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1. BBenenue

Cep/1e1HO-COCY/INCTasT CUCTEMa, IeJIOBEKA SIBJISIETCST OJIHUM M3 IPUMEPOB OTHOCUTEIBHO XOPO-
10 U3YYIEHHOTO O0bEKTa OMOJIOTMYIECKON MPUPOIBI, TEMOHCTPUPYIOIIETO CJIOXKHYIO HEJIMHEHHY IO
JIMHAMUKY, CBOHCTBa KOTODPOIi OTParKalT COCTOsiHME TON cucreMbl opranusma [4, 15]. Tlembrit
PsJT SKCIEPUMEHTATBHBIX HMCCAEJIOBAHUN CBUJIETEILCTBYET O TOM, YTO JIMHAMHUKA CEPJEIHO-CO-
CYJIUCTOI CHCTEMBI CYIIECTBEHHO HEJWHENHa, CJI0XKHA U JIEMOHCTPUPYET XAOTUYECKHE ATTPaK-
topsl |17, 18, 21|. Takue ocobGeHHOCTH YCTPOICTBA CEPIAETHO-COCYIUCTOM CUCTEMBI [IPOSIBIISIIOT-
csi B BapuabeJbHOCTH CEepJIedHOro puTMa (M3MEHUYNBOCTU JIIUTEJIbHOCTH BPEMEHHBIX HHTEPBa-
JIOB MEXKJIy CepJeYHbIMU COKpalleHusiMu). Psii uccienoBaresieil BbISBUIM B TIOC/IEI0BATEIHHO-
CTH JIJIATEJIbHOCTEN MHTEPBAJIOB MEXKJTy CEPJAECYHBIMU COKPAITIEHUSIMU, TAaK HA3BIBAEMON Kap/Iro-
UHTEpBAJIOrPaMMe, HU3KOPA3MEPHYIO XaOTHYeCcKylo jauHaMuky [12; 34|, npudem crenuaibHbie
WCCIeIOBAHNS TOMIEPKHYJIM UMEHHO JIMHAMUYECKYIO, & He CTOXaCTUYECKYIO MPHUPOJY Hepery-
JsipHocTu cepednoro purma [10, 14|. Takue uccienoBanust nmenn BaxkHoe (yHIaMEHTAIbHOE
3HaYeHHne JJIs MOHUMAHUS OCOOEHHOCTEH OPraHu3aIlii 3/IEMEHTOB CePACIHO-COCYIUCTON CUCTEMBI
u opranusma 4ejioBeka B 1esioM [13]. Kpome Toro, mporpecc B uccieoBaHusiX CBOCTB JIMHAMU-
KH CEPJIETHOr0 PUTMa TIO3BOJIMJI TTOJIYYUTH PSAJ PE3YJIHTATOB, UMEIONINX IMPUKJIATHOE 3HaYeHUe
Jutst Meuiuabl [16]. Beiio mokazaHo, 4To auHaMUYeCKuil Xaoc HabII0aeTcsi B Kap IHOMHTEPBAJIO-
rpaMMax 3JI0POBBIX JIIOJIEN, a 110 Mepe Pa3BUTHS HEKOTOPHIX MATOJOTHI CTeNleHb HEPET YIS PHOCTH
U XAOTUYHOCTHU CepjIevHoro purma ymenbinaercs |20, 31, 32|. Psii u3BecTHBIX pe3ysibraToB 1mo3-
BOJISIET yTBEPXKATh, YTO PA3BUTHE YCTONUUBBIX KOJICOATE/bHBIX PEKUMOB (U, B 9aCTHOCTH, Xa0-
TUYECKOIO PeXKUMa KosleOaHuii B CepJIeqHOM PUTMe) 00YCJIOBIEHO B3anMOJIEHCTBUEM HECKOIBKIX
KOHTYPOB BETETATUBHON PETrYJIANNH, NPUYeM H3MEHEHUe JIUHAMUKN TaKUX KOHTYPOB, CBI3aH-
HOe, HAI[pUMep, C PA3BUTHUEM IATOJIOITYECKUX ITPOIECCOB, TPUBOIMIO K YIIPOIIEHUIO TUHAMUKN
CEPJIEYHOr0 PUTMA U CHUZKEHWIO WJIM UC4Ye3HOBeHuio Bapuabesnbnoctu |4, 11, 35]. Dru koHTYpBI
obecrev nBaloT B HOPpME YIIpaBJIeHHE MOMEHTAME CEPJIEeYUHDLIX COKPAIEHU, CUJION COKPAIEeHn,
TOHYCOM COCYJOJBHUIATEILHBIX MBIIII APTEPUATLHBIX COCYJIOB U IPYTUMHU ITPOIECCAMU CEPJIETHO-
COCYIUCTON CHUCTEMbI, TUOKO TOJCTPANBAsICh JJIsT 0DecIevdeHns MeTabOJIMIeCKIX MOTPeOHOCTEI
OPraHOB B ITOKOE WJIU TOJT HATPY3KOl.

AHaJIOTUYIHBbIE BBIBOJIBI O BaYKHOCTU AHAJIM3a JUHAMUKUA KOHTYPOB BEreTATUBHOW DEryJisi-
U KPOBOOOpAIeHusT ObLIN MOy Y€HbI SMINPUIECKH B XOJI€ PA3BUTUsI KOCMUIECKON MEIUTIIMHEI
B paborax P. M. Baesckoro [1]| u ero nociienosareseit [8]. B arux paGorax 6bL10 IPEJJIOKEHO TPY-
60 oleHNBaTH AKTUBHOCTH KOHTYPOB DPErYJISIUU HA OCHOBE PACYeTa CIIEKTPAJbHBIX ILJIOTHOCTEIH
MOIITHOCTU CUTHAJIA KapJIHONHTEPBAJIOTPAMMBI B M3BECTHBIX JIHAIIA30HAX 9acTOT. llosrydeHubie
B 9TOM HAIIPABJICHUU PE3YJIBTATHl UMEIOT DOJIbINOE KJINHUIECKOEe 3HAUYECHUE U IUPOKO UCIIOJIb3Y-
I0TCsL B MEJIMIIMHCKON TpakTukKe Kak B Poccun [2], Tak u 3a py6exkom [19].
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Hecmorpst Ha BaXKHOCTD M aKTYyaJIbHOCTD TPOOJIEMBI, B CHJIY CJIOXKHOCTH HCCJIETYeMbIX 00b-
€KTOB, HEJIOCTATKA, AlPUOPHON uHMOpMauu 006 UX OpraHU3alluu, HEOOXOIMMOCTH Pa3pabOTKN
U UCIIOJIb30BAaHUsI CIIEIHAIM3NPOBAHHBIX METO/OB aHAIN3a CUTHAJIOB, JOJITOe BPEMsi OCOOEHHOCTH
B3aUMOEHCTBUS PA3JIUIHBIX KOHTYPOB PEryJdIlud, B OTJIMYNE OT YPOBHS MX WHIUBUIYAJLHOM
AKTUBHOCTH, B XOJI€ aHAJIN3a IKCIEPUMEHTABHDBIX JTAHHBIX HE UCC/IeI0BaJINCh. Panee HamMu ObLIO
MIOKA3aHO, YTO KOHTYP CHUMIIATUYECKON DPEryssiiuyi YacTOThI CEPACIHLIX COKPAIIEHWI 1 KOHTYD
H6apopedIEKTOPHOI PEryJIsliny TOHYCa apTEPUAJIBHBIX COCYJIOB, PETYIUPYIONINN CpeIHee apTepH-
aJIbHOE JIABJIEHUE, MOT'YT CHHXPOHU30BATHCS JIPYT C JIPYTOM 10 (hase, TeMOHCTPUPYsT HUHTEPBAJIBI
CUHXDOHU3AIMHU, YepPeJIyIoliecs ¢ MHTEepBaJaMi HECHHXPOHHOrO noseenus |7, 22|. Takoe nose-
JieHre GbLIO BOCIIPOM3BE/IEHO B IIPE/JIOXKEHHON HAME MOJIEIH CepJIeUIHO-COCYIUCTON crucTeMbl [4].
Bourt npeyiozken nHTErpaibHbII YUCJCHHBIN UHJIEKC — CyMMAPHbIN IPOIEHT (ha30BOil CHHXPOHU-
3aIUK, XapaKTepU3yoIuii cTeleHb CHHXPOHU3AIMI U3y YaeMblX KOHTYPOB peryisiiun [6, 22, 25].
B xose anammza 6osiee 1000 sKCIIEpUMEHTAJBHBIX 3allUCeil OBLIO MMOKA3aHO, YTO ITOT UHJIEKC
UMeeT BarKHOe 3HAYEHWe JJIs PENeHus 3a/a9 MEUINHCKONW JTUArHOCTUKHM PA3JIUIHBIX TaTOJI0-
ruit |26, 28, 30|, /yisi IPOrHO3a BHIKMBAEMOCTH MAIMEHTOB, TlepeHecnx nHdapkT Muokap/a [12],
a TaKKe IPU BBIOOPE IPerapaToB Jyisl Tepalui NaToJI0ruii cep/a u cocyos |5, 24, 27]. Oxxako
B CHJIy TEXHUUICCKHUX, OPTAHU3AIMOHHBIX U STUYECCKUX OIPAHUYIEHUI OOJIBIMTUHCTBO HCCJIE/I0BA~
HU TPOBOIMJIOCH ITpH anaju3e 10-MUHYTHBIX 3anuceil CUrHaI0B CepPIETHO-COCYAUCTON CUCTEMBI,
7 BOIIPOC O BJIUSHUU HA CBONCTBA ONEHKHW CTENEHW CUHXPOHU30BAHHOCTH MCCIEyEMBIX PETYJIs-
TOPHBIX KOHTYPOB JJINHBI PeaJIM3allui He paccMmarpuBajics. Kpome Toro, oTcyTCTBYIOT JIaHHDLIE
0 CTATHCTUYECKUX CBOMCTBAX IOCJEIOBATETHHOCTEN JTUTETHHOCTEN MHTEPBAJIOB CUHXPOHUBAITUN
U CBOWCTBAX CYMMAPHOIO IpOIeHTa (Ha30Boil cuHxpoHn3anuu. VHTepeceH BOIPOC O JIMHAMUKE
[IPE/JIOYKEHHOT0 MHJIEKCA CHHXPOHM3AINN Ha OOJIBINNX BpPEeMEHAX B COTHU XapPAKTEPHDLIX MTEPHO-
J10B Kojiebanuii. VI3BecTHBIE UCC/IEIOBAHNS BBITOJTHEHBI HA MAJION CTATUCTUKE M OPUEHTUPOBAHBI
[IPEUMYIIECTBEHHO HA PACCMOTPEHNE 0COOEHHOCTEN B3AMMO/IEHCTBUS UCCIEYEMbIX KOHTYPOB pe-
IYJISIIAA € TOYKK 3peHust (pusnosiornu u 6nodusukn [14].

[TosTomy 11e/IBIO JTAHHON PABOTHI ABJISETCST MCCAEIOBAHNE CTATUCTUIECKUX CBOHCTB TOC/IE-
JIOBATEIbHOCTH WHTEPBAJIOB CHHXPOHU3AIINM KOHTYPOB PEry/IsNE KPOBOOODAIIEHUs, & TaKyKe
[PEJIJIOYKEHHOT'O PaHee KOJIMIEeCTBEHHOI'O HHJIEKCA — CYMMAapHOIO MPOIEHTa (Da30BON CHHXPOHU-
3y TPU aHAJIN3E JIByXIaCOBBIX 3aIACEN 3/J0POBBIX UCIIBITYEMbIX.

Pabora mampapiena Ha perieHue QyHIAMEHTAJIbHON 3a/Ia"i PA3BUTUS MUMEIOIIUXCs MPEJI-
CTaBJIeHU 00 OCODEHHOCTSIX WHJMBUIYAJIBHON M KOJUIEKTMBHOW JIMHAMUKU KOHTYpPa CHUMIIATH-
YeCKOW PEryJsdiiui JYaCTOThI CEeP/IETHBIX COKPAINEHUI U KOHTYpa 6apoped/IeKTOPHON pery idiun
CPEJIHEr0 apTepUAILHOTO JIaBJIeHUsT (Jajee Jisi KPATKOCTH <UCCJIEJYEMbIX KOHTYDPOB DeryJisi-
MU ), a TaKkKe IPecseyeT IPUKJIaJIHOM HHTepeC OIeHKH BO3MOYKHOCTEl, IPAHUI] IIPHMEHUMO-
CTU U BBIOOpA TAPAMETPOB IIPEJJIO?KEHHOIO PaHee MEeTOJ/a JUATHOCTUKYM CHHXPOHU30BAHHOCTU
HCCJIeyeMbIX KOHTYPOB PEryJIsIIH.

2. DkcnepuMeHTaJIbHbIE JIaHHbIE

B skcniepuMeHTAIBHBIX UCCIEI0BaHUSIX TPUHSH yaacTue 20 yCIOBHO 370POBBIX JI0OPOBOJIb-
eB B Bo3pacte or 19 1o 21 roja. Beura rnmpoBejieHa 0JHOBPEMEHHAST PETUCTPAIUS CUTHAJIA JJIEK-
rpokap/morpammbl (DKI') u doromernamorpaMmMpl (CUrHAJI KPOBEHAIIOJHEHUST COCY/I0B HAJIbIIA,
PErUCTPUPYEMBINl ONTUYECKUM JIATIYUKOM HH(MPAKPACHOrO JIMalla30Ha ¢ aKTHUBHONM MOJCBETKON
B OTPayKeHHOM cBeTe) cocyoB. JlaHHble ObLIM 3aperucTpUpPOBAHbI CTAHIAPTHBIM CEePTUMUI-
poBaHHbIM TOJIUperucTparopom III'A-21/26 «Dunedanan-131-03» (000 «Memukom-MTII»,
r. Taranpor). ITosoca npomnyckanust cocrasmra 0.05-100 ', wacrora quckpernsanun 250 I'if BbI-
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OopoK Ha KaHaJI, pasperienne 14 6ut. CUTHAJBI PErHCTPUPOBAJIICH CTaHapTHBIM obpazom: DK
B | cranmapraom orBejiennn 1o diiHTXOBeHYy (IuddepeHImanibHblii CUTHAI ¢ 3alACTHHA JBYX
pyK), doTorreTnzMorpaMmMa peruCTpUpPOBaIaCh C JIUCTAJILHON (Hocne,z:pHeﬁ, BerHeﬁ) dasranru
6e3bIMSIHHOIO MAJIbIA IPABOl PyKHU ucnbeiryeMoro (9.

SaHI/ICb IKCIIEPUMEHTAJIbHBIX JTaHHbIX IIPOXO/INJIa B CIIOKOMHO O6CT&HOBK€, HCHbITyeMbeI Ha-
XOJIMJICS B TIOJIOZKEeHUHN Jiexka. JImuTeibHOCTD KaxK 1ol 3anmcu coctapisia 120 munyt. Tunmanbie
IPUMEPHI SKCIIEPUMEHTATBHBIX CUTHAJIOB MPEJICTABIEHbI Ha PUCYHKE 1.

3. Meroapl

st uccenoBadus BapuabeJIbHOCTH CepliedHoro purMma u3 curHajga JKI' Obuia Bbigese-
HA [I0CJIEJIOBATE/ILHOCTD JJTUTEIbHOCTEN BPEMEHHBIX HHTEPBAJIOB MEXKJTY CeP/IeIHBIMU COKPAIIIE-
nusgmu. Tak Kak CepAeYHbIl PUTM HEPeryJsspeH, 9Ta MOC/IeI0BATE/IbHOCTD HEIKBUINCTAHTHA, 10
BpPEMEHH, YTO Hey00HO jiist 06paboTku u anamsa (puc. la, Toukn). B coorBercrBum ¢ MeTou-
YeCcKUMU pekoMeHianusaMu [19], u3 9Toil HeIKBUMCTAHTHON [10CJIE/I0BATEILHOCTH CreHEPHPOBAH
SKBUJIUCTAHTHBIA Psif KapMOUHTEPBAIOIPAMMBI ITOCPEJICTBOM HHTEPIIOISAIUNA TTOCICI0BATE b=
HOCTH KyOmdyeckumu [-clutaiiHamu ¢ nepejauckperusanueil 1o dacrorsl 5 ' (puc. la, sunus).
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Puc. 1. TIpuMepbl TUIMYHBIX SKCIEPUMEHTAIBHBIX CUIHAJIOB: (&) KapAMOUHTEPBAJIOIPAMMA, TOYKAMEI OT-
MEUYEHBbI SKCIIEPUMEHTAJIbHbIE 3HAYEHUs JINTEJIHHOCTH WHTEPBAJIOB MEXKIY CEPIEIHBIMU COKDPAICHISI-
MU, JIUHUA — HUHTEPIOJIAIINA II0CJIeJI0BaTE/IbHOCTH 9TUX MHTEPBAJIOB C ITOMOIIBIO Ky6I/I‘{eCKI/IX ﬁ-CIIJ’Iaﬁ-
HOB, (b) yuacTok peanuzanuu (HOTOIIIETH3MOIPAMMBI, (C) CIIEKTP MOITHOCTH KapP/MOMHTEPBAJIOTDAMMBI,
(d) cuekrp mommocTu dboromteruzmorpaMmbl. Curnai Goromieru3MorpaMMbl IPUBEIEH B Ge3pasmep-
ubIX enuannax. CTpesKaMu OTMEYeHbl XapaKTepHbIE KM, 00YCIOBICHHBIE AKTHBHOCTHIO KOHTYPA CHM-
HATUYECKO PeryJsiiiuy 9acToThl cepiednbix cokpamenuii (okoso 0.1 ') u kouTypa napacumMuaTudeckoi
peryasinuu (OKOJIO XapaKTePHO! YacTOThI CIOHTAHHOTO nbixanust — 0.3 I'm).
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BropeiM sTamom mpemgsapurebnoii 00pabOTKH SKCIEPUMEHTAILHBIX JAHHBIX SIBJIAIACDH (PUTh-
Tpalus CUIHAJOB Kap/MOUHTEPBAIOIPAMMBI U (DOTOILIETU3MOrpaMMBbI B 110j10ce 1acTor or (.06
710 0.14 T’ 115t BBIJIE/ICHIS AKTUBHOCTH KOHTYPa CUMITATUIECKON PETrYJISIIIAN IaCTOTHI CePACTHBIX
COKpaIieHuii u 6apopedIeKTOPHON PeryJIsiiui CPeJIHEr0 apTePUAJIbHOIO JIABICHUs (MMEIOIIX
coberBenHble YacToThl Kostebanuit okoso 0.1 ') coorBercrsenno [19).

st u3ydenusi pa30BOil CHHXPOHU3AINN U3 BBIJIEJEHHBIX TAKUM OOPAa30M CHUT'HAJIOB UCCJIE-
JIyeMbIX KOHTYPOB DPEryJIsliii C IIOMOINLIO IIpeobpas3oBanus ['miabbepTa BBIIEIAINCH CUTHAJIBI
MIHOBEHHBIX ha3 U pacCUYUTHIBAJIACH OTHOCHTEIbHAs (ha3a (Pa3sHOCTh MIHOBEHHBIX (a3 KojeHa-
uuit) |25, 33|.

Jlnarnocruka yIacTKOB (ha30BOil CHHXPOHUBAINN OCYIIECTBIISIACH C IIOMOIIBIO MTPEIOYKEH-
HOT'O paHee MeTOJ[, OCHOBAHHOIO Ha KYCOYHO-JTUHENHON AlIpPOKCUMAIINN PA3HOCTH MIHOBEHHDLIX
da3 B CKOJIB3ANMX OKHAX C OINEHKON yIJIOBOrO KO3 duipmenTa HaKIOHA AlIPOKCHMUPYIOIIEH
upsimoii [22, 30]. Ha ocHoBe aT0oro Meroja ObLI IPEJJIOKEH MHTerpaibHblil uHeke S (cymmap-
HBII TIPOIEHT (Hhaz0BOit CI/IHXpOHI/ISaL[I/II/I), KOTOPBIH MPeICTaBsgeT COO0H CyMMapHYIO JJINTE/ b
HOCTB BCEX BBISIBJICHHBIX YIaCTKOB (ba30BOil CUHXpOHU3AIMH MOPsiKa 1 : 1, HOpMUPOBAHHYIO HA
OBIILYI0 JUIUTEIbHOCTh AaHAJIM3UPYEMOI0 y9IacTKa CUIHAJIOB U BBIDAJKEHHYIO B IIporeHTax [22, 25].

SHadeHne nHjEKCa S PACCINTHIBAJIOCH B OKHAX 110 yIacTKaM SKCIIEPUMEHTAJBHBIX BPEMEH-
HBIX PeaJIn3aliii pas3jinydHoil JuinresbHocTr. Jajtee n3ydaauch CTaTUCTUYECKHE U KOPPEJIAINOH-
HbIE CBONCTBA MOJIyYEHHBIX MOCJIEIOBATEILHOCTEN 3HAYUEHUIT S.

4. Pe3ynbTaThbl

Anan3 ¢da30BOil CHHXPOHUBAIMK KOHTYPOB PEryJISINNA KPOBOOOPAIIEHUST IJINTEBHBIX 9KC-
MMePUMEHTAIBHBIX 3aInceil, comepKalnmX COTHU XapaKTEPHBIX MePHOIOB KOJeOAHUit, BKIOTAJ
B ce0sl HECKOJIBKO ITAIIOB.

Ha mepBom sTare ¢ moMorpo pazpaboTaHHON paHee METOIUKN OBLIU OIPE/IE/IEHbl YIaCTKH
daz0B0Oil CHHXPOHU3AINH UCCIEIYEMBIX KOHTYPOB PEIYJ/ISIINA BO BCEX KCIIEPUMEHTAJILHBIX 3alli-
csiX 1 Oblila IPOaHAIM3MPOBAHA [I0CJIe10BaTeIbHOCTD ux juinH D(t). Ha pucynke 2 npejcrasiena
TUIIMYHAS 3aBUCUMOCTD JJIMH CHHXPOHHLIX YUACTKOB OT BPEMEHH Ha IPUMEPE UCILITYeMOro A.
MO)KHO OTMETUTH HaJNYIHE JJOCTATOYHO IIPOTA?KCHHBIX HEIIPEPBIBHLIX yqaCTKOB Cba30BOI7I CUH-
XPOHU3AINK, MaKCUMaJIbHAsl JIATEJLHOCTD JIJIsl JIAHHOTO MCIBITYyeMoro cocrasmia 145 ¢ (6o-
see 10 XxapakTepHBIX HEPHOJIOB KOJeOaHMi).

150
120
90

o 60
30

0 1800 3600 5400 7200
t,c

Puc. 2. TTocaenoBaTeabHOCTD JIMH CHHXPOHHBIX yduacTkoB D(t). Ilo abcrpcce — MOMEHT Havaja CHH-
XPOHHOT'O Yy4aCTKa, II0 OpAUHATE — eTo JJUTeIbHOCTD D.
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Busyasbubiit ananus 3asucumocreit D(t) (puc. 2) neMOHCTPUpYeT Hepery/sipHbIH XapakTep
[IOCJIEIOBATEILHOCTH JIJIMH CUHXPOHHBIX yYIACTKOB, UEPEIYIONMNXCA C MHTEPBaJaMU HECUHXPOH-
HOI JIMHAMUKY. AHAJIN3 KOPPEJISIMOHHBIX cBOCTB D(1) 1OKAa3bIBaET, YTO ABTOKOPPEJISIIIMOHHAST
dyHKIMs OBICTPO CHAMAET, 9TO TUIIUIHO JJIsi CJIyUIailHOTO 1poriecca. [lepBblil HyJib ycpeIHEHHOI
110 aHCcaMOJII0 ABTOKOPPEIAINOHHON dyHKIMn Hab oaaerca upu jare 200 c.

Anajn3 GYHKINU TJIOTHOCTU PACIPEIC/IEHUsT BEPOSITHOCTEH [TOC/IEI0BATEIbHOCTH JIJIUTE b
HOCTEHl MHTEPBAJIOB CHUHXPOHU3AINN ITO3BOJIMJI OIPEIE/INTh CTATUCTUICCKHE CBONCTBA W3ydae-
MOil mocsieioBaTesbHOCTH. DYHKINS TJIOTHOCTU PACIPEIEICHIS JTeMOHCTPUPYET XapaKTEePHYIO
00paTHYIO CTEIEHHYIO 3aBUCHUMOCTD, TJi€ HAOJIOICHNE JIJINTE/IbHBIX UHTEPBAJIOB CHHXPOHUBAIINN
MEHee BepOsTHO, YeM KOpPOTKHuX. [lo pesysbraraM CTaTHCTUYIECKOTO AHAIN3a SKCIEPUMEHTAJIb-
HOiT BBIGOpPKU mocsiesioBaTesbHocTu D (1) ObLIN OIEHEHBI €e BEPOSITHOCTHBIE CBOICTBA: MeInaHa
pacripeiesienns — NepBbIit KBapTuab 14.2 ¢, meanana 23.8 ¢, TpeTnii KBapTuib 28.6 c.

B xojie oneHkn ctrarucTHYecKUX CBOMCTB WMHJEKCA S MPU aHAJIU3e PACIPEIEJIEeHUs OC/Ie-
JIOBATEIbHOCTU 3HAYEHUN WHJIEKCA, OIEHEHHBIX 10 YKCIIEPUMEHTAJILHON BLIOOPKE B HEIEPEKPDI-
BaIOIIUXC OKHAX JATETbHOCTRI0 600 CeKyHI, MOKa3aHO, YTO 3HAUYeHWs S PACIPEJIEJEHBI 10
HOPMAaJIbHOMY 3aKOHY.

OpHO#l M3 aKTyasJbHBIX MPOOJIEM aHAJNU3a JAHHBIX, OCOOEHHO CHUTHAJIOB CHCTEM OMOJIOTHU-
YeCKOW MPUPOJIbI, SIBJISIETCS BBIOOD JJINTEILHOCTH IKCIIEPUMEHTAJILHBIX 3amuceil. Texamaeckue
U 9TUYECKNe MPUINHLI BBIHYKIAIOT UCCIIe0BATEIEN OTPAHNINBATD JAJIUTEIHLHOCTD SKCIIEPUMEH-
TAJIBHBIX 3aIUCeil. DTO MPUBOJUT K YBEJMIEHUIO (DJIYKTYallud OIEHOK IOKa3aTeJsel, paccdu-
TBHIBAEMBIX 110 9KCIIEPUMEHTAJIbHBIM JIAHHBIM. B Xojie paboThl peraiach 3ajada UCCICIOBAHMS
3aBUCUMOCTU (DJIYKTYAIUI OIEHOK S OT JUIMHBI | aHAJM3UPYEMOrO yYaCTKA BPEMEHHOTO PsiJIa.
JIJ1s1 KazK /1010 MCIBITYeMOro CTPOMINCH 3aBucumMocTu S(1). it HoCTpoeHnn TaKuX 3aBUCHMOCTEN
Havda/bHAs TOYKA OKHA (DUKCUPOBAIACH, & JJIUTEIbHOCTD [ HapacTasa or 10 ¢ go 7200 c. Ha pu-
cyHKe 3a IIpeJicTaBjIeHa TUIHMYIHAs 3aBUCHMOCTH S(l) Ha npuMepe ucnbpiryemoro A. Bujso, 1To
¢ pocToM | IIyKTyarun ONEHKH BEJIMUUHBL S YMEHbBIIAITCS, 3HAUCHUE CTAOUIN3UDPYETCs: BOII3N
HEKOTOPOro cpejiHero yposasi. Takoit xapakrep S(I) TunmdeH Jyisi CHIHAJIOB BCEX MCIIBITYEMbIX.

Taxzke ObLIa paccauTaHa 3aBUCHMOCTH CTAHJIAPTHOINO OTKJIOHEHUS OINEHKH S MPHU OIEHKE
WHJIEKCA B HEIePeKPBIBAIOINXCs OKHAX, JJINTEIbHOCTD 3aIIUCell JjisT KOTOPBIX cocrasiisiia [. Pe-
3yJIBTATHI, OJyUYCHHBIE [0 BCEH IKCIEPUMEHTAJLHON BBIOODKE, MPEJ/ICTABICHBI HA PHUCYHKE 3b.

(a) 40 1 (b)
80 - .
30
X 60 S
= o 20 1
0 40 S :
20 1 10 ""-...‘Z
»me“
e0%egyq00
0 — o
0 3000 6000 0 1000 2000 3000
lc lc

Puc. 3. Uccienoanne 3aBUCUMOCTH BJINSHUS JUIMHBI AHAJIM3UPYEMOIO YIacTKa 3aluceil Ha DIyKTyarnn
OIEHKH CyMMAapPHOI'O TIPOTieHTa (ha30Boi cHHXpOHU3auy S: (&) 3aBUCUMOCTD S OT JIJIMHBI AHAJIN3UPYEMOTO
yuacrka (I) upu yseaudenuu | na upumepe ucubiryemoro A, (b) 3aBUCMMOCTH CTAHIAPTHOIO OTKJIOHE-
HUST ONEHKU S OT JUINTETHHOCTH AHAJU3NPYEMOTO yIACTKA PeaM3aIlid, Oy IeHHast TP aHAIN3e BCeit
9KCIEPUMEHTaIbHON BEIOOpKHU. CTpenka yKasblBaeT Ha TOUKY MAKCHMAJbHONH KPUBU3HBLI 3aBUCHMOCTH,
KOoTOpasl HaOJIoaeTcs 1npu 3Hadenuu | okosio 600 c.
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st mocrpoenust og(l) 3uadennst | nepebupascs or 60 ¢ xo 3000 ¢ ¢ marom 60 c. Bujno, aro
JIICIIEPCUST OIIEHKH S PEe3KO MaJIaeT IPH JJIUTE/IbHOCTH SKCIEePUMEHTAIBHBIX peajn3anuii osee
5 munyT. Ilpu yBesuuenun | pasbpoc OLEHOK S yMeHbIIAeTcst, 3aBUCUMOCTb og(l) BbIXOAUT Ha
nostoruii yaactok. Touka MakcuMaIbHON KpuBH3HLL 0g(l) Habmomaercs upn | = 600 c (Ha pucyH-
K€ YKa3aHO CHMBOJIOM-CTPEJIKOiT). Takas JIHNTeIbHOCTD 3aIlIMCH UCIIOIH30BAIACh B OOJIBITIHCTBE
SKCIEPUMEHTAJIBHBIX HCCJIe/I0BaHnil cuuxpornsaiun |3, 5-7, 21-30], 05(600) = 9.8 %.

Ha pucynke 3a BujiHO, 9TO 3aBUCHMOCTH S(l) HEMHOTO yMEHBINAETCs /It GOJIBITIX 3HAME-
uuii [. Takoil xapakrep siBJIsieTCsl JIOCTATOYHO TUIMIHBIM Jiist 3aucumMocteil S(1), mocTpoeHHbIX
10 CUI'HAJIAM Pa3JIMYHBIX UCIBITYEMBIX. BBLIO IPOBEIEHO UCCiIe/I0BaHNe, HAIIPABIEHHOE Ha BbISB-
JleHUe U3MeHEHUl CTAaTUCTHIEeCKIX CBOWCTB PACCUMTAHHBIX BEJIMYUH B TeUeHHe 3aIIUCH, KOTOPOe
MOZKET IIPUBECTH K IOfABJICHUIO TpeHJa Bejanmduubl S. g anammsa nosefenns S Ha OOJIBIIIX
BpeMeHaxX 3HaUeHNs CyMMAapHOI'O IPOIleHTa (ha30BOil CHHXPOHU3AIINN OLEHIBAJINCEH B HElIEPEKPbI-
Baromuxcs okHax, jynHoit 1000 cekyn/, mpudeM u3 MOCIE0BATEILHOCTH 3HAYCHUIT 11 KasKJ0r0
UCIIBITYEMOI'O BBIYUTAJIOCH €0 Me/IMaHHOe 3HAYeHne U Jlajlee aHAIN3UPOBAJIICH HpHpalenus 0.5
OTHOCHUTEJIbHO MHMBH/Iya/IbHBIX MeJIUAHHBIX 3HadeHnil. OneHeHHble I0 aHcaMOJII0 KBAPTHIIN J1J1
KazK/IOT'0 OKHa IIPeJICTaBJIeHbl Ha pucyHke 4. Buyino, uro 3Hadenns: S y UCHBITYEMBIX B CPeJIHEM
HE3HAYNUTEIbHO CHUKAIOTCS KO BTOPOMY 4acy SKCIIEPUMEHTa, He IeMOHCTPUPYS 3HAYUMOIO TPEH-
J1a, a 3aTeM BO3BPAINAIOTCA K UCXOIHOMY yPOBHIO.

T 1
0 2000 4000 6000
t,c

Puc. 4. Ilo abcrucce oT/I0KeH MOMEHT HadaJa 09IePeTHOTO HEIEePEKPHIBAIOMIETOCS OKHA JTUTETLHOCTHIO
1000 ¢, 110 opauHaTe OTJIOXKEHBI: MeauaHa (CIUIONIHAs JIMHUS), & TaKyKe [EePBblil U TpeTuil KBapTHIn
(yHkTHp) pacupeesenuil 3uadenuii 6,5 110 Beeil 9KCIIepUMEHTAIBHON BHIOOPKE.

5. Obcyxaenmne

[Tostyuennble pe3ysbraThl (puc. 2) yKasblBalOT, YTO IIOCJIEI0BATEILHOCTD JIJIUTEIbHOCTE
y4acTKOB (pa30BOil CHHXPOHU3AINK JIEMOHCTPUPYET IPU3HAKHK CJ1ab0 KOPPEIUPOBAHHOIO CJIy-
YaifHOro mporecca. DTo He TOJATBEPXK/IAeT CjejlaHHble B padore [3| Ha HEGOJIBINON cTaTHCTHKE
BBIBOJIbI O HAJIMYMU B 3aBUCUMOCTH S OT BPEMEHU BLIPDAYKEHHBLIX MEJJICHHBLIX HEPUOITICCKIX
KOMIIOHEHT, XOTsI aBTOKOPPEJISIIIUOHHBIE (DYHKIIUN OTIEJbHBIX CyObeKTOB JeMOHCTPUPYIOT IPHU-
3HAKU HAJUYIUs [TEPUOJINIECKUX COCTABJISIONINX.

Kak npaBuyio, skcrepuMeHTaaIbHbIe UCCIE/IOBAHIS CUHXPOHU30BAHHOCTH KOHTYPOB PEryJis-
MU KPOBOOOPAIIEHHsI TIPOBOJISATCS TIPH aHAJIN3e JeCITUMUHY THBIX 3anuceii [23, 24, 26]. [Tosyven-
HBIE PE3Y/IbTATHI (PUC. 3) CBUIECTEILCTBYIOT B MOJIB3Y TOIO, YTO TAKON BBIOOD SIBJISIETCS Pa3yM-
HBIM KOMITPOMICCOM MEXK/Iy MUHUMEI3AInell BpeMeHu 00C/Ie/I0BAHUS U TIOJIyY€HIEM JTOCTOBEPHOIT
OIIEHKHU CTeIeHN CUHXPOHU30BAHHOCTH HCCJIELYEMbIX OOBLEKTOB C YPOBHEM (BJIyKTYaIMH OIEHKI
unjekca B npejenax 10 %.
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PesysibraThl CBUIETENBCTBYIOT, YTO, 110 BCEH BUAMMOCTHU, CTEIIEHb CHHXPOHU3AIUY HCCIIE Ly~
€MBIX KOHTYDPOB PErYJISIIUH sIBJISIETCs IIEPCOHAM3NPOBAHHON XapaKTEePUCTUKOI, BeJMIHHA KOTO-
poii ¢1ab0 MEeHsIeTCsl y 3/I0POBBIX CyObEKTOB, HAXOJSIINXCS B HEN3MEHHbBIX (DPU3UUECKHUX YCJIOBH-
sax (puc. 3a). Hesnaunmoe HeGOJIBIIOE YMEHBICHUE BEJIUIHHBL S, HAOIIOIaeMOe Ha BTOPOM dace
9KCIEPUMEHTA, MOXKET CBHJIETEIbCTBOBATE O NPU3HAKAX PA3BUTHsI UMMOOUIIN3AIMOHHOTO CTPeC-
ca, a 3aTeM O IPUBBIKAHUK K MMMOOHJIM3AINH, YTO IOATBEPXKJIACT PE3YJILTATHI, [OJIYICHHbIE
B pabore [29)].

6. 3akJroyeHue

B xo/1e npoBeieHHBIX HccIeoBaHnil (pa30BOi CHHXPOHU3AIINN KOHTYPOB BereTaTUBHOIN pery-
JIATIIU KPOBOOOPAIIEHHSI, MMEIONNX COOCTBEHHBIE YacTOTHI Kosiebanuit okoso 0.1 ', mo aByxda-
COBBIM 3AITHCIM 3I0POBBIX UCIBITYEMbBIX OBLIO MOKA3aHO, UTO CPeIHee 3HAUEHHE MIPE/JIO?KEHHOTO
paHee MHJIEKCa S CyMMapHOTO IpolleHTa (pa30BOil CHHXPOHMU3AIUN SIBJIAETCSA IEPCOHATU3UPO-
BAHHOM OIIEHKOI CTeleHn CuHXpoHm3annu. llcciremoBaHbl KOPPEISIIIMOHHBIE U CTATHCTHYECKNE
cBoiicTBa unekca S. [lomydermbie pe3yibTarsbl CBUIETEIbCTBYIOT, 9YTO PEIJIOKEHHbBI NHIEKC S
11€/1eCO00PA3HO UCIOIL30BATD IS aHAIN3a CUHXPOHU30BAHHOCTH UCC/ICIYEMbIX KOHTYPOB pery-
JIAIIH KPOBOOOPAIIEHNS IIPU aHAIN3E SKCIEPUMEHTAIbHBIX BPEMEHHBIX PeaIU3aIMil J1JINTeIbHO-
creio 10 MmunyT u GoJtee.
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The

previously proposed method for quantifying the degree of synchronization between

circulatory regulation loops is used to analyze the time realizations of healthy subjects. Statistical
properties of the index are studied in the analysis of two-hour records of experimental signals.
In the course of this work, we investigated the properties of the estimation of the degree
of synchronization using temporal realizations with different length, and we investigated the
features of synchronization between the control loops under study at a time equal to hundreds
of characteristic periods.
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