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Cmamms npucesuena no6y0oei medurnux paoapis, wo npu-
3HaueHi 011 00ePHCaAHHA MPAEKMOPIL MEXAHIUHO020 PYXY 2pY0-
HoT Kimunu a100unu. Pozeasnymo ocodausocmi paodionoxayiii-
HO020 6UABJIEHHSL UiJell, WO POOIAMb 360POMHO-NOCMYNATIOHUL
pyx. Poszensanymo npobnemu, nog’szami 3 odepicannam ma
06po0K010 danux, docaidceni memoou 6iOHOGNEHH BUXIOHOT
mpaexmopii pyxy 00’exma 3 BUKOPUCMAHHAM 080X Keadpamyp,
aixeidauii nocmitinoi cknadosoi ma apxmanzenc-0emooyasuis.
3anpononosamno memoou 06podKU oMpuUMaAHUX CUzHANIB

Kmouosi crosa: meduunuii paoap, 6Giopaodionoxauis, ouxam-

Hs, cepuedoumms
T u |

Cmamos noceéauwena nocmpoenuro MeOUUUHCKUX Paoapoas,
NPeOHAHAUEHHIX ONA NOJYUEHUS MPACKMOPUU Mexanue-
CK020 0Bujicenus 2pyonoil kaemxu uenoeexa. Paccmompenwvt
ocobennocmu paouonoKauuoHH020 00HApYIHCEeHUSL 00BeK-
moe6, COGePUAIOUWUX 6036PAMHO-ROCMYNAMeENbHOE OBUIICE-
nue. Paccmompenvt npo6iemol, C6a3anHHble C NONYUEHUEM U
o06pabomioil dannvLx, uccaiedosamnvt Memoodvl 60CCMAHOBIEHUS
UCX00HOU mpaexmopuu 08uNicenus 006eKxma ¢ UCNOIb308aAHUEM
dsyx Keadpamyp, TUKEUOAUUY NOCMOAHHOU COCMABAIOUET U
apxmaneenc-demooynsyus. IlIpednoxncenvt memoovt 00padomxu
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1. Beryn

V 1eii yac Bce GiJIblI MKUPOKE 3aCTOCYBAHHS OIEPKY-
I0Tb CUCTEMU PAJIi0JIOKaIlil, TpU3HAYEHI JJI5I CIIOCTEePesKeH-
H$ 3a JKMBUMMU OPraHizMaMu, Tak 3BaHa OGiopajioioKaIis.
OcobausicTio 6iopamiosokallii € Te, MO CIOCTEPeKyBaHi
o0’exTu (cepiie Ta TpyAHA KIITHHA JIOJUHN), SIK TIPABUIIO,
BUKOHYIOTH He TPSAMOJIiHIHHUN, a 3BOPOTHO-TIOCTYTAJb-
Huil pyx. CrioctepekeHHs 3BOJJUTHCS /10 BU3HAYEHHS Xa-
PAKTEPUCTHK IUX PYXiB: aMIJIITY/M, 4aCTOTH, & TAKOXK
TpaekTopii mepeminients noBepxui tisa y uaci. Opmep-
JKAHHS aJIeKBaTHUX Pe3yJbTaTiB MOHITOPUHTY OpraHiB
JIOJIMHU YCKJIAJHIOETBCS TUM, 110 CIIOCTEPEKEHHS BUKO-
HYETHCs Ha (POHI BiAOGUTTS pagiooKaIiiiHoro curuany Bin
HEPYXOMHUX 00'€KTiB HABKOJIO.

Y crarTi posrisigacThess 06pobka CUTHAIB, BIAOMTUX
BiJl ’KUBUX, PYXOMHUX Ta HepyXoMux 00’e€kTiB, Ha (oHi
BEJIMKOI KiJIbKOCTI Bi/l/I3€pKaJICHb, 1110 3aBa)KalOTh, a Ta-
KOX 3aIIPOIIOHOBAHO AHAJITUYHUIN METO/ BiJIHOBJEHHS
TpackTopii pyxy o0’ekTa 3a ABOMa KBaapaTypamu ($haszo-
BOro IpuiimMaua, 1o MpaIioe B yMoBax 06e3iui MicleBux
00’eKTiB.

2. AHaJi3 JiTepaTypHUX JAHUX Ta II0CTAHOBKA MPOGIeMH

Pagiosokaniiini Texnosorii B MeAMYHMX IiJaAX He
posrasisanucs cepitodHo no mouyarky 70-x pokis 20-ro
cToaiTTs. Bumip pyxy opraniB Ta sfKicHe BU3HAUEeHHS Ha-
SIBHOCTI BOJIU B JIETEHSIX JIIOAUHU OyJIU OJHUMHE 3 MEPUITX
3aCTOCYBaHb pajlapiB y MefiMuHil giarnocrui [1, 2].

Bukopucramist pagioslokaTopiB MoKe Oy TH KOPUCHUM
npu Ge3KOHTAKTHOMY MOHITOPHUHTY CepIEBO-IereHeBol
AKTUBHOCTI B MEMYHUX I[1JIS1X, TAKUX SIK BUMIp ceprieOuT-

T4 Ta TapaMeTPiB AUXAHHS B CUTYAIliAX, KON KOHTAKTHA
BUMIPIOBAJIbHA anaparypa BUKJINUKAE AUCKOMMOPT, MO~
pasHeHHs WKipu (HapuKJIag npu omikax) abo obMexye
HeoOXiHy cBOOOLY PyXY, IO A03BOJUTH KOHTPOJIIOBATH
JKUTTEBO BaXKJIUBI mapameTpu opraviamy [3-7].

Icuye 6arato MpUKJAIIB TOTO, SIK CEPUEOUTTS Ta JU-
XaHHS KOHTPOJIIOETHCS 32 /I0IIOMOTOIO PISHUX TeXHOJIOT1H,
y TOMY YMCJIi 32 JIOTIOMOT0I0 PajiapiB y NIMPOKOMY Jiara-
30HI yacToT. Xo4ya € NPUKJAAU 3aCTOCYBaHHS pajioJo-
KaliifHux cucreM y KIiHiuHUX yMoBax [8, 9], GiaburicTs
€KCIIEPUMEHTIB, 1110 ONKUCYIOTHCS B JliTepatypi, OyJiu mpo-
Be/leHI B 1aboparopHuX yMoBax. TakuM 4MHOM, MOSKJIHU-
BiCTH peasipbHOI peasisailii paaiosoKaIiifHOTO MOHITOPHH-
Iy JKUTTEBO BA’KJIMBHUX [apaMeTPiB IIOKU 3aJMINIAETHCS
BigkpuTuM. TakoX 3aJUIIAETLCA BIAKPUTUM ITUTAHHSI
IIPO Te, AKi YaCTOTH IlOHAliKpallle MiAX0AATh /IJIsSI MOHITO-
PUHTY CepreOUTTS Ta JUXaAHHSI.

Jlns mocsiTHEHHST HAWKpaIMX XapaKTepUCTUK Pajio-
JIOKAIIHHUX KOMILJIEKCIB OTPiOHA Po3po6Ka aleKBaTHUX
MozeJieil pagioJoKalliiHUX CUTHAJIB, SKi MOBUHHI OyTH
nobyzosani Ha (I3MUHUX MOAENAX B3AEMOAII pamiox-
BuJsb i3 o6'ckramu. IloGymoBa mux Mozesell A03BONUTH
pPO3POOUTH aJTOPUTMHU ONTUMAJbHOI OOPOOKK CHTHAIY,
SIKI JaZly Th MOKJIUBICTH OTPUMYBaTH Oijblie iHpopMarii
PO 00’EKT, M0 30HYETHCSI, & TAKOXK PO XaPaKTEPUCTUKH
1ioro pyxy.

3. Mera Ta 3a7a4i JOCTiA3KEHHS

IlepuonpuurHOw0 HasiBHOCTI GioMeTpuuHOi iH(GopmMa-
1ii y BizbuToMy pasiocurHajii € CKOpoYeHHs ceplis, Cy-
JIMH, JIETEHIB Ta IHIIUX BHYTPIIIHIX OPTaHiB, TAKUM YHHOM
METa I0CJII/IKeHHS MOJIATa€E B:




— JIOCJI/IKeHHI MeXaHi3MiB BILJINBY 30H/[yI0YOI'O CUT-
HaJy Ha Giosioriuni 06’'ekTH Ta nozanbuIol Horo peecrpa-
hii;

— crBOpeHHI OiopaaiosokauiiiHoi cucreMu, IO 10-
3BOJISIE 3 BEJIMKOIO TOYHICTIO JMCTAHIIHHO peecTpyBaTn
napaMeTpy AMXaHH 1 IIyJIbCY, 2 TAKOXK OIliHIOBATU Py XOBY
AKTUBHICTD 610JI0TIYHOTO 00’€KTA.

Jlsist nocsirner s BkazaHoi MeTu GyJiu chopMyiboBaHi
HACTYTHI 3a/1a4i:

— HPOBEJCHO MaTeMaTUYHe MOJEJNIOBAHHS B3a€MOJIii
€JIeKTPOMATrHITHUX XBWUJb PajiodacTOTHOTO JAiama3oHy
3 ob’extamMu Giopamiosokalii 3 METOIO BUSBJICHHS ONTH-
MaJbHUX 3HAUY€Hb YACTOTHU Ta iIHTEHCUBHOCTI 30H/1Y0YOT0O
CUTHATY;

— pPo3pobJieHi aJrOPUTMU BUIiJEHHS CUTHAJIB AU-
XaHHs 1 cepueOUTTS Ta OLIHKYU ITapaMeTpiB PyXOBOI ak-
TUBHOCTI NIpu 06po6iIli ganux 6iopagiooKaliiiHoro 30H-
JyBAHHS;

— 3alpoNoHOBaHa yCTaHOBKaA sl peecTpailii 6iopuT-
MiB JKMBHUX OPTaHi3MiB, a TAKOX CTBOPEHO MaKeT.

TakuMm 4MHOM, Po3p00OKa e(heKTUBHUX 3aC00iB GE3KOH-
TaKTHOTO JMCTAHI[ITHOTO MOHITOPUHTY [UXaHHS Ta cep-
1e6uTTst 6i0I0riYHOr0 06’'EKTA € AKTYATBHUM 3aBIAHHAM
MEIUYHOTO [PUIAL00YIyBAHHSI.

4. ExcniepuMeHTasibHi aHHi Ta iX 06poOKa

Papionokaniiiny irndopmaiiiio Big 6iosoriunoro o6’ek-
Ta MOKHA OTPUMATH 32 JOIOMOT0I0 MeToy $a30BOroO Jie-
TEKTYBaHH, AKUI 6a3y€ThCs Ha BUKOpUCTaHHI (hazoBoro
nerextopa (D/1), BuxigHa HAMpyTa SIKOTO 3aJeXKUTH Bijl
pisHuIi ¢as npuilHaTOro Ta onopHoro curuamiis. o6
YHUKHYTH HEO/JHO3HAUHOCTI 171 BU3HAUYEHHS XapaKTepH-
CTUKY PYXY, BAKOPUCTOBYIOTh /IBA KBaIPATYPHUX BUXO/IH,
OTIOPHi CUTHAJIU IKUX MaIOTh 3cyB Ha 90°.

3a MeTosoM (Ha3zoBOro JETEKTYBAHHS ITapaMeTpPOM
CUTHAJY, 1110 XapaKTePU3Y€ MOJ0KEHH 111J1i B IIPOCTOPI, €
dasza. Tak gk nepenarua xapakrtepuctuka D/, mo omnucye
3aJIeKHICTh HANIPYTH HAa BUXOAI BiA pisdHHI ¢as mpu-
WHATOrO0 ¥ OIMOPHOrO CUTHAJIB, € (PYHKIIEI0 KOCHHYCA,
TO BiZAGUTHIT BijL 111711 CUTHAJ MOKHA OTMCATH HACTY THIM
Bupasom [10]:

uft)==

ne T, — mepioj KOIMBaHb 30H/IYI0YOr0 CUTHALY; N —
IiJIe YMCJI0 MepiofliB KOJUBAHB, IO MPUHMAIOTh y4acThb Y
pospaxyHKax; ®,=2nf, — KyToBa 4actora 30HIYI0YOr0O
curnany; d, n d, — aMIiTyan ANXAaHHS Ta CePIeOUTTSI
Bignosiano; f, u f, — wacroru guxanus Ta cepredUTTS
Bianosinno; Ej, E, —amnuiTyau npuitHATOrO0 Ta ONOPHOrO
curnaniis; d, — Bigcramb 10 TOBEPXHi CIIOCTEPEKYBAHOTO
00'€KTy; ¢ — IBUAKICTD cBiTaa; u(t) — HaNpyra Ha BUXOAI
O/I.

Bupas (1) xapakrepusye 3aJIesKHICTb HAIIPYTy Ha BU-
XO/Ii KOopeJssiTopa Bijl BiJICTaHi J0 cIOCTepexXyBa-
Horo o6’ekra. 3actocyBanns supasy (1) mosBosse
PO3TASAHYTH BUXIAHUN CHUTHAJ KOpeJsSTOpa IpHu
pi3HUX ITapaMeTpax pyxy.

Axmo pazap BUKOPUCTOBYETHCS IIPU HasIB-
HocTi Gessriui MicueBuXx 00’e¢KTiB, TO B nmpuiimMau
nonazaoTsb BigbuTTd it Bijg Hux. Tak gk curuamiu,
BiAGUTI BiJ eKiIbKOX 06'€KTiB, iHTEP(EPYIOTH, TO

d,+d, sin(2xf,)+d, sin(2xf, )

C

OEl

nT, cos| 2,

(1)

Zc (t):

HOJIOKEHHS [UX 00’eKTIB He ineHTUudiKyeThest, TOOTO Ja-
HUI METOJI He /I03BOJISIE BiJIOKPEMUTH KapTUHY CEpIEBOl
NSIBHOCTI BiJl 3BOPOTHO-IIOCTYNAJbHOTO PYyXy TPYIHOI
KJITKH, aMILJIITy/1a SKOT0 3HAYHO MEPEBUILYE aMILIITYLy
cepuebuTTS.

[Ilo6 YyHUKHYTH HEOJHO3HAYHOCTI NPHU aHaji3i OT-
PUMaHOTO CUTI'HAJY, BAKOPUCTOBYIOTDH /IBA KBaJpaTypHUX
BUXO/1M, OIIOPHI CUTHAJM AIKUX MaloTh 3cyB Ha 90°. Buko-
puctanHs ABoxX kBaapaTyp D/] 103B0ISIE 3HAUHO 3HUBUTH
YYTJIUBICTH Pajapa 1o MOJOKEHHS BifHOCHO 00’ekTy. Tak
SIK JIBi KBaJIpaTypH JIal0Th MOKJIUBICTD IIPEJICTABUTH CHT-
HaJl Ha KOMIIJIEKCHIll TIJIONINHI, TO 3aJIeKHICTh ha3u Bif
yacy MOXHa Bupasutu sk [11, 12]:

sin((p(t))

cos((p(t)) 2

o(t)=arctg

ITpu HasiBHOCTI BiAGUTTIB Bixt MiciieBux 06’ektiB (MO),
110 3HAXO/JATHCS 1IOPYY, BUXiJIHI HAIIPYTH KBaJpaTyp He-
CyTh y c0b6i Beuky moctiitny ckaamzosy (IIC), HasgBHIiCTD
SIKOI He JJa€ MOXKHOCTI BUKOPUCTOBYBaTU Brpas (2).

Ha puc. 1 3anponoHoBaHoO CTPYKTYPHY cXeMY pajiapa 3
JIBOMa KBaJ[paTypaMHu, 10 J03BOJISIE 3aI06IrTH 1bOMY He-
nodiky. eneparop HBY dhopmye 30H1y10UMiT TA ONOPHUIA
curnanan. OnopHuil CUTHAJ PO3/IJIAETHCA 32 JIOMOMOI0I0
NIJTbHUKA HA JIBA OPTOTOHAJIBHUX BUXIIHUX OTIOPHUX CHT-
HaJu i3 3aTpuMKoI0 Ha 90° Mixk HUMU.

/

>
@I
Sin @
@ KBanparypa 1
Teneparop 0°
HBY 3wmimyBay O]
JlinbHAK
3mimysau OJ1
Ksagpatypa 2
90°
Cos ¢

Puc. 1. Bnok-cxema pagapa Ans BUMIpIOBaHHSA CEPLEBOI Ta
OUXanbHOT AifANIbHOCTI.

Marematu4Hi Mo/IeJ1i BUXiJTHUX CUTHAJIIB KBapaTyp B
1bOMY BUIIQJIKY MOKHA OTTMCATH HACTYITHUMU BUPA3aMu:

d, +d, sin(2xf, t)+d, sin(2xf, t
Zs(t):%n]}sin 20,| =2 »sin ”bc) ,5in (2rf, ) +P,(3)
EE, o, cos| 20, d, +d, sin(2nf,t)+d, sin(2nf; t) VP (h)

C




ze Py, P. — IIC, Bukaukani Bigburrsam Bix MO.

Ocxinpku ynkiii sminm nanpyru (3) tTa (4) Ha BUXO7i
D/ € raIKUMU i HEMTEPEPBHUMU, TO 1X MOKHa AudepeH-
III0BAaTU 32 YaCOM.

[Ticnst B3ATTST apKTaHTEHCY BiJl CHiBBiIHOIIEHHS PO3-
paxoBaHuX AudepeHiianis, orpuMaemMo GazoBy Xapakre-
PUCTHKY CUTHaJy, Ka Oyae micTuTu y cobi ingopmalriio
1po pyx 00’eKTa, AKUIT BUKJIUKAHUI JUXAHHSIM Ta ceplie-
OGuTTAM:

5. BucnoBku

Panapu, 1110 BUKOPUCTOBYIOTH OJIHY KBaJipaTypy i Hpu-
3HAYEH] /11T CTIOCTEpPEesKeHHS 3a CepIleBO-INXaJbHOIO aK-
TUBHICTIO JIIOAMHU Ta 3aCHOBaHi Ha MeToli (a3zoBOTO
JIETEKTYBaHHs, BOJOAIIOTH PsAAoM (DYHKIIOHAJBHUX 00-
MEJKEHb, /10 SKUX BiTHOCATLCS YUY TJAUBICTD 10 TIOJOKEHH I
111J11 i CIOTBOPEHHSA CUTHAJLY, 1110 3aJIeKUTh BiJl aMILJIITYI
PYXYy ITiJIi.

Takum yrHOM, 06’€IHAHHS JBOX KBaApaTyp
(hasoBoro npuiimaua, 3 ix monepeaHiM 1udepen-

o(t)= arctg[— d(ZS (t))

¢

PesyabraTtu npoBeeHUX €KCIIEPUMEHTIB Ta 3aTrajibHU N
BHJL PO3POOIEHOTO NPUCTPOIO I PEECTPalii cepueBoi Ta
IUXaJIbHOI istabHOCTI HaBeneno [13].

Hanmani orpumany XapakTepUCTUKY MOKHAa BUKOPH-
CTOBYBATH [IJIs1 BUBHAYEHHS [iMICHUX 3HAYeHb aMILJIITY/|
Ta 4aCTOT AMXaHHs i ceplebUuTTs 3a JOMOMOTOI0 METO/IB
CIIeKTPAJIBHOTO aHaJi3y curHamis [14].

d(ZC(t))J ~ |:2w0(d0 +d, sin(2xf,t)+d, sin(21tfht)J:|. 5)

IIIOBAHHAM 1 I10/IaJIbIIIOI0 aPKTAHTEHC-1EMOJLY-
JISITTI€T0, I03BOJISIE OTPUMATH [IIfICHY TPAEKTOPiIO
PYXy WiJi, HeoOXiAHY [JIs1 HOAAJBIIOTO aHAMI3Y
YacTOTH Ta XapakTepy Iboro pyxy. HebaskaHa moctiiiHa
CKJIaJI0Ba, BUKJIUKaHa BigbuttsaM Big MO, ycniurHo Bu-
aydaerbest. [Ipu npomy 30€pira€ThCsi KOPUCHA TTOCTilHA
CKJIaJI0Ba, HEOOXi/IHA 17151 KOPEKTHOTO B3SITTSI apKTAHT€H-
cy. Onuncana Mojiesib MOXKe 3aCTOCOBYBATHCS B CUCTEMAX
pPeaIbHOTO Yacy JJId CIIOCTEPEKEHHS 32 YaCTOTOIO JIMXaH-
HsT Ta CepreOuTTsI TIOAUHU.

Jlitrepatypa

1. Kazamias T.M., Gander M.P, Ross J.Jr., Braunwald E. Detection of left-ventricular-wall motion disorders in coronary-artery disease
by radarkymography. N Engl J] Med. — 1971. — Ne285(2). — pp.63-71.

2. Susskind C. Possible use of microwaves in management of lung disease (Proc. IEEE, vol. 61). 1973, pp. 673-674.
C11oco6 MOHUTOPUHTA (DYHKIIMOHATBHOTO COCTOSTHUSA ueoBeka: a.c. 2258455 PO [Texcr| / B.A. Tonynos, [I.A. Tperbsakos, B.B. He-
kpacos, A.B. Bauaypun zassa. 05.11.03; omy6or. 20.08.05.Brosun.Ne23.

4. Crioco6 oneHKH 11enXo(pU3HoI0rHIecKoro COCTOSHUS MAIMEHTa U YCTPOICTBO st JOIIepOBCKoM JTokaimu: a.c. 2071718 PO [Teker]
/ B.A. @enopos zasgsu. 18.02.94; ony6a. 20.01.97.

5. Croco6 peruerpanuy apTepraibHOTO IyJIbca U YACTOThI JBIXaHHsI U YCTPOUCTBO JUIsl IOIIIEPOBCKOil okamuu: a.c. 2000080 PD
[Texer] / B.A. @emopos, JI.A. Kpoxun 3as18:1.09.01.92;01y6.1.07.09.93.

6. Apparatus for and method of biotic sleep state determining: i.e. 20080027331 US [Texkct] / T. Suzuki, K. Kameyama, K. Ouchi ap-
pl.02.10.07;pub.31.01.08.

7. Apparatus for detection of heart activity: i.e. 2007010460 WO [Texcr] / J. A. Thijs, R.B. Elfring, T.J. Muehls, O. Such appl. 14.07.06;
pub.25.01.07.

8. Immoreev I, Tao T.H. UWB radar for patient monitoring. IEEE Aerospace and Electronic Systems Magazine. — 2008. — Ne11. — pp.
11-18.

9. Lin]J., Li C. Wireless non-contact detection of heartbeat and respiration using low-power microwave radar sensor (Proceedings of the
19th Asia Pacific Microwave Conference, Vol. 1). Bangkok, Thailand, 2007, pp. 393-396.

10. Immoreev I, Ivashov S. Remote monitoring of human cardio-respiratory system parameters by radar and its applications (Proceedings
of Ultrawideband and Ultrashort Impulse Signals Conference). Sevastopol, Ukraine, 2008, pp. 34-38.

11. Immoreev LJ., Samkov S.V,, Ultra wideband (UWB) radar for the remote measuring of main parameters of patient’s vital activity.
Radio Physics and Radio Astronomy (Ukraine). — 2002. — v.7. — Ne4. — pp. 404-407.

12. Boric-Lubecke O. Arctangent demodulation with DC offset compensation in quadrature doppler radar receiver systems. IEEE Tran-
sactions on Microwave Theory and Techniques. — 2007. — v.55. — Ne5. — pp. 1073-1079.

13. Xomenxko JK.M. Oco6aMBOCTI palioOKAIIiHOTO BUABJIEHHS IiJIEH, 10 POOIATh 3BOPOTHO-NocTynanbhuil pyx [ Tekcr] / JK.M. Xo-
menko // Bicaux JKATY. Texniuni naykn. — 2011. — Ne 2 (57). — ¢. 114-119.

14. Xomenko, JK.M. Jlucraniiiiina iarHOCTUKA CTaHy JIOANHU 3 BUKOPUCTAHHAM 3ac00iB 1nppoBoi 06podku curnaimis [Texer] / K.M.
Xomenko // MisKHApOAHUI HAYKOBO-TeXHIYHMIT 5Ky pHasl. BUMipioBasibHa Ta 06UHCIIOBAIbHA TEXHIKA B TEXHOJIOTTYHUX TIPOIECaX. M.
Xmempunipkuit — 2012, — Ne 2. — ¢. 128-135.

Abstract

Despite a number of publications concerning the use of different fields and types of radars for the study of
human tissue, there is considerable uncertainty as to what is actually measured, and which frequencies are the best
Jfor heartbeat and breathing monitoring. Most of the experiments described were conducted in laboratory conditi-
ons. Therefore, the actual bioengineering problem is the research and development of the radar-reflection methods
of remote sensing of slight displacements of biological structures, such as breathing and heartbeat. A peculiarity of
bioradiolocation is that the observed objects (heart and human chest) usually move reciprocally.



With the variety of local objects, reflections of a probing signal get to the radar receiver. They interfere these

objects and do not allow the identification of their position in space.

The results of the experiments show that the use one quadrature registration scheme of the received signal does
not permit to separate the picture of cardiac activity from the reciprocal motion of the chest, whose amplitude exc-

eeds the amplitude of the heartbeat.

The article suggests an analytical method of restoration of the motion trajectory of an object according to two

quadratures of the phase receiver, which works in a variety of local objects.

The combination of two quadratures of the phase receiver of the radar with their previous differentiation and
subsequent arctangent-demodulation provides an actual trajectory of the object motion, necessary for further ana-

lysis of the frequency and nature of this movement
Keywords: radar, bioradiolocation, breathing, heartbeat
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B cmammi npedcmaseneni pesyavmamu Cmeopenns KOpnycie ceim-
n100i00ie (LED) eucoxoi nomyscrocmi na ocroei opyxoeanoi naamu
ma noositinozo wapy cxromexcmonimy FR4. Ilepw 3a éce, cmsopio-
emvcs demanizoeana moodeav xopnycy LED na nioxaadui. Ilomim
MOOenb OnMUMI3YEMbCA 3 YPAXYBAHHAM 6UOY, KIIbKOCMI Ma po3-
MAWMYBAHHI MENTOBUX MINCUAPOBUX 3 €OHAHL, WUPUHU MENTLOBUX
xanaunie ma posciroeanns nomyxrcuocmi LED

Knouoei caosa: c6imnodiod, onmumizauis, Kepyeanns memnepa-

MYypHUMU pexcumamu, OpyKosana niama
=, u|

B cmamve npedcmasnenvt pesyasmamol CO30aHUsL KOPNYCo8 cee-
moou00os (LED) 6bicok0il MowHOCIMU HA 0CHOBE NEHaAMHOU Naamvl
u 08011020 cn0s cmexaomexcmoauma FRA. IIpescoe ecezo, cozdaem-
ca demanuzupoeannas modens xopnyca LED na noonosxcke. 3amem
MOOeNb ONMUMUSUPYEMCSL C YHemOoM 8U0a, KOJIUYeCMEa U PACNOJI0-
HCEHUSL MENTIOBBIX MENHCCIOUHBIX COCOUHEHUL, WUPUHBL MENLOBbIX
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1. Introduction

Heat dissipation of the light source and the dependence
of its parameters on the ambient temperature, the energy
balance of the source, optical and heat transfer charac-
teristics of the materials are used in the evaluation and
calculation of the thermal mode of the light source [3]. The
article presents the results from thermal simulations of po-
wer LED’s mounted on PCB. Simulations were performed
using the method CFD (computational fluid dynamics)
via the software Mentor Graphics FLOEFD. Simulation
experiments were conducted to optimize the distribution
of heat in terms of type, number and location of the vias,
width of the conductive paths and dissipated power of the
LEDs.

2. Computational simulations using FLOEFD

Since FIoEFD is based on solving the time-dependent
equations of Navier-Stokes problems in steady state are
solved by stationary approach. For quicker acquisition of

the stationary solution a method of local computational
steps in time is used. Multigrid method is used to accelerate
convergence of the solution and to suppress oscillations. In
order to optimize the time of termination of the calculation
and to determine more accurately the physical parameters of
interest, that oscillate in iterations. Physical parameters of
interest could be determined as calculation purposes. Prior
to starting creating a model and a FIoEFD project, it is nec-
essary to choose the geometrical and physical characteristics
of the engineering problem which most significantly affect
the solution to this problem. If the model has already been
created when designing the object, i.e. it is fully adequate to
the object, then the solution of engineering problems using
FloEFD, may be required to simplify the model or add aux-
iliary parts of the model. Proper use of these two activities
can be crucial for obtaining reliable and accurate solution.
As soon as the main part of a FloEFD project, that is unlike-
ly to change is build, the next step is to choose a strategy to
solve the engineering problem using FIoEFD, i.e, obtaining
reliable and accurate solution to a problem. The strategy for
solving engineering problems includes the following impor-
tant steps:




