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[Ipu  xipypriuHoMy  JIIKyBaHHI  KaTapakTH  3a0€3le4YeHHs  IUIAaHOBOI
miciasionepaniiiHoi pedpakuii oka moTrpedye BIAMOBIAHOIO TOYHOIO BU3HAYCHHS
ontrunoi cwmm (P) iaTpaokymsproi miuzm (IOJI). BimMmiHHMM MOXKe BBaKaTHUCS
pe3ynbTaT IMIUIaHTalli, SKIO MicasonepaliiiHa pedpakxiis BiIpi3HAETbCS BiA
mwiaHoBoi B Mexkax 10.25 mionTpiit. CydacHa TEXHOJIOTiSI BH3HA4Ye€HHA P, 110
OCHOBaHa Ha BUKOPUCTAHHI JAHUX JOOIEpaIiitHOT O10MeTpii, MOKH 1110 HE TapaHTye
BKazaHoi moxuOku pedpakmii. Tak oTrpuManHs (PaKTUYHOTO  BIAXWICHHS
nicnsgonepaniiHoi pedpaxuii y 0.5 AnTp Bl IIAHOBOTO 3HAYEHHS BBAXKAETHCS
yCIIXOM.

B pobGoti [1] 3ampomoHoBaHO METOJ 1HTpaorepariiiHoi OioMeTpii oka s
3/I1IICHEHHS] B MOMEHT ITICJIS BUJIAJIEHHS MATOJOTTYHOr0 KpuinTaiuka. [lokazano, mo
noxu6ka BuzHadeHHs P [OJI y £0.32 anTp 3a pe3yiabTaraMu Takoi iHTpaornepaliiHoi
61oMeTpii MOXKe 3a0e3MeYnTH Mmicsonepaliiiie BiAXuiaeHHs pedpakiiii oka B Mexax
+0.25 nntp. Merton 3abe3neuye BU3HA4YCHHS L — MEPEeaHBO-33IHBOTO BIAPI3KY OKa,
10 1HOJ1 B3araji HEMOXKJIMBO JIOCTaTHbO TOYHO 3JIMCHUTH CYYaCHHUMH METOJIaMH
noorepariitHoi 610MeTpii, (AKyCTHYHOIO €XOJIOKAII€I OKa), OCOOJUBO MPU BEIUKIN
IIUJIBHOCTI KaTapaKTH, Ta MPOrHO3YBaTH BIACTaHb d, sika Bkazye posramryBaHHs [OJ]
B OIll TAalli€HTa 3a PE3yJbTaTOM 1HTPAOIMEPAIIHHOTO BUMIPIOBAHHS BIACTaHI MiX
NEePEeIHbOI0 TOBEPXHEIO POTIBKH Ta 3aJIHHOI0 TOBEPXHEIO KANCYIM KpUllTanuka. s
po3paxyHKiB P mOTpiOHO TakKoX MaTW CepeAHE 3HAYEHHS pajiyca r KPUBHU3HU
MOBEPXHI POTIBKH, sIKE€ MOKE OyTH BU3HAYEHHUM JI0 OTepallii.

Ocxkinbku P = P(L,d,r), To moxubka BW3Ha4YeHHS P 3aleXuTh BiJ MOXHOOK

BUMIpIOBaHb L, d, r. JlomycTuMi 1oXuOKku BUMIpIoBaHb L, d, r, Oyiau BU3HAYEHI 3a
JOTIOMOTOI0  Teopii (YHKINT BHUIAJAKOBUX apPryMEHTIB JJi1 OINTUYHOI CHUCTEMHU
cepeaHboCcTaTUCTUUHOTO oKa (L =24mm), kopotkoro (L =22mm) 1 AOBroro oka
(L =26mm). BpaxoByBasioch BHyTpimHe po3TamryBaHHs [OJI B oui mamienta. IIpu
aHaJli3l JOMYCTUMHUX MOXMOOK BUKOPHCTOBYBAJIACs apH30HCHKA MOJAENIb ONTHYHOI
CHCTEMH OKa, IK HaMOUIBII aJcKBaTHA 1 TOYHA.
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BcranoBiieHo, 1m0 171 CEPEIHBOCTATUCTUYHOTO OKa 3 BiporigHicTio 95%
nonyctuma noxu6Oka BusHaueHHs P IOJI +0.32 antp moxe OyTu HOCSATHYTa HpH
JOMYCTUMHUX IMOMIJIKAX BUMIpIOBaHb napametpiB L, d, r +0.04 mMm. ITokazano 3MiHy
JOMYCTUMHX MOMMUJIOK BUMIPIOBaHb BKa3aHUX MapaMeTpiB 3aJIe)KHO BiJl JOBKUHHU OKa
1 posranryBanns [OJI B o1l mamieHTa.

Knrouosi cnosa: inTpaonepariiiiina 010MeTpis OKa, TOMYCTUMI MOXUOKH OloMeTpii
OKa, TOMyCTUMa MoXuOKa BU3HAUYCHHA P 1HTpaoKyIsIpHOT J1H3H.
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B ocranni poku meton paxoemynbcudikaiiii, cTaB HOBUM CTaHIAPTOM B XIpyprii
KaTapakT. YJIbTPa3ByKOBUI IHCTPYMEHT TaKOTO arapara CKJIaJaeTbCs 3 XBUICBOAY, Y
BUTJIAIl TOPOKHUCTOI TOJIKM, KOHIIEHTPATOpa YJIbTPa3BYKOBHX KOJIHMBAaHb, MapHOI
KUTBKOCTI IT'€30€JIEMEHTIB 1 OMOPHOT My(dTH, PO3MIILIEHUX B KOPITyCl. YJIbTPa3ByKOBI
KOJIMBaHHS MOXXYTh MAaTH XapakTep MO3J0BXKHIX, KPYTUIbHUX ab0 BUTHYTHX, a
TaKOXX MOETHYBATHCS B PI3HUX MPOMOPILIAX, YTBOPIOIOUM KOMIIO3UTHI KOJHMBAHHS
pi3HOT (pOpMU 1711 YHUKHEHHS BTPATH OKJIIO311 1 pI3HUX TEPMIYHHUX yCKJIagHeHb [1].

JInst  oTpUMaHHA HENPOJOJbHMX KOJMBAaHb BHKOPHCTAHO JaHUM BapiaHT
KOHCTPYKLIi yJIBTPa3BYKOBOTO I1HCTPYMEHTY, LIO 3MOXXE JOMOMOITH YHUKHYTH
npoOJieM 3 JIHISMH acmipallii, ipurailii Ta onikaMu 3aJHbO1 CTIHKHU CITKIBKH (puc. 1,
puc. 2).
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PoGoua yacthHa py4yHOro OJOKY SBJisiE COOOIO IIEHTPAIbHO PO3TAIIOBAHUI
MOPOKHUCTUH  PE30OHYIOUYMH CTpukKEeHb aldo pymnop, 3'€nHaHuid 3 HabopoMm
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n'e3oenekTpuyHux enemeHTtiB (I1E), cTBOpPIOIOTH yNnbTpa3ByKOBI KOJUBAHHS IS
pyropa i pixKy4oi TOJIKU B mpoiieci ¢pakoemyabcudikailii, 1 ypaBiIsitOTbCsI KOHCOJUTIO
(6mox ympaBminHs). ['eHeparopu BUpOOJStOTh (HIKCOBAHI YACTOTH JISI OTPUMAHHS
HENPOAOJIbHO-KPYTUIIbHUX KOJIMBaHb. PerysiioBaHHA MOTY>KHOCTI 3I1HCHIOETHCS
OJIOKOM Y3TOJKEHHSI JUIsl CHUCTEMHM «TOJIKa/OKO», J€ TOJKa BHCTyHae Yy poJl
nepegaBayda KoJmBaHb (puc. 1).

Knouosi  cnoea: xartapakta, (akoemynbcuikaiis, ipuraiisi, yJIbTPa3BYK,
KOJINBAHHS.
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[1] L. E. lomin, @akoemyavcughikayia. c. 104-105, 2012.
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Since some parameters of the implants may have significant variation. It is also
important to maintain its stability during the time and operation of the device. The
normal range of intraocular pressure, at which no pathological damage occurs and to
which the implant should react, reaches the range of 9-21 mm Hg, but it can
fluctuate, even up to 60 mm Hg. Therefore, testing of existing implants before
surgical surgery is an actual task for ophthalmologists and implant designers.

At present, there are papers and patents with descriptions of methods of implant
testing for operability.

The sources [1-4] consider various variants of implant testing from simple ones,
due to the earth gravity with a measuring bar, to the devices of moderate complexity
with analog and digital measuring instruments and devices of high complexity, for
example, considered in [4]. Reviewed methods and devices have several
shortcomings that limit their use in medical practice.

The purpose of this work is the improvement of the method and creation of the
automated device for preoperative testing implants which use for the regulation of
intraocular pressure, which provide simplification of the testing scheme and increase
of sensitivity, accuracy, and objectivity of implant parameters determination. The
result is also an increase in efficiency when using the proposed technical solution in
medical-surgical practice.

Fig.1 shows the structural scheme of the automated system for testing implants
for the intraocular pressure regulation developed by the authors.
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Fig. 1. Structure scheme of the implant testing device.

The device includes power supply unit 1, the compressor with electronic key 2, in
series connected with nonreturn valve 3, the physiological saline reservoir 4, 3-input
splitter 5 with micro-electromechanical pressure meter 10 connected to
microcontroller 11, crane with cannula 6, and the implant 7 to the output of which is
connected liquid detector 8 and ADC 9, connected to the input of microcontroller 11,
the second output of which is connected to the computer input 12.

The algorithm of the device operation consists of connecting the implant 7 to the
cannula 6 and opening the crane of the physiological solution. On computer 12 the
implant inspection mode is switched on, microcontroller 11 switches on the
compressor 2 through the electronic key to increase the pressure in the reservoir 4,
using the nonreturn valve 3, the air will not be able to return to the compressor from
the reservoir. The pressure 1is increasing and is monitored by the
microelectromechanical pressure sensor 11 level of pressure is read by the
microcontroller 12 and recorded in the computer memory as a pressure graph. The
system pressure rises from zero to the implant trigger value and is monitored.

When the implant is active, the liquid appears on the implant output, to the liquid
detector 8, the opening pressure level of the implant is record. The signal of the
detector 8 convert into digital form via ADC 9 and is delivered to the microcontroller
11, which stops the compressor 2 via an electronic key, disconnecting the power
supply. The value of opening pressure from microcontroller 11 records in the
computer.When the implant 7 is open, the pressure in the system gradually decreases,
the dynamics of pressure change is controlled by the microelectromechanical
pressure sensor 10 and input into the computer 12. In case of closing the valve, the
pressure is set to a constant level, the value of closing pressure from the
electromechanical pressure sensor 6 is transmitted to microcontroller 11 and input
into the computer. With the use of the computer program is built a graph of the
pressure change of this instance of the valve and determined the working range of
pressure in which the valve can operate.

The offered system provides simplification of the scheme with the simultaneous
possibility of automation of the process of preoperative check of various types
implants, increase sensitivity, the accuracy of measurement and objectivity of
determination parameters of implants and reproducibility of characteristics at a
repeated operation that will promote the increase of efficiency of conducted
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operations. Shortened time of implant check, which is limited by 2-3 minutes, and a
possibility to save and store information about parameters both in electronic and
paper form.

Keywords: Ahmed glaucoma valve, glaucoma, glaucoma drainage devices, IOP,
intraocular fluid, pressure, system.
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OOTOBOPIOIOTHCS ATOPUTMHU PO3MI3HABAHHS MEIAUKO-010JIOTIYHUX CUTHATIB 3
JIarHOCTUYHUMHU IUSIMA B CHUCTEMax, 10 HaBYaKOThCA 3 yuuteneMm. Knacudikarris
CUTHAJIIB BBAXKAETHCA 3aJaHOI0 1 OXOIUTIOE BCl 1X pi3HOBHIU. [l KOKHOTO KJIacy To
HaBYAJIbHIM BHUOIPIIl CHUTHATIB (POPMYETHCS €TAJIOH 1 PO3IMI3HABAHHS YEPrOBOIO
CUTHAJIy BUKOHYETHCS IUIIXOM HOTO MOPIBHSAHHS 3 €TaJJOHaMU 3 BUOOPOM cepel] HUX
HaMOUIBII OJIM3BKOTO BapiaHTy MPU MPUUHSATTI PIIICHb.

VYBara 10 BUKOPUCTaHHS 1HTETPAIbHUX XapaKTepUCTUK (HOpMH TOB'S3aHA 3 TUM,
10 CUTHAJIM PI3HUX KJIACIB HAa 3HAYHIM YAaCTHHI IHTEPBAJIiB Yacy iX pO3Iisiy MOXYTh
OyTH MPaKTUYHO HE BIAPIZHATHCS OAMH BiJl OJHOTO, B TOM yac sIK Ha MOMEpPETHIX
nepea HUMHU JIISHKaxX OyAyTh HAsSBHUMH TIOMITHI BIAMIHHOCTI, KOPHICHI JUIs
NPUUHSTTA PIIICHb.

B Takmx ymMoBax, SKIIO HAKOMMYYBAaTH 3MIHM CHUTHAIIB, TO Ha BHXOI
iHpOpMaTUBHUX IHTEpBaJiB OyAyTh c(hopMOBaHI HEOOXiAHI BIAMIHHOCTI, a Ha
HelH()OPMAaTUBHUX MAUISHKAaX, U0 3a HUMH HAYyTh, Il BIAMIHHOCTI OYyAyTh JIHUIIIE
niaTBep/KyBatucs.  HeiHpopmaTuBHI  OUISHKKM — CTaHyTh  1H(OPMATUBHHUMH,
BUHUKHYTb OUIBII JIETKI YMOBHM pO3Mi3HaBaHHS CHUTHANIB, IO 1 € OakXaHUM
pe3yJabTaTOM JJis MMiJABUIIEHHS TMOKAa3HUKIB BaIIJIHOCTI PO3Mi3HABaHHS CHUTHANIB.
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3a3HaueHUM MEPETBOPEHHSM B IMPOLEAypax pO3Mi3HaBaHHS CUTHAJIB MiAAIOTHCS 5K
eTaJIOHH, TaK 1 BX1JIHI CUTHAJIHU, SIK1 PO3MI3HAIOTHCA.

Ilett migxigm Oyae pe3yAbTaTUBHHUM, SKIIO 3HAYEHHS CHUTHANY, IO
HAKOMHUYYIOThCS, OyIyTh HEBII'€MHUMH. BUKOHaHHS 1i€i yMOBU 3a0e3medyeThbCs
IEPEeX0/IOM BiJl BUXITHOI HIKAIM PO3IJSAY CUTHAIY 1O IIKaJIM HOro 3MiHM [min,
max|, Ha SKi HWKHIM pIBeHb MNpHUilMaeTbca 3a Hynb. [IpoMixkKHMMHK BapiaHTamMu
3a0e3MeyYeHHs] HEBIA'€MHOCTI 3HA4Y€Hb CHTHANY Ui MEpPeXOoAy M0 IHTEerpalbHUX
XapaKTepUCTUK (OPMHU CUTHAIIB € Tepexia 10 MOAYIIB BiIIKIB ab0 10 MapHUX
CTYIICHSIMU 1X 3HAYCHb.

[IponoHyrOThCS 111 PO3TJIAY BIAMOBIIHI PO3pOOJICHI MPOTpaMHi MPOLETYypH
pO3Mi3HABaHHS CUTHAIIB 3 BUKOPHCTAHHSIM IHTErPaTbHUX XapaKTEPUCTHK iX Gopmu
Ta pe3yabTaTH IiX TOMEPEeIHbOTO AOCTIHDKEHHS 3 TMiAPaXyHKOM IMPaBHIIBHUX Ta
MOMHJIKOBUX DIllIeHb, 3a3HAYEHHSIM THUIIIB MOMHJIOK Ta 3 PO3PaXyHKOM ITOKa3HHKIB
YYTJIMBOCTI, CHEIU(PIYHOCTI 1 3arajibHOI BaJIITHOCTI.

[Iponenypu po3pobaeni i kiacudikamii 3 TphoMa THIAMH CHUTHAIIB 1
MIPOTECTOBaHI HA 3aBMaHHi po3mizHaBaHHs TphoX (N, A, V) tuniB QRS-koMriekcis B
HIBrOJMHHOMY 3alUCy EJEKTPOKapAlorpaMu MallieHTa 3 PO3MITKOIO THIIIB
KOMIUIEKCIB B 06a31 1aHux B Internet.

Knrouosi cnosa: niarHOCTUYHI CUCTEMHU, HaBYaHHS 3 yUWTEJEM, PO3Ii3HABAJIbHI
MpoIeAypPHU, BEKTOPHI TOKa3HUKHU MOAI0HOCT1 ()OPMHU CUTHAIIB.
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CBITOBI ~ TEHJIEHINI PO3BUTKY CHCTEM  aBTOMATHU30BAaHMX  JIIKYBaJIbHO-
J1arHOCTUYHUX KomIuiekciB 3 ananTaiiero (CAJIIKA) go 6iosoriyHoro cepeaoBuiia
(bC) mnpus3BiB 10 MNOMMPEHHS CUCTEMHOTO JiarHOCTYBaHHS Ta PO3IIMPEHHS
aJanTUBHOI aBTOMAaTHU3allii B BHOOpI pPEXKHUMIB, TapaMeTpiB HampaBieHO il
e(heKTUBHOTO JIIKYBaJILHOTO BILIUBY B (pizionporneaypi [1].

XapakTepHUMHU O3HAaKaMHU WX TEHICHIN € I1HAUBIAYyadbHHUI, I1HTErpajbHO-
CUCTEMHUW Miaxig A0 (aKTUYHOTO CTaHy TAaIllEHTa 3 MUTTEBOIO arapaTypHOIO
alafTaliel0 Ta CHHXPOHHOIO aBTOMATH3AIl€I0 HANAIITYBaHHS B BUOOPI PEKUMIB
¢i1310TepaneBTUYHOr0  BIUIMBY IO OTPUMAHUM JIIalrHOCTUYHUM TOKa3HUKaM
¢dakTUyHOTO CTaHy naiienra [2].

Yactuna komriuiekciB CAJIZIKA BHKOPUCTOBYE JMil0 MEXaHIKO-aKyCTHUYHUX
KOJIMBaHb B IIHMPOKOMY Jlialla30Hi YacTOT BiA 1H(Pa3BYyKy 10 YJIbTPa3BYKy Ta
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KOMOIHOBAaHUW BILIUB JIEKIJTbKOX KOMIIOHEHTIB 1 CKJIaJ0BHX (DI3MYHHUX IIOJIB Ha
kiitnan bC, a 9aCTO CUCTEMHO - IHTErpalbHUM MapaMeTPOM OIlIHKH CTaHy MaIfi€eHTa
ABIISAIOTHCS rpafieHTH Temieparypa 1(¢) bC nokanbHO1 30HH [11i, Ta BCHOT'O OpraHi3My
B IJIOMY, nudepeHIianbHi TOKa3HUKU THCKY KPOBI1, MyJbCY,eJIEKTPOKAPAIOrpaMy Ta
TOYHHUHN J030BaHUN KOHTPOJIb BUXIIHUX MapaMeTpiB BIUIMBY Ha maiiieHTa [3].

Taxi xommnexkcu CAJIJIKA nHanexaTh 10 BHOIPKOBO-IHTENEKTYaJbHUX CHUCTEM
ABTOMATU30BAHUX  JIKYBAJbHO-AIATHOCTUYHUX  KOMIUIEKCIB 3  aJalnTHBHHUM
kepyBa"HsM (BICAJIZIKA) akycTonoiboBOro HanpsMky|[4].

[leit wHampsmok B poboti komiuiekciB BICAJIIIKA  xapaktepu3yeThes
PO3IIMPEHOI0 EPBUHHOKO J1arHOCTUKOI (PAKTUYHOTO CTaHy O10JIOTIYHOT 30HM i ,
Ta BCHOTO OPraHi3My B IIUIOMY, PO3IIMPEHUM BHOOPOM PEXUMIB KOMOIHOBAHOI Iii
aKyCTUYHOTO CHUTHaIy Ta mapameTpiB ¢izuunux nomiB (PII), mpuuomy cyrreBa
e(EeKTUBHICTh BIUIMBY (P1310MpOLEAYPH OIIHIOETHCA 1O JIMCHUM IOTOYHUM
napaMmerpam BILAKIMKY OionoriuHoi TkanuHu (BT) Ha mo30Bany nito ynbTpa3ByKy Ta
@II [5].

Jlis ynbTpa3ByKy XapaKTE€pH3ye€ThCS MEXaHIYHUM, TEMIEPATypHUM 1 (i3UKO-
XIMIYHUM Ta 1HIUMEU BruiiBaMu Ha BT, a @Il kopurye 3HaueHHs elNEeKTPOMAarHiTHOT
CKJIaJI0BOT Ta MarHiTOYYTJIMBICTI )KUBOI TKAHUHHU.

Tak xapakTepucTUKH KOMOIHOBAHOI Jii aKyCTUYHUX 1 (DI3MUHUX IOJIB YUCIICHHI
Ta PI3HOIUIAHOBI, a 1X 1HTErpaJibHUM O10JIOTTYHUHN BIUIUB MOXKE OYyTH OI[IHEHHMH IO
CHUCTEMHOMY 3HAUY€HHIO 1H(OOpPMAIIHUX MapaMeTpiB: 3HaYEHb T'PAJIIEHTIB aMILTITYIH
konuBaHHS BT, TUCKY KpOBI, IyJbCy, TeMneparypu (), ik B CHCTEMHIN CYKYITHOCTI
TaK 1 0 OKPEMHUM JIOKAJIbHUM NapaMmeTrpaM. B moenHaHHi 3 NIMCHUMHU 3HAYECHHSIMU
IHTErpaIbHO-CUCTEMHOTO JIarHOCTUYHOTO KOHTPOJIIO Ta KOMOIHOBAHO1 T030BaHOT il
(13UYHUX CUTHAIIB 1 MOJIB 3 MOTOYHUM KOHTPOJIEM 3a iX BIUIMBOM Ha IMaIli€HTa
JOCSITAETHCS MMPOTHO3HO-KOHTPOJILOBAHUMN JIIKYBaIBHUHN (Pi3ioTepaneBTUUHUN e(EKT.

[To3utuBHI edexTn 0p1€HTaI_I11 O10JIOTIYHUX MOJICKYJ, JIOKaJbHA 3MiHa iX
KOHueHTpauu 1 JTUHaAMIYHOT CTPYKTYPU TIPOSIBIIAETBCS TPH  TEPANEBTHYHHX
3HAYCHHSX 1HTEHCUBHOCTI YIBTPA3BYKY 1 MarHiTHOi 1HAYKIi, Ta XapaKTepU3yeThCs
3HAYCHHSIMH Temreparypaux rpaaienTiB bT, mo koaTpomtoe kommiexke BICAJIJIKA.

VY3aranbHeHa 6i0¢i3M4Ha MOJENI MPOLECy B3aeMOJIl 010JI0OTTYHOI TKaHWHU NPHU
i1, IK OKpEMUX JO30BAHMX CHTHAIIB YW MOJIB, TaK 1 iX cykynHuil BruuB Ha BT 1 ii
BIJIKJIMK Ha 11 Jii, MOKHA BUPA3UTH Yepe3 3HAUCHHS 1HTErPajbHOTO KOMILIEKCHOIO
napametpa Z(k,t), 10 BKIItOUa€ B ceOe 3aIekKHICTh

Z(k,t) = j F{f{I,h,p,A),T,AT(¢), f(B(t, f),),t,G,dx,dy,dz}
1=0,k :
Po3pobriena y3arajibHeHa MOJENb, III0 BPaXOBY€E MapaMeTpH il IHTEHCUBHOCTI
yIbTpa3ByKy I(¢) Ta Horo amrityny A,TUCKY p, BHCOTHM KOJIMBaHb h,4acy Ail f,
Mar”iTHOi 1HIYKUIi B(Z,f),KpyroBoi 4acTOTH ), TpPaJI€HTIB TeMmieparypu AT (1),
dbopmu curnanis G{B(t), 1(t),}, koopauHat dx, dy, dz, 9acTOTH f, MO 3MIHIOIOTHCS B
Jaci.

Cekyin 6. [HOOPMALIIHHO-BUMIPIOBAJTBHA TEXHIKA TA 93
TEXHOJIOT'TI BIOMEHYHMUX JOCTIDKEHb



XIX Mixcnapoona naykoeo-mexniuna xongpepenuia “HPH/IA/IOBY/IYBAHHA:
cman i nepcnexkmueu”, 13-14 mpaens 2020 poky, KIII im. I2ops Cikopcokozo, Kuie, Yxpaina

Knrwouoei  cnosa:  aBTOMaTHM30BaH1  JIKYyBaJIbHO-I1aTHOCTUYHI  CHUCTEMH,
¢i3ioTepaneBTUYHI alaliTUBHI KOMIUIEKCH.
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YAK 612.171.1+ 004.852
BEKTOPHI IIOKA3HUKHA ITOAIBHOCTI ®OPMHU ME/IMKO-bIOJIOI' THHUX
CHUT'HAJIIB B ITPOLEAYPAX IX PO3III3HABAHHS

Ulynax O. I1., Jlacymin B. B.
Hayionanvnuu mexuiunui ynieepcumem Yxpainu
«Kuiscorkuu nonimexuniunuu incmumym imeni l2ops Cikopcokoco», Kuis, Ykpaina
E-mail: shulyak.alex.47@gmail.com, vitaly.l193@gmail.com

PosrnsgatoTeess mporieaypu  po3mi3HAaBaHHS MEAUKO-010J0TIYHUX CHTHAIB 3
MOBTOPIOBAHICTIO 1X (hopmH 1 AesKOIO 1i BapilaOeNbHICTIO B AIarHOCTUYHUX CHCTEMAX,
Kl HABYAIOThCA 3 yuyuTeneM. BBaxkaerbcs, 1o kiacudikallis CHTHadIB 3a/laHa
BUUTEJIEM, 1[0 BOHA € BUYEPIHOIO 1 MAa€ 3pO3YyMUTy MEAWYHY IHTEPIpETaIio Ta
3aJaHa MHOKMHAMHU €K3eMIUIIPIB B HaBUaJbHUX 1 KOHTPOJBHUX BHOIpKaXx.
[TponoHyIOThCS BEKTOpPHI MOKAa3HUKU MOAIOHOCTI (POPMHU CUTHANIB 1 HOPSAIOK iX
BUKOPHUCTAHHSA B MPOLIEypax PO3Mi3HABAHHS CIIOCTEPEIKYBAHUX MPOIIECIB.

Oco0nMBICTh 1 TIEpeBara TaKUX MOKA3HUKIB IMOJIATAE€ B TOMY, IO CXOXICTh MIXK
CUTHAJIaMU TYT BHPAXAEThCS HE OJHUM YHCIOM, a KOMIUIeKcoM uucen. Cepen HUX
MOXXHAa BUOUpATH HAWOUIBII MIIXOMSIN CKJIaJ0BI Ha KOPHUCTh KOXHOTO KJacy
CUTHAJIIB 3a TEXHOJIOTIE0 MIATOHKU MPY MPUUHATTI pillieHb. MOXKJINBI paH)KyBaHHS,
B11I0ip ab0 OJIOKYBaHHS TaKMX CKJAJOBHUX MPHU iX KOMOIHYBaHHI B KIHIIEBOMY
KpUTEpii MPUUHATTS PillIEHb N0 BKJAAy B 3HAYEHHS MOKA3HUKIB iX BipHOCTI. MarTh
MICIIS 1HIIII OCOOJIUBOCTI.
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VY wmiif poboTi posriagarTbes 0a30Bl MPOLEAYPH PO3MI3HABAHHS CHTHATIB 3
BUKOPUCTAHHAM IMOBHUX HAOOpIB KOMIIOHEHT 3a3HAa4eHHX TIOKa3HUKIB 0e3 iX
B11OODY.

[Tig BEeKTOpPHHM MOKAa3HUKOM MOIIOHOCTI ()OPMHU JBOX CHUTHAIIIB PO3YyMIETHCS
BekTOp (penbed) MOAAHKIB CKASIPHOTO JOOYTKY XapakTEepUCTHK iX (opmu.
XapakTepucTUKow (GOpMU CUTHAITY TYT € TMOCTIIOBHICTh WOTO BIJJIIKIB, 3 SIKOT
BUJTy4Y€Ha 1X MOCTIMHA CKJIa/10Ba Ta MPOBEICHO HOPMYBAHHS 32 IHTEHCUBHICTIO.

PosrmsimatoTbest  BapiaHTH aBTO- Ta B3aEMHOI  KOpeNsii 3 poO3paxyHKOM
CKJISIPHOTO JIOOYTKY XapakTepucTuk (opMU CcUTHaJIB (€TalloHIB) Ha cebe 1
OTPUMAHHSM CKJIIPHUX JOOYTKIB CUTHAJIIB 3 €TaJJOHAMHU 1HIIIMX KJIACIB.

Ha erami nHaBuaHHs (OpPMYIOTHCS 3pa3KoBi pelbedu (€TalloHH) — iX CepeaHii
BUIJISIT HA MHOKMHAX HaBYaJIbHUX BUOIpOK. [l0TOYHI curHamm, siki po3mi3HAIOThCH,
TpaHCPOPMYIOThCA Y BIJANOBIAHI pelbedu aHAIOTIYHUM YHUHOM. [lopiBHSHHSA
penbediB CUTHAMIB IJIs IPUMHATTS PillieHb 31ACHIOETHCS 3 BUKOPUCTAHHSIM 3HOBY XK
CKaJSIpHUX JN00yTKiB. PimieHHs nOpHIIMAaIOTBCS MO MAKCUMyMy  KOpPEJALii
MEPETBOPEHOTO CUTHAITY 3 PO3PAXOBAHUMH €TaJIOHAMHU.

Ha npuknagi kmacugikaiii 3 TppoMa THIAMH CUTHAJIIB MPOMOHYIOTHCA OJIOK-
CXeMH BIIMOBITHUX MPOIEAYp 0OpoOKu maHMX. PO3risgaeThcs TECTOBUIM TPHUKIIAN
OLIIHKK Ha KOHTPOJBHUX BHUOIpKaX TMOKA3HUKIB UYTIUBOCTI, CHEHH(IYHOCTI,
3arajibHOi BaJIITHOCTI pillieHb. TecT crocyeThes po3mnizHaBaHHsS N, A 1 V tumiB QRS-
KOMIUIEKCIB B TIIBTOJMHHOMY 3aIHCY €JIEKTPOKAPAI0TpaMH MaIli€HTa.

Kntouogi cnosa: niarHOCTUYHI CUCTEMHM, HaBUYAHHS 3 YUMUTEJIEM, PO3Ii3HABAIbHI
MPOIIEypU, BEKTOPHI TOKa3HUKHU TTOA1I0HOCT1 ()OPMHU CUTHAIB.

VK 616.152.21: 543.27
JOCJIIIX)KEHHS CTAHY OPTAHI3MY JIFOJIMHU HA OCHOBI
TPAHCKYTAHHOI KUCHEMETPII

lguenko I1. O.
Hayionanvnuii mexuiunuu ynisepcumem Ykpainu
«Kuiscorkuu nonimexuniunuu incmumym imeni l2ops Cikopcokoco», Kuis, Ykpaina
E-mail: polina.mityi@i.ua

OngHuM 3 BaXJIMBUX IMOKA3HUKIB, 32 JOMOMOTOI0 SKOTO MOKHO HEIHBAa3MBHO
OTPUMYBATH JIIarHOCTUYHY 1H(QOpPMAIIiI0 € KUCHEBUU CTaTyC OpraHizmy, sSIKMM MOXe
OyTH BHU3HAYCHHUH NUISIXOM TPAHCKYTAHHOTO KOHTPOJIO MapIiadbHOTO TUCKY KHCHIO
(pO,) B migmkipaux TkaHuHax OiojoriuHoro 00’ekty (bO). Kucenb € 000B’13K0BUM
KOMIIOHEHTOM OKHCITIOBAJIbHO-BITHOBHUX PEAKIIii, B pe3yIbTaTi SIKHX YTBOPIOETHCS
eHepris HeoOximaHa as kutteaisuibHocTi BO. Ille B 1851 porni I'epiax mokasas, 110
KHCEHBb TUDYHIYE yepe3 MIKIPY.

Cepen MOXIMBUX METOIWK Bu3HaueHHs pO, — HAUOUIBII MEPCHICKTUBHUMHU €
HEIHBa3MBHI METOAU. 3a OCTaHHI YOTHUPH AECUTUPIUYS 3apyODKHI Ta BITUYM3HAHI

Cekyin 6. [HOOPMALIIHHO-BUMIPIOBAJTBHA TEXHIKA TA 95
TEXHOJIOT'TI BIOMEHYHMUX JOCTIDKEHb



XIX Mixcnapoona naykoeo-mexniuna xongpepenuia “HPH/IA/IOBY/IYBAHHA:
cman i nepcnexkmueu”, 13-14 mpaens 2020 poky, KIII im. I2ops Cikopcokozo, Kuie, Yxpaina

nocnigauku (Davies, Clark, KoBanenko, bepe3oscbkuii, Jlannay, Yinas) pozpoOuiu
HOBHI HampsMOK B BUKOPHCTaHHI MEMOpPAaHHHUX CEHCOPIB KHCHIO — OE3KpOBHE
yepesikipHe Bu3HadeHHs pO,, 10 B MEBHUX yMOBax KOpENIOe 3 MokazHukoMm pO,
aprepiasibHOT KpoBi. Takuil MeToA MicTaB Ha3BU TPAHCKYTAHHOTO BU3HAUYECHHS BMICTY
KHCHIO B KpoBi [1].

Oco0a1BO BENMKOTO 3HAUEHHSI HA0yBa€ MOHITOPUHT ra3iB KPOBI Mij Yac Ta MICIs
orepaliii Ha cepii 3 METOI0 IIYHTYBaHHS KOpPOHapHOi aprtepii. s 3abe3nedeHHs
HEPYXOMOTO OMNEPAIIIHOrO MOJIsI 3aCTOCOBYIOTh IITYYHHH KpoBOooOir. be3 3HaHHS
TOYHMX 3HauYeHb pO, apTepiajgbHOI KPOBI BaXKKO 3a0€3MEUYUTH ONTUMAIBLHUN PEXUM
poOOTH amapatiB MITY4HOTO KpoBooOiry. TpuBami TpaHCKyTaHHI BuMiproBaHHs pO,
HEOOX1IHI B TEpaNeBTUYHIA MPAKTHUIl JJI OLIHKUA cTaHy nepdysii nepudepudHux
TkanuH. Or1iHka ctany nepdysii nepudepuyHux TKaHUH HaOyBae OCOOJIUBY
aKTyaJbHICTh, NPU XPOHIYHOMY KHCHEBOMY TOJIOAYBaHHI OpraHi3My, sSIK€ BiJIIrpae
OPOBIJHY pPOJb y TMAaTOT€HE31 XPOHIYHOI imeMii MpH 3axXBOPIOBaHHIX apTepiil.
Husbkuit piBens pO, B M’A3€BUX TKaHMHAX MOXXE CTATH BAXKJIMBUM KPUTEPIEM MPH
BUOOpI METOAy XIpypriyHOro JIKyBaHHS Ta MPOTHO3YBAHHS PE3yJIbTATIB
3aXBOPIOBAHHS.

BumiproBanHst aOCOMIOTHUX 3Ha4yeHb Ta AUHaMIKH PO, SBISETHCS OAHIEIO 3
KIIFIOUOBUX TmpobseM iziomorii 1 mpaktuyHoi MemunuHH. [locTavyaHHS KHCHIO
TKaHUHAM — CKJIAJHUN TMpolec, SKUWA 3IIHCHIOETbCS CUCTEMaMU 30BHIIIHBOTO
JUXaHHS, KPOBOOOITY 1 OKHUCITIOBAILHO-BITHOBIIIOBAIBLHOIO MOTEHINATY KIIITHH.

Kmouosi  cnosa: TpaHCKyTaHHa KHUCHEMETpIs, KHUCEHb, OIOJIOTIYHUNA 00’€KT,
napiiaTbHUNA THCK KHCHIO.
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P0o3BUTOK CydacHOi EKCIIEpUMEHTAIbHOI HAyKH XapaKTEPHU3y€ThbCS THM, IO
HE3BAKAIOYM HA HASBHICTh PI3HUX TEXHIYHUX 3aCO0IB Ta MPUHIMIIB BUMIPIOBaHb,
SIKi 3aCTOCOBYIOTHCSI B JIOCHIDKEHHSIX, CTBOPCHHSI HOBHX BHMIipPIOBAILHUX CHUCTEM €
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aKTyaJbHUM HAIpPSIMKOM JIJIsl TBOPYOTO MOIIYKY HayKOBIIB. [IpogoBxKyeThCs CTpiMKe
3pOCTaHHS HOBHUX Ta BAOCKOHAJIECHHSA ICHYIOUHMX THCTPYMEHTIB (PI3UYHUX JOCIIIKEHb.

[adppauepBona tepmorpadis (I4) Hanexxuth 10 Yrcaa CydaCHUX BUMIPIOBAIbHUX
3ac001B (hI3UYHOTO EKCIIEPUMEHTY, IPOCTA Ta 3pyYHa Y 3aCTOCYBaHHI.

CyuacHl MaTpu4HI TEIUIOBI3IMHI CHCTEMH Ta iX MporpaMHe 3a0e3NeueHHs
MIEPETBOPWIIN T[€H METO 13 SIKICHOTO B KiJIbKICHHI METO/ TOCTIIKCHb.

OTpuMaHi1 HOBI pe3yNbTaTh MOE€AHAHHS 0a30BUX JTOCIHIHKEHb YJIbTPa3BYKOBOI Ta
iHaykmionHoi IY  Tepmorpadii. I1li MeTonu BHCTymaroTh SK albTepHATHBA
TPaAUIITHOMY aKTUBHOMY KOHTPOJIIO 13 3aCTOCYBaHHSAM ONTUYHOTO HArpiBy [1].

VYcemimHo 3acToCcOBYIOTh TepMorpadito i J1arHOCTUKHM 3JIMBKIB KpeMHito [2],
3MIMCHIOETHCS TepMOTpadiuHUN KOHTPOJIb COHSUYHUX OaTapei B pekumi cTadimizarii
HarpiBy TEeMHOBUM cTpyMoM [3, 4]. B pamioenekTpoHHIM ITPOMHUCIOBOCTI
TepMorpadiss BUKOPUCTOBYETHCA JUISi TEIJIOBOTO KOHTPOJIIO PEXKHUMIB PoOOTH
pamioenekTpoHHOi TexHiku [5]. Po3pobiieHa cuctema TEmIOBOTO OE3KOHTAKTHOTO
KOHTPOJIIO CYIIIJIBHOCTI METAJIONPOKATy Ta SKOCTI MaTeplaliB TETUIOBUIIISIOUNX
00"ekTiB [6].

Po3poGnennii  MeTOJ TEMIOBOIO HEPYHHIBHOTO KOHTPOJb BHUPOOIB [7].
BukoHnanuii KoMILIeKC TOCTiIKeHb MO BUKopucTaHHiO Y Tepmorpadii B MeauuHiit
npaktuli [8, 9]. Ilepeniuntu Bci JOCATHEHHS MO BHKOPUCTaHHIO TepMorpadii B
paMKax 0/iHi€l pOOOTH MPAKTUYHO HEMOKIIUBO.

Hamu HakonmuueHWil BenWKUN 0OCSAT JOCHIDKeHb MO BHUKOpucTaHHIO [Y
tepMorpadii B pi3HHX rainy3sx. B ganiii poOoTi HaBeIeH1 JAesKi OTpUMaH1 pe3yabTaTh
JTOCHDKeHb 10 BukopucTanHio [Y Tepmorpadii B ekojorii, kpucraiorpadii,
OloMeuIIMHI, MPOIECy TeIuIonepeiaydl Kepamiku.

JlocnixyBaBcs TpOLEC PO3MOBCIOXKEHHSI TeIjla MPU HArpiBli MOHOKPHUCTATY
KBaplly B 3aJ€XKHOCTI BIJ uacy HarpiBy. Sk mnpuxnaa, Ha Puc. 1 mnokasana
TEepMOIrpaMa KpUCTally KBapily IijJ 4yac HarpiBy.

Po3rikaHHs Temia mpu JOKaJIbHOMY HarpiBi B IEHTPI KEPaMI4HOTO JHUCKY Ta
PO3MOJIUT TEMIIEpaTypH IO JiaMeTpy IUIACTUHHU Tokas3aHi Ha Puc. 2. I{g Tepmorpama
OTpUMaHa NpU JOCIIPKEHHI Mpolecy Iepenadi Temia BiJl LEHTPY IUIACTUHU [0
nepudepuynoi odnacTi. [Iporec po3TikaHHsS Ha MPUJOHHINA MTOBEPXHI CEJIEBOTO IIAPY
nokazanuii Ha Puc. 3.

JlocnimkyBaBcs MPOIEC HArpiBy Pi3HUX CYOCTaHIIIM JjIsi BUSHAUYEHHS MIPOIIECY iX
HarpiBy MiJl BIJIUBOM €JIEKTPOMATrHITHOTO OMNPOMIHIOBaHHS PaJio4acTOTHOTO
Jiara3oHy, K€ IIMPOKO BUKOPHUCTOBYETHCS I IHAYKINT TimepTepmii 3JI0SKICHUX
MyXJIMH B SIKOCT1 HEO/1"FOBAaHTHOT'O METOIY MPOTUIYXJIMHHOI Tepartii (Puc.4).

[Ipoiiec 0BOHEHHSI POCIIMHY II1]1 Yac MOJIMBY crioctepiraemo Ha Puc. 5. Po3nogin
PIBHSI PIIMHU B €MHOCTI NoKazaHuil Ha Puc. 6. Lleif MeTo BUKOPUCTOBYETHCS IS
BU3HAYEHHS PIBHS P1IKUX PEYOBHUH Y BETUKUX €EMHOCTSIX.
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Puc.1

BucnoBku: Tepmorpadis, sk GIBUYHANA METOJ JOCTIDKCHHS TEIIOBUX

MPOIIECIB, IEMOHCTPYE BUCOKY €(DEKTUBHICTH Ta MIPOCTOTY Y HOTO 3aCTOCYBaHHI.
Knrouosi cnosa: Tepmorpadis, HayKOBI JOCITIKEHHS, TETUIONIEpeaaJa.
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JOCJIIJDKEHHA EOEKTUBHOCTI ITPOCBITJIEHHA M’ A30BOI TKAHWUHHA
3A JIOTIOMOI'OIO0 ®OTOMETPA 3 EJITNICOIJAJIbHUMU PEGJIEKTOPAMU

Hazopnuii A. I, bezyena H. B.
Hayionanvnuii mexuiunuu ynisepcumem Ykpainu
«Kuiscoxuu nonimexuniunuu incmumym imeni leops Cikopcevkoeo», Kuis, Ykpaina
E-mail: n.bezugla@kpi.ua

B ocTtanHi poku B MEIUIIMHI 3pOCTalOTh METOAM JIKYBaHHS, AKI BKIIOYAIOTh B
cebe 3acTOCYBaHHSA ONTUYHOTO BUIIPOMiHIOBaHHS. lle MOSCHIOETBCS OCTaHHIMU
JIOCATHEHHSIMH B 00J1aCTi MIKPOCKOIIi, pO3BUTKOM JIa3epiB, BIIHOCHOIO OE3MEUHICTIO
JUIA JIIOICBKOTO OpraHi3My, Ta JeHIeBH3HOI0. B TepameBTMYHUX LUISX ONTHYHE
BUIIPOMIHIOBaHHS 3aCTOCOBYIOTh B XIpYprii JIsl BUAATIEHHS PI3HOMAHITHUX YTBOPEHb
3 3HAYHO MEHIIUMU KPOBOBTpPATaMH, CTOMATOJIOTII /IS BiIOLIIOBAHHS 3YO1B 3HATTS
00J1l, OHKOJIOT1i YCYHEHHs OHKOCTa3iB, oOQTajabMOJOrii — Jia3epHa KOPEKIIis,
THEKOJIOT11, AepMAaTOJIOTii Ta THIKX Taly3siX MeaunuHu [1]. B miarHoctuin B Takux
METO/IaxX $K OINTHYHA KOrepeHTHa Tomorpadis, METOAM 3 BHUKOPUCTAHHSIM
dbmroopeciieHIlii, koHdokaabHa MiKpockomis Ta iHir. He 3Bakarouu Ha BCl nepeBaru
3AIMIIAETHCS POOJIEMAaTUYHUM JIOCTaBKa ONTHYHOIO BUIPOMIHIOBAHHS 10 TKaHUH
Ta OpraHiB K1 3HAXOATHCS HA 3HAYHIN rIuOuHI. OCHOBHUM (haKTOPOM PO3CitOBaHHS
IPOMEHIO € HEOJHOPIAHICTh MOKA3HUKIB 3aJIOMJICHHS pI3HUX MmapiB mkipu. Ha
CHOTOJHIMIHIN J€Hb ICHY€ BEJNHMKAa KUIBKICTh CHOCOOIB YHPaBIiHHSA ONTHYHUMU
BJIACTHBOCTSAMU OlOTKaHWH, HAWMOMYJSIPHINI 3 SIKHX KOMIIPECisl, PO3TATHEHHS,
Jerigparaiis Ta KOoaryJjslis, ONTHYHE MNPOCBITIEHHA. ONTHYHE NPOCBITICHHS
MOJIATa€ B BBEACHHI B TKAaHUHY CIEIIAIBHOIO areHry, SKUA 3 YacoM 3HU3HUTH
HEOJTHOPITHICTh TOKAa3HUKA 3aJIOMJICHHS, 10 Y CBOIO 4Yepry 30LIbIINTH TIHOUHY
MPOHUKHEHHS MPOMEHIO [2].

IcHye Benmka KUIBKICTh XIMIYHUX CIOJIYK SIKI 3aCTOCOBYIOThCS B SIKOCTI
ONTUYHUX MPOCBITIIOYMX areHTiB [3]. Bei i peyoBuHU MOXkHA Ki1acudiKyBaTH 3a
HACTYIMHOIO CUCTEMOIO:

1) Crouptu (riminepuH, Bapiaiii MOJIETHWICHIJIKOMIO, OyTaHIioNMy, BOJHHUX
PO3YMHIB MaHHITY Ta 1HIIN).

2) Byrnesoau ((ppykTo3a, Tiroko3a, pudo3a, caxaposa, 1eKCTpo3a).

3) Opraniuna kucyioTa (0JeiHOBA KUCIOTA) Ta.

4) Inui opraHivyHi pO3YMHHUKH (AUMETUICYb(IT Ta 1HII).

Metonoro naHoi poOOTH € MAOCHIAWTH KIHETHKY ONTHYHHUX IMPOLECIB IpHU
MIPOCBITJICHHS M’s130BO1 TKaHWHU cBUHUHM areHTom [1ET'400 [4].
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Jlocming mpoBOAMBCSA HA M S30BIM TKaHWHI CBUHI. M’dCO HE MiAAaBajoch
TepMidHIA 00poOIll (3aMOpOXKyBaHHIO). [l KOHTPONIO ONTUYHUX IMOKAa3HUKIB
TKaHWHU 3aCTOCOBYBaBCA (DOTOMETP 3 €IIINCOINaTbHUMH pedIeKTOpaMu.

doroMeTp Tmpaiioe 3a HACTYIHUM MPUHLUIOM, JKEPEIO BUIIPOMIHIOE
KOTepEeHTHUI MNpOMiHb SKUW MMOMajae Ha A3EpKalo SIKe MepeHamnpaBiisie HOro Ha
010JI0T1YHY TKaHWHY 1€ BIH 3a3Ha€ IMOTJIMHAHHS, BIAOUTTA Ta poscitoBaHHS. Jlami
peduekTop enincoiganbHol (OpMHU CIIPSIMOBYE BIIOUTI MPOMEH1 Ha Y3rOJKYBaJIbHY
ONTUYHY CUCTEMY, sKa, B CBOK 4Yepry, IEpeJa€c ONTUYHY EHEpril0 Ha IMpuiimMad
BUITPOMIHIOBAHHS.

OCHOBHOIO 1JI€€}0 3aCTOCYBAaHHsI JIaHOTO IPHUCTPOIO € OTPUMAaHHs 300pakeHb
IHTEHCUBHOCTI B1IOUTOrO Ta AU(PYy3HO BIIOMTOTO BHUIPOMIHIOBAHHS Ta IOJAJbIIE
BU3HAUEHHS 3a JOIOMOIOI 3BOpOTHOro Merony Monte-Kapno koedimieHTy
TOTJIMHAHHS [ KOE(ILIEHTY PO3CITHHA U, HAKTOPY aHI30TPOIi PO3CIAHHS, @ TAKOXK
NoKa3HUKa 3ajoMiieHHs [S]. B sKoCTI mpOCBITIIOIOYOro areHTy OyJno BHKOPHUCTAHO
po3unnHuk [1EI" 400, sikuif MHUPOKO 3aCTOCOBYETHCS B MEAMIIMHI. 300pa)KeHHs
¢bikcyBanuch KOXKHI AB1 XBIJIMHU BIPOAOBXK ABOX roauH. JloBxuHa xBuii 694,3 HM.

B xoai nmpoBeaeHoro nociipkeHHs Oyno oTpuMaHo (GOTOMETPUYHI 300paKeHHS
PO3CISTHOTO Ha3aJ CBITJIA 3aJIEKHO Bij Yyacy MpocBiTieHHs (auB. Puc. 1).

A) b) B)
Puc. 1. MoaensH1 300pakeHHs pu (HOTOMETPI eINncoifaTbHUMU pedIeKTOpaMH Y BiTOUTOMY
cBiTHi 17151 acy npocsitieHHs 0 xB (A), 60 xB (b) Ta 120 xB (B).

[IpoBiBmM HEoOXiAHI OOYUCIEHHS, OyJlO BUSBICHO, 11O BBEACHHS B TKAHUHY
areHTy 3TJIAJKy€ HEPIBHOMIPHICTh MOKAa3HUKA 3aJJOMJICHHS, TAKUM YHHOM TKaHWHA
[IOTJIMHAE OUIBIIE CBITJIA, IO JOBOAUTH MAOLIBHICTH IMOJAJIBIIOrO IOCHIIKEHHS
SBUIIA TPOCBITIEHHS, a TaKOX BIPOBA/DKEHHS JaHOI METOJWKH B MEAHYHY
MPaKTHUKY.

Kntouoei cnosa: ontTudHe NpOCBITICHHS, IINICOITATLHUN pedIeKTop.
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SPATIAL-TIME PHANTOM MODEL OF VIRUS INFECTION SPREADING
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DNational Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine
Y Belarussian National Technical University, Minsk, Republic Belarus
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Modern medicine is faced with problem of diagnosis of infectious diseases, as
well as determining location of the source and nature of the formation of viruses,
their structure and nature of interaction with living organisms. These problems to
avoiding pandemics are paramount.

It is known that the main method of infection is penetration of virus into a living
cell and formation of the object of biological structure’s pathological distortion, since
viruses are able to live and reproduce only in cells of other organisms. In external
environment, they do not show any signs of life. The process of finding the spatial
coordinates of a pathological object’s presence zone in mass of a living organism by
authors earlier has been discussed [1].

There are currently some mathematical models [2, 3, 4] for the spread of virus
infections, but they mostly take into account the parameter of path from the source of
infection to the affected object. But spatial parameters of the virus spreading
trajectory are important because it makes it possible to change the spatial coordinates
of the object’s location to avoid infection.

Thus, we need to consider the processes involved in the mechanics of virus
movement (or set of viruses) in space and time from source of infection to the object
of damage, which is a living cell of body. So, we are considering a single virus as
pathological carrier, which forms the beginning of a pandemic.

Since the geometry of a single virus is mostly spherical, it is possible to imagine
its Pandan zone [5] as a vector field of type

V=F(p)r, p=+x’+y*+2°, r=xi+yj+zk,

r — distance to the center of source spread, that is maternal body, and x,y,z -
Cartesian coordinates of the virus location.
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Thus, at its motion in space, an element, such as a virus, forms an electromagnetic
field that corresponds to its presence zone and Pandan zone of description [5], which
can be detected by integrated electromagnetic radiation sensors [6] and considered as
a charged particle.

The mass of this particle is mass of the virus, that is, it differs from mass of light
particles. Mostly viruses spread through space not one by one, but by flow, that is, the
flow propagation process can be described as the action of an electromagnetic field
system and charged individual particles, then

S = —chj.dl,

c —speed of movement of photic radiation flux, d/ - Minkowski’s metric arc R".

Integral is determined along Worldline of each virus spreading between the initial
moment of separation from the maternal body and until it in a living cell of affected
organism is immersed.

Taking into account 4-dimensional Minkowski’s space-time continuum [7], we
can say that Worldline of a particle motion to represent the sequence of events is
used. Thus, in this case the occurrence of a pandemic, Worldline means a sequence of
events, which, for example, determines the medical history of an individual group of
patients or one patient, beginning from the time and place of the formation of virus
by maternal body until it enters the living cell of patient's body. Then, given the
three-dimensional rate v of a single virus spread in three-dimensional form over an
interval ¢ of time, we are obtained

153 2
S =—jmc2,/1—‘c’—2dt.

If we consider set of viruses that spread at a sufficiently high rate of incidence,
taking into account the interaction between particles and the field, we obtain the

following dependence
) 2
e / v
SB:_ ZZJ.Akdxk+!mcz l—c—zdt ,

e — charge of virus, Adx' - 1-form equation in Minkowski space R", coefficients

which depend on the spatial and time coordinates of virus.

Thus, results of modeling the phantom spread of virus infection we obtaine, prove
possibility of determining the space-time coordinates of virus flow.

Keywords: virus infection spreading, phantom, Minkowski space, space-time
coordinates.
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HeedekTrBHE BUKOPUCTAHHS €HEProOpecypciB, MEPETBOPEHHSI XIMIYHOI €Heprii
MPUPOIHOTO TNaJIMBA B 1HIII BUIU €HEPrii, B OCHOBI KOO JIEXKUThH MPOLIEC TOPIHHS,
(GakTUYHO TIOCTaBWB JIIOJICTBO HAa TpaHb EKOJOTIYHOI KaTacTpodu, TOMY
eHepro30epeKeHHS € OJIHIEI0 3 HAWBAXKIHMBIIINX 33724, CIPSIMOBaHUX HA 36Cpe}KCHH}I
MPUPOJHUX PECYPCIB 1 JIOACTBA B IioMy. Peamizaris nporpam B naHiii obmacti
HEMHCIIIMa 0€3 PO3BUTKY €KOJOTiYHO YUCTOI COHSYHOI 1 BITPOBOi €HEPIrEeTUKH, a
TaKO CTBOPECHHS €KOJIOTIYHOTO TPAaHCIOPTY Ha OCHOBI TIOPUAHMX 1 €NEKTPUIHUX
asuryHiB. [IpoGmemMu, 10 CTPUMYIOTH PO3BUTOK HaMOLIbII  €(PEKTUBHUX
IHIMBIAYaJIbHUX COHSYHUX 1 BITPOBUX YCTAaHOBOK MOTYkHicTIO 10 100 BT 1
riOpUAHOTO aBTOTPAHCIIOPTY CXOXK1 1 BHUMAararoTh €(QEKTHBHOIO aKyMYJIFOBaHHS
€Heprii, 0 BUPOOISETHCS.

Haii6inpm edekTuBHO, KOMOAKTHO 1 O€3MEYHO AaHi Mpolecu Moriu 06 OyTu
peasi3oBaHl 3a JIONIOMOIOK EJEKTPOXIMIYHMX aKyMYJATOpiB, OJHAK ICHYHOYI
MPOMUCIIOBI 3pa3Ku Ha OCHOBI TPAAMUIIIMHUX CHCTEM MAalOTh BEJIHMKY KUIBKICTb
HEJOJIKIB: HHU3bKY IHUTOMY €HEprilo, TOKCHYHICTh, Manmuii pecypc. llpu npomy
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NEPCIIEKTUBH TOJIIMIICHHS iX MapamMeTpiB BUTIIAJAIOTh CYMHIBHO, TaK SIK PO3BHTOK
JaHUX aKyMYJISITOPIB MMPAKTUYHO JOCTIIO MEKI TEXHIYHOTO BIOCKOHAJICHHSI.

3armoyaTkoBaHa HaMH HayKoBa po0OOTa MoJsira€ B OTPUMAaHHI HOBUX METOJIHK
CTBOPEHHS Ta JOCIIDKCHI HAHOPO3MIPHHX IUTIBOK Ha €IEKTpoAaxX JNTIH-I0HHUX
aKyMYJISITOPIB OTPUMAHUX 3a JOTIOMOTOK) MAarHETPOHHOTO HAIMWJICHHS BYTJICIHIO Ta
KPEMHIIO, K1 MOXKYTh MOKPAILIUTH €KCIUTyaTallliiHI XapaKTePUCTUKU aKyMYJISITOPHUX
OaTapeil.

OCHOBHHMM 3aBJIaHHSIM JaHO1 poOOT € 30UIBIIUTH B 1,5 - 2 pa3u 1 OiIbIIE iICHYIOUE
Bimromenns Wh kg ' no 300-400 Wh kg ™', 3mMenmmTi B 3 -4 pasu cobGiBapTicTs
OCHOBHUX KaTOJHUX 1 aHOJHUX CHCTEM aKyMYJATOPIB, 1[0 ICTOTHO 3MEHILIUThH HOTO
BapTICTh.

[Ilap amop¢HOTO BYTJEIIO € ME30MOPUCTOTO CTPYKTYpPY, CHOPMOBAHOKO 3
0e3i4i chepruIHnX, TOB'I3aHUX MK CO00r0 TOpOKHUH TOBIKUHOIO 0,05 — 0,1 MKkM
1 MOBTOpIOE KOH(QIrypallit0o TPY€E€HOI MiAKIaIKH 3 BUCOKOK mopucticTio. Illap
HAHOCUTHCS MAarHETPOHHUM PO3MHJICHHSM MIPH 104l B po0ouy Kamepy pobodoro
ra3zy aprony. Ilapamerpu IUTIBOK BYTJEIIO 3ajieXaTh BiJ TUCKY aproHy B Kamepi
HanwieHHs. CKIla] HamuIeHHS TUTIBKY TIABHO 3MIHIOETHCS TIPU KOHTPOJIHOBAHOMY
BaKyyMMETpaMH 3MiHI TUCKY aproHYy.

3anponoHOBaHUI METOJ MOJSArae B TOMY, LIO 3asBJICHHM CIOCIO OTpUMAaHHS
TOHKOILTIBKOBOTO HAaHOKOMITIO3UTHOTO EJIEKTPOJHOTO MaTepiainy JUisi HETaTUBHOTO
CJIEKTpoAa JITIH-IOHHMX AaKyMyJsTOpPIB Ha OCHOBI IUIIBOK, c(opMoBaHUX 3
HAHOPO3MIPHHUX KJIACTepIB KPEMHII0 B OOOJOHINI 3 JBOOKHCY KpEMHIIO, SKi
OTPUMYIOTh B OJHY CTaJlil0 MarHETPOHHUM PO3MUJIEHHAM KPEMHIEBOI MillIeHI B
TJ1a3Mi, 110 MICTUTh apTOH 1 KOHTPOJIbOBaHI 100aBKH KUCHIO.

3a3HaueHl HAHOCTPYKTYPOBaHI IUIIBKA OTPUMYIOTh B IIJIa3Mi MarHeTPOHHOTO
po3psay, mo wmictuth 1 —3 % xkucHio 3a o0'emom B aprosi. 30imbIieHHS a0o
3MEHILICHHS] YaCTKU KHCHIO B apTOHi, KWW HAITyCKAETHCS B KaMepy i1 GOpMyBaHHS
IUTa3MH, TPU3BOJIUTH A0 30UIbIICHHS a00 3MEHIIEHHS BMICTY JABOOKUCY KPEMHIIO B
wiBmi. [le no3Bonise perymoBaTH BMICT JBOOKHUCY KpEMHIIO B IUTBIN. 3a
pe3yJbTaTaMu eJIEKTPOXIMIYHUX JOCHTIPKEHb BMICT IBOOKHCY KPEMHIIO B ILTIBII Ma€e
nepeOyBatu B Mexxax 16 —41 BaroBux %, HAHOCTPYKTYPOBAHHM KPEMHIN B 00OJIOHIII
JIBOOKHCY KPEMHIIO MPHU IIbOMY Ma€ KJIacTepHY CTPYKTYpy 3 pO3MipamMH KJIacTepiB
5 — 15 HM, 110 103BOJIsIE 3a0€3MEYMTH BUCOKI 3HAUYCHHS KYJIOHIBCHKO1 €()eKTUBHOCTI
Ta TUTOMOI EMHOCTI €JIeKTPO/Ia JITIH-IOHHUX aKyMYJISITOPIB.

301IbIIEeHHS 10HHOI MPOBIIHOCTI 3pa3KiB BiI0YBA€THCS B OCHOBHOMY 3a PaxyHOK
3MEHILIEHHSI OIMOpy KOpAOoHIB 3epeH. lle Moxxke OyTu OOyMOBIEHO MAEKiTbKOMA
NPUYUHAMH: 3MEHIICHHS KOHIICHTpAIlil JICJIEKTPUYHHUX IOMIIIOK B MOBEPXHEBOMY
mapi, mMpo IO CBiMYaTh JaHI PEHTreHO(})A30BOTO aHami3y; 30UIBIICHHS KUIHKOCTI
KOHTAKTIB MDK YaCTUHKaMH, IIJIBUIICHHS KOHIICHTpaIii 1 MpUCKOpeHHs Audy3ii
10HIB JIITIIO B NIPH TMOBEPXHEBOMY IlIApl 3a PaxyHOK 3OUIbIICHHS BaKaHCIMHOTO
PO3MOILITY.

Knouosi cnosa: axymynstopHa Oarapes, BaKyyMHa Kamepa, MarHeTPOHHE
HaIWJICHHS, HAHOPO3MIPHI ILJTIBKH.

104 Cexuin 6. [HOOPMALIHHO-BUMIPIOBAJTBHA TEXHIKA TA
TEXHOJIOTTI BIOMEJHYHNUX JOCIDKEHb



