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HaykoBe gocnigpxeHHsa € GparMeHTOM KOMMJIEKCHOI
HaykKoBOI TeMu kadeapu XipypridyHoi ctomaTonorii Ta
LenenHo-nmueBoi Xipyprii JIbBIBCbKOro HauioHanbHO-
ro Megu4Horo yHisepcutety im. . lanuubkoro «Ontn-
Mi3auiga AiarHOCTUYHO-NiKYBaIbHOro MPOLECY XBOPUX
i3 KICTKOBMMIW | M’IKOTKaHUHHUMK gedekTamn Ta age-
dopmaunisgmMm pisHOi eTionorii, TpaBMaTU4YHUMM | 3a-
NafnbHUMUN YPAXKEHHAMU LLENENHO-NNLEBOI OINAHKN»,
Ne nepxaBHoi peecTpauii 0106U12671. LLindp poboTu:
IH10.01.001.10.

BcTyn. [locnigXeHHda peakuiin ioaCbKOro opraHis-
My Ha 6iflb € CKNafHOoI0, e HE MOBHICTIO BUPILLEHOM
npo6aemMot0. Ha CbOroaHiLLHIA AeHb, B YMOBAX KJTiHiKU
nepeBaKHO 3aCTOCOBYOTb CYO’EKTUBHI METOAU OLLiHKN
60110, ki 3a CBOEIO NPMPOA0IO € BepbasibHO — 3HAKOBU -
MW: Bi3yaslbHO — aHaJsIoroBa, BidyaslbHO-PaHroBa, Bep-
6anbHO — paHroa wkanu Ta iHWwi [1]. OgHak, nauieHTn
MOXYTb MO-Pi3HOMY OLHIOBaTW CBOI BigyyTTS, LLO BU-
HUKaOTb NPKY NosiBi 601b0BOro cUHAPOMY. Lie B 3Ha4Hil
Mipi 3anexXuTb Bif, iX NCUXOEMOLINHOro ctaHy [4, 7].
[Mpwn cTpeci, Wo Hepiako CynpoBOOXKYETbCS MPUrHIYEH-
HSIM, TPUBOIrOI0, CTPaxoM, OENPECIED XBOPi Heaaek-
BaTHO OLHIOTb Biflb — OHI MOXYTb 3aHUXYBaTUN AOro
BMJIMB, iHWI — CXUNbHI rinepbonisysatu. Lle ycknagHioe
peanbHy OLjHKY iHTEHCMBHOCTI 60n0, TOMYy 3Ha4yHa
yBara npuainsaeTbcsa po3pobui 06’eKTUBHUX METOoAiB
MOro AiarHOCTUKM — anroMeTpUYHNM, IKi BPaxoBYIOTb
il KOMNOHEHTU: CEHCOPHUI, BEreTaTUBHUN, PYXOBUM,
MCUXOEMOUAHNIA. IHPOPMATUBHUM METOLOM BUBYEH-
HS1 BEreTaTUBHOI peakuii NIOANHN € NyninoMeTpis — gia-
rHOCTMKA PO3MipiB 3iHuUi oka [5, 8]. Ak BigoMO, NiaBn-
LWLEHHS aKTUBHOCTI CUMMATUYHOI iHHEpPBaLii BUKIVKAE
PO3WUPEHHS 3iHMLb, TOAi SK iX 3BY>XKEHHS CBIA4YNTL NPO
NiABULLEHHS TOHYCY napacumMnaTtnyHoi. lNcuxoemouin-
Ha Hanpyra, cTpax, 00/bOBi NOAPA3HUKM BUKINKAIOTh
po3wmpeHHs 3iHudi (cumntom Mappo-PobepTcoHa)
[9]. 9k 06’ekT BMBYEHHS HaMK ByB BMOPAHWIA 3IHNYHWI
pednekc, Ak HanbinbLL 4OCTYMHUIA 06’ EKT, «BiAKPUTUIA»
ON9 NPSMOro HEiHBa3MBHOMO OOCHIAXKEHHS CTaHY LEH-
TpanbHOi HepBOBOi cuctemu (LUHC). Peakuis 3iHmupb Ha
6051b0BUI NoapasHUK € 6e3yMOBHUM pPedsiIekCoM, He-
niaaaTIMBUM KOHTPOJSIO 3 6OKY KOPU FOJSIOBHOMO MO3KY,
a 3HaunUTb, | CBILOMOCTI. B TOM Xe 4yac ue yHikanbHUn i
YYTANBUN IHOMKATOP LWMPOKOro cnekTpy @isionoriyHmx
npougeciB, 3anexXHUX Bif, CTaHy cMMNaTo-napacumMna-
TnyHoro 6anaHcy. NepeBaroto nyninomeTpii, Ha BiAMiHY

Bif, GiNbLUIOCTI TPAAULIMHNX METOAIB, € He Ti/IbKK peani-
3auis 06’EKTUBHOI i KifIbKICHOI OLHKN YHKLOHaNbHO-
ro CTaHy BeretaTtuBHOi HepBOBOi cuctemu (BHC), a 1
MOXJIMBICTb CKPUHIHFOBOIro OOCAIAXEHHA Ncuxodisio-
JNIOriYHOro ctaHy xsopux. Peanisauis uboro metoay noo-
CNiXXEHHS 3 BUKOPUCTAHHAM afekBaTHUX MiaxoaiB Ao
KiNbKiCHOI OuiHKM dyHKUiOHanbHoro ctaHy BHC wna-
XOM peecTpaLii okynoamMHamidyHux napameTpiB, 6e3-
YMOBHO, € akTyanbHoto, 60 cnpsiMoBaHa Ha BUPILLEHHS
BaXK/IMBOrO 3aBAAHHS KJiHIYHOT MEANLMHN — OLLiHKY iH-
JmBinyanbHUX 0COBNMBOCTEN PEryNATOPHMX MPOLIECIB
opraHiamy NtoauHN B ymoBax 60/1b0BOr0 CTPECY.

MeTa pocnigxeHHsi. Po3pobutn 006’EKTUBHUIA
eKcnpec-MeTon AiarHoCcTMku 60bOBOI peakLii NioanHn
LUNSXOM peecTpauii 3iHMYHOro pedJekcy 3a A0noMo-
roto KOMM’I0TEPHO-NPOrpamMHOro 3abe3neyeHHs.

O0’eKT | MeTOAM AoCAiIMKEHHS. [N OTPUMaHHS
BiZIEOMOTOKY i3 306paXkeHHsIM 0ka B YMOBaXx peasibHOro
yacy BMKOPWUCTaAHO 3aranbHOLOCTYMNHUA €NEKTPOHHUIN
noptatuBHuii Mikpockon Sigeta Gam-01(TaliBaHb),
KNI NigKnoYaeTbecs A0 HoyToyka Yepe3 USB iHTep-
denc. Bigeopsan, SKnii HagaeTbCs €EKTPOHHUM Mi-
KPOCKOMNOM, CKNafnaeTbCsd 3 MNOCNIAOBHOCTI KagpisB i3
300paxeHHaM oka. Kagpu HagxoaaTb i3 yactotolo 20
Kagpis/c, WO O03BOMSE BUMIPIOBATU AiaMeTp 3iHWUI
KoXHUXx 500 Mc. Ansa BU3HAYEHHS AiaMeTpy 3iHuLi oka
3aiMcHioBaBcs i Nowyk y BigeonoToLi, ToGTo BOHa BU-
ninanaca nomix apyropsigHux 06’ekTiB (iHWMX YacTuH
JIIOACBbKOro oka). 30Kpema, 3iHWuUS ICTOTHO BigpisHS-
E€TbCS 3a SICKPABICTIO Big, parayxHoi 060N0HKM. 3Ha-
YeHHs rpafjieHTa Ha ii Mexi (OKpyXHOCTI) € GinbumnmMmn
Bifl MOKA3HWKIB LiEi BENNYMHN B paigyXHiin 0OO0JOHL.
Lle nano 3amory wwykaTtu 3iHULIO 9K TEMHUI KPYT Ha CBIT-
nomy 300paxeHHi. byno 3actocoBaHo 6iHapuaauito (iH-
[eKCcyBaHHS 300paXeHHs 3 NaniTpolo i3 ABOX KOMbOPIB)
Kagapy, 4N BiAOKPEMEHHSA TEMHUX (3iHMLSA) Ta CBITINX
(parigyxka) 4acTUH oka. 3 METOK MOKPALLEHHS TOY-
HOCTi pO3ni3HaBaHHS 3iHKLj 3anPONOHOBAHO aIfOPUTM
nowyky kpyra Ha 6a3i Teopemn daneca CTOCOBHO Npsi-
MOKYTHOIr0O TPUKYTHUKA, BAMCAHOro B kono [6]. Lia Te-
opemMa CTBEPOXYE, LLO FiNoTeHy3a NPSIMOKYTHOIO Tpu-
KYTHUKA, KU BNUCAHWUIM Y KOO, € AiaMeTPOM LbOro
Kona, a ii cepeguHa € LLeHTPOoM Kona.

ANropuT™M CKNagaeTbCs 3 HACTYMNMHUX KPOKIB:

1. BiHapu3auia 300paxeHHs (ans iCTOTHOro BiAcCi-
IOBaHHSA OPYropsiaHNX 00’eKTiB Ha 3006PaXKeHHI).
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2. TMowyk 6a30BKX TOHOK 32 Mackamu (To6To BUAI-
JIEHHSA TOYOK, Ki MOTEHUINHO € KpasiMu Kpyra y pi3HUX
4YBEPTSAX).

3. Bu3HauyeHHs UeHTPY Kpyra Ta iioro giameTpy.

4. [Ona CTBOPEHHS IKOMOra rHy4Kiloro nporpam-
HOro NPoOAYKTY, BMUPILLEHO peanidyBaTh Moro 06’ekTHO
OpIEHTOBAHOIO MOBOIO MporpamyBaHHs - C#, BuMKO-
pUCTOBYIOYM CepenoBuLle nporpamysaHHa Microsoft
Visual Studio 2012 [3].

PesynbraTtn pocnigkeHb Ta iX 0OroBopeHHs. Y
npoueci 6iHapm3auii noyaTkoBe 300paXeHHs, WO Mae
BEJIMKY KiJIbKiCTb PIiBHIB ACKPaBOCTi, NEepeTBOPIOETLCS
B YOPHO-6ine 306paxeHHs, Nikcei AKoro MatoTb TiNlbku
nBa 3HadyeHHsa — 0 i 1. bBiHapu3auia 300paxeHHsa ayxe
BaXJIMBA CKNIAZ0BA anropuTMy, afke Ha aHOMy eTani
NPOBOANTLCA NOAIN 306PaXEHHS HA OKPEMIi 30HW. 30HW,
i3 3HaYeHHsAM nikceniB 1, MOXyTb OyTH K LUyMamu, Tak
i WykaHoto 3iHMueto oka. Cepep, icHylo4Mx cnocobiB No-
poroBoi 06po6km 306paxkeHHs BUGpaHo BiHapun3aLlito 3
noaBinHUM obmexeHHaM. Lielh meTopn, 6iHapuaadii npu-
IMa€e 30HU 3 CEPEHIM PiBHEM SICKPABOCTI NiKCENiB, K
LLYMM Ta CTOPOHHI 06’EKTN, @ 30HWN 3 BUCOKMM Ta HU3b-
KM piBHEM ACKPAaBOCTI NIKCENiB BBAXalOTbCA 30HaMu B
AKNX PO3MILLLEHUI LWYyKaHW KPYr (3iHWUA). MapameTpu
GiHapunaauji 3agae KOPUCTyBaY, B 3a5e€XHOCTi Bif, 30-
BHILLIHBOIrO OCBITNIEHHS. BHacnigook npouecy 6iHapusa-
Ll OTPUMYETBLCHA 300PaXEHHS, HA IKOMY YiTKO BUAHO e
Moxe ByTU PO3MiLLEeHUI WwyKaHuii kpyr. Micna Toro, sk
30HU, AKi NOTEHLIAHO MOXYTb OYTU LUYKAHUM KPYroMm,
BUAiNEeHi, NPOBOAUTBLCS MOLIYK 6A30BMX TOHOK 3a Mac-
Kamu (puc. 1). Boaetbca oTpmMatii HOTUPU MHOXMHN
KOOPAMHAT TOYOK, SIKi MOXHa CXeMaTU4HO 300pasnTu
Tak:

Ana BM3HaA4YeHHSA LEHTPY Kpyra Ta Moro aiamertpy
BUKOPWUCTOBYETLCS anroputM, nobynoBaHuii Ha Teo-
pemi baneca. Lia Teopema cTBEpOXYE, LLO rinoTeHy3a
NPSIMOKYTHOIO TPUKYTHUKA, KNI BINNCAHUIA B KOJO, €
AiaMeTpoM UbOoro Kona, a ii cepeanHa € UEHTPOM Kona
(puc. 2).

Taknm YMHOM, nepebpaBLun BCi 6a30Bi TOYKU, OTPU-
MYETbCS HOBaA MHOXWHA MMOBIPHUX LLEHTPIB Kpyra, Ta
roro giameTpis. MNpu YoMy LWyKaHWIA LEHTP Kpyra Byae
B TOYLI, A& HACUYEHICTb IMOBIPHUMX LLEHTPIB HabinbLua.

Po3po6neHo 3pyyHNin KOPUCTyBaLbKU iHTepdeiic.
lonoBHE BiKHO MporpamMu YMOBHO MnofineHo Ha 4 o6-
nacti: 1. O6nacTtb BigobpaxeHHs BigeoiHpopmaLii.
B BepxHbOMY NMpaBOMy KyTi Lji€i 06nacTi PO3MILLLEHHI
KHOMKM, 0fHa 3 SKUX NPU3HAYeHa ons BUKIUKY Aiano-
roBOro BikHa B 9KOMY MOXHa BMOpaT OAMH BUAIB MO-
CTayasibHUKIB BigeonoToky (kamepa abo Bigeodaiin).
Mpn HaTUCKaHHI Ha ApYyry KHOMKY, KOPUCTyBavy Haaa-
€TbCSl MOXJ/IMBICTb HaNaLLTyBaTW NapameTpu BiHapusa-
uii, oupekTopito ans 36epexeHHs BioeonoToky, TOLLO.
2. ObnacTb nyninorpamu, ae BUBOAUTLCS rpadik 3MiHM
pO3Mipy 3iHKMLi oKa B Yaci. TyT Takox € KHOMKM ons 36e-
peXeHHs nynisiorpamMun, Ta HanawTyBaHHA 1i NnpeacTas-
NIeHHs (Konip KPMBOi, AOBXWHA 4aCOBOI OCi, TOWO). 3.
O6nacTtb BimOOpPaXeHHs YNCNOBUX OaHUX, Oe NoAaHo
MOTOYHI YACNOBI MOKA3HMKW BiAXWIEHHS aMnAiTyan ny-
ninorpaMmun Ta BiAXWNEHHS AiaMeTpy Npu 9KOMY MOXHa
BBaXaTu, WO 6inb — HasBHa. 4. O6nacTb ynpaeniHHS
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Puc. 1. Toukun, 3HapeHi 3a mackamMmu.
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Puc. 2. MNpuknap nowyky LeHTpa Kpyra.
Mpuwmitka: Bigpisok P, P, € rinoTeHy30l0 NPSIMOKYTHOrO TPUKYTHUKA

BMMNCaHOro B KOJ10.

nporpamoto. B Hill MiCTATbCA KHOMKK «CTapT/nay3a»
— Ona 3anycky aHanidy BigeornoTtoky Ta TMMYacOBO-
ro Moro NPU3YNMHEHHS 3 MOX/MBUM BiOHOBJIEHHSIM.
KHonka «CcTon» — ans OCTaTo4HOI 3YNUMHKM peecTpauii
BiEeOo NOTOKy, i 36epexeHHaM Moro B Bigeodaiin npu
6axaHHi kopuctysaya (puc. 3).
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niaMeTp BBaXA€ETbCS AiaMeTPOM 3iHuUi B
Motoune simunensa. 27% | CTAHI CMOKOIO, i caMe MO BiAHOLLUEHHI A0
HbOIO MPOPAaXOBYETLCS MOTOYHE BiAXUNEHHS

3ona some: 20% nOiameTpy. PosnpauboBaHuii KOMM I0TEPHO-
nporpamMHunii 3acié po3sonse rpadiyHo pe-

Unpae i Bieopanncn €CTPyBaTV B yMOBax peanbHOro 4yacy TpmBa-
NiCTb Ta iIHTEHCUBHICTb 3POCTaHHSA aMniTyan

4 n n nyninorpamu (po3LwmMpeHHs 3iHnLj) y Bigno-
Bidb HA AOit0 30BHILLUHIX alrOreHHUX BMJINBIB.

Hrpsenken nyiomaon MeToauka nyninoanromeTpii NpoBOANTLCS

HaCTYNMHUM YMHOM: MOLENIOETLCH 60NbOo-
BUA CTpeCc 3a [O0MOMOroK «TYPHIKETHOI»
npodbun Tpycco y mogudikauji Bineupkoro
O. B. WngxomM MexaHi4HOi KOMMpecii NHeB-
MaTMYHOIO MaHXETKOID njieya, TUCK Y SKiid

yTpumyeTbes Ha 50% BuLle, HixX CUCTONIY-
HWIA apTepianbHUIA YNPOAOBX 5 XBUNKH [2].
IHTEHCMBHICTb HaHeCeHOro 601bOBOro CTU-
MYy NaujieHTaMm OLIHIOETLCS 3a UMdPOBOIO
PEeNTMHIoBOoIO WKanot 6onto. OgHoYacHo 3a
[0MOMOrolo KOMM’K0TEPHOI nporpaMn npo-
BOAUTBLCA peecTpauis Ta umdppoBa 06pobka
NOKa3HMKIiB 3iHMYHOro pednekcy. Poanpa-
UbOBaHA METOAMKA EKCMpPEC-AiarHOCTUKN
BereTaTMBHOI peakuii NoanHn Ha 60NbLOBUA
CTpecop YychilwHo npoliwna anpobauilo B
YyMOBax CTOMATOJMOri4yHOI KniHiku Ha 50 po-
6poBosbuUaXx (puc. 4). BuseneHo ii Bucoky
iHpOPMaTUBHICTb.

BucHoBku. 3a [oMomorolo Komn'io-
TEPHO-NPOrpamMHoOro  3abe3neyvyeHHs pos3-
npauboBaHO EKCMpPec-MeToh [AiarHOCTUKM
3iHMYHOro pedrnekcy y BiANoBiab Ha Ajlo 60-
nbOBOro crpecopa. LLnaxom rpadiyHoi pe-
ecTpauii Ta undpoBoi 06POOKN OTPUMAHUX
[aHVX CTano MOXIVUBUM 06’ EKTUBHO OLHUTK
B YMOBAxX peasnbHOro 4acy BeretatuMBHy pe-
aKkuilo NanHn Ha 6inb. JOCTynHICTb 3anpo-
NOHOBAHOIO Cnocoby anromeTpii 403BONSE
MOro 3aCTOCOBYBATW Y NOBCAKAEHHIN KITiHIY-
HI NpakTnLi.

MepcnektMBun noganbWUX  AOCHI-
BAXeHb. Po3npauboBaHnii ekcnpec-MeTon

Puc. 4. MpoBeaeHHs NyninoanromeTpii y CTOMAaTONOr4YHOro xeoporo. 00’EKTUBHOI OLIHKM HOUMLLENTUBHOI peakuii

NOOVHM MOXe OYyTU LLIMPOKO 3aCTOCOBAHWUIA
Ons aiarHoCTukM 60/1b0BOT YYTNIMBOCTI Y CTO-

MepLi Tpn cekyHam nicns 3anycky aHanisy BineonoToky Biaby- MAaTONOFYHMX | XIDYPridHNX XBOPWX Mif, Yac

BaETLCH NiAPAXYHOK CEPEHbOro AiaMeTpy 3iHUL, OCKIiNbKKM BiH 3a-
JNIEXUNTb Bif, OCBIT/IEHHS TA EMOLINHOro CTaHy ngnHu. MNMpu ubomy
Ha nyninorpami He BioOGpaxaeTbca Hisika iHdopmauis. CepenHii

npoBeaeHHss cenaTuBHOI W aHTUOONLOBOI
Tepanii, Ta 9K KpuTepin edeKkTMBHOCTI NpPO-
BELEHOrO JliKyBaHHS.
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PO3POBKA EKCMNPEC-METOAY AIATHOCTUKU BOJIbOBOI PEAKLIT JTIOANHU

Mokpuk O. 9., 3annaTtuHcbkuii B. O.

Peslome. B cyyacHili MmeguumHi 3HayHa yBara nNpuainseTbcs po3pobLi 06’EKTUBHUX METOAIB AiarHOCTUKU
60/1b0BOI peakLii MOANHN — aNrOMETPUYHUM, SIKi BPaxXOBYIOTb ii KOMMOHEHTU: CEHCOPHWUIA, BEreTaTUBHUI, PyxO-
BWI, NCUXOEMOLLINHNIA. I[HHOPMATMBHUM METOLOM BMBYEHHS BEr€TaTUBHOI peakLii € NyninoMeTpis — AiarHoCcTuka
3MiH pPOo3MipiB 3iHMLj oka. [MepeBaroto nyninomMmeTpii, Ha BigMiHy Bif, OiNbLIOCTI TPAANLIAHNX METOAIB, € HE TiNbKK
peanisauis 06’EKTUBHOI i KiNIbKICHOI OLiHKM PYHKLiOHaNbLHOr0 CTaHy BEreTaTuBHOI HepBOBOi cuctemu (BHC), a i1
MOXJIMBICTb CKPMHIHIOBOIr0 AOCNIMXEHHS NCUx0di3ionorivHoro ctaHy B ymoBax 6051b0B0ro crpecy. byno nocras-
JNIEHO METY PO3p0o0bUTU 06’ EKTUBHUIA eKCNpec-MeTon, AiarHOCTMKM B0NMbOBOI peakLii NI0AVHU LWASXOM peecTpauii
3iHMYHOrO pednekcy 3a AOMNOMOrol KOMM IOTEPHO-MPOrpaMHoOro 3abeanedyeHHsa. [nsa Bidyanidaujii 306paxeHHs
3iHMLI OKa B YMOBax peasibHOro 4acy BUKOPUCTAHO €NeKTPOHHMN NOPTaTUBHUIM MIKPOCKOM, KNI NigKNI0YaETLCA
0o komn’totepa yepes USB iHTepdeiic. 3a 4ONOMOrow po3npaLboBaHOro KOMIM'IOTEPHO-MPOrpaMHoro 3abeane-
YEHHS CTas0 MOX/IMBUM NPOBOAUTU €KCNPEeC-AiarHOCTUKY BEreTaTMBHOI peakuii II0ANHN (3iIHMYHOrO pednekcy)
Ha gjto 60/1bOBOro CTpecopa B yMOBax peasnibHOro 4Yacy. Metoauka anrometpii 6yna anpobosaHa Ha 50 nobpo-
BOJIbLUAX B YMOBAX CTOMATOJIONYHOI KNiHikM. BusBneHo i BUCOKY iHPOpPMaTUBHICTb. JJOCTYNHICTL 3anponoHOBaHo-
ro 06’eKTMBHOIr0 MeToAy AiarHOCTMKM 600 [O3BOJISIE A0r0 3aCTOCOBYBATU Y MOBCAKAEHHIN KiHIYHIM npakTuLi.

Kniou4oBi cnoBa: 6051b0Ba peakujist NIoaUHN, 3iIHNYHWI pednekc, NyninoanroMeTpis, KOMN'I0TEPHO-NPOrpamMHe
3a6€e3MneyeHHs.
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PA3PABOTKA 3KCMNPECC-METOOA OUATHOCTUKU BOJIEBOI PEAKLIUN YEJIOBEKA

Mokpuk O. 9., 3annaTtuHckuii B. O.

Peslome. B coBpeMeHHOWN MeauUnHe 3HaYnTelbHoe BHUMaHne yaenseTcs pa3paboTke 00bEKTUBHbLIX METO-
[OB ANarHoCTUkM 6GONeBOM peakuym YenoBeka — airfOMETPMYHbBIM, KOTOPbIE YYNTLIBAIOT €€ KOMMOHEHTbLI: CEHCOpP-
HbIl1, BEreTaTMBHbIN, ABUraTENbHbIN, MCUX03MOLMOHANbHBIN. MHOPMAaTMBHBIM METOAOM U3YYEHNS BEr€TaTUBHOMN
peakumn ABRSeTcs NynuaIoMeTpus — AMarHocTuka M3MeHeHnn pa3mepoB 3padka rmasa. [NpenmmyLecTsom nynu-
JIOMEeTpUN, B OTINYME OT OONBLLUMHCTBA TPAAMLMOHHBIX METOAOB, ABMSIETCSA HE TONbKO peann3auus 00bekTUBHOM
1 KOJIMYECTBEHHOW OLIEHKU PYHKLIMOHANTbHOIO COCTOSAHUS BEreTaTUBHOM HepBHOM cuctemsl (BHC), HO 1 BO3MOX-
HOCTb MPOBEAEHNS CKPUHUHIOBOIO UCCNeaoBaHNs NCUXOPU3N0NorMieckoro COCTOSHNS B YCIIOBUSX OONEBOrO
cTpecca. bbina noctaeneHa uenb pa3padoTaTtb 0ObEKTUBHBIA 3KCNPECC-MeTo, AMarHoCcTuk 6oNeBon peakumm
yenoeeka NyTeM perucrpauum 3pavykoBoro pedrekca ¢ NOMOLLbIO KOMMbIOTEPHO-MPOrpaMHOro obecneyeHus.
Onsa Busyanusaumm n3obpaxeHnsa 3padka rnasa B YCNOBUAX PeasibHOro BPEMEHM MCMNONb30BaH 3NEKTPOHHbIN
MOPTaTUBHbLINA MUKPOCKOMN, KOTOPbLIA NOAKOYaeTCs K KoMnbioTepy Yyepe3d USB nHtepdeiic. C nomoulbio paspa-
60TaHHOro KOMMbIOTEPHO-MPOrPaMMHOI0 06ecrnevYeHms CTasio BO3MOXHbIM NPOBOAUTb 3KCMPECC — AMArHOCTUKY
BEreTaTMBHOW peakuuun YenoBeka (3padykoBoro pedrnekca) B OTBET Ha AencTBme 6G0NeBoro cTpeccopa B yCloBUsX
peanbHOro BpemeHn. Metoavka anromeTpum anpodbmpoBaHa Ha 50 nob6poOBoObLAX B YCIIOBUSX CTOMATONOrNYe-
ckol knnHukn. OHa nokasana BblICOKYI0 MHPOPMATUBHOCTb. JLOCTYNHOCTb NPEeasioXeHHOro 06bekTMBHOIO MeToaa
OMarHoCTUKK 601 NO3BOJISIET €ro NPUMEHSITb B MOBCEAHEBHOW KJIMHNYECKOM NpakTuke.

KnioueBble cnoBa: 60neBas peakumsi 4YesnoBeka, 3paqykoBblin pedrekc, NynuiioasroMeTpust, KOMMbIOTEPHO-
nporpamHoe obecrneyveHue.
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The Development of the Rapid Method of Diagnosis of Human Reaction to Pain

Mokryk O. Y., Zaplatynsky V. O.

Abstract. Introduction. The research of the human reactions to pain is a complex process. This problem is not
solved completely yet. Nowadays, subjective methods of evaluating pain are being mainly used in the clinic. By na-
ture these methods are verbal-symbolic: visual analogue, visual rank and verbal rank scales and others. However,
the patients may diversely assess their feelings that arise with the appearance of pain. It largely depends on their

16 BicHuk npo6nem Gionoriti MmeanunHmn — 2014 — Bun. 2, Tom 2 (108)



emotional condition. People having stress that is often accompanied by depression, anxiety, fear, oppression can’t
adequately assess pain: some may underestimate its influence, others tend exaggerating. This reality complicates
the assessment of pain intensity, that’s why much attention is paid to the development of the objective methods of
its diagnosis, in particular, to those that consider sensory, motional, autonomic, and psycho-emotional components
of pain.

Pupillometry (diagnosis of pupil diameter) is an informative method for studying human autonomic responses.
It is known that increased activity of the sympathetic innervation causes dilated pupils, while narrowing them testi-
fies about the increasing of parasympathetic tone. Psycho-emotional tension, fear, painful irritants cause mydriasis
(Parrot—-Robertson-symptom). We have chosen pupillary reflex (the most accessible object «open» for the direct
noninvasive research of the central nervous system [CNS]) as the object of study. The reaction of pupils to painful
aggravator is an unconditioned reflex that is not controlled by the cortex and therefore by the consciousness. At the
same time, this reaction is a unique and sensitive indicator of a wide range of physiological processes dependent on
the condition of sympathetic-parasympathetic balance. The advantage of pupillometry, in contradistinction to the
majority of traditional methods, is in the implementation of the objective and quantitative assessment of the func-
tional condition of the autonomic nervous system (ANS). Moreover, there is also a wide range of preferences while
administering pupillometry as the screening method of investigation of psychophysiological status.

No doubt, the realization of this mode of research using adequate approaches to the quantitative evaluation
of the functional condition of the ANS by registering eye dynamic parameters is actual, because it is aimed at the
solution of the important task of clinical medicine — estimation of the individual peculiarities of the condition of the
regulatory processes of human body in the circs of painful stress.

Considering the above, we set the goal to work out the objective rapid method of diagnosis of human reaction to
pain by registering pupillary reflex via computer software.

Materials and methods of research. 30 volunteers participated in the experiment. The reactions of the autonom-
ic nervous system (ANS) to painful stress were explored in those people. The stress was modeled with the help of
Trousseau’s test modified by A. V. Beletsky (2005). Pneumatic cuff was put on the shoulder, the pressure in the cuff
was being increased and maintained 50 % more, than systolic blood pressure, during 5 minutes. While the incentive
of pain was being brought in, the patients were evaluating their feels by numeric rating scale of pain. Simultane-
ously, we were observing the dynamics of enlargement of the pupil by calculating its diameter, velocity and duration
of this process. We have used portable electronic microscope Sigeta Gam — 01 (Taiwan) to get video stream with the
image of the eye in a real-time. The device was connected to the laptop through USB.

Video series fixed by the microscope consist of the sequence of frames with the effigy of the eye. The frames
arrive with the frequency of 2°Cadres per second that allows to measure diameter of the pupil every 500ms (0,5s).

The pupil stands out among the other parts of the human eye on the images of the video stream that helps to
gauge its diameter. In particular, the pupil differs substantially from the iris in brightness, namely the gradient value
on the circumference (the border of the pupil) is greater than the gradient value of the iris. This peculiarity allowed
to search the pupil as the dark circle on the effigy. We have applied the binarization of the frame to dissever the
black (the pupil) and the light (the iris) parts of the eye. In order to improve the accuracy of the identification of the
pupil we have worked out the algorithm of the searching of the gyre on the basis of Thales’ theorem. This theorem
affirms that the hypotenuse of a right triangle inscribed in a circle is the diameter of the circle and the midpoint of
the hypotenuse is the center of the circle. The algorithm consists of the following steps:

The binarization of the image (to separate the secondary objects from the main one on the effigy).

The search of the basic dots by masks (namely, the allotment of the points that are potentially the edges of the
gyre in the sundry quarters).

The determination of circle’s center and diameter.

We have made the decision to choose object oriented programming language — C # to create versatile software.

The convenient user interface was elaborated by programming environment — Microsoft Visual Studio 2012.

Results of the research. Computer software tool that graphically records the duration and the intensity of the
amplitude’s growth of the pupillogram (mydriasis) under the influence of external factors has been worked out by
means of mathematical processing of the video images of the pupil. This software tool was used to develop the
modes of pupillometry. The developed rapid method of diagnosis of autonomic human response to pain stressor
has successfully undergone approbation in the dental clinic that gave us a lot of beneficial information.

Conclusion. The developed rapid method of the objective evaluation of the nociceptive human response can be
widely applied to diagnose pain.

Key words: human reaction to pain, pupillary reflex, pupilloalgometry, computer software.
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