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Jucepraiis Ha 3100yTTsI HAYKOBOTO CTyHEHs TOKTOpa (pigocodii B raimy3i 3HaHb 15
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VYkpainn «KuiBcpkuil momiTexHiunuii iIHCTUTYT iMeHl1 [ropst Cikopebkoro», Kuis, 2024.

Jucepraliiisi NpUCBSYEHA MIABUILEHHIO e(eKTUBHOCTI OioMenuyHoi (orometpii
CNIMCOiTaTbHUMU  pedIICKTOpaMH  MIISXOM  pO3poOKH  iHGOpMaIiitHOT  cUCTEeMU
CTAJIOHHUX BHUMIPIOBaHb Yy BIJOMTOMY Ta TPOIMYIIEHOMY CBiTJII. BcTaHOBIEHO
3aJIEKHICTh MIK 1HTErpajbHOI OCBITJICHICTIO (POTOMETPUYHHUX 300paKE€Hb MpHU
dboTtomeTpii emincoinanbHUMu pedICKTOpaMH 3pa3KiB Ta CTAHIAPTHUX 3Pa3KiB Pi3HOI
TOBIIMHA Ta  ONTHYHUMHU  KoedillieHTaMH, OTPUMAHUMH Ha  3pa3KOBOMY
CHEeKTPO(HOTOMETP1, IO JO3BOJIMIO PO3POOUTH aHANMITUYHY MOJAETH (YyHKIIOHYBaHHS
iHdopmariiiHoi  cuctemu  OlomenuuHoi  ¢doTomerpii.  BmockonameHo — meton
KaJiOpyBaHHs OloMeAMYHOrO (OTOMETPY 3 ENINCOiNaJbHUMHU, IO 32 JIONOMOTOKO
CTBOpEHOi i1H(oOpMaIiHOi 0a3W ONTHYHHUX XaAPAKTEPUCTUK CTAHAAPTHUX 3pa3KiB
J03BOJISIE BU3HAYATH ONTHYHI KOE(DIIIEHTH MOBHOTO TMPOMYCKaHHS Ta AU(PY3HOTO
BIJIOUTTS 010JIOTTYHUX TKaHUH. [IpakTU4H1 pe3ynbTaTH, sIKI OTPUMAHO B JOCIIJKEHHI,
JIO3BOJIMIIA PO3POOUTH QJITOPUTM Ta TIPOrpaMHe 3a0e3MeUeHHs ISl aHATI3y MapaMeTpiB
doTomMeTpuYHNX 300pake€Hb, MO JO3BOJSIE BHU3HAYATH KOCQIIIEHTH TIOBHOTO
MPOITYCKAaHHS Ta AU(PY3HOTO BIIOUTTS 3pa3KiB O10JOTIYHUX TKAHWH PI3HOI TOBIIWHU 3
BUKODUCTAaHHAM  1HpopMaliiHoi  cuctemu  OioMenuyHoro  ¢GoTtoMerpy 3
eININCOiNaTbHUMU pedIeKTOpaMHu.

3MicT poOOTH CKIIATAETHCS 3 TPHOX PO3JILIIB, Y SKUX BUKJIAJACHO Ta OOTPYHTOBAHO

OCHOBHI P€3YyJIbTaTH JIUCEPTALIIIHOTO JOCIIPKCHHS.



Y Berynmi OOIpYyHTOBaHO aKTyaldbHICTh TEMHU JAUCEpTallli, BH3HAYCHI OO0 €KT,
peaMeT, METOAM Ta 3aCO0U JTOCHIIKEHHSI, TIOCTAaBJIEHI MeTa Ta 3aBJaHHs JOCIIKEHHS,
chopMyIbOBaHI HAYKOBA HOBM3HA Ta MIPAKTUYHA I[IHHICTD.

VY nepumiomMy po3aiii po3rasHyTI pe3yJbTaTH JITEPaTypPHOTO OTJISIY, IO OXOTUTIOE
Takl TUTaHHS, SK aHali3 ONTHYHUX BiacTUBOcTe Olonoriunux TkaHuH (BT) Ta
cydyacHUX OlomeanyHux QoromerpiB. Po3rimsHyTo mnpouecu B3aeMoAll CBITIA 3
O10JOTIYHUMH TKaHWHAMHU Ta 3aKOHU Ta BHpa3W, MO0 iX OMUCYIOTh. 3a3HAYEHO
0COOJIMBOCTI MOIIMPEHHSI CBITIa B CEPEAOBUINAX Ta METOIH iX MOJETIOBAHHSA, 30KpeMa
meton MonTe-Kapno. BusHaueHO 3HauyIll ONTUYHI BJACTUBOCTI O10JOTIYHUX TKAHUH,
a caMe KOe(iIlleHT MOTJIMHAHHSA i,, KOSDIIEHT PO3CIIOBAHHS L, (PaKTOp aHI30TPOIIi g
Ta MOKA3HUK 3aJIOMJICHHS 7. PO3TIIIHYTO MPUHITUIH 3BOPOTHOTO MeToxy MoHnTe-Kapio
JUIS BU3HAYEHHSI ONTHYHUX BJIACTUBOCTCH 3a JOMOMOTOI0 ONTHYHHX KOCQIIEHTIB
nudy3HOTO B1IOUTTS R4, TOBHOTO 7T, T KOJIIMOBAHOTO 7, MPOMYCKAaHHS.

Posrnsnyto oaHo- Ta ABONpoMeHeBi ciekTpodoromerpu 1 poromerpu. BuzHaueHo
OPUHITUIN Ta TUTOBI CXEMHU BHUMIPIOBAHHS ONTUYHUX KOEQIIIEHTIB 33 JIOMOMOTOIO
iHTerpytouux cep ta roHioMeTpiB. Takox pO3IIIIHYTO OCOOJIMBOCTI KOHCTPYIOBAHHS
dotometpiB 3 emincoiganbanMu  peduiektopamu (EP) Ta Bu3Haueno OymoBy
pednexTtopa, Ky HaWOUIBII JOIJIIBHO BUKOPUCTOBYBAaTH TMPO  OlOMEIUYHHX
JOCIIKeHHsAX. BuszHaueHo 3acagu QopMyBaHHS (POTOMETPUYHHUX 300pa’K€Hb Ta
METOIH KamOpyBaHHS JaHUX 3 METOIO OTPUMAHHS 3HAYCHb ONTUYHUX KOC]IIiEHTIB.

Ha ocHoBI ipoBeieHOT0 0TSy ChOpMYIIHOBAHO METY Ta 3aBJIaHHS JOCIIIKESHHS.

Y napyromy po3aiii mnpoaHani3oBaHO OCOOJMBOCTI 1HBEPCHOrO MeToay MoHTe-
Kapno npu ¢oromerpii Ol0NOTIYHUX TKAHWUH ETINCOIAAIBHUMH DPEQIIEKTOpaMHU, IO
JI03BOJIMIIO COPMYITIOBATH aJITOPUTM PO3TIISIHYTOTO METOJY.

Ha miacraBi eramiB peamizaiiii iCHyrO4oro MeToAy KanmiOpyBaHHS (oTomeTpy 3
SNINMCOiaTbHUMU  pedICKTOpaMH  3alPOIIOHOBAHI CTPYKTYpHI CXEMHU MPOBEACHHS
€TAJIOHHUX BUMIPIOBaHb JJIi BU3HAYEHHS IIOBHOTO, KOJIMOBAHOTO, JU(]y3HOTO
NPOIYCKAaHHS, a TakoX audy3Horo BiaOuTTa. OmnucaHuii mporec OTPUMAHHS

dboToMeTpUYHUX 300pa)keHb IIICIA TONEpPeaHBOro KaliOpyBaHHS (QOTOMETPY 3



eNNCOINaNbHUMU  pe(dIeKTOpaMu  JO03BOJUB  BUSBUTH MUIAXH  BJOCKOHAJICHHS
ICHYI0YOT'O METOTY.

Y nyskTi «OcoOJMBOCTI Ta MNpHUKIAgHA peaizalis yJAOCKOHAJIEHOTO METOy
KanmiopyBaHHs OioMequYHOrO (OTOMETPY 3  EIINCOITATBbHUMHU  pedIIeKTOpaMu»
PO3TIISTHYTO MPUHITUIIKA CTBOPEHHS 1HGOPMAIIHHOI CUCTEMHU G10MeTUYHOTO (poTOMETpy
3 emncoiganbHuMu peduiekropamu (ICBM®EP). Posrasnyro crpykrypy ICBMO®EP,
IO CKJIAJa€eTbcsd 3 TPhOX CKIAJAOBUX: 0a3uW JaHUX 3 pe3ysbTaTaMd ETaJIOHHUX
BUMIPIOBaHb Ha 3pa3KOBOMY  CHEKTpodoTOMETpi, 3acoO0U 30HHOTO  aHaJI3y
dboTOMETpUYHUX 300paKEHb Ta MPOrpaMHE 3a0e3MeueHH] sl BUSHAYEHHS ONTUYHUX
Koe(ilieHTiB O10JOTIYHUX TKAaHMH. 3ampoIlioHOBaHAa cxema (OTOMETPY 3 OJHO-
CJIEMEHTHUMH (POTOJAETEKTOPAMH, SIKY AOLIIBHO BUKOPUCTOBYBATH IPHU BIJICYTHOCTI
HEOOX1THOCT1 OTPUMAaHHS IPOCTOPOBOTO PO3MOJILTY PO3CISTHOTO CBITIIA.

CdopmoBaHO METPOJIOTIYHI 3acajy IOIMEPETHbOr0 KajaiOpyBaHHS (OTOMETPY 3
elncoifaibHuMu  pedaexkropamu.  Takok  PO3MNAHYTO  OPUHIUOM — 0OpOOKH
boTOMETPUYHNX 300pakeHb, MO MOJATAIOTH Y PO3MOAUII 00JacTi iHTEpecy Ha Tpu
CKJIQZIOBl (/IBa KUIBLSL Ta KOJO), KOXHA 3 SKUX XapaKTepusye pi3HOHAIpaBieHe
CBITIIOPO3CISTHHS TP MPOXOKEHHI Ta BIIOUTTI Yepe3 3pa3okK (CTaHIapTHUH 3pa3ok abo
010J10T1YHY TKAHUHY).

Tperiit po3aisi npucBsiYeHHII MporpaMHO-anaparHiil peanizaiii yJI0CKOHAJIEHOro
MeTony KamOpyBaHHS (OTOMETpY 3 emrncoiganbHuMu pediaekropamu. Ha ocHOBI
aHami3y (I3UYHHUX, XIMIYHUX Ta ONTUYHUX BJIACTUBOCTEN OOIPYHTOBAHO BHOIp TBEPIUX
noyiMepHux matepianiB, Takux sk nomietuieH (C3-11E), momimep terpadroperuiieH
(C3-®), nonisinunxnopua (C3-I1BX) ta nomierunentepedranar (ckmamnoa C3-I1JI) y
SKOCT1 CTaHJIAPTHUX 3pa3KiB JJIsl KaniopyBaHHs ¢poromerpy 3 EP.

[IpoBeneHo AOCHIIKEHHS CTaHOAPTHUX 3pa3KiB 3a JIONOMOTOK0  3pa3KOBUX
dotometpiB (LAMBDA 1050 ta Shimadzu UV-3600 Plus 3 ISR-1503 Optical System).
Hageneni cxemMu Ta OCOOJIMBOCTI IMPOBEICHHS €TAJIOHHUX BUMIPIOBaHb, PE3YyJbTaTOM
AKUX € CHEKTPaJIbHI 3aJIeKHOCTI KOe(iLI€HTIB KOJIIMOBAHOTO Ta TOBHOTO MPOITYCKaHHS,

a TakoX AU(QY3HOTO BIIOUTTS JIJIsi 0OpaHUX CTaHAAPTHHUX 3Pa3KiB P13HOI TOBIIWHHU.



[IpencraBiaeHo oOrpyHTyBaHHs BUOOPY €IeMEHTHOI 0a3u AJisi CTBOPEHHS IPOTOTHUITY
dborometrpy 3 EP. Jlo ckimany ¢oromerpy BxoasaTh: ontuuHi enemeHtd (EP, mpusma,
KOHyCHa OJieHAa), ONTHKO-€JIEKTPOHHI Npuiagu (IKepeso BUIpOMiHIOBaHHA, [133-
KaMmepa), CICKTPUYHI Ta JIEKTPOHHI KOMIIOHEHTH, a TakoX neraii (TyOyc, miura Ta
mijicTaBka Ha peiirli). Ha pesynbrat poTOMETpUYHUX JOCIHKEHHSIX CYTTEBO BILIMBAE
CTaOUIBHICTh JDKEpesia BHUIIPOMIHIOBAHHS (J1a3€pHOro J101ly), TOMY Tiepes HOro
BUKOPHCTAaHHSAM HEOOX1JHO 3IMCHIOBATH KOHTPOJIb JIOBXKHHHM XBWJI Ta Iagar0doi
NOTYXHOCTI. BracTtuBocTi O10JOTIYHMX TKAaHUH OOYMOBWJIM BHOIp (POKaJIBLHOTO
napamMeTpy Ta KOE(IUIEHTYy CTHUCKaHHS EeNINCOilaJbHOrO peduekTopy, mo Oyio
niaTBepkeHo MonTe-Kapio cumyssiiero B pisHux bT.

VY nucepramiiiHoOMy  JOCHIJKEHHI pPO3pOOJEHO alropuT™M  (PYHKI[IOHYBaHHS
1H(MOpMAaIIHOT CHCTEMHU €TaTIOHHUX BUMIpIOBaHb. [1i7 yac 10oro BUKOHAHHS TTPOBEICHO
perpeciiHuii aHami3 JaHuX: Koe(iIieHTa IIOBHOIO IIPOIMYCKaHHA Ta JAUQy3HOTO
BIJIOUTTS B1Jl TOBLUIMHU 3pa3Ka, 3arajibHOi OCBITJIIEHOCTI (POTOMETPUYHOTO 300pakeHHS
BiJl Koe(ilieHTa MOBHOTO MPOMYCKaHHS, AU(GY3HOTO BIIOWUTTSA Ta TOBIIMHHU 3pa3Ka,
3MIHU KOEQILIEHTIB MOMEPEAHBOTO0 PErpeciifiHOro aHajizy BiJ MaJarodyoi MOTY>KHOCTI.
Pesynmprat perpeciiHOTO aHamizy CTald MAaTeMaTHYHHM Oa3ucoM po3poOeHHS
nporpamMHoro 3a0e3medeHHs, 3 BukopucTtanHsMm JavaScript, HTML Ta CSS.
[IpencraBnenuit iHTepdeiic mporpaMHOro 3a0e3MedYeHHs] Ta OCOOJMBOCTI BBEACHHS
BXITHUX JIAaHUX, SKAMH €. THI JIOCTIUKCHHS, CTaHJApTHIA 3pa30K, OITHICTH
dboToMeTpUYHOTO 300pakeHHS, TOBIIMHA 3pa3ka bT, magaroua MOTYXKHICTh, KIJIBKICTh
AKTUBHMX ITIKCEJIB Ta CyMapHa 1HTEHCUBHICTb.

VY nyHkTi «/locmiKeHHsS ONTHYHI BJIACTUBOCTI CBITIOPO3CIIOBAJIBLHUX E€TaJOHIBY
NpEeCTaBJICHI MPUKIaaAN (POTOMETPUYHUX 300pakeHb CTaHAAPTHUX 3Pa3KiB Ta aHAMT3 iX
OCBITJICHOCTI Yy BiTONTOMY Ta MPOITYIIICHOMY CBITJIi. AHaJi3 T03BOJUB BHOKPEMHUTH TaKi
3aKOHOMIPHOCTI: HAOJMXEHHsSI JI0 CKCIIOHEHIIaJbHOI 3aJIe)KHOCTI  OCBITJICHOCTI
CEpPEeIHbOI0 Ta 30BHIIIHBOTO KUIbLSE (POTOMETPUYHHUX 300pa)keHb BiJl TOBUIMHU Y
IPOMYIIEHOMY CBIiTJi, HAOMMKEHICTh 10 JOorapu(MivyHOi 3a1eKHOCTI — Yy BIIOUTOMY

CBITII.



Ha mpuxnani mocmimxkenHs 3pa3kiB Olomoriyamx TkanuHu Pullus Cutis (mkipu
kypku) Ta Porcus Cutis (mkipu cBuHI) OyJia MpoBeJ€HA CTATUCTUYHA OLIIHIOBaHHS
3HaY€Hb CyMapHOi IHTEHCUBHOCTI (POTOMETPUYHMX 300pakeHb. Ha mijicraBi oTpuMaHux
3HaYCHb 1HTEHCHUBHOCTI y BiIOMTOMY Ta MPOMYIICHOMY CBITJII BH3HA4YeHI ONTHUYHI
koedirieHTH audy3HOTO BIAOUTTS Ta MOBHOTO MPOIYCKaHHS 3 BUKOPHUCTAHHS PI3HUX
CTaHJAAPTHUX 3pa3KiB Ta MPHU 3MIHHIN MaJaroylid MOTYKHOCTI, BIIHOCHA NOXUOKA SIKUX
He mepeBunwia 1.5 %. bByno 3pilicHeHO TOpIBHSHHS OTPUMaHUX pE3yJIbTaTiB 3
JNOCIIKEHHSIMUA ~ 1HIIMX aBTOPIB, 1[0 MIATBEPAWIIO JOLUIBHICTE BUKOPUCTAHHS
3aIPONOHOBAHOIO METOAY KalliOpyBaHHS.

KirouoBi cjioBa: crnekTpajgbHUN — aHalli3, MEIWYHI TOKA3HUKH, JIKEPEIOo
BUIIPOMIHIOBaHHS, ONTUYHA CUCTEMA, CEHCOp, AIarHOCTHKA, MPOCTOPOBI KOOPAMUHATH,
ONTUYHI BHUMIPIOBaHHS, MOJCIb BIIOWUTTSA, ONTHUKO-CIICKTPOHHHWH JAaTYMK, KBAaHTOBA

e(heKTUBHICTbD, EINCOINaTbHUN pediekTop, Mpua 31 3apsSI0BUM 3B’ I3KOM, (hoToMeTp



ABSTRACT
Bondariev D.V. Biomedical photometer with ellipsoidal reflectors calibration

method improvement. — scientific work on manuscript rights.

Ph.D. thesis, the field of study is 15 — Automation and instrumentation, program
subject area 152 — Metrology and information-measuring technology. — the National
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute," Kyiv,
2024.

The dissertation is devoted to increasing the efficiency of biomedical photometry
with ellipsoidal reflectors by developing an information system of reference
measurements in reflected and transmitted light. The dependence between the total
illuminance of photometric images during photometry with ellipsoidal reflectors of
samples and working standards of different thicknesses and the optical coefficients
obtained on a certified spectrophotometer was established, which made it possible to
develop an analytical model functioning of biomedical photometry information system.
The biomedical photometer with ellipsoidal reflectors calibration method has been
improved by developing an information system of reference measurements. It allows for
determining the biological tissues' optical coefficients of total transmittance and diffuse
reflection. The practical results obtained in the study made it possible to develop an
algorithm and software for determining the coefficients of total transmittance and
diffuse reflection of biological tissue samples of different thicknesses using a
photometer with ellipsoidal reflectors, which made it possible to automate photometric
image parameters analysis.

The paper consists of three chapters in which the main results of the dissertation
research are presented and substantiated.

The introduction substantiates the relevance of the dissertation topic, defines the
object, subject, research, methods, and means, sets the goal and tasks of the study, and

formulates scientific novelty and practical value.



The first chapter considers the literature review results, covering issues such as
analyzing the optical properties of biological tissues (BT) and modern biomedical
photometers. The processes of interaction of light with biological tissues and the laws
and expressions describing them are considered. The light propagation features in media
and methods of their simulation, in particular the Monte Carlo method, are indicated.
Significant optical properties of biological tissues were determined: absorption
coefficient u,, scattering coefficient u,, anisotropy factor g, and refractive index n. The
principles of the inverse Monte Carlo method for determining optical properties using
the optical coefficients of diffuse reflection R, total transmission 7;, and collimated
transmission 7. are considered.

Single- and double-beam spectrophotometers and photometers are considered. The
principles and typical schemes of measuring optical coefficients using integrating
spheres and goniometers are determined. Photometers with ellipsoidal reflectors (ER)
design features are also considered, and the reflector configuration, which is most
appropriate for use in biomedical research, is determined. The photometric image
forming principles and data calibration methods to obtain the values of optical
coefficients are determined.

Based on the review, the research goal and objectives are formulated.

The second chapter analyzes the inverse Monte Carlo method features for the
photometry of biological tissues by ellipsoidal reflectors, which made it possible to
formulate the algorithm of the considered process.

Based on the stages of implementation of the existing method of calibrating a
photometer with ellipsoidal reflectors, structural schemes for carrying out reference
measurements for determining total, collimated, diffuse transmission, and diffuse
reflection coefficients are proposed. The described process of obtaining photometric
images after the photometer with ellipsoidal reflectors preliminary calibration made it
possible to identify ways of improving the existing method.

In the paragraph "Features and applied implementation of the biomedical
photometer with ellipsoidal reflectors calibration method improved," the principles of

creating an information system of a biomedical photometer with ellipsoidal reflectors
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(ISBMFER) are considered. The structure of ISBMFER, which consists of three
components, is considered: a database with the results of reference measurements on a
certified spectrophotometer, means of zone analysis of photometric images, and
software for determining the optical coefficients of biological tissues. The proposed
scheme of a photometer with single-element photodetectors is advisable when there is
no need to obtain the spatial distribution of scattered light.

The metrological principles of preliminary photometer calibration with ellipsoidal
reflectors have been formed. Also considered are the photometric image processing
principles, which divide the region of interest into three components (two rings and a
circle), each of which characterizes multidirectional light scattering when light is
transmitted and reflected through a sample (working standard or biological tissue).

The third chapter is dedicated to the hardware and software implementation of the
photometer with the ellipsoidal reflectors calibration improvement method. Based on
the analysis of physical, chemical, and optical properties, the choice of solid polymer
materials such as polyethylene (PE-PE), tetrafluoroethylene polymer (PE-F), polyvinyl
chloride (PE-PVC), and polyethylene terephthalate (a component of PE-PL) as working
standards is justified for calibrating the photometer with ER.

A study of working standards was carried out using certified photometers
(LAMBDA 1050 and Shimadzu UV-3600 Plus with ISR-1503 Optical System).
Schemes and features of reference measurements are presented, resulting in the spectral
dependences of the collimated and total transmission and diffuse reflection coefficients
for selected working standards of different thicknesses.

The rationale for choosing an elemental base for creating a photometer prototype
with ER is presented. The photometer includes optical elements (ER, prism, cone lens),
optical-electronic devices (laser diode, CCD camera), electrical and electronic
components, as well as parts (tube, plate, and stand on the rail). The stability of the
radiative source significantly affects the results of photometric studies, so it is necessary
to control the wavelength and incident power before using it. The properties of
biological tissues determined the choice of the ellipsoidal reflector's focal parameter and

ellipticity, which was confirmed by Monte Carlo simulation in different BT.



The dissertation study developed an algorithm for the functioning of the reference
measurement information system. During its implementation, a regression analysis of
the data was performed: the coefficient of total transmission and diffuse reflection from
the thickness of the sample, the total illuminance of the photometric image from the
coefficient of total transmission, diffuse reflection, and the thickness of the sample,
changes in the coefficients of the previous regression analysis from the incident power.
The regression analysis results became the mathematical basis for software development
using JavaScript, HTML, and CSS. The software interface and features for entering
input data are presented: type of study, working standard, bit rate of the photometric
image, thickness of the BT sample, incident power, number of active pixels, and total
intensity.

The item "Research of the optical properties of light-scattering standards" presents
examples of photometric images of working standards and analysis of their illuminance
in reflected and transmitted light. The analysis made it possible to single out the
following regularities: approximation to the exponential dependence of the illuminance
of the middle and external ring of photometric images on the thickness in transmitted
light, approximation of logarithmic dependence - in reflected light.

A statistical evaluation of the values of the photometric images' total intensity was
carried out on the example of the study of Pullus Cutis (chicken skin) and Porcus Cutis
(pig skin) biological tissue samples. Based on the received intensity values in reflected
and transmitted light, the optical coefficients of diffuse reflection and total transmission
were determined using different working standards and at variable incident power, the
relative error of which did not exceed 1.5%. The obtained results were compared with
the studies of other authors, which confirmed the feasibility of using the proposed
calibration method.

Keywords: spectral analysis, medical indicators, radiation source, optical system,
sensor, diagnostics, spatial coordinates, optical measurements, reflection model,
optoelectronic sensor, quantum efficiency, ellipsoidal reflector, charge-coupled device,

photometer.

10



Cnncok ony0.1ikOBaHUX NMPalb 32 TEMOK AUCepPTALil

IlepeJsik HayKOBHX cTaTeil:

1. N. Bezuglaya , A. Haponiuk , D. Bondariev, S.Poluectov, V. Chornyi and M.
Bezuglyi, "Rationale for the choice of the ellipsoidal reflector parameters for
biomedical photometers", Devices and Methods of Measurements. vol. 12, no 4, pp.
259-271,2021. DOI: 10.21122/2220-9506-2021-12-4-259-271, ISSN 2220-9506.

2. D. Bondariev, N. Bezugla, P. Komada, N.Stelmakh and M. Bezuglyi, "Optical
Properties of Light-Scattering Standards for CCD Photometry", Sensors. 23(18), 7700,
2023. DOI:10.3390/s23187700, ISSN: 1424-8220.

JlonoBiai Ta T3 HA HAYKOBUX KOH(pepeHIiAX:

3. boumapes /I. B., besyrnuii M. O. KoHCTpyroBaHHSI A€pMAaTOCKONY Ha 3acajax
dbotometpii emincoimanbHuMu pedraekropamu. JlazepHi TeXHOJOTII B KIIHIYHIN
MEJUIIMHI: Cy4JacHI TEHJICHIII pO3BUTKY B YKpaiHi : HaAyKOBO-TIpakT. KoHO., Uepkacw,
2018 p. C. 263-264.

4. bounapeB JI. B. MoaenupoBaHue CBETOPACCEMBAHUS CIOSIMH KOXKHM 4YEJIOBEKa B
YCIOBUSIX in  vitro MeTogoM MoOHTe-Kapio. HoBble HampaBieHHs pPa3BUTHS
npubopocTpoeHus: 11— MexmyHapogHas HAyYHO-TEXHHUYECKas KOH(EPECHIIHS
MOJIOJIBIX YUEHBIX U CTYJIeHTOB, MuHCK, 2018 p. C. 244.

5. boupapes /JI. B. Cucrema eTranoHHUX BUMIPIOBAHb 010MEIUYHOTO (OTOMETPY.
[Mornmsn y wmaitbytHe npunagoOyayBanas: XIII HaykoBo-mpakT. KOH(. CTYICHTIB,
acripaHTiB Ta MoJioaux BueH., Kuis, 2020 p. C. 184—186.

6. boumapeB J[.B. CrangapTu CBITIOpPO3CISSHHS JUisi OloMeauyHOi (OTOMETPIi.
EdektuBHICT, Ta aBTOMAaTH3aIli 1H)KEHEPHUX PINICHb Y MPUIan00yIyBaHHI: 301pHUK
npanb XVII Bceykp. Hayk.-mpa. KoHd. cTyneHTiB, acmipaHTiB Ta MOJIOAMX BUYCHUX.
Kuis, 2021p. C. 290-293.

7. bounapes JI.B. Metonu aHamizy po3CiOBaIbHUX CepeOBHI. AKTyallbHI 3ajadi
CyYaCHUX TeXHOJIOrii: 30ipHuK Te3 momnoBiaed Tom I X MmixkHap. HayK.-pakT. KOHQ.

MOJIOAMX YUYEHHUX Ta CTYJIEeHTIB, TepHoniuib, 2021p. C. 31-32.

11



8. bonmaper JI.B. 3abe3neuenHHss €gHOCTI BHUMIpIOBaHb y (GoTOMETpi 3
emncoiganpHuMu pedrekropamu. IlpumnanoOyayBaHHs: cTaH 1 MEPCHEKTUBHU: 301PHUK
matepianiB XXI mixkHap. HayK.-ipakT. KoH., Kuis, 2022p. C. 145-148.

9. bonmapes JI.B. Bwu3HaueHHS onTHYHUX KOEQIMIEHTIB (GOTOMETpOM 3
emncoiganpbHuM peduiekropom. Ilormsn y MaiOyTHe npuianoOyayBaHHsS: 301pHHUK
npaib X VI Bceykp. HayK.-lipa. KOH(}. CTYJIEHTIB, aCHIPAHTIB Ta MOJIOAUX BUeHUX, KuiB,
2023p. C. 83-86.

10. Bonumape JI. B. BusnauenHs audy3Hux KoedilieHTIB (OTOMETPOM 3
eNincoifantbHuMu peduiekropamu. [IpunanoOyayBaHHSA: CTaH 1 NEPCIEKTUBU: 301pHUK

matepianiB XXII mixkHap. Hayk.-nipakT. koHd., Kuis, 2023p. C. 194-197.

12



3MICT
ITEPEJIIK YMOBHUX ITO3HAUEHD......cccceiiiiiiiiiiiiiceececccceceee e 15

PO3IJT 1. TeopeTnyHi Ta MPHUKIAIHI METOAM 1 3aCO0M BHU3HAYEHHS ONTHUYHUX

BJIACTUBOCTEN O1OJIOTTUHIX TKAHIH ...ceevvvuneenneeeeeeeeteeeeaneeeeeseeeserssannnaeeesessesssssmnnaneeseees 20
1.1 AHasi3 ONTUYHUX BIACTUBOCTEH O10JOTTUHUX CEPEIOBUIIL ......vvveeevveeenereennns 20
1.2. AHani3 cydacHUX O10MEIUUHUX (DOTOMETPIB ..eeeruvrrerrerreearereeeaereeennreeennneenns 28

1.3. Koudiryparis, oco6muBOCTI (DYHKIIFOBaHHS Ta KajgiOpyBaHHS (POTOMETpIB 3

CIMNCOTAATBHUMHU PEPIICKTOPAMIE .....eevveeenerreeeneieeeaereeenseeessereeeassseeessseesssseeesssseesssssees 36
1.4. BUCHOBKH JIO TIEPIIIOTO PO3IIITY ..eeeeuerreeerreeesrreeesrreeasseeesssseessssseeessssesesssseenns 42

PO3IJT 2. OOrpyHTyBaHHSI aHAJIITHYHOI MOJEJI Ta MEPEayMOB BIIOCKOHAJICHHS

METO/Yy KajaiOpyBaHHs 010MeIUYHOTO (POTOMETPY 3 eIICoinaTbHIMU pediiekTopamu 43

2.1. OcobmuBocti 1HBepcHOro wmetoay Monrte-Kapmo mnpu  ¢doTtomerpii

010JIOTTYHUX TKAHHUH CIIICOTTATBHUMHU PEDICKTOPAMH .......veeeenrveeeereeeeereeeeereeeennnens 43
2.2. Meton kaniOpyBaHHs (OTOMETPY 3 €INIINCOiJaTbHUMU PEPICKTOPAMH ........ 46

2.3. OcobmuBOCTI Ta TPUKIAJHA peajizaimiss BIOCKOHAJICHHS  METOMIY

KaJiOpyBaHHs 610MeTUYHOTO (POTOMETPY 3 EJIINCOIJATBbHUMU pediIeKTOpaMH.......... 58

2.4 Merposioriuai  3acamd  TOMEPETHLOTO KamiOpyBaHHS (GOTOMETPY 3

CIMTNCOTTATBHUMHU PEPIICKTOPAMIY ......vvveeenerreeeereeeeireeesreeeesereeesssseeessseeessseeeessseeessssees 60
2.5 IpuHIMIU 0OPOOKH POTOMETPUIHHIX 300PAIKEHD ...c.vvveenereeereennreeenreeeeneenenes 63
2.6. BUCHOBKH IO JIPYTOTO POBIILITY ..vvveeevreeeserrressereeessereeesssseaesssssesssssesssssesesssseenns 66

PO3AIJI 3. [IIporpamHo-amapatHa peamizaimisi  BJIOCKOHAJIEHOTO  METOIY

KasiOpyBaHHS (OTOMETPY 3 SIMINCOTTATBHUMHU PEDICKTOPAMUY .....eeeevveeenereeeanereeennereenns 67

3.1 O6rpyHTyBaHHs BUOOPY CTaHAAPTHUX 3pa3KiB i KajaiOpyBaHHS (HOTOMETPY

3 eIIIMCOTTATTBHUMU PEDTICKTOPAME ....vvvvreererreeeaereeessreeesssreessssesesssseeesssseessssseessssseesnns 67

3.2 JlochimkeHHs CTaHIapTHUX 3pa3KiB Ha 3pa3KOBOMY CHEKTPOPOTOMETPi...... 71



3.3. Po3pob6nenns mpototuiry OTOMETPY 3 elincoinansHuMu pedaekropamu .. 81

3.3.1. OO6rpyHtryBaHHs BHOOpPY (OKaJBLHOTO TMapamMeTpy elincoigaabHOTO

PEDIIEKTOPA «.eeneteitieeiite et ettt ettt e et e st e ettt sttt ebteesbte e s st e e sabeesabteeabeeebeeennteesaseesaseeeane 86

3.3.2. OOrpyHtryBaHHs BuUOOpYy Koe(]illieHTa CTUCKAHHS eJIINCOiNaTbHOTO

PEDIICKTOPY ..vvveeeurreeerrieeesreeeestteeesseeesssseeessssesassseessssssesssssesasssesssssseessssseesssssesenssseenns 92

3.4 Po3pobneHHss anroput™My (YHKIIOHYBaHHS 1H(GOpPMaIIMHOI CHCTEMU

CTATTOHHUX BUMIPIOBAHD .....c.uvveeeerieeesrreesssseeessseeessseeasssesesssseesssssesesssseesssssesssssesssnssees 94
3.4 Po3po0Oka nmporpamMHOTo 3a0€31eUCHHS Ta METOAUKHA POOOTH 3 HUM ........... 103
3.5. JlocmiizkeHHS ONTUYHUX BJIACTUBOCTEN CBITIOPO3CIFOBAJIBHUX €TANOHIB.. 105

3.6. ExcnepuMeHTaJlbHE BHW3HAYECHHS ONTHYHHX KOe(PiIieHTIB O10J0TTYHHX

TIAHIH .....teeenitteeeiteeeatteeeaateeeeautteesaabeeesaseeeeeabteesabeeeeseeeeeabaeeeaabbeesaabteesnbeeesasaeesannaeesns 114
3.7. BUCHOBKH JIO TPETBOTO PO3IILITY veeeerrreenerreearreeesnreeeassseesssseeesssseeessssesesssses 124
SATAJIBHI BUCHOBKW ....cc..eiiiiiiiiiiiieeeeteeteee ettt 125
CIITMCOK BUKOPUCTAHUX JIKEPEJL.......ooiiiiiiiiiieieee e 127
JLOIMATOK A ..ot e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeeeeeeeeeaeesaaaesaaasesasaaaeanens 142
JIOIMATOK B ..o e e e e e e e e e e e e e e e e e e e e e e e e e e eeeens 149
JIOTATOK B ..oviiiiiiiiieieeeeeeee e e e e e e e e e e e e e e e eenaranes 156
D (0)i¢: s ¥ o) S TP SUUURRRRRRPP 164
JLOTTATOK [ ..uvvvveiiieeeeeeeeeeccieee et e et e e e e e e e e e e atrarereeeeeeeeeenannsnnes 166

14



MEPEJIK YMOBHUX INIO3HAYEHb

BT — GionoriyHi TKaHUHA

TIIB — Teopito nepeHocy BUMPOMIHIOBAaHHS

MK — Monte-Kapiio

PIIB — piBHSIHHS TIepEHOCY BUIIPOMIHIOBAHHS

IMK — inBepcHoro Monre-Kapio

@OFEII — hoToenekTpoHHI TOMHOXKYBaul

IC — inTerpyroua cdepa

EP — enincoinansuuii pedaektop

KIIOB — xoopauHaTHH# (MAaTPUYHKIN) MpUiiMad ONITHYHOTO BUIIPOMIHIOBAHHS

[133 — mpuna 13 3apsI0BUM 3B'SI3KOM

KMOH - koMIuieMeHTapHUuN OKCHJ] HAiBIIPOBITHUK

C3 — CranpaptHuii 3pa3ok

QF - xBaHTOBa €(PEKTUBHICTh AaTUYMKA

AITI — ananoro-nudpoBuii mepeTBOprOBaY

ROI — obnacts iHTEpECY

Bb/1- 6a3a maaux

ICBM®EP - indopmariiiina cucreMa 010MeUYHOTO (POTOMETPY 3 EITCOITATbHUMHU
pednekTopaMu

I13 — mporpamue 3a0e3neueHHs

ND-¢inbrpu — neutral density dinbrpu

PTFE — noniterpadroperusnex

C3-I1E — crangapTHHii 3pa30K 3 noxieTuieny (proporuiact-4)

C3-® — crangapTHUA 3pa30k 3 (TOPOIIACTY

C3-I1BX — cTangapTHHIA 3pa30K 3 MOMIBIHITIXJIOPUTY

C3-I1JI — cTangapTHUIA 3pa30K 3 TUTIBKY JIJIs JTaMiHyBaHHS

HAD — hole-accumulation diode
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BCTYII

AKTyaJbHicTh po06oTH. ONTHUYHI METOAM JOCTIIHKEHb JO03BOJSIOTH OILIIHUTH
MaTOJIOTIYHI CTaHU Ol0JOTIYHUX TKaHWUH. [ 1bOro MPOBOASATHCA MOCTIKEHHS 3a
JIOTIOMOTO0 pi3HUX (oToMeTpuIHNX cucteM. KokHa cructema BUMIpIOE TIEeBHUI HAOIp
ONTUYHUX MapaMETPIB B 3aJICKHOCTI BiJl METOY JTOCIIIKEHHS.

Cepiitai poTOMETpUUHI CUCTEMH HE € MACOBUM SIBUIIIEM Ta IX HE MOXKHA 3yCTPITH B
KOXHIH naboparopii. buneiricte poToMeTpiB MOKHA TOOAYUTH JTUIIIE B METPOJOTIUHUX
IHCTUTYTax 1 Taka MpoOyieMa CHOCTEPIraeThCs HE JMIe B YKpaiHi, a i 32 KOPJOHOM.
[lepmr 3a Bce, 11€ 00YMOBJIEHO BUCOKOIO BapTICTIO (POTOMETPUYHUX CHCTEM, IO TAKOXK
BILJIMBA€E HA I[IHY 3aMOBJICHHS MPOBECTU €KCIIEPUMEHTANbHE AOCIIHKeHb. DOTOMETPH €
O0araToQyHKIIOHATBHUMHU, 4Yepe3 IO MaloTh Beluki radapuTHi po3Mipu. LliHOBa
MOJIITUKA 3BOAUTH (YHKIII CUCTEMHU JI0 MPOCTOi pOOOTH B POJII KOJIOPUMETPA, TaK SIK
LEH BU JOCIIKEHD € HaliOJIBIII MAaCOBUM.

HocnimkenHss nudy3HUX MarepiaiiB, 10 SKUX 1 BIAHOCATHCS O10JIOT1YHI TKAHUHHU,
HE MOXJHMBE 0€3 J0JaTKOBHX akcecyapiB. J[o HUX BITHOCATBCS IHTETpyrodi cdepu,
TOHIOMETPU YW edincoinanbHi peduexkropu. HalOabml MUPOKOTO MOMUTY HAOYIU
iHTerpytoui cepu. YTiM, iX KOHCTPYKIliS HE Ja€ MOKIUBOCTI OJHOYACHO TPOBOJIUTH
JOCITIJIKEHHSI KOJIMOBAHOTO, JU(Y3HOrO Ta TMOBHOrO IpomyckaHHs. Cucremu 3
IHTErpyOYUMHU cpepaMu Jar0Th TUIbKH y3araJbHEHWI BHUJI MPOMAECHOrO0 4 BIAOUTOTO
CBITJIA.

Enincoiganeuuii  peduiekTop Haga€ HaM MOXIMBICTh MOOAYUTH Ta OLIHUTH
OpOCTOPOBIM  po3moxain cBiTia. He3Baxaroum Ha 11 nepeBaru (oTtomeTpu 3
SJIINCOiTaTbHUMU PEPIIEKTOPAMU HE MAIOTh €(PEKTUBHOTO METOTY KamiOpyBaHHS.

VYaockoHalieHHs ~ MeToAy — KamiOpyBaHHs — OlomeauuHoro  ¢GoToMeTrpy 3
SNIMCOITaTFHUMU PehICKTOPAMHU JT03BOJIUTH BUPIMIATH TaKi MPOOJIEMU SK: BETUKA IiHA
Ta rabapuTHICTh (POTOMETPUYHUX CHUCTEM, 3MEHIIUTh Yac Ha MPOBEIACHHS JOCIIIKEHb
Ta JO3BOJIMJIM CKOPUCTATUCA IMepeBaraMmu, siki Hajae (HOTOMETPIsl eNiNcoilaaibHUMU

peduiekTopaMu B TOpPIBHSHHI 3 IHIIMMH METOJaMH, LI0 B LUJIOMY MpHU3BEIE [0
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30UTBIIEHHST KUTBKOCTI (POTOMETPUYHHUX JOCHIIKeHb. TaKUM YHHOM, pPO3TJISHYTE
MUTAHHS € aKTyaJIbHOIO 33a4€l0, 1110 CTAHOBUTH HAYKOBHH Ta MPAKTUYHUNA 1IHTEPEC.
3B’8130K po00TH 3 HAYKOBMMU NpOrpamMamMu, njiaHamMu, TeMmamu. /[ucepraiiiina
poboTa ToB’si3aHa 3 HAYKOBO-IIOCHITHUMH POOOTaMU MPUIAA00yIiBHOTO (aKyIbTETY
HamionanpHoro TexHiuHOTO YyHiBepcuTeTy YkpaiHun «KuiBcbkuil mONITEXHIYHUN
iHeTuTyT iMeHl Irops Cikopcbkoro», a came 2315-11, 01200102145 «/IBokaHanbH1
ONTHKO-CJIEKTPOHHI CUCTEMU BUSBJICHHS Ta PO3Ii3HaBaHHA 00’ €kTiBY», 2020-2023 pp.

Mertowo poGoTm € miABUIIEHHS eQEeKTUBHOCTI OioMenuyHoi (oTomeTpii
eJINCOIJaTbHUMU  PEeQIIEKTOpaMU HUIIXOM PpO3poOJIeHHs 1H(QOpPMALIHHOI CUCTEMHU
€TaJIOHHUX BUMIPIOBaHb Y BIIOUTOMY Ta MPOMYIIEHOMY CBITJIi.

J7is JOCATHEHHSI TIOCTaBJICHOT METH BHPIIITYBAJIUCS HACTYITHI 3aBIAHHSA:

1. Ha ocHoBI anami3y 3acaa ceKTpodoToMeTpii Ta MPUHIUIIIB POOOTH (HOTOMETPIB
3 emncoifaibHUMU  pediekTopamMu  3'scyBaTH  OlOMEIMYHO 3HAYYIll OINTHYHI
KoeiieHTH 010JOTTYHUX TKAHUH.

2. CucremaTu3yBaTH THUIOBY IOCIHIIOBHICTh JOCHIIKEHb CTAaHAAPTHUX 3pa3KiB Ta
OMpallOBaTH TMapamMeTpu eQEeKTUBHOCTI y METOAl KajaiOpyBaHHA QoToMETpy 3
SINMIMCOiaTbHUMU PEPIICKTOPAMH.

3. OOrpyHTyBaTH Ta MPOBECTH EKCHEPUMEHTAIbHE IOCHIHKEHHS CTaHIapTHUX
3pa3KiB CBITJIOPO3CISTHHS.

4. Po3pobutu mpotoTumt (GoTromMeTpy 3 emincoimamrbHUMU pediekTopamMu IS
peatizaii yJOCKOHAJIEHOTO METO/TY.

5. Po3pobutu anroput™M Ta mnporpamHe 3a0e3nedyeHHs 1HGOPMAIIHHOI CUCTEMU
6ioMeMyHOTO (OTOMETPY 3 EIIINCOiTATFHUMU PEPIICKTOPAMHU.

O0'ekT nOCIIKEeHHs — MPOIECH PEECTpallii Ta aHali3y PO3CITHOIO ONTHYHOIO
BUTIPOMIHIOBaHHS 010JIOTIYHUMU Ta CTAaHAAPTHUMH 3pa3KaMH.

IIpeamet aocaigkeHnss — meroa kKamobpyBanHs Oiomenuunoro 1133 ¢goromerpy 3
eIINCOINaNbHUMU pedIeKTOpaMu.

Metoau Ta 3aco0m AOCJHiIKeHHs. Y MaHii poOOTI BUKOPUCTOBYIOTHCS METOIU
dboTo- Ta crnexkTpodoTOMETPil JUIsI BUMIPIOBAHHS ONTHYHUX KOE(IIIEHTIB ONTUYHUX

CepelloBHUIL; METOAM aHamizy 300paxkeHpb Ha [I33 cTpykTypax; MeTroau perpeciiiHoro
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aHami3y EKCIEPUMEHTATBLHUX JaHWUX; METOAM Ta 3aco0d 00'€KTHO-OPI€EHTOBAHOTO
porpaMmyBaHHS TIPU PO3POOIIl CHEIiaTi30BaHOTO MIPOTPAMHOT0 3a0e3MeUeHHS.

HaykoBa HOBU3HA OJiep)KaHUX Pe3yJbTaTiB MOJATA€ B HACTYITHOMY:

1. BpnmockonameHo Meron — KamiOpyBaHHsA — OiomeawuHoro  Qoromerpy 3
emncoiganbHUMU pedIeKTopaMu, 10 3a JOIMOMOI0OK CTBOpPEHOi 1H(opMariitHoi 6a3u
ONTHYHUX XaPAKTEPUCTHUK CTAHIAPTHUX 3pa3KiB JO3BOJIAE BU3HAYATH ONTHYHI
Koe(iIi€EHTH TOBHOTO IMPOITYCKAaHHS Ta TU(PY3HOTO BIZOUTTSA O10JIOTYHUX TKAHHH.

2. BCTaHOBIEHO 3aJIEKHICTh MIX IHTETPAIBHOIO OCBITJIEHICTIO (POTOMETPUUHUX
300pakeHb Mpu (GOTOMETPIi ETNCOIATBHUMH pedIeKTOpamMu 3pa3KiB Ta CTaHAAPTHHUX
3pa3KiB Pi3HOI TOBIIMHHU Ta ONTHYHUMHU Koe(illieHTaMU, OTPUMAHUMHU Ha 3Pa3KOBOMY
CrieKTpopoTOMETpi, 10 JO3BOJUIO PO3POOUTH aHATITHYHY MOJENb (YyHKIIIOHYBaHHS
1H(dopMaIiitHoi cucTeMu 6i0MeTMYHOT PoTOMETPIi.

IpakTnyHa uiHHicTh. [IpakTUuHi pe3ynabTaTH, sSKIi OTPUMAHO B JIOCITIHKCHHI,
TIO3BOJIUIIH:

1. Po3poOuTu anropuT™M Ta MOpOrpaMHE 3a0e3leueHHs IJis aHalizy MapaMmeTpiB
doTomMeTpuYHNX 300pakeHb, IO JO3BOJSE BU3HAYATH KOCQIIIEHTH TMOBHOTO
MPOITYCKAaHHS Ta AU(PY3HOTO BIIOUTTS 3pa3KiB O10JOTIYHUX TKAHWH PI3HOI TOBIIWHU 3
BUKODUCTAaHHAM  1HopMaliiHoi  cuctemu  OioMenuyHoro  ¢GoroMerpy 3
eININCOINanbHUMU pedIeKTOpaMu.

Ocobuctuii BHecok 3100yBaya OyB BUKOHAHWUW TIiJ] KEPIBHUIITBOM JOKTOpA
TEXHIYHUX Hayk, npodecopa beszyrmoro M.O. 1 mpeacraBieHuil y myOsikaiisx Ta
npatsix KoHpepenuiil. 3700yBayeM BUKOHAHO:

AmpoOariist  pe3ynbTaTiB poboTd. OCHOBHI pe3yibTaTH AHUCEPTAIIAHOT POOOTH
00TOBOPIOBAJIHCS HA:

- HayxoBo-nmpaktnuna koH(pepeHmii «JlazepHi TexXHONOrIi B KIIHIYHIA MEIUIINHI:
Cy4acHI TeHJIeHIIli po3BUTKY B Ykpaini» (Uepkacu, 2018).

- 11-ii MipKHapoJHIi HayKOBO-TEXHIUHIM KOH(EpeHlli MOJOJUX BYEHUX Ta
cTyneHTiB «HoBble HanpaBiieHus pa3BuTus npudbopoctpoenus» (MiHcbk, 2018).

- HaykoBa-npaktiyHa KOH(EpEHIISX CTYACHTIB, acHipaHTIB Ta MOJOJMX BYCHUX

«Ilornsin y maitbythe npuiiagodyaysanus» (Kuis, 2020; Kuis, 2023).
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- 10-it MixnapoaHiii HayKOBO-T€XHIUHIA KOH(EpEeHLii MOJIOAMX BYECHHUX Ta
CTYJCHTIB « AKTyaJIbH1 33J1aul Cy4acHUX TexHoJoriiy, (TepHnomninas, 2021).

- MixHaponHa HaykoBo-TexHIYHMX KoH(epeHuisx «IIPUJIANOBYIYBAHHA:
ctaH 1 nepcrnektuBmn» (Kuis, 2022; Kuis, 2023).

My6aikanii. OcHoBHMI 3MICT nucepTallii BUKiaaeHo B 10 HayKoBUX Ipalsix, 3 HUX
nB1 ctaTrTi, ogHa y BumanHi Web of Science, npyra — Scopus, Web of Science, Q1
BiamoBigHO 10 Kinacudikamii SCImago Journal Ta 8 maTepianiB J10MOBiIeH Ha HAYKOBUX
KOH(epeHI1IsX.

CrTpykTrypa Ta odcsar podotu. JlucepTaiiis CKIaJa€eThCs 31 BCTYIY, TPhOX PO3/LIIB,
BHUCHOBKIB, CITUCKY BHKOPHCTAHUX JKEpEN 1 5 moaaTkiB. 3araJibHUN 0OCAT aucepTariii
cTaHOBUTH 170 CTOPIHOK, y TOMY YHCI1 OCHOBHOIO TEKCTY auceptauii 114 cropiHok, 83
pucyHku, 20 TaOiauib, COMCOK BUKOpHUCTaHUX Jxepen 3 121 HaliMeHnyBaHb Ha 15

CTOpIHKAX, JOJATKIB Ha 29 CTOpiHKAX.
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PO31JI 1. TeopeTn4Hi Ta NPUKJIAJAHI METOAH i 32CO00M BU3HAYECHHS ONTHYHUX
BJIACTUBOCTEH 0i0JI0TIYHUX TKAHUH

VY mepmiomMy po3nisii po3MIISIHYTI pe3yJbTaTH JIITEPAaTypHOTO OIJISIAY, IO OXOILIIOE
TaKi MMTaHHS, K aHaJII3 ONTUYHUX BJIACTHBOCTEH O10JIOTTYHUX CEPEIOBHII Ta CydacHUX
O6lomeanyHUX (HOTOMETPIB, a TAKOXK OCOOJMBOCTI (DYHKIIIOHYBAaHHS Ta KajaiOpyBaHHS

(OTOMETPIB 3 EIIICOITHUMU PEPIEKTOPAMHU.

1.1 AHaJ1i3 ONTUYHUX BJIACTUBOCTEN 0i0JIOTiYHMX cepeoBHIIL

[TommpeHHsT ONTHYHOTO BUIIPOMIHIOBAHHS MOYKHA PO3TISIAATH 3 ABOX TOYOK 30py
KJlacu4yHoi Ta kBaHTOBOI [1, 2]. Kiacuuna Teopist po3risiiae CBITIO y BUIJISAL XBUII.
KBaHTOBa (KOpPIYyCKYJISIpHA) TEOPis OIMUCYE CBITJIO AK TMOTIK 3apsKEHUX YaCTHUHOK
(¢otoniB). 3 po3BUTKOM KBAaHTOBOI MexaHIKH 3arBepauiacs imes Jlyi ne Bpoiuts mpo
KOPIYCKYJIAPHO-XBWJILOBUW yalli3M, 3a SKOK CBITJIO Ma€, BOJHOYAC, XBUJIbOBI
BJIACTUBOCTI, YMM MOSICHIOETHCA MOro 3JaTHICTh 10 AWQpakuli Ta iHTepdepeHiii, Ta
KOPIYCKYJISPHI BIIACTUBOCTI, YUM TOSICHIOETHCS MOTO TOTJIMHAHHS Ta BUTIPOMIHIOBaHHS
KBaHTaMH.

OcCoONMBICTIO ~ KOXHOTO  pEajbHOro0  CEpe/oBUIA €  HEOJAHOPIIHICTh.
CrocTepiratoTbCsi JIBa TUIHA HEOJHOPIAHOCTEH: PETyJSIpHI Ta BUNAAKOBI. biojoriyni
TkanuHu (BT) BBakaroTh OaraTomIapoBUMU HEOJHOPITHUMH crioiayku [3]. Omwmc
MOIAPEHHS B HUX ONTHYHOTO BUIIPOMIHIOBAHHS € CKJIAJHUM MPOIECOM, Y TEpIIy
Yepry 1€ MOB’A3aHO 3 SBUIIIAMU TOTJIMHAHHS Ta PO3CISTHHS CBITIIA.

Jlis omucye TOIIMPEHHS CBiTMA, 30KpeMa HE MOMAYJIhOBAHOTO, y CEPEIOBHUIIAX
JIOIJIBHO BUKOPUCTOBYBAaTH Teopito mepeHocy BumpominioBanHs (TIIB) [4]. Bona
ITHOpY€ SIBUILIAMU, TaKi K MOJSpHU3allis Ta IHTEpPEPEHIIis 1 ONUCY€E JIMIIE MOIIUPEHHS
eneprii B bBT. Maremarnuno TIIB ommcye piBHSHHS TMEPEHOCY BUIPOMIHIOBAHHS.
Opnum 3 BapiaHTiB € nudepeHiiiiHe piBHAHHS, 3ampornoHoBaHe lmmmapy [5] mis
HEOJHOPIIHUX  CEPEOBUIN, IO BpPaxoBy€ ONTHYHI BIACTUBOCTI [6], sKi
XapaKTepHU3yIOTh OCHOBHI ONTHYHI mporecu: 1) BIiZOUTTS Ta 3aJOMJICHHS, 2)
norjiuHaHHs, 3) poscisuug (puc. 1.1.).

Bxinnum nanumu juist BupitieHsst piBHssHHSA TIIB € nactynni napamerpu [4]:
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- MOKA3HUK 3aJIOMJICHHS, 1(4);

- IONIEPEYHUI NePETUH NOTJIMHAHHS, 0, ;

- IOTICPEYHHIA TIEPETUH PO3CISIHHS, Oy,

- mudepeHIIHHNNA TTIePETUH PO3CISTHHS.

[Toniepeunuii mepeTwH TOTJIMHAHHSA 0, OIKCYE 3aJCKHICTh MK KUIBKICTIO
NOTJIMHYTOI MOTY>KHOCTI Ta IHTEHCHBHICTIO CBITJIOBOrO MyYKa, IO Haja€e Ha OO €KT.
Yacrime npu gociimkenHi BT BHKOPUCTOBYIOTh KO(IllieHT MOTTHHAHHS iy, MM [4],
KU BU3HAUYae WMOBIPHICTh TOTJIMHAHHA (oroHy B cepeauni BT Ha opuHMIIO

JTOB)KWHH.

[Tagaroue
CBITIIO

Binourrs

Po3cistaus § /

Ilornuuanus

/ [Iponymene
‘ CBITIIO

Puc. 1.1. IIpouecu B3aemonii cBitna 3 bT

AHQJIOTIYHO /10 TOIVIMHAHHSA, 3JaTHICTh O00’€KTY PO3CIIOBATH CBITJIO KUIBKICHO
OMHUCY€E TOMEPEUHUN TMEPEeTUH PO3CIAHHSA 0. BiH BCTaHOBIIOE 3aJEXKHICTh MIXK
KUTBKICTIO PO3CISIHOI €Heprii Ta IHTEHCHBHICTIO Majarodoro mpomeHro. [lpu mpomy,
WMOBIPHICTh PO3CISiHHSA (DOTOHY Ha OJMHMIO JOBXKHUHM LUISIXY BU3HA4Ya€ KOe)iIieHT
PO3CIsSHHS 15, MM [4].

JudepeHIiiHni IepeTUuH PO3CISTHHS J03BOJIIE OTPUMATH 1H(POPMAIIIIO MPO Te, SIK
CBITJIO PO3CIFOETHCS MiJ PI3HUMU KyTaMH Ta HampsiMaMd. TakoK OL[IHUTH HAIpsIMOK
PO3CISIHHS MO’KHa 3a JOMOMOTOI0 (pakTopy aHi3oTpomii g (cepelHiii KOCHHYC KyTa
poscisnns) [4, 7]. 3naueHHs g 3miHeThea Big —1 mo +1; g=—1 o3Havae moBHe
po3cisiHHsL Hazan, g =0 o3Hayae 130TPONMHE pO3CIsiHHS, a g =+ 1 o3Hayae MOBHE

PO3CISIHHSI BIIEPE]I.
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VY ontuunux gociimkeHHs BT Takoxx Mo)Ha 3yCTpiTH TPaHCHOPTHHUM KOEQIII€HT

poscigHHA  u'=(1— g)yS(MM’l) [4], Ta koedimieHT ekcTHHKIHT u, MM [8], IO

BU3HAYAETHCS SIK CyMa KOE(]IIi€HTIB TOTJIIMHAHHS Ta BIIOUTTA 1 XapaKTepusye
oclla0JIeHHs IOTOKY B CEPEIOBHILI TKAaHUHHU.

[Ipu notparuisiHHi cBiTia Ha noBepXHIO bT, CBITIOBI MPOMEHI pa3oM 13 BIIOUTTIM
3a3HaloTh 3ajomiieHHsa. Tak sk BT wae ckimamgHy CTpykTypy, TO IIi SIBUINA
MOBTOPIOIOTBCA 1 B cepeauHl Hei. BigHomeHHs MK mpolecamMu BiAOUTTS Ta
3aJIOMJICHHSI MOKHA onucaTu 3akoHOM Dpenens. [Ipu 11boMy MOKa3HUK 3aJIOMJICHHS 1
BT, mocuTh CHJIBHO 3aJIEKUTH B JOBXXKHHH XBHIl. Y OIlOJOTIYHHUX TKAaHMHAX BIH €
OJIHUM 3 KIJIFOUOBUX MapaMeTpiB JJI XapaKTEPUCTUKU B3a€MOIII CBITIA 3 TKAHUHOIO [9].
[Hdopmartis mpo MOKa3HUK 3aTOMIICHHS TKAHWHM, K 1 PO 1HINI ONTHYHI BIIACTUBOCTI,
BIJIiTpae BaXXJIUMBY poOJb y OloMenuuHux 3acrtocyBaHHsaX [10-—12]. B omnruuniit
JIarHOCTHUIIl 3J0SIKICHI TKAaHUHU MOXHA BIAPI3HUTH Bl HOPMAJIbHUX MUISXOM
BUMIPIOBAHHS Ta MOPIBHAHHS iX mokas3Huka 3amomuieHHs [13]. TIpo te, mis Garathox
TUIIB TKAaHWH T[IOKa3HWK 3aJJOMJICHHS BaXKO BHMIPSITH BHACIIOK 3HAYHOTO
NOTJIMHAHHS 1 PO3CISTHHSL.

OcnabneHHs CBITIa, 110 MOB’A3aHE 3 BIACTHBOCTSIMHU CEPEOBUIIA, YEpe3 sIKe BOHO
MIPOXOJUTH OMHUCYETHCS 3akoHOM byrepa-Jlambepra-bepa, Mmoaudikariii sskoro mokasaso
Ha puc. 1.2. Ile#t 3aKOH MIUPOKO 3aCTOCOBYETHCS 1 B OIOMEIUYHINA ONTHIl, HATPUKIIA],
JUISl pO3paxyHKy HaCHMYEHHSI KUICHEM TKaHWH JIIOJUHU [14], 111 BUSHAYEHHS MOJIIPHOTO
NOTJIMHAHHS OUTipyOiHy B 3pa3kax IJia3Mu KpoBi [15] Ta KOHIEHTpallli KOMIOHEHTIB
remorso0iny [16] a0 TOBXHWHUA ONTUYHOTO NMULIXY Yepe3 TKaHuny [17].

Jlist po3B's3aHHS PIBHSAHHS TEPEHOCY BUIPOMIHIOBAHHS B pI3HUX 3ajJadax Ta
yMOBaxX BHUKOPHCTOBYIOTh aHamiTH4Hi, abo uucenbHi metonu [18]. Jlo HaiOumbmn
MOIIMPEHUX aHATITUYHUX METOJIB BLIHOCITH MeToa audy3Horo HaOmmkeHHS [19] Ta
notokoBy Teopito Kybenku-Mynka [20]. TunoBuMH NpUKIalaMUd YACETBHUX METO/IBI €
METOJ] «JI0JaBaHHI-TIOABOEHH» [21] Ta METOJl CKIHYEHHUX €JIeMEHTIB [22]. «3010TUM
CTaHAAPTOM» TMPHU JIOCHI[PKEHHS TOIIUPEHHS ONTUYHOTO BUIPOMIHIOBAHHS Yy
pO3CitOBAIbHUX cepeoBHIax € 30kpema Metoq Mounte-Kapio (MK) [18, 23]. V meToai

BUKOPUCTOBYETHCSI BUITAJIKOBI BUOIPKMA 11 MOJCIIOBAHHS TIOIIUPEHHS (HOTOHIB
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(makeTiB OTOHIB) y 610JOTIYHOMY CEPEIOBUIII, 110 JO3BOJISAE 3MIHCHIOBATH CUMYJISIIIIO
CKJIaJIHUX TMPOIECIB 31 cienuiyHuMHU (Pi3MUHUMU BIACTUBOCTSAMU. biosoriyna TkaHuHA
MOJICITIOETBCST  SIK  OJHOpiAHA TUTACTHHA, IO PO3CIIE, Ta XapPaKTEPHU3IYETHCS
Koe(DiIiEHTOM MOTJIMHAHHS U, KOS(IIIEHTOM PO3CIIOBAHHS L, (DAKTOPOM aHI30TpOMiil g

Ta MOKa3HUKOM 3aJIOMJICHHS 7 [24].

1729 1760 1852 1961 1967 1988 2014
Bouguer Lambert Beer Twersky  Anderson Delpy Huong
et al. et al. et al.
|
1/1, o et Aoxc OD =me+B
A = log ("Tﬂ) o d Modified Beer-Lambert Law

I
' 0D=—Ing(j—)=DPF-gad+G
0 |

TR Extended Modified Lambert Beer Law

I
A =log (T“) = gdc OD(A) = Gy + pady + G4 + AeHas

0D = log (IT”) = ecd — |og(1o—5”ﬁl—”3ﬁ + %(1 - 10-”“-””])

Puc. 1.2. XpoHonorisi BAHUKHEHHS Ta Moaudikanis 3akony bepa-Jlambepra-byrepa [17]:

1) — THTEHCUBHICTb 1a/1alI0Y0T0 IPOMEHS; [ — IHTEHCUBHICTb IPOMEHS MICIIsI IPOXOKEHHS Yepe3
TOBIIUHY d; [t, — KOEDIIIEHT MOTJIMHAHHS; A — aOCOPOIIis; ¢ — KOHIIEHTpAIIl peYOBHUHU (CEPETHS
KOHIIEHTpALlid MOTJIMHAIOYUX MOJIEKY); € — Koe(ilieHT ekcTUHKIT; OD — ONTHYHA TYCTHHA;

s — (paxTOp, 110 3aJICKUTh Bl JOBKUHH XBHJII, pO3MIpy YaCTUHOK 1 OpieHTalii; // — TeMaTOKpHT;

g — daxTop, MO0 3aJeKUTh BiJ] €PEKTUBHOCTI BUSBJICHHS CBiTHa; DPF — nudepeHmiiiamii koeimieHT

JOBXUHU NUIAXY; A — JOBKHHA XBUJI1

MojemtoBaHHs OMUPEHHS (OTOHIB B TKAHUHU MeTO10M MoHTe-Kapio nossrae B
HacTynHoMy. Ilicis 3amycky (OTOH mepemiulyeTbcs Ha BiACTaHb As, J1€ BIH MOXeE
3a3HATH PO3CISIHHA, TIOTJIMHAHHS, TOIIUPEHHs 03 B3aeMojii, BHYTPIIIHBOTO
BijOuBaTHCs a00 BUXOYy 3 TKaHUHU. DOTOH MOCTIHHO MEPEMIIYETHCS, IOKH BiH a00 He
BUIiJIc 3 TKAaHWHU, a00 HE TMOTJIMHAETHCS HEr. SIKMo (OTOH BUXOIUTH 13 TKAHWHH,

peecTpyeThesi BiIOUTTS abo mpomyckaHHS (OTOHA, MPHU MOTIWHAHHI — PEECTPYETHCS
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MiCIl€ TIOTJIMHAHHS, 1€l MPOIEC MOBTOPIOETHCS, IOKK HE OyJie «3amylieHo» noTpiOHa
KUIBKICTh (POTOHIB. 3amucadi 3HA4Y€HHsS BIAOWTTS, MNPONYCKAHHS Ta TMOTVIMHAHHS
HaOIMKaTUMYThCS 710 CIPaBXKHIX 3HAYCHb ()11 TKAHWUHU 13 3a3HAYEHUMH ONTHYHUMHU
BJIACTUBOCTSIMHU), KOJH KUIBKICTh (DOTOHIB, IO CHUMYJIOETHCS, HAONMKAETHCS JI0
HECKIHUYEHHOCTI.

®dikcoBaHMI po3Mip BIACTaHI As NOBUMHEH OyTH HabAaraTo MEHUIMM BiJHOCHO
CEpEeIHbOI TOBKUHU BITLHOTO Tepediry ¢hoTona B TKaHuHI. CepeqHs JOBKUHA BITLHOTO
nepeoiry € 3BOPOTHOKO BEJTUYUHOIO JI0 3arajibHOro KoedilieHTa 3aTyXaHHs (€KCTUHKIIIT)

[25].

As <«

(1.1)

M Ma + lus

Kyr 6 na saxuii magarounii (OTOH BIAXWIHMBCS B pPE3yJbTaTi PO3CIAHHSA YU
3aJIOMJICHHSI TI0 BITHOIIICHHIO JI0 TIOYATKOBOT'O HAMPABIICHHS BU3HAYAETHCA 3 (DYHKITiH

posnoainy [25].

_L 2 1_g2
cos(®) = 22 {1+g (—1—g+3g§ﬂ , (1.2)

ne ¢ - BUNIQJIKOBE PIBHOMIPHO po3mojaiieHe unciio B faiama3oni (0; 1).

KinnesuM pe3yapTaToM pPO3TISHYTOI TPOILEAYPH MATEeMaTHYHOTO MOJICTIOBAHHS
metonoM MK € Bu3HaueHHS ONTHUYHHX KOE(DIIiEHTIB, MOBHOTO MPOIyCKaHHS 7, Ta
nudy3HOTO BIIOUTTS R,

3BOpPOTHUM JI0 omnucaHoro € metoj iHBepcHoro Monte-Kapno (IMK) [26, 27], ne
BXIJTHUMU JTAaHUMU € He ONTHYHI KoedimieHTn (R,, T,) Ha TACTaBl SKUX 00UUCITIOIOTHCS
ONTUYHI BIACTUBOCTI (U5, u, Ta g) BT. Cytnicts Merony IMK mnomnsrae B mepeipiii
riNoTe3u MpO CHIBMIPHICTh ONTUYHHUX BiacTUBOCTEH nociimxyBaHoi BT BinmoBigHuM

3HAYCHHSM, 5K OyJM OTpMMaHI IUITXOM BUpimieHHs npsamoi 3aaa4di TTIB merogom MK.
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ITepamiitna mpoueaypa MOBTOPIOETHCS O TOrO MOMEHTY, KOJM 3HAYEHHS ONTHYHUX
BJIACTUBOCTEH, BHUKOpHUCTaHMX JJsi po3B’sizanHga PIIB, no3Bosnste oTpumatu
KOoe(DILIEHTH MMOBHOIO MPOIYCKAaHHS Ta AU(PY3HOTO BIAOUTTS Yy pE3yJbTaTi CUMYJISIIT
MaKCHUMAaJIbHO OJIM3BKI 10 €KCIIEPUMEHTATbHUX.

Bxigaumu gaHuMM 71 BU3HAYEHHS ONTUYHUX BiactuBoctedl BT u,, u, Ta g €
EKCIIEPUMEHTaIbHI 3HAYEHHA KOE(QIUIEHTIB JAU(PY3HOro BIAOUTTS, IMOBHOIO Ta
KOJTIMOBAaHOTO mpomnyckaHHs. [lpu BuMiproBaHHI KoedillieHTa KOJIIMOBAHOTO
NPOIMYCKAHHS 3BEPTAlOTh HA YyBary TUIBKM Ha (OTOHHU, SIKI HE pPO3CIIUCH, abo
pPO3CISUIMCh OJUH / IBa pa3u Ta CYTTEBO HE BIAXUIWIIUCH BIiJl MOYATKOBOI TPAEKTOPIL
[28].

3BopoTHa 3anaya TIIB 3BoauThCs 10 3aBAaHHS JBOBUMIPHOI (DYHKIIT onTUMI3allil
Ta MoTpedye MONTYyKY ONTHUMAIBHUX 3HAYCHBb allb0e10 4 (BU3HAYAETHCS SK BiTHOIICHHS
Koe(iIieHT PO3CiIsTHHA 10 KOe(DIIiEHTY €KCTHHKINT) Ta (aKTopy aHI30TPOIlii pO3CITHHS
g. Irepauiiinuii mpoiiec Bu3Ha4YeHHS onTU4YHUX BiactuBocted BT merogom IMK
HOJISITA€ B HACTYTTHOMY:

1) 3HaueHHs Koe(DilieHTIB AUQPY3HOrO BIAOUTTS, MOBHOTO Ta KOJIMOBAHOIO
MPOITYCKAHHS OTPUMYIOTh €KCTIEPUMEHTAILHUM MUTSIXOM;

2) 00paxoBYIOTh 3HAYEHHS KOe(DilieHTa eKCTUHKIIIT;

3) BU3HA4AIOTh anb0e10 Ta PaKkTOp aHI30TPOIMIT PO3CISTHHS;

4) 00paxoByIOTh TEOPETHYHI 3HAYCHHS KOe(DI€HTIB AU(PY3HOTO BiIOUTTS, TOBHOTO
Ta KOJIMOBAHOTO MPOITYCKaHHS;

5) 006paxoByOTH 1ITLOBY (yHKIIIIO [28]:

T

4

T

t(exp)

T

t(exp)
9

_ ‘Rdj _Rd(exm
/i= R

(1.3)

+
d (exp)

1€ Tiexp), Raexpy — KOEDINIEHT IOBHOIO IPOIYCKaHHA Ta AU(QY3HOTO BIIOUTTA

BU3HAUYEHI EKCIEPUMEHTAIBbHO, 1, Ry; — KoebIMIEHT NOBHOTO MPOIYCKAHHA Ta
> ij dj

nudy3HOTO BIIOUTTSI OTPUMaHi B X011 MOJICIIFOBAHHS Ha j-iTepartii;
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6) oOpaxoByeTbCs 3HA4YCHHS KOE(PIIIEHTIB TOTJIMHAHHSA Ta PpO3CIAHHSA MpH
MiHIMaJIbHOMY 3HAY€HHI IIJIOBOT (DYHKITIT.

Taxki BIaCTUBOCTI K KO€(IIEHTH MOTJIMHAHHS, PO3CIsIHHA Ta (aKTOp aHI30TPOMIi B
MPAKTUYHUX JOCTIPKEHHSIX MOXYTh OYyTH BUKOPHCTaHI JUIsl BUSBIICHHSI TATOJIOTIA B
OloJloriyHMX TKaHMHAaX. [0 TakMX MAaTOJOTiM 30KpeMa BiTHOCATHCS PAKOBI KIITHHU
pizaux oprauiB [29 —31]. Ha puc. 1.3., puc. 1.4. ta puc. 1.5. nokazano pe3yJbTatu

CHEeKTPOGOTOMETPUIHOTO JTOCIIIPKEHHS PI3HUX TKAHHUH JIFOJICBKOTO OpPraHi3My.
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a) 0)

Puc. 1.3. CnextpasibHa XapakTepuCTHKa Koe(illieHTa PO3CiSIHHS Ta eKCTHHKIIIT 3I0pOBHX () Ta

-1
e pg (€M)

-1
He pg (€M)

naToJoriyHuX (0) TKaHUH MeviHkH [29]

VY po6oTi [32] po3risialoTh ONTUYHI BIACTUBOCTI IKIPU JIIOAUHU PI3HUX pac, Taki
SIK KOe(illI€EHT MOTJIMHAHHS, PO3CitoBaHHs Ta siBuIle duyopecuenilis. Kpim toro, 0ymno
OOIPYHTOBAHO BILJIUB IIUX BJIACTUBOCTEH HAa MPOHUKHEHHS JIA3€PHOTO BUMPOMIHIOBAHHS
B LIKIPY.

Hocaimkxenns [33] nemMoHCTpye 3HA4YHYy 3MiHY KOE(IIIEHTIB pO3CISHHSA Ta
NOTJIMHAHHSA B pe3yjbTaTl BapilOBaHHS TMAJal04yoi MOTYXKHOCTI MpHU JIA3epHOMY
30HJyBaHHI O10JIOTIYHUX 3pa3KiB (LIKIpa Ta Yepen UIypiB) MPH MOCTIAHIA JOBXKHUHI
xBuii 808 HM.

Y pob6oti [34] TKaHMHM IMIKIPU Kyps4oi TPYAKH ONPOMIHIOBAIM KOJIIMOBaHUM
BurnpomiHioBaHHsAM 400-700 aum Nd-Y AG nazepa Ha OapBHHUKY Ta BUMIPIOBAJIA ONTUYHI
BJIACTUBOCTI JUIsl CYXOTr'0 Ta T1JIpaTOBAHOTO 3pa3ka B yMOBax in vitro. BctaHoBieHO, 110

dbakTop aHI130TPOIIT PO3CISIHHS g OUTBIINNA JIJIS T1ApaTOBAaHUX TKAHUH IIKIPH.
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Puc. 1.4. CnexrpanpHa XapakTepucTruka KoedilieHTa MoTJInHaHHA (), po3cisHHs (0) Ta dhakTopy

aH130Tporrii (B) 3A0POBOI Ta MATOJOTIYHOI TKAHWHU CIM3UCTOT 000TOHKHU TpsiMoi KUK [30]

3a JMOMOMOTOI TEOPETHYHHUX Ta EKCIMEPUMEHTAIBHUX METOMAIB, PO3IIISTHYTHX Y
pob6oti [35], oTpumaHO CHEKTpajlbHI KOe(IIlieHTH ochaabieHHs, TMOIIMHAHHA Ta
PO3CISIHHSI TKaHWH CepIs, MO3KY, CEJIE31HKH, CITKIBKA Ta HHUPOK IIypiB. CBITIO mpu
NOIIUPEHHI B IIMX TKAaHMHAX 3a3HA€ CUJIBHOTO PO3CISHHS, M0 MPHU3BOJIUTH JI0
0araTopa3oBOro MOTJIMHAHHS, TOMY JUIsl OTPUMaHHS HIDKYMX 3HAYCHBb OCTIAOJICHHS TPU
X JOCTIPKCHHSIX B yMOBAaX ex Vivo BUKOPHUCTOBYBAIM JOBXKWHM XBWIb Bif 1450 mo

1950 am.
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Puc. 1.5. CriekTpasibHa XapakTepucTHKa KoedilieHTa po3cisHHsA (a), TPaHCIIOPTHOTO KoedirieHTa
po3cisHHs (0), koedirieHTa morauHaHHSA (B) Ta hakTopy aHiz30Tporii (T) 310pOBUX Ta PAaKOBUX TKAHUH

nepeaMixypoBoi 3amo3u [31]

[lincymMoByr0UM BHILE 3a3HAYEHE CIIIJI BUOKPEMUTH, IO BU3HAYEHHS ONTHYHHUX
BJIACTUBOCTEH BiOYBa€ThCA 3a JOMOMOTOI0 BHMIPIOBAHHS ONTHYHHUX KoedimieHTu (7;
Ta R;). Jnga BUMIpIOBaHHA LMX KOE(ILIEHTIB BUKOPUCTOBYIOTH PI3HI MPWIAIUA Ta

cucteMu (POTOMETPUYHOTO THITY.

1.2. Anaui3 cyyacHux Oiomenn4yHux poToMeTpiB
Hanpsimy BuMiproBaTé ONTHYHI KOe(illiEHTH MOBHOTO MPOMYCKAaHHA Ta TU(y3HOTO
BIIOUTTS HE MOXJIMBO, iX MOXHA BH3HAYaTH 3a BUMIPSHUMH €HEPreTUIYHUMU

(CBITJIOBUMM) BEJIMYMHAMH, L0 XapaKTepU3ylOTh IMajar0dye BUIIPOMIHIOBAHHS Ta
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BUIIPOMIHIOBaHHS y pe3yibTaTl B3aeMOIi, 3a fonomMororo goromerpis [36]. o cknany
TUTIOBOTO  (poTOMETpPY  BXOAUTh cucremMa (GOPMYBaHHS  MOHOXPOMATHYHOTO
KOJIMOBAaHOTO BUIIPOMIHIOBAHHS, TpUMad 3pa3ka, (HOTOETEKTPUYHUN JETEKTOP.
Enextpuunuii BiAryK (pOTOAETEKTOpa BU3HAYAETHCA KUIBKICTIO CBITJA, M0 MOTPAILISE
Ha 3pa3ok. YacTo B G10MeIMUHUX AOCIIHKEHHSIX BUKOPUCTOBYIOThH CIIEKTPO(OTOMETPH,
OCHOBHUM CKJIaJIOBUM KOMIIOHEHTOM SKHUX € MOHOXPOMATODP.

3aBASKA MOXJIMBOCTI BUMIPIOBATH 1HTEHCHBHICTH CBITJIA CIEKTpodoTOMETpU Ta
dboTOMETPU BUKOPUCTOBYIOTH /I BU3HAUYCHHS Koe(ilieHTa NMponycKaHHs 7, BIIOUTTS
R ta abcopouii 4. s Oyap-SKUX pedOBHUH L1 KOE(ILIEHTH B3a€MOIOB’sI3aHl1, a iX cyMa
MOBUHHA JOpiBHIOBaTH ojuHuUIl. KoedimieHT moBHOTrOo mpomyckaHHs 1; (nudy3Horo
BIIOUTTS R;) BU3HAYAIOTHCS SK BIAHOIICHHS BEJIMYMHU IHTEHCUBHOCTI /,, IO MpoOIILIIa
Kpi3b 3pa3ok ([, mo BimOuiach Bif 3pa3ka), JO IHTEHCUBHOCTI TMOTOKY [, mepen

B3a€MO/IIEIO0 31 3pa3KOM, Ta BU3HA4AIOThCA y BiacoTkax (%) [37]:

=1 100%, (1.4)

0

R, =1.100%. (1.5)

0

dotomeTrpu (ceKTpoHOTOMETPHU) MOXKYTh OyTH OJHO- Ta JABOXIpoMeHeBUMU [37].
[IpuHuumoBa cxeMa OJHONPOMEHEBOro CHeKTpodoTOMETpa IMokazaHa Ha puc. 1.6.a.
CBiTIIO BiA pKepena CHOPSMOBYIOTH Ha KOJIMATop, a MOTIM TPOMyCKalOTh dYepe3
MOHOXpOMATop, KUl nudparye cBitio. By3pky cMyry mporo audparoBaHoro CrekTpy
IPOIYCKAIOTh Yepe3 MEXaHIUYHY UIUIMHY Ha BUXIJHIA CTOPOHI MOHOXpomaTopa. IToTim
IHTEHCUBHICTh CBITJIa, IO MPOWIUIO Yepe3 3pa3oK, BUMIPIOIOTH JCTEKTOpAMH Ta
BHU3HAYAIOTh IIYKaHUN KoePiieHT. Sk mpaBuio, B IKOCTI JKEpelia CBiT/Ia BUIUMOTO Ta
ONMMKHBOTO 1H(PpauepBOHOTO Jllaria30Hy BUKOPUCTOBYIOTh FAJIOT€HHY JIAMITy, a Y SIKOCTI
JoKepena yibTpadioeTOBOro BUMPOMIHIOBAHHSA — JeTepieBy namiry. st peectpartii B
YO Ta BUAuMoOMy Jiana3oHi BUKOPUCTOBYIOTh (oToenekTpoHH1 nomMHoxyBaul (DEII),

a y IY-miamazoni — PbS-merektopu. J[lns kpamoi poOOTH OJHOIPOMEHEBOTO
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cneKTpoOTOMETpa HKEPETIO CBITIIA, TETEKTOP 1 €IEKTPOHIKA MIOBUHHI OyTH JOCTATHHO

crabinpHuMH. [lepeBaroro ogHOmpoMeHeBOi KoHpiryparii cnekTpodoToMeTpy € Mala

KUIBKICTh PYXOMHX YaCTHH, L0 POOUTH MpWIAJ] MNPOCTIIMM 1 30UIbLIyE TEPMiH

eKcIuTyaTarii geraneit [38].

VY nBompoMeHeBOMy CHEeKTpOodOTOMETpPl MepIInii MpoMiHb (00’ €KTHHIT) MPOXOAUTH

yepe3 3pa3oK, a Apyruid (OmOpHHUI) — Yepe3 eTalloH, K MOoKa3zaHo Ha puc. 1.6.0. Lle

JI03BOJISIE OTPUMYBATH OUIBIII TOYHI BHUMIPIOBaHHS, OCKUIbKH Oyab-SKi KOJIMBAHHS B

JUKepesl CBiTJIa ado eJeKTPOHILI Ipuiiany 3’ SBIAIOTHCS B 000X KaHaiaX, OTXKe, JIETKO

BUJIAJIAIOTHCA 31 CIIEKTpPa 3pa3Ka NUISIXOM BIHIMAHHS pe()epEeHTHOrO CUTHAIY.

OnHonpoMeHeBHi cIeKTPO(OTOMETP

Jxepeno

. Komnimatop
CBITIIa
- o Herektop
A —— - e=
(] N N
il MoHoXpomaTo
/j ) P P 3pa3zok
E .‘ Cenexrop -
9 JIOBKUHU XBUITI ST S =
a)
[BonpomeHeBuii cnektpopoTomeTtp
[xepeno  Konimatop I'Iopc6»KHn KloBeTa
cBiTna MoHoxpomaTtop abo eTanoH
- : M1 Ma JetekTop

=20
= e

M2 1a M3 — [13epKana LOBXUHW XBUAI

M4 — [13epKasibHa CiTKa 3pasok

L | —_ . .
i M1 — [linbHWK NpomeHs CenekTop I\b l /M3 gj
AN s

6)

Puc. 1.6. [Ipuanunosi cxemu criekrpodoTomeTpis [38]: a - OHOIPOMEHEBOTO ;0 -ABOIIPOMEHEBOTO

VY neskux KOHCTPYKIisSX (oToMeTpiB MOOYJOBaHUX 3a JBOIMPOMEHEBOI CXEMOKO

BUKOPUCTOBYIOTh aT€HIOATOpU (K TpaBuia, y BUTIAAI (OTOMETPUYHUX KIMHIB). Y

TaKHUX BHIIaJKaX BI/IMipI-OIOTB IMPOITYyCKHY 3,Z[aTHiCTI) 3pa3Kka MOUIAXOM OIITUYHOIO
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OCJIa0JIEHHSI ONOPHOr0 IMPOMEHIO, JOKH HMOIr0 €HEprisi HE 3pIBHSETHCS 3 EHEPII€lo
00’ekTHOTO TIpOoMeHto [39].

JIBopomeHeBHid  CHEKTPO(OTOMETP  BUKOPHCTOBYETHCS  JJIi  BUBYCHHS
CHEKTPaIbHUX XapaKTEPUCTUK TOHKUX 3pi3iB BT a00 06’eMHUX 010JIOTTYHUX CTPYKTYP
Ta cepenoBull. [ BUMIpIOBaHb MPOIYCKaHHS B TOHKUX 3pa3kax CHEKTPOGOTOMETP
KUIBKICHO MOPIBHIOE IHTEHCUBHICTh CBITIIA, SIKE MMPOXOAUTH YEPE3 €TaJOH (SK MPaBUIIO
MOBITPS), Ta 3pa30K, a MOTIM OOYUCIIOE BiJICOTOK MPOMYCKAaHHS 3pa3Kka B MOPIBHIHHI 3
eTajioHoMm [38].

[IpakTiyHa OIBLIICTE CEpIMHUX (POTOMETPIB HE JO3BOJSIOTH POBOJUTH
JOCIIIJIKEHHSI CBITJIOPO3CIIOBAJIbHUX CEpEOBUIIAX. TUMOBUMHU MPUKIAJaMHU TaKHX
cucteM € 0a3oBi komiuiekraii criekrpodoromerpis UV/VIS EMC-18S-UV (EMCLAB
Instruments, Himeuunna) [40] ta LAMBDA (PerkinElmer, CIIIA) [41]. Bupobuux
EMCLAB Instruments He nependayuB MOXJIUBICTh MoAM(iKallii cBOro o0jaaHaHHSA,
HaToMmicTh B LAMBDA icHye MOXIUBICTh JOYKOMIUIEKTYBAHHS BHMIPIOBAJIBHOI
CHUCTEMH PI3HHMMH aKcecyapaMi, IO JIO3BOJISIOTH JOCIIIKYBAaTH CBITIOPO3CIIOBAJIbHI
TkaHuHU. Tak camo 1 criektpodoromerp UV-36001 Plus (Shimadzu, SAnownis) [42], skuii
4acTO BHUKOPUCTOBYETHCS SIK CTAJIOHHMM 3acid, MOXHA JOYKOMIUIEKTOBYBaTH
JIOJIaTKOBUMH  1HTerpyrounMu cdepamu abo roniomerpamu. Taka wmomgudikaiis
CHEKTPOPOTOMETPIB JI03BOJISIE BU3HAYATH KOE(ILIEHTU BIAOWUTTSA Ta MPOMYCKaHHS Ha
omnoMy oOnagHaHHi. Potomerpu Transmission Photometer (PIER-ELECTRONIC,
Himeuunna) [43] mocrauae BUMIpIOBajIbHI CUCTEMH BXKE 3 BOYJIOBAHOKO IHTETPYIOUOIO
cheporo; mpoTe AN JOCHKEHHS  OPOMYCKaHHS Ta  BIAOUTTA  MOTPIOHO
BUKOPHCTOBYBATH JIBI OKpeMi KOH(Irypallii mpuiaiiB.

[Ipu cnenudiuHUX JOCHIPKEHHSX BUKOPUCTOBYIOTH YHIKalbHI MakKeTH Ta
eKCIIepUMEHTaIbHI  (OTOMETPUYHI  yCTaHOBKH. [IpoTe HaAWOUIBII MOMUPEHUM
BapiaHTOM OINTHUYHOI CHUCTEMH [UIsl PEECTpallii pPO3CISTHOTO BHUIPOMIHIOBAHHSA €
inTerpyroda chepa (IC) y Bummsiai chepudyHoi MOPOKHUHU 3 BHUCOKOBIJIOMBAIOYUM
nokputTaM (Hanpukiaa, BaSO,), ske 3abe3nedye piBHOMIPHUNA PO3MOALIT OCBITICHHS.
Konkpetna koHdirypariis BuMiproBaibHOi cuctemMu 3 IC 3amexuTh BiJ TOro, sKi

ONTHYHI Koe(ilieHTH NOTPIOHO BU3HAUUTH. CXeMa BUMIPIOBaHHS IU(Yy3HOrO BIIOUTTS
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(puc. 1.7.) mepenbavyae BUKOPUCTAHHS IIMPOKOCMYTOBOTO JIKepeia CBiTa, MOPIK Bix
SKOTO CIIPSIMOBYETHCSI Uepe3 BXIIHUH OTBIpP Ha 3pa30K, PO3MIIICHUN Y BIAMOBITHOMY
oTBOpi. BOynoBana niH3a (okycyBaTUME CBITJIO, BIIOMTE BiJ 3pa3ka Ha JETEKTOPI,

CUTHAJ 3 SKOTO IePeaEThCS Ha 30BHIIIHIN criekTpoMeTp [44].

Jlinza

Binmnit
B1IOMBAOY M1
€TaJIOH

OTBip st IEeTEeKTOpa 3pa3ok

Puc. 1.7. Cxema BuMiproBaHHs 1u(y3HOTr0O BiIOUTTA 32 JONOMOTO0 iHTerpyrouoi chepu [44]

[Ipu BuU3HaAUeHHI KOedillieHTa MPOMYCKaHHS 3pa30K PO3TAIMIOBYETHCS y BXITHOMY
BikHI IC, a OTBip, 10 3aJUIIMBCS MPU TNEPEMIIIEHHI 3pa3ka MEePEeKPUBAETHCS O1TUM
BijiOuBarounM etajgoHoM (puc. 1.7). Takox icHye BapiaHT, kUi BKIto4ae B cede aBi IC
(puc. 1.8.), 3a MOMOMOrol0 SKOTO MOKHAa BH3HA4YaTH KOEQIIIEHTH MPOIYCKaHHS Ta

BIZIOUTTSA OJHOYACHO.

Jarauk qudysuoi
TpoiiieHoi eHeprii

Jarauk audysuoi Bikno tpuMaia  yyopne nosnaucuns

BizGuTOT eHeprii Y Tepero-| a0copouit

.. 100%
Bxiguuit

TOTiK
Judysue

~1.5% poscianms I S,

BHYTPIIIHBOIO i

[E] TIOBEPXHEIO o :"‘
\ Jlatuuk Hepo3cisHol

Posnimosay IC nnst mponyckaHHs  mportyIeHoi eHeprii

JlaTumnk 6a3ucHOro
MOTOKY

.....

.......

------

Puc.1.8. Kongirypauis poromerpy 3 asoma IC [45]
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CyrreBuM HenosikoM ¢otoMerpiB 3 IC € HEMOXKIMBICTH JOCIIKEHHS (Pa3oBoi
GbyHKIIT po3CisiHHS, a BIATaK 1 BU3HAdeHHs (akTopy aHizorpormii poscisHHs g. Taki
BUMIPIOBaHHS 3JIIMCHIOIOTH 3a JOMOMOTrOI0 ToHioMeTpuuHUX (poromerpi [46,47]. Ha
puc. 1.9 mpenacrasinennii roHiopediiekTomerp [48] sSKuii BUKOPHCTOBYE JIBa JKEpea
CBITJIa: KCEHOHOBY JaMmIty juisi Y ®-BUMIPIOBaHb Ta KBapIIOBO-TAIOTCHHY JIAMITY IS
BUIUMOro Ta OmmkHboro IY niama3oHiB, a TaKoXX MOABIMHMN MOHOXpOMATOp s
BUOOPY MOBKUHU XBUJIi. CBITJIO KOJNIMYETHCS TI032-0OCHOBHM MapabOIIdYHIM J3€PKAIOM
1 CIPSIMOBYIOTH J0 3pa3ka 3a JIOMOMOIOI0 IJIOCKOTO J3epkaia. HeBenuky yacTuny
MydYKa TPOMEHIB CIPSIMOBYIOTh Ha JETEKTOpP, KU BUKOPUCTOBYIOTH JJII KOMIICHCAIII1
MO>KJIMBUX KOJIMBaHb MOTY>KHOCTI MaJarodoro mpoMmens. Tpumad 3pa3zka po3MIILy€eThCs
Ha pyxoMii miatdopmi, MO BUKOPUCTOBYETHCA JJIA TMEpEeMIIIEHHS 3pa3ka 3a
TPAEKTOPIEI0 MPOMEHIO TAKUM YMHOMTA abu 3a BIJICTAHHIO MEPEMIIIEHHS MOXHa O0yJio O

BUMIPATH TTOBHY IHTCHCUBHICTh B ITIOYaTKOBOMY I0JI0KeHH] [49].

Jerexrop

BxigHwuii mpoMiHb

Puc. 1.9. Cxema roniopednekromerpa [49]

JIeTeKTOp BCTAaHOBIIEHO Ha KOHCOJI, SIKa JIGKUTh HA MOBOPOTHIN Tuiatrgopmi, ska
BUKOPUCTOBYETHCS JJII OOCPTAaHHS JETEKTOpa 3a MOJSIPHUMHU KyTaMH HaBKOJIO 3pa3Ka.
KoedimieHT BimOUTTS BUMIPIOEThCSA MpU KyTax moBopoty Big 10° mo 85° 3 kpoxom
5°[49].

MoxHa BUIIIMTA Taki BUAM TEXHIYHOI peaiizalii OioMequyHux (POTOMETPIB 3
TOHIOMETPOM JIJIsl PeecTpallii MPOCTOPOBOTO XapaKTepy PO3CISTHOTO BUIPOMIHIOBAHHS

(puc. 1.10 — puc. 1.12).
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1) 3a Tumom 6ioJ0TiYHOT TKAHWHU (TMPOIYCKAE, BiIOUBAE UM MPOIyCKae 1 BigOUBae
CBITJIO).

2) Knacudikaiisi 3a OpUHIIMIIOM CTalllOHAPHOCTI JETEKTOpa Ta JpKepesia CBITIa
(pyxoMuii JETEKTOp, PyXOMe JKepena, pyxomi oOU/IBI CKIIaIOB1).

3) 3a opieHTari€r B npocTopi (B OAHIN TUIOUIMHI [0 TOPU3OHTAII UM BEpTUKAI, a00
B MEKaX MOBHOTO TLIECHOTO KyTa 47).

IlepeBaroro TOHIOMETPHUYHHMX YCTAaHOBOK € JICTKICTh 1 3aJ0BiIbHA 4YacToTa
JUCKpeTH3allli KyTOBUX BHUMIpIOBaHb, a OCHOBHHUM HEJIOJIKOM € HEOOX1JTHICTh
3a0e3MeueHHs] MOKPOKOBOT MOCHIAOBHOT peectpaitii. [le mpu3BoauTh 10 3HAYHOTO Yacy
JOCITI/DKEHHST 1 3HWKEHHS JOCTOBIPHOCTI OTpPHMAaHUX pe3yibTariB. HenmpuiHATHICTH
O010MEAMYHOTO EKCIEPUMEHTY TMOSICHIOEThCS MIHJIMBICTIO OINTHUYHUX BJIACTUBOCTEH
OioJstoriyHOro 00'€KTa B 3aJI€KHOCTI BiJl 3MIHHHX B Yaci XapaKTEPUCTHUK, IO OIMHCYIOTh
B32€EMO/III0 3 MaJal0YMM CBITJIOM, a TaKOX IapaMeTpamMu OTOYYIOUOTO CEpeOBHUIIA 1
HABKOJIMIIHIM CEpPEJOBUINEM (SIKIIO, 3BHYAWHO, 3pa30K OI10JOTYHOI TKAHWUHU HE

bikcyernes) [50].

Hetextop I[mp
B 360° BT 180° i B
-~ ~ I — 1 e S
i " \ N B [ fﬂ' \x
/ N\ "'x f" ﬂ.' \ET+ / \
/ ! l /
/ ‘S \ \Q W ﬁ 360t ) |
L — j JleTexTop =~ _ " - €TEKTOP \ Y. * "\ I
0° ‘]‘ﬁ" 1807 === \ /
Jxepeno "n\ /
CBITIIA % m E !
oxepeno Rl -
CBITIA Jxepeno
CBiTJIa
a) 0) B)

Puc. 1.10. Cuctemu peectpariii ONTHYHOTO BUIPOMIHIOBAHHS B 3AJIKHOCTI BiJl THITY OCBITJIEHHS
010JI0T1YHOT TKAHUHU: Y MIpoIyIieHoMy (a); y BigOuTomy (0); y mporyIiieHomy 1 Bigouromy (B)

cBitii [50]
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Herexrop Jerexrop JHerexrop

e - S~ T
f..-""'D"“'-..‘H #.r"' ""-\\ ’.-""D""-..“
o # ~ " x r » o e - ™ \
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\‘\ “* f/ \"\ P! ..-"r‘ \'\., j" ,a-f
S . T=-0-=" St=0-7
Jxepeno Jxepeno Jxepeno
CBITJIA CBiTIIA CBiTIIA
a) 0) B)

Puc. 1.11. Buau po3MileHHs JKepera BUIIPOMIHIOBaHHS 1 geTekTopa BiHocHO BT: pyxomuii
JEeTeKTOop (a); pyxoMme jkepenio (0); 3MiHHE po3TallyBaHHs JKepelia BUITPOMIHIOBaHHS i

netextopa (B) [50]

Hetextop Jlerektop
—— am———
f"“.ﬂ‘h“"\ ..-".-._._H"‘-. - Ty
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’ \ ") . ) Y
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! BT \ Jlerexrop,” T % . e k!
1 N ) i ;= TTET e
of \ \
l--'[ —_— ) - ] 0 A r:!_‘r Jbxepeno * o ® /4 o
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L, o T ‘u‘__ _ -
Hxepemqro T =<7 Jxepeno
CBiTIIA CBiTIIA
a) 0) B)

Puc. 1.12. Tunu opienTanii npuiiMadiB Ta/abo JpKepem: OJHOILIONIMHHI BEPTHKAIILHO (2) 200
TOPU30HTANILHO (a) OPIEHTOBAHI; IPOCTOPOBO PO3TAIIIOBAHI B MEKaX IMOBHOTO TIJIECHOTO

kyTa 47 (B) [50]

[Ile ogHMM BapiaHTOM ONTHUYHHUX CHUCTEM TMPU KOHCTPYIOBAHHI O1OMEIUYHUX
(dboTOMETPIB PO3CITHOTO CBITJIA € J3epKalibHI MoBepXxHi obepranHs [51]. Haluacrime
J3epKaiia MaloTh (popMy yCIYEHOTO eTITCOiAy 1 y MOpiBHSAHHI 3 TOHIOpehIeKTOpamMu ix
nepeBara ToJisira€ y CyTTeBOMYy CKOpPOYeHH1 yacy BuMiptoBaHHS [52]. KoHCTpyKTHBHO
BOHU € JI3€pPKaJbHUMU KOHIIeHTpaTopamu [53] (enmincoinansuumu peduexropamu (EP))
1 3aCTOCOBYIOTBCS JUIsl TOCHIIKEHHS 3pa3KiB O10JOTYHUX TKAaHWH B YMOBAx in Vivo Ta

in vitro [54].
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1.3. Kondirypauisi, 0co0,1MBOCTI PyHKUIIOBAaHHA Ta KajaiOpyBaHHs ¢goToMeTpiB
3 eJIINCOITAIbHUMU pediieKTopamMmu

EnincoinanbHuii pe@ieKTop € ONTUYHUM €JIEMEHTOM 3 acEepUyHOI0 MOBEPXHEIO,
YTBOPEHUI MUISIXOM OOEpTaHHS eJlirnca HAaBKOJIO OJHIET 3 Horo royioBHUX ocei. OaHa 3
HOro TMOBEepXOHb (30BHINIHA YW BHYTpPIIIHSA) € JA3epKajgbHOi0. PosrimsHemo
dboTomeTpuuH1 3acO0M O10METUYHOT JIarHOCTUKH, SIK1 MICTATh EP.

PednexTop 3 moBepxHero emincoiga oOepTaHHS 3 A3EPKAIbHOI BHYTPIIIHHOIO
noBepxHero (puc. 1.13) npusHadeHu 111 TOCTIHKEHHS TU(PY3HOTO BIIOUTTS MIOPCTKOI
noBepxHi [55]. Bin mae oproroHanbHi 3pi3u y (DOKaIbHUX IUIOMIMHAX. Y MEPIIOMY
boKyci eincoina po3MillyrTh MTOBEPXHIO JOCHTIKCHHS, a B APYroMy — GOTOIETEKTOP
(®JI) (aBTOpu BuKOpucTanu doromion). [xepeno cBiTia po3TalioBaHe 3 30BHI, a 3a
JIOTIOMOT'OI0 JI3epKaJia, 10 PO3TAIIOBaHE B CEPEWHI ENINCoiia, HAMPaBJISIOTh BXITHUN
MOTIK Yepe3 BXiJgHe BIKHO Ha 00’ ekT. Jlani cBiTiio audy3HO BIIOMBAETHCS Bijl 00’ €KTA Ta

3aBJISIKU A3€pKaJIbHINA MOBEPXHI pe(IEKTOPY HAIPaBISETHCSA HA AETEKTOP.

/ DoTOAETEKTOP

EP

J3epkano

Jxepeno
CBiTIA

Bxigne
BIKHO

O0'ext

Puc. 1.13. Cxema oromeTpy 3 I3epKaTbHUM €IIICOII0OM 00epTaHHs JJIsi BUMIPIOBAaHHS KOS(IIli€HTIB

nudy3HOTO BiIOUTTS [56]

Moaudikaii€ro monepeaHboi CUCTEMU € JAO3UMETP ONTHUYHOIO BUIIPOMIHIOBAHHS
[57] 3 enmincoimaqbHUM BiOOMBadeM. Y Mi CXeMi BUKOPUCTOBYETHCS KOOPIWHATHUN
(MatpuuHuii) npuitmMad onTtudHoro BunpomiHioBaHHsA (KIIOB), cBitno Ha sxuit
NOTpaIlIsie 3a JOMOMOIOK ONTHUYHOI CUCTEMH MpOEeKTyBajibHOro Tuiy. HaBeneny
(puc. 1.14.a) ta mactynHi (puc. 1.14.06, puc. 1.14.8, puc. 1.14.r) kondirypariii MoxHa

BUKOPHUCTATHU JIJI1 OTPUMAHHS ONTUYHUX KOE(QIIIEHTIB y MPOMYyIICHOMY Ta BiAOUTOMY
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CBITJIII OJHOYACHO 3a JOMOMOTOI0 JBOX PEQIIEKTOPIB, MOMDXK SKHMH PO3MIITYIOTh

010JIOT1YHUH 3pa30K.

Onrtuuna KIIOB KITOB OnTuyHa
cucremMa cucTeMa
Jzepkano
Bxinne H
JKepero
BIKHO . ﬂcBi’};“)Ha — - Jlzepxano
| EP I
Jlxepeno —h .
CBiTJIa | EP
| O0'exT Bxingne I
i BIKHO
O0'ext
EP' Ep' |
i Buxinne |
Onrtruna BIKHO r
cucrema
OnruyHa
cucTeMa
KIIOB' KITOB'
a) 0)

Buxigne DJ11

Jxepeno D12

CBITIIA

I3 Jxepeno
Bxinne cBiTIa

. Buxigue
BiKHO

. BIKHO
Bxinne

EP BIKHO

06'exT O6'exr

EP'
Buxigne
BIKHO

O3

oI
Buxigne

BIKHO ol

Puc 1.14. ®oromerpu A1t BU3HAUYEHHS ONTHYHUX KOE(IIIEHTIB y MPOMYIIEHOMY Ta BiIOMTOMY CBITIIi
[56]: a) nO3UMeETp ONTUYHOTO BUIIPOMIHIOBAHHS; 0) JO3UMETP ONTUYHOIO BUITPOMIHIOBAHHS 3
ac(hepuIHUM A3epKAJIOM; B) TIPHJIA] JAJI KOHTPOJTIO IIIOPCTKOCTI TTOBEPXHI; T') MPUJIa s

BHMIPIOBaHHS ONITUYHOTO PO3CIIOBaHHSA

OcobnuBicTio Oy10BU enincoiganbHol poTomerpuunoi romoBku (puc. 1.14.6), axa
BUKOPHUCTOBYETHCS B JIOZUMETP1 ONTUYHOTO BUIIPOMIHIOBaHHS [58], €, HA BIAMIHY BIJl

nonepeaHboi (puc 1.14.a), BUKOpucTaHHs acPepudHOro a3epkana, PO3MIIICHOTO Ha
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O14HIi MmoBepxH1 emincoina odbepraHHsa. [Ipy HpOMY ONTHYHUN NOTIK CHPSMOBYETHCS
B3/IOBXK OCl, sIKa HE CITIBIIaJIa€ 3 BICCIO emincoina. J[3epkaibHO BiAOWTE Ta MpOIyIIeHe
0e3 3aJlOMJICHHS BHUIPOMIHIOBAHHS BHXOJSATh 4Yepe3 BXiJHE Ta BHUXIJHE BIKHA
BIiJIITOBITHO.

Hecxoxoro Ha momnepeHi € cxema mpuctporo (puc. 1.14.B), 3anmpornoHoBaHa B [59].
VY HbOoMy nependayeHa MOKIMBICTh PO3AUIBHOI peecTpauii A3epKaabHOI Ta AU(Yy3HOT
ckinagoBux. lle mocsraeThcs 3a MOMOMOTOIO 3pi3y EIINCOiqy Mig KyTOM JI0 OCi Ta
BUKOPHUCTAHHS Tapy 3 TPHOX JETEKTOPIB, OJIHA 3 SIKUX PO3MIlllEHa Ha OCAX I3epPKaIbHO
BiIOuTOr0 Ta mpomyunieHoro cpitina (1 ta ®J[1’). Bl iHII Mapu po3MIILIEHI Y
apyromy dokyci BepxHporo (®J[2 ta DJ3) Ta HmwkHBOrOo (DJ2' Ta DJI3’)
eJINCoiJaTbHUX pedIEKTOPIB.

VY mpucTpoi st BUMIpIOBaHHSI ONTHYHOTO po3cisHHs (puc. 1.14.r) (6ynosa EP Oyna
PO3IIIIHYyTa B po0O0Ti [56]) 3anpOoroHOBAaHO MEXaHI13M BU3HAUYEHHS MOBHOTO 3BOPOTHOTO
Ta MPOIMYIIEHOTO PO3CISTHHS B MeXaxX TIJIECHOro KyTa 27, a J3epKajbHO BiOMTa Ta
IIpOMIeHa CKJIa 0B BUBOAUTRLCS 3a Mexki EP uepes BuxigaHi BikHa.

Jlist GloMeAMYHUX JTOCHII)KEHb BUKOPUCTOBYIOTH (POTOMETpHU 3 pediaekTopamu 3
BHYTPIIIHHOIO BiIOMBAIOYOI0 €TINICOINATEHOIO0 TIOBEPXHEI0, TOPIll SKUX OPTOTOHAIBHO
3pizaHi B370BX (OKaIbHUX IUIONIMH. BOHM MOXyTh MaTu pi3HI KOHQIrypaiii, 110
3aJIeKUTh BIJI METU JOCIIJKEHHS (y MPONYIIEHOMY CBITII, Y BiAOUTOMY CBITII, abo
MPOIYIICHOMY Ta BiIOMTOMY CBITJi OJHOYACHO). 3 OISy HA 1€ THIOBUMH JIJIS
MOJTATBIIINX JTOCIIHPKEHb BBAXKaTUMEMO (DOTOMETPH, CXEMHU SIKUX MOKa3aHi Ha puc. 1.15.

QOYHKIIOHYBaHHS JaHUX (POTOMETPIB 31MCHIOETHCSI HACTYMHUM YMHOM. CTBOpEHE
Ja3epoM ONTHUYHE BUIIPOMIHIOBAHHS BBOJSTH B €NiNcoifaibHuil pednexkrop 1 yepes
BX1JTHE BIKHO 2, a TMICJs BIAOUTTS B1J TUIOCKOTO J3epKaja 3 HalpaBJIaiOTh Ha TTIOBEPXHIO
JOCITIKYBaHOTO 3pa3ka 4. 3a paxyHOK OaratokpaTHOi B3aeMoii ()OTOHIB CBITIa 3
OiomoriyHUM 00 €KTOM  (HEOJHOPIAHMM  CEpPEJOBHUIIEM) Ha WOro IMOBEpXHI
CIIOCTEPIraloTh XapakTEepHY IUIAMY PO3CISHOTO Haszaj CBiT/a. 3pa30K pO3MILIYIOTH B
nepuriit pokanpHii wiommai EP, a BignoBigHa misiMa po3CiiHOTO CBITJIA MPOEKTY€EThCS
y apyry ¢okanpbHy 1iommHy EP, ska ONTHYHO cCHOpsbKeHA 3 IUIOLIMHONO

CBITJIOUYTJIMBOT'O JIETEKTOPA 3a JOMOMOI'0OI0 ONTUYHOI CUCTEMH 5.
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Puc. 1.15. Cxemu orometpir 3 EP /11 BU3BHaUC€HHS ONTHYHUX KOE]illi€HTIB: Y BiIOUTOMY (a), a

TaKOX BiIOUTOMY Ta mpoiyiieHomy (0) cBiTiai BiAmoBigHO [28]

Ha puc. 1.15.6 nmokazano 3actocyBanus EP 1 ta EP 1’ y kouctpykuii ¢poromerpy
JUIsl BU3HAYEHHSI Koe(DilieHTy Au(Y3HOTO BIAOUTTS Ta MOBHOIO MPOIYCKAaHHS 3pa3Ky
BT 4 xoopauHaTHUMU mnOpuiiMadamMu onTudHoro BumnpomiHtioBanHs KIIOB Ta
KIIOB' [25]. Meroau Ta 3acobu mjig peecTpailii, MoOyIoBaHI 3 BUKOPUCTAHHIM
ontnyHUX Kamep 3 [I33 Marpumsmu, MIXOAATh Ui BHU3HAYCHHS ITOKA3HUKIB
ACKPABOCTi Ta PiBHSA OCBITJIEHOCTI Ha MOBEPXHi. IX YacTo 06’ €aHYIOTH B MOHATTs 133
dotometpii [60], sxe OazyeThCs Ha BU3HAYEHHI Tpajaiii ciporo B OTPUMaHOMY
300paxkenHi. OcHoBHuMHU mnepeBaramu ¢oromerpa [I133 kameporo € MOXIHMBICTH
30MpaHHs BEIUKOI KUIBKICTh JAHUX 32 KOPOTKHM Yac Ta BHCOKA PO3JiIbHA 37aTHICTH
IPOCTOPOBOT'O CKaHyBaHHSI.

Ha puc. 1.16. mnokazaHo mnpocte mNOsICHEHHS (OpMyBaHHS (HOTOMETPUYHOTO
300pakenns. [loTik Bim jpkeperna CBiT/Ia BiIOMBAETHCS MEBHOIO MOBEpxHEr0. YacTuHa
HOTO CBITJA MPOXOJIUThH Yepe3 IUIOMIUHY peecTpallli 300pakeHHs], 10 MPOEKTYETHCS

Yyepe3 ONTUYHY CUCTEMY Ha CEHCOPHY IUIOLIMHY JIETEKTOpa.
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Puc.1.16. Cxema ¢popmyBaHHS POTOMETPUIHOTO 300paxeHHs [61]

Amnanoriuno ¢popmyethes poromerpudne 300paxeHHs 1y doromerpi 3 EP, Tinbku y
bOMY BHUIIQJKy MIDXK 3pa3KoM Ta IUIOLIMHOI peecTpalii 300pakeHHs PO3MILICHUN
enincoifanbHuil peduekrop. Takum yuHOM y pe3ynbrari podotu doromerpy 3 EP y
IUIOLIMHI HOTO JeTeKTopa GopMyeThesi (poToMeTprUHE 300pakeHHS SIKE XapaKTepu3ye
IPOCTOPOBUM PO3MOJILI PO3CISIHOIO CBITIIA B MPSAMOMY (ITPOIYIIEHOMY) Ta 3BOPOTHOMY
(BimOUTOMY) HAMIPSMKAX.

[Ipu OlomMeaMYHUX JOCHI/DKEHHSX 3 BUKOpUCTaHHsIM (¢oTtomerpiB 3 IC
BUKOPHCTOBYIOTh MIPSAMHUN Ta HENPSAMUI (BLAHOCHMIA) METOJ
BU3HAYCHHS / KaMiOpyBaHHA 3 METOI OTPUMAaHHS 3HAYEHb ONTUYHUX KOE(DIIIEHTIB.
BinnocHuii Meron 06a3yeThbCsi Ha BUKOPHCTAHHI €TaJOHIB PO3CISIHHS Ta ONUCAHUM,
3okpema, B ctangapti CIE 130-1998. Ilpsamuiit meton OyB 3anmponoHoBanuii Teimopom
Ta Mae€ pi3HI peamizaiii B 3aJeKHOCTI Bia KoHQirypaiii dotomerpy. MeToa A0CUTH
3py4YHUH, Tak SK JO3BOJISIE OTPUMATH PE3yiabTaTh a0 i 4ac OJHOIO0 BUMIPIOBAHHS
(IBOTIpOMEHEBUM CITEKTPO(OTOMETPOM), a00 NUIIXOM JBOX MOCIITOBHUX BUMIPIOBaHb
0€3 BHUKOPHUCTaHHS €TaJIoHy (OJHOMpPOMEHEeBUM crekTpodoromerpoMm) [55, 62, 63].
Meron Teinopa copaBeqiuBuii Jmiie 3a ymMoBU, o cTiHka IC € igeanbHUMH
po3ciroBayamu.

JIist BU3HAYEHHS ONTUYHI KOE(IIIEHTH Yy MPOMYIIEHOMY Ta BIIOMTOMY CBITII Y
dbotomerpom 3 EP BuKOpHCTOBYyeThCS MeTOa KamiOpyBaHHS 3a eTanoHOM. CyTHICTh
[LOTO METOJY MOJISITa€ y MOCIIIOBHOMY MPOBEICHHI JIBOX BUMIPIOBaHb — OJIHOTO JJIS

€TaJiOHy, JpYyroro [Jjs JOCHIPKYBaHOrO 3pa3ka. 3a pIBHEM OCBITJEHOCTI
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doTromeTpuyHNX 300pakeHb y MPOIMYIIEHOMY Ta BIiZOMTOMY CBITII OOYHCIIOIOTH

BIJIMOBIAHI ONTUYHI KOS(IIIEHTHU:

El -t
T;:—BT ; (1.6)
Eg
EX .
Rd :—ng’ (1.7)

T T . :

ne E gr1a E'g — ocBITIEHICTh (POTOMETpUYHOTO 300pakeHHs 3pa3ka bT Ta etanony
.. R R . .

y MPOMyIIEHOMY CBiTIi; E pr Ta E's — OCBITIEHICTh (DOTOMETPUYHOTO 300paKEHHS

3pa3ka BT Ta etasony y BigouToMy cBiTIi, 7;, T — KO€(ILIEHTH MOBHOTO MPOITYCKAHHS

3pa3ka bT Ta etanony, R;, p — koediunienTu aAudy3Horo BiaOUTTs 3pa3ka bT Ta eranony.

ETanoHHMMM BUMIPIOBAHHSAMH, 1110 JO3BOJIAIOTH ONEPYyBAaTH 3HAUYEHHSIMHU ONTHYHUX
Koe(Dii€eHTIB Ry, 7. € TOCIIIKEHHS, IO MPOBOAITH Ha 3pa3KOBOMY METPOJIOTTYHOMY
oOnagHaHHI, SKUMH BBaXKaroTh cTaHmapTHi criekrpodotomerpu 3 IC [41, 42]. Takum
YHUHOM, PYTHMHHI BUMipIoBaHHs Ha gotomerpl 3 EP MoxyTh 3ailicHIOBaTHCS JullIe 3a
HAsBHOCTI pE3yJbTaTIB €TAJIOHHUX BHUMIPIOBaHb Ha BIAMNOBIAHUX CTaHAapTax
CBITJIOPO3CISIHHS, TOBIIMHA SKHUX BiJMOBIJIa€ TOBIIMHI JOCTiHKyBaHOTO 3paska bT.
OcCkifbKM TOJaNbllla Mpoleaypa BHUMIPIOBaHHS 3a JomomMoror ¢oromerpy 3 EP
nependadae OTPUMAHHS BIAMOBIAHUX (DOTOMETPUYHUX 300paK€Hb WX CTaHIApPTIB
pPI3HOI TOBUIMHU TO, BHU3HAYEHHS ONTHUYHMUX Koe(DilieHTIB peasbHUX 3pa3kiB BT
MICTUTUME 4YacO3aTpaTHUW  BUMIPIOBAIbHUI  KOMIIOHEHT, SKUH Moxe OyTu
ONTUMI30BaHUM. 3 OIJSAy Ha BHUINE 3a3HAYEHE METO pPOOOTH € IIiJIBUIICHHS
edeKTUBHOCTI OlomMeANYHOI (OTOMETPIi eNNcoifalbHUMU pediieKTopaMu ILISIXOM
po3poOku  iH(DOpMAIIHHOT CHCTEeMH €TaJOHHMX BHMIPIOBaHb Yy BiIOMTOMY Ta

MPOIYIIICHOMY CBITJII.
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1.4. BUCHOBKH 10 IEPILIOT0 PO3aLITY

1. Ha miacTtaBi mpoOBEACHOrO JITEPaTypHOrO aHajizy OCOOJMBOCTEH B3aeMOil
ONTHYHOTO BUIMPOMIHIOBAHHS 3 OIOJOTIYHMMH TKaHWHAMH BU3HAYEHO, M0 iX
OCHOBHUMH ONTUYHUMHU BIIACTUBOCTAMH € KOE(IIIEHTH TOTJIMHAHHS Ta PO3CISHHSA, a
TakoX (haKTOp aHI30TPOMIii PO3CISTHHSA, SIKI MO’KHA BU3HAYUTH 32 JJOMIOMOTOI0 1HBEPCHUX
METOMIB TeOpii TEPEHOCY BHUIPOMIHIOBAHHS Ha TMIACTaBl BHUMIPSHUX ONTHUYHUX
KoeirieHTiB AUGY3HOT0, MOBHOTO, KOJIMOBAHOTO BIIOUTTS Ta MPOITYyCKAHHS.

2. Y pe3ynbTari aHAJITUYHOTO OISy (YyHKLIOHAIBHUX MOYJIMBOCTEH CydacHUX
dboTomeTpiB (CrieKTpoPOTOMETPIB), IO BUKOPUCTOBYIOTHCS JIJISI BU3HAUCHHS ONTHUYHHUX
Koe(iIi€HTIB, BCTAHOBJICHO, IO iX OCHOBHMMH HEIOJIKAMHU € HEIOCTYIHICTh s
PYTHHHHUX IOCHIKeHb 3pa3kiB bT y BigOuTtoMy Ta MpOMyIIEHOMY CBITJII B YMOBax
KJIIHIYHOI JTaOOpaTOpHOI MPAKTHKHU in Vivo Ta in Vitro.

3. BuxopucTaHHA JOJATKOBUX aKCeCyapiB ISl JOCHIIKEHHS CBITJIIOPO3CISSHHSA
3paskamu BT, sk TO iHTerpyroui chepu Ta TOHIOMETPH, HE JO3BOJISE 3/1ACHIOBATH
OJIHOYACHUI MPOCTOPOBUN aHaJi3 PO3CIAHOTO BHUIPOMIHIOBAHHS y BIIOMTOMY Ta
IPOIYLIEHOMY CBITJII TPU OJTHOKPATHOMY BHMIPIOBaHHI, Ha BiIMIHY BiJ 1HOpMaLIiHO-
BUMIPIOBAIBHUX CHCTEM 3 EJIINCOITAIbHUMH peQIieKTopaMu, [0 peasi3oBaHi Ha
npunnunax [133 ¢potomerpii.

4. Ha miacraBi TEOPETUYHOTO aHANI3y Ta JOCHIDKEHHS (DyHKITIOHATY
eKCIIepUMEHTaIbHUX MakeTiB ¢otomerpiB 3 EP BcranoBineno, 1mo e(ekTuBHICTH
BU3HAYEHHS ONTHUYHHUX KOE(PIUIEHTIB AU(PY3HOTO BiAOUTTSA, MOBHOIO Ta KOJIIMOBAHOIO
NPOIMYCKaHHS  MOTpeOye€  BUKOPUCTAHHS  IIMPOKOI  HOMEHKJIATypU  €TaJOHIB
CBITJIOPO3CISIHHSL Yy BIIOMTOMY Ta TPOMYIIEHOMY CBiTJI a00 HaIpaioBaHHs
iH(MopmariiiHoi 6a3u eTaToHHNX (HOTOMETPUYHUX 300paKeHb 3 BIIOMUMH 3HAYCHHIMU

BUMIPIOBAaHUX KOE(QIIIE€HTIB.
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PO3AIJI 2. OOrpyHTyBaHHsl AHAJITHYHOI MOJIeJdi Ta mNepeayMoOB
BIOCKOHAJICHHSl ~ MeTody  KajiOpyBanHsi  OiomeaumuyHoro  ¢oromerpy 3
eJincoizaabHIMu pedrieKTopamMu

Y napyromy po3aim mpoaHali30BaHO OCOOJHMBOCTI 1HBEPCHOro MeTony MoHTe-
Kapnmo mnpu ¢oTtomeTpii O10JOTIYHUX TKAHUH EJIICOINaTbHUMU  pedIeKTOpaMu,
PO3IJIIHYTO METOJ KaliOpyBaHHS (POTOMETPY 3 ENINCOiNaJbHUMU pPEPIIEKTOpaMH Ta
0COOJMBOCTI BJOCKOHAJIEHOTO METONy KanmiOpyBaHHs, C(POPMOBAHO METPOJIOTIUHI
3acajJii MOINEepPeAHBOr0 KaOpyBaHHs (POTOMETPY 3 EMINCOIAATBHUMH PePIICKTOpaMU Ta

OPUHIUIU 00POOKH (POTOMETPUUHHUX 300paKEHb.

2.1. Oco0smBocTti iHBepcHoro Meroay Moure-Kapiao mnpu ¢oromerpii
0i0JIOTITYHUX TKAHMH eJIINCOIIAJIbHUMHU pedieKTopaMu

Sx Oyno omwcaHO B TMONEPEAHBOMY  PO3AUT, OCHOBHUMHU ONTHYHUMU
BIacTUBOCTAMU BT € Koe(illeHTH NOTIMHAHHSA [, Ta PO3CISIHHS [, a TaKoX (hakTop
aH130TpOIIi PO3CISTHHS g, SK1 JO3BOJIAIOTh BU3HAYATH HOPMAJbHUN Ta MaTOJIOTIYHUIN
ctan pgocnimpkyBaHoi BT. Merton Qoromerpii enincoinansHuMu pediaekropamu
0a3yeThCs Ha 3BOPOTHOMY (1HBEpCHOMY) MeTo 11 MonTte-Kapio.

st momryky ontuyHuxX BiactuBocted BT mpu Bukopuctanui ¢goromerpiB 3 EP
PO3pOOJICHUI aNTOpUTM, IO TMOEAHYE B COO1 BUMIPIOBAHHSI ONTUYHHUX KOE(DIIIE€HTIB
MPOITYCKAHHS 1 BITOUTTS Ta ITEpaIifHII TPOIIeC MOACITIOBAHHS MOIIHUPEHHS ONMTHUIHOTO
BUMIPOMIHIOBAaHHS B OJHOPIJIHOMY  OJHOIIAPOBOMY  CEpPEIOBHUII  TMEBHOI
TOBILMHU [28, 64].

Bxigaumu maauMu y mporieci BU3Ha4YCHHS onTUYHMX BiactuBocter BT € Taki ioro
nmapaMeTpH, SK TMOKa3HUK 3amomiieHHs BT n, oTpuMmaHmii eKcriepuMeHTaIbHO abo 3
JTITEpaTypHUX JIKEpen, Ta TOBIIMHA 3pa3ka bT d, cM, oTpuMaHa NIITXOM BUMIPIOBaHHS
3a IOOMOT0I0 MIKpOMETpA.

3HauYEHHS ONTUYHUX KOE(QILIEHTIB TOBHOIO NPOIMYCKAaHHA T Ta TU(Yy3HOro BIAOUTTS
p NI €TaJloHy TOBUIMHOIW d (PIBHOTO TOBIIMHI JAOcHixkyBaHoro 3paszka bT)
OTPHUMYIOTb 3a JIOIIOMOTOI0 E€TAIOHHUX BUMIpIOBaHb, @ BEJIMYMHH OcBiTIeHoCTI E' g, Es,

T R
E' g7, E'pr BHU3HAYalOTh 32 (POTOMETPUYHUMH 300paKEHHSIMHU, OTPUMAHUMU
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¢oromerpom 3 EP. Ha mifcTaBi ekcriepuMeHTaIbHO BUSHAYEHHUX JAaHHUX 32 (OpMyIaMu
(1.6) Ta (1.7) o6uucnroroTs ontuuHi kKoeditientu bT (7, ta Ry).

Jlnst Bu3HaueHHst koediuienTy ekcTuHKLii BT HeoO0XiaHO BpaxoByBaTH TIJIbKH Ti
¢oToHH, 0 MpHU MPOXOKEHHI Yepe3 3pa3ok bT (eTanmoHy) cyTTe€BO HE BIAXWIHIUCH
BIJl [OYAaTKOBOT'O HAIPSIMKY pPYXY, LIO BIJNOBIJa€ OAHOMY-IBOM aKTaM B3a€MOJII.
Takox ¢l 3BEpHYTH yBary, 110 BU3HAYEHHS KOE(ILIE€HTA 1, 3A1MCHIOETCS Ha 3pa3Kax
Manoi toBmwmHU [ (/I<<d), TOMy mjis HOrOo pO3paxyHKY BHKOPHUCTOBYIOTh 3HAUCHHS

BUMIPSHOTO Koe(ilieHTy KoJiiMoBaHoro npomnyckanHs bT T..

{65 o

/

M=+, ==

[Ile onHUM 3 mapaMeTpoM, IO HEOOXITHUM AJii BUPILIEHHS OCHOBHOI'O PIBHSHHS

TIIB nns inBepcHoro metoy Monte-Kapio, € anbbeno A:

Ao M (2.2)
o+,

Jlam 3agaHHs 3BOJIMTHCA 10 3a]a4l ABOBUMIPHOI ONTHUMI3allii 1 MOJATae B MOLIYKY
ONTHUMAJIbHUX 3HAYEHb ajb0e1o 1 (hakTopy aHi30Tpomii po3cisiHus [28].

JUist BU3HAaueHHS UUIbOBOT (YHKIII BUKOPUCTOBYIOTH CYMY BIJIHOCHUX MOXHOOK
KOEQIIIEHTIB MOBHOTO MPOMYCKAHHA Ta AU(PY3HOTO BIIOUTTS OTPUMAHHUX y XOJi j-TOI

1Teparlii MOJIETIOBaHHS Ta PeaJbHOTO EKCIIEPUMEHTY:

N

2.3
J Rd Ttv ( )

OkpiM HaBEIEHOr0 METOAYy IMOIIYKYy 3Ha4y€Hb U, M, 1 g, KOJIMU ONTHUMI3allisl
BIIOYBA€ThCS 32 BIAMOBIAHICTIO IIILOBOI  (PYHKINT 3amaHii TOYHOCTI, MOMXHA

BUKOPHUCTAaTH OMNTUMI3ZAIIO, SIKA YHEMOXJIMBIIOE MOTPAIUIIHHS LIIbOBOI (DYHKIII Yy
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JOKaJIbHI MIHIMyMHU. Y TakoMy BHUIAAKy JJIs MNEPEBIPKU pe3yJbTaTIB BHU3HAUECHHS

ontuyHuX  BiaacTuBocted BT BHKOPHCTOBYIOTH  (GOpMYyJIH  HAOJIMKEHOIO
obumciaeHHs [65]:
2
1—(1_1”3—“’]1_];] , npu RdT <0,1
PEE - , 2.5)
c 1_&[_1—4&,—7;] , NpU R, >0,1
9 l_Tt -
InT -1
(s, +p')d = InR, (2.6)
21+5(R"+T’), npuR, > 0,1
u'=(1-2)u, (2.7)

TakumM 4YMHOM alNrOpUTM BU3HAYEHHS ONTHUYHMUX BiactuBocted bT 3a momomororo

dbotometpy 3 EP MoxHa npeACcTaBUTH HACTYITHUM YUHOM (puc. 2.1):

]

Bupimenns npamMoi 3aiadi Merogom

IMixroroska BT 1a C3

l MK mna oromerpy 3 EP
Iposenenys eTanonnux Po3paxyHoK onTHyHmux KoediuienTis BT l
BHMIPIOBAHE (Tt Te, Ra) Vs N
/ Tepesipka MiMLoBOT GYHETIT i TAK
l l \\ sanamiif TounocTi v
n | Pospaxynok koediuicntis poscisuus ps
PORSAHUR ADC)MEND 1A IRaky. Po3paxyHok koedilieHTY eKCTHHKILT fi HI T4 IPOIYCKAHHA it
BT 1a C3 eignosigHoi TOBWMHN

i l I'eHepalis HOBUX 3HAYEHB A Ta & . i
Inimiami3aiia MOYaTKOBHX 3HAYUEHR Brseacrin snavcHp r:n‘nnmnnx
BIACTHBOCTEH

anOene A 1 daxTopy anizerponii g e

AHanis hoTomeTpUuHKx 306pameHb

]

Puc. 2.1. Anroputm inBepcHoro Monre-Kapio ans Bu3HaueHHst onTUYHUX BriacTuBocTel bT 3a

nornomororo gporomerpy 3 EP

Taki Onmoku anroputmy, siKk miaAroroBka 3paska bT ta cranmaptHoro 3pasky (C3),
MIPOBEJICHHS €TAJOHHUX BHMIPIOBAaHb Ha 3Pa3KOBOMY CHEKTPOPOTOMETPi, MPOBEACHHS
JIochipkeHb Ha 3pa3ky bT Ta crangapTHOMY 3pa3Ky BiOIOBIHOT TOBIIMHU 3a

JOMOMOT o0 (POTOMETPY 3 EJINCOIaTbHUMU pedIeKTOpaMu i aHami3 GOTOMETPUUYHHUX
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300paxkeHb 3pa3ky BT Ta cranmapTHOMy 3pa3Ky y BIAIOMTOMY Ta IMPOIYLIEHOMY CBITJI,
BKJTFOYAIOTh TMOCJIIJIOBHE BUKOHAHHS €TaIliB, 110 3a0€3MeuyloTh Mpolec KaaiOpyBaHHS

dotometpy 3 EP.

2.2. Metoa kaaioOpyBaHHs (poToOMeTpY 3 eJIiNCoifaIbHUMK pedieKTOpaMu

Sk OyJo 3a3Ha4eHO B MOMEPEAHBOMY PO3/LTi, 3HAYEHHSI ONTUYHUX KOE(ILIE€HTIB 75,
Ry, T. MoXHa OTpUMATH HEMPSMHM METOJIOM, SIKMH 1 IOKJIAJCHO B OCHOBY METOIY
kaniopyBanus ¢oromerpy 3 EP. CyTHicTh MeTomy KaniOpyBaHHS (puc. 2.2) mojisrae y
IIPOBEJICHHI €KCIEPUMEHTAIBHUX JocaiikeHb ¢potomerpoM 3 EP Ha 3pa3zkax BT Ta
€TaJIOHaX CBITJIOPO3CISHHS 1 TIOJAJBIIIOMY TOPIBHSHHS PIBHIB OCBITJIEHOCTI ¥

BIJIMOBIIHINA (hOTONMPUIMAIIbHIN TTOIIHHI.

AHaniz poToMeTPHUYHMX
300pameHHb
-’/F H\\ IHTEHCKMBHICTD, OcBiTneHicTb AnnelEoedluleHT BT
[ BT [—> ®doTomerpia EP > iar £ = ! - audysre Bigbutta, Rd
k// - NOBHE nponyckaHHAa, Tt
Nipbip pobouoi EE
NOTYHHOCTI
NonepeaHe /‘——‘\\
KanlGpyBaHHA / 3
) Egr(d)-o(d
ds € (ds, dsn) dorometpy 3 EP I'f T(d) = % \
Ninbip poﬁotfol AHaniz GoTomeTpHYHKX | EZL(d)- pld)
NOTYHHOCTI 306paneHHb -,\ R__,fn’}-W J.'
- T \ /
: IHTE@HCMBHICTD, OcBiTNEHICTS, \
» ®otomerpin EP > — I HCTh, | [HCH E > = = —
5 3
b
I! - b Br3Ha4eHHsA
| -
L\q_ J BMMIDIOBaHHA Ha 3pa3KoBOMY > 33“9"‘:(';?“‘9(2}9 (d),
iy % Es
cnekTpodioTomeTpi o = = ol
T ey MTHYHI KoediliEHTH T
R 1 B - = { ETaNoHY:
"1 - andysHe sinburta, p
- NOBHE NPONYCKAHHA, T

Puc.2.2. CtpykTypHO-QyHKIIIOHAIbHA CXEMa 1CHYI0UOro MeTo1y KaniOpyBaHHs poTtomerpy 3 EP

[Ipy 1bOMY HEOOXiTHO CIHIBBIAHOCUTH OCBITJIEHICT, 3paska bT Ta eranony
(craHmapTHOrO 3pa3Ky) y TMPOMYIMICHOMY Ta BIZOMTOMY CBITJIl 3 BIATOBIAHUMH
ontnuHuMu Koedimienramu T (1.6) ta p (1.7) eranony, BianosigHo. [lo crangapTHHX
3pa3KiB MOKHa BIJTHECTU OyJb-IKWUU CBITJIOPO3CIIOBAJIBLHUNA MaTepial BUTOTOBJICHHS
SIKOTO HOPMYE€THCS 32 TOBIIMHOI Ta ONTHYHUMHU BIIACTHBOCTSIMH BiITOBITHUMU
CTaHJapTaMU, TEXHIYHUMH YMOBAaMHU TOIIO. AHAJITUYHA MOJIENb «KJIIACHYHOT'0» METOTY

kaniopyBanHs ¢potomeTpy 3 EP (puc. 2.2) Bkilto4ae peasizalililo HaCTyTHUX €TalliB:
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1. HocnimkeHHs CTaHAApTHUX 3pa3KiB Ha 3pa3koBoMy crektpodoromerpi. Ha
bOMY €Talll IPOBOAATHCA ETAJOHHI BHUMIPIOBAHHS Ui OTPUMAaHHS ONTHUYHUX
KOoe(DILi€EHTIB TOBHOIO Ta AU(Y3HOrO MPOMYCKaHHS, a TaKoX AU(QY3HOTO BIJIOUTTS.

Cxemu IpOBEICHHS BUMIPIOBaHb 300paxeHi Ha puc. 2.3.

35

B) r)
Puc. 2.3 CTpyKTypHi cXeMu NPOBE/ICHHS €TaJJOHHUX BUMIPIOBAHb ISl BU3HAYEHHS TOBHOTO
MPOMyCKaHHS (), KOJIIMOBAHOTO MpoityckaHHA (0), udy3HOro npomyckanss (a) Ta qudy3Horo
BinOuTTA (T): 1 — cranmapTHUil 3pa3ok; 2 — BUXiHUH OTBip; 3 — iHTErpyroua cdepa; 4 — nudy3Huii

Marepiai, 5 — miagparma, 6 — ZETEKTOP.

Tak, m1st OTpUMaHHsI MOBHOTO MpONMycKaHHS (puc.2.3.a) CTaHAAPTUHUN 3pa30K
posmingytote nepen IC 3, a nmerektop, po3minieHHMl B OTBOpl 2, (DIKCYe piBEHb
OCBITJICHOCTI Ha i1 cTiHKax. Jljis OTpuUMaHHS KOJIMOBAaHOTO IMPOMYCKaHHS MOKHA
BUKOPUCTOBYBATH JIBa BaplaHTH.

[Tepmmii (puc. 2.3.0) nossirae y ToMmy, 10 MOTIK CBITJIA MICIS MPOXOJKEHHS Yepe3
etTaioH 1 peectpyerbcs aetekropoM 6. Jlis ycyHeHHs Iudy3HOI CKJIaJ0BOI MIiX

eTajloHOM 1 Ta aeTekTopoM 6 po3MimyrTh aiadpparmy S (OTBip SKOi BIJIMOBIJIAE
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pO3Mipy BHUXIJHOIO ITy4yKa CBITJIa). 3a TaKOTO BapilaHTy BUMIPIOBAaHb BUKOPUCTAHHS
1HTerpyro4oi chepu 3 € He 000B’SI3KOBUM, OCKUIBKU HE MOTPIOHO peecTpyBaTH AUQY3HY
CKJIQJIOBY.

Hpyruit BapianT (puc. 2.3.B) nependavae Bukopuctanns IC 3, a HOro CyTHICTbH
3BOJIUTHCS 0 BU3HAYEHHS PI3HUIIl OKPEMO BUMIPSIHUX 3HAYEHb IMOBHOTO Ta AU(Y3HOTO
NPOIYCKaHHSI. Y IbOMY BHMAAKY JUISi BUMIPIOBAaHHS KOJIMOBAHOTO IPOITYCKaHHS
BinnoBigHuit oTBip B IC 3 3akpuBaeThcs 3paskom nudys3Horo marepiany 4 (Harpukiaji,
BaS0,), sk ue nokazano Ha puc. 2.3.a, a Ipu BU3HAUYECHHI JTU(]yY3HOI CKIIAJOBOI — OTBIp
BIJIKPUBAETHCS.

[Tpu Bu3HauenH1 audys3Horo BiaOUTTA (puc. 2.3.1) etanon 1 po3mimrytors 3a IC 3 a
JETEKTOP Y BUXITHOMY OTBOPI 2 PEECTPYE OCBITIICHICTh CTIHOK CEpH.

2. Ilonepenue kamobpyBanas dhoromerpy 3 EP. Lleit nporec monsrae y BU3Ha4YCHHI
MOTY)KHOCTI ~ JDKepelia  BHIPOMIHIOBaHHA  Ta/abo  migbopli  aTeHroaTopa
(poromerpuunoro kiauHy, ND ¢uipTpy, noaspuzauiiHoro (uUIbTpy TOILIO) TaKUM
gyuHoMm, o0 [I33 wMarpurs mnpamoBaiga B AUHAMIYHOMY aiama3odi  (puc. 2.4).
ABTOMAaTHYHE PETYJIFOBAHHS ITiJICUICHHS, TOOTO aBTOMAaTHYHE PETYIFOBAHHS KiJbKOCTI
Najarvdoro CBIT/Ia, MOBUHEH OyTH BIAKIIOYCHUH, MO0 MiATPUMYBATH CIIBBIIHOIICHHS

BXI1JI/BUX1]] Ha IOCTIHHOMY PiBHI JyIsl OYIb-SIKOTO Jl1alta30Hy BUMIPIOBAaHHMX 3HAUYCHb.

log V

Hacuuenus

arctan y

| — IHTEeHCUBHICTb
BXigHOro cBitna

Mym

V — Hanpyra BuxigHoro
curHany

-

log I

Puc. 2.4. Binryky 1133 natunka Bineokamepu [66]
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Haxun npsiMoi JiHii B Jlorapu(MivHIi IIKaJl € YyTJIMBICTIO y, fIKa € OJHUM 13
dakTopiB, sIKI KOpUCTyBad MOXxe 3MiHUTH. Ha puc 2.4 uyTiMBICTH TOKa3aHa ISt
y=1[66].

IcHyrOoTh 1 MeToau KalmiOpyBaHHS sKi Oe3MocepeaHbO BiTHOCATHCS 1O SKOCTI
caMoi MaTpHIIi:

e 3wmimieni kaapu (Bias Frames): ne HaOmmkeHi A0 HYJbOBOI (IKOMOTra KOPOTIII)
0€e3 NOTpaIUISHHS CBITJIa HAa JAaTYMK. BOHM BU3HAYAIOTh SIK MIKCEJl KAMEPU pearyroTh Ha
MPOLIEC 3UUTYBAHHSA 32 BIZICYTHOCTI OYJIb-IKOTO CUTHAIY.

e Temui kaapu (Dark Frames): me ekcnoswuiii, TpuBamimi 3a 4YacoM, 0e3
NOTPAIUIIHHA CBiTJIa B KaMepy. BOHM BM3HA4aloTh SK MIKCEN pearyloTh 3 4acoM 3a
BIJICYTHOCTI cBiTia. [Ipu 11bOMy peecTpyroTh TEMHOBHI CTPYM 3a PaxyHOK TEILJIOBOI
aKTUBHOCTI eNeKTpoHiB. L{i kanmiOpyBaibHI 300paKeHHS TaKOX BKJIIOYATUMYTh CHUTHA
3CYBY.

e Ilmocki kaapm (Flat Frames): 1e CBITIOBI €KCHO3WIII IPH PIBHOMIPHOMY
OCBITJIEHH1 BCHOTO TOJISI 30pYy JKepesoM Audy3HOr0 BUIIPOMIHIOBAHHS, 10 MOTPAILIse
yepe3 00’ ekTuB, GUTbTpU HA Kamepy [67].

3. OrpumanHs QOTOMETPUYHHUX 300paK€Hb €TAJIOHY 3a JOMOMOrow (oromerpa 3
EP. Jlng 1poro MoXyThb BHUKOPUCTOBYBATHCSl Pi3HI CXE€MHU MPOBEACHHS IOCIHIKEHb
(puc. 1.15). Ha pwuc. 2.5 [68] mokazana cxema ¢dortomerpy 3 EP s omHowacHoro
OTpUMaHHsA 300pa)keHb B TMPOIYIIEHOMY Ta BigOUTOMY CBITIl. OCBITJICHICTH
KOJIIMOBAaHOT ~ CKJIQJIOBOT  BHU3HAYAETHCS 3  (POTOMETPUYHOTO  300paKEHHS B
MPOIYIIEHOMY CBITJII.

[Ipuzma posmimyetbess B EP 2 3a momomorow T1yOycy. CBiTiio Bij Jiazepa
HAMNpaBIAIOTh 32 JOMOMOTOK MPU3MH uepe3 poOoumii OTBip (CHIBMIAga€e 3 MEPIIOO
doxanpHOO TUIoHMHOK) EP Ha 00’ ekT, mo po3mimennit mixk EP 1 ta EP 2. Konycu K 1
ta K2 npusHaueni juisi 3amoOiraHHs MNOTPAIUIIHHS (DOHOBOTO CBITJIa B ONTHYHY
cuctemy OC 1, OC 2, sika, B cBOIO 4epry, (DOKyCyeThCsl Ha APYyTii (HOKaIbHIN TUTOITUHI
BIJIMOBITHOTO pediiekTopa. 3a J0MOMOrol ONTUYHUX CUCTEM 300paKeHHS MOTPAILIse
Ha gerekropu [I1331 ta I[I332. Kommonentn 3 Homepamu «l1» (opmyroTs

dboToMeTpuyHE 300paKEHHS y MPOMYIIEHOMY CBITJI, a 3 HOMEPOM «2» — y BiIOUTOMY.
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i
#
e 1133 2

W o

Aasep

Puc. 2.5 Ctpyxrypna cxema gorometpy 3 EP nns pobotu y nponymienomy Ta Bigoutomy citdi 3 1133

nerektopom: I1 — npusma; K — xonyc; OC — ontuuHa cuctema

4. TlinrotoBnennsa 3paska BT. ns orpumanns BT BukopuCTOBYIOTH, 3a3BHUYaH,
XIpypriuHuii CKajbledb, a M00 TKaHMHA HE BTpayajga CBOIX BIIACTUBOCTEH,
BUKOPHCTOBYIOTh MeTonu (ikcarii, Hampukian: ¢ikcamis piguHoo ((opmarin,
CTUJIOBUN CIUPT, ypaHIJIAlETaTOH, alleTOH Ta iHIi), Kpiodikcaiis, modim3zamisa. s
MirOTyBaHHS 3pi31B BUKOPUCTOBYIOTH MIKPOTOMH, KPiOCTaTH, I€pPMaTOMH, BiIOpOCTATH
ta iHmi. Ha mi# cramii oOOB’S3KOBO BH3HAYAIOTh TOBIIMHY TKaHWHU, a TaKOX
NIEPEBIPSAIOTH UM 3aTIOBHIOE 3pa30K yBECh epuMeTp pododoro otsopy EP.

5. OtpumanHs ¢oTtoMeTpuyHUX 300pakeHb 3paska bT y Bigbutomy Ta
IPOIYLIEHOMY CBITJI aHAJIOTTYHO OTPUMAaHHIO 300paKEeHb JIJISl €TAJIOHY.

6. AHamiz QoroMeTpruUHUX 300paKeHb. Y CyYaCHUX MATPUUYHUX JCTEKTOpax s
3aco0iB (oTOMETPii BUKOPUCTOBYIOThH Bl 0a30B1 TEXHOJOTIi Ha OCHOBI: MPHUCTPOIB 13
3apsaoBuM 3B’s3koM (I133) 1 KoMIIEeMEHTapHUX METall-OKCUIHUX HaIlBIPOBITHUKIB
(KMOH). O6uaBi TexHOJOT1i MOXYTh YCIIIIHO BUKOPUCTOBYBATHCH I (PoTOMETpii
[67], a ocHoBH1 BigminHOCTI 133 (CCD) 1 KMOH (CMOS) kamep, 1110 npu3BOIATh 10
cnienudivHOCTI IHTEpIpeTalii BUXiIHUX XapaKTepUCTUK, HaBeAeH] y Ta0mmii 2.1.

[Ipu popmyBanH1 HUPPOBOro 300pa’keHHs BIAOYBAETHCS HACTYIHA IMOCIHIIOBHICTD
IPOLIECIB:

e | — BXiJH1 (POTOHM MOTJIMHAIOTHCS OKPEMUM ITIKCEJIEM JaTUHKa;

e 2 — onuH (OTOH BUOHMBAE OJUH EJIIEKTPOH 3 KPUCTAIIYHOI CTPYKTYPHU OKPEMOTO
MiKCels JaTYnKa;

e 3 —iJ Yac 3UMTYBaHHS BUBLIbHEHI €JIEKTPOHH MEPETBOPIOIOTHCS Y HAIIPYTY;
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e 4 — Hampyra mneperBoproeThcss B uyucio (pixel value) ananoro-uudpoum

NEPETBOPIOBAYEM;

e 5 — OTpUMAaHE YUCIIO, 10 BIAMOBIIA€ KOXKHOMY OKPEMOMY MIKCEIt0, MePea€ThCs

3 KaMepHu Ha KOMII'10Tep;

e 6 — ¢opmyBanHa nudppoBoro 3o0paxenHs Ha [IK 3a orpumaHuM 3HAYEHHSIM

pixel value.

Ta6muis 2.1. OcuosHi BigMmiHHOCTI KMOII Ta [133 matpuiti [67]

XapakTepucTuka KMOH 133
Gain (TmicuaeHHs) PerynboBaHne dikcoBaHe
Readout Mode Jlexinmpka (@)1171:1
(peXuM 3YUTyBaHHS)
Saturation behavior HeniniiHicTh HeniniitHicTh + OyMIHT
(moBeAiHKa MPU HACUYCHOCT!) (Blooming)
Amplifier glow [HOMI IPUCYTHE; BincyTtHe
(CBITIHHS MIJCUIIIOBAYA) (BIACYTHE B HOBUX
KOHCTPYKIIISIX)
Binning 3M1HCHIOETECSA 31CHIOETHCS B MPOXOIUTH
(mporiec 6iHHIHTY 200 MPOTrPaMHUM BCEpEANHI TaTunKa mepe
IpyIyBaHH:) 3a0e3MevyeHHl micis ALII
AT

CxeMaTuyHO IIi TPOIECH TMOKa3aHi Ha puc. 2.6, mpu Yomy mporecu [ — V

BiJI0YBaIOTHCS B KaMepi.

11
I v VI
11 v
e - 043 |22 | 348 | A3
ke — | AT | —
AL[O 2050 | 2646 | 412 | 2831

Puc. 2.6. [Ipouec hopmyBaHHs UPPOBOTO 300pakeHHS [67]
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KBanToBa edextuBHicTh maTumka (QF) ommcye HACKIIBKH 17€aTbHO BIIOYBAETHCS
MpoIIeC BUOMBAHHS €JICKTPOHIB 3 KPUCTAIIYHOT CTPYKTYpHU JAaTUMKA MiJ Jii (GOTOHIB Ta

BHU3HAYAETHCS 32 (HOPMYIIOL0:

Q=" 28)

Ie, N,, — KUIbKICTHh IOTJIMHYTHX (POTOHIB MATPHUIEIO, /1, — KUIBKICTH YTBOPEHUX
s Itp s

CJICKTPOHIB.

Jlesiki 13 cywyacHuUx Kamep pnocsraotb QF, mo mnepeBuinye 80% Ha MNEBHUX
noBxuHax xBuib [69]. Taki nokasauku QF Ounbmn nputamanti juist 1133 31 3BopoTHIM
OCBITJICHHSM, 110 JOCSTAETHCS 3aBISIKH BUKOPUCTAHHIO ITiIKJIAIKH 3 BHCOKUM ITUTOMHUM
oniopoM [70]. QE 3anexuTh B TOBXKUHU XBUI1, JOCITal0UYH MIKY, SIK IPABUIIO, B MEXKaX
BUJIUMOTO Jiala3oHy Ta 3MEHINYEThCA B YibTpadiosieToBOMYy Ta 1H(ppPauepBOHOMY
criektpax. [eski kamepu (puc. 2.7) maroth Bumuii QE B cuHiil 4acTHHI CIIEKTPY, aHDXK

YEPBOHIM, TOA1 5K 1HIII — MPAIIOIOTH €()EKTUBHIIIE HA YEPBOHUX JIOBKUHAX XBHIIb.

100
SITe STOO1
Back
EM HNuminated
-
g
260
g
=
w
E 40
-]
E
o220

300 400 600 700 800 900 1000
Wavelength (Nanometers)

Puc. 2.7 CnexTpanbHa 3anexHicTb KBaHTOBO1 epektuBHOCTI QF piznux [133 marpuip [69]

[Ile onHIEXO BIACTUBICTIO, IO XapaKTEPU3ye€ BIJHOIICHHS KUIBKOCTI BpaxOBaHHUX
enekTpoHiB N, 1o 3apeectpoBanoi BenumunHu ADU (Analog-to-Digital Units —

aHayioroBo-1udposa oxunwUIls, Hanpukian pixel value), € Gain (miacunenHs):
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Gain=—e_ . (2.9)
ADU

Jlessiki kamMepu 3a0e3MeuyrOTh IMJICWICHHS Gain<1, KOJIW MiACYMOBYIOTH KOXEH
BpaxOBaHUM eJNeKTpoH. B 1HmMMX Kamepax MIJACWICHHA Gain>1, KOJUA 3arajibHy
KUIBKICTh ~ BPaXxOBAaHMX  €JEKTPOHIB 3MEHIIYIOTh, 1100 OTpUMATH  KUIBKICTh
3apEeECTPOBAHOI BEIUYMHU, Ky PEECTpYE Kamepa I [MbOTO IKceasd. Y imeani3oBaHii
KaMepl KOXEH IMIKCeJIb Ma€ OJHAKOBE MiJCUJICHHS, a KUIbKICTh MaJaloyoro CBITJIa HE
BILJTMBAE HA MIJICWICHHS. Y pealbHUX Kamepax JeKiIbka (GakTOpiB MOXKYTh CIIPUYHHUTH
KOJMBAaHHS TIJCUJCHHS B 3aJeKHOCTI BiJ KIUIBKOCTI MaJar0yoro CBITIA, SKI Yy
CYKYHHOCTI XapaKkTepHU3yIOThCs HENMHIAHICTIO [67].

Pi3H1 BUpOOHMKY KaMep BKIIaJal0Th OKpeMuil 3MmicT y TepMid «Readout Modey, ane
B PE3yJIbTATi BiH y3arajbHIOE€ 3MiHHI apaMeTpy 3UYMTYBAHHS MIKCEIIB 30KpeMa piBEeHb
IIyMy, 4ac, Jiala3oH HalalllTyBaHb MIJACWICHHS, JUHAMIYHUM Jiama3zoHoMm. [lpu
BU3HAYEHHI SICKPABOCTI (DOTOMETPUUHUX 300paKEHb KEpyBaHHS 3a3HAYCHUMU
napameTrpaMu He Hajae cyrreBux nepesar KMOH kamepam nepen 1133.

Komu na mikcens motparmsie HaaTro Oarato cCBiTia (Yepe3 3aHaATO TPUBATY
BUTPUMKY a00 BHUCOKY IHTEHCUBHICTb) BUHMKAa€e e(ekT Saturation, 1m0 HE 103BOJISIE
MIKCENsM MepeiaTy ICTUHHE 3HAUYCHHS KUIbKICTh nmoriauHeHux GotoHiB B ALIIIL.

Amplifier glow — nie ginstaKK 300paxeHHs (mepeBaxxHo nepudepiitHoi o6macTi), sSKi
CTalOTh SICKPaBIIIMMU 3a TPHUJIETIl 00JIaCTI BHACTIOK CBITIOBOI'O BHUIIPOMIHIOBAHHS
koMroHeHTiB KMOH kamepu uu natumka.

Binning mosicHioe Tipoliec TpyINyBaHHS IMIKCETIB 3 METOK 30UIbIICHHS 1X
e(eKTUBHOr0 po3Mipy. ICHye 1BI METOIUKH, SKI BUKOPUCTOBYIOTHCS JIJISl TPYITyBaHHS;
OJIHA 3 HUX € yHiKanpHOIO came s [133 kamep. i MeTomuKu BiAPiI3HAIOTHCS THM, YU
BUKOHYEThLCSI 00’ €THAHHS IMIKCENIB J0 TOTO, K MIKCETbHUN 3apsa HagxoauTs B ALIII,
yn B1AOyBaeThCs micis aHanoro-uugposoro nepetBopeHHs. ['pynyBanus nepen ALTT
3MEHIIIy€ KIJTbKICTh IUKIIIB aHAJIOTO-IIU(POBOTO MEPETBOPEHHS, 3MEHITYIOUN KUTBKICTh
IIyMy 34UTyBaHHS B 3rpynoBaHomy mikcem. OO6’emnanns micias AL, ske

BukopuctoByerbesi y KMOH, kamepax npu3BOAUTH 10 TOrO, IO IIYM BIJ KUIBKOX
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aHaJIoro-uu(poBUX MEPETBOPEHb 00 €HYETHCA B OCTATOUHHUI 3rpyNOBaHUN MIKCEb.
OxkpiM 3a3HaYCHUX, XapaKTePUCTHKAMH, 110 oNMuCyroTh BigMiHHOCTI KMOH Ta 1133, €:
Offset (3cyB), Thermoelectric cooling (TepmoenekTpuyHe OXOJOMKeHHs), Shutter
(3aTBip), Support for live video (miarpumMka moTOKOBOTO BIJIEO).

Ak camocrtiitHl Metoau abo miABUAM Bimeorpadii Ta ameprypHoi doromerpii,
npunuunu 1133 QotomeTpii € OCHOBOIO JIsI CUCTEM, MPU3HAYEHUX JJISI OLIHKU
SICKpPAaBOCTI TOYKOBHUX JDKEpeNl CBITIIa a00 MPOTSHKHUX 30H OCBITJIICHOCTI 00JacTi
iHTEpecy Ha (oromeTpuyHOMY 300paxkeHHI. Komip abo piBeHb BIATIHKIB CIpOTO,
BUMIPSHUA y 3HAYEHHSAX MIKCENIB, HAWHYacTIilIe acCOLIIOETbCS 3  SICKPABICTIO
ToCipKyBaHoro 00’ ekta [71]. Takox citiji 3ayBaXKUTH, 110 JJIsI anepTypHOi poTomeTpii
JOLIJIBHO BUKOPUCTOBYBATHU TUILKA MOHOXPOMHI Kamepu [67].

Baxnuoro xapakrepuctuko [133 kamep € 6iT, 1m0 omucye miama3oH KUIbKICHUX
JTAHUX, OTPUMaHMUX 13 300pakeHHs. Po3MipHICTh 0iTa BKa3zye Ha KUIBKICTh PO3PSIIB Y
OlHAPHOMY KOJl, IO XapaKTepHU3y€ BIATIHOK CIPOro KOXKHOI'O OKPEMOIO IMIKCEJs.
Cucrema 3 OUIBIIO PO3PSAHICTIO 3/aTHAa PO3PI3HATH JpiOHI BIAMIHHOCTI B
300pakeHHsI Kpallle, HDK CHUCTEMa 3 MEHILIOI0 po3psanHicTio. Hampuknazn, 16-0OitHe
muppoBe 300pakeHHS HabaraTo «riuOImne», HiK 8-0iTHE, 1 TOMy BOHO MOXe OyTH
KOPUCHIIUM JIsl KIJTBKICHOTO aHamizy. Llg 37maTHICTH BiANOBIZA€E CHIBBIIHOIICHHIO
KUIBKOCT1 BIJTIHKIB CIpOro i pi3HUX cucTeM. Y 8-OITHIM KaMmepl 3MiHa OJIHOTO
BinTiHKa (piBHS) ciporo BimmoBimatmme 3mini 256 (2'°/2°=256) pisniB ciporo B 16-
OiTHIN kamepi. O4eBUIHO, IO OB OAXKAHOI € CHUCTeMa 3 OUIBIIOK PO3PSIHICTIO,
OCKIJIbKM BUXIJHI JaH1 YyTJMBIII 10 MAJIUX 3MIH y 300pakeHH1 [72]. [Ipore OuibLIicTh
aHAIITUYHUX METO/IIB MPAIIOIOTh 13 300paxkeHHs MU 3 po3iupenasm JPEG, BMP, TIFF,
AVI abo MP4, € 8-0iTHHMH.

[udpose 300pakeHHs MOKHA BU3SHAUUTH SIK JTBOBUMIpHY (QYHKIIIO f(X; ), ne x 1y €
IPOCTOPOBUMH (TUIOIMMHHAMU) KOOpJAWHATAMHU, a aMmIulityaa f y Oyab-skiid mapi
KOOPAMHAT (X;)) BBAXKAEThCSI 1HTEHCUBHICTIO a00 pIBHEM CIpOro KOXKHOT'O OKPEMOIO
nikcesis B KOHKpETHUI MOMeHT vacy [73]. [Ipu yMOBI, 110 KaHaJI 3aXOIUIEHHS KaJpiB
Mae 8-0iTHuit ALIIl, 3Ha4YeHHS KOXKHOTO TiKCeNsl MOXke OyTH B Alamaszoni uucen (pixel

value) Big 0 mo 255, ne O BiAMOBIJA€ TOBHICTIO YOPHOMY MIKCENIO (HANMEHIIIMA
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IHTEHCHBHOCTI) , a 255 — OumoMy mikcento (HalHOUIbIII IHTEHCUBHOCTI 3 ypaxyBaHHSIM

Gain) (puc 2.8).

2-0ir 4-6it 6-0iT 7-0it 8-0iT 10-6iT

!
-%_J — —
4 16 64 128 256

1024
P03pﬂﬂHiCTb -

Puc. 2.8. I'paganis BiATIHKIB (piBHIB) ciporo [74]

Ha ¢otomerpi 3 EP orpumyroTs 1udpoBi 300paxkeHHs, SKI HAa3UBaIOTh
dboTomeTpuyHUMU [75], 3 OCBITIEHICTIO, 110 BUPa)K€HA CYMOIO PIBHIB CIpOTO HaboOpy

MKCeliB, PO3MIIIEHUX B OKpeMiil iioro (300pakeHHs1) 30H1 B MeXaxX 00J1acTi IHTEpECy:

E= [ £ y)dxdy (2.10)

ToOtro ocBiTneHictb £ mnpencraBinse coboo 00°em (puc. 2.9), yTBOpeHHI
noBepxHer 3 QyHKIEw z=f(x;y), miomuHow z=0 Ta (irypor 3 miomer S B Mexax

o0xacrti iHTepecy ROL.

SJx:y)
[]255

Puc. 2.9. 3D ¢oromerpudne 300paskeHHs OCBITIEHOCTI £ pododoro oTBopy dporomerpy 3 EP
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dirypa 3 miome S € 4acTHHOK (POTOMETPHYHOTO 300pa)KeHHS, OOMEKEHOTO
po6ounm otBopoM EP (komom), sika B mikcensx Oyae matu ¢popmy OararorpaHHuka. Y
3aJIEKHOCTI BIJl MPOrpaMHOI peaiizailii Mpyu BU3HAYEHHI IHTEHCHUBHOCTI B MIKCEIAX
IIEHTP Ta PaJilyCH KUT MOXKYTh BH3HAYATHCh MO pi3HOMY. LleHTpyBaHHS 3M1HCHIOETHCS
3a HEeHTpaJIbHUM TikceneMm (puc. 2.10.a), skmo posmip ROI Mae HemapHy KUIbKICTh
pSIIB Ta CTOBIIIIB TIKCENiB, a00 3a YMOBHOIO TOYKOwO IeHTpY (puc.2.10.0) — mpu

HapHiil KITBKICTh PAJIIB Ta CTOBIIIIIB MIKCEIB.

_
y, N // \\
[ \
\ )
AN 74 \\ //
SN
a) 0)

Puc. 2.10. LlenTpyBanHs GOTOMETPUIHOTO 300paKEHHS 3a: [ICHTPATBLHUM ITIKCEIEM (a); YMOBHOIO

TOUKOIO IIEHTPY (0)

Takox BIAMIHHOCTI MOKYTh BHHHMKATH TIPH BPaxXyBaHHI OCBITIEHOCTI TPAaHUIHUX
MIKCENIB, M0 3HAXOAATHCSA HA MEXI BIJMOBIIHOI 30HU aHami3y. Ilepmmii BapianT — 11e
BKJIFOYATH B 30HY aHAJII3Y BCl MIKCE1, 10 MOBHICTIO 400 YaCTKOBO B HEi MOTpanuiu (Ha
puc. 2.11 BpaxoByIOThCS 4epBOHI Ta Oumi mikceni). Jlpyrwii BapiaHT — BpaxoByBaTu
TUTBKM Ti TKcedi, OUIbIlIa 4YacTUHA IUIONI SIKUX TEPEKPUBAETHCS PaJAlyCOM
BIJIMOBIJHOTO Koia (Ha puc. 2.11 ciig BpaxoByBaTH Tulbku Oim mikceni). [likceni, mo
BXOJIUTUMYTh 70 CKIJIaay BIAMOBIAHOI (Pirypu Ha MiJICTaBl OKPECIECHUX KPHUTEPIiB,

BB)KATHMEMO aKTUBHUMH MHIKCEIIMHU (1)OTOMCTpI/IIIHOFO 306pa}KeHHH.

Puc. 2.11. Jlo nosicHeHHs1 BpaXyBaHHS MIKCENiB
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7. Bwusnauenns ontuuHux koedimientiB BT. Jlas BU3HAUEHHS ONTHUYHUX
BrnactuBocTedl BT HEeoOX1AHO BUKOPUCTOBYBATH CTAHAAPTHI 3pa3Ky Pi3HOI TOBIIMHU. 3a
pe3yJibTaTaMu EKCIIEPUMEHTY Ha 3pa3KoBOMY (POTOMETpi BH3HAYAIOTh 3aJICKHICTh
mu(dy3HOTO BITOUTTS, TMMOBHOTO MPOMYCKAHHS BiJl TOBIIMHU d Ta MPECTABISAIOTH iX Y
BUrJIsiAl QyHKIIN p(d) Ta t(d), BianoBigHO. TakoX OKpeMO BHU3HAYAETHCSA KOCPIIlI€HT
KOJIIMOBAHOT'O MTPOMYyCKaHHs 7, Ha HAMMEHIITUI TOBIIMHI CTAaHAAPTHOTO 3Pa3KYy.

Ha miacraBi BU3HAUSHUX BEJIMUMH OCBITIEHOCTI 3pa3ka bT Ta cranmapTHOro 3pasky
y TIPONYIIEHOMY ETS, E'sr Ta B1IOUTOMY ERS, E®pr cBiTni must KOHKPETHOI TOBILUHH, a

Takox Gopmyn (1.6) ta (1.7) MmoxkHa oTpuMatu ontuuHi koedimieHTH bT:

Ey(d)-(d).

ra) = (2.11)
_Eg(d)-p(d) .
_ Egr (d)

L= 2. (2.13)

Bupasu (2.11) — (2.13) € BXiIHUMH JaHUMH 1HBEpcHOTro Metoay Monrte-Kapio npu
dboToMeTpli A3EpPKATBPHUMHU  EINCOifaMU  OOEpTaHHS y BHUMAAKY OJHOPIIHOTO
OJIHOIIAPOBOT0 O10JIOTTYHOTO CEPEIOBHUIIIA.

Buacnigok 3HauHOro o00’eMy Yacy Ha TMpOBEACHHA THUIIOBUX Ta PYTHHHUX
CTAJIOHHUX BHUMIPIOBaHb 3a3HAYEHUW METOJ KaliOpyBaHHS € JOCUTh TPYJAOMICTKHM.
OpnHe BUMIpIOBaHHS Ha 3pa3koBOMY (oToMmeTpi 3aiiMae Oiu3bko 10 XBUIIMH, a TaKUX
BUMIPIOBaHb IS OTPHMAaHHS 3aJICKHOCTI ONTHYHUX KOCQIIIEHTIB BiJI TOBIIUHU
noTpiOHO BUKOHATH OaraTo (UMM OLiblle, TUM TOYHIIIA OTPUMaHa 3ajJexXHICTh). [Ipu
POMY 4Yac Ha BHMIPIOBaHHSI NOTPIOHO 30UIBIINTH BABIYi, OCKUIBKH 3pa3KOBi
¢doromeTpu (CcrieKTpoPOTOMETPH) HE JO3BOJISAIOTH OJJHOYACHO MPOBOJIUTH JOCIIIKEHHS
Ha BIIOUTTS Ta npornyckanHs. Hactynuuii ananiz uugpoBux 300pakeHb, OTPUMaHUX Ha
¢dotometpi 3 EP nist cTanAapTHUX 3pa3KiB 3aiiMae MPUOJIU3HO CTUIBKHU K 4Yacy. 3Ha4HI
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HE3PYYHOCTI, TAaKOX, BUKJIMKAE PyTHHHE ompaltoBanHio 0a3u nanux (bJ/]) orpumannx

pCBYHLTaTiB, 10 MOKC 6YTI/I IMPUYIHUHOIO IIOMHJIOK B 00YHCIICHHSX.

2.3. Ocob0auBocTi Ta MNPHUKIAAHA peadi3alisi BIOCKOHAJEHHA MeETOAY
KaJiOpyBaHHA 0ioMeAMYHOr0 (POTOMETPY 3 eJNINCoIIAIbHIMHU pedieKTopamMmu

ETanu G6aratokpaTHuUX BUMIpIOBaHb, a caMe: JOCIIKEHHs €TaJIOHIB Ha 3Pa3KOBOMY
dbotometpi (eram 1); momepeane kamiOpyBanHs (eTam 2), oTpuMaHHA (HOTOMETPUIHUX
300paxkenb (ertan 3) Ta ix aHami3 (eram 6) JUIs €TalOHIB 3a JOTOMOTOK0 (OTOMETPY 3
EP, MoxXHa oONTUMI3yBaTH LUISIXOM BIPOBA/DKEHHS 1H(poOpMaliiiHa cucrema

6ioMmenuyHOrO (hoTOMETpY 3 enincoinanbHuMu peduekropamu ICBM®EP (puc 2.12).

AHanlz hoToOMETPUHHKK
306pameHs

IHbopmauiiHo - OnTuyHi koediuieHT BT:
BUMipIOBaNGHa » - AudyaHe sigbuTTa, Rd
cucTema - NOBHE NPONYCKaHHA, Tt

» IHTEHCHEHICTB,
Is

:' BT —* dotomeTpia EP

h

h 4

Niabip pobouoi
NOTYHHOCTI

NonepeaHe
kanibpyeaHHA

Puc.2.12. CtpykTypHO-(yHKIIIOHAJIbHA CXeMa METOIy BUMSIPIOBAHHS ONTHYHUX KOC(IIli€HTIB

¢dorometpy 3 EP

[i peanizanist monArae y po3po0ii crenianizoBaHoro MpOrpaMHOro 3ade3rneyeHHs Ha
OCHOBI MaTeMaTHYHUX MOJENEH, M0 ONMUCYIOTh 3alle)KHOCTI  OCBITIEHOCTI
(hOTOMETPUYHUX 300pa’Ke€Hb B1J TOBLIMHH, MOTY>KHOCTI JJIsl CTaHAAPTHUX 3pa3KiB y
MPOIYIICHOMY Ta BiAOMTOMY CBITJII, HA MiJCTaBl aHami3y cTBopeHux b/l crekTpanbHOl
3QJIEKHOCTI ONTHUYHUX KOE(ILIEHTIB CTAaHAAPTHOTO 3pa3Ky pi3HOi TOBUIMHU. Kpim
3alpONOHOBAHOTO  BapiaHTy MOKHA BHUKOPUCTOBYBAaTH BJIOCKOHAJIEHY MOJEINb
dotomerpy 3 EP. Taka onrtumizamis ¢GyHKIIOHATbHUX MOKJIMBOCTEH KaniOpyBaHHS
dotomerpy 3 EP 103BOSIMTH 3MEHIIMTH TPYJAOMICTKICTH JOCHIIKEHb Ta iX TPUBAIICTh
MUITXOM aBTOMATH3allii OKPEMHUX ETarliB.

YmoBHO ICBEM®EP (puc. 2.13) ckmamaerbest 3: 1) 0a3u maHHUX, YTBOPEHOI 3a
pe3yibTaTaMd BHUMIPIOBAHHS ONTHUYHHUX KOE(IUIEHTIB CTAaHAAPTHUX 3pa3KiB Ta

oTpuMaHHS (OTOMETPUYHUX 300pa)keHb; 2) 30HHOTO aHamizy (HOTOMETPUUHUX
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300paxkenpb; 3) mnporpamHoro 3a0esneueHHs (II3) s BU3HAYEHHS ONTHUYHMX

koedimientiB BT.

1IC EM®DEP
b/l 3 pesynbTatamMu 3onwii anamiz [porpamHe MOJIeTIORAHHS!
EKCTIEPHMEHTIR DoTOMETPHIHHX ONTHYHAX KoedimieHTin
300pasKenn BT
MNonepegHe
KanlGpyBaHHA /ﬂm(
doTomeTpy 3 EP (@)=~
E:(d)
Niabip pobouol QL
NOTYHHOCTI /“T—* 9
: . . (d)= Egr(d)-7(d)
® in EP doTomeTpUYHI y OcBiTheHicTb EX(d)
| st s 3o6pareHHA £ ETS, ER_S-
/ \ o f Hc."(u’). o(d),
() P\ E's(d), E's(d)
/ ; OnravH koeditienTn
BumiptoBaHHA Ha

CTANOHY:
- muy3He BIIOHTTA, pd
- TIOBNE MPONYCKAHHA, T

3IpazKoBOMY
cnekTpodoTomeTp

Puc. 2.13. Crpykrypa ICEBM®EP

Jlns ctBopenns b/l morpiOHo:

- 31IMICHUTH €TaJIOHH1 BUMIPIOBaHHS;

- MPOBECTH ToTiepeHe KaniopyBanus Goromerpy 3 EP;

- OTpUMaTH POTOMETPUYHI 300pakKeHHS CBITIOPO3CISIHHS CTaHAAPTHUMU 3pa3KaMHU.

30HHUN aHa3 (POTOMETPUYHUX 300pa’KE€Hb CTAHIAPTHUX 3Pa3KiB BUKOHYETHCS IS
OTpUMaHHS 3HA4Y€Hb OCBITJICHOCTI poOodoro oTtBopy (oromerpy 3 EP y mponymenomy
Ta BIIOUTOMY CBITJI.

JI71st po3po0OKH MpOTpaMHOTO 3a0e3MeUeHHs] HEOOX1THO:

- OTMMCAaTH MaTeMaTUYHy MOJIENb 3aJIEKHOCTI ONTUYHHUX KOE(IIIEHTIB CTaHIAPTHUX
3pa3KiB BiJl iX TOBUIUHU;

- BU3HAQYATH MaTEMaTUYHY MOJENb 3aJeKHOCTI OCBITIICHOCTI (OTOMETPUUHUX
300pak€Hb CTaHAPTHHUX 3Pa3KiB Bij X TOBIIMHM Ta BiJl 3MIHU BX1JIHOI MOTYHOCTI;

- 3MIACHUTH aJITOPUTMI3allio Ta po3poouTH BiamnosigHe 113.

Y Bumanky, konu ¢yHKmioHan OiomemuuHoro dotomerpy 3 EP  oOmexenwmii

BU3HAYEHHS JIMIIE IHTETPaJIbHUX MOKA3HUKIB (KOe(DILIEHTY MOBHOIO MPOMYCKAaHHS Ta
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audy3HOro BiAOWTTSA) 1 HE Mae HA METI MPOCTOPOBOTO AaHAJI3y PO3CITHOTO CBITJIa
[23, 76], To oTpuManHs hoTOMETpH 300pakeHb 1mo3basiaeHe ceHcy. Toxai 1133 marpuib
MOXYTh OyTHM 3aMIHEHI OJHO-eJleMeHTHUMHU Qoronaerekropamu (PJl), a cxema

dboTomeTpy HaOyae BUTIISATY MOKa3HOTO Ha puc. 2.14.

Vi
o
o A2

4 o

—] e ma-

7P
#y
£ sy
dA1 ey
%,

Puc. 2.14. ®oTomeTp 3 0THO-EIIEMEHTHUMH (POTOETEKTOPAMHU

[Ipunimn pobOTH 3aUIIAETHCS MOMIOHUM, TMOTIK BUIIPOMIHIOBAHHS Bl Ja3zepy
Kpi3b TyOyC CIpSMOBYEThCS Ha Tipu3My I1, sika 3MiHIO€ HATIPSIMOK BHIPOMIHIOBAHHS HA
90°. Jlani koJiMOBaHe BUITPOMIHIOBaHHS NoTparuisie Ha 3pa3ok BT 1 po3citoeTbest HUM B
OpsIMOMY Ta 3BOPOTHOMY HampsiMKax. BiamoBinHi 4YacTUHH (OTOMETPY, IIO
CKIIaZaloThesa 3 enincoiganbHux peduektopiB EP, min3 JI, xonyciB K 3abe3nedytorsh
30upaHHs Ta (POKYCyBaHHSI PO3CISHOTO CBITJA B UYTJIUBIM TUIOMIMHI (DOTOAETEKTOPIB
®JI. Jliapparma /| Moxe BBOIUTHUCH B XiJ| MMPOMEHIB, MJIi BU3HAYEHHS KOJIMOBAHOTO

IIPOITYCKaHHS.

2.4 MerpoJioriydi 3acaam mNoONepeAHbLOro KajgioOpyBanusa d¢oromeTrpy 3
eJIincoifanbHUMHU peduiekTopamu

Ak 3a3naueHo Bule (m.1. 2.2) npu po6oTi 3 [133 Moxke BUHUKATH SIBUILE HACUYCHHS
(Saturation) Ta, sik Hachigok, po3MuTTs (Blooming) (puc. 2.15). Bonu nos's3ani mix
co00I0 Ta CIIOCTEpITaloThCS 3a YMOB, IPHU SKUX JOCITA€ThCs a00 KiHIIEBA €MHICTh

3apsay okpeMux GoToII0AiB, 200 MaKCHMalIbHA EMHICTH TIepeHeceHHs 3apsiay 1133.

60



a) )

Puc. 2.15. Ilpuknan poromeTpuuHuX 300pakeHb: 0€3 Hacu4YeHHs (a); 3 po3MHUTTSIM (0)

€muicte (y ®apanmax) 3apsay [I33-marpumi  moxke Oytu  oOMexeHa
XapaKTepUCTHKaMH OKpeMHX TiikcemiB (¢GoTomaioiB) abo caMOK MaTpHIICIO, SKa
BU3HAYAETHCS MAKCUMAJILHOIO KUIBKICTIO 310paHOro Ta MepeaHoro 3apsay, Ipyu CTaaux
TEXHIYHUX XapaKTEPUCTUKAX MPOIYKTUBHOCTI. [[f0 MEXy €MHOCTI Ha3UBAIOTh PIBHEM
3apsimy HacudeHHs (saturation charge level) [77]. Komm 1 mexa pocsraerbcs —
okpemuil mikcenb abo I133-mMarpuus B LUIOMYy € HACUYEHO, a MEPEBUILEHHS PIBHS
HACHYCHOCTI MPU3BOJIUTH JI0 TMOSBU PO3ZMUTHUX apTe(aKkTiB Ha 300paKCHHSX.

Komu pobGora matpuiii oOMmexeHa JuIe JTIHIKHOK YacTUHOK 3allOBHECHHS
noteHmianpHoi ssmu, [133 mparroe sk (GOTOMETPUYHHI METEKTOp, MPHUAATHUNA IS
KUTbKICHUX BHUMIiproBaHb. [linkom iiMoBipHO, mo s Oarathox [133-kamep cucrtema
OyJle mpalfoBaTh 3a MEKaMH J1ala30Hy JIHIMHOI XapaKTEpUCTUKU 10 MOSIBU SIBUIIA
po3MuUTTs 300paxkeHHs. He3Bakaroun Ha Te, 110 iCHYE O€3J14 PI3HUX MEXaHI3MIB s
MiHIMI3alli €(QEeKTIB PO3MHUTTS Yy MPUCTPOSIX 13 3apPATHUM 3B'SI3KOM, 3aJ€KHO BiJ
KOHKpeTHO1 KOHCTpykuii 1133 Ta Tunmy mporpamu, 3a3BuYail, Kpaiie po3Mi3HaBaTH Ta
YHUKQaTH YMOB HACHYEHHS, HIDK TIIOKJIQJaTHCS Ha 3aXO0Au IIOAO0 3armoOiraHHs
po3murtts [78].

BuwmiproBanHas (HOTOCNEKTpUYHUMH TpHMadaMH YacTO BHUMAara€ 3acTOCYBaHHS
(GbOTOMETPUYHOTO MpUIANy, SIKHA TUM YH IHIIAM CIIOCOOOM CTBOPIOE HOPMOBAHUN PSiI
OCBITJIGHOCTI a00 $ICKPaBOCTI, YM JO3BOJISI€E TUIABHO 3MIHIOBATH 111 BEJIUYMHHU Ha
CBITJIOUYTJIMBI MOBEpXHI. TakuM mpunagom, 30Kpema, € KaalOpyBaJIbHUI OcadiroBay
(ateHroarop) cBitia abo kamOpoBaHWil 1HTerpanibHUN OcBiTNIIOBaY [79]. ND-binbtpu

(Neutral Density ¢iabTpu) TakoXX MIUPOKO BUKOPUCTOBYIOTHCS SIK albTEPHATHUBHE
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pillleHHsI B CUCTeMax KamiOpyBaHHS OCBITJICHOCTI JUIsl 3HMKeHHS ii piBHA [80]. Takox,
SK aTeHIATOp MOXXHA BUKOPHUCTOBYBATH (DOTOMETPUYHUN KIWH. Y I1IbOMY BHUIIAJKY
dboTomeTpu BBaxkaroTh kinHoBuME (Wedge Photometer) [39], y KOHCTpyKIIiT IKUX KJIUH
BUKOPUCTOBYEThCS HE JUIA KamiOpyBaHHs (oTompuiiMada, a i OCJIa0JICHHS
pedepeHTHOrO TIyYKa y Apyromy kaHaii oToMeTpy.

[Tonepenne xaniOpyBanHa (otomerpy 3 EP mossdrae B momryky mex, IpH SIKUX
3QICKHICT, MK BXxojgoM 1 BuxogoMm II33-marpuri Oynme miHiiHEM (puc. 2.16). Ile
CBIIUMTUME TPO Te, L0 MaTpulsd OyJe NpalioBaTd y JIHIKHOMY JIWUHAMIYHOMY
niamna3oHi. [lo BepTuKalbHIN MIKaml BIAKIAAAETHCA PIBEHb OCBITIECHOCTI IU(POBOro
300paxkenns (pixel value) (min=0, max=2", ne x — 6iroBicTh Marpuii) [81, 82], a mo
BEPTUKAJIbHIA — BX1JJHE 3HaYEHHS OCBITJIEHOCTI, 110 MaJa€e Ha KaMepy. 3a TaKuX yMOB
Ha pe3ysibTaTh BUMIPIOBaHb He Oyje BIUIMBAaTH PIBEHb UIYMYy (BEJIWYMHA BIACHOTO
TEIJIOBOTO IIyMy MaTpHuill + IIyM MEPEHOCY 3apsay + BelIWYWHA MOXUOKH aHaJIOro-

M(pOBOro NEPETBOPEHHS) Ta HE Oyi€ TOCATHYTO PIBHS HACUYEHOCTI.

PiBeHb HACHYEHHSA 7

TeopeTH4yHA NpAMAa

< JliniiiHni >
mianazon
] PigeHb myMy

Pixel value

Y

OcpiTieHICTh
Puc. 2.16. Xapakrepuctnuna kpusa 133 maTpuri

KaniOpyBaHHS BUKOHYETBHCS 3a JIONOMOrOK HAOOpYy aTEHI0ATOPIB 31 3MIHHUM
koedimienT ocmabnenns. Ilpm poOoTi 3 CcTaHAAPTHUMHU 3pa3KaMH TPOLEIYPY
HONEPEAHBOI0 KajgiOpyBaHHS JOLUIBHO NPOBOAWUTU JJI 3pa3KiB HalMEHIOl Ta

HAHOUIBILIOI TOBIIMHY, & TAKOXK JJIS 3pa3Ky 3 TOBLUIMHOIO JUISl IKOTO CIOCTEPITAEThC MK
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3Ha4YeHHs koeimieHTy nudy3Horo BiaOUTTA. CXeMaTHYHO HpPOLEAypa MONEPEIHBOTO

Kay1iOpyBaHHs 300pakeHa Ha puc.2.17.

PE &BT) 1/31) At TI33 'PE)L(BT) EP  Ar II33

Ji;p’%%u IS _L

\ \
Jlazep I1

\y\/

a) 0)

Puc.2.17. llonepenue kanidpysanns ¢poromerpy 3 EP y npomymenomy (a) Ta Bigouromy (6) cBiTii

[ToTik BUITPOMIHIOBAHHS BUXOAMTH 3 JIa3epa Ta NOTPAIUISE HA 3pa30K (CTaHIapTHUMI
3pa3ok abo 010J0TIYHY TKAHWHY), J1aji CBITJIO IPOXOJUTH (BIIOMBAETHCS) BiJ HHOTO Ta
norparisie 'y EP. Mix QokanbHoo miomuHow peduekropa ta [133 po3minryerbes
aTeHI0ATOp, KM 3MEHIIY€E OCBITJICHICTh Ha MaTpull. 3 OTPUMAHHUX (POTOMETPUUYHUX
300pakeHb BU3HAYAIOTh OCBITIEHICTD Y pixel value nnsi MUCKPETHOI BX1IHOT BEJIMYMHHU.
Hactynum KpukoM € BU3HauyeHHs Jiana3ony (puc. 2.16), y sskomy 3MiHa OCBITJIEHOCTI

BiJI0OyBA€ETHCS JIIHIITHO.

2.5 lHpuHuunu o0podxu GoToMeTpUYHHUX 300paKeHb

[Tpu BukopuctanHi 6iomenuyHOro (horomMeTpa 3 emmncoifaTbHUMH pedIeKTOpaMu
Ta (hoToneTekTopoM Ha ocHOBI [133-MaTpuii oTpuMy0Th (POTOMETPUUHI 300pa’KEHHS,
0 XapaKTEePU3YIOTh MPOCTOPOBUN PO3MOJII PO3CITHOTO CBITIA. [HTerpanbHi
XapaKTEePUCTUKU AU(GY3HOTO BIIOUTTSA a TakKoXX IMOBHOTO Ta KOJIMOBAaHOTO
NPOITYCKAaHHS K IS CTaHAAPTHUX 3pa3KiB Tak 1 JuIs 3paskiB AociimpkyBaHoi bT,
GOpMYyIOThCSI CyMapHUM 3HA4YEHHSM SICKpABHX TIKCENIB 1O BChOMY  TIOJIO
dboTomMeTpudHUX 300paxkeHb. LI XapaKTEPUCTUKH CITIBBIIHOCATHCA 3 BIJIMOBIIHUMU
ONTHUYHUMH KoedimieHTamu [32], axi pazoMm 3 anb0eno Ta (PakTopoM aHi30TpoIii
PO3CisSIHHS BUKOPHCTOBYIOTH JIJIi BU3HAUCHHS ONTHYHUX BiactuBocteid BT meTomom

IMK.
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Ha puc. 2.18 moka3aHi eneMeHTH, IO TMOSCHIOIOTh NPUHIUIN 0OpOOKH
dboTomeTpuyHuX 300pakeHsb [76]. IIporec oOpoOku BuMarae BHU3HAYEHHS OO0JACTI
iHTepecy ROI (puc. 2.9) ta pagianbHoi Touku cumetpii (puc. 2 10) ayig KoxHOI cepii
JBOBUMIPHUX (DOTOMETPUUHUX 300pakeHb. KoHCTpyKIlisl emncoinaabHOro pedaeKkTopy
€ aKClaJbHO CUMETPUYHOI0, a KOHpiryparis poToMeTpy po3podiieHa TaAKUM YHUHOM, IO
00nacTe 300paxkeHHs1 OOMEXyeThCsl poOouuM oTBOopoM EP, pamiyc sSikoro QopiBHIOE
dbokabHOMY TapameTpy emincoiga ooepranus [83, 84]. Ilpu mpomy 4yTivMBa 4acTHHA
[133-maTpuili OpsIMOKYTHUKOM 1 TIPpOTpaMHi 3aco0M peecTparlii 300pakeHb JT03BOJISIFOTh
(dbopMyBaTH 3HIMKHM IPSIMOKYTHOI popMu. Tomy 00nacTh iHTEpECY - L€ MPSIMOKYTHUK, B
KU BIIMCAHO KOJIO 3 PajilyCcoM, 1110 JOPIBHIOE (POKATHLHOMY MapaMeTpy eirncoina.

Sxmo oOnacTe iHTEepecy OOMEXeHa MPSIMOKYTHUKOM, CTOPOHA SIKOI'O MICTHTh
HEMapHy KUIbKICTh PSJKIB TIKCENIB, TOYKOKI pajialbHOI CHUMETpIi € HEeHTpambHUN
nikceslb POTOMETPUYHOTO 300pakeHHs. Y 1HIIOMY BUIAAKY TOYKA paiajdbHOI CUMETPIl
(GOpMy€eTbCS UYOTUPMA UEHTPAIbHUMH TMIKCEIAMH (POTOMETPUYHOTO 300parkKeHHS.
PamianpHa Touka cUMETpii BUKOPHUCTOBYETHCS MPU PO3PAXYHKY PIBHS SICKPABOCTI

OKpEeMUX JIIIISTHOK 300pakeHHsI, K1 MaloTh POpMY K11 13 pI3HUMH pajiycamu [76, 68].

Puc.2.18. Cxema 006poOku (hoTOMETpUUHUX 300paKeHb: y IPOIyIeHoMY (a) Ta Bizouromy (0)

cBiT [68]
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PanianpHa TOYKa cUMeETpli I'pa€ KIHOYOBY POJb Y BU3HAYEHHI PIBHS OCBITJIEHOCTI
OKpeMHUX 00yacTeit 300pakeHHs, siki MaroTh (HOPMY KoJjia 3 piI3HUMH pajlycaMu, TAKUMU
ak R1, R2 1 R3. 3a3Buuaii paniyc R1 BigmoBigae paaiycy mnajgardoro KoJiMOBaHOIO
npoMeHio (abo pajiycy Koia, B sIKe BIUCAHUN Maluii MPSAMOKYTHHUK, SIK MOKa3aHO Ha
puc.2.18.6 aia BUMIpIOBaHb y BiIOUTOMY CBIT/1). [Ipu oMy OCBiTIIEHICTH Koja Al €
MakcuMmanbHOW0. Paniycn R2 1 R3 BCTaHOBIIOIOTBCS OAHAKOBUMHM JUIsl YCI€i cepii
00p00IIOBaHUX 300paKEHB 32 PE3YJIbTaTaAMH OJIHOTO €KCIIEPUMEHTY.

PiBeHb OCBITJICHOCTI OOYHUCIIOETHCS SIK CITIBBIIHOIICHHS SICKPABOCTI IIKCEIB,
po3TamoBaHux y Kuiblsax A2 1 A3, odmexenux maporo paaiyciB R1 1 R2, R2 1 R3, no
IJIOMIl IUX Kulelnb BiamoBigHO. KoOHCTpyKTHBHI eneMeHTH (TyOyc 1 mpu3Ma), sKi
NOTPAIUIAIOTh y T0JIe 30y, CTBOPIOIOTH 3aTEMHEHI MPSIMOKYTHHKH Ha (POTOMETPUIHHIX
300paxkeHHaX (puc. 2.18.0). OnHak, iX HasgBHICTh MOYKHA BITHECTH JO CHCTEMATHYHOI
MOXHOKHM, IO HE BIUIMBAE HAa BU3HAYEHHS PIiBHSA OCBITVICHOCTI Kitenmb A2 1 A3y
BIIOMTOMY CBITJIL. JIJIs1 aBTOMaTU30BaHOTO MAKETHOIO BU3HAYEHHS PIBHSA OCBITIEHOCTI
B KUTBISIX A2 1 A3 BUKOPUCTOBYETHCS TIporpamMHe 3abesneueHHs, anajorigae g0 IRIS
[85] (Christian Buil), mnst o6poOku QoToMeTpuuHHX 300pakeHb y BIIOUTOMY Ta

IPOMYIIEHOMY CBITII.
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2.6. BucHOBKHM /10 APYrOro po3aiiy

1. Ha miacraBi anHami3y iHBepcHOTO MeToay MoHTte-Kapino st BU3HauYeHHS
ONTUYHUX BJACTUBOCTEH OIOJOTIYHUX TKAHUH BJOCKOHAJIEHO aJITOPUTM HOTO
3aCTOCYBaHHS Ha OCHOBI METOJy TIOPIBHSHHS CBITIOPO3CISIHHS CTaHAAPTHUMU
3pa3KkaMy, IO JI0O3BOJWJIO BHM3HAYAaTH MEPEeIyMOBH KaimiOpyBaHHS O10METUYHUTO
(GoTOMETpY 3 €NNCoifaTbHUMU PEPICKTOPAMHU.

2. CucremaTH30BaHO e€Talyd peaiizaiii MeToay KaaiOpyBaHHS (OTOMETPY 3
CIIIMCOiTaTbHUMU PEIICKTOPaMH, IO JO3BOJWIO BH3HAYMTH Ti CKJIQJO0BI METOIY,
nporpaMHa abo amapaTHa IMIUIEMEHTalls SKUX He MOoTpeOyBaTUME TPUBAIUX
CTAJIOHHUX BUMIPIOBaHb Ta PyTUHHOTO OIPAIOBAaHHS JaHHUX.

3. 3ampomoHOBaHI IporpaMHO-anapaTHi  3acajd  BIOCKOHAJIICHHS  METOIY
KanmiOopyBaHHs OloMeanuHUTO (HOTOMETPY 3 ENINCOoinadbHUMU pediiekTopaMu 1110
JI03BOJIMIIO C(HOPMYITFOBATH OCHOBHI 3ajaul JJIs JJI1 CTOBOPEHHs BIAMOBIAHOI 0a3u
JAHHUX Ta PO3POOKH MPOTPAMHOTO 3a0€3MEUCHHH.

4. OOTrpyHTOBAaHO METPOJIOTIYHI OCOOJMUBOCTI TMOMEPEAHHOTO KaaiOpyBaHHS
dboToMeTpy 3 emincoifalbHUMHM pedIieKTopaMyd Ta TPUHIUIKA 30HHOTO aHai3y
dboToMeTpuYHNX 300pakeHb, MO TO3BOJWIO BCTAHOBUTH TPAHWYHI BHUMOTH IO
MPOEKTYBaHHS TMPOTOTUITY 1H(OpMAIIAHOT cHUcTeMH peani3alii BIOCKOHAJIEHOTO

METO.1y.
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PO3A1JI 3. IIporpamHo-amapaTHa peaJji3alisi BJIOCKOHAJIEHOI0 MeETONY
KaJiOpyBaHHA (poTOMETPY 3 eJINCOIAATBLHUMHE pedieKTOpaMu

VY TperboMy po3Aiii OOIPYHTOBAHO BUOIp CTAaHAAPTHUX 3pa3KiB [ KallOpyBaHHS
dboToMeTpy 3 emmncoinaabHUMU pediekTopaMu Ta TPOBENEHO iXHE TOCHIDKEHHS Ha
3pa3koBoMy (oTtoMeTpi, Ppo3poOIEHO MNPOTOTHN (OTOMETPY 3 ENIINCOiTaTbHUMHU
pedexTopaMu AJ1 4Oro HEOOX11HO OyJi0 OOIpYyHTYBATH BUOLT (POKATBHOIO NapameTpy
Ta Koe(]ilieHTa CTUCKAHHS eJINCOiTalbHOTO pediekTopa, pPO3pOOJICHO aITOpPUTM
¢GbyHKUIOHYBaHHS 1H(GOpPMAIIITHOT CHUCTEMU ETAJIOHHUX BHUMIPIOBaHb, pPO3POOJIEHO
nporpaMHe 3a0e3MedeHHsi Ta METOAuKa poOOTH 3 HUM, JTOCHIIKEHO OINTHYHI
BJIACTUBOCTI  CBITJIOPO3CIIOBAJIbHUX €TAJIOHIB Ta TMPOBEACHE EKCIIEPUMEHTAIbHE

BU3HAYEHHS ONTUYHUX KOEPIIE€HTIB O10JIOTTYHUX TKAHHH.

3.1 OOrpyntyBaHHsi BHOOpPY CTAaHAAPTHUX 3pa3KiB ISl KaJiOpyBaHHA
(¢oTomeTpy 3 eqincoifanbHUMHU pediieKTopamn

VY pi3HHUX Tamy3SX Uil TPOBEJEHHS €TaJOHHHX BHMIPIOBAaHb BUKOPHCTOBYIOTH
nojiiMepu abo CyMillll, IO MICTSITh CBITJIOPO3CIIOBAJIbHI YaCTKM PI3HUX PO3MIPIB.
Hanpuknan, y nedenomerpii ta TypOigiMerpii [86] mpu NpoBENEeHHI €TaTOHHHUX
BHUMIpPIOBaHb BUKOPUCTOBYIOTH (hopmasiH [87].

Y doromMerpii, HE3aIEIKHO Bij] TUITY BUMIPIOBAJILHOI CUCTEMH T4 YMOB ITPOBEICHHSI
EKCIIEPUMEHTY, NJIsi KamOpyBaHHS arapaTHOI YaCTHMHH HAW4YaCTillleé BUKOPHUCTOBYIOTH
HaOlp nmamOepTiBchkux nudy3opiB. Hampuknan, xamiOpyBanbHl eTajoHH IU(y3HOTO
BinoutTst (Calibrated Diffuse Reflectance Standards) [88] wmicTsaTe 3pasku 3
koedirienToM BiOUTTS 98 %, 70 %, 50 %, 20 % 1 2 % Ha AOBXKUHU XBUJI 555 HM, sKi
MOXYTh OYyTH BUKOPUCTAHI B Jllana3oH1 JIOBXXKUH XBWIb Bij 250 HM 10 2450 aHM. BoHnu
MarTh (QopMy AHMCKIB pi3HOI TOBHIMHU Ta miamerpom 50.8 MM, abo KBagpaTHHUX
IUTACTHH PI3HOTO PO3Mipy. BUTOTOBIAIOTHCS BOHM Ha MeETajeBid OCHOBI 3 O1J0T0
crieniajJbHO BUTOTOBJIEHOI0 CUHTETUYHOr0 MaTepiary ODMOS.

[TomimepHi posciroBaui Zenith [89] BuroroBmistoThest 3 Marepiany Ha ocHOBI PTFE
(momiterpadpToperrsien  a6o  (droporutacT-4), IO XapaKTEPHU3YEThCSI BHUCOKUMU
JaMOEpPTIBCbKUMH ONTHYHUMH BJIACTUBOCTSMHU, a CTPYKTypa €TajOHy JI03BOJISE

MIHIMI3yBaTH KyTOBY 3aJICKHICTh 1 3a0€3MEYUTH PIBHOMIPHUN PO3MOALT CBITIa. Taki
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XapaKTEPUCTHKU JI03BOJISIIOTh BHUKOPHUCTOBYBAaTH I PO3CIOBadl y BHMIPIOBAaHHAX
PO3CITHOTO Ha3aJ CBITJIA, a TaKOXK MpU KaliOpyBaHHI B Jlarma3oHl JOBXHH XBHJIb BiJ
250 am go 2500 um. HaOip eTanoHiB MICTUTh 3pa3ku 3 KoedilleHTaMu Au(y3HOTO
BimouTTs 99 %, 80 %, 60 %, 50 %, 25 %, 10%, 5% 1 2.5 %. Llel xe BUPOOHHUK
IPOIOHY€E KBAJpaTHI JIUCTU PIZHUX PO3MIPIB 3 KoediieHToM mnpomnyckanHs S50 %
(mnactuna ToBmmHOW0O 100 MxM), 25 % (mmactuHa ToOBHIMHOK 250 MkM), 16 %
(mmactuna ToBIMHOKO 500 MkM), 8 % (mactuHa ToBIIMHOKO 1 MM) 1 4 % (TacTuHa
TOBIIMHOIO 2 MM), IO BHUKOPHUCTOBYIOTHCS B YCTAHOBKAX JUIsI BUMIipIOBaHHS
CBITJIOPO3CIIOBaHHS Ta KajaiOpyBaHHA B [l1ama3oHl JOBXHUH XBWJIb Big 250 HM 10
2450 um.

Sk mokazanu MpakTH4YHI JOCTIIKEHHS,, BUKOPUCTAHHS KaJlOpyBaJbHUX €TaJOHIB
CBITJIOPO3CIIOBaHHA A€ TPUWHATHI pe3yJdbTaTH TMPHU BHU3HAYCHHI ONTUYHUX
BJIACTUBOCTEH O10JIOTIYHUX TKAaHUH y BIIOMTOMY CBITJI, ajié BUMara€ BHUKOPHUCTAHHS
yJIBTPATOHKUX CTAHAAPTHUX 3pa3KiB Yy MPOIMYIIEHOMY CBITJII, $KI J03BOJIAIOThH
3a0e3neunTit HEe OuIbIne 1—2 aKTiB PO3CISHHA JIsi TOYHOTO BU3HAYCHHS Koe]illieHTa
CKCTUHKIIIT 4, 3pa3ka bT. BpaxoByroun Te, 110 TOBIIMHA TaKWX YJIBTPATOHKHUX 3pa3KiB
MaTUME PI3HE YHUCIIOBE BHUPAXKEHHS JUIsl JAOCTIIKYBAHOTO THITY OlOJIOTIYHMX TKaHWH,
cTBOpeHHs Habopy Takux C3 Moke BUKIMKATH TEBHI TpyaHour. OKpiM TOro, s
3a0€3MeUeHHs] BUCOKOI TOYHOCTI BH3HA4YeHHS Koe(ilieHTa Iu(y3HOro MPOITYCKAHHS
OTPHMAHOTO 3pa3ka OioJOriyHOT TKaHMHH JOIUIbHO obmpatm C3 mudy3HOro
IIPOITYCKaHHS OJHAKOBOI TOBIIMHHU 3 bT. BpaxoByrouu Buile 3a3HaUCHE, BaXKJIUBUM €
JOCIIIJIPKEHHSI ONTUYHUX BJIACTUBOCTEH CBITJIIOPO3CIIOBANIBHUX CTAaHAAPTHHUX 3pa3KiB 13
JIETKOJIOCTYIMHOTO Martepiany mnpu mpoBeaeHHi 1133 doromerpii emnincoinanbHUMU
pedrexropamu [68].

[Tpu poromeTpii GiomOTTYHNX 00’ EKTIB MOXKIMBE BUKOPUCTAHHA iX (DaHTOMIB, SIKi
MO>KHA YMOBHO PO3JIUTMTH Ha JB1 KaTeropii: piiki Ta TBepai. Y poooti [90], Hanpukian,
BUKOPUCTOBYBAJIMCh  TBepAl (aHTOMHM Ha  OCHOBI  TOJIIETUJIEHTepedTaiary,
NoJIIMETUIIMETaKpuiIaTy (opraHiyHoro ckia). Hakimananss mapiB moiaiMepiB MOJEIIOE
OyJIOBy KOJIar€HOBHX BOJIOKOH, a caMme M€l OIJOK € HahOUIbIIl MOIIUPEHUM B

JIOJCBKOMY Oprasizmi. JlocmijkeHHa piakoro (aHtoMy Ha ocHOBi I[HTpamiminy Ta
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iaaircekoi Ty (India ink) [91] y 6mmxabomy [Y mianma3oHi qaroTh mijgcTaBu TOBOPUTH
PO X BUKOPUCTAHHS SIK €TAIOHY TU(y31HHUX piAKUX (PaHTOMIB 3 TOUHO BU3ZHAYCHUMU
ONITHYHUMH BJIACTUBOCTSIMH.

3 oISy Ha CTYIiHB MPO30POCTI, MOPCTKICTh, OJHOPIIHICTH Ta CTPYKTYPY Y SAKOCTI
CTaHJAPTHUX 3pa3KiB y JaHOMY JHUCEpPTAIIHHOMY AOCIHIKeHHI OyJId BHKOPHCTaHI
OJIHOIIApOBI MOJIMEpHI IUIIBKM 3 (PTOPOIUIACTY, MOJIETUIIEHY, MOJIBIHUIXJIOPUA, Ta
OaraTormrapoBa TUIiBKa Ha OCHOBI moiietuieHTepedTanary (puc. 3.1). Bukopucranus
3a3HAYEHUX MarepiaiiB HE € BUKIIOYHUM Ta HE OOMEXYE 3aCTOCYBAHHS 1HILUX
MaTepialiB y SKOCTI CTaHIAPTHUX 3pa3KiB 3 MIPKYBaHb OINTHUYHOI, 1HKEHEPHOI abo

O6lomeanuHoi gouuibHOCTI. OCHOBHI BJIACTUBOCTI JIaHMX MaTepiadiB IIOKa3aHl B

tabmuii 3.1.
Tabmuns 3.1. OcHOBHI BIACTUBOCTI CTaHIAPTHHUX 3Pa3KiB

Ha3zsa C3 ®dTopomiacToBa INomieruneHosa I[1BX miBka ITniBka most

IUTIBKA ILUTIBKA JaMiHYBaHHSI
Miunimanbna 0.1 mm 0.15 mm 0.15 mm 0.2 mm
TOBIIMHA
KiabkicTb 1 1 1 3
mapiB
CTpykTypHa [-CF2-CF2-] [-CH2—CH2-] Hus. puc. 3.2.a Hus. puc. 3.2.0
dopmyaa
I'ycruna 2.2 t/em? 0.913-0.930r/cm” | 1.1-1.35r/em’ 1.4 r/em® *
Marepianay
IMoka3nuk 1.36 1.51 1.54 1.575%
3aJ10MJIeHHS
Kouaip binuit IIpo3opnii binuit [Ipo3opnii

(HamiBIpo3opwuii) (menpo3opuii)

Kpaina VYkpaina VYkpaina [TiBnenna Kopes Kuraii
MOXOIKEHHSI

* U1 TIoJlieTUIIeHTepeTaIaTy

CrannmaptHuii 3pazok 3 mnomietwieHy C3-IIE e mpozoporo HecTabu1i30BaHOO
MOJIIETUJICHOBOIO TIIIBKOIO TOBIIMHOW (.15 MM BHUPOOJICHOIO Yy BIATMOBITHOCTI 0
TV 22.2-32375670-002:2019 «IlniBka momieTwieHoBa. TexHIYHI yMOBH» (BUPOOHUK
«IInanera Ilmactux» [92]). BurotoBnserbcst 3 moiietuneHy Bucokoro THUCKy [IBT
(momietriien HU3bKOI ryctunu [IEHI) nuisxom pagukanbHOT ostiMepu3aliii €TUIeHy 3a
tucky 100 — 350 MIlIa [93]. V Binnosianocti Ao ACTY 2406-94 nonimep eTuneHy mMae
TaKy [-CH2—CH2-].

IInmocky abo pykaBHY IUIIBKH

CTPYKTYpPHY (bOp MYIIYy:
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BUTOTOBJISIIOTH METOJIOM EKCTPy3ii pO3IUIaBy TEPMOILIACTUYHOTO TOJIMEpy Kpi3b

IJIOCKO-IIUTMHHY a00 KiIbIIEBY T'OJIOBKH BiAMOBiAHO [93].

a) 6) B)
Puc. 3.1. 3oBuimHii Burnan crangaptaux 3paskis: C3-I1E (a), C3-® (6), C3-IIBX (), C3-ILJI (1)

CranpmaptHuii 3pa3ok 3 ¢roporuiacty C3-® € GTOpOIUIaCTOBOIO HAIMIBIPO30POIO
Outoro miiBko TOBHIMHOKO (.1 MM, SIKy MNpOMOHYIOTh Ha TepuTopii VYKpainu 3
TEeXHIYHUMHU yMoBamH, 110 Bianosinawote ['OCT 24222-80. V BinnosigHocti 1o JACTY
240694 nonimep TeTpadTOpEeTHIICHY Ma€ Taky CTpyKTypHy (popmyny: [-CF2—-CF2-].
[TniBky ToBmmHOIO Bix 0.1 MM 10 8§ MM OTPUMYIOTH IIISXOM 3pi3aHHS MOBEPXHEBOTO
1apy 3 3arOTOBKH IWJIIHAPUYHOT (popmu proporuiacty-4.

CranpaptHiit 3pazok 3 noniBiHuxaopuay C3-11BX € Henpo3oporo 6171010 IIT1BKOO 3
MIOPCTKOI0  TOoBepXxHE ToBmmHOKO 0.15MM. Bim € BHpoOOM TEKCTUIIBHOI
npoMucioBocTi 1 BurotoBiserbes 3a ISO 8095:1990 “PVC-coated fabrics for
tarpaulins”. Ilomimep yTBOpIOETBCA TiJ Yac MOJIMEpU3alli BIHUIXJIOpUAY. Y
BinnmoBigHOCTI 10 JICTY 2406-94 cTpyktypHy (QopMyiy CKIaAOBOi JaHKUA TMOJIMEPY

BIHUIXJIOpHTY TTOKa3aHOo Ha puc. 3.2.a.

—CHZ—CiH— '|C|T' f|~'|?'
cl —CH,—CH, — 0C— —Cc—o0—
a) 0)

Puc. 3.2. CtpykrypHi ¢popMysH: CKIaI0BOI JJAHKH TOJIBIHUIXIIOpUIY (2)

Ta noJieTwieHrepedranar (0)
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CranpapTHiid 3pa3ok 3 IunBkM i JiamiHyBaHHs C3-IIJI e OarartomapoBoro
KOMOIHaIli0 MaTepiajiB Ha OCHOBI mapiB nomietuieHtepedranary [IET, monieruneny
[IE ta mapy kimeo — eruwiBeHunaneraty EBA. TIET e ckimagnum mnomiedipom
TepedTaneBoi KUCIOTH 1 €THJICHIIIIKOMIO, CTPYKTYPHY (DOPMYITy SIKOTO y BiJIITOBITHOCTI
no HACTY 2406-94 nokazano Ha puc. 3.2.6. TexHiuHI YMOBH BUT'OTOBJICHHS IUTIBOK 3
IIET, nagani auctpub’roropa BupodoHuka “BUROMAX”, BignoBigatots [[OCT 24234-
80. Topmmua 1utiBKM AJis1 JaMinyBanHs ckiagae 0.1 mm. [lpu 3acTocyBaHHi 11i€i MITIBKA
y sikocti C3-IIJI BukopucTroByBajiach MOJBIHHA CTPYKTypa 3arajibHOK TOBIIUHOIO

0.2 MM, ckiajieHa 3 JBOX IUTIBOK cTOpoHamu 3 kjieto EBA oaHa 10 oHO1.

3.2 JociiazKeHHs CTAHAAPTHHUX 3pa3KiB HA 3pa3KOBOMY ClIeKTPOGoTOMETPi

[Tepmmmm, o motpioHO 3poduTH mpu po3podili ICBM®EP — 1ie otpumaru 3HaUCHHS
ONTUYHUX KOe(DIIEHTIB p, T, T, JJIsI OOpaHUX MaTepialliB y AKOCTI CTaHAAPTHUX 3Pa3KiB.
Jlis 1bOTO TPOBOIATH CEPII0 ETATOHHUX BHUMIPIOBAaHb 3a JIOMOMOIOI0 3pa3KOBUX
cucteM, SKUMH HaWdactime € crnekrpoporomerpu LAMBDA 1050 (BupoOHUK
PerkinElmer) ta Shimadzu UV-3600 Plus 3 ISR-1503 Optical System ¢ipmu
PerkinElmer (BupoO6Huk Shimadzu). Came 1l CHUCTEMH BHUKOPHUCTOBYIOTHCS ¥y
METPOJIOTIYHIA  MPaKTUIll  HAYKOBO-BUPOOHUYOTO  BIAAUTY  ONTHKO-(PI3MUHUX
BUMIpIOBaHb Jlep)KaBHOTO MiANPUEMCTBA «YKpPMETPTECTCTAHAAPT» A PO3pPOOKU Ta
BUITYCKY CTaHJAPTHHUX 3Pa3KiB Ta BAUKOHAHHS BUCOKOTOYHHX JOCIIIKEHb BIACTUBOCTEH
TBEPAUX cepenoBuill [94].

Y cnektpoporomerpi LAMBDA 1050 (puc. 3.3) BUKOPUCTOBYIOTH CTaOLIbHE
JoKepeno cBiiia — ranoreny jgammy B011-4620 noryxHicTio 30 BT 31 cniekrpaibHUM
niarmazoHoMm poootu Bia 175 go 3300 um. Cuctema AETEKTYBaHHS CKJIAAE€ThCS 3 TPhOX
(bOTOIETEKTOPIB:

- poronmomuoxkyBaua PMT mis Y@ ta BuauMoro Jiamna3oHis;

- netekTopa Ha ocHoB1 PbS s Y piamazony;

- gerektopa Ha ocHOBI InGaAs pmna [Y niama3oHy 3 MiABUIIEHUM pPiBHEM

YYTIUBOCTI, PO3JILILHOT 3JaTHOCTI Ta IBUJKOCTI CKaHYBaHHS.
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Posninena 3maTHiCT maHoro cmnekTpodoromerpy ckiamae 0.05 M mugs YO i

BuMMoro aianaszoniB Ta 0.2 uM s [Y giamazony [95].

Puc. 3.3. 3osuimmii surisig LAMBDA 1050

VY cnekrpodoromerpi Shimadzu UV-3600 Plus (puc. 3.4) BHKOPHUCTOBYETHCS
JoKepeno cBiTina — ramorena yamma 64604 motyxkuictio 50 Bt. CnekrpodoTomerp
BUKOPUCTOBYETHCS JIJI1 BUMIpPIOBaHHS TIOTJIMHAHHS a00 TPOITyCKaHHS CBiTIIa B YO,

BUIUMOMY Ta OmmxHbOMY Y miama3oHax TOBXUHM XBHIIB Bif 165 10 3300 HM.

BsHimapzy

Puc. 3.4. 3osuimHi suriaag UV-3600 Plus
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Cucrema obnagnana tproma dotomerekropamu PMT, InGaAs, PbS, ananorigno
crektpoporomerpy LAMBDA 1050. /liamazonu poO6oTH Ta MEpEeMUKAHHS 3 OJHOTO
JETEeKTOpa Ha I1HIIMI MokKa3aHi Ha puc. 3.5. 3a 3aMOBUYBaHHSAM JOBXMHA XBHJII

nepemukanHs ctaHoBUTh 830 uM Mixk PMT 1 InGaAs ta 1650 um mixk InGaAs 1 PbS.

165 nm 380 nm 780 nm 3300 nm
uv Visible NIR
PMT 185~1000 nm |
InGaAs | 700~~1800 nm
PbS 1600~3300 nm

Puc. 3.5. losxunau xBuwib poroaerexropie UV-3600 Plus [96]

CxeMu nepeMuKaHHS (POTOAETEKTOPIB 3pAa3KOBUX CHEKTPOPOTOMETPIB BIAMIHHI 1

moKa3aHi Ha puc. 3.6.

-
Detector Change
PbS detector .
ol - [nm)
_q\ PMT R
& N "
InGaAs o ——
InGaAs detector f v
IEdl! om) il IPbS
m LAMBDA 1050
PMT detector

Puc. 3.6. Cxemu nepeMukanHsi OTOIETEKTOPIB

JIisi oTpUMaHHS TOYHHUX PE3yibTaTiB y CHEKTpoPoTOMETpax BUKOHYIOTHCS JBa
BUMIPIOBAHHS: €TajJOHa Ta 3pa3ka. ETaloHHE BUMIPIOBaHHS MOXKE€ BHUKOHYBATHCh 0€3
MPUCYTHOCTI 3pa3ka (€TaJoHOM TO1 € TMOBITPs), 3a0e3neuyroun 0a30Be BUMIPIOBAHHS
BUXITHOTO CHUTHaNy mpuiady. BumiproBaHHs 3pa3ka MPOBOAUTHCS IUIIXOM HOTO
po3MimenHs B kioBeTi (st LAMBDA 1050) a6o Buxigaomy otBopi IC (st Shimadzu

UV-3600 Plus), a pi3HUIS MK BUMIPIOBaHHAMM 3pa3Ka Ta €TajJOHa BUKOPUCTOBYETHCS
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JUIA PO3paxyHKy TMPOIyCKaHHsS 3pa3ka. /[BompomeHeBa cTpyKTypa cnekTpodoTomerpa
MIJBUILYE TOYHICTh BUMIPIOBAHHSA, LIO JIO3BOJISIE 3MEHIIUTH MOMUIKH 4Yepe3 3MiHU
1HTEHCUBHOCTI JIaMIIH.

[Iporpamue 3ab6esneueHust crnekrpodoromerpa LAMBDA 1050 o6pobmsie naHi,
OTpHUMaH1 BIiJl JIETEKTOPa, 1 BUKOHYE PO3PaXyHKH ONTHUYHHUX KOE(DIIIEHTIB MPU PI3HUX
JOBXXMHAX XBWJIb. Pe3ynbTath MOXYyTh OyTH NpeACTaBiE€HI y BUIIAAL Tpadiky
CHEKTPaIbHOI 3aJeKHOCTI a00 HaOOpOM YHCElN, 10 MOKA3ye, K CBITIOM B3a€EMOJIIE 31
3pa3KoM B 0OOpaHOMY Jiana3oHi TIOBKUH XBUJIb.

JUIsE KUIBKICHOTO aHaJli3y 4YacTO BUKOPHUCTOBYEThCA KaliOpyBajlbHa KpHUB, SIKY
OynyroTh 3a pe3yiabTaTaMH cepli BHUMIpIOBaHb eTalioHIB. [loTiMm  KoedirieHT
MPOIYCKAHHS HEBIIOMOTO 3pa3ka MO)KHa MOPIBHATH 3 KaliOpyBaJbHOI KPUBOIO, 11100
BU3HAYMTH ITyKaHe 3HaueHHsA. OJIHaK mporpamMHe 3a0e3neYeHHs] aBTOMAaTUYHO BUKOHYE
npolenypy KaniOpyBaHHs JaHUX, OCHOBOIO SIKOTO € HAaCTyITHUH IpoLec:

1) BuUMiprOBaHHS HYJIbOBOI JIIHIT BETUYUHU X.erofine, 1O TOJSATAE Y BUITYUYCHHI OY]b-
SIKOTO 3pa3Kka 3 BUMIPIOBAIBHOTO KaHAIY;

2) po3MilleHHS BIAKANIOPOBAHOIO €TaJOHY Yy BHUMIPIOBAJIbHOMY KaHall Ta
BHMIPIOBaHHS HOT0 BiATOBITHOI BEIHMYMHHU SK 0a30BOT JIHIT Xpugesine. BlAKaTIOpOBaHMIMA
€TaJIoOH — L€ €TAIOH 3 BIZOMHMM KOE(]ILI€HTOM (IPOIyCKaHHS a00 BIIOMTTS) Xyeferences
K€ Ma€ OyTH BiJIKaIIOpOBaHE 30BHINIHBOI0 aKPEIUTOBAHOIO JTaOOPATOPIEIO.

3) 3pa30K pO3TAIIOBYIOTh y BHUMIPIOBAJILHOMY KaHall 1 BH3HAYalOTh BIANOBITHY
BEJIMYMHY 3PA3KA X sumpie-

CkopuroBanuii  koeQiuieHT (IIPOIMyCKaHHA ab0 BIAOUTTA) 3pa3Ka  Xgmple,

BU3HAYA€THCS 3 HACTYITHOIO BUpa3zy [95]:

1

X

__ “Vsample T xzeroline
xsample _ xreference (3_ 1)

xbaseline o xzeroline

Cnexrpodoromerp Shimadzu UV-3600 Plus mporiec oOpoOku JaHHUX BUKOHYE

TIJIBKH YacTKOBO. 3a Jonomororo (yHkuii “Zeroline” BM3HA4YalOTh HYJIbOBY JIHIIO Ta
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3aramM’ATOBYIOTb i1, a BK€ IMOJabIll BUMIPIOBAHHS €TAJIOHA Ta 3pa3Ka BUKOPUCTOBYIOTh
JUIS OTPUMaHHS pi3HUI. Jlam 004YMCIIOITh HOBE 3HAYEHHS ONTHYHUX KOE(IIIEHTIB 32
BIATIOB1IHUMH PI3HUIAAMH (YUCEIBHUK Ta 3HAMEHHUK B QopMyJl (3.1)) Ta X eference-

CxemMa BHUMIpIOBAaHHA KOJIMOBAaHOTO TPOIMYCKAHHSI Ha CIEKTpodoTomeTpi

LAMBDA 1050 noka3ana Ha puc. 3.7.

Z

=

Puc. 3.7. Cxema BumiproBanss 1. Lambda 1050: 1 — mxepena cBitia; 2 — MOHOXpOMATOP;

3 —miadparmu (1InHM); 4 — 3pa3okK; 5 — eTayioH; 6 —cucTeMa AeTeKTyBaHHs

ETanonHi BUMiproBaHHA NpoBoaWiuca y aAiana3zoHi Bix 250 mH go 2500 HM, a
BIJIMOBIIHI TTapamMeTpH (JOBKHHA XBUJI1, IHTEPBaAJ, ONTUIHUI KOS(IIIEHT) 3a]aBATTUCh Y
BIJIMOBITHOMY BiKHI po6ouoi mporpamu (puc. 3.8). Ilapamerpu «Detector Change»

BUKOPHUCTOBYBAJIMCA 3a 3aMOBYYBAHHAM.

UV Wirab - Rum - Scan - Lombda 1050 § nvwsn 2003 p. 521 Ginaris (i70)
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Puc. 3.8. Po6oue BikHO mporpaMHOTo 3a0e3nedeHHs (a), moyie BHOOPy BXiTHUX TaHHHX (0)

cnektpodotomerpy LAMBDA 1050
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3pa3ku CTaHAAPTHUX 3pa3KiB 3aKPIIUIIOBAJIMCh Y BHUMIPIOBAJIBHOMY KaHall 3a
nomoMoror miockoi npyxunu (puc. 3.9). Ockinbku LAMBDA 1050 He npu3HadeHa
JUIsl BUMIpIOBaHHS AM(Y3HOTO MPOIyCKaHHS Ta BIAOMTTS 3 BUKopucTaHHsM IC #oro

JOIIILHO 3aCTOCOBYBATH JIMIIIC JIJIST BUMipPIOBaHHS T..

Puc.3.9. Po3mimenns C3 y BumiproBansHoMy kanaiai LAMBDA 1050

Hocmimkenns npooauiauck Ha C3-®, C3-I1E, C3-TIBX ta C3-I1JI npu HaknagaHH1
NEBHOI KUIBKOCTI IIapiB CTaHAapTHOro 3pa3ky. CHeKTpalbHI XapaKTEepPUCTUKHU
koedimienta korimoBaHoro npomnyckanHs C3-® mng Topmma d1=0.1 MM, d2=0.3 mm,
d3=0.5 mm, d4=1.0 mmMm, d5=1.5 mMm, d6=2.0 mm, d7=3.0 mm mnokazana Ha puc.3.10.
Tommua d1 Biamosimae ogHomy mmapy ¢roporutacty, d2 — tppoMm, d3 — m’siteom, d4 —
necatu , d5 — m’arHaanaTeoM, d6 — ABaaAThOM Ta d7 — TPUALISITEOM.

JUisi MOpIBHAHHS CHEKTPAJIbHUX 3aJIEKHOCTEH PI3HUX CTaHAAPTHUX 3pa3KiB Ha
puc. A.1, puc. A.2 ta puc. A.3 (momatox A) HaBeICHHI 3HAYCHHS MJIs1 KOoe(DilieHTy
KOJIIMOBAHOTO TIPOITYCKAaHHS JUIi BUMIpSHUX 3paskiB pi3Hoi ToBuwH. s C3-T1E
BUKOPHUCTOBYBAJUCh TaKli KUIBKOCTI IIApiB MOJIETHWICHOBOI TUIiBKU: 1, 2, 3, 4, 5, 6, 8§,
10, 15, 20, 25, 30, 40, 60; C3-IIBX — xinbkictb mapiB [I1BX mmieku: 1, 2, 4, 10; C3-I1J1
— KUIBKICTh TIOJIBOEHMX IIApIB IUNBOK JyIs jaminyBaHHs: 1, 2, 5, 15. Ha puc. A4

(momatok A) TOKa3aHI CIEKTpalbHI 3aJEKHOCTI KOEQIIi€HTa KOJIMOBAHOTO

76



nponyckanuss C3-I1JI ToBumuoro 0.1 MM 11t TphOX-IIAPOBOI CTPYKTYpH 3a YMOB
naJiHHS CBITJIA 31 CTOpOHU TnonieTuneHTepedranary (kpuna I1) Ta knero (kpusa K).

——d] —d2 ——d3 ——dd —d5 —db6 d7

80 -
70 4
60 -
50 4
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30 4
20 4

o —//—-
0 : - - e

1

0 250 500 750 1000 1250 1500 1750 2000 2250 2500
A, HM

T, Yo

Puc. 3.10. 3anexHicTh KoedilieHTa KOJIIMOBAHOTO MPOIYCKAHHS T BiJ] TOBKUHU XBUIII A 3pa3KiB
C3-® ToBmmHo0 d1=0.1 MM, d2=0.3 MM, d3=0.5 mMm, d4=1.0 MM, d5=1.5 MM, d6=2.0 MM Ta
d7=3.0 mm

st BumiproBanb qudy3HUX MOTOKIB crekTpodoromerp Shimadzu UV-3600 Plus
MOXke MICTUTH JoaatkoBuil 6yok ISR-603 3 inTerpyrodorw cheporo giamerpom 60 Mm
a6o 150 mm (puc. 3.11). IX BUKOPHCTOBYIOTH I BMMIpIOBaHHS AM(Y3HOTO Ta
J3epKAbHOTO BIAOUTTS, MPOMYCKaHHS TBEPJAUX 1 PIAMHHUX 3pa3KiB y PI3HUX CIEKTpPaXx.

BuyTtpimHs noBepxHs chepu nokputa cyiabdarom dapito.

: ) : 5
Puc. 3.11. Cnexrpodoromerp UV-3600 Plus 3 inTerpytouoro cheporo aiamerpom 150 MM: 30BHITITHIH

Buriian (a); posmimenus IC B ISR-603 (6)
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[Ipn BUKOpHCTaHHI PO3IMSAHYTOI CHCTEMH KOE(ILI€EHT MMOBHOTO TMPOIYCKAHHS
(puc. 2.3.a) BHU3HAYAETHCS IUIIXOM BHUMIPIOBAHHS TOTOKY BHUIIPOMIHIOBAHHS, IO
MICTUTh KOJIMOBaHy Ta Judy3HO-po3cisiHy ckiaaoBi. KoediuieHT audy3Horo
MPOIYCKAHHS) BU3HAYAETHCS MUISIXOM BHUMIPIOBaHHS IU(PY3HO-PO3CISHOI CKIIaIOBOT
(puc. 2.3.B) micns BUIYYCHHS CTaHAAPTHOI 01101 migkiIanku (puc. 2.3.a) 3 IHTErpyr0doi
chepu. Po3mmpeHa HEBU3HAYEHICTh OTPUMAHMX ONTHYHUX KoediuieHTiB s C3 3a
nornomoror Shimadzu UV-3600 Plus ve nmepeBumye 1.0 % (ceptudikat xamOpyBaHHS
HaBeJeHUH B 1oaaTky Jl).

3HaueHHs KOe(PIIE€HTIB MOBHOTO Ta AU(PY3HOTO nporyckanHs 1 C3-@ TOBIIHMHOO
0.1 mm nHaBeneni Ha puc. 3.12, a C3-IIE toBmmHOr0 0.15 MM, C3-IIBX TOBIIMHOIO

0.15 mMm Ta C3-I1JI 0.2 MM Ha puc. A.5, puc. A.6 Ta puc. A.7 (mogatok A) BiJIIOBIIHO.

—total =—diffuse

800

600

T Y% 400
, 200

e
0 — T

0 250 500 750 1000 1250 1500 1750 2000 2250 2500

A, HM

Puc. 3.12. 3anexxHicTh KoedillieHTa MOBHOTO Ta Au(y3HOTO MPOIYCKAaHHS BiJl JOBXUHHU XBUJI A

3pazka C3-® ToBmuHOWO 0.1 MM

[Ipu anamizi OTpUMAHOI  CHEKTPAIBbHOI  3aJIEKHOCTI  TMOMITHO, 10 B
yIbTpadioIeTOBOMY [1aa3oHl XBWUJb JJs BCIX CTaHIApTHUX 3pa3KiB XapaKTepHa
JIFOMIHECIICHITIA.

CHekTpallbHi  XapaKTePUCTHUKHA  KOJIMOBAHOTO TMPOIYCKAaHHS, OTpPUMaHi 3a
nonomororo crekrpodoromerpiB UV-3600 Plus Ta Lambda 1050 mns C3-® ToBIIMHOO
0.1 mm, HaBeneni Ha puc. 3.13, a g C3-I1JI ToBmuuow 0.2 MM, C3-IIE ToBIIMHOIO
0.15 mm Ta C3-IIBX ToBmumuoro 0.15 MM — B momatky A (puc. A.8, puc. A9 Ta

puc. A.10 BIANOBIAHO).
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=UV-3600 Plus ===LAMBDA 1050
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Puc. 3.13. 3anexHicTb KoedilieHTa KOJIMOBAHOTO MIPOIYCKAaHHS T, BiJ] TOBKUHU XBUJII A, BUMIpSHI

pizHuMHE criekTpodoromerpamu ais 3pas3kiB C3-@ toBmuHO0 0.1 MM

AHaJ3yl0ud OTPUMAaHHI JaHHI TOMITHO, IO HAMOUIBII CXOXXUMHU 3HAYCHHSIMU,
OTPUMaHUMH pPI3HUMHU crHekTpodoromerpamu, € koedimientu 1. aus C3-O. [ns
matepianmu C3-IIE Ta C3-IIBX crnocrepiraeTbCsi HEBEIMKA PI3HULA y 3HAYEHHSX T, B
miama3oni 250 — 1000 um mrst C3-I1E — ne 61nbmie 10 %, a gug C3-I11BX B miama3oHi Bif
1500 am — He Owipmie 3 %. 3HaueHHs T, it C3-I1JI 3MIHIOETBCS 3a CXOMXKOIO
TEHJEHIIEI0, SIKy MOXKHA OMUCATH KOPUTYIOUMM Koe(imieHToM. MiHiManbHI TOBUIMHU
spaskiB  C3-IIBX ta C3-IIJI He AOUUIBHO BHUKOPHCTOBYBATH TIPH BH3HAYCHHI
Koe(]ilieHTa eKCTUHKIIIT BHACITIIOK SBHOTO OaraTOKpaTHOTO PO3CISTHHS.

OTrpumaHi y XOAl €TaJOHHMX BHUMIPIOBaHb KOE(IUIEHTH  KOJIMOBAHOIO
NPOIMYCKAHHS i  YOTUPhOX HAOOpPIB  €TAJOHIB  PI3HOI  TOBIIMHU  MOXHA
BUKOPUCTOBYBATH Yy SIKOCTI CTaHAAPTIB CBITJIIOPO3CISSHHA ISl AOCHIKEeHHs pi3HuX bT.
st pisanx BT. HenonuibHICTh BUKOPUCTAHHS €JMHOTO THITY €TAJIOHY OOYMOBIIEHA
PI3HOI0 MIHIMAJIbHOIO TOBIIMHOIO 3pa3ka BT, mpu skiil rapaHtoBaHo 3a0e3neyeHe
OJIHOKpaTHE (MaKCUMYM — IBOKPATHE) PO3CISTHHA.

I'padixku 3amexkHOCTI KOE(DIIIEHTIB MOBHOTO MPOMYCKaHHS T; Ui CTaHAAPTHOTO
3pazky C3-® nokazano Ha puc. 3.14. Ananoriuni 3anexsocti st C3-11E (puc. A.11),

C3-TIBX (puc. A.12) ta C3-I1JI (puc. A.13) HaBeaeHi B 1ogaTky A.
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Puc. 3.14. 3anexHicTp KoedilieHTa MOBHOTO MPOIYCKAaHHS T; BiI JOBXUHH XBHJII A JIJIs1

3paskiB C3-® toBumHot0 d2=0.2 MM, d3=0.5 MM, d4=1.0 mm, d5=2.0 MM, d6=3.0 MM Ta d7=5.0 MM

[Ipu BuU3HaueHHI KoediuieHTa Tudy3Horo BiAOUTTS oauH 3 oTBOpiB IC (mepeaHiit)
MEPEKPUBAIOTH IJIACTHHOIO 3 CyNbdaTy Oapiro abo 1HIIMM OLTUM €TAJIOHOM PO3CISTHHS.
3pa3ok po3MIILYIOTh B HIDKHBOMY OTBOpPI, K MTOKa3aHo Ha puc. 3.15. [lepen moyarkom
JOCIIKEHb 3A1MCHIOIOTh KamiOpyBaHHsS NpWiagy 1 TOAl B HWXKHbOMY OTBOPI

PO3MIIIYIOTH ITI€ OJJHY CTAaHIAPTHY OLTy IMiIKJIAJIKY.

BumiproBasbHuii
MPOMiHb

CrangaptHa 6ina
miaKIaaKa

3pasok/CraniapTHa MPOMiHb
Oina migKiIagKka

Puc. 3.15. Cxemu BumiptoBanHs KoeimieHTy Au(y3HOTO BiTOUTTS

I'padiku 3anexxnocti koediuieHTiB Audy3HOro Binoutts p, ana C3-d , C3-11E, C3-

[MBX, C3-I1JI pi3Hoi TOBIIMHMA HAaBECHI B 1OAATKY A.
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I'padiku 3anexHocTi KOoe(ili€HTIB AUQPY3HOTO BIIOUTTS p,; UIsI CTaHIAPTHOTO
3pa3ky C3-® mokazaHno Ha puc. 3.16. Ananoriuni 3anexuocti gt C3-11E, C3-I11BX ta

C3-I1JT naBeneni Ha puc. A.14, puc. A.15 ta puc. A.16 BiaAnoBiIHO (107aTOK A).

dl d2 d3 d4 d5 dé d7 ds
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Puc. 3.16. 3anexnicth KoediuieHTa 11dy3HOro BIAOUTTS Py BiJ JOBXKUHU XBUJI1 A JJIs1
3paskiB C3-® toBumHoro d1=0.1 mm d2=0.2 mm, d3=0.3 mm, d4=0.5 mMm, d5=1.0 mm, d6=1.5 MM,
d7=2.0 MM Ta d7=3.0 MM

Pesynbrati  cieKTpoOTOMETPUYHUX  JOCHITKEHb BUKOPUCTOBYIOTHCS  JUISI
BJIOCKOHAJICHHSI MeToly (OTOMETpli emimncoigabHUMH  pediekTopaMu  HUIIXOM
dikcamii JOBXKUHU XBWII, IO BIAMOBIA€ JOBXHHI XBHJII JIA3€pHOTO JIKepena
BUIIPOMIHIOBaHHS OlomenuuHoro ¢oromerpa 3 EP 13 HacTymHUM BHU3HAYCHHSIM
BIJIMOBIAHOTO ONTHYHOTO KOEQIIEHTY T., T;, Pg. LIeH mporec momsirac y BU3HAUYEHHI
ONTHYHUX KOS(DIMIEHTIB JUISI KOXKHOTO CTAHIAPTHOTO 3pa3Ky KOXKHOI TOCIHIIKEHOT

TOBIIMHU 1 MOTPeOy€e aBTOMATH3AIII].

3.3. Po3po0.ienHst mpoToTHIy (hOTOMETPY 3 eJIincoifaibHuMu peduiekTopamn

KomnonenTu, mo Bxoasath 10 ckiaanxy goromerpy 3 EP (puc.3.17), BigHOCATBCS 110
kjaciB ontuyHux enemeHTtiB (EP, mpu3ma, koHycHa OneHpaa), ONTHUKO-EIEKTPOHHHUX
npwiaaiB (mxepeno BumpomiHtoBaHHS, [133-kamepa), eNeKTpUYHUX Ta EIEKTPOHHUX
KOMITOHEHTIB, a TaKOX JieTaje (TyOyc, IIiTa Ta mijcTaBka Ha peii). s orpumaHHs

doTomMeTpuyHNX  300paK€Hb  BUKOPHCTOBYIOTh  CIHEIliali30BaHE  IMPOrpaMHe
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3a0e3neuyeHHs ta [IK. OcobnuBocTi KOHCTpyIOBaHHsS Ta ckiamgaHHi (oromerpy 3 EP

omnucaHi B poboTtax [64, 68, 97 — 103].
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Puc. 3.17. 3oBHimHi#i Burisn poromerpy 3 EP

JI>kepenoM BUNPOMIHIOBAaHHS € Ja3epHUN di0J 3 KOJIMAaTOPHOK ONTHYHOIO

CHUCTEMOIO, pajilyCc BUXIJIHOTO My4Ka 7, JopiBHIOE (.75 MM, HOMIHAJIBHOIO TMOTY>KHICTh
25 MBT Ha noBxkwuH1 xBuii 650 HM. [Ipu poTomMeTpruHUX BUMIPIOBAHHIX MOXYTh OyTH
BUKOPHCTaHI U 1HIII JKepesia KOJIIMOBAaHOTO BUIIPOMIHIOBAHHS 3 BIAMOBIIHUM HAOOpOM
napameTpiB. JloBKMHA XBWJI1 JIaHOTO JAa3€pHOIrO Jiojda, SK 1 OyJb-sSKOTO 1HIIOTO
JoKepena, ToTpedye MONepPeTHbOT0 KOHTPOJTIO, HAIPUKIIA, 32 IOMTOMOTOI0 3Pa3KOBOTO

cnektpomeTpy Ocean optics HR4000. Pesynbprar koHTpoa0 moka3zaHo Ha puc. 3.18.

(BikHO mporpamu Ocean view 2.0.8).
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Puc. 3.18. Bikno nporpamu Ocean view 2.0.8 3 pe3yJibTaTaMi KOHTPOJIIO JTOBKUHH XBUJI1 JTa3€PHOTO

aiony

S BUJIHO 3 PUCYHKY, peajbHa JOBXXHHA XBHJII BUKOPUCTAHOTO JIA3EPHOIO JHKeperia
ckiamae 651 HM, IO BIJPIZHAETHCS BIiJ TACIOPTHOTO 3HAYCHHS. Y TMOJAJIBIINX
JOCIIKEHHSAX BUKOPHCTOBYBATUMEMO ONTHYHI KOC(IIIEHTH came ISl IMi€l JOBXKUHU
xBWIi. OCKUIbKH Ol10MEIWYHI JTOCTIHPKEHHS 4YacTo MOTPEOYIOTh HEBEIUKHUX 3HAYCHb
MaJialovuoro MoTOKy JIa3epHOT0 BUIIPOMiHIOBaHHS, ¢hoTomeTp 3 EP ocHamenuit 01oxkoM
NEepEeMUKaHHS BUXIJHOI MOTY>KHOCTI, IKUHM 3a0e31euye AeCATh PEKUMIB 3 TTOTYKHICTIO:
1.8 MBT, 4.2 MBT, 6.6 MBT, 9 MBT, 11.4 MBT, 13.8 MBT, 16.2 MBT, 18.6 MBT, 21 MBT,
23.4 ™mBT. IloTyXHICTP ONTHYHOTO BHUIIPOMIHIOBAHHS MJIi KOXXHOTO 3 PEXKHUMIB

KOHTPOJIIOBAJIaCh MOBipeHUM BatMeTpoM Starbright 3 netekropom 3A-FS (puc. 3.19)

83



& Ophir'sTArLAB

e =[=[x]
£
¢
* Channel A& Statistics
‘r‘: A: PD300R-UV Min Max Average
§/n:952153 147.8uW 149.4uW 148.6uW
'y 148.5uW 14 W std.Dev. Overrange
P e, oU 254.6nW 0
Measuring Power¥ Time Frame Merge Split Reset
Wavelength: 651w - -
“ 00:05:00 =
Range: AUTO™ L 5 2
Filter: INW
Offset: 0.000w A PD30OR-LV [uW] @ uw v
A uncons® 3000
250.0
200.0
150.0
100.0
o 50.00
-
* 0000
00:00:00 00:01:00 00:02:00 00:03:00 00:04:00 L

Time (h:m:s)

~ NG @ ®

6)

Puc.3.19. KonTposb pexuMiB J1a3epHOTO 101y BUMIPIOBAIBHUI CTEH (a); MPOoIleC KOHTPOJIO B Yaci 3

Bukopuctanns [13 Ophir Starlab (0)
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Pucynox 3.19.0 xapakrepusye KOHTPOJb 3HA4€Hb MIHIMAJIBHOIO IIOTOKY 3
BUKOPUCTAHHSAM aTEHIATopa, IO MoOXKe OyTH 3acTocOoBaHE [UIsl JOCIHIKEHHS
HAJITOHKHUX 3Pa3KiB CTAHIAPTHUX 3pa3KiB a00 O10JOTTYHUX TKAHUH.

Hetexropamu € nBi 8-6iTHI kamepu DMK 21AF04.AS (The Imaging Source, CIIIA)
3 MoHoxpomHo [133-marpunero (cencopom) Sony ICX098BL (Sony Corporation,
Anownis) 3 alaronamwno 4.5 mm (tun 1/4 *), po3ainsHoto 3aaTHICTh 640x480 mikcemniB 1
niarpumkoo gopmatry VGA. IlporpecuBHa po3ropTka 03BOJsIE BUBOAUTH CHUTHAIIU
BCIX MIKCENIB HE3aIEKHO MPOTAroM npudiau3Ho 1/30 cexkyHau. Y pexxumi MOHITOPUHTY
Kamepa mpairoe 3 BUTpuMKor 60 kaapis/c. Lls Mikpocxema ocHallleHa €JIeKTPOHHUM
3aTBOPOM 31 3MIHHUM 4YacoM 30epiraHHsi 3apsy, IO J1a€ 3MOTY CTBOPIOBATH IOBHO-
KaJIpoBl HepyxoMi 300paxeHHss Oe3 MexaHiyHOro 3arBopa. OKpiM TOro BHCOKa
YYTIUBICTh 1 HU3BKUI TEMHOBUHN CTPYM JOCSTAIOTHCS 3aBISKH 3aCTOCYBAaHHIO JTaTUYMKIB
HAD (Hole-Accumulation Diode) [104].

V¥ skocti ontuyHoi cuctemu OCl Ta CO2 (puc. 2.5) BUKOpUCTaHUN OO'€KTHUB
Bapiopokan 13VM2812ASII (Tamron, fAnonis) 3 pydnorw niagparmoro, (HOKyCHOIO
BiicTaHHIO 2.8 —12 MM Ta pmiadpparmoBum uuciom 1.4, MexaHi3M yOpaBiIiHHS
niadparMor0  J103BOJISIE BUKOPUCTOBYBAaTH OO0'€KTMB Ha 00'€eKTax 31 CTaTUYHOIO
OCBITJICHICTIO. 3aBJIIKM BHCOKIM SKOCTI CKJISHHUX JIiH3 00'€KTHB 3a0e3ledye dYiTKe
300pa)KE€HHS 110 BCbOMY (POKYCHOMY Jlana3oHy.

Enincoinanshi pednexropu EP1 ta EP2 (puc. 2.5) Burorosneni 3a qonomororo 3-D
apyky 3 ABC-macTuky Ta XIMIKO-TaJbBaHIYHOK METaNi3alli€l0 BHYTPIIIHBOI
BizOuBarouoi noBepxHi [105] 3 dokanbHUM mapameTrpoMm (poOouum oTBOpoM) p=16.7
MM Ta eKcleHTpucuteToM e=(0.7.

Came excueHTpucurer e (abo OUIbII 3HAYUMUNA JUISI TIPOIIECY BHUTOTOBIJICHHS
napamMeTp — Koe(ilieHT cTUCKaHHS m) Ta ¢okanpbHui mapametp p (puc. 3.20) €
KIIF0OU0BMMHU mapamerpamu EP, siki BIIMBaIOTh HA KOPEKTHUN BHUOIp 1HIIUX €JIEMEHTIB

6iomeAMYHOTO (hOTOMETPY.
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Puc. 3.20. KoHCTpyKTUBHI MapaMeTpH eiNncoilanbHOro pediexropa Ui peecTparii NpoIymeHoro (a)
Ta Binouroro (0) ceitna: F;, F> — Touku okycis; f— pokycHa Bifacrans; D — oTBip 111 BBEACHHS

Iy4Ka CBITJA.

Sk BimOMO, Koe(illi€eHT CTUCKaHHS Ta (POKaNbHUI MapaMeTp MOXHa BU3HAYMUTH 32

HACTYMTHUMU (HOpMYJIaMu:

b

m:;: 1_62, (32)
b® 2 2

p=7:a(1—e )=bN1-b" (3.3)

e —a ta b Benuka 1 maina miBsick EP BiamosiaHo.

OO6rpynTyeMo BuOip 1tux ocHOBHUX mapameTtpiB EP [106].

3.3.1. OOrpyntyBanHs BHOOpPY (OKAJIBLHOr0 MNapamMeTrpy eJilcoilaJbHOr0
pedJiexkTopa

®doxkanpanii mapamerp EP, skuif BiamoBizae 3a BEIMYHUHY pPOOOYOTO OTBOPY
doTtomeTpy, Mae 3abe3nedyBaTh SIKOMOTa OUIbIIE MOTPAIUISIHHS — PO3CISTHOTO

010JI0OTIYHUMH TKAHWHAMH BUIPOMIHIOBAHHS. 3 OIJISAy Ha Iie, BUOIp (OKaIBHOTO
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napameTpy AOLUIBHO 3I1MCHIOBAaTH 3 NparMaTUYyHUX MIPKyBaHb, TOOTO Ha MiJCTaBl
CUMYJISIIT MOXJIMBOTO XapaKTepy pO3CISIHHS CBITJIa B NPSIMOMY Ta 3BOPOTHOMY
HampsIMKax. 3a3HaueHWM Mpolec CUMYJSALII Ta aHami3y CKJIAJae€TbCid 3 HACTYIMHUX
MOCITITOBHUX KPOKIB.

1. Busnauennsi ontuunux BiactuBocTi BT Ta mapameTpiB magaro4yoro Jia3epHOIro
ny4Ka, K1 OyJ1lyTh BXITHUMH JAHUMH MOJEIIOBAHHS.

Jlist HaoyHOCTI OyzIeMo 1TIOCTpYyBaTH Il Mpollec Ha MPUKIaAi 3paskiB Oijgoi Ta
CIpoi pEYOBUHM MO3KY JIIOJMHU Ha JOBXKHUHI XBWJIl 650 HM (Tabmwuis 3.2), ONTUYHI

BJIACTHUBOCT] SKUX BU3HAYEHI 1HIIUMHU JOCIITHUKAMH.

Ta6muis 3.2 Ontuuni BaactuBocTi BT Tkanun Mo3ky mogunu [107, 108]

Miamazon
-1 -1 .
bT n Uar CM Us, CM g JIOCIIIKYBAHUX

TOBIIUH, CM

Bina pedosuna | 1.467 0.08 40.1 0.852 10°-10

Cipa peuosuna | 1.395 0.09 86.2 0.898 10°-10

JIist MopnenroBaHHS TIONIMPEHHS CBITIa B CHCTeMi O10J0TIYHOI TKaHWHU Ta
dboToMeTpa 3 emincoijaNbHUMHU pedieKTopaMu, OKpiM onTHYHHMX BiactuBocted BT
BKa3aHUX B TaOauui 3.2, BUKOPUCTOBYBAIM TaKl BUXIAHI JaHi: KUIBKICTh 3alyIIEHUX
dotoniB — 20 MiH, npodinas mamardoro jgazepHoro npomento [109] — [Naycis, giamerp
JIA3€PHOTO MPOMEHIO 27) = 1.5 MM.

2. 3a pomomorot mnporpamHoro 3abesneueHHs “Ellipsoidal Photometry” [110]
(puc. 3.21) MOnENOITh MOMIMPEHHS] ONTHYHOTO BUIIPOMIHIOBAHHS 3 IapaMeTpami,
3a3HAYCHUMU B IYHKTI 1, Ta ONTUYHUMHU BJIIACTHBOCTIMHM (Tabymis 3.2) I OKpeMoi
TOBIIMHU 3pa3Ky. Pe3ynbTaTomM MOIETIOBaHHS € 3aJICKHICTh ONTUYHUX KoedirieHTiB (7,

R4, A) Big TOBIIMHY 3pa3ka (puc. 3.22).
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, :
@ o e

Project  Run
Input | Output | Result

General F

Number of runs 20 = e Egitom I[" Distribution type
68T 6AT = = T
Number of photons = p 16875 16875 (@ Gaussian distribution () Uniform distribution - 2 —
in each run (k) 20000 2 T
Total number of Y e 0666667 0.666667
photons (k) 400000 i : :
Laser beam type: a 30375 303715 15 B
— -Cnnﬁgure
) Infinite narrow beam SFE b 226402 22,6402
@) Finite radius beam fm =0.75 : . 1,25 !
¢ 2035 2025 = 1 ]
[ Use elipsidal refiecots =
_ w_k 095 095 =
@ Both g 0,75 |
Just top one fitera |4p ]| 453x453
Just battom one . " 453x453 0,5 7
Grid settings 0,25 J

z r a Reset 0 L L L 1 1 1
u o o1 02 03 04 05 06 07

n 40 50 1 Distance from center of beam
a 001 0.01 1.570796

Radius of 0,750 B Image scale 300 -

the beam

Tissue settings

7
-
Mumber of Amplitude 1,596 = Image size 500 =
L mua mus 9 d layers '

= Number of

med. above 1 1 = Dispersion 0,250 = dots [tooon — =
1467 0.08 40.1 0352 01 Opeq piciue

laver 1

med. below 1

New project created

a) 0)
Puc. 3.21. T'onosue BikHO nporpamu “Ellipsoidal Photometry” (a), Bkiagka 3 mapaMerpamu Jxepena

BurpomiaroBauHs (0) [110]

L
0.8 ’
Ra
— 0.6

0 :
1077 1«00 0l 10 L1077 11070 ol 10
Sample thickness d, cm Sample thickness d, cm

a) 0)
Puc. 3.22. 3anexnicTs koedimienta audy3Horo BiaouTTs Rd (cyminpHa miHis), HormuHaHHS A
(TOuKOBa JIiHIs), 3araJbHOTO KoedimieHTa nponyckanHs T (ITyHKTUpPHA JIiHIs) Bl TOBIIMHU 3pa3ka d

JUTsl TKAHWH TOJIOBHOT'O MO3KY JIFOJMHU: 011101 (a) Ta cipoi (0 ) peuoBUHA HA JOBKKHI XBWII 650 HM

OTpuMaHi 3aJIe)KHOCTI HaM HEOOX1aH1 JUIsl BU3HAYCHHS TOBIIUHU d, TIPHU SKIA TUIsIMA
po3cisiHHA Oyzae HaiOinbinow. [lopiBHIOIOYK OTpUMaH1 Pe3yiabTaTH 3 AHAIOTIYHUMHU

posnmomimamu [111, 112], y sxux moka3aHo, IO HaisgckpaBimi ¢GoToMeTpUuyHi
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300paxkeHHs (OpMYIOThCS Ha TOBIIMHI 3pa3kiB BT 3 HallOubll JUHAMIYHUM
BIIXWUJICHHSIM ONTHYHUX Koedimientie 7, R;, A. Y 3B’A3Ky 3 IIUM, a TaKoX
HEOOX1IHICTIO BIJIHOCHOTO MOpiBHSHHS edexktuBHOCTI EP mpu poOoTi 31 3pazkamu
pizaux BT, Taki TOBIMIMHM I MOCHIDKYBAHUX TKAaHWH MO3KY CKJIamaroTh: dI = 0.025
cM, d2 =0.05 c™m, d3 = 0.1 cm, d4 = 0.5 cm, d5 = 25 cM Oy1IeMO BUKOPUCTOBYBATH JIJIs
MozemooBaHHs. lleil HaOlp TOBIIMH OOpaHO BUKIIOYHO 3 MHPOTHOCTUYHUX IO3MIIN
dboTomeTpii eNINCoiIaTbHUMU pedaexropamu: BiH HE XapaKkTepU3ye
3araJIbHONIPUUHATHX MPUHIIUITIB O101ICIHHOTO TOCIIIJKEHHS, TOCIIIKEHHS
Tio¢11130BaHUX YM MapaiHi30BaHUX 3PI31B 1 HE € aHATOMIYHO BEpU(PIKOBAHUM.

3. Jlam BigOyBa€eThCs HOBE MOJCIIOBAHHS IS BU3HAYCHHS pajilyCy HaMO1IbIIIOro
BIIXWICHHS 7; (DOTOHA TpH PO3CISIHHI B MpsAMOMY ab0 3BOPOTHOMY HAIPSIMKY IS
3pa3ky bT ToBmuHoMO d.

4. HacTynmHMM KpOKOM BIJIOyBa€TbCsl OOYMCIICHHS ITOKa3HUKA €(PEKTHBHOCTI Yy

B1IOMTOMY Ky Ta mponyiieHoMy Ky CBITIIL:

Ae=gvs (3.4)

K, =
) (Rd+RS)'N0 ’ (3.5)

ne — Ny 3arayibHa KUIbKICTh (OTOHIB, 3anymieHux y bT; Wy, Wy — cymapna Bara
(G OTOHIB, 1110 BUUIILIN 13 CEPEIOBUIIA B TIPSIMOMY 1 3BOPOTHOMY HANPSIMKY, BiJIITOBITHO,
3 KOOpJIMHATaMHU, 1110 3HAXO/IAThCSA B MeXax BxigHoro BikHa EP 3 miamerpom 2p (p = 1)),
R, — xoediuieHT na3epkanbHOro BiIOUTTS BT, fSKkHil € BHUXITHUM pPE3yJIbTaTOM
moaemntoBanHs y nporpami “Ellipsoidal Photometry”.

Ha puc. 3.23 Ta puc. 3.24 HaBeIeHO 3aJIeKHICTh TTOKa3HUKa eheKkTuBHOCTI EP.
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0.2

2 3
ri /[ ro

a)
Puc. 3.23. 3anexxHicTh MOKa3HUKA €(PEKTUBHOCTI €MINCOiJaIbHOTO pedIeKkTopa y MPOIyIIeHOMY

d2
d3
0.6
ds
0.2

2 3

6)

ri [ ro

CBITJII BiJI CIIBBITHOIICHHS /79 ISl TKAHWH MO3KY JIFOJIMHH: 017101 pe4OBUHHU (@) Ta CIpoi peYOBUHU

K

0.6

”, &
L/ &
", r
[ N )
L
[
L’

[

¥

!

[

’

¥

§

)

¢

1 2

K

(6) Ha nopxxuHi XxBrI 650 HM

0.6

23
ri | ro

6)

Puc. 3.24. 3anexxHicTh MoKa3HUKa €(PEKTUBHOCTI eNINCOiNaNbHOr0 pediekTopa y BiIOUTOMY CBITII BiJ

IoBKHUHI XBrIl 650 HM

CIIBBIIHOIIICHHS 7;/79 JUISI TKAHWH MO3KY JIFOJIUHU: 01J101 pedoBuHH (a) Ta cipoi peyoBunH (0) Ha

Ak nokazano Ha puc. 3.23 1 puc. 3.24 a8 I0oCHiIKyBaHUX TKaAHWH OUIOi Ta Cipoi

PEYOBHHHM TOJIOBHOIO MO3KY JIIOJMHM Ha JOBXKHHI XBHJ1 650 HM CHOCTEpIraeThcs

TEHJICHIlis1 30UIbIIeHHs (POKAIBHOTO TMapaMeTpa p 31 30UIbIICHHSIM TOBIIMHH 3pa3KiB

BT, 1o 33.663116‘1}/6 JOCATHCHHS MaKCHMAJIbHHUX 3HAYCHBb ITOKA3HHKaA C(l)CKTI/IBHOCTi EP

y BigoutoMy Ky Ta npomnyumeHomy Ky CBITI.

JTOBXHUHI XBWI 650 HM, K 1 BcboMy BUIUMOMY criekTpi [106, 110], y nponyieHomy 1

Jlns nociipKyBaHUX TKAaHUH TOJIOBHOTO MO3KY JIIFOJIMHHM TOBIIMHOKO 2.5 ¢M Ha
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BIIOUTOMY CBITJIa TOKa3HUKU eekTuBHOCTI EP HaOnmxkaroThCcs 10 OAWHUIIL MPU
3HaYCHHSX (OKAJBHOTO TMapaMerpa, L0 MEpPeBUIIY€E AlaMeTp NaAarodoro IMydka
nioHaiiMeHIe B 5 paszi. Tomy ToBmmHa 3pa3kiB BT, sika iICTOTHO BIUIMBA€E Ha PO3MIp
IUSIMU  PO3CISTHHS Yy BIIOMTOMY Ta/a00 TPOMYIIEHOMY CBITJi, TaKOX € OJIHUM 13
BU3HAYaJbHUX MTapaMeTPiB, sIKI BIUTMBATUMYTh Ha €(eKTUBHICTh EP.

5. Busnauenns koeiuienra epextuBHocTi EP.

Koedimient edpexruBaocTi EP 03Hawae HaOmmkeHHS MoKa3HUKa eekTuBHOCTI EP

JI0 OJTMHUII 13 32JaHO0 TOYHICTIO 1 BU3HAYAETHCH SK:

QT =2

V.

! KT—>1, (37)
0, ="

Kot (3.8)

Ha puc. 3.25 naBeneno 3anexHicth koedimieaTa epekruBHocTi EP y Binbutomy Qg
(MyHKTHpHA JIiHIsA) Ta npomyuieHoMy O (CylibHa JiHISA) CBITIL AJs Pi3HOI TOBIIMHU
3pa3kiB OUI0i Ta CIpOi PEYOBUHHU MO3KY JIOJWHU JJIsl JAOCHIKYBAaHHUX JIIHIM CHEKTpY.
st ctBopeHHSs rpadikiB BUKOPUCTaHA anmpokcumarlisi koedimieHTtiB 3 moxuokor 0.001

(0.1 %).

1 1
0 0.8
T, o6k
R 4
0.2
0 1 2 0 1 2
Sample thikness d, cm Sample thikness d, cm
a) 6)

Puc 3.25. 3anexHicTh KoedilieHTa epeKTUBHOCTI €INCOITHNUX pedIeKTOPIB Bil TOBIIMHM 3pa3Kka d

JUIS TKAHUH MO3KY JIFOAMHU: 017101 pedoBUHHU () Ta cipoi peuoBuHU (0) Ha TOBXMHI XBUI1 650 HM
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I'padiku Qp 31 30UIBIICHHSM TOBIIWHUA HE 3a3HAIOTH MOMAIBIINX 3MiH, OCKUIBKH
koediieHT audy3HOTO BIIOUTTS R, AOCITAIOYM TIEBHOTO 3HAYEHHSI, 3aJIUIIAETHCS
ctanuM (puc. 3.22) npu Oyap-IKOMY MOJaIbIIOMy 301bIlIeHH] TOBIIMHU d 3pa3ka BbT.
Koedimient epexruBHocti EP Q7 moyHe 3poctatu mpu IOCATHEHHI MEBHOI KPUTHYHOT
TOBIIMHU, KOJU 3arajibHUil Koe(ilieHT mpoIyckanHs 1 HaOMMKaeTbes 10 HYJIA, TaK SIK
paaiyc (OTOHIB r;, AKl 3aJIMIIAIOTh 3pa3ok bT B mpsMoMmy HampsMKy, HE MAaTUMYTh
¢bi3uuHo 3HauuMoi BenwuMHM. lle BKazyBaTMMe Ha TIOYAaTOK MaTEMaTUYHOI
HEBU3HAYCHOCTI, Y SIKill 3HaMeHHUK (3.7) MaTUMe HyJIbOBE (HEICHYIOUE) 3HAUCHHS.

Takum ynHOM 0Opanuii EP 3 gokanbHuM napamerpom p = 16.7 MM MAXOAUTH IS
JOCIIJKEHHSI TKAHWH TOJOBHOTO MO3KY mpu 7y = 0.75 mm. BonHouac, nepeBuIieHHs
(GbOoKaIbHUM MMapaMeTpOM pajilyCy IMaJardyoro mydyka Ouibine HDK y 20 pasiB (mpu
JIOCTaTHBOMY IT’ITUKPATHOMY TI€PEBUINEHHI) TOTpeOy€e BUKOpPUCTaHHS 3pa3kiB BT
OUTBIIIOTO TIEPUMETPY.

JIns mochipkeHHS Yy OpONyHIEHOMY Ta  BIAOMTOMY  CBITUII  JIOUIJIBHO
BUKOPHUCTOBYBATH €IIICOifanbHI pediekTopu omHakoBoi (popmu. Taka KOHCTpyKIIiitHA
ocoOnuBICT,  OlomMeauyHOro GoToMeTpy 3abe3reuye ONTUMATbHUNA  KOE]IIlIeHT

edexruBHOCTI EP [106].

3.3.2. OOrpynryBaHHss BHOOPY KoOe}IiUi€EHTAa CTHCKAHHA eJINCOIIAJIbHOIO
pediekTopy

Takox BaXIMBUM MMapaMeTpPOM, IO BIJIUBA€ Ha pe3yibTaT (OCBITJICHICTh
doTOoMEeTpUYHUX 300pakeHb y Tikcensix) € koedimieHT crtuckanHs EP (3.2). Lei
Koe(DIIiEHT pa3oM 3 ONTHYHUMHU BIACTUBOCTAMH bT BIIMBae Ha pO3MOLIT OCBITIECHOCTI
dboTomeTpuuHUX 300pakeHs Kuielb A2 Ta A3 (puc. 2.18) npu 30HHOMY aHaTI31.

Posrnsmemo mpuHmMnu  BuOOpYy  Koe(illieHTa CTUCKAHHS — €IICOigaTbHOTO

pedrekTopy Ha IPUKJIAAl TKAHWH TIEYIHKH CBUHI, ONTUYHI BJIACTHBOCTI SIKO1 HaBEJICHI B

Tabmauui 3.3.
Tabmuug 3.3 OntuyH1 napameTpyu TKaHUH NediHKU cBiHi [113]
JloBXKuHA XBUJI1, HM I, cM ' g, CM ' g n d, cm
405 0.66 1.22 0.76 1.39 0.1
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BuOip 3a3HaueHOi TKaHMHM OOYMOBJIEHHHA 1i OUIBIUIMMHU TNOIJIMHAOYUMU, B
MOPIBHSHHI 3 PO3CIIOBaJILHUMH, BIACTUBOCTSAMU. A HOBKUHU XBUI 405 HM BiJNoBigae
MIHIMQJIbBHOMY 3HA4Y€HHIO e(eKTUBHOI uyTiMBOCTI oOpaHoro I133 mpuiimaua DMK
21AF04.AS.

Jlami mpoBoauMo MojenroBaHHS OomOapayBanHs (oroHamu (20 MiIH) 3paska
TOBUIMHOIO 1 MM 3 PIBHOMIpHMM HpoQiuIeM MNaJardoro Ja3epHOro Myyka paalycoMm
0.75 MM 751 iania3oHy 3HaYeHb KOe(IIEHTIB CTUCHEHHS eIIICoinanbHOro pedektopa
0.3-0.95 Tta ¢pokanpHux mapamerpiB 11 mm, 16.875 Mmm Ta 22.75 mm. Y pe3ynbTaTi
MOJIEJIIOBAaHHSI OTPUMY€EMO XapaKTEPUCTHUYHI (POTOMETPUYHI 300pakeHHs, aHAJIOTIYH1
nokasaHi Ha puc. 2.18, y po3cissHoMy Briepes Ta Hazaz cBiTii [106].

3a pe3ylibTaTamMM 30HHOTO aHalizy (OTOMETPUYHUX 300pakeHb mpu (oTomeTpii
SNINCOiTaTbHUMU pedIIeKTOpaMy HUKYE HaBeNIeHI Ipadiku OCBITICHOCTI 30BHIIIHHOTO
A3 Ta cepennboro A2 ximbls BiJ KoedirieHTa ctuckanHs EP mms poscissHoro Hazan

(puc. 3.26) Ta Bepen (puc. 3.27) cBiTiaa.

207 80

60

—
N
-
b= =
[ed —_—
\,
Y,

IJ
N

= |
4=
=

2
OCBITIIEHICTD, BiIH.OIH./CM
| o
fad
-
OCBITJIEHICTD, BiH.0H./cM”
L
o
=

0.4 0.6 0.8 1

0.4 0.6 0.8 1

a) 0)
Puc. 3.26. OcBiTyIeHICTh 30BHIIIHBOTO (@) 1 cepeTHbOro (0) Kbl POTOMETPUYHUX 300pakeHb
PO3CISTHOTO Ha3aJ CBiT/Ia Ha TOBXWHI XBUI1 405 HM 117151 3pa3KiB TKAHWHU CBHHI MEYiHKH TOBIIHHOKO 1

MM IIpH 3HAYEHHSIX (OKAIBHOTO MapameTpa efincoinaibHoro peduekropa 11 mm, 16.875 MM Ta

22.75 MMm.
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OCBIiTIIEHICTD, BiH.01H./CM
OCBITJIEHICTD, BiH.01H./CM’
| s

a) 0)
Puc. 3.27. OcBiTaeHicTh 30BHIIIHBOTO (a) 1 cepenHboro (0) Kbl (POTOMETPUYHUX 300paKeHb
pO3CisHOTO Brepe CBiTMa Ha MOBXHHI XBUIl 405 HM 7151 3pa3KiB TKAHUHU CBUHI MIEYIHKU TOBITUHOIO
1 MM nipu 3HaUEHHX (POKATBLHOTO MapameTpa efincoinaabHoro peduekropa 11 mm, 16.875 MM Ta

22.75 Mmm

I'padiku Ha puc. 3.26 ta puc. 3.27 MalOTh OJHOTUIHY 3aJEKHICTh OCBITICHOCTI
30HHU 30BHINTHBOTO Ta CEPEIHHOTO KUTHII (DOTOMETPUUHUX 300paKeHb BiJl KoedillieHTa
CTHUCKAHHSA eJIICoiTalbHOTO peduiekTopa 1 MaroTh MiHIMAJbHI PiBHI NpU KoediIlieHTi
m=0.6 — 07 (BianoBinae 3HauyeHHIO m ans obOpanoro EP), a gam gocuth mBUIKO

PO3XOATHCA.

3.4 Po3pobiaenHss aaropurmy (QyHKUIOHYBaHHA iH(poOpMAaLiiHOI cHcTEeMH
€TAJIOHHNX BUMIPIOBaHb

[IpuzHaueHHs cTBOproBaHOi 1H(GOPMAIITHOI CUCTEMHU TOJSrae y BHU3HAYEHHI
ONTUYHUX  KoedimieHTiB 7, Ta R; OlojgoriuHoi TKAaHWHA HA  IMJICTaBi
eKCIIEPUMEHTATLHOTO JIOCTI/KEHHs CTaHAapTHUX 3paskis (m. 2.3). Ix pesymbratn
BUKOPUCTOBYIOTHCA ISl BUSIBJICHHS aHAIITUYHUX 3aJIEKHOCTEH, 10 € MAaTEMaTUYHUM
6asucom iH(popmariiHoi cuctemu, €: ToBmmHA d 3paszka (C3 abo bT), mamaroua Ha
3pa3oK MOTYXXHICTh B;(4), 3arajibHa OCBITJIIEHICTh (POTOMETPUYHOIO 300paKeHHS KoJjia
paaiycoM R3 (puc. 2.18) Ta KiIbKICTh MiKCENIB y LboMy Koui. e onaumu napamerpom
MOXK€ OYyTHM HHUCKPETHICTh BIJITIHKIB CIpOro, IO BHU3HAYa€ThCs pospsanictio [133
cencopa (ans 8-6itHoro Sony ICX098BL auckpetHicTh ckianae Big 0 g0 255).

Jlanmi, BHUKOPUCTOBYIOYM OTpUMaHy O0a3zy JaHHX CHEKTPAIbHUX 3aJCKHOCTEH

(250 am — 2500 HM) KOE(ILIEHTIB T, T;, Pg JJIS PI3HUX TOBIIWH CTAaHJAPTHHUX 3pPa3KiB, a
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. . T R . o
TaKOX 3HAYeHHsA OcBiTieHOCTI E's, E's (poromMeTpudHHX 300pa’keHb MpU 3MIHHIN
MOTYXXHOCT1 B;(4), BUKOHYIOTH PSJ I JUIsI 3HAXOJDKEHHS KOE(QIIEHTIB TOBHOTO
nponyckanus 7, Ta/abo nudysnoro Binoutts R; bBT. BusHaueHHs 3arajibHOi

. . T R
ocBiTIIieHOCTI E 37, E"pr poroMerpuunoro 3o0paxkeHHs BT BHKOHYeEThCS HACTYyIHUM

YUHOM:
Eyy = ——2 ixel value/ pixel 3.9
BT T N3 (2b” 1) [pixel value/ pixel] (3.9)
ne N3 — KUIbKICTh aKTHBHUX TKceniB B Koyl paaiycom R3  (puc. 2.18),

bit — po3psaHiCT, PoTOMETpUYHOTO 300pakeHHs (Hampukian, 8, 10, 12 abdo 16),
Ir; — cyMapHa 1HTEHCHUBHICTH BIJITIHKIB ciporo B Kol pamiycom R3 (ckmamaerbcs 3
amrnitys  GyHKIIT  f(x;y) UL KOXHOTO MIKCeNs), OTpUMaHa 3a JOIMOMOTOIO

CHeIiagi30BaHoro MporpamMHoro 3abesneuenns, Hanpukiaa, IRIS [85].

Cxema anroputMy poOOTH 1H(POPMAIIMHOI CHUCTEMH Ha TPHUKIAAlI  TOIIYKY
koedimienta nmopHoro npomnyckannus 7; BT npeacrasnennii Ha puc. 3.28. AITOPUTM IS
BU3HAUYCHHS KoedilieHTa qu(dy3HOro BiAOUTTA R,;aHANOTTYHUI, TOMY IPH MOJAbILIOMY
aHaTi31 eTamiB peaizallii aIrOpUTMIB 3a3HAYaTUMEMO JIUIIE XapaKTepHI OCOOIMBOCTI
BHU3HAUCHHSA R,.

Ha nmouatky po6otu ICEM®EP 31iiicHIOETbCS aHaTI3 €KCIEPUMEHTATbHUX JaHHUX
JOCIIJIKEHHS CTAaHAAPTHUX 3pa3KiB Ha 3pa3KoBOMY criekTpodorometpi, poromerpi 3 EP
3 ypaxyBaHHSIM TIONEPEIHHOTO KaJiOpyBaHHS 3a TMOTYXHicTI0. OTpuMaHi BEITUYUHU
(3.10) — (3.19) 3akiamaroTh B KOJI CTBOPIOBAHOTO IIPOrPAMHOTO 3a0€3IICUCHHS.

Ha puc 3.29 naBenena ekcriepuMeHTaj bHA 3aJ€XKHICTh KOE(QIII€EHTa TOBHOTO
MpOMyCKaHHs Ta AU(y3HOTO BIAOUTTA Bija TOBUIMHUA C3 Ha JOBXKUHI XBUJ1 651 HM s
C3-®, C3-1IE, C3-IIBX Tta C3-IIJI, orpumaHa 3a JONOMOIOK CHEKTPO(OTOMETPY
Shimadzu UV-3600 Plus.
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Puc. 3.28. Cxema anroputmy po6otu ICBM®EP 11t BU3HaueHHs KOe]ilieHTY MOBHOTO MPOIYCKAHHS
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Puc. 3.29. 3anexHicTh KoedimieHTa MOBHOTO MpONMycKaHHs (a) Ta 1udy3HOro BiAOUTT (0) Bif

toBmyHY C3 Ha moBXuHI XBUIl 651 HM
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3a pesyiabTaTaMyd PErpecifHOro aHalizy HAHOUIBII TOYHWM OIHCOM KPHUBOI Yy
NPOMYIICEHOMY CBITJII € ekcrnoHeHiiaabHa ¢yskiis (3.10), a y BigOuToMy —

norapudmiyna (3.11):
t(d)=a, e, (3.10)
p,(d)=b,-In(d)+b,, 3.11)
ne a;, sz, by, b; — koedilieHTH, 3HaUYCHHS IKUX HaBeJeH1 B Tabi. 3.4 ta tab:. 3.5.

Tabmuusa 3.4. 3HadyenHs koediiieHTiB y popmydi (3.10)

CranmapTHui 5
ap a) R Fp03 Fm
3pa3oK
C3-® 58.666 -0.66 0.933 2.14 4.21
C3-IIE 88.136 -0.348 0.997 1.15 4.21
C3-IIBX 61.243 -3.38 0.999 1.26 4.95
C3-11J1 75.762 -0.516 0.990 1.46 3.73
Tabmuug 3.5. 3HadyeHHs koediuieHTiB y popmydi (3.11)
CrangapTHH b, b, R?
Fpo3 Fm
3pa3oK
C3-® 21.766 77.606 0.977 1.02 3.73
C3-IIE 15.289 31.622 0.973 1.03 2.46
C3-IIBX 3.8348 71.759 0.569 1.76 4.21
C3-1L1 16.499 47.293 0.902 1.51 3.73

R’ 1e BemmumHa mOCTOBipHOCTI ampoxcmmanii. R® mis koediumienTy audysHOro
BiOuTT C3-IIBX He BuCOKa, 10 MOXE OyTH MOSCHEHO HE3HAYHUM aOCOJIFOTHUM
Jianma3oHoM 3a3HadeHuX KoedimienTiB s pizaux ToBmmH C3-IIBX (57 % - 75.6 %),
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0, HE B OCTAHHIO YEpry, MOSCHIOETbCS (PI3UKO-XIMIYHUMHM BJIACTUBOCTAMH Ta
CTYIEHEeM MPOHUKHOCTI Martepiany. [lepeBipka agekBaTHOCTI 3aJIEKHOCTEH OTPUMAHUX
pErpeciiiHuM aHani30M IPOBOAMIACH 3a KpuTepieM Dimepa (F),,; — po3paxyHKOBe Ta [,
— TabnuyHe), 11 piBHSA 3HauymocTi o = 0.05.

CranmapTHe BIIXWICHHS PO3PaxOBaHUX KOE(DIIIEHTIB MOBHOTO MPOMYCKaHHS 3a
nonomororo ¢yHkiii (3.10) Big ekcnepuMeHTanbHuX AaHux — 6.67 %, 1.94 %, 1.23 %
ta 3.63 % nmua C3-®d, C3-IIE, C3-IIBX Ta C3-IIJI BiamoBigHO, a  KoediIieHTIB
nudysnoro Biaourts (3.11) — 1.98 %, 1.57 %, 2.29 % Ta 3.85 % nna C3-d, C3-I1E, C3-
I[MIBX ta C3-I1JI BignmoBiaHO.

HactynHum BHIOM aHaii3y eKCIepPUMEHTAIBHUX JaHUX € BU3HAYEHHS OCBITIICHOCTI
(GOTOMETPUYHOTO 300paKEHHSI CTAaHJAPTHOTO 3pa3Ky, II0 MOKEe BUKOHYBAaTHCh JBOMA
crocodamu:

1-uif cmoci® — BcTaHOBJEHHs 3ajexHOCTI ocBiTieHocTi C3 Big koedimieHTy

NOBHOTO NponyckanHs 7, (puc. 3.30);

2-Ui crmoci0 — BCTAHOBJIEHHS 3aJISKHOCTI oOcCBiTIeHOCTI Bix ToBumHN C3
(puc. 3.31).
PE-® —m— PE-TIE PE-MBX —&— PE-T/I PE-® —m— PE-TIE PE-MBX —&— PE-T/I
0,9 - 0,9 -
0,8 0,8
0,7 - 0,7 -
0,6 0,6
Hm 0,5 - Hc/) 0,5
/M 0,4 M 0,4
0,3 0,3
0,2 0,2 -
0,1 0,1 -
0 - 1 0 T T 1
0 20 40 60 80 100 0 5 10 15
a) 0)

Puc. 3.30. 3anexHicTh ETS npu nagarodiil motyxxuocti 0.088 MBT Ha moBxkuHI XBHIi 651 HM Bix

3arajbHOTO KoedilieHTa npormyckanHs (a) ado Topmuau (0) C3
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PE-¢ —m—PE-NE PE-NMBX —e—PE-NJ] PE-® —m—PE-NE PE-NMBX —e—PE-NJ]

0,9 - 0,9 -
0,8 - 0,8 N
0,7 - 0,7 ,I.‘—H—.
0,6 - 0,6
9] - 9]
~ 0,5 ~ 0,5
m 0;4 T m Or4
0,3 A 0,3
0,2 - 0,2
0,1 - 0,1
0 T T T T 1 0 T T 1
0 20 40 60 80 100 5 10 15
Py, %o d, MM
a) 0)

Puc. 3.31. 3anexuicts E'g nipu nagarodii noryxHocti 0.088 MBT Ha moBxuH1 XBuii 651 HM Bifg

3arajgpHOTO KoedimieHTa nponyckanHs (a) abo TosmuHu (0) C3

3a  JOMOMOToK  ampoKcumalii  BU3HAuYeHO  (yHKII, 10  ONHCYIOTh
EKCIIEpUMEHTaIbHI  rpadikv, BUXOASYM 3 HAWUOUIBIIMX 3HAYEHb BEIUYUHU

JIOCTOBIPHOCTI alfpOKCHMAITii:

Es(z,)=¢ -In(z,)+c,, (3.12)
El(d)=h " (3.13)
ES(p) =k p,+k,, (3.14)
El(d)=1 -In(d)+1, (3.15)

ne ¢y, ¢, hy, hy ki, ks, 1, [, — KoedilieHTH, 3HaYEHHS SKUX HaBejeHl B Tabi. 3.6 —

tadi. 3.9.
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Tabnuis 3.6. 3nauenus koedinieHTiB y popmymi (3.12)

CrangapTHuii ¢ ¢ R? Fy, P
3pa3oK
C3-® 0.1802 0.0377 0.9899 1.00 3.73
C3-IIE 0.1160 0.1267 0.8265 1.14 4.21
C3-IIBX 0.0971 0.2033 0.7858 2.24 4.95
C3-11J1 0.0715 0.0454 0.8926 0.89 4.21
Tabnuusa 3.7. 3HaduenHs koediiieHTiB y popmydi (3.13)
CranmapTHuii h, h, R? Fo, F
3pa3okK
C3-0 0.8044 -0.251 0.9843 0.90 4.21
C3-IIE 0.4372 -0.226 0.9423 0.93 4.21
C3-IIBX 1.0209 -2.165 0.9845 1.00 4.95
C3-11J1 0.4645 -0.333 0.9227 1.40 3.73
Tabmuusg 3.8. 3HaueHHs koediieHTIB y popmydi (3.14)
CrangapTHuii K, K, R? Fy, F
3pa3oK
C3-O 0.0038 0.3025 0.9908 1.00 3.73
C3-IIE 0.0106 0.1040 0.9921 0.01 2.46
C3-IIBX 0.0028 0.3610 0.8245 0.84 4.21
C3-1LJ1 0.0082 0.1652 0.9952 1.00 3.73
Tabnuusa 3.9. 3nauenns koediiieHTiB y hopmydi (3.15)
CrannaptHuii L L R? Fo, F
3pa3ok
C3-® 0.0819 0.5966 0.9541 0.95 3.73
C3-11E 0.1629 0.4401 0.9693 0.97 2.46
C3-IIBX 0.0139 0.5595 0.8014 0.80 4.21
C3-11J1 0.1367 0.5521 0.9188 0.92 3.73
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3a ponoMoror (yHKIIA, BCTAHOBJIEHUX 3a PE3yJbTaTOM PErpeciiHOro aHamisy,
BU3HAYAETHCS 3HAYCHHS OCBITIEHOCTI hoTOMEeTpU4YHOro 300pakeHHss C3 Ha TOBIIUHI,
sIKa BIAMOBIa€ TOBIIUHI JocaipkyBaHoro 3pa3ka bT (popmynu (3.13 Ta (3.15)) abo Bix
ONTHYHUX Koe(ilieHTiB (MOBHOTO npomyckaHHs (3.12) ta nudy3Horo BiagoutTs (3.14)).

OkpiM BETUYHHHU JOCTOBIPHOCTI ampokcumaiiii npu Bubopi QyHkii (3.12) takox
3HAYHy POJIb BiJIrpajia 0COOJMBICTh 3MIHH OCBITJIEHOCTI (POTOMETPHUYHOIO 300paKeHHS
C3 npu xoedirienTi moBHOro mpomyckanus 7, Big 0 mo 10 %, mo € mpuramMaHHUM
jgorapumiyHid 3ayie)kHOCTI. SKio oOMexutH niama3zoH koedimienta 7, Big 10 %mo
100 % TO mOUITPHO BUKOPUCTOBYBATH JIIHIMHY 3ayiexkHICTh. [lepeBipka ajeKBaTHOCTI
OTPUMAHHUX MOJEJNEeH J0 eKCHEepUMEHTAIMHUX JIaHUX BiAOyBajach 3a KpUTEpIEM
dimepa, s piBHa 3Hauyniocti o = 0.05.

Y tabmumi 3.18 HaBeAeHI 3HAYEHHS CTAHAAPTHOTO BIIXWICHHS OTPUMAaHHUX
3aJI€KHOCTEN

Ha miacrasi peanizaliii eTamniB yJIOCKOHAJICHOTO METOY KaliOpyBaHHS (OTOMETPY 3
EP (1. 2.3) mani HeoOXiAHO BBECTH BXiJIHI MapaMeTpH, 0 cTocytoThes bT: ToBmuHa d,
najaroya notyxHicts B’ (J), KiNbKicTh aKTMBHUX MiKceniB N, CyMapHy iHTGHCHBHICT
Iz;, a Takox oOpaHWW CTaHAAPTHIN 3pa30K Ta PO3PSAHICTH cUCTeMHU (Y HaAIIOMY
BUIAAKy 8 6it). Jlani BUKOHyeThCs po3paxyHok E 57 3a hopmyitoro (3.9).

Onucanuii mpouec JOLUIBHO BUKOPUCTOBYBATH JJIsi OTPUMAaHUX (POTOMETPUUHHUX
306paxens C3 Ta BT mpm omHakoiif magarouiii motyxuocti B, °(A) = B'(}) ta
onHakoBoMy KoedimienTi nocnabdiaeHHs ND-dinbTpa. B iHmomy Bumagky Ttpeda
BU3HAYUTU KoeiuieHTu c;, ¢, h;, hy ki, ko, [;, [, 1jiss HOBOro 3HAYEHHs MaJaK04o0i
MOTY>HOCTI.

[Tomryk 3a3HaueHMX KOE(QIIIEHTIB MOJAra€e y perpeciiHoMy aHami3i 3aleXHOCTI
OCBITIIEHOCTI  (hoTOMETpUYHUX 300pakeHh C3 BIg  BIAMOBIIHOTO  ONTHYHOIO
koedilieHTHA TIpM KOKHOMY 3HadeHHi moryxHocti B, (A). Ilpukmamm 3miHu

Koe(ill€eHTIB ¢;, ¢; Ta ky, k, pynxkuiit (3.12) Ta (3.14) nna C3-® naeneni B Tadu. 3.10.
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Tabmus 3.10. Koedimientn ¢pynkmii (3.12) Ta (3.14) nna C3-O

[ToTy>xHIiCTB C; Cy k; k>
B,°(2) = 0.088 MBT 0.0963 0.5813 0.0024 0.6279
B,“°(2) = 0.164 MBT 0.1092 0.528 0.0024 0.618
B;°()) =0.223 MBr 0.1345 0.4209 0.0026 0.5757
B,“(2) =0.253 MBr 0.1686 0.2477 0.003 0.4918
B;s (1) = 0.266 MBT 0.1802 0.0377 0.0038 0.3025

Hactynmaum kpokoM € omuc 3ajexHOCTI KoeilleHTiB ¢;, ¢; Ta k;, k; Bl BETUIUHU
nanargoi noryxuocti B, (1), ska mmst 3a6esneuenns [133-oromerpii HOBHHHA MaTH
miHiMEME  Burisa.  lle miaTBEpAWMTH,  KOPEKTHICTh  NIPOLEAYPH  IONEPEIHBOIO
KaJiOpyBaHHs Ta BUOIp AMHAMIYHOTO Jiara3oHy. 3aJIeKHOCTI IIYKaHUX KOe(Ili€HTIB

B1JI NOTY>KHOCT1 € TUTIOBUMH:
9B (M) =q,-B (D +q,, (3.16)

1€ ¢;, ¢— KoediieHTH THIHHOTO PiBHIHHS, a0COMIOTHI 3HAYCHHS SKUX HABEJCHI B

tabn. 3.11.

Tabmuns 3.11. 3nauenns koedimieHTiB y popmyi (3.16)

q(B(2) qi q>

c;BER)) -0.4733 0.2319
¢ (BS() 3.0227 -0.2378
ki (B (2)) -0.008 0.0044
k> (BS(0)) 1.8113 0.1631

3a 3HaAWJIGHMMH TIApaMeTpd MOXKHA BHUKOHYBAaTH PO3PAXyHOK KOE(IIIEHTIB
q(B"(})) npu okpemiii moryxHocTi sika norparise Ha BT. Jlami BUKOHYETHCS MOMIYK
koedimieHTy npomyckadds abo qudysnoro Binoutts bT 3a dopmynamu (2.11) ta (2.12)
BIJIIIOBIIHO.
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Po3po06ennii aropuT™ € OCHOBOIO ISl CTBOPEHHS IIPOTPAaMHOTO 3a0€31eYCHHSI.

3.4 Po3poOka nporpaMHoOro 3ade3ne4eHHsi TA METOANKHU POOOTH 3 HUM

Jlns wanmcanHs koxy mporpamuoro 3abesmeueHHss ICBM®EP ta ii inTepdeiicy
Oynu 3actocoBani JavaScript, HTML ta CSS (puc. 3.32). HTML Tta CSS Bukopucrasi
JUISL CTBOPEHHsSI 30BHINIHBOIO 1HTepdeiicy y BHIJSAII BeO-CTOPIHKOIO B Opaysepi.
JavaScript 3a0e3medye BHyTpilIHE (QYHKIIIOHYBaHHS TpOrpaMH Ta KOHTPOJb
po3paxyHKiB (cepBepHa dYacTuHAa). BikHO po3po0sieHOi BeO-CTOpIHKH 1HTEpdeicy

IIPOrpaMH MOKa3aHo Ha puc. 3.32.

_9 Tun gocaigeHHA

Transmission

D CraHgapTHHII 3pa3ok

C3-%

TosmmHa BT (M)
d *

TMagawyy notvasicrs Ha BT (uBT)
Bi(h) *

KinprieTs aKTHEHIX MiKceTiB
N3*

CyMapHa (HTeHCHEHICTE
I *

p BiTHicTh oTOMETpHYHOTO 300pakeHHA

®l @ &

8-6ir v

]

Puc. 3.32. Inrepdeiic mporpamMHOro 3a0e3nedeHHs

[arepdeiic pobouyoi mporpamu CKIanaeTbCs 3 NBOX OJOKIB A — ISl BBEICHHS
MOYAaTKOBUX JaHUX Ta b — ais BUBeAeHHS pe3ynbTary po3paxyHkiB. [{o Omoky A
BXOAATh Taki po3auin: 1 — «Tunm gocmimkeHHs»; 2 — «CTaHmapTHUM 3pa3ok»; 3 —
eKCIIEpUMEHTAIbHI JaHHI OpWMaHl mnpu aociipkenHs 3paska bT; 4 — «biTHicTh

dboTomeTpuyHoro 300paxkeHHs». [lons BBejaeHHS maHuX po3auniB 1, 2 Tta 4 MawTh
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3aroToByieHi Bapiantu (puc. 3.33). ¥V po3gim 3 mosis 3amOBHIOIOTHCS KOPHUCTYBa4yeM.

bnok b mictuth kHOTIKY «P0O3paxyHOK» Ta moJie /uisi BABEJCHHS Pe3yJIbTaTy.

o Tun gocaigxeHHA

Transmission w

Transmission
Reflection

— Y

0 CraHgapTHHII 2pa2ok

3-9 o
C3-d

C3-IIEX
C3-IL1
Hoemii C2

6)

9 BiTHicTs GOTOMETPHYHOrO 200pazkeHHA

8-6it w

10-0iT
12-0iT
16-0iT

B)

Puc. 3.33. Ions: «Tun gocmimxenus» (a), «CrangapTauii 3pa3ok» (0) Ta «biTHICTH poTOMETpHUIHOTO

300pakeHHs» (B) 3 MOKIMBUMH BapiaHTaMu BUOOPY

3anoBHEHHS BXITHUX JaHUX MOYMHAETHCS 3 « THITY TOCIIKEHHS», JIe JOCTYITHO JIBa
BapianT: «Transmission» (mpomyckanHusi) Ta «Reflection» (BimOutts). IIpu BuOOpI
NEePIIOTo Mporpama Oy/ie po3paxoByBaTH KOEQIIIEHT MOBHOTO MPOIYCKAHHS, IPYTrOTO —
koedimienT audy3Horo BiaOuUTTA. ami y momi «CraHgapTHHM 3pa3ok» KOPUCTYyBay
obupae oxgun 3 BapianrtiB: C3-®, C3-I1E, C3-IIBX, C3-I1JI, a Takox «HoBuit C3» mis
BBEJICHHS JIaHUX 1HIIOTO €TaJIOHY.

Jlani 3an0BHIOIOTH HACTYIIHI MOJIS:

- «ToBmHa BT» — miniManbHe 3HaYeHHS TOBIIMHM 3pa3ka bT ckmamae 0.005 mwm i
BBOAUTHCS 3 KpokoMm 0.001;

- «[Tamaroua motyxHocti Ha BT» — 3amgaerscsa 3 kpokom 0.001 mpu MiHIMaIBHOMY
3nauenHi 0.001 mBT;

- «K1JBbKICTh aKTUBHUX IIKCEIIBY» —IIlJI€ JIOJATHE YHUCIIO;

- «CymapHa 1HTeHCUBHICTbB) —IIiJIe JOAATHE YHCIIO.
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VYci mi ganHi MarooTh THO «number». Jlo 3amaHHS 4YMCIOBHX 3HAY€Hb Yy BIKHI
BBEJICHHS MPONUCAaH1 CUMBOJIbHE MO3HAYEHHS KOKHOTO IapaMeTpy.

«bBiTHICTE  (POTOMETPUYHOrO 300PAKEHHS» J1a€ MOMKJIMBICTH KOPHCTYBauy
BUKopucToByBaTH 133 kamepu pi3HUX BUPOOHUKIB, OCKUTBKH PO3PAaXyHOK OCBITICHOCTI
BiIOyBaeThcs 3a (dopmynorw (3.9), a oTpuMaHUN pe3yabTaT € MPOMOPIIMHUM IS
MaTpullb pI3HOT poO3psiAHOCTI. Y po3pobneHomy I3 mependaueHo 4yotwpu BapiaHTH
po3psaHOCTI hoTomMeTpraHOTO 300pakeHHs (puc. 3.33.B).

[licns HatucHeHHs Ha KHONKY «Po3paxyHok» (3oHa b Ha puc. 3.32) y BikHI mijJ

LI€I0 KHOIKOK 3’SIBUTHCA YHUCEJIbHHUI pe3ysibTaT 1 Ha3Ba BIANOBIIHOTO KOe(illeHTa

(puc. 3.34).

KoedinienT noegoro npomyekassd BT - 64.4% KoedimierT audyaHEoro sinouTTa BT - 52.8%
a) 0)
Puc.3.34. [1puxnan BUBEJEHHs pe3ysbTaTiB IPH BUOOPI TUITY ociikeHHs « Transmission» (a),
«Reflection» (0)

EnemenTu xomy po3po0sieHOTO MpOrpaMHOTro 3a0e3MeueHHs HaBeIeH1 y 10JaTKy b.

3.5. MocaiazKeHHs ONTHYHUX BJIACTHUBOCTEH CBITJIOPO3CilOBAJILHUX €TAJIOHIB.

3a gomomMorow (oromeTpy 3 enmincoiganbHUMU pediekropamMu Oyiu OTpUMAaHI
dbotomerpuuni 300paxkenni C3-O, C3-IIE, C3-IIBX, C3-IIJI (tabxa.3.12). VYci
dboToMeTpuYHI 300paKEHHA CTAaHIAPTHUX 3pa3KiB, 10 MPOWIIIN TOMEPETHE
KaJ1iOpyBaHHS HaBEJICH1 Y 10AaTOK B.

3aBAsky TMOCTAOJEHHIO IMyYKa Ja3epHOTO BUIIPOMIHIOBAHHS 3HAYCHHS MaJar0doi
notyxkHocti Ha C3 Oynu Hactymai: 0.088 MBt, 0.164 MBT, 0.223 MBT1, 0.253 MBT,
0.266 MBt. Takox 10AaTKOBO BUKOPUCTOBYBaMCH JaBa ND-(UIbTpU 3 ONTUYHOIO
nrieHICTIO OD = 0.6083 Ta OD =2.406, mo mpomyckaroTs 25 % Ta 0.39 % mnortoky
BUIPOMIHIOBaHHS BiAMOBIIHO. CaMe Ha 3HAYEHHSX ITUX IMOTYKHOCTEH B KOMOiHaIli 3
ND-binbTpamMu BAajgocss OTpUMATU JIHINHY 3aJI€KHICTh 3arajbHOl OCBITJIICHOCTI
(puc. 3.35 - puc. 3.38), orpumanoi 3a popmyinoro (3.9), BiJ magarvoi MOTy>KHOCTI, 1110 €

000B’SI3KOBOIO0 YMOBOIO MOTEPEIHbOT0 KaniopyBanHs Gporometpy 3 EP (1. 2.4).
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Tabmus 3.12. Tlpuknag poTomeTpuaHux 300pakeHb

[TapameTrpu doromerpuune 300paxkeHHs y | Doromerpuune 300pakeHHS Y

BIJIOUTOMY CBITJI IPOIYIIEHOMY CBITJI1

C3-D,
d=0.3 MM,
Bi(2) = 0.164 MBrT,

0e3 inbTpa

C3-IIE,
d=0.3 MM,
Bi(4) =0.164 mBrT,

0e3 inbTpa

C3-IIBX,
d=0.3 mm,
Bi(4) =0.164 mBrT,

6e3 ¢pimpTpa

C3-I1J1,
d=0.4 mm,
Bi(2) = 0.164 MBT,

6e3 ¢impTpa
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0.1 Mm ——0.2 mm —8— 0.5 mm 0.1 Mm ——0.2 mm —8— 0.5 mm

—A—1mm —%—=2mMMm —0—3 MM —A—1mMm —*—2MM —0—3 MM
1 - 0,025 -
0,8 A 0,02 -
206 ] 0,015 1 /
M 04 - M 001 - '/‘ﬂ-;.—ﬂ./r.
0,2 - 0,005 -
0 . T . 0 T T .
0 0,1 0,2 0,3 0 0,1 0,2 0,3
BS.(2), MBT BS.(2), MBT
a) 0)

Puc.3.35. 3anexHicTh ETS Bing B < i(A) nna C3-® orpumany Ge3 dinbpa (a) Ta 3 dpinsrpom 0.39 % (6)

15MM ——3 MM —B—6 MM 9 MM —>—0.15 mm —+—0.45 mm 0.75 mm
1.5 mm ——3 MM —&—6 Mm
"] ’/A A Imm
0,8 -
1 -
0,6 N —T
&VJ 0,8 - //_/
~ 0,4 1 06 - _—
Lﬂ O,4 T /
0,2 A
02 1 T
0 T T 1 0 - T 1
0 0,1 0,2 0,3 0 0,1 0,2 0,3
Cc3 c3
B .(4), MBt B .(4), MBt
a) 6)
1.5mMm ——3Mm —B—6MmMMm 9 Mm
0,02 -
0,015 -
“
T, 0,01 -
m 2
0,005 -
O T T 1
0 0,1 0,2 0,3
BS.(2), MBT
B)
. T . c3 . . 0
Puc.3.36. 3anexwuicts £ g Bin B~ ;(4) nna C3-® orpumany 6e3 dinbTpa (a), 3 dhinsrpom 25 % (6) Ta
0.39% (B)

107



0.15 My ——0.3 Mm —B—0.6 MM 0.15 My ——0.3 Mm —B—0.6 MM
—4—0.9 Mm —%—1.35 mm —0—2.25 mm —4—0.9 Mm —*%—1.35 mm —0—2.25 mm

1 - 0,015 1

0,8 T /
] 0,01 - t/i/‘/“
0,4 7 0,005 -

012 1 ‘—/_‘/‘—-—"“

0 — 0 : : .
0 0,1 0,2 03 0 0,1 0,2 03
BS.(2), MBT BS.(2), MBt
a) 0)

Puc.3.37. 3anexuicts E g gin B i(4) ma C3-® orpumany 6e3 dinbrpa (a) Ta 3 dpiasTpom 0.39 % (6)

0.6 Mm ——1Mmm —B—2 MM 3 Mm Imm ——2Mm —8—3 MM

1 - . 1 -

0,8 - / 0 |

e 0,6 + e 0,6 -

m OI4 | m OI4 | ./././'.
0,2 1 0,2 4
O T T 1 O 1 1 1
0 0,1 0,2 0,3 0 0,1 0,2 0,3
BS.(2), MBT BS.(2), MBT
a) 0)
0.6 MM ——1mm —8—2 MM 3 Mm
0,02 -
0,015 -
o)
=2 01 4 /
N n("’_._.-
0,005 A
O T T 1
0 0,1 0,2 0,3
BS.(), MBT
B)
. T . 3 . . o
Puc.3.38. 3anexuicts E g Bin B~ ;(4) nna C3-I1J1 orpumany 6e3 inbrpa (a), 3 Ginsrpom 25 % (6) Ta
0.39 % (B)

3 rpadikiB MO>KHA BU3HAYUTH PiBEHb IIyMY (3€JieHa IpsiMa) Ta HACUYEHHS (YepBOHA

npsiMa) 3a 3HAYEHHSIMH OCBITJICHOCTI, TaK JUIsl Hamoro (pOoToMeTpy piBEHb IIyMy
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cranoButh 0,008 [pixel value/ pixel], a pexkum HacuueHHs BiIOYyBA€ETHCS HA MOKA3HUKY
0,96 [pixel value/ pixel].
BusHaueHHs1 OCBITJIEHOCTI B KUIbLISAX (POTOMETPUYHUX 300pakeHb 3A1MCHIOEMO 3a

HACTYTTHUMH (OPMYIIaMHU:

I, —1

R3 1R2

E,;= (N3-N2)-(2" —1) [pixel value/ pixel] (3.17)

I, —1
E = R2 TR ) ,
A2 (N2—N1)- (2;),1 “1) [pixel value/ pixel] (3.18)

ne N2 — KUIbKICTh aKTMBHHMX IIKCENIB B Kol paailycom R2, NI — KUIBKICTh
aKTUBHUX IIKCEIIB B KoJii paaiycoMm R1, Iz, — cymapHa iHTEHCHUBHICTb BIJITIHKIB CIpOTO
B KoJii paaiycoM R2, Iz, — cymapHa IHTEHCUBHICTb BIITIHKIB CipOro B KoJIi pajiycoMm R1
(puc. 2.18).

Pesynbrat 30HHOTO aHamizy (OTOMETPUYHHX 300pakeHb CTaHIAPTHHUX 3Pa3KiB
300paxkeH1 Ha puc. 3.39 — puc. 3.42 Caig 3a3HauuTH, 10 GOTOMETPUUHI 300paKeHHS
st C3-I1E, ta C3-I1JI 6ynu oTtpumadni npu 1oaatkoBoMy BukopuctanHi ND-dinbTpa 3
Koe(ilieHToM npomyckanss 25 %.

Pe3ynbrati 30HHOrO aHamizy MOMAIOHI [0 THUX, WO Oyau OTpUMAaHI NpH
aHAJIOTTYHOMY JIOCTIPKEHH] ONTUYHUX KOE(IIIEHTIB CTaHIAPTHUX 3pa3KiB [68], ae B
sakocti C3 Oyna BUKOpUCTAaHA TOJIETUIEHOBI IUIIBKKM ToBIMHOWO 0.1 mMm. [lius
KUTBKICHOT OITIHKM pe3yJIbTaTiB AOCTIHDKCHHS MPOAHATI30BAaHO PIBEHb OCBITICHOCTI
kitenb A2 1 A3 B 3anexxHocTi Bia ToBIHU d C3 mpu pi3HINA MOTY>XKHOCTI Maal0u0To
ONTHUYHOIO BUIIPOMIHIOBaHHS. Pe3yiabTaTH 30HHOrO aHamizy (OTOMETPUYHUX
300paxkenp C3 3 mosieTwseHOBOI TUTiBKM ToBIMHOIO 0.1 MM y mpomyiieHoMy Ta

B110MTOMY CBITJII HaBeseHi Ha puc. ['.1 ta puc. I'.2 BianosigHo (1ogaTok IN).
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—=—0.088 MBT —%—0.164 MBT —=—0.223 MBT
—8—0.253 MBr —8—0.266 MBT
1
0,8
~0,6
0.4
0,2
0 - T
0 5
d, MM
a)
—=—0.088 MBT —%—0.164 MBT —=—0.223 MBT
—=—0.253 MBr —%—0.266 MBT
1 -
0,8 - fﬁf‘
~0,6 -
SYP
0,2 -
0 T T T
0 1 2 3
d, Mm
B)

—=—0.088 MBT —%—0.164 MBT —=—0.223 MBT
—=—0.253 MBr —8—0.266 MBT
1
0,8
e 0,6 4
K 0,4 -
0,2
0 T |
0 5 10
d, MM
0)
—=—0.088 MBT —8—0.164 MBT —=—0.223 MBT
—=—0.253 MBr —#—0.266 MBT
1 -
08 - x/ﬁﬂ"='
0,6 - ..(_/'/'/k__.
LS: 04 ..././.*./-.
0,2
0 T T T |
0 1 2 3 4
d, MM
r)

Puc. 3.39. OcBitnenicts 300U A2 (a, B), A3 (0, T) y npomnymeHomy (a, 0) Ta BitouTomy (B, T) CBITIL

g C3-©
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—=—0.088 MBr —8—0.164 MBT —=—0.223 MBT
—=—0.253 MBr —%—0.266 MBT
1
0,8
~0,6
0.4
0,2
0 - T |
0 5 10
d, Mm
a)
—=—0.088 MBr —8—0.164 MBT —=—0.223 MBT
—=—0.253 MBr —%—0.266 MBT
1
0,8
~0,6
0.4
0,2
0 - T |
0 5 10
d, Mm
B)

—=—0.088 MBr —8—0.164 MBT —=—0.223 MBT
—8—0.253 MBT —#—0.266 MBT
1
0,8
e 0,6
=04
0,2
0 - T =
0 5 10
d, Mm
0)
—=—0.088 MBr —8—0.164 MBT —=—0.223 MBT
—=—(0.253 MBT —=—0.266 MBT
1
0,8 — —
. 06
Q04
0,2
0 T |
0 5 10
d, Mm
r)

Puc. 3.40. OcBitnenicts 300U A2 (a, B), A3 (0, 1) y npomnyiieHomy (a, 6) Ta Bigbutromy (B, T) CBITII

it C3-TI1E
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—a—(0.088 MBT —8—0.164 MBT 0.223 mBT

—=8—0.223 MBT —#%—0.266 MBT
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—a—(0.088 MBT —=—0.164 MBT 0.223 mMBT
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S 0,6
= 0,4
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—a—(0.088 MBT —8—0.164 MBT 0.223 mBT

—=—(0.223 mBT —8—0.266 MBT
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0,8 -
0,6 -
g 0,4
02 A

0 .

d, Mm
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—=—(0.088 MBT —=—0.164 MBT 0.223 mBt
—8—0.253 MBtT —8—0.266 MBT

1

0,8

e 0,6

= 0,4

0,2

0 5 10

Puc. 3.41. OcBitnenicts 300U A2 (a, B), A3 (0, 1) y npomnyiieHomy (a, 6) Ta Bigburomy (B, T) CBITII

g C3-IIBX
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—a—(0.088 MBT —8—0.164 MBT 0.223 mBT —a—(0.088 MBT —8—0.164 MBT 0.223 mBT

—=—(0.253 MBT —8—0.266 MBT —8—0.253 MBt —8—0.266 MBT
14 1
0,8 A 0,8 :l
~0,6 «~0,6 1
o4 - S
0,2 - 0,2 A
0 T 0 T —
0 5 10 0 5 10
d, Mm d, Mm
a) 0)
—a—(0.088 MBT —=—0.164 MBt 0.223 MmBt —a—(0.088 MBT —=—0.164 MBT 0.223 MBt
—8—0.253 MBtT —8—0.266 MBT —8—0.253 MBtT —8—0.266 MBT
1 - —a 1
08 - . 0,8 .
S 0,6 - e 0,6 |
= 0,4 * =04
0,2 - 0,2
0 T . 0 4 T |
0 5 10 0 5 10
d, Mm d, Mm
B) r)
Puc. 3.42. Ocgitnenicts 300U A2 (a, B), A3 (0, T) y nponymenomy (a, 6) Ta Bigbutromy (B, T') CBITII
g C3-T1J1

OTpumaHuil  pO3MOALT  TOKa3aB JIOTapU(PMIUHY  3aJIeKHICTh  OCBITIIECHOCTI
BHYTPIIIHBOI'O Ta 30BHIIIHBOTO KIS Ha (POTOMETPUUHUX 300paKEHHAX Yy BIAOUTOMY
CBITJIl Ta €KCMOHEHIIATBHY 3aJIEKHICTh y MPOMYIIEHOMY CBITJII. Y TOM e Yac 3B'I30K
MK pIBHEM MOTY>KHOCTI JIa3€pHOTO BUIIPOMIHIOBAHHSI 1 3MIHOIO OCBITJIEHOCTI MAae€
MOJIIHOMIAJIbHY 3aJICKHICTB [68]. VTiM, y BIiIOUTOMY CBITII I 3aJI€XKHICTh € OJM3bKOI0
710 JIIHIMHOI, a y MpOoMNyIlIeHOMYy HaOyBa€ JIHIHHOTO XapaKTepy Ha TOBIIMHAX OlTBIIMX

3a 5 MM. I_[e MO>KHA TTOSICHUTH BUCOKHMMH IMOKAa3HHUKOM KOJIIMOBAHOI'O IMPOITyCKaHHA IIpU
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MaJuX TOBIIWHAX, M0 NMPHU3BOAUThH A0 HACWUYEHHS NEHTPATHHUX IMKCETIB. Takox Iie
MOSICHIOE HEMaKCUMaJlbHE 3HAaYeHHsI OCBITIEHOCTI oToMeTpuyHuX 300paxens C3-I1E
K 3arajbHOi Tak 1 MO 30HaM MPU MAKCUMAJIbHOMY 3HAYEHH1 KOoe(illieHTa MPOITYCKAHHS
(puc. 3.37.6). Jlany mnpoOiemy BaXKO YCYHYTH TIONEpEIHIM KaliOpyBaHHSIM TIO
3arajibHiil  ocBiTIeHOCTI (1. 2.4), /Uil OTpUMaHHS (POTOMETPUYHHX 300pakeHb Yy
MPOMYIIEHOMY CBITJII MPU MajUMX TOBIIMHAX 3pa3ka JAOLUIBHUM OyJie BUKOHYBaTH
noriepeIHe KaaiOpyBaHHs 3a IeHTpalbHUM KojioMm Al (puc. 2.18).

[Ipu aHanizi OTpUMaHHUX pe3yJbTaTIB, 30KpeMa CIIBBIAHOIIEHHS MK MOTY>KHICTIO
JA3€pHOTO0 TPOMEHS Ta PO3MOJIIOM OCBITJICHOCTI 3aJIeKHO BiJ TOBIIMHU, MOXHA
BIJI3HAYUTH TI€BHY MOPIBHSAHHICTh 1 CHOPIAHEHICTh 31 3HAYCHHSMM NPOITYCKaHHS Ta
BIIOUTTS  OaraTtomapoBux MOKPUTTIB  Agso:Bisg [114]. ChnexkTtpu ONTHUYHOTO
MIPOITYCKAHHS 0CAJKEHUX TOHKUX M1iBOK MoQj; pi3Hoi ToBmuHu (100 M, 200 HM 1 400
HM) [115] Ha moBkuui XBwii 650 HM ToKa3anW TOMIOHY TEHJCHINIO O 3HAUYCHHS
IPOIYCKAHHS, a 3MEHIUEHHS 3aJIe)KHOCTI €HEprii BiJl MOBHOIO MIpOIO TMOSCHIOETHCS
30UTBIIEHHSM OJHOPITHOCTI Ta 3MEHIIEHHSM IEHTPIB PO3CISIHHS I OLIBII TOBCTHUX
3paskiB. 3MOJENbOBaHI Ta EKCIEPUMEHTaIhbHO BH3HAYCHI CIIEKTPU MPOIMYyCKAHHS Ta
BIIOUTTSI HAMapeHUX TOHKHX IUIBOK GespSery [116] He MaloTh BUPAKEHOI 3aJICKHOCTI
B1Jl TOBIIMHH, III0 MO’KHA ITOSICHUTH HaSBHICTIO CHJIBHOI 00JIaCTiI MOTJIMHAHHS B i
CHEeKTpajibHINA 00nacTi, siIKa, OJHAK, € JOCUTh TUIOBOIO JUJIsl PYHKUISA AJs [OTO THUITY
¢binpmiB. KoedimieHT eKCTHHKIIIT, po3paxOBaHHi HA OCHOBI BUMIPIOBaHb MPOITYCKAHHS
st Tonkux ToiiBok Ge—Se—Te [117] ToBmmuoro 0.8 1 1.1 MM mpu BUKOpUCTaHIN
JOBKMH1 XBHJI1, KOPEJIOE 3 OTPUMAHUMH 3HAYEHHSIMHU OCBITJIIEHOCTI.

Takum 4rHOM 30HHUN aHaNi3 (POTOMETPUYHMX 300paKE€Hb CTAHAAPTHUX 3Pa3KiB
IIJTKOM MOX€ OyTH BUKOPHUCTAaHUM JJIS OI[IHIOBAHHS XapaKTepy CBITIOPO3CISHHS, SIKE

MIPOSIBIISIETHCS PI3HOIO YaCTKOIO OCBITJICHOCTI B KumbIlsix A2 ta A3 [110].

3.6. ExcniepuMeHTa/IbHe BHU3HAYCHHS ONTHYHHMX Koe(iui€eHTIiB 0i0JO0rTYHUX
TKaHUH

Jlns TectyBaHHST pOOOTH BIOCKOHAJICGHOTO METOAY KajiOpyBaHHS OlOMEIUYHOTO
dotomerpy 3 EP Ta po3pobieHoro mporpamMHoro 3a0e3rneyeHHsi BUKOPUCTAEMO JIBa

3pa3ku Oiosoriunoi TkanuHU: Pullus Cutis (mkipa xypku) ta Porcus Cutis (mkipa
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cBuHi) (puc. 3.43). JlocmiKeHHS TPOBOAWINCH: HA YETBEPTUH ACHB TICIS 3a0UTTS
3pa3KiB MIKIPH KYpPKH Ta CbOMUM — cBUHI. CiiJ 3BEpHYTH yBary Ha Te, 110 3a3Ha4yeHl
3pa3Ky OTPUMaHi y pe3yibTaTi MPOMHUCIOBOTO 3arOTOBJICHHS, a TYIIKA KYpPKH Ta CBUHI
3a3HaJM TUIIOBOTO BIJIMOBITHOTO TEXHOJOTIYHOTO TMPOIECY OIIMAPIOBAHHIO Ta

OCMAJIIOBAHHIO, a TAKOX I104aJIbIIIOIO 36epiFaHHH B OXOJIOAKCHOMY CTaHl.

a) 6)
Puc. 3.43. 3pa3ku nocnimkysanoi bT: Pullus Cutis (a), Porcus Pellis (0)

[Ipu mpurotryBaHHI BUKOPUCTOBYBAJIMCh 3pa3KU IIKIpH, B3SATOI 3 IPYAHOI YACTHHU
KypKkH, TOBIIMHOIO 0.4 — 0.5 MM 3 BKpaIUJICHHSIM >KMpPOBOI TKaHWUHH, Ta 3pa3KH LIKIPU
TpYyJHOI YaCTUHU CBHUHI, BiJl TOBIIMHOIWO 0,5 — 0,59 MM. 3pa3ku po3MillyBajuCh MIXK
JIBOX TJIOCKUX CKJISTHUX TutacTuH. Jlami 3a jpomomMororo oroMerpa 3 emincoigaibHUMU
pednexkropamu Oynu oTpuMaHi (poTromMeTpuuHi 300pakeHHS OI10JOTIYHWUX TKAHUH.
JlocaiipKeHHsT TPOBOAMIINCS JUIsl PI13HOI MMaJjarovyoi MOTY>KHOCTI. [IJ1s KO’KHOTO 3HaYEHHS
NOTYXHOCT1 0ysio oTpuMaHo 10 300paskeHb MPOCTOPOBOrO PO3MOJALTY Y MPOMYIIEHOMY
Ta BimOuTOoMy cBiTii (puc. 3.44, puc. 3.45).

Jlami mpoBeneMo oOpoOJieHHsST OoTpUMaHUX (HOTOMETPUUYHUX 300paxkeHb. [Ipukiasn
BU3HAUYEHHS CyMapHOi IHTEHCHBHOCTI MpH mnajaarouiil notyxxkHocti 0.088 MBT s

KOXKHOTO 3 JICCATH 300pakeHb Ha HaBejeH1 B Tabmui 3.12.

Tabmuis 3.12 CymapHa iIHTEHCUBHICTB [T 1ecATH Kazapis 3pas3ka Pullus Cutis

1 2 3 4 5 6 7 8 9 10

6127031 | 6151199 | 6146746 6155497 | 6161502 | 6161445 | 6167356 | 6165468 | 6164972 | 6161502

N o) ~.
= ~j

4689348 | 4685128 4691693 | 4685597 | 4696257 | 4690286 | 4682124 | 4692631 | 4693099 | 4691224
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JIist TMX 3HA4YeHBb 3 METOK) CTATUCTUYHOTO OIIHHIOBAHHS JUISA TMOJHOI TMOTYXHOCTI
11 3paskiB Pullus Cutis Ta Porcus Cutis Oy BusHaueHuit koedirieHTu Bapiamii V), mo
XapaKTEPHU3y€e CITIBBITHOIICHHS CEPEIHBLOKBAAPATUYHOTO BIAXUJICHHS Ta CEPEIHBOTO
3HAYCHb 3arajibHOI IHTEHCUBHOCTI (POTOMETPUYHUX 300pakeHb. Pe3yabTaTu HaBeIeHI B
tabmui 3.13.

Tabmuusg 3.13 Koedimientn Bapiaiii iHTEHCUBHOCTI (POTOMETPUYHOTO

300paxenHs ais Pullus Cutis Ta Porcus Cutis

ITapameTpu VY mpomnyieHOMY CBITI VY BigOUTOMY CBITII
0.088, | 0.164, 0.223, 0.253, 0.266, 0.088, | 0.164, 0.223, 0.253, 0.266,
MBT MBT MBT MBT MBT MBT MBT MBT MBT MBT
V., % (Pullus
Cutis) 0.0020 | 0.0021 | 0.0020 | 0.0024 | 0.0022 | 0.0016 | 0.0011 | 0.0011 | 0.0010 | 0.0009
V, % (Porcus
Cutis) 0.0032 | 0.0037 | 0.0015| 0.0015 | 0.0023 | 0.0021 | 0.0017 | 0.0021 | 0.0019 | 0.0018

Koedimienti Bapiamii 3a yci€ro cepi€ro JOCHIKeHb Pe3yJIbTaTiB HE IEPEBUIIYE
0,004%, 1m0 CcBAYATH TPO JOCTATHRO BHCOKY CTAOUIBHICTh XapaKTEPUCTUK
6iomenuuHoro ¢oromerpy 3 EP Ta ymoB mpoBeieHHS eKCIiepuMEHTy. Takox Oyio
pO3paxoBaHO 3HAYEHHS CTAHIAPTHOrO BIAXWICHHsS (Tabnuis 3.14) KoOXHOI Tpymnu

BHUMIPIOBaHb.

Tabmuis 3.14. 3HaueHHs CTaHIAPTHOTO BIAXWICHHSICYMApHOT IHTEHCUBHOCTI

(hOTOMETPUIHOTO 300paKCHHS

Pullus Cutis/ | Pullus Cutis/ | Porcus Cutis/ | Porcus Cutis/
BiZIOUTTS IPOIYCKaHHS BiTOUTTS IPOIyCKaHHS
0.088, +12187 +7541 +9149 +8341
MBT
0.164, +15683 +6038 +16992 +9455
MBT
0.223, +15490 +6301 +8450 +13466
MBT
0.253, +19302 +6410 +8801 +13037
MBT
0.266, +17593 +5823 +13644 +12141
MBT
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3) u)

Puc. 3.44. ®oromerpuuni 300paxenns Pullus Cutis y Bigburomy (a, B, 1, €, 3) Ta mporyiieHomy (0, T,

e, K, M) CBITJI Tipu maaarodiil moryxHocti 0.088 MBT (a, 6), 0.164 MBT (B, ), 0.223 MBT (7, €), 0.253
MBT (€, %), 0.266 MBT (3, 1)
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3)

Puc. 3.45. ®oromerpuuni 306paxenns Porcus Cutis y BinouTomy (a, B, 1, €, 3) Ta mponyieHomy (0, T,

e, K, M) CBITJI TipH magarodiit moryxHocti 0.088 MBT (a, 6), 0.164 MBT (B, 1), 0.223 MBT (7, €), 0.253
MBT (€, %), 0.266 MBT (3, 1)

Pe3ynbTaTi OTpMMaHOi OCBITJICHOCTI (3arajipHOi, B KuUIbIl A3 Ta Kuibll A2)

dboTomMeTpruUHUX 300paKeHbh HaBeIeH1 Ha puc. 3.46. Ta puc. 3.47.
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1 ~ 1 ~
0,8 ././—I—l-l 0,8 -/-/./'./_k"‘“
50,6 - / <06 -
& e
)04 0,4
0,2 0,2
O T T 1 O T T 1
0 0,1 0,2 0,3 0 0,1 0,2 0,3
BAT(2), MBt BFT(1), MBt
a) 0)

Puc. 3.46. Pe3ynbrar 30HHOrO aHani3y goromerpuunoro 300paxenss Pullus y Bindbutomy (a) Ta

npomyuieHomy (6) cBiT

—=—Total —=-A3 A2 —=—Total —=-A3 A2
1 q 1 4
0,8 - 0,8 -
~0,6 A ~0,6
:<CQ &CQ
& 04 - ./././.. : -
0,2 - 0,2 -
O T T 1 O T T 1
0 0,1 0,2 0,3 0 0,1 0,2 0,3
BAT(2), MBt BAT(2), MBt
a) 0)

Puc. 3.47. Pesynbrar 30HHOTO aHami3y GporomMeTpudHoro 300paxenns Porcus s y Bigouromy (a) Ta

nponyuieHomy (0) cBiTii

[Toka3zani rpadiku MiATBEPIKYIOTh MPaBUJIBHICTH IMONEPEAHBOrO KaJlOpyBaHHS
OCKIJTBKM ~ CIIOCTEPIraeThcs MPAKTHUYHO JIHIAHA 3aJeXKHICTh MIXK OCBITJICHICTIO
(3arasibHOIO Ta y KUTBIX A3 1 A2) Ta na1alouolio MOTYKHICTIO.

OTpumaH1 JaHHI MONEPENHIX €TalllB BUKOPHUCTAEMO I 3HAXOKEHHS CEpeIHIX
3Ha4YeHb KOE(QIIIEHTIB MTOBHOT'O MPOIYCKaHHS Ta IU(PY3HOTO BIAOUTTS JOCIIKYBAHUX

010J0r1YHUX 3pa3KiB. Pe3ynbTaTH po3paxyHKiB HaBelleH1 y Ta0m. 3.15.
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Tabmurs 3.15. Pesynbrari kaniopyBanus 11t motykHOocTi 0.088MBT

d, mm C3-9 C3-I1IE C3-IIBX C3-11I
T, (Pullus) | 0,45 68.02 % 65.12% 60.56 % 64.95%
R; (Pullus) | 0,45 10.57 % 7.98 % 10.85 % 8.79 %
T, (Porcus) | 0,545 74.17 % 71.26 % 69.58 % 70.64 %
R, (Porcus) | 0,545 24.68 % 22.32 % 23.84 % 22.54 %

AHanoriyHi cepesHi 3HaueHHs, oTpumani ais 3paskiB Pullus Cutis Ta Porcus Cutis

IIPH 1HITUX 3HAYCHHSX MMa1ar0490i MOTYKHOCTI, IT0OKa3aHi Ha puc. 3.48, puc. 3.49.

PE-® ==p==PE-TIE === PE-TIBX PE-N/T PE-® ==p==PE-TIE === PE-TIBX PE-N/T
78 1 14 -
73 4 12 -
68 — ———
o p N NN X 10 A —i—
o~ 63 4 -
‘: . r H %ﬁ 8 A O PN Doty
" 58 -
53 - 6
48 T T T T 1 4 T T T T 1
0,05 0,1 0,15 0,2 0,25 0,3 0,05 0,1 0,15 0,2 0,25 0,3
BT BT
BP1(1), MBt BP1(1), MBT
a) 0)

Puc. 3.48. Pe3ynbraTu BU3Ha4eHHs KOe(iliEHTY IOBHOTO MPOMYCKaHHs (a), Ta 11(]y3HOTO BIAOUTTS

(6) 3paska Pullus Cutis

PE-® ===—PE-ME =—=PE-NBX PE-T/1 PE-® ===—PE-ME —=PE-NBX PE-T/1
80 - 27 -
. 75 A o 25 ~ - = —ua
= 70 2 y v “.23
= —_a - Qt? - . ——
65 A 21 A
60 T T T T 1 19 T T T T 1
005 01 015 02 025 03 005 01 015 02 025 03
BT,
BAT()) BP'(A)
a) 0)

Puc. 3.49. PesynbpTaTn BU3HaUYCHHs KOSIIIEHTY TOBHOTO MPOITyCKaHHs (a), Ta 1u(y3HOTO BIIOUTTS

(6) 3pa3ka Porcus Cutis
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[TpuitnsaBmm 3a gificHe 3HaYEHHS — cepeaHe, Oylia po3paxoBaHa BiJHOCHA MOXHOKA

KOXKHOT'O JTIOCHiAy, MAaKCUMaJIbHE 3HAUYCHHS TTOKa3aHo B Tabmuill. 3.16.

Tabmuui. 3.16. BigHocHa moxuOka BUSHAUYEHHS ONTUYHUX KOE(IIEHTIB

) T; (Pullus) R, (Pullus) T; (Porcus) R, (Porcus)
C3-® +0.35 % +1.15 % +0.20 % +0.35 %
C3-IIE +0.25 % +1.35% +0.24 % +0.5 %
C3-IIBX +0.35 % +1.50 % +0.30 % +0.15 %
C3-I1J1 +0.50 % +1.30 % +0.25 % +0.35 %

PesynbTaTu po3paxyHKy CTaHAAPTHOTO BIAXWUJEHHS BU3HAYEHUX ONTUYHUX

koedimientiB BT naBeneni B Tabmumi 3.17.

Tabmuus 3.17. CtangapTHE BIAXUJICHHS BUSHAYCHHS ONITUYHUX KOC(IIIEHTIB

T; (Pullus), % | R; (Pullus), % | T; (Porcus), % | R, (Porcus), %
C3-0 0.17 0.08 0.11 0.05
C3-11E 0.09 0.08 0.12 0.07
C3-IIBX 0.12 0.11 0.16 0.03
C3-1L1 0.23 0.09 0.10 0.05

Koedimient BimbutTs Big mkipu ckimagae 10 — 55 % 1 3aexuTh Bil CIEKTPY
BUIIPOMIHIOBaHHS, CTYTICHs MITMEHTAIIll Ta 3MOPIIKYBAaTOCT1, HAsSIBHICTh KUPY 1 BOJIOTH,
IO 3aJIEKUTh BIJ CTaTl, BIKY, TUILy Ta KOJbopy WKipu [64]. Tak goCHiIKeHHS WIKIPU
cBuHI 1aj0 Taki 3HaueHHs: T,= 48 %, R; = 37 % Ha moBxuni xBuiai 650 HM I 3pa3ka
ToBumHO0 2 MM [118] Ta 1, =04 cm', u,=25cm”, g=0.61 Ha MOBKMHI XBUII
633 um juis aepmu 1mikipu cBuHI [119]. OnTuyHi BIACTUBOCTI BIJIOMI TaKOX JJIst
Kypstaol mKipn u,=2.5 oM, uy=164cm’, g=0.61 Gymu orpumani st XBUIi
noBxuHo 635 HM [120]. 'V poGoti [121] B sKiil mOCHIIKYBajdu IIKIpY JTIOJUHU
toBmmHH 0.5 MM R;=15%, a T; = 50% na 650 aMm.

3a BIAOMMMH 3HAYEHHSMU ONTHUYHMX BIACTUBOCTEH OyJIM NPOMOJAEIIbOBAHI

3HauYeHHS onTu4yHuX KoedimieHtiB: 7,= 64%, Rd = 7% (wkipa xypku), T,=71%,
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Rd =22% (mkipa cBUWHI), TOBIIMHU SKHX BIJIMOBIJaIN pPEaTbHOMY CKCIECPUMEHTY.
OTpuMaHi pe3yjbTaTU € CIIBCTABHUMU 31 3HAYEHHSAM, IO OyJIM OTpPUMaHi B XOJIi
KaniOpyBaHHs. Pi3HMIIE B 3HAYEHHSX, Yy TMEpUIy 4Yepry, HOSICHIOEThCA PI3HUMHU
GI3MYHUME  BIACTHBOCTSIMH CTaHAAPTHUX 3paskiB. Tak 3HA4YeHHS, OTPUMaHHI 3
BukopuctanHsam C3-® Tta C3-IIBX, MamoTh OUIbIIYy pO30DKHICTH 31 3HAYCHHSIMHU,
orpumanumu it C3-IIE ta C3-IUJI. I[le MoOXHa NOSICHUTH PI3HOK MPO30PICTIO
MmatepiamB. ToX MpU JOCTIIKEHHI ONTUYHUX KOS(DIMIEHTIB TKAHWH MIKIPU OUIBII
JOLIJIBHO BUKOPUCTOBYBaTH TOJIETWIEH Ta TMojieTwieHTepedTasaT y SKOCTI
CTaHAAPTHHUX 3pa3KiB.

Po3paxoBanui 3HaueHHs cymMapHoi HeBu3HaueHOCTI 3a tunoM B (Ug) orpumanmx

ontuyHux KoediuientiB bT HaBenena B Tabmumi 3.18.

Ta6mums 3.18. CymapHa HEeBU3HAYEHICTh ONTUYHUX KoedirieHTiB BT

C3-® C3-IIE C3-1IBX C3-I11
T, (Pullus), % 6,69 2,00 1,34 3,67
R, (Pullus), % 2,05 1,65 2,34 3,88
T, (Porcus), % 6,69 2,00 1,34 3,67
R, (Porcus), % 2,05 1,65 2,34 3,88

[TopiBHSIHHA €()EKTUBHOCTI ICHYIOHUOI'O Ta YJOCKOHAJIEHOI'O0 METOAY KajaiOpyBaHHS
dboTomeTpy 3 emincoinanbHUMu peduiekropamu (tabmuis 3.19) BUKOHyeTOCS 3a
HACTYITHUMH KPUTEPISIMU: CHOCIO0 BU3HAYEHHS ONTUYHUX KOe(ili€HTiB; (DyHKIIOHAT,

yac KaniOpyBaHHs Ta JOCTYIHICTh BUMIPIOBaHb.

Tabnuus 3.19. IopiBHsIHHS €EeKTUBHOCTI

Kpurepiit IcHyrounit MmeTox Y 10CKOHAJIEHUI METO
Busznauenns koediiieHTiB Pyune ABTOMaTU30BaHE
OyHKITIOHA OxpemMe BUMIPIOBAHHS TSI Mictuts B/ 3
KO’KHOI TOBILIUHU pe3yJbTaTaMH BUMIPIOBaHb
PI3HUX TOBIIHH
Yac kaniOpyBaHHs ~ 60 xB ~ 15 xB
JlocTymHICTh BUMIPIOBaHb - +
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[TopiBHSHHSA 32 HABEICHUMU KPUTEPIsIMH TOKa3ye, 110 BapoBapkeHHs: ICEMOEP B
MeToj KanmiOpyBaHHs (OTOMETPY 3 €NNCOifaibHUMU pediieKTopaMu J103BOJIUB

HIJBUIIUTH ¢()EKTUBHICTH O10MeTUYHO1 (hOTOMETPIi.
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3.7. BUCHOBKH 10 TPETHOI0 PO3alIy

1. Ha mizgcraBi aHamizy (I3MKO-XIMIYHHMX Ta ONTUYHUX BIACTUBOCTEH TBEPIUX
NOJIIMEPHUX MaTepialiB BCTAHOBJIEHO MOJKJIMBICT BUKOPUCTaHHS IOJIIETHIIEHY,
noyiMep TeTpadTOpeTUIICHY, MOMIBIHUIXJIOPUY Ta MOJieTulieHTepedTanary y sKOCTI
CTaHJAPTHUX 3pa3KiB ISl KaaiOpyBaHHSA O10MEIUYHUX (POTOMETPIB 3 ENINCOITATBHUMU
pednexkropamu.

2. Ha mizacraBi AOCHIKEHHsSI CTaHAAPTHUX 3pa3KiB 3a JOMOMOTOI 3Pa3KOBOTO
crektpodoromerpy y HIl « YkpMmeTpTecTcTangapT» OTpUMaH1 CIEKTPaNIbHI 3aJI€KHOCTI
Koe(iIieHTIB KOJIMOBAHOTO TMPOIYCKAaHHS, IOBHOTO IPOMYCKaHHS Ta JU(y3HOTO
BIIOUTTS BiJ TOBUIMHU €TaJOHY, IO JO3BOJWIO c(opMyBaTh 0a3y JaHUX €TATOHHHUX
BUMIPIOBaHb.

3. 3a pe3ynbraraMu BHOOpPY €JIEMEHTHOI 0a3u Ta OOIPpYHTYBaHHS 3HAYCHb
(dokanpHOrO mMapamMeTpy Ta Koe(ili€eHTa CTUCKaHHSA EeINCOiTHOrO pediaekropa
CTBOpeHO ¢oToMeTp, Ha SKOMy OyJI0 peandi30BaHO BJIOCKOHAJICHUN  METOJI
KaJiOpyBaHHS.

4. Ha OCHOBI BCTAHOBJICHMX 3aJI€KHOCTEH MK ONTUYHUMHU KoedilieHTaMu
CTaHJAPTHUX 3pa3KiB Ta TOBIIUHOI, OYyB pPO3pOOJICHUN aNrOpUTM Ta MpOrpamMHe
3a0e3nedeHHs 1H(OpMaIIiHOT CUCTEMU O10MEIMYHOTO (POTOMETPY 3 EJINCOiJaTbHUMU

pedekTopaMH, 1Mo J03BOIUIO BUSHAYUTH ONITHYHI KOSMIIEHTH O10JIOTIYHUX TKAHHH.
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3ATAJIBHI BUCHOBKHA

VY nucepTaliiHoMy JOCHIIKEHH] BUPIIIEHO aKTyallbHY HAYKOBO-IIPUKJIAAHY 3a]auy
YJOCKOHAJIEHHSI METOy KaniOpyBaHHA (OTOMETPY 3 eNiNcoiiadbHUMU pediekTopaMu
IUIIXOM CTBOPEHHS 1H(POPMAIIHOI CUCTEMH €TaJOHHHUX BHUMIPIOBAaHb, IO JI03BOJISE
OTPUMYBATH ONTHYHI KOeDImieHTH AU(Y3HOr0 BIAOMTTS Ta MOBHOTO MPOITYCKaHHS 3a
pPIBHEM OCBITJIEHOCTI (DOTOMETPUYHUX 300paKE€Hb Yy BIAOUTOMY Ta NPOIYIICHOMY
CBITII.

1. Ha ocHoBI aHani3y 3acaja cneKTpopoTOMeTpii Ta MPUHIUIIB poOOTH (HOTOMETPIB
3  ENINCOiNAIbHUMU pe(dIeKTOpaMu BCTAHOBJIEHO, M0 OIOMEIUYHO 3HAYYIIUMHU
ONTUYHUMHU KoedimieHTaMu € Koe(imieHT audy3HOro BiAOWUTTS, TOBHOTO Ta
KOJIIMOBAHOTO  MPOIYCKaHHS, II0  JO3BOJMJIO  OOIPYHTYBaTH  MEpeIyMOBU
YJIOCKOHAJICHHSI METOy KaniOpyBaHHA (OTOMETPY 3 elirncoinaibHuMu pediaekTopamMu
IIPU HEMPAMUX BUMIPIOBAHHAX HA CTAHAAPTHHUX 3pa3KaxX CBITIIOPO3CISTHHS.

2. AHani3 etaniB peaizanii METOy KaniOpyBaHHSA (POTOMETPIB 3 €IINCOIAATBHUMHU
pednexkTopaMu Ta ONpPAIIOBAHHS TApaMeTpiB OI[IHIOBaHHS HWOTO €(EeKTUBHOCTI
JI03BOJIMB ~ CHCTEMAaTU3yBaTH THUIOBY  IOCHIiJOBHICTh BUMIpPIOBaHb  ONTHYHUX
Koe(DiIieHTIB HA 3pa3KOBOMY CIEKTPO(OTOMETPI Ta OCBITIICHOCTI (DOTOMETPUUHUX
300pakeHb Ha (POTOMETPI 3 ETNCOITATBHUMHE pedIIeKTOpaMu JIJIsi CTaHIaPTHUX 3pa3KiB
PI3HOI TOBIIMHH.

3. Ha migcraBi aHamizy BJIACTHBOCTEW  MOJieTWICHY, (ToporacTy-4,
NOJIIBIHUIXJIOpUY ~ Ta  mojieTwieHtepedranaTty  oOrpyHTOBaHa  MOXKIIMBICTb
BUKOPHUCTAHHS LIMX MaTepiajiiB y AKOCTI CTAHAAPTHUX 3pa3KiB, BAMIPIOBAHHS ONTHYHUX
KOe(DIII€EHTIB SKUX 3a JOMOMOTOI0 3pPa3KOBOTO CHEKTPO(OTOMETPY TO3BOJIHIO
oTpuMaTH 0azy JaHWX CTAJOHHUX BHMIPIOBaHb $IK METPOJIOTIYHY OCHOBY IS
CTBOpPEHHSI 1HGOPMAIIIITHOT CHCTEMH.

4. OOrpyHTOBaHUI BHUOIp ONTUYHUX EJIEMEHTIB, ONTHUKO-EICKTPOHHUX MPUIIAIIB,
CNIEKTPUYHHUX Ta EJIEKTPOHHUX KOMIIOHEHTIB ISl CTBOPEHHS MPOTOTHUIY (OTOMETPY 3
eJINCOIJaIbHUMU  PEQUIEKTOpaMH, WO JO3BOJMIIO 3JIMCHUTH HOro IMOINEpEeaHE
KaiOpyBaHHs, OTpuUMaTH (POTOMETpUUHI 300paKEHHS CTaHAAPTHUX 3pa3KiB Pi3HOL

TOBUIMHM Y B1IOUTOMY Ta MPOIYLIEHOMY CBITJII Ta 3[1HCHUTH iX aHai3.
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5. Ha ocHOBI CTBOpPEHOro anroputTMy poOotu iH(OpMaLIHHOT CHCTEMHU
6iomeaMYHOr0 (OTOMETPY 3 ENINCOITATBHUMU pedIeKTOpaMH pO3pOOJICHO BIATIOBIIHE
nporpamMHe 3a0e3Me4eHHs], 10 JTI03BOJIMIO BU3HAYUTH ONTUYHI KOe(DILEHTH AUPY3HOTO
BIJIOUTTS Ta MOBHOTO MPOTMYCKAHHS 3pa3KiB 010JIOTTYHUX TKAHHH.

6. IlpoBeneHuii aHam3 QGOTOMETPUYHHX 300pKEHH CTAHJAAPTHUX 3Pa3KiB
CBITJIOPO3CISIHHSI T4 PETPECIMHUIN aHai3 TaHUX JO3BOJWB BCTAHOBUTHU HAOIMKECHHS 10
CKCIIOHCHITIaIbHOI 3aJIeKHOCTI OCBITJIICHOCTI CEPEIHBOr0 Ta 30BHIMIHBOTO KiIBILI
dboToMeTpuyHUX 300pakeHb BIJl TOBUIMHU Yy MPONYIIEHOMY CBITJII, a TaKOX
HAOJIMKEHHA 10 JIOTapu(PMIYHOI 3aJI€KHOCT] — y BIZOMTOMY CBITJI.

7. Ha migcraBi CTAaTUCTUYHOTO aHaMI3y IHTEHCHUBHOCTI Yy BIigOMTOMY Ta
nponyieHoMy cBiTi s 3pa3kiB Pullus Cutis (mukipu kypku) ta Porcus Cutis (mkipu
CBUHI) BU3HAYEHO ONTUYHI KoedimieHTn 1udy3HOro BIAOUTTS Ta MOBHOTO MPOITYCKAHHS
3 BIJIHOCHOIO MOXHOKOI He Ounpiie 1.5 % mnpu BUKOPHUCTAHHI PI3HUX CTaHIAPTHHUX

3pa3KiB Ta P 3MIHHIN MMa/1at04ii MOTY>KHOCTI.
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Jopatok A
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Puc. A.1. 3anexHicTb KoedilieHTa KOJIMOBaHOTO MPOIYCKaHHS T BiJ JOBKUHH XBHJII A 3pa3KiB
C3-IIE toBmmaOo0 d1=0.15 MM, d2=0.3 MM, d3=0.45 mM, d4=0.6 mMm, d5=0.75 mm, d6=0.9 mm, d7=1.2
MM, d8=1.5 MM, d9=2.25 mm, d10=3.0 mm, d11=3.75 mm, d12=4.5 mm, d13=6.0 mMm, d14=9.0 Mmm
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Puc. A.4. 3anexHicTb KoedilieHTa KOJIMOBAHOTO MPOIYCKaHHS T, BiJ JOBKUHH XBHJII A 3pa3KiB
C3-I1JI ToBuruHot0 0.1 MM z1€ CBITJIO Majiae Ha MOBEPXHIO 3 noJieTuneHrepedranary ( IT) ta

NOBEPXHIO NOKpUTY KieeM (K)

143



= total = diffuse

500
400
300 -
0
T % 59 |

100 ~—

T N\ A

L T

0 250 500 750 1000 1250 1500 1750 2000 2250 2500
A, HM

Puc. A.5. 3anexHicTh KoedilieHTa IOBHOTO Ta JU(y3HOTO MPOIYCKAaHHS BiJl JOBKUHU XBUJI A

3pazka C3-IIE toBmuHOW 0.15 MM

= total = diffuse

100
80
60 A
0
T % 4 |

20

0 250 500 750 1000 1250 1500 1750 2000 2250 2500
A, HM

Puc. A.6. 3anexHicTh KoedillieHTa MOBHOTO Ta [u(y3HOTO MPOIYCKAaHHS BiJl JOBXKUHU XBUJI A

3pazka C3-11BX TommHo0 0.15 MM

—total =—diffuse
100

80 -
60 -
0

20 A

0 250 500 750 1000 1250 1500 1750 2000 2250 2500
A, HM
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Jlonaroxk b

EnemenTu KOOy IIporpaMHOIO 3a0e3I1eYeHHS

HTML
<IDOCTYPE html>
<html>
<link rel="stylesheet" href="styles.css">
<script src="script.js"></script>
<div class="form-style-5">
<div class="forms">
<form class="form-2">
<fieldset>
<legend><span class="number">*</span>Tun gocmimkeHusa</legend>
<select id="type" name="type">
<option value="transmission">Transmission</option>
<option value="reflection">Reflection</option>
</select>
<legend><span class="number">*</span> CtangaptHuii 3pa3ok </legend>
<select id="standard" name="standard">
<option value="{">C3-®</option>
<option value="pe">C3-I1E</option>
<option value="pvh">C3-I1BX</option>
<option value="pl">C3-I1JI</option>
<option>Hogwuii C3</option>
</select>
<span>Topmuna bT (Mm)</span>
<input type="number" name="thickness" step="0.001" min="0.005" placeholder="d

*I>

<span>Ilagarouy notyxHicts Ha BT (MBT1)</span>

<input type="number" name="pressure" step="0.001" min="0.001"

placeholder="Bi(A) *">

<span>KibKiCTh aKTUBHHX HiKCETIB</span>

<input type="number" name="pixel" min="1" placeholder="N3 *">

<span>CyMapHa IHTEeHCUBHICTh</span>

<input type="number" name="intensity" min="1" placeholder="1 *">

<legend><span class="number">*</span>biTHiCTh dboToMeTpUYHOTO
300paxenHsa</legend>

<select id="bit" name="bit">
<option value="8">8-6iT</option>
<option value="10">10-6iT</option>
<option value="12">12-6iT</option>
<option value="16">16-6iT</option>
</select>
</fieldset>
</form>
</div>
<div>
<input id="btn" type="submit" value="Po3paxynox"/>
<div class="res">
<span type="number" name="result title"></span>
<span type="number" name='"result™></span>
</div>
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</div>

</div>
</html>

CSS

form-style-5{

}

max-width: 760px;

padding: 10px 20px;

background: #f4{718;

margin: 10px auto;

border-radius: 8px;

font-family: Georgia, "Times New Roman", Times, serif;

forms{

}

display: flex;
flex-direction : row;

res {

}

font-family: Georgia, "Times New Roman", Times, serif;
background: rgba(70,100,200,.1);

border: none;

border-radius: 4px;

font-size: 15px;

margin: 0;

outline: 0;

padding: 10px;

width: 100%;

box-sizing: border-box;

-webkit-box-sizing: border-box;

-moz-box-sizing: border-box;

background-color: #e8eeef;

color:black;

-webkit-box-shadow: 0 1px 0 rgba(0,0,0,0.03) inset;
box-shadow: 0 1px 0 rgba(0,0,0,0.03) inset;
margin-bottom: 20px;

form-style-5 fieldset{

}

border: none;

form-style-5 legend {

}

font-size: 1.4em;
margin-bottom: 15px;
font-weight: bold;

form-style-5 label {

}

display: block;
margin-bottom: 8px;

form-style-5 input[type="text"],
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form-style-5 input[type="date"],
form-style-5 input[type="datetime"],
form-style-5 input[type="email"],
form-style-5 input[type="number"],
form-style-5 input[type="search"],
form-style-5 input[type="time"],
form-style-5 input[type="url"],
form-style-5 textarea,
form-style-5 select {

font-family: Georgia, "Times New Roman", Times, serif;

background: rgba(255,255,255,.1);

border: none;

border-radius: 4px;

font-size: 15px;

margin: 0;

outline: 0;

padding: 10px;

width: 100%;

box-sizing: border-box;

-webkit-box-sizing: border-box;

-moz-box-sizing: border-box;

background-color: #e8eeef;

color:#000000;

-webkit-box-shadow: 0 1px 0 rgba(0,0,0,0.03) inset;

box-shadow: 0 1px 0 rgba(0,0,0,0.03) inset;

margin-bottom: 20px;
b
form-style-5 input[type="text"]:focus,
form-style-5 input[type="date"]:focus,
form-style-5 input[type="datetime"]:focus,
form-style-5 input[type="email"]:focus,
form-style-5 input[type="number"]:focus,
form-style-5 input[type="search"]:focus,
form-style-5 input[type="time"]:focus,
form-style-5 input[type="url"]:focus,
form-style-5 textarea:focus,
form-style-5 select:focus{

background: #d2d9dd;
b
form-style-5 select{

-webkit-appearance: menulist-button;

height:35px;
b
form-style-5 .number {

background: #4682B4;

color: #{ff;

height: 30px;

width: 30px;

display: inline-block;

font-size: 0.8em;

margin-right: 4px;

line-height: 30px;
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}

text-align: center;
text-shadow: 0 1px 0 rgba(255,255,255,0.2);
border-radius: 15px 15px 15px Opx;

form-style-5 input[type="submit"],
form-style-5 input[type="button"]

{

}

position: relative;

display: block;

padding: 10px 30px 10px 30px;
color: #FFF;

margin: 0 auto;
background: #4682B4;
font-size: 18px;

text-align: center;
font-style: normal;

width: 100%;

border: 1px solid #4169E1;
border-width: 2px;
margin-bottom: 30px;

form-style-5 input[type="submit"]:hover,
form-style-5 input[type="button"]:hover

{

b

background: #4169E1;

JavaScript

document.addEventListener("DOMContentLoaded", () => {

const P1 =[0.083, 0.093];
const P2 =[0.159, 0.169];
const P3 =[0.218, 0.228];

const btn = document.getElementByld("btn");

getTransmissionResult = () => {
const standard = document.getElementsByName("standard")[0].value;
const d = document.getElementsByName("thickness")[0].value;
const Pb = document.getElementsByName("pressure")[0].value;
const N = document.getElementsByName("pixel")[0].value;
const I = document.getElementsByName("intensity")[0].value;
const C = Number(document.getElementsByName("bit")[0].value);
const Eb=1/(N * (Math.pow(2, C) - 1));
let Te, Es;
switch (standard) {
case "f": {
Te = 58.666 * Math.exp(-0.66 * d);
if (Pb >=P1[0] && Pb <=PI1[1]) {
Es =0.1802 * Math.log(Te) + 0.0377
} else if (Pb >= P2[0] && Pb <=P2[1]) {
Es =0.1686 * Math.log(Te) + 0.2477
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} else if (Pb >= P3[0] && Pb <=P3[1]) {
Es =0.1345 * Math.log(Te) + 0.4209
} else {
const a =-0.4733 * Pb + 0.2319;
const b=3.0227 * Pb - 0.2378;
Es = a * Math.log(Te) + b;
b
break;
b
case "pe": {
Te = 88.136 * Math.exp(-0.348 * d);
if (Pb >=P1[0] && Pb <=PI1[1]) {
Es =(0.1362 * Math.log(Te) - 0.1744) / 0.25;
} else if (Pb >= P2[0] && Pb <=P2[1]) {
Es =(0.2036 * Math.log(Te) - 0.2378) / 0.25;
} else if (Pb >= P3[0] && Pb <=P3[1]) {
Es =(0.2402 * Math.log(Te) - 0.2634) / 0.25;
} else {
consta=0.7277 * Pb + 0.0766;
const b=-0.5678 * Pb - 0.1321;
Es = (a * Math.log(Te) + b) / 0.25;
}
break;
}
case "pvh": {
Te = 61.243 * Math.exp(-3.38 * d);
if (Pb>=P1[0] && Pb <=PI1[1]) {
Es =0.1641 * Math.log(Te) + 0.0497;
} else if (Pb >= P2[0] && Pb <=P2[1]) {
Es =0.2006 * Math.log(Te) + 0.1389;
} else if (Pb >= P3[0] && Pb <=P3[1]) {
Es =0.2187 * Math.log(Te) + 0.1553;
} else {
consta=0.3728 * Pb + 0.1347,;
const b=0.868 * Pb - 0.0203;
Es =a * Math.log(Te) + b;
h
break;
b
case "pl": {
Te = 75.762 * Math.exp(-0.516 * d);
if (Pb>=P1[0] && Pb <=PI1[1]) {
Es =(0.0805 * Math.log(Te) + 0.0124) / 0.25;
} else if (Pb >= P2[0] && Pb <=P2[1]) {
Es = (0.1523 * Math.log(Te) + 0.035) / 0.25;
} else if (Pb >= P3[0] && Pb <=P3[1]) {
Es = (0.1186 * Math.log(Te) + 0.0306) /0.25
} else {
consta=0.1558 * Pb + 0.0351;
constb=0.1715 * Pb - 0.0012;
Es = (a * Math.log(Te) + b) / 0.25;
}
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break;

}

h
return Te * Eb / Es;

}

getReflectionResult = () => {

const standard = document.getElementsByName("standard")[0].value;
const d = document.getElementsByName("thickness")[0].value;

const Pb = document.getElementsByName("pressure")[0].value;
const N = document.getElementsByName("pixel")[0].value;

const I = document.getElementsByName("intensity")[0].value;

const C = Number(document.getElementsByName("bit")[0].value);

const Eb=1/(N * (Math.pow(2, C) - 1));
let Te, Es;

switch (standard) {
case "f": {
Te =21.766 * Math.log(d) + 77.606;
if (Pb >=P1[0] && Pb <=PI1[1]) {
Es=0.0038 * Pb + 0.3025;
} else if (Pb >= P2[0] && Pb <=P2[1]) {
Es=0.003 * Pb + 0.4918;
} else if (Pb >= P3[0] && Pb <=P3[1]) {
Es=0.0026 * Pb + 0.5757;
} else {
const a =-0.008 * Pb + 0.0044;
constb=1.8113 * Pb + 0.1631;
Es = a * Math.log(Te) + b;
}
break;
}
case "pe": {
Te = 15.289 * Math.log(d) + 31.622;
if (Pb>=P1[0] && Pb <=PI1[1]) {
Es=0.0106 * Pb + 0.104;
} else if (Pb >= P2[0] && Pb <=P2[1]) {
Es=0.0095 * Pb + 0.2891;
} else if (Pb >= P3[0] && Pb <=P3[1]) {
Es=0.0086 * Pb + 0.3772;
} else {
consta=-0.0155 * Pb + 0.012;
const b=1.8519 * Pb - 0.0421;
Es =a * Math.log(Te) + b;
§
break;
h
case "pvh": {
Te = 3.8348 * Math.log(d) + 71.759;
if (Pb >=P1[0] && Pb <=P1[1]) {
Es=0.0028 * Pb + 0.361;
} else if (Pb >= P2[0] && Pb <=P2[1]) {
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Es =0.0023 * Pb + 0.5238;
} else if (Pb >= P3[0] && Pb <=P3[1]) {
Es =0.002 * Pb + 0.6088;
} else {
const a =-0.0067 * Pb + 0.0034;
const b=1.7237 * Pb + 0.221;
Es = a * Math.log(Te) + b;
}
break;
}
case "pl": {
Te = 14.141 * Math.log(d) + 46.826;
if (Pb>=P1[0] && Pb <=PI1[1]) {
Es =0.0082 * Pb + 0.1652;
} else if (Pb >= P2[0] && Pb <=P2[1]) {
Es=0.0067 * Pb + 0.3653;
} else if (Pb >= P3[0] && Pb <=P3[1]) {
Es =0.0055 * Pb + 0.4795;
} else {
const a=-0.0207 * Pb + 0.0101;
constb=2.1762 * Pb - 0.0128;
Es = a * Math.log(Te) + b;
§
break;
H
}
return Te * Eb / Es;

}

btn.addEventListener('click’, (ev) = {
ev.preventDefault();
const type = document.getElementsByName("type")[0].value;
const resElement = document.getElementsByName("result")[0];
const resTitle = document.getElementsByName("result_title")[0];
if (type === "transmission") {
resElement.innerText = Math.round((getTransmissionResult() + Number.EPSILON) * 100) /
100 +'%';
resTitle.innerText = 'Koedimient nmoBHoro npomnyckanus bT - ';
} else if (type === "reflection’) {
resElement.innerText = Math.round((getTransmissionResult() + Number.EPSILON) * 100) /
100 +'%';
resTitle.innerText = 'Koedimient nudysnoro Bigourts bT - ';
b
})
$)s
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JlonaToxk B
doromerpuuni 300pakerHs C3

Tabnuus B.1. ®oromerpuuni 300paxkenHs C3-@ y BiniOuTOMy CBITII

ToBmmHa 0.1 0.2 0.3 0.5 1.0 1.5 2.0 3.0

0.088 MBT

0.164 mBT

0.223 MBT

0.253 mBT

0.266 MBT




Tabmuusa B.2. ®oromerpuuni 300paxenns C3-I1E y BinOburomy cBiTmi

ToBmmHAa

0.088
MBT

0.164
MBT

0.223
MBT

0.253
MBT

0.266
MBT

3.00

4.50

6.00

7.50
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Tabnuus B.3. ®oromerpuuni 300paxenns C3-11BX y BinouTomy cBiTii

ToBmmHa

0.088
MBT

0.164

MBT

0.223
MBT

0.253
MBT

0.266
MBT
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Tabnuusa B.4. ®oromerpuuni 300paxenns C3-I1J1 y BinouTomy cBITII

ToBmmHa

0.088

MBT

0.164

MBT

0.223

MBT

0.253

MBT

0.266

MBT

0.2

1.0

2.0

3.0

4.0

10.0
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Tabnuus B.5. ®oromerpuuni 300paxents C3-® y npomnyiieHoMy CBITI1

ToBmmHa

0.088

MBT

0.164

MBT

0.223

MBT

0.253

MBT

0.266

MBT

0.3

0.5

1.0

2.0

3.0

5.0
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Tabnuus B.6. ®oromerpuuni 300paxenns C3-11E y nponyuieHoMy cBiTII Ta GLIBTPOM 3 KOE(ILIEHTOM IpoIycKkanHs 25%
ToBmuHa 0.15 0.45 0.75 1.50 3.00 6.00 9.00

0.088
MBT

0.164

MBT

0.223
MBT

0.253
MBT

0.266
MBT
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Tabmuuga B.7. ®oromerpuuni 300paxenns C3-I1BX y npomyuieHoMy cBITII

ToBmmHa

0.088
MBT

0.164

MBT

0.223
MBT

0.253
MBT

0.266
MBT

0.90

2.25
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Ta6muis B.8. ®otomerpuuni 300pakerHs: C3-I11J1 y mponyiieHoMy cBITJII Ta GiIbTPOM 3 KoedillieHTOM nporyckaHHs 25%
1.0 2.0 3.0

5.0 10.0

ToBHa 0.2

0.088
MBT

0.164
MBT

0.223
MBT

0.253
MBT

0.266
MBT
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Honarok I'
3oHHUI aHami3 PoToMeTpUUHUX 300pakeHb C3 3 MOJIETUICHOBOI IIJTIBKU

ToBIIMHO 0.1 MM

—=—18MBT =—42MBT = 66MBT =—9MBTr —=-11.4MBT
—=—13.8 MBT-—+-16.2 MBT—=-18.6 MBT 21 MBT -2-234MBT

1,00 -
—0,90 -
‘2.0,80 -
ol
20,70 -
=

Z 0,60
2
50,50
A 0,40
[+]
0,30

CBITIICHICT

0,20

O
o
=
S

’

0,00

ToBmuHa [MM]
a)

—=—1.8MBTr =+—42MBT = 6.6MBT =—9MBT —=-114MBT
—=—-13.8 MBT -+ 162 MBT—=-18.6 MBT 21 MBtr -8-23.4MmBT
1,00 -

(=]

O

(@]
|

0,80 -|
0,70 -
0,60

[pixel values/pixel]

0,50
0,40
0,30

ITIIEHICTD

0,20

OcB

0,10

0,00

Topmmmaa [MM]
6)

Puc. I'.1. OcBitnenicts kinenp A2 (a) i A3 (0) doromeTpuaHUX 300paxeHsb, 3apeectpoBanux [13C-

JATYUKOM Yy TIPOMYIIEHOMY CBITJII JJISl PI3HUX MOTYKHOCTEH Jiazepa.
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1,00

<o
O
=]

= 0,80
0,70
0,60

pixel values/pixel|

50,50

—_—

0,40

1CThb

0,30
£ 0,20

OcBiTiIEH

0,10
0,00

1,00

(=]
O
=]

0,80
0,70
0,60

[pixel values/pixel |

0,50
0,40
0,30

ITIIEHICTD

OcB

0,10
0,00

0,20

—=—18MBr =42 MBT =-66MBr =—9MBr —=-11.4MBT

—=—13.8 MBT—+-16.2 MBT —=18.6 MBT 21 MBr —=-23.4MBT

) = - = - - = 1] a
0 1 2 3 4 5 6 7 8 9 10
Tosmuma [MM]

a)
—=—1.8MBT =—42MBTr =66 MBT =—9MBT —=-114wMBt
—=-13.8MBT =162 MBT = 18.6 MBT 21 MBT 234 MBT
i : "
. _/’_:-—.=.—="—' g " = a = .
7 0 -y o ® —a
I~
-
i f:;:
= -l
,;4:::-
0 1 2 3 4 5 6 7 8 9 10
TommuHa [MM]
0)

Puc. I'.2. OcBitnenicts kinens A2 (a) 1 A3 (6) poroMeTpuaHUX 300pakeHsb, 3apeecTpoBanux 1133-

JIATYNKOM y BIAOMTOMY CBITIII JJI PI3HUX MOTY>KHOCTEH Ja3zepa
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Homatok /I

Kaaiopysaasua cayxoa A1 «YKPMETPTECTCTAH/IAPT»
Calibration service of the SE « UKRMETRTESTSTANDART »

JIEP/KABHE MUINMPHEMCTBO
«BCEVKPATHCBKHI1 IEPKABHHIH HAYKOBO-
BUPOBHHUHI LLEHTP CTAHJAAPTH3ALLI,

METPOJIOT 1§, CEPTH®IKALI TA 3AXHCTY ey,
¥, 4 N AN 2
ncamn MPAB CTIO/KHBAYIB» ShS= e
- (UM «YKPMETPTECTCTAHIAPT») i[,am
STATE ENTERPRISE e
‘"ALL-UKRAINIAN STATE RESEARCH AND PRODUCTION CENTER FOR '_,///’——\‘\\}‘
STANDARDIZATION, METROLOGY, CERTIFICATION AND CONSUMERS' RIGHTS “sf, ? ,::\“\"

PROTECTION™
(SE “UKRMETRTESTSTANDART ")

40004
CEPTH®IKAT KAJIIGPYBAHHSI AcTy n wonc s
CALIBRATION CERTIFICATE

Peecrpauiiinmnii Ne: JlaTa KaniGpyBaHus:

Certificate number: R Date of calibration: 01.03.2023
06’ ekt Kanibpysanus:
Object: Cnexrpodoromerp
z’;m;:;::er: Shimadzu Corporation, Sinonis
. UV-3600Plus
Type:
3nn.oncl:xnﬁlcepinuuﬁ HOMep: A12015600599
Serial number:
Hasga Ta aapeca 3aMOBHHKA: I «YKPMETPTECTCTAHJIAPT»,
The name and address of the customer: 03143, m. Knis, Bys1. Merpoaoriyua, 4.
Micue kanibpyBanus: A « YKPMETPTECTCTAHIAAPT»,
Place of calibration: 03143, m. KniB, By Metposoriuna, 4.
KinbkicTb cTopinok ceprudikara: 5
Number of pages of the certificate:
B. 0. anpexTopa incerTyTYy.] . 0. 0. MeabHukoB
Acting director0f institute- N Zi:juc/signamre N i iHiLianu, npisBuwe/name
Narta 01.03.2
Date
B. 0. nau %/ B. I'. Tkauenko
Acting hea niaAnuc/signature iHiwanu, npissuwe/ name
HaseaeHi B usomy wpmd)\‘:kﬁzm AANMIDIOBAHE MAKTH METPOIOIUHY MPOCTEXYBAHICTL 10 HALIOHATEHUX 4H MIKHADOIHHX CTAIONIA. 110 PEAMN IO,
BH3HAYEHHA OMHHLL BUMiPIoBats MEBKHAPOAHOT cHCTEMH 0IHHLE (S1). METPOAOriMY NPOCTERYBAHICTH 3a03NEHEHO YEPE3 N0CTY I HALIOH b ME1PO. 0T 1A

icruryTis Ta [lpuskavennx incrurytis (HMUTID), wo ix oxonmoe yroaa Miksapoasoro kosmitery smip i sar (CIPM) npo s3acmue isnanns (CIPM MRA ). wi
KamopyBatbiux NaGopaTopii, aKpeMTOBAHHX OPraHOM 3 AKPEAWTALL, 1O € MANHCAHTOM yrojm MbKHapoaHoT Koonepauii 3 akpeawraii aaGoparopii (ILAC) npo
B3acmie BisHankA (ILAC MRA) un perionabhnx yroz, uio ix sushae ILAC.
Lleit ceprudikar suaana Kampysasna cayada A1 « YKPMETPTECTCTAHJIAPT», komnerenmiicts AKoi 3aceinumnno HawioHaibHe areHICTBO 3 akpeawraiti
VYipainn (HAAY) pianosiano o sumor ISO/IEC 17025. HAAY € nianncantom yroam 3 €sponefichkolo koonepauieio 3 akpeanrauii (EA) 1a Yroam npo s3aemne
si3nania (ILAC MRA) 3a HanpAMKOM akpeaTaLii kaniGpysamsHux naGoparopiii.
Lleii ceprudikar ne MOKHA BIATBOPIOBATH B HENOBHOMY 00CA3i, 33 BUHATKOM BHIAIKIB, KO/ HA LIE € NONCPe/IHiH nuceMoBmit 103811 KambpysaiuHol ciymGu, wo
siana uei ceprudikar. Ceprudikar kaniGpysanna Ge3 nianucis i nevarkn ne Aifichmit. Pe3yasTami cTocyioTses nime piakaniGposanoro o6’ ckry.
The measurement results given within this certificate are metrologically traceable to national or international standards that realise the definition of measurement units
of the International System of Units (SI). Metrological traceability is established via the services of either the National Metrology Institutes and Designated Institutes
(NMI/DI) covered by the International Committee for Weight and Measures (CIPM) Mutual Recognition Arrangement (CIPM MRA) or calibration laboratories that have
been accredited by an accreditation body subject to the International Laboratory Accreditation Cooperation (ILAC) Mutual Recognition Arrangement (ILAC MRA) or by
Regional Arrangements recognised by ILAC.
This certificate is issued by the Calibration Service of the SE « UKRMETRTESTSTANDART » the competence of which has been attested by the National Accreditation
Agency of Ukraine (NAAU) based on ISO/IEC 17025 requirements. NAAU is a sig y to the Arrang with the European co-operation for Accreditation (EA) and
the ILAC MRA within the scope including accreditation of the calibration laboratories.
This certificate may not be reproduced other than in full, except with the prior written approval of the issuing Calibration Service. Calibration certificate withour signatures
and stamp is not valid_The results relate only to the item calibrated.
Agpeca: By Metponoriuna, 4, m. Knis, 03143, Ykpaina
Address: 4 Metrologichna str. 03143, Kyiv, Ukraine
Teneou/Phone: +38 (044) 526-52-29, pakc/fax: +38 (044) 526-42-60, exnextponna aapeca/e-mail: ukresm@ukresm.kiev.ua, caitt/website: www.ukresm.Kiev.ua
Kani6pysansna cayxba JUI1 « YKPMETPTECTCTAHJIAPT», akpeanrosana HAAY. Homep v peectpi HAAY: 40004,
SE « UKRMETRTESTSTANDART» Calibration Service accredited by NAAU. Number in NAAU Register: 40004.
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Kaniopysaasna cayxba AN « YKPMETPTECTCTAH/IAPT»
Calibration service of the SE «UKRMETRTESTSTANDART»

CEPTH®IKAT KAJIIBPYBAHHSA
CALIBRATION CERTIFICATE

Peccrpauiiinmii Ne UA/37/230301/000244

Certificate number

Cropinka 2
Page

1 Meroa kaaibpysanus
Calibration method

MKY 162-37/11-2021 CnekrpodoromerpH yabrpadioneroBoi, Buaumoi ta 61mkHboT iHdpauepBoHoi obnacti

criektpy. Meroauka kanibpyBaHHs.

2 Koportkuii onuc 06’ekTy KamidpyBanns

Description of the object

CnexTpohoTOMETp NPU3HAYEHHNI /LIS BUMIPIOBAHHS CIEKTPAILHOIO KOe(illieHTY CIpAMOBAHOIO NPOIYCKaHHA,
ONTHYHOT I'YCTHHH Ta CMEKTPAILHOrO KoedillieHTy andy3Horo BiadbHTTs.

3 ¥YmoBu nix wac kaaiopyBanus
Condintons of calibration

- Temnepatypa nositps (22 £ 1) °C:

- BIIHOCHA BOJIOTIiCTh MOBiTPA (26 + 3) %

4 3acobm kaaidopyBaHHs
Calibration means

4.1 Eranonu

Measurement standards

Ha3ssa s P

N Mipa koediuienTis Bindurrs MC-20
Cepiiinmii nomep

Serial number 08-83

Ceprugikar kaniopysasHs (1aTa, Homep)
Calibration certificate (date, number)

UAO01-Ne721 Bin 31.01.2022 Bin 31.01.2022

HMU/TIl/kaniopysansHa nabopatopis
NMIDlcalibration laboratory

HALUIOHAJIBHUI HAYKOBHI LIEHTP « IHCTUTYT METPOJIOT 1i»

Yuuuuii no
Vald untd

31.01.2024

| Hasna
Name

Mipa koediuienTis BindurTa SRS-75-020 AS-01161-260

Cepiiinnii Homep

Serial number

75AA01-0318-9845

Ceprudikar kanibpyBanns (1aTa, HomMep)

Calibration certificate (date, number)

UAO01-Ne723 Bin 31.01.2022

HMI/ITI/kaniGpysannna nabopatopis
NMUDlcalibration laboratory

HALIIOHAJIbHHI HAYKOBMI LIEHTP « [HCTUTYT METPOJIOL Ti»

Yuuumnii 1o

Valid until 31.01.2024
!\'{a‘::e“ Mipa koediuienTis Bindurta SRS-50-020 AS-01161-460

Cepiiinnii nomep

Serial number

S50AA01-0518-0026

Ceprudikar kanibpysanns (1aTa, Homep)
Calibration certificate (date, number)

UAO01-Ne722 Bin 31.01.2022

HMI/ITl/kaniopyBansna nabopatopis

|_NMI/Dl/calibration laboratory

HALIIOHAJIBHUM HAYKOBHI LIEHTP « [ HCTUTYT METPOJIOT IT»

| Ynnnwit no

I Valid until 31.01.2024
t!a’;na Habip mip cnextpanbHoro nponyckanns KCC-02Y-M
ame

Cepiiiunii nomep

Serial number

04-13

Ceprudikar kanibpysanns (1aTa, Homep)

Calibration certificate (date, number)

UAO01-Ne720 Bin 31.01.2022

HMUI/IT/kaniGpyBansna nabopaTtopis
NMI/Dl/calibration laboratory

HALIIOHAJIbBHHA HAVKOBHWH LIEHTP « IHCTUTYT METPOJIOT IT»

Yuuuuii 10
Valid until

31.01.2024

B05-3.511P-1-U-5.1
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Kaniopysaasna cayxba Al « YKPMETPTECTCTAHJIAPT»
Calibration service of the SE « UKRMETRTESTSTANDART»

CEPTU®IKAT KAJIIBPYBAHHS Peccrpauiiiumii Ne UA/37/230301/000244 Cropinka 3
CALIBRATION CERTIFICATE Certificate number - ~ Page

Hasza Mipa noBxHH XBHIb cMyT norauHanus TAC-1

Name

Cepiﬁnnn HOMeEp 12

Serial number o

Ceprndikat kanidpysauns (aara, nomep) UAO1-Ne717 sin 31.01.2022

Calibration certificate (date, number)

i e HALUOHAJIbHHI HAYKOBHIA LIEHTP «[HCTUTYT METPOJIOT Ti»
NMI/Dl/calibration laboratory

Yunumii 10

Valid until 31.01.2024

4.2 JlonomizkHe YCTATKOBAHHSA
Auxiliary facilities

f\g;“ BumiptoBay napameTpiB noBitps Atmocgepa-1
Cepiiinmii nHomep
Serial number i

Ceprugikar kaibpysanns (1ava, HOMEp) | ;4 /36/220427/000743 in 21.04.2022

Calibration certificate (date, number)

HMU/ITI/kaniGpyBaibua nabopartopis

NMUDI/calibration laboratory A «YKPMETPTECTCTAHJIAPT» |
Yununii 10 \
Valid until 21.04.2023 B |

5 PesyibTaTn KaaibpyBanusi (BKJIOYHO 3 HEBH3IHAYEHICTIO)
Calibration results (including uncertainty)

Pe3yabTaTi BUMIpIOBaHb HaBe/leHi B Tabauusax 1-8.
Ta6auus | — Pe3ynbTaTH BUMIpIOBaHb JOBKHH XBHJIb MIHIMATBHHX CMIEKTPAIbHUX KOe(ILIEHTIB MPONMycKaHHA MipH
TAC-1, um.

Homep nika 1 2 3 4 3 6
OnopHe 3Ha4eHHs 241,86 421,01 541,52 638,43 1127,43 | 2090,20
CepeiHe 3Ha4YEHHS 241,83 421,06 541,58 638,44 1127,38 | 2090,14
Po3wmmpena HesuszHaueHicte U 0,11 0,13 0,13 0,11 0,16 0,17

MpumiTka — BuMipioBaHHA MPOBEAEHI NPH CNEKTPaIbHIH WMPHHI WiAMHE MOHOXpoMmaTopa 0,5 HM B aianasoHi Bia 240 um 10
640 HM Ta NpH CNeKTPaIbHIi IMHPHHI LIJHHH MOHOXpOMaTOpa 2 HM B Aiana3oHi Bia 1125 um 10 2095 Hm.

Tabmui 2 — PesynbraTi BuMipioBatb koedillieHTy cripaMoBaHoro npomnyckants ceitiodinstpie KCC-02Y-M ua nosxui
xBWIi 250 um, %.

Homep ceitnodinstpa Cl C2 C4 Cé
OnopHe 3HaueHHs 91,32 61,11 6,43 0,27 ‘;
Cepeate 3HaueHHs 90,92 60,66 6,40 0,27
Poswmpena nesusnayenicts U 0.49 0,54 0,11 0,10

Mpumitka — BuMipioBanHa npoBeeHi NpH CNeKTpaibHii WHPHHI WILTHHA MOHOXpOMATopa 2 HM.
Tabnuua 3 — PesysibraTn BUMipioBaHb koedillieHTy crnpsmoBaHoro nponyckaits ceitaodiisTpis KCC-02V-M na noskuni
xBHIi 350 HM, Ya.

Howmep citnodinsrpa Cl €2 C4 Cé6
Onopue 3Ha4eHHA 92,58 62,05 6,68 0,56
Cepe/He 3HaYeHHs 92,25 61,79 6,64 0,56
Po3ziumpena HeBu3HayeHicts U 0,41 0,34 0,11 0,10

IMpumiTka — BuMipioBaHHs NpoBeAeHi NPH CNEKTPATbHIH WHPHHI LITHHU MOHOXpOMaTopa 2 HM.
Tabnnusa 4 — Pesynsratn BUMiptoBaHb KoeillieHTy CNpamMOBaHOro rnpornyckants ceimiodinstpis KCC-02Y-M Ha noskuui
xBHI 550 Hm, %.

Homep caitinodinbrpa ] ci C2 C4 Co6
OnopHe 3HaueHHs 93,21 60,69 9,47 2,59
CepetHe 3HaueHHs 92,96 60,52 9.32 2,56
Poswnpena HeBusnayenicts U 0,33 0,24 0,20 0,11

IpumiTka — BumiproBaHHs NPOBEAEHI NPH CNIEKTPaIbHIl WHPHHI IIIHHH MOHOXPOMATOpa 2 HM.

b05-3.511P-1-U-5.1

168



Kanaiopysaasna cayxda Al «<YKPMETPTECTCTAHIAPT»
Calibration service of the SE « UKRMETRTESTSTANDART»

UA/37/230301/000244

CEPTU®IKAT KAJIIBPYBAHHSA
CALIBRATION CERTIFICATE

Pecctpauiiinnii Ne
Certificate number

Cropinka 4
Page

Tabnuug 5 — PesynbraTn BUMipioBaHb koedillieHTy cnpamoBasoro nponyckatHs ceitnodinerpie KCC-02VY-M Ha goBskHHI

xuti 750 M, %.

Howmep ceitinodinsrpa Ci C2 C4 Cé6
Onopue 3naveHHs 93,39 65,76 13,05 5,68
| Cepesie 3navenns 93,22 65,73 12,90 5,62
I Poswmnpena neBusnavenicts U 0,25 0,15 0,23 0,12

IpumiTka — BumipioBants npose/ieHi Npu CNeKTpaibHill WHPHHI LLIIMHH MOHOXPOMATOpa 2 HM.
TaGnnus 6 — PesynbTaTi BUMIpIOBaHb KoeiLIEHTY CIPIMOBAHOTO NMponyckaHHs cBitiodinbTpis KCC-02Y-M Ha JoBkuHi

xeuii 1000 um, %.

Homep caitiodiibrpa Cl c2 C4 Cé
OrnopHe 3Ha4YeHHs 93,46 70,05 16,06 8,04
CepeaHe 3HaueHHs 93,30 69,84 15,85 7,93
Pozinpena HeBusHaveHicTs U 0,24 0,28 0,29 0,16

[MpumiTka — BUMipioBaHHA NpoBeACH] NPH CIIEKTPAILHIN WHPHHI WLIIMHH MOHOXPOMATOpPa 2 HM.
Tabnuua 7 — PesynbTaTh BUMipIoBaHb KoedillieHTy cnpsiMoBaHoro nporyckaiss ceitiodiistpis KCC-02V-M Ha aosxumi

xsrti 2500 um, %.

Howmep caiTinodinetpa Cl C2 C4 Cé
OnopHe 3Ha4YeHHA 89,39 74,48 20,51 11,00
Cepe/iHe 3HaYeHHs 89,09 74,21 20,22 10,87
Posmpena HeBu3HauexictTs U 0,38 0,34 0,37 0.21

Mpumitka — BumipioBanus npoBeieHi NpK CNEKTPaNbHiil LIMPHHI LLITHHE MOHOXpOMaTOpa 8 HM.
Tabsmus 8 — PesynbTaTi BUMIpIOBaHb CreKTpanbHOro Koediuienty audysnoro Binburrs Ri, % Ta poswmpena

HCBHIHAYCHICTH BAMIPIOBaHb CIIEKTPaibHOro Koediuienta audysuvoro Biadurrs U, %.
Mipa sinburTs S0OAA01-0518-0026 Mipa BinGurrs 75AA01-0318-9845
Jlowkuna Onopxe Cepenne Po3mmpena Onopue Cepenne Posumpena
XBHJII, HM 3HAUEHHS 3HAYeHHA | HEBH3HAYEHICTh |  3HAYEHHS 3HAUYEHHH HeBM3HAYEHICTh
R;, % R, % U, % Ry, % R;, % U, %
380 4491 45,06 0,45 69,91 69,92 0,48
400 45,38 45,61 0,49 70,44 70,60 0,51
420 45,80 46,00 0,48 70,87 71,02 0,51
440 46,24 46,43 0,48 71,41 71,48 0,49
460 46,71 46,99 0,53 71,94 7215 0,54
480 47,02 47,33 0,56 72,24 72,40 0,52
500 47,29 47,57 0,54 72,43 72,57 0,51
520 47,66 47,97 0,56 72,76 72,98 0,55
540 48,05 48,37 0,57 73,14 73,33 0,54
560 48,40 48,70 0,55 73,38 73,58 0,54
L 580 48,73 49,06 0,58 73,66 73,90 0,56
‘ 600 49.02 49,40 0,62 73,95 74,20 0,57
620 49.38 49.70 0,57 74,25 74,40 0,52
640 49,69 50,06 0,61 74,52 74,70 0,54
660 49,98 50,40 0,64 74,79 74,99 0,55
680 50,31 50,75 0,67 75,01 75,30 0,59
700 50,63 51,03 0,63 7821 75,56 0,64
720 50,90 51,35 0,68 75,45 75,78 0,63
740 51,15 51,65 0.73 75,67 76,01 0,64
760 51,39 51,84 0,68 75,83 76,14 0,62
780 51,75 52,23 0,71 76,10 76,51 0,69

[pumiTka — BuMipioBaHHs npoBelieHi Ha 10MOMiKHOMY ycTaTkoanHi Integrating Sphere Attachment ISR-1503. BumiptoBanus
NpoBe/IeHi MPH CMeKTPAbHIi WMPHHI LMK MOHOXpoMaTopa 8 1M. ['eomeTpis BuMiproBanks 0°/D Ge3 BrmoueHHs BepKaibHOT

CKJ1a/10BOI.
b05-3.511P-1-U-5.1

169



Kaaiopysaasna cayxda Al «YKPMETPTECTCTAHIAPT»
Calibration service of the SE « UKRMETRTESTSTANDART»

CEPTU®IKAT KAJIIBPYBAHHSA Peccrpauiiinmii Ne UA/37/230301/000244 Cropinka 5
CALIBRATION CERTIFICATE Certificate number Page

PoTuupeny HeguIHGUEHICIb OMPUMANO NOMHOXCEHHAM CYMAPHOT cmandapmuol Hegusnavenocmi na koegiyienm oxonaenna k = 2, wo sionosioae inmepsanosi
3 QoBipYUM pigHeM, Wo np IHO 95 % 3a np 7 npo Hop i poznooin, H i obuucaeno 32iowo 3 « Hacmarnosow wodo
supaxcenna nesusnavenocmi sumipisy (GUM).

The expanded uncertainty is obtained by multiplying the combined dard uncertainty by a coverage factor k = 2 that produces an interval having level of
confidence approximately equal to 95 percent assuming a normal distribution. Uncertainty is evaluated according to “Guide to the expression of uncertainty
in measurement” (GUM)
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The calibration is carried out by:
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