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3HaueHUe onepeKariiel peakiiii BereTaTUBHOM HEPBHOM CHCTEMbI
B YCJIOBUAX KOTHUTHBHON HAarpy3KH y YCJIOBHO 3/I0POBBIX CTY/IEHTOB
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AHHOTAIIUA

BBepnenue. Onepexaroliye MEXaHU3MbI PETY/IIUN IO3BOJIAIOT YeJIOBEKY 6osiee 3PEKTUBHO aalTHPOBATHCS K
BOB3/IEMCTBUIO CPEOBHIX (DAKTOPOB ¢ GOPMUPOBAHUEM ONTUMAIBHOU CTPYKTYPBI OTBETHON PEAKIIHH.

Il e 1 ». BbIABUTH OCOOEHHOCTH OIEpPEKAIOIIEN PEAKI[UU BEreTaTUBHON HEPBHOW CHCTEMBI B YCJIOBHAX KOTHUTHUBHOM
HAarpy3KHU y YCJIOBHO 3/I0OPOBBIX CTY/IEHTOB.

MaTepuanbs U METOJBbl. B uccaemoBaHNN yUyacTBOBAIN 30 CTY/IEHTOB MEIUITMHCKOTO YHUBEPCUTETA B BO3-
pacre 18—19 JieT. YYacTHUKH ObUIH paszieIeHbl HA JIBE TPYIIIIHI (15 YeJl. B KaK/10H). B rpynime 1 B KauecTBe Harpy3KH MpHU-
MEHSICS TECT «CeMaHTHYecKast BepbasibHas 6eTyIoCTh», B IPyIIIe 2 — TecT AMTXayspa. KapinonHTepBasiorpaMMbl y o6cie-
JIyEMBIX IOHOIIIEH 3aIChIBATIACH B YCJIOBHUIX KOHTPOJIA U HArpy3ku. OIeHUBAIUCH IOKA3aTeTH BapuabeTbHOCTU Cepey-
Horo purMma (BCP) — RRNN, TP, HF, LF, VLF.

PesyabpTarTs . AHanus BCP B rpymme 1 BIABWII, 4TO Hocse Harpysku nokasarenu RRNN, TP, HF, LF nocroBepHO
CHIDKAIOTCA, B TPYIIIE 2 IOC/Ie HArpy3ku rnokasaresnu TP u LF 10cTOBEpHO MOBBIMIAIOTCA OTHOCUTEIBHO KOHTPOJIBHBIX
3HaYeHUH. MeTo10M KOPPeANNOHHOIO aHAIN3a BBIABJIEHBI OTVINYHA MeXAy TokasatessiMmu BCP Ha MOMEHT IOAT0TOBKH
K BBIIIOJTHEHUIO KOTHUTUBHOTO TeCTa Me3K/ly UCCle/lyeMbIMU IPyIIIaMU. B rpy1ie 1 B oTJinyue OT IPYIIIBI 2 OTCYTCTBOBasIa
KOppeJIsAoHHasA 3aBucuMocTh Mexay nokasareasasmu RRNN u HF, TP u LF, HF u LF, LF u VLF. Ilocie npoBeneHus
TecTa B I'PyILIe 1 BBIABJIEHA JOCTOBEPHAs IIOJIOKUTEIbHAA KoppeAanua Mexay nokaszareaamu RRNN u HF. B rpynne 2
OIIpe/iesIeHbl KOPPEJISIUOHHbIE B3aUMOOTHOIIIEHUs MesKAy nmokazatessimu RRNN u LF, Bzaumoseiicreue mexxay HF u LF
YBEJIUUMIIOCH, KOppendanud Mexay napamerpamu LF u VLF otcyrcTByeT. OTiinuus Mmexay nokasareasamu BCP Ha MmomeHT
IIOJITOTOBKY K BBIIIOJTHEHUIO KOTHUTHBHOI'O TeCTa IIOKA3JIN, YTO OXKH/IaHME IIPEeZCTOAINed HATPY3KHU OIpeZeIsaeT peak-
[IUIO PETYJIATOPHBIX MexaHu3MoB BCP Ha /ielicTBHe HAarpy3KH.

3aka04YeHUe. Pa3auuHble BADHAHTHI KOTHUTHBHBIX HATPY30K CIIOCOOCTBYIOT H3MEHEHHIO AKTUBHOCTH OT/IEJIOB BETe-
TATUBHOH HepBHOU cucTeMbl B perysanuu BCP. Xapakrep 5TUX W3MeHEHUH 3aBUCUT OT UCXOJHOTO YPOBHSA PETyJIATOPHBIX
Bo3MozkHOCTel BCP, onpeziesifiomux onepeskaoniii BApHaHT PearnpoBaHUs Ha IPeIbsABIIEMYI0 KOTHUTHBHYIO HATPY3KY.
Kaouesnble caoea: onepekamias peakiiis BereTaTUBHOM HEPBHOW CHCTEMbl, KOTHUTHBHAsA HArpy3Ka, Bapuabeib-
HOCTb Cep/IeYHOTO PUTMA.

Oo60pasen murupoBaHusa: Apunbacosa E.A., Kynukos B.1IO., BoeBoga M.V. 3HaueHue onepexaromel peak-
[MY BETETATHBHON HEPBHOU CHCTEMBI B YCIIOBUSX KOTHUTHBHON HArPY3KH Y YCJIIOBHO 370POBBIX CTY/IEHTOB // Journal
of Siberian Medical Sciences. 2022;6(2):18—27. DOI: 10.31549/2542-1174-2022-6-2-18-27

Autonomic nervous system antedating response significance
in the apparently healthy students under conditions of cognitive load
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ABSTRACT
Introduction. Anticipating regulatory mechanisms allow a person to more effectively adapt to the impact of envi-
ronmental factors with the formation of an optimal response structure.
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Aim . To reveal the features of the antedating response of the autonomic nervous system under conditions of cognitive
load in apparently healthy students.

Materials and methods. Thestudyinvolved 30 medical university students aged 18—19 years. The partici-
pants were divided into two groups (15 people in each). In group 1, the semantic verbal fluency test was used as a load, in
group 2 — the Intelligence Structure Test (IST) by Amthauer. RR intervals in the examined young men were recorded under
control and load conditions. The indicators of heart rate variability (HRV) were assessed — RRNN, TP, HF, LF, VLF.
Results. Analysis of HRV in group 1 revealed that after exercise, RRNN, TP, HF, and LF indicators significantly
decreased; in group 2, after exercise, TP and LF indicators significantly increased relative to control values. Using correla-
tion analysis, we revealed differences between the HRV indicators at the time of preparation for the cognitive test between
the studied groups. In group 1, unlike group 2, there was no correlation between RRNN and HF, TP and LF, HF and LF, LF
and VLF. After the test in group 1, a significant positive correlation was found between RRNN and HF. In group 2, the cor-
relation relationships between the RRNN and LF indicators were determined, the interaction between HF and LF increased,
there were no correlation between the LF and VLF indicators. Differences between the HRV indicators at the time of
preparation for the cognitive test showed that the anticipation of the upcoming examination determines the response of the
HRYV regulatory mechanisms to the action of the load.

Conclusion. Different variants of cognitive loads contribute to changes in the activity of the autonomic nervous
system in the regulation of HRV. The nature of these changes depends on the initial level of regulatory capabilities of HRV,
which determine the antedating response to the cognitive load.

Keywords: antedating response of the autonomic nervous system, cognitive load, heart rate variability.
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BBEJAEHHNE

B opranusme codeTaloTcs iBa IPUHLIUIIA PeryJia-
MU — PETYJIANNA 10 IPUHIUITY OTKJIOHEHUS U Pery-
JIANUA 10 IPUHIUILY BO3MylleHUA. B nepBom ciiy-
4Jae JIeATeJbHOCTb PeryJIATOPHBIX CHCTeM HauWHa-
€TCsl, eCJIM KaKOH-TM00 U3 IapaMeTpPOB BHYTPEeHHEH
Cpellbl OTKJIOHSETCS OT HOPMAJIbHOW BEJTUYUHEI.
ITepenaua napopmanuu 06 OTKIIOHEHUU BKJIIOYAET
PETYJIATOPHYIO CHCTEMY, JIOCTHKEHHE DPe3ysbTaTa,
T.e. IpUBe/IeHUe ITapaMeTpa K HOpMe fABJIAeTCSA CUT-
HaJIOM /ISl IIpeKpallleHusA JeATeJbHOCTH CHCTeMBbI
perynanuu. B ciydyae BO3HUKHOBEHUS CHUTHAsIa
OIIACHOCTH BKJIIOYAETCA PerysAlus IO IPUHIUILY
Bo3MyllleHUsA. HepBHBIE W TyMOpaJbHBle Mexa-
HU3MBI B JAHHOM CJIy4dae paboTaloT ¢ OTIepeKeHHEM,
TOTOBAT OPraHU3M K AaKTUBHOU JI€SATEJHHOCTH.
B dusmosiornueckoMm nsaHe mpeJicTaBiaeHne 00 o1e-
pesxartoriiem Bo30yxaennu V.I1. [TaBioB omucas Kak
COCTOSIHUE «IIPENYIIPENUTETLHON /eI TETbHOCTH .
9TO 03HAYaeT, YTO OPraHU3M JOJIKEH II0JAITOTOBUTH
cebsI TI0 CUTHAJTY K MIPECTOSIINM, TI0CIeI0BATEIHHO
Ppa3BHUBAIOIIUMCA COOBITUAM JJIsI TOTO, YTOOBI UX
MOXKHO OBUIO  De3yJIbTAaTUBHO  OCYIIECTBJIATE.
I1.K. AHOXVH pa3BUJI 3Ty TOUKY 3PDEHUA U IIpescTa-
BIJI ee B (hOpMeE TEOPUU «OIIEPEKAONIEr0 BO30YHK-
JleHus » [1], KoTopasi xapakTepHa TOJIBKO JIJISI Yesi0-
BeKa U peayu3yercs B paMKax crernuduueckoi
(PYHKIIMOHATIPHON CHCTEMBI C AKTHBHBIM BKJIIOUE-
HHEM [IPOLIeCcCoB akTyaJIn3aluu namaTu. Takoe one-
pexaroliiee OTpaskeHue JeHCTBUTEIHbHOCTH IT03BO-

INTRODUCTION

Two principles of regulation are combined in the
body — regulation according to the principle of devi-
ation and regulation according to the principle of
perturbation. In the first case, the activity of regula-
tory systems begins if any of the parameters of the
internal environment deviates from the normal
value. The transmission of information about the
deviation includes the regulatory system, the
achievement of the result, thus bringing the param-
eter to the normal range is a signal for the termina-
tion of the regulation system activity. In the event of
a danger signal, the perturbation-based regulation is
activated. Nervous and humoral mechanisms in this
case work in advance, prepare the organism for vig-
orous activity. In physiological terms, the idea of
advanced excitation by I.P. Pavlov described it as a
state of “preventive activity”. This means that, on a
signal, the organism must prepare itself for upcom-
ing, sequentially developing events so that they can
be effectively carried out. P.K. Anokhin developed
this point of view and presented it in the form of the
theory of anticipating excitation [1], which is charac-
teristic only for humans and is realized a specific
functional system with the active involvement of
memory actualization processes. Such an antedating
reflection of reality allows a person to more effec-
tively adapt to the impact of environmental factors
of various modalities with the formation of an opti-
mal response structure, which significantly reduces
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JIsIeT yeJtoBeKy 60siee 3(pHEKTHBHO aJjaiTHPOBATHCA
K BO3JIEHCTBHIO CPEZOBBIX (HAKTOPOB pPa3IUUHOU
MOJAQTBHOCTA C (POPMHPOBAHUEM ONTUMATBHOMN
CTPYKTYPBI OTBETHOU peaKIU, YTO CYIIEeCTBEHHO
CHIDKAeT  COOTBETCTBYIOI[E€  DHEPreTHUecKHe
3aTpaThl HA €€ PeATNU3aIUIo.

B Hamem mccsie/JoBaHUY MBI OLIeHUBAIN 0CODEH-
HOCTH DETYJIAIIMUA BapuabeJbHOCTH CEPIEYHOTO
putma (BCP) y cTyzieHTOB Ipu pa3jInuHbIX BapHaH-
Tax KOTHUTUBHOH Harpy3ku. I13BecTHO, UTO U3MeHe-
HUSI BETeTaTUBHOTO OaylaHca UTPAIOT BAYKHYIO POJIb B
Iporieccax afianTanuu Bo BpeMs oOyuenus. B psge
HCCIeIOBaHNM [2—4] mMOKa3aHO, YTO KOIHUTHUBHBIE
MIPOIIECCHI JKECTKO CBA3aHBI C JUHAMUKOU BereTa-
TUBHOHM DETYJIAIUN KapAUOPUTMA IIOCPEACTBAM
o01mer HeHpODU3UOTIOTHIECKON OCHOBBI. Ompeze-
nenue napametpoB BCP fo mpezcrosiero ncnbita-
HUS SBJISETCA METO/IOM, ITO3BOJISIOIINM OIIEHUTH
OIIEPEIKAIOIIYI0 PEAKIIUI0 BEreTaTUBHOH HEPBHOU
cucreMbl. MeXxaHU3MbI TAKOTO BApUAHTA PETYJIAIINH
TOTOBSIT OPTAHU3M K aKTHUBHOU JI€ATEJIbHOCTH, T.€.
3¢ peKT BO3MYIIIAIOIIETO BO3IEUCTBHS IIPOTHO3UPY-
€TCs1 M OPTaHU3M 3apaHee K HEMY TOTOBHTCA [5].

Takum 00pa3oM, MOHMMAaHUE OIEPEKAIOIIETO
XapakKTepa pearupoBaHUsA CUCTEMHBIX MeXaHHU3MOB
peryasnuu GpU3NOJIOTHUECKUX ITPOIIECCOB TIPU pas-
HBIX BApHAHTaX KOTHUTUBHOU HATPY3KH Y CTYZIEHTOB
OTIPEJIEJINIIO 1IeJIb HACTOSIIEr0 UCCIeIOBAHNUS.

HOEJIb NCCJIEJOBAHUA

BBISIBUTH OCOOEHHOCTH OTEPEKAOIIEH pPeaKIuu
BeretaTuBHOU HepBHOU cucTeMbl (BHC) B ycstoBusx
KOTHUTHUBHOM HArpy3ku (TeCThl: CeMaHTUYecKas
BepOasbHAs OErJIOCTh W YCTHBIM CUET) y YCJIIOBHO
3/I0POBBIX CTYZIEHTOB.

MATEPUAJIBI 1 METO/IbI

B uccienoBanuy npuHsIIN yUaacTre 30 CTYIEHTOB
MEeUIIITHCKOTO YHUBEPCUTETA B Bo3pacTe 18—19 JIeT,
KOTOPBIX pasfiesiWjid Ha JiBe TPYIIbl. B rpymme 1
(15 4Jes.) B KauecTBe HATrPy3KH IPUMEHSJICSA TECT
«CeMaHTHYeCKas BepOasibHasz OeryIoCTh», CyTh KOTO-
poro 3akJro4yasach B MBICJIEHHOH reHepanuu (Boc-
MPOUBBEAEHNN) CIIUCKA CJIOB, INPUHAJIEKAIIIX
onpeieIEHHOU CEMaHTUYECKOU KaTeropwH.
B rpymre 2 (15 4es.) B KauecTBe Harpy3KH IpUMe-
HsIcA TecT AMTxayspa (yCTHOe perreHne apugpme-
TUYeCKHX 33Jlau). 3aluch KapAHUOWHTEPBAJIO-
rpaMMbl B YCJIOBHAX KOHTPOJIA (KOT/A OCYILECT-
BJISIJICSI COOTBETCTBYIOIUN WHCTPYKTAXK) ITPOBOIU-
Jlach B Te€UeHHe 15 MHUH B IOJIOXKEHHUH CHJs, 0Oe3
Harpysku. 3amluch C Harpy3kod IPOBO/IMJIACH B
WIEHTUYHBIX YCI0BUAX. 17151 aHam3a ObLIN HCIIOJTb-
30BaHbl II0KA3aTEJH, OTPAMKAIIINE MeXaHU3MbI

the corresponding energy expenditure for its imple-
mentation.

In our study, we evaluated the features of the reg-
ulation of heart rate variability (HRV) in students
with different types of cognitive load. It is known that
changes in autonomic balance play an important role
in adaptation processes during training. A number of
studies [2—4] have shown that cognitive processes
are closely related to the dynamics of autonomic reg-
ulation of heart rate through a common neurophysi-
ologic basis. Determination of HRV parameters
before the upcoming test is a method to assess the
antedating response of the autonomic nervous sys-
tem. The mechanisms of such a variant of regulation
prepare the body for vigorous activity, i.e. the effect
of the perturbing influence is predicted and the
organism prepares for it in advance [5].

Thus, understanding the anticipating nature of
the response of systemic regulatory mechanism of
physiological processes in different variants of cogni-
tive load among students determined the purpose of
this study.

AIM OF THE RESEARCH

To reveal the features of the antedating response
of the autonomic nervous system (ANS) under con-
ditions of cognitive load (semantic verbal fluency
and verbal counting tests) in apparently healthy stu-
dents.

MATERIALS AND METHODS

The study involved 30 medical university stu-
dents aged 18—19 years, who were divided into two
groups. In group 1 (15 people), the semantic verbal
fluency test was used as a load, the essence of which
was the mental generation (reproduction) of a list of
words belonging to a certain semantic category. In
group 2 (15 people), the Intelligence Structure Test
(IST) by Amthauer (oral solution of arithmetic prob-
lems) was used as a load. Recording of RR intervals
under control conditions (when appropriate instruc-
tion was carried out) was carried out for 15 min in a
sitting position, without load. Recording with a load
was carried out under identical conditions. For the
analysis, indicators were used that reflect the mecha-
nisms of HRV regulation and affect its features [6].
These are: RRNN, mc (average value of RR inter-
vals); TP (Total Power), mc? (total power in the fre-
quency range < 0.4 Hz); HF (High Frequency), mc?
(power in the range of high (0.15—0.4 Hz) frequen-
cies, waves with a duration of 2.5-6.5 s); LF (Low
Frequency), mc? (power in the range of low (0.04—
0.15 Hz) frequencies, waves with a duration of 6.5—
25 s); VLF (Very Low Frequency), mc? (power in the
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perynsnun BCP u Biusiomue Ha ero ocoOGeHHO-
ctu [6]. 9To: RRNN, mc (cpe/iHee 3HaUeHUE HHTEP-
BasioB RR); TP (Total Power), mc? (0011ast MOIITHOCTD
B iuamasoHe 9actoT < 0.4 I'm); HF (High Frequency),
Mc? (MOIITHOCTh B iamia3oHe BeIcOKuX (0.15—0.4 I'1r)
YacTOT, BOJIHBI JIJIUTEJIBHOCTEIO 2.5—6.5 ¢); LF (Low
Frequency), mc? (MOIIHOCTh B JHAMA30HE HU3KHUX
(0.04—0.15 I'ty) yacToT, BOJIHBI JJIMTETLHOCTHIO 6.5—
25 ¢); VLF (Very Low Frequency), mc? (MOIITHOCTD B
JuanasoHe OYeHb HU3KUX (< 0.04 ') 4acToT, BOJIHBI
JUIATEJIBHOCTBIO D0JIee 25 C).

[TosyueHHble pe3yJsibTaThl 00pPabATHIBAINCH C
WCIIOJIb30BAaHUEM IIaKeTa MPUKIAHBIX MIPOrpaMM
Microsoft Excel, STATISTICA 7.0 (StatSoft Inc.).
JI71s1 06paboTKH TOTYYEHHBIX JAHHBIX HUCIIOJIb30Ba-
JINCh HemapaMeTpU4YecKHe METO/Ibl aHaIu3a, Kak
JUTs 3aBUCHUMBIX, TaK U HE3aBUCHMBIX [I€PEMEHHbIX.
KoppeaauoHHbIH aHaINu3 MPOBOAUIICA TI0 METOIY
CnupMmeHa. 3aBUCHMOCTh ITOKa3aTesed OIpeaesis-
J1ach ¢ IIOMOIIIBIO iucepcuoHHoro aHanuza ANOVA.
Paziuuusi CYUTATNCH IOCTOBEPHBIMU IIPH P < 0.05.

PE3YJIBTATBI 1 OBCY KAEHUE

Ha nepBoMm aTamne ucciaefoBaHUA IPOBOAUIIACH
oreHKa nokasaresieii BCP B rpymme ncciaenoBaHus 1,
B KOTOpPOU B KauyecTBe HATPy3KU IPUMEHSJICA TeCT
«CeMaHTHYecKasi BepbOasbHass OeryiocTb», U B
TpYyIIIe 2, B KOTOPOH B Ka4yecTBe HArpy3KH IpUMe-
HAJICA TecT AMTxayaspa. IlosydeHHble JaHHbIE IPe-
CTaBJIEHBI B TA0JI. 1 U 2.

Kak BUIHO U3 TIpe/iCTaBJIEHHBIX B Ta0J. 1 JlaH-
HBIX, TTocJie Harpy3ku nokasatenn RRNN, TP, HF,
LF nocTtoBepHO CHUKAIOTCA.

range of very low (< 0.04 Hz) frequencies, waves
with a duration of more than 25 s).

The results obtained were processed using the
Microsoft Excel, STATISTICA 7.0 software package
(StatSoft Inc.). To process the obtained data, non-
parametric methods of analysis were used, both for
dependent and independent variables. The Spear-
man’s rank correlation test was carried out. The
dependence of indicators was determined using the
analysis of variance (ANOVA). Differences were con-
sidered significant at p < 0.05.

RESULTS AND DISCUSSION

At the first stage of the study, HRV indicators
were assessed in group 1 in which the semantic ver-
bal fluency test was used as a load, and in group 2, in
which the IST by Amthauer was used as a load. The
data obtained are presented in Table 1 and 2.

As can be seen from the Table 1 data, after the
load, the RRNN, TP, HF, LF indicators significantly
decrease.

As can be seen from the Table 2 data, after the
load, the TP and LF indicators significantly increase.

When comparing HRV indicators between groups
1 and 2, no significant differences were found before
the study, significant differences were found after the
study. The data are presented in Table 3, 4.

Before the load test, the HRV indicators in both
groups of subjects did not differ; after the load test,
the nature of the HRV reaction changed which, in
our opinion, is due to the variant of the cognitive
load and a certain influence of the ANS antedating
response to the upcoming testing [7, 8]. Therefore, at

Ta6auna 1. ITokasaresu BCP B rpymie uccieioBanus 1 (TECT «ceMaHTHUecKas BepbayibHast 6ersiocts»), M £ m

Table 1. HRV in group 1 (semantic verbal fluency test), M £ m

IToxazareanb Jlo Harpysku ITocsie Harpy3sku

Indicator Before the load After the load p
RRNN, mc (mc) 798.7 + 48.0 736.7 + 49.4 0.02
TP, mc? (mc?) 3227.9 + 580.2 1468.3 + 330.5 0.005
HF, mc? (mc?) 1015.2 + 216.7 291.9 + 89.02 0.005
LF, mc? (mc?) 1167.9 + 274.6 496.1 + 136.6 0.006
VLF, mc? (mc?) 1044.7 + 303.09 680.2 + 212.5 0.2

Tao6uuna 2. [Tokazatesin BCP B rpymne uccsieioBanus 2 (tect AMrxayspa), M £ m

Table 2. HRV indicators in group 2 (IST by Amthauer), M + m

Iloxa3arean J1o Harpy3Ku ITocie Harpy3ku

Indicator Before the load After the load p
RRNN, mc (mc) 793.7 + 33.5 759.8 + 32.09 0.1
TP, mc? (mc?) 3760.4 + 692.7 5427.4 + 823.2 0.01
HF, mc? (mc?) 854.06 + 246.9 1385.2 + 316.6 0.06
LF, mc? (mc?) 1535.06 + 284.2 1984.1 + 337.8 0.03
VLF, mc? (mc?) 555.6 + 90.6 768.9 + 121.7 0.07
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Ta6uuna 3. [Tokazatesn BCP B rpymnmax vcceoBaHus 1 U 2 10 IIPOBE/IEHUs] HaTPy309HOTo Tecta, M + m
Table 3. HRV indicators in groups 1 and 2 before the load test, M + m

ITokasareuas / Indicator I'pynna 1 / Group 1 I'pynmna 2 / Group 2 P
RRNN, mc (mc) 798.7 + 48.0 793.7 + 33.5 0.9
TP, mc? (mc?) 3760.4 + 692.7 3760.4 + 692.7 0.5
HF, mc? (mc?) 1015.2 + 216.7 854.06 + 246.9 0.6
LF, mc? (mc?) 1167.9 + 274.6 1535.06 + 284.2 0.3
VLF, mc? (mc?) 1044.7 + 303.09 555.6 = 90.6 0.08

Kak BUJTHO M3 TpeCTaBJIeHHBIX B Ta0Js. 2 JaH-
HBIX, IIOcJie Harpysku nokasarenu TP u LF nocro-
BEPHO MOBHIIIAIOTCS.

IIpu cpaBHenuu nokasatesneit BCP mexay rpyn-
[IaMU UCCJIEZIOBAHUSA 1 ¥ 2 JI0 IPOBEAEHUS UCCIIEN0-
BaHUSA JIOCTOBEPHBIX OTJINYNM He BBIABJIEHO, TOCTO-
BepHbIE OTJINUMS BBISBJIEHBI IIOCJIE IPOBEIEHUS
uccyienoBanus. JlaHHbIe IPEJICTaBJIEHBI B TA0I. 3, 4.

ITepen mpoBesieHNEM HATPY30YHOTO TECTA MOKa-
3atesu BCP B 06enx rpymnmnax nccyie/lyeMbIX He OTIU-
YaJInCh, IOCJIE IPOBENEHHUS HATPY30YHOTO TeCTa
xapaxkrep peaknuu BCP nsmenuics, 4to, 1o Haemy
MHEHUIO, OOYCJIOBJIEHO BAapUAHTOM KOTHUTHBHOM
Harpy3KH U OIPeJIeJIEHHBIM BIIMSTHUEM OIEPEXKAIo-
meit peaknuu BHC Ha mpencrosinyio Harpysky
[7, 8]. IlosToMy Ha BTOpPOM B3Talle HCCIEAOBAHUSA
IIPOBOJIWJICA KOPPEJIIMMOHHBIA aHAJIN3 ITOKa3are-
et BCP B rpymmax uccjaefoBaHusa 1 U 2, KOTOPBIU
Oostee TIIyOOKO BBIABJISIET XapaKTep IMEPECTPONKH
MEKCHUCTEMHBIX B3aWMOOTHOIIEHUH B YCIJIOBHUAX
IIpe/IbABISIEMBIX OPTAaHU3MY HArpy3oK M OTpakaeT
OoJlee paHHHE H3MEHEHUs] CUCTEMbI BEreTaTUBHO-
MeTabOoJIMYeCKON DPETYJIANUN B YCJIOBHUSAX afamTa-
nuu [9, 10]. KoppenanuoHHble OTHOLIIEHUS MEXIY
TOKa3aTeJIAMU OIPeAEISJINCH 10 U TIOCIe IIPoBeie-
HUS HArpy304HOro TecTta. IlosyueHHBIE JaHHBIE
IpesicTaBieHbl B Tab. 5—8. B atux Tabiunax yka-
3aHbl  JIOCTOBEDHble  3HAUEHUSA  KOppeJAui
(p < 0.05).

B rpynme 1 KOppeJysIlOHHBIE B3aHMMOOTHOIIIE-
HUA MeXAy IoKasarejasiMu usMeHuIuch. Ilocie
IIPOBE/IEHUS TECTA BBISBJIEHA JIOCTOBEPHAS IIOJIOKHU-
TeJIbHAA KOppesAnusa Mexay nokaszatesaaMmu RRNN

the second stage of the study, a correlation analysis
of HRV indicators was carried out in groups 1 and 2,
which more deeply reveals the nature of the restruc-
turing of intersystemic relationships under the load
conditions, and reflects earlier changes in the auto-
nomic-metabolic regulation system accompanying
adaptation [9, 10]. Correlation relationships between
the indicators were determined before and after the
load test. The data obtained are presented in
Tables 5—8. These tables show significant correlation
indicators (p < 0.05).

In group 1, the correlation relationships between
the indicators have changed. After the test, a signifi-
cant positive correlation was found between RRNN
and HF (p < 0.05). Thus, the cardiac cycle length
depends on the regulatory influence of the parasym-
pathetic nervous system, when there is a significant
decrease in its activity, and shortening of the cardiac
cycle time. Correlation relationships between the
RRNN and LF indicators were not revealed, and the
TP indicator (total power of the range) is in a positive
correlation relationship with the HF indicator. Thus,
the main influence in the regulation of HRV in
group 1 after the load semantic verbal fluency test
belongs to the parasympathetic NS.

In group 2, a significant positive correlation
between the studied indicators was also revealed.
After the load test, the correlation relationships
appear between the RRNN and LF indicators. The
interaction between the sympathetic and parasym-
pathetic divisions of the ANS is enhanced. After the
load, there is no correlation between the LF and
VLF indicators, while at baseline, a correlation was

Ta6uuna 4. [Tokazatesn BCP B rpynmax vccieoBaHus 1 U 2 TIOCJIE TIPOBEJIEHUS HATPy309HOT0 Tecta, M £ m
Table 4. HRV indicators in groups 1 and 2 after load test, M + m

IToxasaress / Indicator I'pynna 1 / Group 1 I'pynna 2 / Group 2 P
RRNN, mc (mc) 736.7 + 49.4 759.8 + 32.09 0.6

TP, mc? (mc?) 1468.3 + 330.5 5427.4 + 823.2 0.0009
HF, mc? (mc?) 201.9 + 89.02 1385.2 + 316.6 0.01
LF, mc? (mc?) 496.1 £ 136.6 1984.1 + 337.8 0.002
VLF, mc? (mc?) 680.2 + 212.5 768.9 + 121.7 0.7
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Ta6suna 5. Koppensamuonnas matpurtia (CiupMena) 11 nokasateseit BCP B rpyrime uccaenoBaHus 1 10 IPOBEEHUs

Harpy3o4HOro Tecra

Table 5. Correlation (Spearman’s) matrix for the HRV indicators in group 1 before the load test

HF LF VLF TP
RRNN
TP +0.9 +0.87
HF +0.75
LF

Taoauna 6. Koppesamuonnas marpuna (Coupmena) ais mokasatesieir BCP B rpyIie uccieoBaHus 1 IOCIe

[IPOBE/IEHUS HATPY30YHOIO TECTA

Table 6. Correlation (Spearman’s) matrix for the HRV indicators in group 1 after the load test

HF LF VLF TP
RRNN +0.79
TP +0.79 +0.67
HF
LF

u HF (p < 0.05). Takum 06pasom, IpOAOIIKUTEIb-
HOCTb CEpZIeYHOI'0 IIMKJIA 3aBUCUT OT PeryJysATop-
HOTO BJUSAHUA mapacuMnaruudeckoro otaena BHC,
KOT/Ia HabJII0jaeTcs IOCTOBEPHOE CHIKEHE AaKTHB-
HOCTHU 3TOTO OTZeJla U yMeHbllIeHHe BPeMeHH cep-
JleqHOTro [ukiIa. KoppensanuoHHBIX B3aUMOOTHOIIIe-
Huil Mexay nokasarenamu RRNN u LF me BbIAB-
JIEHO, a TaKkKe INokaszaTtesb TP (o0mias MOITHOCTD
CIEKTPA) HAXOJUTCS B MOJIOKUTEIBHBIX KOPPEJIAIU-
OHHBIX B3aWMOOTHOIIEHUAX ¢ mokasareseM HF.
TakuM 00pa3oM, OCHOBHOE BJIUSIHUE B PETYJIALUH
BCP B rpynme 1 mocse NpoBefieHNs] Harpy304YHOTO
TecTa «ceMaHTHUecKasa BepOasbHasi 6eryIocTh» MpHU-
Ha/UIeXKUT IapacuMuarudeckomMy otzeny BHC.

B rpyme 2 Tak:ke BbIABJIE€HA JIOCTOBEPHAS I10JI0-
JKUTeJIbHAA KOppeJIAIMOHHAsA 3aBUCUMOCTb MEXKIY
ucejaefyeMblMu IokazaTenAMu. Ilocsie Harpysou-

found between the sympathetic NS and the meta-
bolic component of regulation. Thus, after the load,
in group 2 the main influence of HRV regulation
belongs to the sympathetic part of the autonomic
nervous system.

At the third stage of the study, in groups 1 and 2
an ANOVA of TP, LF, and HF indicators was per-
formed, which showed their significant (p < 0.05)
change after the cognitive test (Fig. 1—3).

As can be seen from the presented figures, at
baseline the TR, LF, HF indicators do not differ in
both groups, however, after the loading test, these
indicators significantly (p < 0.05) increase in group 2
relatively to group 1.

The revealed correlation differences between
the HRV indicators at the time of preparation for
the cognitive load test suggest that the anticipation

Ta6uuna 7. Koppensinuonnas marpuna (Cniupmena) iist mokazatesiedi BCP B rpyTine nccieIoBaHus 2 [0 IPOBEIEHUS

HArpPy304HOTO TeCTa

Table 7. Correlation (Spearman’s) matrix for HRV indicators in group 2 before the load test

HF LF VLF TP
RRNN +0.63
TP +0.88 +0.78 +0.94
HF +0.61 +0.74
LF +0.82

Ta6auna 8. Koppensanuonnas matpuna (Criupmena) 71st mokasareseil BCP B rpytine uccieJoBaHus 2 TIOCIIe

NIpOBeZIeHUs HarPy304HOI'0 TecTa

Table 8. Correlation (Spearman’s) matrix for HRV indicators in group 2 after the load test

HF LF VLF TP
RRNN +0.52 +0.52
TP +0.79 +0.71 +0.86
HF +0.88 +0.52
LF

Journal homepage: http://jsms.ngmu.ru
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HOTO TEeCTa MOSBJISIOTCS KOPPEJISINOHHBIE B3aUMO-
oTHoIIeHU:A Mexy rmokaszaresamu RRNN u LF. B3a-
UMOJIEUCTBHE MEXKYy CUMIIATUYECKUM U IapacuM-
natuyeckuM otnenamu BHC yceunuatorea. Ilocie
Harpy3K{ OTCYTCTBYET KOPPEJSAIUA MeXK/1y IlapaMme-
Tpamu LF u VLF, npu 3TOM B «MCXOZHOM» COCTOS-
HUU BBIABJIEHA KOPPEJISANHUOHHAs 3aBUCHUMOCTh
Mesxay cummarndeckum otaesiom BHC u metabosn-
YeCKHM 3BE€HOM perysisaiuu. Takum o6pa3oM, OCHOB-
Hoe BimuAHUe peryinanuu B BCP mocie Harpysku B
rpylme 2 MNPUHAAJIEKUT CUMIATUYECKOMY OT/Iery
BEreTaTUBHOU HEPBHOU CHUCTEMBI.

Ha tpeTbeMm sTane uccijiejoBaHUsA IPOBEJEH JYC-
nepcuoHHBIN aHam3 ANOVA nokasaresneit TP, LF,
HF B rpynmnax uccieioBaHus 1 M 2, KOTOpbIE JI0CTO-
BepHO (p < 0.05) U3MEHIJINCH IIOCJIE IIPOBEAEHUS
KOTHUTHUBHOTO TecTa (puc. 1-3).

Kaxk BuiHO U3 mpejicTaBJIeHHBIX PUCYHKOB, ITOKa-
zaresu TP, LF, HF B «ucxomHOM» COCTOSSHUU HE
OT/IMYAIOTC B O0EWX TpyIIax WCCIIeIOBaHus,
O/THAKO TIOCJIE IIPOBEIEHHOTO HATPy30YHOTO TecTa
9THU IMOKA3aTeJH TIOCTOBEPHO (P < 0.05) YBeJIMUHBaA-
IOTCSI B TPYIIIE 2 OTHOCUTEJILHO TPYTIIHI 1.

BrIsAB/IEHHBIE KOPPEJIATIMOHHBIE OTJIUYHS MEXKTY
nokazaresiimu BCP Ha MOMEHT IOATOTOBKU K
BBIIIOJTHEHUIO KOTHUTHUBHOTI'O HArpy304YHOTO TecTa
MI03BOJIAIOT IPEAIIOIAraTh, YTO OKUAAHUE TIPEAICTO-
SIEN HATPY3KU OIpeJIeJIeT PEAKIUI0 PEryJIAaTop-
HbIX MexaHu3MOB BCP Ha jieficTBHe caMOi Harpy3KH
(koruuTHBHOTO Tecta). Takum 06pazom, MbI paccMa-
TPpUBAeM TaKOUW BapUAHT PETYJISAIUU KaK PETYJIAIHIO

of the upcoming test determines the response of the
HRV regulatory mechanisms to the action of the
load itself (cognitive test). Thus, we consider such a
variant of regulation as regulation ahead of sched-
ule, while the regulatory mechanisms are switched
on before a real change in the parameter of the reg-
ulated process (indicator). The conceptual basis for
solving the problem of anticipatory adaptation can
be the idea of antedating reflection, under which
P.K. Anokhin understands adaptation to future
events that have not yet occurred. The phenome-
non of aticipatory adaptation was reflected in the
work of A.A. Nalchadzhyan, who considers prelimi-
nary adaptation, or pre-adaptation, as one of the
adaptive strategies used by people in problem situ-
ations [11].

CONCLUSION

The results obtained indicate that different vari-
ants of cognitive loads contribute to a change in the
activity of the ANS divisions in the regulation of
HRV. The nature of these changes also depends on
the baseline level of regulatory capabilities of HRV,
which underlies the antedating response to the cog-
nitive load presented. Cognitive load can be consid-
ered as a method for identifying the pathogenic
mechanisms of the development of cardiovascular
pathology. This approach is a particular version of a
more fundamental pattern related to the problem of
self-assessment of one’s abilities. In essence, the
tested students really assess their ability to perform
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Puc. 1. ITokazatesp TP B rpynmax UCCIeJOBAHUS 1 U 2 JI0 U TIOCJ/IE IIPOBE/IEHUS HATPY30UHOTO TECTUPOBAHIS
Fig. 1. TP indicator in groups 1 and 2 before and after the load test

24

Journal homepage: http://jsms.ngmu.ru



Archibasova E.A. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 2 (2022)

3000
2500
2000}
— 4
e
b -
Q e
g 1500} .
~
N e
5 ] .
-~
) 1000} .
— -,
e
-
-~
500 [ —
ol
__ == Jlo TecTMpoBaHUsA
-500 Before testing
1-51 TpymImIa 2-51 Tpymma -71- Tloc/te TeCTHPOBAHUSA
1st group 2nd group After testing

Puc. 2. [Toxazaresns LF B rpynmnax ucesaefoBaHuA 1 ¥ 2 10 U IOCJIE IIPOBE/IeHUs HarPy309HOTO TECTUPOBAHUSA
Fig. 2. LF indicator in groups 1 and 2 before and after the load test
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Fig. 3. HF indicator in groups 1 and 2 before and after the load test

II0 OIEepPEeKEeHHI0, IIPH 3TOM PeTryJIUpYIOIIue Mexa-
HHU3MBI BKJIIOYAIOTCSA [0 PEAJIbHOTO W3MeHEeHUs
IapaMeTpa peryJupyeMoro Ipoiiecca (Iokasaresis).
KoHuenTtyanpHOW OCHOBOH pellleHus IPOOJIeMbI
VIIPeXK/IAoel afjalTalliy MOXKET BBICTYIIATh Ues
OTIEPEIKAOIIETO OTPAXKEHUsI, 10]T KoTopoii IT.K. AHo-
XWH MOHHMAaeT IpHCIoco0IeHre K OyIyIinM, ele
He HACTYIUBIIUM COOBITUAM. fIBJIEeHUE yIpexaaro-

a certain test, and if for some it is not difficult to
pass, then for others it causes the development of a
stress reaction, which indicates various predeter-
mined mechanisms for processing incoming infor-
mation.

Conflict of interest. The authors declare no
conflict of interest.

Journal homepage: http://jsms.ngmu.ru

25



Apuubacosa E.A. u dp. / Journal of Siberian Medical Sciences T. 6, N? 2 (2022)

el ajanTaryuyu MOJIYYWUJIO OTpaskeHue B paboTe
A.A. HamyajpksHa, KOTOPBIA pacCMaTPUBAET IIPEJI-
BapUTEIbHYIO afalTalllio, WX IpeajianTaluio, B
KauyecTBe OTHOU 13 aJTAIITUBHBIX CTPATETUH, UCIIOJIh-
3yeMBbIX JIDIbMU B TPOOJIEMHBIX CUTYaluAX [11].

3AK/JIOYEHUE

PesynbpraThl, IOJy4eHHBIE B XO7i¢ UCCIIe/IOBAHUS,
CBUJIETEJIBCTBYIOT O TOM, UTO Pa3jIdyHble BApUAHTHI
KOTHUTHBHBIX HArPY30K CIOCOOCTBYIOT U3MEHEHUIO
aktuBHOCTH O0TZAes10B BHC B perysranuu BCP. Xapak-
Tep 5TUX U3MEHEHUH TaKKe 3aBUCUT OT UCXOTHOTO
VPOBHSA PETYJIATOPHBIX Bo3dMoxkHOcTel BCP, koTo-
PBIi JIEXKUT B OCHOBE OIlePesKaIoIero BapuaHTa pea-
TUpOBaHUA Ha MpPeAbABIAEMYyl0 KOIHUTHBHYIO
Harpys3ky. KOrTHUTHUBHYI0 Harpy3ky MO>KHO paccMa-
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