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AHau3 BapuadeIbHOCTH CePAeYHOr0 PUTMA CTYICHTOB
C Pa3HOIl YaCTOTOM AbIXATEJbHBIX ABUKEHUI

A. C. Emenssanosa', JI. A. Cumonsn?, E. E. Cemypa’*

I Pasanckuti 2ocyoapcmeennniil azpomextono2udeckutl yrueepcumem, 2. Paszanw, Poccus
2TFocyoapcmeennblii coyuanbro-2ymanumaphulii ynusepcumem, 2. Konomna, Poccus

AnHotamus. OGCYXIaI0TCsl pe3yNIbTaThl HCCIIEJOBAaHUS HCXOJHOTO BEr€TaTUBHOTO CTATyCa CTYIeH-
TOB C Pa3HbIM YPOBHEM J[BUIaTEJIbHON aKTMBHOCTH M YaCTOTOH IbIXATENbHBIX IBHKEHHH, BBIIIOI-
HEHHOT'O C HCIIOJIb30BaHUEM BO3MOXKHOCTEH AnekTpodusnonorunyeckoii mabopatopun CONAN-4.5.
OmpenesieHa CTPYKTypa IPYIIBI UCIIBITYEMBIX MO pe3yibrataM Iu(GepeHIPOBaHUS HCXOIHOTO
BEreTaTHBHOTO TOHYCA, PACCYMTAHHOTO IO HMHJEKCY HANPSDKEHUS, M IPEJICTaBICHHOCTh B HeEl
YYaCTHHKOB, XapaKTEPU3YIOMUXCSI ONTHMAIBHBEIM COOTHOIICHHEM MEX]y NapacHMIATHYECKUM U
cumnarmdeckuM otaenamu BHC. ChopmymupoBana pexomeHaanus mo GopMHPOBAHHIO ONTHMAIIb-
HOTO ypOBHS (PM3NYECKUX HATPY30K Y CTYJCHTOB.

KnrodeBble ci10Ba: 37IEKTPOKapAHOTPaMMa, CEpAEIHO-COCYAUCTas CUCTEMa, MHAEKC HAIpSDKEHNS,
HCXOMHBII BEreTaTHBHBII TOHYC, KO3 GHUIMEHT (PU3NUECKONH aKTUBHOCTH, 4aCTOTa CEPACYHBIX CO-
KpaIlleHNH, 9acToTa JbIXaTeIbHBIX IBHKCHHI.

Jnst uutupoBanusi: EmenssnoBa A. C., Cumonss JI. A., Crenypa E. E. Ananu3 BapnaGensHOCTH CEpEYHOTO PUTMA CTYICHTOB
C pa3HOW YacTOTOW JbIXaTeNBbHBIX JBIDKeHMH // M3Bectns MpkyTckoro rocymapcrBeHHoro yHmsepcutera. Cepus Bnomorws.
Oxonorus. 2022. T. 39. C. 66-71. https://doi.org/10.26516/2073-3372.2022.39.66

Short communication

Analysis of the Heart Rate of Students with Different
Respiratory Rates

A. S. Emelianova', L. A. Simonyan?, E. E. Stepura®*

! Ryazan State Agrotechnological University, Ryazan, Russian Federation
2 State Social and Humanitarian University, Kolomna, Russian Federation

Abstract. The article deals with the analysis of the initial vegetative status of students with different
levels of physical activity and frequency of respiratory movements. The functional reserves of the
body are subject to increased requirements not only for training activities, but also for the training
load. In this regard, the purpose of this work is to analyze the heart rate variability in students, taking
into account the level of physical activity and the frequency of respiratory movements. Registration
and analysis of HRV was carried out using a modern complex electrophysiological laboratory
“CONAN-4.5”. Mathematical processing of the ECG makes it possible to obtain a number of tem-
poral, spectral and geometric indicators, thanks to which an objective assessment of the state of the
autonomic nervous system, including its sympathetic and parasympathetic divisions, is carried out.
This method allows you to explore and evaluate the mechanisms of regulation of the cardiovascular
system, as well as the tension of regulatory systems. Statistical processing of the material was carried
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out using Statistica 10.0. Cardiac activity of students was assessed. The gradation of the numerical
values of the tension index of the body's regulatory systems was proposed by Shiryaev O. Yu. and
Ivleva E. 1., who took into account that with severe stress and diseases, the tension index can increase
to higher values. As a result, it was proposed to distinguish five types of IN: vagotonic, normotonic,
sympathicotonic, suprasymaticotonic, and transboundary. The latter is characterized by an increase
in the prevalence of the sympathetic nervous system in the range of more than 600 c.u. During the
mathematical processing of the electrocardiogram, numerical values of the stress index were ob-
tained. It was revealed that among the entire studied array of students (when differentiating the IWT
calculated according to IN) «normotics» are characterized by an optimal ratio between the parasym-
pathetic and sympathetic divisions of the ANS. When analyzing the electrocardiogram, the values of
heart rate were obtained and a relationship was established with the stress index and the type of
change or absence of rthythm disturbance in students with different vegetative status. The work estab-
lished the relationship between the initial vegetative status and the frequency of respiratory move-
ments in students with different vegetative status. Students were offered a test to determine the coef-
ficient of physical activity. The coefficient of physical activity is the ratio of the average daily energy
expenditure of a person to the energy expenditure at rest, to the so-called basal metabolic rate. We
established the relationship between the stress index and the coefficient of physical activity in stu-
dents with different vegetative status.

Keywords: electrocardiogram, cardiovascular system, stress index, initial vegetative tone, coeffi-
cient of physical activity.

For citation: Emelianova A.S., Simonyan L.A., Stepura E.E. Analysis of the Heart Rate of Students with Different Respiratory
Rates. The Bulletin of Irkutsk State University. Series Biology. Ecology, 2022, vol. 39, pp. 66-71. https://doi.org/10.26516/2073-
3372.2022.39.66 (in Russian)

Beeoenue

Bapuabensaocts ceppeunoro purma (BCP)— ¢wusmonornveckoe siieHue,
3aKJII0Yaonieecss B HEMPEPHIBHOM HW3MEHEHUH IJIUTEIBHOCTH KapAHOLUKIIOB.
Anamn3 BCP ocHOBaH Ha M3MEPEHUH BPEMEHHBIX HHTEPBAIOB MEXY COCEIHUMU
RR-3y6mamu OKI'. Maremarndeckast o0padoTka DKI' 1103BONSIET MOTYyYUTh PsIIT TI0-
Kaszareneld, Oraromapsi KOTOPBIM OCYIIECTBIISIETCS OOBEKTHBHAS OIIEHKA COCTOSHUS
BeretatiBHOW HepBHOU cucteMbl (BHC), B ToM umciie e€ cummatmdeckoro (CO) u
napacummatideckoro (I10) otmemos. MHbOpMAMOHHBINA MMOIXOMA, YK€ HECKOIBKO
JECSATUIIETHI  pa3palaThiBAEMBIi  OTEYECTBEHHBIMU — CIECHHAINCTAMH, II03BOJISIET
YCIEHTHO HCCIIEA0BaTh U OLEHUBATH MEXAHHU3MBI PETYJIALHU CEPACYHO-COCYUCTON
CUCTEMBI, a TAK)KE HampsbKeHue peryaropHeix cucteM [Cynakos, 1995; baeckuii,
2001, 2004; baepckuii, lpanos, 2015; Kynanues, 2017; Levashova, 2016].

BaxHyto poib B pa3BUTHH (YHKIHMOHAIBHBIX PE3EPBOB OpraHn3Ma, 0cOOeH-
HO y MOJIOJIBIX IIFOJIEH, UTParOT (pU3HUecKre Harpy3KH, KOINYeCTBEHHBIA IKBUBA-
JIEHT KOTOPBIX OTpeAeNsieT ypOBeHb JBUTATENbHON aKTHBHOCTH [AramkaHsH, ba-
eBckuii, bepcenena, 2006], ycTaHOBJIEHAa B3aMMOCBS3b MEXKIY TaKUMHU ITOKa3aTe-
JSIMH, KaK (QHU3MYECcKoe pa3BUTHE, (QHU3MUYEcKas MOATOTOBICHHOCTH M COCTOSIHUE
310poBhs oOydaromuxcs [[{oponnes, Kozmataukosa, 2013]. OTMedeHO Takxke,
YTo W ydeOHas Harpy3ka MpeIbsBISICT MOBBIINICHHBIE TPEOOBaHUS K (YHKIHO-
HaJIbHBIM pe3epBaM opraHuzMa ydammxcsi [CBsa3p BereraTuBHOro ..., 2020;
Kodkin, 2017].

Lenp HacTosmiel pabOTHI — MPOBECTH aHATN3 BapruaOETbHOCTH CEePIEeYHOTO
pUTMa y CTYyIEHTOB C Y4ETOM YpOBHS ABHIaTENbHOW aKTHBHOCTH M YaCTOTHI JIbI-
XaTeNbHBIX JBUKCHUN.
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Mamepuanst u Memoosl

Peructpammio OKI' y oOcneayempIX cTyIEHTOB HIPOBOAMIN B COCTOSHUH I10-
kos1. Ha moGpoBonbHO# ocHOBE 00cnenoBansl 100 cTymeHTOB, U3 HUX 31 meBymika
u 69 ronomeil B Bo3pacte 1822 ner. Ha MomeHT obOcnemoBaHus ydariuecss He
NPEBbSBISUIN Kajdo0 ¥ He MMEIH B aHaMHe3€ MaTOJIOTHH CepAeYHO-COCYIUCTOM
cuctembl. 3amuck OKI' mpoBoamiach ¢ MOMOIIBIO 00OPYIOBAHUS KOMIUICKCHON
anekrpodusunosioruueckont maboparopurn CONAN-4.5 (InCo, Poccust) ¢ mpoToko-
JMPOBaHUEM CIEIYIOIINX MOKa3aTenel BapuabeIbHOCTH CEpIAeYHOro pHTMa: 4Ya-
ctothl cepaednbix cokpamenuit (HCC) u unnekca Hanpspkenus (MH). Kpome To-
T0, OTNPEACIIINCh 3HAYCHUS YacTOTHI mbIxarelabHBIX nBrmwkenuit (YJM). Crartu-
CTHYECKYI0 00paboTKy Marepualia MPOBOIWINM C HWCIIOJIB30BAaHHEM IMPOrPaMMEI
Statistica v. 10.0. OueHnBanm HOPMAIBLHOCTh pacHpeelIeHUs MONyYeHHBIX JaH-
HBIX C moMmoiplo kputepust Konmoroposa — CMUpHOBa, B 3aBUCMMOCTH OT 4ETO
WCIOJB30BAJIM TapaMeTPUUYECKUE WIM HeNapaMeTpUUecKue METOJbl OIEHKH.
[Mpou3BoaMAM BBIYHMCIEHUE CpPEAHUX 3HAYCHUH TMOKa3aTesliedl W CTaHIapTHOM
omnOku (M*SE), a taxxe t-kpurepusi CThIOAEHTa TP HOPMAJIBHOM pacrpezesie-
HUH, B IPOTUBHOM CIIydae MOJydyalu MEAWAaHy M MEXKBapTWIbHBIN pasmax (Me,
25L; 75U) n onpenensuin U-kputepuit ManHa — YUTHU. YPOBEHb BEPOATHOCTH HE
Mmenee 95 % cumrtanu craTHCTHUECKH 3Ha4MMBIM (p < 0,05). Bce skcmepuMeHTHI
MIPOBENICHEI C COOTIOICHUEM MPUHITATIOB OMOATHKH.

Pesynomamut u oocyrncoenue

Pa3pab6orannas O. 1O. Hlupsessim u E. U. UBnesoii [1999] rpanatus uncio-
BbIX 3HaUEHUI MHAEKCA HANpPSHKEHUS YUUTHIBAET, YTO NMPHU CHIIBHOM CTpEecce U 3a-
ooneBanmsax MH moxxer Bo3pactaTh 0 Ooyiee BHICOKMX 3HAu€HUil. ABTOpaMu
MPEJUIOKEHO BBIJEIATh MATh TUNOB MH: BaroroHnueckuii, HOPMOTOHUYECKUH,
CHUMIATUKOTOHUYECKUH, CBEPXCUMAaTUKOTOHUYECKUA W 3ampenenbHbiid. Ilocnen-
HUH XapaKTepu3yeTcsl MOBHILICHHEM MOKa3aTeel npeodiaataHus CUMIAaTHYeCKOH
HEPBHOM cucTeMbl B amama3one Oojee deM 600 y. e. ITockonpKy 3ampemenbHbIH
tun MIH BcTpeuaeTcst kpaifHe pelko M B XOA€ MPOBEAEHHOTO 0OCIelNOBaHUS HE
OBUT BBISABIICH HU Y OJHOTO HCHBITYEMOTO, MBI, UCIIONIB3YSl PEKOMEHIYyEeMYIO Ipa-
JTAITMIO YMCIIOBBIX 3HAUEHWH, pa3/eNnil YYaCTHUKOB Ha 4eThipe rpynmnsl. [lomy-
YeHHBIE COOTHOIICHUS TPYII UCTIBITYEMBIX MO0 CXOIHOMY BETe€TaTHBHOMY TOHYCY,
paccuntaHHoMy Ha ocHoBe IH, pencrasnens! B Tabm. 1.

Tabruya 1
COOTHOIIICHNE CTYICHTOB 110 UCXOHOMY BereTaTuBHOMY ToHycy (MBT)
Ha OCHOBE 3HaueHuH uHnaekca Hanpspkenus (MH)
HNH,y.e. NBT no MH Yucno cTyIeHTOB

Hmxe 30 BaroTonus 10
31-120 HopmoTtonus 22
121-300 CHUMIaTUKOTOHUS 63
Bpmme 301 I'unepcuMmaTHKOTOHUS 5

[TokazaTenu 4acTOThl CEPIEYHBIX COKPAIIEHUH Yy CTYAEHTOB C Pa3HBIM HC-
XOJHBIM BETe€TaTUBHBIM CTATyCOM NPHUBEACHHI B Ta0. 2.

WssecTis Ky Tckoro rocyiapeTsenHoro yrusepentera. Cepust «Buostorus. dxonornsy. 2022, T. 39. C. 66-71
The Bulletin of Irkutsk State University. Series Biology, Ecology, 2022, vol. 39, pp. 66-71
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Tabnuya 2
Hacrora cepJeuHbIX COKPALICHUH CTYAEHTOB C Pa3HbIMU TUIIAMU BEr€TaTUBHOW PEryJIilUU
yce YpoBeHb Bun usmenenus
Ne HH, y.e. HBT no MH ’ JIOCTOBEPHOCTH pHUTMa / OTCYTCTBUE
yn/mun MEKy IpyHnamu HapyIIEHUs] pUTMA
1| Hixe 30 Barotomus 65:0.13 | g B 8:883 Hzg‘h:gi:;{;ﬁﬂ
2 31-120 HopmoTonus 70+0,21 1-4 (p <0,001) Hopmoxkapaus
3 121-300 CHMMIIaTHKOTOHUS 73+0,16 | 2-3 (p<0,001) Hopmokapaus
2-4 (p<0,001)
4 | Bpe 301 l'unepcuMnaTHKOTOHUS 80+0,27 34 (p < 0,001) Taxukapans

HcnpiTyemple u3 mepBoii TPYIIIBI XapaKTepU30BAIUCH MTPeodIalanueM mapa-
CUMITAaTHIECKON BETeTaTHBHONW HEPBHOW CUCTEMBI. JloJs MX OT 0OImero 4rcia
YYaCTHHKOB dKcriepuMenTa coctapmia 10 %. CTyAeHTH U3 BTOPOM TPYIIIHI C paB-
HOBECHBIM COCTOSIHUEM BETe€TAaTHBHOM HEPBHOM CHCTEMBI MEXKIY HMapacHUMIIaTH-
YECKHM M CUMIIATHYECKUM OTAelaMu cocTtaBmin 22 %. Tperes rpynma (63 % ot
00IIero 4mciia y4acTHHKOB) XapaKTepU30Bajach MpeoliaJaHUeM CHMIIaTHYe-
CKOM 4YacTW BEreTaTMBHOW HEpPBHOM cucTeMbl. HakoHel, B 4eTBEPTONM rpynme
(5 % oT obmiero yucIa UCMBITYEMBIX) HAOIIOJAIOCh 3HAYNTENHHOE TTOBBIIIICHHE
MOoKa3aTesyel JesTeIbHOCTH CUMIIATUYECKON BET€TATUBHON HEPBHON CUCTEMBI.

Pe3ynbTaThl onpenencHuss 9acTOThl JbIXaTEIbHBIX JBIDKCHUN y CTYACHTOB C
pa3HBIM HCXOJHBIM BETETaTUBHBIM CTaTycoM (Tabi. 3) AeMOHCTPHUPOBAIIN MOBBI-
LIEHUE MOKA3aTeNsl C YBEIUYCHUEM aKTUBHOCTH CUMIATHYECKOIO OT/AEJa BereTa-
TUBHON HEPBHOW CHCTEMBI.

Tabnuya 3
YacroTa aprxatenbHbIx aBrkeHH (U/1J]) y cTyIeHTOB ¢ pa3HbIM BET€TaTUBHBIM CTaTyCOM
HH, y.e. MBT no MH U0, yu/muH
Hrxe 30 Baroronus 12,7+0,01
31-120 Hopmotonus 14,9+0,01
121-300 CUMIaTUKOTOHHUSI 16,7+0,01
Beire 301 ['unepcuMnaTuKOTOHMs 18,3+0,01

CryneHTaMm ObUT TPEJIOKEH TECT I OLECHKH Ko3(h(UIMeHTa (U3NIECKON
aktuBHocTu (KDA), ompenensieMoro Kak OTHOIIEHHE CPEAHECYTOUHBIX 3aTpat
SHEPrUU YEJIOBEKa K 3aTpaTaM PHEPrUH B COCTOSHUU IOKOS, K TaK Ha3bIBAEMOU
BEITMYMHE OCHOBHOTO OOMEHA.

B tabmune 4 npencraeneHsl 3HaueHus KDA y CTyIeHTOB ¢ pa3HBIM UCXOJ-
HBIM BEr'€TaTUBHBIM CTaTyCOM.

Cpenu Bcero M3y4eHHOTO MacCHBa CTYIEHTOB «HOPMOTOHUKM» (ITO0 TTOKa3a-
temsim BT, paccuntannoro no MH) xapakTepr3oBanuch ONTUMANbHBIM COOTHO-
HICHUEM MEXAY MapacUMIIaTUYECKUM U CUMIATHYECKUM OTAENaMU BEreTaTUBHOU
HEPBHOW cucTeMbI co 3HaueHneM KDA 1,73 6amna.



70 A. C. EMEJIbJIHOBA, JI. A. CUMOHSIH, E. E. CTEIIYPA

Tabruya 4
IMoka3zarenn kodpdurrenta usudeckoit akrusHoCcTH (KDA)
y CTYZICHTOB C Pa3IMYHbIM BEreTaTHBHBIM CTATYCOM
Ne 7H, y.e. VBT no MH VPOBCHE JI0CTOBEPHOCTH K®A, 6ansr
MEX]y IpyIIIaMH
1 | Huxe 30 Barotonus 1-2 (p <<0,05) 1,41+0,1
1-3 (p <0,001)
2 | 31-120 Hopmotonus 1-4 (p < 0,001) 1,7340,1
3| 121-300 CHMITaTHROTOHHST 2-3 (p<0,001) 2,010,1
2-4 (p <0,001)
4 | Beume 301 T'unepcumMnaTHKOTOHMS 34 (p <0,001) 2,42+0,2

Pe3y.HBTaTI)I HCCICA0BaHM IMO3BOJIAIOT PEKOMCHAOBATH ONTHMAaJIbHBIA JJIsA
oOecrniedeHus aIcKBaTHOTO (PYHKIIMOHUPOBAHUS CEPJICYHO-COCYTUCTON CUCTEMBI U
HOPMAJIbHOM afianTanuu K GU3MYECKHUM HArpy3kaM y CTYICHTOB ypOBEHb JIBUTa-
TETTFHOW aKTUBHOCTH, COOTBETCTBYIOMUN KO3(h(UINEHTY (U3NIECKON aKTHBHO-
ctu He Hike 1,75 6amna — nérkas pusmdeckas Harpys3Ka.
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