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Pa3paGoranbl cnekTpajibHble KPUTEPUU aKyCTHUYECKOM JIMAarHOCTUKH OYara
00JIbHBIX BHEOOJbHUYHON TTHEBMOHUECH, ONpeaeJeHHbIe CTaHIAPTU30BAHHOW 110
MOTOKY (oHOMHEBMOTrpadueit crnokoiHoro apixanus. [lo obcremyemoii BeIOOpKe ObLIa
80,5%,

83,3%.

AOCTUTHYTa MaKCUMaJibHas CHGI_II/I(bI/I‘-IHOCTB 10

rpymnme

oyara

310pOBBIX —

MaKkCuMalibHasgs 4YYBCTBUTCIIBHOCTH  BBIABJICHHA BOCHHAJICHUA —

CrnenoBaTenbHO, YyBCTBUTEIBHOCTh OTOKOCTaHIAPTU3UPOBAHHOM (hOHOMHEBMOTpaduu

CIIOKOMHOTO AbIXaHHUA HAMHOI'0O IMPCBLIMIACT YYBCTBHUTCIBHOCTDH CY6BCKTHBHOﬁ

ayCKyJbTalKu, KoTopasi coctaBisieT 50%. Y cTaHOBIEHO, YTO aKyCTHUECKUE U3MEHEHUS B

oyare THEBMOHHMH COIJIaCyIOTCSI C  TPEACTABICHUAMH O  MAaTOMOP(OJIOTUU

BOCITAJIMTCIIBHOTO Ipomnecca B JICTKHUX: 30HEBI aKYCTHYCCKON KapTHHBI (CI/IHILPOM

VIUIOTHEHHs JIETOYHOM TKaHM), YTO XapaKTEepU3yeT BOCHAJMTEJIbHBIN o4Yar mnpu

NMHEeBMOHUU. BBISBICHBI THITBI aKyCTquCKOﬁ KapTUHBI U UX IMOPOr'OBBIC 3HAYCHUSA IJIA

MaIlMEHTOB.
Knrwuegvie cnosa: axycmuuyeckas OuazHOCMuKd, 6HeOONbHUYHASA NHEeBMOHUS,
NOMOKOCMAHOAPMUIUPOBAHHAS @ononnesmozpaghus CHOKOUHO20 ObIXAHUS,

B80CNANUMENbHBIU oddae, munbvl aKycmuueCKoﬁ Kapmunrbl.

COMPREHENSIVE DIAGNOSTICS OF COMMUNITY-ACQUIRED

PNEUMONIA USING FLOW-GATED PHONOPNEUMOGRAPHY OF
QUIET BREATHING
Ye.V. Malinina
Pacific State Medical University, Vladivostok, Russia

Spectral criteria determined from flow-gated
phonopneumography of quite breathing have been developed for
acoustic diagnostics of the focus of community-acquired pneumonia in a
patient. In a test sample of subjects, the maximal specificity was 80.5%
in defining the healthy conditions, and the maximal sensitivity was
83.3% in detecting the focus of inflammation. Hence, the sensitivity of
this method is much greater than that of subjective auscultation (about
50%). Acoustic changes in the focus of pneumonia have been found to
be consistent with current ideas about the pathomorphological features of
pulmonary inflammation, which include zones of acoustic pattern (the
syndrome of pulmonary concretion) corresponding to the focus of
inflammatory. The types and threshold values of acoustic patterns have
been defined.
Keywords: acoustic diagnostics, community-acquired pneumonia, flow-

gated phonopneumography of quiet breathing, inflammatory focus,

acoustic patterns.




BBenenue. PeHTreHomornueckoe HCCIeIOBAaHUE C MPEAINOIaraéMoil BHEOOIbHUYHOM
ITHEBMOHUEH ABIsETCS 0053aTENbHBIM 30J0ThIM CTaHJAPTOM HCCIICIOBAHMS MAIlUCHTOB.
VY HeOOJbIION YacTH MALMEHTOB C BHEOOJIHHUYHON IMHEBMOHHEH PEHTTEHOJIOrMYecKast
KapTUHAa HE THNHMYHA WM KIWHUYECKHE IIPOSBICHUA, CXOIHBIE C ITHEBMOHHEH,

00yCIIOBIIEHBI MaTOJIOTUYECKUM  mporeccoM. B atux

APYTUM

PEHTreHOTpa@UUECKOe UCCIICIOBAHUE MOXKET OBITh JOMIOJHEHO METOJ0M KOMITbIOTEPHOM

CITyJasix

tomorpadun (KT). TlosiBleHHe COBPEMEHHBIX METOJOB, KOHEYHO K€, IOMOTaeT B
MOCTAaHOBKE JMarHo3a, AudQepeHnnanbHON TUAarHOCTHUKE, HO KaK €CTh IUTIOCHI B ATOM,
TaKk U MUHYCHI. braronapss COBEpIIEHCTBOBAHUIO PAa3BUTUS KOMIBIOTEPHON TEXHUKH U
MHHOBAallMOHHBIM METOJMKAM, B COBPEMEHHOM KIMHUYECKOM IIPAKTUKE Yy Bpayeu
MOSIBUJIACh BO3MOKHOCTh AHAJIM3UPOBAThH JIETOYHBIE 3BYKHM W MPEACTABISATH UX B BHUJE
(boHOITHEBMOTpaMM, KOTOpPbIE MOTYT OBITh MOJBEPTrHYTHl OOBEKTUBHOMY aHalU3y U
KOJINYeCTBEHHOU oreHke [1,3,5,7]. M3BeCTHBI M MIUPOKO MPUMEHSAIOTCS aKyCTHUYECKHE
CIOCOOBI AMATHOCTHKH 0YA208blX 00pa308aHuii B JETKUX YEIOBEKa, OCHOBAaHHBIC Ha
CyOBCKTUBHOM BBICTYIIMBAHUN BO3HUKAIOIMIUX B JIETKHX 3BYKOBBIX SIBJICHUHA —
ayckynbranuu [4,8]. Hampumep, B paboTe MHOTOKAaHAJIBHOW HW3MEPUTEILHON CHCTEMBI

VRI-XP (Deep Breeze Ltd, Or Akiva, Israel), cymHOCTE KOTOpPO# 3aKiIOYacTCs B

PEruCTpallii OCHOBHBIX JIBIXaTENbHBIX IIYMOB Ha MOBEPXHOCTH TPYAHOU KIIETKH,
BBIYMCIICHUH MX CHEKTPOB, U3MEPEHUU AKYCTHUYECKUX MapaMeTpoOB, XapaKTEPU3YIOIINX
JbIXaTeNbHbIE IIYMbI, KAPTUPOBAHUHM aKyCTHUYECKHX MapaMeTPOB JbIXaTeIbHBIX HIYMOB
[0 MTOBEPXHOCTU TPYAHON KJIETKH, CPABHEHUH aKyCTUYECKUX MapaMeTPOB AbIXaTeIbHBIX
IIyMOB C I[OPOrOM, OTIEISIOIMIMM HOPMY OT TMATOJIOTHHU, BBISBICHUU JIOKAJBHBIX
MaTOJIOTUYECKUX YYacTKOB. ['JIaBHBIM HEIOCTATKOM JAaHHOTO METOJa SBJISIETCS Malias
3(PEKTUBHOCTD BBISIBJICHUS UMEHHO 04a208blX 00pa306anull B JIETKUX YeyoBeka [3,6].

HOBTOMy Ha CGFOILHHH_IHI/Iﬁ ACHb OAHHUM H3 MCPCIEKTUBHBLIX aKYCTHYECKUX MCTOAOB B

Introduction. X-ray examination is a mandatory gold standard for study
in patients with suspected community-acquired pneumonia. A small part
of patients with community-acquired pneumonia show either an
untypical X-ray pattern or a set of clinical manifestations similar to the
pneumonia but conditioned by another pathological process. In these
cases, X-ray examination can be supplemented by computed tomography
(CT). Modern techniques are surely helpful in diagnosing and differential
diagnostics procedures, but there are benefits and considerations in them.
Through using computer technology and innovative methods in modern
clinical practice, doctors have the opportunity to analyze lung sounds and
present them in the form of phonopneumograms that can be subjected to
fact-based analysis and quantitation [1, 3, 5, 7]. Acoustic diagnosis of a
focal lesion in human lungs, based on auscultation, that is listening to the
internal sounds in the body, usually using a stethoscope, is well known
and widely used [4, 8]. For example, in the measuring with VRI-XP
multichannel system (Deep Breeze Ltd, Or Akiva, Israel), the essence of
which consists in recording the basic respiratory sounds from the chest
surface, calculating their spectra, measuring acoustic parameters
characterizing respiratory sounds, mapping the acoustic parameters of
respiratory sounds on the surface of the chest, comparison of the acoustic
parameters of respiratory sounds with the threshold separating a sound in
health from a sound in disease, and revealing the local pathologic
features. The main disadvantage of this technique is small detection

efficiency of focal lesions in human lung [3, 6]. Therefore, to date, flow-

gated phonopneumography of calm breathing (FPhPGCB) is a promising




IWAarHOCTHKE  3a00NIeBaHMW  JIETKUX  SIBJISIETCS  HOTOKOCTaHIAPTU3WPOBAHHAS
gononueBmogpadust  crnokoitHoro  geixanus  (II®IT  CH). JmarHoctuyeckas
spdextuBHocTs MeToma IIDIIIT CI B obcnemyemoii rpymnme Obula COMOCTaBiIEHA C
JaHHBIMA (U3UKATBHOTO M PEHTTEHOJOTHMYECKOro MeTonoB. B Tabmume 1 ™Mb
MPEJCTaBUIN JAHATHOCTHYECKOE CPABHEHHE PEHTTEHOJIOTMYECKOTO M aKyCTHYECKOTO
METO/a MOTOKOCTAaH/1aPTU3UPOBAHHON (POHOTTHEBMOTpa(puK CIOKOHHOTO IbIXaHHSL.
Tao6anna 1

I[narﬂocwmecxoe CPaBHECHHE PEHTICHOJOITHIECKOIo 1 aKyCTH4€CKHUX METO/10B

[TapameTtp Pentren TloTokocTtangapTU3UpOBAHHAS
(hoHOMHEBMOTpahUs CITIOKOWHOTO
JIbIXaHHS
I'maBHBIN npuHIAT Pentrenosckue ny4uu Peructpanust nbrxatebHbIX
HCCIICTIOBAHUS ITyMOB Ha TIOBEPXHOCTH IPYIHOU
KJIETKH B KJIACCHUECKUX TOYKAX
ayCKYJIbTaIH
I'maBHBIE MTapamMeTphI ITapenxuma, IMapenxuma: Ay, £355 2055, b
KOPHHU JIETKUX,
JIeBpa
Pentrenonoruueckas =+ | -
Harpyska
UyBCTBUTEIHHOCTh 93,2 % 83,3%
CrienyHOCTh 94,5% 80,5%
YacToTa Hccieq0BaHus He vame 1 paz3 B 3 nust | ExxenHeBHO
OnucaHue 3aKIHYCHUS JacTt Tonbko Bpau Bo3MoxHO Hanune
MPOTPAMMHOT0 3aKJIIOUEHUS
Junamuueckoe Juarnoctuka Monutopusr
HaOIIoIeHNE CKpUHHUHT

HecmoTpss Ha mnpeummyniectBa MeToJa C TOYKHM 3pEHHMS €ro HEMHBA3MBHOCTH,
0€30MaCHOCTH, €KEIHEBHOTO MPHUMEHEHHs, almapaTHO- MPOTPaAMMHOIO 3aKIIOUYEHUS
pesynbratoB, nuHamudeckoro HaOmroaenust [IDIIT CJl moka He cTana cTaHAapTHOU

MGTOI[HKOﬁ JJI1 OOCHKHU IMaTOJIOTMYCCKOro odyara JICTKHX B KIIMHUYECKOM IMPAaKTHUKE.

acoustic technique in diagnosing lung diseases. The diagnostic efficiency
of FPhPGCB technique in the test sample of subjects was compared with
the data of both the physical examination and X-ray examination. Table 1
presents diagnostic comparison of X-ray examination and acoustic

technique of FPhPGCB.

Table 1
Diagnostic comparison of X-ray examination and acoustic technique
Parameter X-ray FPhPGCB
The main principle of X-rays Registration of respiratory
the study sounds on the surface of the
chest in the classical
auscultation points
The main parameters Parenchymatous Parenchyma:
tissue, roots of Aqgj, f3am, f20a8, b
the lungs, pleura
X-ray dose R
Sensitivity 93.2 % 83.3%
Specificity 94.5% 80.5%
Rate of the study No more than Daily
once a 3 days
The description of the Given only by A software opinion may be
conclusion the doctor available
Case follow-up Diagnostics Monitoring
Screening

Despite FPhPGCB technique advantages in its non-invasiveness, safety,
dailiness, hardware-software options and dynamic observation this
technique has not become a standard procedure in assessing pathological

focus of lung in clinical practice yet.




Heap ucciaenoBanus. OLEHUTH BO3MOXKHOCTH METOJIa MOTOKOCTAaHIAPTU3UPOBAHHOU
¢dboHOMHEBMOTpadUU CHOKOWHOTO IBIXaHHWS MAJI JUATHOCTUKM OdYara BOCIAJICHUS Y
[MAIIMEHTOB C BHEOOJIHbHUYHON [THEBMOHUEN.

Martepuanbl u Metoabl. Hamu oGcnenoBansl 36 370pOBBIX BOJOHTEPOB MYXXKUYHH, HE
HaxOJMBIIMXCA Ha CTAallMOHAPHOM JieueHWH, B Bo3pacte oT 18 mo 80 mer (cpemuumii
Bo3pact — 43,7 + 2,3 ronga) u 36 My>K4lH ¢ BHEOOJTbHHYHOW THEBMOHHEH B BO3PACTE OT

18 mo 80 nmer (cpemnmii Bo3pacT 43,5 + 2,8 TOHA) TOCHHUTATU3UPOBAHHBIX B

TepanmeBTUUeCKoe otnaeineHue Menunuackoro oowseaudenuss JBO PAH (.
BnaguBocTok).
Kputepun BkmtoueHUs: ocTpoe OakTepuaibHOe 3a00JieBaHHME, BO3HUKIIEE BO

BHEOOJNBFHUYHBIX YCIOBHSX, COMPOBOXKIAIONIUECS CHUMITOMAaMU HWHMEKIUH HUKHUX
JbIXaTeNbHBIX MyTel (JInXopajaka, Kallesb, OTAeICHIHEe MOKPOTHI, 00JI B TPY/IH, OJBIIIKA)
U PEHTICHOJIOTMYECKHMH  TPU3HAKAMH  «CBEXHX»  OYaroBO-MHQUIBTPATUBHBIX
W3MEHEHHUH B JIETKUX MPU OTCYTCTBUM JTUArHOCTUYECKOMN aJIbTepHATHUBHI [2].

Kpurepun uckioueHus: BUpyCHasi 3THOJOTHS MHEBMOHHUM, HAJIMYME COMYTCTBYIOIIEH
MATOJIOTUU  CEPJIEYHO-COCYIUCTOM CHCTEMBI, JIETKHUX, IMOYeK U Jpyrux Ooje3Hei
CHOCOOHBIX TOBIHUATH Ha pa3BUTHE MHEBMOHWYECKOro MHGUIbTpaTa B JierkoM. Bce
MMHEBMOHUM OBUIM BHEOOJIHHUYHBIMH, OAaKTEpUATBHOW OSTHUOJIOTHUH, C JIOKAIHU3AIHCH,
npeumytnecTBeHHO (70%) B HIDKHUX H0isiX. B 63% ciyyaeB 3aperucTprupoBaHO TSIKEIOE
n B 37% ciiy4aeB — HETSDKENIOE TeYeHue NMHEBMOHMU. B mepBbie 72 yaca oT Havana
3a0oneBanus ObulO rocnuTaau3upoBaHo 34% mnanueHToB. JlaHHble (U3UKAIBHOTO
o0ce1oBaHMs XapaKTepU30BaINCh pasHoOOpasueM, M3MEHYHMBOCTBIO.
Pentrenonoruueckuii ouar Obl1 onmucaH Kak MHGUiIbTpanus jeroyHod Tkanu B 100%
CllydaeB ¥ TMOATBEPXKIEH METOJA0M CornacHo

KOMITHIOTEPHOW  ToMOTpaduu.

KJIIMHUYECKUM U PEHTIe€HOJIOTMYEeCKUM JaHHbIM THeBMOoHUA Y 20 (56%) nanueHToB Oblia

The objective of the study is assessment of capabilities for the
FPhPGCB technique in diagnosis of the inflammation focus in patients
with community-acquired pneumonia.

Materials and methods. 36 healthy male volunteers who had not been
admitted to hospital for long enough, aged 18 to 80 (mean age in years
43.7 + 2.3) and 36 male patients with community-acquired pneumonia
aged 18 to 80 years (mean age in years 43.5 + 2.8) hospitalized in the
therapeutic department of the Far East Branch of the Russian Academy
of Sciences (Vladivostok) were studied.

Inclusion criteria: community-acquired acute bacterial disease,
accompanied by lower respiratory tract infection symptoms (fever,
cough, sputum, chest pain, dyspnoea) and radiologic signs of new-made
focal and infiltrative changes in the lungs in absence of a diagnostic
alternative [2 ].

Exclusion criteria: viral etiology of pneumonia, presence of concomitant
pathology of the cardiovascular system, lungs, kidneys and other diseases
that can affect the development of pneumonic infiltrate in the lung. All
pneumonias were community-acquired, of bacterial etiology, with
localization, predominantly (70%) in the lower lobes. 63% cases of
pneumonia were diagnosed as severe and the rest 37% as mild
pneumonia. 34% of patients were hospitalized before 72 hours since the
beginning of the disease. The data of the physical examination were
characterized by diversity and variability. The radiological focus was
described as infiltration of pulmonary tissue in 100% of cases and

confirmed by CT. According to clinical and radiological data, 20 (56%)




paBoCTOpOoHHEH, y 8 (22%) — neBocTopoHHEH, y 8 (22%) — nBycroponneir. Y 28 (77%)
MAIMEeHTOB OHA HOCHJIAa OYaroBblil xapakrep, y 6 (16%) ouaroBo-cnuBHOW 'y 2 (5 %) —

cerMeHTapHbIi. MccnenoBaHne HOCWIO OTKPBITBHIM NPOCHEKTHUBHBINA XapakTep, ObLIO

OZ00pEHO  MEXKAWUCIHUIUIMHAPHBIM ~ 3THYECKUM  KOMHUTETOM  THXOOKEaHCKOTO
TOCY/IapCTBEHHOTO  MEAMIMHCKOTO  YHHMBEpcuTeTa. Bce  umcmbiTyeMmble  Jaiu
uHpopMHupoBaHHOEe corjacue. IloTokocranmapTu3upoBaHHas  (HOHOIMHEBMOTpadus

CIIOKOMHOTO JbIXaHUs IPOBOAMJIACH [0 OPUIMHAJIBHOM aBTOPCKOM Meroauke [6].
IToroxocrannapTu3upoBaHHas (GOHONHEBMOrpagus CIOKOHHOIO AbIXaHUsS MPOBOAMIIACH
BCEM MAIMEeHTaM P MOCTYIUIEHUU U 370POBBIM JIMI[aM. 3allUCh OCYILECTBIIIACH CUJS.
Hoc oOcnemyembix 3akpbIBaJICs KIHMICOM. AKYCTHYECKHM MaT4yuK (UKCUPOBAIU C
MIOMOIIIBI0 PE3UHOBOro kryra (OuHT MapTtenca). MccnenoBanrue mpoBOAKIIOCH BO BCEX
KJIACCUYECKUX TOYKaX AayCKyJbTallUM JIETKMX Ha TIOBEPXHOCTH TPYIAHOH KIETKH
o0clleyeMOro ¢ HOMOIIBI0 H3MEPUTEIbHOTO TPAKTa, BKJIOYAIOLIETO aKyCTHUYECKHM
JaT4lK, B cocTaBe KoHneHcatopHoro mukpogona tuna MK 102 (RFT), ocnamennoro
CTETOCKONMYECKON Hacaakoii; mrymomepa, Tuma 00023 (RFT); snexTponHOrO camonucia
Power Lab (ADInstruments) u mopratuBHoro kommbiotepa. [lepen Havdamom 3amucu ¢
IIOMOILBIO MepeKouaTenss (UIbTPOB HA IIYMOMEpPE YCTAHABJIMBAIMCh YacTOTHAs
XapaKTepUCTHKA THUMA «A», MOJABISIONIAS aMIUIUTYAy PETUCTPUPYEMBIX CHUTHAJIOB B
o0nacT HU3KHX 4acToT. CuUrHamsl ¢ MUKpO(OHa, MPOIMyILIEHHBIE uepe3 HIyMOMEp,
MOJaBAINCh HAa OJUH U3 KaHAIOB 3JIEKTPOHHOro camonucua. Ha Bropoll Bxox
AJIEKTPOHHOTO camomucIia OblT moakioueH cnupomerp (ADInstruments), cHaOKEHHBIHA
TpyOokort Hus Jlwum. ChoupoMerp TO3BOSI B peXHMME IMHEBMOTaxorpada
pPErucTpupoOBaTh 0OOBEMHYIO CKOPOCTh MPOXOAAIIETO MOTOKAa Bo3ayxa. Ha tperuit Bxon

SJICKTPOHHOI'0 CaMOIIMcCIa OBLI IOAKIIIOYCH HBGBOBHGKTPH‘IGCKI/Iﬁ AaT4YUK IIyJbCa,

prenpyeMbix (QUKCHPYEMOro Ha KOHYMKE Nayblia obcieayemMoro. 3amuch CKOPOCTU

patients had right-sided, 8 (22%) left-sided and 8 (22%) two-sided focal
pneumonia. There were focal pneumonia in 28 (77%), pneumonia with
confluent foci 6 (16%), and segmental pneumonia in 2 (5%) patients. The
clinical trial was led at open and prospective base; it was approved by the
interdisciplinary ethics committee of the Pacific State Medical
University. All subjects gave informed consent. FPhPGCB was carried
out according to the original author’s technique [6]. FPhPGCB was
performed to each person upon admission and each healthy individual of
the group. The recordings were led when they sat down. The nose of each
examinee was closed with a clip. The acoustic sensor was fixed with a
rubber harness (Martens’ bandage). The clinical trial was led in each
classical point of lungs auscultation on the surface of the chest of the
examinee using a breathing mechanisms measuring system. The system
included: an acoustic sensor consisted of MK 102 condenser microphone
(RTF) equipped with a stethoscope attachment; a sound level meter, type
00023 (RFT); an electronic recorder, Power Lab (ADInstruments); and a
notebook. Before recording with the filter switch, a frequency
characteristic of the type “A” on the sound level meter was adjusted so
that to suppress the amplitude of the recorded signals in the low
frequency region. The signals passed through the sound level meter were
fed from the microphone to one of the inputs of the electronic recorder. A
second input of the electronic recorder was connected to a lung tester
(ADInstruments) equipped with a Lilly tube. The Ilung tester
(pneumometer) allowed recording the volumetric air flow rate while

operated as a pneumotachograph. Piezoelectric pulse sensor fixed at a




MOTOKA BO3[yXa M IMyJbCOBOW BOJIHBI TPOU3BOAMIACH CHHXPOHHO C YacTOTOM

muckpernzammu 10 xl'm.  Ilpm  3ammcu  oOcnemyemblil  BBIMOJNHSAT — HECKOJBKO

BJIOXOB/BBIIOXOB uepe3 TPYOKy JIMIUIM 1 caMOCTOSTETFHO OTCIIEKUBAT CKOPOCTh TTOTOKA
B pEaJbHOM BPEMEHHU Ha JKpaHE KOMITBIOTEPa, CTapasiCh IbIIATh TaK, YTOOBI KPHBAs
CKOPOCTH HE BBIXOAMJIA 3a TIPEAeibl 3aJaHHOW BpAvYoOM IIEJeBOr0 MoToKa. CHUTHAIBI
obpabateiBanu B mporpamme Chart(ADInstruments). Jlanee wave ¢aitn obpadbatbiBaics B
Lab (SoundTech). s

00pa30BaBIIMXCSl TPHU BBIPE3aHHHM (PPAarMEHTOB C IOCTOSIHHON CKOpPOCTBIO TIOTOKA,

MakeTe Imporpamm Spectra CIJIAKMBAHUSL  Pa3pBIBOB,
CUTHAJI TPOMYyCKAJICS depe3 (PrIbTp BBICOKUX YacTOT ¢ 4acToToi cpe3a 10 I'm. 3arem

BBIUUCIISUICS ~ aMIUTUTYAHBIM CHeKTp curHana (orapudmudeckuii macmrad 1o
amruintyze, uiciao orcueroB 1024, nepekpeitue 50%, okHo X3HHMHTA). [lomydyeHHble
CIEKTPBI COXPAHSIIUCh TAK)KE B BUJE TEKCTOBBIX (haiioB B mporpamme MS Excel. beuto
MPEIJIOKEHO BBIYMCIATH 2 CHEKTPalIbHBIX IapameTpa:

f35. 2005, ObOceqyeMbm

OTIpeNeNIsIN aKycTHueckue mnapamerpsl fi.p foos B Kakaol Touke oOCIIeZOBaHMUSL.
Cratuctuueckass o0pabOTKa JaHHBIX BBINOJIHSIACH C TMOMOIIBIO MporpaMmel Statistica
(StatSoft Inc.). HopmansHOCTE pacmpeieieHusi BapHaHT OIEHUBAIACH ¢ MOMOIIbI0 W-
kputepus lanupo — Yunka. 3HaYUMOCTh Pa3IMuU MAPAMETPOB B JIBYX HE3aBUCHMBIX
BBIOOPKAX OIIEHMBAJIACh C TIOMOIIBIO HemlapameTpudeckoro Feera U-kputepuss MaHHU—

YurtHu.

Pe3yabTaThl Hcc/ieloBaHUS U UX 00CYKIeHHe

ﬂJ’IH BBIABJICHUS BHEOOJBHUYHOM ITHEBMOHHWHM BHAayajie OBLIU OIMPCACIICHEI

fingertip of an examinee was connected to a third input of the electronic
recorder. The recordings of both air flow rate and the pulse wave were
carried out synchronously and with a sampling frequency of 10 kHz.
During the recording, an examinee performed several breathings in and
out through the Lilly tube and independently tracked the flow rate in real
time on the computer screen, trying to breathe so that the breathing-rate
curve did not go beyond the target flow set by a doctor. The signals were
processed in the Chart program (ADInstruments). Next, the audio file in
wave format was processed in the Spectra Lab software package
(SoundTech). To smooth out the gaps that formed when cutting
fragments at a constant flow rate, the signal was passed through a high-
pass filter with a cutoff frequency of 10 Hz. Then the amplitude spectrum
of the signal was calculated (logarithmic scale in amplitude, number of
samples 1024, 50% overlap, Hanning window). The received spectra
were also saved as text files in MS Excel. It was proposed to calculate
two spectral parameters: f3gg and f,oqg. For each examinee acoustic
parameters f3gg and fyogp at each point of interest were determined.
Statistical processing of data was carried out using Statistica program
(StatSoft Inc.) Variants normality distribution was estimated using
Shapiro — Wilk W test. The significance of the differences in the
in two

parameters independent samples was estimated using a

nonparametric Manni — Whitney U test

The results of the study and their discussion

For detecting community-acquired pneumonia, threshold values of the




MOPOTOBBIC 3HAUCHHSI aKyCTHYECKUX IapaMeTpoB 3M0pOBbIX. [loidydeHHBIE MO TOYKaM
oOcieroBaHUs 3HAYCHHS aKyCTUYECKUX mapamMeTpoB figp, fooqp  J1ajiee cpaBHUBAIH C
MOPOTOBLIMH 3HaUeHUSIMU. [lOpOrOBBIE 3HAYCHUS OMPEACISINCH MMYyTEM MAaKCHMH3AIIUU
MOKa3aTeNe YyBCTBUTEILHOCTH U CIIEU(PUIHOCTH TI0 00ceyeMoi BEHIOOPKE METOA0M
[2].

(GUIBTPOBAIN B pEXXUME «Ay, UIsl aKyCTHUECKON XapaKTEPUCTUKU JbIXaTEIbHbIX [TYMOB

ROC-ananu3za [Ipn peructpaium OCHOBHBIE JbIXaTEIbHBIE IIYMBI BAOXA
OIIpEAEIISIM BEPXHUE YACTOThI cpe3a cIeKTpa 1no ypoBHio -31b u -20nb ot makcumyma
aMIUIUTYZbl CIEKTpa, a MPU PETUCTPALlMd OCHOBHBIE JbIXaTeNIbHbIE IIyMbl BAOXa
3aMUCHIBAIA TIPH QUIBTpAIUU B pexxumMe «Ax» [1], mId akyCTHYECKON XapaKTePUCTUKH
JBIXATENIBHBIX IIYMOB ONPEEIISJIN BEPXHUE YaCTOThI Cpe3a CIIEKTpa 0 YPOBHIO -31b 1 -

20nb
yyBcTBUTENbHOCTE [IDIIIT CI  83,3%

oT MakKCUMyMa AMIUIMTYAbI CIICKTpaA. Pacuetnas JUArHoCTU4YCCKaAa

HAMHOTO TIPEBBINIAET YYBCTBUTEIBHOCTh
cyobexTuBHOM ayckynpranuu 50 % [2]. Takum oOpa3om, CHeKTpajbHbIE OCOOEHHOCTH
aKyCTUYECKHUX CHUTHAJIOB Ha TOBEPXHOCTH TPYJHOW KIETKH Yy 3IO0POBBIX JIHIl TPH
ckopoctu motoka 0,89+0,18 1/c nexar B clenyommx Auana3oHax: 4acToTa cpesa Io
ypoBHIO -31b -269,5-359,4 ', wacToTa cpesa no yposHio -20 nb - 531,3 — 621,1 I'n.
Jlanee pansi  BBISBICHUS BHEOOJNBHUYHOW TTHEBMOHHMHM OBUIO  ONpPENENeHO, |TO
aKyCTHMYECKUM MPHU3HAKOM HApYIICHWH, CBS3aHHBIX C HAIWYUEM oOdYara ITHEBMOHUH,
ABIISICTCSA YCJIOBUE NpPEBbILIEHUS napameTpoB {3, w/umm foos  yKa3aHHBIX TOPOTOBBIX

3HAYCHMM JIJ1s1 TAIMEHTOB C BHEOOJIbHUYHOW THEBMOHUEH (TalI. 2).

acoustic parameters of the healthy volunteers were initially determined.
The values of the acoustic parameters figp, f048, Which had been
obtained from the points of interest, were compared with the threshold
values. These threshold values were determined by maximizing the
indexes of sensitivity and specificity of the test sample of subjects by the
technique of receiver operating characteristic analysis [2]. At registration,
the basic respiratory sounds were filtered in “A” mode, for the acoustic
characteristic of the respiratory sounds the upper frequencies of the
spectrum cut at -3dB and -20dB were determined from the peak of the
amplitude of the spectrum, and at registration the basic respiratory
sounds were recorded with “A” mode [1], for the acoustic characteristic
of respiratory sounds, the upper cutoff frequencies of the spectrum were
determined at -3 dB and -20 dB from the maximum of the amplitude of
the spectrum. The diagnostic sensitivity in FPhPGCB technique was
estimated as 83.3%, and it is much higher than the sensitivity in
subjective auscultation of 50% [2]. Thus, the spectral features of acoustic
signals on the surface of the chest in healthy individuals at a flow rate of
0.89 + 0.18 L/ s is within the following ranges: the cutoff frequency at
-3dB level is -269.5+-359.4 Hz, the cutoff frequency at -20 dB level is
-531.3+-621.1 Hz. Further, to identify a community-acquired pneumonia,
it was determined that the acoustic sign of abnormalities associated with
the presence of a pneumonia focus is the condition that f 345 and/ or f 045
parameters with

exceed specified threshold values for patients

community-acquired pneumonia (Table 2).




['pymnmoBeie 3HaU€HUsI aKyCTHUECKUX TTapaMeTpOB

Taoanma 2

NOTOKOCTaHIaPTU3UPOBAHHON ()OHOMMHEBMOrpaduy B rpyMIie 310POBBIX JIMII U Y MALIMEHTOB C BHEOOJILHUYHON MTHEBMOHHEH (M+m)

Touku 00cienoBaHUs

I'panmynbIe YacTOTHI criekTpa, ['11

35 2015
Kontpons [TareHTHI ¢ BHEOOTBHUYHON KoHnTpo:s [ManreHTs! ¢ BHEOOTBHUYHON
ITHEBMOHHEN ITHEBMOHUEN
311}, 482,7+0,5 500,2+15,01 662,3+0,5 678,2+0,02
311, 396,7+0,4 406,2+0,3 619,4+0,5 648,3+0,2
3113 392,8+0,01 415,1+0,1 664,3+0,02 690,2+0,04
31114 428,0+0,12 453,14+0,2 658,4+0,05 749,1+0,1
3115 459,240,002 489,2+0,1 650,6+0,04 729,1+0,1
316 451,4+0,02 480,4+0,1 631,1+0,03 671,8+0,04
3117 463,1+0,4 487,2+0,03 713,1+0,7 748,5+0,3
3118 443,6+0,8 488,2+0,4 631,1+0,1 660,1+0,01

Group values of acoustic parameters

Table 2

of flow-gated phonopneumography in a group of healthy individuals and in patients with community-acquired pneumonia (M £ m)

Points of interest

Spectrum boundary frequencies, Hz

348 2048
Control Patients with community- Control Patients with community-
acquired pneumonia acquired pneumonia
PSy; 482.7+0.5 500.2+15.01 662.3+0.5 678.2+0.02
PSi, 396.7+0.4 406.2+0.3 619.4+0.5 648.3+0.2
PSi; 392.8+0.01 415.1+0.1 664.3+0.02 690.2+0.04
PS4 428.0+0.12 453.1+£0.2 658.44+0.05 749.1+0.1
PSis 459.2+0.002 489.2+0.1 650.6+0.04 729.1+0.1
PS¢ 451.4+0.02 480.4+0.1 631.1+0.03 671.8+0.04
PSy; 463.1+0.4 487.2+0.03 713.1+0.7 748 5+0.3
PSig 443.6+0.8 488.2+0.4 631.1+0.1 660.1+0.01




IIpuMmeyanue:

3I1 — 3a/1HsIs1 TOBEPXHOCTb;

3I1;, — mpaBas HaaJIOMaTOYHas 001aCTh,

311 1, - meBas HaAIOMaTOYHAas 00J1acTh,

311 13 - ApaBasMexFoHaTOMas IpaBas MEXIIONATOUHAs 00JacTh (Ha
ypoBHE VI rpyaHBIX MO3BOHKOB), OKOJIOTIO3BOHOYHAS JTUHUS,
3114 — neBas MexJonarouHas o61acts (Ha ypoBae VI rpyaHbix
MMO3BOHKOB), OKOJIOTIO3BOHOYHAS JINHUA,

3115 — mpaBas MexJionarouHas o0iacts (Ha ypoBae VI rpymaHoro
MMO3BOHKA), OKOJIOIIO3BOHOYHAS JIMHUS,

3116 — neBas MmexJonarouHas o6iacts (Ha ypoBae VI rpymaHoro
MMO3BOHKA), OKOJIOIIO3BOHOYHAS JIMHUS,

3117 — mpaBas moyionaTo4yHasi 00J1acTh,

3I1;5 — neBas moIonaroyHas 001acTh.

CornacHo TMOJIy4€HHBIM aKyCTHYECKMM [apaMeTpaM y MalUeHTOB C
BHEOONPHUYHONW THEBMOHHMEW U 3A0poBbIX jwuil, npumenenue [IDIIT CJ
MO3BOJISIET CYIIECTBEHHO MOBBICUTH 3()(HEKTUBHOCTH aKyCTHUECKOTO BBISIBICHUS
OYaroBbIX 00Opa30BaHUN B JIETKUX YEIOBEKAa 3a CUET OOHApY)KEHUS aBTOpaMHU
HOBBIX, Ha/Ie)KHbBIX, 0OBEKTUBHO U aBTOMAaTUYECKH OLICHUBAEMBIX aKyCTHUECKUX
XapaKTepUCTHK JAbIxaTenbHbIX myMoB f-3n1b w/wimm f-20nb u ux moporobix
3Ha4eHU. MOXKHO yTBEp)KIaTh, YTO C YYETOM IPOEKIUH ITUX TOYEK HaA
MIOBEPXHOCTh TIPYJHOW KJIETKM U BBIIOJHEHUE YCJIOBHSI IPEBBILICHUS
napameTpoB f 3,5 u/mm f0;5 TOBOPUT HAM O 30HE aKYCTUUYECKOW KapTHHBI, YTO
MIOJTHOCTBIO COBMAJANI0 C JIOKAIM3aLMEH ouara IO JaHHBIM KOMIBIOTEPHOU
ToMOrpaguu  JIETKUX. 30HAa AaKyCTHUECKOW KapTUHBI TOHorpaduvecku
COOTBETCTBYET 30HE BOCIMAJIECHUS, T.€. CHHIPOMY YIUIOTHEHHS JIETOYHOW TKaHU

— MpeBbIllIeHUE aKycTudeckoro mapamerpa fi;; B Touke 3II 13 B mpenenax

Note:

PS — posterior surface;

PS,; —right suprascapular region;

PS,—left supratopachal region;

PS5 — right interscapular region (at level of 6" thoracic vertebrae), near-
vertebral line;

PS4 — left interscapular region (at level of 6" thoracic vertebrae), near-
vertebral line;

PS5 — right interscapular region (at the level of the VI thoracic vertebra), near-
vertebral line;

PS;6 — left interscapular region (at the level of the VI thoracic vertebra), near-
vertebral line;

PS,7 — right subscapular region;

PS5 — left subscapular region.

According to the acoustical parameters obtained in patients with community-
acquired pneumonia and healthy individuals, the use of FPhPGCB technique
improves significantly the efficiency of acoustic detection of focal lesions in
human lungs by detecting new, reliable, objectively and automatically evaluated
acoustic characteristics of respiratory sounds, the values of f3qg and/ or f,o4s
and their threshold values. It can be argued that taking into account the
projection of these points on the surface of the chest and the fulfillment of the
condition of exceeding f 34 and/ or f,o4p parameters shows the picture of the
zone of the acoustic pattern, which completely coincided with the localization of
the focus according to computed tomography of the lungs. The zone of the
acoustic pattern topographically corresponds to the zone of inflammation, i.e.
syndrome of compaction of pulmonary tissue — an excess of figg acoustic

parameter at the point PS;g within 488.2, PS; — 487.2, PS;s — 480.4, PS5 —




488.2, 3117
31,

- 487,2, 311 16— 480.,4, 3115 - 489,2, 3114 - 453,1, 3I1;5 - 415,1,
- 406,2, 3I1;; - 500,2 - yTBepkaaeT HaM O HAJUYUHM MATOJIOTHYECKOTO
ouara B JIETKOM.

B kauecTBe KIMHUYECKOTO CiTydasi IPUBEIEM IPUMED:

Bonwnoii C., 34 ner, mocTynmusl B CTAI[MOHAP C JKaT00aMH Ha YacThIA KaIllelb C
TPYTHOOTACNSIEMON MOKpPOTOM, MOBBIIICHUE TeMIepaTypel 10 (HeOpHIbHBIX
1udp, BUIOCTH, 00IIyIO0 ci1abocTh. 3 anamHe3a 3aboneBanusi: 00yieH 3-e CyTKH,
3a00JIeBaHNE HAYaJOCh C TOBBILICHUS TEMIEpaTypbl 10 38°, CyXOro Kaiuis.
BonbHOI 0BT OCMOTpPEH TepaneBTOM M HaIlpaBJIeH B CTALMOHAP C JAUATrHO30M:
BueOonpHUYHAS TMHEBMOHMS, HEYTOHYEHHON HTHOJIOTMHM, B HIDKHEH [0JI€
cupaBa (9,8 cermeHnT). JlpIxatenpHasi HEIOCTaTOYHOCTh | crenenu. I[lpu
MOCTYIJICHUU: COCTOSIHUE cpeAHell TsbkecTu. YacrtoTa AbixaHus 23 B MUHYTY.
[lepkyTopHO: yKOpOUEHHE MEPKYTOPHOTO 3BYKa B HIDKHUX OTJENax IO 3aHei
MOJAMBIIIEYHON W JIOMATOYHOM JiMHUM. [lo JaHHBIM  KOMIBIOTEPHOU
ToMorpauu: TpU HCCIEIOBAaHUM OPraHOB TPYAHOM TMOJIOCTH B JIETKUX
cerMeHTe Sg, So. 3aKi.:

OIMPCACIICHLL I/IHq)I/IJIBTpaTI/IBHBIe HU3MCHCHHUA B

MPAaBOCTOPOHHSA HIJKHENOoJIeBass NHEBMOHUSA (Ss,s9). B Kaxmoil Touke
oOcneoBaHUsl TMANMEHTY omnpeaeneHbl mapameTpbl fi;p, foo. Bemudunb
napameTpoB  f3;5, fo0:5 CpPaBHEHBI C COOTBETCTBYIOIIMMH IIOPOTaMH TIO
OMHMCAaHHOW BBIIIE TMpoleaype. B pesynbrare B TabmuIle pacCUYMTAHHBIX
MapaMeTpPOB  BBIJEICHBI

(Tab1.4).

KYpCUBOM 3HAYCHUS, MPCBLIMIAIOIMINUC IMOPOTOBLIC

Tabamna 4
AKycTHYeCKHe apaMeTphl 10 ToYKam odcjienosanns OosbHoro C., 34 jger

¢ ruarno3oMm: IlpaBocTopoHHeii HHM:KHen0J1eBOM MHeBMOHMeill (S8,59).

489.2, PS4 — 453.1, PSi3 — 415, 1, PS;» — 406.2, PS;; — 500.2 — shows a

pathological focus in a lung.

A clinical case is given below as an example.

Patient S., 34 years old, entered the hospital with complaints of frequent cough
with hard-to-recover sputum, body temperature rise to febrile digits, lethargy,
and general weakness. From the history of the disease: sick 3™ day, the disease
began with the temperature rise up to 38°C, dry cough. The patient was
examined by a therapist and sent to a hospital with a diagnosis: Community-
acquired pneumonia, unspecified etiology, in the lower lobe on the right (9" and
gt segments). Respiratory failure of the 1% degree. At admission: a state of
moderate severity. His respiratory rate was 23 breaths per minute. Percutaneous:
shortening of percussion sound in the lower parts of the back auxiliary and
scapular line. According to computed tomography: in the study of the chest
cavity in the lungs, infiltrative changes in segment Sg and So were determined.
Medical decision: right-focused pneumonia located in the lower lobe (Sg, So). At
each point of interest, {345 and f,oqp parameters were assigned. The values of
the parameters f 345 and f0qg were compared with the corresponding thresholds
according to the procedure described above. As a result, values exceeding the

threshold values are italicized in the table of calculated parameters (Table 4).

Table 3
Acoustic parameters at the points of interest of the patient S., 34 years old,

with the diagnosis: Right-focused lower-lobe pneumonia (S8, S9).




Touxa 3I1 3.5 f2015
11 2344 464.,8
12 296.9 539,1
13 3594 550,8
14 289,1 519,5
15 500,0 620,1
16 277,3 582,0
17 472,7 633,1
18 3438 589,8

IIpumeuanue:

311 — 3agHs5 IOBEPXHOCT,

f35 - yacToTa cpesa «-3»ab

fo0xs - wacTora cpesa «-20»ab

B Toukax 15 u 17 (Tabn.4) akycruyeckoro mapamerpa f i,z 0OHApYKUBAIOTCS
aKycTuueckue OTKIOHeHHs. C yd4eToM MpPOEKIHUU ITHX TOYEK OOCIeHOBaHUS
ManueHTa, OYeBUIHO, YTO CIIpaBa B MPOEKIHH 8-T0, 9-TO CETMEHTOB HMEETCS
30Ha aKyCTUYECKUX HAPYIICHUH, KOTOpasi COOTBETCTBYET 1 TUIy aKyCTHYECKOU
KapTUHBI JJI TAIMEHTOB ¢ BHEOOJHbHUYHON MHEBMOHUEH. DTO coriacyercs C
OoYaroM ITHEBMOHUH, BBISBICHHBIM B 8,9 CerMeHTax MPaBOro JIETKOTO IO
PEHTTEHOJIOTUYECKUM JaHHBIM.

3akiir0ueHue

Takum obpa3zom, MTOKa3aHUS TUTS MIPUMECHCHHUS MeToja
MOTOKOCTaHAapTU3UPOBAHHOHN (HOHOMMHEBMOTpAadUU CIIOKOMHOTO JIbIXaHUS B

KJIMHAYECKOM IMPAKTHUKE 3aKIOYAarOTCA B CICAYIOIIEM: HCIIOJb30BaTh €ro HE

Point PS f348 2048
11 234 .4 464.8
12 296.9 539.1
13 3594 550.8
14 289.1 519.5
15 500.0 620.1
16 277.3 582.0
17 472.7 633.1
18 343.8 589.8

Note:

PS — posterior surface,

f34p — cutoff frequency “-3” dB

f 2048 — cutoff frequency “-20” dB

At points 15 and 17 (Table 4) of the acoustic parameter f 345, acoustic deviations
are detected. Given the projection of these points of interest, it is obvious that
there is a zone of acoustic disturbances in the right side on projection of the gt
and the 9" segments, which corresponds to the 1* type of acoustic pattern for
patients with community-acquired pneumonia. This is consistent with the focus
of pneumonia, revealed in the 8" and the 9™ segments of the right lung
according to roentgenologic data.

Conclusion
Thus, the indications for using the technique of flow-standardized
phononophores of calm breathing in clinical practice are as follows: it is

recommended to use this technique not only for inter-roentgen monitoring of the




TOJIBKO JJI1 MEXPEHTI'€HOBCKOIO MOHUTOpPHHIA IMHEBMOHUYECKOIO Oyara, 4tro
SIBIIICTCS IIEHHBIM, HO WM JUISI X MEPBUYHOTO JOPEHTIEHOBCKOTO BBISBICHUS,
YTO MOBBICUT 3(PPEKTUBHOCTh JUATHOCTHKH OYAroBHIX 3a00JICBAHUU JIETKHX B
KJIIMHUYECKUX YCIOBHSX, JACT BO3MOXKHOCTH INPUMEHSTH JAWCTAHIMOHHO B
COBPEMEHHBIX IU(POBBIX TEXHOJOTHIX (TaKUX KakK TeleMEeAMIIMHA), TaKXKe
MOJKET OBITh JJOTIOJTHUTEIHHBIM METOJIOM B JUATHOCTHKE JOJEBOTO U 0YaroBOTO
VIUIOTHEHHs JIETOYHOW TKaHW, a B psAe clydyae CTaTh albTePHATUBHBIM
METOJIOM [IMarHOCTUKHU IPH MHOTOKPAaTHBIX HCCIEAOBAHUAX B CHILYy CBOEH
0€30IacCHOCTH M OTCYTCTBUS KaKOTO-JIMOO OOJydeHHs, U OBITh JOCTATOYHO
JOCTYITHBIM B 9KOHOMUYECKOM IIJIaHE [Tl MPAKTUYECKOTO 3/IPaBOOXPAHEHUSI.
BoiBoabI:

1. Meroa mMOTOKOCTAaHAAPTU3UPOBAHHOU (POHOTHEBMOTpAPUU CIOKOWHOTO
neixanust (IIOIT CJI) y 3A0pOBBIX JIMII TIOKa3all, YTO CHEHMH(PUIHOCTH IO
rpynne 310poBeIx coctaBuwia 80,5%, a vyBcTBUTENBHOCTH 83,3%, KOTOpas
HAMHOTO MPEBBINIAET YYBCTBUTEIBHOCTh CYObEKTHBHOM aycKyabTauu - 50%.
2. CrhektpaibHble OCOOEHHOCTH AaKyCTHUYECKHUX CHUTHAJIOB Ha IOBEPXHOCTH
TPYAHOM KJIETKH Y 3I0POBBIX JIHI] TIpH ckopocTH motoka 0,89+0,18 n/c nexart B
CIIeNYIOLIMX JMana3oHax: yacToTa cpesa mo ypoBHI0 -31b -269,5-359.4 I'n,
qyacToTa cpesa 1o yposHto -20 n1b - 531,3 —621,1 I'n.

3. IlpoBens Bepudukamuioo (GOHOMHEBMOrPAPUISCKOTO METOMA TUATHOCTHKHU
oyara BOCIHaJECHHUS] TYTEM KIWHUKO-PEHTI€HOJIOTHYECKUX COMOCTaBICHUM
YyBCTBUTEIHHOCTh BBHISBICHHSI OdYara MHEBMOHMHM B TPYIIE MalMEeHTOB
coctaBuia 83,3%. CormnacHo kiaccu(UKaluy TUTIOB aKyCTHYECKOW KapTUHBI U
WX TIOPOTOBBIX 3HAYEHUN MAalUEHTHI, Ha 3

MOIPa3ICTUITNCh THIIA

aKyCTUYECKOHW KapTHHBI. YCTAaHOBJIEHO, YTO TMAIMEHTHl C BHEOOIHHUYHOU

pneumonia focus, which is valuable, but also for their primary pre-roentgen
detection, which improves the efficiency of diagnosis of focal lung diseases in
clinical conditions, makes it possible to use the technique remotely in modern
digital technologies (such as telemedicine), and can also became an optional
technique in the diagnosis of lobar and focal compression of the lung tissue, and
in some cases becomes an alternative technique of diagnosis in multiple studies
by virtue of its security and the absence of any exposure, and became

sufficiently accessible in economic terms for practical public health.

Conclusions:

1. The technique of flow-gated phonopneumoscopy of calm breathing
(FPhPGCB technique) in healthy individuals has showed that the specificity for
the healthy group is 80.5%, and the sensitivity is 83.3%, which is much higher
than the sensitivity of subjective auscultation equaled to about 50%.

2. Spectral features of acoustic signals on the chest surface in healthy
individuals at a flow rate of 0.89 &+ 0.18 L/ s is in the following ranges: cut-off
frequency at the level of -3dB: -269.5+-359.4 Hz, cut-off frequency at the level
of -20 dB: - 531.3+ - 621.1 Hz.

3. Having carried out a verification of the phonopneumographic technique for
diagnosing the inflammatory focus by clinical and radiological comparisons, the
sensitivity of the detection of the pneumonia focus in the group of patients is
83.3%. According to the classification of types of acoustic pattern and their
threshold values, these patients can be subdivided into 3 types of acoustic

pattern. It is established that the patients with community-acquired pneumonia




MMHEBMOHHEN COOTBETCTBYIOT | THITy aKyCTHUYECKOW KapTUHBI.

4. [Tlpemmaraemsiii  merox [IDIIIT CJ coepmieHHO ©Oe3omaceH  yis
oOciemyemMbIX, HE CBs3aH C BPEAHBIMU OONy4EeHUSMHU M BeChbMa MPOCT B
peanu3anuu. Ero OCHOBHOE HA3HAUYCHHE MOXKET OBITh MEKPEHTICHOBCKUM

MOHHUTOPHHT 0YaroBbIX 00pa30BaHMil B JIETKUX B aMOYJIaTOPHBIX YCIOBUSX.
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correspond to acoustic pattern of the 1% type.

4. The proposed FPhPGCB technique is completely safe for the test sample of
subjects, not associated with harmful exposures, and very simple to implement.
It can be primarily used for inter-roentgen monitoring of focal lesions in the

lungs in outpatient study.
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