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OU3NO0JIO0T'UA

YIK 615.356+574.24(470.1/2) DOI: 10.37482/2687-1491-2085

OBECIHEYEHHOCTh BUTAMHHOM D JKHUTEJIEH 2. APXAHTEJIbCKA
B PA3BHBIE CE30HBI I'O/1A

I'H. Kocmpoea* ORCID: http://orcid.org/0000-0002-3132-6439
C.U. Mansseckaa™* ORCID: http://orcid.org/0000-0003-2521-0824
A.B. Jlebeoes™ ORCID: http://orcid.org/0000-0003-1865-6748

*CeBepHbIH roCyIapCTBEHHBIN MEAUIIMHCKUI YHHUBEPCUTET
(. ApXaHrenbcK)

[IpokuBaHue B BBICOKHX IMTUPOTAX SBISETCS (PAKTOPOM pUCKA pa3BUTHA Aeduiuta ButamuHa D. JlanHbre
JUTEpaTyphl YKa3bIBalOT HA HEBO3MOKHOCTh CHHTE3a BUTaMHHA D B KOXKe KHUTeJel ceBepHbIX PErMOHOB Ha MPOTS-
»keHuu Oonpliel yacTu rofa. [Ipeacrapisiercs akTyaabHbIM H3y4eHHE 00eclieueHHOCTH BUTaMuHOM D HaceneHus
Apxkrryeckoii 30HbI PO B pa3Hble CE30HBI T0O/1a, UTO U SIBISUIOCH LeJIbI0 HACTOSIIETO uccienoBanus. Marepuasbl
u Metoabl. [IpoBenena orenka ypoHeir 25(OH)D B chiBopoTke kpoBu 913 skureneid T. ApxaHrenbcka (64° c. 1)
Ha TIPOTSDKCHUU TPEX CE30HOB roja: 3UMa, BECHA, OCCHb. B mccrenoBanue ObLIM BKIIIOUCHBI: IETH 7—8 JIeT —
191 genosek, u3 Hux 107 manpuukoB, 84 aeBouku; noapoctku 13—17 ner — 403 yenoseka, u3 Hux 167 mManpau-
KOB U 236 NieBOYEK; JIMIa FOHOIIecKoro Bo3pacra (18—22 ser) — 260 yenoBek, U3 HUX 58 roHOIIEH, 202 AeBYIIKY;
B3pocibie B Bo3pacte 24—65 net — 59 yenosek, u3 HUX 12 myxuuH u 47 >xeHuuH. Pe3yabrarsl. Beisiinena aus-
Kasi 00eCTIIeYeHHOCTh BUTaMUHOM D skuTeneit . ApXaHrenbCKa, COOTBETCTBYIOIIAs YPOBHIO NeHINTa, Ha TPO-
TSOKEHUHU BCEX TpeX ce30HOB. MenuanHoe 3HadeHue koHueHTpauuu 25(OH)D 3umoii — 16,3 (12,0-21,8) ur/mi,
BecHoi — 16,9 (12,8-22,9) ur/min u ocenbto — 15,8 (11,4-20,2) ur/mi. Jomns nuu ¢ HopmansHbIM ypoaeM 25(OH)D
cocraBuia: 3umMor — menee 1 %, BecHoii — 8 %, ocenbro — 2 %. 3aBucumocTH KoHIeHTpanuu 25(0OH)D ot cpen-
HEel TIPO/IOIDKUTENBHOCTHA CBETOBOTO JHS M 3HAYMMBIX paznnuuii ypoBHeit 25(OH)D B pa3nbie ce30HBI To/1a HE
ycTtaHoBiieHO. [TomyyeHHble pe3ynbTaThl, BEpOsSTHO, 00YCIIOBIEHBI HE3HAUUTENbHBIM KOJTMYECTBOM BPEMEHH Tpe-
ObIBaHMs 0OCIIeyeMbIX Ha OTKPBITOM BO3/yXe B CBETJIIO€ BPeMs CYTOK Ha MPOTKEHUH TPEeX CEe30HOB roja. Tpe-
OyeTcst MPOIOJHKEHUE M3YUYCHHUS BKIIa/Ia Pa3IMYHbIX ()aKTOPOB, BIMSIONMX Ha ypoBeHb 25(OH)D: mutensHOoCTH
peObIBaHUS HA OTKPBITOM BO3IyXE, YPOBHS (DU3NIECKON aKTUBHOCTH, ITOTpeOIeHus BUTaMuHa D 13 mum.

Knroueevie cnosa: ovecneuennocmo sumamunom D, oedpuyum sumamuna D, 25(OH)D, ce3onvt 200a, scu-
menu Apxmuyeckoti 30161 PD.

Omeemcmeennwiil 3a nepenucky: Kocrpona ['anuna HukonaesHa, adpec: 163000, r. ApxaHrenbCk, mpoci. Tpowui-
Kuid, 1. 51; e-mail: kostrovagn@yandex.ru

/s yumuposanusn: Kocrposa I'H., Manssckas C.U., Jlebene A.B. OOecrnedeHHOCTh BUTAaMHHOM D skuTte-
Jel T. ApxaHresibcka B pasHble ce3oHbl rofa // XKypH. men.-onon. uccnepoanuit. 2022, T. 10, Ne 1. C. 5-14. DOLI:
10.37482/2687-1491-Z085
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Koctposa I'.H. u ap.

ObecrieueHHOCTh BUTaMUHOM D skuTerneli . ApXaHrenbeka...

Hedunur Butammuna D mupoko wusydaercs
BOo BceM mupe [1]. Ponp Butamuua D B paznuu-
HBIX (PU3HOIOTMYECKUX U MATO(PU3UOTOTHUECKUX
mpoleccax MOATBEP)KJI€Ha MHOTOYUCICHHBIMU
uccnenoBanusiMu [2]. Pesynbrarsl MeTaaHau3oB
MIOKa3bIBAIOT, YTO HU3KHI ypoBeHb BUTamMuHa D
TECHO CBSI3aH C MOBBIIIEHHBIM PUCKOM CMEPTH OT
Bcex npuuunH [3]. [Ipomomxkarorcst uccnenoBaHus
B3aMMOCBsI3M neduiuTa BuTamMmuua D u pa3BuTus
pasnuyHBIX 3a0o0JeBaHUN (pak, caxapHbId aua-
0et, cepIedHO-cocynucThie 3a0oneBanus) [1],
UMMYHOMOAYJIUPYIOMUX 3(PPEKTOB JaHHOTO BU-
TaMHHA [4] ¥ ero poiM B Mpoleccax CUCTEMHOTO
BOCTAJICHUsI U OKCHAATUBHOTO cTpecca [5]. Ha-
Oiro/iaTeNbHble MCCIIeI0BaHUs JAEMOHCTPUPYIOT
BRXHOCTh MOJACPKAHHUS HOPMAIBHOTO YpPOBHS
00ecreyeHHOCTH BUTAMHHOM D 171l CHMKEHUS
PHUCKOB 3TOPOBBIO KaK B KPaTKOCPOYHOM, TaK U B
JOJTOCPOYHOM TEepPCHEeKTHBE. DTO 0COOEHHO aK-
TyaJIbHO JUISI )KUTENIEH apKTUIECKUX PETHOHOB, Y
KOTOPBIX YXY/IICHHUE MTOKa3aTeei 310pOBbs CBS-
3aHO C Pa3BUTHEM «CHUHAPOMA MOJSPHOTO HAIPSI-
xeHus» [6, 7]. U3ydyenne oOecriedeHHOCTH BUTA-
MuHOM D Hacenenus B KiimMaToreorpauyeckux
YCIIOBUSIX apKTHUYECKHX PETHOHOB OyleT crocoo-
CTBOBaTh pa3paboTke Mep MO MPOPWIAKTHKE U
Koppekuuu aepuuuta ButamuHa D u ykpermie-
HUIO 37I0POBbsI HACETICHHUS.

C ¢u3monornyeckoil TOUKM 3peHUs TIIaBHBIM
MCTOYHUKOM BUTaMUHA D gBIIIeTCS KOKHBIN CUH-
Te3. BKilaj MUIIEBbIX MCTOYHUKOB TOXKE BaXKEH,
OJTHAKO €KEJHEBHBIM pAIMOH THUTAHUS OOJb-
IIMHCTBA JIIOAEH pPENKO BKIIOYAET MPOAYKTHI,
Oorareie BUTAaMUHOM D (Hampumep, *KUpPHBIE CO-
pTa peIObl, neyeHs Tpecku) [8—12]. Butamun D3
(xonmekanbuudepos) CUHTE3UPYETCS B KOXKE M3
7-nerunpoxonectepuHa (mpoButamuHa D) mpu
BO3JeicTBUN ynbTpaduoneroBeix (YD) myueit
coJiHeyHOro ceTa (AynuHbl BosiH 290-320 uM). Ha
3((HEKTUBHOCTH KOKHOTO CHHTE3a XOJICKAJIBIIH-
(eposia oka3bIBaeT BIMSIHUE psiJl (PaKTOPOB: Bpe-
Ml TOJ1a, TT0Tro/1a, Teorpaduueckas IUpoTa MecT-
HOCTH, BBICOTA HAJl YDPOBHEM MOPsI, BpeMsI CyTOK,
THUIT OJICK/IbI, TUIOIIAb OTKPBITONH MOBEPXHOCTH
TeNa, WCHOJb30BAaHHE COJIHLE3AMUTHOTO Kpe-
Ma ¥ THIT KOKH, BO3PACT, CTETICHh MUTMEHTAIIUN

koku [13]. Ilo muenuto J.J. Neville et al. [13],
HanboJee BaXXHBIM (PAKTOPOM SIBISIETCS] KOJTUYE-
CTBO M KauecTBO Y®D-u3nydeHus, Monajgaroero
Ha KOXY.

ATMocdepHble, KIMMAaTHYECKUE M T€o-
rpadgudeckre (aKTOpPhl OKa3bIBAIOT OOIBIIOE
BIMSHHE HA KOJNWYECTBO YD-H3IIydeHUs, TO-
cruraromero 3emiau. C yBeJIUYEHHEM 3E€HUT-
HOTO yrila cojiHua nonsg Y®-imyded, MpOHU-
Karomux dvepes armocdepy, cHuxkaercs [14].
B BBICOKHMX mUpoTax BO3pacTaHUWE 3EHUTHO-
ro yrjia NpUBOAUT HE TOJBKO K YMEHBIIECHUIO
obmero Y®-u3iayueHusl, HO U K YBEIHMUYCHHIO
€ro paccesHus, CHIXeHU Y®D-u3nyyeHus
CPEIHEBOJIHOBOTO JHana3oHa, HEOO0XOIUMOTO
nns cuHTte3a ButamuHa D [14]. Ananuz YO-
n3nyueHuss B EBpome mokaszan Haauuyue Tak
Ha3bIBaeMO# BUTaMUH-D-nepuuuTHON 3UMBI —
MepUoAa, KOTAa OTCYTCTBYIOT yCIOBUS sl CUH-
Te3a BUTaMHHAa D B koxe (OH cOCTaBIs€T OT
2 mecsueB B roay Ha mupote 37° N 1o 8 mecs-
e Ha mupote 69° N) [15]. Pesynbrars! oneH-
KM 00eCHne4eHHOCTH BUTaMUHOM D xurtenei
ceBepHBIX cTpaH EBponsl m Poccunm ykasbiBa-
0T Ha HAJIMYKME CE30HHBIX KOJIeOaHUU ypOBHEH
25(OH)D: 6onee BrIcOKHE YPOBHU (PUKCUPYIOT-
Csl JIETOM U B Hayalle OCEHH, CaMble HU3KHUE — B
3uMHuUi nepuoy [16—-18].

ApxaHreiabCK pacrojoXeH Ha [HpOTe
64°33° N — B 30He YD-nepunura. Knumar nan-
HOU TEPPUTOPUH XapaKTepHU3yeTCsl HEOOIbIINM
KOJIMYECTBOM COJIHEUHBIX IHEH B rOJly U HU3KHU-
MH CPEHEMECSYHBIMU TEMIIEpATypaMH JaKe B
JeTHUe Mecsubl. Llenp HacTosIero uccienoBa-
HUS — OILIEHUTH 00ECIIeYeHHOCTh BUTAMUHOM D
KUTEJIeH I. ApXaHTelIbCKa B Pa3JIUYHbIE CE30HBI
roja: 3uMa, BeCHa, OCeHb. V3ydueHue BIUSHUSA
C€30Ha rojia Ha 00ecne4eHHOCTh BUTAaMHUHOM D
B I. ApXaHIeJIbCKe paHee HE MPOBOAUIOCE.

Marepuanabsl u MerToabl. IIpoBeneHo mo-
nepeyHoe (0THOMOMEHTHOE) HEKOHTPOIUPYEMOE
uccienoBanue. Kpurepun BKIIOUEHUS: MPOXKH-
BaHUE B I. ApXaHreJbcKe; Bo3pacT 7—65 ner; Ha-
nuare MHGOPMHUPOBAHHOTO COTTIACHS POAUTEIEH
1 peOeHKa / B3pOCJIOro Ha y4acTHe B HCCIIEA0Ba-
Huu. Kputepun HEBKIIIOUEHUS: HAJTUYHE OPraHU-
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YEeCKOM MaToJIOTMH, T'eHETUYECKUX CHHIPOMOB,
HapyIICHUH TIEYEHOYHON M MOYCYHOU (YHKIIUU
(cxenTyxa, auapes), HapyLIEHHH MCUXUYECKOTO
pa3BUTHSL.

B uccnenosanuu npunsiiau yuacrtue 913 ueno-
BeK (344 —my»xcKoro rnosua u 569 — KeHCKOro) B BO3-
pacte ot 7 10 65 et (MeMaHa Bo3pacTa cocTaBuiIa
14,5 net). OGcneayembie ObLUTH pacrpeieIcHbl Ha
CJIELYIOIIUE BO3PACTHBIEC TPYIIIBL: I€TH 7—8 JIEeT —
191 dgenoBek, u3 HuX 107 MaIpuMKOB, 84 IEBOY-
ku; moapoctku 13—17 net — 403 uenoBeka, U3 HUX
167 manpumkoB, 236 HeBOYEK; JWIIA FOHOIIECKO-
ro Bo3pacrta (1822 ner) — 260 yenoBek, U3 HUX
58 ronomed, 202 AeByIIKW; B3pOCIbIE B BO3-
pacte 24-65 ner — 59 denmoBek, W3 HHX
12 wmyxuwn, 47 >xenmuH. Jletu B Bo3pacte
7—17 neT — 3M0pOBbIE yUalIuecs: IeTCKUX 001Ie-
00pa3oBaTeIbHBIX YUPEXKACHUH T. ApXaHTelb-
CKa, JIMIA IOHOLIECKOTO BO3pacTa — CTYAEHTHI
BBICIINX y4YeOHBIX 3aBEICHHI T. ApXaHTeIbCKa,
B3pocCIble cTapuie 24 neT — Bpaud U COTPYAHU-
KA JIe4eOHO-TPOYUIAKTHUCCKUX YUPEKIACHUN
I. ApXaHresiabcka.

UccnenoBanue mnpoBOAUIIOCH HA MPOTH-
JKEHHM TpeX CE30HOB roja: BECEHHMI nepuojn
(mapt—maii 2013 roma, mapr—mait 2014 rona),
oceHHuit nepuoj (okTs10pb—HOs10pb 2013 roga),
3UMHHIN niepuoa (sHBapb—despans 2016 rona).
[TpoomKUTETHHOCTS CBETOBOTO JHS OIpene-
JsAfach Kak cpejHee 3HadeHue JJIsi ce30Ha 00-
ciaegoBaHus. [l pacuera npoaoIKUTEIbHOCTH
CBETOBOTO [IHS HCIIOJB30BAJICA KaJIbKYISITOP
http://www.hmn.ru/. J[nuTeabHOCTh CBETOBOTO
JHS Ui T. ApXaHreiabcka BapbupoBajlia OT MHU-
HUMaJIbHOH B Jiekabpe (4 4 28 MUH) 10 MaKCH-
ManbHOU B Mae (18 u 34 mun).

B pamkax uccnemoBaHus OBLUTH NPOBEICHBI
AHKETUPOBAHMWE, HANpPABICHHOE Ha H3y4YeHUE
(dakTopoB 0Opa3a *KU3HM, U OLIEHKA KOHILIEHTpa-
uu 25(OH)D B ceiBopoTke KpoBH. JlaHHBIE NTHII,
COOONIMBIIKMX O MPUEME IIpernapaToB BUTaMmuHa D
IIPU AaHKETUPOBAHUHU, OB UCKITIOUEHBI U3 1aJTb-
HEHIIIEeTo aHaIu3a.

KonuuectBennoe omnpenenenue 25-OH Bura-
muHa D —25(OH)D B cbIBOpOTKE KpOBHU OCYILIECT-
BJISUTH METOJIOM MMMYHO(MEPMEHTHOTO aHajn3a

(ELISA, DRG Instruments GmbH, I'epmanus).
[Ipenen onpenenenust — 1,9 ur/mun. Kpob 3a6u-
panu myTeM BEHEMYHKIHU U3 JIOKTEBOW BEHBI B
oIHOpa3oBble cucTeMbl Vacutainer (Bodywin,
Kurait) yrpom (8-9 4.) mocne 12—-14-gacoBoro
roonanusi. OOcnesoBaHUE TPOBOJWINA OJIHO-
KpaTHO.

ObecneueHHOCTh BUTAaMUHOM D oreHuBaIn
HAa OCHOBAHMH CIIEAYIOUINX KPHUTEPHEB: COIEp-
xanue 25(OH)D B nmpenenax 30-80 Hr/mi cum-
Tajqu HOpMaJIbHBIM, 20—29 HI/MJ — MoKa3aTelieM
Henoctarounoctd, 10—19 ur/mn — nedurmra, a
Menee 10 Hr/mi — Tspxenoro aedunura [19].

Craructuyeckyio o0pabOTKy AaHHBIX MPO-
BOJIWJIM C HCIIOJNB30BAHUEM IIaKeTa MPOrpaMm
Stata (StataCorp, CILIA). AHanu3 HOpMaJIbHO-
CTH pacHlpeleseHus] 3Ha4eHH HCCleI0BaHHBIX
MPU3HAKOB BBIMOJMHSIM TPH TIOMOIIM KpHUTe-
pust lanupo—Yunka. KonnuecTBeHHble JaHHbIE
MpEeJCTaBICHBI B BUJle MeauaHbl (Me), 25-ro u
75-ro npouelimneﬁ (Q,~0,). Ana Beraucnenus
3aBUCUMOCTEH MEXJy HOMHMHAJIBHBIMU TIEpe-
MEHHBIMH TPUMEHSUIN  KPOCCTaOyISIIIMOHHBIN
aHaJM3, CTATUCTUYECKYI0 3HAUYMMOCTH pasiiv-
gl ompeaesii o kputepuio x> Ilupcowna.
[Tpr MHO’)KECTBEHHOM CpPaBHEHUH HE3aBHCHMBIX
rpynn ucnons3oBaiu tect Kpyckana—Yomuca ¢
nonpaskoil boHdepponu, npu mapHeIX cpaBHe-
HUSAX — KpuTepuil ManHa—YutHu. J[i1sg aHanwnsa
B3aUMOCBA3U MEK 1y KoHIeHTpanueit 25(OH)D u
MPOJOJIKUTEIBHOCTHIO CBETOBOI'O JIHSI UCIIOJIB30-
Banu kod(dummeHT koppemnsiiuun CriupMena, Jin-
HEWHBIN perpeccuoHHbI aHanu3. Kpuruueckum
YPOBHEM CTATUCTUYECKON 3HAUUMOCTH OBLI IPH-
uat p < 0,05.

[Iporokon wuccnenoBanus OnOOpeH HSTHYE-
ckuM KoMuteroM CeBepHOro TrocynapcTBEH-
HOTO MEIMIIMHCKOTO YHHBEpCUTeTa (IIPOTOKOI
Ne 04/5-13 ot 22.05.2013).

Pesyabrarbl.  Konuenrpauus  25(OH)D
B 0Omeil BBIOOpPKE JKuTened TI. ApxaHreib-
cka cocraBmina 16,5 (12,2-21,8) ur/miu, 3u-
moui — 16,3 (12,0-21,8) ur/miu, BecHOH —
16,9 (12,8-22,9) ur/mn u ocenpto —15,8 (11,4—
20,2) ur/ma. IlokazaTenu pa3HBIX BO3PACTHBIX
TPYIII 10 CE30HaM TO/1a IPEICTaBIIeHbI B maob. 1.
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YcTaHOBIEHO, YTO HE3aBUCHMO OT C€30Ha roja
MeaHHble 3HaueHus copepxkanusa 25(OH)D B cbI-
BOPOTKE KPOBH XXHUTENEH I. ApXaHIelIbCKa COOTBET-
CTBOBAJIM JieuIMTy BUTamMuHa D — BappUpoBaiK OT
10 no 20 ar/ma. Yposuu 25(OH)D y mikonbHHKOB
7-8 ner cocraBmwmm 14,4 (10,0-21,2) ur/mi, y noa-
poctkoB 13—-17 ner — 15,7 (12,2-19,2) ur/mmn,

y JWI roHomeckoro Bospacrta — 20,3 (14,9—
26,3) ur/mi, y B3pocibix — 19,4 (13,2-23,5) ar/mi.
BrisiBieHa B 11e510M HU3Kask 00€CNEYeHHOCTh BH-
TaMUHOM D y4acTHUKOB McclieoBaHUs: OT 87 110
99 % nui B pa3sHbIX BO3PACTHBIX IPpyIIax UMeENIU
3HaueHus coaepxkanus 25(OH)D Huxke HOpPMBI
(maon. 2).

Tabnuya 1
JAUHAMUKA KOHUOEHTPAIIUU 25(0OH)D B CbIBOPOTKE KPOBU
JKUTEJIEN r. APXAHTEJIBCKA 11O CE30HAM I'OJIA
DYNAMICS OF SERUM 25(OH)D LEVELS IN ARKHANGELSK RESIDENTS
BY SEASONS OF THE YEAR
3uma Becna OceHb
BospacTHas rpynna n 25(OH)D, n 25(OH)D, " 25(OH)D,
Me (Q,-0,), ur/mu Me (Q,-0,), ur/mu Me (Q-0,), ur/miu

é"iﬂlgﬁ et 32 13,8 (9,6-16,9) | 157 | 14,6 (10,1-22,7) 2 14,7 (14,7)
IMonpoctku 13—17 ner
(n=403) 96 16,6 (12,3-20,7) 192 15,2 (12,7-17,8) 115 16,3 (11,3-20,2)
JInua roHo1IECKOTO
Bo3pacra (1822 rona; 0 - 260 20,3 (14,9-26,3) 0 -
n =260)
B3spocineie 24-65 net
(n=59) 59 19,4 (13,2-23,6) 0 - 0 -

Ilpumeuanue. Jlonrora nHs B 3UMHHUI mepuon coctaBwia 6 4 9 muH, B BeceHHUH — 15 u 10 MuH, B OCEHHMH —

8 9 4 MuH.

Tabnuya 2

PACHPEJEJIEHUE )KUTEJEW . APXAHTEJBCKA
IO CTEIIEHU OBECIIEYEHHOCTH BUTAMUHOM D HE3ABUCHUMO OT CE30HA I'OJIA, % (4eu.)

DISTRIBUTION OF ARKHANGELSK RESIDENTS BY VITAMIN D LEVEL
IRRESPECTIVE OF THE SEASON, % (people)

CreneHb 00ecnie4eHHOCTH BUTAaMUHOM D
Bospacrhas rpynna Tsiaenniit jepuuut Heduuur Henocrarounoctb Hopma
(<10 Hr/mur) (10-19 nr/mu) (20-29 nr/mu) (= 30 ur/ma)

Hetn 7-8 et 246 (47) 46,6 (39) 19.4 (37) 9.4 (18)
(n=191)
IMonpoctku 13—17 ner
(n = 403) 14,1 (57) 68,2 (275) 16,6 (67) 1,0 (4)
JIuna roHoIIeCKOro
BospacTta (18-22 rona; 8,9 (23) 40,0 (104) 33,8 (88) 17,3 (45)
n=260)
B3pocibie 24-65 et 50(3) 45,8 (27) 47,5 (28) 1.7(1)
(n=59)
?n"i ];"IIS;)pKa 14,2 (130) 54,2 (495) 24,1 (220) 7,5 (68)
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Pacnipenenenre y4yacTHHUKOB B 3aBUCHUMOCTH  JIOJIS JIULl C HOPMAJIbHBIM YPOBHEM BUTaMuHa D
OT CTCIICHU BBIPAXKCHHOCTHU HEAOCTATOYHOCTU BU- ObLIa KaTaCTpO(l)I/I‘ICCKI/I HU3KOH B TEUEHHE BCEX
tamuHa D mo ce3oHam mpeacTaBieHO Ha puc. I.  Tpex ce30HOB M He npesbimana 8 %. CpaBHeHue
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Puc. 1. Pacnpenenenue xuteneil . ApxaHrenbcka 7—65 Jet no
CTENEeHU 00ECIIeUeHHOCTH BUTAaMUHOM D B pa3Hble Ce30HbI Ioa

Fig. 1. Distribution of Arkhangelsk residents aged 7-65 years by
vitamin D level during different seasons of the year

Hons o6cnenoBannbix ¢ ypoBHeM 25(OH)D ot 0 menuanHbIX 3HaueHui conepxkanus 25(0OH)D B
10 10 HI/MIJI, COOTBETCTBYIOUIUM TSKEJIOMY Jie- CHIBOPOTKE KPOBH B I[€JIOM O BBIOOPKE B pas-
¢dunuTy, ocTaBasach NMPUMEPHO OAMHAKOBOM HE-  HbBIE CE30HBI ToAa (puc. 2) HE BBISIBUIO CTaTH-
3aBUCUMO OT ce30Ha roaa (14—18 %). Ilpu aTom  cTtuuyecku 3HaUMMBIX pasnuuuii (p = 0,149).

40 A
30 A

N . l .

10 A

25(OH)D, Hr/mn

0 - 1
T T T

3uma BecHa OceHb

Puc. 2. CpaBuenue xonueHtpaimii 25(OH)D B chiBopoTke
KpOBH »kuTelNel I. ApxaHrenbcka 7—05 JIeT B pa3Hble CE30HbI rofia

Fig. 2. Comparison of serum 25(OH)D levels in Arkhangelsk
residents aged 7-65 years during different seasons of the year



KypHaa MeTuK0-010JI0THYeCKHX HCCIeI0BAHMIT
2022.T. 10, Ne 1. C. 5-14

Koctposa I.H. u ap.

ObecrieueHHOCTh BUTAaMUHOM D skuTernelt . ApxaHrenbeka...

[Ipu 3TOM [07s ULl C HOPMAJIbHBIM YpPOB-
HeM 25(OH)D BecHoli Oblla 3HAYMMO BBIIIE,
4yeM 3uMOH M oceHbio (y>-tect, p = 0,0004 u
p = 0,0052 cootrBercTtBeHHO). KoppemsiimonHon
B3aMMOCSI3M MEXIY CpelHed MNpOIOIKHTEIbHO-
CTBIO JIHS B TeueHHE ce30Ha 1 ypoBHeM 25(OH)D
HE BBIABIICHO.

O0cy:xxaenue. Hamm naHHble A€MOHCTpPUPY-
IOT HU3KYIO 00€CreueHHOCTh BUTAMUHOM D sxu-
TeNel I. ApXaHTellbcKa BCEX BO3PACTHBIX TPYTIIL.
[TonoGubIe pe3ynbTraThl MOMYyYEHBl B JIPYTUX HC-
CIIEIOBAHUSAX, TPOBEIEHHBIX Ha TEPPUTOPUU
Poccuu [11, 20, 21]. JlanHOE HCClIEIOBaHUE HE
BBISIBIWIIO 3aBUCHMOCTH ypoBHed 25(OH)D or
ce30Ha roja. AHaJOrMYHbIE JaHHbIE ObUIM MOJY-
yenbl A. Ramnemark et al. [22], koTopble cBsI3bI-
BAIOT 3TO CO CHMKCHHBIM BIIMSIHUEM COJIHEYHOTO
CBETAa HA CHHTE3 BUTaMHHA D B KOKE€ B yCIOBHSIX
ropozackoit cpensl [9, 22]. OTcyTcTBUE BIMSHUA
mpoTel Ha ypoBeHb 25(OH)D ormeueno kak
3apyOeXHbIMU [22], TaK ¥ POCCUICKMMHU HCCIe-
JIOBATEJISIMH, B YaCTHOCTH IOKa3aHO, YTO IO CO-
nepxkanuto 25(0OH)D npoxuBatoniye B ropojax u
nocenkax ceepssie PO B 11e710M HE OTIUYAIOTCS
OT JXKWTeNeW yMepeHHOl mnonocsl Poccum [23].
Juetnyeckue npuBbluku [8, 22, 24] u npumeHe-
HUe N00aBOK, copepkalmmx BuTamMuH D, moryt
OBITH 0OOJIee 3HAUYMMBI, Y€M yYPOBEHb WHCOJISIIHH.
Ha 5710 yka3bIBaloT pe3yiabTaTbl MHOTOLIEHTPO-
BOI0 McCJeloBaHMs B cTpaHax EBpormbl, koTopoe
YCTaHOBUJIO, YTO 00ECIEYeHHOCTh BUTAMUHOM D
y xutened Ouunsaaanu u [1IBenuu BeIIE, 4eM y
WTaJIbSHIIEB [25].

B T0 xe Bpemst A.W. Koznos, I'.I. BepuryOckas
[23] mpomeMoOHCTpUpPOBAINU, YTO KOHIIEHTPALIUS
25(OH)D y kopeHHOTO W MPHILIOrO HACEJICHUS

Cnucok JuTeparypsl

BBICOKOILIMPOTHBIX PETMOHOB OTPA’KAaeT CE30HHBIE
W3MEHEHUS! YPOBHS €CTECTBEHHOIO OCBELICHMS.
[Tokazano, 4yTo ypoBeHb BUTaMHHAa D cHUXkaercs
Ha MPOTSHKEHNWU 3MMHErO Mepuofa U JOCTUTAET
MUHHMYyMa B (heBpalie, yKe TOociIe OKOHUYAHHS 110-
nsipHO HouM. Takke HanMU4Yue CE30HHBIX Koseba-
HUI cofep>kanus BuUTaMuHa D ObII0 yCTaHOBIIEHO
B UCCJIEZIOBAaHUH, ITPOBEJEHHOM B JlaHUH, KOTOpOE
BBIIBUIIO OoJiee Beicokue KoHueHTpauuu 25(0OH)D
B KOHIIE JIETa U OCEHbI0, OoJiee HU3KUE — B KOHIIE
3UMBI ¥ BecHOM [18].

Hecmotps Ha TO, 94TO MBI He 3a(HUKCHPOBAIN
3HaYMMBIX pa3nuuuil koHuentpauuu 25(OH)D B
KpOBHU KuTeNeHl I. ApXaHrejibcka B 3aBUCUMOCTH
OT C€30Ha rojia, BECHOW OBbIIT 0OHAPYKEHBI OoIee
MIUPOKUI Jnamna3oH kKoHnentpanuid 25(OH)D u
Oosiee BbICOKast A0JIsI 00CIEI0BaHHBIX, UMEIOIINX
HopMaibHbIN yposeHb 25(OH)D. B nenom moHo-
ToHHO HHM3KHe ypoBHH 25(OH)D Ha mpotskeHnn
TPEX CE30HOB B HAIIEM HCCIIEI0BaHUH, BEPOSTHO,
00yclioBieHbI (pakTopaMu 00paza U3HH Yy4acT-
HUKOB, B YAaCTHOCTH HEIOCTATOYHOW JITUTEIHHO-
CTBbIO NpeObIBaHMs Ha OTKPHITOM Bo3ayxe. Hamu
HE MPOBOJMIIACK OlleHKa KoHUeHTpauuu 25(0OH)D
B JICTHUI MEpPUOJ M B Hayajae OCEHU, YTO MOXKET
OBITh OJHOW W3 TPHYMUH OTCYTCTBHS CE30HHBIX
pa3nuyamiil.

Taxum 006pa3oM, HAMH HE BBISIBJICHO BIUSHUS
MIPOIOJDKUTENILHOCTH CBETOBOTO JHS Ha KOHIICH-
tparmmro 25(OH)D. TpeOyeTcst mpomomkeHne qaH-
HOTO MCCIIEIOBAaHMS, HAlpPaBICHHOE HA OLCHKY
BIUSHUS (paKTOPOB 00pa3a KHU3HU (JIUTEIHHOCTD
npeObIBaHUS HA OTKPBITOM BO3IYXE, BUTATEIb-
Has aKTUBHOCTbh, MUTaHue) Ha yposeHb 25(OH)D.
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VITAMIN D LEVELS IN RESIDENTS OF ARKHANGELSK
DURING DIFFERENT SEASONS OF THE YEAR

Living in high latitudes is a risk factor for developing vitamin D deficiency. Literature data indicate that
in the northern regions vitamin D cannot be synthesized in the skin for most of the year. It seems relevant
to study vitamin D levels in the population of the Arctic zone of the Russian Federation during different
seasons of the year, which was the purpose of our research. Materials and methods. We assessed
25(0OH)D levels in 913 residents of the city of Arkhangelsk (64°N) in the course of three seasons:
winter, spring, and autumn. The study included 191 children aged 7-8 years, of which 107 boys and
84 girls; 403 adolescents aged 13—-17 years, of which 167 boys and 236 girls; 260 young people aged
18-22 years, of which 58 men and 202 women; 59 adults aged 24—65 years, of which 12 men and 47
women. Results. We revealed low vitamin D levels in residents of Arkhangelsk qualifying as deficient
throughout all three seasons. The median concentration of 25(OH)D was 16.3 (12.0-21.8) ng/ml in
winter,16.9 (12.8-22.9) ng/ml in spring, and 15.8 (11.4—20.2) ng/ml in autumn. The proportion of subjects
with a normal level of 25(OH)D was less than 1 % in winter, 8 % in spring, and 2 % in autumn. We revealed
no dependence of 25(0OH)D concentration on the average daylight duration or significant differences in
25(0OH)D levels in different seasons of the year. Presumably, these results can be explained by the low
amount of daylight hours spent outdoors by the subjects during the three seasons of the year. Further
research is required on the contribution of various factors affecting 25(OH)D levels: length of time spent
outdoors, level of physical activity, contribution of dietary sources of vitamin D.

Keywords: vitamin D level, vitamin D deficiency, 25(OH)D, seasons of the year, residents of the Arctic
zone of the Russian Federation.
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Kmmmaroreorpaguuaeckne ycmoBust CeBepo-Boctounoro permona Poccum  QopMmupyioT —ompeneneHHbIC
OHMONOTMYECKH O0OCHOBAaHHBIC MEXaHHM3MBl aalTallid y HACEICHHUS, CIIOCOOCTBYIOIIME IEPEXOY OpTraHH3-
Ma Ha ONTHUMAJbHBINH ypOBEHb (DYHKLIMOHMPOBAHUS B JAHHBIX YCJIOBUSIX. HecMOTps Ha TO, YTO MEXAaHU3MBI IPH-
CIOCOONICHNST OpraHu3Ma K 3KCTpeMaibHBIM ycnoBusiM CeBepo-BocToka Poccum moctarouHo H3ydeHBI, JaH-
HBIII BOMPOC HE TEpseT CBOCH AaKTyalbHOCTH. BIusHMe KOMIIEKca HETaTMBHBIX (DAaKTOPOB Ha OPTaHW3M B
MIOIPOCTKOBOM BO3pacTe, KOTa OpraHM3M HauOoiee ys3BUM, MOXKET MPUBECTH K HAPYIICHUIO aIalTaIllMOHHBIX
MEXaHM3MOB U 3allyCKy MPEINaTolIOTHYECKUX M MAaTOJIOTMYECKUX IpoueccoB. DYyHKIUS CEpACUHO-COCYAUCTON
CHUCTEMbBI ABIACTCA OJHHM H3 OCHOBHBIX IoKasareJei pa6OTI)I HpI/ICHOCO6I/ITeHLHI>IX MEXaHU3MOB OpraHu3Ma.
Lleas TaHHOTO NCCIIETOBAHNS — N3YUICHHE OCOOCHHOCTEH MEXaHI3MOB PETYIISILIAH PUTMA CEP/IIa y TOAPOCTKOB (pyc-
CKHX U SIKyTOB), TIOCTOSTHHO TIposkuBatormux B CeBepo-Bocrounom pernone Poccrn. Marepuasbl u Metoasl. [1po-
BEJICHA OLIEHKA NTapaMeTpoB BapuadenbHOCTH cepedroro putMa (BCP) y noapocTkoB (KOPEHHBIX KUTENEH — IKYyTOB
U PYCCKHUX, KHBYIIUX B SIKyTCKe BO 2-M MOKOJIEHHHU) B Bo3pacTe B 14—15 ner (cpennuii Bozpact — 14,34+0,17 ner),
SBISIIOIIUXCS YUCHUKaMHU CPETHUX 00IIe00pa30BaTeNbHBIX KON I SIKyTcKa. Pe3yabTaThl. YBeIHUICHIE JOIH OUYCHD
HI3KOYAaCTOTHOTO CIeKTpa B obmieM crekrpe BCP, BBIBICHHOE y PYCCKHX JIEBOUCK W MamBIuKoB (48,8 m 47,5 %

' ccnenoBanue nposeieHo B paMkax mpoektoB: Ne FWRS-2021-0043 (perucrparmonnsiii Homep 121021600269-0)
u Ne 0297-2021-0025 (peructparmonssiii Homep AAAA-A21-121012190035-9) dexepanbHOTO UCCIIEAOBATEIBCKOTO
HeHTpa «SIKyTckuiil HayuHbIN eHTp Cubupckoro otaeneHust Poccuiickoit akagemun Hayk» (OULL SAHIT CO PAH).

Omeemcmeennutii 3a nepenucky: Huxonaesa Esrennst Hukonaesna, adpec.: 677013, Pecnyonuka Caxa (SxyTns),
r. SIkyTck, yn. OiyHckoro, 1. 27; e-mail: en.nikolaeva@mail.ru

Jna yumuposanus: Huxonaesa E.H., Konocosa O.H., Anekceea B.A., I'ypeeBa A.b. OcobeHHocTH perynsiiun

pUTMa Cepla y MOIPOCTKOB Pa3HBIX STHHYECKUX TPy B yenoBusix CeBepo-Bocroka Poccuu // XKypH. men.-0noa. uc-
caemoanmid. 2022. T. 10, Ne 1. C. 15-23. DOI: 10.37482/2687-1491-Z086
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COOTBETCTBEHHO) M Y MAJTBYMKOB-SIKYTOB (47,9 %) CBUAETENBCTBYET O MOBBIIICHHOW aKTUBHOCTH HEHPOTryMOpaib-
HOW perynsiii OOMEHHBIX MPOIECCOB B OPraHU3ME MOJPOCTKOB, 00YCIIOBICHHOW MPOKUBAHUEM B IKCTPEMalb-
HBIX KITUMATOTeOrpapIeCcKiX yCIoBHIX. OOHAPYKCHBI STHHUECKIE 0COOCHHOCTH PETYISIINH CEPCTHOTO PUTMA.
B oTiamume oT mMogpOCTKOB-PYCCKUX, Y MOAPOCTKOB-SIKYTOB YCTAHOBICHBI CTATHCTHUYCCKH 3HAYAMBIC Pa3THUHS
BCP 1o nonoomy npusHaky (p < 0,01): y ManbuuKkoB OTMEUEHBI CMEIIEHUE BETeTaTUBHOIO OajaHca B CTOPO-
HY CHMIIATHYECKOTO OT/IeJIa, CHUKEHHE MOITHOCTH BBICOKOYACTOTHOTO CIEKTPa M BBICOKOE 3HAYCHHE WHJEKCa
Hanpspkenust. [lapamerpst cnektpanbHoil MoHOCTH BCP B 0CTanbHBIX HCCIEAYEMBIX TPYIINAX COOTBETCTBYIOT
CpPEIHEBO3PACTHOH HOPME U CBUAETEIBCTBYIOT O ONAarONPHATHOM TEUCHUH AJIalTAlOHHEBIX MIPOIIECCOB C BBICO-
KHM YPOBHEM MOOMJIM3YIOILEr0 U BOCCTAHOBUTEIBHOTO MOTEHIIMAIa OpraHu3Ma.

Knroueswie cnosa: sapuabenbHocms cepoeuHoco pumma, 8e2emamusHblil OALanc, pe2yisayus 0esmeibHOCmu
cepoya, noopocmku 14—15 nem, adanmayus, sKkcmpemanvHvle Kiumamozeoepaguueckue yenosusi, Cesepo-
Bocmox Poccuu.

OcoOblii UHTEpEC MpHU M3yYSHWH MEXaHU3MOB rymopanbHoi perymsiuun CCC mpu aganTanuu K
aJanTaldyd OpraHM3Ma K pa3IM4HbIM (PaKTOpaM  pa3IMYHBIM KJIMMATOreorpauueckium 1 corualib-
Cpelibl MPEACTABISIOT CEHCUTUBHBIE IEPHO/IBI pa3-  HbIM ¢akTopam [5, 12—-14].

BUTHSI — IEPHOJIb] MHTEHCUBHBIX BO3PACTHBIX IEpe- [lenp naHHOTO MCCIIEAOBAHUS — U3yUYEHUE ME-
CTPOEK, B T. 4. MoapocTKOBbIN [1-5]. CoueraHHOE  XaHU3MOB PEryasilUU PUTMa Cepaua y MOAPOCT-
BO3/JICHCTBHE SKCTPEMAIbHBIX KJIMMATHUYECKUX M KOB Pa3HbIX THUYECKUX Py (pyCcCKUe, AKyTbl),
CJIOXHBIX COIMAIBbHO-OBITOBBIX ycnoBuil CeBepa, IOCTOSIHHO mnpokuaromux Ha Cesepo-Bocrtoke
a TaKk)Ke TEXHOTeHHBIX (haKTOPOB cpeasl MokeT He-  Poccum.

TaTWBHO CKa3bIBAThCSl HA PETYJISITOPHBIX CUCTEMAaxX Marepnaast u Mmeroabl. OO0cienoBaHbI
opranu3ma M MpUBOAMTH K jae3amantaiuu [6—10]. 60 mKoIbHUKOB (JIEBOUKH M MAaJIBYMKH) B BO3pac-
CHmkenne (PyHKIIMOHATBHBIX PE3epBOB OpraHm3- Te 14—15 net, poauBIIecs M MOCTOSHHO TIPOXKU-
Ma IIKOJIEHUKOB, 00YCIIOBIIMBAIOIIEe HAMpsDKeHHOe — Batomue B T. SIkyrtcke: sikytol (IIS; 15 neBouek,
NPOTEKaHHUE aJalTallMOHHBIX MPOLIECCOB U crtoco0- 15 manbunkoB) u pycckue (ITP; 15 neBouek, 15 ma-
CTBYIOIIEE PA3BUTHIO PA3IMYHBIX 3a00J€BaHMi, B JBUMKOB). McciaenoBaHue MpoOBOAUIOCH HA OCHO-
T. 4. ICUXOCOMAaTUYECKON NMPUPOJIBL, TAKKE MOKET ~ BAHUU IPOTOKOJIA ITHUECKOTO KOMUTETA SIKYTCKO-
OBbITH CITPOBOLIMPOBAHO MHTEHCUBHBIMU YYEOHBIMH ~ TO HAyYHOT'O LIEHTPa KOMIUIEKCHBIX MEAUIIMHCKUX
Harpy3kamM B IIKOJIE, HEOOXOAMMOCTBIO mepepa- mpobiaem ot 27.11.2019, B mogHOM COOTBETCTBUU
00TKM B KOPOTKMH BPEMEHHOW MEpPHON OOJIBIIOTO € 3TUYECKMMHU PEKOMEHIALUAMHU XeJIbCUHKCKOM

o0bema uHpopmanuu [2, 11, 12]. Jeknapaiuu BeceMupHON MEAUIIMHCKON accolua-
Cepneuno-cocynucras cucreMa (CCC) cmy- uwnu (1964 roga, ¢ usmenenusmu 2013 rona).
KUT OILHOﬁ N3 OCHOBHBIX KOMIICHCATOPHO-IIPHU- PCF}/JISIL[I/IH CEpACUHOIO pUTMa HU3y4ajlacCb

CIIOCOOUTENBHBIX CHCTEM OpraHu3Ma, W ee jes- MeTonoM KapauouHtepsaiorpadpuu (BCP) ¢ mo-
TEJILHOCTh HAXOIUTCS IMOJ] TPOWHBIM KOHTPOJIEM  MOINBIO alapaTHO-IPOTPAMMHOTO  KOMILIEKCa
peryisiiuu:  aBTOHOMHBIM, BHyTpHcucTeMHbIM  «BHC-Crnektp» («HeitpocopT», 1. HBanoBo).
U MEXKCUCTEMHBIM (IICHTPaJbHBIM). AHanu3 ma- Bce wucciienoBaHus MPOBOAWINCH B yTpEHHEE
pamMeTpoB BapualOeNbHOCTH CEpAEYHOTO pUTMa  BpeMs. 3amuch (OHOBOM KapAMOPUTMOIPAMMBbI
(BCP) maer BO3MOXXHOCTH OIICHKH BEre€TaTWBHO- B | OTBEJCHMH OCYIIECTBISIACh B MOJOKEHHH
ro OanaHca W OMpeNeNIeHUs aJanTaloOHHOrO Mo-  Jie)ka B TedyeHue 5 MUH. OUEHHMBAIHCH CIEAYIO-
TeHuana opranusma [13—15], seisercs nemnBa- mme mokasarenn BCP: aGcomrorHast (Mc?) U OT-
3UBHBIM U OJHUM W3 Hawmboisiee WHPOPMATUBHBIX  HocHuTedbHas (%) MOIIHOCTh BBICOKOYACTOTHBIX
METO/IOB HCCiieoBanus BeretarnuBHOM W Heiipo- (HF), nuskowacrorneix (LF) m oyeHp HHM3KOUa-
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ctotHbix (VLF) koneGanuii, cymmapHas MoOII-
Hocth criektpa (TP, mc?). HF-konebGanus orpa-
JKAIOT BaryCHbIM KOHTPOJb YacTOTHI CEPACUYHBIX
cokpanieHuii, B ¢opmupoBanuu LF-BomH yua-
CTBYIOT MapacUMIAaTUYECKUe M CHUMIATUYECKUE
HepBbl. COATaHCUPOBAHHOCTh CUMIMATHYECKUX U
napacumnaruaeckux Biausinui Ha BCP onpenens-
nack no otHomenuto LF/HF. AnanusupoBanuch
MoKa3aTeay BapHAllMOHHOW IyJIbCOMETPUU: HH-
neKc HarnpspkeHus, win crpecc-unaexc (MH (SI),
y. €.), koTopbiid, o P. baeBckomy, oTpaxaer cre-
NeHb AyOIUpYIOIIKX BIMSHUN Ha paboTy cepala
CO CTOPOHBI IEHTPAJIBLHOTO YPOBHS YIIPAaBICHUS;
uHIeKke BereratuBHOTO paBHoBecus (MBP, y. e.),
BereTaTUBHBIN Tokazarens putma (BIIP, y. e.),
MoKa3aresb a/IeKBaTHOCTH MPOLIECCOB PEryIALUn
(ITAIIP, y. e.), oTpakaroiye aKTUBHOCTb PabOTHI
CUMIIAaTUYECKOTO U NapacUMIIaTHYECKOro OTJEIIOB
BeretatnBHOW HepBHOU cuctembl (BHC). Ompe-
JIEeSUIMCh CTATUCTHYECKUE II0Ka3aTelld Kapauo-
putma: mona (Mo, ¢) u amrmuutyaa moxasl (AMo,

KapIMOMHTEPBAJIOB, PA3IMYAIONIUXCs Ooyiee yeM
Ha 50 mc (pNNS5O0, %), pa3zHuLa MEXKIY COCETHH-
Mu HopMmasibHbIMH RR-untepBanamu (RMSSD,
MC), CTaHgapTHOE OTKJIoHeHHe NN-HMHTEepBaIOB
(SDNN, mc) [13, 14, 16].

Craructuueckuil aHaau3 JaHHbIX IPOBOAMIICS B
nporpamme Statistica 13. Mcrnons3oBayiich JaHHBIC
OIMCATEeNTbHON CTaTUCTUKU — CpenHss apudmern-
Yeckas BeimuuHa (M) v cTaHmapTHas onmoka (m1).
[IpoBepka HOPMATBHOCTH PACPEAEIEHHs OCYLIECT-
BIIsIach ¢ momoiblo kputepust [llamupo—Yuka.
CpaBHeHHE JBYyX HE3aBUCHMBIX TPYIII MO KOJTHYE-
CTBEHHBIM NPU3HAKAM C HOPMAJILHBIM pacIipezese-
HUEM 3HAaueHMH MPOBOIMIIOCH C HCMOJIb30BAHUEM
MoauduipoBanHoro kpurepusi CTbloneHTa, ¢ He-
HOPMAJIBHBIM PACIPEAEIEHUEM — C TIOMOIIBIO KpH-
tepust ManHa—YutHu. CTaTUCTUYECKH 3HAYUMBIMHU
MIpU3HABAIUCH pe3yJibrarhl pu p < 0,05.

Pesyabrarel. CootHomenue crekrpos BPC B
rpynne [IP umeno cnenyrommuit Bug VLF>HF>LF
(puc. 1). Y npencrasuteneit rpynmsl I[IP B pery-

%), cpemHsisi TPOAOIDKUTEIHLHOCTh KapIWOWH-  JIAIMA PUTMa CEpAlla BBISBHICS BBICOKWN BKIIAT
tepBasia (RRNN, Mmc), nons mocrienoBarenbHbIX  O04eHb HH3KOYACTOTHOTO crekrpa (monms VLF B
60
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]
3
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Puc. 1. Crpykrypa cnekrpa BCP y 14—15-neTHux moapocTkoB I. SIkyTcka B
3aBUCHMOCTH OT THUUECKOM NPHHAICKHOCTH U 110712 (YCTAaHOBJICHA CTAaTHCTHYE-
CKas 3HauMMOCTh pasziauuuii napamerpa VLF (p = 0,0000): Mexay MaasuuKaMu U
JIEBOUKAMU B TPYIIIE SKYTOB; MEX/Y JIEBOUKAMU IPYIII SIKYTOB U PYCCKUX)

Fig. 1. Structure of the HRV spectrum in 14—15-year-old adolescents of
Yakutsk, depending on ethnicity and sex (statistical significance of the differences
in the VLF parameter (p = 0.0000) was established: between boys and girls in the
Yakut group; between Yakut and Russian girls)
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obuiem crnekTtpe cocraBuia 48,8 % y neBodek u
47,5 % y MaJIbuuKOB).

[Ipu sTOM, He3aBHCUMO OT moia, y IIP 006-
mjast MomHocTh crnektpa (TP) umena Gonee BbI-
cokoe 3HaueHue, uem y 1 (puc. 2). [lokazarens
cootHomenuss LF/HF B rpynmne IIP, paBubIi
1,06+0,24 y neBouek u 1,08+0,01 y Manp4ukoB
(cM. mabauyy), CBUACTENbCTBYET 00 OTHOCH-
TEbHOM OaJlaHCe CHUMIIaTOBarajibHBIX BO3JEH-
ctBuid Ha cepaue [17, 18].

B rpynmne I BhIsIBIEHBI CTAaTUCTUYECKHU 3HA-
YUMBbIE PA3JIMYMS MEXKIY MaJbdMKaMHU U JE€BOY-
KaMU II0 CyMMapHOW MomHocTu crnekrpa BCP
(p <0,05): 3nauenue TP y Magp4MKOB OKa3aiocCh
B 1,92 pa3a HIKe, UeM y JEBOYEK, U COCTABHIIO
1614,12+313,18 mc?®. Mommoctu VLF- u LF-
CHEKTpa Y MaJIbBYMKOB-SKyTOB COOTBETCTBOBAJIU
HWDKHEU rpanute HopMbl (785,62+271,45u 515,5+
+105,06 mc?).

MoUHOCT ~ BBICOKOYACTOTHOTO  CIIEKTpa
(HF) y manpuukoB rpymmsl 15 6sa B 3,4 paza
HUKe, 4yeM y neBouek (p < 0,05), m cocraBmiia

340,37+94,21 mc* (puc. 2). Ilpu 3TOM COOTHO-
mieHue crektpoB BCP y Hux 6b110 crnenyromum:
VLF>LF>HF (47,9, 31,4 1 20,7 % cOOTBETCTBEH-
HO) (puc. I). Tlokazarens LF/HF y manbunkoB
rpynnsl 115, paBubiit 2,48+0,67 (cM. mabauyy),
XapaKTepu3yeT CMEIIEHNE BeTeTaTUBHOTO OaaH-
ca B cTOpoHy cummnarunyeckoro oraena BHC.

VY SKyTOK YCTAQHOBJIEHO CIJIEAYIOLIEE COOT-
Homenune crekrpa: HF>LF>VLF (37,5, 339 u
28,6 %) (puc. ). 3HaueHHs aOCOIMFOTHOW MOIII-
Hoctu crnektpoB VLFE, LF, HF u TP (puc. 2)
y neBouek rpymsl [151 cooTBeTcTBOBaAIM CpeTHEBO3-
pactHOit HOpMe [14] 1 ObUTM CTAaTUCTUYECKU 3HAYH-
MO BBIIIIE, YeM Y MAITBIMKOB-IKyTOB (p < 0,05). Kak
nokasaio 3nadenne LF/HF, y skyTok mapacummaru-
YeCKHe U CUMIIaTUYECKUE BIMSHUA Ha cepaie cOa-
JIAHCUPOBAHEI (CM. mabauyy).

3Havyenust napamerpoB Mo nu AMo, koppenu-
pyroiye ¢ noBbIIeHHbIM cooTHoteHnem LF/HF,
YKa3bIBaIOT HA YBEJTWUYEHHE JIOJIM aKTUBHOCTH
CHUMITaTUYECKOM HEPBHOM CHCTEMBI B PETYIALHA
pabothl cepana y manpuukoB Trpynmsl [1S [16].

4000
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MOLWHOCTb CneKTpa, mc>

JeBoukn

AKyTbI
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[leBo4Kn
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OTP EVLF @ALF MHF

Puc. 2. Momnocts crnekrpa BCP y 14-15-netHux noxpoctkoB L. SIkyTcka B
3aBUCHMOCTH OT 3THHYECKOH NMPUHAIIECKHOCTH U Tosa (YCTaHOBJIEHA CTATUCTHUYECKAs
3HaUUMOCTh paznuunii (p < 0,05): ¥ — Mex Iy MaJTBYMKaMH U JICBOUKAMH B TPYIIIIE SIKYTOB,;
# — MeXIy MaJbIUKaMH IPYII SKYTOB U PYCCKUX)

Fig. 2. Power of the HRV spectrum in 14-15-year-old adolescents of Yakutsk,
depending on ethnicity and sex (statistical significance of the differences was established
(p <0.05): * — between boys and girls in the Yakut group; # — between Yakut and Russian

boys)
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BAPUABEJBHOCTb PUTMA CEPALA
Y 14-15-JJETHUX NOAPOCTKOB r. AKYTCKA
B 3ABUCUMOCTH OT STHUYECKOW MPUHANJEXKHOCTH U MOJA, M+m

HEART RATE VARIABILITY
IN 14-15-YEAR-OLD ADOLESCENTS OF YAKUTSK
DEPENDING ON ETHNICITY AND SEX, M £ m

AKyTBI Pycckue
ITokasarean JleBouku Maabunku JeBouknu Mauabunku
(n=15) (n=15) (n=15) (n=15)

LF/HF 1,09+0,17%* 2,48+0,67* 1,06+0,24 1,08+0,01
Mo, ¢ 0,75+0,04* 0,64+0,01* 0,71+0,06 0,73+0,09
AMo, % 38,69+4,99 51,47+5,10% 29,70+3,43 34,34+4,96"
HUH, y.e. 155,34+30,99%* 257,03+£32,50* 99,64+28,77 118,63+32,007
UBP, y. e. 213,91+£31,56* 322,65+39,05* 132,16+25,59* 158,53+30,37*
BIIP, y. e. 5,34+0,98 7,90£1,21% 3,51+0,41 3,49+0,30*
ITIAIIP, y. e. 54,55+6,68* 81,36+9,43*" 43,98+4,10 49,70+5,807
SDNN, mc 52,58+7,70 38,26+4,89% 60,24+6,13 58,70+5,67*
RMSSD, mc 45,72+8,89* 23,474+4,23%% 62,44+9,91 38,234+4,93%
pNNS50, % 27,34+6,73%* 5,87+3,14%* 30,00+6,68 19,66+2,90%
RRNN, mc 744,14+23,88* 653,87+18,01** 744,80+28,29 724,33+23,59%

Ilpumeuanue. YCTaHOBIICHBI CTATUCTUYECKU 3HAYMMBIE paznuuust (p < 0,05): * — Mexm1y MajJbuuKaMu U JIEBOYKaMU B
IpyIIe SKYTOB; *— MEXIy MaJbuMKaMH H3 TPYII SKYTOB U PYCCKHUX.

Taxke y MalbuUKOB-SIKYTOB BBISIBIEHO BBICOKOE
3nauenue MH, cocrasnsromee 257,03+32,50 v. e.
B ocranenbix uccnenyemsix rpynnax WMH Ha-
xonuiics B mpenenax Hopmel [13]. [lokazarenn
UBP, BIIP u ITAIIP, orpaxatoimue cCOOTHOIIIE-
HHE aKTUBHOCTU BO3JICHUCTBUI Ha CEpAIC CUM-
NaTUYECKOW M NapacUMIIATHUYECKOM HEPBHBIX
CHUCTEM, y MalbYMKOB-SKyTOB ObuiM B 2 pasa
BBIIIE, YEeM Y MaJbduKoB-pycckux (p < 0,05),
YTO SBJISETCS JOKA3aTeNbCTBOM  OOJIBILIETO
BKJIaJla CHMIATUUYECKOTO OTZIeJIa B PETYJSAIHUIO
cepaeunoro putma y 14, ywem y IIP. Beicokoe
snadenue [TATIP (81,36+9,43 y. e.), cBUETE/Ib-
CTBYIOI[€E O MOBBIIIEHHON aKTHBHOCTH CHMIIa-
THUYECKHUX BIMSHUN Ha CepAle M HaIlpsKEHUH
PEryJasTOPHBIX MEXaHU3MOB OPTraHU3Ma, OTMe-
4aj0Ch y MaJIbIMKOB Tpynisl [15 (cM. mabauyy)
[14]. 3nauenue SDNN (moka3aTeiab BOCCTaHOB-
JeHus: (yHKIHOHAIBHBIX PE3epBOB OPraHU3Ma)
y MaJIbMMKOB-SKYTOB OKa3aJIOCh CAMBbIM HU3KUM
cpeau Bcex o0cienyeMbIX.

19

BrIsiBiIeHBI MOJIOBBIE pa3inuyus MapamMeTpoB
RMSSD un pNNS50, koTOpbIE OKa3aJuCh BBIIIE Y
JIeBOYEK 00E€UX AITHUYECKHX IPYIII (CM. mabauyy).

Oocyxaenue. OTMEUEHHOE Y IEBOYEK U MaJTb-
yukoB rpynnsl [IP, a Takxke y Malb4MKOB IPyIIIbI
IIS1 yBenmueHuwe NOOIM O4YEHb HHU3KOYACTOTHOTO
cunektpa (VLF) B obwewm cnekrpe BCP cBune-
TEJIbCTBYET O IOBBIIIEHHOW aKTUBHOCTU HEMpO-
TYMOpaJbHON PEryisiliid OOMEHHBIX MPOIIECCOB
B OpraHu3Me HOAPOCTKOB, MPOXKUBAIOIIUX B IKC-
TpEMaJIbHBIX KJIMMATOreorpauyeckux yCIoBUsX.

Bonee Bricokuii Bkiag B oomuii cnextp BCP
BbIcOKOYacTOTHBIX BOH (HF), uem Hu3kowacToT-
svbix (LF), y TIP cBuzmerenscTBYeT O COXpaHEHUH
ABTOHOMHOT'O KOHTYpa Peryjisilud W CHUXEHUU
BKjaaa cumiarudeckoro ornena BHC. [Ipu stom
BbICOKMe 3HaueHus TP u moxasarens OamaHca
MapacUMIIaTUYECKUX M CUMIATUYECKUX BO3JEH-
ctBuil Ha cepaue LF/HF y I1P roBopst 06 aktus-
HOM M OJIaTONpPUATHOM TEUECHUHU AJanTallMOHHBIX
IIPOLIECCOB.



KypHas MeqMK0-01010TMYeCKUX HCCIIeJ0BAHMI
2022.T. 10, Ne 1. C. 15-23

Huxosnaesa E.H. u ap.
OCoOEHHOCTH PETYISAIIH PUTMA CEePIIia Y TTOIPOCTKOB. ..

B ommune ot IIP, y manpumkoB rpymmsl 115
Hapsily ¢ Bbicokoit fojieit VLF ormeuarorcst 3Hauu-
TenpHbIN BKIaa LF-criekTpa u HH3Kas MOIIHOCTH
HF, yTO cBHUAETENBCTBYET O BBICOKOW aKTHBHOCTH
CUMIIaTUYECKOTO OT/eNIa U TOAABJICHUM BIMSHUSA
OJTy’>KIaIOIIEro HepBa. YCUIIEHHE aKTHBHOCTH CUM-
MaTUYECKOW HEPBHOW CUCTEMBI Y MaJIBYHKOB-AKY-
TOB TaK)X€ MOATBEPKIAIOT IOBBIIICHHBIE TOKa3a-
tenu LF/HF, Mo, AMo, VBP, BIIP u ITAIIP [13,
14]. Boicokuii TH, unu nnzaekc ctpecca, y Majlbdu-
xoB rpynms [15 (257,03+32,50 y. e.) yka3biBaeT Ha
yCUJIeHHE OOMEHHBIX MPOLECCOB Ha (POHE CHIKeE-
HUS QyHKIMOHAIBHBIX pe3epBoB [13]. JloctoBepHO
Oonee HU3KUE TI0 CPABHEHHIO CO BCEMH HCCIIENTY-
eMbIMH Ipynnamu cpegHue 3Hadenus TP, momiHo-
ctu cniektpoB VLF u LF, coorBercTByIOIINE HUXK-
HEW TpaHuIle HOPMBI (OIIEHUBAIOTCS KaK YCJIOBHAsS
HOpMa), Y MaJIBYMKOB-SIKYTOB CBUETEIBCTBYIOT 00
YMEPEHHOM YpPOBHE MOOWJIM3AlMHM MPUCIOCOOH-
TEJILHBIX MEXaHU3MOB opranusma. Takum o0pazom,
HaIIM HWCCJIEOBAHUS TPOAEMOHCTPUPOBAIM HaU-
OoJiee HaNpsHKEHHOE COCTOSIHUE CUCTEM PEryJIsILUN
CEpJIEYHbIM PUTMOM Yy MaJIBYUKOB Ipynisl 115, xo-
TOPOE MOXKET CTAaTh NPUYMHON UCTOIICHHUS aJariTa-
LIMOHHBIX PE3EPBOB OpraHU3Ma.

VY SKyTOK YCTaHOBJIEHHOE COOTHOILIEHHE CIIEK-
tpoB HF, LF, VLF yka3piBaeT Ha ONTHUMAaJbHbII

Cnucok JuTeparypsl

YPOBEHb PETYIHMPOBAHMS JEATEIBHOCTH CEpLa.
Bricokoe 3Hauenue TP cBUIETENBCTBYET O HAJU-
YU JOCTATOYHBIX aJaNTallMOHHBIX U SHEPreTH-
YECKHX Pe3epPBOB OpraHu3Ma. 3HauYeHHs aOCOIIOT-
Hoit momHoctH cnektpoB HF, LF, VLF B nannoi
TpyIIe YKa3blBAlOT Ha ONAaronpusTHOE TEYEHHE
aJalTallMOHHBIX MPOLIECCOB U HAJUYKE BBICOKOTO
MOOMIIM3YFOIIETO ¥ BOCCTAHOBUTEIHHOTO IIOTCHITH-
ana opranmma [14]. Takke o OIaronpusTHOM Te-
YEeHUH aJlallTallii U HAJIMYUU PEe3epPBOB OpraHU3Ma
y SIKyTOK CBHUJETEIBLCTBYIOT nokasarenu RMSSD,
pNNS50 u RRNN, koTopblie yKa3bIBalOT HA aKTHUB-
HOCTh IapaCUMIIaTUYECKHUX BIUSHUNA, COXpaHEHHE
ABTOHOMHOTO KOHTYpa PETYJISILUH CEPACIHOTO PUT-
Ma M, COOTBETCTBEHHO, Ha MpeolnagaHue BKIAaa
AKOHOMHOH TpodoTpormHoit cuctembl BHC B pery-
im0 GyHkuui opranusma [ 16, 19].

[IpoBenennoe Hamu wuccienoBanue BCP y
MOJIPOCTKOB, TMPOXHBAIOIINX B IKCTPEMaTbHBIX
yCIOBUSIX SIKyTHH, BBISIBUJIO HAJIMYKE MOJOBBIX U
STHUYECKHUX Pa3IM4YMi B PETYNSLHUUA CEPIACYHOTO
pUTMa, 4TO MOJATBEPKIAET HEOOXOAMMOCTh /1ajlb-
HEHIIEro U3y4eHHUs 3THOTCHETHYECKHX MEXAHU3-
MOB aJlaliTallii U pa3pabOTKH 3THUYECKUX U pe-
THOHAJIbHBIX HOPMAaTHBOB.
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HEART RATE REGULATION IN ADOLESCENTS
OF DIFFERENT ETHNIC GROUPS IN NORTHEAST RUSSIA

The climatic and geographical conditions of Russia’s northeastern region form certain biological
adaptation mechanisms in the population, contributing to the body’s optimal functioning in this environment.
In spite of the fact that the body’s adaptation mechanisms to extreme conditions of Northeast Russia
have been sufficiently studied, this issue remains relevant. The influence of negative factors during
adolescence, when the body is extremely vulnerable, can disrupt the adaptation mechanisms and initiate
pre-pathological and pathological processes. The function of the cardiovascular system is one of the
main indicators that can be used to evaluate the body’s adaptive mechanisms. Therefore, the purpose
of this research was to study heart rhythm regulation mechanisms in adolescents (Russians and Yakuts)
permanently living in Northeast Russia. Materials and methods. Heart rate variability (HRV) parameters
were evaluated in adolescents (native Yakuts and second-generation Russian newcomers to Yakutsk)
aged 14-15 years (mean age 14.34 + 0.17 years) studying at the secondary schools of Yakutsk. Results.
We found an increase in the share of the very low frequency spectrum in the total HRV spectrum in Russian
girls and boys (48.8 and 47.5 %, respectively) and in Yakut boys (47.9 %), which indicates an increased
activity of neurohumoral regulation of metabolic processes in adolescents due to the extreme climatic and
geographical conditions. Moreover, some ethnic features of heart rate regulation were identified. Unlike
their Russian peers, Yakut adolescents showed statistically significant sex-related differences in HRV
(p <0.01): in boys the autonomic balance is shifted towards the sympathetic division, the power of the high-
frequency spectrum is decreased, and the stress index is increased. HRV spectral power parameters in
the remaining groups correspond to the average age norm and indicate a favourable course of adaptation
processes with a high level of the body’s mobilization and restorative potential.

Keywords: heart rate variability, autonomic balance, heart regulation, 14—15-year-old adolescents,
adaptation, extreme climatic and geographical conditions, Northeast Russia.
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AJIAIITAIIMA CEPJEYHO-COCYAHCTOH H DHAOKPHHHOH CUCTEM
MUIAJIIAX HIKOJIBHAKOB K KOTHUTHBHOH HATPY3KE
ITPH BBITIOTHEHHH TECTA HA HOYTEYKE
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(Mockga)

Ananraiusi opraHu3Ma JIeTeH K KOTHUTHBHOW JICATEIIEHOCTH SIBJISCTCS BAXKHOW MPOOIIEMOW BO3PACTHOM
¢usnonorun. Lleap nccnenoBaHusS — OLEHHUTH XapakTep aJalTalldy CEpACYHO-COCYIUCTON M SHIOKPUHHOW CH-
CTeM JieTeld MIIQJIIEr0 HIKOJILHOTO BO3pacTa K KOTHUTHBHOM HarpysKe IpH BHIMOJIHEHUH TeCTa Ha HOyTOyke. Ma-
Tepuajbl U MeTOAbl. MeToaMy CIIeKTPaIbHOTO W BPEMEHHOTO aHaJlM3a BapraOellbHOCTH CEpIeUHOr0 PUTMA,
ANEKTpOKapauorpaduu, OUIOIIpHON peodHiedanorpaduu, TOHOMETPHA U UIMMYHO(EPMEHTHOTO OTPE/ICTICHHS
KOHIICHTPAIIMK KOPTH30JIa B CIFOHE 00cieoBaHo 32 pebeHKa MIIaIImero mKojasHoro Bozpacta (10—11 ser) npu
BBIITOJIHEHUH KOTHUTHUBHOTO 3a1aHus (Tabnuibl AHrUMoBa) Ha HOyTOYKe. [TokazaTenu ceplieuHO-COCYUCTOM CH-
CTEMBI OLIEHUBAJIA JI0 U BO BpEMs TE€CTa, CIIOHY COOMpaIH JI0 U MOCIe KOTHUTUBHOW Harpys3ku. Pe3yibTarbl.
YV Mitammmx mKOJIBHUKOB MPOIECC KPATKOCPOUHOM aJanTaiyy CepIeYHO-COCYIUCTON M BETETaTUBHONW HEPBHOMN
CHCTEM K KOTHUTUBHOH HArpy3Ke MPOUCXOAMI OIaronpusITHO, Oe3 HAIPSUKEHHST MEXaHI3MOB PETYISIIHN H COIIPO-
BOXKAAJICS] yCUJICHUEM CUMIIATUYECKUX BIUSHUM, YBEIMYEHUEM YaCTOThI CEPICYHBIX COKpAILEHUH, YMEHbILICHUEM
uHTepBaia RR, moBbIlIeHnEM TOHyCa CPETHUX U MEIIKUX COCYIOB B 3aTBUIOYHBIX 001aCTSAX TOJIOBHOTO MO3ra 0e3
M3MEHECHHS TOKa3aTelel, XapaKTepu3yIOIIMX WHTCHCUBHOCTh KPOBOTOKA. BBISABICHO JBa THITA peakIud SHJIO-
KPUHHOH CHCTEMBI HAa KOTHUTHBHYIO Harpy3Ky: | — MOBBIIIEHHE KOHIIEHTPAIIMN KOPTHU30JIa B CITIOHE, HaOmomae-
moe y 40 % nereit; 11 — moHWKeHHE YPOBHS JaHHOTO TOPMOHA, XapaKTEPHOE LIS OONBIIMHCTBA 00CIEIOBAHHBIX
MITQIIINAX IIKOJIBHUKOB. [loydeHHbIe pe3ylbTaThl MOKa3ain, YTO KPaTKOCPOUHas afanTalus CepASYHOr0 puTMa,
TeMOJIMHAMHYECKUX MOKa3aTee K KOTHUTUBHOW Harpy3Ke y MIIa X IIKOJbHUKOB UMEET OJaronpHsITHIA Xa-

Omeemcmeennotit 3a nepenucky: Epmaxosa Hpruna BnagumuposHa, adpec: 140009, MockoBckas 06:1., . JIrobep-
1w, yi. KpacHoropcekas, 1. 33; e-mail: ermek61@mail.ru

Jlna yumupoesanusa: 1lapamos A.H., Anamosckas O.H., orankuna C.b., Epmakosa 1.B., Kmuts I'B., Py6nesa JI.B.
ApanTaiyst cepIedHO-COCYAUCTON 1 SHIOKPHHHON CHCTEM MIIAJIIINX IIKOJIbHHUKOB K KOTHUTHBHON HArpy3Ke MpU Bbl-
TIOJTHEHUH TecTa Ha HOyTOyKe // KypH. men.-0mon. nccnegoBanmid. 2022. T. 10, Ne 1. C. 24-33. DOI: 10.37482/2687-
1491-7087
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pakTep. OTnuUUTeNbHAS 0COOCHHOCTH AETEl ATOro BO3pacTa — yNpexaaromias peakiuus SHA0KPUHHON CUCTEMBI
Ha BO3JCHCTBHE (PAKTOPOB BHEIIHEH CPEIbl, YTO MPOSBUIIOCH B TIOBBIIICHUH YPOBHS CTPECC-TOPMOHA KOPTHU30JIa

J10 KOTHUTUBHOM HarpysKu.

Knwuesvie cnosa: oemu maiaouieco uKoibHO2O sozpacma, a@anmauuﬂ K KOSHUMUBHOUL HaepyskKe, cepdeuHo-
cocyéucmaﬂ cucmema, eapua6eﬂbnocmb cepdelmozo pumma, eecemamuehHasl Heperasl cucmemd, Kopmu3oJl,

MO032060¢€ Kp06005paW€H1/l€.

CoBpeMEHHBII MHp XapaKTepHU3yeTcsi CTpe-
MUTEJBHBIM PA3BUTHEM U  PaclpoOCTpPaHEHHEM
MH(POPMAIIMOHHBIX TEXHOJOTHMA, YTO MPHUBOAUT K
MIOCTOSIHHOMY YBEJIMYCHHUIO YHCTia JAETEeH, KOTOphIe
UCIIOJIB3YIOT KOMITBIOTEP Ha UIKOJIBHBIX YPOKax,
JUIS TIONTOTOBKY JIOMAIITHUX 3aJaHUM, @ TaK¥Ke Mpo-
BOJIAT 32 HUM cBoOOaHOE Bpemsi. [locnencTBus uc-
TIOJTH30BaHMS U(PPOBBIX TEXHOJIOTHI B HACTOSIIIECE
BpeMsl HEJOCTaTOYHO U3YYEHBI, 110 BCEH BUANMO-
CTH, MHOTO()aKTOPHBI U MOT'YT 3aBHCETh OT THIIA HC-
MOJIb3yEMOIN KOMITbIOTEPHOM TEXHUKH, KOJIMYEeCTBa
«9KPaHHOTO» BPEMEHH, a TAaKXKe OT (hPU3UUECKOTO
U MICUXOJIOTMYECKOr0 cOCcTosAHUS pebeHka. Bee ato
JTUKTYeT HeOOXOAUMOCTh 00JIee AeTaIbHOTO U TIa-
TEJILHOTO M3YYEHUsI BIMSHUS KOMITBIOTEPHBIX TEX-
HOJIOTUI Ha COCTOSTHUE OPTaHU3Ma IMIKOJIbHUKOB.

OCHOBHBIM BHUJOM JI€ATEIBHOCTU MIIAJIINX
IIKOJILHUKOB SIBJSIETCSl y4ueba, YCHEeIHOCTh KO-
TOpPOI BO MHOTOM 3aBHCHT OT YMCTBEHHOW pabo-
TOCIIOCOOHOCTH, JUIS OLEHKH KOTOPOH HIMPOKO
NPUMEHSETCS KOPPEKTypHas mpoba mno tadnuuam
Andpumona [1-4].

B coBpemeHnHOlI nUTEparype MPakTHYECKH OT-
CYTCTBYIOT JIaHHBIE O PEAKLUH CEPAECYHO-COCYIH-
CTOM M SHJOKPUHHOM crcTeM peOeHKa Ha KOTHUTHB-
HYIO Harpy3ky, mpu padoTe ¢ KOMITBIOTEPOM, XOTS
9TH CUCTEMBbI MEPBBIMH BKIIOYAIOTCA B IIPOLIECC
alanTalid W MOTYT OIpenensTh ero 3(heKTus-
HOCTb. B HEKOTOPBIX HCCIIEOBAHUSX, IPOBEACHHBIX
B TOM HaIpaBJICHUH, N3YJAINCh OT/ICIBHBIE aCTIeK-
Thl AJANTUBHBIX W3MEHEHHUH B CEPIEYHO-COCYIU-
CTOH U HJIOKPUHHOM cuctemax [5—10].

Lenp wuccrnemoBanuss — OIEHUTH XapakTep
aJanTanyuu CepACYHO-COCYIUCTON W JHIIOKPHH-
HOM cucTeM AeTel MiaJllero MKOJIbHOIo BO3pac-
Ta K KOTHUTUBHOW Harpy3Ke Mpu BHIMOJIHEHUH Te-
CTa Ha HOyTOYKe.
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Marepuajbsl 4 MeToAbl. B uccinegoBanun
npuHsIM ydactue 32 ywammxcsi 4-ro Kjiacca
[-II rpynm 310poBest (CpeaHMii  BO3pacT
10,54+0,06 net; cpennuii poct — 145,65+0,63 cmM;
cpennsst macca tena — 34,00+0,36 kr). Jlo nagana
o0ci1e10BaHUs POIUTENIN YYACTHUKOB JaJld MUCh-
MeHHoe cortacue. OCHOBOIIONATAIOIINUM TTPUHITH-
MOM WCCIIEIOBAaHUS OBIJIO OTCYTCTBHE PHUCKA IS
3JI0POBBS JIETEH, COOMIOZICHNE TYMAaHHBIX M ATHYE-
CKHX HOPM COIVIaCHO XEJTbCUHKCKOM JIeKIapaluun
(c m3menenusimu 2013 roma).

B kadecTBe KOTHUTHBHOM Harpy3Kh HcC-
MOJIb30BAM  KOMIIBIOTEPH3UPOBAHHBIA BapHaHT
KOPPEKTypHOH mpoObl mo Ttabmuuam AHpuMo-
Ba — 3aJaHue, OICHWBAIOIIEE YMCTBEHHYIO pa-
060TOCIIOCOOHOCTh M HCHOJIB3yeMOe ISl OLIEHKU
YCTOMYMBOCTH, pacHpeesIeHUsI U NEPEeKIIOUeHUs
BHUMaHUs y JeTel u moApocTKoB. Ha skpane Ho-
yTOyKa npeabsBisiach OyKkBeHHas TaOiuIa, mpu
MIPOCMOTpPE KOTOPOIA ClIeBa HANPaBO HYKHO OBLIO
HaxoauTh OykBbl «B» u «K», ormMeuast ux kocoii
YepTOl C TIOMOIIBIO OTPEICTICHHBIX KIaBHUII Kila-
Buatypsl. HoyTOyk (Mapku HP), ucnonb3yemsrii
JUIs BBITIONIHEHHSI KOTHUTHUBHOTO 3aJ[aHusl, UMEIl
CIIEIYIOIIUE XapaKTEPUCTUKH: pa3pelleHue dKpa-
Ha — 1366%768 nmkceneri; LED-nonceeTka. Tect
BBITIOJTHSUICS B TEUCHUE 5 MUH.

Onexrpokapauorpammy (OKI') peructpupo-
BaJIM C MOMOIIBI0 KOMIBIOTEPHOTO Kapauorpada
«[Tomu-Criexktp-12» («He#ipocodT», 1. IBaHOBO).
KapauounrepBanorpaMmbl  U3y4ald METOAAMU
BPEMEHHOTO M CHEKTPAJbHOTO aHajlIM3a BapHa-
6enpHOCTH cepaeunoro putma (BCP). Peructpa-
o OKI' mpoBoauN B MOJIOKEHUN 00CTIeTyeMo-
TO CUS 10 IPEABbSBICHUS KOTHUTHBHOTO 3aaHuUs
(ucxonHOE COCTOSIHUE) U Ha 3-5-11 MUHYTE BBINOJI-
HEHUS TecTa (HarpyskKa).
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st onenkn BCP ucnonbs3oBanu mokazarenn
BPEMEHHOTO (CTaHJapTHOE OTKJIOHEHHE BEITUYUH
HOopMasTbHBIX R-R-mnaTepBanoB (SDNN, mc); kBa-
JPaTHBI KOPEHb U3 CPEIHEro KBAJpaToB Pa3HO-
CTeH BENIMYMH MOCIEN0BATEIbHBIX Map WHTEPBaA-
70B N-N (RMSSD, Mc); J10J110 ITOCIeI0BaTEIIBHBIX
nHTepBAIOB N-N, paznuuue MexIy KOTOPBIMHU
npesbimaer 50 mc (pNNS50, %), u cnekTpaabHOro
(obmrast momaocTh criekrpa (TP, mc?); MOIIHOCTH
(%) BoicokouacToTHBIX (HF), HH3KO4acTOTHBIX
(LF) u ouenp HuskouactoTHbIX (VLF) komeba-
HUiT) aHanmu3a. J1is oneHKM OanaHca MEXIy CHM-
MAaTUYECKOW M IapacUMIIaTUYECKOW CHCTEMaMHU
WCTIOJIh30BAJIM OTHOIICHHWE MOIIHOCTEH HHU3KOYa-
CTOTHOTO U BBICOKOYACTOTHOTO JHANa30HOB CIIEK-
Tpa (ko3 uuuent LF/HF) [11].

buoanexrpuueckue pyHkIMU (BO30yAUMOCTb U
MPOBOIMMOCTH) MHOKapAa onpenessiiu Bo I cran-
naptHoM otBeaeHnu DKI. OnenuBanu cremyro-
e nokaszarenu DKI': M TenbHOCTh CepAeYHOro
mukia (RR, ¢); mpompomkuTensHOCTh TpeacepaHo-
KeITyIouKoBoi mpoBonuMocTH (PQ, ¢); mmmrens-
HOCTB AJIEKTPUYECKOM CHCTONBI keayaoukoB (QT,
¢); ammutyny 3youos P, R, T (mm).

CocTosiHME  TIEHTPAJIbHOM  TEeMOJUHAMHKHI
OLIEHUBAJIU IO CJIEAYIOMINM IOKa3aTeIsiM: CHCTO-
nudeckoe (CAJl) u nmacronmnueckoe (JIA/Jl) apre-
puangbHOE JaBieHue, mynbcoBoe aasnenue (I1]1),
gactota cepaeunbix cokpamiernii (YCC), ymap-
Helid (YO) u munytHbiii (MOK) 00beMBbI KpoBO-
oOparteHus. /laBieHue 1 4acToTy Mmysibca u3Meps-
JM ¢ noMolklo 1udposoro annapara AND mone-
i UA-777 (SIroHus) ¢ HCTIOIB30BaHUEM JICTCKOM
MamkeThl. [lynbcoBoe MaBlieHHE ONMpPENeNsuid 10
dopmyne [T = CAl — JAJL. YnapHsblii 00beM BbI-
yucssum o popmyne Crappa st nereit 8—14 ner:
YO =80 + 0,511 — 0,6:IAl — 2-Bo3pact. Mu-
HYTHBI 00BbEM KpOBOOOpAIIEHUSI PAaCCUUTHIBAIIN
o popmyne MOK = YO-UCC.

OrneHKy MO3ToBOTO KpOBOOOpAIIEeHHUs IMPOBO-
JIWTA METOJIOM OUTIONSIpHOM peosnnedanorpadum
(POI'), peorpaMMbl perucTpUPOBAIU C MTOMOILIBIO
npudopa «Peo-Cnexrp» («HelipocodpT», . Upa-
HOBO). Onpenensuim cieayronme nokasareinu pe-
orpau4eckoro KOMIUIEKca: peorpadudecKuit
unaekc (PU, y. e.) — xapakrepusyeT BEIUYHHY
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MyJIBCOBOTO KPOBEHAIOIHEHHUS; BPEMsI OBICTPOTO
KPOBEHANOJIHEHHUS (a,, C) — OTPAXKAET COCTOSHHE
TOHYyCa COCYJOB PacHpeesIeHus; BPEMsI MEJICH-
HOTO KPOBEHANOJIHEHHUS (a,, C) — TOKa3bIBAET CO-
CTOSTHHE TOHYCa COCYIIOB COIPOTHUBIICHUS; BpeMs
BOCXO/ISIIIEN YaCTH PEOBOJIHEI (d, C) — CBUICTENb-
CTBYET O COCTOSIHMM COCYIUCTOH CTEHKH; MOAYJb
ynpyrocta (a/RR, %); AMKpOTUYECKHH HHIEKC
(di, %) — xapakTepu3yeT TOHYC COCYJOB MEJIKOTO
KanuOpa, TMO3BOJSIET CyAUTh O TepudepruIecKoM
COCYIUCTOM COIPOTUBIIEHNHU; aMIUIMTYQHO-4a-
cTOTHBIN mokazarens (AUl y. e.) — oTpaxkaeT kpo-
BOTOK B €/IMHUILY BPEMEHHU.

Peakimro  rumoransaMo-rumodu3apHo-HaII0-
yeuynukoBoil cuctembl (I'THC) onenuBanm 1o
KOHIIEHTpAlM1 KOPTHU30Ja B CIIOHE, KOTOPYIO CO-
Oupany 10 U 1ociie KOrTHUTUBHOI Harpy3ku. Kon-
LEHTPAIMIO TOPMOHA (B HAHOTpaMMaXx Ha MUJLIH-
JUTP) onpeaesnsiv Ha aHanu3atope Stat Fax 2100
(CIIA), npuMeHsieMOM JUIsl UMMYHO(pEPMEHTHO-
ro aHammza (MDA), ¢ mOMOIIBI0 KOMMEPYECKUX
HabopoB ¢upmbl DRG International, Inc. IIpo-
661 10 MDA xpanunu nipu temmneparype —20 °C.
AHanu3 BBINOJMHSUIA COIVIACHO TPOTOKONY JHa-
THOCTUYECKOTO Habopa (GUpPMBI-TPOU3BOIUTEIS,
KOHTPOJIbHBIE NTOKA3aTeIN HE BBIXOIMIM 32 PAMKU
yKa3aHHBIX MPEAEIIOB.

[Tomyuennsie nanHbie 00pabaTHIBAIM C TIOMO-
urpto porpammbl SPSS 23, Beruucnsimm cpeanee
3HaueHue (M) U cTaHAapTHYIO OIIUOKY CpeIHero
(m). Tpumensimu ¢-tect CThIOACHTA IS HE3aBU-
CHUMBIX M TIOTIAPHO COTIPSKEHHBIX BHIOOPOK C IIe-
JIBIO MIPOBEPKH CTATUCTHUYECKHUX TUIIOTE3 UCCIIEN0-
BaHUS U KOPPEJSALMOHHBIA aHanu3 (KOApPUIIUEHT
[Mupcona) amsi OLIEHKH TECHOTHI CTaTUCTHYECKOM
CBSI3M MEXIy TMOKazaTelsMu. Pasmuums cauranu
CTaTUCTUYECKH 3HAYMMbIMU Tipu p < 0,05.

PesyabTarbl. CTaTUCTUYECKUN aHAIIN3 HE BbI-
SIBUJI TIOJIOBBIX Pa3iMuuil PeaKkiuu CepledHO-Co-
CYIUCTOM, BETETaTUBHOW HEPBHOMW U SHAOKPUHHON
CUCTEM Ha KOTHUTUBHYIO Harpy3ky (KOppeKTyp-
Hasi mpoba mo Tabnuuam AHGUMOBA), MOITOMY
MaJBYUKH M JIEBOYKH ObUTH OOBEAMHEHBI B OJHY
rpynmy. JlaHHBIE BPEMEHHOIO M CHEKTPAJIBHOIO
anasimza BCP mumanmux HIKOJIBHUKOB IPEICTaB-
JIeHbl B maon. 1.
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Tabnuya 1
U3MEHEHUE BAPUABEJBHOCTHU CEPAEYHOI'O PUTMA
Y MUIAJIIUX HIKOJBHUKOB (1 = 32) 1IPU KOTHUTUBHOU HAT'PY3KE
(TecT Ha HOYTOYKe), M+m
CHANGES IN HEART RATE VARIABILITY
IN PRIMARY SCHOOL CHILDREN (r =32) UNDER COGNITIVE LOAD
(test on a laptop), M + m
oxa3arenn Hcxonnoe cocTosinne Harpyska )/

CnexkmpanbHulii aHanu3z
TP, mc? 3359,57+331,48 2533,00+192,45 0,001
VLF, % 34,61+£2,99 36,06+1,96 0,595
LF, % 35,69+2,05 45,20+1,90 0,000
HF, % 29,57+2,00 18,76=1,08 0,000
LF/HF 1,38+0,12 2,68+0,22 0,000

Bpemennoii ananus

SDNN, mc 45,57+2,46 40,29+1,71 0,000
RMSSD, mc 33,50+3,30 21,67+0,95 0,000
pNNS50, % 9,45+1,64 3,68+0,37 0,000

BrinonHeHre KOTHUTUBHOTO 3a/laHUsl COIPO-
BOXKIQJIOCh CHIDKEHHEM CyMMapHOW aKTHBHOCTH
BETE€TATUBHBIX BO3JECHCTBUI Ha CEPJICYHBIN PUTM
(TP), ocnabneHumeM mnapacUMMIATHYECKUX BO3-
neiicteuit (HF, RMSSD, pNN50) u aktuBarmeit
CHMIIATUYECKOTO OT/ENIa BEre€TaTUBHOW HEPBHOM
cuctemsl (LF, LF/HF).

[Ipouiecc cpouHol ajmanTaluu LEHTPAIbHON
reMOIMHAMUKN K KOTHUTHBHOM Harpyske Ipouc-
XOIIT 0€3 CyIIECTBEHHOTO HanpsokeHus (maon. 2).
[Ipu 5TOM OTMEYEHO 3HAYUTEIHHOE yBEIMYCHHE
UCC (p =0,000), camxenue 1] (p = 0,000) u He-
KoTopoe cHmkeHue YO (Ha ypoBHE TEHJICHIIMU —
p =0,055).

Tabnuya 2
U3MEHEHUE MNOKA3ATEJIEN HEHTPAJIbHON TEMOJUHAMUKHU
Y MUIAJIIUX INKOJBHUKOB (2 =32) IPU KOTHUTUBHOU HATPY3KE
(TecT HA HOYTOYKe), M+tm
CHANGES IN CENTRAL HAEMODYNAMIC PARAMETERS
IN PRIMARY SCHOOL CHILDREN (n =32) UNDER COGNITIVE LOAD
(test on a laptop), M = m
Hoxa3arenn Hcxonnoe cocrosinne Harpyska P
UCC, yn/muH 78,4+2.47 85,5+2,05 0,000
CAl, MM pT. CT 94,5+1,20 94,2 +1,48 0,799
JAZL, MM pT. CT. 60,4+1,72 62,7+1,94 0,208
I, MM pT. cT. 34,1+1,49 31,4+1,26 0,000
YO, mn 39,4+1,68 36,7+1,05 0,055
MOK, n/mun 3,1+0,17 3,1+0,12 0,607
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g oueHkr (pyHKIIMOHAIBLHOTO COCTOSIHUS U
aJanTallMOHHBIX BO3MOKHOCTEH MUOKapa Myaj-
MIAX TIKOJIBHUKOB MeTogoM DKI' ObLin m3ydeHbl
OCHOBHBIE OMOdNEeKTpHUYeCKue (PyHKIIMA MHOKap-
Jla Ip¥ KOTHUTUBHOU Harpy3ke (maoba. 3).

KparkocpouHast ajanrarusi MO3rOBOrO KpOBO-
oOpallleHus1 K KOTHUTHBHOM Harpy3ke XapaKTepH-
30BaJIach MOBBIIICHUEM TOHYCA CPEAHNUX M METKHX
cocynos (a,, ¢; a/RR, %) B 3aThUIOYHBIX 00IaCTAX
(cM. pucynox), 6€3 3HAYMMBIX U3MECHECHHM MTOKa3a-

Tabnuya 3

N3MEHEHHUE OCHOBHBIX BUOJJIEKTPUYECKHUX [TAPAMETPOB KT
Y MJAJIIUX HKOJbHUKOB (7 = 32) TIPU KOTHUTUBHOW HATPY3KE
(TecT Ha HOYTOYKe), M+m
CHANGES IN KEY BIOELECTRICAL ECG PARAMETERS
IN PRIMARY SCHOOL CHILDREN (n = 32)

UNDER COGNITIVE LOAD (test on a laptop), M + m

Ilokazaresnnb HcxonHoe cocTosiHne Harpy3ka Y4
RR, ¢ 0,70+0,016 0,66+0,014 0,01
PQ, ¢ 0,128+0,002 0,127+0,002 0,756
QT, c 0,359+0,003 0,356+0,003 0,673
P, Mm 1,1440,052 1,22+0,061 0,03
R, MM 9,77+0,499 9,85+0,500 0,585
T, MM 3,19+0,162 3,110,155 0,659

Ananranys  OMOAIEKTPUYECKHUX IPOIECCOB
MHUOKap/a XapaKTepu30Balach CHM)KEHHUEM IPO-
JIoJDKUTENbHOCTH cepaeunoro nukia (RR) u yse-
JMYEHUEM aMIUTUTY bl 3yOna P Bo Il cranmapTHoM
oTBeZieHUH. [IponoMIKUTENbHOCTh IPEACEPIHO-
KellynoukoBoii mpoBogumoctu (PQ) u anexrpuye-
ckoii cuctonsl (QT) cymiecTBeHHO HE U3MEHSIACh.

0,08
0,07
0,06
0,05
0,04
0,03
0,02
0,01

0

a, C

WcxoaHoe
cocToaHue

Harpyska

TeNnel peodHredasorpaMMbl B JJOOHBIX 00JIACTIX
rOJIOBHOTO Mo3ra. [/IaHHBIH THO TreMOJMHAMHYE-
CKOH peaklluu CBUJICTEIILCTBYET O Mepepacnpese-
JICHWU KPOBOTOKA B IOJIb3Y aKTUBHO pa6OTaIOHII/IX
oOacteit Mo3ra 0e3 CyIICCTBECHHBIX M3MEHECHUI
CYMMapHOTO MO3TOBOTO KPOBOTOKA 33 CUET MeXa-
HHU3MOB ayTOPCTYJIALUHA.

20
18
16
14
12
10

a/RR, %

O N D O ®

WcxogHoe
coCcToAHUe

Harpyska

Junamuka mokasareneii MO3roBoro KpopooOpaienus (3arbuiodnoe orseaenue OO )
Yy MJIaJIINX IIKOJHHUKOB NPH KOTHUTHUBHOHW Harpyske (TeCT Ha HOYTOyKe): M3MEHEHHUs

crarucTudecku 3HauuMblI (p < 0,05)

Dynamics of cerebral circulation parameters (occipital lead OO ) in primary school
children under cognitive load (test on a laptop): the changes are statistically significant

(p < 0.05)
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[Ipu u3yueHun peaxiuu HI0KPUHHOMN cUCTe-
MBI MJIQIIINX IIKOJbHUKOB HAa KOTHUTHBHYIO Ha-
Ipy3Ky YCTaHOBJIEHO, YTO YPOBEHb KOPTH30Ja [0
U MOcJe TecTa CTaTUCTUYECKH 3HAYMMO HE pas-
myancs (p = 0,410). B xoge mHAMBHIyaTbHOTO
aHaNM3a TMHAMUKY KOHIIEHTPAIMHA JAHHOTO TOp-
MOHA BBISIBJIEHO, YTO IIOCJIE€ BBIIIOJHEHHS KOT'HH-
TUBHOTO Tecta (Tabnuubl AHpumona) y 37,50 %
JeTe MPOMCXOANIIO TOBBIIICHUE YPOBHS TOPMO-
Ha (Ha 20,89+1,98 %), a 'y 62,50 % — nonmxenue
(ma 18,70£1,25 %). PeaktusHocts [ THC, xapak-
TEPU3YIOLIYIOCS  MOBBILIEHUEM KOHILIEHTpAIUH
KOPTH30J1a, MBI ONIPENETHIN KakK | Tun peakiu, a
XapaKTEePU3YIOLIYIOCS TTOHMKEHUEM JaHHOIO I10-
kazarens — kak Il tun peakuuu. Ilpu 3TOM ypo-
BEHb KOPTH30Ja /10 TecTa y jerei ¢ | tumnom peak-
IIUU OKa3aJiCsl HIKE TI0 CPABHEHHIO C TAKOBBIM Y
nereit co 1l Tumom, HO 6€3 CTATUCTUYECKHU 3HAYU-
MBIX pa3Iuduil.

Oocyxnenne. [unamuka BCP Bo Bpems ka-
KOW-JTHOO0 NIEATETHHOCTH, B T. 4. M TIPU YMCTBEHHON
Harpy3ke B XOJI€ BBIIOJIHEHUS 3a/1laHUsI Ha JIEK-
TPOHHBIX YCTPOMCTBaxX, OTpa)KaeT aJaNTHBHBIC
BO3MO)KHOCTH OpPTaHU3Ma U MOXET CIIY>KUTh TpO-
THOCTHYECKUM MapKepOM YCIIEIIHOCTH aJallTalliH.

W3BecTHO, YTO XapakTep aJanTHBHBIX CIIBUTOB
CEep/ICUHO-COCYIUCTOW CUCTEMBbI TPU BO3ICHCTBUU
(hakTOpOB BHEIIHEH CPEIbI ONPENEIISIETCS HCXOIHBIM
COCTOSTHHEM BETETATUBHON HEPBHOW CHCTEMBIL. B Ha-
meM uccienosanuu y aereit 10-11 net ycraHos-
JIeH OJJMHAKOBBIN BKJad BbicokoyactoTHoro (HF),
HU3Kko4acToTHOTO (LF) M 0ueHh HU3KOUaCTOTHOTO
(VLF) KOMMOHEHTOB B PETYISAILUIO CEPACYHOTO
putMa (cMm. mabn. 1), 1. e. BCP xapakrepusoBaics
cOalaHCUPOBAaHHOCTBIO CErMEHTApHBIX (CHMIIa-
TUYECKOI'0 M IMapacCUMIIATUYECKOI0) U HaJICETMEH-
TapHbIX OT/EJOB BEr€TaTUBHOW HEPBHOWU CHCTEMBI
(VLF-kommnonenta). Heo0XoqumMo OTMETUTH, YTO
MOIIIHOCTh OY€Hb HHU3KOYACTOTHOTO KOMITOHEHTA
3HAYMMO HE U3MEHSIACh B XOJI€ KOTHUTHBHOH Ha-
Ipy3KH M OCTaBaJlaCh JIOBOJIBHO BBICOKOH (36 %).
Ponb HazmcerMeHTapHBIX OTIEJIOB BEreTaTUBHOMN
HepBHOH cuctembl (VLF-koMronenTa) B ajanra-
IIUU CEPIEUYHO-COCYIUCTON CHUCTEMBI K BO3ZACH-
CTBUIO BHEIIHUX (AaKTOPOB Yy JeTed JOBOJIBHO
BBICOKA: 32 CYET BBIPAKEHHOU CBSI3U aBTOHOMHBIX

29

YPOBHEH pEryisluu ¢ HaJCerMEHTapHbIMH 00e-
CIICYUBAETCS BHICOKUN YPOBEHb (PYHKIIMOHHUPOBA-
HUs KpoBooOparienus [12]; Takoit BapuaHT ajarn-
TaIlMM XapaKTepeH B OOJbINei cTeneHu ISl qeTei
no 14-15 ner [13].

[Ipy BBIMONHEHWH KOTHUTHBHOTO 3a/laHUs
MJIaIIIMMH IIKOJIBbHUKAMH OTMEYAJIOCh CHUKEHHE
TOHyCa BEreTaTWBHOM HEPBHOW CHCTEMbl, YMEHb-
[IeHHE MapacUMMaTUYeCKON aKTUBHOCTH, yCHUJIe-
HUE CHMMATHYECKUX BIHSHHMA, YTO COIIACyeTCs
C JIaHHBIMM, NOJYYEHHBIMU JAPYTUMH aBTOPaMU
[14-16]. [To MHEHUIO HEKOTOPBIX YYEHBIX, BHICO-
Kas CUMITaTH4eCcKasi akTUBHOCTD P BBITIOJTHEHUH
KOTHUTHBHOTI'O 33/1aHUS TIOHMKAET KOHLIEHTPALUIO
BHUMaHUS [17], ocoOeHHO MpH JAEUCTBUM MOHO-
TOHHBIX pa3pakuTesaei, KAaKUMH SBIAIOTCS OyK-
BbI TaOmuIbl AHpHUMOBA.

HeoOxomumMo OTMETHTB, YTO y MIIAQAIINX
LIKOJIBHUKOB TPH BBIOJHEHUH TECTOBOTO 3aja-
Husi B HauOomnbiiei crenenu uiaMensuch YCC
(moBermanace) u [1/] (cHmkanocek), B HaMMEHbIIEH
CTENEHN — I0Ka3aTeIl MO3TOBOM I'eéMOJIMHAMUKU
(MOBBIILIAJICS TOHYC COCYAOB M HE HM3MEHSUIUCH
MOKa3aTeNy, XapaKTepHU3yIolIe HWHTEHCHUBHOCTD
KpOBOTOKA). BHISBICHHBIE HE3HAYUTEIHHBIC W3-
MEHEHHS MapaMeTpoB T'€MOJMHAMHUKH, BHUIUMO,
CBSI3aHbI C MOBBILICHUEM CHUMIIATUYECKON aKTUB-
HOCTH, a TaKXKe C MEJIEHHO pearupyroumMi ry-
MopasIbHBIMU  (pakTopamu. Hekoropsie aBTOPHI
cuuTaroT, uTo Bozpactanue YCC npu yMCTBEHHOH
paboTe MOXET OBITh CBA3aHO C BO30YKIECHUEM
B,-aIpEeHEPrUYECKUX PELENTOPOB CUMIIATHIECKO-
TO OTJIeJla aBTOHOMHOW HEPBHOU cucTembl [ 18].

[Inpoko M3BECTHBIM (PU3NOTOTUIECKUM Map-
KEpPOM peaKlMU 3HJOKPHUHHOH CHUCTEMBI HA BIM-
sHUE (DAKTOPOB OKPYKAIOMIEH Cpeabl SIBISETCS
KopTH30J. M3MepeHne ypoBHsS JaHHOTO TOPMOHA
B CJIIOHE, a HE B KPOBHU HanboJiee mpueMiIeMo pu
uccnenoBanun peaktuBHoctu [THC y gereit B
XOJIeé €CTECTBEHHOTO IIKOJBHOTO JKCIIEPUMEHTA
[19, 20]. IIpumepHo y 40 % nereit KOTHUTHBHAsS
Harpyska, BBITIOJTHSIEMass Ha HOYTOyKe, BbI3Bajia
MOBBILIEHHE KOHLEHTPAlUU KOpTH30Ja. AHao-
THYHasi CTPECC-PEaKTUBHOCTh TaK)Ke HaOIIOIaeT-
Csl y B3pOCIBIX JIUI] TIpU paboTe Ha KOMIbIOTEpe
[10]. Y GompmmmMHCTBA JIETEH OTMEYaIach HEYIOB-



KypHaa MeTuKo-010JI0THYeCKHX HCCIe0BaHMIT
2022.T. 10, Ne 1. C. 24-33

lapanos A.H. u ap.

AmanTanys cepIeyHO-COCYINCTON 1 YJHIOKPUHHOMN CHCTEM...

JIETBOPUTENIbHAS SHIOKPUHHAS pPEryjisilus, Ko-
Topast xapakrepusoBanach akruanuein [ THC no
KOTHUTHBHOW Harpy3Ku. DTa 0COOCHHOCTH JeTel
MUJTAJIIETO IIKOJIBHOTO BO3PACTa MPOSBISETCS KakK
B CUTYyalluu y4eOHOTO MJIM COLMAIBHOTO CTpecca,
TaKk ¥ BO BpeMs MPO(HUIAKTUIECKOTO METUITNH-
ckoro ocmotpa [20-22].

Takum 00Opa3oM, NPOBEIEHHOE KOMIUIEKCHOE
UCCJIEIOBaHNE [O3BOJMIO YCTaHOBUTh, UYTO Y
MJIQIIIAX HIKOJIBHUKOB TMPOLIECC KPAaTKOCPOUHOM
aJlanTalnuy CepEeYHO-COCYAMCTOM U BEreTaTuB-
HOIl HEpPBHOM CHCTEM K KOTHUTHBHOW Harpyske
HPOMCXOIUT OIaronpusATHO, O€3 HaNpsLKeHUs Me-
XaHHU3MOB PEryISILINN U COIPOBOXKIAETCS yCHIIE-
HUEM CUMIATUYECKON aKTUBHOCTH, YBEJIUUEHUEM
YCC, ymenpuieHueM uHreppaia RR, noseiieHu-

Cnucok JuTeparypsl

€M TOHYCa CPEeIHUX U MEJIKUX COCY/JIOB B 3aThLIOY-
HBIX OOJNACTSX TOJOBHOTO MO3ra 0e3 M3MEHEHHUs
MoKasarelnei, XapakTepu3yIOIIMX HHTEHCUBHOCTD
KpOBOTOKA. BBHISBIEHO /1Ba THMa peakUuu HJO-
KPUHHOM CHUCTEMbl Ha KOTHHUTHUBHYIO HAarpys3Ky:
I — moBbIIEHNE KOHIIEHTPAIIMH KOPTH30JIa B CIIO-
He, Il — moHMKeHne ypoBHs JaHHOTO TOPMOHA.

Hacrosimast pabota siBsieTcst Ha4aJlbHBIM 3Ta-
IIOM IPOJIOJDKAIOIIET0Cs TPOEKTa M HAallpaBJieHa Ha
pemieHre mpoOsieM MPOQUIAKTUKYA U KOPPEKIHH
HEOIaronpusATHHIX U3MEHEHUH (PYHKIMOHATBEHOTO
COCTOSIHHSI OpTaHM3Ma JIETEH U TIOAPOCTKOB B MPO-
necce 0O0y4eHHs ¢ MCIOIb30BAaHHEM KOMIIBIOTEP-
HBIX TEXHOJIOTHUH, MMOBBIIICHUS UX PabOTOCIIOCO0-
HOCTH ¥ IIKOJIbHOW YCHEITHOCTH.
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ADAPTATION OF THE CARDIOVASCULAR AND ENDOCRINE SYSTEMS
OF PRIMARY SCHOOL CHILDREN TO COGNITIVE LOAD
WHEN PERFORMING A TEST ON A LAPTOP

Adaptation of children’s body to cognitive activity is an important issue for developmental physiology.
The purpose of this study was to assess the nature of short-term adaptation of the cardiovascular
and endocrine systems of primary school children to cognitive load when performing a test on a
laptop. Materials and methods. Using spectral and temporal analysis of heart rate variability,
electrocardiography, bipolar rheoencephalography, tonometry, and enzyme immunoassay to determine
cortisol concentrations in saliva, we examined 32 primary school children (10-11 years old) performing
a cognitive task (Anfimov’s tables) on a laptop. The cardiovascular system parameters were assessed
before and during the test, the saliva was collected before and after the cognitive load. Results.
In primary school children, the process of short-term adaptation of the cardiovascular and autonomic
nervous systems to cognitive load was going favourably, without straining the regulation mechanisms,
and was accompanied by an increase in sympathetic influences and heart rate, a decrease in the
RR interval, and an increase in the tone of medium and small vessels in the occipital regions of the
brain without changes in the indicators characterizing blood flow intensity. Two types of reaction of
the endocrine system to cognitive load were revealed: 1) an increase in cortisol concentration in the
saliva, observed in 40 % of children; 2) a decrease in the level of cortisol, characteristic of the majority
of the examined schoolchildren. The obtained results showed that short-term adaptation of heart rate
and haemodynamic parameters to cognitive load in primary school children is a problem-free process.
A distinctive feature of children of this age is the manifestation of a proactive response of the endocrine
system to the effects of environmental factors, which manifested itself in an increase in the level of the
stress hormone cortisol before cognitive load.

Keywords: primary school children, adaptation to cognitive load, cardiovascular system, heart rate
variability, autonomic nervous system, cortisol, cerebral circulation.
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Poct murpanuu, BICOKash paclpoCTPaHEHHOCTh JIEKapCTBEHHO-ycTolumBoro tyoepkynesa (Thb) nm BUY-
UH(EKIUN B 3M0XY MHTCHCHUBHOM HHIYCTpHANW3allUU U IMoOanu3aluu B ApKTHKE CTAHOBSTCSI aKTyajbHBI-
MH TpoOJeMaMH sl CUCTEMBI 3pPAaBOOXPAaHEHUsl apkTuueckux Teppuropuil. Llejab HacTosiiero uccnemosa-
HUSI — OIpe/eNICHUE BIUSHUS MEpOIpHUsTuil no npoduiaaktuke Th, MpoBOAMMBIX CpEAM JIIOnEH, KUBYIIHUX C
BUY-ungexiueit, a Takxke yucna Bpaueil-QTHU3HATPOB U U3HOCA 3[AHUM U COOPYKEHHH METUIIMHCKUX MPOTH-
BOTYOEpKyJIEe3HbIX OpraHu3anuii Ha 3aboneBaeMocts BUY/Th-konnpekiuel B apkTudyeckux pernonax Poccum.
MarepuaJjibl 1 MeToAbl. OLleHUBAINUCH MTOKa3arenu 3adonesaemocty BUY-undexmnueit, Th u coueranuem BIY/
Tb na 100 000 nacenenus 3a nepuoa 2007-2019 rogos, yncno Bpadei-GTU3MATPOB U U3HOC OCHOBHOTO (hoHMIa
MPOTUBOTYOCPKYIE3HBIX YUPEXKICHUH, pe3yIbTaThl MEPONPUSATUI MO MPOIIAKTUKE TyOCpKyIe3a cpeau JIHoAeH,
xuBynux ¢ BUU-undexnueii, B apkruueckux peruoHax PO. CratucTuueckue AaHHbIC ObUTH MONYUYEHBI U3 CO-
oTBeTCTBYIOIUX (hopMm denepanpHoro crarucrudeckoro Hadmoaenus u OI'BY «HayuHo-uccnenoBarenbckuit
UMHCTUTYT OPraHU3aIUU 3paBOOXpaHeHus U uH(popmaruzanum» Munsapasa Poccun. Pesynabrarsl. Hauxynmme
nokasarenu pocta 3abonesaemoctn BUY-undexnuei (315,8 %), Thb (136,1 %) u BUY/TB (150,0 %), a Takxe ca-
MBI BBICOKHMH U3HOC 31aHUI U COOPYKEeHUI MPOTHBOTYOepKyne3HbIX yupexaenuii (100,0 %) BoisiBieHs! B UyKoT-
CKOM aBTOHOMHOM okpyre. MccnenoBanue mokasaio, yto 3aboneBaemocts BUU-undexuueit, Thb u couerannem
BNY/Tb B apkruueckux peruonax P® nepaBHomepHa. HeoOxonumo nmposectu Oosiee AeTaabHbIE HCCISTOBAHUS
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o oueHke pacrpocrpanenuss BUU-undexuun, Thb u BUY/Th, notenuuana cuctemMsl 30paBOOXpaHEHUS B KaXKIOM

apKTHUECKOM peruone Poccun.

Knrwouegwie cnosa: BUY-ungexyus, mybepxynes, BUH/Th, apkmuueckue meppumopuu Poccutickou @edepa-

yuu, nPOmMuUBomyOepKyie3Hvle OUCIAHCEPDI.

Introduction. The Arctic, with its colossal
mineral and raw material resources, has been
subjected to intensive development, industrialization
and globalization [1]. Nine entities of the Russian
Federation are, partly of entirely, included in the
country’s Arctic zone: Arkhangelsk and Murmansk
Oblasts; Republics of Karelia, Komi, and Sakha
(Yakutia); Nenets, Yamalo-Nenets, and Chukotka
Autonomous Okrugs, and Krasnoyarsk Krai.

Arkhangelsk Oblast is located in the north of
the European part of Russia, occupying an area of
413.1 thousand km?. Its predominant part (9 out of
21 municipal districts) lies in the Far North. The
population density is about 2.0 people per km?
urban dwellers comprising 77.8 %. In 2019, the
population was estimated at 1144 thousand people.
Arkhangelsk Oblast is one of Russia’s industrially
developed regions.

Murmansk Oblast is located in Northern
Europe, bordering on Finland and Norway. It
covers an area of 144.9 thousand km? and is in its
entirety considered to be an Arctic territory, with
the population density of 5.1 people per km? The
population in 2019 was 748.1 thousand people, the
share of urban residents amounting to 92.5 %. The
fishing, mining, and chemical industries are well
developed in the region.

The Republic of Karelia is located in
Northwest Russia, bordering on Finland, and
occupies an area of 180.5 thousand km?, including
the sea borders. Only 6 out of the Republic’s
21 municipal districts are considered to be
an Arctic territory. The population density is
3.5 people per km? In 2019, the estimated
population was 618.1 thousand people, urban
dwellers amounting to 80.2 %. The Republic’s
main industries are mining and forestry.

The Komi Republic is located in the northeast
of the European part of Russia and covers an area
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0f416.8 thousand km?, with the population density
of 2.0 people per km?. The population in 2019 was
estimated at 830.2 thousand people, the share
of urban residents being 77.9 %. Four out of the
region’s 25 municipal districts are included in the
Arctic zone of Russia. The Republic is one of the
economically developed federal entities involved
in oil production and processing.

The Republic of Sakha (Yakutia) is the largest
entity of the Russian Federation, covering an area
of 3,083,523 km? in the northeastern part of Siberia.
More than 40.0 % of the region’s territory is located
beyond the Arctic Circle, and 13 out its 35 municipal
districts are included in the Russian Arctic zone. The
Republic’s population density is one of the lowest
in the country, with only 0.32 people per km?. The
population number in 2019 was 967,009 people, the
share of urban residents being 65.5 %. The oil, gas,
coal, and diamond mining industries are the major
focus of the region’s economy.

Nenets Autonomous Okrug (NAO), with the
exception of its extreme southwestern part, is located
beyond the Arctic Circle and occupies an area of
176.8 thousand km?. The population density is sparse,
with only 0.25 people per km?. In 2019, the population
was estimated at 43,970 people, the proportion of
urban residents being 72.5 %. The region’s main
economic branch is the fuel industry (96.5 %).

Yamalo-Nenets Autonomous Okrug (YaNAO)
has an area of 769,250 km?, more than half of
which is located beyond the Arctic Circle. The
population in 2019 was 541,479 people, with the
density of 0.71 people per km? and urban dwellers
amounting to 83.6 %. This is one of the leading
regions in terms of natural gas and oil.

The whole of Chukotka Autonomous Okrug
(Chukotka) is located in the Far North, bordering
on the USA in the east and occupying an area of
721,481 km?. The population in 2019 was estimated
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at 497,000 people, with the density of 0.07 people
per km? and urban residents comprising 72.6 %.
The region’s economy is based on the mining
industry, including gold mining. The indigenous
people are engaged in traditional types of fishing,
hunting, and reindeer herding.

Krasnoyarsk Krai is part of the Siberian
Federal District. Four out of Krai’s 44 municipal
districts are included in the Russian Arctic zone.
Krasnoyarsk Krai has an area of 2,366,797 km?,
with the population density of 1.21 people per
km?. In 2019, the population was 2223 thousand
people, with urban dwellers comprising 77.8 %.
Non-ferrous and ferrous metallurgy, mechanical
engineering and metalworking are among the
region’s main industries.

In 2010, there lived 82,481 indigenous people
in the Russian Arctic, which accounted for 3.3 %
of the total number of northerners [2].

Meanwhile, the invasion of civilization into
the circumpolar territory disrupts its fragile
ecosystem, worsening the environment of its
residents, especially indigenous peoples, leading to
irreversible changes in their demographic, social, as
well as medical and biological characteristics [3, 4].

In the era of technogenic civilization, increased
migration, and high prevalence of HIV and drug-
resistant TB, in addition to climatic, economic, and
social factors contributing to the spread of socially
significant diseases, the role of the healthcare
system that provides an adequate response to
the climatic and other challenges of the Arctic
becomes especially important [5-7].

According to S.Kh. Khaknazarov, residents of
the Far North of Russia are faced with unsatisfactory
health care, including such problems as remoteness of
medical facilities, limited availability of modern
diagnostic equipment, insufficient qualifications or
lack of doctors in small settlements, and inability
to pay for prescribed medication [8].

Today, the spread of socially significant
infectious diseases among the residents of the
Russian Arctic remains an urgent problem. TB,
HIV, and their combination present a high social
burden for the region’s population [9—-10].

In the United States, TB incidence among
American Indians/Alaskan Natives in 2003—
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2008 was 5 times higher than among the non-
Hispanic population [11]. Indigenous women,
predominantly living in the Arctic zone of Canada,
get infected with HIV at twice the rate of women
in the general population [12].

Meanwhile, current research regarding
biomedical  problems, including  socially
significant diseases, among northerners fails to
meet the requirements of today, not fully taking
into account the ongoing urbanization and
the changed epidemics of socially significant
diseases. Health protection programmes aimed at
northerners are ineffective, as they remain based
on outdated materials. A modern approach to
healthcare services for the Far North residents can
only be developed on the basis of interdisciplinary
circumpolar studies, including an assessment of
the adequacy of existing HIV, TB, and HIV/TB
collaborative measures.

Thus, our study aimed to: 1) compare HIV,
TB, and HIV/TB incidence in the regions of the
Russian Arctic and in the country as a whole;
2) evaluate the impact of TB prevention measures
among people living with HIV, the number
of phthisiologists and the deterioration of the
structures and buildings of TB facilities on HIV/
TB coinfection incidence in the Arctic regions of
the Russian Federation.

Materials and methods. The analytic
observational study included all 9 regions of the
Russian Arctic zone (see above) and evaluated HIV,
TB, and HIV/TB coinfection incidence rates per
100,000 people/year from 2007 to 2019. Statistical
data were obtained from the relevant forms of federal
statistical observation (form no. 8 “Information
on Incidence of Active Tuberculosis” and form
no. 61 “Information on the Disease Caused by the
Human Immunodeficiency Virus”). Additional
data regarding the number of phthisiologists and
the condition of the buildings and structures of
TB facilities were obtained through the Federal
Research Institute for Health Organization and
Informatics of the Ministry of Health of the Russian
Federation [13, 14].

Results. TB incidence in Russia over the last
13 years (2007-2019) has decreased dramatically
from 83.3 to 41.2 per 100,000 population (Fig. 1).



Zagdyn Z.M. et al.
Impact of TB Prevention Measures...

Journal of Medical and Biological Research
2022, vol. 10, no. 1, pp. 34-43

The observed trend in HIV and HIV/TB coinfection
incidence rates indicates their stabilization, at
least during the last 5 years: in 2015-2019, HIV
incidence decreased from 68.5 to 54.6 and HIV/TB
incidence from 11.0 to 9.4 per 100,000 population/
year, respectively.

Among Russia’s Arctic regions, the highest
TB incidence in 2019 was recorded in Chukotka
(136.1 per 100,000 population/year), while the
highest HIV incidence (94.6) in Krasnoyarsk
Krai (Fig. 2).

100.0

85.1
833 826 e
80.0 0 caq
60.0
347
40.0
200 45, 52 65 75 83 86
o @---@---@---@----8---e--

2007 2008 2009 2010 2011 2012

@ TB

—— H |V

HIV/TB coinfection incidence was also high
in Krasnoyarsk Krai and Chukotka, amounting to
8.0 and 6.0, respectively, with the national average
being 9.4 per 100,000 population/year. In the
Republic of Sakha (Yakutia), HIV/TB coinfection
incidence was very low (0.8 per 100,000 population),
according to the low HIV incidence (11.7). TB
incidence there, however, remained high (50.2),
classifying the Republic as an entity with high TB
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Fig. 1. HIV, TB, and HIV/TB coinfection incidence rates in the Arctic regions of the Russian Federation

in 2007-2019 (per 100,000 population/year)
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Fig. 2. HIV, TB, and HIV/TB incidence rates in the Arctic regions of the Russian Federation in 2019 (per
100,000 population/year): RF — Russian Federation, AO — Arkhangelsk Oblast, MO — Murmansk Oblast,
NAO — Nenets Autonomous Okrug, KK — Krasnoyarsk Krai, YaNAO — Yamalo-Nenets Autonomous Okrug
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incidence in 2019 (55.7 per 100,000 population/
year). In YaNAO, HIV and TB incidence rates were
practically identical (36.3 and 36.8, respectively)
and HIV/TB coinfection incidence (2.8) was much
lower than in Russia as a whole, while NAO had no
reported HIV/TB cases at all.

The increase in HIV incidence during 2007-2019
was the highest in Arkhangelsk Oblast (592.3 %),
followed by the Republic of Karelia (331.8 %)
and Chukotka (315.8 %), the lowest rate being
recorded in Murmansk Oblast (4.4 %) (Table 1).

TB incidence decreased over the last 13 years
in all the Arctic regions of Russia, except for
Chukotka, where it increased by 136.3 % and HIV/
TB coinfection grew by 150.0 %. Chukotka is the
only region where the epidemic situation with HI'V,
TB, and HIV/TB coinfection during the period
under study has been deteriorating dramatically.

Despite the decline in TB incidence, there has
been a large increase in the incidence rate of HIV/
TB coinfection in Arkhangelsk Oblast (920.8 %)
and Krasnoyarsk Krai (760.0 %), as well as in the

Republics of Sakha (Yakutia) (600.0 %) and Komi
(320.9 %) over the last 13 years.

The deterioration of the buildings and structures
of TB facilities in Russia’s Arctic regions was
uneven as well (Table 2). In Chukotka, the state
of its TB facility deteriorated totally and needed
a complete renovation. In the Komi Republic,
YaNAO and Krasnoyarsk Krai, the regional TB
facilities require renovation as well. At the same
time, in Murmansk Oblast the deterioration of
the buildings and structures of TB facilities was
the lowest, followed by the Republic of Sakha
(Yakutia). In Arkhangelsk Oblast, this parameter
approached the indicator for the whole of Russia,
while in NAO and the Republic of Karelia it slightly
exceeded it. The data demonstrate the impact of the
condition of TB facilities on the HIV/TB epidemic:
regions with high level of deterioration of these
buildings and structures have high HIV/TB incidence,
which is particularly pronounced in Chukotka.

The number of phthisiologists in the Arctic
zone of Russia in 2019 was quite high, meeting

Table 1
DYNAMICS OF H1V, TB, AND HIV/TB COINFECTION INCIDENCE RATES
IN THE ARCTIC REGIONS OF THE RUSSIAN FEDERATION IN 2007-2019
JTUHAMMKA 3ABOJJEBAEMOCTH BUU-UHOEKIMUEN, Tb U BUU/TH
B APKTHUYECKUX PETUOHAX P® B 2007-2019 roaax
HIV TB HIV/TB
Incidence Incidence Incidence
Region per 100,000 Increase per 100,000 Increase per 100,000 Increase
population/year (%) population/year (%) population/year (%)
2007 2019 2007 2019 2007 2019
RF 314 54.6 73.9 83.3 48.3 —42.0 4.2 9.4 123.2
AO 5.2 36.0 592.3 59.2 21.4 -63.9 0.2 1.6 920.8
Karelia 12.9 55.7 331.8 71.0 30.3 -57.3 25.6 1.5 -94.1
Komi 16.1 41.3 156.5 95.3 41.7 -56.2 1.2 5.2 320.9
MO 48.1 50.2 4.4 58.2 24.0 —58.8 2.3 43 83.5
NAO 9.5 15.9 67.4 40.5 31.8 -21.5 0.0 0.0 0.0
KK 393 94.6 140.7 104.0 63.1 -39.3 2.5 21.5 760.0
Sakha 8.7 11.7 34.5 77.4 50.2 -35.1 0.3 2.1 600.0
Chukotka 13.9 57.8 315.8 57.6 136.1 136.3 4.0 10.0 150.0
YaNAO 21.3 36.3 70.4 74.0 36.8 -50.3 5.5 5.7 3.6

Note: RF — Russian Federation, AO — Arkhangelsk Oblast, MO — Murmansk Oblast, NAO — Nenets Autonomous Okrug,
KK — Krasnoyarsk Krai, YaNAO — Yamalo-Nenets Autonomous Okrug.
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Table 2

NUMBER OF PHTHISIOLOGISTS AND DETERIORATION OF THE BUILDINGS AND STRUCTURES
OF TB FACILITIES IN THE ARCTIC REGIONS OF THE RUSSIAN FEDERATION IN 2019

YU CJO BPAUEN-OTU3UATPOB U U3HOC 3IAHUMN 1 COOPYKEHUM
NPOTUBOTYBEPKYJIE3HBIX YUPEXKJIEHUMA B APKTUUECKUX PETHOHAX P® B 2019 roay

Deterioration of buildings Phthisiologists

Region and structures (%) (per 10,000 population)

(permissible limit = 50.0 %) (standard index = 0.50)
Russian Federation 40.9 0.47
Arkhangelsk Oblast 38.6 0.23
Republic of Karelia 44.2 0.41
Komi Republic 73.8 0.68
Murmansk Oblast 17.4 0.30
Nenets Autonomous Okrug 43.3 1.13
Krasnoyarsk Krai 57.7 0.50
Republic of Sakha (Yakutia) 26.9 1.38
Chukotka Autonomous Okrug 100.0 1.99
Yamalo-Nenets Autonomous Okrug 60.5 0.79

the accepted standard or exceeding it, especially Antiretroviral  therapy (ART) coverage

in Chukotka, Republic of Sakha (Yakutia), NAO
and YaNAO. A shortage of phthisiologists was
observed in Arkhangelsk and Murmansk Oblasts
and the Republic of Karelia. In Krasnoyarsk Krai,
the number of phthisiologists corresponded to the
required standard, while in the Komi Republic it
slightly exceeded it.

among HIV-infected patients registered at the
AIDS Centres in all the Arctic regions of Russia
in 2019 exceeded 60.0 %, the highest rate being
observed in NAO (Table 3). The Republic of
Sakha (Yakutia) and Komi, as well as Chukotka
and YaNAO had a rate over 70.0 %. For the other
entities (Krasnoyarsk Krai, Murmansk Oblast,

Table 3

TB PREVENTION COVERAGE AMONG PEOPLE LIVING WITH HIV IN THE ARCTIC REGIONS
OF THE RUSSIAN FEDERATION IN 2019, people (%)

OXBAT MEPAMM IO MPO®UTAKTAKE TYBEPKYJIE3A JIIOJAEM,
JKUBYIUX C BAY-UHOEKIMUEN, BAPKTUUYECKUX PETHOHAX P® B 2019 roay, uen. (%)

Region ART TB chemoprophylaxis TB screening
Russian Federation 789,613 (65.5) 124,087 (16.6) 580,767 (77.7)
Arkhangelsk Oblast 1116 (67.5) 212 (12.8) 1335 (80.8)
Republic of Karelia 1018 (65.2) 168 (10.8) 1211 (77.5)
Komi Republic 1897 (73.2) 657 (25.4) 2337 (90.2)
Murmansk Oblast 2476 (64.8) 986 (25.8) 3002 (78.5)
Nenets Autonomous Okrug 53 (82.8) 6(9.4) 55 (85.9)
Krasnoyarsk Krai 12,644 (64.3) 2835 (14.4) 13,292 (67.6)
Republic of Sakha (Yakutia) 736 (72.3) 232 (22.8) 771 (75.7)
Chukotka Autonomous Okrug 132 (70.6) 29 (15.5) 152 (81.3)
Yamalo-Nenets Autonomous Okrug 1770 (73.9) 403 (16.8) 2086 (87.1)
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Republic of Karelia, and Arkhangelsk Oblast),
the data were close to the indicator for Russia as a
whole (65.5 %) or slightly exceeded it.

The share of HIV-infected patients screened for
TB who were registered at the AIDS Centres in the
Arctic zone of the Russian Federation was quite
high in 2019, exceeding 80.0 % in most entities:
Arkhangelsk Oblast, Chukotka, NAO and YaNAO,
the highest being in the Komi Republic (90.2 %).
TB screening among HIV-infected patients
was the lowest in Krasnoyarsk Krai (67.6 %).
In Murmansk Oblast and the Republics of Sakha
(Yakutia) and Karelia it was close to the federal
indicator (77.7 %).

Among TB prevention measures for people
living with HIV in 2019, the lowest rates were
found in TB chemoprophylaxis, the national
level being as low as 16.6 % of those who were
registered at the AIDS Centres. The lowest
percentage was identified in NAO, Republic
of Karelia, and Arkhangelsk Oblast, while the
highest, in Murmansk Oblast, Komi Republic and
Republic of Sakha (Yakutia). In Krasnoyarsk Krai
and YaNAO it was 14.4 and 15.5 %, respectively.

Discussion. The study found that the trend in
the HIV, TB, and HIV/TB coinfection epidemics
over the last 13 years in Russia’s Arctic regions
was uneven. The highest HIV incidence was
recorded in Krasnoyarsk Krai, while the highest
TB incidence, in Chukotka. This situation in
Chukotka had been provoked by a long absence of
a TB facility in the region, which had been closed
during the Perestroika period and reopened only
4-5 years ago. Moreover, this Okrug ranks as one
of the worst among the 9 Arctic regions in terms
of HIV and HIV/TB incidence rates during 2007—
2019. In addition, we noted a dramatic increase
in HIV/TB incidence rates in Arkhangelsk Oblast
as well as in the Republics of Karelia and Komi
caused by an HIV outbreak, which is alarming.

The capacity of the TB control system in the
Arctic regions of Russia, evaluated on the basis
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of the state of the buildings and structures of TB
facilities, is uneven as well, the worst being in
Chukotka, which indicates the dependence of
the HIV/TB epidemic on the condition of TB
facilities.

Interestingly, there is a sufficient number of
phthisiologists in the country’s Arctic regions,
as well as an adequate TB screening and ART
coverage among people living with HIV. However,
as in the whole of Russia, in the Arctic regions, TB
chemoprophylaxis coverage among people living
with HIV is unsatisfactory.

Meanwhile, our research presents only a
preliminary assessment of the HIV, TB, and HIV/
TB epidemics in Russia’s Arctic regions. Another
limitation of the study is that we evaluate the
epidemiological data and other indicators for the
Arctic regions in their entirety, although only
4 out of the 9 entities are fully considered to
be Arctic territories (Murmansk Oblast, NAO,
YaNAO and Chukotka), while in case of the other
5 entities only circumpolar districts are included
in the Russian Arctic zone. Thus, to perform
a more accurate assessment of the epidemic,
economic and human resources data of the TB
control system and results of TB prevention
measures among people living with HIV, as well
as to determine the main risk factors of the spread
of these socially significant infections, especially
among indigenous people, one needs to obtain
information from each circumpolar district
separately.

However, the study identified the main features
ofthe HIV, TB, and HIV/TB coinfection epidemics,
the impact of the number of phthisiologists as
well as the state of buildings and structures of TB
facilities on the effectiveness of TB prevention
measures among people living with HIV in the
Arctic regions of Russia and showed the necessity
of more detailed studies.
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IMPACT OF TB PREVENTION MEASURES AND CAPACITY OF TB FACILITIES
ON HIV/TB INCIDENCE IN THE RUSSIAN ARCTIC

Increased migration, high prevalence of HIV and drug-resistant tuberculosis (TB) in the era of intensive
industrialization and globalization in the Arctic are becoming urgent problems for the healthcare system of
Arctic territories. The purpose of this research was to determine the impact of TB prevention measures
among people living with HIV, the number of phthisiologists and the condition of TB facilities on the
incidence of HIV/TB coinfection in the Arctic regions of Russia. Materials and methods. We evaluated

42


https://doi.org/10.3402/gha.v4i0.8445
https://dx.doi.org/10.3201%2Feid1401.070717
http://vestnik.mednet.ru/content/view/486/30/lang,ru/
https://doi.org/10.1177/003335491112600510
https://orcid.org/0000-0003-1149-5400
https://orcid.org/0000-0002-4217-7061

Zagdyn Z.M. et al. Journal of Medical and Biological Research
Impact of TB Prevention Measures... 2022, vol. 10, no. 1, pp. 34-43

HIV, TB, and HIV/TB coinfection incidence rates per 100,000 population for 2007-2019, the number of
phthisiologists and deterioration of the buildings and structures of TB facilities, as well as the results of
TB prevention measures among people living with HIV in the Arctic regions of the Russian Federation.
The statistical data were obtained from the relevant forms of federal statistical observation and from the
Federal Research Institute for Health Organization and Informatics of the Ministry of Health of the Russian
Federation. Results. The highest HIV (315.8 %), TB (136.1 %) and HIV/TB (150.0 %) incidence rates
as well as the worst deterioration level of the buildings and structures of TB facilities (100.0 %) were
identified in Chukotka Autonomous Okrug. The research showed that HIV, TB, and HIV/TB incidence
in the Arctic regions of Russia is uneven. More detailed studies are required assessing the prevalence
of HIV, TB, and HIV/TB coinfection, as well as evaluating the capacity of the healthcare system in each
Arctic region of the Russian Federation.

Keywords: HIV infection, tuberculosis, HIV/TB, Arctic territories of the Russian Federation, tuberculosis
facilities.

Hoctynuaa 01.09.2021
Hpunsra 10.02.2022
Received 1 September 2021
Accepted 10 February 2022

Corresponding author: Zinaida Zagdyn, address: prosp. Ligovskiy 2/4, St. Petersburg, 191036, Russian Federation;
e-mail: dinmetyan@mail.ru

For citation: Zagdyn Z.M., Tsvetkov V.V., Zhao Y. Impact of TB Prevention Measures and Capacity of TB
Facilities on HIV/TB Incidence in the Russian Arctic. Journal of Medical and Biological Research, 2022, vol. 10, no. 1,
pp. 34-43. DOI: 10.37482/2687-1491-Z088

43



MEJAUKO-BUOJIOI'NYECKHUE HAYKH

VJK 57.085.2+576 DOI: 10.37482/2687-1491-2089

IIPUMEHEHHUE TIIOKPBITHA H3 CH/TUKOHA
JUIA HOJIYYEHHA KJIETOYHBIX COEPOHIOB METOJOM BUHCAYEH KAILTH

C.1O. @uaunnosa™ ORCID: https://orcid.org/0000-0002-4558-5896
A.O. Cumxkosckas™ ORCID: https://orcid.org/0000-0002-6035-1756
JIL.H. Bawenko™ ORCID: https://orcid.org/0000-0003-2267-3460
2.9. Keueodacuesa™ ORCID: https://orcid.org/0000-0002-3051-6628
U.P. [lawxosa™* ORCID: https://orcid.org/0000-0001-9688-9550

T'B. Aywesa™* ORCID: https://orcid.org/0000-0002-7073-9463

FO.B. Iporcedeyxuii* ORCID: https://orcid.org/0000-0003-3976-0210

*HarnunoHanbHBIH MEIUIIMHCKUH MCCIIEI0BATEIbCKUI LIEHTP OHKOJIOTUH
(r. PocToB-Ha-/loHy)

Bonbmioe 3Ha4eHNE B COBPEMEHHON AKCIICPUMEHTAIBLHON OHKOJIOTHH TpruoOpenu 3D-KynbTypbl KIETOK, T. K.
OHH IIO3BOJISIOT MOJyYUTh OOJIee pesIeBaHTHbBIE PE3YNITAThl 10 CPABHEHUIO C TPAJULMOHHBIMU 2D-KyJabTypamH.
[Ipobnema co3gaHus peeBaHTHBIX KJIETOUHBIX MOJENEH OCTAeTCsl aKTyalIbHOM 1 JUId UCCIe0BaHUI paKka MOJIOY-
HOH >kese3bl. MeTo BUCSUCH KAy SBISICTCS OJHUM U3 CaMbIX PACIpPOCTPAHEHHBIX CIIOCOOOB BBIPAIIMBAHUS
3D-kynmerypsl. VccnemoBareny MOCTOSHHO pa3palaThIBalOT MOAM(UKAIMK JTAHHOTO METOAA ISl YMEHBIICHHUS
BapHalid B pa3Mepax U (popMe IOIydaeMbIX KICTOYHBIX ceponnoB. OMHUM U3 MyTeH pEIICHHUS ITOH 3am1aqn
ABIISIETCSI HAHECEHUE TUAPOPOOHOTO NOKPHITUS HA IOBEPXHOCTD KYJIBTYpajIbHOIO IJIACTHKA. B KadecTBe MOKpHI-
THUS 9aCTO UCIOJB3YIOT CHJIMKOHBI HIIH JJabopaTopHy!o IeHKy napadunsM (Parafilm®), Tem cambiM goOuBasich
YBEJIMYEHUSI KPUBU3HBI IOBEPXHOCTHU KaIUIM, KOTOPOE IIPUBOIUT K YCKOPEHHOM arperalyu KJIETOK B €€ LEHTpeE.
Lle1b10 HACTOSIIETO UCCIIE0BAHUS ObUIO OLEHUTh BO3MOKHOCTh IPUMEHEHHUS MOKPBITHS U3 CUIIMKOHOBOTO 3Jia-
cromepa CUDJT 159-330 (Poccus) s Mogudukanuy MeToja BUcIYel kariu. MaTepuaJibl 1 MeToAbl. M3yda-
JIMCh IUTOTOKCHYECKNE CBOMCTBA U BIMSHIE Ha Iporiecc (POPMUPOBAHMUS KICTOYHBIX C(EPONI0B B BUCSUCH Karie
MOKPBITUSL M3 CHIIMKOHOBOTO 3mactomepa CUIJT 159-330, oTBepkAeHHOTO TIPU YMEHBIIEHHOW MO CPaBHEHUIO C
PEKOMEHJOBaHHOW MPOM3BOIUTENIEM TeMIlepaType. Marepuaaom Al UCCIeI0BaHUS TOCITYKUIN KIETKU KYJIBTY-
pBI paka MoIOYHOH xene3sl BT-474. Pesyabrarhl. VccnenoBanue yCTaHOBUIIO, YTO TECTHUPYEMBIH dIIacTOMEp HE
OKa3bIBACT BIMSHUS HA )KU3HECIIOCOOHOCTH KIeToK. [Ipu aToM nmokpeitue nz CUDJI 159-330 cymiecTBeHHO cOKpa-
I1aeT, B CPAaBHEHHUH C ITOJIHCTUPOIIOM, BpeMs (POPMHUPOBAHHS KICTOYHBIX arperaroB B HIDKHEH dyacTu Karn. Kpo-
M€ TOT0, KJIETOYHBIE C(HEePOUIBI KYITBTYPBI paKa MOJIOUHOM JKeJIe3bl, Toy4YeHHbIe Ha moKpbiTHy 3 CUJT 159-330,

Omeemcmeennstii 3a nepenucky: Pununmnosa Csernana lOpweBHa, adpec: 344037, r. Pocros-Ha-Jlony,
yi. 14-g munus, 1. 63; e-mail: filsv@yandex.ru

Jlna yumuposanua: ®Gumunmosa C.1O., Curkosekast A.O., Bamenko JI.H., Keuempkuesa 3.93., lamkosa 1.P., Ay-
meBa T.B., [Ipxxenenxuit FO.B. [IprMeHeHre TOKPBHITHS W3 CHIIMKOHA JIJIS TIOyYSHHS KICTOUHBIX C(HEPOUTIOB METOIOM
Bucstaelt xarun // XKypH. men.-ouon. nccnenoBaruid. 2022. T. 10, Ne 1. C. 44-51. DOI: 10.37482/2687-1491-Z089

44


https://orcid.org/0000-0002-3051-6628

Filippova S.Yu. et al.

Application of Silicone Coating for Obtaining Cell Spheroids...

Journal of Medical and Biological Research
2022, vol. 10, no. 1, pp. 44-51

06J'IaI[aIOT MEHbIIEH BapHUAaTUBHOCTLIO 110 pasMepaM U (bopMe IO CPaBHCHHIO CO ccbeponz[aMH, BbIpallICHHBIMU Ha

TMOJIMCTUPOJIC 1 MOKPLITUU U3 napa(anLMa.

Knrouesvle cnosa: memoo sucsueii kanau, Kyiomypa kiemok BT-474, pax monounoil sicenesvl, K1emouHblil

chepoud, cunuKoHo8bIL dnacmomep.

3amoroM TMOMYYeHHs PEJIEBAaHTHBIX Pe3yibTa-
TOB JKCIEPHUMEHTAJIbHBIX HCCIIEAOBAaHUI, IIPOBO-
JTUMBIX in Vitro Ha KJIETKaX 4eJI0BeKa U )KUBOTHBIX,
CIIY>)KUT MOAOOpP a/leKBATHBIX METONOB KYJIbTHUBU-
poBaHUsA. MeTox IBYMEPHOTO KyJbTHBHPOBAHHS
KJICTOK SIBJISI€TCS TPAAULIMOHHBIM U MO-IPEXKHEMY
UCTOJb3YeTCs B OOJBIIMHCTBE HCCIEIOBAHUM,
B T. 4. U B DKCTIIEPUMEHTAIILHON OHKoNoruu. 13-
BECTHO, OJTHAKO, YTO Pa3IUIUs MEXKIy XapaKTepH-
CTUKaMHM KJIETOK B IByMepHO# (2D) MoHOCTOIHOM
KyJbType paka MOJOYHOHM >Kele3bl M KIeTKaMu
OILyXOJIU in Vivo 3HAYUTEIbHBL. Tak, MEXITy KIeT-
KaMH, BBIpAIllEHHBIMM B BHUAe 2D-MoHOCHOA in
Vitro, M KIIETKAMH in Vivo HaOIIOMAOTCS OTIUYUS
B MOP(}OJIOTHH, SKCIIPECCUH 1LIETIOTO Psiia TEHOB
[1], MeXKIJleTOYHON CHUTHAIM3alMU, a TAKXKe BO
B3aMMOJICHCTBUAX C BHEKJIETOYHBIM MaTpPUKCOM
(BKM), 4to, B 4aCTHOCTH, OTpa)kaeTcsi Ha yCTOM-
YUBOCTH KJIETOK OIYXOJIM K XMMHUOTEPAIHH U CTa-
BUT TIOZ] BOIIPOC PEJIEBAHTHOCTH HCCIICOBAHUN
HOBBIX TPOTHUBOOITYXOJIEBBIX MpemnaparoB [2, 3].
B cBsi31 ¢ 3TUM B SKCIIEpUMEHTAIbHON OHKOJIOTHH
Bce OoJblllee BHUMaHWE MPHUBICKAIOT 3-MEpHbBIC
(3D) xnerounsie MoneH, OoJIee TTOTHO OTpaKaro-
[IUE XapaKTEPUCTUKHU KIIETOK OMyXOIH in vivo [4].

OcHoBHbIE CcTIOCOOBI MoMydeHus 3D-KynbTyp
MOYKHO Pa3[eNIUTh Ha JIB€ OOJIBIITNE TPYIIIbI — 3a-
KJIIOYCHHE KJIETOK B OWOTreNn, HWMUTHPYIOIINE
BKM [5], u nonydeHue KJIETOYHBIX arperaToB, Tak
HasbIBaeMbIX cepounos. IlpenmymecTBoM che-
POUIIOB SIBISIETCS TO, YTO KIJIETKHM B HUX 00pasy-
IOT HEMOCPEACTBEHHBIE KOHTAKTBI IPYT C JPYTOM,
B CBSI3M C 4eM c(epouibl MPEACTaBISAIOT cOO0H
OoJee azieKBaTHBIE MOACIH JIJIsI U3yUEHUSs Mpoliec-
COB, B KOTOPBIX 3HAYUTEIBHYIO POJIb UTPAET MEXK-
KJIETOYHAsl CUTHAJM3alusl, ONOCPEIOBaHHAs B3a-
UMOJICHCTBHEM KJIETOYHBIX MeMOpaH, Harpumep
MIPOIECCOB KOJUIEKTUBHON MUTPAITUH OITYXOJIEBBIX
KJIETOK, IKCTpaBa3aiuu u ap. [6].
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Onun u3 Haubojee MOMYNSPHBIX CIOCOOOB
MOJTyYeHUs] KIETOYHBIX CPEPOUTIOB — METOJ BH-
csvel Karuiv, BriepBbie omucaHHb J.M. Kelm
et al. [7]: popmupoBanue kiaeTouHoro chepou-
Jla TIPOUCXOJUT IyTeM €CTECTBEHHOW arperamuu
KJICTOK B HI)KHEW YacTH BUCSYEH KaIlliad MOJ JAcH-
CTBUEM CHJIbI TsKeCTH. [IpenmyiiectBamu 1aHHO-
ro METoja Mepea IPYruMH crocobaMu CO3AaHus
3D-KynbTyp SIBISIFOTCSI XOpOLIasi BOCIPOU3BOIU-
MOCTb M HHU3Kasl CTOMMOCTb, MO3BOJISIFOIINE J10-
CTHYb HAJEXKHBIX PE3YIbTAaTOB 3KCIIEPUMEHTOB
npu HeOoNbIUX BIOKeHUsX. C Tex mop Kak 3TOT
MeToA OBUT BIEPBBIE MPEIOKEH, COO0IAIOch O
Pa3NUYHBIX €ro MOAW(DUKAIMIX, HAIPaBICHHBIX
Ha ycKopeHue oOpa3oBaHus ceponia, yMeHblIIe-
HUE HEOOXOAMMOTO KOJMYECTBA KJIETOK ISl €TO
(dbopMupOBaHUS, YIPOIICHWE M aBTOMATH3AIHIO
MIPOLIECCOB 3aMEHBI CPEbl U aHAIU3a POCTa Kile-
TOK B cpepousiax u ap. [6].

KitroueBbIM MOMEHTOM 117151 yCTIEITHOTO (hPOpPMHU-
poBaHus cheponia OcTaeTCst KpaeBOH yroil CMadu-
BaHUs1, 00pa3yeMblil MEKy MOBEPXHOCThIO KaILIU
1 OCHOBaHWeM. M3BeCTHO, 4TO yeM OOJbIIe ITOT
yroJi, TeM OoJbIlle KpUBU3HA TMOBEPXHOCTH KarlIn
U TeM ObIcTpee OyJeT MPOUCXOAUTH arlioMeparys
KJICTOK B €€ HM)KHEH YacTH. YBEJTMUEHUS KPaeBOro
yIJla CMauMBaHUs KarjIk JOOUBAIOTCSI HAHECEHHEM
Ha JJabOpaTOpHYIO MOCYMy THAPO(GOOHBIX MOKPHI-
T, HampUMep J1a00PATOPHOH TUICHKH TTapaduiIbM
(Parafilm®) [8, 9] nnaM noOAMIUMETHIICHIIOKCAHA
(ITAMC) [10]. TIIMC oTHOCHUTCS K CHIIMKOHAM —
OOIIMPHOH TPYIITIE COSNUHEHHH, 00T afoInX ca-
MBIMH Pa3HOOOpa3HBIMU CBOMCTBAMHU B 3aBHCHMO-
CTH OT MoauduKaui ux cocrana [11].

CUIMKOHBI HAXOAAT HIMPOKOE TNPUMEHEHHE
B Pa3IMYHBIX OONACTAX YEJIOBEUECKOW NesiTelb-
HOCTH, OJHAKO CIHEKTP CHJIMKOHOB, MCIIOJIb3Yye-
MBIX B KJIETOYHBIX KYJIBTYPax, HE TaK MUPOK. MBI
MIPEMONOKIIIA, YTO OWOJIOTHYECKH WHEPTHBIN
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[TpuMeHeHne MOKPBITHS U3 CHIINKOHA AJISI ITOTyYeHHs KIIETOUHBIX C(PEepOHIOB...

anactomep CUDJI 159-330, npousBoguMbIi Asst
menunuHckux nenedl B AO «locynapcTBeHHbIN
Opnena TpynoBoro KpacHoro 3Hamenu Hayu-
HO-UCCJIEJIOBATEIbCKMM MHCTUTYT XMMHUU U TeX-
HOJIOTUHM DJIEMEHTOOPTAaHUYECKUX COETUHEHHID)
(Mocksa) [12], MoxeT ObITH OTHOCHTEIHHO HE-
JIOporoi oTe-uecTBeHHOU anmbrepHatuBoil [1JIMC
JUISL TIOKPBITHUS JIaOOPaTOpHOM MOCYIbl C IIEIbIO
noiy4yeHus: ruapoPoOHON moBepxHOCTH. B xome
paHee TPOBENEHHBIX HCCIICIOBAHUN HaMHU OBIIO
00Hapy>KE€HO, YTO CYLIECTBEHHBIM OIPaHUYECHHUEM
JUISL KCTIOJIb30BaHUs JAaHHOTO AJ1acToMepa B 1a0o-
paTOPHOI MPaKTHUKE SIBIISETCS JTOBOJIBHO KECTKUI
TEPMHUYECKAN PEXKUM, HEOOXOMUMBIN IS OTBEp-
JKIICHUST CUITUKOHA: JJINTeNbHBIN Harpes 10 80 °C
NPUBOAUT K JedopManuu J1abopaTopHOM MOCy-
Il U3 TIOJIMCTHPOJIA, OOBIYHO MPUMEHSIEMON IS
KyJIBTHBHPOBaHUS KiIeTok. Bmecre ¢ Tem Oonee
MSATKUH PEeXHUM, a MMEHHO JUINTENbHBIN Harpes
10 60 °C, maet ymoBIETBOPUTEILHOE 110 (U3HNYC-
CKHMM CBOWCTBaM TMOKpPBITHE, HE AePOPMHUPYS TIPH
9TOM IOBEPXHOCTHU U3 monuctupona. OgHako He
U3BECTHO, KAaKOE€ BIIMSHHE OTBEP)KJICHHBINA B TAKHX
YCIIOBUSIX CHJIMKOHOBBIM KOMITayHJ OKa3bIBaeT Ha
KHU3HECTIOCOOHOCTh KIICTOK, KYJIBTHBUPYEMBIX Ha
€ro MoOBEepXHOCTH. Takke B JHUTEparype OTCyT-
CTBYIOT JIaHHbIE O TMHAMUKE popMHUpoBaHus che-
ponja B BUCAYEH Karule Ha nokpbituu u3 CUOJI
159-330. Llenbro HACTOSIIIIETO UCCIIEAOBAHUS OBIIIO
OLICHUTh BO3MO)KHOCTh IPUMEHEHUS IOKPBITUS U3
cunukoHoBoro anmactomepa CUDJT 159-330 mnst
MOIU(UKAIIIN METO/Ia BUCSUEH Karliu.

MarepuaJjbl 1 MeTOabl. TecTupyeMbIil ma-
ctomep CUDJI 159-330 npuroraBiuBaig coriac-
HO MHCTPYKIMH mpousBoautens. [locne nanece-
HUS TIOJTYYEHHOM CMECH Ha IMOBEPXHOCTh JTHA WIIN
kpeimiek vamku [lerpu (Eppendorf, I'epmanus)
MOMeENIaJId B TEPMOCTAT U BhIAEpKUBaiIu 18 u mpu
60 °C. Ilocie oTBepKAEHUS 2IacTOMEpa YalIKU
[TeTpu nBaxabl OTMBIBAJIM B JIUCTUIIIMPOBAHHON
BOJIC M CTEPUIM30BAJIM MapaMu MEPEeKUCH BOJO-
poza moj NaBjIeHUEM IpU TeMmIlepaType He BbIIIE
56 °C B crepunmsarope Sterrad 100NX (Johnson
& Johnson, CIIIA).

Marepuanom s MCCIEIOBaHUS MOCTYKUIN
KJIETKU KYJIBTYpPbI TPUK/IbI HETaTUBHOTO paKa Mo-
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noyHoi xene3bl BT-474, kortopble BbIpalinBain
npu temueparype 37 °C u conepxanun CO, 5,5 %
B cpene DMEM (Gibco, CIIIA) ¢ mobGaBieHnem
10 %-i1 sMOpHroHanbHOU Temstubel chiBopoTkH (Hy-
Clone, CIIA). MccnenoBanue IUTOTOKCUYECKOM
aktuBHocTr CUDJI 159-330 npoBojniu B yamkax
[TeTpu quameTpom 6 cM, THO KOTOPBIX ObLTO 00pa-
00TaHO TECTHPYEMBIM 31acToMepoM. Tak Kak, 1o
MpeABapUTEIbHBIM JaHHBIM, TOKpbITHE U3 CUDJI
159-330 He moanepKUBaeT KIETOUHYIO aJAre3Hulo,
B KaU€CTBE KOHTPOJISI B AKCIIEPUMEHTE UCIOIB30-
Basu 3 %-10 arapo3y, KOTopasi TaK)Ke He O3BOJISIET
KJIETKaM MPHUKPENUTHCS K cyocTpary. OnbITHBIC U
KOHTPOJIbHBIE TTPOOBI UMENHU 10 6 TOBTOPHOCTEH.
B kaxayro gamky Ilerpu BHOCHIN 1o 2-10° kie-
TOK B 5 MJI cpenbl KynpTuBupoBanusd. Ha 1, 2 u
3-u CyTKM KyJIbTHUBHPOBAHHS U3 OOpa3lOB IO-
Clie TIIATETHLHOTO TEepPEMENINBaHusl OTOMpain 1Mo
100 MKJT KJIETOYHOW CYCTIEH3UU M TMOJACYUTHIBAIN
JIOJTIO JKMBBIX KJIETOK HAa AaBTOMAaTHYECKOM CUETUH-
ke Eve (NanoEntek Inc., Kopest) ¢ npumenennem
okpamuBanus 0,4 %-M TpUIaHOBEIM CUHUM. J{omst
JKUBBIX KJIETOK IPHUBEJIEHA B TEKCTE KAK CpEAHEe
3HaYEHUE U CTaHJapTHOE oTKiIoHeHue (M+SD) no
pe3ysibTaTaM u3MepeHuil B 6 sKCriepuMeHTaIbHbIX
MOBTOpPax. 3HAYMMOCTb OTIMYMI yCTaHABIUBAIN
IIpY IOMOLIN KpUTepHsi ManHa—YUTHU (KpUTHYe-
CKUi ypoBeHb 3HAYUMOCTH — p < (,05).
JuaaMuky oOpa3oBaHHs KJIETOYHOTO chepoun-
Jla B BUCSYEH KaIlle M3y4aJld Ha TOW K€ KIIETOY-
HOM JIMHUM, IOJTYYEHHON B AaHAJIOTUYHBIX yCIOBH-
sIX KyJapTuBUpoBaHus. Ha kpbeiuky vamku [lerpu
(mmametp — 6 cm), mokpeityro CUDJI 159-330, mn
napapmwiemMom PM-992 (Bemis, CIIIA), wim He
MMEIOLIYIO TOKPBITHUSI, HAaHOCHIH 110 10* KITeToK B
20 MKJ cpenbl KyIbTUBUPOBaHUs — 1o 10 xamnenb
JUIA Ka)kaoro BapuaHTta oneita. [locine Hanecenus
Karesb ¢ KJI€TKaMH KPBIIIKH aKKypaTHO MepeBopa-
YMBAJIM ¥ NTOMEUIAJIN Ha HW)KHHUE KaMephl Yalllek,
3aMoJHEeHHBIE (PU3UOIOTUYECKIUM PACTBOPOM ISt
MpenoTBpalleHnss n30bITOYHOrO ncnapenus. O06-
pasyromuecs KIETOYHbIe KOHITIoMepathl (hoTorpa-
¢upoBamy C NPUMEHEHHEM HHBEPTHPOBAHHOTO
mukpockona DM IL LED (Leica, I'epmanus), oc-
HaleHHOTo U(PPOBO Kamepoi, uepes 4, 24, 48 u
72 4 xkyneTUBUpOBaHMs. Ha ocHOBE MOTyuYEHHBIX
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n300pakeHU MPOBONMIM Kaue€CTBEHHBIM aHAIN3
00pa3yromuxcs KJIETOYHBIX KOHITIOMEPATOB.
Pesyasbrarbl. TecT ¢ BUTAIBHBIM KPACUTEIEM
0,4 %-M TpUITaHOBBIM CHHUM ITOKa3aJ1, YTO MOKPbI-
tre u3 anactomepa CUIJI 159-330 He oka3biBaeT
BIIHSTHHSI Ha KU3HECTIOCOOHOCTD KIETOK KYJIBTYPBhI
BT-474 (cm. mabauyy). CpaBHEHHE CpeTHUX 3HA-
YyeHul ¢ npuMeHeHueM U-kpurepuss ManHa—Yur-
HU [10Ka3aJI0, YTO JI0JIS )KUBBIX KJIETOK B OMBITHBIX
oOpasiax CTaTUCTUIECKH 3HAYMMO HE OTIINYAIach

HocTH. OJTHAKO KpUBH3HA TTOBEPXHOCTH KaIlIH HA
nokpeiTin 13 CUIJI 159-330, BeposaTHO, HE OTIH-
YaJiach CyIIECTBEHHO OT TAKOBOM ISl Karelb, Ha-
HECEHHBIX Ha TOJUCTHPOJI, U ObLIIa MEHBIIIE, YeM
Ha mapapuibMe. XOTsS B HCCISIOBAaHUHM HE TIPO-
W3BOJIMIIOCH W3MEpPEHHWE KOHTAaKTHOTO yIia, 00-
pa3yeMoro MOBEPXHOCTHIO KAl C OCHOBAaHUEM,
00 yBENIMYCHHON KPWBHU3HE TOBEPXHOCTH Karlld
MOXKHO CYIHTh TI0 €€ YMEHBIICHHOMY JIHaMETPy
Ha mapaduibme (3,66 MM) IO CpPaBHEHUIO C Ta-

MHNPOBEPKA ’KU3HECIHHOCOBHOCTH KJIETOK KYJIbTYPbI BT-474,
BBIPAIEHHBIX HA HOKPBITHUHN CUJJI 159-330, M+SD

VIABILITY OF BT-474 CULTURE CELLS
OBTAINED ON THE SIEL 159-330 COATING, M = SD

JoJist 5KMBBIX KJIETOK, %o,

06[)3311])[ MPHA VINTEJIbHOCTH KYJIbTUBUPOBAHUS, Y

24 48 72
Omneitabie (CUDJT 159-330) 90+5,8 84+7,3 78+5,2
KonTponshsie (3 %-4 araposa) 87+8,2 86+5,1 74+£8,5

ot koHTpoas (p > 0,05) nns Bcex mpoTecTUpOBaH-
HBIX BPEMEHHBIX MPOMEXKYTKOB. TakuMm oOpazom,
M3MEHEHHE TEMIIEPAaTypHOTO PeXUMa OTBEpPIKJIe-
HUSI SIIaCTOMEpa HE CKa3aJioch Ha ero Ouoio-
rudeckux cBoiicTBax. ClemoBarenbHO, TaHHBINA
CUJIMKOHOBBIM KOMITayHJ MOXXET HPUMEHSITHCS
B KJIETOYHOW KYJIBTYpE B COUYETAHWUHU C TPAIHIIN-
OHHBIM TUIACTHKOM U3 MOJHMCTUPOJIA, JOCTATOUYHO
JHIIb YMEHBIIUTh TEMIeparypy MOJIUMEpH3aInu
¢ 80 no 60 °C.

Tect Ha 0OpazoBaHWE KIECTOYHBIX cheponoB
B BHCSYEH Karule MPOJEMOHCTPUPOBAI, YTO HC-
MOJIb30BaHUE TUAPOPOOHOTO TMOKPBITUS 3HAYU-
TEJIBHO YCKOPUIIO (POpMHpOBaHHE CPEPOHIOB IO
CPaBHEHHIO C TOTUCTHPOJIOM. B o0Opa3max xak Ha
CHUDJI 159-330, Tak u Ha nmapaduiabMe yKe CIy-
CTs 4 4 KyJIbTUBUPOBAHUS BCE KJIIETKU COOpaKCh B
HWKHEW YaCTH KaIlld, B TO BpEMs Kak Ha TOJIUCTH-
poJie KJIeTKH 6osiee PaBHOMEPHO pacHpeiesuTiCh
1o OOoJbIIEH TUIOIAAN TTOBEPXHOCTH KAk (CM.
PUCYHOK, a, O, U).

Mpbl OXHIadH, YTO YCKOPEHHas arperarus
KJICTOK OOYCJIOBJICHAa YBEIMYECHHOW KPHUBH3HOU
MOBEPXHOCTU KalulM Ha TUApopoOHOM moBepx-
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KOBBIM Ha mosmctuposne (4,24 MMm) u srmactomepe
(4,16 mm). Ha dhopmupoBanue arperara Morvo 1mo-
BJIMSTH HE TOJBKO MOBEPXHOCTHOE HATSKEHUE, HO
W, HalIpUMep, 3apsi MOBEPXHOCTH U JApyrue (hak-
TOPBI, KOTOPBIE HE WCCIIEOBAIIUCH B JTAHHOM JKC-
MepUMEHTE.

HecMotpss Ha cxonHOe mMoBeleHUE KIIETOK B
IepBBIE Yachl JKCIEPUMEHTa, 4epe3 24 4 Kyib-
TUBHPOBAHUS CTaja 3aMeTHA pa3sHHUIA MEXIY
AIIACTOMEPOM U MapaMIbMOM: Ha MOKPBITUU U3
CHUDJI 159-330 kieToyHble KOHIJIOMEpAThl MpO-
JOJDKUAII PABHOMEPHO YIUIOTHSTBHCS C YMEHBIIIe-
HUEM oOmmel Turomamu obpasyromuxcs cdepo-
unoB (cM. pucynox, e). OTHOBPEMEHHO C 3TUM B
KaIuIsiX, HAHECEHHBIX Ha mapaduiabM, CKOTUICHUS
KJICTOK CTaJIM IPOOUTHCS Ha OT/IENIbHBIE (parMeH-
ThI 06€3 YMEHBIICHHS OOIIEH IO KOHITIOME-
paroB (CM. pucyHox, k). B KOHTpoIbHBIX 00pa3uax
yepe3 24 4 Takke HaOIroIanoch 00pa3oBaHue OT-
JIENTBHBIX TPYTI KJIETOK 0e3 00IIero yMeHbIICHUS
TIJIOTIA/TU CKOTIIEHUH (CM. puUcCyHOK, 0).

Yepes 48 u KynbTUBHUPOBaHUS BO BCex 00pas-
ax Ha CHJIMKOHOBOM 3JacToMepe 0Opa3oBajucCh
OKpyIIble CPeponbl CXOTHOW TEOMETPUHU C POB-
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[IprmeHeHne MOKPHITHS N3 CUIIMKOHA IS TTOIY4YEHHsI KJIETOUHBIX CEPOUIOB...

JanTenbHOCTh KyJIbTHBUPOBAHUS
48 4

IToBepxHoOCTH
TIOJTACTHPOIT

nabopartopHas miueHka CHIJT 159-330
Parafilm

Bun oOpasyromuxcst KJISTOYHBIX arperatoB KyinbTypbl BT-474 B Bucsueil kamie Ha
Pa3IUUHBIX I[OBEPXHOCTSX IIPU Pa3HON JUIMTENBHOCTH KyJIbTUBUPOBaHHS (yBEIUYEHHE

o0bekTHBa *2)

Cell aggregates of the BT-474 culture forming in a hanging drop on different surfaces at
different cultivation durations (X2 magnification)

HBIMH KpasiMH (CM. PUCYHOK, JiC), B TO BPEeMs Kak
Ha TMapauibMe U MOJUCTUPOJIEC CKOIUICHUS Kie-
TOK MMM HEPOBHBIE Kpasi U 4acTO 00pa30BHIBa-
JIM HECKOJIBKO TPYII KJICTOK, JISKAIIHUX PSAIOM, HO
He 00beTUHSIONINXCS B onuH chepoun (cM. pucy-
HOK, 6, 11). [lo ncreuennn 72 4 KyJIbTUBUPOBAHUS
MPOM30ILIO JalbHeHIee YIIIOTHEHNE KIETOYHbIX
KOHIJIOMEPATOB BO BCEX 00pa3iax 0e3 CyIecTBeH-
HOTO M3MEHEHUS X POPMBI (CM. PUCYHOK, 2, 3, M).
Takum 00pa3oMm, NMpUMEHEHHE TOKPBITHS M3
CUDBJI 159-330 3HAUMTENBHO YCKOPHIIO IOJIY-
YeHUE KJIETOYHOTro ceponia B BHCSUCH Karuie
crocoOCTBOBaJIO 00pa3oBaHMUIO OoJiee paBHOMEP-
HBIX TI0 pa3Mepy M 00Jafaromux 6osee mpaBuiIb-
HOHU (popMoii cheponoB 1Mo CpaBHEHHIO C 00pa3-
aMu Ha rmapaduiIbMe U MOJIUCTHPOIIE.
Obcy:xnenue. [lpoBenenHoe wuccienoBa-
HHE YCTaHOBHJIO, YTO IOKPHITHE U3 CHIIMKOHO-
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Boro anactomepa CUDJI 159-330, orBepxkacH-
Horo npu 60 °C B Teuenue 18 u, HEe Oka3bIBaeT
HETaTUBHOTO BIIMAHHUS HA >KU3HECHMOCOOHOCTH
KJIETOK, ITOATOMY €r0 MOXHO NMPUMEHSATHh B pa3-
JTUYHBIX TMPUIOKEHUSIX KJIETOUYHBIX TEXHOJIOTHM.
[Tockonbky HcciieyeMblil aactomep He mojaep-
KUBAET aJIr€3UI0 KIETOK, TO, TOMUMO HCIIOJIb30-
BaHUS €TO JJIA MOJYy4YeHUs: cPeporu OB METOOM
BHCSIUEH Kallsid, OH MOXET CIY>KUTb, HAIIpUMeEp,
JUISL CO37IaHMS TIOKPBITHS MTPU U3YYEHUH CBONCTB
CTBOJIOBBIX KJIETOK BMECTO IMOKPBITHS U3 arapo3bl
[13]. Kpome Toro, CUDJI 159-330 npencraBuseT
nHrepec kak anprepHarusa [I/IMC npu coznanuu
OpraHOB-Ha-YUIaX — MUKPOQIIIOUIHBIX CHUCTEM,
MO3BOJISIIOLIMX ~ MPOBOAUTH  KYJIbTHUBHUPOBAHUE
KJIETOK M SKCIIEPUMEHTBI HaJl HUIMHU B YCJIOBHSIX,
NpUONMKEHHBIX K ecTecTBeHHBbIM [14]. OmgHako
noTpeOyloTcsl JNalbHEWIIne HCCIeI0BaHus AJis
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YTOYHEHUS] YCIOBHI COBMECTHOTO MPUMEHEHUS
CHUDJT 159-330 ¢ mMonauHramMu M3 Pa3IMYHBIX
MaTepHUaoB.

Kak moxazan skcrepuMeHT ¢ 00Opa3oBaHH-
€M KIeTOYHOro cdepouga B BHUCSAYEH Karuie,
npumeHenue nokpeituss CUDJI 159-330 cno-
COOCTBYET YCKOPEHHOM, 10 CPaBHEHUIO C TTOJIH-
CTHPOJIOM, arperamnuy KJIEeTOK B HIDKHEH 4acTu
KaIuli C TOJIy4eHHUEM Cc(epouI0B, Majo Bapbu-
pytomux no ¢opme u pasmepam. CoxpamieHue
BpeMeHH (opMUpOBaHUs ceponsa, Mo HaIIEeMy
MHEHHIO, MOXET CII0COOCTBOBATh HCIIOJIB30BA-
HUIO 0oJiee JIUTENBbHBIX SKCIO3UIMI B HCCIe-
JIOBAaHUAX OMOIIOTUYECKOW AKTUBHOCTH HOBBIX
IPOTHBOOIYXOJIEBBIX IpemnapaToB. Kpome Toro,
oOpasyrontuecs Ha mokpeiTuu u3 CUIJT 159-330
chepouapl o0manarT 6oJIee KOMIAKTHON CTPYK-
TYypOH, 4TO TOBOPHUT 00 WX OONbIICH MEXaHUYEC-
CKOM TIPOYHOCTH. YBEIMYEHHAas MEXaHHUYECKas
MPOYHOCTHh cepouaa aenaeT ero Oonee ycTou-
YUBBIM K MAaHUIMYJIIHUSM 110 3aMEHE CPeAbl WIN
nepeHocy cdepounga, KOTOpbie MOTYT TOTpPeOO-
BaThCS IS HYXKJ SKCIIEPUMEHTA. YMEHBIICHHE
BAapMAaTUBHOCTH B pa3Mepax U (Gopme moirydae-

Cnucok JIuTeparypsbl

MBIX KJIETOYHBIX C()EPOUTOB UMEET, B CBOIO OYe-
penb, OoibIIOe 3HAUEHHE S MacIITabMpoBa-
HUS SKCIIEPUMEHTOB, T. K. IO3BOJSET COKPATUTh
KOJIMYECTBO  AKCIIEPUMEHTAIBHBIX  00pa3IoB.
B nenom mosiyuyeHHbIe TaHHBIE CBUJIETEILCTBY-
10T O TOM, YTO MOKPBITHE U3 CUIMKOHOBOI'O 3J1a-
cromepa CHUDJI 159-330 nmo cBouM xapakrepu-
cTUKaM He yctynaeT nokpsituto u3 IIIMC [10]
U MOET OBbITh MCIOJB30BAHO BMECTO HETO IS
YCKOPEHHOTO (OPMHUPOBAHUS KJIETOUHBIX ce-
pounos B Bucsded kame. Ilo smreparypHbIM
nanHeiM, nokpeitue u3 [IJIMC no3Bonsier cy-
IIECTBEHHO COKPATUTh 00BEM KJIETOYHOI'O MaTe-
puana BmioTh g0 200 knerok Ha chepowna [10],
YTO J1aeT BO3MOXHOCTH JUIsl UCIOJIb30BAHUS B
3D-kynbTypax KIETOK PEIKUX U MaJO4YUCIICH-
HBIX KJIETOYHBIX MOMYJSALHM, Hampumep CTBO-
JIOBBIX KJIETOK OIYXOJHU WJIM MHUHOPHBIX CyOIo-
nynauui umdonuToB. KakoB MUHUMAaNbHBIN
MOPOT KJIETOYHOCTU JIJIsi oOpa3zoBanus cepou-
na Ha nokpeiTuu u3 CUDJI 159-330, eme npea-
CTOUT OIPENEIUTh.
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APPLICATION OF SILICONE COATING FOR OBTAINING CELL SPHEROIDS
USING THE HANGING DROP METHOD

In modern experimental oncology, 3D cell cultures have become particularly important, as they provide
more relevant results compared to traditional 2D cultures. The problem of obtaining relevant cell models
remains urgent for the study of breast cancer. One of the most common techniques for obtaining a 3D culture
is the hanging drop method. Researchers are constantly developing its modifications to reduce variations
in the shape and size of the resulting cell spheroids. One of the ways to solve this problem is to apply a
hydrophobic coating to the surface of cell culture plastics. Silicones or Parafilm® laboratory films are often
used for this purpose. As a result, the curvature of the drop surface increases, which leads to accelerated
aggregation of cells in the centre of the drop. The purpose of this research was to evaluate the possibility
of applying a coating made of the silicone elastomer SIEL 159-330 (Russia) to modify the hanging drop
method. Materials and methods. We used the SIEL 159-330 coating cured at a temperature lower than
that recommended by the manufacturer and investigated its cytotoxic properties as well as its effect on the
formation of cell spheroids in a hanging drop. The material for the study was the BT-474 breast cancer cell
line. Results. The research found that the tested elastomer has no effect on cell viability. At the same time,
SIEL 159-330, compared to polystyrene, significantly reduces the time of cell aggregate formation in the
lower part of the drop. In addition, cell spheroids of the breast cancer culture obtained on the SIEL 159-330
coating vary less in shape and size than spheroids obtained on the polystyrene or Parafiim coating.

Keywords: hanging drop method, BT-474 cell line, breast cancer, cell spheroid, silicone elastomer.
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CoBpeMeHHast TMarHOCTHKA Pa3IMYHBIX (POPM 37I0KaUeCTBEHHBIX OITyXOJIeii Mo3ra (TJIHOM) IPOBOIUTCS TIpe-
UMYIIECTBCHHO METOJJAMU BU3YaJIN3aIMY, TAKIMHU KaK MarHUTHO-PE30HAHCHASI TOMOTpadus, IeKTpodHIEhaIo-
rpadusi, MO3UTPOHHO-IMUCCUOHHAS TOMOTpadusi, TAKKe MPUMEHAETCsl OMOTICHs TOJI0BHOrO Mo3ra. Henocratkamu
JIAHHBIX METOJIOB SIBIISIFOTCS] KX HETOYHOCTh M MHBA3UBHOCTD, BIICKYIIIUE 32 COOOM OMpe/ielIeHHbIe PUCKH IS 3710~
POBBS MAIMEHTa, TIOATOMY B COBPEMEHHOH HayKe aKTyaJIeH MOUCK OoJiee TOCTOBEPHBIX M OE30MacHBIX CIIOCOOO0B
IUAarHOCTHKH TJIMOM, B T. 9. IIOMCK OMOMapKepOB JaHHOTO BHUIA Paka B KPOBU M CIIMHHOMO3TOBOH JKHIKOCTH.
Lenbto 0630pa sBisics cOOp aHHBIX 00 OOHApY)KEHHBIX B HACTOSIIEE BPEMs U UMEIOIIUX THATHOCTHYECKYIO
3HAYMMOCTbH MOTEHIIMAIBHBIX OMOMapKepax 3I0Ka4eCTBEHHBIX OITyXOJIel TOJIOBHOTO MO3ra B JKUIKUX Cpenax op-
TaHN3Ma, B YaCTHOCTH B CITHHOMO3TOBOU KHIAKOCTH U KpoBH. [Tonck nadopmanun nponsBoamics B 6a3ax maH-
Heix UpToDate, eLibrary, PubMed, Medline, Scopus, mouckoBbix cuctemax Google Scholar, Web of Science,
TakKe ObIJIM MCII0Ib30BaHbl MaTepualbl caiita BcemupHoN opraHu3anuu 3apaBooxpaHenus. B 0630p npeumyiie-
CTBEHHO BKJIIOYAIIMCh CTaThH, HAIIMCAHHBIE 3a mochennue 5 net. Haiinena nndopmanus o Takux Onomapkepax,
kak MEKpoPHK-15b 1 MmukpoPHK-125b, nmponun, rukonporenH Y KL-40, mupx/IHK (uupkymupyromas JJHK) n
mpkPHK (mmpxymupytomas PHK), BHeKIeTOUHBIE BE3UKYITHI, JKHPHBIE KHCIOTHI, CHHTA3bI JKUPHBIX KACIOT. ABTO-
pamu crenaH BIBOJ, uTo cieaytomue ounomapkepsr: Y KL-40, mupkIHK u nupkPHK, BHEKIIETOUHBIE BE3UKYITBI —
UMEIOT KPYITHYIO JJOKa3aTebHYI0 0a3y U MOTYT YK€ HCIIOJIb30BATHCS B KIIMHHYECKON npakThke. OcTanbHbie O10-
MapKepbl TpeOyroT 0osiee TOAPOOHBIX U OOIIMPHBIX UCCIICTOBAHHA.

Knrouesvle cnosa: ouaznocmuxa paxka 20108H020 M0O32a, OUOMAPKEPDL 2IUOM, KDOBb, CRUHHOMO3208A51 HCUO-
Kocmb, Jicuokas ouoncus, YKL-40, enexnemoutuvle HyK1eUHOBbIE KUCTIOMDbL, BHEKIIEMOUHbLE 8E3UK)IIbL.

Omeemcmeennstii 3a nepenucky: Kpacuukosa Onbra Bnagumuposna, adpec: 603126, r. Hwxuuit Hosropon,
yn. PoguonoBa, 1. 190a; e-mail: lala-g@yandex.ru

Jna yumupoeanua: Kpacuukosa O.B., Konnparsesa A.P., bany C.K., Mensuuk U.A., Topaenos A.C. [lorenuu-
aJBHBIC TUarHOCTUYECKIEe OMOMapKEPhI TIIMOM B KUJIKHX cpefax opranmsma (0030p) // XKypH. men.-Omnon. uccuenona-
Hui. 2022. T. 10, Ne 1. C. 52—63. DOI: 10.37482/2687-1491-Z090
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[muombl — 350KauecTBEHHBIE OOpPa30BaHUs
LEHTPaJIbHONH HEpBHOW CHCTEMBI, KOTOpbIe OepyT
HAyaJlo M3 KJIETOK INIMU: aCTPOLUTOB, OJMIOACH-
JPOLUTOB, SIIEHANMOLUTOB — U JEJATCS Ha acTpo-
IUTOMBI,  OJMTOACHIPOIITMOMBI, SMEHINMOMBI,
IMO0IaCTOMBI M HeKOoTOphIe apyrue [1]. Exeron-
Hasi 3200JIeBa€MOCTh TIIMOMaMH BO BCEM MHpPE —
npubnu3urensHo 6 ciaydaeB Ha 100 000 yen. [2].
[To cremeHu 370KAYECTBEHHOCTH M arpecCHBHO-
cti BcemmpHas opraHu3aius 31paBOOXPaHEHUS
NOJpa3JeNseT OMyXOlH ILEHTPalIbHOM HEpPBHOU
CUCTEMBbI Ha 4 CTENEeHH, MPU STOM KJIETKH OITyXO-
IM 4-i CTENEeHM XapaKTEpU3YIOTCSl aHAIUIA3Uei,
BBICOKOM MHTOTHMYECKON aKTHBHOCTBIO, MHUKPO-
cocynuctor nponudepanverd U (MIM) HEKPO3OM
U SIBIISIIOTCS CaMbIMU arpeCCUBHBIMHU U 3JI0Kaye-
CTBEHHBIMHU [3].

MennaHna BBDKMBAEMOCTH NAllMEHTOB BapbH-
pyeT B 3aBUCHMOCTH OT CTENEHH 3JI0KaueCTBEH-
HOCTH TJIMOM: s AUQQY3HOH acTpOIUTOMBI
IDH-mutant (2-s1 creneHb) ATOT MOKa3aTellb paBeH
10—-12 romam, aiist TIOOIACTOMBI (4-51 CTETIEHB) —
B cpeaneM 10—12 mecsuam [4]. Hecmotps Ha TO,
YTO MEpHI MO MPENOTBPALICHUIO TIIMOM €Ile He
W3BECTHBI, 3HAYMMOCTh MX PaHHEH IWarHOCTUKH,
KaK U OCTaJIbHBIX BUJOB paka, OCTAETCS OYEBHJ-
HOIi: YCTaHOBJIEHUE JMarHo3a Ha paHHUX CTaHIX,
JI0 TIOSIBJICHUSI CUMITTOMOB, TTOBBIMIAET IIAHCHI HA
YCIICIIHOE JIeYEHUE MalMEeHTa, CIOCOOCTRYIOIIEe
3aMEeJUIEHHI0 CKOPOCTU POCTa U Pa3BUTHS OITyXO-
JIX ¥ YBEITMYEHUIO BBIKUBAEMOCTH [5].

Ha nanHbBIl MOMEHT Uil TWAarHOCTHKU OILy-
XOJIEH TOJOBHOIO MO3ra HCHOJNb3YIOT MAarHUT-
HO-pe30oHaHCHyt0 ToMorpaduio (MPT), a taxxke
anekTposHuedanorpaduio, eciau omyxoibp oOHa-
py’XKeHa MpH MOUCKE MPUUYUHBI dMUJeNcuu [2, 6].
Jln1 onpenieneHust «ropsuux ToYeK» MeTabonu3ma
u MecTa B3satusa Ouorncun kpome MPT mpumens-
€TCSl ¥ TIO3UTPOHHO-ODMUCCUOHHAs TOMOTpadus ¢
MEUEHBIMH aMUHOKHCIIOTaMu [7]. OgHako B IMO-
clelHee BpeMsl aKTUBHO M3Y4aroTCsl M Mpeasara-
IOTCSl HOBBIE CMOCOOBI TUArHOCTHKHU IJIMOM — HE
TOJIBKO TIPY TIOMOIIM BHU3yaJH3allii U OHOIICHH,
HO W TyTEeM aHaju3a OWOJOTHYECKUX IKHUJIKO-
CTeH, MpeuMyIleCcTBEHHO KpOBU M JHKBopa. Ho-
BbI€ METOJIbI MOKa HYXKIAIOTCSI B IOAPOOHOM HC-
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CIIEJIOBAaHUHU, HO TEM HE MEHEEe HEKOTOphble HX
MPEeNMYIIECTBa YK€ yCTaHOBIEHBI. OOBIYHO Is
OTIpeNeICHus] BHJA 3JI0KaY€CTBEHHOTO TMOpake-
HUS TIAIMCHT JIOJDKCH MEPEHECTH XUPYPTUUYECKOE
BMEIIATEIbCTBO, COIMPOBOXKIAIOIIEECS] PUCKOM
[IOCTONEPALIMOHHBIX OCIIOKHEHHH, a JlajbHelIIee
HaOmoneHue onmyxoym ¢ nomoribio MPT He mo-
3BOJISIET OTIMYUTH MPOrPECCUPOBAHUE OMYXOJIU
OT Jy4eBoro Hekpo3sa [8]. Jluarnoctuka paka mpu
MTOMOIIIM OMOMapKEPOB KPOBU U JIMKBOPA OTIINYA-
€TCSl HCMHBa3MBHOCTBIO (TEM CaMbIM O0JIerdaeTcst
cOop mpo0O Ha WCCIIeOBAaHUE W CHHXKACTCS PUCK
HEONMaronpusTHHIX MOCIEACTBUA 10 MUHHMYyMa),
BO3MOYKHOCTBIO OTCJICKHBATh IMPOTPECCHPOBAHNE
OITyXOJIU B pEaJIbHOM BPEMEHHU, a TAaKXKe OTIIMYUTh
MPOTPECCUPOBAHUE OT TICEBONporpeccuu [9].

B cBs3M ¢ BBIIEN3IOKEHHBIM, OCTAETCS aK-
TyaJIbHBIM HM3yY€HHE COBPEMEHHOTO COCTOSHUS
npoOJieMbl TTOMCKA MOTCHIIMAJIBHBIX OHMOMapKe-
POB 3JI0Ka4€CTBEHHBIX OITYXO0JIeH TOJIOBHOTO MO3-
ra (IJIMOM) B )KMJIKHX Cpelax OpraHu3Ma, B 4acT-
HOCTH B CIIMHHOMO3TOBOH JKHUIKOCTH W KPOBH.
B nannom 0030pe coOpaHbl pe3ynbTaThl HCCIIEN0-
BaHUI MHOCTPAHHBIX U OTEYECTBEHHBIX aBTOPOB,
MTOCBAIIEHHBIX Pa3paboTKe HOBBIX METO/IOB JIHa-
THOCTHKH TJTHOM.

Bbuomapkep — Ouonornyeckuii HHIAUKATOP Ia-
TOTEHHOTO Tpolecca Wik (papMaKoIOrHIeCcKOro
OTBETa Ha TEPAITUIO, OTIPEICIIAEMBbIN KOJTUICCTBEH-
HO mii 00beKTHBHO [ 10]. C mOMOIIBIO JUAarHOCTH-
YeCKUX OMOMapKepOB BO3MOKHO OOHAPYKUTH UIIH
MOATBEPIUTHh HATU4KMe 3a00JIeBaHMS, YCTAaHOBHUTH
noarun narosnoruu [11]. Comepxumoe omyxonew,
MPOAYKTHl MeTabosn3Ma 370KaY€CTBEHHBIX KIle-
TOK TMOCTYMAIOT B KPOBb M JHKBOP, MOATOMY HUX
KOJTMYECTBEHHOE W KAaue€CTBEHHOE OTpEJICTICHHE B
JAHHBIX KHUJKOCTSIX SBISICTCS AUArHOCTHYECKUM
KpuTepueM. B ponu auarnoctuyeckux Ouomapke-
POB TJIMOMBI B TEOPUU MOTYT BBICTYIIATh OCIKU H
oTaenbHbIe aMUHOKUCIOTHI, MUKpOPHK, BHEKIe-
TOYHBIC HYKJICHHOBBIC KHCJIOTBI, YK30COMBI, ITUP-
KYJIUPYIOIIME KIETKH ormyxouu [12].

AMHUHOKHUCJIOTBI. B HacTosmiee Bpemsi He-
JIOCTATOYHO MH(POPMAIIUK O TOM, KaKhe OCIIKU U
AMUHOKHUCIIOTHI MOTYT OBITh MapKepamH ITHOM
B IIEJIOM, YTO TOBOPHUT O HEOOXOAMMOCTH HaJlb-
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HEeHIIero M3y4eHus: JaHHoro Borpoca. [Ipu mo-
UCKEe TEeMAaTHYEeCKUX paboT HaMM ObLIO HAaWJEHO
UCCJIEI0BaHNE, B KOTOPOM METOJOM MarHUTHO-
PE30HAHCHON CHEKTPOCKONHUHM B IUIa3ME€ KPOBH
OOJBHBIX IMTMOMOMU (THUII TIMOMBI HE OIpEeIieH,
yKa3aHsbl JULIb CTENEHU — 3-51 U 4-51) BBIABICHO
YMEHBIIEHHE KOHLEHTpPAUUN TaKMX aMHHOKHC-
JOT, KaK W30JIeHIMH, JEeHIUH, BajuH, aJaHHH,
rIytamar, (heHuJIaJaHuH, THUPO3WH, |-METHUITH-
CTUAMH, TI0O CPAaBHEHHWIO C TUIa3MOM 370pPOBBIX
BosioHTEpOB [13].

HWcxons u3 nannbIx, omyonukoBanHbIX B 2020 ro-
ny B xypHaie British Journal of Cancer aBropamu
L. Vettore et al., omHIM W3 BaKHBIX OMOMapKepoOB
IJIMOMBI, B YaCTHOCTH — IJTMOM 2-H M 3-H cTeneHei,
BTOPUYHOM IIMOOIACTOMBI, MOXKET CTaTh MPOJIHUH
[14]. Myranust usouuTparaeruiporeHassl-1, B Hop-
Me perynupyroniei ooparumyto peaknuto HAJ1D-
3aBUCUMOTO MpEBpaIeHus allb(ha-KeTorTyTapara B
W30LIUTPAT, TPECTABISET COO0M TeTepO3UTOTHYIO
MYTAalMIO, 3aKIIOYAIOUIYIOCs B IpeoOpa3oBaHUU
apryHMHA B JIPYTYI0 aMUHOKHUCIIOTY, YacTO — B TH-
ctuauH [ 15]. OHa npuBOAMT K CUHTE3Y U3 allb(a-Ke-
ToITyTapara oHKoreHa R(-)-2-rumpokcuriyrapara
(2-HG) BmecTo m3omuTpara, BBI3BIBAET OIMyXOJie-
BYIO TpaHC(OPMALMIO TOCPEACTBOM HHAYKIHU
daxropa l-anbda, HHIYUUPYEMOTO THIIOKCHUEH
(HIF-1a), cnocoOcTByIOMIET0 POCTY — OITyXOJIH
MPY HU3KHUX KOHIIGHTpalusix kuciopona [16, 17].
B uccnenosanuu L. Vettore et al. ormeuaeTcsi, 4To
B KJIETKaX, SKCIPECCHPOBABUIMX MYTHPOBABIIYIO
M30IUTPATIETUAPOTeHA3Y, OBUTH OOHAPYKEHBI T10-
BBILLICHHBIE YPOBHU HPOIYKLIUU U SKCKPELUH MPO-
auHA. ABTOpBI OOBACHSIOT 3TO MOBBIIIEHHON aK-
TUBHOCTBIO MUTOXOHApHaibHOro PYCRI 3a cuer
UCIIOJIb30BAHUS [IyTaMHHA B KaY€CTBE OCHOBHOIO
UCTOYHMKA YIJIEpOAd, MOJ JEHCTBHEM KOTOPOTO
BOCCTAHABIIMBAETCSl HAPYIIEHHBIH MyTHPOBABIIUM
(bepMEeHTOM  OKHCIIHUTEIIbHO-BOCCTAHOBUTEIHHBIN
romeoctas kietku [14]. Bonpoc, Moxer i uzme-
HEHHUE YPOBHS AKCKPELIMH MPOJIMHA KJIETKaMU (HK-
CHPOBAThCS METOAAMHU KUJIKOW OHOIICHH B KPOBU
WIM CIIMHHOMO3TOBOM JKUIKOCTH, OTKPBIT IS MC-
CJIEZIOBaHMS.

I'makonporennsl. Ilponecc kaHueporenesa
CBSI3aH C HApYyIIEHUEM CTPYKTYPBI TIIUKOJIUIIHIIOB
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U TJIMKONIPOTEHHOB, a TaKXXe C M3MEHEHHEM HX
KOHIICGHTPAIMH, TO3TOMY MX YK€ HCIIONIB3YIOT KaK
OroMapKepsl ISl IUATHOCTUKH HEKOTOPBIX BUIOB
paka, HampuMep paka SMYHUKOB, TeNaTolellIro-
JIIPHOM KapLIMHOMBI, 3JI0KAY€CTBEHHBIX OITyX0JeH
KeIyIodHO-KuIedHoro tpakrta [18]. HambGomnee
pacipoOCTPAaHEHHBIMU H3MEHEHUSIMHU  SIBIISIFOTCS
MOBBILICHHbIE CHAIUPOBAHUE, (PYKO3WIMPOBAHUE
U pa3BeTBJIEHUE CTPYKTYPbI NIMKOIPOTEUHOB [ 19].
W3meneHus B CTPYKType TIIMKOTIPOTEHHOB, HATIPH-
Mep yceueHne O-CBsI3aHHBIX ITTMKaHOB, ObUTN Haii-
JIEHBbI M y TIAIUEHTOB ¢ ruobnactomoit [20].

N. Tsuchiya et al. BbIIBUIIM TTOBBIIIEHUE KOH-
[EHTpalud OWaHTEHAPHBIX OWTraTaKTO3MIHPO-
BaHHBIX CaxapoB C OMHUM (parMeHTOM (hyKO3H-
JUPOBAHUS, KOTOPbIE AKCHPECCUPYIOTCS JHILIb B
TOJIOBHOM MO3T€ SMOPHOHOB, y TTAITUEHTOB C TJINO-
omactomoit [21].

Ectb cBuzaerenscTBa 0 pocTe KOHUEHTpALUU
CHAJIOBOM KUCIIOTHI KaK B CHIBOPOTKE KPOBH, TaK U B
CIIMHHOMO3TOBOH JKHIKOCTH ITPH 37TI0Ka4€CTBEHHBIX
oryxosAx mMosra. OHaKo MOBBILIEHHOE COAEpKa-
HUE CHAJIOBOM KHCJIOTHI B ChIBOPOTKE HE SIBIISIETCS
cneun(puIeckuM KpUTEPHEM Ui IIHOM. TeM He
MeHee J1aHHbIe (PaKThl ObUIN 3a(UKCHPOBAHBI B pa-
ootax, garupyembix 1989 u 1990 romamwm, 4To ro-
BOPUT O HEOOXOIMMOCTH MPOBEJCHUS MOBTOPHBIX
HCCIe0BaHUH 1711 OJTyYeHus 6oJiee T0CTOBEPHON
1 cBexeid nadopmarmn [22].

B pabore [23] npuBonsaTcs naHnHbie 00 uC-
MOJIb30BAHUH CHIBOPOTOYHOIO COACPKAHUS TJIH-
konporenHa YKL-40 kak Owmomapkepa TIJIHO-
omacroMbl. B Meraananusz G. Qin et al. Bomun
8 MomOOHBIX HCCIENOBAaHUMN, comepiKallue JaH-
Hele 0 1241 mnamueHTe ¢ MIMOOIACTOMOM, B
pe3ynbTaTe aBTOpaMH OBUT CHENaH BBIBOZ O
BO3MOKHOCTH ucnoib3oBanusa YKL-40 kak aua-
THOCTHYECKOro OMoMapkepa rino6aacToMsl [24].

BHekJ/ieTouHBbIe HYKJEHMHOBbIE KHCJIOTHI.
BrexiieTouHbIE HYKIIEMHOBBIE KUCJIOTHI — 3TO LIUP-
KyJUpPYIOIIME B IUIa3M€ KPOBU CBOOOJIHBIE OITy-
xonesble JIHK (umpk/IHK) n PHK (umpxPHK).
NcTouHMK HYKIIEMHOBBIX KHCIOT — KJIETKH Tep-
BUYHOM OITyXOJIM WJIM METACTAa3bl.

Omnyxoneas JIHK coxepxxur B cebe comaru-
YEeCKHEe MYTalliH, BBICOKOCTICIU(UIHBIE ITIST KaX-
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JIOTO THUMA OMyXOdH. YacTHUKM MYTHPOBAHHOM
KHUCJIOTHI MOTYT LIUPKYTHPOBATH B KPOBOTOKE U BBI-
JEJISIOTCS ¢ TIOMOIBIO KHIKOM Omoricnu. OmHaKo
CJIEIyeT YUYECTh, YTO KOJIMUYECTBO MYTHPOBAHHBIX
(¢parMeHToB MO OTHOUICHHUIO K (hparMeHTaM HOp-
MaJIbHOM IENOYKH HEBEJIHMKO, 3TO 3aTPYIHIET MX
obHapyxenue [25].

Kunkas Ouorcuss — METOJ HUCCIEAOBaHUSA
OITyXOJIEBBIX KJIETOK B IUia3Me KpoBu. Orpanu-
YeH B CBSI3U CO CIIOKHOCTHIO TUTAT(GOPM ISl BBI-
JeJIeHust KieTok. M3 oOpasma KpoBU TaIueHTa
u3Binekatorcst pparmentsl JJHK, mocne yero onun
MOJIBEPTalOTCS CEKBEHUPOBAHUIO [UIsl TIOMCKa
CHeTM(PUIESCKUX MYTAIUN C TIOMOIIBIO CIIEITHAITb-
HBIX YCTaHOBOK [26]. JIo cux Mmop HE BBISICHEHO,
CMOXeET JIM >KUJKasi OMOICHUSI MOJHOCTBIO 3aMe-
HUTbH TPAAULIMOHHYI0 Ononcuio. OHaKo oHa MO-
JKET BBICTYNHUTH albTEPHATUBON B TEX CIyvasXx,
KOTJIa U3BJIeUYb 0Opa3el] TKaHU HEBO3MOXKHO. Tak-
JKe KUKass OUOTICHS TTO3BOJISIET M30EKaTh PUCKOB
KPOBOTEUEHUsI, OTAAaHus MH(EKIUHU 1 60, KO-
TOpbIE PACIPOCTPAHECHBI MPU MPOBEJCHUU TP -
roHHoM Ouonicuu [27]. Ocolyro 3HaYUMOCTh ITO
MPEUMYIIECTBO MPUOOpeTaeT i MCCIIEIOBaHUS
OTyXOJIeH TOJIOBHOTO MO3ra, T. K. HEraTUBHbBIE T10-
CJIEICTBUS TPAJAUIIMOHHON OMOIICUHA MOTYT YIpo-
JKaTh )KM3HU TAI[UEHTA.

3a mocnenHue S5 neT ObUTH TPOBENEHBI UCCIIe-
JIOBaHUS, TOATBEPKIAIONINE BO3MOXKHOCTH HC-
MOJIb30BaHMsl KUJIKOM OHUOmCHH ¢ OHOMapKepoM
nupkJIHK B muarnoctuke 310Kka4€CTBEHHBIX OITy-
xoJiel TojoBHOTO Mo3sra [28-31]. Tem He meHee
CTOUT yuecTb, uTO KoHueHTpanus nupk/HK B
OMOJIOrMYECKUX JKUKOCTAX MalMEHTOB C TIIHOMa-
MU OTHOCHUTENIHO HH3Kasi, 4YTO MOXKET CO37aBaTh
TPYAHOCTH JUISI U3BJICUEHUS] HYKIEMHOBBIX KUCJIOT
MIPH TPOBEJICHUY KHUJIKON Omoricuu [29].

HupkPHK — kiacc ogHOLIETIOUYEYHBIX, HE KO-
mupytormmx O6enoxk PHK, mmerommx koBasieHTHO
3aMKHYTYIO TETIEBYIO CTPYKTYPY U XapakTepu-
3YIOIIUXCS BBICOKOW cTaOMIbHOCTBIO [32]. Panee
UX CYUTAIIM JIUIIb MOOOYHBIMH MPOTYKTaMH WU
«IITyMOM CIUIaiCUHTa» ¥ HE TIPUTTMCHIBAIIA UM 3Ha-
YUMBIX (DYHKIM, TeM HE MEHEe 3Ta THIIOTe3a B
HACTOsIIIee BpEMs OMPOBEPraercs MyTeM HCCIle-
JIOBAaHUU U TIOKA3aTEIBCTBA POJIU TAHHBIX MOJICKYIT

55

B KJICTOUHBIX Mpolieccax (B KaYeCTBE peryisTopa
6enkoB, yoBymku s MarpuuHod PHK, yuact-
HUKa TPAHCISAIUN), @ TAK)KE B Pa3BUTHH PAKOBBIX
kietok [33, 34]. B xoae uccienosanus J. Zhu et al.
ObL10 ycTaHoBiIeHO, uTo 1411 mupkPHK B kinetkax
OMYXOJH MallMEHTOB C MIMOMOM 3KCIPECCUPYIOT-
Csl OTIIMYHO OT KJIETOK FOJIOBHOT'O MO3ra 310pOBBIX
MAUEHTOB, U3 HUX y 1205 MoneKys CHUKEeHa JKC-
npeccus, y 206 — TOBBIIIEHA, YTO OOBICHICTCS
cBsi3bIBaHMEM ¢ Oenkamu [35]. Benencrue 3Haun-
tenpHON ponu nupkPHK B Merabonusme kietox
[JIMOM HCCIIE0BATENSIMU U3Y4YaeTCsl BO3MOXKHOCTh
HCITOJIB30BaHUS UX Kak OMoMapkepoB. Tak, ObLIO
YCTaHOBJIEHO, YTO IOBBIIICHHAS KOHLIEHTpALHs
takux MUpKPHK, kak circFOXO3, circ 0029426
n circ-SHPRH, BBIgBIECHHAasT METOHAOM IOJHAME-
Pa3HOI LIENTHOM peakUuu B PEAIbHOM BPEMEHH B
1a3Me KpOBU, MOXKET ObITh OMOMapKepOM TIIHO-
omactombl [36]. PaccmarpuBaeTcsi BOSMOXXHOCTH
onpenenenus yposss uupkPHK ¢ nomoiubto xuj-
KO OMOTICHH, HO /ISl YTBEPKIIEHUS TaHHOTO CITO-
coba He0OXOIMMO IPOBECTHU JIOTIOTHUTEIBHBIE HC-
cnenoBanus [37].

BHekieTouHnble Be3UKYJIbl. BHekieTou-
Hele Be3ukyasl (BKB) — rpymma memOpanHBIX
CTPYKTYp KJIETOUHOIO IMPOUCXOXKIECHUS U3 IH-
JIOCOMaJIbHON CHUCTEMBI WJIM U3 ILJIa3Mbl KPOBH,
K KOTOPBIM COOTBETCTBEHHO OTHOCSTCS JK30-
COMBI U MHUKPOBE3UKYJIbl. BHYyTpH Be3ukyn co-
Jep KaTcsl XapakTepHbIE JJIs UCXOAHBIX KIETOK
PHK, nununsl, nporeunsl [38]. Poib mMukpo-
BE3MKYJ BIEpBbIE ObLIa 3amMedyeHa B MpOIEeC-
C€ KoaryjasilMM KpOBHU, OJHAKO 3aTE€M BBISICHU-
JI0OCh, YTO OHU YYacCTBYIOT U B MEKKJIETOUYHOM
B3aUMOJICHCTBUH, B T. Y. MEXJIY KIETKaMu pa-
KOBBIX OIIyXOJIEH M OKPYXKAIIIEW HX CPenou
[39]. Takoli TN MUKPOBE3HMKYI, XapaKTepH-
3YIOIIMXCA AaTHUMNUYHO OOJBLIIMMU pa3zMepaMu
(1-10 mMKM), momy4wJ Ha3BaHUE «OHKOCOMBI»
[40]. B nocnennee necaTuieTue MpoOBOSTCS UC-
cnenoBanusa poau BKB u B renese riimomel. Ber-
CKa3bIBAIOTCS MPEIIONIOKEHUS, YTO 3TH CTPYK-
Typbl yYacTBYIOT B MEXKKJIETOYHOW Tmepenade
MOJIEKYJI HYKJIEHMHOBBIX KHCIIOT, (EPMEHTOB,
JIUTAHJ0B PEUENTOPOB U IPYTUX METaOOIUTOB —
Y4aCTHHUKOB KaHIleporeHesa [41].
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BKB, B T. 4. U OHKOCOMBI, LUPKYIUPYIOT B
OMOJOTUYECKUX KUIKOCTSX OpTraHU3Ma, TIO9TOMY
UX MOXHO OOHApY>KUTh B MOY€, JINKBOPE, AaMHHO-
THUYECKOM, aCIIUTUYECKOW, CEMEHHOM JKUIKOCTSX
u KpoBH [38]. B nocnenHue HECKOIBbKO JIET pac-
cMaTpuBaeTcsi BO3MOKHOCTh Manbix PHK ObITh
O6uomapkepamu rauodnactoMel. [IpumeyarensHo,
YTO B I€HE3€ ATOr0 THUIA paka UrparoT pojb HE
OoJbIIME BE3UKYIbI, KaK, K MPUMEpY, PH pake
npocratsl, a Majible (MeHbine 200 HM B AuaMe-
Tpe) [42]. bnarogaps cnoco6noctn BKB nipeoso-
JeBaTh reMaTodHIedaInueckuil 0apbep, a TaKxKe
BO3MOXKHOCTH BBIJICTISITh MX HEHMHBA3UBHBIM ITy-
TE€M M3 KPOBU WJIM CIIMHHOMO3IOBOM XUIKOCTH,
JTAaHHBIE CTPYKTYpPbl MOTYT BBICTYIaTh MOTEHIIM-
aJbHBIMM OMOMAapKepaMy TAaKOTO THIA TJIMOMBI,
kKak rmuoOmactoma [43, 44]. PesynbraTsl uccie-
noBanusl KpoBH U BbijeneHus BKB ¢ momorsio
HeHTpu(yrupoBanusi, onyonukoBanaeie D. Osti
et al., mokasanu otrnuums coxepxkanuss BKB B
1a3Me KpoBH OOJIBHBIX IMTHO0IaCTOMOM 1O CpaB-
HEHUIO C KOHTPOJIbHOM Ipynnoi (KOHLUEHTpauus
y OOJIBHBIX BBIIIE, YEM Y 3/I0POBbIX ), U3YUCHHBIH
MPOTEOMHBIN MPOPUIH TAKKE yKa3all Ha HAIMYNe
IITHOOIACTOMBI Y TAIMEHTOB ONBITHOW T'PYHIIBI
[38]. Takum obpazom, BKB aeiicTBuTEIBHO MO-
TYT CIIY’)KHTh OMOMapKkepamMu IIuo01acTOMbI IPH
MCCJIeIOBAaHUY TITa3Mbl KPOBH.

Jlunuansiii o0MeH. OgHUM M3 TPHU3HAKOB
crenn(uIeckoro MeTradonM3Ma PaKOBOHM KIIET-
KU SIBJISIETCA TIOBBIIIEHHAss MHTEHCUBHOCTH JIH-
noreHe3a [45]. DTo OOBsACHSAETCS yBEITHMYECHHBIM
YPOBHEM CHHTa3bl )KMPHBIX KUCIJIOT, KOTOPBI Xa-
paKTepeH Al KJIETOK KakK IMOOIacTOMBI, Tak U
HEKOTOPBIX JIPYTUX BUIOB paka [46].

OnHOM U3 KUPHBIX KUCIIOT, aKTUBHO y4acTBY-
IOIeH B MeTa0oaM3Me TIHOOIacToMbl (4-s cTe-
NEHb IJIMOMBI), TI0 JAHHBIM UCCIIEOBAHUM, SIBIIS-
€TCsl OJICMHOBAsI KUCJIOTA, KOTOPasi aKTUBU3UPYET
npomdeparyo KIeTOK TIHO0IaCTOMBI, PETryiH-
pYeT aKTUBHOCTh B HUX I'€HOB JIMIIOT€HE3a, aKTHU-
BUpYET 0eTa-OKHUCICHHE U MPOLECCHl YTHIIN3aLUN
1r0K03bl [47]. UHnyknus nponudepanun KIeTok
IMO0IacTOMBI TpeOyeT TUAPOIN3a TPUTIUICPH-
JIOB, a MepeJl ITUM, CIIe0BaTeIbHO, MOOMIM3AIIMH
MOJIEKYJT U3 JIMIMHIHBIX 3a[1aCOB OPraHU3Ma, YeMY
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CHOCOOCTBYIOT BBICOKOIKCIIPECCUPYEMBIE B PaKO-
BBbIX KJIETKaX MOHOaUumuueposunnassl [48]. Taxk,
B. Taib et al. mpegocTaBuiy CBEICHNUS, YTO B KIIET-
Kax IHO0JacTOMBI MPOUCXOJUT HAKOIUIEHUE JIH-
MUAHBIX Karelb, IPEeUMYIIECTBEHHO COCTOSIIUX
13 KUPHBIX Kuciaot [47]. B cBoto ouepenp, D. Guo
et al., ucxoxs W3 MAaHHBIX AHATM3UPYEMBIX MMHU
HCCIIEIOBAHUH, BBICKA3aJld MPEANOI0KEHUE, YTO
HakKoIJIeHHe (OoCOIUMHIIOB, XOJIECTEPOJIa U €T
2(GUpPOB B CHIBOPOTKE KPOBU M CITHHHOMO3TOBOM
KHUJIKOCTH MOXKET BBICTYITUTH OMOMapKepoM 3J10-
Ka4eCTBEHHBIX OIMyXOJIel TOJIOBHOTO Mo3ra [45].
[ToBpIIeHHAsT IKCTIPECCUsl CHHTA3bl KHUPHBIX
KHCIIOT, 3akirodennor B BKB, crama oOnexTom
nccnenosanus F.L. Ricklefs et al., B xome koro-
poro ObUIO MOKA3aHO, YTO CHHTAa3a SIBJSETCS elle
OJTHMM, TIOMUMO OTIMCAHHBIX BBIIIE, TOTEHIAIb-
HBIM OMOMapKepOM TITHO0IacTOMBI [49].
MukpoPHK. MukpoPHK — cemeiicTBO He-
OONBIINX TKAHECTICUU(UIHBIX HE KOTUPYIOIIHX
6enox PHK, momniepxuBaromux KJIETOUYHBIA TO-
ME0CTa3 MOCPEICTBOM HETaTUBHOM PEryJIsALUY aK-
TUBHOCTH T'€HOB Ha MOCTTPAHCISIIMOHHOM YPOBHE
[50]. B pesynbrare nponeccunra mukpoPHK 06-
pasyer komiuiekc ¢ ¢epmentamu (RNA-induced
silencing complex — RISC), cmocobcTByromuit
KOMIUIEMEHTapHOMY CBsi3bIBaHHI0 MHKpOPHK c
MarpuyHoii PHK-muIeHsto u B urore nopasie-
Huto ee 3xkcnpeccuu [51]. Tak, muxpoPHK Bosme-
YeHa BO MHOTME MPOLIECChl METab0IM3Ma KIIETKU:
BOCIAJICHUE, OTBET Ha CTPECCOBBIC BO3ICHCTBHUSA,
muddepeHInpoBKyY, peryssIui0 KIETOYHOTO IHK-
J1a, aroNTo3 U MUTPALMIO, I0ATOMY OTKJIIOHEHHMS B
9KCIPECCUU JaHHBIX MOJIEKYJ MOTYT HPUBECTU K
Pa3BUTHIO pa3IMYHbIX BUAOB paka [52].
Meraananu3, nposeneHHsii C. Ma et al.,
BKJIIOUall B ce0s1 JaHHBIE 16 padoT, MOCBSIIICHHBIX
uccnenosannto MukpoPHK kak 6uomapkepa riu-
oMbl. VI3 HUX 5 paboT u3y4ayiu miodanbHyr0 K-
npeccuto MukpoPHK ¢ ucnons3oBannem nanenn
mukpoPHK, 9 my6nukanuii 6111 cOCpeI0TOUCHBI
Tosibko Ha 1eneBod MuUkpoPHK, kotopas panee
ObUTa OllIEHEeHa KaK IMOTEHIMATbHBIN OMoMapkep
WIM JUarHOCTHYECKHM MapKep MpU NIMOME WU
JPYTUX TUIIAX paka. B HEKOTOPBIX HCCIeT0BaHUIX
B Ka4eCTBE KOHTPOJIS HUCIIOIB30BAINCH 3/I0POBBIC
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J0OPOBOJIBLIBI, OJTHO UCCIIEAOBAHUE BKJIIOUAJIO Ma-
LMEHTOB C JIPYTUMHU HEBPOJIOTMUYECKUMH COCTOSI-
HUSIMU B Ka4€CTBE IPyNIbl KOHTpost. Bo Bcex pa-
0oTax Omonornyeckasi KHUIKOCTh cOOMpanach BO
BpeMsl JTUAarHOCTHKHM IJIMOMBI WJIA [0 OIEpaluu,
OJIHAKO HEKOTOPbIE HMCCIIEIOBAHUSI TAKXKE BKIIIO-
YaJli aHaJIu3 KPOBH, COOPAHHOM MOCIIe ONEpaIiH.
B pesynbrare MeraaHain3a aBTOpBI ONpPEACIINIIH,
YTO HauboJee pacIpoCTPaHEHHbIE OMOMapKEPHI B
paboTax ¢ ONBITHONH M KOHTPOJIBHOW TPyIIaMu —
MukpoPHK-15b u mukpoPHK-125b, mpu 3Tom y
MalMEHTOB C TITMOMOU KOHIeHTpatus MUKpoPHK-
15b B mnmazMe KpoBW Oblja MOBBIIIEHA BO BCEX
cimydasix, KoHmeHtparus MukpoPHK-125b —
MOBBILIEHA B OJHOW U3 palOT, MOHMUKEHA B JABYX.
B 3axmrouenue aBTOpbl 3asBISIOT O HEOOXOIUMO-
CTH TIPOAOJDKEHUS TPOBEPKH IaHHBIX OMoMap-
KEpOB B OyAylIMX KIMHUYECKHUX HCIBITAHUSAX U
JIOCTHKEHHSI KOHCEHCYCa B OTHOILIEHUM CTaHap-

Cnucok JuTeparypsl

TU3UPOBAHHBIX METOOB 00pabOTKH 00pa3IoB
n obnapyxenus MuUkpoPHK mepen BHempenmem
JAHHOTO JMAarHOCTUYECKOr0 METO/a B KIMHUYE-
CKYIO ITpakTuKky [51].

ITpoBenennsIii HaMu 0030p MOKa3ad, 4YTO Ha
JAHHBI MOMEHT IOTEHIHAIBbHBIMU OHOMapKe-
pamu oM BbicTynmaroT YKL-40, mupk/IHK u
uupkPHK, BKB. B nononHuTenbHBIX Hccieno-
BaHMSX HYXKIAIOTCS Takue OMOMapKepbl, KaK MH-
kpoPHK, dochomunuasl, xonecrepon u ero 3¢u-
Ppbl, cHaJIOBasi KUCJIOTa, aMUHOKHUCIIOTHBINA COCTaB
CBIBOPOTKH KpOBU M JIMKBOpa. Kpome Toro, mbi
CUUTaeM HEOOXOAWMBIM ONpE/IeICHNEe KOHKPET-
HBIX muKonpoTenHoB U MUKpoPHK, crocoOnbIx
BBICTYIIUTH B POJIM OMOMapKepoB, a TaKkKe ycTa-
HOBJICHUE KOPPEJISIINNA MEXTy HUIMHU U Pa3TNIHbI-
MU BUAAMH IJIHOM.
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POTENTIAL DIAGNOSTIC BIOMARKERS OF GLIOMA
IN THE LIQUID MEDIA OF THE BODY

Modern diagnosis of various forms of malignant brain tumours (gliomas) is primarily carried out by
imaging methods, such as magnetic resonance imaging, electroencephalography, and positron emission
tomography; brain biopsy is also used. The disadvantages of these methods are their inaccuracy and
invasiveness, which entails certain risks for the patient’s health. Therefore, finding more reliable and
safe methods for diagnosing gliomas, including their biomarkers in the blood and cerebrospinal fluid, is
an urgent task. This review aimed to collect data on potential biomarkers of malignant brain tumours in
body fluids, in particular, cerebrospinal fluid and blood, discovered so far and having diagnostic value.
The information was searched for in the following databases: UpToDate, elLibrary, PubMed, Medline,
and Scopus, as well as in the search engines Google Scholar and Web of Science. Materials from the
website of the World Health Organization were also used. The review mainly included articles written
over the past 5 years. We found information on such biomarkers as miRNA-15b and miRNA-125b,
proline, YKL-40 glycoprotein, circDNA (circular DNA) and circRNA (circular RNA), extracellular vesicles,
fatty acids, and fatty acid synthases. The authors conclude that the following biomarkers: YKL-40,
circDNA, circRNA, and extracellular vesicles have a large evidence base and can already be used in
clinical practice. Other biomarkers require more detailed and extensive studies.

Keywords: diagnosis of brain cancer, glioma biomarkers, blood, cerebrospinal fluid, liquid biopsy,
YKL-40, extracellular nucleic acids, extracellular vesicles.
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BIHAHUE ®AKTOPOB BHEIIIHEH CPE/[bI
HA PUCK CEPJEYHO-COCYAHCTHIX 3450,IEBAHUH
HACEJIEHUA APKTHKH

O.U. Cepeetiuux* ORCID: https://orcid.org/0000-0001-8979-0827
E.U. Apocnasckaa™® ORCID: https://orcid.org/0000-0003-1436-8853
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*TIOMEHCKHUH KapANOJIOTUYECKUI HayYHbIH LIEHTP —
¢uman ToMCKOTO HAIMOHAIILHOTO MCCIIEI0BATEIbCKOI0 MEUIIMHCKOTO LeHTpa Poccuiickoii akaieMuu HayK
(r. TromMeHbB)

OcBoeHHE apKTUYECKUX TEPPUTOPUH ABISETCS OJHUM M3 MPUOPUTETHBIX HANPaBICHUN KOMIUIEKCHOIO Ieo-
MOJUTHYECKOTO ¥ TEOIKOHOMHUYECKOTO pa3BuTHs Poccuiickoii denepannu, mpu 3TOM CTAHOBSITCS 0COOCHHO aKTy-
AIBHBIMH BOTIPOCHI (hOPMHUPOBAHMS aPKTUUECKOI MOJEIH 3/[paBOOXPAHECHNUS M CTAOMIN3AIMN AeMOTpadHIeCKUX
MPOLIECCOB, 37I0POBHECOCPEIKEHHUS, a TAKXKE YBEINUEHHS NMPOAODKUTEIBHOCTH XKHU3HU KOPEHHOTO M MPHIILIOTO
HaceJeHUs. ApKTHKA IPECTaBIsIET cOO0M 30Hy 0CO0OT0 CTpAaTErnyecKoro nuTepeca Poccun He TONBKO B CBSI3H €
HEPCIEKTUBAMU OCBOCHHUS IPUPOJHBIX PECYPCOB, HO U B CBSI3U C OBICTPHIM M3MEHEHUEM INI00AIBHOTO KIMMATa.
Peanuzanus MacmTabHBIX U KOHKYPEHTOCIIOCOOHBIX IMPOEKTOB TpeOyeT MPUTOKA TPYHLOBOIO KOHTUHIEHTA, MPO-
THO3UPYETCsl YBEJIMUEHHE YUCIEHHOCTH HACENIEHHsl apKTUUECKUX MocenaKoB. KopeHHble Hapoibl, POKUBAOLIHE
Ha apKTHYeCKUX TeppuTopusix Poccuiickoil denepannu, 0THOCATCS K 0CO00i IpyIe HaceaeHus, Hy K aroueics
B TOCY/TapCTBEHHOH MOAJEPIKKE B CBA3M C YA3BUMOCTBIO TPAJUIIIOHHOTO 00pa3a KM3HU M MCKOHHOW cpefbl 00u-
TaHMA. B MX OTHOLIEHUM pean3yeTcs rocylapCcTBEHHas MOIUTHKA YCTOMYMBOIO pasBuTus. B crarbe nmpexncras-
JeH 0030p IUTEPaTyphl, HOCBSIICHHOH aHANIN3y 0COOEHHOCTEH BO3IEHCTBHS STHOIOTNYECKIX HEOMAronpHaATHBIX
KIMMaTo-reor3ndecknx (hakTOpoB Ha IATOTCHE3 CEPACYHO-COCYANCTHIX 3a00JICBaHUM YETIOBEKA B YCIOBHIX
Apxrtuku. [Tokasano, 94T0 3HaUNTEIBHAS OIS PUCKOB PA3BUTHSI CEPACIHO-COCYAUCTBIX COOBITHH Ha TEPPUTOPHH
ADKTUKH CBsi3aHa KaK C aHTPOIOTCHHBIM 3arpsA3HCHUEM OKpYXKalolled MPUPOAHON cpenbl (MOJUTIOTAHThI, HaKa-
IUTUBAIOLIMECS B PE3y/bTaTe aKTUBHON XO3sIHICTBEHHOMN JIESTENbHOCTH YEJIOBEKa), TaK U ¢ BO3jeiicTBUeM Hebma-
TONPUSATHBIX KIMMATHYECKUX YCNOBHH. COBEPLICHCTBOBAHUE TEXHOJIOTMN apKTHUECKOM MEAUIMHBI ¢ MO3UIUU
4I1-MeULIMHBI ITyTEM CHUXXEHUS PUCKA PA3BUTHSI CEPAECUHO-COCYAUCTBIX 3a00JI€BaHUI, TOHUMaHIE MEXaHU3MOB
HEOJIaronpHUATHOTO BIUSHUS MPUPOAHO-KIMMATHYSCKUX H aHTPOTIOTEHHBIX (DAaKTOPOB MO3BOJIAT 3HAYUTEIIHHO T10-
BBICUTh KaY€CTBO MEJUIIMHCKON IIOMOIIU U COXPAHUTh 3JJ0POBbE KOPEHHOI'O U MPUILITIOTN0 HACEIEHUs POCCUIHCKUX
TEPPUTOPUN APKTHUKH.

Knrwouesvie cnosa: nacenenue Apkmuxu, paxmopsi pucka cepoeuHo-cocyoucmuix 3a001e6anull, 3acpsi3sHeHue
OKpydicaroujell cpeobl, Heb1azonpusmHsle Kiumamuyeckue yciosus, 411-weouyuna.

Omeemcmeennotit 3a nepenucky: Cepreiiunk Oxcana BanoBHa, adpec: 625026, 1. TromeHb, yin. MenbHuKaiite,
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Apkruueckue teppuropun Poccuiickoit de-
Jlepaliu  SIBJISIFOTCSL  KPYMHEWIIUM HMCTOYHHUKOM
U CTpPaTerMuecKHM pE3EpPBOM MHUHEPAIBHBIX U
JHEepreTudyeckux pecypcoB. OHM MpeacTaBICHbI
TepputopusiMu Mypmanckoii obnactu, Henenko-
ro, SIMano-Henenxoro u YykoTCKOro aBTOHOMHBIX
OKpYTOB, a Takxke yactnyno Kapenuu, Pecryomm-
ku Komm, Skytum, ApxaHrenbckoil oOmactu u
KpacHosipckoro kpasi. ApKTHUYECKHE TEPPUTOPUU
3aHnMaroT noutu 18 % teppuropun Poccuiickoit
Oenepanyu. Peannzanus MacmTaOHBIX M KOHKY-
PEHTOCIIOCOOHBIX TPOEKTOB B HUX TPeOyeT MPUTO-
Ka TPYZ0BOr0 KOHTMHIE€HTA, IPOrHO3UPYETCS yBe-
JMYEHUE YUCIIEHHOCTH HACEJIEHUS ApKTUYECKUX
rocenkos [1].

Kopennble Hapo/ibl, NPOKUBAIOLINE HA TEPPU-
Topuu Apkrrueckoit 30H61 PO (A3P®D), otHOCST-
cs1 K 0c000#t TpyIIie HaceJIeHUs, HYKIalOIIeHCs B
TOCYIapCTBEHHON MOJAEPKKE B CBA3H C ySA3BUMO-
CTBIO TPAJAULIMOHHOTO 00pa3a KU3HU U UCKOHHOU
cpensl oObuTaHusi. B MX OTHOIIEHWHU peamu3yercs
roCyAapCTBEHHAsI NOJUTHKA YCTOMYMBOIO pa3BH-
tus. KopenHnsle manounciieHHble Hapoasl Poccuii-
CKOM APKTHKH C MHOTOBEKOBBIM OIIBITOM BbIXKHBa-
HUS B DKCTPEMAJIbHBIX KIMMATHYECKUX YCIOBHSIX
OKa3aJIMCh HE TOTOBBI K MEHSIOIIUMCS COLUAIIb-
HO-3KOHOMMYECKUM YCJIOBUSIM COBPEMEHHOCTH.
PaBHOBecue, B KOTOpOM OHU TpeOBIBaiM, HAXO-
JSICb B UCKOHHOHM cpelie OOMTaHHSI U HCIIONB3Ys
TpaJMLIMOHHbIE CIIOCOOBI XO35HUCTBOBAHUSA, C pa3-
BUTUEM HHIYCTPHAJIBLHOTO OOIIECTBAa OKa3aJoCh
HapyleHHbIM. MHTEHCHBHOE OCBOEHHE MECTO-
POXACHUH MOJIE3HBIX UCKONAEMBIX YXY/IIIUIIO YC-
JIOBUS TPYJA M KU3HU KOPEHHBIX HAPOJOB, Hapy-
IIMJIO SKOJIOTHYECKHil Oananc Tepputopuil. Yacts
3eMellb, MCIIOIb30BABIINXCS MO/ OJICHBU MacTOM-
1113, OTYY>KJI€Hbl MOJ MPOMBILUIEHHOE OCBOECHHUE,
HEPECTUJINILA LIEHHBIX BUIOB PhIO MMOIBEPraroTCcs
3arpsi3HeHHI0. Bee 310 BeJeT K yTpare Tpajauiu-
OHHOTO 00pasa >KM3HU M OKa3bIBACT KpaiiHe He-
OnaronpusiTHOE BO3JEHCTBUE Ha 370POBbE KOPEH-
HbIX HapoJoB A3P®.

CormacHo (penepanbHBIM TPOTPAMMHBIM U
CTPAaTErnYeCKUM JJOKyMEHTaM, IPUOPUTETHBIC Ha-
MIPaBJICHUs] KOMIUIEKCHOIO TI'€ONOIUTHUYECKOIO H
T€03KOHOMHMUYECKOTO Pa3BUTHUsSI apKTUUECKUX Tep-
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putopuid Poccun B yacTW apKTHYECKOHM MOJAENU
3[JpaBOOXPAHEHMs] U CcTaObWiIM3aluu JiemMorpadu-
YECKUX IPOLECCOB CBS3aHbl C PELICHHEM 3a/ad
3I0pOBbECOEPEKEHNUS, a TAKKE YBEIUUEHUS MPO-
JOJKUTETBHOCTH JKU3HU KOPEHHOTO U MPUIILIOTO
HaceneHus teppuropuii A3PD [2-5]. Ilepexon
3[paBOOXPAHEHHs] HA WHHOBAIIMOHHO-IU(POBYIO
wiatgopmy [6] MO3BOJISET MPUMEHSTH PA3INYHbIC
CKPUHHMHTOBBIE METOJIBI JUIsl pAHHEH TUarHOCTUKU
MaTOJIOTHH, B T. 4. CEPJIEUHO-COCYAUCTHIX 3a00-
neBaHu# [7], mpoBoauTh NpodUIAKTHIECKHE Me-
PONIPUATHS U OCYLIECTBIIATH KOHCYJbTAIIMOHHYIO
MOJJIEP’KKY KOPEHHOT'0 ¥ IPUIIIJIOrO HaceJIeHUs Ha
teppuropun A3PO.

PazpaboTka 1 BHEJpeHHE BEICOKOTEXHOIOTHY-
HBIX MOJIeJiel aHajn3a COCTOSIHUS PETyISTOPHbBIX
CHCTEM OpraHu3Ma B Ipolecce aJanTalluu, U3y-
YeHHe 0COOCHHOCTEW BO3IEHCTBHS HeOmIaromnpu-
STHBIX KJIMMAaro-reo()u3MyecKux M aHTPOIOreH-
HBIX (PAKTOPOB, CUHEPIrU3Ma MX BIUSHUS Ha Me-
Tabonu3M (B T. 4. JUNUIHBIN 0OMeH), (QyHKIHIO
BHEUIHETO JbIXaHUS, HEPBHYIO, SHAOKPUHHYIO,
HMMYHHYIO U CEpIAEYHO-COCYIUCTYIO CHUCTEMBI
[8, 9] cnocOOCTBYIOT pacIIUPEHUIO aJanTaIlMOH-
HBIX BO3MOJKHOCTEH 4YeJOBEKa M BO3MOKHOCTEH
UX PEryJLMU B 3KCTPEMAJIbHBIX YCIOBUSX BbI-
COKHMX HIHPOT. M3yueHne OCHOBHBIX MEXaHHU3MOB
BIUSHHUS ~ TIEPEUYMCICHHBIX  HEOIaronpHsITHBIX
(akTOpOB Ha 370POBBE YEJOBEKA U MPHUMEHEHHE
PHUCK-OPUEHTHPOBAHHOTO MOAXOAA MO3BOJSIOT
pa3pabatbiBaTh TPOGUIAKTHUECKIE MEPOTIPUSTUI
10 CHIDKEHUIO JIe3a1al Tl U YaCTOTHI PA3BUTHS
CepICUHO-COCYIUCTRIX 3a0oneBanuii [10, 11].

[locTaHoBKa NaHHBIX BOMPOCOB MpeaoIpe-
JIeJIeHa  HAay4YHO-TEXHOJIOTHUECKUM  pa3BUTHEM
apkTudeckord MeaunuHbl.  CyIecTByeT TOHS-
Ttue 41I-MeauuMHbI, B COOTBETCTBHM C KOTOPBIM
TPAeKTOpUsS PpA3BUTUS 3IPABOOXPAHEHUS OIH-
paeTcsi Ha YeThIpe MPUHIIUIMA: TMPEAUKINI0 (TIpo-
THO3MPOBAHKE), TPEBEHINIO (MPOPUIAKTHKY ),
NePCOHANN3ALMIO (MHANBUYAIN3ALINI0) U TAPTH-
CUMATUBHOCTH (3aMHTEPECOBAHHOCTH MAllMEHTa B
nedeHun). Takol MOAXO/l YUHUTHIBAET UHAMBUIY-
aJIbHBIe OCOOCHHOCTH IAalMeHTa: TeHETUYECKHE,
SIUTE€HETHYECKHE, TPAHCKPUIITOMHBIE, MPOTEOM-
HbIe, METaOOJIOMHBIE U METareHOMHBIE, a TaKXe
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COBOKYIIHOCTb BAapUaTUBHBIX (EHOTUIHYECKUX
MPU3HAKOB OpraHu3Ma 4elloBeKa, B T. Y. OTIEINb-
HBIX TKaHEH u KieTok [12].

B skcTpeManbHBIX yCcIoBUSX APKTHKH 3a7a4a
NPEIUKIUU — «MEIUIIMHBI OYyIyIero» — u3y4eHue
(bakTOpPOB pHICKa CEPIEYHO-COCYAMCTHIX 3aboIe-
BaHMI IS BBISBICHUS MATOJIOTUN HA CaMbIX paH-
HUX CTaJHsIX U BO3MOKHOCTU UX HUBEIMPOBAHUS.
OmnpeneneHHoe 3HAYCHUE B PEILICHUH 3TOM 3a/1aun
UMEET aKTUBHOE BHEApPEHUE MU(POBBIX TEXHOIO-
THil B CHCTEMY 3/IpaBOOXPAHEHUsI, HAIIPABICHHOE
Ha JOCTHXKEHHE COOTBETCTBYIOIIETO KayecTBa U
JOCTYITHOCTH MEIUIIMHCKON TTOMOIIIH.

Oco06eHHO aKTyaJlbHBI CETO/IHS UCCIIeIOBAHMS,
NOCBSIICHHBIE (YHKIIMOHUPOBAHUIO W aJamnTa-
IIUOHHBIM BO3MOXKHOCTSIM OpraHHM3Ma YellOBeKa B
SKCTPEMANIBHBIX CEBEPHBIX MmmpoTax. OmHuM u3
MapKepoB, OTPAKAIOMIUX CTENEHb aJaNTHPOBAaH-
HOCTHU OpraHu3Ma K yCJIOBUSAM APKTUKH, SBISIETCS
COCTOSIHUE CEp/IEYHO-COCYIUCTON CHUCTEMBI, KOTO-
pasi pearupyer Ha HUX HaApYIICHUSMHU PETHOHAIb-
HOM reMOAMHAMHKHN U MUKpOIMpKyIsiuu [13, 14].
JlaHHble SNMUIEMHOIIOTMYECKUX HCCIIEIOBaHUM,
MPOBENIEHHBIX B Pa3HBIX peruoHax ApPKTUKH, TMO-
Ka3bIBAIOT BBICOKYIO JIONIO CEPAECYHO-COCYANCTHIX
3a0oneBaHuil B OOIIEH CTPYyKType 3a0oieBaeMo-
CTH KOPEHHOTO M IMPHIIUIOr0 HACEJICHHUs, HAYMHas
C MOJIOZIOTO BO3pacTa, ¥ 3HAYUTEITHLHOE COKpaIle-
HHE TMPOAOKUTEIIFHOCTH UX JKU3HH B CPAaBHEHUU
C JKUTENIIMU PErMOHOB C KOM(OPTHBIM KIMMaTOM
[15-17].

OcHoBHBIE TpymIbl (AaKTOPOB PHCKA, CIIEIl-
UGUUHBIX 7151 apKTUYECKUX PErHoHOB, — IPH-
POIHO-KJIMMAaTHUECKUe W aHTponoreHHsie [18].
[Ipuponno-knmumarndeckue (HakTopbl TpeacTaB-
JISTIOT COOO0M KOMIUIEKC ITapaMeTpOB OKPYIKAIOIICH
Cpezbl, OCHOBHBIE U3 KOTOPBIX XOJOJ, TOBBIIICH-
Hasl 2JIEKTPOMAarHUTHas aKTUBHOCTb, paJHalus,
cneruduuHblii GoToneproan3M (MoasipHas HOYb
U TIOJIIPHBIN JIeHB), BBIpAXKEHHBIE KOJIeOaHus aT-
MocdepHoro nasnenus [19].

Cpenu NpUPOAHO-KIMMATHUECKHX  (PaKTo-
pOB, OOYCIIOBIHMBAIOMINX CYIIECTBEHHBIH pPUCK
BO3HMKHOBEHHS CEPJCYHO-COCYIUCTHIX 3a0oJe-
BaHUI, TOMUHUPYIOUIUM SBISETCS XOJOMA, HEmNo-
CPEJICTBEHHO BJIMSIFOIIUI Ha TEII000MEH U pabo-
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TOCIIOCOOHOCTh Y€JIOBEKAa HAa OTKPBITOM BO3IYXE,
0ocoOeHHO B 3MMHHUU Tepuon. B wuccriemoBanuu
peaKkuuM BETETaTUBHOW HEPBHOW CHUCTEMBI Ha
HU3KYIO TeMIIEpaTypy OKpY)Kalollel cpeasl mpu
KPaTKOBPEMEHHOM BO3JCHCTBUM Xoyona Oblia
n3yuyeHa BapuabenbHOCTh putMma cepaua (BPC)
Yy MOJIOABIX 370poBbIX miogeit 18-21 roma [20].
Pe3ynprarel CEeKTpadpHOrO aHalln3a, YaCTOTHBIE
nokazarenu BPC no3Bomwmu nuddepenimponarsb
BKJIQJ] TEHTPATBHBIX MEXaHW3MOB B HW3MEHYH-
BOCThb PUTMa Cep/Ia U KJIACTePH30BaTh PEAKIIUIO
BEreTaTUBHOM HEPBHON CUCTEMBI: TIpU MEPBOM
BapHaHTE PEAKIIMH BETETATUBHOU PETYIISAIINH PUT-
Ma cepaia Ha oOmiee OXJIaKICHHE MPOUCXOAAT
YCUJICHUE BIIMSHUS JIBIXaTeIbHBIX MOIYIISALUN Ha
PUTM cepjlia U BO3BpaIllEHUE K MCXOIHBIM IMOKa-
3aTeNsiM TIOCiie BO3JCHCTBHS XOJI0/a, TIPU BTOPOM
BapHUaHTE — BBIPAKCHHAsI aKTUBU3AIMS [ICHTPAJIb-
HBIX, TYMOPaJbHO-META00IINYECKIX MEXaHU3MOB
PEryIsiiuu CEepAEUHOTr0 pUTMA C MUHUMAJIbHBIM
M3MEHEHUEM IIOKa3aTelel NEHTPAIBHOU reMOIu-
HaMHKH. l3ydyeHue WHIUBUAYaTbHON pEAKIUU
BEreTaTUBHOM HEPBHOM CHCTEMBI Ha XOJ0/ MTO3BO-
JISIeT YTOYHUTh MEXaHM3MbI aJIalTallii YeJOBEeKa
K BO3JICHCTBHIO HU3KOW TEMITEPATyphl OKpYyXKaro-
meld cpenbl W pa3paboTarh peadHIUTAlMOHHBIC
MPOrPaMMBbl, YTO SBJISETCS KpalHE Ba)KHBIM IS
3I0OPOBBS JIUII, Ubs TIpodeccus CBsA3aHa ¢ paboToi
B YCJIOBUSIX HU3KUX TEMIIEPATyp.

B pa6ore C.B. Coxonosa [21] nokazaHo Biu-
STHUE€ OMOTPOMHOCTH BHYTPHUCYTOUHOM HM3MEHYU-
BOCTH MaCCOBOI1 JI0JIN KHCIIOPO/ia B aTMOC(HEpHOM
BO3/1yXe, aTMOC(EPHOTO IaBICHUS M TEMIIEPaTyPhI
Ha 4acToTy 00OCTpEeHMsI MIIEMHUYECKO Ooyie3HH
cepana (MBC) B ycnoBHSIX CEBEPHBIX TEPPUTOPUIA.
[Ipn aHanm3e BPEMEHHBIX PSIOB METEOPOJIOTH-
yecKuX JaHHBIX ¢ 1996 mo 2015 roapl, B3STHIX
u3 apxuBa Bcepoccuiickoro Hay4HO-HCCIEI0Ba-
TEJIBCKOTO MHCTUTYTAa THIPOMETEOPOIOTHYECKON
nHpopmarmu (. OOGHMHCK), W YacTOTHI CITydacB
yxyaumenust cocrosHus OonbHbIXx MBC, 3aperu-
CTPUPOBAHHBIX B 3TOT NEPHUOA CTAHLUUEH CKOpOU
MEAWIIMHCKOW TOMOINM, YYeHBIM Oblia oOHapy-
KE€HA CBSA3b BHE3AITHOTO YXYIIICHUS COCTOSHUS
6onbHbIX UBC ¢ k03 PuiieHToM 6MOTPOITHOCTH,
MHJECKCOM MaTOT€HHOCTU U aMIUTUTYION BHYTpPH-
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CYTOYHOU M3MEHYMBOCTU paccMaTpUBAaEMbIX OHO-
KJIMMaTHYeCKHUX MOKazareseil.

B pa6ore A.C. BeromkuHa u coaBTOpoB [22]
MOKa3aHO BJIMSHHUE PUTMA NMPUPOIHON OCBEIIECH-
HOCTH B OKCTPEMaJbHBIX YCIOBHUSX BBICOKHX
HIMPOT C BBIPAXKEHHOM CE30HHOM acuMMETpHUen
¢doTonepuoan3Ma Ha CyTOYHBIE PHUTMBI apTEpH-
anbHOro AasneHust (AJl) W 4acTOTBl CepledHbIX
cokpamenuil. CpaBHuBanock AJl y ceBepHoii
TPYMITBl MYKYUH, pPa0OTAIONMINX B PEKUME BAXTO-
BOT'0 TPy/a, OOJBHBIX apTEPUATLHON rHNIEPTOHUEN
1-it mam 2-M cTemeHw, U COIMOCTAaBUMOM IO OC-
HOBHBIM KJIMHUYECKAM  TIOKA3aTeNsiM  TPYIIIBI
CpaBHEHMs M3 IPOKUBAIOIINX B YMEPEHHOM KIH-
Martudeckoi 3oHe. [Ipu aHanmm3e CTaHAApTHBIX U
XPOHOOMOJIOTMYECKUX — TOKa3aTeNlel  CyTOYHOro
npoduns AJl B pa3iuyuHble Ce30HBI Tofia ObLIO 00-
Hapy>XEHO, YTO B YCJIOBUSX 3allOJISIPHOM BaxThl He-
OnaronpusATHBIM (PAKTOPOM ISl CYTOYHOTO POQHu-
151 Al aBnsiercst 3uMHMIN TIeproj (TIONsipHast HOUb),
XapaKTEePU3YIOIUICS MaKCUMAJIBHOM CTEIEHBIO
YIUIOIIEHHSI CYTOYHBIX PUTMOB U TpeoOiIagaHueM
BBICOKOUACTOTHBIX KOJICOAHHI B MX CIIEKTPE.

Huskoe cpenHeronoBoe abCoOMOTHOE COAEP-
KaHUe Biard B atMocdepe ApPKTHKHU SBISETCS
OCHOBHOW NPUYMHON CHMXKEHHS COAEpKaHUs
KHCJIOpOJIa B apTepUAIbHON KPOBH HaceJCHUS,
YTO BENET K HapymeHuto auddy3un Kuciopoaa
U YIJIEKUCJIOTO ra3a 4epes3 ajbBeOJsIpPHO-KaIllHI-
JSpHYIO MeMOpaHy — (OPMHUPOBAHHMIO THIIOK-
cemuu. Eme onHO#Ml rpynmoi oTedecTBEHHBIX
uccienoBaTeneil ObUIO IMOKa3aHO OTPHIATENb-
HOE BJIMSIHUE MOJIAPHOW TMIIOKCUU: MOBBIIIEHUE
cepAe4yHoro BpIOpoca, MUHYTHOTO 00beMa Kpo-
BooOpamenus u AJl, akTuBu3amus orena HepB-
HOM cHCTEeMBI ¢ IpeolIalanueM ero ToHyca HaJl
napacUMNaTH4eCKUM OTAEJIOM, yBEJIUYEHUE B
KPOBH KOHUEHTPAINHU TNIIOKOKOPTUKOCTEPOUIOB
Y KaTexoJaMHuHOB [23].

[IpucranbHOEe BHUMaHHE YYEHBIX CETOAHS 00-
palleHO M Ha aHTPOINOIeHHbIE (DAKTOPHI pHUCKa.
K HuM oOTHOCUTCS 3arpsi3HEHHE OKpY’Karolen
MPUPOTHON CpeNbl TMOJUTFOTAHTaMH, HaKaIluIhBa-
IOLIUMUCST B pe3yibTaTe aKTUBHOM XO3sIHCTBEH-
HOM JeSITEIbHOCTH YeNIOBEeKa, TAKUMHU KaK PTyTh U
JIpyTHE TSHKEIbIe METAJUIbI, MOJIUXJIOPUPOBAHHBIC
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OudeHnbl, TUOKCUHBI U np. [24]. Pesynbrarh
MEXIyHAPOIHBIX HCCIEIOBAaHUA MO0 OMOMOHMTO-
PUHIY HaceJIeHUS CBHUIETEIBCTBYIOT O TOM, 4YTO
HAKOIJICHHE ITUX BELIECTB B 9KOCUCTEMAX, BKIIIO-
Yasi MUIIeBbIE 1IeTH, TPEACTABIAET OOJIBIION PUCK
JUTS1 31I0POBbsI KaK HaceJIeHHst 3eMJIH B 11eJIoM [25],
TaK W )KUTEJIEH apKTUUECKUX TEPPUTOPUNA B HaCT-
HOCTH [26]. 3HaunTeNbHas 011 PUCKOB Pa3BUTHUSA
CEPICUYHO-COCYIUCTHIX COOBITUN HAa TEPPUTOPUHU
ADPKTHKH CBSI3aHAa C aHTPOIOTCHHBIM 3arps3He-
HueM [27, 28]. AHTPONOreHHBIMU MCTOUHUKAMH
3arpsi3HEHUs BOAbl M MMOYBEHHOI'O MOKpPOBA SIBJISI-
IOTCS OTXONbI JTOOBIBAIOIIECH MPOMBIIUIEHHOCTH,
NPEANPUATUA METaUIypruu, SHepretuku [29].
OnMH M3 OCHOBHBIX HCTOYHHMKOB 3arpsi3HEHUs
tepputopuii Poccuiickoit ApkTUKH — HEPTSHBIC
cToku. B mocnegnue rojsl B pesyibrare pocta
MHPOBOTO CIpoca Ha HE(Th €e pa3IMBHI MIPOUC-
XOJIAT BCE Yallle, YTO OKA3bIBAET pa3pyLIMTEIbHOE
BO3J/ICMCTBHE HA OKpPYX Ayl cpeay. M3ydenue
BO3ICMCTBHSA 3arpsA3HEHUI Ha OMOJIOTHIECKUE CH-
CTeMBI B CEeBEpHBIX paiioHax Cubupm mokazaio
OECTBEHHOE JKOJIOTUYECKOE COCTOSIHHE JIaHJ-
madTa Ha TepPUTOPUN HEPTETOOBIBAIOIINX TPE-
npusituii [30]. .

B o0030pe A.A. Jlymapesa u U.O. Omranna
MPEJICTaBICHbI PE3YJIbTaThl MHOTOJIETHUX MEXTY-
HapOJHBIX UCCIEIOBAHUN 3arpsI3HEHUSI CTOUKUMHU
TOKCHUYHBIMU BELIECTBAMH apKTUYECKUX TEPPH-
TOpUH, IPUBEJCHBI JaHHBIE O JTUHAMHMKE YPOBHEU
9THX BemecTB M 3¢¢ekrTax uX BO3ACUCTBUS HA
370pOBbe kuTenelt apkruueckux crpan (Kanana,
Hanus (B T. u. I'pennannus, @apepckue ocTpoBa),
CHIA, Ucnanaus, Ounnsaaus, [Isenus, Hop-
Berus u Poccus). B xone uccnenoBanuii oOHapy-
JKEHBl PUCKH, CBS3aHHBIE C DJKCIO3WIIUEN CTOM-
KHMX TOKCHYHBIX BEIIECTB: HEHPOMOBEIEHUECKHE,
MMMYHOJIOTHYECKHUE, CEPAEYHO-COCYAUCTHIE, pe-
MPOAYKTUBHBIC, SHIOKPUHHBIC, AHMA0CTOTCHHBIE,
KaHLeporeHuele u np. Iloka3ana Bospacraromas
POJIb BO3AEMCTBUS MOJUTIOTAHTOB B KOHTAMUHALIUU
MIPOMBICTIOBBIX PBIO M YKUBOTHBIX, YCTAaHOBJICHO
HEONMaronpusITHOE BJIMSHHUE JAaHHBIX BEHICCTB HA
nuieBsie menu [31].

B cucremarnueckom 0630pe M.M. Canrtbiko-
BOH U cOaBTOPOB [32] cyMMHUpOBaHbl MEXaHU3MBI,
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Brusaue (hakTopoB BHENTHEH Cpepl Ha PUCK CEPACTHO-COCYIUCTRIX 3a00ICBaHHA. .

MOCPEACTBOM KOTOPBIX 3arpsi3HeHre aTMochepHo-
To BO3ayXa CTOMKMUMH TOKCHUYHBIMH BeIieCTBaMn
B COBOKYITHOCTH C XOJIO/IOM BIIHMSIET Ha Cepjaed-
HO-COCY/IUCTYIO CHCTEMY: O5TO OKHCIHUTEIbHBIN
CTpecc, CUCTEMHOE BOCHaJIeHUe, TUCHYHKITUS 2H-
JIOTEIUS COCY/IOB.

ApKTHKa TpeAcTaBIsieT co0oil 30HY 0c000-
ro cTpareruuyeckoro uHrepeca Poccun He TONBKO
B CBA3HU C HNCPCICKTHBAMU OCBOCHHUSA NPHUPOIHBIX
PECYpCOB, HO M B CBSI3M C OBICTPHIM M3MEHEHUEM
I00AFHOTO KJIMMATa, MO3TOMY OHA U B MOCIEY-
oleM OyZeT HaXOAUTHCS B LEHTPE MPUCTAIBHOTO
BHUMAHHUA OTCUCCTBCHHLIX YYCHBIX. COBCpHICH—

Cnucok JuTeparypsl

CTBOBaHME TEXHOJIOTUI1 CHU)KEHHSI PHCKA Pa3BUTUS
CeplIeYHO-COCYANUCTHIX 3a00JIeBaHM, MOHMMaHHE
MEXaHU3MOB HEOIAronpUsITHOTO BIUSHUS IPUPO-
HO-KJIMMaTHYECKUX M aHTPOMNOTreHHBIX (DakTOpoB
HA OpPraHU3M YeJIOBEKA MO3BOJIAT 3HAYUTEIILHO I10-
BBICUTbh KQU€CTBO MEINIIMHCKON ITOMOILM U COXpa-
HUTb 310POBbE KOPEHHOIO U IIPHUIILIOTO HACEICHHUS
poccuiickux Tepputopuid ApkTuku. Peanmuzanus
ONMCAHHBIX cTpareruii Ha Teppuropusx A3PD
MIOMOXKET 00ECTICYUTh UX YCTOHYMBOE COLUAIIBHO-
HKOHOMHUYECKOE PAa3BUTHE.

KonguaukTt uaTEpecoB. ABTOPHI 3asBISIOT 00
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IMPACT OF ENVIRONMENTAL FACTORS ON THE RISK
OF CARDIOVASCULAR DISEASE IN THE POPULATION OF THE ARCTIC

Arctic territories are one of the priorities in the comprehensive geopolitical and geoeconomic
development of the Russian Federation. In this regard, such issues as a new Arctic healthcare model,
stabilization of the demographic processes, health protection, and increasing life expectancy of the
indigenous and newcomer population are growing in importance. The Arctic is an area of special strategic
interest to Russia not only because of the prospects for natural resource development, but also due to the
rapid global climate change. The implementation of large-scale competitive projects requires an influx
of labour force, leading to a predictable increase in the population of the Arctic settlements. Indigenous
peoples living on the Arctic territories of the Russian Federation comprise a special population group,
which needs state support due to the vulnerability of its traditional way of life and its original habitat.
The state policy of sustainable development is being implemented with regard to them. This article
presents a review of the literature analysing the impact of etiopathogenetic mechanisms of unfavourable
climatic and geophysical factors on the human cardiovascular system in the Arctic. It has been shown
that a significant proportion of the risks of cardiovascular events in the Arctic is linked to environmental
pollution (as a result of active human economic activity) and to adverse climatic conditions. Improving
the technologies of Arctic healthcare from the standpoint of 4P medicine (aimed to reduce the risk of
cardiovascular disease) and understanding the mechanisms of the adverse effects of natural climatic
and anthropogenic factors will significantly enhance the quality of medical care and preserve the health
of the indigenous and newcomer population of the Russian Arctic.
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CHANGES IN THE ADRENAL MEDULLA OF MARAL DOES DURING THE YEAR =
HU3MEHEHHUA CTPYKTYPbI MO3I'OBOI'O BEIIIECTBA HA/[IIOYEYHBIX KEJIE3
CAMOK MAPAJIA B TEYEHHUE I0O/1A
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Omnmcadsl 0COOEHHOCTH THUCTOJIOTMYECKOTO CTPOCHUS W KaPHOMETPUYECKUE MapaMeTphl MO3TOBOTO BeIlle-
CTBa HAJIMIOYEYHBIX jKeJle3 HeOepeMEeHHbIX CaMOK Mapalla B T€UCHHE rojla. YCTaHOBJIEHO, YTO B OCEHHHH MepHoJ
CHUHTETHYECKast aKTUBHOCTh HOPaIPEHAIMHIIPOAYLUPYIOIIUX KIETOK Y XOJIOCThIX CAMOK Mapalia HauMEeHbIIas 10
OTHOLLEHMIO K JIPyI'UM ce30HaM roga. CpaBHEHHUE NOJIYUYEHHBIX PE3YJIBTATOB C JIMTEPATYPHBIMU JaHHBIMU I10-
3BOJISICT BBISIBUTH ITOJIOBBIC PA3INYHS B ICSATECIHHOCTH JKEIIC3UCTHIX KIICTOK MO3TOBOTO BEIICCTBA HAIIOUCTHUKOB
MapaJioB, YTO YKa3blBacT Ha Pa3UYHBIC MEXaHWU3MBI PEryJIIUH OOMEHa BEIIECTB y CAMIIOB M CaMOK BECHOU
(mepuoa akTUBHOTO POCTa POTOB Y CAMIIOB) U Pa3HYIO CTENIEHb CTPECCUPYEMOCTH UX OPraHU3MOB OCEHBIO (TIepH-
OJ1 TTOJIOBOTO Pa3MHOXKEHH).

Knrwouesvle cnosa: naonoueunuxu, cmpykmypa mo3206020 Geujecmea, mMapai, aopeHaiun, HopaopeHalun,
DYHKYUOHATLHASL AKMUBHOCTb, CE30HHbIE USMEHEHUSL.

Biological characteristics of animals are linked
with the dynamics of hormonal activity and allow
them to adapt to environmental conditions. The
structure of the mammalian adrenal gland varies
from species to species. Studying the changes in
its structure during the annual cycle in mammals
of temperate latitudes allows us to more accurately

determine the mechanisms of adaptation. Due to
the production of catecholamines, the adrenal
medulla provides stress response. There are data
on changes in the activity of adrenal glands when
the ambient temperature changes [1]. It should
be noted that marals are characterized by broad
adaptive reactions. The structure of the adrenal
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glands of maral bucks and pregnant does, as well
as the adrenal cortex of non-pregnant does have
been described in detail [2]. When it comes to
the seasonal aspect and other deer species, only
the dynamics of the blood levels of hormones
produced by the adrenal cortex has been described
[3-5]. In addition, there is literature data on sex-
related differences in the structural and functional
features of deer adrenal glands [6]. Therefore, the
topic of this research is highly relevant. The aim of
the paper was to study the tissue structure, as well
as the morphometric and karyometric parameters
of the adrenal medulla of maral does during
different periods of the year.

As the material for the research we used
adrenal glands obtained from non-pregnant maral
does aged 5-8 years living on the free-range maral
farms of the Altai Republic. The glands were taken
from animals in January, March, June, and October
after a special shooting (one shot to the head) in
accordance with Directive 2010/63/EU. Fragments
of the middle parts of the adrenal glands were fixed
in Carnoy’s solution and embedded in paraffin. The
histological sections of the glands were made using
a microtome and then stained with haematoxylin
and eosin [7-9]. The parameters for determining the
functional activity of cells were selected on the basis
of classical morphometric methods according to
G.G. Avtandilov [10]. The thickness of the medulla,
the diameter of epinephrine-producing cells (E cells)

and norepinephrine-producing cells (N cells), as
well as the volume of their nuclei were determined.
The nuclear-cytoplasmic (N:C) ratio of the cells was
calculated using the following formula:
N:Cratio=d? /d’

where d _ is the maximum diameter of the cell
nucleus and d___ is the maximum diameter of the
cytoplasm of the same cell [10].

To calculate the studied parameters, we used
a MicroMed microscope with a camera and an
adapter with Toup Vien software. We compared
the values of the morphometric parameters
obtained from animals in winter with spring, in
spring with summer, and in summer with autumn
(see Table). Statistical analysis of the results of the
study was carried out using the software package
STATISTICA 10.0 for Windows. The significance
of the differences between the groups was
determined applying the nonparametric Mann—
Whitney U test. The differences were considered
significant at p < 0.05.

Sections of the adrenal glands of maral does
are characterized by the usual structure for most
mammals, namely, the cortex is under the connective
tissue capsule, the medulla is at the centre of the
gland, and the uneven connective tissue layer is
located between the cortex and the medulla. There
are two distinct types of cells in the medulla: on the
periphery, the cells are large, arranged in the form

MORPHOMETRIC PARAMETERS OF THE ADRENAL MEDULLA
OF NON-PREGNANT MARAL DOES

MOP®OMETPUYECKHUE TAPAMETPBI MO3I'OBOI'O BEHIECTBA HAIITOYEYHBIX XKEJIE3
HEBEPEMEHHBIX CAMOK MAPAJIA

Parameter Winter Spring Summer Autumn

Absolute thickness, pm 2347.85 +£79.99 2456.44 + 63.23 2290.58 + 54.82%** 2019.28 +23.67
Diameter of E cells, pm 14.56 + 1.53 13.91 £2.40 15.09+1.73 1337+ 1.53
Volume of E cell nuclei, pm? 127.23 £32.08 138.11 £42.23 131.58 £43.43 156.15 £ 65.21
N:C ratio of E cells 0.185 +£0.035 0.022 £ 0.063 0.176 £ 0.039 0.248 + 0.061
Diameter of N cells, pm 12.93 + 1.44 12.46 + 1.51 13.21 £ 1.48* 10.62 + 1.04
Volume of N cell nuclei, pm? 117.87 £33.41 111.92 £28.97 128.28 £28.23 91.46 + 23.38
N:C ratio of N cells 0.223 +0.048 0.235 £ 0.054 0.226 £ 0.048 0.278 £ 0.860

Note. The difference from the subsequent group is statistically significant: * — when p < 0.05, ** —when p < 0.01.
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of strands, with their nuclei occupying an eccentric
position — these are the E cells; in the central part,
the cells are smaller and rather tightly adjacent to
each other — these are the N cells (Fig.).

"

Adrenal gland of a 7-year-old maral during winter,
stained with haematoxylin and eosin: 1 — adrenal cortex;
2 — epinephrine-producing cells; 3 — norepinephrine-
producing cells

Hannoueunas xene3a 7-1eTHEro Mapaia B 3UMHHM Iie-
pHroa (OKpacka TeMaTOKCHIMH-303MHOM): 1 — MO3roBo€e Be-
LIEeCTBO; 2 — aJPCHATHHITPOAYLIUPYIONIHE KIETKH; 3 — HOpa-
JPEHATHHIIPOLYIUPYIOIINE KIETKH

The results of the study of the morphometric
parameters are presented in the table.

In winter, the absolute thickness of the medulla
in adult non-pregnant maral does is 2347.85 *
+ 79.99 pum, the rows of E cells are not very
smooth, but are clearly separated from the N cells.
The N cells form dense clusters of polygonal cells;
the vascularization is high.

In spring, the thickness of the medulla remains
unchanged. The histological pattern on the sections
is similar to that in winter; the difference is that
the level of vascularization and the lumen of blood
vessels decrease. The morphometric parameters
under study do not differ significantly from those
in the previous season.

The structural organization and the
morphometric parameters of the medulla in
summer remain the same as in spring.
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In autumn, the absolute thickness of the
medulla in non-pregnant maral does decreases
compared with the summer values. In the
central part of the medulla and among the
E cells, cortical cells are identified. Blood supply
intensity does not change. The size of the E cells
and the volume of their nuclei are practically the
same as in summer. However, the E cell layer
is thinner than that in summer. The diameter of
N cells and the volume of their nuclei in autumn
are significantly smaller than in summer. The
changes revealed in the cytological parameters
of N cells indicate a decrease in their synthetic
activity in contrast with summer.

The analysis of the changes in the lifestyle of
non-pregnant maral does in summer and autumn
revealed the following: in summer, their level
of motor activity is higher, the animals eat a lot
and gain weight. Most likely, muscle activity is
provided by the action of norepinephrine (among
other factors), epinephrine playing a lesser role in
this case. In addition, the changes in the hormone-
producing activity of cells can be caused by a stress
factor, namely, quite high ambient temperatures in
summer compared to those in spring and autumn.

Thus, the lowest synthetic activity of N cells
in non-pregnant maral does is observed in autumn,
compared to other seasons of the year. At the same
time, the morphometric parameters that characterize
E cells remain unchanged throughout the year.

Noteworthy, literature data indicate sex-related
differences in the morphofunctional activity of
the cortex and the medulla, for example, in rats
[11]. According to our results, the dynamics of
structural changes in the adrenal medulla of maral
does and bucks differ. Adult maral bucks show
signs of increased activity of E cells in spring and
destructive changes in the medulla in autumn [12].
In contrast, no signs of destruction are observed
in the medulla of maral does in autumn. The
obtained data indicate that the early response to
cold described for many species of mammals is
not typical of marals, which is expressed in an
increase in the activity of the glandular cells of the
adrenal glands, including the medulla [13].

Thus, the results obtained demonstrate sex-
related differences in the activity of glandular



KypHas MeqMK0-010/10TMYeCKUX HCCIIeJ0BAHMI I'pubdanosa O.I. u gp.
2022.T. 10, Ne 1. C. 73-77 V3MeHeHns CTPYKTYpBI MO3TOBOTO BEIIECTBA HAIIOUETHBIX JKEIIe3...

cells of the adrenal medulla, which indicates of stress during the autumn period of sexual
different mechanisms of metabolic regulation reproduction.
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[Ipencrasnena 3¢pexTHBHAS cXeMa KOPPEKIIUNH U PA3BUTHS 3pUTECIBHOTO BOCIIPUATHS Y ACTCH C HApYIICHHEM

WHTEIUICKTa U CECHCOMOTOPHBIX (DYHKIHIA, BKIIFOYAOIIAs B Ce0s aJITOPUTM IMPOBEICHHS TPOLICAYP TPaHCKPAHHUAIb-
HOM MHUKPOTOJISIPU3AIIMH U IEJarOTMYeCKOe BO3/ICHCTBIE, HAPABICHHOE HA Pa3BUTHE 3PUTEIHLHOTO BOCIIPHUSTHS,
3PUTEIHLHON TIAMSITH, 3pUTENBHOTO aHalin3a M CUHTEe3a. [I[pUBOANTCS KIMHUYECKUHN CiTydaldl U3 MPAKTUKH, WILITIO-
CTPUPYIOMIHI BO3MOXHOCTH JAHHOTO TIOAX0/]a B pAMKaX B3aMMOJICUCTBHSI «HEBPOIIATOJIOT—TIEIaroT».

Knrouegule cnosa: mpanckpanuanvhas MUKpOnoaApu3ayus, Hapyulenue 3peHus, napyuenue uHmeniexmad,
CEHCOMOMOPHAS HEOOCTNAMOYHOCTb, KOPPEKYUSL 3PUMETbHO20 B0CHPUSMUS, KOMNJLEKCHbIN NO0X00, KOPPEK-

UUOHHO-Nedazo2uuecKkoe 8o30elcmaue.

KoHTHHTeHT neTell ¢ BbIpaXKEHHON MHTEIUIEK-
TyaJbHOW U CEHCOMOTOPHOI HENOCTATOYHOCTBHIO
KpaliHe HEOIHOPOJEH KaK B KIMHUYECKOM, TaK U
B IICHXOJIOTO-TIEIarOTHYECKOM OTHOIeHun [1-3].
Hapymenus: 3puTenbHOT0 BOCIPUATHS y JTaHHBIX
JeTeit 00yCcIoBIEHBI LENbIM psoM (aKTOPOB:

® HapyLWEHUAMHU 3peHus (IN1a30[BUTaTElIb-
HbIC HapylleHWs, HapylIeHus pedpakiuu, aTpo-
(bust 3pUTETHLHOTO HEPBa, TUIOILIA3UA);

® BIMSHUEM MAaTOJOIMYECKUX TOHMYECKUX
pedIeKCcoB, KOTOPBIE BBI3BIBAIOT IN1A30[IBUTATEIIb-
HbIC HApYIIEHHs U TPYAHOCTHU (PUKCALUU B30Pa;

® HapylIICHUEM HHTEJJIEKTA.

[Ipn KoOppekuMu 3pUTEIBHOIO BOCHPHUSATHUS
y TaKux JIeTeil HEeOoOXOOUM YYeT MPHUHIIMIA KOM-
IUIEKCHOCTH, MPEAINOJAraruiero, ¢ OIHOW CTo-
POHBI, MEJIUIIMHCKOE COMPOBOXKJIEHUE KOPPEKIIU-
OHHO-TIEJarOTUYECKOTO BO3JIEHCTBUS, C JIPYrod —
TECHOE B3aMMOJICIICTBUE BCEX YUACTHUKOB KOPPEK-
MOHHO-00pa30BaTEeILHOTO Iporecca (POoauTeNei,
[IeJIaroroB, ICUX0JIora, 1e(eKTOoI0ra, JJOTONea).

Ienbro JaHHOTO UCCIIEA0BAHYS CTajIa Pa3padboT-
Ka ¥ arpoOanusi CXeMbl KOMIUIEKCHOTO B3aUMOJIEH-
CTBHSl «HEBPOMNATOJIOT—IIEAAror» Uil KOPPEKLHU
3PUTEIBHOTO BOCHPHUATHUS y NETEH C UHTEIIEKTY-
albHOM M CEHCOMOTOPHOM HEIOCTAaTOYHOCTHIO,

Omeemcmeennstii 3a nepenucky: Jlucoa Hanexxpa AnexcannpoBHa, adpec. 660049, 1. KpacHospck,

yi. Anet JlebeneBoit, a. 89; e-mail: nadia.krs@yandex.ru
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BKJIIOYAIOIIEH  MPOUEAYPHl  TPaHCKPaHUAJIbHOM
MUKpormnossipu3anuu ronoHoro mosra (TKMIT) u
KOPPEKIIMOHHO-TIEIarOrMueCKOe BO3ICHCTBIE.

Bo Bpemst npouenypst TKMII npoucxonut
BO3JICHCTBUE Ha CTPYKTYpPBI I'OJJOBHOTO MO3ra I10-
CTOSTHHOTO TOKa OYeHb MaJIol cuiibl (MeHee 1 MA),
YTO CPABHUMO C 3JIEKTPUUYECKUMH IPOlieccamu,
MPOU3BOJIMMBIMU CAMUM TOJIOBHBIM MO3roM. Jleii-
CTBHE IEKTPUYECKOIO TOKA TAKOH MaJol BEJu-
YHHBI HANPaBJICHHO HM3MEHSCT (QYyHKIMOHAIBLHOE
COCTOSIHME HEHPOHOB MO3ra, TEM CAMBIM YIIy4Ilast
B3aUMOJICHICTBHE HE TOJBKO MEXKAY KIETKamu,
HO U MEXAY OTAEIbHBIMHU €r0 CTPYKTYpamH, 4TO
CHOCOOCTBYET BOCCTAHOBJICHHIO DPETYISIUM Ha-
pyueHHbIX ¢yHKUui [4]. Pesynsrarom npouenyp
SBIISICTCSl AKTUBU3ALMSA (PYHKLHMOHAIBHBIX pe3ep-
BOB I'0JIOBHOT'O MO3ra, YMEHbILIEHUE UIIH UCUE3HO-
BeHHUE (PYHKIIMOHAILHOW HE3PEIOCTH, YIyUIICHEe

COIMAIbHON a/IaNTaluy, TOBBIIIEHUE UHTEpeca K
MMO3HAHMIO, 00y4aeMoCTH |35, 6].

W3BecTHO, 4TO AlIeKTpUYECKast CTUMYJISIUS 3a-
TBUIOYHOM 30HBI KOPbI TOJIOBHOTO MO3Ta BBI3bIBACT
OIIyIIIEHUE CBETa, TEMHOTBI, MATEH, T. K. IPOUCXO-
JUT CTUMYJISILIUSL IEPBUYHON MTPOEKIIMOHHOW 30HBI,
(GyHKUIMEH KOTOpOW SIBISIETCS YETKOEe, NETaJbHOE
3pUTEIbHOE BOCTIpHATHE 00beKTOB. [IpH 3TOM pe-
mIaroree 3Ha4eHUE 1T MHTETPATUBHOW PalbOTHI
3pUTEIBHON CHCTEMBI IMEET Ka4yeCTBO MepepadoT-
KU 3pUTENIbHON HH(OpMAITUY BO BTOPUYHBIX U Tpe-
TUYHBIX 30HAX, OTBEUAIOIIUX 3a PACMO3HABAHWE U
(hopMHpOBaHKE 3pUTEITBHBIX 00pa3oB [7, §].

B mab6nuye mpusenen 0azoBBIA anroOpuUTM
nposenenus npouenyp TKMII, ucnonb3oBaHHBIN
HaMU y JIeTeH ¢ aTpoQUsIMH U TUTIOTUIA3USMU 3PH-
TENBHBIX HEPBOB (C COOJIONEHUEM TPUHIIUIIOB
MeauiuHckor aTukn). TKMIT mo3BomsieT Bo3nei-

AJITOPUTM MPOBEJAEHUA MIPOUHEAYP TKMII TOJIOBHOI'O MO3TA
YV JIETEW C UHTEJJEKTYAJIbHONM U CEHCOMOTOPHOM HEJOCTATOYHOCTBIO
ALGORITHM FOR tDCS PROCEDURES IN CHILDREN WITH INTELLECTUAL
AND SENSORIMOTOR DEFICIENCY

Pa3mep Bpems
Ceanc CxeMa pacmoJio;KeHHus YJIeKTPOIA0B 3JIEKTPOA0B, Cura Toxa, CTUMYJIAIINHA
(BpeMmsi IpoOBe/IeHHUsT) p por pzll ? MKA LALLM,
cM MHH
1-s1 mo3umMst: aHOJ — (POHTAIBHBIH MOIIOC IIPaBO-
1-# 10 (CyOIOMHUHAHTHOTO) MONYIIapHs; KATOI — UIICH- 3-5 60-80 30
JlaTepasbHbIN COCLIEBUIHBIM OTPOCTOK
2 2-51 MO3WIMSA: aHOJ — LIEHTP JI0a, 2 CM BBIIIE TIepe-
(aepes 2 mus) HOCHIIBI; KaTOJl — MPaBblii (CyOMOMHHAHTHBIN) CO- 2-3 80 40
P ! CIICBHIIHBII OTPOCTOK)
3-i
(aepes 3 aus) 2-51 MO3ULIUSA 2-3 60-70 35
4-i
(aepes 5 meit) 2-5 IO3ULINSA 2-3 50-60 30
53 MopudurpoBarHas 3-s1 MO3UIMST: aHOJ — Ha 2 CM
(aepes 5 cit) BBbIIIE MPABOIO COCLIEBUIHOTO OTPOCTKA; KAaToJ — 2-3 60-80 35
P a JIEBBII COCLIEBUIHBIN OTPOCTOK
6-it
(aepes 5 ancii) MopudurmpoBanHast 3-s1 TO3ULHS 2-3 60-80 35
75 3-1 mo3uMNMA: aHOM — TPaBBIN (CyOIOMUHAHTHBIN)
(aepes 7 ancid) COCIIEBUIHBIN OTPOCTOK; KaTO — JIEBBIM COCIIEBH/I- 2-3 60-80 35
p ! HBII OTPOCTOK

Tpumeuanus: 1. AHOI 1 KaTOJ TOIDKHBI OBITH OIMHAKOBOTO pa3Mepa. 2. 3puTeIbHbIC pacCTPONUCTBa (HapsiLy ¢ HapyIle-
HUSIMH CITyXa) ABJISIOTCSI TEMH BUJIaMH MTATOJIOTUH, TP KOTOPBIX JOIMYCTUMO UCIIOIB30BaTh OJHY U TY 7K€ JOKAIN3anIo

Oombire 3 pas [4].
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CTBOBaTb Ha KOPKOBbIC BTOPHYHBIC U TPETUYHBIC
MPOEKIIMOHHBIE 30HBI 3PUTEIHHOTO aHaJIH3aTopa
[9]. AnropuTM MOXKET MEHATHCS B 3aBUCHMOCTH
OT crenu(UuKH TaTOJIOTUHM W HMHIMBHyaTbHBIX
0COOCHHOCTEH MalUeHTOB.

[TapamiensHO ¢ BBHINICOMUCAHHBIMH MPOLIETY-
pamu TKMII BeImonHsIMCH yIpa)KHEHUSI, HATTPAB-
JICHHBIC HA PAa3BUTHE 3PUTEIBHOTO BOCHPUSTHS,
3pUTENBHOMN MaMSITH, 3pUTEIILHOTO aHATN3a U CUH-
Te3a. DTOT KOMIUIEKC YIPaXHEHUI MOKET TTPOBO-
JUTh KaK Teaaror-aeQeKTosor, TaKk U POAUTEIb:
paboTa ¢ mpeAMETHBIMH N300paKEHUSIMHU, CIOXKET-
HBIMU KapTUHKaMH, CEpHEH CIOKETHBIX KapTHH,
nuKTorpaduaecKuMu N300paskeHUSIMHU.

Jlnst pa3BUTHsI yMEHUS y3HABATh MPEIMETHBIC
M300pakeHus UCTIOJIb30BAIMCh CIICAYIOLIUE MTpHe-
MBI: y3HaBaHUE TPEJIMETHBIX N300pakeHU depes
OTIOpY Ha 3pHUTENBbHOE MPEABOCXUIICHUE; y3HABA-
Hue cebs n Onu3KkuX Ha (oTtorpadusix; y3HaBaHUE
MPEIMETHBIX N300pakeHUl yepe3 COOTHECEHHE C
peaNbHBIM TIPEAMETOM TIPU COBIIAJICHUH pazMepa
M [[BETa M300pa’KEeHHsSI C pa3MEPOM U LIBETOM IPe/I-
MeTa; COBMEIICHHE KapTUHOK-TIOJIOBHUHOK, H30-
Opaxaromux MPEeAMEThl C Pa3HbIX CTOPOH — CIIe-
penu u c3aau; IOUCK N300pakeHHs 110 Ha3BaHHIO
0e3 OImopsl Ha peabHBIN MpeMeT; OPHEHTHUPOBA-
HUE B PNy NMPEIMETHBIX M300paskeHuil (Komuyue-
CTBO M300pakeHUH MOCTENIEHHO YBEJINYUBACTCS).

D hHeKTHBHOCTH OMMCAHHOTO BHIIIE KOMITICKC-
HOTO B3aUMOJICUCTBUS «HEBPONATOIOr—IeIarory
MOXET OBITh MPOUJUTIOCTPUPOBAHA HA KOHKPETHOM
npumepe. O6cnenyemslii — Bnagucnas B., 11 ner.
JlmarHocTupoBaHbl TrpyOble HapylieHus oOmen
MOTOPUKH BCJIEICTBUE HAPYLIEHUH OMOPHO-IBU-
rarejpbHOro amnmapara (CHacTHYeCKHil TeTparna-
pe3). OTMedeHbI TPoOIeMbI CO 3pEHUEM: YacTHU-
Has arpousl 3PHUTENBHOTO HEpPBA, TPYIHOCTU
¢uKcanuu B30pa, YCTAHOBOYHBIA HUCTArM, Oorpa-
HU4eHue 1osst 3peHus 10 48°. Ciiyx — B HOpMe.
WNurennext — F72 (Tsbkenast yMCTBEHHasi OTCTa-
J0cTh). JIBUTrarenbHbIe, MHTEIUICKTyaJbHBIC Ha-
PYLICHUS, a TAK)Ke HAPYIICHUSI 3PCHUS SBIISUIHCH
NpUYUHAMH KpaifHe OeIHOTO0 CEHCOPHOTO OITbI-
Ta pebenka. OH MyTas 1BETa M TEOMETPUIECKHE
(GopMBI, JOIycKan OMIMOKK B Y3HABaHHH JaKe
KPYIHBIX IIBETHBIX TPEIMETHBIX H300paKeHHUN
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(Harmpumep, Ha U300paxkeHHe KOPOBBI Ha popmare
A4 roBOpHII «aB-aB»).

[To marHBIM 3neKTpOsHIIEDaTorpammser (D31)
y MaJIb4MKa ObUIN BBISBICHBI: HU3KOAMIUIUTY/AHAS,
nonuMop¢Hasi pUTMHKA; 3HAYUTEIBHO €30praHu-
30BaHHas anb(a-aKTUBHOCTH B BHJIE TPYIIT BOJH
¢ ammuTynoi o 35 MxB, wactoroit 7,8-8,5 I',
CPEIHUM HHJEKCOM, HEperyispHas, ¢ mnpeolna-
JTAaHHEM 3a0CTPEHHBIX BOJIH, HanboJjee BhIPaKEeH-
Has B IIEHTPAJbHON M 3aThUIOYHOI oOmacTsx; Oe-
Ta-aKTUBHOCTb — B BUJI€ TPYIIIT BOJH CO CPEIHUM
WHJIEKCOM, BBICOKOW aMIIUTymol (10 45 MkB),
HU3KOM 4acTOTOM, yCHJIEHA MO JTOOHO-BUCOYHBIM
oTBeeHMsIM. 3akmioueHne mo ODOI: OGuosnek-
Tpuyeckasi aktuBHOCTh (BDA) ronoBHOro mMosra
M0 aMIUIUTYIHO-YaCTOTHBIM XapaKTepPUCTUKAM
C MpHU3HAKaMU CHWKEHUS (YHKIMOHAIBHOW aK-
TUBHOCTH KOHBEKCUTAJIBHON KOpPBI; BBIPa)KEHHBIE
mddy3Hble n3MeHeHus: BOA romoBHOro Mosra no
OpPraHUYECKOMY THITY.

B Hawane yeTBepTOro roja MKOJIEHOTO 00yde-
HUS MPOBEJIEH ONMCAHHBIN BBILIE Kypc IPOLERyp
TKMII, coyeraromuiics ¢ KOPPEKIUOHHO-IENA-
TOTrHYEeCKOW paboTON IO Pa3BUTHIO 3PUTEIHLHOTO
BocnpusTHs. [IepBbie TO3UTHBHBIC N3MEHEHUS OT-
MEUEHBI POAUTEISIMU MTOCIIE 5-TO CEaHCa: MAJIbUUK
CTaJl MPOSIBIIATh MHTEPEC K MEJIKUM MPEIMETHBIM
n3zo0paxkenusM (kaptunku 50x50 mm), paccma-
TpHUBasi UX IOJ OIPEICIECHHBIM YIJIOM 3pEHUs;
noJis 3peHus pacupuinch Ha 20 %; ynydimnach
(bukcamnus B3opa.

UYepes aBa mecsa mocie Hadaia KOPpeKIuu
JOCTUTHYTHl 3HAYUTENbHBIE A(PQEKTh B IIaHE
Pa3BUTHUS 3pUTEIBHO-TIPEIMETHOIO THO3HUCA:!

®  YIYYIIWIOCH Y3HAaBaHUE KPYMHBIX Mpea-
METHBIX M300paKeHUH, MOSIBIIIACH CIIOCOOHOCTH
pa3nuyarh OOBEKTHI HA MEJIKHX TMPEIMETHBIX H
nuktorpaduaeckux uzodpaxeHusx (50x50 mm);

e chopMHUpPOBAIOCH YMEHHE OPUEHTHPO-
BaThCs B psAAy M3 3—5 NMPEAMETHBIX U MUKTOrpa-
¢dudeckux M300paKeHHUH, BBIKIAIBIBATh MPEIIIO-
KEHHS C TIOMOILBIO MUKTOTPAMM;

®  pa3BWJIOCH MOHUMAHHE CIOKETHBIX KAPTHH
U CEPUHU CIOKETHBIX KapTUHOK;

® TBepAO 3aKPENMIOCh y3HaBaHuE OykB (A,
0, 1, Y, C) u ymeHue untarb 00paTHbIC CIIOTH.
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[Ipu mpoenennu D3I yepe3 6 MecsleB Ha-
OrOANTMCH B 1IETIOM MEHEe BhIpaskeHHbIE MU y3-
HbIe U3MeHeHus1 BOA ronoBHOr0 Mo3ra perynsrop-
HOTO XapakTepa Ha ()OHE MPU3HAKOB AUCHYHKIHN
JTUMOUKO-PETUKYIISIPHOTO KOMILJIEKCa Ha CTBOJIOBO-
IdHIEaTbHOM YpOBHE. BhIsBIIeHA 3HAYUTETHHO
JIe30praHN30BaHHas allb(a-aKTUBHOCTh B BUJIE
TpyHI BOJIH ¢ aMIIUTyaoi 10 35 MkB, wacroroii
8,0-9,5 I'n, nanbosee BhIpaKCHHAas! B TEMEHHBIX
M 3aTBUIOYHBIX OTBEICHHSX. beTa-akTHBHOCTh —
muddy3Hasi, ¢ HU3KUM HHJIEKCOM, HauOoJee BbI-
pakeHa HaJl LICHTPAJIbHBIMU OT/IETIaMH.

CuuraeM, 4YTO HU3MEHEHMs, MPOU3OLIEIIINE
B TIOBEICHUH peOeHKa, CBSA3aHBI C TEpaneBTUYEC-
ckuM BiusgHueM TKMII Ha npaBoe nosnymapue B
Bujie ero nHakruBauuu [10]. laHHOE cocTosiHME
XapakTepu3yeTcsl yinydineHueM paboThl aHaIM3a-
TOPHBIX CHCTEM, YTO INPOSBIAETCS 0ojiee YEeTKUM
U KPacOYHBIM BOCIIPUSATHEM OKPYKAIOIIETO MUPA.
Kpome TOro, 310 COCTOSHHE COIPOBOXKAACTCA
YBEJIMYCHUEM JBUTATEIILHON aKTUBHOCTH, yCHJIE-
HUEM MOTHMBALIUM, O)KMBJICHUEM IOBeneHus. Tak-

Cnucok JuTeparypsl

K€ CHIDKCHHE BIIMSHUS KOPbI TOJIOBHOTO MO3Ta Ha
MOJKOPKOBBIE s1/Ipa, B YACTHOCTH CEHCOPHBIE A1pa
Tajamyca, MIPUBOAMUT K CHATHIO C HUX TOPMO3HBIX
OrpaHUYEHHH U 00JeryaeT NpoBeAeHNEe HEPBHOTO
HMMITyJIbCa, KaK CJIEACTBHE — YIy4IIAeT MPOLECCHI
3putensHoro Bocopustus [11, 12].

TakuM 00pa3oM, MOXHO 3aKJIIOYUTh, 4YTO
3¢ (HEeKTUBHOCTh PAa3BUTHS 3PUTEIBHOTO BOC-
NpUATUA Yy AETEN C BBIPAXKEHHOU WHTEIIEKTY-
albHOM M CEHCOMOTOPHOH HEIOCTATOYHOCTHIO
OyJeT 3HAYUTENbHO BBILIE, €CIM OHAa CBA3aHa,
C OAHOW CTOPOHBI, C ONEPEKAIOUIUM COLHUATb-
HBIM BO3JEHCTBUEM B3pOCIOro, a ¢ JAPyrol —
C TepaneBTUYECKUMHU 3P (PEeKTaMu IPUMEHAEMON
TKMII, BbIpaxarOmUMHCS B yCUICHUU 3PUTEIb-
HOTO BOCHPHSITUH OKpyxkaromero mupa. TKMII
MOXXET yCHELIHO NMPUMEHSATHCS B KOMIIJIEKCHOU
KOPPEKLMHU y AeTel ¢ HapylIeHuEeM 3pUTEeIbHbIX
GYHKIUH, UMEIOIINX 3a/1€PKKY HHTEIUIEKTYallb-
HOT'O pa3BUTHSL.
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A COMPREHENSIVE APPROACH TO CORRECTING VISUAL PERCEPTION
IN CHILDREN WITH INTELLECTUAL AND SENSORIMOTOR DEFICIENCY

This paper presents an effective regimen for correcting and developing visual perception in children
with impaired intelligence and sensorimotor functions. The regimen includes an algorithm for transcranial
direct current stimulation procedures and teaching intervention aimed to develop visual perception and
visual memory, as well as visual analysis and synthesis. In addition, a clinical case from practice is
presented, illustrating the possibilities of this approach within the framework of the teacher—neurologist
cooperation.
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K CBEAEHUIO ABTOPOB

«KypHan MeIuKO-OMOJIOTHYECKMX MCCJICJOBAHUID COJEPKHT MNYOJHMKANHMM 1O OCHOBHBIM
HAIIPABJICHUSIM HAYYHO-HCCJIeJ0BATeIbCKOI PadoThI B 00J1acTH (PH3MOJIOTHH, MeTHKO-0MOJIOTHYeCKUX
H MEeJUKO-NTPOPHIAKTHIECKUX HAYK.

Oougue mpebosanusn

Ilapamempor cmpanuyol

(Dopmamupoeanue OCHOBHO20
mexkcma

LIpugpm
Oovem cmamou

Ceeoenusa 00 agmope

ORCID

Hnoexe YIK

3aznasue

TekcThl IPENCTABISIOTCS B SJIEKTPOHHOM BHJIE. [yt 3TOro HeoOXoaumMo
3aiiti Ha caiit CADY umenu M.B. Jlomorocosa https://medbio.narfu.ru,
U, H)KaB Ha KHOMIKY «OTIIPaBUTh MaTepuaDy, MEPEUTH Ha peIaKIMOHHO-
M3JATENBCKYI0 TMIaTopMy, Kya MOXKHO OyleT TOcjie PEerucTparvu
3arpy3uTh CTaThbl0 M COMPOBOIUTEIBHBIC TOKyMEHTH. Heobxomumo
yKa3aTh OTPACib HAyKH W CHEUAIbHOCTh (mudp W Ha3BaHUE), MO
KOTOPBIM BBITMOJIHEHO HAYYHOE UCCIICIOBAHHE.

OJIEKTPOHHBII BapUAHT CTATbU BBIMOJIHAETCS B TEKCTOBOM PEIaKTOpE
«Microsoft Word» u coxpansiercs ¢ pacmmpenuem *.doc. B umenu
¢aiina yka3piBaloTcs HaMIITUsL, HHALHUAIBI aBTOPA.

®opmar A4. Ilona: mpasoe, eBoe — 25 MM, BepxHee, HikHee — 20 MM.

A63annbrif oretyn — 10 MM. MeXCTpOUHBIH MHTEPBAI — MOITYTOPHBIH.
[lopsimkoBbIe HOMEpa CTpaHMIl MPOCTABISIOTCS MOCEPEANHE BEPXHETO
TIOJISl CTPAHUIIBI apaOCKUMU I pamu.

Times New Roman. Pasmep kerns (cumBonoB) — 14 mnr; pesiome,
AQHHOTALIMH, KIIIOYEBBIX CJI0B — 12 OT.

MaxkcumainbHbiii 00beM crareit: 10—15 crpanuil, 0030pHBIX cTaTeit — 110
20 cTpaHuIl, KPaTKUX COOOIEHUH — 4—6 CTpaHuIl.

VYKka3pIBalOTCST Ha PpPyCCKOM W AHDIMKACKOM  s3bIKax  (pammms,
AMsI, OTYECTBO aBTopa (TOJHOCTHIO); Yy4YEHAs CTENCHb, 3BaHMUE,
TOJDKHOCTh M MecTO paboTel (kKadempa, WHCTHUTYT, YHUBEPCHUTET).
OO0mIee KOMMYECTBO HAYYHBIX MYONWKAIWHA, B T. 9. OTACIBHO yKa3aTh
KOJIMYECTBO MOHOTpaduii; pabounii ampec ¢ IMOYTOBBIM HHICKCOM;
Ten./dakchl (CIyX eOHBIH, TOMAITHWA, MOOWITBHEIH), e-mail.

B cBenenusx 06 aBTopax Takke HEOOXOIMMO yKa3aTh MEXyHAPOIHBIH
aBropckuil naentudurarop ORCID B hopmare HHTEPAKTUBHON CCBUIKH
https://orcid.org/0000-0000-0000-0000. Ecam y aBTOpa HET HOMEpa
ORCID, ero HE0OXOAUMO TMOTYYUTh, 3aPETUCTPUPOBABIIUCH HA pecypce
orcid.org. B npodune o0s3aTensHO 10KHA ObITh YKa3aHa MUHUMAJIbHAS
uHpOpMaHMsA: MecTo paboThl, ydeHas CTENeHb, YYEHOE 3BaHUE,
JOJKHOCTb.

Pacnonaraercss oTIenbHOM CTPOKOW cjeBa IEpE] 3aINIaBUEM CTATBU.
WUnnexc YK (yHuBepcampHas pAecsaTH4YHas KiaccH(UKalUs KHHT)
JIOJKEH COOTBETCTBOBATh 3asBJICHHON TEME, IPOCTABIIAECTCS Hay4dHOMH
OUOITMOTEKOM.

[Tomemaercs mepe TEKCTOM CTaThH Ha PYCCKOM M aHTIIUICKOM SI3BIKAX.
Ucnonw3yercs He 6oree 11 cnos.
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Pezrome

Annomauus
Knroueewie cnosa

Ilpumeuanusn
U KoMmMeHmapuu

buébnuocpaguueckue ccvinku

Pucyuku, cxemot, ouazpammol

[IpenocraBnsercs Ha pPyCCKOM W aHTJIMICKOM SI3BIKax (KpoMe crareil B
pasnenax «Hayunas xusHb» n «Kputnka n 6mbnmorpadus»). Pesrome
JTOJI’KHO OBITH:

— nH()OPMATHBHEIM (HE comepkarh 00mux ¢pas);
— OPUTHHAJIBHBIM;

— ComepKaTeIbHBIM (OTpakaTh OCHOBHOE COACp)KAaHWE CTaTbu U
pe3yIbTaThl UCCIICOBAHMH);

— CTPYKTYPHUPOBAHHBIM (COIEPKATH TE JKE PA3NEINbl, YTO U CTAThs);
— KOMIaKTHBIM (yKIaJbiBaThcs B 00beM oT 200 10 250 ciioB).

ABTOpHI cTaret B pazmenax «Hayumas xusHp» u «Kputumka u
oubmorpadus» npeaocTaBisoT anHoTanuio (00beM 50—100 ciios).

[Tocne pestome (aHHOTAIMM) YyKa3bIBAeTCSA 10 6—8 KITIOUCBBIX CIIOB
(cmoBocoueTaHMH), HECYIIMX B TEKCTE OCHOBHYIO CMBICIIOBYIO HArpy3Ky.

[MpuMeuaHus, KOMMEHTApUH, CCHUIKM HA CAWThI (€CIU 3TO HE KHHTra,
COOpHUK, HOPMATUBHBII JOKYMEHT, CTAThs U T. 1. B JIGKTPOHHOM BH/IC)
JAoTCsl B BHUJIE TOACTPOYHBIX CHOCOK (BHH3Y CTpaHHMIbI). Mapkep
CHOCKH — apa0Ockast nudpa (HyMmepaius CKBO3Has ).

bubnamorpadudeckrne CCHIIKM Ha HCIIONB30BAHHYIO JTUTEPATYPy OGOp-
MJISIFOTCSL B cooTBeTcTBUM ¢ TpeboBanusmu ['OCT P 7.0.5-2008
(. 7 «3arekcroBast OnbIHOTpaduUecKast CCHUIKaY).

— IommyHKT 7.4.1 — cCBUTKA HA TEKCT.

Hanpumep, B Texcre: OO CIIMCOK CIIPAaBOYHUKOB 110 TEPMUHOIOTHH,
OXBaTBIBAIOIIMKA BpeMs HE TO3JHEE CepeanHbl XX Beka, JaeT padora
oubmmorpada 1M.M. Kaydpmana [59];

B cnucke mureparypsl: 59. Kaypman H.M. TepMmuHOIOTHYECKHE
cioBapu: oubmmorpadus. M., 1961.

— HoamynkT 7.4.2 — cchuika Ha (PparMeHT TEeKCTa.
Hanpumep, B Texcre: [10, ¢. 81], [10, c. 106] u T. 1.;

B crmcke sureparypel: 10. beposiee H.A. Cmpicn uctopuu. M., 1990.
175 c.

[Ipunumaercs He Oonee 4 pucyHKOB (duepHO-0enbIX). PucyHku, cxemsl,
IUarpaMMBbl IPUBOSTCS B TEKCTE CTAThH U ITPEOCTABIISIOTCS OTACIbHBIM
¢aiinom. CxeMbl BBITOIHSAIOTCS C HCIIOIB30BAHUEM ITPUXOBOH 3aJIMBKH.
DJIEKTPOHHYIO BEPCHIO PUCYHKA CIEAYET COXpaHATh B (hopmarax * tiff,
* tif (Grayscale — Otrenku ceporo, 300 dpi). Mnmroctpaumn JOMKHBL
ObITh YeTKUMHU. B TekcTe cTaThy cliefyeT JaTh CChIIKY HAa KOHKPETHBIN
pHUCYHOK, Hanpumep (puc. 2). Ha pucyHkax JOIKHO ObITh MUHHUMAJIBHOE
KOJIMYECTBO CJIOB W oOo3HaueHmil. Ilom puHCyHKOM HEOOXOIMMO
pa3sMecTUTb HOPSIKOBBI HOMEP, ITOANUCH 1 00bSCHEHUE 3HAUCHUN BCEX
KPHUBBIX, A (]pP, OYKB 1 TPOUNX YCIOBHBIX 0003HAUEHUH.
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Taonuuot

Dopmynot

Tabmwm momkHO OBITH He Ooitee 3. Kakmyro TaObmuITy ciieyeT cHaOKaTh
MOPSIIKOBBIM HOMEPOM U 3aroJioBKOM. Bcee rpadbl B TabiHIIaX JTOMHKHBI
TaKXe UMETh TeMaTn4ecKue 3aroyioBki. COKpalieHne CIoB J0MyCKaeTCs
TOJEKO B coOTBeTCTBUU ¢ TpeboBanusmu ['OCT 7.0.12-2011 (xacaetcs
pycckux cioB), 7.11-2004 (kacaeTcs CIIOB Ha MHOCTPAHHBIX €BPOTICH-
CKHX $I3bIKax). TaONMUIBI MOJKHBI OBITH MPEAOCTABICHBI B TEKCTOBOM
penakTope «Microsoft Word» u mporyMepoBaHsI 110 Topsaky. OmHoBpe-
MEHHOE HMCTIOIh30BaHUE TAONHIT U TPAdUKOB (PUCYHKOB) TS U3JTOKEHUS
OJIHUX U TEX XKE PEe3yJbTaTOB HE JIomycKkaeTcsi. Pa3MepHOCTh Beex (u3u-
YEeCKHMX BEJIMYUH CIIEAyeT YKa3bIBaTh B cucteme eaunui CH.

Maremartnueckne u ¢uszndeckue Gopmyibl  (TOibKO  hopmysbl!)
BBITIONHSIOTCS B penakrope «MS Equation 3.0». [lepeMeHHBIE B TEKCTE
HaOuparoTcsi B 0OBIYHOM TEKCTOBOM PEKHME.

* Pemrenue o Hy6J'II/IKaI_II/II/I CTaTbU IMPUHUMACTCS PEAKOJIICT nen JKypHaJa. BHGKTpOHHBIC BApHUAHTBI OT-
PECAAKTUPOBAHHOTO TCKCTA aBTOpPAaM HC BBICBUIAIOTCS, IIPUCITIAHHBIC MAaTCPpHaJl HC BO3BPAILAtOTCA.

* Bce crarbu OTIIPABJIAIOTCA HAa HE3aBUCUMYIO SKCIICPTU3Y U Hy6J'II/IKy10TC$I TOJIBKO B CJIy4dac I1OJIOKU-
TCIbHOMU pCUCH3UN. PG,Z[&KLII/IFI OCTaBIISIET 3a COOOM ImpaBoO NPOU3BOAUTH H€O6XOZ[I/IMLI€ YTOUYHCHUA U CO-

KpalicHus.

 Crarbu MyONMKyIOTCS Ha OECIUIaTHON OCHOBE.

* JInst OTHpaBKM CTAaTbU BOCIOJB3YHTECh KHONKOM «OTIpaBuTh Marepuam» Ha caiite CeBepHOro (Ap-
KTHYECKOro) ¢enepaibHoro ynusepcurera umernn M.B. JlomonocoBa https://medbio.narfu.ru

Ten.: (8182) 21-61-21; e-mail: vestnik@narfu.ru; vestnik_med@narfu.ru.

* Penakuus npuHUMaeT npeaBapuTesbHbIC 3asBKH Ha IIPHOOPETEHUE HOMEPOB JKypHaJIa.

Ha >1eKTpOHHYI0 BEPCHIO JKYPHAJIA MOKHO MOANMMCATHCS Yepe3 KaTaJIoru:
«Ypaa-IIpece» http://www.ural-press.ru/catalog/97266/8652104/?sphrase id=328738
«IIpecca mo mognucke» https://www.ake.ru/itm/z_hurnal-mediko-biologic_heskih-issledovaniy/

CBoOOaHAad 1ieHA.
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