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BpemeHHbIe KONebaHusa
CIIeKTPAJ/IbHLIX ITOKa3aTeneun
BapuabenbHOCTU CepAeYHOro

PUTMa V 31,0POBLIX J00POBONbLEB

A. JI. Kynuk!, A. K. 3apepuxun?, B. 1. llynbrun?
A. B. Maptbinenko!, H. H. A6ny4yaHckun!
'XapbKoBCKOTro HauuoHanbHoro yuusepcurera um. B. H. Kapasuna, Ykpanxa

?HanuonansHoro Aspokocmnyeckoro Yausepcutera um. H. E. Jykosckoro

«XapbKOBCKW aBUALMOHHBI UHCTUTYTY, YKpanHa

Pe3iome

Y 20 310poBHIX BOOPOBONLLEB B BO3-
pacrte ot 19 o 30 net (7 Myxuux u 13
XeHWWH) U3y4YeHbl 3aKOHOMEPHOCTY
BPEMEHHHIX Kojle6aHWil 3HaYeHN 06mux
MOIHOCTEW CITIeKTPAIbHBIX [TOKa3aTenen
B (TP, VLF, LF u HF) BapuabenbHocTn
ceppeutroro putma (BCP) B oAHOMUHYT-
HOM 6ydepe Ipu CIIOHTAHHOM JbIXaHUM.
YCTaHOBIIEHO, UTO BpeMeHHbIe Konebanus
CIeKTpanbHbIX okasareneit BCP y 3po-
POBLIX J06POBOJILLIEB ABAANTCA MELJIEH-
HOBOJIHOBLIMU Ha vactoTe 0,05-0,07 I'n
1 KaueCTBEHHO U KONWYECTBEHHO o706~
HH LPYT APVYIY, XapaKTep KOTOPLIX
NMO3BOJIAET UX CBA3aTb B MEPBYI0 OYe-
peab ¢ MeTabonnyecKuMu peakumnammu
OpraHusMa.
KnioueBbie cnosa: BapnabenbHOCTb
CeprevHoro puTMa, GuicTpoe mpeobpaso-
BaHue ®ypre, husnonorusa yenosexa.

KnuH. nidpopmar. u Tenemegp.
2010.T.6. Bbin.7. c.47-50

BBegexnue

BapnabenbHOCTb CcephevHoro putMa
(BCP) ABnsieTca NpoCTbiM B MCMONb30Ba-
HUWM U MHDOPMATUBHBIM HENHBA3WBHbLIM
METOLOM NCCNefoBaHNA PerynatopHbix
CUCTEM OpraHm3mMa B OU3MONOrMYeCcKmnx
YCNOBUAX U NPU NATONOMMYeCKNX COCTOA-
HUsX [1, 2, 3], Npy ToM, 4TO Kak y ntoboro
MeToAa, Y Hee eCTb He TONbKO NpenMmyLLe-
CTBa, HO W OrPaHNYEeHNS UCMONb30BaHNS.
OrpaHuyeHns cBA3aHbl C OTHOCUTENBHO
BbICOKOW BapuabenbHOCTbIO MokasaTenen
BCP npwv noBTOpHbIX MCMbITaHUAX [3, 4].

I3MeHeHus cpeabl BbI3bIBAKOT a4anTyB-
Hble peaKkLy CO CTOPOHbI PErynaTOPHbIX
CUCTEM OpraHmM3Ma, Haxo4ALMXCS B MOKOe
B COCTOSIHMW OMHAaMWN4eCKOro paBHoOBe-
cvd [3, 5, 6], 4TO, NonaratoT, oTpaxkaeTcs
Ha pe3ynbTaTax oleHkK nokasatenen BCP
[3, 4]. 3Ha4yeHMe TakXe VMeloT BbICOKas
YYBCTBUTENIbHOCTb PEryNsapHbIX CUCTEM
OopraHmM3aMa K nsMeHeHmam cpefbl [5],
JIMYHOCTHblE 0COBEHHOCTM 00CNeyeMoro
[7] n cocTosiHve ero 300pOBbA B LENoM
[1-4, 8].

C npyrou cTopoHbl, BaprabenbHOCTb
3Ha4eHun nokasatenen BCP oT mcnbiTa-
HUA K UCMbITaHWIO Takxke obycrioBneHa
Me[LIeHHOBOTHOBbIMI KonebaTenbHbIMM
npoueccamMu B OpraHM3Me Ha 4actoTe
0,05-0,07 ', cBA3aHHbLIMU C MeTabon-
YecknmMu peakumamu, ap. [8, 9].

MpUHMas BO BHUMAaHWe, 4TO BPeMeH-
Hble KonebaHus cnekTpanbHbIX nokasare-
nen BapuabenbHOCTU CcepaeyHoro putma
paHee He 13y4anach, BbINMOSHEHO HACTOS -

BapuabenbHoCTb CEpeYHOro PUTMA

LLlee UccneoBaHVe. 3Tu pe3ynbTaTbl Npea-
CTaBNAIOTCA BaXKHbIMW, B MEPBYIO 04epelb,
ONS Pa3BUTUA NOAYYMBLUMX B NOCNeAHNe
rofbl pacnpocTpaHeHme TexHKK broobpat-
HOW CBA3M B 334a4aX MOBbILLEHMS Ka4ecTBa
PEryNATOPHbIX CUCTEM HYeNOoBEKa Ha OCHOBE
TexHonormn BCP [10].

lccnepoBaHme BLINOIHEHO B pamKax
HWNP XHY «Pa3paboTka v nccnegosaHmne
CUCTEMbl aBTOMAaTN4ECKOro YNnpaBlieHns
Bap1abenbHOCTbIO CepAeYHOro pUTMa»,
Ne pernctpaumm 0109U000622.

Llenb nccnegoBaHusa. YCTaHOBUTb
3aKOHOMEPHOCTW BPEMEHHBIX M3MEHEHNI
nokasatenen BCPy 300poBbix L0OPOBOSb -
LieB Mpw CMOHTaHHOM [bIXaHNN.

06BbeKT n MeToAbI
UccneoBaHuA

ObcnenoBaHo 20 300p0oBbIX J0OpPO-
Bo/MbLeB B Bo3pacTte oT 19 no 30 ner
(7 My>XUUMH 11 13 SKeHLLMH).

BceM mcnbITyeMbIM C MOMOLLbIO KOM-
NbIOTEPHOr0 ANArHOCTNHECKOrO KOMIEKCa
«CardiolLab 2009» («XAWN-Mepauka») npo-
BOZMACh MO OAHOW MOHWUTOPHOM 3anmcK
onvH R-R-nHtepsanos 3Kl Bo BTOpoM
CTaHAAPTHOM OTBEAEHNN AJIUTENIbHOCTLIO
7 MWUHYT NPY CMOKOMHOM AbIXaHWW C Hac-
TOTOW ANCKpeTn3aumm curHana 1000 Iy,
B COOTBETCTBMW C peKOMeHOaunamMu
[2], HO C ncnonb3oBaHMEM CKOMb3A-
wero bydepa NpoLoONXKNUTENBHOCTbIO
B 1 MUHYTY.
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Mocne HakonneHWs 3a nepsyto (ycTa-
HOBOYHYI0) MUHYTY Bydep caBurancs
C KaXAbIM HOBbIM R-R-uHTepBanom. Ha
KaXk[,oM LLare Hakansveaemsble B Oycepe
[aHHble NoABepranncb CnekTpanbHOMy
Pa3I0XEHNIO C MOMOLLbIO ObICTPOro npe-
obpasoBaHusa Dypbe B Tpex AManasoHax
4acToT: MeafieHHoM ¢ Yactoton oT 0,0033
000,05 'y, cpeagHem — o1 0,05 0o 0,15 Ty,
1 Gbictpom — o1 0,15 T 1o 0,40 .

Mo oueHMBaeMbIM Ha KaXkAoM Luare
obLern MoulHocTv cnekTpa BCP (TP BCP),
MOLLHOCTAM cnekTpoB BCP B AranasoHax
MeaSIeHHbIX, cpefHux u bbicTpbix (VLF,
LF, HF, COOTBETCTBEHHO) YaCTOT CTPOUIN

rpaduKmM UX N3IMEHEHUI 33 5-MUHYTHbBIN
nepuop cMmelleHus bydepa. Monyyae-
Mble rpadmKmn noaseprannce npoueaype
CreKTpasnbHOro aHanM3a MeTofoM ObICTpO-
ro npeobpasoBaHuna Qypbe B Nporpamme
MathCAD 13® c onpefieneHnem CnekTpoB 1
obLMX MoLLHOCTeN cnekTpos ans TP BCP,
VLF, LF, HF, koTopble 0603Ha4anmcb Kak
TPTP’ TPVLF’ TPLF’ TPHF'

PesynbTatbiouenkn TP, TP, ., TP ., TP
no BceM A0OPOBOSbLIAM 3aHOCUNNCH B Ta-
6nuuy B Microsoft Excel c onpeneneHviem
CcpefHero, CTaHAAPTHOro OTK/IOHEeHWS,
ownbkn cpedHero, MefvaHbl, pa3Maxa,

JKcCUecCa N acuMmmMeTpun.

Pe3ynbTaThbi
n 00CcyXKpeHune

MpoBefeHHble NCCefoBaHWs NoKasa-
NN, 4TO BpeMeHHble 3MeHeHna TP, TP, .,
TP, TP, y BCex HabniopaBLumxcs [o6po-
BOJIbLIEB MMENN BN, MEOSIEHHOBOJTHOBbIX
KonebaHni. [ins npumMepa Ha puc. 1. npea-
CTaBfeHbl pe3ynbTaTbl MOHUTOPUPOBAHNS
TP, TP, ., TP, TP, Yy LUECTW 13 HKX.

TP,y BCeX

Cnektpbl TP, TP, ., TP,
HabnioaaBLKMXCs LOOPOBONbLEB OKa3a-
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Puc. 1. BpemeHHble nsmeHeHus TP.

TP, .. TP

T TV UL

TP,y wectn

cy4arHbIM 06pa3oM 0TOOGPaHHbIX 3J,0POBbIX A0OPOBOJbLIEB.
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Ta6n. 1. Cnektpbl TP, TP, ., TP, TP, wecTu cnyyanHbiM oGpasom
0TOGPaHHbIX 3[,0POBbIX J,06POBOIbLIEB.

BTopuyHble CnekTpbl CnekTpasbHbIX nokasaTene BCP
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i VLF LF HF
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1 bl 50
10 20H
0 ! L 0 1 1 0 Il | | | |
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o

Tabn. 2. Cratuctnyeckme nokasatenu TP, TP, , TP , TP, n3y4eHHon

COBOKYMHOCTU 340pPOBbIX 06POBObLEB.

CnekTpasnbHble Nokasatenu
CTaTucTh4eckme nokasartenm

TPTP TP\/LF TPLF TPHF
CpepHee (M) 690 833 777 809
CTaHgapTHOe OTKIoHeH e (sd) 317 462 369 400
Owmnbka cpegHero 71 103 82 89
MenvaHa 591 745 714 739
MWHMManbHoe 3Ha4YeHne 482 476 414 554
MakcrmanbHoe 3HaveHne 1437 1692 1381 1805
Pazmax 995 1216 967 1251
okcuecc 0,21 -1,22 -1,37 1,07
AcnmmeTpus 0,83 0,41 0,31 1,08

JICb NOAOOHBIMY C MaKCUMyMamMU 3Ha-
YEeHWN Ha 04eHb HU3KMX YacToTax (B 06-
nactnyacrtor 0,05-0,07 'y). Ans nprmMepa
B Tabn. 1 npvBeaeHbl CNeKTpbl COOTBETCTBY -
IOLLMX MOKa3aTenen y LWecTn CiydYalHbiM
06pa3oM 0TOOPaHHbIX 13 HAX.

KauvectBeHHO nopobHble cnekTpsbl TP,
TP, TP,, TP, y BCex HabniogasLuMxca
[0OpOBOJbLEB OKa3anucb NofobHbIMN
1 KONMYECTBEHHO He TONbKO C OAHUM
NopaaKOM 3Ha4YeHW, HO U AOCTaTOYHO
ONN3KNUMK MO BENUYNHE 3HAYEHUAMN

XapaKTePU3YIOLWNX UX CTaTUCTUYECKMX
nokasatenen (1abn. 2).

Taknm obpa3omM, NpoBefeHHoe nccre-
[lOBaHMe NoKa3ano CyLlecTBOBaHWe Mef-
JIEHHOBOJHOBBIX KonebaHWn Ha YacToTe
0,05-0,07 'y, BO BpeMEHHbIX M3MEHEHMAX
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crnekTpasnbHbIx NokasaTenen BCP B ckonb-
3qulemM bydepe onuH R-R-nHTepBanos
OKI nofonXuUTenbHOCTbIO B 1 MUHYTY.
Mofo6Hble Ka4eCTBEHHO W KOMMYECTBEHHO
cnektpbl TP, TP, ., TP, TP, nossonsior
nonaratb, 470 MX Npu4MHON B BonbLuen
Mepe ABNAIOTCA He [MHaMU4eckoe PaBHoO-
BeCKe perynsTopHbIX CUCTeM, HO MeTabonm-
YecKue 1 CBA3aHHbIE C HUMU MHble peakLm
B opraHu3me [9, 11].

lMony4eHHble pe3ynbTaTbl HEOOXOAMMO
Y4YUTbIBaTb B HAYYHbIX NCCNef0BaHVAX
1 MpakTn4ecKon OeaTelbHOCTH, npexae
BCero, B pa3paboTke TexHuk b1oobpaTtHom
CBA3M A9 KOHTPOSIA M ONTUMM3ALIMN Kade-
CTBa PErynaTopHbIX CMCTEM YeoBeka Ha
ocHoBe TexHosormy BCP [10]. OHKM Takxe
0OBACHAIT NPUYMHY N3BECTHOW BBICOKOW
MN3MEHYMBOCTN Pe3ysibTaToB MOBTOPHbIX
13MepeHui nokasatenen BCP [12—15].

BbiBOADbI

1. BpeMeHHble konebaHus cnekTpasnb-
HbIX MoKa3aTenen BaprabenbHOCT cepaeq-
HOro pUTMa y 3[0POBbLIX 4OOPOBOSIbLLEB
ABNAOTCA MEAJIEHHOBOHOBLIMM Ha HacCTO-
Te 0,05-0,07 'y 1 Ka4eCTBEHHO 1 KONMYe-
CTBEHHO NoA0OHbI APYT APYTY.

2. MenneHHOBOMIHOBOW xapakTep Bpe-
MeHHbIX KonebaHWi cnekTpanbHbIX Mo-
KasaTenen BapuabenbHOCTW CceppevHo-
ro pUTMa y 340poBbIX 40OPOBOSbLEB
CMaKCMMyMaMM 3HAYEHNIA Ha O4EeHb HM3KMX
4acToTax B pavoHe yactot 0,05-0,07 Ty,
NO3BOJIAET VX CBA3aTb B NepBYyIo o4epeap C
METaboNNHYECKMMI PEAKLMAMM OPraHn3Ma.

3. BpeMeHHble konebaHus crnekTpans-
HbIX MoKa3aTenen BaprabensHOCT cepaeq-
HOro PUTMa CNefyeT y4YnUTbIBaTb B MHTEP-
npetaumMm pesynbTaToB 1 pa3paboTke
TeXHWK OM00OpPaTHOW CBSA3M 1S KOHTPOSSA
1N ONTUMM3ALMN KavecTBa PerynsaTopHbIX
CUCTEM YefoBeka.

MepcnekTmBbI AanbHENLMUX UCCNeno-
BaHWI: LlenecoobpasHbIM NpeacTaBaseTcs
n3y4yeHre 3aKOHOMEPHOCTEN BPEMEHHbIX
M3MEeHeHWNI CNeKTpasibHbIX NoKasaTtesnen
BaprabenbHOCTM CepaeyHoro putMa npu
METPOHOMU3NPOBAHHOM [bIXaHUW.
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Temporary fluctuations
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Abstract

In 20 healthy volunteers aged from 19
to 30 years (7 men and 13 women) the
patterns of temporary fluctuations of total
power of spectral indicators (TP, VLF, LF
and HF) heart rate variability (HRV) using
a one-minute buffer during spontaneous
breathing were studied. It was found that
temporary fluctuations of total power
of HRV spectral indices in healthy vol-
unteers are slow waves with frequency
0f 0,05-0,07 Hz. These fluctuations quali-
tatively and quantitatively are similar
to each other. Their nature allows to as-
sociate them primarily with metabolic
reactions of the organism.
Key words: heart rate variability, fast Fou-
rier transform, human physiology.

YacoBi KonnBaHHS
cneKkTparibHUX NoKas3HUKIB
BapiabenbHOCTi cepueBoro
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[o6GpoBonbLiB
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Pesiome

Y 20 31,0poBUX 106POBONLLIB Y Bili Bif
19 no 30 pokiB (7 4onoBikiB i 13 xiHKn) BUB-
YeHO 3aKOHOMIPHOCTI YacOBUX KONUBAHb
3HAYeHb 3arajbHUX TMOTYKHOCTEN CIleK-
TpanbHUX mokasHukis y (TP, VLF, LF i HF)
BapiabensHocTi cepuesoro purmy (BCP)
V OLHOXBUINHHOMY 6ydepi Tpu crioHTaH-
HOMy AuxaHHi. BcTaHoBneHo, mo vacosi
KOJNWBAHHA CIIEKTPAIbHUX ITOKa3HuKiB BCP
V 37.0pOBUX LO6GPOBONBLB € MOBiINLHOXBU-
JbOBUMMU Ha yacToTax 0,05-0,07 1 i axkicHo
ikinbKicHo moziGHi OAMH OAHOMY, XapaKTep
AKUX L03BOJISIE 3B'A3aTU iX B MepuIy Yepry
3 MeTab0oNiYHUMM PeaKLiaMu OpraHizmy.
KniwouoBi cnoBa: BapiabenbHicTb ceplie-
BOTO PUTMY, LIBUAKe TIepeTBOpeHHA Oyp’e,
¢isionoria nogunmn.
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