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1. MaremaTuyHe Ta IporpamHe 3a6e3Me4eHHs MiATPUMKI HEPOMOHITOPUHTY MiJ| yac onepauii Ha MUATONOoAi6Hi
3a7103i

2. Mathematical and software support for neuromonitoring during thyroid surgery

Pedepar:

1. 1.V nucepraniiiziil po60Ti pO3B'sI3aHO HAYKOBO-TEXHIUHE 3aBJJaHHS PO3POOKMA MAaTEMATUYHOTO Ta IPOrPAMHOr0O
3a6e3neyeHHs iHPOpMaLIiiHOI TEXHOJIOTI] Ta MPOrpaMHO-anapaTHOTO KOMILIEKCY ISl IiATPUMKI
HEPOMOHITOPUHTY IIiJi yac oneparii Ha IUTONOAIOHIi 321031, sIKi po3MUPIOI0Th PYHKIII IPOrpaMHO-anapaTHOTO
KOMIIJIEKCY [1J151 HJIAITyBaHHS IapaMeTpPiB €JIEKTPUYHOrO CTPYMY, 3aJIEKHO Bif|, €71eKTPO(i3ioIoriyHux
BJIACTMBOCTEY TKAHVH I0JIS XipypriYHOro BTPYYaHHS KOHKPETHOTO MallieHTa Ta 3a6€3Me4yI0Tb KOHTPOJIb BifJCTaHi
BiJl, TOUKU 10 pa3HEeHHS Ha I10JIi XipypriYyHOro BTPy4YaHHS 4O IOBOPOTHOTO rOpTaHHOro Hepsa (masi — [1TH).
O6’eKxTOM OCIIIIPKEHHS € IPoLiecH iHTpaonepauiiiHoro HeiipomonitropuHry I1I'H iz yac xipypriuHoro BTpy4aHHs

Ha H.lI/ITOI'[OILi6HiI71 3aJ103i. Hpe,[[MeTOM ,I[OCJ'HJ_DKCHHH € MATEMATUYHE Ta IIPOTPAMHE 3abe3redyeHHs IIporpaMHoO-



arnapaTHOro KOMIUIEKCY ISl MiATPMMKY HEIPOMOHITOPUMHTY Mif 4ac omepaii Ha IMUTONOLAi6HIN 3a7103i. Y Mexxax
IycepTauifiHoi po6OTH BIeplle po3pobJIeHO iHTepBabHy MaTEMAaTU4YHY MOJI€JIb TIOLIMPEHHS €JIeKTPUYHOTO
IIOTEHIialy B TKAHWHAX OI€paLifHOl paHu IMif, 4ac iX oJgpa3sHEeHHS iMITyJIbCHAM €JIEKTPUYHUM CTPYMOM Ta
(opMyBaHHS peaklii Ha MOAPa3HEHHS F'OJI0COBUX 3B'SI30K Y BUTJISIi aKyCTUYHOTO CUTHAJLY, SIKQ, Ha BiIMiHY Bif
ICHYIOUMX, MOZEJIIOE iIHTEPBAJIbHY BilICTaHb Bill TOYKU noapasHeHHs 1o [1I'H 3aymexxHo Big aMILITy gy akyCTUYHOTO
CHTHAJIy Ta aMIUJITyAU 0ro TOJIOBHOI CIIEKTPaJIbHOI CKJIalOBOI i 3abe3Ieuye 3HKEHHS PU3UKY noukoakeHHs [1TT'H
B IIPOLieCi XipyprivHoro BTpy4aHHs Ha WUTONOAi6HIN 3a103i. Ha ocHOBI Liei Mopesi po3po6sieHO Ta O6IPYHTOBAHO
MeToJ inenTudikauii iHTepBaJbHOI MATEMATUYHOI MOZEJIi MOIIMPEHHS €JIEKTPUYHOrO NOTEHIialy B TKAHNHAX
orepaliiiHoi paHu Ta pOpMyBaHHS peakllii Ha Mogpa3HeHHs F'OJIOCOBUX 3B'S130K y BUIJISi aKyCTUYHOTO CUTHAITY,
KW, Ha BigMiHY Bif] iCHYIOYMX, IPYHTYETbCS Ha II0€JHAHHI aHaJIi3y IHTEPBAJILHUX JAHUX TA OHTOJIOTIYHOMY
IiAXoi, M0 Y CYKYIHOCTI 3HMXYE YaC HAJMAMTYBaHHS MO il 0CO6IMBOCTI TKAHVH ONepaLifiHOI paHU NalieHTa i
3abe3nevyye BUKOPUCTAHHS 1iei Mofiesli B IporpaMHO-anapaTHOMY KOMIUIEKCI 17151 3HYDKEHHSI PUBHUKY
nomkomxeHHs [I'H. 3anponoHoBaHo Ta OGI'PYHTOBAHO METO]], Ta aJITOPUTM IIPOrPAMHOTO HajlalITyBaHHS 4aCTOTHU
CJIiAyBaHHS iMIYJIbCIB €JIEKTPUYHOTO CTPYMY, SIKUM MOAPA3HIOIOTh TKAHWHU I10J1S1 XipypriYHOrO BTPY4YaHHSI, KU,
Ha BiIMiHYy Bi] iCHYIOUNX, aIalITy€ 4YaCTOTY iMITyJIbCHOTO CTPYMY IIiJi €JIeKTPO]i3i0yIoriyHi XapaKTepUCTUKY TKAaHVH
1107151 XipypriyHOTo BTPy4YaHHs NAli€HTa, 110 3abe3neyye MiABUILEeHHS YyTIUBOCTI TKAHUH [I0 IOJIpa3HeHHs i B
L[i7IOMY 3HWKEHHS PU3UKY NomkoKkeHHd [II'H. YIockoHasneHo apxiTeKTypy [IPOrpaMHOro Ta alapaTHoOro
3abe3ne4eHHs IPUCTPOIO MigTPUMKHY iHTpaonepalitHoro MoHiTopuHry I1I'H, gaxuil, Ha BigMiHy Bif iCHyIOUHX,
3abesrnevye aJarnTUBHE Ta IPOrPAMHE HAJIAITyBAaHHS YaCTOTU iMIyJIbCHOTO CTPYMY [J1s1 TOJIPAa3HEHHS! TKAaHUH 1107151
XipypriyHoro BTpy4aHHsI Ta 00YMCII€HHS BifICTaHi Bif Touky nopapasHeHHs 1o [II'H Ha ocHOBi MmaTeMaTH4yHOi Mogei
IOIIMPEHHS €JIEKTPUYHOrO MOTEHIjaly B TKAHUHAX I10J1s1 XipypriYHOro BTpy4YaHHs Ta GOPMYBaHHS aKyCTUYHOTO
CUTHAaJly, 10 Y CYKYITHOCTI 3ab6e3nevye NifBUIeHHS] TOYHOCTI Kacu@ikallii TKaHWH Ta 3HUKEHHS PU3UKY
nomkomkeHHs [II'H. Takoxk y Mexxax IucepTaliiiHoi po60TH YIOCKOHAIEHO iHPOpMaliiiHy TEXHOJIOTi0
inTpaonepauiiinoro moHiTopunry I1I'H, sika, Ha BinMiHy Bif, iCHyIOUMX, 1I0OYyZ0OBaHa Ha IPOrpaMHO-aNlapaTHOMY
KOMILJIEKCi 3 QYHKIISIMU HaJalITyBaHHS 4YaCTOTU iMITyJIbCHOTO CTPYMY [1J1s [IOAPa3HEHHS] TKaHMH I10JIS
XipypriyHoro BTpy4aHHsI Ta OOYMCJIEHHS Bi[ICTaHi Bifi TOUKu nogpasHeHHs Ao I1I'H, 1m0 y CyKynHOCTi 3HMKy€e PU3AK
nowmkomxenHs I1I'H nin yac onepatii Ha muTonoAi6HiN 3a103i. Ha ocHOBI 11iei Mogies1i po3p0o6yieHO Ta OO PYHTOBAHO
MeToJ inenTudikauii i1 aJIrOpuTM aAANTUBHOTO IPOTPAMHOr0 HaJallTyBaHHS 4YaCTOTY iMITyJIbCHOTO €JIEKTPUYHOTO
CTPYMY 3 YPaxyBaHHSIM €JIEKTPO]i3i0IOriYHMX XapaKTePUCTYK TKAHUH MALli€HTa, a TAKOX yIOCKOHAJIEHO
apxiTeKTypy IIpOrpaMHO-anapaTHOro 3abe3nedeHHs Ta iHpopMaLiliHy TeXHOJIOTi0 iHTpaonepaniiiHoro
moHitTopuHry I1I'H, mo 3a6e3nedyioTs NiABUILEHHS YYTAMBOCTI TKAHUH [0 [10JPa3HEeHHs, TOYHOCTI ix kiacudikarii
Ta 3HMKEHHS pu3uKy nomkomkeHHs [1I'H. [IpakTuiHe 3HaY€HHS1 OTPUMAaHUX PE3YJIbTATIiB I10JIIra€e y CTBOPEHHI
IIPOrpaMHO arapaTHUX 3aco0iB 114 ineHTudikalii 3BOpOTHOrO TOPTAaHHOTO HEPBA, SIKi IPEJICTABJIEHO Y BUIJISIAL
€JIMHOTO NMPOrpaMHO-anapaTHOr0 KOMIUIEKCY IPUAATHOTO AJIs1 BUKOPUCTAHHS B PEXXUMI PEasIbHOTO 4Yacy y Mpoueci
XipypriyHoro BTpy4aHHs Ha MUTONOLi6HIN 3a7103i. Po3po6seHnii npucTpiil anpo60BaHo B IPOLIEC] MPOBEIEHHS
XipypriyHux olepauii Ha IUTONOAiOH I 321031 B TepHOMiNbChKIN MiCbKill KOMyHaJIbHIN JIiKapHi BUAKO]
IOTIOMOTH. 3aCTOCYBaHHS IIPUCTPOIO Ta IPOTPAMHOTr0 3a6e31eYeHHS 1aj10 MOKJIMBICTh 3HU3UTH PU3UK
IIOLIKOJI)KEHHS 3BOPOTHOT'O TOPTaHHOTO HEPBA, 3MEHIIWTH TPUBAJICTb XipypridHoi onepariii Ta nigBUImuTI

(PYHKLiOHAIBbHICTb 3aCO06iB MOHITOPUHTY 3BOPOTHOI'O FOPTAHHOI'O HEPBA.

2. 2. In the dissertation, 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 was addressed. This development expands the functions of the hardware-software complex to adjust the
parameters of the electric current according to the electrophysiological properties of the tissues in the surgical
field of a specific patient and ensures control over the distance from the stimulation point in the surgical field to
the recurrent laryngeal nerve (hereinafter - RLN). The object of the study is the processes of intraoperative RLN
neuromonitoring during thyroid surgery. The subject of the study is the mathematical and software support of the
hardware-software complex for intraoperative neuromonitoring during thyroid surgery. Within the framework of
the dissertation, an interval mathematical model of the propagation of electric potential in the tissues of the



surgical wound during their stimulation by pulsed electric current and the formation of a response of the vocal
cords in the form of an acoustic signal was developed for the first time. Unlike existing models, it simulates the
interval distance from the stimulation point to the RLN depending on the amplitude of the acoustic signal and the
amplitude of its main spectral component, which ensures a reduction in the risk of RLN injury during thyroid
surgery. Based on this model, a method for identifying the interval mathematical model of electric potential
propagation in the tissues of the surgical wound and for forming the vocal cord response as an acoustic signal was
developed and justified. Unlike existing methods, it is based on a combination of interval data analysis and an
ontological approach, which together reduce the time required to adjust the model to the specific tissue
characteristics of the patient’s surgical wound and enable the use of this model in the hardware-software complex
to reduce the risk of RLN injury. A method and algorithm for software adjustment of the frequency of pulsed
electric current used to stimulate the tissues of the surgical field were proposed and justified. Unlike existing
methods, it adapts the pulse frequency to the electrophysiological characteristics of the tissues in the patient’s
surgical field, which increases tissue sensitivity to stimulation and, overall, reduces the risk of RLN injury. The
architecture of the hardware and software of the intraoperative RLN monitoring device was improved. Unlike
existing devices, it provides adaptive software adjustment of the pulse frequency for stimulation of the tissues in
the surgical field and calculates the distance from the stimulation point to the RLN based on the mathematical
model of electric potential propagation in the tissues and the formation of an acoustic signal, which collectively
ensures higher accuracy in tissue classification and reduces the risk of RLN injury. Additionally, the information
technology for intraoperative RLN monitoring was improved. Unlike existing solutions, it is built on a hardware-
software complex with functions for adjusting the pulse frequency for tissue stimulation and calculating the
distance from the stimulation point to the RLN, which together reduce the risk of RLN injury during thyroid
surgery. Based on this model, a method and algorithm for adaptive software adjustment of the pulse frequency,
taking into account the electrophysiological characteristics of the patient’s tissues, were developed and justified,
along with the improvement of the hardware-software architecture and information technology for intraoperative
RLN monitoring. These improvements enhance tissue sensitivity to stimulation, accuracy of tissue classification,
and reduce the risk of RLN injury. The practical significance of the obtained results lies in the creation of
hardware-software tools for identification of the recurrent laryngeal nerve, presented as a unified hardware-
software complex suitable for real-time use during thyroid surgery. The developed device was tested during
thyroid surgeries at the Ternopil City Emergency Hospital. The use of the device and software reduced the risk of
recurrent laryngeal nerve injury, shortened the duration of surgery, and improved the functionality of RLN
monitoring tools. Theoretical and applied results of the dissertation were utilized at the Ternopil City Emergency
Hospital and the medical center «Vita Sana» during thyroid surgeries for intraoperative RLN monitoring, and were
also implemented in the educational process and research activities of the Department of Computer Science at the
West Ukrainian National University.
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