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MPHTU 34.15.51

A.Yu. Akparova', A.A. Aripova, 2L.B. Elubaeva !, B.B. Kazhiyakhmetova ',
R.I. Bersimbaev?

L.N. Gumilyov National University, Astana, Kazakhstan
(E-mail: ' akparovaalmira@gmail.com, ? aripova001@gmail.com, 3 ribers@mail.ru)

An assessment of the immunological status of patients with asthma—chronic
obstructive pulmonary disease overlap syndrome

Abstract: Asthma-—chronic obstructive pulmonary disease overlap syndrome (ACOS) has at-
tracted great interest in recent years due to the poor knowledge of its mechanisms, difficulties in
differential diagnosis and control. The purpose of this study was to investigate the characteristics of
immunological changes in patients with ACOS. The study groups consisted of 22 people with COPD,
13 people with asthma, and 25 people with ACOS. We determined the content of lymphocyte sub-
populations (CD3+, CD3+CD4+, CD3+4+CD8+, CD19+, CD3-/CD16+CD56+, CD3+HLA-DR),
immunoglobulin levels (IgA, IgG, IgM, IgE) and assessed the phagocytic activity of neutrophils.
Results revealed an increase of CD3+HLA-DR cells in patients with asthma, ACOS and COPD, an
increase in the level of immunoglobulin E and a decrease in the phagocytic function to the NBT
test in three groups of patients. Significantly high immunoglobulin G values were found in patients
with COPD compared with patients with asthma and ACOS. Thus, changes in the immunological
status of patients with ACOS are manifested in the form of an increase in activated T-lymphocytes,
an increase in serum immunoglobulin E, and a decrease in the phagocytic activity of neutrophils.

Keywords: Asthma, immunological status, COPD, ACOS.

DOI: https://doi.org/10.32523/2616-7034-2018-124-3-8-12

Introduction. Asthma and chronic obstructive pulmonary disease (COPD) are widespread global
diseases, causing significant health care costs. The base of these diseases is the chronic inflammation
of the respiratory tract, which leads to the airways limitation. Bronchial obstruction in asthma is
predominantly reversible either spontaneously or under the influence of bronchodilators, COPD is
also characterized by airway restriction, which is irreversible and progressive. In recent years, a
separate condition has been identified - the asthma—chronic obstructive pulmonary disease overlap
syndrome (ACOS) [1]. The prevalence of this syndrome in COPD patients varies depending on
the diagnostic criteria from 2.1 to 55% [2]. With the ACOS there is a constant airflow limitation
with the presence of signs characteristic of both asthma and COPD. This category of patients is
characterized by frequent exacerbations, poor quality of life, rapid deterioration of the function of
external respiration and high mortality [3, 4, 5|. For patients with the syndrome of asthma and
COPD, there is a high frequency of calls for emergency care and frequent hospitalization in intensive
care units. In addition, the cost of health care for these patients is almost double the cost of patients
with asthma. The adverse dynamics of morbidity and severe forms of asthma and COPD syndrome,
resistance to therapy, increased mortality cause its important medical and social significance. In
addition, the situation with its differential diagnostics and control remains unresolved [5]. Many
interwoven pathological processes are involved in the development of asthma and COPD, the effects
of which manifest at the local and systemic levels. In the pathogenesis of COPD, special attention is
given to the Thl type of immune response and the activation of the neutrophilic inflammation in the
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airways [6]. The development of asthma is often associated with the prevalence of the Th2 response
with the production of the appropriate cytokines, the formation of eosinophilic inflammation and
hyperproduction of IgE [7]. How the interaction of immune mechanisms involved in pathogenesis
both asthma and COPD is appeared, remains unclear. The aim of this study was to investigate the
features of cellular and humoral immunity in patients with asthma—chronic obstructive pulmonary
disease overlap syndrome.

Materials and methods. The study included 25 patients with ACOS, 22 patients with COPD
and 13 patients with asthma. There were 36 males and 24 females, between the ages of 36 and 68
years. All the patients were hospitalized in Hospital Ne 2 of Astana with exacerbations of diseases.
Diagnoses of asthma and COPD were established by the doctors of the Pulmonology Department in
accordance with the Global Strategy for Asthma (GINA), and the Global Strategy for the Treatment
and Prevention of COPD, respectively. The control group consisted of 30 healthy patients. The
criteria for selecting healthy individuals were as follows: the absence of neurologic, autoimmune,
allergic and chronic diseases in the acute stage, as well as the absence a family history of allergy.
It was also excluded the presence of diabetes mellitus, systemic and local inflammatory diseases,
recent hyperthermia or insolation (2-3 weeks before the tests). Data of study and control groups are
presented in Table 1.

Table 1 — Clinical characteristics of patients

Parameters Control group | COPD Asthma ACOS
Number of study partici- | 30 22 13 25

pants, n

Age, SD 48.8+11.3 69.59+2.23 43.314+4.53 | 54.3242.63
Male, n, % 19 (63.3%) 17 (77.3%) 4 (30.8%)* | 15 (60%)
Nonsmokers, n, % 17 (56.7%) 8 (36.4%) 5 (38.5%) 11 (44%)
Index of smoking (PY), | 15.3+3.2 *32.7+12.8 *6.3+1.7 27.443.3
M+4m

Baseline FEV1% pre- | 95.1 (£7.3) FHAH52.34+4.05 89.4 £17.3 | 67124
dicted (SD)

FEV1/FVC (SD) 0.82 (+0,03) *%0.54 +0.09 | 0.76 +£0.13 | 0.63+0.11
p <0.05 compared with the control group

Immunological examination. To assess immunological changes, blood sampling was performed
in an amount of 5 ml, anticoagulant - heparin. Lymphocytes were isolated on a density gradient of
Ficol-Verografin p=1.077g/ml. Analysis of lymphocytes subpopulations was performed by indirect
immunofluorescence using a panel of monoclonal antibodies to the surface antigens of lymphocytes:
CD3+, CD4+, CD8+, CD19+, CD56+, HLA-DR+ with an evaluation of the results on the flow
cytometer (Beckman Coulter Cytomics FC-500). The function of phagocytes was evaluated in the
Park-test in the spontaneous mode (E. coli LPS) [8]. The serum levels of IgG, IgM, IgA, IgE were
measured by immunoenzyme method assay (ELISA) with using the immunological kits (Vector-Best,
Novosibirsk, Russia).

Statistical analysis. To assess differences between groups, a normal distribution was determined
using the Kolmogorov-Smirnov test. Under normal distribution, Student’s test was used, in the case
of an anomalous distribution, the Mann-Whitney test was applied. Statistical analysis was carried
out with using GraphPad InStat7 Software (Graphpad Software Inc., San Diego, CA).

Results. The clinical characteristics of 60 examined patients with asthma, COPD and ACOS
are shown in Table 1. Among the asthma patients, 9 individuals (69.2%) had a partially controlled
disease and 4 patients (30.8%) had uncontrolled disease. COPD patients were evaluated with using
validated questionnaire the COPD Assessment Test (CAT) for assessment of symptoms and the
modified British Medical ResearchCouncil (mMRC) scale for an assessment of breathlessness. GOLD
IT was diagnosed in 18 patients with COPD (81.8%) and GOLD III in 4 patients (18.2%). The group
of ACOS patients included 6 patients with partially controlled asthma (24%) and 19 patients (76%)
with uncontrolled asthma, all of which had GOLD II. Evaluation of immunological parameters of
patients with asthma, COPD and ACOS showed a decrease in the relative lymphocyte count in
patients with COPD and ACOS compared with the control (p <0.05). A significant increase in
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the indices of T-activated lymphocytes (CD3 + HLA-DR) in patients with ACOS, asthma and
COPD was found in comparison with the control (p < 0.05). Significant differences were found
between groups of patients with COPD and ACOS, COPD and asthma in serum immunoglobulin G
(p <0.05), and increase of serum immunoglobulin E was detected in patients with asthma, COPD
and ACOS, without significant difference between groups. The spontaneous nitroblue tetrazolium

(NBT) test showed the decrease of phagocytic activity in all groups of patients (p < 0.05).
Table 2 — Relative numbers of lymphocyte subpopulations in patients with COPD, asthma and ACOS

Parametres Control group COPD Asthma ACOS

Lymphocytes( %) | 37 (29.67 -44.33) | *17.9 (7.6 -34.7) | 27 (17 — 40) *16.3 (8.1 — 49.6)

CD3+ ( %) 64.83 70.375 64.4 68.35( 58.3 - 80.4)
(61.64 -68.02) (79.6 -49.32) (51.6 -79.6)

CD3+CD4+ (%) | 39.92 38.96 35.9 38.6(9.4-57.4)
36.67-(43.17) (8.4 — 50) (17.5-52.6)

CD3+CD8+ (%) | 23.92 28.6 27.1 27.26(17.7 - 6.8)
(21.14-26.7) (22.6 -46.87) (15.6 -36.7)

CD19+ (%) 10.10(7.1-13.1) 13.71(3.38 14.5(6-29.8) 15.6(6-23.8)

-40.38)

CD3- 10.90 (3,0-14.4) | 14.45 (6.14- | 16.8 (8.6-25.5) | 14.6 (8.6-21.4)

/CD16+CD56+ 21.85)

CD3+HLA- 8.4 (6.1-13.6) *%19.3 (8.7-47.2) | *12.8(6 — 33.3) | ***23.4(7.8-38.9)

DR+(%)

* p value <0.05 when compared to the control group

Absolute numbers

of lymphocyte subpopulations in patie

nts with COPD, asthma and ACOS

Parameters Control group COPD Asthma ACOS
CD3+ 1148.15 1145.35(422.923- | 1240.62 1105.007
(347.637- 2872.605) (715.292- (518.752-
1621.273) 2423.82) 4233.211)
CD3+CD4+ 768.64 (143.273- | 598.234 (211.466 | 743.177 (392.94 - | 597.618
1029.384) -1054.944) 1604.67) (122.341-
2443.693)
CD3+CD8+ 607.22 (132.734- | 666.435 (124.073 | 665.711 (214.812 | 609.071 (297.84-
1029.39) -1486.826) -1101) 1746.267)
CD19+ 256.11 (121.272- | 244.8009(133.47 | 285.961 (189- | 297.8352
634.83) -1385.779) 717.6) (173.0995-
850.2732)
CD3- 273.96 (127.41- | 263 (43.4- | 306.14  (148.7- | 260 (37.2-
/CD16+CD56+ 637.27) 425.23) 790.5) 462.97)
CD3+HLA-DR+ | 240.0 (74.83- | 288.0385(112.2744 287.712(68.34 — | 288.49 (127.296-
523.77) —624.3224) 922.116) 1052.719)

* p value <0.05 when compared to the control group

Table 4 — Immunoglobulin content and NBT test in patients with COPD, asthma and ACOS

Parametres Control group COPD Asthma ACOS

Ig A, pg/ml | 2.63 (1.1-4.3) 3.35 (0.9-5.7) 2.2 (1.4-3.6) 2.48 (0.96-4.7)

Ig G, pg/ml | 13.41 *22.25 17.4 14.7

(6.43-17.22) (16.4-36.8) (6.5-22.6) (5.1-26.7)

Ig M, pg/ml | 1.93 (0.3-3.2) 1.71(0.6-4) 2.6(5.5-1.4) 2.7(0.46-4.6)

Ig E, pg/ml | 45.60 (2.3-121.8) | *98.25 *124.5 *136.2
(5.2-913.3) (10.8-403.8) (8.9-735.4)

NBT test 8.20 (7.53-10.58) | *3.5 (1-28) *4 (0-18) *4 (0 - 13)

* p value <0.05 when compared to the control group

Discusslon. The asthma—chronic obstructive pulmonary disease overlap syndrome is diagnosed in
patients with signs of both asthma and COPD, and, perhaps, due to this reason the immunological
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indices of ACOS in our study predominantly have close values with these diseases. Significant
differences were obtained in the relative content of T-activated lymphocytes in patients with COPD
and ACOS compared with the control. Zhu and colleagues found an increase of peripheral CD8+ T
lymphocytes expressing MHC class II (HLA-DR) in COPD patients than in healthy subjects [9]. It
is assumed that activated T cells in COPD cause tissue damage, release and promote the production
of pro-inflammatory mediators, attract and activate other immune and parenchymal effector cells.
A higher level of immunoglobulin G was found in COPD patients compared with ACOS patients
and asthma (p < 0.05). Its increase is probably associated with bacterial antigenic stimulation of the
immune system, which is characteristic of COPD exacerbations. In addition, changes from humoral
immunity were manifested as a significant increase in immunoglobulin E in all of three groups of
patients compared with controls. However, the increase of IgE in COPD patients did not exceed
the threshold. The increase in IgE in COPD may be due to the expression of Th2-inflammatory
responsible genes that was found in 20% of COPD patients in the study of Christenson and colleagues
[10].

Conclusion. Thus, in patients with ACOS there are changes in the cellular and humoral immu-
nity, which resemble the immunological pattern of asthma and COPD. A distinctive immunological
sign of COPD from ACOS can be considered a higher content of IgG in the blood serum. It is
assumed that different types of inflammatory processes are the basis of stratification of ACOS phe-
notypes, therefore the study of immunological aspects of ACOS requires further extensive studies
with the definition of cellular and molecular markers of immune inflammation and a large number
of patients.
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OKIeHiH co3bLIMaJIbl OOCTPYKTUBTI aypysbl >koHe GpPOHX AeMikIieci allkac CUMHAPOMBIMEH aybIPAaTBIH
HayKaCTapAbIH, UMMYHOJIOTUSIJIBIK, YKarqaliblH barasiay

Ansoranmsi: CoHrbl XKbUiapia OKIEHIH CO3BLIMAIbI OOCTPYKTUBTI aypybl »KoHE OPOHX JIeMiKIeci alKac CHHIPOMBI
(©BJAC) oubly mnaiima Gosy Tocinuepin, auddepeHImani bl IHarHOCTUKa MeH OGaKblIayJarbl KUBIHABIKTAPALl 3€PTTEYIiH
KETKIMIKCI3/INIHEH YJIKEH KBI3BIFYIIbUIBIK TYALIPBIT OTBIP. 3eprreyaiy makcaTtel OB/JAC -MeH aybIpaTbiH HayKaCTapIbIH
MMMYHOJIOTUSIJIBIK, ©3TePiCTepiHIH epeKIIeTiKTepiH 3epTTey OOJbIN TabbLIaIbl.  3epTTey OapbIChIHAa 22 HAayKaC OKIEHIH
cosbuIMadbl 06cTpyKTuBTi aypysl (OCOA), 13 maykac 6ponx gemiknecivmen (BJI) xonme ©OBJIAC -men aybipaTsin 25 HayKac
TonTapbiHad TypAsl. Ocbl Makanaga gumdormr cybnomysanusanapeinsy (CD34, CD34-CD4+, CD3+CD8+, CD19+, CD3-
/CD16+CD56+, CD3+HLA-DR) kypawmbl, nmmynorsnobyinun (IgA, IgG, IgM, IgE) nenreiii anbIKTanp! koHe HeRTpoduaepIiy
daronuTapibik, 6esceHaiiri Garasanabl.  3eprrey HoTmKesepi OoiibHa OBJIAC men ©OCOA ayblpaThlH HayKacTapaa
CD3+HLA-DR-knerkamapol, E uMmmyHoriobynun genreiii »korapbuiaca, ai ymr 3eprrey tonrapbiga HKT tect mormkeci
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GoiibiHma dharonuTapibk GyHKIUICLIHBIH ToMeHereni 6aiikanasl. BJ1 men ©B/IAC naykacrapbiven cambicTeipragga O COA
HaykacTapblHAa G UMMYHOTJIOOYJIMHHIH MOHIEP] alTap/bIKTail Korapbl ekeHAiri anbikTaaasl. Ocburaitimna, OBJIAC aybipaTbia
HaykacTapaa T-nmumdonurrepiy 6esicenyiniy, capbicy E uMMmyHOrI06yauHiH »KorapJiaybl MeH HEMTPOMUIIEP/IiH darorurapiibl
GesICeHITIrIHIE TOMEHEY] peTiHae HMMYHOIOTUSIBIK, XKar TaflbIHbIH, ©3repyil KOpiHji.

Tyitin ce3mep: Acrma, UMMyHOJIOTUANBIK, xKarnaiisr, OCOA, OBIAC.

A.}O. Aknaposa, A.A. Apunosa, JI.B. Eay6aeBa, B.B. Kaxkusixmerosa, P.I. Bepcimbait
Espasutickuti nayuonaavrul yrnusepcumem um. JI.H. Dymunesa, Acmana, Kaszaxcman

O1eHKa UMMYHOJIOTUYECKOr0 CTATYCA MAIMEHTOB C CUHAPOMOM IE€PEKPBITUS ACTMbI 1 XPOHUYECKOM
OGCTPYKTUBHOMN JIerouHoii 6GoJie3Hu

Annoranmsi: CHHIPOM IepeKpecTa OGPOHXHMAJbHON acTMBI M XPOHUYECKOH ob6crpykTuBHON Gostesuu jerkux (CIIBAX)
B IIOCJIEIHUE TOJbl BBI3BIBAET OOJIBIION MHTEPEC B CBSI3U C HEJNOCTATOYHON M3y4YEHHOCTHIO MEXAHH3MOB €r0 BO3HUKHOBEHNs,
TpySHOCTAME B audpepeHInaJlbHOl NHAarHOCTUKEe U KOHTpoJie. lleiab HACTOAINEro mMCcCaefoBaHUs 3aKJIIOYAIacCh B U3y ICHHH
0ocobeHHOCTER UMMyHOIOrnYecKux naMenenuit y 6onbuabix CIIBAX. B uccnenoBanue 66110 BKI049eHO 13 60MBHBIX GPOHXHAIBLHON
actmoit (BA), 22 GosnbHBEIX XpoHHUIECKON 06cTpyKTHBHOHI Gosesubo serkux (XOBJI) u 25 Gosmpabix CIIBAX. Mer onpenenuim
copepxKanue cybnonynsanuii sumbonuros (CD3+, CD3+CD4+, CD3+CD8+, CD19+, CD3-/CD16+CD56+, CD3-+HLA-
DR), ypoern nmmysorsnobymmaoB (IgA, IgG, IgM, IgE) n omennnm daronurapHyo akTHBHOCTH Hefitpodmios. Pesynbrarer
nokasasu nosbimenne CD3+HLA-DR-knerok y 6ompabix acrmoit, CIIBA u XOBJI, nossliesne ypoBHsI MMMYHOIVIOOYIMHA
E u cumxenne daromurapuoii dyukmun mo mapabiM HCT-tecra B Tpex rpynmax 6oiabHbIX. OOGHaApY?KEHBI 3HAYNMO BBICOKHE
3nadeHus: uMmmyHoryooymuaa G y 6ospabix XOBJI no cpaBrenuio ¢ 6osbubiMu actmoii u CITBAX. TakuMm o6pa3oM, H3MeHEHUs B
uMMyHOJIorndeckoM craryce 60abHbIX CIIBAX nposiBiisiiorcst B BUZE MOBBIINEHUS aKTUBIPOBAHHBIX T-IMM@MONNTOB, IOBBIIIEHUS
CBIBOPOTOYHOrO UMMyHOIJIOOyuHa E u cHumkennst daronurapHoil aKk TUBHOCTUA HEUTPOMUIIOB.

KuroueBbie cioBa: Acrma, nmMmynosnorndeckuii craryc, XOBJI, CIIBAX.
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«JI.H. 'ymuaeB areingarsl Eypa3usi yiaTThiK yHuUBepcuTeTinig Xabapuibicbl. BHoOJIOrusijibIK, FhIJIBIMAAD
CepHusiChI» >KYPHAaJIbIH/IA MaKaJja >Kapusjay epexxkeci

1. 2KypHan makcarbl. buoxumusi, MojieKyJaablK 6uoJiorusi, 6uorexHosiorusi, 6uonHdopMaTiKa, BUPyCcoaorusi, buodusuka,
6uounH>KeHepus, (GU3NOJIOrus, OOTAHUKA, 300JIOTHS, IBOJIIOIUSJIBIK, OUOJIOTHS, T€HEeTHKa, MHUKPOOMOJIOrus, OHOMEIUITuHA
cajiajiapbl OOMBIHIIIA MYKHUSIT TEKCEPYIEH OTKEH FHIJIBIMU KYHBLIBIFBI 6ap MakaJjajiap >Kapusijiay.

2. XKypHanjia makaia Kapusjaylibl aBTOp MaKaJiaHbIH KOJI KOWBLIFaH 1 JaHa Kara3 HYCKAaChH I'blIbIMH OGachbLIbIMIIAp
Gemimine (penakiusira, mekemxkaibl: 010008, Kasakcran PecmyGsukacel, Acrana kanacsl, K. Cornaes kemeci, 2, JI.LH.
I'ymunes arbiagarbl Eypasusi yiurTeik, yHuBepcureri, Bac rumapar, 408 xabuner) xoHe eurjourbio@enu.kz 37eKTPOHIBIK,
nomrrackina PDF, Tex dhopMmarTapbiiiarsl HyCKaJlapbiH »)Kibepy KaskeT. MakajlaHyH MOTIHIHIH KaFa3 HyCKAChl MEH 3JIEKTPOH,IbI
HyCKaJiapbl Oipjeit Gosysapbl KaxkeT. Makasiayiap Kasak, OpbIC, aFbUINIbIH TiIAepiHae Kabbuiganabl. MakaJsiaHblH Tex
dapmarsigarst yirici bulbio.enu.kz »xypuas caiterrsiaga 6epinren. ConbiMen KaTap, aBrop(Jap) ijecne Xar yCbIHYbI KepeK.
3. ABTopapiH KoJka3baHbl pegaknusira >kibepyi makasnaneiy JI.LH. I'ymuneB arbiHaarbl Eypasusi yiaTThIK
yHuBepcuTeTiHiH xabapiubicblHAAa 6acyra KeJdiiciMmiH, meres TijiHe aygapbuibin KaiTa GachulyblHA KeJiciMin
Oinpipeni. ABTOp MakaJiaHbl pegakuudAra >Kibepy apkKbLIbl aBTOP TypaJjibl MOJIIMETTiIH [OyPBICTBHIFBIHA,
MakKaJia KeulipisiMerengirine (mjaruarTbiH >KOKTBIFbIHA) »KOHE 6acka [a 3aHCHI3 KellipMeJepaiH >KOKThIFbIHA
kermijigeme 6epeni.

4. MaxaJsianbll KeJieMi 18 Gerren acnayra tuic (6 6erren Gacrar).

5. MakaJiaHbIH, KYPbIJIbIMbI

FTAMPK http://grnti.ru/

Aemop(nap)dvir, amuvi-sHcons

Mexemenin, Moaslk, amayst, Kaiacsvl, memaexems (erep aBTopJsap d9PTYPJl MeKeMese »KYMbIC XKacaiTeiH GoJica, oHIa
9P aBTOP MEH OHBIH >KYMBIC MeKeMeci KachIH1a Gip/eit 6esri KOMbLLy Kepek)

Aemop(aap)dvr, E-mail-vt

Maxanaa amayve

Annomayus (100-200 ces; dopmysacei3, MaKaJaHbIH aTayblH MeNJIiHINe KalTagaMaybl KaxKeT; ojebuerrepre cliremesep
6oIMay bl KayKeT; MaKaJIaHbIH, KyPBLIBICHIH (Kipicie /MakaaaHblH MakcaTbl/ MiHIETTEepl /KapacThIPBUIBII OTHIPFAH CYPAKTHIH
TapuXbl, 3ePTTEY OAICTEepi, HOTHKeJIeD/TaJIKblIay, KOPBITBIH/BI) CAKTal OTHIPHII, MaKAJAaHbIH KbICKAIIA Ma3MyHbI Gepiiyi
KAXKer).

Tydin cesdep (6-8 ce3 me ce3 Ttipkeci. Tyilin cesmep Makaja Ma3MYHBIH KepceTin, MeiuliHine Makaja araybl MeH
AHHOTAIUSIIAFbl CO3/EP/Al KaiiTajamail, MakKaja Ma3MYHBIHIAFbl CO3/ep/i KoJygaHy KaxkeT. COHBIMEH KaTap, aKIapaTThbIK-
i3mectipy Kyiesepinie MakaJaHbl XKeHII Tabyra MYMKIH/IK GepeTiH FhUIBIM cajlajapblHbIH TEPMHUHJEPIH KOJJAHy KayKer).
Hezi32i Mmomin MaKaJaHbIH MakcaTbl/ MiHAeTTepi/ KapacCThIPBUIBII OTBIPFAH CYPAaKTbIH TapuXbl, 3€pTTEy
9/1icTepi,HoTHKEIEeD / TATIKBLIAY, KOPBITBIH/bI 6OIIMAEPIH KAMTYbI KarXKeT.

Tabauua, cypemmep — aTajfaHHAH KeliH OPHAJACTBIPBLIAIBI. Op TabJUIA, CyPeT KAaChIHa OHBIH aTaIybl OOJIybl KasKeT.
Cyper allKbIH, CKAHEPJIEH OTIIEreH OOJIYbl KEPEeK.

Makanagarsl popmyaaaap TEK MITIHIE OJlapra clireMe Gepijice FaHa HOMIpJIEHE].

2Kanmer kospansicra 6ap abbpesuamypasap MeH Kbickapmyaapdar 6acKaiaapbl MIHAETTI Type ajFall KOJIIaHFAHIA
Tycinaipinyi 6epinyi kaxker. Kapotcwoiiati Kemerx mypaas, aknapar GipiHmii 6eTre Kopceriiemi.

Odebuemmep Mmizimi

Moringe saibuerrepre ciiremMesiep TiKXKakiara ajabiHa bl MoTiHgeri ojebuerrep Ti3iMiHe clareMesnepiin HoMepJeHy1 MaTiH e
KOJIZIAHBLIYbIHA KATBICTBI »KYPrizijige: MoTiHme KesmeckeH ojebuerke asraiikpl cinreme [1] apkpuibl, exinmi cinreme [2]
apKpUIBIL T.C.C. Kyprisineni. Kiranka »kacanaTsiH cinTemesnepne KOJZaHbUIFaH GeTTep Ae KepceTityi kepek (mbrcassl, [1, 45
6er|). ?Kapusianbaran enbexkrepre cinremesep kacaaMaiipl. COHbIMEH KaTap, PEleH3HsJaH OTIeiTiH 6acbuIbiMIapra J1a
cirremenep Kacasnmaiinel (sgebuerrep TisiMiHIH 93ipJsey yJrisepin ToMeHAeri MakalaHbl POCiMAEy YITICIHEH KapaHbI3).
MaxkaJia COHbIHIAFbl debuerrep TiziMiHeH Keilin 6ubauozpaduansvlk, Maaimemmep OpbIC KOHE AFBLIIBIH TiliHAe (erep
Makasa Ka3ak TUIIHZIEe »Ka3blica), Ka3aK KoHe arblIIIbIH TUIHAe (erep MakaJsa OpBIC TUIHJE *Ka3bLICA), OPBIC YKOHE Ka3ak
Tininge (erep MaKaJsia arbUILBIH TLTiH/E XKa3blLiran Gosica) Gepinesi.

Aemopaap mypasvt MIAIMEM: aABTOPIBIH ATHI->KOHI, FBIJIBIMU ATaFbl, KbI3MET1, >KYMBIC OPHbBI, YKYMbIC OPHBIHBIH, MEKEH-
Kaiibl, TejiepoH, e-mail — Kazak, OpbIC YKOHE aFbIJIIIBbIH TiJIJIEePiH/e TOJTHIPHLIA/IbI.

6. Komkaszba MYKHAT TeKcepiareH Oosybl KaykeT. TexXHUKAaJbIK TajalTapra cail KejMereH Kojikasbagap Kaiita enpeyre
KaiTapbuiaibl. Koska3baHublH KalTapblULybl OHBIH KypHaJ1a OachllybiHa xKibepityin Oligipmeiini.

7. Penaknusira TYCKeH MakKaJsia >KabblK (aHOHMMJI) Tekcepyre »Kibepinesi. BapJblk penensusuiap aBropJsapra 2Kibepinei.
ABrop (peneH3eHT MaKaJaHbl Ty3eTyre YCBIHBIC OepreH »kKarjaija) yil KyH apaJbIFblHIa KalTa Kapal, KOoJrkKa3GaHblH
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ITosio>keHME O PYKOMNUCSIX, IPEACTABJISIEMBbIX B >KypHaJsl «BectHuk EBpasuiickoro HanmoHaJIbHOro
b
yausepcurera umenu JI.H.I'ymunesa. Cepusi Buosiornueckue HayKu»
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4. O6bem craTbu HE JOJDKEH IpeBbImaTh 18 crpanurn (ot 6 crpanmir).

5. CxemMa mOCTPOEHUs CTATbU

I'PHTMH http://grnti.ru/
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B crarbe Hymepyrorcs sminb Te DOPMYABL, HA KOTOPBIE IO TEKCTY €CTh CCHLIKHU.

Bce abbpesuamyput u coxpauterust, 3a UCKIIOYEHUEM 3aBEJIOMO OOIIEU3BECTHBIX, JOJKHBI ObITH paciudpOBaHbl IPU
[IEPBOM YIIOTPEOJICHUH B TEKCTE.

Caenenus o purarco8ot noddepotcke pabOThl YKA3BIBAIOTCS HA NEPBOI CTPAHUIE B BUJE CHOCKH.

Cnucox aumepamyput

B Tekcre cchuikm 0603HAYAIOTCA B KBaJPATHBIX CKOOKax. CCBUIKM JIO/KHBI OBITh HPOHYMEPOBAHBLI CTPOrO IO HOPSIKY
YIOMUHAHUS B TeKCTe. [lepBasi CCBIIKA B TEKCTe Ha JIATEPATYPy AOJI?KHA mMmeTb HOMep [1], Bropas - [2] m T.n. Ccpuika Ha
KHHUT'Y B OCHOBHOM TEKCT€ CTATbH JIOJIPKHA COINPOBOXKJATHCSA yKa3aHHEM HMCIOIb30BaHHBIX cTpaHuI] (Hampumep, (1, 45 crp.]).
CcplIku Ha HeollyOJIMKOBaHHbIE PabOThHI HE JOIMYCKaroTCsl. HerkeaTe bHbl CChIKN Ha HepeleH3upyeMble U31aHus (IpUMephl
ONKCAHMs CIHUCKA JUTEPATYPbI, ONUCAHUS CIMCKA JUTEPATYPbl CM. HIXKe B 06pasiie opOPMIIEHUST CTATBH).

B komHIte craThu, mocie cnucka JIUTEpaTypsl, HeOOXOAUMO yKa3aTh bubauozpapuueckue daHHble Ha PYCCKOM U aHIVIMICKOM
A3bIKax (ecyu crarbsa opOpMIIEHA Ha KAa3aXCKOM s3bIKE), Ha KA3aXCKOM M aHIVIMHCKOM fA3bIKax (ecsu craTbs odOpMIIEHA Ha
PYCCKOM H3bIKe) 1 Ha PYCCKOM N Ka3aXCKOM fA3BIKaX (GCHI/I craTbda O(bOpl\U'[eHa Ha aHTJIUHACKOM 5[3]31Ke).

Ceedenusn 06 aemopax: damunus, UMs, OTIECTBO, HAYIHAS CTEIEH, JOJIXKHOCTb, MECTO PabOThHI, MOJHBIA CIIyKEeOHBIH
ajzpec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHTJIMHACKOM SI3BIKAX.

6. Pykonuch nospkHa ObITh TIIATEJNBHO BbIBepeHa. Pykonucu, He COOTBETCTBYIOIIVE TEXHUYECKHM TpPebOBaHUAM, OYIyT
BO3BpallleHbl Ha Jo0paboTKy. Bosspalenue Ha 10paboOTKy He 03HAYAET, 9TO PYKOIUCH IIPUHSTA K OIyOJIUKOBAHUIO.

7. PaGora ¢ as1eKTpOHHOM KOoppeKTypoil. Crarbu, nocrynusmue B OTes HayIHBIX U3JaHui (pelIaKkIys), OTIIPABIISIOTC
Ha aHOHUMHOE PDEIEH3UPOBaHUE. BCe PEIEeH3nU 110 CTAThE OTIIPABJIAIOTCA aBTOPY. ABTOpaM B Te€4YEeHHEe TpexX JlHefI H606XOLLHNIO
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ITepuomuyHOCTs >KypHaJja: 4 pa3a B rof.

8.0mutata. ABTOpaM, IIOJIyYHBIIMM I[IOJOXKHUTEIHHOE 3aKJIOUEHHE K OILyOJUKOBAHUIO HEOOXOIUMO IPOM3BECTH omiary (mjis
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MakaJjiaHbl paciMaey YJIrici
MPHTH 27.25.19
A.2K. XKy6anpmmesa ', H. Temupramues?, A.B. Yrecos?

U Mnemumym meopemumeckoti mamemamury, u nayanus evvucienuds Eepasutickozo
HAUUOHAALHO20 YHusepcumema umenu JI. H. ymuasesa, Acmana, Kazaxcman
2 Axmaobuncruti pecuonasvhoni 2ocydapemeenmond yrnusepcumem umenu K. Xybanoea,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucaeunoe auddepenriupoBatune pyHkiuii B Kourekcre KoMITbIoTepHOro
(BBIYUCINTENBHOIO) IIONEPEYHUKA

Annoranus: B paMkax KOMIBIOTEPHOrO (BBIYHCIUTEIHHOTO) IIONEPEYHUKA OJHOCTHIO
perieHa 3ajada TpUOIMKeHHOro uddepeHmpoBanns (BYHKIUN, TPUHAIEKAIIX KJIACCAM
CobosieBa, o HETOUYHOW WH(POPMAIIUN, MOJIYIEHHON OT MPOM3BOJIHLHOINO KOHEYHOTO MHOMKECTBA
rTpuronomerpudeckux kosdduimentos Pypoe-Jlebera muddepennupyenmoii dyukimu... [100-200
cJi08]

KnroueBbie cjoBa: mnpubmmkerHoe andepeHnupoBaHe, BOCCTAHOBJIEHHE 110 HETOTHOM
nabOpPMAIIH, TpeIeIbHas MOIPEIIHOCTh, KOMIIBIOTEPHBI (BBIYUCAUTEIbHBIN) MOMepedHnK. [6-8
CJIOB/ CJIOBOCOYETAHMI|

BBenenue

TekcT BBEIEHUI. ..
ABropam He cilelyer HCIOJIb30BaTh HectangapTHble nakerbl LaTeX (ucmosbsyiiTe ux Juib B
cilydae KpaiiHeil HeOGXOIMMOCTH )

3aroJioBOK CeKInu

1.1 3aroJjioBoK IoaceKnnn
Okpy:keHus.

Teopema 1. ...

JlemmMma 1. ...

IIpensmoxxkenue 1. ...

Onpenenenne 1. ...

Caencrsue 1. ...

Sameuanwue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
HoxaszarenbctTso. Tekcr mokazareabCcTsa.

2. ®opmynbl, TaOJIUIBI, pUCYHKA

. - ... — ; . 7(N)
On(en;DN)y = On(en; T F; D)y = (Z(N);I]lvf)eDN on <5N; (l 790N)>Y, (1)

riue
ON (6N; (l(N),gpN)>Y =on(en; T, F; (l(N),g)N))y =

= a0 e (R AP ()
fer v

<1(r=1,...,N)

5
Tabsurbl, pUCYHKH HEOOXOJMMO pacrojaraTh mocie yrnomuHanus. C Kaxkoil WiumocTpanueil moKHa

CcJIeJ0BaTh HA/IIINUCh.

3. Ccpliaku u 6ubsmorpadpus
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Tabpiiuia 3 — HaszBanue Tabiuigbt

IIpoctrie He npocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

PucyHok 6 — HazBanue pucyHka

JJist CCBLIOK Ha yTBEPXKIEeHWs, (POPMYJIbI U T. II. MOXKHO HCIIOJb30BaTh MeTKu. Hampumep, Teopema 2,
Dopmyna (1)

st pykoBozacTsa 1o M TEX u B KadecTBe mpuMepa 0pOPMIIEHUS CChLUIOK, CM., Hanpumep, JIpBoBckuii C.M.
Habop u Bepcrka B makere KTEX. Mocksa: Kocmocundopm, 1994.

Crmcok jmreparypbl 0POPMIISETCS CJIELYOIIIM 06Pa30M.

Crucok jaureparypbl

1 Jlokymmesckuit O.M., I'aspukos M.B. Hauasna uncimennoro anamuza. —M.: TOO "dAuyc", 1995. —581 c. - KHUra

2 Temmpramues H. KoMmbioTepHbIil (BRIMUCIUTENLHBIN ) TIOIEPETHAK KAK CHHTE3 U3BECTHOTO U HOBOTO B IUCJIEHHOM
anaymse // Becrauk Espasuniickoro narmonansuoro yausepcurera nmenn JIL.H. Dymunesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (npu HaIMINK) - CTATHS

3 KybGaubimea A.2K., Abukenosa III. O HOpMax mpousBOAHBIX (DYHKIUN C HYJEBHIMU 3HAUYCHUSIMU 3aJAHHOTO
Habopa JIMHEHHBIX (DYHKIMOHAJOB M HUX IPUMEHEHWsl K IIOIEPEYHMKOBBIM 3azadaM // @PyHKIMOHAILHBIE
MIPOCTPAHCTBA W Teopusi npubymxKenusi dyuknmii:  Tesuchl goKIamO0B MeXKIyHaApOIHON KOH(pepeHnu,
nocesimennast 110-jgeruio co ausa poxkaenus: akagemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. — Mocksa,
2015. —C.141-142. - Tpyapl KoudepeHuit

4 KypmykoB A.A. AHrMONpOTEKTOPHASI W TUIIOJUINKJIEMUYECKAsT aKTHUBHOCTH JieyKoMu3nHa. —Ajyimarer:  Bacray,
2007. —C. 3-5 - ra3zeTHbBIE CTATHU

5 Koipos B.A., Muxaitinuenko I'.I. Anasurudeckuil METOZ BIIOKEHHS CUMILIEKTUYIeCKON reomerpun // Cubupckue
9JIEKTPOHHBIe MareMarmdeckue m3pectust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus:: 08.01.2017). - 3I€KTPOHHBII >KypHAJ

A.2K. 2Ky6anbmmesa ! , H. Temipramues ! , A.B. Yrecos 2

L JLH.Tymunes amuvindaeo, Eypasus yammols YyHU6EpCumeminit, meopuiiots MAMeMamuKa HCone eulivlmy ecenmeyiep
uncmumymat, Acmana, Kazaxcman
2 K. >Ky6anoe amvmodaev. Axmebe onipaix memaexemmix yrnusepcumemi, Axmobe, Kasaxcman

Kowmnbiorepaik (ecenreyim) auamerp MoHMaTiHIHAe DyHKUMANAPAbL caHABIK, AuddepeHnuanaay

Amnnoranusi: Koummnbiorepiik (ecenteyimr) numamerp monMorininge CoGoiieB KilachblHa KATATHIH (DYHKIHUATADABL OJTapAbIH
TpuroHomerpusnbK Pypbe-Jleber koadduUIMEHTTEPIHIE AKBIPIIbI >KUBIHBIHAH AJIBIHFAH JI9J1 EMEC aKIapaT GOMbIHIIA YKy BIKTaY
ecebi TosbrrbiMen mentisai [100-200 ces|

Tyiiin cesnep: »xybikran auddepeHnuannay, Joj eMec akimapar GofbIHIIA >KyBIKTay, MEKTIK Karesik, Komibrorepsik
(ecenreyim) nuamerp [6-8 co3/ce3 Tipkecrepi|.

A.Zh.Zhubanysheva ! , N. Temirgaliyev ! , A.B. Utesov 2

L Institute of Theoretical Mathematics and Scientific Computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200
words]|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) diam-

eter, massive limiting error. [6-8 words/word combinations|

108



References

1 Lokucievskij O.M., Gavrikov M.B. Nachala chislennogo analiza [Elements of numerical analysis| (Yanus, Moscow,
1995). [in Russian]

2 Temirgaliyev N. Komp’juternyj (vychislitel'nyj) poperechnik kak sintez izvestnogo i novogo v chislennom analize
[Computational (numerical) diameter as a synthesis of the known and the new in numerical analysis|, Vest-
nik Evrazijskogo nacional’'nogo universiteta imeni L.N. Gumileva [Bulletin of L.N. Gumilyov Eurasian National
University], 4 (101), 16-33 (2014). [in Russian]|

3 Zhubanysheva A.Zh., AbikenovaSh.K. O normah proizvodnyh funkcij s nulevymi znachenijami zadannogo nabora
linejnyh funkcionalov i ih primenenija k poperechnikovym zadacham [About the norms of the derivatives of
functions with zero values of a given set of linear functionals and their application to the width problems|. Tezisy
dokladov Mezhdunarodnoj konferencii, posvjashhennaja 110-letiju so dnja rozhdenija akademika S.M.Nikol’skogo
"Funkcional’nye prostranstva i teorija priblizhenija funkcij" [International conference on Function Spaces and
Approximation Theory dedicated to the 110th anniversary of S. M. Nikol’skii]. Moscow, 2015, pp. 141-142. [in
Russian]

4 Kurmukov A. A. Angioprotektornaja i gipolipidemicheskaja aktivnost’ leukomizina [Angioprotective and lipid-
lowering activity of leukomycin| (Bastau, Almaty, 2007, P. 3-5). [in Russian]

5 Kyrov V.A., Mihajlichenko G.G. Analiticheskij metod vlozhenija simplekticheskoj geometrii [The ana-
lytic method of embedding symplectic geometry|, Cibirskie jelektronnye matematicheskie izvestija [Siberian
Electronic Mathematical Reports|, 14, 657-672 (2017). doi:  10.17377/semi.2017.14.057. Available at:
http://semr.math.nsc.ru/v14/p657-672.pdf. [in Russian]. (accessed 08.01.2017).

CsBenenusi 06 aBTopax:

Kybanviwesa A.2K. - crapmmii Hay9IHBIH COTPYAHUK VHCTUTYTa TEOPETUIECKON MATEMATHKHA W HAYyYIHBIX BBLIYUCICHUH,
Espasniickuii HarmoHabHbI yHuBepcuTeT uMmenu JI.H.T'ymunesa, yi. Caranaesa 2, Acrana, Kazaxcras.

Temupeanues H. - nupexTop MHCTHTYTa TEOPETHIECKON MAaTEeMATHKU U HAyYHBIX BhIYUCAeHu, EBpasuiickuil HaInOHAILHBIN
yuuBepcurer umenu JI.H.T'ymunesa, yiu. Caranaesa 2, Acrana, Kazaxcras.

VYmecos A.B. - xannunar pusuKo-MaTeMaTHYeCKUX HayK, aouneHT Kadenpbl Maremaruku, AKTIOOMHCKHN pervmoHaJIbHBII
rocynapcrBeHHbI yHuBepcuTerT umenu K. 2Ky6anosa, np. A.Moagarynosoit 34, Akrobe, Kazaxcran.

Zhubanysheva A.Zh. - Senoir researcher of the Institute of Theoretical Mathematics and Scientific Computations, L.N.
Gumilyov Eurasian National University, Satpayev str., Astana, Kazakhstan.

Temirgaliyev N. - Head of the Institute of Theoretical Mathematics and Scientific Computations, L.N. Gumilyov Eurasian
National University, Satpayev str., Astana, Kazakhstan.

Utesov A.B. - candidate of physical and mathematical sciences, Associate Professor of the Department of Mathematics,
K.Zhubanov Aktobe Regional State University, A.Moldagulova Prospect, 34, Aktobe, Kazakhstan.

ITocmynuaa 6 pedaxyuro 15.05.2017



Penakropsr: P.I. Bepcimbait

IIbrrapymmsl peJakTop, JAU3aiH: A. Hyp6onar

JILH. I'ymunes arsinparst Eypasus yATTBIK yHHBEPCUTETIHIH,
Xabaprrbicbl. BHOTOrHAIIBIK, FHIIBIMIAD CEPUSICHI.
- 2018. 3(124) - Acrana: EYY. 110-6.
ITaprre! 6.1. - 8,86. TapanabiMbl - 25 gaHa.

Maswmyssma Tunorpadust xKayarn 6epmMeiini

Penakuusa meken-xkaiibr: 010008, Kazakcran Pecniybimkacer Acrana K.,
Cornaes 2, kemreci, 13.
JIL.H. I'ymunes areiaparel Eypasus yaTTBIK yHUBEpCUATETI

Teum.: (8-717-2) 70-95-00(imxki 31-428)

JL.LH. I'ymuieB areiagarsl Eypasust yITThIK yHIBEpCUTETIHIH 6acrachiHia 6achlIIbl

110



