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Pesome

Karmens — yacTtoe mposiBiieH#e 3a00JieBaHNsI, BBI3BAHHOTO HOBOI KopoHaBupycHoi nHdekiueit COVID-19 (COronaVirus Disease 2019), cneno-
BaTeJbHO, OH MMEET BaKHYIO TUATHOCTUYECKYIO IEHHOCTh. B MOCTYIMHOI iuTepaType 0OHapy:KeHO KpaiiHe Majlo CBeleHU M, XapaKTepHu3yIoLIIuX
3ByKU Kauwist y 6ombHbX COVID-19. Hensio uccnenoBaHus sIBUICS CMIEKTPaTbHBIN aHATU3 3BYKOB Kalwist y 6oapHbIXx COVID-19 B cpaBHeHUN
C MHAYUMPOBAHHBIM KallUIeM y 3710pOBbIX JUL. Matepuajnl u MeToabl. OcHOBHYIO (1-10) rpynmy coctaBuiu 6oiabHble COVID-19 (n = 218:
48,56 % — myxxuuHbl, 51,44 % — xeHUMHBI; cpeaHuii BospacT — 40,2 (32,4; 50,1) ronma). ['pymnmy cpaBHeHUs! (2-10) COCTABUIIM 310POBBIE JINIA
(n=60: 50,0 % — myxuunsl, 50,0 % — xeHIMHBI; cpeaHuii Bo3pact — 41,7 (31,2; 53,0) roma) ¢ MHIYIMPOBAHHBIM KallieM. Y KaxI0ro maru-
€HTa MPOBOAMJIACh PErUCTPaLMsl 3BYKOB Kalllsl ¢ Mocienylomieil uudpoBoil 00paboTKoii ¢ MOMOILBIO aJIropuT™Ma ObICTPOro Mpeodpa3oBaHUs
Dypbe. OLeHUBAMCH BPEMEHHO-YaCTOTHBIE TTapaMETPhl 3BYKOB Kallllsl — MPOIODKUTEBHOCTD (MC), OTHOIIEHNE SHEPTUM HU3KUX U CPETHUX
yacToT (60—600 I'tt) K 3Hepruun Beicokux yacToT (600—6 000 I'ir), yacTota MakcuMaibHOM 3Hepruu 3ByKa (I'). YkaszaHHbIe TapaMeTphbl orpejie-
JISTUCH KaK B OTHOLUEHUU BCEro Kalulsl, TAK U ero OoTaebHbIX (a3 3ByKka. Pesynprarel. Y nmauueHToB 1-il v 2-i rpyIin yCTaHOBIEHBI HEKOTOPbIE
JIOCTOBEPHbBIE pa3Inyus apaMeTpoB Kaiist. O6Iias mpoao/KUTeIbHOCTh KalieBoro akTa (T) okaszanach 3HauuMo MeHble y 60sbHbIX COVID-
19, B oTIMuMe OT MHAYLMPOBAHHOTO Kaiwis y 3n0poBbix guil (T = 342,5 (277,0; 394,0) — B 1-it rpynmie; T (c) = 400,5 (359,0; 457,0) — B rpynmne
cpaBHeHus; p = 0,0000). Takxke BBISIBJICHO, YTO B 3ByKax Kauuisg y 6osibHbIXx COVID-19 npeoGnanaer sHeprusi Gosiee BHICOKMX 4acToT (Q)
10 CPaBHEHMIO ¢ TaKOBOIi y 3mopoBbix (Q = 0,3095 (0,223; 0,454) — B 1-it rpynmie u Q (c) = 0,4535 (0,3725; 0,619) — B rpynme cpaBHEHWUS;
p = 0,0000). MakcumanbHas yactota 9Hepruu 3BykoB Kauuisd (F_ ) B 1-if rpynme Oblia TOCTOBEPHO BBIIIE, YEM Y JIMI TPYINIbI CPABHEHUSA
(F,.=463,0(274,0; 761,0) — B 1-ii rpynme; F, = 347 (253,0; 488,0) — B rpynne cpasuenus; p = 0,0013). [Tpu aTOM pasnnuuii Mexuy JacToTa-
MU MaKCUMaJIbHON HEPr1U 3ByKOB KalllJIsl OTAENbHBIX (ha3 KalllJIeBOro akTa v MPOAOKUTEbHOCTH -1t (ha3bl Kallist He BhISIBICHO. 3aK/II0ueHue.
Kamens y 60mpHb1x COVID-19 oT/invaeTcst MeHblIel TPOIOKUTETbHOCTBIO U ITPeodiafaHueM SHEPTUU BHICOKMX YACTOT 110 CPABHEHUIO € TAKO-
BBIMU Y 3I0POBBIX JIML C UHAYLIUPOBAHHBIM KalllJIEM.

KnroueBbie ciioBa: HoBast KopoHaBupycHast uHbekuusi, COVID-19, kaiienb, CieKTpalbHbIif aHATNU3 3BYKOB Kalllsl.
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Abstract

Cough is a frequent manifestation of COVID-19 (COronaVlirus Disease 2019), therefore, it has an important diagnostic value. There is little infor-
mation about the characteristics of cough of COVID-19 patients in the literature. To perform a spectral analysis of cough sounds in COVID-19
patients in comparison with induced cough of healthy individuals. Methods. The main group consisted of 218 COVID-19 patients (48.56% — men,
51.44% — women, average age 40.2 (32.4; 50.1) years). The comparison group consisted of 60 healthy individuals (50.0% men, 50.0% women, aver-
age age 41.7 (31.2; 53.0) years) who were induced to cough. Each subject had a cough sound recorded, followed by digital processing using a fast
Fourier transform algorithm. The temporal-frequency parameters of cough sounds were evaluated: duration (ms), the ratio of the energy of low and
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medium frequencies (60 — 600 Hz) to the energy of high frequencies (600 — 6 000 Hz), the frequency of the maximum sound energy (Hz). These
parameters were determined in relation to both the entire cough and individual phases of the cough sound. Results. Significant differences were
found between some cough parameters in the main group and in the comparison group. The total duration of the coughing act was significantly
shorter in patients with COVID-19, in contrast to the induced cough of healthy individuals (T = 342.5 (277.0; 394.0) — in the main group; T (c) =
400.5 (359.0; 457.0) — in the comparison group; p = 0.0000). In addition, it was found that the cough sounds of COVID-19 patients are dominated
by the energy of higher frequencies as compared to the healthy controls (Q = 0.3095 (0.223; 0.454) — in the main group; Q (c) = 0.4535 (0.3725;
0.619) — in the comparison group; p = 0.0000). The maximum frequency of cough sound energy in the main group was significantly higher than in
the comparison group (F_ = 463.0 (274.0; 761.0) — in the main group; F_ = 347 (253.0; 488.0) — in the comparison group; p = 0.0013). At the
same time, there were no differences between the frequencies of the maximum energy of cough sound of the individual phases of cough act and the
duration of the first phase. Conclusion. The cough of patients with COVID-19 is characterized by a shorter duration and a predominance of high-fre-

quency energy compared to the induced cough of healthy individuals.
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[Mannemust COVID-19 (COronaViIrus Disease 2019) — 3a-
0oJieBaHUsI, BHI3BAHHOTO HOBOI KOPOHABUPYCHOM MH(DEK-
LIMEM, HA TAHHBI MOMEHT SIBJISIETCS KPYITHEHLLIEN MTaHe-
mueii XXI Beka, yHecleit MWUTMOHBI ku3Hell. M3Havyaib-
HO 3a00JieBaHME BO3HUKIJIO B KUTAlICKOM Topojie YxaHb
1 Ha3bIBAJIOCh YXaHBCKOI BUpYcHO# mHeBMoHuel [1]. Co-
o6ieHue o Benbiiike COVID-19 B Kutae BriepBbie ObLTO
rmoJIyaeHo BecemupHoOIt opranu3aimeit 3mpaBooxpaHeHUs
(BO3) 31.12.19, a 30.01.20 BO3 00bsiBI€HO O Ype3BbIUali-
HOI1 CUTyalluy B MUPOBOM 3IpaBOOXpPaHEHUH, T. K. 3200-
JIeBaHUE aKTUBHO PACIPOCTPAHSIOCh BO MHOTUX CTPaHaXx.
Yxe 11.03.20 ob11a 00bsaBiIeHa TaHmeMust COVID-19 [2].

COVID-19 — 310 nHMeKINOHHOEe 3a00JieBaHNE,
Bei3biBaeMoe PHK-Bupycom SARS-CoV-2 cemeiicTBa
Coronaviridae. Knunuyeckasi kKapTuHa 3a0oJyieBaHUS
Bapbupyercs oT 6eccuMnToMHbIX dopM (50 % cnyua-
€B) 10 TSKEeJO IMTHEBMOHUM C JIETaIbHBIM MCXOIOM.
CaMbIMM YaCThIMU CUMIITOMaMU SIBJISTIOTCS JIMXOPAIKa,
Kalllesb, OJbIIIKA, YTOMISIEMOCTb, OLYIIEHNE 3aJT0XKEH -
HOCTH B TpymHoi KiieTke [3]. [Tomumo pecrmmpaTopHOTO
TpaKTa, y HEKOTOPBIX MMAIIMEHTOB OTMEUASTCS TTOPaKEHUE
CePIEUYHO-COCYIUCTON CUCTEMBI, KETYTOUHO-KUIIIEIHOTO
TpaKTa, IeYeHU, MoYeK, [IEHTPAIbHOI HEPBHOW CUCTEMBI
u ap. [4].

OmHuM 13 0cCHOBHBIX cuMIiroMoB COVID-19 apnser-
¢ KallleJib, JOCTaBJISIONINIA BhIpaXKeHHbII TUCKOMMOPT
MalMEeHTy 1 OKPYKAIOIIUM U CIIOCOOCTBYIOIIUI pacipo-
crpaHeHUIO MHMeKuK. Karrenp yaiie cyxoit Wi Mao-
MPOIYKTUBHBIN, a MPU MPUCOCIUHEHUN OaAKTEPUAIBHOM
MHMEKINU MOXET XapaKTepu30BaThCs MPOMYKIIME MO-
KPOTbI CIM3UCTO-THOMHOIO WJIM THOMHOTO Xapakrepa [5].

Kamrens siBisieTcsl TIpOSIBIICHUEM Pa3IMYHBIX 3a-
0oJieBaHUI IbIXaTeJbHOW CUCTEMbl — OPOHXUAJIbHOM
actMmbl (BA), XxpoHUYECKOU OOCTPYKTUBHOI 00NE3HU
Jerkux (XOBJI), ocTpoii pecriupaTOpHOU BUPYCHOM WH-
dexunm (OPBU), ocTporo mim XpoHUMIECKOTO OpOHXU -
Ta, JapuHroTpaxeuTa u ap. MHorma xaireib MOXeT ObITh
BbI3BaH BHEPECMUPATOPHBIMU MPUYMHAMU, HaIIpUMeED,
HaJIM4YrMeM WHOPOAHOTO Teja B CIYXOBOM MPOXOJe, ra-
cTpoa3odarealbHBIM PeIIFOKCOM, JEBOKEIYIOUKOBOI
CepACYHON HEIOCTaTOYHOCTHIO, Y HEKOTOPBIX TaIlCH-
TOB — MPUEMOM MHTUOUTOPOB aHTMOTEH3MHIIPEBpallia-

foiiero pepmenta [6]. I1o AIMTENTBHOCTU BBIAEISIIOTCS
ocTphiit (< 3 Hemd.), MomOCTphIit (4—8 Hexd.) U XpoHUYe-
ckuii (> 8 Hen.) nepuoanl. [Ipumepamu 3aboeBaHUM,
IIPY KOTOPBIX HAOTIOOACTCS OCTPHIN Kalllelb, SIBIISIIOTCS
ocTphlii 6poHxut, 6onbmnHcTBO OPBU. ITomocTpsrii
KallleJib HaOIogaeTcs MPU KOKIIIOIE U MapaKoKIIIoIIE.
XpOHUUYECKHI KallleJIb SIBJISIETCST YaCTBIM ITPOSIBIICHUEM
XOBJI, BA, cuHIpoMa ITOCTHA3aJIBHOTO 3aTeKa, TacTpO-
a30¢areanbHOrO pedaokca [7].

Kamrenb — 310 (puzmonornyeckuii pedaeKTopHbIi
aKT, CIIOCOOCTBYIONINI OCBOOOXIEHUIO IbIXaTeIbHbBIX
ITyTeil OT MAaTOJIOTUIECKOTO CEKpeTa, IMbLUIN, MHOPOTHBIX
YaCTHUIl U JpP., BEI3BIBAIOIINX Pa3ApaXkeHNEe KaILIeBBIX
peuenTopoB. Bosblias yacTh KalljleBbIX PEeLENTOPOB
pacroyiaraeTcs B BEpXHUX M HIDKHUX ITbIXaTeJIbHBIX ITy-
TSIX, TAKKE OHU BCTPEYAIOTCS B ITUIIEBOIE, XKETyIKe, TTe-
pukapae, nuacpparme [8]. 1o 4yBCTBUTEIBHBIM BETBSIM
OJTy>KIalo11ero HepBa CTUMYJIbI OT KalllJIEBbIX PELIENITOPOB
MepenarTcs B KallJIeBOI LIEHTP, PacIoJIOXKEHHBIN B TTPO-
nJoaroBaToM Mo3are. [Ipu yyacTny MOJIMCUHAIITUIECKIX
CBSI3¢i PETUKYJISIPHOU (pOpMAIIUM IIPOUCXOIUT PeaKITHsI
MBIIII-3((EKTOPOB TMOC/e BO3ACHCTBUS HA HUX CTUMY-
J10B 3¢ depeHTHBIX HepBOB [9]. C Touku 3peHust buome-
XaHWKM KaIllJIeBOM aKT COCTOUT 13 3 ha3s:

*  MHCIMUPATOPHOW;
*  KOMIIPECCHOHHOM;
*  3KCIUPATOPHOM.

CHavayla IpOUCXOIUT TIYOOKUIT KOPOTKUM BIOX,
KOTOPBI COTIPOBOXKIACTCS CIIa3MOM MBIIII] TOPTaHU
U TOJIOCOBOHA 11I€JTM, TTOBBIIIIEHEM TOHYCa MYCKYJIaTyphbl
OpOHXOB. 3aTeM OpPIOLIHbIC MBILILIBI U AradparMa pe3ko
COKpAIIAIOTCS CO CTPEMUTEIBLHBIM BEIIOXOM 4Yepe3 poT.
Bwmecre co ctpyeii Bo3ayxa U3 OpOHX0JIETOYHOI CUCTEMbI
YAAJISIIOTCS KareabKy CJU3U, MbUTb, YY>KEPOIHbIE YACTULIBI.

JIBM>KeHMe BO3IyXa B pECITMPATOPHOM TPaKTe MTPUBO-
IUT K BUOPAIIUM TOJIOCOBBIX CBSI30K, YTO CITOCOOCTBYET
BO3HUKHOBEHUIO XapaKTePHBIX KalllJIeBbIX 3BYKOB [10].

3BYKM KalllJisg MOTYT UMETh 3HAUMMYIO TUArHOCTHUYE-
CKyI0 U mudepeHInaTbHO TMarHOCTUIEeCKYIO [IEHHOCTD
B OTHOIIICHNY 3a00JIEBAaHMI, COITPOBOXKIAIOIINXCS Kalll-
JIeBBIM cuHApoMoM, Hatipumep, BA, XOBJI, napuHrorpa-
XeuTa, THEBMOHUU U T. 1.
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byonesckuii A.B. u dp. CrieKTpaJibHbIi1 aHaIM3 3BYKOB Kaluist y 6oibHbiXx COVID-19

B noctynHoii tutepaType oOHapyXeHO KpaiiHe Majio
CBEIECHUI O XapaKTepHUCTHKaX 3BYKOB KalllJist Y OOJIbHBIX
COVID-19.

Llesbio MccaenoBaHusI SIBUJICS CIIEKTPAIbHBIN aHATN3
3BYKOB Ka1uis y 6osbHbIXx COVID-19 B cpaBHEHUU C Ta-
KOBBIMH Y 3I0POBBIX JIUI C MHIYIIMPOBAHHBIM KaIllJIeM.

Marepuans! u MeToAbl

OCHOBHYIO TPyINy COCTaBUIU MalMEHTHl (n = 218:
48,56 % — myxuuHbl, 51,44 % — XeHIIUHBI; BO3PaCT —
40,2 (32,4; 50,1) roma) ¢ COVID-19 cpennHetsxenoi
CTeNeHU ¢ mopaxeHueM Jierkux < 25 % mno maHHBIM
PEHTTEHOBCKOI KOMITbIOTEPHOI ToMOTpauu opraHoB
TPYIHON KJIETKU 03 TIPEIIIeCTBYIOIINX XPOHNIECKUX 3a-
0oJIeBaHMIA PECITMPATOPHOIO TPAKTA, ITOTyJYaBIITNE CTAII -
OHapHOE JieueHre B KOBUIHOM OTaeIeHUM bromkeTHOro
YUpeXAeHUs 3MpaBooxpaHeHus1 BopoHexkcKoii obnactu
«Boponesxckas roponckast KinHudeckast 6oapHuta Ne 2
nmenn K.B.MensgeBckoro» B mepros ¢ CEHTSIOPS 110 Je-
Kabpb 2021 1.

['pyriy cpaBHEHMST COCTaBUJIN 3[I0POBBIC A (n =
60: 50,0 % — myxuuHbl, 50,0 % — XeHILIMHbBI; BO3PACT —
41,7 (31,2; 53,0) roma). INamueHTs 1-it 1 2-i Tpymnn
He pa3IMyajuch MO MOy U BO3PacTy.

HccnenoBanue MpoBOIMIOCH B COOTBETCTBUHN C TIPUH-
LIMITaM¥ XeJIbCMTHKCKOM IeKapaiun BcemupHoil Meam-
LIMHCKOM acCoMaIiiy. Y KaxKI0ro y9aCTHUKA ITOTyIeHO
MUCbMEHHOE MH(MOPMUPOBAHHOE COTJIacue Ha yJyacThe
B MICCJIEIOBAaHUM.

711 OLIEHKH TIPOIOJKUTEIBHOCTU KAIlUIEBOTO aKTa
U pacIipeneieHus 3ByKOBOI SHEPTUM 10 YacToTaM MC-
TMOJIb30BaJICS HEMHBAa3MBHBIN METO perucTpalii U aHa-
JiM3a 3BYKOB KalllJisl — CIeKTpalibHasl TyccopoHOobapo-
rpacdusg (CTOBI) [11]. C moMommbio MUKpodOHa OCy-
IIECTBIISUIACH 3aIIMCh 3BYKOB KalllIsl Y TIPEABAPUTEIIHBHO
MPOUHCTPYKTUPOBaHHOTrO namueHTa. Ero ycaxuBanu
3a CTOJI, HA KOTOPOM CTOsIT MUKPOGoH. C IMTOMOIIIBIO
CIELMAIbHOTO KPOHIITeTHA MUKPO(OH pacItojiarajcs
Ha paccTtossHuM 15—20 cM OT JInlIa MaluueHTa.

VY 6oabHBIX COVID-19 peructprpoBaiicsi CIOHTaH-
HBII Kallesb. Y 3M0pOBbIX JIUI] KallleIb WHIYIIMPOBAJICS

1-9 thasa

Puc. 1. BusyanbHoe pa3aeneHue aynmorpaMMbl Kanuist Ha ¢a3bl
Figure 1. Visual separation of phases in the cough audiogram

24 (pasa

C TIOMOIIbIO UHTAJISILIMK PacTBOPA JUMOHHOM KUCIOThI
B KoHUeHTparuu 20 T / JI, TTocje 4ero Mpou3BoauIach
ero peructpaums [12].

AHanu3 3aperucTpupoBaHHbIX B CBOOOJHOM aKyCTHU-
YeCcKOM I0JIe 3BYKOB KalllJIsl TIPOBOIUICS C TIOMOIIbIO
KOMITbIOTepHOU Nporpammbl Sound Forge 15 (MAGIX
Software GmbH, I'epmanust). KanneBbie Kackaas (1pu
HaJWYMU) OBLIM pa3lIesieHbl Ha OTHACIbHBIC KalllJIeBhIe
akThl. ' poMKOCTh ObLIa HOpManu3oBaHa 10 6 n1b. Ya-
crota comrimpoBaHust coctaBuaa 48 000 I'u. Kaxxabrit
KaIJIeBOM aKT OBLI pa3mesicH Ha 3 ¢ha3sl 0 CIICIYIOIIeMY
MPUHILIKAITY (CM. puc. 1):

e mepexon Mexnay 1-it u 2-i1 a3oii xapakTepusyeTcs
CHIDKEHUEM aMIUTUTYIbI 3BYKOBOI BOJTHBI Ha > 50 %
B ripeaenax 20 mc;

* mepexon Mexnay 2-if u 3-i1 ¢a3oii xapaKTepusyeTcs
MOBBILLIEHUEM aMIUIMTY/IbI 3ByKOBOI BOJIHBI Ha > 50 %
B npenenax 20 mc.

XapakTepucTrKa (a3 KallIeBOTO aKTa:

* 1-a ¢aza — OBICTPHII BBIXOA BO3AyXa MO/ JaBJICHUEM
U3 OTKPBIBLIEHCS TOJOCOBOM ILIEIH;

+ 2-g (ha3a — MPOXOKAECHUE BO3MYITHOTO MOTOKA Yepe3
TOJIOCOBYIO IIEJIb;

* 3-g ¢aza (HermocTosTHHAsI) — 3aIepKKa BO3MYIITHOTO
MOTOKAa BCJAEACTBUE 3aKPBITUSI TOJIOCOBOM I1IEJIU, CO-
MPOBOXKIAIOIIASICS BUOpaLeli ToJTI0OCOBBIX CBSI30K [13].
CrieKTpaJbHBIN aHAJIN3 3BYKOB KAl TIPOBOIMIICS

C TTIOMOIIBIO aJITOPUTMa OBICTPOTO MpeobpaszoBaHus Dy-

pbe. OLeHUBANNCh CIeAYIOIIMe BpeMEHHO-4YaCTOTHbIE

rapamMeTphbl:

* npoaoskuTeabHocTh Kauuis (T) u kaxmnoi ¢gasbl
no oraensHoctu (T,, T,, T,), mc;

*  OTHOIIEHMWE YHEPTMU HU3KUX U CPEIHMUX 4acToT (60—
600 ') K sHeprumn BbIcOKUX yacToT (600—6 000 I'ix)
KalllJIeBOTO aKTa MOJTHOCTHIO (Q) 1 Kax1o (a3wl B OT-
nenbHocTH (Q), Q,, Q,);

* YacToTa MaKCUMaJIbHOM SHEPIuu 3BYKa KalllJIeBOTO
akTa nojHocthio (F ) m xaxmoit hasel 1Mo oTae/b-
wocru (F__ . F_ . F_ ), T
3aTeM C TTOMOIIIBIO TTaKeTa mporpamm Statgraphics Cen-

turion-18 (Statgraphics Technologies, Inc., CI1IA) npoBo-

IIWJIach MaTeMaTUyecKas U CTaTUCTUYecKasi 0opaboTka

3- ¢haza
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MOJYYeHHbBIX TaHHbIX. [1py oMol HopMaaIrM30BaHHbIX
K03(hULIMEHTOB IKClIeCca U aCUMMETPUN OLIeHUBaJaCh
HOPMAJILHOCTB pacripeneicHus. YrcaeHHbIe TTOKa3aTeIN
rapamMeTpOB Kalllisl ObLIM IIPEeACTaBICHbI B BUAE Meara-
HbI, B CKOOKaX YKa3bIBAIUCh 25-11 U 75-1 MEPLUEHTUIIN.

st cpaBHEHUST IBYX BBIOOPOK ITO KOJIWYECTBEH-
HBIM T0Ka3aTeJIsIM MCITOTb30BaJICS PAHTOBBIN KPUTEPUIA
U-tecta Manna—YutHu. [1pu p < 0,05 pazmuyusa cuuta-
JIUCh CTATUCTUYECKU JOCTOBEPHBIMHU.

Pesynbrarthl

B tabnuiie mpuBeneHbl pe3yabTaThl CPABHUTEIBHOTO aHa-
JIM3a UCCIIETyeMbIX ITapaMeTPOB 3BYKOB KallUIsl Y MallleH-
TOB 1-1f 1 2- TpyIII.

BrIsIBIIEHO, YTO UMEIOTCST BhIpaxKeHHBIC Pa3TNIMS
B MPOJOJIKUTENbHOCTH KalllJIEeBOTO akTa (CM. puc. 2).
YV 310pOBBIX MAIIMEHTOB MHAYIIMPOBAHHEIN KallleJIb OKa-
3ajicsT OoJiee IIUTEIbHBIM, YeM y 6obHBIX COVID-19.
IMpomomkuTenbHOCTD 2-1i 1 3-11 (pa3 TakKe Obl1a OOJIbIIIe
y JIULL TPYMIIbI cpaBHEeHUs. [1py 3TOM 1OCTOBEPHBIX pa3-
JINYUI B TIPOAOJIKUTEIBHOCTH 1-i1 (pas3wl Kalurs He 00-
HapyXeHO.

HabGntonanuch BeipaxkeHHbIE pa3inuus 3HaYSHU KO-
a¢hdumenTa Q Mexay naupeHTamu 1-it u 2-i rpymm (cMm.
puc. 3). BoisiBaeHo, uto B 3Bykax kauuist mpu COVID-19
MpeobIagaeT SHEPTHS BBICOKMX YaCTOT HE TOJIBLKO BO BCEM
KallJIeBOM aKTe, HO M BO Bcex 3 (pazax mo oTaebHOCTH.
B orHomennn Q u Q, 3T0 BO3MOXHO OOBSACHUTDL HATMYH -

€M OTeKa CTeHOK HUKHMX JAbIXaTeJbHBIX MyTeH, 3JIeMeH-
TaMu OpPOHXOCITa3Ma M / WA U30BITOYHOM MPOXYKIIMEH
ciusu. TpebyeTcst nanpHelIIee n3ydeHre BBISIBJICHHOTO
¢deHoMeHa.

YacTtoTa MakcuMalbHON SHEPIUM 3BYKOB KalllJs
y OOJBHBIX 1-i1 TPYMITHI OKa3alach JOCTOBEPHO BHIIIIE
TaKOBOU Y MAIIUEHTOB TPYIIITHI CPABHEHMS. 3HAYUMBIX
pa3IvuMii B 4aCTOTAaX ¢ MAKCUMAaJIbHOM YHEPIrUeH 3ByKa
1-14, 2-1i u 3-i1 a3 Kanuist Mo oTAeJIbHOCTU HE BBISIBICHO
(cM. puc. 4). OaHaKO BbISBISIACH TEHASHLIUS K MOBBIIIE-
HUIO YaCTOTHI MAKCUMAJIbHOM 9HEPTUHU 3ByKa BO 2-i1 (pase
Kals y OOJbHBIX 1-#1 TPyl B CpaBHEHUN C MHIYIIU-
POBaHHBIMU KallJIEM Y 3J0POBBIX.

O6cyxaenue

MHnyuupoBaHHBIN Kallleb Y 3MOPOBBIX JIUI U Kalllelb
y 60abHbIX COVID-19 pasziauuarorcst o BpeMeHHO-4a-
CTOTHBIM ITapaMeTpaM, YTO MOKET UMETh OTIPEICICHHYIO
IIMATHOCTUYECKYIO U U depeHInaIbHO-IUarHOCTUYe-
ckyto ueHHocTb. Kamenas npu COVID-19 xapakrepusy-
FOTCSI MEHBIIEH MIPOIOKATETbHOCTRIO U ITpeodIaTaHrueM
0oJ1ee BEICOKHX 9aCTOT ITO CPAaBHEHUIO C TAKOBBIMU TTOKA-
3aTeISIMM TIPU MHAYLIMPOBAHHOM KallUIe Y 3M0POBbIX JIMII.

Panee npoBoauiock uccienoBaHue ¢ MTPUMEHEHUEM
Metoga CT®OBI myist olleHKM 00paTMMOCTH OGPOHX000-
cTpyKunu y 60abHBIX BA. O6cienoBaHbl 60bHBIE BA
(n = 36: 24 xeH1IMHBI, 12 MyX4YMH), JaBHOCTb 3a00J1e-
BaHuAa > 15 net. I'pynny cpaBHeHUSI COCTaBUJIM JIMIIA

Tabau
CpasnumenvHblil anaau3z ucciedyemsix napamempos 36yKo6 Kaulis y navuenmos I-i u 2-i 2py:f:
Table
Comparative analysis of the studied parameters of cough sounds in the main group and the comparison group
‘ 1-a rpynna ‘ 2-5 rpynna ‘
Mapametp p
| n=218 | n =60 |
T, mc 342,5 (277,0; 394,0) 400,5 (359,0; 457,0) 0,0000
T, MC 45,0 (36,0; 57,0) 45,5 (37,5; 54,0) 0,911
T, Mc 227,5 (190,0; 274,0) 264,0 (203,0; 326,5) 0,0095
T, Mc 81,0 (61,0; 113,0) 103,5 (72,0; 133,0) 0,0046
Q 0,3095 (0,223; 0,454) 0,4535 (0,3725; 0,619) 0.0000
Q, 0,392 (0,261; 0,564) 0,4565 (0,329; 0,7415) 0,0183
Q, 0,2035 (0,121; 0,313) 0,295 (0,2225; 0,414) 0,0000
Q, 0,736 (0,479; 1,174) 1,0065 (0,7745; 1,2115) 0,0005
Foou 463,0 (274,0; 761,0) 347 (253,0; 488,0) 0,0013
F oo T4 440,0 (284,0; 619,0) 397,5 (266,5; 555,0) 0,1862
F oo TU 851,0 (374,0; 1507,0) 711,0 (202,5; 1519,0) 0,0764
F oo TU 313,0 (240,0; 400,0) 318,5 (226,0; 431,5) 0,6109

Mpumedative: T~ 06luas NPOSOMKUTENBHOCTL KALLNEBOTO akTa; T, ~ MPOOMKNTENbHOCTL 1-i1 (hasbl kawns; T, - NPOROMKUTENLHOCTb 2+ (hasbl kawwns; T, ~ NPOBOMKUTENBHOCTL 3-1i thasbl

Kawns; Q — oTHOLUEHHE Heprn Hu3kwX v cpeaHux yacor (60-600 M) k sHeprum Bbicokwx Yactor (600-6 000 My) Bcero kaLwnesoro akTa; Q, — OTHOLIGHME SHEPTIV HI3KWX M CPEaHYX yacTor (60~
600 My) k aHeprvm Buicokux yacror (600-6 000 Mu) 1-7 dhasbi Kawwns; Q, — OTHOLLIEHYE BHEPIYA HU3KNX v cpeaHux yacToT (60-600 M) k aHeprun Bbicokwx yacToT (600-6 000 My) 2-11 dhasbl kawng;
Q, - OTHOLLIEHYe BHEPrvM HU3KUX 1 cpeaHux yacToT (60-600 M) k aHeprm Bbicokwx yacTor (600-6 000 Iy) 3-11 dhassl kawns; F .~ yacTota MakcuMaribHOi SHepriv BCEro 3ByKa KaLLNEBOro akTa;

F . —yacrora MakcumarbHoi aHepruv 3syka 1- dabl kawng; F

max2

Note: T, the total duration of the cough act; T,, the duration of the 1 phase of the cough; T

2

- 4acTota MaKkcuMansHoi 3Heprm 3syka 2-i dhasbl kawwuns; F
the duration of the 2 phase of the cough; T

- 4acToTa MakcuManbHoi SHeprn 3Byka 3-it (hasbl kauns.
the duration of the 3 phase of the cough; Q, the ratio of

max3

3

the energy of low and medium frequencies (60 - 600 Hz) to the energy of high frequencies (600 - 6 000 Hz) of the entire cough act; Q,, the ratio of the energy of low and medium frequencies
(60 - 600 Hz) to the energy of high frequencies (600 - 6 000 Hz) of the 1 phase of cough; Q,, the ratio of the energy of low and medium frequencies (60 - 600 Hz) to the energy of high frequen-
cies (600 - 6 000 Hz) of the 2 phase of cough; Q,, the ratio of the energy of low and medium frequencies (60 - 600 Hz) Hz) to the energy of high frequencies (600 - 6 000 Hz) of the 3 phase of

cough; F

max’

the frequency of the maximum energy of the entire sound of the cough act; F_ ., the frequency of the maximum sound energy of the 1% phase of cough; F

the frequency of the

max2’

maximum sound energy of the 2* phase of cough; F__ . the frequency of the maximum sound energy of the 3 phase cough.
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Puc. 2. CpaBHeHue noKa3aTesieil NPOJOKUTEIbHOCTH Kallulsl U 0 OTAEIbHBIX (a3 y 310poBbIX UL U 601bHbIX COVID-19

[pumeuanue: mo ocu opauHar: T — MPOAOKUTENBHOCTb KAlLIEBOro akTa B 1-if rpynne; T (¢) — NPOAOIKUTENBHOCTD KAIIEBOTO aKTa B IPyMIe cpaBHenus; T,
NPONIOJDKUTENBHOCTD |- (hasbl Kauwis B 1-i rpymme; T, (¢) — MpOnoKUTeIbHOCTD 1-i (hasbl Kalwisd B rpyririe cpaBHeHUs; T, — MPOIOIKUTEILHOCTD 2-1i (hasbl Kalist
B 1-ii rpynne; T, (€) — NPOLOKUTENLHOCTD 2-ii (hasbl Kalwis B rpyrie cpaBHeHus; T, — Mpoao/KuTeIbHOCTb 3-i (hasbl Kauwis B 1-i rpynne; T, (¢) — nponoku-
TebHOCTD 3-i1 (ha3bl Kalwisl B TPYITe CPABHEHUST; TIO OCH abCIIMCC: MTPOJOIKUTETBHOCTD (MC).

Figure 2. Comparison of duration of cough and its individual phases in healthy controls and in patients with COVID-19

Note: On the ordinate axis: T, duration of the cough act in the main group; T (c), duration of the cough act in the comparison group; T, duration of the 1* phase of
cough in the main group; T, (c), duration of the 1* phase of cough in the comparison group; T,, duration of the 2" phase of cough in the in the main group; T, (c),
duration of the 2" phase of cough in the comparison group; T,, duration of the 3 phase of cough in the main group; T, (c), duration of the 3" phase of cough in the
comparison group; On the abscissa axis: duration in ms.

Q(c) »—[:|—<==
o | I -

& -
Q) - -

Q3 | — I * —| oo
Q3 (C) t + ! L] e s =
1 L I L L 1 " L 1 L 1 L L I L | i L I I L 1 L | i 1 L 1 L 1 1
0 1 2 3 4 5 6

Puc. 3. CpaBHenue koahduumentos Q, Q , Q,, Q, y 310poBbIX Ll 1 60sbHBIX COVID-19

IpumMeuanue: Mo ocu oparHAaT: Q — OTHOLIEHWE SHEPIUU HU3KUX U cpeaHux yactoT (60—600 I'ix) Kk sHepruu BbicOKMX yacTot (600—6 000 I'iy) KaiwieBoro akra
B 1-i1 rpynme; Q (c) — OTHOLIEHUE SHEPTUM HU3KUX U cpeaHuX yacToT (60—600 I'ir) K sHepruu BICOKKX 4acToT (600—6 000 I'ir) KauuieBoro akra B rpyIine CpaBHEHUSI;
Q, — OTHOLIEHME IHEPrHU HU3KUX U cpeHuX yacToT (60—600 I'u) K sHepruu Bhicokux yacToT (600—6 000 T'ix) 1-ii daspl Kauwis B 1-it rpynmne; Q, (¢) — oTHOIIeHHE
9HEPTMM HU3KKX U cpefHuX 4acToT (60—600 I'ix) K sHeprun Beicokux yacToT (600—6 000 I'ix) 1-i1 aspl Kauuist B rpyre cpaBHeHus. Q, — OTHOLICHNE SHEPIUH HU3-
KUX U cpenHux yactot (60—600 I'x) k sneprum Bbicokux yactoT (600—6 000 I'x) 2-it hasbl Kauia B 1-it rpynne; Q, (c) — OTHOILICHNE SHEPTUH HU3KUX ¥ CPETHUX
yactoT (60—600 I'ix) K sHepruu BhIcOKMX YacToT (600—6 000 ') 2-it (haspl Kauwls B rpymie cpaBHeHUs!; Q, — OTHOLIEHME SHEPIUM HU3KUX M CPEIHMX YacToT (60—
600 T'r) K sHepruu BeICOKMX YacToT (600—6 000 I'x) 3-it haswr Kams B 1-if rpynme; Q, (c) — OTHOIIECHUE SHEPTUHM HU3KUX U CPETHMX YacToT (60—600 I'x) k sHepruu
BbICOKMX YacToT (600—6 000 I'ix) 3-it hasbl Kamwist B TpyIIie CPaBHEHUST; TIO OCH abCIIMCC — YMUCIIOBbIE TIOKa3aTenn KoadduimenTa Q.

Figure 3. Comparison of Q, Q,, Q,, Q, coefficients in healthy controls and in patients with COVID-19

Note: On the ordinate axis: Q, the ratio of the energy of low and medium frequencies (60 — 600 Hz) to the energy of high frequencies (600 — 6 000 Hz) of the cough act
in the main group; Q (c), the ratio of the energy of low and medium frequencies (60 — 600 Hz) to the energy of high frequencies (600 — 6 000 Hz) of the cough act in the
comparison group; Q,, the ratio of the energy of low and medium frequencies (60 — 600 Hz) to the energy of high frequencies (600 — 6 000 Hz) of the 1 phase of cough
in the main group; Q, (c), the ratio of the energy of low and medium frequencies (60 — 600 Hz) to the energy of high frequencies (600 — 6 000 Hz) of the 1* phase of
cough in the comparison group. Q,, the ratio of the energy of low and medium frequencies (60 — 600 Hz) to the energy of high frequencies (600 — 6 000 Hz) of the
2" phase of cough in the main group; Q, (c), the ratio of the energy of low and medium frequencies (60 — 600 Hz) to the energy of high frequencies (600 — 6 000 Hz) of
the 2" phase of cough in the comparison group; Q,, the ratio of the energy of low and medium frequencies (60 — 600 Hz) to the energy of high frequencies (600 —
6 000 Hz) of the 3" phase of cough in the main group; Q, (c), the ratio of the energy of low and medium frequencies (60 — 600 Hz) to the energy of high frequencies
(600 — 6 000 Hz) of the 3% phase of cough in the comparison group; on the abscissa axis: values of the Q coefficient.
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Puc. 4. CpaBHeHMEe MaKCUMAaJIbHOIM YaCTOThI SHEPTUU 3BYKOB KalllIsl Y 3M0POBBIX JiuIl U 601bHBIX COVID-19

[Ipumeyanue: no ocu opaunar: F_ o
KalllJIeBOr0O akTa B rpynre cpaBHeHus; F
. max|
3Byka 1-ii (aspl Kawuis B rpynne cpasuenus; F
SHEepPruu 3ByKa 2-ii (hasbl Kaluis B rpymre cpaBHeHusi; F

max3

— 4acToTa MaKCMMAJIbHOI SHEPrUM 3ByKa KallIeBOro akTta B 1-it rpynne; F () — yacToTa MakCMMAalbHOW SHEPIUHU 3BYKa
— YacToTa MaKCUMAJIbHOI 3Hepruu 3Byka 1-it asbl Kawwis B 1-if rpynne; F (¢c) — yacTota MakCMMaabHON SHEPrUK
— 4aCcTOTa MAaKCUMAJIbHOI 3Hepruu 3Byka 2-it dasbl kauuis B 1-it rpynne; F_ o (c) — yacrota MakcumanibHON
— 4acToTa MaKCUMaJIbHOW sHepruu 3ByKa 3-it (aspl Kauwis B 1-i rpynne; F - (c) — yacrora MakcuMalb-

HOIt BHepruu 3ByKa 3-if (has3bl Kaluis B rpyrnme cpaBHEHMUsT; IO OCH abCIIMCC: YMCIOBbIE TTOKA3aTe M YaCTOTh MaKCUMaIbHOI aHepruu 3ByKoB kauuts (I'); x 1 000.

Figure 4. Comparison of the maximum frequency of the cough sound energy in healthy controls and in patients with COVID-19

Note: On the ordinate axis: F_,
of the cough act in the comparison group; F__,
the maximum sound energy of the 1% phase of cough in the comparison group; F

the frequency of the maximum sound energy of the cough act in the main group; F
the frequency of the maximum sound energy of the 1% phase of cough in the main group; F

max2’

¢), the frequency of the maximum sound energy
(c), is the frequency of

iy €

max |

frequency of maximum sound energy of the 2" phase of cough in the main group;

F ., (c), frequency of maximum sound energy of the 2" phase of cough in the comparison group; F__ ., frequency of maximum sound energy of the 3" phase of cough

max2

in the main group; F__ .
energy of the cough sound in Hz X 1 000.

(n = 38: 16 My>kurH ¥ 22 XeHIIMHbI) 0e3 3a00JeBaHUIA
OpraHoB ABIXaHUS. Y BCeX IMAllMEHTOB IPOBOIMIACH
CT®BI', nepen 3TuM MoAPOOGHO OMKMCAHO MPaBUIbLHOE
BBITTIOJIHEHUE MaHEeBpa KallUis.

CrieKTpaJIbHBII aHAJIN3 3BYKOB KalllJIsl IPOBOIMIICS
COBMECTHO C MUKJI0odIoyMeTpuUeii 10 1 yepe3 15 MUH 1o-
cne nHranguuu 400 Mxr peHoTepoia. BeisiBIeHO, 4TO Ka-
1esib y 00JbHBIX BA sBIsIeTCS O0siee BBICOKOYACTOTHBIM
10 CPAaBHEHUIO C TAKOBBIM Y 3[0POBBIX JIUII KaK J0, TaK
1 TTOCJIe MHTAJISIIIUY KOPOTKOICHCTBYIOIIETO [3-arTOHUCTa
agpeHopelenTopoB [11], 4To ¢ y4eTOM MOJTydeHHBIX TaH-
HBIX B HACTOSIILIEM UCCIEI0BAaHUM MOATBEPKIACT TOTaIKY
0 ToM, uto ipu COVID-19 MoryT Habm0aaThCS 27IEMEHThI
OpOHXUAJIbHOW OOCTPYKLIMU, OTHAKO 3TO TPEOYET Aajb-
HEWIIEro n3y4yeHusl.

Takxe ¢ npumenenneM CTDOBI" 6bu11 0b6cenoBa-
HbI 601bHBIe XOBJI 2-it craguu (n = 69: 54 MyXXYUHBI,
15 xeHmuH; Bo3pacTt — 52,4 (44,2; 66,1) roga). Y Bcex
MaluMeHTOB MPOoBOAMIacCh (PUOPOOPOHXOCKOMMS, Ha OC-
HOBaHWU KOTOPOIi oOcienyeMble ObLTN pacripeneieHbl
B 2 MOATPYNITBl — JIWIIA C Ype3MEPHBIM 00pa3oBaHUEM
opoHxuanbHOro cekpeta (n = 30) ¥ ¢ OTCYTCTBUEM TaKO-
Boro (n = 39). Ha ocHOBaHMM MOJIydeHHBIX TaHHBIX BBI-
SIBJIEHBI 3HAUMMbIE PA3INUUs 110 BPeMEHHO-YaCTOTHBIM
rapamMeTpam IpOJAyKTUBHOTO U HEIPOAYKTUBHOTO KaIIlIsT
y 60bHBIX XOBJI. I[Tpu mpoxyKTUBHOM Kalllle IIpeooia-
Jlajia 9HEPTUsT HU3KMX U CPEIHUX YaCTOT, B OTJIMYME OT He-
MPOIYKTHBHOTIO KallUIsl, 3BYK KOTOPOTO XapaKTepU3yeTCst
OoJuiee BICOKMMU yacTtoTamu [10].

3a py0bexKoM TaKsKe TTPOBOISTCS UCCIICIOBAHNS 10 W3-
YYEHHUIO BO3MOXHOTO MMPUMEHEHUSI CIIEKTPaJTbHOTO aHa-
JI3a 3ByKOB KalllJIsl B IMarHOCTUKE U OlIeHKe 3D (PeKTUB-

ma

(¢), frequency the maximum sound energy of the 3 phase of cough in the comparison group. On the abscissa axis: frequency of the maximum

HOCTH JICUeHUS 3a00JIeBaHUI ThIXaTEeJIbHOU CHUCTEMEI.
N.Melek Manshouri et al. Ha OCHOBe CIICKTPaJTLHOTO aHa-
JIM32a 3BYKOB KallUIsl IIPY IIOMOIIY HEMPOHHBIX CETEU MPO-
BeneHa auarHoctuka COVID-19. CaenaH BbIBOJ O TOM,
yto Kateab mpu COVID-19 MOXHO OTIMYUTh OT TAKOBO-
IO TIPY IPYTUX 3a00JIeBAHUSIX METOIOM BBIICICHUS TIPH -
3HaKOB 1 Kiaccudukanum. B kauecTBe a3¢heKTUBHOTO
MEeTOJa BbIAEJICHUS TPU3HAKOB BhIOPAH CIIEKTPaJbHBIN
aHaJIN3 3BYKOB KalllJIsT, OCHOBAHHBIN Ha TTpeo0pa3oBaHUN
®ypbe U KEICTPATbHBIX KOA(PPUIIMEHTAaX MeT-4aCTOTHI.
W3 MeTomoB kiaccupukay K 00padboTaHHBIM CUTHAJIAM
OBLT TPUMEHEH aJITOPUTM OMOPHBIX BeKTOPOB. UyBCT-
BUTEJILHOCTh M CHIEM(MUIHOCTh OITMCAHHON METOIUKH
B nuarHoctuke Kauwist npu COVID-19 cocrasuia 98,6
u 91,7 % coorBercTBeHHO [13].

OmHako BaxkHO IMTOHUMATh, YTO UCIIOJIb30BaHNE HEil-
POHHBIX CEeTel Jaxe IMPU YCIOBUY KaYeCTBEHHOTO 00yJe-
HUS ¥ TTOJIYYCHUST BEICOKOTOYHBIX PE3YIbTATOB BCE XKe
HE TI03BOJISIET TOJIy4aTh IJIABHOTO — KOHKPETHBIX TTapa-
METPOB U XapaKTePUCTUK, Ha OCHOBAaHWU KOTOPBIX MOKHO
06110 OBl TU(PepeHIPOBATh Kallleb.

3aknioyeHue

JlaHHOe ucciieoBaHNe HATIpaBJIeHO Ha YIydllleHUe JT1-
arHoctuku COVID-19 ¢ moMonipio MeTona CriekTpaib-
HOTO aHaJIK3a 3BYKOB Kalluisl Y 00J1bHbIX. JlocTOBEpHbIE
pasinyus OTACIbHBIX TaApaMETPOB 3BYKOB Kaluis (IIpo-
JOJIKUTEIBHOCTD, OTHOIIIEHUE SHEPTUM HU3KUX U CPEJI-
Hux yactoT (60—600 I'y) K 9Hepruu BHICOKKUX YAaCTOT
(600—6 000 I'r), yacToTa MaKCHMMabHOM SHEPIUU 3BYyKa)
MO3BOJISIIOT 00bEKTUBHO AU(GEepeHLIMPOBaTh Kallelb
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MPU HOBOI KOPOHABUPYCHON MH(MEKIIMU OT APYTUX 3a-
0oJIeBaHMI, TIPOSTBIISTFOIIIXCST KAIIJIEBBIM CHHIPOMOM,
B T. 4. HEPECIIMPATOPHOI STHOJIOTHH.

[NepcieKTMBHBIMU HAIPaBJICHUSIMHU ITPOIOIKEHUS
HCCeNOBaHMS SIBJISIIOTCS CPAaBHUTEIbHBIN aHAIN3 3BYKOB
kanuis y 6osabHbix COVID-19 u kaus npu bA, XOBJI,
a TaKKe BBIIBJICHUE PA3IMUMIl WM OTCYTCTBUS TAKOBBIX
MIPY aHAJIM3€ OTICTBHBIX KAIJIEBBIX TOJTYKOB B KacKaaax
KalllJIsl, pacliMpeHre Habopa uccaenyeMbIX mapaMeTpoB
3ByKa U JIp.

CT®OBI" — 3T0 MepCIeKTUBHBII METOJ TUAarHOCTU -
KU, KOTOPBI BO3MOXKHO MCITIOJIb30BATh JIJIST TMarHOCTUKHU
U KOHTPOJIF HaJ MPOBOAUMON Tepanuvei He TOJIbKO MPpU
COVID-19, Ho 1 npu apyrux 3a00aeBaHUSIX, TIPOSIBISI-
IOIIUXCS KanuieM. biaromapst crieKTpaJlbHOMY aHAIM3Y
OLICHUBAIOTCSI BDEMEHHO-YaCTOTHBIC XapaKTePUCTUKH
3ByKa KalllJisi, KOTOPbIE MPU pa3InyHbIX 3a00JIeBaHUSIX
MOTYT KUMETh CBOM OCOOEHHOCTH.

JaHHBIN METOI OTKPOET HOBBIE BO3MOXHOCTH TIPU
IMATHOCTUKE 3a00JIeBaHUI, TIPOSIBIISTIONINXCST KaIllIeM,
U 00BbEKTUBHOI olLieHKe 3(h(HEKTUBHOCTU TTPOBOIUMOTO
JIEYEeHUST Ha OCHOBE MHAVWBUAYAIBHOTO TTOIXOA.
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