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Annomayus. VIHTepec K BOOOpa)kaeMbIM ABVDKEHMAM CBsI3aH C UCIIOAb30BaHMEM VX B MHTepdericax Mo3I-
KOMIIBIOTED U B peabMAUTALIMOHHOM NpakTuKe. [T0Ay4eHO MHOIO AOKa3aTEABCTB TOTO, YTO B OPraHU3aLUN
peaabHOro ¥ BOOOPa)kaeMOro ABUTaTEAbBHOTO aKTa IMPMHMMAIOT Y4aCTHe OAHM U T€ )K€ CTPYKTYPBI MO3ra.
BereTaTuBHBIE peaKkLMy OpraHK3Ma CONYTCTBYIOT PEaAbHOMY ABVKEHMIO, BOZHUKAIOT IlepeA CTapTOM
ABVDKEHMS 1 He Cpasy yracaroT 0CAe OKOHYAHUS ABVDKeHUs. B paboTe 1ccAeAOBaHbI peakLyl CEPAEYHOro
PUTMa 1 apTepUaAbHOTO AaBAeHMI (A /) Ha BOOOpaskeH e ABVDKEHMI B CDABHEHMH C PeaKLVSIMU HA peaAbHbIe
ABIKeHus. VicnbiTyemsre (n = 20, 35—45 AeT) COBepIIAAU PeaAbHbIE IPUCEAQHNS B ObICTPOM TeMIte (n = 23),
HA CAEAYIOIIUIT AeHb — BoOOpakaemble. [Tepep peaabHbIMIU 1 BOOOPaXkaeMbIMU IIPUCEAQHUSIMU OTIPEAEASAK
AA 11 4acToTy CepAeUHBIX COKpallleHU1. VI3MepeHust MOBTOPSIAY Cpasy ITOCAE U Yepe3 5 MUH ITOCAE OKOHYAHMS
peaAbHBIX M BOOOpa)kaeMbIX ABIDKeHUIL. [ToAydyeHO AOCTOBEpHOE yBeAlYeHIEe CUCTOANYECKOTO AABAEHNS
(CA) Ha 5 MM PT. CT. HOCA€ BOOOpaKEHUS ABVDKEHUIT; IPUPOCT ObIA MeHbllle, yeM yBeandeHne CA mocae
peaabHbIX npucepannit (17 mm pT. ct.). Uepes 5 MuH nocae BoobpaxxeHus aBvokennit CA yMEHBIINAOCH
Ha 4 MM PT. CT. [10 OTHOIIEHMIO K HauaabHOMY 3HaueHuio CA (p < 0,05), aToT 2 deKT 0TCyTCTBOBaA ITOCAE
PeaAbHBIX IPUCEAAHUIL. AHAAM3 3aBUCUMOCTY UHAMBUAYaABHBIX U3MeHeHuit CA ot HavaabHOro CA BBISBUA
HAAEKHYIO OTPULIATEABHYIO KOPPEASILIMIO ITOCAE PeaAbHbIX ABMDKeHu (r = —0,35 u r = —0,81 mocae u yepes
5 MMH ITOCA€ ABVDKEHUI, COOTBETCTBEHHO) U OTCYTCTBUE 3aBUCUMOCTU MOCAE BOOOP>KEHUS ABVDKEHUI.
TakuM 0b6pasoM, BereTaTuBHas CUCTEMA pearupyeT Ha BOOOpa>keHUe ABVDKEHUI, OAHAKO B peaAn3aluy
peaAbHbIX I MBICAEHHO BBIIIOAHSIEMBIX ABVDKEHUI aKTUBUPYIOTCS pasHble GM3MOAOIYECKIe TIPOLIECChI.

Karouesvie crosa: husuyeckue yrpaskHeH1s:, BOOOpaXkeH1e ABUKEHUI, CUCTOAUYECKOE AABAEHIIE, YaCTOTA
CEpAEYHBIX COKpallleHUIT, UHTeP(dEiC MO3T-KOMITBIOTED
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Abstract. An interest in imaginary movements is associated with their use in brain-computer interfaces and
rehabilitation. The obtained evidence shows that the same brain regions are involved in the organization
of a real and imaginary motor act. Autonomic reactions of the body that accompany the real movement occur
before the movement starts and do not immediately diminish after the movement ends. We investigated and
compared the responses of heart rate (HR) and blood pressure (BP) to real and imaginary movements.
The study involved 20 subjects aged 35 to 45. On the first day they did real squats at a fast pace (n = 23),
the next day they did imaginary squats. Before real and imaginary squats, BP and HR was measured.
Measurements were repeated immediately after and 5 min after the end of real/imaginary squats. HR showed
an upward trend after imaginary squats. A significant increase in systolic pressure (SP) by 5 mm Hg was
obtained immediately after the imaginary movements; SP increase was less than the increase after real squats
and amounted to 17 mm Hg. Pressure significantly decreased 5 min after imaginary movements by 4 mm Hg
relative to initial SP. There was no such effect after real squats. The analysis of the dependence of changes
in SP after real movements and the initial SP revealed a significant negative correlation (r = —0.35 and
r = —0.81 immediately after and 5 min after squats, respectively) and no dependence after imaginary movements.
Thus, the autonomic system reacts to imaginary movements, however, real and mentally performed movements
activate different physiological processes.

Keywords: physical exercise, motor imagination, systolic pressure, heart rate, brain-computer interface

HaxonaeHo 60AbIIIOE KOAMYECTBO AQHHBIX,
AEMOHCTPUPYIOIIX CXOACTBO MEXAaHM3MOB 1 00111~
HOCTb LiepeOpaAbHBIX CTPYKTYP, 00€eCeuynBaromxX
peaAunsauno BOOOpaXkaeMbIX 1 pEaAbHbIX ABIKE-
Hui (Stolbkov et al. 2019). PeaapHbie pusmueckme
yIpa)KHEHUsI BCETAQ BBI3BIBAIOT BereTaTuBHbBIE
peakuuu. Lleapio nccaepoBaHMsT OBIAO U3YIUTH
peaxkuuu CepAEeIHOTO PUTMa U aPTEPUAABHOTO
AaBaenuit (AA) Ha BOOOpa>keHUsT ABVIKEHUS
VI CPaBHUTb MX C pEaKLMsSIMU Ha PeaAbHBIE ABVDKEHUSL.

Mertoppbl

B nccaep0BaHMM yUaCTBOBaAM 3A0POBbIE AOOPO-
BoAbLBI (9, 35-45 AeT, n = 20). VcnibiTyeMbie cu-
A€AV, B COCTOSIHMM IOKOS UM uaMepsiau AA
1 4acToTy cepaeuHbix cokpartenuit (UYCC) aBTo-
MATUYEeCKUM TOHOMETPOM, 3aT€M UCIIBITyeMble
BCTaBaAU U MPUCEAAAU B OBICTPOM TeMIIE, MbIC-
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AEHHO CUMTasl YUCAO Tpucepanunt (puc. 1). Aau-
TEABHOCTD TIPUCEAAHUN PErUCTPUPOBAAU. 3aTeM
VICTIBITYeMble CHOBA CAAMAMCB U M BO BTOPOM pa3
usmepsarn AA n YCC. VicnibiTyeMble CUAGAM 5 MUH,
1 y HUX B TpeTuint pa3 onpeaeasian AA n YCC.
Ha caepymo1uit AeHb OIIMCAHHYIO IOCA€AOBATEAD-
HOCTb IIOBTOPSIAY, B IOAOXKEHUY CTOSI UCIIBITYEMble
BOOOPa)kaAu CBOU IIPUCEAAHUS B OBICTPOM TEMITE,
CYMUTasE YMCAO BOOOpa>kaeMbIX MPUCEAAHUI.
PeaabHble 1 BOOOpakaeMble ITPUCEAAHMUS UCIIBITY-
eMble COBEPIIIAAK C 3aKPbITHIMU IOBSI3KO TAQ3aMIL.
Uucao npucepaHuit — 23, MOTOMY YTO TaKas Ha-
rpy3Ka BbI3bIBaeT yBeAaudeHue A/ y 3A0pOBBIX
Atoaeit B Bospacte 30—50 Aet (Belina 1997). Boo6-
pajkaeMble ABIDKEHUS AEAAAU TIOCAE PEeaAbHBIX,
4TOOBI CTAHAAPTU3UPOBATH BOOOPasKeHIeE, CAEAATD
MBICAEHHBIE ABVDKEHUS TIOXOKMMU Ha peaAbHbIE.
Anaansuposaan sHaueHus YCC, cuctoanyecko-
ro paBaenus (CA), AmacToAmdeckoro pAaBaeHus (AA)
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Puc. 1. CxeMa MpOTOKOAQ C peaAbHbIMU (BBEPXY) U BOOOpaskaeMbIMI (BHI3Y) ABVIKEHUSIMU

Fig. 1. The structure of the protocol with real (above) and imaginary (below) movements

U AAUTEABHOCTD PEeaAbHBIX 1 BOOOpakaeMbIX IIPU-
cepanmit. CTaTUCTUYECKUIT AaHAAU3 IIPOBOAVIAU
B nporpamme Microsoft Excel. AocTroBepHocTb
Pa3AMYMII ONPEAEASIAY C IIPMMEHEeHEM ITapHOTo
t-xputepuss CTbIOAEHTA, PAa3AMUYMS CUUTAAU
AocTtoBepHbiMU 11pu p < 0,05.

Pe3yAbTars 1 00CyKA€HME

ITocae BbIIOAHEHUSI peaAbHbBIX IPUCEAAHUN
YBEAUYUANUCh ycpepaHeHHble 3HadyeHus YCC

Ha 19,6 ya/muH (p = 1,5E-05) u CA Ha 16,8 MM pr. CT.
(p = 4,5E-05). Yepes 5 MUH ITOCAE OKOHYAHUS TIPU-
cepaHull ycpepHeHHble 3HaueHust YCC, CA
1 AA He OTAMYAAUICH OT 3HAUEHUI, 3aPETUCTPUPO-
BaHHBIX [T€PEA BHITOAHEHUEM ABVDKEeHMI (TabA. 1).

CpeAHsIsT AAUTEABHOCTD BOOOPasKeHUs TIpu-
cepaHUi1 ObIAa Ha ~10 cek OoAble, YeM AAUTEAD-
HOCTb peaAbHbIX npucepannii (p = 0,002).

Cpasy nocae BooOpakeHMsI TPUCEAAHNIT YCPeA-
HenHast YCC yBeanunaacyo Ha 3,3 ya/MUH, OTANYMA

TabA. 1. 3HaueHMsI MapaMeTPOB NP BBIITOAHEHN! PEAABHBIX 11 BOOOPA)KAaeMBIX ABIVDKEHUII(CPEAH .+ CTAHA.OTKA.; n = 20)

Aan-
TeAb- yccl | 4ce2 4yCes CAL CA2 CA3 AAL AA2 AA3
ABIDKeHns HOCTD
(cek) (ya/mun) (MM prT. CT.)
PeaAbHble 37,2492 744+96 | 940+137 | 753+107 | 1239+190 | 1407+19,3 | 1252+123 | 763+103 | 771%1L1 76,3 12,7
Boobpasxa- 46,8 +12,15 | 735+94 | 768+10,9° 74,1 +9,7 1220+ 114 | 1269+129°% | 1185+13,8°% | 754+126 | 774107 | 747+11,7
eMble

* — p < 0,05 10 CPaBHEHUIO C AHAAOTUYHBIM 3HAYEHVEM AO ABIDKEHUIT; * — P < 0,05 Ipu CpaBHEHUU C AHAAOTUYHBIM

3Ha4Y€HMEM IIPpU BBIIOAHEHVV PEAABPHOI'O ABVDKEHNS

Table 1. Parameter values when performing real and imaginary movements (average + s.d.; n = 20)

Dura-
tion HR1 HR2 HR3 SP1 SP2 SP3 DP1 DP2 DP3
Squats
(s) (beats per min) (mm Hg)
Real 372492 744+ 9.6 94.0 +13.7 753+107 | 1239+19.0 | 1407+19.3 | 1252+123 76.3 +10.3 77.1+11.1 76.3 +12.7
Imaginary | 46.8+121° 73.5+ 9.4 76.8 +10.9% 74197 1220+ 114 | 1269+12.9% | 1185+13.8% | 754+12.6 77.4+10.7 74.7 +11.7

*—p < 0.05 comparison with the same value measured before squats; *—p < 0.05 comparison with the same value

measured when performing a real movement
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OT U3MepeHusI A0 BOOOpaskeHUsI Ha YpOBHE TeH-
Aenunn (p = 0,065). CA yBEAUYMAOCH AOCTOBEPHO
Ha 4,9 MM pt. cT. (p = 0,001). ITpupoct CA nocae
BOOOpakaeMbIX IIPUCEAAHNI ObIA 3HAYMMO MEHb-
1le, YeM I0cAe peaAbHbIX. Uepes 5 MuH mnocae
BooOpakeHust npucepaunit CA CTaAo 3HAYMMO
Mmenblire, yeM CA A0 BOOOpaskeHMs, yMeHbIlIeHEe
coctaBuao 3,5 MM pr. cT. (p = 0,02) 1 661A0 HA 6 MM
PT. CT. poocTOBepHO MeHblue (p = 0,001), yem CA
4yepe3 5 MUH [TOCA€ PeaAbHbIX PUCEAAHMIL.
AoctoepHocTb usmenenuss CA mocae Boo0-
paKeHUsI TIPUCEAAHUIT IPOBEPUAHU, TPOAHAAUBH-
poBaB BeAMuYMHBI U3MeHeHUT MexAy CA mocae
BooOpakeHus npucepanuit u CA Ao BooOpaxeHus
AASI KQXKAOTO VCIIBITYeMOTO. AHaAOTUYHBIM
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Puc. 2. iamenenns CA mocae peaAbHbBIX
¥ BOOOpa>kaeMbIX ABVDKEHUIL. A — PasHOCTY MEXAY

CA cpasy 1mocAe ABVDKEHUI U TIepeA ABVDKEHUSIMU
(CA2-CAL), n mexxay CA depes 5 MuH 1ocae
ABvokeHuit u iepep, Apwkennsivu (CA3-CAL);

IIOKa3aH AOBEPUTEABHBIN MHTEPBAA.

b — 3aBucumocTtu pasHoctu CA mnocae peaabHbIX
ABVDKEHUII U TIEPEA PEAABHBIMU ABVKEHUSIMU

ot HayaAbHOTO CA, n = 20; 0603HaYeHs KaK B A.

B — Tak ke, kak b AAst BOOOparkaeMbIX ABVDKEHUI
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CI0COOOM MTPOAHAAMBHPOBAAU AQHHbIE, TOAYYEH-
HbI€ C PEAABHBIMU ABIDKeHUsIMU (puc. 2A). DTOT
aHaAM3 BOCIIPOM3BEA ONMCAHHBII BBIIIE PE3YABTAT:
cpasy nmocae peaabHbix mpucepannit CA yBeanun-
Aoch Ha 16,9 mMm pr. cT. (p = 4,5E-05), mocae BooO-
paxenuss — Ha 4,9 mm pT. cT. (p = 0,002), yepes
5 MyH nocae Boo6pakeHusi ABYKeHui1 CA yMeHb-
mMAOCh 1o cpaBHeHnio ¢ CA A0 BOOOpaskeHUsT Ha
3,5 MM pT. cT. (p = 0,045). [ToAyueHHbIe pe3yAbTaThI
CBUAETEABCTBYIOT B IIOAB3Y OOIIIHOCTY CTPYKTYP,
OTBETCTBEHHbIX 32 OPraHU3aL[MI0 PEAABHBIX U BO-
obOpaxaeMbIX ABVDKeHUI. [Ipu4nHON M3MeHeHMsT
CA tipu BoOOpakeHUn ABUXKEHUsI, BEPOSITHO,
SIBASIETCSI TO, YTO MBICAUTEAbHbIE TIPOLIECCHI
3alporpaMMMPOBaHbl KaK Ha COMAaTUYECKOM,

A AT
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Fig. 2. SP changes after real and imaginary
movements. A—differences between SP immediately
after and before movements (SP2-SP1);
between the values five minutes after and before
movements (SP3-SP1);
with the confidence interval. B—SP difference after
the end and before real movements relative
to the initial SP, individual data, n = 20;
see A for designations. C—designations taken
from B for imaginary movements
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TaK ¥ Ha BEreTaTMBHOM YPOBHSIX LIeHTPAABHON
HepsHoi1 cuctemsl (Collet et al. 2013).

OpaHako cHmkeHne CA yepes 5 MUH mocAe
BOOOpaKeHMsI TIPUCEAQHMIT HVDKE 3HAUEHU, TIOAY-
YeHHBIX AO BOOOPa’KeHUsI, I OTCYTCTBME TAKOTO
a¢dexTa IoCAe peaAbHbIX IIPUCEAAHUIT AEMOHCTPU-
PYeT, YTO, BEPOSITHO, MEXAaHV3MbI OpPraHU3ALUM pe-
AABHBIX M BOOOPa’KaeMbIX ABVKEHUIT OTAUYAIOTCSL.
DTO MPEATIOAOXKEHIE TTIOATBEP)KARET TOT (PAKT, UTO
n3MeHeHre CA 1ocae peaAbHBIX NIPUCEAAHMI 3a-
BUCUT OT McX0AHOTOo ypoBHA CA, a B cAyuae ¢ BOOO-
pa>keHVeM ABVPKEHUN TaKasi 3aBUCUMOCTb OTCYT-
ctByeT (puc. 2B, B). Y MCHBITyeMbIX C HU3KUM
HavyaAbHBIM CA IpUpOCT ObIA OOABILIE, YEM Y UCIIbI-
TyeMbIX C M3HAYaAbHO BBICOKMM CA, 1 Takymo
3aBUCUMOCTbD ITOATBEPXKAQET BeAndrHa Koabbulim-
€HTa KOPPEASILINY U TEHAEHLIVS K 3HAYMMOCTH 3TOTO
koadPuimenTa (r = 0,35, p = 0,064). Yepes 5 mux
IIOCA€ PEeAABHBIX IIPVCEAAHNIA Y VICIIBITYEMBIX C BbI-
cokuM HavaabHbIM CA (> 140 MM PT. CT.) AQBA€HUE
YMEHBIIIAETCS, Y UCIIBITYEMBIX C HUBKVIM VICXOAHBIM
CA (< 120 MM pT. CT.) AQBAEHVE YBEAUYUBAETCSI, YTO
OTpa)kaeTcsl B 3HaueHu1 K03 duliieHTa KOppeAsiLium
U B ero BbICOKOU pAoctoBepHocTu (r = —0,81,
p = 8,6E-06). 3aBucumoctp nsmenenuss CA
oT ucxopHoro 3HaueHust CA mocae BooOpaskeHus
ABVDKEHUI OTCYTCTBYeT.

3akAuyeHue

BereTaruBHas cucTeMa akTUBMPYETCS B IIPOLieC-
ce BOOOpaKeHMst ABIDKeHMIL. B peaAnsaiiiy peaAbHbIX
VI MBICAEHHO BBIITOAHSIEMBIX ABVDKEHUII YYaCTBYIOT
pasHble (PU3MOAOTUYECKME MeXaHU3MBI.
Vcrioab3oBaHye BOOOPaXKeHVsI ABVDKEHUIT AAST pea-
OMAMTALIVIOHHBIX LIEAET! U AAST OITYMU3ALIK PeaAb-
HBIX ABUTATEABHBIX (PYHKLIMI MOXKET IPUBECTU
K 3QdeKTy, OTAMYaoIEMYCs 0T 3P PeKTa peaAbHbIX
ABVDKEHMIA.
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