HAIIMOHAJIBHASI AKATEMU A1 HAYK YKPANHBI

MEXJYHAPOIHBIN HAYYHO-YYEBHBIN IIEHTP
NHOOPMAIIMOHHLIX TEXHOJIOTMN U CUCTEM HAH YKPAMHDBI 1 MOH YKPAMHBI

MHCTUTYT KUBEPHETUKH UM. B.M. INIYIIKOBA HAH YKPANHDI

Kuﬂenneruua i (191)/2017
I BbIYUCAUTENbHAA TEXHUKA

HAYYHBIN )KYPHAJT = OCHOBAHB1965r. = BBIXOIUT4PASABTOl = KUEB

CONEPXAHNE

WudhopmaTuka u uHthopmayuoHHble TEXHoNoruu

N.B. CYPOBIEB, CK.TAJIMMOB, A.D.TATAPMHOB WudopmannonHas
TEXHOJIOTHS ONpPEIeTICHUs] KOHIEHTPAIIMH TOKCHYECKUX JJIEMEHTOB B OOBEKTaX OKpPY-

D0 10) 1003 (0] 0131 (P 5
V.M. KYYKO Maximum Matching in Weighted Bipartite Graphs (B.M. KHIKO
HaxoxxneHre HanOoIbIIero MapocoOYeTaHust Ha B3BELIICHHOM JIBYJIOIBHOM rpade) ........... 32

WuTennekTyanbHoe ynpasnexue u cucTemsl

B.W. TPULIEHKO, A.E. BOJIKOB, H.H. KOMAP, 10.I1. BOI'AUYK UHTennexryanmu-
3aIsl COBPEMEHHBIX CHCTEM aBTOMAaTHYECKOTO YIPABICHHs OSCIMIIOTHBIMH JIETATEIb-
HBIMHU QIITAPATAMIL ... nntttte ettt ettt e e et e e et e ettt e e et e e e e e 45

Mequuunckasa u buonoruyeckan KubepHeTuxa
M.V. BACHYNSKYY, B.I. YAVORSKYY Informational Aspects of the Haptic

Stimulation by the Light for Correction of the Human’ State (M.B. BAUMHCKHIA,
B.U. IBOPCKNHN HHpopMaIOHHBIE aCIEKThI TalITHYECKOT0 CTUMY/IUPOBAHHUS CBe-

TOM JIJIST KOPPEKITUH COCTOSTHUST TETOBEKA) . ... e s enettteeentttee ettt e eaieeeeeaniaeeeannns 60
N.B. KAIUVIMH, M.JI. KOUMHA, A.I.®HUPCOB Konuenmus TeneMeauIMHCKON

CHUCTEMBI JIJISl SKCIPECC-OLEHKH YPOBHS BHYTPHUIJIA3HOTO JAABICHHUS. ... 'veeeeeeaneennn.. 76
BHUMAHUIO ABTOPOB ... 95

© MexIayHapOJHBI HayYHO-Y4eOHbIH EeHTP HHPOPMALMOHHBIX TEXHOJIOTUI U CHCTEM
HAH Vkpaunsl 1 MOH Vkpaunsi, 2018
© Uucturyt kubdepueruku uM. B.M. I'mymkosa HAH Ykpaunsi, 2018



NATIONAL ACADEMY OF SCIENCES OF UKRAINE

INTERNATIONAL RESEARCH AND TRAINING CENTER FOR INFORMATION TECHNOLOGIES
AND SYSTEMS OF THE NAS OF UKRAINE AND OF MES OF UKRAINE

V.M. GLUSHKOV INSTITUTE OF CYBERNETICS OF THE NAS OF UKRAINE

yhernetics 1 (191)/2017
and Gomputer Engineering

SCIENTIFIC JOURNAL = FOUNDED IN 1965 = PUBLISHED 4 TIMES PER YEAR = KYIV

CONTENTS

Informatics and Information Technologies

I.V. SUROVTSEV, S.K. GALIMOV, O.E. TATARINOV Information Technology for
Determining the Concentration of Toxic Elements in Environmental Objects ................. 5

V.M. KYYKO Maximum Matching in Weighted Bipartite Graphs ........................... 32

Intelligent Gontrol and Systems

V.1I. GRITSENKO, O.Ye. VOLKOV, M.M. KOMAR, Yu.P. BOGACHUK
Intellectualization of Modern Systems of Automatic Control of Unmanned Aerial
VEIICIES ..ot 45

Medical and Biological Cybernetics

M.V. BACHYNSKYY, B.I. YAVORSKYY Informational Aspects of the Haptic Stimu-

lation by the Light for Correction of the Human’ State ..........................ooin. 60
LV.KAPLIN, M.L. KOCHINA, A.G.FIRSOV The Conception of Telemedicine

System for Express Estimation of Intraocular Pressure’s Level ............................ 76
To Attention of AUTROPS ................ 95

© International Research and Training Center for Information Technologies and Systems
of the NAS of Ukraine and MES of Ukraine, 2018
© Glushkov Institute of Cybernetics of the NAS of Ukraine, 2018



HAIIIOHAJTBHA AKAJTEMIA HAYK YKPATHU

MIKXHAPOTHUI HAYKOBO-HABYATBHUI IEHTP )
THOOPMALIIITHUX TEXHOJIOT'TiA TA CHCTEM HAH YKPATHI I MOH YKPATHH

ITHCTUTYT KIBEPHETUKH IM. B.M. TJIYIIIKOBA HAH YKPATHU

Kiﬂenneruua 1 (191)/2017
Ta 00yucniwBanbHa TeXHIKA

HAYKOBUI1 )KYPHAJI = 3ACHOBAHMIY 1965p. = BUXOJUTH4 PASMUHAPIK = KHIB

SMICT

Indhopmatuka Ta inthopmauiiini Texnonorii
I.LB. CYPOBLIEB, C.K.TAJIIMOB, O.E. TATAPIHOB Indopmauiitna TexHOIOTIs

BU3HAUYEHHS KOHIIEHTpAllil TOKCHYHHMX €JEeMEHTIB B 00’€KTaX HaBKOJHIIHBOTO
CEPEIMOBHUILIA ...ttt ettt ettt e e et e e et e e et e et et et e

V.M. KYYKO Maximum Matching in Weighted Bipartite Graphs (B.M. KHKO
3HaX0/PKEHHS HAWOLIBIIIOrO [TAPOCIIONYYEHHS Ha 3BaKEHOMY JBOIOIBHOMY IpaoBi) .......

INTenexTyanbhe KepyBaHua Ta cucTemu

B.I. TPUIIEHKO, O.€. BOJIKOB, M.M. KOMAP, I0.I1. BOI'AUYYK InTenekrya-
Ji3alis Cy4aCHUX CHUCTEM aBTOMATHYHOIO KepyBaHHA OE3MIJIOTHUMHU JITAIbHUMH
ATTAPATAMIL ... ..ttt ettt et et e e e e et et e e et e

Mepuyna Ta Gionoriyna KibepHeTuxa

M.V. BACHYNSKYY, B.I. YAVORSKYY Informational Aspects of the Haptic Stimu-
lation by the Light for Correction of the Human’ State (M.B. BAUMHCBHKHIA,
B.1. ABOPCHKMU Iudopmarriiiii acrieKTH rarmTHYHOrO CTHMY/TIOBAHHS CBITIIOM TS KO-
PETYBAHHS CTAHY JTEOIITHIL) - . .« \v ettt e et et e eae e ettt et e e et et e et e e e e eeeeeeaanes

1.B. KAIIJIIH, M.JI. KOUMHA, A.T'. ®IPCOB KoHnriemnmist TejleMenIH0i CHCTEMH VIS
EKCITPEC-OI[IHIOBAHHS PIBHS BHYTPIITHBOOYHOTO THCKY . ... 'vteeetteneteenteeaneeanneeannenns

JO YBATU ABTOPIB ..o

32

45

60

76

95

© MixHapoJHUH HayKOBO-HaBYaIbHUI LEHTP iHGOpMaLIHUX TEXHONOTIH Ta cucTeM
HAH Vxkpainu Ta MOH Vkpainu, 2018
© Incturyr ki6epHetuku iMm. B.M.I'mymkosa HAH Ykpainu, 2018






HuthopmaTuka
Il UHhOpPMAYUOHHBIE TEXHOMOTUU

DOIL: https://doi.org/10.15407/kvt191.01.005
VK 004.67: 004.023

L.B. CYPOBILEB, n-p TexH. HayK,

B.0. 3aB. Bi/IJI. EKOJIOTIYHUX U(POBUX CHCTEM
e-mail: depl75@irtc.org.ua , igorsur52@gmail.com
C.K.TAJIIMOB, acmipast

BiJIJI. €KOJIOTIYHHX ITU(PPOBUX CHCTEM

e-mail: depl75@irtc.org.ua

O.E. TATAPIHOB, nayk. cmiBpo0.

BiJIJI. €KOJIOTIYHHX ITU(PPOBUX CHCTEM

e-mail: depl75@irtc.org.ua

MixxHapotHHI HayKOBO-HABYAJIBHUH [IEHTP
iHhopmariiiHux Texuosorii Ta cucteM HAH Ykpainu ra MOH VYkpaiuu,
p. Axan. ['mymkoBa, 40, 03187, m. KuiB, Ykpaina

IHOOPMALIAHA TEXHONOTIA BHSHAYEHHA KOHLEHTPALIT TOKCHYHHX
ENEMEHTIB B 0b’GKTAX HABKOMHILHbOIO CEPE[JOBMLLA

Posensanymo uosy ingopmayitiny mexnonoziro, ska 0036014€ 30LIbWUMU YYMAUBICIb A
00CMOBIPHICMb BUSHAYEHHS KOHYEHMPAyii MOKCUYHUX eNleMeHMI8 Memooamu IMNy1bCHOL
ingepciiinoi xpononomenyiomempii. s Kiacy MOHOMOHHO 3POCMAIOUUX CUSHANIB, SIKI €
iHmezpanvbHol0 CyMOI0 npoyecie¢ 0acamoKOMNOHEHMHO20 GUMIPIOBAHHA, 3ANPONOHOBAHO
nepemeopenHs cucmemu KOOpOuHam, wjo 0a€ 3MO2y AHANI3Y8AMU CUSHATL K CYMY KOMNOHe-
HmMi6 ma cymmego CKopomumu 6xioHi oaui 6e3 empamu KopucHoi ingopmayii. Pospobneno
yupposi memoou 6iOHOBIEHHS KOPUCHO20 CUSHATY MA 2eHepamueHa Mooeib 6a2amoKoMno-
HEHMHO20 CUSHATLY, WO NIOBUUYE eeKmMUBHICIb 0OPOOIEHHS OAHUX.

Cmeopeno sucoxkouymaugy ananimuuny cucmemy «Auanizamop IXIly, axa eusnauae
macogy konyemmpayiro 14-mu moxcuunux enemenmis (pmymov, apceH, ceumeyb, KAOMil,
YUHK, MiOb, 01080, HiKelb, KOOATLM, 3Ai30, Mapaaneysb, ceieH, oo, Xpom) 3 YYmausicmio 00
0,05 mr2/oM’, wicmob Xiviunux eremenmie ma cnonyk (kanii, Hampitl, Kaibyii, gmop, amo-
Hill, HImpamu) 3 KoHyeHmpayicio 0o 610" mre/ont’. Po3spobneni incmpymenmanvhi 3acobu
Oanu MONCIUBICMb CINBOPUMU HOBI eqheKMUBHI IHGhopMayitini mexHoao2ii 00podIeHHs cueHa-
A8 IHWol pizuunol npupoou, wo MOHOMOHHO 3POCMAIOMb AOO 3MEHULYIOMbCAL.

Kniouosi cnosa: nepemeopenns cmpykmypu OaHUX, IMRYIbCHA XPOHONOMEHYIOMempIs,
MOOenio8anHs, yuppose obpobIeHHs, iHpOpMayilina MeXHONLO2IA.
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L.B. Cyposyes, C.K. I'animos, O.E. Tamapinos

BCTYR

[HTeHCHBHUI PO3BUTOK MPOMHCIOBOCTI, 3POCTaHHSA CIIbCHKOTOCIIONAPCHKOTO
BUPOOHUIITBA Ta BiJICYTHICTH €KOJOTIYHO YHCTUX TEXHOJOTIH MPU3BOAATH IO
MOCTYIIOBOI'0 3a0pyaHEHHs Oiochepr BaXKKUMHU METajJaMH Ta TOKCHYHUMH XiMi-
YHUMH €JIEMEHTaMH. AKTHBI3allisl aHTPOIIOTCHHOTO BIUIMBY Ha JIIOJHMHY Ta Ha-
BKOJIMIIHE CEPEIOBHILE TOKCUKAHTIB MOTpeOy€e BUKOHAHHS MTOCTIHHOTO KOHTPO-
JIIO SIKOCTi TIMTHOI BOJIM, XapYOBUX MPOAYKTIB, OIIHIOBAHHS €KOJIOTIYHOTO CTaHy
POCIUH, IPYHTY Ta iHIIUX 00’ €KTiB. OMHUM 13 (DAKTOPIB €KOJIOTIYHOI OC3MEKH €
BU3HAYEHHS B IUX 00’€KTaX KOHLEHTpALi TOKCUYHHUX €JIeMEHTIB (pTyTi, apce-
Hy, CBHHLIO, KaJIMil0 TOIIO), sSIKI 3aKOHOJABUYO HOPMYIOTbCS AJISI KOXKHOTO
00’€KTY Y BUTJIA/I TPAHUYHO JOMYCTUMHUX KOHIICHTPAIIii.

Huspka yyTnuBicTh HasIBHUX CHCTEM BUMIPIOBaHHS KOHLIEHTpALil CIIOHY-
Ka€ J0 CTBOPEHHsSI HOBMX BHCOKOUYTJIMBHUX METOJIIB JOCIHiIKEHHS Ta e(eKTuB-
HuX iHpopmanidHaux TexHonorii (IT). OgHiero 3 aKTyalbHUX 3aIHIIAETHCS MPO-
Onema ymocKoHaJIeHHS IIM(QPOBUX METOJIB aHAJi3y JaHHUX, IO 3yMOBIICHO He-
00XiHICTIO 0OpOOICHHS CIA0KUX aHANITHYHUX CUTHAIB il 9YaC BUMipIOBaHHS
CJIIIOBMX KOHIICHTpPAIIiif TOKCHYHUX EJIEMEHTIB.

KoHIeHTpallito eJeMeHTIB BU3HAYAIOTh PI3HUMH (Hi3HMKO-XIMIYHUMH METO-
JaMy ociiukeHHs. HalluyTMBimMMu € BOJIbTaMIIEPOMETPHYHI Ta XPOHOIIOTe-
HI[IOMETPUYHI EeNIEKTPOXiMiUHI METOAM aHaji3y, SKi JO3BOJIAIOTH BUMIpPIOBATH
CJIIJIOBI KOHIIEHTPAIlil TOKCHYHUX elIeMEeHTIB. [IopiBHIHO 3 BOJIETaMIIEPOMETPH-
YHUM aHaii3oM [1, 2], BUKOpUCTaHHS METOJIB 1HBEPCIHHOI XPOHOMOTEHIIOMET-
pii (IXII) mo3Bomsie 3HAYHO CHPOCTUTH TEXHIYHY peali3alilo MpuiaaiB, 3011b-
IIMTH YyTIUBICTh, MIOBTOPIOBAHICTh Ta HAAIHHICT, BUMIpIOBaHHS. Y TEOpETHY-
HOMY oOrpyHryBanHi Mmetony IXII Opanu ywacte Taki BueHi, fK
Ckobernp €.M., I'puneBnu B.B., 3axapos M.C., bakanos B.1., [TasoB B.B. [3, 4].
3HayHM{ BKJaJ y MOLIMPEHHS XPOHOMOTEHL[IOMETPUYHOIO METOLY BHECIHU AO-
cmigaukn  Kaprayxos O.I, Wocumuyk b.B., Tarimoa BM., Mauk B.B.,
Kominenu B.A. Ta ixmmi [5-14].

[Ipunanu, siKi cepiliHO BUIYCKAIOThCS B YKpaiHi, IPYHTYIOTBCS Ha METOII
IXIT i MOXyTh BH3HAYaTH MAacOBY KOHIICHTPAIIiIO I’ SITH BAXKUX METaIiB (CBU-
Hellb, KaJMii, IIUHK, Mijb, OJIOBO) 3 YyTJIMBICTIO 1 MKI/oM°. AJle Ha MIPAKTHIIL,
3TiAHO 3 HOPMOBaHMMHU BHMOTaMH /10 MOKAa3HHUKIB TOKCHUYHOCTI MMUTHOI BOAM Ta
XapYOBHX IMPOJYKTIB, HEOOXITHO BHU3HAYATH MACOBY KOHIICHTPAIII0 Ha MEXI
BusHauyeHHs 10 0,1-0,05 MKr/aM® Ta MaTH MOKIUBICTD BHUMIPIOBATH 1HIII XiMid-
Hi eIEMEHTH Ta CIIOIYKHU (PTYTb, apCeH, CeleH, oA, HaTpil, Kalil, HiTpaTH).

OpHuM 31 HUIXIB YCYHEHHS MPOTHUPIYYS MK MOTpeOamMu Ta BKa3aHUMH He-
JOJTiKaMu € CTBOpeHHs HOBOT [T 1y1s BU3HAUCHHS KOHIICHTPAIlIH XIMIUHUX eleMe-
HTIB B 00’ €KTax HaBKOJHIIHHOTO CepeOBHUINA Ha 0a3i 3aCTOCYBaHHs HOBUX IMITY-
JBCHUX Ta 10HOMETPUYHHUX METOAIB XpoHomnoreHuioMmeTpii. Taka IT mae ckinana-
TUCS 3 1H(OPMAIIIHHOTO Ta TEXHIYHOIO 3a0e3MeUCHHS, METO/IB IU(POBOTO 0OPO-
OJICHHS, MOJICTIOBaHHS CIAOKUX CUTHAJIB CKIaqHOI (POpMH, METOJHMK BUMIpIO-
BaHHS KOHIIEHTpPAIil XiIMIYHAX €JIEMEHTIB y Pi3HUX 00’ €KTaX, M0 JO3BOJUTH ITiJI-
BUIIIUTH YyTJIMBICTh Ta PO3MIUPUTH (YHKIIOHATBHI MOYKIIUBOCTI IPHIIATY.
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IHhopmayitina mexnonoeis GU3HAUEHHA KOHYESHMPAyii MOKCUYHUX eleMeHmi6 8 00 €Kmax

NOCTAHOBKA 3AJIAYI

[punimn po6oTu MeToxy iHBEPCIHHOT XPOHOMOTEHIIOMETPIi MOJISIrae B €IEKTPOXi-
MIYHOMY KOHLICHTPYBAaHHI Ha 1HIAMKATOPHOMY €JIEKTPO/i 10HIB XIMIYHHX €JIEMEHTIB
3 PO3UMHY IPOOHU Ta HACTYITHOMY BUMIPIOBaHHI X MOTCHIIAIIB EICKTPOIITHYHOTO
po3unHeHH ( ;) y 4aci ( T;). AHAIITHYHOIO XapaKTEPHUCTHKOIO METO/LY € Yac iHBep-
cii eneMeHTa, SKWii 3a CTaHIAPTU30BAaHUX YMOB KOHIICHTPYBaHHS Ta iHBEPCIi MpsMO
MPONOPLIHHUN KOHLEHTpaLil i0HIB y po3umHi. SIKicHa XapaKTepUCTHKa — MOTEHIIi-
aJ miKy 1 iana3oH 3MiHU HOTEHLaMiB 1HBEPCii €leMEHTY.

Tpamuitiiiai migxomu a0 oOpoOJICHHS aHANITHYHUX CUTHAMIB e (T) B XpOHO-
MoTeHIioMeTpii, 3anpornoHoBani 3axapoBum M.C. [4], [Imambexom Ix.A. [15],
Sparks Donald L. [16], Britz D. [17] Ta iHmmiMu, nepen0adaroTh aHali3 TaHUX Yy
KoopauHarax (1, e) abo (t, de / dt), MO He TO3BOJISIE MiABUITUTH YyTIUBICTh JI0
HEOOX1AHOTO PIBHS Ta BHPIIIMTH MpobieMy ineHTudikamii eaemeHTa y O6arato-
KOMITOHEHTHOMY CHUTHAJIi, KOJIM KOMIIOHEHTH iHBEepCii B3aEMHO NEPEKPHBAIOTh-
csi. Lle nmoBruii yac OyJ0 OCHOBHOIO NMPUYMHOIO, IIO CTPUMYBAJIO NPaKTHYHE
3actocyBaHHs MeTony IXII.

JocnipkeHHs TTOKa3any, 0 CHTHaJ iHBepcil e (T) nepel BUKOHAHHAM -
POBOTO aHaIi3y HEOOXiTHO MOMEPEeNHBO MOAATH Yy iHIIOMY BUTIIAI. [ mboro
Tpeba BUKOHATH PEYKIII0 CTPYKTypH AaHux [18—19], ToOTO Take mepeTBOpeH-
HSl CUCTEMH KOOPIMHAT, K€ NO3BOJMTH PO3IJISAATH 1HTETPANbHUM CUTHANl y
BUTJISI/II CYMH OKPEMHUX KOMIIOHEHTIB BUMiptoBaHHs. HalOinbi gieBuM € aHami3
CUTHAIIB iHBepcii e (T) y koopauHaTax (e, dt / de), B SIKUX OJiep>KaHi JaHi Hara-
OYIOTh 3HAUCHHS BiJOMHUX XIMIYHHX METOZIB (iHBEpCiiiHOI BOJIbTaMIEpOMETPii,
xpomarorpadii Ta Mac-CIIeKTpalIbHOIO aHamizy) [5, 8].

[lig yac nudpooro oOpPoOICHHS aHATITHYHUX CHUTHAIIB €,(T) BBAXKAIOTh,
IO KOPUCHUH CUTHAN e (T) CIIOTBOPEHO QJUTHBHOIO BHIIAJKOBOIO 3aBaJION0 &,
sIKa Ma€ SICKpaBO BHUPAKCHHM BHCOKOUYACTOTHHM XapakTep: exn(t) = e (1) + &.
Curnan iHBepcii e (T), SKuii MOHOTOHHO 3POCTA€, € IHTErPaIbHOI0 CYyMOIO BUMi-
pIOBaHb OKpeMHX XiMiuHUX eneMeHTiB. [Iporec iHBepcii KOXKHOTO eleMeHTa
BHUKOHYETHCS TOCIIIOBHO, Y BJIACHOMY Jialla30Hi IMOTEHIIIaliB, BiAMOBIAHO IO
3pOCTaHHS 3HAYEHHSI CTAHIAPTHOTO €JIEKTPOHOTO MOTEHIaTy B Psli aKTUBHO-
cTi MeTastiB. PeanbHi 3HaYeHHs MOTEHIIANIB MKy Ta Jiama3oHiB iHBEpCii eneme-
HTa 3aJIeXaTh BiJl KOHIEHTpAMii i0HIB, XIMIYHOTO CKJIaJy EIEeKTPOIITHIHOTO
(OHOBOTO PO3UMHY, MaTepiaiy, 3 SKOTO BUTOTOBJICHO 1HIWKATOPHUHN €JIEKTPOI,
Ta YMOB IIEPEKPUTTS KOMIIOHEHTIB Y 6araTOKOMIOHEHTHOMY CHUTHAJII.

Jns BiTHOBJIEHHS KOPUCHOTO CHTHATY 32 YMOB Jii BUCOKOYACTOTHUX 3aBaJl Tpa-
JMITIHHI MeToAM (UIbTparii Ta 3rapKyBaHHs [20] He 3aBKAW MIXOAATh I aHAi3Y
JaHUX BUMIPIOBaHHS, 00 CIIOTBOPIOIOTH MOHOTOHHO 3POCTAIOUMi CHUTHAN Ta MOpY-
IIYIOTh WOTO iHTETpasIbHI XapaKTEPHCTUKH, IO MPU3BOIUTH 10 «PO3MHBAHHSD (op-
MH, 3HAYHHUX TOXUOOK BU3HAUCHHS Yacy IHBepCii Ta KOHLICHTPALIii eIeMEHTY.

Ha croromHi moBOJ CKJIaTHOIO Ta HE BHUPIMICHOO MPOOIEMOr0 € o0y moBa
3arajibHOT MOJIeN 0araTOKOMITOHEHTHOTO CUTHAITY 32 MOJCISIMH OKPEMHX KOM-
MOHEHTIB 3 OaraTbMa HEBIJOMUMHM NapameTpamu [21-24].

ToMy moTpiOHO TPOBECTH TOCHIHKEHHS, COPSIMOBaHI Ha PO3B’s3aHHS 3a-
BJIaHb ITiIBUIIICHHS e()eKTUBHOCTI METO/IiB BiTHOBJICHHS] KOPHCHOTO CHTHAITY.

Mera po6orn — ctBopenHs IT BUMIprOBaHHS KOHLIGHTPALi METOaMH XPOHO-
MOTEHITIOMETpii, SIKa JO3BOJIUTH CYTTEBO 30UIBIIMTHA YyTIHBICTH Ta HAMIIMHICTh BU3HA-
YeHHsI KOHLICHTpALii XiMiYHUX eJIEMEHTIB Y PiIKHX Mpodax pizHUX 00’ eKTiB Giochepu.
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MEPETBOPEHHA CTPYKTYPH JAHHK AHAMITHYHOIO CMTHARY IHBEPCIT

Jnst copoleH s aHalizy 6araTOKOMIOHEHTHOTO CUTHAIY iHBepcCii 3alpomoHo-
BaHO MEPETBOPEHHS CUCTEMH KOOpAMHAT [25], siKe A€ 3MOTY PO3TIISIHYTH iHTET-
paibHUM CUTHaN e (T) y BUIVIAAI CyMH OKPEMHX KOMIIOHEHTIB BHMIipIOBaHHS
XIMIYHHX €JICMEHTIB:

(t,e) = (., 1) — (f.dT/df), (1)

Ie e (T) — aHaJiTUYHWN CUTHAJ 1HBEpCii 3 MOCTIMHUM KPOKOM AT 32 4acoM T,
T (f) — neperBopenuii curnai (f € e, T € T) 3 HOCTIHHUM KPOKOM A f* 3a MOTeH-
uianom f; t( f) = dT / df — curHain iHTeHCHUBHOCTI.

[lepeTBOpeHHST BAKOHYETHCS y TaKiil MOCIITOBHOCTI:

1. BigHOBIIEHHSI KOPUCHOTO MOHOTOHHO 3pOCTA0uoro CUTHaly e (T;) 3 aHa-
JITUYHOTO CUTHAITY 1HBEPCI €,,(T), CIIOTBOPEHOI'0 BUCOKOYACTOTHUM LITYMOM:

e(t)<e(tn), =k -Ataum k=1, ..., Ng, (2)

ae Ng — NOBXKUHA CUTHAILY ey T ); ATap — IUCKPETHICTh KBAHTYBAaHHS aHAIITHU-
YHOTO CUTHAIY y Yaci.

2. ®opmyBaHHA mepeTBopeHoro curHany insepcii 7' ( f) (3MiHa cucremu
KOOpJIHMHAT):

e(t)<fi<e(w).fi=j Afij=1,...,Np 3)

ne Ny — nosxkuna curHany 1'(f;); A f — IUMCKPETHICTh NOTEHLIaNly f; CHTHAIY
T (f;), A — niniitHuil onepaTop nepeTBOPEHHs.

VY pa3i BUKOHAHHS JIHIHHOI 1HTEpPHOALii B iHTEpBali (7, ;) onepaTtop A
Ma€ TaKu BUTJISI;

Tk~ V-1
Ti=A(fj Y€1 T ) = (fi—e1)+Tp 4)
€k k-1
VY npuxnagaux IT iHTEpIONALiS BUKOHYETHCA KyOIYHUMH CIUTAHHAMU.

3. udepenuitoBaHHs mepeTBOpeHoOro curHany insepcii 7' (f) y curnan inre-
HeuBHocTl t(f)=dI(f)/df:

(f))=T-Ta)/Af; i=1..,N, N=Nr—1, &)

ne N— TOBXUHA CUTHATY ? ( f; ).
[lepeTBOpeHHsT cUCTEM KOOPAWHAT € B3aEMHO OJJHO3HAYHUM, IO JIA€ 3MOTY
MOBHICTIO BiIHOBUTU KOPUCHUH CUTHaJ iHBepcii e ( T) yepe3 3BOPOTHE NEPETBO-

perHs £(f):
=T+ t(f)yAf;  e=A@)=A (@ fi T f. T). ©6)

Jomxuna Bubipku N curHaiy iHTEHCUBHOCTI ¢ ( f') HE 3aJIeKUTh Bifl peanbHOl
JOBXWHH Np aHaTITHYHOTO CHTHATY e( 7), BeMMYMHA KOE(DIiI[IEHTY CTHCHEHHS
nanux K = Ng/ N Moxke csiratu 3HaueHHst Outbine 500-0T, 1110 Jae 3Mory 30epiraTu
y 0a3i gaHuX yci CHTHAJIM BUMIpIOBaHHS Oe3 BTpaTH KOPUCHOI iH(popMarii.
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3aranbHa TOCHIZOBHICTh BUKOHAHHS TIEPETBOPEHHS CHCTEMH KOOPIHHAT Ta
1M (POBOro 00POOJICHHS CUTHAY MA€ BUIJISI:

Cuenan insepcii — Lugposa ginempayis — Dopmyeanms nepemeopenozo
cuenany — [ughepenyirosanna — 3znaoxcyeanns — Cucnan inmeHcugHoCmi.

PosrnsHemMo mpuKian 3acTOCYBaHHS TNEPETBOPEHHS CHUCTEMU KOOPIMHAT
JUIsL CUTHAITy 0araTOKOMITOHEHTHOI iHBepcii BHMIpIOBaHHSI €IIEMEHTIB (LIMHK,
KaJIMil, CBUHEILIb, MiJib), SIKHI 300paXkeHO Ha puc. 1.

VY naHoMmy BUNAIKy iHTerpajibHa CyMa BHUMipIOBaHb 0araTOKOMIOHEHTHOTO
npolecy iHBepcii e (T) mepeTBOpUIIach y CyMy KOMIIOHEHTIB CUI'HAJTy iHTCHCHUB-
HocTi ¢ ( f'), B SIKi KOKHUIA XIMIYHUH €JIeMEHT 11IeHTHDIKYEThCS OKPEMHUM KOM-
MOHEHTOM 13 MOTEHLiaJ oM MiKy (TOYKa MakCHMyMy) Ta Iialla3oHOM BHMipIO-
BaHHS (JIBi TOYKH MiHIMyMY).

=100
-200
m - 300
= -a00
+ -500
g -600
jou -700
(o}
=] - 800
=}
E - 900
-1 000
-1100
-1z 7060 Z 000 3000 2000 5000 € 000 7000 S006
Yac, mc
a) KOpUCHHMIA cUrHal iHBepcii e ( 7)
8 000+
 aso]
Q
=
S
& <4 000
5
2 000
-1 000 -800 —-S00 —400 -200
Tlorenrian, MB
6) neperBopenuii curnan T ( f)
2 B
\2 =] /
S cu
. Bef f"‘i i
ﬁ Il
% zo | Phb \’,f
g <d A
2 1C | ™ \
5 Za E
= \_'_ WS
=

—
-1 =50 - 1 DOG — 750 - 500 - =50 (5]
Tlorenrian, MB
B) CUTHAJI IHTCHCUBHOCTI # ( f)
Puc. 1. TlepeTBopeHHsI CTPYKTYPU JAaHUX CUT'HANY iHBepcii
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L.B. Cyposyes, C.K. I'animos, O.E. Tamapinos

[TepeitneMo 10 BiTHOBICHHS KOPUCHOIO CUTHANY € (T) METOJaMH [IHU(PPOBO-
ro oOpoOIeHHS JaHUX.

Hudposa ¢inbTpanis. AHami3 XapakTepHUX BUAIB aHAJITUYHHUX CHUTHAJIB
iHBepcii mokazas [26], 10 HEMOXIIMBO BUOpATH SIKUICh OJMH HAsSBHUU METOJ
mudpoBoi QiNBTpaLii Uil MONEpPeHHOT0 OOpOOIEHHsST BCIX BUIIB CHTHATIB.
[Ipouec BiHOBIEHHS KOPUCHHUX JAHWUX CJIIJ HPOBOAWUTU HUIIXOM IIOCIiIOBHOTO
3aCTOCYBaHHs HOBUX 1HCTPYMEHTAIBHHX 3aCO0iB, SIKi MAIOTh iTEpaLliiHUIl XapaKTep
Ta BUKOHYIOTBHCSI B 3aJICXKHOCTI BiJ BUYy CUTHATY.

3anponoHOBAHO HOBUH Memoo 2zicmozpamuoi ginempayii NaHuX MOHO-
TOHHO 3POCTA04Oro curHainy [28] 1 BUAajJeHHs aIuTHBHUX BUCOKOYaCTOTHUX
3aBaj y pekuMi peanbHoro yacy [27]. CyTh MeTOy MOJIATAE Y TOMY, IO i Yac
3YUTYBaHHS aHATITUYHOTO CUTHAITY KBAaHTYIOTh NOTEHIIIANN 32 PIBHEM Ta IIipa-
XOBYIOTb KUJIBKICTh CIIOCTEPEKEHD Y KOXKHOMY 3aJJaHOMY iHTepBalli, (HOpMyIOUH
ricrorpaMmy posmoJity moteHIianis (puc. 2a). ITlicis moBHOTO 3UUTYBaHHS CHI-
Hally BU3HAYalOTh TPUBANICTh [ii MOTeHLiamy (KUIBKICTb*ATary), KOOpPAUHATU
qacy Ta CepejiHi aMIUNTyIu iHTepBany (puc. 20). OinbTpoBaHUil cCUTHAI po3pa-
XOBYIOTh CIIOCOOOM IHTEPIIONSAIII cepe/lHiX KOOPIWHAT IHTEpBaliB Ui BCiX Ng
TOYOK KOPUCHOT'O CUTHAY (pHC. 2B).

Opnepxana rictorpama (puc. 2a) miciisi BA3HAYCHHS TPUBAJIOCTI il MOTEHIII-
aniB ()aKTUYHO € TUCKPETHUM CUTHAJIOM IHTEHCHBHOCTI ¢ ( f), TOOTO, B mporieci
KBaHTYBaHHS aBTOMaTHYHO BUKOHY€ETHCS IEPETBOPEHHS CTPYKTYPHU JaHUX.

[lepeBaroro MeTooy € MOKIMBICTH POOOTH y peajJbHOMY MaciiTabi gacy,
BiJICYTHICTB OIEpalliif 3 MIaBal0vY0I0 TOYKOIO Ta (ikCOBaHMH 00CSAT HEOOXiTHOT
OIIEPaTUBHOI MaM’sTi, SKUH HE 3aleXHUTh BiAg TpuBanocTi curHainy. B IT nei
METOJ € JIOTIOMIKHHM 1HCTPYMEHTaJIbHUM 3ac000M Y croco0i yCyHEeHHS BUIal-
KOBUX IMITYJILCHHX 32aBa/]l T4 BUKHIIB.

Tpaguiiiiini METOAM BUSBJICHHS IMITyJIbCHUX 3aBaj Ta BUKHUJIB (HAIIPHUKIIA],
MeJiaHHWI METO/) He 3aBXKIM BU3HAYAIOTh TPUBAJI y Yaci BUKHIIH, MOB’sA3aHi 3
pOOOTOIO IMITYIILCHHX JpKepen Hanpyrd. st BUpilIeHHS i€l mpoOiieMH 3ampo-
TTIOHOBAHO HOBUU CHOCIO YCYHEHHS 6UNAOKOBUX IMNYIbCHUX 34640 MA 6UKUDIE,
SKHA BUKOPHUCTOBYE CTaTUCTHYHI XapaKTEPUCTHKH MOPIBHAHHS aHAJIITHYHOIO
e (1) Ta (pIIBTPOBAHOIO CUTHAIIB €4(T).

1 Tgf
-
ﬁ % & 3
=
3 g E
= i =
= =) J =)
- g P g
" =) #'T o
‘ ‘ ’ = ] =
i
LU iy
0 5 E) BN " 'R
Tlotenniat, MB Hac. mc Yac. Mc
a) ricrorpama 0) iHTerpaibHa B) aHAIITHYHUIT Ta
ricrorpama (binbTpOBaHUN CUTHAI

Puc. 2. Metopa ricrorpaMHoi ¢GinbTpariii
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Kopek1ito aHaITHYHOTO CUTHATY B iTEpallifHOMY PeXHMi 3IHCHIOIOTH 3a
TaKAM aJrOPUTMOM.

1. BukoHyemo MeToJ rictorpaMHoi QinbTpariii.

2. JlinuMo curHan Ha 7 PiBHUX IHTEPBAJIB, B SKHUX IIAPAaXOBYEMO BEIHYH-
HHU CepelHbOKBAAPATUYHHUX BiAXUICHD S, MK aHAJITHYHUM Ta (QiIbTPOBaHUM
CUTHAJIOM.

3. 3a3Ha4yeHHSMH S,, B IHTepBajaX BU3HAYAEMO JIHINHY 3aJI€KHICTh:

S.(t)=a+b-1

4. B aHamiTH4HOMY cHUTHAaJNi e(T;) 3aMIHIOEMO aMIUTITYAH Ha 3HAYCHHS
e¢(Tx) 10TH, TOKHU y TOULll kK BUKOHYETHCS YMOBA:

le(th) —ep(th) | >3 Sw). @)

Hagenennit npukiayn (puc. 3) miarBepakye eheKTUBHICT 3apOIIOHOBAHO-
ro crocooy.

[Ticis ounineHHs AaHWX Bif IMIyJIBCHUX 3aBajl Ta BUKWIIB BUKOHYEMO Bif[HOB-
JICHHSI KOPUCHOTO CHUTHAITY, CIIOTBOPEHOTO BHCOKOYACTOTHAM [ITyMOM BUMIPIOBaHHSI.

JocmimkeHHs noKasaiH, M0 JJIsI MOHOTOHHO 3POCTal0uMX CNAa0KUX CHTHAMIB iH-
Bepcii 3aCTOCYBaHHS KJIaCHYHHMX METOJIB Ta ricTorpamHol 1u¢poBoi dinbrpanii He
3aBXKIM e()eKTHBHO, 00 TIPU3BOUTE JIO MOPYIICHHs (JOPMH Ta IHTErPATHHUX Xapak-
TEPUCTHK Y MICIISIX Pi3KOi 3MiHM KPHBU3HHU CHTHAY, [0 BIUTMBA€E HA TOUHICTH BU3HA-
YeHHs 4acy iHBepcii Ta KoHueHTpauii. Omucanuii Mero ricrorpamHoi (inbrparii
BUKOPHCTOBYIOTH IIEPEBAXKHO B ABTOHOMHHUX aHAIi3aTopax Ta B IHIIMX TEXHIYHUX
NpWiagax Jyisl BITHOBJICHHS KOPOTKMX 3a 4acOM CHMTHAJIB. Y BHIIAJKY (iabTparii
JIOBrOTPUBAIMX CUTHAIB Ta B AQHAITHYHUX BHUMIPIOBAHHSX 3aCTOCOBYIOTH METOI
Y4aCTOTHO-4acOBOi (HiNbTpaLtii, SKHi PO3IISTHEMO OLIBII ACTAIBHO.

s BiTHOBJIEHHSI KOPHUCHOTO CUTHANY e (T), CIIOTBOPEHOI'O0 BUCOKOYACTOT-
HUMH 3aBaJIaMH, CKOPHCTAEMOCS BHYTPIIIHIMH MaTEeMaTHYHUMU XapaKTepUCTH-
KaMu: ToukaMu exkcrpemymy e’(t) = 0, neperuny e’ '(t) = 0 Ta iHTepBaamu 4acy
MiXX HHUMH, SIKi TOCTaTHHO MOBHO BiZOOpa)karoTh XapakTep clabKUX 3MiH y CHI-
Hauti. 3rigHo crnoco0y BU3HAYCHHS CHEKTPY aHAJIOrOoBOro curHaiy [29], 3acto-
CYBaHHsI TOUYOK €KCTPEMYMY JIO3BOJISIE BUKOHATH IIBUIKUHN CIIEKTpalIbHUIN aHa-
J1i3 Ta BUPILIMTH 1HII TeXHi4HI ipobiemu [30, 31].

| b ’ ‘
LI )
: - ; ot
2 A 8 R
=4 A =4 =
T 5 5
7 5] o +
= = =
[=} ] =]
= = =
.
A
w0 4w sl G um abe s Bl 000
Yac, mc Yac, Mc Yac, Mc
a) aHAIITHYHHIA CUTHAIT 0) miana3oH BUITyYCHHS B) BHUSIBJICHI IMITYJIbCHI
3aBaj| y mepuiii ireparii 3aBa/IM Ta BUKUIU

Puc. 3. Bussnenus BHUIIAAKOBUX iMHyIII)CHI/IX 3aBajl Ta BI/IKI/IHiB
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Takwii miaxin g0 mudpoBoro oOpPOOICHHS CHTHATIB CTaB OCHOBOIO CTBO-
PEHHSI HOBOTO MeMOo0y 4ACHOMHO-4aco8oi ginempauii [26], akuii Bin3Hava-
€THCS IIBUAKICTIO Ta €EKTUBHICTIO BiTHOBJICHHS KOPHCHOTO CHUTHAILy iHBepCii
Ta BUKOHYETHCS 33 TAKHM aJITOPUTMOM.

3HaX0ANMO TOYKH €KCTPEMYMiB BHCOKOYACTOTHHX 3aBaJl B aHATITUYHOMY
CHUTHAaJI, K1 BiAMTOBIAal0OTh YMOBI

(ei—ei) (er1—e)<0; (tr,e)= (15, €); 1=2, ..., Ng—1, (8)

Jie e;— TOTOYHA aMIUTITy/1a { TOYKH CUTHAIY e (T;) Mics YCYHEHHS BHITaIKOBUX
IMITyTb,CHUX 3aBaJl Ta BUKHJIIB B aHAITUIHOMY CHUTHAII €;,(T); (T4, €;) — KOOop-
JTUHATHA TOYKU SKCTPEeMyMY; Ny — J0BKUHA aHATITUYHOTO CUTHAY €4(T).

InTepBan yacy At < Aty MiX CyCiIHIMH k Ta k + 1 eKcTpeMymMaMu BKasye
Ha HasBHICTh y CUTHAJI MIBXBUJII KOJMBAHHS 3aBaJy 3 aMILTITYI010 Ae; Ta dac-
TOTOIO f}, IKa MEHIIE 3a/IaHOi YaCTOTH (INBTPY fy 3 IHTEPBATIOM ATy :

1 €1 — ¢l 1
fe = , Aep =—"—1, AT =Tp T, Aty =——. 9
Lyes k 3 k= Tkt~ Tk ¢=7 7 9)
KoopnunaTn TOUKM NEeperuHy B aHAIITHYHOMY CHTHAII (7,, €,) BU3HAYAEMO
HACTYITHUM YHHOM:

T, = (et w)/ 2, e,=(ex+ew)/ 2. (10)

MeTto 4acTOTHO-4acoBO1 (iIbTpaIlil OCHOBAHO HA MPUHIIUII: SKIIO BHIIY-
YATH 3HAYEHHS AHAJIITMYHOTO CHMIHAly MDK TOYKaMHM INEperusy (T,, e,) Ta
(Tp+1, €p+1), TO KOPUCHHI BiJHOBJICHUH CUTHAJ 3a TOUKAMH IIEPETUHY Ja€ 3MOTY
YCYHYTH BUSIBIICHY 3aBajy.

3 iHIIOro GOKY, SIKIIO 3HANTH y CUTHAJI OJHAKOBI IHTEpBaIN Yacy Aty, miacyMyBa-
TH Ta BU3HAYMTH CEPEIIHI 3HAYCHHS Aey, TO, 3TIHO 31 CrIoco0oM [29], onepyKUMO OITiH-
Ky CIEKTPaIbHOI XapaKTEePHUCTHKH CUTHATY Y BUCOKOYACTOTHOMY Jialia3oHi CIEKTPY.

BinHOBNIEHHSI KOPUCHOTO CUTHAJY B iTEpaIllfHOMY PEXHUMi METOIOM YacTo-
THO-4acoBO1 (iIbTpalii 31iHCHIOEMO B JiBa €TaITH.

1. AmnamizyeMo 3aBaau 3 iHTepBaigaMu 4acy Aty < SAtTap i3 3aCTOCYBaHHAM
JIHIAHOT IHTEPITOJIALIT MK TOUKaMHU TIeperuny (puc. 4).

2. OigpTpyeMO TapMOHIYHI Ta BHUIAAKOBI 3aBajy 3 IHTEpPBAIAMH, L0 MEHIIE
4acTOTH (PUIBTPY fy, 13 3aCTOCYBAHHAM IHTEPHONIALIT KyOlYHMMH CIUTaiiHamu (puc. 5).

ExcniepuMeHTH Ha MOJENBHUX Ta PEANTbHUX AAHUX MOKAa3yl0Th, IO 3aIpo-
MOHOBAaHUI METOJl YaCTOTHO-4acoBOi (inpTpalii mae 3Mory e(peKTHBHO NpH-
DJIYIIATH BUCOKOYACTOTHI 3aBajIu.

3ramkyBanns. [lin yac BUKOHAHHS MEPETBOPEHHS! CHCTEMH KOOPIMHAT IICIS
nporeypy TU(EPEHIFOBAHHS OICPYKaHNM CUTHAT IHTCHCUBHOCTI MOYKE MaTH OOMEKe-
Hi 32 piBHEM BHIIAJIKOBI 3aBa /i (pHC. 6a), TIOB’s13aHi 3 JUCKPETHICTIO IM(PPOBUX METOIIB
(inpTpanii curHany, mwo norpedye iX BUSBICHHS epe]] BUKOHAHHSM MOJCTFOBAHHSL.

Binomi nrpoBi METoIN 3rIIaKyBaHHs HE 3aBXK/IU JAI0Th 3MOTY KOPEKTHO 00po-
OmaTH UepeHLIHI CUTHAIN, OCKIIBKU 3’ SIBIIIETHCS MpolIieMa CIIOTBOPEHHs (hopMU
KOPUCHOTO CHTHAITY Y MICIISIX Pi3KOT 3MiHH KPUBH3HH (BHIUIEHO KOJIOM, PHC. 6a), 0CO-
OJIMBO HOTO IHTErPATBHUX XaPAKTEPUCTHK ITiCIIS BITHOBJICHHSI, 1110 HEMOXKITUBO BiIKO-
PUTYBaTH 3a 3HAYEHHSMH iHTerpansHoro curuany 71 (f). Ha pucynkax 60 Ta 6B moka-
3aHO Y 30UTbIIIEHOMY MacITadi BUY CIIOTBOPEHHS (JOPMH CHTHAIY.
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Ilotenmian, Mc

Yac, Mc

Puc. 4. Ananitnunuii Ta QiabTPOBaHMH CUTHAI MICHS IEPLIOTO €TaIy
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Puc. 5. Curnan iHBepcii Iicis 4aCTOTHO-4acoBoi (inbTparii

=

[HTeHcHBHICTE, Mc/MB
g
[HTeHCHBHICTD, MC/MB
IarencHBHICTE, MC/MB

i - A% 40 419 430
Ilorenmian, MB Tloternmian. MB ITotenmiat, MB

a) MicIie pi3koi 3MiHA 0) 3MEHIIICHHS KPUBU3HU B) QIKTUBHUN MaKCUMyM
KPUBHU3HH CUTHAITY

Puc. 6. CriorBopeHHs1 ()OPMH CHUTHAITY IHTCHCUBHOCTI BiJOMUMH METO/IaMH 3TJ1a/KYBaHHS

3acTtocyBaHHS METOIB 3IVIa[UKyBaHHS (3MIHHOTO CEpeIHBOrO, eKCIOHEHIia-
JIBHOTO, TIOJIIHOMIB a00 CIUTalfiHiB) MPU3BOAUTH IO 3MEHIICHHS KPUBU3HH Ta BiIIO-
BIIHOTO 30UIBIIIEHHS Yacy iHBepcii (puc. 60), a BUKOPUCTaHHS PEKyPCUBHUX (DLIBT-
PpiB — /10 TIOsIBU (DIKTUBHHUX TOUOK MAKCUMYMY (pHC. OB).

Jlts HEJIONYIEHHS ~ CIIOTBOPEHHS ¢dopMu T dYac BiIHOBIEHHS KOPHCHOTO
CHUTHAITy IHTEHCHBHOCTI PO3pOOJICHO HOBUH MEMOO0 AOANMUGHOZ0 3271G0MHCYBAHHS
Ooanux [32], M0 3aCTOCOBYE Ta PO3UIMPIOE TMPHUHITAI OIMMCAHOTO METOAY YaCTOTHO-
4acoBol (imbTpartii, a came, KO BUKOHATH 3TJIa/DKYBAHHS TOUOK 1HTErPATBHOTO CHT-
Hany 7(f) 3a TOUKaMM NEPErvHy, sIKi BiOMOBINAIOTH TOYKAM EKCTPEMYMIB CHUTHAITY
IHTEHCHUBHOCTI, TO TMICJsS 3BOPOTHOrO JM()EPEHIIIOBAHHS CUTHAI IHTEHCHBHOCTI
t(f)=T'(f) Oyne ragkuM, ajie BOIHOYAC HE TIOPYIIUTHCS oro opma Ta iHTerpaibHi
XapPaKTEPUCTHKH.
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Cxema MeTomy aJanTHBHOIO 3ITIa[KyBaHHS, IO JEMOHCTPY€E BiAOBIAHICTH
TOYOK EKCTPEMYMIB CHUTHANYy IHTEHCHBHOCTI TOYKaM MEPETWHY IHTETPaIbHOTO
CUTHally, TIOKa3aHa Ha puc. 7.

3rifHO 31 CXeMOI0, aOCLMCH TOYOK EKCTPEMYMIB CHIHAJy IHTEHCHBHOCTI
t(f)=0 (a, 6, B) BinnoBimaroTh abCLIICaM TOYOK MEPETrHHY 1HTErpaJbHOTO CUTHAILY
T"(f)=0 (A, b, B), a inTepBai Mi>k HUIMH CIIBIAIAI0Th. SIKIO y CHTHANI iHTEHCH-
BHOCTI 2 3Hal/ICHO IHTEPBa] MiXK TOUKaMH EKCTPEMYMIB A £, IKMIi MEHILIE TPaHIYHO-
ro iHTepBaty GUILTPY A fp, TO MiJ Yac 3MIAIKyBaHHs IHTETPAIBHOIO CUrHAIY 1 1o
Toukax (A, b, B) Oynyts ycyneHi 3aBayu (a, 0, B) y KOPHCHOMY CHTHAJI.

AmHani3 pe3ysbTaTiB NPOBEICHUX CKCIIEPUMEHTIB aJallTUBHOTO 3IJ1a/KyBaHHS
ETAOHHUX MOJieNiel (IMIONMOiI0HOTO CHTHAITY, CKJIaJJHOTO MEaHIpy Ta 1HIIHX, SKi
OyJM TonepeIHbO 3aIyMIIeHI BUCOKOYACTOTHOIO 3aBafI0I0) TOKAa3aB, 10 LIeii MeTox
BiIHOBJICHHSI KOPUCHOTO CUTHATY € €(EKTHMBHHM i HOro MOXHa 3aCTOCYBaTH OIS
3MVIAJKYBAHHS CUTHAIIB IHTCHCHBHOCTI. [IpHKiian BUKOPUCTAHHSA METOAY VIS Bill-
HOBJICHHS CHT'HAJTy IHTEHCHBHOCTI HaBe/IeHO Ha puc. 8—10.

Puc. 7. Cxema MeTONy aZaNTHBHOTO 3TJIaDKYBaHHS: | — iHTerpalbHHI
curtan T( f'); 2 — curnain iHTeHCUBHOCTI ¢ (f'); a, 6, B — TOYKU €KCTPEMyMiB
curHany inteHcuBHOCTI (/) = 0; A, b, B — TOYKM neperuHy iHTerpajibHOro
curnany T"(f)=0

404
304

204

IaTreHcHBHICTE, Mc/MB

AR

-800 -600 -400 -200

Tlotemmian, MB

Puc. 8. Bxignuii Ta 3ri1aJKCHAN CUTHA IHTEHCUBHOCTI MTICIIs TIepIoi iTeparril
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dt/df

-800 -600 -400 -200

Tlorenrian, MB

Puc. 9. Tlepiia moxiHa CUTHATY iHTEHCUBHOCTI MiCJIsI 3TJIaKyBaHHS

40
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InTencusnicTs, Mc/MB
=
o

-800 -600 -400 -200

TTorenmian, MB

Puc. 10. 3riamxennii CUrHaI iIHTEHCUBHOCTI

Pe3ynbTaT eKCHIEpUMEHTIB Ha MOJCIBHHUX Ta PEAIbHUX JAHUX MiATBEPIKY-
I0Th SIKICTh BUKOHAHHS aJalITHBHOTO 3rMa/DKyBaHHA. OepikaHuii CUTHA iHTEHCH-
BHOCTI (puc. 10) Moxe OyTH BUKOPHCTAHO ISl MOJICIOBAHHS Ta BU3HAYCHHS Xapa-
KTEPUCTUK KOMITOHCHTIB.

MOJENIOBAHA KOMNOHEHTIB TA BUSHAYEHHA YACY IHBEPCIT

AHani3 MOXIMBHX TDIIXiB MOJICTIOBaHHS 0OaraTOKOMITOHEHTHHX CHTHAJIB iHBEpCii
TOKa3aB, IO TiJ] 9ac 00pOoOIIEHHS peallbHUX aHATITHYHNX CUTHAITIB O2)KaHO TOAaBaTH
CTPYKTYPY MOJCICH Yy BHUIVISI NMPOCTHX, MONEPEIHBO O3HAYCHHMX 3aICKHOCTCH, B
SIKUX BU3HAYCHHS IIAPaMETPIB MOJIEIICH 3BOIMTHCS JI0 3a1a4 MapaMEeTPUYHOI 1ICHTH-
¢ixartii. OcobaMBO 1€ BITHOCKUTECS 10 33724 BU3HAYEHHS KOHIICHTpAIIi eeMEeHTIB
3a crocoboMm OararopasoBux 100aBokK. Y poborax 3axapoa M.C. [4], IlmambGeka
JIx.A. [15], Britz D. [17] Ta iHIIMX 3ayBaKy€ThCs, 11O ULl BAKOHAHHSI aHATI3Y (OHY,
npoOu Ta mpodu 3 [obaBKaMu il Yac BUMIPIOBAHHS KOHIICHTpAIlii TIOBUHHI BUKOPH-
CTOBYBATHCSI 1ICHTHYHI METOIM 0OPOOJICHHS JAHUX, SIKI HE OITYCKAIOTh 3MiHH CTpY-
KTYpPH OITKCY KOMIIOHEHTIB Y IINX CUTHAJIAX.

Ha ocHoBi Teopermunmx 3acam metony IXII MoxHa CTBeppKyBaTH, IO
AQHAJIITHYHUNA CUTHAJ Ta, BIIOBIIHO, CUTHAJ IHTEHCUBHOCTI ¢ ( f) € CYMOIO IBOX
HE3aJISKHUX Y Yaci IPOIECiB: EMHICHOTO (JOHOBOIO po3psiay enekTpoiB (0azo-
Ba JIiHisA 200 HIDKHs 00BiIHA CUTHATY IHTEHCHBHOCTI) Ta iHBEpCii OKpEeMHX XiMi-
YHUX E€JIEMEHTIB (CIIEKTp KOMIIOHEHTIB, 3a SIKUM BH3HA4YalOTh KOHIICHTpAIii
eneMeHTIB). Takuii caMuii MijXiJ 3aCTOCOBYIOTH ITiJ] 4aCc 0OpOOJICHHS CUTHAJIIB
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METOZIaMHU BOJIbTaMIIEPOMETPIi, PiTMHHOI Xpomarorpadii Ta Mac-ClieKTPaaIbHOTO
aHaJII3y: CIIOYATKY BHUSBIAIOTH CUTHAJ (DOHOBOIO BUMIipIOBaHHs (0a30BY JIiHIIO),
a TIOTIM OJIEpXKaHWH CIIEKTP KOMIIOHEHTIB 3aCTOCOBYIOTh JIJIsi BUBHAYCHHS KOH-
LeHTpallii enemenTis [16, 17, 33].

besnocepenns moOymoBa 3arajibHOI MaTEeMAaTUYHOI MOJE/ CUTHATY IHTCH-
CUBHOCTI 32 MOJETISIMU OKpEMHUX KOMITOHEHTIB Ta 0a30BOi JiHii 3 OaraThmMa HeBi-
JOMHAMU TIapaMeTpaMu € JO0BOJII CKJIATHOI MpoOIeMOI0, TOMY MOOYIyeEMO Te-
HEPATHUBHY MO/eJib 0AraTOKOMIIOHEHTHOTO CHTHAJY, IO JO03BOJIUTH CIIPOC-
TUTHU LEH TIpoLec.

Mope/iloBaHHs KOMIOHeHTIB. [IpumycTumo, mo 0a30By JIiHIIO Ta KOXKHY
HE3AJIC)KHY MOJIENb j KOMIIOHEHTa MO>KHA MOJIATH Y BHTIISAI TOOYTKY Mapamerpa
BUCOTH /; Ta HOpMOBaHOI MoJieNi gi( f; ) 3 BU3HAYEHHMH 3a CUTHAJIOM IHTEHCUB-
HOCTI ¢ ( f; ) He3MIHHHMH iHIIUMU TapameTpamu [33].

3a TakuX MPUITYHICHb 3arajlbHa MOJIENb CHTHATY IHTEHCHUBHOCTI JUISL 1 KOM-
MOHEHTIB CIIEKTpa 3 HEBEJIIMKAM B3a€EMHUM HAKJIaJCHHSIM Ma€ BUTIISIL:

t(fi)= 2 H;g;(fi) (11)

j=0

Mogens koMmoHeHTa go( f; ), 110 onucye 0a30BYy JiHIIO CUTHATY iHTEHCHB-
HocTi ¢ (f), 3TiIHO TEOPETUYHUX MipKyBaHb JIOUIJIHHO TOAATH B €KCIIOHCHIIia-
JBHIN 3aJIeXKHOCTI:

4
go( fi)=exp( pZzobp it ) (12)

Hesimomi xoedimieHTH BeKTOpy B BU3HAYAOTh METOIOM HAMEHIITNX KBaJI-
patiB 3a MHOXKWHOIO BUOPAaHHUX TOUYOK, 1[0 XapaKTepU3yIOTh NOOYAOBY KyCKOBO-
THIHHOT HWKHBOT OOBIZIHOT Y TOTapU(PMIYHIX KOOPAUHATAX.

[lix yac BU3HAUCHHS KOHLEHTPALi eJIeMEHTa BUKOHYIOTh OJMH a00 JeKijbKa
napajebHAX BUMIPIOBaHb PO34MHIB: (poHY, mpoOu Ta mobGaBku. s KOXKHOTO
OTPHMAHOTO CHTHAITY iHTEHCHBHOCTI BU3HAYAIOTh MOJICTh HIXKHBOT 00BITHOT go( f;)
Ta OAEPXKYIOTh CIeKTp KoMmmoHeHTIB (f;) =1 (f;) — go( f;). Ilpukian Bu3HaYeHHS
CIIEKTPY KOMIIOHEHTIB JJIsl CHTHAJIiB IHTEHCHBHOCTI MPUBEIEHO Ha puc. 11.

Yucnenni ekcriepuMenTd [34-37] moka3yooTs, 10 TPaBOMIPHO MOAETIOBA-
TH KOMIIOHEHTH Y BUTJISI/II HECUMETPUYHHUX (PYHKIIH HOPMAJIBHOTO PO3MOJLTY
AQHAIIOTIYHO MiIXOAaM JIO MOJSIIOBaHHS y xpomartorpadii Ta Mmac-
CHEKTPOMETPIi:

(f 1o/

H-ERF(f,f,.0)=H:exp| — 2 (13)

(¢

Mogens okpeMoro KOMHoHeHTa /1, -g; (f;) 3 AUCHepCisMH Gy, G, Ta MOTEHIIia-
JIOM TIKY fo Ma€ BUTIISL:

H,;-ERF(f, fy,00)s /<1,

M &=\ BRE (S fro), [ S, (14)
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Puc. 11. TIo6ynoBa CieKTpy KOMIIOHEHTIB CUTHAJIIB iIHTCHCUBHOCTI

IMapamerpu j mozeni H; Ta fi; BU3Ha4a€MO B TaKiil MOCIIIIOBHOCTI.

1. 3HaxomuMO HOMEpP JUCKPETHOI TOUKUA MAKCUMYMY (iq,) j-TO KOMIIOHEHTA Y
Jiana3oHi Horo BUMiptoBaHHA [f;, f;] 3a (8).

2. Bubupaemo MHOXHHY TO4OK S; ( /) < ¢( ) KOMIIOHEHTa 3 HOMEpaMu To-
YOK [Inax -0, Ipax T 6].

3. PospaxoByemo 3HaueHHs moxinHoi t'(f) s todok S;(f) y aiama3soHi
[Zmax = 35 Imax + 3] 3 BUKOPUCTAHHSIM 3aJIKHOCTI, 3aCHOBAHOI Ha AU(EPEHIIIFOBAaHH]
iHTeproNsniiiHoro nojiiHoMy Jlarpamxka, sika Ay uucia By3miB # = 7 Ta I OAUHHU-
YHOTO KPOKY CITKM JUCKPETHOTO CUTrHay Mae Burg [20]:

1 = (43 =iy + 4501, =451 +98; 5 —1;3)/ 60, (15)

BOJHOYAC TOUHICTH OLiHKH (15) xapakTepusyerses noxudkoro R = 1/140-t7 .

4. IllnsxoM BUKOPUCTaHHS 3BOPOTHOI 1HTEPHOJIALIi 32 BUOPAHUMH TOYKAMHU
t'(f) Bu3HaYaeMo JiiicHe 3Ha4YEHHS KOOPAMHATH fy3a yMoBH #'( f;) = 0, mo Biamo-
BiJIa€ TOYIlI MAKCUMYMY.

5. PozpaxoByemo TouHe 3HaueHHs H iHTErpyBaHHsM t'( f) Bill TOYKH 3 HO-
MEPOM iy IO KOOPAUHATH f.

st BU3Ha4UeHHs mapaMeTpiB MOJIENi Gy, G, BUOMPAEMO MHOKHHY TOYOK CHI'-
Hay ciektpa s/ f; ) < t(f;) y Aianasosi [fy, f5], Aka 10cTaTHSA 11 MOOYI0BH MOJIE-
i (OKpeMo st JIiBO1 Ta MpaBoi YaCTMHH HECUMETPUYHOTO po3noainy). Jlorapud-
MyeMo raycoBy ¢yHKio (13) Ta aHani3yeMo ii sIK IOJIIHOM JIPyroro CTYICHS:

o

2
(o}

2
In(s;( f;)= zn(H)—f—O2 +[ }-fi {—%}-ﬁz:mg.fi +C- f2. (16)
26 26

3aCTOCOBYIOUM KOOPAMHATH CUTHAIY S;( f; ), BU3HAYAEMO 3a JIOTIOMOTH METOY
HaMEHIMX KBajapaTiB koediientu napadomu A, B, C Ta onTHUMaJbHI 3HAYCHHS
MapaMeTpiB G; Ta Gy

2-lc|” (17)
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3aranbHy MOJIEIb CUTHAITY IHTCHCUBHOCTI (DOPMYEMO TAKHM YHHOM.

1. Po3paxoByemMo Mozenb HIXKHBOT 00BIHOT go( f;) Ta BU3HAUAEMO CIIEKTP
KOMIOHEHTiB Y(f;).

2. ¥ cnektpi y; = ¥(f;) 3HaX0MMO KOMITOHEHT j 3 HAMOLIBIIOW OpIuHa-
TOIO /; Ta BUKOHY€EMO JJIsl HBOTO MOJIetOBaHH:A [+ g; (7).

3. Bunyuaemo 3i cuektpa ¥(f;) KOOpOAMHATH MOJAETI KOMIIOHEHTA, AKi 00-
MeXeHi iHTepBaloM [fo,— 50y;, fo;+ 50y].

4. TloBTOPHOEMO BH3HAYCHHS IHIIUX KOMIIOHEHTIB (11. 2 Ta 1. 3).

5. BusBnsemo 3anuikoBuil miBuil curHan g;(f;) Ta 3aJULIKOBHI MpaBuUii
curnan gg( f,) CHEKTpa, MosBa AKUX MOSACHIOETHCSA TUM, IO 3YMTaHI 3HAYECHHS
AHAJITUYHOTO CUTHAJY iHBepCii e (7) € MuIlle YaCTUHOI OBHOTO IMIPOLIECY EJeK-
TpoxiMiyHOi iHBepcii. s X MOKIJIMBUX KOMIIOHEHTIB CIIEKTPa MPOLEC MOAE-
JIOBAaHHSA HE BHUKOHYETHCS, a Y 3arajbHid MOJIET 3aCTOCOBYIOTH JIMIIIE YHCIIOBI
3HaYEeHHA MHOKUHHU TOYOK { fo,W,} Ta { f,,,}.

3aranbHa MOZENb CUTHANY IHTEHCHBHOCTI MiCJsl BU3HAUYEHHS YCiX KOMIIO-
HEHTIB Ma€ BUTJLSL

t(fi)=2H;g;(fi)+Hrgr(fi)+Hrgr(fi)+Hogo( fi)- (18)
j=l

3amponoHoBaHa MOJENb BiIIHOCHUTHCS A0 KJIACY OJHOMIPHHUX perpeciiHux
MoOJIeJIeH Ta BU3HAYAETHCS LUIIXOM BHUPIIICHHS 334adi MapaMeTpU4HOi 11eHTHU-
dikarii, B sKii cTpyKTypa 3anexnocteil g;(f; ) Biioma, a HEOOXiHO JHILE OLi-
HUTH BEKTOp mapamerpiB /1. OnTuMalbHI 3HaueHHs [1,, BEKTOpY MapaMeTpiB
H, ..., H,, H;, Hy, Hy 3HaX01UMO 3a METOJIOM HaMMEHIIINX KBaJpaTiB, BPaxo-
BYIOUH [TOYATKOBI 3HaUeHHs: H; = Hy = Hy = 1.

YucnenHi exciepuMeHTH [33] 103BOJISIOTH CTBEPKYBATH, 1110 3aCTOCYBaH-
HSl METOAY MOJEJIIOBAHHS CUTHATY IHTEHCHUBHOCTI 32 PaXyHOK €MHOTO MiJXOLy
10 1u(poBoro 0OpoOICHHS CUTHANIIB BUMIPIOBaHHS J103BOJISE 301IBIIUTH TOY-
HICTbh, ITOBTOPIOBAHICTh Ta JIOCTOBIPHICTh BU3HAYEHHS KOHIEHTPALIN XIMiYHUX
eneMeHTiB. KpiM Toro, MeroJi MOJIENIOBaHHSI HE MOTpeOye BTPYYaHHsS XiMika-
aHaIlITHKA I BUOOPY Mianma3oHy 3MiHU MMOTEHINANiB KOMIIOHEHTA, 10 JTA€ MO-
JIMBICTh MOBHICTIO aBTOMATH3YBaTH NPOLIEC BUMIPIOBAaHHS KOHLIEHTPALIIH.

BusnavenHns uacy inBepecii. [1ix yac BumiproBaHHs KOHLIEHTpALiH j XiMid-
HUI eJIEMEHT OJJHO3HAYHO 1IeHTH(DIKYETHCS KOMIIOHEHTOM CIIEKTpa 3a Jlianaso-
HOM HOTeHUialiB [f1;, f>] Ta BeIM4YMHOIO MOTeHLiany miKy (mapamerp fo). Yac
iHBepcii # XIMIYHOTO €IeMEHTa BM3HAUA€THCSA 33 CUTHAIOM IHTEHCHBHOCTI fK
moma komnonenta S; () < t(f):

f2j fzj
1= Jt(f)df = 2 S;(fi) (19)
f]j i:flj

JocBin 3acTocyBaHHS 6a306020 memody IXII s BU3HAYEHHS KOHIIGHTpAIIii
CBITYMTh, 110 MOJAJIbIIE IIIBHIICHHS YyTIMBOCTI BHUMIPIOBAHHS Ta 30LIBIICHHS
qacy iHBepcii 3a IIMM METOJIOM JIOCSITHYTH MPAaKTUYHO HEMOKIIMBO, TOMY JIJIsl BUPi-
IIEHHS 1IbOTO 3aBJAHHS 3aIPONIOHOBAHO 3aCTOCYBATH BiZIOMi NPHHIMITH IMITYJIbC-
HHX €JICKTPOXIMIYHUX METOJIB aHawi3y. IMITysIbCHI METOOM IMPOKO BUKOPHUCTOBY-
I0TBCS Y BOJIBTAMIIEPOMETPIi, TCOPETUYHI OCHOBH TaKOTr'0 MiIXOTY OIKCcaHi B poOo-
tax 3axapoBa M.C. [4], [Immbexa Jx.A. [15], Kammmana b.41. [38] Ta in.
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OcHOBHa i7esl 3aCTOCYBaHHsI IMITyJIbCHUX METOMIB Y XPOHOMOTEHLIOMETPii —
30LIBIICHHS Yacy iHBepcii 32 paxXyHOK aKTHBHOTO BTPYYaHHS Y TPOLIEC EIEKTPOITH-
yHOoro okuciieHus [39, 40]. Iix yac iMmmysbcy BiOyBaeThCs «ITiI3apsIKa» BUMIPIOBa-
JIBHOTO EJIEKTPOAY, TOOTO €JIEKTPO KOPOTKOYACHO MEPEXOUTH B PEKUM KOHLICHT-
PYBaHHS, 1[0 IPU3BOAUTH JI0 3MEHIIECHHS €IEKTPOPYILIIHOI CUIT OKUCIICHHS], CIIOBI-
JIEHEHHSI TIPOIIECy iHBepCii Ta 301IBIIEHHs Yy TIIMBOCTI BUMIPIOBAHHS KOHIICHTPAITiH.

Jns BUKOpHCTaHHS IMIYJIBCHUX TIPOLIECIB iHBEPCIT Y XPOHOIMOTEHITIOMETil 3a-
MPOTIOHOBAHO HOBI ENIEKTPOXIMIUHI METOAW IOCII/DKEHHS, SIKi JJO3BOJMII CYTTEBO
30UIBIIMTH Yy TJIMBICTh BUMIPIOBAHHS KOHLIEHTPALiH TOKCHYHUX €JIEMEHTIB:

— immynecHa iHBepciiina xpoHomnoreHmiomerpist (IIXIT);

— nudepeHiiina iMmynscHa XxpoHonoreHiomerpis (AIXIT);

—— OKHCIIIOBaJIbHA iMITyNbcHA XpoHonoTenuiometpis (OIXII).

3aranbHy cxeMy 3aCTOCYBaHHS IMITYJIbCHOTO PeXKHUMY 1HBEpCil 3a MOCTIHHUX
3HA4YeHb ITapaMEeTPiB IMITYJILCY Ta MEPIOTUIHOCTI HaJaHO Ha puC. 12.

[IpuHumn memody imnynvcuoi ingepciiinoi xpononomenyiomempii Mos-
ra€ y TOMy, IO MIiCJs €NEKTPOXIMIYHOIO KOHIEHTPYBAHHS MiJl 4aC BUKOHAHHS
1HBepCil Ha MOTOYHHWI CHT'HAT HAKJIAJAAI0ThCS MPSIMOKYTHI iMITYJIbCH 3 OJTHOCTO-
POHHIM IPHUPOCTOM aMILTITYad. MeTol nae 3MOry 30UIBIIUTH YYTJIMBICTh BH-
3HAYeHHS KOHIeHTpamiid eremeHTiB a0 0,05 MK/ v, Hai6inpimmit edekT Big
3aCTOCYBaHHSI METOJY — BHM3HAYCHHS CIIIOBHX 3HaUY€Hb KOHLEHTPALii TOKCHU-
YHHUX CJIEMEHTIB: PTYTi, CBUHIIIO, KaaMit0, Maprasio [41].

IIpunnun memoody oughepenyiitnoi imnynvcHoi XpoHonomeHuyiomempii
BIJIPI3HSAETHCS THM, IO MiJ Yac BUKOHAHHS iHBEpCii Ha MOTOYHUI CUTHAN Ha-
KJIaIal0ThCs MPSMOKYTHI IMITyJIbCH 3 IBOCTOPOHHIM HPUPOCTOM aMIntiTyau. Lle
JIa€ 3MOTY 301IBIINTH 9y TIIHBIiCTH 110 0,1 MKI/IM® Ta 3aCTOCOBYBATH JJIsl BU3HA-
YCHHsI KOHIICHTpAILlil eJIEMEHTIB 13 CIIAOKUMH E€JIEKTPOXIMIYHUMHU BJIACTHBOCTS-
MU: oy, OpoMy, ceneny, 3aiiza [42].

[Ipuntumn memody okucniosanvHoi iMnynbcHoOl XpoHonomeHyiomempii 1o-
JSIra€ B TOMY, IO M1 YaC BUKOHAHHS 1HBEPCil BUKOHYETHCS IUKIIYHA «ITi3apsii-
Ka» BUMIPIOBJIBHOTO EIEKTPOIY 38 PAXyHOK 3MiHM MOTEHLIaTiB MiACTaBKU. Me-
TON Ja€ 3MOTy 30UIbIINTH YYyTIHWBICTh BHU3HAUEHHS KOHIICHTpAI 10
0,3 MKI/IM’ Ta 3aCTOCOBYEThCS [EPEBAKHUM UMHOM 3 BHMIPIOBAIEHUM €JIEKTPO-
JIOM Ha 30JI0Ti OCHOBI [UIs1 aHaJli3y eJIEeMEHTIB: HIKEN0, KOOANbTy, apceny [43].

E

T

Puc. 12. 3aranpHa cxemMa 3aCTOCYBaHHS IMITYJILCHOTO PeXXHUMY iHBepcii: 1 — curnan
iHBepcil, 2 — IMITYJIbC, §; — TPUBAIICT MK IMITYJIBCAMH, i) — TPUBAIICTD IMITYJIBCY
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Po3pobiniero HOBUi Memoo xponoionomempii (XI) 115 po3IIMpeHHs JTiara3o-
HY BUMIPIOBaHHSI KOHIICHTPAI[ii XIMIYHIX €JIEMEHTIB B CTOPOHY BEJIMKHX 3HAYCHb
13 3aCTOCYBaHHSIM 1OHCEIEKTHBHHX EJIEKTPOMIB LUIIXOM BHUKOPHUCTAHHS PEKUMY
npsiMoi  ToJsiporpadii Ha XPOHOMOTEHIIOMETpUYHOMY mpwiaii. LluM meronom
BU3HAYAIOTh TaKi XIMIUHI €JIEMEHTH Ta CHOJYKH sIK KaJild, HaTpid, Kajlbliii, GTop,
aMOHiif, HITpaTH 3 KOHUEHTpaisMu 10 6107 Mxr/nM’ [44]. CyTb MeTOIy TONISTae ¥
BUMIPIOBaHHI aKTHBHOCTI (KOHLEHTpauiil) 10HIB 3a JOMOMOTU 10HCEIEKTHBHOIO
CIICKTPOAY Ta HOBOT'O XJIOPCPIOHOTO €JICKTPOAY 3 MOABIMHUM €IEKTPOIITHIHUM
kimodeM. I1in yac poGoTH 10HCENEKTUBHUI €JIEKTPO pearye Ha IEBHUI THII 10HY, a
HOro MoTeHMial 3aJ1eKUTh Bill BMICTY i0HIB y po3uuHi. JIiHIHA 3a/eKHICTh Pi3HULI
MOTCHINATIB €IEKTPOAHOI CHCTEMH BiJl aKTMBHOCTI 10HIB €JIEMEHTY OIUCYETHCS
pieusiHHsIM HepHcra [ 1, 2, 15]. 3HaueHHs! KOHIIEHTpalliil BU3HAYAIOTh 32 IpajyoBa-
JIbHUM rpadikoM abo 3a yIOCKOHAJICHUM CIIOCOOOM OaraTopa3oBHX J00aBOK (IO
I’SITH) CTaHAAPTHOTO PO34MHY i0HIB efleMeHTa [45].

BMSHAYEHHA KOHUEHTPALIA XIMIYHMX ENEMEHTIB
B 06°CKTAX HABKONMIHBLOTO CEPENOBHILA

3arajbHa MOCIIAOBHICTh JiH IIiJi Yac BHMIPIOBAaHHSA KOHIICHTPALIH XiMIYHUX
CJIEMEHTIB Y Pi3HUX 00’ €KTaxX HaBKOJIHUIIHBOTO CEPEIOBUIIA EIEKTPOXIMIYHUMHU
METOJIJaMH TaKa:

® BHUKOHYIOTH BiI0ip MpoOM 00’€KTa HABKOJMIIHBOTO CepeloBHINA, (iK-
CYIOUM Macy HaBiCKU (TBepaa mpoba) abo 00’em mpodu (pigka mpoda, mpoda
MOBITPSA);

®  TIPOBOJATH MPOOOMIATOTOBKY BiMiOpaHWX 3pa3KiB y BiIINOBIIHOCTI JO
HOPMAaTHBHHX JJOKyMEHTIB;

® TIOCIIZIOBHO BHKOHYIOTh BUMIPIOBaHHS KOHIICHTpAIiH €lIeMEHTIB, BUKOPH-
CTOBYIOUH BiJITOBiIHMI (POHOBHUIT pO3YHH Ta OJIep KaHUI PO3UMH MPOOH 3PasKy.

KonrnenTpaitito xiMiuHoro enemenrta Cj, BU3HAYAIOTH 32 CIIOCOO0OM J100aB-
KM BiIOMOI Macu m KajliOpoBaHOTO CTaHJAPTHOTO 3pa3Ky 10HIB €JIEMEHTa, IO
aHaJ3y€eThCsl, BUKOHYIOUH BH3HAYCHHS 4acy 1HBEPCii IMOCIHIIOBHO Yy TPhOX BU-
Jlax po34YrHY: (OHOBOMY PO3UHHI fq (V11 ypaxyBaHHs 3a0pyTHEHHS €IEKTPO/IiB
MOMEPEeHIMUA BUMIPIOBaHHSIMM), PpO3UYMHI NPOOH f; Ta PO3YMHI MPoOOH
3 100aBKOIO ty, 32 HOPMYJIOIO:

_tn—te

=P g,k

ne k — mepeBigHUN Koe]ilieHT AT pO3paxyHKy MacoBOi KOHLCHTpaLil enemMe-
HTa B po0i 00’ €KTa 3a 3HAUEHHIMHU HOro KOHIEHTpaLil y po34nHi MpooH.

[lig yac BUKOHAHHS TapalieIbHUX BUMIPIOBAaHb BU3HAYAIOTH CEpPE/IHI 3Ha-
YEHHS 4acy iHBepcii y KOKHOMY PO34HHI, SIKi 3aCTOCOBYIOTh Y PO3PaxyHKY KOH-
LeHTpallii A1 ogHiel modaBku 3a 3anexHicTio (20).
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Puc. 13. Bu3HaueHHs KOHLIEHTPALi] XiMI{YHOTO €IeMEHTY

B IT omiHtoBaHHS KOHIICHTpAIliil TOKCHYHHUX €IEMEHTIB MOXE 3/iHCHIOBa-
THCS 32 3HAYEHHSIMH JCKUTBKOX MO0OABOK (70 1’SATH), IO IiBUIIYE TOYHICTH Ta
JIOCTOBIPHICTh BU3HAYCHHS. Y 1bOMY BHUIIAKY JUIsl BU3HAYCHHS HEBIOMOT MacH
10HIB y MPO01 BUKOPHCTOBYIOTH JIHIMHY 3BOPOTHY XPOHOECJIECKTPOIHY XapaKTe-
PHUCTUKY — 3aJIeKHICTh MacH J00aBKH Bix 4yacy inBepcii. Koediuientu miniliHO-
ro PIBHSHHS XapaKTEPUCTUKH BU3HAYAIOTh 3a METOJOM HalMEHIIHUX KBaJpaTiB.
Ha puc. 13 HaBeneHo MpHKIIA] BHKOPHUCTAHHS XapaKTEPUCTUKU JJISi BUMIipIO-
BaHHS KOHIIGHTpamii 3 JBOMa J00aBKaMHu, B SKOMY Yac iHBepCii BiAMOBigae
oI ifeHTu(ikoBaHOi MOZEi KOMIIOHEHTA CIIEKTPa, a XapaKTepucTuka Oyay-
€ThCS 332 YaCOM IHBEpCIi 3a BiJOMMMHU 3HAYCHHSAMH Macu JOOABKH B PEeKHUMAaXx
BUMiproBaHHS: (oHy, mpodu, 1 n1odaBku, 2 10OABOK.

AHani3yroun TOYKH Tpadiky 3BOPOTHOI XPOHOENEKTPOAHOI XapaKTePUCTU-
KM, XIMiK-aHaJIITHK Ma€ MOJJIUBICTh YIEBHUTHUCS B SIKOCTI MPOBEICHHUX JIOCITi-
JDKeHb, MOXKE JTOJIATH 200 BHITYYUTH 3 PO3PaxyHKY OJep>KaHi 3HAUEHHS Iapale-
JIbHUX BUMIPIOBaHb, MIABUINYIOYA TOYHICTh BU3HAYCHHs KOHIICHTpALM XiMiu-
HOT'O €JIEMEHTA.

IHOOPMALIAHA TEXHONOIIA BUMIPHOBAHHA KOHUEHTPALIA

CrBopennss IT BuMiproBaHHS KOHIEHTpAIIi METOJaMH XPOHOMOTCHIIIOMETPIT
0a3yeTbCcsl HA BUKOPUCTaHHI OMUCAHUX METOIIB HU(POBOro 0OpoOIEeHHS JaHKX
Ta 3aCTOCYBaHHI HOBUX €JIEKTPOXIMIYHUX METO/IB JIOCIIIKSHHS:
yughposi memoou
NEPETBOPEHHS CUCTEMHU KOOPAMHAT;
METO/I TicTOrpaMHOI QibTpaltii;
Croci0 YCyHEHHS BUIIAJKOBHX IMITYJIbCHUX 3aBaJi Ta BUKHUIIB,
METO/I YaCTOTHO-4acoBO1 (DinbTparii;
METO/I aIaITHBHOTO 3TJIa/PKyBaHHS TAaHHX;
reHepaTuBHA MOJIeNIb 0araTOKOMITOHEHTHOTO CUTHAIY;
eNeKMPOXIMIUHT Memoou
e (0a30BUi METOJ IHBEPCIHHOT XPOHOMOTEHIIOMETIi;
® METOJ IMIYJIBCHOI iIHBEpPCIIHOT XpOHOIIOTEHIIIOMETPIi;
e MeToa AU(EpEeHIIIIHOT IMITYIbCHOT XPOHOIIOTEHIIIOMETPIT;

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 1 (191) 21



L.B. Cyposyes, C.K. I'animos, O.E. Tamapinos

® METOJ OKHCIIOBAIBHOI IMITyJIbCHOT XPOHOITOTEHITIOMETIT;

® METOJA XPOHOIOHOMETPii.

3ampononopana [T Mae Tpu OCHOBHI eTamny.

I. TlepeTBOpEHHS CTPYKTYpH JAHUX.

II. MonentoBaHHSI KOMIIOHEHTIB Ta BU3HAUYEHHS Yacy iHBEpCii.

1. BuzHaueHHs KOHIIEHTpAIIii XIMIYHUX €JIEMEHTIB.

Bcranosieno, o as1s Kjacy MOHOTOHHO 3pOCTal0uMX CUTHANIB, K1 € 1HTe-
TPAJBHOI0 CYMOIO TIPOLIECIB 0araTOKOMIIOHEHTHOTO BHMipIOBaHHS, MOXKHA 3a-
CTOCYBaTH IEPETBOPCHHS CUCTEMHU KOOPJHUHAT, IO CKIAJAA€ThCsA 3 (iibTpallii,
(dbopMyBaHHS Ta TU(EPEHIIIOBaHHS MEPETBOPEHOTO KOPHUCHOTO CHTHAIY, BOJ-
HOYac CYTTE€BO CKOPOUYIOThCS AaHi O6e3 BTpaTu KopHucHOi iHpopmauii. Oxepxa-
HUI CUTHAII aHAJI3y€eThCA SIK CyMa OKPEMUX KOMIIOHEHTIB.

Po3pobneni B pamkax IT iHcTpyMeHTa/IbHI 3acO0M BiAHOBICHHSI KOPHCHOTO
CUTHAITy 332 YMOB [Iil BHCOKOYACTOTHUX 3aBaJl MOXYTh OyTH BUKOPUCTAHI LIS
BUPIIICHHS 3aBJaHb TUPPOBOTO 0OpOOIICHHS aHUX Pi3HOI Pi3MUHOI PUPOIH,
110 BiJIIOBIIAIOTh JaHOMY KJIacy CHTHAJIIB.

3acrocyBanns I'T B npuiiagax ajisi BUMipIOBaHHSI KOHUeHTpauiii. /[ peai-
3auii ctBopeHoi IT y MibkHapogqHOMy HayKOBO-HaBYaJIbHOMY LICHTPI 1H(pOpMALiHIX
texnonorii Ta cucteM HAH Ykpainn Ta MOH Ykpainu po3po0iieHO BUCOKOUYTIUBY
aHAMTHYHY cucTeMy «Anai3atop [XII», B kil 3acTOCOBaHO iHCTPYMEHTAIBHI 3aC0-
OM Ta HOBI EIEKTPOXIMIYHI METOIU IOCIIDKEHHS Il BUMIPIOBAHHS KOHLICHTpAIiH
20-TH TOKCMYHHX €JIEMEHTIB B 00’ €KTax HAaBKOJIMIIHLOTO cepenonuiia [46, 47]. dus
BU3HAYCHHS KOHLICHTPALIH y KOMIT I0TEpHil CHCTeMi BUMIPIOBaHHS BAKOPHUCTOBYIOTh
I’SITh METOJIIB XPOHOMIOTEHIIIOMETPUYHOTO AaHATTI3Y.

«Amnamizarop IXII» 1o3BoisiE  BHM3HAUMTH  MAacoBY  KOHIIEHTPALiO
14-T TOKCHYHUX €JIeMEHTIB (PTYTh, apCEH, CBUHEIIb, KaJIMii, IIMHK, MiJlb, OJIOBO,
HiKeNb, KOOAIBT, 3aJi30, MapraHelb, CEJICH, HOJ Ta XpOM) 3 YYTJIMBICTIO JI0
0,05 mkr/am’ (50 ppt), UICTh XiMiYHIX eeMeHTIB Ta CronyK (Kamiif, HaTpiil, Kaab-
1iH, hTop, aMOHI Ta HITpaTH) y Iiama3oHi Bil 10° Mxr/ave 10 6-107 M/,

HoBi mMeronu enekTpoxiMidyHOro aHaji3y Ta YHIKanbHi CHOCOOM BHMIpIO-
BaHHS KOHIIEHTpAIlii XIMIYHUX €IIEMEHTIB (CelieHy, MapraHIllo, Homy, 3aiisa,
XpOMY, KaJbIlif0, HATPirO, KaJIil0) 3aXMIIeHO 12-Ma maTeHTaMu YKpaiHu Ha BH-
Haxin [41-44, 48-55].

KomMmmr’toTepHa cucTeMa aHallizaTopa CKIaJaeThCsl 3 ABOX HE3AICKHUX IIiJI-
cucTeM OOpOOJICHHS MaHWX, OKPEMO IS METOMIB iHBEpCIHHOI XPOHOIIOTEHIIiO-
MeTpii Ta METOAYy XpOHOIOHOMETPIl, 5IKi 00’ €HAHO 3arajJbHOI0 iH(OpMAaLiHHOO
CHCTEMOIO Ta BUMIPIOBAaJIbHUM MPUCTPOEM.

IT 30epirae y 0a3i qaHMX MOBIAKOBI JaHI TPaHUYHO JOMYCTUMHX KOHIICHT-
pariif pi3HUX TUMIB 00’ €KTIB, 110 MAIOTh CIIbHI HOPMATHBHI 3HAYCHHS: Xap4oBi
MPOAYKTH (X110, MOJIOKO, 3€pHO, IUTSIYE XapuyBaHHs, POIYKIIis POCIMHHHIITBA
Ta TBAPMHHUITBA), BOAA PI3HOTO MPUPOJHOIO IMOXOKEHHS (IIMTHA, IIOBEPXHE-
Ba, MiJ[3eMHA, OYHILEHA), [PYHTH Pi3HUX THIIIB, IIOBITPs poO0YO0i 30HU Ta iH., AKi
pernamentoBani MO3 Ykpainu.

IT nmae 3mory gopmyBary mabIOHH ENEKTPOXIMIYHUX MMapaMeTpiB BUMIPIO-
BaHHS €JIEMEHTIB Ul PI3HUX METOJIB JOCIIPKEHHS Ta ()OPMHU IPOTOKOIIIB pe-
3yJIbTAaTiB BUMIPIOBAaHHS 32 JOTIOMOTH 1HTEJNEKTYalbHOTO iHTep(eiicy KOPHUCTY-
Baya, 30epiraTv CUrHANM IHTEHCHBHOCTI Ta PE3y/NbTaTH BUMIipIOBAaHHS KOHLCHT-
pariii eIeMEeHTIB y apXiBi, 110 CIIPOILY€ Ta MOKPAILy€e CepPBiCHE 00CTYrOByBaHHS
Tpaili XiMika-aHaJiTHKa.
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Po3pobneHo 1micTh METOMUK BUMIPIOBaHHSI KOHIIEHTpaIii 19-TH XiMiuHUX
CJICMEHTIB y BOJI1 Ta I'PyHTax HOBUMH METOJaMHM JOCIIIKSHHS, 110 TIATBEPIKYE
MpaLe3aaTHICTh CTBOPEHUX METOAIB eNeKTpOoXiMiuHoro aHamzy [56—61]. MeTto-
JIMKK MOXYTh 3aCTOCOBYBATHCS y cepax mommpeHHs [epkaBHOrO METpOJIOrTi-
YHOTO KOHTPOJIIO Ta HATJISIY, B CAaHITAPHO-CIIJIEMiONIOTIYHUX CTaHI[isX, HAyKO-
Bo-focmigHux ycranoBax MO3 Ykpainu Ta HAH Ykpainu, Berepunapuux, ar-
POXIMIYHHMX, KOHTPOJIBHO-TOKCHKOJIOTIYHUX J1a00paTopisiX arponpoOMHUCIOBOTIO
KOMIUIEKCY Ta 1HIIUX Taly3eH, sKi 3aiiMaloThCsl BUSHAYCHHSM CJIIIOBUX KUJIBKO-
cTel XiMIYHHMX Ta TOKCHYHHUX €JIEMEHTIB B 00’ €KTaX HABKOJIMIIHBOTO IPUPOIAHO-
ro cepenosuia. «IIpuctpiil 11 BUMiIpIOBaHHSI KOHLEHTpALii BaXKKHX METaJliB»
[41] craB mepemoxiieM Bceykpaincbkoro koHKypey «Bunaxin-2011» 3a edek-
THUBHE PIllIEHHS B XIMiKO-TEXHOJIOTIUHIH rary3i; KoMIUIeKc BUHaxoiB «Crocoou
Ta MPUCTPIN AN BU3HAUEHHS KOHLEHTPALil MiKPOENEMEHTIB y BOJHHUX PO3YH-
Hax» [44, 48-55] craB mepemoxiieM BceykpaiHchbkoro KoHKypcy «BuHaxin-
2016» y HomiHarii «Exoorisy.

PiBenp po3poOku aHamiTMyHOI cuctemMu «AHamizarop IXII» Bigmosigae
CY4YaCHUM €BPOIECHCHKUM Ta CBITOBUM BHMOTaM, 332 YYTJIUBICTIO BUMIPIOBAaHHS
HE ToCTymaeTbes KpampM cBiToBuM aHanoram («PC-ETP» Uexis, anamizatop
«797 VA Computrace» LlIBeitnapis, «Model 600C» CILIA).

Pesynbrary, siki onepxano y mporeci po3podnenns [T, cBiguaTh mpo mepcrex-
TUBHICTH 3aCTOCYBaHHS HOBHUX IMiJXOJiB Ta MPUHLUUIIB IU(PPOBOro 00OpoOIeHHs
c1a0KMX 3a PIBHEM CUTHANIB CKJIaAHOI ()OPMH, 110 MOHOTOHHO 3MiHIOIOTECS, Ha
OCHOBI PO3B’si3aHHsI HACTYITHUX 3a/1a4:

1) mepeTBOpeHHs CTPYKTYpH AAaHUX BHMIipIOBaHHS 0araTOKOMITOHEHTHHX
MIPOIIECiB;

2) 3acTOCyBaHHS BHYTPILIHIX MaTeMaTHYHHX XapaKTEPUCTUK (TOYOK E€KC-
TPEeMyMiB Ta TEPETHHIB) JJIsl BUKOHAHHS (QUIBTpaIil Ta 3rNIa/KyBaHHS JaHHX
0e3 CyTTEBHX CIIOTBOPEHb (DOPMH Ta IHTETPATBHUX XaPaKTEPUCTUK CUTHAIY;

3) MozemrOBaHHS KOMIIOHEHTIB [UIS MiJBUILEHHS TOBTOPIOBAHOCTI Ta TOY-
HOCTI BU3HAUCHHS KOHIICHTPAITiH.

EQexTHBHICT BHCOKOUYTIUBOI aHAMTHYHOI cucTemu «AHamizatop IXII»
MiATBEPIUKEHO TPOBEJCHHSAM MPAKTUYHUX JOCTIDKEHb BU3HAYCHHS KOHIIEHTPA-
il XIMIYHUX €JIEMEHTIB, 3aTBEPKCHHSIM MMaTEeHTIB YKpaiHX Ha BUHAXIJ Ta IIH-
POKHM BIIPOBKCHHSM Y JIAOOPATOPISIX JJISI KOHTPOIIO SIKOCTI MUTHOI BOJM,
Xap4OBHX NMPOAYKTIB Ta BUKOHAHHS arpOXiMIYHHUX OCHIKEHb.

[lig yac po3poOICHHSA TEXHIYHUX CHCTEM Oylo BUSBIEHO, IO A0 KJacy cH-
rHaJliB, SKI MOHOTOHHO 3pPOCTalOYUX Ta € IHTErPAJLHOIO CYMOKO BHMIPIOBaHb
0araToOKOMIIOHEHTHHUX IIPOIECiB, MOJKHA BiTHECTH JIaHi, III0 MAIOTh 30BCIM iHIITY
¢i3nuHy Ipupoay, a caMe: CUTHAJIU IWHAMIYHOTO 3BaXKyBaHHS IJIs1 BU3HAUYCHHS
HaBaHTa)XEHHS Ha OCi aBTOMOOLIISI, CHCTEMH JI03yBaHHS MPOAYKTIB, MiATOTOBKH
OCTOHHMX cyMillIel, KOMOIKOpMIB ToII0. P0o3po0iieHi iHCTpyMEHTaIbHI 3aco0u
Jay MOXIIMBICTh MOOYAyBaTH HOBI eeKTHBHI MpUKIanHi iHpopMaLiiHi Tex-
HoJorii y1st 1 poBoro 0OPoOICHHS TAKUX CUTHAIIIB Ta MPOIIECIB.
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C. 101-105.

Ipuctpiii 111 BUMIpIOBaHHS KOHLEHTpAllii BaXKMX MeTalmiB: mar. 96375 Vkpaina:
MIIK (2006) GOIN 27/48. Ne a201006798; 3as81. 02.06.10; omy6:1. 25.10.11, Bron. Ne 20. 6 c.
Tlpuctpiii st BUMIPIOBAaHHS KOHIICGHTpAIlil TOKCHYHHMX ejeMeHTiB: mar. 107412
Vkpaina: MIIK (2006) GOIN 27/48. Ne a201306295; 3asBn. 21.05.13; ony6u. 25.12.14,
Bron. Ne 24. 2 c.

Amnaoro-1udpoBuil eNeKTPOXIMIUHHA MPUCTPIH IS BUMIPIOBAHHS MapaMeTpiB PO3YH-
HiB: mat. 104062 Vkpaina: MIIK (2006) GOIN 27/48. Ne a201206459; 3assn. 28.05.12;
omy61. 25.12.13, Bron. Ne 24. Sc.

Ipuctpiii 111 BUMIpIOBaHHS IIapaMeTpiB BOMHUX po3uMHiB: mar. 111689 Vxpaina:
MIIK (2006) GOIN 27/48. Ne a201505019; 3asB1. 22.05.15; omy61. 25.05.16, Bron. Ne 10. 6 c.
Cyposues U.B., I'amumoB C.K. Anroputm o0paOOTKH JaHHBIX M3MEPEHHs KOHIICHTpa-
U1 METOI0M XpoHouoHomeTpuu. YCuM. 2016. Ne 2. C. 85-91.

Cyposues 1.B., babak O.B., Tatapinos O.E., Cyposuesa T.B. AnapatHo-nporpamHuit
komiuieke «Anamizatop IXII» ans BHUMiprOBaHHS MacoOBOi KOHIICHTpAIli TOKCHYHHUX
eneMeHTiB. Hayxa ma innos. 2011. T.7, Ne 3. C. 45-46.
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Cyposues 1.B., babtax O.B., Bonkos F0.M., I'animos C.K. IIpunan iHBepciitHoi XpoHo-
MOTEHIIOMETPii AJI1 BU3HAYEHHS KOHLIEHTpAIlll BA)KKUX METaJiB Ta TOKCHYHUX €JIEMCH-
TiB y Bozi. be3nexa scummedisnvrocmi. 2013. Ne 12. C. 37-40.
Cnoci6 BU3HA4YeHHS 3ali3a y BOJHMX po3umHax: maT. 110752 Vkpaina: MIIK (2006)
GOIN 27/48, GOIN 33/18, GOIN 33/20, GOIN 49/00. Ne a201413328; 3aspn. 12.12.14;
omy61. 10.02.16, brom. Ne 3. 3 c.
Crioci6 BM3HAYCHHS XpOMY y BOAHUX po3umHax: maT. 110893 Vkpaina: MIIK (2006)
GOIN 27/48, GOIN 33/18, GOIN 33/20, CO1G 37/00. Ne a201412936; 3asBn. 03.12.14;
omy61. 25.02.16, bron. Ne 4. 4 c.
Crioci6 BH3HAa4YCHHs WOMy y BOAHUX po3uuHax: maT. 111040 Vkpaina: MIIK (2006)
GOIN 27/48, GOIN 33/18, GOIN 33/20, CO1B 7/14. Ne a201501610; 3asBn. 24.02.15;
omy61. 10.03.16, brom. Ne 5. 4 c.
XpOHOMOTEHIIIOMETPUYHUI CMOCI0O BU3HAUEHHSI CEJICHY Yy BOJHUX pO3YMHAX: TAT.
110744 Ykpaina: MIIK (2006) GOIN 27/48, GOIN 33/18, GOIN 33/20, CO1B 19/00. Ne
a201408492; 3asBn. 25.07.14; ony6:m. 10.02.16, bron. Ne 3. 4 c.
XPOHOIIOTEHIIOMETPUYHIIA CIOCIO BU3HAYEHHS MapraHLIO y BOJHHX PO3YHMHAX: TIaT.
111000 Ykpaina: MIIK (2006) GOIN 27/48, GOIN 33/18, GOIN 33/20, CO1G 45/00. Ne
a201406570; 3asBin. 12.06.14; omy6:n. 10.03.16, bron. Ne 5. 4 c.
Crioci6 BH3HAYCHHS KaJbLi0 y BOAHUX po3unHax: mar. 113126 Vkpaina: MIIK (2006)
GOIN 27/48, GOIN 27/49, GOIN 33/18, GOIN 33/20, CO1F 11/00. Ne a201511155; 3a-
sBiL. 13.11.15; onmy6u. 12.12.16, Brom. Ne 23. 4 c.
Cnoci6 BU3HA4YeHHs HATpil0 y BOXHMX po3umHax : maT. 113248 Vkpaina: MIIK (2006)
GOIN 27/48, GOIN 27/49, GOIN 33/18, GOIN 33/20, CO1D 13/00. Ne a201511153; 3a-
aBi1. 13.11.15; ony6u. 26.12.16, Bron. Ne 24. 3 c.
Crioci6 BHM3HAYEHHS Kallilo y BOJAHUX po3unHax : mar. 113356 VYkpaina: MIIK (2006)
GOIN 27/48, GOIN 27/49, GOIN 33/18, GOIN 33/20, C01D 13/00. Ne a201511152; 3a-
sBiL. 13.11.15; omy6u. 10.01.17, brom. Ne 1. 4 c.
Mertoayka BUKOHAHHS BUMIPIOBAaHHS MAacOBOI KOHLIEHTPALIil PTyTi, MUIII SIKY, HiKeJ0 Ta KoOa-
JBTY Y BOJAI METOJOM iHBepciitHoi xponomnoreHiiomerpii : MBB 081/36-0762-11 / yknan.
B.A. Koninesuy, 1.B. Cyposues, B.M. I'animosa, K.I'. Kozak. K.: Hai. yH-T 6ioTexH. i npupo-
nokopuctyBanss, 2011. 23 c.
MeTtoavka BUKOHAHHS BUMIPIOBAaHHS MacOBOT KOHIIGHTpAIil CBUHIIIO, MiJli, IIUHKY, KaJ-
Mil0 y BOJII METOJIOM iHBEpCiiiHOI XpoHonoTeHiometpii : MBB 081/36-0790-11 / yknan.
B.A. Kominesuu, I.B. Cypoues, B.M. I'animoBa, K.I'. Kozak. K.: Hai. yH-T 6ioTexH. i
npupoaokopucrtyBanns, 2011. 21 c.
Meroauka BUKOHAHHS BHUMIPIOBaHHS MAacoBOi KOHIEHTpAaLil pyXoMHX (OPM BaXKHX
MeTaltiB Ta TokcuuHux eiaemenTis (Pb, Cu, Zn, Cd, Hg, As, Ni, Co) y rpyHTax MeToaoM
iHBepciiiHol xpoHonoTeHiomeTpii : MBB 081/36-0833-12 / yknan. B.A. Koninesud,
I.B. Cyposues, B.M. T'anmimoBa, K.I'. Kozak. K.: Hail. yH-T 610TeXH. i IpUPOTOKOPHUCTY-
BaHHS, 2012. 26 c.
Meroarka BUKOHAHHS BHMIDIOBAaHHS MacoOBOi KOHIEHTpAlii TOKCHYHHX E€JIEMEHTIB
(Se, Mn, Cr, I, Fe) y Boai meTonoM iHBepciiiHol xpoHonoTeHnioMeTpii : MBB 081/36-
0935-14 / yknan. B.A. Komninesuy, I.B. Cyposues, B.M. I'animosa, K.I'. Kozaxk. K.: Har.
YH-T 0i0TeXH. 1 IpUpoLOKOpHUcTyBaHHs, 2014. 25 c.
MeTorka BUKOHAHHS BUMIPIOBAHHS MacOBOi KOHIIEHTpAIlil Kalilo, HATPilO Ta KaJbIIil0
Yy BOZI METOJIOM XPOHOMOTEeHIiOMeTpu4HOi ionoMeTpii : MBB 081/36-1012-2015 / yk-
nan. B.A. Koninesuy, [.B. Cyposues, B.M. I'animoBa. K.: Hau. yH-T 6ioTexH. i mpupo-
nmokxopuctyBanHs, 2015. 16 c.
Meroauka BUMIpIOBaHHS MacoBOi KOHIeHTpauii ¢ropy, aMOHil0 Ta HITpaTiB y BoAi
METOJIOM XPOHOIOTEHI[ioMeTpryHOi ioHOMeTpii : MB 081/12-1023-2016 / yknan.
B.A. Komninesuu, .B. Cyposues, B.M. T'animosa. K.: Hau. yH-T 6i0TeXH. 1 mpuUpoaoKo-
puctysanus, 2016. 30 c.

Otpumano 12.12.2017
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MexryHapOAHBIH Hay4HO-y4e€OHBIN LIEeHTp HH(OPMAIIIOHHBIX
texHonoruit u cucteM HAH Yikpawunast 1 MOH Ykpannsr,
np. Axan. ['mymxkosa, 40, 03187, r. Kues, Ykpanuna

NHOOPMAITMOHHA S TEXHOJIOI'MS OIPENEJIEHNSI KOHIEHTPATIMN
TOKCHUYECKUX SJIEMEHTOB B OBPBbEKTAX OKPYXXAIOIIEU CPE/IbI

PaccmoTpena HoBasi HH(QOPMaLMOHHAs TEXHOJIOTHS, KOTOPasi O3BOJISET yBEIMYUTh 1yBCTBU-
TEJIFHOCTh U JIOCTOBEPHOCTH OIPEAENIEHHsl KOHIIEHTPALMH TOKCHYHBIX 3JIEMEHTOB METO/IaMH
UMITYJILCHOM MHBEPCUOHHON XPOHOIOTEHIIMOMETPUH. [l Ki1acca MOHOTOHHO BO3PacTAIOIIMX
CHT'HAJIOB, KOTOPBIE MPEICTABISIIOT COO0I MHTErPATBHYIO CYMMY IPOLIECCOB MHOTOKOMITOHEH-
THOTO M3MEPEHMs, IPEATIOKEHO PpeoOpa3oBaHUe CUCTEMBI KOOPAUHAT, YTO TI03BOJIIET aHAIM-
3UpOBATh CUTHAJ KaK CyMMY KOMIIOHEHTOB, IIPH 3TOM CYIIECTBEHHO COKPAILAIOTCS UCXOHBIE
naHHble Oe3 motepu moje3Hoi nHdopmanuu. PaspaboTansl HudpoBble METObI BOCCTAHOBIIE-
HUSI TIOJIE3HOTO CUTHAJIa ¥ TeHepaTHBHAas MOJIEJIb MHOTOKOMIIOHEHTHOTO CUTI'HAJIA, YTO YBEJIH-
quBaeT 3G(HeKTUBHOCTH 00PaOOTKU TAHHBIX.

Co31aHa BBICOKOUYBCTBHUTEINIbHAs aHAMUTHUECKas cucrema «Ananuzatop UXII», koTopas
olpeiessieT MacCOBYIO KOHIIEHTPAUIO 14-TH TOKCHYHBIX 3JIEMEHTOB (PTYTh, MBIIIbSK, CBUHEL],
KaJMUi, IIUHK, MeJlb, OJIOBO, HUKEJb, KOOAJIBT, JKEJI€30, MapraHell, CelieH, o1, XpoM) ¢ Y4yBCT-
BUTENBHOCTHIO 10 0,05 MKF/):[MS, [IeCTh XUMHYECKHMX 3JIEMEHTOB U COCIUHCHMU (KaJui, Ha-
Tpuii, Kanbluii, GTOp, AMMHUAK, HUTPAThI) C KOHICHTpAIIUEH 10 6107 MKT/M’. Pa3paborannsie
MHCTPYMEHTAIbHbIE CPEICTBA IIO3BOJIMIM CO31aTh HOBBIE 3((EeKTHBHBIE MH()OPMALMOHHBIE
TEXHOJIOTHH OOpaOOTKH CHTHAJIOB WHOW (DM3WYECKON MPUPOIBI, KOTOPbIE MOHOTOHHO BO3pac-
TafOT OO YMEHBIIAIOTCSL.

Kniouegwie cnoga: npeobpazosanue cmpykmypbl OGHHBIX, UMHYIbCHASL XPOHONOMEHYUOMEM -
pusi, Moodenupoganue, yugposas 06pabomxa, UHGOPMAYUOHHASL MEXHONOUS.
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INFORMATION TECHNOLOGY FOR DETERMINING
THE CONCENTRATION OF TOXIC ELEMENTS
IN ENVIRONMENTAL OBJECTS

Introduction. Insufficient sensitivity of the existing systems of measuring low concentrations
of chemical elements during the implementation of quality control of drinking water, food
products and other natural objects, as well as the lack of necessary means for digital
processing of weak signals of complex form, leads to the task of developing an effective
information technology for determining the concentration of toxic elements.

The purpose of the article is to develop tools for information technology for determin-
ing the concentration of toxic elements. New methods of impulse inversion chronopotenti-
ometry and ionometry to increase the sensitivity, reliability and functionality of the concen-
tration measurement are used.

Methods. Transformation of data structure of the multi-component processes and new
methods of a filtration and smoothing which are based on use of points of extremum and
inflexion are applied at performance of digital processing of measurement signals. The trans-
formation allows us to consider monotonically increasing signals of inversion as a linear sum
of components, which are described by non symmetric functions of normal distribution. The
received signal is simulated by solving the parametric identification problem in the class of
one-dimensional regression models.

Results. The developed highly sensitive analytical system "Analyzer ICP" implements the
created information technology. The system determines the mass concentration of 14 toxic
elements (mercury, arsenic, lead, cadmium, zinc, copper, tin, nickel, cobalt, iron, manganese,
selenium, iodine and chromium) with a sensitivity of up to 0.05 ug/dm’ (50 ppt) and six
chemical elements (potassium, sodium, calcium, fluorine, ammonium and nitrates) in the
range of 10° ug/dm’ to 6:10” ug/dm’ using ion-selective electrodes.

Conclusion. Information technology has an universal character, created tools can be
used to analyze signals of various physical natures, in which the values are monotonically
increasing or decreasing.

Keywords: transformation of the data structure, impulse chronopotentiometry, modelling,
digital processing, information technolog.
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MAXIMUM MATCHING IN WEIGHTED BIPARTITE GRAPHS

Introduction. The most important algorithms for bipartite graphs maximum matching are
observed. These algorithms either find maximum matching in non-weighted bipartite

graph (e.g. Hopcroft and Karp’s algorithm — O( m\/; )) or choose among all match-
ings with maximum size one having maximal cost (e.g. Edmonds and Karp'’s algorithm-

o( mn+n? logn)). Provided that, in praxis new target settings and algorithms for

finding maximum matching in bipartite graphs are also desirable.

The purpose of the article is to consider a new task setting and algorithms for max-
imum matching in weighted bipartite graphs as well as using these algorithms in finger-
print recognition.

Methods. Modified versions of finding maximum matching M in graph by searching
and augmentation of M-augmenting paths are used.

Results. Weighted bipartite graph G =(V,E ) with a cost function ce: E — {01},

that associates each edge with one of two possible values (e.g. 0 or 1) is considered.
Maximum matching in the graph in new setting consists in finding among all matchings
containing maximum number of edges with weight 1, one having maximal cardinality. Two

algorithms with complexity O( m\/; ) being modified versions of the Hopcrofi-Karp algo-

rithm are proposed. Examples of using these algorithms for removing gaps of lines and
finding true correspondence of minutiae in fingerprint recognition are considered.

Conclusions. Proposed algorithms find maximum matching in input bipartite graph
among all matchings having maximal cardinality in given subset of this graph edges.
Using of proposed algorithms leads to increasing processing speed and reliability of
fingerprint recognition.

Key words: maximum matching, bipartite graph, images.
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INTRODUCTION

Some recognition tasks are reduced to maximum matching in bipartite graphs. Let
G =(V,E) be an input bipartite graph, maximum matching in this graph is a set
M < E of maximum size such that no two edges in M have a common vertex.
Algorithms [2-5] for finding maximum matching in non-weighted bipartite
graphs are based on searching M- augmenting paths in these graphs. Algorithm
of Kuhn [2] has complexity O(mn) and consists of O(n) phases hereinafter

m,n are numbers of graph edges and vertices. Kim and Chwa’s algorithm [3] is
similar to [2], but the search for shortest M - augmenting paths is performed in

parallel with complexity O(nlognloglogn) using o’/ logn) processors.

Hopcroft and Karp’s algorithm [5] has lesser complexity O( miln ) in compari-

son with [2], because in each phase it searches for all disjoint shortest M - aug-
menting paths. When the bipartite graph is dense, an algorithm [4] with com-

plexity O( n'3 m/ logn) may be preferable to use. The maximum matching

problem in bipartite graphs can be reduced also to a maximum flow problem in

graphs that can be solved in O( mln ) time using Dinic's algorithm [6].
Algorithms [7-11] for finding maximum matching in weighted bipartite

graphs choose among all maximum matchings one having maximum cost, i.e.
maximum sum of matching edges weights. Therewith Kuhn’s algorithm [7-9]

has complexity O( mn? ) and Edmonds and Karp’s algorithm [10] has complex-

ity O(mn+n®logn) using Fibonacci heap [11].

The purpose of the article is to consider a new task setting and algorithms
for maximum matching in weighted bipartite graphs as well as usage of these
algorithms in fingerprints recognition. Below target settings of maximum match-
ing in bipartite graphs, two algorithms for maximum matching in weighted bi-
partite graphs in new setting and examples of usage these algorithms in finger-
prints recognition are considered.

TARGET SETTINGS OF MAXIMUM MATCHING IN BIPARTITE GRAPHS

Before target settings consideration let us introduce the main definitions.

Definition1. A bipartite graph G =(V =V1UV2,E) is a graph whose verti-
ces can be divided into two disjoint sets ¥'1 and V2 such that every edge con-
nects a vertex in V1 to vertex in V2.

Definition2. A graph G is weighted if cost function ce: E — R is defined,
that associates each edge with a real value.

Definition3. A subset M — E is called a matching in graph G if no vertex
is incident to more than one edge in M .

Definition4. A matching of maximum cardinality is called a maximum matching.

Definition5. A vertex in graph G is called M -free if it is incident with no
edgein M.

Definition6. An M -augmenting path in G is a path whose original and terminal
vertices are both M -free and whose edges are alternatively in £\M and M .
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Definition7. Problem 1 — find one maximum matching in graph G .

Definition8. Problem 2 — among all maximum matchings, choose one hav-
ing maximum cost.

Definition9. Problem 3 — among all matchings having maximum cost,
choose one having maximum cardinality.

In this paper three target settings of maximum matching searching in bipar-
tite graphs are considered, the first two of which are known. The first setting
(probleml) consists in finding maximum matching M in non-weighted graph
that can be done by finding all M -augmenting paths in this graph. After finding
the next M -augmenting path p new matching with size | M |+1 is formed by
excluding from previous matching all even edges and adding all odd edges in p,
that means symmetric difference operation of sets Mand p: M =M @ p. Not
finding next M - augmenting path means finding of maximum matching because
Berge’s theorem [1] says that matching M in graph G is maximum, if and only
if G contains no M -augmenting path.

Kuhn’s algorithm [2] for finding maximum matching M in non-weighted
graph checks for each M -free (free) vertex velV1 whether there is
M -augmenting path in graph that originates in this vertex and increases size of
matching if such path exists. This algorithm consists of O(n) phases, in each of
which only one M -augmenting path is searched and augmented. Therefore, the
algorithm has complexity O(mn) . Hopcroft and Karp’s algorithm [5] in each
phase finds all M -augmenting shortest paths, performs lesser number of phases
(O\/; ) in comparison with [2] and as a result has lesser complexity O( mln ).

The second setting (problem?) is due to the fact that some maximum match-
ings can be in graph and it is necessary to find among these matchings one hav-
ing maximum cost. The third setting (problem3) is a new one and, in some
sense, opposite to the second setting — it is necessary to find among all match-
ings having maximum cost one that is maximum in cardinality.

In this paper two algorithms for problem3 solution are proposed in the case
when weight of each edge takes only one of two values, for example 0 and 1. Let
MA be matchings in graph G, having maximal number of edges with weight
that equals to 1. Proposed algorithms find in set MA those matching having
maximum cardinality.

TWO ALGORITHMS FOR MAXIMUM MATCHING IN BIPARTITE GRAPH

Let ce: E— {01} be a cost function that associates each edge (v; eV1v, €V2)
in bipartite graph G =(V,E) with value that equals to 0 or 1. For example, cost
function can be defined as ce(v),vy)=cv(vi)vev(vy ) (vi,vo)eE  or
ce(vi,vy )=cv(vy ) Aev(vy ) (vy,vo ) € E , if given cost function cv: ¥V —{0,1} that
associates each vertex with weight 0 or 1. Edge having weight that equals to 1 can
be called basic or preferable. Stated above problem3 using such cost function ce
is equivalent to following: find among all matchings having maximum number of

basic edges one being maximum in cardinality. Let us consider two algorithms for
solving this task. The first algorithm consists of the following five phases.
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1. Subgraph G1c G is detected which consists of basic edges and vertices
incident to these edges.

2. Searching of maximum matching M1 in subgraph Gl using Hopcroft
and Karp’s algorithm [5] is carried out.

3. Subgraph G2 < G is formed by deletion in graph G matching M1 and
all edges having common vertex with at least one edge from this matching.

4. Searching of maximum matching M2 in subgraph G2 is carried out.

5. Searching of maximum matching M3 in graph G is carried out with
fulfillment of the following two conditions: 1) before searching M3 =M1UM?2
and 2) only those M 3 - augmenting paths are searched and augmented, which do
not reduce number of basic edges ee M3.

Three following statements are valid.

Statementl. Number of basic edges in any maximum matching M in graph
G does not exceed size of matching M1.

Statement2. Conjunction of matchings M1c Gl and M2c G2 is also
matching and | M1|+|M2| does not exceed size of maximum matching M in
graph G .

Statement3. Size of output matching M3 equals to size of maximum match-
ing M in graph G if there is no M3 -augmenting path that decreases number
of basic edges in M3 in final phase of the algorithm.

Let us consider an example of the algorithm work in bipartite graph that
consists of ten vertices and ten edges, six basic edges of which are marked by
cross marks (Fig. 1, a). In the first phase of the algorithm subgraph Gl G is
constructed (Fig. 1, b) that consists of six basic edges and eight vertices incident
to these edges. After the first two phases of the algorithm [5] in this subgraph
matchings that consist respectively of three (Fig. 1, b) and four (Fig. 1, ¢) edges
(shown by thick lines in Fig. 1) are received. Graph G2 in this example is emp-
ty, that is why matchings M1 (Fig. 1, ¢) and M3 (Fig. 1, d) are the same.

Fig. 1. Input graph G (a), matchings in graph G1 after the first (b) and the second
(c) phases, matching M 3 in graph G as result of the algorithm (d)

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 1 (191) 35



V.M. Kyyko

The second algorithm is modified version of Hopcroft and Karp’s algo-
rithm. The algorithm begins with empty matching A and in turn increases this
matching in each of the next phases. In the next i-th phase all M -augmenting
vertex-disjoint paths having the length that equals to i are searched. These paths
in preference increase and at least do not reduce number of basic edges in M .
After finding next M -augmenting path p operation M =M @ p is carried
out which increases | M | and changes set of basic edges M1c M if path p
contains these edges. The algorithm’s structure is presented below.

Input. Bipartite graph G =(V,E), cost function ce: E —{0,1}, subset of
basic edges {ec E|ce(e)=1}c E, matching M= 0, set of M -augmenting
paths P=0.

Output. Matching M < E that contains maximum number of basic edges.

Repeate. Find (A, P,,..., P, ), where P,i=12,...k is a set of all vertex-disjoint
M -augmenting paths, such that each path pe P has length i and carrying out
M = M @ p increases or at least not decreases number of basic edges in matching M .

P=(RUP,U..P)

M=M®®P

Until P=0.

Let us consider the implementation of the algorithm in more detail. Let H
be layered directed acyclic graph; L; — set of vertices in i -th layer in graph H ;
t — number of final layer in H ; in(w),w € H— number of input edges in ver-

tex w; nmax =M | — size of matching M ; ny(p),n, ( p)— numbers of basic
edges in path pe H, thereafter covered and not covered by matching M ;
dif (p)=n(p)—ny(p) — weight of path p; mdif(w)we H— maximal
weight of paths terminated in vertex w.

Each phase of the algorithm consists of the following two parts: breadth-
first (BFS) and depth-first search (DFS). Breadth-first search constructs graph
H in which vertices of input graph G are located in layers. Therewith initial
layer contains only free vertices v e V1. All the following layers are formed by
alternate adding either vertices ve V2, connected with vertices of preceding
layer by edges e¢ M , or vertices ve V1, connected with vertices of preceding
layer by edges ee M . In the process of BFS unlike [5] values mdif(w)we H

are defined using dynamic programming. Graph / construction is carried out
up to one of the following conditions is valid: either next layer contains free
vertex v eV 2 or is empty (stopping of algorithm).

Let us consider an example of the algorithm work in input bipartite graph all
ten edges of which are basic (Fig. 2, a). Matching consisting of three edges is re-
ceived after the first phase of the algorithm work (Fig. 2, b). Four-layer graph H ,
constructed in the second phase, is presented in Fig. 2,c in which graph vertices
are numerated (1-10), free vertices are shown by circles and other vertices
(i.e. covered by matching) — by black spheres. The edges in graph / that belong
to M - augmenting paths are shown by thick lines (Fig. 2, c). In result of the sec-
ond phase maximum matching consisting of five edges is received (Fig. 2, d).
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DFS finds all vertex-disjoint paths in graph H which have length ¢ and do
not reduce the number of basic edges in matching M . Searching of each path
starts in free vertex u of the last layer given mdif (u) >=0 and propagates per
edges to non-used during DFS vertices in the preceding layer. Ending this search
in free vertex of initial layer means that M -augmenting path is traced and will
be thereafter augmented.

In the example, presented in Fig. 2, graph G has only basic edges and all
paths in graph A terminated in free vertices six or seven have the same weight
dif (p) =1 (Fig. 2, c¢). There are four such paths but only two of them have no

common vertices and are augmented.

. 8 1 6
g 2

;
é_ E%m 3

a b c d

Fig. 2. Input graph G (a), matching (three edges) afterwards the first phase of

algorithm (b), four-layered graph H in the second phase (c) and maximum
matching (d) after two phases

d e

Fig. 3. Input graph G (a), matching (three edges) afterwards the first
phase of algorithm (b), graph H in the second phase (c), output match-
ing (d) as the result of the second phase and seven-layered graph H in
the third phase (e), that contains no M -augmenting paths
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In the next example presented in Fig. 3 only six edges in graph G are basic.
There are four paths in the second phase (Fig. 3, ¢) having free vertices in termi-
nal points (4-10-3-7, 4-8-1-7, 4-9-2-6 and 5-10-3-7) and path (4-10-3-7) has
maximal weight that equals to 1. Other three ways (with weights 0, -1, 0) have
common vertices with this path and therefore are not used. There is only one
path in graph H in the next (third) phase having free terminal vertex (Fig. 3, e).
The weight of this path is equal to -2 and it is not used because its augmentation
will decrease number of basic edges in matching. Graph /A in this phase has
seven layers because the next eighth layer is empty. Output result of algorithm’s
work is the matching that consists of four edges (Fig. 3, d).

The algorithm may be expressed in the following pseudocode.

Repeate
t=0; BFS;
if (> 0)DFS;
Until >0
BFS - Constructing graph / by breadth-first search:
1. Add to L, all free vertices from V1. Let i=nmax=0,
mdif (w)=0|we Ly;
2. Form next layers of graph H until recurrent layer either is empty or con-
tains free vertices ueV?2:
Repeate
for (all vertices ue ;)
for (all vertices w adjacent to u using unmatched edges)
if (no layer containing w)
add w to L;,;; let mdif (w)=mdif (u), in(w)=1;
elseif (we L)
let mdif (w) = max(mdif (w),mdif (u )+ ce(u,w)),
infw)=in(w)+1;
if (L,,; contains free vertex and mdif (u)>=0)let t=i+1;
else if (L, is empty) ¢t =—¢;
else
for (all vertices ue L, ;)
for (all vertices w adjacent to # using matched
edges)
if (no layer containing w)
add w to L;,,; let
mdif (w)=mdif (u)—1;
mdif (w) = max(mdif (w),mdif (u)—ce(u,w));
let i=i+2;
Until (¢+=0)
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DFS -searching and augmentation of M/ -augmenting paths in graph H :

for (all free vertices u € L, , ordered by value mdif (u))

+1°
if (there is path p from u e L, | mdif (u) >0 to one of free vertices we L)
delete each vertex v and its outgoing edges in p . Under deletion each edge
(v,vout) let in(vout)=in(vout)—1 (if in(vout )= 0, delete vout and its outgo-
ing edges). Delete from M all edges e € p and add other edges e ¢ M from this

path. Let nmax = nmax+1.

The algorithm finds matching M in graph G that contains maximum num-
ber of basic edges. This matching is maximum if in final phase there are no
M -augmenting paths augmentation of which reduces number of basic edges

in M . Proposed algorithms have complexity O( mn).

MAXIMUM MATCHING IN FINGERPRINT RECOGNITION

Algorithms for comparing fingerprints based on detection and matching of mi-
nutiae (papillary lines ends and bifurcations) are considered to be still the best,
with the highest matching capability. Using these algorithms a simple rigid
transformation (translating, rotating and scaling) is searched at first to align the
input fingerprint Q with the template fingerprint 7', each represented by its

minutiae pattern. After aligning similarity measure or binary decision of whether
two fingerprint images are from the same finger or not must be determined and
returned. In two roughly aligned images every two minutiae (¢ Q,peT) may

be considered as matched (corresponding with one another) only if their distance
(location and angle) is in tolerance box under known transformation. Not only
pairs but often overlapped groups of closely located minutiae occur, that is why
finding true minutia matching usually is not a simple task. In [12, 13] matching
is searched using rather simple locally optimal algorithm, which may not so
often find true matching of minutiae because of its locality. In [14] Ford-
Fulkerson algorithm for finding optimal global matching is used provided by T.
Cormen et.al. [15]. This algorithm finds the maximum flow in non weighted
bipartite graph with complexity O(nm ), vertices veV1 (veV2) of which cor-

respond to minutiae in the first (second) image and each edge — to pair of verti-
ces closely spaced after aligning (registration). In [16] finding of minutiae
matching is based on searching of matching with minimal cost in weighted bi-
partite graph using algorithm [17] with complexity O(n®). Algorithms [14, 16]
have worse complexity in comparison with [5] that restricts their using in praxis.
Another possible drawback of algorithms [12—14] is that they do not use validity
data of minutiae which may be formed in process of their detection in finger-
prints. In the issue spurious minutiae, having the same influence as true minu-
tiae, may lead to errors in recognition.

One of challenges for [12-14, 16] and other minutiae-based algoritms consists
in missing and spurious minutiae in fingerprint images. To reduce effect of these
minutiae we propose to classify minutiae in two types (reliable and doubtful) and
use weighted bipartite graph G=(QUT,E) with cost function ce: E — {01},
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where O and T are sets of minutiae in input /, and template /p images.

Therewith weight of edge e(q € Q,p eT) equals to 1 (reliable edge) if the follow-
ing two conditions are satisfied: 1) minutiae corresponding to vertex ¢ is considered
to be reliable, because it is detected using comparatively rigorous rules and 2) dis-
tance (coordinates and angle) of minutiae ¢ and p after aligning is in certain toler-
ance box. Minutiae in template image 7' are considered as reliable.

Maximum matching M o7 in bipartite graph can be searched using one of

two proposed algorithms. Similarity (matching) degree of two compared images
(0—100%) can be defined as follows:

sim(1g, It )=100(kney +ney )/ n, (1)

where coefficient 1<k <2; nej,ne, are numbers of edges in My, having weight

1 and 0; » is total number of minutiae in intersection region of these two images.
In Fig. 4 an example of closely spaced minutiae set in images [ (four

points) and 77 (two points) after registration is shown: reliable (doubtful) minu-
tiae are marked by circls (squares) and their angles are shown by arrows.
All these minutiae fall into the same tolerance box shown in Fig. 4 by big circle.
That is why every two minutiae in this set can be matched but the task is to find
optimal matching. Similarity degree of this minutiae set defined by (1) takes the
following values depending on choosing minutiae matched pairs: 66% (two pairs
of matched reliable minutiae: (¢,,p; ).(q3.p2)), 50% ((q;,p1).(92,p2)) and
33% ((qq,p1).(94,p>)). Therewith maximal similarity (66%) corresponds to

preferential matching of reliable minutiae using proposed algorithms. In general
tolerance boxes for reliable and doubtful minutiae may have different size.
Searching maximal similarity degree depending on reliability of matched minu-
tiae seems to be positive feature in comparison with [12—14, 16].

Fig. 4. An example of closely spaced minutiae after registration in two
compared fingerprint images I, (four points g) and Ir (two points p)
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The second example corresponds to removing of noise gaps in lines and
curves in vectorized image, in particular fingerprint image. Vectorized image
represents graph vertices of which correspond to ends and crossings of lines and
edges — to line or curve segments in image.  Errors in gaps removing lead to
spurious minutiae and hereupon to errors in fingerprints recognition. Task of
gaps removing can be reduced to searching of maximum matching in weighted
bipartite graph vertices of which correspond to ends of lines in image. Each edge
in this graph connects two vertices if distance (location and angle) of corre-
sponding end points is in certain tolerance box b . Therewith edge has weight
that equals to 1 (basic edge) if distance of corresponding end points is in toler-
ance box, size of which is essentially smaller than size of b and equals to 0 oth-
erwise. Searching of maximum matching in this graph can be carried out using
one of proposed above algorithms.

Examples indicate that using of the proposed algorithms leads to increasing proc-
essing speed and reliability of fingerprint recognition. Testing software for fingerprints
recognition using developed algorithms will be the next step of research.

CONCLUSIONS

New setting for finding maximum matching in bipartite graph which set of edges
is splitted into two subsets is proposed: find maximum matching in this graph
among all matchings having maximum cardinality in one of these subsets. Two
algorithms for searching maximum matching in this setting are also proposed,
which are based on using Hopcroft and Karp’s algorithm and have complexity

o( mln ). These algorithms can be modified by splitting set of edges in bipartite

graph more than in two subsets. Preliminary analysis indicates that most likely
using of proposed algorithms leads to the increasing processing speed and reli-
ability of fingerprint recognition.
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3HAXO/IKEHH ST HAMBUIBILIOI'O ITAPOCIIOJIYUYEHHS
HA 3BAXXEHOMY JIBOJAOJIBHOMY I'PA®OBI

Bcmyn. Po3risiHyTO  HaiiBiIOMIII alTOPUTMH HOIIYKY HaWOUIBIIOr0 MapoCIOIydeHHs Ha
JIBOJIOJIBHOMY Tpad)oBi, siIKi a00 BHKOHYIOTH IMOIIYK HAWOIIBIIOr0 MapOCHOIyUYCHHS Ha He-
3BaKCHOMY [[BOJIOJIbHOMY rpa)oBi, a00 BHOMPAIOTH i3 MHOXXHMHHU HAHOITBIINX MApOCIOJy-
YeHb O/IHE, sSIKe Mae HaiOUTbIIy cymMy BariB pedep. Lli alropuT™Mu akKTHBHO BXKHBAIOTHCS TIPH
PO3B’SI3aHHI PI3HUX ONTHMI3alliHUX 3ajady, aje Ha MPAKTULI € TaKoX MoTpeda B iHIIMX
NIOCTaHOBKAX 1 allrOpUTMax MOILIYKY HaHOUIBIIOr0 APOCIIONYYEHHS Ha JIBOJIOJIBHUX rpadax.

Mema ctatTi — pO3MIIIHYTH HOBI NOCTAHOBKH 3aBIaHHS 1010 3HAXOJKCHHS HaHO11b-
IIIOT0 [TAPOCIIONYYEHHS Ha 3BaXKEHOMY ABOJIOJIBHOMY Ipad)oBi, alrOPUTMHU PO3B’SI3aHHS IIi€l
3aj1adi, a TAKOXK BUKOPUCTaHHS LIUX aJTOPUTMIB IIPH PO3Mi3HABaHHI NAIUIIPHUX 300paskeHb.

Memoou. BUKOPUCTOBYIOTHCS MOIM(]iKOBaHI BepcCii MONIYKY HAWO1IBIIOr0 MapoCioy-
4yeHHs1 M Ha JBOJOJIBHOMY Ipad)oBi Ha OCHOBI MONIYKY Ta ayrMeHTauii M - 30UIbIIYIOUHX
HUISAXIB HA IbOMY IpadoBi.

Pesynomamu. Po3riissHyTO HOBY IOCTAaHOBKY IMOUIYKY HAMOUIBIIOrO MapoOCIONyYeHHS
Ha 3BaXCHOMY JIBOJIOJIBHOMY rpad)oBi, Baru pebep sSkoro HaOyBarOTh J[Ba 3HAYCHHS (HAIpH-
wiaf, 0 i 1): 3HaiiTH BCi mapocmonyveHHs, 110 MaloTh HalOLIbINY KiJIbKicTh pebep 3 Baroio 1,
i BUOpaTH cepel HUX Take MAPOCHONYYCHHS, IO Mae HAHOLIBINY KiTBKIiCTH pedep.
3anponoHOBaHO J[Ba aJTOPUTMH MOIIYKY HAHOLIBIIOrO MapoCIOydeHHS Y il MOCTaHOBIII 3i

cknanuictio O(mA/n ). PO3rIsIHYTO NPUKIAJN BXUBAHHA IIUX AITOPHTMIB JUIS YCYHEHHS

PO3pHBIB JIiHIM Ta MOUIYKY BiJIOBIAHOCTI OCOOJIMBUX TOYOK Ha MOPIBHIOBAaHUX BiIOMTKAX
HajbliB IPU PO3B’sA3aHHI 3a]1aui pO3i3HABAHHA MANUIIPHUX 300paxkeHb.

Bucnogku. 3anporioHOBaHO HOBI aJITOPUTMH TIOIIYKY HaHOLIBIIOrO NApOCHOIy4eHHS Ha 3Ba-
JKEHOMY JBOJIONIFHOMY rpadoBi. BHKoOpHCTaHHs 3anpONOHOBAHUX AITOPUTMIB IMPH3BOJUTEH 10
TMPHIIBUTYCHHS Ta 3pOCTAHHS HAIIHOCTI pO3Mi3HABAHHS 300paKEeHb BiJIOUTKIB MANBIIIB.

Knrouosi cnosa: natibinvute napocnonyuens, 08000abHUIL 2pag, 300padicenHs.
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HAXOXIAEHUE HAMBOJIBIIET'O ITAPOCOUYETAHUMA
HA B3BEHIEHHOM JIBY IOJIbBHOM I'PA®E

PaccmoTpena HOBas NOCTAaHOBKa 3a/add HAaXOXKICHHUS HaHOOJNBIIETO MAapoOCOYETaHHS Ha
B3BEIICHHOM JIBYJOJBEHOM rpade, Beca pedep KOTOPOro MPHHUMAIOT ABa 3HaYCHUs (HaIpH-
Mep, 0 u 1): HaliTH Bce mapocovyeTaHwus], coAepiKallue HauOoJbIIee KOJUYECTBO pedep ¢
BecoM 1, ¥ BEIOpaTh cpey HUX HauOoJIbIIee 1Mo pasMepy mapocodetanue. [IpeioxKeHs! qBa
ITOpUTMa ITOMCKA HanOOJBIIETO NapOCOYETaHHs Ha JABYJOIBLHOM Ipade B HOBOI MOCTaHOB-

Ke co CI0KHOCThI0 O(mA/n ). PaccMOTpeHBI PUMEPBI IPUMEHEHHUS ITHX AITOPUTMOB IS

YCTpaHCHUS pa3pbIBOB JIMHAHA W TIOMCKA COOTBETCTBUS OCOOBIX TOYEK HA JABYX CpaBHHUBAa€MbIX
OTIeYaTKax MajbLCB IIPU PEIICHUH 3aJa4r paCIIO3HABAHUA MATUJIIIAPHBIX 1/1306pa>1<eH1/H71.

Knrwouesvie cnosa: naubonvuiee napocouvemanue, 08y00IbHbILI 2pagh, U300paICeHUs.

44 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 1 (191)



HuTennekTyannHoe
ynpasnexue u cucTembl

DOIL: https://doi.org/10.15407/kvt191.01.045
VK 629.7.05

B.I. TPUEHKO, unen-xopecnonaent HAH Vkpainu,
JTUpeKTop Mi>KHApOJHOTO HAYKOBO-HABYAJIEHOTO IIEHTPY
iH(popmaniiHux TexHomorii ta cucteM HAH Ykpaiau ta MOH Ykpaiau
e-mail: vig@irtc.org.ua

0.€. BOJIKOB, ctapii. Hayk. cmiBpo0.,

BiJiI. IHTEJIEKTYaIbHOTO KePYBaHHS

e-mail: alexvolk@ukr.net

M.M. KOMAP, Hayk. criBpo0.,

BiJlJI. IHTEJIEKTYaJIbHOTO KEPYBAHHS

e-mail: nickkomar08@gmail.com

FO.II. BO'AYYK, kaHj.TeXH.HayK, CTapIll. HAayK. CIiBpoO.,
BiJiI. IHTEJIEKTYaIbHOTO KePYBaHHS

e-mail: depl85@irtc.org.ua

MixHapoIHUH HaAYKOBO-HABYAIIEHUH ICHTP
iH(pOPMALIHHIX TEXHOJIOTIH Ta CHCTEM

HAH Vkpaiau Ta MOH VYkpainu,

mp. Axagemika ['mymkoBa, 40, M. Kuis, 03187, Ykpaina

INTENEKTY ARISAWIA CYYACHUX CMCTEM ABTOMATHYHOIO
KEPYBAHHA BESNINOTHHMM NITANBHUMA ANAPATAMM

Pozenanymo numanms HeoOXiOHOCMI CMEOPEHHA HOB0I NEPCHEKMUGHOI CUCIEMU KepyBaHHS
Oe3niOMHUMU TIMATLHUMU ANAPamamu i po3pooents Memooie ii inmenexmyanizayii. 3anponoto-
6aHo i0ei’ 3acmocy8antisi meopii iHeapianmHOCMi ma A6MOHOMHOCHI OJis1 CUHmME3) NEPCHEeKMUBHUX
cucmem Kepy6awHs, a MAKOXMC ps0 Memolie Ol  300e3neHeHHs. BUCOKO20 pIiGHA  ix
inmenexmyanizayii. 3anponoHosano nioxio 0o upiwients 3a60aHHs, OCHOBAHUL HA MeOpPIi BUCOKO-
MOYHO20 OUCIANYIUHO20 KePYBAHHA OUHAMIYMUMU O00'cKmamu, a mMaxodlc HA KOMNIEKCHill
63acMO0Ii Memooie meopii a8MOHOMHOCI, AOANMUBHO20 KepyB8aHHs ma IHmeneKmyanzayii
npoyecie KepyeanHs OUHAMIYHUMU 00 €Kmamil.

Knwuosi cnosa: 6esninomuuil 1imanvHuil anapam, cucmema KepyeamHs, [HEAPIAHMHICMb,
iHmeneKmyanizayis, a6moHOMHICNb.

BCTYR

OcTtaHHIMH poKamH aBiallisi CTa€ 3HAYHOI Miporo OesminoTHOr. besminoTHi
mitanbHi anapatu (briJIA) mocTynoBo CTaroTh TOJIOBHOIO MPOAYKIIi€l0 06araTbox
aBlamiiiHux ¢ipM. 3'BJISE€THCS BENHMKA KUIBKICTH PO3POOHMKIB 1 BUPOOHMKIB

© B.I. TPULIEHKO, O.€. BOJIKOB, M.M. KOMAP, 10.I1. BO'AYVYK, 2018
ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. 1 Bbru. Texs. 2018. Ne 1 (191) 45



B.I. I'puyenxo, O.€. Bonxos, M.M. Komap, FO.I1. bocauyx

BrJIA, sxi 3aiimMaroThest JMiie OE3MUJIOTHUMH amaparaMyd Ta cucTemamu. lle
BinOyBaeThCs 3 psny npuunH. briJIA, 3a3Buyaii, HabaraTo JAemIeBIi MiJOTOBA-
HUX JIiTaKkiB i BepTOIBOTIB. JlemieBmie, HiXK MiIrOTOBKAa MiJIOTa, OOXOIUTHCA i
MirOTOBKA orepaTopa 0e3MiJIOTHOT CUCTeMH. BiCyTHICTD MiJIOTa Ja€ 3MOTY HE
JI0JTy4aTH OOPTOBI CHCTEMH JKUTTE€3a0€3MCUCHHS, 3MCHIIIUTH Macy Ta rabapuTu
BrJIA, a Takox 30UIBIIUTH Jiania30H JOITyCTUMUX MEPEBAHTAXEHb 1| YNHHHUKIB,
SIKi BIUTMBAIOTh HA SIKICTh IMIJIOTYBaHHS. Bennke 3HaYeHHS Ma€ i YUHHUK Oe3Iie-
KH — BTpaTu OE3MIOTHUX anapariB He MMPU3BOISTH JI0 BTPATH MIJIOTIB.

CrpiMKe 3pocTaHHS KiJIbKOCTI po3poOok bnJIA came B B ocTaHHE mecsiTH-
piuys He € BUMAaIKOBUM. LlbOMy CHpHsUIM MEBHI 00'€KTHUBHI MEpeayMOBH, SKi
Ha3piIM caMe JI0 1bOro 4yacy. BoHM MOB's3aHi 3 CEPHO3HUMHU TEXHOJIOTTYHUMHM
yCHiXaMu B pi3HHUX Taiay3sx [1].

VY nockonanenns: briJIA Hepo3prBHO OB’ A3aHO 3 eTalaMK PO3BUTKY aBiallii 3a-
raioM. CporomHi iH(popMaliiiHi TEXHONOTii JOKOPIHHO 3MIHWIM YSBICHHS IIPO
BrJIA Tta po3umpum cdepy ix nuBimbHOTO 3acTocyBaHHs. [lopiBHSHO 3 MiJIOTOBA-
HOIO aBianiero, Bukopuctanus briJIA He3aMiHHE T 4ac BHKOHAHHS CKIQJIHUX Ta
HeOe3neyHrnx 3aBaaHb. brJIA BHKOPHCTOBYIOTH Ul IHTENEKTYyalbHHX 3aBAAHb,
HAIIPUKIIA]], TAKKX SIK: PO3BiJIKa, CIIOCTEPEKEHHS, Oe3MeKa KOPIOHIB, 1eHTHhIKaITist
Ta MO3HAYCHHSI LT, PETPaHCIIALIS 3B'I3KY, NOCTAHOBKU Pajiio3aBaj, MPaBOOXOPOH-
Ha 0e3reKa, MOHITOPHHT CTaHy HaBKOJIMIIHBOTO CEPEIOBHILA Ta CUILCHKOTO TOCHO-
JapCTBa, TUCTAHIIIHE 30HIyBaHHS Ta 1HIIII 3aBJIaHHS.

be3ninoTHMi JliTaNbHUN amapaT — I JITaJbHUE amapaT 0araropa3oBOro
a00 yMOBHO-0araTopa3oBOro BUKOPUCTAHHS, AKHI 3aTHAN CaMOCTIHHO LiiecI-
PSIMOBAHO NepeMilaTHCs B HOBITPI U1l BUKOHAHHS PiI3HUX (DYHKLIHA B ABTOHOM-
HOMY pEKHUMi (3a JOTIOMOTH BJAacHOi Kepyrodoi mporpamu) abo 3a JOHOMOTH
TUCTAHIIMHOTO KepyBaHHA (110 3IiHCHIOETHCS JIFOIMHOIO-0TIEPATOPOM 31 CTalli-
OHApHOTro 260 MOOILTBHOTO MYJIbTA KEPYBAHH).

3a3uuaii, briJIA € "yacTHHOIO cHcTeMH, sika 3a0e3nedye Horo QyHKIIoHY-
BaHHs. besminorHa aBiamitina cuctema (BAC) — 1ie cykynnicts briJIA 3 Hazem-
HUM IIYHKTOM JUCTAaHIIMHOTO KEPYBaHHS Ta MEPCOHAJIOM, SKHA HHUM Kepye i
3abe3rneuye Horo QyHKIIIOBaHHS, Ta KaHAJAMHU KePYBaHHS 1 3B’SI3KY 31 CIIOXKH-
BayaMH pe3ybTaTiB (PYHKIIFOBAaHHS.

Po3BuTOK O€3MIIOTHUX aBiallifHUX CHCTEM CTaB HOBOIO CTOPIHKOIO B iCTOpIi
aBiauii Ta kocMoHaBTUKH. lloTeHmian YkpaiHH y CTBOpEHHI Ta BHUKOPHUCTaHHI
BAC xoxHoro poky 3pocrae. Huni Haia kpaina Qirypye sik kpaiHa-BUpOOHHK Ta
CIIOXKUBAY MOCHYT K IUBUIbHMX brJIA, Tak 1 briJIA BilicbKOBOTO Mpr3HAYECHHSI.

AKTYANBHICTD

EdexTrBHICT, BUKOHAHHS MOCTABJICHUX 3aBAaHb, Oe3IeKa MOIbOTY, eKCIIyaTa-
LiliHa NPUAATHICTD 1 P 1HIIMX, HE MEHII BAKIMBHUX SKOCTEH PyXOMHX 00'€K-
TiB, 30kpemMa briJIA, 3Ha4HOI0 MipOIO BH3HAYAIOTHCS 3/4aTHICTIO CHCTEMH aBTO-
matruHoro kepyBanHs (CAK) BuxonyBatu cBoi ¢yHkiii. Pozsutok CAK, mo
aKOi BXOJAUTH aBTOmiIOT (AIl), Xapakrepu3yeThCsl MOCTIHHAM 30UTBIICHHSIM
Yrcia BUPIMIYBaHUX 3aBJaHb 1 MiABUIIEHHSAM iX CKJIQZHOCTI, PO3IMINPEHHIM
IHTEJIEKTyaJIbHUX 1 aganTuBHUX MOxJMBocTel BAC. OCHOBHI BiMIHHI SIKOCTI
CAK BmJIA — 1e, mepin 3a Bce, pO3BUHECHA apXiTEKTypa i BUCOKHH IHTEIEKT,
mo 3a0e3meuyloTh BHCOKY iH(opMaliiiHy HiATPUMKY BHUKOHAHHS 3aBIAHHS 1
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IHme/leKmya/lBauiﬂ CYUACHUX cucmem aemomamuinoco KepyeaHHs besninomuumu

BHCOKHI PIBEHb aBTOMATH3allii KePyBaHHS Ha BCiX €Tarnax MoJboTy. ApXiTeKTy-
pa CAK nosunHa 3a6e3neuyBat [2]:

— apanraniro noiboTy briJIA 1o moTouHux ymMoB ()yHKUiIOHYBaHHS, KOH-
HEHTPAIlil0 PecypciB JUIsi BUKOHAHHS HaWOUIBII BaXKJIMBHUX 3aBJaHb, epedyao-
BYIOUH CBOIO CTPYKTYPY;

— BBEJIeHHsS HOBHX iH(popMaIiiiHux kaHamiB 3 Metoto amantamii CAK mo
00'eKTiB Pi3HOTO KJIacy 1 MpoBeAeHH: MIMO0KOI MoJepHi3allii;

— BHUCOKY iH(OpMaLlifHy MiITPUMKY i/l 4ac BUKOHAHHS [MOCTABJICHUX 3a-
BJaHb i BUCOKY aBTOMATH3aLlil0 KEPyBaHHS PyXOMHUM 00'€KTOM;

— 3HW)KEHHS IICUXOJIOT1YHOTO HaBaHTaKeHHs Ha ornepatopiB BAC;

— Tpale3JaTHICTh 32 YMOB YCKJIQJHEHHS TaKTUYHOI OOCTAHOBKH 1 ITiJIBH-
MIEHHS TUHAMIKY 11 3MIHH;

— CKOpPOYCHHS Yacy Ha NPUHHATTS pillleHb Y pa3l yCKIaJAHEHHs BUOOPY Ba-
piaHTy pillICHHS;

— BHUCOKY eKCIUTyaTaliiiHy MpHUIATHICTh i HAIHHICTh 32 HU3bKOI1 BAPTOCTI
eKCIUTyaTallii.

OcnogHi axocti CAK, B cBOI0 uepry, MpakTUYHO MOBHICTIO BU3HAYAIOTHCS
0OpPTOBOIO OOYKCITIOBATIBLHOIO CUCTEMOIO, sIKa, IO CYTI, 1 € T ocHOBOM. [TocTiitHe
3pOCTaHHS CKJIAAHOCTI 1 KUIBKOCTI 3aBlaHb, 110 BUPILIYIOTHCS Ha OOPTY, HEMU-
Hy4e MPHU3BOIUTH J0 YCKIaIHEHHS OOpPTOBOro 0OJIaAHAHHA i, MEpII 3a BCe, 0
yCKJIaiHEHHSI OOpPTOBOI OOYMCIIIOBAIBHOI CHCTEMH, J0 SIKOI BHCYBAIOTHCS IIiJI-
BHIICHI BUMOTH IIOJI0 HEOOXITHUX OOUMCITIOBAIILHUX PECYPCIB JUIS BUPIIICHHS
3aBJIaHb Opi€HTAIlil 1 HaBirarii.

AKTyaJbHUM HampsiMOM JJisl iHTeJeKTyasi3amii OOYMCIIIOBAIbHUX CUCTEM
HOBOTO IMOKOJiHHS, HAPiBHI 3 HAPOIYBaHHIM OOYMCIIIOBAIBHOTO TOTEHIlIATY, €
PO3BHUTOK POOIT, CIPSIMOBAaHUX Ha 3a0e3MeueHHsI 34aTHOCTI CHCTEM KepyBaHHS
CKJIaJHUMHU TUHAMIYHUMHU 00'€KTaMU MPOBOAWTH OCMUCIICHUH aHaji3, mpuima-
THU PIIICHHS HAa OCHOBI HAKOITMYEHHUX 3HAHb 1 aJaNTyBaTHCS B 3a3JaJIeTiIb HETe-
pendadyBaHUX CHUTYaIlisIX B IpoIleci KepyBaHHS JJIsl JIOCSTHEHHS MOCTABJICHUX
1ijeit kepyBanas [4].

AHAM3 CYYACHMX CHCTEM KEPYBAHHA

[Ticns anamizy psgy aBTOMUIOTIB, sIKi € Ha pUHKY aBioHikuM BrnJIA, ix MoxxHa
PO3MOAIINTH Ha KiJIbKa KJaciB [5, 6]:

— «mpodeciitai»: «Vector» (UAV Navigation), «Piccolo SL» (Cloud Cap
Technology), «MP2x28» (Micropilot), «GNC1000» (Moog Crossbow's),
«Kestrel» (Procerus Technologies), «ATI-ABIA» (OO0 «Kb ABIA»);

— «cepenaboro» kiacy: «Pixhawk (PX-4)» (3D-robotics), «Naza» (DJI),
«YS» (Zero UAV Intelligent Technology), «Panda» (FeiYu Electronic
Technology Co).

— «amaropcbkoroy pias: 35x1, 36x1 (UNAV), RVOSD (RangeVideo) Torrio.

Heoonixu cyyacnux asmonizomie. BUIbIIICTh KOMEPUIHHUX aBTOIJIOTIB
BUKOPUCTOBYIOTh  MPONOPHIHHO-IHTErpalbHO-TU(EPEHIlialbHI  PETYISATOPH
(IIId-perynsatopu). ABtominiotn Ha ocHoBi [II/I-perymnsTopiB MarTh TpoOCTy
KOHCTPYKLIIO 1 IETKO MOXXYTh OyTH peanizoBaHi 1 kepyBanHs brJIA. Oxgnak
Ii aBTONUIOTH HE € ONTHMAJIbHUMH 1 MalOThb HU3bKY HAIiMHICTb, HE MOXYTb
BUKOPUCTOBYBaTUCH Jiisi BriJIA BilickkoBoro mpusnadenHusi. Kpim Toro, s je-
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SKUX PEKUMIB IOJILOTY HanamrtyBaHHsS mnapamerpiB I[1IJ[-perymstopa moxe
CHPUYHUHATH Cepio3Hi TpyAHOI. TOMy HUHI IPOBOAATHCS aKTUBHI JOCTIIKEH-
HS 13 3aCTOCYBaHHS Cy9acCHUX METOJIB TeOopii KepyBaHHS IJII CHHTE3Y alrOpUT-
MiB 3aKOHIB KepyBaHHs briJIA.

binbiricte HasBHUX AIl BUKOPHUCTOBYIOTH OJJHOTHITHI MiKpOMEXaHiuHi 1 pa-
JOENIeKTPOHHI CEHCOPH, TOMY SIKICTb PO3B’SI3aHHS HaBIraliiHUX 3aBAaHb 3ae-
XKHTH BiJ anroputmis pobotu All, HasBHOCTI TeMIepaTypHOi KOMIIEHcaii 1 sSKoc-
Ti KaaiOpyBaHHs qaBaviB. [y Toro, 1100 He 3aeXaTy Bijl MOCTaYaHHs JaHUX BiJ
JlaBaviB, a TAKOX JIJISI MOKJIMBOCTI TOAAJBIIIOTO PO3MIMPEHHS (PYHKITIOHATBFHOCTI
ATl, HeoOXiIHa MOKJINBICTH BCTAHOBJIEHHS JEKUIHKOX THIIIB JaBaviB.

Hns qunamivanx («aBuakux») BriJIA BaxmmBa mBuakicts peakuii AIl Ha
MiHJIBY TIOJILOTHY OOCTaHOBKY, TOMY Ba)KJIIBUM I1apaMETPOM € 4acToTa JAUCKpe-
TH3auii (4acToTa po3B’si3aHHs 3aBAaHHs KepyBaHH:). st O1IbLIOCTI 3a3HAYEHUX
AIl 4vactota muckperm3anii He nepepuirye 200 ', xoua meski AlIl, Taki sk
«MP2x28», «AIll-ABIA», nar0Th MOXJIUBICTh BCTAHOBIIIOBATH YacCTOTY TUCKpE-
tu3anii 7o 400 ['u. Lleit mapamerp Oe3mocepenHbO MOB'SI3aHO 3 YaCTOTOI OHOB-
JICHHS NTaHWX JaBadiB Ta HaJa€ MOXJIMBICTh JOJATKOBOTO OOpOOIJIEHHS (HAIpH-
KJ1aJl, J0AaTKOBY (DiBTpallilo) CUrHaIiB AaBaviB. YacToTa AMCKpeTH3allii TaKoX
3aJIGKUTP BiJl MIBHIKOIT (TAKTOBOI 4acTOTH pob0TH) O00pTOBOI IUPOBOi 00UwC-
JOBAGHOI MAIlIMHY, SIKa TIOBMHHA 32 OJMH TaKT JUCKPETU3allii BUKOHYBAaTH BCi
orepaiiii 3 00poOIeHHS CHTHANIIB 1aBaviB i BAPOOJICHHS CUTHAIB KEpyBaHHS.

Cyuacuuii AIl TOBUHEH MaTH MOXKJIMBICTh peani3yBaTH JIy’Ke CKJIA/IHI 1 BU-
MOTJIMBI 10 00YMCIIOBATIBHOI MOTYKHOCTI aNrOpUTMH OOPOOJICHHS Ta KepyBaH-
HsI 31 3HAYHUM 3aI11acoM 010 0OYUCITIOBAIBHOI MOTYKHOCTI.

BukoHaHHS MONBOTIB B CKJIAJHUX KIIMaTHUYHUX YMOBaXx (3a TeMIepaTypH
Hmwxdae 0° C i Bume +35 °C) MOXITUBE JHIE 32 HASBHOCTI TEPMOKOMITEHC AT
CUTHAIIB JaBadiB. /{7 bOro Ha eTamni BUpOOHUIITBA Tpeba BUKOHYBATH TEMIIE-
paTypHe KanliOpyBaHHs naBadiB. Po3mupeHi aianma3oHd poOo4oi TeMIepaTypu
MatoTh numie Al npodeciiinoi cepii, Hanpuknan, «MP2x28» 1 «Kestrel».

BMOKPEMNEHHA HEBMPIWIEHOT YACTHHH NPOBNEMM

CpOrogHIlIHIM TEXHONOTIYHUN PO3BUTOK iHPOPMALIHUX TEXHOJIOTiIH BHMAarae
MPUCKOPEHOTO PO3BUTKY TEOPii IHTENEKTYAIBHOI'O KEPYBaHHS Ta TEOPii CUCTEM-
HUX iH(QOpMaLiHHUX TeXHOJIOTiH. HOBI TEXHONOTII IHTENEeKTYaIbHOTO KepyBaH-
HS1 BKpail BayKJIMBI U151 BUPILIEHHS po0seM cyyacHOi poOOTOTEXHIKH, CTBOPEH-
Hsl OOPTOBHX i HA3EMHHX CHCTEM KEepyBaHHS OE3MUJIOTHHMH JITaTbHUMH 3aCO-
O0amu. KpiM TOro, BUHHKA€e akTyalibHE MUTAHHSI HEOOXITHOCTI IMOETHAHHS TaKUX
Teopil y €IMHY KOHLENLilo iHTeNeKTyaizauil iHhopMauiiHUX TEXHOJOTiH Ta
CTBOPEHHS IHTEJICKTYIbHUX TEXHOJIOTiH KepyBaHHSI.

3 orany Ha mepeniyeHi Buine Henodiku cydacHux AIl BnJIA mocrae mu-
TaHHsS PO3pOoOJIeHHsI cucTeMU KepyBaHHs bnJIA Ta mpoBeaeHHS psay 3axofiB
010 3a0e3MeYeHHS 11 IHTeNeKTyami3allii.
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NOCTAHOBKA 3AJIAYI

Jnist po3B’si3aHHA 3aBJaHb KEPYBaHHS KYTOBUM PYXOM i CTa01Ii3ali€r0 KyTOBOTO
MOJIOKEHHS OE3MIJIOTHOTO JITANBHOTO anapaTy 3arajJbHUN KyTOBUH pyX po3Iis-
JIAf0Th SIK CyMY TPbOX CKJIQJHHKIB: KyTiB pUCKaHHA (), TaHTaxXy (V) 1 KpeHy (y).
BignoBigHo 10 mbOro Moty GOpPMYIOTh TPH KaHAIM KepyBaHH 1 cTabimizarii:
KypCy, TaHTaxy 1 kpeHy. Po3B’s13aHHs 3aBIaHb CHHTE3Y 1 peali3alii aropuTMis
kepyBaHHs briJIA mae 3a0e3nedyBaTi HEOOXiIHI XapaKTEPUCTUKU PyXy Ha pi3-
HUX JIJISTHKaX TPAEKTOPiH i pexuMax moiaboty [7].

CyuacHi aBTOILIOTH € KOMIUIEKCOM MEXaHi3MiB, SIKi CILTFHO TPAIFOIOTh IS
3abe3neueHHs crabimizanii briJIA Ha TpaekTopii, crabinizauii BUCOTH MONBOTY, Ke-
pyBaHHs MaHeBpaMu BIiJIA 1 mpuBeieHHS HOro B TOPU30OHTAIBHUIA TIOJIT.

B ocHOBY cxeMu aBTONIIOTIB MiJ Yac poOOTH B pexkuMi cTabinizamii mokia-
JICHO IPUHIIMII PETYIIOBaHHS 32 KyTOM, KYTOBOI IIBUAKOCTI, 8 y ACSKUX CXeMax
aBTOMIOTIB 1 32 KyTOBUM nprckopeHHsM. Crucrema briJIA-aBTonisnior € eauHo0
3aMKHYTOI0 CHCTEMOI0 aBTOMATHYHOTO KepyBaHHS. ABTOMIIIOT CKIANAETHCA,
3a3BHYail, 3 TPhOX aBTOMATUYHUX CHCTEM KepyBaHHS 3 BHYTPILIHIMH Iepexpec-
HUMU KOOPIUHAI[IMHUMH 3B'I3KaMU MK KaHaJaMH aBTOILIOTA.

[Ipunimn aii TpaguIiiHUX aBTOMIOTIB OCHOBAHUN HA: BUMIpPi BIIXHICHHS
oci JliTaka Bijl 331aHOTO MIPOCTOPOBOIO MOJIOKEHHS Ta NEPETBOPEHHI BUMIPSHOT
BEJIMYMHY B KOMaHly BIIXUJICHHS KepMa.

baxkana (yHKITIOHANIBHA 3AJICXKHICTh MK BUMIPSHUM BiIXHJICHHSIM JIiTaKa 1
BIIXWJICHHSIM KepMa aHAJITUYHO BUPAXKAETHCS 3aKOHOM KEpyBaHHS, SIKi € imea-
Ji30BaHUM PIBHAHHAM. [neanizanist nojsirae B ToMy, 110 HE BPaXOBYIOTbCS HEJi-
HIAHOCTI 1 BCI JIJAHKHM BBa)KalOThCs Oe3iHEpLiHHUMU. BianoBigHo 10 Yncia opra-
HiB kepyBaHHs AIl mMae Tpu kaHamu ctaOinmizallii, iIMEHOBaHI HaJalli KaHAJAMU
KepMa Harpsmy, eIepoHiB 1 KepMa BUCOTH.

3aKOHM KepyBaHHS aBTOIIOTa MAIOTh PI3SHUKA BUIJISA AJS PI3HUX KaHAJIB i
PEXUMIB pOOOTH aBTOILIOTA.

VY pexumi cradinizamii, KOJIX aBTOMIOT MIATPUMYE 3aJaHUN PEKUM HOIbO-
Ty, Ha BX1Jl aBTOIJIOTA HAIXOASATh CUTHAJH BiJl Yy TJINBUX €JIEMEHTIB:

By =iy +HyW +iyyYs
56 =iyy+uy"y+iw\y;
8¢ =ipd+py,d+iy v+ K,AH ,

ne 6y, O, O, — KyTH BIIXMIJICHHS BIJNOBIAHUX PYIiB, AH — 3MiHA BUCOTH, iy, iy,
i, — TIepeaBalbHi YMCIIa Mo KyTaX, sIKi BU3HAYAIOTHCS CITiBB1THOMIEHHSM:

i=—,

(0]

1€ & — KyT HOBOPOTY pyJIs, (0 — KyTOBa IIBUAKICTb JITaKa, Ly, L, L, — Hepesa-
BaJIbHI YHCJIA [T0 KyTOBUM IIBUAKOCTSIM, SIKI BU3HAYAFOTHCS CITiBBIIHOIICHHSIM:
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s
p=—,
y.y.0

Je Y — KYyT Kypcy JliTaka, Y — KyT KpeHy JIiTaka, U — KyT TaHTaxy JiTaka,
iy, — TlepeJlaBalibHe YUCIIO 3a KypCOM Bill KpeHy, i, — HepeaaBajJbHE YHUCIIO
3a KpPEeHOM BiA Kypcy, i, — IepefaBajbHE YHCIIO 3a TaHTakeM BiJ KpeHy,
K., — mepenaBanbHe YHCIIO 328 3MiHOKO BHCOTH.

OnTumanpHI 3HaYSHHS TepeaBalbHUX YHCEN 3alIeKaTh BiJl XapaKTePUCTUK
BrJIA, a omxe, i Bif pexxuMy monboty. OHaK, Yyepe3 CKIaJHIcTh epeOy/IoBH Iie-
pelaBabHUX YMCEN B MOJBOTI Ha TPAKTHUIl OOMEXYIOThCS ""cepeHIMU" 3HAUCHHSI-
MU TIepelaBajIbHAX YMCEN, SIKi BCTAHOBIIOKIOTH ITiJI YaC HA3eMHOTO PETYIIOBAHHS
aBromiiora. Lli 3HAaYeHHS BH3HAYAOTh PO3PAXyHKOBHM IUISXOM JJIsI OCHOBHOTO
PSKUMY TOJILOTY 1 YTOUHIOIOTH ITiJT Yac JILOTHUX BUIPOOYBaHb, TOCATAIOYHN 3a]10Bi-
JIBHOT SIKOCTI MepexiIHNX MPOIIECiB Ha BChOMY Jiala30Hi BUCOT i MIBUAKOCTEH, TOO-
TO Hi HA OJTHOMY 3 €TamiB MOJBOTY BOHU HE OyIyTh MaTH ONTUMAIBHUX 3HAYCHB.
[IBuaKicTh MPOTIKAHHS MEPEXiAHUX MPOIECiB B cucTeMi kepyBanHs briJIA i B3ae-
MO3B's130K pyxy BrJIA BiTHOCHO I'OJIOBHHX OCEH iHEpIIii MPU3BOIATH 0 BUHUKHEH-
HS1 CKJIQTHUX TIePEXPECHHX 3B'S3KiB MiXK KaHaJIaMHU aBTOIILIOTA.

ToMy aKkTyanbHUM € pO3pOOJICHHS ATOPUTMIB aIAIITUBHOTO KEPyBaHHsI Opi€H-
tamieto briJIA, siKi KOMIIEHCYIOTh TIEpeXpecHi 3B’S3KH Ta B3A€EMHHUI BIUTHB MOMIXK
KaHaJlaMU KepyBaHHS, 10 3a0e3reuye iHBapiaHTHICTh TeHEPOBAHMX KOMaHJ| Kepy-
BaHHS MO BCIX KaHallax, HaBiTh y pasi rimbokoro maHeBpyBaHHA brJIA. Oxpim
TOTO, AITOPUTMH KePYBaHHS MMOBHUHHI 3a0€3MIE€UNTH ITiABUIICHHS SKOCTI 1 CTIHKOCTI
KEepyBaHHS 3a YMOBM peajizallii CKJIAJHHX ITPOCTOPOBUX TPAEKTOPIH IMOJBOTY 3
BEJIMKUMH 3MiHAMU BHUCOTH Ta MIBUAKOCTI MOJNBOTY 32 HAsIBHICTIO iCTOTHO KPHUBOJTi-
HIMHUX JUITHOK MAaHEBPYBaHHS y BEPTUKAIBHIN 1 TOPU3OHTAIBHIN TUTOIIMHAX.

Meta cTaTTi — JOCHI/PKEHHS CYYacCHUX CHCTEM aBTOMATHYHOTO KepyBaH-
Hs1 briJIA Ta orrc HOBUX METOIIB iX iHTENEeKTyalli3arlii.

INTENEKTY ANbHE KEPYBAHHA
BESMNOTHAMMW MTANBHAMMW ANAPATAMH

CyuacHHMH NUIAX PO3BUTKY OOPTOBUX cHcTeM KepyBaHHs BrJIA mepenbauae
IMIUIEMEHTAILII0 QJITOPUTMIB KEpyBaHHSA 3a JOMOMOIY (PyHKUIiOHAJIBHO-
MPOTPaMHUX MOJYJIIB, HATUCAHUX CyYaCHUMH MOBaMH ITPOTPaMyBaHHS BUCOKO-
ro piBHS B 0OYHCITIOBaIbHOMY CEpeJIOBHUIINI Ha 0a3i Mikpomnpoiecopis, 3 o04uc-
JIIOBAJIBHOIO TMOTYKHICTIO, TOCTATHBOIO [UIA peanmizalii IUX aJrOpUTMiB y BU-
ITISA1 €AMHOTO anapaTHO-IPOrPaMHOT0 KOMIUIEKCY iHTErpOBaHOI aBiOHIKH.
OynkionansHO-porpamui Moayni st All cygacnoro BriJIA — 1e mony-
7l KepyBaHHS Ta HaBirauii, siki 3a0e3medyloTh TouHe KepyBaHHs briJIA onepato-
POM 1 POOIATH MOXKJIMBHM BUKOHAHHS TOJNBOTY B aBTOMATUYHOMY PEXHMI BiJ
3IBOTY A0 Tmocagku. HeoOXxigauM 6a30BHMM HAOOPOM MPOTPAMHHUX MOJYIIB JUIS
AIl cygyacnoro briJIA € Takwii: Tpy KOHTYpH aBTOIIJIOTA ISl CTa0LIi3alii KyTo-
BOTO TOJIOKEHHS (KaHaJl KpeHy, TaHT'aXy, pUCKaHHS), CHCTeMa KEpyBaHHS BUCO-
TOIO 1 IIBHIKICTIO IMOJBOTY, CHCTEMa TpaekTopHOro kepysanHs bmJIA. Taka
CTPYKTypa amapaTHO-IPOrpaMHOTO KOMILJIEKCY 0arato B 4OMY CXOXa 3 cydac-
HUM MJIOTaXXHO-HABITAIHHIM 00JIaTHAHHAM TOBITPSIHUX CYJeH, ke 0a3yeTbes
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Ha MUPOKOMY BUKOPUCTaHHI UPPOBUX OOUYHCIIOBAILHUX MAIIWH 1 CTBOPEHUX
Ha 1x 0a3i OaraTOMalIMHHUX OOYHUCIIOBAJILHUX CHCTEM Y CKIIaJl €JIeKTPOaUCTA-
HuiitHo1 cucremu kepyBanHs — EJICK, cucremu aBTOMaTH4HOTO KEpyBaHHI —
CAK, o6uncioBanbHOi cucteMu Jitakopofinas — OCJI. Ixue npusnauenns ta
MPUHIMIT POOOTH CXOXKHH 3 3alIPOTIOHOBAHOIO OOPTOBOIO CHCTEMOIO KEpYBaHHS,
sKa peani3ye NepcleKTUBHUN HalIPAMOK PO3BUTKY cucTeM KepyBaHHs briJIA.

OTxe, BUKOPHUCTaHHSI IHTEIPOBAaHOI aBIOHIKM /J03BOJISIE MEpeHECTH Oib-
mricts (yHKHid kepyBanas briJIA Ha piBeHb nmporpamMHOro 3ade3neveHHs], BUKO-
HAHOT'O y BUITIIAI OKpeMHUX (PYHKLIOHATBHO-IPOIrPAMHHUX MOJIYJIB, SIKi BUKOPHU-
CTOBYIOTH Ul KepyBaHHs bnJIA Ha Bcix pexumax, HapHUKIaL, HOMIT 3aAaHUM
MapUIpyTOM, aBTOCYNPOBiJ IIiJiei, TOBEPHEHHS 10 TOYKH 3aIyCKy, MOJIT Ha
3aJlaHifl MIBUAKOCTI, MOJIIT HA 3aJaHid BUCOTI, CTAOLII3allisl KyTiB OpieHTamii
BnJIA Tomo.

OyHKIIOHAIEHA CTPYKTYpa amapaTHO-NPOTPAMHOTO KOMIUIEKCY CHCTEMHU
kepyBanHs brnJIA (puc.l), peanizoBaHoro 3aco0amMH iHTEPOBAHOI aBIOHIKH, SK
MPaBUIIO, BKIIIOYAE JKEepena JaHUX, B AKOCTI SKHX BHKOPHCTOBYIOTH iHEpLiiHI
JaBayl BUMIPIOBaHHA NPUCKOPEHb 1 KYTOBHMX LIBHJIKOCTEH, MarHiTHI JaBaui,
JaBavi TeMIepaTtypH, naBadi Tucky, GPS-npuiiMay, a Tako)X aaBadi BHUCOTH 1
NoBITPsiHOT mBUAKOCTI. OTprUMaHi JaHi mepesaroThbesi B MPOTrPaMHO-anapaTHUMR
KOMILJIEKC OOpTOBOI CHUCTEMH KEpyBaHHS, J€ OLIHIOIOTBHCS MapaMeTpu Pyxy
BriJTA i BUpOOIISIOTECS KEPYIOUi BIUIMBH, SIKI HAAXOJSTh Ha CEPBOTIPUBOJIN CHC-
TeMU KepyBaHHS M0oI60TOM briJIA.

LenTpansHuM MOAYJIEM MPOTPaMHO-aapaTHOTO KOMIUIEKCY OOpTOBOI cHuC-
Temu kepyBaHHS brnJIA e ¢dyHKuioHaIBHO-IPOTpaMHUII MOAYNH aBTOMINOTA,
KW 3a0e31evye KepyBaHHs KyTaMu opieHTanii briJIA.

3nebinpmoro BUMaAKiB TpaekTopii monsoTy bnJIA e mpoctopoBumu Kpu-
BUMH 3 BEJIMKMMH 3MiHAMHU BUCOTH 1 IIBHJIKOCTI MOJBOTY, SIKI TAKOX BKJIIOYA-
I0Th ICTOTHO KPWBOJIIHIWHI JUITHKA MaHEBPYBaHHS Y BEPTUKANBHIN 1 TOPU30H-
TajbHi# miommuax. Iig yac pyxy BrJIA 3a Takumu TpaekTopisiMu (hyHKI[IOHA-
JBHO-TIPOrpaMHUN MOAyJb aBTomijiota bnJIA moBuHeH 3a0e3nedyBaTu BUCOKY
JUHAMIYHY TOYHICTh pealtizaiii UX TpaekTopii [8].

[TocTaBieHa MeTa 3a3BHUYail JOCATAETHCS 3a PAXYHOK BBEIACHHS Y (YHKIIIO-
HAJIBHO-TIPOTPAaMHHUKA MOIYJIb aBTOIMIJIOTA MEPEXPECHHUX 3B'A3KIB MK KaHAJIaMH
cucreMu KepyBaHHS bnJIA 3 CHMHXpOHHOIO ajmanTaiiero KoeQilieHTiB, sKi BXO-
JSITh y alNTOPUTMU CHCTEMH KepyBaHHsI BriJIA B 3a5e:XHOCTI Bi/i BEJTMYMHH IIIBU-
JKICHOTO HAropy, SIKUH 3aJIe)KUTh BiJl BUCOTH 1 IIBUAKOCTI IOJIBOTY 1 € IepeBa-
XKHUM (aKTOPOM 3MiHM TUHAMIYHMX BiIacTuBocteit briJIA [9].

DYHKYIOHAILHA CIPYKMYPA PO3POOIEHUX AN2OPUMMIE NPOSPAMHOL peanizayii
KepYBaHHs — KVMOBUM  NOJONMCEHHAM  Oe3ninomno2o  JManbHo20 — anapamd.
OyHKIIOHATBHO-TIPOTPAMHUI MOYJIb aBTOIIOTa KyTOBOI cTa0wIizalil CKIaIaeThest
3 TPHOX KOHTPOJIEPIB KyTiB pHCKaHHS (V), KpeHy (Y) 1 TaHraxy (v) 3 BHYTPIlLIHIMU
MepexpecHUMH 3B'SI3KaMHU, sIKi 3a0€3MeuyroTh KepyBaHHs KyTamu opieHTanii brJIA.

OcHOBOIO POOOTH AITOPUTMIB (DYHKLIOHAJIBHO-MPOIrPAMHOTO MOJIYJS aBTO-
MiJ0Ta € CUrHajIM iHepUifHUX JaBayiB BUMIPIOBAHHS IPUCKOPEHb (dy, @, a. ) 1
KyTOBHX IIBUAKOCTEH (0, My, ®,) MO OCAX CUCTEMHU KoopanHAT CXyz BiJNOBIIHO,
naBava temreparyp (7), naBada THCKY (p), JaBaya MOBITPsIHOT BHUAKOCTI (V).
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TIporpango- CepBompuBoLI
allapaTHI CHICTEMI

Tlasi :>' KOMILTEKC :> KepyBaHHS :>' JliHavika
CHCTEMH I0T50T0M buJIA
KepyBaHHA br/IA

Puc. 1. DyHKIioHATbHA CTPYKTYpa anapaTHO-IPOrPaMHOTO KOMILIEKCY CHCTEMH KePYBaHHS
BrJIA

o

R Kanax kpeny
Ky

L

Kanar Tasraxy

Puc. 2. CtpykTypHa cxeMa cUCTeMH KepyBaHHs KyTOBUM IoJ0xkeHHsAM briJIA

3a NMMU CUTHalaMH JIaBadiB y (YHKIIOHATBHO-IPOTPAMHOMY MOJYJIi aB-
TOMmiJIoTa (OPMYIOTHCS KOMaHIW KEpPyBaHHS KEpMOM HamnpsMKy (0,), KepMOM
BHCOTH (9.), elepoHamu (9,) i Apocenem (dy,) (puc.2).

3a NOTOYHMMHM 3HAYEHHAMM HNOMMIIKA OOKOBOIO NMpUCKOpeHH:A (Aa,) 1 mo-
MWJIKH KyTOBOI IIBUAKOCTI KOOPIMHOBAHOTO pO3BOPOTY (A®,) popMyeThCs KO-
MaH/1a KepyBaHHS BIIXUJICHHSIM KepMa HanpsAMy J, 38 TAKUM aJITOPUTMOM:
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K2
8, =Kpy(Wiy(p)ha, —Wpy(p)Ao, ) 2 5C 4K by s

a

ne Kpy — mepenaBanbHe 4Hcio aemidepa puckanus; K,, — nepenaBajibHE
YHCIIO MEPEXPECHOTO 3B'A3KY BIIXHUIICHHS KepMa HAIpSIMYy 32 BiJIXUJICHHSM eJle-
poHiB; Kgc — KoedimieHT MactTabyBaHHs e(pEKTHBHOCTI i pyJIiB 3aJ€KHO Bif
LIBUJKOCTI NMOJBOTY; Ky — TMepeaaBaibHe YHCIIO iHTerpaTopa B KaHalll PUCKaH-

K . .
us; Wiy(p) = =X — nepenasanbHa GyHKIIIS iHTErpaTopa B KaHAJ PHCKAHHSL.
p

3a MOTOYHMM 3HAYCHHSM IMOMMJIKH KyTOBOi IIBUAKOCTI B KaHaJi KpeHY
(Aw,) bopmyeTbcs KOMaHIA KePYBAaHHS BiIIXWICHHSIM €JIEPOHIB (J,) 3a TaKUM
arOPUTMOM:

— K
a = (A0 Kpp +%7mfl—yKPFRKV +W1R(P)A®x)%,

roll a

W,R(p)=@, KV: &,
p

p
ne Kpp, Kpr, K;r — TiepenaBaibHI 4YUClIa IPOMIOPIIMHOI aHku, Aemidepa i
inTerpatopa I1I[-perynaropa B kaHani KpeHy BiAnoBigHo; Wik(p) = — mnepena-

BaJbHA (YHKIIA iHTerpaTopa B KaHaNi KpeHy; K, — momnpaBKka Ha BiIMiHHICTb

(haKTUYHOI HIITBPHOCTI HABKOJIMIITHBOIO MOBITPS BiJl CTAaHAAPTHOI y pasi mepepa-
XYHKY 1HAWKaTOPHOI IIBUAKOCTI B ICTUHHY; P, Po — IIUIBHICTH MOBITPS HA MO-
TOYHII BUCOTI MOJILOTY 1 HAa PiBHI MOPSI BIMOBITHO.

3a TOTOYHUMU 3HAYCHHSMH BEJIIMYMHU KOMIICHCAIlli BIUIMBY KpeHY Ha TaH-
rax (K, ) 1 HOMMJIKM KyTOBOI HIBUJKOCTI B KaHajl TaHraxy (Aw, ) GopmyeTncs
KOMaH[Ja KepyBaHHS BIIXWICHHIM KepMa BUCOTH (O, ) 32 TAKUM aJITOPUTMOM:

Av K
¢ =(80,Kpp +(=———+K, )K pppKy +W 1p( p JAw,, )=5<
Tpitch Va

ne Kpp, Kpp, K;p — TiepenaBasbHi 4rcia MPONOPLiHHOT IaHKH, AeMiidepa 1 iHTe-
rpatopa IIl/I-perynstopa B kKaHalli TaHraxy BinnoBigHO; Wip(p) = Kirp
nepeaaBanbHa QYHKI[S iHTETpaTopa B KaHAIli TAHTAXY.

DyuKyioHanbHa cmpykmypa po3pooneHo20 ancopummy npocpamioi peaniza-
Yii a0anmuero2o KepysanHs KYMom KpeHy 0e3nilomHo2o JmalbHo20 anapama.
Mertoro TpaekTopHoro kepyBaHHs bmJIA € ¢opmyBaHHS Kepylodoro cursaia
KpEeHy 32 YMOBH aBTOMAaTHYHOI'O KepyBaHHs NOiboToM brJIA, ans doro Oyna
po3pobuieHa norika HaBiranii briJIA Ha OCHOBI alaTUBHOTO KEPYBaHHS KyTOM
KkpeHy [8]. 3a jorikoro pO6OTI/I IrOPUTMY BUOMPAETHCS OMOPHA LIJIbOBA TOUKA
(L) na OaxaHnili TpaekTopii 1 T'eHEpYeThCS KOMAHIHHH KyT KPeHY (Vema)
3 BUKOPUCTaHHSIM PO3pPaxOBaHOI0 OOKOBOTO MPUCKOPEHHS (A),) VIS TOJIBOTY B
OTIOpHY TOUKY (pHC. 3).
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IlinmpoBa TOYKa

Puc. 3. Cxema poOOTH aNTrOpUTMy aJaNTHBHOTO
KepyBaHHS KyToM kpeHy BriJIA

BuxopucTtoBytoun 3Ha4eHHS A, ANTOPUTM (HOpMYy€e KOMaHITy KpEeHY B Ipa-
Jycax JUisl TOJIbOTY JI0 IUJIbOBOI ToukH L:

A
Yemd = arctan Clat, s

g

JI¢ ¢ — TPUCKOPEHHS BLIBHOTO MaJIiHHS.

DynKyionanvHa cmpyKxmypa pospoOneHo2o ancopummy npocpamHoi peani-
3ayii KepysauHs GUCOMON | WGUOKICMIO NOIbOMY Oe3NiIOMH020 NMANbHO20
anapama, Ha OCHO8I 3a2albHOI KOHYenyii KepysaHHs NO8HOI0 eHepaicio. Y IbOMY
BUTIAJIKY 3aBJaHHs KepyBaHHs MmoidboToM brJIA y BepTHUKaNbHi# MomuHi cTa-
BUTHCSI HE SIK 3aBJaHHS KEPYBaHHs BUCOTOIO 1 IIBUAKICTIO, a POPMYIIOETHCS K
3ajaya KepyBaHHs MOBHOIO eHepriero (E) 3 ypaxyBaHHSIM OOMEXEHb Ha PO3IO-
JI 11 CKJTaJIHUKIB 1 3a0€3MEUSHHSIM KOHTPOJIIO 1 3aXHCTY Bijl BUXOJY TTapamMeTpiB
MOJILOTY 32 JIOMYCTUMI MEXi.

OcnoBa meToponorii nepeadadae KepyBaHHS MOBHOIO eHeprieto bnJIA, sika
BKITIOYA€ B ceOe NMOTEeHIIIHHY eHEeprito 1 KIHETHYHY eHeprilo:

E=mgH+%mV2,

ne m — maca briJIA, H — BucoTa noiboTy, g — NPUCKOPEHHS CHIIM TSDKIHHS,
V' — moBiTpsIHA IIBH/IKICTb.

Ha BriJIA enuHOO KepOBaHOIO 3MIHHOIO, IO BIUIMBA€E Ha €HEPrilo, € Tsra.
BigxuieHHs: kepMa BHCOTH MPU3BOAUTS JIMIIE IO TIEPEPO3NOALTY MOTEHIIHHOT 1
KIHETUYHOI CKJIAJJIOBUX. AJITOPUTM CHCTEMH — II¢ JBa MapajellbHUX MPOIECH
(dbopMyBaHHS KOMaHJ KepyBaHHS, Ha BHXOJ SKUX BH3HAYAIOTHCS CHUTHAIN KO-
MaHJIHOTO KyTa TaHTaXYy 1 TATH.

Pobora anropurmy 06a3yeTbcsi HAa TakuMX JAHMX: 33aJaHa BHCOTA IOJBOTY
brJIA (H, ), motouna BucoTta (H), 3aaHa NOBITpAHA MBUAKICTH ( V), MOTOYHA

noBiTpsiHa MWBHAKICTH (V), 3amane 1 motoune npuckopenss (¥, i V' Binnosia-
HO), 3371aHa 1 MOTOYHA BepTUKaJIbHA WBUIKICT ( H, 1 H BiINOBIOHO), HOMiHA-

neHA TATA (Toming ) 1 KT KpeHy (y). 32 IMMU cHTHaJaMH B (DYHKI[IOHAJIHHO-
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HIPOrpaMHOMY MOy (YOPMYIOTECSI KOMaHIW KEPYBAHHS KYyTOM TaHTAXY (Voma )
1 TATOX0 ABUTrYHa (O ).
Heo0Oxinna Tsira po3paxoByeTbes 3a POPMYIIOI0:

K.

1

. Eg,
O =(Es, +Es, Kaamp )Kiny +Tgy +T,

ae Eg, — MNOMMIKA NUTOMOI eHeprii; Eg, — MOXiJAHA OMHIIKH [IOBHOI CHEp-
rii; Ty, — Tara, sika HEOOXIHA JUIs pealli3allii ONePe/PKYBaIbHOIO KepyBaH-
U, Ky, Kgamp, K; — HepefaBaibHI nCIa NPONOPUIHHOIL aHKK, AeMndepa

i inTerparopa [1I/]-perynstopa B kaHalli KEpyBaHHS TATOIO JIBUT'YHA.
KoMaHaHuii KyT TaHraxy, AKAN 3aJIC)KUTh BiJl CUTHAIIB OallaHCy PO3MOILTY
SHeprii, po3paxoBYyeThCA 32 POPMYIIOI0:

Bsg, Kin

14
gainlnv

temp +

Vemd =

ne gainlny 1 temp — NOMOMDKHI TTApaMETPH, sIKi TIOB'I3aHO 3 TOBITPSIHOO IIBHIKICTIO
1 BUKOPHCTOBYIOTHCS TSI TIOJIMIIIEHHSI POOOTH IHTErpaTropa IiiJi 4ac ToJIbOTY B Typ-

OyJneHTHIM aTmochepi; BSEE — MOMMJIKAa HEOOXITHOro OajaHCy MUTOMOI eHepril
Ky - .
BrJIA; —L — mepenaBaibHa (PyHKIIS iHTErpaTopa B KaHaIll TAHTAKY.
p

OCHOBHMMHM BiIMIHHOCTSIMH 1 Il€peBaraMu po3poOJIEHOro aBTOILIOTa Bif
TPaIUIIIHHOTO aBTOMINIOTA €:

— PO3BHHEHI TIepeXpecHi KOOpAWHAIKHI 3B'I3KH 0 KaHanax kepyBaHHs All;

— HasBHICTH B 3aKOHAX KEPYBaHHA 10 TPHOX KaHaJaxX CHTHAJIB HOBITPSIHOI
MBUAKOCTI 0a60Ty BriJIA 1 miinbHOCTI MOBITPS (IIBUAKICHUH HAITIp);

— HasBHICTb KOMIICHCAIlIT KOB3aHHS 3a JJAHUMU aKCeJIepPOMETpa,;

— HasBHICTb B KaHAJIi TAHTa)Ky CUTHANY Oy, SIKUM € HEOOXiTHUM ISl pearti-
3alii aropuTMy OAHOYACHOTO KEPYBaHHS TAHT'aXKEM 1 IIBUAKICTIO MOJIBOTY;

— MOJKJIUBICTH 3a0€3MeUeHHsT KOOPIUHOBAHOTO PO3BOPOTY 32 PaXyHOK BBE-
JICHHSI B KaHaJI pUCKAHHS 1 TAHT'a)Ky CUTHAJIIB Bijl KyTa KpPEHY.

Pospobnenns memodis inmenexmyanizayii cucmemu kepysanns bnJlA. Jlns
po3mmMpeHHs Aiana3zony (yHKuioHadbHHX MoxknuBocteil CAK mpomonyerbes
JIOTIOBHUTH PO3POOJICHI KaHAIM Ta AITOPUTMH KEPYBaHHS aBTOIMIJIOTA TAaKUMH
kommonentamu [10, 117:

— IHTeNEeKTyali30BaHUN KaHall TPAEKTOPHOTO KepyBaHHS, SIKUH 3a0e3neuye
004YHCIIEeHHS 1 BUKOHAHHS TPAEKTOPIl MOJIBOTY 3a 3aKIaJCHUMH KOOPAMHATAMU 3
ypaxyBaHHSIM HEOOX1THIUX KPUTEPIiB ONTHUMAaIbHOCTI;

— KaHaJ 1HBapiaHTHOTO KEPYBaHHs, SIKWH 3abe3nedye poOOTy aBTOIIIOTA
32 YMOB T'THOOKOIO AMHAMIYHOIO MAaHEBPYBaHHS y pa3i BHHUKHEHHS CKJIQJIHUX
0OME>KeHb i/l YaC BUKOHAHHS TPAEKTOPIi OIBOTY;

— MOJyJb aIAITUBHOTO KEPYBaHHsI, IKHI 3a0e31neuye poOOTy 1 OHOBIICHHS
0a3u JaHWX TPAEKTOPHOTO KEpyBaHH:, MIO CIPSMOBAaHO Ha MPHUCKOpEHE BHU3HA-
YCHHS TPAEKTOPIl MOJIBOTY 33 IITATHUX YMOB;
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— MOJIyNb TeHeparii BipTyaJbHUX aCHHXPOHHHUX IHMKIIB THQOpMaIiiHUX
JaHWX, CIPSMOBAHUM Ha MIiIBUIICHHS OOYHMCIIOBAJHLHUX MOMKIMBOCTEH BCiel
CHCTEMH aBTOMATHYHOIO KepyBaHHs AJs 3a0e3neueHHs ii poOoTu B MacmTadi
peanbHOTro yacy;

— MOJyJIb MaTeMaTu4Hoi (aepoauHamiuHoi) Moaeni briJIA, moayne Moneni
HaBirauiiiHoi cucTeMH, MOAYJIb MOJEINi HAaBKOJIHUIIHBOIO CEPEeIOBHUINA i aTMOC-
¢epu, sxi 3a0e3neuyroTh 00YHNCICHHS! €TAIOHHUX MOJBOTHUX JAHUX AT Moja-
JBIIIOTO TIOPIBHSHHS 3 IOTOYHHMH peallbHUMHU NapamMeTpaMu IOJIbOTY 1 BH3HA-
YCHHS HaBIraliiHUX MOMMWJIOK 1 MOXMOOK y BiANpalOBaHHI PO3paxoBaHOi Tpae-
KTOpii MONBOTY 3 METOIO 1X KOMIIEHCALlii 1 MABUILICHHS TOYHOCTI KEpyBaHHS;

— KaHaJI aBTOHOMHOI HaBiraiii, sKuii 3a0e3reuye MOBHOLIHHY POOOTY CHCTEMHU
ABTOMATUYHOTO KEPyBaHHS Ta BHKOHAHHS ITOCTABJICHOTO 3aBIAHHS y pa3i MOBHOL
BTpAaTH 3B'I3KYy 3 HA3eMHHM KOMaH/IHUM LIEHTPOM 1 HaBirauiiiHOIO CHCTEMOIO.

[IpoBeneHi MOCTIIKEHHS TOBEJIH HEIOCTATHIO €(EKTUBHICTh (hYHKIIIOHYBaHHS
tpamuuiinux I11J{-perynsatopiB y cTpykrypi cuctem kepyBanHs briJIA 3a Hass-
HOCTi 30BHIIIHIX 30ypeHb Ta y pasi rnmbokoro maneBpyBaHHS bnJIA. Came
TOMY CHHTE30BaHO HOBY TPHUPIBHEBY CHUCTEMY aBTOMATHYHOTO KepyBaHHS, 3a-
CHOBaHYy Ha IIPUHIIMIIAX IHBAPiaHTHOCTI, aIalITUBHOCTI 1 aBTOHOMHOCTI.

PesynbraTti MoaemoBaHb MATBEPANIIN CYTTEBI IIepeBark CHHTE30BAHOI CHCTEMU
ABTOMAaTHUYHOTO KepyBaHHs brJIA, cTpyKTypa SIKOT CKIIaIa€ThCsl 3 TAKMX PIBHIB:

— piBEHb KEPYBaHHS OPi€HTAIli€0 OE3MUIOTHOTO JIITAILHOTO anapara;

— piBEHb KEpyBaHHS IOBHOIO CHEPTi€I0 OE3MIIOTHOTO JIITAILHOTO anapara,

— PIBEHb TPAEKTOPHOr'0 KEPYBAHHS PyXOM O€3MIIOTHOTO JITAJIBHOTO arnapara.

3acTocyBaHHS METONY KEpYyBaHHS TIIOBHOKO EHEPTri€l0 CIpPSIMOBAHO Ha
PO3B’sI3aHHS 3aBAaHb KEPYBaHHS IIBHIKICTIO Ta BHUCOTOIO IOJBOTY Ha OCHOBI
OanaHcy MOBHOI eHeprii A Oe3MIOTHOrO JITAIFHOTO amapaTa 3 iCTOTHO Heli-
HilfHOIO aepojuHaMikoro. Jlo Takux 3a/ad HaJeKWTh, HANPUKIAJ], KEepPyBaHHS
37IbOTOM Ta TTOCAKOI0 IIHOTO arapara, ONTUMI3allisl TPAEKTOPIT MONBOTY 32 Pi3HHU-
MH KpPHUTEpisiIMU, KepyBaHHs IIBUAKICTIO HAOOpy BUCOTH Ta Oararo iHmmx. Ilepe-
Baru 3aKOHIB KEPyBaHHS 32 CHEPreTUYHUM METOJIOM Tepell TPaJUIIHHIMHU CHC-
TeMaMH KepyBaHHS BHCOTOIO 1 MIBHKICTIO IMOJBOTY 3yMOBJICHI iHBapiaHTHICTIO
10 30BHIIIHIX 30ypeHb, BUKIMKAHUMU TYpOYJICHTHICTIO aTMOC(epH, a TaKoxX
KOMIICHCAIII€I0 TIEPEXPECHUX 3B'A3KiB, sIKI BUHUKAIOTh MK KaHATaMH KepyBaHHS
BHCOTOI0 Ta INBUAKICTIO TOJBOTY OE3MUIOTHOTO JITAJIBHOTO arapara, ILUITXOM
MiHiMi3allii BiIXMJICHHS MMOBHOI €Heprii HOoro pyxy Bifl OIIOPHOTO 3HAYCHHS 1 Mi-
Himizalii qucOanaHcy MiX KIHETHYHOK 1 TMOTEHIIIHHOK CKIIQJHWKAMHU EHEeprii
PyXy 0€3MiIOTHOTO JTAILHOTO anapara.

Jnst dopMyBaHHS CUTHAJIIB KEPYBaHHS TPAEKTOPHUM PYXOM OE3MUIOTHOTO Ji-
TaNBHOTO arapara po3po0JIeHO CHCTEMY HaBirailii, sika 0a3yeTbcsi Ha METOI Heli-
HIMHOT JIOTiKM aIalITUBHOTO KEPYBaHHS TPAEKTOPHUM PyXOM. BUKopHCTaHHS LIHOTO
METO/Iy B CHCTeMI HaBirailii 3a0e3mneuye OUTbIy TOUHICTD i CTAIICTh MPOIECY Kepy-
BaHHS TPAEKTOPHUM PYXOM O€3MiIOTHOrO JITaJIbHOrO amapara B MOPIBHSHHI 3
3aCTOCYBaHHSIM  IPONOPUiHHO-IHTErpalbHO-IU(EPEHIIaIbHUX  PETYIISTOPIB.
Kpim Toro, po3po0ieHa cucTeMa TPaEKTOPHOIO KEPYBaHHS PyXOM O€3MiJIOTHOTO
JITaNbHOTO anapata 3ade3rnevye iHBapiaHTHICTh JI0 30BHIIIHIX 30ypeHb 33 paxyHOK
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KOMIICHCAI[IHUX 3B'SI3KIB 1 IIBUKOTO BIATYKY M€l CHCTEMH Ha HasBHI 30ypeHH,
110 B CBOIO Yepry IiIBUIIYE SKICTh TPAEKTOPHOTO KEPYBaHHSI PyXOM IILOTO arapa-
Ta. TakuM YUHOM, pO3po0IIeHa CUCTEMA TPAEKTOPHOTO KEPYBaHHS PyXoM Oe3mijio-
THOTO JIITAJILHOTO arapara 3aBxIu 30epirae OJHAKOBI pajiycH IpH 00JIbOTI Map-
IIPYTHUX TOYOK 1 3a0€3Meuy€e BUCOKY TOYHICTD PyXY IO MapIIpyTy.

Po3pobneni 3ak0HM aJanTUBHOTO KEPYBaHHS PyXOM O€3MiJIOTHOrO JiTajb-
HOTO amapaTra CHHTE30BaHO Ha OCHOBI METOZIB HENIHIHHOI iHBapiaHTHOCTI Ta
aBTOHOMHOCTI. L[i 3aKOHM BIAMOBIZAIOTH BUMOTaM ONTHUMAJBHHUX TiOPHIHUX
CHCTEM 1 Ial0Th MOMJIUBICTh KEPYBaHHS OC3MUIOTHUMHU JITAIBHUMH arnaparaMu
B YMOBaX, KOJIH iX PyX OMHCY€ETHCS iICTOTHO HENIHIHHUMU TUHAMIYHUMH CHCTE-
MaMH PiBHSHb.

JlonoBHEHHsI pO3pO0JICHUX KaHAJIB Ta ATOPUTMIB KEpyBaHHS O€3MIIOTHUM
JTaJbHUM alapaToM 3alpolNOHOBAHUMH METOAAMH IHTENEKTyaji3alii cCucTeMu
KepyBaHHS HaJlaCTh 3MOTY PO3MIMPHUTH Jiana3oH (YHKIIOHATBHUX MOKIHBOC-
Tel CUCTEMH aBTOMAaTHYHOTO KepyBaHHs Ta 3a0e3MeUnTH aBTOHOMHY HaBirarfiro
0€e3MiJIOTHOTO JIITaJIBHOTO anapara.

OO0'enHanHst po3poOJICHMX 3aKOHIB KepyBaHHS B €IWHUI amapaTHo-
MPOTPaMHUI KOMIUIEKC IHTErpOBaHOI aBiOHIKM Ta JOTIOBHEHHS 1X 3allpONOHOBA-
HUMH KOMIIOHEHTaMH iHTEJEKTyalli3amii CTBOpUTh edeKT cuHeprii Ta 3abese-
YUTh €()EKTHBHICTH 1 CTANICTh NPOLECY KEPYBAHHA PYXOM O€3MIJIOTHOTO JIiTallb-
HOTO arapara.
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WHTEJUIEKTY AJIM3ALINA COBPEMEHHBIX CUCTEM ABTOMATHYECKOTI'O
YITPABJIEHU A BECITMJIOTHBIMU JIETATEJIBHBIMU ATITIAPATAMU

PaCCMOTpeH BOIIpOC H606XOHI/IMOCTI/I CO31aHUA HOBOM HepCHeKTHBHOi/'I CUCTCMBI YIIPABJICHUA
OECIMIIOTHEIMH JIETATEIbHBIMH amnmnapartaMmu u pa3pa60TKI/1 MCTOAOB €€ HWHTCIIICKTyaJIn3a-
M. Hpeanomeﬂm HUICU IPUMCHEHUA TECOPUU MHBAPUAHTHOCTH U aBTOHOMHOCTH UUIsI CUHTC-
3a MCEPCIICKTUBHBIX CUCTEM YIIPABJICHHUS, a TAKXKE P METOLOB IJIA 00eCIICYeHHsT BEICOKOTO
YPOBHS UX MHTCJUJICKTYaJIU3aluu. HPGHHO)KGH IMoAXoJA K pCeHICHUIO 3adaqyu OCHOBaHHBIN Ha

58

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 1 (191)



IHme/leKmya/lBauiﬂ CYUACHUX cucmem aemomamuinoco KepyeaHHs besninomuumu

TCOPHUHN BBICOKOTOYHOT'O JUCTAHIIUOHHOT'O YIIPaBJICHUSA JUHAMUYCCKUMU O61>€KTaMl/I, a TaKXKe
Ha KOMIIJICKCHOM BS&I/IMOZ[GIXCTBPIPI MCETOAOB TCOPHUHU aBTOHOMHOCTH, aJallTUBHOT'O YyIIpaBJiC-
HUA U UHTCJUICKTYaJIU3alluu IPOLECCOB YIIPABJICHUA JTUHAMUYCCKUMU 00BEKTaMHU.

Kniouesvle cnoesa: becnuiomuulii iemamenvibiil annapam, cucmema ynpaeienus, uneapua-
HMHOCMb, URmMeJlieKkmyaiuzayus, aemoHOMHOCHb.
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INTELLECTUALIZATION OF MODERN SYSTEMS
OF AUTOMATIC CONTROL OF UNMANNED AERIAL VEHICLES

Introduction. The article discusses the actual questions of the need of creation of modern
systems of automatic control of unmanned aerial vehicle (UAV) and describes new methods
of its intellectualization. Today's development of information technology requires accelerated
development of the theory of intellectual control and the theory of systemic information
technology. New technologies of intellectual control are extremely important for solving the
problems of modern unmanned aviation.

The purpose of the article is to solve the issues of the development of the control system
of UAV and to provide a number of measures aimed to ensuring its intellectualization. The
approach considered in the article is based on the theory of high-precision remote control of
dynamic objects and on the complex interaction of methods of theory of invariance, adaptive
control and intellectualization of processes of UAV control.

Results. The development and implementation of control algorithms using functional
program modules written in modern high-level programming languages in the computer
environment based on microprocessors with a computing power sufficient to implement these
algorithms in the form of a unified hardware and software complex of the integrated avionics.

The expansion of the range of functional capabilities of UAV control system that is of-
fered to supplement the developed channels and algorithms of autopilot by the methods of
intellectualization.

Conclusions. It is shown that combining the developed control laws for UAV autopilot
into a unified hardware and software complex of integrated avionics and supplementing them
with the proposed components of intellectualization will create a synergy effect and ensure
the effectiveness and sustainability of the process of controlling the motion of the UAV.

Keywords: unmanned aerial vehicle, control system, invariance, intellectualization,
autonomous.
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INFORMATIONAL ASPECTS OF THE HAPTIC STIMULATION
BY THE LIGHT FOR CORRECTION OF THE HUMAN’ STATE

Introduction. The study of the laws and principles of information processes in the biological
systems of the human body in extreme forms of its activities and the development of the theory
of medical information systems of such appointment, taking into account the status and
trends of convergence of society, ecosystems and technology become very relevant. This state
of affairs makes it possible to affirm that it is an actual scientific and applied problem of
radical change of the existing paradigm of designing information systems.

The purpose of the article is to specify the informational aspects of low intensity, haptic
stimulation by the light, which is essential for correction of the functional state of an
organism of the human being, who works in extreme conditions, to develop and study such
methods and systems.

Methods. Analyses of requirements, functions and systems for designing synthesis of in-
formation technologies and the control biotechnical system of correction of the functional
state of an organism of the human, who works in extreme conditions. The theoretical and
experimental dependences between the stimulation energy of light emission diode (LED) and
the energy are transferred through the layered bio media design. Mathematical modelling
and computational simulation. Comparison of these real and model data.

Results. The base aspects requirements, functions and systems for designing synthesis of
information technologies and the control biotechnical system of correction of the functional
state of an organism of the human, who works in extreme conditions, low intensity, haptic
stimulation by the light are defined. The methods for determining of intensity I , of light emission

diode, recursive expression [ =C, I, , m=1,M and formula for coefficient C,, , where M —

m
quantity of bio media layers were developed. The bridges, which connects Maxwell's phenome-
nological theory with the atomistic theory of matter and optics, were used.

Computer simulation studies have confirmed the specification of requirements, func-
tional and structural schemas of biotechnical system.

© M.V. BACHYNSKYY, B.I. YAVORSKYY, 2018
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Conclusions. Thanking to specification of requirements possibility-using recursive de-
termining of the light flux intensity after every bio media layer was got. Under the effect of
recurstion low computation complexity was caused. Information technology means (for
automation optimal control) of the human state under external influences on the organism
was developed. Further study to confirm statistical significance in representative samples of
observations was opened.

Keywords: haptic stimulate, light, information biotechnical system.

INTRODUCTION

The study of the laws and principles of information processes in the medical and
biological systems of the human body in extreme forms of its activities and the
development of the theory of medical information systems of such appointment,
taking into account the state and trends of convergence of society, ecosystems and
technology, becomes very relevant[1]. Solving the problems of prevention,
diagnosis, correction and rehabilitation of a person's condition appears to be
necessary because of the conditions of its activity [2]. At the same time,
information technologies are increasingly gaining importance in solving the
problems of collecting, storing, processing and transmitting information and
research, modeling, diagnosis, forecasting and correction of the functional state of
biological and medical systems of human under extreme conditions. In existing
medical information systems, electromagnetic radiation [3] is used for obtaining
information from a bioobject and for correction of its state including optical
range [4]. Effective in terms of the complexity of managing radiation
characteristics are its semiconductor sources [5], but for use in information
technology, they are not intended and are investigated only in the direction of
increasing the efficiency of converting electricity into radiation energy. The
processes of radiation by the source, its propagation to the bioobject, the
interaction with the bio-environment are presented in the framework of
mathematical models [6], which are used in phototherapy systems, visualization of
the results of biomedical research in diagnostics. They do not properly take into
account: a) the physical and biological properties of the bioobject as a medium for
the transmission of information by radiation; b) own bioelectric activity of organs
and tissues; ¢) basic informational aspects; d) criterion of optimality in the sense of
the theory of biosystems.

The optimal solution of each application based on mathematical models,
including informational, functional, structural, logical and heuristic, algorithmic
modeling of processes in a living organism in norm in extreme conditions. These
requires a common theoretical basis, new formulation and solution of a number of
tasks of a systemic nature. These are: a) inclusion in the medical information
system and information technologies of obtaining, storing, transmitting and
analyzing medical and biological information of different levels of organization of
information processes in physiological effects, that arise when radiation
characteristics are different; b) identification and construction of appropriate
metrological norms of radiation, and reactions to its biological objects; ¢)
definition of conceptual foundations for formulating tasks of synthesis of
structures and functions of information systems and technologies based on wave
and quantum concepts; d) construction of methods for the study of information
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processes and management processes in biological and medical systems with the
help of intelligent information technologies; e) verification of information and
mathematical modeling of medical, biological and biotechnical systems for
monitoring and correction of the organism, which is in extreme conditions. This
state of affairs makes it possible to affirm that it is an actual scientific and applied
problem of change of the existing paradigm of designing information systems,
which is essential for informative light correction of the functional state of an
organism of the human being, who works in extreme conditions.

INTRACEPTION AND HAPTIC INFORMATIVE SENSORY FUNCTION

The contradiction between the data on interoception and the concepts of psycho-
physics (i.e., the sensory function was associated with a sensation, that arises
when stimulating the receptor) recently had been stated [7, 8]. Later is stated,
that interoceptive stimuli do not cause sensations [9]. A reliable evaluation of the
interoceptive function was only possible after the development of electrophysio-
logical method and the appearance of the method of conditioned reflexes. In our
time, the interoceptive system is considered as an afferent link in the autonomic
nervous system. Interoceptors mostly represent diffuse structures; they are simi-
lar to the skin receptors. The afferent pathways coming from these receptors are
much more complex. Most of the impulses come from the visceral receptors to
the central nervous system.

Most afferent interoceptive impulses come to the thalamic nucleus of the
item ventralis posterior, that is an important switching station. Cortical represen-
tation of interoception can be found in the sensorimotor cortex, as well as in the
limbic region located on the medial, latent surface of the cerebral hemispheres.
The presence of this central representation makes it possible to understand why
interoceptive stimuli, without causing sensations, nevertheless often affect the
behavior of humans.

Interoceptors of all types perform two main functions: first, they constitute af-
ferent link of special vegetative reflexes, which play an important role in maintain-
ing homeostasis in the body; secondly, by sending information on the state of inter-
nal organs, they affect the state of the central nervous system. Impulses from these
receptors have a profound effect on a higher nervous activity. The specificity of
interoceptors with respect to different types of physical energy is challenged.

It is proved that interoceptive information is transmitted by the frequency
code, some regularities of such a transmission were established, a correlation
between the intensity of the stimulus and the frequency of impulses diverted
from the nerve was found. To study afferentiation simultaneously recorded EEG.
Traced changes were caused by desynchronization of the EEG (the alpha resting
rhythm). It was also possible to remove the evoked potentials from certain areas
of the cortex. At the same time, these painless irritations did not cause any sen-
sations. This shows that interoceptive impulses do indeed reach the brain and
alter the electrical activity of some cortical neurons.

Two types of afferent nerve mechanisms began to be distinguished, namely,
conscious and unconscious activity. It is possible to postulate that in humans
interoceptive impulses remain in the sphere of the unconscious. Now we do not
have any data on the decoding mechanism in the brain responsible for the un-
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conscious integration of a huge mass of impulses and the transformation of un-
conscious signals into conscious information.

Sensory receptors are found all over the body including the skin. Senses are
sometimes referred with the understanding that includes the sense of touch (e.g.,
by the stick), proprioception, and haptic perception. The concept of haptic per-
ception is related to the concept of extended physiological proprioception, ac-
cording to which when a tool such as a stick is used [10]. Haptic perception relies
on the forces experienced during touch. Such force also arises under the influ-
ence of light. Then the light is used for the transmission and identification of
information, manipulation of biological substances, in fundamental research (ob-
taining by the influence of light and numerical analysis of the response of the cell
by a chemical or thermal gradient), etc. [11].

THE RECEPTORS OF STIMULATING LIGHT

Light penetrated into the organism through eyes, and through the skin — with
attenuation down to 1% occurs for wavelengths of (250-280) nm at around
40 um depth, and for (300-1.2-10) nm at (100-800) um [12].

The skin consists of three main layers: the epidermis, dermis and hypoderm
[13]. The derma is a layer of skin under the epidermis and closely linked to it by
the basal (B) membrane (SB, Fig. 1). There are many specific nerve endings in
the dermis, which provide a sense of temperature, touch, pressure, vibration and
tissue damage. The non-specificity of the receptors was found to be able to react,
including light [9], in particular, the sensory receptors of the autonomic nervous
system neurons [11, 14]. These processes cause nociception. Determining the
effect of the epidermis on the transfer of light to the dermis is important for op-
timizing the means of light stimulation to increase its efficiency.

Light
P K10, Inv | Stratum Corneum, )
; 2 um
K10, Inv | Stratum Lucidum,
K10, Inv b Stratum Granulosum, 12 pm >EP]I)ERI\-JIS
K10, Inv Stratum Spinosuin, 2 pm
P K14 i Stratum Basale, 10-14nm W,

DERMIS NBasal Lamina, 40 nm

Fig. 1. Scheme of light propagation to dermis. K10, K14 — keratin, Inv — involucrin,
a component of the skin, forms the shell of keratin cells
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Fig. 2. Graphic of the ratio of the measured and effective strength of the
electric field of light on the refractive index n of the medium

In the optical range, the dielectric function of the epidermis and basal is re-
lated to the refractive index and the absorption coefficient of light [6]:

8(0))=(n+i1<)2, (D)

where ¢(w)— dielectric function, w=2nf, f — frequency, n — refractive

index, k — absorption coefficient, i=v-1 [6].

The restrictions on the possible values of the real and imaginary compo-
nents of the dielectric constant are given by the Kramers-Kronig equations used
to reproduce dielectric constant from the values of n and k. The dielectric prop-
erties of the epidermis for the frequency range (3.75 - 7.5) x 10"s™" are given,
for example, in [15], where n =~ 1,5.

The valid combination of the phenomenological theory of Maxwell with the
atomic theory of matter obtained the bridges: a) between the effective strength
and polarization of the medium; b) the effective strength, polarization of the
medium, and measured strength [6] (Fig. 2.):

a) NoE, =P, b) Eef:Em+4TnP, )
where N — the number of molecules per unit volume,

3 n?-1

o =
4N n? +2
field of dimensions [EL™], P — the total electric moment per unit volume (e —

charge, / — length of dipole p=el, and since p is of dimensions [EL], a is seen to
have the dimensions [L], i.e. those of a volume), E,, — measured strength [6].

— representing the mean polarizability, £, — effective

From expressions (2), the dependence on the refractive index » of the relative
values of these characteristics, in particular, the ratio (3):

E, 3

Ey n12 ®)
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THE SOURCE OF LIGHT INFORMATIVE STIMULATION

An efficient source to achieve control intensity and quality energy flow is
LED [5]. Mathematical models of the transfer of low-intensity light flux from
the LED through a multilayer bio-environment to the object of stimulation based
on the well-known radiation diagram of the light-emitting diode and the Max-
well equations are developed within the framework of the eikonal theory [6].
The intensity of the radiation of such a source is determined at the appropriate
boundary conditions [6] and a recursive algorithm for specifying the intensity of
radiation after the transfer of its energy through the layers of the biological envi-
ronment is constructed [16—18].

In previous studies, the construction of a mathematical model of the source of
radiation in a LED is based on a physically abstract object — the dipole [16—18].
In the remote from the source (dipole) in the space P, (Fig. 1), waves are represented
by strengths:

Ey=2(r )" | iy =h(r)e*o(r), 4)

where E,,H, — electric and magnetic field components, » — is the distance from

the dipole, £(r) — the "optical length", € and h the vector-function of the position
of the dipole, ky =/ c=2nk,, Ay— the wavelength, c is the speed of light.

In the Cartesian coordinate system (x, y, z) with the origin at the point P,
(the Gaussian image of the source Py) and in the direction of applicate z along
the axis cP; the irradiated points lie.

The approximate expression of the field at these points (in the region of the

aperture of radiation, except for points that are in close proximity to its edge,
Fig. 3), takes on the form [6, 16—18]:

_ (02 i{S(m)—m[t—léw(x,y,z)}
E,(x,y,z,t)=Re —Zém(x,y,z)e ¢ ,
c
()
~ 0)2 _ i{&(m)—m[r—lﬁm(x,y,z)}}
H(x,y,z,t)=Re —th(x,y,z)e ¢ ,
¢

where Ew (x,y,z,t), ﬁw(x, y,z,t) — is the Fourier transform of the vectors of

electrical and magnetic strengths, é,(x,y,z), Ea, (x,y,z) — the amplitudes and
O0(w) — the phase of their vector functions, /,(x,y,z) — the optical length
from point Fy to point B(x,y,z).

In the stimulation system (LED — object of action):

(a) the geometric front W of the light wave in the space of its LED source is

at a large distance P,c, (Fig. 3), in comparison with the length of the A, wave, the
angles 6, the rays of which form the axis of the system, are small;
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Xj ¥

Pa X3 Pj- z

Fig. 3. Scheme of LED’s radiation space (dipoles in P, and a wave sphere front W
conditionally not shown). §— the reference sphere front, c — centre of the LED
lens, *se» — axes of the system

(b) at any given time, the Fourier transform E, and H,, the field strengths

(5) at this distance do not vary significantly in magnitude and direction;

(c) when integrating the expression (5) with respect to part S” (covering the
lens) of the reference sphere S (reference for P; the sphere S passes through the
center of the lens of the light emitting diode, cP; = R) is neglected by the coeffi-
cient of curvature on S’

(d) in a homogeneous-layered, non-magnetic irradiation environment

, where 7 is the refractive index of the corresponding layer;

‘ﬁm‘ = n|Em
(e) on to S, as on W, the vectors |ém| and ‘Em‘ amplitudes are practically

constant in magnitude and direction, the diameters of the lens pulled to P; are
small if at a distance R from a certain typical point (x',)’,z")in the reference

sphere S to P, the vectors é,(x',y',z' ) and ftm( x',y',z" ) do not change noticea-
bly on the surface of the integration. It is possible to assume, that their values,

which they gain in the center ¢ with an LED lens — ¢€,(0,0~R) and
né,(0,0,-R) where R =cP,, Fig. 3;
(f) according to (e) conditions, €,(0,0—R)=a(w)o(®),

ftm( 0,0~R)=na(w)p(o), where (o) and B(o) is unit orthogonal vectors in a
plane perpendicular to z.

The result of the integration in the region of the Gaussian image of the ra-
diation source B, in the direction along the axis z to the point B(X,Y,Z)
(where the intensity will be determined) [6]:

2
Eo(X.Y.Z,1)= Re{w—zUm(X,Y,Z)a(oa)&(oa)ei[ﬁ(m)—@f]},
C
2 (6)
I:Im(X,Y,Z,t):Re{w—zUm(X,Y,Z)na(w)B(w)ei[S(w)—wz]} ,
C
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where

® eim[ﬁ(x',y’,z')+s]/c
Uo( XY, Z)=——[] : (7)

2mic < S

the scalar wave function, is determined from the eikonal radiation function at the
point Py [6].
From (6), the Poynting vector S, = c[Em xH m]/ 4m; by the average over

time it is established that the intensity of the radiation in P;(X, ¥, Z) of the total
dipole in P, is proportional to the square of the module of the scalar wave func-
tion (7). In calculating the intensity in the irradiation area averaging over time is
performed for each of the frequency components of each Cartesian component £
and H of the complete field [6]. Only the contribution of the components of the
dipoles along the axes x; and x; is significant. For the angles 8,(w) and 6,(w)
between the unit vectors a,(w) and a,(w) along the x axes and a;(w), f;(w) and
ox(w), fB2(w) — the mutually orthogonal vectors in the plane perpendicular to the
direction z (Fig.3), the components £ and H are approximated this way [6]:

E(X.Y.Zt)=H,(X,Y,Z,t)=0,

0
E(X.Y.20) = [Uo( XY Z)f(0)e " do,
I

00

H,(XY.Zt)= 1 [Un(X.7.2)f (0)e ™ do,
27 w (8)

o0
E (XY, Z1t)= 1 [Uo(X.Y,Z)g(0)e " do> ,
2m

o]

o0
~H (XY, Z,t)= Zl [Uo(X.Y,Z)g(w)e " do,
Tt —

where
o’ 5 5
flo)=— a1(®)cos0;(@)e ) +ar(®)cos 0y (@ )e’ 2(60)],
C
9)

2 ) .
g((’)):w—z a1(©)sind;(©)e(®) + ay(w)sin 62(0))582(“)]_
c

For reasons of convergence it is assumed that the radiation field exists only
, where T >> 2n/w to go to the limit

between the moments t<|T

T — oo.
Thus, at the point P;(X, ¥, Z) the intensity /(X, Y, Z) is defined as the time
average over the energy U”, which is transfered across the unit area [6]:
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e 7 2 2 2],
1Y 2) = [ X.2) (o f +lecof Jio-

4
. (10)
=C[Uo(X.Y.Z ) do,
0
: Lw[|f(oa)|2 - |g(oa)|2}doa (11)
4nT o ’

If the interval |[Aw| small enough then |U,| practically does not depend on ®
in the effective frequency range, so that:

I(X,Y,Z)=CUo(X.Y.Z) . (12)

The coefficients a; and a, are determined from the set of dependencies
between €(r), h(r) and ¢, that follows from the Maxwell equations [16], and

the averaging over time of the Poynting vector <S> =(c/8n)Re(eéxh : ) [6, 16]:
(8)=(e/smu ) 8" - Vo = e/ n? f,)ve, (13)

where <we> — the energy density of the electric field is averaged over time;
since in air <we>:<wh>, then, the density of the total energy of the field
<w>:<wh>+<we>:2<we>, c¢/n = v— is the velocity of its transfer. Than we

obtain strength vectors e, h , since
(é-é*)§=(8n/gv)<s>, (14)

where (S) =1, — the power of the emitted light.

For a light emitting diode it is determined from its diagram. Thus, it is es-
tablished that the average time energy transfered through the unit of surface area
allows the vectors of the LED radiation source to be determined from its radia-
tion diagram [6, 18]. Using the relation (3), and formula (11) one can determine:
a) the intensity of /; after the first layer of the medium; b) vectors e, and l;l;
c) the intensity /,, - ;, after the subsequent layers of the medium and the vectors

€,.,, and h

.1 - A generalized formula for determining the intensity of irradiation

of a surface after the m-layer of the medium acquires the form:

1,=C,I

m-m—12

m=1,M, (15)

where M — the number of layers of the medium, C,, — is determined by for-
mula (11) taking into account the values of the refractive indices n,, of the layers

of the bio-environment, the intensity /; is determined by measurement.
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The algorithm of this method of non-invasive determination of intensity
through skin irradiation at the level of dermis when stimulating the human body is
given in [18].

RESULTS OF SPECIFICATION OF INFORMATIONAL
ASPECTS GAPTIC STIMULATION BY THE LIGHT

Ensuring the optimality of processes in biological systems of the human body in
the extreme forms of its activity requires the study of the role of informational
aspects and taking into account them in the development of technical systems for
such appointment. Systems of the automated control of an organism's condition,
using transcutaneous stimulation with light and an analysis of the response to
stimulation, are perspective. Contradictory requirements for non-invasiveness,
informativeness, computational and hardware complexity necessitate the use of
haptic stimulation with the light, control of its intensity at the receptor level, and
a statistically reliable evaluation of feedback received from the body in the nor-
mal and under the influence of external extreme conditions.

For the effective obtaining of reliable results of stimulation it is necessary to
provide metrological testing of the source's LED. It is established that passport
data are not all metrological sources of LED sources, for example, LED dia-
grams HL-508H238WC-MD [19], Fig. 4 (a).

Measuring the intensity of the HL-508H238WC-MD radiation, Fig. 4 (b), it
was established that the diagram was obtained by testing in the conditions B of
the CIE standard light intensity measurements [20, 21], Table 1.

For the angle & = 0°, when ¢ =1, n = 1, under the formula (11) it is ob-
tained that |e| =|h| =4.10"* v/m. The value used to calculate the intensity of light
on the dermis (Fig. 1).

a :|e|/n1, ap = |e|. (16)

When the dipole field strengths £ and H located along axes x; and x;
(Fig. 3), and d(w) —0, to see (5), the coefficient C at different refractive index

takes of the view is given on Fig. 5.

The intensity of irradiation (10, 12) decreases according to formula (11) of
the coefficient C with an increase in the index of refraction of the medium layer,
Fig. 5. The change in the relative values of the tensions in (2), in particular, the
ratio (3), Fig. 2, made it possible to construct a formula (15) for determining the
intensity of irradiation of the layer at a predetermined intensity level, and the
scheme of the structure of the biotechnical system, Fig. 6.

Table 1. Results of the measurements of LED radiation

Input Output
Direct current, mA 20 E, Ix 130
Distance, m 1.2-10-1 10, cd 18.7
Surface square, m2 4910-4 Power, W 9.34-10-4
Solid angle, sr 3.410-2 19, W/m2 1.9
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Fig. 4. a) LED radiation diagram. k,.=1[y/r, [y — standard distance,
0 — angle; (b) Intensity 1(6,r) of LED radiation, 6 = 0
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Fig. 5. Graphic of the view of the coefficient C at different refractive index
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X S ) BiO {49 | dLED

Dt

Fig. 6. Schema of the biotechnical system

In the system, the intensity of the stimuli is controlled by the change in the
amplitude-spectral characteristics of the I radiation and the frequency-time pa-
rameters of the Q (duty cyckle) of the shape of the pulses of stimulation by the
controller C through the LED-driver dLED — programmatically or remotely,
through the keyboard Dt, the display D, the network (router R). The stimulus is
fed to the bioactive point of the BiO of the organism, with the S sensor being
selected from the corresponding point and fed to the bioamplifier A, an antialias-
ing filter AaF and an analog-to-digital ADC converter. The sequence of the re-
sponse sample code is fed to the Kalman filter (FK, C1, M) for optimal filtration
(the result of the filtering is the sequence of the m-type response sampling code,
and the error estimate), and the DB database. In the memory of M there are
stored models of noise, responses of biological objects in the normal state. The
comparator C2 serves when selecting from the database the types of noise and
feedback normally in the Kalman filter.

The system is multifunctional, in particular, with the metrological testing of
the LED's source of stimulation, automated control and correction of the body's
condition with the search and use of the haptic level of transcutaneous stimula-
tion by the light, statistical estimation of the response to stimulation, etc.
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CONCLUSIONS

Due to the specification of the problem of controlling and correcting the state of
the human organism in the extreme conditions of its life on the basis of the com-
bination of Maxwell's phenomenological theory and the atomic theory of matter
and optics, it was obtained:

a) requirements to the functions and structure of the body's stimulation sys-
tem with the light;

b) calculation formulas for representing the functional blocks of the system;

c¢) the method of recursive determination of the intensity of the light flux af-
ter each layer of the biological environment;

d) low computational complexity of testing and automated haptic control
and correction of the body's condition;

e) conditions are provided to confirm the statistical significance of represen-
tative samples of the body's responses to haptic stimulation of it through biologi-
cally active points.
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IHOOPMAILIIMHI ACIIEKTU TAIITUYHOT'O CTUMYJIFOBAHHS
CBITJIOM IJIA KOPET'YBAHHSA CTAHY JIIOAWHU

PosrisiHyTO acnekT iHGOpMaIiifHUX MPOLEciB B MEIMKO-0i0JIOTMYHUX CHUCTEMaX OpraHi3My
JIFOJIMHK B €KCTPEMATBHUX YMOBaX 11 TisUTBHOCTI Ta PO3BUHYTO TEOPi0 MEIUYHHUX 1H(POPMAILTiii-
HUX CHCTEM 3 ypaxXyBaHHSM CTaHy 1 TeHASHILiM KOHBEpIeHLil CyCHiIbCTBa, EKOCUCTEMH 1 TeX-
HOJIOTiH. 3amporoHOBaHO crenudikaiifo iHPOpMAaIiHHUX AaCMEKTIB TaNTHYHOI CTUMYJISIT
CBITJIOM AJISI KOPEKLil (YHKIIOHANFHOTO CTaHy OpraHi3My Ta PO3BUTKY M JOCIHiIKEHHS BUMOT
110 (DYHKIIH, METOJIB Ta CTPYKTYpP BiJMOBIIHUX Oi0TeXHIUYHHMX cHcTeM. HaBeneHo ¢yHKIioHa-
JBbHY cXeMy OlOTeXHIYHOi CHCTeMH Ta pe3yNlbTaTH aHaji3y 3MiHM iHTEHCHUBHOCTI CBIiTJIa HpH
MONIMPEHHI HOro y mapyBaToMy 0i0 CepeIOBHIII BiJl CBITJOMI0IHOTO HKEpeaa CTUMYJIIALLIT.

Knwuogi cnosa: canmuuna cmumyasyis, ceimio, inpopmayitina 6iomexniuna cucmema.
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TepHONONBCHKUI HATMOHAIBHBIA TEXHUUECKUN YHUBEPCUTET
uM. UBana Ilymios, yn. Pyceka, 56, Tepronons, 46001, Ykpanuna

NHOOPMAILIMOHHBIE ACITEKTBI TAIITUYECKOI'O CTUMVYJIMPOBAHMA
CBETOM UJIAA KOPPEKIITMU COCTOSAHUA YEJIOBEKA

Bgeoenue. VI3ydeHne 3aKOHOB W TIPHHIUIIOB HH()OPMAIMOHHBIX MHPOIECCOB B MEIUKO-
OGMOJIOTHYECKUX CHCTEMaX 4YeJIOBEUECKOro Tesla B 9KCTPEMANIbHBIX YCIOBHAX €T0 JNeSTeNIbHO-
CTH U Pa3sBUTHE TEOPHH MENMIMHCKAX HMH()OPMAIMOHHBIX CHCTEM TAKOTO HA3HAUCHHUS C
Y4EeTOM COCTOSHHS WM TEHACHIHUH COMMKEHHs OOIIEeCTBa, IKOCUCTEMBI H TEXHOJIOTHH CTaHO-
BSITCSL OYECHb aKTyaJbHBIMHU. Takoe IOJIOKEHHUE el O3BOJISIET YTBEP)KAATh, YTO 3TO aKTy-
abHAs Hay9Has W IPHKIAAHASA MpodieMa paJuKalbHOTO H3MEHEHHS CyIIecTBYIomel mapa-
JIITMBI IPOEKTUPOBAHUS HH(POPMALMOHHBIX CUCTEM.

ILlenv cmampu — yToUHNTH MHGOPMAIIOHHEIE ACIIEKTH HU3KOW MHTCHCHBHOCTH TaK-
TWIBHOM CTUMYJSIIMHM CBETOM, KOTOpas HeoOXoauma Uil KOPPEeKUUH (YHKIIMOHAIBHOTO
COCTOSTHHS OpraHM3Ma 4YeIoBeKa, paboTaIoIero B SKCTPEMaIbHBIX YCIOBUSX, U JanbHeiimre-
IO Pa3BUTHSA U UCCIEIOBAHUS TAKUX METOIOB U CUCTEM.

Memoowi. AHanu3 TpeboBaHnit, QyHKINI U cuCTeM IS IPOSKTHPOBAHHS CHHTE3a MH-
(GbOpManMOHHBIX TEXHOJOTUH M KOHTPOJIBHONH OMOTEXHHYECKOH CHCTEMBI KOppeKUUH (PyHK-
IIIOHAJIBHOTO COCTOSHHMS OpTaHW3Ma UYelIOBeKa, PabOTaloOMmero B 3KCTPEMANbHBIX YCIOBHSAX.
TeopeTnueckue U HKCIEPUMEHTAIbHBIC 3aBUCHMOCTH MEXy SHEprueil CTUMYJISILIUN CBETO-
M3ITyJaroNlero IHoJa M JHEprHel IepefaroTcs depes CIOHCTYI0 CTPYKTYpy OHOpecypcoB.
MareMaTH4ecKoe MOJEIUPOBAaHME U KOMIBIOTEPHOE MozenupoBanue. CpaBHEHHE 3TUX
pCaNBHBIX M MOJIETBHBIX JAHHBIX.

Pezynomameur. bazoBble acnekTsl TpeOoBaHMH, QyHKIMHA U cucTeM A pa3paboTKy,
CHHTe3a HH(GOPMAIIMOHHBIX TEXHOIOTHH H YIPABIAIOMHX OHOTEXHHYECKUX CHCTEM KOppeK-
M1 QYHKIMOHAJIBHOTO COCTOSIHUSL OpTaHM3Ma 4eloBeKa, PaboTaIoIIero B SKCTPEMalIbHBIX
YCIIOBHUSX, C HU3KOH WHTEHCHBHOCTBIO TAKTHIIBHOM CTUMYISIUH CBETOM. [1oTydeHBI MeToab
ONpEeNeNeHNss MHTEHCHUBHOCTH [, W3JIy4eHUs CBETOAMONA, DPEKYPCUBHbBIC BBIPAKEHUS

1,=C,I, m=1,M u dopmyns mis koddpdumuenta C,, rae M — KOIMYECTBO CIOEB
ouocpenpl. Vcronp3oBaHa CBsA3b (PEHOMEHOJIOTHYECKON Teopun MakcBelia ¢ aTOMUCTHYE-
CKOM Teopuell MaTepuH U ONTHKOM.

HccnenoBanust KOMITBIOTEPHOT'O MOJEIUPOBAHHMS TTOATBEPIIN PE3yIbTaT CrenuduKa-
11U TpeOOBaHUH, PYHKLMOHAIBHBIX U CTPYKTYPHBIX CXeM OMOTEXHUYECKOH CHCTEMBI.

Bui6oowt. bnaropaps cnenudukanyu TpeOOBaHWN ObLIa IMOTyYeHa BO3MOXKHOCTH IMO-
CTPOEHHS PEKYPCUBHOTO OIIPE/IeNICHHUsI HHTEHCUBHOCTH CBETOBOT'O MOTOKA TIOCIE KaXKIOTO CIIOS
6HOCpC}1]>I W HHU3KaA BBIYUCIUTCIIbBHAA CJIOXKHOCTD. PaSpa6OTaHLI I/IH(i)OpMaLII/IOHHI)IC TEXHOJIO-
THU JUI1 aBTOMATH3all{ ONTHUMAIBEHOTO YIPABJICHUS COCTOSHHEM YeNIOBeKa IPU BHEIIHHX
BO3/IEHCTBUAX Ha opraHu3M. OTKPBITHI TyTH JalbHENILIEro UCCIeI0BAHUS ISl TOATBEPKICHHS
CTaTUCTHYECKOI 3HAYMMOCTH M PENPE3eHTATHBHOCTH BEIOOPOK HAOIIOICHUH.

Knrwuesvie cnoea: maxmunvuas cmumyniayus, ceem, uH(bopMauuonHa,q buomexnuyeckas
cucmema.
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KOHUENYIA TENEMERHYHOT CHCTEMH [inA
EKCNPEC-OIIHIOBAHHA PIBHA BHYTPILHbOOYHOTO TUCKY

3anpononosano  Konmyenyilo  menemMeOUyHOi  cucmemu  eKCHpec-OYiHIO8AHHA  PIiGHS
GHYMPIUHLOOUHO20 MUCKY, 3ACHOBAHOI HA aHANI3I napamempis iHmep@epeHyiiiHuX KapmuH,
SKI CNOCMEPI2aromvCsi Ha Po2igyi HCUBO20 OKA 6 NOAAPU308arHoMy ceimii. Haoano pezyrvmamu
PO3pobaeHHA MemOody GU3HAUEHHA napamempie iHmepgpepenyitinux Kapmutr 6 agmomamu3oea-
HOMY pedicumi 3 BUKOPUCTNAHHAM PO3POONEHO20 NPOSPAMHO20 3aDe3NneUenHts, O80XPENCUMHO2O
(ninitiHo20 Mma Kinbyeso2o) noxaxcuuxa mouok izoxpom. Ilepumemp izoxpomu agmomamuino
BUZHAYAIOMb UWISAXOM NIOPAXYHKY KilbKOCMI NiKcenie Ha ii 3aMKHYmMomy KOHmypi, niouy —
UWIAXOM NIOPAXYHKY KIIbKOCMI NIKCeNis, AKi 3an08HIOMb it 6HympiuHio odiacme.

Kniouoei cnosa: menemeduuna cucmema, noaapu3oeane ceimio, inmepgepenyiiuni Kapmunu,
i30xpomu, napamempusayis.

BCTYR

Ha cporosni B cBiTi HanmivyrOTh MoHaj 60-T MUTBHOHIB XBOPUX Ha TIAyKOMY,
JecsiTa YacTUHA SKHX TOBHICTIO BTpartwia 3ip. Ilpobnema riaykomu 3aiimae
OJTHE 3 KITIOYOBHX MicIlb y Cy4acHii odransmonorii. B Ykpaini 3a nepion 3 1996
1o 2007 pp. 3aXBOPIOBAHICTh Ha TIIayKOMY IIEPEMICTHIIACh 3 YETBEPTOTO Ha ApY-
re Micre (15-20% Bix ycix 3aXBOpIOBaHb) cepell MPUYKH 1HBAJIIHOCTI JI0pOCIIO-
T'O HACeJICHHsI BHACIIIOK 3aXBOPIOBaHb OKa Ta HOTO MPUAATKOBOTO anaparty [1].
Bucokuil BiICOTOK HECHPUSTIMBUX pPE3yJbTaTiB 3aXBOPIOBAHHS 3YMOBIICHO

KAIUIH 1.B., KOUNHA M.JIL., ®IPCOB AT, 2018
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Konyenyis menemeouunoi cucmemu 05 eKCnpec-oyiHio8anHs PiGHs 6HYMPIUHbOOUHO20

HU3KOI0 MPHUYUH, Cepell AKUX HAWOLIBII 3HAYYIIUMH € IMi3HS JIarHOCTHUKA 1 He-
KOPEKTHA OL[iHKa JaHUX TiAPOJMHAMIKM OKa, OTPUMAHMX IUIIXOM BUMIpIOBaHHS
BHYTpilIHLOOYHOTO THCKY (BOT).

Po3po0iicHHS HOBMX HEIHBA3WBHUX METOIIB JIOCIIIKEHHS 1 JiarHOCTHUKH
MAaTOJIOTii OKa, a TaKOX YJOCKOHAJCHHS HASBHHUX € aKTYaJIbHUM 3aBIAHHSM.
ToMy BelMKHI TCOPETHYHHH i PAKTHYHHUH iHTEpeC MalOTh METOJH, 3aCHOBaHI
Ha JOCHiKEHHI TKaHUH OKa B MoJisipu3oBaHomy cBiTii [1, 5-9, 10]. ¥V pasi
OCBITJICHHSI POTiBKH JXMBOTO OKa MOJSIPU30BAHUM OUTMM CBITJIOM Ha Hii
crnocrepiractbesi cnenudivna inrepdepentiiina kaptuna (IK). IK e nabopom
3a0apBiIeHuX CMYT (130XpOM), pO3TAIIOBAHUX Y Hepudepii poriBKY.

CMyTH yTBOPIOIOTH (Birypy, CX0XKy 3 poMOOM, KYTH SIKOTO CIIUPAIOTHCS Ha
TOPU30HTAJIBHUN 1 BEpTUKAIBHUNA MepuiaHu oka. KapTuHy nepeTrHaoTh TeMHi
CMYTH, 1110 YTBOPIOIOTH (irypy poriBkoBoro xpecta (i3okninm) [10, 14, 17, 19].

J’KuBe OkO TOCTIHO 3HAXOMUTHCS B HANPYKEHO-IEePOPMOBAHOMY CTaHi
(HAC), ockinbkn Ha HOro OOOJOHKY 3CEpelWHH i€ BHYTPIIIHBOOYHUH THCK
(BOT), a 30BHI — ekctpaokymsipai M'sizu (EOM). His npsasmux EOM posrsarye
POTIBKY 1 CTHUCKA€E CKJIEPY, a KOCMX — TIJIBKH CTHCKA€ CKIEPY, OCKUIbKA BOHHU
NPUKPIIUICHI 3a €KBAaTOPOM 1 CIpSMyBaHHS IX 3yCHJb Take, IO BOHU HE
3MIHIOIOTh BHYTPIIIHIX HANpYXeHb B poriBii oka [1, 7,9, 15].

BukopucranHs Moispu30BaHOTO CBIiTJa JO3BOJISIE Bi3yalli3yBaTH PO3MOILT
BHYTpILIIHIX HamNpy>KeHb B POTIBIl JKUBOTO OKAa 1 JOCITIIKYBAaTH BIUTHB Di3HHX
ynHHWKIB Ha ¢opmy IK, sika cnocrepiraetses. [losBy IK Ha poriBii 3yMOBICHO
edexToM (OTONPYKHOCTI, SIKMH BUHUKA€E 32 YMOBH MEXAHIYHOTO HANpyKCHHS B
uit [10, 12, 14, 17, 18, 20]. KpiMm TOoro, cama pe4oBMHA POTIBKA TAKOX MAaE
BJIACTUBICTH ONTHUYHOI aHI30TPOIii, IO 3yMOBJICHO aHI30TPOIMIEI0 POriBKOBOTO KO-
JlareHy, a TaKoXK B3a€EMHUM PO3TAIllyBaHHIM HOTO BOJIOKOH B poriBui [14, 13, 16,
18]. PoriBka Mae pi3Hy TOBIIMHY B Pi3HHX TOYKaxX (HaHOUIBII TOHKA B IIEHTPI 1 MO-
TOBIIIEHA Ha niepuepii), 10 TaKOK BIUIUBAE Ha PO3IIOLT HAPY>KEHHS B Hill.

TakuM YWHOM, ONTHYHA aHI30TPOIIS POTIBKM OKa Ma€ CKIAJHY MPHUPOIY,
OCKIJIbKH MOB'I3aHA 31 CTPYKTYpOIO POTIBKOBOTO KOJAreHy i B3a€MHHMM pPO3Ta-
LIyBaHHSAM HOTO BOJIOKOH B TKaHHHI POTiBKHM, (JOPMOIO caMmoi pOriBKH, MEXaHiy-
HuMH 3ycriusiMu 3 6oky BOT i EOM. Byio 3anpornoHoBaHO YMOBHO PO3IUIATH
OINITUYHY aHi30TPOIII0 POTiBKH Ha CTATHYHY 1 JUHaMiuHy [3-5].

NOCTAHOBKA NPOBNEMM

JleTanbHe BUBYCHHS MOJSIPH3ALifHO-ONTUYHHUX BJIACTUBOCTEH poriBku Oyio mpo-
BeleHO OaraTbMa aBTOpaMH, OJHAK IO TEMNEPIIHBOTO 4Yacy pe3yJbTaTH LHX
JOCTI/PKeHb He HaOyiM MIMPOKOro MOIIUPEHHsI B KIHIYHIA npakTu [2, 7-10, 12,
16, 18]. Hocmimxenns BruuBy pizHux piBaiB BOT nHa dopmy i reomerpuyni napa-
MeTpH iHTepQepeHIiitHnX KapTHH o4yel [3, 15] A03BOMMIM BCTAHOBUTH, IO Y pasi
nigsuieHass BOT BinOyBaeTbcst epepo3noia BHYTPILIHIX HAPY)KEHb B POTIBLI,
110 npu3BoAuTh 10 3MiHu dopmu IK. Lo Bractusicts IK Moxe OyTi BUKOprCTaHO
Juts omiHtoBaHH: piBHA BOT O3 KOHTaKTy 3 OKOM Malli€HTA.

Jns mpaktuanoro 3actocyBanHs IK mig uwac mocmimxenns piasa BOT y
XBOPHX Ha TJIayKOMy HEOOXiTHO OYyJl0 pO3pOOHMTH METOJH mapamMeTpu3alii 300-
pakeHb LUX KapTUH, OCKUIBKH OYyJI0 BCTAHOBJICHO, IO MapaMEeTPH i30XpOM KO-
pemtoroTh 31 3HaueHHsMu BOT [3]. Ilapamerpu3anis 300paxens IK oco6muBo
aKTyajibHa y 3B'SI3KY 3 PO3POOJICHHSAM TEIEMEIUYHOI CHUCTEMH OIIHIOBaHHS
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pieas BOT y xBopux Ha TiaykoMmy, B siKiii mependadeHo caMocTiliHe (XBOpUM
abo ioro Onm3pkuMHU) oTpuMaHHs 300pakeHHs IK poriBku oka 3a momomoru
cMapT(oHa, OCHAILEHOTO MOJIIPOIAHOI0 MPHUCTaBKOIO, 1 Mepenada boro 300pa-
KECHHST 3 BHUKODHCTAaHHAM MOOUIBHUX MepeX B IEHTpP OOpoOJIeHHsS i
niarHocTukd. Po3poOieHHs Takoi cucTeMH AO03BOJIMTH MALiEHTaM CaMOCTIHHO
KoHTporoBath piBeHb BOT, 110 0coOIMBO akTyallbHO JUIst 0Ci0, sIKi MPOXKHBa-
I0Th JaJIeKO BijJ MPOoiIbHAUX JIKYBaJThbHHUX 3aKIIAIIB.

Meta po60oTH — po3po0IIeHHs KOHIICTIIIT TeJIeMEANYHOT CHCTEMH EKCIpec-
OLIIHIOBAHHSI PIBHSI BHYTPIIIHBOOYHOI'O THCKY 3 BHKOPHCTaHHSM IapameTpiB
iHTepepeHUiHHNX KapTHH, AKi CIOCTEpIraloTbcs Ha POTIBLI OKa XBOPHUX Ha
IJIAyKOMY B MOJIIPU30BAHOMY CBITIIi.

OBCAT | METOIH ROCMI[)KEHHA

Jiis po3pobiieHHs Ta anpoOarrii MeToay mapaMeTpu3allii BukopuctaHo 50-sat IK
odell XBOpUX Ha Ti1aykomy 3 pisaumu piBHsiMH BOT 1 20-s116 1K 310poBHX JTrO/IEH.

I[Ipu po3pobnenHi meroxy napamerpuzanii IK mpoBeneHo aHanis cydacHux cuctemMm
kepyBanHs 6azamu ganux (CKB/I) 3 Meroro BHOOpY ii onTuManbHOT KOHGIrypartii.

Hasgni B nannii vac CKB/l po3pi3HSIOTHCS 32 CIIOCOOOM:

— opranizanii 30epirands iHGopMarii (pensiiiiHi, 00'eKTHO-OPiEHTOBAHI,
iepapxiuHi, TOKYMEHT-OPi€HTOBaHi, cxoBHIa Tuly «Kirou-3HaueHH»);

— JOCTYIY 10 JaHuX (KITi€HT-CepBepHi, (aiin-cepBepHi 1 BOyI0BaHi TOIIO).

CranpmapToM, ne-pakTo, B CydacHHX iHQOpMAIIMHUX CHCTEMax € perisiiiiiHi
CKB/l, B sikux naHi 30epiratoTbcsl B TaONMYHOMY BUMIISIL. Y HAIIOMY BHIIAJIKY,
OCKUTbKM O0CAT JaHWX HE BEIMKHN 1 peamizallisi METOAy IapameTpu3allii
nependavacThCs B CepeIoBUIII orepaiiiHol cucremu Microsoft Windows, Bukopu-
cranns (aitn-cepeepHoi CKBJl Microsoft Access € Haiikpaium. PisHopinHe mpo-
rpamue 3a0e3neueHus ([13) Mae onHOpimHMI 3aranbHU qOCTYyN 10 6a3u JaHuX (110
30epiraeThes y BUDBiAL haitmy Ha dismaHoMy HociT) 1 06poOisie naHi.

I pospobnennss [13  BuOpano mporpamuy iardopmy  Microsoft
NETFramework i npuknaanuii nporpamunii inrepdeiic Windows Forms st pea-
Ji3amii JOCTYNy 1O CTaHAApTHUX €JIEeMEHTIB rpadiuHoro inrepdeiicy Microsoft
Windows (BikHa, KHOTIKH, MEHIO TOIIO) B KEPOBAHOMY KO/l CEpPEIOBHIIA BUKOHAH-
1 NET. Bukopucranus Windows Forms 3Hauno cripoctuiio po3poOmenns 13
(YHKIIOHATEHOTO KOPUCTYBAIbKOTO iHTepdeticy B et Microsoft Windows.

PO3POBMEHNHA METORY BUSHAYEHHA NAPAMETPIB INTEP@EPEHLIAHMX KAPTHH

s mapametpu3anii IK (puc 1, a) HeoOXinHO Ha MIIOMIKHI 3HIMKA POTiBKH OKa
BU3HAYNUTH KOOPAMHATH TOYOK, Ki JOCUTh TOYHO OMMCYIOThH 130XPOMH 1 130KJIi-
Hu (puc 1, 6). [onepeaHi qociiKEHHS MOKA3aly, IO sl TapaMmeTpu3allii i30-
KIIiH JIOCUTh JIBOX TOYOK, & JUIs 130XpOM — TpboX. OCKUIBKH pO3Mip POTiBKH
MOJKE BIAPI3HATHUCS y PI3HUX JIFO/EH, 8 TAKOX JJIsl BUKIIOUEHHs BIUIMBY MacIl-
Taby 300pakeHHs, TOOTO U MPUBEACHHS PE3yJbTaTiB 10 €AMHOTO MacuTady,
JOJTATKOBO HEOOXIJHO BU3HAYATH T'OPH3OHTAIBHHUN 1 BEPTHKAJIbHUHN JiaMeTpH
poriBku (Dx, Dy), obuncnroBatu ix cepenHi 3HaueHHsI 1 HOPMYBaTH BCi BU3Ha-
YeHI HapaMeTpH 3a CEpPEeIHIM A1aMETPOM.
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Puc. 1. 3HIMOK POTiBKU XHMBOTO OKa B IOJSIPH30BAaHOMY CBITIi (@) 1 cxema iHTepdepeH-
uiitHo1 KapTrHU (0)

3o0paxkennst K st po3mizHaBaHHS AOCUTH CKIIaJIHE, OCKUTBKH MICTHTh Oarato
€JIEMEHTIB, SIKi HE MalOTh YiTKHX KOHTYPIB, a TAKOX EJIEMEHTIB, SIKi HE HECYTh JiarHo-
CTHYHOI 1H(OpMaIIil, a TUIbKH «3alllyMOBYIOTh» 300pakeHHs. HaBiTh B pa3i MmoBHOI
aBTOMaTh3alii mpouecy mnapaMerpuzanii 300paxkenb IK BukmouaTtH BisyanbHY
TIEPEBIPKY i SIKOCTI EKCTIEPTOM-ITFOJIMHOI0 He MOYKHA. Y pO3p00IeHOMY HaMH CIIoco0i
00pobiienns IK mpoBomUThECS aBTOMATH30BAaHO B IHTEPAKTHBHOMY PEKHMMI 3 BUKOPH-
CTaHHSIM PO3POOIIEHOTO CIIeliai30BaHOro nmporpamMHoro 3abesmedenns (113).

ITomepemHi mocmipKkeHHs MOKa3ay, M0 MOTIK Haaxo/pkeHHs 3HiMKiB IK ma-
I[IEHTIB Hapa3i HEBEIUKKIA 1 HEPIBHOMIPHUH y Yaci, TOMY 3alIpOIIOHOBAHHHN TTi/IXi/1
OyIzle MaTy IOCTATHIO MIBUAKICTh MapaMeTpHU3aLlii.

Taxox, migsumenas BOT y marieHTa He BUMarae HaJaHHs eKCTPEHOI J0TO-
MOTH, KPIiM BHI/IKiB TOCTPOTO HAIMajy IIayKOMH, SIKHH HEMOXKITUBO HE TTOMITUTH
1 6e3 BuMiproBanb. OTprMaHHs BiANOBiAI ekcriepra mpotsirom 20—30 XBUIMH TTic-
JIs1 BIJITIPaBIICHHSI 3HIMKA JI03BOJISIE BXKUTH HEOOXIIHUX 3aXO/IB Y pa3i BUSBICHHS
migpuieHoro pisas BOT.

Sk mokazana TpakTHKa, Yac, BUTPAadeHWH Ha KOHTPOJIb SKOCTi, 1 00csr
Bi3yaJIbHOI'O HAaBAaHTAXXCHHS Ha EKCIepTa 30iraloThCs 3 4aCOM i HaBaHTAKCHHSIM
y pa3i aBromaru3oBanoi napamerpusauii IK 3 Bukopuctannsam [13.

Anroputm napamerpusaii K Hagano Ha puc. 2. OcKiIbKH 04i 00CTeXKyBa-
HUX MAli€HTIB iHOAl ICTOTHO BiAPi3HAIOTHCS, TO BOYIOBaHUH B KaMepy MpHiasy
MPOLIECOp HE TOCUTH SIKICHO BCTAHOBIIIOE 3HaUYEHHs ekcro3uuii. Lle mpu3Boamno
JIO TOT'O, [0 Ha JIEAKUX 3HIMKAaX JIHII 130XpoM OyJid TBMSHUMHU, a 130KIiHH Clia-
00 IOMITHI Yepe3 HaJIMIIKOBY 3arajibHy SICKPaBiCTh 300pakeHb.

3niMku B 6a3i qanux (B/]) 30epiratoThst B CTUCIOMY BUTIISIAL, IO 3a0e3medye
MaKCHUMaIIbHAN JTUHAMIYHHHA Jiala30H PiBHIB SICKPABOCTi, TOMY 3 METOIO TOJIIl-
IIEHHS SIKOCTi 3HIMKIB B aJITOPUTM OYJIO BBEJICHO OJIOK HOpMaTi3allii SICKpaBOCTi.

Ockinbku B [6—-10, 12] nokazaHo, mo iHpopmaruBHicTs 3HIMKIB IK migBu-
LIYETHCS 32 YMOBU MOHOXPOMHO{ 3HOMKH, TO Aaji 300pa’keHHSI IEPETBOPIOETHCS
3 IOBHOKOJIbOpOoBOro RGB opwurinany B Kormito, moJlany y BiTiHKax Ciporo Ko-
neopy. s mporo 3acrocoBaHo GopMyiy, SIKY BUKOPHUCTOBYIOTB JUIS TIOJaHHS
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sickpaBocTi komnoreHTH (Y ') B konipHoMy ipoctopi YUV B cucremi PAL ana-
JIOTOBOT'O KOJILOPOBOT'O TeJeOaueHHS:

Y'=0299R+0,587G +0,114B

ne Y' — 3HaueHHs ACKPaBOCTI KOMIIOHEHTH 300paxkenns; R, G, B — 3nayenus

YEpPBOHOTO, 3€JICHOTO 1 CHHHOI'O0 KOMIIOHEHT BiATIOBIAHO.

[Micns dikcarii Bcix MeX POTiBKH Ha 300paKeHHS aBTOMATHYHO HAHOCUTHCS
KOHTYp IUX MeX 1 JI0JaTKOBa PO3MITKa Y BHUTJISI BEPTHKAIBHOT 1
TOPU30HTAJBHOI Oceil (W0 MEepeTMHAIOTHCS B LEHTPI POTIBKM), a TaK Camo
JiaroHaNIbHUX OCeH MmiJ KyToM 45-Th TpagyciB. AHAIOTIYHO 3IIHCHIOETHCS
po3mitka koHTypiB IK. Skmo B mporeci mapamerpu3zalnii cTalo HOMITHO
PO301KHICTh PO3MIYEHOTO KOHTYPY 1 peasIbHOi KaPTUHH, EKCTIEPT BUOHPAE TOUKY
HEBIiIMOBITHOCTI 1 TOBTOPHO ii BiJ[3HAYaE.

Memoo eusnauenns napamempie I[K BUKOHYIOTh B KiJbKa €TarliB
BIIMOBIAHO 110 po3poOsieHoro aaroputMy (puc. 2). Ha mepriomy erami, micis
OTpUMaHHsS KoJIbOpoBoro 3o0paxenHs IK, mpoBoasaTe HopMmamizamiro HOro
SICKPaBOCTI 1 IEPETBOPEHHS B MOHOXPOMHE 300paKEeHHS.

Ha npyromy erami npoBoasaTh (ikcallito MeX POTiBKH 3a JIOTIOMOTH JIBOpE-
XKUMHOTO TIOKQ)KYHUKA, MIiCIsI YOr0 Ha 300pa’keHHsI aBTOMATUYHO HAHOCSTH KOH-
Typ POTiBKH, a TaKOX JOJATKOBY PO3MITKY Y BHIVIAAI BEPTUKANbHOI 1
TOPH30HTAIBHOT oceil. TOUHMI PO3Mip POTIBKH € HEOOXIMHUM JUIsi BU3HAYCHHS
JIOBXKUHU 11 BEPTHKAJIBHOTO 1 TOPU30HTAILHOTO JiaMETpPiB, a TaKOXK JJIs 00YucC-
JICHHS CEPeAHBOro JiaMeTpa, 3a SKUM B MOJAIBIIOMY HOPMYIOTH NapaMeTpu
iHTEeppepeHIIIHHOT KaPTHHHL.

Ha tperhomy erami BUKOHYIOTH PO3MITKY KOHTYPY i30XpOMH IEPIIOTO IO0-
psaaky Ha IK 3 BHKOpUCTaHHSIM PeryjabOBAaHOTO KUIBLEBOI'O MOKAXKYUKA, SKUH
JI03BOJIIE B KOXKHOMY KOHKPETHOMY BHIAIKy BHU3HAUUTH CEPEIUHY LINPUHH
130XpOMH 1 CTaHIapTH3YBaTH NOCTiKeHHs. [Ticns po3MiTKH KOHTYpY 130XpOMH
3a OMIOMOTH CIUIAiiHIB MOAEIOIOTH caMy 130XpoMy. SIKIIO MiJ 4ac MpOBEACHHS
Bi3yaJIbHOI'O KOHTPOIIIO BUSIBJICHO PO301KHICTh PO3MIUYEHOTO KOHTYPY 1 peanbHOl
KapTHHU, TO KOPUTYIOTh TOYKU HEBIIMOBIIHOCTI i aBTOMATHYHO HAJIAIITOBYIOTh
KOHTYP 130XpOMH.

Ha yerBepTomy erami 3aifiCHIOIOTh aBTOMAaTU30BaHUN MiAPAXYHOK MIKCENiB, 110
YTBOPIOIOTh 130XpOMY 1 3aIIOBHIOIOTH 1i BHYTPIIIHIO YacTHHY, OTPUMaHi 3HAYCHHS
HOPMYIOTb 32 CEPEIHIM [[iaMeTPOM POTIBKH, IO J03BOJISIE BUKIIFOUMTH BILIMB MACIII-
Taby 300paxenHs 1K i BapiabenbHICTh pO3Mipy POTIBKHM y Pi3HUX MAL€HTIB.

KOHLENWIA IHTEPOEMCY KOPMCTYBAYA
MPOTPAMH Jinfi ABTOMATM30BAHOI
NAPAMETPH3ANIT IHTEPOEPEHLIMHHAX KAPTHH

I'padiunmii inTepdelic KopucTyBua cTaB CTAHAAPTOM UIS B3a€EMOJIT MIX JIFOIHU-
HOIO0 1 KOMI'IOTEPHUMH CHCTeMaMU. BBElICHHS TEKCTOBHX JAaHUX 1 KOMaH] TO-
CTYIUJIOCS MiclieM 0e3MocepeIHhbOMY MaHIIMYyJIIOBAaHHIO Bi3yalli30BaHUMH JIaHU-
MU 1 eleMeHTaMH iHTepdency i3 3aCTOCYBaHHSAM CIIELialli30BaHUX O0'€KTiB-
MOKaX4YUKiB (KypcopiB). s IbOr0 BHUKOPUCTOBYIOTH pIi3HI KOOPAMHATHI
MPUCTPOT — KOMITTOTEPHI MU, TAYIIa 1, CEHCOPHI EKPaHH.
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Puc. 3. TlocninoBHicTh 1i# mig yac 00pobaeHHs 300paxens IK Bpyuny

Cnupatrourch Ha cxemy IK (puc 1, 6), eranmu oOpoOJieHHS 300paKeHb MO-
KyTbh OYTH OIMCAaHI 32 TAKOIO TMOCITIIOBHICTIO il (puc. 3).

Hns oOpobnenns 300paxens IK excrnepry-monuni HeoOXigHO 3HAUTH i
BIIMITHTH TOYKH, IO OMHUCYIOTh EJIEMEHTHU 130KIIiH 1 i30XpoM. SIKIo A0TpuMy-
BaTHCS 3alpOIOHOBAHOI IMOCIIAOBHOCTI i, MOXXHA MiHIMI3yBaTH KiJIBbKICTh
MepeMileHb MoKaK4YhKa (Kypcopa) AU Mepexoy Bifl OIHIET TOYKH O iHIIOL.
Jis NOCATHEHHS MaKCUMAalbHOI HIBHUAKOCTI aBTOMAaTH30BAHOTO OOpPOOJICHHS
300paXkeHb J0 aJITOPUTMY CIIIJ JOJATH €IEMEHTH IHTePAaKTUBHOCTI, HAPUKIIA/I,
aBTOMATHYHI 3MIHEHHS IMOTOYHOI TOYKHM IICJI HATHUCKAHHS KHOIKH MHIII 1 Ha-
HECEHHS IOTIOMI>KHOT PO3MITKH Ha 300paskeHHS.

Sk mokazanu monepenHi JOCHipKeHHs, iHpopMaTHBHUME napamerpamu 1K
€ TIOKA3HUKH JOBXKHHU BiAPI3KiB JiaroHaiel iHTepdepeHmiiHoro poMmoa, Kyt
MDXK HUMH, TUTOINA i1 i30XPOMOIO TIEPIIOro MOPSAKY i 11 JOBXKHUHA.

CTPYKTYPA BASH JJAHMX

baza nannx (BJ1) IK marmienTiB i pe3ynbTaTiB iX 00CTEKEHb CKIAIA€ThCS 3 TPHOX
noB'a3anux tabmuub: tbl folders, tbl patients, tbl records. CtpykTypy 3B's13KiB
MIDX TaOnuIsIMU B 0a3i TaHUX HaJaHO Ha pHC. 4.
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tbl_records
tbl_folders % record_id
7 folder_id folder_id tbl_patients
folder_description patient_id ———— 4 ¥ patient_id
record_date patient_name
left_sye_data patient_birthday
right_eye_data patient_sex
params_data patient_diseases
record_comment patient_comment

Puc. 4. Ctpykrypa 6a3u nanux IK i pe3ynbraTiB 00CTe)KEHb MAI[IEHTIB

Tabmuns tbl patients micTuTh 0a30By iHGOpMaLil0 TPo O0OCTEKYBAHMX
MAIi€HTIB, PO3TAIIOBAHY B TAKUX CTOBIILISIX:

patient_id — 30epirae yHikanbHuU# 11eHTU(DIKATOP 00CTSHKYBAHOTO, THIT ITOJIS
JliunnpHUK, € IEPBUHHUM KIFoueM;patient_name — 30epirae [1Ib o6crexyBaHo-
ro, TuI TeKCTOBUI;

patient_birthday — 30epirae naty HapomkeHHs oOcTexyBaHoro, T [lara / Yac;

patient_sex — 30epirae HallMeHYBaHHs CTaTi 00CTEKYBaHOTO, THIT TEKCTOBHIA;

patient _diseases — 30epirae mepeik OCHOBHUX 3aXBOPIOBaHb OOCTEKYBAHOTO,
TN TeKCTOBMIA,

patient comments — 30epirae J0JaTKOBY iH(MOPMAII0 PO 0OCTEKYBAHOTO,
Ul TeKCTOBUIL.

Tabmus tbl folders — micTuth iHpOpMAaLIIO PO YMOBHI IPYNH 0OCTEKEHb.
Llst TaOIUI MICTUTE TaKi CTOBIILIL:

folder id — 306epirae yHikanbHUH ineHTH(DIKATOP YMOBHOI rpymu o0cTe-
’KEeHHsI, TUN 1107151 JIIYMIIBHYK, € IEPBUHHUM KIIIOYEM;

folder description — 30epirae HailiMeHyBaHHs YMOBHOI Ipynu 0OCTEKEHHS,
THI TEeKCTOBUM.

Tabmuis tbl records MicTUTh JdaHi, OTPUMaHI M 4Yac OOCTEKCHHS
nariedTiB. L TaOMHIS MICTUTh TaKi CTOBIIII:

record id — 30epirae yHikajabHHIA iIEHTU(HIKATOP OOCTEIKEHHS, THII IOJISA
JliYnNBHUK, € TIEPBUHHUAM KITIOYEM;

folder id — 30epirae ineHTH(ikaTOp YMOBHOI IpyHOBOI MPUHATIEKHOCTI 3
tabmui tbl_folders, Tun mons YncnoBuid, € 30BHINIHIM KITIOYEM;

patient id — 30epirae yHiKajdpbHHMI 1ACHTU(HIKATOP OOCTEIKYBAHOIO 3
Tabnuii tbl patients, T ot YUCIIOBUiA, € 30BHIIIHIM KITFOUEM;

record date — 30epirae gaty obcrexenns, Tun [ara / Yac;

left eye data — 30epirae 300pakeHHs iHTep(hEpPEeHIIHHOT KapTHHU JIIBOTO
oka B ¢opmari bmp (Bitmap Picture), tun nons «ITone o6'ekta OLE»;

right eye data — 30epirae 300paxenHs iHTepdepeHLiiiHOT KapTHHH TPABO-
ro oka y ¢popmari bmp (Bitmap Picture), Tun monst «Ilone o6'ekra OLEy;

params_ data — 30epirae pe3ynbTaTH NapameTpu3alii iHTepepeHmiiHol
KapTHHU [UIA JIIBOTO 1 mpaBoro o4er B ¢popmati Xml, Tum noist TekcToBuii;

record comments — 30epirae 1onaTkoBy iHQoOpMalio HNpo 0OCTEKEHHS,
THI TEeKCTOBHM.
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NPOTPAMHE SABESNEIEHHA INA NAPAMETPH3ALIT
SO6PAIKEHD INTEPOEPEHLIHHNAX KAPTHH B ABTOMATH30BAHOMY
INTEPAKTMBHOMY PEXWMI

[Iporpamue 3abe3nedeHHs napamerpusamii IK € KIacMUYHUM BIKOHHHMM 3acTO-
CYHKOM ormepauiiiHoi cuctemu Microsoft Windows. Ilicns 3amycky nporpamu Ha
eKpaHi MOHITOpa Oy/ie BiJoOpakeHO rojIOBHE BIKHO Iporpamu (puc.S).

VY BepxHill YacTHHI BiKHA MPOTPaMU 3HAXOJHUTHCS TOJIOBHE MEHIO, a HIDKYE
PO3TaIIOBaHO O0JIACTDH MEPErJIsiAY 3HIMKIB 1 TAOIHIIIO 31 CIIUCKOM 30€peXECHUX B
B/l pe3ynbTaTiB 00CTEKEHD.

s BuOOpy pe3yabTaTiB 0OCTEKEHHS KOHKPETHOIO Malli€EHTa KOPUCTYBad
MOBUHEH BUOPATH PSAAOK 3 IIyKaHUM Mpi3BHLIeM, Ticist yoro 3 b/l aBromarnuno
BUTATYIOTBCS 300paXeHHS JIIBOTO 1 MpaBoro ovei 1 BiqoOpakaroThCsl B 001acTi
neperasiay. SKmo 3HIMKY iHTepepeHIliHHIX KapTHH BXXe OYyJI0 mapameTpu3o-
BaHO, TO Ha HUX OyJie HAHECEHO YePBOHI MapKepH Y BIIOBITHUX TOYKaX.

s mocrymy B B/] Bukopucrano texnonoriro Microsot ADO.NET, sika oprai-
30By€ po0OTY 3 TaOJMYHMMH JaHMMH Y 3aCTOCYHKaX, OCHOBaHMX Ha Microsoft
NETFramework. Lls TexHojoris miATpEMye aBTOHOMHY pOOOTY 3a JIOTIOMOTH
creianpHux o0'exTiB DataSet, 1m0 € JOKaIPHUMH KOMISIMH OyZIb-SIKOi KiTBKOCTI
B32€EMOTIOB'SI3aHHUX TAOJIHUITb TAHUX, KOYKHA 3 IKUX MICTUTB Ha0ip PSKIB i CTOBIIIIIB.

O0'extn DataSet miaTpuMyIOTh poOOTY 31 CBOIM HAIOBHEHHSM 3a JIOTIOMOTH
BIIMIOBITHOTO ajanrtepa JaHUX, HE BUMAraloud MiAKIIOYEHHS 10 JDKepesia JaHuX.
Texnonoris ADONET nopmano y Burisai KepoBaHoi KoJoBOi 0i0mioTeku, 10
JIO3BOJISIE MaTH JIOCTYII JIO JIAHWX 3a JIONIOMOTH Oyab-sikoi mou .NET. Bin iHmmx
APIL, ADO.NET Bigpi3usie Te, 1110 BOHA HE B3aEMOJIIE 3 CUCTEMaMH KepyBaHHsI 0a-
3aMU J1aHuX Oe3mocepeHb0. 3aMicTh [IbOTO BUKOPUCTOBYIOTh MOCTAYAIbHUKH Ja-
Hux (dataprovider), ski iHKanCyimoOIOTh MexaHi3M poOoTu 3 koHkpeTHoro CKB/I.
Takuii miaxix € ay)xe THYYKHM, J03BOJISIE CTBOPIOBATH aJanTepu IS OYIIb-sIKOl
CKB/I i noBHiCTIO BUKOPHCTOBYBaTH i1 ocodmuBocTi. [y podotu 3 B/ Microsoft
Access BUKOpUCTOBYIOTh BOymoBanuii nposaiifep .NET Framework Data Provider
for OLEDB.

TIaPIMETPIATOP MITEPEPEHLNCHHE KagTHN - “HEE
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Puc. 5. T'onosue BikHo 13 11 napamerpusaiiii inTepdepeHIiiHux KapTHH
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Hns 36epiranns B B/l 3mimkiB IK, oTpuManmx 3a gomomMoru kamepu i
MOJISIPU3ALIMHOI IPUCTABKH, BUKOPUCTaHO (OpMaT pacTpoBux 300paxkeH> BMP.
Taxuii hopmaT BUKOPHCTOBYIOTH B olepauiiHux cuctemMax Microsoft Windows i
Horo miATpUMYE BeNHMKa KUIBKICT mporpam. BiH mae 3mory 30epiratu
OJHOILIAPOBI PacTpy, 1€ KOKEH MIKCeNb 30epiraeTbcsi y BUIJIII IBOBUMIPHOTO
MacuBy, BIIIOBIIHOrO O€3MOCEPEHBO 3HAYCHHSIM TIMOMHU KOIBOPY MOJEI
RGB 3 migrpumkoro pizHoi KinbkocTi OiT (1-64 0iT), Tabnuip KOIBOPIB (MATITPH).
VY 6i6miorekax kiaciB .NET Framework mnst 30epiranHst pacTpoBUX 300pakeHb
npu3Ha4YeHo kiac Bitmap. Bin pearnizye MeTomu YnTaHHS TaHUX BiJ OYAb-SIKOTO
IpKepena, SIKui miarpumye iHntepdeiic [Stream (6a3u jaHuX, CTPYKTYpOBaHi CXO-
BHUIIA, OJIOKU MaM'sITi TOIIO). Y IbOMY pa3i aHAM3yeTbess (popMaT JaHUX 1 JUIs
PO3MaKyBaHHS! BUKOPUCTOBYIOTH NMOTPiOHUH Kozaek. [Ipsamy poboty 3 pacTpoBuMu
JAHUMH 31ACHIOIOTH 32 TOTIOMOT'H IOJaTKOBHX KJIACiB:

—  crpykrypa Color (17151 MaHIITy TFOBaHHS KOJIBOPOM OKPEMHX TTiKCETTiB);

— BitmapData (mns IIBHAKOTO IOCTYNy A0 BHIUICHOI NPSMOKYTHOI
o0JacTi pactpa);

—  kinac ImageAttributes (aus1 mepeTBOpeHHs KOJIPHUX MPOCTOPIB 3 BU-
KOPUCTAaHHSM MaTpU4HOI anreOpn).

Po6orta 31 3HiMkamu 1K BegeThes 3a JOMOMOI'M KOHTEKCTHOTO MEHIO (puc. 6),
110 BiAKPUBA€ETHCS MiCIIA HATUCKAHHS MPABOi KHOIKHM MUILI HA 300pa’keHHS B 30Hi
Heperysy.

Bubip BIiANOBIIHUX MYyHKTIB KOHTEKCTHOI'O MEHIO «P03MaiTTsS» 103BOJISIE
BIIKPUTH BIKHO PO3MITKH 3HIMKa (puc. 7), moBepHYTH 300paxeHHs Ha 180° 3a
TOAMHHUKOBOIO CTPUIKOIO  (SKIIO HENPAaBWJIBHO HANALITyBall  KaMmepy
MoJIsIpU3aIiiHOTO MpUJiIaay) 1 30epertu KoopanHaTH MapkepiB B b/1.

Ockinbky JiHii iHTEpQepeHLiiHIX KapTHH Ha 3HIMKaX MalOTh Pi3HY TOBIIMHY i
PO3MHTY MEXY, JJIsl IiIBUIICHHS TOYHOCTI 1 3py4YHOCTI iX mapaMeTpu3ailii BAKOPH-
CTOBYIOTh JIBOXPEKUMHHI MOKKYMK. BepTukanbHa 1 Topu3oHTANBHA JiHISE KYpCo-
PY AO3BOJISIE TOYHO BiZ3HAYATH MEXKY POTIBKH, a KIJIbLEBUI MOKAXYMK 31 3MIHHUM
JliaMeTpOM — TOYHO BKa3yBaTH Ha CEPEAMHY 130XPOMH Ta 130KJIIHH.

Jns poboTH 3 300pakeHHAMH BUKOPUCTOBYIOTH 0ibmioTeky kiaciB GDI+,
JOCTYIIHY B cepeaoBulll po3pobnenHs 1 BukoHanHs .NET Framework.
[Mincucrema GDI+ peanizye MOXIUBOCTI poOOTH 3 BEKTOPHHUMH, PACTPOBUMH
300pakeHHAMU 1 mpudTamMu B onepaniiHux cucremax Windows i, mouYnHa0YH
3 Bepcii Windows XP, € ixHiMu ckrnagHukamu. [HTepdeiic 6i0mioTexn
miATpUMY€e poOOTy 3 OunpIIicTIO MOmyNsipHUX (opmMaTiB rpadiuHux Qaiiiis
(bmp, gif, jpeg, png Tomo). KonTypu 10moMi>KHOI pO3MITKH NTOKa3aHO Ha pHC. 8.

Jns mopmaHHS TIAJKMX KOHTYPIB iHTEp(EpEeHIIMHUX KapTHH BHUKOPUCTOBYIOTH
cruiaiiay (aHri. Spline — Jjiekano, nepeB'sHe ado MeTajeBe NPHUCTOCYBAHHS TSl Kpec-
JICHHSI KPUBHUX JIiHil), SIKi IIMPOKO 3aCTOCOBYIOTH B 1HXKEHEPHMX PO3paxyHKax Ijis
anpoKCcUMaLlii Pe3yNbTaTiB eKcriepuMeHTiB. KprBa cruaiiHa riaiko (He YTBOPHOIOYH
371aMiB 1 pO3PUBIB) MPOXOIUTH Yepe3 KOKHY TOUKY 3 HAOopy 1 Moyke OyTH OTpuMaHa 3a
JIOTIOMOTY CKJIaJHMX (pOpMyJI, 3aCHOBAaHMX Ha MAaTEMAaTUYHOMY OIIHCI TOBEAIHKH THYY-
KUX CTpIDKHIB. Y 6ibmiorer kmaciB GDI+ € metoau mist o0y J0BY OKpEMHX CIUIAMHIB 1
3J1JKEHUX 3aMKHYTHX KOHTYPIB (3 MOMKITHBICTIO 3TMBKH BHYTPIIIHIX 30H). KoHTYpH
YTBOPIOIOTECS (pyHIaMeHTIBHIM cIviaiiHoM (aHri. Cardinalspline) — mociinoBHicTIO
OKPEMUX KPUBUX, 00'€/THAHKX B OIHY BEJIUKY KPHBY.
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Po3miTHTH
IloeepHYTH

Nleaiii rnas. Paswerca T PR [ < || Jleswii rnas. Pasvetia

a) B)

Puc. 7. Pexxumu nokaxxynka (Kypcopa) Juist OLIHIOBaHHS JIiBOi Ta mpaBoi (a), HUKHBOT
Ta BepXHbOi (0) MEX POTiBKH i TOYOK i30XpOM Ta 130KIIiH (B).

Jleswld rnas. PasmeTka H Jleswli rnas. PasmeTka “

Puc. 8. JlonmomixkHa po3MiTKa iHTepepeHliiHOl KapTHMHU TI0 TOYKaM i30KJIiH (a)
1 IO KOHTYPY 130XpoM (0).

86 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. 1 Bra. Text. 2018. Ne 1 (191)



Konyenyis menemeouunoi cucmemu 05 eKCnpec-oyiHio8anHs PiGHs 6HYMPIUHbOOUHO20

Hns obuncnenns napamerpis IK (mepumerpa i mioiii) BUKOPHUCTOBYIOTh Me-
TOJ| aHaJi3y iX KOHTYpiB. [1iipaxyHOK KUTBKOCTI MIKCENiB, SIKI CTAHOBJIAThH 3aMK-
HYTHIA KOHTYp OOBiZHOI 130XpOMH, JO3BOJISIE BU3HAYHUTH ii IEPUMETP (TOBKHUHY),
a KUTBKICTh TIKCENiB, SIKi 3allOBHIOIOTh BHYTPIIIHIO 30HY, — TuIoNy. OCKUTbKH
KUIBKICTb MIKCEIiB 300payKCHHS HE € CUCTEMHOIO BEJIMYUHOIO, TO IS [TOIAJIBIIIO-
ro OoOpoOJICHHS pe3yJabTaTiB OTPUMaHI BEIUYMHA HOPMYIOTH 3a CepenHiM
ZiaMeTpoM poriBKuU. JlJisi eKCIIOpTyBaHHS OTPUMaHUX AAaHUX B 30BHILIHI Iporpa-
MU BHKOPHUCTOBYIOTH €KCTIOPT B yHiBepcaJbHUI (aiin popmary csv. st bOro B
royioBHOMY MeHIo «®aiim» BUOMparoTh myHKT « EKCOpTyBaTH».

OUIHIOBAHHA TOHOCTI I YACY NAPAMETPH3ANIT
INTEPOEPEHLIMHUX KAPTHH B ABTOMATW30BAHOMY PEXMMI

3a Bukopuctanus po3podienoro 110 po3ainabHa 34aTHICTE Bi3yalbHOI PO3MITKH
CTaHOBHTH | MiKCeJb, CepeiHil AiaMeTp BUMIpSHUX POriBok — 182 mikcens, a
JiaMeTp KUIbIIEBOTO MOKaKYHMKA 3HAXOIUThCS Y Jiana3oHi Big 7 mo 11 mikcenis.
Sxmo uis TepeBeNeHHs IUX BEIUYWH B CUCTEMHI OJMHUIN NPUHHATH 32
niameTp poriBku gopocioi moauau BennuuHy (10 = 0,56) MM, To po3aineHa
3natHicTh ctaHoBHTH 0,055 Mm/mikcens (10 mm / 182 mikceniB).

AnbTepHaTHBHUM criocoboMm mapametpuzanii IK € pyunwid  Bumip
napameTpiB 3a po3ApyKOBaHMMHU Ha mariepi (otorpadisMud 3 BUKOPUCTAHHSIM
PI3HHX MEXaHIYHUX JYWIBHHUKIB JOBXHHH 3BUBUCTHX JIiHIH, HAMPHUKIA]
KypBiMeTp. Lle#l mpucTpiii BHKOPHCTOBYIOTH IJisi BHU3HAUCHHS BiICTaHed Ha
tororpadiyHux Kaprax, IaHax i kpecjaeHHsX. [IpuHIunm Horo 1ii 3acCHOBaHO Ha
BUKOPUCTAHHI  CIEialbHOTO  TapoBaHOro (3y04acToro) Kkojeca, SKHi
MPOKOYYETHCA 1O BHUMIPIOBAaHI IMOBEPXHI 1 € CIONYyYECHHM 3 JIYMIbHUKOM
o0opoTiB. 3a BimoMoro miaMerpy Kojeca Hpuiaz BimoOpaxkae Ha uudepobnari
(abo enexTpoHHOMY TabIJI0) MpOMHAEHY BiicTaHb. Takwil MpuUiaa, HANPUKIAI,
kypBiMeTp KVY-A, mae mexy BumiptoBanHs 100 cM 3 pO3OiTBHOIO 3JaTHICTIO
1 cm 1 moxubkoro 0,25 cm Ha 50 cm nwusixy. CKIamHICTIO BHUKOPHCTaHHS
KypBIMeTpa € 11e i Te, 110 130XpoMa Ma€ TOBIIUHY, TOMY HEOOXiIHO AyXe TOY-
HO BUMIpATH ii BHYTpIIIHIA mHepuMeTp, MOTIM 30BHIIIHIN 1 TOpaxyBaTH
cepenHil, a MOTIM po3paxyBaTH IUIOLIY MiJ KPUBOIO 3 BUKOPUCTAHHSIM Pi3HUX
MaTeMaTHuHuX npuiiomiB. Take ob6pobnenns IK € Tpynomictkum, 3aiimae Oara-
TO Yacy, Ma€ JOCUTh BEIIUKY ITOXUOKY.

HaiigaBnimmii crioci6 mapamerpusauii iHTepdepeHIIHHIX KapTUH 3aCHOBAHO
Ha MpOoeKLii 3a JonoMory (HoTo30inbiryBaya 300paskeHHsI POTiBKH, OTPHUMAHOTO B
pe3ynbrari (HOTO3HOMKH, Ha TOBEPXHIO MACIITaOHO-KOOPAWHATHOTO Tarepy,
PO3MiYEeHOro Ha KJIITHHH (MiTiMeTpiBKa, po3Mip kiituau 1x1 mwm) [7, 8, 10, 11]. Ha
CIIPOEKTOBAHOMY 300pa)KeHHI BpPYYHY BiJ3HAYalOTh OIMOPHI TOUKH a0 OJiBLEM
TIOBHICTIO OOBOJISITH 130XpOMY, a MOTIM TI0 KJIITKax MiPaxoBYIOTH ii IUIONLY i Iepu-
metp. [lin yac mpoBemeHHs mapaMeTpu3aiii JiaMeTp 300paKEHHS POTiBKH OYyB
NOCTiHUM 1 JopiBHIOBaB 55 MM. Lle 3abe3nedyBano rpaHUUIHy pO3iIbHY 31aTHICTh
0,18 mm/kmmitrHa (10 MM/KTTiTHH, Tak K 1 KTiTHHA BiamoBigae 1 MM) Ha 300pakeHHI
niamerpom 240 mm. CepeaHili yac 00poOIeHHsI OJJHOTO 300paykeHHS 3 BU3HAUCHHAM
IUIOMII 1 TIEpUMETpa 130XPOMH 3a ONHMCAHUM CIIOCOOOM CTaHOBHMB 15-20 XBWIIHMH.
Taxwuit migxin qo napamerpusanii IK € HeOMIIPHUM 3 MPaKTUYHOT TOYKH 30Dy Ue-
PEe3 CBOIO KPaMHIO TPYAOMICTKICTh 1 TPUBAICTb.
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B mporieci 00poOiieHHsI 3HIMKIB iHTepQEepeHIIIHHIX KapTHH, 30€peKCHUX B
B/I, Oyno mpoBeneHO OLIHIOBAHHS Yacy, SIKUi BUTpadyae eKCIepT Ha aBTOMATHU-
30BaHy MapaMeTpU3alliio B iHTEPAKTUBHOMY PEXHMIi 3 BUKOPUCTAHHIM PO3pO0-
JICHOTO TIpOrpamMHOro 3abe3neueHHs. J[JIsl bOrO OMWMH 3 EKCIEPTiB MPOBOIUB
napamerpu3arito IK, a 1oro acuCTeHT 3 BUKOPUCTAHHIM CEKYHJIOMIpa BH3HAYaB
9ac 3 MOMEHTY BHOOpPY OIHOTO 3anucy (HaTHCKaHHS JTiBOT KHOIIKM MHIIII Ha ps-
JOK CHHCKY) Z0 MEepexoay A0 HOBOro 3amucy. s BHOIPKH 3 JECATH 3aluciB
cepenHiit yac napametpu3sanii ogniei IK cknas (77,3 £ 25,5) c. Ilicns o3Haiiom-
JICHHS 3 TIPHHIMIIOM PO3MITKH 1 YCTAaHOBKOIO SICKPABOCTi, @ TAaKOX OTPHUMAHHS
NEBHUX HaBHYOK, IPOBEICHHS MapaMeTpH3alii ABOX 3HIMKIB OJHOTO Malli€HTa
3a yacoM He nepeuieno 80 c.

CTPYKTYPA TENEMELHYHOT CHCTEMM
EKCNPEC-OLIHIOBAHNA PIBHA BHYTPIHbOOYHOIO THCKY

OCHOBHMM YWHHHUKOM, SIKHH CTPUMY€E HIMPOKE BIPOBAPKEHHS METOJIB JIOCIi-
JDKEHHSI HaIpy>KeHO-/1e(hOpMOBAaHOTO CTaHy OYel B MOJSIPU30BAHOMY CBITII, €
CKJIQJIHICTh OTPUMAHHSA SIKiCHUX 300paxenp IK, ockimbku Ui IbOTO HEOOXimHI
crenialbHi ONTHYHI IPUCTPOT 1 0cO0IMBA CHCTEMA OCBITICHHS.

Hns orpumanns 3HiIMKIB IK B TOOYTOBHX yMOBax Mo)ke OyTH BUKOPHUCTAHO
CHeIiabHUI TONApU3aIiiiHuii ocBiToOBad (puc. 9), IO MOENHYE HEOOXimgHEe
mxepeno cBitia (1) 1 KOMIUIEKT noJsipu3aifHuX GinbTpiB MIiBKOBOTO THITY (2).
SK Kepeno CBITIa TPOMOHYETHCS BUKOPHCTOBYBATH Cy4YacHi OCBITIIIOBAIIBHI
CBITIOHIONM.

Jns peectpaii 3HiMKiB IK poriBku oka IpoOmoHy€eThCS] BAKOPUCTOBYBATH THIIOBY
Kamepy cMapT¢oHiB, abo, 3a HEOOXITHOCTI, KaMepH KJIaCHYHHX TenedoHiB, (OTO i
BeO kamepu. KOHCTPYKIIisi OCBIT/IIOBa4Ya HE BUMAra€ CKJIaJHOI ONTHUYHOI CHCTEMH,
OCKUIBKH BHKOPHCTOBYBaHI KaMepu KOPOTKO(OKYCHi, a BOyJOBaHE KEPENO >KHB-
nieHHs (5) poOUTH OCBITIIIOBATBHUM MPUCTPili ABTOHOMHHM.

3anmponoHOBaHUI OCBITIIOBAY CIUIBHO 31 CMapTPOHOM 1 CIeIiaTbHUM
MOOLUILHUM 3aCTOCYHKOM 3a JOIMOMOIH TOJIOCOBUX IHCTPYKINH 1 MiZKa30K 103-
BOJIUTH MAIIEHTY CAMOCTIHHO OTPUMATH SIKICHUN 3HIMOK.

OO0po0IieHHsT OTpUMaHMUX 3HIMKIB JIOIUIBHO BUHECTH B XMapHHUU IEHTP 00-
poGienns nmanux (LJOJI), Tak sK 3aBOaHHS IIOBHICTIO aBTOMAaTH30BAaHOI'O
posmizHaBaHHs 1 mapamerpusauii IK 300pakeHb OOCHUTH peCypCHOMICTKi, A0
TOrO X BUHHMKAa€ HEOOXiAHICTh HaAiHOTO 30epiraHHs pe3yjbTaTiB, CTATHCTUY-
HOTro 00pOOJIeHHS Ta aMiHICTPYBaHHSI.

Ha puc. 10 300paxxeH0 CTPYKTypy TeleMeIN4HOI CUCTEMH OLIIHIOBAHHS Ta
MoHiTopunry piBHs BOT 3 BuxopucranHsm TexHonorii anamizy IK, ski
CIIOCTEPIraloThcsl Ha POTIBIII OKa B TMOJISIPU30BAaHOMY CBiTii. TexHiyHa
peaitizailisi CHCTEMH Tepeadavae ABa PeKMMH POOOTH — aBTOMATHU30BaHHUM 1 3
3aJly4eHHSIM oreparopa [yl Bu3HaueHHs napametpis 1K.
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Puc. 9. KoHcTpykiis  mosspu3aniiHoro ocsiTimoBada (1 — cBiTiomiony,
2 — nonspuzauiiiHi ¢ineTpH, 3 — IUIaTa KepyBaHHsA, 4 — KHOIKHU KEepyBaHHS,
5 — akymynsTopHa OaTapes)
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Omneparop Ana mapaserpizanii [K
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Puc. 10. Ctpykrypa TeneMeIuuHOi cucTeMd MoHiTopuHry piBas BOT 3 Bukopwuc-
TaHHAM TexHoJoril anamizy IK

[Ipu poboTi B aBTOMATH30BaHOMY PEKUMI MaLieHT OTpuMye 300pakeHHs 1K
3a JOTIOMOTH CMapT(OHA, OCHAIICHOTO IMOJIPU3alliHHO-OCBITIIOBAIBHUM 0JI0-
KOM, 1 3 KaHaJliB MOOIJILHOTO 3B'sI3Ky Hamnpagise 1ie 300paxenns B LIO. Y IO
BinOyBaeThCsl MmapameTpusalis 300pakeHHs 1 Bu3HaueHHA piBHA BOT, abo
ouinoBaHHs nonaganHs BOT B onuH 3 1BOX MOXIMBHUX IHTEpBaIiB 3HAYECHb —
HopMa (1020 mm.pt. ct), Bume Hopmu (moHan 20 mm.pr.ct) [18]. Sxmio
orpuMani BHaciigok oO0poOnenHs IK 3mayenns BOT He norpamisiore B
IHTEpBaJ HOPMH, NALI€HT MOBHHEH 3BEPHYTHCA MO JIKaps A OTPUMAaHHSI
KOHCYJIbTAIIIl Ta BIAMOBITHOTO JTIKyBaHHSI.
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Iadopmariist mpo pisers BOT y Takomy pexumi poOOTH cucTeMu Oyze Hajl-
XOJMTH JI0 JTiKaps 1 peecTpyBaTHcs y BiAmosiaHii b1

3a apyrum pexxumoM BusHadatu napametpu IK i pisens BOT Oyne omepa-
TOp, BiH mepenae iHdpopMarliro Jikapro, IKUil Ha OCHOBI OTpUMaHOi iH(popManii
($hopMye BiINOBiHI peKOMEH ALl MallieHTOBI. TakkuM YMHOM, B [IbOMY PEXKUMI
nepeadadaeTbess ocoducTa yyacTh QaxiBuiB B napamerpuzanii 1K, ouiHoBaHHS
piBas BOT i BUpoONICHHI BiIMIOBITHUX PEKOMEHIAITIN.

Coi 3ayBayKHTH, 10 TOMIOH] TEIEMEMYHI CUCTEMH, CIPSAMOBaHI Ha JOKIiHIY-
HE TECTYBaHHS NEeBHHUX (YHKLiM OpraHi3mMy, He MOXKYTbh 1 HE IOBUHHI 3aMiHIOBATH
BI3UT /IO JKapiB, TOMY ralxy3b iX 3aCTOCYBaHHS IOBHHHA OyTH OOMEXeHa BHPOO-
JICHHSIM PEKOMEH/IAIlii MaI[iEHTOBI 3 MPUBOJLY CTPOKIB 3BEPHEHHS 10 JIiKapsl.

JlocnimKeHHs POTiBKM OKa B MOJIIPU30BAHOMY CBITJI JO3BOJISIE Bi3yani3yBaTH
BHYTPIIIHI HANPY>KEHHS B Hil, [0 BUHUKAIOTh Yepe3 MEXaHI4Hi BIUIUBH 3 OOKY
EKCTPAOKYJISIPHUX M's31B 1 BHYTPIITHLOOYHOTO THCKY. Popma inTepdepeHiiHoi
KapTHHH, SKa CIIOCTEPIraeThbCcs Ha POTIBLI OKa, 3aJICKUTH Bifl CTAHy €KCTPAOKY-
JSIPHUX M'A31B 1 PiBHA BHYTPILIHBOOYHOTO THCKY, L0 MOXXKE OyTH BUKOPHCTaHO
JUIA TIarHOCTUKU TX I1aTOJIOrNI].

Jnist OliHIOBaHHS PiBHA BHYTPIITHBOOYHOTO THUCKY XBOPHX TJIAyKOMOIO 3
BUKOPUCTAHHAM iHTep(EepeHIIMHNX KapTHH HEoOXiIHO BH3HAYaTH 1X mapamer-
pH, 0 MoXe OyTH BUKOHAHO B aBTOMAaTH30BAHOMY PEXHMi 3 BUKOPHCTAHHSIM
PO3pO0JIEHOr0 METOIY Ta MPOTPAMHOT0 3a0e3MCUCHHS.

Hns peanizanii merony napamerpusaunii 300paxxeHHs iHTepdepeHLiHuX
KapTHH 3HIMOK IEPETBOPIOIOTH 3 MOBHOKOILOpOBOoro RGB opurinany B kormito,
MOJIaHy y BIJITIHKax Ciporo koipopy. Ha 300pakeHHS HaHOCSATHCS KOHTPOIBHI
TOYKH, AKi BiIMIYaIOTh KOHTYPH POTIBKH 1 130XpOMH, 3 BUKOPHCTAHHSM JIBOpE-
KUMHOTO (JTIHIHHOTO 1 KUTBIIEBOTO) MOKAXYMKA, 130XpOMa MOAEIIOETHCS 33 TOU-
KaMH KOHTYPY BIJIOBIIHUMH CIUIAWHAMH, TPOBOJSTH Bi3yallbHHN KOHTPOJb
OTPUMAHOTO 300paXKEeHHS 1, 32 HEOOXIHICTIO, HOT'O KOPEKIIitO, MICIsl YOro aBTo-
MaTHYHO MiJPaXxOBYETbCSA KiIbKICTh MIKCENIB, 10 YTBOPIOIOTH 1301poMy (Iepu-
METp), @ TAKOXK 3aMOBHIOIOTH ii BHYTPILIHIO TUIOLLY.

[NokazaHno, 110 3anpONOHOBaHUH MeTo/] 3a0e3Tedye pO3AUTLHY 34aTHICTh He
ripme 0,55 Mm/mikcens (B TpH pasu Kpare 3a Bigomi) i B 11-15 pasiB ckopouye
yac mapaMeTpu3anii iHTepepeHUiiHuX KapTuH, HE € TPYIAOMICTKHM 1 MOXe
OyTH peani3oBaHO B YMOBaX LEHTPAILHOI pallOHHOT JIIKapHi.

TenemequuHy CHUCTEMY EKCIPEC-OIIHIOBaHHS PIiBHS BHYTPIIIHEOOYHOTO
TUCKy Moxe OyTu peanizoBaHo Ha 0a3i cMmapTdoHa, OCHAIIECHOTO
MOJIAPU3AI[THO-OCBITIIOBAIBHUM ~ OJIOKOM 1 CHEHIiaJIbHUM  MOOLIbHUM
3aCTOCYHKOM, 3 BHKOPHUCTaHHSM MOOUIBHUX Mepexx abo  [HrepHer.
[lepenbauaeTbes 1Ba peKUMH poOOTH CUCTEMH — aBTOMATHU30BaHUH, Ha 0asi
XMapHHUX 00YHCIIEHB, 1 32 YYaCTI0 MEJUYHHUX MPaLiBHUKIB.
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KOHIIEIMA TEJEMEIUIIMHCKON CUCTEMBbI
JJI OKCITPECC-OLIEHKU YPOBHA
BHYTPUIJIASHOT'O JABJIEHUA

Ipemioxkena KOHIENIHA TEJIEMEIUIMHCKON CHCTEMBI DKCIIPECC-OLUEHKH YPOBHS BHYTPHITIA3HOTO
JIaBJICHUS, OCHOBAHHOI Ha aHAJIN3€e apaMeTpOB HHTePGhEPEHIIMOHHBIX KapTHH, HAOMIONaeMbIX Ha
pOroBHUIle XMBOTO IJIa3a B IOJNSAPH30BAHHOM cBeTe. IIpeacTaBieHbl pe3ynbTaThl pa3pabOTKH
METOIa ONPEAENICHHS TapaMeTPOB UHTEP(PEPEHIIMOHHBIX KapTHH B aBTOMATH3UPOBAHHOM PEXU-
M€ C UCIONB30BAaHUEM DPa3pabdOTaHHOTO MPOrPaMMHOIO 00ECTICUEHHUS, IBYXPEKUMHOTO (JIMHEH-
HOTO U KOJIBLIEBOTO) YKazatenel Touek u3oxpoM. Ilepumerp n30XpoMsl aBTOMAaTUUECKH OIpeEe-
JIieTCA IMyTeM IOJcYeTa KOJIMYECTBA NUKCENEH Ha €€ 3aMKHYTOM KOHTYpE, IUIOManb — IIyTeM
HofcyeTa KOJIMYECTBA MMUKCEIEH, 3aOTHSIOIMX €€ BHYTPEHHIO 001acTb.

Knwuegwvie cnosa: me/zeMeduuuHCKaﬂ cucmema, I’lO]ZﬂpZ/BOG’(IHHbZIZ ceem, uHmepd)epeHquH—
Hble KapmuHbl, U30XPOMbL, napamempusayus.
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THE CONCEPTION OF TELEMEDICINE SYSTEM FOR EXPRESS
ESTIMATION OF INTRAOCULAR PRESSURE’S LEVEL

Introduction. One of the reasons for the unfavorable outcome of glaucoma is an incorrect evaluation
of the eye hydrodynamics data obtained by measuring intraocular pressure. That is why the develop-
ment of new non-invasive methods of intraocular pressure studying is an urgent task.
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The cornea is optically anisotropic due to the effects of direct extraocular muscles and
intraocular pressure on it, as well as the structure and properties of corneal collagen. When an
eye cornea is illuminated by polarized light, we can observe an interference pattern which
reflects the distribution of internal stresses in it. The parameters of interference patterns de-
pend on the level of intraocular pressure.

The purpose of the article is to develop the telemedicine system’s conception for ex-
press estimation of intraocular pressure level with the use of interference pictures that are
observed on glaucoma patients’ cornea in polarized light.

Results. The method for determining the interference parameters is performed in several
stages in accordance with the developed algorithm. First, after receiving a color picture of
interference pattern, its brightness is normalized and converted to monochrome.

At the second stage, the cornea borders are fixed by means of two mode indicators, after
which the contour is automatically applied to the image.

At the third stage, the isochromatic contour is labeled using an adjustable ring pointer,
which allows defining the isochrome width middle and standardizing the studies. After mark-
ing out the contour of the isochrome using splines, the isochrome itself is modeled.

At the fourth stage, there is an automated calculation of the pixels forming the
isochrome and filling the inner part.

Conclusions. To assess the level of intraocular pressure using interference patterns, it is
necessary to determine their parameters, which can be performed in a semi-automated mode.

The developed method provides a resolving power of at least 0.55 mm/pixel (3 times
better than the known one) and reduces the research time by 11-15 times. It is not labor-
intensive and can be implemented in the central regional hospital.

Keywords: telemedical system, polarized light, interference patterns, isochromes, parametrization.
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B kypHame mnpeacTaBieHBl pe3yIbTaThl HCCIEAOBAHUN B 00JACTH TEOPHH U
MPaKTUKU HHTEUIEKTYalbHOI'O YIPAaBIEHUS, HH(POPMAIMOHHBIX TEXHOJOTHH, a
TakKe OMOJIOTHYECKOW U METUIIMHCKON KHOEPHETHKY.

Jnst Hay9HBIX paOOTHHUKOB, HHKEHEPOB, ACIIUPAHTOB U CTYIEHTOB BYy30B CO-
OTBETCTBYIOIIUX CHELUAIBHOCTEN.
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cToBoro peaakropa Microsoft Word 2003.

Hcnons3yemble ctim: mpudT Times New Roman, BeicoTa 12 1T, MEXCTPOU-
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ooJjiee 12 cm.
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