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SPECTRAL METHOD OF ANALYSIS OF HEART RHYTHM VARIABILITY

Introduction. The problem of chronic stress, when there is a constant increased tension of regulatory systems, affects
almost the entire human population, but it is especially important for individual professional groups whose work is as-
sociated with the impact of a complex of stress factors. These are operators of computer systems, dispatchers, drivers,
as well as businessmen and administrative and management office. Heart rhythm variability (HRV) analysis is an ade-
quate method of assessing the level of stress in their daily activities.

Main part. The analysis of the spectral density of oscillation power gives information on the power distribution,
depending on the frequency of oscillations. The application of spectral analysis allows to quantify the various frequency
components of the heart rhythm (HR) fluctuations and graphically represent the ratio of various components of the HR
reflecting the activity of certain parts of the regulatory mechanism.

This article considers information technology in the form of software, using which it is possible to process the results of
studies of heart rate variability, which are obtained with the help of a specialized device and stored as a numerical array
of data. The software is written using Matlab and it explores the array of data using the spectral method. A short analy-
sis of the results was also carried out.

Conclusion. At the present stage of the practical use of the method of BCP analysis in applied physiology to clinical
medicine, the above approaches to the physiological and clinical interpretation of data allow to effectively solve many
tasks of the diagnostic and prognostic profile, evaluation of functional states, and the control of the effectiveness of
therapeutic and prophylactic influences. The possibilities of this methodology are far from exhausted and its
development continues. Further directions of development of methods of analysis of heart rate variability are
determined.
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Y cmammi tioemvcs npo cmeopenHs HOBUX pPedCumis NiKYBATbHO2ZO GUNPOMIHIOBAHHA, AKI NPUSHAYEHT 0715
peeenepayii nowKoONCEeHUX OI0I02TUHUX MKAHUH.

Jlocniooiceno Ho6i pesrcumu iHmezposano2o iziomepanedmuinoco GUNPOMIHIOBAHHS, WO OPMOBAHI 3 Ypaxy-
BAHHSAM MONCTUBOT 3MIHU HACOBUX PENCUMIE MA KOPEKYil 8i0N0GIOHO DIONOIUHIN CMPYKMYPI, HA Ky 30IUCHEHO 6NIUG.
Hocniosceno eniue mennogux nouie Ha enUOUHY NPOHUKHEHHS BUNPOMIHEHHA Y (panmomi 0ion02iuHo20 bazamouaposo-
20 3pasKa, Wo YMeoproemvcs GHACTIOOK ONPOMIHEHHS IHMeZPOBanoo PiziomepanesmuyHo0 X6ULeio.

Kniouosi cnosa: panmom, pezenepayis, onmuune GUNPOMIHIOBAHHS, YACOBI pedcumu, DioN02iNHA MKAHUHA,
iHmezposana QiziomepanesmuiHa Xeusl.

Beryn

JlocmimkeHHs — pereHepariii  TKaHWH  KABOTO
OpraHi3My TIpH XpOMOTepamii JIeMOHCTPYIOTH XOpOIIi
pe3ynbTaTH MOPIBHAHO 3 CTAaHJAPTHHUMH METOJaMHU
JIKyBaHHS. 3arolOBaHHs YPaKEHHX, IH(QIKOBAaHHX
TKaHUH € CKJIaJHUM, OaraTopiBHeBUM mporecoM. Came
TOMY aKTyaJabHO BUKOPHUCTOBYBATH ONTHUYHE

KOTePEHTHE BUIIPOMIHIOBAHHSI 3 METOO MTPUILIBU/IIICHHS
pereHepariii MOIMKOMKEHNUX, BIIKPUTHX, MOBEPXHEBUX
IISTHOK TKipH. Lle mo3Boiiste BBECTH MOAiIOHI METOAH Y
chepy HeBiAKIaIHOT METUIHOI JTOTIOMOTH, CIIOPTHBHY,
BIICbKOBY Ta iHIII cdepd MeIUIUHH Ha OCHOBI
BUKOPHUCTAHHS TAKOTO THITY JIIKYBaHHS.
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IMocranoBka 3axayi

Hapasi 3HauHa KiNBKICTh JOCIIIB ITPOBOANUTHCS 13
3aCTOCYBaHHIM dYepBoHoro abo iHdpadyepBOHOTO
BUIIPOMIHIOBaHHS 32 OE3MEPEBHOTO YacCOBOTO PEKHUMY
[1, 2, 3, 4]. BunpomiHioBaHHS JOBXHWHOIO XBHIJIi
A=630 HM e(dekTHBHO I JKYBaHHS MIKIpHHX
3aXBOPIOBAHb 1 MICIAOTEPAIfHAX paH, JJIS JTIKyBaHHS
BHPAa30K IiabeTHIHOTO IMOXOKEHHS, TepIecy, ByTpiB, a
TaKOX 3BUYAWHUX TOAPSIHH, 3a0UTUX MICIb 1 OMIKIB.
[Y-BunpomiHiOBaHHS €(QEKTUBHE IS 3HATTA OO0JIIO B
cyrno6ax, JiKyBaHHI peBMaTu3My i po3TsaryBanb. ToOTo
el Jiarma3oH BWIPOMIHIOBAHHS HAJA€ 3araJlbHHHA
BIUIMB HA BECh OpraHi3M, TOOTO Ha CTPYKTYpHO-
(yHKITIOHAbHI OJMHUII KIITHUHH, OKPEMHUX OpTaHiB,
CHCTEMH Ta IUIICHOTO opraHizmy [5, 6]. Bizomi Takox
BUIAJIKK 3aCTOCYBaHHS ONTHYHOIO BHITPOMIHIOBAHHS 3
JIOBXXUHAMYU XBIIb B OJIAKUTHOMY Jiama30Hi CHEKTpa,
0 BHKOPHUCTOBYIOTH JUIS BiIHOBICHHA MIIKIPHOTO
mokpoBy. Tak, 3rigHO 10 Bigomoro weroxny |[7]
3a0e3meueHo  30amaHcoBaHa — Tepamis — OJIAKUTHUM
CIICKTPOM BHITPOMIHIOBAHHS 3a JIOTIOMOTOF0
OCBITUIIOBIEHUX TpHiaaiB. [IpUCTpiii MiCTHTB JHKEpETO
CBiTNIa (CyMill CHHBOTO CBiTJIa Ta OUIOro CBITIa B
MeXax JDKepeia CBiTiia, [diala30oH SIKOTO CTaHOBUTHh
npubmuzHo (Big 90%) Bim 420 no 490 HM cuHBOTO
ceitmta Ta mpubmmzno (10%) OGimoro  cBiTia).
OcBiTiIIOBaIbHUH HIPUCTPIH MICTHUTB: MacuB
¢dbnyopecuentHux sgamm abo LED, cBiTmomionu, 1o
MICTATh CHHE CBITJIO 1 Oine cBitio. [Ipmiag qomaTkoBo
MICTUTh OJHE JOKEpeJIo 3 OJHi€l CTOPOHH, IO
BUNIPOMIHIOE CBITJI0O B CHHBOMY Jiala3oHi JOBXHH
XBWJIb, @ 3 1HIIOI CTOPOHM — Oine cBitio. Takum
YHUHOM, 3MIHCHIOETHCS KOMILICKCHUHA pexuM
BHUIIPOMIHIOBaHHS  30aaHCOBaHOTO CBiTia. Takox
amapaT Ma€e (PyHKIIIIO TICpEMHUKAHHS PETYIIOBaHHS PiBHS
CHHBOTO Ta Oiyoro (HIYHOrO Ta JEHHOTO) CBiTJa, IO
BILUIMBA€E HA PiBEHb MEJIATOHIHY.

OpmHak 3acTOCYBaHHS IHTETPOBAHOTO ONTHYHOTO
BUIPOMIHIOBaHHS 3 JOBXHMHaMH XBHIb A =530 HM,
A =460 M y KOMIUIEKC] 3 JOCHTH 100pPe JOCIiIKEHUM
BIUTMBY BHIIPOMIHIOBAHHS JOBKHHOIO XBWII A =630
HM Ha JyMKy aBTOPiB MOX€ 3HAYHO Mi/JBHIINTH PiBEHBb
TAKOTO JIKYBaHHS, BHUXOIAYM 3 1X TOMEPEAHIX
nmociimkers [8, 9]. Tomy akTyaiapbHO DOCHITUTH BIUIHB
TaKAX XBWJIb IHTETPOBAHOTO €JIeKTPOMATHITHOTO
BUNIPOMIHIOBAHHS, 3BEpPTAIOYU yBary Ha
PO3IMOBCIO/KCHHSI TEIUIOBUX MOJIB y MPEACTABICHOMY
3pasii Ta miAi0opaTH HaAWOIBII ONTUMANTBHI PEXKUMU JIIIS
JKyBaHHS TOPYIICHb MUTICHOCTI GiOJOTiYHMX TKaHWH.
AKTyambHUM THTAaHHSIM TaKOXK € TIOACHCHHS THX
(izionoriYHUX TIPOIECiB, fAKiI BiAOYBArOThCA MiA Ii€I0
JA3epHOTO BHUIPOMIHIOBAHHS, TOOTO SKHM YHHOM
BiIOyBa€THCS TIPOILIEC pereHeparii, Ha SAKi CTPYKTYpH
JKUBOT'O OPTaHi3My BIUIMBA€ TaKe OMPOMIHEHHS TOIIO.

[Ipobnema monsrae y MOCHiPKeHHI €(QEKTUBHUX
PeKUMIB BUIIPOMIHIOBAHHHS TKAHWH MPH MOIIKOKCHHI
octanHix. OTXe, MeTa JOCTIDKEHHS: YIOCKOHAIUTH
iCHyloui MeTonum pereHepaiii OIOJNOTIYHMX TKAaHUH

ISSN 0201-744X, ISSN 0321-2211

Opra”i3My Ta JOCIHITUTH EKCIIEpUMEHTAIBHO Ha
CTBOpeHOMY (haHTOMI.

Marepianu Ta MmeToau

st eKCIIeprMEeHTAIBHOTO JOCHIIKEHHS IpoLecy
pereHeparii MeBHUX O10JIOTIYHMX TKAHWH 3aCTOCOBAHO
TeHepaTop KOMOIHOBAHOTO BWITPOMIHIOBAHHS 3 TPhOMa
JOBXUHAMU XBWJIL A =630HM, A=530uM, A =460
HM 3 YaCOBHMH PEXHUMaMH, 1110 BKa3aHi B TaOMUIIX 1 —
5. 3acrocyBaHHS KOMOIHaWil IMITYJIbCHUX DPEXHMIB
IPU3HAYCHO U1  MOXIHMBOIO  000pY  PEKHMY
ONpOMIHEHHsT  IIeBHOro oprany (abo  cucremu
OpraHi3My), OCKUIBKH KOXXHa CTPYKTypa >KHBOTO
OpraHi3aMy Mae CBif 4acTOTHHMH Jiana3oH, CIIEKTpalbHi
xapakTepucTuku. OTXKe, Taki pPEeKUMH (QOPMYIOTh
iHTerpoBaHy (i3ioTepaneBTHYHY XBWJIIO ONTHYHOTO
BHIIPOMIHIOBAHHSI, SIKa Ma€ BIUIMB HA KUBUU OPraHi3M 3
oMy Ha YacTOTy OCHOBHOTO HECYYOTO CHUTHAILy Ta
YaCTOTH MOZYJIALIi, sIKi BiMOBiAIOTh CHEKTPATEHOMY
Jiarna3oHy KOJMBaHb 00paHOro oprany cucremu. OTxe,
Oyno 3actocoBaHo aBTopchkuii amapar «[IPOMIHb-
APIA» [8, 9].

JlocmimKkeHHs pO3MOBCIOHKEHHS TETIOBOi SHEPTil
BiZI0yBaJIOCh Ha CIIPOEKTOBAHOMY 3pa3Ky 0i0JOri4yHOro
tdanTomy (puc. 1), Axwii CKiIagaeThCs 3 KPOBI CBHHI,
mapiB KWIIKM cBUHI. Bcei ckimagoBi monepenubo Oyiu
3aMOpOXKEHi1 Bigpa3y miciast 3a0WTTA TBAapHHH, TOMY
(haHTOM € HAOIIKEHUM JI0 JKUBOTO O0’€KTY 3a CBOIMH
XapaKTepPUCTUKAMHU.

Puc. 1. OnpoMineHHs 6i00Ti9HOTO (haHTOMA
KOMOIHOBaHMM ONITHYHUM BHUIIPOMIHIOBAHHIM

[Ticns ¢ikcoBaHOTO Yacy OMPOMIHEHHS TKAaHUHHU
BinOyBaBCsl ~ 3aMip  3HAu€Hb  PO3MOBCIOJKEHHS
TEeMITepaTypHHUX TIOJIIB y Maci (aHTOMY 3a JO0IOMOTIO0
nopTaTuBHOI iH(ppadepBoHOi Kamepu «MobiR M3».
Perenepaunis KOMOIHOBaHOTO BUIIPOMIHIOBaHHS
BiIOYBA€THCS 3a JIOMIOMOIOK0 BHUIIPOMIHIOBAYA, SIKHIA
Ma€ y CBOEMY CKJaJl YOTHpPH Jla3epHHX Jdiona 3
JIOBXXKUHOIO XBHII 630HM, YOTHPH CBITJIOAIONA, IO
MarTh HOBXWUHY XBWii 530mm, Ta YOTHPH MAalOTh
JNOBXHMHY XBWII 460nm. IHTerpoBaHa IOTYXHICTH

BHIIPOMIHIOBAaHHS BPaxOBY€ BCI MOXIIMBI PEKAMHU
3aCTOCOBAHMX J[KEPEI BUIPOMIHIOBAHHS.
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Ta6mmrs 1 Pexxum BunipomintoBarss Nel

JloBXKWHA XBHIIi, HM 630 460 530
YacroTa BUITPOMiHIOBaHHS, K[ 11 7 7 7
IHTerpoBaHa MOTYKHICTH 0,0145 0,0018 0,0018
BUIIPOMiHIOBaHHSI, BT

Yac onpoMiHEHHS, C 300

Yacrora kanpy, ['n 20

Tabmung 2 Pexxum BunpominroBanust Ne2

JloBXKWHA XBUIIi, HM 630 460 530
YacToTa BUITPOMiHIOBaHHS, K[ 11 7 1 7
[HTerpoBaHa MOTYXHiCTh 0,0145 0,0017 0,0016
BUIIPOMiHIOBaHHS, BT

Yac onpoMiHEHHS, C 300

Yacrora xanpy, ['n 20

Tabmuns 3 Pexxum BunpominroBanHs Ne3
JloBXKWHA XBWIIi, HM 630 460 530
YacToTa BUITPOMiHIOBaHHS, K[ 11 7 1 1
[HTEerpoBaHa MOTYX HiCTh 0,0144 0,0017 0,0016
BHIIPOMIHIOBaHHS, BT
Yac onmpoMiHEHHS, C 300
Yacrora xaapy, I'n 20

Ta6ymis 4 Pexxum BunpomintoBansst Ned

JloB)KHHA XBUJII, HM 630 460 530
YacToTa BUIPOMiHIOBaHHS, KI 11 7 1 1
[HTErpoBaHa MOTYXHICTh 0,0145 0,0018 0,0017
BHIIPOMIHIOBaHHS, BT

Yac onmpoMiHEHHS, C 300

Yacrora kaapy, ['1q 10

Tabsmrs 5 Pexxum BunpomiHtoBaHHs NeS5

JloB)KrHA XBUJII, HM 630 460 530
YacToTa BUIPOMiHIOBaHHS, KI 11 7 1 7
[HTerpOBaHa MOTYXHICTH 0,0144 0,0017 0,0016
BHIIPOMIHIOBaHHS, BT

Yac onpoMiHEHHS, C 300

Yacrora xaapy, I'nq 10

Pe3yabTaTH Ta iX 00roBopeHHs

Pesynpratn  mocnmijpkeHHS OOpaHUX — PEXHUMIB
BUIIPOMIHIOBaHHs Tabnuii 1-5 Ta mpoexTyBaHHS 3MiHH
TEeMIIEpaTypy E€KCIIEpUMEHTAIBHOIO 3pa3Ka 10 1 micis
OIIPOMIHEHHS p&XUMOM (puc. 2 - puc. 6). ol o] ol Gl s

B pesynprari onpomiHeHHS pexumMoM  Nel
30UIBIICHHS TaMIlepaTypu y cepegHboMy ckiano 9,02
°C. Cepenns Temrieparypa 301UIbIHIaCh Y TOPIBHAHHI 3
TOYaTKOBOIO cepeHbor0 Ha 47%.

I[Ipu ompomiHeHHI TKaHWH pekuMoM  No2
30UIBIICHAS TEMIIEPaTypHu y CeperHhOMY ckiamo 8,67
°C. Cepenns Temriepatypa 301UIbIMIach Y TOPIBHAHHI 3 0
TIOYaTKOBOIO CepeHbOI0 Ha 44,9%.

IIpu onpomiHeHHI TKaHMH pexumMoM  Ne3 '
30UIBIICHHS TEMIIEPAaTYPH y CepeHbOMY cKiiano — 8,73
°C. Cepenns Temneparypa 30UIbIIMIACH Y TIOPIBHSHHI 3
MOYaTKOBOIO cepeiHbor0 Ha 41,9%.

Pesxinv BrmpoMiHioBasua Nel

30 282 281 284 231 283 281 282 1282 283 182

Temmepatypa, °C

Puc. 2. Jliarpama 3MiHuN TeMepaTypu
€KCIIEPUMEHTAIILHOTO 3pa3Ka 0 1 MiCIIs ONPOMiHEHHS
pexumoM Nel
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Ipraomy 3rigao 3 mocmimkeHHsMu [10] ompomiHeHHS
TKaHUH CIiJi TMPOBOJMUTH dYepe3 JieHb, TaK SK
(hoTOCTUMYNAIST KOXHOTO JHSA Ja€ TaKuid CcaMuit

Pesxmm BrmpoMiHiOBaHHSA Ne2

30 28 278 2719 281 28 27,7 279 281 219

TEpETNeBTHYHHHN e(eKT.
0 19, Pexxiv BITIpOMIHIOBAaHHSA NS
30 27,4 273 278 21,6 272 2710 27 21,3 274 271
[ FiTd]
. 25
| mcnA C
SO 198 198 190 158 138 198 198 194 19,
0 £1s
10 ®Paal
n : 10 W Pap2
. . 5
Puc. 3. [liarpama 3MiHM Teneparypu
0

EKCIIEPUMEHTAIILHOTO 3pa3Ka 0 1 MiCIsl ONPOMIHEHHS s & 8 & & FE % % B ®
pexxnmom Ne2

[ %) [
w )

o
o

Temmeparypa, °C

w»
C

T'emnepaTypa

Pexmv BrmpomiEioBaHHS Ne3 = =
Puc. 6. [liarpama 3miHu TenepaTypu

w
e

96 198 296 293 295 296 297 296 29 1293 €KCIIepHMEHTAIBHOTO 3pa3Ka JI0 1 IiciIa ONpOMiHEHHS
30 pesxxumom Ne5
25
B ufl 04 . .
8 0 Ha puc. 7 Tmnokasano 3MIHy CepeaHbBOI
: TeMIeparypu B OilONOTiYHOMY 3pa3li TNpH Pi3HHUX
0 .- i} .
21 i PEeKUMAxX BUIPOMIHIOBAHHS.
I WEChR ]“
10 &
5 < 9
e
-
0 E 3
g
5 6 7 e
n =
. . P (4]
Puc. 4. [liarpama 3miHu Temeparypu | 3 1 4 <

eKCIePUMEHTAIBHOTO 3pa3Ka JI0 1 MiCIIs OTPOMiHEHHS

Pemint simposimonanms
pexxnmom Ne3

Puc. 7. [liarpama 3MiHU cepeqHBOI TEMIIEpATypH

Peskiv BumpomisroBanss Ned . .
3aJIEXKHO BiJ PEXHMY BUIIPOMIHIOBaHHS

0 w3 w3 w2 w1 s VA W2 U3 U5 9

OtpumaHi  3Ha4eHHS  3MIHM  TEMIeEpaTypu
0,8 208 208 20, 0§ 208 2 GiosioriuHoro (haHToMa JOBOJSTH BIUIMB IHTEIPOBAHOTO
“ | | | OITUYHOTO JIa3epHOTO BUIPOMIHIOBaHHS Ha

o

GararomnrapoBy 0i0JIOTIYHY CTPYKTYpY.

Ha puc. 8 mnpexacraBieHo JOCHiIKyBaHUH 3pa3oK
micnst B3aeMOJIT 3 KOMOIHOBaHUM BHIPOMIHIOBAHHSIM
(a) Ta 6e3 B3aemoii (0) 3a olHAKOBHUI Yac.

ngo

l'emniepatypa.

W NIChR

0
3 4 8

w

10

Puc. 5. [liarpama 3miHu Temeparypu
EKCIePUMEHTAIBHOTO 3pa3Ka /0 1 MiCIIsI OIPOMiHEHHS
pexxumoMm Ned

IIpu ompomiHeHHi TKaHMH peXUMOM  Ned
30UTBIIICHHS TEMIIEpaTypH Y CepeqHbOMY cKiano — 6,53
°C. Cepenns Temreparypa 30UIbIIMIACE Y TIOPIBHSHHI 3

IIOYATKOBOIO CepeHbOI0 Ha 31,6%. Puc. 8. Po3noBciopkeHHs KpOBi CBUHI Y
HpH OHpOMiHeHHi TKAHUH pexUMOM No5 (baHTOMl 3a OITHAKOBHHU YaCOBUU MIEp10Ad, A€C:
30UIBIICHHST TEMIEpaTypl Yy CEpelHbOMY CKJIAJO a) nix aieto HIJIB, 6) 6e3 xii HIJIB

7,96 °C. Cepenmust Temmneparypa 30UIbIIHIAcChE Y
MOPIBHAHHI 3 MOYaTKOBOIO cepeanboro Ha 41,1%.
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TakuM YHMHOM, MOXHAa BH3HAYHTH, IO BILUIHB
IHTETPOBAHOTO  ONTHUYHOTO  BHIIPOMIHIOBAaHHS  Ha
GiosoriyHui (danToM JIOCTaTHbO HoKasye
PO3IOBCIO/KEHHS TEMIEPAaTYpHUX TOJIB KUIBKICTIO
KpOBI, sIKa 3JIMIIAETHCS HA MOBepxHi (aHToMy. OTXKe,
301LIBITy€eThCS TTMOWHA TPOHUKHEHHS y mapu (aHTOMa
3aBIJKA HAarpiBy 0araTollapoBUX TKaHWH Ta TaKUM
YUHOM, 30IJBIIYETHCS CTEIEHh 3aCBOEHHS JKUBUM
OpPraHi3MOM BHWIIPOMIHIOBAHHS, $KE HAIXOJWTh Ha
MOBEPXHIO.

Tabnms 6 Po3paxyHOK mapaMeTpiB BUIPOMiHIOBaHHS

OCKUIbKM BaKJIMBUM IapaMETPOM JIIKYBaJIEHOTO
BUNIPOMIHIOBAHHS € IUIBHICTh IIOTY)XHOCTI, TO IIi
3HA4YEHHS PO3PaxOBaHi, BUXOSUM 3 HAIBHOCTI JDKEpE
BUIIPOMIHIOBAHHS y CHCTEMI.

Po3paxoBaHi 3Ha4eHHS 3aHECEHO Y TAaOIHIIIO 6.

BumiproBaHHS TeMIiepaTypHHX IIOJIB IO 1 Iicis
ONPOMIHEHHsI 010JIOTIYHOTO 3pa3ka KOMOIHOBaHUM
BUIIPOMIHIOBAaHHSAM A€ XOPOIIMH pe3ynbTaT I
OLIHKM MifiOpaHUX PpEKUMIB BUIPOMIHIOBAaHHA Y
JAHOMY BHIIAJIKy.

o . Bm 3arajbHa IiIBHICTS OTYKHOCTI
[inpHiCTh NOTYKHOCTI, — JUISL: Bm
cm (dotupy niona), —
A =630 A =460 A =530 cm
PexrmNel 0,01 5,73-107 5,73-107° 0,010115
PexnmNe2 0,01 5,73-107 5,41-10° 0,010111
PexnmNe3 0,01 2.548-107 2.707-10° 0,010112
PexmNed 0,0104 2.548-107° 2.548-107° 0,010051
PexumNe5 0,0104 2.548.107° 2.707-107° 0,010453
Texniuni  pexomeHnmauii AJs1  CTBOpPeHHs Y moganbOIOMy aKTyaJbHO BHKOPHCTOBYBATH

METOIUKH JiKyBaJIbLHOIO BILIUBY

3rifzHO 3  OTPUMaHWMH  EKCIIEPUMEHTATLHUMHU
JIAHAMH MOXHA c()OPMYBATH TaKi TEXHIYHI PeKOMEHMAIII,
IIOJI0 PEreHepallil TKAHMH KHUBOTO OPraHi3My:

1. Yac npoBeaenns npouenypu — 300 c.

2. PexoMeHmOBaHI JOBKUHU XBWIb
A =630mm, A =530mm, A = 460HMm.

3. KimbkicTh ceaHciB 5-6 uepes n00y.

4. PexOMEH/IOBAaHO BHKOPHCTOBYBAaTH YacCTOTY
BHUIIPOMiHIOBaHHS 7 K[ 'I1 1711 BCiX BHIPOMIHIOBAYiB.

5. UYactora kaapis — 20 I'm.

6. 3aranbHy OIUTBHICTH MOTYKHOCTI

2
cMm

PexnMu Bu3HAvae Jnikap I KOHKPETHOTO
KIIHIYHOTO BHUNAAKy, TOMY peKoMeHjamii OyayTbh
3MIHIOBATHCS, aJie TOTPiIOHO 3BEpHYTH yBary Ha:

1. Ilnomry, sIKy MOTPiOHO ONIPOMIHHUTH;

2. Jlokamizariro paHu;

3. Meroauka OTNIPOMiHEHHS:
(dbikcoBaHe) yM CKaHYBaHHS YPaKEHHS;

4. Bun 3aXBOPIOBAaHHS.

BUIIPOMiHIOBaHHs OaxkaHo BuOuparu 0,0101 15[ Bm j

cTarioHapHa

BucHoBkH
3anpornoHOBAaHO OCHOBH METOJUKH JTiIKYBaHHS
MOBEPXHEBUX PaH JXUBOIO OPraHi3My 3a JOIMOMOTORO

BUKOPUCTAHHS HU3BKOIHTCHCHUBHOTO JIa3epHOTO
BUTIPOMIHIOBaHHS MOy TbOBAaHUM IMITYyJTHCHAM
CUTHAIOM TpH  OOpaHWX  YacOBHX  pPEKUMax.

3anpornoHOBaHO TEXHIYHI peKOMEHAAIIT 11T CTBOPEHHS
METONIMKH JIIKYBaHHS  IOIIKO/PKEHb  O10JOTTYHHX
TKaHWH. Po3poOJieHi TeXHiYHI peKoMeHmamii s
JMIKyBaHHS IIKIPpHUX TIOIIKO/HKEHh KOMOIHOBaHHM
BUIPOMIHIOBAHHSAM HHU3bKOI IHTEHCHUBHOCTI JOBOISTH
JIOLTBHICTh BUKOPUCTAHHS KIJIBKOX JIOBXKUH XBHJIb TIPU
00paHUX PeKUMAX BHIIPOMIHIOBAHHS.

pi3HI THIU IMITyIECHOI MOXYJMmii it (opMyBaHHS
MOTPIOHMX BUXIJHAX IapaMeTPiB BHIIPOMIHIOBAHHS
4gepes, Te, MO TaKWH METOH JIKyBaHHS € THYYKHUM 1 Jae
MOXIIMBICTh JIiKaplo oOupaTH, SKUi BIUIMB Oyne
3IifICHEHO Ha MOCTpaXJalli TKAHMHU YX OPTaHU y TOMY
Yy IHIIOMY BHINAJKY, ONHMPAIOYMCh Ha JIOKaJli3allifo
ypakeHHs, BUAY XBOPOOHM, CIIOCIO  ONPOMiHEHHS
JUISTHKY, TUIOILY BIUIHBY.
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CTPYKTYp BHUIIPOMIHIOBaHHAM (Pi3i0TepaneBTHYHIX

YIAK 621 : 615.849.19
T.P. Knouxko, U.A. I'pubanoBa, B.U. Ckuumok, A.X.M. lacTkepau
Hayuonanvnviii mexnuueckuu ynusepcumem Yxpaunsl « Kuesckuti noanumexnuueckuti UHCmMumym

umenu Heops Cuxopckozoy, Kues, Yxpauna .
UHTEI'PUPOBAHHAS ®OTOPEI'EHEPALINA BUOJIOTUYECKOU TKAHU TTPU
HAPYHIEHUU EE COCTOSAHUA

Beenenue. VcciaenoBanue pereHepany TKaHEH XMBOTO OpPraHM3Ma IIPH XPOMOTEPAINH JEMOHCTPHUPYIOT XOPOIIHE
pE3yJIBTATHI 110 CPABHEHHUIO CO CTAHAAPTHBIMHU METOJAMH JICUEHHSI, HAIIPUMEP, MEIUKaMEHTO3HBIMHU.

OcHoBHas1 yacTb. B craThe mpeIoKEeHbl HOBBIE PEKMMBI ONTHYECKOTO H3IIydECHUs, KOTOPBIC MPEAHA3HAYECHBI AT
pereHepanuy MOBPEKACHHBIX OHOIOTHUECKUX TKaHEH.

HccnenoBaHbl HOBBIE PEXXKUMBI HHTETPUPOBAHHOTO (DH3HOTEPANIEBTUIECKOTO U3ITyUeHHS, HOPMUPYEMBIE C YIETOM BO3-
MOYKHOTO M3MEHEHHUSI BPEMEHHBIX PEXHMMOB M KOPPEKIMH B COOTBETCTBUHM OMOJIOIMYECKOW CTPYKType, Ha KOTOPYIO
ObUIO OKa3aHO BIMsHUE. MTak, BEIOpaHHBIE PEXUMBI (POPMUPYIOT MHTEIPHPOBAHHYIO (PM3HOTEPATIEBTUUECKOE BOJIHY
ONTUYECKOTO U3IY4YEHUs, KOTOpas UMeET BIUSHME HA *KMBOU opraHm3M. Takas BOJHA YYMTBIBA€T YaCTOThI OCHOBHOI'O
HECYII[ETO CHI'HajJa M 4acTOTHl MOAYJISILIMU, KOTOPhIE COOTBETCTBYIOT CIEKTPAaJIbHOMY JHala3oHy KojebaHuil ompene-
JICHHOTO OpraHa CUCTEMBI XXMBOTO opraHusma. Mrak, Obi1 mpumeneH aBropekuii anmnapat « [ IPOMIHb-APIA».
BruiBoabl. [IpeiosxkeHbl TEXHUYECKHE PEKOMEHIANH IS JICYCHUS] KOJKHBIX TTOBPEXJICHUH KOMOMHUPOBAaHHBIM H3ITy-
YEHHEM HU3KOH MHTEHCHBHOCTH [JOKAa3bIBAOT IIE1€CO00Pa3HOCTh UCTIONB30BAHMS HECKOJIBKUX IJIHMH BOJH IIPU BBIOpaH-
HBIX PEXHMMax M3IydeHHs. Pe3ynbTaTel paboThl BHOCST HOBBIE aCHEKTHI B HUCCIEAOBAHUS TEMIIEPATYPHBIX N3MEHEHUH
OMOTIOTNIECKON TKaHU MPH UCIOJIb30BAHNH KOHKPETHBIX PEKHIMOB M3IIYyIEHHSI 1 MOTYT UCIIOJIB30BAaThCS B APYTHX CIIy-
Jasgx UCCIECAOBaHMH, a TAK)KE IPAKTHKE JICUCHHUS TIOBPEKIACHHUM.

KntoueBble cnoBa: ¢aHTOM, pereHepanys, ONTHIECKOe U3IyYeHHE, BDEMEHHbBIC PEXXHUMBI, OHOJIOTHYECKAsl TKaHb, UH-
TerpupoBaHHas YU3NOTEPATICBTHIECKAs BOJIHA.

T. Klotchko, I. Hrybanova, V. Skytsiouk, A.H.M. Dastjerdi

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”’, Kyiv, Ukraine
INTEGRATED PHOTOGENERATION OF BIOLOGICAL TISSUES AT DAMAGES OF ITS
STATE

Introduction. Studies on the regeneration of living tissue tissues with chromotherapy show good results compared to
standard treatment methods.

Main part. The article is offered the creation of new therapeutic radiation regimes that are intended to regenerate
damaged biological tissues. Studied new modes of physiotherapy integrated radiation molded considering possible
changes in the time correction mode and under biological structures, which made influence. Thus, the mode shape of
physiotherapeutic wave are integrated optical radiation that affects the living organism due to the frequency of the main
carrier signal and frequency modulation, which correspond to the spectral range of variations selected body systems.
The use of combinations of pulse mode is possible for some systems of the body, as each structure of a living organism
has a frequency range of spectral characteristics. So, the author’s device "PROMIN-ARIA" was applied. The influence
of thermal fields on the depth of radiation penetration in a phantom of biological multilayer specimen, which is formed
as a result of irradiation by an integrated physiotherapeutic wave, is investigated. Conclusion. The results of the work
make a new study of the temperature changes of the design sample of the phantom of biological tissue using specific
radiation modes and can be used in other studies and practice of treatment of injuries.

In the future, it is important to use different types of pulse modulation to create the necessary initial radiation
parameters, because such a method of treatment is flexible and allows the physician to choose the effect that will be
made on the affected tissue or organs in one or another case, based on the localization of the lesion, the type of illness,
the method of irradiation of the site, the area of influence.

Keywords: phantom, regeneration, optical radiation, time regimes, biological tissue, integrated physiotherapeutic wave.
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