Establishment of the principal medical and technical requirements to the device. The
analysis of the specified methods and respective devices for the designed multifunctional
rhinomanometer is used as the basis for establishment of the principal medical and technical
requirements and development of the functional and structural diagram and the procedure of
examination. The arrangement of the device must ensure implementation of the active rear
rhinomanometry method with direct measurement of airflow and pressure differential in the
nasal cavity. Such arrangement provides the highest reliability of measurements. Nasal
breathing parameters are determined during the air inlet. The device must include pressure
pickups to evaluate the pressure differential at the nasal cavity inlet and outlet, an airflow
sensor, and an additional pressure pickup to control the air outlet cycle. It is advisable to use a
Venturi [5] nozzle as an airflow sensor which measures pressure in diffuser. This enables to use
pressure pickups of the same type thus simplifying the development of schematic diagram of the
device. The pressure pickup measurement range must be 0 to 50 kPa with a standard
measurement error for such class of medical devices not exceeding 5 %. If analogue pickups are
used, a 4-channel ADC must be selected with a quantization increment not exceeding 10 % of
the pickup error and a sampling frequency of up to 500 Hz. The control software must be
clearly separated at the system and user levels, provide output and storage of diagnostic data in
digital and graphic form, and ensure protection against unauthorized (extralegal) access to the
hardware setup and calibration data.

Conclusions and outlook. The designed multifunctional rhinomanometer must be
capable to perform direct rear active rhinomanometry with the specified metrological
characteristics and a capability to implement additional indirect methods of diagnostics of air
conduction of upper respiratory airway when direct measurements cannot be done. The outlook
for the work involves the hardware and software implementation of the complete device, its
metrological attestation, development of patient examination technique to ensure repeatability
of results and clear criteria for differential diagnostics of various diseases of upper respiratory
airway.
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This work is dedicated to the creation of a virtual ultrasonic scanner. It can be used to
educate students to understand the physical meaning of the ultrasonic scan. The developed
program has a friendly interface and easy to use. Advantage of this program is the possibility of
quickly modify according to the modern requirements.

B COBpeMeHHOﬁ CHCTEMC o6pa3013aH1/1;1 AKTYAJIbHBIMU SBJISIIOTCSA BOIIPOCHI CBA3AHHBIC C
06yLIeHI/ICM CTy,Z[CHTOB—6I/IOMC,I[I/IH)KCH€p0B B BBICIIHX y‘le6HBIX 3aBCACHUAX. CCFOI[H}I
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TEXHUYECKUE CPEACTBa MO3BOJSIOT JIEMOHCTPHPOBATh Pa0OTy ITUArHOCTHYECKHX MPUOOPOB, a
Takke (U3NYECKUe MPOIEecChl 0e3 0coboro 00opymoBaHHS U OOJBIIUX 3aTpar MPH MTOMOIIH
KOMITBIOTEPHBIX CPEACTB, T.€. BUPTYyalbHO. YTO MO3BOJISIET HE MCKaKaTh KakK IMPOIECC, TaK U
pe3yabTaT AMArHOCTHYECKUX MaHHIMymsanuii. bynymemy OmomeanHxeHepy OCOOEHHO BajKHO
MOHUMATh NPUHIMITEI paOOTH MEAUIUHCKOTO 000PYI0OBaHuUs, HO KadeIphl B TOCYAapCTBEHHBIX
BBICIIMX Y4EOHBIX 3aBEACHHUSIX HE BCErZa UMEIOT BO3MOXKHOCTH INPUOOPETaTh AOPOTOCTOALINE
MpuOOpEL.. A B MEAWIUHCKUX YUPEXKICHHUSIX TOCTYN K JOPOTOCTOSIIEMY IHArHOCTHYECKOMY
00OPYIOBAHUIO CTPOT'O OIPAaHMYEH, YTO HE TMO3BOJSET M3ydaTh PadOTy TaKMX YCTPOHCTB Ha
npaktuke. OZHUM U3 TakuX NOPUOOPOB SIBISIETCS YABTPa3BYKOBOM CKaHEp, KOTOPBHIA HMMeEeT
MHOKECTBO Pa3HOBHAHOCTEH, MomupuKanuii u pexumMoB (A-pexxum, B-pexum, M-pexum,
JBYXMEPHBIA PEXUM, TPEXMEPHBIM PEXUM, TOMIIIEPOBCKUN pexXUM U Jp.). YIbTPa3BYKOBOU
METO/J] MCCIEeI0BaHNS UMEET Psii JOCTOMHCTB, & UMEHHO:

. Bricokas JIUarHOCTUYECKast UHPOPMATHUBHOCTB, 00ycIIOBIICHHAS
JyBCTBUTEIIHOCTBIO K (M3MUYECKMM M (U3HOJIOTHYECKUM H3MEHEHHSIM XapaKTepUCTUK
OMONOTHYECKHUX TKaHEH.

. CriocoOHOCTh OLICHMBATh JUHAMHUYECKHE XapaKTePUCTUKU ABHKYILUXCS CTPYKTYP,
MIpEKe BCEro, KPOBOTOKA.

. Besppennocts 0oOcnenmoBaHWi sl TAallMEHTa W Bpada, 4To oOOecrednBaceTcs
JOCTaTOYHO HU3KUM YPOBHEM H3IIy4aeMOM MOIIHOCTH yJIbTPa3BYKa.

. OTHOCHTENBHO HEOOBIINE PA3MEPHI U BEC ANIAPATYPHI.

Taxxke cylecTBYIOT U HEIOCTATKU yIbTPAa3BYKOBOTO METO/Ia TUATHOCTHKH:

. HeBo3moxkHOCTh moONMydeHHs: HMHQOpMAMKM O Ta30COACPKAIIUX CTPYKTYpax
(JTerkve, KAIIECYHHK ).

. TpyaHOCTh mNOMy4eHHUs] IUArHOCTMYECKUX MAaHHBIX MpH HaOJIIONEHHH 4epes3

CTPYKTYpPBI CO 3HAYUTEILHBIM OTPa)KCHUEM, a TaKKe 3aTyXaHHEM U PACCESIHUEM YIIbTPa3ByKa
(KOCTHBIE TKAHH, Ta30COAEPKAIIUE CTPYKTYPHI).

. Manasi 49yBCTBUTENBHOCTh TPH HCCIEJIOBAHWM OPraHOB W TKaHed ¢
HE3HAYUTEIBHBIM Pa3IHINEeM aKyCTHUECKUX XapaKTEePUCTHUK.

[TosTOMy aKTyandbHOHM SIBIAETCS 3aJadya pa3paOdOTKH BUPTYAIBHOTO YIBTPa3BYKOBOTO
CKaHepa ISl BU3yaJIM3alliy IPUHIMIIA paO0Thl yAbTPa3ByKOBOM JHATHOCTUKU, KOTOPBIH MOKHO
MOJUQHIIUPOBATH B COOTBETCTBUH C COBPEMEHHBIMU TPEOOBAHUSIMH.

PazpaboranHoe mporpaMMHOE 00ECTICUEHNE CONEPIKUT:

1. BJ0OK yCTaHOBKHM MapaMeTpoB T'€HEepallMyd — MO3BOJIAET 337aTh JJIUTEIBHOCTh IUKIA
CKaHMPOBAHMS, TO €CTh YACTOTy TeHEPallMd 30HIMPYIOIIETO UMITYIhCa, & TaKXKe JHaAMETP
CKaHMPYIOILETO JyYa.

2. Karajnor ¢anTOMHBIX W300paxkeHUH — n300paxkeHus: (paHTOMOB XpaHUTCs B (haitiax
OTIEIBHOTO KaTayiora. OTH (halybsl MPEACTaBIAIOT COOOH pacTpoBBIe (DALl ¢ pa3peleHueM
600%250 ¢ BOCBMHOUTOBBIM IIBETOBBIM TIpecTaBieHrueM B hopmare Windows bitmap (bmp).

3. BJok reHepanyu 30HAMPYIOLIETO UMIYJIbCA — C TOMOIIBIO 3TOTO OJIOKa MPOUCXOJUT
TeHepalysl 30HIUPYIOLIET0 UMITYIIbCA, 4 TAKXKE MIPUEM OTPaKEHHBIX 3X0-CUTHAJIOB.

4. Brmok MOJENMpOBaHUWs CHTHajda pAclpOCTpaHEHUS — OSTOT OJIOK TO3BOJISET
BU3YaJIM3UPOBaTh Tpoliecc ¥Y3-CKaHUPOBaHUA (PaclpOCTpaHEHNE 30HIUPYIONIETO UMITYIIbLCA H
OTPaXCHUE IXO0-CUTHAJIOB OT IPAaHMLIBI pa3aelia cpen).

5. BJOK yCTaHOBKM MAapamMeTpPOB BU3yaNM3alMK — JJS OTOOPAKEHHS 3XOTPaMMbI
HEOOXOMMO YCTAaHOBUTHh KO3(D(UIIMEHTH YCHICHUSI 30HAMPYIOIIEr0 MMITYJIbCA, TaK KakK IMPH
€ro PachpoCTPaHCHWH C YBEIMYCHHWEM pACCTOSHHUA OT HWCTOYHHKA TEHEepalud HMITYJbca
MPOUCXOANUT OclabieHue nyda. Takke HEOOXOJUMO 3aaTh pa3Mep SJIEMEHTOB BBIXOJHOTO
M300paKeHHUS.

6. brok oroOpaxkenus B pexxume A — A-axorpamma GOpMHUPYETCs B BHJIE aMILTUTYIHBIX
3HAYEHUH H5XO-CUTHAJIOB, OTPAKEHHBIX OT HEOJHOPOAHOCTEH, HAXOIIIUXCS Ha Pa3IHYHBIX
paccTosHUSIX B Tpeaenax nyda. AMITIMTYIbl (QUKCHPYIOTCS Kak (YHKIMH BpEeMEHH t WM
paccTosiHusl S, 4TO MO3BOJsIET MH(GOPMHPOBATH HE TOJIBKO O PACCTOSHUM JIO HMCCIETYeMBIX
CTPYKTYp, HO U 00 ypOBHE 3X0-CUTHAJIOB OT HUX.
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7. bnok oroOpaxkenuss B pexume B — osxorpamma B-tuma mpencraBiser co0oit
aKyCTHUYECKOe M300pa’keHHe, MOCTPOCHHOE U3 COBOKYMHOCTH MPUHSTHIX 9X0-CUTHANOB. Takum
obpazoM, uH(oOpManMs NOIydaeTcs 3a CUYeT OTPAXKEHUS 3OHIAUPYIOIIMX HMIIYJIbCOB U
00pa30BaHUsl IXO-CUTHAJIOB. DXO-CHTHAIBI OTOOPaKArOTCSI B BUJE SIPKOCTHBIX OTMETOK Ha
HEBUJIUMOH JIMHUH, COOTBETCTBYIOLIEH OCH 30HAMPYIOLIEro MMIyibca. MHpopmanus B Bujae
SIPKOCTHBIX OTMETOK BJIOJIb OCH Ha3bIBA€TCsl aKyCTUYECKHMMHM CTpOKaMH. SIpKOCTh OTMETOK Ha
AaKyCTUYECKHX CTPOKAaX COOTBETCTBYET aMIUIMTYyJE€ MPHHATHIX 3X0-CUTHaioB. Ha pucynke 1
IpesCTaBlIeH nHTepeiic JTaHHOro MPOrPaMMHOTO CPECTBA.

T mpouecca V3. =& =]
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RO

Myck Cron Beixog,

Puc. 1. UaTepdeiic mporpamMmsl

C momotiplo pa3paboTaHHOTO MPOTPAMMHOTO CPENICTBA BO3MOXKHO: 33aTh IapaMeTphl
reHepauy (JUIMTENFHOCTh LUKJIA CKaHWPOBAaHMS, TUAMETP CKaHMPYIOILETro Jy4a); BBIOpaTh
BapuaHT (AHTOMHOTO H300pakeHUsS (W3 KaTajora), BHU3YAIM3HUPOBAaThH Iporecc Y3-
CKaHMPOBAHHS; 3a/1aTh MapaMeTphl BU3yalu3anuu (K03()(UIMEHTH YCHUICHHUS 30HIUPYIOIETO
UMITyJIbCa, pa3Mep dJIEMEHTa BBIXOAHOTO H300paKEHHs); BU3YaJH3HPOBaTh JIXOTPaMMy B
pexuMe A; BHU3YAIM3UPOBATH 3XOTpaMMy B pexume B, a Takke CKpbIBaTh (0TOOpakaTh)
00JIaCTh CKaHUPOBAHUS U300paKCHUSI.

[lepcnexkTtrBoit  paboOTBHl  sBAseTCs  N0OaBIEHHE PA3IMYHBIX PEXKUMOB  PabOTHI
YIBTPa3BYKOBOro ckaHepa (M-pexxuM (a1l JUarHOCTUKU B ABMXKCHHH), TPEXMEPHBIN PEXUM H
Ip.), TUIAaHUpPYETCS TIPOBEJCHUE CKAHHPOBAHHWA C YYeTOM (DU3UYECKUX [apaMeTpoB
VIBTPa3BYKOBOrO Jyda (paccesHHe, Npolecc o0pa30BaHHsS 3BYKOBOH TEHH, pa3iHUYHAas
CKOPOCTb PACHpOCTPAaHEHUS Jyda H3-32 PasIMuHON IUIOTHOCTH aHATOMHYECKHX CTPYKTYp U
Ip.), YCOBEPLICHCTBOBAHHE CPEACTB BbIOOpa (PaHTOMHBIX M300paKeHHH M3 Karajuora,
pacupenre KaTtajora (aHTOMHBIX HM300pa)XCHWI 32 cUeT MOJICIIMPOBAHUS YIBTPAa3BYKOBBIX
n300paXeHN I TUITMYHBIX aTOJOTMYECKUX COCTOSIHUH, aanTalus IPOrpaMMHOTO CPEICTBA IS
CTYIIEHTOB MEIMIMHCKUX crnenuansHocTe. Ilpn sToM HeoOxoaumo, 9TOoOBI mporpamma
MO3BOJIAJIA M3y4daTh NPUHLIUIBI PabOThl YIbTPa3BYKOBBIX CKAHEPOB B PA3IUUYHBIX PEXHMaX
paboThL, a Takke oOeclieunBaa MPOBEACHUE BUPTYaIbHON yAbTPa3ByKOBOW AMarHOCTHUKH.
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