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Xomuu O.B. AkycThyHa amapaTHa JiarHOCTHKA YypaXeHb JIET€Hb MpU
MHEBMOHII y miteit.- KBamidikariiina HaykoBa Tpaiisi Ha MpaBax PyKOIHCY.

Jucepraltist Ha 3700yTTS CTymneHs AokTopa (diocodii B raimysi 3HaHb 22
«OxopoHa 3mopoB's» 3a cremianeHicTIO 228 «[lemiatpis». — HamionaneHauit
meauuauil yHiBepeuteT iMeHi O.0. boromoneiis MO3 Ykpainu, Kuis, 2023.

3MmicT aHOTAIil

Jlana nucepraiiiitHa poOoTa NMpUCBsiYEHA aKyCTUYHIN arapaTHiil J1arHOCTHII
ypaKeHb JIET€Hb NMPU MHEBMOHIi y niTeld. CBoe€yacHa J1arHOCTUKA Ta JIIKyBaHHSA
IIHEBMOHII € aKTyaJpHOIO0 Ipobnemoro mnexmiaTpii. HecBoewacna abo xuOHa
JIarHOCTUKAa MMHEBMOHIT BIUIMBA€E Ha Mepedir XBOpoOH, PO3BUTOK YCKIAJHEHb 1
3HAYHO MOTIPIIYE SKICTh KUTTS Mall€HTIB. B 11boMy 11aH1 po3poOKka HOBUX METO/1B
JIIaTHOCTUKM TTHEBMOHIT CKJIaJIal0Th aKTyallbHy nmpooOsnemy. Tomy came
YIOCKOHAJIEHHS J1arHOCTUKU YPakKeHb JIETeHb MPU MHEBMOHII y JITel Ha OCHOBI
aKyCTUYHOTO MOHITOPHUHIY JIET€Hb, KIIIHIKO-IHCTPYMEHTAJIbHUX Ta MPOMEHEBUX
METO/IIB, PO3POOKH HOBHMX JIarHOCTUYHHMX AKYCTHYHUX MPUCTPOIB OOYMOBIIIOE
BUOIp TEMU Ta i1 aKTyaJIbHICTb.

Meta noc/iazKeHHs1: yIOCKOHAJIEHHS JIarHOCTUKH YpaXkKeHb JIET€Hb IpPH
MMHEBMOHIi y JITe HAa OCHOBI KIIIHIKO-JAOOPATOPHUX, NMPOMEHEBUX METOJIB Ta
aKyCTUYHOTO MOHITOPUHTY JIET€Hb 3@ JOMOMOTOI THPUCTPOI0 aKYCTUYHOIO
CIIOCTEPEKEHHS 13 OChOBOIO JllarpaMoro HampasiaeHocTi "Trembita-Corona".

3aBaaHHA JOCTiKEeHHA:

1. Po3pobuTH nokazaHHsi Ta METOAUKY MPOBEIAECHHS M aHaJ3 aKyCTUYHUX CUTHAIIB
JUTSL  JIOKaJIi3aIlii 30H ypa)K€HHS B JIETEHSX MO MOTY>KHOCTHHUM, YaCTOTHHUM 1
aAMIUTITYTHAM ~ XapaKTePUCTUKAM AaKyCTUYHOTO CHUTHAJy 3a JIOMOMOTOIO
MPUCTPOIO AKyCTUUHOTO MOHITOpUHTY "Trembita Corona" y 340pOBUX 1 XBOPUX

HAa THEBMOHIIO JIITEH.



2. Hamatu XapakTepuUCTUKy aKyCTUYHUM CHTHAjaM HaJl TIOBEPXHEI0 JIETCHb Y
3I0POBUX JITEH 3a JOMOMOTrOIO anapaTry akyCTUYHOro MoHiTopuHTry "Trembita
Corona".

3. Hamatu xapakTepuCTHKY aKyCTUYHUM CUTHAJIAM HaJT TOBEPXHEIO JIETCHB Y TITeH
3 pi3HUMH GopMaMU TO3aTIKApHIHOI MHEBMOHII 3a JOMOMOIOK0 arapary
aKycTuuHOro MoHiTopuHTy "Trembita Corona".

4. Hapatu XapakTepuCTUKY aKyCTUYHUM CUTHAJIaM HaJl TOBEPXHEIO JIET€Hb Y JIITEeH
3 ITHEBMOHI€I0, BUKIMKaHOIO BipycoM SARS-CoV-2 3a momomororo amapary
aKyCTUYHOro MoHITOpHHTY "Trembita Corona".

5. Hocmiiutd J1arHOCTUYHY I[IHHICTh aKyCTHYHOTO MOHITOPUHTY JIET€Hb 3a
JIOTIOMOTOI0 TIPUCTPOI0 aKycTUYHOro MoHITOpuHTy "Trembita Corona" B
OKTaBHUX Ta TPETHOKTABHUX Jliama3oHaxX Ta MPOBECTU KOPEINSIINHY OI[IHKY 3

IHIIMMHU METOJIaMU IHCTPYMEHTAJIBHO-ITPOMEHEBOT J1IarHOCTHKHU.

B minomy, no nucepraiiitHoro gociipkeHHs O0yiao BkIodeHo 330 miTei BIKOM
Bim 1 wmicaus no 18 pokiB (147 xsomuukiB, 183 AIBUMHKH), SIKI MPOXOIUIU
JikyBaHHs B memiatpuyHomy Bipauienni KHIT "Jlutsua xminiuyna mikapHs NeS
CasTommHcbkoro paiiony micta Kuesa" ta KHII "Iutsya kiminiuHa mikapus No7
[Teuepcbkoro paiiony micta Kuepa'. Jliteit Oysio po3aineHo Ha ABi rpynu: [ rpymna
BKuTIOUasnia B cebe 230 marrieHTiB 3 no3anikapHusHowo mHeBMmoHieto (I111); IT rpyna —
100 3n0poBux aiteil. I rpyna Oyna noaunena Ha 3 miarpynu: 1 miarpyna: 100 giteit
3 CETMEHTapHOI0 MHEBMOHI€T0, 2 miarpymna: 100 miTeil 3 BOTHHUIIEBOIO ITHEBMOHIETO,
3 miarpyna: 30 qiTei 3 MHEBMOHIEIO BUKIMKAHOO BipycoMm Sars-CoV-2.

KpurepisiMu BKITtOUEHHS MatieHTIiB 10 | rpynu Oynu: AiTH BikoM BiJ 1 Micsis -
18 pokiB; moO3alliKapHSHA ITHEBMOHIS, IO ITATBEP/PKCHA aHAMHECTHIHUMHU,
KJIIHIKO-TAOOPATOPHUMM 1 PEHTICHOJIOTIYHUMHU JaHUMH; 1H(QOpMOBaHA 3roja
0aThKIB UM OMIKYHIB JUTHHHU.

KpurepisiMmu He BKITIOYEHHS TAIIEHTIB Y AOCTIHKEHHS OyJIM: XpOHIYHI OpOHXO-

JIETCHEBI1 3aXBOPIOBAHH, MYKOBiCHI/I,IIOS; BpPO/PKCHA Ta CIIaAKOBa 6p0HXOHeFCHCBa
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MaTOJIOTIs; BPOHKEHI BaJy PO3BUTKY CEpIlsl; CHIOKPUHHI 3aXBOPIOBAHHS; BIAMOBA
B1JI MPOBEJICHHS JTOCIIIPKCHHS.

3acTOCOBYBAIMCS HACTYIHI METOIU JOCIHIKCHHS: 3arajlbHO-KIIiHIYHI (OIlIHKA
CKapr, aHaMHECTUYHUX JTaHUX, 00 €EKTUBHOTO CTaTyCy XBOPHUX, aHAII3 MEIUYHOI
JIOKyMEHTaIlli), JabopaTopHO-IHCTpYMEHTaIbHI  (3arajbHUM  aHalli3  KpOBI,
peHTreHorpadisi opraHiB IpyaHOI KIITKH, yJIbTPa3ByKOBI METOAM, KOMII'IOTEpHA
ToMorpadisi), METOJ aKyCTUYHOIO MOHITOPUHTY CTaHy JiereHb (cucrema
aKyCTUYHOTO MOHITOpUHTY JiereHb «Trembita-Corona» 3  cremiaii3oBaHUM
nporpaMHuM 3a0e3nedyeHHss MoBoro Python vy cepenoBumii Google Codelabs 3
aHaATI30M aKyCTMYHUX XapaKTEPUCTUK PEECTPOBAHUX CUTHAIIB, BUIUICHHS
XapaKTEPHUX YaCTOTHUX Jlala3oHIB Ta MaTeMaTHUYHOI OOpOOKM MmapaMeTpiB
CUTHAJTy), aHKETYBaHHS 3a JIONMOMOrow onutyBajibHuKa «EQ-5D-Y» mns omiHku
SAKOCT1 JKUTTS, CTAaTUCTHUYHI METOAM JiJIi OOpOOKH OTpUMaHUX pe3yJbTaTiB
(ctatuctuunuii maker IBM SPSS Statistics Base (Bepcis 22), mporpamHOro
3abe3neuennss EZR Bepcis 1.32 (rpadiunuii inTepdeiic cepenposuma R (Bepcis
2.13.0) Ta MedStat v.5.2).

OuiHKa SIKOCTI KHUTTS AITIM 000X rpyn Oyja ImpoBeAeHa 3 3aCTOCYBaHHSIM
anketu EQ-5D-Y, sika € ajmanToBaHOIO Ta MEPEKIaJECHOI Ha YKPaiHCBbKY MOBY.
AHKeTa J1s1 AiTed Ta 0aThKiB Oyia B3sTa 3 odimiiiHoro nmoptany EQ-5D 3a 3ronu
nocmigauibkoro Goumy EuroQol, peectpariiinuii Homep Ne60749. 3riHO 3 TaHUMH
aHKETyBaHHs OyB BWSBJIICHUM HETATUBHUN IIHIWHUKA  KOPEIAMIMHUN 3B'S30K
CEepeHbOT CHJM MDK TMOKa3HUKaMu sikocTi xkutts EQ-5D VAS Tta ngHem
rocmiTanizamii mnamieHta B ctamioHap (r=-0,67, p<0,05). lle mnigkpecmtoe
HEOOX1THICTh JIarHOCTUKY MTHEBMOHIT Ha paHHIX eTanax.

Came TOMY, MOITAM 3 JBOX JOCHIPKYBaHUX TpyH, MICAS OTPUMAHOI
iH(opmoBaHOi 3romu OaThKIB/OMIKYHIB (3aTBepikeHa Ha 3acimanHi Kowmicii 3
nuTaHb 61oeTnuHoi excriepTu3u npu HMY imeni O.0O. boromonnblis, npotokoa Ne
138 Big 10 mumcromaga 2020 poky) OyJa0 TMPOBEACHO JOCTIHKEHHS Ha
3alaTeHTOBAHOMY MPHUCTPOi aKYCTUYHOTO CIIOCTEPEKEHHS 13 OChOBOIO J11arpaMolo

HanpasyieHocTi "Trembita-Corona" (IlatenT VYkpaiHu Ha KOPHUCHY MO/JIEIb



Ne148836). Ilpunan mae aBTOMaTH30BaHy CUCTEMY KOHTPOJIIO Ta OI[IHKHU JUXaJbHUX
IIyMiB 3 TIOBHMM BHUKIIOYEHHSM JIHOJCBKOTO (akTopy 1 3 MOXKJIIHMBICTIO
MaTeMaTH4HOi O0O0poOku manux. Jlnsg aHamizy aKyCTUYHHX XapaKTEPUCTHK
pPEECTPOBAHUX CHUTHANIB, BUIUICHHS XapaKTEPHUX 4YACTOTHUX Jlala3oHIiB Ta
MaTeMaTHIHOI OOpPOOKHM MapameTpiB CUTHaIy OyJI0 po3poOsieHe creliagi3oBaHe
nporpaMHe 3a0e3neueHHsl 3 MOBHUM BUKIIOUEHHSM JIIOJICHKOTO (PaKTOPy MOBOIO
Python y cepenoBumi Google Codelabs. Iloganbiii cTaTucTUYHI PO3pAXyHKHU
IPOBOJMIIMCS B crieniaiaizoBanux nporpamax MedStat ta EZR (R-Statistics).

3a ONOMOIOI0 MPUCTPOI0 AKYCTHYHOTro MoHITOpuHTY "Trembita-Corona"
MPOBOJIUTHCA aHaNi3 3BYKIB Ha PI3HUX OKTaBaX, MPUYOMY 3a OKTaBY BBAXKABCS
IHTEpBAaJ, y SKOMY CIIBBIJHOLIEHHS YaCTOT M1k 3ByKaMH CTAHOBUTH OJIMH /10 ABOX,
TOOTO YacTOTa BUCOKOI'O 3BYKY € BJIBIUl BUIIIOO.

Bynu nmpoananizoBaHi 1 BU3BHaU€HI aKyCTUYHI (DEHOMEHH, IO € XapaKTEPHUMHU
JUIST KOXKHOTO THUITy JWXaHHS B HOPMI, B3TITHO 3 JaHUMH €BpONEHCHKOTO
PECIipaTOPHOTO TOBAPUCTBA. Y 3A0POBHX JITCH JJISI OMIHKH THITY JUXaHHS OYJI0
npoBejieHe orfiHtoBaHHS 10 Touok. OCHOBHI TOYKH [JI1 BUCIIYXOBYBAHHSI JIETE€Hb
npuiaaoM "Trembita-Corona" 3Haxoa4TbCsl Ha IEPEIHIN MOBEPXHI IPYIHOT KITITKH,
3aJIHIi MOBEPXHI Ta Ha MPaBii 1 JiBii O1YHUX MOBEPXHSIX.

3a OMOMOror MPHUCTPOI0 aKyCTUYHOro MoHITOpuHTy "Trembita-Corona"
OyJ0 BUSIBJICHO, IO aKyCTHYHUN curHail B Toukax 1,2,3,7,8,9,10 mae criibHi
BJIACTUBOCTI MO CEPEJIHIM MOTY>KHOCTI CUTHAJY, YacTOTI MIKIB Ta aMILIITY/ Il TIKIB,
K1 10Ope MPOCTEXKYIOTHCS y BCIX 9 OKTaBax i XapaKTepU3YIOTh BE3UKYJISIPHUH THIT
JTUXaHHS.

[IpoBeaenuii anasi3 Nokasas, 1O MPU BE3UKYISIPHOMY THUII IMXaHHI CEpEeAH]
3HAYEHHsSI MOTY)KHOCTI CUTHAJy Y BCIX OKTaBaX MalOTh HAalMEHIIl 3HAYEHHS Ta
JIOCTOBIPHO BIAPI3HSIOTHCS BiJ TpaxeaabHOTO Ta OPOHXOBE3UKYJSIPHOTO THIIIB
nuxaHHs. [Ipyu Be3UKyJIApHOMY THUIl AUXAaHHS Oyl BUSBJICHI XapakTEpH1 MiKH
yacToT B 0 okrtaBi Ha 5 I'i, 1 oktaBi — 14 I', 2 oxtaBi — 25 I'u, 3 okrtasi - 49 ', 4
okTaBl — 93 I'mt, 5 oktaBl — 202 I'1t, 6 oktaBi - 443 I'tt, 7 oktasi - 1392 I'i, 8 okTasi

- 1896 I'u. IIpu anamnizi oTpuMaHuX JaHUX OyJio BUSIBIICHO, 110 B 0, 2 Ta 8 okTaBax
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el XapaKTEPHHUH MK € 0COOTUBHUM 1 BIIPI3HAETHCS MK BCIMa 3 TUTIAMU JTUXAHHSI.
[Ipu mpoBemeHi OUIBII JETAJbHOTO aHaTI3y TaKOXX BHUSABJICHI BIJAMIHHOCTI IO
YaCTOTHOMY MKy MDK BE3UKYJSIPHUM THIIOM JUXaHHS 1 TpaxeaJbHHUM THIIOM
nuxanusa B 0,1,2,4,5,8 okTaBax, a MK BE3UKYJISIPHUM 1 OpOHXOBE3UKYJISPHUM
tunom y 0 - 8 okTaBax.

3rifHO 3 OTPUMAHUMHU JAHUMHU BIIMIHHOCTEH MO YAacCTOTI aKyCTHYHOTO
CUTHAITy MK BE3UKYJISIPHUM THUIIOM JMXaHHS Ta TpaxeajdbHuUM B 3,6 Ta 7 OKTaBax
BUSIBJICHO HE OyJio, caMe TOMYy HamMu OyB NpOBEACHMUI OUIbII TOYHMN aHAII3
YaCTOTHHUX XapaKTEPUCTHUK Y TPETHOKTABAX, IKUI MOKA3aB CTATUCTUYHI BIIMIHHOCTI
MDK THTIAMU JUXaHHS Y 3JOPOBUX JITEH.

[IpoBenennii aHami3 mokaszaB, L0 aKyCTUYHUU curHain B Toumi T (Hax
TOPTaHHIO) XapakTEepHU3ye TpaxealbHUH THUI JUXaHHS Ta CTaTUCTUYHO
BIJIPI3HIETHCS BiJ] BE3UKYJSIPHOTO THUMy AuxaHHs. (OCHOBHI BIIMIHHOCTI OYJu
3HAMJIEH]I MO CepeAHil MOTYXHOCTI aKkyCTHYHOro curHainy 3 0 mo 9 okraBy, mo
4acTOTI MiKIB BIAMIHHOCTI Oynu 3 0 mo 8 okTaBax, aMILTITy/1a MIKiB BiIPI3HSIACH Y
0 - 8 oxkraBax. Takox OyJ0 BUSBIICHO, 11O MOKA3HUKHU CEPEIHBOI MOTYXKHOCTI
aKyCTUYHOTO CHUTHATY MPH BE3UKYJISIPHOMY NWXaHHI MAlOTh HaMEHII 3HAYCHHS
IIPY TIOPIBHSHHI 3 MOKa3HUKAMHU ITPU OPOHXOBE3UKYIISIPHOMY 1 TpaxealbHOMY THUITaxX
JUXaHHsA. 3TiHO 3 MaTOTeHe3y MOIMMPEHHS TOBITPS B JIETEHSX, CaMe TpaxealbHHIA
TUI JUXaHHA Ma€ HAWOUIBII MOKa3HUKH CEPeAHBOI MOTYKHOCTI CUTHATYy y BCIX
JOCIIKYBAaHUX OKTaBaxX, caMe TOMY ayCKYyJbTaTHBHO TpaxeajbHE IMXAHHS €
HANTOJIOCHIIIMM 1 HAUMOTYKHIIIUM TUIIOM JUXAHHS B HOPMI.

Byno BusiBiEeHO, 110 aKyCTUYHMI CUTHAI B TOYKax 5 Ta 6 (y MDKJIONATKOBIN
JUISHI) XapaKTepu3ye OpOHXOBE3UKYJISIPHUN THUN  JHUXaHHS Ta CTATUCTUYHO
BIJIPI3HSIETHCS Bl BE3UKYJSIPHOTO Ta TpaxeadbHOTO THUITY AWXaHHA. [loka3sHuku
CepeHbOi MOTYKHOCTI aKyCTUYHOI'O CHUTHAIy MpH OpOHXOBE3UKYJSIPHOMY THII
JUXaHHI 3HAXOJATHhCS TMOCEPEIMHI MDK TIOKa3HUKAaMU BE3UKYJSIPHOTO 1
TpaxeaJbHOTO TUIIIB TUXaHHS. 3a JOOMOT00 HOBoro npmiany "Trembita-Corona"
OyJu BUSBJICHI BIJIMIHHOCTI MK TpaxeaJbHUM 1 OpOHXOBE3UKYJISIPHUM THIIOM

JUXaHHS MO0 CEepeAHIN MOTYKHOCTI aKyCTHYHOro curHainy y 1 - 9 okraBax, mo
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4acTOoTi MiKiB BiaMiHHOCTI Oynu B 0, 2,3,6,7,8 okraBax, ammunityxi mikiB y 0,1,2,4,5,6
Ta § OKTaBax.

OTxe, A7 IpOBEEHHS OLIBII TOYHUX MOPIBHSIHB aKyCTUYHUX CUTHAIIIB M1k
3I0POBHMH AITHMHU 1 IITBMH, SIKI MAIOTh 3aXBOPIOBAHHS JIUXAJTbHOI CUCTEMH, HAMU
Oyna CTBOpEeHa €TaJloHHAa KOMITIOTEpH30BaHa 0a3za JaHUX aKyCTUYHUX CUTHAJIIB
MOHITOPHUHTY CTaHy JIET€Hb Y 30pOBUX AiTel. ba3a nanux HapaxoBye Oiibie 3000
3amuciB, KOKEH 3 skuxX OyB ornudpoBanuii 1 o6pobienuit. byno ¢opmainizoBano
napamMeTpyu aKyCTUYHOTO CUTHAIIY TPH PI3HUX TUIAX JUXAHHS Y 3I0POBHUX JITEH,
SAKi MOJYKHA IIMUPOKO BHKOPHUCTOBYBATH I TEJIE-MEIUIIMHA 3 BUKOPHUCTAHHSIM
MITYYHOTO 1HTEJIEKTY.

3a nonomoroto npuctpoto "Trembita-Corona" Oynu npoaHaii3oBaHl OCHOBHI
TUTMA JUXaHHS, SKI BUCIYXOBYIOTHCS B PE3yJIbTaTli MATOJIOTI] Yy JIETEHAX NpH
no3anikapHsHii maeBmMoHil (ITI1). byB gocnimxeHuit naTogoriuHuid OpoHXiaaTbHUN
TUN JUXaHHSA. byno BUSIBIEHO, 10 aKyCTHYHI mMmapaMmeTpu (Hi310J0TIHHOTO
OpOHX1aJIbHOTO JUXAHHS Ta MaTOJOTIYHOTO OPOHXIAJIBHOTO JUXaHHS MaJH 0araTo
CHITBHUX XapaKTEPUCTHUK, TAaKHMX, K CEPEIHS MOTYKHICTh 3BYKOBOTO CHUTHAITY IO
0,1,2,5,6 Ta 7 okTaBaMm Ta 4aCTOTHI XapakTepucTuku 1o 1,2,4,6 Ta 7 oktaBam, NpoTe
BIZIMIHHOCTI MDK JBOMa THUIIAaMH JWXaHHS OyIHM 3HAWACHI caMme 10 aMILTITY/II
akyctuuHoro curtaiy B 0 - 5 ta 7,8 oxrasax (p<0,01). 3HaueHHs pu TpaxealbHOMY
Tum  auxaHHg  (¢izionoriyHe OpoHxianbHe) Oynau OUIBIIMMU  HDK  TNpHU
MaToJOTIYHOMY OpOHXI1aJdbHOMY THITI JUXAHHS IO BIAMOBIJIHUM OKTaBaM. Takoxk
BOKJIMBOKO BIIMIHHICTIO 2 THIIB JUXaHHS € Te€, W0 TpaxeaJllbHE IuUXaHHs
(¢iziomoriune OpoHXiadbHE) BUCIYXOBYETHCS TUIBKU B MEBHUX TOYKAX, 30KpeMa y
touli T, a maTosioriuHe OpoHXIAJIbHE AMXAHHA MOXKE BUCITYXOBYBaTUCS Hajd Oy/lb-
SKOTO JTUISTHKOIO TPYAHOI KJIITKH.

3a JI0MOMOroOI0 MPHUCTPOI0 aKyCTUYHOro MOHITOpUHTY "Trembita-Corona"
OyB AOCHIDKEeHU ociabieHuid Be3UKyJsipHUM Tun auxaHHs. [lpu mpoBeneHH1
MOPIBHSHHS BE3UKYJISIPHOTO JWXaHHS (HOPMAJbHOTO JWXaHHS) Ta OCIA0JIEHOTO
BE3UKYJIIPDHOTO THUIy JUXaHHS OyJdW BHUABJICHI BIAMIHHOCTI 1O cCepeaHii

MOTYXKHOCT1 aKkycTUyHOro curHaiy B 0 - 3 Ta 6 - 8 okTaBax.



3a JI0MOMOIOI0 MPHUCTPOIO aKyCTUYHOro MOHITOpuHTY "Trembita-Corona"
OyJu TpoaHai30BaHl OCHOBHI aKyCTHYHI XapaKTEPUCTUKH MATOJIOTIYHUX 3MIH Y
nerensax npu L1

byno mnpoanamizoBaHo, MmO  HAWOIIBII MEPCICKTUBHUM € BU3HAYCHHS
MATOJIOTTYHOTO MPOIIECY YpaKeHHS JIETeHb MpU MHEBMOHIT B AlanazoHax 0-8 okTaB
npu p<0,001 1o BiAMIHHOCTAX MK CEpeIHBOIO MOTYKHICTIO curHaiy y aitei 3 [111
Ta 3M0poBHUX AiTeil. JleTanbHUN aHai3 aKyCTUYHUX CHUTHAJIB JIET€Hb, 110 OyB
MIPOBEICHUI MPUCTPOEM aKyCTMUYHOTO MOHITOpuHry '"Trembita-Corona" moka3zas
MOJKJIMBICTh BHSIBJICHHS IATOJIOTIYHOTO MPOIECY MO0 MaKCUMyMY IOTY>KHOCTI
CUTHAITy cCaMe Y MICIISIX, JIe Kpallle ayCKyJIbTaTUBHO, 32 JOTOMOTOI0 (hOHEHIOCKOITY,
BHUCITyXOBYETHCS] ITHEBMOHISI.

Bbyno BusBiEHO, 110 JUIsi BU3HAYEHHS 3aMaIbHOTO MPOIIECY B JIETCHSIX MPH
MMHEBMOHIT HaWOIbII TEPCHEKTUBHUMHU € JOCHIDKCHHS JUXAJIbHUX ITyMiB B
nianazoHax 3 0 mo 8 oxraB. Takox Oynau BHSBJIEHI JOCTOBIPHI BIAMIHHOCTI MO
CepeiHii MOTY>XHOCTI curHainy mix aiteMu 3 I1I1 ta 3mopoBumu aitbmu B 3 0 mo 8
OKTaBax. 3a JOMOMOTOI0 MPUCTPOIO aKyCTUYHOTO MOHITOpUHrY "Trembita-Corona"
OyJu BUSBJICHI JOCTOBIPHI BIAMIHHOCTI MO 4YacTOTi MikiB MK AiTbmu 3 [T Ta
3M0poBUMH NiThMH B ()-8 OKTaBax Ta JOCTOBIPHI BIIMIHHOCTI MO aMILTITYl TIKIB
Mk aiTbmH 3 ITI1 Ta 3mopoBumMu nitemu B 0 - 8 okTaBax. Bcei okTaBu Oynu mojiieH1
Ha TPETHOKTABH, J€ TaKOX Oy BUSABJICHI JIOCTOBIPHI BIIMIHHOCTI MK JITBMU 3
[1I1 Ta 3M0pOBUMH AITHMH IO CEPEAHIN MOTYKHOCT1 aKyCTHYHOTO curHaiy B 0, 2-5
Ta 7-23 TpeThOKTaBaxX, MO 4YaCcTOTI akycTuyHoro curHamry B 0,3,4,5,8 Ta 10-23
TPETbOKTABAX, MO aMILTITY 1 aKkycTuuHOro curHainy B 0 ta 2-23 TperbokTaBax. s
O1TbII TIMOOKO aHalli3y BCl OKTaBH OyJIM TOJIJIEHI Ha TPETHOKTaBH, IO B CBOIO
Yepry TMOKpaIiIo JIarHOCTUYHI KpUTepii it mocTaHoBKW miarnosy [1T1.
Hanpuknan, npu aHanizi cepeiHbol MOTY>KHOCTI aKyCTHYHOTO CUTHAITy B 3 OKTaBl
Oynu BusiBneH1 xapakrepHi 3miau (p<0,001) mix aitemu 3 1111 310poBUMHU AITHEMU,
K1 TAKOK MPOSIBIISUINCS TOCTOBIPHUMHU 3MiHaMU B 7,8,9 TpeTbOKTaBax JaHOi OKTaBU
(p<0,001). ITpu aHami31 4aCTOTH aKyCTUYHOTO CUTHAJIy B 4 OKTaBl OyB BUSIBIICHUI

XapaKTepHUM TMIK, SKUK MaB oJHAKOB1 Mex1 1ys niteit 3 T1I1 ta 3mopoBux miTew,
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POTE B TOMAIBIIIOMY TPU OUTBIN TIUOOKOMY aHaui3l 4 OokTaBU Oyl BUSBIIEHI
XapaKTepHI YaCTOTHI MKMW 10 TpeThokTaBaM (p<0,001).

ToMy 3acTocyBaHHS TPUCTPOIO aKyCTUYHOTO MOHITOpHHTY "Trembita-
Corona" Ta 3acTOCyBaHHS pO3pPOOJEHOTO CIEIiali30BAHOTO IMPOTrPAMHOTO
3a0e3nedueHHss MoBoro Python y cepemosumii  Google Codelabs paszom patoth
MO>KJIMBICTh BUSIBUTH ClielU(iIUHI aKyCTUYHI CUTHAJIM TIO BCIH MOBEPXHI JIETEHB Y
JITEH 3 03aJIiKapHSIHOIO THEBMOHIEIO.

3a 0MOMOrOoI0 HOBOIO NpWJIaay  akycTH4Hoi miarHoctuku "Trembita-
Corona" Oynu BUsIBIEH1 0COOIMBOCTI akycTuyHOro curnainy npu Iy miteii, a came
y AITeH 3 CETMEHTApHOIO Ta BOTHUIIIEBOIO THEBMOHIE€I0. AKYCTUYHUI CUTHAN OYIJI0
nociikeHo B 12 okraBax. HaitOunbi nepcriektuBHUMU Oynu niepuai 9 okras. [lpu
nopiBHsiHHI aiteit 3 III1 Ta 3m0poBUX AiTEl OCHOBHI BIIMIHHOCTI 1O CEepeaHIN
MOTYXKHOCTI aKyCTUYHOTO CUTHay OyJu 3HaljeH1 B nepmux 9 giamazoHax OKTaB,
IpoTe€ NpH AOCHIHKEHHI BIAMIHHOCTEM MIXK CErMEHTApHOK 1 BOTHUIIEBOIO
IMHEeBMOHI €10 BiaminHocTi Oy B 0,1,2,3,4,8 Ta 9 oktaBax. OCHOBHI BiIMIHHOCTI I1O
MOTYKHOCTI CUTHAJTy MPY MOPIBHIHHI CErMEHTAPHO1 1 BOTHUILIEBOI THEBMOHII OyJn
3HaiAcHl B mlana3onax yactoT 0,1 - 177,82 Hz ta 3 1412,53 - 5623,41 Hz. Lle
CBITYUTH TIPO T€, IO MPHU MOPIBHSHHI CETMEHTAPHOI 1 BOTHUINEBOI MHEBMOHII 110
CepeAHiN MOTYKHOCTI aKyCTUYHOTO CUTHATy HaM HEO0OX1JHO OOMpaTH OKTaBH, K1
€ HEUYTJIIUBUMU JJIA JIIOJCHKOIO ByXa, 3aHAATO HU3BKUMU YU BUCOKMMHU. [Ipu
MPOBEJICHHI aHal3y HaMu OyJIM TaKOXX BHUSBJICHI BIIMIHHOCTI MK JITbMH 3
BOTHUIIEBOIO 1 CErMEHTAPHOIO MTHEBMOHIEIO TI0 YaCTOT1 aKyCTUYHOTO curHaiy B 0 -
8 OKTaBax 1 O aMIUTITY/l aKyCTUYHOTro curHainy B 0 - 7 okraBax.

JInst Okl TOYHOT J1arHOCTUKH BOTHHUINEBOI 1 CErMEHTapHOI ITHEBMOHIT
KOXXHA OKTaBa OyJa po3nijieHa Ha TpeTbokTaBu. Hamu Oynu 3HaiifeH1 TOCTOBIpHI
BIIMIHHOCTI TIO CEpeIHINl MOTYXHOCTI aKyCTUYHOTO CHUTHaly MUK TITbMH 3
BOTHUIIEBOIO 1 ceTMeHTapHOI0 MHeBMOHI€er B 0 Ta 1 (p<0,001), 3 - 15 (p<0,001), 16
(p=0,002), 17-26 TtperbokTaBax (p<0,001), MmO MOXKYTb MNPUIIBAIIIHUTH 1
MOKPAIIUTA JUQPEPEHIIHHY JIarHOCTUKY MDK CETMEHTapHOK 1 BOTHMIIEBOIO

nHeBMOHI€r0. [lpum aHamizi 4acTOTH aKyCTUYHOTO CHUTHAIY MIK JiThbMH 3
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BOTHHUIIEBOIO 1 CErMEHTAPHOIO MMHEBMOHIEID HaMH Oy 3HaiifieHi BiIMIHHOCTI B
0,1,2,3,6 Ta 8-22 tperbokTaBax. Hamu Oynm 3HalIeH1 JOCTOBIPHI BIAMIHHOCTI IO
aMIUTITY/ll aKyCTHYHOTO CHUTHAJIy M JITbMH 3 BOTHHILEBOIO 1 CETMEHTapHOIO
nHeBMoHier0 B 0,1,2 Ta 4-21 TperhokTaBax. TomMy 3acTOCyBaHHS MPHCTPOIO
akycTU4Horo MonitopuHry "Trembita-Corona" Ta 3actocyBaHHS pO3pOOJEHOTO
CHeI1ali30BaHOTO MPOTpaMHOTo 3abe3meueHHss MoBoiO0 Python y cepemoBumi
Google Codelabs pa3oM [aTh MOXIUBICTh 1aTHOCTYBATH PI3HULIO MK
CErMEHTApPHOIO 1 BOTHUIIIEBOIO THEBMOHIEIO Ta YTOYHIOBATH JIOKATI3AIII0 YPaKEHUX
CETMEHTIB 1 BOTHUII] 3aMAJICHHS Y KOXXKHOMY KOHKPETHOMY BUIIAJIKY.

3a monomoroto npuctpoto "Trembita-Corona" Oynu npoaHai3oBaHi OCHOBHI
aKyCTUYH1 XapaKTePUCTUKHU TMATOJIOTIYHUX 3MIH Yy JIETE€HSAX MpHU MHEBMOHII
BukinkaHoi BipycoM SARS-CoV-2. [lpu npoBenenomy ananizi Oynu BHSBJICHI
BIJIMIHHOCTI IO CE€PEIHIH MOTYKHOCTI aKyCTUYHOTO CHUTHATY, YaCTOTI 1 aMIUTITY/l
aKyCTUYHOI'O CHUTHAJIy MDXK JITbMHU 3 IHEBMOHIEI0 BUKIMKAHOIO BipycoM SARS-
CoV-2 Ta nmiTbMH 3 CETMEHTApHOIO 1 BOTHUIIEBOIO IMHEBMOHIEIO 1 3I0POBUMH
niteMu. IIpu mpoBegeHoMmy aHanizi OyiuM BHUSABIEHI BIAMIHHOCTI MO CepeaHId
MOTYXHOCTI aKyCTMYHOTO CHUTHAaly MDK JIThbMU 3 MHEBMOHIEID BUKIUKAHOIO
BipycoM SARS-CoV-2 Ta niTeMu 3 cerMeHTapHOIO MHEeBMOHIE Y 0 - 9 okTaBax,
B1JIMIHHOCTI 110 YaCTOTI aKyCTUYHOI'O CUTHaTY OyJiu BUsiBJIeH] B 2,4,5,6 Ta 8 okTaBax
Ta MO aMIUITY/l aKycTU4HOTOo curHamy B (-7 okrtaBax. Takok Oynu BU3HAuYEHI
BIJIMIHHOCTI TIO CEpEJHIM MOTYXHOCTI aKyCTHYHOTO CHUTHAJIY MIXK JITbMH 3
ITHEBMOHI€I0 BHUKJIMKaHOIO BipycoM SARS-CoV-2 Ta aiThbMu 3 BOTHHUIIEBOIO
nHeBMOHI€0 y 0-9 okTaBax, BIAMIHHOCTI MO YacTOTI aKyCTHYHOTO CUTHAaly Oynu
BusiBiieH] B () - 8§ OKTaBax Ta MO aMIUIITYAl aKyCTUYHOTO curHaiy B 0 - 6 okTaBax.
[Tpu mpoBeneHHI aHami3y MO CepeaHINd MOTYKHOCTI aKyCTHYHOTO CUTHAIY MIXK
JITHMU 3 TTHEBMOHI€I0 BUKINKaHO!O BipycoM SARS-CoV-2 Ta 310poBUMHU AITHMU Y
1,2,3,8 Ta 9 okTaBax, BIAIMIHHOCTI MO YaCTOTI aKyCTUYHOI'O CUTHAJTy OyJIM BUSBJICHI
B 0,2,6,7 Ta 8 OKTaBax Ta Mo aMILTITY/Il aKyCTUYHOTO curHaiy B 1,2,3,7 Ta 8 okTaBax.
Byno BusiBlieHO, 10 aKyCTUYHUNA CUTHAN MIX JITHbMU 3 THEBMOHIEI0 BUKJIMKAHOIO

BipycoM SARS-CoV-2 Ta 310pOoBUMH JTITBMH MaB IOJI0HI cepeHI MOTY>KHOCTI B
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0,4,5,6 Ta 7 okTaBax, Ta XapakTepHi 4acToTHi miku B 1,3,4 Ta 5 oktaBax. [Ipu anamisi
aMILTITYU aKyCTUYHOTO CUTHAIY MIXK JIITBMH 3 THEBMOHIEI0 BUKJIUKAHOIO BIPYCOM
SARS-CoV-2 ta 310poBUMH AITbMU OyJIM TaKOXK BHUSIBJICHI BIAMIHHOCTI TIJIBKH I10
1,2,3,7 Ta 8 okraBax. 3a JOMOMOTOI0 MPHUCTPOIO AKyCTHYHOTO MOHITOPHHTY
"Trembita-Corona" Oyio BUsIBIIEHO, III0 THEBMOHIS, 1110 BUKJIMKaHa BipycoM SARS-
CoV-2 mae HalHWXK4l 3HAYEHHS CEPeAHBOI MOTYKHOCTI aKyCTMYHOTO CHUTHAITY
MOPIBHSHO 3 1HIKMMM rpynamMu mnopiBHsSHHA (p<0,01) 1 € HEUyTJIMBOIO s
JIIOJICBKOTO ByXa, TOMY IIIO JICKUTh B HaWBHUIIMUX YW HAWHMK4YMX OKTaBax. Came
TOMY 3aCTOCYBaHHsSI MPHUCTPOIO aKyCTHYHOro MOHITOpHHry "Trembita-Corona"
MOJICTIINTH BUSIBJICHHS MTHEBMOHIT BUKIIMKaHOIO BipycoM SARS-CoV-2.

[Ipuctpiit akyctuuHoro MmoHiTopuHry "Trembita Corona" npoaeMoHCTpyBaB
BUCOKY CHENU(IYHICTh, YYTIUBICTh Ta MPOTHOCTUYHY I[IHHICTh MO3UTHBHOTO
pe3ynbTaTy Ta MPOTHOCTUYHY I[IHHICTh HETaTUBHOTO PE3yJIbTaTy.

UyTauBicTh METOAY BHSBJICHHS TTHEBMOHII 3a JOTOMOTOI0 TIPHCTPOIO
aKyCTHYHOro MOHITOpUHTY "Trembita Corona" mo nmoTy>KHOCTI 3ByKOBOT'O CUTHAITY
B 0,6,7 okTaBax ckiazgae Ounbie 72%, a cnenudignicts 6u1bI1e 92%. Takum ynHOM
JIlarHO3 MMHEBMOHISI HaiKpale MoxHa BUCTaBIsATH 1o 0,6,7 OKTaBax BIiJMOBIAHO
(p<0,001). YyTnuBicTh METOJy BHUSBJICHHS ITHEBMOHII 3a JOIOMOTOIO IPHUCTPOIO
aKyCTHYHOro MoHiTOpuHTY "Trembita Corona" mo 4acToTi aKyCTUYHOTO CUTHAITY
B 0 ta 5 oktaBax ckianae Oubire 80 %, a crenudiunicTh OLIbIe 96%. Takum
YMHOM J11arHO3 MHEBMOHISI M0 YaCTOTI aKyCTHYHOTO CHUTHAJTY MOXHa HaWKpaiie
BucTtaBiasitu 1o 0 Ta 5 okrtaBax BianoBigHO (p<0,001). UyTnuBicTe MeTOAY
BUSIBJICHHS TTHEBMOHIi 3a JIOMIOMOTOI0 MPHUCTPOIO aKyCTUYHOTO MOHITOPHHTY
"Trembita Corona" mo amrmuIiTyal akyCTUYHOTO CUTHaly B 4,5,6 OKTaBax CKjaaae
80,4%, 86,5% Tta 93% BianoBigHO, a crnernudiuricTs mo 100% B 4 Ta 5 oKkTaBi i
97,7% B 6 oktaBi. TakMM YMHOM J1arHO3 MHEBMOHIS MO aMIUTITYAl aKyCTHYHOTO
CUTHaAJTy MOYKHA HakKpale BUCTaBJIATH 110 4,5,6 okTaBax BianoBigHo (p<0,001).

Jns Bimbopy MiHIMAanbHOTO HAOOpy (aKTOPHUX O3HAK, IOB’SI3aHUX 3
BUXIJIHOKO 3MIHHOIO OYyJI0O BHKOPHUCTAHO METOJl TOKPOKOBOTO BiJIKHIaHHS/

BKJIIOUEHHsI 3MiHHUX (Stepwise). Ilpu BimOopi 3HAYMMHUX O3HAK 3a METOJIOM
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OaiieciBCbKOTO 1H(GOpPMAIIHHOTO KpUTEpito OyJIo BUIAIICHO JBI (PAaKTOPHI O3HAKH:
cepellHs MOTYXKHICTh CUTHaJy B 6 OKTaBl Ta 4acTOTa aKyCTUYHOro curHainy B 0
okTaBi. bByno BcraHOBNEHO, MmO 3 30UIBIICHHSIM CEPEAHBOI TMOTY>KHOCTI
aKyCTUYHOTO CHUTHAJy IITAHCH BCTAHOBIICHHS [IarHO3y ITHEBMOHIS 3POCTaIOTh
(p<0,001), moxa3HUK BiIHOIIEHHS IIaHCIB CTaHOBUTH 2,29 (95% BI 1,48-3,54) Ha
koxkHy 0,1 onuHUIIO 30UTBIIIEHHS] TOTY>KHOCTI (MpU BpaxyBaHH! BIUIUBY YacTOTH
akycTuuHoro curHaiy B 0 okrasi). [Tpu 3011bI11€HHI YaCTOTH aKYCTUYHOTO CUTHAITY
Oy70 BHSBJICHO, IIO0 IMAHCH BCTAHOBJIEHHS JIarHO3y ITHEBMOHIS, 3POCTaIOTh
(p<0,001), moka3HUK BiAHOIIECHHS IIAHCIB cTaHOBUTH 4,59 (95% BI 2,26-9,3) Ha
KOXHY | OIuHUINIO 301IbIIEHHS 4acTOTH (IIPU BpaxyBaHHI BIUIUBY MOTY>KHOCTI
aKyCTUYHOI'O CUTHAJIy B 6 OKTaBl Ta 4acTOTa aKyCTHYHOIro curHainy B 0 OkTaBi).
[Tnoma mig kpuBoro 0,99 (95% BI 99,6%-100%), mo CcBIAYWTH MPO BHUCOKI
MOKa3HUKMA TPOTHO3YBaHHS BHUSABJICHHS IMHEBMOHIT JIaHUM 3alpPOIOHOBAHUM
MeronoM. [lpu BUOOpI ONTUMAIBHOTO KPUTEPIO MNOPOrYy YYTIUBICTH METONY
cknagae 99,1% (95% BI 96,9%-99,9%), cnenudivnaicts ckiaagae 99,0% (95% BI
94,6%-100%).

Mopenb BCTAaHOBJICHHS [larHO3y ITHEBMOHII aKyCTHYHHUM METOIOM 3a
JIOTIOMOTOI0 TIpUJIaay akycTH4Horo MoHiTopuHTY "Trembita Corona", mo3Boiise
BUSIBUTH MTHEBMOHIIO Yy MAIl€HTIB 3 4yTauBICTIO 99,1% (95% BI 96,9%-99,9%) Ta
cnerudiunictio  99,0% (95% BI  94,6%-100%) Tta mocsirae  piBHS
PEHTI€HOJIOTIYHOTO METOJTY BUSIBJICHHS ITHEBMOHI].

Ha ocHOBI npoBeieHOr0 aHaji3y 3ampoloOHOBAHO 1HACKC, SIKUM JO3BOJISE 3a
BUOpaHUMHU TOKa3HuKamMu 0e3 pentreHorpadgii OI'K Bu3Hauatu HasBHICTH
MTHEBMOH]i.

INDEX = yactora akyctuuHoro curHainy B 0 okrtasi X 1,52 + cepenus
MOTYXHICTh aKYCTUYHOT'O CUTHaIY B 6 okTaBix10x0,827

ko 3anpononoBanuit INDEX > 14,98, To MU MOK€MO BUCTABUTH J[1arHO3

nHeBMoHii, sikmo INDEX < 14,98 To qutrHa 310poBa, 3 9yTauBicTIO MeToay 99,1%

(95% BI 96,9%-99,9%) Ta cnenudiunictio Metoay 99,0% (95% BI 94,6%-100%).
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Mopenbs BCTaHOBJICHHS [[larHO3y ITHEBMOHII aKyCTUYHUM METOJIOM 3a
JOTIOMOTOI0  MpWiIaay akycTuuHoro MoHiTopunry "Trembita Corona" 3a
MOKa3HWKAMH TOTY>KHOCTI CUTHaly B 6 OKTaBl Ta 4yacToTH curHainy B ( OKTaBi,
JI03BOJISIE BUSIBUTH TTHEBMOHIIO y TAIIEHTIB 3 9yTIUBICTIO 99,1% (95% BI 96,9%-
99,9%) ta cnemudiunicTio 99,0% (95% BI 94,6%-100%) Ta nocsrae piBHS
PEHTICHOJIOTIYHOTO METOTYy BUSIBJICHHS ITHEBMOHI].

Otxe, OyJ0 BUSBIEHO, IO 3a JOMNOMOIOI MPHUCTPOIO aAKYCTUYHOTO
MoHiTopuHry "Trembita  Corona" MoXHa 3 BHCOKOI CIEHHM(IYHICTIO Ta
YYTIUBICTIO NOCTaBUTH aiarHo3 111

HaykoBa HOBHM3HA o/lep:KaHUX pPe3yJIbTATIB

VYTBOpeHMI! 1 3aIaTEHTOBAaHUI HOBUW MPUCTPIN AKyCTHYHOI'O CIOCTEPEKEHHS 13
OCbOBOIO Jiarpamoro HampasieHocTi "Trembita-Corona" (mateHT VYKpainu
Ne148836) 3 BIANMOBIAHMM CIIELIATI30BAaHUM IMPOTPaAaMHUM 3a0€3MEYEHHSI MOBOIO
Python y cepenoBuii Google Codelabs, sikuii Hajgae MOXJIMBICTH MPOBOJUTH
aHam3 aKyCTUYHUX XapaKTePUCTUK PEECTPOBAHUX  CHUTHAIIB, BUIUICHHS
XapaKTEePHUX YAaCTOTHUX Jlalma3oHIB Ta MaTeMaTHUYHOI OOpOOKM MapaMeTpiB
CUTHAITY.

Brnepire mpoBeaeHunii aHaIi3 1 BUSBIICHI 0COOJMBOCTI aKyCTUYHUX CHUTHAJIIB HaT
MTOBEPXHEIO JIETEHb Yy JITEH 3a JOTIOMOTOI0 MPHUCTPOIO aKyCTUIHOTO MOHITOPHHTY
"Trembita-Corona" y 310poBUX Ta JITeH 3 MHEBMOHIi€0. Buiepmie Oyna cTBopeHa
eTaJIOHHA KOMIT'IOTepru30BaHa 0a3a JIaHUX AaKyCTUYHHMX CHUTHAJIIB MOHITOPHHTY
CTaHy JIETeHb Y 3JJ0POBUX JIITEH, sika HapaxoBye OibIe 2600 3anuciB, KOXKEH 3 SIKUX
OyB orudpoBanuii 1 00poOICHUIA.

Bnepmie gopmanizoBaHo mapaMeTpy aKyCTHYHOTO CHUTHAITY MPH PI3HUX THIAX
JTUXaHHS y JITed B HOpMI Ta TMATOJIOTIl, SKI MOXHA BUKOPHUCTOBYBATU IS
JTUCTAHIIMHUAX TeJe-MEJINYHUX KOHCYNbTAIl 3 BUKOPUCTAHHSAM IITYYHOTO
IHTEJIEKTY.

Brnepiie mpoBeneHuii aHani3 3ByKOBUX (PEHOMEHIB HAJl MOBEPXHEIO JETE€Hb Yy
JITEH 3a JOTIOMOTOI0 MPUCTPOIO aKyCTUYHOTro MOHiTOpuHry "Trembita-Corona" y

JIITEH 3 THEBMOHIEIO BUKIIMKaHOIO BipycoM Sars-CoV-2.
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Brepiue po3po0ienuii iHAeKC TPOTHO3yBaHHS BUSBICHHS MHEBMOHIT IPUCTPOEM
akycTU4Horo MmoHitopuHry "Trembita-Corona" mnuisixom aHamizy cepeaHboi
MOTY>KHOCTI aKyCTUYHOT'O CUTHAJTY B 6 OKTaBi Ta YaCTOTU aKyCTUYHOTO CUTHAIY B 0
OKTaBi, 3 BUCOKOIO UyTHBICTIO 99,1% (95% BI 96,9%-99,9%) Ta cnenudivnaicTio
99,0% (95% BI 94,6%-100%).

IIpakTHYHA 3HAYUMICTH O/IePKAHUX Pe3yJIbTaTIiB

JiTsM 3 miA03pol0 Ha THEBMOHIIO TIOKa3aHE IPOBEICHHS aKyCTUYHOI
JIarHOCTUKHU 3 3aCTOCYBAHHSIM MPHUCTPOI0 aKyCTUYHOTO MOHITOpUHTY "Trembita-
Corona" 1151 BU3HaYEHHS NaTOJIOTTYHOTO MPOLECY YPaKEHHS JIET€Hb, 3 O1aJbIIUM
aHaJ130M aKyCTUYHUX CUTHAJIIB IO OKTaBaM IO CEpeIHIN MOTY>KHOCTI aKyCTUYHOTO
CUTHAJIy, YacTOTI 1 AaMIUNTYyAl aKyCTHYHOIO CHUTHalIy, 3 3aCTOCYBaHHSIM
CIeliaJli30BaHOI0 IPOTpaMHOro 3adesnedeHHss MoBO Python y cepemoBuii
Google Codelabs.

AKyCTHYHA 11aTHOCTHKA 3 3aCTOCYBAaHHSIM MPUCTPOIO aAKYCTUIHOTO MOHITOPUHTY
"Trembita-Corona" pekomenyerbes iTsM 3 [111 11 MOHITOPUHTY CTaHy MAIlI€HTIB
B JIMHAMII[l 3aXBOPIOBAHHS.

B npakTudHy 0XOpOHY 310pOB'st pO3p00IEHHI 1HAEKC MPOTHO3YBAHHS THEBMOHI1
3a JOTIOMOTOI0 TIPUCTPOIO aKyCTUYHOTO MOHITOpUHTY "Trembita-Corona".

BUCHOBKHA

Ha nanuit yac nozanikapusina nmueBmoHnis (I1I1) € akTyanbHOIO0 mpobiieMoro Ta
MPOBIIHOIO TPUYMHOIO 3aXBOPIOBAHOCTI Ta CMEPTHOCTI B YCbOMY  CBITI.
JliarHOCTMKa TIHEBMOHII CKJIagHAa Ta BHMara€ KOMIIJIEKCHOTO OOCTEKEHHS.
[lepcniekTUBHIM METOJOM JIarHOCTUKH Hapasl € pecrmipaTopHa akycThka. Tomy,
YIOCKOHAJIEHHS 1arHOCTUKU YpaXKeHb JIET€Hb MpPHU MHEBMOHII y JITEH Ha OCHOBI
aKyCTUYHOTO MOHITOPUHTY JIET€Hb, KIIIHIKO-IHCTPYMEHTAJIbHUX Ta MPOMEHEBHX
METO/IIB € aKTyaJIbHUM.
1. Po3pobsiennii 1 3amaTeHTOBaHUM TPUCTPIM aKYyCTUYHOTO CIIOCTEPEKEHHS 13

OChOBOIO Jiarpamoro HampasiieHOCTi "Trembita-Corona" (mateHT VYkpainm

No148836) 3 BIAMOBIAHUM CITEI1JII30BAaHUM IIPOTPaMHUM 3a0e31eYeHHST MOBOO

Python y cepenoBuii Google Codelabs, sikuii Hagae MOXIUBICTH TPOBOJAUTH
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aHalli3 AaKyCTUYHUX XapaKTepUCTUK PEECTPOBAHMX CHUTHAJIB, BUIIJICHHS
XapaKTepHUX YaCTOTHUX Jlala3oHIB Ta MaTeMaTH4YHOI OOpOOKH mapameTpiB
CUTHAITY.

BceranoBieHo, 10 IpU BUKOPHCTAaHHI MPUCTPOI0 aKyCTHYHOTO MOHITOPUHTY
"Trembita-Corona" a1 BU3HAYEHHS MATOJIOTTYHOTO MPOIECY YPAKECHHS JIeTeHb
IpU THEBMOHIT HEOOX1HHUM aHai3 aKyCTUYHOT'O CUTHAY B Jiana3oHi Big 0 1o 8
OKTaBH 3 aHAJI30M IO CepeAHid MOTYKHOCTI aKyCTUYHOTO CHTHAJIy, YacTOTI 1
aMIUTITY/Il aKyCTHYHOTO cUrHainy. Po3moain akyctuuHoro curtainy B 0-3 ta 6-8
OKTaB Ha TPETbOKTaBHU J103BOJIsIE JOCTOBIPHO (P<001) BCTaHOBUTHU BOTHUIIIECBUIA
ab0 cerMeHTapHHI XapakTep ypakKeHHs JIETEHb.

BcTaHoBIIEHI aKyCTHYHI XapaKTEPUCTUKU 3BYKOBHX CUTHAJIIB, Y TOMY YHCIII HE
BHU3HAYA€MI TNpU ayCKYJbTallli, HaJ JIETCHSIMH Yy JITeH 3 CErMEHTapHOI0 Ta
BOTHMINEBOIO THEBMOHI€10. Y niteit 3 [ y mopiBHSHHI 13 310pPOBUMH, OCHOBHI
BIJIMIHHOCTI OYJIM IO CEpPEIHIN MOTYKHOCTI aKyCTUYHOTO curHaiy B 0-8 okTaBax
(p<0,01). Y xBOpHUX 3 CErMEHTApPHOIO 1 BOTHUIIECBOIO ITHEBMOHIEIO TOCTOBIPHI
BIJIMIHHOCTI aKyCTHYHOro curHaiy crnocrepiranucs B 0-4 Tta 8-9 oxraBax.
OCHOBH1 BIIMIHHOCTI MO TOTY>KHOCTI CUTHAJy MPU TOPIBHSIHHI CETMEHTApHUX 1
BOTHHIIIEBUX MMTHEBMOHIM Oyiu 3HaiaeH1 3 0,1 mo 177,82 Hz a3 1412,53 mo 5623,41
Hz. BcranoBieHl BIAMIHHOCTI MiIX JITBMH 3 BOTHHIIEBOI 1 CETrMEHTapHOIO
MTHEBMOHIEI0 TI0 YacTOTI aKyCTUYHOro cuUrHamy B 0-8 OKTaBax 1 Mo aMIuIiTyl
aKyCTU4HOro curHainy B 0-7 okTaBax.

VY XBOopuX Ha THEBMOHIIO BHUKJIMKaHOW0 BipycoMm Sars-CoV-2 y mopiBHSHHI 31
3I0pOBUMHU JIIThMU BU3HAUEHI XapaKTEpHI BIAMIHHOCTI 10 cepeiHIl MOTY>KHOCTI Ta
aMIUTITY/Il akycThdHOro curHamy B 1-3 Ta 8-9 oxrtaBax (p<0,01), BIAMIHHOCTI TIO
4acToTi akycThuyHoro curHamy - 0, 2 ta 6-8 oxrtaBax (p<0,01), mo amriiTymi
aKyCcTU4YHOTO curHainy B 1-3 Ta 7-8 okrtaBax (p<0,01). 3a 7OMOMOTOI0 MPUCTPOIO
akycTuaHoro MoHiTopunry "Trembita-Corona" BHSBIEHO, 110 MHEBMOHIS, IO
BukJnKaHa BipycoM SARS-CoV-2 mae HaliHMX41 3HaUEHHS CEPETHBOI OTY>KHOCTI

aKyCTUYHOTO CHUTHAJIy B TIOPIBHSIHHI 3 CETMEHTApHOIO, BOTHHUIIIEBOIO ITHEBMOHIEIO
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ta 3mopoBumMu (p<0,01), 1 BU3HAYAETHCA B HEUYYTIUBHUX JUIS JIFOACBKOTO ByXa
nlarna3soHax.

Po3pob6iiena Mofenb BCTaHOBJICHHS AlarHo3y MHEBMOHIT y JiTeld aKyCTHYHUM
METOJIOM 3a JIONOMOTOI0 TpPWIaLy aKyCTUYHOTO MOHITOpUHTY "Trembita
Corona", 3a MOKa3HUKaMH CEPEIHbOI MOTYKHOCTI aKyCTUYHOTO CHUTHAIY B 6
OKTaBl Ta YacTOTH aKyCTHYHOro curHaiay B ( OKTaBi, IO J03BOJISIE
JarHOCTyBaTh MHEBMOHII0 3 uyTiuBicTIO 99,1% (95% BI 96,9%-99,9%) Ta
cnenudiynictio  99,0% (95% BI 94,69%-100%), ska pgocsirae piBHA
PEHTIEHOJIOTIYHOTO METO/1y BUSBIICHHS ITHEBMOHII.

Po3poOnenuii 1HJIEKC TMPOTHO3YBAHHS BHSBJICHHS MHEBMOHII MPUCTPOEM
akycTuuyHoro MoHiTopuHry '"Trembita-Corona" nuisixoMm aHamizy cepeaHboi
MOTYXKHOCT1 aKyCTHYHOT'O CUTHAITY B 6 OKTaB1 Ta YaCTOTH aKyCTUYHOTO CUTHAITY
B 0 okxrtaBi, 3 BuCOKkOIO uyTiuBicTIO 99,1% (95% BI 96,9%-99,9%) ta
cnenudiuHicTio 99,0% (95% BI 94,6%-100%).

KawuoBi caoBa: gitu, nHeBMoHiss, COVID-19-indexmisa, Sars-Cov-2,
JiarHOCTHKA, TIPOMEHeBa J1arHOCTHUKA, aKyCTUYHA J1arHOCTUKA, PEHTI€HOJIOTIuHA
JIarHOCTHKA, TOCIITaNi3allisl, MOKa3HUKU mepudepudHoi KpoBi (JTimdoruTn),
KJIIHIKa, aKyCTUYHUN MOHITOPHUHT, SIKICTh KUTTS, JJAOOPAaTOPHO-IHCTPYMEHTaIbHA

niarHocTuka, npuian « Trembita-Coronay.
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ABSTRACT

Khomych O.V. Acoustic hardware diagnosis of lung lesions in children with
pneumonia.- The qualifying scientific work on the rights of manuscript.

The thesis is submitted as a qualification paper for obtaining the scientific degree
of Doctor of Philosophy in the field of study 22 "Health", with a specialty of 228
"Pediatrics". — Bogomolets National Medical University, Ministry of Health of
Ukraine, Kyiv, 2023.

Lay Summary of Thesis

This dissertation is devoted to the acoustic hardware diagnosis of lung lesions in
pneumonia in children. Timely diagnosis and treatment of pneumonia is an urgent
problem in pediatrics. Late or incorrect diagnosis of pneumonia affects the course
of the disease, the development of complications and significantly worsens the
quality of life of patients. In this regard, the development of new methods of
diagnosing pneumonia is an urgent problem. Therefore, it 1s the improvement of the
diagnosis of lung lesions in pneumonia in children based on the acoustic monitoring
of the lungs, clinical-instrumental and radiation methods, the development of new
diagnostic acoustic devices that determines the choice of the topic and its relevance.

The purpose of the research is to improve the diagnosis of lung lesions in
pneumonia in children on the basis of clinical and laboratory, radiation methods and
acoustic monitoring of the lungs with the help of an acoustic monitoring device with
an axial directional pattern "Trembita-Corona".

The objectives of the research are as follows

1. To develop indications and methods of conducting and analyzing acoustic
signals for localization of lesion zones in the lungs according to the average signal
power, frequency and amplitude characteristics of the acoustic signal using the
"Trembita Corona" acoustic monitoring device in healthy and children with
pneumonia.

2. To characterize the acoustic signals above the surface of the lungs in healthy

children using the "Trembita Corona" acoustic monitoring device.
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3. To characterize acoustic signals over the lung surface in children with various
forms of community-acquired pneumonia using the Trembita Corona acoustic
monitoring device.

4. To characterize the acoustic signals over the surface of the lungs in children
with pneumonia caused by the SARS-CoV-2 virus using the "Trembita Corona"
acoustic monitoring device.

5. To investigate the diagnostic value of acoustic lung monitoring using the
"Trembita Corona" acoustic monitoring device in the octave and third-octave ranges
and to conduct a correlational assessment with other methods of instrumental and
radiation diagnostics.

In total, 330 children aged from 1 month to 18 years (147 boys, 183 girls) who
were treated in the pediatric department of the KNP "Children's Clinical Hospital
No. 5 of the Svyatoshyn district of Kyiv" and KNP "Children's Clinical Hospital No.
7 of the Pecherskiy district of Kyiv" were included in the dissertation research. The
children were divided into two groups: Group I included 230 patients with
community-acquired pneumonia (CAP); Group II — 100 healthy children. The first
group was divided into 3 subgroups: 1st subgroup: 100 children with segmental
pneumonia, 2nd subgroup: 100 children with focal pneumonia, 3rd subgroup: 30
children with pneumonia caused by the Sars-CoV-2 virus.

The criteria for including patients in the Ist group were: children aged from 1
month to 18 years; community-acquired pneumonia confirmed by anamnestic,
clinical-laboratory and X-ray data; informed consent of the child's parents or
guardians.

The criteria for not including patients in the study were: chronic
bronchopulmonary diseases, cystic fibrosis; congenital and hereditary
bronchopulmonary pathology; congenital heart defects; endocrine diseases; refusal
to conduct research.

The following research methods were used: general clinical (evaluation of
complaints, anamnestic data, objective status of patients, analysis of medical

documentation), laboratory-instrumental (general blood analysis, chest x-ray,
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ultrasound methods, computer tomography), method of acoustic monitoring of the
state of the lungs (system acoustic lung monitoring "Trembita-Corona" with
specialized software in Python in the Google Codelabs environment with analysis
of acoustic characteristics of registered signals, selection of characteristic frequency
ranges and mathematical processing of signal parameters), questionnaire using the
questionnaire "EQ-5D-Y", to assess the quality of life, statistical methods for
processing the obtained results (statistical package IBM SPSS Statistics Base
(version 22), EZR software version 1.32 (graphical interface of the R environment
(version 2.13.0) and MedStat v.5.2).

The assessment of the quality of life of the children of both groups was carried
out using the EQ-5D-Y questionnaire, which was adapted and translated into
Ukrainian. The questionnaire for children and parents was taken from the official
EQ-5D portal with the consent of the EuroQol research fund, registration number
Ne60749. A negative linear correlation of medium strength was found between EQ-
5D VAS quality of life indicators and the day the patient was hospitalized (r=-0.67,
p<0.05). This emphasizes the need to diagnose pneumonia in the early stages.

After the informed consent of the parents/guardians was obtained (approved at the
meeting of the Commission on Bioethical Expertise at the Bogomolets National
Medical University, protocol No. 138 of November 10, 2020), children from the two
research groups were examined using a patented acoustic monitoring device with an
axial directional diagram "Trembita-Corona". (Patent of Ukraine for utility model
No. 148836). The device has an automated system of control and assessment of
respiratory noises with the complete exclusion of the human factor and with the
possibility of mathematical data processing. To analyze the acoustic characteristics
of the recorded signals, select the characteristic frequency ranges and
mathematically process the signal parameters, a specialized software was developed
with the complete exclusion of the human factor in the Python language in the
Google Codelabs environment. Further statistical calculations were performed in

specialized programs MedStat and EZR (R-Statistics).
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With the help of the Trembita-Corona acoustic monitoring device, sounds are
analyzed at different octaves, and an octave was considered to be the interval in
which the ratio of frequencies between sounds is one to two, that is, the frequency
of a high sound is twice as high. Subjectively by ear, the octave is perceived as a
stable, basic acoustic interval. Consecutive octaves make up sounds that are similar
to each other, although they differ in pitch. A frequency of 1000 Hz was taken as the
base frequency.

The conducted analysis showed that with the vesicular type of breathing, the
average signal power in all octaves have the lowest values and are significantly
different from the tracheal and bronchovesicular types of breathing. With the
vesicular type of breathing, characteristic frequency peaks were detected in 0 octave
at 5 Hz, 1 octave — 14 Hz, 2 octave — 25 Hz, 3 octave — 49 Hz, 4 octave — 93 Hz, 5
octave — 202 Hz, 6 octave — 443 Hz, 7 octaves - 1392 Hz, 8 octaves - 1896 Hz. When
analyzing the obtained data, it was found that in 0, 2 and 8 octaves this characteristic
peak is special and differs between all 3 types of breathing. A more detailed analysis
also revealed differences in the frequency peak between the vesicular type of
breathing and the tracheal type of breathing in 0,1,2,4,5,8 octaves, and between the
vesicular and bronchovesicular type in 0 - 8 octaves.

According to the obtained data, there were no differences in the frequency of the
acoustic signal between the vesicular type of breathing and tracheal breathing in 3.6
and 7 octaves, which is why we conducted a more accurate analysis of the frequency
characteristics in third octaves, which showed statistical differences between the
types of breathing in healthy children.

So, we found on the Trembita-Corona acoustic monitoring device that the acoustic
signal at points 1,2,3,7,8,9,10 has common properties in terms of average signal
power, peak frequency and peak amplitude, which are well traced in all 9 octaves
and characterize the vesicular type of breathing.

The analysis showed that the acoustic signal at point T characterizes the tracheal
type of breathing and is statistically different from the vesicular type of breathing.

The main differences were found in the average signal power in 0 - 9 octaves, in the



21

peak frequency the differences were in 0 - 8 octaves, the amplitude of the peaks
differed in O - 8 octaves. It was also found that the indicators of the average signal
power during vesicular breathing have the lowest values when compared with the
indicators during bronchovesicular and tracheal types of breathing. According to the
pathogenesis of the spread of air in the lungs, it is the tracheal type of breathing that
has the highest indicators of the average signal power in all the studied octaves,
which is why we auscultately hear that it is tracheal breathing that is the loudest and
most powerful type of normal breathing.

It was found that the acoustic signal at points 5 and 6 characterizes the
bronchovesicular type of breathing and is statistically different from the vesicular
and tracheal type of breathing. It was also found that the indicators of the average
signal power with bronchovesicular type of breathing are in the middle between the
indicators of vesicular and tracheal types of breathing. These changes were detected
due to the proximity to the trachea and large bronchi in relation to the back surface
of the chest and the moderate development of muscles in this area. With the help of
the new device "Trembita-Corona", differences between the tracheal and
bronchovesicular type of breathing were found in the average signal powerin 1 - 9
octaves, in terms of the peak frequency, the differences were in 0, 2, 3, 6,7,8 octaves,
peak amplitudes in 0,1,2,4,5,6 and 8 octaves.

Therefore, in order to carry out more accurate comparisons of acoustic signals
between healthy children and children with diseases of the respiratory system, we
created a reference computerized database of acoustic signals for monitoring the
condition of the lungs in healthy children. The database includes more than 3,000
records, each of which has been digitized and processed. The parameters of the
acoustic signal during different types of breathing in healthy children were
formalized, which can be widely used for telemedicine with the use of artificial
intelligence.

With the help of the "Trembita-Corona" device, the main types of breathing heard
as a result of pathology in the lungs during CAP were analyzed. The pathological

bronchial type of breathing was investigated. It was found that the acoustic
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parameters of physiological bronchial breathing and pathological bronchial
breathing had many common characteristics, such as the average signal power at
0,1,2,5,6 and 7 octaves and frequency characteristics at 1,2,4,6 and 7 octaves,
however, the differences between the 2 types of breathing were found precisely in
the amplitude of the acoustic signal in 0 - 5 and 7.8 octaves (p<0.01). Values for
tracheal type of breathing (physiological bronchial) were greater than for
pathological bronchial type of breathing in the corresponding octaves. Also, an
important difference between the 2 types of breathing is that tracheal breathing
(physiological bronchial breathing) can be heard only at certain points, in our case
it is point T, and pathological bronchial breathing can be heard over any part of the
chest.

A weakened vesicular type of breathing was studied using the "Trembita-Corona"
acoustic monitoring device. When comparing vesicular breathing (normal breathing)
and a weakened vesicular type of breathing, differences were found in the average
signal power in 0 - 3 and 6 - 8 octaves.

Using the Trembita-Corona acoustic monitoring device, the main acoustic
characteristics of pathological changes in the lungs with CAP were analyzed.

It was analyzed that the most promising is the determination of the pathological
process of lung damage in pneumonia in the ranges 0 - 8 (p<<0.001) octaves on the
differences between the average signal power in children with CAP and healthy
children. A detailed analysis of the acoustic signals of the lungs, which was carried
out by the "Trembita-Corona" acoustic monitoring device, showed the possibility of
detecting the pathological process at the maximum of the average signal power
precisely in the places where it is better to auscultate, with the help of a
phonendoscope, pneumonia.

It was found that for determining the inflammatory process in the lungs during
pneumonia, the most promising are the studies of respiratory noises in the ranges of
0 - 8 octaves. Also, significant differences in average signal power between children
with CAP and healthy children in 0 - 8 octaves were found. Using the "Trembita-

Corona" acoustic monitoring device, reliable differences in peak frequency between
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children with CAP and healthy children in 0 - 8 octaves and reliable differences in
peak amplitude between children with CAP and healthy children in 0 - 8 octaves.
All octaves were divided into third octaves, where significant differences were also
found between children with CAP and healthy children in the average signal power
in 0,2 - 5, 7 - 23 third octaves, according to the frequency of the acoustic signal in
0,3,4,5,8,10 - 23 third octaves, according to the amplitude of the acoustic signal in
0, 2 - 23 third octaves. For more in-depth analysis, all octaves were divided into third
octaves, which in turn improved the diagnostic criteria for making a diagnosis of
CAP. For example, when analyzing the average signal power in the 3rd octave,
characteristic changes (p<0.001) were found between children with CAP and healthy
children, which were also manifested by reliable changes in the 7th, 8th, and 9th
octaves of this octave (p<0.001). During the analysis of the frequency of the acoustic
signal in the 4th octave, a characteristic peak was found, which had the same limits
for children with CAP and healthy children, however, later, during a deeper analysis
of the 4th octave, characteristic frequency peaks in third octaves were found
(p<0.001).

Therefore, the use of the "Trembita-Corona" acoustic monitoring device and the
use of the developed specialized software in the Python language in the Google
Codelabs environment together make it possible to hear specific acoustic signals
over the entire surface of the lungs in children with community-acquired pneumonia.

Also, with the help of the new "Trembita-Corona" acoustic diagnostic device, the
peculiarities of the acoustic signal in children with CAP, namely in children with
segmental and focal pneumonia, were revealed. The acoustic signal was investigated
in 12 octaves. The first 9 octaves were the most promising. When comparing
children with CAP and healthy children, the main differences in the average signal
power were found in 0 - 8 octaves, but when studying the differences between
segmental and focal pneumonia, the differences were in 0 — 4 and 8, 9 octaves. The
main differences in average signal power when comparing segmental and focal
pneumonia were found from 0.1 to 177.82 Hz and from 1412.53 to 5623.41 Hz. This

indicates that when comparing segmental and focal pneumonia in terms of the
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average signal power, we need to choose octaves that are insensitive to the human
ear, too low or high. During the analysis, we also found differences between children
with focal and segmental pneumonia in the frequency of the acoustic signal in 0,1,2
and 4 - 8 octaves and in the amplitude of the acoustic signal in 0 - 7 octaves.

For more accurate diagnosis of focal and segmental pneumonia, each octave was
divided into third octaves. We found significant differences in the average signal
power between children with focal and segmental pneumonia in 0 -1 (p<0.001), 3 -
15 (p<0.001),16 (p=0.002), 17 - 26 third octaves (p<0.001), which can speed up and
improve differential diagnosis between segmental and focal pneumonia. When
analyzing the frequency of the acoustic signal between children with focal and
segmental pneumonia, we found differences in 0 - 3, 6, 8 - 17, 19 - 22 third octaves.
We found significant differences in acoustic signal amplitude between children with
focal and segmental pneumonia in 0 - 2, 4 - 13,15 - 21 third octaves. Therefore, the
use of the "Trembita-Corona" acoustic monitoring device and the use of the
developed specialized software in the Python language in the Google Codelabs
environment together make it possible to diagnose the difference between segmental
and focal pneumonia and to specify the localization of the affected segments and
foci of inflammation in each specific case.

Using the "Trembita-Corona" device, the main acoustic characteristics of
pathological changes in the lungs during pneumonia caused by the SARS-CoV-2
virus were analyzed. The analysis revealed differences in the average signal power,
frequency and amplitude of the acoustic signal between children with pneumonia
caused by the SARS-CoV-2 virus and children with segmental and focal pneumonia
and healthy children. The analysis revealed differences in the average signal power
between children with pneumonia caused by the SARS-CoV-2 virus and children
with segmental pneumonia in 0 - 9 octaves, differences according to the frequency
of the acoustic signal were detected in 2, 4, 5, 6 and 8 octaves and according to the
amplitude of the acoustic signal in 0 - 7 octaves. Differences in the average signal
power between children with pneumonia caused by the SARS-CoV-2 virus and

children with focal pneumonia were also determined in 0 - 9 octaves, differences in
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the frequency of the acoustic signal were detected in 0,1,2,4,5,6,7 and 8 octaves and
by the amplitude of the acoustic signal in 0 - 6 octaves. When conducting an analysis
of the average signal power between children with pneumonia caused by the SARS-
CoV-2 virus and healthy children in 1, 2, 3, 8 and 9 octaves, differences in the
frequency of the acoustic signal were found in 0, 2, 6, 7 and 8 octaves and by the
amplitude of the acoustic signal in 1, 2, 3, 7 and 8 octaves. It was found that the
acoustic signal between children with SARS-CoV-2 pneumonia and healthy children
had similar mean powers at 0, 4, 5, 6, and 7 octaves, and characteristic frequency
peaks at 1, 3, 4, and 5 octaves. When analyzing the amplitude of the acoustic signal
between children with pneumonia caused by the SARS-CoV-2 virus and healthy
children, differences were also found only at 1, 2, 3, 7 and 8 octaves. Using the
"Trembita-Corona" acoustic monitoring device, it was found that pneumonia caused
by the SARS-CoV-2 virus has the lowest values of the average acoustic signal power
compared to other comparison groups (p<0.01) and is insensitive to the human ear.
because it lies in the highest or lowest octaves. That is why the use of the "Trembita-
Corona" acoustic monitoring device will facilitate the detection of pneumonia
caused by the SARS-CoV-2 virus.

The acoustic monitoring device "Trembita Corona" demonstrated high specificity,
sensitivity and predictive value of a positive result and predictive value of a negative
result.

The sensitivity of the method of detecting pneumonia with the help of the acoustic
monitoring device "Trembita Corona" according to the average signal power in 0,6,7
octaves is more than 72%, and the specificity is more than 92%. Thus, the diagnosis
of pneumonia can best be made at 0, 6, and 7 octaves, respectively (p<0.001). The
sensitivity of the method of detecting pneumonia using the acoustic monitoring
device "Trembita Corona" according to the frequency of the acoustic signal in 0 and
5 octaves is more than 80%, and the specificity is more than 96%. Thus, the
diagnosis of pneumonia based on the frequency of the acoustic signal can best be
made at 0 and 5 octaves, respectively (p<0.001). The sensitivity of the method of

detecting pneumonia using the acoustic monitoring device "Trembita Corona"
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according to the amplitude of the acoustic signal in 4, 5, 6 octaves is 80.4%, 86.5%
and 93%, respectively, and the specificity is 100% in the 4th and 5th octave and
97.7% in the 6th octave. Thus, the diagnosis of pneumonia based on the amplitude
of the acoustic signal can best be set at 4, 5, 6 octaves, respectively (p<0.001).

To select the minimum set of factor characteristics associated with the original
variable, the method of stepwise rejection/inclusion of variables (Stepwise) was
used. When selecting significant features using the Bayesian information criterion
(BIC) method, two factor features were selected: the average signal power in 6
octaves and the frequency of the acoustic signal in 0 octaves. It was established that
with an increase in the average signal power of the acoustic signal, the chances of
establishing a diagnosis of pneumonia increase (p<0.001), the odds ratio is 2.29
(95% CI 1.48-3.54) for every 0.1 unit increase in power (at taking into account the
influence of the frequency of the acoustic signal in 0 octave). With an increase in
the frequency of the acoustic signal, it was found that the chances of establishing a
diagnosis of pneumonia increase (p<0.001), the odds ratio is 4.59 (95% CI 2.26-9.3)
for every 1 unit increase in frequency (taking into account the influence acoustic
signal power in 6 octave and acoustic signal frequency in 0 octave). The area under
the curve is 0.99 (95% CI 99.6%-100%), which indicates high indicators of
predicting the detection of pneumonia by this proposed method. When choosing the
optimal threshold criterion, the sensitivity of the method is 99.1% (95% CI 96.9%-
99.9%), the specificity is 99.0% (95% CI 94.6%-100%).

The model for establishing the diagnosis of pneumonia by the acoustic method
using the acoustic monitoring device "Trembita Corona" allows you to detect
pneumonia in patients with a sensitivity of 99.1% (95% CI 96.9%-99.9%) and a
specificity of 99.0% (95% VI 94.6%-100%) and reaches the level of the radiological
method of detecting pneumonia.

On the basis of the analysis, an index was proposed, which allows to determine
the presence of pneumonia based on selected indicators without chest X-ray.

INDEX = frequency of acoustic signal in 0 octave x 1.52 + average signal

power in 6 octavex10x0.827
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If the proposed INDEX > 14.98, then we can make a diagnosis of pneumonia, if
INDEX < 14.98, then the child is healthy, with a sensitivity of the method of 99.1%
(95% CI 96.9%-99.9%) and a specificity of the method of 99 .0% (95% CI 94.6%-
100%).

The model for establishing the diagnosis of pneumonia by the acoustic method
using the acoustic monitoring device "Trembita Corona" according to the indicators
of signal power in 6 octave and signal frequency in 0 octave, allows to detect
pneumonia in patients with a sensitivity of 99.1% (95% CI 96.9%-99 .9%) and
specificity 0f 99.0% (95% CI 94.6%-100%) and reaches the level of the radiological
method of detecting pneumonia.

So, it was found that with the acoustic monitoring device "Trembita Corona" it is
possible to diagnose CAP with high specificity and sensitivity.

The Scientific Novelty of the Research

A new acoustic monitoring station with an axial directional pattern "Trembita-
Corona" (patent Nol148836) was created and patented with the appropriate
specialized software in the Python language in the Google Codelabs environment,
which provides an opportunity to analyze the acoustic characteristics of the
registered signals, select characteristic frequency ranges and mathematical
processing of signal parameters.

For the first time, the analysis and revealed features of acoustic signals above the
lung surface in children using the "Trembita-Corona" acoustic monitoring device in
healthy and children with pneumonia were performed. For the first time, a reference
computerized database of acoustic signals for lung condition monitoring in healthy
children was created, which includes more than 2,600 records, each of which was
digitized and processed.

For the first time, the parameters of the acoustic signal for different types of
breathing in normal and pathological children were formalized, which can be used

for remote telemedical consultations using artificial intelligence.
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For the first time, an analysis of sound phenomena over the surface of the lungs
in children using the "Trembita-Corona" acoustic monitoring device was performed
in children with pneumonia caused by the Sars-CoV-2 virus.

For the first time, an index for predicting the detection of pneumonia by the
acoustic monitoring device "Trembita-Corona" was developed by analyzing the
average signal power in the 6th octave and the frequency of the acoustic signal in
the Oth octave, with a high sensitivity of 99.1% (95% CI 96.9%-99.9 %) and
specificity of 99.0% (95% CI 94.6%-100%).

The Practical Significance of the Research

Children with suspected pneumonia are indicated for acoustic diagnostics using
the "Trembita-Corona" acoustic monitoring device to determine the pathological
process of lung damage, followed by the analysis of acoustic signals by octaves
according to the average power of the acoustic signal, frequency and amplitude of
the acoustic signal, using specialized software in the Python language in the Google
Codelabs environment.

Acoustic diagnostics using the "Trembita-Corona" acoustic monitoring device is
indicated for children with CAP to monitor the condition of patients in the dynamics
of the disease.

In practical health care, an index for predicting pneumonia using the "Trembita-
Corona" acoustic monitoring device has been developed.

Conclusions

Currently, community-acquired pneumonia (ACP) is an urgent problem and a
leading cause of morbidity and mortality worldwide. Diagnosis of pneumonia is
difficult and requires a comprehensive examination. Respiratory acoustics is
currently a promising diagnostic method. Therefore, improving the diagnosis of lung
lesions in pneumonia in children on the basis of acoustic lung monitoring, clinical-
instrumental and radiological methods is relevant.

1. A developed and patented acoustic monitoring device with an axial directional
pattern "Trembita-Corona" (patent No. 148836) with the corresponding specialized

software in the Python language in the Google Codelabs environment, which
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provides an opportunity to analyze the acoustic characteristics of the registered
signals, select characteristic frequency ranges and mathematical processing signal
parameters.

2. It was established that when using the "Trembita-Corona" acoustic monitoring
device to determine the pathological process of lung damage in pneumonia, it is
necessary to analyze the acoustic signal in the range from 0 to 8 octaves with an
analysis of the average signal power, frequency and amplitude of the acoustic signal.
The distribution of the acoustic signal in 0-3 and 6-8 octaves into third octaves makes
it possible to reliably (p<001) establish the focal or segmental nature of lung damage.

3. The acoustic characteristics of sound signals, including those not determined
by auscultation, over the lungs in children with segmental and focal pneumonia were
established. In children with CAP compared to healthy children, the main differences
were in the average power of the acoustic signal in 0-8 octaves (p<0.01). In patients
with segmental and focal pneumonia, significant differences in the average signal
power were observed in 0-4 and 8-9 octaves. The main differences in signal strength
when comparing segmental and focal pneumonias were found from 0.1 to 177.82 Hz
and from 1412.53 to 5623.41 Hz. Differences were established between children with
focal and segmental pneumonia in the frequency of the acoustic signal in 0-8 octaves
and in the amplitude of the acoustic signal in 0-7 octaves.

4. In patients with pneumonia caused by the Sars-CoV-2 virus, in comparison with
healthy children, characteristic differences were determined in the average signal power
and amplitude of the acoustic signal in 1-3 and 8-9 octaves (p<0.01), differences in the
frequency of the acoustic signal - 0, 2 and 6-8 octaves (p<0.01), according to the
amplitude of the acoustic signal in 1-3 and 7-8 octaves (p<0.01). Using the "Trembita-
Corona" acoustic monitoring device, it was found that pneumonia caused by the SARS-
CoV-2 virus has the lowest values of the average power of the acoustic signal compared
to segmental, focal pneumonia and healthy people (p<0.01), and is determined in ranges
insensitive to the human ear.

5. A developed model of establishing the diagnosis of pneumonia in children by the

acoustic method using the acoustic monitoring device "Trembita Corona", according to
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the indicators of the average signal power in 6 octave and the frequency of the acoustic
signal in 0 octave, which allows diagnosing pneumonia with a sensitivity of 99.1% (95
% CI 96.9%-99.9%) and specificity 99.0% (95% CI 94.6%-100%), which reaches the
level of the radiological method of detecting pneumonia.

6. The developed index for predicting the detection of pneumonia by the acoustic
monitoring device "Trembita-Corona" by analyzing the average signal power in the 6th
octave and the frequency of the acoustic signal in the Oth octave, with a high sensitivity
of 99.1% (95% CI 96.9%-99, 9%) and specificity of 99.0% (95% CI 94.6%-100%).

Keywords: children, pneumonia, COVID-19 infection, Sars-Cov-2, diagnosis,
radiation diagnosis, acoustic diagnosis, X-ray diagnosis, hospitalization, peripheral
blood indicators (lymphocytes), clinic, acoustic monitoring, quality of life, laboratory-

instrumental diagnosis, device "Trembita-Corona".
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