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BOCMNPOU3BOOMMOCTb BUOJIONTMYECKON OBPATHOW CBA3U
Y 300POBbIX 1OBPOBOJILLIEB B AJITOPUTME
METPOHOMU3UPOBAHHOIO AbIXAHUA NOLO KOHTPOJIEM
NMAPAMETPOB BAPUABEJIbHOCTU CEPOEYHOIO PUTMA

OauHHAIIATH 30POBBIM JOOPOBOJIbLIAM (8 KEeHIUHAM U 3 My»X4KWHaM) B Bo3pacte oT 20
110 27 et ObUIO MPOBEEHO 2 cepUr OMOIOTHYECKON 0OPaTHOM CBSI3U MO 7 CEAaHCOB B KaX-
JIOW C BpeMEHHBIM HHTEPBAIOM B 3 MecsiIa Il H3Y9EHHsI €€ BOCIIPOU3BOANMOCTH B aJro-
pPHUTME METPOHOMH3HUPOBAHHOTO ABIXaHU ITOJ] KOHTPOJIEM ITapaMeTPOB BapHaOEITHHOCTH Cep-
JEYHOTO PUTMA. YCTAaHOBJIEHO, UT0 OMO(HUAOCK Ha OCHOBE IPETIOKEHHOTO aJTOPUTMAa BOC-
MIPOHM3BOJMM KaK II0 TPYIIIE B IEIOM, TaK B Y KaKIOT0 3A0POBOT0 JOOPOBOIIBIA HHINBH-
IYaTbHO, YTO ITO3BOJISIET HAXOAUTH IS KayKIOTO MCIIBITYEMOTO CBOH ITapaMeTphl METPOHO-
MHU3UPOBAHHOTO JTBIXaHUS, KOTOPBIM OH MOXKET CIICIOBATH [UIS YIYUIICHHS COCTOSHHS CHC-
TEM PEryJISIUY B albHeieM 6e3 CreruaabHOro 000pyA0BaHHU.

Knrwoueswie cnosa: buonocuueckas obpamuas céazvb, MEMpOHOMUZUPOBAHHOE ObIXAHUe,
8apuabenbHOCmb CepOeyHo20 PUmMMA, peyisimopHble CUCHEMb.

Buonorudeckas obpaTtHas cBs3b (Onopua-
0ek) usyuaercs ¢ 60-x rr. XX B. KaK CpPEICTBO
JieYeHusl ¥ IporIIaKTHKY 3a00JIeBaHIi cepied-
HO-COCYJMCTOM, MUILIEBAPUTENIBHON, HEPBHOU 1
Ipyrux cucteM [1, 2]. B nocineanue rojpl uH-
Tepec K Heil BO3poc Oarosiaps mosiBIICHUIO KOM-
MaKTHBIX YCTPOMCTB M MPOTPaMMHOTO obecrie-
YeHUS IS pealn3aliy IpoIeIyphbl B pa3iind-
HBIX cdepax AedaTeIbHOCTH (MeTUIMHA, 0OIb-
IIOH CIIOPT, CTpecc-MEeHEUKMEHT U T. 1.) [2].

B paborax [3, 4] M1 monTBepauan 3ddek-
TUBHOCTBH OMOQHI0EKa B KOHTYpE METPOHOMHU-
3UPOBAHHOTO JBIXaHUs, a B [4] moka3aiau, 4To
Jy4IIel ero peaausalnuei sBisieTcs aaropuTM,
CTapTYIOLIUH cO CBOOOTHOTO JIBIXaHHsI ITOJ] KOH-
TPOJIEM MapaMeTpoB BapHabeThHOCTH cepiaed-
Horo putma (BCP).

Lensro HacTOAmEH pabOTHI CTANO HCCIe-
JTOBaHHUE BOCIIPOU3BOAMMOCTH OMOIOTHYECKOM

00paTHOHU CBSI3M y 3I0POBBIX TOOPOBOJIBIICB B
AITOPUTME METPOHOMHU3UPOBAHHOTO JIbIXAHHS
nog KoHTposieM napameTpoB BCP. brin BEI-
OpaH anTopUTM MONCKA ONITUMATHHON YaCTOTHI
METPOHOMH3UPOBAHHOTO JIBIXaHUS TIPH CTapTe
co cBOOOHOTO NBIXaHUs Kak Ooinee 3hpexTus-
HbIH [4].

O0BekT M MeToabl. OOUHHAAATH 310-
POBBIM TOOPOBOIBIAM (8 KEHIIUHAM H 3 MYK-
yuHaMm) B Bo3pacte oT 20 1o 27 yiet ObUIo 1po-
BEJICHO 2 cepuH 1o 7 ceaHcoB Ouoduadexa B
KaXXJI0W C BpEMEHHBIM UHTEPBAJIOM B 3 MecsIia
MexX 1ty HUMU (TiepBast cepust — maii 2011 r., BTO-
past — centsi0ps 2011 r).

CocCTosIHHE PETYJIATOPHBIX CUCTEM OpTaHH3-
Ma OlIEHMBaJIM Ha OCHOBaHuM napameTpoB BCP,
nony4yeHHsbIX pu 3anucu KT B [ crangapTHoM
OTBEJIEHUH C TIOMOIIBI0 KOMITBIOTEPHOTO JTHa-
rHoctrdeckoro komruiekca «CardioLab 2009
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(«XAU-Menukay), gacToTa QUCKPETU3AIHH
curHana cocrabmsuia 1 k[T, MpOXOIKUTEh-
HOCTBH CKOJIB3sIIeT0 Oydhepa — 1 MuHyTa, AITH-
TEJIBHOCTb 3anucu — 7 MUHYT [3]. HacToTy Abl-
XaHUS 33/1aBajd BCTPOCHHBIM MPOTPAMMHBIM
monynem «Biofeedbacky», kotopsiii aBTomaru-
YyecKH aHam3upoBal napamerpsl BCP u nipu He-
00X0IMMOCTH MepeMerIa AbIXaTeIbHbIN UK B
JIPYTYIO0 00JIaCTh aTTPAKITUH.

C noMonibio OBICTPOTO Mpeodpa3oBaHUs
®dypre Bce 3amucH OBLIN pa3AesieHbl Ha OJTHO-
MUHYTHBIE WHTEPBAIbI, B KOTOPHIX OIEHUBAIH
MotrHOCTh MeieHHbIX (V) — no 0,05 I'm, cpen-
Hux (L) — 0,05-0,15 I'm u 6p1cTpEIX (H) —
6ompmie 0,15 ['muacTor [5, 6]. [lomyueHnsle na-
pametpsr BCP mipeoOpa3oBeIBaiv B IByMEPHYIO
KOOPJMHATHYI IIOCKOCTh ¢ ocsimu L/H u
V/(L+H), oTBeuaronumMu CUMIIaTOBaraIbHOMY
U HeWporyMopalbHOMY OallaHcaMm perysiuy.

terpanpHoro nokasarenst BQI [3]. 3nauenus
O, S, E mns nmokazareneit D, L/H u V/(L+
H) paccuutsiBasin ¢ MOMOLIBIO IPOrpaMMBI
MathCAD 15.

Craructudeckyto o0paboTKy pe3ylbTaToB
M0 Ka)KJJOMY MCIBITYEMOMY MTPOBOMIIN B TIPO-
rpamme Microsoft Excel 2003. B tabnuub! 3a-
HOCWJIU IaHHBIE cpeTHuX 3HaueHuit (M) u cran-
napTHeIX oTkiIoHeHwui (sd) O, S, E ans mokasa-
teneit D, L/H u V/(L+H) no Bcem 3anucsim Kax-
JIOT0 HCIIBITYeMOT0. JIOCTOBEpHOCTh pa3anyuil
BQI mexny nepBoil 1 BTOpOH CEpHUsIMU OIIpe-
Jensinu ¢ noMmouibio U-kputepust ManHa—Yur-
HH, B K&XJI0U U3 cCepuil B TUHAMHUKE — C IIOMO-
mpto T-KpuTepust YUIKOKCOHA.

Pesyabrarbl U ux obcy:xnenue. 3mene-
Hus BQI o BceM ucnbiTyeMbiM 1-if 1 2-if ce-
puii 3a 7 ceancoB OnouaOeKa MpeICTaBICHBI
Ha PHUCYHKe.

BQl
3,07
2,57 I
2,0
i 11
1o RN L b i U
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0,0 T T
1 2 3 I 4 I 5 I 6 I 7 CeaHc
1-acepus e sd(1-acepust) =----2-acepus ® sd(2-9cepus)

Wzmenenus BQI o BceM ncnbITyeMbIM Ha 7 ceancax Ouopundexa 1-if u 2-it cepuii npu cTapTe anropur-
MOB IIOMCKa ONITUMAIILHOW YaCTOTHl METPOHOMHU3UPOBAHHOTO ABIXaHUS CO CBOOOAHOTO AbIxaHus: p>0,05:
* Ha ceancax 1-i u 2-if cepuil MPOTHB MCXOMHBIX 3HAYCHUIA; T Ha coceHUX ceaHcax 1-if u 2-if cepwit;

Mexay 1-it u 2-i1 cepusMHU Ha TEKYIIEM CEeaHCe
¢ y 1-iiu2 y

Hauanom otcuera CiTy:Kuiu 3HaueHUs: QU3HO-
JIOTUYECKON HOPMBbI YKa3aHHBIX OaJIaHCOB KaXkK-
JIOTO HUCIBITYEMOTO B COOTBETCTBUU C JaHHBI-
MH [5], 4TO MO3BOJISLIO OLIECHUBATH PACCTOSIHUE
D Mexay TeKymuM M ONTHMaJbHBIMHA 3Haue-
HusaMmH napamerpoB BCP uenosexa.

KauectBo Onodundeka oreHnBaly Ha OC-
HOBaHUWU 3HaueHU# ontumanbHOCTH (O), 9yB-
cTBUTENBHOCTH (S), 3pexruBHoctn (E) u un-

[MoxrBepxkaeHrEM BOCTPOU3BOJIUMOCTH
ouoduadeKa CiyKar MPaKTUICCKH OJJUHAKO-
BbIe 3HaueHuss BQI na 1, 3, 5 1 7-M ero ceaH-
Cax U OTCYTCTBHE JOCTOBEPHBIX CTATUCTHUYEC-
KUX pa3nuyuil Ha 2, 4 U 6-M ceaHcax MEXIY
CepHsIMHU.

OrneHKy BOCITPOM3BOIUMOCTH Onodpuadeka
10 KaXXJIOMY HCTIBITYEMOMY MOXKHO TTOJTYYHTh
13 JaHHBIX B TaONUIE, B KOTOPYIO 3aHECEHBI
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Cpeonue snauenus O, S, E nokazameneit D, L/H u

Ne ncneiTyemoro, non, D
BO3pacT Cepus
(ner) 0 S E

1, xeH., 20 1- 5,08+13,80 1,17+0,35 0,22+0,23
2-5 -16,52+13,08 1,26+0,54 0,06+0,16
2, Mmyx., 27 1-9 -1,31+2,07 0,71%0,27 0,02+0,04
2-5 -0,48+1,44 0,81+0,23 0,09+0,18
3, Myx., 21 1-a -1,27+3,53 0,79+0,31 0,12+0,19
2-51 -1,86+3,96 0,61+0,42 0,01+0,02
4, xeH., 20 1-5 -0,67+2,56 0,79+0,29 0,03+0,06
2-5 -0,07%2,36 0,82+0,29 0,19+0,26
5, XeH., 20 1-9 -3,26+2,21 1,03+0,37 0,01+0,02
2-5 -3,59+3,03 0,89+0,27 0,15%0,26
6, myx., 22 1-5 -5,79+9,56 1,27+0,48 0,060,114
2-5 -3,15+6,07 0,86+0,46 0,05+0,08
7, xeH., 20 1-a -7,24+4.56 1,04+0,32 0,00+0,00
2-5 -0,63+0,84 0,71%0,24 0,21%0,26
8, xeH., 20 1-5 -1,94+2,68 0,69+0,36 0,15+0,13
2-5 -1,35+0,93 0,66+0,33 0,28+0,24
9, xeH., 20 1-5 -0,21+1,57 0,69+0,28 0,39+0,23
2-5 -0,29+3,33 0,83+0,28 0,36+0,27
10, xeH., 20 1-q -1,76+2,74 0,65+0,44 0,05+0,09
2-5 -1,99+2,66 0,87+0,39 0,03+0,09
11, xeH., 20 1-5 -1,48+2,07 0,75+0,30 0,10+0,19
2-5 -2,80+7,17 0,82+0,40 0,08+0,14
CpeaHee ans Bcex 1-9 -1,80+3,15 0,87+0,22 0,10£0,12
VCTIbITYEMbIX 2-5 ~2,98+4,65 0,83+0,17 0,14%0,11

CpeqHue 3HAUYCHUS U CTAaHAAPTHBIE OTKIIOHSHHS
O, S, E mna mokazareneit D, L/H n V/(L+H).

V¥ 10 ucneityemsix cpennue 3Hauenus O, S,
E mns D, L/H u V/(L+H) B 1-if u 2-ii cepusx
MPAKTHYECKH HE PA3INYAINCH IPYT C IPYTOM H
B IIEJIOM TIO TPYIITIE, HAXO/SICh B 30HE (PU3HOIIO-
THYECKUX HOPM JUIS TT0J1a U Bo3pacTa. Tombko y
1 ucneiTyeMoro Bo 2-i cepuu HaOMIOAANOCH
3HauuTeNbHOe oTKIoHeHHe OD oT onTHMamb-
HoTrO nokazatens (—16,52+13,08 mpotus 5,08+
13,80 B 1-i1 cepun) 3a cuet mokazarenss OL/H
(—85,02+89,81 npotus —49,54+50,42 B 1-ii ce-
pun). [IprarHO MOXKET CITy)KHUTh CHIDKEHHE BO
2-1 cepum 3HadeHuit E xak mo BerBsim L/H
(0,984+0,02 mpotus 0,99+0,01) u V/(L+H)
(0,10+0,12 mpotus 0,39+0,49), Tak 1 B cucTeMe
B riesioM (0,06+0,16 mpoTus 0,22+0,23).

HecMmoTps Ha MUpPOKOE MPaKTHYECKOE HC-
rosib3oBaHne Onodundexa [7-9], B ToM ducie
U B aJTOPUTMAX METPOHOMH3UPOBAHHOTO IbI-
xaHus u napamerpoB BCP, Mbl He Hanuu pa-
00T, B KOTOPBIX N3y4allach OBI €r0 BOCIIPOU3BO-
JUMOCTb.

PesynpraThl Hallero UcciIen0BaHUs MOKa3a-
JI1 BOCIIPOU3BOJMMOCTD Ono(ua0OeKa B anropur-
M€ METPOHOMU3UPOBAHHOT'O AbIXaHW 110 KOHT-
ponem napamerpoB BCP ¢ untepaiom B 3 me-
cslla KaK 110 TPYIIIE B LIEJIOM, TaK U 10 KaKI0OMY
U3 3J0POBBIX J0OPOBOJIBIIEB 38 HCKIIOYCHUEM
OJTHOT0. DTO TMO3BOJISIET CUUTATh OHOPuUAOEK
B)XHBIM MHCTPYMEHTOM BMELIATEIbCTBA U KOP-
PEKLHHU COCTOSIHUS PETYSTOPHBIX CUCTEM Opra-
HHU3Ma YeJI0BEKa IIPH Pa3HbIX COCTOSHUSX U B Pa3-
HBIX YCJIOBUSIX KU3HU.
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V/(L+H) y 300pogvix 0obposonvyes (M=*sd)

L/H V/(L+H)
o} S E 0 S E
~49,54+50,42 7,22+1,55 0,99+0,01 -1,20+1,50 0,77+0,84 0,39+0,49
~85,02+89,81 6,50+0,99 0,98+0,02 ~1,65+0,74 0,53+0,36 0,10+0,12
~2,04+2,93 5,03+1,84 0,74+0,42 -1,96+0,96 0,29+0,16 0,10+0,10
~0,99+1,63 6,45+2,90 0,94+0,08 ~2,24+0,84 0,43+0,26 0,11£0,16
-3,56+8,45 6,68+0,89 0,99+0,02 -1,97+0,66 0,90+1,47 0,26+0,31
-1,80+3,27 5,38+0,77 0,84+0,37 ~2,60+0,53 0,20+0,09 0,09+0,07
~1,28+4,00 4,89+2,69 0,82+0,29 -1,84+0,96 0,37+0,21 0,12%0,14
-1,88+5,30 5,48+3,19 0,74+0,43 -1,54+0,96 0,65+0,89 0,23+0,29
~4,47+4,13 5,80+0,57 0,99+0,01 -2,42+0,27 0,28+0,09 0,06+0,07
-8,83+8,96 5,85+1,53 0,97+0,04 ~2,43+0,59 0,19+0,11 0,05+0,06
—25,29+24,79 5,96+2,35 0,85+0,36 -2,71+0,52 0,22+0,17 0,06+0,10
~10,11%16,10 5,94+0,87 0,92+0,17 -1,77+0,70 0,39+0,20 0,19%0,14
~25,95+24,63 5,75%2,02 0,88+0,30 -2,62+0,52 0,23+0,16 0,03+0,04
~0,94+1,34 6,20+2,61 0,85+0,38 ~1,88+1,11 0,60+0,63 0,26+0,29
-5,07+8,80 6,43+1,00 0,97+0,07 ~2,15+0,82 0,43+0,32 0,16+0,19
-1,65+3,10 6,77+1,83 0,99+0,01 -2,03+0,49 0,35+0,17 0,12+0,09
-2,35+2,49 6,38+1,38 1,00+0,00 -1,69+0,50 0,67+0,38 0,27+0,31
-5,65+9,19 6,05+2,03 0,99+0,02 -1,99+1,15 0,41+0,30 0,14+0,16
~4,03+5,81 6,54+0,76 0,99+0,01 ~2,80+0,54 0,22+0,11 0,05+0,06
-5,04+5,66 5,79+1,03 0,94+0,07 -2,27+0,62 0,36+0,20 0,13+0,12
-3,32+3,55 5,21+1,62 0,84+0,37 -2,42+0,62 0,43+0,55 0,08+0,06
—24,94+56,81 5,56+1,07 0,84+0,37 -2,62+0,61 0,49+0,31 0,12+0,11
~11,53+15,49 5,99+0,74 0,91+0,09 -2,16+0,49 0,44+0,24 0,14+0,12
~13,35+24,78 6,00+0,45 0,91+0,08 -2,09+0,37 0,42+0,15 0,14+0,06

YeroitunBocTs AuHaMuku BQI y 3mopoBbIx
noOpoBoIIBIIEB B OHoduadeKe O3BOSET Hal-
TH JUISl K&KAOTO HCIIBITYEMOTO CBOU TIapaMeT-
PBI METPOHOMHU3UPOBAHHOTO JBIXaHWs, KOTOPHI-
MH OH MOXET IT0JIb30BAaThCS B TOCIEIYIONIEM
0e3 crenuanTsHOTO 000PY/IOBAHHS.

BoiBOABI

1. buoduadex B KOHTYpe METPOHOMHU3HPO-
BAaHHOTO ABIXaHUsI II0/I KOHTPOJIEM TTapaMeTPOB
BapHaOEIbHOCTH CEPJIEYHOTO0 PUTMA C WHTEP-
BaJIOM B 3 Mecsilia BOCIIPOM3BOIUM KaK 110 TPyII-
1€ B [IeJIOM, TaK U 110 KaKJ0MY 3/10pOBOMY 100-
POBOJIBLLY.

2. BocriponsBonumocTts 6uoduadoexa B KoH-
Type METPOHOMU3UPOBAHHOTO ABIXaHUS 10]] KOH-
TPOJIEM MapaMeTPOB BapHaOEIbHOCTH cepaey-

HOTO pUTMa ¢ ycToiunBoit auHamukoit BQI mo-
3BOJISIET HAXOJUTh IS KaXKIOTO UCIIBITYEMOTO
CBOM MTapaMeTpbl METPOHOMU3HPOBAHHOTO JIbI-
XaHUs, KOTOPBIM OH MOXET CJIeI0BaTh JIIs YITyd-
[IEHVS] COCTOSHUS CUCTEM PETYJSIUN B ajlb-
Hel1eM 0e3 CIIeuaTbHOTO 000PYIOBAHHMS.

3. BociponsBoaumocTs Onoduaoeka B KOH-
Typ€ METPOHOMU3HUPOBAHHOI'O AbIXaHUA 1101 KOH-
TpoOJIEM MapaMeTpOB BapHaOelbHOCTH cepiey-
HOr'o puTMa IMO3BOJJSACT PCKOMCHAOBATHL €TI0 B
LIMPOKYIO ITPAKTHKY.

IepcnexTuBHOCTH MccienoBanus. [Ipen-
CTaBJIsSICT HHTEPEC M3YUUTh BIUSHUE MPEI0KEH-
HOH MeTouKH OnoduadeKa B ICUSHNUH MTallieH-
TOB C 3200JICBAaHUSIMU PA3INIHBIX CUCTEM U Op-
TaHOB, & TAKXKE B CIIOPTUBHOMU MPaKTHKE.
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C.A.C. Bbenan, O.JI. Kynuk, O.B. Mapmunenxo, M.1. lonyuancoxuii
BIATBOPIOBAHICTB BIOJIOTTYHOI'O 3BOPOTHOTI'O 3B’3KY Y 3JO0POBUX JOBPOBOJIBIIIB
B AJITOPUTMI METPOHOMI3OBAHOI'O IUXAHHS I KOHTPOJIEM [TAPAMETPIB
BAPIABEJIBHOCTI CEPLHEBOI'O PUTMY

OauHAIIATH 3M0POBUM JTOOPOBONIBISAM (8 *kKiHKaM 1 3 vonoBikam) BikoM Bin 20 1o 27 pokiB Oyi0
IpoBeeHO 2 cepii 6i0JI0riyHOro 3BOPOTHOTO 3B S3KY IO 7 CEAHCIB y KOXKHill 3 4aCOBUM iHTEPBAJIOM y
3 wmicsi Ans BUBYEHHS i BiITBOPIOBAHOCTI B allTOPUTMI METPOHOMI30BaHOTO JIWXAHHS MiJl KOHTPOJIEM
napaMeTpiB BapiaOeNbHOCTI cepIieBoro putMy. BecTanosieHo, o 6i0¢index Ha 0CHOBI 3aPONOHOBAHOTO
aJITOPUTMY B1ITBOPIOETHCS 5K TI0 TPYII B IIIJIOMY, TaK 1 B KOXKHOTO 3JJOPOBOTO JJOOPOBOIBIIS 1HAMBIAyalb-
HO, TIO JT03BOJISI€ 3HAXOAUTH JJISl KO)KHOTO BUITPOOYBAHOTO CBO1 ITapaMeTPU METPOHOMI30BaHOTO TUXaH-
Hfl, IKHX BiH MOXXE€ JIOJIeP»KYBaTUCh JJIS MOMIMIICHHS CTaHy CHCTEM PETY/slii B monajibiioMy Oe3 crie-
LiaJBpHOro 00IaIHAHHS.

Knrwouoei cnosa: eapiabenvnicme cepyesozo pummy, 0ion02iuHuLl 360pOMHULL 36 130K, MEmMpPOHOMI-
306ane OUXAHHA, PecyIAMOPHI CUCTEMU.

S.A.S. Belal, A.L. Kulik, A.V. Martynenko, M.1. Yabluchanskiy
REPRODUCIBILITY OF BIOFEEDBACK IN HEALTHY VOLUNTEERS IN THE PACED BREATHING
ALGORITHM UNDER THE CONTROL OF HEART RATE VARIABILITY PARAMETERS

Eleven healthy volunteers (8 women and 3 men) aged from 20 to 27 years were conducted 2 series
of biofeedback with 7 sessions each with a time interval of 3 months for the study of its reproducibility
in the paced breathing algorithm under the control of heart rate variability parameters. It was found, that
biofeedback on the basis of the proposed algorithm is reproducible in the group as a whole and for each
healthy volunteer individually, which allows us to find own parameters of paced breathing for each
person and they can follow to improve the regulatory systems in the future without special hardware.

Key words: heart rate variability, biofeedback, paced breathing, regulatory systems.
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