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IIpoBeneH aHaIU3 PeryJIATOPHBIX BJAMAHUI HA reMOJIMHAMHMKY HU3KO0- M BBICOKOMHTEHCUBHOI aKTHUBALMU
NPONPHOLENTUBHOM CHCTEMBbI Yy Jitojeil moxuioro Bospacra (53 myskunubl U 50 sKeHUHH pa3HOl (puU3HMUECKOi
noaroroBku). MccienoBansl clieayomue napamMerpbl (yHKIHOHAIBbHOW AKTUBHOCTH KapAHOBACKYJIAPHOI
CUCTEMBI: CHUCTOJHMYECKOe, IHACTOJMYECKOe H IMYJIbCOBOE apTepuaibHOE JaBJieHHe, JUAMETP COCy/aa,
NOJAATIUBOCTH APTEPHUH, NOJATIUBOCTH COCYAMCTOM CHCTeMBI, 001ee Nepudepuyeckoe CONPOTHUBIEHHE COCY0B,
JIMHeHAsl CKOPOCTh KPOBOTOKA, CKOPOCTh MNYJbCOBOH BOJIHBL. JJIsi NpONpPHOUENTUBHOH CTHMYJISIUUU
npemiarajiach cratudeckasi (u3nyecKasi HArpy3ka; BBICOKOMHTEHCHBHAsI AKTUBANMS HeHPOMBIIIEYHOIT
CHCTEMBI IOCTHIajach ¢ HCHOJH30BAHMEM LHKJIOHTHOTO TeHEPATOPa TpPeXMEPHBIX PaBHOYCKOPEHHBIX
KoJie0aHui (MPOJOJIKUTEIbHOCTh OAHOKpPATHOro Bo3ieiictBusi — 30 c). BpisiBleHHble H3MeHEHHsl psAga
(pYHKIMOHAIBHBIX IAPAMETPOB, B YACTHOCTH YMEHbIIIeHHE 001ero nepuepuieckoro CONpoTHBJIECHHS COCYI0B
U CKOPOCTH MYJbCOBOii BOJHBI, BO3pacTaHue JHHEHHOH CKOPOCTH KPOBOTOKA, MO3BOJSIOT PEKOMEHI0BATH
NpPONPHOUENTUBHYI0 CTHUMYJSUMI0O B peaOlWINTANMOHHBIX M NPOPUIAKTHYECKHX UeJsIX B 00JacTax
NPAKTHYECKOI MeIUIMHBI U TePOHTOJIOTUH.
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Harpyska, FeMoJIMHaMHKa
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We have done the analysis of regulatory effects on hemodynamics of low- and high-intensity activation
proprioceptive system in older people (53 men and 50 women of different physical preparation). The following
functional cardiovascular parameters were studied: systolic, diastolic blood pressure, the vessel diameter,
yielding artery vascular compliance, total peripheral vascular resistance, the linear flow velocity, the velocity of
the pulse wave. For proprioceptive stimulation offered static physical exercise; high-intensity activation of the
neuromuscular system is achieved using whole-body vibration machine «Power Plate» (duration of a single
exposure - 30 sec). The changes revealed a number of functional parameters, in particular a reduction in total
peripheral vascular resistance and pulse wave velocity, increase blood flow velocity, allow us to recommend
proprioceptive stimulation by WBYV in rehabilitation and preventive purposes in the fields of clinical medicine
and gerontology.

Keywords: proprioceptive system, older people, physical exercise, hemodynamic.

HccnenoBanre BO3PACTHBIX AaclEKTOB CTPYKTYphl, (YHKIMM U OCOOEHHO peryssiuu
NEeSTebHOCTH (PU3UOJIOTHYECKUX CUCTEM OpraHM3Ma 4esloBeKa MPeICTaBIseT OTACIbHBIN HayUHbIN
U TpakTUYecKui uHTepec. M3BECTHO, YTO CEpIEeYHOCOCYAMCTas CUCTEMa SBIIAETCS OJHOM U3

HanOoJee YYBCTBUTCIIbHBIX (I)yHKLII/IOHaJ'IBHLIX CHUCTEM K ISHCTBUIO CTPECCOBBIX (I)aKTOpOB pa3H01"4
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MIPUPO/BI, a BO3PACTHBIE U3MEHEHHS B CHCTEME KPOBOOOpAIlleHHs OTPaHUYMBAIOT aJanTalluOHHbIE
BO3MOXXHOCTH  OpraHM3Ma  TOXWJIOrOo  4YelloBeKa. 3HaHMe  OCOOEHHOCTEeH  aKTHUBAlUU
MPONPUOLICTITUBHON CHCTEMBl y JIIOJCH TMOXHUIIOIO BO3pacTa B YCIOBUAX (HPU3UOJIOTHUECKOTO
cTpecca, MPeICTaBIEHHOI0 CTaTHYECKONW (PU3UYECKON HArpy3Koil, W/iiu B YCIOBUSX MHTEHCHUBHON
CTUMYJISIIIMM HEHPOMBIIIEYHOT'O armapara SBIsSeTcs] He0OOXOIUMBIM AJisi TIyOOKOro MOHMMAHUS B
[[EJIOM MEXaHU3MOB COMATOBETeTAaTHUBHOW peryisauud (QyHKUUNA, B YACTHOCTH PETYISILHU
(YHKIIMOHATILHON aKTUBHOCTH KapJIUOBACKYJIsIpHOU cucteMbl [1, 3, 7]. IlpuHuMas BO BHUMaHUE
OJTHO3HAYHYIO aKTYaJIbHOCTh BBIIICHA3BaHHBIX (DaKTOB, aBTOpaMH B HAcTosmie padoTe
UCCIIeIOBaHbl  (DYHKIIMOHAIBHBIE OTBETHl CEPACYHOCOCYIUCTON CHCTEMBI JIIOJCH MOMXKHIIOTO
BO3pacTa B YCJIOBHUSAX MPONPHOLENIUTBHON CTUMYJIALIMM HEUPOMBIIIEYHON CHUCTEMBI pa3HOU
MHTEHCHUBHOCTH.

Marepuana u MeTOAbI HCCJIeI0BAHUS

B uccnenosanuu npunsiim ydactue 103 yenoBeka moxkusioro Bospacta (53 MykuuHbl 6174
net, 50 sxeHuwH 56-74 ner) u pa3HOM (PUINYECKOM MOATOTOBKH, Y BCEX OBUIO MOIYy4€HO
10O6pOBOIbHOE MH()OPMHUPOBAHHOE COTIIACHE.

Jnst Hu3KonHTeHCUBHOM nponpuonentuBHoi crumyssiiuu (HIIC) ucnbiTyembie B TeueHue
30 Cc BBINOJHAJAM YNPAXHEHUWE CTATUYECKOTO MpHCENa IMpPU YCIOBUUM MAKCHUMAJIbHOTO
MIPOU3BOJIBLHOTO M30METPUUYECKOTO HAMPSIKEHHS YeThIPEeXTIIaBbIX MbIIIL Oeapa. [lpu mpucene yron
crubaHus B KOJIEHHBIX cycTaBax paBeH 100°, B rojeHocTomHbIX cycTtaBax — He MeHee 80°. [lns
BBICOKOMHTEHCUBHOM CTUMYIALUU TpornpuonentuBHoil cuctembl (BIIC) cratuueckuii mpucen
BBIMOJIHSJICS Ha TuaTGopMe MeIuIMHCKoro ammapara «Power Platey (["osmmasauns), 9TO BBI3BIBAIIO
pedIeKTOpHbIE MBIIICUHBIE COKpAIEHHUS C YacTOTOW, paBHOM YaCTOTe CTUMYJSIIIUU (pEXKUM
paboThl: aMIUIUTy/la BEPTUKAIBHOTO cMemieHus ratgopmsl — 2 MM, yactoTa — 30 [, Bpems
onHOKpaTHOro Bo3zaeicTBus — 30 c). Kputepuum uCKIIOYeHHs] M3 HCCIEAOBAaHUS BKIIOYAIH
aOCONIOTHBIE W OTHOCHUTENbHBIE MPOTUBONOKA3aHUS JUIsl BBINOJIHEHUS PaBHOYCKOPEHHOMU
¢uszudeckoit Harpy3ku [8]. OcobGeHHOCTH (U3HOJOTUYECKOW AaKTHUBALUU TMPOMPHOLIETITUBHOM
CUCTeMBbl Ipu paboTe Ha yKa3aHHOW IUIaTQopMme, a TaKKe PEXUMbl U BO3MOXKHOCTU €€
WCIIOJIb30BaHus onucanbl B paborax [Iatuna B.®., [lluponanosa W.B. u coasr. [2, 4, 5].

['eMomHaMHUYEeCKHE OTBETHI HCCIEAOBAaHbl METOJOM KOMIIPECCMOHHOM OCHMIITIOMETPUH
BBICOKOTO paspernieHus Ha anmapare «3/[TB I'emogun» (Poccus) ¢ peructpanmeit ociiumuiorpaMmbl
rieueBoil aprepun. IlepeueHp uccienyeMblx MapaMeTpoB CHUCTEMHOM TI'e€MOJUHAMHKHU: YPOBHU
apTepUaIbHOIO JIABJICHUA, TUAMETP COCYyJa, MOAATIMBOCTh apTepUHU, MOAATIUBOCTb COCYAUCTOU
CHCTEMBI, ofmiee nepudepudeckoe CONMPOTUBICHUE COCYJOB, JIMHEHHAas CKOPOCTb KPOBOTOKA,
CKOpPOCTh TyJIbCOBOM BOJNHBL. DYyHKIIMOHATBHBIE OTBETHl KaPJAHOBACKYJISIPHONW  CHCTEMBI

PErUCTPUPOBATHCH A0 (PU3MUecKOl Harpy3Kku U B TeueHue 30 ¢ rmepuoaa mocie1eiCcTBys.



Bce pesynbTaThl mpeicTaBieHbl B BUJE CPEAHUX BEJIIMYMH W MX CTaHAAPTHOM OLIMOKH.
CraTHCTHYECKHI aHaIM3 OCYINECTBIISIIM C IMOMOIIBI0 mMmakera Statistica 6.0. JlocTroBepHOCTH
M3MEPEHHUI OIlEHUBAJACh MO t-KpuUTEepHuio B MapHOM JBYXBbIOOpouHOM T-Tecte. CTaTUCTHYECKU
3HAYUMBIMU U3MEHEHHUS CPEITHUX BeIMYMH cuuTanuck npu p < 0,05.

Pe3yabTaThl HCC/I€I0BAHNS H UX 00CY:KIeHUE

B pesynbraTte mpoBEAEHHOIO HCCIEIOBAHHUS aBTOPAaMH OTMEYEHBI pPa3HOHAIPABIICHHBIC
U3MEHEHUS  YPOBHS  CHUCTOJIMYECKOTO  apTEepPHabHOTO  JaBIIEHUS  [OCII€  HU3KO- |
BBICOKOMHTEHCUBHON CTUMYJISIIMM HEWPOMBIIIEYHOrO amnmapara MOXKUIBIX Jojeid. B ydacTtHOCTH,
nocsie HIIC ypoBeHb CHCTOIMUECKOTO apTepHaIbHOTO AaBieHUs CHIKacs Ha 4% (6,04+5,7 MM pr.
cT., p<0,001), a mocne BIIC mombimancs na 4% (6,1+1,38 MM prt. c1., p<0,001). Toxsko HIIC
BbI3bIBAJIa JIOCTOBEPHOE W3MEHEHHE YPOBHS JAMACTOJIMYECKOTO apTEPHAIBHOTO JaBJICHUS
(nossimenue Ha 3%, 4to cocraBisio 2,4+1,14 mm pt. cT., P<0,001). AGCONIOTHOE 3HAYEHHE ITOTO
napametrpa nocie HIIC Oputo taxxke Bbime, yem mnocine BIIC (wa 3%, 2,6£1,22 MM prt. crt.,
p<0,001). Opnako cieayeT OTMETHThb, 4YTO (POHOBOE 3HAYCHHE OTOTO I[OKazaTelsl Mepen
BoinmostHeHHeM BIIC Obuto Ha 7,8 MM pT. cT. MeHbie, yeM TakoBoe nepen HIIC, uto moxer
00yCIIOBJIMBATH BBISIBJICHHBI aHTArOHU3M TIOJyYCHHBIX OTBETOB.

VBenuueHnue apTepUabHOTO JIaBJICHUS B OCHOBHOM CBSI3aHO C BO3PACTHBIM HM3MEHEHHEM
COCYHMCTOHN CHUCTEMBI — MOTEpEil 3JIAaCTUYHOCTU KPYIMHBIX apTEpUaIbHBIX CTBOJIOB, YBEIMYECHUEM
nepudepruyeckoro COCyIucTOro CONPOTUBJICHUSA, U SBISUIOCH BIIOJIHE OXKUIAEMbIM B OTBET Ha
MPEAVIOKEHHYIO CTUMYJIALMIO, TPU OSTOM B aOCOJIOTHBIX BEJIMYMHAX HE TPEICTABISIO
3HAYUTENIbHBIX PUCKOB JJISi TPYIIBI UCTIBITYEMBIX [...|. AHAIN3 yKa3aHHBIX PE3yJbTAaTOB MOKa3al,
YTO HHU3KOMHTEHCHUBHAs TMPONPUOIEHTHBHAS  CTUMYJSAIUS  CIOCOOCTBOBAJa  IMOBBIMICHUIO
MyJIbCOBOTO JABJCHUS CPEIM JIIoJeH mokuioro Bospacta Ha 8% (5,2+1,33 mm pr. ct., p<0,01).
BricokonHTEeHCHBHAsT TPONPHUOIENTHBHAS CTUMYJSIMS TOBBIIIANA BEJIMYUHY MYJIHCOBOTO
JaBJIEHUs cpenu obOcienyeMbIxX moxkuioro Bospacta Ha 17% (11,1+1,62 mwm prt. cT., p<0,01). ITpu
3TOM a0COJIIOTHOE 3HAYE€HUE BEIMYMHBI MyJbcoBoro aasieHus nocie BIIC Ha 9% (6,6+1,64 MM pr.
cT., p<0,001) Gonpire, yem nocie HIIC.

[TomydeHHble HaMU pe3yJabTaThl B ONPEICICHHOW CTENEHHW COIVIACYIOTCS C JIaHHBIMU,
MPOJICMOHCTPUPOBAHHBIMUA Ha HCTIBITYEMBIX MOJ0/0TO Bo3pacTa [5, 10]. B ucciaemoBanum Taxxke
O0TMEYAJIOCh YBEJIMYEHHUE IMYJIbCOBOTO IABJICHUS, OJHAKO 3TO OBUIO CBS3aHO C HEOXUIAHHBIM
CHUKEHUEM Yy HEKOTOPBIX HCIHBITYEMbIX JUACTOIMYECKOTO MJaBICHHUS, IO MPEANOI0KEHUIO
Rittweger et al. B pesynpraTe mnepudepudeckoil BazomunaTanuu. OTHOBPEMEHHO YacTOTa
CEepACYHBIX COKpalleHWHA Yy MOJOABIX JIFOAEH TMOCI€ HWCTOLIANIEH BBICOKOMHTEHCUBHOM

IPONPUOCTUMYIISIIMY He npeBbimana 130 yi/MuH, morjolieHne Kuciopo/ia Bo3pacraio Ha 48,8 %,



a YBEJIMYEHHE YPOBHS CHUCTOJIMYECKOTO JIaBJICHUS B CPEAHEM HE OBLIO BbIIIE HOPMATbHBIX
3HA4YEHMII.

B mnameit pabore perucrpauus IuamMeTrpa apTepud IMOKa3ajia, 4TO 3HAYEHHUE HTOTO
cocyaucroro nokazatens (0,004+0,003 cm, p<0,01) mocne BIIC 6v110 Ha 1% Oomblne, Yem mocie
HIIC. Onnako 3TH M3MEHEHUsS! B OTBET Ha CTUMYJISILIMIO B LI€JIOM CTaTUCTHUYECKH HE JIOCTOBEPHBI
OTHOCHUTENbHO (POHOBOro ypoBHsA. Hamu ycTaHOBIIEHO yBelIMUEHHE MapaMeTpa MOJaTIMBOCTU
nepudepruyeckoil apTepun Mocie CTUMYIIALUA HEHPOMBIIIEUHOM crucTeMbl 000uX TUIOB: Ha 39%
(0,35+0,04 y.e., p<0,001) nocne HIIC u na 33% (0,28+0,04 y.e., p<0,001) nocne BIIC. ITpu sTom
paznuyre 1o aOCOIIOTHBIM 3HAYSHHUSIM TOTO ITapaMeTpa CTaTUCTUYECKH JJOCTOBEPHO MEKIY ABYMS
tunamu ctumyisiunu (Ha 9% 6onbime npu HIIC, p<0,01). [TapameTrp mogaTiuBOCTH COCYAMCTOM
CUCTEMBI HE MMEINl JOCTOBEPHBIX OTIMYUN MOCIHE CTUMYJISIMH KaK MO0 OTHOIICHHIO K (DOHOBBIM
3HAYCHUSIM, TaK U MEKAY Pa3HbIMUA BUAAMHU (PU3UIECKON HATPY3KH.

[ToBbIIeHNE KECTKOCTH apTepUATLHONW CTEHKH Y TMOKWIBIX JIIOJEH sBIseTCS (PakTopoM
puckKa ans padoThl KapAWOBACKYJSPHOW CHUCTEMBbl. BaXHBIMH B aHallM3€ MOJYYEHHBIX IaHHBIX
SABIAIOTCS (DAKTBI, YTO Y HCHBITYEMBIX OTMEUYEHO YBEIUYECHHE JMHEHMHONW CKOPOCTH KPOBOTOKA
nocie HIIC wa 37% (20,81+1,6 cm/c, p<0,001), mocie BIIC na 40% (22,27+1,6 cm/c, p<0,001).
OnHOBpPEMEHHO CKOPOCTh MyJIbCOBOM BOJHBI cHmkaerca nocie HIIC y moxwmibix moner Ha 8%
(60,0+13,18 cm/c, p<0,001) u Ha 4% (34,8+13,01 cm/c, p<0,01) mocie BIIC. Ilpu 3Tom 3HaYcHUE
napametpa nocie BIIC na 3% (23,9+13,5 cm/c, p<0,05) 6onbure, uem nocne HIIC. Beimonnennas B
HaIlleM MCCIIeIoBaHuH, Kak U B pabote Otsuki et al. [9], MmexaHnveckasi CTUMYIISIHS apTEPUU BEICT
K OTHOCHTEJIBHOW Ba30AMJIATAIMN W YMEHBIIEHUIO JKECTKOCTH CTEHKH apTepuH. B dacTHOCTH, B
3TOM paboTe HabII0JaN0Ch YMEHbIIEHHE CKOPOCTH PAaCIPOCTPAHEHUS MyJIbCOBOM BOJHBI MIEUEBON
aprepun uepe3 20 u 40 MuH mocie BHOPAaLlMOHHOTO BO3JCHCTBUA, a yepe3 60 MUH IMOKa3aTelb
BO3BpAILIAJICS K IEPBOHAYATIBHOMY YPOBHIO [9].

[Iporpeccupyromee ¢ BO3paCTOM YMEHBIIICHHE TPOCBETA MEIKUX Mepudepudeckux
apTepuii, ¢ OJIHOW CTOPOHBI, CHI)KAET KPOBOOOpAIllEHUE B TKAaHAX, a C JAPYrod — oOyCIOBIMBAeT
MOBBIIIIEHUE MepU(epruuecKoro cocyaucroro conporusienus. Bospacranue OIICC crnocobeTByer
MIPOrPECCUPOBAHUIO MIIEMHUYECKONW MaTOJOTMM B paboTe CHUCTEMBbI KPOBOOOpAIIEHHS], MOCKOIbKY
BBI3BIBACT OJIHOBPEMEHHOE M3MEHEHHE MHTETPAIBHBIX MMapaMeTpOB CUCTEMHOU TeMOJUHAMUKH, B
YaCTHOCTH YPOBHS CHCTEMHOIO apTEepHajbHOIO IaBJICHUS M BEIMYMHBI CEPJEUHOrO BBHIOpOCA.
Cornacio pesynbraram Hamero uccinegoBanHusi HIIC cawmxkana OIICC na 17% (229,4+27,32
mua*c*em™, p<0,001), a mocie BIIC ymeHblneHume mapamerpa cocTapisio 21% (278,4+24,74
mua*c*em®, p<0,001). IIpu sToM abcomorroe 3nauenne OIICC mocne BIIC 6s110 Ha 7% HuKe

(73,2+£34,63 aaH*c*eM™, p<0,001), vem mocne HIIC. Crneayer, ogHaKO, OTMETHTb, YTO Jaxe 3a



OJTHOTHUITHBIMHU U3MEHEHHUSIMH 001Iero nepudepruueckKoro COCyAUCTOro COMPOTUBIECHUS CKPHIBAETCS
pasnuuHas ero Tonorpadus CIBUTOB peruoHapHOro ToHyca [1].

3akioueHune

B pesynbTare npoBeAeHHOIO HCCIEA0BaHUs aBTOPAaMH MPOJEMOHCTPUPOBAHBI PETYISTOPHbBIE
3¢ (deKTh TPONPUOLIENTUBHON CTUMYJISIIUU Ha FTEeMOJUHAMUYECKHE [TOKA3aTeNH Y JIt0Iel OKUIIOr0
Bo3pacTa. B Hacrosiiee Bpems MpeAcTaBisioTCsS BeCbMa 0O0CHOBAaHHBIMU 3HAHUS, YTO B MpOIECCEe
(DM3HOIOTMYECKOTO CTapEHUs] OpPraHM3Ma KapJUOBACKYJISPHAs CHUCTEMa YEIOBEKa IMPETepIieBacT
PSI CTPYKTYPHBIX U (DYHKIIMOHAIBHBIX U3MEHEHUN, KOTOPBIE B OOIICH COBOKYITHOCTH 3HAYUTEIHLHO
OTPaHUYUBAIOT JHAamna3oH €€ (YHKIMOHAJIbHBIX BO3MOXKHOCTEH, M TEM CaMbIM CO3[AIOTCS
MIPENOCHUIKY JUIsl 6oJiee ObICTpOro pa3Butus narosnoruu. [loaydeHnsie B Xoje pabOThl JaHHBIE HE
TOJBKO PACHIMPSIIOT TEOPETHYECKUE TMPEJCTABICHUS O MEXaHW3MaX COMAaTOBETeTaTUBHOIO
B3aMMOJICHCTBUS Yy JIFOJICH TOXKUIIOTO BO3pacTa, HO M CIOCOOCTBYIOT Oosiee TIIyOOKOMY aHAIH3Y
OTBETHBIX F€MOJUHAMHUYECKUX PEaKIUi B YCIOBUSIX BO3JICHCTBUS CTPECCOPHBIX (PaKTOPOB pasHOM
npupoasl [3, 6]. [IpumedarenbHO, YTO YCTAaHOBJIEHHBIC B HACTOSIIEM HCCIEAOBAHUU MO3UTHUBHBIC
W3MEHCHUS psija (QYHKIUOHANBHBIX TApaMETPOB, B YaCTHOCTH yMEHBIICHHE  OOIIEro
nepuepruIecKoro COMPOTHUBICHUS COCYJIOB W CKOPOCTH ITyJIbCOBOW BOJIHBI, BO3pPacTaHHE
JUHEINHON CKOPOCTH KPOBOTOKA, TTO3BOJISIOT PEKOMEHI0BATh PEryIATOpHBIE 3 (DEKTh CTUMYISIIUN
HEHPOMBIIIEYHOTO afrapaTa MOXKWIbIX JII0IeH B peadMIUTAMOHHBIX U MPOPHIAKTHYECKUX LETISX
B 00JIACTSX MPAKTHUYECKOW MEIUIMHBI M TepoHTosoruu [2, 7]. B 3akioueHue ciieqyeT OTMETHTb,
YTO TIOJYYCHHBIE HEKOTOpHIE MPOTHBOPECYUBHIC JAHHBIE CTaBAT TEpPe] aBTOpaMHU HACTOAIIEH
paboThl manmpHElIIMe 1enu 1o Ooliee eTalbHOMY HCCIEIOBAHHUIO B 3TOM HAIpaBlICHUU (B
YaCTHOCTH, aHAJIU3 OTBETHBIX PEaKUUU y TOXKUIBIX JIIOJIEH OMpeneleHHOro ypoBHs (Qu3ndeckon

AKTUBHOCTH U CPABHEHHE C TAKOBBIMHU Y JIFOJIEH CTApUYECKOTO BO3PACTA).
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