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Husax A.M. MarematnyHe Ta TporpaMHe 3a0e3MeueHHs MiITPUMKHU
HEUPOMOHITOPHUHTY IIiJT Yac omepalii Ha MUTonoaiOHIi 3an031l. — KBamidikaliiiHa
HAyKOBa Ipalls Ha [paBax PyKOIHUCY.

Huceprariiisi Ha 3100yTTS CTyNeHs A0KTopa (inocodii 3a crenianbHicTiO 121 —
[mxenepis mnporpamMHoro 3a0e3medeHHs — 3aXiIHOYKPAaiHCHKUN HaIllOHAJbHUM
yHiBepcureT, TepHomniis, 2026.

[linroToBka  3miiicHIOBajack  Ha  Kadeapi  KOMITIOTEPHMX  HayK
3axiIHOYKpaiHCHKOTO HAI[IOHAJIBHOTO YHIBEpPCUTETY MIiHICTEpCTBa OCBITH 1 HayKH
Ykpainu.

VY nucepTaiiifHii poOOTI pO3MVIIHYTO HAYKOBO-TEXHIYHE 3aBJIaHHS PO3pPOOKU
MaTEMaTHYHOTO Ta MPOrpaMHOro 3ale3neueHHs 1H(OpMAIfHOT TEXHOJoril Ta
IPOrPaMHO-ANapaTHOrO KOMIUIEKCY Ui MIATPUMKH HEHUPOMOHITOPUHTY TIJ Yac
oreparii Ha IUTONOAIOHIN 311031, K1 PO3IIUPIOIOTH (PYHKIIII IPOrpaMHO-arapaTHOro
KOMIUIEKCY Ul HaJAIITyBaHHS MapaMeTpiB EJIEKTPUYHOTO CTPyMYy, 3aJ€KHO BIJ
eJIEKTPO(i310JIOTIUHUX ~ BJIACTUBOCTEM TKAHMH TOJIA  XIPypriyHOro BTpYYaHHS
KOHKPETHOTO MaIli€eHTa Ta 3a0e3MeuyroTh KOHTPOJIb BIICTaH1 BiJ] TOUKH MOJIPa3HEHHS Ha
noJii xipypriunoro BTpydanHs go [II'H. Meroro muceprariiiHoro AOCTIKEHHS €
3HKEHHS pu3uky nowkomkenHs [II'H B mpoueci onepanii Ha mUATONOAIOHIH 3211031 y
croci0 po3poOJIeHHS MaTeMaTUYHOTO Ta MPOTPAMHOTO 3a0e3MeueHHs MporpamHO-
arapaTHOr0 KOMIUIEKCY JJIsi MIATPUMKMA HEMPOMOHITOPUHTY MiJ 4Yac omepaiii Ha
IMUTONOA10H1H 3a/1031.

VY BCTyI, HABEICHO aKTYyaJbHICHh TEMHU JTUCEPTAIIMHOTO AOCTIDKEHHS, METY Ta
OCHOBHI 3aB/IaHHS, & TAKOXK HAYKOBY HOBU3HY Ta MPAKTUYHY 3HAUYIIIICTb.

Y mepmioMy po3aiii MPOBEACHO ETajbHUN aHaNI3 Cy4aCHHX TEXHOJIOT1H
1HTpaoIepaniiHoro HEMPOMOHITOPUHTY Ta C(HOPMOBAHO MPAKTUYHI ACTIEKTH iXHBOTO
3aCTOCYBaHHA. 3a pe3yJibTaTaMd MPOBEJCHOI0 aHali3y BCTAHOBJIEHO, WIO
eJIeKTPO(]P1310IOTIYHUI METOJ MOHITOPUHTY € HaWOLIBII MEPCHEKTUBHUM IT11X0I0M

JUISl CYTTEBOTO 3HWKEHHS pU3UKY TPABMYBAHHS TOBOPOTHOI'O TOPTaHHOTO HepBa. Lleit
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MeTOJ nepeadayae Moapa3HEHHS TKAHWH y 30H1 XIPYpPTiyHOTO BTPYYaHHS MOOJIN3Y
MOBOPOTHOTO TOPTAHHOTO HEPBA 1 TOJIAJIBIIIE OI[IHIOBAHHS M’SI30BOT PEaKIIil MUITXOM
MOHITOPUHTY  CKOPOYEHHSI TOJIOCOBUX 3B’SI30K. JlIs 1bOro  MOHITOPUHTY
BUKOPHUCTOBYETHCA CIELiaTbHUM 3BYKOBHM ceHcop. Takox Oylno BCTaHOBJIEHO, IIO
4acToTa CJICKTPUYHUX IMITYyJIbCIB, SIKI BUKOPHUCTOBYIOTHCS JJIi  CTUMYJISIIT
MIOBOPOTHOTO TOPTAHHOI'O HEPBa, BapiIOETHCS 3aJIEKHO BiJ] KOHKPETHOTO KJIIHIYHOTO
BUIIAJIKY, TIPOTE 3arajloM KOJHMBAETHCS BiJl KUTBKOX OAMHUIH IO KITBKOX JIECATKIB
repil.

HactynHa yactuHa po3aiy MICTHTh OIJISIT ICHYIOUHX MpPOTrpaMHO-anapaTHUX
KOMITJIEKCIB,  OlOMEIWYHMX  TPWIAAiB Ta  CHCTEM, MEIUYHUX  CHUCTEM
1HTpaomneparifHoro HEHPOMOHITOPUHTY. 3ayBa)K€HO, 1[0 BCl CHCTEMHU HAIliJICHI Ha
3a0e3neueHHsl Oe3MeKu TallieHTa Ta 3HWKEHHS pu3uky nomkompkenns [II'H.
Po3risiHyTO SIK yHIBEpCaibHI CACTEMU MOHITOPUHTY, CHCTEMU MEAUYHOI J11arHOCTUKH,
a TaKOX CHUCTEMH, OPIEHTOBAHI BUKIIOYHO HA MOHITOPUHI TOBOPOTHOTO FOPTAHHOTO
HepBa. OcTaHHI, SK MPaBWIO, MOOYI0BaHI Ha 0a3i OJHOIUIATHHX KOMIT IOTEPIB Ta
BUKOPUCTOBYIOTh €JIEKTPO(DI310JI0TTYHUI METO/ MOApPa3HEHHS Ta 3BYKOBHIl CEHCOD,
BCTAHOBJICHUHW B €HJOTpaxeaybHIN TPYOIll, I peecTparii peakitii. Y X0l aHamizy
c(hopMyJTbOBAaHO OCHOBHI HEIOJIKA Ta OOMEXKEHHS LHUX ICHYIOUUX MpOrpamMHO-
amapaTHUX pIIeHb, M0 € KPUTUYHO BAXKIMBUM IS TMOAATBIIOTO MPOEKTYBAHHS
¢(hEKTUBHIIITUX CUCTEM.

VY 3akIr0uHIf YaCTUHI TIEPIIOro PO3/UTy, Ha TiJCTaBl MPOBEICHOr0 aHaJli3y Ta
BUSIBJICHUX HEIOIIKIB ICHYIOUUX PIIICHb, 3/[IHCHEHO MOCTAHOBKY HAYKOBO-TEXHIYHOTO
3apnanHa. CdopmynabOoBaHO METy Ta OCHOBHI 3aBJaHHS JAHMCEpTaIliiHOro
nocnimkeHHs. HaBeneHi BUCHOBKY y3arallbHIOIOTh PEe3yJIbTaTH OTJISITY JTiTepaTypHUX
JUKEpeNl  Ta  OOIPYHTOBYIOTh  aKTYyalbHICTh  PO3POOKHM  HOBOI  CHCTEMHU
1HTpaornepaniiHoro HeHPOMOHITOPHUHTY.

VY pe3ynbTaTi IpOBEACHOI0 aHalI3y ICHYIOUHMX TEXHOJIOT1H 1HTpaonepaniiHoro
HEHPOMOHITOPUHTY TOBOPOTHOTO TOPTAHHOTO HEPBa, HABEJACHOTO Yy PO3ILIL
NEepIIOMY, BUSBICHO 3HAYHI OOMEKEHHS IXHBOTO (DYHKIIIOHYBaHHs. 30KpeMa, HasiBH1

3aco0M MOJIETIOBaHHS €NeKTPOd1310J0TIUHUX XapPAKTEPUCTUK TKAHUH XIPYPTi4HOTO
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noJisi, sIKi 6a3yr0ThCsl Ha PI3HULEBUX a00 aNreOpUYHUX PIBHSHHSX, OMUCYIOTh JIUILE
PO3MOMLT XapakTepucTuK iHpopMarlliiftHoro curdary. [IpoTe, OCKUTbKN MO0y 10BaHUM
pO3MOALT HE Ma€ BI3yaJlbHOI TPHUB’SI3KM JI0 KOHKPETHUX TKAHWH, BIH HE Ja€
MO>KJIMBOCTI XIpYPTy Y MOTO aCUCTEHTY YITKO 3pO3YMITH MOJIOKEHHS HEepBa Ha MOJIi
BTpPYYaHHS.

JIns yCyHEHHsT UbOTO KPUTHYHOTO HEIOJIKY OOIPpYHTOBAHO JIOIUIbHICTh
pPO3pOOKM Ta BOPOBAIKEHHA B 1H(QOpPMAIIIHY TEXHOJOTIIO 1HTpaoINepaliifHOro
HEHPOMOHITOPUHTY HOBOI MaTeMaTH4YHOI MOJeNl, sika O J103Bojsija BU3HAYaTH
BIJICTaHb BiJl TOYKH MOJpPa3HEHHS TKAHWH E€NEKTPUYHUM CTPYMOM JI0 TIOBOPOTHOTO
TOPTAaHHOTO HepBa. Taka MOJenb IMOBMHHA KOMIUIEKCHO BiJI0OpakaTu IMpoLec
NOIIUPEHHS E€JIEKTPUYHOI0 MOTEHIlaly B TKaHUHAX XIPYpriYHOTO MOJS, a TaKOX
dbopMyBaHHS aKyCTUYHOT'O CUTHATY BHACIIIOK CKOPOUEHHS TOJIOCOBHUX 3B’ SI30K.

VY npyromy po3aini HaBEIEHO Pe3yibTaTH JOCHIKEHb MPOIIECIB eIeKTPUIHOI
CTUMYJISILIT TKAHWH TIOJIA XIPYpPriyHOTO BTPYYaHHS Ta PO3MOALUTY EJIEKTPUYHOTO
CTpyMy B TKaHMHax. Ha OCHOBI eKCHepHUMEHTaIbHUX JOCHTIIKEHb BCTAHOBJIEHO, IO
30y/DKEHHS HepBa 3aJIeKUTh BiJl BIJCTaH1 BiJl TOYKH MOAPAa3HEHHS Ha TKAHWUHAX TOJIS
xipypriudoro Brpy4yanHs A0 [II['H i BiAMOBIAHO aKyCTHYHMI CHUTHAJ, SIK peakilis Ha
MOJIPAa3HEHHS] TKaHUH MOJIsl XIPYypriYHOTO BTPYUYaHHs, KU (POpPMYyeTbCsl BHACIIIOK
PO3TATHEHHS TOJOCOBUX 3B 30K Ta MPOXO/KEHHSI MOBITPSl Yepe3 ropTaHb Nalli€HTa,
€ 1HIUKATOPOM Ili€l BifcTaHi. BHU3HA4Y€HO OCHOBHI XapaKTEPUCTUKH aKyCTUYHOTO
CUTHAIly, BIJ SKUX 3aJ€KUTh L BIJACTaHb: aMIUNITyJa aKyCTUYHOTO CUTHAIIy Ta
aMILTITy/1a HOTO TOJIOBHOI CIIEKTPAIbHOI CKJIa10BOI.

Y upoMy XK pPO3ILTl, COUPAIOUMCh HA MPUITYIIEHHS, L0 TPYHTYIOTHCS Ha
HEUPOXPOHAKCUYHIA  Teopii  yTBOpPEHHS  roJjiocy, po3pobieny IOccoHowm,
3allpOIIOHOBAHO Ta OOTPYHTOBAHO CTPYKTYPY IHTEpBaJIbHOI MaTeMaTHMYHOI MoOJei
MOIIMPEHHS EJEKTPUYHOr0 TOTEHINady B TKaHWHAX OMEparlifHoOi paHd IMiJ Yac
NOJPA3HEHHS iX IMIYJbCHUM EJIEKTPUYHUM CTPYMOM Ta (OPMYyBaHHS peakiii Ha
NOJIpa3HEHHS TOJOCOBUX 3B’SI30K Yy BUIJIAI aKyCTUUHOTO CUTHATY. 3alpONOHOBaHA
CTPYKTypa € IHTEpPBAIILHUM PIBHSHHSAM 3 JJBOMA aJINTUBHUMU KOMIIOHEHTaMH: BUpa3,

KWW OMUCYE MOMUPEHHS eJIEKTPUIHOTO MOTEHITIATY B TKAHWHAX TOJISI XIPYPTi4HOTO
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BTPYYaHHs; BUpA3 y BUIIIAMI KBAaIpPAaTUYHOI 3aJI€KHOCTI MK BIJICTAHHIO BiJI TOYKHU
noapasHeHds TkanwH J0 [II'H Ta 3HaYeHHSM MakCUMaabHOI aMIUIITYJIH TOJIOBHOI
CHEKTPAJIbHOI CKJIJ0BOI aKyCTHYHOro curHaiy. llpuuomy, y mnepmomy Bupasi
HEBIJOMUMHU KOe(illI€EHTAaMH € KOeQIIIEHT o 3aTyXaHHS eJIEKTPUYHOTO CUTHATY, SIKUH
3aJIC)KUTh BiJ THIY TKaHUH, Ta KoeillieHT K, sSKui XapakTepu3ye CepeOBHILE
NOIIMPEHHS E€JIEKTPUYHOTO CUTHANy Ta XapaKTEpPUCTUKH 3ac00iB CepeaoBHILA
NEPETBOPEHHHS E€JIEKTPUYHOTO CUTHAJIYy B aKkycThuyHuil. Ha mizncraBi oOrpyHTOBaHO1
CTPYKTYpH MaTeMaTH4YHOI MOJEINi, HaBEJICHO MiAX1J 10 1IeHThdIKaIli 1HTepBaIbHOI
MaTeMaTUYHOI MOJEeNl TMOUIMPEHHS E€JIeKTPUYHOrOo TMOTEHIaly B TKAaHMHAX
orepariiHol paHu MijJ Yac MOJApa3HEHHS iX IMIYJIbCHUM €JIIEKTPUYHUM CTPYMOM Ta
dbopMyBaHHs peakiiii Ha MOJAPa3HEHHS TOJOCOBUX 3B’SI30K Yy BUIJISAI aKyCTUYHOTO
CUTHaJy, fIKa Ha BIAMIHY BiJ ICHYIOUMX MOJICIIOE 1HTEPBAJIbHY BIiJCTaHb B TOUYKHU
noApaszHeHHs g0 III'H B 3ameXHOCTI BiJ aMIUNTYId aKyCTHYHOTO CHUTHAIIy Ta
aMIUTITYIM Oro TOJIOBHOI CIIEKTPaJIbHOI CKJIA/I0BOI, 1 3a0e31euye 3HUKEHHS pU3HKY
nomkokeHHs [II'H B mporieci XipypriqyHoro BTpy4aHHs Ha MUATOMOMI0HINH 3aJ1031.

J{ns cripottieHHs iporeAypH 11eHTUdIKaIlll IHTEPBaIbHOI MOJIE, Y 3aKJIFOYHIN
YaCTUHI PO3/UTY HAaBEJCHO pE3yJbTaTh PO3POOKHM HOBOTO METOMY imeHTHdIKaIii
IHTEpBaJIbHOI MAaTEMAaTUYHOI MOJENl MOUIMPEHHS EJIEeKTPUYHOrO MOTEHIIady B
TKaHUHAaX oOmepamiiHol paHu Ta (GOPMYBaHHS pPEaKlli HAa MOJPA3HEHHS TOJIOCOBUX
3B 30K Yy BUIJISI/I1 aKyCTHUHOTO CUTHAITY, SIKM Ha BIIMIHY B1Jl ICHYIOUUX IPYHTY€ETHCS
Ha TO€IHAHHI aHANI3y IHTEPBAJbHUX JAHUX Ta OHTOJOTIYHOMY MIAXOMAl, L0 Y
CYKYMHOCTI 3HIDKYE Yac HalaImTyBaHHS MOJIEII TT1]] 0COOJIMBOCTI TKAHUH OTIEPAIiifHOT
paHu marfieHTa 1 3a0e3nedye BUKOPUCTAHHS ITi€]l MOJENl B MPOTPAMHO-anapaTHOMY
KOMILJIEKCI JIJIsl 3HWKEHHS pU3UKY nomikoakenHs [1T'H.

VY TpeThoMy PO3aisli PO3KPUTO CYTh 1 MPUHITUIIN OpraHizaiii 3alpornoHOBaHOT
iH(dOpMaIlIiHOT TEXHOJIOrli 1HTpAaoNepaliiHOr0 HEUPOMOHITOPUHTY. VY cXemy
TEXHOJIOT1i BBEJIEHO JBa KIIIOUOBI KPOKHU: aJaNTUBHE HAJIAIITYBaHHS IapaMeTpiB
CTPyMy IIOJIpa3HEHHS Ta OIlIHKA BIJCTaHI BiJi TOYKH TMOJPA3HEHHS Ha MOJI
XIpYpriuHOro BTPYUYaHHs 10 HOBOPOTHOI'O TOPTAHHOI'O HEPBA.

[Ipouienypa OIIHKHM BIiACTaHI IPYHTYEThCS HAa BUKOPUCTAHHI MaTEMATHYHUX
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Mojesei, po3pobieHux y napyromy posauiti. Kpim Toro, nerambHO pO3TISHYTO
NUTAHHS AJalTUBHOIO HAJAIITyBaHHS MapaMmeTpiB IMIYJIbCHOIO CTPYMY 3 METOIO
BU3HAUYCHHSI ONITUMAaIbHOT YaCTOTH CJIITyBaHHS IMITYJIbCIB JJIsI CTUMYJISIII.

Takox y 1IbOMY PO3/IiJTi 3aIIPOIIOHOBAHO Ta OOTPYHTOBAHO METOJ] Ta aJITOPUTM
ONTUMAJBHOTO MPOTPAMHOIO HAJAIITyBaHHA 4YacTOTH CIiJyBaHHS IMITYJIbCIB
€JIEKTPUYHOIO CTPYMY, SIKMUM MOAPA3HIOIOTh TKAHUHM TOJISI XIPypriyHOTO BTPYYaHHS
nig yac iHTpaomepaiiiinoro MoHitopuHry [I['H, sxuii Ha BigMiHy BiJ 1CHYIOUHX
aJanTye mapaMeTpu IMITYJILCHOTO CTPYMY I €1eKTpOo(di310J0TIUHI XapaKTePUCTUKU
TKaHUH TMOJISI XIPYpPriuHOTO BTPYYaHHS KOHKPETHOTO Talll€eHTa, 10 3a0e3nedye
MIBUIIEHHS YYTJIMBOCTI TKaHWH JO TOJAPA3HEHHS 1 B IUUIOMY 3HW)KCHHS PU3UKY
nomko xeHHs 11'H.

V 3aBepiuaibHiil YaCTHHI LHOTO PO3ALITY HaBEIEHO PEe3yIbTaTH YI0CKOHAICHHS
apXITEeKTypH MPOrPAMHOTO Ta amapaTHOro 3a0e3MEeUeHHS MPUCTPOI0 MiATPUMKHU
iHTpaomnepaniinoro Monitopunry I1I'H, siki Ha BigMiHy BiJ ICHYIOUMX 3a0€3MeUniin
IiTicHe (PYHKI[IOHYBaHHS KOMIUIEKCY, peamizaiiio (QyHKIiH amanraiii mapameTpiB
IMITYJIbCHOTO CTPYMY TiJl €JeKTpOo(di310JIOTriuHl XapaKTePUCTUKA TKAHUH TIOJIS
XIpYpTi4HOTO BTPyYaHHSI KOHKPETHOTO TallieHTa Ta OOYUCIICHHS BIACTaH1 BiJ] TOYKU
nonpasneHHs no [1I'H, mio y cykymHOCTI TTiABUINKIIO XapaKTEPUCTUKY Y)KUTKOBAHOCTI
KOPUCTYBa4€M CHCTEMH MIATPUMKH 1HTPAONEPaIifHOrO MOHITOPUHTY 1 MOXJIUBICTh
3HWKEHHSI pu3uKy nowmkokeHHs [I['H. BusHaueHo XapakTepuCTUKUM KOMIIOHEHT
anapaTHOro 3a0e3nedeHHs JUisl IPUCTPOLO 1IHTpaomnepauiitnoro Mmonitopunry I1I'H, siki
3a0e31meuyoTh HiTiCHEe (YHKIIIOHYBaHHS KOMIUIEKCY B PEKUMI OHJIAlH Ta HABEACHO iX
crierudikaIio.

Y 4yerBepTOMY pPO3AUT HaBEAEHO OCOOJMBOCTI MOOYJOBU MPOrpamMHO-
amapaTHOro KOMIUIEKCY 1HTpaomepaliiiinoro MoniTopunry I[II'H Ta opranizamii
KOpUCTyBallbkoro iHTepdericy. PeanizoBaHO mOporpaMHO OCHOBHI  (DYHKITIi
IPOrpaMHO-aNapaTHOTO KOMILIEKCY: MpOTpamMHe yIpaBIiHHS MPOLIECOM I'eHepyBaHHS
IMITyJIbCHOTO ~ €JIEKTPUYHOTO CTPYMY 3 METOI0 IMOApPA3HEHHS TKaHUH TOJs
XIpypriyHOro BTpy4YaHHsS; TMpOTpamMHEe HAJIAINTYBaHHA ONTHUMAJbHOI YacTOTH

IMITyJIbCHOTO CTPYyMY, 3 METOIO ajamnTailii miJ eJeKTpodi3ioJ0oTiuHI BIACTUBOCTI



7

TKaHWH TIOJIS XIPYPridYHOTO BTPYyYaHHS TAaIllEHTAa Ta JOCSITHEHHS MaKCHUMAaJIbHOI
YYTIAUBOCTI MIOJO PEAKIlli HAa TMOJpa3HEHHS Yy BUXIJHOMY aKyCTUYHOMY CHUTHAJI;
OTpPUMAaHHS 3a JIONMIOMOTOK 3BYKOBOI'O CEHCOPY 1H(GOpPMAaIIMHOrO (aKyCTHUYHOIO)
CUTHaJly — peaklii Ha TMOJApa3HEHHs TKAHWH TOJS XIPYpriyHOro BTpYYaHHS,
NEPETBOPEHHS 1[LOTO CUTHAIY A0 HU(GPOBOTO BUIJISAY; BUBEIACHHS aKyCTHYHOI'O
CUTHAJly Ha TYYHOMOBEIlb, 3 METOI0 Ipy0Oi OI[IHKM XapaKTepy TKaHUH TOYKH
HOJIpa3HEHHs] KOPHUCTYyBaueM (XIpyprom, 4d acCHCTEHTOM XIpypra); ONpalloBaHHsS
iH(QOpMaIIITHOTO CHUTHATY, NEPETBOPEHOro 10 HHUGPOBOTO BHUIJISAAY, 3 METOIO
CerMEHTallli, BU3HAUYEHHA AaMIUITyAd Ta OCHOBHOI CHEKTpaJbHOI CKJIAJOBOi 3
MaKCUMAaJIbHOIO aMILTITy1010; 0OYMCIICHHS BIJCTaH1 Bl TOUYKH TOJIPA3HEHHSI HA MO
xipypriunoi panu a0 III'H Ta kmacudikamiss TKaHUH y TOYI MNOAPA3HEHHS;
Bi3yaii3allis pe3yJbTaTiB OMNpalloBaHHS 1H(QOPMAIIIHOIO CUTHANly; 3amuC YCIX
pe3yJIbTaTiB MOAPa3HEeHH TKaHUH Yy (aiii, 3 JOCTYIOM uepe3 BeO-CepBic.

VY 1upoMy po3aiTl TakoX HaBEJEHO MPUKiIaj MOOYAOBU 1HTEPBaIbHOI MOJETI
MONIMPEHHS EJIEKTPUYHOTO TMOTEHINaTy Ta (OpMyBaHHS aKyCTHYHOTO CHUTHAIY B
1H(pOopMaIliiiHIi TeXHOJIOT] iHTpaonepauiiHoro MmoHitopuHry I[1I'H, sikuii rpyHTy€eThCS
Ha BUKOPHCTAHHI OHTOJIOTIYHOTO OMHUCY TOKAa3iB JI0 OMEPATHMBHOTO BTPYYaHHS Ha
UTONOA10HIH 3a51031. HaBeneHo pes3ynbTaTu MOJISTIOBAHHS.

VY 3aBepmanbHIid 4YacTUHI PO3AUTY HABEACHO pE3YJIbTAaTH JOCHIIKEHHS
e(eKTUBHOCTI BUKOPUCTAHHSI TPOTPaAMHO arapaTHOTO KOMILIEKCY 1HTpaoIepaIiinoro
MoHiTopunry I1T'H. [1opiBHsIBHA OIiHKA KIIBKOCTI Tape31B rOpTaHi Ta CIPUYMHEHUX
HUMHU TIOpYIIeHb (OHAIli TICIs XIpYpPridHOTrO JIKyBaHHSA 300a y JABOX Tpymax 3a
nepion 3 2009 mo 2023 pik. [lepma rpyma Bkirodana mamieHTtiB, y skux [II'H
(MOBOPOTHHMI TOPTAaHHUM HEPB) BU3HAYAJIM JIMILE BI3yaJbHO MiJI Yac omepaiii Ha
IIUTONOAI0HIH 3a5031. [[pyra rpymna BKitouasia Nmaiie€HTiB, SIKUM TMPOBOMIM OTepartii
Ha MUTONOAIOHIN 3ay1031 3 BUKopuctanHsaM [OHM IIT'H 1 30BHIIIHIX TUIOK BEpXHIX
TOPTAaHHUX HEPBIB 13 BHUKOPHUCTAHHSIM pPO3pOOJEHOr0 MPOrpaMHO-aNapaTHOro
KOMITJIEKCY. AHaJII3 KUTBKOCTI YIIKO’KEHb TOPTAHHUX HEPBIB y 000X IrpyIiax Mmokas3as,
110 B rpymi 3 BukopuctanusiM IOHM Ha 0CHOBI po3p006JI€HOT0 MTPOTPaMHO-aapaTHOrO

KOMILJIEKCY BOHU Oynu B 2,5 pasa MEHII, HIXX y TPyl MAIi€HTIB, SKUM OIepartii
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BUKOHYBAJIM 3 Bi3yaJIbHOIO 1IeHTU(IKAIlI€I0 HEPBIB. 3arajoM MopymeHHs (oHarii y
MAII€HTIB MEPIIOoi TPYIU CIOCTepiramucs y 22 Bumajakax, mo crtaHoBuio 10,6% Bin
Yyycja ONEpPOBAaHMUX IMAIIEHTIB, a y MAIlIEHTIB JPYroi rpymnu crocTtepiraiucs y 9
Bunaakax (4,5%) ylkopkeHb TOPTaHHUX HEPBIB B1J YMCIIA ONEPOBAHUX IAIII€HTIB.
Takum umHOM, pu3uk ymkomkeHHs [II'H 6e3 BukopuctaHHs po3poOJICHOTO
MIPOTPaMHO-AIapaTHOIO0 KOMILUIEKCY, 0OUMCIIeHUI Ha (hiKCOBaHiil BUOIPIN MAIli€HTIB
ckiagae 10,6%, a y Bumagky Moro 3actocyBaHHs, ycboro 4,5%, mo BKa3zye Ha
3HWKEHHS PU3UKY, TPUOJIU3HO y 2,5 pasiB.

VY BHUCHOBKaX cpopMyJIbOBAHO OCHOBHI pe3yJIbTaTH AUCEPTALIHHOI poOOTH.

KiarouoBi ciaoBa: iHdopmamiiiHa TEXHOJIOTiS, CHCTeMa, apXIiTeKTypa
porpamMHoOro 3abe3nedyeHHs, MporpaMHi 3aco0u, MPOrpaMHO-aNMapaTHU KOMILIEKC,
MaTeMaTUYHa MOJIeb, MOJICTIOBAHHS, 1HTEPBAJIbLHUN aHaIi3, OHTOJOTIYHUN TIX1]I,
imeHTudikaris, onTUMizailis, MUTONOAIOHA 3a103a, MOBOPOTHUN TOpPTaHHUN HEPB,
1HTpaomnepaiiHuii MOHITOPUHI, KOHTPOJIEp, CEHCOp, HAAINHICTh, BIJCYTHI JaHi,
00poOka maHux, OlOMEIWYHI MPHIATA Ta CHCTEMH, MEIWYHI CHCTEMH, Oe3leKa

naii€eHTa, MEM4Ha J1arHOCTHKA, cepBep, Redis, Mikpocepsicu, BeO.
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ANNOTATION

Dyvak A.M. Mathematical and software support for neuromonitoring during
thyroid surgery. — Scientific work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy in the specialty 121 — Software
Engineering — West Ukrainian National University, Ternopil, 2026.

The research was carried out at the Department of Computer Sciences of the
West Ukrainian National University, Ministry of Education and Science of Ukraine.

The dissertation addresses the scientific and technical task of developing
mathematical and software support for the information technology and hardware-
software complex for intraoperative neuromonitoring during thyroid surgery. This
system extends the functions of the hardware-software complex for adjusting electrical
current parameters based on the electrophysiological properties of tissues in the
surgical field of a specific patient and provides control of the distance from the
stimulation point to the recurrent laryngeal nerve (RLN). The aim of the research is to
reduce the risk of RLN injury during thyroid surgery through the development of
mathematical and software support for the hardware-software complex for
intraoperative neuromonitoring.

The introduction presents the relevance of the dissertation topic, its aim and
main objectives, as well as the scientific novelty and practical significance.

The first chapter provides a detailed analysis of current intraoperative
neuromonitoring technologies and practical aspects of their application. The analysis
showed that the electrophysiological monitoring method is the most promising
approach to significantly reduce the risk of RLN injury. This method involves
stimulation of tissues in the surgical field near the RLN and subsequent evaluation of
the muscular response by monitoring vocal cord contractions using a specialized
sensor. It was also found that the frequency of electrical pulses used for RLN
stimulation varies depending on the clinical case, generally ranging from a few to
several tens of hertz.

The chapter further reviews existing hardware-software complexes, biomedical
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devices and systems, and intraoperative neuromonitoring systems. It is noted that all
systems aim to ensure patient safety and reduce the risk of RLN injury. Both universal
monitoring systems and medical diagnostic systems, as well as systems specifically
focused on RLN monitoring, are considered. Most of these systems are based on
single-board computers and use electrophysiological stimulation with a sound sensor
integrated into the endotracheal tube to detect responses. The main limitations of these
existing solutions were identified, which are critical for designing more effective
systems.

At the end of the first chapter, based on the analysis and identified shortcomings
of existing solutions, the scientific and technical task was formulated, defining the aim
and main objectives of the dissertation. The conclusions summarize the literature
review results and justify the relevance of developing a new intraoperative
neuromonitoring system.

The analysis of existing RLN neuromonitoring technologies in the first chapter
revealed significant limitations. Specifically, current methods of modeling the
electrophysiological properties of surgical field tissues, which are based on difference
or algebraic equations, only describe the distribution of information signal
characteristics. Since this distribution lacks visual reference to specific tissues, it does
not allow the surgeon or assistant to accurately determine the nerve’s location in the
surgical field.

To address this critical limitation, the development and implementation of a new
mathematical model in intraoperative neuromonitoring technology was justified. This
model enables the determination of the distance from the stimulation point in the
tissues to the RLN and should comprehensively represent both the propagation of
electric potential in the surgical field tissues and the formation of an acoustic signal
due to vocal cord contraction.

The second chapter presents the results of studies on the electrical stimulation
of tissues and the distribution of electrical current. Experimental results show that
nerve excitation depends on the distance from the stimulation point to the RLN, and

the resulting acoustic signal generated by vocal cord contraction serves as an indicator
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of this distance. The key signal characteristics affecting this distance are the amplitude
of the acoustic signal and the amplitude of its main spectral component.

Based on assumptions from the neural chronaxie theory of voice formation
(Yusson), the structure of an interval mathematical model was proposed and justified
for the propagation of electric potential in the surgical tissues during pulse stimulation
and for the generation of the acoustic response of vocal cords. The proposed structure
consists of an interval equation with two additive components: one describing the
propagation of electric potential in the surgical field tissues, and another representing
a quadratic relationship between the distance from the stimulation point to the RLN
and the maximum amplitude of the main spectral component of the acoustic signal. In
the first component, the unknown coefficients are a (signal attenuation, depending on
tissue type) and k (describing the propagation medium and the conversion
characteristics of the signal to an acoustic response). Based on the proposed model
structure, an approach for identification of the interval mathematical model was
developed. Unlike existing models, it simulates the interval distance from the
stimulation point to the RLN based on the amplitude of the acoustic signal and its main
spectral component, thus reducing the risk of RLN injury during thyroid surgery.

To simplify model identification, a new method was developed that combines
interval data analysis with an ontological approach, reducing the time required to adapt
the model to the patient-specific tissue characteristics and enabling its use in the
hardware-software complex to reduce RLN injury risk.

The third chapter describes the principles and organization of the proposed
information technology for intraoperative neuromonitoring. The technology involves
two key steps: adaptive adjustment of stimulation current parameters and estimation of
the distance from the stimulation point to the RLN. The distance estimation procedure
Is based on the mathematical models developed in chapter two. Additionally, adaptive
adjustment of pulse frequency is considered to determine the optimal stimulation
parameters.

A method and algorithm for optimal software adjustment of stimulation pulse

frequency were proposed. Unlike existing methods, it adapts pulse parameters to the
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electrophysiological properties of the patient’s surgical tissues, improving tissue
sensitivity to stimulation and reducing RLN injury risk.

The final part of the chapter presents improvements to the architecture of the
hardware-software complex for RLN intraoperative monitoring. These improvements
ensure integrated functioning of the system, adaptation of pulse parameters to tissue
characteristics, and calculation of the distance from the stimulation point to the RLN,
increasing usability and reducing RLN injury risk. Specifications of the hardware
components are provided.

The fourth chapter details the design of the hardware-software complex and the
user interface. The software implements key functions: control of pulse generation for
tissue stimulation, adaptive adjustment of pulse frequency for maximum sensitivity,
acquisition of the acoustic signal via the sensor, digital conversion, visualization, and
storage of all results accessible via web services.

An example of building an interval model of electric potential propagation and
acoustic signal formation is presented, based on the ontological description of surgical
indications. The results of modeling are shown.

The final section presents the evaluation of the system’s effectiveness. A
comparative analysis of RLN paresis and resulting voice disorders was conducted in
two patient groups from 2009 to 2023. The first group underwent thyroid surgery with
visual identification of the RLN, while the second group used IONM with the
developed hardware-software complex. RLN injuries in the IONM group were 2.5
times lower than in the visual identification group: 10.6% vs. 4.5%. This demonstrates
that using the developed system reduces RLN injury risk by approximately 2.5 times.

Evaluation of the developed system showed a reduction in RLN injury: in a
comparison of two patient groups (2009-2023), RLN injuries in patients monitored
with the proposed system were 4.5% versus 10.6% in the visually identified group,
demonstrating a 2.5-fold risk reduction.

Keywords: information technology, system, software architecture, software
tools, hardware-software complex, mathematical model, modeling, interval analysis,

ontological approach, identification, optimization, thyroid gland, recurrent laryngeal
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nerve, intraoperative monitoring, controller, sensor, reliability, missing data, data
processing, biomedical devices and systems, medical systems, patient safety, medical

diagnostics, server, Redis, microservices, web.
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