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CootHomeHue Hu3kodacToTHbIX (~0.1 I'n) BonmH anmurensHocTd RR-uHTEpBana u cucro-
JIMYECKOTo apTepuaabHOro napieHus (AJl) oTpaxaeT 4yBCTBUTEIBHOCTh KapAHOXPOHO-
TporHoro Gapopediekca. I'paBuUTanMOHHAs pa3Tpy3Ka MOXKET IPHBOAUTH K M3MEHEHHIO
YyBCTBUTEIILHOCTH KapJHOXPOHOTPOITHOTO Gapopeduiekca BO BpeMs TACCHBHOTO OPTOCTa-
tryeckoro tecta (OT) u TecTa ¢ co3naHreM OTPULATEIBHOTO JABICHHS Ha HI)KHIOIO YacTh
tena (OJIHT). O6a Bo3aeiCcTBHSA BBI3BIBAIOT MIEPEPACTIPEAEIECHNE KPOBH B HIKHIOIO YacTh
tena, Ho OT compoBokaaeTcs OompIIel pa3rpy3Koil CHHOKapOTHIHBIX 0apopenenTopos,
no cpasHenuto ¢ OJHT, n aktuBanue#l BecTHOYIOCHMIIATHYECKOTO peduieKca, OfXHAKO
IIPSIMOTO COTIOCTABIEHHS d(P(EKTOB IPaBUTAIMOHHON pa3rpy3Kd Ha UyBCTBUTEIHEHOCTD
KapIMOXPOHOTPOITHOTO Gapopediiekca B 3THX TeCTax paHee He POBOAMIOCK. L{enbro nan-
HOH paboTHI ObLIA TPOBEpPKa TMIIOTE3BI O TOM, YTO BIMAHHUE “‘CyX0il” MMMepcHH (Ha3eMHas
MOZIeNIb TPAaBUTAIMOHHOM Pasrpy3Ku) Ha UyBCTBUTEIBHOCTH KapIHOXPOHOTPOIHOTO Oa-
popedriexca y OJHHX U TeX K€ HCHBITyeMbIX OyneT spue mpossisaTteest npu OT, yem npu
OJTHT, BBI3BIBAIOIIEM COIIOCTABUMOE 10 BEJIMYMHE CHIDKEHHE yIapHOro oobema. J{eBsTh
30POBBIX MYXXUMH y4YacTBOBAJIM B JIByX TECTHPOBAHUAX (0 U mocie 7-IHEBHOM Cyxon
MMMEpPCHH), BKIIOYAaBIIMX MO MATh 3-MUHYTHBIX OT (65°) u maTh 3-MHHYTHBIX TECTOB
OIHT (-35 MM pT. CT.) C HOCIIEAYIOMNM YCPEAHECHHEM MTOKa3aTenel s KaykI0ro BO3AeH-
CTBUS. AMIIIMTYIY HU3KOYaCTOTHBIX BOJH RR-uHTepBana n cucrommyeckoro AJl B tuamna-
30He 0.05-0.13 I'y onpenessiiny ¢ MOMOIIBIO BeHBlIeT-aHAIN3a. AMIUIMTY/Aa HU3KOYaCTOT-
HBIX BOJIH cucTonnueckoro A/l yBeian4nBagack B 000X TecTax, MOCIe rPaBUTALHOHHON
pasrpy3ku — cunbHee npu OT. AMIunTyga HU3KOYacTOTHBIX BoMH RR-mHTepBama mpu
000uX BO3IEHCTBUAX CHIDKANIACh, CTEIICHb CHIDKCHUS HE Pa3Indanach MEXKAY TEeCTaMH
1 He U3MEHSJIACH ITOJ BIMSHUEM I'PaBUTAIIOHHON pa3rpy3KH. o-Kod¢h¢uImeHT (oTHOIIe-
HHE aMILUTUTY/bI HU3KOYAaCTOTHBIX BOJIH RR-nHTepBana u cucronmyeckoro AJl) otnHakoBo
YMEHBIIANICS B ABYX TE€CTaxX A0 IPaBUTALlMOHHOM pa3rpy3KH, OAHAKO MOCJIE HEe CTENEHb
CHIDKEHUS o-koddduimenta yenmnunsanach npu OT, Ho He namensutace npu OJHT. Ta-
KM 00pa30M, BIMSHHE TPAaBUTAMOHHON Pa3rpy3KH Ha UyBCTBUTEINEHOCTE KapAHOXPOHO-
TponHoro 6apopediekca nposisercs pu OT, Ho He pu OJHT, uTo MOKET OOBSICHATHCS
Gonee BoIpakeHHBIM BiusstHHeM OT Ha MexaHM3MBI HEPBHOH PEryislu pUTMa Ceplla.

Kniouesvie cnosa: 6apopediaekc, TpaBUTAIMOHHAS pa3TPy3Ka, CHCTOINYECKOE apTepHab-
HOE JIaBJIeHHe, IIINTeabHOCT RR-1HTEpBaNa, a-ko3dhunueHt
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BBEJEHHUE

Bapopedrexc sBiaseTcs KIII04eBEIM MEXaHU3MOM MOAIEPXKaHUS YPOBHS CUCTEMHOTO ap-
TepHaIbHOTO NaBieHus (A/l) Mo IpUHIMITY OTpUIATEIBHON 00paTHOM CcBs3u. B opranmsme
6apopeduiexc GyHKIHOHUPYET B “3aMKHYTOM KOHTYpe” (AJ] OIHOBPEMEHHO CITY)KHT U CTH-
MYJIOM, BO3/ICHCTBYIOIINM Ha OapOperenTopsl, U PEeryImpyeMoi mepeMeHHoi). B pesynsra-
T€ OTHOCUTENIBHO ME/UIEHHON peaklil COCYJOB Ha HEPBHOE BO3AEHUCTBHE B 3TOM KOHTYpE
BO3HHKarOT HU3KoyacToTHeIe (HY) konebanns A/l, vacToTa KOTOPBIX Y YEIOBEKa COCTABIISET
oxoyo 0.1 I'g [1-4]. Bropuuno k HY konebanusam AJl o 6apopedieKTopHOMY e MEXaHH3-
My Bo3HHKa0T HY konmebaHus cepeyHOro putMa, I03TOMY 10 COOTHOIICHHUIO aMILIHTYAbI
HY xonebanuit putma cepana ¥ apTepHaIbHOTO JABICHHS MOKHO OLCHHUTH UyBCTBHUTEIb-
HOCTB “‘CIIOHTAHHOTO” KapJAMOXPOHOTPOMHOTO Oapopediekca [5—8].

B ycnoBusx KOCMHYECKOTO I0JIE€Ta Pa3BUBAIOTCS NIyOOKHE M3MEHEHUS PETyISLUH Cep-
JICYHO-COCY/IUCTOW CHCTEMBI, B YacTHOCTH, 0apope(IEKTOpHOH peryisiuy CepAeqHOro
putMa [9]. DTH H3MEHEHHs CIyXaT OXHOW M3 MPUYHMH IOCIENOJIETHON OpPTOCTaTHYECKON
HEyCTOWYMBOCTH, KOTOPasl 4acTO CHIKAET (DYHKIMOHAIbHBIC BO3MOXXHOCTH KOCMOHABTOB
B niepBbIe aHU nocie nosera [10, 11]. s usydenust 3¢ GeKToB rpaBUTAIHOHHON pa3rpy3Ku
Ha OPraHU3M HCIOJIb3yeTCsS Ha3eMHasl SKCIIEPUMEHTANIbHAs MOACHbh — ‘‘Cyxas’ MMMEpCHS
[12]. BaxHo, 4TO 3TO BO3CHCTBUE BOCIPOU3BOAUT MHOTHE FPPEKTH KOCMHYECKOTO MOJIeTa
Ha CEp/IeYHO-COCYAUCTYIO CHCTEMY H €€ PETYIIALHIO, YTO IMPOSIBIISETCA Y)KE 4EPE3 HECKOIBKO
JHEeH skcro3uiuu [6, 13—16].

B xocmuueckoi MeTuIMHe A1 OLIEHKH OPTOCTAaTHYECKON yCTOMYMBOCTH YeJIOBEKa IOCe
TPaBUTAIIMOHHON Pa3rpy3Kd MPUMEHSIOT NMaccuBHBIN oprocTtarnmueckuit Tect (OT) m Tect
C CO3/1aHMEM OTPUIIATEIBHOTO JIaBieHHs: Ha HukHIo0 dacte Tena (OJHT) [17]. B oboux
TECTax MOAJACP)KAHUE YPOBHS apTEpPHAIBbHOTO JAaBICHUS, HECMOTPS Ha CMEIICHHE KPOBH
B HIDKHIOIO YacTh TeJa U CHW)KEHHE yIapHOTO 00beMa JICBOTO XKETyJ0uKa, TOCTUTaeTCsl aK-
TUBALMeH apTepHajbHOrO Oapopediekca U pedekcoB ¢ KapAUOMYIbMOHAPHBIX PEIENTO-
POB, POJIb ATUX MEXaHW3MOB OCOOEHHO BEJIMKa B MEPBBIC MUHYTHI BO3ACHCTBUS, ONEepeKast
BIIMAHUC peHI/IH-aHFI/IOTeHSI/IH-aHLHOCTepOHOBOﬁ, Ba3OHpeCCHHOBOﬁ " Jpyrux ropmMoHalib-
HBIX cucteM [18-20]. I[TokazaHo, 9TO MpeOBIBaHME B YCIOBHUAX TPABUTAIIMOHHON pa3rpy3Ku
(xocMuYeckuil moneT WM “cyxas’” MMMepCHs) CKa3blBaeTCsl Ha PEryJsiUH TeMOIUHAMH-
KM, 4TO MPOSIBISIETCS Kak mpu oprtoctaze [6, 10, 13, 21, 22], tak u npu coznanuu OJJHT
[6, 7,21, 23].

Crnemyer OTMETHTD, YTO, HECMOTPS Ha CXOJHOE BIMSHHE dTHX BO3ACHCTBHH Ha Iepepa-
CrpereNieHne KPOBU B COCYAMCTOM CHCTEME, KOTOPOE MOXXHO OLIEHHTh, HAIPUMED, 110 CTEIe-
HU CHIDKEHHSI yIapHOTO 00beMa JIEBOTO skerynodka [21], oprocras otmmaaercs or OAHT no
CTETICHN aKTHBAIIMH U CIIEKTPY 3a/1€HICTBOBAaHHBIX PETYIATOPHBIX MEXaHN3MOB. B yacTHOCTH,
BO3JICHCTBHE HA CHHOKapOTHIHBIE 0apOpeLenTOphI IPH OPTOCTa3e OOJIbIIE, TaK KaKk B 3TOM
CJIydac BO3HUKACT TPAAUCHT THAPOCTATHYCCKOTO JABJICHUA MCKAY CEPAUEM U KapOTHIHBI-
MU cuHycamH, a ipu cozganuu OJJHT (1ipy HeM3MEHHOM TOpPU30HTAIEHOM MOJIOXKEHUH Teja
YeJIoBeKa) TaAKOW TPaJueHT OTCYTCTBYyeT. [lokazaHo, uTo HapylleHne paOdoThl CHHOKAPOTH/I-
HBIX PELENTOPOB BeAeT K CHIKeHuio A/l mpu oprocrase (pa3BUTHIO OPTOCTAaTUIECKOH TH-
norenszun) [24]. Kpome Toro, npu oprocrase, B ominuue oT OJJHT, MoryT akTHBUpOBaTHCS
BecTHOyImoCcuMIaTHIecKuil pedurekc [25] u psax apyrux MexaHU3MOB, (QYHKIIHOHHPOBAHUE
KOTOPBIX 3aBHCHUT OT TPAJMEHTA THAPOCTAaTHIECKOTO AABJIECHUS B COCYIUCTON crcTeMe [26].
[ToaTOoMy comocTaBieHre reMOANHAMUYECKUX PEeaKLni, HaOII0MaeMbIX B 9THX JIBYX TECTaX,
MOXKET CIOCOOCTBOBATh PACKPHITHIO MEXaHW3MOB BIHSHUS TPAaBUTALMOHHOW pPasrpy3Ku
Ha peryjsiliuio CepAedHO-cocyaucToi cucremsl. Kak oprocras, Tak u OJJHT compoBoxna-
IOTCSL U3MEHEeHneM OapopediekTopHOl perymsanun cepaednoro purma [27, 28]. OmHako
NPSIMOTO  COTIOCTaBIEHHS 3(PQEKTOB TI'PaBUTAIMOHHON pa3rpy3kn Ha YyBCTBHUTEIHHOCTBH
“crioHTaHHOTO” cepaeyHoro bapopeduekca npu oprocraze u OJJHT 1o cux mop mpoBeacHO
He OBLIO.
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Lenbto manHOi pabOTHI OBLIA IPOBEPKA CIICAYIOMICH THITOTE3bI: BIUSHUE TPABUTAIIOH-
HOH pa3rpy3Ku Ha 4yBCTBUTEIBHOCTh KaPIUOXPOHOTPOIHOIO Oapopediekca y OOHUX U TeX
K€ HCIBITYEMBIX OyneT Gonee BEIpakeHHBIM ITpu oprocTase, ueM npu OJIHT, Bei3biBaroniem
COIIOCTAaBMMOE I10 BeJIMYMHE CHIDKEHHE YAapHOTO 00beMa.

METO/IbI UCCIIEAOBAHUA

Xapakmepucmuxa ucnvlmyemulix

B uccienoBanuy nmpuHUMAIH y4acTUE 9 3IOPOBBIX HCIBITYEMBIX-TOOPOBONIBIEB (BO3-
pact 31 £5 ner; macca Tena 69 + 9 xr; poct 174 £ 7 cm; unaekc macceel Tena 22.8 +2.3 kr/m?).
HcnrpiTyemble He nMenu 3a00I€BaHU CEepICUHO-COCYIUCTON CUCTEMBI, HE KYPHJIH U HE TIPU-
HUMAITH HUKaKUX (apMaKoJIOTHUYECKUX IpernaparoB. [lepen SKCriepuMEeHTaMi OHU MPOIILTH
MEIUITTHCKYI0 Komuccuio MHcTuTyTa Meanko-onomorndeckux npodimem PAH, o pesynsra-
TaM KOTOPO# OBUIH HOMYIICHHI K YYACTHIO B UCCIICIOBAHUH.

Opeanusayus ucciedo8anus

DkernepuMeHT 1o uccaenoanuio 3dhdexros CU nmpoBommics B MHCTUTYTE MEIUKO-0H-
onoruueckux npodnem PAH, npuHIune ero opranusaiuu onucansl B padore [12]. Ha ka-
MKJIOM DTalle SKCIEPUMEHTA JIBAa UCIIBITYEMBIX OJJHOBPEMEHHO HaXOIMWINCE B TeUeHHE 7 THei
B MHAMBMIYalbHBIX BaHHAX AJ “‘CyXoi” MMMEpCHH, TeMIIEpaTypa BOJABI B KOTOPBIX IOJ-
JepxuBanack Ha ypoBHe 33 + 1°C. Kaxxnoe yTpo HCIBITYyeMOTO M3BJIEKAIM U3 BaHHBI IS
MIPOBEAEHUSI THTUEHNYECKUX TPOLEAYD, BpeMs peObIBaHKs BHE BaHHBI COCTABIISIIO OKOJIO
20 MUH. B CyTKH. B TeueHue Bcero BpeMeHH NpeObIBaHUS B YCIOBHAX “‘CyXOi~ MMMEpPCHU
UCIIBITYyEMbIE HaXOMINCh T10]1 HAOIIOICHUEM JIS)KYPHOM MEJULIMHCKON Opuraipl.

3a Be HeleNn: 1O UMMEPCUH C HCIIBITYeMBbIMU ITPOBOAWIIH 3aHATHE, BO BpeMsl KOTOPOTO
UX 3HAKOMUJIU C METOAUKOMN ITPOBEACHUS U3MEPEHUI U, KPOME TOTO, ONPEAETSUIN UHAUBULY-
aJbHYI0 YaCTOTY ABIXaHUS, C KOTOPOU JAHHBIH UCIBITYEMBI ABINIAN BO BpeMs IPOBEACHUS
OCHOBHBIX M3MEpeHUH (CM. anee).

OCHOBHBIE U3MEPEHUS MPOBOJWIN 32 TPU JHS 10 “CyXON” MMMEPCHH U B JI€Hb BBIXOJA
13 Hee IPUMEPHO B OJJHO M TO )K€ BpeMs CyTOK (okoiso 12 4 mHs, T.e. yepe3 2—3 4 mocie 3a-
BTpaKa) B OT/CIHHOI KOMHATE IIPH TeMITepaType Bo3ayxa ot 22 mo 24 °C. [TocnenoBarenpHO
npoBoaunu Asa tecta: OT u, mocne 30-munytHoro nepepesiBa, OAHT. TecTsl nmpoBoanUIN
B MHTEPBAIFHOM PEKHME: Yepel0BaHNE 3-MHHYTHBIX NEPHOIOB BO3ACHCTBHSA U 3-MUHYT-
HBIX TIEPHONOB “OTIBIXA”, TAKOW PEXHUM BO3ACHCTBHA IMO3BOJSIET OoJiee MOIPOOHO OICHHU-
BaTh PeaKIuy HeWporeHHo! mpupoxsr [18-20].

Henpepuisnas pecucmpayus noxazamerneii 6 xo0e dKCnepumenma

Perucrpanuro a5eKTpoKapaHorpaMmbl MPOBOAMIIM C TOMOIIBIO CTaHIAPTHBIX OTHOPa30-
BBIX XJIOpCEPEOPSHBIX MEKTPOAOB U YHHBepcaibHoro ycumurenss NVX52 (MKC, Poccus).
OTBoZIIHE ATIEKTPOJIBI pacIioiaraji Ha KOKe HCTIBITYEMOTro MO/ TIPaBoil KIFOYHIIEH U B 00-
JIACTH JIEBOTO MoApeOephs, a peepeHTHBIN 3IEKTPO/] — IO JIEBOW KITIOUHUIIEH.

JlaBeHre KpoBH B apTepHsIX CPEJHEro MaJiblia MPaBoil PyKH PErHCTPUPOBaIN (DOTOKOM-
TICHCAIIMOHHBIM METOJIOM C HCTob30BaHueM npudopa Finometer (Finapres Medical Systems,
Hunepnanner). IlpaBoe npenmieube GUKCHPOBaIN Ha yPOBHE MEUEBHIHOTO OTPOCTKA TPYIH-
HBI C TIOMOIIBIO JIOKTEBOTO OaH/Iaka-KOCHIHKH. BTOpYIO M3MEpHTENbHYI0 MaHXKeTy IPHOO-
pa Finometer HajeBany Ha 1140, OHA MCIIONB30BAJIACH JUIS KAJTMOPOBKH YPOBHS JABJICHUS
B TAJIBLICBOI MAHXKETE, a TaKXKe YTOObI yYUTHIBATh U3MEHEHHUS TUIPOCTATUYESCKOTO JABIICHHS
NPH BO3MO>XHOM CMEILCHHU PYKU OTHOCHTEIIBHO Cepia BO BpeMsi IPOBEICHHS TECTOB.

VYnapHBIil 00bEM TaKKe PErUCTPUPOBANH ¢ TIOMOLIBI0 pubopa Finometer ¢ mcnons30-
BaHueM anropurMa “ModelFlow”, KoTopslif OCHOBaH Ha aHaJ3e POPMBI ITyITHCOBON BOJTHEI
JTABJICHUS KPOBH B apTepusx mambmna [29].
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YacToTy ABIXaHUS PETUCTPUPOBAIN C ITIOMOIIBI0 HA3aJIHHOTO TEPMHCTOPHOTO JaTUHKA.
Bo BpPEMs OKCIIEPUMCHTA PUTM JbIXaHHUs 3a/1aBaJICS I'0JIOCOBBIMU KOMaHAaMH1 € KOMITbIOTEpaA.
YacroTy “HaBA3aHHOTO” IBIXaHWS MOAOUPATN MHIUBUIYATBHO TakK, YTOOBI OHa ObLIa Kak
MOYKHO BBIIIIE YAaCTOTHI GapopedieKTopHbIX BOIH (okouro 0.1 I'x mim 6 nUKIIoB B MHH), OCTa-
BasiCh KOM(OPTHOM JUIsl TaHHOTO HCHbITyeMoro. [Too0paHHbIe TaKMM 00pa3oM 3HAYCHUS
9aCTOTHI BIXaHUs HaXOoAWIHch B auana3one oT 0.2 go 0.25 I'm (12—15 uukioB B MUH), 3TO
[IPEOTBPALIANIO HAJIOKEHHUE IbIXaTeIbHbIX BOIH cuctonuueckoro AJl u RR-unrepBana Ha
HU3KOYAaCTOTHBIC BOJIHBI 0apOPEe(ICKTOPHOM IPUPOJIBL.

Kpome toro, B OT peructpupoBaiii yroi HaKIOHA OPTOCTONA C UCTIONB30BaHHEM CIICITH-
aJbHO M3TOTOBJICHHOTO TOHHOMETpa Ha ocHoBe akcenepomerpa ADXL335 (Analog devices,
CIIIA), a B Tecre OIHT — ypoBeHb OTpHUIATENHLHOTO JABJICHHUS HA HIDKHIOIO YacTh Tela.

Bce aHamoroBbeie CUTHAEI O POBBIBAIN C IOMOIIBIO0 YHUBEPCATHHOTO YCHIUTENS OU-
ocurHasioB NVX52 (wacrora muckperusanuu 1000 I'r) u 3amuchBany Ha KECTKHH THUCK
MEPCOHATIBHOTO KOMITbIOTEpa ¢ Ucnosib3oBaHueM nporpammsl NeoRec (MKC, Poccus).

HpOi’)’lOKOJZ npoeedenuﬂ opmocmamu4eckozco mecma

Ilepen mpoBeAeHHEM TECTa UCIBITYEMbIE HAXOAWINCH B CHOKOHHOM COCTOSHHHU B II0-
JIOKEHHU JIe)Ka Ha CIHMHE HE MeHee 15 MMH, B 3TO BpeMsl yCTaHABIMBAIN W3MEPHTEIIbHbIC
JIaTYNKU U DJIEKTPOJBL, TPOBOAWIN KaIHOpPOBKY NprOOpoB. TecT mpoBoaAMiIN B UHTEPBAIIb-
HOM pPEXHME: BO BPeMs M3MEPEHHH ITOKa3aTeNH 3alliChIBAIM CHadaja B TCUCHHE 3 MUH.
B TOJIOKCHHHM JIeXkKa, 3aTeM OBICTPO (3a BpeMs Mopsiaka 2 ¢) MePeBOAMIM UCTIBITYEMOTO Ha
3 MUH B nonoxeHue oprocrasa (65°), mociue 4ero ObICTPO (TaKKe 3a 2 ¢) BO3BPALIAIH B TO-
pU30HTANIBHOE TONOKeHHe Ha 3 MuH Takoil 6-MuUHYTHBIH 1K (3 MHH opTocTasa + 3 MHUH
B TOPU30HTAIEHOM MOJIOKEHUH ) TOBTOPSUIX IIATH pa3 (puc. 1a). [Ipu oprocrase HCHBITYeMbIi
CHJIEJI Ha CeJljIe, €r0 HOTM CBOOOIHO CBHCAIIH, YTO ITO3BOJISUIO UCKITIOUUTH BIMSHUE OOPHON
addepeHTaNN M HATIPSHKEHUS MBI HOT.

Ilpomoxon nposedenuss mecma OAHT

J1ns co3aHust OTPUIIATEIEHOTO AABJICHUS Ha HUKHIOIO YaCTh TeJa UCIIO0JIb30BAJIN KOCTIOM
“Uuouc” (HIIII 3Be3na, Poccust) [30]. KocTroM BEITIONHEH B BUE MTAHOB, H3TOTOBICHHBIX
13 TopUPOBAHHOTO BO3LyXOHENPOHHUIIAEMOTO MaTepHaa, NoAIepKaHNne 3aaHHOTO YPOB-
HS IaBJICHUS OCYIIECTBIISETCS C MOMOIIBI0 KOMITBIOTEPHOH IPOTrPaMMBI, YIIPaBIISIOIEH pa-
00TOli MHEBMOKJIAIIAHOB B CHCTEME OTKa4yk# Bo3ayxa. [Iporoxon nposenenus tecra OJJHT
(puc. 1b) 6611 cxomasM ¢ mpotokoioM OT (puc. la). Bo Bpems Bcero Tecta UCIIBITYEMBIA
HaXOAMJICS B TIOJIOKEHUH JIexka Ha cruHe. [lociae momenieHust B KOCTIOM HCHBITYEeMBIH Ha-
XOJIWICS B CIIOKOITHOM COCTOSHHUM B TeueHHe 15 MMH, 0 MCTEYEHHM KOTOPBIX HauWHAIU
pETHCTpaIIO NOKa3areseil: cHadana 3 MUH. TIPpH aTMOc(EepHOM JTaBICHUHU B KOCTIOME, 3a-
TEM KaXkJple 3 MHH JIaBIICHHE B KOCTIOME MEPUOANYECKU M3MEHSTH OT arMoc(epHOoro 1o
—35 MM pT. cT. 1 00paTHO, TAKON 6-MUHYTHBIN IIUKJI IOBTOPSIUIM IATH pa3. Bpemst cHkeHus
JTABJICHUS B KOCTIOME COCTABIISUIO 5—7 ¢, a moBbIImIeHns — 3—5 c. [1o pe3ynmpraTam HaImmx mpe-
neinymux uccienoBanuii mpu OAHT, paBHOM —35 MM pT. CT., CHUKEHHE YIapHOTO 00BheMa
IPUMEPHO COOTBETCTBYET TAKOBOMY IpH opTocTrase 65° [21, 31].

Obpabomka 3KCnePUMEHMATIbHBIX OAHHBIX

OO06paboTKy HaHHBIX MPOBOIMIIN C TOMOIIBIO CIIEIHAIBFHO pa3paboTaHHBIX MPOTpamMM
B cpene nporpammupoBanuss MATLAB (MathWorks Inc., CIITA). 15 KaXI0ro CepacuyHOro
LUKJIA BEIMUCISIM cucTonmueckoe A/l n mummrensHocTh RR-uHTEpBana. 3HaueHus nokasa-
Tenel TEMOAMHAMUKH B TTOKOE (TTOJIOKEHHE Jieska/aTMOoCcepHOe AaBJICHNE) U TIPU BO3ICH-
ctBusiX (oproctaz/OJHT) BeIUMCISIIN MyTeM ycpeqHEeHHs 3HaueHui 3a mocienuue 60 ¢ Bo
BCEX 3IM30/IaX, COOTBETCTBYIOMIMX ITEPHOAAM MOKOS MIIM IIEPHOaM TECTOBOTO BO3/ICHCTBUSL.
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Puc. 1. I'paduku SKciepUMEHTaIBHBIX JaHHBIX, MONy4eHHBIX B HHTepBaibHbIX OT (a) u Tecre OJHT (b) (uc-
neityemblii [1.). CBepxy BHuU3: jumutenbHOcTh RR-unTepBana (RRI), cucronnueckoe AJl (SAP), yron HakinoHa
oprocrona (a) uian yposens OJJHT (b). [lnst mokasareneil reMOANHAMHUKH NPUBEACHBI 3HAYCHUSI, BEIYHCICHHBIC
B IIOCJIEJOBATEIBHBIX CEPJCUHBIX IIHKIIAX.

JIJIsl OLIEHKH CTIEKTPABHBIX XapaKTEPUCTHK CIIOHTAHHBIX KOJICOAHWH CHCTONMYECKOTO
AJl u RR-uHTepBasa noynapHsle 3HaUCHHUs ATUX MTOKa3aTesel ¢ MCTIOIb30BaHNEM JTHHEHHON
MHTEPIOISAIUH TPeoOpa30BhIBATIH B PSIBI PABHOOTCTOSIINX I10 IIKaJle BPEMEHHU BEIHMUMH
(gacrora pecomiupoBanus 5 ['11), 3aTeM MIPOBOAUIHN BEHBIIET-TIpe0Opa3OBaHUE ITUX PSIOB
C UCHOJb30BaHUEM KOMILIEKCHOTO BeiiBieTa Mop3se [32]. AMIUIUTYHBIC BEHBIIET-CIIEKTPHI
cucronuaeckoro AJl u RR-unTepBana Berumcmsm s nociuensux 60 ¢ Kakooro u3 JIu-
30/10B TIOKOSl MJIM BO3JEUCTBUS, MONYyYEHHBIE CHEKTPBl YCPEAHSAIM MO BCEM MATH LMKIAM
nokoi/BozaeiicTeue. CpeHNE 3HAYCHUS aMIUTUTYABl HU3KOYAaCTOTHBIX KOJIEOaHUH 3THX T10-
KazaTelneil BRIYUCIAIN ITyTeM YCpeaHEeHUs B 4acTOTHOM auamna3one ot 0.05 mo 0.13 I'u. {ns
OLIEHKH YyBCTBUTEIBHOCTH KapAHOXPOHOTPOITHOTO OapopeduieKca BHIUYUCISUIA OTHOIICHHE
aMILTATY/Ibl HU3KOYACTOTHBIX KosteOanuii RR-1HTepBana 1 HU3KOYACTOTHBIX KOJIEOAHUI CH-
croymmueckoro AJl.

Cmamucmuyeckutl aHaiu3 OaHHbIX

Craructuueckyio 00pabotky npooawiu B nporpamme GraphPad Prism 8.0 (GraphPad
Software, CIIIA). CooTBeTcTBHE pacnpeneieHus] JaHHBIX HOPMAJFHOMY OBIJIO TTOITBEp-
KICHO C HCcIoyib3oBaHueM Kputepus lllanupo-Yunka. JlaHHbIe B TEKCTE, B TaOMUIaX U Ha
PHCYHKaX MNpE/ICTaBICHBI KaK CpejiHee + ommubKa CpeJHEero, KpoMe aHTPOIOMETPHYECKHUX
JIAaHHBIX HUCIIBITYEMBIX, KOTOpPBIE IPUBEAEHBI KaK CpEelHEE + CTaHAAPTHOE OTKIOHEeHUe. Jlis
OILIEHKH OTIMYMH MoKa3aTesiell TeMOANHAMUKH B COCTOSTHUM MOKOS 10 U Hocie “cyxoil” uM-
MEPCHUH UCTIONIb30BaIH NapHbIi -TecT CThlofeHTa. i1 OLIEHKHU pa3Inyiil B peaKkl1H MOKa-
3aresieil TeMOAMHAMUKH B OTBET Ha opTocta3 min OJIHT OTHOCHUTENBHO MOJIOKEHUS TTOKOS
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Tabmuua 1. 3HaueHus nokasareneld TeMOIUHAMHUKH U HHICKCOB UX BapHaOeTbHOCTH
B HU3KOYACTOTHOM JIMAIIa30HE B CIIOKOHHOM COCTOSHUH (TIOJIOKEHHUE JIexka/aTMochepHOe JaBleHne

M99

B KocTioMe “Unbmnc™) 3a Tpoe CyToK 210 (—3-i IeHb) 1 Ha CelbMBbIe CYTKH “‘CyXoi’” uMMmepcr (7-i eHb)

Jlo “cyxoit” ummepcuu [ocne “cyxoit”
Ioxasarenu

(-3-i1 nenp) ummepcnu (7-i eHb)
YnapHsIit 00beM, MIT 100.1 £5.5 78.1 £5.2%*
RR-uHTEpBaN, Mc 1033 + 36 884 + 55%
Cucronnueckoe AJl, MM PT. CT. 120.0£1.2 1204+1.9
AMIITUTYIa HU3KOYaCTOTHBIX KoNeOaHuH

1.63+0.14 1.44 +£0.08
cucronnyeckoro AJl, MM pr.cT.
AMIDIATYa HU3KOYaCTOTHBIX KOJeOaHui

223+24 15.6 £ 1.6*
RR-unTepBana, mc
0-k03(GUIUEHT, MC/MM PT. CT. 142+ 1.6 11.3+1.4%

ITpuBeneHs! pe3ynbTaTsl yCPeOHEHUs IOKa3aTeNel B IByX TecTtax. * — p < 0.05 mo cpaBHEHHIO CO 3HaUYCHHEM
110 UIMMepcuu (TTapHbIi f-kputepuit CThIOIEHTA).

JI0 M TIOCIe ““CyX0il” MMMEpCHH IMPUMEHSIIN IBYX(aKTOPHBIH AUCIEPCHOHHBINA aHAIH3 IS
MOBTOPHBIX U3MEPEHUI ¢ anocTepuopHbIM TecToM Cunaka. Pasnuuus cuutanu cratuctude-
cku 3Ha9MMBIMU TipH p < 0.05.

PE3VJIBTATBI UCCIIEJOBAHUA

DoHOBbIE 3HAUEHUSL 2eMOOUHAMUYECKUX NOKA3amenetl U UX USMEHEeHUs: @ MeCcmax
0o u nocie “cyxou’”’ ummepcuu
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[IpeGriBanme B 7-THEBHOI “CyX0if” MMMEpCHH NMPHBOAWIO K M3MEHEHHUIO IOKa3aTesel
paboTHI cepaa B CIIOKOMHOM COCTOSIHHUH: HAONIONANTHCh YMEHBIICHHE yIapHOTO o0bheMa
u taxukapaus (tadm. 1). YpoBHU cuctonuyeckoro AJl B mokoe /10 U 1OCIie IMMEPCHU HE
pasmuyanucsk (Tabm. 1).

Jo mmmepcuu B nByx Tectax (OT u tect OJIHT) Habmonanuch CXOIHBIC M3MECHEHUS
yaapHoro oo0bema 1 RR-nHTepBaa: 00a nokasarens yMeHbIIAIUCH (puc. 2a, b), o1HAKO CHU-
JKeHHe cuctonmieckoro AJl mo mmMepcuu 0bUI0 Oonee 3HaunTenbHBIM B Tecte OAHT, uem
npu oprocTase (puc. 2c).

[Mocme mMMepcry M3MEHEHHs BCEX IMOKa3aresiell TeMOOUHAMUKU TIPH TPOBEICHUN Te-
cTOB ObUIM OoJIee BBIPAXKEHHBIMH, YeM JI0 IMMepcHH. [Ipu aToM peakimu ynapHoro oobema
n RR-uaTepBana mpu oprocrase u B recte OAHT yBenmunBanuce cXogHBIM 00pa3oM (puc.
2a, b). Bmecte ¢ TeM peaknus cucromudeckoro AJl mocie ummepcnn B OT yBenumuuBaiach
cunbHee, yeM B Tecte OJHT (B 2.7 £ 0.5 pa3 mo cpasHenuio ¢ 1.2 = 0.1 pas, p < 0.05)
(puc. 2c¢).

Donogvie 3HayeHUs AMNAUMYObl HUSKOUACTHOMHBIX Konebanull cucmonuieckozo AJ] u RR-
UHMEPBANA U UX UIMEHEHUs 8 mecmax 00 u nocie “‘cyxou’” ummepcuu

Ha seiiBner-cnexrpax cucronuueckoro A/l u RR-uHTepBana BuAHBI /1Ba OTUETIMBBIX
MMKa: B BEICOKOUACTOTHOW 00macTu (Ha apixareiabHon yactore, okoso 0.25 ') u B HU3Koua-
crotHO# obmactu (okoro 0.1 I'm) (puc. 3). IlockonbKy UMEHHO HU3KOYACTOTHBIA ITHK OTpa-
kKaeT KojeOaHus rmokaszaTesell reMOoJMHaMHKH, 00yclIoBIIeHHbIe paboToii Gapopeduiekca [2],
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Puc. 2. OtHOCHTeNbHEIE H3MEHEHHs yaapHoro oobema (SV, a), RR-unrepsana (RRI, b) u cucrommueckoro AJl
(SAP, ¢) B maccuBaoM oprocrarudeckom tecte (HUT) u B TecTe ¢ co3maHneM OTpUIIATENbHOTO JaBICHHs Ha HIK-
uioto yacth Tesia (LBNP) 1o (—3d) u mocine (7d) “cyxoii” ummepcun. * —p < 0.05 (qByx(bakTopHBIil THCIEPCHOHHBII
aHaJU3 1711 TIOBTOPHBIX H3MEPEHHUHT ¢ anoCcTepHOPHEIM TecToM Chpaka).
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Puc. 3. BeiiBner-ciekrps! cuctonudeckoro AJl (SAP, a, ¢) u RR-untepsana (RRI, b, d) B oprocraruyeckom tecte
(HUT, a, b) u B recre OTHT (LBNP, c, d) 3a Tpoe cyTox 10 (—3d, cepble iunun) 1 Ha 7-¢ cyTKH (7d, YepHbIe TNHUN)
“cyxoi” nmmepcun. [TyHKTHpHBIE THHUH — 1O BO3ACHCTBHSL, CIUIOLIHbIC INHUH — BO BPEMs OPTOCTA3a UIIH CO3AAHHS
OJIHT; kaxaast IMHUS OTpaXkaeT Pe3yJsbTaT YCPeTHEHHs CIIEKTPOB JUIs TPYIIbI UCTIBITYeMbIX (1 = 9).

MBI aHAJTM3UPOBAII U3MEHEHNS CPeTHEeH aMIUTUTY/IbI KoJIeOaHU i HCCIIeayeMBIX ITOKa3aTenen
B muarazone ot 0.05 mo 0.13 I'm npu npoBeneHny (PyHKIMOHATIBHBIX TECTOB IO U MOCIE
UMMEPCHUH.

B orcyrcTBHE BO3AEHCTBUI aMILIMTY/Ia HU3KOYACTOTHBIX KOJEOAHUH CHCTONUYECKOTO
AJl He M3MeHsIach MOCIe UMMEPCHH, TOTa KaK aMIUTUTY/la HU3KOYACTOTHBIX KOJeOaHUi
RR-uHTEpBaNa nocie nMMepcuu ObUIa CTATUCTUYECKU 3HAYMMA HIDKE, YeM IO MIMMEPCHU
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Puc. 4. OtHOCHTE/IbHBIC U3MEHEHNS aMIUIUTY/bI Konebanuii cucrommdaeckoro AJl (SAP, a) u nimutensnoctu RR-
unrepsana (RRI, b), a raxxke a-ko3ddunuenta (c) B Hu3KoyactotHoM auanazone (LF, 0.05-0.13 T'iy) B maccuBHOM
oprocraruueckoM Tecte (HUT) u Tecte ¢ co3qaHueM OTpULIATENBHOTO JaBIeHHs Ha HIDKHIOW 4acThb Tena (LBNP)
10 (—3d) n nocne (7d) “cyxoi’” ummepcun. * — p < 0.05 (aByXpaKTOPHBIH THCIEPCHOHHBIIN aHAIIN3 IS TOBTOPHBIX
U3MEpEHHH ¢ arocTepuopHBIM TecToM CHpaka).

(tabn. 1). CooTBETCTBEHHO, 3HAUCHUE O-KO(P(UITEHTa B CHOKOHHOM COCTOSIHUH TTOCIIC UM-
MepcHH OBIJIO CHI)KCHHBIM (Tabu. 1).

Kaxk npu oprocrase, Tak u npu OAHT Hab1ronan0ch MOBBIIIEHUE aMILIUTY/IBI HU3KOYa-
CTOTHBIX KoJieOaHu# cucTonmaeckoro AJl, mpr4eM OTBETHI 3TOTO TToKa3arels Ha 00a Bo3/ieii-
CTBHS YBEJIMYWIINCH N0/ BIUSIHUEM UMMepcuH (puc. 3a, ¢, puc. 4a). Ciesyer OTMETHTb, 4TO
1ocjie MMMEPCUH TPHPOCT aMIUTATYAbl HU3KOYACTOTHBIX KoJeOaHuil cuctonmmueckoro AJJ
OTHOCHTEJBHO €€ CPETHET0 YPOBHS 10 UMMEPCHH TP OpTOCcTa3e OblI 00JIee 3HAYNTENBHBIM,
yem B Tecte OJJHT (B 4.3 + 0.8 pa3 mo cpaBuennto ¢ 2.6 + 0.7 pas, p < 0.05).

AMIIIUTYa HU3KOYACTOTHHIX KoseOanmii RR-mMHTEpBana, HanmpoTHB, CHMKANACh NPH
oprocrase u B tecre O[IHT, crenens cHmkeHHs He pa3nuyalach B IBYyX TE€CTaxX M HE M3-
MeHsIach nocie umMepcun (puc. 3b, d; puc. 4b). a-kosddunmeHT Takke yMeHbIIAICS KakK
npu OT, tak 1 npu OJAHT (puc. 4c). Jlo uMmepcun cTeneHb CHIKEHHS 3TOTO MOKa3aTess
B JIByX TeCTax He pa3jinyanach, OJJHAKO MOCIEe UMMEPCHH ITPHU OPTOCTa3e HAOII0AAI0Ch 00-
Jiee BBIpaXEHHOE CHIDKEHHE o-Koddduimenta, Torna kak npu OJAHT takoro n3meHneHus He
HaOmonanock (puc. 4c). Takum o0pa3zom, BIUsSHIE 7-AHEBHOH “Cyxoi” IMMepcuH Ha 6apo-
PedQIEKTOPHYIO PETYISALNI0 PUTMA CEpALIA MPOSBIAETCS TOJIBKO IPH OPTOCTa3e, HO HE MPH
coznanuu OJJHT.

OBCYXXIEHUE PE3YJIbTATOB

B namem uccienoBaHuy BEpBbIE B IKCIIEPUMEHTAX C YYaCTUEM OJTHUX U TEX K€ UCIIBI-
TyeMBbIX IIPOBEJIEHO COMOCTABIEHUE PEAKLIMY TeMOIMHAMUYECKUX MTOKa3aTellel Ha OpTOCTa3
n OJHT mnocne npeObiBaHus B “‘CyX0if” MMMepPCHH. DTH J[Ba BO3AEHCTBUS TpaJUIIMOHHO
HCTIONB3YIOTCS JJIs TECTUPOBAHUS PETYISILIMKA CEPACUHO-COCYTUCTON CUCTEMBI B KOCMHYE-
CKOW MEJIHWITUHE, OTHAKO B MPEIBIAYIINX padoTax MOCHe MojieTa WK “CyXOi~’ HMMEpCHU
MIPUMEHSUIN JIMIIb OAWH U3 HUX [7, 10, 22, 23, 33, 34], wiu xe tect OAHT BoinonHsuics npu
OpPTOCTaTUYECKOM TOJIOKEHUHU Tela YeloBeka [6].

[IpoBeneHue HArpy304HBIX TECTOB B MHTEPBAIILHOM PEKUME (C UCTIONB30BaHUEM MTOBTOP-
HBIX 3-MUHYTHBIX BO3JICHCTBUI ) MO3BOJIKIIO HAM OIICHUTH OBICTPBIC U3MCHEHUS MTOKa3aTeeit
reMOJAMHAMUKH, KOTOPbIE UMEIOT IPEUMYIIIECTBEHHO HEPBHYIO NPUPOAY IPU MUHUMAIBHOM
BOBJICUEHHH OoJiee MEUICHHO Pearupyrolix ropMoHalbHbIX cucteM [19, 35]. Tlockombky
peaKlMU BCeX UCCIeNYyeMbIX MOKa3aTeNIel XOpoIIo BOCIPOU3BOAMINCH OT MOBTOPA K MOBTO-
py (puc. 1), MBI yCpemHSUIM UX, YTO CIIOCOOCTBOBAJIO MOBHIIICHUIO COOTHOIICHUS CUTHAI/
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IIyM ¥ BBISBJICHHUIO 3aKOHOMEPHBIX peakiuil. ClemyeT OTMETHUTh, YTO KOPOTKHE BO3.EH-
CTBHS JIETde MEPEHOCSTCS HMCHBITYEMBIMH: CHIDKAETCS PHCK DPA3BUTHS MPEICHHKOMAIb-
HOTO COCTOSIHMSI, KOTOPBIH CPaBHUTEIBHO BEJIHK MOCJE NMPEObIBaHKS B YCIOBUIX “‘CyXoil”
ummepcuu [6, 15].

YMeHblIeHHE yaapHOro oosema B oprocratndeckoMm Tecte U B Tecte OJHT cBszano
CO CHM)KEHHEM BEHO3HOTO BO3BpaTa KPOBH K CEPAIly B PE3yJbTaTe €e Iepepacrpeerne-
HUS B HIDKHIOIO JacTh Tena [19]. Tlocne mmMmepcnu poHOBOE 3HAYCHUE YIApHOTO 00beMa
OBUIO CHIDKEHHBIM, a €ro N3MEHEHHsI B 000MX TecTax — Oosee BhIPaKEHHBIMH, YTO CBS3aHO
C yMeHbILICHUEM 00beMa IMPKYJIUPYIOIIEil KPOBH B YCIOBHAX TPABUTALIMOHHON pas3rpy3ku
[6, 22]. Ctenenb CHUXEHHS yAApHOTO 0OBbEMa HE pa3ndaiach MEXIy TeCTaMHu HU JI0, HU
M0CJIe UMMEPCHH, YTO MO3BOJISICT HAPSIMYIO CPABHUBATh M3MEHEHUS TIOKa3aTeNe CHCTEM-
HOM reMOJMHAMHKI ¥ UX BapHaOEIbHOCTH IIPHU JIBYX BO3JCHCTBHAX, COIIOCTABUMBIX 10 CTe-
MEHU Pa3BUTHA LEHTPAIBHONW THITOBOJIEMUH.

[TpeObiBaHKe B yCIOBUSX “‘CyXOi” MMMEpPCHU HE OKa3allo BIUSHHS Ha YPOBEHb CHUCTO-
nuryeckoro AJl, HO BbI3BaJIO y UCHIBITYEMBIX YKopoueHre RR-nHTEepBaia B COCTOSTHUU MTOKOA
(ropm3onTansHOE Nonokerne tena 6e3 OJHT). CxomHble W3MEHEHHST STHX TeMOTUHAMU-
YECKUX IMOKa3areiell HabIroaamich paHee Mmocie KOPOTKIUX KOCMUYecKux moneros [10, 22],
nocie 7-CyTo4HoM “cyxoit” ummepcuu [21], a Takke Ha 7-€ CyTKH IpeObIBaHMS B YCIOBUSIX
JUIATeNbHOM (21-cyTounoi) “cyxoit” ummMepcuu [13]. Jlo ummepcun RR-unaTEpBaN oquHaxo-
BO YMEHBILIAJICS B JIBYX TECTaX, BMECTE C TeM cHcTonnueckoe A/l mpu opTocTase CHIXKaIOCh
3ameTHO Menbie, yem rpu OJJHT. Oxrako numenHo B tecte OT HaOIIODamoOCh BBIPaXKEH-
HOC YBEIMYCHHUE PEaKINU crcToimdeckoro AJl mocie “cyXoil” IMMEpCHH, YTO MOXKET OBITh
00yCIIOBIIEHO U3MEHEHHEM MEXaHW3MOB PEryJSIIMU OOLIero nepupepruuecKoro COnpoTHB-
JICHUs], C KOTOPBIMU B3auMoZEHCTBYeT Oapopeduiekc Bo Bpems oprocrasa. [logpobHoe 06-
CyXJIeHHE MEXaHN3MOB pa3inuyHoro BiusHUA oproctaza u OJJHT Ha cpennmii ypoBers A/l
MIPUBEACHO B HAIIEH mpenpiaymiei padore [21].

J11s1 OLIeHKH BIMSTHUS TPaBUTAIIMOHHON pa3rpy3ku Ha BapuaOebHOCTh CHCTOINYECKOTO
AJl u RR-unTepBana Bo BpeMs KpaTKOBPEMEHHOT0 Bo3zelicTBus oproctaza win OJHT mbl
MIPUMEHSUIN BeHBIIET-aHAIN3, KOTOPBIH UCIIONB3YETCS IS U3yUCHHS HECTallMOHAPHBIX MPO-
reccoB. UyBCTBUTENBHOCTh KapANOXPOHOTPOITHOTO Gapopedriekca OIeHUBAIIH 110 OTHOIIIE-
HUIO aMIUTATYIb! HU3KOYacTOTHBIX Konebannid RR-nHTEpBana u cucrommueckoro AJl, aTot
TIOKa3aTelNb SBISETCS aHAIOTOM a-KO3(hQHIIMEHTa, KOTOPBIH UCIIONB3YEeTCs A1 OLIEHKH TyB-
CTBUTEIBHOCTH “‘CIIOHTAHHOT'O” KapIHOXPOHOTPOIHOTro Oapopediekca MpU CIEeKTPaIbHOM
aHaJM3e MOITHOCTH KOJIeOaHM ATHX ToKa3aTesiell reMoquHaMuKy [8, 36].

HwuskouactoTHEIE KOJTeOaHUs cHUcTONMYIEeCKOro AJl 0XHIaeMO yBEIHIMBAINCH KAK MPH
oprocrase, Tak u npu OJJHT, nockonbKy npu 3THX BO3IEHCTBHUAX IMPOUCXOINT HOBBIIICHHE
Ba30MOTOPHON CUMIIATUYECKON aKTUBHOCTH, HU3KOUACTOTHASI MOLYJISILIASA KOTOPOH oA AeH-
cTBHEM Oapopediekca U CIYXUT NPUYUHON KoJeOaHUil apTepualibHOTO JAaBJICHUS B HH3-
KoyacTOoTHOM nuanazone [1—4]. Ilocne “cyxoil” MMMepcHH M3MEHEHHS HU3KOYaCTOTHBIX
koneOanmii cucronmmdeckoro AJl mpu OT Opum HaMHOTO OOJIee BBHIPAKCHHBIMH, CXOTHOE
ycuienue xonebannii cucronnueckoro A/l 6bU10 OnMMCaHO paHee IOcie AaHTHOPTOCTaTHye-
CKOI1 TMIIOKMHE3NH (Jipyrasi Ha3eMHasi MOZIENb IPaBUTAMOHHON pa3rpy3ku) [3]. M3BecTHO,
YTO PeOBIBAHKE B YCIOBUAX PEabHOM WM MOJCITUPYEMO TPABUTAIMOHHON Pa3rpy3KH CO-
MIPOBOKAACTCS 3HAUUTENILHBIM ITOBBIIICHHEM aKTUBHOCTH CUMITATHYECKUX MTOCTIaHIIIMOHAP-
HBIX BOJIOKOH, HHHEPBUPYIOIIUX COCY/IBI CKEJIETHOW MYCKYJIaTyphl KaKk B ITOKOE, TaK U IpH
nposeaenun OT wnu Tecta OAHT [3, 15, 22, 23]. Takue uaMeHeHus MOCie TpaBUTAUOHHOM
pas3rpy3KH CBS3BIBAIOT C YMEHbIIEHHEM 00beMa KpOBH/yAapHOTO 00beMa 1, CIEA0BaTENbHO,
¢ Oonee BhIpaXKEHHBIM U3MEHEHHEM aKTUBHOCTH 0apopelenTopoB U KapAHOMyIbMOHAPHBIX
PEIenTopOB IMpH IepepacipeieICHUH KPOBU B HIKHIOIO YacThb Tena [15, 22]. Bmecre ¢ Tem
CJIETyeT OTMETUTh, YTO B Halllel paboTe MOBBIIICHNE HU3KOYACTOTHBIX KOJICOAHUH CHCTOIH-
geckoro AJ] mocie “cyxoit ummepcun’ 66110 Ooee BeipaxkeHHBIM B OT, ueMm B Tecte OIHT,
HECMOTPsI Ha OINHAKOBOE CHIYKEHHE YJapHOTO 00beMa B 3THX TECTax. DTO MpeAIonaraer,
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YTO TPH OPTOCTA3€ aKTHBAIMS CHMIATHYECKOW HEPBHOW CHCTEMBI MOXKET NMPOUCXOANTH 32
CUET JAOTIOMHUTEIBHBIX MEXaHU3MOB, KOTOPHIE B MEHBIIIEH CTETICHU MJIM COBCEM HE 3aJeHCT-
Bosaub! ipu OJITHT: Hanpumep, B pe3ynbrare Oonee 3HaIUTENBHOM pa3rpy3Ku CHHOKAPOTHII-
HBIX OapopenenTopos [24] nim ke aKTHBAIMK BecTHOyJIOCHMIIaTHIecKoro peduekca [25].
ITo Bceit BUIMMOCTH, BIUSTHUE STHX (aKTOPOB Ha aMIUIUTYAY HU3KOYACTOTHBIX KOJeOaHHMH
cucronudeckoro AJl He posBIseTCa MPU YMEPEHHOM YPOBHE CUMIIATUYECKONH aKTUBHOCTHU
(1o “cyxoif” UMMepCHH), HO MOXKET CTAHOBUTHLCS 3aMETHBIM B YCIOBUSX, KOTJAa CPEeaHUI
YPOBEHb CUMITATHUECKON aKTUBHOCTH 3aMETHO BO3pacTaeT (Iociie UMMEPCHH).

AMnnTya HU3KOYacTOTHBIX KoneOaHmit RR-mHTEepBana cHmkanach IpH HMPOBEACHUN
OT u tecra OJIHT, HO HE3HAUYUTENHHO, YTO B IIEJIOM COIIACYETCsS C JaHHBIMH O HEOOIb-
IIIOM CHIDKCHUH [37] Wil OTCYTCTBHM M3MeHeHwmi [4, 36] Takux xonebanuii RR-uHTEpBana
IPH LEHTpaNbHON runoBoaeMun. CormacHo “KIIaCCHUYECKON~ TOUKE 3PEHUsi, HU3KOYacTOT-
HBIE KOJICOaHHs CEpJEYHOrO PUTMA MPEACTABISIOT COOOH pe3ybTaT COYETaHHOTO BIUSHHS
CUMIIaTHUECKOTO U MapacUMIIaTUYECKOTO OTAEIOB aBTOHOMHOM HEpBHOW CHCTEMBI Ha cep-
JIe, IPU4eM Npu CHIKeHNH Al /1K HeHTpaaIbHOro 00beMa KPOBH BKJIAJI CHMITATHYECKUX
BIUSTHUH pacTeT, a apacuMITaTUIeCKUX, HAPOTUB, CHIbKaeTcs [5, 38]. Ognako 6onee mo3m-
HHE JIJaHHBIE CBUETEIBCTBYIOT O TOM, YTO HU3KOUACTOTHBIC KOJIEOAHUS CEPACYHOTO PUTMA
B OCHOBHOM MMEIOT ITapacuMIaTHiecKyto npupomay [39—41], B TakoM ciaydae OCHOBHOM npu-
guHO# nx nogasienns npu OT wim OAHT momkHO OBITH CHIKCHHE BaryCHBIX KapIHOTPOTI-
HBIX BiaMsHUA. [locie “cyxoif” MMMEpCHH aMIUTHTYyla HM3KOYAaCTOTHBIX Koiebanuii RR-
MHTEpBaJa B MOKOE ObIIa HIXKE, YEM JI0 MMMEPCHH, YTO COIIacyeTcs C MpPEACTaBICHUSIMA
0 IOIaBIIEHUH BaryCHOM PETYNALUY CEpJEYHOr0 pUTMa U FPaBUTALIMOHHOIT pasrpy3ke [9].
OnHaKko OTHOCUTEIBbHOE CHHMXEHHE (B % OT ()OHOBOTO YPOBHSI) aMIUTUTY/AbI HU3KOYACTOT-
HBIX Konebanuit RR-uHTEpBana mocie MMMepcHy Ipy 000UX BO3ICHCTBUSIX CTATUCTHYCCKU
3HAYMMO HE N3MEHSIOCH, YTO MOJKET OBITh CBA3aHO CO CHIDKEHHEM (DOHOBOTO YPOBHSI 3TOTO
[IOKa3aTelis MOJ AeHCTBUEM I'PAaBUTALMOHHOM pa3rpy3KHu.

[TockonbKy aMIUIUTy#na HH3KOYACTOTHBIX KoseOaHumii RR-mHTEepBanma ymeHbInanach,
a HM3KOYAaCTOTHBIX KoiebaHWi cucronmmueckoro AJl yBeawduMBanach, WX OTHOIICHHE —
0-K0dQPUIIMEHT, XapaKTepHU3yIOUINH TyBCTBUTEIBHOCTh “CIIOHTAHHOTO” CEp/IEYHOro 0apo-
peduekca, cHmwxkancst kak npu OT, tak u npu OJJHT. Ilo naHHBIM JIUTEpaTYpHI, XapakTep
M3MEHEHHsI YyBCTBUTEILHOCTH CEPACYHOr0 Oapopeduiekca Mpu OpTOCTa3e 3aBUCHUT OT Me-
TOJa e¢ oueHKH. Tak, bapopeIeKTOPHYIO 3aBUCHMOCTh RR-HHTEpBaja OT CHCTOIUYECKOTO
AJl MOXXHO OLIEHHTBH C HMCIOIH30BAaHMEM METOAWKH IICHHON KaMmepsl (MEXaHWYEeCKOE BO3-
neiicTBre Ha 6apopenenTopsl KapoTUAHOTO cuHyca) min “Okcdopackoro Merona’ (OIeHKa
n3MeHeHni RR-unTepBana, BO3HUKAIOUIMX B OTBET HA U3MEHEHUS ypOBHs A/l mpu BBEJEHUN
Ba30aKTHBHBIX BemlecTB) [27, 42]. OTa 3aBUCHMOCTh UMEET CUTMOUIHYIO (OpMY, TyBCTBH-
TEJILHOCTH Oapopeduiekca OLECHUBAIOT 110 3HAUYCHHIO TIEPBOI MPOM3BOIHOM, MAKCUMYM KO-
TOPOI1 COOTBETCTBYET “IEHTPANBHOMN Touke” (Touke meperuda). C MCIOIb30BaHUEM TAKOTO
nozaxo/a ObUIO OKa3aHO, YTO UyBCTBUTEIBHOCTh ceplieuHoro 6apopeduiekca npu oprocra-
3¢ HE M3MEHSIETCS WM Jaxe yBennuuBaercs [27, 42]. OnHako QyHKIIMOHUPOBAHUE “‘CIIOH-
TaHHOTO” Gapopeduiekca MposBIIeTcs B obacTu “pabodeid Toukn’, abcuucca U OpAWHATA
KOTOPOHM COOTBETCTBYIOT CpeIHUM ypoBHAM RR-uHTEepBana u cucronmueckoro A/l B Teky-
meM (U3HOIOTHIECKOM COCTOSHUH U MOTYT OTJINYATHCS OT KOOPAMHAT ““IIEHTPaJIbHOM TOU-
kn”. B nmonoxenun nexa “pabodas Touka” Gapopeduiekca Onu3Kka K “HEHTpaIbHON TOYKe”.
B ycnoBusx oprocraza MpOMCXOOWUT TEpeHacTpoiika paboThl cepaedHoro Oapopeduiekca:
3aBUcUMOCTh RR-uHTEepBana ot cuctonuyeckoro AJ[ cMmemiaercss BpaBo U HEMHOTO BHU3,
a “pabouas Toyka” — K HHKHEMY IJIaTO 3TOM 3aBUCHMOCTH, TO €CTh B 00JaCTh MEHBIINX
3HAUEHUH MEePBOM MPOU3BOJHOM, B CBS3M C YeM YyBCTBUTEIBHOCTH Oapopediiekca okasbl-
BaeTcs CHIKEHHOU [27]. CXomHBIM 00pa30oM CHIDKECHHE YYyBCTBUTEIHHOCTH ‘‘CIIOHTAHHOTO”
cepaeunoro 6apopednekca Habromaercs npu OJHT [28]. Takum o6pa3om, HAIH pe3yabTa-
TBI COIJIACYIOTCS C JAHHBIMH JINTEPATYPHI O BIMSHUAH LCHTPAIbHON THIIOBOJIEMHH HA TyBCT-
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BUTENIHOCTD “‘CIIOHTAHHOTO”’ CepAeYHOTOo Oapopediexca, MOIyYeHHBIMHA C UCTIONB30BAHUEM
Pa3IMYHBIX METOJIVMK €¢ OI[CHKH, BKJIFOYas BEIYUCIICHHE o-Kod(durmenTa [6, 27, 28, 36, 42].

N3BecTHO, YTO Mocie KOCMHYECKOTO IOJIETa MPOMCXOANT HapylIeHHe OapopedaeKkrop-
HOHM PETyJSIMU CEPACYHOTO PUTMA, 3TO OBUIO TOKa3aHO KaK C MCIOJIb30BAHUEM METOIMKU
meHoi kamepsl [9, 10], Tak ¥ mpH OIEHKE YyBCTBUTEIHHOCTH “‘CIIOHTAHHOTO” CEPACYHOTO
6apopeduekca [11]. CxonHble M3MEHEHHS HAOMIOAAIOTCS TIPH MOJICIIMPOBAHIH YCIIOBUH Ipa-
BUTAIIMOHHOH pa3rpy3KH B “‘CyX0il” MMMEpCHH: HapylIeHHe 6apopeIeKTOPHON PETYIANT
CEep/eYHOr0 pUTMa TIPH OPTOCTa3e HAOMIONaeTcsl yKe Ha 3-M CyTKH MMMepcHH [6] u coxpa-
HseTcst Ha 7-, 14- u 21-e cyTku 0e3 BUANMBIX pa3inuduii MeXIy TIepBOU U TpeTheil Hemens-
mu Bozzelicteus [13]. Takum oOpa3om, HammM naHHBIE O OoJee BEIPaKEHHOM YMEHBIICHUN
a-ko3(duireHTa Ipu opTocTase MOcie TPAaBUTALUOHHOM Pasrpy3Kd B IIEJIOM HaXOISTCA
B COOTBETCTBHU C JaHHBIMHU JINTEPATYPHI.

WnTepecHo, uto 7-cyTouHas “‘cyxas’ MMMEPCHs HE OKa3ajia BIHSHHUS Ha CTEIICHb CHU-
KeHus o-kodddunuenta npu coznanuu OJJHT. Mer monaraem, 9To HCOAUHAKOBOE BITHSTHHC
TPaBUTAIIMOHHON Pa3rpy3KH Ha 0apopedIeKTOPHYIO PETYISIIUIO CEPACTHOTO PUTMA TIPH Op-
tocraze 1 OJJHT cBsi3aHO ¢ pa3inW4HBIM BIMSHUEM ITHUX TECTOB Ha MEXaHU3MBI PETyJISLIUH
cepAedHO-cocyaqucToi cucteMbl. Kak OBUIO pacCMOTPEHO BBINIE, B PEakIUMM Ha OPTOCTa3
3a7IeHCTBOBAHO OOJIbIIEE KOJMYECTBO PETYISATOPHBIX MEXaHW3MOB, aKTHBHOCTh KOTOPBIX
MOXET BBI3BIBATH Oonee 3HaunTenpHOEe, Mo cpaBHeHMIO ¢ O/IHT, mosrimenue >¢depent-
HOW CHMIIaTHYeCKOH aKTUBHOCTH [24, 25]. BeposTHO, 3TO MOXET MPUBOAUTH K OoJiee BbIpa-
KEHHOMY HM3MEHEHHI0 3aBucuMoctd RR-uHTEpBasia ot cucronnueckoro AJl, B ToM 4ucie,
K CMEIIEHHIO “pabodeil ToUKK” cepliedyHoro bapopediekca emie Onmke K HIDKHEMY TUIaTo U,
COOTBETCTBEHHO, K JOTIOJHUTEILHOMY CHHXXEHHIO OLICHUBAEMON TAKUM CIIOCOOOM JyBCTBH-
TENBHOCTH “CIIOHTaHHOTO™ Oapopediekca.

Taxum 00pa3om, BIHsSHHAE 7-THEBHOW TPaBUTALMOHHOW pa3rpy3ku Ha Oapopediexrop-
HYIO PEryJsIIMIO pUTMa Cep/lia MPOSIBISIETCS TONBKO NpH opTocTase, Ho He nmpu OHT, urto
MOXET OOBSCHATHCS B3aMMOeHcTBHEeM Oapopeduiekca ¢ IpyTrUMH MeXaHU3MaMH, 3aJeicT-
BOBaHHBIMHU TOJIBKO NpH opTocTrase. Cieayer OTMETUTh, YTO OPTOCTaTHYECKUH TecT Ooiee
(Gu3HOIOTHYEH, MOCKONBKY B HA3€MHBIX YCIOBHAX PErySITOPHBIE CHCTEMBI OpPraHU3Ma ye-
JIOBEKa aJIalTHPOBAHbI K OPTOCTAa3y, a MPH TPAaBUTALMIOHHOW pasrpy3Ke Takas aJanTaifis
MIOCTETICHHO YTpauMBaeTcs. B CBA3M C 3TUM NPOBEJCHNUE OPTOCTATHYECKOTO TECTa MOXKET
CIy’HTh OoJiee MH(OPMATUBHBIM ITOJXOJIOM K N3YYEHHIO MEXaHH3MOB ITOCIIETIONETHON Op-
TOCTaTUYECKOI HEyCTONYNBOCTH U pa3pabOTKe METOHK €€ KOPPEKIIHH.

COBJIIOJJEHUE OTUYECKHUX CTAHIAPTOB

Bce nccnenoBanus MpoBOAMINCH B COOTBETCTBUH C MPHHIMIIAMU OMOMEANIIMHCKON 3THKHU, H3JI0-
JKEeHHBIMU B XeJIbCHHKCKOH Jekiapanun 1964 1. u mocnenyronmx nonpaskax K Heil. OHE Taxoke Obln
onoopensl Komurerom 1o stike MHCTHTYTA Meanko-Ononorndeckux npodnem PAH (mporoxon Ne 594
ot 06.09.2021 r.). Kaxaplii yyacTHUK HCCIIEA0BaHMS Jall JOOPOBOJILHOE MMCbMEHHOE NH()OPMUPOBaH-
HOE COITIacHe MOCJIe TOTYIeHHUS Pa3bsICHEHNH O MOTSHIIHANBHBIX PUCKAX U MIPEUMYIIECTBAX, a TAkkKe
0 XapakTepe MPeCTOSIIETO UCCIEA0BAHMS.

OMHAHCHUPOBAHUE PABOTBI

Jlannas paboTa (mHaHCHpOBajach 3a cYeT cpeAcTB Oromkera Ilporpammbl (yHIaMEHTAIBHBIX
Hay4YHBIX HccienoBannii HCTHTYyTa Menuko-Ononormdeckux npodiaem PAH (tema 64.1) u mpu moa-
nepxke rpanta Poccuiickoro ¢onaa ¢yHaaMeHTanbHbIx ucciaeqosanuii (mpoekt Ne 20-015-00536).
HukakuXx TOMONHUTENBHBIX IPAHTOB Ha MPOBECHHE HIIH PYKOBOJCTBO JJaHHBIM KOHKPETHBIM HCCIIEIO-
BaHHEM IIOJIYyUYECHO HE ObLIO.

KOH®JIUKT UHTEPECOB

ABTOpLI )IaHHOfI pa6OTBI 3asBJIAIOT, YTO Y HUX HET KOH(bJ'II/IKTa HUHTEPECOB.
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The change in Baroreflex Regulation of Heart Rhythm after “Dry” Immersion
Appears during Orthostasis, but not Lower Body Negative Pressure Test

R. Yu. Zhedyaev* *, O. S. Tarasova®“?, Yu. S. Semenov, A. S. Borovik*,
and O. L. Vinogradova“

“Institute of Biomedical Problems, Russian Academy of Sciences, Moscow, Russia
*Lomonosov Moscow State University, Moscow, Russia
*e-mail:zhedyaev-r@mail.ru

The ratio of low-frequency (LF, ~0.1 Hz) waves of RR interval duration (RRI) and systolic
blood pressure (SAP) reflects the cardiac baroreflex sensitivity (BRS). Gravitational
unloading (GU) may alter BRS during the passive orthostatic test (HUT) and lower body
negative pressure (LBNP) test. Both effects cause blood redistribution to the lower body,
but HUT is accompanied by greater unloading of sinocarotid baroreceptors than LBNP
and activation of the vestibulosympathetic reflex but GU effects on BRS in these tests
have not been directly compared previously. In this study we tested the hypothesis that
the effect of “dry” immersion (DI, on-ground model of GU) on BRS in the same subjects
will be more pronounced during HUT than during LBNP, which causes a comparable
decrease in stroke volume. Nine healthy men participated in two test sessions (before and
after 7-day DI) consisting of five 3-min HUT (65°) and five 3-min LBNP (=35 mmHg)
with averaging the parameters in each test. Wavelet analysis was used to determine the
amplitude of the RRI and SAP waves in the range of 0.05-0.13 Hz. The amplitude of
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LF waves of SAP increased in both tests, after DI - more significantly in HUT. The
amplitude of LF RRI waves decreased in the two tests; the degree of decrease did not
differ between tests and did not change under the influence of DI. The a-coefficient (the
ratio of the amplitudes of RRI and SAP LF waves) decreased equally in the two tests
before DI, but after DI, the degree of a-coefficient reduction increased in HUT test but
did not change in LBNP test. Thus, the effect of DI on BRS is evident in HUT, but not
in LBNP, which may be explained by the more pronounced influence of HUT on the
mechanisms of neural control of heart rhythm.

Keywords: baroreflex, gravitational unloading, systolic blood pressure, RR-interval
duration, a-coefficient
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