Opuzunanvuas cmamos HayuHvle pe3ysabmambt 6uomeduyuHckux uccaedosanuil. 2019. T.5, Ne3. C. 82-91

Original article Research Results in Biomedicine. 2019. Vol.5, Ne3. P. 82-91
Gher |

YK 57.032, 57.033 DOI: 10.18413/2658-6533-2019-5-3-0-9

11.B. MnxaﬁJmBl,

A.B. MypaBbesl, Bo3pacTHble U3MeHeHNsI MUKPOUMPKYJISIIIHHA:

H.A. OceTPOBl, POJIb peryJIspHoOi (PM3HMYeCKOl AKTHBHOCTH

A.A. MypaBbeB2

! ®enepainbHoe rocyIapcTBEHHOE GIOKETHOE 00PA30BATEIBHOE YIPEHKICHHE BBICIIIC-
ro oOpa3oBaHus «SIpociiaBckuii rocyJapCTBEHHBIN MeJarornyecKuii yHUBEPCUTET
um. K. JI. YmmHckoroy,
yn. Pecniyonukanckas, 1. 108/1, r. SIpocnasns, 150000, Poccutickas denepanus

denepanbHOE rocynapcTBEHHOE 010 KETHOE 00pa30BaTEeNIbHOE YUPEKICHUE BhICIIIE-
ro oopazoBaHus «SpociaBckuii rocygapcTBeHHbIN YHUBepcuTeT uM. [1.I°. [lemumoBay,
yi. CoBetckas, 1. 14, r. SApocnasib, 150003, Poccuiickas denepanus
Aemop ons nepenucku: A.B. Mypasves (alexei.47@mail.ru)

AHHOTANUA

AKTyaJIbHOCTB: lI3BecTHA poJib BO3PAacCTHBIX W3MEHEHMH B aJalTHBHBIX OTBETAX
cucteMbl KpoBooOpamienusa. [Ipu sTom Hambojee BaXKHBIM 3BEHOM CEpJCHHO-
COCYAMCTON CHCTEMBI SIBISIETCSI MHUKPOCOCYIUCTOW PYCJO, /A€ OCYIIECTBIISIETCS
nepdy3us TKaHel U TpaHCKanWUIpHbIH 00MeH. OcoOble TpeOOBaHUS MPEIBABISIET K
KpPOBOOODAIIICHNIO MbIIIeYHasi Harpy3ka. KoianyecTBeHHas: OLlEHKA COCTOSIHUS MUK-
POLIMPKYJISITOPHOTO PycCiia 10 U TOcIie €€ BO3ACHCTBUS MO3BOJISET OLEHUTH Pe3epB-
HBIE BO3MOXHOCTH CHCTeMbl MHUKpouupkyssauuu. ILleab uccaenoBanusi: Mccieno-
BaHHE COCTOSIHHE MUKPOCOCYAMCTOrO pycia U TKaHeBOil mepdy3uu y TpeHHUpOBaH-
HBIX U HETPEHUPOBAHHBIX JIMI[ pa3HOTo Bo3pacTa. MaTepuanabl U MeToAbl: MUKpo-
LHUPKYJISALUI0 UCCTEA0BaIN C MPUMEHEHHUEM JIBYX METO/0B: OMOMHKPOCKOMHH HOT-
TEBOTO JIOXKa U JIa3epHoi oruiepoBckoi Buzyanusanuu (EasyLDI, [seitnapust). Pe-
3yJabTaTbl: B cOCTOSIHUM TOKOS B TpyIine TpeHupoBaHHBIX Juil 20-30 neT cpeanuii
IuaMeTp KamwuisipoB ObuT HA 20% OoJbIe, a CpeaHsisl BETMYNHA MUKPOCOCY TUCTOM
nepdys3un Ha 19% MeHbIle, 4YeM B IpylIie HETPEHUPOBAHHBIX UCIIBITYeMBbIX. [locie
¢u3nveckoil Harpy3ku B 00€HX IpyMIiax MPOU30IIIO JOCTOBEPHOE MOBBIIICHUE YHC-
na (QYHKIMOHUPYIOUIMX KamwuisipoB Ha 5-7%. Cpeanuii AuaMmerp KanwUIsIpoB B
rpynne TPEHUPOBAHHBIX JIMIl HE U3MEHMJICS, a B TPYIIEe HETPEHUPOBAHHBIX YBEIU-
gyiicsa Ha 14%. Mukpococyaucras nepdys3ust B rpynre TPeHUPOBAHHBIX JIUI YBETIHU-
yuiack Ha 86%, a y HETpEHUPOBAHHBIX UCIIBITYEMBIX Ha 49%. B cocTosiHuM nokos y
TPEHUPOBAHHBIX JIMI] cTapilie Bo3pacTHOM rpynmnsl 50-60 et cpenHuilt 1uameTp Ka-
nuIsipoB OblT Ha 13%, a cpeiHss BEIMYMHA MUKPOCOCYIUCTOM nepdy3un Ha 24%
Oojbllle, 4eM B TpYIIE HETPEHUPOBAHHBIX HCIHBITYeMbIX. [locie Quanueckoit
HAarpy3KH y HCIBITYEMBIX 00€HX TpYII HaOII0JAId TOCTOBEPHOE U COMOCTaBHUMOE
yBeJIHueHue yrcia QyHKIHOHUPYIOMMX KamuuisipoB Ha 11-15%. Cpennuit nuamerp
KalWUISIpOB B TPYIIE TPEHUPOBAHHBIX JIUI] HE U3MEHMJICS, a B IPyIIE HETPEHUPO-
BaHHBIX yBenuuuicsa Ha 6%. Mukpococyaucras nepdysus B rpynne TPeHUPOBaH-
HBIX JIUI] yBenuumiach Ha 65%, a y HEeTpeHUpPOBaHHBIX UCHBITyeMbIX Ha 39%. 3a-
kiaouenne: Haiineno, 4to ¢u3nueckas Harpy3ka BbI3bIBala CXOJHBIC MO HAIpaB-
JIEHHOCTU U3MEHEHUs MapaMeTPOB MUKPOLMPKYJISLUHU y JIUI pa3HOro Bo3pacta. [lpu
3TOM OoJiee BBICOKUN a’pOOHBIN MOTEHIMAI OpraHu3Ma (BeTUYMHAa MaKCUMAaJIbHOTO
noTpeOIeHNsT KUCIOPOa) COUeTANCs ¢ OOJBIINM PE3epPBOM aJaNTalluyd MUKPOIUP-


http://creativecommons.org/licenses/by/4.0/

Opuzunanvuas cmamos HayuHvle pe3ysabmambt 6uomeduyuHckux uccaedosanuil. 2019. T.5, Ne3. C. 82-91
Original article Research Results in Biomedicine. 2019. Vol.5, Ne3. P. 82-91

-

KYJISIIUH, BBISIBJICHHBIM IPU BBIOJHEHUH MHTEHCHBHON MbIIIeYHOW paboThl. Bos-
pacTHbIe Pas3iUyus MPOSABISUIMCH MEHBIIMM IPUPOCTOM MHUKPOCOCYAUCTOU mepdy-
3UM B OTBET Ha (PU3MUYECKYIO HATPY3KY Y JIMII CTAPIIUX BO3PACTHBIX TPYII.
KiroueBble cji0Ba: MUKPOLMPKYJISIMS; BO3pPACT; TPEHUPOBAHHOCTD; Mepdy3Hst; Ka-
MUUIAPBL; MAKCUMAJIbHOE MOTpedIeHne KUCIopoaa

Jas murupoBanusi: Muxaitnos [1B, MypasseB AB, OcerpoB UA, u ap. Bospact-
HbIC WM3MEHECHUS MUKPOIMPKYJSIIUH: POJb PEryJspHONH (U3NYECKON aKTHBHOCTH.
Hayunsie pesyapTathl OnomemuiuHCKux wuccienoBanuii. 2019;5(3):82-91. DOI:
10.18413/2658-6533-2019-5-3-0-9

Pavel V. Mikhailov®,

Alexey V. Muravyov *, Age-related changes in microcirculation:
Igor A. Osetrov *, the role of regular physical activity
Anton A. Muravev

! Yaroslavl State Pedagogical University named after K.D. Ushinsky,
108/1 Respublikanskaya St., Yaroslavl, 150000, Russia
2P.G. Demidov Yaroslavl State University,
14 Sovetskaya St., Yaroslavl, 150003, Russia
Corresponding author: Alexey V. Muravyov (alexei.47@mail.ru)

Abstract

Background: The role of age-related changes in adaptive responses of the circulato-
ry system is well known. The most important part of the cardiovascular system is the
microvascular bed, where tissue perfusion and transcapillary exchange are carried
out. Specific requirements impose a muscle load on the circulation. A quantitative
assessment of the microcirculatory bed before and after its impact allows us to assess
the reserve capabilities of the microcirculation system. The aim of the study: To
study the microvascular bed and tissue perfusion in trained and untrained persons of
different ages. Materials and methods: Microcirculation was studied using two
methods: biomicroscopy of the nail bed and laser Doppler imaging (EasyLDI, Swit-
zerland). Results: At rest, in the group of trained 20-30-year-old individuals, the av-
erage diameter of the capillaries was 20% larger, and the average value of microvas-
cular perfusion was 19% less than in the untrained subjects. After physical activity in
both groups there was a significant 5-7% increase in the number of functioning capil-
laries. The average diameter of the capillaries in the group of trained individuals did
not change, and in the untrained group it increased by 14%. Microvascular perfusion
in the group of trained individuals increased by 86%, and in untrained subjects by
49%. At rest, the average diameter of the capillaries was 13% in the trained persons
of the older age group of 50-60 years, and the average value of microvascular perfu-
sion was 24% higher than in the untrained subjects. After physical exertion, the sub-
jects of both groups had a reliable and comparable increase in the number of func-
tioning capillaries by 11-15%. The average diameter of the capillaries in the group of
trained individuals did not change, and in the untrained group it increased by 6%.
Microvascular perfusion in the group of trained individuals increased by 65%, and in
untrained subjects by 39%. Conclusion: It was found that the physical load caused
similar changes in the parameters of microcirculation in persons of different ages. At
the same time, the higher aerobic potential of the organism (the value of maximum
oxygen consumption) was combined with a large reserve of adaptation of microcir-
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culation, revealed during intensive muscular work. Age differences were manifested
by a smaller increase in microvascular perfusion in response to physical exertion in

older age groups.
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Beenenne.  KpoBooOpamenune — Ha
ypOBHE OOMEHHBIX KalWIUISPOB WU MUKPO-
YUPKYAAYUA SIBISIETCS BAaXKHEMILIUM 3BEHOM B
CUCTEME  KpOBOOOpAIEHUS,  MOCKOJIbKY
HMEHHO Ha 3TOM YpOBHE pealu3yercs ee
TpaHCIIOpTHasE U oOMeHHas (QYyHKIHH. bbu1o
[I0OKA3aHO, YTO JIOKAJIbHBIN KPOBOTOK, 3aperu-
CTPUPOBAHHBIN B KOXe, M3MEHSETCS C BO3-
pacToM M B 3HAYUTEIBHOM MeEpe OTpa)aer
o0mire 3aKOHOMEPHOCTH OTBETHBIX DPEaKIIHii
MUKPOLIMPKYJISTOPHOIO pyclla B II€JIOM Ha
¢usnonoruueckue CTUMyJbl (CTpecc, MbI-
LIEYHbIE HAarpy3KH, TEMIIEpaTypHbIE IPaUeH-
ThI) U MOXKET CITY>KUTh JIOCTYIIHBIM O0BEKTOM
JUISL U3yYEHUSI COCYIUCTBIX aJalTUBHBIX pe-
akiui opranusma [1, 2, 3]. B kauecTBe HH-
CTPYMEHTOB TaKHUX MCCIEIOBAHUNA MOTYT
OBITh HCIIOJIb30BaHbI J1a00OpaTOPHBIE MOJIEIH
JIO3UPOBAHHBIX MBIIICYHBIX HArpy30K, J10-
MIOJIHEHHBIE PETUCTpalliell MmapaMeTpoB MHK-
POCOCYIUCTOTO pycila KOXKHU € IMOMOILBIO CO-
BPEMEHHBIX KOMITbIOTH3UPOBAHHBIX METOAUK
[4, 5, 6, 7]. BaxxHoCTh TakMX HCCIICAOBaHUIA
3aKJII0YaeTCs B TOM, YTO COTJIACHO MHEHHIO
psga aBTOPOB, C BO3PACTOM IPOUCXOIAT
HEraTUBHBIE HM3MEHEHHUS MHKPOIUPKYISIUU

Jake Mpu OTCyTCTBUM marojoruid [§8, 9, 10,
11]. BmecTe ¢ TeM gaHHBIE O XapakTepe U Be-
JTUYMHE U3MEHCHU MUKPOIUPKYJISIIUHU Y JIULL
pPa3HOTo BO3pacTa U pa3HoOU PU3NUecKoil Moj-
TOTOBJICHHOCTH, B JIUTEPATYpE MPEICTABICHBI
HEJ0CTAaTOYHO U TPeOYyIOT JajbHEeHIero usy-
YCHMSL.

Leab — vccnenoBaHue COCTOSTHUE MUK-
POCOCYAUCTOTO pyCiia U TKaHEBOW mepdy3uu
y TPEHUPOBAHHBIX W HETPEHHWPOBAHHBIX JIUI]
pa3HOro BO3pacra.

Marepuaa ¥ MeTOAbI HCCJIeTOBAHMS.
B kauectBe 00OBeKkTa HCCleAOBaHUS Oblia
OILIEHKa MUKPOIUPKYJISIUN Y JIUIl ABYX BO3-
pacTHBIX Tpynn. Bce ucmbITyemble Jamu WH-
(hopMHUpOBaHHOE COTJIaCMEe Ha y4yacTHE B HC-
CIIEJOBAaHUM M OHO OBUIO 0J0OpEHO 3THYe-
CKUM KoMHTeTOM YHuBepcutera. C yueTom
BO3pacTa U YpOBHSI TPEHUPOBAHHOCTH, Ha OC-
HOBE aHalIM3a BETUYMH MaKCHUMAJIbHOTO TO-
tpebnerust kuciopoga (MIIK) Owutm cdop-
MHUPOBAaHbl YEThIpE TPYNIbl HAOIIOICHUI:
1A — HetpenupoBanHsbie auna 20-30 net; 1b —
TpeHupoBaHHeie juma 20-30 jer; 2A — He-
TpeHupoBaHHble yuna 50-60 ner u 2b — Tpe-
HupoBaHHbIe uia 50-60 net (Tadm. 1).

Tabnuya 1

I'pynnel Haba0aeHMI € y4eTOM BO3PacTa M YPOBHS a3po0HOii padoTocnoco0HOCTH
(mo Beaxnunne MIIK)

Table 1
Groups of observations with respect to the age and the level of aerobic performance
Bo3spact ucnbiTyeMbIx, YpoBeHb Bennuuna MIIK,
I'pynmst
(roamsl) TPEHUPOBAHHOCTH MJI/MUH./KT

1A 20-30 HETPEHUPOBAHHbIE 49,5+£5,5

1b 20-30 TPEHUPOBAHHbBIE 60,6+4,7

2A 50-60 HETPEHUPOBAHHBIE 38,9+6,8

2b 50-60 TPEHUPOBAHHBIC 50,6+4,7
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B rpynmbl TpeHHMpOBaHHBIX JIUI] BKJIIOYa-
JM AEUCTBYIOIIMX CIIOPTCMEHOB (CIIOPTCMEHOB-
BETEPAHOB), CIEIHATM3UPYIONIUXCI B BHIAX
CHiopTa € MPEUMYILIECTBEHHBIM IPOSIBICHUEM
BBIHOCIIMBOCTU. Bce wucmbITyemMble, COOTBET-
crBytomux noarpynn (1b u 2b) umenu pery-
JSIpHBIE TPEHUPOBOUHBIE U COPEBHOBATENbHBIC
Harpy3ku Ha MOMEHT 00CJIE€JOBaHMS.

Hcnbityembie ObLIM  00CIIEIOBAHBI 10
€AMHOM IIporpaMMe, BKIIIOUABLIEH orpenene-
HHUE ToKa3aTenel Mukporupkysimun (MII) B
[IOKOE M II0CJ€ CTYNEHYaTO BO3PACTAIOLIEH
(¢u3nueckoil Harpy3Ku Ha BeEJIO3ProMeTpe
(Monark-928 E). lns onpenencaus YCC Bo
BpeMsl Harpy3Kd HCIOJB30BaIl MOHHUTOP
cepaeunoro putMma Polar RS100. MuTeHcus-
HOCTb HArpy3Ku MOBbIIIAIM C marom 25 BT B
MUHYTY 10 BEIUYUHBI YAaCTOTHI CEPACUHBIX
cokpamenuit (HCC) paBHoit 87% OT UHAUBU-
yajapHOTro Bo3pacTHoro makcumyma (HCCm),
KOTOPBIM pacCUUTHIBAIM AJISI KaKJIOTO UCIIBI-
tyemoro 1o ¢popmyie: YCCum = 217 — (0,85 x
Bo3pact). JlaHHas BeIMUMHA HArpy3Kd COOT-
BETCTBYET CyOMaKCHUMaJbHOM 30HE MOIIHO-
ctu [12]. MII uccnegoBanu ¢ MpUMEHEHUEM
JBYX METOJOB: OMOMHUKPOCKOIHSI HOTTEBOTO
JI0%Xa U JIa3epHOM JOIIePOBCKOM BH3yalu3a-
uuu (JIAB, nmpubop EasyLDI, IlIseiitapus).
YcraHoBka A OMOMUKPOCKOIUU TPEICTaB-
JSeT  OWHOKYJISIPHBIH  CTEPEOCKOMMICCKUI
mukpockon MBC-9, B kadecTBe OCBETHUTEINS
HCIOJIb30BAJIM CBETOAMOM, 4YTO I103BOJIHIIO
UCKITIOYUTh HarpeBaHue HcciexyeMon obia-
CTH HOTTEBOTO JioXka. Jlnisi Bu3yanuzauuu ¢o-
TO U BUJEO M300paKEHUI Ha MOHHUTOPE KOM-
NBIOTEpa TPUMEHSITH  IU(GPOBOH  OKYJIISIp
DCM510. dotopeructpaiidio TpOBOAMWIN C
paspemienueM 2560x1920 mnukceneit. [lpu
aHaJIM3e W300paKeHWH OMNpeAessii YHCIIOo
KaMWUSIPOB, TPUXOIANINXCA HA IUIOMATh
1 MM, M3MEPSIIA TUAMETP MEPEXOHON Ya-
CTH KaIllusipa.

Peructpupyrommm 3JIEMEHTOM
ycranoBku EasylLDI sBnsercs HemHBa3zuBHaf,
OecKOHTaKTHas  Kamepa, paOoraromas B
Macmtade peanpHOoro BpeMeHd. [lmomane
o0crenyemoii moBepxXHOCTH 7X7 ¢M, (hOKyCHOE
paccrosiaue 20 cM, AJIMHa CBETOBOW BOJIHBI 808
HM. JIa3epHblii Iy4OK CBETa NPOHUKAET B KOXKY
Ha TOyOMHYy 2 MM, TJEe OTpaxaeTcs Kak

HaXOJSIIMMHUCA B JABWXEHUU 3PUTPOLMTAMH,
TaK W HEMOABWXHBIMH TKaHsmu. [lydok cBera
Jlazepa, B3aUMOJICHCTBYIONIMI C SPUTPOLHU-
TaMH, MEHSeT uacToTy Omaromapst 3ddekty
Homuiepa. CreuuanbHas —BbICOKOCKOPOCTHAs
Kamepa noirydaeT u300pakeHHsi CO CKOPOCTBIO
20000 xaapoB B CEKyHAY, (UKCHUPYS CIIEKTP
YacTOT, TIOCJI€ YETrO BHIMOIHSIET aHAJIHM3 JaHHBIX
myTeM pacueta BpemeHHbIX Touek O u 1. B
CBSI3U C OTUM H300paXKECHUS TOTYYatOTCS
C)KaThIMH BO BPEMEHH, MO3BOJIAA cienath 10 40
KaJJpOB B CEKYHILy JJIsl OIICHKH mepdy3um.

C momoupl0 JaHHOTO METOJla pEeru-
CTpUpOBANIM TEPPY3UI0 KOKM Ha CepeiuHe
npenrieubs. V3mepenuss mpoBoAMSIM 10 U
nocne ¢usuueckoil Harpysku. Meton LDI
MO3BOJISIET MOJYYUTh MHTETPUPOBAHHBIN HH-
JeKc c OomnplIell MOBEPXHOCTh KOXH, YeM
LDF, Tem cambIM, yMEHbIIass BIUSHHUE TPO-
CTPAaHCTBEHHOW HEOAHOPOJHOCTH MHKPOCO-
CY/JIOB.

Cratuctudeckas 00pabOTKa TOTy4YeH-
HBIX PE3yJIbTAaTOB MPOBOJWIACH C HCIOJB30-
BaHueM nporpammel Statistica 6.0. I[Tpoepky
BBEIOOPOYHOTO pacHpeieieHus MPOBOJIUIHN C
nomotbio Tecrta lllanupo—Ywunka. 3a ypo-
BEHb CTaTUCTHYECKHU 3HAYUMBIX MPUHUMAIU
n3menenus npu p<0,05 u p<0,01.

PesyabTarsl u ux oocy:xaenune. Cpea-
HUE BEIMYUHBI 4YHUCla (QYHKIIHOHHPYIOIIHX
kanwuiapoB (UDPK) B cocrosHUM TIOKOS 'y
mun B rpynnax 1A u 1b goctoBepHo He pasz-
nuyanack (tabma. 2). I[Ipu aTom cpennuii mua-
METp KanwuisipoB B rpynne 1A Obul MeHblIe
Ha 20%, uyem B 1b (p<0,01). B cocrostHuu mo-
KOSl JaHHbIE KaWUISIPOCKOITUHN COTJIACYIOTCS
C pe3yJibTaTaMu, 3aperUCTPUPOBAHHBIMU Me-
togoMm JIJIB. Cpennsisi BemuymHa MUKPOCOCY-
TUCTON Tepdy3uu B MOKOe ObLIa MEHbIIE Ha
19% (p<0,05) y TpeHUpPOBAHHBIX JIUI] TPYTIIBI
1B, yem B rpymme 1A (ta6mn. 1). [Tocne pusn-
YeCKOM Harpy3kd B OOEHX TPyIax MpOH30-
IO JIOCTOBEPHOE TOBBIIICHUE YMCIa (YyHK-
UOHHUPYIOMIMX KanmwuisipoB. B rpymme 1A
npupoct coctaBun 5% (p<0,05), a B rpymnmne
16 7% (p<0,05) (puc. 1). Cpennmii nuamerp
KanwuisipoB B rpynne 1A yBenuyuics Ha
14% (p<0,01), a B rpynme 1b on cymecTBen-
HO HE U3MEHWICA U OCTaBaJyics OOJIbLIE, UeM Y
HETPEHUPOBAHHBIX (Ta0I. 2).
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Tabnuya 2

Ioka3aTesu MUKPOUMPKYJISAUMHA KOKHM 0 JAHHBIM OMoMuKpockonuu u JI/IB
B MOKO€ U MOCJe CyOMaKCUMAJIbHON (U3nYecKOH HATPY3KH B IPYNINAX TPEHUPOBAHHBIX
1 HeTPEHMPOBAHHBIX JuIl B Bo3pacte 20-30 jet (M+m)

Table 2

Indices of microcirculation of the skin according to biomicroscopy and LDH at rest and after
submaximal exercise in groups of trained and untrained persons aged 20-30 years (M = m)

I'pynma (1A, n=42) I'pymma (1B, n=32)
IToxka3zarenn o
o narpysku | Ilocne Harpy3ku Harpy3Ku [Tocne Harpy3ku
IK, B 1vm” 52,3+1,4 54,8+1,4 49,9+1,6 53,6+1,6
DKucx. MkM 17,7+0,7 20,2+0,9 21,2+0,7** 21,2+0,7
[1M, oTH.ex. 9,2+0,4 13,7+0,6 7,4+0,4* 13,8+0,5

O6o3HaueHus: * — pa3nuuus CTaTUCTHYECKH AocToBepHBI pu p<0,05, Mo cCpaBHEHUIO C aHATOTHY-
HBIM TOKa3areneM rpymmsl 1A; ** — pazmuuus craructudecku nocroBepHsl npu p<0,01, mo cpas-

HCHHUIO C aHAJIOTHYHBIM IIOKAa3aTCJIEM I'PYIIIIbL 1A.

[IK — mimoTHOCTH (hyHKIIMOHUPYOMUX KamwuisipoB; K — nuamerp xanmwuisapos; [IM — mokazateins
MUKPOLUPKYJIALNH, 3apETUCTPUPOBaHHBIN MeTogom JIJIB.

Note: * — the differences are statistically significant at p<0.05, in comparison with the analogous
index of group 1A; ** — the differences are statistically significant at p<0.01, in comparison with

the analogous index of group 1A.

PC — density of functioning capillaries; DK is the diameter of the capillaries; PM — the indicator of

microcirculation, registered by the method of LDV.

[Tocne ¢u3mveckoil Harpy3ku B obOenx
rpynmnax Ha0Jro1aau IpUpOCT MUKPOCOCYIH-
cToii mepdy3un. bojee BbIpakeHHBIE H3Me-
HeHus (Ha 86%) ObLIM 3aperucTpupOBaHbI B
rpynne 1b. Torma kak, y saui rpynmsl 1A
MHUKPOCOCYAUCTast Tepdy3usi BO3pocia, IMOJ
BJIIMSTHHEM Harpy3ku Toibko Ha 49% (puc. 2).

Cpennsiss BenmuunHa YOK y Ttpenupo-
BaHHBIX W HETPEHHPOBAHHBIX JIUI[ B TPYMIE
crapiiero Bo3pacta (50-60 neT) B coCTOSHUM
MOKOSI JIOCTOBEPHO TaKXkKe He pPa3inyaloch
(tabn. 3.). Cpemumii nuamerp KamwUISIPOB
obu1 Ha 13% Oonbiie B rpymnme 2b, uem B 2A
(p<0,05). Ilocne pusnyeckoit Harpy3Ku y uc-
MBITYEMBIX 00EUX TPYII HaOIIOIaIH JI0CTO-
BEpHOE M cornocTtaBumoe ysenuueHne UDK

(puc. 1).

B rpynmne 2A npupoct coctaBun 15%
(p<0,01), a B rpynne 2b 11% (p<0,01). V ne-
TPEHUPOBAHHBIX JIUI OBUIO 3aperucTpUpOBa-
HO yBEJIMYECHHUE JUaMeTpa KanwuisapoB Ha 6%
(p<0,05), y TpeHHpOBaHHBIX JIUIl OH CYIIe-
CTBEHHO HE M3MeHWIcs (Tadu. 3). Y TpeHupo-
BaHHBIX Jul 50-60 JeT MHUKpOCOCyaucTas
nepdy3us Ha 24% mpeBbIIana IMOKa3aTeilb
rpymmsl 2A (p<0,05; tab6n. 3). Dra pa3HuIa
COXpaHMJIACh M B YCJIOBHUSX BBIMOJTHCHUS
MbITIeqHON Harpy3ku (puc. 2). Ilox ee Bius-
HUEM B 00eux TIpyMnmax MNpOU30IIEN JI0CTO-
BEpPHBIA MPUPOCT MepPy3uu: y JHIl TPYIIIBI
2b Ha 65%, a B rpynme 2A Ttoibko Ha 39%
(Tabm. 3).
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OO6o3HayeHus: * — pa3nuuus CTATHCTHYECKU A0CTOBepHBI npu p<0,05, Mo cpaBHEHHIO C YpOBHEM
710 Harpy3ku; ** — paznuuusi craTUCTUYeCKH AocToBepHbI npu p<0,01, Mo cpaBHEHHIO ¢ ypPOBHEM
10 Harpy3KHU.

Note: * — the differences are statistically significant at p<0.05, compared to the level before the
load; ** — the differences are statistically significant at p<0.01, in comparison with the level before
the load.

Puc. 1. I3Menenue uncia QyHKIMOHUPYIOUINX KallUUIIPOB HOI'TEBOIO JI0XkKa 1Mocie pusndeckon
Harpys3Kk1 y TPCHUPOBAHHBIX U HCTPCHUPOBAHHBIX JIMI pa3HOI'O BO3pacTa
Fig. 1. Change in the number of functioning capillaries of the nail bed after exercise in trained
and untrained persons of different ages

Tabauya 3
IToxa3aTen MUKPOUMPKYJISINUH KOKHM 110 JAHHBIM OuomMukpockonuu u JI/IB B nokoe
U 1ocJie CyOMaKkCuMaibHOM (PM3MUYEeCKOil HATPY3KH B IPYNIaX TPEHUPOBAHHBIX
1 HeTPEeHNPOBAHHBIX JiuIl B Bo3pacte 50-60 ser (M+m)
Table 3
Indices of microcirculation of the skin according to biomicroscopy and LDH at rest and after
submaximal exercise in groups of trained and untrained persons aged 50-60 (M + m)

I'pynna (2A, n=24) ['pynna (2B, n=22)
IHoka3zarenn Jo narpysku | Ilocie Harpysku Ho ITocne Harpysku
Harpy3Kku
TK, B 1mm° 58,21,2 66,7+1,3 60,9+1,8 67,4+2,1
DKucx. MKkM 13,9+0,7 14,8+0,7 15,7+0,7* 16,0+0,7
IIM, otH. ex. 6,5+0,2 9,0+0,7 8,0+0,5* 13,3+0,8*

OO6o3HaueHus: * — pa3auyus CTATUCTHYECKU JOCTOBEpHHI mpu p<0.05, 1Mo CpaBHEHHIO C aHAJIOTHY-
HBIM Toka3zateseM rpymmsl 2A; TIK — miotHOCTh yHKIIMOHMpYOmMUX Kanwuisapos; JAK — muamerp
KanwuiapoB; [IM — nokazarens MUKpOLUMPKYJISILUY, 3aPETHCTPUPOBaHHBIN MeTooM JI/IB.

Note: * — the differences are statistically significant at p<0.05, in comparison with the analogous
index of group 2A; PC — density of functioning capillaries; DK is the diameter of the capillaries;
PM — the indicator of microcirculation, registered by the method of LDV.
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O06o03HaueHus: T Ke, 4To Ha puc. 1.
Note: the same as in Fig. 1.

Puc. 2. I3Menenue MukpococyaucToi nepdy3un noJ1 BAUsiHUEM (PU3NUECKON HArpy3Ku
Y TPCHUPOBAHHBIX U HCTPCHUPOBAHHLIX JIUL pa3HOT'O BO3pacTa
Fig. 2. Changes in microvascular perfusion under the influence of physical activity in trained
and untrained persons of different ages

Cyb6makcumanbHas ¢buznueckas
Harpy3ka BbI3bIBaja MPUPOCT MUKPOCOCYIHU-
cToil mepdy3un BO BCEX Tpymmax HaOroze-
Hus. Y qun B rpynnax 1A u 1b on Obin 3Ha-
YUTEIHHO OOJIbINE, YeM B CTapIIUX BO3PacCT-
HbIX rpynmnax 2A u 2b. Pe3ynbrarel Hammx
WCCTIEIOBAaHUM COTJIACYIOTCS C JINTEPATypPHBI-
MM JaHHbIMH [13], rAe OTMEUEHO, YTO CHH-
YKEHHE KOKHOTO KPOBOTOKA y 3/IOPOBBIX JIHI]
B Bo3pacte 60 JeT W crapiie MOXET JI0CTH-
rath 25-50% OoT BeTWYHHBI, XapaKTEPHOU s
mun 18-30 ner. CHMKEHHME pEe3epBHBIX BO3-
MOKHOCTEM KOHBIX COCYJIOB C BO3PAacTOM
MIPOSIBIISIETCS. B OCNAOJIGHUH KaK KOHCTPHK-
TOPHBIX, TaK W JAWJIATATOPHBIX COCYAMCTHIX
oTtBeToB [8, 9, 10, 11]. B uccnenoBanusx O.B.
Kopkymiko ¢ coaBropamu [14] nokazaHo, 4to
C BO3PAacTOM B IEPBYIO OuYepelb CHUKAETCA
MapacuMITaTUYECKasi COCYIUCTast CTUMYJIALIMS
U B MEHBIIEH CTENEHU — cuMmmarndeckas. [1o-
NOOHBIE M3MEHEHUS PETYJSIUU COCYIUCTBIX
peakuuii peructpupyrorcs nocine 50 net, u
MOTYT OBITh IPUYMHOM OTpaHUYEHUs a/arTa-
LIMOHHBLIX BO3MOXKHOCTEH cucteMbl MII m3-3a

CHIDKEHHUS PE3epBOB JAMJIATAIlMM MHKpPOCOCY-
noB [11, 14].

OOpaTHas KOppemsus Mexay IMJI0OTHO-
CThIO M JuaMeTpoM KanwuisipoB (r=—0,61)
MOXKET CBUJETENIbCTBOBATh O KOMIIEHCAIIUU
CHIDKEHMs 4Huclia (YHKIMOHUPYIOIIUX MHUK-
pococyioB mpupocToM ux auamerpa. C npy-
roll CTOPOHBI, BO3PAaCTHOE YMEHBILIEHUE pe-
3epBa IWIaTallii KamWUIIPOB MOXET KOM-
MIEHCUPOBAThCS 0oJiee 3HAYMTEIBHBIM KOJH-
YEeCTBOM KaNWUISAPOB, BKJIFOUYEHHBIX B MHK-
POLIMPKYJISALHMIO.

JlanHble MOJy4YeHHBIE MpPU HArpys3od-
HOM TECTUPOBAHHMM YKa3bIBAIOT Ha TO, YTO BO
BCEX BO3PACTHBIX TPYyMIaX MO3UTHBHBIN MPH-
POCT MHKPOCOCYIUCTON nepdy3un TKaHeH, B
OTBET Ha CyOMaKCHUMalbHYI0 (PU3UYECKYIO
Harpy3ky, Obl1 Oojiee BBIpaXEH y JIUI], UMe-
IOUIMX PEryJsIpHYIO (PU3MUYECKYIO aKTHB-
HOCTb. Psii aBTOpPOB OTMEYaeT, YTO CUCTEMa-
TUYECKUE (PU3UYECKUE HArpy3KH IOJIOXKH-
TEJILHO CKa3bIBAlOTCS Ha (POPMHUPOBAHUM pe-
3epBa AWIATALlUU COCYI0B MHUKPOLUPKYJIS-
uuu [15, 16, 17]. Bo3M0XXHO OJTHUM U3 Beay-
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IUX QJaNTHBHBIX COCYAMCTHIX 3 HEKTOB,
MIPU MBIIIEYHOW TPEHUPOBKE B JIOOOM BO3-
pacTte SBISETCs, MOBBIIMICHUE PEryIsTOPHON
pOJM Ta30TPaHCMHUTTEpOB. M3BecTHO, UTO
yBEJIMUEHUE JHaMeTpa MHKPOCOCYAOB IpHU
(bu3nvecKkoil Harpy3Ke, CBSI3aHO C PSJIOM pe-
TYJISTOPHBIX MEXaHU3MOB M B IEPBYIO Oue-
penb ¢ IeHCTBHEM TaKOTro ra3oBOr0 MEIHATO-
pa kak okcuaa azota (NO), koTopslii mpoay-
[UPYETCS PHIOTCIUATBHBIMU KJICTKAMHU B OT-
BET Ha MEXaHMYECKHH WJIM TUMOKCUYECKH
CTHMYJI M COCOOCTBYET pellakCalliy TJIaJIKO-
MBIIIEYHBIX KJIETOK apTepuoil U HUX Juiara-
MK ¥ TPUPOCTY TKAaHEBOW mepdy3uun
[18, 19]. UmeroTCs naHHBIE, YTO CUCTEMATHU-
gyeckre a’poOHble (PU3NYECKHE HArpy3KH 3a-
MeTHO yBennuuBawT HdpdextuBHOCTE NO-
3aBHCUMOM Ba30AMJIATALMU apTepUOI U, Cie-
JIOBATEIbHO, CIIOCOOCTBYIOT 3P hEeKTHBHOM
nepdys3uu Tkanei [20, 21, 22].
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