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CPABHEHHME PA3JINMYHBLIX METO/IUK HAXOXKIEHUSA
OIITUMAJIBHBIX YACTOT ABIXAHUSA HA OCHOBE
N3YUEHHUSA COOTHOWEHU CIIEKTPAJIBHBIX
MOKA3ATEJIE BAPUABEJIBHOCTHU
CEPAEYHOI'O PUTMA
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Haunonam,HLm Asporocmuueckuit YHusepcurer umeHn H.E. XKykoBckoro «XapbKoBCKHil aBHAIMOH-
HBIH HHCTUTYT», Y KpanuHa

Ha 4 300poBBIX /:[06p0130m>uax B Bo3pacre oT 22 A0 29 ner (2 My>KUHHBI M 2 SKCHIIWHBI) C HHACKCOM Mac-
ol Tema oT 21 10 23 Kr/M* MpoBeaeHO CPABHCHHC PA3IHYHBIX MCTOJOB MOHCKA ONTHMANBHON TACTOTHI MCT-
POHOMH3HPOBAHHOTO JBIXAHWSA, MPH KOTOPOH HAOMIOJACTCA HAHOOJBIICE MPHOMKCHAC K ONTHMYMY COOT-
HOIICHUS 3BEHbEB BapHadenbHOCTH cepraedHoro purMma (BCP). ITonck onTHMAanbHON YacTOTHI MPOUCXOIHIT
myTeM nepedopa yacToT asrxanus (/1) — BozpacraHus u yObIBaHUS € 6 10 12 qpIXaHWH B MEHYTY M 0OpaTHO,
a TaKkKe C HMCIOJIb30BAHUEM ABTOMATHYCCKOTO ANTOPHTMA. PE3yIbTaThl MOKA3adM COBIAICHHE ONTHMYMOB,
MOJIYMCHHBIX IPH ITOIIATOBOM BO3pacTaHWM U yObBaHuH U/ ¢ TaHHBIMH aBTOMATHUYCCKOTO TOMCKA, YTO CBH-
JIETEIBbCTBYET O BO3MOXKHOCTH ANTOPUTMHU3ANNH METOJA M JOCTATOYHO BBICOKOW TOYHOCTH M HAJCKHOCTH
TIPEITI0KEHHOTO AITOPUTMA.
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YACTOT IUXAHHA HA OCHOBI BUBUEHHSA CIIIBBIJHOIIIEHb
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Ha 4 3A0pOBHX A00pOBOMBLLX ¥ Bill Bix 22 10 29 POKiB (2 4OTOBIKHM i 2 sKIHKH) 3 IHICKCOM MACH TiNa Bil
21 mo 23 xr/m’ TIPOBE/ICHO NOPIBHAHHS PI3HAX MCTOZIB MOMIYKY ONTHMAIBHOI YACTOTH MCTPOHOMi30BAHOTO
JUXAHHS, TIPH AKIH CIOCTEPITA€ThC HAHOIIbIE HAOIFKCHHS 10 ONTHMYMY CIIiBBITHOIICHHS JAHOK Bapiade-
apHOCTI cepuesoro purMmy (BCP). Iomryk onTuManbHOI 4acTOTH BiZOyBaBCs MILIXOM Iepedopy 4acToT Ad-
xaHHg (U/]) — 3pocTaHHs Ta criagaHHg 3 6 40 12 AuxaHb 3a XBWIMHY 1 Ha337, 4 TAKOK 3 BUKOPUCTAHHAM dB-
TOMATHYIHOTO aNTOpUTMy. Pe3ynpTaTti mokazanm 30ir ONTUMYMiB, OTPUMAHUX IPH MOKPOKOBOMY 3POCTAHHS
Ta cnagasHsa Y/ 3 JaHMMH aBTOMATHYHOTO IOIIYKY, IO CBITYHTH IPO MOXMIIMBICTH aITOPHTMI3ALI METOIY
Ta JOCUTH BUCOKOI TOYHOCTI 1 HAMIHHOCTI 3aIPOTMIOHOBAHOTO aJTOPUTMY .

KITIOY0OBI CJI0OBA: BapiadeapHICTh CEPLCBOTO pUTMY, 010(pigOeK, 4acTOTa TUXAHHS

COMPARISON OF DIFFERENT METHODS OF OPTIMAL BREATHING
FREQUENCIES DETECTION ON THE BASIS OF HEART RATE
VARIABILITY SPECTRAL INDEXES’ RATIOS
A.L. Kulik', A.K. Zaderihin®, V.I. Shulgin’, A.V. Martynenko', M.I. Iabluchanskyi'

'V.N. Karazin Kharkov Nat1ona1 University, Ukraine
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At 4 health Ly volunteers in age from 22 to 29 years (2 men and 2 women) with the body mass index from
21 to 23 kg/m" the comparison of different methods of optimal frequencies of paced breathing detection, at
which the greatest approximation to the optimum ratio of spectral indices of heart rate variability (HRV) was
achieved were studied. Detection of optimal frequency was performed by enumeration of breathing frequency
(BF) — increase and decrease from 6 to 12 breaths per minute and back, and by using automatic algorithm.
The results showed the coincidence of optima obtained by stepwise increasing and decreasing of BF with data
from automatic search, that indicates the possibility of method algorithmization and sufficiently high accuracy
and reliability of the proposed algorithm.
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OrneHka (YHKIMOHATBHOTO COCTOSIHHS Op-
raHu3Ma, €ro aJANTHBHBIX PE3EPBOB H paboTHI
PETYITOPHBIX CHCTEM SBJSICTCS BAXKHOU MPO-
OmeMOl B COBPEMCHHOU KJIHMHHUKE, MOCKOJIBKY
OT 3TOr'0 BO MHOTOM 3aBHCHT COCTOSIHHE 3J0PO-
Bbs yenoseka [ 1]. BapuabeapHOCTE cepaeyHOro
putma (BCP) asngercs MomHeHmyM HEWHBA-
3UBHBIM METOJOM HCCICOOBAHMS COCTOSHUS
peryIaTopHEIX cucreM opranuama [2]. Tlo-
ckonbKy Huskue noxazarenu BCP koppemmpy-
0T C IUIOXHM TPOTHO30M [3], BO3MOXKHOCTBIO
HapyIIeHWH putMa cepama [4] B Hacrosmee
BpeMsl pa3pabaThiBalOTCS PA3NHYHBIC MECTOIUKH
OrOOOpaTHOU CBS3W, HANPABICHHEIC HA TOBHI-
ImeHne W HopManmm3auuio nokasareiae BCP.
OnHoti 3 cambIX 3(QECKTHBHBIX U MPOCTHIX B
HCMONB30BAHNN METOJUK SBJISICTCS. METPOHO-
MH3UPOBAHHOC AbIXaHwue [1, 2, 5].

Tax kak METPOHOMH3UPOBAHHOE JBIXAHUC HA
PasHBIX YacTOTaxX NPUBOIUT K Pa3HBIM KapTH-
Ham BCP, moxGopom ompeaeiaeHHOU 4acTOTHI
JBIXaHUS MOXKHO JOOUTBCSA POCTA MOLIHOCTH
BCP u BoccTanoBjcHMs OajaHCca MEXKAY €€
CIIEKTPAIBHBIMU KOMITOHEHTaMH [6]. B cBazm ¢
oTHM OOJBIIOE 3HAYCHHE MPHOOPETAcT 3a4ada
MOUCKA HAWMYYLICTO METOoJa MHoAOOpa ONTH-
MAaJIbHOH Y4acTOThl METPOHOMHU3HPOBAHHOTO [TbI-
XaHU.

[Tpurom, 4TO 3aBUCHUMOCTE BEITHMUYUHBI OKA-
3arened BCP oT wacToTHl ABIXaHMS H3ydanach
JOCTATOYHO moapoOHO [2, 5, 7-9], BHUMaHHE
HCCIICA0BATENCH HANPABICHO HA M3YYCHHE IO-
kazarenei BCP Ha OoTAEenbHBIX M30IMPOBAHHBIX
yacTtoTax AbIxaHus. M3yueHHS W3MEHEHHS MO-
kazarenedi BCP npm pasmudaHBIX MeTOoAMKax
MOUCKA ONTUMAIBHOH 4YacTOTHI ABIXaHHS HE
MPOBOJUIIOCH.

Uccnenosanne BeimosneHo B pamkax HUP
XHY «Pa3pabotka U HCCICAOBAHUEC CHCTEMBI
ABTOMATHYCCKOTO VIPABICHUS BapHaOeIbHO-
CTBIO CEPACYHOro puTMa», Ne rocperucrpanun
0109U000622.

Llens nccnenosanma. Ilposectn cpaBHEHHE
Pa3NUYHBIX METOAOB TOUCKA YaCTOTBI METPO-
HOMH3UPOBAHHOT'O JBIXAHUS, IPH KOTOPOM Ha-
OmomacTcs HauOoObIIEe NPUOIKCHUE K OII-
TUMyMyY cooTHoweHus 3BeHeeB BCP ams cos-
manmst  3(dexkTuBHBIX TeXHHK OnooOpaTHOU
CBS3U B 33Ja4aX MOBBILMICHUS KaYeCTBA PEryJis-
TOPHBIX CUCTEM YCTIOBEKA.

MATEPHAJIbI U METO/1bI

Ob6cnenoBaHo 4 300pOBHIX JOOPOBONBLIA B
Bospacte oT 22 g0 30 ner (2 MyX4uHBI U 2
JKCHIIUHBI), ¢ HHACKCOM MAaccHl Tema ot 21 1o
23 kr/M’. YacToTa CEpACUHBIX COKDAIICHHIT
BaperpoBana ot 81 go 85 B MHMHYTY, aprepH-
aNnbHOE JABJICHHE HAXOAWIOCH B JHAINA30HE —
100/60 u 120/80 mwm pr.cT.

V Beex UCHBITYCMBIX ¢ MOMOLIBIO KOMIIBIO-
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TEPHOTO IHArHOCTHYECKOro KomIuiekca «Car-
dioLab 2009» («XAU-Menuka») ¢ 4acToToi
auckpermzanmu curHana 1000 I'o nmpoBoamiocs
o 3 moruTopHeIe 3anvcu JKI', B KOTOPEIX mpH
moMoiy ObicTporo mpeobpazoBanus Pypee
BBLACIISLTN Tpu THNA BOMH: MeqncHHBIE (VLF) —
gactotoit oT 0,0033 mo 0,05 I'm — mpenmymecT-
BEHHO CBfA3aHBI C TEPMOPETYIALNEH, T'YMO-
panbHOM (KAJUTMKPEHHKUHHUPOBAsi, PEHHHAHTHO-
TEH3HUBas, TOPMOHAIBHBIEC, HHBIE) PErYILIIMEH 1
CHMIIATHYIECKAM 3BEHOM BETETATHUBHOH HEPB-
HOU cuctemsl;, cpeaaue (LF) — ot 0,05 mo 0,15
I'm — mpenMyInecTBEHHO C CHMIATHYECKUM H
MMapacHMIIATHIECKUMH 3BEHBSIMH BETCTAaTHBHOM
HepBHOU cuctembl u Owictpeie (HF) — ot 0,15
I'm mo 0,40 I'm — mpPEUMYIIECCTBCHHO ¢ Mapa-
CHMIIATHYIECKAM 3BEHOM BETETATHUBHOH HEPB-
HOH CHUCTEMBI.

3anvcH NMPOU3BOJMINCH B TIOJIOKECHHH CHIA
IIPH PA3IMIHBIX NTapaMeTpax U3MEHEHH 9acTO-
toi geixanus (UJ]) — mexanudeckom mepebope
YacTOT ABIXaHHI — BO3PACTAHMU H VOBIBAHUH C
6 1o 12 mpixaHwdl B MHHYTY M 0OpaTHO M OpH
aBTOMATHIECKOM ITOMCKE YaCTOTHI ABIXAHHS IS
JOocTIkeHHM onTuMmyMa mnapametpos BCP ¢
MOMOIIBIO aJroputMa GHOOOPATHOH ympaBJisic-
MO# cBsa3H. [IpoaomKUTENBHOCTh ABIXAHHA HA
KaKIOH M3 9aCTOT COCTaBIIA | MUHYTY.

ANTOpPUTM aBTOMAaTHYECKOTO TOMCKA YacTO-
THI ABIXaHHA COCTOSU M3 ABYX TOAIPOTpaMM —
1) ompenencHuEe PacCTOSHUA [0 ONTHMyMa CO-
oTHOWECHUH BeeX 3B¢HBCB BCP 1 2) mowmck wac-
TOTBI JBIXAHUS, MAKCUMAIBHO MPHONMKAOLICH
K ONTHMYMY COOTHOINCHH 3HAYCHHH TIOKa3a-
tenel 3BeHeB BCP Ha ocHOBaHWMM yCTaHOB-
JEHHBIX CIIEKTpaIbHBIX xapakrepuctuk BCP.
Purvm nmpixanus 3agaBancs W aBTOMATHYECKU
HM3MEHAICSI METPOHOMOM, BCTPOCHHBIM B IIPO-
rpammy «CardioLab 2009».

Ha xakaoM MHHYTHOM HHTEpBAle KaKAOH
W3 3amuced ONpeAc/sUTUCH: 0OIas MOIIHOCTh
(TP, mc?) cnektpa BCP, MOIIHOCTH CIIEKTPOB
nomenos mm3kux (VLF, mc?), cpeammx (LF,
mc’) u Beicokux (HF, mc?) wactor, cooTHOMIE-
nue LF/HF xak mepa cuMmarosaranbHOro 0Oa-
nanca, cootHomenue VLF/(LF+HF) kak mepa
I'YMOPATbHOBETCTATUBHOTO OanaHca, a Takke
OTMEYaNach 4YacToTa ABIXaHMA, IPH KOTOPOH
PETUCTPUPOBATOCh HAUOOINBIICE NPUOIIKCHHIES
K onTuMyMy paBHoBecus 3BeHbeB BCP u mpo-
BOAWJIOCH CpPaBHEHHWE MEXKAY TOIYICHHBIMH
ONTHUMATBHBIMA YACTOTAMH JBIXAHHS HA BCEX
Tpex 3amucax. Onrumaneabic napametpel BCP
OTIPEACTANNCh MHANBHAYAIBHO, UCXOAS M3 H3-
BECTHBIX HOPM /U TTOJIa M BO3pPacTa, Mo 3HAMe-
nusm LF/HF u VLF/(LF+HF) [10].

PE3VJIBTATDBI U ObCYXXKIEHUE

B tabmune mnpeacraBnensl 3HaucHus Y1,
MPH  KOTOPBIX PETUCTPUPOBATHCH OITHMYMBI



paBHOBecus 3BeHbeB BCP mpum mcnoms3zoBanmm
Pa3IUYHBIX METOJ0B €r0 MOUCKA.

Kak Buano u3 Tabmuipl, onTHMAaIbHBIC 3HA-
ueHns Y/l 3aperncTpupoBaHHBIE NIPH TOIIAro-
BOM BO3pacTaHud W yObiBannu Y/l coBmazaror
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MEXKIy COOOH M Pe3y/IbTaTaMu aBTOMATHUYCCKO-
IO TOHUCKA, YTO OOBSICHICTCS MPAKTUUICCKU O/IH-
HAKOBBIMH cOOTHOMCHUIMH 3BcHRCB BCP Ha
omanx Y/l HEC3aBUCHMO OT HANPABICHUSA WX W3-
MCHCHHSL.

Tabmuna

3uavennst YJI, npu KOTOPBIX 0TMEYAIOTCSI ONTHMYMBI paBHOBecHs 3BeHbes BCP

Ne ucneITYeMoro IL.1asnoe mvenenne /L ABTOMATHYCCKUIT MOUCK
BO3pacTaHue yObIBaHHE
HcnbiTyeMmslit 1 9 9 9
HcnbiTyemas 2 12 12 12
HcnbITyeMmblii 3 9 9 9
HcnbiTyemasn 4 9 9 9
Coenazenne ontumanpubix Y/, moayduen- BBIBO/IbI
HBIX NPW HCHOJBb30BAHWM AIrOPUTMA ABTOMA-
1. OnTuManpHBIC YaCTOTHI ABIXAHUS, IOJY-

THYCCKOTO TOHCKA C ONTHMYMaMH, MOIYYCH-
HBIMH TIPH NOLIArOBOM BO3PACTaHUHM U yOBIBa-
ain YJ[, CBHACTCIBCTBYET O BO3MOXKHOCTH
MPUMCHCHHUS ANTOPUTMHYCCKOTO MOWCKA ONTHU-
MaaeHOW YJ] M 1OCTATOYHO BEICOKOH TOUHOCTH
U HAJCIKHOCTH MPEATIOKCHHOTO AITOPUTMA.
ITpurom, uto mogoOHBIX PabOT B TUTEPATYPE
MBI HE HAIIIH, TMOIVICHHBIC HAMH JAHHbBIC
BKJIAQJBIBAIOTCS B CHCTEMY NPEACTABICHUH O
HCUPOTYMOPATIBHBIX MCXaHHM3MaX PEryIALUN
JBIXaHUS U KPoBOOOpameHusl U (pyHKLHOHATb-
HBIX B3aMMOOTHOLICHHAX B CHCTCME JBIXATCIIb-
HBIX U MapacHMIIaTHYCCKUX SACP CTBOIA MO3ra

[9, 10].
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