE. TyT 3a0e3medyeThcs MIATPUMKA KOJICKIIH, MepexeBOoro oOMiHy, KepBaHHS
(aiinaMu, mamnok, KepyBaHHs IaM'ATTIO, HAJAro/PKCHHs, IOTOKIB, 4yacy 1 eleKkTpoxuBieHHs. PiBenb CepsiciB
3acTocyHKiB (Application Services) BKIOYa€ MATPUMKY IpyKy i BigTBOpeHHS Tpadiku, BkIodaroun Quartz,
OpenGL i Quicktime. Be3mocepenapo mij 3acTOCYHKOM 3HaX0MUThCs piBeHb Cocoa. Sk ropopwmitocs uie, Cocoa
mictuth ¢peiimBopkn Foundation i AppKit. Foundation MicTuTh Kitacu At poOOTH 3 KOJIEKLISIMHU, PSAKAMH, IS
KEepyBaHHSIM IaM'sTTIO, (aiaoBOI0 cucTeMolo, apxiBamiero i T.0. AppKit MiCTHTH Kiacu Al yIpaBIiHHS
yABICHHAMH (View), BIKHAMH, TOKyMEHTaMH, a TAKOX JIJIs1 OOIIMPHOTO KOPUCTYBAILKOTO iHTEpdeiicy.

3 1IbOro ONMCY BUHHMKAE BIAUYTTS NyOiroBaHHS (YHKIIH nesikux piBHIB. Hanpukiaz, konekunii icHYIOTh Ha
piBasix Cocoa i cepBicHOMY siapi. OnHak nepimii piBeHb IPYHTY€EThCS Ha HmiaTpumii 3 00Ky apyroro piHs. Kpim
TOTO, B IeSKMX BUIAJKaX TEBHUI piBeHb MOXKHa mpomyckatu. Hanpukian, neski xmacu Foundation mist poGotu 3
(haltIoBOIO CHCTEMOIO MIJIKOM TPYHTYIOTHCS Ha (DYHKIIAX PIBHSA CEPBICIB sipa B 00XiI PiBHA CEpBICiB 3aCTOCYHKIB.
VY Gararbox Bunagkax ¢perimMBopk Foundation Bu3Hauae 00'€KTHO Opi€HTOBaHE BiJJOOpa)KeHHS CTPYKTYp NaHUX,
BH3HAYEHUX Ha PiBHI CEpBICiB sIpa.

[ToTpiOHO cTBOPWTH TpOTpaMHHUIA TPOAYKT, SKUH BiakpuBae 1mdpoBi 300paxeHHs. PeamizyBatn
MOXJIMBICTh 3aCTOCOBYBaTH (DiIBTPU Ul LbOTo 300paxkeHHs. Jlogaru iHcTpyMeHTH Ui Kopekuii ¢poTtorpadii. dis
3pY4YHOCTI CTBOPUTH (YHKIII BIiIMIHM Ta IIOBTOPEHHS OCTaHHBOI Jii, a TakoX 30€peKeHHS OTPUMAHOTO
300pakeHHs. 3aCTOCYHOK Oy/ie paIrfoBaTh 3 HalmomupeHimuMy popmataMu jpg, jpeg (Joint Photographic Experts
Group) — pactpoBuii Qopmar 30epexxeHHs rpadiuHoi iH(popMalii, M0 BUKOPHCTOBYE CTHCHEHHS 3 BTpaTaMH.
@®opmar JPEG uacTo BHKOPHUCTOBYETHCS SK (opMaTr AaHUX y HU(poBUX Kamepax. Dopmar MiATPUMYETHCS
MPAKTUYHO BCiMa CydacHHMH TpadidHAMH TporpamMamMu Ta BeO-Opaysepamu. ITicist 30ipku MPOEKTY OTPUMYEMO
3aCTOCYHOK 3 iIHTYITUBHUM iHTep(delcoM Ta BETUKUM (YHKITIOHATIOM TSl 00pOoOKH U(PPOBUX 300paKeHb.

st po3pobHuKa onepaniiina cucremy iOS € 3py4HOI0, OCKIJIBKH HaJae 6araro MOXIIMBOCTEH JUIsi CTBOPEHHS
MOOUTEHUX 3acTOCYHKIB. 3 Xcode MOXKHO JIeTKO TEpPEeHTH BiX HAMMCAHHSA KOXy /M0 HOTO BiATagkd i po3poOKH
KOPHCTYBAIlbKOTO iHTEpdeiicy, i e Bce 3HAXOAWTHCS B Mekax omHoro poboworo BikHa. SDK iOS mocriiiHO
PO3LIMPIOIOTH KOMIUIEKT IHCTPYMEHTIB Xcode, 01atoTh KOMIUIATOpH Ta PpeiMBOPKH , sIKi HEOOXi/H1 11t poboTH 3
OTepalifHOI0 CHCTEMOIO.
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OIIIHKA MAPAMETPIB CAMOINIOJIBHOI'O TPA®IKA TA iX BILUIUBY HA
XAPAKTEPUCTHUKHU AKOCTI OBCJYI'OBYBAHHSA

AHomayis. OyiHKa Xapakmepucmuk sikocmi 06c/1y208y8aHHs1 8 00HOKAHA/bHIL cucmeMi 3 yep2oro 019 nakemHoi
Mepedxci 368°A3Ky 4acmo 3600umucst 00 8U3Ha4eHHs1 NokasHuka Xepcma camonodi6Hozo mpadghiky, nicas 4020 3a opmy.0t0
Hoppoca pospaxosyemvucsi cepedHsi Kinbkicmb nakemis 6 cucmemi. [Ipome, 8idomi opmyau po3paxyHKy NnokasHuka
Xepcma, siki nokasyoms 3aexcHicmbs tio2o 8id napamempie iMogipHicH020 po3nodiny mpadiky € dysxce HemoYHUMU.

Karuosi cnoea: nakemua mepedsica, memodu po3paxyHKy xapakmepucmuk QoS, camonodiéHuil mpagpik, nokasHuk
Xepcma, iM0oBIpHICMb 04IKYB8AHHSL.

A.G. LOZHKOVSKY]L E.V. LEVENBERG

O.S. Popov Odessa national academy of telecommunications,
aloshk@onat.edu.ua

ESTIMATING THE PARAMETERS OF SELF-SIMILAR TRAFFIC AND THEIR IMPACT ON THE SERVICE
QUALITY CHARACTERISTICS

Abstract. Estimation of the service quality characteristics in a single-channel system with queue for the packet
network is often reduced to the determination of the Hurst exponent for self-similar traffic, after which using the well-known
Norros formula calculated average number of packets in the system. However, the known formulas for calculating the Hurst
exponent, which show its dependence on the parameters of the probability distribution of traffic, are not accurate and very
approximate. For the case when in the self-similar traffic the time interval between packets is described by the Pareto or
Weibull distribution, a new formula for calculating the self-similarity coefficient of traffic is obtained on the basis of the
shape parameter of this distribution. The calculation of the characteristics of service quality can be performed on the basis of
the Norros formula. With an increase in the accuracy of calculating the Hurst exponent, the calculation accuracy of the
quality service characteristics also increases. In the work proposes the new method for approximating the probability
distribution function of the system states, where for the approximating function, a simple exponential function with the p / N
distribution parameter was used. From this approximating function the new formula for calculating the waiting probability
for the service start of the packet in a one-channel system with self-similar traffic is obtained. This method of calculation
based on the phenomenon that packets in self-similar traffic are not smoothly distributed over different time intervals, but
are grouped into "blocks" at certain intervals and are completely absent or very small at other time intervals. Therefore, for
such traffic, in the distribution function of the number of packets in a single-channel system, the probability Po of a complete
absence of packets in it increases.

Keywords: packet network, methods of QoS calculation, self-similar traffic, Hurst exponent, waiting probability

XapakTepucTuku sikocTi  oOcimyroByBaHHS (QoS) Oynb-sKoi TENEeKOMYHIKAI[ifHOI CHCTeMH, sKa
po3TIIImaeThCs K cucteMa MacoBoro obOcimyroByBanHs (CMO), 3amexarb Bil CXEMH CHCTEMH, IIPAaBHII
00CITyroByBaHHS BUMOT, 1110 HAJIXOISTh O CUCTEMH Ha OOCITyrOBYBaHHS, Ta B HAHOUTBIIIN Mipi Bif Tuy Tpadika,
I10 YTBOPIOETHCS TOTOKOM BUMOT CHCTEMH.

VY makeTHHX Mepexax 3B’S3Ky 3aCTOCOBYIOTh MaTeMaTHYHY MOJEIb CaMONOIiOHOTO
Tpadika, aje MpH IbOMY HE ICHYE TOCTOBIPHOI METOAMKH PO3PAXYHKY XapaKTEPUCTHUK SKOCTI
o0ciyroByBaHHs. 31 3pOCTaHHSAM CTYIIEHSI CaMOIIO11I0HOCTI MAKETHOTO Tpadika XapaKTepUCTUKH
QoS y cucteMi CyTTEBO TOTIPUIYIOTHCA TOPIBHSAHO 3 OOCITYyrOBYBaHHSIM, HaIpHKIa,
nmyacoHiBcbKoro Tpadika. CTyminb camonoaiOHoCTi Tpadika BU3HAYAETHCS MOKa3HUKOM XepcTa
H.

CamomnoniOHMii  Tpadik MAaKETHHUX MEpeX 3B’S3KYy OIUCYEThCS IMOBIPHICHUMH
PO3MOAUIAMH THTEPBATY Yacy MK HAJAXOPKCHHSIMH TMAKETIB 3 TaK 3BAHUM «JIOBTUM XBOCTOM),
0 SKUX BigHOCATBCS posmoaitu [lapero Ta BeiiOymma. Ilapamerpom posmnominy B 000X
IMOBIpHICHMX PpO3MOJijaX € TakK 3BaHUW mapamerp Gopmu a (shape parameter), sIKUAH, 5K
NPUIHATO BBaXATH [ 1], 3HAXOIUTHCS 3 MOKa3HUKOM XepcTa H B Takiid 3aJIe:KHOCTI:

a ) ) )
= T — g po3nioainy Iapeto, ne a 3miHtoeTbes Big 1 10 2; (1)

2—a . . . .
Hy = S 11 posnioniny BeitOymna, e a 3mintoerses Big 0 1o 1. (2)
OpnHak, IMITAlliIiHAM MOJENIOBAHHSAM BCTAHOBJIECHO 1 MeETOJAaMHM MaTeMaTHYHOI
o . . 2 . . .
CTaTHCTUKH (KpUTepidl y3romkeHocTi [lipcoHa ) AOBeaeHO, M0 pealbHO IIi CIIBBiTHOIICHHS

TaKl:

200 8 — 13 uepena 2018 p. Bumiprosansha ma o6uucniogansna mexuika ¢ mexnonoziunux npoyecax — 2018



H, —a 078
TakuM YMHOM, JUISi PO3paxyHKY IIOKa3HMKa XepcTa JOCTaTHbO 3HATH TUIBKM mapamerp (GopMu a
posmnoziniB [lapero abo Belibyiia, mo onucyioth JaHuil Tpadik, i He Tpeda oOumciIOBaTH JUIsl 1HOro Tpadiky
CKIIQJIHAM CIIOCOOOM, HAIPHUKIAJ, METOJOM aOCOIOTHUX MOMEHTIB a0o MeTomoM R/S-ctaTucTHKu, KOoeQillieHT
camoroaioHocTi XepcTa. 3 BKUBAaHHIAM peaTbHUX 3aIeKHOCTeH Koedimienta H Bix mapameTrpa GopMH a PO3IOIiTiB
ITapeTo ab6o Betibyimia (3) Ta (4) migBUIIYETHCS TOYHICTh PO3paxyHKy xapaktepucTuk QoS 3a ¢popmynoro Hoppoca
Ha MOPSIIOK.
Ouinka XapakTepucTuk QoS y CMO BUKOHY€ETHCS HA OCHOBI MaTeMaTU4HOTO OMHCY PEaKIlil
CHCTEeMH Ha BXiJHHWH moTik makeTiB. [lix peakuiero cucTeMu po3yMiroTh ii cTaHW, sIKI MaTEMaTHYHO OIUCYIOTHCS

— st posnoniny Iapero ta Hy = 1,2e_9a +0,5 — mst po3noniny BeiiOymna.

iMOBipHICHOI0 (DYHKIII€0 PO3TOAINY KibKOCTI 3aifHATHX KaHANIB Ta MiCIb OUiKyBaHHs. Y BUIAAKY ITyacCOHIBCHKOT
MOJIeTi TIOTOKY CTaHW CHCTEMH OMHUCYIOTBhCS OJHHUM 13 Bilomux posmoaitiB Epnanra [2]. 3HaxomkeHHS QYHKITIT
PO3MO/IiTy CTaHIB CUCTEMH MPH OUIBII CKIATHUX MOJCISIX MOTOKIB — IIe JyKE BaKKa 3aj[ada, i TOMY aHaJOTIYHUX

pimmeHb HeMa.

3a IOBUIBHOTO MOTOKY IMAKETIB Y CHCTEMi IMOBIPHICTh OYiKyBaHHS P, 00CIyroByBaHHS
MaKeTy MOKHa PO3paxyBaTH 3 IMOBIPHICHOTO PO3MOJILIY CTaHIB CHCTEMH a00 KUJIBKOCTI MaKeTIB
Y CUCTEMI 8 MOMeHMU HAOX0OICEHHs HOBUX NAKemi8 I'y, 1€ k — KITbKICTh MaKeTiB, 32 (opMyInoro:

P,=% . 3)
k=1

Orxe, y BWIAIKy caMOTOiOHOI Tpadiky 3 pO3MOAIIOM iHTepBally dacy Mik MOMEHTAMHU
HAJIXO/DKCHHSI ITaKETIB 3a 3akoHamu Ilapetro ab6o BeiiGyima po3paXyHOK iMOBIPHOCTI OYiKyBaHHS
o6cmyroByBanHs MoxIuBUiA 3 (DYHKITIT PO3TOITY CTaHIB CUCTEMH 8 MOMEHMU HAOXOOHNCEHHS HOBUX
NaKemis 1y, sIKa J0CTaTHBO AKICHO Y3TOKY€EThCA 13 apOKCHMYI0UOI0 (pyHKIieIo B

P P .
B, =—exp| ——1i |, 4
"N p(Nj ®)

ne p — 3arpy3ka cucrtemu (0,3 < p < 1); N — cepeans KUIbKICTh TTAKETIB y CHUCTEMI.
Tomy, BignoBigHO 10 BHupasiB (3) i (4) iIMOBIpHICTh OYIKyBaHHS OOCIyTOBYBaHHS IMaKeTa
B OJJHOKAHAJIBHIN CUCTEMI 3 HECKIHUEHHOIO Ueproto Tumy fBM/D/1/c0 BU3HaYUTHCS TaK:

N 2B =S P - P
Pw—;rk ;Bk ;Nexp( Nkj. (5)

OTxe, BU3BHAUMBIIMA KOE(]IIIEHT XepcTa, pO3paXxOBYEMO CEpeIHE 3HAYEHHS KiJIbKOCTI
nakeTiB B cucreMi N 3a ¢popmyrnor Hoppoca [2], a micis 3 anpokcumartiero (6) 3a hopmyoro (7)
pPO3paxoByeEMO IMOBIpHICTh OUIKyBaHHS OOCIyroByBaHHs makera P,. J[lami 3a BimoMummu
CHIBBITHONIICHHSAMH [2] pO3paxOBYIOTBCS: CEPEIHS KIIBKICTh MakKeTiB y uep3i O, cepeaniil yac
nepeOyBaHHS MAKeTIiB y cucTeMi 7 1 3aTpUMKH MakeTiB y cuctemi W. ITicist 1iboro po3paxoByeEMO
cepe/iHil yac 3aTPUMKH MaKeTiB y BXigHOMY Oydepi 7, [2].

ImiTariline MoJeTIOBaHHS MIATBEPIWIO KOPEKTHICTh JTaHUX METOMIB PO3pPaxyHKY
xapaktepuctTuk QoS y cucremi 3 camomomiOHuM Tpadikom. IIpu IIBOMY pO3XOMKEHHS
pe3yNbTaTiB MOJETIOBAHHS 1 pPO3paxyHKy He rnepeBulinye 5% mpu 3MiHI 3arpy3KH CHCTEMHU B
niamazoni 0,3 <p <1 (npu p > 0,6 moxubka MeHme 2%) i 3MiHI 3HaYeHb MOKAa3HHKAa XepcTa
0,5<H<0,9.
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METO/l 3HAXO/KEHHA MOJIEJII IUHAMIYHOTI'O OB’€EKTA 3A BUXI/ITHUM
CUTI'HAJIOM

Anomayis: Po3easiymo ModICIugicmy 3HAxX00ICeH s, CIMPYKMYpU 0nepamopa OUHAMiuHo2o 06'ckma 3a 1020 6uxXionum
CUSHANAM HA OCHO8I CIMPYKMYDHUX 61ACMU60Cmet NiHIHUX Oonepamopie ma YNOPAOKY8AHHA MHOMCUHU BUXIOHUX CUSHATIS,
NOOAHHAM IX Y UeNAI 2aHKeNe8UX hOpM i 2aHKeNeBUX MAMPUYb.

Kniouosi cnoea: onepamop, mooens, 360pomua 3a0a4d, po3KIa0eHiCmy, MAMpUYys, SUHAYHUK, paHe, MIHOD, 6EKMOp,
noeedinka, basuc npocmopy
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METHOD OF RECOGNITION OF THE DYNAMIC OBJECT MODEL FOR EXTERNAL SIGNAL

Abstract: The most common problems are the identification of the operator of the model of a dynamic object, the
output signal of which is multidimensional and as a result of its quantization in time and on the level, multi-dimensional (vector)
time series will be obtained, on the basis of which we will evaluate the operator of the dynamic system. It is necessary to find the
possibility of finding the structure of the operator of a dynamic object only for its output signals based on the structural
properties of linear operators and the ordering of the set of output signals, presentation them in the form of Hankel forms and
Hankel matrices.

The proposed method of streamlining the initial data relates to reverse problems of the study of dynamic systems, the
essence of which is that the output signal is a solution of the dynamic operator of the object, and the structure of the operator
itself is unknown. The condition for solving this reverse problem is the presence of linear correspondence with time, distance,
pressure, etc., with the same topology and the coincidence of the initial (boundary) conditions. The resulting algorithm includes
only standard methods of linear algebra; it can not be represented as numerical procedures, since numerical stability,
robustness, and computational complexity are not taken into account here.

The use of Hankel matrices constructed on experimentally obtained time vector series allows us to obtain an
undistorted model of a system with a minimum space of states and a minimum number of control inputs that fully utilizes the
information contained in the set of time series that are the solution of the operator of a dynamic system.

Keywords: operator, model, inverse problem, decomposition, matrix, determinant, rank, minor, vector, behavior, basis
of space

Beryn
B Gararpbox 3amadax Hemae iH(opMmarii Tpo TeHepalilo MpoIecy, a BiloMi BUMIpSHI XapaKTepHUCTUKU
BUXIiJTHOTO Tiporecy. HesanexHo BiJ OyIb-1KHX MipKyBaHb IO BHUSIBICHHIO 200 OILIHII Oa)kaHO 3HAWTH MOJEINb IS
OTIMICY IWHAMIKH TeHepallil mporiecy, Tak K BOHa MOXKE JaTH OUTbII TIIMOOKE PO3yMiHHS (Di3WKH, IO JIEKUTH B
OCHOBI 3a/1a4i.

IHocTanoBka npodaemMn
HeoOxigHO po3poOUTH METOJ 3HAXO/KEHHS CTPYKTYypH oOIlleparopa IWHAMIYHOTO 00’€KTa 3a HOro
BUXITHUMH CHTHaJlaMH Ha OCHOBI CTPYKTYPHHUX BJIACTHBOCTCH JIIHIHHHMX OIEpaTOpiB 1 YHOPSIKYBaHHS MHOXUHHU
BUXIJTHIUX CHUTHAJIB, MPEICTABICHHAM iX y BHI FaHKeJIeBUX (OPM i TaHKEIEBHX MaTpHUIlb. Moens MoOBUHHA OyTH
MPOCTOI0; MICTUTH MaJl0o JOBUIBHHX a00 YTOYHIOIOYMX EJIEMEHTIB; Y3TO/DKYBATHCSI 3 yciMa iCHYIOUHUMH
CIIOCTEPEKCHHIMH 1 MOSICHIOBATU 1X B paMKaxX Teopil JIHIWHUX AMHAMIYHUX CHUCTEM; JABaTH JOKJIAJHUI MPOTHO3
pe3yJIbTaTiB MaHOYTHIX CIIOCTEPEIKEHb.

Pimenns 3anaui

ITocraBieHa 3amava moysArae B 3HAXOKCHHI MOJICII JHHAMIYHOTO 00'€KTa 3a pe3ylbTaTaMd BHMIPIOBAHb
HOro BUXITHUX CHTHAIIB, sKi MICJA iX 0OpOOKH MpPENCTaBISAIOThL BEKTOPHI YacoBi psau. B sSKoCTi enemMeHTa Kiacy
MOJIeJICH, IO MOSCHIOE OTPUMAaHy MHOYKHHY CIIOCTEPEKCHD 1 € HAHMCHIIINM Cepe]l MOXIINBUX, 3HAHAEMO HAWOUIBII
CHJIbHY HECIPOCTOBaHY MOJEIb. BHUXOASYM 31 CIIOCTEPE)KYBAHOTO BEKTOPHOTO HYaCOBOTO PSAy BH3HAUYUMO
BiINOBigHO 10 [1, 2] anropuTMu OOYHUCIICHHS HAWCHIIBHINIOW HECIPOCTOBAHOI Mojemni. J{is BUPINICHHS IBOTO
po3pobieHa Teopis peamizaimii Ha OCHOBiI ycideHoi moBexminkd [1, 2]. CopMyoeMO TOCTaBIeHY 3amady: AJIs
OTPUMAHOTO B pe3yJbTaTi OOPaOOTKU CHOCTEPEKEHb 3a ITHHAMIYHMM OO0 €KTOM ¢-MIpHOT'O YacOBOTO psIy
w(ty), w(ty +1),...,w(t;) (-0 <ty <t<t <®) 3 Ww(r)e RY 3HAUTU TUHAMIYHY MOJedb 00’€KTa, IO MOSACHIOE
HaBEJICHI CIIOCTECPEIKCHHSI.

V 3arallbHOMY BHIAJKy, METOAWYHHUHA MiIXiT 0 TOOYIOBH aNTOPHUTMIB, IO aJEKBATHO MPEICTaBISIOTH
MOJICNIb 1 BPaxOBYIOTh paHilllc 3asBICHI BUMOTH [0 JIHIHHOCTI, BIOPSJAKOBAHOCTI, 3aKOHaM 30CpCeIKCHHS,
PO3KJIAZICHOCTI OIepaTopiB, MOJSATa€ B 3aBAaHHI JAEJKOTO IIEBHOTO HA0Opy piBHAHB, IO MICTATh IIOKH IO
MiHIMaJILHUH HaOip mapameTpiB 3 MiHIMAJILHUM Ha0OpoM oOMexeHsb [2, 3, 6].
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[Ipn po3poOui anropuTMy CrodaTKy BH3HAUMMO OCHOBHY iJ€l0, a NOTIM BOHa Oyne NpUBelICHA B
CHCTEMaTHYHY NPOLENypY, IKy MOKHA 3aCTOCOBYBATH Maiike MexaHiqyHO. OHAK OJlep)KyBaHUIT aJITOPUTM BKIIIOYAE
TUIBKU CTAHJIAPTHI METOH JIIHIHHOI areOpH, Horo He MOXKHA MPEJCTAaBIIATH K YACEIbHI IPOLEAYPH, OCKIJIBKH TYT
HE BpPAXOBYETHCS YUCENbHA CTIHKICTh, POOACTHICTh, OOYHMCIIOBANBHA CKIAAHICTh. OTXKE, MAaEMO IMOYATKOBI JaHi
w(=1), w(0), w(1),..., w(?),...

1. BuzHauaeMo CTPYKTYypy B MaTpuui # (w) , sska po30uTa Ha OJIOKH (HECKIHUEHY B YOTUPHOX HAIPSIMKaX)

raHkeneBy marpuio [6, 7] nust psimy w(t) @ Z — R?

w(—=t=1) w(=t) ... w(0)
. e WE=2) W=D W=D .
(_;[{_(}V:)_j:: W=D W) W) (1)
A T T R %)
wit=1)  w@) ... wi+t)

s poro BBemeMo Taki Matpuiii H_ ta H, (me H_ ckiazneHa 3 paakiB mMaTpumi H_(w), a H. — 3 psAaKiB
Matpuui #,(w)), mwo rank(H_; H,) = rank (H_(w); H,(W)) = n.
BusnavaeMo 3amnizHIOBaHHs. 3 raHKEJIE€BOI CTPYKTYPHU BUILIMBAE, 11O IS ¢ € Z, , BUPa3H

p, =rank H,(w)—rank #,_,(W)

Po = rank 3 (w) 2)

BU3HAYAIOTH HE3POCTAIOYY ITOCIIJOBHICTh HCHETATHBHUX IIJIMX YUCEIT.
! ’ . . . . .
Tenep oGuucnumo Take I, WO p, = p,, A >0 . B pe3ynabraTi oTpUMaeMoO BiANOBiAHI MarTpuil,

3yNUHUBIIKCH Ha g(f'+1) HIOKHIX paakax B H_(w) Ta g(¢' +1) BepxHixX paakax B H, (W).

2 2
croBmui col(H,,H,) NMOPOIXKyIOTh JIiHIHHUI NpOCTip, HATArHYTHI Ha croBmui MaTpuui H [3, 4, 7, 9]. IlpuponHo,

H,
. 1 .. . . 1
Jaini BU3HAYUMO MATPHIIO col(Hl,Hz)z[H ], 0 CKJIAJAEThCS 3 TAKOI KUTBKOCTI PSAKIB H:[H J, 110

o panr marpuui H rank(H,; H,) =n [7].
2. Bu3Hauaemo mpocTip cTaHiB: obunciumo sapo (ker) matpuui H; i npunyctumo H = H, ker H, .
PoswmipHicTs (dim) sapa niHIHHOTO omeparopa (MaTpulli) CIiBHazae 3 po3MipHicTIO i cmektpa [3, 4]
Ha0OpOM KOPEHIB XapaKTEPUCTHYHOTO MOJiHOMA. Bia3Haummo, 10 po3MipHICTh 00JacTi 3HaYeHb H, 3a MOJyJeM
H nopiBHIOE 1, TOOTO
dim(im H,)(mod H ) =n 3)
IMoTiM mpumycTUMO
X = ((im H,)(mod #)). 4)

SIKIO ~ — BiJHOIIICHHSI €KBIBAJICHTHOCTI HA MHOXUHI S, To S(mod ~) mpencrasise o000 MHOXHUHY KJIaciB
exBiBajleHTHOCTi; (im H,) — o0nacTh 3HaueHb omeparopa (Mmartpuui f,); X — mpoctip craniB. IIpumycrumo
X(t):=h,(t)mod 9r),Ae h(f) — cToBmeLb 3 HOMEPOM ¢ MaTpuii H..

3. BuznaunMo mpocTip BXiTHUX CUTHAIB.
IIpunycrumo

F(t):=col (w(r),%(t)) Ta S:=span {f(1),te Z}. (5)

®dopmyna (5) o3Havae, 1m0, AKIMO [ — BekTOpHUI npoctip 1 [1 'c [ — #ioro miampoctip, To [J(mod [ ")
O3Haua€ BEKTOPHUH MHPOCTIp, IHAYKOBAaHHH BITHOIIEHHSAM EKBIBal€HTHOCTL, Ta ¢; € LJ, i € n — Taki JiHIlHO
He3aJIeXXHi BeKTopH, 1o [ '@span{ é,,é,,...,¢,} = [ ; Toni Habip {¢,,é,,...,€,} Oyne njomarkoBum Gasucom [ 'B []
[2, 3, 4].

OueBHAHO, IO MPOEKUis 7: S—>X, sKa BU3HAYAECTHCS PIBHICTIO 7 f(r):= X¥(¢) , CIOP’€KTHBHA (Taka

BiJITIOBIJTHICTh MK MHOXXHHAMHU, MPH K KOXKCH CJIEMCHT OJHOI MHOXXHHHU BIIIIOBIZa€ ACIKOMY CIEMEHTY 1HIIOL
MHOKHHH) — THM CaMHM S TIPEICTaBIIEHO K BEKTOpHE po3mapyBaHHs Ha X [3, 4, 5].
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3anamo BEKTOpHUI mpocTip U U clop’e€KTHBHE BifjoOpaxkeHHs 7, =S — U Tak, mo S=X®U, T00TO
TaK, 1o BinoOpaxeHHA 7 = (x,,7,) OIEKTUBHO (BiANOBiIHICTb, IO € OJHOYACHO OJHO3HAUHMM, iH'€KUIHHUM i
CIOP'€KTUBHUM); 1H'€KIIis — BKJIAZCHHS, BiTOOpa)KeHHS — TaKe CITiBBiIHOMICHHS M)XK MHOXXHUHAMU, TIPH IKOMY Pi3HHM
eJIEMEHTaM 3 OJTHi€T MHOXIHH BIJIOBIIA0Th Pi3HI €IEMEHTH 3 IHIIOT MHOXKHHHU.

OueBuHO, o po3MipHicT U =dimU = dimS —dimX

Tpunyctimo i (1) = P, f (1) , A€ P, — OnepaTop mpoeKTyBaHHs.

4. BuzHa4ueHHsI MapaMeTpiB CHCTEMH.

Hns ie(n+m) BBEIEMO 4HCIA f; Tak, IO BEKTOPH f(;) YTBOpIOIOTH Gasuc mpoctopy S. Toxi

F(t;) = col (X(1,), (1)) OymyTb 6azucom ans X@®U. Tenep BUSHAYUMO TaKy (1 +¢q)x (n+m) -MaTpuuro M, o

u(t;) w;)
B pesynbTari Hexail w : Z — RY — crocTepexyBannii gacosmii psa i M e R _ po6ynopana matpuis
(6). Po3i6’emo M Ha G110KH
M : A" | B’
- (c'*; D,j, ™)

tak A'eR™", B'eR™", C'eR”" i D'eR?. Tom cucrema X (A',B',C',D') € HaiOuIbLI CHIBHOIO
HECTPOCTOBAHOK MOJICIUTIO 3 MiHIMaJbHUM IPOCTOPOM CTaHIB i MiHIMAJIbHHM YHCJIOM BXOIIB JJISI YACOBOTO PSIY
w [3,9].

BucHoBku

3anpornoHOBaHa METOAMKAa MOJICIIOBAHHS OIEparopa JWHAMIYHOI CHUCTEMH Ha OCHOBI BIIACTHUBOCTCH
JHIHHUX ONEpPaTOpIB Ta YHNOPSAKYBAaHHS SKCIIEPUMEHTAJIbHUX JAaHHUX 32 JOMOMOTOI TaHKEJICBHX KBaJPATHUHHX
(hopM 1 raHKeIeBUX MATPHIb O3BOJSE€ OOTOBOPIOBATH PINICHHS 3BOPOTHUX 33734 JMHAMIKA HA TEOPETHKO-
MHOXMHHOMY PiBHI B MaTeMaTHYHO TOYHIHN 1 y3roJKeHid moctaHoBIi. Lle mpU3BOAUTH IO TIOHATTS ONTHMAJIBHOT
ToyHOI Mojeni (0e3 ypaxyBaHHS HEpELIKOJ), a caMe J0 HaHOUIbII CHIBHOI HECIpPOCTOBaHOI MOAeNi B Kiaci
TMiHIAHUX cucTeM. Taka MOJelh TIOSCHIOE CIIOCTEPEKEHHS 1 Majia HaCKUTLKH MOXKIUBO [1, 2, 6, 8, 9].

[IpoimocTpoBana MoOCIIOBHICTE 1OOYJOBM MOJIENl oOmeparopa JIHIHHOI JAWHAMIYHOI CHCTEMH SK
PO3B'sI3aHHS 3BOPOTHOI 3a/adyi AWHAMIKH: 1O BUXITHOMY CHUTHAIy BHU3HAYHTH CTPYKTYpY OIepaTopa B IPOCTOPI
CTaHIB JIO3BOJISIE PO3POOIATH OOYHCIIOBANBHI AJNTOPUTMU UL PEallbHUX IWHAMIYHHAX CHCTEM B JIiHIHHOMY
HaOJIDKEHHI.
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COJITOHHI BOJI3 NIJIBUIIEHOI CHEKTPAJIbHOI EGEKTUBHOCTI

Anomauia: Jlocniodceno ocobaugocmi GUKOPUCMANHA KO2EPEHMHUX ONMUYHUX MLl 38 513Ky, 30Kpema nepesazu
conimonHol mexHonozii nepedaui Oawnux Ha 3HayHi giocmani. IIposedenutl ananiz cneKmpanrbHoOi eeKmueHOCmI CONMOHHUX
ONMUYHUX KAHANIB 38 A3KY NOKA3A8 iX GUCOKY eqheKmueHicms HA MAiCMpanrbHuX JIHIUHUX MPAKMAax 3a paxyHox peanizayii
bazamopignesux KOMOIHOBAHUX hopmamie MOOYIAYIT ONMUYHUX CUSHATIS.

Kniouogi cnosa: onmuuna ninis 36 53Ky, KocepeHmna cucmema nepeoadi, Cnekmpanbia egekmugnicma.
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SOLITON FOCL WITH INCREASED SPECTRAL EFFICIENCY

Abstract: This paper raises the question of the limited length of modern multichannel fiber optic communication lines
(FOCL) due to the presence of nonlinear interactions of the spectral channels between themselves and the amplifier noise, and
solving it using soliton coherent optical communication lines. The question of the advantage of soliton coherent optical data
transmission over long distances was considered. The study of the features of the use of coherent optical communication lines
and the advantages of soliton coherent optical data transmission over long distances is performed.The advantages and
disadvantages of soliton coherent optical communication lines were presented. An analysis of spectral efficiency and nonlinear
effects of soliton optical communication channels were carried out. Despite the modern technology of dense multiplexing of
spectral channels and coherent detection of a signal, nonlinear effects play a significant role and distortions are large at high
signal strengths at distances of the order of thousands of kilometers. Compared the efficiency of soliton and dispersion lines
based on two parameters, where spectrum efficiency is the first parameter, and productivity SZ is the second parameter. The
advantage of a soliton pulse signal over the traditional ones is the continuous mutual compensation of dispersion and nonlinear
effects, which supports the shape of the signal when the pulse is distributed along the fiber. In the paper, the study of the
characteristics of soliton coherent data transmission at a distance, characteristic for intercontinental transoceanic
communication lines with significant influence of nonlinearity. The methods of mathematical modeling have shown that soliton
fiber optic communication lines can provide high efficiency in data transmission over long distances, as well as support
modulation of a high order signal.

Keywords: optical communication lines, coherent communication lines, spectral efficiency.

Beryn

AKTyaJbHICT IOCHI/DKCHHS 3YMOBJICHA HEOOXIIHICTIO KOPHT'YBaHHS BIUIMBY HETIHIMHHX eQeKTiB Ta
CIIOTBOPEHH y BOJIOKOHHO-ONITHYHUX JIiHIAX 3B’ 513Ky (BOJI3) mpu mepenadi naHux Ha 3Ha4dHi Biactadi. [lopiBHSIHHS
e(eKTUBHOCTI CONITOHHMX Ta TpaauuiiHux BOJI3 nominbHO BHKOHYBaTH 3a JONOMOTOI0 JBOX IIapaMeTpiB:
CIEKTPaIbHOI e(EeKTHBHOCTI Ta IMPOMYKTUBHOCTI SL, IO JOPIBHIOE NOOYTKY CHEKTpajbHOI e€(eKTHBHOCTI Ha
MaKCHMaJIbHY JIOBKUHY JIiHIT 3B'SI3KY, JJIS SIKOi MOXKIIMBO 3a0€3MeUUTH OE3MOMMUIIKOBE JIEKOyBaHHs cUrHaiy. Kpim
TOr0o, HEOOXiJJTHO BpPaxOBYBaTH MapameTp BiIHOMIEHHs curHan / myM (SNR) i clieKTpajibHy I'YCTHHY HOTY)KHOCTI
(CTTI), sixa 1OpiBHIOE BiHOLIEHHIO MOTY>KHOCTI BHIIPOMIHIOBaHHS, 1110 BBOJUTHCS B ONTHYHE BOJIOKHO JI0 ITMPHHU
CIIEKTPAJIBHOT CMYTH POOOYHX 4acTOT.

AHAaJI3 CNEeKTPAIbHOT e()eKTUBHOCTI COJITOHHMX ONTHYHUX KAHAJIB 3B’ SI3KY

HeoOxigHicTh BuKOpucTaHHS codiToHHMX BOJI3 Ha MDKKOHTHHEHTaJbHHX, TPAaHCOKECAHCHKHX JIIHISX
3B’A3Ky 3yMOBJICHA MOJJIHMBICTIO peamizamii ©OaratopiBHEBHX (QOpMAaTiB MOAYIALIi ONTHYHUX CHTHAJIB, IO
MiABUIIYE €(PEeKTUBHICTh BHUKOPHUCTAHHS ONTHYHUX KaHANIB Tepejadi JaHWX Ha BEJWKI BIICTaHi, MO 3MEHIIYE
(hiHaHCOBI Ta eHepro3arpary, a TaKOX 3HIKYE PIBEHb CIIOTBOPEHB Ta BIPOTiJHICTbH MOSBU ITOMUIIOK y BOJOKOHHO-
ONTHYHHMX JiHiItHKEX TpakTax (BOJIT).

[IpoxyKTHBHICTS JiHIT 3B'13KY MOKHA OLIHUTH 32 CIIEKTPAIBHOIO €()eKTUBHICTIO BUKOPHCTAHHS ONTHYHUX
KaHaJIiB 3a CHIBBIIHOIIECHHSIM:

SE = B/ Avg=logy (M)/ TsAve, )

ae B - OiToBa WBHIKICTH Iepenadi OaHUX, M TOpsAAOK Momyismii iHGOpMariiHOro curHamy, Ven -
MiKKaHaIbHUH iHTepBaI. OCKITBKM CHEKTpalbHa €(PEeKTUBHICTE OOCPHEHO MPOIOPIHA MIMPHUHI CHEKTPATHLHOTO
KaHaly, To ii 3HaYeHHs OyJie 3HI)KYBAaTUCh MPHU 3MEHIIEHH] IMUPUHU CIIEKTPY IMITYJIbCY 1HPOPMAIIHHOTO CUTHATY.
Onnak, 30UTBIIICHHSI TOTY)KHOCTI CUTHAIY 3a0e3edy€e MOMIIMBICTD IMiJBUIICHHS PO3PSIIHOCTI (hOpMATy MOIYJIIII,
OCKIJIBKM IPY HiJIBUIIEHHI MOTYXKHOCTI BIUIMB aJUTUBHOTO IIyMy Oyzae 3MeHmyBatucs. [Ipu mpomy, 30ibIIeHHS
HOPSJKY MOJXYJISINii 3yMOBJIOE MiIBHIIEHHS CIEKTPAIBHOI €(heKTHBHOCTI JIOTapU(PMIYHO, IO TOBUIBHINIE, HIX
JHIHHUHN cTa/l, BUKJIMKaHUH 30UIBIIEHHSM IIMPHHU CHIEKTPa MOYJIbOBAHOTO curHaiy [1].

3ayexHOCTI CHEeKTpaiabHOI e(eKTHBHOCTI Bix mapamerpa SNR mis TpamuuiiHOi Ta cositonnoi BOJI3
noBxuHOI0 2000 KM TOBOASATB, IO MPHU 3017IBLIEHH] MOTY>KHOCTI CIIEKTpabHA €(EKTUBHICTh AUCTIEPCITHNX JiHIN
3B'SI3KY XapaKTePHU3YEThCS IIBUAKHM clagoM. IIpu IIbOMy HENiHiIMHI COJITOHHI IMIylbcH B Jiama30HI BHCOKHX
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HOTYKHOCTEeH Olnblr 3aBanoctiiiki. CoJliTOHHA JIiHIA 3B'A3Ky, Ha OCHOBI Jinie (Ha30Bol MOJYIIALIT CUTHAILY 3JaTHa
3a0e3meunTH CHeKTpanbHy edekTuBHicTh 2,4 0it/c/I'y B miamazoni CI'TI = 0,1+0,2 mMB1/ITu. YcknagneHHs
dbopmaty Momymsamii (mepexim 10 KOMOIHOBAaHOTO THUIY MOMIYJIALIi) JO3BOJIsAE 30UIBIIUTH CHEKTPAIBbHY
e(eKTUBHICTh BUKOPUCTAHHS MaricTpaJIbHUX ONTHYHKUX KaHaiB Ha 0,7 6it/c/T'1.

PesynbraT KOMI'IOTEPHOTO MOJIEIIOBAHHS MiATBEP/DKYIOTH II€peBary COJITOHHMX ONTHYHMX JIiHIN
3B'A3KY, 30KpeMa IIpH iX BUKOPUCTaHHI MOXJIMBa OiiblI e(eKTHBHA Iepeqadya JaHuX B 00JacTi BUCOKHX 3HAYEHb
napamerpa SNR~ 40 ab [2].

Ha pucynky | mpuBeneHi pe3ynbTaTé YHCISHHOTO MOJCIIOBAHHS CONITOHHUX JiHiH 3B’s3Ky. Ha rpadiky
KOKHa TOYKa SIBJISIE COOOI0 OKpEeMHU po3paxyHOK JI3 MOBXKHUHOIO Z, Ie B KiHII IPOXOIUTH MPOIEAYPa 3BOPOTHHOTO
posmnofiny curHany. MOJENOBaHHs MPOBOAMIOCH 3 BHKOPHUCTAHHSM CTaHAAPTHOTO OJHOMOJIOBOTO BOJIOKHA
(D =17 nc/um/km, y = 1,27 Br'km™, o= 0,2 1b/km); nepenada curHaity 3ificHIOBaIach Mo 15 4acTOTHHM KaHAIaM.
[Tapamerpu comniTOHHOT Iepeaayi CUrHaily, Taki sIK IMUPHHA COJTITOHHOTO IMITyJIbca, BIICTAHb MK KaHaJaMH 1 1HII,

BUOMpAINCS 3a pe3yabTaTaMHU ONTUMI3aliiHuX 3a1a4 [3].
iy

CMNEKTPANELHA
EGEKTHBHICTL,
BIT/C/TY

*

(=]
=
(=]

0 z 4 zmm 8
#T1=1000ps WT1=B00ps & T1=500ps ~T1=400ps

Puc. 1 — 3anexnicTs cnekTpanbHoi edpekTHBHOCTI comitonnux BOJI3 Bin noB:xunu nudposoro Jginiiinoro Tpakry nepeaaui
indopmaniiiHuX cUrHajiB

3MeHIeHHsT 3HAYCHHsI CIIEKTpaibHOI edeKTUBHOCTI coiiToHHux BOJI3 mpu 306impmenHi mpoBxuHu JI3
3YMOBJICHO BIUIMBOM HIyMoBHX edekTiB ['opnona-Xayca ta I'opnona — Mosenayepa [3]. Haii6inbima cuMBosbHa
HIBUJIKICTh TIEpelavi JaHWX XapakTepHa s coiiToHHux BOJI3, ski NOMycKaroTh BHUKOPHCTaHHS HAHOUIBIIOT
MOTYKHICTb TPYIOBOTO ONTHYHOTO curHainy. Y takux LIJI3 curnan Oyne mMat HaWOUIbIIl CIOTBOPEHHS, aine NpH
BEJIMKUX 3HAYCHHSX CUMBOJILHOI IIBHJKOCT] CHEKTPaJIbHA €(PEKTUBHICTh 3MEHIIYETHCS 3 BIICTAHHIO Maiike JTiHIHHO
TOOTO TOBULIBHIIIE, HIX 3rigHo 3akoHy SE~log(l/z). MopnentoBaHHS BKa3ye Ha MOXIIMBICTh BHUKOPHCTaHHS
KOMOIHOBaHMX (OpMaTIB MOIYJIALIi BUCOKOTO MOpsAKY B coniToHHMX BOJIT MikHapogHOro mpusHadeHHs, L0
JIO3BOJISIE TiABUITYBATH MIPOMYCKHY 3/1aTHICTh CIIEKTPATBHIX KaHAJIB IpH (pikCOBaHOMY Iiama30Hi poOOYMX YacTOT.

BucHoBku
CoumitonHi korepertHi BOJI3 MaioTs 3HauHUI MOTEHIIaN IS PO3BUTKY TEIEKOMYHIKAiHHIX MEpex Ha
OCHOBI BOJIOKOHHOI ONTUKH. [Ipy MOPIBHAHHI TPaAMIIHHOT Ta COMITOHHOI JiHiH 3B’SI3KY Y MEPIIii CIIOCTEPIracThCs
BEJIMKE CIIOTBOPEHHS CUTHAIY Ta IPH 301IBIIEHH] MOTYXHOCTI CHIEKTpaIbHA €(peKTHBHICTh MIBUAKO 3MEHIITY€ETHCS, Y
TOW wac konu HemiHiiHI conitTonHi BOJIT 3a paxyHOK BHCOKOi MOTYXXHOCTI CHT'HANIB € OUIBII 3aBaJlOCTIMKUMU 1
TOMY € OUIBII MEPCHEKTUBHUMH B MOJAJIBIIOMY TEXHOJIOTTYHOMY PO3BUTKY 1H(POKOMYHIKAIIIHHIX MEPEXK.
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MODERNIZED DIJKSTRA’S ALGORITHM AND MATHEMATICAL MODEL FOR
GEOGRAPHIC INFORMATION SYSTEM

For modeling the domain of the Earth is usually used cartographic projection. The purpose of our study is to construct
a method for finding the optimal path between adjacent checkpoints located at some vertices of the graph. This is achieved
through the passage of all control points in a certain sequence with the modernized Dejkstra algorithm. A set of selected points is
considered as the vertices of graph G and a set of permissible paths between them along the edges of this graph. These ribs have
a length and their resistance to movement on them, depending on the direction.

The novelty of the problem statement is that we consider the problem of optimizing the path not on the surface a, but on
the set of singular points belonging to this surface. These points are the mandatory points of our route.

Consider the case where all the edges have the same length, and the graph is endowed with some homogeneity. Let the
distance between the considered vertices A and B be are d. In the case when graph G has the property of exponential growth.
That is, the number of vertices that are at not more than k from a given vertex is approximately equal to ck. The usual Dijkstra
algorithm requires O(c®), and the counter-search method has a complexity rating of O(c!®*"). This means that the algorithm
we construct is sub-exponential in this case.

Because of parallel parallel implementation complexity of algorithm decrease in ‘4(|V0 | — 1)‘ times, where |V0| is

number of c.p. That means constructed by us algorithm is the subexponential in this case.

We propose to find the optimal path between the two vertices using the opposition search method. This method are
based on parallel opposition search of shortest path by Dijkstra’s algorithm from two vertices A and B which are c.p. on oriented
graph.

Let S —set of all c.p. If we can chose set S, then we use method of mask dynamic of search for solution of the problem

min (dp ({1; 2; ... ;n}j)+mfji]),

dp (S; i) = min (dp (S\ [i] , j) + m[j; i]) .

Where dp (S; i) is shortest path, which starts in vl and going by all vertices from S\ {v}, ending up in vertex v;.

Key words: control points, graph tops, moderm Dijkstra’s parallel search algorithm, geographic information
system.
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MOJIEPHI3OBAHHMI AJITOPUTM JIEMKCTPA TA MATEMATHUYHA MOJEJIb 151
TFEOTPA®TYHUX [HOOPMAINIMHUX CUCTEM

M mooenioganns O0omeny 3emai 3a36uuail  UKOPUCMOBYEMbCA Kapmozpagiuna npoexyis. Memoio nauioco
0ocniddcenns € nobyoosa Memooy NOULYKY ONMUMANLHOLO WISAXY MIJC CYCIOHIMU KOHMPOAbHO-NPONYCKHUMU NYHKMAMU,
po3mawiosanumu 8 Oeskux eepuwiunax epaga. Lle Oocseaemuvcs uyepe3 npoxoodcenHsi 8CIX KOHMPONbHUX MOYOK Y NeGHill
nocuiooeHocmi 3 mMooeprizosanum anzopummom eiixkcmpa. Habip eubpanux mouok pozenadaemovca Ak eepuiunu epaga G i
HAOIp OONYCMUMUX WISAXI6 MIdIC HUMU NO Kpasix yvbo2o epaga. Lli pebpa marome dosocuny i ix cmitikicms 00 pyxy Ha HUX, 6
3A1€XHCHOCMI 610 HANPAMKY.

Pozensnymo eunaoku piokoco ma pecyisipnoco (abo xeasipecynapnozo) epagika ma 3HAUOeHO KOPeCHOHOEHMCbKY
cknaouicme. Haw aneopumm ocobaugo egpekmugnuil y 6unaoxkax piokicHux i pe2ynapHux epagis.

Hosusna nocmanosxu 3a0aui noasieac 6 momy, wjo mMu po3ensioaemo npobremy onmumizayii wiaxy He Ha NOGepXHi a HA
MHOCUHT BUOITEHUX MOYOK, WO Hanedcams 00 yiei nosepxui. Lli obpani mouku € 0008'A3K08UMU MOYKAMU HAULO20 MAPWPYIY.

Kniouosi cnosa: konmponvni mouku, epuiunu epagixa, anzcopumm napamempuuno2o noutyky Jeiixcmpa, eeoepagiuna
inghopmayitina cucmema.

For modeling of a domain of the Earth there are usually used a cartographic projection. The goal of our
investigation is method of finding of an optimal path between adjacent control points that are in some vertices of
graph. Let us denote by V" the number of vertices, £ the number of all edges. The tusk of line orienteering is to find
an optimal path between adjacent control points in some vertices of graph. The goal of our investigation is to
construct such method of finding path through all control points in determined sequence. We can choose optimal
path between every pair of control points (c.p.). For this goal we develop modified by us Dijkstra’s algorithm that in
case of sparse graph has complexity O(E +V log2(V")) instead of usual complexity O(V 2+V 1og2V"). In case if graph
is a sparse then we have a complexity index O(E + V' log2 V).
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Let us consider the case when all edges have the same length and the graph is endowed with some
uniformity. Let the distance between the vertices 4 and B considered are d. If the graph G have the property of
exponential growth. That is, the number of vertices that are at a distance of not more than k from a given vertex is
approximately equal to ck. Then the usual Dijkstra algorithm requires costs O(c) and the counter-search method has
a complexity rating O(c!““""?)). That means constructed by us algorithm is the subexponential in this case.

& Van)

More over in most complicated case complexity of our algorithm is O(T + 1

Also our algorithm permits a parallel realizing. As a result of a parallel implementation complexity of

v, 4

o

is number of c.p. Coefficient of speedup of an the algorithm of

algorithm decrease in ‘4( — 1)‘ times, where

parallel search is

(V> +Vlog, V-4V, |-D| _|4(7,|-D)|
K, = = .
: V:+Vlog,V 1
Let n is the number of nods. And coefficient of extension by parallelling
K
K, =—.
n

We propouse to find an optimal path between two vertices using a opposition search method. This method
are based on parallel opposition search of shortest path by Dijkstra’s algorithm from two vertices 4 and B which are
c.p. on oriented graph. First vertex with minimal distance to both vertices 4 and B is enclose vertex of a path from 4
to B.

Model for a sequential search of path was constructed. Let e;; is an edge between vertices v; and v, that has

length dij . We consider a resistance 7; of e; and determine new length of labeled graph edge as dij = rl.].dij. The

model for n competitor of sport orienteering has weighted sum objective function
NV -1 -
F(vy.v,.k)=2"" d;r.s;' — min,

with inequality restriction 7;; < R(k), where R(k) is value of a critical load of k-th competitor of orienteering
search, s;; — speed of moving by e; [1, 2]. Let § — set of all c.p. If we can chose set S, then we use method of mask
dynamic [3] of search for solution of the problem

min (dp ({1, 2; ... ; n}j)+m[j, i),
dp (S; i)y =min (dp (S\[{],)) + m[j; i]) .

Conclusion
It is proved, that dp (S; 1) is shortest path, which starts in vl and going by all vertices from S\ {v}, ending up in
vertex v;.
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3AXUCT IH®OPMALIT Y BOJIOKOHHO-ONITUYHUX JITHIAX 3B’ SA3KY

Anomayisa: Posz2asaHymo eapiaHmu HeCaHKYioH08aH020 docmyny y 80/10KOHHO-ONMUYHI AiHII 38’a3Ky ma cnocobu
3axucmy iH@opmayiliHuXx nomokie y 80/10KOHHO-ONMUYHUX AIHITHUX mpakmax. 3anponoHO8aHO anapamHo-npo2pamHy
peasnizayiio modugikosaHoz2o memody 3axucmy iHgpopmayii' y 80/10KOHHO-ONMUYHUX CUCEMAX nepedadl.

Kawouoei cnoea: 8os10koHHO-onmuvHi cucmemu nepedaui, 3axucm iHgopmayii, HecaHkyioHosaHulli docmyn
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INFORMATION PROTECTION IN FIBER-OPTIC COMMUNICATION LINES

Abstract: The modified method for controlling the security of a multichannel fiber-optic communication line (FOCL) is
considered in the article, which allows determining the time and place of unauthorized access (UA). At the heart of this method is
the technology of measurement reflectometry and the method of statistical analysis of quantitative indicators of the quality of the
operation of the fiber optic communication line with the use of error criterion. The proposed method of FOCL control is based
on the simultaneous use of hardware and software, which allows to improve the efficiency of the protection of information flows
through the additional processing of information signals transmitted by the FOCL and to increase compliance indicator and
accuracy of determining the location of unauthorized access to optical channels.

An overview of the main types of hardware and software protection fiber optic communication lines showed a number
of objective shortcomings of existing methods and created the prerequisites for the use of combined information security tools in
the fiber optic transmission systems. The proposed method makes it possible to effectively determine the presence of unauthorized
access. The advantage of this method is that this method can be implemented as in simple networks and in expanding networks.
Additional computer use allows you to analyze and predict possible changes in the power of optical signals and to set the
location of unauthorized access using reflectometer that can work by using PC according to the proposed algorithm.

The analysis of possible ways of unauthorized access in fiber optic communication lines and means of their protection
was made. Also was analyzed are the basic methods of protecting the fiber-optic communication line from unauthorized access,
which eliminate the ability to intercept information. Possible options for implementation of protection against unauthorized
access are analyzed. The structural schemes of the hardware implementation of control devices for the protection of the fiber
optic communication line are proposed. The proposed remedy of protection for fiber-optic communication line showed that its
use enhances the security of the fiber-optic communication line.

Keywords: fiber-optic communication lines, information protection, unauthorized access

OcHOBHA YacTHHA

Metoau 3axucTy Ta MiHIMI3allii MOMXIJIMBOCTEH 3iHICHEHHS HECAHKI[IOHOBAHHUX ITiKIFOYCHB, SKI
3a0e3nevyroTh MiABHIIEHHs iH(QopMaLiiiHoT 3aXuIeHocTi MoTokiB Aanux y BOJI3 MokHa moxinuTH Ha TpH Irpynu:
CIIOCTEPEXKEHHS 3a IUTICHICTIO KaOeo Ta MOHITOPUHT DPIBHS MOTYKHOCTI ONTHYHHX CHUTHAJIB; BHKOPHCTAHHS
BOJIOKHA 3 IIBUILEHUM KOe(ilieHTOM THYYKOCTI; IIN(pPyBaHHs HA OCHOBI KpUNTOTPa(iYHUX METOJIIB.

Bkazani Meronu 3amo0iraroTh OCHOBHHM CIIOCOOaM HECAHKI[IOHOBAHOro minkimoveHHs 1o BOJI3.
PosrisHEMO GBI JeTambHO TIpoliec peanizalii kiacudikoBanux MeToAiB 3axucty BOJI3 Big HecaHKITIOHOBAHOTO
mocrymy (HJD).

OcHoBHUI amapaTHHA MeTon BusaBNeHHS HJ[ 0a3yeThcst Ha KOHTPONI PIBHS IOTY)KHOCTI ONTHYHUX
CHUTHAJIIB Ha BXONi ONTHYHOrOo TpwiiMada. [Ipm 3MeHIIeHHi piBHSI MOTYXHOCTI ONTHYHUX CHTHATIB ¥
KOHTPOJIbOBAHOMY BOJIOKOHHO-onTHIHOMY Kabem (BOK) dikcyerbes BunuknenHss HJI Ta mpuiimMaeTbes pimeHHsS
Npo IepeHarnpasieHHs iHGOopMaLiiiHNX MOTOKIB Ha iHII MappyTtu nepenasanns y BOJIT [1]. Ilpu upomy, ans
3a0e3rnedyeHHs HEeoOXiHOI TOYHOCTI METOAy MOTPiOHO 3a0e3NeYuTH IOCTIHHMH PIBEHb MOTYXKHOCTI ONTHYHHUX
curtaiiB y BOJI3 3a yM0OBH 3a/1i1HOTO THITy KOJYBaHHS, SIKUH HE 3aJI€KUTh BiJ BUAY iHHOPMALIHHUX CUTHAJIB, 110
nepenaroTees [2]. 3MEHIIEeHH! poO0YOTo PiBHS MOTY>KHOCTI ONTHYHHUX CHUTHAJIB 3YMOBIIIOE CIIPAIFOBAHHS aBapiitHOT
curHaiizanii. EdexTuBHUM amapaTHUM 3a0e3nedyeHHSM BHSBICHHS migkmodeHs no BOJI3 e BukopucranHs
ONTHYHHUX PEeQIEKTOMETPIB, OCKUIbKH IHII BapiaHTH KOHTPONIO IepeadadyaroTh OJATKOBI IiJ’€IHAHHS 10
BOJIOKHA, SKi  CIOPUYHMHSAIOTH  JOJAATKOBE  3aTyXaHHA TIOTY)KHOCTI  ONTHYHUX  curHaiiB.  CyTHICTh
PeQIEKTOMETPUIHOTO METOXy IOJIsirae B TOMy, IMo y gociimkyBanmi BOK momaeTpcs moTyXHUIT KOPOTKHI
IMITYJIbC Ta PEECTPYETHCS IHTEHCUBHICTh PO3CISTHOTO BHUIPOMIHIOBAaHHS B 3BOPOTHOMY HANpsSIMKy Ha YCiX
HeomHOpigHUX AiIsHKax OB Ha OCHOBiI SKOTO MOYKHAa BH3HAYAaTH PO3MOMAUICHI BTPATH TOTYKHOCTI ONTHYHOTO
curHany Ha Bciit moBxwni BOJI3 mo 120 kM. [TopiBHSHHS BUMIpSHUAX pedIIeKTOrpaM 3 €TATOHHUMH, 10 BUKOHAHI
MpH  PI3HUX TapaMeTpax 30HAYIOYOr0 CHUTHANy Ta 3allMCaHuX B TIaM’ATi KOMIT'IOTEpa MOXKe 3a0e3meuuTH
HiBUILEHHS TOYHOCTI KOHTpouIto 3axuiieHocti BOJI3 o jokanbHOMY BiIXMJIEHHIO pediekrorpam He Oinblie Hix
Ha 0,1 nb.

B ocHoBI HacTynHOro BapiaHTy 3axucty iHdopmanii y BOJI3 € BukopucranHsi BOJOKHA i3 MiJABHUIIEHUM
koedinieHToM raydkocti. 3axuct OB 3 HU3BKMMHU BTpaTaMu i BEJIMKUM JIOIYCTUMHUM PaJiiyCOM BUI'MHY IOJISITAE y
0OMeXeHHI BHCOKHX BTpaT, II0 BHHUKAIOTh IPH 3THHAHHI a00 NMPOKOJIOBAHHI BOJIOKHA. BUKOpHCTaHHS Takoro
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BOJIOKHA TaKOX 3MEHIIY€ BIUIMB BHUTATYBAaHHs, NMEPEKpyYyBaHHS Ta iHII (i3MYHUX BHIIB BIUIMBY Ha ONTHYHE
BOJIOKHO [3].

KpiM amapaTHHX MeTOIiB ICHYIOTh HpOTpaMHI METOAM 3aXUCTy ONTHYHUX iH(OpMaumiiHUX MOTOKIB Y
BOJI3. PosrisHyBIIM JA€TaqbHO MNPOrpaMHI METOAM 3aXUCTy, 3pO3yMiNO, ILI0 B TEpeBaxHiil Oiibiiocti
BUKOPHCTOBYIOTBCS ITPOTOKOJIM MIM(PYBaHHS TPETHOTO Ta Apyroro piBHiB. [Iporokon mmbpyBaHHS TPETHOrO PiBHS
(IPSec) BUKOHYETHCS Ha MPUHMaJIBbHIN CTOPOHI (CTOPOHI KOPUCTYBaya), [0 CTBOPIOE J0JIAaTKOBI 3aTPUMKH B poOOTI
TeJeKOMYHIKaIliifHoro oOmagHaHHSA. BukopucTaHHS Opyroro piBHSA mH(GpyBaHHS 3BUIBHSE €IEMEHTH TPETHOTO
piBHA Bix GyHKIIT mudpyBanHs. OgHUM i3 pKepen mudpyBaHHS APYroro PiBHS € TEXHOJOTIS ONTHIHOTO KOIOBOTO
mynbTuiuiekcyBanast CDMA  [4-6]. Tlpu mpoMy mraHc mepexoruieHHs iHdopmamii € QYHKIE IeKiIbKOX
napaMeTpiB, BKIIOYAIOYN BiTHOMIEHHS CUTHAN-IIyM, npoOnenHs (Fraction) gocTymHOi cucTeMHOI eMHOCTI. Takox
BapTO BiAMITHTH METOJ Ha OCHOBI BUKOPHCTaHHS PEXUMY ITHHAMIYHOTO (IETEPMiHOBAHOTO) Xa0Cy, KUK JO3BOJISE
3a0e3neunTH mepenady iHQopMarii 3 MCeBAOBUIIAIKOBOIO 3MIHOK YaCTOTH Ta aMIUTITYyIU HOCIHHOI. B pe3ymnbraTi
BUXIJIHUI CUTHAJ € IIyMONOAIOHUM, 10 B CBOIO YEPry YCKJIQJHIOE HOTro po3mu(pyBaHHs.

Jns edexruBHOro 3axucry BOJI3 HeoOXiHO BHUKOPHCTOBYBAaTH KOMOIHOBaHI (amapaTHO-TIPOTpamMHi)
METOJM 3aXUCTy ONTHYHMX iHQOpMamiiHUX NOTOKIB. OAMH 3 TaKMX METOJIB 0a3yeTbCs Ha MOHITOPHHTY
KOHTPOJILHUX CHTHAJIB, II0 NepeNaroThes no gqoaarkoBuM OB HaBKoo poO0YOro ONTHYHOTO BOJOKHA. [lJist IbOTO
mae Oyt 3apesepBoBaHo aponarkoBuii BOK, mo migsuimnye Bapricts BOJI3. Ane ume nmae 3Mmory 3pailicHIoBaTH
MOHITOPHHT DiBHSA TOTY)XHOCTI ONTHYHOTO CHUTHAJy Ta MPH MexXaHiyHOMY BIUTHBI Ha manuii BOK BinOymerscs
3MEHILICHHS MTOTYKHOCTI ONTHYHOTO CUTHANY, II0 3yMOBHTH CIIPAIIOBAHHS CUTHAITy TPUBOTH [7].

MonaudikoBanuii Mmeroa miaBueHHs ingopmauiiinoi 3axumenocti BOJI3

3anpornoHOBaHUI METOJ[ KOHTPOJIO MOTYKHOCTI ONTHYHOTO CHTHATY Ta KoedimieHTy mommiok y BOJIT
Oa3yeTbcs Ha mOpiBHAHHI KoedimieHTy mommimok BER B onmtmuHomy kanami. [l 1poro, 3a JOIOMOTOIO
HECUMETPUYHOI'0 ONTHYHOTO posranyxysada (OP) BUKOHYyeTbCS MiJKITIOYEHHS MPUCTPOIO KOHTPOJIIO 3aXHUIICHOCTI
(IIK3) nmo onrtuuynoro kanamy BOJIT. Ilpu HecaHKIIOHOBAaHOMY MiJKJIIOYEHHS a0 KOHTposboBaHoi BOJI3
3MEHIIYETHCSI PIBEHb MOTYXKHOCTI ONTHYHUX CHUIHANIB y JIHIHHOMY TpakTi. 3MiHy PpIiBHS IOTY>KHOCTI (iKCye
ONTUYHUY MPUIMAaY 3 iIBUIICHOIO YyTIUBICTIO Ta MEPEAE PE3yIbTYIOUHIA SICKTPHYHUA CUTHAT Ha JBOKAaHAIBHUI
BER-TecTep, skuii OJHOYACHO BH3HAYAE JiBa 3HAYEHHS Koediienta noMmiok (puc. 1). Ilicas mporo, 3Ha4YeHHS
Koe(illieHTa MOMWJIOK HaAXOISTh Ha OJIOK ITOPIBHSHHS, JUIS IPUHHATTS PIiIeHHS PO MPUCYTHICTH a00 BiICYTHICTH
H/I. Janwii mpucTpiii KOHTPOJIIO JOIIIPHO BUKOPUCTOBYBATH Y HEBEIUKHUX MEPEKax OCKIIbKH OJOK MOPIBHSHHS
pe3yIbTaTiB MOTpedye PYYHOTO HANAIITYBaHHA (KaniOpyBanHs). s Mepexk, SKi MOCTYIOBO PO3MHUPSIOTHCS, YU
MalOTh IEPCIIEKTUBY PO3MIMPCHHS, BUKOPUCTAHHS IIHOIO METOAY € HE IOCHUTh BUTITHHUM, ajpKe MICNsi KOKHOTO
pO3MIUpEeHHsT Mepeki HeoOXiTHO 3IiHCHIOBATH MOBTOpHE KamiOpyBaHHS OJOKY MOPIBHSAHHA pe3ynbratiB. JlaHmit
amapaTHUR MeToa MoXe (DYHKIIOHYBATH y PEXHMIi peanbHoro dacy. Tomy, mis okpemux tumiBs BOJI3 moximBa
amapaTHO-NIporpaMHa peaii3alis 3alpolNOHOBAHOTO METOIY. Y3arajlbHEHa CTPYKTypa IPHCTPOIO KOHTPOIIIO
saxumeHocti BOJI3 npencraBnena Ha pucyHKYy 1.

(B :
| o
opP 1% I ABT. Om. npHHM. |
I F» 111 IBUILIC HO1 |
aTeHI0aToP . |
| Yy TIUBOCTI
99% | :
I
KonTponboBan I> '
dr/T1 OHTPOJIbOBaHA R/Tl: ¢ |
I 1x 2K A :
|
| BER Tectep '
—{R/T2— — R/T2|- | !
: : . ¥ |
= : : 3% (0) § :
—R/TNF— —— R/TN— | 1
| T1K3 MOPIBHSHHA —>ALARM:

Puc.1. Y3aranbHeHa cTpyKTypa NPHCTPOI0O KOHTPOIIO 3axumenocti BOJI3

Jis iHpOKOMYHIKAIIfHAX MepexX, W0 PO3MHUPSIOTECA 3 JUHAMIYHAM HaJamITyBaHHAM KOH(irypamii
0o0NaIHaHHS 3aMpPOTIOHOBAHO MOAM(DIKOBAHUI BapiaHT CXeMH MPHUCTPOIO. J[Is amanTUBHOTO HANAIITYBaHHS OJIOKY
TIOPIBHAHHS pe3ybTaTiB HeoOXimHO moxaTtu B cTpykrypy I[IK3 me omua OP Ta BuMiproBad piBHS MOTYKHOCTI
ontnyHuX curHaiiB. Buxopucranns IIK y ckmagi I[1K3 mae MOXIMBICTH CIPOEKTYBaTH aJalTHBHHMA 3aciO
koHTpoo 3axumieHocTi (3K3) BOJI3 Ha 6a3i 3ampomnoHOBAaHOTO anapaTHO-MPOTPAMHOT0 METOJY, y3arajlbHEHUIH
ITOPUTM peaiizalii skoro BimoOpaxeHud Ha pucynky 2. Janmii 3K3 3a0e3nmeunth BeNeHHS CTaTUCTHUKU
¢ynkionyBanns BOJIT na 6asi sikoi MokHa OyJie BUKOHYBATH IPOTHO3YBaHHS (PYHKIIOHAIBHUX XapaKTEPHCTHK
BOJI3 B yMOBHO peallbHOMY Haci.
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( ITouatok )
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Bumiptosanns Keer B nporeci koutpomo
3axumenocti BOJI3

Beenenns Pnop ta Kser nop

\4

[TopiBHAHHSA
KpurepiiB koHTpOIIO:
Keer suv> Keer

BumiproBanas Porr. . ta Kger o

Kani6pysanus [1K3
Prum > Pnop

BuseneHHs monepe1kyBaabHOTO ITOBIIOMJICHH 5T

Keum < Kuop npo HJI y BOJI3
A 4
YcepenHeHHs Ta 3aKC BUMIPSHAX 3HAUCHD ( Kinenp )
Kser B onrraromy xamami

Puc.2. Biok-cxema aaroputrMy podoTH IPUCTPOI0 KOHTPOIO 3axumenocti BOJI3

BucHoBknu

AHaJi3 OCHOBHHMX ICHYIOYHX CHOCOOIB HECaHKIIOHOBaHOro noctymy B BOJI3 BU3HAUMB HEOOXIMHICTH
PO3pOOKH Ta BIPOBAKCHHS METOJIB NMPOTHIl Ta 3axucTy iHpopmauii Big H/. V crarti Oyno ommcaHo ocCHOBHI
THUIIM anapaTHOTO Ta MPOTPAaMHOTO 3aXHCTY, OJHAK 4epe3 psii 00’€KTMBHUX HENOJIKIB 3p03yMiso, 10 HEOOXiqHO
BUKOPHCTOBYBaTH KOMOiHOBaHi 3acobm 3axucty iHdopmauii y BOJI3. 3anmponoHoBanuii MeTox 1a€ MOXKIHUBICTH
MiABUIIUTY MBHIKICTh Ta TOYHICTh Bu3HaucHH HasBHOCTI H/I y BOJI3. [lepeBaror 3amponoHOBaHOT'O METOAY €
Te, M0 KOTr0 MOXMJIMBO PEali3yBaTH K i B MPOCTHX MEpeXax TakK 1 y Mepekax II0 po3ImUproloThes. JlogaTkoBe
BUKOPHUCTAHHS KOMIT'IOT€pa Ja€ 3MOTYy aHaji3yBaTH Ta TPOTHO3YBAaTH MOMIJIMBI 3MiHHM ITOTYXKHOCTI ONTHYHUX
CUTHAJIIB Ta BcTaHOBMIOBATH Miciie HJ[ 3a momomMoror pedieKToMeTpiB, SKi MOXKYTh IPAIIOBATH MIPU KepyBaHHI 3
[IK 3rizHO 3amporOHOBAHOTO AITOPUTMY.
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QUANTUM RECIEVERS FOR TERAHERTZ FREQUENCY SPECRUM

Annotation — Creation of far infrared (IR) and submillimeter (SBM) radiation receivers, in the band of wavelengths
1=0,03-0,3mm (terahertz frequency range), has become quite relevant because of expansion of fundamental knowledge that
gives an opportunity to study the interaction of SBM radiation with various physical objects. As a result, the scientific and
practical problems that can be solved using such receivers and their modes of operation divides into two classes: on the basis of
the use of own thermal radiation (passive mode) or on the basis of the reflected radiation from the object that is embedded
autonomous source (active mode).

A number of tasks, in particular, astrophysical research, control of near-Earth space, due to small flows of thermal
radiation, require not only extremely high threshold characteristics of photodetectors (PD), but also creation of high-sensitivity
quantum-receiving devices (ORD). The same requirements are typical for matrix QRD, which are designed to form images of
objects in IR and SBM wavelengths using only their own thermal radiation. Such QRD can increase the signal-to-noise ratio or
simplify scanning systems in such devices, or even refuse from them.

Matrix QRD can be used for solving radiation detection tasks in the indicated spectral bands. This devices may be on
the basis of superconducting materials and admixture silicon and germanium and on the basis of films of narrow-band solid
PbSnTe: In. The advantages of matrix OQRD, that basis on PbSnTe:In films, is high operating temperatures, a large absorption
coefficient in their own absorption band, and most importantly, a practically exhausted technology of the creation of QRD,
including multiplexers. The basic construction method for creation of QRD is based on using of standard semiconductor
technologies, including a silicon. The using of thin films with PbSnTe:In is possible due to the high absorption coefficient in the
fundamental part of this material, which is not available for similar semiconductor PD of submillimeter wavelength band.

Keywords: quantum receiver, infrared range, submillimeter range.

OcHoBHA YacTHHA

[Ipuitmaui CBM-BUTIpOMiHIOBaHHSI ONMCaHi y psai poOiT [1, 2]. MeToro gaHo1 poOOTH € aHalli3 TapaMeTpiB
TEIUIOBHMX Ta KBaHTOBHX NMpHHMadiB /I Aanekoro iHppauepoHoro (IY) ta cyominimerpoBoro (CBM) miama3oHiB,
MOPIBHAHHA X ITOPOTOBHX XapaKTEPHCTHUK, a TaKOX OI[IHIOBAaHHA MOJXKJIMBOCTI CTBOPEHHS BHCOKOYYTIMBHX
KBaHTOBUX npuitManbHux npuctpoiB (KIIIT) Ta mepcnekTHBHOCTI iX BUKOPUCTaHHS.

TpaauuiiHUMKU HECENIEKTUBHIMHU BUCOKOUYTIMBUMHU NpHuiiMadyamMyu BU-BUTIpOMIHIOBaHHS € O0JIOMETpH, SIKi
(hYHKIIIOHYIOTP HA OCHOBI HAarpiBaHHS MOTVIMHAIOUOTO INAPy IiJ €0 BXiTHUX pagiocurHaii. [limBuiieHa
YyTIUBICT, OOJOMETPIB 3yMOBJICHA TEMIIEPATYPHOIO 3aJEXKHICTIO ONOPY JAETEKTOpa, IO XapaKTepU3yEThCS
KPYTH3HOIO (DYHKITIOHAJIbHOT XapaKTEpPUCTHKHU MTPUCTPOIO.

B ocHoBi npuiitMauiB Ha 0a31 HaPOBIAHNKIB BUKOPUCTOBYIOTHCS TAKOX CTPYKTYPH 3 PI3HUMH criocobamu
po3nieHHss KynepoBchbkux nap. OmHuUM 13 Takux mnpuiiMadiB € STJ-neTekTop 3 HaAIPOBIIHUM TYHEJIBHHM
nepexomoM. Y poboti [3] posrmsHyra Tak 3BaHa SIS-cTpykTypa Ha ocHOBiI cmoimyku Al-AlO,-Al, mo
BUKOPUCTOBYETRCS TpH TeMiepatypi 2-4 K pa3zom 3 aHTeHOI0 i3 HaampoBigHoro Hiobif0. IIpn 3unTyBaHHI CUTHAITY
OJTHOCJIEKTPOHHUM TPaH3MCTOPOM MOTYXHICTh ekBiBasieTHa myMmy (ITEII) y 6e3¢oHOBHX yMOBax MOKE€ CTAHOBUTH
MEHIIe 1x10" Br I'm .

VY poborax [2, 4] MOCTIHKEHO XapaKTePUCTHKHU TepareprnoBux STJ-meTekTopiB Ha OCHOBI HAIIPOBIIHOTO
amoMiHito ToBIMHOIO B 100 HM i1 TyHenmpHOTO Oap'epy 3 okcuay amroMiHiro. Ilpu npomy, STJ po3sramoByerscst Ha
IUTiBLI 3 Hi0O110, SIKa MOTJIMHAE Teparepuose BUNpoMiHioBaHHs. OvikyBaHe 3HaueHHs Beanuunu [1EII nerekropa B
YMOBaxX HH3bKO(DOHOBOIO 3acBiuyBanHs ckiagae npudmmsno 107'* Br I’ mo 103Bosse iforo BUKOPHCTOBYBATH B
Ha3eMHHUX acTPOHOMIYHUX J1abOpaTopisx, y TOMY YHCII JJIsI BUCOKOUIBHIKICHOTO (OpPMyBaHHsS 300pakKeHHS B
TeparepleBoMy Jiara3oHi 4acTor.

MosxmmBocri peanizauii STJ-KIIIT Bu3HauatoThesl, B MepIry 4epry, CKIAAHICTIO TEXHOJIOTIYHUX IIPOIECiB
dbopmyBanHss camoro STJ-merektopa. 3 ypaxyBaHHAM TpaHUIHO Maiux po3MipiB  STJ —gerekTopiB (MOpSAKY
KBaJpaTHUX MikpoMmeTpiB) ctBopeHHs MaTpuuHoro KIIII Bemmkoro ¢opmaTy Ha [OWX NPHHOWNIAX € TOCHTHh
POOIIEMaTHIHHM.

ToMmy, nmns npuiioMy BHIPOMIHIOBaHHS B JaidbHbOMY [Y-miama3oHi ax [0 COTHI MIKpOMeETpiB
BUKOPUCTOBYIOTBCSI HAIliBIPOBIAHUKOBI JOMiMmKoBi kBaHTOBI mpuitmadi (KII) Ha ocHOBi ¢oropesuctopis (PP), B
SIKUX BHUIPOMIHIOBAHHS, IO TOTJIWHAETHCS, 30y/Ky€e JOKaTi30BaHI Ha PiBHI JOMIMIOK Hocii 3apsmy. KoedimieHt
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NOTJIMHAHHS Ha JIOMIIIKaxX, sSK MpaBWJIO, Ha 2-3 MOPAIKM MEHIIE Bix KoedillieHTa MOTIMHAHHS JUI NEpexXo/iB
BaJICHTHA 30HA-30Ha NpoBigHOCTI. PoOoua Temneparypa takoro KII 3anexuts Bin Toro, Ha sKid JTOBXHMHI XBHJI
BiZI0OYBAETHCS MOTJIMHAHHS Y TOMIIII, 30KpeMa, AJIsl OUTBIINX TPaHUYHUX JOBKUH XBHJIb HEOOXiTHa MEHIIa poboua

temrieparypa. CIiJy TaKoK BiJI3HAYUTH, [0 TPAHWYHA PO3/iIbHA 31aTHICTE OP B V2 pasiB MeHIIe HiX y ¢oToxiona
3 aHAJIOTIYHUM 3HAYEHHSIM Yy TIHBOCTI.

B ocHoBi nomimmkoBux P BUKOPUCTOBYIOTECS TepMaHiil Ta KPEMHIH, TPUYIOMY 3 TEPMaHII0 BUTOTOBJISIOTH
Oimpir  noBroxBuiboBi ®P. PosnineHa 37atHicTh Takux OP wacto oOMexkeHa QuiykTyarissmu (OHOBOTO
BUNpOMiHIOBaHHS. OpHaK, B 3aJ€KHOCTI BiJl TPaHWYHOI JOBXHMHM XBWII Ta HEOOXiJHOI YYyTJIMBOCTI, Take
00Me)KEeHHS BHHUKAE Ha Pi3HUX POOOYHX TEMIIEpaTypax.

KpanroBa edekTuBHictTh P 3amexuts BiI THIy Ta KOHIICHTpAIii OMIIIOK, JOBXHHU XBHIII
BUIIPOMIHIOBaHHS 1 HAWTOJIOBHIINE, BiJ TOBIIMHM AaKTUBHOTO IIapy, B SKOMY BiIOyBa€Tbcs ITOTJIMHAHHS
BHITPOMiHIOBaHHS. [Ipy MakCcMMalbHOMY 3HAYEHHI CIIEKTPAIBHOI YyTIIMBOCTI KBAHTOBA €()EKTUBHICTD 3HAXOUTHCS
B Mexkax 10-50 %.

B HU3BKO(MOHOBHX yMOBax poOOTH, HAMPHUKIAA, HA KOCMIYHHUX amaparax, BAUKOPUCTOBYIOTHCS TOMIIIKOBI
©®P Ha 0cHOBI KpeMHi0 Ta repManito. [Ipu oMy poboua temneparypa ©P 3naxoautecs B Mexax 2-5 K.

3a M0MoOMOror0 JIETYBaHHS TepMaHil0 PI3HUMH JOMIMIKaMH MOXHA 3MIHIOBATH TPAHUIIO YYTIMBOCTI B
miamasodi Big 25 go 200 MKM.

HeoOxinHicTs BUCOKOI (POTOUYTIIMBOCTI B JaNbHBOMY iH(pauepBOHOMY Jiana3oHi 3yMOBHJIA CTBOPEHHS
IY-KIT Ha ocHoBi PbSnTe:In. ¥V poborti [4] mocmimkeHO 0cOONIMBOCTI CTBOPCHHS JieroBaHUX IIiBoK PbSnTe:In Ha
i3omsmidHuX migknankax BaF, 3a nomomororo meromy monekynsipHo-npoMeneBoi emitakcii (MIIE). Xapakrephi
napaMeTpH OTPUMAHKX IUTIBOK JO3BOJIHJIM MPOBECTH JTOCIIKCHHS 0araToeIeMEeHTHUX MPUIMaviB iHPpauepBOHOTO
BUTIPOMIHIOBaHHSI.

ATnbTepHATUBHUM  BapiaHTOM po3poOkm cucteM (opmyBaHHa 300paxkenHs CBM-miama3ony €
BUKOPHCTAHHSI TPOMDKHOTO Kackaay MOTIMHAHHS Ha OCHOBI TEIUIOBOrO eKkpaHy, w0 mneperBoptoe CBM-
BHITPOMIHIOBaHHS B TEIJIOBE BUIIPOMIHIOBAHHS 3 HACTYITHOIO HOTO peectpariiero 3 gonomoroto [U-KIT abo KIIII. B
po0orTi [3] po3risiHyTO 0COGIMBOCTI BUKOPHCTAHHA B IbOMY METO/Ii A€TEKTOPIB HAa OCHOBI INNiBOK Pb,  Sn Te: In.

[lix nmieto TeroBoro BUNpoMiHIOBaHHA 00’e¢kTa B CBM-00macTi ekpaH HarpiBa€ThCsi Ta Ha HBOMY
(opMyeThcs BIINOBIIHE HU3BKOTEMIIEpAaTypHE TEIUIOBE IIOJIE, sIKe IOTparuisie Ha MaTpuuHuid aperekrop IY-
Jiarnas3oHy, IO Tpalloe B HHU3bKO(GOHOBMX yMoBax. I[Ipm 1bpoMy, (akTH4HO BiJOYBAETHCS NEPETBOPEHHS
MEPBUHHOTO CIIEKTPa TepareplioBOr0 BUIPOMIHIOBAHHS y CUTHAIHM 3 MEHIIOIO JOBXHHOIO XBWiIi. DyHKIIOHANBHI
XapaKTEPUCTUKU TaKOi CHUCTEMH BH3HayaloThCcst 4vyTimBicTio Marpuynoro KIIIT npamexoro IY-nmiamazony no
TEIJIOBOT'O BUITPOMIHIOBAHHS IIPOMDKHOTO €KpaHy 3 HU3bKOIO TEMIIEPaTypOIO.

Buxopucrtanns KIT Ha ocHoBi PbSnTe:In mo3Bossie peectpyBatm Temmeparypy ekpany menmre 40 K.
3MeHmeHHss mupuHU 3a0opoHeHoi 30HW PbSnTe:In 3a paxyHOK 30iMbIIEHHS KOHIIGHTpAIii OJIOBa JO3BOJHUTH
PEECTPYBATH IlIe HIXKIY TEMIIEPaTypy eKpaHy.

BucnoBku

B poborti mocmimkerno meroan nodymoBu Matpuaaux KIIIT mns mamekoi IY- i CBM- oGmacreii criektpa,
BKITIOUAIOYU CUCTeMH (hopMyBaHHS 300paxkeHHs. [Ipn oIiHIl nepcrekTuB Ta chep BuKoprucTanHs Matpuaaux KIITT
mpu poOOTI B TACHBHOMY PE&XHMi, TOOTO 3a BJIIACHUM TEIUIOBUM BHIIPOMIHIOBAHHSM OO'€KTIB CIIOCTEPEIKEHHS,
HEOOXiTHO BpaxoByBaTH psja BaxiIuBuX (aktopiB. Tomy, ocHoBHUME cepamu 3actocyBanHs KIT ta KIIIT 3
BUCOKMMH TPaHWMYHUMH Tapamerpamu s naigekoro IY- i CBM- miama3oHiB CHeKTpa MoOXKe OyTH, HAIpHKIA],
3HAXOJDKEHHs c1a00 HArpiTMX O0O0'e€KTiB 3a IX BJACHUM TCIUIOBUM BHIIPOMIHIOBAHHSM I[103a MEXaMH 3EMHOI
arMoc(epu Ha (GoHi "X0IO0THOr0 KOCMOCY", BKIIIOUAIOUX PEECTPALIil0 BUITPOMIHIOBAHHS aCTPOHOMIYHUX 00’ €KTIB.
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OCOBJIMNBOCTI HAJAHHA ITOCJIYT B APXITEKTYPI IMS

Anomauia. B pobomi npusedeno xouyenyiro mepesxci IMS3 zopuzonmanvroio apximexmyporw, AKa wo 00380JA€E
onepamopy npocmo i eKOHOMIYHO 6NPOBAONHCYBAMU HOBI NEPCOHONIZ08AHT NOCY2U, NPULOMY KOPUCMYBAYT MONCYMb 6 OOHOMY |
MOMY JHC Ceanci 38's3Ky ompumamu 0ocmyn 00 pisHUX NOCIye.

Kniouogi cnosa: IP—mepesca, NGN, IMS-nramgpopma

YU.O. SOTNICHENKO

Kiev College of Communication

iktkkz@ukr.net
FEATURES OF PROVIDING SERVICES IN IMS ARCHITECTURE

Annotation. The rapid development of modern society requires greater mobility, communication skills, quick and
qualitative communication, full awareness of innovations. The telecommunications market is an integral part of the economic
and social infrastructure. In this regard, to improve the development of the telecommunications industry, taking into account the
needs of users in various communications, it is advisable to introduce new or advanced technologies recognized by world
practice. Convergence of networks is needed to increase the efficiency of the network. The further way is a service convention,
which involves the use of network infrastructure of different operators to provide services to virtual providers. The conferencing
of mobile and fixed communication in the introduction of advanced technologies allows to reduce operating costs due to
migration to packet networks based on IP technologies .In this connection, it is expedient for operators to solve these problems
by implementing IMS subsystems. Providing various services on the basis of a single package NGN network requires flexible
support for the quality of these services. QoS support is a fundamental requirement for IMS.

When organizing each session, the user equipment notifies the IMS about its capabilities and its requirements for QoS.
With the SIP protocol, it is possible to take into account such parameters as the type and direction of data transfer, speed, packet
size, use of RTP, the necessary bandwidth. IMS allows to manage the quality that a particular user will receive, and thus
differentiates users and provides them with services.

The paper presents the concept of an IMS network with a horizontal structure that allows the operator to easily and
economically implement new personalized services, and users can access different services in the same session.

Keywords: IP-network, NGN, IMS-platform.

CTpiMKHii PO3BHUTOK CY4YacCHOTO CYCIIUJIBCTBA BHMarae€ OUIBIIOI MOOLTBHOCTI, KOMYHIKaOEIBHOCTI,
LIBHJIKOTO Ta SIKICHOTO 3B’S3KY, ITOBHOI iH()OopMOBaHOCTI Npo iHHOBauii. PHHOK TejlekoMyHiKaliil € HeBiJl’€MHOIO
YaCTHHOIO EKOHOMIYHOI 1 comianbHOI 1HQpacTpykTypu. B 3B’SI3Ky 3 IMM, JUId HOKpamIeHHS PO3BUTKY Taiysi
TEeJIeKOMYHIKallild, BpaxoBy4u MOTPeOM KOPUCTYBayiB Pi3HOTO POJXY 3B’SI3KY, JOLIJIBHO BIIPOBA/PKYBaTH HOBI abo
TIepeIoBl TEXHOJIOTii, BU3HAHI CBITOBOIO MPAaKTHKOI. KOHBEHTepiiss MepeX Bil0YBA€ThCSA YISl IiABHINCHHS
epexTuBHOCTI pobotn Mepexi. Ilomanmpmmii NUIAX, e KOHBEHTEPINis MOCIYT, sKa Iepeadadae BHKOPHCTaHHS
MepexkeBoi 1H(QPACTPYKTypH pI3HHX OIEpaTopiB 3 METOI HaJaHHS IIOCHYT BIPTyalbHUX ITOCTAYaJbHHKIB.
KonBeprenmist MoOinpbHOTO Ta (hiKCOBAHOTO 3B’S3KYy MPH BIPOBAHKCHHI TEPEJOBUX TEXHOJOTIH 03BOJISE
3MCHIINTH EKCIUTyaTalliifHi BUTPATH 3a PaXyHOK Mirparii 1o makeTHUX Mepex Ha ocHOBi IP TexHomoriii. B 3B’ s13ky 3
1AM, OTIepaTopam JOIILHO BUPINTYBATH IIi 3314l IUISIXOM BIPOBaKeHHs mifacucteMm IMS.

EBosmroniitanit muisix NGN o ¢yHKIIOHaIBHOCTI Ta METH, MOKHA PO3/IUTUTH HACTYIIHUM YHHOM:

-IP-Tpancniopt. BukopucranHs nakeTHOT Mepexi Juls epeHocy rojocy, Ui IbOro HeoOXiHI TPaHCIOPTHI
[IUTIO3H Ta MPOTPpaMHi KOMYTaTOPH, TOOTO 1MOOY/0Ba MAKETHOI TPAaHCIOPTHOT MEPEXi.

-MYJITHCEPBICHUI JOCTYII, HaJJaHHS JOCTYILY O Pi3HUX ITOCIYT

-IIOCIIYTH HOBOT'O ITOKOJIIHHS Ha OCHOBI 1miatdopmu IMS.

Ha puc. 1 mpencraBneHa cmpomieHa cxema apXxitektypu IMS. Ha Hili 300pakeHi TiTBKH OCHOBHI
(hyHKIiOHATBHI eNeMeHTH apXiTekTypH, cepTudikoanoi 3GPP. lami posrmsmatorscs aBi mepexi: TM3K i IMS,
MDK SIKHMH OpraHi30BaHO B3a€MOJi0. BHKIWMKH, 1m0 CTBOpIOIOThcS B Mepexi TM3K, morpamisiors depes
obnamHaHHA TLTIO3iB B Mepexy IMS, a came Ha rHy4ukuit komyratop (Softswitch) (SS), sxkuii BukoHye QyHKITIT
curHanpHoro nuto3y (SG) i TpanzuTHOTro Memianuto3n (TG) omHOTaCHO.

Bin rayukoro xomyratopa SS curHanbpHa iH(OpMAalis HaIXOAWTh Ha (pyHKIIOHANBHI enemeHTH migcucremu IMS:
B3aemofii (I-CSCF), npokciar (P-CSCF) i o6cmyroByBanus (S-CSCF), ne moumHaeThes Hpolec OOCIyroBYBAaHHS BHKIIHKY.
3anexxHo BiJ TUILy iHpOpMamii, MO NeperaeThesl Ta HEoOXiqHOI MOCIyrH A OOCIyrOBYBaHHS BHKIHMKY MOXe OyTH TaKoX
3amisHa ynkmis MeniapecypciB MRF i/ abo cepep (1) monarkis (AS). HeoOxinui nmpu 00cayroByBaHHI BUKINKIB a00HEHTCHKI
JIaHi 3UUTYIOTBCS 3 cepBepa goMalnHix abonentiB HSS.

Hananns pizHOMaHITHHX mociyr Ha 0a3i equHoi makeTHoi Mepexi NGN BuMarae THyYKOl MIATPUMKH SKOCTI
mux nocuyr. Ilinrpumka QoS sBisieTbest pyHnamenTanbHUM BuMoroto 1o IMS. [pu opranizanii KoXXKHOTO ceaHcy
JUTSI KOpHUCTyBada yCTaTKyBaHHsS crioBimae IMS mpo cBoi moxiuBocTi 1 cBoi BuMorH 10 QoS. 3a 10omoMororo
npoTokoiry SIP MOXIIMBO BpaxyBaTH TakKi MmapamMeTpH, SK THUI 1 HAMpsSMOK Tepefadi JaHuX, MIBUAKICTb, pO3MIp
nakeTiB, Bukopuctanus RTP, HeoOXimHa mupruHa CMYTH MPOMyCKaHHsA. IMS M03BOJIsSIE yIPaBIATH SKICTIO 3B'SI3KY,
SIKE OTPUMAE TOW M 1HITUH KOPUCTYBAd, 1 TAKUM YHHOM U (HEPEHIIFOBATH KOPUCTYBAUIB 1 HajaHi IM IMOCITyTH.
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Cr_Th IMS

Puc.1.Cupoiena cxema apaneKTypulMS

Ile omauM (HakTOpPOM € yCKITaTHEHHS CUCTEMHU HapaxyBaHHS IIATH 32 MYJbTUMEIIHHI ceaHCH 3B'SI3Ky. SKII0
orepatop He Oepe yBarm xapakrep Tpadiky MyJIbTHMEAIHHOrO ceaHCy, BiH MOXE HapaxyBaTH IUIaTy 3a HBbOTO
TUIBKM TIOBEPXHEBO - Ha MiJcTaBi 00cAry mnepenaHux naaHux. [Ipm 1pOoMy KOpHCTyBaueBi CTa€ HEBMI1IHO
KOPHUCTYBATHCS OJHUMH TIOCIYraMH (CTBOPIOIOTh BEIMKHH 0OCsT Tpadiky, HaIpHKIaA BiZIcO), a ONepaTopy CTae
HEBWTIIHO HAJ[aBaTH iHIII (CTBOPIOIOTH HEe3HAYHMH 00csr Tpadiky, Hanpukian Instant Messaging).

Skmio omeparop 00i3HaHUI NPO XapakTep IepeaaHoro Tpadiky, BiH MOKE BUKOPHCTOBYBAaTH B CHCTEMI
HAYHCJICHHS IUIATH OUTHII ¢EKTHBHI Oi3HEC-MOJICNI, 0 HECYTh BUTOAY 1 HoMy i KopuctyBayaM. Kpim Toro, IMS
JTa€ MO’KJIMBICTH OIIEpPaTOpy BIPOBAIDKYBATH IMOCIYTH, CTBOPEHI CTOPOHHIMH PO3pOoOHMKaMH a00 HaBiTh CaMUM
oTiepaTopoM, a He BHPOOHWUKAMH TEJIEKOMYHIKalliiHOTo oOnaaHaHHs. Lle mo3Bossie iHTerpyBaTH pi3HI MOCTYTH 1
HaJa€ MUPOKi MOKIUBOCTI IIepCOHATI3aIlii 1 301IpIIEeHHS KITBKOCTI TIOCIIYT.

Konmemnis IMS nepenbavae ropu3oHTaIBHY apXiTEKTypy, IO J03BOJISE OMEPATOPY MPOCTO i EKOHOMITHO
BIIPOBAKYBATH HOBI TIEPCOHAIII30BaHI MOCIYTH, IPUIOMY KOPUCTYBadi MOKYTh B OJJHOMY 1 TOMY K CEaHCI 3B'SI3KY
OTpHUMATH JJOCTYII J0 Pi3HUX MoCiyr (puc. 2).

) ¥ e
Application ) & W = Application E
v - o
Subscriber data
Media functions
TP Multimedia Subsystem (IMS)
[ [ [ Pre-paid
IN Nodes Billing ot docain 055 ||

Puc.2.I'opu3onTansna apxirektypa IMS

HesBaxxaroun Ha JOCUTH IIUPOKUI CIIEKTP MOCIYT, 0 HamaeThest IMS, Ha ChOTOIHI HAWOLIBIT BaKIIHBY POJH
BiJlirpa€ IBOCTOPOHHIH ayio / BiZieo 3B'sI30K.

Jis mporo apxitektypa IMS mOBHMHHA TiATPUMYBATH CEaHCH MyIbTiMeHiliHOTO 3B'I3Ky B IP-Mepexax,
MIPUYOMY TaKWH 3B'SI30K Ma€ OYTH JOCTYIMHAa KOPHCTYBady SK B JIOMAIIHIM, Tak i B rOCTHOBi Mepexkax. Kpim
OIUCaHMX BHIIIE,

IMS 3abesmeuye HacTynmHi (PyHKI[IOHATBbHI MOKIHBOCTI: B3a€MOJII0 3 IHIMMMH MEpeKaMH, iHBapiaHTHICTb
JIOCTYILY, CTBOPEHHSI TIOCIYT 1 YIPaBJIiHHS HUMH, POYMIHT, 3aXHUCT iH(pOpMAIlii, HapaxyBaHHS I1JIATH.
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PO3PAXYHOK INOTY’KHOCTI 3ABA/IX BIL CYCIAHBOI'O CTIVIbBHUKA

Pozenanymo ennue mobinvnoi cmanyii na 6azosy cmanyilo cycionbozo cminvhuxa. IIposedenuil pospaxyHok
nomyacnocmi 3asaou npu nepecyeanni MC.
Knrwowuoei cnosa: cminonuxosa mepesica, 3a6a0a, NOMy*HCHicmb

R.G. BYKOV

Odessa national academy of telecommunication a.n. O.S. Popov
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CALCULATION OF THE POWER OF THE INTERFERENCE FROM THE NEIGHBORING CELL

Annotation — In the modern world, an important place is occupied by mobile communications. Currently, in most
countries, the number of people using mobile communications exceeds the number of fixed network subscribers. All generations
of radio communication are one in one: to build a network, they use the separation of the service area into hexagonal cells.
Exactly this network structure has solved the problem of saving radio frequency channels by reusing the allocated frequency
resource with the help of the spatial spacing of the transceivers with coincident frequencies. In other words, the cellular topology
made it possible to multiply the capacity of telecommunication networks in comparison with radial networks without degrading
the quality of communication and without expanding the allocated frequency band. However, since the operating frequencies in
the network cells are repeated, then their repeated use leads to mutual inter-system interference. Furthermore, interference can
occur both on the uplink and downlink, depending on the mobile communication standard.. The standard cdmaOne (IS-95) has a
direct and reverse channel. A direct channel is a channel from a base station to a mobile station characterized by a synchronous
mode of operation. For this purpose, in the direct channel, two logical channels are used: the pilot channel and the
synchronization channel. In synchronous mode there are no interferences from neighboring base stations. Reverse channel -
channel from the mobile station to the base station. It is characterized by asynchronous mode of operation, in which mobile
stations operating in adjacent cells, become a barrier to the base station in a given cell.

In this work the influence of the mobile station on the base station of the neighboring cell is considered. The calculation
of the interference power when moving the mobile station is carried out.

Keywords: cellular network, interference, power

ITpu pobGoti mobineHOi cranuii (MC) y crinbHUKOBI# Mepexi, 151 MC Mae 3a0e3nedyBaTd y CBOEMY CTUIBHHKY
noCTiiiHy MOTYXHicTh Ha Bxoni npuiimaua BC;. Tomy npu 3mini Bincrani misk MC i BCy, Buxinna moryxuicts Fyys nosunna
3MIHIOBAaTHCh. Y TOI xe vac, curran Bix MC e 3aBagoro it BC cycinaporo crinbHUKa, 1 npu nepemimeHHi MC NOTYXHICTb
3aBagu Ha Bxoai BCp takox moxe 3mintoBarmch. Tomy Oynma mocTaBneHa 3ajada BU3HAYEHHs, B SKOMY Miama3soHi MOXKE
3MIHIOBATHCh TOTYXHiCTh 3aBaau Ha Bxoai BCy npu nepemimenni MC; y crineruky BCy 3a tpaekropiero A —E — L. Cxema
BHUKOPHUCTAHOI CTIILHUKOBOT MEpe)KH MoKa3aHa Ha puc. 1.

Ha 1ipoMy prCyHKY IPHHHATO, 10 LEHTP CTUIBHKKA 3 iHAeKkcoM 0 po3MilyeThest Ha movatky koopauHatr. Koopaunaru
EC, nacrynmi:

x,= V3R 3 =0
IMowarkoBi naHi HaBeneHi y Ta0u. 1:

Tabmuus 1 — ITouaTkoBi gaHi

Paniyc criibHUKa, KM 2
Poboua yactora MC; MI'1[ 824,665
Heo6xinna notyxHicts curnany na sxoai BCy, Bt 10-%
Koediuient nigcunenns anrenu MCy, nb 0
Koeoiuient niacunenns antenu bC, n1b 16
y
B
/1 / \\
d, MS1P\
BS, s \1 N
// N\
S / BS, \\ X
A C

Puc.1 — Cnpouiena cxema CTiJIbHHKOBOI Mepesku
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CrioyaTKy BH3HAYMMO, K 3MIHIOETHCS IOTYKHICTh 3aBaau npu nepemimenni MC, 3a Tpaekropiero A — B,
[i koopauHaTH Yy 1aHOMY BHMAAKY 3MiHIOIOTHCS HACTYITHUM YMHOM:
| ey
V3R —
Apt ST EAg = xp V3R

Vi = *\-"E.rm — 2R.
Toxi Bincrans n, Mk MC, i BC,:

h= *'.-"I'i-rm — x4 (e — ) 1)
Skuio notyxHicTh Ha Bxoxai BC; He3MiHHA, TO MOTYXHICTh Ha BUXO/i nepenaBada MC, pospaxoByerscs 3a
HACTYITHOIO (hOPMYJIOIO:
16F,mwoin}
Fiss = GG A% 2)
ne: B, — moryxuicts Ha Bxogi BC,;
7 — xoediuient miacuiaenHs anreHu MC,;
. — koediuieHT migcuneHns antenu bC:
A — nopxwuna xBum MC;.
Bincrans misx MC, i BC,:

dy = *-.-"I':xrr. —xg)? + (G — 3 3)

Tozi moTyXHICTh 3aBaau Ha Bxoi npuitMaua ECy Bu3HauaeThes Tak:
P = Py pesa G G A
=7 16nid} 4)
Ipu nepemimenni M C, 3a Tpaekropieto B — L 1i KoopauHATH:
3v3R
5
Vi = —w"gxm + 4R,

[ToTyxXHICTh 3aBagM BH3HAYa€ThCs 3a Gopmynamu (1) — (4), ane 3 HOBUMH KoopauHatamu. HopmMoBaHa
MOTY>KHICTH 3aBaJi Ha BXoAi mpuiimada bCy Bix nepemxaBaga MC, mig gac #oro pyxy 300pakeHa Ha puc.2.

TakuMm 9MHOM, MaKCHMaIbHUI PiBEHB 3aBaJi CIIOCTEPIraeThCs y BUNAIKY, ko MC, piBHOBifaneHa Bix
BC, ta BC, (Touka A). HalimeHIie 3Ha4eHHS HOPMOBAHO1 MOTY>KHOCTI 3aBafau cTaHOBUTH 0.0522. Takox HE0OXimHO
BiJJ3HAYUTH J[Ba MIHIMyMH PiBHS 3aBaJii. BOHM BHHUKAIOTH y TOYKaX MiHiManbpHOTO Bigmanenns MC; Big BC; mix
gac pyxy MC| 3a tpaekropiero 4 — B ta E — C BigmosizaHo.

|

¥+ VIR =x = x4

o o o
~ ® ©
T T T

o
>
T

HopmoBaHa noTywHicTs 3aBafu Ha BXoai ECO
o o o
@ = o
T T

o
5
T

o
T

I | I I I | I
25 3 35 4 45 5 55
BinctaHe Big ECO A0 npoeKuil MC1 Ha KOOpAMHATHY BiCk OX, KM

o

tn
N

Puc. 2 — Pe3y1bTaT po3paxyHKiB IOTYKHOCTI 3aBajiu NpH NepeMileHHi MOGLIBLHOI cTanIil
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IHEPCIIEKTHUBA IIEPEXO/JA K CETH IIATOI'O IIOKOJIEHUS HA BA3E
TEXHOJIOI'MM MIMO U LTE

AHHomayus: Hccaedyromesi kak o6wue omauvus npednosazaemoil cemu 5G om ceoell npedwecmeeHHuysbl 4G, mak u
ocobeHHoCmMU  (HOpMUPOBAHUS Ay4a OudzpaMMbl HANPABAEHHOCMU HA Npedno/aazaemvblX AHMEHHAX Cemu Nsmo20 NOKOJIeHUs.
OyeHusaemcs nponyckHas cnocobHocms MIMO paduokaHana 015 HECKONbKUX KOHU2ypayuill aHmeHHbIX CUCMEM.

Kawuyesvie caoea: 5G, MIMO, duazpamma Hanpas/ieHHOCMU aHMEHHbl, NPONYCKHASL CNOCO6HOCMb, 6a308as1 CMAHYUS,
paduoauHusi.

E.A. SUKACHEV, A.A. VAKARCHUK, S.V. SIDEN, Y.G.SMEKHOV
0.S. Popov Odessa National Academy of Telecommunications
sunny120606@gmail.com

THE PERSPECTIVE OF TRANSITION TO THE NETWORK OF THE FIFTH GENERATION ON THE BASIS OF
TECHNOLOGY MIMO AND LTE

Annotation: In connection with the widespread use of wireless devices in everyday life, there is a problem with the
choice of a convenient technology that meets the requirements of modern man and the world. In this publication, the way of
transition from 4G to 5G cellular communication generation is considered. The general differences and similarities between the
perspective fifth generation and the fourth generation of LTE radio access networks actively used in the world are analyzed. A
prototype from Verizon is considered, and the technical characteristics of this standard are compared with the existing LTE
Release 8-14. A quantitative evaluation of the increase in the efficiency of radio systems built using the 5G technology is made.
The ways of implementing the fifth generation radio access system from the point of view of the application of antenna systems
for providing high-quality services are defined. The features of the formation of the main lobe of the antenna pattern of the base
station antennas based on the technology of multiple transmit and receive antennas using the MIMO spatial coding method are
considered. Possible ways of forming the directivity pattern and configuration of the MIMO system are analyzed. The main
parameter of the modern radio access system is estimated - the throughput of the MIMO radio channel for several antenna
system configurations. The quantitative indicators of this parameter are obtained for three variations of the location of
subscribers in a cell and for two configurations of the MIMO system. The publication compares the bandwidth of the MIMO
radio channel within the LTE Release §8-14 standard and Verizon 5GTF. Appropriate conclusions have been made on the choice
of antenna system configurations in order to increase the quality of the services provided. It can be seen from these computations
that with the same transmission parameters and MIMO radio link configurations, the throughput of the 5G system is about 5
times better than its predecessor. This will increase the speed of information transmission in such a system, which will lead to an
increase in the efficiency of such a system.

Key words: 5G, MIMO, antenna pattern, bandwidth, base station, radio link.

Kax m3BectHO [1], TexHOMOTHS MOOWIBHOHM CBS3M MATOTO ITOKOJCHHS MOJDKHA OOECTIeYMBATH JIYUIIYIO
MPOM3BOUTENBHOCTD, YeM Tpenblayle nokosienns. Hanpumep, npu mepexone or 3G k 4G Teopernyeckue
MTUKOBBIC CKOPOCTH MEpeaayl JaHHBIX YBEIMUUBAIUACH CO CKOPOCTHIO OT 2 Mbut/c o 150 Mout/c. Bmocnencteun
LTE-Advanced Pro gocturia wmakcHMManbHBIX CKOPOCTEH TIepejauyn JaHHBIX B [OWT/c, W HemaBHO
MPOJEMOHCTPUPOBANIA MPOMYCKHYIO CHOCOOHOCTh MaHHBIX 1,2 T'dut/c. OgHako 5G HE TONBKO HAICTUBACTCS Ha
GoJiee BHICOKME CKOPOCTH Iepeaydll JaHHbIX, HO HPa3sHOOOpa3HbIe MPHUII0KEHHS, KOTOpble HEOOX0ANMO a0OHEHTaM
B Oynymem. B mapre 2017 rona rpynma craunaptoB 3GPP ytBepamia HoBEIM cranmapT ainst SG o Ha3BaHHEM —
HecTaHmapTHOe paano(NSA). DTOT CTaHAApT MO3BOJIET ONMEpaTOpaM MOOWIBHOHM CBSI3M TPEAOCTABIATH YCIYTY
MOOMIILHOTO IMHUPOKOIOJIOCHOTO aocTyna 5G 3a cyeT WCTONb30BaHHS CymiecTBymommed uHppacTpykrypsl 4G. B
pe3yJbTaTe OXKHUAAETCS, UTO pa3BepThIBaHHE MOOWIBHBIX ycTpoiicTB 5SG HauHeTcs yxxe B 2019 romy, a HauaabHBIC
peammsannu  5G, Kak OXHAaeTcs, OyAyT WCIONB30BaTh dYacToTel Mexny 3,3 u 3,81Tm Ha pume. 1
MIPOMJUTIOCTPUPOBAHO KaKUM 00pa3oM MOOMIIHHAS IMIUPOKOIIOIOCHAs CBsi3b SG OyneT nomoyHATh 4G, a He 3aMEHATh
ero.

3agepaxka (10 mc) Sazepaxka (<1 mc)

Tpaduk (50 Dx3abur/Mecsm)

Tpaduk (7.2 Dx3abaiit/Mecs)

IMTukoBag ckopocts (1 IT'6/c) ITukoras ckopocts (20 I'6/c)

Jocrynnsnii cnextp (3 I'T) JoctynHseli cnekrp (30 I'T)

IT10THOCTE MOOKTHYSHHT
(1 MHTHOH IIOIETIOYeHHA/KM)

I 10THOCTE MONKTHOYEeHHET
(100 TBICAY MOIKTHOYSHHI/KM)

Puc. 1.CpaBHenne Bo3moxkHocreii 4G u 5G
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PaccmorpumHa npumepectanmapra Verizon 5G,  KOTOPBIMHCIONB3YETCYIIECTBYIONUIYIOMH(PACTPYKTYPY,
obecnieunBaemyto crangaproMm LTE 3GPP. CpaBHeHHEBCEXOCHOBHBIXTEXHUYECKUX MapaMeTPOBITHX CTaHIapTOB
IpUBeIeHO B TabI. 1.

Tabnuna 1- CpaBaenne VSGTF u LTE.

Verizon
OcHoBHbIE TapaMeTpPbl LTERelease 8-14 SGTF
Mopayasuus B HUCXOIAIIEH JHHUU OFDM OFDM
(DL)
Monynsmus B BOCXOISIIER DFT-S-OFDM OFDM
muaun(UL) (SC-FDMA)
JlmHa moxkanpa 1 mc 0,2 mc
WuTtepBas Mexay NMoIHECYIIEMHU 15 x['x 75 k'
YacToTa TUCKpETU3aIun 30,72 MI'g 153,6 MI'n
[TpormyckHas cnocoOHOCTh 20 MI'q 100 MTI'1q
Jnmunna cumBosia OFDM, 6e3 CP 66,67 MKC 13,33 Mxkc
Jlmuana dpeiima 10 mc 10 mc
IMoakanpel/CnoThI 10/20 50/100
Tun mukaeckoro npedukca (CP) HopmansHbie Tonbko
pacipeHHbIe HOpMaJbHbIE
MyJIpTHIUIEKCHPOBAaHHUE FDD/TDD TDD
MaxkcuMaabHOEKOINYECTBO 6, 15,25, 50,75, 100 100
PECYPCHBIX OJIOKOB
DL/UL komupoBaHue Turbo LDPC

OnmHNM U3 BaXHEHIINX IapaMeTpoB JUIA CHCTEM PaAMOJOCTYyHa OyAyLINX MOKOJIEHHS SBJISETCS MPOIYCKHAS
CIIOCOOHOCTbB, KaK OIMH M3 (PakTOpoB 3((PEKTUBHOCTH TaKOW CUCTeMbl. IIpuBENEM NMPUMEPOLEHKH MPOMYCKHOM
CIIOCOOHOCTH JIJIsi MOOMIJIBHBIX CUCTEM IISTOrO M YeTBEPTOro nokoseHui. Kak npaBuiio, cucTeMbl MOOHIBHON CBSI3U
MOCTPOCHHBIE Ha ocHOoBe TexHosormn MIMO (multipleinput - multipleoutput). PaccmoTrpum citywaid, korna
ucronb3yercs: yactotHelid nymieke (FDD - Frequency-divisionDuplexing), u3 tabn.1 BuaHO, 4TO 1OJIOCA YaCTOT
HeoOxonuma — 20 MI'n, a g cucrem 5 nokonenuss — 100 MI'n. 3HaueHMe OTHOIIEHMS CUTHAI/IIYM B sYelKe
MEHSETCS ¢ yIaJleHneM a0OHEeHTa OT 0a30BOW CTAHIMM IO TPAHUIBI ssdeiku. Jlomyctum 3tr 3Hadenus Oyayt C/I1,
= 16ab Bo3ne bC, C/I1I, = 9nb Ha myTH k rpanwune sraeiiku u C/I; = 6a1b Ha TpaHuIe sueiiku. B Takom cirydae kak
M3BECTHO [4], mpomyckHas criocooHocTh MIMO-paauonunamii onpenensercs mo Gopmyne [4]

Crmuo = Mf log,(1+C/ 1) n
rae M = min{M npx X M Hp} —MHUHUMAJIBHOEKOJIMYECTBOAHTEHH B KoH(urypamun MIMO-paanonuHuu, fK -

NIMPHHA CIIEKTpa panuokanana, C/[[] — OTHOIICHUE CUTHAI/IITYM.
OnpenenyM Kak MEHSETCS MPOITycKHas crocobHocTh MIMO-pannoiMHuY B HAaNPaBJICHUW OT 0a30BOM CTAHIIUH
K MOOWJIBHOHM CTaHIIMHM B 3aBHCHUMOCTH OT BenuuwmHbI 3HadeHus C/III npu ycmoBuu, uro koHpurypamus MIMO —
panuonuHnu OynyT : 5x3 m 4x4. T.K. B CHCTEMCUETBEPTOrO MOKOJICHHS HMCIOIb3yETCIYACTOTHBIN AYIUICKC, TO
IIMpUHA CIIEKTpa paJuoKaHajla Ha JIMHUM BHM3 OyzaercocTaBisiThf, = 10 MI'm u3 BbLaeneHHo# nomocsl 20MIm.
IIpuBenem pacueTsl Uit IBYX KOHQUTYpAIUii:
1)  mpum ycnoBuH, ECITMKOHPUTYPAIHIS X3
Comro 1 =3-10-10° log,(1+39,:8) = 160M6ut/c
2) pu yCIIOBUH, ecUKOHpUTrypannsd x4
Como 1 =4-10-10°log, (1+39,8) = 214 Mbur/c
JUJI CHCTeMBITIATOTO TIOKJICHHS B TUTAHE YacTOT BhIeneHo moxocy 100 MI' u mmprHa pagnoKkaHaia Ha JIMHIH
BHU3 COCTaBHT f, = 50 MI'1I.
1) ipu yCIIOBUH, €CITUKOHPUTYPAITHSIS %3
Como 1 =3-50-10°1og, (1+39,8) = 802 MouT/c
2) IIpH YCIIOBUH, €CITMKOHPUTYparusad x4
Comio 1 =4-50-10° log, (1+39,8)=1070 M6ut/c

ITomyueHHbIE B UTOTE PACYETHI U BCEX TPEX 30H CBEACHHI B Ta0MI.2.

Tabauna 2 — Onenka nponyckHoi ciocooHocTr MIMO-painonuHuy ABYX KOH(PUTYpaIHid.

LTE (20 MTI'ny) 5G (100 MTI'm)
5x3 4x4 5x3 4x4
1 160 Mourt/c 214 Mowurt/c 802 Mbur/c 1070Mbwut/c
2 95 Mowut/c 126Mowurt/c 473Mowut/c 630 Mowur/c
3 70 Mowut/c 91Mbur/c 343Mbur/c 458Mowut/c
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Puc. 2. CpapHenue nponyckHoii cnocoonoctu MIMO-paauoiMHuy ABYX KOH(UIrypanmii

W3 maHHBIX BBIYMCIEHUH BUAHO, YTO MPH TEX K€ MapaMeTpax mnepenadu U KoHdurypanusax MIMO-panunonuHiuy nporycKHas
CMOCcOOHOCTh cHCTEMBI 5SG IIEMOHCTPUPYET MPUMEPHO B 5 pa3 JIydllIhe MOKa3aTelu, YeM ee NMPEeALIeCTBEHHUNA. DTO TO3BOIUT
YBEJIMYUTH CKOPOCTD Tepeiadn HHYOPMALMU B TaKOH CHCTEME, YTO IIPUBEAET K MOBBILICHUIO 3 (HEKTUBHOCTH TaKOH CUCTEMBI.

W3 BBIIIE CKa3aHHOTO MOXKHO CJIEIaTh BEIBOJ, UTO HUCIIOIB3yEeMbIe aHTCHHBIE TEXHOJIOTUH JAI0T CYIIECTBEHHOE 3HAUCHUE IS
3¢ PEKTHBHOCTH CHCTEM Kak 4-To, TaK ¥ 5-Tr0 HOKOJIEHHH. AHATH3UPYIO JOCTYIHYIO HAYYHYIO JIUTEPATypy OBIJIO OTMEUEHO, YTO
npu co3panuu cetn 5G Oe3yciaoBHO OymyT mcromb3oBatees LIAAP (LludpoBsle amanTuBHBIE aHTEHHBIC pemeTkn). OqHAKo B
HacTosilee BpeMsi oOcyxknaercs Imepexo] Ha mmWave TeXHOJIOTHIO, YTO CBSI3aHO C OIpENENEHHBIMH CIOKHOCTSIMHU. Jlis
MOCTaBIIMKOB 0a30BbIX cranimii (BTS) Obl1o ecTecTBEHHO Hccen0BaTh nonocy 4actot A0 6 [T, 4ToObl OCYLIECTBUTH MEPEXOJ
OT MACCHBHBIX aHTEHHBIX CHCTEM IOCTPOEHHbIX Ha miatdpopme MIMO no mmWave TexHOTOrHH. DTO MO3BOJUT COXPAHSIThH
OCHOBHYIO apXHTEKTYpy CETeH 4eTBEPTOr0 MOKOJICHHS M YCOBEpIICHCTBOBAHHBIC AJITOPUTMbI 00paOOTKH HMHGOpMALMH Ul
MPOCTPAHCTBEHHOT'O MYJIbTUILUIEKCUPOBaHUS Jydelt [3].

Kak Obr To HHM OBLTO, W3-32 PE3KOTO YBEJWUYCHUS IPOIYCKHOH CHOCOOHOCTM KaHaja, Inpemiaraemoro mmwWave, U
HEOOXOJMMOCTH BO MHOTHX AaKTHUBHBIX KaHalaX, CYyIIECTBYeT Cephe3Has OOCCIOKOCHHOCTb B CBSI3H C TEM, UTO BEIMIHHA
paccenBaeMOil MOITHOCTH TaKO# CHCTEMBI OyAeT HEIOMEpHO BEICOKOH. TakuM 06pa3oM, MOCTABIIUKH UCCIEAYIOT aPXUTEKTYPEI
¢ THOPUIHBIM CIIOCO00M (HOPMUPOBAHMUS JIyda, YTO HO3BOJISIET 00ECIEYNTh TMOKOCTh MEXy KOJHMIECTBOM KaHAJIOB OCHOBHOM
MOJIOCHI ¥ KOJTMYECTBOM aKTHBHBIX PaJliOYacTOTHBIX KaHAJIOB [2].

IIpenmnonaras, 4To AJIs MPUTOPOAHOTO (PUKCHPOBAHHOTO OECHPOBOIHOIO PAAMOAOCTYIA HE TPeOyeTcs IMPOKOMAcIITabHOe
CKaHMPOBAaHHE, a XOPOLIO CIIPOSKTHPOBAaHHAs aHTEHHA obecreunBaromas ycwienue 10 14 nbu, B MUpe Ha4aTo ¢ KOHCTPYKLUU
npuemonepenatunka mmWave BTS, opuentupoBannoro Ha 3¢pQexkTuBHYI0 H30TpOnHYyIo u3nydaemyio momHocte (EIRP) 65
nbwm. IIpeanonarast kakumu OyAyT MOTEPH B PaJMOIMHUHE MOXKHO PacCUMTaTh HEOOXOMUMO KOJIMYECTBO MPHEMONEPEIaTINKOB,
KOTOpBIE, B COBOKYITHOCTH, 0OecrieunBaroT 12 nb mudposoro ycunenus popMupoBanus yqa mo Gopmyie [3]:

EIRP = G5z (dB) + Guyr (dBD) + By, (dBm)

EIRP = 10log10 (Nopypnms ) + 1000910 (Npa) + Gayr + P_ave  (dBm). )
CHANNEL

3 Bcero BbIIIe CKa3aHHOTO MOYKHO CJIEIaTh BHIBOJI:

1. Hepexon K TCXHOJIOTHAM IISATOI'O0 IMMOKOJICHUA NaCT BO3MOXXHOCTH ITOBBICUTH 3(1)(1)6KTPIBHOCTI) cerei paanoaocTyiia, 1Mo
CpaBHCHUIO C CYHICCTBYHOIIVMMU. OnIHaKO BO3MOXXHOCTh OCYHICCTBJICHUA OTOr0 mepexona 3a CUHET COBMCUICHUS apXUTCKTYPbL
CETHU NpeAbIAYHICTO, 4-ro TIOKOJICHUSI, COKPATUT SKOHOMUYCCKUEC 3aTPAThL.

2.  BriOop KoH(pUTrypanMu aHTEHHOH CHCTEMBbI, TOCTPOEHHON Ha 6a3e TexHomoruu MIMO, MOXeT IaTh BBIUTPHIII B ISATh
pa3 1o NPOITYCKHOI CIIOCOOHOCTH paJIOKaHaIA.
3. PaccMOTpeHHBIl M NPEIUIOKCHHbIE BBIIIE MAEH B CKOPOM BPEMEHM [aayT HOBBIH TONYOK B Pa3sBUTUM aNalTHBHBIX

paarocucTeM Ui epeiadn nHdopmaiyu, 6y1b TO TOJI0COBBIX TaHHbIX, TU00 BUICOMH(OPMAIIUH.
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KPAIITOTPA®UYECKHIN MPOTOKOJI JIOKASATEJbLCTBA C HYJIEBBIM
PA3I'JTAIIEHUEM HA OCHOBE AJITEBPAMYECKOM CTPYKTYPBI
INHOJIMHOMUMAJIBHOI'O KOJIBIIA

AnHomayus. [Ipedaodxcen kpunmoepaguueckuti npomokos 00KA3ameabCmed C Hy/1e8blM pas2aduleHuemM Ha
OCHoBe aJzebpauyeckoll cmpykmypbl NOAUHOMUAAbHO20 Koabyd. OnpedeseHa noAHoma u KOppeKmMHOCMb npomokoa.
IIpozpammuas eepudukayusi kpunmozpagpuyeckozo Npomokoia 6bulaad 8bINOJAHEHA C NOMOUWbI0 NPOZPAMMHBIX MOJY.aell
OFMC u CLAtSe. /[lna nposepku Kpunmozpagu4ecko2o npomokoaa Ha ycmou4ugocms K amakam 3/10YyMblUlIeHHUKA Oblau
npumeHeHbl cpedcmea nakema Security Protocol Animator das AVISPA.

Kawouesvle cnoea: kpunmocucmema € OMKpbIMbIM — KJAOYOM, pewemuamasi  Kpunmocucmema,
Kpunmozpaguueckuii npomoko.1, udeHmuguxayus, aymeHmugukayusi, 0okasameabCmao ¢ Hy/1e8blM pas2AauieHUeM.
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Cryptographic PROTOCOL ZERO-KNOWLEDGE PROOF BASED ON ALGEBRAIC STRUCTURE OF
POLYNOMIAL RING

Abstract. Proposed cryptographic protocol with zero-knowledge proof based on algebraic structure of polynomial
ring, allowing to establish the truth of allegation and does not convey any additional information about the approval.
Cryptographic protocols based on zero-knowledge proof allow identification, key exchange and other cryptographic operations
to be performed without leakage of sensitive information during the information exchange. The implementation of the
cryptographic protocol of the zero-knowledge proof based on algebraic structure of polynomial ring allows to significantly
reduce the size of the protocol parameters and increase the cryptographic stability (computational complexity of the hacking
problem). The stability of the cryptographic protocol with zero-knowledge proof on Nth-degree TRUncated polynomial ring
(NTRU) is provided by the difficulty of finding the shortest vector in a given numerical lattice, which in turn makes the protocol
resistant to attacks on quantum computers. NTRU is the first public key cryptosystem not based on factorization or discrete
logarithmic problems. The NTRU cryptosystem using on lattice cryptosystem that based on objects of a truncated polynomial
ring. The completeness and correctness of the protocol is determined in the work, an example of calculation is given, the
cryptographic protocol is modeled on the High-Level Protocol Specification Language, the model validation and verification of
the protocol are performed. Software verification of the cryptographic protocol was performed using the software modules On
the Fly Model Checker (OFMC) and Constraint Logic based Attack Searcher (CLAtSe). To validation the cryptographic protocol
for resistance to intruder attacks was used the Security Protocol Animator package (SPAN) for Automated Validation of Internet
Security Protocols and Applications (AVISPA).

Keywords: public key cryptosystem, lattice cryptosystem, cryptographic protocol, identification, authentication, zero-
knowledge proof.

[IprMeHeHHE OTKPBITHIX KaHAJIOB MEpeIay JaHHBIX CO3/IacT MOTCHIMAIBHBIC BO3SMOXHOCTH JUIS JCHCTBUI
HapymuTeneir. [loaToMy oOJHOM W3 BaXHBIX 3ajJa4 oOecreueHHs WHPOPMAMOHHOW OE30MaCHOCTH IpH
B3aUMOJICHICTBUM TOJIb30BaTeNel SBISIETCS HCIIOJB30BAaHME METOIOB M CPEICTB, MO3BOJISIOIIUX OJHOMN
(mpoBepsitonieil) cTopoHe YOEmMTHCS B TOUIMHHOCTH JAPYro (MpoBepseMoii) cTOpoHBL.  [IpoTOKOJIBI
ueHTHOHUKALUMK U ayTeHTH()UKALIMA MOXHO pPacCMaTpuBaTh KaKk BWJ WHTEPAKTHBHOTO JOKA3aTEIbCTBA 3HAHMS.
WHTepakTHBHOE [10Ka3aTENbCTBO — MOHITHE TEOPHH CJIOXKHOCTH BBIYMCIICHHUH, COCTABISIONICE OCHOBY MOHSITHS
JIOKa3aTeNnbCTBA C HYJEBBIM pasriamenueM (zero-knowledge proof — ZKP) [1...3]. Illupokoe pacrpocTpaHeHrE TPH
UICHTU(HUKAIMK TOIYYHIN Kpunrorpaduueckue mnpoTokonsl ZKP Ha 0a3e accuMmerpuyHOro mmmdpoBaHUs,
HanboJiee U3BeCTHRIMU sIBIIsTEOTCS: Fiat—Shamir, Schnorr, Okamoto, Guillou—Quisquater, Brickell-McCurley, Feige—
Fiat-Shamir [1...3]. B paborax [4, 5] mnpemioxeHsl kpunrorpaduueckue mnpotokonsl ZKP Ha ocHOBe
MaTEeMaTHYECKOTO amiiapara UIMNTHYCCKUX KPUBBIX.

C pa3BUTHEM METOJIOB M CPEACTB KPHUIITOAHAIN3A, a TAKXKE OBICTPOTO Pa3BUTHS TEXHOJOTUH M MOIIHOCTU
BBIYUCITUTEIBHBIX KOMITBIOTCPHBIX CHCTEM, BO3HHKACT HEOOXOIMMOCTh YBEIIMYMBATH Pa3MEpbl OOIIECUCTEMHBIX
MapaMeTpoB MPOTOKOJIA, BCICACTBHE YEro YBEIUYUBACTCS PECYPCOEMKOCTh M CJIOKHOCTH BBITIONHEHUS! 0A30BBIX
omepanuii B moysix. OJHAKO peLIeHHe JaHHOTO BOMPOCa MOXET ObITh [JOCTHIHYTO 3a CUeT pealn3alud
kpunTorpaduaeckux mpoTokosoB ZKP Ha ocHOBe anreOpanveckoil CTPYKTYPHl MOJMHOMHAIBHOTO KOJbIIA, YTO
MO3BOJIUT YMEHBUIMTh pasMep MapaMeTpoB IPOTOKONA U  YBEIMYUTh KPUOTOrpaUuecKyld CTOWKOCTh
(BBIYHCIHUTENBHYIO CJIOXKHOCTD 33/]a9i B3JIOMA).

Lenvio pabomwl sBisieTcss pa3pabOTKa KPHUITOTPa(UUECKOro MPOTOKOJIA JI0KA3aTeNIbCTBA C HYJIEBBIM
pasriamenreM Ha ocHoBe kpunrocucreMbl NTRU (Nth-degree TRUncated polynomial ring), kotopast croiikas K
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aTakaM, OCYIIECTBJISIEMbIM Ha KBaHTOBBIX KommbioTepax. Kpunrtocuctema NTRU ocHoBana Ha perueT4aroit
kpuntocucteme (lattice cryptosystem), B KOTOpO# UCIIOIB3YIOTCS ONEPALIMK HaJl KOJIBIIOM YCEYEHHBIX MHOTOWICHOB
cTeneHu, He npeBocxomsmeii # — 1. B cucreme nmoposanns NTRU ucnons3yem cienyromuye 0003HaYeHUS: 1 —
pa3MepHOCTh KOJblla MHOT'OYJICHOB; p U ¢ — HaTypalbHble B3auMHO rnpoctele uncia HOL(p, ¢) = 1. Ilycts umcia
n,p,q W3BECTHbI ydYacTHHKaM WH(POPMAIMOHHOTrO mpolecca; g(x) — MmuorowieH B kombie Z[X]/(g, X'—1)
NpeBAPUTENBHO COrIacoBaH; f{x) — MHOrowIeH B Kouble Z[X]/(X" — 1), npuueM Ui MHOrOWIEHa f{X) CyLIECTBYIOT
oOpaTHEIe MHOTOWIECHBI F,(x) u F,(x). AGOHEHT 4 BBIYMCIACT 3HAUCHMS OTKPBITOTO Kioda Y,(x) = F,(x)g(x),
KOTOpBIH repenaeT aboHEeHTY B BMeCTe ¢ 3asBKOH Y. AGOHEHT B BRIOMpAeT CIydailHbIf MHOTOUJICH 7(X), COOOIIEeHUE
M(x) n BeraucaseT 3anpoc — y(x) = pY,(x)r(x) + M(x), koTopsiii nepenaetT aboHeHTY 4. AOGOHEHT A ompenenser
M(x) = (F,(x)(f{x)y(x)(g, x"— 1))(p, x" — 1) u mepemaer orBer — X(x) =fx)M(x)h(x) abGomenty B. AboneHT B
MPOBEPSET PaBEHCTBO Y (x)X(x) = y(x)M(x)g(x) = h(x)M(x)g(x).

Honnoma npomoxona. A6oneHT A pacumdpoBbBacT cooOmieHue M(x), MOIb3ySICh CBOUM CEKPETHBIM
woyoM. Jlokaxkem. AGoneHT 4 momywaer oT aboHeHTa B 3ampoc y(x) = (M(x) + pY,(x)r(x))(g, x" — 1), Tak kak
Y.(x) = (F,(x)g(x))(g, x" — 1), 10 p(x) = (M(x) + pF(X)g(x)r(x))(q, x" — 1). YMHOXHM JI€ByI0 U IPaBYIO YacTH
paBeHcTBa y(x) Ha f{x) Mo MOAYJIIO ¢:

(AR ))(g, ' — 1) = ({OME) + pF,0)gr))(g, &' - 1;
(fx)y())g, x" = 1) = (fx)M(x) + pg(x)r(x))(g, x" = 1). (1

YMHOKHM JIEBYIO ¥ IPABYIO YaCTH IOJIydeHHOTo paBeHCTBa (1) Ha F,(x) mo Mozmymto p:

(F ) x)p(x)(g, x" = D)(p, x" = 1) = (F,(x)(A)M(x) + pg(r)r(x))(g, X" - D)(p, x" — 1) =
= (F,0)()M(x)(g, x" = D)(p, x" = 1) + (F(x)pg(x)r(x)(g, x" = D)(p, x" = 1) = M(x).

AGoHeHT A 3HaeT 3Ha4eHU f{x) U F,(X), IO3TOMY OH B COCTOSIHUU OTBETUTH HA JIIOOBIC 3aIIpOCH aDOHEHTa

B. Ilpu 3ToM nipoBepstonnii aboHEHT B yOexaaeTcss B CIIPaBeITMBOCTA COOTHOIIIECHUS
Y (0)X(x) = F,()g)fx)M(x)y(x) = h(x)M(x)g(x).

st anannza npeuioskeHHoro Kpuntorpaduueckoro nporokona ZKP NTRU Ha ycToH4nBOCT K aTtakam
NPOTUBHMKA OBII NMpHUMEHEH NporpaMMubiid npoaykt AVISPA [6]. BrinosHeHa npoBepka MoOJENU MPOTOKOJA C
nomomiplo Protocol Simulation makera SPAN [6]. Ilporpammuas BepuguKanus HPOTOKOJNA W YCTOWYHBOCTH
NPOTOKOJIA K arakaM MPOTHBHHMKA Obla BBHINMOJHEHa ¢ NoMoOIbl0 nporpaMMHbix Moxyneit OFMC n CLAtSe
AVISPA [7]. Croiikocts nipotokonia ZKP NTRU oGecrieunBaercst TpyITHOCTBIO HAXOXJICHUS! KpaTyaIero BeKTopa
B 3aJaHHOM YHCIIOBOI pemIeTKe, YTO B CBOIO OYEpeAb JENaeT MPOTOKON YCTOMYMBBIM K aTakaM Ha KBaHTOBBIX
KOMITBIOTEPaX.
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IMPUHIOUII TIOCTPOEHUSA BECHE’OBOI[HOI‘/JI CETU LI-FINIIYTU
ITPAKTUYECKOU PEAJIN3ALINU

AHHOmMayus: B pa6ome aHa/ausupyemcss NpuHyun nocmpoeHus ycmpolicme Ha 6a3e mexHosaozuu Li-Fi.
Paccmompena cmpykmypHo — yHKYUOHA/IbHASL CXeMa Mpakmos npuema u nepedavu cuzHaa08 ycmpoiicme guzuveckozo
ypoeHs. [Ipusedena o6o6ueHHas cmpykmypa 6ecnpogodHotl cucmembl Li-Fi u dan anaaus npoyecca o6MeHa uHgopmayuetl
Mexcdy KOHEeYHbIMU hnojAb3ogameasimu. OmmeveHa hepcneKMu8HOCMb OAHHOLU MEXHO/A02UU, ee B03MOXCHOCMU 8
Hanpas/eHuU nogbluleHUsl NPONyCcKHOU cCNOCOBHOCMU U Kayecmed 06CAyHUsaHusi cucmem 6echpogodHozo docmyna.

Kawuesuie cnosa: Visible Light Communication, VLC Personal Area Networks, VLC, Li-Fi, VPAN, ITS.
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THE PRINCIPLE OF CONSTRUCTION THE WIRELESS LI-FI NETWORK AND THE WAYS OF ITS PRACTICAL
IMPLEMENTATION

Abstract: Currently Wi-Fi technology is widely used in all public places: at homes, hotels, airports, etc. The usage of wireless data
technology increases in geometric progression each year, but the range of available frequencies is becoming smaller and smaller. As a result,
higher frequencies are used, along with the increase of radio frequency interference. In order to avoid similar problems in the future, the Li-Fi
technology was proposed as a flexible approach that would meet the increasingly important requirements of internal wireless broadband
access networks. The considered technology is innovative, at nowadays it only reveals all its potentials in achieving not only high data rates
and electromagnetic compatibility, but it also provides a high economic performance by using the already existing lighting infrastructure
based on LED lamps. According to recent researches, Li-Fi can develop data rates of over Gbps, which is quite enough to withstand
competition in the field of broadband wireless communications.

In this particular paper, the principle of constructing devices based on Li-Fi technology is analyzed. The structural - functional
scheme of the receiving and transmitting modules of physical layer devices is considered. The generalized structure of the wireless Li-Fi
system is presented and the analysis of the process of information exchange between end users is given. The prospects of this technology, its
capabilities in the direction of increasing the capacity and quality of servicing of wireless access systems are noted.

The results can be used to build a fundamentally new type of data transmission networks in many areas, especially those that are
sensitive to radio waves, such as airplanes or surgical rooms. The proposed Li-Fi network is offered for deployment for internal wireless
networks: meeting rooms, general offices, shopping centers, airports, railways, hospitals, museums, aircraft cabins, libraries, and so on.

Keywords: Visible Light Communication, VLC Personal Area Networks, VLC, Li-Fi, VPAN, ITS.

Beenenue

B cBs3u c yBenmueHHEM KOJHUYECTBA TEXHOJOTHYECKUX pPa3pabOTOK TEIeKOMMYHHKAIIMOHHBIX YCTPOMCTB,
YBEJIMYCHUS YHCIAa Pa3sHOOOPa3HBIX MNPWIOKEHWH, WX HOMEHKJIATYpsl W  NIPEAOCTaBISEMBIX  YCIYT,
MIPEOCTABISIEMBIX TOIB30BATEISIM, 3HAUUTEIEHO BO3POCIH TpeOOBaHHUA K CKOPOCTH Tepenadn AaHHBIX. [losTomy,
CETH TIepeljaddl AaHHBIX B OOJIBIIMHCTBE CTPOSATCS C TOMOIIBIO OITOBOJIOKOHHBIX JIMHUM, IMO3BOJISIOMNX JTOCTHYb
CKOPOCTH Tiepeqadn JaHHbIX mopsinka T6 / ¢. OmHako, HE BCerna MMEeTCsl BO3MOXHOCTh Pa3BepHYTh KabeTbHYIO
MHQPACTPYKTYpy MEXJy KOHEUHBIMHM IOJIB30BATEIIIMH. B 3THX yClIOBHSAX, pOJib CUCTEM OECHpPOBOJIHOI CBSI3U
MOCTOSIHHO Bo3pacTaeT. OcoOCHHO MIMPOKO OECHPOBOMHBIN JOCTYI MCHONB3YETCs Ha TMOCHIeIHed MuIe, B 1oMax, B
O(UCHBIX MOMEIIEHHSIX U IPYTUX MECTax OOILEero MojIb30BaHMsI.

B nmanHoii pabore paccmoTpen croco0 moctpoenust cetd Li - Fi na 6aze texnonmornu VLC (visible light
communication) 11 oOecriedeHHs I0Jb30BaTeleld OECIpOBOMHON CBA3BI0 B TaKMX Cpelax, Kak CaMOJIETHI,
OOJIHMIIBI W T.J., TJ€ HEYJOOHO M OIaCHO MCIIOJb30BaTh paguoyacToTHble BONHBI [1]. JlaHHas TexHoiOTHs
WCToNB3yeT curHasel B uHTEpBane 380-780 M. TakuMm 00pa3oM, MOXHO OJHOBPEMEHHO DPEIIUThH IBE 3aJadH.
Ilepsas, 310 0OecTIeYnTh KAa4ECTBEHHOE OCBEIICHHE MTOMEIICHUH C HCIIOIB30BAHNEM YKOHOMHUYHBIX CBETOIMOIHBIX
namir. Bropast, 3To HCIIOIB30BaTh 3Ty HHOPACTPYKTYPY AJIS ITepeaadd BRICOKOCKOPOCTHON Tiepeiadn JaHHBIX [2].

HpuHIMD CTPYKTYPHOro-pyHKIINOHAJIBLHOIO NocTpoenus decnipoBoaHoii cern Li Fi nHa 6aze VLC

OnuH 13 BO3MOXHBIX BAPHAHTOB CTPYKTYPHO - (YHKIIMOHAILHON CXeMa CUCTEMBI CBS3U Ha 0a3e TEXHOJIOTUH
VLC npuBenena Ha puc. 1. OcHOBHbIMU 2ieMeHTaMu cucteMbl VLC siBisieTcs: nepeaatdynk (Habop CBETOJIUOMAOB),
MpUEeMHHUK ((POTOAETEKTOP), OJOKHA MOIYIISIIIMA M JEMOAYJISAIUH | T.1. [3, 5].

PaccMoTpuM HasHaueHHe W (DYHKIMH 3JIEMEHTOB CHUCTEMBI OecrpoBoJHOro jnoctyna. Cucrema COCTOUT M3
JIBYX 4acTeH - TpakTa Iepeaadn 1 TpakTa npuema.
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Puc. 1. CTpykTypHO - pyHknuonaabHoii cxema ceru Li Fi na 6aze VLC

TpakT nepenauu:

CylIecTBYIOT pa3jIMuHble MCTOYHUKH CBETa, KOTOpHIE YHO0OHO HCIOJB30BaTh sl ocBemieHus. OnHaxo,
HanOoslee MoIyJIIPHBIME cUHTaroTCs JiazepHble 1uoabl (LD) u ceeronuonst (LED). OcHoBHOe paznuune mexxay LD
u LED sBnsercss TO, 4YTO Ja3epHbIE AMOIBI SIBISETCS KOTEPEHTHBIM HMCTOYHHKOM CBETa, a CBETOJHMOIBI -
HeKkorepeHTHBIM. [lockonbky B nmaHHOW paboTe MOANEpP)KUBAETCS KOHIEMIHMS OIHOBPEMEHHOTO OCBELICHUS M
nepeaayn JaHHBIX, 00cyxnerns LDs BEIXOAWT 3a paMKH JaHHON paOoTel. MTak, mpoananm3uposas puc. 1. Moxem
OTMETHTB: TIPH TepeAade WHPOPMAIWK OT OJHOTO IIOJIB30BATENs K JAPYroMy, CHTHall OyIeT MPOXOOUTH depe3
CIIEIUATBHYIO CXeMY YIIPaBJICHHUSI UCTOYHIUKOM CBETa, MPEICTaBICHHOTO B Bue Habopa LED mamm. JlaHHas cxema
ynpasienus (Driver circuit) ncmonb3yercst Uil 00ecIIedeHns dIEKTPUIESCKON YHeprueil CHCTEeMbl OCBEIICHHS Ha
0aze cBeroamoAHBIX Jamn. OHa [ODKHA OO0ECHEYNTh [OCTATOYHYIO BEIHYMHY TOKA, KOTOpas IIO3BOJIUT
CBETOAMO/AaM CBETHTh C HEOOXOAWMBIM YpPOBHEM SAPKOCTH, NPH 3TOM HE IIOBPEAWB CaM CBETOAMOA. biok
MOJyJISIMK o0ecTieunBaeT 3a BIo)KeHHe MH(OpMaMOHHO cocTaBisitomieil B cBeToBOM curnan. Ha ceronust Beioop
croco0a MOAYJISIIMY TOBOJILHO IIUPOK: aMITIUTY/HAS MaHUITYJISINS, ITUPOTHO-UMITYJILCHAS, MOYJISILIUSI LIBETOM, U
tak paiee. Ho wnambonee mnpocroit cmoco6 — 310 On-Off monymsums. To ecth, cucremMa wuMeeT [Ba
MH()OPMALMOHHBIX 3HAaY€HHE MOIIHOCTH, COOTBETCTBYIOUIMX BKJIIOYCHHOMY | BBIKJIIOUEHHOMY COCTOSIHUIO
nepenaryuka. JJaHHBIH BHI MOIYIISLUH SIBJISCTCS COCTABIIIONINM JIEMEHTOM CHUCTEMBI OCBELICHUs, TIO3TOMY HpPH
nepexade HHPOPMALIUK CUTHAIBI OYAyT UMETh pa3HyI0 CKBaXHOCTb M OyAeT HaOMoAaThCs HeOOIbIIOe H3MEHEHHE
ApKOCTH cHurHama. YToObl u30€XaTh HENPHUATHBIX IS YEJNOBEUECKOTo TIJ1a3a OIIYIIEHHH, HWCIONB3YIOT
KOMIICHCUPYIOIINE TTay3bl: IIPH OTCYTCTBHUH MEPEJadr BBOAATCS CHTHAIBI, KOTOPHIE TIO3BOJISIOT COXPAHUTH SIPKOCTh
OCBEIICHNS Ha OTHOCHTEIEHO MTOCTOSTHHOM YPOBHE.

Tpakt npuema:

®dotoxerekTop Toriomaer (GOTOHBI, MATAIONIMe Ha €ro IOBEPXHOCTh Yepe3 BHENIHWA HWHTepdehc u
TeHEpUpYyeT JJeKTpuuecknid curHan. [IpeoOpazoBanue (OTOHHOW JHEPrHMH B DIEKTPHUECKYIO MOXKET OBITh
JOCTUTHYTO W aJbTEpHATUBHBIM crocoOoM. CyIiecTByeT MHOTO THIIOB (DOTONPUEMHHUKOB, HAIpUMED,
(oropesucTopsl WM (HOTOTpPaH3UCTOPBI, obyanaromue crenuduueckumu kadectBamu. OpjHako, (GOTOANOIBI
SBJISIIOTCSL Hanboyiee PaclpoCTpaHEHHBIMH B KadecTBe (DOTONPHEMHMKA H3-32 MX MaJoro pasMmepa, BBICOKOH
YyBCTBUTEIbHOCTH M OblcTpod peakumu. P-I-N (PIN) u naBunubiii ¢orommon (APD) sBmstorcs Haubosee
TUIWYHBIMU TIPUMEPAaMM HCIIOJIb30BaHUs (OTONMONOB B KadecTBe (HOTONPUEMHHUKOB. CyLIECTBYET HECKOJIBKO
Han0OoJsee BAKHBIX TPEOOBAHMIA, KOTOPHIM JOJKEH OTBEYATh (DOTONPHUEMHUK:

- YyBCTBUTEIHHOCTH B OTIPE/ICIICHHOM MHTEPBAJIE [UTHHHBI BOJIHBI;

- JUTATENBHBINA CPOK SKCIUTyaTaIluH;

- BBICOKAs HaJIC)KHOCTE;

- MUHUMAaJIFHOE BIIUSHUE TEMIIEPATYPHBIX KOJICOaHHIA;

- YMEHHUE TIOJaBIIATh ITyM (OKPYKAIOIIeH CpelIbl, 3aTMEHHS U T.JI.) © TOMY TTOI00HOE.

NOTONOK LED cluster NoTONOK
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epenaym MK npuema
a7 arm— . A
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HuiFi nepeaaiu Cpena HuiFi
(VLC) nepenaiu
(VLC)
Popt Prec !Pom \Em'
¥ 1 Y
Mogaynb Moaynb Mogynb Moaynb
nepegasv| | npuema nepegaiun npuema

lelec

“**MonbaoBarens 1 Monb3osaresb 2 '

Puc. 2. O600mennas crpykrypa ceru Li Fi

ITocme TOrO, Kak ONTHYECKUH CHUTHAJI TPUHAT M TpeoOpa3oBaH B JJIEKTPUUSCKUH C TIOMOIIBIO
(dhoTomeTekTOpa, Maee ITOT CUTHAN OTPMIBTPOBBIBACTCS OT MOMEX M YCHIMBAETCS C MOMOIIBI0 COOTBETCTBYIOIIUX
ycTporicTB. B maHHOM citydae OBLIO OIMMCAaHA CTPYKTypa MEpeadd W MpHueMa OJHOHAIPABICHHOM ceTw Ha 0asze
VLC. Bo3moxHa Takxke JBYCTOpOHHss rnepenada B cucreme Li-Fi, 1y 3TOro BBOISAT B CETh JOMOIHUTEIBHOE
ycrporicTBo: pasBetButeib (duplexer). Duplexer mcmomb3yercs mis MOJACPKKH IBYCTOPOHHETO CBSI3U ITyTEM
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pasacicHus NnepeaaHHoOro U NpuHATOro CUrHasa. Bo3moxubIi BapUaHT 0606H16HH01>1 CprKTypHOﬁ CXEMbI TaKOU
CCTHU IMPUBCJICH HAa pUC. 2.

Hanbosee BaxXHBIMH JIEMEHTAMM TaKOW CHCTEMEI SIBISCTCS MOAyJib IpueMa U MOAYJb Mepeaavu. Ha pI/IC.3
MpuBCJACHa ACTAJIM3alUsd DTUX Mo,uyneﬁ. Ilokazan HpI/IMepHHﬁ NEepeUYCHb JJIEMCHTOB U HX q)yHKIII/IOHaJ'IBHOG
Ha3Ha4YCHUC.

— Popt - MOLHOCTL NepeaaBaeMoro curiana  Popt_L - MOWHOCTb NEpeaaBaeMoro curdana ot LED
| MK —  MWUKpOKOHTpOMnnep P-

Mogyne nepepaqn

IEi-?C

eC - MOUWHQOCTL NPUHUMAEMOro curHana Prec_L - MOLLHOCTb NPWUHWUMAEMOro CrHana Ha LED

|

Tlanens P= e 5
MoaynaTop yTIpaEneHuA LED knactep pepa
LED ( nepenaun

l

Mogyne npuema

l Cpega
letec f—‘*l‘fcnnmenb 4—'{ DuneTp 4—{ﬂerm,u.ynqmm—{@o-‘o:temxro;«—— nepefasm

Puc. 3. CTpykTypHas cxema MojayJeii nepegayu u npuema ceru Li F

BriBoabl

Takum o0pa3om, wucnonb3oBanue TtexHonoruu Li-Fi sBisercs omanuM w3 Hambojee NEPCIEKTHBHBIX
HalrpaBJeHUH Pa3BUTHS CETeil OECHPOBOIHOIO JOCTYNA, TaK KaK ITO3BOJSET 3HAYUTEIHHO PACUIMPUTH JHANa3oH
UCTIONIB3YEMBIX YacTOT, CKOPOCTh Iepenadyrd HWHGOpMAmuu ¥ KadecTBO OOCIyXKHWBaHHME Noib3oBaTeneidl. Kak
MOKa3aHO B paboTe, MpaKkTHIeCcKas peasu3amisl ceTeld TaKoro TUIa U 0COOCHHO MX (PU3MUECKOro YPOBHS HE MMEET
0COOBIX TIpOOJIEM. YXe eCTh J1abopaTOpHbIE YCTaHOBKH, MO3BOJISIIOIINE IEepeaaBaTh HHPOPMAIIUIO CO CKOPOCThH 1
I'6ut/c [4]. Pazpabortan crammapt IEEE 802.15.7, B KOoTOpoM ompemeneHbl PEeKOMEHIAIMU K OECIpOBOIHOMY
unrepdeiicy dusnueckoro yposus PHY u yposHio ynpasnenust gocrynom k cpene MAC. 'oTOBUTCS K BBIITYCKY
HOBBIH CTaHJIApT, KOTOPHIH MOKa HE YTBEP)KAEH, HO PEKOMEH/IOBAaH K HMCIOJIb30BAHUIO NPH MPOBEJICHUM HAY4YHBIX
uccienoBannii. HekoTopblie cTpaHbl HaYaiM MOATOTOBKY K mepexoay Ha Li-Fi B ceTsix GecripoBoHOrO HOCTyMA.
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YOK 621 B
0.€. 3EMJITHCBHKUI

XMenbHUNBKUY HalliOHATBHUH YHIBEPCUTET

MMPOTHO3YBAHHS HAJIMHOCTI OIITUYHOI' O KABEJIIO
3A OIHKOIO CIIEKJI-CTPYKTYP

OcHosHuM kpumepiem Hadilinocmi onmuyHozo kabeaw (OK) € lioco mepmin cayxcéu. [Ipome onmuuHe 80/10KHO
(OB) mae psid npuHyunogux giomiHHocmell 8i0 esnekmpuyHoi MioHoi xcuau. OnmuyHe 80/10KHO € 3HAYHO Yymaugiwum 0o
MexaHiyHux Oili cepedoguujemM po3N0BCIOONCEHHS CU2HAAY, YuM MioHa xcuaa. Came yell gakm € supiwansbHuM npu
npoeHo3yeaHHi doszocmpokosoi HaditiHocmi OK.

Karouoei caoea: HaditiHicmb, onmuy4HUll Kabesb.

O.E. ZEMLANSKIY
Khmelnytsky National University

FORECASTING THE RELIABILITY OF THE OPTICAL CABLE FOR ESTIMATION OF SPECT-STRUCTURE

The main criterion for reliability of an optical cable (OK) is its lifetime. However, optical fiber (OV) has a number of fundamental
differences from electric copper conductors. Optical fiber is much more sensitive to mechanical actions than the medium of propagation of
the signal, than copper conductor. This fact is decisive in predicting long-term reliability of the OK.

Key words: reliability, optical cable.

OcHOBHUM KpHTepieM HagiiHOCTI onTHyHOTO Kabemo (OK) € fioro Tepmin ciayxOu. 3riTHO HOPMATHBHUM
BUMOTaM, TepMiH ciayx6u OK noBuHen Oytu He Menme 25 pokiB. B kinui 1980-x pp. pociiicbki kabenbHi 3aBou
(nanpuxnan, 3AT «CeBkaOeabONTIKY 1 1H.) IPUCTYIIUIN JO OCBOEHHS TEXHOJIOT1] BUPOOHHIITBA ONITUYHOTO Kabelto.
Buxonmsun 3 0OararopiyHOrO JOCBiLy BHPOOHHWIITBA EIIEKTPHYHOTO Kabenmto, Oararo KOHCTPYKTOPCBKHX 1
TEXHOJIOTIYHUX 3aBJaHb BUPOOHHUIITBA ONTUYHOTO KaOer0 OyII0 BUPIIIEHO TOCTATHHOTO JIETKO — HANPUKJIIA, BUOIp
HOJNIETHIIEHY JUIsl 30BHIIIHBOI 000JOHKH Ka0er0, TEXHOJIOTISl CKpYYyBaHHs I1apy OpOHIOBaHHS 3 OBUBA CTAJIEBOTO
apoty i romy noxioue IIpote ontrune BonokHo (OB) Mae psii MPUHIMNOBUX BIAMIHHOCTEH Bijl €I€KTPUYHOI MiJTHOT
. ONTHYHE BOJIOKHO € 3HAYHO YyTIMBIIINM JI0 MEXaHIYHUX JIif CepeIOBHIIEM PO3IOBCIO/PKEHHS CUTHAITY, YUM
MigHa kuina. Came neit GpakT € BUPIMIATBHAM MIPH MMPOTHO3YBaHHI TOBrocTpokoBoi HamiHocTi OK.

ITo BenmumHI MeXaHIYHOI MIITHOCTI KBapIleBE CKJIO, 3 SIKOTO BHTOTOBISIOTHCS BOJIOKHA JUIS OITHYHOTO
3B'I3Ky, TOPIBHAHHO i3 cTayumo. lle mpupoaHa BIACTUBICTH KBAapIIEBUX BOJOKOH, ajle i3-32 HEJOCKOHAJIOCTI
TEXHOJIOTi BUPOOHMIITBA 1 YMOB €KCILTyaTallii Ha MPaKTHIN BOJOKHO € KPUXKHAM 1 YyTJIMBHM JI0 MEXaHIYHUX IiH,
TaKUM, HANPUKIIAJ, SIK PO3TATyBaHHs a00 KPY4eHHS.

MIiIHICTh ONITUYHOTO BOJIOKHA BU3HAYAETHCS B OCHOBHOMY HAsIBHICTIO TIOBEPXHEBHX TPIIIHH, SIKi JOBUIBHO
PO3TaIIOBYIOTHCS Y30BX BCi€l HOro NOBXUHU. BenmmunHa MiHOCTI 3aeKUTh Bi JOBXKHY 3pa3ka OB, mBuakocti
JIOJJATKY HaBaHTXKCHHS 1 YMOB HABKOJIUIIHBEOTO CEpEOBUINA. SIKIO 0 BOJIOKHA HE MPUKIAIATH HaBaHTAXKCHbB, TO
HOro MexaHIuHi 1 ONTHYHI BIIACTHBOCTI 3aJUINAIOTHCS HE3MIHHUMH, HABITh SKIO HA BOJOKHO BIUIMBAIOTH BOJIOTA,
BOJIa, KHCJIOTH BEJMKOI KOHLEHTpalii ado iHIII XiMI4HI PeYOBMHHU. SIKIIO O BOJIOKHA NPHKIANATH MEXaHIYHY
Harpyry, TO TPIIMHM Ha HOTO MOBEPXHI MOXYTH 30UIbIIyBaTHCS. TakMM YHWHOM, y BOJIOKHAX, sIKi IMiJJar0ThCs
pO3TATYIOUiN Hampy3i, KpydeHHIO abo IMepernHaM, Ma€ MiCIle CTaTHYHAa BTOMA, IO 3 YacOM NPHUBOIHUTH IO
TIOTIPIIEHHs iX TPOYHOCTHBIX XapaKTEPUCTHK abo oO0puBy. OcCOOIMBO MIBHUAKO MPOIEC YTBOPEHHS TPIMIMH 1
pyiiryBanHs OB BinOyBaeThCsl y MPUCYTHOCTI TiapokcmibHuX Tpym (OH-), ToMy nipu ipoektyBaHHi 3axucty OB Bif
BOJIOTY MPH/IISETHCS BEJIMKA yBara.

Koxen BupobHuk OB  (kommanii g 01 02 03 04 05 08 07 08 05 10
Corning Cable Systems, Fujikura i in.) c;(?f v L UL
MPOBOANTH HAcTymHHUH proof-test: OB mpoTsrom CrIy KB,

1 3 miggaeTsCcs PO3TATYIOUMM 3YCHIUIAM, IO ner 1w

MPUBOJATE A0 HOro MoAoBKeHHS Ha 1%, SKiio
He BiOyBaeTbCI OOpPHB BOJIOKHA, TO BOHO
BU3HAETHCS MPUAATHUM. [ pYHTYIOUHCH Ha Teopii
pyWHYBaHHS KPUXKHX TUI, MOXKHA CKa3aTH, IO
akmo g0 OB, sike mpoiinuio proof-test, OymyTh
MpUKIaAeHi B 3 pa3sd MEHIN 110 BEIWYUHI
HaBaHTaXeHHS (momoBxkeHHa Ha 0,33 %), TO
TEPMiH CIy’)KOM Takoro BOJIOKHA cCKiagae 25
pokiB. TakuM YWHOM, IO MOJOBKEHHIO MOXHA 1 N I N I SN S . L
CyOUTH TMPO TEPMIH CIyXO0W 1, OTXe, Mpo 0 ¢1 02 03 04 05 06 OF 08 08 10
Hagiiimicte. IlpoTe, fK TOKa3ye ITPaKTHUKA, Yanuedne sonokua, %

HerpunyctuMe nopoxenHs OB (0,33 %) mpu

JOJATKy PO3TAryHOYOro HAaBaHTAXXECHHS 10 OK  Puc.1 - 3anexuicts TepMiHy Ci1yk0u KaGes10 Bi/l 010BKeHHsI BOJIOKHA (32
HacTylla€ paHille, HDK 3'SIBISETBCS HPUPICT naunvu ¢ipmu Fujikura, SInonis)

3aracanHs B OB, 1 paHie, Hik TOYMHAE PYHHYBaTUCS KOHCTPYKIis Kabelro.

Xapaktep 3aJIeKHOCTI TePMiHY CIIy)KOU BOJIOKHA BiJl HOTO HATSATHEHHS NPOLTIOCTPOBAHWH Ha puc. 1, ne
HATATHCHHS BHPa)XCHE B OJMHHUIIX IMOJOBXKHBOTO MONOBXKEHHs. JliBa kpuBa BiamoBinae joBxuHi BosmokHa 10000
KM., a TIpaBa — | KM., TaKk 10 MDX HUMH PO3TaIIOBYIOTHCS NMPAKTHYHO BCI MOXKJIMBI JOBXHHH BOJIOKOH B JIIHISIX
3B's3Ky. MOXHa BUAIMNTH TP [iama3oHH Hampyru: Oesmeuni — mo 0,3 %, mempumyctumi — Oimeme 0,6 % i
MPOMIXHI, Taki, M0 BHMAaralTh JOJATKOBOTO aHai3y. XoOdYa B TPUBEICHUX OI[IHKaX HE BPAXOBYBAIHCS PsI
YUHHHKIB, TAKUX K MIKPOITOIIKO/KCHHSI BOJIOKHA a00 BILTMB BOJIOTH, 3 Tpadika BUIAHO, MO0 HE3HAYHE 301IbIICHHS

o .

10000 kM
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HaTSTHEHHS BOJIOKHA MOJKE IIPUBOAUTH JI0 0araToOKpaTHOrO 3MEHIIEHHS HOro TepMiHy ciryOu. Buxoasuu 3 nporo,
JUISL ITPOTHO3YBAHHS JOBrocTpokoBoi HaziiHocTi OK mpu #oro npoexTyBaHHI 1 BUpOOHUITBI NOTPIOHO 3 BEIHKOIO
tounicTio (0,01 %) BUMIpIOBaTH BeIWYMHY ITOJOBXKEHHS BOJIOKHA IIPH JOJATKy po3Tsaryrodoro 3ycumist no0 OK.
PosrisiHeMo MeTosu, 3a I0TIOMOTOI0 SIKUX MO>KHA IPOBOJIUTH TaKe BUMIPIOBAHHSL.

[Ipoctuii MeTo/ BU3HAUCHHS JOIYCTUMOTO HaBAaHTAXXEHHS JUIsl KaOeJro 3BOANTHCS IO HACTYITHOTO: Kabenb
pO3TATYIOTH 3a JIONOMOTOI0 CHJIOBOI YCTaHOBKM 1 NpH IbOoMYy MHoOcCTiiiHO ¢ikcyroTs mpupict 3aracanus B OB.
BiamoBigHa ekcriepuMeHTalbHA 3aJIEXKHICTh TIpecTaBieHa Ha puc. 2. [To piBHIO 3aracaHHs YXBIIOIOTH PIlICHHS
po Te, SKEe HaBaHTAXXCHHA MOXKE BUTPUMATH JaHAa KOHCTPYKIis Kabemio. J[ms cTaHAapTHOTO OZHOMOIOBOTO
BOJIOKHA 3HAUEHHS 3aracaHHs mpuiMaetbes piBHUM 0,22 nb/km. Y mpuBeieHOMy TpHKIani (puc. 2), BUXOASIUN 3
JTaHOT METOJIMKH OI[iIHKH KaOeIro, IOMMyCTUME HaBaHTaKeHHs piBHe 4,2 KH.

IIpu BUKOpHCTaHHI i€l METOMWKHA MOKHA TITH BiJ 3BOPOTHOTO: po3TsarHyTH OK i3 3ycwiuisiM, Ha sike BiH
po3paxoBanuii (momyctumo, 8 kH), i 3a IOMOMOTOI0 TPOCTHX TecTepiB BU3HAuMTH 3aracanHs B OB. ko
3aracaHHs 3HaXOJHUTHCSA B MEKaxX HOPMH, TO KaOelb BBaXa€ThCs MPUAATHUM. [lepeBaraMu METOIMKH € TIPOCTOTA Y
BUKOPHUCTAHHI 1 HU3bKa BApTICTh yCTAaTKyBaHHsS. [IpoTe TYT HEMOXJIMBO OTPUMATH iH(OPMAILIO PO IMOIOBKEHHS
OB, a oTxke, 3p00OHUTH JOBIOCTPOKOBHI IPOrHo3 HamiiHocTi OK.

0f

JaTyxaHe, gBbkm
o |
'r|.1

0 &0 4000 1500 2000 2500 3000 3500 4000 4500 5000
Harpeska, H

Puc. 2 - EKCl’lepl/lMeHTaﬂbHa 3aJIeXKHICTh BU3HAYEHHS JAOIIYCTUMOI'0 HABAHTAKEHHS

s meToniB pedraexTomeTpii, mToXuOKa OI[iHIOBaHHS CKJIagae 3arajioM MeHIre Hix 1%. [Hma moxubka —
e NoxuOKa 3’€JHaHHA. 3 THX IIip, SIK PeIIEKTOMETpP MOBUHEH OYTH CIOJyYEHUH 3 IHUPOKOIO PI3SHOMAHITHICTIO
kaOeliB, Hi 3arajJioM Tak JIETKO, o0 BinmoBimatu immenanc reflectometer, output 3 apotom. Ile o3Hauae, mo
3aBXau OyJe BioOpakeHHS MK BHMIPIOBAJbHHMM IIPaBIiHHAM 1 JIpOTSHUH, Oynyuu mnepeBipeHuMm. Dizuune
mia'eIHYBaHHS J0 APOTY HE 3aBXKIU IACHTUYHE, 1 s PI3HUII HaAae MOMIIIKY 0Ju3bko 30 sm 3 JOBMUM APOTOM
10 metpiB.

[TpuHIMIIOBUM JKEpEIoM MOXHOOK B METOAaX peduiekToMeTpil € Tak 3BaHa "MepTBa ToUKa" I JPOTIB,
AKi Jye KopoTki. Lle BUKinKae BiOUTHI CUTHAM, 10 YaCTKOBO NMOKPHBAE BUMAJKOBUH CHUTHAJ, TOMY IO 3aTPUMKa
gacy MiXX BUPOOHHIITBOM KOPOTKOTO ITYJIBCY 1 BUMiPIOBaHHSIM BiJOOpa)keHb TaKUi MaICHBKIH.

BucHosok

Jlnst BupimeHHST TpOoOJIeMH BHW3HAYEHHS HATIHHOCTI ONTHYHOTO KaOENI0 OJHUM 3 MOXIIMBHX IUIAXiB
PO3B’S3KY € 3aCTOCYBaHHS CIEKI-CTpYKTyp. Cnexi-cTpykrypu (Bix anri. Speckle - Touka, IsTKa) € pe3ynbTaToM
inTepdepeHnii XBWIb Bil OKpPEMHX HEOJHOPIAHOCTEW CepelNoBHINA, B SAKIH IIOIIUPIOETHCS  JIa3epHE
BUIIPOMiHIOBaHHS. JlaHl CHEKJI-KapTHHU 3HWKYIOTh SIKICTh 300paKeHHS, ajle pa3oM 3 TUM BOHH MOXYTb CITYXKHTH
HocieM KopucHoi BuMiproBaibHOI iH(opmanii. Lle cTBoproe mepenymMoBH Ui iX IIMPOKOTO 3aCTOCYBaHHS y
BUpIIIEHHI HAayKOBO-TEXHIYHMX 3aBJaHb B 00JacTi BHUCOKOTOYHMX JOCIIJUKEHb 1 IpH KOHTpoui BiOpamii i
Jnedopmalii ONTHYHOTO KabeIro.
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TIMKOV S.V., ZHUKOV V.A., AFANASIEV K.E.
Research and Production Enterprise « TZHK», Odesa

THE PLANK'S CONSTANT: LENGTH, MASS, TIME AND THE FINE
STRUCTURE CONSTANT COMBINE GRAVITATIONAL AND
ELECTROMAGNETIC INTERACTION

The basis of the structure of human knowledge about the surrounding world are: laws, constants and restrictions on the
laws. A special role among the constants is played by the so-called fundamental constants. These are the constants that are
included in the equations that describe the fundamental laws of nature and the characteristics of matter. In physics, such

constants include: the speed of light in vacuum C, the gravitational constant G, the Planck's constant ]’l, the reduced Planck's
constant h, the elementary charge €, the Boltzmann's constant k. The Sfundamental constants have their structure and can be

expressed through the so-called universal constants: the constant of the fine structure O and the Planck constants: length / o

massm, , time l‘p. The universal constants give the ability to combine gravitational and electromagnetic interactions: a moving

charge is a function of the moment of mass. It also means that all units of measurement of electromagnetic interaction can be
represented in units of measurement: length, mass, time.

Key words: fundamental and universal constants, gravitational and electromagnetic interactions, units of measurement,
moving charge, gravitational-electromagnetic resonance, observable Universe. Relevance of the problem. The union of
gravitational and electromagnetic interactions. The electromagnetic interaction is a special case of the gravitational interaction.
Goal. Representation of the formulas of fundamental constants, as well as the main characteristics of the observable Universe
through universal constants: the fine structure, the Planck's constants: length, mass, time.

B.®. TIMKOB
Amapar Pagu HamionansHOI Oesnexs i o0opoHn Ykpainu
C.B. TIMKOB, B.O. XYKOB, K.€. AOAHACBHEB

HayxoBo-Bupoouuue mignpuemctso « TXKK», Oneca

KOHCTAHTH INTAHKA: TOBXWHU, MACH, HACY TA KOHCTAHTA TOHKOI CTPYKTYPU
OB’€JHYIOTh T'PABITALIIMHY TA EJEKTPOMATHITHY B3AEMO/IT

Ocnoea cmpyKkmypu 3HaHb JI0OUHU NPO HABKOTUWIHIL C8IM €: 3aKOHU, KOHCManmu ma oomedsicenns na 3axonu. Ocobnugy
POTIb ceped KOHCManm 8idicparms max 36aui Qynoamenmanvui koncmaunmu. Lle maxi koncmanmu, sKi 6X005Msb 00 PIGHAHb, SKI
OnUCYIOMb (DYHOAMEHMANbHI 3AKOHU NPUPOOU ma Xapakmepucmuku mamepii. Y @isuyi 00 maxux KOHCMAHM HANEHCAMb:

weuokicms ceimna y 8axyymi C, epagimayiiina nocmitina G,Koycmanma Ihanka h,npueedena koncmanuma Ilnanka h,

enemenmapnuii 3apsd €, koncmanma Borvymana k. dyndamenmanvui xoncmanmu maome ceoio cmpykmypy ma MOJCYmb
bymu eupasiceni uepe3 max 36ami yHi6epcanbHi KOHCMAHMU: KOHcmaumy moukoi cmpykmypu O ma konwcmaumu Ilnanxa:

dosorcunu | p» Macu M, uacy t . Vuieepcanvni koncmanmu oaroms 3mo2y 06’eonamu epagimayiiny ma eiekmpomMazHimuy

83a€MO0ii: pyxomuil 3apsao — ye @ynxyia momenmy macu. Lle maxoc 3nauums, wo 6ci oOuHuYyi GUMIPY el1eKmpoMAacHIMHOT
83AEMOOIL MOJICYMb Oymu nPe0Cmasieni 6 OOUHUYAX BUMIDY: O0BIHCUHU, MACU, YACY.

Kniouoei cnoea: ¢ynoamenmanvui ma yHigepcanivbHi KOHCMAHMU, 2pasimayitiva ma enekmpomMacHimua
83a€MO0ii, OOUHUYT BUMIDY, PYXOMUTL 3aPA0, 2PAsimayitiHo-eleKmpOMASHIMHULL pe30HAaHC, cnocmepexcysanuii Beeceim.

Axmyanvuicme  npoonemu.  O06’cOnamna  epasimayitinoi  ma — eNeKmpoMAasHimHOi  83aEMOOIL.
Enexmpomaenimna 63aemo0is € cknadosa zpagimayiinoi 63a€mo0ii.

Mema. IIpedcmaenenna @GopmynbHux 6upasié HyHOAMEHMAIbHUX KOHCMAHM, a MAKOMHC OCHOGHUX
Xapaxmepucmux cnocmepedicyeanozo Bceceimy uepes ynieepcanvhi koncmanmu: mouxoi cmpykmypu, koncmanmu Ilnanxa:
008IICUHU, MACU, YACY.

It’s known that main fundamental physical constants, for example the gravitational constant G, the
reduced
Planck constant 71, the speed of light in vacuum ¢, can be determined with Planck constants: the Planck

length / » the Planck mass m,, the Planck time ¢ -

& I’ /
G= Pz;h:m”p;c:—”. (1)
m.t, t L
Using the “Planck universal proportions” [1], the Planck constants values [2]:
1,=1.616229(38)-10 *m;t, = 5.39116(13)-10 *s;m = 2.176470(51)- 10" kg; 2)

228 8 — 13 uepena 2018 p. Bumiprosansha ma o6uucniogansna mexuika ¢ mexnonoziunux npoyecax — 2018



and the Hubble constant [3]:
H,=66.93+0.62(km/s)/ Mpc, 3)
it's possible to evaluate the main spatial characteristics of the observable Universe [4]:

mass M u»Tadius RU,rotation period T, v [5], which is equal to the light signal propagation delay at a

distance equal R :

T, =t, My _ tp& = 4.431534683326-10"s, )
m, [, H,
3
My =m, Iy _ m, Ry Ty ) 789337036792-10%kg, )
t I G
14 P
R, =1, My _ I, Ty _ cT,, =1.328540675427 -10°° m. (6)
mP p

As well, in accordance with the law “Planck universal proportions” — for every celestial body of the
observable

Universe (including the observable Universe), mass which is m, the curvature of space radius is S, which
created
by gravitational field mass which is 7, with the light signal propagation delay is £, at distance equal to

S,
the gravitational constant (G, and Planck force F > true:
X R s?
G=—to=—U_— 2 —6673045869-10" m’kg™'s 7, ™
myt, MyR, mt,
[, R, S 44y 11 2
F =m,L=M,~%=m>-=121048301950-10"kg'm's . (8)
tp U tdm
Energy of body £ which mass 71, a and also the observable Universe energy E,; are:
2 . _ 2 _ —
E=mc =ht,, =F,S;E, =M, c"=hT,=FR,, ©)
where: /1, = —2_ s the quantum of the Planck energy, where £ » - the Planck energy: E ,=m pcz.
t
p
It is evident:
E mc ml
h,=—t=—t—=—1F=3628372528- 107J's7". (10)
tp L, L
It’s known [6], that charge is function of the moment of the mass. Then for the elementary charge e is
true:

11
e=,/10"am [, {kgzmz} (11)

where o — is the fine-structure constant, it’s value is [2]:
a =7.2973525664(17)-107", (12)

From formula (11), considering [6]:
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, 107

c = , (13)
4rs,
2 274
_ dre,h _ drem 1, _ m,l, (14)
2 7 2 ’
m,e 10°am,m [t am,
where: @, — the Bohr Radius , m, — the electron mass, &, — electric constant, it follows:
m 1 a,om a,om m 1
ajom, =ml ;o =—"Fm =] = ——tim, =L (15)
a,m, [, m, a,a
Considering the formula (11) the Coulomb’s law for two elementary charges in gravitational form is:
e’ m’
F=k,—=Ga—+. (16)
h, 4P

In the formula (16) ke — is the proportionality factor (Coulomb's constant, or the electric force constant ),

1, — is a distance between two elementary charges.

From formulas (11 — 16) it follows then that measurement units of electromagnetic interaction on the basis
of constants / oM, t >0 can be expressed with units of length, of mass and of time[6].

For instance:

o
Coulomb: [C] =k, {kg2 _mz} (17)
1
Ampere: [A]:k{kgz-mz-sl} (18)
ro3
Volt: [V] =k, {kg2 -m? -s"z}, (19)
impedance: [Q] =k, [ml 'S_]:I, (20)
electric capacitance: [F] = kF [mil .s2], 21
inductance: [H] =k, [ml:l, (22)
1 1
magnetic induction: [77] = k;, {kg2 m 2 'S_l}, (23)

where: k., k., k,.kq,k; Kk, k;, —are dimensionless coefficients of proportionality between units of

measurements. Given that units of electromagnetic interaction basis is a moving charge that is the function of
moment of the mass, then electromagnetic interaction is particular case of gravitational interaction that also is
confirmed by formulas (17 — 23).

Therefore in certain conditions exists gravitational-electromagnetic resonance [1,7,8]. The parameters of

such resonance are defined by constants: / 1M, t s

Conclusions: the moving charge as a function of the moment of mass and the experimentally confirmed
presence of gravitational-electromagnetic resonance combine gravitational and electromagnetic interactions.

Jlitepatypa

[1]  Timkov, V. F., Timkov, S. V., Zhukov, V. A.,: Planck universal proportions. Gravitational -
electromagnetic resonance.,Mi>KHApOAHMI HAayKOBO-TEXHIYHMH KypHan: BumiproBasbHa Ta o0O0YMCITIOBANbEHA
TEXHIKa B TEXHOJIOTIYHMX mporecax, ISSN 2219-9365, 3 (52), ctop. 7— 11, 2015.

http://journals.khnu.km.ua/vottp/pdf/pdf full/vottp-2015-3.pdf

https://hal.archives-ouvertes.fr/hal-01329094v1

[2] https://physics.nist.gov/cgi-bin/cuu/Value?plkt|search for=universal in!

[3] Aghanim N., Ashdown M., Aumont J., et al: Planck Collaboration: Planck intermediate results. XLVI.
Reduction of large-scale systematic effects in HFI polarization maps and estimation of the reionization optical
depth.

230 8 — 13 uepena 2018 p. Bumiprosansha ma o6uucniogansna mexuika ¢ mexnonoziunux npoyecax — 2018



https://arxiv.org/pdf/1605.02985.pdf
[4] Timkov, V. F., Timkov, S. V., Zhukov, V. A..: Evaluation of the main spatial characteristics of the
observable Universe based on the law “Planck Universal Proportions”., MixxHapo a1 HayKOBO-TEXHIYHHH )KypHAI:

BumiproBasibHa Ta 00YHCITIOBaTBHA TEXHIKA B TeXHOJOTUHUX mporecax, ISSN 2219-9365, 1 (54), cTop. 144 — 147,
2016.

http://journals.khnu.km.ua/vottp/pdf/pdf full/2016/vottp-2016-1.pdf

https://hal.archives-ouvertes.fr/hal-01330333v3

[5] Timkov, V. F., Timkov, S. V.,: Rotating space of the Universe, as the source of dark energy and dark
matter., MbkHapOIHUH HayKOBO-TEXHIUHWH XKypHaTI: BuMmiproBaspHa Ta 00UHCTIOBAIFHA TEXHIKA B TEXHOIOTIIHUX
mportecax, ISSN 2219-9365, 3 (52), crop. 200 — 204, 2015.

http://journals.khnu.km.ua/vottp/pdf/pdf full/vottp-2015-3.pdf

https://hal.archives-ouvertes.fr/hal-01329145v1

[6] Timkov, V. F., Timkov, S. V., Zhukov, V. A.,: Electric charge as a function of the moment of mass.
Gravitational form of Coulomb’s law., MiKHapogHHI HayKOBO-TEXHIYHWUH JKypHaln: BumiproBampHa Ta
o0umnCIIIOBaIbHA TEXHIKA B TEXHOJOTIYHUX Tporecax, ISSN 2219-9365, 3 (56), ctop. 27 — 32, 2016.

http://journals.khnu.km.ua/vottp/pdf/pdf full/2016/vottp-2016-3.pdf

https://hal.archives-ouvertes.fr/hal-01374611vl

[7] Timkov, V. F., Timkov, S. V., Zhukov, V. A.,: Gravitational-electromagnetic resonance of the Sun as

one of the possible sources of auroral radio emission of the planets in the kilometer range., MixxHapoauuit

HAYKOBO-TEXHIYHUH XypHaIl: BUMiptoBajabHa Ta 00YHCIIOBAIBHA TEXHIKA B TEXHOJOTIYHUX MPOIIecaXx,

ISSN 2219-9365, 4 (53), crop. 23 —32,2015.

http://journals.khnu.km.ua/vottp/pdf/pdf full/vottp-2015-4.pdf

https://hal.archives-ouvertes.fr/hal-01232287v1

[8] Timkov, V. F., Timkov, S. V., Zhukov, V. A.,: Gravitational-electromagnetic resonance of the Sun in
the low-frequency of the radio spectrum of the Jupiter., MixHapogHWIA HAYKOBO-TEXHIYHHHA JKypHAI:
BuwmiproBanbHa Ta 00UHCITIOBAIbHA TEXHIKA B TEXHOJOTIYHUX mporecax, ISSN 2219-9365, 2 (55), crop. 198 — 203,
2016.

http://journals.khnu.km.ua/vottp/pdf/pdf full/2016/vottp-2016-2.pdf
https://hal.archives-ouvertes.fr/hal-01326265v1

References

[1] Timkov, V. F., Timkov, S. V., Zhukov, V. A.,: Planck universal proportions. Gravitational - electromagnetic
resonance., International scientific-technical magazine: Measuring and computing devices in technological processes,

ISSN 2219-9365, 3 (52), p.p- 7— 11, 2015.

http://journals.khnu.km.ua/vottp/pdf/pdf full/vottp-2015-3.pdf

https://hal.archives-ouvertes.fr/hal-01329094v 1

[2] https://physics.nist.gov/cgi-bin/cuu/Value?plkt|search for=universal in!

[3] Aghanim N., Ashdown M., Aumont J., et al: Planck Collaboration: Planck intermediate results. XLVI. Reduction
of large-scale systematic effects in HFI polarization maps and estimation of the reionization optical depth.

https://arxiv.org/pdf/1605.02985.pdf

[4] Timkov, V. F., Timkov, S. V., Zhukov, V. A.,: Evaluation of the main spatial characteristics of the observable
Universe based on the law “Planck Universal Proportions”., International scientific-technical magazine: Measuring and
computing devices in technological processes, ISSN 2219-9365, 1 (54), ctop. 144 — 147 , 2016.

http://journals.khnu.km.ua/vottp/pdf/pdf full/2016/vottp-2016-1.pdf

https://hal.archives-ouvertes.fr/hal-01330333v3

[5] Timkov, V. F., Timkov, S. V.,: Rotating space of the Universe, as the source of dark energy and dark matter.,
International scientific-technical magazine: Measuring and computing devices in technological processes,

ISSN 2219-9365, 3 (52), p.p- 200 — 204, 2015.

http://journals.khnu.km.ua/vottp/pdf/pdf full/vottp-2015-3.pdf

https://hal.archives-ouvertes.fr/hal-01329145v1

[6] Timkov, V. F., Timkov, S. V., Zhukov, V. A.,: Electric charge as a function of the moment of mass.
Gravitational form of Coulomb's law., International scientific-technical magazine: Measuring and computing devices in
technological processes, ISSN 2219-9365, 3 (56), pp.27 — 32, 2016.

http://journals.khnu.km.ua/vottp/pdf/pdf full/2016/vottp-2016-3.pdf

https://hal.archives-ouvertes.fr/hal-01374611v1

[7] Timkov, V. F., Timkov, S. V., Zhukov, V. A.,: Gravitational-electromagnetic resonance of the Sun as

one of the possible sources of auroral radio emission of the planets in the kilometer range.,

International scientific-technical magazine: Measuring and computing devices in technological

processes, ISSN 2219-9365, 4 (53), p.p. 23 — 32, 2015.

http://journals.khnu.km.ua/vottp/pdf/pdf full/vottp-2015-4.pdf

https://hal.archives-ouvertes.fr/hal-01232287v1

[8] Timkov, V. F., Timkov, S. V., Zhukov, V. A.,: Gravitational-electromagnetic resonance of the Sun in the low-
frequency of the radio spectrum of the Jupiter., International scientific-technical magazine: Measuring and computing devices in
technological processes, ISSN 2219-9365, 2 (55), p.p. 198 — 203, 2016.

http://journals.khnu.km.ua/vottp/pdf/pdf full/2016/vottp-2016-2.pdf

https://hal.archives-ouvertes.fi/hal-01326265v1

8 — 13 uepena 2018 p. Bumiproganvna ma o6uucniosansna mexunika ¢ mexnonoziunux npovecax — 2018 231



SCIENTIFIC EDITION

MEASURING AND COMPUTING DEVICES
IN TECHNOLOGICAL PROCESSES

XVIII International Scientifically-Technical Conference

June 8-13, 2018, Odesa, Ukraine

HAVYYHOE U3JJAHUE

N3MEPUTEJIBHAA U BBIYUC/IMTEJIBHAS TEXHUKA
B TEXHOJIOI'MYECKHUX HPOLECCAX

Marepuanst XVIII MexayHapoaHol HayYHO-TEXHHYECKOH KOH(pEpeHINT

8-13 urons, 2018, Odecca, Yrpauna

HAVYKOBE BUJAHHSA

BUMIPIOBAJIBHA TA OBYUCJ/IOBAJIBHA TEXHIKA
B TEXHOJIOI'TYHUX ITPOLHECAX

Martepianu XVIII MixkHapogHOi HAyKOBO-TEXHIYHOT KOH(epeHTIii

8-13 uepsna, 2018, Ooeca, Ykpaina

(YKpaiHCBKOIO, POCIHCHKOIO Ta aHTJIIICHKOI0 MOBAaMH)

BinnosiganeHuit 32 BUNycK: A.T.H., ipod. L.B. Tpouuwun
Penakrop Bumnycky: n.1.H., npod. LB. Tpoyuwun

Texuiunnii pegaxrop: K.T.H., nou. K.JI. I'opsawenko

XynoxHe ohopMIIeHHS OOKIaANHKY: K.T.H., o1l K.JI. I'opawenko

http://fetronics.ho.com.ua/ntk

ITixmucano no apyky 25.05.2018 p.
®opmar 30x42/4. IMamip ode. ['apn. Times New Roman
Hpyk pizorpadiero. YM.apyk.apk. 25,67 O6i.-Bua.apk. 26,22
Tupax 110. 3am. Ne 6772

Hanpykosano B turnorpadii «BMB»
(CeimonTBO Tipo BUAaBHUYY HisuTbHICTE JIK Ne 4612 Big 05.09.2013)
VYkpaina, 65069, Oneca, nip-T. JloOpoBonschKOTO, 822
ten. (048) 751-14-87; ten./daxc 751-15-80, www.vmv.odessa.ua



