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AmnoTaunis. [TokazaHO IepCIIEKTUBHICTh OE3KOHTAKTHOTO METOAY HPOBEICHHS JIIKYBATbHUX TEPAIeBTHIHUX
CeaHCiB Ha OCHOBI 3aIIPOIIOHOBAHOI ONTHKO-EIEKTPOHHOI CHCTEMHU IIPOrPaMOBAHOTO JIIKYBaJIbHOTO CEaHCY 3
10ro HemepepBHIM KOHTPOJIEM YIIPOJOBXK il JIiKyBaldbHOro (aktopa. PeanizoBaHo mporpaMHO-anapaTHHI
KOMIUICKC, IO Haja€ JiKapeBi MOXJIMBICTh INPOBOAWTHA CEAHC JIKYBaHHS B I[IPOrPaMOBAHOMY
CTUMYJSILIITHOMY PEXHMIi, 3IIHCHIOBATH MOTOYHE OILIHIOBAHHS €(ECKTUBHOCTI JIKYBAJIbHOTO CEaHCy Ta
NpUAMATH PIMICHHS W00 KOPEKIii pEeXUMIB JIKyBaJbHOTO BIUIMBY, CXEMH JIKYBaHHS Ta HOro
JIOLIBHOCTI Ui KOHKPETHOTO TMAalli€HTa.

K1040Bi ¢10Ba: ONTHKO-EIEKTPOHHA CUCTEMA, MIKPOKOHTpoIep, GoTompuiimay.

AnHoTtanusa. Iloxa3aHa TEpCIEKTUBHOCT, OECKOHTAKTHOTO  METOJa  IIPOBEACHUS  JIEUEOHBIX
TEpAleBTHYCCKMX ~ CEAHCOB ~ HAa  OCHOBE  INPEMUIOKCHHOM  ONTHUKO-3JICKTPOHHOW  CHCTEMbI
MPOrpaMMHPOBAHHOTO JIEYEOHOT0O CeaHca C ero HEMpephIBHBIM KOHTPOJIEM B TCUCHHE JCHCTBHUS JIe4eOHOro
(akTopa. Peann3oBaHO MPOrpaMMHO-ANIapaTHBIA KOMIUIEKC, MPEIOCTABILIIOIMI Bpady BO3MOXKHOCTb
MPOBOJWUTH CEAHC JICUCHHS B NPOrPAaMMHPYEMOM CTHMYIHPYIOLIME PEXHME, OCYIIECTBISTH TEKYIIEe
oreHKN 3(G(EKTHBHOCTH J€4eOHOrO CeaHca M MPHHUMAThH PEIICHHS 110 KOPPEKLHH PEXUMOB JIC4eOHOrO
BO3JIEHCTBHS, CXEMBI JICUCHHS H €T0 IIeIeCO00Pa3HOCTH IS KOHKPETHOTO HMAIlUeHTA.

Ki1104eBble €JI0Ba: ONTHKO-3JICKTPOHHAS CHCTEMA, MUKPOKOHTPOILIEP, POTOHPHEMHHK.

Abstract. The prospects of non-contact method of medical therapy sessions based on the proposed opto-
electronic system programmed treatment session with his continuous control over the actions of medical
factors. Implemented hardware and software system that allows the doctor to conduct a session of treatment
in programmed stimulation mode, the ongoing evaluation of the effectiveness of treatment session and
decide on correction mode of therapeutic effects, treatment and its appropriateness for a particular patient.

Keywords: optoelectronic system, microcontroller, photodetector.
BCTYII

CyyacHi MeAWYHI TEXHOJIOTii, IIO0 IPYHTYIOTBCS Ha JIKyBaJbHO-JIarHOCTWYHIN aii onTH4HOTO
BUIIPOMIHIOBaHHA Tak 3BaHi Qortomenuuni TexHosorii (PMT). OcraHHIM YacoM cTalOTh Bce OLIBII
NONYJSIPpHAUMH Yy JiKapchbkii mnpaktuui. IIpore HaiiHOBImI 3 HUMX NOTPeOyIOTH 3aCTOCYBaHHS B HHX
CTUMYJILIHHAX PEXUMIB 1 MiABHIIEHHS iHQOPMATHBHOCTI BIPOJOBX JIIKyBaJbHOrO ceaHcy. CTumysamiiiai
PSXUMH, 30KpeMa, 3 4acTOTaMU IOBTOPEHHS (POTOCTHMYJIIB, BIAMOBITHMMH JI0 4aCTOT MPOCTOPOBO-YACOBUX
npoueciB y 6iomeanunux o0'ektax (BO), 3aBIsKM MPOrpaMHO KEpOBAaHOI 3a TaKMMH YaCTOTaMH IMHAMIKH
BUIIPOMIHIOBaHHS, MOKE BUKJIMKATH 0i0pe30HAaHCHI epeKTH i, THM CaMHM, 3HAYHO IiJIBUIIYBAaTH €()EKTHBHICTH
nikyBaHHs. [ligBunieHHs iHGOpMaTHBHOCTI MPO XiA JIKYBaHHS, OCOOJIMBO, Yepe3 HelepepBHE TecTyBaHHs bO
ynpoaosx ceanciB ®MT, nae MOXIMBICTB JTiKapeBi NPaLIOBATH B IHTEPAKTUBHOMY PEKUMI, UM 3a0€311eUyBaTH
OTepaTHBHI KOPEKIii mapaMeTpiB peXUMY JiKyBaJbHOI [Iii Ta crparerii mojambinoro JikyBaHHs [1-3].
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OCHOBHA YACTHHA

Jlnst koHTpoIO 3a TIepebiroM JIiKyBaJbHOTO TPOIECY 3allpOMTOHOBAHO OE3KOHTAKTHUH METOJ, SIKU
IPYHTYETbCS Ha TIOPIBHAHHI 3MiH y daci ontmyHuX BiactuBocted BO. OCHOBHMMM MapameTpaMu sKi
KOHTPOJIIOIOTBCSL TIPH TaKOMy METOJi €: IHTCHCHBHICTH CBITJIOBHX ITOTOKIB i TECTOBOTO BHIIPOMIHIOBAHHS
BiIOMTOTO BiJ 61000’ €KTa, MPOUIEHOTO KPi3h TKAHUHY Ta IHTEHCHUBHOCTI BIIaCHOTO BUTIpoMiHtoBaHHS BO.

Biachuit motik bO BH3HaYanu 3a BUMIPSHUMH 3HAYCHHSIMH OTOPY TEPMOPE3UCTOPA, SKi BUBOIUIIHCS
Ha aucIUiel anaparypHol yactunu npuctporo. OEC npuctporo ckiaianacs 3 TepMOIEpeTBOPIOBAY 3 ONTHYHOIO
KOHIICHTPAIII€I0 HAa HHOTO BJIACHOTO BHUMPOMiHIOBaHHsA 0i000’e¢kta Ta CBJI, mo po3mimeHi mo #Woro 0okax i
BCTAHOBJICHI 3 MOKJIMBICTIO TTOTPAIUISTHHSI BiIOUTOTO BiJ] Ta POHAEHOTO Yepe3 61000’ EKT CKEPOBAHUX TECTOBHX
MOTOKIB BUTIPOMIHIOBaHHS Ha BXia GoTompuitmMaya.

Jlyisi BU3HAUEHHSI BEJIMYMHU KOHTPOJIOBAHMX ONTHYHHX CHUTHAJIB 3allPOMIOHOBAHO BHUKOPHCTOBYBATH
pO3pO0JIEHY CEHCOPHO-aKTIOATOPHY CHCTEMY, SKa JO3BOJIAE€ 3IiHCHIOBATH BHUMIPIOBAHHA 1HTEHCHUBHOCTI
BiIOMTOTO, TIPOIIEHOTO MPOMEHS Ta BJIACHOTO BHUIIPOMIHIOBaHHS Yepe3 TKaHMHH KOHTPOJIHOBAHOTO 01000’ €KTa
(puc.1) [4-5].
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Puc.1. CtpykTypHa cxema ¢oTo npuiiMaabHOi YACTHHUA CUCTEMH

BumiproBanHs, aHami3 i MOPIBHAHHS IHTEHCHBHOCTEH MOTOKIB BHIIpoMiHIOBaHHA BO ynponomx nii
NporpamMH 3/iHCHIOBAIOCS 3 JOMOMOIOI0 BHMIpIOBauiB ()OTOCTPYMIB BiOMTOrO BiJ 01000’€KTa , MPOIMICHOTO
Kpi3b 01000’ €KT, Ta BIACHOTO BUIIPOMIHIOBaHHS 61000’ €EKTOM.

3HaveHHs IHTEHCHBHOCTI MpOWIEHOro Ta BimourToro Bim BO TeCTOBUX CBITIOBMX NMOTOKIB BH3HAYaIN
3TiHO 3HaYCHb (POTOCTPYMIB. 3HAYCHHS TEILIOBOTO MTOTOKY 01000’ €KTa Ta iIHTCHCHBHOCTI BITOUTHUX 1 MPOUICHUX
Yyepe3 HbOT'O CBITJIOBHX MOTOKIB MPE/ICTABICHO Ha PHUC. 2.
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Puc. 2. ExciepuMeHTaNbHI pe3yJIbTaTH 3aJIeKHOCTEH 3MiHM IHTEHCHBHOCTI KOHTPOJIHOBAHUX CBITIIOBHX
MOTOKIB: 1- mpoiaeHoro kpizk bO TecTOBOTO CBITIOBOTO MOTOKY; 2- BiIOUTOrO TECTOBOTO CBITIOBOTO MTOTOKY;
3- BJIACHOTO TIOTOKY ONTHYHOTO BUIPOMIHIOBAHHS
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3 eKCHepUMEHTAIBHUX IOCHiHKeHb (puc.2) BUIUIHBAE, 10 BOpoAoBkK 30-40 XBWIMH JTIKyBaJILHOTO
CeaHcy BimOyBaeThCs 3MiHa IHTEHCHBHOCTI KOHTPOJLOBAaHMX CBITJIIOBHX IIOTOKIB 0i1000’€kTa. Sk BUAHO 3
MIPEJICTaBJICHOI 3aJIeKHOCTI, IO IMicIs IMEBHOTO MPOMDKKY Yacy ¢ , MTUHAMiKa 3MiHH BEJIUYMHHU iHTCHCHBHOCTI
3MEHIIYETHCS 1 TIPOTIEC CTabiTI3yEThCA, IO CBITYUTH PO HEOOXiMHICT 3aBepmieHHs nporeaypu. Li 3amexHocTi
TTOKJTaJIeHi B OCHOBY allTOPUTMY POOOTH CHCTEMH KOHTPOJTIO CTaHy 01000’ €KTa.

VY pe3ynapTaTi MPOBEACHHUX JOCITIIKEHH BCTAHOBIEHO IOIMYCTHMI MEXi 3HaueHb KOHTPOJIBOBAHUX
rapaMeTpiB IHTEHCUBHOCTI BiIOMTOTO Bix 61000’ €KTa , MPOHAEHOTO KPi3h 01000’ €KT, Ta IHTCHCHBHOCTI BJIACHOTO
BHIIPOMIHIOBaHHS 061000’ €KTOM.

Ha ocHOBiI 3HaueHb IUX TPHOX MMApaMeTpiB MOXKIWBO 3IIHCHIOBATH 3arajlbHe OIIHIOBAHHS 3MiH
(izioyoriyHOT0 CTaHy oOpraHi3My B MmiloMy. Takum duHOM 3ampomnoHoBaHuii Meron i OEC e 3matHumu
CTBOPIOBATH CTUMYJIAIIIMHE ONMPOMIHEHHS 3 MOXIIMBICTh HOTO ONMEPATHBHOTO KOHTPOJIO, Y BiMIMOBIAHOCTI IO
MIPOCTOPOBO YACOBHX XaAPAKTEPHUCTHK OTIPOMIHIOBAHOTO 00’ €KTA.

JInst mocsATHEHHSI MaKCUMaJIbHOTO JIIKYBAJLHOTO €deKTy il TaKUX MPHCTPOIB MOKHA cHOpPMYITIOBATH
MEINYHI BUMOTH IO0:

» JIiKyBaJIbHIN 00J1aCTi CHEKTPAJIBHOTO iala3oHy;

» 3a/1aHii TIOTY>KHOCT]I BUIPOMiHIOBAaHHS;

» IHTCHCHBHOCTI OIIPOMIHEHHS B IUTOIIKHI 01000’ €KTa;

> pIBHOMIPHOCTI ONPOMIHEHHS B 3aIaHii romuHi 01000’ €KTa ;

» CTablIBHOCTI CIEKTPAIbHUX XapaKTEPUCTHK, JIIKYBAHHS Ta TECTOBOTO BUIIPOMIHIOBAHHS.

CyKymHICTh BKa3aHHX BHMOT BH3HAYalOTh TPHUBAIICTh MPOBCACHHS JIKYBaJbHOTO CeEaHCY Ta
e(heKTUBHICTH JIKYBAILHOTO ceaHcy. [Ipy HeOTpUMaHHI BUSHAYCHUX MapaMeTPiB BUHUKAE 3arpo3a pyHHYBaHHS
KIIITHH 01000€KTa i3 3arOCTPEHHSM MATOJIOTIi, 200 HE TOCITAETHCS BIAMOBITHA ¢)EKTHBHICTH JIIKYBaHHS.

I3 BpaxyBaHHSM pe3ynabTaTiB BKa3aHWX JOCHTI[UKCHb Ha OCHOBI CydYacHOI €IIEMCHTHOi 0a3u
3aMpoNOHOBAHO CTPYKTYPY CHUCTEMHU KOHTpomo (puc.3). BkazaHa cucTema CKIamaeThcs 3 JDKEpella CBITIA,
(doTomepeTBOprOBaYa, TEPMOICPETBOPIOBaYa CXEMH KEPYBAaHHS Ta 3BS3KY SKa CKIAAETHCSI 3 KOMyTaTropa Ta
inTepdeiica 3Bs3Ky, SIKi peai3oBaHi Ha OCHOBI MikpokoHTposepa PSoC.

TepmpnepeT-

BOpoBay 3BA3KY

v ]
DN
doTonepet- Iy| Komyratop [  AUM

—>
—» BopoBay
—>

|
Mpouecop | ITepgeiic —':-> MK
|
|
|
|
|
|
|

Puc.3. CtpykTypHa cxema CUCTEMHU KOHTPOJIIO

Bximni indopmaniiiHi curHanm (GOpPMYIOTBCS 3 JIONOMOTOI0  ()OTOIOMAIB, MiJCHIIIOIOTECS 10
HEOoOX1THOTO PIBHS Ta HaJXOIITH Ha BIAMOBITHI BXOAW MIKPOKOHTpOJIEpa JUIsl HOAANbIIOl nudpoBoi 0OpoOKy.
OTpuMaHi pe3yslbTaTH ONpalIOBaHHA 4epe3 BOynoBaHui mBHAKIcHUE noptr USB  MikpokoHTposepa
nepenarotses Ha [1K 171 mogaipIioro mporpaMHoOro aHatizy.

Jis  peamizamii iHTEpPaKTHBHOTO pEXHMY PpOOOTH IPHKIAJHOTO HPOTPAMHOrO 3abe3ledeHHs
3allpOIIOHOBAHO HACTYIHUI QJTOPUTM aHalli3y 3HAa4yeHb MapaMeTPiB KOHTPOJIBbOBAHUX ONTHYHHX CHUTHAJIB
(puc.4) (IHTEHCUBHOCTI BIACHOTO BHUIIPOMIHIOBAHHSI, IPOIICHOTO, BIIOUTOTO MPOMEHiB) [6].

VYnpaBiiHHA TPOIECOM 3MAIACHIOETBCA 3a jgomomororo [IK dyepe3d iHdopmaTuBHHUE iHTepdeiic
KopHucTyBaua. [lepen mouarkoM poOOTH, B aBTOMaTHYHOMY a00 PYYHOMY PEXHMi, 3aJalOThCS HapaMeTpH
CBITJIOIIOMHOT MATPHIN: TPUBATICTh CBITJIOBHX CHTHANIB, aMIUIITYAa, a TaKOX TPaHUI IUISHKA CIEKTPY
TecroBuX curHaiiB. Ilicis 3amycky mpouecy 3IiHCHIOETBCS HENEepepBHHH KOHTPOJIb 3HA4YEHb KOXXHOTO 13
BXigHux napamerpis I; — Iy. [Ipu npomy BinOyBaeThCs epeBipka 3HaUE€HHS KOXKHOTO TapaMeTpa i3 A0IyCTUMUM
Jiarma3oHOM 3HA4YeHb, SIKi 3ahaHi B 0a3i gaHMX. Y BHNAIKy, KOJM KOHTPOJbOBaHWI mapamerp I, mepeBuirye
JONYCTAMI TpaHM4HI 3Ha4eHHs, (POPMYETHCS IMOBIJOMIICHHS HPO KPUTHUYHY CHUTYaIlilo, 1 JIKYBaJIbHHH CeaHC
aBTOMATHYHO TPHUNUHsEThCs. IlepeBipka 3HaueHb ycix mapamerpiB I, 3miliCHIOETBCS HeNepepBHO Ha MPOTA3i
BChOTO ceaHcy. [licisi 3akiHUEHHs ceaHCy, Ha OCHOBI OTPHMaHHX pE3yJbTaTiB, (POPMYETHCS IiarHOCTHYHE
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TTOB1IOMJICHHSI, BiIMTOBIAHO 10 KOMOIHAI1 ONTHYHUX mapameTpiB I, ski 3a7ani B 0a3i JaHUX CUCTEMH.

Ha 0oCHOBI 3alpOIOHOBAHOTO METOAY KOHTPOIIIO peai3oBaHO IMPOrpaMHO-anapaTHUN KOMILIEKC, SIKHMA
JIO3BOJISIE  O€3KOHTAaKTHO OTPUMYBAaTH OMEPATHUBHI PE3yNbTaTH MpO OLKydl 3MiHM TCHXO(]I3WIHOTO CTaHy
XBOPOTO BIIPOJOBX 30 XBHIMHHOI NMPOTpaMH JIiKyBaJbHOTO ceaHcy. Pa3oMm i3 MOTOYHMMH 3HAYEHHSMHU 3MiH
MOKa3HUKIB TPOTpaMHO-alapaTHUH KOMILIEKC BimoOpakae pe3ysNbTaTH aHalidy Ta TMOBIJOMIICHHS TIPO
JIOCTPOKOBE MPUTTMHEHHS a00 HEJOMIJIbHICTh HACTYITHUX CEaHCIB.
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Puc. 4. Anroputm aHasi3y KOHTPOJIbOBAHUX ONTHYHNX CHI'HAIB

VY mporeci eKCepUMEHTaIbHOTO 3aCTOCYBaHHS METOJY B KOMIUIEKCHOMY JikyBaHHI 20 XBopuX i3
XPOHIYHUM CYO’€KTHBHHMM BYIIHHM IIYMOM BHSIBWJIOCS, IO €()EeKTHBHICTH Npuiany Oyia mo3uTuBHOIO Y 60 %
nanieHTiB. JlocmimkeHHsaMu Ha nodirpadi 32 moOpoBOJBLIB, SKUM IpoBoAMiacs (oTocenamis, HE BHUIBICHO
Oy/Ab-SIKMX TOpPYLICHb IHIIMX BaKIMBUX >KUTTEBUX (YHKLIN opraHiaMy. 3anpolOHOBaHWH IPOTrpaMHO-
amapaTHUH KOMIUICKC ampoOOBaHMU Ui KOHTPONO 3a mepebirom mporecy ¢orodepesy. [lpu npomy
31ificHIOBaBCS aHaJIi3 3MiHM IHTEHCHBHOCTI ITOTOKY MPOWIEHOTO Yepes3 Jieiikomacy kpoBi. Byno BusiBieHo, 1m0 B
pasi yCHiNIHOI MpOIEeAypu OJepiKaHi 3MIHU IHTEHCHBHOCTI CBITJIOBOTO TIOTOKY B 3aJlaHUX MIUITHKAX CHCKTPY
MaroTh OyTH B Mexkax 10-50%.

BHUCHOBKHA

3anpornoHOBaHUi METOJ aHalli3y pe3yJbTaTiB OTPHUMAHMX ITiJ] 9aC ONTHKO-EJIEKTPOHHOTO TECTYBaHHS
61000’€KTa 1 CTBOpEHHH amapaTHO-NPOTPaMHHUN KOMILIEKC, B SIKOMY pEali30BaHO 3allPONOHOBaHMHN allTOPHUTM,
JIO3BOJISIIOTH 3 JOCTATHHOIO TOYHICTIO NPOBOAMTH IIONIEPEIHE OLIHIOBAaHHS CTaHy Mali€eHTa Ta e()eKTHBHOCTI
JIKYBaJILHOTO CEaHCYy Ta MOKYTh OyTH BHKOPHUCTaHI B CUCTEMax MiATPUMKHU IPUHAHSTTS PillleHb B JIKYBaJILHOMY
MpOLECi, IO MiITBEPKYETHCS MOZUTUBHUMH PE3yIbTaTaMH JOKIIHIYHUX BUNIPOOYBaHb.
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