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Cekuis 1

EJIeKTPOHHI CMCTEMH TA TEXHOJIOT ]I, BRIYAYH
MIKPO- Ta HAHOECJIECKTPOHHI

Kepienux cexuii

JIOKTOp TEXHIYHUX HAYK, Ipodecop,

npodecop kadenpu MIKpOeneKTPOHIKH, EICKTPOHHUX MPUIIAJIIB Ta TPUCTPOIB
CrpinkoBa Tersina OnexcanapiBHa

Koopounamopu cexuii:
AcucteHnT Kadenpu MIKpOeNTeKTPOHIKH, JIEKTPOHHUX MPUIIaIiB Ta MPUCTPOIB
I'opoenko €Bren OQuexkcanapoBuy

AcuctenT kadenpu MiKpoelneKTpOHIKH, eTEKTPOHHUX MPUIIAJIIB Ta IPUCTPOIB
Kaamukos Ousiekcanap CepriiioBnu

TeMaTHuHI HANIPSIMKM:

1. EnexTpoHHI npuiiaay Ta CUCTEMH PUHOMY Ta nepeaadi iHpopmartii.

2. EnexTpoHHi/1udpoB1/ONTHYHI METOIHM Ta CUCTEMHU OOPOOKHU CUTHATIB
Ta 300paXKeHb.

3. MaremaTuyHi, CTaTUCTHYHI Ta TPOTrpaMHI METOAHM MOJICITFOBAaHHS
CJIEKTPOHHUX CHUCTEM, CHUTHAJIB Ta 3aBajl, MepeJaBaHHS, MpUIMaHHS Ta
peectpartii iHpopMmarlii B €TIEKTPOHHUX CUCTEMaX.

4. EnekTpoHHI TEXHOJIOTii Ta 3aco0M JIarHOCTUKH, YIPABIiHHA Ta
MOHITOPHHTY.

5. CyuacHa eneMeHTHA 0a3a eNeKTPOHIKH.

6. [Ipuknaane mporpaMmyBaHHS B €EKTPOHIIIL.

7. EnexTpoHHi cucTeMu eHepro30epirarounx TEXHOIOT1N

8. HanoenekTpoHH1 Ta HAHOONTHUYHI TEXHOJIOTIi.

9. ®i3UKO-MaTeMaTHYH1 OCHOBH €JIEKPOHIKH, MIKPO- Ta HAHOEIEKTPOHIKH.

10. TaHOBaIifiHI METOAM BUKJIQJAHHS y Tally3l €IEKTPOHIKH, MIKpPO- Ta
HaHOEJIEKTPOHIKHU.
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An important part of the Armed Forces of any country is the military medical
service. In wartime, the health care performs the responsible functions of medical
help for combat operations of the troops, providing effective qualified assistance
to the wounded and sick. That is why it is necessary to provide military hospitals
with the latest material and technical support in accordance with the established
needs. The purpose of this work is the development of a robot assistant to help the
infectious disease department of military medical institutions of Ukraine.

B ymoBax BOEHHOT0 cTaHy OCOOJHMBO BaXKJIUBY POJIb BIAITPAIOTh BIMCHKOBI
MEIMYHI 3aKJIau Ta 30KpeMa MepCcoHal, 1o ix o0cimyroBye. BilickkoBa MeuITIHA
B YKpaiHi Hapa3i € JJOBOJI1 PO3BUHYTOIO ceporo, sika BIIMOBIJAE YCIM CYy4aCHUM
HanpsIMKaM, XapaKTepHUM JJI PO3BUHYTUX KpaiH €Bporu Ta cBiTy. [lomnpu 1e,
3a 00CTaBMH MEPENOBHEHOCTI IIMHUTANICH, MpPAIIBHUKAM JIy>)K€ BAXKKO HaJaTh
CBOEYACHY BIAMOBIIHY JOMOMOTY BCIM TocTpaxaanuM. l[IpoananizyBaBiiu
TUIIOBO MIPUTaMaHH1 IS TPYIU PU3UKY BIMCHKOBUX 1H(EKITIHHI 3aXBOPIOBAHHS
(Taki gK TYOEpKy/IbO3 JIET€HIB, BIPYCHI TeMOpariuyHi JHUXOMaHKH TOIIIO),
BUPIIIEHO, BUKOPHUCTABIIN JIOCBIJ IMOINEPEIHIX AOCHiKeHb [1, 2], po3poouTtu
pOOOTHYHY CHUCTEMY, 3/IaTHY aBTOHOMHO BHKOHYBaTH THIOBI (QyHKIIIT
MEJICECTPUHCHKOTO MEPCOHANY, TUM CaMUM JIO3BOJISIIOUM TMpalliBHUKAM HaJaTH
HEBIJIKJIAITHY JIOTIOMOTY BIMCHKOBHM, 3a3HABIIMM CEPUO3HHUX TMOPAHEHb,

HAIPUKIIa/1, OCKOJIKOBOTO XapaKTepy.

UI-UX interface

I

Measuring module
Ozone generator

|

Pucynok 1 — 3D moaens pobota

Panime Bxe Oyna 3ampornoHOBaHa
CUCTeMa I MOHITOPUHTY CTaHy
narfieatiB B ymoBax COVID-19 [1]

rareHra Ta poboTa-acucTeHTa,
ONTHYHUN O10K BUMIPIOBaHHS
nmapaMmeTpiB OpraHizMy (Temrmeparypa
Tima, TYJbC, caTypaiis Ta THCK),
JIeTalbHO omucanuii B [3], Osok
3HEe3apaKeHHsI OBITPs B manartax [1],

Shelves for | .
medicines and tests| ! (puc. 1). BoHa 30Kpema MICTUTH
__j HacTynmHi (yHkiioHanbpHi Onoku: Ul-
_A . o .

= UX ixtepdeiic m1d  KOMyHIKamjii

i
]

a TaKO CUCTeMa MepecyBaHHs podoTa, po3pobieHa Ha ocHOBI TurtleBot 3Waffle
P13 peanizaniero anroputmy SLAM [2]. Oxpim 1poro, B [1] Oys10 3anpornoHoBaHO
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BukopuctanHs RFID-miTok nns igeHTudikanii KoxHoro maimieHta. OgHak, 3
OrJIsiAy Ha Te, L0 TUIIOBUMH TpaBMaMU JUIsl BIMCBKOBOCITYXOOBIIIB TaKOX
MO>XYTb OyTH KOHTY31i FTOJIOBHOT'O MO3KY Ta O4€il, CTpyC MO3KY Ta 1HII ypa>KeHHs
HC, mo MOXyTh YyCKJIAAHIOBATHU IMPOIEC BU3HAYEHHS OCOOM, MPOMOHYETHCS
TaKOX JI0JaTH MPOUEAypY 1ineHTU KAl malieHTa MIJIIX0M aHalizy udpoBOro
B1IOUTKY 00amyust 3a 80-Ma HOMATBHUMU TOUKaMH. LI GyHKIIIS € BAXKIIUBOIO HE
TUIBKUA JJI1 TOTO, 1100 3adikcyBaTh BUMIPSHI ONTUYHUM OJOKOM MOKa3HUKHU
OpraHi3My B 3arajbHiil cucTteMmi icTopii XBopoOuW, ane W ajig TOro, moo
3a0e3MeunTy NalleHTa 3a3/1aJerib BU3BHAYEHUM JIIKapeM YHIKaJIbHUM HaOOpoM
MEMKaMEHTIB.

[IpononyeThest TakoX po3poOKa MeXaHI3MY MOMITYYHOI J1030BaHOI BUAAUl
nikiB. BiH mpexacraBienuiit OJOKOM MaTpHill Kamncysl 3 pO3MIIIEHUMH B HHX
MEJMKaMEHTaMM, BUJaya SIKUX 3alpOBaKYEThCSA 32 JIOMOMOIOK MOBOPOTHOTO
MEXaHI3My, peajli30BaHOI0 HAa OCHOBI CEPBONPUBOJY, 110 BUINTOBXYE HUKHIO
niryaKy. biein Toro, ajis BUKITIOYEHHS MOMUIIKOBOI BHJIadl JIIKIB peaiizoBaHa
cUCTeMa KOHTpOJIO BHJayi, 3po0JjeHa Ha OCHOBI MaTpHIll Mapu CBITIOAION-
doTomioNn: HA KO)KHOMY CTOBOUMKY Ta Ha KOKHOMY PSIAKY 3HAXOJATHCS ONTUYHI
JATYUKH, K1 Oe3MepepBHO MIATPUMYIOTH PiBeHb JOr1yHOI oauuuli. [lpu Bumaui
JKapChKOro 3aco0y 1ei curHan OJOKYEThCS BUJAHOIO TabJIETKOI, TUM CaMUM
BCTaHOBJIIOIOUHN PIBEHb JIOTTYHOTO HYJIS HA BIAMOBITHOMY PSIIKY Ta CTOBIUMKY.

TakuMm 4YnMHOM, y JaHii poOOTI 3aIPOIMOHOBAHO BIIOCKOHAJIEHY BEPCIIO
poOOTa-IOMIUHUKA, SIKHH MOXKE CTaTH €(PEKTUBHUM Ta JEIIEBUM 3ac000M IS
3a0e3NeyeHHsl He JIMIIE [IUBUIbHUX JIIKapeHb Y KpaiHu, a i BINCHKOBUX IIMUTAJIEH,
10 € OJHUM 3 TIOTYKHUX CIIOCOO1B MIATPUMKH 30pOMHUX CHIT YKpaiHHU.

Crnucok BUKOPUCTAHUX JIKEPET:

1. Possibility of Creating a Low-Cost Robot Assistant for Use in General
Medical Institutions During the COVID-19 Pandemic. / V. Chekubasheva,
O. Glukhov, O. Kravchuk, Y. Levchenko, E. Linnyk, V. Rohovets // Optics and
Its Applications. — Springer Proceedings in Physics, vol 281, 2022. — pp. 203-213.

2. Creating of a remote-presence robot based on the development board
Texas Instruments to monitor the status of infected patients / V.A. Chekubasheva,
O.A. Kravchuk, H. Hlukhova, O.V. Glukhov. — Biosensors and Bioelectronics:
X, vol 11, 2022.

3. Creation of a remote presence robot based on the TI-RSLK development
board / V. Chekubasheva, O. Glukhov, O. Kravchuk, V.Rohovets // 1l
International Advanced Study Conference Condensed Matter and Low Physics
2021. — Kharkiv: FOP Brovin 0.V., 2021. — p. 229.
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The directions of development of electronic warfare systems against
unmanned aerial vehicles for various purposes are considered. Promising
directions of developments are determined, examples of practical implementation
are given.

Ho nouatky XXI cromittsi, BIIJIA B 0OCHOBHOMY SIBIISITM COOOIO JTaNIbHI
amapartH JIiTaKOBOT'O THITY Ta BIHCHKOBOTO MPU3HAYCHHS. 3 TOSIBOIO JOCTYITHHUX 1
HMIBUAKOIIFOYMX MIKPOTIPOIIECOPIB 1 MIHIATIOPHUX JIATYMKIB HA OCHOBI Cy4aCHUX
TexHoJorii 3'sBuincs aBTominotu BIIJIA Ha iX OCHOBi. 3aBIsSKH IIBOMY CTajo
MOJKJIUBUM CTBOPCHHSI MYJIbTHKONTEPIB, OCKUIBKH IIi arapaTd aepoJHHAMIYHO
HECTINKI 1 BUMArarTh MOCTINHOT eeKTPOHHOI cTabi3allii B mojaboTi. Po3BUTOK
MYJBTUKOIITEPIB, Y CBOIO YEPTY, CTUMYJIIOBAB PO3BUTOK MOJILOTHUX KOHTPOJIEPiB
1 1o mouatky 2010-x pokiB BimOysiocsi MacoBe MOIIMPEHHS OE3IMUIOTHUKIB 1 B
UBUIBHIN cdepi. Y CBOIO Uepry, 1ie MPU3BeIIo 10 BAOCKOHAICHHS Ta PO3IIUPEHHS
MosxsBocTel BITJIA BifichKOBOTO 3aCTOCYBaHHS.

3BakaroyM Ha CKJIAJIHICTh BUSBICHHS Ta MOXJIHMBOCTI 3HMIIEHHs BITJIA
IPOTUBHUKA, Ha0araTto OUIBII aKTyaJIbHOIO B HAIlUX yYMOBAaxX € aJbTePHATHBA
3HMILEHHIO — TPUIYIICHHS CUCTEM YIpaBIiHHA amapary. AJpke Maike Bcs
nomaiOHa TEXHIKa KEpPyeEThCS  OMEpaTopoM, a KOMaHAW IepeIaroThCs
pagiokaHasioM. TakuM 4YWMHOM, TPHUIYIICHHS KaHay YIPaBIiHHSA 3aco0aMu
pamioenekTporHoi OopoteOu (PEDB) 3matHe, sk MiHIMyM, TEpPEIIKOIUTH
BUKOHAHHIO 3aBJIaHHS.

Haii6inpmr mommpennM Ta HafidHuMm crmocobom mpotuaii BITJIIA €
BUKOPUCTAHHS CHEI[labHUX TIYIIHUKIB, SKI MOXYTh MNPUAYIIyBaTH HOTO
CUTHAJIM, CUTHAJIM KEPYBAaHHsS BiJl ONEpaTopa, CUTHAIN MOOUIBHOTO 3B'A3KY,
curHaiu cynmytHukoBoi GPS nHagiramii ta GLONASS, curnamu Wi-Fi [1].

Bognouac BimomMo, 1110 Ha BHITAJIOK OOpHUBY KaHAITY 3B'SI3KY 3 OMEPAaTOPOM
cydacHi BITJIA MarTh peXuM TOBEpPHEHHS 10 palOHYy MOCAAKUA. Y I[bOMY
BUIIAJIKy CHCTEMa KEpPyBaHHS ITHOPYE BCi CHUTHAJNM, a MEPEMIIIEHHS Y BKa3aHy
30HY 3IHCHIOETHCS 32 JOTIOMOTOI0 CYIyTHHUKOBOI HaBiraiii. BukopucroByroun
cuctemy GPS a6o I'NIOHACC, nitanpbHUN amapaT MOXK€ BU3HAYHUTH BIIACHE
MOJIOKEHHSI B TIPOCTOPI, HAMPSM 1 JAIBHICTh JI0 omeparopa abo aepoapomy Ta
noBepHyTucs A0 Hboro. o6 1boro He AOMYCTUTH, 3aCO0U PAI0CIEKTPOHHOT
0OpOTHOM TMOBHHHI TAaKOXX MPUTHIYYBATH K KaHaJ YHPABIIHHA, a W CUTHAIU
HaBITaIII{HOT CUCTEMH.
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TakuM uyMHOM, O€3MUIOTHI JITaJbHI anapaTd pPI3HUX KJaciB 1 THUIIB €
VHIKQJIBHUM 3aCO00M BHUPIIIEHHS TMOCTAaBJICHUX 3aBAaHb, SKOMY HE MOXHa
npotuaiatu. Bopoxwuit BIIJIA MoOXHa 3HUIIMTH, MOXHA 3aBaJUTH HOMY
BUKOHATH CBOE 3aBJaHHS YU HABITh 3pO0OUTH CBOIM Tpodeem. BianmoBigHo, BCIM
METO/IB MPOTUAlI MOTpiOHA CydacHAa TEXHIKa, BiJ 3aCO0IB CIOCTEPEXKEHHS Ta
BUSIBIICHHS JIO CUCTEM MEPEXOTUIeHHs. Bkl TOro, 3p0cTaloTh BUMOTH 10 CUCTEM
ananizy pobouux curnaiiB BIIJIA 3 MeToro cTBOpeHHs €()EeKTUBHUX aJallTUBHUX
CUTHAJIIB 3aBaJ] CIIPSIMOBAHOT [ii.

ChoroH1 TEXHOJIOT1s O€3MIIOTHUX JIITAILHUX arlapaTiB PO3BUBAETHCS TyKE
mBUAK0. HOBI KOHMeENINii ympaBiiHHSA, BiJ aBTOHOMIil 10 YrpymOBaHHS, Bi
YHUKHEHHS 3I1TKHEHb JO Olepamiid 13 BHKOPUCTAHHIM pIi3HUX 3aco0iB
KOHKYPYIOTh 13 HUHIITHIMA PIIICHHSIMHU, 1110 BUKOPUCTOBYIOTHCS ISl 00POTHOU 3
BIUIA.

Texnonorist 6opots6u 3 BIIJIA Tex crae «po3yMHIIIOW». 3'IBUIUCS HOBI
CUCTEMH, B SKUX IHTETPYIOTbCA Ta TIOEJHYIOTBCS PI3HI TEXHOJOrTII,
BUKOPHUCTOBYIOTHCSI HOBAaTOPCHKI MIAXOAM, HANPUKIAL, MallMHHE HABYAHHS,
y3araJiIbHeHHsI JTaHUX 3ac001B BUSIBICHHS, KOTHITMBHI Ta rosnorpadiuni PJI3,
JOTIOBHEHA peajbHICTh. Y MalHOyTHBOMY JUIS TIPUCKOPEHHS pOOOTH 3
ypaxyBaHHSIM  BHCOKOi  mBHIKOCTI  mepemimieHHs  BITJIA  akTuBHO
PO3POOIISITUMETBCSI HANPSIMOK aBTOHOMHOTO MPUUHATTS pillleHh 0e3 ydacTi
JIIOJTUHU.

Amnani3 icayrounx TuniB BITJIA Ta cuctem PEB mokasye, mo He icHye
yHIBepcaJlbHOTO 3ac0o0y O0opoThOM Ta mpoTtuiaii BciM BugaM BITJIA. CyrreBum
OOMEXKEHHSM CHCTEM €JIEKTPOHHOI MPOTUAli € BUMOra BUKOPUCTaHHS
CIIPSIMOBAHOT'O BUITPOMIHIOBAHHS OOMEXKEHOI IMOTYXHOCTI JJIsI 3aroOiraHHs
MO>KITUBOTO TIEPEIIKO/I>KAI0U0T0 BIUTUBY Ha CBOT PajIi0€IEKTPOHHI CHCTEMHU.

AKTUBHO BUKOPHCTOBYIOTHCSI TAKOXX CHCTEMH MTPOTHUAll, MpU3HAYCHI IS
I[IJTLOBOTO 3aCTOCYBAHHS, SIK CTalllOHAPHI TaK i MOOUIBHI.

Jns npotuaii BITJIA po3Bigku Ta mieBu3HavyeHHs OnvxHbOro (1o 10-20
KM) pajiiycy Aii epeKTUBHO BUKOPUCTOBYIOTHCS PYIIHHIN — aHTUAPOHHU. CrcTema
"ANTIDRON KVSG-6", mnampukmam, OJOKye YaCTOTH:IUCTAHIIIHHOTO
pamiokepyBanHs 1 Bimeonepenadi 2.4G WIFI (2400-2500 MTI), 5.8G (5.7-5.9
I'T); masiramii GPS L2 1227 MI'i; aucraHiiiHoro pamiokepyBaHHs 868-912
MI1 (860-920 MI'wm), 433-434 MI'; nasiramnii GPS L1 + Glonass (1575-1620
MI'n) [2].

Cnucok BUKOPUCTAaHUX JXKEPeIl:

1. Iletpykx, M.J., HrokoB, M.B., Huuunopyk, B.M., & I'mamazna, A.B.
Kowmmnekcn pagioenekrponHoro mojasieHHs. XKutomup. 2014. 516 c.

2. AHTUAPOH MOPTAaTUBHUM “KVS ANTIDRON G-6”:
https://kvertus.ua/catalog/portativnyy antidron/397/3.



https://kvertus.ua/catalog/portativnyy_antidron/397/3

VJIK 621.384
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_This work is dedicated to analysis of the possibilities and importance of using
multispectral devices in the military industry. Multispectral instruments are an
extremely important tool for the military industry. Such devices can be used to
detect, identify and track the movement of objects with different thermal, visual
and other characteristics. The importance of multispectral devices in the military
industry is that they provide detailed information about objects that may not be
available using other methods. This makes it possible to improve the quality of
decision-making and reduce risks for the military.

TexHomoriss  TemaoBi3li 3acHOBaHa Ha  JICTEKTYBaHHI  TEIUIOBOTO
BUIIPOMIHIOBAHHS, [0 BHUIIPOMIHIOETHCS TUIAMHM, BKIIFOYAIOUM JIFOACH Ta 1HIII
’KUB1 OpPTraHi3MH, TEXHIKY, CIOPYIY Ta iHII npeaMeTu. Ternorizopu 30UparoTh
TEIUIOBY €HEPTil0, 1110 BUITPOMIHIOETHCS 3 OBEPXOHb 00'€KTIB, MEPETBOPIOIOTH il
B €JISKTPUYHUMA CUTHAJ 1 cpOpPMOBaHY KaPTUHKY OOPOOJISIOTS.

[udpose 06pobaeHHS 300paKe€HHSI B TEXHOJIOTI TEIIOBI31i € KIFOYOBUM
eJIEMEHTOM IS 3a0€e3leYeHHsT TOYHOCTI Ta HAAIHHOCTI BUSABJICHHSA O0'€KTIB Ta
OIIHKH X TeMIiepatypu. BoHO 103BOJIsIE MOKPAIUTH 300paKeHHS, aHaAJI3 IKOCTI
Ta igeHTU(IKaIil0 00'€EKTIB TEIIOBOIO BHUIPOMIHIOBAaHHS, IO POOUTH
TEXHOJIOT1I0 TEIUIOBi3ii €(EeKTHBHINIE 3aCTOCOBYBAHOI B TPOMHCIIOBHX Ta
IPOMHCIIOBUX cdepax, a TakoxK y cepi Oe3neku it 000poHH.

CtBOpeHHST HOBUX THIIB (OTONPUHMAYIB Ta HOBITHI TEXHOJOTIl Yy
BUPOOHHUIITBI MartepiajiB 1 TOKPHUTTS HAIalOTh MOXIJIMUBICTh 3aiiMaTUCS
CUCTEMaMH 3 IIHUPOKUM CIEKTPaJbHUM Jlialla30HOM XBWJIb. HaiOinbm
MOIUPEHUM  CIIOCOOOM ~ CTBOPEHHSI ~ MYJBTHUCIIEKTPAIbHBIX  CHUCTEM  JIO
TENEPINIHBOTO YaCy JIMIIAETHCS PO3MIMIEHHS Y CKIA[l TPHIaTy IEeKUIBKOX
KaHaJliB, KOKEH 3 SIKHX TPAIIOE y BIACHOMY [lialla30Hi CIEKTPY 1 BHKOHYE
3aBMaHHS  TMPHUIUIBHO-CIIOCTEPEKHOTO  XapakTepy,  JadbHOMETPYBaHHS,
VTHIIITapHI By3bKOHAIPABIIEHI 3aBJaHHS CHEIIIPU3HAYCHHS, SIKI JTO3BOJSIOTH
Ka3aTH Tpo “IHTENeKTyalbHICTH BUPOOy. CaMe muMu 3aBJaHHSAMH € TOIIYK,
PO3Mi3HABaHHS 1 CYMPOBOKEHHSI 00’ EKTIB.

Po3po01i  MyJIbTHCHIEKTPATBHUX  ONTHUKO-CJICKTPOHHUX TPWIAMIB Ha
TENEpIlHIM 4Yac TNPUAUIIETECA BEJIUMKa yBara. 3acTOCYBaHHSA KUIbKOX
CHEKTPAIbHUX KaHATIB B ONTHKO-CJICKTPOHHUX MPWIANax 3a HasSBHOCTI
0o0UHMCITIOBAIBHUX 3aC00iB 3 BEJIMKOIO IIBHAKICTIO OOpPOOKM OaraToMipHOi



iHpopMallli, IKa OTPUMY€ETbCA Bl OaraTOKaHaJIbHUX CUCTEM, HAJa€ MOKIUBICTh
y peaabHOMY MaciTadi yacy OUIbIl HAJIHHO BUPIINIYBATH 3aBJaHHS BUSBJICHHS,
pO3MI3HABaHHS Ta 1IEHTU(IKALIT pI3HUX 00’ EKTIB.

OnTukoeneKkTpoHH1 MynbTUcHekTpanbHl npuwiagu (OMII) € HeBin'eMHOIO
CKJIaZIOBOI0 YAaCTHUHOIO BIMCHKOBOI TEXHIKM Ta 3aCTOCOBYIOTHCS B PIZHHUX
HaIpsMKax BIHCbKOBOT MPOMHUCIOBOCTI. L] 103BoJIsA€ 311iCHIOBATH TOCTIIKEHHS
piI3HUX 00'€KTiB, 30KpeMa, TaHKIB, JITaKiB, KOpaOJiB Ta 1HIIMX OO'€KTIB, SIKi
BUKOPHUCTOBYIOTHCS BIHCHKOBUMHU.

OMII Takox 3aCTOCOBYIOTHCS AJII KOHTPOJIIO 32 PYXOM BIHCHKOBOI TEXHIKH
Ta BINCHKOBUX MIIPO3/IUIIB, IO JO3BOJISIE 30UTHIIUTH €PEKTUBHICTH OOMOBUX J1H.
KpiMm TOro, BOHM MOXYTh BUKOPUCTOBYBATHCH [IJIi BHUSBJICHHS MPUXOBAHUX
00'€KTIB, SIKI MOXKYTb MPEACTABIIATH 3arpo3y JJIsl HAllIOHAIBHOI O€3MeKu.

Takox, OMII BuKOpHCTOBYIOTBbCS [JIsi 3a0e3neyeHHsi Oe3MeKu IMia 4ac
BUKOHAHHS PI3HUX BIICHKOBUX MICIH Ta omepariiid, HalpuKIIa, 1jisl KOHTPOJIO 3a
JISUTBHICTIO TEPOPUCTUUHUX OpraHi3alliil.

SckpaBum  mpuxnagom OMII e npunaaum cepii KAXKAH -
MYJBTUCIIEKTPAJIbHI ~ ONTUKOCJNEKTPOHHI  mpuiagau, kommnaHii  "Archer",
NpU3HAYEH] JJI1 BUKOPUCTAHHS y CKJAJl CHUCTEM CIIOCTEPEKEHHS, PO3BIIKH 1
KepyBaHHS BorHeM. B 3anexxnocti Big Tuny BukoHaHHs npunagn KAXKAH
MOKYTh BUKOPHCTOBYBATHCH B CTAI[lOHAPHUX MOCTaX CIIOCTEPEKEHHS, y CKIadl
ABTOHOMHHUX 0OMOBHX MOYJIIB, HA OPOHETEXHIIL,Y CKJIa/ll KOpabeIbHUX CUCTEM
criocTepeskeHHs 1 kepyBanHs BorHeM. [Ipunaan KAXKAH maroth Kijbka KaHaTiB
BUSIBJICHHSI Yy PI3HUX CIEKTpalbHUX mianazoHax (Bumumomy, SWIR,MWIR,
LWIR) i nanexomipuuii kanaiu. biaok mudposoi 06podku y ckiani OEM KAXKAH
3abe3reuye MepBUHHY 1 BTOPHHHY HMUGPPOBY 00pOOKY 300pakeHb; aBTOMAaTHUHE
BUSIBIICHHS IIUICH; CYMPOBOKEHHS IUICH; 3amuc NEPBUHHUX JAaHUX; Mepeaaqy
naHux B 1udpoBoMy 1 anajgoroBoMy Burismi. Ilpumagm KAXKAH ochameni
CTaHJIAPTHUMHU 1HTepdercaMu 1 JIETKO 1HTErpYHOThCA 3 IHIIMMH TEXHIYHUMU
3acobamu.

OTXe, ONTUKOEIEKTPOHHI MYJIbTUCIEKTPAIbHI MPWIAIA € BaKIUBUM
IHCTPYMEHTOM  BIMCHKOBOI IMPOMMCIOBOCTI, SKHH JO3BOJIAE€ 30UIBIINTH
e(heKTUBHICT, OOMOBHX i, 3a0e3meunTr OC3MeKy BIHCHKOBUX MiAPO3JLTIB Ta
BUSIBJIATH 3arpO3U JUIsl HAITIOHATBHOT O€3MEKH.

Cnmcok BUKOPUCTAHUX JKEPed:

1. 1O. II. Mucrwk, "TennmoBizopH sIK Cy4acHi IHTETPOBaHI TEXHIUHI 3aco0u
OXOPOHHU JIepKaBHOTO Kopnony", Ceimiomexnika ma erekmpoenepeemura, Ne 3,
2011, C. 43-49.

2. Odimiitauii caiit komnanii Archer — https://archer.ua
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VJIK 621.396
AITAPATHA PEAJIIBAIISA HU®POBOI'O ®IJIBTPY HA
MIKPOKOHTPOJIEPI STM32F429
lNanscrep 1.B., llynsra B.B.
HaykoBuii kepiBHUK — K.(.-M. H., Mapuenko C.B.
JIHINpoBChKUH Aep:kaBHUM TexHIYHUE yHiBepcuteT JJATY
51918, Kam’saucbke, JninpoOyaisceka 2a, kad. APPT
ten. (097) 5403381, e-mail: smarsv1979@gmail.com
This paper is devoted to present the results of hardware implementation of

non-recursive digital filter (DF) [1] on the basis of microcontroller. The design
of DF has been divided into three parts: calculation and simulation (MatLab and
Simulink), generation the software part and experimental one. The obtained
experimental results confirm the adequacy of developed model for the non-
recursive digital filter that will be applied to digital signal processing in mode of
real time.

Merta po6oTH - amaparna peanizaiis mudpoBoro GuisTpy (L{P) 3 ckindeHOIO
IMITYJIbCHOIO  XapaKTEPUCTUKOI Juisi poboru B niamasoni 0,3 -2 kl'm Ha
mikpokoHTposaepi (MK). Po3paxynku ocHoBHUX mapameTpiB L{® Oysno0 BUKOHaHO
B cepenouili MatLab ta Simulink, a B sikocTi amapaTtHOi YacTWHU OOpaHO
Moayib pospooruka STM32F429 DISCO-1 nHa ocnoBi MK STM32F429.
[Ipouec peanizaiii L{® Ha MikpokoHTposepi Oyino po3duro Ha Tpu etamnu [2]:

1) maremaTHuHUN pO3paxyHOK mapaMmeTpiB 1 xapaktepuctuk LD, Ta
imiTaniine mogemoBants L{® 3riqHo po3paxyHKy;

2) CTBOpEHHS mporpamHoro koay ajisa MK;

3 ) ekcnepuMeHTaIbHI BUMIpH cripoekToBaHoro 1D.

Ha erami maTtematuuHoro po3paxyHky L{® Oyio BUKOpHUCTaHO TOAATOK B
naketi MATLAB FDATool, ssikuli nipusHavYeHu# 1J1s po3paxyHKy Ta aHanizy LD
3 BpaXyBaHHSM BIUTMBY €()EKTiB KBAHTYBaHHS, 1110 0 TOTO K JT03BOJISIE OTPUMATH
rpadikd pI3HOMAHITHUX XapaKTEPUCTUK Ta TMapaMeTpiB GUIBTPIB. 3TiTHO
TEXHIYHOTO 3aBIaHHS Ha po3paxyHok [[d  Oymo oTpumMaHo HacTymHI
XapaKTePUCTUKH: JJISI CTBOPEHHS MPOTPAMHOTO KONy - JUCKPETHA IMITYJIhCHA
(AIX), Ta ammitygHo-yactoTHa (AYX) st anamizy pobotu 1D mim dac
EKCIIEPUMEHTATFHUX BUMIPIOBAHbD.

Ha puc.1 306paxeno [IX a na puc.2 - AUX cmyroBoro ¢inetpy 100-ro
NnopsAZIKy 3 mojiocoro npomyckanHsa Big 0.3 go 2 kI, OTpumaHi pe3yiabTaTu
po3paxyHky B FDATool, a came koedirientiB JJIX [{® Oymo BUKOpHUCTAHO IS
imitariiaoro mozaemoBanusa D, ske Oyno mpoeaeHo B maketi Simulink. B
CBOIO  Yepry, pe3yJbTaTd  IMITAI[IHHOTO  MOJCIIOBAaHHA  MIATBEPAUIN
POOOTOCTIPOMO’KHICTh 3alpPONOHOBAHOI MOJEIN, IO JO3BOJIMIN TEPEUTH 0
HatypHoi peanizaiii [{d na MK. Po3poOky nporpamuoro 3ade3neuenss st LD
Ha STM32F429, sk nqpyruii etan po6oTH, O0yJio BUKOHAHA B JIBOX CEPEIOBUILAX
po3pobku: Cube MX ta Keil IDE. B nepmomy Oyiio 3reHepoBaHO KO AJis
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HiIaTi3a1ii NOTPIOHUX MOPTIB Ta HAJAIITyBaHHA TakToBUX YacToT MK Ta iforo
nepudepii. [JIns crBopeHHss 0a30Boro Koay Ta HeEOOXxiaHMX 010mi0Tex Oyio
3actocoBaHo Keil IDE.
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ExcriepumeHTanbHl BUMIPIOBaHHA HU(PPOBOro (GUIBTPY MPOBOIUIUCS 3
HAaCTYMHUMH BUMIPIOBaJIbHUMHU TpUcTposiMu: 1udposuil renepatop SIGLENT
SDG-1032X ta ocumniorpad SIGLENT SDS-1202X E (puc 3).
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Pucynok 3— JlabopatopHe obJiaiHaHHsI, Pucynok 4 — Pe3ynbsTatu
BUMIPIOBAaHHS, III0 BUKOpHUCTOBYBajocss  BuMiproBanHsI AUX 1D 3 mopsakis
B ekcniepuMeHnTi AUX

B xo111 ekcriepuMeHTy ITPOBOIMIIOCH BUMIPIOBaHHS 3QJIC)KHOCTI HAIPYTH Ha
Buxoai L{® Bix wacToTh npu GiKCOBAHOMY 3HAUCHI aMIUTITYIA BX1HOT HAIIPYTH.
3rifHO pe3ynbTaTiB BUMIipIoBaHb Oyno moOymoBano rpadiku AUX (puc.3), aki
nociimpkyBanuck [[® nHacTymHux mopsakiB: 22, 46 ta 66. 3 OoTpUMaHHX
pe3yiabTaTiB BHUJHO, IO mnpu 30utblmeHl mopsaky L® crocrepiraeTbes
30UIBIIEHHST KpYyTOCTi cmamy AUX Mk 007acTio mpo30pocTi Ta 00JacTio
3aTpuMKH.  TeopeTwdyHi  pe3yiabTaTH  MIATBEPAWINCS  NPAKTUYHUMU
excriepuMeHTaMu. [IIsi moKpaimieHHsS — pe3yJdbTaTiB HEOOXIMHO 301IbIIyBaTH
mopsiaok L[® mporte ne morpedye OUTBIT JOCKOHAJE BUKOPUCTAHHS arapaTHUX
pecypciB, Takux sk ALIII Ta i HamamTyBaHHS.

Cnmcok BUKOPHUCTAHUX JHKEPET:

1. Aiipuuep 3., JIxxepsuc b. lludppoBa oOpoOka curHANIB : MPAKTUIHUH.
minxia, 2-e Bux : Ilep. 3 anrin. - M.: Bunas aim "Binbsmc", 2004. - 992 c.

2. JIsii O. llmdppoBa 06poOka CUTHAIIB IS iHKEHEPIB 1 TEXHIYHUX (DaxiBIIiB:
npaktuuHe kepiBHULTBO / D.J3i. Ilep. 3 anrn. Coromo0 H.C.- M. : TOB "I'pyna
HNIT". - 2007. - 336 c.
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VJIK 004.9:631.354.23
BHUI'OTOBJIEHHA MOAYJISI KOHTPOJIIO 3BHUKEHHSA YACTOTH
HA 3EPHOBUIA KOMBAMH HA OCHOBI MIKPOKOHTPOJIEPA
ARDUINO
Uynaxin A. b.
HayxkoBi kepiBHUKHU — A0L., K.(p.-M.H., non kad. MEEIIII I'nyxos O.B.,
acuct. kad. BMI Kpauyk O.O.
XapKiBChKUI HalllOHAJbHUN YHIBEPCUTET pajiioenekTpoHiku, kad. MEEIIII,
M. XapkiB, YKpaina
teinr. +38(096) 775-27-05, e-mail: artem.chupakhin@nure.ua

The frequency reduction control module for CLAAS Mega 208 — CLAAS
Mega 218 and CLAAS Mega 350 harvesters is a device that integrates into the
frequency control system of the harvester, without changing the structure of the
system. The purpose of this article is to present a module that will significantly
improve the speed and quality of crop processing and help to avoid many types of
breakdowns.

boproBa cucrema curHamizamii Ta KOHTpoJs KoMOaifHa 3JiHCHIOE
MOHITOPUHT BCiX HOT'O CHUCTEM, BKJIFOYAIOYH TiAPABIIKYy, TEMIEPATypy JBUTYHA,
THUCK Maclia, yactoTy. Ha 3acrapinmux komOaitHax 3aBOAChKAa CUCTEMa KOHTPOJTIO
3HI)KCHHSI YacCTOTH Ma€ Macy HEJIOJIKIB, HAUTOJIOBHIII 3 SIKUX HEMOXXJIMBICTh
BIKJIFOYMTH KaHaj, SKUil BUHMIIIOB 3 JIaly Ta 9acTi MOJOMKH KOTYIIOK pene [1].

Merta naHoi poOOTH — CIIPOCKTYBAaTH HOBHM MOJIYJIb KOHTPOJIFO 3HMKCHHS
4aCTOTH Ha OCHOBI MIKpOKOHTpoJjiepa Arduino.

B xoHCTpYKIIii 3epHOBOr0 KOMOaiiHa MOy Ib KOHTPOJIFO 3HIKCHHS YaCTOTH
BUKOPHUCTOBYETHCS JJISI KOHTPOJIIOBAHHS YacCTOTH OOEPTIB OKpEeMHX POOOUYMX
opraHiB 3aJj1s1 3an00iraHHs aBapiiHUX cUTyalii. B naniit poOoTi po3risiiaeThes
MOAYJIb, SKUW KOHTPOJIOE T’ ATh TOYOK YaCTOTH OOEPTIB:

-  NOXWJIHHW TpaHCIOPTEp;

- 3€pHOBMH €J€eBaToOp;

- eIeBaTop CXOJ0BOTO MPOAYKTY (IOMOJIOT);
- COJIOMOTpSIC;

- moapiOHIOBAY COJIOMH.

[IpuHuun migpaxyBaHHS dYacTOTH MOAYJEM MOOYJAOBaHUN Ha SBUIII
3MIHEHHSI TapaMeTpiB MarHiTHOro moiisi. B Toukax KOHTpoin, y KomOaiiHi,
BCTAHOBJICHI 1HJIYKTHUBHI JaTYWKH Ta 4-X KyJadKoBi maiOu Ha Bajax. CUTHAI 3
JATYMKIB aHAJOTOBMM Ta 3a (OpMOIO BiAJaJICHO Haraaye CHHYCOIIY.
AHaJIOTOBUI CUTHAJI HE MIAXOIUTH JJIs1 00POOKH MIKPOKOHTPOJIECPOM, TOMY HOTO
nmoTpioHO omudpysatu. g 1poro B Momynb BcTaHoBieHI Tpurepu IlImirra,
noOyI0BaH1 Ha omepaliiHUX MiICHIOBadax, Ha 0a3l mikpocxeM LM324N ta
LM321N. Hani onudpoBanuii curuan Haaxoauth B miaty Arduino Nano, sika
3amporpaMoBaHa Tak MO0 TpU 3HMKEHHI YAaCTOTH JO TOPOTOBOTO 3HAYCHHS,
HaJXOJIUB CHUTHA B OOpPTOBY cHUCTeMy curHamizaimii komoOaiHa. [lopir
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CIIpalilbOBYBAHH:A

MOIYJIIO  PO3pPaxOBAHUMN

BIIIIOBIIHO

0 TEXHIYHHUX

XapakTepucTuk komOaiina. [loporosi 3HaueHHs HaBeeH1 B Tabmwmili 1 [2].

Ta6muis 1 — [Toporu yacToT AJist BCIX KaHAIIB MOAYJIS

Po6ouwnii opran [ToBHUN X071, XO0JI0CTUH XOZ, IToporose
00/xB 00/xB 3HAYCHHs, 00/XB
ConomoTpsic 220 143 165
Jlomonor 308 200 231
3epHOB. eJIeBaTop 450 300 338
Tpaucnoprep 520 340 390
[TonpiGHIOBaY 3300 2100 2400

Jlanuii IpoeKT OpiEHTOBAHMI MEpIl 3a BCE Ha 3acTapiii MOJEl 3€pHOBUX
KOMOaliH1B, 3 HEJJOCKOHAJIMMU CUCTEMaMU CUTHAJTI3a1lii Ta MOHITOPUHTY YacTOTH,
Ha 5K, y BUMAJKY MOJIOMKH 3aBOJICBKOTO MOMYJS, Mai’kKe HEMOMXJIMBO 3HAWUTU
3aMiHY [IbOMY MOJIYJIIO, @ PEMOHTYBATH MOI'0 HEBUT'1THO Ta Maloe()EKTUBHO.

Tpurep )

Pucynok 1 — @yHkI1I0HaJIbHA cXeMa POOOTH MOTYJIs

. bopToBa
|HAYKTUBHWK

Cucrema

JaT4yuK CWUrHanizauii

TakuMm YWMHOM, 3aBISIKM PO3POOJIICHOMY MOMIYJIIO KOHTPOJIO 3HIDKEHHS
JacTOTH, 3acTapiii KoMOalHM Ta KOMOalHM OIOKETHOTO KJIacy MOXHa
eKCIUTyaTyBaTH B IIOBHIM Mipi, MiABUIIUTH SIKICTh Ta IMIBHJKICTH OOpOOKH
BpOKalo, yHHUKalouud HecrnpaBHOCTI. HoBuit Moaynb, 3poOieHmii Ha 0a3i
MIKpOKOHTposiepa Arduino, AacTe HaAIMHICTG (BIICYTHICTh MEXaHIYHHX
KOHTAaKTIB), THYYKICTh B HAJAIMITYBaHHAX MapaMeTpPiB Ta MOXJIHUBICTh
MOIAJIBIIIOTO pO3MIUpPeHHs GyHKITIOHATY [3].

Cnucok BUKOPUCTaHUX JXKEPEIl:

1. CLAAS. (1996). CLAAS Dominator 218/208/204/203/202 Mega I1.
Hydraulic and Electric System Technical Service Manual. Germany.

2.Jones, M. H. (1995). A Practical Introduction  to
Circuits. United Kingdom: Cambridge University Press.

3. 'myxoB O.B. BuBueHHs BTacCTUBOCTEN MIKPOKOHTPOJIEPIB 1 €IEKTPOHHUX
cucteM Ha 0a3i mnatdopmu ApayiHo: HaBd. nocioHuk / O.B. I'myxos, O.O.
KpaBuyk, €. B. Jlepuenko. - Xapkis: XHYPE, 2019. - 192 c.

Electronic
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VJIK 654.9
AHAJII3 TA PO3PAXYHOK TEPMIHY CJAYXBU BE3/IPOTOBOI'O
JTATUUKA PYXY BIJI BATAPEI
®abposan P. P.
HayxkoBi kepiBHUKHU — A0L., K.(p.-M.H., non kad. MEEIIII I'nyxos O.B.,
acuct. kad. BMI Kpasuyk O.O.
XapKiBChKU HalllOHATBHUM YHIBEPCUTET pajioeneKkTpoHiku, kap. MEEIIIL,
M. XapkiB, YKpaina
ten. +38(050) 524-10-11, e-mail: rustam.fabrovan@nure.ua.

The main disadvantages of wireless security systems include the high cost
and the need to replace or charge power cells. However, on the other hand, energy
independence is the main advantage of wireless systems. The purpose of the work
Is to calculate the service life of the power element of the motion sensor.

Opnum 13 NpUHIMMIB Kiacu@ikaiii CUCTEM OXOPOHHOI CHUTHami3alii €
crioci0 mepenaul curHany. Po3pi3HSIOTH ApOTOBI Ta O€3IPOTOBI CHCTEMU
oxoponu. Ciii TOPIBHATU HEOJIIKH TAHUX THUITIB CUTHAJ13aIlii.

JIo OCHOBHMX HEJOJIKIB JPOTOBUX CHCTEM MOXKHA BIJIHECTH BHCOKY
BapTICTh Ta HEOOXIIHICTh 3aMiHM a00 3apsKU eleMeHTIB kuBjeHHs. [Ipore 3
IHIIOr0 OOKY caMme €HEproHe3aJekKHICTh € TOJIOBHOIO MepeBaroto 0e3poTOBUX
CUCTeM. AJie CIiJi BU3HAYUTU YU € HEOOXITHICTb 3aMIHM €JIEMEHTY YKUBJICHHS
JHACHO TIPOOJIEMOIO.

Merta naHoi poOOTH — pO3paxyHOK TEPMIHY CIIYKOHM JaTUMKA PyXy CHCTEM
OXOPOHHOI curHanizanii Big 6arapei Tuny CR2450.

PosrnsitHemo  cmokuBaHHS ~CTpyMy JaT4MKa pPyXy 3  HACTYIMHOIO
KoH(pirypariero:

- Oarapes;, CR2450, emHicTb ckinamae 640 MA;
- mnepenaBay, RFM69HW (ctpym crioxuBanus (.1 MKA B CIUISTYOMY PEXHUMI

Ta 33 MA B pexxumi repeadi);

- PIR-cencop [1], EKMB1101111 (ctpym criokuBaHHSI OJU3BKO 2 MKA Ta
npu gerekti 100 MkA);
- mikpokontpoiiep, ATMega328P a6o mnatdopma Arduino [2].

3rigHo 1o poOiT [3,4] ATmega328P cmoxusae 0.1 — 1 MKA B cruisuomy
pexuMi Ta 10 1.5 MA B akTuBHOMY. JloCSATA€ThCSA 1€ MUISXOM BIIKITIOYCHHS
aHayoro-nudpoBoro nmepeTBoproBada, BAMKHeHHsIM Brown-out detection (BOD)
Ta MPaBUIIBHO CKOH(IT'YpOBAHUX MOPTIB BBOly-BUBOY.

3arajgpHe CMOXUBAHHS TAKOTO JAaTYUKA PYXY B PEKUMI OUIKYBaHHS CKJIaIa€e
6mm3pKo 3.1 MKA (6e3 ypaxyBaHHSI caMopo3psy Oarapei).

[Tix yac cpaitoBanHs 1aTYMK Oy/ie BIANIPABISITA CUTHAT TPUBOTH HA MYJIHT
Tpu pasu. Yac mepenadi ogHoro moBigomineHHs — 300 Mc 31 cmoxuBanusaM 34.5 —
35 MA.

Po3paxyemo Tepmin ciay:x0u Gatapei Juis JaT4nKa, SIKUH Ma€ 1Ba PEKUMHU —
aKTUBHUU Ta CIUIIuui. B crisuomMy pekuMi IaT4MK HE pearye Ha MepeMilieHHs
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1 mpamroe Tak 14 ronun. Pemry noou, To6T0 10 roauH, BiH 3HAXOJIUTHCA B
aKTUBHOMY peXHUMI 132 1ieH yac BiOyBaeThesa 10 mopyuieHs mija 4ac sKUX 1aT4yuk
Oyne mepemaBatd Tpu mnoBimomiieHHA 1o 300Mc Ha Kepyrouuid mpucTpiit abo
nynbT. B TakoMy Bunaaky natyuk Oyae cnoxuBatd 35 MA ychoro 0mau3bko 10
CEKYH/I Ha J100Y.

Tonai TepmiH cityx0u ckiaje:

T = 640 MA - roz 105 .
~ 35MA-0.00278 - rog + 3.1 MKA - 23.997rog 8760rog - - POKIE
24ron piK

3 pO3paxyHKIB BUIHO, IO MPU TAKOMY PEKHUMI POOOTH AATUMK BiJIPAIIO€
10 pokiB, a nmpu HEOOXITHOCTI 3aMIHUTH OaTapero caM MOBIJOMHUTH KOPUCTyBaua
[5].

Takum yuHOM, y poOOTI OyJI0 MPOJEMOHCTPOBAHO AITOPUTM PO3PAXYHKY
yacy poOoTu Oarapei JaTUMKIB 3aJ€XKHO BiJ MapameTpiB Ta PEXUMY poOOTH
CUCTEeMH Ta TI0Ka3aHO, IO EHEPrOHE3AICKHICTh € JIMCHOI0 IepeBaroko
0e37pOTOBUX CHUCTEM OXOpOHHU. JlOBeJEeHO, IO CydacHi Oe3pOTOBI JATUUKHU
3MaTHI mpamoBaTH Bif onHiei Oarapei Ouibiie 10 pokiB, MmO Ja€ 3MOTY
iHTerpyBaTH OE3POTOBI JATYMKU HE TUIBKM B CHCTEMH OXOPOHH, a ¥ B I1HIII
CUCTEMH KOHTPOJIIO Ta MOHITOPUHTY, A€ BIJICYTHIM TOCTIHHUNA JOCTYIl IO
€JIEKTPOKUBIICHHS.

Crnucok BUKOPUCTAHUX JIKEPEIT:

1. Sujay Narayana, R. Venkatesha Prasad, Vijay S. Rao, T. V. Prabhakar,
Sripad S. Kowshik, Madhuri Sheethala lyer. (2015). PIR sensors. 142 — 153.
DOI:10.1145/2737095.2742561.
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OBI'PYHTYBAHHS TEXHIYHUX BUMOI' 10 CUCTEMMUA
BUMIPIOBAHHSA BMICTY TA PO3IIOALTY BLJIBHOI 1 3B’SI3AHOI1
BO/IM B BIOJIOTTYHUX TKAHUNHAX
I'nyxi M.A.

HaykoBuii kepiBHUK — A.(].-M.H., ipod. bongapenxo .M.
XapKiBChKU HalllOHATBHUHN YHIBEPCUTET pajioeneKkTpoHiku, kap. MEEIIIL,
M. XapkiB, YKpaina
teir. +38(099) 001-05-36, e-mail: mykyta.hlukhi@nure.ua

An algorithm for the development of elements and structures of an
experimental measuring system for microwave studies of the content and
distribution of free and bound water in a liquid sample of a biological substance
Is proposed. The factors that must be taken into account when creating such a
measuring system are considered.

JlocnimkeHHs AieeKTpuuHuX xapaktepuctuk B HBY niama3oni J0BXUH
XBWIb JIO3BOJISIE OJEP)KYBAaTH YHIKaNbHY 1H(GOpMAIliI0 TMPO CTaH BOJHOL
KOMITOHEHTH OiocucteM. B cBOIO 4epry, po3mojail BUIBHOI 1 3B’s3aHOT BOJM €
JUHAMIYHOIO  XapaKTCPUCTUKOID, SKa 3alleKUTh Bl CTaHy Ta YyMOB
¢dbyHKITiOHYBaHHS 01000’ €KTiB. DI3UYHOI0 OCHOBOIO IIHOTO € BEJIMKAa PI3HUIIA
JEIEKTPUYHOT MPOHUKHOCTI 010TI0TiMEpiB, 3B'13aHOT Ta BUILHOT BOJIM, TOMY IIIO
B IIbOMY JI1aIla30H1 3HAXOIUTHCS 00JACTh AUCTIEPCiT N1EIEKTPUIHOT TPOHUKHOCTI
BUTbHOT Boau. HBY nienexkrpomerpis B 06s1acTi guctiepcii BUIbHOT Bou (OJHU3BKO
10 I'T'1) € mpssMuUM METOZOM BUBUEHHSI CTaHY BOJIM B 01000'€KTaX.

Y HBY nianazoni B 3MiHHOMY enekrpomarditTHomy mnoii (EMII) mi
MOJICKYJI HE BCTHUTAIOTh 00epTaTHCs 1 CIiyBaTH 3a Woro 3MiHamu. [[ins Bomu,
3B's13aHO1 B 61000'€KTaX, CTYIiHb BKJIaAy B pellaKcaIliiHUM MPOIEC 3aJICKUTh Bij
TOTO, HACKUJIBKM MOJICKYJIM BOJM 3B'3aHI 3 MaKpOMOJEKYyJaMH, K MarOTh
3HAYHO OLIBIINY Macy 1 HE BCTUTAIOTh O0EPTATUCS B €JICKTPOMArHiTHOMY TOJIi, 3
Ti€I0 K IMIBHJKICTIO, IO 1 MOJICKYJH BUIBHOI BOJIH.

B po6ori [1] mpoBenenuii aHami3 CTaHy CIIpaB Y HAMPSAMKY MIKPOXBUILOBUX
JOCIIIJDKCHh BOJIOTOBMICHUX MaTepiajiiB, HaBEJACHO METOAUKH JIOCTIKCHb,
MIPUKJIAIN pealtizallii YyTIMBUX €IEMEHTIB U BUMIPIOBaJIbHUX cUCTEM. [[oBeeHO,
[0 PE30HATOPHI 30HIOBI CTPYKTYPH € HAWUOUIBII TEPCIEKTUBHUMH IS
OTPUMaHHS MaKCHUMAaJIbHOI YYTIMBOCTI 1 MPOCTOPOBOi PO3ALIHHOI 37aTHOCTI.
Ane, SKIIO0 yBa)XHO MPUAWBUTHUCS, MOXXKHA CTBEPI)KYBAaTH, II0O B OCHOBHOMY
pO3MIIsiAANNCS BUMIPIOBAIBHI CHCTEMH 3 MAaKCHMAJBHOK YYTJIUBICTIO MpH
JIOKaJIbHO1 B3a€MO/Iii 3 00’ €kTamMu cTanoi ¢hopmu.

B Toii e yac mpu ocHiKeHH] PIIKUX 3pa3KiB O10pedoBUH (KPOB, MIa3ma,
pPO3YMHM) BUHUKAaE 0araTo NHUTaHb MIOJ0 KOHCTPYKIIHOTO 3a0e3MedeHHS
e(eKTUBHOI B3a€EMOJIi BUIPOMIHIOBaHHA, siK€ (OPMYETbCS  YYTIUBUM
€JIEMEHTOM, Ta 3pa3ka PeUYOBHUHH, IO JOCIIIKYEThCS, MPU 30€peKEHHI BUCOKOT
YyTIMBOCTI BUMIPIOBaHb.
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[lepmmM i TOJTOBHUM THUTAHHSAM TP 1IbOMY Oy/e BU3HAYCHHS BUMOT JO
KOHTEUHEPY, y KoMy OyAe pO3MIIIyBaTUCS 3pa3oK s AociifkeHHs. Tpeba
3a0e3neunTy 30epeKeHHsl CTaHy 1 BJIACTUBOCTEH 3pa3ka, K MIHIMYM, Ha 4ac
MPOBEJICHH JociikeHb. He moBMHHO OyTH BHUIIApOBYBAHHS, BIUIMBY PIZHOTO
poay 30BHIMIHIX (PaKTOPiB, a TAaKOXK MPOLECIB B3a€EMO/II 3pa3ka 3 MaTepiaioM
KOHTeWHepa. Takoxx Tpeba BU3HAYUTUCH 3 ONTUMAJIBHUM 00 €MOM PIAKOTO
3pa3ka Ta ioro hopmoro, sika Oyse 3aaBaTucs GopMoro KoHTeHepa. Marepian 1
KOHCTPYKIlii KOHTCHHEpa HE TOBHMHHI KPUTHYHO BIUIMBAaTH HA XapakTep
B3a€MO/I1i MIKPOXBHJILOBOI'O BUIIPOMIHIOBAaHHS 1 3pa3ka. buibiil Toro, koHTeHEp
31 3pa3KkOM HE TOBUHHUN MaTH PE30HAHCHI BIACTUBOCTI B J[lalla30H1 BUMIPIOBAHb.
Buxonsiun 3 3araapbHUX MIpKyBaHb MOKHA SIKOCh BH3HAYHMTHCHh 3 MaTepiajaoMm
KOHTeifHEepa Ta MOTo 3arajibHOI0 KOHCTPYKIIIEIO, ajie BpaxyBaTu BCl MOTEHIIIIHI
(akTOpy HEMOMKIHUBO.

ToMy, BXke Ha I[bOMY €Talli IMiJTOTOBKH J0 CTBOPCHHS BUMIipIOBAJIBHOT
CUCTeMH, HEOOXITHO BU3HAYUTHUCH 3 BUOOPOM CTPYKTYypH UYTJIMBOTO €JIeMEHTa
(baxaHO PE30HAHCHOTO - JUIS MIBUIICHHS YYTIWBOCTI) JUIsl TIPOBEICHHS
MOTAJTBIIIOTO MOJICTFOBAHHS MPOIIECIB 1 KOHCTPYKIIIH 3a JOTIOMOTOO BIATIOBITHUX
IpOTpaMHUX TIAKETIB 3 METOIO iX omTUMIi3allii. B pe3ynbTaTi MOACIIOBaHHS MOXKE
3’SBUTHCS TMPOTUPIUYS MDK OTPUMAHOI ONTHUMAJIbHOI KOH(Irypamiemo i
MOXJIMBOCTSIMU TIPAKTHYHOI TeXHIUYHOI 11 peamizamii. Y I1IbOMYy BHIAIKY
HEOOXITHO BpaxyBaTH B MOJICIBHOMY BapiaHTI OOMEXEHHS MPAKTUYHOI
peamizaiiii # OI[IHUTHA MOXKJIUBI1 (IOMTYCTUM1) 3MIHU YYTJIIMBOCTI BUMIPIOBAaHb.

Bce 1ie He BUKIIIOYa€e MONEPEAHHOTO TEOPETUYHOTO aHali3y poOOTH BCiel
BUMIPIOBJIBHOI CHCTEMH 3 YpaxXyBaHHSIM BHECEHHMX 3MiH, OOYMOBIIEHUX
3aMpPONOHOBAHUMH KOHCTPYKIISIMU YYyTJIMBOTO €JIEMEHTa 1 KOHTEWHepa IS
PO3MIIIICHHS 3pa3ka — 00’ €KTa JOCIIIKCHb.

Jlani BimOyBaeTbCs BUTOTOBJICHHS HEOOXITHUX €JIEMEHTIB 1 CTPYKTYD,
noOy10Ba Ta HAJIArOKEHHS BUMIPIOBAJILHOI CHCTEMH B I[IJIOMY 3 MEPEBIPKOIO 1i
pare31aTHOCTI.

Crig BIAMITHTH, 0 MOXJIUBICTH MOMEPETHHOTO MOJCIIOBAHHS MPOIIECIB 1
KOHCTPYKI[i TpU BIPHO BU3HAYEHUX BUXIJIHMX yMOBaX 3HAYHO CKOPOUYE Hac
CTBOPEHHS €KCTIEPUMEHTAJIbHUX BUMIPIOBAILHUX CUCTEM. AJI€ 11 HE 03HAYAE 0
HE MOXJIMBUM 1 3BOPOTHIN MPOIIEC — KOPUTYBAHHS MOJEN1 1 KOHCTPYKIIIT MMiCIIs
EKCIIEPUMEHTATBHOI MTEPEBIPKH.

Cnucok BUKOPUCTAaHUX JXKEPeIl:
1. bounapenko I. M. Hampsimu ta mpo6ieMu MiKpOXBHIIBOBUX JOCITIKEHB

BOJIOTOBMICHUX MaTtepiaiiB Ta CTpyKTyp : MoHorpadis / I. M. bongapenko,
10. O. I'opaienxko, O. O. ITanuenko; Xapkis: ®OII [Tanos A.M., 2019. - 320 c.
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AHAJII3 ICHYIOUUX CKAHEPIB BEHO3HOI'O MAJIFOHKY
JTOJIOHI TA IIEPCIIEKTUBH IX BUKOPUCTAHHS
Anydpies B.B.

HayxkoBi kepiBHUKHU — A0L., K.(p.-M.H., non kad. MEEIIII I'nyxos O.B.,
not1. kad. DOET denopenko €.11, acuct. kad. BMI Kpasuyk O.0O.
XapKiBChKUU HallIOHATBHUN YHIBEPCUTET PAIOCIEKTPOHIKH,
kad. MEEIIII, m. XapkiB, Ykpaina
teir. +38(066) 557-93-69, e-mail: valentyn.anufriiev@nure.ua.

Biometric identification and verification are essential mechanisms in modern
society. Palm vein recognition is an emerging biometric technique, which has
several advantages, especially in terms of security against forgery. The purpose
of this paper is to compare the characteristics of two existing scanners and analyze
the potential for their using in the future.

Cucrema 010MeTpUYHOI ayTeHTH(IKAIIIT HA OCHOB1 BACKYJISIPHOT'O MaJIFOHKA
JI0JI0H1 0a3y€ThCS Ha PO3MI3HABAHHI JIF0JIeH 32 YHIKAJIBHOIO CTPYKTYPOIO BEH, SKY
NPaKTUYHO HEMOXJIMBO IMIOBTOPUTH Yepe3 Te, 0 BEHW 3HAXOASTHCS I IapoM
HIKIPH 1 HE TIOMITHI JiJIs1 HEO30POEHOTO OKa.

Mera paHoi poOOTM — TMPOBECTH TMOPIBHSHHSA ICHYIOUMX TIPUIQIiB
ayTeHTH(IKaIlll Ta MpoaHali3yBaTH MEePCIEKTUBHICTh 1X BUKOPUCTAHHSI.

Jlns mopiBHsSHHS Oyin 0O0paHi nBa manorabaputaux USB-ckanepa, a came
Fujitsu PalmSecure F-Pro (puc. 1, a) ta ZKTeco PV10R (puc. 1, 0).

a) 6)
Pucynoxk 1 — Fujitsu PalmSecure F-Pro (a), ZKTeco PV10R (0)

OCHOBHUMU XapaKTepUCTUKAMU CKaHepiB € [1]:

- rabaputy;

- BIACTaHb, MmO HEOOXiAHA IJIsi KOPEKTHOTO CKAaHYBaHHS BACKYJISIPHOTO
PUCYHKY (BIICTaHb BiJ IOJIOHI IO CKaHEPA);

- BifcoTok xuOHUX npomyckanb (FAR);

- Bigcorok xuOHUX BiaMoB (FRR);

- TapaMeTpH KUBJICHHS;

- KJIIMaTU4HI YMOBH JJIsI €KCILTyaTallii;

XapaKTepUCTUKU CKaHEPIB HaBeIeH1 y Ta0muill 1.
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Tabmauus 1 — XapakTepuCcTUKH CKaHEPIB

Fujitsu PalmSecure ZKTeco PV10R
XapakTepucTuKa F-Pro
Po3mipu (Mm) 29 x 29 x 13 41.5 x 34
Bincrans ckanyBaHHS (MM) 40 — 60 200 — 350
FAR (%) 0.0001 0.001
FRR (%) 1 3
CnoxuBaHa NOTYXHICTb 2.5 1.5
(BT)
Pob6ouya Hanpyra (B) 44-54 5
Pob6ounii ctpym (MA) 500 300 — 340
Po6ounii TemnepaTypHuii —45 - 85 —10 - 45
niama3oH (°C)
Bomnoricts (% RH) 20-90 0-90

VY nanomy BUNaJKy CKaHep Bia kommaHii Fugitsu kparie, OCKUTbKU BiJICTaHb
JUIsl CKaHYBaHHS MCHIIIE, 110 TO3UTHBHO BIUIMBAE€ HAa SKICTh 300pakKCHHS Ta
KUTBKICTB JIeTajeil, 3a IKUMU MO>KHA rpoBecTH ineHTudikaimito. [lapamerpu FAR
ta FRR Hmx4i, 1110 103BOJIIE IOTO BUKOPUCTOBYBATH B YMaX, KOJIM HEOOX1IHO
inenTudikyBatn moauHy 3a 1 — 2 cnpobu. KiniMatuyHi yMOBH BUKOPHCTAHHS
HUXKY1, HDK Y KOHKYPEHTa, 10 JI03BOJIIE BUKOPUCTOBYBATU CKaHEP HE TUIBKU B
IPUMIIIEHHSX, & i Ha BIIKPUTOMY TPOCTOPI.

PoGoTa mpoBeneHa y paMkax po3pOOKH TPOEKTY 3 CTBOPEHHS pobora-
HOMIYHHUKA TSI MEIUYHUX 3aK/Ia/1iB IIUPOKOTo mpodimro [2, 3].
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HarionanpHuii TexHiuHUN yHIBepcUTeT YKpainu “KuiBChKkHil MOMITEXHIYHMIMA
1HCTUTYT iMeHi [ropst CikopchKoTo™.

2. Chekubasheva, V., Glukhov, O., Kravchuk, O., Levchenko, Y.,
Linnyk, E., & Rohovets, V. (2022). Possibility of Creating a Low-Cost Robot
Assistant for Use in General Medical Institutions During the COVID-19
Pandemic.  Springer  Proceedings in  Physics, (281), 203-213.
https://link.springer.com/book/10.1007/978-3-031-11287-4.

3. Chekubasheva, V. A., Kravchuk, O. A., Hlukhova, H, Glukhov, O. V.
(2022). Creating of a remote-presence robot based on the development board
Texas Instruments to monitor the status of infected patients. Biosensors and
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M. XapkiB, YKpaina
teir. +38(066) 236-96-80, e-mail: maksym.riznyk@nure.ua.

This work is devoted to investigation of how does Fourier Transform works
and what purpose of it. Also was mentioned two types of transformation, Discrete
Fourier Transform and Fast Fourier Transform and their specific uses. Finally,
some of the most common applications of the Fourier Transform in fields such as
signal processing, image processing, communication systems, and quantum
mechanics will be discussed. The Fourier Transform is a fundamental
mathematical tool that has revolutionized the way we analyze and understand
signals, and its applications continue to expand to new fields and technologies so
it is important to understand the way it works and what benefits it might bring.

The Fourier Transform is a mathematical technique that converts a time-
domain signal into a frequency-domain representation which means, it
decomposes a complex signal into its constituent frequencies, allowing to analyze
and understand its behavior more easily.

To understand how the Fourier Transform works, let us consider a simple
example. Suppose we have a signal that represents the sound produced by a
musical instrument. When we plot this signal on a time-domain graph, we can see
how the sound wave varies over time. However, this representation does not
provide us with any information about the frequencies that make up the sound.

The Fourier Transform solves this problem by breaking down the signal into
a series of sinusoidal waves of varying frequencies. These waves are then
represented on a frequency-domain graph, where we can see the amplitude of each
frequency component. This representation provides us with a much clearer
understanding of the underlying signal.

The Fourier Transform is based on a complex mathematical formula known
as the Fourier Transform equation. The equation defines how a time-domain
signal can be transformed into a frequency-domain representation [1]. The
equation is as follows:

Flw) = f f(H)ei@Dqt

where F(o) is the Fourier Transform of the signal, f(t) is the time-domain
signal, o is the frequency, and e is the mathematical constant Euler's number.
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In simpler terms, the equation states that the Fourier Transform of a signal is
the sum of all the frequencies in the signal, weighted by their respective
amplitudes.

There are two types of Fourier Transforms - the Discrete Fourier Transform
(DFT) and the Fast Fourier Transform (FFT). The DFT is used to transform
discrete signals, while the FFT is used to transform continuous signals. The FFT
Is @ more efficient version of the DFT and is widely used in digital signal
processing for example in digital microphones.

The Fourier Transform has numerous applications in various fields. Some of
its most common applications include:

Signal processing: The Fourier Transform is used extensively in signal
processing to analyze and filter signals. For example, FFT can be used to analyze
sound waves, filter out unwanted noise, and compress digital audio and video
signals.

Image processing: FFT is also used in image processing to analyze the
frequency domain characteristics of an image. This can be useful for image
enhancement, filtering, and compression.

Communication systems: The Fourier Transform is used to encode and
decode signals in communication systems.

Quantum mechanics: The Fourier Transform is used to solve quantum
mechanics equations and analyze quantum systems.

Looking towards the future, signal processing is expected to continue
advancing rapidly with the help of technologies like artificial intelligence and
machine learning. These technologies can be used to develop more sophisticated
algorithms and models for analyzing and processing signals, leading to improved
performance and accuracy in various applications. Additionally, the increasing
use of sensors and Internet of Things (1oT) devices is expected to generate vast
amounts of data, which will require more efficient and automated signal
processing techniques. As such, the Fourier Transform and other signal
processing tools are likely to remain crucial in advancing technology and
improving our understanding of the world around us.

List of used sources:

1. Katznelson, Yitzhak (1976). An Introduction to Harmonic
Analysis. Dover.
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M. XapkiB, YKpaina
teir. +38(095) 683-29-02, e-mail: yevhenii.levchenko@nure.ua

In the field of 3D modeling, it is often necessary to modify the internal
structure of a 3D model without changing its physical characteristics, such as
volume or surface area. This can be a challenging task, especially when dealing
with complex geometries and meshes. However, with the use of program methods
and algorithms, it is possible to achieve such modifications with relative ease.

OpHi€ro 3 MOMUPEHUX TEXHIK, sIKI BAKOPUCTOBYIOTHCS B 1IbOMY METO/, €
napaMeTpU4YHE MOJICIIOBAHHS. Y TMapaMETPUYHOMY MOJICIIOBaHHI T€OMETpis
MOJIeNIl BU3HAYAE€TbCA HA0OpPOM TMapameTpiB, sSKI MOXXHA 3MIHIOBaTH s
JOCSTHEHHS Oa)kaHOro pe3yibTaTy. Hampukiaa, mapaMeTpudHa MOJCIb
aBTOMOOUIS MOXE€ MaTH TakKl IapaMeTpu, SK JOBXHHA, IIUPUHA 1 BUCOTA
aBTOMOO1ISA, po3Mip KoJiic 1 po3ramryBaHHs (ap. 3MIHIOIOUM IIi TapaMeTpH,
mporpaMa MO’KE€ CTBOPIOBAaTH BapiaHTH Mojeiai 0e3 3MiHM 11 (I3UYHUX
XapaKTePUCTUK.

[Mpuknan peamizaiii B Python nns 3miaM BHYTpimHBOI CTpyKTypu 3D-
MOJZIeNll 3 TBEPAOro TuUIa Ha CTPYKTYpPY 3 MaJeHbKMMHU cdepamMu BCEpeIuHi
HaBEJECHO Ha PUCYHKY 1.

VY mit peanizanii Mu crodatky Bu3Hadaemo (yHKI[IIO create sphere, sika
cTtBoptoe HoBHil 00’ekT chepu B Blender. Ilorim mMu Bu3Hadaemo (QyHKIIIIO
fill with spheres, sika BUKOHYy€ iTeparlito MO BCIX BEpIIMHAX Y CITII Ta J0Ja€
chepu B iXHIX MicIIX 3a gomomororo (¢yHkiii create sphere. Hapemri, mu
BU3HayaeMo ¢yHKIito change internal structure to spheres, sika oGumciioe
pPO3MIp KOKHOI chepr Ha OCHOB1 00’eMy CITKM Ta OaxkaHOI HIUIBHOCTI chepH, a
MOTIM BHKJIMKAE create spheres mesh.

OynkI1is create spheres mesh BUKOPHCTOBYE BUXIIHY CITKY Ta IILIBHICTD
chepu, a TOTIM BHKJIMKae generate spheres 1uisi CTBOPEHHS CHHCKY BEPIIUH
chepu. IloTiM BiH CTBOpIOE HOBHH ciT4acTHil O0’€KT 1 JIOJA€ 10 HBOTO IIi
BEPIIMHU Pa30M 13 HOBHMH TPaHSIMH, 3T€HEPOBAHUMHU HA OCHOBI OJHM3BKOCTI
chep. Lle reHepye ciTKy 31 CTPyKTypOIO, SIKa Harajye OpUTiHAIBHY CiTKY, ajie 3
MOPUCTOIO BHYTPIIIHBOIO CTPYKTYPOIO, CTBOPEHOIO TOAAaHUMU chepamu.

VY dynkii create_spheres mesh Mu crodatky reHepyemMo BepiinHY chepu
3a joroMoror ¢GyHKIii generate spheres. IlotiMm My cTBOproeEMO HOBHUI 00’ €KT
CITKM Ta BCTAHOBIIIOEMO MOT0 BEPIIMHU Ha 3reHepoBaHi BepinHu chepu. dami
MU CTBOPIOEMO CIMCOK HOBHUX I'paHEl, NEPEBIPAIOYN OJIMU3BKICTh KOMXKHOT Mapu

23


mailto:yevhenii.levchenko@nure.ua

python (%) Copy code

import bpy
import bmesh
from mathutils import Vector

# Create a new sphere object in Blender
def create_sphere(radius, location):
bpy.ops.mesh.primitive_uv_sphere_add(size=radius, location=location)

# Iterate through all vertices in the mesh and add spheres at their location
def fill_with_spheres(mesh, sphere_radius):

bm = bmesh.new()

bm. from_mesh(mesh)

for vert in bm.verts:
create_sphere(sphere_radius, vert.co)

bm.to_mesh(mesh)
bm.free()

# Convert the internal structure of the mesh from a solid to a structure wify
def change_internal_structure_to_spheres(mesh, sphere_radius):
# Calculate the size of each sphere based on the mesh's volume and the d
sphere_density = 0.1 # Number of spheres per cubic unit
mesh_volume = mesh.volume
sphere_volume = 4/3 * 3.14 * sphere_radius ** 3
sphere_size = ((sphere_volume * sphere_density) / mesh_volume) ** (1/3)

# Fill the mesh with spheres
fill_with_spheres(mesh, sphere_size)

Pucynok 1 — Peanizartis 3MiHu reoMeTpii

cdep i J0Jar09M HOBY TPaHb, SIKIIIO BOHHU JOCHUTH O0JM3bK0. OCTaHHIM KPOKOM MU
BCTAHOBJIIOEMO TpaHi HOBOi CITKM B 1€ CHHCOK 1 MOBEpTaEMoO ioro. 3a
JIOTIOMOTOI0 TaKOTO IMiJIX0y MU MOXEMO MOAU(IKYBAaTH BHYTPIIIHIO CTPYKTYPY
3D-momeneit ISl MUPOKOTO CHEKTPY 3aCTOCYBaHb, BKIIOYAFOYH CTBOPCHHS
MOPHUCTUX CTPYKTYp a00 3MiHY BHYTPIIIHBOI CTPYKTYPH O10JIOTTIHUX MOJICIICH.
Meton, SKuii MU TIPEJICTABWIIN, € TIPOCTHM, ajie €PEKTUBHUM CIIOCOOOM JOCATTH
[IUX 3MiH, 30epiraroun ¢pi3udHi Xapakrepuctuku BuxinHoi 3D-moznemni. Leit meton
MO)KHA peali3yBaTH B PI3HUX MOBaX MporpamyBaHHs, Takux sk C++ i Python, i
MOXHA aJanTyBaTH JJIS PI3HUX BHUIMAJAKIB BHKOPUCTaHHS. BukopucToByrOuM
MporpaMHi METOAM Ta AITOPUTMHU, MU MOXKeMO e(deKTUBHO 3MiHtoBaTH 3D-
MOJIel Ta JocsaraTh OakaHWUX pe3ynbTaTiB 0e3 MKOoAW I iXHIX (DI3MUYHHUX
XapaKTePUCTUK.

CrrcoK BUKOPHUCTAHUX JIKEPEI:

1. Badenhorst Wessel. Practical Python Design Patterns [EmexktponHwmii
pecypc] : Pythonic Solutions to Common Problems / Wessel Badenhorst ; by
Wessel Badenhorst. — 1st ed. 2017. — Berkeley, CA: Apress, 2017. — XVII, 350 p.
1 illus. in color. — ISBN 9781484226803.
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Luminescent materials based on A2B6 compounds are among the most
promising for X-ray radiography. The main advantages of crystals of this type are
a high internal quantum yield of luminescence and wide possibilities for
influencing the emission spectra and other initial characteristics of luminescent
materials. To unambiguously determine the type of substance, the radiography
system uses sequentially located low-energy and high-energy scintillation
detectors, as well as a filter.
In the case of low useful signal levels, it is important to have a minimum
noise level of the detector crystal. For this, the noise characteristics of the sensitive
element of the detector were optimized.

Kpucramiuai HeopraHiuyHi CHMHTWIAIIMHI ~ MaTepiadd  BUKJIMKAIOTh
0COOJIMBHI 1HTEpeC Yepe3 MOKIMBICTh CTBOPEHHS KOMITAKTHUX JIETEKTYIOUUX
IPUCTPOIB 3 BHCOKOI €(EKTUBHICTIO peecTpallii pamiallifHuX IOTOKIB, IO
3aCTOCOBYIOTHCS Y PI3HUX TaTy3sIX HAYKOBHUX JIOCH1I>)KE€Hb, TEXHIYHOTO KOHTPOJIIO
Ta MEANYHOI A1arHOCTUKHU.

JlromiHeclieHTHI Martepianu Ha ocHOBI cromyk AZ2B® BigHocaTs 10
HAaWUNIEPCIIEKTUBHIMIKUX U1 PEHTreHiBChbKoi  pamiorpadii.  OcHOBHUMU
nepeBaraMu KpPHUCTaIiB IIbOTO TUITY € BHUCOKWM BHYTPIIIHINA KBAaHTOBHM BHXIJ
JFOMIHECIICHIIIT Ta MUPOKI MOYKJIMBOCTI BIUIUBY Ha CIIEKTPH BUIIPOMIHIOBAHHS Ta
1HIII BUXIJIHI XapaKTEePUCTUKH JIFOMIHECIICHTHUX MaTepiaiiB [1].

3a cBoiMH eJeKTPO(I3UYHUMHU, KPUCTATOXIMIYHMUMH Ta ONTHUYHUMH
BJIACTUBOCTSIMHU HAMKpaIIUM [JI1 CTBOPEHHS HOBHUX THUIIIB CIUHTUJISTOPIB Ha
OCHOBI crioyk A2B6, Takux SIK KpUCTaI-MaTPUIIs, € CEJICHIT ITMHKY ZnSe.

TpagumiinuM  AeTeKTOpaM  THIY  «CIHMHTUISATOP-(POTOEICKTPOHHUM
nomHoxkyBau» (CI[-DOEY) BnactuBuii psa  HEAOMIKIB. AJBTEPHATUBOIO
nerekropam CI-OEY nns BupimieHHS HHM3KH 3aBAaHb paiallifHOI TEXHIKH €
BUKOPHUCTAHHS CUCTEM TUNY «CIUHTUIsATOP-hoTomion» (CD/) [2,3].

Ha puc. 1 mpencraBneHi KpwBi 3aJ€KHOCTI BEIMYUHH YYTIMBOCTI Bif
eHeprii [2], mo BiMOBiIa€ HaMPYy3i HA PEHTIeHIBChKiM TpyOIi Bix 5 10 50 kB mis
PI3HHX THUMIB CIUHTWISTOPIB Ha OCHOBI ZnSe. /[ TOpIBHSHHS HaBEIEHO
SHEPTreTUYHY 3aJICKHICTh YyTAUBOCTI geTekTopa Ha ocHOB1 CsI(T1), dcii=0,7 mMm.
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1 - nerexropu Ha ocHOBI ZnSe (Te); 2 - nerexTopu Ha ocHOB1 ZnSe (O);
3 — getrextop Ha ocHoBi CsI(TI)

Pucynok 1 — 3anexHicts curtany aerektopis | Bix Hanpyru Ha aHoi U,
PEHTTEHIBCHKOT'O JpKepeia

JUiss OTHO3HAYHOTO BHM3HAYEHHS THUITY PEYOBUHU, IO aHANI3YETHCS B
cucreMi  pamiorpadii, = BUKOPHCTOBYIOTBCS  TOCIHIJJOBHO  PO3TaIllOBaHi
HU3bKOCHEPTEeTHYHNN Ta BHCOKOCHEPTeTHYHWN CIUHTHIIALINHI JNETEKTOpH, a
Takox GitbTp [3].

[Ipyn HU3BKHX PIBHSAX KOPHUCHOTO CHTHAy BaKJIMBO MAaTH MIHIMaJIbHUH
piBeHb IIyMIB KpHCTana aerekTopa. s 1bOoro BHKOHYBajacs ONTHMI3AIlis
IIYMOBHX XapaKTePUCTHK JETEKTOpa. BHWKOHAHI pO3PaxyHKH JJTO3BOJIHIIH
BUOpATH pO3MIpH KpHCTaja YyTIMBOTO EJIEMEHTa JETEKTOpa Ta IMapaMeTpu
€JICMEHTIB MiJACHITIOBAIBHOTO TPAKTY.
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When it comes to organizing access to secure rooms, there are a variety of
technologies available. Two of the most commonly used are Near Field
Communication (NFC) and Radio Frequency lIdentification (RFID). While both
technologies are similar in many ways, NFC offers several advantages over RFID
that make it a better choice for securing access to sensitive areas. In this article, |
will explore why NFC is better than RFID for organizing access to secure rooms.

NFC (Near Field Communication) — 1ie TexHOJI0Tis1 0€3KOHTAKTHOTO 3B'SI3KY

MDK MPUCTPOSMH Ha KOPOTKUX BIZICTaHAX (3a3Buyail He Oubiie 10 caHTUMETpIB).
Bona rpyHTyeThCcs Ha pajiodacToTHoMmy nianmazoHi 13,56 MI'm 1 go3Boiisie
IPUCTPOSM OOMIHIOBATHCS JaHUMH O€3 BUKOPUCTAHHS APOTIB YM IHTEPHET-
3'eqnanus. [lpuctpoi, mo niarpumyoTs NFC, MOXyTh BUKOPUCTOBYBATUCS JJIS
rmepesiadi PisHUX THIIB JaHUX, BKIIOYAI0YH TEKCT, 300paXeHHs, ayfiohaiin ta
inme. NFC BHKOPHCTOBY€TBCS B Oaratbox 06J1acmx BKJIIOYAI04YH O€3KOHTAKTHI
IUIaTeXi, MOOUIbHI IUJIaTeXl, KEepyBaHHsS JOCTYNOM, AaBTOMAaTHYHUN 30ip
1H(1)0pMau11 aBTCHTH(]IKAIil0 Ta IIeHTHQIKalio KopucTyBada. OxHi€l0 3
HaitnomupeHimux ¢opm NFC e NFC-mitka (NFC tag), sika Moxe Oytu
3aNPOrpaMoBaHa /Ul BUKOHAHHS MEBHUX 3aBJaHb NPH CKaHYBaHHI MOOLTbHUM
npuctpoeM i3 miaTpumMkoro NFC. NFC € ogHum 3 HalOe3medHIMMUX METOJiB
nepeaavi JaHWX, OCKUTBKA BUKOPUCTOBYE KpuUNTorpadiyHi METOIU IS 3aXUCTY
iHbopmartii, mo nepenaetbes. Kpim troro, NFC npairroe nuie Ha qysxe 0JIM3bKAX
BIJICTAHSIX, III0 OOMEKYE MOXKJIUBICTH HecaHKuiOHOBaHoro JOCTYIy 10 JaHHX.
3aMiCTh BUKOPUCTAHHS TPAUIIHHIX KIIOYIB 200 napomB NFC-ximo4i MOXYTb
OyTH MporpamMHO HAJAIITOBAaHI Ha TIEBHUW MPUCTPIHA 1 MOB'SI3aHI 3 KOHKPETHUM
KopHcTyBadeM. Lle 103BOIsi€ KEPyBaTH JOCTYIIOM JO NEBHOI 30HH, HAIPUKIAL,
odicy uu cxoBwuIna ado 10 OyJb-IKOT0 MPUMIIIEHHS JIe TUPKYIIoe iHDOopMaIlis 3
oOMeXeHUM J0ocTynoM abo KoHdineHIiHHA 1HpopMalris abo iHdopmarlis 1mo
MICTUTh JiepkaBHy TaemMHHII0. Kpim Toro, NFC moxe 6yTH BUKOPUCTaHa I
aBTeHTH(IKAIi TPUCTPOIB Ta ineHTH(IKAI KOPUCTYBAUIB y PI3HUX CHCTEMAX
Oe3IeKH, TAKUX SIK KOHTPOIIb JOCTYILY 10 Mepe>1<1 3aXHUCT IJIATIHKHUX TPAH3AKITIH,
aBTOpW3allisl JOJATKIB Ta IHIIUX OMEpaIii, /e HeOoOXITHO TMEepPEeKOHATUCS B
ABTEHTHUYHOCTI KOpHCTyBaya abo mpuctporo. BauBo, mo Oesneka NFC
3aJIeKUTH BiJ] MPAaBUILHOT KOHQIryparrii Ta peasizailii MpOTOKOJIiB 3aXHCTY, TOMY
BOKJIMBO 3a0€3MEUYUTH NIPABIIIHBHE HAJIAIITYBAHHS Ta OHOBJICHHS MIPUCTPOIB, SKi
BUKOPUCTOBYIOTh ITF0 TEXHOJIOTiI0. 3apa3 Mjisl JOCTYIy 10 MPHUMINICHb YacTo
BUKOpUCTOBYIOThCsl TexHonorist RFID (Radio Frequency Identification),
BITHOCUTBCS 10 O€3ApOTOBOI CHCTEMH, IO CKIAMAETHCA 3 JBOX KOMIIOHCHTIB:
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TEriB 1 3UNTYBaviB. 3UNTyBay — L€ IPUCTPIi, AKUN Mae 0JIHy ab0 KUJIbKa aHTEH,
K1 BUIIPOMIHIOIOTh PaJllOXBWII1 Ta NpUiMaroTh curHaiu Big Mitku RFID. Teru,
SIK1 BUKOPUCTOBYIOTH PaJ10XBUII1 JIA Mepeiadl CBO€ET i1eHTU(dIKaIiiiHOT Ta 1HIIOT
iHpopmMarllli yuTayaMm Mno0NM3y, MOXYTh OYTH MAaCUBHHUMHU a00 aKTUBHUMHU.
[TacuBHi RFID-MiTKN *UBIATHCSA BiA 3UUTyBada 1 HE MalOTh OaTapei. AKTHBHI
RFID-MiTKku )uBnsiThes Big Oarapeiiok [1].

Mitku RFID MoxxyTb 30epiratu aiana3oH iH(opmalii BiJi OAHOTO CEepiitHOro
HOMEPA JI0 KUIBKOX CTOPIHOK JAHUX. 3UMTYBaul MOXKYTb OyTH MOOUIBHUMH, 1100
iX MO>kHa OyJI0 HOCUTH B pyKax, a00 BOHU MOKYTh OyTH BCTAHOBJIEHI HAa CTOBII1
gy Haja TronoBolo. CHUCTEMH YHTAaHHS TakoX MOXYTh OyTh BOyZOBaHI B
apXxITeKTypy KaOiHeTy, KIMHAaTh 4u OyAiBii [2].

[Ipore Ha Biaminy Big NFC, mo niaTpumye ABOCTOpOHHIM 3B’s130k, RFID
3a3BUYall MIATPUMYE JIMIIE OJHOCTOPOHHIN 3B’S30K (BiA MITKH J0 34MTyBaya).
RFID-ckanep mMoke 34MTyBaTH BEJIMKY KUIBKICTb MITOK OJTHOYACHO, IO YK
4acTo 3ycTpivaeThes Ha ckinanax. RFID nparoe Ha Biacrani B cotHi ¢ytis. NFC
MoOxe 30epiraTd CKIa[HINI JaHi, HDK IPOCTY ineHTH(ikauiiny 1H(1>0pMau1}0
Term NFC moxyth 30epiratu 10 4 K6 manux. Ili mani MOKYThb NpUMMaTH
gucieHHi ¢opmatu, Bkitodaroun Tekct, URL-aapecu ta memia. Xoua RFID-
MITKA 3a3BHYail BHMAararmTh JOPOTUX 3YUTYBAuiB [Jii OTPUMAHHS JIaHUX,
OUTBIIICTh Cy4acHUX cMapT@OHIB ocHaileHi MoxinBocTaMu untanaa NFC. Le
3HAYHO 3HHMKYE BHTPATH HA BIPOBAKCHHS teriB NFC, ockinbku KopucTyBaui
MOXYTh MPOCTO BHUKOPUCTOBYBAaTH CBOiI CMapTGOHU Jii YWUTAHHS JaHUX.
CmapTQOHH MOXKYTh 3YMTYBATH Ta 3alUCyBaTH JaHi HAa Ter abo KapTky,
OTPUMYBATH JIeTalbHI MeTajaHi, 3amyckatu nporpamy abo URL-anpecy, xomnu
TEr CKaHYe€TbCS, a TaKoX OOMIHIOBATHUCS MJaHUMH MDK TeleQoHaMHu 3a
nonomoroto NFC (onHopanrosuii (P2P) 3B°s130K).

Taxum ymHoMm npu BukopuctanHi RFID mns goctymy y npumimieHHs, €
mpobJjieMa sika TOJIATa€ y TOMY IO CITIBPOOITHUKH MOXKYThb CKOMIIOBAaTH CBIN
KIIFOY JTOCTYITY JUISl BIACHOTO BUKOPHUCTAHHS, a00 MepeaaTi Horo TPETiM ocodam.
AGO0 CcHiBpOOITHUK MOKE BTpPaTUTH CBii KIOY. YcCi 11 IpoOJeMH BHUPIIIYE
cucreMa nodynosana Ha NFC, koxeH tenedon mae BOynoBanuii NFC momyinb,
TOX II¢ MOXHA BHUKOPUCTAaTH MUl HaJaHHs JOCTYIy JUIi CIiBpOOITHHKIB. Tax
CTBOPIOBATH (1)13HqH1 KIIIOUl HE Ma€ ToTpedu, 1 HaBiTh SKIIO CHpr06lTHHK
BTPATUTh CBIMl TenedoH HaBpsiA 1€ JOMOMOXE 3JI0OBMHCHHMKAM, aJKe 3a3BUYail
TesiehoH 3axuIleHo napojeM. Takoxk 3a JOMOMOIO0 IIEHTPaI30BaHOTO CEPBEPY
MOXHa IIBUAKO 3a0JI0KyBaTh JOCTYI TaKOMy CHIBpOOiTHUKY. Jlummmace
mpoOiemMa 1o CHiBpOOITHUK caM MOKE CKOMIIOBATH KIIOY JIOCTYITY, OJHAK
CHUCTEMY MOXHa MOOYAyBaTHU TaK IO KIIOU T€HEPYEThCS HANPHUKIAA KOXHY
XBUWJIMHY 1 € YHIKQJTHbHUM.

CHI/ICOK BHKOPHUCTAHUX IXKCPCI:
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This work is devoted to teraherz spectroscopy in time domain of filament for
3D printing. The relevance of the topic of this study is confirmed by a large
number of modern publications on this issue. The subject of research in this paper
Is the determination of the refractive index of a filament for 3D printing. The
scientific novelty consists in taking into account the solidification of the filament
during the manufacturing process, the presence of metal impurities, and taking
into account the rate of filament supply from the extruder. The practical value lies
in the possibility of using recycled materials for processing into filament, thereby
solving environmental problems.

PoGora mpucBsueHa yJIOCKOHAJIEHHIO METOJIB Ta MOJENCH TepareproBoi
CHEKTPOCKOMii y yacoBiil o0xacTi ¢putamenTa aist 3D npyky. AKTyaJbHICTh TEMU
JAHOTO  JIOCTIPKEHHS IMIATBEP/UKYETbCA  BEJIMKOI  KUIBKICTIO CYYacHHX
nyOJikaiiid 3 1mporo mnuTaHHS [1-5], K1 TPUCBSYEHI pPAAY HEBUPINICHUX
npobneM. [IpeameroM mociipkeHHs y il poOOTI € BHU3HAYEHHS IMOKa3HHMKA
sasiomieHHs dinamenty mis 3D apyky. HaykoBa HoBH3Ha monsirae B OOJIKY
comaidikarii ¢imaMeHTy y TMpolieci BUTOTOBJICHHS, BPaXyBaHHIO HasBHOCTI
METaJeBUX JOMIIIOK, OOJIKY MIBHAKOCTI Mojadi ¢ilaMeHTy 3 eKCTpylepa.
[Tepeniueni QakTopu NPU3BOAATH A0 HEBHU3HAUCHOCTEH, BPaXxOBYIOUH SKI Ta
BHOCSIYM TIONIPABKH JI0 PE3yJIbTaTIB BUMIPIOBaHHS, MOXHA TiABUIIATH TOYHICTh
KEpYBaHHS TEXHOJOTIYHMM TMpolecoM. IIpakThyHa I[IHHICTH TMOJSATAE Y
MOKJIMBOCTI 3aCTOCYBaHHSI BTOPMHHOI CUPOBUHHM JIJIs IepepoOKH Ha (iTaMEeHT,
TUM CaMUM BHPIITYIOYH €KOJIOT14HI MPOOIEeMHU.

3D npyk BHKOPHUCTOBYETHCS JJII BHPOOHHIITBA JIyKE IIUPOKOTO CIEKTPY
pedeit: Big TPOTOTHINB JeTajed I CHCTeM aBiOHIKM Ta OOJagHaAHHS
MIPOMHUCIIOBOCTI, Ta IO IUJIOTO PSANY MPEAMETIB MOOYTY, TaIKETIB Ta Irpaiiok.
OpHak mpu BUTOTOBJIEHHI PI3HUX BHUPOOIB ICTOTHO BIUIMBAE€ HA iX AKICTh
KOHTPOJb TapameTpiB (imamenty. dDinaMeHT Ma€e pPi3HOBUAM, KiacuQIKaIiio
SKUX TYT HE HABOJIMMO, aJie B3araii (hiTaMeHT HaJeKUTh JI0 KIIAcy MOIiMepiB.

Y cycimEpbOMy 10 TeparepiioBoro MikpoxsmiboBomy (HBY) niamazoni
OMHUM 3 3aco0iB BHMIPIOBAaHb [IEICKTPUYHOI MPOHUKHOCTI PEYOBHH €
JBaHAISATUIIONIOCHUN CKAISIPHUI aHATI3aTop K [ 1], 1110 € 10JJaTKOBOKO OIIIIIEI0
710 TPAAUIIIMHUX JJIs IBAHAAIATUIIONIOCHUX aHaJ13aTOPIB Omepalliil BU3HAYCHHS
MOTY>KHOCTI, KOMILJIEKCHOTO KOe(]illieHTa BIIOUTTS HABAaHTAXKCHHS Ta 1H.
Koediient 3anmomieHHs, SKUM HAc I1KaBUTh, € KBaJPaTHUM KOPEHEM 3
JEIEKTPUYHOI MPOHUKHOCTI, SIKIIIO MaTepiajl HE Ma€ MarHITHUX BJIACTHUBOCTEMN
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AK, Hampukiaa, ¢uiament. llpuumHamu, uepe3 siki He HaAOYJIO PO3BHUTKY
BUMIPIOBaHHS 32 IONMIOMOTOIO JIBAHA IS TUIIONIOCHUKIB TapaMeTpPiB JI€IEKTPUKIB
€ HEeBEJIMKa TOYHICTh 1 BJIACTUBOCTI BUIPOMIHIOBAHHA MIKPOXBHIIbOBOIO
Jiana3oHa, siKi BUMaraloTh eKpaHyBaHHsI JPKepes BUIIPOMIHIOBAHHS BiJl JIFOJUHU-
omeparopa. Tomy BIBCS TONIYK ajdbTEPHATUBHUX METOAIB Ta 3aco0iB
ne(EeKTOCKOII] Y IHIIUX CYMDKHHX Jllala30Hax 4yacTor.

JloHenaBHa uepe3 BIICYTHICTh €(EKTUBHUX JDKeped Ta NpuiiMadiB
teparepiioBa (TI'1) 061acTh 4aCTOT B aHTJIOMOBHIH JliTepaTypl OTprUMasa Ha3By
"Terahertz gap". Ilpore, 3a ocTaHHI ABAAUATh POKIB, 3aBASKU 3YCHIUIAM
NPOBITHUX AOCTIAHUX TPYI Y PI3HUX KpaiHax OyB 3A1MCHEHUI 3HaAYHUIN TPOPUB
y OCBOEHHI IIbOTO Jiama3oHy: 3'sBUNMCS JoKepena Ta mnpuitmaui TI'n
BUIIPOMIHIOBAaHHA SK 3 BHKOPHUCTAHHSIM ONTHUYHUX METOMAIB TeHepallii Ta
JCTeKTYBaHHS BHUIPOMIHIOBaHHS, TaK i 13 3aCTOCYBaHHSIM MiKpOXBHIBOBOTO
MiIX0/y, @ TAKOXK OyJM CTBOpEHi 3 iXHbOi ocHOBI TI'11 ciekTpomeTpu. YncneHH1
JIOCHIDKEHHST  JIEMOHCTPYIOTh  MEPCHEeKTUBHICTH  3actocyBaHHs  TIn
CHEKTPOMETPIB [JIsl aHali3y PEYOBHH y PI3HOMY arperaTHOMY CTaHl y Pi3HUX
rajy3sx, Takux siK pagloeJIeKTPOHIKa, MeIUIIMHA Ta O10J0T1s1, CUCTEMH O€3MeKH.
BumiproBanHsa y yacoBiii 00J1acTi IPYHTY€ETbCA Ha AUCKpETH3allli HEB1JOMOIO
TI'n monst 3a JOMOMOTOI0 BiIOMOTO (PEMTOCEKYHIHOTO JIa3€pHOTO IMITYJIbCY,
KWW Ha3UBAIOTh IMITYJIbCOM 3UMTYBaHHs. TeparepiioBa CIeKTPOCKOITIsS y YacOBiii
00J1aCTI BUKOPHUCTOBYE 3TOPTKY KOPOTKOTO IMITYJIbCY 3YUTYBaHHS 3 JOBIIUM
TeparepioBuUM iMIyJibcoM [2]. OTiisia mTepaTypHuX JHKEpes IPUHIC TaKi KOPUCHI
Pe3yIbTaTH IS TTOAANIBIIIOTO OTPAIOBAHHS: Y BUAaHHI [3, po3ain 13] mpoBeaeHo
KUIbKICHUM aHami3 (i3UKO-XIMIYHUX  BJACTUBOCTEM KJICHOBHMX Ta NasSHHUX
3’€IHaHb TOJIIMEpiB. BimoMOCTI po HEBHU3HAYECHOCTI BiJ] HEB1JIOMOI TOBIIWHU
JOCJTIJDKYBAHOTO 3pa3Kka Ta iH. MicTITheA y [4]. [lepciekTMBHUM € MOJICTIOBaHHS,
IIPOTOTHUIIOM SIKOTO MOX€E CTaTH Imyosrikaris [5].
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New technologies for the remote communication of software and hardware
packages for automatic control of smart homes and technological processes are
considered. The comparative analysis of contemporary protocols for the most
prospective technology “internet of things” (IoT) is given. IoT is a system of
interrelated computation devices and digital actuating mechanisms that are
supplemented with the ability to transfer data over the internet without any human
interaction. Industrial applications of IoT (industrial internet of things, 11oT)
require more fast and reliable protocols than HTTP or WebSocket. Some
advantages and disadvantages of MQTT and COAP protocols for the next 10T
systems are shown up and discussed.

Y nomoiai 3po0JieHO MOPIBHSJIBHUM aHaji3 BITHOCHO HOBHX I1HTEpPHET
IIPOTOKOJIIB, Kl BBAXKAIOTHCA MEPCIEKTUBHUMU JIJIs1 3aCTOCYBAHHS B TE€XHOJOT1]
«iHTepHeT peueii» (internet of things, 10T). MQTT (MQ Telemetry Transport) [1]
— 1€ JIETKHI MepeXeBUM MPOTOKOI MK MalllTMHAMU JIJIsl IMyOJTiKaIlii Ta MiImuCcKH
JUISL 4epru IMOBIIOMJICHB/CEPBICY Yepru MOBIMOMIICHb. BiH NpuzHaueHUN niis
HIIKIIOYCHHS 10 BiJIaJICHUX MICIb, JI€ € MPUCTPOI 3 OOMEKEHUMHU pPecypcaMu
a00 O0OMEXKEHOI TMPONMYCKHOK  3JaTHICTIO  MEpexki, Hampukiaa, B
iHgycTpiaasHOMY iHTepHETI peucit (industrial internet of things, 110T). MQTT
NOBUHEH TMpaIIOBaTH Yepe3 TPaHCIOPTHUW TPOTOKOJN, SKUIM 3abe3reuye
BIIOPSJIKOBaH1 JBOHAINpaBlieHl 3’ €qHaHHs 0e3 BTpat, sk mnpasuio, TCP/IP. Ile
Binkputuii crangapt OASIS 1 pekomennaiis [SO.

[Tporokon oomexenux noaatkiB (Constrained Application Protocol, CoAP)
[2] — cnenianizoBaHMii POTOKOI IHTEPHET-OATKIB 11T 0OMEXEHHX IPUCTPOIB,
sk Bu3HaueHo B RFC 7252. Bin no3Boisie uM 0OMEXKEHUM MPHUCTPOSM, SKI
HA3MBAIOTHCSA BY3JIaMHU, CHUIKYBAaTHUCA 3 IMIMPOKUM [HTEpHETOM 3a JOMOMOTOIO
noaioHuX mpoTokoiiB. COAP po3po06sieHo miisi BUKOPUCTAHHS MK MPUCTPOSIMHU
B OAHI oOMexeHIM Mepexi (Hampukiag, Mepexi 3  HHU3BKUM
€HEPrOCIOKMBAHHSM 13 BTpaTaMM), MK TIPUCTPOSIMU Ta 3araJlbHAMH BY3JIaMU B
[HTEepHETI, a TAKOXK MK IPUCTPOSIMU B PIZHUX 0OMEKEHIX Mepekax, 00’ € THAaHUX
yepe3 IntepHer. CoAP TakoX BHKOPHCTOBYETHCS 3a JIONOMOTOK IHIIKX
MEXaHI3MiB, TakuX K SMS y Mepekax MoOLTEHOTO 3B’ SI3KY.

OCHOBHOIO BaXJIMBOIO XapaKTEPUCTUKOI IUX JBOX MPOTOKOJIB OOMIHY
JaHWUMHU € T€, 1[0 BOHUW CTBOPEHI Ta OMTHUMI30BaH1 Il MEPEX 3 OOMEKECHUMHU
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pecypcamu. lle no3Bonsie iM mepeaaBaTu AaHi B ACKUIbKa pa3iB MIBUAIIE, HIXK 1X
nonepenuuku (HTTP, WebSocket).
ITepeBaru COAP:
e MexaHi3M TIOBTOpPHOI mepeaadi Ta  KOHTPOJK  IUIICHOCTI
MOBIJOMJIEHb, 0 3a0e3Mnedye HaIIHHICTh Iepeaayl.
e [lianTpuMka npsaMoi B3a€MOIi1 MK IPUCTPOSIMH Ta CEPBEPAMHU.
e [linTpumka GararoaJpecHOi PO3CHUIKU MOBIAOMIIEHb, LIO J03BOJIE
HAJICUJIATU TTOBIIOMJICHHS IEKUTLKOM OTPUMYyBauaM OJTHOYACHO.
Henomixu COAP:
e He 3a0e3neuye rapaHTOBaHy JOCTaBKY IMOBIIOMJICHb, SIK 1I€¢ POOUTH
MQTT.
e MeHiI nomMpeHuit Ta MeHI miaTpuMyBanuid, Hixx MQTT.
e He miaTpumye mmdpyBaHHS MOBIIOMJICHb 32 3aMOBYYBAHHSM, IO
MOJKE MPU3BECTH JI0 BPA3TMBOCTEH OC3IECKH.
IlepeBaru MQTT:
e MexaHi3M MIAMUCKH Ha TeMH, 1[0 3a0e3nedye epexkTUBHHUI OOMiH
MOBIJIOMJICHHSIMUA MK TTPUCTPOSIMHU.
e [apaHTOBaHa JOCTaBKAa TIOBIIOMJICHb 3a JIOTIOMOTOI0 MEXaHi3MYy
MOBTOPHOI Mepeiayi.
e [lludpyBaHHs TOBIIOMJIEHb 3a 3aMOBUYYBaHHSM, IO 3abe3reuye
Oe3reKy nepenadi TaHuX.
Henmoniku MQTT:
e BuxkopucranHs Outblnoi KuTbkoCcTi pecypciB, HikX COAP, s
3a0e31eyeHHs AKICHOT JOCTaBKHU IT0B1IOMJICHb.
e He miaxrpumye mpsiMoi B3aeMOJIii MK PUCTPOSIMH Ta CEPBEPAMHU.
e He nminxrpumye 6araToaipecHy pO3CHIIKY MTOB1IOMJICHb.
B iinomy, Bu6ip mixk COAP Ta MQTT 3anexuth BiJi KOHKPETHOTO 3aBAaHHS
Ta BUMOT JO TPOTOKONY. SIKIO MOTPiOCH MPOTOKOJI IS Iepenadi KOPOTKHX
MOB1IOMJIEHBb B Mepekax 3 ooMexxenumu pecypcamu, COAP moxe OyTtu kpanum
BUOOpOM. SKI0 MOTPiOHO OOMIHIOBATHUCS MOBIIOMJICHHSIMHU MK MPUCTPOSMH 3
BUKOPHUCTaHHSAM Mojeli BuaaBelb-manmucHuk, MQTT wmoxe Oytu Ourbid
nopeunum. BtiM, nis 3actocyBanHs B TexHousorii [loT kpuTUYHUMU MOXYThH
BUSIBUTHUCS HAIIHHICTH 1 O€3leka, M0 CXWise€ BHOIp Ha KOPUCTh JPYroro.
JlocnimKeHHsl y IbOMY HAMPSMKY TPUBAIOTh.

Crucok BHKOPHUCTAHUX IXKCPCI:

1. “MQTT Version 5.0” // Organization for the Advancement of Structured
Information Standards (OASIS). 2019-03-07. Retrieved 2020-12-15. DOI:
https://doi.org/10.1101/2021.07.29.453595.

2. RFC 7252, Constrained Application Protocol (CoAP) //
https://tools.ietf.org/html/rfc7252. Retrieved 2014-07. DOI : 10.17487/RFC7252.
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The report considers the principle of operation of a single-electron
transistor and its structure. A single-electron transistor is a transistor, the main
parameters of which are high-speed operation and low energy consumption,
which is based on the possibility of obtaining noticeable values of current changes
by manipulating individual electrons when they pass through a tunnel junction.
The purpose of creating such transistors is to reduce energy consumption, heat
generation, significantly increase the speed and compactness of microcircuit
elements.

OfHOENEKTPOHHUI TPAaH3UCTOP — TPAH3UCTOP, OCHOBHHMH TapaMeTpaMH
SKOTO € IIBHJKOJiS Ta Majie¢ CIIO)KMBaHHS CHEPrii, B OCHOBi SIKOTO JICKUTH
MOXJIMBICTh OTPUMAaHHS TIOMITHHUX 3HA4eHb 3MIH CTPyMy MAaHIMYJISIIE€I0
OKpEMUX EJICKTPOHIB MPH MPOXOKEHHI 1X Yepe3 TyHETbHUH Mmepexi.

TyHenpHUN TIEpexia MpeacTaBiisie COO0OI0 TepexiJ eJNeKTPOHIB dYepes
MOTEHITIaTbHUM 0ap’ep y BUMAAKY, KOJHU KIHETHYHA €HEPris eJIEeKTPOHIB MEHIIa
3a TOTEHIladbHy eHeprito Oap’epy. Ha (puc. 1) mpuBemeHo cxemMaTuyHe
300paXCHHSI OJHOCICKTPOHHOT'O TPAH3UCTOPA.

Tynerssi nepexozzt

Pucynok 1 - CxemaTtuuHe 300paxe€HHs OJJHOEIECKTPOHHOTO TPAH3UCTOpA

[TpuHIMN 1ii OJHOENEKTPOHHOTO TPAH3UCTOPA TPYHTYETHCS HA SBHIII
KYJOHIBChKOI OJIOKaau, MakeT sKoi 300paxkeHo Ha (puc. 2). Cucrema
MpEJCTaBIsie COOOI0 TYHENbHI Mepexoau MeTan—aienekTpuk—meran (MIAM).
Konu npuknactd pi3HULIO MOTEHIiAdIB MDK CTOKOM Ta ICTOKOM, TO MOXE
31aTUCA, 110 MOBHHEH IOTEKTHU TYHEJIbHUWA CTpyM. AJIe B TOM 4Yac KOJU Ha
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KEpYIOUOMY €JIEKTPOl MOTeHIlal Oy/ie MEHIIHI 3a JedKe MOPOroBe 3HAYCHHS,
TO TYHEJIFOBAHHS HE CIIOCTEPIraTUMEThCS.

Pucynok 2 - CxeMma, 1110 MOSICHIOE MEXaH13M KYJOHIBCbKOT OJIOKaAM Mij yac
TYHEJIIOBaHHS €JeKTPOHA

EnekTpoH Ha  HAHOYACTHMHIII  3aJMIIAETHCS  130JbOBAHUM, TOOTO
3a0nokoBanuM. IIpu mojanbiioMy 30UIbIIEHHI HAmpyrd BHILE 3a MOPOTOBE
3Ha4YeHHsI, OJIOKYBaHHS €NEKTPOHA MPUIUHSAETHCS, 1 B JAHIFO31 MK CTOKOM Ta
ICTOKOM BiIOyBa€ThCS MEPECKOK €ICKTPOHA — MPOTIKAE TyHEIbHUH CTpyM. Takum
YHHOM, KEpYyHUd TMIOTCHIIIAIOM 3aTBOpa MOXKHA MPONMYCKAaTH OJUHHUYHI
CJIEKTPOHHU. SIKIIO MITH Jami 1 MOMICTUTH MDK €JeKTPOoJaMu MOJIEKyTy abo
MOJICKYJIIPHUM KOMIUIEKC 3aMiCTh HAHOYACTHHKH, TO pPyX OJUHUYHHUX
€JIEKTPOHIB Oy/ie 31CHIOBATUCH B PE3YJIbTATI CTPUOKIB 3 XIMIUHUX 3B’ SI3KIB — Y
pOOOTY BCTYIAIOTh JUCKPETHI PiBHI €HEPrii MOJIEKYI.

TakuM YWMHOM, OIHOENEKTPOHHUI TPAH3UCTOP MOKHA CIpPUNAMATH SK
IpaHUYHY MIpYy MIHIATIOpU3aIlil KJIACUYHOT O TPAaH3UCTOPA — TE, IO YOO MPArHyTh
HAOIM3UTUCH YC1 HANOUTBIIT BUPOOHUKH OOUYHCITIOBATBLHOT TEXHIKH.

B nanuit MoMeHT yacy poOOTy OJHOENEKTPOHHUX TPAaH3UCTOPIB MOXKHA
CIIOCTEPIraTH TUIBKA B JOCTITHUIIBKUX JIabopaTopisx, aje B MalOyTHbOMY
BUKOPUCTAHHS I[MX TPAH3UCTOPIB MOXKE TMPHU3BECTH [0 PIZKOTO 3HUKECHHS
€HEPrOoCTOKMBAHHS Ta TEIUIOBUIUICHHS EJIEKTPOHHUMH CXEMaMH, 3HAYHOTO
30UTBIICHHS MIBUJIKOCTI Ta KOMIIAKTHOCTI €JIEMEHTIB MiKpocxeM. Po3BUTOK
TEXHOJIOT1i OJHOEJIEKTPOHHUX TPAH3UCTOPIB JO3BOJIUTH CTBOPUTH OCEPEAKU
naM’Ti 3 BACOKOIO IIIIBLHICTh 3anucy 1HGOopMallii, 3 BETMKUM 4acoM 30epiraHHs,
MaJOl0 TOTYXKHICTIO, IO PO3CIIOETHCS, a TaKOX JO3BOJUTH CTBOPIOBATH
BHUCOKOYYTJIMBI XIMiuHI Ta 610XIMI4H1 CEHCOPHU.

Crmcok BHKOPHUCTAHUX IKCPCII:

1. lMornaBko FO. M., bopucos O. B., Inpuenko B. 1. Mikpoenektponika i
HaHOEJIEKTpoHiKa. BeTym no cnemiansHOCTI: HaBd. moci6. / FO. M. Tlommasko, O.
B. Bopucos, B. I. Inpuenko — K.: HTYY «KIII», 2010. — 160 c. — ISBN 978-966-
622-350-3.

2. OgnoonexktpoHHsii  Tpan3uctop  (Single  Electron  Transistor).
http://www.schoolhels.fi/school/school_today/dostigeniya/2012_2013/nanotexn
ologiya/pagel6.htm

3. Sologub O Yu (2010). Calculation of the spectrum of fundamental optical
absorption compounds A3Bs. 2010 20th International Crimean Conference"
Microwave & Telecommunication Technology", ctp. 807-808.

34


https://ieeexplore.ieee.org/abstract/document/5632434/
https://ieeexplore.ieee.org/abstract/document/5632434/
https://ieeexplore.ieee.org/abstract/document/5632434/
https://ieeexplore.ieee.org/abstract/document/5632434/
https://ieeexplore.ieee.org/abstract/document/5632434/

VJIK 621.373.54
MAJIOI'ABAPUTHE IMITYJIBCHE /JKEPEJIO )KUBJIEHHSI 3
PEXUMOM POBOTHU CC/CV
I'apskasenko I1. O.

HaykoBuii kepiBHUK — KaH. (i13.-MaT. HayK, AoueHT Ppornosa T. L.
XapKiBChKUW HaLlIOHATBHUHN YHIBEPCUTET PAIOCIEKTPOHIKH, XapKiB
E-mail: pavlo.harkavenko@nure.ua

This work described the device of a power supply with a pulsed voltage
conversion and the ability to operate in the CC / CV mode. A modified circuit of
a pulsed power supply was obtained through the use of a modern element base. It
Is shown that the use of two AC / DC and DC / DC converters and the
implementation of the CC / CV operating mode allows expanding the scope of
this power supply.

OcoOnuBa posib y PO3BUTKY PaJIOCICKTPOHIKM HAJICKHUTh JDKEpeIam
KUBJICHHS — MPUCTPOSM, SIKi 3a0€3MEUYIOTh CIICKTPUYHOIO CHEPTI€I0 KUBJICHHS
CIICKTPOHHUX NPHUCTPOiB [1]. BoHM BifirpatroTh 0COOIMBY POJIb, TOMY IIIO YOJICH
CJICKTPOHHUN TIPUCTPI HE MOXKE HOPMAJIbHO TPAIIOBATH 0O€3 JKUBJICHHA. Y
3B'SI3Ky 3 IIMPOKUM CIEKTPOM 3aCTOCYBaHHS JPKEpesl JKUBICHHS iCHye 0Oarato
THUIIB JKEepe dKUBJIEHHS, HAPUKJIIA[, 32 IPUHLIUIIOM pOOOTH BOHU MOXKYTh OyTH
TaIbBAHIYHUMH,  C€JIEKTPUYHHUMH,  TEPMOEJICKTPUUYHUMH,  MEXaHIYHUMH,
I’ €30€JIeKTPUYHUMH, KOMOiHOBaHMMHU. OcoONMuBY posib y Il cepii OJIOKiB
YKUBJICHHS BIAITPalOTh OJIOKH KUBJICHHS 3 (YHKITIEIO TIEpETBOPEHHS HAnpyTH. Le
Jla€ CIIOKMBauyaM MOMJIMBICTh 3HAYHO 3MEHIIUTH Ta0apuTHI po3Mipu OJIOKY
’KUBJICHHS 32 PaXyHOK IMiJIBUILIEHOT YACTOTH, 1110 HAIXOUTh HA BX1Jl BUIIPSIMIIYA.

OCKUTBKM OKpIM IMIYJBCHOTO JDKEpelia JKHBJICHHS KOTPE TEPETBOPIOE
HaIpyTy, BeIuKy pousb B miauineHHi KK/ Bigirpae Bunpsmisd Ha HOTo BHXO/I,
TO CJiJi BUKOPHCTOBYBAaTH CHUHXPOHHHMM BHUIIPAMIISY B SKOMY 3aMICTh JI10]1a
BUIIPSAMIISIYa BUKOPUCTOBYETHCS TPAH3UCTOp. THMOBE NaIiHHS HANpyrd Ha
KpeMHieBUX Aiogax — 1 B, Ha repmanieBux ta miogax [llorTku — 6auseko 0,5 B.

[cToTHO MeHIIe BTpaTH €HEPrii y CHHXPOHHUX BUIPSIMIISTYAaX Ha MOTYKHHUX
KIIOUYOBUX TONBOBUX TPAH3UCTOpAX, J€ [IOAW 3aMiHEHI TOJbOBUMHU
Tpan3uctopamu. Omip BIAKPUTOTO KaHATY CYYaCHUX IOJBOBUX TPAH3HCTOPIB
3HIDKEHO N0 OAWHHIF MOM, TOMY MaJiHHA HAIpPYTd MOXE TOCSITaTH MEHIIE
50mB. Ile no3Bossie HAa MOPSAOK 3MEHIIWTH TAIHHS HANMpPYTH Ta, BIAMOBIIHO,
TEILTOBUALICHHS [2].

Takox B maHiid poOoTi po3risimaeTbes 00k skuBieHHs (BXX) 3 yHKIiEr0
peryitoBaHHs Ta cTabimi3aIii BUX1AHOT HAPyTru a00 CTPYMY 3 JBOMA CTYIEHSIMH
nepeTrBopeHHs (puc. 1). BiH Mae OCHOBHHMI TOTY)XHUH OJIOK MEpeTBOpPIOBaya
MEpEXKEBOI HAMPYTH B HU3bKOBOJIBTHY HAIPYTY, aJli BAKOPUCTOBYETHCS IPYTUN
MEepETBOPIOBAY HANIPYTH 3aBISIKM KOTPOMY MOKHA PEryJII0BaTU Ta CTaOLI13yBaTU
BHUXIJl 3a Hampyrow abo cTpyMoM. BukopucTtanHsi JBOX IEpETBOPIOBAYIB
J103BOJIsI€ 30UTBIINTH 00J1aCTh BUKOPUCTAHHS TAHOTO OJI0KA KUBJIEHHS, OCKUIbKU
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HOro MoxHa BBIMKHYTH BiJl IHIIOTO JKEpesa *KUBJIEHHS, AKIIO BIICYTHI MEPEKa.
Tako € MOXJIMBICTh 30UIBIINTH BUXITHUI CTPYM BBIMKHYBILIH MapajesbHO 10
apyroro OJOKy MepeTBoproBaya e oauH [3].

Input AC Output
o | AC DC A |28
190 - 250V DC cciey| 130V
0.3-15A

Pucynok 1 — [Ipuniun po6otu 610Ky KUBJIEHHS

ﬂKH_IO OJIOK >KHMBJICHHS BHUKOPHUCTOBYBATU ABTOHOMHO oe3 Mepe>1<i TO
MNPpUHOUIIOBA CXCMaA 6yz[e MaTu BUTIA A, K HABCACHO HA pUC. 2.

Relay
Input AC Output
AC ‘ : i_ || DC DC _otp
190 -250v DC [ o] | Sepup cc/ev| 130V
I I 0.3-15A
Battery
12-24V

Pucynok 2 — MoaudikoBaHa cxeMa 0JI0Ka KUBJICHHS JJIsI aBTOHOMHO1T POOOTH

JliHifHI mKepela )KUBJICHHS MEHII JOpOTi 4epe3 iX MPOCTIIY CTPYKTYpY.
Opnnak JniHIMHI JKepena skuBieHHS MawTh MeHmud KK (menme 60%) 1
BUJUISIIOTh OUIbINE TEIUla, HDK IMIYJIbCHI JDKEpena >KUBJICHHS; OTXe, 31
30UTBIIICHHSIM CIIOKMBAHHS €JIEKTPOCHEPTii 3arajibHa BapTICTh IMITYJIBCHOTO
JDKEpeIIa )KUBJICHHS CTa€ MEHIIIO0, Hi’K BapTICTh JIHIKHOTO JKepesa KUBJICHHS.

Taxum umHOM, MoaudikoBaHUM iMIynbcHUM B)XK nae 3HayHO 3MEHIIUTH
rabaputHi posmipu ta miaBunutd KK mo 98% BignocHo miiitHux bXK, a
BUKOPHUCTAHHS JIBOX TIEPETBOPIOBAUIB JO3BOJIAE 3OUIBIIMTA 0OO0JACTh HOTO
BUKOPHUCTaHHSI.

Crmcok BHKOPHCTAHUX IXKCPCII:

1. Raymond A., Mack Jr. Demystifying switching power supplies - ISBN 0-
7506-7445-8 — Library of Congress Cataloging-in-Publication Data Mack. Jr/
Raymond A: copyright 2005, Elsevier. - TK7868.S9M24 pp.113 - 154

2. Differentiate between Linear Power Supply and Switching Power Supply
[EnexTpoHHUI pecypc]: - Pexxum JOCTYITY:
https://www.matsusada.com/column/linear_switching_difference.html.

3. Switching Power Supply Technical Manual [Enextponnuii pecypc]: -
Pexum  pmoctymy:  https://www.power-supplies.com.au/files/mean-well-user-
technical-manual.pdf.
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Tandem solar cell consist of several light absorber with different band gaps.
It has great potential in breaking the Shockley—Queisser efficiency limit of a
single junction solar cell, based on the traditional material (Si, GaP, CdTe and
etc.), by absorbing light in a wide range of wavelengths. Perovskite solar cell is
ideal candidate for tandem solar cell due to their tunable band gaps, high
efficiency and easy fabrication.

CrorosHi B CBIT1 Bce OiibIlie HAOUpae 00epTiB pyX 3a €KOJIOTTUHI JKepena
enekTpoeHeprii. OAHUM 3 HUX € COHAYHA eHepreTuka. B MopiBHIHHI 3 IHIIUMH,
BOHA Mai’ke HE BIUIMBA€ HA HABKOJIMIIHE CEPEJOBHIIE Ta NPH IEPETBOPCHHI 3
OJIHI€T €HEPrii B iHITY HE Ma€ PyXOMHUX YacTWH. He3Bakarouw Ha Ii¢ BOHA Mae i
CyTTeBUH HenoJik. HamiBnpoBiHMKOBa TPOMHCIIOBICTh Ha JaHOMY e€Tarli
3a3BUYail BUTOTOBJISIE COHSAYHI TMAHENl Ha OCHOBI kpemHito. He3Baxarouum Ha
MOCTIiHI BIIOCKOHAJIEHHS, X €()eKTUBHICTh BXKE HAOIMKAETHCA TO TEOPUTHUHOTO
makcumymy — Mexi [lloxmi-KBaiiccepa, sxa cknagae npubiauzno 30%. Tomy,
Bce OUTbIIE MPUIUISIOTh YBArk TOCTIKEHHSM 3 aJbTePHATUBHUMU MaTepiajaMu
Ta KOHCTPYKTUBHUMH. OJTHUM 3 HUX € TAMJIEMHHUI (HOTONEPETBOPIOBAY HA OCHOBI
IIEPOBCKITIB.

ITepoBCKITHI COHSYHI €IEMEHTH 3 OJJHUM IEPEX0JIOM BKE 3HAXOMSITHCS HA
MEXI TOro, moO TMoaoJaTH peKopa ehEeKTUBHOCTI TEPETBOPEHHS eHeprii
3BUYAHUX COHSYHUX eyneMmeHTiB. [1lo0 ii mokpammTu Oinbmie mexi [lloxmi-
KBaiiccepa, HeoOXiiHE peTeNbHE MPOEKTYBAaHHS 1HTETpallii BHCOKOS(PEKTUBHUX
BEPXHIX COHSYHHMX EJIEMEHTIB 13 HIMPOKOI0 3a00pOHEHOI0 30HOI0 Ta HUKHIX
COHSIYHHUX E€JIEMEHTIB 13 MaJIOI0 MIUPHHOI0 3a00pOHEHO1 30HU, IO JTO03BOJHUTH
chopMmyBaTu TaHIEMHI COHSYHI eneMeHnTu. TanaemHi apxitektypu 2T/4T maroTh
PO3paxyHKOBY TCOPETHUHY MeXKY edeKTuBHOCTI 110 43%, Toxi sik 3T mependavae
nocsoxkaui KK 32% [1].

TakuM 9yuHOM, HA TAHJAEMHI COHSYHI €JIEMEHTH JUBJIATHCSA 3 ONTHMI3MOM
4yepe3 HasBHICTh B OJTHOMY MPHUCTPOI MaTepialy SIK 3 BETUKOIO, TaK 1 HU3BKOIO
TUPUHOIO 3a00poHEHOT 30HU. [leil THIT KOMITOHYBaHHS T03BOJISIE€ PUCTPOIO Oy TH
AKTUBHHM $SIK y JTOBTOXBHJIOBUH, TaK 1 KOPOTKOXBHIIBOBHIA 00JACTSX, /1€ KOKHA
00JacCTh JTOBXKWH XBWJIb MOXE OyTH €(pEeKTUBHO TMEPETBOPEHA B EJICKTPUYHY
€HEprito, 110 J03BOJISIE TMIABUINUTH €(PEKTUBHICTb. [lepOBCKITHI COHSIYHI
enementd (CE) € Haiikpamum BuOOpOM isl 1HTerpaumii 3 KpEeMHIEBUMU
COHSYHHMMH €JIEMEHTAMH, OCKIJIbKM BOHU MalOTh YHIKaJIbHI BJIACTUBOCTI, TaKl K
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BUCOKUM KOEQIUIEHT TMOIVIMHAHHS, IIMpUHA 3a00pOHEHOI 30HM, sKa
HaJaIITOBYEThCS, BHCOKAa CTIMKICTH 10 JAe(EKTiB, 3pOCTar04l MOKa3HUKU
MIPOIYKTUBHOCTI, BUCOKA HANPyra Horo eJeMeHTiB 1 jerka oopoomtoBanicts. CE
3 MEPOBCKITY MOXYTb BUKOPUCTOBYBAaTH BHUCOKOEHEPIreTHUYHE CHHE Ta 3€JICHE
cBiTO Habararo eexkruHime, HiX CE 13 kpemHito. 3 1HIIOro 00Ky, KpEMHIEBI
COHSIUHI €JIEMEHTH PearyroTh Ha YEpBOHE Ta 1H(pauepBOHE CBITIIO, SIK MOKA3aHO
Ha puc. 1. Ile no3Bonse TanaemHomy CE mnoOrnMHAaTH IIMPOKUHN Jlana3oH
COHSIYHOTO CIIEKTPYy Ta JOCSTaTh BHCOKOro Qoroctpymy. JlocsarHytuii Ha
ceorogui KKJI tangemuoro CE crtanoButh 29,5%. Kpim Toro, Tepmanizairis,
BUKJIMKaHa BHMCOKOEHEPreTMYHUMH (OTOHAMHM BHUIIE KPEMHIEBOI ONTHUYHOI
3a00pOHEHOT 30HH, 3HAYHO 3MEHIIY€EThCS, OCKIJIbKY IEPOBCKITOBUNA BEPXHIM 1Iap
norauHae 11 ¢potonu. PamgianiiiHi BTpaTH Mpu bOMY MOXYTh CTAHOBUTH TOHA]
50 % BTpat y kpemHieBOMY Iiapi Ta 6Ju3bko 35 % y TaHJAEMHUX IIapax.
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Pucynok 1 — Jliarpama edeKTUBHOCTI IEPETBOPEHHS COHSYHOTO CBITIA IS
KPEMHEBUX Ta TaHAEMHHX (DOTOIEpeTBOPIOBAUiB. [2]
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The main element of solar power plants are solar panels. The development

of modern technologies leads to the emergence of new types of solar panels,
namely flexible ones. This paper examines the main types of solar panels. Their
types, structure, materials from which they are made. The paper presents the
advantages and disadvantages of flexible panels. The efficiency of solar panels of
different types is compared.

CoHsilyH1 maHeni, ChOTOAHI MOMYJSPHI AK HIKOJM, 1€ albTepHATUBHE
JDKEpEeNIo eKOJIOTIYHO YHCTOi eHeprii. ICHye Tpu OCHOBHI THIHM COHSYHHUX
naHese: MOHOKPUCTAIIUHI, MOJIKPUCTANIIUHI, TOHKOIUIIBKOBIL. JlJis CTBOpeHHS
NEPIIMX JIBOX HAWMOMIMPEHIIIUM MaTepiaioM € KpPeMHIM pi3HUX MoJu]iKaIlii.
ToHKOTUTIBKOBI COHsIUHI OaTtapei MOKyTh OyTH CTBOPEHI Ha OCHOBI amMop(HOTO
KpeMHito (a-Si), renypuny kaamito (CdTe), migHoro iHaii ramito ta ceneny (CH
CII"C), consiuni enemenTu ceHcuOinizoBani 6apsaukoM (DSC) [1, 2]. Beim Bugam
noTpiOCH PO30pHi 30BHINIHIN IIap 31 Ckja ad0 IHIIUX MaTepialiB I 3aXUCTY
Bil BOJOTM Ta MEXaHIYHUX [ONIKO/KEHb. BelauKky MOmyJIspHICTh 3apa3s
HaOMparoTh THYYKi COHAYHI Gatapei. IXHs mepeBara HaJ iHIIMMH: Bara, po3Mmip,
€JIaCTUYHICTB, MIPOTYKTUBHICT, YHIBEpCAJIbHICTD, €KOHOMIYHICTb,
€KOJIOT1YHICTh, IPOCTOTA EKCIUTyaTaIlii.

repmMeTnyHa pamka

Cknsaxe nokpuTTAa

doToenemeHTM

3BOPOTHA CTiHKa
naxeni

Puc.1 — BynoBa rHy4YK0i COHSIYHOT TTaHei

ToBIMHA TUTIBKKM 3MIHIOETBCA B KIIbKOX HAHOMETPIB 10 JECATKIB
MikpoMmeTpiB. Lle 103BoJIsl€ TOHKOILIIBKOBUM KOMIpKaM OyTH THYYKHMMH 1 MaTH
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MEHIIy Bary. ['Hyukl COHSYHI MaHeJl Habarato Kpaumie MpaliorTh MiJ 4ac
MOXMYPOT MOT0I¥, Ha BIAMIHY B1J] 3BUYAaHHUX KOPCTKUX KOHCTPYKIINA HA OCHOB1
KpeMHito. [[1s mopiBHSIHHS, CTaHAApTHA COHsIYHA Oarapes B MOXMYpPY MOTOay
3natHa mpaitoBatu gumie Ha 10% cBO€i MOTYKHOCTI, TOA1 SIK THY4YKa IMaHEb
Bujiae 61u3bko 50% HOMIHATBHUX 3Ha4YeHb [3]. TeXHOJOTrisl TOHKOILIIBKOBHUX
COHSIYHHUX €JIEMEHTIB aKTUBHO PO3BHUBAETHCS 1 W€ HE JAOcCAriIa MIKy CBOiX
MO>KJIMBOCTEHN. 32 MPOAYKTUBHICTIO THYUYK] COHSIYHI MMaHEeN1 MOCTYNa0ThCs MO~
a60 MoHokpucTaniyHUM. OCHOBHMI iX HEJOJIK L€ Te 110 TOHKa Qojbra Ta
MIHIMAJbHUN 1IAp HAMWIECHHS BIAHOCHO WIBUIKO AETPaAyloTh. [ 'apaHTiiiHUM
TEPMIH eKCIUTyaTallil TAKUX MaHenen 0113bKo 3 pOKiB.

KKJI koMipok KpeMHi€BHX MOJYJIB Ha ChOroai 6mmspko 15 — 20%. B
JaHWi dYac ICHye TPU OCHOBHHX THIIM HEOPTaHIYHUX IUTIBKOBUX COHSYHUX
€JIEMEHTIB - KPEMHI€BI1 TUIIBKM Ha OCHOBI aMOP(HOro KpeMHito (a-Si), MIIiBKU Ha
ocHoBl Tenypuay kaamito (CdTe) Ta mmiBku ceneniny memi-igais-ranioo. KKJI
COHSIUHUX Oarapeii Ha ocHOBI amopdHoro kpemuito Omu3pko 10%. Bouu
JEMOHCTPYIOTh CTAOUIBHICTh MPU PO3CITHOMY CBITHI. [Ipu cuapHOMY HarpiBaHHi
TOTY)KHICTh 3HW)KYETHCSI HE3HAYHOIO Miporo. ChOTOJHI BHKOPUCTOBYIOTHCS
HaifuacTile, TOMy 10 MalOTh HEBUCOKY BapTiCTh Ta Xopolry edekTuBHICTh. KKJ]
COHSIYHUX OaTapei Ha ocHOBI Tenypuay kaamito — 10-11%. Boru matoTh BUCOKY
CTaOUTBHICTh, HEBEJIMKY Bary i BUCOKY BapTICTh. JIeMOHCTPYIOTh CTIMKICTB 110
TBEPJIOTO BUIPOMIHIOBAHHS, TeMIepaTypHY cTaOuIbHICTh reHeparii. KKJI
COHSYHUX Oarapeld Ha OCHOBI CeJIeHiAy Menmi-iHais-ramito gocsrae 27%. Lli
HaHesll JEMOHCTPYIOTh BHCOKY TEMIIEpaTypHY CTAaOUIBHICT Ta IIUPOKE
OXOIUJICHHSI CHEKTPY BUIPOMIiHIOBaHHS [4]. ICHYIOTh TakoX THYUYKI COHSUHI
TMaHenai Ha OCHOBI MOJIMEPIB Ta OpraHikH. IX BHPOOISIOTH HA OCHOBI TOHKHX
wIiBoK 13 dynepeniB. IlepeBaramMu € €KOJOTIYHICTh, BHUCOKA IIBUIKICTH
BUPOOHUIITBA, MOKJIMBICTh PO3TOPTaHHS y Oyab-akux MmacimTabax. [Ipore ixHii
KK/ i TepMiH ciy>kOH MOKH 110 HE BUCOKHH .
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The results of modeling a solar photoconverter based on a multilayer

structure are presented. The photoconverter consists of several layers, of which
the active layers are perovskite, a polymer material based on a positively charged
polymer and polystyrene sulfonic acid (PEDOT:PSC) and silicon Si. Poly(3,4-
ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) IS
a polymer mixture of two ionomers. One component in this mixture is made up
of polystyrene  sulfonate which  is  asulfonated polystyrene.  Part  of
the sulfonyl groups are deprotonated and carry a negative charge. The other
component poly(3,4-ethylenedioxythiophene) (PEDOT) is a conjugated polymer
and carries positive charges and is based on polythiophene.

3 KOXKHHM POKOM aKTyallbHICTh BHKOPHCTaHHs eHeprii CoHIp 3pocTae,
a/pKe BOHA BBAXAETHCS TIHOIO aTbTEPHATHBOIO 3aCTapiIOMy BHPOOICHHIO
€JIEKTPOEHEPT1i, 1110 BUI00YBAETHCS IUIIXOM IePEePOOKH BUKOITHUX BH/IIB MaINBa
Ta eHeprii aroma. 3aBASKH CBOIM (YHKIIOHAJIBHHUM 1 CTPYKTYPHUM
0COOJIMBOCTSIM, COHSIYHI €JIEMEHTH, SIK 1 l'IO6y,IIOBaHi B)K€ Ha 1X OCHOBI1 Oarapei,
MOXKYTh MaTH PI3HI PO3MIPH - TOYMHAIOYM BiJl MIKPOCKOMIYHUX COHSIYHHUX
€JIEMCHTIB KaJbKyJIATOpa JI0 TOBEPXOHb  MAIIMH, OyzaiBedab, COHSYHHX
EJIEKTPOCTAHIIIN Ta €JIEMEHTIB JOPOKHBOTO MMOKPUTTSI.

B pobGori mpeacTaBieHO pe3yiabTaTH  MOJCIIOBAaHHS  COHSYHOIO
¢doTonepeTBOprOBaua Ha OCHOBI O6araromapoBoi cTpykrypu. doronepeTBoproBau
CKJIQJIA€ThCA 3 JICKUIBKOX INapiB, 3 SKUX AKTUBHUMH € IIapu IEePOBCKITa,
MOJIIMEPHOTO MaTepiady Ha OCHOBI TMO3UTHBHO 3aps/KEHOTO IOJIMEpy Ta
MOJIICTUPEHCYIb(OHOBOT KUCITOTH (IHEAOT:IICC), KpeMHiro Si.

OnHuM 3 MepCcneKTUBHUX MaTeplaJ'IlB nanoi crpykrypu € IIEJOT:ICC
(mo1i-3,4-eTHIICH AMOKCITIO(CH-TOMICTHPOT  CyNnbQOHAN), XIMIYHA CTIPYKTYpa
SIKOTO TIPE/ICTAaBNICHA Ha PUCYHKY 1. BiH siBisie cOO0K0 MOMIMEPHHUI @IEKTPOIIT,
IO CKJIAJAEThCA 3 MO3UTUBHO 3aPAIKEHOTO nonlMepy (ITEJOT) 1 HeratuBHO
3apsAKEHOI TOBEPXHEBO-aKTUBHOI PEYOBUHHU - aHIOHHOTO CcypdaKTaHTa —
nonictupercynbonoBoi kucnotu ([ICC), sika momomarae nucmepryBatd i
cra6imizyBatu IIEJIOT y Boai Ta iHmmx po3unHHauKaX. [IEJJOT:TICC € Haibimpm
YCIIIIHAM  TIONIMEPHAM ~ MatepiagoM, TPH MNPaKTHYHOMY 3aCTOCYBAaHHI.
IMEJOT:IICC- nie 3a3Buyatii Bix 1,3 10 3 % po3uuH y Boai 110 He MICTUTB 1HIITNX
nob6aBok. Bin mae Jyxe oBMeReHE po3TikaHHS Ta aare3ito. JlJis mOoCATHEHHS
kpaioi enexkrpuyHoi nposigHocTi [TEJJOT: IICC HeoOXimHO J0AaTH 10 HHOTO
5 % opraHiyHOrO pO34YMHHUKA, Takoro gk aumetwicynbpokcua (JAMCO). Le
cripaBeuBO Jyis Oyab-axoro ITIEJOT:IICC [1, 2].
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Pucynok 1 - XimiuHa ctpykTypa nposinnoro nomimepy IHEJOT:TICC

Xoua I[NIEJOT cam mo co6i mpoBinuuii, [ICC, npucyTtHii y cywmil, €
13omtorounM. Otxe, KibKicTh [ICC Ta MIKpOCTPYKTYypa MJIIBKH MalOTh ICTOTHUN
BB Ha enektpuuHi BiactuBocTi [IEJIOT:IICC. VY BoaHiit cycnen3ii
[EAOT:IICC yTBOpIo€ MileneBy CTpyKTypy, B sikiil rinpodobue siapo IIEJOT
otoueHe obonoHkor riapodureHOi TICC. Ilim yac oca/ykeHHS I CTPYKTypa
30epiraeTbCs, YTBOPIOIOUM JIOKami3oBaHi AuissHku mnpoBigHoro IIENOT, sxi
oroueHi BoysAitHuMEU nausakamu [ICC. Came s CTpyKTypa CepLEBUHHOI
00O0JIOHKH TIPU3BOJUTH 10 HU3BKUX 3HAYEHb EJIEKTPOIPOBITHOCTI, SIKI MOXYTh
BUHUKHYTH Ui ctangapTHux peuentyp ITEJOT:IICC. lupuna 3abopoHeHOT
3onu [IEJIOT cknanae mpubausno Bix 1,6 1o 1,7 eB, mo noMitHO MeHIie, HIX Yy
HE3aMIIEHOTO TOJITIO(EeHy, M0 MPU3BOJIUTH O 3CYBY MAKCUMyMYy OCHOBHOI
CMYTH MIOTJIMHAHHS B YEPBOHY 00JIACTh CIIEKTPY.

Oxpim Toro TIEJJOT:TICC mae xopomry ¢oTO- 1 €1eKTPUUHY CTaOUIbHICTD
Ha noBiTpi. [lepenecenns 3apsany B nposinHomy noiaimepi [IEJJOT BinOyBaeTbcs
10 CHCTEMI CIPSDKEHHUX 3B’ SI3KIB 32 PAXyHOK €JIEKTPOHO-OOMIHHHMX PEaKIii MiX
CyCiIHIMH  pemoKc-MicIsiMH  (MDK  (parMeHTaMu TOJIMEpy, Ha  SKHX
JETOKATI3YIOThCS €JIEKTPOH a0o0 dipKa) 1 CYNPOBOKYETHCS PYyXOM aHIOHIB-
JOTIAaHTIB B3JIOBXK IOJIIMEPHOTO JaHIora. Pe3ynbTati MOJENOBaHHS CBiIUYaTh,
o 3actocyBanss [IEJJOT:IICC B TaHAeMHUX COHSYHUX (POTONEPETBOPIOBAYAX
no3Bouisie orpumaty Bucokuit KKJI, Ta xopori iHII XapaKTepUCTUKH 3a PI3HUX
yMOB. BukoHaHI po3paxyHKH CBiI4aTh PO JOCUTH BHUCOKY €()EKTUBHICTH
TaHAEMHUX COHSAYHUX (POTOMEPETBOPIOBAUIB, MPOTE TEXHOJOTIA Ta CTPYKTypa
mapiB MOTPEOYIOTh MOJATBIIOTO BUBYCHHS Ta BIOCKOHATIOBAHHS.
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An artificial lighting device based on a thin film structure using organic
nanolayers, as well as diffraction microstructures for the redistribution of the light
flux, is considered in the presented work.

The modern ITO/HMTPD/TAZ:Ir(ppy)3-BCP/AIlg3/Al structure was
chosen for modeling and calculation of light and electrical characteristics.

As a result of the performed modeling, the electrical and optical
characteristics of the indicated LED were obtained, in particular, the volt-ampere
characteristic, the light characteristic, the spatial distribution of radiation, the
directional diagram of the device.

CBITJIONIOMHI JIKepesia BUIPOMIHIOBAaHHS Ha MPOTA31 JCKUIBKOX POKIB
BIIEBHEHO 3aBOMOBYIOTh PHUHOK CHCTEM OCBITJICHHS, BHKOPHCTOBYIOUU
HalCyJacHIIi TEXHOJIOT11, 30KpeMa MIKpO- Ta HAaHOIUTIBKOBI CTPYKTYPH, CHCTEMHU
KBaHTOBUX siM Tomlo. Lle mae 3mory mepim 3a Bce miiBUINYBaTH €(EKTHUBHICTD
IPUCTPOiB, a TaKoXX 3abe3reuyBaTd EKOJOTIYHICTh Ta O€3MeyHICTh iX
BUKOpUCTaHH:A [1].

JlxepenoM cBitna ceitnogiogHoi jamnu € LED-mionu. BoHu SBIAIOTH
cobor OararomapoBuii HaINIBIPOBIIHUKOBHH KpHUCTaJ, IO IEPETBOPIOE
€JICKTPUKY Ha CBITJIO.

CBITJIONIOHI €IEMEHTH OCBITJIIOIOUMX IMPUCTPOIB MAalOTh HHU3KY IepeBar
NOPIBHSHO 3 TPAAWIIMHUMHU TpWIaJaMH — JaMIaMd pO3IKAPIOBAHHS Ta
ra3opo3psIHUMU: BUCOKA CBITJIOBA Bifjava (y 5...8 pa3iB Ounble TpagUIiiHUX),
ekoHOMIuHICTh (BpaxoBytoui, mo KKJI cBitmomioga csrae 60% 1 Ouibie),
JOBTOBiuHICTh (peanibHo 40 — 60 THCsSY ronuH), 6e3meka Ta HaliiHICTh (PO30HUTH
MIHIaTIOPHUN 10/ TOCUTH CKJIQJTHO, BIH HE Ma€ KPUXKOTO CKIITHOTO KOPIYCY, HE
BHMAara€e TepMEeTUYHOTO Ta30BOT0 CEPEIOBUIIA /I POOOTH KPHUCTAIiB).

Pazom 3 1nuM € Oarato nuTaHb, MIO CTOSATH Nepe] BUPOOHUKAMU
CBITJIOJIOMHUX OCBiIT/IIOBadiB. Jl0 HUX MOJKHA BITHECTH MPOOJIEMYy BHOOPY
JEMIEBUX Ta JOBrOBIYHHUX MaTrepiajiB BHUIPOMIHIOIOUHMX IMApiB, ONTHMI3aIliio
CTPYKTYpH TPHUCTPOO, 30UThIICHHS KOCS(DIMiEHTY BHBOJY BHIIPOMIHIOBAHHS,
CIPOIIEHHS KOHCTPYKIIil KOHIIEHTPATOPIB Ta CIIPSMOBYBAYiB CBITIIOBOTO MTOTOKY
[1...3].

PoGoTa npucBsiueHa AOCHIIKEHHIO MPUCTPOIO IITYYHOTO OCBITICHHS Ha
OCHOBI TOHKOIUTIBKOBO1 CTPYKTYPH 3 BUKOPUCTAHHSIM MIKPO- Ta HAHOCTPYKTYD, a
TaKOX JTUPPAKIINHUX MIKPOCTPYKTYP JIs IEPEPO3NOLTY CBITIOBOTO MOTOKY. Y
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AKOCT1 AaKTUBHOTO CepeloBHINA. BuKopHCTaHl Cy4yacHI BHCOKOE(EKTHUBHI
Marepiaiu, 30KpeMa OpraHiuHi HaliBIPOBIIHUKOBI pEYOBUHHU.

Merta po60oTH — po3poOKa TOHKOILJIIBKOBOI'O OCBITIIOBAJILHOTO MPUCTPOIO 3
BHCOKOIO PIBHOMIPHICTIO PO3MOJAULY CBITIOBOTO IOTOKY, MOJICJIIOBAHHS Ta
PO3paXyHOK XapaKTEPUCTUK BUIIPOMIHIOIOUOTO €JIeMEHTA.

JUiss  MOJentoBaHHA Ta pPO3pPaxXyHKY CBITJIOBUX Ta  E€IEKTPUUYHUX
XapaKTepUCTUK BUOpPAHO Cy4yacHY CTPYKTYpy Ha OCHOBI 0a30BOro aKTHBHOI'O
mapy I[TO/HMTPD/TAZ:Ir(ppy)3-BCP/Alq3/Al [3]. TlocnimoBHICTH IapiB
CTPYKTYpH HaBeJieHa Ha puc. 1

Karon Al 20 am
[ITap TpaHCTIOPTYBaHHS €JIEKTPOHIB
(ETL)Alg3 40 um
AkTHBHUH BUnpomiHtorouii map (EML).
TAZ:Ir(ppy)3-BCP 20...40 um

[ITap TpancnoptyBanHus nipok HMTPD
(HTL) 50 am

Pucynok 1 — CtpykTypa TOHKOIUITIBKOBOTO CBITJIOIOY

Y pe3ynbraTi BHKOHAHOTO MOJCIIOBAHHS OTpPUMaHi eJeKTpUYHI Ta
ONTHUYHI  XapaKTEepPUCTUKH 3a3HAYCHOTO (oTomepeTBoproBada, 30KpeMa
BOJIbTAMIICPHA XapaKTCPUCTHKA, CBITJIOBa XapaKTEPHCTHUKA, IPOCTOPOBUMA
PO3IOALT BUIIPOMIHIOBAHHS, JiarpaMa CpsiMOBaHOCTI MTPUCTPOIO.

HapeneHno moIminbHICT BUKOPHUCTAHHS AHQPPAKIIHHUX E€JIEMEHTIB s
ONTHMI3aIlli po3IMO LTy BUITPOMIHIOBAHHS TI0 IIOBEPXHI MMPUCTPOIO.
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In abstract a problem is considered concerning the definition in water
objects of organic substances such as polycyclic aromatic hydrocarbons (PAH).
Optical sensor for organic substances detection is developed. It represents
portable device which is based on semiconductor quantum dots which are the
detector elements of optical sensor. The principle of optical sensor operation is
based on electrochemical and electrochemiluminescence methods using modern
nanomaterials and nanotechnologies. It can be used in medicine and ecology for
investigation and monitoring of water object for PAH content detection.

Ha croronHiniHii eHb ckianacsa HalpyKeHa CUTyallis 13 3a0e3ne4eHHsIM
HaceJICHHS YKpaiHU sIKICHO MTUTHOO BOJ0t0. OCHOBHUM KPUTEPIEM SIKOCTI BOJIH
€ 1i BIUTUB Ha 3/I0pOB’S JIIOJIUHU, IO 3a0€3MeUyeThCsl BIACYTHICTIO HIKIIJTMBUX
opraHiyHux JgoMimok. [IpiopuTeTHUMU 3a0pyAHIOBAaYaMU  3alIUIIAOTHCS
OpraHiuyHi pe4oBUHU: HaPTOMPOAYKTH, (HEHOTU Ta TMOJIMMKIIYHI apOMaTHYHI
ByrneBonHi (ITAB). VYci Bimomi IIAB mnorpamisioTe y TOBKULIS IUISIXOM
3TOPSIHHS BYTJICIIEBOBMICHIX OpraHiuHMX MartepiaiiB (HadTa, ByriLis, JepeBUHA,
CMITTA 1 T. iH.). IcTOTHEMHU mpoOieMaMM ICHYIOUMX METOJMIB Ta IMPHUCTPOIB €
BHCOKA MeXKa BH3HAUCHHS aHaJITy, IO OOMEXYE MOXKIIMBICTh BU3HAYCHHS
HaJMaJIMX KOHIICHTpAIlid PEYOBHH Y piIMHAX, CKJIAIHICTh 1 BAPTICTh 00IaTHAHHS
Ta TPUBATICTh aHaNizy. HaBeneHe BKa3dye Ha JOMUIBHICTH YJOCKOHAJICHHS
ICHYIOUHX Ta PO3pOOKH HOBHX €()EKTHBHUX METOJIB 1 CHCTEM BHU3HAYCHHS
OpPraHIYHMX CHOJYK Y BOJHUX O0’€KTaX, IO COPUATAME CBOEYACHOMY iX
BHU3HAYCHHIO.

BuxopucranHs HaHOMaTEpialiB K JIETEKTOPHUX €IEMEHTIB B aHATITHIL
Ta TPWIANO0yIyBaHHI JO3BOJSE MIABUIIATA CEICKTUBHICTh AHATITHYHUX
METO/IIB Ta MIHIaTIOPU3yBaTH aHATITHYHI TpUCTpoi. TakuM unHOM, po3poOKa Ta
JOCIIHKCHHS] HAHOTEXHOJIOTTYHOTO CEHCOPY € aKTyaIbHIUM HAyKOBUM 3aBIaHHSIM
JUISL €KOJIOT1i, OIOMEIUITMHA Ta CYMDKHHUX O0O0JIacTEeH, 10 BU3HAYMIO HAIPSIMOK
HAyKOBOTO JOCTIPKeHHS. ToMy B pOoOOTi 3aIpOIIOHOBAHO ONTHYHHUI CEHCOP Ha
OCHOBI1 JIETEKTOPHHUX €JIEMEHTIB — CEPUIHHIX HAMIBIPOBITHUKOBUX KBAHTOBHUX
touok (KT) nis Bu3HaueHHs! OpraHidyHUX CHONYK, HA npukiaal [TAB, y Bogaux
00’extax MOBKULISA. OCOOIMBICTIO PO3POOICHOTO CEHCOPY € BHMIPIOBAHHS
ONTUYHOIO aHAJITUYHOTO CUTHAIY, a came IHTEHCHUBHOCTI
€JIEKTPOXEMUTIOMIHECHEHIIII, M0 30yIKYETbCS HEONTUYHO MPH EJIEKTPOHHUX
nepexojax Mk HaniBnpoBinHUKOBUMU KT (1eTekTopHuUil enemMeHT) 1 yacTkaMu
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aHamity 3 HacTynHuM nepexonoM KT B 30ymkeHHMIl €NeKTpOHHUN CTaH.
BunpowminioBanbHa JIe3aKTUBAILIS OCTaHHBOTO CYIPOBOIKYETHCA
BUIIPOMIHEHHSM (DOTOHIB, YUCIIO SIKMX BU3HAYa€ KUIBKICTh aHAJITy B MpOOL.
OcoOnuBuii 1HTEpPEC AJii CTBOPEHHSI TaKOrO POAY CEHCOPIB € BUKOPUCTAHHS
Cy4yaCHOTO  HAHOTEXHOJOTIYHOTO  METOAY  CTBOPEHHS  BIOPSJKOBAHHUX
MOHOMOJIEKYJIsIpHUX TT1BOK Jlanrmiop-bnomxert (JIB).

B 0B - Noryros_OHAAM.ppt[Compatibility Mode] - PowerPoint

5 sau ]
Cxema chopmyBaHHsi MOHOMonekynsipHoro wapy KT Ha
ITO-enekTpogi y NlaHrmiop-BnomkeTTiBChKilt BaHHi

o o
gt 1 — JleHrMiop-bnowKeTTIBCLKA BAHHa; 2 — MEeXaHi3M ONyCKaHHA
o i ; 3 —Barv Bi i 4- yunii 6ap'ep; o
5 - po3uuH KT Ha noBepxHi BiaucTunboBaHoi Boau; 6 —

Cralig 14w 19 ¥ yxpanncxwii (19 CreupanbHbie BOSMOXHOCTIE HE NIOAEPXMBAITCH

Pucynok 1 — Cxema dopmyBanHs MoHOMoJieKy sipHoro mapy KT na [TO-
enextpoai y JIb Banni: 1 — JIb BaHHa; 2 — MeXaHi3M ONyCKaHHS MIIKJIAJIKH;
3 — Baru Bumerensmi; 4 6ap'ep; 5 posuun KT;
6 — TBepIOTUTBHA TIIKIIaIKa

KT, mo BHKOPHCTOBYIOTHCS SK JICTCKTOPHI €JEMEHTH CEHCOpa, MaloTh
HU3KY KOPUCHUX OCOOJMBOCTEH B TOPIBHAHHI 3 KJIACHYHUMH OPTaHIYHUMU
moMiHOGOpaMu: BY3bKY CMYTy BHUIIPOMIHIOBAHHS JIFOMIHECILICHI(l, BUCOKHIA
KBAaHTOBUM BHXIiJl, MOXJIMBICTh YIpPaBIiHHSI XIMIYHUMH 1 (IBUIYHUMH
BIACTUBOCTAMU mIsixoM 3MiHM po3MmipiB KT, doToximMidHy CcTaOIIBHICTS,
tomro [2]. Ile mo3BoJsie BUKOPUCTOBYBATH iX mpu MoAudikaiii eIeKTpOiB
cerncopy 3a metrogom JIb [3]. CdopmoBanmii ceHCOp MIHIATIOPHUX PO3MIPiB
BOJIOI[ie BHCOKOIO CEJIEKTUBHICTIO Ta HU3bKOIO MEKEIO BU3HAUECHHS.
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The report discusses the purpose of technological progress, the theory of
technological singularity and the modern element base of electronics. The
advantages and risks of technology development are explored, the increasing
complexity of electronic devices and systems, their vulnerability to cyber-attacks
iIs emphasized. The theory of technological singularity and the potential
transformative events that it can cause are considered in detail. It also touches
upon the issue of e-waste disposal and the importance of proper disposal methods
to minimize the environmental impact of electronic devices. Discusses the use of
hardware to prevent cyberattacks and the e-waste business.

Technological progress is a key driving force behind the development of
modern electronic devices and systems. The goal of technological progress is to
make human life easier, safer and more comfortable. With the advancement of
computer technology, the meaning of technological progress has taken on a new
dimension, with a focus on achieving artificial intelligence and other advanced
capabilities. The concept of artificial intelligence was first introduced in the
1950s, but it wasn't until the development of machine learning algorithms and
neural networks in the 21st century that significant progress was made.

The theory of technological singularity posits that once artificial intelligence
surpasses human intelligence, it will rapidly advance to levels beyond human
comprehension, leading to a transformative event in human history. This theory
was first proposed by mathematician and computer scientist Vernor Vinge in the
1990s and has since gained widespread attention and debate.

However, the increasing complexity of electronic devices and systems has
made them vulnerable to cyberattacks and other forms of security breaches. The
more complex an electronic device or system is, the more points of entry it has
for potential hackers. This complexity also makes it more difficult to detect
vulnerabilities and patch them before they can be exploited. For example, the
growing number of internet-connected devices in smart homes presents an
increasing number of potential vulnerabilities for cyberattacks.

Despite the risks associated with increased complexity, there are many
benefits to the advancement of electronic devices and systems. Advancements in
technology have enabled new features and functionalities to be added to devices,
such as improved cameras, longer battery life, and more powerful processing
capabilities. These advancements have helped to drive innovation and improve
the overall user experience.
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To address the issue of cyberattacks, hardware tools such as encryption and
firewalls can be used to provide additional layers of security. However, these tools
are not foolproof, and new threats and vulnerabilities are constantly being
discovered. The growing complexity of electronic devices also poses a significant
environmental issue, with e-waste disposal becoming an increasingly pressing
concern.

The recycling of e-waste has become an important issue, with some countries
making it a big business. In the United States, the amount of e-waste generated
annually has increased from 2.37 million tons in 2009 to 3.32 million tons in 2020.
Proper disposal practices are necessary to minimize the environmental impact of
electronic devices and systems. One example of a successful e-waste recycling
program is in Japan, where the country has been recycling e-waste since the
1970s. The price of recycling a ton of electronic waste can range from $200 to
$400, depending on the material, while in the United States, it can cost up to $600
per ton. In Europe, the issue of e-waste disposal is being addressed through
regulations and directives such as the Waste Electrical and Electronic Equipment
(WEEE) Directive, which requires member states to establish e-waste collection
and recycling systems. Many European countries have implemented e-waste
collection and recycling programs in collaboration with various stakeholders.
Possible solutions include continued regulations, increased public awareness, and
advancements in technology for better recycling and disposal methods.

References:

1. Kurzweil, R. (2005). The Singularity Is Near: When Humans Transcend
Biology. Penguin.

2. Amin, S. M., & Buehler, M. (2018). Cybersecurity for Industry 4.0:
Analysis for Design and Manufacturing. Procedia Manufacturing, 26, 122-127.

3.Geng, Y., & Fu, J. (2019). E-waste recycling in China: progress and
perspectives. Journal of Cleaner Production, 233, 882-894.

4. Song, Q., Li, J., Li, J., & Li, H. (2019). E-waste recycling in Japan: current
status and perspectives. Journal of Material Cycles and Waste Management,
21(4), 836-846.

5. European Commission (2021). Waste Electrical and Electronic
Equipment (WEEE).
https://ec.europa.eu/environment/waste/weee/index_en.htm.

48



YJIK 621.38:004.93
30HAOBI METOAU CTBOPEHHS HAHOCTPYKTYP
Pynenko C.O
HaykoBuii kepiBHUK — K.().-M.H., cT.BUK]I. badbuuenko O. HO.
XapKiBChKUI HalllOHATBHUHN YHIBEPCUTET pajioeneKTpoHiku 61166, Xapkis,
npoci. Hayku, 14, kadp. MEEIIIT
teit. (095) 554-63-95 e-mail serhii.rudenko@nure.ua

This paper presents methods for studying the atomic structure and local
surface properties. A scanning tunneling microscope (STM) and an atomic force
microscope (AFM) are considered. Their main advantages and disadvantages, as
well as the principles and areas of their application are considered.

P03BHTOK 30HIOBHUX METO/IIB BiIKPHBAE IMEPCIIEKTUBH CTBOPCHHS CJICMCHTIB
CJICKTPOHIKM Ha OCHOBI OKpPEMHX aToMIB 1 MOJIEKy/d. 30HJIOBI METOIH
JTOCHIDKCHHSI 1 HAHOTEXHOJIOTIH  3aCTOCOBYIOTBCS Y  JIarHOCTHIII
HANIBIIPOBIAHUKOBUX CTPYKTYP JUISI JOCTIDKCHHS TIPOIECIB €MiTaKCiabHOTO
HaApOUILYBaHHS, JJI1 HAAYYTIMBOI CEHCOPUKH, Y MEIUIMHI, 010J0Tii Ta B 1HIIKUX
chepax. OnumeMo TPHUHIHUIK POOOTH JBOX OCHOBHUX BHUJIIB CKaHYBAJIbHHX
30HJJOBHUX MIKPOCKOITIB, TAKUX SIK TYHEJIBHHH 1 aTOMHO-CHJIOBHH.

Tynenpsui mikpockonu (CTM) ta iHII1 cKaHyBaJIbHI 30H/I0B1 MIKPOCKOITH €
OCHOBHUMH aHAJITUYHUMHU 3acO0aMH B HAHOTEXHOJOT1AX. B 6a3y npunuuny aii
CTM mnokiaieHo BUMIPIOBAHHS TYHEJIBHOTO CTPYMY 4Yepe3 TOHKUN BaKyyMHUU
IPOMDKOK M1k JBOMa mpoBigHuKaMmu. Bucoka gytinuBicte CTM 3yMOBIIOETHCS
PI3KOIO 3aJICKHICTIO TYHEJIBHOTO CTPYMY BiJI IIMPUHU MOTEHIlIAILHOTO Oap’epa,
TOOTO BiJ BiZICTAHI MK €JIEMEHTOM TOBEPXHI 00’ €KTa Ta 30HIOM.

3a 1OomoOMOror CKaHyBaJIbHUX eleKTpoHHUX MikpockomiB (CEM) Bucokoi
PO3IUIBHOT 3IaTHOCTI TAKOXK JIOCATAETHCSI aTOMHA TOYHICTb.

CkaHyBaJIbHUIM TYHEJIBHUN MIKPOCKOIl IMUPOKO BHKOPUCTOBYETHCS IS
JOCJTIJDKEHHSI TIOBEPXH1 HAITIBIIPOBIIHUKIB Ta JI03BOJISIE€ MAHITYJIFOBATH aTOMaMHU
ta Mosiekynamu. 3oaa CTM, Oynyuu Oe3nocepeIHr0 HAOIMKEHUM JI0 TTOBEPXHI
(Bim 0,5 mo 1 uMm), B3aemoxie 3 ii atomamu. lle mo3BoJisse MaHIIyIIOBaTH
OKPEMHMH aTOMaMH i MOJIEKYJIaMH, 1[0 MICTSTHCS HA TIOBEPXHI TBEPAOTO TiJa.

Y camomy HaWIMOMIMPEHINIOMY aTOMHO-CHJIOBOMY Mikpockomi (ACM)
BUKOPUCTOBYIOTHCS MDKATOMHI CHJIM IPUTATAHHS 1 BimmToBXyBaHHs. st ACM,
110 i€ Ha MDDKaTOMHMX CHJIaX, MMPOBITHICTD MIIKJIAIKU HE MAa€ 3HAaYCHHS. 3 I[bOTO
MOXHa 3pOOWTH BHCHOBOK, III0O MOXXHa JOCHIIPKYBaTH HE TUIBKH Ha
eNeKTponpoBimHNX Matepianax (sk y past CTM), ane 1 Ha ieIeKTpPUKaXx,
Oionorivaux i opraHiyHuxX Mmatepianax. Tomy ACM  yHiBepcalbHIMIMMA, HIXK
CTM, i mae OUTBII MIMPOKE 3aCTOCYBAHHA SIK Y PI3HUX MOCHIIKEHHAX, TaK 1y
HAHOTEXHOJIOTISX.

ATtomHO-cunoBuii Mikpockor, sk 1 CTM, mHpoOKO BUKOPUCTOBYIOTH SIK
O0araToyHKIIOHAIPHUM  aHATITAYHUM 1HCTPYMEHT JJIS  JOCHIDKCHHS 1
Moau(ikalii CTpPYKTYypY MOBEPXOHbB, JIJIi BABYEHHS PO3MOJLTY TPUIIOBEPXHEBUX
CWJIOBUX 1 TeMHEpaTypHUX TOJIB, PO3MOJAUIIB XapaKTePUCTUK (DIZUUHUX
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BJIACTUBOCTEN 3 HAaHOMETPOBOIO a00 HABITh ATOMHOIO PO3JLIBHOIO 3JATHICTIO.
JUist ocniipkeHHs M JIarHOCTUKM HaMiBIPOBIAHUKOBUX MaTepialiB 1 CTPYKTYP
BUKOpUCTOBYIOTH siIKk CTM, Tak 1 ACM, ane koXeH MpuIaJl Ma€ K CBOi IepeBart,
Tak 1 Henoniku: CTM 3a0e3nedye Kpauly po3auibHY 31aTHICTh, HXK ACM, xoua
aTOMHMI MaciITad po3UIbHOT 34aTHOCTI JOCsATaeThed 13a fonomororo ACM.

Pucynok 1— CxanyBanbHUM TYHENbHUNA MIKPOCKOIT Ta aTOMHO-CUJIOBUH
MIKPOCKOI

ATOMHO-CUJIOBUH MIKPOCKON J1a€ 300paK€HHA peaibHOi MMOBEPXHI,
CKaHyBaJbHUHN TYHEIbHUNA MIKPOCKOII — TYCTUHY €JIEKTPOHHUX CTaHIB.

BuxopucroByroun ACM He MOXKHaA OTpUMATH 1H(GOPMAITIIO PO EIEKTPOHHI
BJIACTHUBOCTI, 10 Majo O BEJMKY I[IHHICTh y MPHUB’ 31 O TOMOJIOTIi MOBEPXHI.
Jst CTM nioTpiOH1 MPOBiIHI MIAKIAAKK; MiJ 9ac JOCTIIHKEHHS BUCOKOOMHHUX 1
HaITIBI30JII0OBAJILHUX HAIIBIPOBIIHUKIB MOXXYTh BUHHKHYTH TPYAHOIIl, 1 IIe
CUCTEeMa 3BOPOTHOTO 3B’ A3KY Oyzie pyXaTu 30H]] 10 TOPKAHHA 3 MMOBEPXHEIO (1100
3a0e31eunTy MoTpiOHEe I POOOTH MIKPOCKOIA 3HAYEHHS TYHEJIBHOTO CTPYMY).
OTxe, CTPYKTypy HENpPOBITHUX MMOBEPXOHb MOXKHA JOCTIIHKYBATH TUIBKH 3a
noriomororo ACM.

TakuM YMHOM pO3BUTOK METOJIB CKaHYBAJIbHOI 30HIIOBOT MIKPOCKOIIi
ICTOTHO PO3IIMPUB MOKJIUBOCTI JOCTIKEHHS CTPYKTYpH TOBEPXHI ILTIBOK,
ME30CTPYKTYP 1 HAHOCTPYKTYP, KPUCTAIIIB; YMOXJIMBUB Pi3HI CIOCOOM BUBUEHHS
MoaudiKailii CTPYKTypU MOBEPXOHb.
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Some practical aspects of the matrix electrodynamics application to solving
the computational problems in electronics are considered. The main specificity of
the new method consists in the treatment of electrodynamic systems (ESs) of
microwave electron devices as oscillatory systems with a finite number of the
degrees of freedom. ES is considered as a lattice of spatially localized partial
oscillators (oscillets). The eigenfrequencies and eigenfunctions of the ES can be
calculated basing on the matrix theory of oscillatory systems with lumped
elements. The advantage of this approach is substitution of the partial derivative
differential equations with the linear algebra problems.

Enementn Teopii BEKTOPHHX MPOCTOPIB JaBHO BUKOPHCTOBYIOTHCS Y
enekTpoauHamini. Hanpuknan, po3kianaHHs eJeKTPOMArHITHUX KOJIMBaHb 3a
BiIacHUMH (yHKIIAMHU enekTpoauHaMmiuaoi cuctemu (EC) — He mio iHmie, sk
HAWUTIPOCTIIIUK BapiaHT MAaTPUYHOI €JIEKTPOJWHAMIKM. 3a3BHUail K Oa3uc y
BEKTOPHOMY IPOCTOPi 3acTOCOBYIOThCS BiacHi ¢yHkiii EC. ¥V Takomy pasi
MaTpUYHUN TIAXiA Ja€ Majlo TepeBar 3 TOYKH 30py €KOHOMIi OOYHCIICHD,
OCKLUIBKH TOJOBHY CKJIQJHICTh CTAHOBUTH CaMe PO3PaxXyHOK BIIACHUX (DYHKITIH Ta
BiacHux yucen EC 3 noBinpHOIO TeomeTpieto [1].

Sk anpTepHATUBY JIOKAJIi30BAHUM B 00JIaCTI XBHJILOBHUX YHCET BIIACHUM
¢ynukuisim EC, B [2, 3] 3anpononoBano ©6a3uc mnapuianbHux QyHkiin EC
(mapmiaTbHUX OCIMIIATOPIB, ociuieTiB). Lle mokamizoBaHi y MpOCTOpi JiHIMHI
koMOiHanii BracHux ¢yHkuiid EC. 3 ¢i3uuHoi TOUKH 30py iX MOKHA BBaXKaTH
«xMapammu» 0e3nepepBHOT XBUIBOBO1 (PYHKIIIT, 110 KOJIUBAIOTHCS K €UHE IS
(B omnakoBiii (a3zi). Tomy m0 HMX MOXKHa 3aCTOCYBaTH MaTPpUUYHY TEOPilO
KonuBabHUX cucteM 3 N cTymensmu cBobonu, iHTeprperyroun EC 3aramom sik
PENIITKY» eIeKTPOANHAMIYHO 3B’ I3aHUX MK COOOI0 TapIlialbHUX OCITHIISTOPIB.
[lepeBaroro 1bOTO MiAXOMY, KPiM 3aMiHU TU(EPEHIIMHUX PIBHSIHB Y YaCTKOBHX
MOXITHUX 3aJladaMy JIIHIHHOI anreOpu, € MPOCTOpPOBa JIOKAJI3aIlisl BILIUBY
rpannyaux ymoB (I'Y) ta 3anoBHeHHss EC Ha enekTpoauHaMiuHi mapamerpu i
XapaKTePUCTUKN HANOIMIKINX OCIIMIISATOPIB [4].

Ha npuxmani ogHOBUMIpHOT pO3MOIIIEHOT KOJMBAIBHOI CUCTEMH B pOOOTI
JOCITIHPKEHO OJHY 3 MPOOJIeM MAaTPUYHOI €NEeKTPOJMHAMIKKH — 3a0e3TMeUeHHS
(IHITHOCT1 OCUUJIETIB Y MPOCTOPOBIM 00nacTi. BUsHaueHO ONTUMAIbHUI METOT
JUISl IbOTO — yClueHe raycoBe HOpMyBaHHs (puc. 1). AMIUIITyIHE HOPMYBaHHS 3
MOAANbIINM BIKOHHMM 3Ba)KyBaHHSM (puc. 2) BuU3HaHO HeedekTuBHUM. Cepen
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HampsMIB MOAAJIBIINX JOCIAKEHb MOKHA 3a3HAYUTH pPO3pOOKY METOAIB
BpaxyBaHHs ['Y y nBo- Ta TpuBuMipaux EC 3 10BUIEHOIO (DOPMOIO MEXK, @ TAKOXK
CTBOPEHHS «IHTEJIEKTYaJbHUX)» AITOPUTMIB PO3MILLIEHHS OCLMJIETIB, HA KIITAJIT
THUX, K1 pO3pO0OJIEHO AJI1 METO/Ia KIHIEBUX €JIEMEHTIB.
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Pucynok 1 — OgHOBUMIpHUI OCIIIIIET 3 YCIYEHUM FayCOBUM HOPMYBAHHSIM Ta
Horo criekTp y 6a3uci BaacHUX (QYHKI[IH KOJMBATBHOT CUCTEMHU
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Pucynok 2 — Ociiiuiet 3 aMIUTITY/THIM HOPMYBaHHSIM, 3Ba)KEHUI rayCOBUM
BIKHOM, Ta HOT0 CIeKTp y 6a3uci BIacHUX (DYHKIIIH KOJUBAIBHOT CUCTEMU
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Topological superconductivity is an exotic state of matter that supports
Majorana zero-modes, which have been predicted to occur in the surface states of
three-dimensional systems, in the edge states of two-dimensional systems, and in
one-dimensional wires. Localized Majorana zero-modes obey non-Abelian
exchange statistics, making them interesting building blocks for topological
guantum computing. The purpose of this paper is to describe superconductivity
induced in the edge modes of semiconducting InAs/GaSh quantum wells, a two-
dimensional topological insulator.

Y 70-80-t1i poxu XX CTONMITTA SBUIIE HAAIPOBIAHOCTI MOYAIU
BUKOPHUCTOBYBATH Y ICHYFOUUX TaTy35X TEXHIKH Ta HA HOT'0 OCHOB1 OyJIM CTBOPEHI
HOBI. CTBOpeHI 1 IIUPOKO  3aCTOCOBYIOTBCS ~ HAIUyTJIMBI  TPHIAJIH
c1a0KOCTPYMOBOI €JIEKTPOHIKH, PE30HATOPH, OTY>KHI MOTOpH 1 renepaTopu. Ha
CHOTOJIHINIHIA JIeHb BXX€ BUCYHYTI 1J1e1 OO0 CTBOPEHHS MPHUHIIMIIOBO HOBUX
€JIEMEHTIB TaM’ STl Ta JIOTIKA HE TIIbKHU JJIsl KJIACUYHUX, a W ISl KBAaHTOBUX
BEJIMKUX 1 mepcoHanbHuX EOM.

Mera panHoi poOOTH — PO3TJISHYTH TNEPCIEKTUBHICTh BHUKOPUCTAHHS
BHCOKOTEMIIEpaTypHHUX HAJIIIPOBIIHUKIB Yy CY9acHIN €EeKTPOHIIIi.

B ocranHe pecsaTUpidds BETUKY yBary MpyMBEPHYB HOBUI IMMOBOPOT y (i3HITI
HAJIPOBIAHOCTI, a caMe SBUINA, OO0'€MHaHI TEPMIHOM «TOIOJIOTIYHA
HAJIIIPOBITHICTHY», OCHOBHHUMH O3HAKaMH SKOTO €: HasBHICTh MalOpaHIBCHKHUX
dbepMiOHIB y HAANPOBIMHUKY Ta ICTOTHMA BIUIMB KpaliOBOTO CTaHy Ha
HAJIITPOBITHICTD.

V¥ 1937 poui ETrope Maiiopana BigkpuB ¢hepMioH, HACTUHKY, sIKA € BIACHOIO
AHTUYACTUHKOIO. 3aB/IsIKM HealeseBiil craTuctuill oOMiny hepmionun Maiiopanu
MOXYTh [iATH SK KyOIT /IS YHIBEpCAJIbHOTO KBAaHTOBOTO KOMIT IOTEpa.
[cHyBaHHS Takol YaCTUHKHM Mepen0davyacThcsi B CTaHAX CEPENHbOI 3a00pOHEHOT
30HU TOMOJIOTTYHOTO HAAMPOBITHUKA SK 3B SI3aHUX CTaHAX, SKIi MAIOTh CHJIHBHO
3aIuTy TAaHUW BUPOJKEHUI OCHOBHHI CTaH. Y MOBOIO iCHYBaHHSI MalOpaHIBCHKHUX
dbepMiOHIB € pIBHICTH oOmEpaTropa 3HHUINCHHS () OmepaTopy HaPOKEHHS
(epmioniBcpkoi kBaziuacTku ('), To6TO ¥ = ¥,

[Ipy mocUTh HU3BKUX TEeMIepaTypax Ha TIOBEpXHI TPUBUMIPHUX
TOMOJIOTIYHUX  JICTIEKTPUKIB  CIIOCTEPIra€ThCA TaK 3BaHa  TOIMOJIOTIYHA
HAJIIPOBIHICTh — €K30TUYHUI CTaH PEYOBUHU 3 HYJIbOBUMHU MOJiIaMu Maliopanu,
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SK1 MiMOPSAIKOBYIOThCS HeaOenbHIA CTaTHCTHIl Ta IIKaBl JJISI TOMOJOT TYHUX
KBaHTOBHX OOYHCIEHb. AHajoriyHui e(pekT OyB HELI0JaBHO BHSIBICHHH, aie
BXKE€ IJi JABOBUMIPHOIO TOIOJOTIYHOIO [IEIEKTPUKAa — HaIMIBIPOBIIHUKOBOI
KBaHTOBOI siMu InAs/GaSbh, B sikiil TOnoJIOr1YHA HAATPOBIIHICTh 31HCHIOETHCS 32
KpailoBUMHU criipaibHUMU MojaMu (puc. 1) [1]. PoxkeBuM Ta 3eI€HUM KOJIbOpaMHU
300pa)KeHO JIHIMHUN 3aKOH IUCTIePCii CIpaIbBHUX KPAaOBUX MO/, L0 IEPETUHAE
TOMOJOTYHY MUMHY. CTPUIKUA NOKa3yI0Th HAIPSIMOK €JIEKTPOHHMX CIIHIB. IcHYy€
BEJMKa  MMOBIpPHICTH  OOIPYHTYBaHHS  €(EKTy  BHCOKOTEMIEpPaTypHOi
HAJIPOBITHOCTI 32 IOMOMOT OO I1i€T TEOPii.

a) AE | 6) \ AE

Pucynok 1 — CxemaTtudHe 300paKeHHS CICKTPOHHUX CHEPreTUYHUX 30H KON
piBeHb DepMi 3HAXOAUTHCS B OJIHIN 13 T03BOJICHHX 30H (a) Ta B TOMOJIOTTYHIN
nriHi (0).

ToHKiI HAAIPOBIAHI TUIIBKM € OCHOBOI HAAMPOBIMHOI €JIEKTPOHIKH.
HanmnpoBigHi npuctpoi reHepailii eHeprii, mpucTpoi mepeaadi Ta 30epiraHHs
iHbOopMaIlii, IpUCTPOi TEIECKOMYHIKaIlil, KBAHTOBOTO KOMIT'FOTEpa 1 T. JI. MAlOTh
BEJIMKHUI TTOTEHITIaJ 1 Ha0Ip YHIKAJIbHUX BJIACTUBOCTEN, TAKUX K HYJIbOBUM OITIp
MOCTIHHOMY CTPyMy, BHCOKAa KOHIIGHTpAIlii HOCIiB, JyKe€ Majl BTpaTh Ha
BUCOKMX 4YacTOTaX, YYyTJWUBICTh JIO MArHITHHX TMOJIB, Maja JUCIIepCis,
KBaHTYBaHHsS IIOTOKY. 3aBISKA HHUM WHJe aKTHBHAa pPO3po0Ka Ta PO3BUTOK
CydyacHUX MIKPOXBHJILOBUX NPHUCTPOIB, iX KoMepllianizallis ocoOnmBo y cdepi
MIKpOXBWJIBOBO1 ~ KOMYHiKaiii. TOHKOIIIBKOBI ~ TEXHOJIOTii Ha  OCHOBI
TK03e()COHIBCHKHX MEPEXO/11B JO3BOJIAIOTH PO3POOKY HENIHIMHUX MMPUCTPOIB, SKi
3HAXOMATh HOBI 3aCTOCYBaHHS AK y KJIACHYHIN Tak 1 B TeparepIioBiii METPOJIOTii.

TakuM 4YMHOM, y HEJAIEKOMY MalWOYTHbOMY JOCSTHEHHS B PO3BHTOK
HAJIIPOBITHUX 1HTETPATBHUX CXEM, 3aCHOBAaHUX Ha KBAaHTOBHUX e(eKTaX, MOXKYTh
JIaTH TIOYATOK CTBOPEHHIO ITU(DPOBUX MPUCTPOIB 3 TAKTOBOIO YACTOTOIO B MEXaX
COTEHb Tirarepii.
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The given work provides methods of mathematical modeling of graphene-
based nanotransistors, which have shown tremendous potential in the field of
electronics. The mathematical models presented in this work aim to provide a
better understanding of the behavior of graphene-based nanotransistors, which
can help in the optimization of their design and performance. In this study was
reviewed the fundamental properties of graphene that make it a promising
material for nanoelectronics.

B cyuacHiii enektponini rpadeH € OJHMM 3 HAWOUTBII TMEPCHEKTUBHUX
MaTepialliB JIJIi CTBOPECHHSI CJICKTPOHHUX IMPUCTPOIB BUCOKOT TPOTYKTUBHOCTI Ta
HU3bKO1 crokuBaHO1 eHeprii. I'padeHOBI HAHOTPAH3UCTOPU MOXKYTh CTaTH
KITIOYOBUMHU €JIEMEHTaMHU B TaKUX MPHUCTPOSAX, TOMY pPO3poOka ePeKTUBHHX
MaTEMaTUYHUX MOJENeH I iX JOCHIIKEHHS Ta ONTUMI3allli € HaA3BUYalHO
BaYJIMBOIO 33]1a4€IO.

CTBOpeHHsI MPUCTPOIB Ha OCHOBI rpad)eHy € MEPCHEeKTUBHUM 3a PaXyHOK
HOro BENWKOi TEIUIONPOBITHOCTI Ta HAI3BUYAWHO BEIUKIH PYXJIMBOCTI
npoBigHUKIB 3apsiay [1]. HanoTpansuctop Ha ocHOBI rpadeHy — 1€
CJIEKTPOHHUN TPUIIAJ], 10 CKIATAEThCS 3 rpadeHOBOI IUIACTHUHH, KA BHKOHYE
byHKIIIIO KaHally, Ta JIBOX rpad)€HOBHX EJIEKTPOMIB (KEpesa Ta CTOKY), IO
KOHTPOJIIOIOTH TIOTIK CTPYMY.

HaHoTpan3ucTopu Ha OCHOBI TpadeHy MalOTh JTy)KE€ BHCOKY PYXJIHBICTbH
€JIEKTPOHIB, 110 JO3BOJISE M MPAIFOBATH HA BUCOKUX YaCcTOTaX 1 3a0e3meuyBaTu
BHUCOKY MIBHJKICTh Tepefadl NaHuX. BOHM TakoX MaroTh BEJIUKY MOBEPXHIO
KaHaly, 1o 3a0es3neuye eheKTUBHY Mepeady CTpyMy Ta 3MEHIIIYE eJIeKTPUIHUN
orrip.

Jlnst  po3paxyHKY  BOJBT-aMIIEPHUX  XapaKTePUCTUK  rpad)eHOBUX
TPAH3UCTOPIB MOYKHA BUKOPUCTATH JBI MaTeMaTU4H1 Moedi [2].

[lepmra monens 6a3yeThes Ha 3aKOHI TUCTIEPCIT 1 PIBHAHHS JUISI PO3PAXYHKY
IIUTBHOCTI CTPYMY Ha OCHOBI Tpad)eHOBOi CTPIUKM MOXKHA TPEICTABUTH Y

BUTJISI:
Er—Etop Ep—Etop—€Vp
| = 2eksT [ln In (1 + e kT ) —Inln (1 +e kT >]

h
7€ € — 3apsAn eNeKTpoHa; kp — crana bomenimana; T — Temmeparypa; h—
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crana [lnanka; Ep —enepria ®epmi; Et,p,— €HEprisg HOCIIB 3apsay y rpadeHoBii
CTpiYlli 3 ypaxyBaHHS €eMHOCTe; Vp— Hanpyra cToky [3].

Jpyra MmaremMaTi4Ha MOJIeJIb HAHOTPAH3UCTOPA BKIIIOYA€E NU(EpEeHIlIaTbHe
PIBHSIHHS, 110 PETYJIIO€ PO3MO/ILI MOTEHIIIaIB, HA OCHOBI SIKOT'O 0yJI0 BUBEJEHO
dbopmyny 1 po3paxyHKy HIUTBHOCTI CTPYMY:

2

A
F = expexp ((,Bbe)) exp exp —B\/Z+(e|<pm|)2 _

A? 2
~expexp (Br(Vy ~ V) ) ewesp | - ]T (el +7)

] = a expexp (fepy) F,

ne V, — nanpyra 6ap’epy, V,; — Hanpyra CTOKYy;

_ 2ekpT ,3— 1 __ &hadv
" nmhd ’ kT’ vy = 64mew,’

I3 mopiBHsAHHS po3paxoBaHuX BAX MokHa 3a3HAYUTH, IO JIPyra MOJENb
TPAH3UCTOPA JIa€ BUIII 3HAYCHHS CTPYMIB MOPIBHSHO 13 MEPIIOK MOACILIIO 32
OJIHAKOBHUX 3HAYEeHb HANpyru Ha 3aTBopi [4]. Takox momitHo, mo BAX mepioi
MOJIeJTi IEPEeXOAITh Y CTaH HAaCUYCHHS 32 MCHITUX 3HAYCHb HAIPYTH Ha CTOIII.

TakuMm 4MHOM, Ha OCHOBI HAaBEJCHUX BHIIE PIBHSIHb MOXKHA JIOCTIIUTH
BOJIbT-aMIIEPHI XapaKTEPUCTUKU TPAH3UCTOPIB Y BUTJIAI Tpad€HOBOI CTPIUKH,
0 MOXXE 3HAYHO JOIMOMOITH IPUCKOPCHHIO IPOLECY IXHBOI PO3POOKH Ta
oInTUMI3arlii BJIaCTUBOCTEN.
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This paper investigates the levitation of water drops using the stroboscopic
effect. With the help of an Arduino microcontroller and a special setup, the water
drops are suspended in the air and can move up or down by changing the
frequency of flashes. Research is conducted on a dynamic head with a membrane
and a nozzle that gives the water a laminar effect.

JIroAChKHIA TPOTPEC YIPOJIOBK OCTAHHIX JECATUIITH IPHU3BIB JI0 CTBOPCHHS
6e3iui  crmocoOiB  TeXHIYHOI MaHimyssuii o6'ektamu B mpocTopl. Kpim
TPAIULIMHUX KOHTAKTHUX CMOCO0IB, OCOOJHMBE MICIE B apceHall 1HXEHEPiB
3aiimae JeBiTalisg 00'€KTiB y pi3HUH crnoci6. OJHUM 3 TMONIMPEHUX CIOC00iB
¢ikcanii 00'ekTa B IpOCTOP1 - PO3MILIEHHSI HOr0 y BY30JI CTOAYOi aKyCTUYHOT
XBWJI1. 32 OCTaHHI POKH PO3POOJICHO KOPHUCHI KOHCTPYKIlI CUCTEM aKyCTHYHOI
JeBiTaIlii, 0 JO3BOJISIIOTH JIEMOHCTPYBAaTH Iiel e(eKT, a TaKoK BHPOOIATH
IPOCTOPOBI MaHIMyJsA1ii 3 00'ekToM. [Ipobiiema nmemoHcTpartii edexTy jaeBitTamii
MOJIITa€ 'y CTBOPEHHI MakeTa aKyCTUYHOI JIeBITallii, a TaK0X HEOOXITHOCTI
JTOTPUMAHHS PSANY YMOB: BIJICYTHICTh NEPEMIIICHHs TOBITPS B MPOCTOPI MIXK
BUIIPOMIHIOBaYaMH, BIJICYTHICTh MEXaHIYHMX BIOpaIliiHMX BIUIMBIB Ha
KOHCTPYKIIiIO JIeBiTamiiHoi cuctemu. Ll mpolOiema MOCHITIOETBCS MiA dYac
BUKOPUCTaHHS JaHUX CHCTEM Yy HAYKOBHX EKCIEpUMEHTaX Y IO€IHAHHI 3
ONTUYHUMHU Ta KBa310NTUYHUMHU BUMIPIOBAIBHUMH Npuiagamu. OmgHuM 13
croco0iB MIHIMI3yBaTH BIUIMB 30BHINIHIX (haKTOPIB, € CIOCTEPEIKECHHS €PEKTY
JeBiTaIlii TUCTAHIIHHO, KEPYIOUH MPOIIECOM 3a JOIIOMOTOI0 MIKPOKOHTPOJIEPA.

B poGori moBa iime mpo edekr neBiTaiii Kpameib 3a JOMOMOTOIO
cTpobockomiunoro edekry. [lpumyctuMo mamarTh Kpamii BOAX 3 OJHAKOBOIO
IIBUKICTIO 1 BIICTAHHIO MK HUMU. [IpuUriaymumo CBITIO 1 TOYMHAEMO POOUTH
KOPOTKi CHajiaxu 3 TUM CaMHM TEpIOJOM 3 SKUM TMaJaloTh Kparwii. SIKIo 1e
BiIOYBA€ETHCS MIBUAKO, TO IHEPIIHHICTH HAIIIOTO 30Py HAMAIIOE YiTKY KApTUHKY.
Ha pucynky 1 HaBelneHa ycTaHOBKa, KOTpa siBisie coOO0K0 MiAAoH st Boau (3),
Hacoc, MIKpOKOHTpojep Arduino, cTpoOOCKOII 3 CBITIOAIONIB, JaMiHyKOUa
Hacajka (2) Ta 3aKpUTHN KOPIYC B SKOMY 3HAXOJIUTHCS JMHAMIYHA TOJIIBKA Ta
MemOpana (1).

3a 0MOMOTrOI0 MIKPOKOHTpOJIEpa TEHEPYEThCS CHHYCOITHHN CHUTHAI
gactoToro 50 I'i Ta momaeThesl Ha TOMIBKY. € JBa PEryasiTOpH, MEPIIUM Kepye
MepioAOM ClaliaxiB, APYrui Kepye TPUBAIICTIO, TOOTO YUM JOBLIE cHaiaxX, TUM
SICKpaBiIie CBITI0. TakKuM YMHOM Ha JAWHAMIYHIA TOJIBI[I B MEBHUX TOYKaX
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OpPOCTOPY THUCK, IO BHHHMKAE BII IUX
XBH/Ib, IIOBHICTIO 30Ira€TbCcs 3 CHIIOIO
3eMHOro TsDKIHHA. lle npusBoauth 10
TOr0, IO Kpamii pPIAMHA  MOXYTb
3aUIIaTHCS Y MiJBIIIEHOMY CTaHI B LHMX
Toukax. Komm kpamisg mnamae  Ta
HiACBIYY€EThCA Ha CBITJIOJIIOHE
NiJICBIYYBaHHS 3 KOHTPOJIEPY MOJAETHCSA
Takok 4actota 50I'm Ta BUHHKae edeKT
aeBitaili. SIkmo noxgatu 491, To MoKHA
no0ayuTH, 10 Kparuli pyXarThbCs Bropy,
ne OOYMOBJIEHO THUM, IO Kparuig He
JIOJIITa€ IO TOrO CamMoro Miclsg B SIKOMY
BOHA 3acBITWJAcs Nepen UuUM. A SKIIO
nojaTu 51T'm, TO  Kpamm  Boau
pPyXaTUMyThCSl BHH3, B I[bOMY BHMAJIKYy
Kparuisi «mepeinitae» cBoe Micie. 1100

1 - nuHamivHa ToNliBKa TA KpaIrjIMHA OyJIM OJJHAKOBHMHU, Ha BUXO/I 3

M3M6P3Haa NWHAMIYHOI TOJIIBKM CTOITH Hacalka,

2 - JlaMIHYr01a Hacalka, 3aBISKA  SIKIMH BOJII MIPUIAETHCS
3 - MI0H 17Ist BOAH JaMiHaApHUH eeKT.

Pucynox 1 - HeB.'iTaHiﬁHHﬁ Otxe, 3 ypaxyBaHHSM HaBEICHOTO

NPUCTPIH BUILIE, MOXXHa 3pOOWUTH BHUCHOBOK, IO

JICBITAIlIST BOJU MOJIIMBA 32 JIOTIOMOTOO
CTPOOOCKOIYHOTO €eKTy, M0 IeHEPYEThCS 3a JOIMOMOTI0K MIKPOKOHTpOJIEpa,
TOJIIBKK Ta MeMOpaHu. BUKopHUCTaHHS CTPOOOCKOMIYHOTO €(EeKTy Moxke OyTh
KOPHUCHUM JJISl JTOCTIPKCHHS JICBITAIlll PIAMH 1 3HAWTU CBOE 3aCTOCYBaHHS B
PI3HUX HAYKOBUX Ta TEXHIYHUX 00JIaCTAX.
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This work is devoted to modeling the phases of states of a ferromagnetic
nanoparticle in a viscous liquid. The case of finite magnetic anisotropy is
considered. The correction was carried out by our own developed related
modeling methods. The limits of the phase states of the response of a
ferromagnetic nanoparticle to an external magnetic field were identified and
established. A preliminary diagram of phase states is created.

AKTYalbHICTh 3aCTOCYBaHHS (PEpOMarHiTHUX HAHOYACTUHOK Yy B SI3Kid
piavHi HaOyBae Bce OLIBIIOrO 3HAYEHHS, 0COOIMBO y MeauiuHi [1]. 3 po3BUTKOM
TOHKUX METOJIIB MPOrpaMyBaHHS Ta MAaIIMHOOYIYBaHHS MOKJIIMBO ONEpyBaTU
OKPEMOIO TpYIol0 (pepoMarHiTHUX HAHOYACTHHOK Ta/a00 HAHOYACTUHKOIO [2].

Uepe3 po3mip depomarHiTHuX HaHodacTHHOK (10-100 HM) y BUNAgKy
CKIHYEHOI MarHiTHOi aHi3oTpomii [2] MarHiTHUH MOMEHT (PO3Mip MOPSAKY
MarHiTHOT KOMipKH), 1110 (POPMYETHCS 30BHIITHIM MarHiTHUM TOJIEM, MOXe JISTH
Ha CEKTOp, IO MICTUTh JACKUIbKAa a00 JECATKH Takux KoMipok. [lim miero
30BHIITHBOTO MAarHiTHOTO TOJISI YaCTHHKA (3 BMOPOKCHHM BJIACHUM MarHiTHUM
MOMEHTOM, BICCIO JIETKOT'O HAMarHI4yBaHHS - BEKTOP M Ha pUCYHKY 1) 103BoJIsE
obeprartrcst HaBKOJIO Bici MarHiTHOro MoMeHTY Hetr (ipetniecis). Ilpenecis OyBae
PIBHOMIPHOIO (CTaOUIBHUI KYyT MK BekTOpamMu m Ta Hef) Ta HEPIBHOMIPHOIO
(mectabinmpHUN KYT MK m Ta Hes, mpeniecist y popmi cmipani, nmepionuayHux adbo
HEMEePioNIHUX KOJMBAHb).

YacoBi 3aJeKHOCTI TOJSAPHUX 1 a3UMyTIbHUX KYTIB JIETKOI BICI Ta
MarHiTHoi Bici oTpuMaHi [2], ane manoiHdopMaTHBHI. 3alIPOTIOHOBAHO BBEICHHS
JEKUTBKOX METO/IIB aHali3y (pa3oBuX cTaHiB ()epOMArHiTHOT HAHOYACTUHKH.

BBenennst ¢pazoBux 3ajeXHOCTEH MK MOJIIPHUMH KyTaMu (PUCYHOK 2)

BBenennst iHCTpyMeHTY Kopekiii Mex (a3oBuX cTaHiB Ha ocHOBI Excel

(pucyHok 3).
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Pucynok 3 — CkpiH IHCTpYMEHTY KOPEKIIil

Crmcok BHKOPHUCTAHUX IXKCPCI:

1. Q.A. Pankhurst, et al.,J.Phys. D: Appl. Phys.36, R167(2003).

2. T.V. Lyutyy, V.V. Reva, N.S. Petrenko, M.O.Pavlyuk, J. Nano- Electron.
Phys. 11 No 5, 05021 (2019).
YK 378.147:681.37
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METOJIU HABYAHHS CTYAEHTIB CIIEHIAJIBHOCTI MIKPO- TA
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In modern conditions, in order to form highly qualified specialists in the field
of micro- and nanoelectronics, it is necessary to modernize the educational
process. In these abstracts of the report, some innovative methods of teaching
disciplines in technical universities are given.

Biitna ta Covid19 icToTHO BIUIMHYJIM Ha OCBITHIM Mpoliec B HalIiil KpaiHi.
HaBuanbHuil mporec B By3ax 3/4e0uIbllIe MPOXOAWTh B AUCTAHIINHINA (popMmi.
HeBix’eMHOIO YacTHHOIO (POPMYBaHHS KOHKYPEHTOCIIPOMOXKHOTO CIICIlialicTa B
00J1acTl MIKpO- Ta HAaHOENEKTPOHIKU € 3aHYpEHHs CTYJIEHTIB B peajbHI YMOBU
CTBOPEHHS TIPOCKTIB, SKE JOCSTA€ThCA TPOXOKCHHSIM TPAKTHKH Ha
nianpueMcTBaxX. JlWCTaHIIifHE HaBYaHHSA BHOCHUTh CBOi KOPEKTHBH B
HEOOXI1THICTh BUKOPUCTAaHHS HOBUX METOJ(1B HABYaHHS MalOyTHIX CIEI1aIICTiB.
3MCHIIICHHS HaBaHTA)KCHHS ayJUTOPHUX YaciB Ta HEOOXITHICTH MPOBOJUTH
3aHATTS B OHJIAWH PEXUMI NMPU3BOJAUTH J0 30UIBIIEHHS Yacy Ha CaMOCTIHHY
pobory crynentiB. [lepeHaBanTakeHHs iHGOpMaIlil0, HU3bKUH piBeHb (Hi3UKO-
MaTEMaTUYHUX 3HAHb, MICHXOJIOT1YHA HETOTOBHICTh CTYACHTIB MEPUIUX KYpCiB,
BUKOPUCTaHHS 3aCTapUIMX METOJIB HaBYAHHS MPU3BOAMUTH O HU3BKOTO PIBHS
MoTuBalii. ToMy moTpiOHO HIyKaTH MIAXOAW 10 KOXKHOI T'PYNH CTYJCHTIB
OKpPEMO, BHKOPHCTOBYBAaTH IHHOBAIliiHI MeToAu HaBuaHHsA. KoxHa rpyna
CTYJICHTIB Ma€ CBil XapakTep, TOMY JIeSIKI METOJH MIPOBEACHHS 3aHATh MOXYTh
a00 3aMOTHBYBATH CTYJICHTIB a00 HaBITaKu — BIIOWTH Kary J10 HOBUX 3HaHb.

CygacHi MeTOIM HaBYaHHS MO0y 10BaH1 Ha OUTBIIIIHM B3aEMO1i1 BUKIIagada 31
cryneraTamu [1]. Jlo Takux METOAIB MOXKHA BIIHECTH HACTYIHI: KEHC TEXHOJIOT1,
CeMIHAp JHCIYT, «MO3KOBHUU IITYpM», BEO-KBECT TEXHOJIOTii, HaBdYajIbHa
JTUCKYCisl, mpoOiemMHa JeKiis Ta iH. MeToj Keilc TEXHOJOoriid mosirae B
HACTYITHOMY: BUKJIaJa4d MPOIMOHYE CTy/IEHTaM KOHKPETHY CHUTYaIlifo, MpooiieMy
a0o 3amady, sika MOXXE BUHUKHYTHU MiJ 4ac npodeciitHoi mismpHOCTI [2]. [Ticms
OCMHCIICHHS TIOCTABJICHOT MPOOJIEMHOT CUTYAIli CTYJIEHTH CIIUTBHO 3 BUKJIaIadyeM
aHANI3YIOTh Ta 3HAXOAATH CHiJbHE pimeHHs. OJHO3HAYHOI BIAMOBINI HA KeHCH
Hemae. Takwii METOJ JO3BOJISIE MITYYHO IMOTPY3UTH CTYICHTIB y mpodeciiine
cepenopumie. CyTh MeTomy mpoOJieMHa JIGKIisl Tosirae B (pOpMyBaHHI
mpoOaeMHOro nuTaHHs (mpobiieMu), HOTo 0OTOBOPEHHS, MONIYK Ta (opMyBaHHS
rimores, MepeBipka MUX TIMOTE3 Ta aHaI3 OTPUMAHUX pe3ynbTariB. HaBuanbHa
JUCKYCisl — CHEIialbHO OpraHi3oBaHa ITUCKYCiA HJIs BHPINIEHHS BaKINWBOI
npoOnemu. lleit MeTon MO3BOJISIE HE TUIBKA PO3BUTU JIOTIYHE Ta KPUTUUYHE
MUCJICHHS, a ¥ IOMOMOTTH CTYJEHTaM BiJICTOIOBATH CBOIO TOYKY 30PY 3aBISKH
HaBeJCHHSIM  aprymMeHtiB  abo  KoHTpaprymeHTiB. CemiHap-gucnyT —
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OpraHi3oBaHWWl HAyKOBMIl JUCOYT Ha akryaldbHy Temy. CyTb ceMiHapiB
«MO3KOBUH HITYpM» TMOJSAra€e B TIeHepalli HaWOUIbIIOI KUIBKOCTI 1Aeil 3a
OoOMEXEeHUH NMPOMIKOK 4acy, TOMY B 4ac I'€HEpyBaHHA 1€l HE JOIMYCKa€ThCA
BHCJIOBJIIOBAaHb 100 JOULILHOCTI BUKOPUCTAHHS 17€i 1HIIOTro y4yacHuka. BeO-
KBECT TEXHOJOIli — L€ METOJ, KM 3aCHOBAaHO Ha BUKOPHUCTAaHH1 [HTepHeT
pecypciB Ui 3HaXO/KEHHS BIIIIOB1/IEH HA MOCTABIICH] TEMU 3 METOI0 HABYUTHUCS
3HaXOJUTH, aHAII3yBaTH Ta CUCTEMATU3yBaTH OTpUMaHy 1HGOpMaIliio.

B nonoBini npeacTaBieHi iHHOBAIIHI METOIH, K1 OyJIM 3aCTOCOBaHI MpH
BUKJIQJJaHH1 Kypcy IHTerpajiibHa ONTOENEKTPOHIKA ISl CTYIEHTIB 3-r0 Kypcy
CHEIaIbHOCTI MIKPO- Ta HAHOCHCTEMHA TeXHika. BeG-kBecT TexHosorii Oynu
BUKOPUCTaHl [JIsi CHUCTEMaTu3yBaHHS 1HQopmalii mnOpo mapaMmeTrpu Ta
XapaKTepUCTUKU  JESKUX  €JIEMEHTIB  IHTErpajbHOI  OMNTOEJIEKTPOHIKU
(cBiTnogionis, ¢oropesuctopiB Tta ¢GotoaioniB). Pe3ynbrati BUKOHaHHS BeO-
KBECTy OyJW TpPEACTaBIICHI Y BUIJISAI BEO-CTOPIHKM 1 B MOAANBIIOMY Oynu
BUKOPUCTaHl MpU BUKOHAHHI JIAOOpAaTOPHUX poOIT Ta I PO3B’sI3aHHSA
NPAKTUYHKUX 3aBAaHb 3 JUCHUIUTIHY. /{7151 poBeIeHHS ceMiHapy-IHUCITYTy KOKEH
CTYJIEHT MiAroTyBaB pedepaT Ha OKpeMy TeMmy 1 MOTIM OyJo MIpOBEIECHO
0OroBOpeHHsI KOXKHOT TeMH. bulbliicTh Jekiii npoxoawiu B Gopmati JeKIIii-
Jasiory 31 CTyJIeHTaMHU 3 BUKOPUCTaHHSAM Mejlia TexHosoriid. [Ipu BukopucranHi
3Mimanux ¢GopM MPOBEACHHS 3aHATH CTYICHTH MPOSIBUIIM HE TUTBKH JIOT1YHE, a i
KPUTHUYHE MUCJICHHS, TBOPYO MIIAXOAUIU 10 BHUPILMIEHHS MPAaKTUYHUX 3aBIaHb,
NPOSIBWIN IHTEPEC 10 HaBYaHHS.

3anponoHOBaHI METOAM TMOEAHYIOTh TEOPETUYHI Ta MPaKTU4YHI 3HAHHA,
CTUMYITIOIOTh CTYJICHTIB JO CaMOCTIMHOI IMi3HABAIBHOI MISUTBHOCTI, (OPMYIOThH
JIOTIYHE, KPUTUYHE MHUCICHHS, [O3BOJSIOTH HE TUIBKM 3MEHIIMTH Yac Ha
BUKOHAHHS 3aJ1a4, a ¥ MIXOAUTH 10 BUPIIIEHHS IPOOJIEMHUX CUTYaIliii TBOPYO,
HaOIMKAIOTh CTYJEHTIB JI0 peaIbHUX CUTYaIllld B mMpodeciiHil TisUTbHOCTI.

CnycoKk BUKOPHCTAHHUX JKepeJ

1. CrpinkoBa T.O., Kanmukos O.C., Jluttora O.I1. TlepcnekTuBu pO3BUTKY
($13MKO-MAaTEMAaTUYHOT Ta TEXHIYHOI OCBITM B IHTEPAaKTUBHOMY Ta 3MILIAHOMY
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2022 poxky, KIII im. Iropst Cikopcbkoro, 2022. — T.2. — C.26-27. 2. Tatyana Strelkova
Measurement Methodologies to Assess the Effectiveness of Global Online. Chapter
11 Online Learning Methods for Effective Communication Between Teachers and
Students // T. Strelkova, V. Grebenyuk, Y. Soroka, O. Tieliezhkina, V. Kauk,
A. Kalmykov, M. Piataikina, K. Puholovok, D. Vodianytskyi. PP.289-309, 2022. 3.
IcaeBa O. Ta 1H. Kelic-TeXHOI0r1S SIK IHHOBALIHHUN N1AX11 BUKIAAaHHSI JUCLMUILIIH
y KpU30BHX yMoBax // Monoap 1 puHok, 2021. — Nel1-12. — c. 39-43. 4. Emma N.
Gilyazeva WebQuest Technology as a Tool for the Formation of IT-Competence of
Future Specialists // Advances in Economics, Business and Management Research,
2019. — vol. 131. — PP. 99-104.

62


https://www.igi-global.com/chapter/online-learning-methods-for-effective-communication-between-teachers-and-students/295675
https://www.igi-global.com/chapter/online-learning-methods-for-effective-communication-between-teachers-and-students/295675

Cexuis 2
biomeauyHa iHKeHepiA

Kepienux cexuii

JIOKTOp TEXHIYHUX HAYK,

3aBinytounii kadenpu biomeanunoi iHxeHepii, mpodecop,
Jlaypear [lepxkaBHOi npemii YKpaiHu B raixy3i OCBITH
ABpyHiH Ouer I'puropoBu4

Koopounamop cekuii

KaaunaTt TexHIYHHX HaYK,

Houent kadeapu biomenuuHoi iHKeHepii,
CeaiBanoBa Kapina I'puropisuna

TeMaTHUHI HATIPSIMKH:

BioMeuyHi eeKTpOHHI IPHUCTPOT, MPUIATN Ta CHCTEMH.
MopemntoBaHHs, 00poOKa 1 aHaII13 MeIUKO0-010710T19HOT 1H(pOpMAaITii.
bionanotexHoTii Ta 610CEHCOPH Y MEIUIIMHI Ta €KOJIOT11.

A whe

CnopTtuBHO-peabiniTaliiiHa iH)eHepis Ta 010MeTpis.
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In the information and digital age, a person continues to learn not only the
surrounding world, but also himself. An important field of study is motor activity.
Biometric recognition uses anatomical and behavioral characteristics of a person.
One of the main biometric indicators that allows to recognize and identify a person
Is his gait and his characteristic features. Classic ways of identifying a person
include fingerprints, the iris of the eye, facial features, voice, and posture.
Recently, in connection with medical and social features, new types of biometric
recognition and identification of a person have appeared.

JlocmipkeHHs OIOMEXaHIKM XOAW BHU3HAYAIOTH 35 THHIIB 0COOJIMBOCTEH
(XapakTepHUX XapaKTEPUCTHK) PyXy KOKHOI JIFOAMHA. MOXJIMBICTh peruTiKarii
(TOBTOpPEHHSI) XOJAW MOXKJIMBO, MPOTE, HAHOUIBII MiITOTOBJICHUN apTUCT MOXE
noBTopuTH Jiniie 11 ocobauBocTeit xonm [1].

HaykoBe 3acTocyBaHHs i1eHTH(IKALIT Ta aHAI3Y X0 MOXKe OYTH MOJIJICHO Ha
JIBa OCHOBHI HAIPSMKW — KJIIHIYHI Ta iHGOPMAIIHHI TOCTDKeHHS. Y KIHIYHIN
00J1acTi 11e BUBYEHHSI OKPEMHX 3aXBOPIOBaHb, METOMIB JIIKyBaHHS, JIKAPCHKUX
mpenaparis, To0y/10Ba eKCIEPTHUX cucTeM. [HopmalliiiHi JOCIIKEHHS MatOTh
iHTEpec y cdepi Oe3meku, ae € HEeOOXITHICTh 1MeHTH(]IKyBaTH JIOAUHY, sSKa
MOTPATUISIE Y TIOJIE 30PY BicOKaMep.

Hapasi icHye naBa OCHOBHHMX ITIIXOAW 10 OTPUMAHHS O3HAK XOJHM Ta iX
kiacugikaiii: modymoBa O3HAK Bpy4YHY Ta HaB4aHHsS o3HaK. [loOymoBa o3Hak
OLTBII TpaauIliiHA 1 TPYHTYETHCSA HAa OOYMCIICHH] PI3HUX BIACTUBOCTEH OIHAPHHUX
MaCOK CHJTYeTY JIFOMHH.

OmuH 13 HAUOUIBIN MOMYJSIPHUX METOJIB JOCIIDKCHHS — JIOCIIKESHHS
OloMexaHIKM XOIM, SK HAWOUIBII MPUPOJHBOI AKTUBHOCTI IIOJWHU, IO €
aBTOMATHU30BAaHUM DPYXOBHUM AaKTOM W 3IHCHIOETHCS B PE3YIbTaTi CKIAIHOI
KOOPJAMHOBAHOI JISVIBHOCTI CKENEeTHUX M'S31B  Tynyba 1 KIHIIBOK [2].
[nenTudikamniro Xoau MOXXHAa YMOBHO MOJUIMTA HA JABI TPYNU: HAa OCHOBI
BUKOPHUCTAHHS aKCEJIEPOMETPIB Ta HA OCHOBI B1I€O-CHIIYETHUX METO/IIB.
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JlocnimKeHHsl CUIIYeTiB, 300pa)K€Hb €HEeprii Ta EeHTPOIli XOIU JO03BOJISIIOTH
0OYHMCIIOBATU MOJANbIII O3HAKH TakKi SIK TICTOrpaMH OPIEHTOBAHMX T'PaJi€HTIB
abo TricTOorpaMd ONTHUYHOIO MOTOKY, OyAyBaTH aiaropuTMH Kiacudikaiii, 110
BUKOPHUCTOBYIOTh crienniky inentudikauii xonu [3].

VY po60Ti NpOonOHY€eTHCA BUKOPUCTOBYIOUH Ollepalli MaTeMaTH4HOi Mopdoorii
(6ibmioreka Python — Scikit-image) BHKOHYBaTH MepeTBOPEHHS 300pakeHb,
BUPIIIYBAaTH 3aBJaHHS BUJIUICHHS KOPAOHIB Ta CKEJIETOHI3aIlli.

VY MOOUIBHUX MPUCTPOSIX BUKOPUCTOBYIOTHCSA aKCEJIEPOMETPH AJIs 11eHTUIKAI 11
Ta aBTeHTUQIKalli KopucTyBauiB MoOUTbHUX TenedoHiB. Lls  ¢opma
NOBEIIHKOBOT 010METPUYHOI 1ICHTU(IKALIT MOXKINBA, OCKUIBKH PYyXU JIIOJAUHU
bopMyIOTh YHIKAIBHUHN MIJIIUC, 1 11€ BITOOpa)KaeThesl B JaHUX aKceliepoMeTpa.
Bucoka skicth igeHTHdikamii jgocsraeTbcs KoMOiHaiiero MeroaiB. Ha
TIOYaTKOBOMY €Talli BpyYHY OOUYHUCITIOIOTHCS 0a30B1 XapaKTePUCTHKH XOJIH, aJie B
iX OCHOBI HAaBUA€THCS HEHPOHHA MEPEXKY, SKa BHIUISE aOCTPAKTHI O3HAKH.
He3Bakaroumn Ha ycminiHicTh METO/(1B INTMOMHHOTO HaBuaHHs (deep learning), Ha
JaHW MOMEHT HAaWKpaIloTo pe3ysbTaTy Ha JCIKUX HabOpax NaHWUX MOCSTaloTh
HerIMOOK1 aNrOpuTMH, TOMY 00W/IBa rI100aNIbHI MiAX0a1 BapTi yBaru [4].
HaykoBi mxepena 10BOASITS, IO IMITaIlis 1IeHTU(IKYEThCS Ta BU3HAYAETHCS, 1110
JI03BOJISIE YHUKHYTH TIOMUJIKOBOTO TTOPIBHSIHHS 31 CIIPaBKHBOIO X07010. [cHyr0Ui
pILIEHHS MPOJIOBXKYIOThCS YAOCKOHAIIOBATHUCS 3315l IOCATHEHHSI MaKCUMAaJIbHO
MOJIMBOT TOYHOCT1 po3Mi3HAaBaHHSA Ta iAeHTU(IKaIil. OYEeBUIHUM € MOETHAHHS
ICHYIOUMX METOJIIB PO3IMI3HABAaHHS 13 3aCTOCYBAaHHSM IITYYHOTO 1HTEJIEKTY
(artificial intelligent) Ta TexHOJOTIIMH KOMII FOTEpHOro OadeHHs (computer
vision) [5].

SIK TepCrneKTUBHUM HAMpsIMOK MOJANbIIUX JOCHIIKEHb € BJOCKOHAJCHHS
IPOrpaMHHUX MIIX0/IIB y CEpeIOBUIII HEHPOHHUX MEPEK 3 BUKOPUCTAHHIM MOBH
BHUCOKOro piBHS Python, mocmimkeHHS 1HAWBIIYyaTbHOCTI JIOJICHKOI XOJM Ta
MOYKJIMBOCTI/HEMOKJIMBOCTI Ti IMITAaLli].

Crnucok BUKOPUCTAHUX JIPKEPEIT:
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3. Suutala, J. Gaussian Process Person Identifier Based on Simple Floor Sensors
/J. Suutala, K. Fujinami, J. Roning // European Conference on Smart Sensing and
Context. — 2008. — P.55-68.

4. T. Whytock, A. Belyaev, and N. M. Robertson. Dynamic distance-based shape
features for gait recognition. Journal of Mathematical Imaging and Vision,
50(3):314-326, Nov 2014.

5. Mohd Fikri Azli bin Abdullah, Ali Fahmi Perwira Negara, Md. Shohel Sayeed,
Deok-Jai Choi, N Kalaiarasi Sonai Muthu, Classification Algorithms in Human
Activity Recognition using Smartphones, World Academy of Science,
Engineering and Technology Vol:6 2012-08-27.

65



VJIK 615.477.2:004.942
JAESKI ACIIEKTH MOJIEJIFOBAHHS HAIIPYXEHO-
JE®OPMOBAHOI'O CTAHY
Yeuens T.O.
HaykoBuii kepiBHUK — K.T.H., 1ol. Hocosa T.B.
XapKiBChbKUI HallIOHATBHUHN YHIBEPCUTET PaJioeNeKTpoHikU, Kad. BMI,
M. XapkiB, YKpaina
teir. +38(066)774-63-15, e-mail: taras.chechel@nure.ua

Over the recent time period, computer modeling in medical practice complements
the clinical picture of the study of injuries and pathological diseases, in a scientific
and practical sense. At the same time, it is an integral part and component of
medical treatment in world practice.

3a JIOMOMOTOK MaTEMaTHYHOTO MOJICITIOBAHHS HAMPYKEHO-Ae()OPMOBAHOTO
CTaHy €JIEMEHTIB O010JIOri4HOi 1 Gl0MEXaHIYHOI CHCTEM MOXKIHUBO 3PO3YMITH
(GyHIaMEHTaJIbHY TPHUPOAY B3a€EMO/IIi €JIEMEHTIB 0i0JIOTTYHOI 1 OiOMEXaHIYHOT
CHUCTEM IIPU PI3HUX TpaBMax 1 TOJAJBIIOr0 IPOTHO3YBaHHS pe3ynLTaT1B
OlepaTMBHOrO JiKyBaHHs [1], ToMy 3a J0OMOMOIrOH KOMII’ FOTEPHOTrO
MOJIETIIOBAHHS MOKHA OyJzie 0OTpyHTYBAaTH BUOIp XIpYpPriuHOro JIKYBaHHS TPABM
a00 TaTOJIOTIYHUX 3aXBOPIOBaHb, a TAKOX BHU3HAYUTH Halip MmapaMmeTpiB i
XapaKTePUCTUK MeTajodikcaTopa sl TMPOBEACHHS XIPypridHOTO JIKyBaHHS
nepesoMis [2-4].

BukopucroByioun  KOMIT'IOTEpHE  MOJIEIIOBAaHHA,  MOXHA  CTBOPHUTH
CTPYKTypOBaHy ©0a3y JaHUX TIPO ONKHC PI3HUX TPaBM 1 MATOJOTTYHUX
3aXBOPIOBaHb, @ TAKOXK 3aCTOCYBAaHHS PI3HUX METOJMK XIPyPriyHOTO JIIKYBaHHS,
3 BIATIOBITHUM BUKOPUCTAHHIM PI3HUX MEIMYHUX 3aC001B, HAMPHUKIIA, TAKUX K
MeTano(dikcaTopu, OpTe3H, MPOTE3U, EHAONpoTe3u. s BHUBUEHHS MPOIECY
PO3BHTKY KOHTPAKTYp CYIJIOOIB TAajbIliB KHUCTI BUKOHYIOTHCS PI3HI THIIH
eKCTIEPUMEHTAIBHUX JOCTIIKeHb. HalO 11611 €EKOHOMIYHO BUT1IHUM 1 THM, IIIO
PO3KpHBA€ CYTHICTh (PYHIAMEHTAJIBHOTO JOCIIDKEHHS, € MaTeMaTHYHe
MozaemtoBadHs [5]. Ilim 4Wac 3ruHAHHA 1 PO3TMHAHHS MBI TEPEMIIICHHS
JTUCTAJbHOI Ta MPOKCHMANIbHOI (amanr BIAOYBAa€TbCA B OJHIA IUIOIIHHI.
AHATOMIYHO CYTJIOOM MambIliB BIAIITOBAHI TaK, 1[0 MOKHAa YMOBHO IPOBECTH B
cyrno0i Bick obepranHs ¢anmaHTH. ToMy, 3 TOUKH 30py MEXaHIKH,aIeIh MOXKE
OyTH mpeacTaBiICHUN SK IUIOCKA IMAapHIPHO-BaXKiIbHA cuctema (puc. 1), 10 sSKoi
MOKe OyTH 3aCTOCOBAaHMM 3aKOH 30€pEKEHHS €HEprii.
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Pucynok — 1 [llapHipHa cxema najibis
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@D1310JI0T1YHE MOJOKEHHS KUCTI € €HePreTUYHO BUT1IHUM. KyT 0o— KyT CIIOKOIO
MIPOKCUMAJIBHOTO CYTiI00a maiblis [6].

II’sictHO-(ananroBuii cyrno0d 3a (GpopmMoro KyJsCTUH, YTBOPEHHUU NHUCTaJIbHUM
BIIJIUIOM T’ SICTKOBO1 KICTKM Ta OCHOBOIO MpOKcUManbHOI (ananru. Tpu oci
o0epTaHHs B3a€EMHO MEPHEHANKYJIAPHI, 110 J03BOJISIE BAKOHYBAaTH 3rUHAHHS Ta
PO3TMHAHHS, MPUBEJICHHS Ta BIBEJEHHS, a TaKOX KpyroBuil pyx. O6’em pyxiB
3TUHAHHS Y 3JI0POBOMY I’ SICTHO-(pajlaHTOBOMY CYTJI001 JISKUTh Y JAlana3oHi Bij
0° mo 90°, po3runanns Bix 0° go 13°, BinBeaenus 1o 50°, npuseaenus g0 10°. Tlo
OIUHUX TMOBEPXHSX CYrJioba pO3TallOBaHI KoJlaT€pasibH1 3B’SI3KH, 110 HOTO
3MiLHIOIOTH. [0 10JOHHIN MOBEPXHI KaNCyJlu PO3TAIIOBaH1 JOJATKOBI JIOJIOHHI
3B’SI3KM, TICHO MOB’S3aH1 3 BOJOKHAaMHU TNIMOOKOTO MOMEPEYHOTO I’ SICTKOBOI'O
3B’s13yBaHHs. BUKOHaHHS HaJATOYHMX Ta BHUBIPEHMX PYXIB KUCTI IMOB’s3aHE 31
CKJIAJHOIO OIOMEXaHIYHOIO pOOOTOI0 Yy II’SICTKOBO-(aJaHrOBOMY CYTJOO0I.
JlocsirHeHHs BUCOKUX (DYHKIIIOHAJTBHUX MOKAa3HUKIB y MPOLIeci peadutiTallii mcius
€HJIONpOTe3yBaHHsl 0e3Mocepe/lHb0 TMOB’Si3aHE 3 TOYHUM  BiITBOPEHHSIM
IHAMBIAYabHOI aHAaTOMIi KOPOTKHUX TpPyO4YacTHX KICTOK, $IKi YTBOPIOIOTH
CYIrJ1000BY MOBEPXHIO, IO 3UJICHOBYETHCS.
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Targeting accuracy is essential in external beam radiation therapy. The use
of fiducial markers (FM) for radiation therapy is one of the basic stages in the
treatment of oncological diseases. These implanted labels can be easily seen on
images and during the adjustment of the radiotherapy machine for precise dose
delivery.The paper considers the method of FM-based target tracking using X-ray
image processing.

Cepen ycix onkomartosiorid pak JereHb (PJI) cnpuuumnsie HalOimbmIy
kumbkicTh cmepreir — 18,2% (GLOBOCAN, 2020). Cumntomu PJI wacto
NPOSIBIITFOTBCS JOCHThH ITI3HO, Yepe3 IO JIKYBaHHS 3HAYHO YCKJIQTHIOETHCS 1 B
0arathboX BHMNAJKaX cTae mMajnoePeKTUBHUM. OTHUM 3 HaMOUIbII €PEeKTUBHUX
METOJIiB JIIKyBaHHS HeomepaOenpHoro PJI € crepeorakcnyHa AWCTaHIIIHA
npomeHneBa Tepanis SBRT 3 kepyBanasam 3a 300paxenusm IGRT. Meron IGRT
3aCTOCOBYETBCS HacamIepena AJisi OMPOMIHEHHS TaKUX PYXOMHX OpraHiB, SK
JIeTeH1, /1€ 3MIIIEHHS MyXJIWHU mif 4dac auxaHHs csarae 10-15 mm [1]. Take
JIKyBaHHS MOJKHa pealizyBaTH a00 IUIIXOM CHHXPOHI3aIii BKJIIOYCHHS
TEPANEeBTUYHOTO IMydYKa 3 MEBHOIO (a30l0 TUXAIBHOTO IUKIY, a00 X ILISIXOM
IPUIUTIOBAaHHS TyYKa Y pealbHOMY 4Yaci 3aBIASKH TPEKiHTY MilieHi. ¥ CBOIO
yepry TPEKIHT MIlIeH] 3I1MCHIOEThCS 3a PEHTTeHIBCBKUM 300pa)K€HHSM 3
BUSIBIICHHSAM O€3MocepeiHh0 KOHTYpIB opraHy abo K 3 pO3Ii3HaBaHHIM
BHYTPIIIHIX QigyIliapHUX MapKepiB B IIbOMY opraHi [2].

Oigymiapai mMapkepu (PM) — me meranesi (3a3Budyail 3070Ti) cdepw,
KOTYIIKK a00 HWIIHApH po3MipoM mpubmmusHo 0,8X5 MM, sKi TOMIIAIOTH Y
NyXJuHy a00 mo6nu3y Hel, o0 JOMOMOITH TOYHO HAIUIUTH TEepareBTUYHUN
My40K Ha MIIIEHb Mij Yac JiKyBaHHA. SIK mpaBmiio, y MyXJIMHY Ta HABKOJIO Hei
IMIUTAHTYIOTh 3-5 PEHTTeHOKOHTpAacTHHX PM, dYepe3mKipHO 3a JOTOMOTOI0
IHTpOABIOCEPHOT TONKH. B 3aneXHOCTI BiJ BUAY Marepiaiy, 3 sSIKOTO BUKOHaHI
®M, HeoOXigHO 3a0e3MeunTr X BUIUMICTh Ha PEHTTeHIBCHKOMY 300paxkeHHl. [
30J10Ti, 1 moaiMepHi ®M mo6pe momitHi Ha KT. Ilpote 30m0T1i mapkepu (+30000
HU) ctBoprorots 3HauHi apredaktu Ha KT-300pakeHHAX TOPIBHSIHO 3
nosimepanmu ®M (+400+800 HU) [3].

Haiikpamoro cHUCTEMOI0 CTEPEOTaKCHYHOI pajioTepamii CHIpaBeaIuBO
BBAXKAETHCA poOOTH30BaHUH JiHIHHKN npuckoproBad CyberKnife 3 kepyBanHsIM
3a PEHTrE€HIBCHKUMU 300paKCHHSIMU B pEeaJbHOMY 4Yacl. 300pakeHHS 3 JBOX
OPTOTOHAJIPHO PO3TAIMOBAHUX PEHTICHIBCBKUX CHUCTEM TMOPIBHIOIOTHCSA 3
PEKOHCTpYHOBAaHUMU pEHTTeHorpamaMu, oTpuMmaHuMu npu KT-mnanyBanHi
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JIKYBaHHS, B PE3yJbTaTi BUMIPIOETHCS 3CYB aHATOMIYHUX CTPYKTYP B IIPOCTOPI.
[ToTiM poOOT-MaHIMyASTOP KOMIIEHCYE 111 BIIMIHHOCTI Ta MEPEHALLTIOE TIPOMIHb
BUIIPOMIHIOBaHHS U1l HIATPUMKH MPOCTOPOBOT TOUHOCTI. OTHAK PO3TALIYBaHHS
MyXJUHU TPOTATOM JHUXAIBHOTO IHUKJIY MOXKE 3MIHIOBAaTHCS Ha KiTbKa
CaHTUMETPIB, 1 LIS 3MIHHA MOTpPeOye MO0AATKOBOro BijacTexeHHs. KopuryBaHHs
TUXaJIbHUX Bapiamii 3M1HCHIOETHCS IUISXOM TMOEAHAHHA PYyXy MOINEPETHbO
IMIUTAHTOBAHUX PEHTI€HOKOHTPAcTHUX PM CHHXPOHHO 3 €KCKYPCISIMU TPYIHOT
CTIHKA. Mapkepu AiI0Th SIK BHYTPIIIHI peHTreHorpaiyHi OpIEHTUPH, SKI
HiATPUMYIOTh (IKCOBaHHMI MPOCTOPOBUMA 3B’ S30K YCEPEIMHI MyXJIMHHU Ta OJIUH 3
onauM. [To3uiiro ®M MoKHA BUSHAYMTH MPU aHATI31 PEHTTCHOTPaM.

J71st 06poOKM PEeHTTEeHIBCHKOT0 300paKe€HHs 3 PO3Mi3HABAHHIM MapKepiB Ta
BU3HAUCHHSM I1X KOOpJMHAT Yy Kajapi, MOXHA BUKOPUCTATH MPOTPaMHE
3abesneueHHst MATLAB 3 maketom 1ist 00poOKH 300paskeHb, 110 CKIATAETHCS 3
moxayiiB Volume Viewer, neperisaaya Bigeo ta 6payzepa DICOM. Jlanuit naker
JI03BOJISIE TIEPETIIaTH TPUBUMIPHI JIaH1 K 00’eMu abo0 K IUIOMIMHHI 3pi3H,
Bineodainu ta daitniu DICOM.

3a posmi3HaBaHHS MapKepiB Ha 300pa)K€HH1 BIANOBIA€ MOJYJb Sensor
Fusion and Tracking Toolbox, mo MICTUTh alrOPUTMU Ta IHCTPYMEHTH IS
NPOCKTYBaHHS, MOJICITIOBAHHS Ta TECTYBaHHS CHUCTEM, SIKi 00 €IHYIOTH JaHi 3
KUIbKOX JIaTYMKIB JJI1 BU3HAYEeHHS iX jokamizaifii. Tpekinr @M sk gaTYUKiB
nornomarae moOymyBatu TOYHIITYy Mojaenb pyxy CyberKnife y mpoctopi i
MiABUIIUTH TOYHICTh IIJABEJACHHS 103U B MilleHb. 10X, BUKOPUCTOBYIOUHU
Volume Viewer pa3oMm 3 alropuTMOM TpeKiHTY, MOXHa BiacTexxutu ®M Ta
nepeaaTH 1o iHGOpMAaIliio 10 CUCTEMH YIPABIIHHAIIHIMHOTO MPUCKOPIOBaYa.

Cuctema BIICTeXKECHHS Pyxy MimieHi 32 @M n03Bosisie 0OMEXHUTH 30HY
OTPOMIHEHHS, MAaKCUMaJIbHO HAOJM3UBIIH ii JTO MJIAHOBAHOTO 00’ €My MillIeHI 1,
TaKUM YUHOM, J03BOJIsI€ 30€perTr OUTBIINKM 00CAT 310pOBOi JIETeHEBOT TKAHWHU,
10 OTOYYE MYXJIMHY 1 3MEHIITUTH MTPOMEHEB1 PeaKIlii MmicIIsl JIIKyBaHHS.
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Distance learning is an integral part of student life today. The work examines
the OER system, which helps students, postgraduates or young scientists to
develop in their fields or specializations, studying remotely. The main advantages
of studying on international projects are analyzed. The features of the DAAD
program of Germany are considered. The main tasks that were carried out during
the German project are analyzed. The programs that were used to design tasks are
examined. Further opportunities for participation in similar projects are
demonstrated.

VY ChOroJHIIIHIX YMOBaxX BaKJIMBO PO3YMITH BEIUKY €(PEKTUBHICTH TAKOTO
NOHSTTS SIK JAUCTAHIIIHE HABYAHHS JIJI CTYJEHTIB Ta IIKoJisApiB [1]. 3aBasku
TaKOMY TIJXOJly BEJIMKa KUIbKICTh CTYACHTIB Ma€ MOXKJIMBOCTI PO3BUBATUCS Y
HAyKOBOMY HAmNpsSMKy, OTPUMYBAaTH TNPAKTUYHI HABUYKH [0 BIAMOBIIHUM
cnemianbHoCTAM [2, 3]. i 1poro iCHYIOTH MiAXOAW CTBOPEHHS HABYAJIBLHOTO
KOHTEHTY, 30KpeMa BIpTyaJIbHUX Ta AMCTAHIIIHO Mpaloruux cuctem [4, 5].
CporojHi iCHy€e BeJMKa KUIBKICTH MpoOrpam, IO JOMOMAararTh YKpPaiHCHKUM
3100yBayaM BHUIIOT OCBITH YIOCKOHAIOBATH CBOi 3HAHHS Ta 3aCBOIOBATH OCHOBH
poOOTH B HayKOBHUX HampsAMKax. B SKocTi Takoro sickpaBoro MmpuKIagy, MOKHA
HaBeCcTU cucteMy oHjaiH HaBuaHHs OER [6].

Binkpuri ocBitHi pecypcu (OER) — 1me HaByanbHi, BUKIAanbKi Ta
JOCJTITHAITBK] MaTepiaiu B Oyib-sskoMy (hopMaTi Ta Ha HOCIi, SKi Tepe0yBarTh y
CycnuTbHOMY Haj0aHH1, a00 3aXUIIEH]I aBTOPCHKUM TIPABOM, K1 OyJIM BUITYIICHI
32 BIIKPUTOIO JIIICH31€10, SKI JO3BOJISIIOTH OE3KOINTOBHUM JOCTYII, MOBTOPHE
BUKOPHUCTAHHS, TOBTOPHE MPU3HAYCHHS, ajamTallisi Ta Mepepo3NojiI 1 IHIIe.
Pexomennanist mono OER, npuitasita ['enepansroto koHbepeniiero KOHECKO
Ha 11 40-i cecii 25 mucromaga 2019 poky, IO € THEpUIUM MDKHAPOTHUM
HOPMATUBHUM JIOKYMEHTOM, SIKHHA OXOIUTIOE C(epy BIAKPUTHUX JIIEH30BAHUX
OCBITHIX MaTepiajiB i TEXHOJOTIH.

PesyabraTu podotu. CyuacHa nporpama DAAD (Deutscher Akademischer
Austauschdienst) mpomonye mpoektr Ukraine Digital: OER with Ukraine, mio
JI0TIOMara€e yKpaiHChKUM CTyZeHTaM a0o acmipaHTaM JOJaTKOBO OTPUMATH
3HaHHA y cdepi OioMennuHOi iHXKeHepii. '0JOBHUM 3aBIaHHAM [IJIs1 CTY/ICHTIB,
K1 MPUUMAIOTh YYacCTh y IPOCKTI, € CTBOPECHHS Biie0-(aiiiiiB 13 CyOTUTpaMHu TSI
1HO3EMHHX Ta YKPATHCHKUX Tis1a4diB. Bimeo MaroTh O10MeIMYHUN HAIIPSM, 10 B
CBOIO YEPry JOMOMAarae po3NIMpPIOBATH HAYKOBHM CIOBApPHUI 3amac HE TUTBKHU 3
(daxoBo1 yKpaiHCHKOT, aJie 1 3 aHMUIIMCHKO1, YA HIMEI[bKOT MOBHU.
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[lin yac BUKOHAaHHA 3aBAaHb BHKOPHUCTOBYBAJIM JE€AKl MNpPOrpaMu JJis
penaryBaHHs Bifgeo. Hampukian, Subtitle Edit, sky cTBOpeHo misi qomaBaHHS
cyotutpiB. Ilepen TuM, SIK BHKOHYBAaTH JOJABaHHA CYOTHTpPIB JO BiJ€o,
3100yBay1-BUKOHABIl CIyXaldu JEKTOPIB 1 IEMOHCTPYBAIU JEsIKl O101HXKEHEPHI1
METO/JM Ta BUKOHYBAJIM TPAHCKPUIIIO aHrmiicekoro Tekcry. Ilicns mporo
poOwin Tepekaj Ha YKpaiHChbKy MOBY Ta CTBOpIOBaiM jBa srt-paiimm s
HAJPyKOBAHOI'O TEKCTY. 3aBAaHHs po3MiltyBanucs Ha ratrgopmi Trello.

Po3rnsiHyTo mnpakTHuYHY peani3alil0c HOBUX METO[IB, SKI HE 3aBXIU
Npe/CTaBieHl B JUCLUUIUIIHAX YKPAiHCHKUX YHIBEPCUTETIB, HANpPUKIAJ, TaKl
JOCIIPKEHHS SIK KP1IOMIKPOCKOITisl, €IEKTPOCHIHIHT, 1[0 PO3LIIMPIOIOTH MOAAJbIII
MO>KJIMBOCTI JJ1 Ha/I0AHHS MPAaKTUYHUX HABHYOK 32 CHEI[IAJIbHICTIO.

MixHapoaHe OHJIAlH HaBUaHHS HaJla€ MepeBard 3a paxyHOK OTPUMAHHS
JOCTyNly /10 YHIKaJbHOTO OCBITHBOTO KOHTEHTY, SIKUWA J103BOJISIE OTPUMATHU
3HAHHS Ta JEAKl MPAKTUYHI HABUYKHU MpHU poOOTI 3 YHIKAJIbHUM JabOpaTOPHUM
obnaaHanHsMm. CryneHTtam, sKi OepyThb ydacTb y TNEpeKiIaJaHHl OCBITHIX
peCypcCiB, HAJJTA€ThCSl CTUTICH/I1S 32 BIAMOBITHUMH MMAPTHEPCHKUM MPOTrpamMaMu.
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Biomedical electronic devices and systems are important tools for the diagnosis,
treatment, and monitoring of various human diseases. Advances in biomedical
electronics technology have led to the development of more accurate and efficient
medical devices and systems. Biomedical electronic devices help detect diseases
at an early stage, ensure precise drug dosing, and reduce the time spent on
examination and treatment. The use of biomedical electronic devices reduces the
risk of errors in diagnosis and treatment, thus improving the quality of medical
care. The development of the Internet of Things and wireless communication
technologies enables the creation of biomedical health monitoring systems that
can remotely send data to doctors and medical centers.

bioMenuyHi eneKTPOHHI MPUCTPOI Ta CUCTEMHU € BAXKJIMBUMH JJIs1 CY4aCHOI ray3i
0XOpOHHM 3710poB’s [ 1]. BoHU BIIrpar0OTh BaXKJIUBY POJIb Y AIarHOCTHIIL, JTIKYBaHH1
Ta MOHITOPMHTY PI3HMX 3aXBOpIOBaHb JIOAWHU [2]. LI cucTemMu BKIIOYAIOTH
MeIuYHe 00JagHaHHA I Bizyasizallii, yHKIIIOHAJIBPHUX Ta IHIIUX JTOCTIIKEHb
[3, 4]. EnexrpoHHi Meau4Hi 3alKMCH Ta TEIEMEIUYHI CUCTEMHM, TAKOX MalOTh
BUpIIIAJIbHE 3HAYCHHS JIJIs1 HaJaHHS €(heKTUBHUX MEIUYHUX MOCTYT [5].

VY aockoHaNeHHsT TEXHOJOT1M 010MEIMYHO1 €IEKTPOHIKH MPU3BEIO0 0 PO3POOKH
OUTBIII TOYHUX 1 OUTHIT €()EKTUBHUX MEIMYHHX MPUCTPOIB 1 cucteM. Hanpuknan,
HOBI METOAMW Bi3yali3allii, Taki SK IO3UTPOHHO-eMiCiiHa ToMorpadis Ta
MarHiTHO-pe30HaHCHa Tomorpadis, HaIalTh JeTadbHy iH(QoOpMaIio Hpo
aHatomito Ta (iziomoriro Tima [6]. Lli MeTomm 3poOMIM PEBOJIOIIIO B
JIarHOCTYBaHHI Ta JIKyBaHHI 3axBopioBaHb. CydyacHe MeauuHE OO0IaJHAHHS
n03BOJMIO (haxiBISIM  BHUSBIATH 3aXBOPIOBAHHS Ha paHHIA CTafli, KoJH
JiKyBaHHs e(peKTUBHiIIE [7]..

Buxopucranus 6io0MeTUYHUX €IEKTPOHHUX MPUCTPOIB 3HMKYE PU3UK TTOMUIIOK Yy
JIarHOCTHIII Ta JIIKyBaHH1, TUM CAMUM MOKPAITYIOYH SKICTh MEUIHOT TOTTOMOTH.
Boun HamaroTeb 00 ’€KTHMBHI Ta TOYHI JaHl, IO [JOoIOMara€ MeEIUYHUM
MpalriBHUKaM TpUAMATH 3BaKCH1 PINICHHS [I0J0 JOTJSAY 3a TMalli€HTaMU.
Hampuknan, enekTpoHHI MenWyHi 3amucu 30epiratoTh ICTOPIFO XBOpOOHU
MaIieHTa, pe3yIbTaTH aHAJI31B 1 IJIaHU JIIKYBaHHS B 0€3MIEYHOMY Ta JOCTYITHOMY
dopmari. Iliero iHPOpMAIi€l0 MOXYTh IUTUTHUCS IMOCTAYaIbHUKH MEIUYHUX
MOCITyT, 320€3MevYy0un CKOOPIMHOBaHY Ta €()eKTHUBHY JOTIOMOTY TaIliEHTaM.
Po3Butok IHTEpHETY peder 1 TEXHOJIOTiM Oe3apOTOBOTO 3B’S3KY J103BOJIMB
CTBOPUTH 010MEIUYHI CUCTEMU MOHITOPUHTY 310POB’ 4, sIKI MOXKYTh IUCTAHIIMHO
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HAJCWJIATH JaHl JIKapsM 1 MeAuYyHuM LeHTtpaM. Lli cuctemu J03BOJISIIOTH
MOCTaYaJbHUKAM MEAMYHUX TOCIYr KOHTPOJIOBATH MAIIEHTIB y PpPEXUMI
peaIbHOTO Yacy Ta BYACHO BTPYYATHCS, KOJU 11e HeoOXiMHO. Taki mpucTpoi sk
(iTHEC-TPEKEPH, MOKYTh KOHTPOJIIOBATH YaCTOTY CEPLIEBUX CKOPOUYEHb, PEKUM
CHY Ta pIBeHb aKTUBHOCTI narjieHTta. L{i 7aHi MoxHa aHasi3yBaTH, 100 OTpUMATH
ySIBJIGHHSI MPO 3arajibHUi CTaH 370pOB’sl MallleHTa Ta JOMOMOITH 3amo0irTu
BUHUKHEHHIO PI3HUX 3aXBOpioBaHb. HailOublI akTyaqbHUMH 3apa3 € CUCTEMH
MEIUYHOI peadimiTarii.

bioMenuyHi e1eKTpOHHI MPUCTPOI Ta CUCTEMH 3a0€3MeUyI0Th TOUHY, €(PEKTUBHY
Ta OPIEHTOBAHY Ha malieHTa AornoMory. I1ocTiiiHui pO3BUTOK LKUX TEXHOJOTIN
cOpusie TIOKPAILlEHHIO SKOCTI HaJaHHi MEAMYHUX TMOCIyr Ta 3J0pOB’s
CYCIIUJIbCTBA B LIJIOMY.
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The relevancy and significant burden of brain cancer problem requires
wider use of techniques of early diagnosis of this pathology. A variety of imaging
systems for brain examining allow detect malignant tumors, but the earliest signs
of a brain tumor can only be detected by nuclear imaging. The problem of
availability and high cost of such technology for many countries should be solved
by using the latest technological solutions in the field of gamma rays detection for
nuclear imaging.

A brain tumor is a mass that develops as a result of an abnormal cell
proliferation called brain cancer. When abnormal cells develop within the brain,
a tumor is created. Depending on the type of tumor, cancerous or malignant brain
tumors can spread rapidly.

Brain tumors can develop in any part of the brain or skull, including its
protective lining, the underside of the brain (skull base), the brainstem, the sinuses
and the nasal cavity, and many other areas. There are more than 120 different
types of tumors that can develop in the brain, depending on what tissue they arise
from.

There are many brain imaging techniques, including: CT, MRI, PET,
SPECT and Cerebral Angiography, The most important of them and the ones with
the clearest imaging of tumor proliferation are the PET and SPECT nuclear
devices, but these devices are very expensive.

Gamma camera that is recognized with PhotoMultiplier Tube (PMT) has
become a little available due to the large cost of PMTs because it contains many
things that form it.

Gamma's camera for general use is not the best due to the incompatibility
of the normal surface of the detector in the spherical form of the human head, it
Is flat and when the camera approaches the human head to take the picture, the
best picture will not be fabricated (fig. 1) [1-4].

Similar to the optical tube (PMT), the SIPM SIM (SIPM) provides a rapid
response when the radiation is discovered. In other words, we can see more clearly
and higher - the results are much faster.

Unlike PMT, SIPM is much tighter and uses much lower effort in the tool.
SIPM is more rugged and can work in strong magnetic fields and environmental
extremism, such as extreme humidity, heat and cold [3]. Using SIPM, radiation
detection devices themselves are more compact and loud (fig.2).
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Figure 1 — Flat and helmet-based Figure 2 — PMT versus SiPM
brain gamma camera detectors

The proposed idea is to use a spherical brain gamma camera design with a
SiPM array. The main task of this project is to determine the optimal distribution
of SiPM elements on hemisphere and the development the appropriate collimators
for them. The next issue is to select fast scintillator for the best imaging results.

The explained technical solution for the brain-dedicated gamma camera
provides the best conditions for brain imaging in oncology and neurology.

Such equipment is expected to be more mobile and portable, cheaper and
suitable for direct volumetric nuclear imaging of the brain.
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The study of cerebral aneurysms is vital for biomedical engineers due to their
potentially fatal consequences. Aneurysms are common and can cause
hemorrhagic strokes, leading to disability or death. Biomedical engineers are
essential in developing non-invasive diagnostic techniques and testing new
treatments. Research in this area is increasingly necessary, as medical imaging
and computational modeling advance. The study of cerebral aneurysms is critical
to improve patient outcomes and advance our knowledge.

AHeBpH3Ma TOJIOBHOTO MO3KY (TaKoX 11 Ha3UBalOTh BHYTPIIIHBOYCPEITHOIO
aHEeBpU3MOI0 a00 ImepeOpasibHOI0 aHEeBPU3MOK) — II€ BHIMHAHHS, ociablieHa
JUISTHKA B CTIHII apTepii MO3KY, 110 MPU3BOAUTH A0 aHOMAJIBHOTO PO3MIMPEHHS
CyIMHH, 11 3AyTTs 260 KpoBoTedil [1, 2]. AHEBPU3MH TOJIOBHOTO MO3KY MOXYTh
OyTH CHaJKOBHUMH, a TaKOX MOXYTh OyTH CIPHUYUHEHI TPaBMOIO TOJIOBH,
1H(DEKI€r0, aTepoCKIepO3OoM Ta IHIMUMH (akTopaMu. AHEBpHU3Ma TOJIOBHOTO
MO3KY YacTiIlle BUHUKAE B apTepifaX, pO3TAIIOBAHUX B MEPEAHIN YaCTHUHI MO3KY,
SIK1 TOCTaBJISFOTh 0araTy KHCHEM KpOB JI0 Horo TkaHuH [3]. YV Oyab-sikoMy MicIli
apTepii B MO3KY MOK€ BUHUKHYTH aHeBpu3Ma. CTiHKa aHeBpU3MHU TOHKA 1 ci1abka
yepe3 aHOMaJIbHY BTpATy TOBIIWHU CYAWHU ab0 BiJICYTHICTh OJIHOTO 3 IIapiB
CTIHKH apTepii, y pe3yJIbTaTi 40T0 3aJUIIAEThCS JUIIE 1Bl 000JIOHKH. AHEBPU3MY
TOJIOBHOT'O MO3KY YacTO BUSBIISIIOTH YK€ ITCIA 11 po3puBY a00 BUIAIKOBO, ITiJT
qac JIarHOCTUYHUX OOCTEXKEHb, TakuxX K komm'torepHa tomorpadis (KT) [4],
MarHiTHo-pe3oHaHcHa Tomorpadiss (MPT) abo anriorpadis [5]. OkpiM moBHOTO
aHaMHe3y Ta (I3UYHOTO OOCTEIKEHHS, BUKOPUCTOBYIOTHCS HACTYITHI MPOIEAYpHU
JIarHOCTUKH aHEBPHU3M TOJIOBHOT'O MO3KY:

-uudpoBa cyOcranmiina anriorpadis (LICA) — nHamae 300pakeHHS
KPOBOHOCHHX CYJIMH TOJIOBHOTO MO3KY JIJIsl BUSIBIICHHS TIPOOJIEM 13 CyIMHAMH Ta
KPOBOTOKOM;

- KoMIT'ToTepHa Tomorpadis [6] — mporeaypa JIarHOCTUYHOI Bizyauizaltii,
SKa BUKOPUCTOBYE TIOEJHAHHS PEHTICHIBCHKUX MPOMEHIB Ta KOMIT IOTEPHUX
TEXHOJIOTIH JIJI1 OTPUMAHHS TOPU3OHTAIBHUX a00 OChOBUX 3HIMKIB (4acTo iX
HA3WBAIOTh 3pizamu) Tina [7];

- MarHiTHO-pe3oHaHcHa Tomorpadis (MPT) — niarHocTuyHa npouenypa, aka
BUKOPHUCTOBYE KOMOIHAIII0 BEJIMKUX MArHITIB, pajloyacToT 1 KOMI'IOTepa st
OTPUMAaHHS JE€TaJIbHUX 300pakKeHb OPraHiB 1 CTPYKTYpP BCEPEANHI OpraHi3My;
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- MarHiTHoO-pe3oHaHcHa aHriorpagii (MPA) — HeiHBa3uMBHA J1arHOCTHYHA
npoiieaypa, 0 BUKOPUCTOBYE KOMOIHAIIII0 MArHiTHO-PE30HAHCHOT TEXHOJOT11
(MPT) Ta BHyTtpimHboBeHHOro (IV) KOHTpacTHOro OapBHMKA Uil Bizyasi3allii
CyauH. JloCHiIKEeHHS aHEeBPU3MHM 3 TOYKU 30py OlOMEIUYHOro IHXKEHEepa €
BOXJIMBUM HANpPSMKOM Yy PO3BUTKY TEXHOJOTiHA Bizyani3alii Ta IJIaHyBaHHS
XIpypriyHux BTpydaHb [8]. 3a 1OMOMOro0 CUCTEM MEIUYHOI Bi3yasizallii JKap
MOXK€ JOCH/DKYBaTH AaHEBPU3MY 3 PI3HHX TOUYOK 30pY, BKIIOYAIOYH:
MaTreMaTu4yHe, 30KpeMa, OlOMexXaHI4HEe MOJENIOBaHHs, WI0  JI03BOJIsIE
JOCHIPKYBAaTH PI3HI BapiaHTH JIIKYBaHHS Ta MPOTHO3YBaTH PHU3HK PO3PUBY
aHEBpU3MHU; OIIHIOBAaTU Pi3HI OloMaTepiasv Ta iX B3aEMOJII0 3 TKaHWMHAMU
CYOWHH Ji1 PO3pOOIli HOBUX TEXHOJOTIM JIKYBaHHS aHEBPU3M; MPOBOJHUTH
BI3yaJi3allil0 CYJIMHHOIO pyclia Ha OCHOBI PI3HMX MOJAJIBbHOCTEH, 30KpeMa
norieporpadii, 3BuuaitHoi Ta KT-anriorpacdii. AHEBpU3MHU TOJOBHOTO MO3KY
MOXYTh TIPU3BOJUTH JO CEPHO3HMX TMATOJOTIYHUX CTaHIB 1 PO3BHTOK
OloMennuHOT IHXEeHepii HaJla€ MOXKITUBOCTI I BAOCKOHAJICHHS 1X JIIarHOCTUKH
Ta JIIKyBaHHSI.
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This study explores the potential of second-order difference plot (SODP)
features for differentiating low back pain using electromyographic (EMG)
signals. The SODP features were found to exhibit significant differences between
patients with low back pain and healthy individuals. The dynamics of these
features were also consistent across different segments of the EMG signal,
suggesting their potential as reliable indicators for diagnosis. Overall, SODP
features offer a promising approach for differentiating low back pain using EMG
signals, with potential for clinical use pending further validation.

In many countries chronic low back pain (LBP) is the most common cause
of long term disability in middle age. Chronic low back pain is resistant to
treatment, and patients are often referred for multidisciplinary treatment [1]. Most
of us will experience at least one episode of low back pain during our life.
Reported lifetime prevalence varies from 49% to 70% and point prevalences from
12% to 30% are reported in Western countries [2].

The most common diagnostic test for LBP is electromyography (EMG). To
date, the classification of diseases based on the results of surface
electromyography is carried out by the methods of spectral, statistical and
nonlinear dynamics analysis [3], [4].

Second Order Difference Plot (SODP) is a feature extraction method which
Is formed employing time domain information. The method of SODP can be used
as an independent feature extraction tool as well as a supplemental technique to
confirm the frequency domain results. If X(t) is the signal, SODP is formed by
X(n+1)—Xn)and X(n + 2) — X(n + 1) points on the plot. In other words,
SODRP includes scattering of consecutive difference values of points in the signal.

SODP develops the clinical skills such as cardiac disorders and determinants
of disease. It allows possible simple visual interpretation techniques on the ECG.
Due to these characteristics, it has a wide use over past years. The most significant
deficiency of the SODP is calculation ability on the quantitative values that
provide the characterization of the ECG data [5].

SODP features can help to identify changes in the slope of the EMG signal,
which can provide information about the timing and strength of muscle activation.
This information can be useful for distinguishing between different types of LBP,
such as muscle spasm, muscle strain, or nerve root compression.
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Some possible SODP features that could be used to differentiate LBP
include:

- Mean slope: measures the average slope of the SODP over a defined time
interval. Differences in mean slope between patients with different types of LBP
could indicate differences in the timing or strength of muscle activation.

- Variability of slope: measures the variability in slope of the SODP over a
defined time interval. Patients with muscle spasm or nerve root compression may
exhibit higher variability in their SODP slope compared to patients with muscle
strain.

- Peak amplitude: measures the maximum amplitude of the SODP over a
defined time interval. Differences in peak amplitude could indicate differences in
the strength of muscle activation.

- Time to peak: measures the time it takes for the SODP to reach its
maximum amplitude. Patients with muscle spasm may exhibit shorter time to peak
compared to patients with muscle strain or nerve root compression.

Overall, SODP features can provide useful information for differentiating
between different types of LBP using EMG signals. However, it is important to
note that additional research and validation is necessary before these features can
be used in clinical practice.
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This thesis explores the possibilities of keystroke dynamics analysis as a
method for early stress recognition in office environments. Chronic stress in the
workplace is a growing concern, with negative consequences for both employees
and organizations. Traditional methods of stress detection have limitations in
terms of accuracy and practicality, and there is a need for alternative approaches.
Keystroke dynamics analysis, which involves analyzing typing patterns, has
shown promise as a non-invasive, unobtrusive, and cost-effective tool for stress
detection. The aim of this thesis is to investigate the potential of keystroke
dynamics analysis as a stress detection method, including its advantages and
limitations, and its application in real-world office settings.

Work-related stress has been defined as the emotional, cognitive, behavioral
and physiological reaction to aversive and noxious aspects of work, work
environments and work organizations. It is a state characterized by high levels of
arousal and distress and often by feelings of not coping. Work-related stress is
experienced when the demands of the work environment exceed the employee’s
ability to control them. These demands are not only related to high workload or
long working hours, but also to high perceived stress, low social support from
colleagues and managers, or to the individual characteristics of each one like the
education and competitiveness [1].

Workplace stressors are classified as physical and psychosocial. Physical
stressors include noise, poor lighting, poor office or work layout, and ergonomic
factors, such as bad working postures. Psychosocial stressors are, arguably, the
most predominant stress factors. These include high job demands, inflexible
working hours, poor job control, poor work design and structure, bullying,
harassments, and job insecurity. Workplace stress not only affects the worker, it
also has adverse effects on company performance well. The effects of job-related
strain are evident in workers' physical health, mental health, and their behavior.
These effects occur in a continuum, beginning as distress in response to stressors.
Distress, in turn, leads to elevated blood pressure and anxiety, which increase the
risk of coronary heart disease, substance abuse, and anxiety disorders.

The implications of work-related stress include the effects on worker
satisfaction and productivity, their mental and physical health, absenteeism and
its economic cost, the wider impact on family function and finally, the potential
for employer liability. While depression is the most likely adverse psychological
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outcome, the range of other possible psychological problems include burn-out,
alcohol abuse, unexplained physical symptoms, absenteeism, chronic fatigue and
accidents, sick building syndrome and repetitive strain injury [2].

Keystroke dynamics is a behavioral biometrics which captures the typing
rhythms of users [3]. The most frequently extracted features from the keystroke
dynamics are dwell time, which is the time a key is pressed, and the average dwell
time, duration between keystrokes and their average, time between two
consecutive keys are down, pause rate, typing speed, number of key press events,
duration of digraphs and trigraphs, number of events in the key events
combination and frequency of using specific keys such as backspace or the space-
bar. Key pressure has also been measured in some researches [1].

Our objective is to use keystroke dynamics the study of a user’s typing
rhythms — as a method for stress detection. The ubiquity of computing devices
means that keystrokes are constantly being generated as a user goes about his or
her daily business. Capturing these keystrokes, and their associated typing
rhythm, is as easy as writing a simple piece of software to collect them. No
specialized hardware is required; virtually every computing device has a physical
or virtual keyboard built-in. Moreover, no explicit action is required from the user;
a user can simply go about his intended task while the stress detection software
runs in the background and s/he will not be inconvenienced in any way. If it is
possible to detect stress via changes in typing rhythm, this technology could be
rapidly and cheaply deployed while being invisible to end-users.

Keystroke dynamics analysis system for recognition of stress in office
environment is user-friendly and cost-effective, provides real-time analysis, and
can be used for continuous stress detection. In addition, the analysis of the
dynamics of keystrokes can be used for authentication. By utilizing keystroke
dynamics analysis, organizations can enhance stress control of their employees
and provide a more secure environment for their users.
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Auditory brainstem response (ABR), also called short-latency auditory
evoked potential, is a type of electrophysiological response happening on the
brainstem level within 10 ms of an auditory stimulation. It’s mainly used to assess
hearing function in populations, which can’t provide reliable audiogram feedback,
as well as an objective measure of a hearing function. Like most brain-derived
signals, ABR signal is subject to considerable artifact and needs to be processed
before diagnostically useful data can be extracted. This paper is dedicated to a
short, fairly simple algorithm that can be used to automatically process raw ABR
signals.

VY BuUnNaakax, KOJIH MCUX0aKyCTUUHI METOIU AOCITIIKEHHS CIIyXy HE MOXYTh
JIaTH KOPHUCHOT IIarHOCTUYHOT iH(popMaIlii — HampuKIaa, PH AOCTIIHKEHH] CIIYXY
y HOBOHApO/KEHUX Ta HEMOBIST — BUKOPUCTOBYIOTHCS pPaHHI ayJUTOPHI
Buksnkani noteHiianu (PABII, anen. auditory brainstem response). PABII €
METOJOM OIlIHKK (YHKI[IOHYBaHHS Tepu(epruyHOi HEPBOBOI CHUCTEMH, IO
BIJIOBiJIa€ 3a Tepeaady CUTHAIY BT CIYXOBOTO aHaji3aTopy, HacaMIiepen
natosorii VIII uepenHoro HepBy Ta CTpYKTYp JOBracToro Mo3Ky, BiAITIOBIIHKX 32
iHTerparmito ayautopHoi iHdopmarii [1]. Ammaityma PABII 3a3Buuaii He
nepesuiye 1 MKB, 1110 3yMoBiII0€ HEOOXITHICTD 1X PiabTpaIlli BiJ 3aBaj] Ta ITyMiB
3 aMIUITy/laMH, 0 y JEeKUIbKa pa3iB MEPEBHUINYIOTh aMIUTITYAy KOPHUCHOTO
curHany [1], [2].

PABII cknamarotbes i3 5-7 XBUJIb, 10 BHHUKAIOTH BIPOAOBXK 10 Mc micis
HAJIXOJ)KEHHSI 3ByKOBOTO CTHUMYJNYy 10 Byxa [1]. AnroputM oOpoOKM curHainy
PABII Bxitodae B cebe HACTYITHI €TaIIN:

1. Bigciuenns ammutiTy, Bumux 3a 20 MkB.

2. 3actocyBanns cmyroBoro KIX-dinerpy i3 fc; = 0,1 k', fc, = 1,5 k['m.

3. Ycepennenns curHanis 3a N moBTOpeHb CTUMYIY (3a3BUuail N CTAHOBUTH
Bix 1000 mo 2000 BuMipiB).

4. Tlomyk mikiB, mo BignmosimarTs XBuiaM I, 11l Ta V y 3amanaux gacoBux
iHTepBanax (puc. 1) [3].

5. OriHka 3aTpuMOK Ta aMruniTy XBuib I, I ta V.

Ha puc. 1 npeacraBienuil pe3yiabTaT OOpOOKM CUTHAIy 3a OIMNHUCAHUM
alnropuTMoM, 1o OyB peamnizoBaHui 3a gomnomororo MATLAB Ta momymnio
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EEGLAB [3]. Curnanu 13 yactoToro auckperusaiii 20 k['11 Oynu 3amucani 3a
nonomororo cuctemu SynAmps RT mporsarom ~120 ¢ 13 BUKOPUCTaHHSIM
CTUMYJy Yy BUIJIS1 aMIUTITYAHO-MOJYJIbOBAHOI'O CHHYCOiNajJbHOTO CHTHANY 13
naysamu, dacTora cuHycoinu 1 kI'n, yactora mosTopenHs curnamy 21,37 ¢71,

Imnenancu enekTpoiB < 2 KOM.

1 kHz (21,37 Hz repeat rate)
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PI/IcyHOK 1. PGSyJILTaT 06p06KH CUrHainy 3a p03pO6H€HI/IM AJITrOpUTMOM

Po3pobnenuit  anroputM  Moke OyTH KOPHUCHUM JUISI  JTIONIOMDKHOT
JTIarHOCTUKHA, a TaKoXX i1  aBToMaTu3aimii oOpoOKM  CHTHANB B
eneKTpodi310JIOTTIHUX TOCTIHKEHHAX, Hanpukias mpu ominmi EEI-BianoBini Ha
aKyCTHYHI Ta €JICKTPUYHI CTUMYJIH Y KOPUCTYBauiB KOXJICAPHUX IMIUIAHTIB.

CrrcoK BUKOPHUCTAHUX JIKEPE:

1. W. J. Wilson, M. Winter, C. Nohr, and F. Aghdasi, ‘Signal
processing of the auditory brainstem response: clinical effects of variations in fast
Fourier transform analysis’, in Proceedings of the 1998 South African
Symposium on Communications and Signal Processing-COMSIG 98 (Cat. No.
98EX214), Sep. 1998, pp. 23-28.

2. O. Manta et al., ‘Development and Evaluation of Automated Tools
for Auditory-Brainstem and Middle-Auditory Evoked Potentials Waves
Detection and Annotation’, Brain Sciences, vol. 12, no. 12, Art. no. 12, Dec. 2022.

3. Delorme and S. Makeig, ‘EEGLAB: an open source toolbox for
analysis of single-trial EEG dynamics including independent component
analysis’, J Neurosci Methods, vol. 134, no. 1, pp. 9-21, Mar. 2004.

83



VJIK 004.9:613.6
POSSIBILITIES OF SPEECH ANALYSIS FOR EARLY STRESS
RECOGNITION IN OFFICE ENVIRONMENT
Emad Mohammed Raweh Saeed Al-Qadasi
Supervisor — cand.techn.sc., assoc.prof. Zhemchuzhkina T.V.
Kharkiv National University of Radio Electronics, BME Dep.
Kharkiv, Ukraine
tel. +31(685) 843-267, e-mail: emad.mokhammed.al-kadasi@nure.ua
This work is devoted to speech analysis for early stress recognition in office
environment and outlines a study on the use of speech analysis for early detection
of stress. It was studied what parameters of speech are changed under stress
situations. It has been found out that under stress situations, changes in pitch
(fundamental frequency) and in the speaking rate are usual, together with
variations in features related to the energy and spectral characteristics of the
glottal pulse.
Speech analysis can be an effective tool for detecting stress in office
environment, which could help to prevent negative outcomes and improve
employee well-being and productivity.

Stress is a common problem among office workers and can lead to a variety
of physical, emotional, and mental health issues. Some common problems of
stress in office workers include: physical health issues (headaches, muscle
tension, fatigue, and other physical symptoms that can affect overall health and
well-being); emotional and mental health issues (anxiety, depression, and
burnout); reduced productivity and impair job performance; increased
absenteeism (employees who experience high levels of stress may take more sick
days or be absent from work more frequently); poor morale, leading to low job
satisfaction and high turnover rates; conflict and tension, leading to a negative
work environment; legal and financial issues, such as workers' compensation
claims or lawsuits. So, it is important for employers to take steps to prevent and
manage workplace stress to promote employee well-being and reduce the risk of
these problems [1].

There are different approaches for stress detection in the office, including:
self-reporting, when employees can report their stress levels through surveys or
questionnaires, which can be used to track stress levels over time and identify
potential stress-related issues; wearable devices, such as smartwatches or fitness
trackers, which can measure physiological parameters like heart rate and
breathing rate to indicate stress levels; biometric sensors, which can measure
physiological parameters like skin conductance, which can be used to detect stress
levels; facial expression analysis, which can be used to detect signs of stress in
employees by analyzing changes in facial expressions and movements; ambient
sensors, such as noise sensors or temperature sensors. Employers can use one or
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a combination of these approaches to detect stress in the workplace and implement
strategies to reduce workplace stress and promote employee well-being.

Speech analysis is a promising approach for stress detection in the
workplace. Here are some possibilities and advantages of speech analysis for
stress detection: it is a non-invasive method of detecting stress and does not
require any physical contact with employees; it can be used to detect stress in real-
time, providing immediate feedback to employees and managers; it is an objective
method of stress detection, eliminating potential biases in self-reported stress
levels; it is easy to implement in the workplace, as it only requires a microphone
and software; it is a cost-effective method of stress detection compared to other
approaches like biometric sensors; it can provide a comprehensive analysis of
stress levels, including factors like tone of voice, speaking rate, and word choice;
it can be used to detect stress in a variety of workplace settings, including remote
and virtual work environments.

Pitch is the most frequently extracted feature from speech in stress detection.
It has been found that mean value, standard deviation and range of pitch increase
under stress while pitch jitter decreases. Minimum, maximum, median and first
derivation of pitch are also used. As spectral centroid goes up under stress and
energy is concentrated in higher frequency bands, high frequency bands’ (above
500 Hz) energy is also considered. Speaking rate also increases, as well as voice
intensity. Intensity features like the mean, range and variability can be used in
certain environments. Amplitude-based features can be also used: precisely, the
perturbation quotient, the degree of subharmonic segments, the noise to harmonic
ratio and the degree of voiceless. However, pitch and speaking rate features
frequently the most suitable ones, because they can work well even in noisy
environments [2].

By using speech analysis for stress detection, employers can identify
potential stress-related issues in the workplace and implement strategies to reduce
workplace stress and improve employee well-being.
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This work shows usage of blind source separation approach based on ICA and
EEG dipole model to isolate EEG artefacts to independent sources, detect and
suppress them. Invers ICA composition from sources with suppressed artifacts
allows to archive cleaned EEG with minimal remains of artifacts.
Enexrpoennedanorpadis — 1e MeTon peecTparlii eIeKTPUYHOI aKTHUBHOCTI
TOJIOBHOTO MO3KY, BIJIBEJICHOI 3 MOBEPXHI INKIpU TOJOBH, 31 CKaJbIly T'OJIOBH.
Taka eleKTpUYHA aKTUBHICTH Ma€ HAa3BY — OIOMOTEHIIAM T'OJOBHOTO MO3KY. I
peecTpallig € OTHUM 3 TOIIMPEHUX METO/IB (PYHKIIOHAIBHOT IIATHOCTUKHU CTaHy
moauuu [1, 2]. Bona pno3Bosise mpoaHamizyBaTh (I3MUHUNA CTaH 1 3pUICTh
TOJIOBHOTO MO3KY, BHSBHUTH Ha IIONEPEIHBOMY e€Talli HasSBHICTh OCEPEIKiB
ypakeHb MO3KY, 3arajJbMoBaHuil posnaj Tomo [3]. Axicts anamizy EED Hanpsamy
3QJIEXKITh BiJl SKOCTI peeCTparii curHany. SKImo mpoOieMu Mepeniko] BHIY
MepeXeBoi 3aBaau abo0 moraHa sKICTh (iUIbTpalii Ta ouudpyBaHHS CHUTHAITY
rapHO TMOCTIHHO BUPIIIYIOTHCS 3aBSKH MPOTPECY Y PO3BUTKY ENEKTPOHIKUA TO
MEePEIIKOAM BUKIMKAHI JiIMU TAIll€eHTa — apTepakTh, MOKIMBO TTOOOPOTH JIHIIIE
MEeTOoJaMHU OYMIICHHS CUTHaNy repen erarmoM aHamizy. Cepen EEID apredaxri
BUJIUISATH: €JICKTPOJIHI (130JIbOBAHOTO €JEKTPOAY Ta pePepeHTHOro eIeKTPOIy),
okynorpadiuni (30poBi), kapmaiorpadiuni, miorpadidHi (KOBTaHHs, TpPEMOp,
HepBOBe 3yOHEe ckpekaTiHHA). OcTaHH1 JBa BUIU y OUTBIIIOCTI BUMAAKIB PIAKICHI
a00 MOXyTh OyTu mojmonaHi ¢impTpaniro. HaitOutemr mpoOiemu moB’s3aHi 3
SJICKTPOAHUMHU Ta OKyJorpadiuyHuMu apredakTtaMu OCKUIBKM BOHH MPUPOJIHO
3’ SIBJISIFOTHCSL Y MOMEHTH CTUMYJISIIIIT MO3KOBOI aKTUBHOCTI MAIi€HTA.

AW
PP

i
= LR

=

Pucynok 1. Okynorpadiunuid, enekrpoaHuii Ta pehepeHTHH apTedakTi.

Bussutu 11 apredaktu Ha ¢oni EEI" ckianHo: 3a CIEKTpOM BOHHM MalOTh Take
came yactotHe posnoauieHHs sk EEI, 3a ¢dopmoro BoHM 30irarorbcs 3
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MATOJIOTTYHOIO AKTUBHICTh MO3KY. YHIKAJbHE JIMLIE MICHE IX «3apOJKEHHS»:
okynorpadiuHi apreaktu (i3UYHO PO3TAIIOBaHI y B 30H1 OKa, €IEKTPOAHUMN
apredaxT pi3UuYHO NPOSABIIAETHCS JIMILE B KAHAIII LILOTO EJIEKTPOAY, pepepeHTHU
aptedakT piBHOpo3noauieHuid nmo BciM kaHamam EEI. [loTpiben meton sikumii
J03BOJIIE BUALIUTH OKkpeMo 11 apredaktu Big EEI" curnany ta gaT MOXJIHUBICTD
OLIIHUTH X MPOCTOPOBY JIOKATI3allil0, HAMPUKIIAJ y BUJII BarOoBUX KOe(IIEHTIB
BXOJIPKEHHS CUTHaIY apTedakTty B koxxHOMY KaHaii EEI:

X=A-S

ne X — matpuus BuxigHoro curHany EED (cymim mxepen EED Ta apredakris),
CUTHAJI KO)KHOTO €JICKTPOJIY — OKPEMHH PSJIOK MATpPHII, S — MaTPUIT OKPEMHUX
CUTHAJIIB MO3KOBOi aKTUBHOCTI Ta apTe(akTiB pO3AUIEHUX MIX COOO0I0: KOXKEH
apreakT — OKpeMHUH pSATOK MaTpPHIli, KO)KHa aKTUBHICTh — TaKOX OKPEMHM
CUTHAJI, 32 PO3MIPOM Tak X SK MaTtpulsd X, A — KBagpaTHyHa MATPHUIll 3aKOHY
3MIITyBaHHS, KOKEH CTOBIICIb MAaTPHIll — BaroBl KO(DIIIEHTI 3 SKUMH JIKEPEO 3
MaTpHili S Ta HOMEPOM CTOBMIIA MaTpulll A 3mimnyerecs y Buxiguuii curnan EED
X. TloTpiOHe mniHiiiHE pO3AUICHHS 3a0e3ledye METOJ aHali3y He3aJIe)KHHUX
komnoHeHT ICA. Bin BukopuctoBye (QYHKIII OIIHKM CTaTHCTHUYHOI
HE3JIC)KHOCT1 CUTHAJIIB (EHTPOIIii, HETeTPOITisl, €KCIIeC) ISl PO3IUICHHS] CUTHAITY
EEI' X Ha He3aleXHI KOMIIOHCHTH S, Ta OIIIHIOE MAaTPUIO 3MimryBanHs A [4].
Merton ICA Buninsie apredakTHI CUTHATIU B OKPEMI JHKEpeEIIa /e CITIBBITHOIICHHS
curHainy apredakty mo 3amuimikoBoro EEIT curnamy makcumanshe [5]. Lle
JT03BOJISI€ OI[IHUTH BaroBi KOe(iIli€eHTH S; KOXKHOTO 1-TO apTedakTy OKpeMo, a
3HAIOYHW iX — 3HAWTH (hi3UYHE pO3TallyBaHHS JHKEpesia reHepaiii apredakry ta
BU3HAUWTHU THUI apTePaKTu.

Jlist BUSIBIIEHHSI €NEKTPOJHOTO apTedakTy MPOMOHYETHCS BUKOPUCTOBYBATU
Kopemsiiiaui  koedimieHt Ilipcona MiX BaroBuMu KoedillieHTaMHU S; Ta
MOJIENIbHUMH  Koedilientamu S, apredakry y j-my Kavan S, ={1;i=
j0.001;i #j . Axmo xoedimient Ilipcona Ounbime abo mopiBHioe 0,9 — 1e
MOKA3HHK €JIEKTPOAHOTO apTedaKTy y KaHall j Ta OB’ I3aHOMY 3 HUM €JIEKTPO/IL.
st BusiBneHHsT apTedakTy peQepeHTHOrO eNeKTPOay MPOMOHYETHCS OIIHUTU
3HaueHHs §; JiHIHHOI perpecielo F(s;) =a+ b *i. Sxmo t-kputepiii
CThIOJIEHTa MTOKa3y€ BHCOKY JOCTOBIPHICTE perpecii, a Kyt Haxuiy arctg(b) <
1° Toni s; ommcye piBHOMIPHUM BIUIMB apTedakTy Ha BCl KaHAIH, a I O3HaKa
apredakty pedepeHTHOro eneKTpoay. Takoxk s BUSBICHHS Ta YCYHEHHS
pedepeTHOro eIEKTPOIy MOXKIIMBO 3aCTOCOBYBATH JTHUNOJIbHY Moaeinb EEL [6].
st omiHKK OKyJorpadigHOTO €JIEKTPOIy MPOMOHYETHCSI BHKOPHUCTOBYBATH
nunonsHy Mozenb EEIT mxepen ta ciipomieny obepueny 3anauy EET [6, 7]. Axmo
CJCKTPUYHUN JTUTIONH PO3TAIIOBAHWA B 30HI OYHHUX M 3B, a00 HEPBOBOTO
TpakTy 00poOKM 30poBOi 1H(]OpMaIlii Mae Take kK 32 HOPMOIO PO3MOALICHHS Ha
CKaJbIIi S, JUTS TAHOTO JpKepena S; — 1€ 03HaKa OKyJIorpadigHOTO eIEKTPOY.
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Pucynok 2. Barosi koedilieHTH po3noauieHHsT OKyJIorpadgiuHoro apredakTu s;
Ta JUMNOJbHE PO3NOAUICHHS §; AK€ HOT0 MOJIENIOE.

Kopuctyrouncs niHiiiHICTIO 3akoHY po3kianaHHs EEIT Ha mxepena MOXIHMBO
npoBecTd 3BOpoTHY kommosuilito EEI' 3 curnamiB okepen e [Kepena
apredaxTiB Oyn1yTh 3aMiHEH1 HYJbOBUM CUTHAJIOM.
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Pucynok 3. 3Bopotna kommnosuilisi EEI" curnamis 6e3 apredaxris.
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This work is devoted to exploring the phenomena of whole-slide imagery
and computational pathology in medical diagnosis. In addition, we assess CLAM
— one of the methods of computational pathology, aimed to process whole-slide
tissue scans — as a way of addressing the important whole-slide imagery
processing difficulties.

> Whole-slide digital imaging is the process by which digital images of
entire histologic slides are created by high-resolution scanning of the slide. [1]

In other words, a whole-slide image is a very high-resolution digital scan of
a histology sample. The advancements in scanning technology in recent years
allow us to get slides at the gigapixel scale. With that, in order for the pathologist
to make a correct decision, they have to look through every pixel rigorously. On
the other hand, modern methods of computational analysis enable us to process
this much medical data in no time. This process is called computational pathology.

> Computational pathology (CPATH) — a branch of pathology that involves
computational analysis of a broad array of methods to analyze patient specimens
for the study of disease. [2]

Picture 1. Left: direct visualization of the attention scores. Each pixel represents a 256px patch.
Right: attention scores blended onto the WSI. The colored regions represent the most attended
parts of the sample.
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Modern computational pathology is able to provide extensive support for
pathological analysis. For example, features may be extracted to compactly
represent the whole slide. Also, the said features may be used in classical ML
algorithms to correlate whole-slide images to the patient outcome. In addition to
that, CPATH techniques may lead to discovery of previously unrecognized
morphological characteristics with clinical relevance that have not been used in
visual assessment by pathologists, either because these features had not
previously been discovered or because they are beyond human visual perception.

An example of CPATH — Clustering-constrained attention multiple instance
learning, or CLAM for short — a work of Lu et al. [3], and is a data-efficient
approach to working with weakly-labeled whole-slide imagery.

We have trained the CLAM model on a subset of publicly-available Clear
Cell Renal Cell Carcinoma (CPTAC-CCRCC) dataset [4]. As we can see on the
picture 1, the CLAM’s attention network is quite interpretable. It outputs
“importance scores” for each patch, so those can be visualized as a heatmap. If
you take a closer look at the WSI on the right, you may see the affected cells
colored blue, meaning the network decided them to affect the prediction the most.
This approach addresses important WSI processing difficulties. For example, to
handle the large size of the slide, we segment the actual tissue from the scan
background, trimming unnecessary information. Then, we split the remaining
ROI into tiles, that are treated equally, to fit them into the GPU. Also, another
difficulty is labeling. It takes hours for a pathologist to look through the slide and
diagnose, let alone label the cause of it, i.e., the affected cells. On the contrary,
CLAM is designed to work with this kind of weakly-labeled data, where only the
slide-level labels are known (i.e., diagnosis.) CLAM itself determines which
regions of the tissue affect the predicted diagnosis.
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TEXHOJIOT'TI MAJIOIHBABUBHOI'O ITPOTE3YBAHHSA XPEBTA
IPU CITOHAUJIOJICTE3I
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The problems of people with the spinal disorders are always a serious
challenge in the field of healthcare. Pathologies of spine can cause destabilization
of the musculoskeletal system at all. The causes of these problem are different -
accidents, injuries, systemic pathological changes of the whole body. This is why
research and development of the technologies for the treatment of spine
abnormalities is so important.

OgHuM 3 HAWMNOMUPEHIIHUX CTPYKTYpHO-(YHKIIOHATBHUX TOPYIICHb
XxpeOTa € CIOHIUIIONICTE3, TIPU SIKOMY OJMH 3 XPEOIliB 3MIIIyEThCs BIiepe] abo
Ha3aJl 110 BITHOIICHHIO /10 IHIIMX XpeOIiB. XBOpoOy KIACU(IKYIOTh 3a CTYIIEHEM
yckaagHeHHs (knacudikaiis Meiepiara), sKuii BU3HA4aloTh CITiBBIAHOIICHHSIM
BIJICTaHI, Ha SIKY TIJI0 XpeOIlsd MPOCYHYJIOCS BIEPEa MO0 BEPXHHOI KIHIIEBOT
IJTACTUHU TUIa iHIoro xpedms: [ ¢r. — 3mimends Ha 1/4 tima xpe6us; II cT. —
smimmeHHs Ha 1/2; 111 cT. — 3mimenns Ha 3/4; IV cT. — 3MillleHHs Ha BCIO JOBXKUHY
Tija XpeO1ist, a60 CIIOHIUIONTO3.

[lepmmii eram JiKyBaHHS CHOHAWJIONICTE3a TIOJIATAaE y Bi3yarizalii
ypaxkeHoi IUITHKH XpeOTa 3a A0rmoMoror MetoaiB peatrenorpadii, KT, MPT [1]
(puc. 1). V¥V pasi xipypriuHoro BTpYy4YaHHS 3aCTOCOBYETHCS MaJIOiHBAa3MBHA
omepariss 13 BukopucTaHHsM 3D-dmoopockorii Ta HeWpoHaBiramii s
Yepe3IKIpHOTr0 TBUHTOBOTO OCTEOCHHTE3Y [2].

Kputnuno BaxxnuBuM 3aco00M peatizallii MaJoiHBa3MBHUX OIepalliil mpu
CIIOHAWJIONICTE31 €  CIemiajgi3oBaHe  IporpamMHe  3a0e3leueHHs s
nepeIonepaIiifHoro miaHyBaHHA Ta iHTpaonepaiiinoi 3D Hairaii (puc.2).

pentreHorpadis KT MPT

Pucynok 1 — Bizyanizaiiisi ypaxkeHb XxpeOTa Mpu CIIOHIUIIONICTE31
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HeoOXxigHuMu  BXIZHUMHU JaHMMHM JUIS  [POrpaMHOro 3acoly €
PEHTIE€HIBChKI 300pa)K€HHS 3 MO3HAYEHUMHU aHATOMIYHHUMH OpIEHTHUpaMH, 3a
AKUMHU JlaJll T[EpEeBIPAETBCA TOYHICTh PO3MILIEHHA (IKCYIOUUX TBHHTIB,
o0HpaeThes iX ONTUMATBHUN PO3MIP.

Pucynok 2 — Hapiraiiiine nporpamue 3a0e3nedeHHs sl BiTOOpaKeHHS
BBEJICHHS IBUHTA 3 Bi3yali3alli€lo 3aTUIAaHOBAHOTO MOJIOKEHHS I'BUHTA [3]

[TocTiline ynockoHaJeHHS KOH(QIrypamii (iKCyrounx eJIeMeHTIB Ta
TEXHOJIOT1 OTEpaTHBHOTO BTPYYaHHs BiATOBITHO CTaBUTh 3aJady pPO3pOOKH
HOBHX OpHWTIHAJIBHHX MpOrpaMHUX 3aco0iB. lle moTpeOyBaTmMe peTeabHOTO
OTHCY Ta MOJICJIFOBaHHSI IHCTPYMEHTApIIO Ta 3ac001B (ikcarlii, TpaekTopii iX pyxy
mig yac omepamii. Takoxx wMae Oytu MoaudikoBaHO MOAYJI 0OpoOKHU
PEHTTeHIBCHKHUX 300paskeHb. ONTUManbHUN BUOIP TPAEKTOPIT pyXy IHCTPYMEHTY
Ta PO3MIIIEHHS (PIKCYIOUMX KOHCTPYKIIiH JO3BOJMTH MIHIMI3yBaTH KPOBOBTpPATY,
micasonepaniiauil 611, CKOPOTUTH TiepeOyBaHHS B JIKapHi, 30epirarouu
HU3BKHI PiBEHb allapaTHUX YCKJIaIHEHb.
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The study of rhinomanometric signals based on the respiratory cycle
during olfactometric studies allows to indirectly determine the appearance of
olfactory sensitivity due to changes in aerodynamic nasal resistance. The
perspective of the work is to confirm the provenance of the approach and analyze
the aerodynamic nose drag under the influence of various odorants.

CydvacHi TigXoau J0Ka30BOT MEIUIIMHUA BHMAararoTh BHUKOPUCTAHHS
JOCTOBIPHUX I1HCTPYMEHTAJIbHUX METOAIB (YHKIIOHAJIBHOI MAiarHOCTHKU. B
JIarHOCTHIII MOPYIIEHbh HOCOBOTO JUXaHHS TaKMMHU METOJaMH € KOMII IOTEpHA
PUHOMAHOMETPIS, SIKA JOCITIIKY€E MOKA3HUKU MOBITPSIHOTO MOTOKY Ye€pe3 HOCOBY
NOPOXKHUHY TPU AUXaHHI Ta I03BOJISIE€ BU3HAYUTH BIATIOBIIHUM aepoIMHAMIUYHUNA
HOcoBui omip [1, 2].

[Ipu nocmimkeHHl HIOXOBOI (yHKII, 3MIHU $KOi, B TEpIITy Yepry,
OB’ sI3aH1 3 PEeCHIpPaTOPHUMH MOPYIIEHHSIMH, B OCTaHHIA Yac BUKOPUCTOBYIOTH
METOJ KOMIT IOTepHOi onbdakToMeTpii [3, 4], 1Mo M03BOJISIE, HA BIAMIHY Bif
SKICHUX TIAXOMIB [5, 6], OIHUTH €HEPreTHYH1 XapaKTePUCTUKU JUXAHHS TPH
BITUYTTI  BIAMOBIAHOTO OJIOPaHTY [7]. Meron ~ 3acHOBaHMM  Ha
PUHOMAHOMETPUYHUX  JOCHI/DKEHHSX TPU  TOCTIJOBHOMY  30LIBIIEHHI
IHTEHCUBHOCTI JIMXaHHS TP BCTAaHOBJICHOMY B TOBITPSHOMY TpaKTI
pUHOMaHOMETpa KOHTEHHEpa 3 BIIMOBIIHUM OJIOPAHTOM IEBHOT KOHIIEHTpAIII] 1
peecTpalii TOTYKHOCTI Ta €Heprii AUXaHHS MPH MOSBI HIOXaJIbHOI YyTIUBOCTI
[7]. Ane, ipu IbOMY BUKOPUCTOBYETHCS (DIKCAIlisl 4aCy MOSIBU BIIUYTTS OJOPAHTY
MAIi€EHTOM, 110, B CBOIO YEPTy, MPU3BOIUTH J0 MEBHOI CY0’ €KTUBHOCTI METOJY.
[TigBummTH 00’ €KTHBHICTh JOCIIDKCHHS MOXIHBO CaMe 3a pe3ysibTaTaMu
aHami3y pPUHOMAHOMETPUYHHMX CHTHAJIIB TpU JUXaJbHUX MaHEBpax 3a
[UKJIOTPAMOIO JUXaHHS. TakKuM YHWHOM, 3a MOXJIHBO PEECTPYBATH OUIBII
BHCOKOYACTOTHI ITUKIIH, SIK1 HEMPSIMO MOKYTh CBITYUTH IIOJIO MOSIBH HIOXAJIBHOT
9yTAUBOCTI mpu nii omopanty []. Po3BuTkoM Takoro minxomy € OuIbII
MOTTMOJICHNI aHATI3 CUTHAJIIB TIEpeTnaay TUCKY Ta BUTPATH MOBITPS B IUXATBHUX
[UKJIAX Il BU3HAYCHHS 3MIHM aepOJIMHAMIYHOTO HOCOBOTO OIOPY, IO MOXKE
CBIIYUTHU NPO peIeKTOpHY 3MiHY KOH(Irypalii HOCOBOi HOPOKHUHHU 32 PAXyHOK
peakilii cau30Boi OOOJIOHKK Ha JIiI0 OJ0PaHTy. AepoJMHAMIYHUNA HOCOBIH omip
BHU3HAYAETHCA SIK BITHOIICHHS TIEPETaay TUCKY JI0 BUTPATH MOBITPS PH TUXAHHI.
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TakuM 4YMHOM, CHOCTEpIraro4M 3a 3MIHOK PHUHOMAaHOMETPUYHHUX CUTHAIIIB B
IUXaJbHUX LHMKJIAX, MOKJIMBO BU3HAYaTH NOCTYNOBY 3MIHY a€pOJMHAMIYHOIO
HOocoBoro omnopy. IligBumieHHs, ab0 3MEHIIEHHS AaepOJAMHAMIYHOIO HOCOBOTO
onopy OyJ1yTh MaTH MICIE B 3aJIEKHOCTI B1J] TUILY Ta KOHIIEHTPALlll OJJOPAHTY.

JlocnimpKeHHs] pPUHOMaHOMETPUYHUX CUTHAJIIB 32 LIMKJIOTPAMOIO IUXaHHS
npu  OJb()AKTOMETPUYHUX JOCHIIKEHHSIX JIO3BOJISIE HENPSIMUM  LUISIXOM
BU3HAYUTHU MOSBY HIOXaJbHOI YYTJIMBOCTI 32 PaxXyHOK 3MIHH aepoAUHAMIYHOTO
HOCOBOTO ornopy. [lepcrnekTuBoto poOOTH € MiATBEPKEHHS JOKA30BOCTI MIAXOAY
Ta aHai3 aepOAMHAMIYHOTO HOCOBOT'O OMOPY MPH Ali pi3HUX OJJOPAHTIB.
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Diagnostic technologies for thyroid gland pathologies are becoming
increasingly important as thyroid disorders are on the rise worldwide. These
technologies allow for early detection and accurate diagnosis of thyroid
conditions, enabling effective treatment and better patient outcomes.
Advancements in medical imaging and laboratory testing have improved the
precision and accessibility of these technologies, resulting in quicker and more
convenient diagnoses. Additionally, these technologies play a critical role in
monitoring the effectiveness of treatments and helping physicians adjust therapy
as needed.

urononiona 3ano3a (LL3) - me BakIMBHUIl €HIOKPUHHUN OpraH, SKHi
3a0e3nedye peryjaoBaHHS METabo13My Ta PIBHS €HEPTii B OPraHi3Mi.

Texnomorii  pocmimpkenns 113  mocTiiiHO po3BuBarThCA. ChOTOIHI
BUKOPHUCTOBYIOTHCS PI3HOMAHITHI METOJIH, SIK1 JO3BOJISIOTH JIarHOCTYBATH Pi3Hi
natosiorii I3 Ta 3miiicHioBat edexktuBHy Tepaniro. OkpiM (i3UKAIBHOTO
obcrexxerns I3 Ta mabopaTopHOi MiarHOCTUKH IHPOKO BUKOPUCTOBYIOTHCS
Bi3yaumizaniiiHi meroau miarHoctuku I3 [1-3]: yapTpa3BykoBe IOCITIIKEHHS
(Y3 M), panionykiiiiHa Bi3yaiizailisi, peHTreHorpadis, KOMIT'toTepHa ToMorpadis
(KT), marnitHo-pezonancHa Tomorpadis (MPT) (puc.1).

e >
— S

Pucynok 1. Hopmanpaa murononioHa 3amo3a [2]:
a — Y3-ckan, b — KT-ckan, ¢ — MPT-ckan, d — pagionykirigHe 300paskeHHS
3axBoptoBanns I3 crnpuumasaTH 3MiHM y po3mipi Ta (yHKIT 3am03H,
MOPYIICHh BUPOOJICHHS TOPMOHIB a00 HAsBHOCTI yTBOpPEHB B 3a103i [1]. YacTo
BHUHHUKAIOTh TATOJIOT1] MIUTOMOI1I0HOT 3aJI03H, TaKl K TIEPTUPEO3, TIIOTUPEO3,
BY3JIOB1 Ta JU(Y3HI 3MIHH, Y TOMY YHCI]I1 370sIKiCHI. PaHHSI JiarHOCTHKA IUX
MATOJIOT1M € BAXJIMBUM €TAIlOM Y iX JIIKYBaHHI Ta 30€peKeHH1 3/I0pPOB'S MaIll€HTA.
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VY Tabn. 1 HaBeneHO pe3ydbTaTH aHANI3y MPIOPUTETIB y 3aCTOCYBAHHI
TexHoJorii Bizyanizauii I3 mono AlarHOCTUKKM HAMOUIBII PO3MOBCIOIKEHUX
natosiorii 1113. Haitbinp edekTMBHUM MeTOIOM Bizyanizauii narosoriid 13 e
VY31, HacTymHOO 3a 3HAYYIIICTIO € paIIOHYKJIIHA Bi3yalizallisi. Pemra meToiB
€ TONOMDKHUMHU MPU aHa131 PO3NOBCIOKEHOCT] MATONIOTTYHUX 3MiH.

Tabmuis 1. PekoMennoBani MmeToau Bizyanizaiii ocHOBHMX mnartojorii 1113

V3] KT MPT Pagionyknigna Pentreno-
BI3yasizanis rpadis
o ++ + + ++ +
31105KICH1
MTyXJINHU 123] 99 131
I,”""Tc, *>
++ + + ++ -
TokcnuHa
ajieHoma 9mT .
. . ++ - - ++ -
AyTOIMYHHHI
TUPEOITUT 131}
++ - - + -
306
99mTc

3aBAsIKM [UM TEXHOJIOTISIM MOXIIMBA paHHS JIarHOCTHKAa Ta TOYHE
BU3HAYCHHS 3aXBOPIOBAaHb, IO JTO3BOJISIE MPOBOAUTH €(PEKTUBHE JIIKYBaHHS Ta
MiBUIYE HMOBIPHICTh  YCIIIIIHOTO  BIJHOBJICHHS TMAIlEHTIB. 3arajiom
Bi3yasizalliss ~ HIMTOBHUJIHOI  3ajl03UM  €BOJIOLIIOHYBaJIa  Bil  PaHHBOTO
PaTIOHYKJIITHOTO CKaHYBaHHS IMMTOBUAHOI 3aJI03M JI0 PO3POOKH TEPEIOBHX
MetoaiB pagionykiinnoi Bizyanizamii OOEKT, [1ET ta riopunaux 300pakeHb.

VY nockoHaneHHs METO 1B 300paskaHHs y nonepeanomy nepepizi (3D Y3/,
KT ta MPT), mie Ouibllie MOKpAImIKIO OIIHKY 1HTpaTupeoinuux maronorii. Ili
TEXHOJIOTIi TaKOX BIMIrPAIOTh BAXJIMBY pOJb B KOHTPOJl €(GEeKTHBHOCTI
JKyBaHHS Ta JJOTIOMAraroTh JiKapsM Mpu noTpedi yaockoHanmuTu tepamito 1113.

Cnmcok BUKOPUCTAHHUX JKEPET:

1. CuBomann B. JI., I'ypa E. 10. OcHoBM 1iarHOCTUKH 1 JIIKYBaHHS
3aXBOPIOBaHb MIMTOMOAIOHOT 3an03u: HaByanbHMil TOCIOHHWK. — 3amopixoKs:
3IMYV, 2018.

2. Thyroid imaging. Ento Key. Fastest Otolaryngology &
Ophthalmology Insight Engine. https://entokey.com/6-thyroid-imaging/

3. Chaudhary V, Bano S. Imaging of the thyroid: Recent advances.
Indian J Endocrinol Metab. 2012 May;16(3):371-6. doi: 10.4103/2230-
8210.95674. PMID: 22629501; PMCID: PMC3354842.
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Modern methods of medical imaging are increasingly used to assess the bone
structures status. However, the results of such studies have not yet been fully
systematized and substantiated. X-ray imaging methods allow quantitative
analysis of bone parameters based on their digital images. X-ray computed
tomography is currently of particular interest, as it enables a more in-depth
quantitative analysis of morphological changes in bones, particularly the spine.

B meaunuHi Bce yacTilie 3aCTOCOBYIOTHCA Cy4YacHI METOAM Bi3yamizailii
KICTKOBUX CTPYKTYyp Oe3 MIKoaW Jisd opraHizamy. IIpore, pe3yibratm Takux
JIOCJIIJDKEHB 11I€ HE MOBHICTIO CUCTEMAaTH30BaHi Ta oOrpyHtoBaHi [1]. Panime
TpaguniiiHo )11 BUBYCHHS CTaHY KiCTOK JIFOJIMHA BHKOPHUCTOBYIOTH IUIAHAPHY
pentreHorpadito, sika 103BOJISIE SIKICHO aHAMI3yBaTH CTaH KICTKOBUX CTPYKTYD.
Opnak, B TaHU{ yac 0COOJIMBHI 1HTEpeC BUKIMKA€E PEHTTEHIBChKa KOMIT'IOTepHA
TomMorpadisi, OCKUIbKM BOHA Ja€ MOKJIUBICTH OUIBII TITMOOKOTO KUIBKICHOTO
aHaji3y MopdoJIOTTYHUX 3MiH y 00’ €Mi KICTKH, 30KpeMa y XpeOIisX.

Jlns BuMiproBaHHsI cepeiHiX 3HaueHb HU KoxHOTO Tia XpeoIis 0yio B3sITO
OChOBY IUIOIIMHY, fKa 3HAXOAWJIAci HI)KUE BEPXHBOI KIHIEBOI IIACTUHH,
CepeluHy Tija XpeOlsd Ta OChOBY IUIOMIMHY, sIKa 3HAXOJUIACS BHILE HIKHBOI
KiHieBoi muactuHu. 3HaueHHa HU Bu3Hauanu NUISXOM — BUMIPIOBAHHS
HaloOIbmol eminTuuHoi obnacti iHTepecy (ROI) B cepenniifi yacTuHi Tina
xpeb1st. ROI Bubupanu tak, mo0 OXOIUTIOBATH SIKOMOTa Oulblle TPpaOeKyISIpHOi
KICTKH Ta YHUKATH KOPTHUKAJIBHOI KICTKA Ta HEOJHOPIIHUX 00JacTel, TaKUX K
Kkpai koptukanbHOi KicTku [1-2]. Cepenne 3nauenns HU, BumipsiHe 3 TpboX
TOCITIDKYBaHUX oOnacTel, BBakanmocs HU st okpemoro xpeos. [2].

Ha xoxxHOMY piBHI HMIMIHOTO BiLTY criocTepiranocs pizHe 3HaueHHs HU
(puc. 1) [2]. Tlounnatouu 3 C2 i go C5, 3nauennss HU 3anumanucs Ha ogqHOMY
piBHi (Bix 360,13 + 76,28 no 372,5 = 79,36), B Toii uac sik C6 1moka3yBaB MOMITHE
samkeHHs (319,35 + 73,40). HU C7 Oyno nHaiHmkuynm (274,08 + 61,27).
Bignosiguo no tenpenmii 3midu 3HaueHb HU Big C2 mo C7, MOXHaA BUIUIUTH
BepxHi muiiHI xpebui (cepenne 3nauenHs HU C2-5), HwkHi muiHi XpeOI
(cepenne 3nauenHs HU C6-7) Ta 3araibHUM MMUAHUANA BIAALT XpeOIliB (cepeaHe
sHauenHs HU nmns xpebuiB C2-C7). 3nauenns HU C6-7 moxe matu OinbInn
oueBuHI 3MiHU[2]. ¥ moHan 60 BIKOBUX Tpymax YOJOBIKM MaJIA BUIIl 3HAYCHHS
HU, nix xinku ( » < 0,0001) (puc. 1) [3-5].
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Pucynok 1. Tpenn 3nauennst HU xpe6iiB C2-C7 3a BikoM Ta 3a CTaTEBUMHU
O3HaKaMu

HeoOXigHICTh CTBOpPEHHSI I1HCTPYMEHTIB [IJisi OILIHKH I1HAMBIAYaJIbHUX
napaMeTpiB KiCTKOBHX CTPYKTYp Ha ocHOBI KT mossrae B Tomy, o MopiBHSAHHS
31 IIKAJIO0 HOPMATUBHUX 3HAYCHb € HEOOXITHUM €TaroM y MpOIECi OTPUMaHHS
KOMIUICKCHOT OIIHKK KiCTKOBOTO CTaHY JIFOJWHHU Ta BHSBJCHHS PAaHHIX O3HAK
CUCTEMHUX TIOPYIICHb Ta JIOKAJbHUX IMATOJIOTIYHHX YPaKEeHb KICTOK.
3anporoHOBaHMM TIAXIJ JIO3BOJIAE PO3POOIATH edeKTUBHI 3aco0u s
MOHITOPHUHTY Ta JIIarHOCTUKHU KICTKOBUX 3aXBOPIOBAHb Ta 3aM100ITaHHS PO3BUTKY
CEepHO3HUX 3aXxBOpIOBaHb. J[Ji 1IOrO HEOOXIIHO PO3POOUTH ANTOPUTMH, SIK1
0a3yloThCSl Ha TOPIBHSHHI 3 HOPMATHBHUMHU 3HAYCHHSIMHU Ta MOXYTh OyTH
BUKOPHCTaHI B KIiHIUHIN mpakTuili [3-5].
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niarHoctuka, mpomenena Tepanis.— 2002. — Bun.11.— C.97-106.
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This work is about contour traversal algorithms, modern methods of
image processing are developed forautomated analysis of micropreparations, but
they do not take into accountthe specifics of the analysis of cell images when
performing the corresponding ones cryoprotocols. And the study of cells and the
process of their cryopreservation is very muchtopical topic of modern reparative
medicine. Thus, developmentand research of new methods and means of
cryomicroscopic analysis images is a demanding and urgent task.

[Tinxomu KpiOMEIHWIIMHH 3apa3 BHKOPHUCTOBYIOTHCS y PI3HUX Taly3sX,
30kpemMa y Heupoxipyprii [1, 2]. Ilim wac mpoBeAeHHA aHAII3Y
KPIOMIKPOCKOMIYHIX 300pa)k€Hb BaXXJIWBY pOJIb Biairpae anamiz Qopmu
JOCTIJDKYBaHOTO MiKpooO’ekTa [3, 4]. 3okpema, 3MiHa (popMH y MIKpOOO’ €KTa
MOKE€ CUTHAJII3yBaTH PO HMOTo Mepexia 3 OJHOro CTaHy B iHIIHMK. B mpupoi
dbopmy MikpooO’ekTa BH3HAUYAIOTh CTIHKA KIITHHA Ta CTaH BHYTPINIHIX
CTPYKTYPHHUX €JeMEHTIB KIITUHU. ['panuis 00’ekTa — 11e 4acTuHa 00’ €KTa, siKa
MICTUTh BEJIUKY KUIBKICTh 1H(popMaIlii nmpo Gopmy o0’e€kTa Ta ci1abo 3aJICKUThH
Bil KOJbOPY Ta TEKCTypH 300pakeHHs. KoHTypu MIKpoOO’€KTIB MOXKHA
PO3IUIUTH 33 TAKUMH KPHUTEPISIMU: TUIIOM 3B’ SI3HOCTI, CTPYKTYPOIO Ta (popMo}Io.
BuniieHHs KOHTYpy MoOKe BIZOYyBaTHUCh JBOMa NUISXaMU: IMIIKPECICHHIM
IpaHUIlb MIKpOOO €KTa TUIIXOM (UIbTpallii BXITHOTO 300pa)kKeHHs, abo
MIPOXOJIKEHHS BHYTPIIIHIM KOHTYPOM OJHOPiAHOT 06sacTi. OCHOBHI aNTOPUTMU
BUJIUICHHS TPaHUIb MIKpPOOO’ €KTa Taki: airoputMm 3mii, anroputM KeHHi,
¢durpTpanii Ha ocHOBi omepatopiB Cobens, Jlammaca, [Ipesita Ta inmi [5, 6].
Ha nanwii yac BijioMi Taki aJIrOPUTMHU TIPOXOKEHHS KOHTYPOM:

1) Anroputm ,xyka” (SquareTracingAlgorithm), ocHOBHOIO mepeBaroo
SKOTO € MPOCTOTA, sIKa 3aCHOBAaHA Ha JBOX MPOCTUX IMPaBUJIAX: SIKIIO 3HAYCHHS
AKTHBHOTO ITIKCEJIS JIOPIBHIOE OJTMHMIII (BIH HAJICKHUTH 00’ €KTY), TO MIPOBOJIUTHCS
MOBOPOT JIIBOPYY, B IHIIOMY BHMAAKYy, KOJM 3HAYCHHS AKTUBHOTO TIKCEIs
JIOPIBHIOE HYIIO, TPOBOJUTHCS MOBOPOT MPABOPYY. AJTOPUTM 3YMUHSE CBOIO
poOOTY MpH OBEPHEHHI 10 CTAPTOBOT TOUKH.

2) Anroputrm,,Moore-NeighborTracing” 06a3yeTbcsi Ha TMOKPOKOBIH
MepeBipIli BCIX CYCIAHIX TOYOK 3 METOI 3HAXO/KEHHS HACTYIHOI KOHTYPHOI
TOYKH Ta 3yMMUHKU POOOTH MPHU HOTO TTOBEPHEHHI B CTAPTOBY TOUKY.

3) Anroput™m ,,RedialSweep” € momudikaiiero monepeanboro. OcHOBHA
HOro BIAMIHHICTH MOJSATA€ B TOYI[l MOYATKY OOXOAY aKTUBHOIO MIKCENs — 1€
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TOYKa, 110 OyJa BU3HaAHA KOHTYPHOIO Ha MONEPEAHbOMY KpPOLl aJITOPUTMY, a HE
TOYKA 3 SIKOi BIIOYBCS NEpEXi] Ha aKTUBHUM MIKCENb.

4) Anroput™ ,,Theo Pavlidi’s Algorithm” — OCHOBHOIO i€€r0 SIKOro €
BUKOPHUCTAHHS TPYNH 3 TPHOX MIKCEIB AJIs1 BU3BHAYEHHS HACTYIHOI'O KOHTYPHOT'O
nikcens. IlepeBipky 3A1MCHIOIOTH HUISIXOM TMOCTIAOBHOI NEPEBIPKU CYCITHIX
TOYOK 3 CTPOr0 BHU3HAYEHOK MOCHINAOBHICTIO. [IpakTHMYHO a1 KOXKHOI MOBHU
MPOrpaMyBaHHs ICHYIOTh 010J10TEKH 3 peaai30BaHUMU aJrOpUTMaMHU.

OCHOBHMM iX HEIOJIKOM € 3aJIeKHICTh Bl CKIAIHOCTI KOHTYpPY Ta
KPUTEPII0 3YNUHKUA. AJNTOPUTMH YYTIUBI A0 MIKPOOO €KTIB, KOHTYp SIKHX
MICTUTh BITaly>KEHHs TOBLIMHOIO B OJIMH Mikcenb. Lle Moxke mpuBecTH siK 10
NOMMJIKOBOTO 3aBEpIICHHS pPOOOTH alrOpuUTMiB, Tak 1 JO HEKOPEKTHOIO
BUJUICHHS KOHTYpY. AHajoriyHa mnpooOsemMa MOXe BHHUKHYTH, SKIIO
MIKPOOO’€KT CKJIAIAETHhCS 3 ABOX 1 OUTBIIE YACTHH, IO 3 €JHAHI MiX COOOIO
TUTBKM OJWHOYHUMHM IKCENAMH. I[HIIUA HENOJIK alrOpUTMIB TIOJISITAE Y
HEJOCKOHAUX KPUTEPIX 3YNUHKU (MIOBEPHEHHS B CTApTOBY TOUKY,
POXOJIKEHHSI TIEBHOI TOUKH JIEKUIbKA Pa3iB), MIO MPU3BOASATH A0 HEKOPEKTHUX
pe3ynbratiB poOoTH. ToMy, NMEpPCHEKTUBOIO POOOTH € JOCHIKEHHS JaHUX
QITOPUTMIB  IIOJ0  MOXJMBOCTI  iX  BUKOPUCTaHHS TIpu  0OpoOIIi
KPIOMIKPOCKOTIIYHUX 300paKeHb.
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pentrenorpaduueckum nanubiM / E.O. HlampaeBa, O.I'. ABpynun // [Ipuknannas
paguosnektponmka. — 2005, — T. 4, Ne 4. — C. 441-443.
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Telemedicine is a method of treating patients at a distance and in conditions
where they cannot leave their homes for various reasons. The global pandemic,
guarantine conditions, the war in Ukraine, and the implementation of measures to

ensure the safety of staying in bomb shelters during threats have led to the growth
of telemedicine services and the development of new information technologies.

Tenemenummuaa — 1e crioci0 JOMOMOITHA ITalllEHTaM Ha BIACTaHI Ta B
yMOBaXx, KOJM HE Ma€ 3MOTU OyTH y JiKaps Ha MpHUioMi 13-3a pi3HUX npuyuH [1].
CeiToBa maHAeMmisi, BIPOBAKEHI KapaHTUHHI YMOBHM, BiifHa B VYKpaiHl i
peaizairis 3aX0/1iB 100 O6€3MeYHOCTI nepedyBaHHs Yy 00MOOCXOBUIIAX TiJ] Yyac
3arpo3, MPHU3BEJIO 0 3POCTaHHS CEPBICIB TEIEMEIUYHUX IMOCIYT 1 PO3BUTKY
HOBHX iH(opMamiiHux TexHoorii [1]. Tak, Ko 10 MOYaTKy CBITOBOI MaHeMil
JUIsl 6arathoX JIIKapiB TeJIeMeauIlnHa Oylia 10JaTKOBOK TOCIYTO0, SIKY 30BCIM
HE O0OB’SI3KOBO BUKOPUCTOBYBATH, TO CHOTO/IHI, B YMOBaxX IMOBHOMAaCIITaOHOI
BiiHM, BOHA TMEpEeTBOpWJIACS Ha CYTTEBY YAaCTHUHY HaJlaHHA MEIUYHUX TOCIYT
HaceneHHoo. Hampukman, sx noBigomusie HanOuibimma y CIIA mmatdopma
tenemenuuuan Teladoc, MOTMXKHA B 11 KpaiHi 3ailicHIOeThest ToHaA 100 Tuc.
BIpTyaIbHUX BI3UTIB 70 JikapiB. [logiOH1 mporpaMu TeaeMeauyHOi JOMOMOTH
CIPHUSIOTH y 00pOoTHO1 3 TomMpeHHsIM KopoHaBipycHoi iHdekiii COVID-19 i B
IHIIUX CBITY, Takux sk Hopseris, Smonis Ta inmn [2]. OcHOBHa yacTHHA
TeJIEMEINYHUX KOHCYNIbTAIlll B YKpaiHi HajgaBanacs y ¢popmarti "ciMeitHui Tikap
— ¢axiBemp", TO 31 cajgaxoM IMaHAEeMii PO3POOHUKH METUYHUX 1HGOPMAIIHHIX
cucTteM OYKBaJIbHO 3a KiJIbKa MICSIIB 3aIlPOTIOHYBAIM CITIBBITYM3HHUKAM HOBI
O€3KOITOBHI MOJIMBOCTI JJI OHJIANMH-CIJIKYBaHHS TAIlEHTIB 3 JIKapsSMHU.
Hampuknan, meanuna ingopmaiiitna cuctema "llomikiminika 6e3 depr" Hamae
3MOTY OTPUMATH JUCTAHIIHHY KOHCYJBTAIlII0 MAIIEHTYy, BUOPABIIN B CHCTEMI
"ormatH-ipuiiom". Ilicms mporo B 3a3HaYEHHWM Yac BiH TOBHHEH 3alTH B
ocoOucTuii kabiHEeT 1, TAKUM UYMHOM, "MOTpamuTu" Ha TPUIiOM B ayzdio- abo
Bineodopmari [3]. Takox po3mHprITHCs 0E3KOIITOBHI IOCITYTH, SIKi IIPOTIOHYIOTh
YKpaiHIsIM MeandHi MoOuThHI momatku. Hampukman, momatok Doctor Online,
CTBOPEHHUIA B MapTHEPCTBI 3 MOOUTHHUM omepaTtopoM "KuiBctap", KpiM OHIIalH
KOHCYJIBTAIIIT JIIKaps, TO3BOJISIE CBOIM KOPHUCTYBa4aM OTPUMATH HANPABIICHHS HA
JI0JTATKOB1 aHAJI3W Ta OTPUMATH iX po3MHU(POBKY, 3aMucaTucs B 1abopaTopito,
3aMOBHTH JIOCTaBKY JIIKiB Ta 3alUlaHyBaTH B KalieHAapi rpadik mnpuiiomy
MeaukameHTiB. 15 kBiTHa 2023 poky 3a iHIMiaTHBU Acolrialii aHecTe310J0T1B
VYkpainu ta npu miaTpuMil MiHICTEpCTBO OXOPOHHU 3JI0POB’sl OyJ0 3amylleHO
OHJIaMH-TUIaTOpMY, JI€  pEaHIMaTOJIOTM Ta  aHECTE310JIOTH  MOXKYTh
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KOHCYJIbTYBAaTHUCA 3 OUTbII mpoBimHUMHU Kojeramu [3-5]. B Vkpaini Oynau
BIIPOBAJI’KEHI II€ TaKl TeJIEMEINYH1 CepBICU HaJlaHHS 0E3KOIITOBHUX MEIMYHUX
nociyr mnamgieHtam. Tenemeanuna cuctema Medinet no3Bosise (ikcyBaTH,
30HMpaTH CTaTUCTUKY Ta POOUTH aHAIITUKY, OB’ SI3aHY 3 KOHCYJIbTAIISIMU 11100
3aXBOPIOBAHOCTI Ha KopoHaBipycHy iHbekIiro COVID-19. Lle € BaximuBuM 1t
(opMyBaHHS 3arajbHOI KapTHUHH Mepediry maHiemii Ta po3poOKH MOAANbIINX
MPOTUEMIEMIYHUX 3axoiB B Ykpaini. Y Oepe3ni 2020 poky B VYkpaiHi
crapTyBaia Oe3komToBHa A namieHTiB Telemed24 na 6a3i PIMC «Meactapy.
Takox OkyB 3amymieHul meauuHuii yar-060T «Jlikap IBan Mack menbor» -
MEIUYHUIA 4aT-00T, ikl OyB BepudikoBaHUN MIHICTEPCTBOM OXOPOHU 3A0POB's
Ykpainu, 1€ J0MOMOKe OTpUMaTH iHPOpPMAIif0 TPO CTATHCTHKY IIOO
3axBoptoBanHs COVID, nopaauTs ik NpaBUIbHO JIATH, H[00 3aXUCTUTHU cede i
OJIU3BKMX B yMOBaxX KapaHTUHY: TIrl€HH, IMYHITETY, 3aCTOCYBaHHS MacoK Ta
MEHTAJIBHOT'0 310pPOB's. TakuM YHHOM, aKTUBHE BITPOBAPKCHHS 1 YIOCKOHAJICHHS
TEJIEMEJIMYHUX CEPBICIB HaJIaHHS OE3KOIMTOBHUX MEIUYHUX MTOCITYT YKPATHIIM B
yMOBaxX IMaHJeMii Ta BIHHM € aKTyaJlJbHUM HAYKOBHM HANpPSIMOM PO3BHUTKY
CY4acHOT MEJIMIIMHY 1 rayy3i 0iomenuuHo1 iHkeHepii [1-5].

Cnucok BUKOPHCTAHUX JKePeJI:

1. Aspysnin, O. I'., Hocoga, 1. B., CenmiBanona, K. I'., TumxoBuu, M. 1O.,
& TI'marenxo, O. C. (2020). Biomedical technologies and means for the analysis
of the recovering of the functions of the deep brain structures during rehabilitation
COVID-19 patients.

2. CemiBanoBa K. TI. [IlpoekTyBaHHA TEIEMEIHYHOI CHCTEMH
00’ €EKTHBI30BAHOI OI[IHKH TPEMOPY PYK 13 30BHIIIHIM KIHECTETUYHUM BILJIUBOM /
K. I'. CeniBanosa, M. 1O. TumkxoBnu // Meauko-IcHX0JIOT4HI Ta iHGOpMAaIiiHi
acIieKTH peaOuriTamii 1 aOumitamii JroguHH. 30IpHMK HAYKOBHUX Ipalb 3a
3arajbHOI0 pelaKiliero 3aciyXeHoro Jikaps Ykpainu, npodecopa O.A.
[Taruenka. Kuis. KBILI, 2020. — 344 c. — C. 255-257.

3. OcobmmBocti ¢hopmyBanHs HaBuanbHOTO 3d-koHTEHTY / O. I'. ABpYHIH,
4. B. Hocosa, K. I'. CemiBanosa, I'. I1. I'poxosa, O. O. IIpicuu / ABToMaTH3aI11is,
eJICKTPOHiKa, IH(OpMaIiitHO-BUMIPIOBAJIbHI TEXHOJIOT1i: OCBITa, HAyKa, MPAKTHKA
: matepiamm [V MixnHapoa. Hayk.-TexH. koHdpep., 01- 02 rpynus 2022 p. / I'.B.
Jlicauyk (romoBa oprkom.) X. 2022 - C. 3-4,

4. Cemepenko 0. O. MoXIUBOCTI BUKOPUCTaHHS Cy4acHUX rpadiqHux
010710TeK y cHeriani30BaHUX OHJIAWH-BIPTYaJbHUX IMITAIIHHUX TpEeHAXKepax /
0. O. Cemepenko, K. I'. CemiBanoBa // XXIV MiKHapoIHHI MOJIOAIKHUM
dopym «Panmioenextponika ta mosoab y X XI cromiTTi». 36. MmarepianiB hopymy.
T. 1. — Xapkis: XHYPE. 2020. — 216 ¢. — C. 179-180.

5. KabanmeBa A. B. IHTepakTwiBHI METONM MEIUKO-TICUXOJOTIYHOT
peabuTiTaIlii 1iTeH, sKi 3a3HAM BIUTMBY BoeHHUX 1ii / A. B. Kabanmnena, K. T'.
CeniBanoBa // PagioenexktpoHika Ta Monojab B XXI cromiTTi : Marepianu 26-ro
MixxHapoaHOro MoJioAbKHOTO popyMy, 19-21 kBiTHs 2022 p. — XapkiB : XHYPE,
2022. - T.1.-C.71-73
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Cekiis 3

doToHiKa. JIazepHa TAa ONTOCJEKTPOHHA TEXHIKA.

Kepienux cexuii

JloxTop (13MKO-MaTEeMaTUIHUX HAYK,

npodecop kadenpu Oi3UYHUX OCHOB EIEKTPOHHOT TEXHIKU
Kypcbknii FOpiii CepriiioBuy

Koopounamop cekuii

Kannunar ¢hizuko-maTeMaTHYHUX HAYK,

cTapiuii Bukiaaay kadeapu Oi3UYHUX OCHOB €JIEKTPOHHOI TEXHIKU
Kyxrtin Cepriit MuxaiijioBn4

TemaTu4Hi HAIPAMKH:

1 . ®i3uuHi npUHIUTH HOTOHIKH.

2. Jlazepu Ta nazepHi CUCTEMH, ONTOCIICKTPOHHI TPUCTPOI, Y TOMY YHCIIi Ha 0a3i
(OTOHHUX KPHUCTAIB.

3. EnemenTHa 6a3a ONTHYHUX KOMIT IOTEPIB.

4, PO3BUTOK IIPUHITUITIB TOOYI0OBU TPUMIPHUX JTHHAMIYHUX TOJIOTPaM.

5. Po3BUTOK oNTHYHUX cUCTEM 3 BUkopuctanHsiM HBY npuctpois.

6. KBanroBa iHpopmaTHKa.

7. KBaHTOB1 MpUHITUIIH 1 TpUJIaIU iHOOPMAIITHO-BUMIPIOBAIBHUX CHCTEM.
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MAPKYBAHHS TA I'PABIPYBAHHS 3A IOITIOMOI'OIO JIASEPA
Kopeyn I'. A.
HaykoBuii kepiBHUK — K. T. H., fo1l. AdanacreBa O.B.
XapKiBChbKUW HalllOHATBHUM YHIBEPCUTET pajiioesniekTpoHiku kad. POET,
M. XapkiB, YKpaina
ten. +38 (095) 643-11-21, e-mail: hryhorii.korsun@nure.ua
Different processes for processing materials with laser modifications on the
basis of any possible faster preparation of the final product were considered. All
methods work on pulsed lasers. These methods do not use inks, pigments,
powders, or anything like that. Such marking methods, with the help of lasers,
have high quality and very good resolution of the mark, drawing, engraving.

JlazepHi TEXHOJOTIl IIUPOKO BHUKOPUCTOBYIOTHCA B IIPOMHUCIOBOCTI,
HAYKOBO-TEXHIYHUX JOCII/UKCHHSIX, ME/IULIMHI, O10710T1i Ta IHIIKUX ranyssx.

[X BUKOPHCTOBYIOTH /15 6AraThoX Pi3HOBHIIB TEXHIUHUX TA TEXHOIOTIUHIX
omeparlid, cepel SKAX OCOOJMBE MICIle TIOCIIal0Th omeparii 3 00poOKu
pi3HOMaHITHUX MaTtepianis [1-4].

B nmaniii poOOTi pO3rasgaroTbcs METOMM MapKyBaHHS Ta TpaBipyBaHHS
MaTepialiiB 3a J0MOMOTOI0 Ja3epHOro MPUCTPOIO.

Binomi Tpu MeTou MapKyBaHHS Ja3epaMu:

- HAHECEHHSM MOKPUTTA(HAHOCUTHCS OKCUIHA TUTIBKA);

- kapOoHizallis (B1iA0yBa€eThCS MOTEMHIHHS MaTepiay);

- criHIOBaHHA (I 9Yac I[bOTO TIPOIECY BUHHUKAE TIOJNIMEpHA ITiHA, sKa
MICTUTh MajieHbKi OynpOamku razy. BoHM 3MiHIOIOTH BiIOWTTS CBiTJIA, Ta
3aBISKH IbOMY 00poOJIeHa IITHKA CTa€ HabaraTo CBITIIIIO Ta BUIIOIO. ).

Came 1 TpuM METOAM HalYacTilie BUKOPUCTOBYIOTHCS B JIA3€PHOMY
MapKyBaHH1 JIJI1 KOHCTPYKIIMHUX MaTepiamiB abo oOpoOKHM TOHKHX IUIIBOK YH
MOBEPXHI MaTepiajiB B MIKPOEIEKTPOHIII.

30kpeMa, Ha puc. | mpeacTaBIeHO CXeMy HAaHECEHHSI IOKPUTTS Ha MaTepiall,
TOOTO OJWH 3 BapiaHTIB MapKyBaHHA. B 1bOMy BUNAQAKY I JIEI0 JIA3€PHOTO
BUIMIPOMIHIOBaHHS (QOPMYEThCSI OKCHJHA IUTIBKA, TOBIIMHA SKOI MOXeE
BapilOBATHCS JTOCUTH CHUJIBHO.

Komip 1miei muiBKM 3aleXUTh BiJl BHU3HAUCHHX (DI3MUYHUX UYUHHHUKIB, alie
HalyacTille BiH € CUHIM.

Po3pi3HSIOTH KiIbKa METOIIB JIA3EPHOTO TPaBipyBaHHS:

- TpaBipyBaHHS 3 BUJAICHHIM BEPXHBOTO MIAPY;

- TpaBipyBaHHS TBEPJIOTO MaTepiary abo pi3aHHs.

ToBmrHAa rpaBipyBaHHS 3aJI€KUTh BiJI 3aCTOCOBAHOI MOTYKHOCTI JIa3€PHOTO
BUTIPOMIHIOBaHHS, Bil (PI3MYHUX BIACTUBOCTEH BUOPAHOTO MaTepianry, a TaKOX
BiJl pexxuMy 0OpoOKH MaTepiaiy.
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JlazepHuit NpomiHb

Okcunpg, <

OxonopgykeHa naowmHa MNnowmHa AKa HarpiBaEeTbCA

MaTepian

Pucynok 1 — MapkyBaHHSI HAHECEHHSIM MOKPUTTS
(YTBOpEHHS OKCUHOT TUTIBKH).

B ocCHOBI NeXUTh IMIYJIBCHUM Ja3ep TaKOi BHCOKOI IIUIBHOCTI, IO
MaTepiall IUIaBUTBhCS Ta BHIIAPOBYETHCs. Iligdac rpaBipyBaHHS TBEPIOTO
MaTepialy JIa3epHHIA MPOMiHb 3arIHOJIIOEThCS, POOUTH TaK 3BaHy TPaBIOPY.

Omnucani MmeTo I 0a3yrOThCS Ha IMITYJIBCHHX JIazepax. BOHU MalOTh BEIMKY
BUOIpKY MaTepiaiiB, Ky MOXKYTh MapKyBaTH. IMIyJIbCHHUM peXuM poOOTH J1azepa
3abe3reuye MiHIMaAbHY TJIMOWHY TporpiBaHHSA MaTepiany. Bupi®d BuXOIUTH
AKICHIIITUM.

Kpim Toro, 1i MeTou HE BUKOPUCTOBYIOTh YOPHHIIA, TOPOIIKH YH IIOCH
0 TUITY I1bOT0. MapKyBaHHS 3a JOIOMOTOIO Jla3epiB Ma€ BUCOKY SIKICTh Ta JTy»Ke
rapHy po3aUIbHY 3/IaTHICTh MapKH, MATFOHKA, TPABIOPH.

CrrcoK BUKOPHUCTAHUX JIKEPE:

1. AdanaceeBa, O.B., Jlanazapora, H.O., & ®enopenko, €.I1. (2020).
JlazepHa moBepxHeBa 00pooOka matepiamiB. XHYPE ta XHAJIY.

2. Topwusii, C. T'., Emenbuenxos, W. P. (1990). Jlazepuas mapkupoBka. B kH.
JlazepHasi TEXHOJIOTHS U €€ IPUMEHEHHE B METAIII000padoTKe.

3. AdanacweBa, O. B., Jlanazaposa, H. A., ®emopenko, E. I1. (2013).
Hcnonp3oBanue a3epoB MO MOITHOCTH B TMPOMBIIIJIEHHBIX TEXHOJIOTHUSX.
Pagunorexauka. XHYPE ta XHAJLY.

4. AdanaceeBa, O. B., Jlamazaposa, H. O (2020). Texnonoris jga3epHOTro
KOJIbOpOBOro MapkyBaHHs craiier. XHAJLY.

5. Cymko, K. P., JleBunpkuii, C. M., Ctponchkkuii, O. B. (2018). JlazepHo-
1HIYKOBaH1 MapKyBaHHS B 00’ €M1 MTPO30PUX METapialliB IJis 3anuCy iH(opMaIrii.
AxTyanpHl  TMTAHHA  Cy4YacHOi  (pI3WKH, (2), 65 -  67.
https://ela.kpi.ua/bitstream/123456789/51057/1/%2865-67%29 Sushko.pdf
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M. XapkiB, YKpaina
tei. +38(097) 86-76-21, email: danylo.rakhubovskyi@nure.ua.

This work is devoted to typical constructions of fiber-optic communication
cables. We considered the definition of fiber-optic communication lines and what
are their advantages over other communication lines. The main elements of fiber-
optic communication cables and typical designs of VOK were also considered.

Bonokonno-ontuunuii kabens (BOK) [ kabenb, 1mo MicTuTh oaHe abo
oube onTuyHUX BoJIOKOH (OB) un myukiB OB BcepeauHi criibHOT 000JOHKH,
MOBEPX SKOi B 3aJCKHOCTI BiJl YMOB eKCIUTyaTaiii, MOXE 3HaXOJIUTHUCH
BIJINOB1/IHE 3aXUCHE MOKPUTTA. OCKLILKH MeX1 MexaH1uyHOo1 MiltHocTi OB 3HauHO
HIKYl HDK y CTPYMOIIPOBIAHUX €JIEMEHTIB MeTajeBuxX kabeniB 3B’s3Ky, OB
000B’s13k0BO  MOTpiOHO 3axumaru. [ns Oesnocepeanboro 3axucty Ha OB
HAKJIAJal0Th 3aXHCHI MOKPUTTA. PO3PI3HAIOTH MEPBUHHE 3aXHWCHE MOKPHUTTS Ta
BTOpUHHE TOKpUTTS. llepBunHe 3axucHe mnokputts OB  HaHOCUTBCA
6esnocepennbo  Ha o00ononky OB. IlepBunne 3axucuHe mokputts OB
BUTOTOBJIIOETHCA 3 JIaKIB Ha aKpWJIATHIM OCHOBI, MPUYOMY TMEPBUHHE 3aXUCHE
NOKPUTTS BHUTOTOBJIIOETHCS JABOIIAPOBUM. llepBUHHE 3aXHCHE TOKPUTTSA
(BHYTpIIIHIN) IIap BUTOTOBISETHCS 3 M SKOTO akpuiaTy. BoHo 3abesmeuye
3axuct OB. BropunHe 3axucHe TMOKPUTTS (30BHIIIHIN) IIap BUTOTOBISETHCS 3
TBEPJIOTO aKpUJIaTy i 3abe3reuye M’ IKHi akpujaT.

Pozpizusitors BOK 3: BimbHuM ykiamanusm OB, xopctkum Oydepom,
CTPIYKOBHMH €JICMEHTaMHU.

BOK 3 ButbHuUM yknaganHsm OB B ganuii yac HaOyiaum HaHOLIBIIIOTO
3actocyBaHHs. HaiOunpim mommpenoro koHcTpykiliero BOK € koHcTpykiis, B
axit OB yknageni B 3axucHi TpyOku — ontuaHi Moyt (OM), siki B CBOIO Uepry
CKpYUYIOThCA HaBKOJIO HeHTpaidbHOro cuioBoro enemeHntry (LICE) (puc.l). o
mepeBar Takoi KOHCTPYKIII ciifi BigHECTH mpocTory imeHTudikamii OB Ta
MoHTaxy BOK.

[amoro koHcTpykiieto € BOK, B skomy OB yknagaroTecs B OHIN 3aXUCHIN
TpyOI1i, OuTbIIOTO miamMeTpy HDK miamerp 3BmuaiiHoro OM. Ig TpyOka
po3mintyeTbes B 1IeHTpi KoHCTpyKIii BOK 1 cknamae iioro ocepas (puc. 2), e Tak
3BaH1 kabemi 3 neHTpanbHoio Tpyokoro (L[T).Vci cuoBi enemeHTH BUHECEHI 32
ocepzs. Jlo mepeBar Takoi KOHCTPYKIIIi CITiJT BITHECTH BIAHOCHO MaJi JliaMeTpu
BOK.
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Pucynok 1. — [lpuknag KOHCTPYKIIl ONTHUYHOTO KaOeIo JUisl MpOKIaJaHHS B
kaOenpHIN KaHami3alii Ta IpyHT. | - HEHTpaJbHUN CUIIOBUH €JIEMEHT
2 - MOZlyJIb 3 ONITUYHUMU BOJIOKHAMU
3 - KOpJieb 3allOBHEHHS
4 - rinpodoOHMIA 3aTTOBHIOBAY
S - BHYTpILIHA MOJIETHIEHOBAa 000J0HKA
6 - BomoOJIOKyrOUa CTpiuka Ta rodpoBaHa CTajeBa CTpIUKa JJisg 3aXUCTY Bif
MOIIKOJIKEHb KaOeto Ipu3yHaMHu

/ - 30BHILIHS MOJIIETUIIEHOBA 000IOHKA

6 543 2" |4

Pucynox 2 — BOK 3 1eHTpanbHOIO 3aXMCHOIO TPYOKOI i TPOKJIAJaHHSA
OesnocepeHbo B KabenpHIN KaHami3aii.1 — 12-Ti BOJIOKOHHUH TTaKeT;

2 — rinpodoOHUI 3aNIOBHIOBAY;

3 — LIeHTpajbHa 3aXKHCcHa TPYOKa;

4 — craneBa ropoBaHa 000JIOHKA;

5 — O14HI CHJIOBI €JIEMEHTH;

6 —3axucHa 000JIOHKA

BOK >xopcTKoi KOHCTPYKIIIi BUKOPUCTOBYIOTBCS y THUX BHUMAAKaX, KOJIH
Tpeba 3abe3meynuTd Majli pajilyCd BHTHHY, BHCOKY CTIMKICTH JI0 yaapy Ta
PO3TATYBAJILHUX 3yCHJIb, IO ¥ BHM3HAYA€ iX Tally3b 3aCTOCYBaHHS BCEPEIMHI
MIPUMIIIICHB.

CrtpiukoBi BOK 3acTocoByrOThCS y BHIIaJKaxX KOJM TMOTPiOHA BeIMKa
kiutbkicTh OB [4.9]. CTpiukoBi BOJIOKOHHI €JIEMEHTH MOXKYTh PO3MIIIYBaTHUCH
BCEpPEAMHI IIEHTpadbHOI TPYOKH, Ta3zax MpodiIbOBaHOTO eleMeHTy abo B
ontuaHoMy Moxaymi. Jlo mepeBar Takux BOK ciim BimHECTHM MOXIIHBICTH
dbopMyBaTH KOMITAKTHI 6araToOBOJIOKOHHI MTyYKH.

Cnrcok BUKOPUCTAHUX JKEPET:

1. B.b. Karok, L.LE. Pyaenko, II.LM. Onnopor (2016). BomokoHHO-
ONTHUYHI JiHIT 3B’ a3Ky. KuiB.

2. Nopraues /I.B., bounapenko O.B., Hdamenko A.®., YcoB A.B.
(2000) BonokoHHo-onTHYeCcKHE Kabemnu. TeopeTnueckue OCHOBBI,
KOHCTPYUPOBAaHUE W PACUYET, TEXHOJOTHS TMPOU3BOACTBA W OIKCILUTyaTaIlus.
Opnecca

3. Mahlke G., Gossing P. (1993 )Fiber optic cables: fundamentals,
cable engineering, systems planning. Berlin
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The purpose of this work is to consolidate knowledge related to the main
physical processes that take place in fiber gyroscopes. The structure of these
devices, the principle of their operation, the main parameters and characteristics,
the acquisition of practical skills for independent calculation of the real
characteristics of devices and the mastering of their design methods are
considered in this report.

Bonokxonno-ontuunuii ripockon (BOI') — ontuko-enexkTpoHHMI Tpuiia,
CTBOPEHHS SIKOTO CTaj0 MOXKJIMBHM JIMIIIE 3 PO3BUTKOM Ta YJIOCKOHAJICHHSIM
€JIEMCHTHOI 0a3u KBaHTOBOI eJeKTPOHIKH. [Iprital BUMIipIoe€ KyTOBY IIBHAKICTD
Ta KyT MOBOPOTY 00'€eKTa, Ha sIkoMy BiH BcTaHoBieHui. [lpunmun nii BOD
3aCHOBaHHI Ha BUXpoBOoMY (00epToBOMY) edekti Canbsika [1-5].

[aTepec 3apyODKHMX Ta BITYM3HSHUX (IPpM 10 ONTHYHOTO TIPOCKOMY
0a3yeTbcsi Ha MOro MOTEHIIMHUX MOXJIMBOCTSX 3aCTOCYBaHHA $IK YYTJIMBOIO
eleMeHTa o0epTaHHs B IHEPIIMHMX CHUCTEMax HaBiramii, ymopaBJIiHHA Ta
craburizamii. e nmpunaa y psai BUNaAKiB MOXe MTOBHICTIO 3aMIHUTH CKJIQIHI Ta
JIOpOTi eJIeKTpoMeXxaHIuHi (POTOPHI) TIPOCKONHU Ta TPHUBICHI TipocTabii3oBaHi
wiaropmu. Haitbnuxunm yacom B CHIA 6mu3bpko 50% BCiX TipOCKOIIB, IO
BUKOPHUCTOBYIOTHCS Yy CHCTEMax HaBiralii, yrnpaBJiHHS Ta cTtabutizailii 00'eKTiB
pI3HOrO TpH3HAYCHHA, TepeAdavaeTbcsi 3aMIHUTH BOJOKOHHUMH ONTHYHUMH
TpPOCKOTIaMH.

BOTI" Moxe OyTu 3acTOoCOBaHUM AK KOPCTKO 3aKPIIJICHUN HA KOPITyC1 HOC1s
YyTIMBOTO €JIeMeHTa (aBaya) oOepTaHHs B IHEPIINHUX CHCTEMaX KepyBaHHA Ta
ctabimizarii. MexaHi4Hi TIpOCKOMM MalOTh TaK 3BaHI TpOMEXaHIYHI MMOMUJIKH,
SKi OCOOJIMBO CHJIBHO BHUSBIISIOTHCS MPU MaHEBpPyBaHHI HOCis (JIiTak, pakeTa,
KocMiuHu# amapar). L{i momunku me OiTbIl 3HA4YHI SKIIO IHEpIiHA cucTeMa
VIOPABIIHHS KOHCTPYIOETHCA 3 JKOPCTKO 3aKpIMICHUMU a00 «ITiIBIIICHUMM)
naBadamu 0e3mocepeIHRO 10 TUTy HOcis. [lepcrexkTnBa BUKOPUCTaHHS JICTIIEBOTO
ONTUYHOTO JaBada OOepTaHHS, KUK 3JaTHUHN MpaIoBaTH 0e3 TipoMeXaHIYHUX
MOMWIOK Yy I1HEPIIHHOT CHCTEeMH YIPaBIiHHS, € 1€ OJHICI0 MPUYUHOIO
0COOJIMBOTO IHTEPECY 10 ONMTHYHOTO TiPOCKOITY.

BOI' moxHa kimacu@ikyBaTH 1O HAsSBHOCTI Ta BIiACYTHOCTI (ha30BOi
Monyisamii  (OM), mo pexumy poOOTM Ta MO KOMIIOHEHTaM, IO
BUKOPUCTOBYIOTBCS, a TAaKOX MO CTYNEHIO MOJsIpU3allii CBITJIOBUX XBHJIb, IO
PO3MOBCIOIKYIOTHCS Y BOJIOKHI.
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Pucynok 1. — Knacudikaris BOI

Jns migBumienHss wyytiuBocti BOIT mpu mBuUAKOCTAX o00epTaHHA, sKi
OJIM3BbKI 10 HYJs, BUKOPUCTOBYEThCcSI DM, sKuil TNpeicTaBIeHUA y BUTIIAII
I’ €30KEPaMIYHOIO IMIIIHJIpa, HA KU HAMOTYEThCS YacTMHA BoJokHa. Pa3zoBa
MoyIsIIis 3a0e3neuye nepeHeceHHs: poOoUuoi TOUKH Ha KPYTY, MaikKe JIIHIHHY
IUIHKY XapakTepucTuki. [Iporec BinOyBa€eThCs 3a paXyHOK BHECEHHS (pa30BOTO
3CYyBYy MDK JIBOMa XBWJISIMM, L0 IOIIMPIOIOTHCSA 1O KOHTYPY B NPOTUIIEKHUX
HampsiMKax, Ha /2. Mogaynsiis 3AIUCHIOETBCA SK TPSIMOKYTHHM TakK 1
CHUHYCOIlaJIbHUM CHUTHAJIOM.

OCHOBHI1 XapakTEepUCTUKU BUXITHOTO CUrHaiy Binkpuroro BOI': Bemmka
HEJTIHIWHICTh, (POHOBI IIYMHU, a TaKOX 3aJIGKHICTh Bia (oTojeTekTOpa 1 3MiHU
CepeaHbO1 JOBKUHHU XBUJI1 BUIIPOMIHIOBAHHSI.

3akputi cxemu BOI' BUKOPUCTOBYIOTHCS ISl PO3LIMPEHHS TUHAMIYHOTO
Jiana3oHy 1 301UIBIICHHS TOYHOCTI TPHIIATY.

Cnucok BUKOPUCTAHUX JKEPET:

1. Loukianov, D., Rodloff, R., Sorg, H., & Stieler, B. (Eds.). (1999). Optical
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The purpose of this report is to consolidate knowledge related to the main
physical processes that take place in modern fiber interferometers, the history of
their origin, the structure of these devices, the principle of their operation, the
main parameters and characteristics, and their application in various fields. The
main types of modern fiber interferometers, namely the Mach-Zehnder, Fabry-
Perot and Michelson interferometers, are considered.

SIBumie iHTEpQEepeHilii cBiTiIa JEKUTh B OCHOBI 0ararb0X BHUCOKOTOYHUX
BUMIPIOBJIBHMX CUCTEM Ta CEHCOPIB MEXaHIYHMX BEJIUYMH. BUKOpHCTaHHS
ONTUYHUX BOJIOKOH JO3BOJISIE 3pPOOMTH TakKi MPUCTPOi  HAJI3BUYANHO
KOMIIAKTHHMH, aJIalTHBHUMH Ta CEKOHOMIYHUMH. Y BOJIOKOHHO-ONTHYHUX
iHTephepoMeTpax BUKOPUCTOBYIOThCS Pi3HI  (DYHKI[IOHATBHI MOMJIHMBOCTI
ONTHYHOTO BOJIOKHA [1-4]. HailGinbll TUMOBUMHU BUMIpPIOBAaHMMH BEIMYMHAMU
SBISIIOTHCS  TEMIIepaTypa, MEXaHIYHe TepeMillleHHs, BiOpalis Ta THCK. Y
BIJIMOBIIHOCTI JI0 iXHBOI 3MIHM B TaKHUX IPHUCTPOSX 3MIHIOETHCS IOKA3HUK
3aJIOMJICHHSI OTITUYHOTO BOJIOKHA, 1[0 CIOPUYUHSE 3MIHY (pa3u CBITIOBOT XBHIII,
SKa TOIIUPIOETHCS B3/I0BK ONTHYHOTO KaHAIY.

Ha nmanuii yac 3amporoHOBaHO aMIEepMETPU HAa ONTHYHOMY BOJIOKHI 3
ATIOMIHIEBUM TIOKPUTTSM, aKCEJIEPOMETPU 3 CTUCHEHHSIM (200 pO3TATOM)
ONTHUYHOTO BOJIOKHA BiJ] MEPEMINICHHS BaHTAXy, BHMIpPIOBadl HaIpYKEHOCTI
€JICKTPUYHOTO 1 MArHITHOTO MOJs a00 €JIEKTPUYHOTO CTPyMy 1 HAIpyru — 3
MOKPHUTTSIM BOJIOKHA BIATMOBIAHO 13 MAarHiTOCTPUKI[IHHOTO 1 €IEKTPOCTPUKIIIH-
HOTO MaTepiady, abo0 3 ONTHYHMM BOJIOKHOM, HaMOTaHMM Ha ITWIIHID
BUTOTOBJICHUH 3 IIMX MaTepiaiB.

BHyTpilIHHOBOJIOKOHH]I 1HTEPPEPOMETPUYHI MATYUKH € Taly33i0, M0
IIBUJIKO PO3BHBAETHCS, OCKUIBKU Il JATYUKH JEMOHCTPYIOTh OaraTto Oa’kaHHX
XapaKTepUCTUK TOPIBHIHO 31 CBOIMHM 3BHYAWHWMH BOJIOKOHHO-ONTHYHUMHU
aHAJIOTaMU Ta Peai3yI0ThCS B 0araThb0X MEPCIEKTUBHUX MpUCTposiX. L1 maTumku
MalTh MOXJIMBICTh BUKOHYBAaTH  HAJ3BUYAHO TOYHI  BHUMIPIOBAHHSA
pi3HOMaHITHUX (GBUYHUX ab0 XIMIYHUX BEJIMYWH, TaKAX K MOKa3HUK
3aJIOMJICHHSI, TEMIIEpaTypa, TUCK, KPUBH3HA, KOHIIEHTpAIIisl TOIIIO.

B cxemi BosnokoHHO-onTHYHOro iHTEpdepomerpa Maxa-Ilennepa naBi
iHTEepdepyodl  XBWII  yYTBOPIOIOTBCA 32 PaxyHOK TMOAULY  BXIJHOTO
BUIPOMIHIOBaHHSI ONTHYHUM po3ranyxyBauem X-tuny (OP), sike moTiM 3HOBY
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3’€JHYy€TbCA IHIIMM po3raiyxyBaueM. CTpyKTypHa cXeMma BOJIOKOHHOIO
iHTephepomerpa Maxa-Ilennepa 306paxeHna Ha puc. 1.

)
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Pucynok 1 — Cxema BOJIOKOHHO-ONITUYHOT'O 1HTEphEepoMeTpa
Maxa-ILlennepa

BukopucroBytoun ontuuHi 3’e€aHyBadi TUmy NXN 3 OJHOMOIOBUMH
ONTUYHUMHU BOJIOKHAMHM, MOYKHA peanizyBaT iHTepdepomeTp 3 NXN KUIBKICTIO
ONTUYHHUX TPAKTIB Mepeavi CUTHATY, IO JTO3BOJISAE 3IIHCHIOBATH MapalieibHe
ompaimroBaHHs 1HGoOpMalii Ta TPU3BOAUTH JO IIJIBHMINCHHS TOYHOCTI
BUMIpPIOBaHHS 1 301JIbIIICHHS 1HOOPMATUBHOCTI OTPUMAHOTO CUTHATY.

OKpiM TOTO MOKJIMBA peairizallis pi3HUX KOHCTPYKIIH iHTephepeHIIHHNX
JaBadiB Ha OCHOBI ONTHYHMX BOJOKOH. IlpuHmmMm iHTEpdepeHIIHHIX
BUMIpPIOBaHb 0a3yeThCS HA HaKJIaJaHHI JBOX a00 OLIbIIe KOTEPEHTHUX IMMPOMEHIB
Ta BUMIPIOBaHHS PI3HUIN (a3 MK HUMH.
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Fiber-optic sensor based on Bragg gratings is considered. The structure,
principle of action and application are described. These sensors are capable of
measuring a variety of physical parameters, such as temperature, strain, stress,
pressure, etc., and they have found applications in many fields of industry,
medicine, science, and ecology due to their advantages such as high measurement
accuracy and the ability to work under high temperature conditions, moisture,
aggressive environments and hard-to-reach places.

Bo10KOHHO-ONTHYHI aTYMKKW HAa OCHOBI BperiBCbKUX pemriTok - e TUI
JATYUKIB, SIKI BAKOPUCTOBYIOTHCS JUIsl BUMIPIOBAaHHS PI3HOMAHITHUX ITapaMeTpiB,
TaKHUX SK TEeMIIEpaTypa, TUCK, Harmpyra Toio. OCHOBHUM €JIEMEHTOM JIaTuhKa €
ONTUYHE BOJIOKHO, Ha SIKE€ HaHeceHa bperiBchbka pemriTka — CTPYKTypa, U0
MICTUTh NIEPIOUYHI 3MIHH NMOKa3HUKA 3aJIOMJICHHS CBITJIA.

BynoBa BOJIOKOHHO-ONTHYHOI'O JaTYMKA HAa OCHOBI BperiBChbKUX pemiTok
(puc.1) Bkitouae B cebe ONTHUYHE BOJIOKHO, Ha sike HaHeceHa bperiBcbka penriTka,
Ta JKepesno cBiTia. CBITIO BUIPOMIHIOETHCA JKEPETIOM, MOIIUPIOETHCS IO
BOJIOKHY 1 B3aeMojiie 3 bperiBcbkoro pernriTkoro. B pe3ynbrari B3aeMoii cBiTia 3
PENITKO BimOyBaeThcs Horo audpakiis, M0 3aJeKHTh BiJl MapaMmeTpiB, sKi
TaT4MK Mae BuMiproBatH. Ilicas MPOXOKEHHsS Kpi3h PENITKY, CBITIO
MOBEPTAETHCA HA3ajJ IO BOJIOKHY JI0 JETEKTOpa, SKUH PEECTPYE 3MIHY
IHTEHCHUBHOCTI CBiTJIa. 3aJie)kKHO BIiJ MapaMmeTpiB, M0 JOCITIKYIOTHCSH,
3MIHIOETHCS IHTCHCUBHICTh CBITJIA, SIKE BUSBIISETHCS IETCKTOPOM.

{ [ovimemi | TDAEPEIO
ETEMEHT : CEITIA
IETEKTOP

Pucynok 1 — ByoBa BOJTOKOHHO-ONTHYHOTO JAaTYMKA Ha OCHOBI
BperiBchbkuX penriTok

Hampuknan, nmpu 3MiHI TeMIepaTypH, 3MIHIOETCS TTOKA3HUK 3aJJOMJICHHS
CBITJIa B ONTUYHOMY BOJIOKHI, 1110 BIUIMBAE Ha AUQpakilito cBiTiia Ha bperiBchkii
pemritii. Yepe3 1me 3MIHIOETBCS 1HTEHCHBHICTH CBITJIA, SIKE BUSBISIETHCA
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JIETEKTOPOM. 3a IOMOMOT0I0 CIIEHIaJbHUX AITOPUTMIB OOPOOKM CUTHALY MOXKHA
BU3HAUYUTH 3HAUYECHHS MapaMEeTpIB, K1 JOCTIIKYIOThCS.

3acTocyBaHHsI BOJIOKOHHO-ONTHYHHMX JIaTYMKIB Ha OCHOBI bperiBcbkux
PENITOK € JOCUTHh NIMPOKKM. BOHU BHKOPHUCTOBYIOTHCS B TIPOMHCIOBOCTI IS
KOHTPOJIIO TEeMIIEpaTypd Ta THCKYy B CKIAJHUX TEXHOJOTIYHHUX IMporiecax, B
aBTOMOOUIBHIA MPOMUCIOBOCTI Il BUMIPIOBAaHHSA THCKY Ta TEMIEpaTypH B
JBUTYHAX, B MEIWIIMHI JUIsI BUMIPIOBaHHS TEMIIEpAaTypy Tila Ta KOHTPOJIO 32
po0OoTOI0 00JIaJHAHHS MiA 4Yac XIpypriyHUX omepauiid, B €KOJOorii s
BUMIPIOBaHHS PiBHS 3a0pyIHEHHS NOBKULIA Ta IHIIUX cdepax, A& HEeoOXITHO
KOHTPOJIIOBATH PI3HOMAaHITHI MapaMeTpH.

OcHoBHa TmepeBara BOJIOKOHHO-ONTUYHUX JIATYUKIB HA  OCHOBI
BperiBcbkuX pENIToK MoJsIra€ B TOMY, IO BOHM HE MAlOTh EICKTPUYHHX
KOHTAaKTiB, TOMY IO MPAIOOTh HAa OCHOBI ONTHYHOI B3a€MOJil CBITIA 3
NepioguyHO0  CTpyKTypoto  bperiBcbkoi — pemritku.  Ile  nmosBomsie
BUKOPUCTOBYBATH iX B yMOBaX BUCOKOT TEMIIEpaTypH, arPECUBHUX CEPEIOBHUII] Ta
CJICKTPOMArHiTHUX TMepemkoa. KpiM TOro, BOHHM J103BOJISIOTH BHMIPOBATH
nmapaMeTpu Ha BIJACTaHI JO KUIBKOX KUIOMETpiB 0€3 BTpaTd TOYHOCTI
BuMiproBaHHs. [le 3a0e3meuye MOKIUBICTh BUKOPUCTAHHS BOJJOKOHHO-ONITHYHUX
JATYMUKIB HA OCHOB1 BperiBCbKUX PEelIiToK B TPYAHOAOCTYITHUX MICIISIX, TAKUX SIK
IMOOKOBOJIHI CBEPJIOBUHH, TPYOONPOBOIU, Ta30B1 TypOiHu Toio. Kpim Toro,
BOJIOKOHHO-OIITUYHI JTaTYUKU HAa OCHOBI BperiBChbKUX pEIIiTOK MaloTh BHCOKY
TOYHICTh BUMIPIOBAHHS, 1110 JIO3BOJISE 3a0Ia[KyBaTH Yac Ta KOIITH, sIKi Oynu O
BUTpPAYCHI HA MPOBEJACHHS JT0JaTKOBUX BUMIPIOBAHb Ta KOHTPOJIBHHUX OMEpaIliii.

OTxe, MOXKHA 3pOOUTH BHCHOBOK, 1110 BOJIOKOHHO-ONTHUYHI JAAaTYUKH Ha
OCHOBI BperiBChbKUX penriToK — 11e JOCUTh €PEKTUBHUMN Ta MEPCIICKTUBHUN METO,T
BUMIPIOBaHHS PI3HOMaHITHUX MapaMeTpiB, SIKUHM 3HAMIIIOB CBOE 3aCTOCYBAHHS B
0araThoX rajay3sx MPOMHUCIOBOCTI, MEIUIIMHI, HAYI[l Ta €KOJIOT1i. 3aBIIKH CBOIM
nepeBaraM, BOJIOKOHHO-ONTHYHI JAaTYUKH HAa OCHOBI DBperiBChbKUX pEIITOK
CTalOTh BCE OUIBII TOMYJSAPHHUMH Ta BiJANOBINAIOTh CYYaCHUM BHMOTaM JI0
TEXHIYHOTO MPOTPeECy.
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3. 3amepuTtenbHOE yCTPOMUCTBO KOHTPOJIS Ae(OpMaIliy U TEMITepaTyphl Ha
OCHOBE HAaHOPAa3MEpPHBIM BOJIOKOHHO-ONTHYECKHX AaTtyukoB. Kapacuk B. E.,
JlazapeB B. A., HesepoBa H. A. [Enextponnuii pecypc]. — Pexum goctymy:
http://ntv.ifmo.ru/ru/article/1082/izmeritelnoe_ustroystvo_kontrolya_deformacii
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Dielectric and metal-dielectric multilayer coatings are considered. These
coating use in science, medicine, industry and other fields. Especially they take
their place in laser systems, quantum computers, and measuring devices. Such
kind of coating allows to reduce reflection and increase light transmission through
glass and other materials.

JlienieKTpu4HI Ta MeTaN-1eIEKTPUYH1 OaraTonapoBi HOKPUTTS € KIIFOUOBUM
€JIEMEHTOM 0arathboX JiazepHUX cUCTeM. Lli TOKPHUTTS JO3BOJISIOTH 3MEHIIUTH
BIMOUTTS Ta MIABUMIIUTH TMPOMYCKHY 3/JaTHICTh CBITJIa 4Yepe3 CKJIO Ta IHIII
matepianu.  JlienekTpuuHi ~ OararomapoBi  MOKPUTTS  CKJIAaJalOThCs 3
HAaHOPO3MIPHHUX IIAPIB JIETEKTPUKIB, SIKI HAHOCATHCA HA MOBEPXHIO CKJa abo
iHIoro Matepiany. KoxkeH map Mae TOBIIMHY B JIeK1IbKa HAHOMETPIB 1 miidpany
ONTUMAJIBHOI TOBIIMHY, 1100 JOCSITHYTH MIHIMQJIBHOTO BiJOMBAHHS CBITJIA Bij
MOBEPXHI.

Mertan-aieneKkTpuyHi 6araTomapoBi MOKPUTTS, MICTSITh METaJIEB1 IIapH, K1
BUKOPHUCTOBYIOTHCS JIJISl MIJIBUIIIEHHS ONTUYHOI MPOMYCKHO1 31aTHOCT1. MeTaneBi
mapy 3AaTHI MOTJIMHATH CBITIO, aje TOHKI JICJICKTPUYHI MIapu MIX HHUMU
3a0e3MneuyoTh T€, 110 TOTJIMHAHHS HE CTa€ TMEPelIKOJOI0 IS CBITIA, SKE
MPOXOJIUTH uepe3 MOKpUTTS (puc. 1). OnHUM 3 KIIOYOBHUX (PAKTOPIB, AKUN POOUTH
TIETEKTPUYHI Ta METaJI-IIeICKTPUYHI OararomapoBi IOKPUTTS HACTUIBKH
e(heKTUBHUMH, € iXHS 3JaTHICTh A0 eJeKTpoMarHiTHoi iHtepdepenmii. lle
O3HAYae, M0 MPU PO3PaXyHKY ONTHYHHMX BIIACTUBOCTEH MOKPHUTTS BAXKIMBUM €
BIIMMOBITHICTh JTIOBKMHHM XBHWJII CBITJIa TOBIIHMHI KOXXHOTO mapy. Lle mo3Bosse
OTPUMATH KOHCTPYKIIIIO 3 BUCOKOIO €(DEKTUBHICTIO Ta 3/IaTHICTIO IO 3MCHIIICHHS
BTpaT CBITJIa B MaTepiaax.

InpusMa

BLAGHTHIT
MPOMIHE <

ua;mwuflii MPOMiHE
Pucynok 1 — Cxema GararomiapoBoi MeTai-A1eIeKTPUYHOT CTPYKTYpH ; M
— Mmetan, H — map 3 Bucokum 1 L — HU3bKUM MOKa3HUKAMHU 3aJI0OMJICHHS.
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JlieneKTpUYHUX Ta METal-AieJIeKTPUUYHUX TOKPUTTS BUKOPUCTOBYIOTHCS
JUTsl CTBOPEHHS BUCOKOSIKICHUX JIA3€PHUX A3€PKa Ta IHIIUX €JIEMEHTIB JIa3epHOi
onTtuku. [l mOKpuTTsA 3a0e3Meuyr0Th JOBIOBIYHICTh Ta CTIMKICTh JO BUCOKHX
TEMIIEpaTyp Ta IHIIMX YMOB eKkcIutyartauii. OKpiM TOro, Taki MOKPUTTA MOXKYTb
OyTH BHUKOPHMCTaH1 ISl MIJBUUICHHS €(PEKTUBHOCTI COHSIYHHUX EJIEMEHTIB Ta
iHIUX (HoToeTeKTpUYHUX NPUCTPOiB. lle mocsraeTbes 3aBASKHA 3HIKEHHIO
BIIOMBaHHA CBITJIa BiJl MOBEPXHI Marepiany Ta MiJBUILEHHIO HOro MpOMyCKHOi
31aTtHOCTI. JlienekTpuyHi Ta MeTaja-AieeKTpUyH1 0araTomapoBi MOKPUTTS TAKOXK
MalOTh BENHWKY 3HAUYMMICTh y TeXHOJIOTii JasepiB. Hampukmam, ix
BUKOPHUCTOBYIOTH JIJIs CTBOPEHHSI JI3epKaJl 3 BUCOKOIO BiIOMBHOIO 3/IaTHICTIO, IO
3a0e3neuye 30 UIbIIEHHS €(PEeKTUBHOCTI Ja3epiB.

Takox, NieTeKTpUYHI Ta MeTan-AlelIeKTpUYHI OaraTomapoBi MOKPUTTS
BUKOPHUCTOBYIOTHCSI B ONITUYHUX KOMYHIKAI[IHHUX crcTeMax. BOoHH J03BOJSIOTH
3MEHIITUTH BTPATH CUTHAITY Ta TOKPAIUTH SIKICTh TIepeaadi JaHHX.

JJis CTBOPEHHS JICNIEKTPUIHHUX Ta META-AICIEKTPUIHUX OaraTomapoBux
NOKPUTTIB BUKOPHUCTOBYIOTHCS PI3HI MaTepiajiid, Taki SK OKCHIM METaiB,
dbTopuau, HITPUIU Ta iHIII croNykKd. Bubip maTepiany 3aleXuTh BiJl BUMOT JI0
ONTUYHHX BIIACTUBOCTEH TIOKPUTTS T4 YMOB MOTO BUKOpUCTaHHS. /)11 CTBOpEHHS
NOKPUTTIB 3 BHCOKHUM KOE(IIIEHTOM TMPOMYCKaHHS CBITJIAa MOXYTb OyTH
BUKOPHUCTAaH1 OKCHUJW MarHil0 Ta IHUPKOHIIO, a IS MiABUIIEHHS €(PEeKTHUBHOCTI
NOTJIMHAHHS CBITJIa B COHSYHUX €JIEMEHTaX - MeTajeBl IMapH, Taki K aTrOMIHINA
Ta MiJb.

JlocmijpkeHHsT B 00JacTi  JIENCKTPUYHUX Ta METaI-T1eIeKTPUIHUX
OaraTomiapoBUX MOKPUTTIB IPOJOBKYIOTHCS, 30KpPEMa, BHUBYAIOTHCS HOBI
MarepiajJu Ta METOJAU IXHhOro HaHeceHHS. OIHHMM 3 HANpPsIMIB JOCTIIKCHb €
BUKOPHUCTAHHS HAaHOMATEpiadiB JJig CTBOPEHHS TMOKPHUTTIB 3 IMOKPAICHUMU
ONTUYHUMHU BJIACTUBOCTSAMHU.

VY MailOyTHbOMY [i€JIEKTPUYHI Ta MeTai-AleNeKTpU4YHI OaraTomaposi
HOKPUTTS. MOKYTh 3HAWTH 3aCTOCYBAaHHS B PI3HUX Tajly3siX, TAKUX K ONTHUYHA
CJIEKTPOHIKA, EHEepreTMka Ta MeAunuHa. Hampukinaa, BOHH MOXYyTb OyTu
BUKOPUCTaHI JUIsi CTBOPEHHS HOBHX ONTHYHUX TMPHUCTPOiB, SKi OyAyTh
3a0e3medyBaTd OUTBII TOYHE Ta IIBUJKE BUMIPIOBAHHS MapaMeTPiB PI3HUX
CEepEeIOBHUIL, BKIIOYAIOUH MEANYHI JOCTIIKEHHS.
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3D printing technologies provide new opportunities for the implementation
of engineering ideas and prototyping. Considering the wide development of three-
dimensional printing technologies, there is a need to analyze their work in order
to identify ways to increase efficiency and eliminate shortcomings in work.This
paper examines the use of lasers in 3D printers and the type of printing in which
they are used. Two printing technologies using lasers are described.

VY cyyacHOMY CBITI 3 HOro TeMIIaMH PO3BUTKY 3'SBHJIACS HEOOXITHICTH Y
MIBUJAKOMY Ta ©€(QEKTUBHOMY MeEXaHi3Mi BTUICHHS KOHCTPYKTOPCBKHX Ta
1HXKeHepHuX iaeil. Skmo B obmacti po3poOku imei abo 3araibHOi KOHIIETIIii
TEXHIYHOrO  a00  TEXHOJOTIYHOTO  PIMIEHHS  KOHCTPYKTOPH  MOXYTh
BUKOPUCTOBYBATH HasiBHE PI3HOMAHITTS 3ac00IB MOJIENIOBAaHHS Ta Bi3yasi3allii,
TO Ha €Tari MPOTOTUITYBAaHHs BUHUKAE MpoOIeMa IMIBUJIKOT peaizaiii po3po0oK i
JOCJTIJDKEHHSI X B peaJIbHOMY, a HE BIPTYyaJIbHOMY CBITI.

B nanuit yac Ha erari MPOTOTHITYBaHHS JUIsl MPOBEACHHS BUIPOOYBaHb 1
MOJAJIBIIOT JOPOOKU MPOTOTUITY BCE IIIE€ 3aCTOCOBYIOTHCS (hpe3epHi, BIIJIMBHI,
TOKapHI Ta 1HIII TEXHOJIOT1i, 4acTo MajoeeKTHUBHI Yepe3 BEIUKHUM Jac peaizaliii
3pa3KiB 1 €KOHOMIYHO 3aTpaTHi depe3 HEOOXITHICTh BUKOPHUCTAHHS JOPOTHUX
BEPCTATIB 1 3JIy4eHHS BHCOKOOIJIAYyBaHUX KBaji(hiKOBaHUX KaJpiB, IO PI3KO
3HI)KY€E €KOHOMIYHY €()eKTHBHICTh MPOSKTY B ILJIOMY.

OpHak  IHTEHCHBHMH  PO3BHUTOK CyYaCHHX TNPOTPAMHHX  CHCTEM
IIPOCKTYBaHHSI IH)KCHEPHHUX Ta IHIIUX CIEI[iaTi30BaHUX KOHCTPYKIIHN JT03BOJISE
BTUTIOBATH KOHCTPYKTOPCHKI i1e1 HE TUIBKH Ha PiBHI BIpTyaabHOT MOJEINI, aje i
Ha piBHI CTBOPESHHS TOTOBHX PIIICHb 3a JIOIOMOTOI0 TexHoJorii 3D-apyky [1-5].
Ha nmomomory imkeHepaMm 1 KOHCTPYKTOpaM MPHUHUIILIN aTWTUBHI TEXHOJOTI{
MPOTOTUIYBaHHS, B TPOIECI peamizaimii SIKUX MOJIENb CHHTE3YETHCS IUIIXOM
MOIIIAPOBOTO HATIABJICHNUS a00 CIiKaHHA mapiB (B 3aJ€KHOCTI Bil TEXHOJIOT11.

TpuBuMipHHI IPUHTED — 1€ TPUCTPIid, IO TEPETBOPIOE BIPTYaIbHY MOCIb
B peanbHy. Illo6 BiaTBopuTM TOW um iHmUH BUpi0 Ha 3D-mpunHTEpi,
pPO3pOOISIETECST  MOTO  BIPpTyalibHUI TMA0JIOH, MJIi CTBOPEHHS SKOTO ICHYE
creriabHe MporpaMHe 3a0e3NeYeHHS.

Crepeomitorpadis (SLA) — 1me mporec aJIuTHBHOTO BHUPOOHHIITBA,
pe3yIbTaT B SIKOMY JOCSTAETHCS 3a JOMOMOIOI0 mojiMepu3alii cmomn. Y SLA
JIPYKY, OO'€KT CTBOPIOETHCS HUISIXOM CEIEKTUBHOI'O 3aTBEPAIHHSA IMOJIIMEPHOT
CMOJIH, 1Iap 3a MapoM, 3 BUKOPUCTAHHAM yibTpadioneroBoro (YdP) nazepHoro
MIPOMEHSI.

116


mailto:andrii.pertsevyi@nure.ua

Pucynok 1 — Ipouec TpuBUMipHOTO APYKY 3a TexHojorieo SLA

CenextuBHe JazepHe cmikanHs (SLS) — 1me mporec aauTHUBHOTO
BUPOOHUIITBA, IO BIIHOCHUTHCS JIO IIMPOKOTO CIMEWCTBA METOJIB CHHTE3y Ha
niaxiaamni. B rexnonorii SLS nazepu BUOIPKOBO CIIKaIOTh YaCTKH MOJIIMEPHOTO
MOPOIIIKY, CIUIABJIAIOYM iX OJHMH 3 OJHHAM 1 TUM CaMHUM CTBOPIOIOYHM Iap 3a
mapoMm. Jlngs noOymoBu 3D-00’e€kTta  BHUKOPUCTOBYIOTH  TI'paHyJIbOBaHI
TEPMOIUTACTHYHI TTOJIIMEPH.

Orxe, Texuonorii 3D-aApyKy OpyKy HaJarOTh HOBI MOXJIMBOCTI JJif
peamizaiii 1HXXEHEpHHX 1lefl Ta MNPOTOTUIYBaHHA. BpaxoByrouu MIUPOKHIA
PO3BHUTOK TEXHOJIOT1M TPUBUMIPHOTO JIPYKY BHHUKAE HEOOXITHICTH aHATI3Y iX
pOOOTH 3 METOIO BUSIBJICHHS IUISAXIB JUIsI MIJBUILIEHHS €(pEKTUBHOCTI Ta YCYHEHHS
HEJIOTIKIB B POOOTI.
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A 2D computer model of diffraction radiation system was developed. The
design consists of a dielectric waveguide, which is used to represent the electron
beam, a metal comb and an additional dielectric grating. Angular diagrams of the
power flow of diffracted radiation were obtained. The research results showed
that changing the period of the additional grating leads to significant changes in
the angular distribution of the electromagnetic power flow, which can be used to
control the spatial distribution of terahertz diffraction radiation.

TeparepuioBe (TI'm) BUNpPOMIHIOBaHHS 3a3BHYall  PO3YMIETHCS  SK
€JICKTpOMAarHiTHe BUIIPOMIHIOBAaHHS B jJiana3oHi yactot nmpubauszHo Bix 0,1 TT'n
10 10 TI'm, mo BignoBigae moBxuHAM XBHIIB Bif 3 MM 10 30 mkwm [1]. Lli wactotH
BUIIl, HDK Y pagiOXBUIb 1 MIKpOXBWJIb, ajleé HUXYl, HDK y ONTHYHOTO
BUIpoMiHioBaHHs. TI 11 BUIPOMiHIOBAaHHS Ma€ 3aCTOCYBaHHS B TakuX cepax, siK
CIIEKTPOCKOITis, pajaiodadeHHs Ta 3B’s130K. BoHO Moxe natu iH(OpMaIio mpo
BJIACTUBOCTI MaTepiaiiB, HAPUKIIAJ, eIEKTPOHHI Ta BiOpaIliiiHi.

JudpakiiiiiHi eJIeMEeHTH MarOTh BEJIMKWH BIUTMB Ha TI' 11 cCTEMU, OCKUTbKHU
iX BHIOTOBJEHHS JYyXK€ TIPOCTE B TOPIBHSAHHI 3 ONTHUYHHUM Jialla30HOM
BUIIPOMiHIOBaHHS (iH(PpadepBOHUM, BUIUMHUM, YIbTpadioeToBUM TOIIO) [2].
TeparepueBi qudpakifiifHi ONTHYHI €IEMEHTH MOXHa PO3YMITH K CTPYKTYpH,
IU3aiiH SIKUX PETYIIOEThCS XBUIBOBUM IMIIXOJOM, IO JO03BOJISIE iM OyTH
MEHIIIMMH Ta JIETIIMMHU 3a BIAMOBIIHI 3aJOMIIIOBajbHI CTPYKTypu. HalOiabin
MOMYJSPHUMHU 1 BIAOMHMH AUGPAKIIMHAMU €JIEMEHTAMU € pelIiTKA Ta
mudpakuiiai miH3u.  JudpakiidiHl pemriTkd BiirpatOTh BAXKIWBY pOJb Y
nudpakiiifHii ONTHII, OCKUIBKH 1X MOKHa BUKOPUCTOBYBATH B CIIEKTPOMETpPAX,
MOHOXpOMAaTopax Ta 0aratboxX IHIIMX ONTUYHUX TpHUCTposix. Edekr Cwmira-
[Tapcenna (audpaxiiiHe BUIPOMIHIOBAHHS) IIMPOKO BIMOMHUH SK JKEPEIO
CJICKTPOMArHITHOTO BHIIPOMIHIOBAHHS B pIi3HUX Jianma3oHax dvactoT [3-5].
Hudpakiiiine BUNPOMIHIOBaHHA € ogHUM 3 kepen Tl miamazony.
XapakTepHOr 0COOIUBICTIO TUGPAKIIIMHOTO BUIIPOMIHIOBAHHS 3 OTJISI Y HA HOTO
CHEKTPATHHO-KYTOBUH PO3IMOALI € CHIIBHHM 3B'SI30K MK JIOBKUHOIO XBHII1, KyTOM
BUTIPOMIHIOBaHHS, TIEPI0JIOM PETITKHU 1 IBUIKICTIO €IEKTPOHIB.

B naniii poOOTI MOCHIIKYETHCS ABOBUMIpHA MOJETh AUGPAKIIHHOTO
BUIIPOMIHIOBaHHS, JI€ €JEKTPOHHUW TIOTIK TOMAETHCS SK JICICKTPUUHUM
xBuieBin. Jlns moOymoBu Mopeni Oyno Bukopuctano naketr COMSOL
Multiphysics. Ha Bxig cucTeMu TOHA€THCS €IEKTPOMArHiTHAa XBWIIS, sKa
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MIPOXOJIUTh Yepe3 XBWJIEBIA. XBHWJISA 3a MEXaMU XBWIEBOJY PO3CIIOEThCS HA
BIIOMBHIA  MeTaseBiil rpebiHui. 3acTOCYBaHHS  JOJATKOBOi  BEPXHBOI
TIEJIEKTPUYHOI PELIITKH JO3BOJSE PEryjaroBaTH HampsM JupakLiiHOro
BUIIPOMIHIOBaHHS.

é) 6)

Pucynok 1 — KyToBi giarpamu noToKy MOTY>KHOCT1 AUPPAKIIAHOTO
BUIIPOMIHIOBAHHS.

Ha puc. 1 npencraBieHi KyToBI jalarpaMd TOTOKY TOTYXHOCTI
IuGpakiifHOrO BUIIPOMIHIOBAHHS Ui PI3HUX 3HAUYEHb NEPIOy A0AAaTKOBOT
nienekTpuyHoi qudpakiiiaoi pemitku. Komu mepioan m10AaTKOBOI pelIiTKy Ta
MeTajaeBoi TpeOIHKHM CHIBMAJalTh, TO JudpakiiiiHe BUIPOMIHIOBAHHS
COpsIMOBaHE MPAKTUYHO TNEPIEHIUKYISIPHO A0 IUIOHMHU TpediHku. 3MiHa
nepioy MOAATKOBOT PENIITKH MPU3BOJUTH 1O CYTTEBUX 3MIH B KYTOBOMY
pPO3MOALII  TMOTOKY €JIeKTPOMArHiTHOI MOTyXHOCTi. OTxke, cxema, IO
PO3MIISAAETHCS B pOOOTI, MOXKE OyTH BUKOPHUCTAHA JJIsl KEPYBaHHS IIPOCTOPOBUM
po3moAiIoM  IU(PAKIIHHOTO  BHIPOMIHIOBAaHHS B  TEparepuoBoOMy  Ta
cyOTeparepIioBomMy jianasoHax.
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One of the possible configurations of a spatial filter based on the one-
dimensional magnetophotonic crystal with gyrotropic elements is considered. A
computer model is constructed on the base of finite elements method.
Controllable transformation of the point source radiation field into wave beams is
investigated numerically.

[NpoTponHi MaTepiaii MarOTh aHI30TPOIHI BJIACTUBOCTI, 110 3ajieXkaTh Bij
HanpsIMKY 30BHINIHBOTO MarHiTHoro mnoss. Taki maTtepiaiii MOXYTh OyTH
PUPOJTHUMH a00 CTBOPEHI MITYYHO, HAIIPUKIIAJI, KOMIIO3UTH 200 KPHCTAJIH.

OpgnuM 3 MOpUKIAIIB TIPOTPONMHUX MaTepilalliB € MeTamarepianu, sKi
CKJIAZAIOThCS 3 MIKPOCTPYKTYp, IO 3a0e3MeuyroTh HENepepBHUN TpPai€HT
1HAeKcy 3amomiieHHs. Lle pae iM 37aTHICTD 10 €()eKTy HEraTUBHOTO 3aJIOMJICHHS
citina [1, 2]. BaxxnnBoro 0COOMMBICTIO TAKUX MaTepiajiiB € TCH30pPHUHN XapaKTep
JieneKTpuyHoi ab0 Mar”iTHOi MPOHUKHOCTI. HasBHICT HemiaroHaJbHHUX
€JIEMEHTIB TEH30piB, SAKI 3aJIeKaTh B MapaMeTpiB 30BHIIIHHOTO MarHiTHOTO
MOJIsl, JIO3BOJISIE CTBOPIOBATH CTPYKTYPU [IJIsi KEpPyBaHHA PI3HOMAHITHUMH
XapaKTepUCTUKaMHU BUIIPOMIHIOBaHHS. 30KpeMa, IPOCTOPOBUMHU.

B po6oti posrisgaeTscs MOJIENIOBAaHHS KEpPOBaHOI KyTOBOI (imbTpariii
ONTUYHOI'0 BUIIPOMIHIOBAaHHS Ha OCHOBI 3aCTOCYBaHHS TIPOTPOIHUX MaTepialliB
s (hOpMyBaHHSI OJTHOBUMIPHOT MEPIOJUIHOT CTPYKTYPH — MarHitTo(pOTOHHOTO
KpHUCTAIY.

Bubip xondiryparrii Takux 6aratonrapoBUx CTPYKTYp 3aJE€KUThH BiJ] 3a7a4i
¢uThTpallii, a TAKOXK BiJ] CIEKTPAIBHOTO J11alla30Hy BUIIPOMIHIOBAHHS.

Meton kepoBaHOi KyTOBOi1 (inmbTparlii 6a3yeTbcsi Ha 3MiHI BIACTHBOCTEH
0araTomnapoBOro CEpepoBUINA B 3aJEKHOCTI BiJ] HAMPSIMKY PO3MOBCIOJKEHHS
ONITUYHOTO BUMNpPOMiHIOBaHHA. lle  703Bossie  3MIHCHIOBATH  KEPOBaHY
TpaHcPOpMaIIiro TPOCTOPOBOTO PO3MOILTY IHTCHCUBHOCT1 BUIIPOMIHIOBAHHH.

[Ipote, 3acTocyBaHHS TIPOTPOMHUX MaTepialiB y KEpPOBaHIA KyTOBIH
duTbTparii Takok Mae CBOi OOMEXEHHS, 30KpeMa TOB'S3aHl 3 HEIOCTATHHOIO
TOYHICTIO 1 €pEKTUBHICTIO (QIIBTpAIIiil y IEIKUX CIIEKTPATbHUX Jiana3oHax [3, 4].

JlocnmipkeHHsT TPOBEJEHO HAa OCHOBI  MOOYIOBaHOT  JBOBUMIPHOI
KOMM'toTepHOi MoAeni 13 3actocyBaHHsAM nakery COMSOL Multiphysics. Cxema
PO3paxyHKOBOiI 001aCTi MpeIcTaBlIeHa Ha puc. 1.
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Pucynok 1 — Cxema nociipKyBaHOi CTPYKTypHU

ToukoBe JpKEpeNo  BHWIPOMIHIOBAHHS  NPEJACTaBICHE y  BUIIISI
HECKIHUYEHHOTO CJICKTPUYHOI'O CTPYMY, HAMPSMOK SIKOTO € TEPICHIUKYIIPHUM
710 TUTOIIIMHY prCcyHKa. Take jpkepeno Gpopmye muitiHapuaHy XBuio. [lepioguana
CTPYKTypa CKIAIA€ThCs 3 TEPIOAMYHO PO3TAIIOBAHWUX MIAPIB JiCNEKTPUKA Ta
TipOTPOMTHOTO MaTepiany.

JIiss  BU3HAYCHHS TapaMeTpiB  MOJEINi 3aCTOCOBYBAJUCS pE3yJbTaTH
PO3paxyHKIiB JTUCTIEPCIHHUX XapaKTEPUCTHUK MarHiTOQOTOHHOTO KpPHUCTATY
METOJ/IOM PO3KJIaJJaHHs IO IIOCKUM XBUWIISAM [5].

PesynbraTi yncenbHUX PO3PaxyHKIB CBIIYATh PO MOXKIIMBICTH KEPOBAHOTO
MIEPETBOPCHHS XBIJII TOYKOBOTO JDKEpeja BHIIPOMIHIOBAaHHS B IPOCTOPOBO-
00MeXeH1 XBUILOBI YTBOPEHHS, TOOTO, AaKTUYHO, B XBUJIbOB1 ITyUYKH.
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This work describes the area of use of lasers in cosmetology. The influence
of different temperatures on biological tissue is given. The calculation of the depth
of penetration is also considered and the maximum depth of penetration into the
skin is indicated. An example of a laser with three wavelengths is given.

Jlazepu B KOCMETOJIOTii BUKOPHUCTOBYIOTHCS ISl BHJAJICHHS TAaTyIOBaHb,
NIrMEHTOBAHUX ypaXKeHb, T yBaHHS MIKIPHU, BUIaJICHHS! HEOa)KaHOTO BOJIOCCH,
BUJIAJICHHS CYJJUHHUX 31POYOK, Tepartist pyOI1liB, akHe, IIPaMiB.

3acTOCOBYIOTHCS Ta30Bi Ta TBepAOTUIbHI Jazepu a came COy, pyOiHOBHIA ,
Nd:YAG, KTP, Er: YAG Ta onieKCaHAPUTOBUH JIa3epH.

[HIkipa Ta i KOMIOHEHTH MalOTh IIMPOKUI CIIEKTP MOTIMHAHHS JIA3€PHOTO
BUITPOMIHIOBAHHSI.

PesynbTaT A1i BUTIpOMIHIOBaHHS Ha OIOJIOT1YHY TKaHWHY 3aJieKUTh BiJl
JOBKUHU  XBWJII  BUIPOMIHIOBAHHS, IIUTBHOCTI  e€Heprii  (MOTY>KHOCTI)
BUrnpoMiHoBaHHsA (W), TpUBAJIOCTI 1 4acTOTI IMITYJIBCIB, Yacy Jii, a TaKOX Bif
(b 13UKO-XIMIYHUX 1 O10JIOTTYHUX 0COOIUBOCTEH TKaHUH (Tab.1).

Ta6u.1 3MiHa TKAaHUHU TIPU PIZHUX TEMIIEpaTyp
Temmneparypa BizyanpHa 3miHa bionoriuni 3mMiHN
37-60°C 0e3 Bi3yaIbHUX 3MIH | TOTCIUTIHHS, 3BapIOBaHHS
60-65°C OJIaHIITyBaHHS KOaryJIsiiis
65-90°C Oinmuit/cipuit JeHaTypalis OiTka
90-100°C 3MOpIIYBaHHS CYIIIHHS
100°C e numy NapOyTBOPEHHS,

KapOoHi3aIlis

Crtyniab TepMigHOTO eEeKTy 3aJIeKUTh BiJl TEMIIEPATypH, J0 SIKOT €HEepPTis
Ja3zepa HarpiBa€ TKAaHWHY. Y MOBA TETUIOBOI B3aEMO/IIT:

w=1-10"(=), (1)
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Er CO: KTP PD Ruby  Alex Diode Nd:YAG

585-600 694 755 600-810 1064 (mm)

Pucynok 1 — I'nuOuHa NpOHUKHEHHS AJIs1 PI3HUX JOBXKUH XBUJIb

3HaHHS TIMOWHU MPOHUKHEHHS BUTIPOMIHIOBaHHS Ha MEBHIN IOBXKMHI XBHJI
€ OUTBbII KPUTUYHUM JJIs1 KEPIBHUIITBA JlazepHOI0 ¢oTorepaniero. OcnabieHHs
JIA3epHOTO0 TMPOMEHIO I1HTEHCHUBHICTIO lo B TOBIII TKaHWHU Ha TJIUOWHI:Z
PO3PAXOBYETHCS 32 BUPA3OM

[(z) = Iobsexp(—tief), )

1

negs = [3ta(ta + us)]2 ©)
1€ Wa - Koe(illieHT MOTrIWHAHHS, Ws - Koe(dillieHT po3citoBaHHA Ds BpaxoBye
JI0JIaTKOBE OMPOMIHEHHSI BEPXHIX MIapiB TKAaHMHU BHACIIIOK 0araTopa3oBOro
3BOPOTHOTO PO3CIFOBaHHS Ta IIOBHOT'O BHYTPIIIHBOTO BiAOWTTS Ha MeEXi
TKaHUHA/HABKOJIMIIHE cepenoBuine. s tkanun bs= 1-5 mpu giameTpi mpoMeHio

1-20 MM ruOrHA MPOHUKHEHHS CBIT/Ia B TKAHUHY CTAHOBHUTD:
le =lglininbs + 1]. 4)

JlocmiIpKeHHSI TTIOKa3yIOTh [0 MaKCUMaJibHa TTIMOWHA TPOHUKHEHHS Y IIKIPY
cknamae 3,5 MM g gosxxuau Xl 1090 aM. Ha nosxkunax xsuib 600, 633, 660,
700, 750, 800, 850 1 900 HM rmubuHA MTPOHUKHEHHS CKJIajae BiamosiaHo 1,5, 1,7,
1,8,2,0,2,2,2,3,2,412,5 mm.

JIns BUKOHAHHS PI3HOMAaHITHHUX KOCMETOJIOTIYHUX 3aBJIaHb CTBOPIOIOTHCS
Ja3epHi CUCTEMHU $SIKi OCHAIEHI Jla3epaMy IO TEHEPYITh Yy JIEKUIBKOX
niana3zoHax, mpukiaaoM € mikocekyHaHuid Nd:Y AG-naszep sSikuii BKIIOYA€E TPH
TOBXKUHU XBWI1, 532 HM — 1064 HM — 694 HM, BUCOKY IIKOBY IMOTYXHICTH (10 1,8
I'BT) Ta 4YoTHpW peXUMH BHIIPOMIHIOBaHHS (IMMKOCEKYHIHWHA, (-Switched,
ONTUITYJBC, (OTO-TEIUIOBUI), 100 TOETHATH  MaKCUMalbHI  pobOodUi
XapaKTEPUCTUKH 3 HAUTIIMPIIUM CIIEKTPOM KOCMETOJIOTIYHUN TTPOIIETYP.
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A variety of uses for the Doppler effect, its application in practice and theory,
are considered. Changing the frequency and, accordingly, the wavelength of the
radiation are perceived by the observer (receiver) due to the movement of the
radiation source relative to the observer. Basics of the self-mixing laser Doppler
vibrometry are considered. This technique is used for miniaturization of the laser
Doppler vibrometry systems.

JlazepHna poruiepiBcbka BiOpomeTpis (JIZIB) Moxe Oytu peanizoBaHa Ha
pi3HUX TUIaT@opMax (POTOHHUX IHTETPAJIBHUX CXEM, JOCTYIMHHX CBhOTOMIHI.
Halinonynsipaimi muiatgopMu BKIIIOYAIOTh KpeMHiM Ha 13oisTopi, GaAs, InP,
H100aT JIiTiI0, TUTAHAPHY CBITJIIOXBUJILOBY CXEMY Ha OCHOB1 KpEMHE3EeMY, HITPHUI
KpeMHito Ta momimepu [1-5]. Ha nux mmardopmMax CBITIO HE MOUIUPIOETHCS Y
BUIBHOMY TPOCTOPI, a CIPSMOBYETHCS 3a JIONOMOIOI0 AYXE€ KOMIIAKTHHX
OJIHOMOJIOBUX XBUJIEBOAIB. THUIIOBUI pO3Mip TIOTIEPEYHOTO MEPEPi3y XBUIEBOAY
ctaHoBUTH 450%220 uM. 111 HeBeMKI XBUIIEBOIM MOKHA 3ITHYTH JI0 Ty>KE€ MaJIOTO
pazaiyca 0e3 3HaYHUX ONTUYHUX BTpAT. Y Pe3yNbTaTi IIIOMIA IHTETPAIbHUX CXEM
MOKe OYTH 3HAYHO 3MEHIIICHA.

B nmaniit poO0TI po3rIsIIa€THCS 3aCTOCYBAHHS JIA3€PHUX JIOMIIISPIBCHKUX
TEXHOJIOT1H 11 (hOpMyBaHHS YA0CKOHAJIEHUX KOMITAaKTHHX BiOpoMeTpiB. Hapasi
PO3POOIISIIOTECSA KUIbKa IIISAXIB TAKOrO yAOCKOHANeHHA. OIHUM 3 HaWOUIBII
NEPCIEKTUBHUX MPEACTABIAEThCS 3acTocyBaHHs JIJIB 13 caMo3MilryBaHHSM.

JIIB 13 caMmo3MilllyBaHHSIM BUKOPHCTOBYE TEXHIKY I1HTepdepeHilii,
BinMiHHy  Big  cranmaptHoi JIJIB. TexHika Ha3uBaeThcs  JIA3E€PHOIO
iHTEpPEepoMeTpieErO 31 3BOPOTHUM 3B'SI3BKOM a00 THTEPPEPOMETPIEIO 3 ONTUIHUM
3BOPOTHHM 3B'si3k0M. Tunoswuit natunk JI/IB i3 camo3milryBaHHSIM Ma€ MPOCTIITY
KOH(Irypaiito TOpIBHSAHO 31 CTaHAAapTHUM. BiH cKiamaeTscs auIe 3 JBOX
OCHOBHHX KOMMOHEHTIB (puc. 1): mazepHoro mioga Tta dQoromiona, SKuU
PO3MIMIY€ETHCS MOPYY 13 JTA3€POM 1 IETEKTY€E HOTO ONTUYHY MOTYKHICTb.

[Tpu BUMiproBaHHSX JTa3epHUY MPOMIHB Bijl BIOpOMETpa CIPSIMOBYETHCS Ha
MIIIEHb, a BIAOWTE BiJg HEl CBITIO 3HOBY MOBEPTAETHCS B ja3ep. B pesynbrari
BiOyBaeThcsl 30ypeHHS B PE30HATOpP1 Jia3epa, MO MPU3BOAUTH 1O 3MIHU
napameTpiB Jiazepa, SKi MOXYTh OyTH BHUMIpPSHI 3a JOMOMOTOI0 (POTOHIONY.
Hampuknaa, onTHYHOT MOTYKHOCTI.
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Pucynok 1 — Tunosa xkoHdiryparis camo3mimryBaibHoro JIJIB.

OpHak curHamy, OTPUMaHl NPUHUMaJbHUM MPUCTPOEM BiOpomeTpa 13
CaMO3MIIIyBaHHSAM Ha0araTo CKJIAJHINI, HDK CUTHaIM cTaHgaptaux JIJ[B
npctpoiB. ONHMM 3 XapaKTepHUX SIBUII caMo3MimnyBaibHOI cuctemu JIJIB €
3aJie)KHA BiJ HANpPSAMKY PpO3MOBCIO/KCHHS CHTHalTy ¢opMa 3yda THIKA B
KOHTPOJIBLHOMY CHUTHATI.

Cnin 3a3Ha4uTH, 110 pexkuM podotu JIJIB 13 camo3minryBaHHsIM 6arato B
YOMY BH3HAUYA€THCS PIBHEM ONITHYHOTO 3BOPOTHOTO 3B’ A3KY B CHCTEMI. 3a3BUUaii
BUKOPUCTOBYIOTBCS TP  PEXKUMH  POOOTH  TaKUX  MPHUCTPOIB,  AKI
XapaKTEePU3YIOThCA CIIAOKUM, TIOMIPHMM Ta CHJIBHMM ONTHYHUM 3BOPOTHIM
3B’s13K0M. [Ipu momanpimioMy MiABUINEHHI MOTY>XHOCT1 BiIOUTOTO BiJ MIIIEH]
CUTHAJIy CHCTEMa HE MOJXKE MpAIfOBATH B PEXKUMI 13 camMo3MillyBaHHAM. I
pobOTH B HBOMY PEKHUMI MOTYKHICTh BIIOMTOTO CHUTHAJy IIOBHHHA OYyTH
3MeHIIIeHa OUThIN HiK Ha 35 Ab BITHOCHO MEPBUHHOIO CHTHAIY, IO MOAAETHCS
Ha JOCJIJPKYBaHHUM 00’ €KT.
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Laser technology includes devices (devices, installations) that use laser
radiation to implement their functions. In the work, the questions regarding the
use of physical optical propagation in Opticstudio, the computer package for
modeling rays - ZEMAX Opticstudio were considered. Work was carried out on
setting up the Gaussian source in OpticStudio, using: sequential beams, non-
sequential beams, paraxial Gaussian beams, propagation of physical optics.
Research methods are analytical, numerical and experimental using the Physical
Optics Propagation (POP) tool in OpticStudio (Zemax).

TexHiuH1 XapakTepUCTUKU JIA3€pHUX TMPUIAAIB Yy 3HAYHIM CTerneHi
BU3HAYAIOTHCS BIACTHBOCTSAMU Jla3epa SIK JDKepesa BUMPOMIHIOBaHHS. ToMmy mpH
BUOOP1 KOHKPETHOTO Jia3epa 3 iX pi3HOMAHITTS MEpIIOpsIHE 3HAUYCHHs HaOyBae
3HAHHS TapaMeTpiB 1 XapaKTEepPUCTHK, IO OMHUCYIOTh BIACTHBOCTI Jiazepa.
[TuTanHsa PO MOJETIOBAHHS MapaMeTpPiB Ta XapaKTePUCTHUK Jlazepa sk JKepelia
BUITPOMIHIOBAHHS € BaYXJIMBUM PO3JIJIOM KYPCY, 3aCBOEHHSI SIKOTO HEOOX1IHE JIJIs1
eexTuBHOTO 3acTocyBaHHs Jjaszepa B npuiagi. [loTpiOHO po3yMiTH T
napaMeTpaMu Tl BEJIMYMHHU, SIKI MOXXHAa BUPA3UTH YHUCIOM, a il
XapaKTEPUCTUKAMHU — 3aJIeKHICTh IMapaMeTpiB OAHOTO Bij IHIIOTO, 1 HABIThH
MOHSATTS, K1 XapaKTepHu3yoTh poOoTy ya3epa [1].

Mertoro naHoi poOOTH € IOCTITKEHHS MOJICTIOBAHHS IMMapaMeTpiB IMydKiB
Ja3zepHOro BUMpoMiHiOBaHHS y Zemax/Opticstudio. [IpencraBnenuii iHCTpyMEHT
Physical Optics Propagation (POP) y OpticStudio (Zemax), sikuif pO3MOBCIOIKY€E
SJIEKTPUYHI TIONISL Y BUTBHOMY TPOCTOPI, MPEACTABIsiE COO0I0 3acid mepersiay
daiiniB mpoMeHs, SKUi BUKOPUCTOBYETHCS JIJIs IEpeBipku (a3 Ta IHTEHCHBHOCTI
MpoMeHs Ha KokHil moBepxHi [1]. [IpeacraBneno aBonin3oBy cuctemy. [lepia
JiH3a KOJIMy€ TpOMiHBb, a japyra JiH3a ¢okycye mnpoMmiab. OOUABI JiH3U €
ac(hepudHi CHHIJIETH, SIK1 HECYTh achepuyHuil wieH 14 1y KOpeKIii chepuaHoi
abepartii. Y xoiiMOBaHiil YaCTHHI MPOMEHSI € HEBEJIUKE IIEHTPAJIbHE 3aTEMHEHHS.
JlomkrHa XBWII IS CHCTeMH BcTaHoBieHa Ha 1 MM [2]. ITig wac poGotm
HEOOXITHO MOTPUMYBATHCS TEBHOTO IUIAHYy. BUMIpsUIA PI3HUIIO ONTUYHUX
IUISIXIB JUTSL IBOX MPOMEHIB MOOIU3Y KParo MPOMEHS, 10 PO3AUICHI HEBEITHKOIO
BI/ICTAaHHIO y 3iHUII, J¢ BigOyBaeTbcs 3MmiHa (asu. Kpim Toro, BakimBO
OOYHMCIIUTH KUTBKICTh MIKCENiB, 10 Oyae moTpiOHa aiist BuOipku 3MiHU (Da3u Mix
BOMa npoMeHsaMu. JJisi po3paxyHKy 3arajibHOi KUIBKOCTI MIKCEN1B, TOMHOKHUMO
Ha MOBHUMU J1aMeTp.
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Po3paxyHnoxk nepenbauae, 1o HaMm nmoTpioH1 4 mikceni Ha 1 XBUITIO ONTUYHOT

pi3HHLI Xoay. Po3paxyHOK MO MOBHIM 31HUII MOKa3ye, 110 MOTpiOHa CIiTKa
po3mipoM 38 000 mikex 38 000 mikc.. [ns 2 mikc Ha 1 XBUIIIO ONTUYHOT PI3HMIIL
XOJly, 1110 MEHIIIe, HXK JIIIMCHO He0OX1IHO, 3Ha00UThest po3mip citku 16 000 mike
% 16 000 mikc. [ns 36epiranHss 0AHOTO MACHUBY TaKOro po3mipy notpiono 4,3 I'b
oneparuBHOi mam'saTi. [llo6 oTpumaru pomatkoBy iH(OpPMaIilO, BUKOHAEMO
noiyk «Bumoru no nam'sati» y nosinkosux ¢ainax OpticStudio [3]. Po3paxyHku
TAKOr0 pO3MIPY MOXYTb OyTH HEMOXJIUBI, 3aJIe)KHO Bl AamapaTHOIo
3a0e3neyeHHs] KOMIT'IoTepa, abo MOXKYTh 3alHATH 3aHaATO Oarato dacy. OmHak
JUIsl 6aratboxX MIBUAKUX cHcTeM NigxoauTs anroputMm Fibre Coupling Ha ocHOBI
npoMeHiB 1 POP we notpiOHuil. [Ins OLIBIIOCTI CUCTEM ONTOBOJIOKOHHOTO
CIOJIYYEeHHS AUQPPAKIIAHI epeKTH BiJ KpaiB JIIH3 HE € CYTTEBUMU. Y IBOMY
BUTIAJIKy BHUKOPHCTAEMO PO3paxXyHKH 3YCIUICHHS Ha OCHOBI TpPOMEHIB [4].
Physical Optics Propagation — 1e BceocsskHa MOJENb YCiX CHCTEMHHMX abepariii
10 J03BOJISIE€ YXKE JIETaJIbHO BUBYATU JOBUIBHI ONTHYHI MpomeHi. [IpomeHi €
MBHJIKAM 1 €(QEKTUBHUM CIIOCOOOM MOJIETIOBAHHS JIa3epHUX IPOMEHIB.
[lapakcianbHuid aHaNi3 TaycCOBOrO ITydykKa TaKOX JyXe IIBUIKANA Yy
o0uuCIIOBaIbHOMY BiHOIICHH]. Lleil iHcTpyMeHT 3abe3reuye JIETKU TOCTYII A0
iIeaTbHUX XapaKTePUCTHK TayCCOBOTO TMPOMEHS, TAaKUX SK JHUBEPIEHIIIA,
niana3oH Pernesi, po3aMip 3ByXeHHs, po3Mip npomeHs Touro. [IpomeHi € mBUIKUM
1 epekTMBHUM criocoOOM MOJICNIIOBaHHS JlazepHUX IpomeHiB. IlapakcianpHuii
aHai3 TrayccoBOro IIy4YKa TaKOX JYyXe€ MIBUIKUH y OOYHMCIIOBAIBHOMY
BimHomeHHl. Ile#t 1HCTpyMeHT 3a0e3medye JETKud JOCTYI A0 ifeadbHUX
XapaKTepUCTUK TayCCOBOTO MPOMEHS, TaKUX SK AUBEPreHisd, AianazoH Pernes,
po3Mip 3BYXKeHHs 1/€"2, po3Mip MPOMEHS TOIIO.
B po6oTi Oyno BukoHaHo: MojenroBaHHs Ta ONTUMI3allisl TapaMeTpiB Ta SIKOCTI
Iy4YKa BUTIPOMIHIOBAHHS, 1110 POXOJAUTH YePe3 JIIH30BY CUCTEMY. MoOIeTIOBaHHS
Jazepa mapameTpiB Ja3epHOro Mmydyka 3 JIIH30BOIO 30ipkoro. BukoHani B po0OoTi
3aBIAHHS CHOPUSIOTH  SKICHOMY  JOCTIDKCHHIO IMapaMeTpiB  JIa3epHOTO
BUIIPOMIHIOBaHHS JUISI TPOEKTYBAaHHSJIA3EPHUX MPHUCTPOIB METPOJIOTTYHOTO
MpU3HAYCHHS.
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The application of laser additive technologies is considered. The degree of
impact of laser radiation on the material depends on the size of the beam and the
scanning speed. When a laser beam hits the surface of a material, some light is
reflected, some is absorbed, and some may be transmitted, depending on the
optical properties of the workpiece.

OcTaHHIMU pOKaMU aAUTUBHI TEXHOJOT1i BUPOOHUIITBA OYyJIM MpeICTaBIIeH]
SK 0araToOOIISIOYUH METO ] BUTOTOBIICHHS METaJICBUX JeTallel, OCKUIBKH BOHH
MOXKYTh JOTIOMOITH IOOJIATH 3arajbHi MPOOJIEMH, TIOB’sI3aHi 31 3BUYAHHUMU
METOJIaMH. BHKOPHUCTOBYIOYM aJUTHUBHI TEXHOJIOTii, MOYXHAa BHT'OTOBJISATH
CKJIaAH1 neTani (HampuKiaa, MOPHUCTI KapKacH, MOBEpPXHI BUIBHOI (Gopmu Ta
rnOoKi miuan) [1-4].

[loenHanHsT HUXKYOI MOTY>KHOCTI Jlazepa Ta BUIIOI MIBUAKOCTI MOTO PyXy
PU3BOJAMUTH JI0 3MEHILIEHHS MaJaloyoi eHeprii y BepXHId YacTUHI AeTall, 110, Y
CBOIO Yepry, IPU3BOAUTH 0 BUIIOI IBHUJIKOCTI OXOJIOMKEHHS, @ TAaKOX OUIbIII
TOHKOT MIKpOCTPYKTYpH. | HaBMaku, OUIbII HU3BKOI IIBUAKOCTI OXOJIOIKEHHS Ta
OuthbIl Tpy0Oi MIKPOCTPYKTYPH MOXKHA JIOCSITTH IUISXOM  30UIBIICHHS
MOTYKHOCTI JIa3epa Ta 3MEHIIICHHS MIBUAKOCTI JIa3epHOro Xoay. MeHila majaro4a
eHepris, ska Moxe OyTH CHpUYMHEHa Ocla0jeHHsAM Jazepa abo edexramu
BUTIPOMIHIOBAHHS, SIK TPAaBUJIO, MPHU3BOJHUTH 1O OUIBII TOHKOI PIBHOBAXHOT
Mopdostorii. OCKUTBKHM MIBHAKICTh OXOJO/DKeHHS (i, OTKe, IIBUIKICTh
3aTBEp/iHHSA) 3OUIBIIYETHCA 1O TOBEpPXHI oOcaxy, Ha I[ii TOBEpPXHI
CIIOCTEPIraeThCs IEpexiJ BiJ CTOBIYACTOI JO 3MIIMIAHOI PIBHOBAXHOT
CTOBMYACTOI MIKPOCTPYKTYpU. Takum dYHHOM, pi3HI KOMOiHAIii Ja3epHOi
MOTYXXHOCTI Ta Ja3epHOl IIBHAKOCTI MOXYTh TPU3BECTH JO BIIMIHHOL
MIKPOCTPYKTYpPH, MOP(hOJIOTii Ta, OTXKE, MEXaHIYHUX BIACTHBOCTEH.

TexHomorii Ha OCHOB1 MOPOIITKOBOTO IIAPY 3a3BHYal CKIATAI0THCS 3 JIa3epa,
ABTOMATHUYHOTO TIPUCTPOIO JJI MAaPyBaHHS MOPOIIKY (HAIPUKIIA, JIe30, HK 200
POJIMK), KOMIT I0TEPHOT CUCTEMH ISl KEPYBAHHS MPOIIECOM 1 ICSIKUX TOAATKOBUX
MEXaHI3MIB (HampHKIaa, CHCTEMH 3aXHCTY Bill IHEPTHOTO ra3y Ta IMOPOIIKY).
Cxema Takoi yCTaHOBKH TpeJ/ICTaBlIeHa Ha puc. 1.

VY 1mux MeTojax mapu MOPOIKY CTOYaTKy HAHOCSTHCS Ha MITKIAIKY 32
JIOTIOMOT 010 Jie3a, HOXka ab0 BajuKa. 3roJ0M BUCOKA MOTYKHICTh Jla3epa HarpiBae
Ta ITUIABUTh OCQKEHUHU MOPOIIOK BHOIPKOBO. TpUBAICTH BUIPOMIHIOBAHHS
JIA3epHOr0 MPOMEHIO 3aJIeKHUTh BiJl KOr0o pO3MIpYy Ta MIBUAKOCTI CKaHYBaHHS.
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[Toporiku, sSiKi OTOUYIOTh TBEPAY 00JIACTh, 3AIMINAIOTHCS MYyXKUMH Ta CIYKaTh
OMOPOIO JJI OCAXKEHHSI HACTYIHOTO 1iapy. [loTiM migkiaaka omycTuThes, o0
3a0€3MeUnTH MPOCTIpP AJII HAHECEHHSI IPYTOro Iiapy.

CucreMa BiIXHIIEHHS IPOMEHS

imecnpsMoBaHmi 1 /I

BIOXITEHHI] IPOMIHE

CncreMa ocaJKeHHA

EnepreTHuHIi NpOMiHE |
TIOPOIIKY

A CreueHHil MAJIOHOK |

Po3c1[rrqaCTa\r%z[pa )
[ 7 F 3
—r,

Komnteiirep @

Pucynok 1 — Cxema peasnizailii aANTUBHUX JIA3EPHUX TEXHOJIOT1H.

JlazepHa 00poOka maTepiayiB (30KpeMa MeTaliB) — I11€ KOHTPOJIhOBAHUM
nporiec HarpiBaHHs, 3a JOMOMOTOK SKOTO Jiasep Ji€ sK JDKEpeso
KOHTPOJIbOBaHOTO Teruia. Konmu naszepHHiA NpOMiHB MOTpAIUIsiE Ha MOBEPXHIO
Marepiany, Oyab TO TBEpJla PEUYOBHHA, TOPOIIOK abo piauHa, JEsSKEe CBITIO
BiZIOMBA€ETHCS, YACTHHA TIOTJIMHAETHCS, & YACTHHA MOKE MTPOITYCKATHUCS, 3aJICIKHO
BiJl ONTHYHHUX BJIACTUBOCTEH Marepiany. YacTwHa Ja3epHOrO MPOMEHIO, sKa
MIOTJTMHAETHCS TTOBEPXHEI0 MaTepially y BUITAJIKy METajiB, IEPETBOPIOETHCS HA
TEIJIO Yepe3 eNeKTPO(OHOHHY B3aEMOJII0, 1 1€ TEIUIO MiABHUIINYE TeMIIEpaTypy
MOBEPXHI JUIs JOCATHEHHS HEOOXITHOTO CTaHy IIaBJIEHHsS Marepiany. BuxigHa
MOTYXKHICTB J1a3epa, MPOCTOPOBUM PO3MOJI IHTEHCUBHOCTI BUIIPOMIHIOBaHHS,
3aNIeXKHICTh Bil yacy (iMmynbcHa a0o Oe3mepepBHA), iaMeTp MPOMEHs Ta
PO301KHICTH TPOMEHS BIUTMBAIOTH HAa T€, HACKUIBKU TOOpE MOXKHA KOHTPOIIOBATH
MPOMIHb 3 TOYKH 30PY HIBUIKOCTI, 3 SIKOIO €HEPTis MOke OyTH JOCTaBJE€HA IO
Marepiaiy, i sIK 1 eHeprist pO3MOAUISIETHCS B TPOCTOPI .
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Nowadays, the demand for biosensors that can detect physiological change
by means of investigating samples containing bio ingredients has been increased
tremendously. There are a variety of applications, such as in medical diagnostics,
drug discovery, detection of pollutants and the food industry, in which these
biosensors have found their commendable utilization. The photonic and
plasmonic biosensors may also be efficiently used for the degradation of organic
waste from water waste to make it reusable.

BioceHncopu mupoko 3acTOCOBYIOTHCS B Pi3HHX cdepax, HANPUKIAI, y
MEIUYHIN JTIarHOCTHUIIl, IPU BIAKPUTTI HOBUX JIIKIB, BUSBICHHI 3a0pYIHIOIOUNX
PEYOBHH 1 XapyOBiil IPOMHCIIOBOCTI Ta 1H.

B naniit poOOTi po3rsIaeThesl 3aCTOCYBAHHS OJMHOBHMIPHHUX (POTOHHUX
kpuctaiiB (PK) sk 6iomapkepa sl BUSABJICHHS OpTraHIYHUX MaTepiajiiB y BOJII.
®OK — 1e 6araromapoBi NepioAWYHI CTPYKTYPH, SIKI CKIAAAIOThCS 3 ABOX a00
OuTbIIe MaTrepiaiiB 3 PI3HUMU JICJICKTPUYHUMHU BiacTuBocTsAIMU [1]. Bonwu
OPUBEPHYJIM  yBary  JOCHIIHMKIB  CBO€I0  HAJ3BUYANHOIO  3JaTHICTIO
KOHTPOJIIOBATH TOIIMPEHHS XBUJIb 3aBISKH YHIKaJIbHIA BIACTUBOCTI (POTOHHOI
3aboponenoi 30Hu (D33). [lommpenHss XBWIIb MEBHUX 4YacTOT, fAKI JIEKATh
Bcepennni ®33, 3a0opoHEHO Yepe3 OperriBChbke pO3CIIOBaHHS Ha KOXKHIM
noBepxHi po3airy. Takox P33 myxe dyTiHMBa A0 MIEAECKTPUYHOI MPOHUKHOCTI
CKJIQZIOBHX CTPYKTYPH.

Posrnsaytnit B poOoTi 0Gi0CEHCOP MOXKE BHSIBISATH TakKi PEYOBHUHH, 5K
aIleToOH, €TaHOJ, METAHOJI, MPOIAHO0JI, OyTaHOJI, IIEHTAHOJI, XJ0podopM 1 (HEeHOI.
Taki OioceHcOpHM MalOTh BHCOKY UYTIUBICTH 3aBASKA e€(DEKTUBHIA Ta
KOHTPOJIbOBAHIM B3a€MOIi €JICKTPOMArHiTHUX XBWJIb 3 JOCIIPKYBaHUMHU
00’extamu [2]. CeHcop mpalltoe y BUAUMINA 001aCTi €IeKTPOMArHITHOTO CIIEKTPY.

Beenennst nedextHoro mapy B DK mpu3BOauTh 10 TOPYIICHHS
MEePIOANYHOCTI CTPYKTYpH, MO 3a0e3reduye HasABHICTb JS(HEKTHOTO PEKUMY
BHUCOKOro mnponyckanHsi BcepeauHi @33 ctpykrypu (puc. 1). Pe3onancwu, ski
BIZIMOBINAIOTh Je(HEKTHOMY pPEXKHMY, MOXHA 3MINIyBaTH BIPaBO abo0 BIIIBO
BcepenuHi P33 HUIIXOM 3MIHU CTPYKTYPHHUX MapaMeTpiB, TAKUX SIK MOKa3HUK
3aJIOMJICHHSI JIOCITI/PKYBaHOI PEYOBMHUW, KYT MaJiHHS Ta TOBIIMHU 00JacTi
nedextroro mapy. o6 mokpammTi TPOIYKTUBHICTh (DOTOHHO-KPHUCTATIUHUX
010CeHCOpiB, BUKOPUCTOBYIOThCS PI3HI TUMM CKJIQJOBUX MarepiaiiB st
po3pobku DK, Hanpukiag HaANpPOBIAHUKHA, METalIW, JICIEKTPUKUA 1
HAHOYACTHUHKH.
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OcTtanHIM 4YacoM BeJMKAa yBara MPUIUISETbCS  BUKOPUCTAHHIO
HAaHOKOMIIO3UTHUX MaTepiaiiB, B sKI BOyAOBaHI MeTaleBl HAHOYACTHHKHU.
®oTOHHI1

Ag & MgF: Substrate

o = m N n
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Pucynok 1 — ApxiTekTypa 0OJJHOBUMIPHOTO JaT4uKa 0610a71KOTOII0
ckiagaetbes 3 onHoBUMIpHUX DK 3 nedexTHUM mapowm,
pO3TallIOBaHUM MIX JIBOMa 1mapamu B 1 A.

OioceHcopH, IO CKJIQJAIOThCS 3 METAJICBMX BOYIOBAaHUX HAHOKOMITO3UTHUX
MarepiajgiB, MalThb HH3bKE TIOTJMHAHHS TOPIBHAHO 3  (OTOHHUMU
010CEHCOpPHUMHU KOHCTPYKIIISIMA Ha OCHOBI MeTally, Jie MeTajJieBa HaHocdepa
3aHypeHa B [iCNIEKTPUYHUN MaTepiad sl YTBOPEHHS HaHOKOMITO3UTHUX
marepianiB. Taki @K nemoncTpyroTh HOBI P33 B 00J1acTi MIa3MOBOI YaCTOTH
MeTajy 1 IyXe 9yTIUBi 10 XapaKTepy MoJisipu3allii magardoro ceitia [3].
3anporioHOBaH1 CTPYKTYpH MOXYTh OYTH pealli3oBaHi 3a JIOIIOMOTOIO
TEXHIKH BUTOTOBJICHHS MIOKPUTTS 3aHYPEHHSM B JOJATOK JI0 METOY 30JIb-TEITI0
(oTpUMaHHS 301110 3 MOAAIBIINM MIEPEBEICHHSAM HOTO B T€Jb), OCKUIBKHU MPOIIeC
HAHECCHHS TIOKPUTTSI MOXKE JTO3BOJUTH BUTOTOBIICHHS IMEPIOJUYHOI IIapyBaTOl
CTPYKTYPH, 110 CKJIAIAE€ThCs 3 0ararbox MaTepiajiB, BKIFOYAOUU HAHOYACTHHKH
Ta MOJIIMEPH1 po3unHH [3].
Cnucok BUKOPUCTAHHUX JHKEPET:
1. Saasa,, V. Malwela, T., Beukes, M., Mokgotho, M., Liu, C.-P.,, &
Mwakikunga, B. (2018). Sensing technologies for detection of acetone in human
breath for diabetes diagnosis and monitoring. Diagnostics, 8(1), 12.
https://doi.org/10.3390%2Fdiagnostics8010012
2. Matar, Z.S., Al-Dossari, M., Awasthi, S.K., Mohamed, D., Abd El-Gawaad,
N.S., & Aly, A.H. (2022). Conventional Biophotonic Sensing Approach for
Sensing and Detection of Normal and Infected Samples Containing Different
Blood Components. Crystals, 12(5), 650. https://www.mdpi.com/2073-
4352/12/5/650#
3. Al-Dossari, M., Awasthi, S.K., Mohamed, A.M., Abd El-Gawaad, N.S.,
Sabra,W., & Aly, A.H. (2022). Bio-Alcohol Sensor Based on One-Dimensional
Photonic Crystals for Detection of Organic Materials in Wastewater. Materials,
15(11), 4012. https://doi.org/10.3390%2Fmal15114012
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BUCOKOJOBPOTHI PE3OHAHCHI MIKPOCUCTEMM JJIs1

BIOAETEKTYBAHHS OKPEMUX MOJIEKYJI
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HaykoBuit kepiBHUK — 1. .-M. H., ipod. kad. DOET Onapenko €. M.
XapKiBChKUW HaLlIOHATBHUMN YHIBEPCUTET pajioeneKTpoHiku, kap. POET
M. XapkiB, YKpaina
ten. +380681004684, e-mail: mykhailo.herasymiuk@nure.ua

Optical resonant biosensors with a high quality factor are considered. The
advantages of various resonator circuits for use in biosensors are shown.
Particular attention is paid to the configurations of biosensors that are capable of
detecting individual micro- and nanoscale biological objects. The main physical
mechanisms that can be used to increase the sensitivity of resonant biosensors are
considered. Various tools for modeling biosensors based on optical nanocavities
are discussed.

OcranHIMH poKaMH BiJOYBCSI BEJIMYE3HUU IPOrpec y po3poOili MIKpo- Ta
HAHOPO3MIPHUX ONTHYHUX TEXHOJOTIH JJii Oi0JETeKTYBAaHHS, NPHUOMY
JNOCHIAHUIPKA JISUTBHICT, TOJIOBHUM YHHOM 30CEpelKeHa Ha po3pooIli
BUCOKOUYTJIMBUX CXEM BHUSBJIICHHS PI3HOMAHITHUX O10JIOTTYHUX 00’ €KTIB.
UytnuBe BUsBIEHHS Olomoliekyi, Takux sk Bipycu, JIHK 1 6in1ku, € oco6auBo
BXIMBUM IS BIPOBAKEHHS KIIHIYHUX JIarHOCTUYHHUX aHAaJ131B HACTYITHOTO
noKoTiHHA. Taki aHai3u, peaaizoBaHl Ha YIMOBUX MPUCTPOSX, 3aMIHATH OTOYHI
TPYJIOMICTKI Ta JOPOT1 JJabOpaTOpHI TECTH.

OuikyeTbesl, IO Il MIKPOYIMM HACTYITHOTO TIOKOJIIHHS MAaTHUMYTh
MaKCUMaJIbHy 3JaTHICTh BHUSBJISATH OJIHY MOJICKYJy, OyayTh IHTErpoBaHI 3
THITUMH €JIEKTPUYHUMH Ta MIKPOQITIOITHIMH KOMIIOHEHTaMH Ta OyayTh 3/1aTHI
710 CYBOPOT'0 Ta BUOIPKOBOT'O BUSIBJICHHS 010MOJICKYJISIPHUX MapKepiB — HaBITh Ha
¢doni 6e3114i iHIIMX BUAIB MoJIeKyI1. Ha puc. 1 moka3aHo Te, 1110 BUBHAYAETHCS SIK
HaWOLIBII BiIOMI MIXOAW: ONTHYHI PE30HATOPH 3 BHUCOKOK JOOPOTHICTIO,
JATYUKH TJIA3MOHHOTO PE30HAHCY, HAHOMEXaHIYH1 PE30HATOPU Ta HAHOAPOTSHI
JTATIUKH.

VY naniit poOOTI pPO3TIIANAIOTECS BUCOKOJOOPOTHI cXxeMH O10CEHCOpPIB Ha
OCHOB1 ONTHYHHX PE30HATOPIB 1 BHU3HAYAIOTHCA (I3UYHI MEXaHI3MHU A
010/1eTEKTYBaHHS, K1 TO3BOJISIOTH IETEKTYBATH HAaBITh OKPEM1 MOJIEKYITH.

[Toxi6HO M0 HaHOMexaHIYHUX [1, 2], enekTpuuHuX [3] 1 MIIA3MOHHUX CXEM,
MOKa3aHUX Ha PUC. |, UyTIUBICTh ONTUYHUX PE30HATOPIB 3MIHIOETHCS OOCPHEHO
10 po3mipy. HaBnaku, cxemu HEpe30HAHCHOTO ONTUYHOTO BUSIBICHHSI, TaKi fK Ti,
mo 0a3yroTbes Ha iHTepdepomerpax Maxa-llenaepa, 1poro He poOnsATh. TomMy
pPO3pOOJICHHST PI3HOMAHITHUX KOH(DIrypamiii MiHIQTIOpHUX BHCOKOTOOPOTHUX
ONITUYHUX MIKPOTIOPOKHUH 3 PI3HUX MaTepialiB 1 B PI3HUX TEOMETPIAX €
0COOJIMBO BXKJIMBUM 1H)KCHEPHUM 3aBIAHHSIM.
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Pucynok 1 — Bitomi TeXHOJIOT1i MIKPOCUCTEMHHUX O10CEHCOPIB OKPEMUX
MOJIEKYJI. 3711Ba HaIlpaBo: ONTUYHUN PE30HATOP, MIIA3MOHHHM
pe30HaHCHUM 610CEHCOP, HAHOMEXaHIYHUI Pe30HATOP 1 HAHOAPOTIHUN
JATYHK.

KpiMm TOro, omntuuHi MIKpONOPOKHMHHU, CTBOPEHI 3a JOMOMOTOIO
HAHOTEXHOJIOT1H, € He JIMIIe OJHHUM 13 HaWOUIbII MEPCHIEKTUBHUX IMIAXOAIB J0
JOCIIJDKEHHSI  MaJOpO3MIpHUX  O10JIOT1YHMX OO0’€KTIB, BOHH TaKOX €
O0aratopyHKIIIOHAaJTbHUMH CEHCOPHUMH  IUIaTGopMamu, sKi  JO3BOJISIOTH
3aCTOCOBYBATH PI3HI MEXaHI3MH JJIsi BHU3HAYEHHS PO3MIPYy, 3aXOIUICHHS Ta
MaHIIyJI0OBaHHS HAaHOOO ekTamu [4].

TakuM YWHOM, JOCHIIUKEHHS PI3BHOMAHITHUX CXE€M PE30HaHCHOTO
JeTEeKTYBaHHs 010JI0TTYHUX 00’ €KTIB € BaXJIMBUM 3aBIaHHSAM JJISI TIOJAJIBIIOTO
YAOCKOHAJICHHS KOHCTPYKIIIM TaKMX CEHCOPIB Ta MIIBUILCHHS 1X YyTIMBOCTI aX
710 MOKJIMBOCTI JICTEKTYBAaHHS OKPEMHUX MOJICKYII.

CHnucok BUKOPUCTaHUX JXKEPEIT:

e Arlett, J. L., Myers, E. B.,, & Roukes, M. L. (2011). Comparative
advantages of mechanical biosensors. Nature Nanotechnology, 6, 203-215.
https://doi.org/10.1038/nnano.2011.44

» Waggoner, P.S., & Craighead, H.G. (2007). Micro- and nanomechanical
sensors for environmental, chemical, and biological detection. Lab Chip 2007;7,
1238-1255. https://doi.org/10.1039/b707401h

» Patolsky, F., Zheng, G., & Lieber, C. M. (2006). Nanowire sensors for
medicine and the life sciences. Nanomedicine, 1(1), 51-65.
https://doi.org/10.2217/17435889.1.1.51

*Yang, A. H. J., & Erickson, D. (2010). Optofluidic ring resonator switch
for optical particle transport. Lab on a Chip, 10, 769-774.
https://doi.org/10.1039/B920006A
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['onorpadis sik TexHosoris 30epexxeHHst iHdopmarii

["onorpadis - ue TexHosoris 30epiranus iH$opmailii, ska BAKOPUCTOBYE CBITIOBI
XBWJI1 111 CTBOPEHHSI TPUBUMIPHHUX 300pakeHb 00'€KTIB. Y TOW K€ yac KOXHa
YacTHMHA 300pakeHHsI 30epira€ThCs Ha IHIIOMY IIapi CBITJIOYYTIUBOIO
matepiany. TakuMm 4MHOM, rosorpadis no3Boisie 30epiraTv iHdoOpMaIio Ipo
00'eKT y TphOX BUMIpax, 3a0€3Meuyl0yy TaKUM YHHOM OUTbII MOBHY 1HGOpMAILit0
po 00'eKT. 3aBASIKM CBOIM BJIACTHUBOCTSM rojiorpadis 3HalIIa 3aCTOCYBaHHS B
PI3HUX Tay3sX, TAKUX SIK MEIUIIMHA, HAyKa, TIPOMHUCIIOBICTh, MUCTEIITBO TOIIIO.
30Kkpema, ToJIOTpaMu BUKOPHCTOBYIOTHCS Il CTBOpeHHs1 3D-Moeneit 00’ exTiB,
10 103BOJIsIE 30epiraTu Ta nepeaaBaTu Oiublie iHdopmalii npo HuX. Kpim Toro,
rojorpadis BUKOPHCTOBYETBCS B CyYaCHHX MeTOoJax 30€piraHHs JIaHUX,
HANpUKIAA, HA ONTUYHUX AucKax. OCKUIbKH TojorpadidyHe 300pakeHHS MOXKe
30epiraTucs Ha Jy)Ke MaJeHbKIN TUIOINTI, 1€ T03BOJIIE 30epiraTu BeTUKUN o0csr
iHpopMmamiil onorpadiss - 1e TexHonoria 30epiraHHs iHGoOpMallii, ska
BUKOPHUCTOBYE CBITJIOB1 XBHJI1 JIJIsS CTBOPEHHS TPUBUMIPHUX 300pa’keHb 00'€KTIB.
VY Tolt ke Yac KOXXHAa 4YacTHMHA 300pakKeHHs 30epiraeThCcs Ha IHIIOMY IMIapi
CBITJIOUYTIMBOrO Matepiany. Takum uduHOM, rosiorpadis 103BoJse€ 30epiraTu
iH(bOopMaIIiro TTpo 00'eKT y TPhOX BUMIipax, 3a0€3Meuyr0ud TaKUM YHMHOM O1IbII
noBHY iHQopmMmaliro mpo o00'eKT. 3aBAsSKU CBOIM BJIACTHUBOCTSIM Tojorpadis
3HAMIIIJIa 3aCTOCYBAaHHS B PI3HUX Traiy3six, TakKuxX SK MEIWIMHA, HayKa,
IIPOMHUCIIOBICTh, MUCTEIITBO TOIIO. 30KpEMa, ToJIOTpaMu BUKOPUCTOBYIOTHCS IS
ctBopeHHs 3D-moerner 00’ €KTiB, 10 J03BOJISAE 30epiraTu Ta nepeaaBaTy OUTbIe
iHbopmarlii mpo HEX. Kpim TOro, romorpadis BUKOPUCTOBYETHCS B CYYaCHHX
MeTo/lax 30epiraHHd JaHWX, HANPUKIAJ, HA ONTHYHUX AucKax. OCKUIbKA
rojorpadiuyHe 300pakeHHsT MOXKe 30epiraThcs Ha JyXe MaJCHBbKINA TUIONII, IIe
703BOJIsIE€ 30epiraT BEJIMKUK 00csT iH(hOopMaIIii B Ay)Ke MaJIOMY ITPOCTOPI.
Taxum gmHOM, ToNIOTpadis € epeKTUBHOIO TeXHOIOTIEr 30epiranHs iHGopMarii
13 3aCTOCYBaHHAM Y Pi3HUX 00J1aCTAX, SIKa MOXKe 30epiraTH Ta nepegaBaTy OUIbIIe
iHbopMarlii mpo 00’ €KTH. B TyXe MajgoMmy mpocTtopi. Takum yuHOM, Tosorpadis
€ e(eKTUBHOIO TEXHOJIOTI€I0 30epiranHs iHpopMallii 13 3aCTOCYBaHHSIM Y PI3HUX
o0JacTax, sika MOXe 30epiraTu Ta nepeaaBatu OiIbIne iHGoOpMaIli Ipo 00’ €KTH.
3ammc iHdopmarlii Ha roorpadiyHUN TUCK — II€ TEXHOJIOT1A 30epiraHHs JaHuX,
sKa BUKOPUCTOBYE rosiorpadito sl TpUBUMIpHOTro 30epiranHs iHgopmariiii. Ha
BIIMIHY BIJ TPAAUIIIMHUX TEXHOJOTIA ONTHYHOTO 30€piraHHs, Kl 3alUCYIOTh
iH(dopMallll0 Ha TMOBEPXHIO JUCKA, ToJIOrpaiyHUN HAKOMUYyBauy 3aIlUCye
iH(dopMallito o BcboMy 00’emy Hocist 3anucy. Lle 3a0e3neuye HabaraTo OUIbIITY
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€MHICTb, HDK TpaJMLIiiHI ONTUYHI MeToau 30epiranHs. Y royiorpadiyHomMy
HAKOINMMYyBa4dl Ja3epHUNA NPOMIHb PO30MBAETHCA HA JBl YAaCTUHU: OMOPHUUI
MIPOMiHb 1 IPOMIHb JaHUX. [[poMiHb TaHUX MICTUTH 1HPOPMAILiIO, Ky NOTPIOHO
30eperty, 1 (GOKYCYeTbCsl Ha HOCIT 3alMuCy, SIKUM 3a3BUYail € CBITIIOUYTJIMBUMN
noimep. OnopHuit NPOMiHb CIPSIMOBAHUN Ha Ty caMy TOYKY HOCIS 3aIHCy, alie
i Aemio iHmuM KyToM. Ko 1Ba mpoMeHi IepeTUHAIOTLCS, BOHU CTBOPIOIOTH
iHTepEepeHLiiiHy KapTUHY, sIKa 3alUCYETHCA K TOJ0rpaMa Ha HOCIi 3arucy.

['onorpagiune cxoBUIIE MOXKE 3alpONOHYBAaTH HabaraTo BHILY MIUIBHICTb
30epiraHHs, HDK TpaJMIiiiHI ONTHUYHI MeTOAM 30epiraHHs, NPUUOMY JesKi
OPOTOTUIM MOXYTh TOXBAJUTUCS EMHICTIO [0 KUIBKOX TepabaiT. OpHak
KOMEpIliiiHe BNPOBA)KCHHS Li€i TexXHoJorii Oyno NOBUIBHUM 4Yepe3 Takl
(dakTopH, SK BHCOKa BapTICTh HOCIIB 3alUCy Ta BIICYTHICTh CYMICHOCTI 3
ICHyIOUMMH cucTeMaMH 30epiraHHs. Tum He MeHIl, rojorpadiuHe 30epiraHHs
3QJIMIIAETBCS 00JIACTIO AKTUBHUX JOCHIDKEHb 1 PO3pOOOK 1 MOXKE 3HAWTH
3aCTOCYBaHHS B TaKuMX HINIEBUX OONAcCTAX, fAK apxiBHe 30epiraHHs Ta
BUCOKOTIPOYKTUBHI OOYUCIICHHS. HOJIOT11 OYJI0 MOBUILHUM uepe3 Taki (aKkTopH,
K BHCOKa BapTICTh HOCIIB 3amHCy Ta BIJACYTHICTb CYMICHOCTI 3 ICHYIOUHUMH
cuctemamu 30epirannsa. Tum He MeHil, rogorpadiuyne 30epiraHHs 3aJIuIIaEThCs
00J1aCTIO aKTUBHUX JIOCTKEHB 1 pO3pO0OK 1 MOXKE 3HAUTU 3aCTOCYBAHHS B TAKHX
HIIIIEBUX 00JIACTAX, SIK apXiBHE 30€piraHHs Ta BUCOKOTPOIYKTHUBHI OOUUCIICHHS.

> e
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VYHiBepcanbHa roiorpadiyHa CTpyKTypa JIucka

. 3eneHuii naszep s nucaHHs/gauTaHHsg (532 HM)

. UepBoHwuii na3ep no3uilionyBanHs/aapecaiii (650 HM)

. l'omorpama (nasni) (TyT moKa3aHO KOPUIHEBUM KOJIHOPOM)

. [omixkapOonaTHu# mmap

. @oTonomiMepHuii map (map, o MiCTUTbH JIaHi)

. Qucranmiitai mapu

. Juxpotnunuii map (BinOnBae 3eeHe CBITIIO)

. AmoMiHieBU# BigOuBatounii map (BigOMBa€e 4epBOHE CBITIIO)

9. IIpo3opa ocHOBa

Jlxepena [adpopmarrii

1.Crarrs Ha caiiti IEEE Spectrum: "Holographic Versatile Disc: The Next Big
Optical Data Storage Technology?" (https://spectrum.ieee.org/holographic-
versatile-disc-the-next-big-optical-data-storage-technology)

2.Crarts Ha caiti CNET: "Holographic storage: The next big thing?"
(https://www.cnet.com/news/holographic-storage-the-next-big-thing/)
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This work is devoted to investigation of the focusing properties of gradient

Luneburg lens. The analysis of the gradient lens is performed using a three-
dimensional computer model. Incidence of the light ray bundle on the gradient
spherical lens is considered. Patterns of the ray trajectories are calculated at both
outside and inside gradient lens. Effect of the focal shift parameter on trajectories
pattern is investigated. Developed computer model can be used for investigation
of different type of gradient lenses.

[IInpoKi BAKOPUCTAHHS ONITHYHOTO J11alla30HY Y CYYaCHUX CUCTEMaX 3B'SI3KY
pajionoKaiii, MeIUIIMHY, TEXHOJIOT1 Ta 1H. Mailke BCl MpUCTpOi Il yIPaBIiHHS
Ta 0OPOOKHM ONMTUYHUX CUTHAJIIB BKJIIOYHO JIIH30BI1 eneMeHTH. OQuH 3 HalOUIbII
BiZIOMHX Pi3HOBUIB JIiH3 - 1ie rpajieHTHa Jin3a (1,2). Ix ocobnuBicTh monsrae y
TOMY, 1110 TTOKa3HUK 3aJIOMJICHHSI MaTEPialliB, 3 AKUX BOHA 3p00JIeHa, 3MIHIOETHCS
B MeXax JiH3U. TakoX MpUCTPOi MaloTh HE3BUYAMHI BIACTHBOCTI. HanOimbin
BIJIOM1 PI3HOBUIM TPaJI€EHTHUX JIIH3 — 11€ JIiH3u JItoneOypra, Makcsena ta IToHa-
Jlinmana.

VY naniit pobOTI PO3TIASAAETHCS TPUBUMIPHA KOMIT IOTEPHA MOJIENb

rpamieHTHOI JiH3u JltoHeOypra, moOyaoBaHa 3 BUKOPHUCTAHHSIM IIaKeTa
COMSOL Multiphysics. BukopucroByetrbcsi Moaynb «['€oMeTpuyHa ONTHKAY,
0 JI03BOJIs€ OyAyBaTH TIPOMEHEBI TpaekTopii JaHOoi Mojenmi Imja d4ac
IIPOXO/KEHHS CBITJIa yepe3 rpadieHTHy JiH3y. [loOynoBaHa y poOOTi MoJelb €
JIOCUTh yHIBepcaibHOIO. BoOHa J03BOJIIE BUKOPUCTOBYBATH PI3HOMaHITHI
GbyHKIIT 11 BU3SHAYEHHS MPOCTOPOBOTO PO3MOALTY MOKA3HHWKA 3aJIOMJICHHS B
rpagieHTHIA iH31 chepuynoi ¢opmu. Jlin3i JlroHeOypra BiamoBimae Takwii
MIPOCTOPOBUIA PO3IMOJIL MOKA3HUKA 3aJIOMJICHHS:

2

n=; 142 (1)

ne I — pamiagbHa KOOpAWHATA Bim TEHTPY JiH3M, a R — pamiyc miH3M.
bespo3mipuumii GpokanpHuii mapamerp f Bu3Havae miciie po3TamyBaHHs (QoKyca
npomeHiB. [lpu BukonanHi ymoBu f = 1 (okycHa Touka po3TamoBaHa Ha
MOBepxHi JIiH3U. Takuil pexuM € HalvacTille BUKOPUCTOBYBAHUM Ha MPAKTHIII.
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Ha puc. 1 npencraBieHuil Xii MPOMEHIB CBiTJa, 110 NaJar0Th HA TPAAIEHTHY
nin3y JlroneOypra.

Pucynok 1 — Cxema rpanienTHO1 J1iH3M JItoHEOypra
Ta IPOXOJIKEHHS TPOMEHIB CBITJIa Yepe3 Hef.

3 pUCYHKY BHIHO, III0 TPOMEHI CBITJIa 30MparoThes y (POKaIbHIM TOUIII, SIKa
pO3TalllOBaHA Ha MOBEPXHI JIH3H JIlaMeTPaIbHO MPOTHIICHKHO HAMPSMKY IMaJ{1IHHS
BUTIpoMiHIOBaHHs. L[ BiactuBicTh JiH3M JIFOHEOYpra BUKOPUCTOBYETHCS IS
dbopMyBaHHS aHTEHHUX MPUCTPOIB, 3MaTHUX (IKCYBaTH JOBUIBHHIM HAIPSIMOK
NPUXOAY CUTHAIY.

MogentoeTbes TaiHHS TapalieIbHUX TPOMEHIB Ha TPAJIEHTHY JIH3Y.
3acobu Bizyasizalii BimoOpaxkaloTh TpPaeKTOpii MPOMEHIB BCEepearHI Ta 30BHI
JIH3H, SIKI CTAlOTh KPUBOJIHIMHUMHU Yepe3 HEPIBHOMIPHHUHN PO3MOJIUT MTOKa3HUKA
sasiomJieHHs. Lle 3a6e3neuye sikicHe (POKyCyBaHHS CBITJIa HA MTOBEPXHI JIH3H.

3MiHa 3Ha4YeHHS (HOKAIBHOTO IMapaMerpa MPU3BOAUTH O 3CYBY TOYKHU
¢dboKkycyBaHHs y370BX OCI MaJiHHS CBITJIOBUX MPOMEHIB. TakuM YMHOM MOXHAa
dbopmyBaTH JiH3W, SKi 3a0e3meuyroTh (OKYCYBaHHS IapajelbHOTIO ITydYKa
IIPOMEHIB K 32 MEXaMH JITH3H, TaK 1 BCepeauH1 Hel.
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