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AHOTALIS

Toniyyx O.C. KoMIieKkCHE yAOCKOHAJIEHHS 1 pO3p0o0Ka IHTPAOKYJIAPHUX JIIH3. —
KBaniikoBana HaykoBa mparisi Ha IpaBax pPyKOIHCY.

JucepTaiiis Ha 3100yTTS HAYKOBOTO CTyINeHs AokTopa (inocodii 3a creriaibHICTIO
163 — «biomenuuna imxeHepis». — HamioHanbHUI TEXHIYHMA YHIBEpCUTET YKpaiHU
«KuiBcbkuit monitexHiunuil iHcTuTyT iMeHl Iropst Cikopebkoro», MOH Ykpainu, m. Kuis,
2022.

Pobora BuKoHyBamacs Ha Kadeapi OlomMeauuHoi 1HXeHepii (aKyJIbTeTy
biomennunoi inmxxeHepii HanioHanbHOro TeXHIYHOTO yHIBepcuTeTy YKpainu «KHIiBChbKHiA
noJjiitexHiyHuil 1HCTUTYT iMeHl Irops Cikopcekoro» MiHicTepcTBa OCBITH 1 HayKH
VYkpaiHu.

JlucepTarlisi MprCBsYCHA BUPIMICHHIO aKTYaJIbHOI HAYKOBO-TIPUKIIATHOT IPOOIeMU —
CTBOPEHHIO HOBUX MoJienel inTpaokysipHux jin3 (I0J]) 3 mokpaiiieHuMu BIacTUBOCTSIMHU.
B pob6oti TeopernuHO OOTPYHTOBaHI Ta EKCIEPUMEHTAIBHO IIATBEPKEHI METOIH
MiABUICHHS ONTUYHUX xapakTepucTtuk [OJI Ta 3ampomanHoBaHi TEXHIYHI PIlICHHS IS
nornepepKeHHs yekinaanenb iMmiantanii IOJ] ayis ycyHeHHs kaTapakTu.

[IpoBenenuii orisa Ta aHami3 ICHYHOYHMX Ha IIEH Yac JITepaTypHUX JHKEpeN Jae
nijicraBy BBaxkaTH, 1o 10JI, mpencraBieHi Ha Cy4aCHOMY PUHKY, MAlOTh Pl TEXHIYHUX 1
MEIUYHUX HEJOCKOHAJOCTEH, IO MNPU3BOAUTH JO TIOSABH IIICIA Olepamii pi3HUX
HeOa)KaHUX ONTHYHUX €(EeKTiB, SKi HE 3aJ0BOJBHSAIOTH BUMOTaM, SK TaIli€HTa, TakK 1
xipypra. BcraHoBneHo, 1m0 Uil YCYHEHHs KaTrapakThd B 0araThbOX BHIAJKax
BUKOPHUCTOBYIOTH JIIH3U TOBIIUHOIO MeHie 1 mM. Ilpu mipomy Bimmiueno, mo Touki [0J1
30UTBIIYIOTh TJIIMOWHY TEpPeAHhOI KaMepu OKa, a TaKOX BUKIMKAIOTH PO3PITKEHHS
CKJIOBHJTHOTO TiJa 1, IK HACIIJOK, BiAmapyBaHHs ciTkiBku. Takox, B 0,2 - 2,8% Bumnaakis
TpaIuUISEThCS 3MiHA TOJIOKeHHs iMIutanToBanoi [OJI. Jlucnokaris mos’s3ana 3 6aratbMa

dakTopamu, cepen IKNX - HEJOCKOHAIICTh TANTHYHUX €JIEMEHTIB Ta MOPYIIEHHS KOHTAKTY



ranTUK 3 KarcyJiol KpUINTAIMKa 3-3a HEBIANOBIAHOCTI po3MmipiB [OJI Ta kamncymwu.
Po3BuTok BTOpHHHOT KaTapaktu micias imruiantauii [1OJI BHacmigox wirpamii  Ta
PO3MHOXKEHHSI 3aJIMIIKOBUX €MITeTIalbHUX KIITHH Micis GakoemMynbcudikaiii Mae Micle
y 45-78% nartienTiB. BukopucToByBaHi y ganuii yac mozesni [OJI HeqocTaTHRO 3aXUINAI0OTh
3QJIHIO CTIHKY KallCyJIM KPHUIITaJIWKa Ta MEPEIHI0 TOBEPXHIO JIH3M BiJ] OCIIaHHS HA HUX
eniTeniasbHUX KIITAH. [Ipy mafiHHI CBITJIa MiJ NMEBHUM KYTOM BHHHUKA€ 3aJIUIIKOBE
®peneniBebke BINOUTTS Bia nmoBepxoHb [OJ], sike nae pi3Hi HeraTuBHI (HOTHUHI €hEeKTH Ta
BUKJIMKA€ CIOTBOPEHHS Nepenayl OoNnTUYHOI 1H(popMallii, o MiJCHIIOEThCS adepalisiMu
HIKYMX Ta BUIIUX TOPAIKIB, B ToMy uucihi chepuyHoro. Kpim Toro, akomopmariiHi
MOJIMBOCTI IITYYHUX KPUILITAIUKIB OOMEXKEH1 TOPIBHSAHO 13 HATUBHUM KPHUIITATUKOM.
Ha ocHoBI npoBeeHOro aHasizy MOXHa 3pOOUTH BUCHOBOK, 110 icHytoul mojeni [OJI ne
MOBHOIO MIPOI0 3aMIHIOIOTH (PYHKIIT MPUPOJHBOTO KPHUIITAIMKA JTIOJIUHH 1 BUKIHMKAIOTh
psia yckianHeHb. ToMy akTyaJabHOIO 3a1aueto € po3podka IOJI HoBoro ausaiiny, sika He
Ma€ BUILE 3TaJaHuX HEIOIIKIB.

Jlist BUpIlIEHHS TOCTaBJIEHUX 3a7ad MpPU BHUKOHAHHI JAHMCEpTAIiiHOI POOOTH
IPOBEJIEHI JTOCHIJKEHHS 1 3alpornoHOBaHO (yHAameHTanbHO HOBY Mozenb [OJI, ska
0a3yeTbCs Ha 00°€MO3aMIHHOCTI HATHBHOTO KpHUIITAJIWKa Ta HAHECEHHI Ha ONTHYHI
noBepxHi ocHoBu miapy nomaiterpadgroperuieny (IITDE). Po3pobnena 10JI mae B cobi
HU3KY TEXHIYHUX PIllIeHb, SIK1 IO3BOJISIOTH MMOKPAIIUTH ONITUYHI MapaMeTPH Ta MO30yTUCH
1HTpa- Ta miciasonepaiiHuX yCKIaIHCHb.

06’emo3aminna [OJI komnieHCY€e 00’ €M BMICTUMOT'O KPHIIITAJINUKa JIIOIUHU, 110 OyB
BUJAJICHUI TIpM TMPOBEJCHHI KaTapaKTalbHOI  Xipyprii, Ta 3aiimMae  (Qi3ionoriyde
nonioxkeHHs. Lle, B cBoio uepry, 3a0e3medye piBHOMIpHUN PO3MOMALT HABAHTAKEHHS HA
IIMHOBI 3B’ S3KM Ta 30epira€ KOHTAKT Kalcyia-riajJoinHa MeMOpaHa. 3a paxyHOK TOTO, IO
IOJI He MicTHTh TanTHK, a € 00 €MO3aMIHHOI, PHU3HUK JCICHTpAIii Ta JUCIOKAIi

MIHIMI3Y€EThCS.



OCHOBHHUI1 3MICT AUCEPTAIIMHOTO JOCIII>)KEHHS BUKIIAJICHUN Y YOTHPBOX PO3/IJIaX,
SIK1 TIPUCBSIYEHI: (1) BCTAHOBJICHHIO 1HTpa- Ta MicisonepaifHux mpoOiieM, MOB’sI3aHUX 3
JU3aifHOM 1HTPAOKYJISApHUX JiH3; (11) BU3HAYEHHIO (PI3MKO-MEXaHIYHMX HEJOJIIKIB, SIKi
COPUYMHAIOTH JMCIOKalli Ta PO3BUTOK BTOPUHHOI KaTapakTu; (il1) ONTHYHHUM
pO3paxyHKaM Ta JOCHIIPKEHHSAM, PO3pOOIll METOJIB YCYHEHHS ONTHYHUX Mapa3suTHUX
asui; (iiii) po3po6ui [0JI 3 mokpalieHMMH ONITUYHUMU XapaKTEPUCTUKAMHU 1 TEXHIYHUMU
OCOOJIMBOCTSAMM, SIKI HE BHUKIMKAIOTh IHTpa- Ta MICIASONEpaliifHi yCKJIaJIHEHHS,
nputamanni [OJI TpaguuiiitHoro qu3aiiny.

Y mepmioMy po3auli  AaHOI JAUCEPTAliiHOI POOOTH «AHATITUYHUN OIS
JiTepaTypu» MPEACTaBICHI pPe3ylbTaTH JITEPaTYpHOrO MOIIYKY Ta aHaji3y HayKOBUX
JDKEpel1, O PO3KPHUBAIOTh MPOOJIEMATUKyY OCHOBHHUX IMOPYIIYBAaHUX y JUCEpTAIlii 3a/1ad.
HaBeneHi cratucTuyHi JaHHI MONIMPEHOCTI KaTapaKTH B CBITI, PO3TJSHYTO €BOJIOIIIO
XIpypriyHuX METOJIB 0OpOTHOU 13 IUM 3axBoproBaHHAM. [IpoaHanizoBaHO KOHCTPYKITIHHI
ocobauBocTi cydyacHux 10JI, B Tomy umcii ix Matepianm. [IpuBeneHuii mepesik Ta aHai3
YaCTOTH 1HTpa- Ta IMICISIONEPAIifHUX YCKIaIHEeHb B BIICOTKOBOMY CITIBBITHOIIIEHHI MPHU
BUJaNeHH] KaTapakTu. [lokazaHo, 10 Ha Cy4yacHOMY e€Tari pPO3BUTKY OOpoThOU 3
KaTapakTolo, MOOIYH1 SBHINA, SIKI CYNPOBOKYIOTH iMmuianTtaiito 10JI, nposBiasioTbes y
BUTJISII HOBUX YCKJIAIHEHb Ta HEJIOCTATHROMY pedpakiiitHoMy edeKTi.

Hpyruit  po3ain  «O6’emo3aMiHHa IHTPAOKYJIsIpHA JIiH3a 3 IOKPAIICHUMHU
TEXHIYHUMH BJIACTHBOCTSIMH» TPUCBIYCHUM aHANN3y MIITHOCTI TaNTHYHUX CJIEMCHTIB
icayrounx IOJI Ta iX yJZOCKOHalneHHIO 3 HACTYMHOIO PO3POOKOI0 BIACHOTO BapiaHTy
rantuku [OJI. TIpoBeneHo MOCHIMKEHHA TMEPEMIIICHHS JIH3M TICHS IMIUIAHTaIii 3
MpeACTaBICHHAM 1HpoOrpadiyHUX PUCYHKIB HAMpy>KeHHs, nedopmMallii, 3armacy MIIHOCTI.
[IpoBeneHo cUMYJIAIII0 PO3BUTKY BTOPUHHOI KaTapakTy mpy iMruianTaiii icHytounx [0J]
Ta pO3p0O0JICHOT MOIET1 JTIH3H 3 KOHCTPYKTHUBHHUM PIIEHHSIM MPOTUAIT PO3BUTKY BTOPUHHOI
KaTapakTH. [3 3amydyeHHSIM pO3pOOJIEHOro MpUIaTy MPOBEACHO EKCIIEPUMEHT, SKUi

iMiTyBaB BIUIMB ItitiapHoro M’si3a Ha [IOJI. TIpoBeneHo eKCIIepuMEeHT OO0 JOCITIKSHHS



pyXy emiTeniaabHuX KIiTUH npu iMmiantanii I0J1 BnacHoi koHcTpykuii. [lokazani Hao4H1
Ta YUCIJIOBI PE3yAbTaTH MOJCIIOBAHHS Ta EKCIIEPUMEHTIB.

Tpertiit po3nin «IloniniieHHs ONTUYHUX XapaKTEPUCTUK IHTPAOKYISIPHOL JIIH3U»
MPUCBSIUCHUN ONTHYHHUM PO3paxyHKaM Ta MOJEIIOBAHHIO MapaMmeTpiB, SIKKMHU TOBHHHA
BianoBimatu IOJI 3amns 3meHmieHHs GOTUUYHUX (EHOMEHIB, (DOHOBOTO 3acBiYCHHS
CITKIBKM, NIJBUIIEHHS KOHTPACTHOCTI 30py Ta 3HMXKEHHSIM IIO3J0BXKHbBOI C(HEepUUHOL
abeparrii. 3amporoHOBaHO Ta OOIPYHTOBAHO METOAM 3MEHIIEHHS ONTHYHUX Mapa3suTHUX
spuill. [IpuBeneHi po3paxyHKH Ta ONMTHYHE MOJEIIOBAHHS B MPOTPAMHUX CEPEIOBUINAX
Zemax Tta Aber. IIporpamue 3abe3neuenns Aber Lite 1.05 (Ykpaina) BUKOpUCTAHO st
OLIIHKU MO yJIbHO-TIepenaTHoi pyHkiii (MII®D) inTpaokynapHoi ain3u. [Iponec HaHeceHHs
mapy [IT®E pi3noi ToBumHu Ha po3pobieny 10J1 3a 101oMoro ycTaHOBKM BAaKyyMHOTO
Hanwiendss YBH-74. BuwmiproBanus ToBmmHu mapy IIT®E  BukonyBanoch
JOTHPbOXKaHAIBLHUM BuMipioBaueM SQM-242  (Sigma Instruments, Inc., CIIIA) i3
3ailydeHHsM criekTpodoTomeTpa Moaenb EPP2000 (StellarNet, Inc., CIIIA), BY
reaepatopa Cesar 0403 (Dressler AE. Inc., CIIIA), Bakyymmerpa moaenr CMR365
(Pfeiffer vacuum GmbH, Asctpist). Ilicas namopoments [IT®E una 10JI 3a gomomororo
3oH10B0r0 Mikpockona NanoScope Illa Dimension 3000™ ta koH}oKaIbHOTO Na3epHOTO
ckanyro4doro Mikpockona LSM 500 META ZEISS nposeneno anaiiz mopdoriorii 3pa3kis
3 IUTIBKOO, OTpUMaHOI0 i3 ra3oBoi (aszu (C2Fs)n. Ilepen pospizanusm 10J1 3 HanuIeHHIM
mikporomoM - kpioctarom CM 1100 (Leica Biosystems, GmbH, Himeuunna),
npoBoaMiach iX omiHka Ha Mikpockoni BX41 (Olympus Iberia, slr., Icmanis).
[TinTBepmKEHO, IO MIApH HAMIMJICHHS MalOTh 3aB/IaHy PIBHOMIPHY TOBIIHUHY IIPH BUCOKIM
akocTi moBepxHi. [IpoananizoBaHO BeMMYMHY MO3M0BXKHBOI chepuunoi adeparii [0JI
MeTo/I0M Bi3yasibHHX (pokycyBanb JlinHnka Ha onTuuHiii 1aBi OCK-2. [Ilicns HaHeceHHS
mapy [ITOE BcTaHOBIEHO CyTTEBE 3MEHIICHHS TIO30BXKHBOI chepuunoi abeparii [0J],
MOPIBHSHO 13 JTiH3aMu 0e3 HanuIeHH. BcTaHoBICHO Takok, 110 3 MoMiK HanuieHb [ITOE

toBmuHaMu S0 HM, 100 HM Ta 150 HM, Halikpallle 3a10BOJIBHSIE BACYHYTHM BUMOTaM I1ap



toBmrHOIO 100 HM. Kpim toro, IOJI 6e3 HanunenHs 1 micas HaHaceHHs wapy [ITOE,
JOCJIIJIPKEH1 Ha YHIBEpCaJlbHOMY MPOEKIIMHOMY amapati 3 onTu4HOo JaBoio GOC-115.
Busznaueno, mo po3mipu oxkycHux misim [OJI 3 HanwieHHSM BIpOTiAHO MEHII, HIXK
po3mipu ¢dokycHux TwisiMm [OJI 6e3 HamuiaeHHs, IO CBIAYUTH MPO Kpamll ONTHUYHI
BJIACTUBOCTI MEPIIUX.

Yereptuii po3ain «Po3poOka MCeBAOAKOMOIYIOUOi 1HTPAOKYISIPHOI JIIH3M»
NpUCBSYCHUH MI00py MaTepiany, sIKUi 1Mo CBOIM MapamMeTpaM MaKCUMAaJbHO BiJIIOBI1JaB
O BHUCYHYTMM (Pi3UKO-MEXaHIYHUM BuUMoOraMm, OyB OWM TOAIOHMI [0 HATHUBHOIO
KpHINTAINKa. 3alpoloHOBAHO OpHTiHAIBHY Mojelb 00’emo3aminHoi IOJI “NVision
Optics”. 3aificHeHo mocimimkeHHs po3podaeHoi IOJI Ha akomopjaliiiHy 37aTHICTH 3a
JIOMTOMOT 010 JIiIeH31HHuX mporpaMuux cepeaosui; Comsol ta SolidWorks. IToka3zano, 110
JiH3a Ma€ MOXIUBICTh 3MIHIOBaTH (OKYCHY BIJICTaHb 3a PaxyHOK (Hi3UYHOTO
NEPEeMIIICHHS ONTHYHOI YaCTUHU Ha BifCTaHb 10 1,4 MM B HampsMKy poriBku. OcboBe
3MIIICHHS ONTHKU TMPU3BOIUTH 10 CKOPOYCHHS/30UIBIICHHS BIACTAaHIB BiJ JIH3H [0
palayxKu, 3a0€31euyrodn JOCTaTHE 3AJIOMJICHHS JIJIsl 30pYy Ha OJIM3BKY Ta JIaJeKy BiJCTaHI.

Po6ota mictute 97 pucynkis, 10 Tabmuip, 215 miTepaTypHux mKepen ta 4 1oaaTKy.

Kuio4oBi cjioBa: iHTpaoKyJIsIpHAa JT1H34, IITYYHUH KPUIITAIUK, TaNTUKA, TO30BXKHS
chepuuna aGepaitis, HeraTuBHI (GOTHYHI (EHOMEHH, MOMITETPaPTOPETHIICH, KaTapaKTa,

BTOpPUHHA KaTapakTa, PO3PiKEHHS CKIIOBUIHOTO Tijla, IpUI00HE3.



ABSTRACT

Polischuk O.S. Comprehensive improvement and development of intraocular lenses.
— Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy on
a speciality 163 - Biomedical engineering. —  National  Technical
University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”, MES of Ukraine, Kyiv
2022.

Preparation was held in the biomedical engineering department of National
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”, Ministry of
Education and Science of Ukraine.

The dissertation is devoted to the solution of an actual scientific and applied problem
— creation of a new intraocular lens with improved properties. This made it possible,
theoretically and experimentally, to substantiate the methods of improving optical
characteristics quality and deprivation of developed technically by intra and postoperative
complications.

The conducted review and analysis of the existing literature sources, gives the right
to believe that intraocular lenses (IOLs), which are presented in today's market, have a
number of technical and medical imperfections that lead to various undesirable optical
effects and do not meet the requirements of both the patient and the surgeon as a whole.
Taking into account the fact that the production of thin lens optics, less than 1 mm, is
becoming more popular due to less eye trauma and postoperative consequences, it is noted
that thin intraocular lenses increase the depth of the eye anterior chamber and cause
liquefaction of the vitreous and as a consequence, retinal detachment. The implanted IOL
change in the position occurs in 0.2-2.8%. Dislocation is connected with many factors, one
of which is the imperfection of the haptic elements and the contact of the haptic violation

with the lens capsule due to the size mismatch between the IOL and the capsule. The
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secondary cataracts development after intraocular lens implantation appearing because of
migration and residual epithelial cells proliferation after phacoemulsification occurs in 45-
78% of patients. Currently used IOL models do not sufficiently protect the posterior wall
of the lens capsule and the anterior surface of the lens from the epithelial cells deposition.
When light hits at a certain angle, there appears a residual Fresnel reflection from the IOL
surfaces, which carries various negative photic effects and distortion of optical information
transmission, amplified by aberrations of lower and higher orders, including spherical.
Artificial lenses do not give absolute accommodation in comparison with the native lens.
Based on the analysis, it can be concluded that the existing models do not fully replace the
functions of the natural lens of human and have a number of complications. Therefore, the
actual task is to develop an intraocular lens of a new design, taking into account the
elimination of the above mentioned disadvantages.

To solve the problems in the dissertation, a fundamentally new intraocular lens
model is proposed, which is based on the native lens volume interchangeability with the
application of polytetrafluoroethylene onto the optical surfaces. The developed intraocular
lens includes a number of technical solutions that allow to improve the optical parameters
and get rid of intra and postoperative complications.

The volume-substituting intraocular lens allows you to compensate for the volume
of the human lens that was removed during cataract surgery and to occupy a physiological
position. This, in its turn, creates equable load distribution on the zonula ciliaris and
maintains the capsule-hyaloid membrane contact. Due to the fact that the IOL does not
contain a haptic, but it is volume-substituting, the risk of decentralization and dislocation
IS minimized.

The main content of the dissertation research is presented in four sections, which are
devoted to: (i) identification of intra and postoperative problems related to the intraocular
lenses design; (ii) identification of physico-mechanical defects at the dislocation and

development of secondary cataracts stage; (iii) optical calculation and research,
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development of methods eliminating optical parasitic phenomena methods; (iii) intraocular
lens development, which characteristics would take into account the elimination of optical
and intra / postoperative disadvantages.

The first section of this dissertation "Literature Review" presents the analytical
review and literary research results, revealing the main tasks problems in the dissertation.
The statistics of cataract prevalence in the world are given and the surgical methods
evolution of struggle against this disease are considered. The design features of modern
intraocular lenses, including their materials, are analyzed - passive. The list and analysis of
the incidence of intra and postoperative complications as a percentage in cataract removal
are given. It is shown that at the present stage of development cataract control, side effects
accompanied by IOL implantation are manifested in the new complications appearance and
failure to achieve the desired refractive result.

The second section "Volume-substituting intraocular lens with improved technical
properties” is devoted to the analysis of the haptic elements strength of existing intraocular
lenses and their improvement with the following development of its own version of the
IOC haptic. A lens moving study with the presentation of infographic images, stress,
deformation, margin of safety was held. Literature sources containing technical varieties of
secondary cataract prevention are presented. Secondary cataract development simulation
during implantation of existing IOLs and developed intraocular lens with constructive
solution of secondary cataract counteraction was held. The experiment was performed with
the help of the developed device that imitated the ciliary muscle influence on the IOL. An
experiment was conducted to study the epithelial cells movement during 10Ls implantation

of its own design. Visual and numerical modeling results and experiments are shown.

The third section "Optical characteristics improving of the intraocular lens" is
devoted to optical calculation and parameters modeling that must have an intraocular lens

to reduce photonic phenomena and background retinal illumination with increased contrast
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transmission and reduced longitudinal spherical aberration. Reducing optical parasitic
phenomena methods are proposed and substantiated. Calculations and optical modeling in
Zemax and Aber programs are presented. Aber Lite 1.05 software (Ukraine) was used to
evaluate the modular transfer function (MTF) of an intraocular lens. The process of PTFE
spraying on the developed intraocular lens with the help of “UVN-74" vacuum spraying
device are given. The thickness of the PTFE layer was measured with an SQM-242 four-
channel meter (Sigma Instruments, Inc., USA) using an EPP2000 spectrophotometer
(StellarNet, Inc., USA), a Cesar 0403 RF generator (Dressler AE. Inc., USA), vacuum
(Pfeiffer vacuum GmbH, Austria). After spraying PTFE on the IOL, a morphology analysis
of the samples was done with a film obtained from the gas phase (C.F.) ». Before cutting
the lens by microtome-cryostat CM 1100 (Leica Biosystems, GmbH, Germany), it was
evaluated using a BX41 microscope (Olympus lberia, slr., Spain). The analysis was
performed using a NanoScope Illa Dimension 3000TM probe microscope and a LSM 500
META ZEISS confocal laser scanning microscope. It is confirmed that the lens contains
the required spray thickness and surface roughness. The resulting intraocular lens was
examined on a universal projection device with optical lava “FOS-115". The magnitude of
the longitudinal spherical aberration by the method of visual focusing of Linnik on the
optical lava “OSK-2” is analyzed. The method of comparison of lenses without PTFE
spraying and with it, has revealed a decrease in longitudinal spherical aberration of the
second. It was found that among the PTFE sprays on an intraocular lens with a thickness
of 50 nm, 100 nm and 150 nm, the layer with a thickness of 100 nm meets the requirements

in the best way.

The fourth section " Pseudoaccommaodation intraocular lens development" is devoted
to the selection of material that in its parameters would meet the physical and mechanical
requirements in the best way, similar to the native lens. An original NVision Optics volume

replacement intraocular lens has been proposed. The study of developed intraocular lens
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for multifocal capability was realized using the licensed software environments Comsol
and SolidWorks. It is shown that the lens has the posibility to change the focal length by
physically moving the optical part at a distance of 1.4 mm in the cornea direction. Axial
displacement of the optics leads to a reduction / increase in the distance from the lens to the
iris, providing sufficient refraction for near and far vision.

The work consists of: 97 figures, 10 tables, 215 references and 4 appendices.

Keywords: intraocular lens, artificial lens, haptic, longitudinal spherical aberration,
negative photonic phenomena, polytetrafluoroethylene, cataract, secondary cataract,

vitreous thinning, iridodones.
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BCTYII

AKTyaJbHicTh TemMM. Ha  chorogHimHiii  JeHb  HAHOUIBIY  YacTUHY
opTanIbMOXIpYpPT1UHUX BTpPyYaHb CKIAJAI0Th ONepallii 3 BUJaJCHHS KaTapakTu. 3a JTaHUMHU
BceciTHbOi opranizaiii oxoponu 310poB's (BOO3) karapakra € roJOBHOI MPUYHUHOIO
ciinoty B cBiTi [1]. binbme 85% Bcix BuAIB ciinotu npunaaae Ha mroned 50 pokiB i
crapue. YacToTa BIKOBO1 KaTapakTu ckiajnae 6au3bko 33 Bunazakis Ha 1000 HaceneHHs, a
B noxusioMy Biii, 70-80 pokiB, 3aXBOPIOBaHICTh 301IBIIYETHCS Ta Jocsirae 260 BUMaAKIB HA
1000 B womnogikiB Ta 460 BumnankiB Ha 1000 B xiHok [2]. Ilicns 80-tu pokiB, Maixke Bci
0CcO0M CTpakJal0Th MM 3aXBOPIOBaHHSAM. 3TriAHO po3po0JIeHOT MareMaTuyHOI MOJE,
POTrHO3 MOMIMPEHOCT] MAalI€HTIB 31 «3PUIOI0» KaTapaKTOI B PI3HUX BIKOBUX I'pynax B
HanOmkul poku ckiane 11% -13% Big 3aranbHOT momnyssAiii HaceneHHs [3, 4].

Haii6inpi MamoTpaBMaTUYHUM Ta ONITUMAJIBHIM METOJIOM 0OpOTHOU 3 KaTapaKTOIo
€ EKCTpakIlisi Ta acmiparmis 3MyTHLIOTO BMICTUMOTO KpPHINTAIMKA 3 BHUKOPHUCTAHHSIM
yIbTpa3BykoBoi ¢akoemynbcudikailii (YDE) uepes manuii po3pi3 poriBKu 3 HACTYITHOIO
IMIUTaHTaIi€0 enactuyHoi iHTpaokymsipHoi diH3u (I0JI). Jo 98% odTranbmonoriyHux
KIIHIK TEepeWIIM Ha TPOBEACHHS EKCTPaKIlli KpHUINTaduKa 3 BUKOPUCTAHHIM
dakoemynbcudikaiii (OE) [5, 6, 7]. [lomupenoro € MmikpokoakciaipbHa Metoguka OE
(0IMH OCHOBHHMM pO3pi3 Bia 2,2 MM i MEHIIIE).

Ha xanp, icuyroui IOJI, nume YacTKOBO 3aMiHIOIOTH (PYHKIII HAaTHUBHOTO
kpumntanuka. [licns immmanramii 10JI moxke 3’sBUTHCH psii HeTaTUBHUX (AKTOPIB, SKi
CYTTEBO BIUIMBAIOTh HA SKICTh KUTTA. BCl BOHM MOB’SA3aHi 3 HEJTOCKOHATICTIO CYYaCHUX
IOJI. Cepen HUX IOMMPEHUMH € BTOPUHHA KaTapakTa (45% BuITaKiB), 3MiHA MTOJIOKCHHS
niu3u (mucnokaris) y 0,2-2,8% marieHTiB, 3HWKYIOUM 30pOBi (DYHKIITI Ta BUKIMKAKOUi
auckoMpopT onTuyHi eHoMeHn (A3epKalibHe BiMOWTTS, Oykaroda CKOTOMaA, Tiep- Ta
rayio-epeKTH) 1 pI3HOTO TUTTY 1HTI yckiagHeHHs [§]. TpemTinHs pailnyxku (ipuao10HE3),

HEPIBHOMIPHUI JOKanbHUHN HaTAT Kancymu kpumTanuka (KK), po3pimkeHHs CKIOBUIHOTO
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tina (CT) Ta BimmapyBaHHs CITKIBKH BUSIBIISIIOTBCS B 3-4% Bumankis [9]. Kpim Toro,
HE3/IaTHICTh LITYYHUX KPUIITAIMKIB A0 akoMojauii Ta ix cepuuHa adepaiisi CyTTEBO
BIJIMBAIOTh HA 30pOBY (PYHKIIIIO 1 BAKJIMKAIOTh CKapI'y MaIll€HTIB.

TakuM 4YMHOM aKTyaJbHOIO 337a4€I0 € CTBOPEHHSI Ta HAYKOBE OOIPYHTYBaHHS HOBO1
mozeni 1OJI, sska © Oyna mo30aBieHa BHILE MEpPETIYCHUX HENOMIKIB. BupimeHHs wmiel
HAyKOBO1 3a7a4l CTBOPUTh YMOBHU JUIsl MiJIBUILEHHSA e(exkTuBHOCTI imMrutantauii 10JI Ta
SKOCTI 30py apTu(dakiyHUM OKOM, a, TaKOX, JIJis TM030aBJICHHS TMAalll€EHTIB 30POBOTO
auckoMpopTy B UIOMY. BullieBukiiaiene BU3HAUMIIO METY 1 3aJ1a4l IaHOTO AOCIIKEHHS.

Metra Ta 3amaui poGoTH. Mera JaHOTO JOCHIIKEHHS — KOMILIEKCHE
yIOCKOHAJICHHS IHTPAOKYJISIPHUX JIIH3 1 po3podka HOoBOi Mozeni 1OJI 13 mokparieHuMu
ONTUYHUMU XapakTepuctukamu (GpoTudHi peHomeHu Ta chepudHa adeparlis), sika mMae
3[IaTHICTh JI0 aKOMO/IAIll1, Ta 3aCTOCYBaHHS SIKOi HE CYITPOBOIKYETHCS PSAJOM YCKIa HEHb,
TaKUX SK BTOPMHHA KaTapakTa, po3pijpkeHHs CT, BiAmapyBaHHS CITKIBKH, JUCIOKAIlis,

ipimoI0He3, 301IBIIECHHS MTePeIHbOT KaMepHu OKa.

[locTaBnena MeTa 1OCSATAETHCS PO3B’SI3aHHAM TaKUX 3a7a4:

1) TlpoBecTu OrJsii HAYKOBHX JDKEPET Ta MPOBECTH aHATI3 ICHYIOUMX TEXHIYHHX
pIIIEHB JJIS TIOKPAIIEHHS pe3yJIbTaTiB IMIUTAHTAIlIT IITYYHUX KPUIITAIHUKIB.

2) OOrpynryBati moTpeOy Ta BHOpaTH iH(OPMATHUBHI METOAM JOCTIIKEHHS i
IUIAXU yIOCKOHAJICHHS ONTUYHUX, (i3ionorigaux mapamerpis [0J1.

3) IlpoBecTH CHUMYIAIIMHY Ta €KCIIEPHUMEHTAIBHY OI[IHKY MIIIHOCTI TaNTHYHUX
enemenTiB [OJI TpapuiiitHOTO MU3aiiHYy.

4) Po3pobutu 3aco0u 3MEHIICHHS TUCHOTOIICIH TSI T IBHINEHHS SKOCTI 30PY ITiCIIs
ivruragTarii I0J1.

5) BuOpatu 1uisi HaHECCHHsS Ha aKpWIOBI JIH3M OIlOCyMiCHHU TMoiMep 13

MOTPIOHMMU BIIACTHBOCTSMH Ta OIIHUTH SKICTh HAHECEHOTO IIIapy.
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6) BukoHaTu po3paxyHKH 1 Ha IX OCHOBI cIpoekTyBatu BiacHi mojeni 10JI i3
MOKPAIICHUMH ONTHYHUMH XapaKTEPUCTUKAMHU Ta 3AaTHUMHU TONEPEIHKATH PO3BUTOK
BTOPHUHHOI KaTapakTH.

7) Metonom ¢okycyBanb JIiHHUKA Ta METOJIOM €KpAaHHHX MPOEKIi MPOBECTH HA
ONTHUYHIN JIaBl EKCIIEPUMEHTAJIbH1 TOCiKeHHs po3poosieHux [OJI.

8) CtBOpHTH Ha OCHOBI MPOBEJCHUX PO3PAXYHKIB Ta PE3y/IbTATIB MOJCIIOBAHHSI
moaenb 10JI, 3natHy no akomopaiii. [lepeBiputu QyHKIIIOHYBaHHS pO3pOOICHOT MOIE1
[OJI xoMI'fOTEpHUM MOJECTIOBAHHSIM.

O0’exT nmocaimxeHHs: I[HTpaokynsipHa JiH3a, IO IMIUIAHTYETHCS Ha MIiCIe
BUJIQJICHOT'O0 HATUBHOT'O KPHILTAJINKA JTIOIUHU TIPH KaTapaKTi.

IIpeamer mocizkeHHsA: HENOMIKU SKocTi 30py micias immanTanii [0JI Ta BB
[OJI Ha iHII1 CTPYKTYpH OKa B 1HTpa- Ta MICIs0NEepaliiHOMY Mepiol.

MeTtoau nociixkeHHsl. Y AucCEpTaIiiiHiid poOOTI IS PO3B'S3aHHS MOCTABICHUX
3a/1a4 BUKOPUCTOBYBAJIUCS METOIU OMUCOBOI aHaToMii Ta (pi310J0Tii OKa, MOJICIIFOBaHHS
¢bi310JIOTIYHUX TMPOIECIB Ta CUMYJsALisS ¢i3uKo-MexaHiyHoro BrumBy Ha [OJI B
cepenopumax  Solidworks 19 SP 5.0 (Dassault Systéemes SolidWorks Corporation,
®pamnnisn), Comsol Multiphysics (COMSOL Inc., IllBewist); ¢i3uuni Ta MaTeMaTHUHI
PO3paxyHKH Ha OCHOBI TE€Opil reOMETPHUYHOI ONTHKH, Teopil eHeprii popmo3minu Mises-
Hencky, w™eromu anamizy aOepamiiinux mapamerpis  [OJI 3  BUKOPUCTaHHIM
KOMII’ FOTEpHOTr0 MojieoBaHHs y cepeaopuiini Zemax 13 SP 4 (Zemax Development Corp.,
CIIA); mporpamue 3abesnedenns Aber Lite 1.05 (Ykpaina) mns OImMIHKH MOJYJIBHO-
nepenatHoi Qynkymii (MII®D) iHTpaoKyJIApHOI JIIH3HM, PO3PAaXyHKH Ta MOJCITIOBAHHS 3
BUKOPUCTAaHHSAM PO3POOJICHOT YCTAHOBKMA CUMYJISAIT Jii IMTiapHOTO M’s3a Ha IITYYHHUH
kpuiitanuk. EnekrponHa aktuBauis Ta HanuieHHs [ITOE na IOJI mpoBoawioch 3a
nomoMoroto BakyymHoi yctaHoBku YBH-74 (OOO «OKTb-TO», Kaminiarpan). Ilpu
HanecenHi Ha [OJI mapy [IT®E koHTposb MOJEKYISIPHUX MOTOKIB MOJIMEPY BimOyBaBCs

[IUISIXOM BUMIPIOBaHHS YaCTOTH KBApIIEBOT'O pe3oHaTOpa. BuMiproBaHHS TOBIIMHH APy
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[ITOE BukoHYBaIOCH YOTHPHOXKAHAIBHUM BUMiproBaueM SQM-242 (Sigma Instruments,
Inc., CIIIA) 13 3any4yeHHsiM criektpodoTomeTpa Mmoaeiab EPP2000 (StellarNet, Inc., CILIA),
BY reneparopa Cesar 0403 (Dressler AE. Inc., CIIIA), BakyymmeTrpa moaenr CMR365
(Pfeiffer vacuum GmbH, Asctpis). I[lepen pospizannsm [OJ] 3 HanuIeHHSIM MIKPOTOMOM
- kpioctatom CM 1100 (Leica Biosystems, GmbH, HimeuyunHa) mpoBoamiach 3arajibHa
OIIIHKA MOBEPXHI criocTepeskeHHsM Ha Mikpockorni BX41 (Olympus lberia, slr., Icnanis). B
NOJANBIIOMY 3pi3H JOCTKYyBAJINCS Ha Ja3epHOMY KOH(OKaTbHOMY CKaHYHOUOMY
mikpockori LSM 510 META (Carl Zeiss AG, Himeuurnna). Mop¢oiioris HamuiIeHOro
mapy [ITOE nociimkyBanacs 30HJ0BUM aTOMHO-CHIIOBUM Mikpockorom |lla Dimension
3000™ (NanoScope Technologies, Inc., CIIA). OnruuHa sKicTh 300paskeHHS,
orpumanoro JiH3o0t0 3 [ITDOE, omintoBanace Ha MoaudikoBaniii ontuuHii 1ai ®OC-115
(I'maByutexnpom, POCP) 3 HactynHow (oropeecTpaiieto. ExcnepuMmeHTanbHa OIiHKA
po3pobsnenoi wmoxeni IOJI 3 BuMIpOBaHHAM MO3M0BXKHBOI cepuyHoi abeparrii
IIPOBOJIUIIOCH METOJIOM Bi3yanbHUX (hokycyBaHb JliHHMKA Ha ontuuHik JaBi OCK-2m1
('OM3, Cankr-IleTepOypr) 3 I0OMOMOTOK BIUTIKOBOrO Mikpockorna. CraTucTUdHa
00poOKa OTpUMaHUX JaHUX IMPOBEJICHA 3 BUKOPHUCTAHHSAM IporpaMHoro makety SPSS
statistics 17.0 (International Business Machines Corp., CIIIA) i3 po3paXyHKOM KPHTEPiiO

CrrogenTa. BinMiHHOCTI pe3ynbTaTiB BBaKkaiucs Biporigaumu mpu P < 0,05,

HaykoBa HOBH3HA OTPUMAaHHUX Pe3yJIbTATIiB:

1. Brnepiie npoBenene HaneceHnHs noinirerpadroperusieny Ha [OJI 1 BctaHOBIEHO,
mo HamwieHud Ha ontuuHi moBepxHi [OJI map mnokpamrye T eKcIuTyaTalliiHi
XapaKTePUCTUKH Ta CYTTEBO 3MEHIITYE MO3/I0BXKHIO chepuuny adeparrito.

2. Briepme nosenero, mo Hanecenui map [ITOE, B komruiekci 3 BiggaaeHHIM JTiH3H
BiJl paiinyxku 3MeHIrye @peHeniBcbke BiqOUTTs, TUcPOTONCIIO Ta HII GOTHIHI eeKTH.

3. MonemtoBanusam B cepenoButli SolidWorks Bmepiiie BHUsSIBIEHI 30HU HANpyru

TanTHIHUX eJIEMEHTIB Tpaaumiinaux Mmoaenei I0J] ta nokanizoBaHi TUISHKY iX MEXaHIYHOT
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JECTPYKIIII.

4. Briepuie 3anponoHOBaHO BUKOHAHHA 10 KinbleBid nepudepii [OJI TexHonoriyHoi
KaHaBKHU, IO CTBOPIOE€ MNacTky Ta Oap’ep qnsa mirpamii kiaituH A-KAK 1 E-KAK 1
€KCIIEPUMEHTAIBHO JT0BeJeHa €()EKTUBHICTh TAKOTO PIILICHHS.

5. Bnepiire po3po6iena o6’emo3zaminna moaenb [0J] 13 enemeHTamMu, 3JaTHUMH J10
npykHoi faedopmariii mig Ai€0 HUIIApHUX M A31B, 10 3a0e3MeYye OChOBE 3MIIICHHS
ONTHUYHOI YACTUHU Ha BIACTaHb 110 1,4 MM U1 akoMoAallii, MATBEpAKEHE MOECIIOBAaHHAM

B cepenoBumiax Comsol Multiphysics Ta SolidWorks.

IIpakTYHa HIHHICTH POOOTH OTPUMAHMX pPe3yJbTATIB:

1. Po3poOmnenuii mpUCTpili 3 peryJIbOBAaHMM HAaBAaHTAXXCHHSIM Ta 3MIHHOKO 4aCTOTOIO
BIUTMBY J103BOJISIE€ IPAKTUYHO OI[IHUTHU MPYXKH1 Ta MIITHOCTHI BiactuBocTi [OJI.

2. ImmutanTanis 00’ emo3aminaux 10JI “NVision OP” ta “NVision Optics”, macth
3MOTy MO30YTUCh TAKUX HETAaTUBHUX HACHIAKIB, K BIAIIApYBaHHS CITKIBKH, IpUIO0HE3,
30UTBIICHHS MEepeIHbOI KaMepu oka Ta HepiBHOMIpHMM HaTar KMK i HaBaHTa)XeHHS Ha
IIMHOBI 3B’ s3KU. 3aBIAKH ToMy, 1110 ontuka [OJI MakcuManbHO BijjalieHa Bij 31HHUII, 1€
3MEHITYE€ HAJIXO/DKEHHS [0 CITKIBKM CTOPOHHBOTO CBITJIAa 1 TJBHINYE YITKICTb,
KOHTPAaCTHICTH 30DY.

3. CoemianbHUMH TAaIlITUYHUMUA €JEMEHTAMM 00’ e€MO3aMiHHI JHH3W HAJIIHO
(bIKCYIOThCS B CTaOUTBHOMY IMOJIOKEHHI, 110 Toniepekae auciokariito 10JI 1 Bunmamiaas ii
B CKJIOBUJIHE T1JIO MIPH MOPYIIEHHI 3aIHHOT KATlCyJIU KPUIITAIIHKA.

4. Tloxputtst 1OJI [ITOE 3menmnye cTyminb BiIOUTTS, MEPEIIKOIKA€ BUHUKHEHHIO
doTrnuHuX EHOMEHIB Ta CYTTEBO YCYBa€ MO3MOBXKHIO chepuyHy abeparlito, B MOPIBHAHHI
13 JTiH3aMu 0€3 HAMHUIICHHS, 3aBISKA YoMy (POPMYy€eThCs OUTBIIT Y4iTKE 300paKeHHS.

5. Mirparii emiteniaapHUX KIITHH 1 PO3BUTKY BTOPHUHHOI KaTapaKTH MPOTUIIIOTH
KaHaBKa Ta roctpuit kpait 10J], ski 3aXumIar0Th ONTHYHY YacTUHY 1 3a7HI0 cTiHKy KMK

BiJl HAPOCTAHHS Ha HIM KIIITHH IICIIA XipyprivHOTO BTpydaHHd. Lleit edekt miacumroeThes
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anTuaare3uBHUMHU BractuBocTsaMu [ITOE, ski nepemkoaxa0Th HATUIIAHHIO KIIITHH.

6. 3a pesyabraramMM MNPOBEACHUX JOCIIUKEHb pPO3paxoBaHa, KOMII IOTEPHO
3MOJIeIbOBAaHA, MpOaHalIi30BaHa Ta BUTOTOBJIEHa HoBa Mozenb [OJI 3 mokpameHumu
BJIACTUBOCTSIMHU, @ TaKOXX CTBOPEHUM IHXKEKTOp s ii IMIUIAHTalli Ta y BHUMIaAKax
HEOOXITHOCTI - eKCIIaHTaLlli.

/. Pe3ynbraTu mpoBENEHUX IOCIIIKEHb BIPOBAKEHI Y BUPOOHUUY HPAKTUKY
nianpueMcta 3 BuroronsneHHs [OJI 00’ emo3aMiHHOrO 1HU3aiiHy, 1110 HE MICTUTh TAITUYHUX

€JIEMEHTIB IPUTAMAHHUX ICHYIOUUM IHTPAOKYJISIPHUM JIIH3aM.

Oco0uctuii BHecok aBTOpa. 3100yBau mpuiiMaB Oe3MOCEPEHIO Y4acTh B
NPOBEJICHHI TEOPETHYHUX Ta CKCIEPHUMCHTAIBHHMX JOCHIIKCHb, B aHATI31 OJepKaHUX
pe3yibTaTiB Ta (HOpPMYINIIOBaHHI BUCHOBKIB. (OCHOBHI TEOpPETHYHI, PO3PaXyHKOBi Ta
EKCIIEpUMEHTAIbHI ~ pe3yJbTaTH OTpUMaHi 3100yBaueM caMocTiiiHO. CHulbHO 3
KEepIBHUKOM, KaHAMAATOM MeIWYHUX Hayk, norneHtom B.B. Kozspom chopmonana
npoOeMa JociKeHHs, chopMyIbOBaHI MeTa 1 3aj1adi, BUOpaHi METOIU JOCIITKEHHS.
HayxkoBa ines 1ochiKeHHs, HAyKOBI MOJ0KEHHS Ta BUCHOBKH JUCEPTAIlii, III0 BAHOCSITHCS
Ha 3aXMCT, HAJIEXKaTh aBTOPY. ABTOp NpHUiIIMaB OCHOBHY Y4YacTh B po3po0lli 1 TaTeHTYBaHH1
OpUTIHAJILHUX PO3POO0OK Ta TEXHIUHHMX PilIeHb. ABTOpPOM BHKOHAHUU iH(OpMaIiiiHui
MOIITYK, aHAIII3 JHKepesl HAayKOBOi JIiTepaTypH Mo JOCTIKYBaHIH poOiieMi, po3paxyHKH,
aHaJi3 pe3yJabTaTiB AOCIIKEHHS, IHTepIpeTallis 1 MOPIBHAHHS JaHUX. ABTOpP CAMOCTIHHO
po3poouB HoBy wmoxenb IOJI “NVision Optics”, imkekTop mias 1i IMIUIaHTalii Ta
eKCIIaHTAallli, MPUCTPIM Mg AOCHipKeHHS mpyxkHiXx BiactuBoctedr [OJI. BucHoBku
nucepTanii  c¢opMyibOBaHI CHUIBHO 3 HAyKOBUM KepiBHHKOM. (OCHOBHa dYacTHHA
OTpUMaHUX pe3yJbTAaTiB JIONOBiJaJlaCh aBTOPOM OCOOMCTO Ha BITYM3HIHHUX Ta

MDKHApOIHUX KOH(DEPCHITIAX.
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VY poborax, siki onyOJiKOBaH1 y CIIBABTOPCTBI, 3100yBau€Bl HAJIEKUTh HACTYIIHE:

1. IlpoBeneHuii orisiA Ta aHadi3 ICHYIOUMX Ha 1€ 4Yac IHTPAOKYJSPHUX JIIH3,
MarepiaiiB, OCHOBHUX BHMOTI, LI0 BHUCYBAIOThCS /10 IHTPAOKYJSApHUX JiH3. Ha ocHOBI
orisAy IH(POpMaliMHUX JKepesl BAKOHAHWW MOPIBHAJIbHUN aHali3 1HTpaonepaliifHux Ta
HICIsI0NepaliiHUX YCKIaAHEHb.

2. Po3poOnenuit  mpuctpii A JOCHKEHHS — MPYXKHIX — BJIACTUBOCTEU
IHTPAOKYJISIPHUX JI1H3, 3 JOIIOMOTI'OI0 SIKOTO MPOBEACHUI €KCIEPUMEHT 10 OIIHI[I MIITHOCTI
rantuyHux enemeHTiB [0JI.

3. Po3pobieno wmeTox Ta BHKOHAaHI PO3PAXyHKH TIOKPAIICHHS ONTHYHUX
XapaKTEePUCTUK IHTPAOKYISIPHUX JIIH3, a IPOBEICHE KOMII IOTEPHE MOJICITIOBAaHHS B
cepenoBuIll ZemaX MiATBEPANIO MPaBIWIbHICTh PO3PaXyHKIB.

4. 3amporoHOBAaHO TEXHIYHE pIIMICHHS TMONEPEKCHHS] PO3BUTKY BTOPUHHOI
KaTapakTd B MICISONEpaIliiHOMY Tepiojai, 3a JOMOMOIOK TMPOTPAMHHUX CEPEIOBHIIL
SolidWorks Ta Comsol Multiphysics mpoBeaeHa KoMII'IOTEpHA CHMYIIALIS PyXy
emitenianbHux KiitiH B KMK.

5. ABTOpOM pPO3pO0JIEHO MNPUCTPIA M EKCHEPUMEHTAIBLHOTO MIATBEPIKEHHS
€(hEeKTUBHOCT] 3aIIPOIIOHOBAHOTO KOHCTPYKTUBHOTO DPIIICHHS TIOMEPEKCHHS Mirparii
erniTeiaJbHUX KIITHH Ta PO3BUTKY BTOPUHHOT KaTapaKTH.

6. PospobsieHo opuriHaneHy 00’emo3aminny IOJI momens “NVision Optics”,
IIPOBEICHO 11 KOMIT FOTEPHHUI aHaJi3 Ta ONTHYHE JTOCTIIKCHHS.

7. TlpoBenene HamuneHHs mnonirerpadproperunieny Ha I[OJI 3a momomororo
YCTAaHOBKM BakyyMHOro HamuijeHHs YBH-74 3 mHacTymHuUM MoCHiKeHHSM MOPQOIIOTii
wriBku [ITOE 3a monomororo aromHo-cuiioBoro mikpockorry NanoScope Illa Dimension
3000™ Ta KoH(pOKANEHOrO Na3epHOro CKaHyK4oro Mikpockomy Zeiss LSM 510 META.

8. Ha yHiBepcampHOMY MpOEKIIHHOMY amapaTi 3 (GOoTOONTHYHOK JaBoio “DOC-

115 mpoBenene nopiBHsIHHS po3MipiB hokycHux misM [OJI 6e3 Ta 3 mapom [ITOE.
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9. Ha ontuuniit naBi OCK-21J1, 32 10MOMOTOI0 BiJITTIKOBOTO MIKPOCKOIa METOI0M
Bi3yallbHUX (oKycyBaHb JIiIHHMKAa BCTAHOBJEHO CYTTEBE 3MEHILIEHHS MO3J0BXHBOL
chepuunoi  abepamii  [OJI  3amponoHOBaHOi  KOHCTPYKIIT 3  HaNWJICHUM
NoJIITeTpad TOPETUIICHOM.

10.IIpoBeneHo cTaTUCTUYHY OOPOOKY PE3ylbTaTIB JOCIIIKEHHS 3 BUKOPUCTAHHSIM
JirensiiiHoro cepenosuina SPSS Statistics.

11.3a ponomoror mporpamuux cepemosuin Comsol Multiphysics ta SolidWorks
JOCIIKEeHA Ta JJOBeIeHa aKOMO/IalliifHa 3/1aTHICTh 3alIPOIIOHOBAHO1 IHTPAOKYJIAPHOT JT1H3H
“NVision Optics”.

12.Po3po6ieHO 1HXEKTOP AJIs IMIUIaHTAIlIi Ta eKCIIaHTallll IHTPAOKYJISIPHUX JIIH3.

AmnpoOauisi pe3yJabTaTiB qucepraniiHoi po6oru. OCHOBHI HAyKOB1 1 MPaKTUYHI
pe3ynbTaTi poOOTH JOMOBITANKCS 1 OOroBOpIOBAIMCA Ha 8-M MIKHAPOJHMX HAYKOBO-
TEXHIYHUX KOH(EPEHITIAX:

1. Monografia pokonferencyjna "Science, Research, Development Ne 12". Belgrade
(Serbia), Poland, (2018);

2. V MbixHapoaHa HayKoBO-TIpakTHUuHa KoHpepeHiis «MenumuHa, dapmairis,
3mopoB’st — 2019» m. Kuie; m. Kapsosi Bapu (22 mororo 2019);

3. ®inmocodcebki 3acaau kpeatochepu y KOHTEKCT1 TBOpUOCTi: MixH. KoH(}., KuiB,
(30 tpaBus 2019);

4. TadopmariiiHi cuctemMu Ta TexHojorii B MmeaumuHy (ICM—-2020), Xapkis, (26-27

muctomnana 2020);

5. II International Scientific and Practical Conference «SCIENTIFIC PRACTICE:
MODERN AND CLASSICAL RESEARCH METHODS», Boston, USA, (October 15,
2021);

6. [ndopmamiitai cucremu Ta TexHomorii B memunuuiy (ICM-2021), (25-26

mucrtonga 2021).
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7. MODERN TECHNOLOGIES OF BIOMEDICAL ENGINEERING, Odesa,
Ukraine, (May 25-27, 2022).

8. XIII International Scientific and Practical Conference "MODERN DIRECTIONS
OF SCIENTIFIC RESEARCH DEVELOPMENT". Chicago, USA, (June 15-17,
2022).

Hyoaikanii. Bcroro 3a matepianamu aucepTaiiii omy01ikoBaHo 22 pob0oTH, B TOMY
yucii 6 crarreil y paxoBUX HAYKOBUX BUIAHHIX Y KpaiHH, IO BXOASATH 0 MDKHAPOIHUX
HAyKOBOMETpPUYHUX 0a3, 1 cTarTs B iIHO3eMHOMY (paXxOBOMY BUAAaHHI, 1110 BXOAUTH /10 0a3u
JaHuX SCOpUS, 7 mareHTiB YKpaiHM Ha KOPUCHY MOJelnh Ta 8 Te3 JOmoBifed Ha

MDKHApOJHUX HAYKOBO-TIPAKTUYHUX KOH(PEPEHITISNX.

CtpykTypa Ta 00'em aucepramii. ucepraiiist ckiianaeTbes 31 BCTymy, 4 po3auliB,
BHCHOBKIB, CITUCKY BUKOPHCTAHOI JiiTepatypu Ta 4 moxatkiB. [loBHuUit 00’ eM muceprarii
213 cTopiHOK, 3 00’€eMOM OCHOBHOTO TekcTy 158 cropinku. Jlucepramis mictuth 97

PHUCYHKIB, CITUCOK BUKOPUCTAHMUX JKepe 13 215 mocuiianp Ha 28 cTOpiHKaX.
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PO3/ILI 1: AHAJIITUYHUM OI'JIAJI JITEPATYPU

1.1. IIporpecyBaHHsl KATAPAKTH Ta II XipypriuHe JiKyBaHHS

BBakaeThcs, 1110 BUBYEHHS KaTapakTH OyJo po3moyare [iMmokparom, ajke came
BIH JIaB Ha3BY 3aXBOPIOBaHHIO. 3 TPELBKOro (BiJ JaT. cataracta) 1€ CJIOBO MEPEKIIaIae€ThCs
AK «BOAOCHAZ» — O(PTAIBMOJOrIYHE 3aXBOPIOBAHHS, IOB'I3aHE 3 MOMYTHIHHAM
KpHUIITAIMKA OKa, 10 BUKIIMKAE P13H1 CTYNEH1 po3Jialy 30py. BiMOBIAHO A0 IYMKH AESIKUX
BUCHHUX, TEPIIUM, XTO OIMCAaB KPHUIITAIUK, OyB ApiCTOTEIb, SKHH BBaXaB HOTO
CKymueHHsM ciusy [11].

Y cTpyKTypi maTojorii oprany 30py, nepiie Micie 3aiiMae BikKOBa KaTapakTa, sKa
BUSIBJIIETCA MPAKTUYHO Y KOXKHOTO JIPYroro mamieHTa BikoM Oinbine 60-tu pokis. Lle
MOJIIETIONIOT1YHE 3aXBOPIOBAHHSA, SIK€ 3aJICKUTh B CTaTi, BIKY, IIKIJIMBUX 3BUYOK,
CYIyTHIX 3aXBOPIOBaHb Ta BIUIMBY BUCOKHUX 7103 yibTpadionera (YD) 1 XIMIYHUX PEUOBUH.
[Tpu 11bOMy KaTapakTy A1arHOCTYIOTh B 2 pa3y YacTille y )KIHOK, HIXK y 40JIoBiKiB [12].

BuBueHHsI TuHAMIKU CTPYKTYpPH MOLIUPEHOCTI OPTAIBMOJIOTIYHUX 3aXBOPIOBAHb B
VYkpaini 3a 10 pokiB mokasayio MiIBUIIECHHS MATOMOI Baru katapaktu 3 14,7% mo 15,9%
[13]. Tperuna oci® Bim 3arajbHOi KUIBKOCTI MAIli€EHTIB, IO TOCHITAII3YIOTHCS B OYHI
CTaIlloHapu - XBopi 3 kaTapakToro [14]. [TommpeHicTe KaTapakTH B YKpaiHi 3a KPUTEPIEM
3BepHeHHs cTaHoBUTH Big 980 10 1200 na 100 tuc. Hacenenns [15, 16, 17].

€auHuM MeTofoM OOpOThOM 3 UM 3aXBOPIOBAHHSAM € XIpypriyHE BTPYYaHHS 3
MOCIITyIOYUM  BHJAJIEHHSM  BMICTUMOTO  KpPHUINTAJUKa TP BUKOPUCTAHHI
dakoemynbcudikamii (OE), uepes manuii, caMorepMeTu3ylounid, TYHEJIbHHH pO3pi3 3
IMIIJTAaHTAIIIEI0 €JTaCTUYHOI, & B OKPEMHX BHIAJKaX, 1 JKOPCTKOI 1HTPAOKYJSIPHOI JIH3U
(IOJI) BmyrpimmHbOKancyimsHo [18, 19, 20, 21, 22]. B TtemepimHiid 9ac EKCTPaKIIis
KaTapaKTH € OJTHIEI0 3 HAMOUTBIIT YaCTO BUKOHYBAHUX OPTAIIBMOJIOTIYHUX OTIEpaIliil B CBITI.

B Garathox poboTax mokazaHo, IO XipypriuHe JIKyBaHHS IIi€l MaToyiorii 30UTbIIye He
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TUIbKH BEJIMYMHY OYIKYBAHOI TPUBAJIOCTI )KUTTSA MNALI€HTIB, U AKICTh 1X )KUTTA B LLIOMY
[20; 23].

JI71s1 cydacHOro CBITY XapaKTEPHO MPUCKOPEHE CTapiHHS HACEJICHHS 1 30UIbIICHHS
CEpEeIHbOI TPUBAIOCTI KUTTS, 1[0 BUKIMKAE PICT MOUIUPEHOCTI YCKIIaIHEHO1 KaTapakTy, 3
YUM TOB'A3aHa 3pocTaioua norpeda B SKICHOMY BIOCKOHAJIEHHI XIpyprii KaTapakTH 3
BUKOPUCTAHHAM cydacHHX iHTpaokyisipHux i3 (Kessel L., 2011) [24]. 3a ominkamu
BcecBitHbo1 opranizaiiii oxoponu 310poB's (BOO3), mopiyHO BUKOHYETHCS MPUOIU3HO 18
MUIBHOHIB BTpy4YaHb 3 BUJAJCHHS KaTapakTd. Y HaWOMMKYIA MEepCreKTUBl dYepes
neMorpadiyHui mpolec CTapiHHS HaceJeHHS 1 1udpa Moxke 3poctu 10 24 MUIBHOHIB
[25]. CynyTHi 3aXBOpIOBaHHS YCKJIAIHEHOI KaTapaKTH, 3MIHH KIIHIKO-()YHKIIOHAIBHUX
napaMeTpiB OKa 3HAYHO MIABUIIYIOTh PU3UK PO3BUTKY OMEpaALIMHUX 1 MICIsSONepaliiitHIX
YCKJIaJHEHb, 110 MOYKE 3HAUYHO 3HU3UTHU (DYHKIIIOHATBHUM pe3yabTaT onepaiii [26]. Humu
MOKYTb OyTH, TUCIIOKAIIIS JIH3H, PI3HOTO TUITY ONITUYHI BIAXUJIEHHS, PO3BUTOK BTOPUHHOT
katapakTu Ta iH. L1 Ta 1HII11 BiIXWUJIEHHS TOBUHHI MaTH MTPOTHO30BAaHUN XapaKTep 3 METOIO
ix MailOyTHBOrO nomnepemkeHHd. CaMe TOMy, IPOTHO3YBaHHS € BaXJIUBUM (AaKTOPOM Ha

eTari po3poOKH HOBUX IHTPAOKYJISIPHUX JITH3.

1.2. Po3BUTOK XipypriuyHux MeToiB 00pPOTHOM 3 KATAPAKTOI0

Xipyprist kKatapakTy Bigoma e 3 V cToiiTTa. B koxkHoro Hapomy Oyina sk BllacHa
Ha3Ba, TaK 1 METOJMKA JiKyBaHHA Ili€i Hemxyru. Omneparrii, Mo Jajdl MOYaTOK Cy4aCHUM
METO/IaM BHUIAJICHHS KaTapaKTH, OB’ A3yI0Th 3 iMeHeM JKaxka JlaBiens, amxke B 1747 p. BiH
BHUKOHAB TIEPITy B CBITI OMEpallifo MO eKCTPaKIlii KaTapaKTH MPOBAHCAIHCHKOMY YCHIIIO-
camiTHUKY B Mapcemni [27].

Ha 3miny 3ampononoBanoro metoay XK. /laBiens B 40-1 poku XX CTONITTS MpUMAIIIIA
IHTpaKancyJIsgpHa eKCTPaKIlig KaTtapakTd, sky MoaudikysaB JIk. EnpmHir, a mizHime,

yIOCKOHanWB monbChkuii  odramemonor T. KpsaBuu. OCHOBHHM  HampsiMKOM
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YAOCKOHAJEHHsI XIpyprii KaTapakTu, Oylo 3MEHIIEHHS pO3pi3y OKa, 3aJJsl 3HMKCHHS
YacTOTH PO3BUTKY MICISIONEpalliHUX YCKIaIHEHb. 3 OIJISIAY Ha 1€, po3pi3 AJIs eKCTpaKIIii
KpulliTaauka OyB 3MeHIIeHu# 10 7-8 mm [28]. BapTto BIAMITHTH, 1[0 MaJUM PO3PI30M,
BBA)XAETHCS PO3Pi3, HE OUIbIIE 6,5 MM, KWW Ma€e ABi 1 OUTbIIE IUIONIMHU, Ta 3a0e3meuye
edekr camorepmeru3zauii. BusBneHo, 1m0 BeJWYMHA MICISONEPALIMHOIO aCTUTMaTU3MY
3QJIKUTH BIJ] BIIIaJIEHOCT1 po3pi3y Bix aiMbOa [29, 30].

B 1948 p. H. Piani BuHalmoB akpuiioBy JiH3Y 1 Bxke 29 nuctomaza 1949 p. B
Jlonponcskomy mmnurtani C. Tomaca Bnepiie Oyiia iMIJITaHTOBaHa 115 MOJIIMEpHa JIiH3a. B

MOJANBIIOMY PO3BUTKY IHTPAOKYJISIPHUX JIiH3 BUIUISIFOTH 1T’ ATh TIOKOJIIHb:
1. 1949-1954 pp. — 3aiHbOKaMepHa J1iH3a 3 OPTaHIvYHOTO CKJIa;
2.1952-1962 pp. — nepenHbOKaMepHa IHTPAOKYJIIPHA JI1H34;
3. 1953-1973 pp. — iHTpaoKyJigpHa JiH3a 3 MITPUMKOIO Ha paiiayKHii 000JI0OHII1;
4. C 1963 p. — cydacHi BapiaHTH NMEPEIHHOKAMEPHUX IHTPAOKYIISIPHUX JITH3.

5. C 1975 p. — cyuacHi BapiaHTH 33 JHOKAMEPHHUX IHTPAOKYJSIpHUX JiH3 [31].

Kpim cTranmapTHOi METOIMKH XIPypridHOTO BTPYYaHHS, KOJU SAPO KpPHINTAIHKA
BUJASIETHCST TIOBHICTIO, MIUPOKOTO TIOMIMPEHHS HaOyna METOJuKa, sKa TMOJsIrae B
MEXaHIYHOMY JPOOJICHHI s/ipa KpUITAIUKa B IEpEAHIN KaMepi 3 HACTYITHUM BUBEACHHSIM
roro ¢parmentiB. JlaHuii miAXim HOCHTH Ha3By MexaHiuHa ¢akodparmenTailis ado
dakocexiis [32].

CydacHa Meau4Ha MpaKTHUKa Taka, 0 po3pi3 OKa, KU CKIagae OUTBII HIXK 3 MM,
noTpedye BUKOPUCTAHHS MOBHOTO Matepiany [33]. V mitepaTypi po3pi3u MOAUISIOTH Ha
MaJi Ta CTaHJapTHI, IO MOTPEOYIOTh HAKIIAJICHHS IIIBIB 3 METOIO TepMETH3aIli1; CKIIepaIbHi
TYHENBbHI PO3pi3W, JJIA TEPMETH3aIii SKHX JOCHTh OJHOrO IIBa; MaJli CKJIIEpajbHI,
KOPHEOCKJIepaIbHi, TYHEIbHI CAMOTEPMETU3YIOUl HE TTOTPeOyIOTh HaKIagaHHs MIBiB [34].

Ha croromnimmHiil 1eHb iCHY€ OJUH CIOCIO JIIKYBaHHS KaTapakTd — 1€ XipypridyHe
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BTPYYaHHs, SKE TOJSITrae B 3aMiHI HATUBHOTO MOMYTHIJIOTO KPUINTAJWKA Ha IITYYHHH.
Cepen Oe3miul pi3HOBUIIB XIPYPriuHMX oOmnepauiid HaWOLIBIIOrO MOMIMPEHHS Halyla
yabrpa3BykoBa (Y3) dakoemynbcudikamis (PE), mouatok sxoi B 1967 p. mokxias
Y.Kensman [31]. Bin BuxkonaB nepumy yibTpa3BykoBy DFE 3 BukopucTaHHSM amapara
¢ipmu «Cavitron» (CILA). anuii miaxia exkcTpakiii KaTapakTd BIIKPUB HOBY €py B
ICTOpIi KaTapaKTaJIbHOI XIpyprii 1 paJuKaabHO 3MIHUB METOOJIOT1IO MTPOLIECY.

HeoOxigHo 3a3HauuTH, 110 OUIBIIICTh MNPOBIAHUX O(TAIBMOJOTIYHUX KIIHIK
NeperIuIM Ha XIPYprito KaTapakTd MalluX po3pi3iB, BuAadstoun 98% katapakT HUISIXOM
®E 3 immmadTamiero enactuuynux mognene [0JI [11]. OnHiero 3 TOJOBHUX MepeBar
ynbTpa3BykoBoi DE, € 3HMKeHHS ornepaiiitHoi TpaBMH 1 iHBa3UBHOCTI BTpy4daHHs [ 18, 35,
36, 37]. Buxopucranus ®E namo 3Mory CKOpOTHTH 4Yac MpOBEJAEHHS omnepariii Ta
BIIMOBUTHUCH BiJl BEJIMKUX PO3MIPIB PO3pi3iB OKa, HATOMICTh 3aMIHUBIIN iX MPOKOJIOM.
3aBIsKH I[IbOMY TIOMEPEKAETBCS PO3repMEeTH3allisi Ta JEKOMIpecis OKa, iCTOTHO
3MEHIIYIOThCS BUMAIKH €KCITYJIbCUBHOT KPOBOTEY1 Ta BiIIAPYBAHHS CYAMHHOT 000JOHKH.
Excrpakiiiro 1mijoro Kpuintajgdka OyJ0 3aMiHEHO HOTO PO3PIIKEHHSIM Ta HACTYITHUM
BUMUBaHHAM. lle, B CBOIO uepry, AO3BOJWIO 3MIHUTH >XOPCTKI CTalllOHapHI yMOBH
nepeOyBaHHs IMaIlieHTa B JiKapHi Ha aMOyJIaTOpHI.

IcHye Benmka KUTbKICTh TeXHIK PparmenTaii sigpa. B 1990 p. J.R. Shepeerd onucas
TEXHIKa MOILTY sApa KpUIITaanKa Ha 4-u kBaapauTu [38], mo orpumaia Has3By «divide and
conquer». BigmosizHo g0 wMertoawku «divide and conquer», yIbTpa3BYKOBHUM
HAaKIHEUHUKOM 3 KyTOM 3pi3y (daxoronku 30-45° mpu HHU3BKMX 3HAYCHHSIX BaKyyMa 1
BHCOKOI TOTY)KHOCTI Y3, B siipi BUPI3alOTh JB1 B3a€EMHO MEPICHAUKYIISAPHI OOPO3HU 3
KOH(Irypaliiero, 110 BiMOBiAa€ 3aaH1i Karcyi 1 rauouHi 90% Big TOBIIUHM SApa, TOTIM
3a J0TIOMOT'OF0 HInaTens, PO3TaIIOBAaHOTO napasesibHO HAKIHCUHUKY
dakoeMynbcudikaTopa, SAPO PO3AUIAIOTH HA YACTUHU, CTBOPIOIOYM KiTbKa (PparMeHTiB
anpa, AKi B momaneiioMmy emynbcudikytotbes [39]. Ilizaime W.V. Maloney i cmiBagr.

omucanu TexHiky «crak and flipy dparmenTarii TBepmoro sapa [40]. B 1993 p. texniky
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npoOneHHs sapa «phaco-chop» 3a momomororo rauka 3ampornonyBaB K. Nagahara [41].
[Tiznime Oyna 3anmpornoHoBaHa TexHika «stop and chopy, mpu sKkiii ciodyatky GopMyeThCs
O0OpO3Ha B S/Ipl KPUIITAIUKA, MOTIM PO MEXAHIYHO JUIUTHCS HA 1Bl MOJOBUHKH, IIO
BUBOJSITHCA B JUISIHKY KamlCyJOpEeKCUca 1 KOKHA 3 AKUX (PparMeHTyeTbCs 3a JI0MOMOTOI0
«phaco-chope» TexHiKH.

[lonpu o4yeBUIHI JOCATHEHHS B ynbTpa3BykoBiii @E, BoHa MICTUTBH BC1 HENIOMIKH,
IO ITOB’ sI3aH1 3 HETaTUBHKUM BILTUBOM Y 3 Ha TKAHWHU OKa, a caMe: KaBiTallito Ta TCHEePAaIlifo
TETJIOBO1 eHeprii [42, 43, 44, 45, 46, 47, 48, 49]. IcHytoui HACHIAKK YIBTPa3ByKOBOI
dakoemynbcudikaiii CcTaad CTUMYJIOM JO TOIIYKYy HOBHX OUIBII EHEPreTUYHO
“X0JIOMHUX"’ METOJIIB €KCTPAKIlii KaTapaKTH.

3 METOH 3MEHIIEHHS PU3UKY YCKIATHEHb 1 MIBUIIECHHA (PYHKIIOHATBHUX
pe3yNbTaTiB, B MEIMYHY MPAKTUKY OKPEMHUX €TalliB KaTapaKTalbHOI Xipyprii Bce Oibliie
BBOJISATh 3acTocyBaHHs (emrocekyHaHoro masepa (DCJI) [50]. Bnepme, ®CJI nns
IIPOBEICHHS POTIBKOBUX PO3pPi3iB, KarcyaoTomii 1 pparMeHTarlii sapa Kpuiraauka OyB
3actocoBanuii mpodecopom Z. Nagy B 2008 p. B bymamemri [51]. domkuHa XBHIi
iH(ppauepBoHOTO Alanazony, npu skii mpairoe OCJI, ckinanae 1053 am. KopoTki iMmysiscu
nasepa Ha nmpoTs3i 10-15 cexyH MiF0Th Ha IEBHY, BU3HAYCHY JIIISHKY TKAaHUHU 0€3 BIUTUBY
Ha POTIBKY, paiy>kHy 000JOHKY, 3B'SI3KOBUI amapaT 1 KarCyJbHHUI MIIIOK KPHINTAJIUKA
[52, 53, 54, 55, 56, 57, 58].

®OCJI no3Bossie CTBOPUTH IICHTPOBAHUM KarCyJOPEKCHC Kpyrioi ¢opmu 3
JIOCTaTHBOIO MIIHICTIO, SKHM Ma€ TepeBard B TMOPIBHAHHI 3 KaICYJIOPEKCHUCOM,
chopMoBaHUM MaHyaJbHO [52, 56, 59, 60, 61]. HaituacTime, BUKOHYIOTh KaIlCYJIOPEKCHUC
JiaMeTpoM Bif 5 MM 10 6 MM. J[edKuMu aBTOpamMu PEKOMEHIYETHCS BHOMPATH PO3MIp
KarcyJaopeKcuca B 3aJIeKHOCTI Bi miamerpa ontudHoi yactuHu [OJ], 10 iMmIaHTyeThCsS
[62, 63, 64, 65, 66].

OnTumansHUl po3Mip (AiamMeTp) Ta HEHTPaJbHE MOJIOKEHHS pO3pi3y MepeaHbol

CTIHKM KarCylid KpWINTajJuKa, 3a0e3nedye MaKCUMaJbHO TOYHE PO3MINICHHS JIH3H 1
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piBHOMIpHUI HaTir kamncyiapHoro mimka (KM) mpum immumantanii 10JI. Maninynsiis
aBTOMATH30BaHa, Ja3epHa cucTeMa cama (PopMmye po3pi3, Ja€ MONKIUBICTh JTOCATHYTH
BHUCOKHX MOKA3HUKIB, IIPU SKUX XIpypry HEOOXITHO JuIle BUOpATH 1 3a1aTU ONTUMAJIbHI
napamMeTpu poOoTH Jaszepa. BiamiueHo, MO 3 BUKOPUCTaHHSIM ¢eMTosiazepa Jis
KarcyJjaopekcuca BenmunHa adepaliil oka B micjsionepaniiHoMy Mepioji, 3Ha4HO HHKYa,
HIXK MICNIA KamncyloToMil, BUKOHaHUX BpyuHY. Bukopuctanus ®@CJI ana dparmenTarii
saapa kpumrainka mnonermrye nposeneHHs ®EK mo 50% 3a paxyHOK 3MEHIICHHS €Heprii
yABTPA3BYKOBOTO BIUIMBY Ta 4Yacy IPOBEICHHS ONCPATHBHOTO BTpydyaHHs [58, 67].
[Iporpamue 3a6e3neuenHss @CJI mpucTporo, 103BOJISIE MPOBOAUTH (pparMeHTAIlIIO sapa B
paziaTbHOMY HaINpsMKY, Y BHJ1 OKPYKHOCTEH 3aaHOTO JiaMeTpa Ta ix komOinHarii. Ha
’Kallb, BHCOKa I[iHA amapara Ta BUTPATHUX MaTepialiB 10 HbOTO € 3aBaJIOK0 JIO HOTO
MIOBCSIKJICHHOTO BUKOPHUCTAHHSI.

CporojiHi, TiJ BIJTMBOM TEXHIYHOTO IMPOTPECY, BIPOBAIKYETHCS BUKOPHUCTAHHS
nazepHoi ekctpakirii karapaktu (JIEK). Lleli HanmpsMok SBISETHCS MPUHIIUIIOBO HOBHUM 1
BXKE 3apa3 3apeKOMEHJyBaB ceOe, SIK OJWH 13 KpalluX METOMAIB €KCTpakKIlii KaTapakTH.
3aBAs9yI0YM HU3bKOYACTOTHUM iMITysibcaM, JIEK UnHUTH MeHIIMiT BIJIMB HA TKAHUHU OKa,
HI’)K BUCOKOYACTOTHI KOJIUBaHHA yibTpa3Byky [68]. IIpu nmazepHiil ekcTpakiiii KaTapakTu
BUKOPUCTOBYIOTh BurnpomiHioBaHHs Nd: YAG-nazepa 3 moBxkuHoro XBuii 1,44 MKwM,
gactotor 5-30 ', eHeprietro iMmynscy Big 100 1o 300 m/x 1 TpuBaicTIO IMITYJIBCY 10
200 mck.

HesBakaroum Ha mIMpoKe BUKOPUCTAHHS BICKOENACTUKIB 1 Pi3HUX 30a7aHCOBAHUX
ipuraniiaux poszunHi, BSS, BSS-plus i iHmuX, akTyaabHUMU 3aJUIIAIOTHECS TTPOOIEMH,
MOB'sI3aHI 3 BTPATOIO CHAOTEMAIbHUX KmiTHH [69]. Jlo ocHOBHUX (akTopiB, IO
MPU3BOAUTH J0 BTPATH CHIOTENIaNbHUX KIITHH Tpu yiubTpasBykoBin DE, BimHOCSATH
TpuBaTY Aif0 Y3 Ha IHTpaoKyJspHi cTpykrypu [70,71,72], eHepreTWYHWI BIUIUB 1
MEXaHIYHYy TpaBMy (parMeHTaMH Sapa, KOHTAKT €HIOTEIII0 3 KPUIITATUKOBUMA MacaMu

[73], BIJIMB TOTOKY IpWTaIiiHOl piAuHU [74], BUHUKHEHHS BUIBHMX paauKamiB [75].
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Brpata eHnoTenianbHUX KIITUH, BIJHOBJIEHHS SKUX MPOXOJIUThH MOBUIBHO 32 PaxyHOK
rinepTpodii Ta Mirpauii KJIITHUH, IPU3BOAUTH 10 30UIbIIEHHS TEPMIHIB HiCIs0NepaliiHoOl
peaburiTaii.

3aranpHa BTparta KIITUH eHjoTtenito poriBku micias JIEK BaBiui MeHIna, HK Micis
ynbTpa3BykoBoi @EK, TOHKHII MTpoliec KIITUHHOT penapaTUBHOT pereHepanii 3aKiH4y€eTbCs
Ha 2 Mic. paHille, HDK HICH yIbTpa3ByKoBoi (axoemynbcudikanii katapaktu (Y DEK)
[76]. Ilepesaru JIEK, sik Ou1bll MaJIOTpaBMaTUYHOI TEXHOJIOT1i, MAKCUMAIBHO BUPaKEeH1
npyd BUAAJICHHI KaTapaKT 3 BHUCOKOIO IIUTBHICTIO sipa KpPUINTATWKa 1 YCKIAQIHEHHX
KatapakT. BiACyTHICTh MEXaHIYHOIO HATUCKY Ha KPUIITAJIMK BHIITHO BIJIPI3HIE
texHosiorito JIEK Bigx YOEK, npu sxili He BIA€ThCS MOBHOIO MIPOIO 3HSATH MEXaHIUuHE
HaBaHT)KEHHS Ha 3B'I3KOBHH amapar KpHINTAIMKAa. THCK Ha KPUINTAIUK B MPOIECi
MaHyaTbHOI (pparMeHrarii siipa MOKE CIPOBOKYBAaTH PO3PUBU OCITA0JICHHX BOJOKOH
IIUHOBUX 3B's130K [77].

Ille omniero TexHosoriero, ska moxke 3aminut YDEK, e Catapulse Med-Logics.
VYcraHoBka mpamroe TakuMm 4uHOM, 1o Catapulse cTBoproe B acmipaiiiiHid JIiHIT
KOJIMBaHHS, NPU SKOMY KPHUIITAIMKOBA PEUOBHMHA Pa30M 3 acHipalliiHUMH MOTOKAMH
pyXar4uch 10 (aKOHAKIHCUYHHKA, BIAPSETHCS B OCTAHHIM, 32 paXyHOK 4OTO BiOYBAETHCS
dakodparmenTaritisa. [lepeBaroro Takoi TEXHOJIOTII € BIICYTHICTh PYXOMHUX €JIEMEHTIB, IO
CTBOPIOIOTh TEPMIUYHMM BIUTMB. 3aBISKH BIICYTHIM HEOOXITHOCTI OXOJOMKCHHS
(hakOHAKIHEUHHKA 1 BIZICYTHOCTI ipHTaIlifiHOTO pyKaBa, po3Mip POTiBKOBOTO PO3pi3y IpHU
dakoemynbcudikaiii 3a Texunonoriero Catapulse, moxe cranoButu 1,4 MM [78]. Buxoasian
3 BHWINE CKa3aHoro, BuKopuctanHsa cuctemu Catapulse Med-Logics pasom 3
demrTonazepuoro dakodparMeHTaIli€0 € OE3MEeYHOI Ta HAAIMHOI METOIUKOIO
dakoemynbcudikairii, IO Ma€ MEPCHIEKTUBH PO3BUTKY B MaHOyTHHOMY. 3alpOIOHOBaHI

TEXHOJIOT1i CTBOPIOIOTH MOTPEOH Ta MEPCIEKTUBU B HOBUX MOJICTISIX IHTPAOKYJIIPHUX JIH3.
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1.3. Koncrpykuii, maTepianu cydacuux [OJI Ta MeToau ix iMmmianraunii

[HTpaokymsipHa J1iH3a MOXe OyTH MpU3HAYEeHA JJIs JTIKYBaHHS KaTapaKTH Ta KOPEKIIi
aHOMAJIbHOI pedpakxiii, BIANOBIIHO 10 I[bOT0, BUKOPUCTOBYEThCS adakiuHi Ta (akidyHi
niH3u. Adakiydoro niH3010 € [OJ], mo iIMIIaHTyloThCS Ha MiClie BUJIaJIEHOTO HATUBHOIO
KpUIITAJIMKA, (paKkivyHa K JIIH3a, MOXKEe OYTH IMILJITaHTOBaHa Oe3 BUJAJICHHS KpHUIITaauka. B
naHiii poOOTI po3MISIAAIOThCA adakiuHi IITY4YHI KPUINTAIUKW, [0 TMPU3HAYEH] IS
XIpypriqHOTO YCYHEHHSI KaTapaKTH.

bynp-sxka IOJI cknagaeTbcsi 3 JBOX YacTHUH: ONTUYHOI, 110 BUKOHYE OCHOBHY
¢yHKIi0 GOpMYBaHHS 300pa’K€HHS Ta OMOPHOI (FranTHUYHOI), [0 3a0e3neuye cTadiIbHe
po3ranryBaHHs B omi. Ontuyna yactuna [OJI — ne nmiH3a miametpoM OJM3BKO 5-6,5 MM.
INantuyna wactuna [0JI cknagaeTses 13 1yKOK, BUJ 1 hopMa SIKUX CYTTEBO BIIPIZHAIOTHCS
B pi3HUX Mojensx. 3araipHuii po3mip IOJI (ontuka 3 rantukor) gocsrae 13,5 mm.
MoOHONITHY KOHCTPYKIIiFO JIiH3, ONITUYHA YaCTHUHA Ta TalTUKA SKUX BUTOTOBJIEHI 3 OJJHOTO
Marepiany, TpuiHATO HazuBaTH MOHOOI0KOM (Puc.1.). Inmri IOJI BUTOTOBISAIOTH 3 IBOX 1

OUIBIIIE MaTEpialIiB.

Puc. 1. Mononimui inmpaokynsapui niH3u

[epmri IOJI BUrOTOBISUIIHCS 13 )KOPCTKOTO MaTepially, BOHM Majii MOCTiIHHY GopMy 1
He Oynu JOCTaTHROW THy4dykuMu. Martepiamom g skopctkux  [OJI  cmyrye
nomimerunmetakpunat (IIMMA). 11lo6 momictutr Taki IOJI B oko B mporieci omepartii

HEoOXigHO Oyno pobwuth Benukuit po3pi3 (OuTbIne, HK 3MM), a TIiCHs IMIUTAHTAIl -
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Hakinanatu mwBH. [lpu iMmmanTtanii Takux [OJI B onTuyHiN cucTteMi JIOJAMHU BUHUKAJO
yuMmano alepamiidi pi3HUX TOPsAKIB. Sk pe3ynbTaT, KOPEKII0 30py OyJlo Ba)KKO
CIPOTHO3YBATH Y 3B’A3KY 13 3HAYHOIO ONepalliiHO0 TpaBMoio. [65,77]

3 MJIMHOM Yacy 1 BIIKPUTTSAM HOBUX MOJIMEPHUX MaTepiajiB, CbOTOAHI MPUUHSITO
BUKOpucTOBYBaTH rHYuKi [OJI. ['HyUKi JIIH3U 1al0Th MOKJIMBICTh IPOBOJUTH IMIJIAHTALIIIO
3a JIOMOMOTOI0 CIIELIAIbHOTO 1HXKEeKTopa yepe3 po3pi3 menie 1,8 mm. Ilicna imnnanTanii
JiH3X B OKO, BOHA CaMOCTIHHO pO3MPABISETHCS Ta MPUIAMAE CTIHKE IOJOKCHHS.
BukopucTtanHs iHXEKTOPIB 103BOJIsiE BUKOHYBaTH iMIutanTaniro 10JI 3HagHO mBHIIE, B
MOPIBHSHHI 3 IMIUTAHTAIII€0 KOPCTKUX JIiH3. [CHYIOTH TpU BUAM iHXEKTOPiB: [79]

e OnHOpa3oBi;

e baratopasoBi, siki CTEpWII3yIOThCS (TUTAHOBI);

e Cucremu Preload (3 yxe 3anpasienoi [OJI).

['Hy4Ki IHTPAOKYJSPHI J1H3U BUTOTOBJISIOTH 3 €TACTUYHUX CHHTETUYHUX MOJIIMEPIB,
010JIOT1YHO CYMICHHMX 3 TKAHWHAMH oKka. [IpukiagaMu Takux MaTepiajliB MOXKYTh CITY>KUTH
aKpuJI, CWIIKOH, Tifporeiab Ta Kojamep. Po3pisu po3MipoM MeHIe, HXK 3 MM, He
noTpeOyIOTh BUKOPUCTAHHS IIIOBHOTO MaTepiaiy, 11€ CBOEIO YEPTror0 J1a€ CIIPUSIE MIBUIKOMY
miciasonepaminumy ogyxaduio. [33]

Jlo matepiany, 3 axkoro BUrotopisietbes 1OJI Ta ranTuku, BUCYBalOTHCS HACTYIHI

BHMOTH:
* 010JIOT1YHA IHEPTHICTB;
* BIZICYTHICTh KaHIIEPOTCHHUX BIACTUBOCTEH;
* XIMiYHa CTIHKICTh MPOTSITOM JECATKIB POKIB;
* CTIMKICTB IO CTepHIIi3aIlii;

* 3JIaTHICTb JI0 TUTACTUYHOTO ()OPMYBAaHHS 1 MEXaHIYHOT 0OPOOKH;
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* BUCOKA MPO30PICTh;
* BI/IHOCHO BUCOKHUI MOKa3HUK 3aJIOMJICHHS;
* HU3bKa BIJJTHOCHA IIUILHICTB;
* CTaOUTBHICTh ONTHUYHUX XaPAKTEPUCTUK HA MPOTs31 He MeHIe 50 pOKiB;

* CIEKTp TPONMYCKAHHS TPOMEHIB TOBHHEH OYTH OJW3BKUM JI0 CIEKTpa
NPOMYCKaHHS MPUPOJTHOTO KPHIITATHKA.

SAx marepian anga 10JI, HaWOUIBIIMM MOMUTOM KOPUCTYETHCS aAKpWI, SKUM €
010JI0TIYHO CYMICHUM 1 Ma€ 3a/I0BUIbHI ONTHUYHI XapaKTEPUCTHKU. AKPHI MOxe OyTH
rinpopoOHuM Ta rigpoduibauM. ['iapodoOHuit akpun OyB po3poOieHU creianbHO IS
BurotoBieHHs [0J] 1 Mae HU3BKUN PIBEHb BMICTY BOJAM Ta BIAHOCHO BHUCOKY IMPO30PICTh B
NOPIBHSHHI 3 T1IPOPUIBHUM, 1110 MOXKE MICTUTH TToHA] 26% BOM 1 OyTH MEHIII TPO30PUM.

ITo criocoOy 3anomnenns citiaa I0JI MoxxHa pO3AUTUTH HA TaKl TUIIH:

e Cdepuuni — mnepii iHTpaoKysspHi JiH3H. CdepuuHi JiH3M BBaKAIOTHCSA
“eKOHOMKJIacoM” 1 MOpaJbHO 3acTapiuiuMH. barato KIIiHIK BIIMOBHWIHCS — iX
BUKOPUCTOBYBATH, TOMY, III0 TaKa ONTHKA BUKIMKAE BEUKI CIOTBOPEHHs 30py. CdepuuHi
JIIH3M 3aJIOMJTIOIOTH CBITJIO B IIEHTPI 1 110 Kpasix mo-pizHomy. Llet edhekT 00yMOBICHUH THM,
110 TIPOITYCKarUn Yepe3 cede MpoMeHi CBiTIIa, chepryHa JTiH3a MepeIoMITIOE 1X i pI3HUM
KyTOM, BOHU HE CXOJIATHCA B OJIHIN (DOKyCHIN TouIll BHAcHinoK chepuunoi abepartii (CA).
3-3a IIbOTO BUHUKAE CBITIIOPO3CISTHHS, 10 3HIKYE YITKICTH 30pYy 1 MOXKE CTBOPHUTH €()EKT
3acBiueHoro 300paxeHHsa. Cdepuuni abeparlii, 0 BUHUKAIOTH MICIA IMIUTAHTAIl]
cragaaptaux cpepuunux [OJI, cnpusroTs 30UTbIICHHIO TIUOWHN (POKYCYBaHHS, ajie MpH
[IOMY 3MEHIIIYIOTh SKICTh peTHHAILHOTO 300paskeHHs [80].

e AcdepuuHi niH3M CiTi BBaXKaTH cydacHUM ctangaptom [OJI. Achepruni mtyuni

KpUIOTAJIWKHU 3aJIOMIIOIOTH CBITJIO OJHAKOBO, HEC3aJIC’KHO BiI[ TOroO, 4 Imaga€ BOHO Ha
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LEHTp JiH3UW a0o Ha ii Kpail. BcraHoBiaeHO (DakT, MO SKICTh 30py MICHS IMIIaHTALli
acepuunux [OJI Buie, HX TPU BUKOPUCTaHHI JIIH3 C(OEPUUHOTO TU3ANHY

JI71s1 yacTKOBO1 KOMIIEHCaIlii BTpaueHO1 aKOMOIAIIHHOT MOKIIMBOCTI 3apa3 MIUPOKO
BUKOpUCTOBYIOThCA OidokansHl IOJI. Ha panmii yac icHye JBa OCHOBHMX THIIU
oipoxansaux 10JI, mo cnocody kopekuii 30py: pedpakiiiiti i qudpakuiiiHo-pedpakiiiiyi.

e PedpakuiitHi — po3noauT eHeprii CBITJIOBOTO MOTOKY MDK (oKycaMu
BUKOHYETHCS 32 PaXyHOK pajliaIbHOI CXOJMHKOBOT 3aJIEXKHOCTI 3aJIOMITIOI0UYO] CHJIH JIIH3H.
Le nocsaraeTbcst ab0 3a paXyHOK PI3HUX PajlyCiB KPUBU3HU LEHTPAIbHOI Ta nepudepiiHoi
YacTHH J1H3M, a00 MIJISAXOM BIAMIHHOCTI TMOKa3HUKIB 3aJOMJIEHHS LEHTPAJIbHOI 1
nepudepiitHoi AUIIHOK. B 1iH31 MOxe OyTH 1 KUTbKa AUISHOK 3 PI3HOIO 3aJOMITIOIOYOI0
CWJIOIO, 1110 YTBOPIOIOTH Psi/i KUTbIIEBUX 30H. B Oyab-sikoMy BUIAJKy XiJl MPOMEHIB Yepe3
BCi 30HU JIIH3U TOBHICTIO OIHMCYETHCS 3aKOHAMH TE€OMETPUYHOI ONTHKH, 3aKOHAMHU
pedpakiii. Hemonik pedpakimiiinux OiQokanpbHUX JIH3 TOJATa€e B TOMY, IO TIpHU
3MEHIIIEHHI JllaMeTpa 31HUIll, NMPU SICKPAaBOMY OCBITJIICHHI, nepudepiiiHi IUISHKUA JIIH3U
MOXYTh OyTH TIOBHICTIO 3aKpUTUMH 1 B IbOMY BHMAAKy OiOKaabHI BJIACTUBOCTI
BTpavaroThcs. s 30epekeHHst O0ihoKaIbHUX BIACTUBOCTEH MpH 3MEHIICHHI JiaMeTpa
3iHUI HeoOXimHa KOHCTPYKIliA IOJI 3 BeIMKOI KIIBKICTIO KUIBIIEBUX 30H, 3aJOMIIIOIOYA
CWJIA SIKUX TIOBTOPIOETHCS YEPE3 OJHY.

o JludpakuiiHo-pedpakiliiiii — JJIs OMUCY A1l IKUX BUKOPUCTOBYETHCS MIPUHITUTI
['tolirenca-®penens. Onna 3 noBepxonb [0JI € MoHOOKaTBHA 3aTOMITIOIOUA (TJIa1€HBKA),
a Ha 1HIIY TMOBEPXHIO HAHOCUTHCS IPIOHO-CTPYKTYPHUH KUIBIEBUU penbed, 3a3BUYA
TPUKYTHOTO TPO(diT0 B3MOBXK pajgianbHOro Hampsmy. Llum penbedom 3abesneuyerbes
mudpakiiiine po3nofuieHHs cBiTia. [limbopom 3amomiiorodoi cuiu  (KPUBU3HM)
IMaJeHbKOT 3aJOMIIIOIOYO TMOBEPXHI MOXHA BIUIMBATH Ha TO3J0BXXHE 3MIIICHHSA
IUQPPaKIIfHUX MaKCUMYMIB, 3a0€3MeuyloYd THM CaMHM HEOOXIIHY CHUJIy 3aJOMJICHHS

Bciei IOJ1.
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Ilo ciocoOy kopekii 30py:

e MoHo(dokalbHl — 34aTHI BIAHOBUTH 3ip B OAHOMY 13 Jlama3oHIB, a came Ha
O0M3bKy a0o BilJlalieHy BIJICTaHb, B 3aJI€KHOCTI Bil TOTpeOu marfienTa. [licas immmanTanii
takux [OJI g 3MiHM 30poBOro Alama3zoHy MOTpiOHAa OYKOBAa KOPEKIIs, B OUIBLIOCTI
BUIIAJIKIB BOHA 3aCTOCOBYETHCS JUIsl 3a0€3MEUEHHsI YITKOTO 30pYy Ha ONM3bKii BIACTaHI;

e MynbsTudokansHi (rncesgoakomoaywui) IOJI m03BOJIAIOTE OTPUMATH BHUCOKY
rocTpoTy 30py B (PyHKIIOHambHOMY OJM3bKOMY Jiana3oHi, Ha Biactani 40 cm, Ta y
BiJIJaJICHOMY Jiana3oHi. 3a CTaTUCTUKO, 10 80% mallieHTiB, sKUM Oylia IMIUTAaHTOBaHA
myasTH(OKanbHa [0J], He KOPUCTYIOThCS OKyJIsIpamMu B3araii; [81]

e AKOMOAYIOYi — MPUHIIMAIT POOOTH SAKHX TOJIATAE B CUMYJISIIT pOOOTH HATUBHOTO
KpHUIITAINKA OKa JIFOJAUHU MPH 3311 MIIIapHUX M’ SI31B, 110 A€ MOXKJIUBICTh 3a0€3MeUnTH
BIJTHOCHO BHUCOKI TTOKa3HUKH 30PYy Ha PI3HUX JUCTAHITISAX;

e 3i30uibmieHor0 ruounHo Gokyca (EDOF) — IOJI, mio mpoekTyrTh MIUPOKHUit
Jiana3oH TMPOCTOPY B OAHY (OKaIbHY 30HY Ha CITKiBI. 37aTHI 3a0e3NeYuTH 3ip B
niamasoHax Bim 42-45 cM go OeskiHeuyHocTi 6e3 dokanmpHux Touok. IOJI EDOF
J03BOJISIOTH OTPUMATH BUCOKY TOCTPOTY 30pY B OJM3bKOMY Ta BIJAAJICHOMY Jiama3zoHax.

3a 10AaTKOBUMHU MOKIUBOCTSIMU KOPEKIIIi:

e Topuuni — nependayeHi A1t KOPEKIlii KaTapakTH, YCKIaJHEHOT aCTUTMAaTU3MOM
Ta 3a0e3neuyioTb MOoHOGMOKanbHui 31p. Ontuka TopudHux [OJI MICTUTH HMIIHIPUYHY
MOBEPXHIO, sIKA BUTIPABIISiE€ €EKT «KPUBOTO J3epKaay;

o TopuuHi MynbTU(GOKATBbHI — TependadeHi Juisi KOPEKIii acTUrMaTHU3My Ta
3a0e3mneuyroTh 3ip Ha OJM3BbKY Ta BiJajeHy BiICTaHb. 3-32 TOTO, M0 POTIBKA Ma€ OUIBIITY
3aJIOMJTIOIOYY 3JaTHICTh, BIUIMB POTIBKOBOTO AaCTUTMATU3My Ha 3ip OUIBIIWN, HIK
KPHUIITAIUKOBOTO. 3a CTAaTHUCTHKOIO JIIKApiB, POTIBKOBHI aCTHUTMATHU3M 3YCTPIUAETHCS Y
MaIiEHTIB 3HAYHO yacTimie [82].

Bimomo, mo nmpakTH4HO Oyab-IKe ONTHYHE cepeaoBHIne 3MeHInye BIumB Y D. Tak,
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BIKOHHE CKJIO Maie IOBHICTIO 3aTPUMYE CEpeAHbO- 1 KOPOTKOXBWIBOBY YAaCTHUHY
omxHporo Y®. 3 iHmoro 00Ky, CKJIO J00pe MpOIyCKae JOBrOXBHIBOBY dacTuHy Y®
BUMPOMIHIOBaHHS, 1[0 CTaHOBUTh Onu3bko /0% 3aranpHO1 i1HTEHCHBHOCTI. B xomi
ornepauiiHOro BTpyUYaHH 110 BUIAICHHIO KATAPAKTH, Pa30M 3 KPUIITAIUKOM BUAAISAETHCS
MPUPOAHII )KOBTHH PUIBTP, IO NPOTHAIE HETATUBHOMY BILTMBY YD BUIIPOMIHIOBAHHS Ha
CITKIBKY OKa. 3aaisi 30epexeHHs 3aXUCHUX (YHKLIH, OpOTHAIl PO3BUTKY AUCTPO(Iii,
BIKOBHX 3aXBOPIOBAHb CITKIBKM, Cy4YaCHUM cTaHgapToM € HasBHiICTh B 1OJI xoBTOTO
dinerpa. Moro ¢yHKuis — BiACiKaTH NPOMEHi CHHBOTO CHEKTpa i NpH IOMY HE
NOpyIIyBaTy OanaHc KOJIPHOTO COpUMHATTS. J{Jis 3a0e3nedeHHs MX Ta 1HIIMX ONTUYHHUX
NOKa3HUKIB JIIH3a TIOBMHHAa MaTH CTa0UIbHE Ta TpPaBWIbHE TMIOJOXKEHHS B OIIl.
PozramyBanuss IOJI B omi 3a0esneuyerbcs 3a JOMOMOrO0 (PIKCYIOUMX TalTUYHUX
€JIEMEHTIB, 10 MPHUEAHAH] 10 ONTUKHU. ['anTH4YHI €1eMEHTH HE 3aBXKIU IMOINEPEIKYIOTh
JUCIIOKAIIIIO JIIH3W, I1HKOJIM BUKIMKAIOTh JAedopMallilo KarncyJabHOTO MIlIKa Ta
HEPIBHOMIPHO PO3IMOAIIAIOTh HABAHTAXKCHHS Ha IIUHOBI 3B’ s13KH [8].

[NanTrka Moske OyTH aHTyJIbOBaHa, HEAHTyJIbOBaHa 1 TopcionHa (Puc.2.):

%
Puc.2. Buou naxuny eanmuxu 8i0HOCHO NiH3U

» HeanrynboBana (TutanapHa) rantuka (JIiH3a 1 ranTHKa JIEKaTh B OJHINA TIIOMIWHI,

Puc.2, A).

* AHTyJIbOBaHA TanTukKa (PO3MINTy€EThCS MM KyTOM JI0 TUIONMHY JTiH3U, Puc.2, b).
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* TopcioHnHa (ranTuka, sika Mae Npy>kHbo-Ae(OpMOBaHi BiIacTUBOCTI, Puc. 2, B)

[OJI, Mmarepias ranTUKH SIKUX BIAPI3HAETHCS Bl MaTepiajly ONTUKHU (HE MOHOJITHI),
OUTBII CXWJIBbHI JI0 1X BIAJIOMJIEHHS, 1110 TPU3BOAUTH A0 MpoOeM pi3Horo tumy. Jlikapsmu
OyJ70 HE OJIHOPA30BO BiIMIUEHI BUMAJKHU BIAPUBY OMOPHUX €JIEMEHTIB JIH3U Bl ONTUKU
[8, 83, 84]. 3mina nmonoxenns I0JI tpamnsierbes y 0,2-2,8% mamieHTIB, 3HIKYIOYH 30POBI
(GyHKIIIT Ta BUKITUKAIOYH, K ONTUYHI (DEHOMEHH, TaK 1 pi3HOTO TUIY yCcKJIaaHeHHs [ 85].

Ha cporognimabomMy puHky npencrasieHo Ouibiue 1500 mopneneit I0JI pizHoro
JM3aifHy, sSIK1 MaloTh, SIK epeBary, Tak i HejoJiku [83]. Bubip Tiei un inmoi [OJI 3anexutsb
BIJl apaMeTpiB OKa, 0COOJMBOCTEN MATOJIOTTYHOIO MPOLIECY Ta 3aIJIAHOBAHOTO 0a)XaHOTO
pesynbrary. CtabinbHicTh napameTpiB [0JI 3abe3nedye BUCOKY SIKICTh RKHUTTS Ta 30py Ha

JIECSITKU POKIB.

1.4. MicasionepaniifHi NpoodJjeMu, MOB’A3aHi 3 IMIVIAHTAIIEI0 IHTPAOKYJISIPHUX
JIiH3

He nuBnsyuce Ha Te, 10 OCTaHHI JBa ACCATWIITTS O3HAMEHYBAIHCh 3HAUHUMU
yIOCKOHAJICHHSMH  XIPypriyHOTO JIiIKyBaHHsS Karapaktd 3 imrmiadTtamiero [OJI,
3MEHIIIEHHSM KUIbKICTh BHUITQJIKIB PaHHIX Ta Mi3HIX ITCJISONEpAiiHUX YCKIAIHECHb, iX
PIBEHb 3aIMIIAETHCS JIOCTATHBO BHUCOKHMM. YacToTa ciaaOKOCTI 3B’S3KOBOrO amapary
KpUINTAIMKa y TAIlIEHTIB 3 KaTapakTor ckiamae Big 5% mo 15% [86, 87], mo moxke
IIPOBOKYBAaTH HOT0 PO3pWB. Y 3B’SA3KY 3 IIUM, B ICIAOINEpaliftHOMY TEpioal PHU3HK
mucnokarii IOJ] y Takux mamieHTiB € BUCOKMM. 3MiHA MOJOKEHHS JIIH3U TPAIISEThCA Y
0,2-2,8% mnpoomnepoBaHUX, 3HWKYIOYM 30pOBI (YHKII Ta BUKIMKAIOYH, SK ONTHYHI
dbeHomenu, Tak 1 pi3HOro TUIy yckiamaHeHHs [85]. Pusuk apemneHTpamii Ta moBopoTa
ONTUYHOT YACTHHH HAWYACTIIIE TPAIISE€THCA MPH IMIUTaHTaIlli acepUIHUX, TOPUIHUX Ta
mynbTUGOKanpHUX [OJI [88]. 3akoHOMipHO, YMM OuUTbIIE Yacy NPOUILIO ITCIIA
OTIEpAaTUBHOTO BTPYYaHHS, TUM BUIIHA PU30K 3MIIIIEHHS. Y MAIlI€HTIB, IKUM IMIIJIAaHTOBaHA

IOJI 6e3 (ikcarlii OMOPHUX €IEMEHTIB B KalCyJIbHOMY MIIIKY, 3yCTPIYAETHCSI PO3BUTOK
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€K30TeHHO1 MmirMeHTanii. B 1IboMy BHITaIKy, OMOpPHI €JIEMEHTH MOXYTh TpPaBMYBaTH
BIIPOCTKM LMJIIAPHOTO TLIa, MPUKOPEHEBY 30HY pPAayXHOi OOOJOHKH 1 BUKIUKATH
“pO3MOPOILIEHHS” MITMEHTY.

CkopoueHHs MepeAHbOI KarcCyau BiAOYBA€ThCS MPAKTUYHO Yy BCiX MAI[IEHTIB MICIS
immmanTanii 10JI, oco6auBo akTUBHO B mepii 3 micsii micis oneparitii [89], ane Oubin
BUpaXeHUH 1LIeH mpolec y XBopux 3 mnceBgoekcdomarusHuM curapomom [90]. 3naune
CKOPOYCHHS TIEPEIHBOI KarCyJdu MPU3BOIUTH J0 TPAKIIHHOTO HATATY KPHUIITATUKOBUX
3B'SI30K, MOCIA0MIOE iX 1 cripusie po3puBy. PO3BUTOK BTOPHHHOT KaTapaKTH ITIiCIs Oneparii
YHACJIOK Mirpamii Ta pO3MHOXKEHHS 3aJIUIIKOBUX EMITeNIaJbHUX KIITHH TICHsS
dakoemynbcudikaiii Tpamisierbes y 45—78 % marientiB [91]. Hapocraroue momMmyTHIHHS
3aJIHbOI KalCyJdu 3a paxyHOK MIBHJKOI Mpoideparii emiTeTionuTiB KpUIITaIuKa, Ha
nymky Faisal S. et al. [92], moxe 30u1bIIyBaT cymapny macy KM + 10J1, migsunryroun
TUM CaMUM HaBaHTa)KEHHS Ha 3B'I3KW KPUIITAIAKA.

Hocutk yacrto, micna iMmmutanTarii 1OJI peectpyeTbest micnsornepariitHa ¢gopma
aCTUTMaTHU3Ma, IO 3aJIEKUTh BiI METOJUKH MPOBEJCHHS IMIUIAHTALI] JIIH3HM, BEJIMYUHU
pO3pI3y POTIBKH, HASBHOCTI MIBIB Ta 1H. 3ajyIsl 3MEHIIEHHS TPaBMAaTHUYHOCTI OKa Ta
MOJICTIIIEHHS  IMIUIAHTAIll INTYYHOTO KpHUINTanWKa, cydacHi BupoOHmku 1OJI,
BUTOTOBJISIFOTH iX SIKOMOTA TOHITMMH. 3 OJTHOTO OOKY I1€ IPOTHU/II€ MOSIBI 3HAYHUX a0epaliii
B OINTHYHIN CHCTEMI, IO BUHUKAIOTh 32 PAXyHOK TPABMATHYHOCTI POTIBKH ITi Yac
oreparlii, TaK0 CKOPOUYE Yac MicIsIoNepaIiiHoro o1y»aHHs, a 3 1HIIOTOo, 11e € (aKTOpOM
PU3HMKY PO3PIDKEHHS CKJIOMOMIOHOTO Tijla 1 SK HACIAOK, BiMIIapyBaHHS CITKIBKH.
[IpucytHi Ha cygyacHoMy puHKY [OJI MaroTh TOBIIMHY | 1 MEHIIIE MUJTIMETpA, 110 J1a€ 3MOTY
IMIUTAaHTYBATH iX 4epe3 po3pi3, sikuil He nepeBulrye 1,8 MM. 301IbIIeHa IEpeIHsS KaMepa
OKa, Mo (OPMYETHCSA 3a PaXyHOK HEBIAMOBIMHOCTI 00’€My IITYYHOrO KpPHINTAJIHUKA JI0
MPUPOAHHOTO, TMINBUINYE PU3UK BUHUKHEHHS NHCOAIaHCYy BHYTPIIIHHOOYHOTO THCKY
(BOT) ta Tpakmiiiauii HaTsT 38’5130k KM. Bucokuit BOT Takox mMoxe OyTH MPUIHHOIO,

HaIllpuKiIaa, HEJOCTaTHbO BHUMHUTOIO 3 HepeI[HI)Oi KaMCpH OKa CHCHiaHLHOFO T¢I, mo
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BBOAUTHCA mia yac immianTanii I0JI. Lle cTBoproe mepemkoay uisi MPOXiAHOCTI OYHUX
KaHaiB. B Toii e Jac, B OCHOBI ILOTO YCKJIQJHEHHSI MOXKe OyTH OJIOKYBaHHS 31HUII1 Yepe3
3cyB [OJI B HAanpsSIMKY pai1yKKH.

B tonkux miHzax (MeHme HiX 1 MM), 1is 3a0e3nedeHHs MOTPiOHOT A10NTPIHHOI
CWJIM, BUKOPUCTOBYIOTh MaTepiaJid 3 BUCOKUM MOKa3HUKOM 3asioMieHHs Bif 1,46 no 1,551
Oinblle, 10 BIAPIZHAETHCS BiJl MOKAa3HUKA 3aJIOMJICHHS HaTUBHOI'O KPUILITAJIUKA, IKUU B
TOBII[I MOCTYIOBO 3MiHIOEThCs Bif 1,406 B nentpi g0 1,386 Ha mepudepii. Pizka 3mina
noka3HukiB 3amomuieHHs, 1OJI - Boasuucta Bosora (1,33), NpoBOKye BUHUKHEHHS
HEraTuBHUX (QOTUYHUX e(eKTiB, ONyKarody CKOTOMy, Tiep, ramo Ta DpeHeniBCbKe
BIIOUTTS, IO TMPHU3BOJAATH JO BTPAaTH MNpPaBWIBHOI Mepefadi KOHTpPAcTy Ta “‘edexty

J3epKana’”, IKUi TOMITHUN OTOUYIOUHM.

1.5 BucHoBku 710 po3ainy 1

BikoBa karapakTa € OCHOBHOK MPHUYMHOIO CIIIOTH B yChoMY CBiTi. ChOrojHi
METOJOM JIIKYyBaHHS KaTapakKTH € XIpypridHe BTpy4aHHs 3 (akoeMynbcudikairiero
3MYTHUIOTO KpHUINTAIMKA 1 iMIuTaHTaIiero Ha ioro micue IOJI. He nuBnsiunch Ha 3HAYHUMA
porpec B METOJax KaTapaKTalbHO1 XIpyprii Ta TexHiyHuM mpopuB B cTBOpeHHi [0J],
PO3BHTOK IHTpa- Ta TICISONEpaIlifHUX YCKJIaJHEHb € TpUCyTHIMU. Bennka wacTka
yCKJIaJHEHb IMOB's3aHa 13 Hemoiikamu KoHcTpykinii IOJI, amke BOHa Bimirpae KIHOYOBY
pOJIb B OTPUMaHHI SKICHOTO 300pakeHHs. Jluciokariisi JIiH3M, BIIJIOMJICHHS TallTHK,
PI3HOTO THIy ONTHUYHI BIAXWJICHHSA, PO3BUTOK BTOPUHHOI KaTapaKTH, TPEMTiHHS
paiimyxHOoi 000JOHKHM, 30iIbllieHa TIMOWMHA TEpPeaHbOi  KaMmepu, aucOanaHc
BHYTPIIIHBOOYHOTO THCKY, PO3PIIKEHHS CKIOBHIHOTO Tilla, BiAIIapyBaHHS CITKIBKH,
BUIIAJ[IHHA JIIH3W B CKJIOBUIHE TLJIO Ta iH., BUKIUKAIOTHCS HEIOCKOHAIOCTAMH IU3AWHY
IOJI. TlpaBunbHa dopma, 06’em  Ta matepian IOJI 1 ranTuku, MOBMHHI BiANOBiTATH
icCHyrOYMM BHCOKHM BuMoram. OTxe, po3poodka HoBoi [OJ], sika 6 maa mokpaiieHi OonTU4IH1

MOKA3HUKHW Ta MEHITY WMOBIPHICTh MOSIBU YCKJIAIHEHbB, € aKTYaJbHOO 3a]1a4€TO.
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PO3II1JI 2: HIVIAXH YIOCKOHAJVIEHHSA IHTPAOKYJISAPHUX JITH3

2.1. TocaigxeHHsl TANITUKU ICHYIOUYMX IHTPAOKYJISIPHUX JIiH3

Juzaitn ontuyHoi yactuHM [OJI Ta 11 ranTuku Mae€ BaXJIMBE 3HAYCHHS IS
MPaBUWIBHOTO PO3TAIIYBAHHS IHTPAOKYJSAPHOI JIH3M B OLI Ta OTPUMAHHS SIKICHOTO
300paxkeHHd. Ha ChOroAHIIIHINA J€Hb KOHCTYKTOpAaMU PI3HHX MOJENENd BeIyThCs
JUCKYCI1, sIKa KUIBKICTh TAITUHYHHUX €JIEMEHTIB HEOOX1Ha /1 3a0e3eueHHs CTablIbHOTO
nosoxkenHst [OJI. 3a cBoiM nu3aiiHOM JliH3a HE TOBUHHA CTBOPIOBATH HAMIPHHUI TUCK Ha
IIMHOBI 3B’SI3KM Ta OYTH Ba)KKOIO, a came MEPEeBUIINYBaTH Macy HATUBHOI'O KPHUILITaIUKa
aopociol JroauHH, sika carae 200 mr [93].

AHTyIhOBaHI TaNTHYHI €JIEMEHTH, KyT SIKMX MOKE BapitoBaTHCh Big 5° mo 15°,
JI03BOJISIE CTBOPUTH TOTPi1OHMM KOHTAKT KoMiuiekca [OJI Ta KM, mum camMmuM 3MeHIIUTH
PU3UK BUHUKHEHHS BTOPUHHOI KatapakTu. JKOIHI, MpeacTaBieHl Ha PUHKY TanTHYHI
enementu 10JI, He maroth koHTakTy 3 KMK 10 Bchomy koiy, Ha 360°, a ymiiie TOYKOBO,
IUIOIA KOHTAKTY 3aJI€kKUTh BiJl iX AU3aiHYy Ta KUIBKOCTI. To4YkoBHMM KOHTAKT Takux 10J]
CTBOPIOE HEPIBHOMIPHMM HATAT HA I[MHOB1 3B A3KH, IO MOXE OYTH NPUYMHOIO ii
IUCIOKAI] Ta BUIIAIIHHS B CKJIOBUIHE T1JIO.

CrnemianictaMu TakoX 3aikcoBaHi B MiCIsIONIEpAIlIiHOMY ITePi0/1i BUITAIKU BIIPUBY
OTIOPHUX €JIEMEHTIB JiH3M Bing ontuku [8, 83, 84], mo Buximkano aerneHtpario 1OJI.
3araJbHOBM3HAHUMH € JIBa MUISXH KOPEKIl JaHOTO YCKJIAJHEHHS: IMiIINBaAHHS
JIMCIIOKOBAHOI 3aJIHBOKAMEPHOI 1HTPAOKYJSAPHOI JIIH3M 10 OOOJIOHOK OYHOTO s0JIyKa
(parimyxku, ckiepr) abo 3amina ii Ha [OJI iHmI01 hikcarrii, KO>KeH 3 IKUX Ma€ psiJl ICTOTHUX
vegonmikie  [94, 95]. 3a nmomomororo YBM (ynmbTpasBykoBa OioMeTpis) MOXKHA

niarHoctyBatu 3mimeHHs [OJI 8 KMK. BuninsroTs Taki Tunu 3mimeHs (puc.3.):
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Puc. 3. Buou 3miwenns inmpaoxkyasapHoi 1in3u 6iOHOCHO 3iHUYL

1— 3iHUI; 2 — IHTPAOKYJISIpHA JIIH3A

a) Haxwi; 0) mporuH; B) 3mimeHHs ontuyHoi yactuHu [0JI B KMK nazan ta
BIIEPE/T BIITHOCHO TUTOIIMHY TalITHYHUX €JIEMCHTIB.

3 MIMHOM dYacy, Mif J1€H0 KOHTPAKIIMHUX CHUJI KalCYJIbHOTO MIIIKa 1 IIUHOBHUX
3B’SI30K, TPAIUISIFOTHCS BHUIMAJAKU BIIJIOMJICHHS TanTHK. CUMYJAIiS BIUIMBY CHJI, IO
BUHUKAIOTH B 0111, Ha icHyr041 [OJI, nae o1iHKy MIIIHOCT1 KOHCTPYKIII1 JTIH3H Ta TOILILHOCTI
JU3aliHy TallTHYHUX €JICMCHTIB.

Ax npasuino, ctangaptHi [OJI MarOTh 1Ba TaNTUYHUX €JIEMEHTa, 10 B OUIBIIOCTI
BUIIAJIKIB JIOCTATHBO IS LEHTpaIlii JiH3u B o1l. Jia ¢izuuHoro MojentoBaHHs 3pa3ka
moHousriTHOT IOJI omHOrO 13  BUpPOOHUWKIB, BHKOPHCTaHE IIpOTpaMHE 3a0e3nedeHHs
SolidWorks (Puc. 4). BinmoBigHo I1i€i JiH3W, 3aCTOCOBaHi MapaMeTpU CHUPOBUHH, IO
MicTsATbea B 010ioTeni marepianiB SolidWorks (Puc.5).

Xapakrepuctuku [OJI q1s MoietoBaHHS

KinpKicTh ranTHYHHUX €1€MEHTIB — 2 IIT.

Biacrans Mk HAHOUIBII BiAJaJIEHUMHA TOYKAMH FAIITHYHNUX €JIEMEHTIB - 13 MM

HiameTp onTU4HOI YaCTUHU - 6,5 MM

Martepian [OJI - [Torimetnnmerakpunat (IIMMA)
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Puc.4. 3mooenvosana icuyroua gizuuna mooenv 10J1

BrnactuBicTb 3HauyeHHA  |OauHULI BUMIDIOBAHHA

Puc.5. Dizuxo-mexaniuni enacmusocmi IIMMA 32iono 6azu mamepianié SolidWorks

3 BHKOpHCTaHHSAM BJIaIITOBaHOi Oi0miorekn Simulation Oyno mnpoBeacHe
MOJICJIIOBaHHS BIUTUBY KallCyJlIM KPHUINTAJUKa Ta CHJI LIMHOBUX 3B’ A30K Ha ranTuky [OJI.
OOpaxoBaHa cuia, 3 SKOIO MOXeE MIATH LWIapHUH M’S3 Ha KalCyJbHUH MIIIOK
KpUIITAINKA. SIKII0 TPUHHSATH, IO IUPUHA KUTBIIETIOIOHOTO IUTIapHOTO M's13a JOPIBHIOE
2 MM, a foro ToBmuHAa - 1 MM, To monepeynuii nepepis cknagae 2 Mm% Cuila CKOPOYEHHS
IIAJTIAPHOTO KUTBI 3HAXOIUThCs B Mexkax Bim 0.8 no 1.2 H, B 3amexHocTi Bix Biky, 15 -
45 pokiB BianoBinHo [96]. Bektop cuim cripsiMOBaHUil 10 IIEHTpa Karcyad KpIITaauka i
IpU MaKCUMaJIbHIN aKkOMOZAIIITl AlaMeTp LIIIaPHOTO KUIbI 3MeHIIyeThes Ha 0,8 MM.

Pesynbratu nocnimkenns moentoBanHs iMmiantoBanoi IOJI 6e3 moBHOT ikcamii
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nokasani Ha (puc. 6-9).

URES [mm)

l 3,359

Puc. 6. Ilepemiwyenns canmuxu ma 1OJI nio dicro po3paxosaroi cunu

1— mouatkose nosoxenus [OJI; 2— 3mimene nosoxeuas [0OJ]
Pesynbryroue 3mimennss URES 3HaXoauTbes, SIK KBaJgpaTHUH KOPIHb 13 CyMH

KBaJIpaTiB MepPEMIlIeHb B TPhOX KOOPIMHATAX:

URES = [U” | = /(Ux)% + (Uy)? + (Uz)? (2.1)
Otpumane makcumanbHe 3HaYeHHST URES=3,664 MM.
MakcuMalbHe HanpyXKeHHs Ta 1eopmariisi, Ski BAHHKAIOTh B IHTPAOKYJISAPHIN J1H31

i1 9ac Aii Ha Hel cuJl, TToKa3aHi Ha puc. 7 Ta 8.
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von Mises (N/m#2)

21732,546

19 921,502

_ 18 110458

. 16293414
. 14488370
_ 12677326

_ 10866,282
_ 9055,238
. 7244193
= _ 5433149

el 3 622,105

21 732,546
111,061

16,913

Puc. 7. Hanpyowcenns 6 inmpaoKynisapHi ain3i

Kpurepiit MakcMMaIbHOTO HanpyskeHHs 1Mo VON Mises rpyHTyeTbest Ha Teopii Mises-
Hencky, Takox Bizomoi sik Teopist eneprii popmosminu [97]. BukopucToByroun o0uncicHi

TOJIOBHI HANIPY>KEHHS G1, G2, G3 Hampyra 1no Mizecy po3paxoByeThCs SIK:

ovon Mises = {[(0; - 0,)? + (0, - 03)% + (0; — 03)?%]/ 2}(%) (2.2)

JJis1 KOHKPETHOTO BUTIAJKY BCTAHOBJICHO:

ovon Misesmax=21732,546 H/m?

ovon Misesmin= 16,913 H/m?

Teopist cTBepKYE, IO TUTACTUIHUI MaTepiasl TOYMHAE TTOIIKOKYBATUCS B MICIIAX,
7e Hampyra mo Mizecy cTae piBHOIO TpaHUYHINA Hampy3i. Y OUIBIIOCTI BUMAAKIB, MEXa

TUTMHHOCT1 BUKOPUCTOBYETHCS B SIKOCTI TPAHUYHOTO HaIpykeHHs. [97]
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ESTRN

0,005

0,004
- 0003

. % . 0,003

_ 0,003
&= . 0,002
0,002
_ 0002

. 0.0
0,001

I 0,000
0,000

Sk BUIHO 3 MPOBEJACHOTO MOJICIIOBAHHS, HAWOLIbIII HANpPYXKEeHHS cvon Mises Ta

Puc. 8. [le¢popmayis 6 inmpaoxynsapniti nin3i

nedopmariisg, BenmrmunHoro ESTRN = 0,005, BUHMKaIOTh B MICIli KOHTAKTYy TalNTHYHHUX
€JIEMEHTIB 3 ONITUYHOK0 YACTHHOIO.
ESTRN = 2 [(&; + £5)/3]Y?), ne (2.3)
g, = 0,5[[(EPSX — £*)? + (EPSY — €)% + (EPSZ — &*)?
& = [(GMXY)? + (GMXZ)? + (GMYZ)?] /4
" = (EPSX + EPSY + EPSZ) /3

EPSX - Hopmanbna nedopmartist mo oci X;
EPSY - Hopmanbna nedopmarrist mo oci Y;
EPSZ - Hopmanbha nedopmariist o oci Z;
GMXY — 3cyB Y y mionuni YZ;
GMXZ — 3cyB Z y nmomuHi YZ;
GMXZ — 3cyB Z y mnomuHi XZ;

ESTRN - ExBiBanienTHa nedopmartis;
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SEDENS - HlunpHicTh eHeprii negopmarii;
ENERGY - Cymapna enepris aepopmariii;
El - Hopmanbna nedopmariis B nepiioMy roloBHOMY HANpsAMKY;
E2 - HopmanbHa nedopmaliist B ApyroMy roJJOBHOMY HalpsIMKY;

E3 - HopmanbHa nedopmaliisi B TpeTbOMY T'OJIOBHOMY HapSIMKY

J1J1s OIIIHKY 3amacy MIIHOCTI B I1il TOYIll, MpoBeacHui aHami3 (Puc.9).

FOS

3 694,881
3 386,975
3075,063
2771,162
_ 2463,255
. 2155,349

H‘ 147,442

_ 1538535

1231,629

. 923,722

GMakc| 3 694,852

615816

l 307,909
0,508

¢!

Puc. 9. 3anac miynocmi 10JI nio diero obpaxosanoi cuiu

KoedirieHT po3mofiaeHHs 3amacy MII[IHOCTI B JJAHOMY MICIIl IMiJIPaXOBYEThCSA Ha
OCHOBI:
FOS = omexa / ovon Mises, 3Biacu (2.4)
FOS = 0,808
IIpu npuxnafgansi cuna 7,84-1073 - 11,76-10° H BuHukae 3HauHa nedopmarnis Ta
HaIpY>KEHHS TaTHYHUX €JIEMEHTIB. B 11boMy MicIli MOKIIMBE PYWHYBaHHS MaTepiany i, K
HACJI/IOK, BIIJIOMJICHHS (DIKCYIOUMX €JIEMEHTIB, IO MPU3BOJUTH JO AMCIOKAIi BCHOTO

komiuiekcy [OJI Ta TpaBMyBaHHS OKa.
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Jist miHiMizanii 3minieHHs, y ouibmocti [0JI nepeabaueHa MOXIMBICTh IIOBHOT
dikcarii. Skuro niH3a Mae OuTblIe 2-X FaNTUYHUX €JIEMEHTIB, BOHA € TPOMI3JIKOIO, IIe, B
CBOIO 4Yepry, YCKJIAJHIOE ii IMIUIaHTallil0 Yepe3 MiHiMalbHui po3piz 1,8 - 2 mwm.
Buxopucranng [OJI 3 1BoMa ranTUYHUMH €J€MEHTaMU JUJISl eKCTpaKanCyIsapHoi (ikcarii
y BIiKOBI/ OOpO3HI Ma€ Take MOOIYHE YCKIaJHEHHS, SIK 3aXBaT 31HULIL, 32 PAXyHOK TOTO,
110 BEJIMKAa YaCTHHA 30BHIIIHBOIO KPAIO JIIH3U HIYUM HE OOMEXEHA, TOUKU MPUETHAHHS
ranTHYHUX €JIEMEHTIB JI0 ONTUKH PO3MIIIICHI JiaMeTpaabHO oaHa Bix oaHOI [98]. [HmMMu
aBTOpaMHU IiCJIs IMOBHOT (ikcallii BiIMIU€H1 BUTIAJIKH BIIJIOMJICHHS TalITUYHUX €JIEMEHTIB

I0J1, 110 MosACHIOETHCS MOCTIHHUM HaTarom HUTKH (prc.10) [99].

a1 ~
: B

Puc. 10. Bionomnena canmuxa 10JI nicis wosnoi gpixcayii [99]

binpmricTs 10JI ocHamieHi criemiaTbHIMH €J1EMEHTAMU - “BYIIKaMK™~ 3 OTBOPAMHU JIJIst
moBHOI (ikcallii, mo MaroTh 3a0e3neunTu criike monoxenHs [OJI B oIl TroaUHM.
[IpoBenene mMopemtoBanHs iMrmanToBanoi [OJI 3 BuKopuCTaHHS HIOBHOI CKIIEpaTbHOI
¢ikcamii (Puc. 11-14). Ilix gac cumynsmii “Bymka” rantuk GpikcyBalucs HEPYyXOMO, IO

BiJITBOPIOBAJIO peabHI YMOBH.
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URES [mm)]
J 0,043
I 0,040

0036

. 0033

0025

0022
oois

0014
0011
1
o007
i
oo
0,000

Puc. 11. Ilepemiwenns IOJI npu cknepanvniti gpikcayii

3riIHO MPOBEACHOrO MojeoBaHHs, pe3ynbryiode 3mimenus (URES) cranoBuTh
0,043 MM. 3 oTpuMaHOro 3HAYEHHS 3MIIICHHS, MOJXJIMBO OIIIHUTH THYYKICTh Ta
IJIACTUYHICTh MaTepially TalTHYHUX €JIEMEHTIB, IO Yy BHMNAAKy Qikcallii, MawThb

MIHIMaJIbHE 3MIIIEHHS.

von Mises (N/m#2)
5840,180
I 53534%
. 4866817
_ 4380,135
. 3893453
. 3406772
2 920,090
2 433,408
16727
_ 1460045

G
Makc:| 5 840,180 973,363

436,632

0,441

Puc. 12. Hanpysicenns 1OJI npu cxnepanvuii ¢hikcayii
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Bennuuna HanpyKeHHs, K€ BUHUKA€ MpPU MPUKIAZACHHI BKa3aHOI BUIIE CHIIH,
srigHo von Mises, nmopisHioe 5 840,2 H /MZ, 0 MEHIIE, HIK Oyexa, TOMYy FOS = 6,36
TpuBanuii yac HanpPy>KEHHs B MaTepiajl, MOKe IPU3BECTHU JI0 CIIOTBOPEHHS (HOPMHU TalTHK.
[IpuBenenuit ananiz aepopmanii (puc.13.), Hajgae YUCIOBE 3HAYEHHS, 3TIIHO SKOTO
ESTRN= 0,001. Jlepopmariss MiHiMaibHa, a TOMY CIIOTBOPEHHSI Marepialy He

CIIOCTEPIraeThCsl.

_ 0,001
_ 0,001

_ 0001

. 0001
. 0,000
. 0000

C

0,000

0,000

Puc. 13. [echopmayis 10JI npu cknepanvuiti gixcayii

FOs

181 725,136

166 551,376

o181 725136 151 437,616

_ 136293856
_ 121150096
_ 106006336
_ 20862578
. 75718816
_ 60575056
_ 45431,296

_ 30287536

I 15 143,778
£,360

Puc. 14. 3anac miynocmi 10JI npu ckrepanvrii gikcayii
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B pe3ynbTaTi npoBeeHOr0 MOIEIIOBAaHHS BCTAHOBJICHO, 110 HAHOUIBII BPa3IMBOIO
TOYKOIO MpHU IIOBHIM CKiepanbHIN (ikcalii € MICUe KOHTaKTy IIOBHOIO MaTepiairy 3
rantukamu. Asne npu npomy FOS = 6,360, mo Bka3zye Ha JOCTaTHIHM 3amac MIIHOCTI, 3a
PaxyHOK IIOBHOT hiKcarii.

[Tpu cumynsauii mosHOI ¢dikcauii [OJI, HallOLIBII 3HAUYHE EPEMIIICHHS 3a3HaBaIu
KIHII1 TalTUK, IPU YOMY CaMa ONTHYHA YaCTHHA 3aJIMIlIajacsa B OUTbII CTaOUTBHOMY CTaH,
HiK B Bumaaky iMmiaantanii [OJI 6e3 moBHOi ¢ikcamii. He nuBnsuuck Ha Te, 11O
HiAMIUBAaHHS MOXE CYNMPOBOKYBATHUCS TEMOPAriYHUMH 1 3aMaJbHUMH YCKJIaIHEHHSIMH,
NOB’sSI3aHAMH 3 TPAaBMYBaHHSM CKJICPH Ta PalIyXKW, HJs 3a0e3MedeHHs CTaOlIbHOTO
nonoxxeHHs [OJI pekoMeHy€eThCsl BAKOPUCTAHHSI IOBHOT (bikcarrii. Aye B IbOMY BUTIAJIKY,
3TIIHO aHami3y, 3YCWJUIS TpHITaJa€ Ha Miclle KOHTAKTy ranTHKa-HUKTKa. KpiMm Toro,
IIOBHUI Matepial, KUl BUKOPUCTOBYEThCS AJis (iKcallii IHTPAOKYJISIPHUX JIIH3, 3 4aCOM
Ma€ TEHJEHIII0 10 PYHHYBaHHs, 110 MO)ke cnpuuuHuTH aucnokauii 10JI B misHROMY
miciasonepariinomy nepiozi [100, 101].

Ha niH3y TakoX Jie€ cuila 3€eMHOTO TSDKIHHSA, sIKa TPHU3BOJE N0 i1 JMCIIOKAIlii.
[IpoBenenuii po3paxyHOK JaHOI CHIIM, III0 CTBOPIOE AUCIIOKAIIIO IHTPAOKYIISIPHOT JIIH3H.

Tak sK, IHTpaOKyJISIpHA JIiH3a 3HAXOAUTHCA B PIJIUHI MEPEIHBOI KaMepH, TO Ha Hel

i€ BUIITOBXYyIOYa cuja Apximena F, , MPOTUIIEKHO HaIpaBiieHa 10 cuu mg (puc.15).
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F.

1
| |
A/

2

mg

Puc. 15. ia cun maxcinua ma Apximeoa na 10J1 6 KMK

1— KancynpHuii MIIIOK KpUITaiauka, 2— [HTpaokyspHa J1iH3a
Fo = pronornVg, Mg = piosV g, ne (2.5)
Poonorn = 1,005 r/cm?
Pion = 1,18 r/cMm3
g = 9,81m/c?
3rigHo 1boro, Bara I0JI 3HaX0AUThCS, K PI3HULA CHIIM TSOKIHHS Ta CHJIU
Apximena:
P =mg — Fy = (Pioxr = Peonorn) V9
3rigHo nitepatypHux nanux maca [OJI cranoButh 8 — 10 Mr, MOPIBHSAHO 13 MacoiO
kpumiranuka 200 mr [93, 102].
[TimcTaBUBIIN, OTPUMAJIH:
P =(1180—1005)-1-107%-9,81 = 1,71 - 107°H
P=171-10"°H
Jlns Toro, mo0 BU3HAYNTH, Ha CKUTBKH 3MICTUTBCS JIiH3a TIPH A1l TaKOi CHIIH, B

cepenosuii SolidWorks 0ymno smoaensoBano BrumB 11i€i cuun Ha 10JI (Puc.16).
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URES (mm)

. 0000
_ 0,000
_ 0000
_ o000
_ 0,000
_ 0,000
_ 0000

0,000

0,000

0,000

Puc. 16. Ilepemiwenusn 1OJI npu 0ii cunu 3emHo2o maxncinus

URES = 0,001 MM, BcTaHOBJIeHa HeraTuBHA TUIMBYYICTh [OJ], ane et YMHHUK HE
31aTHUM, SIK TIOKA3aJ10 MOJEIIOBaHHS, CyTTEBO BILIMHYTH Ha noJioxkeHHs: [0JI B KMK.

Pe3ynbTaTl po3paxyHKiB Ta KOMIT FOTEPHOT CUMYJISIIIT CB1IYaTh, 11O JIJIs1 3MEHILICHHS
PHU3HKY 3MIIIEHHS JIIH3M, BOHA MOBWHHA HAAIMHO ()IKCYBaTHCS B OIll Ta MaTH HE3HAUHY
macy. [logaTkoBo mpoBeaeHe mociipkeHHs MinHOCTI TanTuku [0OJI Ha cremiaiibHO

po3po0aeHiit ycranosi (puc.17), marent UA 141280 U [103].

Puc. 17. Ilpucmpiti 0ns docnioxcenns npyicHix enacmugocmeti 10J1
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VYcranoBka MicTuTh 4-u 3atuckavi (1), 1m0 3HAXOAATHCS M1 MPO30POI0 3aXUCHOIO
KpUILIKOIO (2); 4-U TEH30JlaTuMKa; PEryJsiTOp CUJIM CTUCHEHHS (KOHTpoJib pasaiycy) (3);
eKkpaH (4); KHOTIKY BKJI/BUKJ (5); peryisTop JJis BCTAHOBJIEHHS YacCTOTH CTUCKaHb (6);
perynsaTop 3aJaHHsl KUIBKICTh CTUCHEHBb (7). Ilpu mpoBeneHi EKCIepUMEHTY cuja
CTHCHEHHs TOCTYHOBO 30inbmryBanacs Big 0 mo 7,84:10° H. Ilpu momiTHOMY BIUTHBY
CTUCHEHHsI ~ CIIOCTepirajiocs He3HayHe ropu3oHTanbHe 3wmimieHHs [OJI. Mosxkna
MPUIMYCTUTH, AKIIO O rantuka Oyilna aHTyJIbOBAHOIO, TO ONTHYHA YAaCTHHA pyXajach i
BEPTUKAIBHO, B 3aJIEKHOCTI Bl KyTa Haxuiy dikcyrounx enemeHTiB [OJI. Ha takomy
NpuHIUII (PyX B3JIOBXK TOJIOBHOI OINTHYHOI OCi) TOOYIOBaHI JEsIKi aKOMOAYHOYi
iHTpaokynapHi nin3y. [Ipy NpuKIaaeHHi cuin, 3HaueHHs sSKkoi Menme 7,84-10° H, rantuka
30epirana cBoi mpy»xHi BaactuBocTi. IIpu gactori ctuchHenns 1 I'u 3 cunoro 7,84-10° H
(Puc.18), B ycix eKcnepuMEeHTaJbHUX MOJCNSIX BIAMIYEHO BIIJIOMJIEHHS TalTUYHOTO

enemMeHTa Ha 1-2 cexyH1 cTuckanus (puc.19).

Puc.18. Expan napamempis ycmaHosKu

Puc.19. 10JI 00 docridocenns npyxcHix gnacmugocmeti ma nicis
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JiameTp KpHIUTadMKa JOpPOCIOi JIOJMHU B  cepeaHboMy csrae 9,0 —
10,0 MmM. BunanenHs BMICTY KpUIITAIMKa, HA MICLIE SIKOTO IMIJIAHTY€EThCA IITY4HA JIIH34,
30uTbIIyE miaMeTp Kamcyiad Ha 1 — 2 MM [91] i cepenniii aiameTp 3aJHBOI KaMepH B
o07acTi BiikoBO1 00po3HU cTaHOBUTH 11,5 MM. Takum 4MHOM, CTaHJAPTHI Cy4acHI IITY4H1
KPUIITAINKHU, IO IMIUTAHTYIOTHCS B 3aJHIO KaMepy, BIUTUBAIOTH Ha JIBi JliaMeTPabHO
MPOTUIIC)KHI 30HU BIMKOBOT OOpO3HHU, IO BHUKIMKAE HEPIBHOMIPHY jaedopmallio
KarcyJpHOTO MIIlIKa, MAalTh CXWJIBHICTH JO JCLEHTpallii, 3yMOBJIEHY MEXaHIYHOIO
HECTaOUTbHICTIO CUCTEMH, HEBIAMOBIIHICTIO PO3MIPIB IMIUIAHTATa Ta JlaMeTpa BIHKOBOL
OOpO3HH.

3rinHo iHpopmarii iHmmx aBTopis, [104] Ta BracHUX pe3ynbTaTiB MOJACITIOBAHHS 1
eKCIIEPUMEHTIB, € HeoOximHicTh cTBopeHHs [OJI 3 ranTUkor HOBOro MU3aliHy, sKa
J03BOJISIE  OE3MEepeNIKOHO  MPOBECTH  IMIUIaHTaIlio, 3abe3neuye  (iziojoriunHe

pO3TalllyBaHHsI JIIH3U Ta IOBrOTpUBaJje ii GyHKIIOHYBaHHS.

2.2. 3aco0u nmonepeaKeHHs1 PO3BUTKY BTOPUHHOI KATAPAKTH

Bemukuii Bu6ip 10JI no3Bosisie BpaxyBaTu HpH olepallii iHAUBIIYyadbHI MOTPEOU
KO’KHOTO TMarfieHTa. BaximBo Te, 1m0 pa3oM 3 BUJAJICHHSIM PIIHOTO KPHILNTAIMKA TaKOX
BTPAYa€ThCA MPUPOAHIA JKOBTHM (UIBTp 1 IUM CaMUM 3HWXKYETBCS 3aXHCT BiJ
yIbTPadioNeTOBOr0 BUIIPOMIHIOBAHHS, 110 MOXE BUKIMKATH IMPUCKOPEHY JIETCHEPAIliio
Makynu. Tomy, IOJI, sika IMIUTAaHTY€ThCS, TOBUHHA MAaTW HE TUIBKH BUCOKI ONTHYHI
MOKa3HUKH, aje i 3axucHi BracTuBocTi [10]. OgHuMH 13 TAKUX 3aXMCHUX BIIACTUBOCTEH €
MOTIEPEIKEHHS PO3BUTKY BTOPUHHOI KaTapaKTH.

Po3BUTKY BTOpPHHHOI KaTapakTH crpusie mpomideparris, Mirparis 1 MeTara3zis
3aJMIITKOBUX €MITETIAIbHAX KIITHH, MPUCYTHIX B ekBaTopianbsHii 30Hi KMK (E-KEK), Ta
TaK 3BaHUX KJIITUH InapiB Anmamioka-Ensmnura (A-KEK), mpuuomy mosoni mamieHTH

OTBII CXWJIBHI 1O I[HOTO, TOMY IO TMPOIEC pereHepaiii MPOXOAWTH IIBHIIIE, 1,
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BIIMOBIAHO, KIITUHM akTuBHIiNI. [lomyTHiHHsS 3agnboi kancymu (II3K) y gitei
BifOyBaeThes B 67-93,3% [ 105, 106, 107, 108, 109, 110].

[cHYIOTH pi3HI MIAXOAW 0 BUPIIMIEHHS IPOOJIEMHU PO3BUTKY BTOPUHHOI KaTapakTH
Ha etami po3pooku 10JI. OnHi BUHAXIAHUKY TPOMOHYIOTh BUKOPUCTOBYBATHU P13HOT (hopmu
Oopruku Ha din3i, iHmr — [OJI 3 roctpum kpaem (puc.20) [111]. Takoxk 3BepTarOTh BEIHUKY
yBary Ha BaKJIUBICTh HATATY KaICyJW KpHILTAJIUKa, IUIBHICTh KOHTAKTY JiH3U 3 KMK
(puc.21) [111]. Tak, y 1991 p. Hara T. 3i cmiBaBT. 3ampornoHyBaB BHKOPHUCTOBYBATH
CUJIIKOHOBE «EKBaTOpiaJibHE KUIbLE» MJIs PO3IMpPaBICHHS KalCyJIbHOTO MIIIKa IiCIs
BUJIAJICHHS KaTapakTy Ta NpoUIaKTUKU MOMYTHIHHS 3a1Hb01 cTiHku KMK 1 genenTpariii
min3u [112]. [li3Hime iHIIMMUA aBTOpaMu OyJIH 3alpONOHOBaH1 MOAM(DIKOBaHI KaIlCyJIbHI

KiJIbLIs, TOHKI Ta 3 BIIKpUTHM KOHTYypoMm [113, 114].

D
N
W

Puc.20. Ilpunsecanns 10J1 3 cocmpum kpaem 0o KMK

1- 3amumok nepennpoi ctinku KMK; 2—-IaTpaokynsapna min3a; 3—3aaHs cTIHKA
KMK; 4-EnirenianpHi KaiTuHU; S—HampsaMok pyXy emiteniadbHUX KIITHH 3

exBaropiansHOoi 30H1 KMK micist ®EK.
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Puc.21. Ilpunseanns 10J1 i3 3axpyenenum kpaem 0o KMK

1— 3amumoxk nepennpoi ctinku KMK; 2— [aTpaokynspna min3a; 3— 3aaHs cTiHKa
KMK; 4— Emirenianbui knitunu; S— HanpsiMok pyxy eniteniaibHUX KIITHH 3
exBaropianbHOoi 30HU KMK micis ®EK.

Ha crorognimniii geHs icHye 6auszbko 1500 mozaeneit 10J1, Burorosinenux Oiblie,
Hik 30 kommaHisMu 10 BchoMy cBiTi [115]. Benuky KimbKICTh omeparliid, mo 3amiHi
KpPUIITAJIMKA HAa MTYYHUH, IPOBOASTH 3 BUKOPUCTaHHAM JiH3 BupoOHuiTea CIIA. 10J1,
BUTOTOBJICHI B 1[Il KpaiHi, 100pe 3apeKoMeHyBaIu ce0e 3a pI3HUMU MapameTpamu, 1 JJIs
MOPIBHSJIBHOTO aHaizy Oyno oOpaHO OJHY 3 HUX (puc.22), sSika Ma€e XapaKTEPUCTHKH,

HaBeneHl B Ta0mumi 2.1.

Puc.22. Jlocniosxcysana inmpaokynapua ninsa eupoonuymea CLLA
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Tabnuis 2.1. Xapakrepuctuku nocaiaxysanoi [0J1

Tum onTuku [TepemapocuMeTprYHA ABOBUITYKIIA ac(heprdHa

Marepian onTuku Axpuiat/MeTakpuiIar coroximMep, mo normaae Yo
Ta CHHE CBITJIO

KoedimienT 3aiomiueHHs 1,55

Pasmip ontuku (Mm) 6,0

MaxkcumanbHuii po3mip (Mm) 13,0

Kondpiryparmis rantuku I'antuxka STABLEFORCE Modified-L

KyT naxuny rantuk, ° 0

JlionTpiitHUI ps/Kpok +6,0 —+30,0/0,5D

[H1m1 BacTuBoCTI Natural

A-KoHCTaHTa 118,7

BupoOuuk Kowmmnanis 13 CIITA

CrarucTuuHl JaHl TOKa3ylOTh, IO palioHadbHO BUKOpucToByBatn [OJI 13
3aroCTPEHUM KpaeM, TOMY IO BIH 3aro0ira€ BTOPUHHOMY MOMYTHIHHI 3aJIHbOI CTIHKH
KMK [30, 31]. Came Takuii nu3aiiH BUKOPUCTAHUIN B JOCIIKYBaHIN JIH31 I 3aXUCTY

3/THBOT CTIHKH KaIlCyJIu BiJl HAPOCTAHHS Ha HiM emiTeniaabHuX KiiTuH (puc. 23) [111].

Puc.23. Enexmponna mikpockonis Kpato 1in3 piznozo ouzauny [111]

MopentoBaHHS MPOIECY PO3BUTKY BTOPUHHOT KaTapakTH (puc.27), IpoBOIMUIIOCH 3a
nomoMoroto mporpamuoro 3abesnedenHs COMSOL  Multiphysics 5.4. OG’extom
JOCIIDKEHHS OyJTU JIB1 JIIH3H, TIONIEPEIHBO 3MOIe)TboBaHi B cepenopuili SolidWorks 2019,

OJIHA 3 SKHMX 3a3HAauYCHAa BWIIIC, IHIIA - BJACHE TEXHIYHE PIIICHHS, [0 ONMMCAaHE B MATCHTI

UA 137306 U “Support OP” [116].
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Otpumani moaedi 3 SolidWorks 2019 immoprysanuce B COMSOL Multiphysics 5.4,
micnst 9oro OyJo BUKOpUCTaHO BcTaHoBieHy Oiomioreky Fluid flow. Posmipu
eniTeNiaIbHUX KIITHH MOJIrOHAIBHOI 200 OBaIbHOI POPMHU 3HAXOAWIUCH B IPOMIKKY BiJl
48 no 142 mxM. 3ajaHa MIBUAKICT PyXy €miTelialbHUX KIITUH cTaHOBWIA 1 - 104 wm/c.
IBuakicTs pyxy E-KIITHH OIliHIOBaJIacs MO KOJbOPOBIM LIKajl, MPUCYTHINA Ha KOKHOMY

300paxKeHH1 MOJIETI.

Shce Vedihy Aot ude (v - Slice: Velocity magnitude (m/s)
" x10™ x10™
1.2

0.8

0.6

04

0 y
iy o X 0
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Puc.24. Miepayia enimenianouux knimun 6 KMK 3 0ocnioscysanoro nin3010
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1— 1HTpaoKymsipHa JiH3a; 2— NepeHs NOBEPXHA KalCyJbHOIO MIIIKa KPUIITAINKa

3a pesynbraramu mMozentoBanHs B cepeposuiri COMSOL Multiphysics 5.4 (puc.
24), BCTaHOBJEHO, L0 JOCIIIKYBaHa JiH3a, BUTOTOBIEHA 3 TiAPOGOOHOr0 akpuiy, He
LIUIBHO TMpUJISATae A0 3aJHbOT CTIHKM KAalCylud 1 TOMY HEIOCTaTHbO 3aXUIIA€e ii BiJ
HapOCTaHHs Ha Hill E-KJIiTHH, He 3Ba)kalouM Ha 3arocTpeHuit kpai. [IpuunHoo 1boro Mmoxe
OyTH HYIBbOBUH KyT HaXWJIy TalTUKHA IO TUIOUIMHM JIIH3HM (HE aHTYIhOBaHA TalTHKa) Ta
HEIOCTaTHE PO3TSATHEHHs Karcyiau. P JOCIITHUKIB MOKa3aiu, 1110 aHTYIbOBaHA ralnTHKa
kparie 3axuiae 3aaHi0 cTinky KMK [117, 118]. 3rinHo MoaentoBaHHs, SKIIO TalTUKA HE
aHTYJIbOBaH1, TU3aiH TOCTPOro Kparo JIH3HM He Jae 6axaHoro edekry. Takox, BUXOAIUH 3
OTPUMAHUX JIAHWX, BCTAHOBJIEHA MOJIMBICTh HAPOCTAHHS EMITEeNIaJbHUX KIITHH
POCTKOBOi 30HM KPHUIIITAIMKA HA 3a/IHIM CTIHII Karcyau Ta enitenianbHux KiituH (A-KEK),
M0 3aJMIIWINCH IMICIS KalCyIOpeKCHca, Ha TMepefHiil MOBEepXH1 JIH3H, SKE MOXe
npusBectu 10 BTparu [OJI cBoei dpyHKIIii.

J11s1 60poThOU 13 BTOPUHHOIO KaTapakToro 3anpononosana mojeis I0JI BIL (bag in-
the-lens) 3 kanaBkoro (puc. 25) [119], B sAKy miclig KalcyJlIopeKcHca PO3MIIIAIOThCS

3aJIMIIIKOB1 Kpai MepeaHboi Ta 3aIHBOT KaIcyl.
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D 7.5 mm

D 5.0 mm

#:,
D 5,0 »a
D75 v

a) ¢ac 0) npodiib

Puc. 25. Cxemamuune 306paxcennss BIL: a) ¢hac-yenmpanvna-oi-xonsexcna onmuxa (1) kpyenoi
Gopmu (d=5 mm), omouena 6oposnorw (2), nepedus osanvHa canmuka (3), 3a0Hs 0eanbHa canmuxa (4),

00862 BiCi AKUX PO3MAUOBAH] NEPNEHOUKYIAPHO 00HA 00 iHwoi [119].

IOJI BIL BurorossneHa 3 riipo¢i;IbHOTO aKpHITy, THY4YKa Ta MOKe OyTH IMIJIAHTOBaHA
3a JI0MOMOTor0 iHkekTopa. [licis iMrmmanTarnii 1mi€ei giH31 BiaMideHo ¢GiOpo3yBaHHS KpaiB
KarcyJiopekcuca, 1o Moxxke 0yta odymonieHo ¢didoporutactuaaumu nporecamu B KMK Tta
BUCOKMMHU PETeHEPATUBHUMH BIACTUBOCTSIMHU €KBAaTOpiadbHOI 30HU KpPHILITAJIHKA
[119,120]. IIporpecyBaHHs BTOPUHHOI KaTapakTH, P TAKOMY METO/II, € JIIIIEC TUTaHHIM
qacy.

3 norpumanssm kepiBHulTBa ARRIVE guidelines OyB nmocraBiennii eKCriepuMeHT
13 KOMIUIEKCOM, SIKHW BKIIIOYaB B ce0e EKCTparoBaHy KariCyay KpHUIITajJuKa CBHUHI Ta
po3pobueny 3aBasiku 3D Texnonorii SLA min3y 3 marepiana Elastic S0A (Formlabs Inc.,
USA). Jlinza Oyna iMIIaHTOBaHa B KarlCYJIBHUI MIIIIOK Yepe3 po3pi3 2,8 MM 3a JOITOMOTO0
imkekropa Monarch, xkaprpumk “C” (Alcon Lab., USA). 3a momomorow tpyoku (3)

niameTpoM 3,5 MM il TUCKOM, SKHW HE TEPEBUIIYBaB PO3PUBHY MIIHICTh KamCyIH
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kpumTaguka 5,3 I'/MM?, momaBaBcs BOASHMI pPO3YMH OapBHMKA, IO IMITYBaB pyX

eniTeniadbHUX KIITHH (puUc. 26).

Puc. 26. Jlinza “Support OP” imnianmosana 6 Kancyiy Kpuwmanuxka ceuti, 1e

1— iHTpaoKy/sIpHA JIiH3a; 2— KalCYyJIbHUN MIIIOK KPUINTAINKa CBUHI;, 3— TpyOKa JJis
BBEJICHHS PO3UMHY OapBHHUKA

[Ticns 3aBepmieHHS TOAaYl PO3UYMHY OapBHHKA, KPUINTAIWK 3 IMIIAHTOBAHOKO
niu3010 30 XB. 3HAXOUBCSA B HEPYXOMOMY CTaH1. SIK BUIHO 3 puc. 27, 6apBHHUK MOTparuB B
TEXHOJIOTTYHY KaHaBKy (2) JIH3U 1 pIBHOMIPHO TMOIIMPUBCA B Hid, MpU YOMY, HE AOCST

3aHBO1 KaIICyJIM KpHUIITAaJIHKa.
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Puc.27. Illompannauns bapsnuka 6 KaHasky-nacmky inmpaokyasapHoi ainsu “Support OP”, ne

1— iHTpaoKynsipHa JiH3a; 2— TEXHOJOT1YHA KaHaBKa-MmacTka jJiH3u “Support OP”

Taxum ynHOM TIEPEBIPSIIOCH HE TUIBKU (DYHKIIIOHYBAaHHS KAHABKH JIIH3U, a 1 KOHTAKT
JiH3a - Kafncyna B nuiomy. B manomy Bumanky, sk 1 nepeadadanoch, KaHaBKa-MacTKa Ta
rOCTpUN Kpail JIH3W T[OBHICTIO BHUKOHAJIM CBOi (yHKII, a came, HE JOMYCTHJIH
PO3MOBCIOIKEHHs OapBHUKa (eMiToBaHMX E-KIiTHH) Ha 3aHI0 Ta nepeanto nosepxHi [0J1

1 ctiaku KMK.

2.3. Po3poOka 00’eMo3aMiHHOI iIHTPAOKYISIPHOI JTiH3H

Cnupatouuch Ha OTpUMaHi B po3aAUTi 2.2 nmaHHI, Oyiu po3poOiieHI TpU BapiaHTH
00’ emo3aminHOi [OJI, siKi MatOTh OKpaIIeH] TEXHIYHI XapaKTEPUCTUKU Ta BiMOBIIAIOTH
dbopmi 1 po3mipam HaTuBHOrO Kpmimranuka (puc.28, 29, 30). /(uzaiinu 3ampornoHOBaHUX
IOJI nmatore 3MoOry CTBOpUTH HafiliHMK KOHTakT B Komiuiekci IOJI-KM, a Takox
PIBHOMIPHO PO3MOJUIUTH HABAHTAXKCHHS Ha IIMHOBI 3B’s13KH. B ycix MoJensx mo kparo Ha
3aaHiil yactuHi ontuku (360°) MICTHUTbCS OOPTUK MiJ MPSIMHM KyTOM, IIO 3a0e3meuye

Oap’ep mis Mirpartii KIiTHH.
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Puc.28 06 °emozaminna 10J1 “Support OP” [99]

1— kaHaBka-nacTka; 2— roctpuit kpait [0JI; 3— cextopHuit Bupi3

[epmmnii BapianT “Support OP” rayuxoi [OJI, MaB po3mipu HATUBHOTO KPUILITAIUKA.
006’ emo3aMiHHa JTiH3a TOBIIMHOK 5 MM Ta Aiamerpom 10 MM, macoro 188 Mr, BUTOTOBIICHA
3 rigpodoOHOTO akpuiy, Ha nepudepiiiHomy Kkparo mictuia kiuibleBy (360°) kanaBky (1)
s 3arpumku E-KEK y Bumanky ix wmirpamii B HampssMKy 3anHpoi cTinku KMK.
[Tpumnyckanocs, mo B pe3ynbrati mpodidepartii E-kinituH, BinOyBaeThbcs MepeMillieHHS iX B
KaHaBIll TI0 KOJY, a B3aEMHA ajre3is KIITHH 3a0e3mnedye iX BIIHOCHY (ikcariiro in situ.
HIinpamit koHTAKT 13 KMK 3a0e3mnedyBaBcsi MOBHOOO €MHICTIO JIIH3M, a TOCTPUH Kpait
JiH3M (2) 3MEeHIIyBaB BipOT1IHICTh MPOHUKHEHHS KIITHH 10 3aaHb0i cTiHkn KMK. Bicim
MEPETHHOK, OPIEHTOBAHMX IMapajieIbHO ONTHUYHIN OCl JiH3W, NEePHEHANKYISIPHUX 10
kaHaBku (1), po3OuBanu i Ha cekropu mo 45°. IlepeTmHKH, y BUTAAKAX BIICYTHOCTI
3aJIHBOI KaIlCyiH, TIIAHYyBaJI0Cs BUKOPUCTATH JJISI BAKOHAHHS 1pU0CKIEPAIBbHOI (hiKcallii.

3anns 3MEHINEHHsT Macu Ta 00’eMy, 3amporoHoBaHa myctoTtira [10JI mactymHOl

moeni “NVision OP” (puc.29).
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Puc.29 06 ’emozaminna 10JI “NVision OP” [100]

1- xaHaBKa-TIacTKa; 2— NepeTHUHKA Il MOBHOI (ikcarlii; 3— IucTonoAiOH1 ranTuyHi
eneMeHTd; 4 — roctpuit KyT JiH3U (OOPTHK).

InTpaokyssipra miaza “NVision OP” 3aBasKd MyCTOTIIOMY BUKOHAHHIO Majia Macy
mumie 91 mr. OG’eM JiH3M 103BOJISiE BUKOPUCTOBYBATH 1HXXEKTOPH JIJIsl IMIUTAHTAIIl1, 1110
3MEHIIYyE Yac OINEpPAaTUBHOIO BTPYYaHHS Ta CKOPOYY€E IMicCIsONepaliiHuil mnepioa
BimHOBIEeHHS. O0’eMmo3amiHHa (opma JiH3M 3MEHIIYE BIPOTIIHICTh PO3PIIKEHHS
CKJIOBHHOTO TiJa, a BiATaK, 1 BigmapyBaHnHs ciTkiBku. OnTuuna gactuaa 10JI “NVision
OP”, posramoBaHa Ha BIACTaHI HE MEHIIE 4 MM BiJ palay>KHOi 0OOJOHKH OKa, MI00
3MEHIIUTH BIUIMB ONTHYHUX abepariid, BiamoBiguo mo mominomiB Ilepuike (puc. 30),
BUIKX TOPSAKIB (3-T0 1 BUIIE) Ta HE BUKIMKATHU MOSBH HeOaxaHUX HOTUIHUX (PEHOMEHIB,

MOTIePEIKATH 3aCBIYCHHS CITKIBKHM 1 HOpMAJIi3yBaTH KOHTPACT 300paKEHHS.
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Puc.30. Qyuxyii xeunvosoi abepayii, posknadeni  pso 3a noninomamu ILlepnixe

JlolaTkoBO, TTOBEPXHS JIIH3M MaJia MEeBHE, ONTUMAIbHE 3HAYEHHS MIOPCTKOCTI ISt
3MEHIICHHS BIIOWTTA cCBiTIa (n3epkanbHOro edekry). Ilepembauanocs, mo QGyHKIisA
KIMHOBUIHUX BHUPI3iB (3) B mepeaniit wactuni 10JI — npeHakna ta st 3a0e3reyeHHs
€JIACTUYHOCTI TaITUYHUX €JIEMEHTIB.

[IpoBenene moxemoBanus B cepenouiii COMSOL Multiphysics 5.4 (puc.31), mo
imitryBasio iMruianrtamito [OJI B kamcynmpHUH MIIIOK, Jajdo 3MOTY JOAATKOBO OI[IHUTH

(GYHKIIOHYBaHHSI KaHABKU-TIACTKH.
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Slice: Velocity magnitude (mvs)
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Puc.31. Mooentosanns pyxy enimenianvHux kiimun nicaa imnianmayii ainzu “Support OP”

1— iHTpaoKyNsipHa JTiH3a; 2— KaNCYIbHUI MIIIOK KPUIITAINKA; 3— CEKTOPHUN BHPI3
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Sx BunHO 3 puc.30, nepemimieHHs: E-KI1THH Bi10yBa€eThCs MO KONy B KaHABIII JIIH3H,
7I¢ BOHH HAaKOTIMYYIOTHCS 3aBMISIKM B3a€MOare3ii. 3a Takoi yMOBHU KJIIITUHU HE MITPYIOTh JI0
3aJIHBOI Ta MEePEIHBOI CTIHOK KaICyJIH, IO IMONEPEKae PO3BUTOK BTOPUHHOT KaTapakTH, i
UM CaMUM, JJa€ MOXJIMBICTh CBITIYy 0€3 MEepernIkoj] MPOHUKATH A0 CITKIBKU. JKUTTEBUIA
UK emiTeNalbHUX KIITHH B MACTI[I CTAHOBUTH OJMH THXIEHb (Ierpaaarlis i arnomnTo3s),
[121], a TOMy nIepenOBHEHHS KaHABKH HE B110yBA€ThCSI.

Texuiune pimeHHs, o 3actocoBane B moxeisx 10JI, “Support OP” ta “NVision
OP”, a came kaHaBka, sika BUKOHYe poib mactku s E-KEK y Bunagky ix mirpauii B
HanpsIMKy 3anHboi cTiiku KMK, cTBopeHa TakuM 4YHHOM, OO 3aisiTH TPUPOJIHIO
JIPCHAXKHY CHUCTEMY OKa, TpaOeKyIspHY niadparMy, CKIECpaJlbHHMH BEHO3HHWH CUHYC Ta
KOJIEKTOPHI KaHaIbIl. BoasHUCTa BoOJIOTa, SIKa BHUPOOISETHCS BIAPOCTKAMU ITUJIIAPHOTO
TiJla, BAMHMBAE 3aJIMIIKOBI emiTenianbHi KmiTuHU 3 kaHaBku [OJI. Tlotim, mpoumoBmu
TpaOeKyJIApHY MEPEKY, 13-3a OUTBII HU3HKOTO THCKY BEHO3HHMX CYJUH BOJISTHHCTA BOJIOTA
yepe3 [1IneMoBuii kaHa, BIITIKAE KPi3b KYT MEPEIHBOT KAMEPH, JI€ MI3HIIIE BCMOKTYEThHCS.
JlonaTKoBO, TOCTPUIA KyT, IO BCii KinbleBi mepudepii aiuzu  “Support OP”, “NVision
OP” ta “NVision Optics”, miaBuIlye 3aXUCT 3aAHbOI CTIHKU Karcyiu. BaiuBy pojb B
IPOTHIIT PO3BUTKY BTOPUHHOI KaTapakTH Bijirpae miuibHICTh KoHTakTY KMK 3 miH3010.
YuMm mIuTpHIIIE TPWIISITae Karcysia J0 JiH3M, THM MEHINA BIPOTiAHICTH 1i IOMYTHIHHS Ta
yIIiIbHEHHS. BuaneHHs BMICTY HATUBHOT'O KPHUIIITAIMKA, HA MICIIE SIKOTO IMIIAHTY€EThCS
HITYYHA JiH3a, 30 UIbIye aiaMeTp oro karcyinu Ha 1 mm [88]. Takum unHOM, cyudacHi [OJI
MMOBUHHI KOMIICHCYBATH 30UTBIIICHHS PO3MIpY ¥ IMM caMUM 3a0€3MeYUTH IPUPOIHIN HATAT
KarcyJiu.

MomudikoBanuii BapianT IOJI “NVision Optics”, mo Bkitoyae B cebde
J0OTpaIibOBaHNI JW3aiiH TOTIEPEIHIX BapiaHTIB Ta BIiAMOBIIA€ CYYacHHUM BUMOTaM,

MOKa3aHuii Ha puc.32.
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/

Puc.32 06’ emozaminna 10J1 “NVision Optics”

1- roctpuit kpaii; 2— 60pTHK; 3— MapkepHi BUPi3U; 4 — NUCTONOAIOHI TanmTHYHI
CJIIEMEHTH

00’emo3aminna akomoayroda 10JI “NVision Optics” mae macy 12.5 mr, dpopmy Ta
po3Mipu (pa3oM 3 TanTHKOI0), TMOJIOHI JO MPUPOAHHOTO KPHINTAIHMKA, M0 3a0e3reuye
MO>JIMBICTh IMITJIAHTAIl Yepe3 MIHIMaJbHUM PO3pi3 y KarCyJbHUN MIIIOK BUIAAJICHOTO
KpPUIITAIMKA Ta HaAIHHO, (Pi31070TIYHO 11 MO3UIIIOHYBaTH. 32 paxyHOK 00’ €MO3aMiHHOTO
muzaiiny [OJI He BuUKIMKae TpeMTIHHS paiiaykHOI 000JOHKU (IpUI0JOHE3), CIPHUSE
PIBHOMIPHOMY HATATY KaIlCYJIbHOT'O MIIIIKa Ta PO3MOIUJICHHIO HABaHTA)KCHHS HA CErMEHTHU
IIMHOBUX 3B’ SI30K, 3MEHIITY€E BIPOT1IHICTh PO3PIKEHHS CKJIOBUIHOTO T4, 1, K pe3yJIbTarT,
BiJIIIIApYBaHHS CITKIBKH, € aKOMOJYIOYOIO Ta 30epirae ¢i3iojoriyny riauOuHy mepeaHboi
KaMmepu OKa. 3ampomnoHoBaHi /Ba BapianTu peamizarii [OJI, onuH 13 HUX - 3 HAHECEHHIM
ONTUYHO aKTUBHOTO APy MOJIMEPY, IHITUHN - 0e3 HaHeceHHsA. B 000X BUmakax onTudHa
gactuHa [OJI po3TamoByoThCs Ha BiCTaH1 HE MEHIIE 4 MM BiJl pailTy>KHOT 000JIOHKH OKa.
VYnbprpadioneToBuit i cuHiil (iNbTpH, YTBOpPEHI JOMaBaHHIM O MaTrepianxy JIH3U
XxpoMopopMy, 3aXHUIIAIOTh CITKIBKY BiJ JereHepailii Makyiw, a YHCTOTa 1 BIACYTHICTH

BaKyoJieH B Matepiai, He BUKIKae poscitoBanus ceitia. [OJI “NVision Optics” cTBopena
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3 ypaxyBaHHSM OCOOJIMBOCTEN MPUPOIHBHOT APEHAXKHOI CUCTEMU OKa. ['ocTpuil kpait JiH3U
(1) Ta Goptuk (2), BUKOHYIOTh Oap’€pHY (PYHKIIIIO, NPOTHIIIOYH PO3BUTKY BTOPHHHOL
KaTapakTHU. Y BHIAJKy HAHECEHHs Ha JIIH3Y IUIIMEpY 13 TiApoOOHUMHU BIACTUBOCTSIMH,
yHeMoAaJHBII0€Thes anresis E-KAK ta A-KAK ki1iTuH Ha MOBepXH1 ONTHKHU, IO TPOTHUIIE
PO3BUTKY BTOPUHHO1 KaTapakTu. ONTUYHA YaCTUHA MEPEXOAUTh B JIUCTOMOAIOH] TaNTUYH1
eneMeHTH (4), sIKi 3a paxyHOK CBOrO JAHM3aiiHy, NPYXXHUX BJIACTHUBOCTEH, CTBOPIOIOTH
00’emo3aMiHHUM eeKT Ta 3a0e3neuyroTh npoiec akomozaiii. Ha rantTuyHux eneMeHTax
nependayeHi MapkepHi Bupizu (3), sKi MOJIETHIYIOTh BUKOHAHHS XIPYyprom MOTPIOHHUX
MaHinysid mig gac omeparii. Cuposunoro I0JI “NVision Optics” ciyrye Comomimep
TiIPOKCUETUIIMETAKPHIIATY Ta METHIIMETaKpuiary. [igpararis Matepiany, MpOBOIUIIACS
B 130TOHIYHOMY (i3ioJIoriYHOMY poO34uHI 3 OoparHum Oydepom, pH 7,2 abo B
aHaJoTrYHOMY 3a0ydepeHoMy (i310JI0TTYHOMY PO3UYHUHI.

[IpoBeneHuit po3paxyHOK CHIIH, siKa Ji€ Ha iHTpaokyisapHy ainzy NVision Optics,
110 3HAXOJIUTHCS B KAINICYJILHOMY MIIIKY:

FA = pBOJ‘IOFI/IVg'mg = pionvgi s

Pronoru = 1,005 I‘/CM3

Piox = 1,071 /cM3
g = 9,81m/c?

3rigHo 1boro, Bara IOJI 3HaX0AUThCS, K PI3HUIA CHIIM TSOKIHHS Ta CHIIN
Apximena:

P = mg — FA = (pion - pBOJIOFI/I)Vg
[TizcTaBUBIINA, OTPUMAJIH:
P = (1070 —1005) -1,12-1078-9,81 = 0,714 - 107°H
P =0,714 - 107°H
3mimenns minzu NVision Optics, BinOysaeTbes qonn3y 3 cunoro P=0,714-10°H
[TpoBeneni anamoriuni gocmimkeHns s ain3 Support OP ta NVision OP.

Jlist min3u Support OP cuna 3MinieHHs piBHA!
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P = (1070 — 1005)-1,9-1078-9,81 = 1,211 - 10™°H
B Toii yac, koiu cuia, mo 3mimye aia3y NVision OP, nopiBHioe:
P = (1070 — 1005) - 1,53-1078-9,81 = 0,975 - 107 °H
Otpumani 3nauenns cwin F s 4-x tunis 10J1, HaBeaeH1 B Tabmuii 2.2.
Tabmuus 2.2. Cuna, mo nie Ha 1OJI B kamncyni KpUIITaquKa MNP BEPTUKAIBHOMY

MOJIOYKEHHI MMAalll€HTA.

HazBa nin3u 06’em (M) Maca (mr) | I'yctuna Cuna F (H) Hanpsim 3miteHHs
(r/emd)

Cyuacni 10J1 1-10® 10 1,18 1,71-10° Jloru3y

Support OP 1,9-10°8 188 1,07 1,211-10° JloHm3y

NVision OP 1,53-10°8 91 1,07 0,975-10° Hounzy

NVision Optics | 1,12-10® 12,5 1,07 0,714-10° JoHuzy

3 1UX JJaHUX BHUJIHO, III0 3HAYEHHS CHIIM ApXiMena, sika Jli€ Ha IHTPaoKyJIApHY JiH3Y
NVision Optics, € naiimemmm (0,714-10* H), mo 3ymoBiaeHo manoro macoro 10JI Tta
HU3BKOIO T'YCTHHOIO Matepiany JiH3u. [Ipu Takux o6cTaBuHAX MOXKIUBICTH 3MimeHHs [OJ]

BHaCJIi,IIOK ObO0T'0 HC3HAYHA.

2.4. BUCHOBKHM /10 po3ijy 2

1. TanTuku 3 [IMMA [99, 100], maroTs He3Haunuii 3amac minHocTi (FOS = 0,808),
10 BCTAHOBJICHO MOJICITIOBAaHHSAM B MporpamHomy cepenoBuili Solidworks. PyitnyBanHs
TaKUX TanTuK B mporieci ekcruryaTailii [OJI He BUKITIOYa€ETHCS.

2. Ilpu crabimizamii 10JI moBHUM MaTepiaioM MakCUMaldbHE HaBaHTAXKEHHS
BUSIBJIIETHCS B TOYI[I KOHTAKTY HUTKA-TralTHKa, aje BUCOKuH 3amac miHocti (FOS = 6,36)
rapanTye HaJliiHy (iKcarliio.

3. Ha IOJI TpagumiitHoro au3aifHy fi€ cuiia 3eMHOTO TsoKiHHS P = 1,71 - 10~°H,

cupsimoBaHa noum3y. s stin3 Support OP, NVision OP, NVision Optics, cuu, 1o mifoTh
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Ha JiH3M, gopisHioTs 1,21-10° H, 0,975-10° H Ta 0,714-10* H BigmosigHo i, 3rigHo
MozentoBanHs. Jjist Toro, mo6 3arposa auciiokaiii Oyna yCyHeHa, MPUITYCKAEThCS, IO
marepian [OJI noBuHeH OyTH HU3BKOI rycTHHH, a Maca IOJ] ne noBuHHa nepeBuiyBatu 10
MT.

4. KouctpyktuBHo, [OJI TpanuuiiiHoro nu3aiiHy He 3a0e3neuyroTh HEOoOXITHOTO
3aXHCTY Bil PO3BUTKY BTOPHHHOI KarapakTh. [l momepemkeHHs I[hOro CIia
BukopuctoByBaTH [0OJI i3 rocTpuM Kpaem Ta KiTbIIEBOIO KaHABKOIO-TIACTKOO Ha Mepudepii
miH3u. EKcrnepuMeHTanpHO MIATBEP/HKEHO, IO KaHaBKa BHKOHYE CBOIO (YHKIIIIO,
3aTPUMYHOUYHM OApBHUK, SIKUM BIAITPAE POJIb €MiTETIaTbHUX KIIITHH.

5. Jluzaiin po3po6Giaenoi I0OJI “NVision Optics” 3mpsiMOBye Mirpailito KIiTHH
POCTKOBOT 30HHM KpHUIITAIMKAa 10 MPUPOIHIX NUIAXIB APEHYBaHHS BHYTPIIIHHOOYHOT
BOJIOTH, SIK BCTAHOBJIEHO KOMIT IOTEPHUM MOJICITIOBAHHSIM.

6. JlucromomiOni rantuuni enementr [OJI  “NVision Optics” cTBOPIOIOTH
00’ emo3aMiHHUM e(eKT, QIKCYIOTh ONTUKY JIIH3M HAa ONTUMAJIbHINA BiICTaH1 BI pal Ty KKH,

3abe3rneuyroTh muIbHUN KOHTakT i3 KMK Ta mpouec akomoparrii.
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PO311JI 3: HOJIIIIIEHHA OIITUYHUX XAPAKTEPUCTHK
IHTPAOKYJIAPHUX JIIH3

3.1. 3MeHIIeHHs1 ONTUYHUX (eHOMEHIB iIHTPAOKYJISIPHOI JIiH3H

VYei 10J1, He3anexHo BiJ mapameTpiB, HE JIMIIE CTBOPIOIOTH “edekT a3epkana’
(m3epkanibHe BIMOUTTS Y BUTJIAJL SICKPABOI IUISIMHU), Yepe3 SIKUM HABKOJHUIITHIM 37a€ThCA,
110 JIIH3a CBITUThCS, a i 3aCBIUYIOTh CITKIBKY, SIKa JJOCUTh YyTiuBa. Lle € oaHi€r0 3 mpuyuH
BTPAaTH KOHTPACTHOCTI 300paxkeHHs. ApTudaxis oka e(eKTUBHO 11arHOCTYETHCS HA OCHOBI
11boro (eHOMEHy npHu (PoKaTbHOMY OCBITIACHHI oka Jtoaunu [123]. Hebaxani ¢oTuuni
¢beHoMeHn (CBITJIOBI sIBHINIA) Ha3UBarOThCs aucdororiciero [124]. BUHMKHEHHS ITUX
ONTUYHUX (EHOMEHIB 3JICKUTHh BiJ] TaKUX UYUHHHUKIB: IMIOPCTKICTh TOBEPXHI JIIH3H,
BEJIMYMHA 3aJIOMJIIOI0YO01 CHIIM MaTepiany, 13 sikoro Buroroninena 10JI, dopma, rmaaxicTs 1
TOBIIMHA Kparo JiH3u, micie imrutadTaiii [OJI B o, ¢akomones 1 genentpaitis 10J],
JiaMeTp anepTypHOi aiadgparMu (IJ1s OKa e JiaMeTp 31HHUII).

3a manumu [125], micas immutanTarii MoHodokansHUX [OJI pO3BUTOK CBITIOBUX
SIBUII CTAHOBUTH 9 %, micis iMmutanTanii Mmynbtudokansaux 10J1 — 41 %. [Ipu 361nbienH1
3JIOMJTIOF0YO0T CWJIM JIIH3M, dYacToTa (OTHYHUX (EHOMEHIB IIIHIHHO 3pOCTae, IIo
HPU3BOIUTH JI0 IIe OUIBIIOT MOMUIIKH Iepeaadi 300paxenns [124].

Buninsrors Taki poruuni penomenu [125, 127, 128]:

® Arcs — 1yru;

o flare — 6muck;

o flashes — crmamaxwu;

e glare (cmimyuuit OJMUCK) — BIMUYTTS CIHIMYYOro SICKPABOTO CBITJA, 3HMIKEHHS
CTIHKOCTI JIO SICKPaBOTO CBiTJIa, OJIIKH;

e halo (kK070 CBITIOPO3CiIFOBAaHHS) — OPEOJ HABKOJIO JKEpeNia CBITJIa, HaWOLIbIIe

IMPOABJIACTLECA B YMOBAX HECAOCTATHLOI'O OCBiTJ’IeHHH;
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e light streaks — cBITJIOBI MUTOTIHHS;

e riNQgS — KUIBIS; BITHOCATBCA JO TO3MTHUBHOI AUCQOTOINCII, sIKa BUKIHMKaHA
HaJIMIPHOIO KIJIBKICTIO CBITJIA;

e crescents — miBMICSIII;

e darkspots — opHi kpamnku;

e shadows — TiHi.

[TarieHTH MOBIMOMIISAIOTH TPO TOSIBY IUX (DEHOMEHIB, SK IMPaBUIO, B YMOBax
HEJIOCTaTHLO1 OCBITIIEHOCT1 [127]. OnHi€I0 3 TOJOBHUX BUMOT, 1110 BUCYBatOThcs 10 10J1,
€ sKIiCHAa Ta HaJilHa ONTHYHA CKJIagoBa. ToMy, MEPCHEKTHBHHM € PO3PaXyHOK 1
MOJICITIOBAHHS ONITHUYHUX MTapaMeTpiB, sIKi MOBUHHA MaTh cydacHa [0J, 3a1)19 3MEHIIICHHS
dotuuanx (eHoMmeHIB 1 (OHOBOTO 3aCBIYEHHS CITKIBKM Ta MIABUIIEHHS SKOCTI
300paKeHHS.

Po3paxyHOK ONTUYHUX MOKAa3HUKIB 1 METOJUKH iX MOKpAIIEHHS MPOBOAMINCH Ha
ocHoBl Qopmyn Cuemiyca—/lexkapra, @penens. Jlis ONTUYHOTO MOJIEITIOBAHHS
BUKOPUCTOBYBaBCs (DYHKIIIOHAJ MPOTpaMHOro 3abe3neueHHa Zemax 14, y sikomy Oynu
3aaani BianmosiaH1 mapametpu IOJI Ta oka JMOAWHU: cariTajlibHa BiCh OKa 28 MM, TOBXKHHA
xBuai A = 0,555 wmxm. g po3pobku  PizuuHOi MoOjmeni, 3 yciMa TIONEepPeIHbO
PO3pPaxOBaHUMU ONTUYHUMH XapaKTEPUCTUKAMH, BUKOPUCTOBYBABCS MPOrPAMHHI MMaKeT
SolidWorks. O6’exrom nocmimkennst 6yiau 10JI mposigHoi kommanii CIIIA, Ta BiacHe
TEXHIUHE pileHHs, onucane B matenti UA 142801 U.

Binomo, 1110 mpoMiHb CBiTIIa, SKUH Maia€ Ha MEKY PO3MOJILTY CEPEIOBHIIL ITi/T KyTOM
¢, YACTKOBO B1IOMBA€THCA BiJ Ii€1 MEX1 Ta YaCTKOBO MPOXOJIUThH KPi3h HEI, CTBOPIOIOYU
BinOWTHH 1 3anmoMicHu mpoMeHi. el epext orpumar Ha3By BinOuBanus Openens [129,
130]. Po3moBcromkeHHsT IPOMEHS CBITIA, SIKAW TaJla€ Ha TUIOCKY TPaHUII0 PO3ILTY JBOX

CepeIOBHII, MOXKHA 3HalTH i3 3akoHy CHeniyca (Cuena) (3.1) [131].

=2 e (3.1)

sinf, n,
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0, —KyT najiiHHs; 6,— KyT 3aJIOMJICHHS,
Ny Ta N, — NOKA3HUKH 3aJOMJICHHS JIBOX CEPEIOBUIII.

VY Bunmagxy koo < N,, o < @, (puc.33, a). JKio KyT nagiHHs @ 301IbIIYBATH,
TO 30UTBIIYETHCA M ¢,, 1 HACTA€ MHUTh, KOJU 3aJOMJICHUH MPOMIHb TUIMHE B3JOBXK MEXI1

pO3NOJUTY CEpeIoBHLL. Y IIbOMY Pa3i KyT IaJiHHSA Ha3UBAIOTh KPUTHYHHUM, TOOTO @ > @,

P03,=90°, (puc.33, 6). Koy xyT nagiHHsA ¢ OUTBIINN 32 KPUTHYHUM, AJAF0UUil IPOMIHb
MOBHICTIO BITOMBAETHCS Y CBOE K CEPEOBUIIE, 3AJIOMJICHUI MPOMIHb BIICYTHIN, CBITIIO 32
MEXY PO3MOJUTY CEpelOBUI HE MPOHUKAE, MPHU 1bOMY BHHHUKA€E SBUIIE MOBHOTO

BHYTPINIHBOTO BiIOUTTA (puc. 33, 6).

l}o 1_5056 @9 q}nﬁ [p__ _ q}nﬁ

N VY

-

n n 4 noo- ~
1 1 e 1 o

nz H"H._x g ng B _.}I’ T ?’}_2 }
B / 'x..\% B / B /
0., Psa
a 6 6
@ < goap ¢ = goap @ = (;91;:

Puc.33. IIpoxooocennsn ceimaa uepes cepedosuya 3 pisHo ONMUYHOK WITbHICHIO

a — HasSBHICTH 3AJIOMJICHOTO Ta BIIOUTOTO MTPOMEHIB;
0 —HasBHICTH BIIOMTOrO TPOMEHS Ta 3aJIOMJICHOTO IPOMEHS Y3I0BXK MEXi
PO3IOALTY CEPEIOBHIIL;

B — HASBHICTb TUTBKH BIJOMTOTO IIPOMEHS

BuxopucrtoByroun 3akon Chena (3.1), MOXHa po3paxyBaTH 3HAUYEHHSI KPUTUYHOTO

kyta aisg [OJ], BurotosneHoi 3 riipogoOHOTO aKpuiTy, SKa MEXKYE 3 BOJSHOIO BOJIOTOIO:
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0. = arcsin—= (3.2)
n;

Yepes Tte, mo micas Qakoemyibcudikaiii nepeAaHs CTIHKA KalCyJdbHOTO MillIKa
KpUIITAJIMKA BIICYTHS, CEPEIOBUIIEM, SIKE OTOUYE KPHUIITAIUK, € BOJSHUCTA BOJOTa 3
Moka3HukoM 3anmomiieHHs 1,33 mpu gomxuHl xBuii A = 0,55 MxM (0651acTh HANOUIBIIOT
Yy TIMBOCTI JIFOACHKOTO OKa), a Tiapo(oOHUI aKpuil IHTPAOKYJIAPHOI JIH3U Ma€ MOKA3HUK

sasiomyieHHs 1,55. [igcTtaBuBiiy 111 3Ha4eHHS B (5), OTpUMAEM:
0. = arcsin(0,8580) = 59,093°

Uum Oinbliie pi3HULS TMOKA3HUKIB 3JIOMJICHHSI CEPEIOBHUIN, TUM OLIbIa YacTKa
cBiT/a BiOuBaeThes Hazal. KoedimieHT @peHeniBCbKOro BITOUTTS Ry Ha MexX1 3 MOBITPSIM
JIOPIBHIOE:

_ (n-1)?
T (n+1)?’

0 (3.3)

N — TOKa3HUK 3aJIOMJICHHS CepeIOBHIINA
Tomi, mmst Tiel >k JIH3M, MIACTABUBIIM KOCMIIEHTH 3aJOMIICHHS TOCTIKCHUX

cepenoBui B (3.3), orpumaemo koedimieHT DpeHETBCHKOTO BiTOUTTS:

o (1,55 — 1,33)?
%7 (1,55 + 1,33)2

= 0,0058

B nenmbenax BTparu meperaHoro CBiTia CKianaTs (3.4):
dB = 10log19(1 — Ry), ne (3.4)
Ry—xoedimienT OpeHeniBCLKOTO BIAOUTTS
Jlyist cBiTIIa, MaIarouoro 3 BOASHUCTOT BOJIOTH HA TIOBEPXHIO TiApO()OOHOTO aKpuiy,
®peneniBebke BinouBaHHs ctaHOBUTH 0.025 nb. Takoro pomy BTpatu BimOyBaroThCS, SK

TP BXOJKCHH1 CBITJIA B JIIH3Y, TaK 1 IPH BUXO/I1 3 HeT.
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BigoMo, mo BigOWUTTS CBiTJA, 3aJ€KUTh BIJ SIKOCTI TOBEPXHI JIIH3U, TOMY
HIOPCTKICTh MOBEPXH1 R, MOBHHHA 3a0e3Me4uyBaTH MIHIMaJbHE PO3CIIOBAHHS Ma/1al04Oro
ceitna. KoedimienT BiaOutTs Big mnoBepxHi (R) mor’s3anuii 3 JTOBKHUHOI XBHIII

BUNPOMiHIOBaHHS (A) ciiBBigHOIIEHHM (3.5) [132, 133, 134]:
813 RZ
R =Ry(1- ’;—2), ne (3.5)
Ro— xoedimieHT BIAOUTTS BiJl MOJIPOBAHOI MOBEPXHI.

3uauenns R, BusHawaeThes koedinicarom OpeHens i He 3aleKHUTh BiJ MOPCTKOCTI,

HUM MO’KHA 3HEXTyBaTH. TakMM YMHOM, KOE(IIEHT BIAOMBAHHS BiJ IMIOPCTKOI MOBEPXHI

3aJIEKUTh Bl BUCOTH MIKPOHEPIBHOCTEM 1 JOBXKMHU XBWJIl BHUNpPOMIHIOBaHHS. Jljis
BM3HAYEHHs MiHIMaJIbHOTO 3HaueHHs R, mpuiiMeM Bupas B myxkax piBHAHHS (8) piBHMM

HYJTIO:
8m3R2

AZ

R, = BT

Jlns moBxkWHU XBWII BUAMMOTO cBiTIIa A=550 HM R,=35 am mpu A=750 um R, =50

1-—- = 0, Tomi

HM.

Otxe, s 3abe3medeHHsT MIHIMAJIBHOTO BIJOMBAHHS BiJl IHTPAOKYJISIPHOI JIIH3H, il
MOBEPXHS TEOPETUYHO MOBUHHA MATH MIOPCTKICTh B Mekax 35 — 50 HM.

ApTtudakiuyae (3 MTYIHHAM KPHUIITATUKOM) OKO JIFOAWHH, MOXKHA PO3IVISAJATH, SK
CKJIaJHY ONITUYHY cucTemy. Ponb 3iHuIll, Bifirpae aneprypHa niapparma —1, (puc.34 a, 0).
Bin posMipy BXigHOI amepTypu 3alie)KUTh KYyTOBHUH pO3Mip KOHyca Iy4Ka MPOMEHIB 3
TUIECHUM KyTOM €2, IO TPOXOIWUTH HYepe3 JiH3Y, OTXKE 1 OCBITICHICTH 300pa)KeHHS,

YTBOPEHOTO JIIH3010.
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di

1

!
\i!m% =]
1z /2
a) 0

Puc.34. Onmuyna cxema apmugaxiynoeo oxa

1— aneptypHa giapparma (3iHULIS OKa);

2— HTpAOKYJIsIpHA JIIH3A.

IIpu ymoBi komu nqy > n,, d; < d,, IPOMIHb CBITJIA, SKUH TPOXOAWTH JIIH3Y 3
MOKAa3HUKOM 3aJIOMJICHHS 71 BiJIOMBAIOYUCH BiJl 3aTHHOT TOBEPXHI 3 JIETKICTIO BUXOIUTH 3

HEei, a TPOMIHb SKHM MPOXOAUTH JIH3Y 3 IOKAa3HUKOM 3alloMyIeHHS I, 3pi3aeTbcs

aneprypHoro aiapparmoro (puc. 33a). Konmu ny > n, , dy < d,, npoMeHi 3 KyTaMu &; Ta &,
0e3 TepenIKo BUXOIATh 3 JiH3u (puc. 330). Sk BUAHO 3 IPEACTaBICHOT ONTUYHOT MOJIENI,
ICHy€ 3aJIe)KHICTh BHUHUKHEHHS J3€PKaJbHOTO BIIOWUTTA BiJ TMOKA3HUKIB 3aJTOMJICHHS
marepiana [OJI, a Takox Bin giameTpa aneptypHoi miadparmu (3iHuIl oka). BingmosigHo,
YUM MEHITUN TTOKa3HUK 3aJIOMJICHHS JIIH3M N, THM OUTBIINN KyT BIJOMBaHHS POMEHS &, ,

SIKMI HE 3JaTHUHM BUWTH 13-3a 31HMI. |, YuM OUTBIINHA ITOKa3HUK 3aJIOMJICHHS JTIH3U N, THM

MEHIIUH €1, 3-3a YOTO MPOMiHb CBITJIa BUXOAUTH 3 31HUIII, SIK MOKa3aHO Ha puc. 33 a ta 0.
Bynw sikuii mpominek, KU agae Ha nepudeprudHy YacTUHY JIIH3H 1032 MEXKEI0 KoHyca (),
BiIOMBAIOYNCH HE BUIIEC 32 MEXKY 31HUIII, 32 PaXyHOK BEJIMKOTO KyTa MaIiHHS.

Y BUHUKHEHHI ()EHOMEHY BIIOUTTS CBITIAa BEIUKY pOJIb Bimirpae THOWHA
MOJIOKCHHST  IHTpaoKyispHoi iH3u. Ha pwuc. 35 mnpencraBieHa ONTHYHA CXeMa

aptudaxkigHOTO OKa 3 pizHOI0 rmouHoto iMmanTaiii [OJI hy, hyTa miamerpom 3inuti d.
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Puc.35. Onmuuna cxema apmugaxiunoco oka 3 pizHoro enubunoro imnaanmayii 10J1

1— aneprypHa giadparma (3iHHIIS OKa)

2— 30uparoya TOHKA JIiH3a (IHTPaOKyJspHA JIIH3)

3riHO ONTHUYHOI CXeMH, 300pakeHOl Ha puc.34, BUIHO, IO B 3aJIGKHOCTI Bij
rmuounu posmimienHs [OJI, 3MiHIOeThCs TitecHU KyT Q . UuMm Omkye A0 CITKIBKH
po3TaiioBaHa JiiH3a, T00TO h,> h;, TUM OLUIbIIE 3BYXKYEThCS TUICCHUM KyT, 1,<Q4 1
BIJIMTOBIJIHO, TIOTpAIUIsie MEHIIIAa YacTHHA CBITJA, sIka BiAOMBAIOYUCH Bij MMOBEPXHI JIIH3H,
CTBOPIOE J3epKadbHUM BiIOUTOK. J{J1s OLIBIIOCTI CTAHIAPTHUX 33 IHHOKAMEPHUX MOJIEIIeH
IOJ1, nuctanIis Bif paiy>KK1 10 JIIH3U CTaHOBUTH O0J13bK0 1,0 MM [135]. Tomy, i1 Takux
JiH3, Oyb-IKUH TIPOMiHb, IO IMOTPAIUIIE B 31HUITIO, BIIOMBAETHCS Bij JIH3H, CTBOPIOIOUN

11 “cBITIHHA. 3a JOIIOMOI'OIO CIIIBBIIHOIIEHHS:

n% = F(x), ne (3.6)

= 100TO A=0, MO’XHA 3HAWTHU 00JIACTH JIOBHIIA, IKAa MICTUTH IIPOMEHI
Qo = 2m, o610 h=0, MOXKHa 3Ha o0yacTh cepenio a, sIKa Mic OMEHI,

371aTH1 CTBOPUTH ()EHOMEH CBITIHHS.

F(x)=1- X = (3.7)

als

—X e
pi |
Jx2+0,25
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JUIsT KOHKPETHOTO BHUIAJKY, SKAW TNpPUTaAMaHHUA OUIBLIIOCTI CTaHAAPTHUX
3angHpokamepHux [OJI, konmu h=I MM, a d=3 MM (BIANOBia€e XOPOLIOMY JAECHHOMY
OCBITJICHHIO), PO3pPax0BaHO, 110 KPUTUYHUN PO3MIp 31HULI, MPU SKOMY CHOTBOPEHHS
MarTh HaliMEHIIIe 3HAYCHHS, CKJIafae 3,22 MM, TO BUKOPUCTaBIIH (3.7) OTpuMau:

F(x) =0,45

3meHiieHHs F(X) npu 30UIbIIEHH] IMTMOMHKU pPO3TAalIyBaHHS JIIH3M 1 Opu d=3 MM

nokasane Ha puc.36. IIpu h=4 MM, F(x) =0,0636.

0.5 0.45
0.45
0.4
0.35
o 0.3
S 025 0.2
= 0.2
0.15 0.11
0.1 0.0636
0.05
0
1 2 3 4
e F(X) 0.45 0.2 0.11 0.0636

h, mm

Puc.36. 3anexcnicmo /Qp 6i0 enubunu pozmawysanns 10J1

B mporpamuomy cepenoBuii Zemax 13 3 BUKOPHUCTaHHSM BHUIIE 3a3HAUYCHUX
pe3yabTaTiB moOy0BaHA ONTHYHA MOJEIbh OKa JIIOAWHU 3 IHTPAOKYJISIPHOIO JIiH3010. Jliis
IIbOTO TPHHHATO, IO cariTaJbHa BiCh OKa CTAaHOBUTH 28 MM, miameTp 3iHHUII d=3 MM,
nowxkuHa Xt A=0,555 MkM, a mapamMeTpaMu ONTHYHOT YaCTUHU JIIH3U € XapaKTePUCTUKH
onuiei 3 10JI, mo3BoJEHUX IS KIITHIYHOTO 3aCTOCYBaHHS 1 HASBHUX Ha pUHKY (puc.37-40).

B mepmomy Bumaaxky JiH3a po3TamioByBajlaCh HAa CTaHAAPTHIA BiACTaHl TpH
immranTarii [OJI (h=1 mm), (puc.37, 39 (a), 40 (a)). B inmomMy Bumaaky - Ha BiJCTaHi, Ha
AKiH, 3TITHO pO3paxyHKiB, (oTHUHI eHOMEHN BUHUKAIOTh HaliMeHie (h=4 mwm), (puc.38,

39(6), 40(6)).
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\lewl Opel Savl SasI Bacl Res L__ LDEIMFEIMCE' TDE' EDEI_ Updl Upal Genl Fie | Wavlh_J Lay] L3d| Lsh I Rayl Opd] Spt | Mtf I Fps L_

Pegaktop Ycnoema Bug Cnpaexa h'_]'
Tun NOBEPXHOCTHU KoresTapuin Pamnyc Toymm=a Crexno NonymmameTp Konmu. nocr.
*| CranmapTHas BeckoxHeuyHOCTD BeckoHedyHOCTD BeckoneunocTs| U 0.000
1| CrarnaprHas BecxoHeYHOCTD 4.000 4.568 0.000
2*| CrannapTHas CORNEA 7.800 0.520 CORNEZ| 6.000|T -0.500
3*| CraunapTHas 6.700 1.500 AQUEOQCUS 6.000| U -0.300
4| CrannapTseas 11.000 1.600 AQUEQUS 11.000| U0 0.000
STO| CrannaprHas IRIS| GECKOHEYHOCTE 1.000 AQUECQCUS 1.784 0.000
©6*| CrannapTHas LENS 13.500 0.668 1.46,51.2 3.000(T 0.000
7*| CrannapTHas -13.500 19.000 3.34753.3 3.000(U0 -3.250
IMA| CrannapTHas RETINA -11.000 - 11.000| 0T 0.000
<

Puc. 37. Ilapamempu oxa 100uHu npu po3mauily8auHi ihmpaoKyIapHoi 1in3u Ha eiocmani h=1
MM 810 patiOyHCKU.
Cornea (poriska) 3 paaiycoMm 7,8 MM, TOKa3HUK 3ajoMJieHHs 1,376;
Aqueous (BoJiora nepeIHbOi KaMepu OKa) MOKa3HUK 3ajoMiieHHs 1,336;
Iris (paitmyxHa 00070HKA), AiadhparMa 3 OTBOPOM 3 MM;
Lens (I0JI) 3 moka3znukoM 3anomuieHHst 1,46 posramoBaHa Ha BiAcTaHi 1 MM Bif
paiay’HO1 00OJIOHKU;
Aqueous (CKJIOBUIHE T1JI0) MOKa3HUK 3ajioMJieHHs 1,336;

Retina (ciTkiBKa)

\lew| Ope| Savl Sasl Bacl Res I_‘ LDEIMFElMCElTDEIEDEL Updl Upal Genl Fie | Wavl_ Layl L3d| Lsh | Rayl Opdl Sptl lel Fps I_

@1;:—»',‘ ONTUHECKON CUCTEMbD L
Pepaktop Ycnoema Bua Cnpaska 11_4
Tun nNOBEPXHOCTHU KorexTapuit Pamnyc Tosmmsa Crexno NonymmameTp Kommu. nocr.
*| Crannapraas BecroHEeYHOCTD BecroHedHOCTD BeckoxeuHocTs| U 0.000
1| CrannapTsas BecroneuHOCTDb 4.000 4.568 0.000
2*| CrannapTHas CORNER, 7.800 0.520 CORNEA €.000|T -0.500
3*| CrannapTHas 6.700 1.500 AQUEOUS 6.000|T -0.300
4| Crannapraas 11.000 1.600 AQUEQOUS 11.000|UT 0.000
STO| CrannapTHas IRIS| GecroHedYHOCTE 4.000 AQUEOUS 1.784 0.000
6*| CrannapTHas LENS 13.500 0.668 1.50,51.2 3.000|0 0.000
7*| CrangapTrHas -13.500 16.000 1.34,53°3 3.000|0 -3.250
IMA| CrannapTHas RETINA -11.000 = 11.000/|0 0.000
<

Puc. 38.Ilapamempu oxa 1o0unu npu po3mauly8anHi iHmpaoKyIApHoi 1iH3u Ha eiocmani h=4

MM 8I0 patioyxcKu, oe



Cornea (poriBka) 3 paziycoMm 7,8 MM, OKa3HUK 3ajoMiIeHHS 1,376;
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Aqueous (BoJora nepeiHbp0i KaMepy 0Ka) MOKa3HUK 3aioMieHHs 1,336;

Iris (paitmyxHa 00070HKA), AiadhparMa 3 OTBOPOM 3 MM;

Lens (IOJI) 3 moka3Hukom 3ajomiieHHs 1,5 posramioBaHa Ha BiJicTaHi 4 MM Bij

paiy:kHO1 000JIOHKH;

Aqueous (CKJIOBUIHE T1JI0) MOKa3HUK 3ajioMiieHHs 1,336;

Retina (ciTkiBKa)

€5 2: 2D npoexuma cucTembl

O6rnoeure  Ycramoekn Mewats Oxmo  Texcr  Yeenuuenwe

& 2 2D npoexuma cncTemsl

Obnoents  Ycrawoekm [Meuars Oxwo Texcr  Yeennuenne

h=1
a)

2D SpoexuMA ONTHMYeCKON CHMCTeM

2D npoexums onTMYeckol cu

ML

0L
21.07.201%
NonKas oCeBAR AnMHA: 28.00000 ¢

]

L.zmx
Komngerypawmsen 1 = 1

NVision Optics

21.07.2019 o
Monnas ocepas mmHa: 28.00000 ¢

NVision Optics.zmx
Kondurvoauwsa 1 wus 1

Puc. 39. 2D npoexyis onmuunoi cucmemu i3 3a0aHUMU NAPAMEMPAMU

[TIpu posramysanni IOJI B omi Ha BiacTaHi 4 MM BiJ palayKHOI OOOJOHKH,

BiIOyBAaETHCS 3HAYHE 3MEHIICHHS TiTecHoro Kyra Q (Q;>> (), MOPIBHIHO 13 MO3UITIEI0

IOJI na Biactanui 1 mMm. Pesynprarn MmogentoBanHs xomy npoMeHiB (puc. 34, 35) mokazaHi

Ha puc. 39. Bonn miaTBepaniu po3paxyHku 3a Gopmynoro (3.7).
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Puc. 40.[{ugppakyitinuti ananiz 300pasxcenb, OmpumManux ONMu4HUMU CUCTIEMAMU

Sk BunHO 3 ontuyHOI Mozeni (puc. 390), npu h=4 MM JiH3a yTBOPIOE YITKillIe
300paXeHHs, HIXK JIIH3a, sSIKa pO3TallloBaHa BiJl pail1ykHO1 000J0OHKH Ha BifacTanl h=1 Mm
(puc. 39a). IlpuunHOI0 LBOTO € 3pi3 anepTypHOIO diadparMor0 OUIBIIOT KiJIBKOCTI
CTOPOHHIX NMPOMEHIB, K1 HAIXOASITh B OKO Y BUIIAJKy PO3TAIllyBaHHS JIH3M Ha BiACTaHi 4
MM Bij 3iHuI. [omoBHa ymoBa, y Bumaaky (h=4 MM) —iH3a TOBUHHA MaTH OUIBITY
ontuyHy cuiy. lle mocsraersbcs nBoma muisxamu, abo 3aMiHOIO Marepially JIH3M Ha
Marepiaja 3 BHUIIMM IOKAa3HUKOM 3aJIOMJICHHS, KU Ma€ BHINY IIUIbHICTh, a00 3MIHOIO
reoMeTpii JiH3u. Bucoka minpHICTE MaTepiany (Oinpiie 1) He 103BOJIsSI€ pOOUTH JIIH3U
BEJIMKUX PO3MIpIB, aJ»K€ BOHM BaXKK1 NIt oka. Tomy, € HeoOxinHicTh ctBopuTH 10J1, sika
Oyrna 6 TOHKOIO, Majia JOCTATHIO ONTHYHY CHITY Ta Oyia 00’ €M03aMiHHOIO 110 BIHOIIEHHIO
710 HATUBHOTO KPUIIITAIHKA.

ToBiHA KpUIITAIMKA JOPOCIIOI JTIOAUHH, B 3aJICKHOCTI BiJl akOMoaIlii, CTAHOBUTH
Bix 3,6-5 mMm. Ile mae MOXIMBICTh IMIUTAHTYBATH 33 JHROKAMEPHY IHTPAOKYISIPHY JIH3Y Ha
BiJICTaHb BiA paiayxku h=4 mM, mo 3rigHo 10 po3paxyHkiB dhopmynu (10), HaBemeHnx

BUIIE, 3SMCHIIUTH ()EHOMEH BiJJOMBaHHS CBITJIa Ta 3aCBITIACHHS CITKIBKH B 7 pa3iB. Ha xxaib,
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OUTBLIICTG JIIH3 HE BIANOBIAAIOTS 11 yMOBI, TOMY ITOAJIBLIO0 pO3pOOKOIO CTA€E peatizamis
1i€i iei, sxa onrcana B mareHTax UA 142801 U[122], UA 150305 U.

[Ipy mpOXOIKEHHI CBITJIAa Yepe3 OKO JIIOAMHHM, HAa KOXKHIA ONTHUYHIA TMOBEPXHI
BTpayaeThecsi 10 4% cBiTna. SIKII0 po3MIfnaTH OKO, K ONTHYHY CHUCTEMY 3 YOTHPHOX
eJeMEeHTIB (poriBKa, MepefaHs Kamepa, KPUINTAIUK, CKIOBUIHE TUI0), TO B pe3yibTaTi,
yepe3 CHUCTeMYy MOXke MNpouTH Onu3bko 84% CBITIOBOrO MOTOKY. 3acTOCYBaHHS
TOHKOIIIAPOBUX (1HTepPEpEeHIIHHNX) TUTIBOK JJI TTocaabieHHss OpeHeniBCbKOro BIIOUTTS
HA3UBAETHCA MPOCBITIIEHHSIM ONTUKH [ 136, 137]. TlpuHuun Aii npoCBITIIOIOUNUX MOKPUTTIB

3acHOBaHUM Ha siBUIll iHTepdepeHilii. Ha moBepxHIO OoNTHYHOI JeTajii HaHOCITh TOHKY

TUTIBKY, TOKa3HHUK 3aJIOMJICHHS SIKOT MEHIIIE MOKa3HUKA 3ajloMyIeHHs JiH3u, N, <N, (puc.41).

No Ny ny

\\

-

dl'lJ'I

I'IOBiTpH: IUIiBKa | JIiH3a
Puc.41. Ilpocsimnooua onmuka

[Ipominb, BiIOWTHIA Bi/I MTOBEPXHI IUTIBKH, 1 MPOMiHb, BIIOUTHI BiJl KOPJAOHY ILJTiBKa-
JiH3a KorepeHTHI. Po3paxoBy€eThCcsl TOBIIMHA TUTIBKU Tak, MO0 Mpu iHTephepeHIlii XBuil

rmoracuiy 6 oJHa OJHY, ITIICHITFOIOYH, TAKKM YMHOM, TOTIK CBIT/IA, SIKE MPOXOIUTh.
I{i TOKPUTTS MO3BOJISIOTH 3HAYHO 3HU3UTH KoedimieHT Bimburts, 3 4—5% mo 0,3—
0,7%, 1, THUM caMHM, 3MEHIITUTH IHTCHCUBHICTh CyMapHOT0 BiIOUTOTO CBITIIOBOTO MOTOKY,
o 30UThIITyE CBITIOMPONMYCKAHHS ONTHYHOI CHUCTEMH 1 TMIABUINYE KOHTPACTHICTH

300paskeHHs. JIJ1s IbOTO, aMILTITYAIH IBOX BIIOWTHX XBHJIb TOBUHHI OyTH PiBHI (p1 = p5),
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a eiikoHanu (¢a3u) MarTh BIIPI3HATUCS HA MOJOBHHY NEpioay, 00 MpOMEH1 MOTacuiIu

yl
onuH oxHoro E; — E, = 7 abo ¢, = @, = m. lle BUKOHYETbCS IPU YMOBaX:

Nun = /Mg > A€ (3.9)
N, — MOKAa3HUK 3aJOMJIEHHS IUTIBKK; N — MOKA3HMK 3aJ0MJICHHS JiH3H

BinOuBHa 31aTHICTS JIIH3U, POCBITIICHOT TAKUM CHIOCOOOM, 3aJICKUTh Bl JOBKUHU
XBWJIl, 110 € OCHOBHUM HEJOJIIKOM OJHOIIIAPOBOTO MPOCBITIIHHI. MiHIMyM BIJOMBHOL
3aTHOCTI BIAMOBIAAE JOBXKUHI XBHJIIL:

A=4d -n, ne (3.9)

d— TOBIIMHA IUTIBKH, 110 HAHOCUThHCS,

N— TOKa3HUK 3aJIOMJICHHS ILJTiBKH

Cy4acH1 MPOCBITIIOI0Y1 MOKPUTTSI MAIOTh 3€JICHE 3aIUIIKOBE BIIOUTTS (pediiekcn),
IHTEHCUBHICTh sikoro Jexutbh MK 0,75% 1 1,5%. Ll BigOuTi mpoMeHi HEeNpUEMHI
€CTeTUYHO 1, KpIM TOTO, JIIOTH SIK 3€JICHUN CBITIOMUIBTP, 3HIKYIOUHUN 1HTEHCHUBHICTD
3€JIEHOTO CBITIIA, SIKE CIPUMMAETHCA OKOM JIFOAMHH. 3-32 TOTO, 110 MPOITyCKaHHS CBITJIa
TaKOIO JITH3010 3€JIEHOT NUISTHKH CIIEKTPY 3MEHIIIEHE, TO 1€ MPU3BOAUTH 10 JESKOT TOMUIKU
B TIepeiadi KOJIbopYy, A0 TOTO K, METOJ] MPOCBITICHHS ONTUKU € JOCUTH KOIIITOBHHM.

TpaguuiitHuMU MatepiajgaMyd JUIsl TPOCBITIIOOYOI IIIIBKH € JIOKCHJ KPEMHIIO
(xpemnesem (Si0;), ¢propun marniro (MgF,), cnonyku nanranoifis [138], mo marTh
BIITHOCHO HHM3bKHU TMOKa3HMK 3ajoMiieHHS (n=1,38), skuii BIiANOBiTa€ TEOPETUYHUM
BUMoraM. AJie 1aHi MaTepiaii He € 610CyMICHUMH 1 HE CTiHK1 B O10JIOT1YHUX CEPEOBHUIIAX,
a ToMy ix He MOoxkHa HaHOcuTU Ha [OJI.

SIx anpTepHaTHBA MPOCBITIIOIOUINA OMNTHII, ICHYE ies CTBOPEHHS OararomapoBUX
JH3, KOXKEH Map sAKOi Mae pi3HUN KoedilieHT 3ajomiieHHs. J[aHWil pO3MiT ONTHUKH
HasuBaeThest TpanieHTHOI onTukoro (GRIN) — Bim anrmn. gradient-index) B sKii
BUKOPHCTOBYIOTBCSI TIPO30P1 130TPOIMHI CEPEOBUINA, TOKA3HUK 3aJOMJICHHS SIKUX

3MIHIOETBCS B 3aJIC)KHOCTI BiJl KOOPJWHAT TOUKHU cepeaoBuina (puc.42.)
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Puc.42. I'padieumua ninza 3 napaboniuHow0 3a1edCHiCm0 NOKA3ZHUKA 3aioMmieHHs (N) 6i0

padianvhoi siocmani (X).

[To Buay dbyukuii n = f(x,y,Zz) BUAUISAIOTh TPU TUIIH TPATAIEHTHOTO MTOKAa3HUKA
3aJIOMJICHHSI JIIH3U

® 3 OCHOBHUM MOIIUPEHHSM MMOKa3HUKA 3aJIOMJICHHS:

n = f(x),n(x) = n(y) = const;

e 3 pajaiaJbHUM ([THAPUYHUM ) TOIIUPEHHSIM:

n = f(x? + y?),n(z) = const;

® 3 c(hepOKOHIIEHTPUYHUM MOITUPECHHSIM:

n=f(x*+y*+z%)

HanecenHs mOKpUTTS Ha JIH3M 3 pajiajJbHO 3MEHIIYBAHUM MOKAa3HHUKOM
3aJIOMJICHHSI BIATIOBia€ TapakcianbHid 005acTi mo mapaboJiYHOMY 3aKOHY, T03a
nmapakciaapHOl 00JacTi Mo TmoJiHOMiankHOMY, a Tmpu ocboBoMy GRIN mokaszHuk
3JIOMJICHHS B BEPIIMHI MOBEPXHI BUINE, HIK B TIIUOWHI IpaJieHTHOI 30HH. SIKIO J1Ba
MEePIUX TUMH 3aCTOCYBATH 10 CPepuyHOT JIIH3HM, TO iXHS Misg Oy/ne eKBIBaJCHTHOIO il
achepuunnx JniH3. lle MpPUBOAWTH 10 3MEHIICHHS MOKA3HWKA 3aJIOMJICHHS Ha Kparo
CBITJIOBOi 30HM TMOBEPXHIi, IO MO3BOJSE 3MEHINUTH KYyT 3aJOMJICHHS TPOMEHS 1, 5K

HACIIJO0K, BUIIPABUTHU HE TUIbKU cepuuHy abepailito, ajne i qucdoTorcito.
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3.2. Po3po0ka onTHYHOI YACTHHH iHTPAOKYJISIPHOI JIIH3H1 3 NOKPAILIECHUMH
XapaKTepUCTHKAMH
HemonaBHO MeKCHMKaHCHKI BU€HI BUBENIU (POpMyINy i1€asibHOI JIiH3U (pHC.
43) [139]. 3 ornsaay Ha 1o (GOPMYITYy MOXHA YSBHUTH TEXHOJOTIYHI TPYIHOIII, SKi
CTOSATh Ha LUISIXY CTBOPEHHS JIiH3U 0€e3 abepariil.

Po3mip no3noBxHBO1 chepuyHoi abepallii B ONTHYHIA CUCTEM1 XapaKTepU3yeThCs
BIIPI3KOM G, SKUU BIIPAXOBYETHCSA B TaycoOBOi IUIOHIMHM 1O TOYKH (POKYCyBaHHS
mapridaigpHoro mnyudka. A2 - 0 Ilomepeuna cdepuuna abeparisi Yy XapakTepHU3yeTbCs
paziycoMm Kpyxkka poscitoBaHHs 3 - 3 y miomuHi ['T. Kojo HaliMeHIIOro po3ciroBaHHS
JIOPIBHIOE TTPUOJIM3HO YBEPTI KOJIa TTOBHOT abepairii B ruionuHi ["ayca 1 BigganeHe Big Hel
Ha BennuuHy 3/4 o (puc. 44).

[Ticns nmiH3M BcTaHOBNEHA anepTypHa giadparma 2, miametrpom D. B opranizmi
JIOJIMHK POJIb JiadgparMu BUKOHYE 31HMISA. XBUILOBA abepallist JOPIBHIOE PI3HUIIL X0y
MiK peabHOI0 XBUILOBOIO HoBepxHeto W2 Ta cheporo W1. Ii 3Hauenns 3pocrae B Mipy
30UTBIIEHHS pajiiyca 00'€KTHBA 1 HA Kparo anepTypH npu 3HadeHHi Y = H = D/2 nalyBae
MaKCHUMAaJIbHOTO 3HaueHHsA. Yci Tpu alepaiii — XBWJIbOBA, IMO3JOBXKHS Ta TOIMEpedyHa

HOB'sI3aHi MK CO0OIO 1, SIKIIIO BiJOMa OJHA 3 HUX, MOXKHA BH3Ha4YMTH ABI iHm [140].
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Puc. 44. Cpepuuna abepayis ninzu[140]

BasiBimm 0 yBaru Toil ¢akt, 1m0 KpUIITAIUK OKa JiIoauHu € JiH3010 GRIN tumy,
crBopena [OJI “NVision Optics” 3a cxoxuM miaxoaoM. ByB BHKOHaHHI pO3PaxyHOK
MOKa3HUKA 3aJOMJICHHS Marepiany, skuil HeoOximuHuii 1 ockoBoro GRIN-a npu
BukopucranHi [OJI, BurotosneHoi 3 akpuity. [{i1st 1bOro K0’keH A0AATKOBHM I1ap IOBUHEH

MaTH MOKa3HHK 3aJIOMJIEHHS BIIIIOBIAHO B1JHOIIEHHIO:
Nip1 = NNz [141], me (3.10)
N Ny, N, — MOKA3HUKH 3aJIOMJICHHS IIapiB.
Jlns omHOIIapoBOi J1iH3M, 000JIOHKA TOBUHHA MAaTH MOKa3HUK 3aJIOMJICHHS ;

No1 = /Ny, 1€ (3.11)

Nyc— IMOKA3HHUKH 3aJIOMJICHHA HABKOJIMIIHLBOI'O CCPCAOBUIIIA.

Ny— TOKA3HUKHU 3aJIOMJICHHS JIIH3H.
co . . . . . 3
B nBoraposiii J1iH3i, IPOMIKKOBI AP MOBUHHI OYTH Ng; = /N2, Tang, =
302 12
\ NEcns.
[TincTaBuBmu B (7) MOKa3HUK 3aJIOMJICHHS TipodooHOoTro akpmiy 1,55 Ta moka3HUK

3aJIOMJIEHHS BOISIHUCTOI BoJoTH 1,33 oTprumanu:

nor = /1,33 1,55 = /2,0615
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nygy = 1,435

Cnuparounch Ha po3paxyHKH MiHIMI3allil BIZOUTTS CBITIA, siKi Oyiu 3po0JieH1 3TiTHO
dopmynu (3.5), mopctkicth moBepxHi [OJI, moBMHHA CTAaHOBUTH HE MeHIE 35 HM.
bnu3bkuM 3HaYeHHSAM [0 3aJaHUX MapameTpiB, a came ngq; = 1,435,R, = 35 HM,
Bianosimae I[ITOE (tednon), ng; = 1,42 [142]. Tomy, nouinbHo Ha moBepxHi [0OJI
CTBOPUTH 1Iap (TOPBYIVICIIO, AKUH, KPIM TOTO, € TiApPOo(POOHUM 1 MEepeniKoIKae aaresii
KJITUH. AHTHaAre3uBHUM edexr niasuirye 0iocymicHicTs [OJI [143, 144]. OuikyeThes, 110
ctBoptoBaHa IOJI Oyane maru He nMile BuUIpaBieHy c@epuuHy abepaiito W MeHIIy
CXUJIBHICTh /10 BUHHUKHEHHS (POTUYHUX (PEHOMEHIB, a M Kpairy O10CyMICHICTh. Sk
HACJIJIOK, 3aBASKHU T1IpOoPOOHOCTI, ICHYE MOMIJIMBICTh 3MEHIIUTH WMOBIPHICTH PO3BUTKY
BTOPUHHOT KaTapakTH.

3 Bukopuctanusam ¢opmynu (3.3), OyB po3paxoBanuil koedirieHT OpeHETIBCHKOTO
BIIOUTTS I TaKO1 JITH3H:

o (1,435 — 1,33)?
%7 (1,435 + 1,33)2

= 0,0014

B nenmbenax BTpary nepeaaHHOro CBITIa CKIAdau:
dB = 10log,,(1 — 0,0014) = 0,01

[TopiBusaBmu nane 3HaueHHs Ry = 0,0014 31 3HaYeHHAM, OTPUMAHHUM JUUIS JIIH3H 3
rigpodobHoro akpmiry R, = 0,0058, BumHO, 10 3anpONOHOBAaHUN METOJ, 3MEHIIYE
®dpeHeniBChbKe BIIOUTTS B 4 pas3u, a HAAXOKEHHS CBITJIa O CITKIBKH, IPH IIbOMY, B 2,5
pasu OuibIIe.

B mnporpamuomy cepenoumi Zemax 14 mnpoeaeHe wmopemtoBanHs [0JI 3
BUKOPHCTAHHIM TaKHX JaHWX: aKpuUjoBa JiH3a TOBIIMHOK I|=1MM, 3 TIOKa3HUKOM
3aomiieHHs 1,55, mokpurta mapom TedIoHy MOPCTKICTIO R,=353 MOKa3HUKOM 3aJIOMJICHHS
ng; = 1,42, po3ramoBaHa B OIli JIFOAWHHA Ha BiACTaHI Bix paniayxku h=4 Mm, miamerp
BXiaHOI 3iHuI d=3MM, caritadpHa BiCh OKa CTaHOBUTH 28 MM (puc. 45). Otpumana 2D

npoekiris xomy nmpomeHiB ontuuHoi cuctemu 10JI “NVision Optics” B o1l (puc. 46).
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L=

Edit Solves View Help

Surf:Type Comment Radius Thickness Glass Semi-Diameter Conic ~
Standard Infinity Infinity Infinicy|U 0.000
1 Standard Infinity 4,000 4,068 0.000
20 Standard CORNEL T.800 0.520 CORNEL 6.000|T -0.500
28 Standard &.700 1.500 RQUECUS €.000(0T -0.300
4 Standard 11.000 1.600 RQUECUS 11.000|0 0.000
5TC Standard IRIS Infinity 4.000 RQUECUS 1.332 0.000
(F Standard LENS Z0.000 3.500E-005 1.44,51.2 2.500|0 0.000
)L Standard 18.000 1.000 B S PR o] 2.500|0 0.000
& Standard -10.000 3.500E-005 B T PR o] | DS 2.500|0 0.000
e Standard -26.000 15.400 VITRECUS 2.500|0 —3.250

Mz Standard RETINA -11.000 - 11.000|0T 0.000 v

£ >

Puc.45. llapamempu mooenrosanns oxa 3 1OJI, ne

Cornea (poriBka) 3 paaiycom 7,8 MM, MOKa3HUK 3ajiomiieHHs 1,376

Aqueous (BoJiora nepeIHbO1 KaMepHu OKa) MOKa3HUK 3ajoMiieHHs 1,336

Iris (paiimyxHa 000J0HKa), AiadhparMa 3 OTBOPOM 3 MM

Lens (IOJI) 3 mnoxka3HukoMm 3ajomiieHHs 1,55, mokpurta mmapoMm TeduioHy 3
MOKa3HUKOM 3ajioMmJieHHs 1,42, po3raiioBaHa Ha BiACTaH1 4 MM Bijl paii1y>KHOT 0000 HKH

Aqueous (CKJIOBUIHE TLJI0) MOKa3HUK 3aioMJIeHHs 1,336

Retina (ciTkiBKa)
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Puc. 46. 2D npoexyis onmuunoi cucmemu 1OJI NVision Optics i3 3a0anumu napamempamu

[Tpu nopiBHSAHHI OTpUMaHOi Tpoekiii (puc. 46) 3 mpoekiiero (puc. 39a), MOXKIUBO

OIIIHUTH XiJ MPOMEHIB B CHUCTEeMi. 3a pe3yJbTaTaMH MOJEIIOBaHHS, IICIAS HaHECEHHS

mwiiBku [ITOE po3cisHHSA CBiTIa 3HAYHO 3MEHIIYETHCS, IO 3a0e3redye OUTbIT YiTKe,

KOHTpPACTHE 300paKHHS.

Otpumany TOUkoBY niarpamy poscissHHs (RMS) Ha CITKIBIII TPOMEHS 13 TOBKHHOIO

XBUJI1 A =0,555MKM, MO>KJIMBO OIIIHUTH Ha puc. 47.
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&5 5: Spot Diagram 3
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Scale bar : 100 Reference : Chief Ray Configuration 1 of 1

Puc. 47. Touxosa odiacpama posciauns (RMS) 3anpononosarnoi 10JI, oe

RMS radius=2,972 mxm; GEO radius=3,630 mxMm; Airy radius=3,598 mxm

CepennvoxBanparnyne BigxuieHHs (CKB, RMS) € HopMoBaHOI0 OLIIHKOIO pO3Mipy
wisiMu poscitoBanHs. Po3mip simu GEO — 1ie paziyc koia 3 HEHTpOM B OTMOPHIN TOYII],
B Mexl skoro mnorpamisitore Bcli mnpomeHi. CKB  300paxkeHHs, OTpUMaHOTO
3aMpOoNOHOBAHOIO JIIH3010, CTAHOBHUTH 2,972 MKM, TOOTO BCI IPOMEH1 OTPAIUISIIOTH B MEXKI1
mucky Eiipi (Airy), pagiyc skoro ctraHoBuTh 3,598 mxm. Lle cBiquuTh, 110 Taka ONTHYHA
cuctema € qudpakiiiao oomexeHorw (2,972 < 3,598, RMS radius<GEO radius) (puc.47) i
HE MOoTpedye MOMANBIINX ONTHYHUX ONTHUMI3AIlid, TOMYy IO BOHHM HE MOXJIMBI 3-3a
XBUJILOBOI1 TPUPOIH CBITIA.

Onrtruna niepeaarna Gynkiis (OIID), € ogHiEO 3 OCHOBHMX Ta HAaWBaKIMBIIIUX

XapaKTePUCTUK SKOCTI ONTUYHUX CUCTEM, OJHUM 3 TMOBHIIMIUX KPUTEPIiB OIIHKHA SKOCTI
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300paxkeHb, CTBOPIOBAHMX JIIH3aMH, KOTpa HAOYHO BIJOOpaka€ CIIOTBOPEHHS, SKi
BUHUKAIOTh Ha PI3HMX IPOCTOPOBHX 4YacToTax. BoHa 103BoJIss€ MPOBECTH SIKICHUU Ta
KUIbKICHUHM aHaii3 poO0TH 300pa)kyBaJIbHOI CUCTEMH, SKOIO B IAHOMY BUMAJKY SBIISETHCS
iHTpaokynsapHa JiH3a. OIl® e kommiieKkcHOIO (YHKIIEO 1 i1 MOXHA MPEICTaBUTH JBOMA
niicaumu pyHKisMu — Moayinem OII®, To0To MOAYALIMHOK MEPEeIaTHO (PYHKIIIEO
(MII®) Ta dazoro, pynkiieto nepenadi gazu (OIID) [145].

JIisi BU3HAUEHHs Tepeaayl ONTUYHOI CUCTEMOIO TapMOHIMHMX CUTHANIB PIZHOL
YacTOTH, 1110 ONMUCYIOThCs PIBHAHHAM (3.12), mpoaHasi3oBaHi 3MIHA ONTUYHOI NepeAaTHOT
¢yukuii (OI1P) mix BriMBOM OCHOBHUX (DAKTOPIB, SIKI BU3HAYAIOTh SIKICTb ONTHYHOTO
300pakeHHs: (Qopmu  anepTypHoi JiagparMu, HEpPIBHOMIPHOCTI  aMIUTITYAHOTO
NpOITyCKaHHA Ta adepariii.

y = Acos(wt + ¢q), e (3.12)

A— aMIuIiTy1a CUrHaimy;

¢= ot+ ®9 — ¢aza TapMOHIYHOTO CUTHATY;

t — yac;

O — IUKJIIYHA 4aCTOTa CUTHAIY

Hnst ananizy MII®D [0OJI 6e3 HaHECEHOTO MOKPUTTS 3a JAOMOMOTOI0 MPOTPAMHOTO

3abe3neuenns Aber Lite 1.05 orpumano rpadik, puc. 48.
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k' Kontpact [eomeTpuyHa MIP 3 giacdoparmoto y BUrnagi kona

WHUMR

o

JIini

0,5267 S

0,4682 0,9364 1,4046
MpocTopoBa yacToTa

Puc. 48. I'eomempuuna MIID ona 10J1 6e3 [ITOE

PoGounii iHTEpBan YacToT A IHTpaoKymsipHOi yiH3u Oe3 mapy I[ITOE, He
nepesuiye  0,5267. Ipadik reomerpuunoi MIID® nanga  miH3M 3 mIapoM

noJIiTeTpaTOPETUIICHY Ta arepTypHOIO MidparMor y BUIJIAII KoJia, HalaHui Ha puc. 49.

k' KoHTpacTt [eometpuyna MM 3 giadbparmoto y Burnaai kona

HHM

Tini

0, 7769

0,14
/\ S
o |

. 0, 4570 0,9140 1,371
[MpocTopoBa yactoTa

Puc. 49. I'eomempuuna MII® ona 10J1 3 [ITOE
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Buxonsumn 3 orpumanoro rpadiky, podouunii iHTepBan yactoT naHoi 10JI, 3nauno

posuupenuit, nopisusiHo 13 [0JI 6e3 mapy [ITOE.

s ananizy, MII® [OJI nopiBHioBanu 3 MII® ineansHoi onTuyHO1 cuctemu (puc. 50).

0.8 7

0.6 1

0.4 7

/\yl’

Puc. 50. MII® ioeanvhoi onmuynoi cucmemu 3 anepmypHoro diaghpaemoro y eueisidi Koia

k —KOHTpacT mnepiomuuHMX 300pakeHb (BiIHOIIEHHS PI3HHUII MAaKCUMyMYy Ta

MIHIMYMY IHTEHCUBHOCTI JIO iX CyMH)

I'padik puc. 49 Bkasye, mo Ha yacTtoTax BiaMiHHUX Bif 0, 3HaueHHs MII®D 3aBxau

menmie 1. IIpu 306inpmenni dactotu MII® 3menmryetses no 0. ['panmyHa KaHOHIYHA

94acToTa, 10 MEePEAAETHCS PEaJTbHOI ONTHYHOK CHCTEMOI0, AopiBHIOE 1,371 KaHOHIUHHX

OJIMHUIIL. 3BIJICH,

rapMoHiuH1 (mepioguyHi) mpeamMeTd 3 dYactotramu Buie 1,371

nepcaaBaTUMyThbCA OIITUYIHOIO CUCTCMOIO 3 HYJIbOBHUM KOHTPACTOM.

[Tpu mopiBHsHHI rpadika puc. 49 3 rpadikom puc. 48, BuaHO, 110 HaHeceHHs [I[TOE

30inbIrye MII® 1OJ1, nopisasiHO 13 MII®D min3u 6e3 [ITDE. TobTo, 10JI 3 mapom ITTOE

3a0e3mnedye Ha OJHAKOBUX YacTOTaX KOHTPACT 300pakKeHHsI OLUTBINHI, HIX KOHTPACT

cuctemu 0e3 mapy IITOE Ta BiamoBimHO MEHIIINI, HIX i71eaJIbHA ONITHYHA CUCTEMA.
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BuxopucToByroun OTpuUMaHI1 JaHi, 3amporioHoBaHa 00’eMo3amiHHa Monenb 10JI
“NVision OP”, nu3zaiiH dkoi po3poOieHuil B nporpamHomy cepenosuii Solidworks 19

(puc. 51).

Puc.51 Inmpaokynapnoi ninzu “NVision OP” [13]

]— KaHaBKa-macTka
2— mepeTrHKa A1 oBHOT ikcartii
3— nucTonoAiOH1 BUPi3U

4— rocTpuil kpaii niH3u (0OPTHUK)

Mopenbs Mae psi BIACTHUBOCTEH, SKI 3aJ0BOJIBHSIOTH MOTpeOH, sIK Xipypra-
opTambMoriora, Tak 1 mamieHTta. Po3Mmipu mycToTinoi, 00’€MO3aMiHHOI JIIH3U HE
MEPEBUINYIOTH PO3MIPH IPUPOIHHOTO KPUILITATIMKA, @ CaMe TOBITMHA HE OLIbIIE HIK 5 MM
ta giametp 10 MM, IpW MbOMY TOBIIMHA ONTHYHOI YAaCTHHHM, IO 3HAXOAUTHCS Ha 3aTHIN

ctiaii odononku IOJI, ckimamae meHme 1 MM, TOBIIMHA CTiHOK 00o0yoHKM 150 mxm. Ha
ONTHYHIH yacTHHi MicTuThest mokpuTTs IITDE 3 nokasHukom 3anomnenns Ny =1,42 | maca

91 mr.
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3.3. IlokpameHHsA ONTUYHUX MOKA3HUKIB IHTPAOKYJISIPHUX JIiH3 HANIMJIEHHAM
HT®E

[TniBku  momitetpadToperuieny (propomnact-4, Teduion), (CoFs)n wacTo
BUKOPUCTOBYIOTHCSI Y BUCOKOTEXHOJIOTTYHHMX mNpucTposix [146, 147]. B ToHkomy miapi
Te(pJJOH — Tpo30opa pEYoBHHA, IO 30BHI Haraaye mnapadiH abo TNOJIEeTUJIEH.
XapakTepu3yeTbCs BHUCOKOIO TEIUIO- 1 MOPO3OCTIMKICTIO, 3aJIUIIAETHCS THYYKUM 1
eJaCTUYHUM IIpH TemnepaTtypax Bix —250 g0 +250 °C, 110 103B0oJIsIE 3aCTOCOBYBATH HOTO
B OaraThox ranyssx. Teduon mMae nyxe HU3bKUM noBepxHeBui Hatar 1 aaresito. [ITOE e
0e3nedyHMM Ta HEeMae HETaTHMBHOTO BIUIMBY Ha OpraHi3M JIOAWHHM, II€ MiITBEPIKYIOTh
nocmipkeHHsa[148] Tta AMEpPHKaHCBHKOTO YIpPaBIiHHS HArJsily 3a SKICTIO XapuoBHX
npoaykTiB Ta MmeaukameHTiB (FDA) [149].

3-3a toro, mo IITOE He po3unHIOETHCSA HiI B OJJHOMY 13 PO3UMHHMKIB, HAHECEHHS
HOoro TUTIBKOIO € BaXKKOIO 3ajadero. Jlesiki aBTOpM NPOMOHYBAJIM 3aCTOCOBYBATU
MoaudikoBaHUM kucHeM po3uuHHUU ¢ropnomimep (Teflon AF 1 iH.) 1 HaHOTOPOIIOK
nojaiterpadropetmineny [150-153]. [HmuM BapiaHTOM HaHECEHHS TUTIBOK € BUKOPHCTAHHS
METOAy ra3oBoi (hasu: IuTa3MoBa mojimMepu3alliss mnepdropmonomepis  [153-155],
MarHeTpoHHe, cHHXpoTpoHHe [157,158], pentreniscrke [159] a6o nazepHe po3mOpOIICHHS
mimreni [160,161]. IlpomonoBaHi, TakoxX, TEpMiuHa aucoIiamis (TOpOBaHUX 3’€IHAHD
[162], BunapoByBaHHS MpHU €IEKTPOHHOIIPOMEHEBiH 00po6Ii [163-165], BunapoByBaHHs;
NoJIiTeTpa TOPETUIICHY 3 aKTUBAIli€l0 BUIUICHUX B ra3oBy a3y mpoaykriB [166-167].
OcranHiil BapiaHT OTpUMAaHHA IUTIBOK i3 ra3oBoi (a3u € MpUIaTHUM JUIsi HAHECCHHS
nonimepy Ha [OJI.

B ocnoBi Mmetony orpumanss tiiBku [ITOE nexats npotiecu nerpanaiiii moiximMepa
3 PO3MIIMUICHHSM MAaKpOMOJICKynu. JIms BHUmapoByBaHHS mMOJiMEPiB 1 (OpMyBaHHS
MOJIIMEPHOT TUTIBKA Ha MiAKIaANi OyB BUKOPUCTAHWWA METOJ HarpiBy Hec(OKyCOBaHHM

€JEKTPUYHUM CTPYMOM, SKUW, MPU HEOOXIAHOCTI, 3IMCHIOBAB TAaKOXK EJIEKTPOHHY
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aKTHUBAI[II0 BUTIApYBaHOTO noiMepy. 3riguo [149, 168] IITDE e noBHicTIO Oi0CyMiCHUM 3
TKaHMHAMM JIIOJJUHU Ta I03BOJIEHUH JJIs1 MEIUYHOTO BUKOPUCTaHHs. bibllie Toro, 3aBasaKu
Horo rinpopoOHOCTI A0 BCIX PEYOBHMH, BIH NEPEIIKOJIKAE PO3BUTKY OakTepii Ta
HAapOCTAaHHIO eMiTeNiaIbHUX KIITHH, 110 HPOBOKYIOTh PI3HOTO THUIY YCKJIAJHEHHS Ta
PO3BHUTOK BTOPUHHOI KaTapakTH micis immianTanii I0JI. 3rigHo po3paxyHKiB, (popmymnu

3.2-3.11), akpunoBa IOJI 3 moka3HuKkoOM 3aj10MjIeHHS 1,55 MOBUHHA OyTH MOKPHUTA IIAPOM

[IT®E TtoBmuuoo Bix 50 mo 150 um, mopcrkictio R, =35- 50 M 3 nokxasHukKOM

sanomnenns Ny =1,42 . Jina manunenns mwiisku [ITOE na I0JI Gyna 3amisHa ycTaHOBKA
BakyymMHoro HanuieHHs YBH-74 (puc.52), I[HctutyTy (i3vky HamiBIPOBIIHHKIB iIMEHI
B.€. JlamkaproBa HAH Vkpainu. YcTaHOBKa BUKOPHUCTOBYBAJIACh 13 3aBAHTAKEHUM B Hel

00€epTOBUM JIMCKOM, Ha SKOMY MICTUJIUCh TPH KPEMHIEBI CBIIKM Ta IHTPAOKYJIIpHA JIIH3A.

Cucrema
y3ropkeHHsa BU
reHeparopa

Pfeiffer vacuum |

o g et :
= g =%

?H | BAKYYMHOIO CHCTEMOIO

Ve & l_: ‘ ‘:v _
- QEW- - CneKTpO(bOTomeTp
S e StellarNet

oL |

Puc.52 Yemanoska eaxyymnozo nanunenns YBH-14
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Hiametp kamepu YBH-74 cranoButs 0,7 M 1 rnubuna ii 0,5 M. B xamepi Mictunucs
2 eNeKTpOHHUX 1 1 pe3rcTuBHUI BUnapoByBayi. Bucokuii Bakyym nocsiraBcs 3a 60 XBUJIHH.
IMabaputu ycranoBku ctaHoBisITE 1500 x 2710 x 2150 MM, maca 1250 kr.

Bupo6u, npuzHaueHi 1151 HAHECEHHS Ha HUX IIapy MOJIMEPY, BCTAHOBIIIOIOBAINCH B
TpuMaui 06epToBoro 6apadaHa Ta B MPOLIECi HAMMIIEHHS 00epTalucs HABKOJIO CBOIX Bicel
JUTsl PIBHOMIPHOTO TIOKPUTTSI BC1X MIOBEPXOHb.

3-3a Toro, mo mnpu BumnapoByBaHHI [ITOE mBHAKICTE pOCTy IIIIBKH, IO
YTBOPIOETHCS, HU3bKA, JUIsl MPUCKOPEHHS MPOIECY MPOBOAMIACH AKTUBAIlsl MPOAYKTIB
poskianands [ITOE npuckopennmu enexkrponamu [160, 164]. Takuit npuiioMm 103BOJIsIE
30UTBIIMTH MIBUJAKICTh POCTY IUTIBKM B m'saTh pasiB [169]. Ha ctpykTypy 1 BiractuBocTi
IUTIBOK BIUIMBAIOTh THCK Ta30MOMIOHMX MPOAYKTIB PO3KIANaHHSA, CTPyM 1 Hampyra
eJIEKTPOHHOT akTHBalli. Bctanosneno, mo miiBku [ITOE, yrBopeni 3 razoBoi (pa3u, MatoTh
HaWOLIBII OAHOPIIHUM penbed MOBEPXHI MPH TOBIIMHI B iHTEepBaii Big 30 HM 10 10 MKkM
[170, 171, 172]. B HamoMy BUIAAKy, MPOBOIMIOCH HAIMJIECHHS ILUTIBOK ToBHIMHAMHU 50,
100 Ta 150 HM, 110 TOTPAIIAIOTH Y BKa3aHUM IHTEPBAJI Ta MAaIOTh TOBEPXHIO MOTPiOHOT
SKOCTI.

Kontpons aromHux 1 wmoinekymspaux mnotokiB IITOE, mo BumapoByBagcs,
IPOBOAMBCSA METOJOM BUMIPIOBAaHHSI YaCTOTH KOJIMBaHb KBApIIOBOTO pe3oHaTopa. JlaHwii
METOJl J03BOJIAE TMepepaxyBaTH 3MIHY YacTOTH KBapLIOBOTO pPE30HATOpPA B TOBIIUHY
Bk, JJis TOYHOrO BHUMIpPIOBaHHS TOBIIMHM HAHECEHOI TMUIIBKK Oylia BUKOpPHCTaHA
CUCTEeMa, SKa BKJIIOYalia B ce0e YOTHPHOXKAHAIBHUM CHCTEMHHH BUMIPIOBAY TOBIIIUHU
Sigma Instruments SQM - 242, cniekrpodorometp StellarNet, BU renepatop Dressler
Cesar 403, Bakyymmerp Pfeiffer vacuum, mxeperno cBitiia, OnTOBOJOKOHHI ITPOBITHUKH
CBiTJIa 1 BaKyyMH1 BBOJY BUTIPOMIHIOBAHHSI B KaMepy.

J1y1st HaHEeCEeHHSI TUTIBKY 3a/IisTHa CHCTeMa 00epTaHHS TpUMada MiJKIag0K 1 CKISTHOTO

mucky (puc.53), Ha sKiii BiOyBaBCS BUMIP CIIEKTpa ONTHYHOTO IMPOITYCKAaHHS ILTiBOK
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6e3nocepennpbo min yac HaHeceHHs [ITOE y Bakyymi. Taka cucrema 103BoJisiia HE TUTBKH
aHani3yBaTH sBULIIA arperamii abo camooprasizauii IUTIBOK B 3aJIEXHOCTI Bl YMOB
3pOCTaHHS 1 HAHOCUTH PIBHOMIPHI MO KOHUEHTpALil IUIIBKOYTBOPIOIOYMX KOMIIOHEHTIB

MOKPUTTSA, ajieé ¥ CTBOPIOBATH T'PAJI€HTHI MO KOHILEHTpAIlll 3pa3Ku 3a OJHE HAINUJICHHS

[169].

Puc.53 Obepmosuii cknsnuti OUCK i3 3a8AHMANCEHUMU 3PAZKAMU

Ha o6eproBuii nuck 0ynu 3aBanTaxeHi [OJ], kpeMHieBHI CBIOK Ta CKISTHUM CB1JIOK
25,4x76,2 MM. 3a faHUMH KaJlIOPOBKH 3MiHA YaCTOTH KBapIieBOro BUMiptoBada Ha 76 I,
BinmoBinganra HanoporieHHIO [IT®E ToBmumHo00 1 HM.

B nepmomy Bumnanky mis HamopomeHHs 50 HM momTeTpagTOpeTHIICHY TOYaTKOBa
gacToTa KBapieBoro sumiproBada 5 808 976,9 I'm.

Ha puc.54 npeacrasneni nouatkoBi napametpu HarmuieHHs [ITOE ycratkyBanHIM

Ta Ha puc.55 KIHIEBI.
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[nput Readings

Fate [&/z] | Thick [ka] | Freg. [Hz] | Life [%] Caontral
Senzor 1 02 -0.016 52315759 ga.2 tOME
Senzor 2 02 -0.073] 5832518.4 g9.2 MOME
Senzor 3 14 -0.010] 520237E.9 an.a FTFE
Senzor 4 0o 0.0an Fail ? Mone

Puc.54 Ilouamxosi napamempu YBH-74 ons nanunennss 50 um IHITOE

Hamnpyra enextponnoi akrusaitii 0,8 kB
Cuia ctpymy enekTpoHHo1 aktuBallii 10 MA
Temneparypa 20 °C

Tuck 1,4*10* mm pr. cr.

[ Input Readings

Rate [&./z) | Thick [ka] | Freq. [Hz] | Life (%) Control
Sengor 1 -02 0317 BEE10535 2e.1 NOME
Sengor 2 .04 0562 BEIE0E.2 29,2 NOME
Sengor 3 -08 0.830 5B05129.4 a0.5 FTFE
Senzor 4 .00 0.000 Fail ? Mone

Puc.55 Kinyesi napamempu YBH-74 ons nanuneunss 50 um IITOE

Hamnpyra enextponnoi akrupaitii 0,8 kB

Cuna ctpymy enekTpoHHo1 aktuBaiii 10 MA

Temneparypa 352 °C

Tuck 2,8%10™* mm pr. cT.

Buxinna wactora 5808977 I'n, xiamnena gactora 5 805 129 I'n, pizuums 5808977 —

5805 129 = 3848 I'ny, 1o Bignosigae TOBIIMHI IIiBKU 50,6 HM.
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B npyromy Bumaaky mns HamopouieHHs 100 um IIT®E, BuxinHa uacroTa
KBapleBoro BuMiproBava ctaHoBuwia 5 903 571 T'u, sxa kpatHO 3MeHIIyBanacsa Ha 76 ',
MM CaMUM JIal0Y¥ MOKJIMBICTh KOHTPOJIIOBaTH npupicT miiBku [ITOE.

Ha puc. 56 npexacrasieni noyatkoBi napameTpu HanuieHHs [ITOE ycrarkyBanHsIM

Ta Ha pucC. 57 KIHIEBI.

[ Input Readings

Rate (/2] | Thick [ka] | Freq. [Hz] | Life [%] Contral
Senzor 1 .M 0.000) 5971780.2 372 MOME
Senzar 2 -1 0.000 5947363.3 4.8 MOME
Senzar 3 -13 0,000 5303570.4 90.4 PTFE
sensor 4 0 0.000 Fail 7 Mane

Puc. 56 Iouamroei napamempu YBH-74 onsa nanunennst 100 nm [NTOE

Hamnpyra enextponnoi akrusaitii 0,8 kB
Cuita ctpymy enekTpoHHoT aktuBarlii 10 MA
Temmneparypa 26 °C

Tuck 6,3*10° MM pr. cT.

.. Input Readings
Rate [&/2] | Thick [kA] | Freq. (Hz] | Life [%] Contral
Senzor 1 16 0.736 53705324 371 MNOME
Senzor 2 13 1.787 5945101 1 345 MOME
Sensor 3 .28 1.643 5835771.9 836 FTFE
Senzor 4 0 0.000 Fail ? Mone

Puc. 57 Kinyesi napamempu YBH-74 ons nanunenns 100 um [ITOE

Hampyra enextponnoi aktusariii 0,8 kB

Cuna ctpymy enekTpoHHOT akTuBaiii 10 MA
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Temneparypa 368 °C

Tuck 6,8*10 MM pr. cT.

Buxigna wactora kBapueBoro BumiproBaya crtaHoBmwia 5 903 570 I'u, kiHueBa
5895772, pizuuns ctaHoBuTh /798 'y, mo Bianoigae ToBuuHi 102,6 HM.

B tperpomy Bumanky mist HanopoueHHs [IT®E toBmmuoro 150 HM mouarkoBa
4acTOTa KBapIlIeBOTO BUMIpIoBaua ctaHoBuia 5 802 752 I,

Ha puc. 58 npeacrasieni noyatkoBi napameTpu HanuieHHs [ITOE ycrtaTkyBaHHIM

Ta Ha puc. 59 KIHIIEBI.

[ Input Readings

Rate (&./g] [ Thick [ka] | Freq. [Hz] | Life [£] Contral
Sengor 1 -25 -0.034 | BEB0T40.4 281 MOME
Senzar 2 -18 -0.093 BEA0T74.3 291 MOME
Sengor 3 -30 -0.129 53027523 an.3 FTFE
Senzor 4 0o 0.000 Fail ? More

Puc. 58 Ilouamkosi napamempu YBH-74 ons nanunenus 150 um [ITOE

Hamnpyra enextponnoi akrupaitii 0,8 kB
Cuna ctpymy enekTpoHHo1 aktuBaiii 10 MA
Temneparypa 42 °C

Tuck 1,6%10* mm pr. cT.

| Input Readings
Rate [&dz] | Thick (k&) | Freq. [Hz] | Life (%] Contral
Senzor 1 A7 0911687931828 a9 RNOME
Senszor 2 35 1.870| B8EYE30.5 288 NOME
Senzor 3 38 2368 5791 361.7 3.1 FTFE
Sensar 4 oo 0.000 Fail ? Mone

Puc. 59 Kinyesi napamempu YBH-74 ona nanunenns 100 um [ITOE
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Hamnpyra enextponnoi aktusaitii 0,8 kB

Cuia ctpymy enekTpoHHo1 aktuBaiii 10 MA

Temneparypa 373 °C

Tuck 1,3*10* mm pr. cT.

Buxigna yacrtora kBapiueBoro BumiproBaya ctaHosmia 5 802 752 I'n, kinuesa 5 791
352 I', pizaung cranoButh 11400 ', 1o Bignmosinae ToBmunai 150 HM.

3a pasynbTaTaMM BHMIPIOBaHb YacCTOTH KOJMBaHb KBAapIIOBOTO pE30HATOpa Ha

3pazku [OJI 6ynu naneceni mapu [ITOE toBmmnamu 50,6, 102,6 Ta 150 aMm.

3.4. locaigxennsi Mop¢oJiorii HAHECEHOT0 HA iIHTPAOKYJISIPHI JIiH3M MOKPUTTH

Jns anamizy mopdosorii 3pa3kiB [OJI 3 HaHeceHMMH PI3HOI TOBUIMHU IIapamMu
[ITOE BukopucToByBaBcs 30H10BHI Mikpockon NanoScope I1la Dimension 3000™ (puc.
60).

Puc.60 3onoosuii mixpockon NanoScope Illa Dimension 3000™
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NanoScope Illa Dimension 3000™ nanae 3mory peanizyBaTh HACTYIIHI METOIUKY:

® ATOMHO-CHJIOBA MIKPOCKOMIs (Ha MOBITPI Ta y PIAKUX CEPEIOBUIIAX);

® MarHiTHa Ta eJIeKTPOCTaTUYHA MIKPOCKOIIIS; CUIOBA KEJIbBIH-30H] MIKPOCKOIIS;

® [pOBiIHA Ta €MHICHAa MIKpOCKoOIig (KapTtorpadyBaHHs Ta JIOKaJdbHI BOJBT-
amIIepHa XapaKTepUCTHKA 1 BOJIBT-(PapaHa XapaKTePUCTUKA);

® TyHEeJbHa MIKPOCKOIIiS (Ha MOBITP1);

® HAHOIH/EHTYBAaHHS;

e ejeMEeHTH HaHoJiTorpadii 1 HAHOMAHIMTYJISIH.

JlocmiJpKeHHsT 30H0BUM MikpockonoMm HaHeceHoi Ha 1OJI mimiBku, TOBIIMHA SKOT,

3TiJIHO KBapIIOBOI'0 BUMipioBaya, cranoBmia 50,6 HM, nano 3HadeHHs 53,6 am (puc. 61).

Stepheight

=) 1 I 1 [ i
0 25 5.0 A7.|5 A0.0 lZ.SA

Step height
53.606 nm

MEASURE

#41

File: default

Puc.61 Konmponvue eumiproganus moswunu Hanecenoi na 10JI nnieku [ITOE

3 IOTIOMOTO0 IHOTO X 30HJAOBOTO MIKPOCKOIIA, MPOBEACHE MOCTIIKEHHS SKOCT1

MOBEPXHI HAHECEHOTO Te(IIOHY, PE3yIbTaTH BKa3aH1 Ha puc.62.
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Image Statistics

Img. Z range 120.78 nm
Img. Rms (RqD 4.639 nm
Img. Ra 3.325 nm
Img. Srf. area 9.577 pum?

Box Statistics

.965
<159
L1177
.000
.004

Rms (Rq)

Mean roughness (Ra)
sSurface area

Box x dimension

o owowow

Box y dimension

Z range 32.755 nm

nm
nm
pm?
Km
Hm

Summit OFf

Puc. 62 Xapakmepucmurxa nosepxui naneceno2o wapy IITDE 53,606 um
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Mean — cepenHe 3HayeHHS BCIX 3HauYeHb Z Yy 3aMKHYTIM oOmacti. Cepenne

3HAa4YCHHA MOXC MaTHu Bi,I[,CMHe 3HA4YCHHA, OCKUILKU 3HAQYCHHS Z BI/IMipIOIOTLCﬂ moao

3HAYeHHS Z, KOJHM MIKPOCKON 3aJisTHUM, TOOTO MpU MaKCUMAaNbHINA TUIONI BUMIpY. Jlms

MEPIIOro BUIAJIKY HaHECeHHA Ha JiH3y 53.606 uMm, Z=120,78 uwm.

Surface area — TpuBHMIpHA ILIONIKMHA 33JaHOTO I10JIs1, 00paHa IIoIIa JOCTIIKEHHS.

Lle 3HaueHHs € CyMOIO IIJIONII BCIX TPUKYTHUKIB, YTBOPEHUX TPHOMA CYMIXHUMU TOUKAMU

JIaHUX i CTAaHOBUTH 9,577 MKkM2. HIII XapaKTEpUCTUKU JaHOTO MO JOCIIIPKEHHS :

Rms (RQ) — cranpmapTHe BiaXwieHHS 3Ha4eHb Z B MeXax JdaHOi oOmacti i

OOYUCITIOETHCA SAK:

L 2
R(q) — ,Z(zl ;ave) . ze

ne Zave — CEPEIIHE 3HAUCHHS 7, y JTaHii 00J1acTi;

Zi— 1ie IOTOYHE 3HAUYECHHA Z;

(3.13)
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N — KUIBKICTh TOYOK Y AaHiil o0nacTi.
B konkpetHomy Bunaaky Rg= 4, 639 um
Mean roughness (Ra) — cepenHe 3HA4YCHHS IOPCTKOCTI TOBEPXHI BIIHOCHO

LIEHTPAIbHOI IUIOIIMHH, 00YUCIIIOBATIOCS, BAKOPUCTOBYIOUH:
1 Ly Ly
R(a) = =17 [*If G, y)| dxdy , ne (3.14)
x by

F(X,y) — po3mipu NoBepXHi BiIHOCHO IEHTpaibHOI mIomuHM i L, Tal, e
BUMiproBaHHsAME MoBepxHi. R(a) = 3,339 M

[Moka3HHUKH B 067aCTi JOCTIKeHHS 3, 177 MKM?:

Rg= 3,965 nwm;

R(a)= 3,159 um.

IIpu pocnigkeHHI 30HA0OBUM MikpockornoM HaHeceHol Ha [OJI rutiBku, TOBLIMHA

SKO1, 3TITHO KBapIIOBOIO BUMIiproBaya, ctaHoBuia 102,6 HM, OTpuUMaIu CIIBIaar0ye

snaueHHs 102,66 um (puc. 63)

Stepheight
§ i
d“ “ 5.6 1010 15‘0 AA
Step height
102.66 nm

MEASURE

#2

File: default

Puc.63 Koumponvre eumiprosanns mosuuru niieku IITOE na 10J1
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OTpruMaH1 KaHTHJIEBEPOM ATOMHOI'O CHUJIOBOTO MIKPOCKOIY 3HA4€HsA HIOPCTKICTI
MOBEPXHI IHTPAOKYJSAPHOI JiH3U npu ToBIIMHI HanuiaeHHs [ITOE 102, 66 um Bka3zaHi Ha

puc.64.

Peak surface Area Summi t Zero Crossing Stopband

Roughness Analysis

Image Statistics

Img. Z range 13.759 nm
Img. Rms (Rq) 1.433 nm
Img. Ra 1.124 nm

Img. sSrf. area 25.101 pm?

Box Statistics

Z range 11.397 nm
rRms (Rq) 1.380 nm
Mean roughness (Ra) 1.096 nm
Surface area 15.127 pm?
Box x dimension 5.000 pm
Box ¥ dimension 3.014 pm

Peak Off Summit Off

Puc. 64 lllopcmxicme nogepxwi 05 ninzu 3 wapom IHITDE 102,66 Hm

Jlnst mtommi mocimxenns (Surface area) 25,101 MkM?, OTpUMaHi HACTYIIHI 3HAYEHHS
Z=13,759 um;

Rg= 1,433 nwm;

Ra= 1,124 um.

Tl monst jociimkerHs 15, 127 Mxm?:
Z=11,397 um;

Rg= 1,380 nwm;

Ra= 1,096 um.
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[Ipu nocnimxeHHi 30HA0BUM MikpockornoMm HaHeceHoi Ha [OJI mniBku IITOE,

TOBIIMHA SKOi, 3TIAHO KBAapIIOBOrO0 BUMIpIoBaya, craHoBWiIa 150 HM, oTpuManu OJnM3bKe

3HauyeHHs 151,8 um (puc.65).

Stepheight

nm

75

o Az s.oh 7 10.8 125 A

Step height
151.82 nm

MEASURE

#42

File: default

Puc.65 Koumponvne sumiprosanns moswunu narnecernoi na 1OJI nnieku [ITOE

[Tpu anamnizi mopdororii moBepxHi, OTpUMaHI HACTYIHI 3HAYEHHS IIOPCTKOCTI

MOBEPXHI HAHECEHOT 0 moJiTeTpadropeTuiieny (puc. 66).
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Roughness Analysis

Image Statistics

Img. Z range 65.201 nm
Img. Rms (Rq) 3.326 nm
Img. Ra 2.374 nm
Img. Srf. area 9.439 pm*

Box Statistics
Z range 22.834 nm
Rms (RQ) 2.571 nm
Mean roughness (Ra) 2.047 nm
Surface area 3.070 pm?
Box x dimension 3.000 pm
Box y dimension 1.000 pm

Summit Off

Puc.66 Illopcmxicmo nosepxui ons ninzu 3 wapom IHHTOE 151,82

Jlns mnomi nocimxenns (Surface area) 9,439 MxM2, oTpuMaHi HACTYIIHI 3HAUEHHS:
Z=65,201 nwm;

Rg= 3,326 nw;

Ra= 2,374 um.

Jlns mons mocmimkends 3, 070 MKM?:

Z=22,834 nwm,

Rg= 2,571 nwm;

Ra= 2,047 am.

3riHO pe3yabTaTiB aTOMHO-CHIIOBOT Mikpockorii (ACM), cTpykTypa HaHECEHHX

MOKPUTIB € amop(dHOI0, po3TamryBanHs Mosiekyn [ITDE 3a0e3nedye noTpiOHy TOBITUHY Ta

SKICTh TIOBEPXHI Ha BCIX TPHOX THMAX JIIH3.
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3.5. OniHKa IKOCTI HAHECEHOr0 HA iIHTPAOKYJISIPHI JiH3M NOKPUTTSH

Ilepen nocmimxenHsM sikocti HaHeceHoro MokputTs [ITOE na 10JI, npoBoaunacek
3arajibHa OIliHKa MOBEPXHI JIH3H 3a J0MoMoror mikpockorna BX41 (Olympus Iberia, slr.,

Icnanis) mpu 36inbmenni x100X (puc. 67).

©

Puc. 67. Cnocmepeosicenns nosepxui 10J1 na mikpockoni BX41 Olympus

Amnaniz moBepxHi JiH3u npu 30utbimieHHl x100 Ha Mmikpockomi BX41 Olympus,
BCTAaHOBUB BIJICYTHICTh MEXaHIYHHUX Ta 1HIIUX JAe(EKTIB, 10 MOTJIM OyTH BUKJIUKAHI JIIE€F0
kaatuneBepa nmpu ACM gocnimpkeHH.

Y 3B’SI3Ky 3 THM, IO aTOMHO-CHUJIOBHN MIKPOCKOM Ma€ OOMEXEHUU Jiama3oH
JOCIIHKSHHS, aHaJI13 TPOBOUBCSA 3 JOTIOMOTOI0 TTPOCBITIIFOYOTO MIKPOCKOTTY. [[71s O1liHKK
JETATBHOI CTPYKTYpH TIOKPUTTS B Jabopatopii matoMopdoisiorii 3 MpO3eKTYpOro
HarmionanpHOro iHCTHTYTY CcepleBO-CyAMHHOI Xipyprii imeni M.M. AmocoBa
BUKOHYyBanucsi momnepeuni mepepizu IOJI. Jlns nHamanHsS CTaOLIBHOTO CTaHy JIIH3HU

MOTIePETHBO 3aMOPOXKYBAIMCH B MOPO3WIIbHIN Kamepi 10 -40 °C (puc. 68).
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Puc. 68. Mopo3sunvna kamepa (npasopyu) ons niocomosxu 1OJI 0o nepepizy

[epepi3 aiH3 mpoBoAMBCS Ha MexaHidHOMY Mikpotomi Leica CM 1100 (puc. 69),

ToBITMHAMH 3pi3iB 100 MKM.

Puc.69 Mexaniunuii mixpomom Leica CM 1100
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Oninka sikocti HaHeceHoro Ha [OJI MOKPUTTS, MPOBOAWIOCH 13 BUKOPHCTAHHIM
KOH(OKAIBHOT'O JIA3epHOr0 CKaHyo4oro Mikpockomra Zeiss LSM 510 META (puc. 70) B

InctuTyTi 610X1MiT iM. O.B. IMannagina HAH Ykpainu.

Puc. 70. Kongokanvnuii nazepruii ckanyrouuit mikpockon Zeiss LSM 510 META

Mikpockoniyna kaptuna nepepiziB [OJI 3 nanunennsm [ITOE rosumnoro 50, 100
ta 150 HM npu gociimkeHHl Ha Mikpockori Zeiss LSM 510 META, nokasana, BiZIOBiIHO,

Ha puc. 71, 72 ta 73.



# 2021-03-16 -L1- AM

| &) Length 289109 jm

’ AR il

(3) Length 555,50 ym

200 | |,
! =

| >

Puc. 71. Ilepepiz 10J1 3 nanunennsm IHTOPE moswunoro 50 nm,
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Puc. 73. Ilepepiz 10J1 3 nanunennsim IITOE moswunoro 150 um, x125.

3-3a pi3HUII pepaKIIMHOTO 1HIEKCY, HAHECEHE MOKPUTTS MIPH MPOCBIUYBaHHI Mae
iU BiATIHHOK, HiX Martepian IOJI. Ha puc. 71 - 73 mpocTexyeTbest pIBHOMIpHHMA 11ap
I[ITOE mo Bciii moBepxHI IHTPAOKYISIPHUX JiH3. B miuioMy, MIKPOCKOMIYHUMHU
nociipkeHHssMA  Mopdotorii moepxui 10JI BcTaHoBiIeHA  PIBHOMIPHICTH TOBIIWMHU

HaHeceHux mapiB [ITOE mpu BiagcyTHOCTI BUIMMUX HEOIHOPITHOCTEH.

3.6. locaigkeHHss (POKYCHHMX IJIAM iHTPAOKYJISIPHHUX JIiH3

[Ticns manunends Ha diH3u mapy [ITOE piznoi ToBmuHM, A7 OIIHKKA (POKYCHHUX
wisM [OJI Gynmo BUKOpPUCTAHO yHIBEpCAIbHHMIA MPOEKIIHHUIN amapaT 3 (OTOONTUYHOIO

naBoro “®OC-115" (puc.74).
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Puc. 74 Vuisepcanvhuii npoexyitinuti anapam 3 ¢oomoonmuuroio aagoro @OC-115.

1- mama; 2— 3axucHuii ekpad 1; 3 — 3axucHuii mur 2; 4 — nasep; 5 — peirepu; 6 —
IHTpaOKYJIsIpHA JIIH3a; 7 — eKpaH-CBITIIOP1I6Tp; 8 —poTokamepa; 9 — miHiiiKa.

Jlns sKicHOT BI3yaJIbHOI OIIIHKM, BUKOPUCTAHUM JIa3epHUN BUIPOMIHIOBAY 3
noBxkuHOI0 XBUial 500 — 565 HM, mO BIANOBIZA€E 3€JIEHOMY CBITIY, Ta ¢doToamapar.
[TpoBoamIOCh HOCTIKEHHS 4-X TUITIB IHTPAOKYJISIPHUX JIIH3, @ caMe JIIH3U 0e3 HaIluJICHHS
noniterpadroperusieHa Ta 3 HanuieHHsIM [ITOE nHominansHot0 TOBmKHOKO 50, 100 1 150
HM. Bci niH31 po3MiliryBainchk Ha BiICTaH1 HaWKpanioro GoKyCyBaHHs Ha €KpaHi, Mpu AKii
po3Mipu (OKYCHUX IUISIM Oynu MiHIMaIbHUMH. {71 YCYHEHHS MOMKJIMBUX MOXHOOK
dbokycyBaHHs AochimkeHHs koxkHoro tumy [OJI mpoBoaunock mo 10 pasiB 3 moganbIiuM
MiAPaxyHKOM CEPE/IHIX 3HaYeHb 1 CTAaHAAPTHOI TOXUOKH.

Otpumani ¢otoanapatoMm 300pakeHHs] (HOKYCHUX IJIsIM Ha ekpani jgaBu ®OC-115,
3aBaHTaXXyBaauch B cepemosuine Solidworks. B mporpamHoMy cepemoBHINI METOIOM
MPUB’ I3KU IO HOMIHAJIBHOTO pO3Mipy (poTo Ta MamTabyBaHHSIM 300pakeHHS, TPOBOIUINCH
BIJIMOBIZIHI BUMIPIOBaHHS PO3MIPiB (POKyCHHX IUIsIM. B mepmioMy BHUITaIKy OIIHIOBAIUCH

dokycHi wsimu [0JI 6e3 HanwIeHHS, K BUXiIHI (pHc.75).
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Puc. 75. 306pasicennsn na ekpani ¢hokychoi nasmu 1in3u 6e3 HanuieHHs

Cepenniii po3mip ¢okycHoi msimu [OJI 6e3 nanunenns craHoBus 0,94 +- 0,036 mwm.
[Ticns BcTanoBimeHHs Ha ontuyHy JaBy OOC-115 I0JI 3 HanuieHHIM
noJiireTpadTOpeTUIEHYy MapoM TOBIIMHOKO 53,606 HM, MPOBOIUIOCH (POKYCYBaHHS

Ja3epPHOro JUKepelia CBITIIa Ha €KpaHi 7 Ta OIiHKa po3Mipy (poKycHOI M (puc.76).

Puc.76. 306pasicenns na expani ¢hoxycnoi nasamu ain3u 3 nanunenuam wapy IHTDE moswunoro 53,606 nm
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Cepenniit posmip ¢okycHoi miassmu [OJI 3 Hanunenusm ToBmKMHOW 53,606 HM
ctaHoBuB 0,76 +- 0,03 MM, 1110 B HOPIBHAHHI 3 pO3MIpOM (POKYCHOT TUISIMU BUX1AHOT JIH3H
Ha 0,18 mm menmie (P<0,01). Iami gocmimpKyBaaucs JIiH3M 3 TOBIIMHOKO HAIMHJICHOTO IIapy

[IT®E 102,66 ta 151,82 um (puc.77).

Puc.77. 306pasicennsn ¢hokycnoi nasamu ninzu 3 nanunennsam 102,66 wu

Bignosigao mo orpumanux B Solidworks pesyiasraTis, cepemniii po3mip GpoKycHOT
mwisvu [OJI 3 Hanunennsam 102,66 M cranosuB 0,33 +- 0,024 MM, ToO6TO Ha 0,61 MM
menine, Hibk y [0JI 6e3 Hanunenns, abo B 2,85 pasu (P<0,001).

I[Ipy upoMy, croupatounch Ha gadi [140], MoxHa OYiKyBaTH 3MCHIIEHHS
MO37I0BXXHBOT adeparlii B § pasis, momnepeyHoi — B 23 pa3u, a XBUIbOBOI — B 66 pa3iB.

3 nmomomoror mporpamHoro makery Aber Lite, orpumano rpadik XBHIBOBOI
abepamii nia3u 0e3 HammwiuHHA [ITOE (puc.78) Ta min3u 3 HanuiuaHsAM mapy [ITOE
ToBIHOIO 102,66 HM (puc.78) Wi TPhOX NOBWKHH XBHIIb, CHHBOTO CHEKTPY (440 HM),
3esieHoro (550 um) ta uepBonoro (700 Hm).

KomnonenTa xBuibOBOi abepairrii, 1o BiamoBigae aehOKyCyBaHHIO JiH3H 0Oe€3

HAIWICHHS, MAa€ y CTYIIHHOMY po3kiaganHi Burisi (3.15):
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AW (p)p=p20p*=p20(p? + p%) (3.15)

AW TIIpenmeT: 0° AW

AW IIpemnmeT: 10° AW
T P23 T

Puc.78. Xeunvosa abepayia 10JI 6e3 nmanunenns IITDE 6 mepudianvmomy i cacimaibHOMy

nepepizax

I 10J1 3 nanunenusam HTDE 102,66 nm KOMIIOHEHTa XBUJIbOBOI abepallii Mae
surisn (3.16):
AW(p),=p1ep*=p1s(pz + px) (3.16)
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AW Tpemnmer: 0° AW

AW Ipenmer: 10° AW
P21

Puc.79. Xsunvosa abepayisa 10J1 3 nanunenuam IITDE moswunoro 102,66 um 6 mepudiarbromy i

cazimanvbHoOMy nepepizax

3rifiHO pe3y/IbTaTiB MOJEIIOBaHHS B cepeaoBuiii Aber, XBuiboBa abepalist CBiTjIa 3
JIOBKUHOIO XBWJII, IO BIAIMOBiIa€ CHUHIN MUISHIN CIIEKTpa, sIKE MPOMIILIO yepe3 JIH3Y 3
HarmmieHHsM [IT®OE Topmmuoro 102,66 HM, MeHIIa, MOPIBHIHO 13 abeoarriero JiH3U 0e3
HarmmiieHHs. ToOrto, 3a paxyHok HaHeceHoro tmapy I[IT®E, nedokycyBanHs IiH3U
3MEHIIUIOCH 10 P18.

ITpu ominmi I0JI 3 Hanunenusam ToBuHO0O 151,82 HM (puc. 80), momitHO, 110 ii

(dhokycHa msiMa OuTbIIIa, HXK B ABOX IOIMEPEIHIX JOCITIKCHHSIX.
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Puc. 80. 3o6pasicenns gpoxycnoi nasamu ninzu 3 nanunennsim wapy HHTOE moswunorwo 151,82 um

®okycyBannsam [OJ] 3 HanuaeHHsM ToBUIMHOIO 151,82 HM yTBOproBanucs GpokycHi
IUISIMH TIOMITHO OUTBIIN, HIXK B TOTIEpEAHIX AociKkeHHs X (puc. 74 - 76). BuMiproBaHHSIMHU
BHU3HAYEHO, 1110 cepeiHii po3mip dhokycHoi isimu [0J] 3 HanuienHsaM ToBmuHOO 151,82
oM ctaHoBuB 0,87 +- 0,033 MM 1 CyTT€EBO He BiIpI3HSABCS BiJ CEPEAHHOTO PO3MIPY
dokycuux mism 10J1 6e3 nanunenns (P>0,05).

Pesynpratn mocmimkens 10JI Ha onrtuunid naBi @OC-115 BkazyooTh, MO IS
OTPUMaHHS MIHIMAJIBHUX PO3MipiB (DOKYCHOT IJIIMH Ta, BIATIOBITHO, JIiH3 13 MOKPAIICHUMHU
ONTUYHUMU XapaKTepUCTUKaMHU, NOo1UIbHO BukopuctoByBaT [OJI 3 Hanunenusam [ITOE
mapom ToBIrHOIO 6113bK0 100 HM. [Ipu oMy po3mipu GOKYCHOT IIIIMUA 3MEHIITYIOTHCS
B 2,8 pasiB, MOPIBHAHO 13 po3MipamMu (POKYCHOI TUISIMU BUX1THOI JIiH3U (0€3 HAINUJICHHS).
SIxmo B3ATH 70 yBary, 1o paaiyc (GOKyCHOI TUISIMU € €KBIBAJICHTOM mapameTpa Yy’ (pwuc.
44), To 3MeHIIeHHS POo3MipiB (POKYCHOT IJIAMH B 2,85 pa3u MOXKE CBIAYUTH PO 3MEHITICHHSI
MO37I0BXXHBOT abeparrii mpubim3HO B 8 pasis, monepeyHoi — B 23 pa3u, a XBUIHOBOI — B 66

pasiB.
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3.7. JocaigxeHHsI MO3/10BKHbOI chepruHOI adepauii iIHTPAOKYJISIPHUX JIiH3

[Ticns HanuneHHd Ha 1HTpaoKyJsipHi JiH3U [ITOE ToBmmuamu 50, 100 Ta 150 HM,
o Oyyo mpoBefeHe B IHCTUTYTI Qi3uku HamiBnpoBigHUKIB iM. B.€. JlamkaproBa HAH
VYkpainn HanionanbsHoi akagemii Hayk YkKpaiHu, 3aiiicHioBasochk aociimkenas 10JI na
BEJIMYMHY MO3/I0BXKHBOI chepuuHoi abeparrii.

JocnimkeHHs mpoBoAuoch B butopycbkoMy nepxaBHOMY yHiBepcuTeT, O13MUHMIMA
dakynprer, Kadenpa pizuyHOi ONTUKM 1 TpUKIAAHOT iHPopMaTuku. s qoCiHiKEeHHs
Oys10 B351TO 40 1HTPAOKYJISIPHUX JITH3, 1110 BUTOTOBJIEH1 3 MOJIIMETHIIMETaKpuiaTy, 10 3 sskux
Ooynu 0e3 HanwienHs [ITOE ta 30 3 nanunenusam mapy [ITOE pizHoi ToBIIMHM.

Jlist oTpuMaHHsS 3HA4Y€HHsI BEJIMYMHU abepallli BUKOPUCTAHE YCTATKYBAaHHS, IO
BKJIIOYAI0 B cebe komimatop 3 (okycHOw BiactanHio o0'ektuBa fi = 1600 MM,
JOCJIJDKYBaH1 1 BHUXITHI JIIH3W, BUIIIKOBUW MIKPOCKOI 31 IIKAJIOK TO30BKHBOTO
NEepEeMIlIeHHs 3 HOH1YCOM, IIMJIIHAPUYHUNA 1 cpepuyHui KOHACHCOPH, PO3CYBHA IIUIMHA,
TOYKOBa Jiapparma, 3MiHHI €KpaHU 3 MAPHUMH OTBOPAMH, PTYTHA JamIma 3 JHKEpeIoM
KUBJICHHS, CBITIO(QUIBTP. YCTAHOBKA [JIi BHMIPIOBaHHS I103J0BXHBOT C(hEepUIHOi

abOeparrii MoHTyBasach Ha ontuuHii JaBi OCK-2 3a cxemoro, HaBeaeHo0 Ha (prc.81).

4 7
1 203 STX/ 8
I AR T O~
JU-W:%SW%’/ o
:

Puc.81 Onmuuna cxema ycmanosxu 0715 UMIp08anHs NO30062CHbOI chepuunoi abepayii
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1- mxepeno cBitTia (pTyTHA Jiamna), 2- CBITAOPUIBTP, 3- HUIIHIAPUYHUNA KOHIEHCOD,
4- po3cyBHa muInHA abo aiadparma, 5- 00'eKTUB KOIIMATOP, 6- 3MIHHI €KpPaHU 3 TAPHUMU
OTBOpaMHU, CIYTYIOU1 JUIsl BUJIUIEHHS By3bKUX MMYYKIB IPOMEHIB, 7- JOCII)KYyBaHa ONTUYHA
cucTema B TpuMmadui, § - BIIJTIKOBUI MIKPOCKOTI.

IIpomeni Bin mxepena 1 mpoxonsaTh CBITIO(UIBTP 2, KOHIEHCOP 3 1 OCBITIIOIOTH
pO3CYyBHY MIUTMHY a0o miadparmy 4, BCTaHOBJIECHY B (POKajbHIA TUIONIMHI O0'€KTHBA
KosiMaropa 5. [lapanensHUM My4YKOM Ha BUXOIi 3 KOJIIMAaTOpa MPOMEHI Maal0Th Ha €KpaH
6, SIKUIi BCTAHOBITIOETHCS TaK, 11100 HOT0 OTBOpH OyJM mapanenbHi WiIuHI 4. By3bki myyku
POMEHIB, TPOXO/IATH Yepe3 MapHi CHMETPUYHO PO3TAIIIOBAHI OTBOPH €KpaHy, YTBOPIOIOThH
B ()OKAJIbHIH IUIONIUHI ONTUYHOT CUCTEMH 7 Bl TUPPAKIIHHUX KapTHUHH, 110 CKIATAI0THCS
3 HyJBOBOTO (LEHTPAIBHOI0) AU(PPAKIIMHOIO MAKCUMYMY 1 JBOX MAaKCUMYMIB MEPIIOTO
nopsaky (puc.820), siki criocTepiratoTh B MIKpOCKOM 8.

Jlist BUMIpIOBaHHS TO370BXKHBOT chepuuHoi abeparlii BUKOPUCTOBYBAIU METOJ
BisyalbHUX  (oKycyBaHb JIiHHMKA. [i  OIIiHIOOBANM  BENMYMHOIO  MO3JOBKHIX
nepedoKyCcyBaHb, (BiJ MOYATKOBOTO 300pakeHHs, PUC.820 10 pe3ynbTyrdoro, puc.82a),
BIJIJTIKOBOTO MIKPOCKOTIA Ha 300pakKeHHSAX PO3CYBHOI IIUIMHHU 4, OTPUMAHUX TIPH PI3HUX
BHCOTax h MpoMeHiB, MajaluuX Ha BXIJHI 31HHUIN JOCIIIKYBAHOI ONTHYHOI CHUCTEMH.
[TepeMinyroun MiKpOCKOT Y3JI0BK ONTHYHOI OC1, 3HAXOIUIIA HOTO MOJI0KEHHS, IPU TKOMY

nudpakIiiHi KaApTUHY BiJ IBOX OTBOPIB 3MIHHUX €KpaHiB (puc. 820) MOETHYIOTHCS B OHY

(puc.82a).
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Puc. 82 Jugppaxyiiini kapmunu, wo cnocmepieaioms 8 MiKpOCKOn

[To3znoBxHIO chepuuny abepallito XapakKTepU3yIOTh PI3HULICIO

5S'=|6Sn'-8S0'], 2t (3.17)

0So'- MOYATKOBUHM BIWIIK 3a IIKAJOIO MO3/I0OBXKHBOTO IMEPEMIIIEHHS MIKpPOCKOTMa,
c(hOoKyCcCOBaHOTO Ha 300pa’keHH1 PO3CYBHOI HIUIMHU B MapakcialbHUX MPOMEHsX, puc.82a;
OSh' - aHaNmoTr1yH1 BJIIKY MpH nepedoKycyBaHHAX Bix puc. 826 10 puc. 82a B mpoMeHsIX,
110 MaJIaf0Th HA BXIJHY 31HUIIO ONITUYHOI CHCTEMH Ha BHUCOTI h.

Jlns oTpuMaHHS HaWOLIBIIOT pi3KoCTi AUMPaKIIHHOT KAPpTUHU IIUPHUHA PO3CYBHOI
HIUITMHE 200 IiaMeTp niadparMu MOBUHEH 3a/10BOJIBHSATH YMOBY:

b <2k ne (3.18)

d=(0,01-+0,02):f,.

fc - dokycHa BigCcTaHb JOCTIAKYBAHOI CHCTEMH;

fk - hbokycHa BincTanb 00'€eKTHBA KOJTIMATOpA;

A - TOB)KMHA XBUJI1 CBITIIA.

301UTBIIIEHHST MIKPOCKOTIA MiOMUPAIOCs BUXOASIYU 3 YMOBH, 10 AUQPAKIIITHA CMyTa

BUIMMA Yepe3 MIKpOCKOM mia KyToM He MeHIe 0,5°, 1 po3paxoByBaiack 3a (HopmMymoro:

r> ;‘;‘ , e (3.19)

k=~3mMm - emmipudHUil KOSIIli€HT.

BumiproBaHHS MPOBOAUIOCH B TaKil MTOCITOBHOCTI:
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1. BuBeneHnnss ¢okalbHOI MIIONIMHU KoJliMaTopa [Jisi OTpUMaHHS Ha BHUXOI
00’€KTHBa KOJIMAaTopa MapajejbHOro IMy4Ka MPOMEHIB, NMPU BCTAHOBJIEHHI PO3CYBHOI
niapparmu B (okyci KoiimaTtopa, TOOTO OTpUMaHHS 300pakKeHHS MpeaMeTa Ha
HECKIHYEHHOCTI B YMOBax J1abopartopii.

2. Pozpaxynoxk 3a ¢opmynoro (3.18) wmmpuHM po3CyBHOI mUIMHU 4,
BUKOPHCTOBYIOUHM 3HaueHHs fx = 1600 MM, fc = 7,65mMM, A = 0,546 MKM, i BCTAHOBJICHHS 11
TOPU30HTAIBHO B (DOKATBHIHN IJIONIKMHI KOJIMAaTOpPHOTO 00'ekTHBa 5 (puc. 82).

3. ®okycyBaHHS Ha IIUIMHY 4 3a JOMOMOTOI IMIIHAPUYHOTO KOHJEHcopa 3
300paxxeHHs JuKkepena 1 y BUTIIAI BY3bKOi TOPH30HTAIBHOI CMYTH.

4. PospaxyHok 3a ¢popmysioro (3.19) 36uteinenns mikpockona I i aneprypu A = D
| 2 fc nocmimpkyBaHoi cuctemu (J1iH3M), npuitHsBIIY fo = 7,65 MM i 3amipsBiu giametp D ii
BX1IHOT 31HUII. 3 ypaxXyBaHHSM LUX JaHHUX, NiAO1p MOTpiOHUX /it poO6oTH 00'eKTHBA 1
OKYyJIsipa MIKpOCKOTIA.

5. Jlms onTUMambHOTO CIPUMHATTSA 30pOM 1 OTpUMAaHHS SKICHOI MudpakiiifHol
KapTUHH, puc. 81, BUKOPUCTOBYBAIIM 3€JICHUN CBITIOPUILTP 3 JOBXKUHOI XBII A = 0,546
MKM.

6. BumiproBaHHS BUXTHUX 1 JOCIIPKYBaHUX JIiH3 MPOBOMIIH T10 IITICTh Pa3iB, JaHi
BIJIJTIKOBOT'O MIKPOCKOTIA ycepeIHIoBaIu 3 TouHicTio 0,1 MM.

7. BcTaHOBHBIIM MOTEPEIHBO BIJJIIK 32 HOHIYCOM MiKpocKoIma Ha moauiky 40,0 MM
(BemmunHa 0Sg'), 3aKpiMUILIM pedTep MIKpOCKONA Ha ONTHYHIN naBi. BcraHoBmroBamm
BUXIHY JiH3Y 7 micis o0'eKTHBa 5 KOoiMaTOpa, IEPEMINTYyBaIu peuTep 3 MIKPOCKOTIOM T10
ONITUYHIN JIaBi U1 OTPUMAHHSI Pi3KOT0 300pakeHHs po3cyBHOI niimHA (puc. 81).

8. BcraHoBuBmIM Tiepes; BUXITHOIO JH30I0 7 €KpaH 3 MapHUMH OTBOpaMu 6 3
niametpamu 2, 4 Ta 6 MM, IO 4ep3i MO3IOBXKHIM MEPEMINIEHHIM MIKPOCKOIA TPOBOIIIA
nepedOKyCyBaHHS BiJl TOYATKOBOTO 300paxeHHs, puc. 820 1o pe3yabTyrodoro, puc. 82a,
1 3HABIIN BIJUTIKM MIKPOCKOTIA BU3HAYAIW BeIUIMHHU OSp'. Jlami, 3HaX0 UM BEIMYUHY OS'

M0310BXHBOI chepuaHoi abeparrii BUXigHOT JiH3M sK: 0S'=|0Sh'-0S0'.
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9. 3aMiHMBIIM BUXIJHY JiH3Y 7 Ha AOCIIKYBaHy JiH3Y 7, MIPOBOJMUIN aHAJIOTTYHI

IIICTh BUMIPIOBaHb, PE3YJbTaTH YCEPEAHIOBAIM. 3HAXOAWIM BEIUYUHY  OS'nocn
M0310BXHBKOT chepruuHOi adeparlii JoCTiKyBaHUX JTIH3 0S'j0cn = | 8Sh'1061=0S0"s0ex |-

10. IlocnigoBHicTh A1l moBToproBaiu Tpu pasu it [0JI 3 nanunenuam I[TTOE
HOMIHaJIbHOO TOBIIMHOIO 50, 100 1 150 HM. Pe3ynbratu 1OCTIIKEHHS 3aHECEH] B J0IATOK
b ta 1o Tabmuue 3.1, 3.2, 3.3 Ta 3.4 BIANOBIAHO.

[Ipy BHU3HAYEHHI BEJIMYMHU TMO3J0BXKHBOT chepuunoi abepauii [10JI MoxiuBi
NOoXUOKH, TOB’sA3aH1 13 TEXHIYHUMHU YMHHUKAMU. J[JI1 3HWIKEHHS BIUIMBY LUX MOXUOOK 1
OTPUMAaHHS BIPOTIHUX JaHUX, MIIPAXOBYBAJIUCS CepeaH] apuMEeTHUUH1 3HAUEHbD.

Ta6muis 3.1. [TokazHuky BiAJIIKOBOTO MiKpockomna npu gociipkerH 101 6e3

HaAIIUJICHHSI.
h=2 mm h=4 mm h=6 MM
SSO'BI/IX SShIBl/lX SSIBVIX SSOIBVIX SShIBux SSIBMX SSOIBMX SShIBMX SS|BMX
40,0 39,9 0,1 40,0 39,4 0,6 40,0 38,7 1,3

Pesynbratn mocnimkenus [0JI 3 nmamwnenusm mapy [ITOE Tommuoo 50 HM,

HaBe/eHl B Ta0i. 3.2.

Tabmums 3.2. [TokazHUKHK BiIIIKOBOTO MiKpockomna rpu gociipkerHi [0J1 3

HamwieHHAM mapy [ITOE topmuHowo 50 HM.

50 | Ne h=2 mm h=4 mm h=6 MM
HM SSO'HOCH Sshlnocn Sslaocn SSOIuocn SShluocn Sslnocn SSOInocn Ssh|nocn SS|nocn
1 40,0 39,9 0,1 40,0 39,7 0,3 40,0 38,75 1,25

3 noromororo JineH3iaoro makera SPSS Statistics 19 ta Microsoft Excel 2016 Ha
0a3i onepariitaoi cucremu Windows 10, mpoBoamiack CTaTHCTUIHA 00pOOKa OTPUMaHUX
U(POBUX TAHUX IS KOKHOTO 3 JTOCIIKCHb.

B 3anexxHocTi Bif XapakTtepa MaHUX 1 I[UIEH BUMIPIOBAHb BUKOPHUCTOBYBAIHCH

BIJIMOBIZTHI METOMM CTAaTUCTUYHOTO aHami3a. | mpenctaBieHHs pe3yiabTaTiB B Gopmi
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KUTHKICHMX MOKa3HHUKIB BUKOPUCTOBYBAIM 3HAYCHHS cepenHboro apupmernynoro (M) i
CTaHJApPTHOTO (CEepeNHbOKBAIPATUYHOIO0) BiAXWICHHS (G). i OIIHKM pi3HULB NpU
HOPMAJIbHOMY PO3MOJIJIEHHIO B JIBOX HE3aJ€KHHUX BHOIpKAaX, BUKOPUCTOBYBaBcs t-

kputepiit CtbrofenTta no Gopmydi:

t =——= ne (3.20)
/m% +m?
0.2
Ywucno crymneHiB cBOOOIH:

[Ticns mporo, BHW3HAYAIM KPUTUYHE 3HA4YeHHS U-kputepis CTproJcHTa IS
noTpiOHOTO piBHSA 3HAYMMOCTI, He ripme pP<0,05.

Pe3ynbTaTH, oTprMaHi mpu JOCIIHKEHH] TO3/I0BKHBOT chepruHoi abepallii B pi3HUX
3oHax [OJI 3 HanuneHnHsam ToBiIMo0 50 HM, HaBejeHl B Tabnuii 3.3 B MOpIBHSAHHI 13

nokasaukamu [OJ1 6e3 HanuiIeHHS.

Ta6mums 3.3. Pe3ynbrat cTaTUCTUYHOT OOPOOKH TaHUX MO30HHUX JociikeHs [0J1

0e3 HamwieHHs Ta 3 HamwieHHSM mapy [ITOE rosmuHOIO 50 HM

N=10 M (mM) | P3HHMIIE | M t P

Bux. 2 mm 0,1 0,0076

50 uM 2 MM 0,1 0 0,00394 |0 1

Bux. 4 mm 0,6 0,00422

50 uM 4 MM 0,3 0,3 0,00516 | 35,58 | <0,001
Bux. 6 Mmm 1,3 0,0042

50 uM 6 MM 1,25 0,05 0,00211 | 11,86 | <0,001

PizHuns 3nauens abepailii B IEHTpabHIN 30HI HE BHUSBICHA. AJIe BCTAHOBIICHO

CYTT€BE 3MEHIIIEHHS MMO3/I0BXKHBOI cpeprunoi adeparrii qocmimkyBanoi IOJI B 3onax 4 Ta
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6 mm (P<0,001), mro cBiguuth npo no3utuBHuM epekt Hanecenus Ha 10J] mapy I[ITDE.
I'padiku 3anexnocti adeparnii [OJI 6e3 HanuieHHs Ta 3 HamwieHHsM mapy [ITOE

TOBIIMHOIO 50 HM Bij JiaMeTpa OTBOpIB Aiadparmu, rmokasaHi Ha puc. 83.

No3posKHA chepryHa abepauin

1.4 13

1.2 1.25

2 1
)
3
) 0.8
O
©
£ 0.6
=
T
=
3 0.4
o
0.2 0.1
0 [OiameTtp h(mm) oTBOpiB Aiadparmu
0
h=0 mm h=2 mm h=4 mm h=6
— ' 0 0.1 0.6 13
e 5S'nocn 0 0.1 0.3 1.25

Puc.83 Ilo300601cHs chepuuna abepayis 6 pizHux 30Hax 6UXIOHOI ma 00CIOHCYBAHOI NiH3U 13
wapom [HITOE moswunoro 50 Hm

Ha rpadiky h - me nmiamerp oTBOpiB B ekpaHi mapHux miapparm 6 puc.80,
PO3TaIIOBaHUX BEPTUKAIBHO 1 CHMETPUYHO IIOJI0 IIEHTPY ONTHUYHOI CUCTEMHU (JT1H3H) 7. 3a
dopmynoro (9) BusHadanmu BeduduHU OS', 0S'yoen 1 OyayBamM Tpadiku MO3T0BKHBOT
chepuuHoi abeparii ;I BUXITHOT 1 JOCTIIKYBaHOT JIiH3, BiIKJIQJar09d IO oci abcimc
3HaueHHs h, a mo oci opauHAT 0S' Ta 8S'j0cs-

PesynpraTin mociimkeHHs MO3M0BXKHBOI chepuunoi abeparii I0J] 3 HanumeHHAM

mapy [ITOE toBumaoto 100 HM HaBeneHi B Tabmmiri 3.4.
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Tabnuis 3.4. [TokazHUKHK BIJIIKOBOTO Mikpockona mpu gociimkerHi [0J1 3

HarmwiieHHsIM mapy [ITOE ropmunaOo0 100 HM.

100 | Ne h=2 mMm h=4 MM h=6 MM
HM 0S0'10en | OSh'noen | 8S'woen | 8So0'mocn | OSh'noen | 0S'moen | 0So'ocn | OSh'moen | 6S'noca
1 40,0 40,0 0 40,0 39,85 0,15 40, 38,9 1,1

VY Bumanky gociipkeHHs yepe3 Aladparmy aiametpoM 2 MM [OJI 3 HanuieHHSIM
[ITOE mapom 100 HM no310BkHBOI chepruHoi adepaii He BusaBieHo. Hanunenus [ITOE

ToBIIMHOIO 100 HM Ha JIIH3Y B LIEHTPAJIbHIN 00J1aCTi BUSBWIIOCS HAUOUIBI €()eKTUBHUM.

Tabmuis 3.5. Pe3ynbrat cTaTUCTUYHOT OOPOOKH TaHUX MO30HHUX JociikeHs [0J1

6e3 HanuiieHHs Ta 3 HanwieHHsM 1mapy [ITOE tosmunoro 100 HMm.,

N=10 M (Mmm) | PBHMIE | m t P

Bux. 2 mm 0,1 0,0076

100 aM 2 MM 0,0 0,1 0,0 13,16 | <0,001
Bux. 4 mm 0,6 0,00422

100 M 4 MM 0,15 0,45 0,0014 91,02 | <0,001
Bux. 6 mm 1,3 0,0042

100 aM 6 MM 1,1 0,2 0,00149 | 44,72 | <0,001

B minomy BctanomieHo, mo HaHeceHHs Ha IOJI mapy IITOE wHomiHambHOMO
ToBITMHOIO 100 HM TIPU3BOAMIIO JO CYTTEBOTO 3MEHIIICHHS IO3/I0BKHBOI abepallii y BCixX
nocnimkyBanux 3oHax [OJI, mpu 1iboMy B IIEHTpasbHIM 30H1 abepallis He BUSBIISLIACS.

I'padixu 3anexxHocti abepaiii IOJ] 6e3 Hanwnenns Ta 3 HanuieHHAM mapoM [ITOE

toBmuHOW 100 HM Bix miameTtpa giadparMu, mokazaHi Ha puc. 84.
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Puc. 84. INo3006dcHs cihepuuna abepayis 6 pisHUXx 30HAX SUXIOHOT Ma OOCTIOHCYBAHOL TIH3U 13
wapom HHTDE moswunoro 100 Hm

Pe3ynbTaTi BU3HAYECHHS BEIWYMHU TO3/I0BXKHBOI chepuunoi abeparii [10J1 3

HanuiaeHHsM 1mapy [ITOE tosmunorwo 150 uM HaBezaeHi B Tad:. 3.6.

Tabmums 3.6. [TokazHUKH BIIJIIKOBOTO MiKpockona mpu gociimkenni 10J1 3

HamwieHHAM mapy [ITOE topmuuo0150 HM.

150 | Ne h=2 MM h=4 MM h=6 MM
HM 5SO'uocn Sshluocn 8slnocn 8SOInocn SShlnocn Sslnocn SSOInocn SShlnocn Sslnocn
1 40,0 39,75 0,25 40,0 |39,45 0,55 40, 38,75 1,25

Tabmums 3.7. Pe3ynpTaTu CTaTUCTUYHOT 0OPOOKH JTAaHUX ITO30HHHUX JTOCTIIKCHb

[OJI 6e3 Hanunenns Ta 3 HanuiaeHHsSM mapy [ITOE Topmuuoo 150 HM.

N=10 M (MMm) | PBaHs | m t P

Bux. 2 Mmm 0,1 0,0076

150 am 2 MM 0,25 -0,15 0,00258 | 17,0 <0,001
Bux. 4 mm 0,6 0,00422

150 am 4 Mm 0,55 0,05 0,0026 9,7 <0,001
Bux. 6 Mmm 1,3 0,0042

150 HM 6 MM 1,25 0,05 0,00298 | 8,4 <0,001
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TakuM ynHOM, BUSABIICHO, 10 HE 3BAXKAI0UM Ha CyTTEBE 3MEHILIEHHs adepallii B 30HaX
4 ta 6 mm, map [ITOE toBmuuow 150 HM BiporigHo 30UIbIIYE TTO3J0BXKHIO abepailito B
uentpaibHii 30H1 [OJI. Tomy HanecenHs miBku [ITOE HoMiHanbHOIO TOBIIMHOKO 150 HM
Ha [OJI 3 MeTOI0 MOKpAIIEHHS X ONTHYHUX XapaKTEPUCTHK HE € TOIITEHUM.

I'padiku 3anexuocTti abepairii [OJ] 6e3 HanuneHHs Ta 3 HamwieHHsM mapom [ITOE

ToBIIMHOIO 150 HM Bif AiameTtpa miadgparmu, mokaszaHi Ha puc. 85.

MNo3aoBKHA chepuuHa abepauin
1.4

1.2 1.25

3
i= 1
=y
3
] 0.8
©
©
g 0.6
=
<
= 0.4
()
@
0.2
0 ) [OiameTp h(mm) oTBOPIB Aiadparmu
h=0 mm h=2 mm h=4 mm h=6
— ' 0 0.1 0.6 13
e 5S'n0cN 0 0.25 0.55 1.25

Puc. 85. Iloz006oicus chepuuna abepayis 6 pizHux 30Hax 6UXiOHOT ma 00CAIONCYBAHOL TIH3U 13

wapom HITOE moswunoro 150 Hm
[Tpu ananizi [OJI 3 nanopommenusm mapy [ITOE tosumnoro 200 HM, BiAMIYEHO, 1110
TUTIBKa Ma€ MOJIOYHO-OLTHI KOJIip Ta HE € TMOBHICTIO MPO30POI0. bijbIilie TOro, MOKPUTTS
mapoM [IT®E rtoBmmuoio 200 HM € CBITIOPO3CIIOUMM, IIO HETAaTUBHO BILIMBAE Ha
nmporyckanHs cBiTia. Jlanuii edexT moxke OyTH TMOB’SI3aHHWMA 3 BIICYTHICTIO JAJBHBOTO
MOPSIAKY PO3TallyBaHHS YaCTHHOK MOJIEKYJ, aTOMIB, HOHIB 1 HAsBHICTIO OJM)KHBOTO
MOPSAZIKY, TOOTO 3aKOHOMIPHOTO pPO3TAaIlyBaHHS MOJEKYJ OJIHA BIZHOCHO OJHOI SK

reoMeTpuYHi (KoopAwWHAIMiiiHe umcio). B amopdHOMY posramryBaHHI YacTHHOK, Il
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3aKOHOMIPHOCTI 30€piratoThCsl JTUIIE JI HEBEJIIMKUX BIJICTaHEH, 1110 CTAaHOBIATH Bia 0,5 10
5 nanometpis[175].

Pesynpratn pocmimxenus 10JI 3 nanunenumu mapamu [ITOE HOMIHanbHUMU
toBmuHamMu 50 M, 100 HM Ta 150 HM JarOTh MOMKJIUBICTH CTBEPKYBAaTH, IO IUIIBKA
[ITOE B OaraThoXx BUNAJKax MOKpallyBaja ONTUYHI XapaKTEPUCTUKU JIH3U. OCKIIbKU
XBHJIbOBA abepallis MpONopLiiiHa YeTBEpTOMY CTYIEHIO pajiycy 30HH (y*), momepeuna —
kyOy (y°), a 10310BKHs — KBaapary pazaiyca (Y2), To Ipy 3MEHILIEHH] M0310BKHbOI abeparii
nornepeyHa 1 XBUJIbOBA 37aTHI 3MEHIIYyBaTUCA 1€ B OUIbLIINA Mipl. A TOMYy, Taki 3MIHU
NO370BXKHBOI abepalii MalOTh BEIUKE 3HAYEHHS IS TMOKpAIICHHS 300pakKeHHs, sKe
dopmyeThes 101 13 nHanunennsm mapy [ITOE. Haii6inbin epexTHBHUM MOKPUTTAM IS
3HIDKEHHS TO03/10BXKHBOT chepuuyHoi abeparii BusiBuwiocs HanuieHHs wmapy [ITOE

TOBIIMHOIO Oyi3bK0 100 HM.
3.8. BucnoBku 10 po3aiay 3

[Ipu crapmaptaii iMmianrtarii 10JI mpubnu3Ho Ha BigcTani 1 MM Bin panayXHOI
O00OJIOHKM 1ICHYE PH3UK TIOSBH HEraTUBHUX (POTHYHHX e(]eKTiB, IpUAOJ0HE3Y Ta
BilapyBaHHs CITKIBKH. J[1s 3MmeHImeHHs pusuky mnosBu aucdotoncii, [10JI cmig
IMIIJTAHTYBaTH Ha BiJICTaHI HE MeHIIe, SK 4 MM Bix paayxku. [Ipu nmpoMmy dheHoMeH
BiZIOMBAaHHS CBITIA Ta 3aCBITICHHS CiTKiBKH B 7 pa3 Himwkue (f(x) = 0,0636), Hix B IiH3U
B crappaprHii mosurii (f(x) = 0,45). Jist 3MeHIIEHHsT BiIOUTTS CBiTIA BiJ MOBEPXHI
aKpWJIOBOI JIIH3U 3 KOEQIIIEHTOM 3alOMJICHHS n=1,55, CJIil 3aCTOCOBYBaTH MOKPHUTTS
mapom [ITDE 3 nokazHukom 3anomiensst n=1,42 Ta mopcTKicTio moBepxHi R, = 35 HM.
Hane nokputts [ITOE € anTHanre3uBHUM 1 HE BHUKJIMKAE HAPOCTAHHS EMITENIATbHUX
KIITAH Ta IHIIUX 3aJIMIIKOBUX EJEMEHTIB, IO  MOMepeKa€ PO3BUTOK BTOPUHHOI
karapaktu. B 3anpononosaniii [OJI NVision Optics 3meHmeHdss @peHeniBCbKOT0 BiIOUTTS

CTAaHOBHUTH OLIbIIE HDK B 4 pa3u, B MOpPiBHSAHHI 3 akpuioBor [OJI 6e3 mokputrs.
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MonentoBaHHsIM B cepenoBullli Zemax, BctaHoBieHe CKB mpoMeHiB, siki mpodnuin yepes
taky 1OJI, Ha piBHI 2,97 MKM, HOPIBHSHO 13 po3MipoM aAucky Eiipi 3,6 MKM, 1110 CBITYUTH
npo AudpakuiiHy OOMEXEHICTh JIH3M 1 JOCTAaTHICTh Ui MOOYHOBH JIIH30I0 MOJENI
NVision Optics OUIbII YITKOTO 300pakeHHA. 3a JOIMOMOTrO0 MPOrpaMHOro 3a0e3neueHHs
Aber Lite, BusBuBieno, o MII® [OJI NVision Optics npu aneprypHiii aiagparmi y
Burisiai kona (d=3 mm), nopiBHsiHO 3 MII® nin3u 6e3 IITDE, Ginbiia, 1m0 CBIIYUTH MPO
3MeHIlIeHHs cPepuynoi abepaiiii. Pobouum iHTEpBasoM KaHOHIYHUX 4acTOT 115 Takoi [OJ]
€ 0,777, mo Buie, Hix B [OJI 6e3 mapy nonirerpadTopeTusieny, sike ctaHoBUTh 0,5267.

VYcranoska YBH-74 3a0e3neuye nanecenHs mapiB [IT®E mnorpiOnoi sikocri,
TOBIIIMHA SKUX CTaHOBHUJA BinoBigHo 53,61 uM, 102,66 HM Ta 151,82 HM, SIK1 BUBHAYCHO
MIKpOCKONIYHUMHU  AochimpkeHHssMu  BX41 Olympus, KOH)OKaIbHOTO CKaHyKYOro
mikpockora LSM 500 META ZEISS ta AC wmikpockoma NanoScope Illa Dimension
3000™. Touinsaum € Bukopuctanns 10JI 3 namuienaam [ITOE mapom 100 HM, TOMY 1110
BCTAHOBJICHO 3MEHIIEHHS pO3MIpiB (JOKYCHUX IUISIM TaKuX JIiH3 Oinblie HiX B 2,8 pasis,
NopiBHSAHO po3Mipamu GokycHOI issMu [OJ] 6e3 HanuIeHHS.

B pesynbrati Hanunenns Ha [OJI mapy [ITOE HominaneHOO TOBIIMHOKWO 100 HM
MO37IOBXKHs a0eparfii CYTTEBO 3MCHINYETHCS HE TUIBKM B IICHTPAJbHIN, ane U B
nepudepiitaiii 301 [0JI. Takuii edekT He MOCATAETHCA, SIKIIO TOBIIWHA HAWJICHHS
ctanoBUTh 50 a6o 150 HM. BiamoBimHO 10 3HUKEHHS MO3J0BXHBOI chepudHoi abepaiii,
3MEHIIYETHCS 1 XBUILOBA, 1110 MOKa3aHo Ha rpadikax cepeopuiia ADEr s TPhOX JOBKHH

xBUJIb, 440 uM, 550 HM Ta 700 HM.
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PO3/1JI 4 PO3POBKA AKOMOJAYIOUYOI IHTPAOKYJISIPHOI JITH3U

4.1. Bu6ip koHcTpYyKIii i MaTepiaay IS CTBOPEHHSI AKOMOIY 040l

moxaei 10J1

3a CTaTUCTHYHMMHM JaHMUMH YKpaiHU, KOXKHOTO POKY pEeECTpyeEThCS NOHaA 3
MUIBHOHM 3BEpHEHb I'POMAJISIH 32 MEIUYHOIO JOTIOMOTOI0 MPU 3aXBOPIOBAHHAX Ouei. Y
CTPYKTYpP1 OYHOI 3aXBOPIOBAHOCT1 OCTaHH1 10 pOKiB 3aXBOpPIOBaHHS KaTapakTOIO Mocigae
npyre micte (11%) micns 3axBoproBanb KoH'toHKTUBH (30,7%) [176, 177 178, 179, 180]. ¥
piK BUKOHY€EThCs TIoHaa 10 MUTBHOHIB omepariii 3 mpuBoay KaTapakT B cBiTi [181].

3a 3gaTHICTIO 10 akoMozarllii, Bci icHyrodl moaeni [OJI po3aiisioTh Ha TpU TPYIIU:
HCaKOMOJYIo4i, TICeBAOakoMoayroui 1 akomonyroui [182, 183, 184, 185].
bararodokycHIiCTh MyabTH(POKATEHUX JIIH3 JOCITAETHCS 32 PaXyHOK 3aJIOMJICHHS CBITJIa

3rifiHO 3aKkoHaM pedpakiii (puc. 86).

Mynberidokansni 10J1

Y Y

3a CTPYKTY PO 3a KOHCTPYKLIEH

Y Y ¥

== é | | Pedparuiiini || Judpaxuiiini TiGpuani
R il Gl
= = S Chepuuni |

= = Achepuuni
@) = Kombinosani

Moanpikosana ninsa @penens
Puc. 86 Knacugirayia mynemugpoxanvruux 10JI 3a cmpykmyporio i KOHCmpyKyieto

B 30nanpHUX pedpakiitHux JTiH3aX KOXKHA 30HA MPAIIOE, IK OKpeMa JIiH3a 3 Pi3HO0
doxycHor BinctanHto. bihokanbHi mceBmoakomonytoui qudpakimiitHo-pedpakmiitai [0J1
BUKOPHUCTOBYIOTH SIBUIIE AU PAKIlii CBITIIA I CTBOPEHHS T0JaTKOBOT OMTHYHO1 CUJTH, KA
3abe3nedye 3ip HAa HEJAIEKy BIACTaHb. Y aKOMOJIYIOUMX IHTPAOKYJISIPHUX JIH3aX

3aJIOMJICHHSI CBITJIa TOEHYETHCS 31 3MIHOIO MOJIOKEHHSI JIIH3U B3JI0BXK ONTHUYHOI OC1 OKa.
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V¥ 10JI 3 rpalieHTHOT ONTUKOIO APYTHil (POKYC CTBOPIOETHCS LUISIXOM 3MIHU Koe(illieHTa
3aJIOMJICHHSI MaTepiaiay B PI3HUX YACTUHAX ONTUYHOTO €JIEMEHTA.

Akomopnailisi — 1€ CKIagHuN OloMeXaHIYHHM 1 HEeHUpoQi310JOTTYHUN MpoIec.
CyuacHi Teopii akoMozallii po3UISIOTh Ha IHTPAKANCYISIPHY 1 eKCTpakancyisaphuy. [lepury
rpyny Teopii 00'eHye 3araabHui OioMexaHiyHui npuHLuM, ctBopenuid T. FOurom Ta I
Fenpmronbiiem[186]. Tlpupomust akomopnariss BimOyBaeThCs ILIIXOM 3MiHH (hopmu
KpUIITAJIMKA BHACIIZIOK YOT0, 3MIHIOETHCS 3aJOMJIIOI0YA CHJIa BCIET ONTUYHOT CHUCTEMH
oka. [lpy ckoOpoueHHI BOJIOKOH, IO 3HAaXOJATHCS y BINKOBOMY Til, B1IOyBaeThCs
po3cialbieHHsl IMHOBOI 3B’SI3KM, SIKa MPUKpIMieHa A0 KpuinTtanuka. Komu 3meHmyerses
HATSATHEHHS BOJIOKOH 1i€i 3B’SI3KM, NOCHAOIIOETbCS CTYIIHb HATATHEHHS KallCyJju
KpUILITAINKA, BHACIIJOK YOO KPHILUTAIMK, 3aBISKH CBOIM €JACTUUYHHUM BJIACTUBOCTSM,
HaOyBae OUThI onykJIoi opmu (3ip Ha ONMU3BKY nucTaHIio). [Ipu po3cnabienHi m’s3a
akoMoJallii BiI0yBa€ThCA 3BOPOTHUH MPOIIeC, TOOTO B PO3CIa0ICHOMY CTaH1, KPUILITAIUK

Mae OUIBIIMHN pajalyc KPUBU3HU 1 K HACIOK, OPIEHTOBAHUN Ha 31p JAJCKUX MPEIMETIB

(puc. 87).

Puc. 87. Akomooayiss npupoonbo20 Kpumaniuka oka a00uHu

a — IIMHOBI 3B’ SI3KW HATSATHEHI, KPUIITAIMK HAJAIMTOBAHUHM Ha JAJICKYy BIJCTaHb,

0 — BOJIOKHA CKOPOYEHI, KPUIIITAIUK HAJIAIMITOBAHUN Ha OJIM3BKY BIJACTaHBb
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[TpuXHUIBHUKY IHIIOI TPYIH BBAXKAIOTh , O TeOP1s I eabMrosbia mpo y4acTh 3B'130K
1 KpUILITaJIMKa MPALIOE TUIBKM YAaCTKOBO, HE BCE 3aJE€XKHUTh BiJl KPHUILTAJIUKA, B MPOLEC]
akomojailii 6epe y4yacTb poriBka, CKJIOBUIHE TUIO, BHYTPIOUHI 1 €KCTPAOKYJISPHI M'SI3H.
3miHa ¢GopMH KpUINTAJIUKA JJIs YITKOrO OaueHHs OJM3bKO PO3TAlllOBAaHUX O0'€KTIB
BUKJIMKAETHCSL 3MIMIEHHSAM BIIEpE]l CKJIOBUIAHOTO Tija, TIAPABIIIKOI BHYTPIIIHLOOYHOT
piIMHM 3a7HBOT KaMEpH, HATATHYTUMHU C€KBATOPIaIbHUMHU 3B'SI3KAMHU KPHUIITATHKA ab0
noeaHaHHAM nux ¢akropis [187, 188, 189, 190, 191, 192, 193, 194].

3 CKJIOMOJIOHUM TIJIOM, KPUINTAJIHUK 3B'I3aHUN 3B'13K0t0 Birepa, BoJIOKHA SIKO1
BILTITAIOTHCS SIK B KAICYJTy KPUIITAJINKA, TaK 1 B IEPEIHI mapu ckiionoaioHoro Tina [195].
Ha nymKy neskux aBTOPiB, TAKMM YHHOM, 3B'S3KOBO-KANCY/ISIPHUHN anmapaT KpUIITAJIAKa
Ma€ MIIHUH 3B'I30K 13 CKI0moaiOHuM Titom [196].

Psimom BUeHHMX JOCHIKYyBajlach y4acTh CKJIOBHIHOTO Tija B akoMopailii. Bimomi
po6otu M.M. CeprieHka, B SKUX BiH MOJICJTIOBAaB BIUIMB CKJIOBUIHOTO TiJla HA KPUIITAIHK
TUCKOM B PETPOJICHTAJLHOMY CepeaoBHINI Bix 1 MM pT. c¢T. 10 5 MM pT. cT. [197]. B
pob6orax O.B. IBaHOBO1, pO3TISHYTO TpH MOJIEINI aKkoMojaaIliiHoro amapary oka [198]. B
eKcriepuMeHTanbHii po6oTi A. Glasser [199, 200], mokas3aB 3MeHIIIEHHS €KBATOPIaIbHOTO
JiaMeTpa  KpWINTaJIMKa Ha BHCOTI aKoMojallli, THM caMUM IITBEPAUBIIN
IHTpaKarncyJJsapHy TinoTe3y I'enpmrobiia i #0ro MpUXmILHUKIB.

Skuo B3SATH 0 yBarM Te, IO MaKCUMallbHAa TOBIIMHA KPUIITAIMKA JOPOCIOi
JIIOJTMHHM, B 3aJICKHOCTI BiJI CTyIeHsI akoMoaIlii, CTaHOBUTH 3,6-5 MM, TO Ha aKOMO/IAIIIF0
MPUXOAUTHCS OMu3bko 1,4 MM 3MiHM TOBIIMHU KpHINTaduka. JliamMeTp 3HaAXOMUTHCS B
Mmexax 9-10 mm, maca kpumranuka B 20-30 poki ctanoButh 200 mr [90], 06’em 0,163 mu
[201]. PeuoBuHa KpuINTalIMKa HE OJHOPIAHA, B HI BUAUIAIOTH KOpYy Ta sSaApo. Sapo
KpHUIITAIMKA OUTBII )KOPCTKE HIXK Kopa, koedirieHT [lyaccona mis kopu ctaHoButs 0,47,

MOJYJIb MPY>KHOCTI, 110 BU3HAYAETHCS SIK:

def d_O'
E & qe A€ (41)
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E — Moaynps npyxHOCT];

G — Hampyra, 1110 BUKIMKAETHCS B 3pa3Ky JIIF0UOI0 CHUJIOH0;

€ — npyxHs nedopmarlis 3pazka, BUKJIMKaHa HAIPYrow (JIOpiBHIOE BIIHOUIEHHIO
3MIHU pO3MIpY 3pa3ka micis aedopmarliii 10 WOro MovyaTkoBOTO PO3MIPY), IS PI3HUX
TUISTHOK CKJIaJIa€:

Evopn = 1,7 - 10~* MIla, ansa sapa E,yp, = 2 - 107* MIla, nokasHUKHM HepeIHbol

Apa
Erepennnoi = 1,5 MIla Ta 3aanb0i kKancymu Eq,qy,,0i = 0,5 MIla [202, 203].

[lepcnexkTuBHUMHM BBaXkaroThCcsi akkomoaytoui IOJI, 3maTtHi 3MiHIOBaTH (QopMy
3aJIOMJTFOFOYOT TMOBEPXHI 1 THM CaMHM peryiioBaTH giontpiiny cuiny [204, 205].
[Tonepeani mociiKeHHS TOKa3ajdd iX JOCTaTHIO akoMmopalidHy 3aatHicth [203]. Ha
IYMKY psAy aBTOpiB, onTUMaibHUM € po3podoka IOJI, ski ¢izuyno mornu O
nepeminryBatucst B omi [206, 207]. 3miHa OChOBOi MO3WINT ONTHUKH MPU3BOAUTH 0
CKOPOUYCHHS TJIMOWHM MEPEIHhOI KaMepH OKa, 3a0e3MeUy0UH JIOCTATHE 3aJIOMJICHHS ISl
Ooym3bkoro 30py. HaitOinpmni Hazgili mokiaamarThCs Ha BUKOpUcTaHHA Mogenen [10J],
3MaTHUX 3MIIIyBaTHCs IIOA0 (OKAJIbHOI TUIONIMHUA 3aBASKH 30epekeHoi QyHKIIil
uiapHoro m'siza. OnHaK, 1 3MileHHsT GOKyCy, HEOOXITHOTO IS KOpeKIlii mpecoiomnii
3,0 nmrp, 3cyB omnrtuyHoi yactuHu [OJI Hamepem mig 9ac akoOMOMAIIHOTO 3YCHILIA,
MOBHHEH nepeBUluTy 2,0 MM, 10 TPAKTUYHO JAOCATTH HepeadbHO mpu BuKopuctanHi [0J1
TpaauiiiiHoro ausaiiny [208, 209, 210].

3rigHo 1ux gaHux € mepcrekTuBa crBoputd IOJI, sxa 6 Bimmoimama ¢i3uKoO-
MEXaHIYHUM BIIACTUBOCTSM HATUBHOTO KpHUINTATWKa 1 Morida O B CBOIO 4Yepry
3a0e3mnedyBaT aKOMOJIAIIII0 TI0 TOMY K MPUHITUITY, 0 W MPUPOJHIN KPHUIITAIUK, TOOTO
3MiHIOBaTH (OKYCHY BIICTaHb B 3aJIEKHOCTI BiI 3yCWUIA MHIIAPHOTO M s3a.
[lepenbauaetncs, mo HoBiTHS [OJI moBMHHA OyTH TOBHOOO’ €MHOI0, HAIIHHO (PIKCYBATHCH
B KMK, 3aBaskun 4oMy BUKIFOYAETHCS JCHEHTpAIlis, JUCIOKAINS JIIH3W Ta pYHHYBaHHS
rantuk. Takox, nu3aita [OJI moBuHeH 3abe3nedyBaTu po3TanryBaHHS JiH3W Ha BiICTaHi

01M3bKO 4 MM BiJl paily’KKu, 00 3MEHIIUTH BiJIJI3EPKATIOBAHHS Ta MPOsBU (HOTUUYHUX
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(eHoMeH1B, MIABULIIUTH KOHTpAacTHICTh 30py. IOJI noBunHa OyTu nokputa mapom IITOE
TOBIIMHOIO Onu3bko 100 HM ana 3meHueHHs cdepuynoi abepauii. Kpim toro, IITOE
3aB/ASIKA CBOIM aHTHAATE€3MBHUM BIIACTUBOCTAM 3[aTHUN MEPELIKOKATH HallapyBaHHIO
Ha [OJI eniTeniaabHUX KJIITUH 1 IONEPEI)KYBATH PO3BUTOK BTOPUHHOI KaTapakTU. ¥Y4acTb
B TaKOMY TOINEpPEeIHKEHH] NMpuiiMae 1 rocTpokyTHUM mnepudepiiinuii kpait 10JI, skwuii
NPWIATae 10 3aJHbOI CTIHKM Karcynu Kpumrtanuka. Juzaiin [OJI moBuHEH BKIOYaTH
NPY>KHI TAaNTUYHI €IEMEHTH, 3/1aTHI 3MIHIOBAaTH CBOIO IMMPOCTOPOBY KOHQIrypaIlito o1 A1€10
UJIIapHOTO M’ s3a.

To6to, immiantoBaHa IOJI 3a cBOiMM MeXaHIYHMM XapaKTEPUCTUKaM IMOBHHHA
BUKOHYBAaTH POJib peuoBUHH, 1110 3anoBHIOe KMK. 3-3a Toro, mo IOJI iMmmianTyeThest B
Karcyjny KpUILITAIWKa, TO 3HAYEHHSM MPYKHOCTI KalcCyjid MOXKHA 3HEXTYyBaTH, 1 TOJI
MOJ1yJIb MPY>KHOCT1 PEYOBUHM KPUILITATNKA CTAHOBUTH:

EKpI/IIHTaJ'II/IKa = Elcopn + Esmpa (4.2)
Evpumrannxa = 3,7 10* MIla

3anpororoBana mojaenb 10J1 “NVision Optics”, mareat UA 150305 U [211] (puc.

88), sika BUTOTOBJICHA 3 COMOIIMEPY TIIPOKCUETHIMETAKPUIIATY Ta METUIMETAKPHIIATY.

Puc. 88. Inmpaoxyrspna ninza “NVision Optics "[211]



B Tabmmmi 4.1. wHaBeneHi

(p13MYKO-MEXaHIYHI  BJIACTUBOCTI
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COTIOJIIMEPY

TIPOKCUETUIIMETAKPUIIATY Ta METHWJIMETAKpWIATy 3 JOJIaBaHHSIM HEHACHYEHHX TPyl

aToMiB XpoModopy, o ¢hopmye yabTpadioneToBui (3k0BTHUI) (LIBTP B IHTPAOKYJIAPHIN

JIH31.

Tabauus 4.1. Xapaktepuctuku Matepiaiy gociaimkysanoi IOJI “NVision Optics”

BnactuBocrti [TokazHukmn
®axrop Habyxanus mpu 20 ‘C 1,13
Bwmict Bomu ipu 20 °C 26%
Koedimient 3anomnenns mpu 20 °C 1,471
KoedimienT 3amommenns mpu 35 °C 1,469
KoedimienT 3amomenns 151
[impHICTD 1,07 r/eM®
MiIHiCTh Ha pO3pHUB 2,5 MIIa
BigHocHe MOI0BXKEHHS 10 PO3PHUBY 250%
Monynb nIpyKXHOCTI 3,0 MIla
YO 6nokep [Tpucyrhiii
[Tponyckanus cBiria Ha 400-440 am 95%

B pesynbrari MmoaemoBanHs B mporpamMHoMy cepeaopuiti SOlidWorks pospobiena

I0JI “NVision Optics” mae nmapaMeTpu, HaBeIeHI B Tabmulli 4.1, a reoMeTpUYHI po3MipH

Ta Ti KOHCTPYKIIS O3BOJSIOTh HAOyTH (DI3MKO-MEXaHIYHMX BIACTUBOCTEH HATHBHOTO

KpuIITaJIWKa JKOJNHH.

3anponionoBana mozaenb [10JI € 06’emMo3aMiHHOIO, ONTUYHI TMOBEPXHI SIKOT BKPHUTI

mapom [ITOE ropmunor 100 kM. Hanecenns Ha nmin3y [ITOE ta BinmaieHHs ONTHKY Bix

paiiayH01 000JOHKH OKa JI03BOJISIE 3MEHIITUTH OMTHYHI abepallii BACOKOTO MOPSIKY Ta

3HM3UTH PHU3UK TOSABU (HOTHYHHX (PEHOMEHIB, TOMEPEIUTH 3aCBIYCHHS CITKIBKH 1

HOpPMaJli3yBaTH KOHTPACTHICTH 300pakenHs. Marepian [OJI momoBHeHuir xpomodopom,



145

AKUN OJOKY€ CBITJIO 3 JOBXMHOIO XBWil, HIK4Ye 400 HM. Takoro poay CBITIOPUIBTP B
JiH31, J03BOJISIE€ 3MEHIITUTH HETaTUBHUN BIUIMB KOPOTKOXBUIHLOBOTO BHUIIPOMIHIOBAaHHS Ha
Makyily apTudakiuHoro oxa [212]. Po3paxoBaHa MIOPCTKICTh MOBEPXHI JIIH3U Mae
ONTUMaJIbHE 3HAYCHHS MJIA 3MEHIIEHHS BIIOWUTTA CBITJIA, SKE IMOTpaIulsie Ha Hel Ta
BUKJIMKAE 3EPKATbHUI €PeKT.

Jlinza 3 riagpopodouum IITOE minpHO mpumnsrae 10 Karcyld KpULITAIMKA 1 TUM
camuM nepemkoxae mirpanii E-KAK ta A-KAK kiitTuH B HanmpsiMKy 3alHbOi CTIHKH
KarcyiabHOro Mimka. JliHza MicTUTh OOPTUK O BChOMY Kparo onTHYHOI yacTunu (360°),
OOKOBa MOBEPXHS SKOTO 3HAXOAMTHCS IiJ] TOCTPUM KYTOM 0 3aJHBOI CTIHKU KarCyiau
KpUIITalMKa, 3a0e3neuytoun Oap'ep uisi Mirpauii KJIITHH Ta, SK HACHIJOK, 3aXUCT BIJ
PO3BUTKY BTOPHHHOI KaTapakTn. O0’€MO3aMiHHUHN AU3aiiH 1a€ 3MOTY CTBOPUTH HAIHUI
koHTaKT KomIuiekca [0JI-KM, a Takox piBHOMIpHO pO3MOITMTH HaBAaHTAXKEHHS Ha [IMHOBI
3B’s3kM. OuikyeThes, 1m0 HoBa Moxaenb “NVision Optics” 3aBasku  NpyXHIM
JUCTOMOMIOHUM TanTHKaM 3a0e3MeunTh BIJHOBJICHHS akoMojallii mix yac aptudaxii. B
auzaitai “NVision Optics”, 3akmaaeHa Teopis TOro, IO IiJ Yac po3ciabiieHs MUTapHuX
M’SI31B 3aJHSI CTIHKA KallCyJIM KPHILNTAJINKA HATATYETbCS Ta CTBOPIOE TUCK HA ONTHYHY
YaCTUHY JIIH3U B HAIPSAMKY 31HUII, 1 TAKUM YUHOM (POPMYETHCS MOKIIUBICTD 30PY Ha JIOBT1
nucraniii. [1ig giero pi3HUI TUCKY 1 3aBISKH MPYKHOCTI TANTHK ONTHKA JIH3W MAa€ 3MOTY
NepeMIITyBaTHCh B HANIPSMKaX JI0 Ta Bil paid1y>kHOT 0OOJIOHKH.

ITpu ominmi B Solidworks mormi KOHTaKTHOT MMOBEPXHI TalTHUK JIH3U 3 IEPEIHBOIO
3QIMIIKOBOI0 yacTHHOI KM, oTpuMaHo 3HadeHHS 25,48 MM2, TOOTO Ha OIHY T'alTHKY
NpHIafae KOHTAKT IuIomiero 6,37 MM2, 1o 3abesneuye crabinbhy ¢ikcarito I0JI B ori.

Jlns iMruta"Tarii Ta ekcrutanTanii miei Ta iHmumx moxaeneit 10J1, mpencrapieHnx Ha
PUHKY, B mporpamMHomy cepenoBuii Solidworks takosxk po3poOiieHuit iHXEKTOp, MaTeHT

UA 149961 U[213], (puc. 89, 90), o mae psi iepeBar B OPIBHSAHHI 3 iCHYIOYHMH.
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Puc. 89 Inoicexmop ons imnnanmayii ma excnaanmayii 10J1

[mxexTop mo3Bodisie mpoBoauTH iMIutanTallio [10JI uepes po3pizu porisku Bifg 1,8 10
3 MM. Mictuth B c0o0i KapTpumk ais immuiadTaiii (1) 3 kinunkom B dopmi "V-slit" (V-
IIUJIMHA), 110 J03BOJISIE BUKOPUCTOBYBATH WOTO MPHU PI3HUX pO3Mipax po3pi3iB Oka, HE
3aie’kHO Bi rinouHu BBeAeHHs [OJ]; kapTpuk s excruianTaiiii (8); kopiyc (4) B sKoMy
3HAXOJUTHCS MITOK (2) 3 M’ IKUM MOJIMEPHUM TOPIIHEM (6) Ta MPYKUHOO (3); KOBMAYOK
(5); nomatkoBo 10 MTOKY (2) Moxe mpuennyBatuch netrias (7). Ilpm  iMmuradTarmii B
KapTpHUUK JJIs iMIianTarii (1) 3akiiagaeTsesi THyYKa IHTPAOKYJIsIpHA JiH3a. KapTpumk mis
immanTanii (1), npuennyerbes a0 maszy (10) B kopmyci (4), B sikuii BXOIATH IITOK (2) 3
nopirHeM (6) Ta pyxuHa (3). CTBOpIOIOYM THUCK HA MTOK (2) mopiieHs (6) MoCTynanbHO
MepeMilyeThCsl, BUIITOBXYIoun 3aBaHTaxeHy [OJI 3 xaptpummka nns immuiadTtamii (1).

[Ipyxuna (3) cayrye KOMIEeHCaTOPOM HABAHTAKECHHS.
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Puc.90 Inoicexmop 3 kapmpuodsicem ma nemiero 015 eKCniaHmayii

Konu  HeoOXximHo BHMKOHaTH ekcimiaHTarito [0JI, HaTHCKalUM Ta yTPUMYIOUYHU
ITOK (2) BIAIBUHYYIOTH OPIIEHB (6) 1 HA Horo micue KpirisaTh netito (7), BIAMYCTUBIIN
mToK (2) mo masy (10) B xoprnyc (4) KpilumsiTh KapTpUIK Uil eKCIUTaHTarli (8), skui
MICTUTH BUPI3 (9), 10 CAYrye TEXHIYHUM PIIICHHSAM JIJIS 3aIaHHS TPaBUIILHOTO HAMPSIMKY
JiH3U B KapTpwk (8) Ta moseriieHHs ekcriaHTtamii. ITicias Toro, sk 1HXEKTOp s
€KCIUTaHTAIlli TOTOBUN 10 BUKOPUCTAHHS, B OIll JIFOAUHU POOJIATH MPOKOJ (po3pi3), sK 1y
BUIMAJKY IMIUTaHTAIli. J[0 I[OTO IPOKOY MPHUKIAAAETHCS THKEKTOP JJIs €KCIUTAaHTAIlli Ta
HAaTHCKaHHAM Ha MTOK (2), 3a mornomMoror netti (7), Mo BUXOIUTh 3 KapTPUIKY IS
eKCIUTaHTarli (8) 3a4ilyIsA0Th IHTPAOKYJISIPHY JIIH3Y, MTOBUIBHUM BiIITyCKaHHSAM IITOKY (2)
BiIOYyBAETHCS 3aXOIUICHHS Ta BTATHEHHS IHTPAOKYJSIPHOI JIH3M N0 KapTpHUIKa s
excraHTarii (8).

3rifHO BHUINEBKA3aHOI 3alpOINOHOBAaHOI MOENi, 3a JOTOMOIOI Ja3epHOi
ctepeoditorpadii (texnonorii SLA) wa 3D mpuatepi Form 3 (Formlabs Inc., USA) i3
dorononimeproi cmomm “BioMed Amber Resin” (Formlabs Inc., USA), BurorosieHo

MPOTOTHII iHkekTopa (puc. 91).
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Puc. 91. Buecomosnenuii npomomun insicexkmopa [213]

Benuka 3aBaHTaXyBaJIbHA Kamepa MOJICTITY€E TTO3UIIIOHYBAaHHS JIIH3M B KapTPHIKI 1
BUKJTIOUA€E MOJKJIMBICTh «3aKyIIyBaHHS» JIIH3M Ta 3aro0ira€ BUHUKHEHHIO TOJAPSAMHH 1
pO3TATYBaHb TaNTUKW, HAIa€ MOXJIHMBICTh KOHTPOJIbOBAHOTO PO3KPUTTS JIH3U TIPH
BBeJCHHI i B TOPOXHHMHY OKa. Bka3aHi mepeBaru 3ampoOIllOHOBAHOTO 1HXEKTOpa

MIHIMI3YIOTh XIpYPTidyHO 1HAYKOBaHHUI aCTUTMATU3M.

4.2. IlepeBipka 3patnocti NVision Optics xo nceBgoakomomamii

Binomo, 110 cuia ckopodeHHs muitiapHoro M's3a Moxe ctanoButa Bin 0,00784 H no
0.0117 H, (0.8 - 1.2 T) BiAMOBiAHO, IPH I[LOMY, JiaMETP MUIIAPHOTO KITbIIST 3MEHIIYETHCS
Ha 0,8 MM [96]. Bekrop cunu cripsMOBaHHA 0 IEHTPY Koja Bix mepudepiitHoro kparo
I0J1.

3-3a TOTO, IO IMITIAPHI BOJIOKHA PO3TATYIOTh KalCYIbHUN MIMIOK KPUIITAIHKA IS
30py Ha JaJIeKy BiJICTaHb, SMEHIIYIOUHX IIAM CAMHUM CariTajdbHy TOBIIUHY KPUIITAINKA, IS

MOJIETIIOBAaHHS MOXJIMBO MPHUKJIACTH CHIY A0 3aAHboi Ta mepennboi moepxHi [OJI.
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Binomo, 1o TOBHIMHA KpUINTAIWKa JOPOCIOi JIIOAWHMU, B 3aJIEKHOCTI B JAUCTAHIIII,
akoMoJalii, cTaHoBUTh BiA 3,6 10 5 mm [198]. Cninye BUCHOBOK, 110 Oim3bko 1,4 MM
PI3HMIII TOBIIMHM KpUIITAIMKA TPUXOAUTbCA HaA 3MIHY (OKYCHOI BIACTaH1 JJIs
3a0e31neUYeHHs] aKOMOIAIIHHOT 3JJaTHOCTI.

Po3pobnena B mporpamuomy cepenoBuini Solidworks I0JI “NVision Optics”

JOCIIIKYBaJlaCh HAa MOJIMBICTh aKOMoOJialii B I[bOMY K CEpPEJOBHILI Ta B CEPEIOBHUIIIL

Comsol Multiphysics (puc. 92 - 96).

URES (mm)

1,533

I 1,406
| 1,278

| 1,150

) 1,022
- _ 0,894
| 0,639
| 0,511
| 0,383
0,256

0,128

0,000

Puc. 92. Ilepemiwgenns IOJI, nio uac cumynsayii 6 cepedosuwyi SOlidworks eniusy yuniapnoeo m’s3y na nei

Bceranosneno, mo npu mii cwum 0,00784 H wmakcumanpHe 3HaueHHs URES
ctaHoBmiIo 1,533 Mm. ToOTO, HEeOOXiHE 3MIIIEHHS ONTUYHOI YaCTHHH JIH3H, a came 1,4
MM, MOX€ OYTH JOCATHYTE MPH HEMaKCHUMAJIbHIM CHIJII CKOPOYEHHS ILTiapHOro M’s3a.
[Ipuknagena cwia, MoXe OYTH KOHTPOJIbOBaHA 3aBISKH (Di310JOTIYHUM MpoIecam
OTPHUMAaHHS YITKOTO 30DY.

[Tpu mpuknagenni BkazaHoi cwim 0,00784 H B IOJI BuHMKae HampyXeHHS,
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BIJIMIOBIZHO JI0 KPUTEPiF0 MAKCUMAIBHOTO HANpyKeHHsS eHeprii ¢popmo3minu von Mises,

MiHiManbHe 3HaueHHs skoro 0,451 H/m? | a makcumanbshe 1049,2 H/M? (puc. 93 ). Lli

3HAYeHHs cBiquaT, o koHctpykiis IOJI “NVision Optics” mae gocTartHiii 3amac MIIIHOCTI.

|1 049,201

MH:

von Mises (Nfm#2)
1 049,201
961,805
_ 874,409
_ 787,013
699,618
_ 612,222
524,826
437,430

350,034

| 262,638
175,243
87,847

0451

Puc. 93. Hanpysicenna 6 10J1 npu mooentosanni eniugy yuiiapHo2o m’sa3y Ha Hei

HaiiGinpiie HanmpykeHHs B MaTepiali JIIH3M BHHHKA€ B MICIIl 3TMHY TaNTHK, 110

JIOTIYHO JJIs TaHOi KOHCTPYKIIii. 3-3a 1[OTO, MJIs 3a0e3MedYeHHs CTIMKOCTI Martepiaiy, B

MICIIi 3rHHY TalTHYHI €IEMEHTH MaloTh Ounbiry ToBIIMHY (150-200 MKM), HDK iHIN 1X

YaCTHUHMH.
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ESTRN

hMakc:| 0,073 0,073

0,067

- 0,061

_ 0,055

_ 0,049

_ 0,043

0,037

0,031

0,024

_ 0,018

WA

0,012

0,006
WIPTER

0,000

Puc. 94. /lechopmayisn 10JI npu mooenrosanni ¢ Solidworks Simulation sniuey yuniapnozo m’sa3y na nei

B inTpaokymspHiii 1iH31 BHUHHKae €KBIBaJeHTHA Jedopmarlisi BEJIUYNHOIO
ESTRN=0,073, MakcumMyM sIKOTO 30CEpeI)KCHHUN B TaNMUTHYHUX, JIMCTOMOIIOHUX
CJIEMCHTaX.

Jlis MmiATBEpUKEHHS OTPUMAHOro Impu cumyismii B cepemosuimi Solidworks
pe3ynbTary nepemimeHas onTuaHoi yacTuHu [0J1, 0ys10 BAKOPHCTAHO IIPOTPAMHHMIA ITaKET
Comsol Multiphysics. I0JI gocmimkyBanach 3 IpuKiIaaecHHIM Tiel k cun, a came 0,00784

H, B310BX ONTUYHOI OCi JIiH3M 371iBa Hampaso (puc. 95).
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F(40)=0.0078
T

Surface: Total displacement (mm)
mm T

T T T T T

3.5 B
1.39
3k
25}
2k
15)
1f
0.5

of- F=0,00784

0.5}

Jk

-1.5|

2F

25

3k

a5k 1.4 mm |

L L 1 1 1 1 1 1 L L 1.39
31 32 33 34 35 36 37 38 39 40 41 mm

Puc. 95. Ilepemiwenns onmuunoi wacmunu 10JI NVision Optics npu cumynayii akomooayii ¢ Comsol
Multiphysics

B pesynbrari cumynsnii BIDMBY IutiapHoro M’s3y Ha IOJI, BcTaHOBIIGHO, IO
ONTMYHA YaCTHHA TepeMillyeThcss Ha 1,4 MM B3J0BXK oONTHYHOI oci. JlucTaHIis
TepEMIIIIEHHsI BIATIOBIa€ po3paxyHKaM aKOMOIAIli1 KPHUIITAIUKA JIFOJWHH Ta MIATBEPIKYE
pe3yabTaT, OTpuMaHuil B cepenopuiti Solidworks.

Jlns Outpmn  nerampHOrO BHBYeHHsA mnepemimeds IOJI B mporeci akomopartii,
nocnimkera 3D monens iH3M, puc. 96, Ha IKOMY CIIOCTEPITa€ThCs TOYATKOBE MOJIOKEHHS

JIIH3M Ta KIHIIEBE.
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F(36)=0.0078 o5 'gle'.‘, (Nm?)

2 x10°
6

MouaTtkose
NONOXEHHS /

£A0.8mm

mm

KiHuese
MNONIOXXEHHS

Lo X
}
y

35 36 37 38

Puc. 96. Ilpoexyis nepemiwgenns onmuunoi yvacmunu I0JI NVision Optics npu ncesdoaxomooayii

CumysniliHa MoJieib Hajlaja MOXIIMBICTh BHUSBHTH 3MCHIICHHS IPH aKOMOJAIIil
niamerpa IOJI na 0,8 MM, 1m0 cniBnajae 3 JaHUMH, HABEACHUMHU B JOCIIKEHHSIX THITHX
aBTOPIB JIJIs1 HATUBHOTO KpuinTaiuka [96], a ockoBe 3mimeHns ontuku 10JI, cTaHOBUTH Bix
1,4 mm nmo 1,533. Takok MOAEIIOBAaHHSIM BCTAHOBJIEHO, IO HAHECEHMH Ha OITHYHI
noBepxHi [OJI mrap [ITDE, Binmosinuo 1o UA 142651U [214] ta UA 150954 U [215] 3-3a
HE3HAYHOI CBOET TOBIIMHH, HE BINIMBAE€ Ha aKOMOJIAI[iHI BJIACTUBOCTI JIIH3M Ta HE 3a3HAE
pyHHYBaHHS BHACIIOK IIHOTO.

B cepenosmii Solidworks ¢yrkiiero Simulation mpoBeieHo OIiHKY 3amacy MIITHOCTI

ranTHYHuX eeMeHTiB Ta Jin3u NVision Optics B mimomy (puc. 97).
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FOS
1568,000
1484,167
1400,333

_ 1316,500

. 1232,667
| 1148833
1 065,000

® Makc:|1 568,0 981167

- 897333

¢ Makc:|1 568,0

_ 813,500

- 729,667

I 645,833
562,000

Puc. 97. 3anac miynocmi I10J1 NVision Optics

BianoBigHo 10 cuUMyssAIii, BHSABIEHO, 10 HAWOLIBIIUK 3amac MIIHOCTI JIH3H
3HAXOJIUTHCS B TOYKAX JOTUKY TaNTHUYHUX €JEMEHTIB 13 3aJIHUIIKOBOIO YaCTHUHOIO
nepeaHboi Karcynu micis kancynopekcucy (FOS=1568). B Toit yac, HaliMeHIIe 3HAUCHHS
BUSIBJICHO B MICIII KPIIJIEHHS TAaNTUKH O ONTHYHOI YaCTUHU 1HTPAOKYJISIPHOI JIIH3U Ta Ha
3rufi rantudaoro enementa (FOS=562). OTpumaHHI 3HA4YCHHS BKa3yKOTh Ha BHUCOKHIA

pe3epB MIITHOCTI.

4.3. BucHoBkH 10 po3aiay 4

MopentoBaHHsIM BCTaHOBJIeHO, 1o npukiaganHs cuwin 0,00784 H no I10JI,
BUTOTOBJICHOT 13  COMOJIMEpPY TiIPOKCUMETHIMETAKPUIATy Ta METHJIMETaKpuiary,
BHKJIMKA€ OChOBE 3MimeHHs onTuku Ha 1,533 mM. [Ipu aHajmoriyHOMy MOJEIIIOBaHHI B
cepenosuini Comsol Multiphysics BusiBuieHO TiepeMIlIeHHS ONITUYHOT YacTUHY Ha 1,4 MM.

Otpumani 3Ha4YeHHA OJM3BKI O 3MIH CariTajJbHOTO PO3MIPY KPHINTAITKAa TpPHU HOTO
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NPUPOAHIN akoMopalli, Kl CTaHOBIATh NpuOau3Ho 1,4 MMm. 3rigHo AociiympkeHHs 3D
moxeni 10J1, miamerp Ti mpu akomoparii 3MeHIIyeTbess Ha 0,8 MM, 1110, 3a nqanumu [96],
BIJINIOBiZIa€ MPUPOTHBOMY 3HaUeHHIO. TakuM umHOM, po3pobiieHa mozaens [0OJI NVision
Optics Onm3bka 3a CBOIMH XapaKTEPUCTUKAMHU 10 TPUPOIAHBOTO KPHUINTAIMKA 1 Mae
MOXJIMBICTh 3MIHIOBaTH (JOKYCHY BIJICTaHb B MeXaX, NPUTAMaHHUX HATUBHOMY

aKOMOJIAIIIMHOMY TPOIIECY.
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BUCHOBKH

VY nuceprariiifHiii poOoTi Oylo po3po0JICHO Ta HAYKOBO OOTPYHTYBAaHO JW3aiiH
00’emo3aminHux [OJI. 3anmpornoHoBaHO METOJ 3MEHIIEHIIEHHS MO03/10BXKHbOI C(hepuIHOi
abeparrii Ha ocHOB1 HaHeceHHs [ITOE Ha moBepxH1 ONTUYHOT YACTUHU J1H3U. Buxoasuu 3
apmopduoi opranizaiii wmonekyn I[ITOE, ToBumMHa HaHeceHOro Iapy IOBUHHA
3HAXOJIUTUCH B HAHOMETPOBOMY JI1alla30HI.

VYTouHeHi (i3UYHI MEXaHI3MH PO3BUTKY BTOPMHHOI KaTapaKTH Ta 3alpONOHOBAHI1
OpUTIHANbHI METOIM ToNepeHKeHHS 1boro. JloBenaeHo, mo 00’ emo3zaminauii nuzaitn 10J1
3MEHIIY€E TTPOSBU HEraTUBHUX POTHUHUX e(PeKTiB Ta 3abe3neuye (Pi310710T14HY UTICHICTb
1 aHaTOMIYHY CTaJIICTh TKAHMHHUX CTPYKTYp OKa. 3ampornoHoBaHa akomoaytoua [OJI, sxa
3MIHIOE 3Ip Ha PI3HI BIJICTaHI 32 PaxXyHOK OChOBUX IEpPEMIllleHh BHACIIJIOK CKOPOUYCHb

ITIAPHOTO M’ 5132, HATSTY KarcCyJid KpuluTaiuka ta npyxHocTti 10J1.

[Ipu BuKOHaHHI aucepTaliiiHoi poOoTH 3700yBaueM OYyJ0 OTPUMaHO HACTYIIHI

HAYKOBI Pe3yJIbTATHU:

1. Bcranomieno, mo imrutanTaiis 1OJI Tpaguiiinoro qu3aiiHy CynpoBOIKYETHCS
pAIOM  yCKIaJHEHb:  Auciokaiis, geneHrpamis IOJI,  HepiBHOMIpHE
HaBaHTakeHHS HAa KMK, pyliHyBaHHS ranTHK, ipu010HE3, PO3BUTOK BTOPUHHOT
KaTapakTH, BigA3epKajieHHs Ta GOTHUYHI (EHOMEHH, BTpaTa KOHTPACTHOCTI Ta

YITKOCTI 30pYy, OOMEeKeHa MOMIIMBICTh aKOMOJIAIIIT Ta PSiJ] 1HIIHNX.

2. Ycynenns npo6aem aucnokaiii [OJI, nepiBHOMipHOTO HaBaHTakeHHA Ha KMK,
pYWHYBaHHS TaNTUK, JOCATAETHCS 3acTOCyBaHHSAM MMOBHOOO emuux [OJI.
3anponionoBanuii B moBHOOO emuux [OJI BracHoro amsaiiny “Support OP” Ta
“NVision OP” KOHCTpYKTHUBHUH €IEMEHT Yy BUIJISAAI IHUPKYJISIPHOT KaHABKHU-
MACTKM TEPENIKOKAE MIrpallii emiTeTialbHIX KIITHH 1 TOTIEPEIKAE PO3BUTOK

BTOPHMHHOI KaTapakTu. JloBeaeHO, 0 KaHABKa-MacTKa CIPSAMOBYE MIrparliro
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KJIITHH B IICBHOMY HAIIPSIMKY Ta CTBOPIOE KapaHTUHHY 30HY JUIS HUX. [ ocTpuii
KyT 10 BCill KUTbIIeBii nepudepii nin3 “Support OP”, “NVision OP” ta “NVision

Optics”, 101aTKOBO MIIBUIIYE 3aXUCT 3aIHBOT CTIHKU KaTICYJIH.

Cumynsiiero Ta eKCepuMEHTAILHO BUSBIICHO, 1110 3amac MIIHOCTI TallTUYHUX
€JIEMEHTIB JIiH3 3 nojiMeTunMmeTakpunary Husbkuih (FOS=0,808), mo Bumarae

mutst HaaiiHoi ikcanii IOJI mogaTkoBUX 3aXO0/TiB.

Jlnst 3MeHteHHs 1ucOoTOICi, JTIH3U CIIiJT IMIUTAaHTYBaTH Ha BiJICTaHI HE MEHIIIE,
SK 4 MM BiJ palayXKu. Pe3ynpTaTOM Takoro pO3MIIIEHHS € 3MCHIICHHS
MOKa3HMKA BiJOMBaHHs CBiTJIA Ta 3acBiTieHHsA citkiBku B 7 pasis  (f(x) =
0,0636), MOPIBHSAHO 13 UM MOKAa3HUKOM MPU CTAHJAPTHOMY pO3TallyBaHHI
cydacaux IOJI na Bincrani 1 mm (f(x) = 0,45). 3MeHIIEeHHS BIIOUTTS CBiTIIA
BiJl TIOBEpXHI JIIH3M JOCSATAETbCS 3aCTOCYBAaHHSAM JUIsl il BUTOTOBJICHHS
MarepiajiB 13 Pi3HUM KOe(DIIIEHTOM 3aJIOMJICHHS Ta MEBHOIO SKICTIO MOBEPXHI.
Jns akpunoBoi jiH3M 13 HaHeceHUM ImapoM [ITOE onTtumanbHUN MOKa3HHUK
IIOPCTKOCTI ToBepxHi Ry moBuHEH OyTH B Mekax 35 — 59 uM. J[BomapoBi moeni
IOJI Tumry NVision Optics 3aatHi 3MeHInyBaTiH OpeHeniBebKe BiqOUTTS OLIbIIIE,

HIXK B 4 pa3y, B MOPIBHIHHI 3 OJTHOIIAPOBOIO aKPHIIOBOIO JIIH30H0.

Ycranoska “YBH-74” 3a0e3neuye HaHECEHHS Ha akpuiioBi JiH3u mapis [ITOE,
TOYHI 3HAYCHHS TOBIIMHU SIKAX CTAHOBIATH, 32 JAaHUMH aTOMHO-CHJIOBOI
Mikpockomii, 53,606 uM, 102,66 M Ta 151,82 HM, TIpM BHCOKIH SKOCTI
MIOBEPXOHb, [0 BCTAHOBJICHO KOH(POKATLHUMH CKaHYIOUUMHU MIKPOCKOTIIYHUMU

JIOCIIPKEHHSIMU.

[HTpaokymspHa JiH3a BiacHoro nu3aitHy NVision Optics yTBoproe OUTbIT YiTKe
300pakeHHS, HIK JIIH3W, M0 BUPOOJSIIOTBCA cepiitHo. [Ipu MopemtoBaHHI B

cepenopumi Zemax CKB 3o00paxkenns, orpumanoro IOJI NVision Optics,
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CTaHOBUTH 2,972 MKM MpH po3Mipax CBITIIOUYTIUBHUX KIITHH CITKIBKU OKa 2,5-
7 MKM. B TakoMy BUNaKy BC1 IPOMEH1 NOTPAIUISIIOTh B MeX1 TUcKy Eiipi, po3mip
SIKOTO CTaHOBUTH 3,598 MKM 1, 3rigHO Kputepito Penes (2,972 < 3,598), nin3a €

aupakuiiHO 0OMEKEHOIO.

JliH3u 3 HanuieHHSAM JAaloTh Oulbll 4YiTKe ¢GOKycyBaHHS. JoUUIbHUM €
BukopuctanHs [OJI 3 mapom [ITDE toBumnoro 100 uM. Taki JiH3U yTBOPIOIOTH
(GoKyCcHI MIAMH CYTTEBO MEHIIMX po3MipiB (B 2,85 pasu), HDK JiH3U 0e€3
Hanwiends, 0,33 +- 0,024 mm Ta 0,94 +- 0,036 mMm BigmosimgHo, P<0,001.
[To3noBxHs chepuuHa abeparlliss IHTPAOKYJISIPHUX JIIH3 3 HAHECEHUM IIapOM
[IT®E TtoBmmHo 100 HM 3MeHIIyeThCS B 4 pa3u, IK BCTAHOBIEHO METOIOM
Bi3yanbHUX (GokycyBaHb JliHHuKa, nopiBHaHO 13 IOJI 6e3 HanwienHs. 30HaibHe
3MEHILIEHHS MTO3/I0BXHBO1 chepruuHoi abepallii B 4 pa3u CBITYUTH MIPO OJTHOYACHE
3MEHIIIEHHS T0B’S3aH01 3 HEelo IMornepeyHoi abeparlii B 8§ pa3iB, a XBUILOBOI — B

16 pasis.

3anporonoBana moBHoo0’emua I0JI NVision Optics, jiH3a KO MO3UIIIOHYE€THCS
Ha BijicTaH1 4 MM Bix paiayxku, Mae mokpuTTs [ITOE mapom 100 HM Ta rocTpwii
KYT IT0 BC1i KUTBIIEB1H nTepudepii, B 30H1 IPUIIATaHHS /10 38 THbO1 CTIHKH KaTCyJIH
KpUIITAMKA, TPYKHI TaIITUYHI €IEMEHTH, BUpIilIye 3aBaanns ctBopenns [0JI 3
MOKPAIIEHUMH  ONTUYHUMU Ta  (PYHKI[IOHATBHUMH  XapaKTEPUCTUKAMH.
KoMmioTrepauM MOAENIOBaHHSM BCTAHOBJIEHO, IO TPH Jii CHJIA IMITIAPHOTO
M’s13a sria3a 10J] 3MinyeThest B3OBXK ONTUYHOI oci Ha 1,4 MM IIpH OJTHOYACHOMY
3smeHienHi giametpa [OJI va 0,8 MM, MmO BiANOBia€ MPUPOIHIM 3HAYCHHSM.
Takum umHOM, po3pobiieHa monenb [OJI NVision Optics 6im3bka 3a cBOIMHU
XapaKTEPUCTUKAMU 10 IPUPOAHBOTO KPUIITATUKA 1 MA€ MOKJIUBICTh 3MIHIOBATH

¢doKycHY BiiCTaHb OKa B MEXaxX, MPUTAMAaHHUX HATHUBHOMY aKOMOJAIITHOMY

MIPOIIECY.
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JOJATOK A ITPOTOKOJI HAITMWJIEHHA HOJIITETPA®TOPETUJ/IEHY HA

YCTAHOBLI “YBH-74”

HALUOHAJIbHA AKAJIEMISI HAYK VKPATHH

IHCTHUTYT ®I3UKH HATTIBITPOBI/IHUKIB im. B. €. JIAIIKAPLOBA

Biuin onroenexrpoikn
m. Kuis, np. Hayku, 41

NNPOTOKON N2 Y

HaNWICHHA noaiTeTpadTopeTHACHY Ha IHTPAOKYAAPHI NiH3K

MOPAAKY HAZAHHA  KOHCY/LTATHMBHO-TEXHIYHOI aonomorn  dakyibrery

Giomeanunoi  iwkenepii  Hauiowansnoro  texmiunoro yHisepcutery  Vipaiuu
«Kuiscexnit nonitexniunmii inctutyt im. Iropa Cikopeskoron cneuianicrom BLILTY
ONTOCACKTPOHIKM IHCTHTYTY disnku Hanisnposiaumkis iM. B. €. Jlamkapropa HAH
YKpaisu pope1eHo HanuaeHHs noaiterpadroperuieny Ha IHTPAOKYASPHI JTTH3M.

O6’ ekt Hanecenns nIinKu:
Tpu inTpaoxynspui aiH3M, AiamMerp OnTHYHOI “acTHmmM 6,5 Mm, Marepian

riapoouuii axpun, xoediuict sanomnennn 1,55, ontuyna cuna 28 gionTpili.

r

HvpLw

Obnanxanns:
1.

Ycranoska BakyymHOro sanuienus, wmozeas YBH-74, MOJACPHIZOBaKHa,
iHB. Ne 10491541,

Baxkymmerp PfeifferVacuum, D-35614 Asslar, 3an, Ne 44205385,
IHAMKATOPHUH Npuaan

Harumx sakyymmerpy PfeifferVacuum, run PKR 251, 3an. No 44204765
Ipusia cuctemn obepranns NiAKIAAMHOK, BAGCHOTO BHPOGHHIITBA.

Kepytounii 610k pakyymnoi cHeTeMu, BIACHOro BUPOGHHUTEA,

Yupasasiounii komn’orep, npouecop Celeron ® CPU 3,06 GHz 3,07 GHz .,
2,99 GB RAM.

Inata BHMIPIOBAHHA PE3OHAHCHMX YACTOT KBAPUEBMX AATYMKIB TOBLLMHM
Sigma SQM-424, scranosiena y ynparisioumit komn iorep,

Tpu KBapuesux JaTMMKa TOBLUMHH, BCTAHOBIEH] Yy PoDOYY BAKYYMHY Kamepy
Ta eNeKTPHYHO nia'eaHani 0 1IATH BUMIPIOBAHHN PCIOHAHCHHX HacTOT
KBApUEBHX NaTYHKIB ToBUIMHK Sigma SQM-424,

. Texnonoriyua OCHACTKAa BIANOBIAHO perNaMeHTy HAMMICHNS, RIACHOrO

BHIOTOBNCHHA.

Iopsiaox BukoHaHHs:

Ha ofepraounit amck Oyaum  3asantawesi IHTPAOKyJAsipHa  JliH3a ¥

CTICUIAIBHO  BHIOTORIEHOMY TPUMaul, KpeMmHieBHIl CBIIOK T8 CKASHHI CBiIOK
5 . . .
254x76,2x1,2 mm’. JIMCK i3 NiH3010 Ta CBIAKAMH BCTAHORTIOBABCH HA CUCTEMY



ODEPTaHHA NiAKAAIHHOK B Kamepy YBH-T4, nicas repMernsauii sxoi poGoua kamepa
BiaKayBanack 10 THeKy He Ginswe 1*10™ o pr.cr.

2. Merogom  dizmunoro BHMApOBYBAHHA  monitetpadropetuaeny 3
CACKTPOHHOI AKTHBALICIO BHIAINEHHX B rasoBy dasy npoayktie iniuiopascs npouec
Hanopouwienks nonirerpagroperuaeny wa 1OJ Ta csinky.

3. Texwuonoriuui NapamMeTpu HAHECEHHA MNIIBKM noairerpadgroperuieny:
Hanpyra ejekTporHoi aktusauii 0.8 kB, cuna CTPYMY €IeKTPOHHOI akTiBauii 10 MA,
Temnepatypa unaposysana sia 20 °C 510 352 °C, THek y poGowii kamepi i 1,4*10™
MM PT. T 10 2,8* 10 Mu pr. 7.

4. Kpurepicm gocarnenns 3atanoi Tosummm n71iBKH noniterpadroperinciy
Oyna pisHMus noyaTkoBHX Ta noGikHMX MOKA3AHb 3HAYEHHS YacTOTH pelomancy
KBAPUOBOTO  11aT4MKA TOBIIMHK, BHMIPAHOI 3a IONOMOroio MJIATH  BUMIPIOBAHHS
PEIOHAHCHUX YaCTOT KBAPUEBHX AATUMKIB TOBIIHHN Sigma SQM-424, scranonnenoi y
Ynpasnsiouuii komn'orep 3a pisHunero BuxiHoi yactorw KBapLeBoro sHMmipioBada 5
808 932 I'u 7a kinuesoi 5 805 132 I'y BH3HAYENO, 10 TOBLIMHA HANOPOLIEHOTO Mwapy
noniterpadropeTHaeHy cranosuaa S0 uum.

5.y AHATOTIMHOMY NOPAIAKY wap noniterpadropetuaeHy HaHOCHBCH Ha
Apyry ctopory 10JI. 3a pisunueio Buxiamoi wactors KBapLEeBOro BUMipIOBaya
5 805 831 I'u a xinuesoi 5 802 031 'y SH3HAEHO, IO TOBLIMHA HANIOPOWIEHOTO Wapy
nositeTpadropernieny cranosma 50 my.

6.  Ha obepraioumii auck Oyan  sapantameni INTPAOKY/ISpHa  NiK3a y
CHEHIANbHO BUIOTOBICHOMY TpHMaYi, KPeMHieRMil CBIZIOK Ta CKARHMI CBiToK 25,4x76,2
MM. JlHcK i3 nin3oro Ta ceiakaMu BCTAaHOBIIOBABCS HA CHCTEMY obepranns niakragunox
B kamepy YBH-74, nicas repmernsauii sxoi pobova kamepa Bigkauysanack 10 THCKY He
Ounbiue 1*10-4 mm pr.cr,

7. Merogom  disnumoro BHNAapoByBaHns  noniterpadropetmieny 3
CAEKTPOHKOIO AKTHBALICIO BUAINEHHX B rasomy bary npoaykris iniuiosascs rnpouec
HanopomeHns nonirerpadroperiaeny na 10J1 Ta cpixm.

8. Texwonoriumi NapaMeTpH  HAHECEHHS  TIBKH noairerpadropernaeny:
Hanpyra eaextponsoi akrusauii 0.8 kB, cuna CTPYMY enekTponHoi aktHsauii 10 mA.
Temiieparypa sia 26 °C no 368 °C, tuek y po6ouiii kamepi Bin 4,5%107 mm pr. o1 10
1,9%10% mm pr. c1

9. Kputepiem nocsrnenns 3azanoi Tosmmun BKH noaiterpadropetuneny ¢
PI3HHLA NOYATKOBHX Ta NOGIKHKX noKa3aHs JHAUCHHS HaCTOTH PEIOHAHCY KBAPLOBOrO
AATHHKA TOBUIHHM, BHMIDRHOI 33 JOMOMOIOI0 IiaTh BHMIPIOBAHHS PEIOHAHCHUX
HACTOT KBAPUEBHX JATYMKIB TOBIIHHM Sigma SQM-424, scranonnenoi Y vopasasioumii
Komn'iotep 3a piskuuero suxiakoi vactory Ksapuesoro sumipiosaya 5 903 571 'y 1a
KiHuesoi 58957710 Iy BHIHAYEHO, W0 TOBLIMHA  HaMOpOIeHOro wapy
noxiteTpadropeTHieny cranosHTh 103 Har,
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10. VYV asanorivHOMy NOpsAKY imap nosirerpadroperdneny HaHOCHBCH Ha
apyry cropory l0JI. 3a pisumuciy BHXIAHOI HacTOTH KBapLUEBOTO BHMIPIOBAYa
5912356 I'u 1a xinuenoi 5 904 556 ' suiHaueHO, 1O TOBUIKHA HATIOPOILEHOIO 1WIAPY
nonirerpadropeTnaeny cranoButs 103 1M,

11. Ha obeprawoumit auck Oyam 3aBanTameHi IHTPAOKYAspHa niMla Yy
CHeLIATHHO BUIOTOBICHOMY TPUMaYi, KpemHicani ceiox Ta ckasuumii cainok 25,4x76,2
MM, JIHCK i3 JIIH3010 TA CBIAKAMM BCTAHOBNOBABCA Ha CHCTEMY ODepTanis MNIAKAAAHHOK
B xamepy VBH-74, nicas repmerusanii axoi pofova xamMepa siaxavyBasach 10 THCKY He
Ginsime 1*107 ym prcr.

12. Merogon  isuunoro  BHnaposBysaHHs  noaiverpadroperwieny 3
CNEKTPOHHOK AKTHBALLICIO BIILIENHX B rajoBy dazy npoxyxTis iHilHOBAKCA Npolec
Hanopowexus noaiterpadgropernaeny wa 10JI ra csiaku.

13.  Texuonoriuui napaMeTpM HaMeceHHs NNiBKH mnodiTerpadropernieHy:
Hanpyra exektponnol akrusanii 0.8 kB, cuna ctpymy enextponnoi aktusauii 10 MA,
Temneparypa Bia 26 °C no 405 °C, tuck y pobouiit kamepi sia 1,6*10™ wmm pr. o1 210
3,8%10 mm pr. o1

14.  Kpurepiem A0CArHCHHR 3a/laH0l TOBIIMHK NIIBKK noxiterpadroperwieny
€ PI3HMI [OYaTKOBMX T2 NOODKHMX [OKa3aHbh JHAYCHHR HACTOTH  PE3OHAHCY
KBapLOBOrO JIaTiHKa TOBIUIMHH, BHMIPRHOI 33 JONOMOIOI0 [UIATH BHMIDIOBAHHSA
PE3OHAHCHHX 4acTOT KBAPUCBHX AaT4MKiB ToBmmMEKM Sigma SQM-424, scranosienol y
YIpaBasiounit KkoMn'iotep 3a pisHMNICIO BUXIAHOT YACTOTH KBAPUEBOID BUMIpIOBava
5 802 752 I'u 1a xinuesoi S 791 351 1'u su3HaueHO, 1110 TOBLIHHA HANOPOILICHOrO WAPY
nonirerpadroperiaeny craHosuts 150 1.

1S. 'V asanoriyHoMy NOpSAKY wap noniterpadroperiieny HaHOCHBCS Ha
apyry cropory [10JI. 3a pisHnucio BHXIAHOT 4aCTOTH  KBAPUEBOIO BHMIpIOBaYa
5 791 685 I'u 1a xiuenoi 5 780 256 ' BHIHAYEHO, HIO TOBUIMHA HANOPOILEHOIO WAPY
nomrerpadroperuneny cranoputs | 50,4 um.

Pesyabrata:
Tosuwmuyn nanopowenoro wapy noaiterpadgroperimieny na obuasi cTOpoHH
IHTpaOKYAsSpHUX ain3 i3 rigpodobuoro akpuny cranosuan 50 um, 100 nm 1a 150 B

BIINOBIAHO.
Hara: 09 . ¢#f 202f Crapuwmit Haykosi#t cniiBpoOITHHE, K.T.H.

B. Konomsapos
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NOJATOK B IMPOTOKOJI JOCJILIXKEHHS IHTPAOKYJISIPHUX JITH3 HA
BEJIMYHNHY MO310B)KHbOI COEPUYHOI ABEPAIIII

MHHHCTEPCTBO OBPA3OBAHHWA PECITYBJ/IMKH BEJIAPYCH
BEJIOPYCCKHH I'OCYVIJAPCTBEHHBIM YHHBEPCHTET

Smipmecimit daxyasreT, kadeapa
(pE3HIEeCKOR ONTHEH H
MPHETATHOR HHGOpMATHEH

r. Muscx, yn. Bobpyfickas 5

[IPOTOKOJNe
HCCJIEOBaHHA MPOJONEHOH chepraeckoi aceppames HOJI

B nopamke oOKasaHAA KOHCYIBTATHBHO-TEXHHYECKOH NOMOME (akymIsTeTy
OHoMemHINHCKOH HEXeHepHH HarmmoHansEOro TeXHHYeCKHH YVHHBEPCHTETa Y KPAHHBI
«KpepcxmHl monHTeXHMUeckmH HHCTHTYT MM, Hrops Cexopcxoron xadenpoi
$H3EMecKofl ONTHEHE H NpHEIAgHOH HHGoOpMaTHEH beJopyccKoro rocyaapcTBeHHOTO
VHHBEPCHTETa, NMpoBedeHEl HCCIeNOBaHEA chepHUeckod abeppalHH HHTPAOKYAAPHBIX
TDAH3.

OOBexT HccenOBaEKA:

HOJI ¢ nmamemnermem mnommTeTpadTOop3THIeHa TOommmHOH 150 Hm, mEaneTp

ONTHIECKOH FacTe 6.5 Mn, MaTepHAT rHApodOOHENH axKprI, Ko3¢HImeHT npenorMIeHHA
1.55, onTemeckan craa 28 gHONTPHE.

OGopyaopanme:

1. OtcueTHBIT MEKPOCKEON €O MOIEATOH DPOJOIBHOIO MNEPEMEmeEHA C
HOHHYCOM H OKyIfpoM-MExpoMeTpoMm, Mofems OCK-2, sas. Ne 371681, mopepen
«26» 01 2021r.,

:Ia'ra crenyIomen nopepk «26» 01 2026 r.

Onmaaeckas ckamepi, Mogeas OCK-2, zas. Ne 0211,
[Mraasapraecks# B cepHIeckrni KOHASHCOPH
Pasaemssad mens

Toueanaa nradparua

CyMeHHBIE 3EpaHbl ¢ NAPHBIME OTBEPCTHAMHE
PryTHAs namma ¢ HCTOYHHKOM IMHTAHHA
Cretodmastp

TexmomOrEYecKkas OCHACTEA COMMIACHO PErIAMEETY HCCIeJOBAHNA
IopAnox H3MepeHHA:

VeranoBra 1A H3MepeHHA NPOJOIEHOR cheprdeckol abeppalHH MOHTHPYETCH
Ha onTHIeckol ckambe OCK-2. [[1a msMepeHHnA NpooasHOH chepHIeckod abeppamHa

HCIONB30BAICA METOA BHIVAIBHEIX GOKyCHpOBOK JIHHHHAKA.

LeNAnEwWD

1. BriBegenme (oKATBHOH MIOCKOCTH KOMUIMMATOpPA JIA MOMYIEHEA NpeaMeTa Ha
DecKOHEeYHOCTH B YCIOBHAX mﬁoparopm

2. PaccumrmiBaeM mo ¢gopmyae b < g 3 4 mprary PasIBHAHOH IIeTH, HCHOIB3YA
seageHna fi =1600 s, £ =7 65, }u=0 546 o



n

. C nomomso UIIHHAPDHYECKOro KOHIAEHCOpa CQOK}'CBPOM Ha eI

H300pakeHHe HCTOYHMKA B BHJE Y3KOH rOpPH3OHTATBHOM MOTOCH.
Paccummeisaem mo dopnymze I 2% yBe4eHne MEKpockonma I' m aneprypy
A=D/2f. mcciemyemoli cucTemsl (MmmH:n). momoxxs fo =7.65 nv B H3MepHB
anametp D ee BX0oqHOIO 3pagKa.

Henoassyen senensni ceeTodrIbTp ¢ AHEEOH Bomesl A=0,546 nooa.

Tlposomrny  m3MepeHmME 14 HCCTEAyeMOH JHMHSH C  HanbUIeHHe
noanTeTpagTopsTEiIena 150 EM mo mecTs pas, pesyIBTATHl  OTCYETHOrO
MHKpockona ¢ ToasocTio 0,1 M yepearaen.

VYeraroBHE HCCTEOVEMYIO JHH3Y Nepel OOBEKTHEOM KOUTHMATOpA, MOTydaeM
pe3Koe H300pakeHHe PasIBHAHON MIeTH. Y CTAHOBHE NpeJBapHTEIBHO OTCUET 10
HOHHYCY MEKpockona Ha geaerne 40,0 nov. pemramma 3Sq'.

VYcranoBmE mepex HccneqyeMOH IHMH3IOH 3KPaH ¢ NApHBIMM  OTBEPCTHAMM
noogepenuo 2 MM, 4 MM, H 6 MM DPOBOMMM H3MEPEeHHA NPOJOIBHBIM
nepeMenieEMeM MHKPOCKONA H ONpeflendeM BeIMUHHBI O5: MeToJoM
nepeOKYCHPOBOK MOMYYEHHHX H300paxeHHH. CHAB OTCUETE! MHEKpPOCKONA
HaxogHM BeqHuHHy OS'HCCI. mpojomsEVIO cdeprueckyro abeppamrmo ImH
HecaexyeMoH mH3H 55 Hecn =|8S, Bean.-0S, Beea. |

Pesynpratai:
Pesynbratl HCCIe10OBaHEA, 3aHeCeHHbIe B Tadauuy 4.
Tabnuna 4
Ne h=2 v =4 v h=6 au
880 ncen | Sa'mecs | 8S'ncca | 8So0'mees | OS'mecs | 6S'ween | 8S0'wees ‘mecs | 0 'nees
1 0.25 0.54 1.25
2 0.25 0.54 1.23
3 0.25 0.55 1.25
150 4 0.23 0.56 1.26
HM | 5 0.25 0,54 1,26
6 40 3975 [ 0.25 40 (3945 [ 055 40 3875 [ 124
7 0.26 0,56 1,25
8 0.25 0.56 1.25
9 0,25 0.55 1.26
10 0.26 0.55 1.25
) 3 2.5 3.5 125
M(x) 0.25 0,55 1,25

Hara: 19.08.2021
3as.xad., gon., K.d.-M.H
IInpeepa I A

e

1
Begynnmi mxenep
Jletanmor A B.

BenD
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MVHHCTEPCTBO OBPA30OBAHNA PECITYB/IMKH BEJIAPYCh
BEJIOPYCCKHNH I'OCYIJAPCTBEHHBIM YHUBEPCHTET

Pusuueckuil paxyasTer, xadeapa
$u3Eveckod ONTHKH H
NPHETAIECE HEOOPMATHKH

r. Munck, ya. bobpyiickas 5

MPOTOKOIN 2

HCCeIOBAHHA NpPOJoNbHOHE cdepuueckoi abeppanun HOJI

B nopsake OKa3saEHA KOHCYIbTATHBHO-TEXHHYEeCKOH NOMOME ¢axyasTeTy
OHOMEIHUHHCKOE HHXeHepHH HanHoHATBHOrO TeXHHYECKHH YHHBEPCHTET2 YKPaHHH
«Kmesckuii noauTexHHYeckHE HHCTHTYT HM. Hropa Caxopckxoro» xadexpoi
$H3EIecKoH ONTHEH H NPHKIAIEOH HEQOPMATHEH bBelropyccKoro rocyaapcTBEHHOIO
YVHHBEPCHTETa, NPOBENeEN HCCIeIOBAHEA cdepHUecKod abeppanHH HHTPAOKYIZPHBIX
THHS.

OGBexT HCCNeIOBAHHA"

HOJI ¢ manmnesmem nonmTeTpadTOop3THAeHa TonmueoR 100 =M, amamerp
ONTHYeCKOH gacTH 6,5 MM, MaTepHaa reapodoGHLIE aKpH, K03QdHIHEHT NpentoMIeHER
1.55, onTeueckax cana 28 aEONTPHE.

O6Gopyzosagne:

1. OrcuerHBli MHKPOCKON €O MDIKAIOH NPONOJBHOIC NEpPeMemeHH: C
HOHHYCOM H oOkyazpoM-mExpomerpoM, Mozens OCK-2, sas. Ne 371681, mosepen
«E» 01 .'-’0211'.,

Jara cnexyromes nosepxs «26» 01 2026 r.

Ontauecxas ckamba. Mozeas OCK-2, zas. Ne 0211
[ararapuveckuit 8 chepHIecKEl KORISHCOPH
Pasasmasas mems

Toueunaz xradparma

CmeEHbe 3KpPaHBI ¢ DAPHEIME OTBEPCTHAME
PryTaas namMma ¢ HCTOYHHKOM DHTAHEA
CretoduanpTp

TexHONTOrEYeCKad OCHACTKA COITTACHO PEernaMenTy HCCISIOBAEHA

1000 1O b 1o

INopAnoK H3MepeHHA:

Ycranoska 114 H3MepeHHA NpOJONbHOH cdepuueckoll abeppanHE MOHTHpYeTCHE
Ha onTegecko ckampe OCK-2. [na H3aMepeEHs NpooasEOH cdepHIecKol abeppanus
HCIIONB30BAJICK METON BE3YANbHEIX QOKycHPOBOK JIHHHEKA.

1. BuBenenne doxanbEOH MIOCKOCTH KOATHMATOpA LIS NOJYYEHHA NpeaMeTa Ha

GeCKOHEYHOCTH B YCIOBHAX 1a00paTopHH.

2. PaccumTnisaem mo $opmyre b < %’l‘- MEPHEHY PasIBHAKHOH MEeTH, HCMOIb3YR
sgagernd fiy =1600 s, f: =7.65:, A =0.546 vz

3. C noMomsl0 NIHIHHIPHYECKOTO KOHIeHCOpPa CcQOKYCHpPOBaTh Ha menb

H300paxeEHe ECTOUEHKA B BEIE Y3XOH rOPH3OHTATLEOR NOJOCHL.
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4. PaccumtnizaeM mo dopmyae [ = Sp YBeTHUEHHE MHKPOCKONA I' u aneprypy
A=D/2f. mccnexyemoH cHcTeMH (nHH3H), monoxkme f. =765 MM E HiMepHB
maamerp D ee sxomHoro spaska.

5. Hcnonbsyem seneHni ceeTodHIbTp ¢ ZnmHAHOE BomHsl A=0,546 M.

6. TlpoBoaEM  H3IMepeHHA II4  HCCASIyeMOH JHH3E ¢ HaOosUIeHHE
noraTerpagTopsTHaera 100 BEM mo mects pas, pesyabTaTHl OTCHETHOrO
MEKpOcKona ¢ TogHocTsio 0,1 MM yepenraenm.

7. YcramosEB HCCTEIVEMYIO THHIY Nepel o0BEKTHBOM KOMIHMATOpa, MOTVIasM
pe3xoe H306GpakeEHe Pa3NBHEHOH MeTH. Y CTaHOBHE NPeIBAPHTENBHO OTCIET IO
HOEHYCY MEKpockona Ha generne 40,0 y sexeumna 56Sq"

8. Vcramomer nepen Hccaeoyemo IHH30H 3KpaH C NapEHME OTBEPCTHAMH
noogepexso 2 wmM, 4 MM, B 6 MM DpoBOIHEM H3MEpPeHHX NPOIONBHBIM
nNepeMemeHHEeM MHEPOCKONAa H OOpegendeM BedHWYHHN OS: MeTogoM
nepedOKyCHpPOBOK MONyUeHHHX H3o0pamenui. CHAB OTCIeTH MHKPOCKODA
HaXOJHM BenwuHHY OS'HcCH. nmpojompEyIe cdepHueckyre abeppaunHl IIH
Hecaeavemol mausk 65 'weca =|0Sy Heen. -80S Heen. |
Pesyabrarar:

Pesynbrarhl HCCIeJ0BAHES, 3aEeCeHHRE B Tabammy 3.
Tabnuna 3
Ne h=2 MM h=4 »u h=6 an
asﬁ-.m ashm asm E"S‘J.m E’Shll:u asll:u 5sﬂlm 5511'“ 55':&:
1 0 0,15 1.1
2 0 0.14 1.08
3 0 0.15 1.1
1004 0 0.15 1.1
HM |5 0 0.15 1.1
6 | 40 40 0 40 3985 1 0.15 40 389 1.1
7 0 0.16 1,11
8 0 0,15 1.1
9 0 0.15 1.1
10 0 0,15 1.1
2 0 15 1
M(x) 0 0,15 1

Jara: 12.08.2021
3askad., zon.. k. -ME
[Maneseu I A

Beaymuii unxenep
Jleramxos A B.
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MHHHCTEPCTBO OBPA3OBAHHWA PECITYBIIHKH BEJIAPYChH
BEJIOPYCCKHMH I'OCY JAPCTBEHHBIM YHUBEPCHTET

Pusuuecknll paxynsrer, kadenpa
¢$E3EMecKOH ONTHEH H
OPHKTATHOH HE(OPMATHER

r. Menck, ya. boGpyiickaz 5

NPOTOKOMNe
HCCIeJOBaHHEE NpogonsHoH cheprveckol abeppamun HOJI

B popanke oOxasaHHR KOHCYIbTaTHEHO-TEXHHYECKOH NOMOME (aKyasTeTy
GHOMEeIHIHHCKO#H mmepn Hm:cnomnnm TEXHHYECKHH VHHBEPCHTeTa Y KpaHHH
«Kmescxuii mnoOMHTEXHE gii  mECTETYT HM. Mrops Caxopcxoro» xadeapoi
(dEzEvecKOH ONTHKE H NpEEIanHEOH HEGOpMaTHKE bexopycckoro rocyzapcTBeHHOro
YHHBEPCHTETa, NPOBeJeHN HCCNeN0BaHHA CepHUecKoH abeppanHE HHTPAOKYIEPHEIX
MHHI.

O6beET HoCnenoBaHHS"

HOJI ¢ manmmensem nonETeTpadTOp3THNeHa TommEHOH S50 HM, Jxmup

ONTHYECKOH TacTH 6 Smmlmurmmtoﬁmmm)@@mmnpen
1,55, onremeckas cena 28 mEODTpHE.

O6opynosanse:
1. OrcueTHelE MEKPOCKOD €O INKATOH DPOAONRHOTO NEPEeMEmEeHHE C

HOHHYCOM H OKymapoM-MEKpoMerpoM, Mozenms OCK-2, sas. Ne 571681, nmosepen
«26» 01 2021r,

Jara cnenyromedi nosepxm «26» 01 2026 r.

OnreEveckas cxamba, Mogens OCK-2, sag. Ne 0211.
[Menernpeaeckri B chepEIecKHE KOHASHCOPH
Paspeeamas mexs

Toueunas nmadparma

CwuenHbIe SEpansl C NaPHEIME OTBEPCTHAME
PryTeas 7aMma ¢ HCTOYHHEEOM NHTAHEX

CeetodmasTp

TexronorEgecEas OCHACTEA COTIACHO periaMenTy HCCIEJ0BAHHA
Ilopaaox BE3MepeHHE:
YcranoBxa aa HIMEpPEeHHR DPOAONLHOH cdepHUecKkoH abeppanHE MOHTHpPYeTCH
Ha onTEgeckol ckambe OCK-2. Jinx ssMepenns npoaoasHol chepaaeckol abeppanas
HCOOXb30BANCH METOX BHIYANBHHX (PoxycHposok JInEnEKa.
1. Buseaenme QoEanbHOE NNOCKOCTH EO/UTHMATOpa INA NOTYICHHN DpeIMera Ha
GecEOHEYHOCTH B YCJAOBHAX 1a00paTOpHH.
2. Paccumteisaem mo dopmyne bﬂ%mrpnypammni mMeTH, HCOOmb3yA
spagenEx fi =1600 s, f: =7,65mm, A =0,546 v,

3. C pomMomsl0 DEIHEIPHYECKOrO KOHIeHcOpa CHOKYCHpOBaTh Ha mMEIsb
H300paKesHe HCTOYHHEA B BHIE Y3KOH rOPH3IOHTANBHOH MOJOCH.

RN AW

194



_ kd

4. Paccumrmisaem no dopmyne [ = Af, YBelHUeHHe MHKPOCKONA I' & aneprypy
A=D/2f. mccnexyemoi cucTemul (IuH3H), momoxus f. =7,65 MM H HiMepHB
maameTp D ee sxoxmoro spauxa.

5. Hcnmonssyem senemsii cBeTOQHABTP ¢ AnHEROH BoaHsl A=0,546 Munm.

6. IlpoBomeM  H3MepeHHE 1714  HCCHeOyeMOH /HH3IW €  HaImbUIeHEHe
noauTeTpadTopaTHAena 50 EM @m0 ImecTs pa3, pesyABTaTH  OTCYETHOTO
MEKPOCKONA ¢ TogHOCTI0 0,1 MM yepegmsen.

7. VeranoBEB EccaeayeMywo THH3Y mepel o6BeKTHBOM KOLIHMATOpa, MOTyEaeM
peskoe H300pakeHHe PasIBHEHOH MIeTH. Y CTAHOBHB NPeIBAPHTENBHO OTCIET NO
HOHHYCY MEEpocKona Ha nenesne 40,0 . sexeamna 5S¢

8. YcramoBEB mepen HCCOeIveMOH JHHIOHR SKpPaH ¢ NApHEIMH OTBEPCTHAMH
noogepeano 2 MM, 4 MM, H 6 MM DpPOBOIHM HIMEPEHHA NPOIOIBHBIM
nepeMemeHHEM MEEPOCKONA H ONpejeldeM BeIHIHHBL 05y MeToZoM
nepedOXYCHPOBOK MNOMYUeHEHWX H3o0paxennH#. CHAB OTCWeTH MEEpOCKONA
HAXOOHM BeIHYHHY OS'HCCI. mpoJodbEVIO cepHueckyl afeppanmio ITH
Hccaexyemol maEE3s 5S'Boca =|6S, uecn.-56S, mecn.|.

PesynpraThi:
PesynpTaTsl HCCIENOBAHHA, 3aHECeHHBE B TaOnuy 2.
Ta6asma 2
N h=2 b=4 ym h=6 am
asﬂlm ask'mu SS'm BS‘J'm Bsh'nm 85'-::: 350:::: ashm BS'II:R
1 0.1 0,27 0.24
2 0.09 0.28 025
3 0,09 0.3 0,24
5014 0,12 0.3 0.26
HM | 5 0.1 0.3 0.25
& 40 399 [ 0.11 40 397 [ 031 40 3875 [ 025
7 0,09 0.3 0,25
8 0,12 0.33 0,26
9 0.09 0.31 0,25
10 0,09 0.3 0,25
X 1 3 2.5
M(x) 0.1 0.3 0.25

HAara: 02.08.2021

3as.xad., aom., x.¢.-M.E
ITemesrs I'A.

/

. J’-_}.-.
Bexymmuii uxxerep
Jetamxos A B.

‘_ﬁ,\'\\ t\;_\}.h.}-'-;
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MHHHCTEPCTBO OBPA30BAHH PECITYBIIHKH BEJIAPYCH
BEJIOPYCCKHH I'OCYVIAPCTBEHHBIM YHHUBEPCHTET

Pmipmeckyi daxynsTeT, Kadeapa

¢u3meckol ONTHEH H
MPHETATHOH HHGQOPMAaTHEH
r. Mumnck, yn. bobpy#ickas 5

IMIPOTOKOINe 4
HCCTIEeNOBAHMA NPOAOIEHOH chepraeckon abeppames HOJI

B nopamxe oKasaHHA KOHCYIBTATHEHO-TEXHHYECKOH DoMOmm ¢axyasTeTy
OmoMeHIIMHCKOH HIieHepHH HalmmoHaTBHOrO TeXHHYECKHH YHHBEPCHTETa Y KPAHHEI
«KmepckHA mnoaHTexEMueckmi  HHCTETYT HM. Hropa Cexopexoron xadenpon
tm3rdeckol ONTHEE H NpHKTagECH MH(opMaTHxE beJopycckoro rocyJapcrseHHOTO

VHHBepCHTeTa, MpoBeJeHsl HCCNeNOBaHKA cepHYeckoll abeppallMH HHTPACKYIAPHBIX
THMES.

O0BeKT HCCIENOBAHNA'

HOJI ©Oes mambuteHMA, JHAMETP ONTHYeCKOH d=acTH 6.5 MM, MaTepman
raapodoOHsIH akprl, ko dHuHenT npenonnerna 1,55, onrraeckas cata 28 monTpHit.

OGopynoparme:

1. OTcueTHEI! MEEPOCKON C€O MIKATOH NPOJOMBHOTO NepeMemeHHd C
HOHHYCOM H OKyIApoM-MEEpoMeTpoM. Mogeas OCK-2. sas. Ne 571681, mosepen
«26» 01 2021r..

Ila'ra caexyromedt nosepsr «26» 01 2026 r.

Onmageckan ckameba, Mogeas OCK-2, zas. Ne 0211,
e apeaecksi B chepHIecian KOHISHCOPH
Pasgerssan mems

Toweunan nuadparma

C BIPB.'HH C HRPEI:IH:H Dmepcmun
Prymaas namma ¢ ACTOYHAKOM MHTARNA
CeetodmisTp

Texmomorrgeckan OCHACTEA COITIACHO PerIaMerTy HCCIIeJ0BaHMA

INopanox msmepenna:

Veranoexa A4 HaMepeHHA NpoJonsHoR cdepraeckoft abeppais MOETHpYETCR
Ha onrEdecko ckambe OCK-2. a1 nsMepeHHs npoaoasHo# cdeprieckol abeppairnn
HCHIOMb30BATICA METOA BH3YATEHBIX doKkycHpoBok JIHHHMKA.

1000 OV W

1. BuBegemre QoKATHHOA MIOCKOCTH KOMIMMATOPA A4 MOTYYeHHA MpelMeTa Ha
OECKOHEYHOCTH B YCIOBHAX Na00OPaTOPHH.

Paccammrisaem no dopuyne b < {:2‘ MIHPHHY PasABIEHON IIeTH. HCMOMBIVA
sHavernd § =1600 m, £ =7.650mm, A =0.546 nomu.

3. C poMOomer UHIMEIPHIECKOrO KOHJeHcOopa CQOKYCHpPOBATE Ha IIEIh
H300paXeHne HCTOYHHEA B BHJIE YSKOH MOPHSOHTATBHOH MIOIOCH.

[
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. Paccumraisaem no doparyne Fz%yne.mennemxpocxomrumemypy
A=D/2f. mccaegyemoit cucTensl (THH3B), monoxxs f: =7,65 MM B H3MepHB
anametp D ee BxomHOrO 3pagxa.

. Hcnoassyen seneHsni cBeTOPHIBTP ¢ ATHEEOH BomEsl A=0,546 noou.

. TlpoBomrnd m3MepeEMA IR HCXOJHOH /JHHSE MO IIECTh Pas, pPe3y/ILTaTH
OTCYETHOIO MHKPOCKONA ¢ TogrocTso 0,1 MM yepegHaen.

. YcTaHOBHE HCXOHYIO HE3Y Nepe] OOBEKTHBOM KOJUTHMATOPA, NOTYIaeN pesKoe
H300pakeHHe pasOBIAHON INeTH. YCTAHOBHB NPeJBApHTENBHO OTCHYET MO
HOHKyCY MEKpockona Ha geaerne 40,0 nov. semrarma 5S;

. YcTarOBHE nepea HCXOHOH JTHH3OH 3KPaH C MapHBIMHE OTBEPCTHAMH NOOYEPETHO
2 v 4 nv, B 6 MM TMPOBOAEM H3IMEPEHHA NPOJOILHEIM MepeMemeHHeM
MHKPOCKONA H OnpefenzenM BenHIHEBI OS:' MeromoM mepedOKyCHPOBOK
NOTy9IeHHBIX H300paKerni. CHAR OTCYESTE MEKPOCKONA HAXOJHM BeTHIHHY OS'
NPOJONBHYIO chepraeckyo abeppammto 5S'=23S,-3S," A1a HexoIHON THH3BL

PesymsraTs:
PesyapTaTsl HCeclefoBaHNA, 3aHeCeHHEIe B TaOmmy 1.
Tabamma 1
Ne h=2 aym =4 noa h=6 nm
OSo'sex | OSi'sex | OS'wex | 0So'mex | 8Se'mex | S 'wex | 8S0'wex | 8Si'wex | 8S'wex
1 0.15 0.62 1,29
2 0.1 0.62 13
3 0.08 0.6 13
4 0.12 0.61 1.3
5 0.1 0.58 1,27
6 40 399 0.06 40 394 [ps50 | 40 387 [ 132
7 0.09 0.6 13
S 0.1 0.6 1.31
9 0.11 0.59 1.31
10 0,09 0.59 13
) 2 1 6 13
M(x) 0.1 0.6 1.3

Jara: 05.07.2021
3asxad., gou., Kx.d.-MH.
IInpepma I A

197



198

JOJATOK B AKT BITPOBA/IKEHHS PE3YJIBTATIB JOCJIIKEHHSA
JIMCEPTAIIIMHOI POBOTHU Y BUPOBHUYY JISJIBHICTH

BOPOBAUKEHHS pesyabrarie jmcepramifnol poborn [Moaimyxa O.C. ma remy: «Komnaexcme
YAOCKONANEHAN (PYHKUIOHAALHHX XAPAKTEPHCTHK INTPROKYIMPHHX JiHi», Ha 3100yTTH
ocsituso-xsanidixaniftsoro pisEAs  «loxTop ¢inocodiin 3a  cnegiansmicrio  163-—biomemuna
imkenepis y Odranmsmonoriumid saboparopii-kaisint “US Optics™.

Komicia daxisuis Odramsmonoriunol saboparopii-kainiks “US Optics™ cknana nanufi akr npo
NPEKTHYHC BHKOpUCTAHHN pesyibraris jucepranifinol poGomw [flomimyxa O.C. ma Temy:
«KoMmickcHe  yAOCKOHANEHHS OQYHKIMIOHAILHHX XAPaxTCPHCTHK  IHTPROKYIAPHMX jiH3s, ¥
AUPOOHIHII NPAXTHIL IHTPAOKY IAPHIX JTiH3,

BuxopucTanns pe3ynsraris gucepramiitnoi poGory INonimyka O.C., a came, ananisy miunocTi
TANTHYHHX CACMCHTIB IHTPROXY IAPHEX J1iK3,

[Mposeneua cuMy sl BNAMBY INAIAPHOTO M A3y HA FANTHHMI CICMCHTH IMTPAOKYISPHMX JiH3 3
AONOMOroK0 nporpamuaoro naxery Solidworks ta crsopenoro [Monimykom O.C. npecrpor uis
ROCHUDKEHHS NPYRHIX BIACTHBOCTEH IHTPAOKYNSPHHX JiH3, TOKS3aN0, MO FanTHHHI CACMCHTH
CYMACHMX IMTPAOKYJADHHX JiH3 HE MAIOTH BOIMKOIO 3M0ACY MILHMOCTI, € CAabKAM eneMeHToM
KOHCTPYKIIT | NP mogansumx po3pobKax BHMATAKOTE IMIUHCHHS NUIAXOM 3aMind Matepiany i
Jmzainy.

Jlannit axr He € MiACTABOIO JUTR OICPKRAHHA BHHATOPOIM.

AKT CKEAICHO, AKX AOAATOK a0 auceprawifinol poborm Illommyka O.C., «Kowmnaexcae
yockonaneHus QYHKILIOHATBHAX XAPAKTCPHCTHK INTPAOKYIAPHEX ik § Moxe GyTH npe ssnenni
Ha 3axucri pasosifl cnemaniosanid BucHii pati (pasosifi CBP) daxyasrery Giomeawsrol imxenepil
HauionatsHoro Texuivgoro yuisepcurery Yipainn « Kuiscsxuil nomitexuiusuii incruryT imeni Irops
Cixopcexoro» ans  3106yTTs  ocBiTHRO-KBATIQiKaniinoro pisus  «wiokrop dinocodiin  3a
cneriatsiicTio 163— Biomemuna iHxesepis.

Jupextop ,
Odransmonoriauoi naboparopii-kninicn “US Optics™ / ;h&%ﬂ\l Onexcannp AKJIAHEHKO
)

Kepisnnx Mexanissol ALThHAI
Odransmonorisnol saboparopii-kniniku “US Optics™ /_° é 0 2.4~7 Onexcangp BACHJIBYEHKO
(msdmuc)
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JTONATOK T TATEHTHI CEPTU®IKATH 3A HAYKOBUM HANIPSIMKOM
JOCJIKEHHS




YKPAIHA

[ —
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MIHICTEPCTBO PO3BWUTKY
EKOHOMIKH, TOPTIBNI TA
CINECBKOro rocCnoaAPCTBA
YKPAIHW

agUA  an137306 @3 U
(51) MINK (2019.01)

A61F 2/16 (2006.01)
AB61F 9/00

(12) ONKUC OO0 NATEHTY HA KOPUCHY MOJENb

(21) Homep sasekm: u 2019 04288
(22) Oata nopanks saseks: 22.04.2019

(24) Dara. 2 skof € ymHHimm 10.10.2019
Npaga Ha KopHCHY
MOZENS:

(46) MyBnikauia sinomocTed 10.10.2019, Bron.Ne 19
Npo BUAEYY NATEHTY:

(72)

(73)

BuHaxigHuk(n):
Moniwyk Onekcangp Ceprinoeuy (UA),
Kozsp Bacuns Bacunsoeuy (UA)

BnacHuk(m):

Moniwyk Onekcangp CeprinoBuy,
syn. O. Hescekoro, 63, cmt Bpagiiexa,
Muronaisceka obn., 56301 (UA)

(54) THYYKA MOHOBENOYHA MYNIETU®OKANBHA IHTPAOKYNAPHA NIH3A "SUPPORT OP"

(57) Pechepar:

MHy4ka moHoBno4yHa MyneTUdOKaneHa iHTpaokynsapHa nikza (I00) e enactuyHow. JliHaa mae dopmy
Ta poamipu, NogibHi 40 NPUPOOHOrO KPULLTaNnWKa, NOBEPXHA LWOPCTKA, MICTUTE ynbTpadioneToBniA Ta
CHHIA iNeTPKW, MICTUTE Yy cobi n-Wwapie 3 pisHUMK NOKa3HWKaMKM 2anomneHHA. Ha Topuesid cTopoHi
niH3W € KaHaBKa No BCIA okpyxHocTi (360°). Kanaeka po3buTa Ha ceKTopK 3a AONOMOroK NepeTUHOK,
WO nepneHaMKynApHi 4o Hel. KokHa nepeTwHKa po3willeHa napaneneHo 40 ONTWYHOT oci NiH3W B
CEeKTopax 3 KyTom no 45°. B nepegHii 4acTuHi 101 cekTOpHWMIA BMPI3 Oell0 BUTATHYTUMIA BNepen Takum

YMHOM, WO 3 (PpOHTANEBHOT CTOPOHKU NIH3W BMOHO NEepPeTHHKM.
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YKPAIHA o UA (11141280 13U
D ﬂ (51) MK (2020.01)
O GO1L 1/00
Y GO1B 5/00
AB1F 9/00

MIHICTEPCTEBO PO3BUTKY
EKOHOMIKW, TOPTIBNI TA
CINnbCBKOro rocnogapPcTeBA
YKPAIHU

(12) ONMUC OO NATEHTY HA KOPUCHY MO[EJb

(21) Homep samsku: u 2019 10693 (72) BunHaxigHuk(u):
(22) MOava nopawns sase:  29.10.2019 Noniwyk Onexcanap Ceprinoeuny (UA)
(24) Rara, 3 Aol e udkHAMA 25.03.2020 (73) BHE?HHK(H}Z .
NPaBa Ha KoPUCHY Moniwyk Onexkcangp CeprioBuy,
MOfenk: syn. O. Hescbkoro, 63, cmt Bpagiiexa,
{46) MNybnikauis sigomocTed 265.03.2020, Bion.Ne 6 Mukonaiaceka ofin., 56301 (UA)
npo BUAAMY NETEHTY:

(54) NPUCTPIA ONA OOCNIOXEHHA NPYXHUX BNACTUBOCTEMN IHTPAOKYNAPHMX NIH3

(57) Pedpepar:

MpucTpil anA AOCnNMKEeHHA NPYyXHUX BNacTWBOCTEW iHTpaokynapHux niH3 (ION) e zacobom, 3a
[0NOMOroH AKOro BCTAHOBMKOKTLCA MexaHiyHi BnactweocTi 10N 3 TeHsomeTpoM. BiH mae nepemukady,
KHOMKY 38[0aHHA 4acTOTW, KHOMKY 33aHHA KINbKOCTI CTUCHEHB, 4 3aTWCKadi, WKanu, 4 TeH3oaaT4nKM,
MPOBIAHWKW, KOPMYC, NPO30PY KPULLKY, NAa3W KPULLKKW, PDETYNATOP CHMNW CTUCHEHHA (pafiyc CTUCHEHHSA),
EKpaH, 4 HKKM NPUCTPOD.

9

10

11

@ir. 1

UA 141280 U

202



T

TV T
||| | l ll
| I .

111}




YKPAIHA o UA 11142651 a3 U
[| (51) MK (2020.01)
> AB1F 9/00
A61F 2/16 (2006.01)
G02B 3/00

| —

L

MIHICTEPCTBO PO3BUTKY
EKOHOMIKW, TOPMBMNI TA
CiNECbKOro roCnogAPCTBA
YKPAIHK

(12) ONUC OO NATEHTY HA KOPUCHY MOOENb

(21) Homep aasnsma: u 2019 10694 (72) BuHaxigHMk(n):
(22) Oara nogawHa sassii:  29.10.2019 Moniwyk OnekcaHap Ceprikosuy (UA)
(24) Dara, 3 Akoi € kA 25.06.2020 (73) Bnacuuk(u). -
Npasa Ha KopPUCHY Moniwyk Onekcangp CeprifoBuy,
MOOENb: Byn. O. Hescekoro, 63, cmT Bpapnjieka,
(46) MyGnikauis sinomocTed 25.06.2020, Bron.Ne 12 Mukonaieceka obn., 56301 (UA)
Npo BUAAYY NATEHTY:

(54) CMOCIBE KOPEKUII ONTUYHWX ABEPALIIM NIH3

(57) Petbepar:

Cnocib kopekuii onTu4HUx abepauii niHa Bkno4Yae B cebe HAHECEHHA NOKPUTTIB HUXYOro NoKasHWKa
3aNOMIEHHS HA U0 X NiH3y, M3E Wapy 3 pi3HUM NOKA3HWUKOM 33NOMNEHHA, 3riJHO 3 KOPWUCHO
MOOENMN, ONTUYHI NOKPUTTA, AKi HAHOCATE HA MNOBEPXHID NiH3W, 3MEHIYKTb CBIA MOKa3HWK
3anoOMMNEHHS B HanpAMKY BiLAaNeHHA Bif LEHTPY MNiH3W, KOMEH MOKA3HWK 3aNMOMNEHHA NPOMIKHOIO
Wwapy BM3Ha4YawTb 3 YpaxyBaHHAM NOKa3HWKa 3anOMIeHHA HaBKOMMWIIHLOMO CepenoBWlla Ta Agpa
NiH3W, NPY LBEOMY TOBLLMHA NPOMIKHOIO LWapy 3Ha4YeHHA He MaEe.

UA 142651 U
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YKPAIHA o UA 11142801 13U
i ( (51) MK (2020.01)
Q> A61F 2/16 (2006.01)
. A61F 9/00
MIHICTEPCTBO PO3BUTKY
EKOHOMIKW, TOPTIBNI TA
CINbCbKOro rocnogArPCTBA
YKPAIHU

(12) ONMUC OO0 NATEHTY HA KOPUCHY MO[EJb

(21) Homep 3asBku: u 2020 00572 (72) BuHaxigHuk(u):

(22) Aaranopakna sasex:  30.01.2020 Moniwyk Onekcangp Ceprinosuy (UA),

(24) [lara, 3 kol € umsHMM 25.06.2020 Koasp Bacune Bacunsosuy (UA)
npasa Ha KOpUCHY (73) BnacHuk(u):
Mopens: Moniwyk Onekcanap Cepriosuy,

(46) Nybnikauis sinomocrenn 25.06.2020, Bon.Ne 12 syn. O. Hescekoro, 63, cmT Bpagiieka,
npo BUAaYY NaTeHTy: Mukonaisceka o6n., 56301 (UA)

(54) THYYKA OB'’€EMO3AMIHHA MYJIbTU®OKAJIbHA IHTPAOKYJIAPHA J1IH3A "NVISION OP™

(57) Pecpepar:

MHyuka oG'emo3amiHHa MynbTudOKanbHa IHTPaoKynapHa niH3a € enactuyHow. Mae dopmy Ta
poamipu, noaibHi 40 NPUPOAHOro KpuwTanuka, € MynbTudokanbHoW (3abesneyye akomoaalito).
[MoBepxHI0 BMKOHAHO LUOPCTKOK 3 MEBHUM 3HAYEHHAM LUOPCTKOCTi. MicTUTb ynbTpadioneToBuin Ta
CUHIA (DINbTPW, N KiNbKICTb LIAPIB 3 Pi3HUMU MOKa3HWKaMKU 3anoMneHHs, rocTpui kpai (6optuk). Ha
nepudepiviHiin CTOPOHI NiH3W BMKOHAHO KaHaBKy NoO BCii OKpyxXHOCTi (360°). KaHaBky po3buto Ha
CEeKTOpU 3a AOMNOMOrol NEPETMHOK, L0 NepneHAVKYNsSpHi A0 Hel. KOoXHy nepeTvHKy po3MilieHo
napanenbHO A0 ONTMYHOI OCi NiH3W B CEKTopax i3 KyToMm no 45°. B nepegHin YacTWHI BMKOHaHO
CEKTOPHUI BUWPI3, BUTATHYTUA Bneped, TakuM YMHOM, WO 3 (PPOHTanNbHOI CTOPOHWU NiH3W BUAHO
nepeTuHkn. Cnepeny HEONTUYHOT YaCTUHU NiH3W BUKOHAHO NMCTONOAIOHI BUPI3W.

UA 142801 U
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YKPAIHA

588

e

HALIOHANLHWA OPTAH
IHTEREKTYANLHOI
BNACHOCTI
AEPXABHE NIANPUMEMCTBO
"YKPAIHCbKMA IHCTUTYT
IHTENEKTYANLHOI
BNACHOCTI"

agUA 11149961 13U

(51) MIMK
AG61F 9/007 (2006.01)

(12) ONKUC OO NATEHTY HA KOPUCHY MOJEJb

(21) Homep sasskm: u 2021 04750
(22) Data nopaHts 3asewt  19.08.2021

(24) Lara, s saxoi & uannmnn 16.12.2021
npaea iHTenekTyansHoT
BRACHOCTI:

(46) Nybnikauis sinomocted 15.12.2021, Bron.Ne 50

Npo AepHasHy
peecTpauito:

(72)

(73)

BunaxigHuk(m):

Moniwyk Onekcangp CepriinoBuy (UA)
Bonogineus (Bonoginewi):

Moniwyk Onekcannp Ceprikoend,
eyn. O. Hescskoro, 63, cmTt Bpagiieka,
Muronaieceka obn., 56301 (UA)

(54) IXKEKTOP ONA IMNAAHTALIT TA EKCNNAHTAUIN IHTPAOKYNAPHOI NMIH3KW

(57) Pecpepar:

IHxeKTOp ANA iMNNaHTauii Ta ekcnnalTauil iHTpaokynapHol NiH3W MICTWUTE KOpNyc, NNyHxep, na3. Mae
nonerweHWiA macorabapuTHUA gW3aiH, KapTpUIK ONA iMnnadTauil, KapTpuax ONA ekcnnadTauil,

LITOK, M'SKWA NONIMEPHUM NOPLIEHE, MPYXWHY, NETMI0, KOBNa40K.
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YKPAIHA 4 UA 11150305 13U
G (51) MK (2022.01)
S AG1F 2/16 (2006.01)
\Z A61F 9/00

HALIOHANBHWUIA OPIrAH
IHTENEKTYANLHOI
BNACHOCTI
OEPXABHE NIANPUEMCTBO
"YKPAIHCbKWUW IHCTUTYT
IHTENEKTYANBLHOI
BRACHOCTI"

(12) ONUC OO NATEHTY HA KOPUCHY MOJEJ1b

(21) Homep sassku: u 2021 04749 (72) BuHaxigHuk(u):
(22) Mara nopars 3assku: 19.08.2021 Moniwyk Onekcangp Ceprinosuy (UA)
(24) Rara, 3 sxol € wHHMM 27.01.2022 (73) Bonopineus (sonoginkui):
npasa iHTenekTyansHol Moniwyk Onekcanap CeprioBuy,
BNACHOCTI: syn. O. Hescbkoro, 63, cmT Bpapaiiska,
(46) Nybnikauis sigomocte 26.01.2022, Bion.Ne 4 Mukonaisceka obn., 56301 (UA)
npo AepxasHy
peecTpauiio:

(54) OB'EMO3AMIHHA MYJIbTU®OKAJIbHA IHTPAOKYJIAPHA JIIH3A "NVISION OPTICS"

(57) Pechepar:
O6'emo3aMiHHa MynbTUDOKanbHa iHTPAOKyNspHa niH3a, WO € enacTu4Hol Ta Mae cdopmy Ta
po3mipu, noAibHi 40 NPUPOAHOro KpULWTanuka, € 06'eMo3amiHHO Ta MynbTUdOKanbHOW. MoBepxHs
BWKOHAHa LUOPCTKOKO 3 NEBHUM 3HAYEHHAM LLOPCTKOCTI. JliH3a MICTUTL ynbTpadioneToBuil Ta CUHIN
DiNbTPKU, HA ONTUYHIA YaCTUHI MICTUTb LIAp NoniTeTpaTOPETUNEHY, TOCTPUA Kpaw NiH3n 3 BopTUKOM
360°, wo 3HaxoauTbCA NiAg TynuM KyToM. [10 ONTUMKM KPINNATLCSH NUCTONOAIOHI ranTuku, Ha UMX Xe
ranTUYHKUX eneMeHTax BUKOHaHI MapKepHi BUpiau.
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YKPAIHA o UA 11150954 13U

D ﬂ (51) MK (2022.01)
5502 AG1F 9/00
WV A61F 2/16 (2006.01)
G02B 3/00
H.ﬁLl,lOHAﬂbHHl;"l OPraH
IHTENEKTYANBHOI
BNACHOCTI

AEPXABHE NIANPUEMCTBO
"YKPAIHCbKWMM IHCTUTYT
IHTENEKTYANLHOI
BNACHOCTI"

(12) ONKUC A0 NATEHTY HA KOPUCHY MOJEIb

(21) Homep zansma: u 2021 05057 (72) BuHaxioHWk(w):

(22) Lata nopawa sasei:  08.09.2021 Noniwyk Onekcangp Ceprifoeuny (UA),

(24) Nata, 3 ol € YAV 19.05.2022 Koasp Bacunt. Bacuntosu (UA)
npaga iHTenexkTyanLHoT (73) Bonoaineus (Bonoginbui):
BACHOCTI: Noniwyk Onekcanap CepriitoBuy,

(46) MyGrikauia sinomoctein 18.05.2022, Bion.Ne 20 eyn. O. Hescwkoro, 83, cmT Bpapileka,
npo OepHasHy Mukonaieceka o6n., 56301 (UA)
peecTpaliio:

(54) CNOCIE 3MEHLUEHHA MNOMEPEYHOI C®EPW4YHOI ABEPALIN TA HEFATUBHMX ®OTUYHMX
E®EKTIB IHTPAOKYNAPHWUX NMIH3 METOAOM HAHECEHHA NOMITETPA®TOPETUNEHY

(57) Pecpepar.

Cnoci6 3meHweHHs nonepevHol cdepudHol abepauil Ta HeratMBHMX QOTUYHWX ediekTiB
iIHTDAOKYNAPHWX MNiH3 MEeToAOM HaHEeCceHHA noniTeTpadTOpeTHMNEeHa BKMHOYAE HAHECEHHA MOKPUTTA
HWKYOrO MNOKA3HWKA 3anoMMeHHA Ha niH3y. ONTUYHMM NOKPWTTAM, fIKE HAHOCATb Ha MOBEPXHIO
IHTPaoKyNApHOT nNiH3W, € noniTeTpadTOpeTUNeH, WO MAaE MEHLMWA NOKa3HWK 3anoMINeHHA, Hix
Marepian iHTpaoKynApHOI NiH3WM, MOKA3HWK 3anoMMeHHsA noniTeTpadTopeTMNneHy PpO3paxoByHThb
BignoeioHo 0o dopMynM, B AKIA BPaxoBYHTb NOKA3HWK 3aNOMMEHHA HaBKOMWILHLOMO CepenoBuLLa
(BOOAHUCTOT BONOMK) Ta IHTPAOKYNAPHOT NiH3W.
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MOIAKA

ABTOp BBa)kae CBOIM 0OOOB’A3KOM 1 IPHUEMHOIO 3a00B’S3aHICTIO BUCIIOBUTHU ILHUPY
MOJIIKY CBOEMY HAYKOBOMY KEpiBHUKY, KaHIUAATy MEAMYHUX HayK, mouneHty Kozspy
Bacwuito BacunboBuuy 3a HayKoBe KEPIBHUIITBO, TUTIAHI 1/1€1, IHTEIEKTyaJIbHE CITUIKYBaHHS
Ta JJOTIOMOTY B CTBOPEHHI JUCepTallii.

be3smexHy BASUHICTH BUCIOBIIO cBOiM Oarbkam, [lomimyky Ceprito IBanoBuuy,
[Momimyk Banentuni IBaniBHi, a Takox Opaty, [lominryky Ceprito CepriiioBuuy 3a
JIOMAIIIHE TEIUIO0, NIATPUMKY, BIpY Ta TEPIIHHS.

Oxkpemy NOASIKY BUCITIOBIIOI 0COOJIMBO OIM3BKIM sl MeHe JI'oauH1, Tuxona3 OneHi

OnexkcaHapiBHI 32 MIATPUMKY Ta PO3YMIHHS.
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