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AHOTALIS

banoscax C. B.  baratopiBHeBI ~ MeTOAM  OOpOOJICHHS  €JIEKTPOHHO-
muppakuiiHux  T1a  X-IPOMEHEBMX  CHUTHANIB Yy  KOMII IOTEPU30BaHUX
iHpOopMaIlliiHO-BUMIPIOBAILHUX cUcTeMaX. — KBamiikaiiiiHa HaykoBa mpaus Ha
paBax pyKOMucy.

Hucepraiiist Ha 3100yTTS HAyKOBOTO CTYIEHsS JOKTOpa TEXHIYHMX HayK 3a
cnemianbHicTio  05.13.05 — "Komm’roTepHi cucreMu Ta KOMIIOHEHTH'. —
YepHiBelbkuii HallioHaNbHUM yHiBepcuTeT iMeH1 FOpis denpkoBuua, YepHiBii. —

BinHuIbKHI HalllOHATFHUN TEXHIYHUM yHIBepcuTeT, Binnui, 2019.

HuceprariiiHy  poOOTy TNPUCBSIYCHO TEOPCTHUYHOMY  y3arajlbHCHHIO
OaratopiBHEBUX METO/IIB aHaJi3y CUTHAIIB Y KOMIT FOTE€PU30BAHUX 1HPOPMAIIIifHO-
BuMiproBasibHuX cuctemax (KIBC), mo mno3BoiMiIo oaepX aTH HOBE PIIICHHS
BXJIMBOI HAYKOBO-TEXHIYHOI MPOOJEMHU IMJIBUINCHHS TOYHOCTI Ta IMIBHAKOMIT
00poOJICHHS eJIeKTPOHHO-TUPPAKIIINHUX 1 X-TTPOMEHEBUX CUTHAJIIB.

Poaw iudgpoBoro o6poOIIeHHS CUTHAIIIB y CYy4aCHOMY CBITI CTPIMKO 3POCTaE,
npu  MbOMY OOpOOJeHHS 300pakeHb BHUIAUISETHCI B OKPEMHUH HAIPSMOK
BUMIPIOBAJIBHOI TEXHIKU — «BieoOBUMIproBaHHs». [{udpoBe 00pobOIeHHS CHUTHAIIB
3HAXOJIUTh IIMPOKE BUKOPUCTAHHS B MPOMUCIOBOCTI, HAYKOBHUX JIOCIII>KEHHSX,
MeauiHi Ta mo0yTi. OCOOIMBO BaXIIMBY POJIb Biirpae oOpoOIeHHS eIEeKTPOHHO-
mudpakuiitanx Ta X-npomeneBux curdanis y KIBC.

[IpuknagHa HayKOBO-TEXHIYHA MpoOJjeMa TOJArae B TOMY, IO ICHYIOUI
OJTHOPIBHEBI MeTOAHM MHU(PPOBOTO OOPOOJICHHS €NEeKTPOHHO-TU(DpaKImiiHuX Ta X-
MPOMEHEBUX CHUTHATIB y OUIBIIOCTI BHUIMAIKIB HE 3a0e€3MeuyioTh MOTPIOHOT
TOYHOCTI Ta MBUAKOAIL. Tomy icHye moTpeba B po3poOJeHHI OaratopiBHEBHUX
METO/IB 1 3ac001B aHai3y, OOpOOJIEHHS Ta CUHTE3Y €JIeKTPOHHO-TU(PPAKIIHHAX 1

X-npomeneBux curnaiis y KIBC.
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JUist BUpIIEHHS BHINEBKa3aHOi NPOOJEMHU 3alpONOHOBAHO KOHUEMIIO
0araTopiBHEBOTO MiIXOAY 10 OOpPOOJICHHS EKCIEPUMEHTAJbHUX CUTHAJIB, SKa
MoJIArae B OOYMCIEHHI W aHali31 JOJAaTKOBUX PIBHIB CUTHAJIB, KOMIJIEKCHOMY iX
00pOOJEHHI0O MHOKMHOIO B3a€MO3B’I3aHUX METO/IB, 110 3a0e3Meuye IMiIBUILIEHHS
HIBUAKOAIT 200 TOUYHOCTI po3pOOJIEHUX METO/IIB HA MOPSIIOK.

Po3po6iieHo 1 mporpaMHO peasii3oBaHO KOMILJIEKC METOIB JJIS MOETAITHOIO
00pOOJICHHST eEKTPOHHO-IUPPAKIIHHUX 300paxeHb (300pakeHb cmyr Kikyui) y
KIBC Ha 0a3i eleKTpOHHUX MIKPOCKOIB, KOMIUIEKCH METO/IIB /Il 00po0ieHHs X-
npomeneBux curHanie 'y KIBC na 0a31 X-nmpomeHeBUX AHPPAKTOMETPIB;
pO3pobIEHO CTPYKTYpy, amapatHe i mporpamue 3abe3nedenHss KIBC na 6a3i X-
npomeneBux audpakromerpis J[POH-3M ta JIPOH-4.

Po3po0neHo TeopeTHdH1 OCHOBU Ta METOJ JUIsl aHami3y 1 CUHTe3y IpodiiB
pO3MOATYy IHTCHCHBHOCTI EKCIEPHUMEHTAJbHUX 300paKeHb, XapaKTEPHOIO
OCOOJIUBICTIO SIKOTO € BUKOPHUCTAHHS KOHIYHHMX TMepepi3iB K OOBILAHUX cepii
npoduIiB 1 OOYMCIICHHS yCEepeIHEHMX (CHHTE30BaHUX) MpOoQiIiB HA OCHOBI iX
cepii, 10 J03BOJIAE€ HA MOPSIAOK MiJBUIIUTH TOYHICTh BHU3HAYEHHS MPOCTOPOBUX
napamMeTpiB JJis ycepeaHeHUX MpodiiiB. 3aJIe)KHO Bij] €KCIIEPUMEHTATLHUX YMOB
OTPUMAaHHS CHTHAJIB SK OOBiJIHI BHKOPHCTAHO BIIPI3KH MPSMHX, IYTH KT Ta
eminciB, rinepbonu 1 mapabosm. Hampuknan, nins 300paxkeHb cmyr Kikydi sk
0OB1THI TIpopiTiB BUKOpUCTAHO TinepOonu. Po3pobieHuii Metos peaizye pekuM
kiacudikarii, B skomy (GOpMyBaHHS yCEPEAHEHOTO MPOMUTI0 BUKOHYETHCS TUIBKU
HAa OCHOBI HaWMeHII croTBopeHux mpodimiB cepii. IlokazaHo, MO KOpEeKTHE
ycepenHeHHs cepii 3 Q mpoditiB y \/6 pa3iB 3MEHIITY€E PIBEHB MIyMY.

Briepuie 3anmponoHOBaHO BHCOKOTOYHI METOAM Ta pPEaji30BaHO amapaTHO-
mporpaMHi  3aco0u it OaratopiBHEBOI  IHTEPHOJALIl  OJHOBUMIPHUX 1
JBOBUMIPHUX CUTHAIIB, B SKUX IHTEPMOJIbOBAHI CUTHAIN CKIAAAIOTHCA 3 CyMH
KOPEKTOBAHO1 Ta y3ro/KyBainbHOI (yHKIIINH. KopekToBaHa (QyHKIlS O0UNCITIOETHCS
3 BUKOPHUCTAaHHSAM 3TOpPTKH 3 siApoM (pinbTpa ['ayca KycKOBHX MOJIIHOMIAIBHUX
dbyHKII1# (CrutaitHIB), 30KpeMa, JIHIHHUX a00 KyOIUHUX, a y3roJKyBajdbHa (YHKIIIS

3a0e3reuye MPOXO/KEHHSI CyMapHOTO 1HTEPIOJIbOBAHOTO CUTHAIY Ye€pe3 BY3JIHU
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iHTepnosiii. Po3poOieHi MeToau  MO3BOJAIOTH MNpH MIHIMAIbHIA MOXUOII1
IHTEpNOJISAIi MIABUIIATA PO3JUIbHY 3JaTHICTh EKCIEPUMEHTAIbHUX CUTHAIIB,
Hampukiaa, X-npomeHeBux. Ilpu  0OpoOieHHI  eNneKTPOHHO-AM(pPAKLIHHUX
300paKeHb KOpPiHb cepeaHboi kBaapaThuHoi moxuOku (KCKII) po3pobienoro
METOAY IHTEePHOJISLIi, HOPIBHIHO 3 aHAJIOraMH, y cepeHbOMY Ha 16% MeHIIHIA.

Po3po6iieHo HOBUM IMIBUAKOAIAHMM METOA TMIABUIIECHHS JIOKAJIbHOTO
KOHTPACTy 1 BHJAJICHHS HEOTHOPITHOTO (OHY 300pa’keHb, SIKHH BHKOPUCTOBYE
3HAUCHHS OOBITHUX MIHIMAJbHUX Ta MaKCHUMAaJbHUX 3HAY€Hb CHUTHAIY B MEKax
JIOKAJIbHUX BIKOH, IO OOYHMCIIOIOTHCS IMUIAXOM anmpoKCHUMaIlii 3 BHKOPHCTAHHIM
KyOIYHMX TMOJIHOMIATBHUX (YHKIIM, a TakoX KOPEKLil0 OOBIIHUX CHUTHAITY,
OTPUMAHUX JJIsl PI3HUX PO3MIPIB JIOKAJTILHUX BIKOH 300pakeHHs. BcTaHOBIEHO, 110
KOPEKIIist 00BIIHUX J03BOJISIE 30UIBIIYBATH JIOKAIBHUNA KOHTpAcT 300paxkeHb (10
8 paziB) Oe3 mosiBM MOMITHUX apTedakTiB 1 3abe3nedye 3HAYHE IiIBUIICHHS
BI3yaJIbHOT SKOCTI BITHOBJIEHUX 300pakeHb, OCOOJIMBO Y BUIAJIKy 00pOoOIeHHS X-
IPOMEHEBHUX MEUYHHUX Ta €JIEKTPOHHO-MIKPOCKOIMIYHUX 300paxeHb.

VYnepiie 3anponmoHOBaHO MATeMAaTHYHY MOJEldb Ta METOJ aJdanTHBHOT
opieHTOBaHO1 (DUTBTpaIlii 300pa’keHb Y MPOCTOPOBIN 00JaCTi, K1 K SAPO GiLIBTpa
BUKOPHUCTOBYIOTh OPIEHTOBAHHI TBOBUMIipHUI po3nozaul ["ayca. 3amponoHoBaHwMi
METOJI JI03BOJISI€E BUAAIATH Ha 300pa)KEHHSAX IIyM IMPHU JOMYCTUMOMY PO3MHUTTI
KOHTYpiB. Hampsim ¢inpTparii B Mexax JOKAIBHUX BIKOH aJamnTyeTbCs 0
HampsMy KOHTYPY, a BHUIUICHHS KOHTYpPIB BHUKOHYEThcS Meromamu Cobens,
[Ipesitra abo Kenni. 3aBnsku opieHTtoBaHiil (inbrparii 300paxens cmyr Kikydi
TOYHICTH OOYMCIICHHS ITUPUHKU CMYT MiABUIIIEHO 710 5 pa3iB.

VYnepiie 3ampornoHOBAaHO MaTeMaTHYHY MOJENh Ta METOJ OpIEHTOBAHOT
dutpTpanii 300paxkenp cmyr Kikydi B yacToTHiM 00nacTi, SKi 3acCHOBaHI Ha
MIPOCTOPOBOMY BUIJICHHI CMYT Ta iX MOJAJBIIIN (iabTparii. 3 METO0 3MEHIIICHHS
KpalloBUX €(eKTIB Ha MEXI CMyTHW, SKi BHHUKAIOTh MPHU il MPOCTOPOBOMY
BUJIUICHH] 11 Opi€eHTOBaH1A QUIBTpAILlli, HABKOJO 300paKEHHSI CMYTH CTBOPIOETHCS
crieliaibHa TIepexiiHa AUITHKA. 3alponoOHOBaHUN MeToj (PuTbTpaliii JT03BOJISE

BUJIUIATH 300paXK€HHS OKpPEeMOi CMYTH 13 CYNEpHO3Ullli MHOXXHUHH CMYT 1
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MiJBUINATA TOYHICTh BHW3HAYEHHS IIMPUHU cMyr (10 7 pasiB), BIAMOBITHO B
CTUIBKM >K pa3iB 3pOCTAa€ TOYHICTh PO3PAXYHKY MapaMmeTpiB JOCHIIKYBaHUX
KpHUCTAIB.

Po3po6ieHo HOBUIT BHCOKOTOYHMM 1 HMIBUAKOAIMHUN METOJ CYMIIICHHS
300pakeHb O0’€KTIB 13 BUKOPUCTAHHSM T€HETUYHOTO AJITOPUTMY Ta aJrOPUTMY
KOOPAMHATHOTO CIYCKY. /J[7s TeHeTHYHOTo airopuTMy BHOpPaHO CTPYKTYpPY
XpOMOCOM, SIKa OMKMCYE OCHOBHI MPOCTOPOBI NMEPETBOPEHHS 300pa’K€Hb Ta 3MIHU
SACKPaBOCT1. Y pe3ynabTaTl JAOCIIIKEHHS PI3HUX BUIIB CEJEKLIi XpOMOCOM TIpHU
CyMillleHH1 300pakeHb 3p00JIEHO BUCHOBOK PO OUIbITY €PEeKTUBHICTh TYPHIPHOTO
METOJly TIOPIBHSHO 3 CENIEKII€I0 METOJOM PYJETKA Ta PaHTOBUM MeTojaoM. Jlms
JIOCHIPKYBAaHUX 300pakKeHb HaWKpallll pe3ylbTaTH OTPUMAHO IMPU aMILTITYAl
myTaiii ~ 20% 1 KUTBKOCTI XpOoMOcOM = 64, 110 3a0e3neuye HEe3HA4YHY MOXUOKY
cyMmileHHs 300paxkeHb 3a maciraboM (= 0.01%) i kyrom moBopoty (= 0.05°).

3anponoHOBaHO HOBUM METOJ] 0araropiBHEBOIO aHaN3y EHEePreTUYHHUX
CHEKTpIB 300pakeHb, 30KpemMa, X-MPOMEHEBUX MYapOBUX 300pakeHb, SKUN
BUKOPHUCTOBY€E OaraTtomaciTaOHe OOpOOJIeHHsS €HEepreTHYHUX CIEKTPIB 1 aHami3
E€HEPreTUYHUX CHEeKTPIB I JIOKAIbHUX JUISHOK 300pakeHb 3a JOTOMOTIOI0
KBaJIpoJiepeBa, 3aBASKM UYOMY TMOXHMOKa OOYMCIEHHS CEpeIHBOI MPOCTOPOBOT
pamianibHOI 4acTOTH 300pakeHHA € HezHauHoto (= 0.1%). BcranoBieHo, 110
BUOOPOM ONTHUMAJIBLHOIO MacmTady 300pa)KeHHS 3a HIMPUHOI 1 BHCOTOIO
3a0e3meuyeThCsl  MIHIMAbHE  CIIOTBOPEHHS  PaiadibHOTO  PO3MOALTY  JUIS
E€HEPreTUYHOr0 CIEeKTpa 300pa)keHHS 1 A0 2 pasiB BHINA TOYHICTH PO3B’sI3aHHS
o0epHEeHOT 3a/1a4i Mpy OOYKCIICHH] TapaMeTpPiB JOCTIKYBAaHUX 3pa3KiB Ha OCHOBI
eKCIIEPUMEHTAIbHUX CUTHATIB.

Onepsxanu noJanblInidi pO3BUTOK:
~  METOJ| JETEKTYyBaHHsS MPOCTOPOBOTO TIOJOKEHHS BIAPI3KIB MPAMHUX, KT Ta

emnciB Ha 300paXKEHHAX, SKAW 3aCHOBAaHWW Ha TiepeTBOpeHHI Xada,
HU3BKOYACTOTHIN (DUIbTpallii MOYaTKOBOTO 300paXKeHHsI U aKyMyJaTopa METOLY
Xada. BukopucrtaHa HU3BKOYACTOTHAa (UIbTpalisi J103BOJISIE BHU3HAYATH

KOOpAWHATU 00’ €KTIB 13 TOYHICTIO JI0 TTIKCENa;
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~ BHUCOKOTOYHMH OaraTOpIBHEBMI METOJ aBTOMAaTUYHOI'O BHU3HAYEHHS pIBHS
raycoBOro IMmIyMy Ha 300paKeHHSX, SKH BHUKOPHUCTOBYE BHUCOKOYACTOTHY
¢uibTpaliio, BUAUIEHHS Ta YTOYHEHHS JUISHKH IHTEpECy 3 BpaxyBaHHIM
KOHTYpIB; MpH OOpOOJIEHHI TECTOBUX 300pakKeHb 3alpPONOHOBAHUM METOIOM
orpumano KCKII = 0.2 %, 1m0 MeHiIiie 3a TOXUOKH METO/11B-aHAJIOT'B;
~  METOJI AaBTOMAaTH4YHOI (UIbTpalii TaycoBOro INyMy Ha 300paKeHHIX 13
BUKOpUCTaHHsAM (inbTpa ['ayca, sIKMH BHUKOPHUCTOBYE JIOKalbHE OOpOOIECHHS
300pakeHb y  JUIIHKaX, OOMEXEeHMX  KOHTypaMu, 110  3a0e3neuye
KBa310NTUMAJIBHUIA pe3ynbTaT (uIbTpalii Ta, B CEpeAHbOMY, B 2 pa3u BHIILY
IIBUJIKO/I110, TTOPIBHSIHO 3 HEJIIHIMHUMH METOIaMHU-aHAJIOTaMU;
~- MeToj BelBneT-GUIbTpalii 3 BUKOPUCTAHHSAM CIMeWcTBa O10pPTOrOHAIBHUX
BEHBIICTIB, MPU3HAYCHUN JJIs BUJAJCHHS IIyMy Ta HeogHopigHoro ¢ony X-
MPOMEHEBUX CHUTHAIIB, IO JO 2 pa3iB MIABUILYE TOYHICTh BU3HAYCHHS
CTPYKTYpPHHUX MTapaMeTPiB JOCTIIHKYBAaHIX KPUCTAIIIB;
~ IIBUAKOMIMHMM METOJ BUKOPUCTAHHS IITYYHHUX HEUPOHHUX MEpPEex s
BUPIIICHHS] 00EPHEHUX 3a]]a4 BU3SHAUYECHHS CTPYKTYPHHUX IMapaMeTpiB 3pa3KiB Ha
OCHOB1 €KCHEPUMEHTAIBHUX X-TTPOMEHEBUX CHUTHAIIB, y SIKOMY BUKOPHCTAHO
OaratomaciiTabHe oOpoOJICHHS BXITHUX JaHHUX, IO JO3BOJISIE 3MEHIIMTH Yac
HaBYaHHS HEHpOMepexKi B CepeIHOMY B 2 pasH,
—~  METOJ JICKOHBOJNIOLII 300pakeHb, SKUW SK (DYHKIIIO PO3CISHHSI TOYKH
BUKOPHUCTOBYE OPIEHTOBAHHMM ABOBUMIpHHI po3moain ["ayca, mo 3abesneuye 10
1.5 paza BuIe IPOCTOPOBE PO3UICHHS CMYT.
Ha ocHOBi ofepkaHUX TEOPETUYHUX IMOJIOKEHb PO3POOIICHO BHUCOKOTOYHI
Ta MBUAKOMIMHI mporpamHi 3acobm s KIBC. KoM ’roTepHe MoaelroBaHHS,
EKCIIEpUMEHTATBHI TOCIIKEHHS 1 BIPOBaKEHHST po3podieHux 3aco6iB y KIBC
MIATBEPAWIN AJCKBATHICTh PO3POOJIECHUX TEOPETHUYHUX OCHOB 1 €(EKTUBHICTH
3alpONOHOBAHUX METO/IIB.
[TpakTuHe 3HAYEHHS OTPUMAHUX PE3YJIbTATIB MOJIATAE B TOMY, 1[0 HA OCHOBI
OTPUMaHMUX TEOPETUYHHUX MOJIOKEHb Ta METOIB PO3POOIICHO:
~ amapatHe 1 mnporpamHe 3a0e3nedyeHHs KIBC na 6a31  X-mpomeHeBUX
muppakrometpis J[POH-3M Ta JIPOH-4, 3aBasku 4oMy KOMIT FOTEPU30BAHO

MpoILIeC OTPUMAaHHS X-TIPOMEHEBUX CUTHAIB;
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~  TpOrpaMHUN KOMIUIEKC JJisi OOpOOJICHHS €eKTPOHHO-IU(paKIIMHUX 300pakeHb
(3o0paxkenb cmyr Kikyui) y KIBC Ha 06a3i e1eKTpOHHOTO MIKpPOCKOITY, SIKUN
3a0e3neuye KBa3lONTUMAIbHE BHJAJIECHHS IIYMIB, OaraTopiBHEBY IHTEPHOJIALIIO
npoduTiB  300paXkeHh 1 ycepeAHeHHs TNpodulB 3a JONOMOTOK OOBIIHHMX,
BU3HAYCHHS TOJIOKEHHs 1 mapameTpiB cMmyr Kikydi, 110 J03BOJISIE HA TOPSIOK
HIIBUIIUTH TOYHICTh OOYMCIICHHS MAapaMETPIB JOCTI/HKYBAHUX KPUCTAJIB, HAIIPUK-
naj, 3Ha4eHb JOKaIbHUX aedopMaliii (3 BigHOCHOO noxubkoro ~ 10°); orpumani
mapaMeTpy KPHCTalliB, 30KpeMa, Ui KPHCTAlliB IITyYHOrO aiMasy, KPEMHIlO,
TepPMaHilo 1 HIKeII0, € BAKIIMBUMHU JUTS BIOCKOHATICHHS TEXHOJIOTIH X CHHTE3Y;

~ TporpaMHMil KoMmruiekc ayig oopobnenHs X-npomeneBux kpusux y KIBC na
6a31t  X-mpomeHeBUX  IUPPAKTOMETPIB, AKUH  BUKOHYE  BUIAJICHHS
HEOJHOPiNHOTO (pOHY, OaraTOpPIBHEBY IHTEPHOJALII0 Ta BEHBIET-(UIBTPALIIIO
CHUTHAJIIB, IO JI03BOJISE MIABUINUTH IMBUAKOAII0 Ta (a00) TOUHICTh OOUHCIICHHS
mapaMeTpiB  IIOPCTKOCTI TOBEPXHI Ta CTPYKTYPHUX TapaMeTpiB  JyIs
TOCJIJPKYBaHHUX 3Pa3KiB;

~ TporpaMHUM KOMIUIEKC g 00poOseHHs X-MIPOMEHEBUX MYyapOBUX 300paKeHb,
SAKUW BUKOHYE BUJAJICHHS IIIyMIB, IMIJIBUILIEHHS JTOKAIBHOTO KOHTPACTY ¥ aHami3
€HEePreTUYHHUX CIEKTPIB 300pakeHb, 110 3a0e31edye MiABUIICHHS IBUIKOMII Ta
(a60) TouHOCTI OOUMCIIeHH AedopMarltiil 1JIs JOCTIKYBAaHUX KPUCTAIIB.

Po3po6neni mporpamMHi KOMIUIEKCH 3aCTOCOBAaHO B CHCTEMaX IMIITPUMKH

npuitHaTT pimeHHs s KIBC Ha 06a3i eleKTpOHHUX MIKPOCKOIIB Ta X-

nmpoMmeHeBux audpakromerpiB. IIporpamui 3acobu, po3pobieHl B pe3yibTaTi

BUKOHAHHS JHCEpTallifHOI poOOTH, BHPOBAKEHI B 3-X HAYKOBO-JIOCIITHHUX

iHcTuTyTax HAH VYkpainu (M. KuiB) mpu o0poOneHHI eKcriepuMeHTaIbHUX

EIEKTPOHHO-TU(PPAKITIHHUX Ta X-TIPOMEHEBUX CUTHAIIIB.

KirouoBi cjoBa: GaratopiBHeBi mMeTonu, nmudpoBe OOpOOJIICHHS CUTHAIIB,
CICKTPOHHO-TU(PAKIIIHI CHTHATH, X-IPOMEHEBI CHUTHAJIH, KOMII IOTEPHU30BaHI
iH(pOpMaIliitHO-BUMIPIOBAJIbHI ~ CUCTEMH, IHTEPIOJSIIS CUTHANIB, JIOKAJbHE

00po0IieHHS 300paxeHb, (DUIbTpallisi CUTHAIIB, EHEPreTUYH1 CIIEKTPH.



ABSTRACT

Balovsyak S.V. Multilevel methods for processing of electron-diffraction and
X-ray signals in computerized information-measuring systems. — Qualification
research work on the rights of manuscript.

Dissertation for the scientific degree of Doctor of Technical Sciences in
specialty 05.13.05 — "Computer systems and components”. — Yuriy Fedkovych
Chernivtsi National University, Chernivtsi. — Vinnytsia National Technical
University, Vinnytsia, 20109.

The dissertation devoted to the theoretical generalization of multilevel
methods of analysis of signals in computerized information-measuring systems
(CIMS), which allowed getting a new solution of important scientific and technical
problem of increasing the accuracy and computation speed of processing of
electron diffraction and X-ray signals.

The role of digital signal processing in the modern world is growing rapidly,
with image processing being allocated in a separate direction of measuring
technology — «video measurement». Digital signal processing is widely used in
industrial, household, scientific research and medicine. Particularly important is
the processing of electron diffraction and X-ray signals in the CIMS.

The applied scientific and technical problem consists in the fact that existing
one-level methods of digital processing of electron-diffraction and X-ray signals in
most cases do not provide the required accuracy and speed. Therefore, there is a
need for the development of multilevel methods and tools for the analysis,
processing and synthesis of electron-diffraction and X-ray signals in CIMS.

To solve the above problem, the conception of a multilevel approach to the
processing of experimental signals is proposed, which consists in the calculation
and analysis of additional levels of signals, their complex processing by a set of
interrelated methods, that provides the increase of speed or accuracy of the above

methods in order.
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A complex of methods for the staged processing of electron-diffraction

Images (images of Kikuchi bands) in CIMS on the basis of electronic microscopes,
a set of methods for processing X-ray signals in CIMS on the basis of X-ray
diffractometers was developed and software realized; the structure, hardware and
software of CIMS on the basis of X-ray diffractometers DRON-3M and DRON-4
were developed.

Theoretical bases and methods for analysis and synthesis of intensity
distribution of profiles of experimental images, the characteristic feature of which
Is the use of conical sections as an envelope series of profiles and the calculation of
averaged (synthesized) profiles on the basis of their series ware developed, which
allows to increase the accuracy of the calculation of spatial parameters for the
averaged profiles. Depending on the experimental conditions for obtaining signals
as envelopes, segments of straight lines, arcs of circles and ellipses, hyperbole and
parabola are used. For example, for Kikuchi bands, hyperbola was used as
enveloping profiles. The developed methods implement a classification mode in
which the calculation of the averaged profile is performed only on the basis of the

least distorted series profiles. It is shown that the correct averaging of a series of Q

profiles in /Q times reduces the noise level.

For the first time, high-precision methods were proposed and hardware-
software tools were implemented for multilevel interpolation of one-dimensional
and two-dimensional signals, in which interpolated signals consist of the sum of
corrected and matching functions. The corrected function is calculated using the
convolution with the Gaussian filter of the piecewise-polynomial functions
(splines) in particular, linear or cubic, and matching function provides the passage
of the total interpolated signal through the interpolation nodes. The developed
methods allow, with a minimum error of interpolation, to increase the resolution of
experimental signals, for example, X-rays. When processing electronic-diffraction
images of the RMSE developed interpolation method, compared with analogues, in

average 16% less.
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A new high-speed method for increasing the local contrast and removing an

inhomogeneous image background is used, which uses the values of the envelope
of the minimum and maximum signal values within the local windows, calculated
by the approximation using of cubic polynomial functions, and the correction of
the envelope signal obtained for different sizes of the local image windows. It has
been established that correction of envelopes allows to increase the local contrast
of images (up to 8 times) without the appearance of noticeable artefacts and
provides significant increase of information and visual quality of restored images,
especially in the case of processing of X-ray medical and electron-microscopic
images.

For the first time, a mathematical model and method of adaptive-oriented
image filtering in a spatial domain, which uses the oriented two-dimensional
Gaussian distribution as a kernel of the filter, is proposed. The proposed method
allows removing noise from images with allowable contour blur. The direction of
filtration within the local windows adapts to the direction of the contour, to select
contours the methods Sobel, Prewitt or Canny are used. With oriented filtering of
band images the accuracy of calculating bandwidth increasing up to 5 times.

For the first time, a mathematical model and method for oriented filtration of
images of Kikuchi bands in the frequency domain, which based on the spatial
allocation of bands and their subsequent filtration, is proposed. In order to reduce
the boundary effects on the boundary of the band, which arise with its spatial
allocation and oriented filtration, around the image of the band creates a special
transitional area. The proposed filtration method allows to separate the image of a
separate band (strip) from the superposition of a set of bands and to increase the
accuracy of the calculation of the bandwidth (to 7 times), respectively, in the same
number of times the accuracy of the calculation of the parameters of the
investigated crystals increases.

A new high-precision and high-speed method of combining image objects
with the use of genetic algorithms and coordinate descent algorithm is developed.

For genetic algorithms, the structure of the chromosome has been selected, which
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describes the basic spatial transformations of images and changes in brightness. As

a result of the study of different types of chromosomal selection in image

combinations, a conclusion was drawn that the tournament method was more

effective than roulette selection and ranking method. For the studied images, the
best results are obtained with a mutation amplitude ~20% and quantity
chromosomes = 64 which provides a minor errors of alignment on a scale

(=0.01%) and a rotation angle (=0.05 °).

New method of multilevel analysis of energy spectra of images, in particular
X-ray moiré images, which uses multi-scale energy spectrum processing and
analysis of energy spectra for local areas of images using quadrotree, are proposed,
making the error of calculation of the average spatial radial frequency of the image
insignificant (=0.1%). It is established that by choosing the optimal scale of the
image in width and height, the minimum distortion of the radial distribution for the
energy spectrum of the image is ensured and, accordingly, up to 2 times higher
precision of the solution of the inverse problem in calculating the parameters of the
investigated samples on the basis of experimental signals.

Get further development:

— the method of detecting the spatial position of straight lines, circles and ellipses
on images based on the Hough Transform, low-frequency filtration of the initial
image and the accumulator of the Hough method is improved. The low-
frequency filtering used allows to determine the coordinates of objects to the
pixel precision;

— high-precision multi-level method for automatically determining the level of
Gaussian noise in images, which uses high-frequency filtering, selection and
clarification of the region of interest with account of contours; when processing
the test images, the proposed method RMSE ~ 0.2% was obtained, which is less
than the error of the analogue methods;

— the method of automatic Gaussian noise filtering on images using the Gauss

filter, which uses local image processing in contour-limited areas, providing a
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quasi-optimal filtration result and an average of 2 times higher performance

than non-linear the similar methods;

— a wavelet-filtration method using the family of biorthogonal wavelets, designed
to remove noise and heterogeneous background of X-ray signals, which
increases up to 2 times the accuracy of determining the structural parameters of
the investigated crystals;

— high-speed method of using artificial neural networks for solving inverse tasks
of restoration of structural parameters of samples on the basis of experimental
X-ray signals using multi-scale processing of input data, which allows to reduce
the training time of the neural network on average 2 times;

— the method of deconvolution of images, which as a point spread function the
Gauss's oriented two-dimensional distribution used, which allows up to
1.5 times increase spatial separation of bands.

On the basis of the obtained theoretical positions, high-performance software
tools for CIMS have been developed. Computer simulation, experimental research
and implementation of developed tools at CIMS confirmed the adequacy of the
developed theoretical foundations and the effectiveness of the proposed methods.

The practical importance of the results obtained is that on the basis of the
obtained theoretical positions and methods developed:

— hardware and software of the CIMS based on the X-ray diffractometers DRON-
3M and DRON-4, which is the result of computerization of the process of
obtaining X-rays;

— software complex for processing electron-diffraction images (images of of
Kikuchi bands) in CIMS on the basis of an electron microscope, which provides
quasi-optimal noise removal, multi-level interpolation of image profiles and
averaging of profiles by means of envelopes, determination of position and
parameters of Kikuchi bands, which allows to improve the accuracy of the
order of the calculation parameters of investigated crystals, for example, values

of local deformations (with relative error ~ 10°); the obtained parameters of
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crystals, in particular crystals of artificial diamonds, silicon, germanium and

nickel, are important for the improvement of their synthesis technologies;

— program complex for processing of X-ray curves in CIMS on the basis of X-ray
diffractometers, which performs removal of heterogeneous background,
multilevel interpolation and wavelet filtration of signals, which allows to
increase the speed and (or) accuracy of calculating surface roughness
parameters and structural parameters for the studied samples;

— software complex for processing X-ray moiré images, which performs noise
removal, local contrast enhancement and analysis of power spectra of images,
which provides for increasing the speed and (or) precision of the deformation
calculation for the investigated crystals.

The software systems that were developed are applied in decision-making
support systems for CIMS based on electronic microscopes and X-ray
diffractometers. The software developed as a result of the dissertation research was
implemented in 3 research institutes of the National Academy of Sciences of
Ukraine (Kyiv) for processing of experimental-electron diffraction and X-ray
signals.

Keywords: multilevel methods, digital signal processing, electron-
diffraction signals, X-ray signals, computerized information measuring systems,

signal interpolation, local image processing, signal filtering, power spectra.
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BCTYII

OOrpyuryBanusi BUOOpY TeMHu aociiazkeHHs. Poib nudpoBoro oopobdieHHs
CUTHAJIB y CY4acCHOMY CBITI cTpiMKo 3poctae [1]-[12], npu mpomy 0OpoOJIeHHS
300pake€Hb BUIIUISETHCS B OKPEMHUN HANpPSMOK BUMIPIOBAJIBHOI TEXHIKH — «BIJIE€O-
BUMiproBaHHs». L{ludpose 0OpoOIeHHS cUrHANIB 3HAXOUTh IIMPOKE BUKOPUCTAHHSA
B TMPOMHUCIIOBOCTI, HAYKOBHX JOCIIDKCHHSAX, Memuiuai Ta mooyti [13], [14].
Oco0MBO BaXXIIMBY POJIb BIAIrpae oOpOOJICHHST €JIeKTPOHHO-TUpaKiifHux Ta X-
NPOMEHEBUX CHUTHAIIB Yy KOMI IOTEPU30BaHUX 1H(HOPMALIHHO-BUMIPIOBAIBHUX
cucremax (KIBC). Enexrtponno-maudpakuiiini curnanu [15], [16], wanpuknan,
300paxkeHHs cMyT Kikydi, HECYTh IIHHY 1HQOPMAIIIO PO CTPYKTYpPHI XapaKTepuc-
THUKW JIOCII/DKYBAaHMX KpHCTamiB. X-mpomeneBi curhHamu [17]-[19], Hampukman,
KpHB1 IMOBHOT'O 30BHIIIHKOTO BiJIOMBAHHS, OMUCYIOTHh MapaMeTpPH MIOPCTKOCTI ISt
noBepxHi 3paskiB. Ilpore, Ha maHWii Yac Ie HE BHpiIEHA 3ajada OTPUMAHHS
MaKCHMaJIbHO TIOBHOI 1H(OpMaIIii PO TOCIIIKYBaHi 3pa3Ki Ha OCHOBI €JIEKTPOHHO-
mudpakmiiHux Ta X-MPOMEHEBUX CUTHANIB. lle TOSCHIOETHCSI 3HAYHUMHU PIBHIMH
IIyMIB 1 CIIOTBOPEHb HA TAaKMX CHUTHAJIAX Ta 300paXCHHSX, a TAKOX CKIIQTHICTIO
OTpUMaHHS KOPHUCHOI 1H(OopMAaIIil Ipo AOCTiKYBaHUN 00’ €KT 3 €KCIIEPUMEHTATBHUX
curHamie [16], [19]. Tomy A oOTpuMaHHS KOPHUCHOI CKJIQJ0BOi CHTHAJIIB
BUKOPHUCTOBYIOTHCSI PI3HOMAHITHI METOAM MU(PPOBOro 0OpOOJICHHS, a caMe. METOIN
¢uTbTparii myMy B mMpocTopoBii 1 yacToTHii obmactsax [2]-[5], [20]-[25], meTonn
OJTHOBHMIPHOI i TBOBUMIipHOI ampokcuMariii curnams [1], [4], [11], [26], meromm
aHaJTi3y oJHOBUMIpHUX mpodiniB 300paxens [11], [12], [27], MeTomu opieHTOBAHOI
¢utbTpamii 300paxkeHb y MPOCTOpoBild 1 wactoTHid obOmactsax [28]-[30], meromn
HiIBUINCHHS JIoKanbHOTO KOHTpacTy [9], [14], [31] 1 BeiiBier-dpinbTpanii
3o0paxenp [11], [12], [32]-[40]. Jlo mepCHeKTUBHUX HANPSMKIB OOpOOJICHHS
CUTHAJIIB HAJIGKUTh BUKOPHCTAHHS 3aCO0IB IITYy4HOro inTenekry [41]-[46], a came
mryqHuX HerpoHHuX Mepex (IITHM) [47]-[54] i renetnunux anroputmis [55]-[61].

[lepcniekTriBHUMU MeToaamu 00pobsienHs curHaiiB y KIBC e OaraTopiBHeBi,

B SIKHX, KpIM [OYAaTKOBOTO CUTHAIly, CTBOPIOETHCS MHOXHHA JOJIATKOBUX PIBHIB,
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HAIPUKIAJ, JOJATKOBUMHU PIBHSAMHM MOKE OyTH CUTHAJ y 3MEHILIEHUX MacliTtadax
[11], [62]. Ha Takomy OaraTtomacmtaOHOMY OOpOOJICHHI 3aCHOBaHI BeEHBIIET-
neperBopenHs curHamiB [32]-[40]. OmHak sk JOJATKOBI PiBHI CHTHAIB TaKOX
BUKOPUCTOBYIOThCS iX pi3HI yacToTHI mianazonu [63]-[67], oOBigHI MiHIMYMIB i
MaKCHUMYMIB CUTHaJIy TolI0. baraTopiBHEBI METOAM, MOPIBHIHO 3 OJHOPIBHEBUMH,
MaroTh OuTbI MoxIMBOCTI [68], [69]. IIpoTe BoHM € CKIamHIIMMU B peaizallii, a
JUIsl 6araTh0X MPUKIAIHUX 337a4 IUGPOBOro 0OpoOIeHHS CUTHAIIB OaratopiBHEBI
METOAM 3HAXOMATHCS Ha CTaii po3poOmtoBaHHs. J{7s1 3MEHIIEHHS! TPYAOMICTKOCTI
JOCTIKeHb 1 MIJIBUILEHHS TOYHOCTI OTPUMAaHMUX Pe3yJIbTaTiB y CHeliani30BaHuX
KIBC na 0a3i X-npomeHeBUX IHQPPAKTOMETPIB Ta EJIEKTPOHHUX MIKPOCKOIIIB
3aCTOCOBYETHCSI KOMIT FOTEpPH3AIlisi MPOIECY OTPUMAaHHS EKCIEPUMEHTATLHUX
CUTHAJIB, IO MOTpeOye pO3pOOJEHHSI BIANOBIIHOIO amnapaTHO-NPOTrPaMHOIO
3a0e3MeyueHHs!.

O6pobnennss curHamiB y cydacHux KIBC peamidyeTbcsi KOMILIEKCOM
B3a€MOJIONIOBHIOIOUHX METOJ(IB, KOXKEH 3 SKUX BUKOHYE MEBHUU eTar 0OpoOIeHHS
CUTHATIB: (UIBTpaIli0 IITyMiB, alpOKCHUMAIlI0 CUTHAIIB, aHAMI3 iX CIEKTPIB 1
npodimie Tomo. Sk mepmmii etanm nudpoBoro oOPOOJICHHS CHUTHANIB, SIKUN
BU3HAYA€ KOPEKTHICTh HACTYIHHUX €TaIliB, 3BUYATHO BUKOPUCTOBYETHCS BUAAJICHHS
mrymy [20]-[25]. Ha manuii gac 3acTOCOBYIOTBCS Taki METOAM OIIHIOBAHHS DIBHS
IIyMy: 3acHOBaHI Ha (iIbTparlii, 0JIOKOBI METOJIH, METOJ TOJOBHHUX KOMITOHEHT,
CTaTUCTHYHI METOJM, METOJU 3 BUKOPHCTaHHSM BeHBieT-epeTBopeHs Ta Dyp’e-
cnektpiB 300paxens [11], [70]-[76]. OcHOBHMM HETIOJIIKOM BHIIEBKA3aHUX METOIIB
€ X 3HaYHa OXMOKa y BUITAJKy MPUCYTHOCTI HAa 300paKeHHIX TEKCTyp abo pi3HHUX
BUMIB ImymMy. Ha exkcnepuMeHTaIbHHX eNeKTPOHHO-Iudpakmiiaux T1a X-
MMPOMEHEBUX CUTHAJIAX YaCTO MPUCYTHI TEKCTYPH, & TAKOXK IMITYJIbCHUM 1 TayCOBUN
IIYMH, TOMY iCHY€ MoTpeda B po3poOIeHHI BUCOKOTOYHOTO aBTOMATHYHOTO METOY
OOYHMCIIEHHS PIBHS IIyMY JJI TAKAX THITIB CUTHAJTIB.

Icayroul metoau pumbTpallli CUTHATIB MOAUIAIOTHCS Ha JIHINHI Ta HEHINHI
[11], [12]. [Tommupenum niHiiHUM QiTBTpOM € GUIBTP ['ayca, rOJIOBHHM HEIOIIKOM

SKOTO € PO3MUTTSI KOHTYpIB 300pakeHb. HemniHiliHi QinbTpu, HAanpUKiIaa, MeIiaHHi
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Ta OUtaTepanbHi GUIBTPU, MEHILE 3IIIAJKYIOTh KOHTYPH 300pa)Ke€Hb, OJHAK MpH iX
BUKOPUCTaHHI AaBTOMAaTUYHUA BHUOIp ONTUMAJBHUX MapameTpiB (uIbTpalii €
CKJIQJIHUM 3aBJaHHsAM. OCKUIbKU Ha €IEKTPOHHO-IU(paKUIiHUX Ta X-TPOMEHEBUX
CUTHaJIaX MPUCYTHI Pi3HI TUIH IIYMIB, TOMY TaKi CUTHAJIM JIOIUIBHO 00poOsATH 32
JOTIOMOTOI0 SIK HEMIHIMHUX, TaK 1 JIHIHHUX (QUIBTPIB.

3 MeTol0 MIJBUIIEHHS TOYHOCTI BHUMIpPIB BHUKOHYETHCA OJIHOBUMIpDHA Ta
JIBOBMMIpHA ampokcumailis curHamis [26], [77]. Metoau diHIHHOT IHTEPIIOJALIT €
HaWOpPOCTIIIMMHU, TPOTE BOHU OOMEXKYIOTh EKCTpeMyMH curHaiiB. CKIiaaHimi
METOJIM ampOKCUMaIlii, 30KpeMa, 3 BUKOPUCTAHHSAM KyOIiYHMX CIUTaliHIB, HaBIAKH,
94acTO CIPUYHMHSIOTH MOSIBY MAapa3UTHUX OCIMIIAIINA Ha allpOKCUMOBAaHUX CHUTHAJIaX.
3 1i€i TPUYMHUA NEPCTICKTUBHUMU € 0araTopiBHEBI METOIU allPOKCUMAIlli CUTHAIIB,
B SIKMX BUKOHYETHCS KOPEKIIisl TOYaTKOBOT'O allPpOKCHMOBAHOTO CHTHAITY.

JIsiss OUIBIIOCTI €NEKTPOHHO-TU(PPAKIIHHUX Ta X-IPOMEHEBUX 300paKeHb €
XapaKTEPHUMHU CMYTOMOMIOHI 00’€KTH, HANpUKIAI, s 300pakeHb cMyr Kikyudi
[15], [16] Ta X-mpomeneBux 300paxkennr [18], [78], [79], Tomy s Takux
300pakeHb JOIUIBHO MPOBOJUTH OPIEHTOBAHY JIOKAIbHY (inbrpamito. Ilpote
iCHYyr04l MeToAau OOpOOJIEHHS eJeKTPOHHO-IU(PPAKIIHHUX CUTHATIB J03BOJISIIOTH
OOUYHCTIOBATH CTPYKTYPHI  XapaKTePUCTUKH JIOCTIIKYBaHMX KPHUCTaJiB 13
BiZIHOCHOIO Moxu6koro ~10™, a s BUpilIEHHs NMPaKTUYHUX 3aBJaHb NOTPiOHA Ha
MOPSIIOK BHUIIA TOYHICTh. Bigomi ogHOpiIBHEB1 METOAM IiJIBUIICHHS JIOKAJIBHOTO
KOHTpacTy 300paxkeHb [9], [14] xapakTepu3yIOThCsl 3HAYHUM YacoM OOpOOJICHHS,
SAKUN MOXE CKJIamaTu necatku XBwimH st HD 300paxeHs, ToMy akTyalbHUM
3aBIaHHAM € ITIABUILEHHS IIBUAKOIII TAKUX METOIIB.

[lincymoByroun BHIIIEHABECHE, MPHUKIAHA HAYKOBO-TEXHIYHA MpodiemMa
(GOpMYITIOETBCS  TaK: ICHYIOYl OJHOPIBHEBI METOAM ITM(GPOBOrO 0OpOOIICHHS
SIICKTPOHHO-TU(PPAKIIIHHNX Ta X-TIPOMEHEBUX CHTHAIIB y OUIBIIOCTI BUIAAKIB HE
3a0e3neuyroTh MOTPIOHOI TOYHOCTI Ta MmBHAKOMIL. TomMy i BupimieHHS i€l
aKTyaJIbHOT MIPOOJIEMHU ICHY€E HEOOXIHICTh Y PO3POOJIEHH] OaraTopiBHEBUX METOIB i
3ac001B aHaJI3y, 0OpOOJICHHS Ta CUHTE3Y €IEKTPOHHO-IUPPAKIIHHUX Ta X-TIpOMEHE-

BUX CUTHAJIIB Y KOMIT’ FOTEPU30BaHUX 1HPOPMAIIHHO-BUMIPIOBAIIbBHUX CUCTEMAX.
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JlocnipkeHHsIMU B AaHii ranxysi 3aiiManucs BITUM3HAHI Ta 3apyOiKHI BUEHI,
MpI3BUIIA KX HABEJEHO B CIHCKY JITEPATYpPHU.

3B’A30K po0OTH 3 HAYKOBUMH IIPOrpPaMaMH, IJIAHAMH, TEMAMH

JlociKeHHsI, pe3yNbTaTH SIKUX MPEACTAaBICHO B IUCEpTallii, BUKOHAHO
BIJIMOBIJHO JI0 MPOrpaM HAYyKOBOI TEMATHUKHU Kaeapu KOMIT IOTEPHUX CUCTEM Ta
Mepex, Kabeapu GBUKM TBepaoro Tuta YepHIBEIBKOrO  HAI[IOHAJIBLHOTO
yHiBepcutety iMeHi FOpis denpkoBrya. BoHn € ckiialoBOI0 YaCTUHOK HAYKOBO-
JIOCIHIAHUX TeM, sKI (IHAHCYBAJIMCh 13 KOWITIB JEPKaBHOTO  OIOKETY
MinicTepcTBOM  OCBITM 1 Hayku Ykpainu Ta JlepkaBHuUM  (oHI0OM
dyHIaMEHTaTbHUX JOCTIIKEHb, 30KpeMa:

- «MynbTUQYHKIIOHATHHUN aJaNTUBHO PEKOH(MITYpOBHUN MOYIb HUPPOBOI
00poOku iH(popMarllii s 3a1ad MEIUKO-EKOJIOTTYHOTO 1 TEXHOJIOTTYHOTO
npodizro» (2015-2016 pp., Ne nepxxpeectpartii 0115U003239);

- «Po3pobka  meToniB  mperusiiHOi  X-MpoMeHeBOi  AudpaKTOMETpii
nedopMaliifHUX CTaHIB €MiTaKClaTbHUX HAHOCTPYKTYP 3 T€TePOBaJIEHTHUMHU
nepexonamu AB%/A2B® (2015-2016 pp., Ne nepsxpeecrpanii 0215U008200);

—-  «CTpykTypHi Ta  eNeKTpodi3MUHI  XapaKTEPUCTUKU  HAaIIBi30JIOI0YUX
kpucTanis Marepianis A’B® (CdTe, CdiMn,Te, CdiZnTe) micns BIMBY
30BHIIHIX YUHHUKIBY (2016-2018 pp., Ne nepxpeectpartii 0116U001451);

~-  «BHCOKONPOAYKTUBHI KOMIT FOTEPHI 3ac00H 1 cCUCTeMHU OaraToMaciTabHoT 1
OararonapameTpudHoi ineHTU(IKaIii Ta 00poOku 1HDOpMaIli B pexumi
peansHoro yacy» (2016-2020 pp., Ne nepxkpeectparii 0116u007043);

- «X-IpOMEHEBO-ONTUYHA Tomorpadis MOJIIKPUCTATIIYHUX MepexK
Oiomoriuanx mapis (2017-2019 pp., Ne nepxpeectpartii 0117U001149).

VY BHINEBKAa3aHUX TeMax IUCEPTAHT OpaB ydyacThb SK BHKOHaBerb. [lig wac
BUKOHAHHS BKa3aHMX TEM aBTOPOM pO3pOOJICHO TEOPEeTHYHI OCHOBU 1 METOAU
0araTopiBHEBOTO OOPOOJICHHS CUTHAJIB, SIKI MMPU3HAYEHI JUIS: OIIHIOBAHHS PIBHSA Ta
BUJAJICHHSA IIYMIB Ha €JEKTPOHHO-TUu(pakuiiHuX Ta X-MMPOMEHEBUX CHUTHAJNAX,
OJTHOBUMIPHOI 1 JBOBUMIPHOiI ampoOKCHMMallli CHUTHATIB, aHali3y iX CIEKTpIB,

OpIEHTOBAHO1 PUIBTPAIIiT 1 MBULIEHHS KOHTPACTY 300pakeHb, 0OpPOOJICHHS! CUTHAJIIB
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3a JIOMOMOTOI0 IMITYYHUX HEWPOHHUX MEPEK 1 TCHETUYHUX aJTOPUTMIB; CTBOPEHO

arapaTHO-NPOrpaMHI 3aco0M JJIsl aBTOMATH3allli MPOBEIEHHS €KCIIEPUMEHTY Ha X-

npomeHeBux audpakromerpax JPOH-3M, JIPOH-4 Tta iH.; mporpamHi 3aco0Ou

po3pobiero B cepenouiti Borland Delphi Ta B cuctemi MATLAB.

Meta i 3aBaaHHsl JocaigxeHHs. Meta poOOTH TOJArae B MIABUIICHHI
TOYHOCTI Ta MIBUIAKOMAIT OOpOOJICHHS e€JIeKTpOHHO-IudpakuiitHux Ta X-
OPOMEHEBHX CHUTHAIIB Yy KOMII IOTEPU30BAaHUX 1H(POPMaLIIHO-BUMIPIOBAIILHUX
CHUCTEMaX 3a paXyHOK BUKOPUCTAaHHS 0araTOpiBHEBUX METO/IB.

JIOCSITHeHHSI METH TTepe10avaao BHKOHAHHS HIKYCBKA3aHUX 3aBAAHbD.

1. IlpoBecTn aHami3 ICHYIOUMX METOJMIB 1 3ac00IB OOpOOJICHHS €JIEeKTPOHHO-
mudpakuiiitaux ta X-npomeHeBux curHaniB y KIBC nns Bu3HaueHHS! OCHOBHUX
HAIPSIMKIB ITIIBUIIEHHSI 1X TOYHOCTI Ta MIBUJIKOIII.

2. Pospoburtu TEOPETUYHI OCHOBHU 0araTopiBHEBOTO 00poOIeHHS
eKCTIEPUMEHTAIBHUX CUTHAIB, 110 MICTATh KOHIICTIIII0 OOYMCIICHHS 1 aHaJi3y
JIOJIATKOBUX PIBHIB CUTHAJIIB, 3a0€3IeuyI0Th pealizaililo e(eKTUBHUX METO/IIB
dinpTparrii, anpokcumMarlii, JOKaabHOr0 0OPOOJICHHS Ta aHAJI3y CUTHAJIIB.

3. Po3pobutu  cTpyKTYypy, amapaTHe 1 TporpamMHe 3a0e3mledeHHs s
KOMIT FOTEPH30BaHUX 1H(POpMaIiiHO-BUMIPIOBAIBHMX CHCTeM Ha 0a3i X-
IPOMEHEBUX AUDPAKTOMETPIB Ta EIEKTPOHHUX MIKPOCKOITIB.

4, Po3poOUTH BHUCOKOTOYHUN METOJ OOYHCICHHS ycepeaHeHuX mpodiriB
300paKe€Hb NUIAXOM iX aHali3y 1 CHHTE3y; JOCIIJUTH ICHYIOYl METOIH
anmpoKcHMaIlli CHUrHajiiB, PO3POOMTH BHCOKOTOYHI METOAM OararopiBHEBOI
arpoKCHMAIlii OTHOBUMIPHHX 1 JBOBUMIPHUX CUTHAIIB.

5. JlocmiguTy ICHYIOYl METOJIM IMJIBHUINCHHS Bi3yaJdbHOI SKOCTI 300pakKeHb,
PO3pPOOUTH MIBUAKOAIAHANA METOJ TMiABUIICHHS JIOKATHHOTO KOHTPACTy Ta
BUJIAJICHHS] HEOTHOPITHOTO (hOHY 300pakeHb 1 CUTHAITIB.

6. Po3pobutn mBHAKOMINHI METOAM. CYMINIEHHS 300pa)XeHb 3a JOTIOMOTOIO
FEHETUYHUX aIrOPUTMIB, aHaji3y MapaMeTpiB CHUTHAIIB 3a JOMOMOTOIO

WTYYHUX HEUPOHHUX MEPEK.
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/. Po3poOuTH BUCOKOTOYHUU METOJ| aHaji3y CIHEKTPIB EKCIEPUMEHTAIbHUX
300paKE€Hb 13 MOKJIMBICTIO OOpOOJIEHHS 300paXk€Hb Ta iX CHEKTPIB y PI3HUX
MacmTabax.

8. IligBUIIUTH CTIUKICTh [0 UIYyMIB METOAY JETEKTYBaHHS MPOCTOPOBOTO
MOJIOXKEHHS 00’€KTIB Ha 300paKeHHSAX 3a JOMOMOTroI0 IepeTrBopeHHs Xada,
YIOCKOHAJIUTH ICHYIOUl MeTonu (UIbTpalli IIyMiB Ha EKCHEPUMEHTAIbHHUX
300paXCHHSIX 13 METOI0 3MEHIIICHHSI PO3MHTTSI KOHTYPIB.

9. Po3poOut BHUCOKOTOYHI METOAM BHpILIEHHA OOEpHEHOi 3ajayl  MpH
00YHCIIeHH1 napameTpiB JOCIIKYBaHUX 3pa3KiB Ha OCHOBI
eKCIIEpUMEHTAIBHUX CUTHAJIIB, BAKOHATH MIPOTPaMHY peallizalliio i ampooairito
PO3pOOJICHNX METO/IIB.

O0’exkTOM OCHITKEHHS € TIPOIEC 0OPOOIJICHHS eJIEKTPOHHO-TUDPpaKIIITHIX
Ta  X-IPOMEHEBUX CUTHAJIIB y  KOMII IOTEpU30BaHUX  1H(POpPMAaIiiHO-
BUMIPIOBIBHUX CUCTEMAX.

IIpeameToM JociigxeHHs1 € OaraTopiBHEBI METOAW 1 3acO00M  aHaII3y,
00pOOJICHHS Ta CUHTE3Y eJEKTPOHHO-TU(PPAKIIIHHNIX Ta X-IPOMEHEBUX CUTHAIIB Yy
KOMIT FOTEpPHU30BaHUX 1H(GOPMAIIHHO-BUMIPIOBAILHUX CHCTEMAX.

MeTtoau aocaigxenHsi. O6po0neHHS TUGPOBUX EIEKTPOHHO-TUPpaKITIHHIX
Ta X-IPOMEHEBUX CHUTHAJIIB BHUKOHAHO 13 3aCTOCYBAaHHSM YHCIIOBUX METO/IIB;
METOJIB alPOKCUMYBAHHS Ta I1HTEPIIONIOBAaHHSA (YHKIIM; METOMIB aHAJTITHYHOI
reoMeTpii Ta JiHIHHOT anreOpu, MudepeHIaTbHOT0 W IHTErPATbHOTO YHCICHHS;
MeToNiB (impTpalii CHUTHANIB y MPOCTOPOBIA 1 YACTOTHIM 0ONACTIX, METOIY
oOuuclieHHs piBHA ImymMy Ha 300paxenHsx. IllymoBy ckiamoBy curHamiB
JOCTIKEHO MeTogaMu Teopii WMoBipHOCTeH. BupimenHs oOepHEHOI 3amayl mpu
aHami3l X-TIPOMEHEBUX CHUTHAIIIB BUKOHAHO 3a JIOTIOMOTOI0 IITYYHUX HEUPOHHHX
MepeX; CyMIIIEHHS 300pa)keHb 00’ €KTIB MPOBEACHO 3 BUKOPUCTAHHSAM I€HETHIHOTO
anroputMy. CTBOpEHHST HOBUX aJITOpuUTMIB I1M(dpoBoi QinbTparii CUTHATIB
BUKOHAaHO 3 BHUKOPHUCTAHHSIM Teopii amroputmiB. JIis aHamizy Ta MEpeBIpKU
JOCTOBIPHOCTI OTPUMAHMX TEOPETHUYHUX TIOJOKEHb IPOBEACHO KOMII IOTEpPHE

obpobnenns curaaiiB y cucremi MATLAB ta B cepenosumii Borland Delphi.
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HaykoBa HOBM3HAa OTpMMaHHUX pe3yJIbTaTiB POOOTH MOJIATae B poO3pOOJIEHHI
TEOPETUYHUX OCHOB 1 METOIB 0araTOpPIBHEBOI'O aHaJi3y CHUTHAJIB, IO 3a0e3meuye
BUPIIICHHS aKTyaJIbHOT MPOOJIEMU MiIBULIICHHS TOYHOCTI Ta MIBUAKOI1i OOPOOICHHS
€JIEKTPOHHO-IU(PpAKIIHHUX Ta X-IMPOMEHEBUX CHUTHAIIB Y KOMII IOTEPU30BAHUX
1H(pOpMaLIiHO-BUMIPIOBAIbHUX CUCTEMAX.

1. Bmepuie 3ampomoHOBaHO KOHIICTI[IIO OaraTopiBHEBOIO OOpOOJICHHS
excriepumeHTanbanx curHamiB y KIBC, sxa momsrae B oOuucieHHI Ta aHami3i
JIOJATKOBUX PIBHIB CHTHANiB, KOMIUIEKCHOMY Ta TIOETalmHOMY 0OpoOIeHHI
CUTHAJIIB MHOXHHOIO B3a€EMOTIOB’SI3aHUX METOJIIB, 10 3a0e3neuye MiABUIIECHHS 1X

MIBUKO/I1i 800 TOYHOCT1 Ha TIOPSJIOK.

2. Ha ocHOBI 3ampornoHOBAaHOI KOHIIETIIIi BIEpIIE PO3POOJIECHO TEOPETUYHI
OCHOBH aHaII3y Ta CUHTE3y MPOQLIIB PO3MOUTY IHTEHCUBHOCTI €KCTICPUMEHTATBHUX
300pakeHb, 10 MICTATH HOBUH METOJl. XapaKTepHOIO OCOOJIMBICTIO PO3POOJICHOTO
METOJTy € BUKOPUCTAHHS KOHIYHHMX TIepepi3iB K 0OBITHUX cepii mpodiIiB 1 CeneKIis
npodiIiB Ha OCHOBI iX (opmu, 10 3a0e3neuye MABUIICHHS TOYHOCTI BU3HAYCHHS
napaMeTpiB ycepeaHeHuX mpoduliB Ha TOPSJIOK, a, BIIMOBITHO, B CTUIBKU K Pa3iB
3pOCTa€e TOYHICTh PO3PAXyHKY MapaMeTpPiB JOCTIIKYBaHUX 3Pa3KiB.

3. Bmepme 3anmponoHOBaHO BUCOKOTOYHI METOAM OaratopiBHEBOT
IHTEpHoJIALii, B SKUX I1HTEPHOJHOBAaHI OJHOBUMIPHI Ta JBOBHMIPHI CHTHAJIU
CKIIQJAIOThCS 3 KOPEKTOBAHOI Ta Y3rOJKyBajdbHOI (YHKIIM, a KOpEeKTOBaHA
GyHKITE OOYHUCTIOETHCS 3 BUKOPUCTAHHSM 3TOPTKM KYCKOBHIX MOJIIHOMIaJIbHUX
byHKIIN (CrUTaifHIB), IO MO3BOJSE B cepeaHboMy Ha 16% 3MEHIIUTH MOXHOKY
IHTEepHOJIAIIi MpH MiABUIEHHI PO3AUIBHOI 3JaTHOCTI EKCIIEPUMEHTAITBHUX
CUTHAJIIB.

4. Bmepire po3poOjeHO MBHAKOMIMHUA METOJ MIABHUIIEHHS JOKAJIbHOTO
KOHTPACTY Ta BUIAJICHHS HEOJHOPIMHOTO (OHY 300pakeHb, OCOOIUBICTIO SIKOTO €
BUKOPHUCTaHHSI KOPEKTOBAaHUX OOBIAHUX MIHIMYMIB 1 MaKCHUMYMIB CHUTHAJIB, IO
3a0e3reuye TMiJBUIICHHS JIOKAJIBHOTO KOHTPACTy BIIHOBJICHUX E€JIEKTPOHHO-

nudpakiiHux 1 X-MpoMeHEeBUX 300pakeHb A0 8 pa3iB.
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5. Po3po6iieHO HOBI METOAM OpIEHTOBAHOI (QuUIbTpalii 300pa’keHb Y
IIPOCTOPOBIM 1 YAaCTOTHIA 00JacTAX, XapaKTepHOK OCOOJUBICTIO SKHUX €
BU3HAYEHHS HANpsAMKY (QUIBTpallii B MEKax JOKaJIbHUX BIKOH HA OCHOBI KOHTYpIB
300paXeHHsI, 10 TO03BOJIAE€ BUAAIATH Ha 300paXCHHAX IIyM MPU HE3HAYHOMY
PO3MHUTTI KOHTYPIB 1 0 7 pa3iB MiABUIIUTUA TOYHICTH OOUMCIICHHS T€OMETPUUYHUX
napameTpiB npo@uliB CMYyT, 30Kpema, npoduniB cmyr Kikyyi.

6. Bmepmie po3po0iieHO MeToa CyMilleHHS 300pakeHb O00’€KTIB 13
BUKOPHUCTAHHSIM T€HETHYHOTO AJITOPUTMY Ta QJITOPUTMY KOOPAWHATHOTO CITYCKY,
AKUU BpPAaXOBY€ PI3HULIO MDK 300paKEHHSIMH 3a SICKPaBICTIO, KOHTPACTOM,
MacmTaboM, 3CyBOM 1 TIOBOPOTOM, MIHIMI3y€ BIUIMB €KCIIEPUMEHTAIbHUX
dakTtopiB Ha 300paxkeHHs 1 3a0e3medye minBuiieHy To4HICTh (= 0.01% 3a
MaciTaboMm) Ta MBUAKOIII0 CYMIIIEHHS 300paKeHb.

7. Bnepie 3anpornoHOBaHO METOJ 0araTopiBHEBOTO aHaI3y €HEPreTHUUYHUX
CHEKTpIB  300pa’keHb, 30KpeMa, X-TIPOMEHEBHUX MYyapoBHX 300paKeHb,
OCOOJIUBICTIO  SKOTO € BHUKOPHUCTAHHS OararoMacimTabHOro oOpoOJIeHHsI
E€HEPreTUYHUX CHEKTPIB Ta aHalli3y EHEPreTUYHUX CHEKTPIB I JOKAIbHHUX
TUISTHOK 300pakeHb, IO 3a0esnedye 10 2 pas3iB BHUIY TOYHICTh BHPIIMICHHS
oOepHeHo1 3a7a4l Mpu 00YMCIICHH] ITapaMeTPiB JOCIIKYBaHUX 3Pa3KiB.

8. [loganbuioro po3BUTKY OTPUMAIH:

—~  METOJ JIETeKTYBaHHS IPOCTOPOBOIO TMOJIOKEHHS O0’€KTIB Ha 300pa)KeHHSAX 3a
JIOTIOMOT'O0 TepeTBOpeHHsT Xada, a caMe, TOJIOKESHHS BIAPI3KIB MPIMHUX, KUT Ta
eMINCIB, SKWUW BIAPI3HAETHCA B BIJOMHX HH3BKOUYACTOTHOIO (UIBTpalIi€ro
300pakKeHHS Ta aKymyjasTopa Merony Xada, II0 JIO03BOJIIE OTPUMATH
CyOITiKCeITHy TOUHICTh BUBHAYCHHS KOOPIUHAT 00’ €KTIB.

~  BHCOKOTOYHHM METOJ aBTOMATHYHOTO BHW3HAYCHHS PIBHSI TayCOBOTO IIIYMY,
SIKAW BIAPI3HAETHCS B BIJOMUX BUIUICHHSAM JUISHKH IHTEPECY 3 BpaxXyBaHHIM
KOHTYpiB 300paxkeHHs, 1m0 3abe3nmeuye Ha ~0.1% MeHmy mMOXHOKY

0OYKCIIEHHSI PIBHS LIyMY, IOPIBHSIHO 3 METOJIaMU-aHAJIOTaMU;
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METOJI aBTOMAaTHUYHOI (UIbTpaALlli TayCcOBOTO IIyMy Ha 300paXeHHSIX 13
BUKOPUCTaHHAM (uibTpa ['ayca, AKkuil BiAPI3HAETHCSA Bl BIIOMHUX JOKAJIbHUM
00poOJeHHAM 300paXkeHb y IUISTHKaX, OOMEXKEHUX KOHTYpaMu, 110 3a0e3neuye
KBa310NTUMAIBHUI pe3yiabTaT (QuUIbTpallii Ta B CEPEIHbOMY B 2 pa3d BHILY
HIBUIKO/I110, TOPIBHSIHO 3 HEJIIHIMHUMH METOIaMHU-aHAJIOTaMU;

BUCOKOTOYHUN METOJ BelBIeT-PuIbTpalili 3 BUKOPUCTAaHHSAM CiMeiCcTBa
O10pTOrOHAJIbBHUX BEHBIETIB, SAKUN BIAPI3HIETHCS BIJ BIIOMOTO MOETATHOIO
butbTpamicro mymMy Ta BUAAJIEHHSM HEOJHOPIHOTO (OHY, IO 10 2 pasiB
MiIBUIIlyE€ TOYHICTh BH3HAYCHHS CTPYKTYPHUX IapaMeTpiB JOCTIKYBaHUX
KPHUCTAIB;

IMIBUAKOMIMHMN METOJ BHKOPUCTAHHS INTYYHUX HEHUPOHHUX MEpPEeX JUIs
BU3HAYCHHS CTPYKTYPHHX MapaMeTpiB 3pa3KiB Ha OCHOBI €KCIICPUMEHTAJILHUX
X-IpOMEHEBUX CHUTHAJIB, SIKUU BIAPI3HAETHCA BiJl BimoMux HaB4yaHHsMm [IIHM
JUIS. PI3HUX MaciiTallB BXIIHMX CHUTHAJIB, IO 3a0e3Medyye B CEPEIHbOMY B
2 pa3u MEHIIIMI Yac HaBYaHHS,

BUCOKOTOYHHM METOJ] JCKOHBOJIONII 300pakeHb, SKHM BIIPIZHAETHCS Bl
BIJIOMOTO BHUKOPUCTaHHSAM SK (yHKIII pO3CITHHS TOYKH OPIEHTOBAHOTO
JBOBUMIpDHOTO po3nonily [ayca, mo pgo3Bojisie g0 1.5 paza MmiIBUIIATH

IIPOCTOPOBE PO3AUICHHS CMYT Ha 300paKeHHI.

IIpakTuyHe 3HAYeHHS OTPMMAHHUX Pe3yJbTATIB IMOJIATAaE B TOMY, IO Ha

OCHOB1 OTPUMAHHUX TEOPETUYHUX MOJIOKEHb Ta METO/IIB PO3POOIICHO:

amapatHe 1 mnporpamHe 3a0esneueHHs KIBC nHa 06a3i  X-mpomeHEeBUX
mudppakrometpiB [JPOH-3M ta JIPOH-4, 3aBasku 4oMy KOMIT FOTE€PHU30BAHO
IPOIIeC OTPUMAHHS EKCIIEPUMEHTATBHUX X-TIPOMEHEBUX CUTHAJIIB;

MPOTPaMHUN KOMITIEKC JIJIs1 OOpOOICHHS €IeKTPOHHO-THPPAKIIIHHUX 300paKeHb
(3o6pakenr cmyr Kikydi) y KIBC Ha 0a3i enekTpoHHOTO MIKPOCKOMY, SIKAN
3a0e3mnedye KBa3ioNTUMAbHE BUIAJICHHS IIyMiB, 0araTOpPiBHEBY IHTEPIIOISIIIO
npoduTiB 300pakeHb 1 ycCepeaHEeHHs NpoduIiB 3a JOMOMOTOK OOBITHUX,
BU3HAYEHHS MOJIOKEHHS 1 mapameTpiB cmyT Kikydi, 110 03BOJIsI€ HA TOPSIIOK

MIJABUIIATH TOYHICTh OOYMCIICHHSI TapaMeTpiB JOCIIKYBAaHMX KpPUCTAliB,
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HAIpHKIAJ, 3HaUYeHb JIOKAIbHUX aedopMariil (3 BigtHoCHOI0 moxuokow ~ 107°);
OTpUMaHI MapaMeTpu KpPUCTaJiB, 30KpPEMa, KPHUCTAJIB IUTY4YHOrO anmasy,
KPEMHII0, TEPMaHII0 1 HIKEJ0, € BOXXJIUBUMHU ISl BIOCKOHAJICHHS TEXHOJOT1i
1X cUHTE3Y;

~ TporpaMHuil KomIuiekc g oopobnenHs X-npomeHeBux kpusux y KIBC Ha
06a31t  X-mpomMeHeBUX  JUPPAKTOMETPIB, SAKUHA  BUKOHYE  BHJIAJICHHS
HEoJHOpinHOrO (hoHYy, OaraTOpiBHEBY IHTEpHOJIALID 1 BeWBIET-QUIBTPAIliIO
CUTHAJIIB, 110 JI03BOJISE MIABUIIUTU MBUIAKOIIO Ta (a00) TOUHICTH OOYUCICHHS
napaMeTpiB  IIOPCTKOCTI TMOBEPXHI Ta CTPYKTYPHUX MapaMeTpiB s
JOCIIKYBaHUX 3pa3KiB;

~  MpOrpaMHUI KOMIUIEKC JJisi 00poOeHHs X-TIPOMEHEBUX MyapOBUX 300pa’KeHb,
SIKUH BUKOHY€E BHJIAJICHHS IIIYMIB, ITiIBHILICHHS JTOKAIBHOTO KOHTPACTy ¥ aHai3
E€HEePreTUYHHUX CIEKTPIB 300pakeHb, 110 3a0e3nedye MiABUIICHHS MBUAKOAI Ta
(a60) TouHOCTI OOUMCIIeHHS AedopMalliil i JOCHTIKYBAHUX KPUCTAIIB.

Po3poOneni mporpamMHi KOMIIJIEKCH 3aCTOCOBAHO B CHCTEMax MIATPUMKH
OPUUHATTS PIIICHHS IS KOMIT IOTEPU30BaHUX 1H(OPMAIIHHO-BUMIPIOBAIBLHUX
cucTteM Ha 0a3l eJEeKTPOHHUX MIKPOCKOIB Ta X-MPOMEHEBUX AUPPAKTOMETPIB.
JIOCTOBIpHICTh pE3yJIbTaTIB TCOPETHUYHHUX JOCIIKEHb Ta iX MPaKTUYHY I[IHHICTH
HiITBEPKEHO TPHOMA MAaTCHTaMK Ha KopucHy mozensb [80]-[82].

PesynbpraTn muceprariiinoi poOoTH BIpoBaskeHO B LIeHTpI KOJEKTHUBHOTO
kopuctyBanHs mpmiagamMmu HAH Vkpainu; [HCTUTYTI (i3MKM HaAMIBIPOBITHUKIB
im. B.€. JlamkaproBa HAH VYkpainu (M. KuiB); [HCTHTYTI HanTBepanx mMaTepiaiiB
iMm. B.M. bakyns HAH Vkpaimum (M. KwuiB); IHcTUTYTI eneKkTpo3BaproBaHHS
im. €.0. [Tarona HAH Yxkpainu (M. Kuis).

TeopeTnuHi Ta MpakTUYHI pe3yabTaTH POOOTH BUKOPUCTAHI MPU BUKIIATaHHI
muctuutia «[Ipuctpoi 3B’s3Ky 3 00’ekToM» Ta «KomIm I0TepHI CUCTEMH MITYYHOTO
iHTenekTy» (UepHiBelbkui HAIOHATLHIUH YHiBepcuTeT iMeHi FOpis deaproBrua —
UHY), a Takox nmpu BUKOHAHHI JEPKOIOHKETHUX TeM Ha Kadeapi KOMI IOTEPHUX

CUCTEM Ta Mepex, kadeapi (pizuku TBepaoro tuia YHY.
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Oco0ucTuii BHECOK 3100yBaya

3a yac MIArOTOBKM JAMCEpTalIiHOI poOoTh 3700yBady OpaB y4yacTb y
pPO3pO0JIEHHI TEOPETUYHUX OCHOB Ta MPOrpamMHiil peamizaiii MeTOaIB 0OpOOJIEHHS
curHaiiB. Yci OCHOBHI pe3yibTaT aucepraiii [79]-[146], ska BuHeceHa Ha 3aXHCT,
oTpuMaHi 37100yBaueM caMOCTiMHO (gomaTok A). Y poOoTax, siki OImyOJIIKOBaHI B
CIIBaBTOPCTBI, 300yBayy HaICkHTh: [79] — MaTeMaTWYHHUH OMNKHC TCOMETPUYHHUX
XapaKTepUCTHK CTaHy [IOBEPXHI TBEPAOTrO Tijla, CHUCTEMAaTH3allisl METOJIB
JOCITIKEHHS TTOBEPXHi, MOOY/10Ba MAaTEMaTHYHUX MOJEJICH CXeM eKCIIEPUMEHTY ISt
X-npomeneBux Mmetomis; [110] — MeTom oOumcieHHS piBHS raycoBOro IIymMy Ha
300pake€HH1 32 JOTMOMOIOI0 BUCOKOYACTOTHOI (PUIbTpallli 3 BpaxyBaHHSIM KOHTYpIB
so0paxenns; [109], [137], [143] — anropuT™ KBa3iONTHMAJIBHOTO BHIAJCHHS
raycoBOoro Iymy Ha 300paxkeHH1 3a jaonomoroio ¢uibrpa ['ayca 3 BpaxyBaHHSIM
KOHTYpiB 300pakents; [102]-[104] — cTBopeHHs amapaTHO-IIPOrpaMHOIo 3ac00iB ISt
aBTOMaTH3allli eKCHepuMeHTy Ha X-mpoMeHeBuX mudpakromerpax JJPOH-3M,
JIPOH-4; [80], [81], [105], [111] — meToa GaraTopiBHEBOI alpOKCUMALIil €JIEKTPOHHO-
mudpakiiiaux Ta X-MPOMEHEBMX CUTHAIIB, CUTHAIIB OaraTornapamMeTpUIHUX
cencopis; [107], [115], [116], [133]-[135] — po3pobiieHHs Ta mporpamMHa peaizaiis
METOJy BHJIAJICHHS HEOIHOPITHOrO (OHY, MIABUIICHHS JIOKAJHLHOTO KOHTPACTY i
Bi3yaJIbHOI sIKOCTI 300paskens; [84], [113], [120], [121], [123], [131], [139], [140],
[142] — merom cymilieHHS 300paKeHb MUIIXOM I'€OMETPUYHHAM IIEPETBOPEHb Ta
neperBopeHsb sckpasocTi; [83], [90], [92], [93], [95], [96], [99]-[101], [106], [112],
[118], [125], [128], [129] — po3poOncHHA Ta TporpamMHa peaji3allisi METOMIIB
oOurcieHHs i aHai3y nmpodiniB 300paxens; [82], [85]-[87], [89], [91], [97], [114],
[119], [124], [127], [130], [144] — meTonm oOuuMCiCHHS W aHAI3y pamialbHUX
po3noaiiB  eHepretuHoro Ta @Dyp’e-criekTpiB 300paxenn; [108], [136] —
pO3pOOJIEHHS Ta TporpamMHa peaii3ailii METOJIB Opi€eHTOBaHOI (imbTparii
300paxkenb; [88], [122], [126] — mporpamHa peamizamis BelBieT-QiabTpari X-
npomeHeBux curnamis; [98], [117], [138], [141], [145], [146] — aHaui3 aMIUTITY THUX
1 YaCTOTHMX MapaMeTpiB X-TPOMEHEBUX CHUTHAJIB, aHali3 Ta pO3Mi3HABAHHS
curHamB 3a jgomomororo IITHM; [94], [132] — po3poOiieHHs Ta mporpamHa

peaizaliisg METOly CyMIIIEHHs 300pakeHb 3a IOMOMOTOI0 TEHETUYHHX aJTOPUTMIB.
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AnpoOauist MmaTepiaaiB quceprauii

Pe3ynpTaTi 10CHIIXKEHb, IO CTAHOBJIATH OCHOBY JUCEPTAllil, JOMOBIIAIKUCH
1 oOroBoproBanuch Ha 27 KOH(EpEeHIIsIX, Te3U IOMOBiAeH OmyOaiKoBaHI B
301pHHUKAX Tpallb BIAMOBIIHUX KOH(GEPEHIIIH:

1. II, I, IV, V MixHaponHi HaykoBo-npakTHuHi KoHpepeHuii «IIpobnemu
iHdopMaTUKu Ta KoM 1otepHoi TexHiku» ,,[IIKT — 20127, [ ITIKT — 20147, ,ITIKT
—2015”, ,JIIKT — 2016 (Uepnisii, 2012, 2014, 2015, 2016).

2. Il, V, VI, VII VkpaiHceki HaykoBi KoH]epeHuii 3 ¢GI3UKU
HamiBOpoBiAHUKIB  «YHK®H-2», «YHK®H-5», «YHK®H-6», «YHK®H-7»
(UepniBmi - Buxuwuis, 2004; Yxropoa, 2011; Uepwnisii, 2013; {ninpo, 2016).

3. X, XI, XII, XIII, XV, XVI MibkuaponHi koHdepeHIli 3 ¢I3UKK 1
TEXHOJIOT1i TOHKUX TUTIBOK Ta HaHocucteM (IBano-®dpankiscrk, 2005, 2007, 2009,
2011, 2015, 2017).

4. 11th, 12th, 13th, 14th Biennial Conferences on High Resolution X-Ray
Diffraction and Imaging “X-Top 20127, “X-Top 2014, “X-Top 2016, “X-Top
2018 (St. Petersburg, Russia, 2012; Villard de Lans, France, 2014; Brno, Czech
Republic, 2016; Bari, Italy, 2018).

5. 'V, VI, VIl Hamuonaneasie KoHpepeHun «PeHTreHoBckoe,
CUHXPOTPOHHOE W3JIy4YCHUs, HEUTPOHBI W OJIEKTPOHBI JJIA HCCIEIOBaHUS
matepuanos» «PCHD HAHO-2005» (Mockga, Poccus, 2005, 2009, 2011).

6. 16 MixHapogHa KoH(epeHIlis 3 aBTOMATUYHOTO  YIPABIIHHS
,ABTOMATUKA-2009” (Uepnisiii, 2009)

7. MexnynapoaHasi koHbepeHius ,,CoBpeMeHHbIEe MPOOIEMbl U TMYTH UX
pelIeHus B HayKe, TpaHCIIOpTe, Mpou3BOACTBe U oOpazoBanuun’” (Oxecca, 2007).

8. IEEE 35th International Conference on Electronics and Nanotechnology
«ELNANO-2015» (Kyiv, Ukraine, 2015).

9. MixnapogHa HaykoBo-mipakThyHa KoHbepeHmis (I Mixnapomuuii
cuMnosiym) «lIpakThuHe 3acTOCyBaHHS HENIHIMHUX JUHAMIYHUX CHUCTEM B

iHpokomyHikamisx» (Yepnisui, 2017).
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10. II Bceykpaincbka HaykKoBO-lpakTHYHa KoH(pepeHuis «llepcnexTuBHi
HaIlpsIMKH CYYacHOI €JIEKTPOHIKH, 1H(OpPMALIHUX Ta KOMIT IOTEPHUX CHUCTEM)»
MEICS-2017 (duinpo, 2017).

11. The First International Conference on Computer Science, Engineering
and Education Applications (ICCSEEA2018), (Kiev, Ukraine, 2018).

yo6aikamii

3a matepianamMu JucepTaliiiHol poOoTH omy0JiKoBaHO 68 HayKOBHX poOOIT,
13 Hux 1 MoHorpadis, 29 crareil y ¢paxoBux Bunanusx, 30 qomnosijnel y maTepiajiax
MDKHapOJHUX KOH(pepeHlid, 5 gomoBigedl y Marepiagax BCEYKpaiHCbKUX
KoH(pepeHIl, 3 mMmareHTH Ha KOPUCHY MOJelb, 12 pobiT y MIDKHApPOJHUX
BUJIAaHHSX, 10 BXOJATh 10 HaykoMmeTpuuHoi 0azu SCOPUS. Cnucok myOmikarii

[79]-[146] naBeaeHo B KiHIIl qUCEepTaLiiHOT poOOTH.

Ctpykrypa Ta o6car aumcepranii. J[ucepramiiina pobora BUKIaJeHa Ha
452 cTopiHKaX MaIIMHOMHCHOTO TEKCTY, CKJIAJIA€ThCs 31 BCTYITY, IIECTH PO3JLIIB,
BHUCHOBKIB, CIMCKY BHKOpPHCTaHUX JpKepen (314 HaiimMmeHyBaHHS) 1 5 J0JAaTKiB.
OO6cAar ocHOBHOTO TeKeTy aucepTarlii ckiamgae 309 cTopiHOK APYKOBAHOTO TEKCTY.

Po6ota mictuth 241 pucynkis i 19 Tabiuiis.
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