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Becmuux Kapazanounckozo 2ocydapcmeeniozo undycmpuanvro2o ynusepcumema. Ne2(53), 20262.

METAJIIYPI'USA, TEXHOJIOI'MW HOBBIX MATEPHUAJIOB

DOI: https://www.doi.org/10.53002/135

THE EFFECT OF BLOWING ON THE OXIDATION OF METAL AND SLAG IN THE
PRODUCTION OF LOW-CARBON OXYGEN-CONVERTER STEEL

*Kharvonen A.A., Mikhailov N.S., Romanov V. I.

Karaganda Industrial University, Karaganda, Kazakhstan
* Correspondent’s E-mail: a.kharvonen@tttu.edu.kz
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Kharvonen A.A., Karaganda Industrial University, Karaganda, Kazakhstan, e-mail: a.kharvonen@tttu.edu.kz.
Mikhailov N.S., Karaganda Industrial University, Karaganda, Kazakhstan, e-mail: n.mikhailov@tttu.edu.kz.

Romanov V. I, Karaganda Industrial University, Karaganda, Kazakhstan

Abstract — The article discusses the results of a study on the effect of additional blowing on the oxidation of metal and
slag during oxygen-converter production of low-carbon steel. The study was conducted by Burdonov B.A. and his co-
authors at the Qarmet Metallurgical Plant in Temirtau, Karaganda Region. The article presents modern production data
obtained at the same plant and provides a comparative analysis of these data with current trends in the field. It has been
established that in modern conditions, the negative effect of overpressing retains its direction, but is significantly reduced
in magnitude and partially compensated by means of secondary metallurgy.

Keywords — oxygen converter, additional blowing, metal oxidation, slag FeO, low-carbon steel, secondary metallurgy.

TOMEH KOMIPTEKTI OTTEI'T TYPJEHAIPT'TII BOJIAT OHAIPICIHAEI'T METAJLJI
MEH KOXIbIH TOTBIF'YBIHA YPJIEYIIH 9CEPI

*Xapeonen A.A., Muxaitnoe H.C., Pomanos B.U.

Kapazanowr undycmpusineix ynueepcumemi, Kapazanowl, Kazaxcman
*Koppecnonoenm E-mail: a.kharvonen@tttu.edu.kz

ABTOpJIap TypaJjbl aKnapar:

XapBonen A. A., Kaparauaer Wuanyctpuanmeik YuuBepcuteri, Kaparaumer K., Kasakcran, e-mail:
a.kharvonen@tttu.edu.kz.

Muxaiiios H. C., Kaparaumst Wranyctpuangelk Yausepcureri, Kaparauaer K., Kaszakcran, e-mail:
n.mikhailov@tttu.edu.kz.

Pomanos B.U., Kaparannet Uagyctpuanasik YHuBepcuteti, Kaparanasl, Kazakcran.

AHnoamna — Makanaza ToMeH KoMipTeKTi O00maTThIH oTTeri-KoHBepTep eHAipiciHAeri MeTaml MeH KOXKIBIH TOTHIFYbIHA
YpreyaiH ocepiH 3epTTey HOTIKeNnepi KapacTelpbutagsl. CanbIcTeIpy 6a3acsl perinae b.A. BypnonoBThIH sxoHe Temipray
K. "Qarmet" AK merammyprusiblk KOMOMHATBIHOA OpBIHIATIFaH OipieckeH aBTOpIApIBIH >KYMBICH TMaiilanaHBUIIIBL,
Kaparauabl 06IIBICHI, COJI KOCIIOPBIHAA AJIBIHFAH 3aMaHAYH OHIIPICTIK AePEKTep YCHIHBUIABI, OMapABIH CABICTHIPMAIIBI
TaJIaysl )KYPri3iii, COHIal-aK OCHI callaiarsl e3eKTi ypaicrepmen. Kasipri sxxarmaiina Yprieyaig Tepic acepi o3 OaFbITHIH
CaKTaNTHIHBI aHBIKTAJBI, Oipak O aWTapiBIKTail TOMEHAEH I XKoHe iMiHapa KaiiTamaMa MEeTauTyprisi KypalgapbIMeH
oTeNnenl.

Tyiiin ce30ep — oTTeri TYpIEHIIpTimmi, ypiey, MeTamt ToTeiFysl, Koxkasie FeO, Temen xemipTekTi Oonart, KadTamama
METaJLTyprHsl.

BJIUAHUE JOAYBOK HA OKUCJIEHHOCTDb METAJIJIA 1 IIJIAKA TIPH
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CTAJIM
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Annomayusn — B cTathe pacCMOTPEHBI pe3yIbTaThl HCCIIEI0BAHNUS BIMSHHS JOAYBOK Ha OKHMCIIEHHOCTh METajlIa U IIIaka
TIPY KMCIOPOJIHO-KOHBEPTEPHOM IPOM3BOACTBE HU3KOYTIIEPOIUCTON cTanu. B kauecTBe 0a3bl CpaBHEHHS HCIIOJIb30BaHA
pabora BypnonoBa B.A. n coaBTOpOB, BBHINONHEHHAs HA MeTauTyprudeckoM komoOumHate AO «Qarmet» r.Temupray,
KaparanauHckas o611. [IpencraBieHsl COBpeMeHHbIE IIPOU3BOJICTBEHHBIE JaHHbIE, ITOTYUYEHHBIE Ha TOM XK€ MTPEATIPHUATHH,
MIPOBEAEH MX COMOCTABHUTEbHBIN aHAJIM3, & TAKKE C aKTyaIbHBIMH TEHACHIIMSMH B JJAHHOM 00JIaCTH. Y CTAaHOBIICHO, YTO
B COBPEMEHHBIX YCJIOBUSIX OTPHLATENbHBIA 3(P(EeKT JOMyBOK COXpaHSeT CBOE HaIlpaBJieHHE, OJHAKO CYIIECTBEHHO
CHIKAETCS 10 BEJIMYMHE U YACTUYHO KOMIIEHCHPYETCS CPENICTBAMU BTOPHYHON METaJLTYPIUH.

Kniouesvle cnoga — KUCIOPOAHBIA KOHBEPTEp, MOAYBKU, OKUCIEHHOCTh Meramia, FeO muiaka, HU3KOyIJiepoaucTas

CTaJlb, BTOpUYHAA MCTAJLITyprus.

OCHOBHBIE IMTOJIOKEHUSA

[IpoBeneHO PeTPOCIIEKTUBHOE COMOCTABJICHUE
PE3YIIBTATOB KIIACCHYECKOT0 UCCIIEIOBAHMSI IOTYBOK
1973 ronma (bypaonoB B.A. u 1p.) ¢ coBpeMEeHHBIMH
npon3BoaAcTBeHHBIMA MaHHBIME AO «Qarmety» (4514
TUTaBOK 0e3 JOoayBOK ¥ 334 IiaBKH ¢ JOMYBKaMH,
okTsi0ps 2025 — anpens 2026). YcTaHOBIEHO, YTO
npu  (UKCHPOBAHHOM KOHEYHOM  COJEp’KaHWUHU
yriepona  JOAYBKa — TO-TIPeKHEMY  CMEIIAeT
perpeccuonHy0 3aBucuMoctb FeO—C B cropoHy
Ooiee BBICOKOM OKHCIIEHHOCTH IIIaKa, OIHAKO
BenmmumrHa casura (0,7—0,9 11.11.) Ha TOPSAI0K MEHBIIIE,
gyeM B 1973 rogy (poct FeO c¢ 13,8 mo 17,7%).
[lokazaHo, dYTO CBSI3p MEXAY COIEpKaHHUEM
KHCTIOpOZia ¥ YyIJIepoAa MpU JOAYBKAaX CTAaHOBUTCS
MeHee ycroiumBoi (R* camxaercs ¢ 0,47 mo 0,17),
YTO YKa3blBaeT Ha BO3POCIIYI0 BapHaOEITHHOCTH
mpolecca, a He Ha OJIHO3HAYHBIA POCT CpeaHen
OKHCIIEHHOCTH  MeTayUla. BEIBIEHO, 4dYTO B
COBPEMEHHBIX YCIIOBUSX JOAYBKa OOecIIednBaeT
3aMETHOE CHIDKCHHE copepkaHus docdopa (0Komo
14%), uTo memaer e€ TEXHOIOTUYECKH OMPaBIaHHOMN
orepanuell Mpu KOHTPOIUPYEMOM OKHCIUTETHHOM
pexnme. [lokazaHo, dYTO YacTh HEraTHBHBIX
MOCTIENCTBUA  NOAYBOK  (IIOTEpH  Maprasiia,
noseimenne FeO) kommeHcHpyeTcss Ha CTaauu
BTOPUYHON METAJUTypTHH, YTO TNPUHIHUINAAIHHO
OTJIMYAeT COBPEMEHHYI0 MPAKTHKY KOHBEPTEPHOT'O
MPOU3BOACTBA OT ycioBuil 1973 roga.

BBEJIEHUE
JlonyBKM — TOBTOpHBIE HOAAYH KHUCIOPOJA B
KOHBEPTEPHYIO BaHHY IIOC/ie€ IEpBOHAYAJIbHOU
OCTaHOBKH MPOLYBKH - SIBIISTIOTCSA

pacrpocTpaHEHHOM TEXHOJOTMUECKOH —orepalueit
MIpU MPOU3BOACTBE HU3KOYIIIepoaucToi cranu. OHu
NPUMEHSIOTCA IS KOPPEKTUPOBKU TEMIIEPATYPHI,
COCTaBa MeTaJljla WIK yAaJICHUsI IPUMECEH, Mpexe

Bcero gocdopa u cepbl, Korja IIaBKa He JOCTHraeT
HENEeBbIX APaMETPOB B KOHIIE OCHOBHOW MPOJTyBKH.

Brnusinue n0lyBOK Ha KayeCTBO KOHBEPTEPHOU
CTamy ocTa€rcsi TPEIMETOM IPOM3BOJCTBEHHOTO
WHTEpeca, TOCKOIbKY TOBTOPHOE BO3JEHCTBHE
KUCJIOPOJIHOM ~ CTPYH  TOTEHIMAIbHO W3MEHSET
OKHUCJIMTENBHBIN OaaHC BAaHHBI, yrap pacKUCIATENeH
U YHCTOTY  CTald 1O  HEMETAUIMYECKUM
BmoueHusM. B 1973 romy bypaonos B.A., I'axoB
H.®., Jlobaues B.C. u coaBTOpBI OMyOIMKOBAIH
pe3yIBTAThl CUCTEMAaTHIECKOTO MCCIEAOBAaHUS dTOU
TPOOIEMBI MIPUMEHUTEIHEHO K YCIIOBHSIM
KaparanamHCKOro Merayjurypradeckoro KomMOWHaTa
[1, 5  8]. Pabora ycraHoBHIA  YETKYIO
OTPHUIIATENBHYIO  CBS3b  MEKIY  IPOBEICHHEM
JIOJlYBOK M KAa4EeCTBOM KHCIOPOTHO-KOHBEPTEPHOI
CTaJIu.

Hacrosmias crates mpeciemyer 1elb IPOBECTH
PETPOCIIEKTUBHBIN  aHaMM3  pe3yiIbTaTOB  TOTO
BPEMEHH, COMOCTaBUTh WX C COBPEMEHHBIMHU
MPOU3BOICTBEHHBIMIA JAHHBIMH, ITONyd€HHBIMH Ha
TOM JK€ TMPEeNNpusiTHH, W OIeHHTh, HACKOIBKO
M3MEHWIICS XapaKTep BIUSHIU JOAYBOK 32 MCTEKIITHIA
mepuox C  y4€TOM  Pa3BUTUS  COBPEMEHHBIX
TEXHOJIOTUH  KOHBEPTEPHOTO MPOM3BOJICTBA U
BTOPUYHON METAJUTYPIUH.

PE3YJIBTATHI U OBCYKJIEHHUE

OIBITH MIPOBOMIIACH Ha 250-TOHHBIX
KOHBEpTEpax, padoTalomMX C OTBOJAOM Ta3oB 0e3
JIOXKUTaHUS. Merann MPOAYBAIH yepes
YETHIPEXCOIUIOBYIO (hypMy TIPU PacXoje KHCIopoJa
750-850 m3/MuH. Macca MeTauIOIMXThI COCTaBIIsIa
300 T, B ToM uncie 65-75 T noma. BiausiHue nonyBok
u3ydasiocb Ha 28 tuaBkax cramu  10co ¢
PACKUCIIEHUEM CHIIMKOMAapraHieM, (heppoCcruInireM
u amomunueM [1, 3, 9].

PerpeccuonHblii aHamu3 mokasal, 4YTO C
YMEHBIICHUEM COAEpXKaHUA yriepoia B KOHIIE
MPOAYBKA HApacTaeT KOHLIEHTpalus KUCIOpoJa B
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MeTajule, IPUYEM T10CIIE BTOPOU U TPEThER JONYBKH
3Ta 3aBHCHMOCTh CMEIIaeTCsi B CTOPOHY Ooinee
BBICOKOH OKHCICHHOCTH. ABTOpPHI [1, 6] 0OBsicHMIN
JaHHBIA 3PQEeKT ocnadlicHueM IepeMelTuBaHUS
BaHHBl TIPU CHIDKEHHOM pacxofle KHCIopoaa B
pexume poayBku (600—800 M3/MUH) U TOBBIIIICHHOM
TIOJIOKCHU U bypMBbI, BCIIC/ICTBHE 4ero
MOCTyNaroMuH KHCIIOPOJ pacxonyercs
MPEUMYIIECTBEHHO Ha OKHCIIEHUE JKele3a, a He Ha
o0eccepuBaHUE W YMCHbBIICHUE KOHI[CHTPAIHH
yriaeposa.

ComnocraBuTenbHbIe JaHHBIE IO 14 m1aBkaM 0e3
JOMyBOK ® 14 TutaBKaM C JIOOyBKaMH IIpU
OJTMHAKOBOM KOHEUHOM cojep:kaHuu yriepoaa (C =
0,08%) npencrasiens! B Tabmuie 1.

«Yrap Mn» u «Yrap Si» — OTHOCHUTEIIbHBIC
MOTEpH OT UCXOAHOTO coaepxKaHus, %.

Tabnuna 1 — CpenHuit coctaB MeTala U IIjlaka
niepen; BeITyckoM (anubie 1973 ropa [1))

Pexum C, Mn, S, % [O], % FeO | Vrap | VYrap

% % i, Mn, Si,

% % %
Bes 008 | 0154 | 0,031 | 0,044 138 | 9,6 25,2
JIOJLYBOK
C 0,08 | 0,106 | 0,03 0,0567 | 17,7 | 13,6 31,0
JIOlyBKaMH
ConepxcaHne Kucjiopoga B MCETAJLUIE IIpU

nomyBkax Bo3zpocio ¢ 0,0440 mo 0,0567%, FeO B
mmake — c¢ 13,8 go 17,7%; yrap w™apranma
yBemuumiics ¢ 9,6 mo 13,6%, yrap kpemHHs npu
ocakaaromeM packuciaenun — ¢ 25,2 no 31,0%. bamn
3arps3HEHHOCTH CHJTMKATHBIMHA u
CIUIUKOCYIb(UIHBIMI BKJIIOYEHUSMH COCTaBWJI B
cpenaem 3,81 mpotus 2,79 Ha maBKax 0e3 JOAYBOK.
Homnst o0pa3ioB, BBIJIEPKABIINX HCIOBITAHHE Ha
XOJOAHBIN M3THO, cHM3MIAach ¢ 94% (0e3 MOmyBOK)
1o 85,3% (c momyBkamu) [1, 7].

PerpeccuoHHblii  aHaIM3
cnenytoume ypasHenus (Puc. 1):

— 0e3 momyBku: y = —60,076x + 24,247, R?
0,1047;

— ¢ popyBkoi: y = —57,06x + 24,808, R?
0,1037,

roe y — coxepxanue FeO B mumake, %; X —
KOHEUHOE CoNlepKaHue yriaeponaa B Meraiie, %.

nmo FeO mokazan

Puc. 1 — Biusiaue noaysku Ha coaepxanue FeO
B LIJTAKE B 3aBUCHMOCTHU OT COZICPIKaHUs YIIIeposia

O0e 3aBUCHMOCTH OTpHLATENbHBIC: C POCTOM
KOHLIeHTpamu yraepoaa FeO B mmmake cHukaercs,
YTO TOJHOCTBIO COIJIacyercss ¢ (QU3UKOXHUMHUEH
nporecca. [Ipu comocraBieHHH Ha OIMHAKOBOM
yposHe yriaepoza (0,04-0,10%) nmuHust «c 10TyBKOM
pacrojokeHa BbIIIe IMHUN «0e3 TOAYBKI» — Pa3HHUIA
cocrapmsier mopsaka  0,7-0,9 nmm  mo  FeO.
CrnenoBatenbHO, JOAYBKAa COXpaHSET TEHICHIHIO K
TMOBBIICHUIO OKHMCIICHHOCTU HUIAKa IMPHU OAUHAKOBOM
KOHEYHOM COJIEpKaHUU yriiepoaa, XOTs dSPQert
3aMeTHO cnabee, ueM B 1973 roay. Huskue 3nadenus
R? = 0,10 gns obenx TpymIl yKa3blBalOT Ha TO, YTO
yriaepon o0bsicHaeT vk okoio 10% Bapuariu FeO,
TOrJa  Kak  ONpENeNsIoNyl0  poib  UrParoT
COIYTCTBYIOIIHME TEXHOIOTHUECKHE (DAKTOPBL.

Hust 3aBUCHMOCTH «KUCITIOPOA—YTIIEPOI»
nony4eHbl ypaBHenus (Puc. 2):

— ¢ gomyBkoi: y = —3030,9x + 800,44, R?
0,1666;

— 0e3 momyBkH: y = —5376,5x + 948,59, R?
0,4702,

IJie y — CoJiepKaHne pacTBOPEHHOTO KHUCIIOPO/a,
ppm; X — cogeprkanue yriepoaa, %o.

Puc. 2 — BimsiHre HOMYBKHY Ha CO/IEpKaHNE
PacTBOPEHHOTO KUCIOPOJA B 3aBUCUMOCTH OT
COZIEpXKaHus yriepoaa

bes3 nonysku cBsizsp C—O OOCTATOYHO YCTOHYKBA
(R>=0,47), Toraa xak rpu I0ILyBKE OHA CYIIECTBEHHO
pasmbiBaercs (R? = 0,17). DTo o3HavaeT, 4TO JOAYBKA
HE CTOJBKO OJHO3HAYHO IIOBBIAET CPEAHHUM
KUCIIOPOJI, CKOJIbKO JIeJlaeT €ro IOBEACHHE MEHee
IPEACKA3yEMBbIM. Jlvann NEepeceKaroTCs
npubinsutensHo npu C = 0,063%, uro monTBepKaaer
HEMOHOTOHHBII XapakTep BIWSHMS JOAYBKM Ha
COZIEpKaHUE KHUCIOpoJa B 3aBHCUMOCTH OT YPOBHS
KOHEYHOI'0 YIJIeposa.

Cpennue 3HAYEHUs TEXHOJOTHYECKHUX
TOKa3aTeneld Iepen BBIIYCKOM MPEACTAaBICHBI B
Tabnune 2. B ormrune ot Tabmuiest 1, Te npyuBeaeHs
otHocutTenpHble yrapel Mn u Si (%), crTonOusl
[Mn]Bbimyck U [Si]BbImyck MPEACTABJISAIOT
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a0CONIOTHOE COJep)KaHWE DJIEMEHTOB B MeTajie
niepen BeITyckoM (%). [Ipsimoe cpaBaeHue [O] Mex Iy
rpynnaMi HEKOPPEKTHO 0e3 MOIMpaBKW Ha pa3iiuyuue
koHeuHoro yriepoaa (0,060% mpotus 0,069%);
KOpPEKTHasl OLlEHKa JlaHA PETPECCHOHHBIM METOAOM
BBIIIIC.

Ta6muua 2 — CpeaHuid cocTaB MeTallla M [UIaka
TIepel BBITYCKOM (COBpEMEHHbIE TaHHbIE)

Pexum C,% | Mn, S, % [O]. FeO [Mn] [Si]

% ppm 1., BBINY BBINTY
% cK, % cK, %

be3 0,06 0,06 0,018 635 20,6 0,432 0,137

JIOZLYBOK 0 1

C 0,06 0,05 0,018 596 20,63 0,435 0,133

JIONlyBKaM 9 7 7

u

Cpenuuii KOHEYHBI yIjepos, B TIpymme cC
noayBKamMu Bhimie (+15% OTHOCHTENBHO), YTO CaMmo
mo cebe CHWXKAeT PAaBHOBECHBIM  KHCIOPO/.
Conepxxanre Mn HWKe mpu oayBkax (—6,6%), uto
corjacyercss ¢ 0Ooliee BBICOKMM yrapoM Maprasiia.
Conepxanne FeO mpakThueckn HE W3MEHHIIOCH
(+0,03 m.m.).

Anamm3 paHHbIX 10 (ochopy IoOKaszaia, 4YTO

JIOlyBKa ~ CIIOCOOCTBYET €ro  Ooiee  TIOJHOMY
yAaJeHUIO: coiepkaHue P Ha BhITyCKe P J0AyBKax
HIKe TmpuMepHo Ha  14%, dro  sBUsercs
TEXHOJOTHYECKA  3HAYMMBIM  MOJOKHTEIEHBIM
adexTom.

Ha  mocnemyrommx  cragmsx — oOpaOOTKH
(BTOpMYHAS ~ METALTyprHs)  YacTh  pasIHyudH,

3a(h)MKCHPOBAHHBIX Ha BBIMYCKE, KOMIICHCUPYETCS: Y
IJJaBOK C JOAyBKaMu HaOmromaercs Ooliee HH3KOE
conepxanmne C 1 S u 6oJee BBICOKOE coiep kanre Mn
MO0 CPaBHEHHIO C TIOKA3aTeNIIMA Ha BBITyCKE. OJTO
CBHUJICTENILCTBYET O TOM, 4YTO COBpPEMEHHAs cXema
BTOpHYHON 00paboTku Merammia Ha AIIK cmoco6Ha

HUBEIMPOBATh YacTh HETaTUBHBIX IIOCICICTBHUI
JOAYBOK.
K  ofmmM  3aKOHOMEPHOCTSIM ~ OTHOCSATCS

crenyromye. Bo-TiepBrIX, B 000X CITydasx JOAYyBKa
IpH  COMOCTABIICHMA HAa OIWHAKOBOM YyPOBHE
KOHEYHOTO  yIJIepoa  COMpPOBOXAAeTcs  Ooiee
BBICOKOM OKHCIIEHHOCTBIO IIIaKa. Bo-BTOphIX, B
000uX CITydasx HaOIF0JaeTCs HETAaTHBHOE BITUSHYE HA
cojiep>kaHue MapraHiia. B-TpeTsux, 10myBKa B 00erx
CUTYalUsIX MPEACTaéT KaK Oolepanusi, He SBIISIOIasIcs
«OecrIaTHOW» 10  METauTypruiyeckoMy OanaHcy:
YIIy4IIEHUE OJJHUX TIOKA3aTeNeH IOCTUTAETCS 33 CUET
YXYIIIEHUS IPYTUX.

Bwmecte ¢ TeM pa3nmuumns BechbMa CYIIIECTBEHHBI.
Pansbire monyska gaBana peskuii poct FeO B mmmake (¢
13,8 0o 17,7%), CHIbHBII pOCT KUCIOPOA B METAILIC
(c 0,0440 no 0,0567%) 1 3HAUNUTEITHLHBIN COBMECTHBIN
yrap Mn u Si. B coBpemeHHbIX gaHHBIX cpeanuit FeO
npaktayecku He naMenmncs (+0,03 ma.), a cpeanee
COJICpKAaHUE KHUCIOPOJAa OKAa3aJloCh JAXEe HIKE B

8

rpynne ¢ pgonyBkamu. CHI)KEHHE BBIPRKEHHOCTH
HETaTUBHOTO 3(QeKTa CBSI3aHO C COBOKYIHOCTHIO
(hakTopoB: COBEPILICHCTBOBAHUEM CHCTEM
YIIpaBJICHUSI KOHBEPTEPHBIM MPOLIECCOM,
BO3MOJKHOCTBIO TOYHEE 3a/1aBaTh PEKUM JOAYBKH
(pacxom kucCIOpoma, IMOJIOKeHUE (ypMbl  Hax
VCIOBHBIM  <«3EpKajio»  MeTajia), a  TaKke
MPUHIUIUATIBHBIM U3MEHEHUEM POJIU MOCIIEAYIOIEH
00paboTKu MeTasIa.

HeoOxomumo Takke OTMETHTh METOIUYECKOe
pasznuume nByx pabot. B wmccrnemoBanuum [1, 3] obe
CpaBHMBAacMbIC TpymnIibL 1500 (SA041 OI[HHaKOBBIﬁ
xoHeuHslll yriepox (C = 0,08%), uto obecrneunBaso
«aucroe»  BeiAeneHwe dddekra gomyBku. B
COBPEMCHHBIX NAHHBIX I'pyIinia ¢ J0AYBKaMU UMECT B
cpemHeM Oosee BeICOKMH KoHeuHbIM yriepon (0,069
npotuB 0,060%), 4TO 3aTpyAHIET MPSIMOE CpPaBHEHHE
CpEIHMX 3HaueHUW. PerpeccMoHHBI MOIX0.
conocraBienue npu ¢ukcupoBanHom C — maér Ooree
KOPPEKTHYIO KapTHHY W TIOJTBEPIKIAET COXpaHEHHUE
HanpasieHus 3ddexra (1oayBka — 0oJice BBICOKUMN
FeO), HO ¢ cyIIeCTBEHHO MEHBIIICH BETHIUHOM.

TenneHuy, BHISBICHHBIE B HACTOSIIEH pabdore,
COrJIaCyroTcCs C pe3yiibTaTaMn AKTYaJIbHBIX
uccienoBanmii. Lv Changhai et al. [2, 10] mokazasu,
YTO BBIXOJ] 32 TpeNeNbl KpuTHUecKoro uana3oHa C
SIBJISIETCS MEXaHU3MOM, OOBSICHSIONIAM
HaOJIF0IaEMBIN CIBUT perpeccuoHHbIX JuHuH FeO-C,
YTO HANpsSMYyI TOATBEPKIACT HAll BBIBOA O
CHCTEMATHYCCKOM CMEIIEHUH 3aBUCHMOCTU TIPH
monyskax. He X. et al. [3, 5, 10] ob6ocHoBamm, 9TO
HETIPE/ICKa3yeMOCTh  MOBEICHUS KUCIIOpoJa TpH
MIOBTOPHBIX TIPOJYBKaX — OTPKEHHAS B CHI)KEHHUU R?
¢ 0,47 no 0,17 — siBnsieTcs KITIOYEBBIM apTyMEHTOM B
MOJIB3Y nux MHHAMU3AIUH CpencTBaMu
aBTOMaTHuecKoro yrpasienus. You D. et al. [4, 7, 8]
MOKa3aJlv, 4TO Ja)Ke YMEPEHHBIA POCT OKHUCICHHOCTH

nulaka npu gomyBkax  (+0,7-0,9 mm  mpum
¢ukcupopanHom C) ycwimBaeT Harpy3Ky Ha
BTOPHYHYIO ~ METAJUTyprui0  4Yepe3  Mex(asHbIe
peaKnuy B KOBIIIE, YTO COOTBETCTBYET HAOIIOaeMO
HEOOXOZMMOCTH ~ JIONOJHHUTEIBHOH  KOPPEKIMH
cocTaBa MeTajlla IOCIe BBIIYCKAa IUIABOK C
JIOITyBKaMH.
BbIBO/IbI

1. Pannee nccnenoBanue [1, 6] 3adgukrcupoBano
BBIP@KEHHOE OTPHULATENBLHOE BIMSHUE JIOYBOK:
POCT OKHMCJICHHOCTH METaJUla U IUIAKa, YBETUUEHHE
yrapa pacKUCIHUTeINel, OBBILEHNE 3arpsI3SHEHHOCTH
CTaJu OKCHUAHBIMU HEMEeTaJUIMYECKUMHU
BKJIIOUCHUSIMUA U CHIDKEHHE BBIXOAA TOJHOTO JINCTA
IPY UCIIBITAHUN Ha U3THO.

2. CoBpeMeHHbIE NPOHM3BOACTBEHHBIE JAaHHBIC
AO «Qarmet» (4 514 nmnaBok 0e3 noayBok u 334
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TUTaBKH C JOAYBKaMH, OKTA0ps 2025 — ampenb 2026)
MOATBEPKIAIOT COXpPaHEHHE HalpaBieHus s dekra:
npu (UKCHPOBAHHOM YPOBHE KOHEUHOTO YTIIEpoja
JOAYyBKa CHCTEMAaTHUYECKH CMEIIAeT 3aBUCHUMOCTb
FeO-C B cropony 0Oojee BBICOKOH OKHCICHHOCTH
nuiaka. Bmecte ¢ TeM BenMYMHA 3TOTO CHIBUTA
CYIIECTBEHHO YMEHBIIUIACH.

3. Tlo 3aBHUCMMOCTHM  KHCIOPOJI—YIJIEpOs
COBpPEMEHHBIE  JaHHble  He  OOHapYKHBAIOT
OJJHO3HAYHOI'O  pOCTa  CPEOHEr0  COJEepKaHUA

KHCIIOpoJa MpH JoayBKkax. J{onyBka nemaer cBsazb C—
O menee ycroiunBoii (R? camxkaercs ¢ 0,47 10 0,17),
YTO YKa3blBaeT Ha BO3POCIIYI0 BapHaOETbHOCTH
mpoiecca W OOJBINYK)  YYBCTBUTEIBHOCTH K
COIMYTCTBYIOIINM TEXHOJOTHUYCCKUM YCJIIOBUAM.

4. B COBpeMEHHBIX YCIOBUSAX JIOJyBKa
obecrieunBaer 3HAYMMOE CHIDKEHHE COJIepKaHUs
dbochopa (oxomo 14%), uro saBmgercs e
TEXHOJIOTHYCCKHU 000CHOBaHHBIM IIPUMCHCHHUEM.
HeraTtusHbie mociencTsus — ymepenublii poct FeO B
uIaKe u IoTeps MapraHia — HJaCTHUYHO
KOMIIEHCUPYIOTCS Ha cTaguu BTOPUYHOU
MCTAJIITypruu, qTOo IIPUHIUITUATIBHO oTJIM4acr
COBPEMEHHYIO MIPAKTHUKY.

5. JlomyBky clenyeTbl paccMaTpuBaTh Kak
JOMyCTUMYTO, HO METAITYyPTUYECKH HE
HEHTpaIbHYI0O  KOPPEKTHPYIOIIYI0  OIEpaIuio,
TpeOYIOMYI0 KOHTPOJII OKHCIUTENHFHOIO PEeXHMa U
TIOCIICAYIOIIEH BTOPUYHOW OOpabOTKHM MeTraia.
[lepcriekTHBHBIM HaIpaBJICHUEM SBIISIETCS
MHUHWUMH3AIUS 9MCIIa TTOBTOPHBIX MPOAYBOK 32 CUET
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Anoamna — byn Makanana KaHAPTHUIATHIH YHEPTUS Ke3/IepiH NMaiaaJaHaThIH HHTETpalUsUIaHFaH TOHA3BITKBIII XKYHenepiHiH
TEOPHSUTBIK HETi37epi MEH MPaKTHKAJIBIK KOIJaHy MYMKIHIIKTEpi KapacThIpBUIaAbL 3epTTey OapbIChIHAA KYH JKOHE K
SHEPTUACHIH OipiKTipe OTHIPHINT JKYMBIC ICTEUTIH THOPHATI XYHENepIiH KYPBUIBIMBI, )KYMBIC iCTeY MPHUHITNITEPi KOHE
SHEPTeTUKANBIK THIMIUTITT TangaHael. JKyHeHiH THIMIUTITIH OaFanay YIIiH SHEPTHS TYTHIHY KOPCETKIIITepi MEH IaiIaisl
ocep kodpdummenti (COP) xkommaHbUIABL. 3epTTey HOTIDKENEPl KaHAPTHUIATHIH DHEPTHs KO3JepiH MaiaanaHy apKbUIBI
J9CTYPJTi TOHA3BITKBILI JKYHeIepiMeH callbICThIpFaH/Ia SHEPT sl IIBIFBIHBIH aliTapIIbIKTai TOMEHAETYre OONaTHIHBIH KOPCETTI.
CoHBIMEH KaTap, YCHIHBUIFAH KYHEIep IiH aBTOHOM/IBI KYMBIC icTey KaOlleTi omap/IslH KaIIBIKTaFbl )KOHE AJIEKTD JKeTiciHe
KOCBUIMaraH aiiMakTapfia THIMZI KOJJaHBUIYBIH KaMTamachl3 ereni. JKYMBICTBIH FBUIBIMH JKaHAJBIFBl — KAaHAPTBUIATHIH
SHEprusl KO3MIepiH MHTEeTPAlMsIay apKbUIBl TOHA3BITKBINI JKYHECIHIH TYPaKTBUIBIFEI MEH JHEPTHS THIMALIITIH apTTHIPy
TOCUIAEPIH YCHIHY OOJBIN TaObUIaAbl. 3€PTTEY HOTHXKEIIEP] SHEPT U YHEM/ICY ’KIHE SKOJIOTHSIIBIK KAYIIICi3 TEXHOIOT UsUTap bl
JaMBITyFa OarbITTaJIFaH.
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NHTEI'PUPOBAHHASA XOJOANJIBHASA CUCTEMA C HCITOJIb3OBAHUEM
BO3OBHOBJIAEMbBIX UHCTOYHUKOB DHEPI'MH
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Annomayusn — B 3Tol cTaThe paccMaTpHUBAIOTCSl TEOPETHYECKHE OCHOBBI M BO3MOXKHOCTH MPAKTUUECKOTO MPUMEHEHHUS
UHTETPUPOBAHHBIX XOJIOMIBHBIX CHCTEM, HCIIONB3YIONMX BO30OHOBJISIEMblE HCTOYHUKHU 3HEpruu. B xoze uccnenoBanus
Obla TMpOAaHANM3UPOBAaHA CTPYKTYpa, NPHHIMIBI PabOThl M dHepreTHyeckas 3(QeKTHBHOCTh THOPUIHBIX CHCTEM,
paboTaONMMX B COYCTAHUM COJHEYHONW M BETPOBOM sHepruu. JIyis ONEeHKH 3(PQPEKTHBHOCTH CHUCTEMBI HCIOJIb30BAKCH
noKa3aTenu sHepromnorpedienus u kodgduiuent noneznoro nevicteus (COP). Pe3ynbTaTh! vcciienoBaHus OKa3aH, 4To 3a
CYET KCIOJb30BaHUSI BO30OHOBISIEMBIX MCTOYHUKOB DHEPTMHM MOXKHO 3HAYMTEIbHO CHU3UTH MOTPEOJICHHE JHEPrHH IO
CPaBHEHHUIO C TPAJUIMOHHBIMH XOJOJUIBHBIMU cHCTeMaMHu. KpoMme TOro, criocoOHOCTh MpeaiaraeéMbIX CUCTEM paboTaTh
ABTOHOMHO obOecrieunBaeT ux 3((eKTUBHOE UCIOIb30BAHHE B YIAICHHBIX M HE MOJKIIIOYEHHBIX K JJIEKTPOCETH PETHOHAX.
Hay4yHast HOBU3HA PaOOThI 3aKJIFOUAETCS B PEIOCTABICHUH MOAXO0B K IMOBBIIICHUIO YCTOWYUBOCTH U
9HeProd(GeKTUBHOCTH XONIOAUIBHOM CHCTEMBI 3a CUET MHTErPALMi BO30OHOBIISEMBIX MCTOYHUKOB dHEPIUH. Pe3ynbraThl
HCCIIeI0OBAHMS HAIIPABJICHbI HA Pa3BUTHE SHEProcOEPEraroiix U SKOIOrMYECKH 0e30MacHBIX TEXHOJIOTHl..

Kniouesvie cnosa — BO300HOBIAEMAas JHEPIUS, XOJNOOWIbHAs CHUCTEMa, COJNHEYHAs SHEPrHs, JHEprodpexTHBHOCTS,
MHTErpUPOBAaHHAs CUCTEMa, THOpHIHAS cucTeMa, KoddduieHt noneznoro neictaus(COP)

HETI'I3I'I EPEXKEJIEP JKAHAPTBUTATBIH DHEPTUS KO3AepiH KOMAAHYAbI TaJamn

3eprTey OaphICBIHIA KYH JKOHE JKET DHEPTHSACHIH  eTell. TOHA3BITKBINT JKYHenepi DHEPTUSHBI KOl
OipiKTipreH THOPHATI  TOHA3BITKBIINI JKYHECIHIH  TYTHIHATHIH KYPBUFFBLIAPABIH Oipi OOIBIT TAOBLIAIEI.
IOCTYpi  JkylleMeH — campICThIpraHma  dHeprus Kazipri TaHma omemje »dHeprust peCypCTApBIHBIH
TyThIHY bl 40-50%-Fa Jeiiin a3aiiTaThIHBI AHBIKTANBI.  CAPKBUTYBI JKOHE KOPIIAFAH OpTAHBIH JIACTAHYHI
YcuHBITFAaH THOPHATI KYHEHIH Taiigamsl ocep  DHepreTwka CanacChlHAAd JKaHA MISHIMIepai  Taiam
koapdummenti (COP) 3,5 wmomine »xerim, moctypni  eryae. JoCTypmi »Heprus KezaepiHEe TOYENmilliK
KOMITpeCCOpIBIK kyieHiH kopcerkinriner (COP =2,0) mapHUKTIK  ra3mgapIasiH OeiHyiH APTTHIPHITI,
emoylp Jkorapel Oommpl. Tek KyH OHEPrusiChlH KJIMMATTHIH ©3repyiHe oKemnmin COKThIpynd. OChIFaH
MaiganaHaThiH JKYHEHIH SHEpPIrHsl IIBIFBIHBI JAOCTYPNiI  OaiIaHBICTBI  JKAHAPTBUIATHIH  JHEPTUS  Ke3JepiH
KyHemeH canbicThipranaa 60%-ne1 Kypaapl, an COP  keHiHeH eHridy — Kasipri 3aMaHHBIH  ©3€KTi
kepcerkimii 3,0-re nmeifin ecti. MHTerpamusutanran — moCenenepiniH Oipi OOmeim TaObIAABL. TOHA3ZBITKBIII
KYHWEIepAiH aBTOHOMIBI JKYMBIC iCTey KaOlleTi JkoHe KOHIUITMOHEpIey KyHhenepi TYPMBICTHIK >KOHE
OJIap/IBI DIIEKTP XKeJiCiHe KOChIIIMaFaH allbIC OHIpJIeple  OHMIPICTIK CeKTOpiapaa KeHiHeH KOJJIaHBUIATHIH,
Iie THIMAI KOJJIaHyFa MYMKIH/IK O€peTiHi KepCceTuImi. JHEePTUSHbl KOl  TYTHIHATBIH  KYPBUIFBUIAP/IBIH
ANBIHFaH  HOTIDKENED JKAHAPTBUIATBIH  JHEpPrus  KarapeiHa kartansl. OIapIblH 3HEPTUS TYTHIHYBIH
KO3JIepiH TOHA3BITKBIII XKYHelepiHe KipiKTipy SJHeprust ~ a3aiTy JKoHE THIMAUINIH apTTHIPYy 3HEPTrEeTHKAIBIK
YHEMJIey MEH SKOJIOTHSIIBIK KayilCi3MiKTi Oip Me3riifle  TYPAKTBUIBIKTHI KAMTAMACHI3 eTYAIH MaHBI3IbI OaFbITHI

KaMTaMachI3 €Te aJaThbIHBIH PACTai/Ibl. 00mnbIn Ta0buTaBl. COHFBI JKBUIIAPBI KYH, JKEN JKOHE
0acka 1a »aHAPTHUIATHIH YHEPIUs KO3/IepiH naiaaiany

KIPICIIE ApKBUIBI KYMBIC ICTEHTIH TOHA3BITKBIL XKyilerepiHe

XXI  racelpma  2Heprust  peCypCTapblHBIH  KbI3BIFYLIBUIBIK apThII KeJei. Ocipece,
LIGKTEYJIiri  JKOHE  OJKOJNOTMSUIBIK ~ MoCenenep  MHTErpauusiaHFaH okydenep — OipHelne SHeprus
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Ke3epiH OipiKTipy apKbUIBI )KYMBIC iCTEHTIH KelIeH i
mIenriMaep KOFapsl ~ CEHIMIUTIriMEH  KoHE
TYpPAKTBUIBIFBIMEH epeKuieneneni. MyHaii kyiernep
SHEPrusi  KO3lepiHiH  TYpPaKCHI3IBIFBIH  a3aWTHII,
Y3iKCi3 )KYMBIC iCTey1i KamTamacei3 eremi [10, 12].

3epTTeyaiH MakCaThl — XAHAPTHUIATHIH SHEPTHUS
Ke31epiH naipanaHaTeH HHTErpalusUIaHFaH
TOHA3BITKBII  >KYHENepiHiH  THIMIUIriH  Tanaay,
ONApJBIH  KYPBUIBIMABIK EPEKIICTIKTePiH aHBIKTAY
JKOHE KOJIIAHY MYMKIHIIKTepiH Oaranay.

Ocpl MakCaTKa >KETy YVIIH KeiaeCli MiHIeTTep
KOMBLIBI:

1. >KQaHAPTBUIATBIH DHEPTHUS KO3JEPiHIH TYpIepiH
Tangay,

2. TOHA3BITKBIIII
MPUHIUIITEPIH 3ePTTEY;

3. WHTErpanusUyIaHFaH >KYHeNIepaiH THIMIUIIrH
Oaranay;

4. sHeprus YHeM/iey MYMKIHJIIKTepiH aHBIKTAY.

Byn 3eprTey KYMBICHI KAaHAPTHUIATHIH JHEPTHUS
Ke3[epiH THIMII NaiAanaHy apKbUIbl TOHA3BITKBIII
JKYHEIEePIHIH SHEPreTHKANBIK JKOHE OSKOJIOTUSIIBIK
KOpCETKIIMTePiH KAKCAPTYFa OAFBITTAIFAH.

Kyhenepinig KYMBIC

9/IEBUET IIOJIYbI
JKaHapTHIIATEIH Y)HEPTHS KO3AEPiH a1 TaHaATHH
TOHA3BITKBIIT  JKyHenepi COHFBI OHKBUIIBIKTA

JHEpPreThKa JKOHE JKBUIYTEXHHKA CANaIapbIHIAFHI
MaHBI3ABI 3epTTEy OAFBITTAPHIHBIH OipiHe ANHAIIBL.
OJNIeMIIK ToKipuOene CATKBIHAATY JKYHenepi JIEKTp
DHEPTUACHIH €H KOIl TYTHIHATHIH KYHWelIepaiH Oipi
O0mbm  TAOBITAABI.  XAaTBIKAPATBIK IHEPTETHKAIBIK
AreHTTIKTIH MONIIMETTepi OONBIHIE, FUMAPATTAPIAFEI
CATKBIHAATY JKYHesepi >KaJIbl JIEKTP SHEPTHSACHIHBIH
mamamen 10-15%-bIH TyTHIHAABI, &1 KEHOIp BICTHIK
KIMMATTHIK aiiMakrapaa oyt kepcerkim 20%-ra neitin
xeremi [1].

Ocbiran  OAMNAHBICTHI JKAHAPTHUIATHIH JHEPTUs
KOe3[epiH TMaifaraHy apKpUIBI KYMBIC iCTEHTiH
TOHA3BITKBIII KYHUENepiH NAMBITY MaHBI3IBI OONBIT
orelp. KyH 3HeprusaChiH MalAaIaHaATHIH KYHelepIiy
immiage  ®DoroamekTpuik  3ddexT  HerisiHaeri
doroanekrpaik (PV) sxyiienep KeHiHEH TapaFaH.
Mynpait  kyilerepae KyH TaHeIbAepl  apKbUIBI
OHJIIPIITEH  JJIEKTP OHEPrHsChl  KOMIPECCOPIIBIK
TOHA3BITKBIIITAPIBI TiKEIEeH HeMeCe aKKyMyJAaTOp
ApKBIIBI KOpEeKTeHMipeni. 3epTreyiep KopCeTKEHIeH,
PV-xyiienepai  KOnmaHy — DJIEKTp  DHEPTHsICHIH
TyreiHyapl 30-60% neitin TeMeHIeTyre MYMKIHIIK
Oepeni [2]. CouHbIMeH KaTap, >KbUTYy OSHEPTHUSCHIH
nanaanmaHaTeiH  AOCOPOIMSITBIK TOHA3BITKBIII  ITUKJT
KeHIHEH 3epTreireH. AOCOpOIMUIBIK KyHenepiae
CAIKBIHAATY  TpOIeCi  KOMIpPEeCCOpChI3  XKy3ere
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aChIpbUIABI  KOHE OJKBUTy KO3l periHAe KyH
KOJUIEKTOpNIApbl  KOJJMAHBUIANBL. byn  xydenepain
HETI3r1  apTHIKIWBUIBIFEI  — 3JEKTP OHEPrusiChIHA

TOYCIIUTIKTIH TOMEHIrl. Anaiaa Onap by MaiIaTbl
ocep k0ddpdummenti (COP) cambICTHIpM&TBI Typae
TeMeH 00mbIn Keneni (amgerte 0.6-1.2 apansireiaga) [3,
8, 9].

Tarb! Oip epCHIEKTUBAIBI OAFBIT — 8ICOPOIUSITBIK
CANKBIHAATY TEXHONOrusapsl. byn xylenep KarTTsl
COpOeHTTEep/l KONAAHY apKbLIbI AKYMBIC iCTSH I KOHE
TOMEH TEMIIepaTypalibl JKbUIy Ke3JepiMeH THIMII
JKYMBIC iCTel anajsl. 3epTTeysiep KepCEeTKEeHICH,
ancoporusuibik  kyienepain  COP moni  0.3-0.8
apaibIFbIHAA O0Manel, Oipak OyApAbIH  CEHIMILTIrI
JKOFApBI KOHE IKOIOrHsIIbIK KayincCi3 [4, 8 11].

TepMOaIeKTpIiKk  CANKBIHAATY OKyHenmepi e
FBUIBIMH  3epTTeyliepJe  Kapacteipputynd. Omap
[enpThe 3QQeKkTiCi HeriziHge KyMbIC iCTelmi. by
)KyhenepiH 0aCThl apTHIKIIBLUIBIKTAPHI — KO3FaIMaIIbI
OesmiexTepaiH 0O0IMaybl, Iy ISHIEHIHIH TOMEHIrl
JKOHE y3aK KbI3MET €Ty Mep3iMi. JlereHMeH, OnapiapiH
sHepruss tuiMautiri temen (COP 0.3-0.7),
COHJBIKTAH Oj1ap KeOiHeCe MIaFbIH KOJIeMIl XKylenep e
Kommamemanel  [5, 8, 11]. Comrbl  KbUIAAPHI
UHTErpalMsIaHFAH HeMeCe THOPUATI KyHenepre
epeKIie KoHim OemiHyde. MyHmai xyuenepae KyH
SHEPTUSCHl KeJd DJHEprusiChiIMeH HeMeCe JoCTypdi
JJIEKTp  JKemiCiMeH  Oipikripimexi. bymn  TocCin
JKAHAPTBUTATHIH DHEPTUS KO3JEPiHIH TYPAKCHI3IbIFBIH
(MHTEPMHUTEHTTIIITH) TOMEHIETIIT, KYHEHIH
CEeHIMIUTITIH apTTHIPAIBL. 3epTTeyiiep KOpCEeTKEHICH,
THOPHUATI ‘KYHenep/ie SHEprusiMeH KAaMTaMacChi3 eTy
TypakTeUILIFEl 20—30% >x0rapsr 60mans [6].

DHeprus Cakray TEXHOJOTHSUIAPHI 1A MAHBI3IbI
pen aTkapamel. AKKyMYISTOPIBIK Oarapesiaap >KoHE
JKBITY CaKTay XKYHenepi KYH SHEpTHSACHIHBIH TOYIIKTIK
e3repiCrepin TeHeCtipyre myMmkinaik Oepemi. IRENA
(2021) nmepekrepine  CoiikeC, OSHeprusi  Cakray
JKYHenepiH KOJIaHY KAkl KYHeHIH THIMAUTITiH 15—
25% apTTeIpyFa MYMKIHIIK Oeperti.

TepMOOMHAMUKAIBIK, TYPFBLIAH JKYHEHIH
tuimairiri  [ainaner ocep k03 durmenti (COP)
apkpuUTel  OaramaHagpl.  [loCTypni  KOMIpPeCCOpPIBIK
xyienepae COP wmoni 2.0-4.0 apansrsiHma 00mCa,
JKAHAPTHUTATHIH DHEPTHSIFA HETI3JeNreH JKyhenepe
Oyl KepCeTkiml »xyiie TypiHe OAHIaHBICTHI ©3repin
OTBIPAJIBL.

Kazipri  FeUTBIMH ~ 3epTTEYIEpAIH
OarpITTaphl MBIHATIAPBI KAMTHIBI:

1. rubpuari KyienepaiH THIMAUIITIH apTTHIPY;

2. 3Heprus CaKTay TeXHONIOTHSUIAPBIH KETUIAIPY;

3. SKONOTHUSUIBIK Ta3a CAJIKBIHATKBIII AreHTTep Il
KOJ/IaHy;
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4 vHTENNeKTYyan s 6aCKapy >KYHeNnepiH eHrizy.

Ocpuiaiimia, KYpri3inren onebu oy
JKAHAPTHUIATBIH JHEPrUs Ke3JepiH Al aIaHaATHIH
WHTETPAIMUIAHFAH TOHA3BITKBINI KYHENIepi 3HEPrus
THIMIUIIr1 MEH SKOJOTHUSIIBIK KAyirmCi3mikTi
KaMTaMacChI3 €TYJIH TepCIEeKTUBAIBI OAFBITHI CKCHIH
nmonenneiini. CoOHbIMEH KaTtap, Oyl OarbITTaFbI
3epTTeyNiep o Je JaMyJIbl KKeT ereni, aCipece
KYHenepAiH THIMIITIH apTTeIpy KOHE ONMapablH
SKOHOMUKAJIBIK KODKETIMAUIIIIH KaMTaMmachi3 €Ty
MaCelenepine.

MATEPUAJIIAP MEH 9ICTEP

3epTTey KaHAPTHUIATBIH  BHEPTUS  KO3JepiH
nailanaHaTblH ~ WHTETpallMsUIaHFaH  TOHA3BITKBILI
KYHECIHIH TEOPHSIIBIK MOJCTIH KYpy JXOHE OHBIH
JHEPTeTUKAIBIK KepCeTKITepiH JIOCTYpITi
JKYHEIEPMEH CajIbICThIPMAIIbI TYPJE TajlJlay HEri3iHae
xyprizingi. XXymbic OapeickiHza onedu Jepektep,
TEXHUKAIBIK CUIATTaMaliap >KOHE ecenTey oJlicTepi
KOJIaHBULIBI, OYJ aJbIHFaH HOTWXKeleplai Oacka
3epTTEYIINIEpAIH KalTanam TeKcepyiHe MYMKIHJIIK
Oeperi.

By 3epTTey agaMaapabIH HeMece )KaHyapIapIbiH
KATBICYbIH TaJllall eTIHel[[i, COHJABIKTAH 3THKAJIBIK
KOMUTETTIH MaKyIIaybl KoHEe XabapiiaHfaH KeJiciM
amy  Kaxer  OonmManel.  JKyMBIC — TONBIFBIMEH
TEXHUKAIBIK-TEOPUSUIBIK ~ CHITATTa  OONFaH/IBIKTAH,
3epTTey OapBICHIHA JKEKe HEMece JKeKe aHbIKTalaThIH
JiepeKTep MaiaaaHbuIMa]bl.

3epTTey O0BEKTICI peTiHIe KYH MaHEeNIbJCpiHeH
JKOHE JKeJ TeHepaTOPbIHAH TYPAThIH THOPUATI SHEPTHSI
KO3IMEH JKa0/IbIKTaIFaH KOMITPECCOPIIBIK TOHA3BITKBIII
KOHIBIPFBICHI anbIHABL. JKYHeHIH HeTi3ri Kypamuaac

OemikTepiHe (OTODIEKTPIIIK MOIYIBAEp, IIaFBIH
KyaTThl el TypOMHACKI, aKKyMyIJSTOPIBIK OaTapes
ONMorel, KyaTThl perTeylni KOHTpPOJUIep  JKoHE
TOHA3BITKBIII ~ KOMIIpeccopbl  Kipeni. CanbIcThIpy

MakcaThlHIA YII HYCKa KapacThIPbUIABL IOCTYpPIi
(>kemizmeH KOPeKTeHETiH) KYHe, TeK KYH SHePTUsAChIMEH
JKYMBIC ICTEHTIH >Xyie >kxoHe THOpuari (KyH+XKen)
Kyite.

XKyitenepain SHEPreTUKANBIK THIMAUIITIH Oaraay
yiriH naiganst ocep kodpdunuenti (COP) kepcerkimri
KOJJAAHBUIABI, OJ TOHA3BITKBIL KOHIBIPFBICHIHBIH
aNaThlH CAJKbIHOATY KyaTBIHBIH JXYMCaJIFaH 3IIEKTP
SHEPrUsIChIHA KATHIHACHI PETIH/AE €CEeNTeNIi:

COP = Q_canxpiH / W_smextp

MyHOarbel (Q CanKplH — XKYHEHIH CalKbIHAATY
Kyatbl (Bt), W_s3eKkTp — KOMIIpecCcOpbIH TYTHIHFaH
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anekTp KyaTbl (BT). Opbip skyile YIIiH TOYMNIKTIK
9HEPTUsl TYTHIHY KOPCETKIIITepi AJCTYpJi >KyHeHiH
MoHiH 100% nenm anblim, canbICTBIpMaibl MalbI30CH
€CenTeni.

EcenTeynep TypakTbl CBIPTKBI TeMIlepaTypa
KargalbiHAa — (OpTama  TOYNMIKTIK — KepceTKilTep
OOMBIHINIA) JKYPri3uIli, KYH paAualMsichl MEH >Kel
KBULIAMBIFBIHBIH, OpTallla CTaTUCTUKAJIBIK MOHIEpI
Herisre aneiHAbl. KyH maHenblIepiHiH  MIBIFBICHI
CTaHJApTTH chiHAK >karmaitnapsiHa (STC) coiikec, an
JKeJl TypOMHACHIHBIH KyaThl THIITIK el JKbUTAaMbIFbI
JMama3oHbIHA  colikec ~ OaramaHiabl.  AJIBIHFaH
SHEpPreTUKAIIBIK KOpCETKIITep JOCTYpIIL
KOMITPECCOPIIBIK, KYHEMEH CalbICTBIPBUIBII, OJapbIH
apachlHAarbl ANBIPMAIIBUIBIK TMANWBI3IBIK KATHIHACTA
KOpCETUIII. Ecentey  HoTmxkenepi  HeriziHze
JKYHeNepAiH SHeprus TUIMALTINT MEH TYpPaKThUIBIFbI
TYpaJibl KOPBITHIHBI JKacaiblL.

HOTUWXEJIEP )KOHE TAJIKBIJIAY
3eprTey HOTIDKENEPI KOPCETKEH/IEeH,
JKaHAPThUIATBHIH SHEPTUs KO3JCPIH Mai1aiaHy SHEpTHs
TYTBIHY/IBI 40-50% TOMEHIETEN]. T'ubGpuari
JKYHEIEPAIH TYPAKThUIBIFbI dKOFaPHI.

Kecrte 1 — XKytienepai caipICTBIpy

Ne | XKyite DHeprus COP
1 Hoactypai 100% 2.0
2 Kyn 60% 3.0
3 I'ubpun 50% 35

JKyprizinren 3epTTey HOTHXKENepi )KaHAPTHUIATHIH
SHEprusl KO3JepiH NaiaNaHaThIH HWHTErpalusuIaHFaH
TOHA3BITKBINI JKYHENIEPIHIH DSHEPTeTUKAIBIK JKOHE
SKOJOTHSIIBIK ~ TYPFBIOAH THIMII IHENIM  eKeHiH
kepcerti. KyH >KoHe >Xel DHEpruschbiH OipiKTipim
KOJIJIaHy JTSCTYPIIi JIEKTP IHEPTHsIChIHA TOYENILTIKTI
a3alThIN, SHEPTUs IIBIFBIHBIH EIoyip TOMEHJIETYTe
MYMKIH/IK Oeperi.

3eprrey  OapbichiHIA  (DOTODNEKTPIIK  JKOHE
JKBUTYJIBIK ~ HETi3/Ieri  TOHA3BITKBINI  JKYHenmepiHiy
EpEeKIICTIKTepl TaJNNaHBI, ONAPIbIH OPKANHCHICHIHBIH
APTHIKIIBUTBIKTAPBI MCH IIEKTEYNIEPi AHBIKTAIIbL. ATar
aTkaHAa,  (OTODNEKTPIIK  JKyHemep  JKOFaphl
ceHiMIiTikKke wue Oonca, aOCOPOIUSIIBIK JKyienep
DJICKTP SHEPTHSCHIH a3 TYThIHYBIMEH epeKIIeIeHEe.
CoHBIMEH  KaTap, TEpMODJEKTPIIK  JKyHenmepIiH
Kapamnaibim KYPBUTBIMBI oJIapbIH IIaFbIH
KYPBUIFBLIApAa THIMAI KOJJAHBUTYBIH KaMTaMAChI3
ereqi.

WuTerpanysiianran
KOIJJaHy  JKaHAPTHUIATHIH

(rubpuari)
SHEPrusd

Kyrenepai
KO3JIepiHiH
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TYPaKCBI3JBIFBIH ~ TOMEHJECTIN, IKYHCHIH  Y3[IKCI3
KYMBIC ICT€yilH KaMTaMachl3 €TeTiHI aHBIKTAJBI.
DOHeprusi cakTay KYpBUIFBUIAPBIH Naijanany Oy
KYHenmepAiH  THIMAUIIH — apTTHIPBIN,  TOYMIKTIK
KYKTEMEH1 TeHeCTipyre MyMKiHAIK Oepeni.

3epTTey HoTHXKeIepi OOMBIHINA, >KaHAPTHUIATHIH
SHEPrusl KO3JepiH Maijallany apKbUIBI TOHA3BITKBILI
KyHenepiHiH dHeprusi TyTtbiHYBIH 30-50% neiiin
TOMEHJeTyre OONaThIHBI JKOHE Maljanbl — dcep
ko3 uIMeHTIH apTTBIpyFa MYMKIiHIIK Oap exeHi
nonenaeHai.  bym  kepcerkimrep — YCHIHBUIFaH
KYHEIEPAIH SKOHOMHUKAJBIK TYPFBIIAH Ja THIMI
EKEeHiH KOpCeTe/Ii.

KOPBITBIH/IbI

Ocepunaiiia, >KaHApTBUTATBIH JHEPTUsl KO3JEpiH
nailanaHaTblH ~ WHTETpallMsUIaHFaH  TOHA3BITKBIMI
JKYHenepi SHEPTs YHEM/IEY, SKOJIOTHSUIBIK KayICi3 ik
KOHE aBTOHOMJBI JKYMBIC iCT€y  TYpPFBICBIHAH
OoJarmarkel 30p TEXHOJIOTHS OOJBITT TaOBIIabI.

Bonamakra KyprisiieTiH 3eprreyiep Kejieci
OarpITTapra OarbITTATYBI THIC:

1. xyHeHiH maiimambl
apTTHIPY;

2. 3Heprusi cakTay TEXHOJIOTHSIIAPBIH KETUIIIPY;

3. MHTEIJIEKTYaAbl OacKapy KYHenepiH eHrisy;

4. XyHeHiH SKOHOMHKAIBIK THIMIUTITH apTTHIPY.

KopeIThIHABUIAH Kelle, JKaHAPTBUIATHIH SHEPTUs
KO3/IepiHEe HETi3IeNreH TOHA3BITKBII >KYHenepiH
JaMBITY — TYPaKThl SHEPTETHKAHbI KAIBINTACTHIPYIBIH
MaHbI3/1bI KaIaMIapbIHBIH Oipi OOMIBIN TaObLIabL.

ABTOpap Mya/enep KaKThIFBICBIHBIH KOK CKeHIH
MAITIMAEH 1.

ABTOPJBIK KYKBIK © 2026 aBtop(aap)ra
THecimi. by makana Creative Commons Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0)
JIAIEH3UACH] OOMBIHIIA AaIIbIK KOJDKETIMII OOJIBII
TabbLIaabl. JIUIIEH3Us TYITHYCKAa €HOCKKE THICTI TYpae
cinTeMe KacajFaH >Karjaiija, Ke3 KeireH oprajaa
naijjananyra, TapaTyra >KOHE KaWTa Kapusulayra
pykcat  Oepemi. TyblHOBI ~ MaTepuamgap  OCHI
JIUIIEH3USTHBIH 1) OChIHIal MapTTapbIMEH TaAPaThLUTYhI
THIC.
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Abstract — The article discusses the development and implementation of an interactive training complex in the discipline
«Design Thinking» in the bachelor's degree program «Automation Systems Engineering». The relevance of the research is due
to the active digital transformation of higher education, increased requirements for practice-oriented learning and the need for
future graduates in the field of «Electrical Engineering and Automation» to develop not only professional and technical
knowledge, but also creative design, analytical and communicative competencies. In the context of automation and increasing
complexity of engineering activities, the integration of interactive and digital technologies into the educational process is of
particular importance.

The paper uses methods of theoretical analysis of scientific publications, generalization of pedagogical experience, pedagogical
observation, student and teacher questionnaires, as well as comparative analysis of learning outcomes. Based on the conducted
research, a mixed learning model has been developed that provides for a pedagogically sound combination of online and offline
forms of work with students. The practical implementation of the model was carried out using the eXe Learning platform and
a specially developed set of interactive tasks focused on the step-by-step development of the methodology of design thinking.
The results of the pilot implementation showed a steady increase in students' involvement in the educational process, an
increase in the level of educational motivation, activation of independent cognitive activity and improvement in the quality of
learning compared with the traditional teaching format. The data obtained confirm the pedagogical expediency of using
interactive technologies in engineering education. Promising areas of further research related to the development of adaptive
educational systems, the use of learning analytics and the expansion of the functionality of digital learning complexes have
been identified.

Keywords — design thinking, interactive technologies, electronic learning aid, blended learning, learning automation, digital
platforms, eXe Learning.
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Abocmpakm — Maxkanana «ABTOMATTaHIBIPY JKYHENepiHIH WHXXEHepHsch» OiuriM Oepy Oarnmapiamachl OOWMBIHINIA
GakayaBpyap/bl Jaspray xyiecinae «/lusaiiH-oinay» moHi OOMBIHIIA WHTEPAKTHBTI OKBITY KELICHIH 93ipiey *KoHE EHTi3y
Macesenepl KapacThIpbulagbl. 3epTTEYIiH ©3eKTIIIr XOoraphel OutiM OepymiH OenceHnl NMOPIBIK TpaHChOPMAIMACHIMEH,
OKBITYIIBIH ~ToXipuOere OarnapiaHyblHa KOWBUIATBIH —TalanTapiblH KYLICIOIMEH JKoHEe «DIEKTPOTEXHHKa JKOHE
ABTOMATTAHJBIPY» OAaFbITHl OOWBIHINA OOJNAIIAK TYJICKTEPIiH KOCiOM-TEXHHMKANBIK OLTIMICpIH FaHA eMec, COHBIMEH Karap
IIBIFapPMAaIIbUIBIK-KO0ABIK, AHAJUTUKAIBIK >KOHE KOMMYHHKATHBTIK KY3BIPETTUIIKTEpiH KaJBINTACTHIPY KaKeTTLTIriMEeH
OaiaHBICTBL. ABTOMATTaHJBIPY JKOHE WHXKEHEPIIK KBI3METTIH KYpJeJeHyl >KarJaiblHAa WHTEPaKTHBTI JKoHE IM(PIBIK
TEXHOJIOTHsUTApbIH OUTiM Oepy IpoleciHe HHTETPAIMSCH €peKIle MaHbI3Fa He.

JKy™MbICTa FBUIBIMH SKapWsUTaHBIMIAPABI TEOPMSUIBIK Tallfay, NEeJarorHKalblK TXKIpUOSHI >Kallbuiay, IeAarorHKalbIK
Oakpliay, OUTIM aylIbUIap MEH OKBITYIIBIIApFa cayalHama JKYpridy, COHIai-aK OKYy HOTW)KENEpiH CaJbICTHIPMAJIbl Taaay
ozicTepi KonmaHeabl. JKypri3iireH 3epTrey HerisiHie OLTiM amylIbUIapMeH OHIIAHH jKoHE odiaiH YMBIC HBICAHIAPBIHBIH
TTeIarOrMKAJIBIK HET13/ICNITCH YIJICCIMIH KO3ICUTIH apajiac OKBITY MOJICTi a3ipiieH . Moenb i MPaKTHKAJBIK iCKe achIpy eXe
Learning mnatdopMachlH xoHE AW3alH-OWIIAy SiCHAMACHIH Ke3eH-Ke3eHIMEH urepyre OarbITTajfaH apHaiibl 93ipJieHreH
WHTEPAKTHUBTI TallChIpMaliap KeIeHiH KOJAaHy apKbUIbl )KY3€re achlpbuIabl.

[TUnOTTHIK €Hri3y HOTWXKeNepi JOCTYpili OKBITY (hOpMaThIMEH CalbICTBIpFaHAa OUTM  alylmbulapAblH OKy MpoleciHe
TapTBUTYBIHBIH TYPAKTHI 6CYiH, OKY YOKIEMECIHIH ACHIeiliH apTTBIPY/IbL, 1epOec TAHBIMABIK 1C-9pEKETTI )KaHJaHABIPYAbI )KOHE
OKy MaTepHajblH WI'epPy CalachlH JKAKCApTYAbl KOPCETTi. ANbIHFaH MalliMeTTep WHkeHepiik OutiM Oepyae MHTEPaKTHBTI
TEXHOJIOTHSUIApbl KOJJIAHY/IbIH TeIarorHKaiblK OPBIHIBLUIBIFBIH pacTaipl. AantuBTi OuTiM Oepy >KyHelepiH JaMbITyFa,
OKBITY aHAIWTHKACBHIH MaiajlaHyra >KoHEe HU(PIBIK OKBITY KEHICHJIEpiHIH (YHKIMOHAIABIK MYMKIHAIKTEPIH KeHEHTyre
0alJIaHBICTBI Opi Kapairsl 3epTTeyepAiH NepPCIEeKTHBAIBIK OaFbITTaPbl aiKbIHIAIb.

Kinm ce30ep — nu3aiin oWnay, MHTEPaKTHBTI TEXHOJOTHSUIAP, 3JEKTPOHABI OKY KYpalbl, apaiac OKBITY, OKBITYIbI
aBTOMAaTTaHABIPY, CaHJBIK TIaTdopmanap, eXe Learning.

PA3BPABOTKA HHTEPAKTUBHOI'O OBYYAIOHIETI'O KOMIIVIEKCA 1TO JUCIUIIJIMHE
«IU3AMH-MBIIIJIEHUE» B KOHTEKCTE ABTOMATHU3AIIMA 1 YITPABJIEHUA
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Temupray, KaparauauHckas obnacts, Kazaxcran, e-mail: u.klopov@tttu.edu.kz

Annomayus — B cTaThe paccMaTpHUBAIOTCS BOIPOCH Pa3padOTKU U BHEAPEHHS MHTEPAKTUBHOI'O 00YdYaroONMIero KOMIUIEKCa
0 JUCUHUIUTHHE «J{M3aifH-MBIIIIICHHE» B CUCTEME MOATOTOBKH 0akalaBpOB MO 00pazoBaTelbHOU mporpamme «Mmxenepus
CHCTEM aBTOMATH3aLUM». AKTYyaJbHOCTh HCCIEIOBAaHMS OOYCIOBJIEHA aKTHBHOW IM(pPOBOI TpaHc(hoOpManuen BBICIIETO
00pa3oBaHus, YCUICHHEM TPeOOBaHUI K MPAKTUKO-OPUCHTHUPOBAHHOCTU OOYUYEHHsS U HEOOXOAUMOCTHIO (pOopMHUpOBaHHS Y
OyIyIIHMX BBITYCKHUKOB ITO HANIPABIEHHUIO «IEKTPOTEXHUKA U aBTOMATU3ALHs» HE TOJIBKO NP0 ECCHOHANTEHO-TEXHHIECKHX
3HAHUH, HO U KPEaTUBHO-NIPOEKTHBIX, AHAINTUIECKUX M KOMMYHHKATUBHBIX KOMIIETEHIHUI. B ycmoBusax aBTOMaTH3amuu u
YCIO)KHEHHS! HMH)XEHEPHOH IeATEeNbHOCTH 0co00e 3HAaueHHWe NpHOOpeTaeT HHTErpalds WHTEPAKTHBHBIX M LU(POBBIX
TEXHOJIOTHH B 00pa30BaTENbHBIN MpoIeCC.

B pabore ucnonap30BaHbl METOBI TEOPETHIECKOTO aHAJIN3a HAYYHBIX MyOMMKanuii, 0000IEeHNs MeAarorniecKoro OIbITa,
MeJarOrMIeCcKOro HaOMIOAEHNS, AHKETHPOBAHWS OOYJAIOUIMXCS WM TPErojaBaTeNs, a TaKKe CPaBHUTEIBHOIO aHAIN3a
pe3ynbratoB oOyueHus. Ha ocHOBe NpoOBENEHHOrO HCCIIENOBaHUS pa3paboTaHa MOIETb CMEIIAHHOTO OOyYeHWUs,
MpeaycMaTpUBAIONIAs TEIarOrHIeckd OOOCHOBAHHOE COYETaHWE OHNANH- W odmaitH ¢Gopm pabOTBHI ¢ OOydarOIIMMUCS.
[IpakTHueckas peann3anys MOJEIH OCYIIIECTBIICHA ¢ TPUMEHEHNEM MaTdopMbl eXe Learning u criennanbHO pa3paboTaHHOTO
KOMIUIEKCAa WHTEPAKTUBHBIX 33JaHUH, OPHEHTHPOBAHHBIX HA IOATANIHOE OCBOCHHE METOMOJIOTHMH IU3aiH-MBIIIICHHS.
Pe3ynpTaThl MMIOTHOrO BHEAPEHHS MOKA3alIM YCTOMYMBBIM POCT BOBIEYEHHOCTH OOYYAIOMMXCS B YYEOHBIM Iporecc,
TIOBBIIIIEHUE YPOBHS Y4eOHOH MOTHBAIMM, aKTHBU3AIMIO CAMOCTOSTENHbHON MO3HABATENBHON NEATEIBHOCTH M YITydIlICHHE
Ka4ecTBa yCBOEHHS y4eOHOro Marepuaia 1o CpaBHEHHUIO ¢ TPaJUIMOHHBIM (opMaToM InpenonaBaHus. [loaydeHHbIe JaHHbBIE
TIOATBEPXKIAIOT TIEIarOTHUECKYI0 II€I€CO00Pa3HOCTh HCIONB30BAHMS HMHTEPAKTHBHBIX TEXHOJOTHH B HH)XEHEPHOM
obpazoBanun. Onpeienie sl MepCIeKTHBHBIE HAPABICHNS JATbHEHIINX CCIIE0BAHNH, CBA3aHHbIE C PA3BUTHEM a/IalITUBHBIX
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06pa3OBaT€J'ILHLIX CUCTEM, HCIIOJIB30BAHUCM aHAJIMTUKN O6y‘I€HI/IH n pacliMpCHUEM (l)yHKIII/IOHaJ'IBHBIX BO3MOXKHOCTEH

IU(POBBIX 00YJAIOMINX KOMILUIEKCOB.

Knrwouesvle cnoea — nu3aliH-MBINUICHHE, WHTEPAKTUBHBIE TEXHOJIOIMH, JJIEKTPOHHOE y4eOHOE MOocoOHe, CMeNIaHHOe
o0ydeHne, aBToMaTH3alus 00ydeHus1, nudpossle mwiarhopmel, eXe Learning.

MAIN PROVISION
The study demonstrated that combining design

level of student engagement compared to traditional
lecture-based teaching.

thinking methodology with interactive digital tools within The developed blended learning model, built on the a
blended learning format leads to a noticeably higher eXe Learning platform, showed that a reasonable

balance between online theoretical modules and offline
team practice allows students to move toward activity-
based learning without overloading face-to-face classes.

The pilot implementation among the ISA-23s-1,
ISA-23s-2 and ISA-23v groups showed a steady rise in
learning motivation and independent cognitive activity,
confirmed both by observation and by students' survey
responses.

The results obtained can be applied more broadly to
build similar interactive training complexes in other
engineering disciplines where creative and project-based
competencies need to be developed alongside technical
knowledge, though automated feedback still cannot fully
replace live communication with a teacher.

INTRODUCTION

The modern higher education system is undergoing
an intensive digital transformation, which leads to a
revision of traditional approaches to the organization of
the educational process. A deep understanding of the
mechanisms of this transformation is crucial to ensure
the competitiveness of engineering personnel in the
context of industry 4.0. The development of information
technology, automation of production and management
processes, as well as the growing requirements for the
flexibility of professional competencies of specialists
necessitate the introduction of new pedagogical models
focused on the active participation of students and the
practical orientation of learning.

This problem is becoming especially relevant for
technical training areas, including educational programs
in the field of automation and control. A modern
university graduate should possess not only deep
technical knowledge, but also developed systems
thinking, the ability for interdisciplinary interaction,
creative problem solving and project activities. In this
regard, the methodology of design thinking is of
considerable interest, which has proven to be an
effective tool for forming a user-oriented approach to
solution development.

At the same time, interactive learning technologies
are being actively introduced into educational practice,
ensuring  increased  student  engagement, the
development of their independence and the formation of
sustainable professional skills. However, an analysis of

current educational practice shows that the issues of
system integration of design thinking and interactive
digital tools remain insufficiently developed. The lack of
a single methodological framework for the introduction
of creative technologies into the rigid structures of
engineering education creates a significant barrier that
limits the development of students' design competencies.
This gap in existing knowledge and methodological
support determines the need for this study.

This work aims to fill the identified niche by
developing a methodology for integrating interactive
technologies into the teaching of the discipline «Design
Thinking» and evaluating their effectiveness based on
the pilot implementation of an electronic textbook. The
article discusses the implementation of the blended
learning model and the creation of a specialized training
complex on the eXe Learning platform for students of
the ISA-23s-1, ISA-23s-2, ISA-23v groups.

The relevance of this study is determined by the
need to:

1) improving the effectiveness of teaching the
discipline «Design Thinking» to future engineers;

2) integration of interactive digital media into the
educational process;

3) developing a methodically based model of
blended learning;

4) empirical verification of the effectiveness of the
proposed solutions.

The aim of the work is to develop a methodology
for integrating interactive technologies into teaching the
discipline «Design Thinking» and evaluating their
effectiveness based on the pilot implementation of an
electronic textbook.

To achieve the goal, the following tasks were set:

1) analyze the theoretical foundations of
interactive learning and design thinking;

2) to investigate the existing practice of teaching
the course;

3) develop a model for the implementation of
interactive technologies;

4) create an electronic training manual,

5) conduct a pilot implementation and evaluate its
results.
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LITERATURE REVIEW

According to E.S. Polat, Doctor of Pedagogical
Sciences, interactive technologies are a set of teaching
methods and tools that ensure the active participation of
students in the learning process through joint activities,
information exchange, reflection and decision—making
[1].

According to the definition of IDEO founder T.
Brown, design thinking is a way to combine analytical
and intuitive thinking to create effective user-oriented
solutions [2].

In the educational context, design thinking is a
technology of project activity that helps students
develop the following skills:

1) identification and analysis of user needs;

2) generation of innovative ideas;

3) teamwork and iterative testing of solutions.

Automation of the educational process is the use of
software and hardware tools to optimize, manage and
control educational activities.

According to A.T. Glukhov, automation of
education is one of the key factors in the transition to an
intelligent  educational environment, where the
processes of learning, control and analysis are integrated
into a single digital system [3].

The analysis shows that interactive technologies,
design thinking and automation of the educational
process are interrelated components of modern digital
pedagogy:

1) interactive technologies ensure the active
involvement of students in educational interaction;

2) design thinking develops creative and design
competencies;

3) automation  of  education
infrastructure  for  effective = management
personalization of education.

The combined use of these approaches contributes
to the formation of a new model of education based on
the principles of flexibility, adaptability and digital
interaction.

An analysis of the pedagogical and psychological
aspects of interactive learning shows that its
effectiveness is based on the active involvement of the
student in the learning process. From a pedagogical
point of view, interactive methods create conditions for
joint search for solutions, exchange of experience and
comprehension of acquired knowledge. In this model,
the teacher becomes not only a source of information,
but also an organizer of educational interaction, who
guides, supports and helps to build the logic of
reasoning. The student gets the opportunity to learn
through action, rather than passive perception of the

creates an
and

material, which enhances understanding and promotes
more solid assimilation.

The psychological aspect of interactive learning is
primarily related to increased motivation and
engagement. When a student sees the results of his own
participation, he feels in control of the learning process
and takes( the initiative more confidently. At the same
time, the feeling of belonging to a group increases, the
level of anxiety decreases, and a willingness to openly
express thoughts is formed. The dialogical form of work
develops communication skills, and the constant need to
evaluate one's own decisions contributes to the
formation of reflection and critical thinking.

Interactive learning combines a pedagogical focus
on cooperation and psychological support for an active,
motivated student position. This allows you to build the
educational process in such a way that it is both
meaningful, emotionally intense and developing.

As part of the preparation of the study, a systematic
search was carried out for scientific articles,
monographs and dissertations dealing with the
application of interactive technologies and design
thinking in the educational process, including the fields
of automation and control. The analysis made it possible
to identify the main approaches and conclusions relevant
to the topic under consideration.

The analysis of scientific literature [4-9] shows:

1) interactive technologies in universities provide
tangible educational benefits: increased motivation,
engagement, critical thinking, and self-organization
skills;

2) the methodology of design thinking, when it is
introduced into educational programs, becomes not just
a theoretical construct, but part of the practical
formation of creativity, flexibility, and project thinking
skills among future specialists;

3) the combination of design thinking and
digital/interactive platforms looks promising, as it
allows adapting educational programs to modern
requirements, stimulating students' independence and
improving their technological literacy;

4) in conditions of mass education and with the
growing role of technology, automation of some
processes is possible (for example, job evaluation,
support through Al), but research shows that it is not yet
possible to completely replace a live teacher, especially
when it comes to creative, contextual tasks;

5) there is no «universal recipe», despite many

successful examples, even in one discipline,
effectiveness strongly depends on the context (technical
equipment, teacher training, student motivation,

learning culture);
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6) in a number of works, approaches have not yet
been systematically worked out, a traditionally
constructive approach is often used, and the role of
digital/automated elements is minimal, which reduces
the portability of these models to courses with a
technical bias;

7) in studies where Al is used for evaluation or
support, difficulties are noted in assessing "human"
qualities: empathy, innovation, contextual thinking.

MATERIALS AND METHODS

The discipline «Design Thinking» in the
educational program 6B07106 «Automation Systems
Engineering» is aimed at developing the competence to
select optimal engineering solutions based on the
analysis of user needs.

The purpose of studying the discipline is to develop
creative thinking, the ability to innovate and solve
problems taking into account human needs.

The structure of the discipline includes:

1) lecture material (stages of design thinking,
tools, business modeling);

2) practical work (problem identification, idea
generation, prototyping, etc.); 3) final term paper.

As part of the educational program 6B07106
«Automation Systems Engineering», this discipline
enhances the interdisciplinary nature of training,
ensuring the integration of technical knowledge with
methods of creative solution search, prototyping and
testing. This helps students develop practice-oriented
thinking and flexibility in developing automation
systems.

The analysis showed that the applied teaching
methods are quite diverse (brainstorming, SCAMPER,
teamwork), but their digital support and system
interactivity are used to a limited extent.

The study revealed the key limitations of the
traditional format.:

1) insufficient activity of students;

2) limited practical focus;

3) weak digital integration;

4) uneven student engagement;

5) insufficient support for independent work.

These factors necessitated the development of a
new learning model.

The development of a methodology for integrating
interactive tools into the teaching process of the Design
Thinking course requires taking into account both the
specifics of the subject itself and the needs of students
for a high degree of engagement, creative activity and
practical orientation of learning. The inclusion of
interactive tools involves a combination of digital
platforms, team techniques, creative techniques, and

practical tasks that provide a dynamic and flexible
educational environment.

The key principle of developing such a
methodology is the transition from an explanatory and
illustrative format to activity-based learning, where
students participate in mini-research projects, solve real
or simulated tasks, and interact with each other in
flexible group structures.

The proposed model is based on the following
principles:

1) an activity-based approach;

2) blended learning;

3) digital support for all stages of design thinking;

4) a combination of individual and team work; 5)

continuous feedback.

The model assumes a rational distribution of
learning activity between online and offline
environments. The online component is focused on the
preliminary development of theoretical material and
individual work of students and includes theoretical
modules, interactive tasks, self-test tools, work with
digital whiteboards and testing. The face-to-face
component is aimed at developing practical and
communication skills and is implemented through
brainstorming, team prototyping, collective discussions
and defense of developed solutions.

To develop interactive tasks in the form of an
electronic textbook, the eXe Learning platform was
chosen, which is a freely distributed tool for creating
electronic educational resources without the need for
programming skills. It allows you to create structured
modules that include text blocks, multimedia content,
interactive elements, and built-in assessment tools.

The following interactive elements were used to
create an electronic training manual for the «Design
Thinking» course on the eXe Learning platform:

1) in the theoretical material:

- the «Accordion» effect — prefabricated content
panels for presenting information in a limited space;

- the «Tab» effect — a simple content area with
multiple panels;

- the «Page numbering» effect — splitting the
content into different pages;

- the «Definition» hint — when you hover the
cursor over the word pinned in the hint, a window pops
up with
the definition of the term;

2) in section assignments:

- a cloze assignment is a task in which you need
to type the missing word in the appropriate window;

- in closed form (one correct) — a test task in
which it is necessary to select one answer as correct;
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- a drop—down activity — a task in the form of a
text with gaps with a drop-down list of options;

- a dump list - randomly shuffled statements that
need to be placed in the correct order.

This structure ensures a gradual transition from
studying the material to its practical application.

Defining criteria for evaluating the effectiveness of
implementing interactive tools in teaching the Design
Thinking course requires an integrated approach that
takes into account both learning outcomes and the level
of student engagement, the quality of interaction, and the
degree of practical applicability of the acquired skills.

To assess the implementation, groups of indicators
were identified:

1) learning outcomes: understanding the stages of

design thinking, quality of prototypes, reasoning
solutions;
2) behavioral indicators: activity in classes,

participation in discussions, initiative;

3) communication indicators: teamwork, quality of
interaction, ability to make joint decisions;

4) subjective indicators: student satisfaction,
convenience of the platform, perceived usefulness.

The pilot implementation was carried out on the
ISA-23s-1, ISA-23s-2, ISA-23v  groups (21
respondents). During the experiment, empirical data was
collected using the following methods:

1) pedagogical supervision of the activity and
involvement of students in the classroom;

2) a survey of students in order to assess the
convenience, clarity and educational value of the
electronic manual.

Table 1 provides general information about the
respondents.

Table 1 — Summary profile of the study participants

[10]
Parameter Category Number | Share
(people) | (%)

Digital technology | Elementary 1 4,8

proficiency level Average 17 80,9
Advanced 3 14,3

Frequency of | Rarely 8 38,1

course usage Periodically | 10 47,6
Regularly 3 14,3

A qualitative analysis of the open responses made it
possible to refine the results of the quantitative
assessment and identify the key advantages and problem
areas of using the interactive electronic manual [10].

In the block with open questions, students
highlighted the advantages and disadvantages of this

manual, and also made their suggestions for its
improvement [10]:

1) analysis of the advantages:

— methodological value: convenient structure,
visibility and the possibility of immediate practical
testing of the theory;

— psychological and pedagogical aspects:
increased motivation, development of autonomous work
skills and the possibility of learning at an individual
pace;

— technological factor: the availability of quick
feedback on tasks;

2) disadvantage analysis:

— technical barrier: lack of adaptive mobile
version and dependence on internet connection quality;

— dialogue deficit: there is an internal
contradiction in the answers, in the presence of
automated feedback, students acutely feel the lack of
prompt "live" help from the teacher and advice on
complex issues.;

— cognitive barriers: uneven complexity of tasks
and insufficient explanations for certain highly
specialized
topics;

3) suggestions for improvement:

— optimization of the interface for smartphones
and tablets;

— implementation of a multi-level complexity
system (differentiated approach);

- integration of a communication module for direct
communication with the teacher within the environment.

To assess the effectiveness of the implementation,
a comparison of learning outcomes in the traditional
format and in the format using an interactive learning
package was carried out. A comparative analysis
showed a positive trend in learning outcomes and a
higher level of student engagement when using
interactive technologies compared to traditional
teaching methods.

The results of the pilot implementation confirmed
the expediency of using an electronic textbook in
teaching the course "Design Thinking" and its potential
to improve the quality of teaching in the field of
automation and control.

CONCLUSION

In the course of the research, the scientific and
practical task of developing and testing an interactive
training complex in the discipline «Design Thinking»
for training specialists in the field of automation and
control was solved.

The results obtained allow us to draw the following
conclusions:
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1) the integration of interactive technologies into
the teaching of the discipline contributes to a significant
increase in the involvement of students and their
learning activity, the transition from an explanatory and
illustrative model to an activity-based one ensures
deeper learning of the material and the formation of
practical skills;

2) the use of design thinking methodology in
combination with digital tools effectively develops user-
oriented thinking, creativity and teamwork among future
engineers;

3) the developed model of blended learning has
shown high pedagogical effectiveness due to the rational
distribution of activity between the online and offline
environment;

4) the use of the eXe Learning platform has
confirmed its technological and methodological
feasibility for creating interactive learning resources.

The results of the work confirm the high potential
of interactive technologies and design thinking as tools

for modernizing engineering education in the context of
digital transformation.
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YChIHYJaH OLTIM aylIblIapbl XKeKeled KolaayFa Kellly KaKeTTUIINMeH aifKplHaanaabl. MakanaHblH MakcaThbl — OKBITYIbI
kekeneHaipyae KM KonmmaHyIBIH HeTi3ri OaFbITTapblH AaHBIKTAY JKOHE Oedimuenrim OimiM  Oepy MOpPTaIBIHBIH
TYKBIPBIMIAMAJIBIK MOJIENIH 93ipiey. 3epTrey Scopus AepeKKOpbIHIa WHAEKCTenTeH, OimiM Oepyaeri KU, Geiimmenrima
OKBITy, OinmiM Oepy aHAIMTHKACHI, YCHIHBIMABIK J>KYHeNep, HWHTEIUICKTYaJAbl AacCHCTEHTTEp XOHE TYCIHIIPMETIiK
MoceseNepine apHaiaraH 16 FRUIBIMHU JKapUsUTAHBIM HETi31HIE TYKBIPBIMIAMAaJIbIK-aHATUTHKAIBIK (OpMaTTa OpBIHAAIIEL.
Hotmxeciane YK apKbLUTBI skeKeIeHAIpy/Ie KOMIaHBUIATHIH O11iM Oepy JepeKTepiHiH Typiiepi aHBIKTAIbII, Ma3MYH/IBI, OKY
KapKbIHBIH, KYPHICNTKTI, Oaramaymbl >koHE Kepi OaimaHbICTHI Oeifimzmey MexaHusMIepi kyweneHmipinmi. bimim OGepy
JIEpeKTEePiH KUHAYIBI, OTiM aTyIIBHBIH MHQPIBIK MPOQIITiH KATBIITACTRIPYIbI, aHATHTAKA MEH O0IDKay/Isl, OeifiMaenrimt
MIeTTIMACPIi, HHTEIUIEKTYAIIbI KOIAAYAbl, TYCIHIIPMENTIKTI KOHE MeAaroruKalbIK OaKbpLIayIsl KAMTHTHIH OedimMmenring
OiiM Oepy MOpTaNBIHBIH Moneni YChHBUIABL. KW apKpIIbl JKEKeNeHAIPYAl €HTI3YAiH ACpPEeKTep camachlHa, aJTOPUTMIIK
Oip>KaKTBUTBIKKA, INCMIIMICPIIH allblK EeMEeCTiriHe, KYIMSUIBUIBIKKA JKOHE IIaMaJaH THIC aBTOMATTAHIBIPY KayIliHe
0aiyIaHBICTHI IIEKTEYepi aHBIKTAIIIBI.

Kinm ce30ep — >xacan/ibl MHTEIUIEKT, OKBITY/IBI XKEKEICH Py, OeHiMaenren OiniM Oepy nmopraisl, O11iM Oepy aHaTUTHKACKI,
HWHTCIJICKTYaJIAbL KOMCKH_IiJ'le.
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Annomayus — Crarbsi OCBSIIIEHA UCTIOIB30BaHUIO HCKyccTBeHHOTO UHTeIutekTa (M) nis nepconanu3zanuu o0ydeHus B
aNANTUBHBIX 00pa30BaTENbHBIX MOpTANax. AKTyaJbHOCTh HCCIIEIOBAHMS ONpPENeIsieTCs pasBUTHEM LH(POBBIX
00pa3oBaTeNbHBIX Cpell W HEOOXOAMMOCTBIO Tepexoja OT YHHU(PHIMPOBAHHOM MOAa4M Y4eOHBIX MAaTepuagoB K
WHIUBHUYaJIM3HPOBAHHOMY COTIPOBOXJICHHIO oOydaromuxcsi. Llenmb craTbm — ONpenenuTh OCHOBHBIC HANPABICHUS
npumenenns MU s nepconanmzanmu o0ydeHus 1 pa3paboTaTh KOHLIENTYaTbHYIO MOJIETb aIallTUBHOTO 00pa30BaTeIbHOTO
noprana. VccnenoBaHue BBINOJHEHO B KOHIENTYaIbHO-aHAINTHYECKOM (opMaTe Ha OCHOBE KopIiyca M3 16 HaydHBIX
MyOJMKalui, WHAEKCUPYEeMBIX Scopus, KoTopble TnocBsimensl MW B o0pa3oBaHuM, aJanTHBHOMY OOy4EHHUIO,
00pa3oBaTeNbHOM aHAJIWTHKE, pPEKOMEHAATECIBHBIM CHCTEMaM, WHTEUIEKTyalbHBIM aCCHCTEHTaM M BOIPOCaM
00BsiCHUMOCTH. B pesynpraTe BbAENEHBI THUIBI 00pa30BaTENBHBIX JAHHBIX, MCHOJB3yeMbIX i MH-mnepconanmzanmmy,
CHCTEMAaTHU3HMPOBAHBI MEXaHU3MBI 3/IaTAIlNN COJIEPKaHMs, TEMIIA, CII0OKHOCTH, OLICHUBAHMS U 00paTHOM cBsi3u. [IpemoxkeHa
MOJIeTIb  3JalTUBHOTO 00pa30BaTENFHOTO IMMOpTaNa, BKIIOYaromias cOop 0oOpa3oBaTeNbHBIX JaHHBIX, (OPMUPOBAHHE
mudpoBoro mpoduias 00ydaroImierocs, aHaJUTHKYy W IIPOTHO3MPOBAHME, aJalTUBHBIE PEIICHHS, WHTEIUIEKTYAIbHYIO
TIOJIJIEPIKKY, OOBSICHUMOCTD U Iearorudeckuii KOHTpoib. OmpeseneHsl orpaHudeHns BHeapeHus MM -nepconanmzanumy,
CBSI3aHHBIE C KAYECTBOM JIaHHBIX, aJITOPUTMHUYECKOH ITPEB3ATOCTHIO, HEMPO3PAaYHOCTHIO PELICHUH, IPHBATHOCTHIO i PUCKOM
Ype3MepHOil aBTOMAaTH3alLUH.

Knroueevle cnoea — WCKYCCTBEHHBIH WHTEIUIEKT, NEpCOHANM3AMs OOydYeHUs, afanTUBHBIM 00pa3oBaTeNbHBIH MOPTA,
o0pa3oBaTebHas aHAJTUTUKA, MHTEIUIEKTyalIbHBIE ACCUCTEHTHI

o0yyaromuxcs, TeMI HPOXOXKIEHHs Marepuana, a

OCHOBHBIE NOJIOXKEHUS TakKe JJAHHBIE O B3aMMOJIEHCTBUHN ¢ 00pa30BaTEIbHON

B xoz1e uccneioBanust ObUIM CHCTEMATU3MPOBAHBI  CPEIOH. BBIe/ICHBI OCHOBHBIC MEXaHU3MbI aaMTalii
THUIIBI 00pa3oBaTeIbHBIX JaHHBIX, KOTOpbIE 00yueHus, cpcan KOTOPBIX oOpa3zoBarenbHas
NpPUMEHSAIOTCS 18 [EepPCOHANM3alMU  O0yueHMsl AHAJIUTHKA W TPOTHO3MPOBAHUE yYEOHBIX PHUCKOB,
cpeactBamu MM — cioma OTHOCATCS pe3yNbTaThl — AJIANTalus CONECPKAHMA M CIOKHOCTH 3aJ@Huid IO

JMIMATHOCTHKH, TI0KA3aTeIX YCIEBAEMOCTH, OMMOKM TEMILy, IICPCOHAIU3UPOBAHHAS obparHast CBs3b, a

24


mailto:v.nikolenko@tttu.edu.kz

Becmuux Kapazanounckozo 2ocydapcmeenno2o unoycmpuansroz2o ynueepcumema. Ne2(53), 2026e.

TaKxKe peKOMeHIaTeNbHEIC CHCTEMBI 5
WHTEIUICKTyaJIbHbIE aCCHCTEHTEL B pabore
pa3paboTaHa KOHIENTyajdbHass MOJECIb aIallTUBHOTO
00pa3oBaTeNbHOTO TMOpTalia, KOTopas OOBEIHHSET B
eMHBIA IWMKI cOop 00pa3oBaTeIbHBIX JIaHHBIX,
(dopmupoBanue MUPPOBOro MPoduiis 00ydaroIerocs,

AQHAJUTUKO-TIPOTHOCTUYECKUH ~ MOAYJb,  MOAYNb
aJanTHUBHBIX PpelLIeHuit, MHTEJUICKTYaIbHYIO
MOJIEPIKKY u e 1aroru4eCcKuit KOHTPOJIb.
OnpeneneHbl OrpaHUYEHHUs, KOTOPHIE CBS3AHBI C

BHeapeHnem N -nepcoHanmm3anmu — 3TO HEMOJIHOTA U
HHU3KO0E Ka4dyeCcTBO JaHHBbIX, AJITOPpUTMHUYCCKast
MPEAB3SATOCTh, & TAKXKEe HEMPO3PAaYHOCTh PEIICHUN |
PUCK Ype3MepHON aBTOMATH3AIMU TEIarornyeckoro
mporiecca.  Ilokazano, 49ro mmsig  3¢pGEeKTUBHOrO
npuMmenenuss MM B amanTHBHBIX — TOpTasiax
MpernojaBareNb JODKEH OCTaBaTbCsi B KOHTYpE
TIPUHSITUS PEIICHUH, a PEKOMEHIAIIMH AT OPUTMOB —
0CTaBaThCs 00 BICHUMBIMUL.

BBEJIEHUE

Hudporas Tpanchopmarus o0Opa3oBaHus
yCWINJa 3HAYEHHE OSJIEKTPOHHBIX 00pa30BaTEBHBIX
cpex,  CHCTeM  ympaBieHHs  OOydeHMeM W
o0pa3oBareNbHBIX MOpPTaJoB. BMecte ¢ TeM MHOrHe
U(ppOoBHIE 1aThOPMBI COXPAHSIIOT
YHU(PUIIUPOBAHHYIO MOZIeNIb 00yUYEHHsI, TIPU KOTOPO
o0ydJaromumMest TpeIIararoTCs OZIMHAKOBBIE

MaTrepuanbl, 3amaHus U (QOpMbl KOHTpOIA. Takas
MOJIETb HETOCTAaTOYHO YUUTHIBAET PA3Indusl B yPOBHE
MOJATOTOBKH, TEMII€ OCBOCHHS COJIEPKAHUS, XapaKTepe
OIIMOOK, BOBJICUEHHOCTH M MOTPEOHOCTH B 0OpaTHOM
cBsi3um [1, 2].

B »rux  ycioBusX  BO3pacTraeT  3HAauCHUE
aJanTUBHBIX 00pa30BaTEIbHBIX MOPTAIOB, CIOCOOHBIX
U3MEHSATD coZIepKaHue, II0CJICIOBATEIbHOCTh,
CJIIO)KHOCTh 3aJaHuii U (OpMBI CONPOBOXKICHUS C
yuéTom WHIUBUIYaJTbHBIX XapaKTEPUCTHK
obyuaromerocst. MM B TakWx cHcTeMax BBICTYIIAET
WHCTPYMEHTOM aHaln3a 00pa30BaTEIbHBIX JIAHHBIX,
(dopmupoBanus UPPOBOTro Mpoduils 00ydaroIerocs,
MPOTHO3UPOBAaHUSI y4eOHBIX PHUCKOB U TOAJEPKKU
WHIUBUAYAILHONH 00pa3oBaTeIbHONH TpPaeKTOpHH [3—
5].

CoBpeMeHHBIE HCCIEIOBAHUS ITOKA3bIBAIOT, YTO
NEePCOHATM3AIMA O0YUEHUSI MOXKET PEaM30BBIBATHCS
yepes 00pa3oBaTeIbHYIO AHAJITHUKY,
pPEKOMEHIaTeIbHBIE CUCTEMBI, aIaNTHBHYIO 00paTHYIO
CBSI3b, MHTEJUIEKTYaJIbHbIE 00YYalole CUCTEMBI, YaT-
OOTHI 1 OOJBIIINE S3BIKOBBIE MOJIENTH. JTH TEXHOIOTHU
MO3BOJISIIOT ~ BBISIBIISITH ~ 3aTPYAHEHHS, TOAOUPATh
yueOHbIe MaTepualibl, MpeiaraTb KOPPEKTUPYIOIIME
3aaHds, ~ aJanTUpoBaTb  TeMH  OOydyeHHsS U
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obecnieunBars  Ooiee
obyuatorerocs [6—12].

Onnako BHenpenue NN -nepconanu3anuu CBsI3aHoO
C psAOM orpaHudeHuid. K HUM OTHOCATCS HENOJIHOTA U
HEOJJHO3HAYHOCTh 00pa30BaTebHBIX JaHHBIX, PHCK
AITOPUTMHUYECKON TPEAB3SATOCTH, HEMPO3pavyHOCTh
PEKOMEH AN, yrpo3bl MPHUBATHOCTH, 3aBHUCHUMOCTH
o0yyaromuxcss OT aBTOMAaTUYECKUX IIOACKAa30K U
ype3MepHas aBTOMAaTH3aLHS Ne1arornaeckux
peurenuii. [loaToMy afanTuUBHBIN 00pa30BaTEIBHBIN
nopTan JODKEH paccMaTpUBaThCS HE TOJIBKO Kak
TEXHOJIOTHYECKasl CHCTEMa, HO U Kak MeJarornyecku
yopasisieMass cpefa, B Koropod pemenus WU
OCTAlOTCSI OOBSACHUMBIMH M KOHTPOJIHPYEMBIMH
npemnozgasaresem [13-16].

Hecmortps Ha akTHBHOE pa3BUTHE UCCIICIOBAHUM B
obnactu U B 00pa3zoBaHuH, OT/ICIIbHBIE HATTPABIICHUS,
TaKue Kak oOpazoBarenbHas AHAJINTHUKA,
pPEKOMEH/IATENbHbIE CUCTEMBI, HHTEJUIEKTYyaJIbHbIE
ACCHCTEHTBI, BOIIPOCHl OOBACHUMOCTH U TUKH, YacTO
paccMaTpuBaroTCs pasgenbHO. B cBA3M € 3TUM
COXpaHseTCs MOTPEOHOCTH B KOMITaKTHOH
KOHILIENITYaJIbHOW  MOJENH, KOTOpas  CBSI3bIBACT
oOpa3oBarenbHbIE  JIaHHBIE, ITU(PPOBOH  TPOPUIH
oOyuaromierocs, Mexanu3mbl MU-nepcoHam3anumy,
aJlalITUBHBIE PELICHUS U MeAaroruyeckuii KOHTPOoJb B
eJIMHYIO CTPYKTYPY aJalTHBHOTO 00pa3oBaTEeIHHOTO
noprarna.

enbro HacTOSIEH CTaThU SBJIAETCS ONpeAeTICHHE
OCHOBHBIX HampaBicHUW wucnonb3zoBanuss WU nis

OIIEPAaTHBHYIO  IONJEPIKKY

MIePCOHAIM3AIN o0yueHus B aJIaI THBHBIX
o0pa3oBaTeNbHBIX  TOpTaJlax U MPESUIOKHUTH
KOHLIETITYaJIbHYIO MOJIETIb, CBSI3BIBAIOIIYIO
oOpa3oBareNbHbIE  JaHHBIE, IUPPOBOH  MPOPUIH
oOyyaromerocs,  00pa3oBaTeNbHYI0  aHAIUTHKY,

pEKOMEHIaTeNIbHbIE MEXaHU3MbI, HHTEJUIEKTYaJIbHYIO
MOJIEPIKKY, OOpaTHYIO CBS3b W IEAarOrHYeCKHid
KOHTPOJIb.

Jna moCTHKEeHUs LeNMM pPelauCch CIenyIoIre
3aJla4d: BBISIBIICHHE THITOB 00Pa30BaTEIbHBIX TaHHBIX,
3Ha4UMBIX U1t U -niepcoHaim3anny; CucTeMaTh3alus
OCHOBHBIX MEXaHHU3MOB aJanTallid OOy4YCHUS B

00pa3oBaTebHOM [OpTaJe; pa3paborka
KOHLENTYaIbHOU MOJIENH a/IalITUBHOTO
oOpazoBarensHOrO0 moprama H©Ha ocHoBe MU,

OlpeneieHHe KIIFOYEBbIX OrpPaHUYEHUH M PUCKOB
BHeApenus: MM-nepconanmmzanum B 00pa3oBaTeIbHYIO
MPAKTHUKY.

OB30P JIUTEPATYPbI
HccnenoBanne BBIMOJHEHO B KOHIIENTYaJIbHO-
AHAIUTUYECKOM ¢dopmare c JIEMEHTAMH
CTPYKTYPUPOBAaHHOTO 0030pa HAY4YHOW JHUTEPATYpHI.
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JanHplii moaxo BeIOpaH B CBSI3M C TEM, YTO ILEJb
pabOTHI COCTOUT HE B SKCIIEPUMEHTAIHHONW MPOBEPKE
3p(PEKTUBHOCTH KOHKPETHOW TIaTQOpPMBI, a B
00001IeHIH COBPEMEHHBIX MOJIXO/I0B K
ucnons3zoBanuio MU s nepconanmu3anum o0y4deHus B
aJanTHUBHBIX 00pazoBaTenbHbIX nopranax.
Marepranamu WCCIeIOBaHMS BRICTYITHII KOpITyc U3 16
HAyYHBIX nyOMKaIu, WHJIEKCHPYEMBIX B
MEXIyHapoIHO! 6a3e Scopus U JOCTYIHBIX B IOJTHOM
Tekcte. B kopryc Obum BKIIHOYEHBI pabotel o MU B
00pa3oBaHuH, aJIalITUBHOMY 00y4eHuto,
00pa30oBaTeNbHOM  aHAIWTHKE, PEKOMEHIATEIbHBIM
CUCTEMaM, HHTCIUICKTYyaJbHBIM aCCHUCTCHTaM, 4Yar-
O0oram, OompmM  s3BIKOBBIM ~ MozpeisiMm  (LLM),
[IEPCOHAIN3UPOBAHHOMN o0paTHO# CBSI3U u
oobsicaumoctr MU -pemennii [1-4, 11, 12, 15, 16].
Ot6op  HWCTOYHHMKOB  OCYLIECTBILUICS IO
CIEAYIOIIMM KPUTEPHSIM: COOTBETCTBUE TemaTtuke M-
NepCoHANN3AUNA OOYYeHHUs; CBS3b C LUPPOBBIMH

00pa3oBaTeNbHBIMU cpelamu, alaliTUBHBIMU
1athopMaMu W OHJIAHH-00ydeHHEeM;
paccMoTpeHue MEXaHU3MOB aHaJM3a
00pa3oBaTeNbHBIX  JIAHHBIX, MPOrHO3MPOBAHUA,
peKOMEHIali, aJanTUBHOH OOpaTHOW CBSI3U WIIH
WHTEJUIEKTyaIbHON MOJAEPKKY; Hay4Has

MPOBEPSEMOCTh M HWHAEKCUPYEMOCTh HCTOYHHMKA. B
UCCIIeIoBaHWE ObUIM  BKIIIOUYEHBI KaK 0030pHbIE
paboTHl,  MO3BOJSIIONIME  OIMKCATh  COCTOSIHHE
NPEIMETHOTO IOJSl, TAK M CTAaThbH, PACKPHIBAIOLIHE
OTACJIBHBIC MCXaHU3MbI aJaliTalluid U apXUTCKTYPHBIC
peuieHus ans qu@poBoil 06pazoBaTeNbHON cpenbl [S—
10, 13, 14].

AHann3 HCTOYHUKOB MTPOBOAMIICS B TpH dTamna. Ha
MEpPBOM 3Tame ObUTH BBIACICHBI KIIFOUEBBIC MOHSTHS
uccnepoBanus: MW B o0OpazoBaHuu, ajanTHBHOE
o0yuyeHue, mepcoHaM3auus, LUPPOBOH TPOPUIH
o0yyarorerocs, oOpazoBarebHbIe JIaHHbBIE,
oOpa3oBarenbHas  aHANUTHKA, pPEKOMEHAATebHas
cucTeMa,  ajanTuUBHas  oOpaTHas  CBA3b W
VHTEJUIEKTYyaJIbHbIM  accucTeHT. Ha BTOpom 3rame
myOMMKan ObUH COIIOCTABJICHBI o
HCCIIE10BATEIbCKOMY ¢oxkycy, TUILY
paccMaTpUBaeMbIX — TEXHOJOTHH,  HCHOIb3YeMBIM
00pa3oBaTebHbIM JTAHHBIM, MEXaHU3MaM
MEePCOHANIN3ALNN, 3asBJICHHBIM TPEUMYLIECTBAM H
orpannyeHusMm. Ha  Tperpem  orame  Obuia
copmupoBana aHaJTUTHYECKas MaTpHLa,
MO3BOJIMBINASL  CTPYNIHUPOBaTh  HUCTOYHUKH IO
TeMaTHYeCKUM  Olokam:  oOIe  HarpaBJICHHS
npumenenuss MWW B oOpa3oBaHWu, ajanTHBHEIC
oOpa3oBarenbHble  IIATQOPMBI,  00pa3oBaTeIb-Has
AHAJIMTUKAa W HNPOTHO3UPOBAHUEC, PCKOMCHOATCIILHBIC
MEXaHHU3MBbI, [IEPCOHAIM3UPOBaHHAs 00-paTHas CBS3b,
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WHTEJUICKTyallbHbIE ~ aCCHCTEHTBI W 4aT-OO0THI,
00BSCHUMOCTB, 3THKA U pucku BHenpenus UU [2, 3, 6,
8,911, 13].

MATEPHAJIbBI U METO/IbI

Ha ocHoBe npoBea€HHOTO aHam3a ObLT TPUMEHEH
METOJl  KOHIENTYaJbHOTO  MOIENHpOBaHUA. B
pe3yibrate OBUIM  BBIJCJICHBI OCHOBHBIE  THIIBI
o0pa3oBarenpHBIX  JaHHBIX, MexaHu3mbl  HU-
MepCcoHaIn3alnu, KOMITIOHECHTHI aJalITUBHOI'O
o0pa3oBarenbHOrO  IMoOprajla W OrPaHUYCHUS
BHeApeHUs1 Takux cucteM. KoHuenTyanbHash MoAemb
CTpoWJiach  BOKPYT  3aMKHYTOrO  IIMKJIa:  cOOp
00pa3oBaTebHbBIX JAHHBIX, (bopmupoBanue
UGppoBOro Mpopmist oOydaromerocs, aHaIUTHKA |
MPOTHO3UPOBAHUE, aJlaliTUBHOE pelenue,
WHIUBUyaJIbHAs TIOAJEPXKKa, oOpaTHas CBsA3b U
nocrnenyromiee o0HoBJIeHue poduis [3,4, 7, 10, 16].

OcHOBHBIMHU METOaMHU WCCIIEIOBAHHUS
BBICTYIIUJIM TEOPETUYECKUI aHallu3, CPaBHUTEIBHOE
COIIOCTaBJICHUE HCTOYHHUKOB, Kiaccuukanys,

0000mene W KOHIENTYyaJbHOE MOAEIMPOBAHHE.
OrpannuyeHrueM BBIOPaHHOW METONIOJIOTHU SIBJISIETCS
OTCYTCTBHE COOCTBEHHOTO AMIUPHYECKOTO
OKCIIEPUMEHTa, YTO HE TO3BOJISIET  OLCHUBATH
3¢ PEKTUBHOCTh KOHKPETHOW aIalTUBHON TIAT(QOPMEI
Ha OCHOBE CTaTHCTHYECKMX TaHHBIX. Bmecte ¢ Tem
JAHHOE OTpaHWYEHHE COOTBETCTBYET IIeNM PaOOTEHI,
TIOCKOJIbKY HCCIIeIOBaHNE HAaIpaBJIeHO Ha
CHUCTEMaTHU3aIINI0 COBPEMEHHBIX HAYYHBIX MOJIX0/I0B
pa3paboTKy  MOAenmH, KOTopas  MOXET  OBITh
WCMONB30BaHa KaK TeopeThdecKas OCHOBa  JIJIs
MPOCKTHPOBAHMS  aJalTHUBHBIX  00pa30BATENBHBIX
NOpTaJioB | MOCTIEAYIOLINX SMITUPUIECKUX
uccaenoBanui [2, 5, 14, 15].

PE3YJIbTATbBI U OBCYXJAEHUE

[lepconamu3anuss 0oO0y4eHHS B  aJaNTHBHOM
00pa30BaTEeNbHOM IOPTAJie OCHOBBIBAETCS HE TOJBKO
Ha 1nOpuMeHeHnu anroputMoB WU, HO u Ha
CHUCTEMATUYECKOM coope, o0paborke u
Mearormdeckoi MHTEpIpeTalul  00pa30BaTeIbHBIX
nansbiX. [log oO6pa3oBaTenbHBIMU JAHHBIMU B JAHHOM
UCCIIEJOBAaHUH TIOHUMAETCSI COBOKYITHOCTD IM(POBBIX
CJeNIOB, pe3yiabTaToB  y4yeOHOW  JEATENBHOCTH,
XapaKTePUCTUK B3aUMOJICUCTBUS ¢ 00pa30BaTEIBHOM
cpemoil M ToOKasarejeld mporpecca oOydaromerocs,
KOTOpBIE€ MOTYT MCHOJb30BAaThCsl NI HACTPOMKH

COJIEpXKaHUs, TEeMIa, CIOXHOCTH 3aJaHuii, (Gopm
KOHTPOJIS ¥ 00OpaTHOM CBs3H [3, 4, 6].
B amantuBHOM  0Opa3zoBaTeNEHOM — TIOpTaie

JIAaHHbIC BBINOJHSIOT JIBE OCHOBHBIE (yHKIUH. Bo-
NEpBbIX, OHH (PUKCHUPYIOT TEKYIIEe COCTOSIHUE
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00y4aroImerocs: ypoBeHb IOJIrOTOBKH, JUHAMHKY
yCIIEBa€MOCTH, TEMII OCBOSHHS Marepuala, XapakTep
OomMOOK, CTENeHb BOBJICYEHHOCTH U TMOTPEOHOCTH B
nojsiepxke. Bo-BTOPBIX, OHM CTAHOBSITCS OCHOBAHHUEM
JUIE  TIPOTHO3MPOBAHMS  Y4YEeOHBIX  3aTpyIHEHUH,
noxbopa pecypcoB, GopMHpOBaHUS PEKOMEHIANNA U
MPOCKTHPOBAHUSI MHIUBUILyalbHOH 00pa30BaTEIbHOM
Tpaekropuu [2, 6, 7].

KnroueBeiM  ycnoBueM — MM-nepcoHanuzanuu
aBnsieTcss  (GopMupoBaHHe IHQPOBOTO  MPOQUILS
oOyyatomierocst. Takoil mpodwis He  JOIDKEH

CTPOUTHCS Ha OJJTHOM ITOKa3aTejie, HalpuMep UTOrOBOM
Oamnne wm pe3ynbrare Tecta. OH TOIKEH OOBEMHSTH
JaHHbIe 00 YCIEBAEMOCTH, TOBEJCHHUU B CHUCTEME,

MOBTOPSIFOIIMXCS ~ OMMOKAX,  MPEIIOYTUTEIHHBIX
(dhopmaTax MaTepuasos, CaMOCTOSITEILHOCTH,
BOBJICUEHHOCTHU Hu B3aNMOJEHCTBUH c

oOpa3oBarensHON cpefod. MIMEHHO MHOTOMEpPHBIH
uGpoBoi MpoduIb O3BOISET CHCTEME IpeaaraTh
He (opMaIBHO  «CIENYIOIMH  Marepuam», a
MeIarornaecku 000CHOBaHHOE M3MEHEeHne
oOpa3oBarenpHOI TpaeKkTopuH [5, 6, 8].

[Tpu 3TOM Ba)KHO Pa3IMYATh «CHIPbIE» ITU(DPOBHIE
JAHHbIC W TIeJarOTMYeCKH 3HAYMMbIC IOKA3aTelu.
Hanpumep, anurensHoe mpeObIBaHME Ha CTPAHHIE C
y4eOHBIM MAaTEPUAIOM MOXET CBUIETEILCTBOBAThH KaK
0 BOBJICUEHHOCTH, TaK U O 3aTPYAHEHHUH, OTBJICUCHUH
WIA HEMOHWMaHWW 3anaHus. [lodTomMy JlaHHBIC
JIOJDKHBI aHAIM3UPOBATHCS HE HW30JIMPOBAHHO, a B
CBS3M C KOHTEKCTOM OOy4YeHHs, pe3ysibTaTaMu
KOHTPOJISI, XapaKTepoM OLIMOOK M TOCIEAYIOLIUMHU
neiicTBusaME oOy4aromerocs [6, 7, 13].

OOpasoBarenpHble  JaHHBIE B aJalTHBHOM
moprajge oOpa3ylOT OCHOBY ITU(GPOBOrO MPOhHIIs
oOyyaromerocss Y  IO3BOJSIIOT ~ MEpPEeUTH  OT
VHUQUIIUPOBAHHOTO TPEJOCTABICHUSI MAaTEPUAIOB K
ruOKoil HacTpoiike oOpasoBaTeNnbHOro mporecca. Mx
LHEHHOCTb ONPEIESIETCs HE KOJIMIECTBOM COOMPaEMbIX
nokaszarenel, a TeM, HACKOILKO OHHU IO3BOJISIOT
MPUHUMATD MEIarorniecku 00OCHOBAHHBIE PELICHUSI.

HenonHele WM HEBEpHO HHTEPHPETHPOBAHHBIE
JaHHbIE  MOTYT  TOpPUBECTH K  OMMOOYHBIM
PEKOMEHAALMSM, IPEKAEBPEMEHHOMY YCIIOKHEHUIO
Mmarepyajla MWIM  HEOOOCHOBAaHHOMY  OTHECEHHUIO
oOydaromierocsi K Tpynmne pucka, mnostomy WU-
NEPCOHANM3ALMS  JIOJDKHA  BKIIIOYaTh  MEXaHU3M
TeAaroruaeckom MIPOBEPKH, 00BSICHEHHUST "

KOPPEKTUPOBKH aITOPUTMHIECKIX BBIBOAOB [3, 7, 13,
14].

NH-nepconanuzanus B aJJaTUBHOM
o0pa3oBaTe/IibHOM IOpTajie MPEJACTaBIIeT  COOOM
COBOKYITHOCTh  B3aMMOCBSI3aHHBIX ~ MEXaHH3MOB,
o0ecreynBalIMX  HAaCTpOHKy  00pa3oBaTeIbHOrO
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mpolecca IMOJ — WHIMBHUAYyallbHbIE  OCOOEHHOCTH,
NEHCTBUS W Pe3ydbTaThl  OOYyYaroIIerocs. OTH
MEXaHH3Mbl HE OTrpPaHUYMBAIOTCS ABTOMATHYECKON
pekomeHmammeil  y4eOHpIXx ~ MarepuanoB.  OHH
BKJIFOUAIOT 00pa30BaTeIbHYIO AHAJINTHUKY,
MPOTHO3MPOBAaHKWE yYEOHBIX PUCKOB, aIaNTalUio
COJIepIKaHus, II0CJIEI0BATEIILHOCTH, TeMIIa,

CJIO)KHOCTH M OLIEHUBAHUS, NEPCOHAIU3UPOBAHHYIO
00paTHYI0 CBSI3b, WHTEIUIEKTYaJIbHYIO IOLICPXKKY,
00BSICHAMOCTH PEIICHHI U TIeJarorHueCKHii KOHTPOIIb
[2-4].

bazoBbiMm MEXaHN3MOM BBICTYIIACT
oOpa3oBarenibHas aHAIUTUKA, TTOCKOJIbKY UMEHHO OHa
npeoOpa3yer JlaHHble 00 aKTUBHOCTH, YCIIEBAEMOCTH,
omMOKax, TEMIIE U B3aUMOACHCTBHU C MaTEpUaJIaMH B
Mearornieckn 3HauuMble BbIBOABL. Ha e€ ocHoBe
cucrema MOKET BBISIBJISITh 3aTpyAHEHMUs,
MPOTHO3UPOBAaTh PHUCK OTCTaBaHWsI, OMPEIEISITh
TOTOBHOCTh K IIEpEXOlly Ha CIELYIOUMH YPOBEHb U
npepiarate agantuBHble aedctBua.  Ilpm  sToMm
MPOrHO3MPOBAHKE UMEET 00pa30BaTENIbHYIO IEHHOCTh
TOJIBKO B TOM CIIy4ae, €CJIM OHO CBSI3aHO C KOHKPETHBIM
pelIeHreM: IOBTOPEHHEM Marepuaja, HW3MEHEHHUEM
CJIOXKHOCTH,  KOHCYJIbTallM€H,  JOMOJHUTEIbHBIM
3a/IaHUEeM WIIH BMEIIATeIbCTBOM TpernoaaBaress [5—7].

IMopran MOXeT U3MEHSITh Co/lepKaHne O0yIeHN,
MOCTIeI0BATENEHOCTD W3YUYCHHSI TEM, TeMI
MPOXOXKACHUSI MaTepHalioB, YPOBEHb CJIOXKHOCTH
3aganiii U (opMmy oneHuBaHUA. J{OMONMHUTENHHO
cucTeMa MoXKeT (POpMHUPOBATH NEPCOHAINZUPOBAHHYIO
00paTHYIO CBA3b, PEKOMEHIOBATh yueOHBIE PECYPCHI U
MOIJICPIKUBATH o0yJaromerocs yepes
WHTEJUIEKTYaJbHOTO ~ aCCUCTeHTa WM  4ar-Oora.
OpHako Bce OTH  JCWCTBUS  JIOJDKHBI  OBITh
OOBSICHUMBIMH M TIEJarOrHYecKd KOHTPOJIUPYEMBIMH,
IIOCKOJIbKY ~ aBTOMaTHueckas  afantaimus — Oes
MPO3PAaYHOCTU U MPOPECCHOHANBHON MHTEPIPETALUH
MOKET NPUBECTH K OMMOOYHBIM WM (HOPMaJbHBIM
peurenusim [8—14, 16].

Ob6pazoBarenbHast aHaJIMTHKA BBISIBIISIET
COCTOSIHUE o0yuarorerocs, [IPOTHO3UPOBaHUE
ompenessieT BO3MOXKHBIE PUCKH; PEKOMeEHIaTeIbHbIN
MOIyJb MpelJlaraeT MaTepuaibl M aKTUBHOCTH;

ajjanTanus COACepXKaHUS, TEMIa, CIOKHOCTH H
OLICHUBaHUS H3MEHSIET 00pa3oBaTeIbHyI0
TPAEKTOPHIO; oOpatHast CBSI3b IIOMOTaeT
CKOPPEKTUPOBaTh  OMIMOKW;  WHTEJUICKTYaJIbHBIN

ACCHCTEHT O00eCHEeUMBaeT OINEPAaTHBHYIO MOIUIEPIKKY;
O00BSICHAIMOCTh Y TIEJarOTUUECKUI KOHTPOJIb JENatoT
pelIeHns CUCTEMBI HHTEpIIpeTHpyeMbiMu [3, 4, 13, 16].

CnenoBarenbHo, M-niepconammzanus He JoOKHA
paccMaTpuBarbcd ~ Kak ~ IIOJHAsg ~ aBTOMaTH3alus
MEarornieckoro  mpomecca. AJTOPUTM — MOXKET
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BBISIBUTH 3aKOHOMEPHOCTH, HPEAJIOKUTh PECypc WIH
NpeayIpeuTh O PUCKE, HO IeJarornyeckoe 3HaueHue
9TUX JAHHBIX 3aBUCUT OT LieJiell Kypca, Comep)KaHus
JTUCIUTIIMHBL, KOHTEKCTa o0y4eHus "
npo(eCCHOHAIIBHOTO  CYXKICHHS  IMPEMOAaBaTelIs.
[TosTOMY ONTUMANILHOH SIBIISIETCS MOJIEINb, B KOTOPOM
MU BeINOMHSAET aHATUTHUYECKYH0, PEKOMEHIATENbHYO
U TOJJCPKUBAIONIYI0 (YHKIUIO, a TMpernoaaBareib
COXpaHsieT pojb HMHTEpIpeTaropa, OpraHu3aTopa H
KOHTpOJIépa obpazoBarenbHOro mpomecca [7, 13—15].

Ha OCHOBAaHUU BBIACIJIICHHBIX THUIIOB
o0pa3oBarenbHBIX MJaHHBIX © MexaHusmoB UU-
MepCoHANM3allMA  JIalTUBHBIA  00pa30BaTeNbHBIN
MopTajyl MOXHO MPEACTaBUTh KaK MHOTOYPOBHEBYIO
TEXHOJIOTHUYECKYIO cucTeMy. B oTimune or oObrdHOrO
SIIEKTPOHHOTO XpaHWJMIIA Yy4eOHBIX MaTepHasos,
TaKOW IOpTajl HE TOJbKO IPEAOCTaBISAET AOCTYN K
00pa3oBaTeNbHOMY KOHTEHTY, HO M aHaJIU3UpyeT
JIEHCTBUS 00ydYaromerocs, oOHOBISIET ero IMUuGPOBOi
npouiIb, TPOrHO3UPYET BO3MOXKHBIC 3aTPYAHEHUS U
(dbopMHpyeT aJanTHBHBIC PEIICHUS IO COACPIKAHHIO,
TEMITY, CIOKHOCTH, KOHTPOJIIO U 00paTHOW cBsi3u [1—
4].

[Ipennaraemas Mozenb OCHOBaHa Ha JIOTHKE
3aMKHYTOrO IMKJIA:  oOpa3oBaTelibHblE  JIaHHbBIE
MOCTYMAIOT B CHCTEMY, Mpeobpa3ytoTcss B 1U(pOBOi
npoduiib oOyuaromerocs, aAHATTM3UPYIOTCA
cpeacteamu MM w  o0Opa3oBaTebHOM aHAMTHKH,
MOCJ€  Yero  HCIOJNB3YIOTCS  AJI1  HAaCTPOUKH
WHAUBUAYAILHOH — 00pa3oBaTeNbHOM — TPaeKTOPHHU.
Pesynprarel ganbHEWMX ASUCTBUH 00ydarouierocs
CHOBa IIOCTYIIAKOT B CUCTEMY HU YTOYHAIOT €ro
npoduib. B 3Toi JIoruKe mepcoHanm3anus BICTYNaeT
HE Pa3oBbIM  JICHCTBHEM, a IOBTOPSIOIIUMCS
IIPOLIECCOM IIEIarOrMUECKU YIPaB/IIeMON alanTalyu
[4,6, 7]

B cTpyKTypHOM OTHOLIEHMM MOJEJNb BKIHOYAeT
CeMb B3aMMOCBSI3aHHBIX KOMIIOHEHTOB: MOAYJb cOopa
00pa3oBaTeNbHBIX  JAHHBIX, UGPOBOH  TPOPUIH
oOydaromerocs, MOAYJb MPEIMETHOH CTPYKTYpHI
Kypca, aHATUTUKO-TIPOTHOCTUYECKUH MOIYJb, MOJYJIb
aJalTUBHBIX pPELIeHUH, MOIYJb HHTEJUIEKTYaJIbHOU
NOJACPKKM, a TaKKe MOIYJIb OOBICHUMOCTH M
Nearornieckoro  KoHTpois. Takas — cTpykrypa
COOTHOCHUTCSL C PACHpPOCTPaHEHHOM B HCCIEAOBAHUSIX
aJaNTHUBHBIX iatgopm JIOTUKOM «Mopzeb
oOydarorerocss — MoJielb TMPEAMETHOW O0JacTh —
MOJIEIb aJlanTanum, HO JTOTIONHSIET eé
o0pa3oBarensHON aHAJUTUKOW, PEKOMEHAaTeIbHBIMHU
MEXaHM3MaMH, WHTEJUIEKTYalbHbIM AacCUCTEHTOM H
KOHTYpOM 00BsicHuMocTH [3, 13, 16].

[Ipennoxennas MOZIEJb
pacnpenenenue  QyHKUMH =~ MeXIy

Mpearnoaraet
CHUCTEMOH,
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oOyuaromumcs U npenogasatesieM. CuctemMa oTBedaeT
3a cOOp JaHHBIX, BBIBICHHE 3aKOHOMEPHOCTEH,
TeHepalliil0  PEeKOMEHIAMi W ONEpaTUBHYIO
nonaepkky. OOydarommiicsi B3aMMOJEHCTBYET C
MarepuaiaMi, I0y4aeT OOpaTHYIO CBs3b, 3a4aéT
BOMPOCHI W BBINONHSAET 3amanus. [IpemopaBareib
COXpaHseT byHKIMIO METOIYECKOTO "
MeIarornieckoro KOHTPOJIS: UHTEPIPETUPYET
AQHAJIMTHYECKUE JIAHHBIC, YTOYHSET PEKOMEHIAIUH,
KOPPEKTHPYET COJEpKaHHEe Kypca U IMPUHUMAET
pemcHus B clydasx, Koraa aBTOMaTH4dYECKas
ajanTanys ~ HEAOCTAaTOYHAa WM IOTEHIMAIBHO
omubouHa [7, 13, 14].

Ocoboe 3Ha4eHnEe B MOJEIM UMEET CBSI3b MEKIY
PEKOMEHJATEIbHBIM  MOAYJIEM W INPEAMETHOM
CTPYKTYpOil Kypca. B 00pazoBaTenbHOM KOHTEKCTE
pPEKOMEHJAIMs HE MOXET CTPOMTHCS TOJBKO Ha

CXOJICTBE HHTEPECOB WM IMPOLUIBIX JIEHCTBUU
MOJIb30BATEIIS. Omna JTOJDKHA YUUTHIBATH
00pa3oBaTeNbHYI0  I€7b, YPOBEHb  CJIOXKHOCTH,

npeaBapUTeNbHbIE 3HAHUS, MOCIEI0BATENFHOCTD TEM,
PHUCK Teperpy3Kd M HEOOXOAMMOCTh ITOBTOPEHHUS.
[losTOMy pekoMeHJaTenbHas CHUCTEMa agalnTHUBHOrO
nopTasa J0JHKHA OBITh HE TOJIBKO TEXHHYECKH TOYHOM,
HO ¥ Tiejaroruaecku o0ocHoBaHHOM [3, 9, 10].

WnTennekTyanbHblii  acCUCTEHT  BBIMOJHSET
uHTepeicHYI0 (HYHKIUIO: Yyepe3 Hero 00yJaronuics
MoJy4aeT OOBSCHEHHS, TMOJACKA3KW U TOMJCPKKY B
auanoroBoit ¢gopme. OmHAaKO TakOH AacCUCTEHT HeE
JIOJDKEH paccMaTpUBATHCS KaK 3aMeHa IpenojiaBaTes.
Ero ponp 3akmovaercsi B CONPOBOXKICHUM THIIOBBIX
Y4eOHBIX CUTYallud, CHUKEHUH 3aJIEPKKU O0OpaTHOU
CBS3M WM PACIIMPEHUU JOCTyNa K HHAWBUIYaJTbHOU
MOMOILM, TOTAAa KakK CIOXKHBIE IIeJarorHuecKue
pelIeHus] JOJDKHBI OCTaBaTbCsd B 30HE KOHTPOJIA
npenoxaBarens [11, 12, 14, 16].

KonnenryansHas MO/JIeIb aJanTHBHOIO
oOpa3oBaresbHOrO MopTania Ha ocHoBe MU ommceBaeT

NEPCOHATM3AIMIO KaK YIpaBJISEeMBId IMKI: cOOp
o0pa3oBarenbHBIX  JaHHBIX —  (OPMUPOBAHUE
uQpoBoro npoduis 00y4aroIerocs — COOTHECEHUE ¢
NPEOMETHON CTPYKTYpOH Kypca — aHalu3 W
NPOTHO3MPOBAaHME —  aJalNTHBHOE  pEUICHHEe —
MHTEJICKTyalbHass  MOJJepKKa —  OOBICHEHHE

peuieHuss — oOHOBJIeHWE Tpoduiad. Takas Mopaenb
MO3BOJISIET O0BEANHUTH 00Pa30BATEIHHYIO aHAMTHKY,
PEKOMEH/IaTENbHbIE MEXaHU3MBI, aIalTUBHOE
OIICHMBaHHME, ICPCOHATIM3UPOBAHHYIO OOPATHYIO CBS3h
Y MHTEJUIEKTYaIbHOTO aCCUCTEHTa B EAUHYIO CHCTEMY
COMPOBOXKACHUS WHIMBUIYAILHOW 00pa30BaTEIIbHOM
Tpaekropuu [2—4, 16].

I'maBHBI  pe3ysbTaT MOPEIJIOKEHHOM MOIENU
COCTOMT B TOM, YTO QJalTHBHBIA 00pPa30BATEIIbHBIN



Becmuux Kapazanounckozo 2ocydapcmeenno2o unoycmpuansroz2o ynueepcumema. Ne2(53), 2026e.

MopTall pacCMarprBaeTcsl He Kak HaOOp OTIENBHBIX
MUQPPOBBIX ~ MHCTPYMEHTOB, a KakKk  [eJIOCTHAs
oOpa3oBarenbHast cpeAa, B KOTOPOH  JaHHBIC,
aJrOpUTMBl U TIEJArOTMYECKHe PEIICHUS CBS3aHBI B
enunyto cucreMy. [Ipu Takom nonxoae MU BeimonHsieT
MOJIEPKUBAIONIYI0 (YHKIMIO: TIOMOTA€T BBISBISTH

3aTpyJHEHMs], TOAOMpPATh  PECYPChl,  YCKOPSTH
o0paTHyl0  CBs3b M  T[OBBIIATh  TOYHOCTH
COMPOBOXKIEHHS 00yJaroImerocs, COXpaHsist
HEOOXOAUMOCTh  MEJaroru4ecKoro  KOHTPOJIsS |
orBercTBeHHoCcTH [1, 3, 13, 14].

IIpennoxennas KOHIIENTYyaJIbHas MOJEID

aJanTUBHOTO O0pPa30BaTENILHOrO MOpTaja Ha OCHOBE
NN 1noxkas3plBacT BO3MOYKHOCTH WHIAVBUILYaJIU3ALUN
0o0y4yeHHsl, OJHAKO €€ BHEIPEHHE CBS3AaHO C PsIOM
OFpaHMYEHHMA W  PHUCKOB. OTH  OTpaHHUYCHUS
IIPOSIBJIIIOTCS. HE TOJIBKO HA YPOBHE aJIFOPUTMOB, HO U
Ha YpOBHE 00pa3oBaTeIbHBIX JAHHBIX,
MEJAaroruueckol HMHTEpHpeTalyy, OpraHUu3aluOHHOU
TOTOBHOCTH, 3aIUThl [PHUBATHOCTH W  OLEHKHU
peanbHOrO 0OpazoBarenbHOro A dekra. [Tosromy MN-
MepcOHANN3alnsd JODKHA paccMaTpHUBAaThCAd HE Kak
YHUBEPCAJIBHOE PEIICHHE 00pa30BaTeIbHBIX MTPo0IeM,
a Kak ympasisieMas TEXHOJIOTMYECKash CHUCTEMa,
TpeOyromiasi ~ Mpo3pavyHOro ¥ OTBETCTBEHHOrO
BHenpenus [1-3, 15].

[lepBas rpynma pucKOB cBsi3aHa C JaHHBIMH U
ANTOPUTMHUYECKUMH pemieHusMH. Ecim  1udposoit
npouiib  00yYaroIIerocss CTPOUTCS Ha HEMOJIHBIX,
YCTapeBIIMX WM OJHOCTOPOHHUX AAaHHBIX, CUCTEMa
MOXeET (HOPMHUPOBATh HCKAXKEHHBIE PEKOMEHJIAIINH,
MPpEKACBPEMECHHO YCIIOXHATD NI yrpoumaTrb
TPAEKTOPHIO, OIMOOYHO OTHOCHUTH OOYYaIOLIErocs: K
TpyIIe pucKka. AHaNIOTUYHAas TpoOyieMa BOSHUKAET ITPH

WCIIOJIb30BaHUN MIPOrHOCTHYECKUX u
PEKOMEHATEIbHBIX MoOjieNeil: BhIcOKas (hopMasbHas
TOYHOCTh  QJITOpUTMa  HE  BCerga  O3HavaeT
MENarorn4eckyl0  KOPPEKTHOCTb  pEIICHUS B
KOHKPETHOH 00pa3oBaTenbHON cuTyanuu [2, 5-8].
Btopas rpynma orpaHuyeHMil cBsi3aHa C

MPO3PAYHOCTHIO U TEIAarOTMIECKUM KOHTposeM. Ecin
oOyJaromuiicss W TIpernojaBaTellb HE IOHUMAIOT,
MoYeMy CHCTEMa MpeIjIoKuia IMOBTOPEHHE TEMBI,
W3MEHUJIA  CJIOXKHOCTh  3aJaHus WM  Bbljana
MIPEAYIPEXKIEHHE O PHCKE, CHIDKAETCS JOBEpHE K
aJJaliTHUBHOMY roprairy " 3aTPyIHSIETCS
npoeccuoHabHAsE MHTEPIPETAIUs TaHHBIX. B CBs3H
C ITHM 00BICHUMOCTD peleHuit  TOoJDKHA
paccMarpuBaThCsi  Kak ~ 00s3aTelbHOE  YCJIOBHE
TeJarornaecKomn COCTOSITETLHOCTH 158
MEepCOHANIM3AIMA, a HE Kak JOIMOJHUTEIbHAS
TexHudeckas QyHkuus [2, 13, 14].
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Tpetbs rpynmna PHUCKOB CBsI3aHa c
UHTEJUIEKTyaJbHbIMI aCCHUCTEHTaMM, 4YaT-00TaMH U
LLM. DT WHCTPYMEHTH CIOCOOHBI O0OECIeunTh
OIEPaTUBHYIO MHAWBUAYAIBHYIO MOIIEPIKKY, OAHAKO
MOTYT TE€HEpPUpPOBAaThb HETOYHBIE, HEMOJHbIE WIH
MENIarornieckl  HEKOPPEKTHBIE  OTBETHI Ux
HEKOHTPOJIUPYEMOE UCIIOJIb30BAHUE MOKET YCUIUBATh
3aBUCHUMOCTh OOYYAIOIMXCS OT aBTOMAaTHYECKUX
MOJICKA30K, CHUXATh CaMOCTOSITEJIBHOCTD U CO3/1aBaTh
pPUCKH akaJeMuueckoi HemoOpocoBecTHocTH [11, 12,

14, 16].
YerBéprass rpynma  OTpaHMYEHHM  UMEET
OpraHU3allIOHHO-TEXHOJIOTNYECKIH XapakTep.

Brenpenue apantuBHOro oOpa3oBaTeIbHOrO MopTana

TpeOyeT pa3BuToll UHM(POBOH HHPPACTPYKTYPHI,
KayeCTBEHHOI'O 00pa3oBaTeIbHOTO KOHTEHTA,
COBMECTMMOCTM C CYILECTBYIOIIMMHM CHUCTEMaMHU
yIpaBiICHUS o0ydeHneM, MO OTOBJICHHBIX
mpernofaBareneii M perJiaMeHToB  paldoTHl ¢
oOpa3oBarenbHBIMA  JaHHBIMH. [lpu  orcyrcTBHH
WHCTUTYLUMOHAJIBHON — IOJJIEPXKKHM UM KpUTEpPHUEB
MeAarornaeckon 3¢ dexTuBHOCTH nn-
NEPCOHANM3AIMST  MOXKET  OcTaThesl  (popMasbHOU
TEXHOJIOTHYECKOM  HAACTPOMKOW, HE  BIMAIOMICH

CYIIIECTBEHHO Ha Ka4eCcTBO 00y4enus [3, 9, 10, 15, 16].

Pucku BHEAPEHUS NH-nepconanuzaunu
OXBAaTHIBAIOT JAaHHBIC, AJITOPUTMBI, TIEIArOrHYSCKOS
B3aMIMOJICHCTBHE, OPraHU3aIl[MOHHBIE YCIOBUS H
STUYECKUE acrlekThl. Mx wMuHUMuU3anus Tpedyer
WCTONB30BaHMsI  MHOTOMEPHBIX — 00pa30BaTEIbHBIX
JIaHHBIX, OOBSICHUMOCTH aBTOMATHYECKUX PEIICHUH,
COXPaHEHUS MPENoJaBaTeNii B KOHTYPE KOHTPOJIS,
3alUTHl  TPUBATHOCTH, pErJaMEHTalluu  PaOOoThI
WHTEJUICKTYaJIbHBIX ACCHCTEHTOB H OIIEHKH
3¢ (HEeKTUBHOCTH HE TOJBKO MO TEXHUYECKHM, HO U TI0
o0Opa3oBarenbHBIM TMOKazaTelsM. llpu cobmrogaeHun
ATUX YCIIOBUH aJlalITUBHBIN 00pa30BaTEIBHBIN MTOPTaT
MOXXET pacCMaTpuUBaThcsi HE KaK aBTOHOMHAS
udpoBas cucTeMa, a Kak WHCTPYMEHT IOJJICPKKH
OCMBICIICHHOM W yCTOMYMBOM WHAMBUAYATIU3alUU
o0yuenwus [3, 6, 7, 13-15].

3AKIIOYEHHUE

B xome uccrnepoBanus ycraHoBieHo, uto MU-
NEPCOHANM3AIMS B aJalTHBHBIX 00pa30BaTEBHBIX
MopTaax OCHOBBIBACTCS HA CHCTEMATHYECKOM cOope U
aHamu3e o0pa3oBaTeNbHBIX JaHHBIX. K uucny
3HAYMMBbIX JaHHBIX OTHOCSTCS pe3yJbTaThl BXOTHOH U
TEeKylled JWarHOCTHKH, IOKa3aTeIH YCIEeBAaeMOCTH,
OIIMOKH, TIOBTOPHBIE TOIMBITKA, TEMIT IPOXOXKICHUS
Marepuasos, KYpHAJIBI aKTUBHOCTH,
[IOC/EN0BAaTEIbHOCTD yueOHBIX JENCTBUH,
npeanoureHds 1o  (opmary KOHTEHTa, JIaHHbIE
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00paTHOM CBSI3M M OOpAIIEHHS K UHTEIJICKTYaILHOMY
ACCHCTEHTY.

OnpeneneHo, 4To KIFOYEBBIM d3ieMeHToM M-
MepCcoHANM3alUKn  sBIsieTcss  UU(POBOH  TPOQUIIH
obyuaromerocss. OH 00beNMUHSET JAaHHBIE 00 YPOBHE
3HaHWH, TUHAMHUKE MPOrpecca, TUMHYHBIX OIINOKaXx,
Temne o0y4YeHHus, BOBICYEHHOCTH, MPEANOUYTCHUSAX U
notpebHocTH B moxaaepxkke. Lludpooit mpoduisb
JOJDKEH OOHOBIIATBCSI TIOCNIE 3HAYUMBIX y4eOHBIX
NEUCTBUII W MCIIONL30BAaTLCSI KaK OCHOBAHUE JUIS
JaJibHEN e aZjanTalyu 00pazoBareIbHON
TPAEKTOPHH.

Brigenensl OCHOBHBIE MEXaHU3MbI 158
NEPCOHANN3AUMA B aJalTHBHOM 00Pa30BaTeIbHOM
nopraie: oOpa3oBarenbHast aHaJIMTUKA u
MPOTHO3UPOBAaHNE  y4eOHBIX PUCKOB, aJarTaius
coJepxKaHus, I10CJIEZI0BATEIIbHOCTH, TEMIIa,
CIIO)KHOCTM U OLEHUBaHMs, I[1€PCOHAIM3UPOBAaHHAs
oOpaTHasi CBA3b, PEKOMEHIATEJbHBIE CHCTEMBI,
MHTEJJICKTyalbHble ~ aCCHCTEHTBI,  OOBSCHUMOCTH
peLIeHHH 1 MeAarorn4ecKuii KOHTPOJIb.

Paspaborana KOHLIENTYyaJIbHasl MOJEIb
aZanTUBHOTO O0Pa30BaTENLHOrO MOpTaja Ha OCHOBE
5158 Monenb BKJTFOYAET MOy b coopa
00pa3oBaTeNbHBIX  JAHHBIX, UGPOBOH  TPOPUIH
o0yy4aromerocs, MOAYJIb MPEAMETHOH CTPYKTYpBI
Kypca, aHaTUTUKO-TIPOrHOCTUYECKUH MOYJb, MOJYJIb
aJanTUBHBIX pElIeHUH, MOMYJbh HHTEIUIEKTYalbHOM
NONACPKKH, a TakKKe MOIYJdb OOBSICHUMOCTH H
Mearornaeckoro KOHTPOJISL.

YcranoBneno, yto M -nepcoHanmzanus I10KHA
(YHKIIMOHUPOBATh KaK 3aMKHYTHIH MK  cOOp
00pa3oBaTenbHbIX JaHHBIX, ¢dbopmupoBaHue
uu¢poBoro npoduis, aHAIMTHKA U IPOTrHO3UPOBAHKE,
aJlalTUBHOE pEIlEHUE, UHIMBUAYyallbHAs IOJAEPHKKA,
oOpaTHasi  CBsI3b,  peE3yJbTaThl  OOydeHHS |
nocienymomniee OOHOBJICHHE ITUPPOBOTO TPOQHIIS.
Takast UKIMYecKas JIOTMKAa OTJIMYAET aJarTHBHBIA
0o0pa3oBaTeNbHBI MOpTall OT IU(PPOBOH Cpesbl, B
KOTOpOH yueOHble MaTepHabl TOJIbKO pa3MeIlaoTcs U
nepenatorcs  oOydarormumMcs  0e3  TUHAMHYECKOH
HAaCTPOUKHU TPAEKTOPUHU.

CucTeMaTHU3UpOBaHbl OCHOBHBIE OTPaHUYEHUS U
pucku BHeapenus NN -nepconanuzanuu: HEMOIHOTA U
HU3KOE  KadecTBO  00pa3oBaTelbHBIX  JIAHHBIX,
ANTOPUTMHUYECKas] IPEB3SATOCTb, HENPO3PAYHOCTh
pelIeHnid, Ype3MepHas aBTOMaTH3alus, ociabieHue
COBMECTHOTO OOY4YEHHMsI, HEJIOCTOBEpPHBIE OTBETHI
WHTEJUIEKTYaJbHBIX AaCCHUCTEHTOB, 3aBUCHMOCTb OT
NU-noackasoxk, PUCKHU IIPUBATHOCTH,
OpraHu3allMOHHO-PECYPCHBIE Oapbepbl, HHU3Kas
TOTOBHOCTh TperojaBareied W HEAOCTaTOYHOCTh
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MeIarornieckoi oueHku 3(pheKTMBHOCTH.

Ompenenensl  crocoObl MUHHUMHU3AIMN  PHCKOB
NH-nepconanu3anuy: HCIOIb30BAHUE MHOIOMEPHBIX
00pa3oBaTeNbHBIX JAaHHBIX, PErYISpHAS aKTyaIu3aIus
udpoBoro mpoduis, Temaroruveckas IMpoBepKa
ABTOMAaTUYECKHX BBIBOJIOB, o0bsICHEHHE
PEeKOMeEHAAIHH u MIPOTHO30B, COXpaHEeHHe
npernoAaBarenss B KOHTYpE TMPHHATHS pelleHUl,
3alIUTa [EpPCOHAJBbHBIX JaHHBIX, perjaMeHTalus
WCIIONIb30BAaHUSl HMHTEJUIEKTYyaJbHBIX ACCHUCTEHTOB H
oreHKa 3PPEKTUBHOCTH HE TOJBKO MO TEXHUYCCKHUM,
HO U 110 00pa30BaTeNIbHBIM MOKa3aTEeIIsIM.

Ilomy4yeHHsle pe3ynbTaThl MOKa3bIBAIOT, YTO
aJlalTUBHBINA 00pa30oBaTebHbIN nopTai Ha ocHoBe M
JIOJDKEH paccMaTpuBaThCs KaK cucrema,
00be IMHSIOMIAs o0pazoBaresbHbIC JAHHBIC,
AHAJIMTUYECKUE MEXaHU3Mbl, aJlallTUBHBIE PELICHUS,
MHTEJJICKTYalbHYI0 TOAICPKKY, OOBICHUMOCTh U
Me1arornieckuii KOHTpoib. D(PPEeKTUBHOCTH TaKOH
CUCTEMBl ~ 3aBHUCUT  OT  COIVIACOBAaHHOCTU €€
KOMITOHEHTOB U OT TOT'0, HACKOJIEKO aJITOPUTMUYECKHE
pelieHust CBsi3aHbl € 00pa30BaTEIbHBIMU LIEJISIMH,
JIOTUKOHN Kypca u npodecCHOoHATBHON
UHTepIpeTauei npenogaBaTes.
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Abstract — Automatic fake news detection has become an important applied problem in natural language processing because
digital news and social media content spread rapidly across languages. For Kazakh, the task is especially challenging due to
the limited availability of open labeled corpora and the weak adaptation of ready-made models to local media contexts. This
paper evaluates classical TF-IDF-based machine learning models on a balanced Kazakh-Russian fake/real dataset of 1,808
texts, with 452 fake and 452 real documents in each language. The experiments include bilingual training, Kazakh-only and
Russian-only evaluation, as well as Kazakh-to-Russian and Russian-to-Kazakh transfer. Word-level and character-level TF-
IDF features are tested with Logistic Regression, Linear SVM, and Complement Naive Bayes. The monolingual and bilingual
settings achieved Macro-F1 around 0.985. Cross-lingual evaluation revealed a clear directional asymmetry: Kazakh-to-Russian
transfer produced Macro-F1 = 0.654, whereas Russian-to-Kazakh transfer reached Macro-F1 = 0.926. The findings are
interpreted as an explainable baseline for Kazakh-Russian fake/real classification rather than as a production-ready fact-
checking system.

Keywords — fake news, disinformation, Kazakh language, Russian language, TF-IDF, machine learning, cross-lingual
classification.

KA3AK K9HE OPBIC TUIAEPIHJAEI'T 7KAJIFAH )KAHAJIBIKTAP/bI TF-IDF APKBIJIbI
AHBIKTAY
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Abcmpaxm — Kazipri mudpiaslk akmapat KeHICTITIHAC JKaJFaH jKaHAIBIKTapAbl aBTOMATTH TYPJIE TaHy TaOUFU TUIII 6HICY
MEH MAaIlIUHAJBIK OKBITYIBIH MaHBI3AbI KOIMAaHOATH MiHISTTEpiHIH OipiHe alHamnpl. Kazak Tinmi ymmH Oy Mocene epexiie
©3eKTi, ce0eOi anIbIK OeNTiICHreH KOpIycTap a3, ajl JaiblH MOZIENb/ep KoOiHe aFbUIIIBIH HeMece 6acKa pecypcsl MO Tiiaepre
Oeitimnenren. by >xymbIcTa Ka3ak *xaHe opsIc Tuaepineri fake/real MoTiHAepAeH KypaliFaH TEHIepIreH KOpIyc Herisinmae
TF-IDF Genrinepine cyiieHeTiH KiaccuKablK kinaccudukaropiaap 6aramanasl. Kopmyce 1808 MoTiHIl KaMTHIBL: op Tinne 452
fake xone 452 real mMoTiH Gap. DKCIIepUMEHTTEp EKITUINI OKBITY, Ka3ak TUTiHAEri Oeiek Oaranay, OpbIC TUTIHIETI Oelek
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Oararnay, Ka3ak TIJTIHEH OpBIC TUTIHE JKOHE OpBIC TUTIHEH Ka3ak TUIiHE KPOCC-TUIIIK TackMall[ay CleHapHiiiepi OOibIHIIA
xyprizizmi. Logistic Regression, Linear SVM sxone Complement Naive Bayes monensaepi word-level sxone character-level
TF-IDF GenrinepimMen canblcThpbUiabl. bipTinmi skoHe exiTinai cuenapuitnepre Macro-F1 0.985 nenreitine xerti. Kpocc-
TIJJIIK TeKcepicTe OaFbITKa TOYeN Il albIpMaIIbUIBIK OaliKaiapl: Ka3aK TUTIHAE OKBITBUIBII, OPbIC TUTIH/AE TEKCEPUITeH MO
Macro-F1 = 0.654 kepcerTi, an opbIC TUIIHAE OKBITBUIBIN, Ka3aK TUTiHIE TekcepinreH moxenb Macro-F1 = 0.926 newnretiine
xkerTi. HoTmwkenep eHmipicTik (akT4eKHHT Kyiteci periHge emec, Kazak-opbic fake/real wmaccudukamuscel Yz
Tycinaipizerin baseline sxoHe opi Kapailfbl calbICTBHIpYJIapFa apHajFaH OacTalKbl ©JIIeM PETiHAe KapacThIpbuiaibl. Kinm
co30ep — KauFaH >KaHAIBIKTAp, Ae3uH(popMaIms, Ka3ak Tuli, opsic Tim, |F-IDF, MammHAIBIK OKBITY, KPOCC-TiJIIIK
KJaccu(puKaIys.

BBISIBJIEHUE JIOKHBIX HOBOCTEM HA KA3AXCKOM U PYCCKOM SI3BIKAX
TF-IDF-MOJEJAMH
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Annomayua — ABTOMaTHYECKOE PACIO3HABAHKE JIOKHBIX HOBOCTEH CTAHOBUTCSA 3HAYMMOM MTPUKIIAIHON 3a1aueit
00pabOTKH €CTECTBEHHOT'O SA3bIKA B YCIOBUAX OBICTPOrO PaclpocTpaHeH!s HU(PPOBOro KOHTEHTA. J{JIs Ka3axcKOoro s3bIKa 3Ta
3a/1a4a OCJIOKHSIETCS HEXBATKOM OTKPBITBIX PA3MEUYEHHBIX KOPIIYCOB U OTPAHMUYEHHON aJjanTalyel TOTOBbIX MOZEIEN K
JIOKQJIbHOMY MEJIMaKOHTEKCTy. B cTaThe paccmarpuBaercs cOaaHCHPOBaHHBIN Ka3aXCKO-pycckuit Habop nanHbix fake/real,
Brutouaromuii 1808 TekcroB: 1o 452 fake n 452 real Tekcra Ha KaXkJI0M s3bIKE. DKCIIEPUMEHTAIbHAS CXeMa OXBAThIBACT
OWJIMHTBaIbHOE 00YUYEHHE, OTACNbHbIE Ka3aXCKUM U PYCCKHI PEKUMEL, a TakKe MEPEHOC ¢ Ka3aXCKOro Ha PYCCKUH U €
pYCCKOro Ha Kazaxckuil. B kauecTBe mpusHakoB Hcrmoiab3oBansl word-level u character-level TF-IDF, a B kauecTtBe
knaccudukaropos npumenensl Logistic Regression, Linear SVM u Complement Naive Bayes. B ogHOS3bIUHBIX U
OunuHrBabHOM crieHapusix Macro-F1 nocruran 0,985. TIpu kpocc-sS3bIKOBO# OIIEHKE BBISIBIICHA aCHMMETPHSI: TIEPEHOC C
Ka3axckoro Ha pycckuii gan Macro-F1 = 0,654, Torna kak nepeHoc ¢ pycckoro Ha ka3axckuii jocrur Macro-F1 = 0,926.
[NonyueHnHsle pe3yIbTaThl HHTEPIIPETHPYIOTCS KaK 00BbsICHUMBIHN baseline aist kazaxcko-pycckoi knaccupukanuu fake/real ¢
y4eTOM BO3MOXKHBIX source, topic u temporal bias.

Knrouegsle c106a — 110XHbIE HOBOCTH, JIe3UHGOPMAIHS, Ka3aXCKHU A3bIK, pycckuil si3bik, TF-IDF, MammuaHoe o0y4eHue,
KPOCC-3bIKOBas KJIACCH(HKALIHS.

MAIN PROVISION

Automatic detection of false news is becoming an
increasingly important task of natural language
processing, as content is distributed quickly in several
languages at once. For the Kazakh language, this is
complicated by the lack of open marked-up buildings and
poor adaptation of ready-made models to the local media
text. The paper evaluated classical TF-IDF-based models
on a halanced Kazakh-Russian fake/real dataset of 1,808
texts (452 fake and 452 real for each language), with
word-level and character-level TF-IDF features and
classifiers Logistic Regression, Linear SVM and
Complement Naive Bayes.
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In monolingual and bilingual scenarios, the quality
of the models turned out to be high, with a Macro—F1 of
about 0.985, which indicates the presence of pronounced
lexical signals within each class. Russian Russian cross-
language assessment revealed a clear asymmetry: the
transfer from Kazakh to Russian gave a Macro-F1 =
0.654, while the transfer from Russian to Kazakh turned
out to be noticeably more stable — Macro-F1 = 0.926.

High metrics should not be interpreted as a
model's understanding of factual reliability; rather,
they reflect distinguishable textual features (style,
source, subject matter). Therefore, the results are
presented as an explicable baseline for further
comparison with transformational models (XLM-
RoBERTa, multilingual BERT), taking into account
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possible source, topic, and temporal bias, as well as the
risk of near-duplicate texts.

INTRODUCTION

Online media and social platforms have made
news dissemination much faster than before. While
this gives society rapid access to information, it also
creates conditions for the fast circulation of unverified
or deliberately distorted texts. Such information may
affect public trust, political and economic decisions,
and health-related behavior. For this reason, automatic
fake news detection has become an applied and
socially relevant research area in natural language
processing and machine learning.

Most of the material studied in this area belongs to
high-resource languages such as English: these languages
have larger labeled corpora, fact-checking platforms,
pretrained models and benchmark datasets. The situation
is different for Kazakh: high-quality open labeled data are
scarce, the morphology of the language is complex, and
the content and presentation of local misinformation are
not fully represented in English machine learning and
deep learning approaches [8]. FakeNewsNet combines
several information dimensions [18], while Thibault et al.
highlight the need to control label quality, dataset leakage
and spurious correlation risks [5]. For this reason, the
metrics obtained in this work are presented not as final
evidence, but as baseline results that should later be
retested using source-based, topic-based and temporal
splits.

In low-resource and multilingual settings, these
issues become even more complex. Recent reviews
identify dataset bias, model constraints, lack of
multilingual data and cross-lingual generalization as
major obstacles for fake news detection systems [3, 12].
Research on cross-lingual cross-domain transfer learning
demonstrates the potential of transferring knowledge
from high-resource languages to lower-resource ones [4].
De et al. showed that multilingual BERT may be useful
for low-resource fake news classification [9]. All of this
requires careful design of corpus structure and evaluation
scenarios for languages such as Kazakh.

Multilingual transformer models are a natural
comparison direction for this study. BERT expanded the
ability to encode text through contextual embeddings and
achieved a new level in many NLP tasks [19]. XLM-
RoBERTa demonstrated strong performance in cross-
lingual transfer through multilingual pretraining [20]. In
the Kazakh-Russian context, Sambetbayeva et al. show
the need for multi-level annotation beyond the binary
fake/real label, including CLAIM, SOURCE,
EVIDENCE, DISINFORMATION_TECHNIQUE,
AUTHOR_INTENT and TARGET_AUDIENCE [6].

Telman et al. compared a TF-IDF baseline, a translation-
based cross-lingual approach and XLM-RoBERTa for
Kazakh fake news detection [7].

Based on this literature, the present paper does not aim to
replace transformer models, but to clarify an explainable
TF-1DF baseline needed for comparison with them.

The literature suggests that simple and reproducible
baseline evaluation for Kazakh-Russian bilingual
fake/real texts remains insufficient. Although complex
deep learning models are promising, their advantages can
be interpreted only after data quality, source bias and the
initial level of transfer between languages are established.
Therefore, this work is not positioned against transformer
models; rather, it provides an initial measurement that can
support fair comparison in future studies.

LITERATURE REVIEW

Automatic fake news detection is considered a
broader problem than simple text classification. In this
task, news content, user reactions, propagation
networks and source credibility all play a role. Shu et
al. [13] describe the importance of news content, user
engagement and social context for fake news
detection, while Zhou and Zafarani [14] systematize
dimensions such as writing style, propagation pattern,
false knowledge and source credibility. Later
benchmark studies also show that model quality
depends not only on the algorithm, but also on dataset
size, label quality and the evaluation scenario [8].

Studies of misinformation diffusion increase the
applied importance of this topic. Vosoughi, Roy and
Avral [15] showed on Twitter data that false news may,
in some cases, spread faster and more widely than true
news. From this perspective, automatic detection
systems are not merely technical experiments, but also
practical tools related to information security and
public trust.

Dataset quality is a decisive factor in fake news
detection. The LIAR dataset proposed by Wang
enabled the evaluation of short political statements
using multi-level truthfulness labels [16]. FEVER
connected claim verification with evidence extraction
[17], while FakeNewsNet supplemented news content
with social context and spatiotemporal information
[18]. The X-Fact benchmark for multilingual fact-
checking makes it possible to compare claim
verification across languages [2]. These works show
that dataset structure and annotation schema directly
affect the interpretation of model results.

However, there is a risk that a model may achieve
high performance mainly through text style or source
differences. Hamed et al. [1] note that fake news
detection quality is affected by dataset size, label
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quality, feature representation and data fusion.
Thibault et al. [5] show that spurious correlations and
label quality issues in misinformation detection data
can prevent results from generalizing. Therefore, the
high TF-IDF scores in this paper are interpreted
cautiously as distinguishable signals within the corpus
rather than as direct evidence of factual verification
ability.

Evidence-based verification becomes especially
important in multilingual settings. Dementieva and
Panchenko [10] showed that using evidence from another
language can improve monolingual fake news detection.
The Multiverse study extends this idea and demonstrates
that comparing news across languages can provide an
additional explainable signal for fake news classification
[11]. This direction is relevant for the Kazakh-Russian
media space in Kazakhstan because the same event may
be presented in the two languages with different styles,
sources or emphases.

To interpret evaluation results, data completeness
and cleanliness must be considered separately. Galli et al.
proposed a benchmark for fake news detection and
compared the capabilities and limitations of traditiona
machine learning and deep learning approaches [8].
FakeNewsNet combines several information dimensions
[18], while Thibault et al. highlight the need to control
label quality, dataset leakage and spurious correlation
risks [5]. For this reason, the metrics obtained in this work
are presented not as final evidence, but as baseline results
that should later be retested using source-based, topic-
based and temporal splits.

In low-resource and multilingual settings, these
issues become even more complex. Recent reviews
identify dataset bias, model constraints, lack of
multilingual data and cross-lingual generalization as
major obstacles for fake news detection systems [3, 12].
Research on cross-lingual cross-domain transfer learning
demonstrates the potential of transferring knowledge
from high-resource languages to lower-resource ones [4].
De et al. showed that multilingual BERT may be useful
for low-resource fake news classification [9]. All of this
requires careful design of corpus structure and evaluation
scenarios for languages such as Kazakh.

Multilingual transformer models are a natural
comparison direction for this study. BERT expanded the
ability to encode text through contextual embeddings and
achieved a new level in many NLP tasks [19]. XLM-
RoBERTa demonstrated strong performance in cross-
lingual transfer through multilingual pretraining [20]. In
the Kazakh-Russian context, Sambetbayeva et al. show
the need for multi-level annotation beyond the binary
fake/real label, including CLAIM, SOURCE,
EVIDENCE, DISINFORMATION_TECHNIQUE,

AUTHOR_INTENT and TARGET_AUDIENCE [6].
Telman et al. compared a TF-IDF baseline, a translation-
based cross-lingual approach and XLM-RoBERTa for
Kazakh fake news detection [7].

Based on this literature, the present paper does not aim to
replace transformer models, but to clarify an explainable
TF-1DF baseline needed for comparison with them.

The literature suggests that simple and reproducible
baseline evaluation for Kazakh-Russian bilingual
fake/real texts remains insufficient. Although complex
deep learning models are promising, their advantages can
be interpreted only after data quality, source bias and the
initial level of transfer between languages are established.
Therefore, this work is not positioned against transformer
models; rather, it provides an initial measurement that can
support fair comparison in future studies.

MATERIALS AND METHODS

Dataset

The experiments were based on a bilingual corpus
composed of fake and real texts in Kazakh and
Russian. Texts collected from open sources were
preprocessed, and duplicate records were removed.
After deduplication, the full dataset contained 2,740
records: 452 fake and 518 real texts in Kazakh, and 895
fake and 875 real texts in Russian. The sources
included  fact-checking  resources,  materials
documenting misinformation and mainstream news
portals. Although the internal table preserved the
source_file field, it was not provided to the model as a
feature.

To prevent language or class imbalance from
having an excessive effect on evaluation, a balanced
subset was created: 452 texts were selected for each
language-class combination. Thus, the experimental
corpus contained 1,808 texts. This balance facilitates
model comparison, but it does not reflect the actual
prevalence of real and fake texts in the natural
information flow. Therefore, the results describe
classification quality under a controlled laboratory
scenario rather than prevalence in the real media
environment.

Table 1 - Balanced dataset composition by language
and class

Language | Faketexts | Realtexts | Total
Kazakh 452 452 904
Russian 452 452 904
Total 904 904 1808

The Fake class included texts from sources related
to fact-checking or misinformation documentation,
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such as
gov_factcheck_fake_claims,
nofake_new_wp_fake kk_ru and
provereno_media_fake_ru. The Real class was formed
from mainstream news sources such as Egemen,
Kazinform, Informburo, Tengrinews, Zakon and user-
provided Kazakh news. Here, the real label does not
mean that each text underwent independent fact-
checking; it only indicates that the text was taken from
a trusted news source. Therefore, the result is
interpreted as a baseline for textual fake/real
discrimination rather than as detection of absolute
factual truth.

The model input was created by combining the title,
claim and main body fields. 1D, source_file, URL, date
and other metadata were not passed to the classifier.
Empty texts, records with incorrect language values and
records with invalid labels were excluded from the
experiments. This decision reduces the risk that the model
directly memorizes source names, but it does not
completely eliminate indirect source signals that may
remain through style, topic and text structure.

Deduplication was performed using textual fields
based on the title, claim and main text. Exact duplicate
records were removed, and groups with conflicting labels
were marked as unsuitable for inclusion in the
experiment. This reduces the risk of train/test leakage.
Nevertheless, lightly edited or paraphrased texts about the
same event cannot be assumed to have been fully
removed; therefore, without external testing, the results
cannot be generalized to the entire information space.

To interpret the nature of the labels, the fake and real
classes were considered separately. Fake texts are often
associated with refutation or fact-checking-style
materials, where structures such as denial, explanation

factcheck _kz_zhalgan,

ru_only Training and testing only
on Russian texts

Training on the Kazakh
train split and testing on
all Russian texts

Training on the Russian
train split and testing on

all Kazakh texts

cross_kk to ru

cross_ru_to_kk

In the bilingual regime, the train, validation and test
split was stratified by language and label; in kk_only and
ru_only, stratification was performed by label. The train,
validation and test proportions were approximately 70%,
15% and 15%. In cross-lingual regimes, the model was
trained on the train portion of one language and tested on
all 904 texts of the other language. Random seed = 42 was
used in all scenarios. The data were first cleaned and
balanced and only then split; the validation split was kept
to preserve the experimental protocol rather than to
conduct extensive hyperparameter search.

Features and Models

TF-IDF representation was used to map text into
a vector space. Two feature types were tested: word-
level n-grams and character-level n-grams. In the
word-level setting, unigram and bigram features were
used; in the character-level setting, character n-grams
of length 3-5 were applied. Character n-grams may
help capture word inflection, suffixes, short recurring
patterns and orthographic similarities in Kazakh and
Russian texts.

Five
considered

baseline models were

for comparison:

Table 3 - Compared TF-IDF baseline models

and source rejection may occur frequently. Real texts are Model n_ame Feature type Clas_snc-ler
more likely to contain editorial news language, official | Word_tfidf_logreg | Word TF-IDF,| Logistic
information style and portal-specific formatting. This 1-2 n-grams Regression
difference provides useful signals for the classifier, but it | char_tfidf_logreg | Character Logistic
also increases the risk that the model learns genre and TF-IDF, Regression
source-specific features rather than factual truth. 3-5n-
Experimental Scenarios grams
The models were evaluated under the following five | word_tfidf_svm | Word TF-IDF,| Linear SVM
scenarios. 1-2 n-grams
char_tfidf svm Character Linear SVM
Table 2 - Description of experimental scenarios TF-IDF,
Scenario Description 3-5n-
bilingual Joint training and testing grams
on Kazakh and Russian word_tfidf_cnb Word TF-IDF,| Complement
texts 1-2 n-grams Naive Bayes
kk_only Training and testing only
on Kazakh texts For Logistic Regression and Linear SVM, the

class weight balanced parameter was selected. The
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word-level TF-IDF space was limited to 100,000
features, while the character-level TF-IDF space was
limited to 120,000 features. The minimum frequency
was set to min_df = 2, and sublinear_tf was used for
Logistic Regression and Linear SVM. The
experiments were conducted using scikit-learn.
Because the vectorizer and classifier were trained
inside a single Pipeline, both the vocabulary and TF-
IDF weights were formed only on the train split; test
texts did not participate in the training stage.

TF-1DF was deliberately selected as a baseline. Its
advantages are computational simplicity, relative
interpretability and its ability to provide an initial
measurement for low-resource languages. However,
this method does not map Kazakh and Russian words
into a shared semantic space. Therefore, cross-lingual
results may be shaped by shared topics, stylistic
patterns, symbolic elements or class-specific word
usage rather than semantic understanding. This
condition was treated as a key interpretive limitation
of the results.

Evaluation Metrics

Model quality was measured using Accuracy,
Precision, Recall and F1-score. Macro-F1 was selected as
the main comparison metric because it combines the F1
values of the fake and real classes with equal weight. This
is especially important in cross-lingual regimes: a model
may become biased toward one class and perform poorly
on the other, while Accuracy may hide such imbalance.
Confusion matrix results were additionally provided to
explain the direction in which errors accumulated.

3.5 Reproducibility and Bias Control

To ensure reproducibility, data splitting and the
stochastic components of the models were fixed with seed
=42. All models were compared under the same scenarios
and using the same textual fields. This helps assess
differences between models fairly, but it does not fully
neutralize topic and source differences inside the corpus.

When analyzing the results, three potential sources
of bias were considered. Source bias may arise because
fake and real texts come from different types of websites.
Topic bias becomes stronger when the topic distributions
of the two classes differ. Temporal bias may lead to
overestimation of future generalization when train and
test texts are close in time. For this reason, the high
metrics were interpreted as controlled baseline results
rather than as production-level accuracy.

Result and Discussion
The aggregated experimental results are shown in
Table 4. The highest quality was observed in monolingual
and bilingual regimes. In the bilingual scenario,
word_tfidf_svm and char_tfidf_svm produced the same

result: Accuracy = 0.9853 and Macro-F1 = 0.9853. In the
Kazakh-only  evaluation, word_tfidf_logreg  and
word_tfidf_svm reached Macro-F1 = 0.9853. In the
Russian-only scenario, the best result was obtained by
word_tfidf_svm.

Table 4 - Best results by experimental scenario

Scenario Best model | Accuracy | Macro-F1

bilingual word_tfidf_ | 0.9853 0.9853
svm

kk_only word_tfidf_ | 0.9853 0.9853
logreg

ru_only word_tfidf_ | 0.9853 0.9853
svm

cross_kk_to | word_tfidf_ | 0.6869 0.6540

Macro-F1 by Scenario and Model

we
00010 ssoo 0B DoOsmanOMSCHE  ogmormy,,, 8888 -
ooz
-
-
f -w
‘ |

Figure 1 - Macro-F1 scores by experimental scenario
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Figure 4 - F1 scores for fake and real classes in the KK -> RU

best models Word TF-IDF + CNB

. 3 fake Predicted label rgg
In the bilingual regime, the best model correctl y

classified 268 out of 272 test texts. In the Fake classl.34
texts were detected correctly and 2 texts weee labeled as
real; in the Real class, 134 texts were also detected fake

2
correctly and 2 texts were misclassified as  fake. The B
equal distribution of errors across the two classes does ﬁ
not indicate a clear bias toward one class. g
=
Bilingual real 171

Word TF-IDF + SVM

fake Predicted label [gg)

Figure 6 - Confusion matrix of the model trained on
fake Kazakh and tested on Russian

In contrast, the cross_ru_to_kk scenario, where the
model was trained on the Russian train split and testedn
Kazakh texts, produced a much more stable result.  In
this r egime, word_tfidf_cnb was also the best model:
Accuracy = 0.9259 and Macro-F1 = 0.9257. Of the 904
test texts, 837 were classified correctly; 399 of 452 fake
Kazakh texts and 438 of 452 real Kaz  akh texts were
correctly detected.

True label

real

_ fake Russian texts better, but often labeled real Russian
PRSP RREN Y TovBestManslgeraceTario texts as fake: 450 of 452 fake texts were detected

B FakeFt . -
=== correctly, while 281 of 452 real texts were incorrectly
assigned to the fake class.
RU -> KK
Word TF-IDF + CNB
fake Predicted label (¢q

Kazakhorly  Russianonly

Word TF-DF + S\

Flgure 5 Confu5|0n matrix of the best model in the
bilingual scenario fake

In the Kazakh-only scenario, 134 of 136 test texts
were classified correctly. In this regime, all fake texts
were detected, while 2 real texts were labeled as fake. In
the Russian-only evaluation, 134 of 136 texts were also real
detected correctly, but the error direction was different:
all real texts were preserved, while 2 fake texts were
recognized as real.

In cross-lingual regimes, the result clearly depended
on direction. In the cross_kk_to_ru scenario, where the
model was trained on the Kazakh train split and tested on
Russian texts, the best result was obtained by Error Analvsis
word_tfidf_cnb: Accuracy = 0.6869, Macro-F1 = 0.6540. y
The confusion matrix showed that this model captured

True label

Figure 7 - Confusion matrix of the model trained on
Russian and tested on Kazakh
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The confusion matrices show more clearly in
which class the model weaknesses are concentrated. In
monolingual and bilingual regimes, errors were few
and were distributed almost evenly between the two
classes. In the cross_kk to ru scenario, the main
problem was the transfer of real Russian texts into the
fake class: 281 of 452 real texts were labeled as fake.
This suggests that fake signals learned from the
Kazakh train set may overlap with some stylistic or
topical patterns in real Russian news.

Inthe cross_ru_to_Kkk regime, the error structure was
more balanced: 399 of 452 fake texts and 438 of 452 real
texts were recognized correctly. This result suggests a
working hypothesis that the Russian train set may have
covered the general fake/real distinctions present in the
Kazakh test texts more broadly. However, this conclusion
should not be treated as final; it should be further checked
using source-based splitting, topic-controlled splitting
and manual error analysis.

CONCLUSION

This paper evaluated machine learning models based
on TF-IDF features for detecting fake/real texts in Kazakh
and Russian under five experimental scenarios. The
balanced bilingual corpus contained 1,808 texts and
preserved equal proportions by language and class.
Logistic Regression, Linear SVM and Complement
Naive Bayes were compared under the same evaluation
protocol; the obtained results were interpreted as an
explainable baseline.

In monolingual and bilingual regimes, the models
showed high quality: in the bilingual, kk_only and
ru_only scenarios, Macro-F1 was approximately 0.985.

This demonstrates that TF-IDF-based linear models can
serve as a strong baseline for Kazakh-Russian fake news
detection. At the same time, such high performance does
not mean that factual verification is fully solved, because
the model may rely on text style, topic and source signals.
Cross-lingual  evaluation revealed a directional
difference: Kazakh-to-Russian transfer yielded Macro-F1
= 0.654, whereas Russian-to-Kazakh transfer yielded
Macro-F1 = 0.926.

Future work should expand the corpus, apply
source-based splitting, use temporal splitting and
strengthen control over near-duplicate and event-level
overlap. It is also important to compare multilingual
transformer models such as XLM-RoBERTa and
multilingual BERT with this baseline under the same
protocol. Extending the binary fake/real label with
multi-level annotation such as disinformation
technique, author intent, target audience and evidence
would also increase the applied and explanatory value
of the research.
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new interactions. The results obtained confirm the prospects of using effective field theory to study anomalous connections
at the Wtb vertex and evaluate constraints on the parameters of new physics based on current and future experiments at the
LHC, FCC, and ILC colliders.

Keywords — top quark, Standard Model, new physics, effective field theory (SMEFT), anomalous interactions, Lagrangian,
Wtb vertex, quantum chromodynamics, top quark decay, Large Hadron Collider (LHC).
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Ab6cmpaxm — Maxanaga CTaHTAPTTHI MOJCTBAIH €H MACCHUBTI dIIEMEHTap OeIIeri peTiHAe TOM-KBapK (M3UKACHIHBIH
TEOPHUSIIBIK HeTi31epi KapacThlpbuiapl. CTaHIapPTThl MOJEIb KOHE OHBIH BIKTHMAaJl KeHEFO1 asChIHIA TON-KBaPKTHIH TYY JKOHE
BIIBIpay MpoLecTepiHe Taaay xacanabl. CTaHIapTThl MOJEIBICH THIC )kaHa (DM3HKAHBIH HHAUKATOPEI 00JIa aaThiH )KOFAPFbI
KBAapKTHIH aHOMAJIBJIbI ©3apa OpeKeTTeCyiHe epeKIe Ha3ap ayaapeuragsl. Opictiy TriMai TeopusachkiHbH (SMEFT) tocinine
HETi3/IeNreH CTaHIapTThl JKOHE KaJIBIITaH THIC ©3apa dpPEKETTECYNEpIiH JarpamKaapsl KapacTbIpbulaisl, Oy CTaHIAPTTHI
MOJIeNlb OODKaMIAaphIHAH BIKTUMAJ ayBITKYJIapAbl MOIENBIIK TOyeNICi3 TYyple CHIaTTayra MYMKiHOIK Oepemi. Kasipri
3aMaHFBI aJIpOH KOJUIaii/iepyiepinie ToN-KBapKTapAbIH Maiia OOMyBIHBIH HETi3rT MeXaHW3MAEpi, COHBIH iIIiH/Ie XKYNTAaCKaH
KOHE JKAJFBI3 TYbUTy, COHJAA-aK TEOPUSIIBIK ECENTEYJNCepIiH ASNIITiH apTThIpyAarbl Oy3bUTy TECOPHSICHIHBIH >KOFapbl
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perTepiHiH penmi TangaHapl. Tom-KBapK cUIaTTaMaiapblHbH JKaHa (HU3HMKAIBIK ocepiepre >KOFapbl Ce3IMTaNIbIFbI OHBI
CTaHAAPTTHl MOJENBIIH ipreiii MO3UIMUIAPEIH TEKCepy JKoHE jKaHa e3apa SpeKeTTecylepii Tady YIIiH MaHbBI3IbI Kypajra
aliHANIBIpaTHIHGI KepeeTinared. Hotmxkenep Wtb msIHbIHIAFH KasTbITaH ThIC OainansicTapas! 3eprrey xkone LHC, FCC xone
ILC xomnmnaiinepnepinzeri 3aMaHayH >koHe OoJamiak IKCIIepUMEHTTepre Colfkec KaHa (pr3uKa mapaMeTpliepiHiH MeKTeyIepiH
Gararnay YIIiH THIMI ©pic TEOPHUSICHIH KOJNJaHy NEepCIIEKTHBACHIH KOJIIaiIbl.

Kinm ce30ep — »oraprbl KBapK, CTaHIAPTThl MOJIENb, *KaHa (u3uka, THiMi epic Teopuscel (SMEFT), anomansasl e3apa

opekerrecy, Jlarpamk, Wtb IIbIHBI, KBAaHTTHIK XPOMOJIMHAMUKA, YKOFApFbl KBAPKTHIH BIABIPaYbl, YJIKEH aJpOoH KoJulainepi
(LHC).
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Annomayus — B crTatbe pPacCMOTPEHBI TEOPETHMYECKHUE OCHOBBI (DH3MKH TOM-KBapka Kak Hawbolee MacCCHBHOU
aneMeHTapHol yactuipl CranmapTaol Monend. [IpoBeneH aHamu3 MPOLECCOB POXICHHS U paciiajia TON-KBapKa B pamMKax
CraHapTHOM MOIEnM M ee BO3MOXHBIX pacimpennii. Ocob0oe BHUMaHUE YIEIEHO aHOMAaJbHBIM B3aWMONEHCTBHSM TOII-
KBapKa, KOTOpBIE MOT'YT CIY)XUThb HHIMKAaTOpaMH HOBOH (u3uku 3a npenenamu CranmapTHOM Monenu. PaccMoTpeHs
JIarpamXHaHbl CTAHIAPTHBIX M aHOMAJIBHBIX B3aUMOIEHCTBHI, OCHOBaHHBIE Ha NOAXOAE Y(P(EKTUBHOH TEOPUH IO
(SMEFT), mo3BonsioieM ONMCHIBaTH BO3MOXKHBIE OTKJIOHEHHUS OT mpenckazanuii CTaHZapTHOM MoIenud B MOAETHHO-
He3aBucHMOH ¢opme. [IpoaHann3upoBaHEl OCHOBHBIE MEXaHU3MBbI 00pa30BaHMS TON-KBApKOB HAa COBPEMEHHBIX aJPOHHBIX
KOJUTaliiepax, BKJIIOYAas MAapHOE M OOMHOYHOE POXKICHHE, a TaKkKe POJb BBICIIMX IIOPSIKOB TEOPHUH BO3MYILCHUH B
MOBBIIICHUH TOYHOCTH TEOPETHYECKUX pacyeToB. [loka3aHo, 4TO BEICOKAst YyBCTBUTEIBHOCTD XapaKTEPUCTUK TON-KBapKa K
HOBBIM (u3udeckuM d(Qekram NeraeT ero BaKHbIM HHCTPYMEHTOM ISl MPOBEPKH (YHIAMEHTAIBbHBIX MOJIOKECHHIH
CraHzapTHOM MOIENM W TOHMCKa HOBBIX B3aMMOACHCTBUiL. [lomydeHHBIE pe3ynsTaThl MONTBEPIKIAAIOT IEPCIEKTHBHOCTH
npuMeHeHHs (PEeKTUBHON TEOpHUH IO IS UCCIIEN0BaHU aHOMAJIBHBIX CBsi3el B BepiunHe Wtb M OLIEHKH OrpaHHYeHHI
Ha MapaMeTpbl HOBOW ()M3MKH I10 JAHHBIM COBPEMEHHBIX U OyaylIux skcriepuMeHToB Ha kortaiaepax LHC, FCC u ILC.
Knrwuesvie cnosa — ton-xsapk, CranmaprHas MoJielnb, HoBast pusnka, s¢dexriBnas teopus nonst (SMEFT), anomanbsHbie
B3aMMOJICHCTBYS, JIarpamXuaH, BepiinHa Wtb, KBaHTOBash XpOMOJAWHAMHKA, pacraj TON-KBapka, bBoibiioil anpoHHBII
xomnaitnep (LHC).

HEI'I3I'T EPEXEJIEP TOYeNIUIriHIH eneyni alblpMallbUIBIFel € OOMBIHIIA
XKoraprer  kBapkThIH ayeITKyelH emmieyim DR, SR xone NR afimakrapbiHIare! ceHIM/II KOJIIeHEH
WHBapHaHTTHIK Oaraimay SM MoHIHEH eHI opTypii  KuManiap jkoHe O mapaMeTpiepi OChl 3epTTeyIiH Heri3ri
KHHEMATHKAIBIK Typlae ajibHafpl aiMakrap. Koc  OaxpliaymapbeIHBIH Oipi OONBIT TaOBLIAIbL.
PE30HAHCTHI aifMaKTaFbl JKOFAPFbl KBAapK OHIIPICiHIH byn d¢akr & xoHe € ymiH OipiKTipinTreH
KeJIJIeHeH KMMachI 0-Fa €H Cce3iMTall eKeHi KOPCeTIreH.  IIEeKTeyNIep/li KOIoFa MYMKIHIK Oepeni mapaMerpiepal
mapameTrp, Ol TeK JKOFapFhl KBapK €HIH e3repTemi. Oip YaKbITTa J>XoHE aly YVIIH OCHl IIeKTeylaepii
Pe3oHaHCTBIK emec alMakTarbl CEHIMAI KeJJIEHEeH MaiJaiaHy >KOraprbl KBapK eHiHzeri mekreynep. Kon
KAMachl 0ap amMImMTygaiblk — anbiMaarbl  WED  okeTkisyre GonaThiH HIEKTEyIep MOJEIbIACH TOYeNci3
My(TachIHBIH MOITU(UKATUSACHI apKbUIbI €  >KOJIMEH YKOFapFbl KBapK eHi 0ap cotikec 23%-nan 12%-
rmapaMmeTpiHe  Ce3IMTaJIbIK. bip  pe3oHaHCTHIK Fa JeiiiH OaranaHabl SKCIIEPUMEHTTIK ganaik 10%-maan
aiMaKTBIH €Ki TapaMmerpre Je caiublcThlpManbl  5%-ra nedin. byn HoTmkenep OapiblK ITONICI3IIKTED
ce3IMTaNIBIFBI Oap OHTKEeHI O mapaMerpi KOraprbl  OONFaH Ke3/le OHAWIATBUIFaH TOCUT apKbUIBI aIbIHAIbI
KBapK CHIH ©3repTeli >KOHE € IapaMeTpi JKOraprbl  OODKaMIpl — Kaimbl — OKYMENUIiKKe — KOATallFaH
kBapk eHiH gne, Wtb wmydracein na esrepremi.  Oenrici3mik. AIpoHHM3aIMs CHUSKTBI OapIibIK ocepliepai
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erKeH-Ter ke  3epTTey JkoHe  (pparMeHTanus,
JETEeKTOPIIBIK JKayarl, COHBIMEH KaTtap (OHHBIH ocepi
arbIMHBIH ayKBIMBIHAH THIC TEK HET13Ti O KOPCETLIreH
Ke3[e JKeHugeTiireH 3eprrey. JKorapwlga artanraf
oCepJIePIiH erKeH-TerKelnepi KelHiHre KaaIbIphUIAbI
KeJleci HaKThIpaK Tajjay.

Tom kBapk - 6apasik gepitik CM keHeHTIMaepiHiH
Heri3ri 21eMenTi. bi3 t -KBapKThI 3epTTey *KaHa

alIbUTYJIAPFA  OKEJIETIH JKOHE 3aT TepeHMIri
KYpBUIBIMBIH ~ TYCiHyZ€ KaHa KagaMm kacayra
MYMKIHZIK OepeTiH moprtan Oona Gepeni nen KyTemis.
Byt conpiMeH karap OlleMHiH KYPBUILIMBIH TYCIHYIIH
canaibl J)KaHa JICHreiid OLipesi, OMTKEeHI 0J1 JyHHere
KEJT'eHHEH KEHIHT1 IFAIIKbl COTTe OJieMJe IpTypii
mpolecTep, aTan anTkaHaa, t -kBapKIeH OaNIaHbICThI
MIPOLECTEP KYPEi.

1. Ton-kBapKThIH KaHAIJApPBIHAAFBl  OpPTYPIi
AQHOMAJTbJIBI OPEKETTECYNIEPIH CHUMATTAy YUIH THIMIi

epic  TEOpHACHIHBIH  (opMaNM3MiHEe  Heri3JenreH
omM06ebart TociIi MEHTepYy.
2. AHoMampIpl ©3apa  9peKeTTecy  THIMJI

JlarpaH)KUaH KOJIJIaHa OTBIPBIN, MOJAEIBICH TAYENCI3
TYpZE CHIIaTTay MYMKIHJITIH 3epTTey.

3. CM emmey TOObIHA KATBICTBI OJIIIEMCI3-
nHBapuaHTThl OoathiH SMEFT omicTi MeHrepy *oHe
OHBI 3epPTTEYIepre KOIIaHy.

KIPICIIE

3epTTey TaKbIPHIOBIHBIH ©3EKTLIIr: OyJ1 3epTTey
’K00achkl ~ MOJENBIIK-TOYENCi3  JKOHE  OJIIeYill-
WHBapUAHTTBl OJiC asiChIHJA I-KBapK BIIBIPAYBIH
3eprTeyre  apHaimFaH. bi3giH  GoimKaMIaphIMBbI3
KOJITaHBICTAFbI KOHE JKOCTIapIaHFaH LHC
KoJLIaiiaepinaeri CMS JKOHE ATLAS
KoJutabaparusiapbIMeH KYPTi3iIeTIH KOHE
6omnamrakra IITEPH-neri FCC xo0aceiHgarsl, COHBIMEH

karap Oomamakrarbl |LC  CBI3BIKTBIK 3JIEKTPOH-
MTO3UTPOHIBIK ~ KOJUIAHWIEpiHAeri  ToXipuOemepMeH
TBHIFBI3 OaliJIaHBICTHI OOJIAIBL.

KyMBICTBIH MAaKCaThI: MYMKiH 00IaThIH

KapamailblM eMec ©3apa opeKeTTecyllepii eckepe
OTBIPHIII, YIIiHIII OYBIH KBapKTAPBIHBIH, COHBIH iITiH]IE
TON-KBAaPKTBIH KAaCHETTEPIH 3epTTey.

JKyMBICTBIH ~MIHAETTEpi: JKOFaphl dHeprusia
BIIBIPpAYABIH €HIH JKOHE BIABIpayIblH Oacka Ja
CHIIATTaMaJIapblH €ceNTey, COHBIMEH KaTap SpTypii
KaJBIITAH ~ THIC ~ TapaMerpiepiae dSHEprus MeH
OypBIIITaH TOyeNAl KHHEMATHUKAIBIK Tapaysap/bl

cumaTrray KOOaHBIH  HErisri  Maceneci  OOJBIIT
tabbiagpl.  On  yumiH — Kenmeciell  >KymbIcTap
KOCIapJIaHFaH:

—KaJbINTaH THIC YJIECTEpiH €CKepe OTHIPBIN TOII-
KBapKThIH t — Wb eHiH ecenrey;
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—SMEFT Tacunigae 6 enmemai 6a3ucTi KajablITaH
TBIC onepatop K03 puIHreHTTepiHeH t-KBapK acepiecy

napaMeTpiepiHiH AHATTUTUKAJIBIK TOYCNILTITiH
KOPBITBIH/IBLIAY;

3epTTey HBICAHBI: TOI-KBApK JKOHE OHBIH
BLIBIpAYJIaphL.

3epTTey MOHI: KBAHTTHIK  XPOMOJIMHAMHUKA
HETI31H/J€ TOM-KBapK JKOHE OHBIH BIABIpAYIapbIH
3epTTey.

3epTTeyMiH TECOPUSIIBIK JKOHE IPAKTUKAJIBIK
MaHbI3ABUIBIFBL: COHFBI OHXKBUIIBIKTAFbI 3JICKTPO 9JICI3
acepiecynepaeri (0O) JKOHE KBAaHTTBIK
XPOMOJMHAMHKAIAFbI (KX D) nepTypOaTHBTI
ecenTeyliepieri mporpeccTepai MoMbIHAaFaH KeH. by
JKaHa ~ CaThUIbl  QJICTEP MEH  KOMIIBIOTEPJIIK
aJrOpUTMIEP/II KOIl JIeHr eIl TY3eTYJIepIiH

apKachlHJa MYMKIH O0Jiibl. BYTiHTI TaHIa TEOPHUSIIBIK
ecenTeyyiep/iiH IaNIiri KeOiHece AKCIEePUMEHTTIK
oJIIICYJIEpIiH IANAICIHEH KeM OoaMakabl JKoHEe eKi
OarbITTa OJIaH 9pi Irepiney KyTiTyze.

CM  OomkamJapel — 3JeMeHTap  OeJmeKTep
(hM3UKACHIHBIH KOIITETeH 3KCIIEPUMEHTTIK
HOTIDKENIEPIMEH COliKeC KENETIHIINH aTal 6TKEH JKOH.

Cupek buIbIpay, atam alTKaHna, OeHTapan
TOKTap/IbIH MICIHIH ©3repyiHe OailaHbICThI, (U3NKaFa
CM-zieH ThIC acepiiep i 3epTTeyre MyMKIHIIIK Oepei.

EH epekmie kBapk Oonbln t-KBapk caHajajpl, O
TaBaTpon YAETKILIIHIE, DO KOHE CDF
KOJUTOOOpAITMACHIHIA allbUTFaH. Tom KBapK OapIiblK
Oenrimi  aymeMeHTap — OOMINEKTEPIIH €H  YIKEH
MaccachblHa ue, SMIUPUKAJIBIK TYPFbIIaH OHBIH OIpiHIII
JKOHe  eKiHm  OyblH  KBapKTapbIMEH  QNCi3
apayacaThIHABIFEI OCTT I

t-KBapK BIIBIPAYBIH 3epPTTEY 3aMaHayH OOIIIEKTep
(hM3UKACHIHBIH HETi3ri OarbITBl OONBIN  TaOBLIAIEI.
JKanmel, agpoHmap KBapKTap MeEH TIIIOOHIAp/aaH
TYpaJIbl KBaHTTHIK XPOMOJIMHAMUKAHBIH HET13Ti
epKIHIIK Jopexernepi. t-kBapk Oap aapoHaap TaburaTTa
eMip cype anManbl, OUTKeHi -KBapKTBIH OMip CYpyi
YaKBITHI TyCCi3 OalIaHBICTHIPBUTFAH KYWIIEPiH Mmaiaa
0oy yakbIThIHA KaparaHjua oljieKkaiiia KpICKa.
Anpornap {-KBapKTHIH BIIBIpAy OHIMIEpIMEH TY31Tyi

MYMKiH. t KBapKTHIH (hyHImameHTamIBI
OpeKeTTECYJIepiHiH KYPBUIBIMBIH  3€pTTeY  YJIKEH
KBI3BIFYIIBUIBIK  TYIBIPajabl, ©HTKEHI aJpOHU3AINs

addexTiepi oapra KaThICIANIBL.

Anaiifia, aapoHIApIBIH CAHIBIK CHIIATTAMACHI
JKOHE OJapiblH  ©3apa OPEKEeTTECTirl  KBaHTTHIK
XPOMOJIUHAMUKAHBIH OY3bUTy TEOPHUSCH  asChIHAH
IIBIFBINT  KeTell JKOHE JKaHa CaHJBIK oicTepAi
KOJIAaHY/IbI TaJlal eTe/i.

Kana ¢pusukanpy (JKD) eH aiiKpIH KOPiHICTEPiHIH

0ipi wmiciH  e3repreTiH  Oelitapam  TOKTapMeH
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mporecrepiae  t-KBapKThIH —~ aHOMAaJbJbl  ©3apa
opekerTecyiH Oaiikayra Oomanmel. CM-me MyH#ai
MPOIIECTEP BIABIPAY BIKTUMAIABIFI ©TC TOMEH UK
JMarpaMMaIapeIHbIH YIIECIH ecKepe OTBIPBIN KYPEi,
Oyl omapaelH Toxipubenik Oakpllay MYMKIHIITIH
alTapabIKTald KUbIHAATAAbL.

CM-giH op Typil KEHEi OChiHAal e3apa
OpEKETTECYIH eAQyip alTapibIKTail OoyKahabl, Oy
KD i3aeyni kenenerin akplH eTeji.

MATEPUAJIIAP MEH 9JICTEP

1.1 CM meHOepiHeri TON-KBapKTapIblH ©3apa
OpEKETTECYIH/Ier] TarpaHKuaHbl

OpICTiH KBaHTTHIK TEOPHACHIHBIH (hopManu3mi
meHOepinge, an CraHmapTThl MOJENb JereHiMi3
OpICTIH KBapTTHIK TEOPHUSCH, -KBAPKTApAbIH ©3apa
opeKeTTeCYiHIH OapJbIK epexenepi (e3apa opeKerTecy
HIBIHAAPBl  JkoHe coiikec DeifHMaH epexenepi)
Jlarpanx Hemece »xai JlarpaHuaH naen arajaTbiH
(yHKIMSCBIHAH aJIbIHFaH. MpbIcalibl, -KBapKTapIblH
TIIFOOHMEH ©3apa 9peKeTTeCyl KoHE -03apa dpeKeTTecyi
KeJieci ©pPHEKTePMEH CUIaTTalla bl

LSM ('fg'f) = I;rré;ﬂwfc;a:g:l‘ ég =
L, (tWq)= wgérrwrl
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(3) epHekTe t -KBapKTHIH (PEPMUOHIBIK OPICIHIH COI
’KaK  KOMITOHGHTI  FaHa  e3apa  OpeKeTTecyre
KaTHICATHIHIBIFEIHA COlikec KeneTiH maTpuma (1 — 7°)
eKeHiHe TaFbl Haszap ayJapbiHbI3. t -KBapKThH CM
meHOepiHaeri e3apa OpEeKeTTeCYiHIH JarpaHXHaHbI
keneci Typre ue (kapassi3 [1, 19]:
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MYHJIAFBI - 3JIEKTPIIK JICI3MIK MIKanacel — XHUITC
OpiCiHiH BaKyyMJbIK OpTaIla MoHi.
1.2 Tom-kBapKTapAblH aHOMAJlbJBIK  ©3apa

OpeKeTTecyiHeri JarpanKHaHbl

Kasipri yakpitTa XKana ®usukansiq Kaii Typi (KD
CraHgapTThl MOJEIBIACH THIC JKaHAa (H3MKA)
CTaHAAPTTBl MOENIBIIH OODKaMIapblHAH ayBITKYbI
YIiIiH jkayan Oeperini 6enriciz. CM KeHeroiHiH apTypIii
cuenapuiinepi (Mbicanbsl, SUSY) -KBapKTBIH Ty3ilyi
MEH BIIBIPAYBIHBIH JKaHa TETIKTepPiH OoKayFa ajbli

Kenesi. Ocpnaiiina, XKaHa TEeTIKTepIiH
OKCIICPUMECHTAJIABI AIIBLTYbI HEMECE CHUPCK
nporectepaid  kymewoi CM  mieHOepiHeH — ThIC

(uznkaHbIH Oap eKeHiH KopceTe.

CM KeHEroiHIH KeITereH CIeHapHiiepi -KBapkK
CEeKTOphIHJA  ©3apa  9peKeTTecy THUNTEpI  MeEH
napameTpJiepiHiH ©31HTIK JKUBIHTHIFBIMEH
(GaiaHBICTBIPYIIBI TYPAKTBUIBIKTAD, KaHa 00bEKTiNIep
Maccajapbl) op Typii Oommkamaapra okenemi. Ajaiina,
kebiHece opTypJli clieHapuiliep Oipiell Hemece oTe
ykcac addexrizepai Oomkaiapl, Oipei COHFbI KYHIeri
MpoIecTepre HeEMece, oflap aTKaHIali, KoaTaHOaIapra
okenemi. MyHpait crieHapuiAsiep caHbl oTe Kotr!

t-KBapKTap/AblH OpPTYPJli  aHOMANBJAbI  ©3apa
opeKeTrTecyijepiH cHmarTay YIIiH THIMII  epic
TEOPHUSACHIHBIH (hopMajIM3MiHe HEri3menreH amoOeOar
Tocin [2] KeHiHEeH KoymaHbutanbl. MyHnmai amranma -
KBapKTapblH aHOMAIIBIBI ©3apa dpeKeTTecylepi
TaIMIl  ((DEHOMEHOJOTHUSIBIK) JIarpamHkIbl KOJIJaHy
apKBUTBI MOJIENBIe TOYEJJIi eMeC TYPJHE CHIATTalabl
[1,11,7]. by Jlarpamk CM kanubpiri ToObIHA KATBICTHI
WHBApHAHTTHl OOJYyBl Kepek (QWTIiece, eHTi3iireH
aHOMaBABl ©3apa IC-KUMBUIIAP 3aMaHayd JJIIK
eIlmeMAepiMEH  KapaMa-KalIIbIIBIKTapFa  OKEJIiN
COKTBIpaibl) xoHe XKD mkanacelHbIH OYPHIHFBIIAH 13
JKOFapel ~ KyIITepiMeH OachUIaTBIH  ©JIIEMICDIIH
YIFalOBIMEH OipKaTtap TEPMHUHACPIACH TYPAIbl, ojap
KOJJIAHBICTAFbl  IMIEKTEYJepAeH  TYBIHJAWTHIHIAH,
alTapIBIKTAl YIKEH OOTYBI KEPEeK AIIEKTPIIK JICI3TIK
IIKaNackl - XUTTCTIH BaKyyMJBIK OpTallla epici Vew =
2461'>B

('5} (8)
C;
L=1, +T 0 +> =0 +...(5)
— N — A
Tuimai JlarpanxapIH IapTTapsl o™

WHBAPHUAHTTHI OTIepaToOpiap IblH KoOSHTIH ICIHEH KoHEe
coitkec ci™V' xoadpummentrepinen Typamsl. XKoraprsl
KBapKThIH 0acka CM HengepiMeH e3apa opeKeTTecyiHe
BIKIIaJI €TETiH €H TOMEHT1 6 eJIIeMli OrepaTopiapablH
TOJBIK JKUBIHTBIFBI IIONyda Kentipuiren [22]. Byn
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orepaTopjap >KMBIHTHIFBI BapimaBa Jem aTajaTblH
Oa3zara coiikec kenemi [23].

Tuimai wenuik teopusiubiH (EFT) menOepinme
JKaIBl OJIIICYIITeH XoHe JIOpEHIITIH HHBApHAHTTHI
KEHCIOIHEeH TYBIHIAWTHIH aHOMANbIbI t -KBapK e3apa
opeKeTTeCyJIepiHiH JiarpaHKHaHbl, OipaK ©3]iriHeH
cuMMeTpusl Oy3bUTFaHHAH KEHIHTI omepaTopiiap Kejeci
TYPZA€E YCHIHBLUIYBI MYMKIH:

- . k.- - ks —
_ (4 5 &) (6}
Lpg =Ly, +ky 0y, +E{;fq(} W, + e ij.trgO w,+...(6)
MyHza A - XK® macmTa6te! mapamerpi, K-vew’/A?
IIBIHABI YIIKEHIIrT 0ap aHOMAaJIbJIbl TYPaKThLIAP.
TuiMal enmiemMai-uHBAPUAHTTHIK JlarpaHxmap/ sl
cayly Macelieci aJiIbIHFbI KYMBICTAp/Ia Jia 3epTTEIreH

(MpIcanmer, Kapaupz [2U, 24, 25, 1]). Tapuxu
cebenrepre OaliIaHbICTHI IKCTIIEPUMEHTTIK
MOTIMETTEpJl  Tajjayaa  Kenecl (dhopMaaarsl

YHHTAPIBIK Kanmuopaeri tTuimai Jlarpamkuan KeHiHeH
KOJIIaHBUIA/IbI:

Z (U tysa }?H

q =u,c,f
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‘anom
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2cos 8y A A

MYH/IaFbl g - 9JICi3 M30CHUHHIH OJIIeyilll TOOBIHBIH
Oaimanpic  koHctantackl SUQR). .PLr=  (14ys)/2,
0,=1/2(YuYv—YvYy) ©piC  KepHeymiri  TeH30piapbl
omerrerimeit  ambikramamel  (Gpuvq = J pGoa—
d poGupa,...); A - OipHerie (u3HMKAIBIK JeHrenaer
kaHa  (pU3MKaHBIH ~ MacmTabbl;  AHOMAITUSUIIBIK
TYpPaKThUIAP, 9MIETTE, HAKThI CAaHIap JIeN KaObUIIaHAIbI,
Al «CaNBICTBIPMANIB) TYPAKThUIAp f JKoHE h KaJIbl

KarJalija HOpMaJlaHFaH KypJedl caHAap peTiHae

KapacThIpbUIAJIbL:
Ifl2+|h|2=1

Ecke canaiibik, CTaHIapTThI MOZCH MICHOEPIHIE

Jlarpamkuan (b) -AaH  mapamerpiepHiH — MoHI
KeJecimen:
m H
y,=\2— a¥ = (= 0
U-E'HF
Uj: a;': 0 q#t
R z B
L P}q fr =t =/r=
fr =4
2 z 1
ad, = E
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byn Tocinye SKCIepUMEHT HOTHXKeIepi THimMjl
JlarpamkIplH ~~ colikec — MyIIenepiHe — KapaHThIH
aHOMaJbbI OaiTaHbIC KOHCTaHTAJIAPBIHBIH MOH IEpiHe
ImeKTeyep Typinae Oepimeni. bipkarap »xarmaimapaa
aJIBIHFaH IIEKTEyJIep Oenrim Oip CHpek Ke3deceTiH t -
KBapK  BIABIPAYbIHBIH  BIKTUMAIIBUIBIK — HIEKTEpi
apKBUTBI KaliTa KOPCETLIeTi.

JKorapbifa aldTeLIFAaHAApABI TYCIHOIPY YimiH tWb
IITBIHBIHJAF b OCBIHAI AHOMAJIb/IbI e3apa
OpeKeTTeCyiH THNTIK (OHE ©Te IEePCIIeKTHBAIIbI)
MBICAJIBIH KapacThIpalbIK (3-CyperTi KapaHsb3).

CM-ne MyHZIali WIBIH «cCON JKak» t -KBapKThIH
e3apa opeKeTTECYIH CUITaTTaiiIbl XKoHe (hopMachiHa He:
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Cyper 1. tWb mIbIHBIHIAFBI aHOMAIIBABI ©32pa
opekerTecy

Ocpinnail e3apa opekerrecy yuriH YKana ®dusuka
©31H «aypbic» TokTap (~ (1 +7v5)) *oHe 0Chl HIBIHAAFBI
AQHOMAJTbIbl MATHUTTIK JKOHE DJIEKTPIIIK MOMEHTTEPiH
KaTeICybIMeH  Kepcere amagsl. CM  bIKTHMAa’
aybITKYJIapbIH MOJICIBACH TOYEJCI3 TOCIIMEH OapiibIK
MYMKiH JIOpeHII-MHBapHaHTThl KYPBUIBIMAAP TYPiHIC
tuimai  Jlarpamxkmanga  kesinme  TWb  e3apa
OPEKETTECYIH eHri3yre 0oaibl.

TWb 1mbIHBIHIAFBl aybITKyNIap 6  ejmeMi
WHBapUAHTTHI orepaTopiap KUBIHTHIFBIMEH
CHITaTTaJaIbl.

-+ i ! D q
Og,s 3) _ E[¢ (T' D,, _ Dﬂrl)¢}(qL37ﬂT|qL3)’

(amaﬂvfl b:)
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O =i(¢ D, 4)(try"by),

Ol?\i/ = (aL(&O-ﬂVTItR)WVyI C)]

y!

MyHZarbl ( ; t jkoHe b yIIiHIN KBapKTapablH

coyakai onciz M30700JIETiH ourmipeni.
CUMMETPHUSIIBIKTBIH 03/IT1HEH OY3bITybIHAH KEHiH Oy
orepaTopiap JKOFapeima KenTipiareH JlarpamxmapiH
Oeiri OombIn TaOBUIATHIH Keieci GopMagarbl THIMIIL
Jlarpamxkuanra [5] okenenmi:
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uv

MYHJ1a a"W“
C (333
e OIEPATOPBIHIAFBI
koaduimeHt (10) kemecinei Type IarpaHKuaHIarbl
AHOMAJIB/IBIK TYPaKThUIapMeH OaitnanbicToi(11):
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Byn kaTelHacTap SKCIEPUMEHTTIK MONiMETTEpi
TangayAaH aiblHFaH aHOMAJbABl TYPaKThIIapAAFbI

) fVL fVR f L f R .
HIEKTEYJIep a1 , , T , T  emmerim-
WHBApUAHTTHI OTlepaTopiap YiIiH Ko3QpHUuueHTTepAiH
MYMKiH MOHJIEpiHIH IIEKTEepiHE ayaapyra MYMKiHIIK
Oepei.

HOTUXEJIEP )KOHE TAJIKBIJIAY
Ton-kBapKTapbIH TY3UTyiHIH HEri3ri
MexaHu3Miepi ¢ -kBapkThiH NLO-marsl ecentenrexn
TOJIBIK €HIHE XKaKbIHIaTKaHaa [5]:

_ Grmg

(-7 (25 i

T osmy2
-3

CM nieHOepinze t-KBapK OH/IIPICIHIH aJPOHIBIK
e3apa opeKeTTecyliep/ieri colkec KuMasiapbl OOWbIHIIIA
HETI3Tr1 MeXaHU3M/IeP1 TIIFOOH -TIFOOH/IBIK KOHE KBapK-
AHTUKBAPKTHIK aHHUTHIISIHS OONBI TaObIIabl, Oy

2a

(% (10)

tt JKYOBIHBIH Tmaiia OonyblHA oKeneni (4-cyperti
KapaHbI3):

gg —> tt (11)
qq — tt (12)
gy — tt I\ %ﬁ: ::gimm<
qq — tt >mm<
Cyper 2. tt . KBapKTapIblH Taina OolybiH

CUIATTaWTBIH AUarpaMmaiap.

Keneci, xenmereH KnMacel OOMBIHIIA, DIEKTPIIK
Anci3 («KaJFbI3») t -KBapK OHJIPICIHIH MporecTepi.
Byn mpomecrep, omerTe, MpOIECKEe KATHICATHIH
BHUPTYaJJIBI -0030HBIHBIH 4 WMITYJBCIHIH KBajpat
IIIaMachIHa ColKecC JKikTeneni (5-CyperTi KapaHbl3):

ab —tq’, pvzv <0 - ¥ xaman (13)

qq'—>th,py >0. s _ .o (14)
2

gb — tw, pW My ‘tW-kaHa (15)
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tW -kanaa
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S-RaHAL
Cyper 3. Dnekrpancis (6ip perTi) Ty3iny Hporecin

CUIIATTANTBIH IUarpaMmaap.

TepOernic TEOPHACBIHBIH JKOFaphl PETTEPiHIH poli
- KBapK TY3UIy TMpolecTepiH KeHiHTi BIABIpay
nporecTepin 3eprreyae xkerekuri (bopH) xkakpiHAaTYFa
JeriHTi TepOeltic TEOPUACHIHBIH KYIUTI )KOHE JJIEKTPITIK
QJICI3 Ty3eTYJEpiHIH TEOPHSUIBIK ecenTeyyiepi ere
MaHBI3JBl POJ AaTKApaThIHBIH aTal OTKEeH JKOH.
Tyserynepai ecenteyiH KypAeIiIiri apOip KybIKTaraH
caiiblH ©Te Te3 eceli jkaHe ic ky3iHue kebinece NLO
sxoHe NNLO genreiniepiMen 1rexreneni. Camaisl
typae NLO xybikrayel BopH yneciH xoHe Oip
KOHTYpJIBI ~ aMIUIATYAaNapJblH  WHTep(epeHIUICHIH
JKOHE TJIFOOHHBIH KOCBIMIIIA ©pICi HeMece aMIUIMTYa
KBaJIpaThIH COHFBI HeMece 0acTarnKbl KyHiHIe KAMTHIBL.
Tyzerynepre apHaJFaH TeIeM ap TYpi
KHHEMATHKAJIBIK ~alMaKTapJarbl Kbl  ©HAIpIC
KuMajiapbiH rana e3reprieiiai (fidcial cross sections),
COHBIMEH KaTap Ce3IMTal peakmus OHIMIEPIHIH
yaectipiny dbopMaceiH OipiraMa e3repTeli. OpaaibiM
KOFapeIpaK ~ OYHpPBIKTAapAbl  €cKepy  HOTIDKCHIH
TEOPUSUTBIK JTOJAITIH JKOFApPBUIATYHI, MACIITA0Tap IbIH
TOYENIUIITIH alTapiIbIKTall TOMEHAETYl 6T€ MaHBI3/IbI
(peHopManmM3aIysl MacITadbl JKOHE (aKTOpH3AITUs
MacmrTadsbl), Oy MIiHAETTI Typae OY3bUTY TEOPHUSCHIH
KOJITaHa OTBIPBII ecenTeyepae maiaa 0omasl.

TepOernic TeOPUACHIHBIH PETiHIH )KOFaphIIaybIMEH
KOJJeHeH KhMajap MeH YIeCTipiMIepal ecenTey
HOTIDKENIEpI  OChl  peHOpMaIM3arus/hakTopU3aIns
[IKaTaNapbIHAAFel ©3repicTepre eaoyip TYpakKTaHalbl,
OyJ1 Ty3eTylepliH ecenTeyiepi eTe MaHbI3/IbI, Scipece
i37ey YIIiH CTaHIAPTTHI YITiNEH THIC ocepiiep YIIiH.
Erep 6i3 CM OomkaMaapblHaH ayBITKyJIapAbl TaOyFra
THIpBICAaTHIH OoJicak, oHe OYTiHri KyHI MyHmai
ayBITKYJap eTe a3 eKeH/Ir Ka3ipAiH e31H/1e aHBIK OoJIca,
oHga 6013 CM OomkaMIapslH MYMKIHAITIHIIE 0T
Oimyimi3 kepek. Kymri ezapa spekerrecyre apHaifraH
NNLO ryserynepin ecenrtey OOHBIHIIA COHFBI
HOTWDKENIEp JKOHE t-KBapKTapIpl JKYI OHIIpyre
apHairaH  osekTpmik  ancis NLO  tyserynep
cirremenepne  KenTipiireH.  ApHailBl  3epTTey
IIKaj1agapIsl TaHJayFa JeiinTi ecenrey
HOTIDKENEpiHiH  TYPaKTBUIBFBIH  KAKCAPTy  VIIH
KHHEMAaTUKAJbIK alHBIMAaJIbLIAPFa Toyenai
«IMHAMUKANBIK mkajgamapaey (dynamica scales)
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KOJIaHyFa OOJaTBIHIABIFBIH KepceTTi. Anaima, Oy
wargariaa KXJI tyserynepin ecentey kesinae apTyp:ii
KHHEMAaTUKAJIBIK yJiectipynep JMHAMHUKAIBIK
HIKaJalapablH opTYpJli TaHAAybIHAa KATHICTBI TYPAKTHI
Oonaznpl. PakTOPU3ALMSHBIH PEHOPMAIN3aAUSICHIHBIH
JUHAMUKAIBIK [IKaJachblH, JKOHE -KBapKTapBIHBIH
KOIEeHEH MaccaJapbIHbIH KOOEUTIHAICIHIH
TCOMETPUSIIBIK OpTallla MoHIH ochiHIal TaHaay NLO
KXJ1 ty3eryiHiH ecenTeyiHae OHIIPIC MEH  BIABIPAY
NpPOLIECiHE JKacallFaH. -KBapKTap, OJApJIbIH JKaIai
KaOBIFBIHIAFBl  JKOHE  CBIPTBIHIAFBl  MPOIIECTEpTe
KaThICa/Ibl, COHBIMEH KaTap OapiiblK KeaepriiepaiH
yieci. Bys ecenreysnep -KBapKTap/IbIH TY3UIyiHE KOHE
BIJIBIPAyBIHA OIp YaKBITTa TY3€TYJIep €HTi3Y TEOPHSIIBIK
OomKaMIapAblH JIONJICIH  eoyip JKakcapra alajibl

nered  Oakputaynmapabl  pacragel.  NNLO KX/
TY3€TyJepiH  KaHaasl Oip >KOFaprbl KBapKTBI
OHJIIPYIIH JKETEKII MEXaHU3M1 €CEITEIreH.

benrinenrenneii, NNLO KXJI Ty3erynepinig -
KBapKTHIK BIJBIPAY EHIHE ecerTeyepi KeNTipiireH .

JKerekmni xairmbiHa KENTIpUTYiH €CKepe OTBHIPHII
JKOHE KETEKII JIOrapupMIIK KYMCaK Ty3eTyJIepaeH
(NNL >xone NNLL) sxoHe keii0ip xarnaiiinapaa NNLO
KXD Tty3erynepin eckepe otbipbi, NLO Ty3erynepin
ecenTey Ke3iHjJe CHpPEK Ke3JeCeTiH TMpolecTepre
Ty3eTyJiep CHTI3UImI, OHMa KyObl KBapktap W
0O30HIAPBIHBIH CcyHeMmenneyiMeH eHmipiiemi , Z
0030HBEI CHIIATTAMIBI, XHUITC OO30HBI CHIIATTAJIAIBL.
Bapneik ecenTeynepme ecenTep MONAITIHIH emQyip
JKakcapybl Ma3achbI3NBIK TEOPHSCHI  aTam  OTUIAIL.
Teopusira colikec, IPOIECTEPIiH KOIACHEH KUMalaphl
YIIiH HOTIDKEIep peHOpMaTH3aIus KOHE
(hakTopuzanms MacITaObIHIAFbI aybITKyJIapra
0aitTaHBICTHI TYPAKTHI OOJIBIT KEITeIi.

KOPBITBIH/1bI

Tom-kBapk 0Oacka KBapKTapAaH aWTapiBIKTal
epeKIIeNieHe i, COHABIKTaH OomeKkTep (HU3MKAChIHIA
epeKIe pen aTkapansl. t -KBapK - OYJI €H MacCHBTI
KBapK FaHa emec, >kammbl CTaHIapTThl MOJEIbCT] €H
MaccHBTIK Oemmrek. KBapKTBIH yIIKeH Maccachl OHBIH
eMIp CYpy VYakKbITBl BaKyyMHaH KBapK-aHTHKBapK
KYWIepiH KypyFa >oHE aIpoHAap Ty3yre KeTKeH
YaKpITTaH NJeKaiiia a3 OOJNATBHIHIBIFBIHA OKENE.
ConppiktaH, Oip JkarbiHaH, TaburarTa t -KBapk Oap
aJIpOHJAp KOK, all eKIHII JKaFblHaH, aJpOHIATY
ocepiMeH OypkeMmerneHOereH t -KBapKTBIH ipreli
KacHeTTepiH 3epTTey/iH epeKIe MYMKIHZiri Oap. t -
KBapK TII€H OHJIpiC KOJeMIHIH VJIKeH KAMalapblH
KaMTUTBIH 9p TYPJi NPOLECTEp/iH CcHUIaTTaMallapblH
OoJDKaylarbl ©TE JKOFaphl TEOPHSIIBIK JAJIIK OHBI
CranzapTThl MOJENbIAI TEKCepyre, COHBIMEH Kartap
s dexrinepai CraHmapTThl MOAENBIEH THIC i3A€yTe
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Abstract — The article addresses the scientific and applied problem of developing automatic control systems for stabilizing
milling machine cutting power under changing operating conditions. Maintaining a constant cutting power level is essential
for improving machining quality, increasing productivity, reducing energy consumption, and extending tool life. A synthesis
approach based on fractional-integral controllers with an increased astatism order is proposed. A specialized optimization
criterion was developed to ensure fast transient response while limiting overshoot within predefined bounds. Unlike
conventional mean-square-error criteria, the proposed functional accounts for the position of the control error relative to the
admissible region, providing smoother transient behavior. Optimal controller parameters were determined using genetic
algorithms implemented in MATLAB. The obtained results enabled the synthesis of fractional-order control systems with
improved dynamic performance compared to classical controllers. Simulation studies demonstrated effective disturbance
rejection and rapid stabilization under sudden load changes. For a 50% increase in cutting power demand, the transient
deviation was reduced from approximately 200 W to 19-39 W, while the settling time remained below 0.02 s.
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MAIN PROVISION The current stage of mechanical engineering
An approach has been developed to synthesize development is characterized by rapidly increasing
systems for automatic cutting power control of milling  requirements for production efficiency, product quality,
machines based on fractional-integral regulators withan  automation level, and energy efficiency of
increased astatism order, which makes it possible to  technological equipment. Under conditions of global
achieve a more flexible formation of dynamic competition, industrial enterprises are forced to
characteristics of a closed system compared with continuously improve labor productivity, reduce
classical regulators. material and energy consumption, and ensure
A specialized criterion for optimizing the transient  consistently high machining accuracy. Achieving these
process is proposed, which, unlike traditional RMS  objectives largely depends on the sophistication of
criteria, takes into account not only the magnitude of the  automatic control systems, which must not only
control error, but also its position relative to the maintain specified operating modes but also adapt to
permissible deviation range, due to which the transient  changing production conditions.
process is smoother with limited overshoot. Milling occupies a leading position among modern
Using genetic algorithms implemented in the machining processes. Owing to its versatility, high
MATLAB environment, optimal regulator parameters  productivity, and capability to manufacture parts with
were determined for various values of the astaticity —complex geometries, milling operations are widely used
order, while it was found that the most rational range for ~ in aerospace, automotive, shipbuilding, energy, and
practical implementation is the astaticity order range of  many other industrial sectors. Consequently, improving
1.7-1.8, which provides a reasonable compromise the efficiency of milling machine operation remains an
between the accuracy of regulation and the complexity — important research area attracting considerable attention

of the regulator structure. from specialists in automation, mechatronics, and
It is shown that with an abrupt increase in the electric drive systems.
required cutting power by 50%, the synthesized system The efficiency of the milling process is largely

makes it possible to reduce the amplitude of the determined by the stability of cutting conditions. During
transient power deviation from about 200 W to 19-39 machining, the cutting tool and machine drive are
W, and the duration of the transient process does not continuously subjected to variable loads caused by the
exceed 0.02 s. technological characteristics of the process. The main
It has been found that the use of a fractional order  factors affecting cutting power include variations in the

of astatism above unity provides a gradual decrease in  physical and mechanical properties of the workpiece
the velocity error with a linearly varying setting effect, material, fluctuations in machining allowance, changes
which is not observed in systems with the classical in cutting depth and width, feed rate variations,
integer order of astatism — this property increases the  vibration phenomena, thermal effects, and progressive
accuracy of tracking during long-term operation of the  tool wear. In practical manufacturing environments, all
equipment. these factors act simultaneously, creating a complex
combination of internal and external disturbances that
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significantly influence the energy characteristics of the
cutting process.

Variations in cutting power directly affect the
guality of the machined surface and the dimensional
accuracy of the workpiece. Excessive cutting power
may lead to drive overload, increased heat generation,
accelerated tool wear, and deterioration of surface
finish. Conversely, insufficient loading often results in
inefficient equipment utilization, reduced productivity,
and longer machining cycles. Therefore, maintaining
cutting power at a prescribed level represents one of the
most important objectives of modern automation
systems for metal-cutting operations.

Traditionally, automatic control systems for
machine-tool drives have focused on stabilizing spindle
speed or feed rate. Such systems provide the required
operating conditions for the drive and maintain
specified Kkinematic parameters of the machining
process. However, practical experience shows that even
with perfect spindle-speed stabilization, cutting power
may vary considerably under the influence of random
load disturbances. As a result, additional dynamic
stresses arise in machine components, machining
accuracy deteriorates, and operating costs increase.

For this reason, increasing attention has recently
been devoted to the development of control systems
aimed directly at stabilizing the energy parameters of
machining processes. One of the most promising
approaches involves adjusting the tool feed rate
according to the current value of cutting power. In this
case, the control system automatically compensates for
load variations, maintaining an optimal operating mode
regardless of changes in material properties or other
external factors. The implementation of such a principle
makes it possible to increase productivity, ensure more
uniform loading of the electric drive, and significantly
improve the economic performance of manufacturing
operations.

At the same time, the development of highly
efficient cutting-power stabilization systems is
associated with a number of challenging scientific and
technical problems. The control object exhibits
pronounced  nonlinear  behavior, time-varying
parameters, and random disturbances. Moreover,
different control quality indicators often impose
conflicting requirements. For example, increasing
system speed frequently leads to greater overshoot,
whereas reducing steady-state error may decrease
stability margins or increase  settling time.
Consequently, the search for new controller structures
and parameter optimization methods remains an
important direction of contemporary research.

Among the promising approaches for improving
control quality, fractional-integral controllers have
attracted considerable attention. Unlike conventional
Pl, PID, and related controllers, they employ the
mathematical apparatus of fractional calculus, allowing
integration and differentiation of non-integer order.

o1

This approach provides additional degrees of freedom
for shaping system dynamics and offers significantly
greater flexibility in controller tuning. Owing to these
additional parameters, fractional-integral controllers are
capable of providing high control accuracy, enhanced
disturbance rejection, and an optimal balance between
response speed and damping characteristics.

Particular interest is associated with systems
possessing a fractional order of astatism. Increasing the
astatism order makes it possible to significantly reduce
dynamic errors and improve tracking performance
under varying reference inputs. However, a higher
astatism order also increases controller complexity,
necessitating dedicated studies aimed at determining
optimal parameter values. Another important challenge
involves the development of optimization criteria that
account not only for the magnitude of the control error
but also for transient response characteristics, overshoot
level, and settling speed.

Modern  global  optimization  techniques,
particularly genetic algorithms, offer substantial
potential for addressing these challenges. Evolutionary
optimization methods enable the efficient determination
of optimal controller parameters in multidimensional
search spaces while avoiding local extrema commonly
encountered in gradient-based approaches.
Consequently, it becomes possible to synthesize control
systems with predetermined performance
characteristics and high operational efficiency over a
wide range of operating conditions.

Therefore, the relevance of this research is
determined by the need to improve the efficiency of
machining processes through the development of
advanced cutting-power stabilization systems for
milling machines. The synthesis of closed-loop control
systems based on fractional-integral controllers and
modern optimization algorithms can provide high levels
of accuracy, dynamic performance, and energy
efficiency. The obtained results may be applied in the
design of next-generation machine-tool drives,
automated manufacturing systems, and robotic
production complexes, thereby contributing to the
further advancement of modern mechanical engineering
and digital manufacturing technologies.

LITERATURE REVIEW

Improving the efficiency of machining processes
on metal-cutting machine tools is one of the key
directions in the development of modern mechanical
engineering. Under conditions of continuously
increasing requirements for product quality, production
productivity, and energy efficiency of technological
processes, the improvement of automatic control
systems for cutting conditions becomes particularly
important. The ability to ensure stable machining
accuracy, rational utilization of equipment, and
minimization of production costs largely depends on the
effectiveness of such control systems. Modern
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manufacturing facilities operate in a highly competitive
environment, forcing enterprises to continuously seek
new approaches to increasing productivity and reducing
production costs. One of the most promising ways to
achieve these objectives is the implementation of
intelligent automatic control systems for technological
processes.

Among the numerous parameters characterizing
the machining process, cutting power occupies a special
place. This parameter directly reflects the energy state
of the technological process and integrally accounts for
the influence of numerous factors arising during
machine operation. Cutting power depends on the
physical and mechanical properties of the workpiece
material, the geometric characteristics of the cutting
tool, cutting conditions, tool wear level, rigidity of the
technological system, and many other factors. Due to its
high informativeness, this parameter is widely used as a
criterion for evaluating machining efficiency and as a
control variable in modern automated systems.

Maintaining cutting power at a specified level
enables the rational use of energy resources and ensures
maximum utilization of technological equipment.
Under conditions of stable cutting power, a uniform
load distribution on the electric drive is achieved,
mechanical and thermal overloads are reduced, and the
operating conditions of the cutting tool are improved.
As a result, the quality of the machined surface is
enhanced, the amount of defective products is reduced,
equipment service life is extended, and manufacturing
costs are lowered. Furthermore, cutting-power
stabilization creates the prerequisites for implementing
adaptive control systems capable of automatically
adjusting operating modes according to the current state
of the technological process.

The necessity of cutting-power stabilization arises
from the fact that real machining processes are
accompanied by numerous external and internal
disturbances. These include variations in machining
allowance, non-uniformity of the workpiece material
structure and hardness, changes in tool geometry caused
by wear, vibration phenomena, thermal effects, and
other factors. Under the influence of these disturbances,
cutting power may significantly deviate from its
nominal value, resulting in reduced machining quality
and decreased equipment efficiency. Therefore, the
development of automatic control systems capable of
rapidly compensating for such disturbances represents
an important scientific and technical challenge.

Traditional approaches to the design of automatic
control systems for metal-cutting machine tools are
primarily based on classical controllers, such as
proportional, integral, differential, and their combined
forms. Despite their widespread use and relative
simplicity, these controllers do not always provide the
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required control quality when applied to complex
nonlinear objects with time-varying parameters. In
many cases, it becomes necessary to satisfy conflicting
requirements related to response speed, accuracy,
stability, and overshoot limitation, which significantly
complicates the controller tuning process.

For this reason, fractional-order control methods
have gained considerable attention in recent years.
These methods are based on the mathematical apparatus
of fractional calculus. Unlike conventional approaches,
fractional-order controllers enable integration and
differentiation of non-integer order, thereby providing
additional degrees of freedom in the synthesis of
automatic control systems. This makes it possible to
achieve more flexible shaping of dynamic and static
characteristics of closed-loop systems and to obtain
performance indicators that are difficult to achieve
using traditional controllers.

Particular interest in fractional-order control
methods is explained by their ability to adequately
describe processes characterized by distributed
parameters, complex dynamics, and pronounced inertial
properties. Many machining processes exhibit precisely
these features, making the application of fractional-
order models and controllers highly justified. Numerous
studies have demonstrated that fractional-integral and
fractional-derivative controllers can significantly
improve control quality, reduce dynamic errors, and
increase  system  robustness  against  external
disturbances.

Thus, the development of fractional-order control
methods opens new opportunities for improving
automatic cutting-power stabilization systems for
metal-cutting machine tools. The application of
fractional-integral controllers enables the formation of
optimal dynamic and static characteristics of closed-
loop systems while ensuring high accuracy in
maintaining technological parameters, increasing
equipment  productivity, and reducing energy
consumption. Therefore, research aimed at developing
and improving methods for the synthesis of such control
systems is highly relevant from both scientific and
practical perspectives.

In [1], the authors considered a microprocessor-
based control system for an AC electric drive with
regulation of a technological parameter. The study
demonstrated the feasibility of developing control
systems focused not only on maintaining the kinematic
coordinates of an electric drive but also on directly
regulating technological process variables. The
obtained results confirmed the prospects of using
technological parameters as control coordinates.
However, issues related to achieving optimal dynamic
performance and the application of fractional-order
controllers were not addressed.
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The theoretical foundations for applying fractional
mathematical tools were presented in [2], where the
possibility of approximating transient thermal processes
in complex geometric structures using fractional
derivatives was investigated. The obtained results
confirmed the effectiveness of fractional-order models
in describing complex physical processes characterized
by distributed parameters and pronounced inertial
properties.

Practical aspects of implementing control systems
based on fractional calculus were considered in [3]. The
authors performed the synthesis and practical
implementation of automatic control  systems
employing  discrete  fractional-integral-derivative
controllers. It was demonstrated that the use of
fractional operators expands controller tuning
capabilities and enables the achievement of desired
transient response characteristics.

Further development of this research direction was
presented in [4], which focused on the modeling and
identification of systems containing fractional integral
and differential elements. The proposed approaches
established a methodological basis for constructing
fractional-order mathematical models and synthesizing
corresponding control systems.

Fundamental principles of fractional dynamics and
control theory were systematized in [5]. The authors
presented the mathematical foundations of fractional
calculus, methods for analyzing fractional-order
systems, and principles for designing controllers that
provide additional degrees of freedom in shaping the
dynamic characteristics of closed-loop systems.

The widespread application of fractional-order
models in modern engineering was confirmed in the
review paper [6], devoted to the modeling of
supercapacitors, rechargeable batteries, and fuel cells.
The authors showed that fractional models provide a
more accurate description of energy storage and
conversion processes compared with conventional
integer-order models.

A significant contribution to the development of
fractional-order system synthesis methods was made in
[7]. The authors proposed a methodology for designing
automatic control systems based on standard fractional
Butterworth forms and fractional binomial forms. The
obtained results demonstrated the possibility of
purposefully shaping the required frequency and
dynamic characteristics of control systems through the
selection of the fractional integration order.

The practical effectiveness of fractional-order
controllers in technological processes was demonstrated
in [8], where an ore grinding circuit was controlled
using fractional-order controllers. The research results
confirmed improved control quality and disturbance
rejection capabilities compared with conventional PID
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controllers.

A modern trend in the development of fractional-
order control is the integration of fractional controllers
with adaptive algorithms. Thus, [9] proposed fractional
P1-PIuD controllers with neural-network adaptation for
BLDC motor drive systems. The obtained results
demonstrated improved control accuracy and enhanced
dynamic performance through the application of
fractional-order integration and differentiation.

In [10], PIADu controllers were investigated for
improving human—machine interaction in complex
technical systems. The authors analyzed the influence
of fractional-order controllers on control system
performance and demonstrated their potential for
application in complex engineering objects.

Practical aspects of wusing fractional-order
controllers to optimize dynamic processes were
considered in [11], where a control system for
electromagnetic brakes of an internal combustion
engine test bench employing fractional ID controllers
was investigated. The performed analysis confirmed the
effectiveness of fractional-order controllers in
improving control quality and enhancing the dynamic
performance of electromechanical systems.

The conducted analysis of the available literature
indicates significant progress in the development of
fractional-order  control  theory, methods for
mathematical modeling of fractional-order systems, and
the practical application of fractional-integral and
fractional-derivative controllers in various engineering
systems. Over the past decades, a substantial scientific
foundation has been established, encompassing both the
mathematical principles of fractional calculus and the
applied aspects of its implementation in automatic
control  systems.  Numerous theoretical and
experimental studies have convincingly demonstrated
that fractional-order controllers extend the possibilities
for shaping the dynamic characteristics of closed-loop
systems, improve control accuracy, and provide
superior transient response performance compared with
conventional integer-order controllers.

The analysis of scientific publications shows that
fractional-order controllers are most actively employed
in electric drive systems, power engineering
installations, robotic complexes, electromechanical
systems, thermal engineering facilities, chemical
process control systems, and objects with distributed
parameters. Considerable attention has been devoted to
the synthesis of fractional PIA, PDp, and PIADp
controllers, the investigation of their frequency-domain
characteristics, stability analysis, and the development
of parameter optimization methods. Numerous
researchers have demonstrated that fractional-order
integration and differentiation provide additional
degrees of freedom during controller design, enabling
higher control quality in systems characterized by
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complex dynamic behavior.

At the same time, the performed analysis revealed
that the vast majority of existing studies are focused
either on general theoretical aspects of fractional-order
control or on the application of fractional controllers to
specific classes of electromechanical systems.
Considerably less attention has been paid to
technological objects in which the controlled variables
are directly related to manufacturing process
parameters. In particular, comprehensive studies
devoted to the development of automatic cutting-power
stabilization systems for metal-cutting machine tools
using fractional-order controllers are practically absent
in the available scientific literature.

A distinctive feature of the cutting process is that
cutting power represents an integral indicator of the
technological process state while simultaneously
reflecting the influence of numerous internal and
external factors. It depends on the properties of the
workpiece material, cutting conditions, tool geometry,
tool wear level, machining allowance, rigidity of the
technological system, and many other parameters.
Therefore, stabilizing cutting power makes it possible
to maintain optimal operating conditions and ensure
high technical and economic performance of
manufacturing equipment. Despite its importance, the
use of cutting power as the primary controlled variable
of the machining process has received insufficient
attention in contemporary scientific research.

An analysis of existing approaches indicates that
most automatic control systems for metal-cutting
machine tools are primarily oriented toward stabilizing
spindle rotational speed or feed rate. Such systems
ensure the maintenance of kinematic process
parameters but do not always guarantee the stability of
the cutting energy regime. As a result, significant power
fluctuations may occur under varying load conditions,
negatively affecting machining quality, equipment
productivity, and cutting-tool life. Consequently, there
is a need for specialized automatic control systems
directly focused on cutting-power stabilization.

Another insufficiently investigated issue concerns
the selection of the optimal astatism order of closed-
loop systems. It is well known that increasing the
astatism order reduces steady-state and dynamic errors,
improves tracking accuracy, and enhances disturbance
rejection capabilities. However, a higher astatism order
also increases controller complexity and alters system
dynamic behavior. Existing studies do not provide
generalized recommendations regarding the selection of
the fractional astatism order for cutting-power
stabilization systems, nor do they sufficiently
investigate its influence on transient response quality
indicators.

A separate scientific challenge is associated with

54

the development of optimization criteria for the
synthesis of fractional-order control systems. Most
existing approaches are based on integral quadratic
performance indices or their modifications. Although
such criteria effectively minimize the mean-square
control error, they do not always ensure an optimal
compromise between response speed, overshoot, and
oscillatory behavior. For technological systems in
which even a short-term excess of the permissible
power level may result in reduced machining quality or
equipment overload, there is a need for specialized
optimization criteria capable of accounting for the
specific features of the technological process.

Further investigation is also required regarding the
determination of optimal parameters for fractional-
integral controllers. The number of adjustable
parameters in such controllers is significantly greater
than that of conventional Pl and PID controllers. On the
one hand, this creates additional opportunities for
improving control performance; on the other hand, it
substantially complicates the parameter optimization
problem. Therefore, the development of efficient tuning
algorithms capable of determining optimal controller
parameters over a wide range of operating conditions
remains an important research objective.

Particular attention should be given to the problem
of simultaneously achieving high response speed,
minimal overshoot, and low dynamic errors under
abrupt load variations. For cutting-power stabilization
systems, this requirement is of fundamental importance
because any delay or excessive fluctuation of the
controlled variable may negatively affect the machining
process. Consequently, there is a need to develop new
synthesis methods for fractional-order control systems
that provide an optimal compromise among all major
control quality indicators.

Therefore, despite the considerable achievements
in the field of fractional-order control, the problem of
synthesizing closed-loop cutting-power stabilization
systems for metal-cutting machine tools using
fractional-integral controllers remains insufficiently
investigated. Future research should focus on
developing methods for selecting the optimal astatism
order, creating specialized optimization criteria for
transient processes, determining the tuning laws of
fractional-order controllers, and ensuring high control
guality under intensive load variations. Addressing
these scientific and technical challenges constitutes the
primary objective of the present study.

The objective of this paper is to develop a
scientifically grounded methodology for the synthesis
of closed-loop cutting-power stabilization systems for
milling machines based on fractional-integral
controllers capable of providing high control quality
under variable operating conditions of technological
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equipment. Particular attention is focused on the
formation of control system structures and parameter
sets that simultaneously ensure high response speed,
minimal overshoot, low steady-state and dynamic
errors, and enhanced robustness against external and
internal disturbances characteristic of machining
processes.

To achieve this objective, a comprehensive set of
theoretical and applied studies was carried out aimed at
improving automatic cutting-power control methods. In
particular, the operational features of cutting-power
stabilization systems were analyzed, and the main
factors affecting control quality under varying load
conditions were identified. The feasibility of employing
fractional-integral controllers as an effective means of
improving control performance was substantiated due
to the additional degrees of freedom provided by the
mathematical apparatus of fractional calculus.
Furthermore, a specialized optimization criterion for
transient processes was formulated, aimed at achieving
the maximum possible system response speed while
simultaneously limiting overshoot and dynamic
deviations of the controlled variable.

Within the framework of the study, optimal
parameters of the closed-loop control system were
determined for various astatism orders, the
corresponding parameter variation patterns were
established, and the influence of controller parameters
on system dynamic characteristics was evaluated. Based
on the obtained results, fractional-integral controllers
were synthesized to improve cutting-power stabilization
accuracy under abrupt load changes and random
disturbances. In addition, transient responses were
investigated, control quality indicators were assessed,
and rational system parameters ensuring effective
maintenance of the specified cutting-power level were
determined. The obtained results are aimed at
increasing the productivity of milling machines,
improving machining quality, and reducing energy
consumption in modern automated manufacturing
systems.

MATERIALS AND METHODS

Methodological Approach to the Evaluation of
Transient Response Quality in Astatic Control Systems

Let us assume that the inner loop of the closed-loop
control system can be described by the following
transfer function. Such an assumption is justified from
the standpoint of further analysis of the system's
dynamic properties and controller synthesis, since it
allows the principal operating characteristics of the
system to be represented with sufficient accuracy over
the entire range of operating conditions. The transfer
function of the inner loop characterizes the relationship
between the input control signal and the output variable
of the system while taking into account the dynamic
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properties of the actuating mechanisms, electric drive,
and other components of the controlled object.

The proposed mathematical representation
constitutes a generalized model that makes it possible to
investigate the processes of control signal formation,
evaluate transient-response quality indicators, and
determine the influence of system parameters on
stability and response speed. The use of such a model is
a common approach in the analysis and synthesis of
automatic control systems because it enables the
application of well-established methods of control
theory to obtain analytical relationships and perform
numerical investigations.

It is assumed that the parameters of the transfer
function are determined on the basis of the
characteristics of the actual controlled object and reflect
its inertial properties, gain, and energy-conversion
features during system operation. This approach makes
it possible to subsequently synthesize controllers and
optimize their parameters in accordance with specified
requirements regarding control accuracy, response
speed, and transient-process quality. Therefore, the
inner loop of the closed-loop control system will be
described by the following transfer function:

1 k
Tp+la,p™ +ap” +1°

H,(s) (1

where T, denotes the uncompensated small time
constant that characterizes the high-frequency dynamics
neglected during the compensation procedure.

For the subsequent synthesis of the automatic
control system, the desired dynamic properties will be
specified by defining an appropriate open-loop transfer
function Hopt (p). The use of a desired transfer function
is one of the most common approaches in control
theory, since it makes it possible to determine the
required performance characteristics of the future
system already at the design stage, including response
speed, control accuracy, stability, and the nature of
transient processes. In this approach, the structure and
parameters of the controller are selected in such a way
that the actual system behavior is as close as possible to
the desired model.

Let the desired open-loop transfer function be
represented in the form Hqp: (p).Such a representation
makes it possible to establish the necessary relationship
between the system parameters and its performance
indicators. Furthermore, the use of a desired transfer
function provides a direct basis for applying structural
and parametric synthesis methods to determine the
characteristics of a controller capable of ensuring
compliance with the specified control requirements.

Since the system operates according to the
principle of negative feedback, its dynamic properties
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are determined not only by the parameters of the
openloop path but also by the interaction between the
forward and feedback channels. The presence of
negative feedback reduces the control error, improves
the accuracy of maintaining the desired controlled
variable, and enhances the robustness of the system
against external disturbances and parametric variations
of the controlled plant.

Based on the classical relationships of automatic
control theory, using the open-loop transfer function
and taking into account unity negative feedback, the
transfer function of the closed-loop system Hc (p) can
be obtained. This transfer function determines the
system response to reference inputs and makes it
possible to evaluate the main performance indicators,
such as settling time, overshoot, steady-state error, and
dynamic error.

Thus, the subsequent analysis of the synthesized
system will be carried out on the basis of the closedloop
transfer function derived from the desired openloop
transfer function. Therefore, representing the desired
open-loop transfer function in the form Hox (p) and
taking into account unity negative feedback, we obtain
the following closed-loop transfer function Hc (p)

b p+l 1
HOPf (p) = = 1+ "
aup " Lp+l o
Lep 1+u -
( ao p ‘?—;p + CIO {p
H, U’)) = - -

a,P"T,p+a,p™+b,p+1

opt

Such a loop possesses an astatism order of 1+,
which is one of its most important features and
determines the system’s ability to effectively
compensate for both steady-state and dynamic control
errors. The presence of a fractional astatism order
makes it possible to combine the advantages of classical
astatic systems with the additional capabilities provided
by the mathematical apparatus of fractional calculus. As
a result, the system acquires improved properties in
terms of tracking reference inputs and rejecting external
disturbances.

It is well known that first-order astatic systems
ensure the complete elimination of steady-state error
when responding to constant reference signals.
However, when the reference signal varies with time,
particularly in the presence of linearly increasing or
other time-varying inputs, dynamic errors arise within
the system. The application of a fractional astatism
order makes it possible to significantly reduce the
magnitude of such errors without substantially
increasing the complexity of the system structure or
requiring excessively high controller gains.

For a loop with an astatism order of 1+, not only
is the steady-state error completely eliminated, but the
dynamic components of the control error are also
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effectively reduced. In particular, the velocity error that
occurs under a linearly varying reference signal is no
longer a constant quantity, as in conventional systems,
but gradually decreases with time and tends toward
zero. This property is especially important for automatic
control systems of technological processes, where high
accuracy in maintaining the controlled variable must be
ensured under continuously changing operating
conditions.

Furthermore, increasing the astatism order has a
positive effect on transient response quality and the
system’s ability to compensate for external
disturbances. This is particularly relevant for
cuttingpower stabilization systems, where the load may
vary rapidly due to fluctuations in machining
allowance, non-uniformity of the workpiece material, or
changes in the condition of the cutting tool. Under such
conditions, a system with a fractional astatism order
provides more accurate tracking of reference inputs and
more effective disturbance rejection compared with
conventional control structures.

Therefore, the use of a loop with an astatism order
of 1+p creates the conditions necessary for
simultaneously achieving high control accuracy,
minimal steady-state and dynamic errors, and improved
transient response characteristics. These properties
justify its application in the synthesis of advanced
automatic cutting-power stabilization systems for
milling machines.

The optimal coefficients ao and bop are
determined to ensure that the transient process
corresponding to a unit-step input satisfies the following
optimization requirements:

- minimization of overshoot;

- maximization of system response speed.

These requirements form the basis for selecting the
parameters of the desired transfer function and
synthesizing the corresponding control system.

Let us select an analytical formulation of the
transient-response performance criterion that will be
used in the parametric optimization of the closed-loop
control system. The final result of the synthesis
procedure largely depends on the proper choice of this
criterion, since it determines the direction of the search
for optimal system parameters and establishes the
requirements for the dynamic behavior of the control
system. For cutting-power stabilization systems, it is
particularly important to ensure not only a high
response speed but also to limit the maximum deviation
of the controlled variable from its prescribed value. This
requirement by the fact that even short-term excesses
of the permissible power level may result in
deterioration of machining quality, overloading of the
electric drive, and accelerated wear of the cutting tool.

The classical integral mean-square error criterion
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can formally be represented as the sum of the products
of the instantaneous error values and their
corresponding weights, which numerically coincide
with the error values themselves. Under such
conditions, the largest contribution to the objective
function is produced by the initial stages of the transient
process, where the deviation of the controlled variable
from the desired value is maximal. Consequently,
during optimization the system tends to reduce the
initial error as rapidly as possible, resulting in transient
responses characterized by the highest achievable
response speed.

From a mathematical perspective, such an
approach is entirely reasonable because minimization of
the integral quadratic criterion ensures a reduction of the
overall error level throughout the entire transient
process. However, for practical technological systems
this criterion does not always reflect the actual control
requirements. As a result of optimization, a transient
response is often obtained that may be described as
being “pressed” toward the ordinate axis. Such a
response exhibits very high speed, but this advantage is
achieved at the expense of considerable short-term
overshoot and increased dynamic loading.

A particularly significant drawback of the classical
mean-square criterion is its low sensitivity to
shortduration excursions beyond the specified level.
Even when the overshoot reaches relatively large
values, its contribution to the overall criterion may
remain comparatively small if its duration is short.
Consequently, the optimization algorithm may regard
such a response as acceptable and even preferable to
alternatives characterized by slightly lower response
speed but significantly better accuracy and robustness.

For automatic cutting-power stabilization systems,
such an approach is unacceptable. In machining
processes, even a short-term excess of the permissible
power level may cause feed-drive overload, increased
temperature in the cutting zone, elevated mechanical
stresses  within the technological system, and
deterioration of the machined surface quality.
Moreover, excessive peak loads adversely affect tool
life and may lead to premature tool failure. Therefore,
minimizing only the integral mean-square error does not
guarantee the achievement of the most suitable dynamic
performance for technological applications.

Consequently, the use of the classical mean-square
performance criterion alone does not provide the
necessary compromise between response speed and
limitation of maximum deviations of the controlled
variable. This creates the need for the development of a
specialized transient-response quality criterion that
simultaneously accounts for the magnitude of the
control error, the duration of the transient process, and
the permissible overshoot level. Such an approach

S7

makes it possible to obtain dynamic characteristics that
are most appropriate for automatic cutting-power
stabilization systems of milling machines and ensures
compliance with the stringent requirements imposed by
modern machining processes.

Let us formulate a transient-response optimization
criterion for systems that are required to provide high
response speed (characterized by the selected value of
T, while maintaining the response within a prescribed
tolerance corridor of width +  around the desired value
(Fig. 1).

For this purpose, the control errors at each
calculation step are accumulated until the transient

response first enters the admissible corridor (JYi-1|< 3),
in which case their weighting factor is equal to unity.
Subsequently, the objective functional (F) is increased
by the fourth power of the error normalized with respect
to 6. Consequently, within the admissible corridor the
weighting factor becomes less than one, whereas
outside the corridor it exceeds one and increases
according to a cubic-parabolic law:

L A=%) Vi<,
F=> ['1_y_ }4 — min, (3)
i=1 Vf)* Tl

where t; is the time of the first entry into the
admissible corridor.
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Figure 1 — Criterion for Evaluating Transient
Response Quality

The proposed performance criterion eliminates one
of the major drawbacks of conventional integral
quadratic criteria, namely the tendency of the
optimization procedure to compress the transient
response toward the origin of the time axis. As a result,
the use of classical criteria often produces transient
responses characterized by extremely high response
speed accompanied by significant short-term
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overshoots or undershoots of the controlled variable.
For many technical systems, such deviations may be
considered acceptable if their duration is sufficiently
short. However, for automatic control systems of
technological processes, such behavior is undesirable.

The proposed criterion is aimed at generating
transient responses that provide not only high response
speed but also compliance with prescribed limitations
on the allowable deviations of the controlled variable.
By introducing a special penalty mechanism for errors
occurring outside the specified tolerance corridor, the
optimization procedure receives additional information
regarding the undesirability of significant local extrema.
As a consequence, the optimal transient response
becomes smoother and is characterized by reduced
overshoot and undershoot levels.

An important advantage of the proposed approach
is its ability to establish a compromise between the
speed of reaching the steady-state operating condition
and the overall quality of the transient response. While
conventional criteria are primarily focused on
minimizing the integral error, the proposed performance
index additionally accounts for the permissible limits of
deviation of the controlled variable. As a result, the
optimization process is directed not only toward
reducing the duration of the transient response but also
toward ensuring its technological acceptability. This
feature is particularly important for cutting-power
stabilization systems, where even a short-term excess of
the permissible load level may lead to deterioration of
machining quality or equipment overload.

The search for the parameters of the optimal
transfer function was carried out using genetic
algorithms. The choice of this evolutionary
optimization approach was motivated by the complexity
of the optimization problem and the specific
characteristics of the mathematical model. In particular,
for systems with fractional-order integration, the shape
of the response surface strongly depends on the selected
astatism order and other model parameters. Under such
conditions, the objective function may exhibit a
complex multimodal structure containing numerous
local minima and maxima.

The application of conventional gradient-based
optimization methods to such problems is frequently
associated with the risk of convergence to a local
minimum. In this case, the obtained solution may be
only locally optimal and may differ substantially from
the global optimum. This problem becomes particularly
significant in the synthesis of fractional-order systems,
where even a small variation in the integration order
may result in a considerable transformation of the
objective-function surface.

Unlike  gradient-based  methods,  genetic
optimization algorithms perform a simultaneous search
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across multiple regions of the parameter space and
employ the mechanisms of natural selection, crossover,
and mutation to generate new candidate solutions. As a
result, the probability of locating the global minimum
of the performance functional is significantly increased,
even in the presence of highly complex response
surfaces. Furthermore, genetic algorithms do not
require the computation of derivatives of the objective
function, which constitutes an important advantage
when dealing with nonlinear models and fractional-
order operators.

Therefore, the combination of the proposed
transient-response performance criterion with genetic
optimization algorithms makes it possible to determine
controller parameters that simultaneously provide high
response speed, limited overshoot, and high accuracy of
cutting-power stabilization. Such a combination of
methods creates the prerequisites for the synthesis of
efficient automatic control systems capable of operating
under variable technological loads while ensuring stable
quality of the machining process (Fig. 2).
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Figure 2 — Response surfaces corresponding to
optimization criterion (3) for different values of the
fractional integration order: (a) p=0.1, (b) p=0.2, (c)

p=0.5, (d) u=0.6, (¢) un=0.7, and (f) n=0.9

The genetic algorithm in the MATLAB
environment was configured to ensure a reliable search
for the global minimum of the performance functional
while minimizing the risk of premature convergence to
local extrema. The selection of algorithm parameters
was performed taking into account the specific
characteristics of the optimization problem associated
with fractional-order systems, which are characterized
by complex multimodal response surfaces and the
presence of numerous local minima. The primary
objective of the tuning procedure was to achieve an
optimal balance between the convergence speed of the
algorithm and the quality of the obtained solution.

The initial population was generated randomly
within the permissible ranges of variation of the
optimized parameters. Such an approach ensured a
uniform coverage of the search space at the initial stage
of optimization and created the necessary conditions for
exploring different regions of the objective-function
surface. The population size was selected to be
sufficiently large to preserve genetic diversity and
prevent the premature loss of promising search
directions.

The quality of each individual was evaluated using
the proposed transient-response optimization criterion,
which simultaneously accounted for system response
speed and the magnitude of deviations of the controlled
variable from the admissible tolerance corridor. The
value of the performance functional was calculated for
each candidate parameter set by simulating the dynamic
behavior of the closed-loop control system and
subsequently analyzing the resulting transient response.
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The parent-selection procedure was based on the
principle of favoring more fit individuals. Candidate
solutions associated with lower values of the objective
function were assigned a higher probability of
participating in the generation of offspring. Such a
mechanism allowed the search process to gradually
concentrate on the most promising regions of the
parameter space while maintaining sufficient
population diversity.

New candidate solutions were generated using
crossover and mutation operators. The crossover
operator combined the parameters of two parent
individuals to  produce offspring inheriting
advantageous properties from both solutions. The
mutation operator introduced random modifications to
selected parameters, thereby preventing the
optimization process from becoming trapped in local
extrema and maintaining the diversity of the population
throughout the search procedure.

Particular attention was devoted to the selection of
crossover and mutation probabilities. Excessively high
mutation rates could lead to the loss of valuable
information accumulated during previous generations,
whereas excessively low mutation rates could result in
premature convergence. Therefore, the parameters of
the genetic operators were selected so as to provide an
effective compromise between the exploration of new
regions of the search space and the exploitation of
already identified promising solutions.

The termination criterion of the algorithm was
defined either by reaching a prescribed number of
generations or by the absence of a significant
improvement in the objective-function value over a
specified number of iterations. Upon completion of the
optimization procedure, the individual with the
minimum value of the performance functional among
all evaluated solutions was selected as the optimal one.
The resulting parameters were then used to construct the
desired transfer function and to synthesize the
corresponding fractional-integral controller.

The application of the genetic algorithm in
MATLAB made it possible to efficiently explore a
multidimensional parameter space, identify globally
optimal values of the system coefficients, and obtain
transient responses characterized by high response
speed, limited overshoot, and minimal dynamic errors.
These results confirm the effectiveness and suitability
of evolutionary optimization methods for the synthesis
of fractional-order automatic control systems.

- CreationFcn: @gacreationuniform — the initial
population generation function. The gacreationuniform
option was selected so that the initial individuals are
distributed uniformly and randomly throughout the
entire search space bounded by Ib (lower bounds) and
ub (upper bounds). This approach ensures broad
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coverage of the parameter space and increases the
probability of identifying promising regions during the
early stages of optimization.

CrossoverFcn:  @crossoverscattered the
crossover function. The crossoverscattered operator
selects two parent individuals and randomly chooses
genes (decision variables) from each parent to create an
offspring. This mechanism provides a high degree of
variability in the generated population and promotes
effective exploration of the search space.

- SelectionFcn: @selectionstochunif — the parent
selection function. The selectionstochunif option
implements stochastic uniform selection, in which the
probability of selecting an individual is proportional to
its fitness while retaining a degree of randomness. This
approach provides a balance between the principle of
“survival of the fittest” and the preservation of
population diversity.

- MutationFcn:  @mutationadaptfeasible — the
mutation function. The mutationadaptfeasible operator
adaptively modifies the genes of individuals while
ensuring that all parameters remain within the specified
admissible bounds (Ib, ub). This strategy helps prevent
premature convergence, maintains genetic diversity,
and improves the algorithm’s ability to escape local
minima and continue searching for the global optimum.

The obtained optimal tuning parameters are
summarized in Table 1. Figure 3 presents the
threedimensional relationship Fop: = T (apt, bopt) While

Figure 4 shows the relationship bopt = f (aopt).

Table 1. Normalized Parameters of the Optimal
Controller Tuning

1 +H aoptnorm boptnorm F
1.10 0.05652 2.94932 0.003371
1.20 0.23151 2.22772 0.017871
1.30 0.55071 2.88831 0.039412
1.40 1.11051 4.13712 0.082162
1.50 2.25753 6.09612 0.133783
1.55 5.25321 10.06211 0.128072
1.60 7.47841 11.94541 0.141791
1.65 7.23282 11.61062 0.142022
1.70 11.06963 14.88031 0.134943
1.80 29.19471 27.56051 0.147751
1.90 99.84562 61.42632 0.205681
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Figure 4 — Relationship bop: = T (2opt)

Figures 3 and 4 clearly show the presence of a loop
in the region 1.651<1+u<1.751which complicates the
derivation of analytical functions aop = f (1), bopt = T (1)
but does not affect the achievement of high-quality
transient-response characteristics. Figure 5 presents
families of transientresponse functions in the
normalized time scale t/T,, obtained on the basis of the
proposed optimization criterion. It can be seen that in all
cases the overshoot is lower than that obtained using the
classical modulus (technical) optimum tuning method
(4.352 %, corresponding to Ymax = 1.0435 while
providing significantly higher response speed. For all
values of |, the first settling occurs before 4.7T, and the
response speed increases with increasing astatism order

K.
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Figure 5 — Transient responses corresponding to
the optimal values of , a, b, and (6 = 0.025) according
to criterion (3).

These functions are normalized with respect to
both the horizontal and vertical axes and therefore must
be converted into absolute units for a particular
technological process. The most challenging task is the
time scaling procedure. During the calculation of the
parameters (a) and (b), the value T, = 1 was assumed.
Consequently, the Laplace operator (p) corresponds to
real time according to the relation:

(4
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Then, from transfer function (2), we obtain:
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This approach makes it possible to obtain optimal
controller settings for a wide class of automatic control
systems in which stringent requirements are imposed on
transient-response quality, including high response
speed, control accuracy, and robustness against external
disturbances. The proposed methodology enables the
determination of controller parameters in such a way as
to ensure minimal steady-state and dynamic errors
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while maintaining an acceptable overshoot level and a
high rate of response to reference inputs.

A particularly important advantage of the
developed approach is that the obtained relationships
between the parameters of the optimal transfer function
and the astatism order can be used directly during the
control-system design stage without the need to
repeatedly perform a computationally intensive
optimization procedure for each new application. This
significantly reduces the time required for system
synthesis and simplifies the selection of rational
controller parameters.

The proposed method also makes it possible to
account for the specific requirements of a particular
technological process through the appropriate selection
of the admissible deviation corridor and the required
response speed. As a result, the controller parameters
can be adapted to the operating conditions of the actual
controlled plant, making it possible to achieve an
optimal compromise between system responsiveness
and the accuracy of maintaining the controlled variable
at its prescribed value.

The practical implementation of the proposed
approach was carried out for the automatic
cuttingpower control system of a milling machine. For
this system, optimal parameters of fractional-integral
controllers were determined, providing effective
disturbance rejection, reduced dynamic deviations of
cutting power, and improved transient-response
characteristics compared with conventional tuning
methods. The obtained results confirmed the
effectiveness of the proposed methodology and
demonstrated its suitability for application in modern
automatic control systems for technological processes.

Thus, the developed approach establishes both a
theoretical and practical foundation for the synthesis of
high-performance fractional-order control systems. It
can be applied to the design of automated stabilization
systems for technological parameters, particularly
cutting power, in various types of metalworking
equipment. Furthermore, the proposed methodology
may serve as a basis for the development of advanced
control systems capable of maintaining high
performance and stability under variable operating
conditions, thereby improving machining quality,
increasing equipment productivity, and enhancing the
overall efficiency of manufacturing processes.

Synthesis of Fractional-Order Controllers for a
Cutting Power Stabilization System.

One of the key stages in the development of
highperformance automatic control systems is the
design of controller synthesis methods capable of
ensuring the required control quality under conditions
of  plantparameter  uncertainty and  external
disturbances. This task is particularly important for
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cutting-power control systems, where the parameters of
the technological process may vary over a wide range
depending on the properties of the workpiece material,
cutting conditions, tool wear, and other influencing
factors. Under such conditions, conventional integer-
order controllers do not always provide the required
levels of accuracy and response speed, which justifies
the application of fractional-integral controllers.

A significant advantage of fractional-integral
controllers is the presence of additional tuning
parameters associated with fractional-order integration
and differentiation. These additional degrees of freedom
make it possible to shape the dynamic characteristics of
the system more flexibly, provide the required stability
margins, and achieve a better compromise between
response speed, control accuracy, and overshoot. As a
result, fractional-order systems are finding increasingly
widespread application in automatic control problems
involving complex technological objects.

An important stage in the synthesis of
fractionalintegral controllers is the selection of an
appropriate mathematical model of the controlled plant.
It is well known that many real technological and
electromechanical systems exhibit complex inertial
properties that cannot always be adequately represented
by conventional integer-order models. In such cases,
fractional-order models provide a more accurate
description of the underlying physical processes by
taking into account memory effects, distributed
parameters, and the complex dynamic interactions
among the individual components of the system.

In many cases, the controlled plant can be
described by the following fractional-order transfer
function [6]. Such a model represents a generalization
of conventional transfer functions and allows the
fractional integral-differential properties of the plant to
be taken into account. The use of this representation
provides a more accurate mathematical description of
the system and creates the basis for designing
controllers whose parameters are consistent with the
actual dynamic characteristics of the controlled object.

A fractional-order transfer function may include
both fractional powers of the Laplace operator and
coefficients characterizing the inertial and gain
properties of the plant. The values of these parameters
are determined from experimental data or through the
identification of a mathematical model. Subsequently,
these parameters are used during the parametric
synthesis of the fractional-integral controller and for
determining its optimal tuning settings.

Therefore, the use of fractional-order models
provides the necessary theoretical foundation for the
synthesis of advanced cutting-power control systems by
improving the accuracy of the plant representation and
enhancing the quality of automatic regulation.
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Consequently, in the following analysis, it will be
assumed that the controlled plant is described by the
following fractional-order transfer function [6]:

k
+a,p

1

1T p+l @

H;(p)=

1+u(s)
a,p

H(s)

where k, a;, a;, 4 denote the parameters of the
controlled object.

To synthesize a controller that will be connected in
series with the controlled plant and provide the required
dynamic characteristics of the closed-loop system, it is
necessary to determine its transfer function in such a
way that the combined operation of the controller and
the plant ensures the realization of the desired optimal
open-loop transfer function. In essence, the synthesis
problem consists in finding a controller structure and
parameter set capable of transforming the dynamic
properties of the actual plant into the desired system
characteristics specified during the previous design
stage.

It is well known that the behavior of a closed-loop
control system is directly determined by the product of
the transfer functions of the controller and the controlled
plant. For this reason, the controller synthesis procedure
can be reduced to solving an equation that establishes
the relationship between the desired open-loop transfer
function and the mathematical model of the plant. By
solving this equation, the analytical form of the
controller transfer function can be obtained, ensuring
that the specified control-performance requirements are
achieved.

A distinctive feature of the present problem is that
the controlled plant is described by a fractional-order
model. Consequently, the synthesized controller must
also contain fractional-order integral and/or differential
elements whose parameters are coordinated with the
fractional characteristics of the plant. Such an approach
preserves the advantages of the fractional-order system
representation and enables the full utilization of the
additional degrees of freedom provided by fractional
calculus.

From a mathematical point of view, the synthesis
problem is reduced to determining the unknown
controller transfer function by equating the product of
the controller and plant transfer functions to the desired
open-loop transfer function. The resulting relationship
serves as the fundamental equation for the subsequent
parametric synthesis procedure and for determining the
structure of the fractional-integral controller.

Therefore, in order to construct a controller
connected in series with the controlled plant and capable
of providing the required dynamic characteristics of the
system, it is necessary to find the solution of the
following equation:
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Equation (11) makes it possible to determine both
the structure and the parameters of the controller. Based
on this relationship, various controller configurations
can be synthesized depending on the desired dynamic
characteristics of the closed-loop system, the properties
of the controlled plant, and the specified performance
requirements.

Let us consider several possible controller
structures and evaluate their suitability for the
cuttingpower control system. The choice of controller
structure is a crucial stage of the synthesis procedure
because it directly affects the dynamic and static
performance of the closed-loop system. Different
controller configurations provide different levels of
response speed, control accuracy, disturbance rejection,
and overshoot suppression.

Fractional-order control systems offer greater
flexibility than conventional integer-order controllers
due to the additional parameters associated with
fractional integration and differentiation. By properly
selecting these parameters, it becomes possible to
achieve an improved compromise between speed of
response, stability, and control accuracy.

For the cutting-power stabilization system, the
controller must maintain the desired power level under
varying load conditions while ensuring rapid
disturbance compensation and limited overshoot.
Therefore, several controller structures are analyzed to

x

(11)
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identify the most effective solution.

The synthesis procedure is based on matching the
desired open-loop transfer function with the product of
the controller and plant transfer functions. Depending
on the selected fractional-order parameter, different
controller structures can be obtained, each characterized
by specific dynamic properties.

As a first case, let us consider the situation in which
the desired fractional-order parameter is defined as 1 =
K(s). The corresponding controller structure can then be
derived from the synthesis equation presented above.

Desired parameter L= L (S) :

(
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The resulting controller has the structure (PID) + I*
(PI), where the parameters.
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It is important that the operation of calculating the
fractional integral (the most complex one) is performed
only once.
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The obtained controllers provide the closed-loop
system response shown in Figs. 3 and 5, respectively.

Let us implement the system model and investigate
the start-up process with a linearly increasing reference
signal, as well as the response to an instantaneous
increase and decrease in the depth of cut, which within
0.05 s leads to a 50% change in cutting power. The
coefficients are normalized for T 0.01s - =, which is
a typical standard time constant of electric drives.

Figure 6 shows the transient response for different
selected integration orders 1+ - . It can be seen that the
dynamic errors for an order of 1.5 are smaller than those
for an order of 1.8. However, taking into account the
identification results and the need to simplify the
controller structure, tuning with an order in the range of
1.7...1.8 should be considered the most appropriate.
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Figure 6 — Transient characteristics of cutting
power during start-up and under sudden load increase
and decrease

Figure 7 shows enlarged sections of the load
increase and load decrease transients, which confirm the
effectiveness of the proposed control system. The
control action, implemented through the corresponding
adjustment of the feed rate, significantly reduces the
amplitude of the cutting-power disturbance from 200 W
to 19 W at u=1.5 and to 39 W at the recommended value
of p=1.7. The settling time of the transient response
does not exceed 0.02 s.
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Figure 7 — Enlarged Sections of the Transient
Responses to Load Application and Load Removal

Figure 8 illustrates one of the most important
properties of a system with a fractional astatism order
greater than unity, namely the gradual reduction of the
velocity error under a linearly varying reference signal.
Unlike classical first-order astatic systems, in which the
velocity error approaches a constant value, systems with
a fractional astatism order of (1+p) exhibit a
continuously decreasing velocity error that tends toward
zero as time increases. This distinctive feature is a
consequence of the additional integrating properties
introduced by the use of fractional-order operators.

The obtained result demonstrates the ability of the
system to track time-varying reference inputs more
accurately and to compensate dynamic errors more
effectively than conventional control structures. This
property is particularly important for automatic
cuttingpower control  systems, where operating
conditions continuously change due to technological
factors such as variations in workpiece properties,
cutting depth, and tool condition. Owing to the gradual
reduction of the velocity error, the system is capable of
maintaining the desired cutting-power level with higher
accuracy, thereby improving machining quality and
reducing the influence of external disturbances on
system performance.

Furthermore, the tendency of the velocity error to
approach zero indicates an improvement in the dynamic
accuracy of the control system without requiring a
substantial increase in controller gain. As a result,
systems with a fractional astatism order greater than one
provide an effective means of enhancing control
performance while preserving favorable
transientresponse characteristics and maintaining a
sufficient stability margin. These advantages make
fractionalorder control structures particularly attractive
for highprecision technological applications in which
both dynamic performance and regulation accuracy are
of primary importance.
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Figure 8 — Enlarged Fragments of the Initial and
Final Stages of the Start-Up Process with a Linearly
Increasing Reference Signal

At the beginning of the transient process, the
control errors for all considered tuning variants are
approximately two to four times greater than those
observed at the final stage of the start-up process. This
behavior is typical of systems operating under a linearly
increasing reference signal, since the controlled variable
initially experiences the largest dynamic mismatch
caused by the limited bandwidth of the control loop and
the finite response rate of the system. As the transient
process progresses, the influence of the initial mismatch
gradually decreases, enabling the control system to
follow the reference signal with significantly higher
accuracy.

The analysis of the obtained results indicates that
the system with an astatism order of 1.5 exhibits the
smallest dynamic error over the entire operating range
and therefore provides the highest tracking accuracy.
The reduced velocity error and improved
transientresponse characteristics of this configuration
are direct consequences of its dynamic properties and
the selected controller parameters. From a purely
theoretical control perspective, this system can be
regarded as the most accurate among the investigated
alternatives.

However, it should be emphasized that the
objective of the considered control system is not the
stabilization of speed or position, where maximum
tracking accuracy is usually the primary design
criterion. In the present study, the controlled variable is
the cutting power of a milling process. For such
technological systems, the requirements imposed on
control accuracy differ considerably from those
associated with motion-control applications. Small
residual dynamic errors generally have only a minor
influence on the overall quality of the machining
process, provided that the cutting power remains within
the permissible operating range.

Therefore, when selecting the optimal astatism
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order, not only the achievable control accuracy but also
the practical complexity of controller implementation
must be taken into account. An increase in the astatism
order generally leads to a more complicated controller
structure, a greater number of fractional-order elements,
and increased computational effort during real-time
operation.  Consequently, the relatively small
improvement in accuracy achieved with an astatism
order of 15 may not justify the additional
implementation complexity.

For this reason, the final controller structure should
be selected on the basis of a compromise between
regulation accuracy and implementation simplicity.
Since the differences in cutting-power stabilization
accuracy among the investigated configurations are
relatively small, the complexity of the controller
becomes the dominant selection criterion. From this
standpoint, astatism-order values within the range of
1.7-1.8 should be considered the most rational choice,
as they provide sufficiently high control quality while
maintaining an acceptable level of structural and
computational complexity.

RESULT AND DISCUSSION

The proposed methodology for the synthesis of
closed-loop cutting-power stabilization systems was
evaluated through numerical optimization and
simulation studies. The optimization procedure was
based on the transient-performance criterion formulated
in Eq. (3), which simultaneously accounts for response
speed and compliance with a predefined corridor of
permissible deviations. Unlike classical integral
quadratic criteria, the proposed functional penalizes
deviations outside the admissible range and therefore
promotes the formation of transient responses with
limited overshoot while preserving high dynamic
performance.

The optimization of the desired transfer-function
parameters was performed using a genetic algorithm
implemented in MATLAB. The obtained response
surfaces demonstrated a pronounced dependence of the
objective function on the fractional astatism order. As
shown in Fig. 2, the shape of the optimization landscape
changes significantly with increasing values of the
fractional parameter p, confirming the presence of
multiple local minima and justifying the use of
evolutionary optimization methods instead of gradient-
based approaches. The genetic algorithm successfully
identified globally optimal parameter combinations for
all investigated values of the fractional integration
order.

The normalized optimal parameters obtained
during the optimization process are summarized in
Table 1. Analysis of the results indicates that both
coefficients (aopr) and (bop) increase nonlinearly with
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increasing astatism order. For values of (1+p) below
approximately 1.5, the growth of the coefficients is
relatively moderate, whereas for larger astatism orders
the parameters increase rapidly. Such behavior reflects
the increasing dynamic complexity of the desired
closed-loop system and the necessity of stronger
compensating actions to achieve the required transient
performance.

The relationships between the optimized
parameters are illustrated in Figs. 3 and 4. A
characteristic loop can be observed in the region (1.65
< 1+p < 1.75), indicating the presence of multiple
parameter combinations that provide nearly identical
values of the objective function. Although this
phenomenon complicates the derivation of analytical
approximations (acp=f(n)) and (bop=f(n)), it does not
noticeably affect the quality of the resulting transient
responses. Consequently, the optimization procedure
remains robust within this parameter range.

The synthesized fractional-integral controllers
were subsequently implemented in the cutting-power
stabilization system and evaluated under various
operating conditions. Figure 5 presents the family of
normalized transient responses corresponding to the
optimal parameter combinations. It can be observed that
all synthesized systems provide overshoot values lower
than those associated with the classical modulus
optimum, while simultaneously achieving substantially
faster response times. The first entrance into the
admissible corridor occurs within approximately
(4.7T,) for all investigated astatism orders,
demonstrating the effectiveness of the proposed
optimization criterion.

To assess practical performance, simulations were
performed using a milling-machine cutting-power
control model. The system was subjected to a linearly
increasing reference signal and abrupt load variations
corresponding to instantaneous changes in cutting
depth. A disturbance causing a 50% variation in cutting
power was applied after 0.05 s of operation. The
transient responses obtained for different astatism
orders are shown in Fig. 6.

The simulation results reveal that increasing the
astatism order improves disturbance rejection and
reduces the steady-state tracking error. The smallest
dynamic deviations were observed for the system with
an astatism order of 1.5. However, the improvement in
accuracy becomes progressively smaller as the order
decreases below the recommended range, whereas the
implementation complexity of the controller increases
considerably. Therefore, practical considerations
require balancing dynamic performance and controller
complexity.

A more detailed analysis of the load-application
and load-removal transients is presented in Fig. 7. The
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proposed control system effectively compensates for
sudden changes in cutting conditions by automatically
adjusting the feed rate. As a result, the amplitude of the
cutting-power  disturbance is  reduced  from
approximately 200 W to only 19 W for (u = 1.5) and to
about 39 W for the recommended value (un = 1.7).
Furthermore, the transient duration remains below 0.02
s in all investigated cases, indicating excellent dynamic
performance and rapid disturbance suppression.

An important property of systems with a fractional
astatism order greater than unity is demonstrated in Fig.
8. Unlike conventional first-order astatism systems,
which exhibit a constant velocity error under ramp
reference signals, fractional-order systems provide a
gradual reduction of the velocity error over time. This
property results from the additional memory effects
introduced by fractional integration operators.
Consequently, the system becomes increasingly
accurate during prolonged operation and is capable of
tracking slowly varying technological references with
higher precision.

At the beginning of the start-up process, the
dynamic errors were found to be approximately two to
four times larger than those observed at the final stage
of the transient. This behavior is expected because the
largest mismatch between the reference and controlled
variables occurs during the initial acceleration period.
As the transient evolves, the tracking error decreases
significantly. Although the configuration with an
astatism order of 1.5 demonstrated the highest accuracy,
the overall differences in cutting-power stabilization
performance among the investigated configurations
were relatively small.

Since the controlled variable in the considered
application is cutting power rather than position or
speed, the ultimate selection criterion should not be
based solely on tracking accuracy. The structural
complexity of the controller, computational
requirements, and implementation feasibility must also
be considered. Taking these factors into account,
astatism-order values in the range of 1.7-1.8 provide the
most  favorable compromise between dynamic
accuracy, disturbance rejection capability, response
speed, and controller simplicity.

Overall, the obtained results confirm the
effectiveness of the proposed synthesis methodology.
The combination of the newly developed optimization
criterion, genetic-algorithm-based parameter tuning,
and fractional-integral control structures makes it
possible to achieve high-performance cutting-power
stabilization with fast transient responses, low
overshoot, and improved dynamic accuracy under
variable technological operating conditions.

CONCLUSION
A methodology for the synthesis of closed-loop
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cutting-power  stabilization systems for milling
machines based on fractional-integral controllers with
an increased astatism order has been developed. The
proposed approach makes it possible to shape the
desired dynamic characteristics of the control system
and to ensure high-accuracy maintenance of cutting
power under variable technological loading conditions.

A novel transient-response performance criterion
has been substantiated. The proposed criterion takes
into account not only the magnitude of the control error
but also the extent to which the transient response
exceeds the permissible deviation corridor. In contrast
to conventional optimization criteria, the proposed
approach provides fast transient responses with limited
overshoot, which is particularly important for control
systems used in machining processes.

The optimal parameters of closed-loop systems for
different values of the fractional astatism order were
determined using a genetic optimization algorithm.
Relationships between the optimal transfer-function
coefficients and the astatism order were obtained, and
the parameter regions providing the best transient-
response quality were identified.

Based on the optimization results, fractional-
integral controller structures for the cutting-power
stabilization system were synthesized. Analytical
relationships were established that make it possible to
determine controller parameters according to the
characteristics of the controlled plant and the required
control-performance specifications. The feasibility of
implementing controllers containing fractional-integral
elements for the realization of systems with an astatism
order greater than unity was demonstrated.

The simulation results confirmed the high
effectiveness of the proposed solutions. It was
established that, for load variations causing a 50%
change in cutting power, the synthesized system
significantly reduces the amplitude of transient power

deviations and provides rapid disturbance rejection. The
transient-process duration does not exceed 0.02 s,
indicating the high dynamic performance of the
developed control system.

It was shown that the use of a fractional astatism
order greater than one ensures a gradual reduction of the
velocity-error component under a linearly varying
reference signal and contributes to improved dynamic
accuracy of the system. At the same time, an increase in
the astatism order leads to a more complex controller
structure, which should be taken into account during
practical implementation.

The conducted research demonstrated that, for
cutting-power stabilization problems, an astatism order
in the range of 1.7-1.8 is the most appropriate choice,
providing a rational compromise between control
accuracy, system response speed, and the
implementation complexity of the fractional-integral
controller.

The practical significance of the obtained results
lies in the possibility of applying them to the
development of modern automatic control systems for
metal-cutting machine tools and other technological
installations requiring high-precision regulation of
process energy parameters. The proposed methods
contribute to improved stability of technological
operating conditions, enhanced machining quality, and
increased efficiency of industrial equipment operation.
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Abstract — The work developed a comprehensive method for identifying faces and recognizing emotions using modern
computer vision algorithms. A comparative analysis of existing approaches to surface detection is carried out and the results
of experimental studies of the effectiveness of various neural networks and Cascade classifiers are presented. A software
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KOMIIBIOTEPJIIK KOPY AJITOPUTMJIEPIH KOJIJAHY APKbIJIbI KECKIH/I
AHBIKTAY KOHE OMOLUAHbBI TAHY
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ABTOpJIap TypaJibl aKNapar:
Baiimaram6eroBa AnTbiHaii XamuToBHa, Kaparaunpl unnycrpusiiblk yausepcureti, 101400, Pecniyonuka nanrbuist, 30,
Tewmipray, Kaparanzp! oonbichl, Kazakcran, e-mail: a.baimagambetova@tttu.edu.kz

Abcmpakm — JYKympicta 3aMaHayH KOMIIBIOTEPIIIK KOpy ajlropUTMAEpi apKbUIbI OeTTepAl aHBIKTay KOHE SMOLUSIIAPAbI
TaHY/BIH KeUIeH i 9J1ici a3ipaenai. berrepai aHbIKTayIbIH KOJIAHBICTAFbl TOCUIAEPIHE CANBICTHIPMAIIBI TANAAY JKYPTI3LIiIL,
OpTYpJi HEHPOHIBIK JKENIep MEH KACKaAThl KIACCH()DHUKATOPIAPABIH THUIMALITIH 3KCIEPUMEHTTIK 3epTTeylepiH
HOTIKeJIepi YChIHBUIFaH. TepeH MalllMHaIbIK OKBITY/b! MaliadaHa OTHIPHII, TYJIFAHBI aHBIKTAY )KOHE AMOLMOHAIABIK Ky
KIKTEY anroputMaepi OipikTipeTiH OarmapiaMaiblK MakeT 93ipiaeHai. Moaenb 0eT-omeTTi TAHYIBIH KOHE SYMOIOHAIIBIK
KYHIIepi KiKTeYIiH JKOFaphl JONIIITiH KOPCETETiH OeHHENep IiH penpe3eHTaTUBTI JKUBIHTHIFBIHIIA PACTAIBL.

Kinm ce30ep — KOMIIBIOTEPIIIK KOpPY, TYIFaHbl aHBIKTAy, SMOLUSIHBI TaHy, HEHPOHIBIK JKEIiJiep, MaIIMHAJBIK OKBITY,
KECKIHJ1 OHAeY, YMOIIUIAPIBI XKIKTEY.

OBHAPYKEHUE U30BPAKEHUI U PACIIO3HABAHUME SMOIIUI C HOMOIIBIO
AJITOPUTMOB KOMIIBIOTEPHOI'O 3PEHUA

Baiumazambemosa A.X.

Kapazanounckuti unoycmpuanvroii ynueepcumem, Temupmay, Kazaxcman
*E-mail koppecnonoenma: a.baimagambetova@tttu.edu.kz
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Annomayus — B pabore pa3paboTaH KOMIUICKCHBIH METOJ PACIO3HABAHUS JIMIl U PACIIO3HABAHUS MOILHUM C MOMOIIBIO
COBPEMEHHBIX aJTOPUTMOB KOMITLIOTEPHOrO 3peHusi. [IpoBeleH CpaBHUTEIBHBIM aHAIN3 CYIIECTBYIOIIUX MOAXOM0B K
OIpe/IeIEHUIO IIOBEPXHOCTEM U MPEACTABIIEHbI PE3YIbTAThI 3KCIIEPUMEHTAIBHBIX HCCIe0BAHM 3()(HEKTHBHOCTH Pa3InIHBIX
HEWPOHHBIX CeTel M KaCKaJHBIX KIacCU(PHUKATOPOB. Pa3paboTaH MpOrpaMMHBIA IAKET, COYETAIOIINN aJrOPUTMBI
UACHTU(DHUKAUMN JIMYHOCTH U KIACCH(DUKAIIMHA AMOIMOHAIBHBIX COCTOSHUN C HCIONB30BAHHEM TIIyOOKOrO MAIIWHHOIO
o0yuenuss. Mojenb Oblla MOATBEPIXKIEHA PENPE3EHTATHBHBIM HA0OpOM H300paXKEHHH, JEMOHCTPUPYIOIIUX BBICOKYIO
TOYHOCTh PACIIO3HABAHMS JIUI] U KJIACCU(HUKAIIUH IMOIIMOHAILHBIX COCTOSTHHIA.

Kniouesvle cro6a — KOMIBIOTEPHOE 3pEHHE, HJICHTU(DHKAIMSA JTHIHOCTH, PACIO3HABAHHE SMOIMMA, HEHPOHHBIC CETH,
MaIlIHHHOE 00ydeHue, 00paboTka H300paKeHHH, KITaCCH(pHUKAIIAS IMOIHIA.

HETI'I3I'I EPEXXEJIEP

KyMmbicTa OeT-oNMeTTi aHBIKTAY KOHE IMOIUSHBI
TaHy oJici KypbUIFaH OipHele Heri3ri epexenep
KapacCThIPbLIaIbL.

BipinmnigeH, OerTi  aHBIKTAyJIbIH  THIMJIUIICI
TaHJaJIFaH aJITOPUTMIIK TACLIre Tikelel OaliTaHbICThI-
KIIACCHUKANBIK oficTtep (Xaap KacKaaTapbl) IKaKChI
JKYMBIC KbUIIAMIBIFBIH KepceTei, OipaK HEeHpPOH/IbIK
JKENUTIK MISHNMIEPACH ) TOMEH, acipece Kypaeli
Tycipy skarmaiibiHna (OipKenki emec KapbIKTaHIBIPY,
0acThIH aifHAITYbI, OCTTIH ilIiHApa KadaTTacysl).

Exinminen, CNN, ResNet, YOLO »xome SSD
CUSIKTBI 3aMaHAayW TEPEH OKBITY apXHUTEKTypalaphl
Oenrimepai  aBTOMATTBI  Typae  aldy  apKbUIBI
3epTXaHaJbIK JKarjaiijia FaHa eMmec, HaKThl eMipJe
TaHYJBIH JKOFaphl TYPaKTHUIBIFBIHA KON JKETKI3yre
MYMKIHIIK Oepexni. bysr epeske ocel 3epTTey aschiHia
JKYPTI3UITEH CaTBICTRIPMANTBI TAIIAYMEH pacTajaibl.

Y1riHmigeH, sMouusIapasl TaHy MiHzgeTi Oerti
aHBIKTAY MIPOIIECIHIH JKaJIFachbl periHme
KapacTeIpbUIaJibl — SFHH Oer aliMarblH JTYPBIC
QXBIpaTiail, IMOIMOHAJABI KYHAI OHaH opi JKIKTEy
MarbIHACKIH KoFanTaabl. COHBIKTAaH €Ki MPOIEeCTi Ae-

0erTi aHBIKTAy JKOHE OMONMSIAPABI IKIKTEy —
KOJJAHBICTaFbl MICHIIMAEpAE JKWI IKacaJaThIHIAN
Oeex KapacThIPYAbIH OpHBIHA, OipeIHFait

OarmapiaMaiblK  JKacakTamMa KyOBIppIHA —OipikTipy
YCBHIHBITAIBL.

TepriHmmigeH, SMOIUAAIAPIBI KIKTEYIIH AIIIri
KeOiHece OKy YIATICIHIH camachl MEH OpTYPJIUIriMeH
aHBIKTaJIaIbl: AaTACETTer] ac, ITHUKAJBIK KoHE OeT-
ONTET BapualUsUIapbl HEFYPIBIM KEeH YCHIHBLICA,
Mozmenb OyYpbIH Ke3JeClereH JKaHa CyperTepie
COFYPJIBIM TYPAKThI )KYMBIC iCTEeHIi.

CoHbIMeH, 93ipJieHIN KaTKaH >Xyhe omoOeOdan
iatgopma peTiHAe OMJIACTHIPBUIFAaH, OHBI KOJJIAHY
Tek Oip cajmaMeH UIeKTEeIMEeN Ii-OHbI TICHXOJOTHSI,
MapKeTHHTTIK 3epTTeyep, Kayilci3Iik xyienepi jxoHe
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aZaM-MalllMHANBIK e3apa OpeKeTTeCy MiHAeTTepiHe
OciiiMaeyre 6osaibl.

KIPICIIE
Hudpibik TpaHchopManus IoyipiHae
KOMITBIOTEPIIIK ~ KOpY FBUIBIMH  3€pITEyJiep MEH

MPAKTUKAJIBIK KOJAaHYAbIH MaHbI3/bl cajlachkl PETiHIIEe
naiina oomyna. ber-onmerTi aHbIKTay KoHE IMOIHSHBI

TaHy TEXHOJIOTUSITAPHI JKeKeJIeHIIpUITeH
naiiananynsl mHTepdeiicrepineH Oactam  Kypaeni
Kayincizmik Kyrenepi MEH TICUXOJIOTHUSIIBIK,

MUArHOCTUKAara JeHiH aaaM KBI3METIHIH opTypiIi
cajaylapbIH/Ia HET13T1 KypaiFa alHaitya.

Kaszipri 3aMaHFBI KOMITBIOTEPITIK Kopy
anropuTMaepi OeT-oimeTTep MEH OMOITHOHAIIBIK
KYWJIEepai TaHyAarbl OYpPHIH-COHIBI OONMaraH MOJIIK
JIeHTeliHe KO KeTKi3ail. byJ1 MarmmHAaIBIK OKBITY IaFbI,
TEPEH HEHPOHABIK >KeJiIeperi ®KoHe KOMIIBIOTEPITIK
JKYHWenepAeri ecentey KyaTbhlH apTThIPyIarbl eneyii
JKETICTIKTEepAiH apKachIHIa MYMKIH OOJIIBI.

berrepai aHBIKTayIBIH HETI3T1 TACUTAEPI.

berri aHpikTay Tpomeci OipHeme
QIICTEMEITIK ToCUTaepre Heri3aenTeH:

1. I'eoMeTpHSIIBIK TOCL.

* [Iponoprusutapapl Tanmay koHe OeT oNmeTiHIH
e3apa OpHaacybl HeTi3iHze,

Ber  reoMmeTpuschIH  cumarTay
MaTEeMaTHKAJIBIK MOJICITbICP/Ii Maii1amaHabl,

» CTaHmapTTanraf TYCipy *arIaiblHAa THIMIL.

2. CeIpTKBI KOPIHICKE HETI3eNTeH dicTep.

* Cyper THKCEeNIepiHiH TEKCTypachIMEH >KOHE
KaPKBIHABUTBIFBIMEH )KYMBIC iCTEY,

* CTaTUCTHKAIIBIK MOJIENBIEP/Ii KOHE MAITMHAIIBIK
OKBITY/IbI KOJJIAHBIHBI3,

* JKapbIKTaHIBIDY MEH OYPBINITHIH ©3repyiHe
Te3IMIIpeK.

3. TepeH OKbITYFa HETi3/eNreH d1icTep.

« Convolutional uetiponpix sxeminep (CNN),

* ResNet, YOLO, SSD apxutektypanapsl,

ipremi

YIIiH
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* MyYMKIHAIKTEpi aBTOMATTBl TYpPAE IUIbIFapy
MYMKIHJIT.

9JEBUET IIOJIYbI

Berrepni aHbIkTay JKOHE SMOLHUSIAPILI TaHY
MocerenepiHe apHaIFaH KOITereH JKyMbIcTap O6ap —
CyperTepli OHICYIIH KIACCHUKAJIBIK OIiCTEepiHEeH
Oacramm TEepeH OKBITYFa HET3JCIreH 3aMaHayu
TocUIAepre AeHiH.

CanzplK KecKiHai eHaey Herizaepi ['oHcanec neH
Byncra kepcerinren [1], an KOMOBIOTEPIIK KOPYIiH
KOJITaHOAJIBI CYPaKTaphI Iapiiap/ sl KapacThIpaisl [2].
OOmbekTinepai aHBIKTayFa MaHBI3Ibl YyJIeC KOCKaH
Buona men Jhxonc [6] Xaap Oenriepi OoiibiHIIA
KacKaJThl JKIKTEYIIITi YCHIHIBI — OYJI Y3aK YaKbIT
Ooiibl OerTepal TaOyABIH CTAHIAAPTTHI TACLTI OOJIBI,
JISTEHMEH OJ1 JIQJIIIT JKaFblHAH HEHPOHIBIK SJIiCTEPICH
alTapJIbIKTall TOMEH.

Tepex okyra Kelly »Karaaiapl e3repTTi. JIeKyH,
benmkno xone XwuHTOH [3] Kasipri 3amMaHFbI
JKYHWENepaiH  KONUIIUITiHIH  Heri3iHe  aiiHaJiFaH
KOHBOJTIOIUSUTBIK JKENUIeP/IiH >KYMBIC TPUHIAITEPiH
cumatTagpl. Xe >XKoHe OHBIH aBTopiapsl [7] ResNet
APXUTEKTYPAChlH YCHIHJIB, OYJI TepEeHIpeK >Kemiiepi
JOIIKTI JKOFANTIIAH OKBITyFa MYMKIHIIK Oepii, ai
Penmon Men onbIH opinTecTepi [8] YOLO — HBI HAKTHI
YaKpIT PEeXUMIHIE aHBIKTayFa OaFbITTaIFaH TOCLII
yeoinael. ConbiMeH KaTap, Google-aiy [11] MediaPipe
meHOepiH aram OTKeH JKOH, ON OYTiHIe KOFapbl
OHIMAUTIKTIH apKachlHAa KIIACCUKAIBIK KaCKaJIThI

KITaccupuKaTopIapIbIH OpHBIHA Ke0ipek
KOJITaHbLIa IBL.
OMOUMAHBI TaHyFa KeleTiH OoJicak, Heri3ri

TIPUHITANITEP I HETi3ri SMOITMOHAIIBI KYHIepdi KoHe
ojlapMeH OalaHBICTBI OeT VATUIepiH JKyHernereH
Oxkman [4] Oemrineni. ['yademmoy Oipmecken
aBTopiapMeH [9] KOHKypC YHBIMIACTBIPABI, OHJA
dataset fer2013 maiima GOnABI, OHBI oI KYHTE IEHIH
3epTTeyIIiep KeHiHEeH KOJIIaHa b, a1 MOJUIaXOCCeHHN
OipieckeHn aBropiapMmer Oipre [10] op Typmi affectnet
dataset YCBIHBL TepeH OKBITYIBIH TECOPHSIBIK
Herizuepi ['yademnoy, benmmxuno xone Kypsumn
MOHOTpadusACBIHAA XWHAKTanFaH [5] xkoHe Jlm Men
JIPHHIH JKYMBICHI 0T SMOUMSIIAPHIH TaHyFa IOy
skacaiiasl [12].

Ocplnaifia, 6eTTepai aHBIKTayFa XKOHE €Ki Ke3eH i
0ip kyiiere OipiKTipeTiH )KYMBICTAPIbIH SMOIHUSIIAPHIH
TaHyFa apHaJlFaH )eKe MIeNIMIEepAiH KenTiriMeH Oy
3epTTEYAiH ©3EKTLIIrH aHBIKTANIbI.

MATEPHAJIJJAP MEH 9ICTEP
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Byn 3eprreynmiH MakcaThl Ka3ipri 3aMaHFbI
KOMITBIOTEPIIIK ~ KOpYy JKOHE MAIIMHAJBIK OKBITY
ANTOPUTM/IEPiH KOJJAaHA OTBIPBIN, TYIFaHbI aHBIKTAY
JKOHE SMOLUSHBI TaHy JKYHECiH d3ipiiey JKoHE eHTi3y
0oJIbIN TaObLIa kL

Ocbl MakcaTKa JKeTy YVIIiH Keleci MiHAeTTep/i
HIENTy KaXKeT:

- FBUIBIMH KYMBICTAPJIbl )KOHE TYJIFAHBI aHBIKTAY
JKOHE MOLIMSHBI TAHYIBIH 3aMaHayd aJlrOPUTMIIEPiHIH
CHUITaTTaMaJIapblH KapacThIPY;
O3IpJICHETIH  JKYHEHIH
(yHKIMOHAIBIFBIH aHBIKTAY;

- Op Typii Tycipy JkarmainapbiHa Te3imji OeTTi
aHBIKTAy aJITOPUTMICPIH 3E€PTTEHI3 )KOHE SHTI31HI3,
ber epekmenikrepin Tanmay — Heri3iHzae
OMOIUSIHBI TaHY JKYHECIHIH )KYMBIC iCTey MOJeNl MEeH
oMiciH  a3ipiiey; Ber-onmerti  aHbIKTay IKOHE
OMOIUSIHBI TaHy aIrOpUTMIEpiH Oip XKyiere eHrizy
JKoHe OIpiKTipy;
OIprypri
O3ipJIeHTeH  JKYyMHeHi
KYPrizy.

Byt 3epTTey/iH HeTi3ri OaFbIThl TYJFaHbI aHBIKTAY
JKOHE OMOIUSAHBI TAHYABIH THIMII aJrOPUTMIEPIH
3epPTTEY KOHE a3ipjiey OOJbIl TaObLIaAbl. O3IpJICHII
JKaTKaH »JKyHe 3epTTeyIIiep MeH o3ipieymiiiepai
KOPHEKI aKIaparT MeH aJaMHBIH dMOIMOHAIIBIK KYHiH
TaNayFa apHaliFaH KelIeH 11 Kypayijaap >KUbIHThIFbIMEH
KaMTamacel3 eryre OarbiTTasrad. COHBIMEH KaTap,

TajJlanTapsl  MEH

OolibIHIIIA
3epTTeyal

JICPEKTEP KMHAKTAPBI
3KCITEPUMEHTTIK

3epTTey KOMIBIOTEPIK KOpy JKOHE  IKacaHIbl
WHTEUICKT  CaJlaChIHIAFBl  OPTYPJl  KOJImaHOaJbI
TancelpManapra  OedliMaenyi  MyMKiH — omOebar

miatGopMaHbl Kypyra OarbiTTanFad. KommbroTepirik
KOpy anropuTMIEpiH KOJJaHy apKbUIBl d3ipJICeHTEH
0eTTi aHBIKTAY KOHE YMOLIMSHBI TaHY XKYHeci BU3ya bl
aKmapaTrTel TalfayAblH KemleH[AlI Tocuml — OombIl
TabblTampl. by KaHaJBIK  3epTTEymIiep  MeH
sipneymrinepre OeifiHe xoHe (OTO MaTepHaNTAPMEH
camaybl JKaHa JeHTeHe XYMBIC icTeyre MYMKIHTIK
Oepemi. berri aHbIKTay anropuTMIepiH OipiKTipy
apKBUIBI JKYHEe 9pTYpJli JKapblK JKardaiyiapblHa KOHE
Tycipy OypblmTapbiHa OeiiM/ene OTBIPBIN, KYpHAemi
KepiHicTep/eri OerrepAi THIMII aHBIKTayFa KOHE
JoKanmu3anusiayra Kaoinerti. OHbIH YCTiHE YMOLUSHEI
TaHy MYMKIHIIN  MaijaraHymbioiapra  MHUMHAKA
HETi3IHJEe aJaMHBIH  OMOLMOHAJBIK  JKaFIalibIH
TalAay/bIH KyaTThl KypaslblH YChIHAIbL. by sxyiteHi
IICUXOJIOTUSl, ~ MapKeTHHITIK  3epTTeylep  JKOHE
Kayilmci3mik >Ky#enepi CHSKTHI cayajapja KOJIJIaHy
YIIiH KEeH MYMKIHAIKTep amajipl. OMOUHUSIBIK
KYHJIepli J1e3/1e aHbIKTay MYMKIHAIT aJaMHBIH MiHEe3-
KYJIKBI MEH QJIEyMETTIK ©3apa SpeKeTTeCyiH TepeHipeK



Kapazanowr memnexemmix undycmpusiivlx yHueepcumeminiy xaoapuvicol. Ne2(53), 20260xc.

Tajnjayra MyMKIHIIK Oepesi. AHBIKTay CE3IMTallIbIFbI 2. KonBomtoninon il HelpoHabIK sxeniiep (CNN):
JKOHE SMOIIHUSHEI KIKTEY Jicniiiyl cuskTel  JKOFaphl HONJIIKTEr1 aHBIKTAY YIIIIH TEPEH MallliHAJIBIK
KOH(UTypalUsIaHATBIH ~ AJITOPUTM  MapaMeTpiiepi  OKBITYIBI NMaiijanaHaTbIH 3aMaHayu Tocia [2], [3].

JKYWEHI HaKThl  TalChlpMajap MeH KoJjaHOa 3. MediaPipe Oerrti anbikray anroputmi: Google
mapTTapbiHa Oefiimaeyre  MYMKiHAIK ~ Oepeli. YChIHFAaH WHHOBAIUSUIBIK OJIIC, OJ HAKTHI YyaKbITTa
3epTreyiiiep TalJaHAThIH JIEPEKTEPIIH ~ JKOFaphl OHIMIUTIKTI Kepceredi [4].

EpEeKIIEIIKTepiHe KOHE HOTHXKEJepe Tajal eTLICTIH

erKel-TerKeini  JeHredre  OailylaHBICTBI  KYiie KOPBITBIHbI

OHIMJIUTITH OHTaIIaHbIpa aaibl. berri  aHpIKTay  KOHE  OMOIMSHBI  TaHY

KoMmbroTepitik kepy >KoHE jKacaHIbl MHTE/UICKT — CAJIACBIHIAFbl KOMITBIOTEPIIIK KOpPY TEXHOIOTHsIIaphI
TEXHOJOTHSIApBl  Kazipri omemue OapraH calblH  KapKbIHABI  JaMyadsl  Kepceryae. ©Opi  KapaiFsl
MaHBI3ABl peNI aTkapa OepeTiHmikTeH, Oy OeTTi  3epTTeyliep AAIIKTI apTThIPYFa, eCeNTey KYpACTUIirin
aHBIKTAy J>KOHE DMOLMSHBI TaHy JKYHWECIHIH IaMybl  a3alTyFa j)KOHE TaHBUIATBHIH SYMOIMOHAIBIK KYHJIepIiH
BU3YyaJIIbl aKMapaTThl TAJN/ay CalaChIHIAFbl MAHBI3Ibl  AYKBIMBbIH KEHEHUTYTe OarbITTaIybl KEPEK.

KazaMpl Ouipeni. beTTi aHbIKTAy KOHE 3MOIUSHBI ABTOpJIap MyaJieNep KaKThIFBICBIHBIH KOK €KEHIH
TaHy aJITOpPUTMJIEpiH OIpiKTipy 3epTTeyuIiiep MeH  MONiMJECHII.

ogipieymriiepre  JUHAMUKANBIK ~ JKOHE  HMKEMII ABTOpPJBIK KYKBIK © 2026 aBTop(aap)ra

iaTopMaHbl YChIHA OTBIPHIN, MOCTYpIi TocuniaepaiH  THeciai. byn makana Creative Commons Attribution—

HIeKTeyJepiH eHcepe/ti. ShareAlike 4.0 International (CC BY-SA 4.0)
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HOTU/XEJIEP ) KOHE TAJIKBIJIAY TabbLIaabl. JIMIIEH3Us TYITHYCKAa €HOCKKE THICTI TYpae

Berti anbIKTaynpIH 3aMaHayd Tocuiepi OipHemie — ciTeMe jKacalfaH >KaFjalijja, Ke3 KelIreH opraja

HETi3r aJIrOPUTMIEPre HEerl3/Ie/reH: nmaiananyra, TapaTyFa >KOHE KaWTa Kapusuiayra

1. Haar xackanrel kiaccudukaTopel: Haar pykcar  Oepemi.  TyblHABI — MaTepuaigap  OChI
MYMKIHIIKTepI MEH MAIMHAJBIK OKBITY TEXHHUKAChIHA  JIMLEH3USHBIH JI9J1 OChIH A IIAPTTAPhIMEH TapaThLIybl
HETI3/1eNTeH KIIaCCUKAIBIK ofic [1]. THIC.
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Abstract — Under the conditions of the dominance of thermal, primarily coal-fired, generation and the significant role of
combined heat and power plants in the electric power industry of the Republic of Kazakhstan, the issue of energy efficiency
of the electric power generation sector acquires systemic technical and economic significance. The purpose of this article is
to briefly present this issue as an independent subject of scientific and sectoral consideration. It is shown that the contemporary
energy agenda usually prioritizes decarbonization, the development of renewable energy sources, hydrogen energy, and the
technological modernization of power systems, whereas the energy efficiency of the electric power generation sector itself
much less frequently becomes an independent object of analysis. At the same time, this aspect determines the cost-
effectiveness of power generation, the stability of electricity and heat supply, the level of a plant’s internal consumption, and
the nature of further modernization of the generation complex. The article reveals the sector-specific features of Kazakhstan’s
electric power industry, the strategic priorities of state policy, and the main approaches to understanding the energy efficiency
of generation. The necessity of an integrated approach to improving its efficiency is substantiated.
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Aocmpaxm — KazakcraH PecnyOnuKackIHBIH 3JIEKTp HSHEPreTHUKAChIHAA JKbUTY, €H aJIIMEH KeMip Heri3iHjeri
TeHepalnsHBIH OacChIM/IBIFBI YKOHE JKBLTY JJIEKTP OPTAJIBIKTAPBIHBIH NSyl e KarIaiblHIa SJIEKTP HEPTUSCHIH OHIIPY
CEKTOPBIHBIH 3HEPTUs TUIMALIIT Macesieci XKyHen TeXHUKaIbIK-9KOHOMHKAJIBIK MaHbI3Fa ve Oomazpl. MakajgaHbIH MaKCaThl
— aTaifaH MACEJICHI FBUIBIMU JKOHE CalalblK TYPFbIAaH JepOec KapacThlpy HBICAHBI PETiHIE KbIcKama ycbiHy. Kasipri
SHEPreTUKANIBIK KYH TOpTiOiHae OachkiM Hazap, oJleTTe, eKapOOHU3alMsIFa, KaHAPTHUIATHIH JHEPTUS KO3/epiH JAaMbITYFa,
CyTeri dHEpreTUKAChlHA YKOHE JHEProXKyHenepl TEXHONOTHSJIBIK JKaHFBIPTYFA aylapbUIaThIHBL, ajl 3JIEKTP JHEPTUsICHIH
OHJIIPY CEKTOPBIHBIH DHEPTHsl THIMALUIITI AepOec Tanaay HbICaHbI PETiHJIe aHaFYPIIBIM CHPEK KapacThIPbUIATBIHBI KOPCETIII.
CoHBIMEH KaTap JIoJI OCBl acleKT DJIEKTP SHEPTHACHIH OHAIPYAIH YHEMIUITiH, 3JIEKTP JKOHE KBUIyMEH KaOIbIKTayIbIH
TYPaKTBUIBIFBIH, CTAHIMSHBIH 11IKi IIBIFBIHAAPBIHBIH JCHTeHiH )KOHE TeHepupIIeyI KelleH i 0JaH i )KaHFBIPTY CHIATBHIH
alikpiHoakapl. Makanaga KaszakcTaH dIIeKTp SHEPreTHKAChIHBIH CallalbIK  epeKIIeNiKTepi, MEMIJIEKETTIK CasicaTThIH
CTpaTerusuIbIK Oarnapiaapsl )KoHe TeHepalMsIHbIH SHEPTUsl THIMIUTITH

Kinm co30ep — »Heprus THIMJILIITI, DJIEKTP DHEPTHSACHIH OHIIPY CEKTOpbI, Ka3aKcTaHHBIH JIEKTP 3HEPreTHKACHI, XKbLTY
TeHEePALUSIChI, )KBUTY 3JIEKTP CTAHIMSIIAPHI, KBUTY 3JIEKTP OPTAJIBIKTAPHI, HJIEKTP CTAHLUSIIAPBIH JKaHFBIPTY.

IHEPTOO®®EKTUBHOCTD JIEKTPOI'EHEPUPYIOIIEI'O CEKTOPA PECITYBJIMKH
KA3AXCTAH

"*Huxynvwun A.B., »*Illuwxanoe C.B., ' Kynmyw E.B., 'Baacunosa 3.A., ' Cugepcxasa T.H.,

! Kapazanounckuii undycmpuanvrviii yuueepcumem, Temupmay, Kazaxcman
Hecle «Capanvy 100 MBm, Capans, Kazaxcman
Jecle «Aeadvipe-1» 50 MBm, A2adwips, Kazaxcman
*COC «A2aovipo-2» 26 MBm, Azadeips, Kazaxcman
*E-mail koppecnonoenma: nikulshin2002@mail.ru

Hudopmanus 06 aBTopax:

Hukyasmun Anexcanap BaammoBuy, maructpant, Kaparannuackuil ungyctpuanbusiii yausepeuret, 101400, mpocmekt
Pecniyonuku, 30, Temupray, Kazaxcran, ORCID ID: https://orcid.org/0009-0006-0701-7624, e-mail: nikulshin2002@mail.ru
Mumxanos Cepreii BiagumupoBuy, Mmaructp, masHbii umxenep, COC «Capanpy 100 MBT, 101200, yi. XKam65u1a, 85B,
Capanb, Kazaxcran, ORCID ID: https://orcid.org/0009-0006-4918-1326, e-mail: cpe_shishkanov@mail.ru

Kynrym Enena BuxropoBHa, PhD, crapumii npenonaBarens, 101400, KaparanauHckuii HHIyCTpUATbHBIA YHHUBEPCHUTET,
101400, npocnekr Pecnyomuxu, 30, Temupray, Kazaxcran, ORCID ID: https://orcid.org/0000-0002-0995-7074, e-mail:
ye.kuntush@tttu.edu.kz

BasicunioBa 3yxpa AnyapoBHa, PhD, crapimii mpenonaBarens, 101400, KaparanauHckuii HHAYCTPUAIBHBIN YHHUBEPCHUTET,
101400, npocnekr Pecnyomuxu, 30, Temupray, Kazaxcran, ORCID ID: https://orcid.org/0000-0001-9012-0994, e-mail:
z.bavassilova@tttu.edu.kz

CuBepckass Tarbsina WBaHoOBHa, MarucTp, crapmmid mpernogaBarens, 101400, KaparangwHckuii WMHIyCTpHATHHBIN
yuuBepcuret, 101400, npocnexkr Pecnyonuku, 30, Temupray, Kazaxcran, ORCID ID: https://orcid.org/0000-0002-4447-
3796, e-mail: t.siverskaya@tttu.edu.kz

Annomayua — B ycnoBHsAxX mpeobiagaHUs TEIUIOBOM, MPEXAe BCEr0 YrodbHOHM, TeHepannu W 3HaumMmon ponu TOLI B
anekTpodHepreTike PecmyOonmkm Kazaxcran mpobiema 3HEpProdp@GEKTHBHOCTH JIIEKTPOTEHEPUPYIOIIETO CEeKTopa
MIPUOOPETAeT CHCTEMHOE TEXHHKO-3KOHOMHUYECKOE 3HaueHue. Llenmb cTaThi COCTOMT B KPaTKOM IPEACTABICHUM IAAHHOM
MpoOJIeMBbI KaK CaMOCTOSTENBHOIO IpeIMeTa HAydHOTO M OTPacieBoro paccMorpeHus. IlokazaHo, 94TO B COBPEMEHHOM
SHEPreTUYECKON IOBECTKE NPHOPUTETHOE BHUMAHHE OOBIYHO COCPEJOTOYEHO Ha JIeKapOOHM3aIMM, pa3BUTHH
BO30OHOBIISIEMBIX HCTOYHHKOB SHEPTUH, BOAOPOIHOM SHEPTETHKE M TEXHOIOTMIECKOH MOIEPHU3AINN SHEPTOCHCTEM, TOTIa
Kak  3Hepro3((eKTHBHOCTH COOCTBEHHO  3JIEKTPOICHEPUPYIOIIETO  CEKTOpa  3HAYUTENBHO PpEKEe  CTAHOBHUTCH
CaMOCTOSATENBHBIM OOBEKTOM aHaimn3a. Mexay TeM HMEHHO J3TOT acleKT OMNpenieNsieT SKOHOMHYHOCTh BBIPAOOTKH,

75


mailto:cpe_shishkanov@mail.ru
mailto:ye.kuntush@tttu.edu.kz
mailto:z.bayassilova@tttu.edu.kz
mailto:t.siverskaya@tttu.edu.kz
https://orcid.org/0000-0001-7004-3864
mailto:nikulshin2002@mail.ru
mailto:nikulshin2002@mail.ru
mailto:cpe_shishkanov@mail.ru
mailto:ye.kuntush@tttu.edu.kz
mailto:z.bayassilova@tttu.edu.kz
mailto:t.siverskaya@tttu.edu.kz

e- ISSN: 3134-8467, p-ISSN: 2309-1177

YCTOfIQHBOCTB OJICKTPO- U TeHJ'IOCHa6)KeHI/I$I, YPOBCHb BHYTPCHHUX 3aTPAT CTAHIIUHN U XaPAKTECP z[am;Heﬁmeﬁ MOACpHU3aNN

TCHCPUPYIOLIETO KOMIUICKCA.

B crartbe PaCKpbIBAOTCA OTpaciieBas CHGHI/I(I)I/IKEI QJICKTPOSHEPIr€TUKHU Ka3aXCTaHa,

CTpaTeruuecKue OPUEHTHPHI TOCYJAPCTBEHHOW MOJMTHKH M OCHOBHBIE TOJAXO/bI K TMOHUMAHHUIO 3HEProd(h(HeKTHUBHOCTH
renepanuu. O60CHOBaHA HEOOXOMUMOCTh KOMIUIEKCHOTO MOX0/1a K TOBBIIICHHUIO €€ 3()HEeKTHBHOCTH.

Kntouesvie cnosa — >HeprodpPeKTHBHOCTD, AIEKTPOrCHEPUPYIOLINI CEKTOp, ANeKTpodHepreTrka KasaxcraHa, TemoBast
reHepalys, TEIUI0AIEKTPOCTAHIIMH, TEIUIOAICKTPOLICHTPAITH, MOICPHU3AIIUS JICKTPOCTAHIIHH.

OCHOBHBIE ITOJIO)KEHU S
VY craHoBIIEHO, 4TO CTPYKTYypa
JNIEKTPOreHEPUPYIOLIET O ceKTopa PecniyOnuku

Kazaxcran moutu Ha 78% chopMHpOBaHa TEILIOBBIMH
JMEKTPOCTAHIUAMH, a JONA YrojdbHOW TeHepaluu
npubimkaercs K 54% cymmapHOW yCTaHOBJICHHOM
MOIIHOCTH Bcex craHuuil crpanbl. IlokazaHo, 4TO
3HEeprod()eKTUBHOCTh TEHEpaIliu HENb3S CBECTH K
OTHOMY TIOKa3aTellto OHa CKJIaJbIBaeTcs H3
COBOKYITHOCTH TEXHHUKO-D)KOHOMHYECKUX
XapaKTepUCTUK PabOTHl CTaHIIMHU, BKIIOYAS PEKHMEI

o0Opy/loBaHMS W TIApaMeTPbl TEIIOBOH  CXEMBL.
OmpeneneHo, 4Yro 3aMeTHass 4YacTb  PE3EPBOB
MOBBIIICHNsT A((EKTHBHOCTH  COCpEJOTOdeHa He

CTOJIBKO B OCHOBHOM ITHKJIC BI)Ipa6OTKI/I, CKOJIBKO B
crcTeMe COOCTBEHHBIX HYXJ CTaHIUA U B PEKHUMax
KomMOuHMpoBaHHOW BeIpaboTkn TOLl. O6ocHOBaHa
HEOOXOJJMMOCTh KOMILJIEKCHOTO TIOAXO/a K OICHKE
aHeprodG G eKTUBHOCTH TEHEPUPYIOIIETO CEKTOpa, TIPH
KOTOpOM TOIUTMBHAS 9KOHOMHUYHOCTb
paccMaTpuBaercs BMeCTe c HaAEKHOCTBIO
0o0Opy/IOBaHHST M €ro TEXHUYECKUM COCTOSHUEM.
[TonyderHoe TOHMMaHUE TMPOOIEMBI MOXKET OBITh
HCIIOJIb30BAHO MPH MOJrOTOBKE OTPACIIEBBIX MPOrPaMM

MOJIEPHU3AIIIH TEeHEPHUPYIOIINX MOIITHOCTEH
Kazaxcrana.
BBEJIEHUE
B coBpeMeHHOW »HHEPreTUYECKOM IOBECTKE
MIPUOPHUTETHOE BHHMaHHeE, Kax MIPaBUIIO,
COCpPEeOTOYEeHO Ha BOMpocax JeKkapOOHM3AIWH,

PasBUTHH BO30OHOBIISIEMBIX HCTOYHHKOB JHEPIHU
(BUD), BomopoaHOW 3HEPTETHKE M TEXHOJIOTHIECKOM

MOJIEPHU3AIMN  JHEProcucTeM. Bwmecre ¢ Tem
mpobiema 9Heprod(HEeKTHBHOCTH COOCTBEHHO
3IIEKTPOT €HEPHUPYIOIIETO CEeKTOopa, TO €CTh
s dexTnBHOCTH npeoOpa3zoBaHus TOTLTUBHO-

JHEPreTHYECKUX PECYPCOB B  DJIEKTPUYECKYI0 H
TEMJIOBYIO SHEPTUIO C YYE€TOM BHYTPEHHHUX 3aTpaT H
PSKUMHBIX  OCOOGHHOCTEH  PabOTBl  CTaHIWH,
3HAYUTEIIFHO PEXE CTAHOBUTCS CaMOCTOSTEIbHBIM
MpeAMETOM aHau3a. MexIy TeM UMEHHO 3TOT aCleKT
BO MHOI'OM ONpEAEJSieT HE TOJbKO 3KOHOMHYHOCTH
BBIpAa0OTKM, HO M YCTOHYMBOCTH OJIEKTPO- H
TEIJIOCHAOXEHUS, YTO B KIMMAaTHUECKUX YCIOBHUSAX
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Kazaxcrana (pe3k0 KOHTHHEHTAJIBHBIA KIMMAaT Ha
OONBIICH YacTH TEPPUTOPUH) HMEET KPUTHUCCKU
Ba)KHOE, JKHM3HeoOeceunBaloliee 3HaueHne, a TakKe
(hopMupyeT ypoBeHb TOIUIMBHON Harpy3Ku Ha OTpacilb
51 Xapaxkrep JlaibHEeUIIen MOJIEpHU3ALIUU
reHepupyroIiero komrmiekca [1,2].

Ilensro HaCTOsIIEN CTaThu SIBIISIETCS
paccMoTpeHue  mpoOieMbl  3HEProdPPEeKTHBHOCTH
3JIEKTPOr€HEPUPYIOLIETO ceKTopa Pecniy6nuku
KazaxcraH kak caMOCTOSITENBHOrO MPEIMETa HAyYHOTO
M OTPACIIEBOr0 aHAIN3A.

OB30P JIUTEPATYPbI

Bormpocel 3Heprod¢HeKTHBHOCTH
JJIEKTPOreHepalui PACCMAaTPUBAJIMCh B JINTEPATYPE C
Pa3HBIX CTOPOH, U €CJIW HNPOCICIAUTDH HY6JH/IKaIII/II/I 110
rogaM, BHUAHO, KakK MCHAJICA CaM YIOJI 3pC€HHA Ha
npobiieMy — OT YHCTO TEXHHYECKOro K Ooee
KOMILJIEKCHOMY.

OmHoli U3 paHHUX padoT, TIe CTABUTCS BOIIPOC 00
3(exkTUBHOCTH COOCTBEHHO 3HEproycraHoBok TOC,
MOXXHO Ha3BaTh cTaThio SIkoByieBa b.B. u I'puHuyka
A.C. [8], roe moka3aHO, YTO POCT SKOHOMHYHOCTH
CTaHIIMIA CBSI3aH C MapaMeTpaMHu napa, IpUMEHsIeMBIMU
cxemMamu (IMapora3oBBIMH B YaCTHOCTH) W OOITUM
TEXHUYECKHM YPOBHEM 000pYyIOBaHUS — TO €CTh YXKe
TOrJa aBTOPBI YKa3bIBAJIM, YTO OJHOW JIMIIb 3aMEHOU
TOMBa  3a7ady  J(QQPEKTHBHOCTH HE  PENINTh.
Heckompko mozxe, B padore llleBuenko B.B. [9], Tema
3HeprodGpHEKTHBHOCTH  JHEPTETHKH  PacCMOTpEHa
mmpe HE TONBKO C TEXHWYECKOW, HO H C
OpTaHHU3AIMOHHO-YITPABICHYECKOI CTOPOHBI,
0003HaYEHBl HANPABICHHS JEATEIHHOCTH, KOTOpPHIS
JIOJDKHBI  oOecrieunBaTh 3(P(PEKTHBHOCTE Ha YpPOBHE
OTpaciy B IIEJIOM, a HE OTJEbHOW CTAHITIH.

[TapamiensHO ¢ 3TUM B JIUTEpaType Pa3BUBAJIOCh
¥ DKOHOMHAYECKO€ TOHUMaHUe SHEProd (¢ eKTUBHOCTH.
Tak, I'ameeBa A.P. u I'azuzoBa O.B. [10] cBs3bBaroT

3Hepro3¢ ¢ eKTUBHOCTh HETOCPEICTBEHHO c
YCTOWYMBBIM ~ Pa3BUTHEM  OJKOHOMUKH  CTPaHBI,
MOKa3bIBasi, YTO CHUKECHHE JHEPro€MKOCTH — HE

caMmollellb, a YCIOBHE KOHKYPEHTOCIOCOOHOCTH U
PECYPCHOH  yCTOMYMBOCTH DKOHOMHKH B IIEIIOM.
brmuskue mo myxy BEIBOIBI cojepaTcsi U B pabore
Janabaesoii P. [11], rme Ha matepuane Kazaxcrana
00OCHOBBIBAETCSl 3HAYUMOCTh YCTONYHBOI'O Pa3BUTHS
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OHEPreTU4YCCKOro CCKTOpa HUMCHHO Kak
OKOHOMHY GCKOI\/'I, a HE TOJIBKO TEXHOJIOTHUYCCKOM
3agadyd  — 3TO B  ICIIOM COOTBCTCTBYECT U

CTpaTernyeckuM OpPUEHTUpPaM, 3a(h)MKCUPOBAHHBIM B
Konnenuun no nepexony PK k «3enénoil 3koHOMUKeE»
[4].

Yro Kacaercs HEMOCPEACTBEHHO
aNEeKTporenepupyroniero cekropa Kasaxcrana, 3mech
OMOPHBIMH  SIBIISIIOTCS  OQUIMANIbHBIE JTaHHBIE H
HOPMATHUBHBIE JTIOKYMEHTBI cratuctuka biopo
HallMOHATBHOW CTAaTHCTHKU [l], cCHOpaBOYHHUK 1O
HaWIy4lIMM JIOCTYIIHBIM TeXHUKaM [2] ¥ TOmOBOH
otuétr AO «KEGOC» [3], koropsie (QOpMUPYIOT
(dakTHueckyro 6a3y s aHaJIu3a CTPYKTYPBI OTPACIIH |
JIOJIA OT/ICBHBIX THIIOB CTAHIIHA.

Bormee  cmenmanu3upoBaHHBIE — TEXHUYECKHUE
paboThl TOCHEMHUX JIeT YIAyONsioT TIOHMMAaHWe
OT/IENBbHBIX MexaHu3MOB 3¢ dexTnBHOCTH. TuToB [1.B.
[5] o0o01aer COBpPEMEHHBIC HMHCTPYMEHTBI
9HEpProcOepeKeHHS 9HEProaymuT, 4YacTOTHO-
peryiampyemMble TPUBOJIBI, PEKYIEPAIHIo TeIIa,
MOKa3bIBas, YTo 03 coueTaHusi OpraHU3aIMOHHBIX H
TEXHUYECKUX Mep 3aMeTHOro s¢dexra He JOOUTHCS.
Benoboponos C.C. ¢ coaBTOpaMu [6] BBISBIISET, 4TO

mpu mnepexone TOl[ wu3 KOMOMHHUPOBAaHHOTO B
KOHJCHCAI[MOHHBIH  PEeXUM  3(PPEKTUBHOCTL  H
9KOJIOTHYHOCTh TPOU3BOJCTBA PE3KO TANaIOT, H

O00OCHOBBIBAE€T BAKHOCTh PEXKHMOB, INPH KOTOPHIX
TerToQUKaMOHHAasT BEIPabOTKa COXpaHsIeTCsS Hake B
muKoBBIe TeproApl. HaxxumoBa A.M. m Xabubynuna
A.X. [7], B cBOIO 0UEpenb, MTOKA3BIBAIOT, YTO 3aMETHAS
JOJIST PE3EPBOB DHEProcOEPEKEHUsS HAXOMUTCS HE B
OCHOBHOM KOHTYp€ CTaHIINH, 2 IMEHHO B COOCTBEHHBIX
HYXJ1aX pabore BCIIOMOTATEIbHBIX
AJIEKTPONPHUBOOB, HACOCHOTO 000PYIOBAHUS U T.II.

Takum 00pazoM, eciu TPOCIEIAUTh IBOIIOIUIO
MOJIXOJIOB OT YHCTO TEXHUYCSCKUX OICHOK
a3 pekTUBHOCTH SHEPTrOyCTaHOBOK [8] K
KOMITJICKCHOMY, SKOHOMUYECKOMY H CTPATETHYECKOMY
MMOHUMAaHUIO TipobieMsl [9—11], a Takxke K AeTaTbHOMY
TEXHUUYECKOMY aHATHM3Y OTACTBHBIX y3JI0B CTAHIIHM [S—
7] BHIHO, 4TO  9Heprod¢p¢eKTUBHOCTH
AJIEKTPOreHepaIuy BCE yallle TPAKTYETCsl MMEHHO Kak
MHOTOaKTOpHasi, a  HEe  OJHOMOKa3aTelbHasl
XapakTepyucTuka. VIMEHHO 3Ta JIOTHKA W ONpesenseT
METO/I0JIOTHYECKYIO pamKy HACTOSIIEr0
HCCIICIOBAHMUS.

MATEPHAJIBI 1 METO/1bI
Marepnanamu WCCIIE0OBAHUSA MOCTYXHIJIN
opuManbHBle  CTaTUCTUYECKHE,  HOPMAaTUBHBIC,
OTpacieBble UM HAy4YHbIE HCTOYHUKH, OTPAXKAIOLIUE
COBPEMEHHOE COCTOSIHME  DJICKTPOr€HEPUPYIOLIETO
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cekropa Pecybnmku Kazaxcran u moaxoasl K OLEHKE
ero  sHeproddexrtuBHocTH.  MHDOpMannoHHYIO
OCHOBY COCTAaBUJIM JaHHble brHOpO HanMOHAJIBHOU
cratuctukn  PecnyOnmuku  Kazaxcran, cBeneHus
rogoBoro otuéra AO «kKEGOC» 3a 2024 r., a Taxxke
nonoxxenust Konnenmuu mo mepexoxy PecnyOnnkun
Kazaxcran K «3enéHoil 5KOHOMUKEe)» U CIIPaBOYHHUKA T10
HaWJIYYIIMM  JOCTYHHBIM TEXHMKaM B  00NacTH
9HEPTeTHYECKON 3¢ dEKTUBHOCTH [1-4].
TeopeTHueckyl0o OCHOBY HCCIICAOBAHUS COCTABUIIH
NyOMUKaIMK, TOCBSIIEHHBIE BOMPOCAM MOBBIIICHUS
3Heprod¢ () eKTUBHOCTH B AJIEKTPOIHEPTETHKE,
CHUCTEMHOM 3¢ deKTHBHOCTH TOII u
9HEPropecypcocOepeKeHnss B CUCTEME COOCTBEHHBIX
HY)X/]] TEIUI03JIEKTPpOCTaHIui [5—7].

Meronu4eckyr0  OCHOBY  CTaTbH  COCTaBHIIM
METO/Abl aHAW3a M CHHTE3a, CpPAaBHUTENBHBIH U
CTPYKTYPHO-JIOTHYECKHH aHAIN3, & TAKXKE POOJIEMHO-
AHATUTHYECKU T TOJIX O] K WHTEpIIpETaUH
CTaTUCTHYECKUX, HOPMATHBHBIX M JIUTEPATYpPHBIX
JaHHBIX. B Xonme uccienoBaHusi OBUTH PacCMOTPEHEI

MaTepHalbl, XapaKTepu3yromme CTPYKTYpY
aJIeKTpodHepreTukn  KaszaxcraHa, poib  TEMI0BOU
TCHEpalnuu B IIPpOU3BOJICTBE 3H€KTpPI‘I€CKOI71 u

TEIUIOBOU OHEPruu, a TakKK€ OCHOBHBIC HAIIPABJICHUA
MTOBBIMICHUST JHEPTOd(H(PEKTHBHOCTH TEHEPUPYIOIIHUX
00BEKTOB. 310 TTO3BOJTHIIO MIPEACTaBUTH
9Heprod(h(HeKTUBHOCTh JJIEKTPOTeHEPUPYIOIETO
CEKTOpa KaK KOMIUIEKCHYIO TEXHHKO-YKOHOMHYECKYIO
XapaKTePUCTUKY, CBA3aHHYIO C PESKUMaMH paboThI
o0opynoBaHus, COOCTBEHHBIMH HYXJIaMH CTaHIIAH,
MOKa3aTeNsiMi  TOIUIMBHOW  DKOHOMHUYHOCTH U
ocobeHHocTsIMU (hyHKIIFIOHUpOoBaHUS TOLI.

PE3YJIBTATBI U OBCYXXJIEHHUE

Ja Kazaxcrana ykazanHasi mpoOieMaTHKa UMEET
0COOEHHO Ba)KHOE 3HAYEHHWE B CHIIY OTPacieBOi
CTPYKTYpBl ~ 3JeKTpodHepreTukd. [lo  maHHBIM
AxnnonepHoro obmiectBa «KazaxcTaHckast KOMIaHHS
M0 VIOPaBICHHUIO JIIEKTPUYeCKUMH ceTssMm» (AO
«KEGOC), mpou3BOACTBO ANEKTPHUIECKON SHEPTHH B
CTPaHE OCYIIECTBIIIOT 233 3JEKTPOCTAHIUH, IPH STOM
o0mrast ycranoBieHHass MomHocTh Ha 01.01.2025 T.
cocraBmsuia 25 3142 MBt, a pacnonaraemas
MOIIHOCTh 18 890,3 MBt [3]. OcHoBy
AJIEKTPOIHEPT ETUKH Kazaxcrana COCTaBIISIFOT
teruoBsie Anekrpoctanimu (TOC) — 19 740,8 MBH,
unmu  78% yCTaHOBJIEHHOW MOILIHOCTH; MOIIHOCTh
YTOJNBHBIX 3JEKTpocTaHuui nocruraer 13 592 MBrT,
4YTO COOTBETCTBYET 69% MommHocTH Bcex TAC u 53,7%

MOIIIHOCTH  BCE€X DJIEKTPOCTaHLMM  cTpaHel  [3].
DNEeKTpOIHEPreTUKa pecyonuku ocraercs
MPEUMYILECTBEHHO YTOJIBHOM: OKOJIO 70%
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ANEKTPOSHEPTHH  BBIPA0ATHIBACTCS HAa  YTOJBHBIX
3JIEKTPOCTaHIUSAX, TOrja KaK JloJs
teroanekrponentpaigen  (TOL) B cTpykType

BBIpA0OTKH 3JIEKTPOSHEpruH cocTaBisier 45%, a B
MPOU3BOJCTBE Temia — Oomee 62% [2]. B artux
YCIOBUSIX BOMPOC 3HEProd(H(HEKTUBHOCTH TeHEpalH
HAMEET HE YaCTHBIH, a CHCTEMHBIN XapaKTep, TOCKOIbKY
dopMupyer  Kak  TOIUIMBHYIO  SKOHOMHYHOCTH
3JIEKTPOCTAaHIMN, TaK U YCTOMYMBOCTH DJJIEKTPO- H
TEIUIOCHAOXKEHHUSI TPOMBIIUICHHOH H  COLUMAIBHOMN
chepsr [2,3].

JIONONMHUTENBHYIO 3HAYMMOCTh PACCMAaTPUBAEMOU

TEeME  NOPUAAIOT  CTPATErMYeCKUe  OPUEHTHUPHI
rocymapctBeHHoi momutukd. B Konmemmmm 1o
nepexony PecnyOnmukm Kazaxcran k- «3eneHoi

skoHOMHKe» [4] mpsmo ykazaHo, uto Crpaterueit
«Kazaxcran-2050»  ObUIM  TIOCTaBJICHBI  YETKHE
OPUEHTUPBI HAa  IIOCTPOCHHE  YCTOMYMBOHM U
3 PEeKTUBHON PHHOYHOW MOMAETH JKOHOMHUKH TIPU
Tepexoie CTPaHbl HA «3€JICHBI» IYTh Pa3BHUTHUSL.
KoHmenmust CBS3bIBAE€T CHIDKEHHE DSHEPTOEMKOCTH

BaJloBOro  BHyTpeHHero mpoaykra (BBII) ¢
3HEProcOepeIKEHUEM u MOBBIIIICHUEM
3Heprod(p(HEeKTUBHOCTH, a  Pa3BUTHE  CEKTOpa
DJIEKTPODHEPTETHKH — ¢ pocToM jgoinu  BHUD,

TEXHOJOTHSAMHU YIIABIUBAHUS M XPaHEHUS yriepoja u
MOCTETIEHHBIM COKpAIllEeHUEM YTOJbHON reHepanuu. B
yuciae  [ENEBBIX ~ OPUEHTUPOB  3a(DUKCHUPOBAHBI
cHmkenue saeproemkoctd BBII Ha 15% x 2030 1., Ha
25%x 2040 1. mHa 35% K 2050 1. OT ypoBHs 2021 TOAA,
a TaKkKe VYBEIMYEHHWE JOIA BO30OHOBIAEMBIX U
aTbTEPHATUBHBIX HCTOYHHUKOB OJHEPTHA B 0OOImIei
BbIpaboTke anekTpodHeprun Ao 15%, 30% u 50%
cooTBeTcTBeHHO [4]. M3 atoro crmemyer, 4Tto aHamn3
3Heprod ¢ eKTUBHOCTH 3JIEKTPOT HEPUPYIOLIETO
CeKTOpa CIemyeT paccMaTpuBaTh HE TOJNBKO Kak
TEXHUKO-DKOHOMHYECKYIO, HO U KaK CTPAaTEerHYecKyro
3a/1avy, CBSI3aHHYIO C JJONTOCPOIHON TpaHchopMaIuen
HaI[MOHAJBHOMN 3HepreTukH [3,4].
OHeprod(h(peKTHBHOCTD AIEKTPOreHEPUPYIOIIETO
CEKTOpa JOJDKHA PACCMATPUBATHCS KaK KOMILIEKCHAs
XapaKTepPUCTHKA, BKIIIOYAIONMIAS YAETbHBIE PaCXOIbI
TOIUTMBA, TIONIE3HBIA OTITYCK SHEPTHH, COOCTBEHHBIE
HYXKIbl CTaHIUH, PESKUMBI pabOThl 00OpYIOBaHHSA,
MOKa3aTeNM HAJISKHOCTH M TEXHUYECKOT'O COCTOSHUS
TEeHEPUPYIOIINX MOITHOCTEH, a TaKXKe IapaMeTpsl
TEIIOBOW CXEMBI CTaHIIUY, B TOM YHUCIIE OPTaHU3aIINIO
pereHepaniid U 3QQPEKTUBHOCTh KOHJIEHCAIIIOHHOTO
pexnMa, OIPEIEISIOIIN e YpOBEHb
TEPMOJANHAMUYECKON M TOIUTMBHON 3(h(EeKTUBHOCTH
cranmuu. lcmonp30BaHWE OJHOrO TIOKa3aTens He
obecrieunBaer TMONHOM oueHKH 3ddexkTHBHOCTH
paboThel TeHepupyOUMX 00BEKTOB. B 3TOM cocTout
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NPUHIUIHANIEHAS OCOOEHHOCTh CaMoOil MMOCTaHOBKU
BOIIPOCA: peub MJAET HE TOJIBKO O CHM)KEHHH pacxoza
TOIUIMBA, HO U O KAa4eCTBE PEKUMa padOTHI CTAHIIWY,
MOJTHOTE WCIIONIb30BaHMs TEIJIOBOTO TOTEHIIMANa,
MacmTade BHYTPEHHHX 3aTpaT M CIOCOOHOCTH
obopymoBaHust oOecrieunBaTh YCTOMUUBYIO pPabOTy B
MEHSIOIINXCS YCIIOBUSX HATPY3KH.

IIpencraBiieHHBIE B HAy4yHOM  JIMTEpATypE
MOAXO/bI B LIETIOM COTJIACYIOTCSl C TAKMM TTOHUMAaHUEM
npobnembl. B padore Turora JI.B. [5] moka3zano, uto
NOBBIIIEHWE  SHEProdPQeKTUBHOCTH  CBSI3aHO  HE
TOJBKO C OJKOHOMHEW DJHEPropecypcoB, HO H C
COKpallleHHEeM BBIOPOCOB, CHW)KEHHEM HETaTHBHOTO
BO3/IEHCTBHUS Ha OKPYKaIOLIYIO cpeny 51
UCIIONIb30BAHUEM  COBPEMEHHBIX  HHCTPYMEHTOB
sHeprocOepekeHrs. B umcie Takux WHCTPYMEHTOB
paccMaTpuBarOTCs SHEProayIuT, 4aCcTOTHO-
peryavpyeMble  NpHBOABL,  3HeprodddexTuBHBIE
JIBUTATENH, YiydlieHne Kod(hGUIMeHTa MOITHOCTH H
pekymepanus  orpaboramHoro Ttemna [S5]. s
paccMaTpuBaeMOW TeMbl STO BaXKHO IIOTOMY, YTO
3aJlaeT OOIIMIA METONONOrHYECKHi (DOH: TOBBIIICHUE

3Heprod¢h(HeKTUBHOCTH TpeOyer coYeTaHus
OpraHu3aluOHHBIX, PEXKMUMHBIX u TEXHUYCCKUX
pelIeHui.

CytiecTBeHHOE 3HAYCHHE TUTS

ajekTpodHepreTuky KaszaxcTtana wMeer © JIOTHKa
cucremuoir  addexruBHocTm  TOLl. B pabore
benmo6opomosa C.C. u coaBTOpOB [6] TTOMIEPKUBAETCS,
9TO TIpH paboTe B peXUME KOMOWHHUPOBAHHOM
BBIPA0OTKH JJIEKTPUICCKOW SHeprum u Teruia TOL]
o0ecrieanBaeT BBICOKHE ITOKa3aTenn
pecypcocOepekeHusi, Tora Kak IIpH Mepexoie B
KOHICHCAITMOHHBIH  peXuM  3(P(HEeKTHBHOCTE U
9KOJIIOTHYHOCTh MIPOM3BOCTBA CYIIIECTBEHHO
CHIDKAIOTCS. ABTOPHI O0OOCHOBBIBAIOT HEOOXOIUMOCTE
TaKOr0 COCTaBa OOOPYHOBAaHHA M TaKUX PEKHUMOB
pabotel, KoTophie To3BosuH OB TOIl addexkTnBHO
(DYHKIIMOHUPOBATE B THKOBBIX W  TONYMHKOBBIX
pexuMmax. llpeacraBneHHBIE B CTaThbe PE3YIIBTATHI
MOKAa3bIBAKOT, YTO U1 BbICOKOMaHeBpeHHOH TOL|
KO3 QUIIMEHT HWCIIONB30BAHMS Teljia TOIIMBA B
OTOIUTEBHBIN MEPHOA MOXKET cocTaBisITh 80—-85%, a
B CPaBHEHHH C Pa3/ICIbHBIM TIPON3BOICTBOM TEILIOBAS
cXxeMa B pEKHME KOTeHepalu JIEeMOHCTPUPYET
CHIDKEHHE pacxoja ToruuBa 10 74,6% u BBIOPOCOB
NOx no 60,8% [6]. i Kazaxcrana JaHHBIA BBIBOJ
0COOEHHO 3HAYUM B CBSI3U C BBICOKOW ponbio TOIl B
TEIIOCHA0XEHNN W HEOOXOJMMOCTBIO YUUTHIBATH HE
TONBKO OJJIGKTPHUECKUH, HO W TEIUIOBOM KOHTYP
SHEPTOCHCTEMBI.

OtnensHOE 3HA4YeHHE JUIA PpaccMaTPHUBAEMOM
pOoOJIEMbl HIMEET aHAJIN3 CUCTEMBI COOCTBEHHBIX HYXT
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TOC, mnpencraBiacHHBIE B pabore [7]. ABTOpHI
MOKAa3bIBAIOT, YTO 3HAYMTENbHAs 4YacTh pPE3EPBOB
9HEProcOepeKEHNs CBS3aHA HE C OCHOBHBIM ITUKIOM
BBIPA0OTKH SHEPTUM, a ¢ paboTol BCIOMOIraTelbHOr0
000OpymoBaHMs, TMPEKAE BCErO AIEKTPONPUBOIOB
HACOCHBIX W MHBIX YCTaHOBOK; B KaueCTBE OAHOTO U3
pelieHuit paccMaTpuBaeTcs NPUMEHEHHE YacTOTHO-
perynupyemMoro  mpuBoja Ui IHUTATENBHOTO
anekTpoHacoca MomHocTeio 4000 kBt [7]. Takoit
BBIBOJI IMEET MPUHIUIHNAIBLHOE 3HAYCHUE TS OL[CHKH
3HEeprodp(heKTUBHOCTH TeHepaInH, MTOCKOJIBKY
MO3BOJISIET paccMaTpUBATh BHYTPEHHEE MOTpeOsieHHE
CTaHIIMM HE KaK BTOPOCTENEeHHBIH (OH, a Kak
CaMOCTOSTEIbHBIA 00bEKT ONTUMHU3AIHH.

Taxum o0pazom, MIPUMEHUTETBHO K
ANIEKTPOTEeHEpHUpYIONIeMy  CeKTopy  PecmyOmmku
Kazaxcran npobGnema 3Heprodp¢eKTHBHOCTH JOJKHA
MOHUMATBCS IIHPE, YeM 3a/la4a CHIKEHUS YJETbHOTO
pacxona ToruBa. OHa BKITIOYAET COBEPIIICHCTBOBAHNE
TEXHUKO-DKOHOMUYECKON OIICHKH pabOThl CTaHITHH,
ONTUMH3AIIH IO PEKIMOB KOMOMHHUPOBAHHOM
BbIpaboTkn Ha TOIIl, cokpaieHue HCIONL30BaAHMUS
JHEPreTUYECKOr0 pecypca Ha COOCTBEHHBIE HYXKIIBI,
noBblieHne  A((GEKTHBHOCTH  BCIIOMOTATEIBHOTO
000pyIOBaHMS, MOJEPHU3ANNIO TEIUIOBBIX  CXEM,
WCIIONB30BaHNE  KOTJIOB-YTHJIM3aTOPOB, a  TakKXke
BOBJIEYCHHE  BTOPHUYHBIX  DHEPrOpECcypcoB u
HU3KOMOTEHIIMANGHOTO TEeIUIa B TMOJE3HBIH OTITYCK
anekTpodHeprun [1-7]. MIMeHHO Takoe IOHHMAaHWE

MO3BOJIIET ~ CBsI3aThb ~ OTpacieByl0  crenupuky
Kazaxcrana, TpeOOBaHUS HAJISKHOCTH
TEIUIOCHAOXKEHUST ¥ JIONITOCPOYHBIE  OPUCHTHUPHI
SHEPreTHYECKOTr0 nepexona B SMUHYIO
HCCIIEIOBATENLCKYIO PAMKY.
3AKJIIOYEHUE

OnexTposnepretuika PecmyOmmkm — Kazaxcran

XapaKkTepu3yercs npeodagaHueM TETIOBOU

reHepalyy, B TOM YHCJIE BBICOKOW JOJNEH YroJbHBIX
SJEKTPOCTAaHUMKA M 3HauuMod ponbto TOL[ B
MPOU3BOJCTBE AJNEKTPUUECKOH U TEIIOBOM SHEPTHUH.
310 omnpezaensier AKTyaJbHOCTh aHaim3a
9HEprod PG eKTHBHOCTH AJIEKTPOT €HEPUPYIOIIETO
ceKTopa Kak CaMOCTOSTEIIBHOT'O o0beKTa
uccienoBanus. B ycnoBusix, Korga rocyaapcTBeHHas
MOJIUTUKA OpPHEHTHPOBaHA Ha CHIDKEHUE
9HEPrOEMKOCTH  OHKOHOMHKH, pACIIMPEHHE JOJIH
BO30OHOBJIIEMBIX M aJbTEPHATUBHBIX HCTOYHUKOB
SHEPTUHU u MO3TAITHYIO TpaHchOpMaLUIo
3JIEKTPOIHEPTeTUKH, BOIIPOC 3¢ deKTUBHOCTH
0a30BOro I'eHEPUPYIOIIEro KOHTypa NpHOOpeTaer He
TOJIBKO OTPAcieBOE, HO U CTPATErMUECKOE 3HAUECHHE.
[IpoBeneHHOE 0000IIEHUE TOKA3bIBAET, YTO
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9Heprod((HeKTUBHOCTh TEHEpPallMh HE CBOAMUTCH K
OZIHOMY MOKa3aTeko. Ona onpeaensercs
COBOKYITHOCTBIO B3aMMOCBSI3aHHBIX XapaKTEPUCTHUK,
BKJIIOUAIOIINX yIeTbHBIE PACXO/bI TOIUINBA, MOJIE3HBIN
OTIYCK OJJIGKTPUYECKOW W  TEIUIOBOW  DHEPTHH,
COOCTBEHHBIE HYXIbl CTaHIMH, PEKUMBI PabOThI
00opyoBaHu, MOKa3aTenu Ha/ISKHOCTH,
TEXHUYECKOT'O COCTOSHHSI WM TapameTphl TerIOBOU
cxembl. [103TOMy KOppeKTHasi MOCTaHOBKa MPOOIEMbI
TpeOyeT KOMILIEKCHOT O MTOIX0/1a, IIPH KOTOPOM OLICHKA
3¢ (EKTHUBHOCTH  DJIEKTPOCTAHLIMU  YBS3BIBACTCS C
OCOOCHHOCTSIMM  KOMOMHHMPOBAaHHOM  BBIPAOOTKH,
BHYTPEHHHM IOTPEOJICHHEM OJHEPTHMH U KauyeCTBOM
TEXHUYECKOTI'0 COCTOSIHHS 000PY/IOBaHHMSL
OCHOBHBIMH ~ HAIPaBICHUSMH  TOBBIIICHUS
9HeprodhHeKTUBHOCTH 3JIEKTPOT €HEPUPYIOIIETO
CEKTOpa BBICTYAIOT COBEPIICHCTBOBAHHME OIICHKH
TEXHUKO-DKOHOMHUYECKUX TOKa3aTene, OnTHMU3aIIHS

PEXKUMOB KOMOWHHUPOBAHHOMN BBIPA0OTKH
JJIEKTPUYECKOW W TerioBod »HHepruu Ha TOII,
COKpallleHHE HCIIOJIb30BAHUS SHEPTETUYECKOTO
pecypca Ha COOCTBEHHBIE HYXIBI, IIOBBIIICHAE

3¢ (EeKTHBHOCTH BCIIOMOTATENBHOTO 00OPYHIOBaHUS U
TEXHUYECKAs] MOJIEpHU3aLUs AeKTpocTaHumil. Hapsny
C OTUM  CYIIECTBEHHOE  3HAa4YeHHWE  HUMEIOT
BHYTPUCXEMHAsI MOAEPHU3ALUS] TENJIOBBIX YCTAaHOBOK,
UCIIOJIb30BAHUE KOTJIOB-YTHJIM3aTOPOB U BOBJICUEHUE
BTOPUYHBIX SHEPreTUYECKUX pecypcoB. B
COBOKYIIHOCTM  3TO  (OpMHpYeT  HE  TOJbKO
MPAKTUYECKYI0 PaMKy IMOBBIMICHUS 3(PGhEKTHBHOCTH
JICUCTBYIOIIIUX TEHEPUPYIOUIUX MOIIHOCTEH, HO U
Oomee MIMPOKHUI FWCCIENOBATEIbCKUH KOHTYpP, B
mpenenax KOTOPOTO 3Heprod¢ ¢ eKTUBHOCTH
3NeKTporeHepupyromero cekropa Kasaxcrana nomxkHa
paccMaTpuBaThcsi Kak OJHO W3 IPUOPUTETHBIX
HalpaBJIeHUWH HAYyYHOrO  aHaiu3a, OTPACJIEBOTO
PEryIMpOBaHUsI U TEXHOJIOIMYECKOM MOIEpHMU3ALHNY,
HETIOCPEICTBEHHO  CBS3aHHOE C  HAJEXHOCTBIO
JIEKTPO- U TEIUIOCHAOKEHMS,  PpalMOHAJIbHBIM
UCIIOJIb30BAHNEM TOIIMBHBIX pecypcoB u
JOJITOCPOYHOM YCTOWYUBOCTBIO pa3BUTUA
HallMOHAJIbHOW SHEPTeTUKH.
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Abstract — This paper reports an 8-week pilot controlled experiment evaluating artificial intelligence (Al) support in
university students’ physical training. A control group followed a standard curriculum, while an experimental group used Al
driven load adjustment based on wearable data (heart rate, intensity zones, and recovery dynamics). Outcomes included the
12-min Cooper test, plank time, Ruffier index, and heart-rate recovery time after a step test. Al-supported training produced
significantly larger improvements in endurance and recovery metrics, and it was associated with increased daily physical
activity. Practical implementation requirements, data-quality limitations and privacy considerations are discussed.
Keywords — artificial intelligence; physical training; university students; load personalization; monitoring; wearables; heart
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AHHOTanus — B craTee npencraBieHsl pe3ynbTaThl 8-HEAETHHOIO MIJIOTHOTO 3KCIEPHUMEHTA T10 olleHKe 3¢ dexTrnBHOCTH
TIPUMEHEeHHs] UcKyccTBeHHoro mHTeiurekTa (M) B mmdpoBoM conmpoBokIeHNH (DU3NUECKOI MOATOTOBKH CTYAEHTOB. B

KOHTpOJ'IBHOﬁ rpymnme HCIoJb30BajlaCb TpaJUuLIMOHHAsA IporpamMma,

TOorga KakKk B BKCHepHMCHTaHBHOfI rpyimie

peaM30BBIBAIACH MHANBUIyJIN3AIHs HAarpy3Ku ¢ nomonisio M-anropuTtMa Ha OCHOBE JTaHHBIX, ITOTY9aeMbIX ¢ HOCHMBIX
YCTPOHUCTB (YacToTa CEepIeYHBIX COKpAIIeHHWH, 30HbI MHTCHCHBHOCTH, IMHAMHKAa BOCCTaHOBIICHMs). OLEHHWBAIUCH TECT
Kymepa, Bpems ynepxanus miaHku, uHaekc Pypre u Bpems BocctanosieHust UCC. MM-conpoBoxkaeHune oOecrednio
BBIP)KEHHOE YJIyYIIEHHWE INPHPOCTA IIOKa3aTeNei, a TaKkKe COMPOBOXKIAIOCH IMOBBINIEHHEM CYTOYHOH JBUTATEIHHOM
akTuBHOCTH. OOCYXIAIOTCS OrpaHHYEHUs, CBSI3aHHBIE C KaYeCTBOM MIAaHHBIX M KOH(HUICHIMAIBLHOCTHIO MEPCOHAIBHOM

nHpopManum.
KaroueBble cioBa — HCKYCCTBGHHBIﬁ HUHTCIIJICKT, (1)1/131/1qec1<aa MOATOTOBKA, CTYACHTbI; MHAWBHUAYAJIU3allUd HArpy3Ku,
MOHHUTOPHUHI; HOCHUMBIC HOATYUKH; YaCTOTa CEPACUYHBIX COKpaI.HCHPIﬁ; HHACKC Py(bl,e, BOCCTAaHOBJICHHC, HI/I(l)pOBaH
II¢aaroruka.
HET'I3I'T EPEXKEJIEP 9JEBUET IHIOJYbI
JKacanapl UMHTEUIEKT  CTYJIEHTTEPAIH  JICHE FoumeiMu  oneOuertepzie KacaHIbl HHTEIUICKTTI
A bIHABIFBIH nepbecrenaipyre, (usuKkanblK  JeHe TopOHWeci MeH CHOpT cajlachlHa EHTI3y OKYy-

KYKTeMeH1 (YHKIIMOHAIBIK KOPCETKIIITepre Coikec
OHTAWMIAHJIBIPYFa JKOHE OKY-)KATTHIFy TPOIECIHIH
THIMJIUTITIH apTThIpyFa MYMKiHAIK Oepeni. Kwuinerin
KYpBUIFBUIAPJIaH  aJlbIHATBIH MOIIIMETTEp HeTi3iHze
KYKTEMEHI Ty3eTy Te3IMJIUIIK TeH KaJIlblHA Kemy
KOPCETKIMTEPIH KaKCapThII, CTYIEHTTEPIH KO3FAIIbIC
OeceHalIri MeH ©3iH-631 OaKbUIAybIH apTThIPAIbI.
XKacaHapl MHTEIUIEKTTI KOJJAHY Ke3iHIe IKeKe
JepeKTeplliH ~ KYMMSUIBUIBIFBI ~ MEH  aK[NapaTThIK
Kayilci3aiK TaJanTapblH caKTay MiHICTTI.

KIPICIIE

Korapst oM oepymi A QPIIBIK
TpaHcopMarmsiay TEK  OKY-OmICTEMENK  JKOHE
OKIMIIILTIK YIepiCTep/Ii FaHa eMec, CTYACHTTEPIIH JeHe
TopOmeci KyieciH e KaMTuIel. KyHIEmKTi KO3FabIc
OCIICEHIUTITIHIH TOMEHIEY1, CTATUKAJIBIK KAJIBIITTA Y3aK
OTBIPY  YaKbITBIHBIH apTybl JKOHE KOTHUTHBTIK
KYKTEMEHIH JKOFapbl OOJybl JIeHE IIBIHBIKTHIPY
cabaKTapeIHBIH THIMIIUTITIH apTTHIPy KOHE ONapAbIH
Kayilci3Airin KaMTaMach3 €Ty MIHIETIH ©3€KTi eTei.

Oprama HOpPMaTHUBTEpre JKOHE IIEKTeyni Kepi
OaitmaHpICKa HETI3NENTeH OocTypili OarmapiaMaiap
(GU3MKANBIK ~ JKYKTEMEre KeKe  peakiusIapiblH

afbIPMAIIBUTBIKTAPBIH KOHE KaJIbIHA KTy KapKbIHBIH
opraitbiM eckepe Oepmeiini. Ochl Kargaia KacaH bl
MHTEIUIEKT XYKTEMEHI Meumiepiey, (QyHKIHOHAIIBIK
Karmaiapl Oakpliay JKOHE JKEKeNEeHAIpUIreH Kepi

OaitmaHbIC KaJIBIIITACTRIPY Ke3iHze IeTTimM
KaObUTAAYyAbl KOMAAWTHIH Kypan Ooma amamer [1-3.
3eprreynin  makcatel — KW cyilemenneyiHig

CTYISHTTEP/IH JeHe NalbIHABIFBl KOPCETKIIMTEePiHiH
JMHAMHKACBIHA OCEepiH OJKCIEPUMEHTTIK TYpFbIaa
Oaranay. ['mmore3a OOWBIHINIA, KULIETIH KYPBUIFBLIAP
nepekrepine Herizgenren KW kommaHy mocTypii
TOCUTMEH CaNbICTBIPFaHNIa TO3IMIUIIK TEeH KaJIbIHA
Kely KOpCEeTKIITEepiHiH HEeFYpJIbIM aWKbIH OH
JUHAMHKACBIH KAMTAMACKI3 €Te/i.
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JKATTBIFY TPOIECIH JKETULMIPYAIH MaHBI3bl OarbIThI
peTiHAe KapacThIpbUIaAbl. 3epTTEeyIIiiep IKacaHIbl
WHTEIJIEKT TEXHOJOTUsIaphl (PU3UKAIBIK >KYKTEMEH1
JepOecTeHipyre, CTYACHTTEPAIH (YHKIIMOHAIIIBIK
JKarmadbelH  Oakpllayra KOHE KATTBIFY THIMALIITIH
apTTBIpyFa MYMKIiHJAIK OepeTiHiH aram Kepceresi.
Kuinerin KypbUIFBUIApJAH alBIHATBIH  JIePEKTep/i

naiilanany apKpUIBI  OKYKTEMEHI IKelelnl  TY3eTy
TO3IMIUIIK TI€H KajlblHA Kely KepCeTKIITepiH
xKakcapryra  bIkmasn  erexi.  CoHBIMEH — KaTap,

onebuertepne MUQPIBIK TEXHOIOTUSUIAPIBI KOJIaHy
Ke3iHjie JKeKe JepeKTepIliH KYMUSIBUILIFBIH CaKTay
JKOHE oNapipl Kayilciz eHAeY KaKeTTUTIr epekie
KOPCETUITEH.

MATEPHUAJIJIAP MEH 9ICTEP

3epTTey Ou3aliHbl: Y3aKThIFbl 8 anrta OoJaThIH
napajuienpai  OaKpUTAaHATBIH — MHJIOTTBIK — 3€pPTTEy.
Katsicymputap: aeHcaynbIK KargaiibiHa OaiTaHbICTHI
cabakTapra KaThICyFa pyKcaT erireH 1-2 Kypc
cryneratrepi (18-20 xac), sxammsr canbl — 48 agam.

OI10-24x TOOBI CTyAeHTTepiHEeH Oakbliay TOOBI
(BT, n=24) xone skcmepumentTik Tom (DT, n=24)
Kypeuael. bT-mna cabakTap KaeapaHbIH
KOJIJAaHBICTaFbl OarmapiamMachkl OOWBIHIIA OTKI3UIII
(antacerra 2 per, 60 wmuHyT). OT-ma xacaHmel
WHTEIUIEKT CyHeMenaeyi KONAAHBUIIBL:  KULIETIH
KYPBUIFBIIAp apKBUTBI IEPEKTEP KUHAIIBI (3KYPEK COFY
JKULMr], OENCeHOUTIK Y3aKTBIFbl, KAPKBIHIBLIBIK
aliMakTapsl OOWbIHINA OOITiHY), COHAAN-aK KYKTeMEeH1
OeifiMaey anroOpUTMi JKATTBHIFYABIH HWHTEPBAIBIIBIK
OeJiriHiH MaKcaTThl KapKbIHABUIBIFBI MEH KeJeMiH
anTa CaWblH TY3€TiH OTBIpABL. bacranmkel xoHE
KOPBITBIH/IBI Oaranay Oipielt »karmaiinapnaa >xypri3inii
(ToymikTiH Olp  yakBITBI, 3all TEMIIEPATYpacChl,
CTaH/IAPTTHI KbI3BIPY KATTHIFYJIAPHI).

Barananran kepcerkimrep:

* Kynep tecti (12 MUHYT, KalIBIKTBIK, M);
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* [JIaHKa (YCTal TYpPY YaKbITHL, C);

* Pydne unnexci (luaptrhl Oipiik);

* CTEM-TECTTEH KEeHiH )KYPEK COFY KHUUTITiHIH

» KoceiMIia Typae opramia TOYNIKTIK KO3FalbIc
Oerncenainiri (Kagam/TaymiKk) TipKes .

CraTuCTHKAIBIK Tajjay O0apbIChIHIIA OpTalla MoH
(M) skoHe cTaHmapTTHIK aybITKy (SD) ecenremni.
Bacrankpl KepceTKimTeplli TOMapalblK CalbICTBIPY
YIIH Y314TiH t-KpUTepuii KOJNJaHBULABL Apanacy
ocepi TomTap apachIHIAFbl 6CIM albIPMAIIBUIBIFBIH (A)
CaNlBICTBIPY ~ apKbUIBI  OaFallaH/bl; CTATHCTHKAJBIK
MaHBI3ABUIBIK aeHreri p<0,05 ner KaObUIAaHIbI.

HOTHUKEJIEP ’KOHE TAJIKBIJIAY
Herisri kepcerkimTep OOHBIHIIA TOMTAPIIBIH
OacTankpl JICHreHeri CanbICTRIPMAIBUIBIFBI PACTAIIBI
(p>0,05), Oyn OUHAMHKAIAFbl aWbIPMAIIBLIBIKTAP/IbI
apaiacy ocepi peTiHle TYCiHAIpyre MYMKIHIIK Oepeni
(1-xecTe).

l-kecre — Kareicymbuiapaply — 6acTamkpl
cunarramanaps! (M + SD)

Kepcertkim KI' o p
(n=24) (n=24)

Kacel 1911+ 19.19 £ 0.676
0.70 0.56

CanmareLKkr | 66.43 + 68.49 + 0.349
8.08 6.98

Kymnep Tecri, 2331.06 £+  2328.10+ | 0.953

M 178.59 169.00

Ilnanka, ¢ 87.13 82.41 + 0.404
21.44 17.14

Pydne 10.41 £ 9.79 0.191

HHAEKCI, 157 1.67

IapT. 0ipJ.

KCK 89.08 £ 94.44 + 0.287

KAJNbIHA 14.97 19.22

KeJIyi, ¢

2-kecTe —  JaWBIHABIFEI  KOPCETKIMITEPiHIH
muHaMukacel (M £ SD)

Kepcerkim KT’ or p
(n=24) (n=24)

Kacel 19.11 19.19 0.676
0.70 0.56

CanvarbeL,kr | 66.43 + 68.49 + 0.349
8.08 6.98

Kynep tecti, | 2331.06 | 2328.10 | 0.953

M +178.59 | +169.00

IInanka, ¢ 87.13 82.41 + 0.404

21.44 17.14

Pydre 1041 £ 9.79 = 0.191
HHIEKCI, 1.57 1.67

mrapT. Oipa.

KCXK 89.08 = 94.44 + 0.287
KaJIIIbIHA 14.97 19.22

Kemyi, ¢

& anTanbIK MUK agKTAIFAaHHAH KeillH ekl TonTa aa
OH OUHAMHKa Gaiikanabl, ajaina OT-naret
KOPCETKIINTEpAiH ociMi OapilblK HeEri3ri MeTphKaiap
OOMBIHINIA CTATUCTUKAIBIK TYPFBIAAH €oyip >KOFaphl
6061 (p<0,001) (2-xecte).

KanmbiHa kemy  yzaepicTepiHiH ITUHAMHKACHI
ocipece JKCXK kanmbiHa Kelly YakKbIThI OOWBIHIIA
alkpiH Oalikamuel: OT-71a KOPCETKIIITIH TOMEHIEYl
KBULIAMBIPAK ~ opi  OIpKambIITBl  KYpHi, Oy
(bU3HONOTHSITBIK KpUTEPHIATIEp HETi3iHAe KYKTEeMeH1
JKeKe MeJIIepIey TYKbIpbIMIaMachiHa colikec Keesi

(1-cyper).

Cyper 1 — BT xone OT Tonrapeamars! JKCXK

MCC KannbiHa Keny yakbITbiHbIH AMHaMUKacsl 8 anTa iwiHae

1 &
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wn
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XKCC KannbiHa Keny yaKkbiTsl, €

o
v

1 2 3 a 5 6 7 8
AnTa

KaJIIbIHA KTy YaKbITHIHBIH IMHAMHKACKI
(anTarap GOMBIHITA OpTaIa MOHACP)

CampicTeipManel - e3repicrepai  tammay KU
cylieMenieyiHiH JKalambl TO3IIMAUIIK TMEeH CTATHKAJIBIK
TO3IMIUTIKTI JaMBITY1a, COHIai-aK Pydbe naaekci mexn
KaJIIIbIHA KTy YaKbITHIH TOMEHIETYIE apTHIKIIBLIBIK
Oeperinin KepcerTi (2-cyper).

KepceTkKiwTepAaiH canbiCTbipManbl ©6CiMiH canbicThipy (8 anTa)

= 5T
m— DT

35 I

Pydbe (1) X»CC
kann.kenyi (1)

Kynep MnaHka

Cyper 2 — 8 an'Taiarbl KOPCETKIMTEPIiH
CaJIBICTBIPMAaJIbl ©CiMi (apTYBI — KaKChl; TOMEH
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OarbITTaNIFaH KOPCETKIIITEP/IE a3atobl )KaKcapyIbl
oumipeni)

Kocbimma ocep perinae apanacy HOTHIKECIHIE
KYHICTIKTI ~ KO3FaJbIC  OGICEHIUIrIHIH  apTysbl
Oaiikanmel: OT-ma oprama Kajam CaHBIHBIH —©cCyi
KBUIIAMBIPAK KYpAi, Oyl mu@piblk Kepi OaitnaHbic
OonmraH  JkaFjaiija  e3iH-e31  Oakpliay — MeH
MOTHBAIMSHBIH KYIICIOIH KOpceTyi MyMKiH (3-cyper).

OprTalua TayniKTik Ko3Fanbic benceHainiriHif AuHamMukacsl

8500 - o p—

/

—— 3T i
8000 2

7500 P4

7000 1

Kapampap/Taynik, opTaia

6500 1

Cyper 3 — Opraliia TOyJKTIK KO3FaJIbIC
OerceHIUTIriHIH JMHAMHKACH (Ka]aM/TOYIIIK)

AJNIBIHFaH HOTHIKENEep 3epTTey THII0TE3aChiH
pacraiiner: XKW cyliemennmeyi OOBEKTHUBTI AepeKTep
HETI31HIe >KATTBIFy KapKBIHABUIGIFBI MEH KOJIEMiH
KYHeNm Typae TYy3eTy apKbUIBI JKYKTeMere THIMII
Ocifimmenymi KaMTamachl3 erefi. [IpaKTHKaIbIK
TYPFBIIAH €H MAaHBI3/Ibl HOTIDKE — KAJIbIHA Kemy
KOPCETKIMTepiHiH JKakcapybl, cebedi KyKTeMeHIiH
KaJllbIHA KEeIy MYMKIHIIKTepiHe Ccolikec KenmMeyi
maMajaH ThIC KYKTEMEHIH jXKoHe cabaKkTapra TYpaKThI
KaTBICYABIH TOMEHJEYiHIH Heri3ri (haKTopIapbIHBIH
0ipi OOJTBINT TaOBLTA B

CoHbIMeH KaTap HOTKeNep i HHTEpIIpeTausiiay
Ke3iHJIe MUIOTTHIK 3ePTTEY AM3aHHBIHBIH HICKTEYIIEePiH
€CKepy KaXeT: ipiKTeMeHIH CalbICTRIPMANBI TYPAE a3
0ONybI, 3ePTTEY V3aKTHIFBIHBIH KBICKAJBIFBI KOHE
TEpEH 3epPTXaHANBIK JUATHOCTHKACHI3 WHTETPAJIJIBIK
KOpCETKIMTep i KONIaHy. OMicTi KeH ayKbIM/Ia eHTi3y

ke3iHge keke nepekrepai (OKCXK xone OenceHaiTik
KepceTKiTepi) eHAeyldi perTey, CTYIEHTTepIiH
aKnapaTTaHABIPbUIFAH KEMiCIMIH ajly >KoHE ajJrOpUTM
YCBHIHBIMAAPBIH  TYCIHAIPE alaThlH OKBITYIIBIHBIH
onicTeMEINiK NasipibIFbl KaxeT [4—6].

KOPBITBIHbI

CrynentrepaiH jaeHe naiibiaapirbiaga KU
cydiemenzeyin 8 amrta OOHBI KONJaHy JoCTYpii
Oarmapnamara kaparanga TesiMautik (Kymep Tecri)
JKOHE CTaTUKAJIBIK TO3IMILTIK (manka)
KOPCETKIIITEPIHIH CTaTUCTHKAIBIK TYPFBIIAH MOHJI
JKOFapbUIaybIH KAMTaMachl3 eTTi.

OT-nma KanmbiHa KeNy KOpPCeTKIITEepiHiH alKbIH
xKakcapysl Oaiikangpl: Pydre mHIEKCI OpTa ecernmneH
1,8 maptTsI Oipiikke, an XKCXK kanmpIHa Kemy yakpIThI
27,6 CeKyHIKa TOMEHJE/l, TONTap apachlHIAFbI
alBIPMAIIBUTBIKTAD CTATUCTUKAIBIK TYPFBIIAH MOHIII
(p<0,001).

Hudpnbik kepi 6aliIaHBICTBIH OOMYBI KYHJIETIKTI
KO3FaJIbIC OeJICeHIUTIriHIH (KaaaM/TaylliK) apTybIMeH
OaiinmaHpIcThl OONABI, OyI ©3iH-031 0akpulay MeEH
MOTHBALIMSHBIH ~KYIICIOIHIH JKaHaMa KePCETKIlIl
peTiHjie KapacThIPbUTYbl MYMKIH.

JKU-ni >xoFapbl OKy OpHBIHBIH TaXKipuOeciHe
EHTI3y KYKTEMEHI MOJNIIEPIEydaiH OIiCTeMEIiK
CTaH/IAPTTAPbIH JKOHE JKEKe JepeKTepli Kopray MeH
9THUKAJIBIK OHJICY KaFHIaJIapblH CaKTay/Ibl TaJIall eTei.

«ABTOpJIAp Myae/ep KAKTHIFBICBIHBIH KOK
eKeHiH MaJTiMaeiai».

ABTOPJABIK KYKBIK © 2026 aBTop(iap)ra
THeciai. Byn makama Creative Commons Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0)
JIMIEH3UACHI OOWBIHINA AaIIbIK KOJDKETIMIl OOJIBII
TaObUTA Bl JIMIIEH3HS TYITHYCKAa eHOEKKE THICTI Typae
ciiTeme jKacalFaH JKarmaiifa, Ke3 KenreH opTajaa
naijananyra, TapaTyFa >KOHE KalTa Kapusuiayra
pykcar  Oepemi. TyblHABI  Marepwamgap  OCHI
TUTICH3USHBIH 9] OCBIHIAN MapTTapbIMEH TapaThLTybl
THIC.
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Annomayun — Makajaga ejIIey JSJIIrT MEH CEHIMAUITIH apTThIpy MAaKCaThIHAA CBHIHAK 3epTXaHaJapblHAA ITHU(PIIBIK
TEXHOJIOTHSUIAP/IBI €HTi3y Mocelieci KapacTelpbutansl. L{udpranaslpyasiy HeTi3ri OarbITTaphl TauJaHalbl, COHBIH iMIiHAE
MHTEJJICKTYaJ/Ibl IATIUKTED, IEPEKTEeP/Ii aBTOMATTHI TYP/IE )KUHAY KYHenepi )koHe 3epTXaHaJbIK aKIapaTThIK MECHEKMEHT
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IUQPIBIK ToCI amaM (aKTOPHIHBIH OCEPiH a3aWThIN, cala MEHEPKMEHTIHIH 3aMaHayd CTaHIapTTapblHA COMKECTIKTI
KaMTaMachI3 eTelli IETeH KOPBITHIHIBIFA KEJIe/I].
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Annomayus — B CTaThe PAaCCMATPUBACTCS WHTErpanusi U(POBBIX TEXHOJIOTHI B HCHBITATEIBHBIX JIAOOPATOPHUSIX MAJIS
MOBBILICHUS] TOYHOCTH W HAJICKHOCTH U3MEPCHUH. AHAIU3UPYIOTCS KIFOUYEBBIC HAMpPABICHUs U(POBU3AINY, BKIIOUAs
MHTEJJICKTyalbHbIE TATYMKH, aBTOMATU3UPOBAaHHbBIE CHCTEMBI cOOpa JaHHBIX U J1a00paTOpHbIe HH)OPMAIIIOHHBIE CUCTEMBI
(LIMS). Ocoboe BHHUMaHHE YAENACTCA HCIOIB30BAHUIO HU(PPOBBIX XPOMATOrpapUYECKUX CHCTEM KaK CpeICTBa
BBICOKOTOYHOTO aHaJMTHYECKOro KOHTpojs. [loguepkuBaercss ponb HU(POBBIX aNrOpUTMOB B OOpabOTKE CHI'HAIOB U
obecreueHnd METPOJOTHYECKOW MPOCIEKMBAEMOCTH B COOTBeTCTBHU ¢ TpeboBanusimu ['OCT ISO/IEC 17025-2019.
ABTOpBI IPUXOJST K BBIBOJY, YTO KOMILIEKCHBIM LHU(POBOH MOAX0] MUHUMH3UPYET BIMSHUE YeJOBEUeCKoro (akropa u
o0ecrieunBaeT COOTBETCTBUE COBPEMEHHBIM CTaHIapTaM YIPaBICHHsI KaueCTBOM.

Kniouesvie cnoea — undpoBble TEXHOJIOTMH, TOYHOCTh M3MEPEHHUH, MCIBITATENbHbIC J1a00paTOPUH, UHTEIUIEKTYalIbHbIE
JIATYMKY, aBTOMATW3alMs H3MepeHuid, uudpoBas o00pabOTKa MJaHHBIX, Tra3oBas Xpomarorpadus, KHUIKOCTHas
xpomarorpadusi, METPOJIOTHIECKas! TPOCISIKMUBAEMOCTD, HeomnpeaeneHHocTh uamepenuit, TOCT ISO/IEC 17025-2019.

OCHOBHBIE TOJIOKEHU A MPOIIECCOB 00ECIIeUunBAECT COOTBETCTBHE TPEOOBAHUSIM
B xone wuccrnenoBanus omnpexaeneHbl ocHoBHbie ['OCT ISO/IEC  17025-2019 wu  coBpeMeHHBIM
HalpaBJIeHUs NPUMEHEHUs MU(POBBIX TEXHOJOTUIl B CTaHZapTaM YIPaBJICHUS Ka4eCTBOM.

UCTBITATENBHBIX  JabopaTopusix, BKJIIOYAIOIINE

HCIIOJIb30BaHUE HMHTEJUIEKTYaJIbHBIX JIaTYUKOB, BBEJIEHUE

nabopatopHblx uHGopMannoHHbIX cucteM (LIMS) u ObecnieueHre BBICOKOH TOYHOCTH H3MEPEHUI
aBTOMATH3HMPOBAHHBIX CPEICTB cOOpa M OOpabOTKH  SIBISETCA (byHIaMEHTaIbHBIM YCIIOBHEM
naHHbIX. [IpeyioskeH KOMIUIEKCHBIH TMOJAXOA K  JIOCTOBEPHOCTH  PE3YJIbTATOB UCTIBITAHUI B
MOBBIILICHUIO TOYHOCTH H3MEPEHHMH, OCHOBAHHBIA Ha  JIaOOpaTOpHAX Pa3nUYHOro npoduis —
WHTErpali LU(POBBIX H3MEPHUTENIBHBIX MPUOOPOB, METPOJIOTHYECKUX, cepTU(HUKALNOHHBIX,
MPOTPaMMHBIX QJITOPHUTMOB OOpaOOTKM CHTHAJIOB W MPOMBIIUICHHBIX ¥ HAYYHO-UCCIIEIOBATEIbCKUX.
UPPOBBIX XpoMaTorpaguuecKux CHCTEM. B coBpeMEeHHBIX YCIIOBHSX, XapaKTEPU3YIOIIUXCS
VYcraHOBNIEHO, YTO  aBTOMATH3alMs  IPOLECCOB  Y)KECTOUECHHUEM TpeOOBaHMIA HOPMAaTUBHBIX
HU3MEpPEeHUI u (hopmupoBaHus oTueTHOH  jokymeHToB, BKiIrouas ['OCT ISO/IEC 17025-2019, a

JOKYMEHTAallUd IO3BOJIAET CYIIECTBEHHO CHU3UTh TaKKEe 3aKOHOJATENbCTBO B 00JacTu obOecreueHus
BIMSHUE  4YeNOBEYECKOro  (akropa, TOBBICUTH €IUHCTBA M3MEPEHHUI, BO3pacTaeT HEOOXOOUMOCTh
BOCIIPOM3BOJIMMOCTb ~ PE3YJIbTATOB M O0ECleunTh BHEAPEHHs] MHHOBALIMOHHBIX OAXOI0B K OpraHu3auu
METPOJIOTHYECKYIO IIPOCIIEKUBAEMOCTh. [loKazaHo, W3MEpPUTENbHBIX MpoleccoB. OIHUM H3 KIIOYEBBIX
YTO KOMIUIEKCHas UU(POBU3alMs JTa0OpaTOPHBIX  HAMpaBICHWW  SBIAETCS  WHTETpamus IUPPOBBIX
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TCXHOHOFHﬁ, OGGCHG‘II/IBaIOHII/IX ITOBBIIICHHUC
TOYHOCTH, BOCIIPOM3BOAUMOCTH H MSTpOHOFH‘ICCKOﬁ
HaAC)KHOCTHU PE3YJILTATOB.

OB30P JIUTEPATYPbI

IludpoBble TEXHOIOTHH TIPEICTABISIOT CcO0O0i
COBOKYITHOCTH amapaTHBIX ¥ MPOTPaMMHBIX CPENCTB,
00eCIeYnBaIONIHX ABTOMATHU3AIHIO MPOIIECCOB
n3MepeHus, coopa, 00paboTKM M XpaHEHHU JaHHBIX. K
HUM OTHOCSTCSI:

UUQPOBBIE JATYNKH;
WHTEJUIEKTYaTbHbIC H3MEPHUTEIILHBIC CUCTEMBL;

- IpOrpaMMHBIE KOMIUIEKCH 00pabOTKH CUTHATIOB;

- nmaboparopHble  HWHGOPMAITHOHHBIC

cuctemsl (LIMS).

WX BHeIpeHUe MO3BOJISIET CYIECTBEHHO CHU3HUTh
BIMSIHUE CYOBEKTUBHBIX (AaKTOPOB («UEIOBEYECKOTO
(akTopa») M TOBBICUTH CTEINCHb CTaHAAPTH3ALMU
nporieyp. Ilo  CpaBHEHHIO C  AQHAJIOTOBBIMH
cpencTBamu, HMU(GPOBBIE CHUCTEMBI 00IamarT Oosee
BBICOKHMM pa3pelieHUueM, YCTOMYUBOCTBIO K BHEIIHUM
BO3JICUCTBUSM M CTaOMIILHOCTHIO METPOJOTHUYESCKHX
XapaKTepUCTHUK.

MATEPHUAJIBI U METOJbI
CoBpeMeHHbIE ITM(POBBIE NATYUKU OCHALIAIOTCS
MHUKPOIPOLIECCOPHBIMU MOIYJISIMH, PEATU3YIOIIUMHU

¢byHKINU MEePBUYHOM 00paboTku CUTHaJa,
CAMOJMAarHOCTHKM M  KOMIIGHCALMH  BHEIIHHX
(hakTopoB (TeMmepaTypsl, [aBICHHS, BIAXXHOCTH).

Hcnonb3oBaHWe TakuX YCTPOMCTB CHUXKAET YPOBEHb
CIy4yalHBIX M CHCTEMATHYECKUX IMOTPEIIHOCTEN,
obecneynBas aBTOMAaTHYECKYIO KOPPEKLHUIO
MapaMeTpoB B MPOIIECCE IKCILTyaTallMi. ITO 0COOCHHO
aKTyaJIbHO npu JUTUTETbHOM MOHUTOPHUHIE
TEXHOJIOTMYECKUX IPOLECCOB B PEXKUME PEATbHOTO
BPEMEHH.

Cpenu COBPEMEHHBIX CPEICTB aHATUTHYECKOIO
KOHTpOJIE 0co00e MECTO 3aHHMAalOT Ta30Bble W

KHUJIKOCTHBIE XpoMaTorpadsl. CoBpeMeHHBIE
KOMILJIEKCHI BKJIIOYAIOT B CEOsI:

- mmdpoBsie JIETEKTOPBI (rmameHHo-
WOHU3AIIMOHHbIE, TETJIONPOBOAHOCTHBIE H AP.);

- aBTOMaTHUYECKHUE po0O0OTOOPHEIE
YCTPOKCTBA;

- BCTPOCHHOE  CIIELMATU3UPOBAHHOE

nporpaMMHoe obecrieueHue.
[Mudposuzanuss B xpomarorpapuu MO3BOJISIET
ONTHMH3HPOBATh AJITOPUTMBI OOpaOOTKH CHTHAJIOB,

MUHMMHU3UPOBATh  ONEPAaTOPCKHE  OLWIMOKH |
AaBTOMATUYECKU HJICHTU(PHUIMPOBATh KOMITOHECHTHI.
JomonuauTenbHple  GYHKIMKA KOppeKIuH 0a30BoOit
JIUHUH, MIO/1aBJICHUS LIYMOB u pacuera
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HEOTIPEIeTICHHOCTH M3MEpeHHH CIOCOOCTBYIOT
BBICOKOH BOCIIPOM3BOJUMOCTH DPE3YIbTATOB U WX
COOTBETCTBHIO  TpPeOOBaHMAM  METPOJIOTMYECKOM
MPOCIIEKUBAEMOCTH.

HcnonszoBanue CTaHIAPTHBIX U POBBIX

narepdeticoB (USB, Ethernet, RS-485, 6ecripoBoaabie

MPOTOKOJIBI)  TIO3BOJIIET ~ HMHTETPUPOBAThH
MIPUOOPEI B n121:4% ] nH()OPMAITMOHHYIO
uHppacTpykTypy  maboparopuu.  I[IporpamMmmbie
KOMIIJIEKCHI BBITIOJTHSIOT:

- (UIbTPalUUIO CUTHAIOB M CTaTUCTUYECKYIO
00paboTKy pe3yabTaToB;

- OLIGHKY HEOIpeeICHHOCTH N3MEPEHUH.

ABTOMaTH3aLMsl JaHHBIX IPOLECCOB CBOAUT K
MHUHUMYMY BEPOATHOCTb OIMMOOK, CBSI3aHHBIX C
PYYHBIM BBOJIOM H 00pabOTKOM JaHHBIX.

Baxnelinryio poyib UTpar0T METOJbl LUPPOBOI
00pabOTKN CHUTHAIIOB: CTII)KUBAHHUE, ICKOHBOIOIHS
MEPEKPHIBAIOIIAXCS MTUKOB " YICIICHHOE
WHTETPUPOBAHUE [UII TOYHOTO ONpPEACTCHUS UX
IJIOLIAEH.

Buenpeane cuctem LIMS  obecreunBaer
HEHTPaJIM30BaHHOE YIpPaBICHUE JaHHBIMH, KOHTPOJb
LETIOCTHOCTH uH(pOpMaIMH u TIOJTHYIO
MIPOCIIEKUBAEMOCTD PE3yIbTATOB.

HudpoBmzanus mporeccoB  KaTUOPOBKH U
MOBEPKH OCYILIECTBISIETCSI CTPOTO B COOTBETCTBUH C
3aKOHOAATEJILCTBOM B 00JacTH  METPOJIOTHH.
ABTOMaTH3MPOBAHHBIE POLIEYPHI TTO3BOJISIOT:
TIOBBICHTh TOYHOCTh  TPaTyUPOBOYHBIX
XapaKTePHUCTHUK;
aHAM3UPOBATh UCTOPUYECKHUE JAaHHBIE O
COCTOSTHUH 000pY/IOBaHUS;
obecrieynTh  TPO3PAYHOCTH BCEX OTAIOB
M3MEPHUTEIFHOTO TPOoIecca.

[lepcriekTMBHBIM ~ HampaBlIeHHEM  SBISETCS
BHeJ[peHue HucKyccTBeHHoro wuHremiekra (UMW) wu
MAIIMHHOTO  OOY4YeHWs s  aBTOMaTHYECKOTO
pacro3HaBaHWs TIMKOB, BBISABICHHUS aHOMAaIUi U
MIPOTHO3UPOBAHUSA MOTPEIIHOCTEN. PazButune
TEXHOJIOTUM MOPOMBIIUIEHHOTO WHTEpPHETa Bellei
(IIocT)  cozmaer  6azy it  (GOPMHPOBAHUSA
pacmpeneneHHbIX ~ CHUCTeM  C  BO3MOXKHOCTBIO
yJIAJIEHHOTO MOHUTOPWHTA U YIIPaBJICHUSI.

3AK/IIOYEHHUE

Takum 00pa3oMm, KOMIDIEKCHAas HWHTETpanus
MHTEIUICKTYalbHBIX ~ W3MEPHUTEIBHBIX  MPHOOPOB,
CUCTEM aBTOMAaTHM3allMM U cnernuanusupoBaHHoro 10
SIBIISIETCS] KITFOYEBBIM (DaKTOPOM IMOBBIIIEHHS TOYHOCTH
Y HaJEKHOCTU U3MEpPEHUH.

OTO MO3BOJIIET MUHUMHU3UPOBAThH MOTPEIIHOCTH,
o0ecrneynTh BOCHPOM3BOAUMOCTH  PE3YJIbTAaTOB H
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Annomayun — CtaTbs TIOCBSIIEHA aKTYaJIbHOMY BOIIPOCY OpPraHM3aliy 3aHATHH (U3HYECKON KYIBTYPOH ISl CTY/IEHTOB C
oco0bMu 00pazoBatenbHbIMK oTpeOHOCTsIME (OOIT) B yCIoBUsIX MHAYCTPHAIBHOI'O YHUBEpCUTETa. ABTOp paccMaTpHBaeT
METOJIOJIOTUYECKYI0 HECOCTOSITEIbHOCTh CHCTEMBl MACCOBBIX MEIHMIIMHCKUX OCBOOOXKICHWUH W TpelsiaraeT KOMIUIEKC
a/IaNTUBHBIX TEXHHUK. B paboTe onucanbl METOANKHN, COOTBETCTBYIOIIIE COBPEMEHHBIM HHKITIO3UBHBIM CTaHAapTaM, BKIIHOYast
U30METPUYECKUE YIPAKHEHUs], IbIXaTeJIbHYI0O THMHACTUKY W aJlalITHPOBAHHbBIC HAI[MOHAIBHBIE UTPbI, CIOCOOCTBYIOIINE HE
TOJBKO (PU3MUYECKOH peadMIMTALINK, HO W YCIEHIHOW aKaJeMHYeCKOW aJanTalyy OyayHIMX CHEelUATUCTOB TEXHHYECKOrO

npogus.

Kniouesvie cnosa — anantuBHas ¢uzudeckas kynbrypa (A®DK), mHKim03MBHOe oOpasoBaHue, cryieHtsl ¢ OOI,
ncuxoduznueckas peadbunuranus, Universal Design for Learning (UDL), Soft Skills.

OCHOBHBIE ITOJIOKEHU SI
B xoxe nccnenoBanus pa3padoTaH BapHaTHBHEIN
KOMIUIEKC aJalTHBHOM (U3NYECKOH KYJIbTYPHI IS

CTYJCHTOB c 0COOBIMU 00pa3oBaTeIbHBIMH
MOTPEOHOCTSMU ~ WUHIYCTPUAIBHOTO  YHUBEPCHTETA,
BKITIOYAIONIMHA ~ M30METPUYECKYIO  CaMOPEryIIsIIHio,
JBIXaTeNbHBI ~ TPEHHMHT W JIaITHPOBAHHBIC
HaIlMOHAJIbHEIC UTPBIL. [Mpemnoxen
mudpepeHITIPOBaHHBIA  TOAX0A K  OpraHW3aIHH

3aHATUI, OCHOBAHHBIM Ha Yy4eTe HO30JO0TMYECKHUX
ocoOeHHOCTell O0yJaroUmIMXCsi W HANpaBICHHBIA Ha
TOBBINICHHE  Oe3omacHOCTH ® 3¢ (HEKTHBHOCTH
(bu3mdeckoif akTHBHOCTH. [loKa3aHo, 94TO BKITIOUCHHE
STHONEAArOTMYECKUX  CPEACTB U JbIXaTeNbHBIX
MPAKTUK CIIOCOOCTBYET PAa3BUTHUIO CEHCOMOTOPHOW
KOODOMHALKMH, CHIDKCHHUIO IICHUXO3MOLMOHAJIBHOTO
HanpspKeHUs! 1 GOPMUPOBAHHUIO KOMMYHUKATHBHBIX U
KOTHUTHBHBIX KOMIIETCHIMH cTyaeHToB. [lomy4yeHHbie
pe3ynbTaThl  MOTYT OBITH ~ HCHOJNB30BaHBl  IPU
pa3paboTKe WHKIIO3UBHBIX MPOTpaMM (DH3HUECKOTO
BOCITUTaHUS B TEXHUYECKHX BYy3ax u
COBEpIICHCTBOBAHMM  CHUCTEMBl  CONPOBOXKICHHUS
CTY/ICHTOB c 0co0BIMHU 00pazoBaTelbHBIMU
MOTPEOHOCTSAMU.

BBEJIEHUE
o0yueHuss B
COIPsDKEHa c
Harpy3Kou u

paboroit. s

Crneunduka
YHUBEPCUTETE
KOTHUTHBHOM
CTaTHYECKOH

WHIYCTPUATBHOM
KOJIOCCAJTbHOM
MHOTI'049aCcOBOH

CTYJICHTOB c
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COMaTHYECKUMU 3a00neBaHUSAMHI (cepneano-
COCY/IMCTBIE NTATOJIOTHH, HApYIIEHNsI 0OMeHa BEIECTB,
(GYHKIIMOHATBHBIE paccTpoiicTBa) OTCYTCTBHE

JIO3UPOBAHHOTO JIBVDKEHHS CTAHOBUTCS (DaKTOpOM,
(hopcHUpYIOIIUM pa3BUTHE BTOPHYHBIX OCIOKHCHHH.

IIporecc TEXHOJIOTHYECKOTO 0OHOBJICHUS
skoHOMUKH KaszaxcTaHa NpembsABISET MOBBIIICHHBIC
TpeOOBaHUS K 3A0POBBI0 WU CTPECCOYCTOWYMBOCTH
WHIKEHEpHBIX KampoB. OmHako B 00pa3oBaTEIEHOM
MPOCTPAHCTBE TEXHWYECKUX BY30B HaOIIOmaeTcs
TEHJICHIUS, KOT/la 3HAYMTENbHAS YacTh CTYIEHYECKOH
MOJIONEKNA (DAKTHUECKH WCKIIOYeHa W3 CHUCTEMBI
akTHBHOrO (hm3mueckoro Bocnutanus [8]. CoriracHo
CTaTHCTUYECKUM JaHHbIM, 10 75% oOydJarommxcs,
UMEIOIIMX T€ WJIM WHBIE HApYIICHUS 370POBBS,
©KErOoJHO  TONYYaloT  TIONHBIE  MENWIIUHCKHE
OCBOOOXKIEHUS OT MPAKTHYECKUX 3aHATHH [4].

C mnameli TOYKH 3peHHA, TOMOOHBIM BEKTOP
pa3BHUTHUSA MIPECTABISETCIMETOTUIECKA
HEOIpaBAaHHBIM, TaK KaK OH HEM30eKHO MPOBOLUPYET
COIMATIPHYIO M3OJSIUI0 CTYIEHTOB M YCYyryOumser
TUTIOJITHAMHIO. B koHTekcTe  COBpeMEHHBIX
WHKITIO3UBHBIX CTaHNAPTOB (QU3MYecKas KyJIbTypa
JIOJDKHA — TpaHC(OPMHUPOBATBCS W3 JAUCIUTUIAHEI
«HOpPMAaTHUBOB» B  HWHCTPYMEHT  KOPPEKIIMOHHO-
pa3BHBAWOIIEH TOAJEPKKU I BCEX KaTeropui
crynentoB ¢ OOIL.

TpamunyioHHass  JUXOTOMHSI  «3JI0POB
OCBOOOXK/IEH» B COBPEMEHHBIX YCIIOBUSX MPU3HAETCS
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HECOCTOATENbHOW. Meromonoruueckuii  pyHAaMeHT
ajanTuBHOW Qu3mueckoil KyiapTypsl (ADK) B By3e
CTpOMTCSA  Ha  OpUHOHMIE  «PYHKIMOHAIBHOIO
3aMelIeHU»: eJarorMuecKuil Mpolecc HalpaBJeH He
Ha JIeYeHHE NATOJOTMH, a Ha pa3BUTUE COXPaHHBIX
CHCTEM OpraHU3Ma.

OB30P JIUTEPATYPbBI

CoBpeMeHHBIE  HCCIIEIOBaHUS B 00NacTH
aJanTHBHOW (PU3MYECKOW KYJNBTYPHl OPHEHTHPOBAHBI
Ha TEpeXOoA OT MPAKTUKU IONHOTO OCBOOOXKICHHS
CTY/IGHTOB C OTPaHUYECHUSIMH MO COCTOSIHHIO 3/I0OPOBBSI
K HMX aKTHUBHOMY BKJIIOYEHHIO B 00pa3oBaTeIbHBIH
mpormecc. B 3apyOexHOil IpakTHKE HIMPOKOE
pacnpocTtpaHeHue mnonyunia kouienmus Universal
Design for Learning (UDL), nmpemycmartpuBaromiast
co3zanne rHOKol 00pa3oBaTeNbHON CpEdbl ¢ Y4eTOM
WHIMBUIYaJIbHBIX BO3MOKHOCTEH oOyuatormxcs [3].

B nay4Holi jmTepatype jgokazaHa 3 QeKTHBHOCTb
M30METPUYECKUX YIMPaKHEHUH IS JHUI C CepAedHO-
COCYIMCTBIMU  3a00JICBaHUSIMH,  TTOCKOJIbKY  OHU
MO3BOJISTIOT 0€30ITaCHO Pa3BHBATH MBIIMICYHYIO CHITY W
yiyqmaTh (PyHKIIMOHAJIBHOE COCTOSHHE OpraHu3Ma
0e3 3HAYNTEILHOTO YBEIWYEHUS Harpy3kd Ha
CepIIEIHO-COCYIUCTYIO cucTemy [2]. Hapsmy ¢ stum
UCCIICIOBAHUS  IOATBEPXKAAIOT  IOJIOKHUTEIBHOE
BIMsHUE AuadparMagbHOrO [IBIXaHUS Ha CHIKECHHUE
YpOBHS  cTpecca,  IOBBIIMICHWE  KOHIIGHTPAaLUHU
BHUMAHUS M YJIydlleHHE KOTHUTUBHBIX (YHKLUHI
cTynmeHToB [1].

OtnensHOE HalpaBJIeHUE UCCIIeI0OBaHUI
MOCBSIIIICHO MCIIOJIb30BAHUIO HALIMOHANBHBIX WIP B
CHUCTeMe  AaJalTHBHOM  (HU3WYECKOH  KyIbTYpHI
VYCTaHOBICHO, YTO HX HIPHUMEHEHHE CIOCOOCTBYET
Pa3BUTHIO CEHCOMOTOPHOH KOOpIMHALINH,
KOMMYHHMKATUBHBIX ~ HAaBBIKOB M COLMAJIbHOU
aJanTaIiy CTYIEHTOB C OCOOBIMU 00pa30BaTEINbHBIMHU
notpebHoCTAMH [7]. BMecTe ¢ TeM aHam3 TuTepaTypsl
MOKa3bIBA€T  HENOCTATOUYHYI0  Pa3pabOTaHHOCTH
KOMITJICKCHBIX Iporpamm, 00BbEANHSIOMNX
aJanTUBHbIC (GU3MUECKUE YIPAKHEHUS, AbIXaTelbHbIE
NPAaKTUKA H STHONENATOTMYECKHE CpelCTBa IS
CTYAECHTOB TEXHHYECKUX BY30B, UYTO OINpEAEIIeT
aKTYaJIbHOCTh HACTOSILEr0 NCCIEA0BAHNUS.

MATEPHAJIBI U METO/IbI

TexHonoruu ajanTanun u pas3BUTHE
npodecCHOHANBHBIX KOMITETCHLIUH:

1. Nzomerpuueckass  caMOpEryJsiusl. Hnst
00y4aroLIMXCsl, KOTOPBIM MPOTHBOIIOKA3aHBI MPBIKKH,
Oer U pe3Kue OCeBble Harpy3Ku, M30METPHS SBISIETCS
ONTHUMAJbHBIM pelleHHeM. Mpbllia Hampsraercs
MaKCHUMaJIbHO, HO JIBW)KEHHS B CycTaBe HET (JaBJeHUE
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Ha omnopy B TedeHue 5-10 cexkynn). Ha ocHoBanum
MeTa-aHanu30B [2] Joka3aHO, 4YTO TaKHE IMKJIBI
CIOCOOCTBYIOT CTaOMIIN3aIH apTepuanbHOro
JABJICHUS M YKPEIUICHHWIO MBIIIEYHOrO Kopcera 0e3
KPUTHUYECKOTO  HM3MEHEHUS  pUTMa  CEpAEUHBIX
COKpAaILIEHUH.

2. JlpixaTenbHBIM TPEHUHT W  OKCHUT'CHAIUS.
YunuteiBass 3KOIOTMYECKU (OH MPOMBIIUICHHOTO
pervoHa, Ml MpeiaraéM BHEAPATh MSTKHE TEXHUKH
okcureHanuu. KoHTponupyemoe auadparmaibHOE
(«OpromHOe») NbIXaHHWE MO3BOJSIET CHU3UTH YPOBEHB
(hOHOBOH TPEBOXXHOCTU M YIYUIIUTh MUTAHUE KOPHI
TOJOBHOTO MO3ra KHCJIOPOAOM, YTO HAaINpsAMYIO
KOppEIUpyeT ¢ KaueCTBOM PadOThl HEUPOHHBIX CBA3EH
1 KOTHUTHUBHOW TMOKOCTBIO CTyeHTa [1].

3. HammoHayibHbIE UIpPhl KAk  aJanTHBHBIA
JTHOMeJaroruyeckuii  pecypc. Hemb3s — o0oiTH
BHUMaHUEM HallMOHaJIbHBIE UTPBl B cucteme ADK.
IIpaktrka mokasbeiBaer, 4To s cryAeHToB ¢ OOII
Ba)XHO HAWTH (OPMBI aKTUBHOCTH, KOTOpBIE OBl HE
«BBIKITIOYANIN» WX W3 COLIMYyMa, a, HAIPOTHB, JaBalld
BO3MOKHOCTB TIPOSIBUTH HHTEIJIEKTYaIbHOE M BOJIEBOE
MPEBOCXOICTBO [7].

B »TOoM mmaHe wuwHTErpamys TakUX HWrp, Kak
«TorpBKYMaNTaKy W aJIallTHPOBAHHBIX BEPCUU «ACHIK
aTy», B TIPOrpaMMy aJalTHBHOIO (PU3NYECKOro
BOCIIUTAHUS YHUBEPCUTETA II03BOJISET PELIUThH cpasy
HECKOJIbKO  IEJarorn4yeckux  3ajad:  pa3BUTh
KOTHUTHBHYIO cdepy, O00eCIednTh CEHCOMOTOPHYIO
KOPPEKLUI0 W YKpPEeIUTh  KOMMYHUKATHBHBIC
KOMIIETEHIUH.

PaccmarpuBas ~ MaTeMaTHYECKyl0  CTPOrOCTh
«TorpI3KyManak» Kak Iepexol] K HHKCHEPHOMY
MBILIJICHUIO, Mbl OOHAapyXXHMBaeM, 4YTO CTyIEHT He
IPOCTO MEpeABUraeT KaMHH; OH BBICTPAMBAET
MHOI'OYPOBHEBbIE aJITOPUTMbI U IPOCUUTHIBAET PUCKH,
YTO [0 CBOEH CyTM HAEGHTHYHO IIpoLeccaM
IPOEKTUPOBAHMSA U  IPOrpaMMHUpPOBaHUS.  31ech
¢u3nyeckoe OrpaHHYEHHE 3I0POBbS  IOJHOCTBIO
HUBEIUPYETCS HHTEIUIEKTYaIbHBIM a3apTOM.

Conepxamecss B HUIPE «MSITKHE» TEXHHUKH
MO3BOJISIFOT IPOBOAUTH CEHCOMOTOPHYIO KOPPEKLHUIO C
aKIIECHTOM Ha  CEHCOMOTOpHOM  TouyHocTH. B
HACTONBHBIX (opMaTax «ACBIK aTy» OT CTyAEHTa
TpeOyercss (umuTrpaHHBIl pacdeT CHIBI yaapa W
rnazomep. Jnst Oynyiiero crnenuanucra, KOTOPOMY
OPEACTOUT padoTaTh ¢ TOYHBIM O0OPYAOBAaHHEM HIIH
CIIOKHBIMH TIpadMuecKUMU HHTepdeiicaMu, Takue
yIpaKHEHUs CTaHOBSTCS (HOpMOil TpoheccHOHaTBHOM
IPOIEEBTUKY.

[lo HammM HaOMIOAEHUAM, CTYAEHTHI, UMEIOIINE
CTaTyC «OCBOOOXKACHHBIX», MOJBEPKEHBI PHUCKY
COLMANbHON JAENpUBALlMM, IpPU OSTOM KOMaHIHBIC
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(¢opMaThl HAIMOHAIBHBIX WIP TO3BOJSIIOT 3TUM
pedsTaM BKIIOYUTHCS B CHUCTEMY «TOPHU30HTAIBHBIX)»
cBsizell. 3neck orpabatkiBatoTcs Te camble Soft Skills,
KaK YMEHHE BECTH IHAJIOT, JICPKATh IMOIMOHAIBHBIH
ymap ~ TOpHd  TPOUTPBINIE U KOHCTPYKTHBHO
B3aUMOJICHCTBOBaTh B  TPYIIE, YTO  SIBJISCTCS
00s13aTeNbHBIM ~ TpeOOBaHWUEM  JUIsl  YCIICHIHON
aJianTayy Ha IPOM3BOJICTRE.

Takum o0pasom, ATHOMENATOrMY eCKU I
komrnoHeHT B Kaparanauackom WHaycTpuainHOM
VYHuBepcuTeTe BBICTYHAET CBOEOOpa3HBIM
HWHCTPYMEHTOM WHKJTIO3UBHON WUHTETPaIlnY,
TTO3BOJISIIOIIIAM CTYJICHTY C OCOOBIMH TOTPEOHOCTSIMHU
YyBCTBOBaTh  CE€0S  TOJHOIECHHBIM  YYACTHUKOM
aKaJIeMUYECKOro COOOIIECTRA.

PE3YJIbTATHI U OBCYXJIEHUE
[pakTuyeckas 3HAYMMOCTh  HAIIIero
WCCIIEIOBAHMS  3aKII0YaeTCsl B  CHCTEMAaTH3aliH
YIPaXHESHUH 10 HO30JIOIMYECKUM TpyIIaM, dYTO
00yCIIOBIIEHO OTCYTCTBHEM YHHUBEPCAJIbHOTO
kommuiekca ADK wu  mpsamoili  3aBHCHMOCTBIO
s pexTuBHOCTH peabuuTanuu oT TOYHOT'O
COOTBETCTBHS METOIMKHU (GYHKIIMOHATBHOMY

TehUIIUTY CTYICHTA.

Jus  HamOoyiee  MHOTOYUCICHHOM  TPYIIIBI
CTYIEHTOB, a WMEHHO C TMAaTOJOTHSIMH CEpAEYHO-
COCYIUCTOW CHCTEMBI, TPaJUIIOHHBIE ITUKIHYECKIE
Harpy3kd (Oer, IPBDKKH) CONPSKCHBI C PHCKOM
TaxUKapJIuu U Pe3KWX CKauKOB JIaBJeHHA. B kadecTBe
aTbTEPHATHUBEI MBI MpeJuIaraeM BHEZpEHNE
n3omerpudeckoii  camoperymsanun. CyTte  Mmerona
3aKiIroUaercs B KparkoBpeMeHHoM (ot 5 1o 10 cexynm)
CTaTHYECKOM HAINPSDKEHWH KPYIHBIX  MBIIIEYHBIX
rpymm 6e3 n3MeHeHNs X [UHBL. OnHpasich Ha JaHHbIE
MeTa-aHaiam3a [2], MBI TomaraeM, 4TO TaKue
MUKPOLWKIBl TPEHHPYIOT COCYAWCTHIM TOHYC U
CHOCOOCTBYIOT CHHKEHHIO apTepHAILHOTO JaBICHUS B

MOKOE, YTO JenaerT QU3KyIbTypy Oe30macHOd w
TEpareBTUIECKH ONPaBIaHHOM.

Ilpu pabore co CTyIEHTaMH, HMEIOIIUMH
HapyIIeHUs  OIOPHO-JBUTATEIHEHOTO amrapara,

OCHOBHOW aKIIEHT MEPEHOCHUTCS] ¢ WHTEHCHUBHOCTU HA
TOYHOCTh M KOOPAMHALMIO. 37IeCh HEOLEHUMYIO POJb
UTPAIOT aJanTUPOBAHHBIE HACTONbHBIE HAIIMOHAJIbHbIE
UTPBL. Bmecro BBITTOJTHEHUS CTaHJAPTHBIX
YOpaXHEHUH, KOTOphle MOIYyT OBbITh (PU3UYECKH
HEJIOCTYITHBI MJIM OOJIE3HEHHBI, CTYIEHT BOBJICKAETCS B
poIiecc, TpeOyromui BBICOKOTO YPOBHS
MPOCTPAHCTBEHHOI'O MBIIIICHUS M CEHCOMOTOPHOIO
KOHTPOJI, 91O MIO3BOJIAET NOJ/IEPKUBATh
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atpoduio, He BBIXOAS 32 paMKH (U3HYECKUX
OTpaHMYEHHH CTYJEHTA.
OTtaenbHyIO KaTeropuio COCTaBJISIOT

o0ydJarolecsi ¢ BBICOKHM YPOBHEM KOTHHUTHBHOTO
cTpecca U TPEBOKHBIMU PacCTPOMCTBAMMU, YTO KpalHe
XapaKTepHO JJIs IEPUOa CECCUN B TEXHUYECKOM BY3€.
s HUX DPUOPUTETHOM TEXHOJIIOTMEW CTaHOBUTCS
pecnupaTOpHBI TPEHUHT U METOIMKHU OKCHTEHAIUH.
Hcnonp3oBanue TeXHUK AuadparMaibHOrO JBIXaHHUS,
MOATBEPKACHHBIX HCCIeAOBaHUSIMHU [1], mo3BOIsET
s dexruBHO VIPaBISITh BapraleIbHOCThIO
cepJeuHoro putMa. B pesynbraTe cCHU)KaeTcs ypOBEHb
KopTH3oia  («roOpMOHa  CTpeccay»),  IOBBIIIAETCS
KOHIIGHTpAllMsT BHUMAaHWA W oOIIas yMCTBEHHAS
paboToCrOCOOHOCTh, YTO KPUTHYECKH Ba)XXHO IS
YCBOEHUSI CIIOKHOTO TEXHUYECKOT'0 MaTepHaa.
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Brenpenue npemiokeHHBIX allTOPUTMOB TPeOyeT
Ka4eCTBEHHOI'0 MOHHTOPHHIa BMECTO «3adera IIo
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kadeapaM (HU3NYECKOr0 BOCIIUTAHUS CTATh LIEHTPAMU
peanpHON MOIACPIKKH 3T0POBBS MOJOIEKH.

IlonBoxs WTOr BBIIECKA3aHHOMY, OTMETHM, YTO
OTKa3 OT CTPAaTEeTHH «OCBOOOXAEHHUS» B IONB3Y
aJalTHBHBIX MPOrpaMM OKa3bIBAETCS €IMHCTBEHHBIM
MyTeM K BOCIUTAHHWIO TOJHOIEHHOTO CIIEIHAIUCTA.
[IpennoxxeHHbIE TEXHUKW SBIIOTCA JOCTYMHBIMH H
3((pEeKTUBHBIMI WHCTPYMEHTaMH, MO3BOJSIOMINMUA
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CTyZ[eHT AOJKEH YMETh IMPABUIJIBHO paclpeacsitb CBOC CBOGOﬂHOG BpEMA U MOCBAIIATH €ro yqe6e, (I)I/I3I/I"IGCKOI\/'I KYJIBTYpE,
NpaBUJIbHOMY IMUTAHHUIO U JOCTATOYHOMY CHY. 3aHATHA B CIIOPTUBHBIX CCKIUAX CHOCO6CTByIOT BCICHUIO 3I0POBOI'0 06pa3a

KU3HU.

Knrouesvie cnosa — motuBanus, (QU3MUYECKOe BOCIUTAHUE, CTYICHTHI, CTapliasl IMKOJAa, 00pa30BaTENBHBIA MpOIIECC,

340pOBLEC, CIIOPT, I/ICKYCCTBGHHHﬁ HUHTCIIJICKT.

HET'I3I'T EPEXXEJIEP

Benrini Oip cmopT TypiHe Heri3menreH Kypcrap
CTYIGHTTEpJE JIeHE IIBIHBIKTHIPY MEH CIIOpTKa AereH
KBI3BIFYIIBUIBIK TIEH BIHTA KAJIBITACTHIPAIBL.

CoHBIMEH Katap, CIOPTTHIK CEKLUsIIAPFa KaThICy
CTYAIGHTTEP/IiH TOPTIMTUIITH TOpOHENehal xoHe JieHe
IIBIHBIKTBIPYIBIH  T€K JICHCAYNIBIKTBI  HBIFAWTATHIH
KypaJl FaHa €MeC, JKaJllbl ajaM3aT MOJCHHUETIHIH Oip
0eJ1iri eKeH/IiriH TyCiHyre KOMeKTece/Ii.

By cTynenTke o3 Kabinertepi MeH IaFbLIapbiH
JaMBITyFa MYMKIHJIK OepeTiH CHopT CEeKIHUsCHIH 63
OcTiHIIIE TaHJAayFa, COHJAN-aK JIeHe IIBIHBIKTBIPYMEH
KOHE CIOpPTIEH JKYHeni Typlle alHalbicyra ilIKi
K KETTUIIKTI KaJBIITACTRIPYFa YKaF1ai yKacaIbl.

CriopTrieH jaypbic alHaNBICY apKbUIBI  Keleci
HOTHXKEIepPre KO JKeTKi3yre Oonaipl:  opTypJi
JNarapulap  MEH  ICKepIiKTepJi  KaJlbIITACTHIPY;
KYHZIETIKTI KYMBICKAa KaOUICTTUIIKTI apTThIPY; JCHE
0iTiMi MeH ChIMOATBIH JAaMBITY; JEHE IIBIHBIKTBIPY
caJachIHIAFBI Al aarel OUTIM airy.

KIPICIIE
JleHCcayNBIKTBl caKTay >KOHE caylayaTThl eMip
CaJITBIH YCTaHy MOCceJIeCi o1l KYHTe IeHi1H 03€KTi OOIIBITT
Kaa Oepeni. byrinri TaHma >kacTapablH ACHCAYIIBIFBI
IKONOTHSIIBIK, JKOHE ONIEyMETTIK TMpoOeManapablH
ocepiHEH, COHJal-aK KUMBLI-KO3FAIBICTBIH a3/bIFbIHA

OaitmanpicTel ~ Hamapian  Oapanbl.  COHABIKTaH
CTYINEHTTEpIIH JE€HE MOIEHUEeTI MeH CIOpPTIIeH
allHaNbICYbIHA JICTEH BIHTACBIH  KAJBIITACTHIPYFa

KOMEKTECY aca MaHBI3IbI.

Kaszipri koramma aeHe MOICHHETI MEH CIIOPTIICH
IIYFBUIIAaHyFa AapHajJFfaH MYMKIHIIKTED 6©Te Kol
Ocpiran  0alIaHBICTBI ~ CTYAEHTTEP  apachIHAAFBI
JOCTYPIIi JieHe MIBIHBIKTBIPY cabaKTapbl OYpHIHFBIIAMN
YJIKEH KBI3BIFYIIBUIBIK TyAbIpMail  OTBIp. OCHIHBI
€CKepe OTBIPHII, OKBITYIIBUIAP JKOFAPBI OKY OPHBIHBIH
MaTepHaIbIK-TEXHUKAIIBIK 0a3achlH KaHAPTHII, JIeHEe
HIBIHBIKTBIPY cabaKTapbIH CTYICHTTEpAIH
KBI3BIFYIIBLUIBIKTAPBIHA, JEHCAYJIBIK KOPCETKIITEepiHe
KOHE (MBHUKANBIK ~ MYMKIHIIKTEpiHE coiiKec
YHBIMIACTBIPYBI KKeET.

Kasipri 3amanga jxacaHIbl MHTEIUIEKT OCBIHJAM
MacenenepAl IMIenIyAe Heri3ri KypanmapabliH OipiHe
aifHama amajael. JKacaHIIbl HMHTEIUIEKTTIH KOMeTiMeH
opOip CTYOEHTTIH »MeKe KaKeTTUTIKTepiH eCKepeTiH
XKeke JleHe TopOmeci OarmapiamanapblH 93ipiieyre

97

Oonmazapl. Byn cryaeHTTepHiH CHOpTIEH aifHalbICYFa
JKOHE ©3 JICHCAYJIBIFbIH HBIFAWTYFa JIETeH BIHTACHIH
aprTeipazpl. COHBIMEH KaTap, jKacaH/Ibl HHTCIICKT
CTYJCHTTIH (DPU3UKAJIBIK JaWbIHABIFEI MEH JICHCAYJIBIK
JKaFJallblHA COMKeC JKATTHIFYJIap MeEH >KYKTeMeHi
JYPBIC TaH/ayFa KOMEKTECE/I1.

3epmmey oaxpiaviebl. CTyIEHTTED apachIHIIAFHI
JOCTYPIIi JIeHE MBIHBIKTHIPY cabakTapbl OYpBIHFBIIAM
YJIKeH KbI3BIFYIIBUIBIK TYIABIPMai OTBHIp. OKIHIIIKE
Kapai, KbUI CaliblH JIeHe IIBIHBIKTBIPY cabaKTapbIHa
KaHaFaTTaHOAWTBIH  CTYJNEHTTEPAIH CaHbl  apThIN
keiaeni. OHBIH  Heri3ri  ceOenTepiHiy — Oipi
MOTHBAILIMSHBIH JKOHE JICHE IIBIHBIKTBIPY  MEH
CIOPTTBIH MaHBI3bIH TYCIHYIIH KETKUIIKCI3IIr.

Keiibip cTynenTTep cabaKThl TEK ChIHAK TaIICHIPY,
KapbI3aphH jka0y HeMece cabaKkTaH KaiFaH YaKBITThI
erey yimiH faHa oOkuabl. OcbifaH OalJIaHBICTBI
CTYISHTTEP/IIH JKEKEe KaXKETTLTKTEpiHe, JICHCAYIIBIK
KOPCETKIIMTEpiHe XKoHe (PU3UKAIBIK MYMKIHIIKTEpiHE
ColiKec JieHe MIBIHBIKTBIPY cabaKTapblH YHBIMAACTHIPY
KaKer.

Forrvimu scananstk. Kazipri 3amanma sxacaszipl
WHTEUICKT OCBIHIAl Mocelenepi IIenryne Heri3ri
KypanmapaplH OipiHe aiHanma amangel. JKacaHIwl
WHTCUICKTTIH KOMETiMEeH opOip CTYISHTTIH KEKe
KOKETTUTIKTEPIH €CKEepeTiH JKeKe JeHe TopOmeci
OarmapiaManapslH 3ipieyre Oomaipl.

KapV-neri cnopTTBIK Oa3aHBIH KOFAPhI ICHTCHI
JKOHE OKBITYIIBUIAp KYPaMbIHBIH KOCIOMIIIri KemTereH
CHOPTTHIK OarbITTapsl KaMTHTHIH OKy cabaKTapbiH
YHBIMIACTBIpYFa MYMKIHAIK O6epeni. by crynenTke o3
KaOlrerTepi MEH NaFapUIapblH AMBITyFa MYMKIHIIK
OepeTiH CHopT CeKIUSACHIH ©3 OeTiHIe TaHAayFa
JKaFaai skacal bl

I9JEBUET IHOJYbI

byn wMocenmeni cmopt Typiepi  OolbIHIIA
OTKi3leTiH cabakTap apKpUIBl MIelnIyre OOoMajsbl,
MBICAJIbl, CEKLIMSIIBIK )KAaTThIFyJap apKbuIbl. CHOPTTHIK
CeKUMsAJIapAa JSKaTThIFy OapbIChIHOA  CTYIEHTTEp
cajayaTThl eMip calThlHa OeHimerin, >KOFapbl OKY
OpPHBIHJIAFBl JIeHE TOpOMECIHIH Heri3ri MaKCaThIH
JKYy3€ere achIpyFa bIKnau erefi [2].

CriopT TypIiepi GOMBIHIIA CeKIMSIIBIK cabaKrapaa
CTYAEHTTEpIiH CHOPTKAa JIeTeH OH Ke3Kapachl
KaJIBIITACHII, (PU3HKAJIBIK AaMyFa XKOHE JKEKe TYJIFaHbI
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KETUIAipyre OarbITTaliFaH TYpPaKThl YMTBUIBIC Taiina
Oonansl [2].

MATEPUAJIIAP MEH 9/JICTEP

CoHbIMEH  KaTap, CTYACHTTEPre  KOITEreH
3epTTeyjepre HETi3JeNreH MOTHBAISUIBIK  J9pic
eTKi3inmi. byl 3eprreynep cropTieH HeMece JeHe
IIBIHBIKTRIPYMEH afHaJbICYIBIH aJaM aF3achlHa OH
acep erim, CaybIKTBIPY JKOHE abIH ally ocepiH
KOpCETETiHIH JaMemnaei.

Kaszipri Tanna 0y ¢akTop aca MaHbI3IbI, ceOeOi
TYpii aypyjiapra MaaAbIKKaH agamaap CaHbl JKbLI
caiiblH ecim kenel. BypeiH erye »kacTarbl ajamiapra
ToH OonFaH aypymap (THIIEPTOHMS, OCTEOXOHPO3,
KYPEK aypyjapbl xoHe T.0.) OyriHIe jkac Ke3leH
Oacran Oabikamyna. COHABIKTAH MYHAald ACPTTEPIiH
ANJBIH ATy KYpaJibl PeTiHjae JeHE MIBIHBIKTEIPY MEH
CHOPT CTYAEHTTIH KYHICTIKTI ©OMIpIHIH MaHbBI3/IbI
Oeutiri 6oMysI THIC.

3eprreyre
KEiCIM aJIbIH/IbL.

KaTBICyIIbUIapaH  XxabapianraH

HOTHWKEJIEP )KOHE TAJIKBIJIAY

BizniH JKoFapel OKy OpHBIMBI3JIA KeJeci CIIOpT
TypIiepi OoifbIHIIIA CEKITUSUTBIK cabakrap
YIBIMAACTBIPBUIFaH:

— CIIOPTTHIK OWBIHIApP: BoOJeHOON, OackeTOo,
yCTen TeHHHUCI, pyToOoT;

— JEKIe-)KeK TYpJIepi: epKiH Kypec;

— aTJETUKANbIK CIOPT TypJepi: apMpecTIMHT
MQHE TUp CIOPTHL.

Ocpunaiima, CTyAeHTTEepAiH MIeHE IIBIHBIKTHIPY
cabakTapelH TaHOayFa ©3IHAIK MYMKIiHIITL Oap.
Crynentrep cmopT Typiepi OoiipiHImIa cabakrapra
KeIIKi yaKpITTa KaThICaAbl. Y3IIK CTYIEHTTEpIeH
WHCTUTYTTBIH KypaMa KOMaHaJlapbl )KacaKTaJlFaH.

JencaynblK JkargaidiblHa OaiiIaHBICTHI apHAMNBI
MEIUIMHAIBIK  TONKA  JKAaTaTbIH CTYZIEHTTED
YUBIMIACTHIPBUFAH JKaJIbl AeHe nalbrHabrbl (K1)
CeKUMSIAphIHAA JKaTThIFalbl. MyHIall CTyOeHTTep
VIIiH ONapAblH aypyjlapblHa COWKeC aF3ara TYCETiH
KYKTeMe JIeHrei xeke Typae Oenrineneni. CoOHbIMEH
Karap, OyJl TONTAarbl CTyIEHTTEpre Imaxmar, JOHOBI,
TOFBI3KYMAaJIaK CEKLHsUIapbl YChIHBIIAABL, Oy onapra
KaJaJIbIK TYpHUpJIEpre XoHE KOFapbl OKY OPbIHIApEI
apacheIHAAFbl cHapTakuajganapra KaTbICyFa MYMKIHIIK
Oeperi.

JleHcaynbIFbIHIA ayBITKYHI )KOK CTYIEHTTEp YIIiH
(¢uTHEC MEH KPOCCPUT CEKUMSIAphl KapacTbIPhUIFaH.
By GarbITTap ar3aHbl CaybIKTBIPYFa JKOHE HBIFAWTYFa
piknan erefni. CTymeHT XiriTTep apachblHAa KYIITIK
(duTHEC epeKIiIe TaHbIMAIL.
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KapWV-neri ciopTThIK 0a3aHbIH XKOFaphl ACHT el
JKOHE OKBITYIIBLIAP KYPaMBIHBIH KOCIOMIIIri KemnTereH
CHOPTTHIK OAFBITTapIbl KAMTUTBHIH OKY cabaKTapbIH
yibIMAacTeIpyFa  MYMKiHAIK ~ Oepemi.  OnapnsiH
KaTapblHJa: CIOPTTHIK OMbIHAAp (OackerOon, dyrdom,
BOJICHOO), ayplp aTjeTHKa, MaydpaudTUHT, (HUTHEC,
yCTeNl TEHHHUCI, JKalmbl AeHEe NaWBIHABIFBl TONTAPHI,
yCTen OfbIHaaphI Oap.

CrnopTrieH Jaypbic alHaJbICy apKbUIbl Keleci
HOTHXKeJIEpPTe KO KEeTKi3yre Ooyapl:

—  OpTYpMi JaFdapulap  MeEH  iCKepIiKTepni
KaJIBIITACTHIPY;

— KYHJIETIKTI )KYMBICKA KaOUIETTUTIKTI apTThIpY;

— 7ieHe OITiMI MEH ChIMOATBIH JaMBITY;

— JISHE IIBIHBIKTHIPY CaJIaChIH/IAFbI Ak 1aibl OLTIM
amy.

JeHcaynbIKTBl ~ cakTay  YIIIH  THUTHEHAJBIK
TUMHACTUKA JKATTBIFYJIAPBIH  JKOHE  IIBIHBIKTHIPY
npoleypaiapblH Ja YMeITHay Kaxer. Onap ajaMHBIH
JKaJIIbI JKaraaliblHa OH 9cep €Till, HEri3ri (U3UKaJIbIK
JKYKTEMeJep/Il TOINBIKTHIPAIBI.

['urueHanblk THUMHACTHKA ar3aHbIH ~ OeJceH i
Ky#ire Te3ipek OTyiHe KOMEKTECil, I[apuiaysl
azaiiTaJipl )KOHE YHKBIHBI KaJbITKa Kentipeni. COHpIMEeH
KaTtap, CepyeHzey, Xyripy, IIaHFbl TeOy, BEIOCHIIEeN
Te0y CHSAKTBI CAyBIKTBIPY CEPYCHAEPIH KYH TOpTIOiHE
EHTI3y Je Mmaimanmbl. byim KaTTeIFynap >XKypeK-KaH
TaMBIpIIapbl MEH THIHBIC ajy JKYHeCIH HBIFalTyFa
OarpITTaJFaH.

Ochuaifia, KoFapbl OKy OpPHBIHIA CTYIEHTTEpPII
JICHE WIBIHBIKTHIPYMEH JKOHE CIIOPTIICH alHallbICyFa
BIHTAIAHJBIPY YIIIH  ONApIBIH ~ CHOPTKA  JereH
KBI3BIFYIIBIIBIFBIH  APTTHIPATHIH YOI HETI3ri MIapTTHI
CaKTay KaxKer.

bipiHmigen, cTyaeHTTepai CHOPTTHIK OpTara
KeHIHEH TapTy VIIH JE€HE MIBIHBIKTBIPY-CIIOPT
KCIIEHIHIH Oalf MaTepHaIAbIK-TCXHUKAIBIK 0a3achl
Oomyel KaxkeT. bynm  yHHBepcHTETTIH  Kypama
KOMaH/IalapbIHbIH KYPAMbIH KEHEUTYTe )KOHE KaaIIbIK,
OONBICTBIK, TINTI  pPecHyONHKAIbIK  >KapbIcTapiaa
JKEHICTepre )KeTyre MyMKIHIIIK Oepei.

ExinnrineH, OKpITYIIBIIAp KYPaMBIHBIH KOCiOM
JIEHreili MeH MearoruKajbIK me0epiiri aca MaHbI3IbI.
OKBITYIIBI Ka3ipri CTYAEHTTEPAIH CIIOPTKAa JIereH
KOKETTUTIKTEPiH TYCIHII, YHHUBEPCUTETTIH
MYMKIHIKTepiH THIMIL maiianana OTBIPHIIL,
CTYJEHTTEp/IiH KaOlIeTTepiH MaMBITy YIIiH O0ap KYIIiH
CaJybl THIC.

KopbITbIHbITAH  KeNe, CTYACHTTEpIiH JcHE
UIBIHBIKTHIPYMEH JKOHE CIOPTICH IJKy#em Typie
alHANBICYBIH KAJIBIITACTBIPY VIINIH MaTepHAIbIK-
TEXHUKAJBIK 0a3a, OKBITYIIBUIAPABIH KoCciOM IeHreli
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XKOHE CTYACHTTEpre CIOPTTHIH JCHCAYNBIKKA OCEpiH
TYCIHAIPY KaTap >Ky3ere achlpbLIybl KasKeT.
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Annomayun — B NaHHOH CTaThe pacCMOTPEHO BIMSHHE (PU3NYECKON KYJIbTYPHI M CIIOpTa Ha ()OPMHUPOBAHKE U Pa3BUTHE
poecCHOHANBEHO- IMYHOCTHBIX KauecTB CTYJCHTOB B BBICIINX y4€OHBIX 3aBefeHHsIX. OnrcaHbl KadecTBa, IpHoOpeTaeMble
CTY/IGHTOM B TIpollecce 3aHATHH (PU3KYIBTYpOH, TOKa3aHO BIHMSHHE 3aHITHH CHOPTOM Ha (HU3MYECKYIO, MOPAIBHYIO U
YMCTBEHHYIO cepbl )KU3HU UeNIOBEKa, IPOaHAIN3UPOBAHBI METOJBI, TPHUMEHsEMbIE ISl (OPMHUPOBAHMS JABHUTATEIBHBIX

KOMHCTGHHI/Iﬁ CTYACHTOB.

Kniouesvle cnosa — 310poBbe, pusnueckasl KyabTypa, CIOPT, pa3BUTHE JHYHOCTH, MPOdECcCHOHANbHAS NEeSTeIbHOCTS,

(hopMHUpPOBaHUE TUYHOCTH, IICUXOCOMATHICCKOE COCTOSHIE.

HET'I3I'lI EPEXEJIEP
Jene wMoAcHHETI TeK €HOCK OHIMILIIriHIH
KOepCeTKilli FaHa eMmec, COHbIMEH Oipre Kociou
KBI3BMETTIH  Ke3-KeIII'eH  TypiHe  JaNbIHIBIKTHIH

MaHBI3/Ibl Kypamaac 0etiri OOJIbIN CaHaIa bl

COHIBIKTAH CIIOPT T€H JIeHE IIBIHBIKTBIPY
ApKBLIBI )KY3€re acaThlH CTYACHTTIH KOCIOU-TYJIFaIbIK
JaMYBIHBIH TYpJIEPiH MEHT€PYAiH MaHbBI3bI 30P.

Oky mpolieciHie KONJIaHbUIFaH OWBIH 9JIiCi OLTiM
aNyIIBUTAP/BIH eNTLUTIK, KeHicTikTe OaraapiaHa Oinry,
OacraMalibUIIBIK JKOHE JepOCCTIK CHUSKTBI YHiIeciMIi
JaMbIFaH TYJIFAHBl KaJBIITACTHIPYIBIH aKbIpamac
Oenrizepi 00sIbIN TAOBUIATHIH KACHETTEPIH JaMBITTHI.

Omap kociOM cumaTTarbl KOHBLUIFAH MIHAETTEP/II
aHAFYPJIBIM TUIMJII 9p1 KbUIJIAM TIeNryre KaOuIeTTitik
TAHBITTHL

KIPICIIE

ANaMHBIH TYTAaCTBIFBI JKOHE OHBIH TaHJaFaH
MaMaHABIFbl TYpaibl TYKBIPBIMIAMa aJlaM CaHACBIHIA
aKMapaTThIH dPTYPJIi TYpJIepi apKbLIbl KOPIHIC Tababl.
byn moceneni 3eprreit oteipeim, O.MD.3eep TyiiFa MeH
MaMaHABIK apachlHJla  €peKIIe  TICHXOJIOTHSIIBIK
KCHICTIK 0ap eKeHiH Jka3aibl. DByl KEHICTIKTIH
Ma3MYHBIH CTYJI€HTTI OoJamak KocibiHe JaibIH AN ThIH
TICUXO0(PU3UKANBIK KYHeIep Kypabl.

Kocibn KpI3MeT — amaMHBIH (U3HKAIBIK KOHE
aJaMrepIIliiK KYITepiH KOJIaHy callachl, O OFaH
eMip cypyre jKoHe 031H-631 XKy3ere achlpyFa MYMKIHIIK
Oepeni. Jlemex, TYJIFaHBIH AaMybl KociOM JaMyabIH
OacTamKbl aJIFBIIAPTHI OONBIT TAOBLTAABI, al KOCiOM
Iamy o3 Ke3erinye aJlaMHBIH TYJIFAITBIK
(hYHKISUTAPBIHBIH KANMBl TaMybIHA BIKIAT eTeNli.
ConpiMeH  KaTap, KociOM  KpI3MET  TYJIFaHbBI
KaIlBIITACTBIPYABIH ~ HErisri  (axkTopiapbHBIH  Oipi
OOJIBITT caHaaIbl.

MawmaHn f1a, TyJIFa CHSIKTBI, Tya Maia OOIMaiibl,
Kaneimracanpl. Kemreren racwlpmap Ooifbl  ajgam
OMOJIOTHAJIBIK  YKapaThUIBIC PEeTiHAe aWTapibIKTal
e3repreH KoK, ajl OHbI KOpIIaFaH MaMaHJIBIKTap YHEMI
e3repin  oTeipAbl. OChITaH TaOWFU KaFJaiiap/bIH
ombeban opi KkociOm TyprbIaH Oeiftapan OONFaHBI,
aJaMHBIH CaH allyaH MaMaHJBIKTapAbl MEHrepyiHe
MYMKIiHAIK OepreHi Typajbl KOPBITBIHABI >Kacayra
Oonazpl.

HderenMen, Oyl MYMKIHIIKTEp MIEKCi3 eMec,
COH/IBIKTaH Oenriii 6ip MaMaHIBIKTHI UTEPY 1€, KaciOon
KBI3METTIH 631 JIe aZJlaMHBIH JapaiblK €PEeKIICTIKTePIiH
caxTarn KajaJpl.

Toxipube KepceTKeH IeH, KociOn AasgpIibIFbl MEH
BIHTAChl JKCTKUIIKTI OOJIFaHHBIH ©31HIe, OapibIK
agamaap KehOip MaMaHJIBIKTapAbl KbICKA MeEp3iM
IIiHIe MEHIepe aJIMakIbl.

OpOip MaMaHABIK aJaMHaH EpeKile JIeHe
JAWBIHIBIFBIH TaNaln eTelli JKOHE HAaKThl TalanTap
KOSIbl. By Tamanrap imki KyHeKypaymibl OKoHE
CBIPTKBI XKYHEaHBIKTAYIbI PaKTOpIap apKbUIbI KOpiHiC
tabapl. Epekine chIpTKpI KaFpaiiiapra Iipii, KIuMar,
aya KypaMbl, cTpecc (pakTopiapbl KoHE Tarbl Oacka
JKaTajpl. AJ eKiHII TONTaFEl (DaKTOpiIapra Ke3 KeJreH
KociOM KpI3MeT OapbIChIHIA aKmapaTThl KaObuigay
epeKUIeNiKTepi, COHJai-ak eHOeK opeKeTTepiHiH
MOTOPJIBIK, €peKIIeTIKTePi Kipe/i.

Jlene MomeHueTi [nOenm  aJaMHBIH ~ MOJEHU
KBI3METIiHIH Oip TYpi )KOHE JKEeKe TYJIFa MEH KOFaM YIIIiH
nmaiganel  OYImIBIKeT — OCNICEHIUNTIHIH — epeKIe
dopMmacel TyciHitemi. JlemMek, Ke3 KenreH Kociou
KBI3MET aJaMHBIH OWIMIBIKET OCNCEeHAUNrT MeH
MYMKIiHJIIKTepiHe Toyenmi Oomamsl. COHBIMEH KaTap,
JIeHEe MOICHUET1 TeK eHOeK OHIMAUIITIHIH KepCeTKImTi
FaHa €MeC, COHBIMEH Oipre KociOM KBI3METTIH Ke3-
KeJIreH TypiHe albIHABIKTEIH MaHBI3IBl Kypamzaac
Oeutiri 6OMbIN caHaIaIbL.

JKorapsl oKy OpBIHIAPBIHBIH KOTIIEHT el xKyHheci
TYJIFAaHBIH JTaMybIHa KOJNAWMIBI OpPTa KaJBIITACTBIPHII,
KociOM KBI3METTIH THIMII MOIENIH KypyFa BIKHAI
ereni. COHIBIKTAH CIOPT II€H JEHE IIBIHBIKTHIPY
APKBUIBI )KY3€re aCaThIH CTYACHTTIH KOCiOM-TYIIFaJIbIK
JAMYBIHBIH TYPJIEpiH MEHTepYAiH MaHbI3bI 30P.

3epmmey onkpLabibl. ToXKIpUOE KOPCETKEHIEH,
KoCiOW TaspIIbIFbl MEH BIHTACHI )KETKLUTIKTI OOIFaHHBIH
e3iHme, OapiplK agammap KeHOip MaMaHABIKTap.IbI
KBICKa MEp3iM IMIiH/Ie MEHTepe aIMaliIbl.

Opbip MaMmaHABIK aJaMHaH epeKmie JIeHe
JMAUBIHIBIFBIH TaJlall eTell JKOHE HaKThI TajarTap
KOSIJTBI.

Byn tanarnrap imki xyHeKypayibl )KoHE CHIPTKBI
JKYHeaHBIKTayIIbI (haKTopIIap apKbLUIbI KOPiHIC TabaIbl.

Forioimu  ycananvik. JleHe MonmeHuWeriHIeri
kaciou Tpanchopmanus (PU3NKAIBIK KATTHIFYJIapIbI
OpBbIH/AAyJaFbl ©3 MYMKIHAIKTEPiH CaHalbl Typae

101



e-ISSN: 3134-8467, p-ISSN: 2309-1177

TYCIHY apKbUIBI )KY3€re aChIl, HOTHKECIH/IE YKAFBIMIbI
SMOLUSIIAP APTHII, KAFBIMCHI3 AMOIMSUTAPIBIH ICHT €Hi
TOMCHIE/I.

JleHe  IIBIHBIKTBIPY MEH  CIIOpPT
KaJIBINTACKAH »JKEKe OeJICeHaUIIK CTWIl
KociOM  KBI3METKE  JI¢  aybIChI,  CTYICHTTIH
YHHBEPCUTETTI asKTaraHHaH KeHiH TeKk KociOu
MIHJCTTEpIi FaHa eMeC, OMIpIIK Macenenepai e
THIMJI TIeHIe anaThlH TYIFa OOJBIN KaJBINTACYbIH
aliKbIH AN IbI.

APKBLIBI
KeWIHHEH

9/JIEBUET IIOJYbI
Byt maceneni 3eprreit oteipein, O.M.3eep Tyiira
MEH MaMaHJIbIK apachlH/a EPEKIIe ICUXOJOTHUSIIBIK
KCHICTIK 0ap eKeHIH jka3aJibl.
CoHbIMEH KaTap, Kociou
KaJIBINITACTBIPYABIH ~ HETi3ri
OOJIBIN CaHaJIa bl

KBI3MET  TYJIFaHBI
(hakTopiapeIHbIH ~ Oipi

MATEPUAJIIAP MEH 9/IICTEP
CTyneHTTepaiH KoCIOM-TYJIFAIIBIK JAMYBIH
3epPTTEy JKOHE KAaJIbINTACTBIPY MAaKCATBhIHIA KOFaphI
OKY OpBIHIAPBIHIAFbl JIeHE TOpOHeciHiH OipHele

HEri3ri MeJarorukajblK OMIiCTepl KeIIeHAl Typhe
KOJIJIaHBLIIbI.
BipiHmmi  Ke3eKkTe, KATTHIFYyJApABIH  HAKTHI

OenriieHreH OarmapiiaMachlH KAMTUTHIH, OHIa OapITbIK
KATTBIFYNNap, ONapAblH OpBIHIAY peTi JKoHe
KaiTajgaHy CaHbl, COHBIMEH KaTap opTYpJi )KaTThIFyaap
Ke31HJIer1 ’KYKTeMe THHAMUKACHI, OPBIHIATY OPHBI MEH
Tacuiep apachIHIaFrbl JIeMalTbIC YaKBITHI
CHUTIATTANIaTBIH PETTENTeH TaXKipuOe omici KOJNIaHBIC
TaIlThL

ConpiMeH KaTap 3epTTey OapbICHIHAA ONBIH
CIOXKETIH TaiagaHa OTBIPHII, OapJbIK ic-IIapajapIsl
aJaBIH  aja OWJIACTHIPBUIFAH JKOcmap OOoMBIHIIA
YUBIMIACTBIPYFa HET13/IENITeH ONBIH SfiCi EHT131II.

by omicTe HAKTBHI MIHIETTEPTe COMKEC IIBIHANBI
OMIpIeH, TYPMBICTBIK KOHE €HOEK opeKeTTepiHeH
aNbpIHFaH HeMece oJeili KYpacTHIPBUIFaH CIOKETTep
KOJITAHBUIIBI.

CryneHTTepe aJaMIepIIlTiK )KoHe epiK-KIrepIriK
KacHeTTepAl TopOueneyre KaKeTTi Iarapliap MeH

KaOlrerTepai MOaMBITY MakcaTblHAa OJCeKeNnecTiK
HEMece JKapbIC OJiCi IeNaroruKajiblK IPOIECKe
EHT13UIIl.

ArtanraH 9J1ic ailaM ar3achIHBIH OapbIHIIIA KOFAPbI
(hYHKIIMOHANIBIK MYMKIHIIKTEpIiH KOPCETYre BIKIaT
eTeTiH  epeKIle  AMOIMOHAIIBIK-()U3UOIOTHSIIBIK
JKaFmail TYFbI3Yy YIIIH TEK aNJbIH aja JailbIHIBIKTaH
KeifiH FaHa Ky3ere achIpbUIIbI.

CoHbIMeH Katap, OUTIM alTylIbUIapABIH apachlHIa
aKnapaT meH OuTMIl JKeTki3y, KaObuigay KaOineriH

TEpeHJIeTYy, HOTIDKENEpAl Tanmay >koHe Oaramay
MakcaTblHIa TakTHJIBAIK  akmapaT TIeH Cce3Ai
KOJIIaHyAbl OULTIpeTiH BepOaabl KOHE CEHCOPIIBIK
ozicTep Katap naiagaHblIIbL.

CeHCOpIBIK 9fic apKbUIBI Kepy MyllenepiMeH
0ipre ecTy >KoHE TAKTWJIBIIK Ce3iM MYyIIeIepiHiH
OejceHai  KaTbICybIMEH  OapblHIIA  KOPHEKLIIK
KaMTaMachbl3 €TUII1.

HOTUXEJIEP )KOHE TAJIKBLJIAY

Konnanpuiran MegaroruKajibIK omicTep iy
HOTIDKECIHIE  CTYJNCHTTEPMIH JICHE IIBIHBIKTBIPY
ca0arpIHIAFbl JJaMy KOPCETKIIITepi MEH OJap/IbIH
KociOum KacuerTtepre TpaHCPOpPMAIMIAHy CHIATHI
AHBIKTAJIJIBL.

Toxipude KOPCETKEHJIEH, (pU3HKAIIBIK
KATTBIFYJap/Abl OpBIHAAY Ke3iHnme OeifHem ecte
CaKTayIblH OpTYpJi TYypJiepi, aram alTKaHaa ecTy,
KOpY, TAKTHIBIIK, CE3IHY JKOHE DSMOIUSIIBIK JKaJIbl
Katapijapbl icke KOCBUIBIN, OpPTYpPJ ce3imMiep MeH
OeliHenep apKbUTbI OPBIHJIANATHIH KATTBIFY TYpaJbl
TYTaC TYCIHIK KaJIbIITACTBIP/IbI.

Jene wmoneHueTiHmeri kociom Tpanchopmanms
(GU3MKaNBIK ~ KATTBHIFYJApJbsl  OpBIHAAYIAFbl 63
MYMKIHIIKTEPiH CaHAIBI TYPJIE TYCIHY apKbIIbI KYy3€ere
achlll, HOTIDKECIHAC JKAFBIMIBI DMOIMSIIAD AapTHII,
’KaFBIMCBI3 MOITUSIIAPIBIH ICHT €l TOMEHIETI.

OKy mporiecinae KONIaHbBUTFaH OWBIH 9fici OuTiM
aMyIIbIIapABIH eNTUTIK, KEHICTIKTe OarmapiaHa Oity,
OacTamaImbUIIBIK JKOHE MepOeCTiK CHUSAKTHI YHIIeCiMIl
JaMBIFaH TYJIFaHbl KAJIBITACTHIPYABIH —aXbIpaMac
Oenriepi OO TAOBUTATHIH KACHETTEPiH JaMBITTHI.

O3 kppBMeriH ©3 OeriHme  YHBIMOACTHIPY
JAFJBUIAPBEIH MEHTEePreH CTYICHTTEPAIH (U3UKAIBIK
JKOHE  aJaMTepIIUNK TYPFBIAH MBIKTBI  OOJIBII,
TaHJaFaH MaMaHJbIFbIHA OalIaHBICTBl TYBIHJANUTHIH
KOMITBIOTED aJIJIbIH/A V33K YaKbIT OTBIPY, ayIUTOpHUsIA
y3aK TYpYy, TYHTI YakbITTa CEpreK XXypy, COHJIai-ak
JKYHKE-IMOIUSUIBIK [IAMaIaH ThIC XKYKTEMENep CHIKThI
KABIH/ABIKTapFa Te3 OediMaenyre IallblH eKeHIri
OaifKaIbL.

Omap kocibu cumaTTarsl KOWBUTFAH MiHACTTEPAi
aHAFYPIIBIM THIMI 9pi KBUTAAM IIENIyre KaOLIeTTLTIK
TaHBITTHIL.

ANBIHFaH MOJIMETTEp CTYIEHTTIK jKac Ke3eHHIH
MBICAJIBIHA ONEYMETTIK KeMEINJeHy IeHTeliHiH OH
OarbpITTa ©3repeTiHiH OaiiKayFa MYMKIHIIK Oepeni,
OUTKEHI CTYACHTTEp 63 TaHJayJapblH jkacarl, ©3iH-031
JKY3€ere achlpyra KeIlTereH MyMKIHIIKTepre ue 0onabl.

MamaHJpIK TIeH ajJaM apachblHIarbl OallaHbIC
aJlaMHBIH 63 MYMKIHJIKTEPiH caHalbl TYpHe TYCIHIiIL,
Oonamak KociOiHEe KaTBICTHI KEJEHIEK >KOCIapiapblH
KYPYbIMEH THIFbI3 OalIaHBICTHI J)KOHE OYJI OHBIH ©3iHE
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JISTeH KATHIHACHIHBIH Oenrim Oip JeHredi apKbUIbI
Ky3ere acajpl.

TyranbiH OYJI KBIPBl ©T€ MaHBI3/IbI, OUTKECHI O
Oelcen i KbI3METTIH OarbITThUILIFBIH CUMTATTANIBL.

XKytienin xerinyi imki ¢pakropiaap MeH aepOecTik
KACHETiH KOPCETETIH IMKi KYLIKE CyHeHe OTBIPHIN
JKy3ere acajbl.

TysranbIH 1aMybl MEH KoCiOU OaFbITTHUIBIFI ICHE

TopOMECiHIH Kypajjapbl MEH oJicTepi  apKbUIBI
KaJIBIIITACa IbI.

®dusuKaablKk JaMy Ke3-KEeITI'eH KbI3MET TYPIiHIH
axplpamac  Oemiri  Oonbim  TaObUIAABI  KOHE

CTYIGHTTEPIIH KociOum Oimim amy yaepici
HOTHXKECIH 63 OOMbIH 1A OIpIKTIpET.

CryneHT OoJyaliaKk MaMaHIIbIFbI
JMANBIHABIFBIHBIH, ~ MaHBI3BIH TYCIHTEH Ke3zae, O
(U3MKAIBIK ~ JKOHE  aKbUI-OM  JIaMybIH  YThIMJIBI
yitnecripyre 6enceH i Typlie yMTblUIa OacTaipl.

Ocsl TYpFbIAaH ajlfaHaa, J1€HE HIBIHBIKTBIPY JKOHE
CHOPTTHIK KBbI3MET POJIIIK TIHKIPUOCHI KEHEHTyre
BIKIAJ €Telll, CTYACHTTEP/IIH QJIEyMETTEHY YJAepiciHe
TY3eTyJIep €HIi3im, ojap/sl OeCeHII KOFaMIBIK eMIp
CalIThIH YCTaHyFa OarbITTalIbl.

ConbsiMeH Karap, oIl CTYIEHTTEp/II
aJlaMrepIiijiikke, €HOCKKOPJIBIKKA, HJICSIIBIKKA JKOHE
MOpAaJIBABIK KYHBUIBIKTapFa TOpOHETeh .

KommyHuKka0enpaimik CTYIECHTTEPIIH OKYy
opTajapbIMeH, KociOM OpTaMeH JKoHe KOFaMMEH e3apa
opekeTTece amy KaOiTeTiH CHITaTTal bl

KappIM-KaTBIHACTBIH ~ aybI3a  e€Mec  TUTH
TOIBIKKAHIBI KOJIIaHa oury CTYIICHTTEP TIH
TICUXUKATBIK JICHCAYJIBIFBIH CAKTAYFa BIKIAI CTeIi.

OziMai  TyciHy apKbuibl Oackamapiel TYCIHY
HIESICHI aJIaMHBIH JKeKe ToKipuOeciMeH OailIaHBICTHI
OOJIBITT Kemesi.

¥kcac okarmaiimapaarkl 3 OpeKeTTepi  MeEH
cebenTepiH Tanmay apKbUIBI ajaM Oacka aJaMHBIH
JKarmalblH TYyciHe amanbl, Oyl KEWiHHEH allbIHFaH

MCH

YIIIH JeHE

TOKIpUOEHI KociOM KBhI3METKE KOIIipyre CenTirin
TUTI3€E1.

KOPBITBIHAbI

Ocpbutaiiia, JAeHe MIBIHBIKTEIPY KociOou OimiM
OepyliH e, alaMHBIH KaJIbl KbI3METIHIH JI€ 9pi AaMy
(dakToppl, opi HOTHMXKeci OONBIN TaOBUTAABI JereH
KOPBITBIH/IBI JKacayFra 0oJajpbl.

byn Tek amaMHBIH = (U3UKAIBIK  CHOCKTI
JKATTBHIFYJIADMEH ~ aJIMacThIpy UACACHI FaHa eMec,
TYJIFAHBIH JKaH-)KaKThl JaMyblH KaMTaMachl3 €TETiH
THIM/I 9iC €EKEHIH aTall OTKEH >KOH.

JleHe  UIBIHBIKTBIPY MEH  CIOPT
KaJIBIITACKAH JKEKe O€ICEHaUTIK CTHI
KociOM  KbI3METKE  JIe  aybICHII, CTYACHTTIH
VHUBEPCUTETTI asKTaraHHaH KeHiH Tek Koacion
MIHACTTEp/Il FaHa eMec, OMIPIIK Maceenepal Je
TUIMZI IIEIIe ajaThlH TYJIFa OOJBIN KaJbIITACYbIH
alKBIHIANTBI.

APKBLIBI
KEeWIHHEH

MY JAEJEP KAKTBIFbICHI
ABTOpap Mya/enep KaKThIFbICBIHBIH KOK €KEHIH
MAJIMAEH T,

ABTOP/IbIH YJIECI

ITamemeBa E.B..: 3epTTey Xyprismi; AepekTepi
TaJa/Ibl; MAKAJIAHbI )Ka3/bl. ABTOP MaKaJaHbIH COHFBI
HYCKACBhIH MaKYJIJIaJIbL.

ABTOPJABIK KYKBIK © 2026 aBTop(iap)ra
Tieciiai. Byn makana Creative Commons Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0)
JIMIEH3UACHI OOWBIHINA AaIIbIK KOJDKETIMIl OOJIBII
TaObUTa Bl JINIIEH3Hs TYITHYCKa eHOEKKE THICTI TypHe
ciiTeme jKacalFaH JKarmaiifa, Ke3 KenreH opTajaa
naijjananyra, TapaTyra >KOHE KalTa Kapusulayra
pykcar  Oepemi. TyblHABI  Marepuamgap  OCHI
JUTICH3USHBIH 9] OCBIHAAN MapTTaphIMEH TaPATHLTYBI
THIC.
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Abstract — The article examines the mechanisms for developing a competitive strategy for the Pavlodar region branch of the
«National Center of Expertise» at the SECC of the Ministry of Health of the Republic of Kazakhstan amidst the transformation
of the laboratory services market in the Republic of Kazakhstan. Based on 2022-2025 data, an analysis of the branch's financial
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Annomayun — B cratbe nccienyloTcs MEXaHW3MBl (OPMHUPOBaHUSI KOHKYpeHTHOW crpaternn ¢ummana PTTI wa ITXB
«Hammonanenenii nentp skcneptuss» KCOK M3 PK mo IlaBmogapckoil o0mactn B yClIOBHAX TpaHC(OPMAIMU DPHIHKA
nmabopaTopHbix ycayr PecmyOnmku Kaszaxcran. Ha ocHoBe mammbix 2022-2025 Tr. mpoBeieH aHAMHW3 (BHHAHCOBOM
YCTOWYMBOCTH | oreparuonHoi ¢ ¢extupHocTr Qrmrana PITI Ha [TXB «HarmonaneHbd meHTp dKcnepTu3sy KCOK M3
PK o IMaBnogapckoii obnactu. BeIsiBiIeH KPUTHUECKHUHA Tyau3M: HaJWMYHe YHUKAJIBHBIX TOCYIapCTBEHHBIX KOMIICTEHNH

npun OAHOBPEMCHHOM

CHM)KCHUHU KOMMCPUCCKHUX  J0XO0J0B

n KazpoBoMm Jnedummre. Pa3zpaboraHbl TPAaKTHUKO-

OPUCHTUPOBAHHBIC PCKOMEHAAIIUU 10 LIPI(i)pOBOfI TpaHC(i)OpMaHI/II/I, OIITUMHU3 AN Ka[[pOBOfI MOJIMTUKH U PAa3BUTHUIO JAPYTUX

HaHpaBJ’IeHI/Iﬁ JACATCIIBHOCTU.

Kniouesvte cnosa — crpaternueckuii MEHEKMEHT, JabOpaTOpHBIE YCIYTH, KOHKYPEHTOCIIOCOOHOCTh, GHOIOrHYecKast
0€30IMacHOCTb.
OCHOBHBIE ITOJIO)KEHU S Bropyto ouepens 3To acummerpust nHpoOpMaIuy.

B X0oA€ HCCICaJOBaHUsA BbIABICHBI OCHOBHBIC

(GakTopbl, CHIDKAIOIIME KOHKYPEHTOCIIOCOOHOCTH
dununana HIID: KaIPOBBIN Jneuiur,
TEXHOJIOTMYECKOE OTCTaBaHWE W  HEJOCTaTOYHAs

MapKCTUHIOBass aKTUBHOCTb. HpeﬂnomeHa CTpaTerus
TIOBBINICHUST KOHKYPEHTOCITOCOOHOCTH, OCHOBaHHAS Ha
U POBU3AIIH YCIYT, COBEPIIICHCTBOBAaHNUHU KaIPOBOMH
ITIOJINTUKN u Pa3sBUTUH CIICIHUAJIN3UPOBAHHBIX
HanpaBJIeHUN nabopaTopHOM JIeATEIbHOCTH.
Peanuzanus npemasioxkKe€HHbIX MEPOIPUATHI MO3BOJIUT
YKPEMUTh PHIHOYHBIC MTO3UIIMHN (HIIHATa U 00CCIICUHUTh
POCT KOMMepUECKON dPPEKTUBHOCTH.

BBEJIEHUE
B  coBpemennoit skoHOMHKE PecmybOmukm
KazaxcTtan KOHKYpEHTOCIIOCOOHOCTh OpraHW3aIii

3MPaBOOXPAaHEHMsI TPAHC(HOPMHUPYETCS U3 PHIHOYHOM
KaTeTOPUH B DJIEMEHT HAITMOHAJIBLHOW OHMOJIOTHYecKOit
YCTOWYMBOCTH.

s dmmana PI'TI ma IIXB «HammoHnambHBIH
IIEHTP dKCIIepTH3bI» 1Mo IlaBmomapckoii obmactu (maiee
— Owuman HIID) 2025 rom cram mepuoaoM
CTPaTErM4eCcKOro HaMpsKEHHS. Y CWICHHE MO3UIUN
JaCTHBIX JIAOOpaTOPHBIX ceTell Ha oHe pocTa crpoca
Ha TUIATHBIE MEIWIIMHCKUE YCIYTH BBIHYXAAET
TOCyJIapCTBEHHBIE CTPYKTYPHI MCKATh OaNaHC MEXKITY
BBITIOJTHEHUEM TOCY/IapCTBEHHOTO 3aKasza u
coxpaHeHWeM  ()MHAHCOBOW  yCTOMYMUBOCTH B
KOMMEpPYECKOM CEerMEeHTE.

Cremu¢uka KOHKYpEHTOCIOCOOHOCTH B cdepe
a00paTOPHBIX HCCIENOBAaHUA MOXKHO OIPENEIUTh
TpeMs (aKTopamu.

[lepByro oyepenp STO BBICOKas IIEHA ONIMOKH.
[Torpeburens mpruobpeTaeT He YCIYTY KaK TaKOBYIO, a

JOCTOBEPHBIN pe3ynbrart, BIMSIOLINN Ha
SMHUIEMUOJIOTHUECKYI0 ~ CUTYallMl0 M 370pOBbE
HaceJIeHusl. Ommbka uMeeT HE TOJBKO

OKOHOMMYECKHUE, HO U CONUAJIBHBIC ITIOCICACTBHA.

KiimeHT He CcmocoOeH CaMOCTOSTEIBHO OIICHUTH
KadecTBO JiabopaTtopHoro ucciegoBanus. KitoueByro
POJIb urpaecr WHCTUTYIITMOHAJIBHOC JIOBEPUC,
IMMOATBECPKACHHOC MCKAYHAPOAHBIMU CTaHJAapTaMHn
akkpenutaruu (ISO 15189, ISO 17025).

B-TpeTI)I/IX, 9TO colHraJbHAasA OTBETCTBCHHOCTD.
l'ocymapcTBeHHble  7a0OpaTOpuu  OTPaHWYEHBl B
IIEHOBOM THUOKOCTH BCJICIACTBUE O00SI3aTEIBCTBTIIO
CaHUTApPHO-3IINAEMUOJIOTHICCKOMY MOHUTOPHUHTY, YTO
CHIDKAeT WX CIIOCOOHOCTh K arpecCHBHON IICHOBOM
KOHKYPCHIIUU.

PreiHOK  maboparopubix  yeuayr IlaBmomapckoit
00JacTl XapaKTEepU3yeTcsl AaKTUBHOH JKCIIaHCHEH
gacTHBIX cereld — Omumm, HBUBO M ApyTHE, a TaKKe
pETHOHATBFHBIX KOMIaHUIH CaHHUTapHO-
SITHAIEMHUOJIOTHIECKOTO poduIIs (TOO
«TexToprCuady, TOO « 'urueHucT»).

YacTHbIe ceTH aKTHBHO HCIIONB3YIOT:

- aBTOMATH3UPOBAHHBIE nmabopaTopHbIe
KOMILJIEKCHI;

- UG POBBIE CEPBUCH (MOOIIIBHBIC TTPHIIOKCHHUS,
JTUIHBIC KaOWHETHI);

- IPOrpaMMEI JIOSITHHOCTH;

- arpeccuBHBI SMM-MapKeTHHT.

Hayunasn HOGU3HA. Hayunas HOBHU3HA
UCCIIeIOBAHNUS 3aKJIF0YAeTCs B pa3pabotke
KOMIUIEKCHOH cTpaTeruu MOBBIILICHUS
KOHKYPEHTOCIIOCOOHOCTHU rOCYAapCTBEHHOT'O
UCTIBITATEIHOIO LEHTpa, OCHOBAaHHOM Ha
U POBU3ALUH YCIYT, COBEPIICHCTBOBAHUN KaPOBOH
NOJIUTUKM W Pa3BUTHH  CIELHAIM3UPOBAHHBIX
HalpaBJICHUH AESTEIbHOCTH.

OB30P JIMTEPATYPBI

JaHHBIe 3a TOCIEAHME TPU ToAa INEMOHCTPHPYIOT
TPEBOXKHYIO TCHICHIINIO B KOMMEPUYECKOM ceKTope (Tabimia
1).
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Tabauuna 1 - JlunaMuka 10X0I0B OT KOMMEPUYECKOI
(pPBIHOYHO) ESITETHHOCTH 32 MOCIIEIHUE TOJTBL.

ITepuon Cymma  nmoxoma | Junamuika, %
(MJTH. TeHre)
2022 rox 395,3 BbazoBwlii rof
2023 rox 281,5 CHmwxeHne Ha
28,8%
2024 rox 283,0 Poct Ha 0,5%
2025 rox 291,0 Poct Ha 2,8%

Hecmotps Ha HOMUHANBHBIA pocT B 2024-2025
IT., TUHAMHKA OCTaeTCs HWXXKE YPOBHS HHQIIALUU U
TEMIOB POCTa pbIHKA MEAMIMHCKUX YCIYr, 4YTO
CBUJIETENILCTBYET O CHUYKEHUH PhIHOUHOW J1o1u Dunnana
HIID.

MATEPHUAJIBI U METO/1bI

IIepBuuHBIA aHANM3 BHYTPEHHEH CpPEIbl BBISIBUII
TpH «bornesbie TOYKHUY, Or'paHUYHBAIOLIHE
KOHKYPEHTOCIIOCOOHOCTD:

1) Kanposbrii neduuT: ®dakTHuecKas
YUCIEHHOCTH Tiepcorana (240 den.) cocTaBiseT JIUIIb
72% ot mrratHoit (334 yen.). deduuut B 28% co3naer
H30BITOYHYIO HarpysKy, MTOBBIIIAET puck
YelIoBEYeCKOro (akTopa H JIeNaeT HEBO3MOXKHBIM
MacIITaOUPOBaHKE MJIATHBIX YCIIYT.

2) TexHonorm4eckoe orcraBaHue: JIMTENbHBIE
IMUKJIB  OIOJKETHOTO TIJIAHUPOBAHUS TIPEMSTCTBYIOT
OIIEpaTHBHOMY OOHOBJICHHIO TIapKa JabopaTOpPHBIX
000pynOBaHUH, YTO BEIET K POCTY CEOECTOMMOCTH
OTHOTO  WCCIEAOBAaHWSA  TIO  CpPaBHEHHIO c
ABTOMAaTHU3WPOBAHHBIMH YAaCTHBIMH IIEHTPAMH H
YBEIUYEHHUIO CPOKOB OKa3aHUS YCIIYT.

3) Huskwuii ypoBeHb MAapKETHHIOBON AKTHBHOCTH
(Cnalb1if MapKETHHT)

Qunnan onupaercs Ha UCTOPUUYECKOE JIHJIEPCTBO
¥ TOCYAAapCTBEHHBIN CTATyC, YTO CHMUKAET PHIHOYHYIO
aJaTHBHOCTb.

[Tocnencrus:

*HU3Kasg Y3HaBaeMOCTb Cpeir (PU3NUECKUX JHI] U
MaJjoro ousHeca;

*cmaboe  TMPOJBMKEHWE YHHUKAIBHBIX
HCCIICTOBAHUM;

*MepeTOK KIMEHTOB K YACTHBIM CETSIM C Pa3BHTOH
r(pOBOI CHCTEMOIA.

PE3YJIBTATbBI U OBCYKIEHHUE

JUist  TpeononeHus  BBISIBICHHBIX — pa3pbIBOB
MpeUIaraeTcsi CTpaTerus, OCHOBaHHAs HA TPEX BEKTOpE
pa3BHUTHSL:

1) Hudposas
KJIMEHTCKOT'O ITyTH

Tpebyercs
HHTErpaiu  C
CTaOMIIN3aLHIO

WHTETpalusd W  OINTUMH3AIUS
YCTpaHUTh HEemopadoTKU B
Damumed/eGov u  mpoBectu
HEJABHO 3alyUICHHbIX  OHJIAWH-

cepucoB. Ha Tekymuii MOMEHT HenopaOOTKu
OPEMSTCTBYIOT ~ HUX  MAacliTaOHOMY — BHEOPEHHIO.
[IpuBeneHue NUYHBIX KaOWHETOB B COOTBETCTBUE C
3ampocaMd  QU3HYECKUX M IOPUAMAYECKUX  JIHII
no3BoauT @unuany HIID peann3oBaTh KOHKypeHTHOE
npeuMyIecTBo Ha poiHke [laBnonapa B 2026 roay.

2) OnrtuMu3aius KaapoBol MOTUTUKA

s 60pb0BI ¢ AedunmrTom Kaapos B 28%

npeaaraercs:

*mporpaMMbl  yaepiKaHUsl Y3KHUX CIEIHaINCTOB
(Bupyconoru, 6akTepuoIOry, Paauoiiory U T.1.);

*pa3BUTHE HENPEPHIBHOIO MPOQECCHOHAIBLHOTO
o0Opa3oBaHus;

*COTPYJAHUYECTBO C MEAUIIMHCKAMHU BY3aMHU JUIsI
(hopMUpOBaHUS KaJpOBOIr0 pe3epera.

3) Crparerus «rony0ObIXx OKEAHOBY

B ycnoBusix BBICOKOW 1IEHOBOW KOHKYPEHLMH B
CEerMEHTE MacCOBBIX JIA0OPaTOPHBIX HCCIEOBAHUMA
Oummary HIID menecoobpa3Ho MPUMEHSTH JIE€MEHTHI
CTpaTeruu «rojyObIX OKEaHOB» HE KaK ajlbTCPHATHBY
0a30BOM JIEATENBHOCTH, a KaK MapaieldbHBI BEKTOP
pa3BHUTHS.

CyTh mojxoja 3aKiIiOyaeTcsi HE B yXOle W3
KOHKYPEHTHOTO IPOCTPaHCTBA, a B (HOPMHPOBAHUH
HOBBIX PBIHOYHBIX HHWIN, T/A€ YPOBEHb MPIMOM
KOHKYPEHIIMH MHHUMAJICH, a KIIOYEBBIM (PakTopom
ycrexa BBICTYMAIOT YHUKaJbHBIE TOCYJAapCTBEHHBIE
KOMIIETEHIIMH,  AKKPEAWTAllMOHHBIA  CTatyc U
9KCIEPTHBIN MOTEHITHAT.

1) Dxomoruyeckuii u MIPOU3BOICTBEHHBIH
MOHHTOPHUHT. Mcmonmb3oBaHME  TOCYAapCTBEHHOTO
cTaryca JJisl 3aKITF0UYEHUS JOITOCPOYHBIX KOHTPAKTOB C
MPOMBIIIUIEHHBIMA TIpennpustuaMu  [laBmogapckoro
pervoHa. JlaHHBIN CErMEHT XapaKTEepU3yeTCs BBICOKOM
MOTPEOHOCTHI0O B aKKPEAWTOBAHHBIX HM3MEPEHHUSIX U
HU3KOH 9yBCTBUTEIHHOCTHIO K IIEHOBOMY (haKTOpy.

2) CoxHBIE TEHETHYECKHE U
CIEeNMaTu3MPOBAaHHBIE  WCCIIeOBaHHUA.  Pa3Buthe
HaNpaBleHUH, TPEeOYIOIMNX CHENHaATH3UPOBAHHOTO
000pyIOBaHUS M OJKCHEPTHBIX KaJpoB, B paMKax
rOCyIapCTBEHHBIX porpaMm MOJIEpHU3AIAN
3IpaBOOXpaHeHus. JlaHHBIE YCIYTH MaJOAOCTYITHBI
JUTSL YaCTHBIX JTa00paTOpril peruoHATBHOTO YPOBHSI.

3) JlaGopaTopHblii ~ KOHTPOJIb (hm3muecKmx
(hakTOpOB Ccpembl

Pacumpenue yciyr no ananu3y mryma, BuOpamun
U UWHBIX (PaKTOPOB IPOM3BOJICTBEHHOW CpeIbl, 4TO
MO3BOJISIET YKpENuTh No3umuu (Quanana B cdepe
CaHUTAPHO-IHJIEMHOJIOT TYECKOTO HaJ30pa "
MIPOMBIIIIIEHHON 0€30ITaCHOCTH.

3AKIIOYEHHUE

107



e- ISSN: 3134-8467, p-ISSN: 2309-1177

IIpoBenennblii CTpaTEruYeCKuin aHaIu3
MOATBEPANI, qT0 Ounuan HIID obnamaer
(hyHIIaMEHTATbHBIM MPEUMYILECTBOM —

TOCYAapCTBEHHBIM JOBEPHEM W YHUKAIBbHOW 0a30ii
akkpeautanuii. OHaKo A7l yCTOMYMBOCTH B YCIIOBHUSIX
2026 roma HEOOXOIUM TMEpexo], OT PEAKTHBHOrO
yIIPaBJICHHUS K MPOAKTUBHOMY: YCTPaHEHHUE KaJPOBOT'O
TOJI0/Ia, 3aIlyCK arpecCUBHOrO IU(POBOro MapKeTuHra
W ONTHUMH3ALMUS  OMNEPAMOHHBIX  3aTpaT  4depes3
aBTOMaTH3alMio. Peanm3anusi MpeanoKeHHBIX Mep
MO3BOJIUT CTAOWIIM3UPOBATH KOMMEPUECKUE AOXOBI U
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YKpPENuTh CTaTyc Jujepa B o0gacTu 0Mo06e30MmacHOCTH
peruoHa.
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Abstract — This article demonstrates that the connection between the above-mentioned areas and physical education (PE) at
the university is not obvious at first glance, but upon closer analysis, it is proven to be of fundamental and fundamental
importance. Physical education is turning from a simple “physical education lesson” into a vital element of the university
ecosystem working on the principles of sustainable development. The main motivation for students should not be getting a
grade or a task, but rather personal interest and internal desire for physical self-improvement. The elective nature of physical
education allows students to choose a sports direction that interests them, which encourages them to engage in sports
systematically. The focus of the project method on the individual, the individualization of the learning process, the
development of students' not only personal, but also interdisciplinary skills increase the student's interest and provide freedom
in mastering the subject.
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YHUBEPCUTETTE JEHE TOPBUECIHIH TYPAKTbBI JAMYbI YIIIH
BIJIIM S9KOHOMMUMKACBI, UHHOBALUAJIBIK MEHE/ZKMEHT 7KOHE
BIJIIM BEPY /Il TPAHC®OPMALIUAJIAY
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Abcmpaxm — by Mmakanana atanrad OarsITTap MEH YHUBEPCUTETTET1 AeHe MoierneTi (M) apachiHIars! OaililaHbIC aFamt
KaparaHIa aiiKelH KepiHOereHiMeH, TepeHipeK TalJaraHAa OHBIH HETI3ri opi ipreli MoHTe WMe eKeHi monenneHeni. JleHe
MOJICHHETI KaparnaibiM FaHa «JIeHe IIBIHBIKTHIPY cabaFbIHaAH» TYPAKTHI JaMy KaFHIAaTTapbIMEH KYMBIC ICTEHTIH YHUBEPCHTET
SKOXKYHECiHIH eMipIlik MaHBI3IBI AIEMEHTIHE aifHanyaa. bimim amymbap ymria 6acTel MoTHBaLus Oara airy HeMece MiHAeT
eMec, KepiciHime, (U3UKAIBIK ©31H-031 XKETUIAipyre MereH »eKe KhI3BIFYIIBUIBIK TeH imKki Huer Oomyel Twic. JleHe
MOJICHUETIHIH JJIEKTHBTI CHIIATHI CTYIEHTTEpre ©3JIepiHe KBI3BIKTHI CIIOPT OaFbITHIH TaHAayFa MYMKIHIIK Oepemi, Oyt
ONIApIBIH CHOPTIICH JKYHeml alfHambICybIHA BIHTANAHABIpanbl. JKoOanbIK SIICTiH jKeKe TyJIFara OarbITTANybl, OKY YAEpiciH
JapajJaHIbIpybl, CTYACHTTEPIIH TeK TYJIFAIBIK eMeC, COHBIMEH KaTap MOHAPAJbIK JaFAblIapblH JAMBITYBI O171iM aTylIbIHBIH
KBI3BIFYIIBUIBIFBIH apPTTHIPHITL, TIOHAI MEHTepy/Ie epKiHaiK Oeperi.

Kinm ce30ep — ipremi, TpaHchOpManus, IKOKYIe dIeMeHTi, (GU3UKAIBIK 031H-031 JKeTUIIIpy, YMEKTHBTI MiHE3.
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3KOHOMMKA 3HAHUM, WHHOBAIIMOHHOE YIIPABJIEHUE 1
TPAHC®OPMAIIUA OBPA3OBAHUSA VIS YCTOUYNBOI'O PAZBUTUA
OU3NYECKOI'O BOCIIUTAHUSA B YHUBEPCUTETE

v Sxwuna E.B.
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* E-mail koppecnondenma: e.yakshina@tttu.edu.kz

HNndopmanus 06 apTopax:
SAxmmna Enena BukropoBHa, Kaparanamnckuii mnaycrpuanbhbiii yHuBepcutet, 101400, npocnekr Pecryonuku, 30,
Temupray, Kaparannunackas obnacts, Kazaxcran, e-mail: e.yakshina@tttu.edu.kz

Annomayus — B naHHOH cTaThe MOKa3aHO, YTO CBSI3b MEXK/IY BBIIICYITOMSHYTHIMHA 00JIACTIMU M (PH3UUCCKIM BOCITUTAHUEM
B YHHUBEPCUTETE HE OUYCBHUJHA HA MEPBBIN B3IV, HO MPH Ooiiee TIIATEIHLHOM aHajHM3e OKa3biBaeTCs (DYHIAMEHTAILHOU U
ocHoBorojaratonieid. Ou3nueckoe BOCIIUTAHUE MPEBPANIACTCA U3 MPOCTOr0 «ypokKa (U3KYABTYPH» B KU3HEHHO Ba)KHBIN
3JIEMEHT YHUBEPCUTETCKOM SKOCHCTEMBI, pabOTaIOIIeH M0 MPHUHITUIIAM YCTOWYHBOrO Pa3BUTHS. | JTaBHOM MOTHUBAIMEH s
CTY/ICHTOB JIOJDKHA OBITh HE OIICHKA WM 3allaHue, a JIMYHBIA MHTEPeC W BHYTPEHHEE CTpeMJICHHE K (H3MYECKOMY
CcaMOCOBepILeHCTBOBaHUIO. (DaKkylnbTaTUBHBIH XapakTep (U3NUECKOro BOCHHUTAHMS IO3BOJNSET CTYACHTaM BBIOUpPATH
UHTEpECYIoIee UX CIOPTUBHOE HAIpaBIICHUE, YTO MOOYXK/IaeT X K CUCTEMATHYeCKOMY 3aHATHIO criopToM. OpueHTanms
NPOEKTHOrO METOa Ha WHIMBUAYaJIbHOCTh, MHAWBUIyANW3allds y4eOHOro mpolecca, pa3BUTHE y CTYJEHTOB HE TOJBKO
JIMYHOCTHBIX, HO U MEXKIUCHHUILTMHAPHBIX HABBIKOB TOBBIIIAIOT UHTEPEC U 00ECIIEUNBAIOT CBOOOY B OCBOSHUH TPEMETA.

Knrouesvte  cnosa —  dyHIaMeHTaNbHBIN,
CaMOCOBEPIIEHCTBOBAaHNE, H30UPATETBbHOE TOBECHHUE.

HET'I3I'T EPEXXEJIEP
3eprrey OaphICHIH A YKOFapPBI OKYy
OPBIHIapBIHAAFBI IieHe TOpOHECiHIH olriM
SKOHOMHUKACHI, WHHOBAIMSUIBIK MEHEIKMEHT JKOHE

OimiM Oepymi TparchopMaIusIIay yaepicrepiMeH e3apa
OailylaHbICHl AaHBIKTAIIBI.

Jlene TopOmeciHiH TYpaKThl >KY3€re achIpPBLIYHI
CTYIEHTTEPIIH KOTHUTHBTIK KaOimerTepiH,
MICUXOJIOTHSUTBIK  TYPAKTBUIBIFBIH JKOHE QJIEYMETTIK
TaFbUIapbIH JaMBITY apKbUIBl aJaMH KalHTaJIbIH
camachlH apTTHIPYFa bIKIAJ €TETiHI aHBIKTAJIIbL.

CriopTThIK ic-apeker OapeICBIHIA
BIHTHIMAKTaCTHIK, KOMMYHHUKAIUS, KPEATHBTLIIK JKOHE
CBIHM Oijay CHSKTBl HMHHOBALMSUIBIK MEHEIKMEHT
ymriH Kaxerti 4K Ky3bIpeTTepiH KaJIbIITAaCTBIPYFa
MYMKIHIIK OepeTiHi KepceTii.

duTHeC-TpeKepiep, cMapT-caraTrTap, BUPTYaIbI
TpeHaXxkepiap JKoHe WHUQPIBIK IUaThopMatapabl
nmaiianaHy jaeHe TopOueciH 3amaHayw OuriM Oepy

TEXHOJIOTUSUIaPBIMEH OalJIaHBICTBIPHII,
CTYIEHTTEPIH MHHOBAIHSIIBIK yzepicrepre
OeliiMenyine karai >xacaiiipl.

Hene  TopOmeci JIEHCAYIBIK MOJIEHHUETIH,
QJIEyMETTIK JKayalmKepUIUTIKTI >KOHE TYpPaKThl Jamy
KYHJBUIBIKTApbIH ~ KaJIBINTACTBIPATHIH,  3aMaHayH
YHUBEPCUTETTIH Oiim oepy OpTachblH

TpaHC(hOPMAIIMOHHBIH,

OJICMCHT OKOCUCTEMBI, d)I/ISI/I‘-IECKOC

TpaHchOpMaIUsIIayFa BIKIAT €TeTiH MaHBI3bl Kypa
peTiHae aiKbIHIAIIbL.

KIPICIIE

Kaszipri xe3eHe TYPaKThl JaMy TYKBIPBIMIaMaChl
OimiMm Oepy KkylieciHe jkaHa TaJanTap KOSIBL
YHHUBEPCUTETTEPAIH HEri3ri MIHASTI TeK KociOm
KY3BIPETTLUIIr JKOFapbel MaMaHap Aaspiay FaHa eMec,
COHBIMEH KaTap JIeHi cay, olleyMeTTiK KayalThl KoHE
WHHOBAIMSIIBIK OMNANTBIH TYJFaHbl KAJIBINITACTHIPY
Ooneim TaObpmIaABl. OCBl TYPFBIAAH ajfaHma JeHe
TopOueci OimiM Oepy mpoleciHiH KOCAIKbl 3JIEMEHTI
emec, OUTiM SKOHOMHUKACHIH TAMBITYFa, WHHOBAITHSIIBIK
MEHEKMEHTTI KEeTUIIpyTe jKoHe OiiM Oepy KyieciH
TpaHcopManusIayFa bIKIaI eTeTiH MaHbI3IbI (PaKTop
peTiHie KapacThIpbLUIaIbL.

biniM sKkOHOMHWKAchIHIA HETI3T1 pecypc peTiHme
aJlaMH KaITuTall TaHbUIaAbl. IHHOBAIUSITBIK KbI3METTIH
TUIMZUIITT MEH KOFaMHBIH TYPaKTHl JaMybl aJaMHBIH
(hUBHKAIBIK XOHE MICUXOJIOTUSIIBIK CAyIJIBIFbIHA TIKETeH
toyenai. COHIBPIKTaH JKOFapbl OKY OpPBIHAApBIHIAFEI
JleHe TopOWeciHiH pelliH 3aMaHayd oJeyMETTiK-
HKOHOMUKAJIBIK YJIepiCTepMEH OalIaHbICThIpa 3ePTTEY
©3€eKT1 Macese OONbII TaObBLUIAEL.

Ocpiran  OaiimaHbICTBl  3€PTTEYAIH  MaKcaThl
JKOFapbl OKY OPBIHIAPBIHIAFI JeHE TOPOHECiHiH OlTiM
SKOHOMHUKACHI, HWHHOBAIMSUIBIK MEHE/DKMEHT KOHE
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OutiM Oepyai TpaHchopMaIUsIIay KYHECIHIErT OPHBIH
AHBIKTAY JKOHE OHBIH aJaMH KalUTAIIbl, KaKeTTi
KY3BIPETTEPl JKOHE TYPAKTHI JaMy KYHIBUIBIKTAPBIH

KaJIBIITACTBIPYAAFbl  QJICYETIH KapacThlpy  OOJIBII
TaOBLIAABL.

3epmmey OJIKbLIbIZBL. Korapsr OKY
OpBIHJAAPBIHAAFEl JiIeHEe TopOHeci ASCTYpii TypaAe
CTYICHTTEPJIH  JCHCAYJBLIFBIH  HBIFAUTY  JKOHE
(U3MKANBIK JaWBIHIBIFBIH APTTRIPY KYpajabl pETiHie
KapacThIPbLIAIbI. Anaiina OHBIH oiim
SKOHOMHUKACBIHJAFbl aJlaMH  KalWTalJbl JaMbITYFa,
VHHOBAIASUIBIK MEHEKMEHT YIIiH KaXeTTI
KY3BIpETTep/i  KajbINTacThIpyFa KoHE OuliM Oepy
KyHeciH TpaHcopmanmsiiayra — BIKOANBI  ©3apa

OaliyaHbICTa KapacThIPY/Abl KAXKET ETEIi.

Ocbl TyprbiaH aJFaHja JeHe TopOUECIHIH
(u3MKaIBIK  OCJICEHIUIIKIIEH FaHa IICKTEIMEHTIH
QIIEYMETTIK, KOTHMTHBTIK, KVHIBUIBIKTHIK  JKOHE

WHHOBAIVSUIBIK QJIEyeTiH KelIeHAl Typle KapacThipy
MaHbBI3ABL. byl 3epTTey neHe TopOuWeciHIH aTajfaH
OarpITTapMEH OalJIaHBICBIH JKYHeNley apKbUIbI OHBIH
Ka3ipri Korapbl OuTiM Oepy JXy#eciHJeri OpHBIH
HaKThIIayFa OarbITTaJIFaH.

Foinotmu  sicanansl.  3epTTEYIiH  FHUIBIMH
JKaHAJIBIFBI ~ JICHE  TOPOMECIHIH  JKOFaphl  OKY
OPBIHJIAPBIHJIAFEl JISCTYPIl CayBIKTBIPY KbI3METIHEH
KCHIpEK poJliH KapacThIpyMEH cHIaTTanangsl. JleHe
TopOmeci OUTiM IKOHOMHKACBHIHBIH HETI3T1 PecypChl
OONBINT  TAOBUIATBIH aJaMH  KalUTAJJBIH CalachlH

apTThIpyFa  BIKMAI ~ eTeTiH  (akTop  peTiHme
KapacThIPBUIIIBL.

CoHBIMEH  KaTap  CIIOPTTHIK  IC-OpEKETTiH
CTYJCHTTEPJIH  BIHTHIMAKTACTHIK, KOMMYHUKAIWS,
KpEaTHBTUTIK KOHE CBHIHM oimay cuakrel 4K
KY3BIPETTEpiH KaJIBIITaCTRIPyMEH OaitTaHBICH
AHBIKTaJIIbI. Jene TopOHeCiH A QPIBIK

TEXHOJIOTHSUIADMEH ~ YINTACTBIPYIBIH CTYAEHTTEpiH
WHHOBAIIMSUTBIK,  yIepicTepal KaObuimay KaOijeriHe
BIKITAJIBI 12 KApacTHIPBUIIBL.

3epTTey HoTIKeNepi HeHe TOpOMeciH MeHCaYIIbIK
MOJICHUETIH FaHa €MeC, OJIEYMETTIK KayarmKepIILTiK
TeH TYPaKTHI namy KYHIBUTBIKTapBIH
KaIlBIITACTBIPATEIH  OLTiM  Oepy Kypaibl peTiHze
KapacThIpyFa MYMKIHIK Oepe/ti.

9JIEBUET HIOJIYbI
Kasipri 6iim 6epy xyiieciHiH TpaHChOpMAIUACH
aJaMH KalMTAJbIH CallachlH apTThIpyFa XKoHE OuTiM
ANyIIBUIAPABIH KociOM FaHa eMec, OIIEyMETTIK JKoHe
TYIFAIIBIK KY3bIPETTEPiH AaMbITyFa OarbITTanFad. Ochl
yAepicTe neHe TopOmeci CTYIEHTTEPAIH (U3UKAIBIK

YKOHE TICUXOJOTHSJIBIK CayJIBIFBIH KaMTaMachl3 eTeTiH
MaHbI3bl KypaMaac 0eJlik peTiHae TaHbLIa bl
BiniM 3KkOHOMHUKAChIHIA HETI3T1 pecypc peTiHue

azaMm KallUTaJIbl  KapacThIPbUIAJIBL AnaMHBIH
(DMBHMKANIBIK JKOHE TICHXOJOTHSUIBIK JKaFJaibl OHBIH
WHTEJUICKTYaJIIbIK eHoOeK OHIMIIIITIHE,

WHHOBAIUSJIBIK KBI3METKE KATBICYbIHA JKOHE KOCiOU
QJNIeyeTiH JKy3ere achlpyblHa ocep erenmi. OcbliFaH
0aliNaHbICTBI JeHe OelceHALTiri OuTiM anylbuIapAbH
TAaHBIMJABIK JKOHE OJIEYMETTIK QJIeyeTiH JaMbITy
(hakTopapbIHbIH Oipi 0OJIBIN TaObLIAIBI.

Jlene TopOueCiHIH CTYACHTTEPIH KOTHUTHBTIK
KaOlleTTepiHe ocepi OHBIH €cTe cakray, 3eHiH KO
JKOHE aKmapaTThl OHJIEY YJepicTepiMeH OailylaHbIChIH
kopcereni. COHBIMEH KaTap TYpPakThl (HU3UKAIBIK
OCNCeHIUIIK  Ky#3elmic  JEHreWiH  TOMEHJETIll,
MICUXOJIOTUSJIBIK ~ TYPAKTBUIBIKTBI  KAJIBINITACTBIPYFa
MYMKIHJIIK Oepei.

CIHOPTTHIK iC-OpEKEeTTiH QJIEYyMETTIK dJeyeri Je
MaHpBI3[pl. Ocipece KOMaHJAIBIK CIHOPT Typliepi
BIHTBIMAKTACTBIK I€H KOMMYHHKAIUS JaFblIapbiH
KaJIBIITACTBIPBIN, CTYACHTTED apachlHla AJICYMETTIK
OaltmaHpICTApABIH JaMybIHA JKaFmail skacaiimpl. by
JarapuTap Ooamak KociOM KbI3METTE, FEUIBIMU JKOHE
KOCIIMKEepJITiK OacTaMasap Ikl )Ky3ere achlpyia MaHbBI3 BT
00J1BII TaOBLIAIEL.

Kasipri xe3eHae neHe TopOMeci MHHOBAIUSUIIBIK
TEXHOJIOTHUSUIADMEH JI¢ THIFBI3 OaiiaHpIcTa Jamyna.
durtHec-TpeKepiep,  cMapT-caraTrap, BUPTYaIJIbI
TpeHaXKepimap  koHe  OUPIBIK  IDIaTdhopMaap
(hm3UKaNBIK OENCeHIUTIKTI YHUBIMIACTHIPYIBIH JKaHa
MYMKIHIKTEepiH KaJIBIITaCTBIPAIbL. MyHnpait
TEXHOJIOTUSITAPIbI naianany CTYIICHTTEPIIH
IUGPIBIK  KY3BIPETTUTIKTEPIH ~ JaMbITyFa  JKOHE
WHHOBAaLIMSUIBIK ~ yAepicTepai KaOpuimay KaOimeTiH
apTTHIpYyFa BIKIMAJ €Te/i.

Ochlaifia, qeHe TopOueciH OLTIM PKOHOMMKACHI,
WHHOBAalIMSUTHIK ~MEHEIDKMEHT JKoHe OiuriM  Oepy
KYHECiHIH TpaHc(OpPMaIHSCH KOHTEKCTiH]Ie
KapacThIpy OHBIH Kazipri >kxorapel OiumiM Oepymeri
KEHEUTINTeH poliH alKpIHAayFa MYMKIHIIK Oeperi.

MATEPHUAJIJIAP MEH 9IICTEP

3eprTey OaphiChIHIa JA€HE TopOMeciHiH OiniM
OKOHOMHUKACHI, WHHOBALMSJIBIK MEHEIDKMEHT JKOHE
OiniM Gepymi TpaHcopManHsiIay KYHeciHIer OpHbIHA
TEOPHSUIBIK TaJay KYPTi3UIi.

3eprreyae  omebuerTepre — IIONy  JKacay,
CaNBICTRIPMAJBl  TaJIAy IKOHE OKyHeney omicrepi
KonaHbUInbl. Tanmay OapbIChIHIA JeHEe TopOHeciHiH
CTYJEHTTEPIiH KOTHUTHBTIK KaOirerTepiHe,
QJIEyMETTIK JaFbUIapbIHA, TICUXOJIOT USLITBIK
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TYPaKTBUIBIFBIHA XOHE KYHJBUIBIKTHIK OafFaapliapblHa
BIKITAJIBI KAPaCThIPBLIIBL.

3epTTey yII HErisri OarbIT OOWBIHINIA JKy3ere
ACBIPBLIIBL:

1. [lene TopOmeciHIH OLTiM 3KOHOMHMKACHIHIAFbI
aJlaMM KaIluTaJIIbl JaMBITYFa acepi;

2. VIHHOBAIMSUTBIK MEHEIKMEHT YIIIH KaXKeTTi
KY3BIPETTEPAl KANBINTACTHIPYJarkl JICHE TOpOHECiHiH
pei;

3. bimim Oepy xyiieciH TpaHchopmanusiay
JKarJaiblHAaFbl JICHE TOPOMECIHIH TOpOUENIK IKoHE
KYHIBUIBIKTBIK 9JICYETI.

Tanmay GapbIChIH/IA JIcHE TOPOUECIHIH (PU3NKAITBIK
OCJICeHIUTIKIIEH KaTap CTYISHTTEPAiH oJEYyMETTIK,
KOTHUTUBTIK  JKOHE  HWHHOBAIUSJIBIK  QJICYeTiH
KaJIBIITACTBIPYIAFbl MYMKIHJIIKTEP1 KApaCTHIPHULIBL.

HOTUXKEJIEP )KOHE TAJIKBIJIAY
3eprTey HOTHXKENepi JieHe TOpOMECiHIH TYpaKThl
JaMyJIbIH HErisri OarbITTapbIMEH THIFbI3 OailJIaHBICTHI
€KEeHIH KOpCETTI.

Bipiamrigen, JieHe TopbOmeci OliM
O3KOHOMMKACBIHBIH 0acTel PECYPChI OOJBIN CaHAJIATHIH
aJlaMi KaluTaJJIbIH CallachlH apTThIPYFa BIKIAN eTell.
TypakTs! Hpu3uKaIBIK OCICEHIUTIK CTYICHTTEPIIH eCTe
caktay KaOUleTiH, 3¢HiHIH JXOHE aKmapaTThl OHICY
KBUTIAMJIBIFBIH KAKCAPTAIbI.

Exinmigen, meHe TopOMeci HWHHOBAITUSIIBIK
MEHEDKMEHT YIIIH MaHBI3NIBI OONBIT TaObIIaThiH 4K
KY3BIpETTepiH JaMbITyFa BIKIANT eTeIl.

CHopTTHIK ic-opeker OapbIChIHIA
BIHTBIMAKTACTBIK, KPEATHBTUIIK, KOMMYHHKAIIUS JKOHE
CBIHM OiJIay Jarapuiapbl KaimbinTacaabl. KomaHaambik
e3apa opeKeT CTyAEHTTepAiH Oipiecim mremrimM
KaObUTAaybIHA, €3apa OalaHBIC OpHATYBIHA >KOHE
OpTaK MaKcaTKa JKeTyiHe MYMKIHJIIK Oeperi.

CoHbIMEH KaTap (uTHec-Tpekepiiep, CcMaprt-
caraTTap, BUPTYyaJJibl TpPEHaKepiap >KoHEe MUQPIIBIK
miatopManap CUSKTHI 3aMaHAyHd TEXHOJOTHSIIAP/IbI

maifamaHy  JeHe  TopOHeciH WHHOBAIHSITBIK
yaepicTepMeH 0ailIaHBICTHIPAIBI. By
TEXHOJIOTHSITAPIbI KOJIJTaHy CTYIIGHTTEPIiH

WHHOBAIIMSIIBIK,  yAepicTepal  KaObuimay KaOineTiH
apTTHIPHIT, THQPIBIK KY3BIPETTUIIKTEPIH JaMBITyFa
MYMKIHIK Oeperi.

CoHbIMEH KaTap CIIOPTTHIK KATTHIFyJap KYH3eic
JleHreiiin TOMEHIETII, IICUXOJIOTHUSIIBIK
TYPaKTBUIBIKTBI KaMTamachi3 erei. DUu3nKasbiK jKoHe
IICUXOJIOTUSIIBIK, TYPFBIIaH cay CTYACHTTEP
WHTEIUICKTYANIBIK ~€HOEK OHIMJUITIHIH  KOFaphl

JICHTCifiIH KaMTaMachI3 €Till, ”HHOBAIMSJIBIK KbI3METKE
OesceHal KaThbica anapl.

KoMaHpmanelk  CHopT — TYpiepi  CTYISHTTEp
apaceIHjia QJICYMETTIK OaitlaHbBICTAP IBIH
KaJbINTacyblHA MYMKIHAIK Oepeni. MyHpaaii opta
BIHTBIMAKTACTBIKTBI JaMBbITBHIII, 6OJ'IaHIaKTa FbIJIbIMHN
JKOHE KOCIMKEpIIiK Oacramanap/blH Makjga OoiybIHA
JKarmay sxacamabl.

YwiHorigeH, ngeHe TopOueci Oimim - Oepyni
TpaHchoOpMalusiay MIHICTTEpiH IKy3ere achlpyra
kemekTeceni. Oy CTYHEHTTEpHiH  JCHCAYJIBIK
MOJICHHETIH KaJBIITACTBIPHII, cajayaTThl OMIp CalThIH
¥CTaHnyra bIHTaJIaHAbIPpAaAbI.

OU3NKAIBIK OenceHniTiKKe TYPaKThI
KBI3BIFYIIBIIBIK ©MIp OOHbI OUTIM any KaruJaThiH
KoJijayFa MYMKIHIiK Oepemi, ce0eOi ajaMHBIH

TAaHBIMJIBIK JKOHE OJHEPIeTHKAIBIK OJIEYeTIH Y3aK
Mep3iM OOMBI caKTayFa JKarmaal xKacaiipl.

CoHbIMEH KaTap TaOWFaT asChIHIAFbl CIOPTTHIK
ic-mapanap  SKOJOTHSUIBIK — KAayarnKepimliK — TeH
TYPaKThl JlaMy KYHIBUIBIKTAPhIH KaJIBIITACTHIPAIbI.
Ochl apKpuIBl JIeHE TOpOHMECi CTYACHTTEPIIH JKEKe
JICHCAYJIBIFBIMEH KaTap OJNap/blH JJIEyMETTIK JKOHE
SKOJOTHSIIBIK ~ JKAyaIKepIIUTIriH ~ JaMBITYFa  BIKIAI
erei.

AJBIHFaH HOTIDKETIEp ACHE TOPOUECiHIH 3aMaHayH
JKOFapel OUTiM Oepy JKyHeciHmeri KpI3METi IOCTypili
CayBIKTBIPY MIHJIETTEPIMCH IIEeKTeIMEHTIHIH
kepceremi. O OUTIM SKOHOMHUKACHIHBIH TaJlallTaphIHA
JKayarm OeperiH Oacekere KaOuTeTTi MamaHIapabl
JasipIayIbIH MaHBI3AbI KYPaJbl OOIBIT TaOBIIaIbI.

OU3NKaIBIK JK9HE TICUXOIOTHSUIIBIK TYPFBIIAH cay
CTYIEHTTED WHTEUIEKTYyaABIK EeHOeK OHIMILTITiHIH
JKOFapel  JCHTEHiH  KaMTaMachl3  €Teli  JKOHE
WHHOBaIIMSUTBIK KBI3METKE OENICeHl KaThica ajajbl.
CoHBIMEH KaTap CHOPTTHIK OpTaga KaJbIITacaThIH
QJIEyMETTIK JKoHEe KOMMYHUKATHBTIK JaFAbLIap Kazipri
eHOeK HapBIFBIHA JKOFaphl CYpaHbICKA He.

ene TopOueciHiy MHHOBAIHSIIBIK
TEXHOIIOTHSUIAPMEH YINTacybl OuTiM Oepy yIepiciHiy
THIMAUIITIH ~ apTTBIPBIN, CTYACHTTEPAIH IHQPPIBIK
KY3BIPETTUTIKTEPiH JaMbITyFa MyMKIHAIK Oepemi. Ochl
TYpPFBIJIAH allfaHna JieHe TopOueci YHUBEPCHUTETTIH
JKAJTITBI oitim oepy OopTachlHaH Oeex
KapacTBIPBUIATHIH OaFrblT €MeC, OHBIH JIEyMETTIK,
WHHOBAIUSIIBIK JKOHE TOpOHMENiK MiHJIETTepiMeH e3apa
OaitaHBICTHI KypaM/ac 0eJIiri peTinae KapacThlPhUIYBI
THIC.

Ocpinaiima, >KoFapsl OKY OpBIHAAPHIHIIAFHI JCHE
TopOueci  TypakThl JamMy MakcaTTapblHA  KOJ
JKETKI3y/IiH MaHBI3bl TETiri OOMNBIN TaOBLIABI JKOHE

112



Kapazanowr memnexemmix undycmpusiivlx yHueepcumeminiy xaoapuvicol. Ne2(53), 20260xc.

OLTIM SKOHOMHMKACHEI MEH WHHOBaIUAJIBIK KOFaMHBIH
KaJIbIIITaCyblHA eJ'IeyJ'Ii YJIEC KOCAa/bl.

KOPBITBIH/IbI

Hdene TtopOueci TypakThl gaMy YVUIH OuTiM
OepyliH MaHBI3/IbI Kypamiac 0etiri OOJIbIN TaOblIa b,
3eprTey  HOTWXKeIepi  OHBIH ~ JKOFAphl  OKY
OPBIHIAPBIHIAFBl  JOCTYPIi  (PUBHKAIBIK TAfbIHIBIK
MIiHACTTEpIHEH KEHIpeK KbI3MET  aTKapaThIHBIH
KOpCeTTi.

Jene TopOueci O11iM YKOHOMHUKACHI YIIIiH KaXKETTi
camajgbpl  aJaMH  KamuTajabl  KaJbIITACTHIPYFa,
CTYJCHTTEPJIH KOTHUTHUBTIK JXOHE TICUXOIOTHSIIBIK
QJICYETIH JJAMBITYFa BIKIIAJ €TEII.

CoHbIMeH Kartap CTIOPTTHIK ic-apeker
WHHOBAIMSUTBIK MEHEDKMEHTKE KaXeTTi
BIHTBIMAKTACTHIK, KPEATUBTUIIK, KOMMYHHKAIIUS JKOHE
CBIHM OWJIay CHSIKTBHI JKYMCAK MaFbLIap/ibl JaMbITYFa
JKarmai xkacamabl.

Jllene  TopOmeci  JeHCAyJbIK  MOJCHMETIH,
QNIEYMETTIK JKayaInKepIIUTIKTI JKOHE TYPAaKThl JaMy
KYHJIBUIBIKTAPbIH  KAJBIITACTBIPYFa  BIKHAT  €Tel.
LndpibIK TeXHOTOTHSIIAP/bI ICHE TopOUeci yaepiciHe
€HT13y OHBIH OuTiM Oepy xykeciH TpaHchopmarusiay
QJIEyeTiH apTTHIpaIbL.

CoHOBIKTaH 3aMaHayW YHUBEPCHTETTET1 JICHE
TopOueci Kadeapachl CTYASHTTEPAIH (QU3HUKAIBIK
JAWBIHIBIFBIH KAMTAMACHI3 €TETIH KYPBIJIbIM FaHa eMec,
TYpPaKThl OMIp CalThl MOJICHHETIH KaJbIITACTHIPATHIH
KOHE HWHHOBAIMSUIBIK KOFAMHBIH JIAMyblHA BIKIIAT
eTeTiH MaHBI3ABl OimiM Oepy OpTalbIFBl  peTiHIe
KapacTBIPBUTYHI THIC.

MY IJIEJEP KAKTBIFBICHI
«ABTOpJIap Myjielep KAKTBHIFBICHIHBIH KOK
eKeHiH MaJaiMaenai».

ABTOP/IbIH YJIECI
3eprTeyain TYKBIPBIM/IAMaChIH azipIey,
MaTepuaiapasl Tanaay, HOTHKENep/i Kyieney koHe

MaKajlaHbl JIalbIHAAy aBTOp TapallblHAH JKY3€ere
achIpbUINBI. ABTOpP MaKaJIaHBIH COHFBl HYCKACHIH
MaKyJIIa]ibl.

KAPXBIUIIAH/JIBIPY

3epTTeyal  KapXKbUIAHABIPY Typajibl —akKmapat
YCBIHBIJIMaraH.

AJIFBIC

ABTOp 3€epTTEYi KYPri3yre KoHe MaKajIaHbl
JalibIH/IayFa YiIeC KOCKaH TYJIFaiapFa ajiFbiC
oinmipesi.

ABTOpPJBIK KYKbBIK © 2026 aBTop(aap)ra
THecimi. by makana Creative Commons Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0)
JIMIEH3UACHI OOWBIHINA aIIbIK KOJDKETIMIl OOJIBII
TaObUTA Bl JIMIIEH3HS TYITHYCKa CHOCKKE THICTI Typae
ciiTemMe jKacalFaH JKarmaiiia, Ke3 KenreH opTajaa
naiilananyra, TapaTyFa »XoHE KailTa kapusiayra
pykcat  Oepexmi. TyeIHOBI  MaTepuaigap  OCHI
JUTICH3USHBIH 9] OCBIHAAN MapTTaphIMEH TapaThLTYBI
THIC.
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Abstract — This paper examines the theoretical and practical aspects of the isolation and purification of betulin, a natural
pentacyclic triterpenoid compound with a wide range of biological activity. A comprehensive analysis of literature and patent
sources devoted to the chemical properties of betulin, its pharmacological effects and methods of obtaining from plant raw
materials has been carried out. Special attention is paid to the characteristics of the raw material base, including birch bark as
the main source of betulin, as well as waste from the woodworking industry. Modern extraction methods such as classical
extraction with organic solvents, supercritical fluid extraction, ultrasonic and microwave extractions are considered, with an
analysis of their advantages and disadvantages. The experimental part implements a laboratory technology for the production
of betulin using n-hexane as an extractant, including the stages of raw material preparation, extraction, evaporation,
purification by recrystallization and drying. The results obtained confirm the effectiveness of the chosen method and its
applicability in laboratory conditions. It is shown that the proposed technology ensures the production of high purity betulin
and can serve as the basis for the development of an industrial process.
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Ab6cmpakm — by xyMpicTa OeTyIWHII - OHONOTHSIBIK OCJCEHAUTIKTIH KEH CHEeKTpiHe He TaOWFH TCeHTAIMKIII
TPUTEPIICHOUITH KOCBUIBICTBI OKINAYJIay MEH Ta3apTYAbIH TEOPHSUIBIK YKOHE MPAKTHKAIBIK ACHEKTiIEepi KapaCThIPUIFaH.
BerynuHHIH XUMUSIBIK KacHeTTepiHe, OHBIH (hapMaKOIOTHSIIBIK dcepiepiHe jkoHe OCIMIIK MMKi3aThIHAH ay dIicTepiHe
apHaJFaH o/1e0U JKOHE TMATEHTTIK Ko3Aepre KeIleH Al Talaay Kyprizinai. beTynuHHIH Heri3ri ke3i peTiHne KalblH KaOBIFbIH,
COHJAI-aK aFrall eHAeY ©OHEpKOCiOiHIH KaJAbIKTaphlH KOca aifaHfa, IIWKI3aT 0a3achlH CHIATTayFa epeKile Haszap
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aymapbutaabl. KilaccMKasblK OpraHMKaNbIK epiTKIIITEepIi 3KCTPaKIMsIay, CYMEPKPHUTHKANBIK CYHBIKTHIK AKCTPAKIHACHI,
YIBTPANBIOBICTHIK  JKOHE MUKPOTOJNKBIHIABI OKCTPAKIMsIap CHSKTBI 3aMaHayl OKCTPAKLIUS —OJicTepi  OnapIblH
apTHIKIIBIIBIKTAPEl MEH KEMIIUTIKTEPIH Tajlail OTHIPBIN KapacThIPbUIaIbl. DKCIIEPUMEHTTIK OeJliMe INKI3aTThl JaibIH/AY,
SKCTpaKnusiay, OyJaHaplpy, KalTa KpUCTAIIAHABIPY KOHE KENTipy 9IiCiMEH Ta3apTy Ke3eHJEepiH KaMTHTBHIH 3KCTPareHT
peTiHzie H-TeKcaHAbl NalajaHa OTBHIPHI, OCTYJIMH allyAblH 3epTXaHAIbIK TEXHOJOTMSCH iCKe achIpbULAbL. HoTmxenep
TaHJQJIFaH 9MICTIH THUIMAUITIH KOHE OHBIH 3€PTXaHAJBIK JKaFJaia KOJJAHBUIYbIH pacTaiiiibl. ¥CHIHBUIFAH TEXHOJOTHS
OCTYJIHHHIH >KOFaphI Ta3aJIbIFBIH KAMTAMACHI3 €TeIl )KOHE OHEPKACIITIK MPOIIECT] TaMBITyFa Heri3 0oJia aiajbl.

Kinm co30ep — GerynuH, KaiblH KaOBIFbI, KCTPAKIHS, TPUTEPIIEHOUATAD, OMOIOTUSIIBIK OSJICEeHIUTIK, KaliTa KpucTalaaHy,
OCIMJIIK IIHKI3aThl, (papMalleBTHKAIBIK TEXHOJIOTHS, Ta3apTy.

N3YUYEHUE TEXHOJIOI'MHU BBIAEJEHUS, OUUCTKHU, A TAKKE BJIIUSIHUS
METOJ0B OBPABOTKHU ChIPbSI HA BBIXO/] BETYJMUHA U3 KOPbI BEPE3bI
MMOBUCJION
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Annomayus — B Hacrosuiedl paboTe pacCMOTPEHBI TEOPETUYECKHE M IPAKTUYECKHE ACICKTHI BBIACICHUS M OYHCTKH
OeTynuHa - MPUPOJHOrO IMEHTALMKIHICCKOTO0 TPHUTEPICHOMIHOIO COCOMHCHHMS, OOJaJaioIIero LIMPOKHM CIEKTPOM
OMOIOrHYecKoii akTUBHOCTH. IIpoBeieH KOMIUICKCHBIN aHAIN3 JIMTEPATYPHBIX M MATEHTHBIX HCTOYHHKOB, HMOCBSIIEHHBIX
XMMHYECKUM CBOWCTBaM OeryiuHa, ero ¢apmakonoruueckuM 3hdexTaM u MeToJaM MOMy4eHHUs U3 PACTHTEIBHOTO ChIPBSL.
Oco00e BHUMaHHUE Y/ICICHO XapaKTePUCTUKE CBIPBEBOM 0a3bl, BKIIOUast GepecTy Kak OCHOBHOI HCTOYHHK OCTYIIHHA, a TAKKe
OTXOMBI JIepeBOOOPAOATHIBAIOIICH MPOMBIIUICHHOCTH. PaccMOTPEHBI COBPEMEHHBIC METObI JKCTPAKLHMH, TaKWe Kak
KITACCHYECKas IKCTPAKLHUS OPTaHMICCKUMH PACTBOPHTEISIMHU, CyEPKPUTHYCCKast (QIIIOMAHAS SKCTPAKIMS, YIAbTPa3BYKOBas
U MHKPOBOJTHOBAs SKCTPAKIMH, C AaHAIM30M HX IPEHMYIIECTB U HEAOCTATKOB. B SKCHIEPUMEHTANBHON YacTH peai30BaHa
7abopaTopHasl TEXHOJOIHs MONYYCHHUs: OSTyIHHA C HCIOIb30BAHHEM H-TEKCaHAa B KAUeCTBE DKCTPAreHTa, BKITIOYAOIIAs
CTaJUy HOATOTOBKU CHIPbs, IKCTPAKIUH, YIIAPUBAHHS, OYHUCTKA METOLOM IIEPeKPUCTAUIM3AUNK U CyuKd. IloaydeHHbIe
pe3ynbTaThl HOATBEPKOAIOT d(P(HEKTUBHOCT BHIOPAHHOIO METOAA M €r0 NPUMEHHMOCTh B Ja0OPAaTOPHBIX YCIOBHSIX.
IToka3zaHo, 4TO MPEIJIOKCHHAS] TEXHONOIWs OOECIEUMBACT IONydeHHE OCTYIMHA BBICOKOW CTEMEHH YHUCTOTBI U MOMKET
CITY)KHTB OCHOBO#I JJIs1 pa3pabOTKy MPOMBILIICHHOrO IPOLECcca.

Knrouesvie cnosa — Gerymus, Gepecra, IKCTPAKINS, TPHUTSPIICHOUIBI, OHOIOTHYECKasi aKTHBHOCTb, EPEKPHCTAILTH3ALIS,
pacTUTesIbHOe CHIPBE, (hapMAaleBTUYECKAsT TEXHOIOT U, OUHCTKA.

OCHOBHBIE ITOJIOKEHU A [Ipumenenue ceKTpohOTOMETPUIECKOT0 METOAA
[IpoBenénnoe uccinenoBaHue MOATBEPAMUIIO, YTO  OOECIICUUBAET BBICOKYIO YYBCTBHUTEIIBHOCTD,
Oepé3oBas kopa siBisieTcs 3 PEKTUBHBIM HCTOUHUKOM  BOCIPOM3BOAUMOCTh  PE3YJIbTaTOB M IIO3BOJISAET
OerynuHa. 3¢ (HEeKTUBHO KOHTPOJIMPOBATH MPOIECC BBIACICHUS U
[IpensaputensHoe LIEJI0YHOE paspylleHne  OYUCTKU OeTyJIHHA U3 KOPbI OepéE3bl.
cyOepHHOBOI1 MaTpHIIbI B COYETaHUU c
YIBTPa3ByKOBOM KaBUTALMEH YBEIMYWIO BBIXOX BBEJEHUE
nenesoro Bemecta 10 24,5%. B mnocnemnue  mecaruiierus  HaOMromaercs
[Ipouecc mepekpucramaM3alMd M3 STaHONA  yCTOWYMBBIA  POCT  MHTEpeca K  NPHUPOAHBIM
MO3BOJINII M30aBUTHCS OT JIyIeosa U APYTUX NpuMecei,  Ouojoruyecku AKTHBHBIM COEIMHEHUSIM,
o0ecrieunB BBICOKYIO YUCTOTY NMPOAYKTA. o0sagaommm HINPOKUM CIIEKTPOM
(dapmakonorndeckux cBoiictB. OIHUM M3 Takux
COCIMHEHUH sBJsieTCS OeTyIMH — TNPUPOIHBINA
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MEHTAUKINYECKIU TPUTEPIICHOU ], OTHOCSIIUICS K
TpyIme JyHaHoBBIX coemuHeHWd. OH  MIHPOKO
pacmpocTpaHéH B PacTHTENFHOM MHpE, OJHAKO
HanOoJblllee €ro colepKaHue OTMeuYaercs B Kope
0epésnl, 0cOOEHHO B €€ HapyKHOM clioe — Oepecre.

Berynun npuBnexaer BHUMaHUE HCCIeq0BaTENCH
Onmaromapss CBOMM  BBIPaXCHHBIM  OHMOJOTHYECKUM
s dexram. MHOro4HCIICHHBIC UCCIICIIOBAHHUS
MoKa3alli, 4YTO OH 00JaJaer NPOTHBOBUPYCHOM,
MPOTUBOOIYX OJIEBO, MIPOTUBOBOCHATIUTEIBHOM,
renaTonpoTeKTOPHON 51 AHTHUOKCUJAAHTHOMN
AKTHBHOCTBIO. Ot CBOICTBa 00YCITOBIICHBI
OCOOCHHOCTSIMH €0  XUMHYECKOH  CTPYKTYPHI,
CIOCOOHOM  B3aMMOJICHCTBOBATH C  KJIETOYHBIMU
MeMmOpaHamu, pepMeHTaMu U PElEenTOpamMHu, B Ha
pa3iu4yHble OMOXMMHYECKHE MPOIECCHl B OpraHU3ME.

AKTyaqpHOCTh JTaHHOM paboThl 00yCJIOBJICHA
HEOOXOJMMOCTBIO  pa3palboTKH  IPQEKTUBHBIX H
HSKOHOMHYECKHU 1eNIeCO00Pa3HBIX METOJIOB TIONTYYEHHUSI
OeTyJMHa W3 JIOCTYITHOTO PACTHUTENBHOIO ChIpbi. B
YCIIOBUSIX COBPEMEHHOHM IMPOMBIIIIEHHOCTH 0cofoe
3HaYeHHE TMpHoOperaer  mepepaboTKa  OTXOIIOB
JIepeBO0OpadaThIBAIONICH TPOMBIIICHHOCTH, TaKUX
KaKk Oepé3oBas Kopa, KoTopasi 4YacTo ocTaéres
HeBOCTpeOOBaHHOW. lcnonb3oBaHUE JaHHOTO CHIPHS
MTO3BOJISIET HE TOJIBKO TMONyYaTh IIEHHbIE XMMHYECKHE
COCIMHEHNS, HO ¥ CHI)KATh IKOJIOTHUECKYIO Harpy3Ky.

Iensro HACTOSIIIeH paboThl SIBJISIETCSA
WCCIIEIOBAHNE TEXHOIOTWH BBIICNEHUS M OYHCTKH
OeTynmnHAa METONOM DOKCTPAKIMH, a TaKKe OLEHKa
3(PeKTUBHOCTH BRIOPAHHOT'O METOA B TAOOPATOPHBIX
YCIOBHSIX.

Jns  mocTwKeHHsl IIOCTaBIIGHHOM IENHM  ObLIN
chOopMyITHPOBAHBI CIEAYIONIHE 3a/1a4H:

* aHANTK3 JTUTEPATYPHBIX JAHHBIX TIO CBOMCTBAM H
MIPUMEHEHHIO OeTyIiHa;

* W3yYEeHHE WCTOYHHKOB CBHIPhSI U METOMIOB €ro
epepadoTKy;

* MCCIIEIOBAHNE METO/IOB IKCTPAKIIUN U OYHCTKH;

* MPOBEACHUE IKCIEPUMEHTAIHFHOTO TOTYYSHHS
OerynuHa;

* OIGHKAa KauecTBa M BHIXOJMAa KOHEYHOTO
MIPOAYKTA.

Ilpooen 6 uccnedoeanuu. HecmoTpsl Ha Hanu4ue
Pa3TUYHBIX METOMIOB BBIJIENICHUS OCTYIMHA, MHOTHE U3
HUX XapaKTepU3yTCSd BBICOKOH  3aTpaTHOCTHIO,
CIIO)KHOCTBIO ~ TE€XHOIIOTMYECKOr0  TpoIecca  WIn
WCIIONb30BaHNEM TOKCHYHBIX pacTBOpuTeNeil. B cBszu
C 3THM TpeOyeTcs TOWUCK ONTHMAIBHBIX YCIOBHUI
AKCTPAKIIMA ¥ OYUCTKH, OOECIIEYMBAIONINX BBICOKUIN
BBIXOJI M YHCTOTY MIPOAYKTA.

CyIIecTBYIOT pa3ivYHbIC METOABI H3BIICUCHUS
OcrynuHa, OTIMYamuecs 10 3PQPEKTUBHOCTH U
CIIOKHOCTH peanu3anuu. Kaxaplii 13 METoj0B HMEeT
CBOM TIPEUMYIIECTBA M OrPaHUYCHUS, OJTHAKO IS
7a00paTOPHBIX YCIOBUM HamOonee IerecooOpa3HbiM
SIBIISICTCS KITACCUUECKUM METO/I.

Ilocne SKCTpaknMM  TMOJYYEHHBIA  MPOIYKT
COJICPIKUT TIPUMECH, TIOITOMY TPEOYeTCs €ro OUUCTKA.
Haubonee noctynHeiM U 3(QQEKTUBHBIM METOJOM
SIBJISIETCS MepEeKPUCTAIIH3AIHS, MMO3BOJISIONIAs
MOJIYYUTh MPOJYKT BHICOKOM CTEIIEHH YHUCTOTHI.

Hayunasn Hogusna. DKCIIePUMEHTAIBHO
YCTAHOBJICHO, YTO 3(P(HEKTUBHOCTh TEXHOJIOTUU
3aBUCHT OT CHHEPIrEeTHMYECKOro JEHCTBUS METOMOB
MOJITOTOBKH U SKCTPAKIIHH.

Jns  oObEKTUBHOW  OIEHKH  KaXXJI0ro M3
MIPUMEHSEMBIX IMOX0/I0B HaMH OBUTH
MPOaHAJIM3UPOBAHBI TPU KITFOUEBBIX MTapaMeTpa: oommas
MPOAOIDKUTEILHOCTh  MPOLIecca,  KOJUYECTBEHHBIN

BBIXOJ] OeTynuHa-chlplia W (HUHAJIbHAS CTEICHb
YUCTOTBI ~ IPOAYKTa  IIOCIIE  3Tama  ropsyei
MEPEKPUCTAIUTH3ALIHH.

Bce ucnbiTanus MPOBOMITUCH C UCIIONIE30BAHUEM
CTaHJAPTH3UPOBAHHBIX HABECOK ChIpbs (ppakmus 1-3

MM), UYTO TIO3BOJIMJIO CBECTH K MHHHUMYMY
CTaTHCTUYECKYIO TIOTPEUTHOCTD.

[IpenBapuTtensHOE  IMIENOYHOE  pa3pyllIeHHE
cyOeprHOBOH MaTpPHIIBI B COYETaHUU c
YIBTPa3BYKOBOM  KaBUTAllUEW YBEIUYUIO BBIXO]
meneBoro  BemecTBa A0 24,5%. IIpouecc
MEepeKpUCTaUIN3allMd W3~ JTaHONa  TO3BOJIHI

M30aBUTBCS OT JIyleola ¥ JAPYTUX TPUMeEcew,
00eCTeunB BBICOKYIO YHCTOTY MPOAYKTA.

Ilony4yenHslii mocne CYIIKH LENEBOM MNPOAYKT
MpeACTaBIseT co0oit MEITKOKPHUCTAJIITUYECKUI
MOPOIIIOK OT OENoro A0 CBETJIO-KPEMOBOTO I[BETa, HE
HMMEIOLIUI BBIPAaYKEHHOI0 3amnaxa. BusyanbHas oLieHKa
MTOJITBEPKIAAET (hopmupoBaHue XapaKTepHBIX
WUTOJNBYATHIX KPUCTAIUIOB, YTO CBHJIETEIBCTBYET O
BBICOKOM  cTemeHn wu30aBleHus OT aMOp(HBIX
CMOJIMCTBIX TTPAUMECEH W JTUITHIOB.

OB30P JIMTEPATYPbI
berymuun mpencraBmser coboii  opraHmYeckoe
coenunenne ¢ ¢opmynoi CsoHsoO2, oTHOCsmIEecs K
KJaccy  TpUTeprneHouaoB. Ero  monekymspHas
CTPYKTypa BKJIIOYAET HMEHTALMKINYECKOE YIIIEPOAHOE
AP0, COCTOALIEE W3 YETHIPEX LMKIONEKCAHOBBIX H

OJHOTO LHMKJIONEHTAaHOBOIO  KOJbIA, a TakKxke
(yHKUMOHANBHBIE TPYIIBl — THIPOKCUJIbHBIE H
AJIKCHOBBIE.
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XuMHUUYecKie CBOCTBa OeTynnHa OOYCIOBJIECHBI
HAJIMYHEM PEaKUMOHHOCTIOCOOHBIX (PYHKIMOHAIBHBIX

rpynn. [ 'MApOKCHIIBHBIE TPYINBI  y4acTBYIOT B
peakuusx  STepUPHUKALWH,  ALCTHWIMPOBAHUA U
OKHMCIIGHMs, a JBOMHas CBSI3b — B peaKUuAX

TUIPUPOBaHUA U LUKIM3auuu. biarogaps »Tum
CBOWMCTBaM OCTYJIMH IIMPOKO MCIIONB3YETCS Kak
HCXOTHOE BEIIECTBO JUISI CHHTE3a ITPOM3BOTHBIX
COEIMHEHUH C yMyYIIeHHBIMH (PapMaKOIOTHYeCKUMU
XapaKTepUCTUKAMHU.

buonornueckas AKTUBHOCTh
MPOABJIACTCA B PA3JIMYHBIX HAIIPABJIICHUAX !

e [IporuBoBHpYyCHAsI aKTUBHOCTb. beTynuH u ero
MIPOU3BOHBIE CIIOCOOHBI MHTUOMPOBATH PEILINKALIUIO
BHUPYCOB, BKJIIOUasi BUPYC IMMYHOJIC(HIINTA YEIOBEKa,
TPHIIIA U repieca.

e [IporuBoomyxoneBoe aeiictBue. CoenruHeHHe
HHAYIUPYET amlonToO3 B OIYXOJEBBIX  KIIETKaX,
Hapyimasd MUTOXOHAPHAJIBHBIC ITPOUECCHI U AKTUBUPYSL
Kacla3HbIi Kacka/l.

o HpOTI/IBOBOCHaHI/ITCHI)HaSI AKTUBHOCTB.
BermeH CHMXKACT YPOBEHb MEAUATOPOB BOCIIAJICHUA,
IIoaaBJIsIsi AKTHBHOCTD @epMeHTOB U CHUT'HAJIbHBIX
IIyTEH.

e ['emaTtonmpoTekTopHOE JIeiCTBUE. On
3aIIMIIAET  KJIETKM I€4EHH OT  TOKCHYECKHX
BO3JICHCTBUNA, CHWXAas YpPOBEHb OKHUCIHUTEIBHOIO
cTpecca.

o  AHTHOKCHUIAHTHBIC CBOMCTBA. berynun
3 PeKTUBHO HEHUTpaym3yeT CBOOOMHBIC PaTUKAIIBI,
MpenoTBpaIlasi HOBPEXKACHHUE KIIETOUHBIX CTPYKTYP.

OerynuHa

Takum  oOpa3oM, codeTaHHE  XHUMHYCCKOM
AKTHBHOCTH M OMOJIOTHYecKOi 3P (HEKTHBHOCTH JeIacT
OerynuH MepCIEeKTUBHBIM 00BEKTOM

(hapMarieBTHYECKIX MCCIIEOBAHUM.

OCHOBHBIM HCTOYHHKOM O€TyJHHA SIBJISIETCS KOpa
Oepé3pl moBHCIONn. Ero comep:kanue B Oepecte MOXKET
nocturath 30% u Gomee, 4yTO HeNaeT NAaHHOE CHIPHE

HauOonee  BBITOJHBIM  JUI  NPOMBIIUICHHOTO
UCTIOIIb30BAHUS.

[Tomumo GepecTsl, OETYIHH MOXKET OBITh ITOTyYEH
u3:

* TUCTHEB U TIOYEK OepE3bl;

* KOPBI IPYTHX JIMCTBEHHBIX TIOPOJ;

. OTXOJIOB nepeBooOpadaThIBaroIIeH
MPOMBIIIIEHHOCTH.

Ocobyr0 IEHHOCTb  NPEACTAaBIAIOT  HMMEHHO
OTXOJIbl, TaKHe KaK KOpa, OMMJKH W LIena, KOTOphle
MOT'YT CIYXXHMTbh JOCTYIHBIM U JIEEBBIM ChIpbEM. MX
nepepaboTKa CHocoOCTBYET palroHaIbHOMY
WCTIOJIB30BAHHUIO MPUPOAHBIX PECYPCOB M Pa3BUTHIO
9KOJIOTUYECKH OpHEHTHUPOBAHHBIX TEXHOJIOTHH.

CylecTBYIOT pa3IUdHbIe METOABI H3BJICUCHHUS
OerynuHa, oTiauyaromuecss M0 3(QQEKTUBHOCTH H
CIIOKHOCTH PeaTH3alnu.

Krnaccuyeckass ~ oKcTpakuus ~— OCHOBaHa  Ha
pacTBopeHun OeTynuHa B OpTaHMYECKUX
pacTBOpUTENsIX. OTOT METOA sIBIsIeTcss HamOolee
pacnpocTpaHEHHBIM OJjlarojaps CBOSH NPOCTOTE H
JOCTYIHOCTH.

CynepkpuTrueckas IKCTPAKIUS c
ucnoip3zoBanueM CO: MO3BONSET MOMy4YaTh MPOTYKT
BBICOKOH YHMCTOTHI 0€3 OCTATOYHBIX PacTBOPUTENEH,
OJTHaKO TpeOyeT CIOKHOT0 000pYyJ0BaHUSI.

YbTpa3ByKoBasi SKCTPAKIHs YCKOPSET MpoIllecc
3a CUET Pa3pYLIEHUS KIETOYHBIX CTPYKTYP.

MUKpOBOJNIHOBAasE ~ 3KCTpaKmus  obecriednBaeT
OBICTPBIi  HAarpeB ¥  BBICOKYIO A((HEeKTHBHOCTH
W3BJICYCHUSI.

Kasxplii 13 METOJIOB UMEET CBOM MPEUMYIIECTBA
W OTPaHWYEHHS], OTHAKO Ui JaOOpaTOPHBIX YCIOBHUI
Hanbosee 1eeco00pa3HbIM SBIISETCS KIACCHICCKUI
METO/I.

Ilocie  »kcTpakuMu  MOJYYEHHBIH  IPOAYKT
COJICPIKUT TIPUMECH, TIOITOMY TpeOyeTcsl ero O4MCTKA.
OCHOBHBIMU METOJaMU ABIAIOTCA:

* IePEKPUCTAILTU3AINS;

* xpomaTorpadus;

* yaaneHue JUIMOQUIbHBIX TPUMECEH.

Hawnbonee moctymHbM 1 3(()EKTHBHBEIM METOIOM
SBIISICTCA MepeKPUCTAIITHIALHS, TTO3BOJISIOMIAS
MOJYYHUTh MPOAYKT BHICOKOH CTEIEHU YHCTOTHI.

MATEPHAJIBI U METO/bI

B kadecTBEe MCXOMHOTO CHIPbS HCIOIB30BANACH
Hapy)kHas Kopa Oepesbl moBucinon. CoOpaHHas
Oepecta ouHWIanach OT Jy0a W BBICYIIMBAlIach NpH
temnepatype 105 °C mo mocrtosHHOW Maccel. [
YBENWYEHHUs]  IUIOMAAN  KOHTakta (a3  ChIpbe
M3MENHYAIOCh Ha HOXKEBOM MeTbHUIIE 10 (hpakmuu 1—
3 mm. [ paspymieHus: cyOepuHOBOTO Oapbepa ChIpbe
obpabateiBamu 2—5% pactBopom NaOH npu 50-60 °C,
YTO BBI3BIBAJIO THUAPOIU3 CyOEpHMHA W KpPaTHO
YBEIUYHUBAJIO MHOPUCTOCTh TKaHEH. JlOMOJHUTENBHO
MPOBOJIMIIOCH O0E3KUPHUBAHUE KOPHI HEMOISIPHBIMA
PaACTBOPHUTEISIMA IS YAAJeHUS OalIaCTHBIX CMOJ.
Takoil KOMIUIEKCHBIM ITIOAXOJ CO3JaJl ONTUMAJILHBIE
YCIIOBUS JIJIsl HHTEHCHUBHOM DKCTPAKIMU OETyJIMHA.

118



Becmnux Kapazanournckozo 2ocydapemeennozo unoycmpuanshozo ynueepcumema. Ne2(53), 20262.

Pucynoxk 1 — M3menbueHHas kopa Oepesbl
noBucoi (ppakuus 1-3 mm)

Hns  paspymenuss  cyOepuHOBOro  Oapbepa
MPUMEHSIIACh AKTHBAIHS CBIPBSI: Kopa
obpabateiBaiack 2—5%  pacTBOpOM  THIPOKCHIA

Hatpusi (NaOH) npu 50-60 °C. DT10 BBI3BIBACT
ruaponu3 3(QUPHBIX CBsA3ed cyOepwHA, MOBBIIIAs
MPOHUIIAEMOCTh KJIETOYHBIX MEMOpaH.

JIOTIOTHUTENTPHO MTPOBOANIIOCH IPEIBAPUTEIHEHOE
00€3KUPUBAHUE CBHIPbSI JIETKUMH  HEMOJISIPHBIMU
PacTBOPUTEISAMH IS yIalleHus! 0aJIaCTHBIX cMol [5,
6].

OcHOBHOI ~ mpomecc  BBIIEICHUS
MCCIIEA0BAJICS B HECKOJIBKUX BapHaIlUsX:

1. Knaccuueckass ropsdas OSKCTPakIMs: CBHIpbE
3aIMBAJIOCh TEKCAaHOM B  TPEXropiio Koibe ¢
OOpaTHBIM ~ XOJNOOMJIBHHKOM M  HAarpeBajioch [0
kureHus (oxomo 69 °C) B teueHune 3—4 9acoB mpu
cTabWIEHOM peduIroKce.

2. YIbpTpa3ByKOBasi SKCTPAKIHUSA: CMECh KOPHI U
rekcaHa rmoMernianacek B Y 3-sanHy. D dexT kaBuTanum
NPUBOAMI K MHKPOpa3phlBaM KIICTOYHBIX CTEHOK,
cokpamrasi Bpemsi dKcTpakuuud a0 15-30 MuHyT mpu
COIOCTaBUMOM BBIXOJI€ TPoAyKTa [7, 8].

OerynuHa

PucyHnok 2 — JlabopaTopHasi yCTaHOBKa ISt
IKCTPaKIUKU OPraHUYECKUMU PaCTBOPUTEIIMU

[ony4yenuslii  pactBop  QuIbTpoBajca  H
HaIpaBIISUICS HA yapuBaHue. [y BbIAeIeHHsI YUCTOTO
OeTy/MHa TPUMEHSIIACh TOpsYast MepeKpHCTaIUIN3AIHNS.
Bsi3kuii koHIIEHTpaT pacTBopsin B kursiaieM 70—-96%
sta”one. HepacTBopuMBbIE CMOJNUCTBIE IIPUMECH
yIQISIHCh TopsiauM  uibTpoBanueM. [Ipo3padnbrit
¢unbTpat MemieHHo oxnaxnamn o 5-10 °C, B
pe3ynbpTaTe 4ero OeTyauH BhIMaAal B ocafok. Ocamok
ITPOMBIBAIIA XOJIOAHBIM 3TaHOJIOM U BRICYIITHBAIH [9].
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Pucynoxk 3 — OunieHHbBIH KPUCTATTHTIECKUI
OeTyJIH 1ocie NepeKpHCTaUIN3ANI

Onpenenenne COZIepXKAHUSL OerynuHa
POBOJMJIOCH ~ METOJOM  CIEKTPO()OTOMETpHH €
UCTIONb30BAaHNEM CKaHMPYIOLIETO CHEKTpodoToMeTpa
B jauamazoHe JummH BonH 590-710 um. M3mepenwus
BBIIIOJHSUINCH B PEKUME  BBICOKOH  TOYHOCTH
(Tpenu3uOHHBIA PEXUM) TPU IIare AUCKpeTh3anun |
HM ¥ mUprHe criekTpansHoi menn 1,0 am. B kagecTBe
aHAJIUTHYECKOT O CHTHaJa PErHCTPHPOBAIACH
ONITHYECKas! IIIOTHOCTh PAaCTBOpA.

walon s

Pucynok 4 — Onpenenenue cogepxaHus OeTyIrHa

Ilepen HawanoM W3MepeHHH  IPOBOIMIIACH
KaauOpoBKa mpuOopa ¢ HMCHONB30BAaHHEM XOJIOCTOrO
pactBopa (pacTBOPHUTENS), YTO MO3BOJIMIO UCKIIOUUTD
¢onoBoe mornomienue. HMccnenyemble  00pasLibl,

coeprKallne OerynuH, MpeABapUTEIHLHO
MOABEPTaJUCh  PACTBOPEHUIO B  OPraHUYECKOM
pacTBopuTeie C MOCHenyroIel (uiabTpanuer st
yAaJIeHUs HEPaCTBOPUMBIX MIPUMECEH.

CHOexkTpbl TMOIJIOMICHUS PETUCTPUPOBATUCH B
3aJaHHOM JUAla3oHEe JJIUH BOJH, IPU O5TOM IS
OceTyliMHAa  XapakTepHO  HAJIMYHE  MAaKCHUMYyMOB
MTOTJIOIICHUS, IO3BOJISIOIIUX MIPOBOJUTH ero
KaueCTBCHHYIO0 M KOJUYECTBEHHYIO UIACHTU(UKAIIUIO.
[TonmyueHHbIe CrICKTpaIbHBIC TaHHBIC 00pPa0aTHIBAIUCH
C HCHOJIb30BAHUEM BCTPOEHHOrO MPOrPaMMHOIO
obecrieueHus npudopa.

KonnuecrBennoe onpeeneHue OerynuHa
OCYILECTBISIOCH TI0 TPaIydPOBOYHOMY TIpadUKy,
MIOCTPOEHHOMY Ha OCHOBE CTaHJAPTHBIX PACTBOPOB
W3BECTHON KOHIIGHTPAIMK. 3HAYECHUS ONTHYECKON
IJIOTHOCTH aHAJIU3UPYEMBIX MPOO COMOCTABJISUIMCH C

KaJHuOpPOBOYHOH 3aBHCUMOCTBIO, 4YTO  ITO3BOJIHIIO
paccuuTath COjepXKaHHWE IENIEBOro BEIIEeCTBa B
oOpasrmax.

A. DTH4eckoe o100peHne U HHPOPMUPOBAHHOE
corJjiacue

UccnenoBanne He MpenycMaTpUBAIO y4yacTHE
Jro/iell, WCIONB30BaHUE JIAHHBIX O JIIOJSIX —HIIH
MPOBENICHHE DKCIIEPUMEHTOB HA JKUBOTHBIX, ITOITOMY
9THYECKOE OJI0OpeHHE U UHPOPMUPOBAHHOE COTIIACHE
HE TpeOOBAJIHCH.

PE3YJIbTATBI U OBCYXKJIEHUE
Ilony4yeHHpld moOCHE CYIIKM LEIEBOM MPOMYKT
MPEACTABIISET coboi MENKOKPHUCTAININYECKU I
IIOPOLIOK OT OENoro OO CBETIIO-KPEMOBOI'O I[BETA, HE
HMEIOIIUK BBIPAKEHHOr0 3anaxa. BusyaiabHas oneHka

MOATBEPXKIACT bopmupoBaHue XapaKTepHBIX
UTOJBYATBIX KPHCTAJUIOB, YTO CBHICTEIBCTBYET O
BBICOKOW  CTereHn u30aBieHUS OT  aMop(dHBIX

CMOJIUCTBIX NpUMeced W aunuaoB. braarogapst cBoeit
rUaApoQOOHOH  CTPYKTYpe OYHINEHHBIH  OeTyImuH
MIPaKTUYECKH HEPACTBOPHM B BOAE, OIHAKO 00Jamaer
BBICOKOH TEPMHUYECKON ¥ XHMHUYECKOI CTaOUIIFHOCTBIO,
YTO SIBJIIETCSA KPUTUYECKH BaXKHBIM (PAaKTOPOM VIS €0

JMANBHEUIIEr0  WCMONB30BAHUA  INPH  CO3JAaHUHU

(hapMaKoJIOrHIECKUX MpermapaTos.
DKCIIepUMEeHTATBHO YCTaHOBIIEHO, 49TO

3¢ dexTuBHOCTH TEXHOJIOTUU 3aBUCUT oT

CHUHEPreTH4YecKOoro ACHCTBHUSI METOIOB IOArOTOBKU U
IKCTpakiuu. s OObEKTUBHOW OIEHKH KaXXIOTro M3
MIPUMEHSIEMBIX MOJX0JI0B HaMH ObuTH
MIPOaHAIM3UPOBAHBI TPH KIIFOUEBBIX MapaMeTpa: o0mmast
MIPOAOJDKUTENBHOCTh — MpOLecca,  KOIMYECTBEHHBIH
BBIXOJ OeTyiaWHa-chlpua M (UHAJIbHAS CTENCHb
YUCTOTHl ~ NPOAYKTAa  MOcie  JTama  ropsiuen
MepeKprcTaIn3auny. Bee ucnpITanus mpoBOAMIIMCE C
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WCIIOJIb30BAaHUEM  CTaHAAPTU3UPOBAHHBIX  HABECOK
coipbs (ppakuuss 1-3 MM), 4TO MO3BOIUIO CBECTH K
MUHUMYMY CTaTUCTUYECKYIO MOTPEUTHOCTb.
CpaBHUTENBHBIE JIaHHBIC, HATJIAJHO OTpa)aroliye
BIIMSIHAE BBHIOPAHHOW TEXHOJNIOTHYECKONW CXEMbl Ha
HUTOrOBbIE MIPOU3BO/ICTBEHHBIE MoKa3aTesH,
MPECTaBJICHBI B TaOuIe 1.

Tabnuia 1 — BnusHue MeTo0B 00pabOTKH U
AKCTPAKIIMH Ha TIOKA3aTENH MOJyYeHHs OeTyIHHA

MeTtop! MeTtoap! Bpem | Brixo | Crene

MOJTOTOB | AKCTPAKIHU | 5 i Hb

KM ChIpbSL | U npore | Oeryn | 4mMcTo

cca uHa THI
(%) npoxy
KTa
(%0)

Mexannu | [opsraas 4 yaca | 14,2 78,5

eckoe IKCTPAKIH

mmMensae | s (TekcaH)

HUeE

Mexannu | Anmapar 6 19,8 85,0

ecKoe Coxkcnera JacoB

mMensae | (3TaHoN)

HUeE

M3mensue | Ynerpassy | 30 24,5 96,2

HUE +| KoBas MUHYT

mienogHas | (TekcaH)

aKTUBAIH

S

Kak BumHO u3 TabmMLbl, NPEABAPUTENBHOE
LIEJI0YHOE pa3pylIeHue CyOepHHOBOH MaTpuLbl B
COYETAaHWH C  YJIbTPa3BYKOBOM  KaBHUTalUEH
YBEJIMYWIO BBIXOJ LIENEBOro Bemiectsa ao 24,5%.
[Ipomecc  mepexpucTaqmuM3auuyd U3 ITaHOJIA
MO3BOJIMJ  M30aBUTBCSI OT JIymeosla M JAPYTux
IpuMeceH, 00eCIIeUnB BEICOKYIO YHCTOTY MIPOAYKTA.

KOHTPOJIMPOBAThH IPOLIECC BBIICICHUS U OYUCTKU
OerynuHa U3 KOpbI Oepé3bl.

3AK/IIOYEHHUE

IIpoBenénHoe HccienoBaHUE MOATBEPAMIIO, YTO
OepézoBast kopa siBisiercst 2 PEeKTUBHBIM HCTOUHUKOM
OcrynuHa. [IpuMeHeHHe KIIACCUYECKOM IKCTPAKIUU C
HCIIONIb30BAHUEM  OpPTaHUYECKUX  PACTBOPHUTENEH
MO3BOJISIET TIONy4YaTh MPOAYKT C BBICOKOW CTEIEHBIO
YUCTOTHI HpI/I OTHOCUTCIBbHO HU3KUX 3anaTax.

PaspabGorannas ~ maGopartopHas  TEXHOJIOTHS
OTJINYAETCS MIPOCTOTOM, JIOCTYITHOCTBIO u
BOCITPOM3BOIMMOCTBIO. Ona MOJKET OBITH
HUCIIOJIb30BaHA B yLIeGHLIX 158 HaquLIX OeIaX, a TaKKE
CIIyKUTh OCHOBOI s JTaTbHENIIero
MacmTaOMpoOBaHUsI TMporecca ¥ BHEAPEHUS B
HpOMBIIlIJIeHHOCTI).

IIpenBaputensHoe  ILIETOYHOE
cyOeprHOBOH MaTpHIIBI B
YIBTPa3BYKOBOW  KaBUTAlUEH
LIEJIEBOIO BEIIECTBA JI0
MepPEeKPUCTAIIIN3AINN u3 JTaHoJIa IMO3BOJINII
n30aBUTHCS OT JIyeoina W JPYTHX TPHUMECEH,
00eCTeunB BBICOKYIO YHCTOTY MPOAYKTA.

IlepcrieKTUBHBIM  HamNpaBJIEHUEM JTalIbHEUIINX
HCCIIEJIOBAHUM  SIBIISIETCSI  ONTUMU3AIUS  YCIOBUH
OKCTPaKIMK, TIIOMCK JKOJIOTMYCCKH  Oe30IacHBIX
pacTBopuTene W pa3paboTka KOMOWHHPOBAHHBIX
METOOB OYMCTKH.

paspylieHue
COYCTaHHUU c
YBEIINYUIIO BBIXO
24,5%. [Ipomecc
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Abstract — The study aim was to develop and evaluate experimental formulations of herbal syrups for the cough symptomatic
treatment. The novelty lies in the selection of a combined composition of plant extracts with synergistic expectorant and
antiinflammatory effects and improved organoleptic properties. This study examines theoretical and practical aspects of herbal
syrup development, analyzes literature and patents on the principles of comprehensive cough treatment. Syrups are
characterized as dosage forms, and analyzes pharmacological properties of medicinal plant materials as components of cough
syrups. Particular attention is paid to select optimal combinations of plant extracts that provide synergistic expectorant,
mucolytic, anti-inflammatory, and enveloping effects. Two pilot formulations of phyto-syrups were developed —
“Bronchoterra” and “Bronchoterra-razz” — based on aqueous extracts of licorice root, thyme herb, elecampane root, plantain
leaves, rose hips with the addition of natural honey, raspberry syrup and ascorbic acid. A laboratory technology for obtaining
phyto-syrups based on plant extracts was developed. The samples were evaluated according to 6 organoleptic parameters
(appearance, color, smell, taste, aftertaste, consistency), its pH value, density, and dry residue were determined. For obtaining
“Bronchoterra-razz” sample, a material balance was calculated. The technological yield from the total materials was about
68%, which is typical for laboratory conditions with non-optimized filtration. At industrial scale, yields can be increased to
85-90% by reducing process losses during aqueous extracts manufacturing. The original formulations have been shown to
yield stable syrup samples with high consumer acceptability, which can serve as the basis for further scale-up.

Keywords — herbal syrup, cough, licorice, thyme, elecampane, plantain, rose hips, expectorant, production technology,
standardization.
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Ab6cmpaxm — Byn 3epTTeyIiH MaKcaThl JKOTEN/Ii CAMITTOMATHKAIBIK eMJIEyTre apHaIFaH (PUTOCHPONTAPIBIH TIKiIpHOSTiK
penenTypaiapeH J3ipiey koHe Oaranay Oomasl. JKYMBICTBIH FBUIBIMHU JKaHAJBIFBI KAKBIPBIK TYCIpETiH, MYKOIHTHKAIBIK,
KaOBIHyFa KapcChl OHE IIBIPBIIITH KAOBIKTHI KOPFAWTHIH dcepiepi 0ap ©CIMIIK CHIFBIHABUIAPEIHBIH THIMI YiIeciMIepiH
TaH/[ay/1a, COHAAN-aK OpraHOJMETITHKAIIBIK KACHETTepl )KaKcapThUIFaH (PUTOCHPOI peLenTypajapblH YChIHY/a KOPIHIC TanThl.
3eprrey OapbIchIHAAa (GUTOCHPONTAP/BI J3IpIeyIiH TEOPHIBIK JKOHE MPAKTHKAIBIK ACTIEKTIIepi KapacThIPBIIBII, XKOTENIl
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Becmuux Kapazanounckozo 2ocydapcmeentozo undycmpuanvro2o ynusepcumema. Ne2(53), 20262.

KEeIIeH Il eMey KaruIaTTapblHa apHaAJIFaH 9101 JKoHe MATEeHTTIK JepeKke3aep Tainganasl. COHBIMEH Katap, CHpONTap.IbIH
JIOPUTIK TYpP PEeTiHZET! epeKIIeNiKTepi JKoHe JKOTeNre Kapchl CUPONTap.IbIH KypaMaac OerdiKkTepi peTiHe NaiaaiaHblIaThiH
JOpUTIK ©CIMIIK IIUKI3aThIHBIH (MHS TaMBIPBL, TUMbBSH 11601, aHABI3 TaMBIPbl, KOJDKEIKEH >KalbIpaKTapbl, UTMYpPHIH
xKeMicTepi) (papMaKoJIOTHUIBIK KacHeTTepi 3epTTenfi. 3epTTey HOTW)KECIHJEe MU TaMBIPBIHBIH, TUMbSIH IIO0iHIH, aHIBI3
TaMBIPBIHBIH, KOJDKEJIKEH KaIllbIPaKTAPbIHBIH JKOHE MTMYpPBIH >KEMICTEpiHIH CYJbl CHIFBIHIBUIAPHI HETi3iHAe Taburu Oaul,
TaHKypai mopOaThl )KoHEe aCKOPOMH KBIIIKBUIBI KOChUTFaH «Bronchoterray xone «Bronchoterra-razzy aTThl eki TOKIpHOEIIK
¢utocuporn peuentypacel d3ipieHIi. OCIMAIK CHIFBIHIBUIAPH] HETi3IHAETT (HUTOCHPONTApIBl ANXYIBIH 3€pPTXaHAIIBIK
TEXHOJIOTHSCHI JKacalAbl. AJIBIHFAH YJITUIEp CBIPTKBI TYPi, TYCI, HiCl, 1oMi, KEHIHT1 ToMi jkoHEe KOHCUCTEHIMSICHI OOMBIHIIA
OpraHoJIENTUKAIBIK OaranaynaH oTTi. COHbIMEH KaTap onap/pH pH KepceTkilti, THIFBI3BIFEI )KoHE KYPFAK KaJIIbIK MeJIepi
aHbIKTAIBL. «Bronchoterra-razz» ynriciniH MaTepHaablK OaJaHCH ecenTeni. JJaliblH eHIMHIH TEXHOJIOTHSIIBIK IIBIFBIMBI
maMameH 68% Kypanpl, OyJl 3epTXaHaIbIK JKardaiiia Cys3riiey YIEpiCiHiH TOJIBIK OHTAMIaHIBIPbUIMAayblHA OaiIaHBICTHI
Oonyipl. OHEpKACINTIK MacmTadTay Ke3iHJEe TEXHONOTHSUIBIK IIBIFBIHIAPIBI a3alTy >KoHE OCIMIIK INHKi3aThIHAH CYIIbI
CBIFBIHIBUIAP/IBI ATy YAEPICiH KeTUIAIpY apKbUibl IbIFbIMIBI 85—-90%-Fa neiiiH apTThIpy MYMKIH €KeHi KkepceTiiai. 3epTrey
HOTWOKENEpPl YCBIHBUIFaH (PUTOCHPOI PEUenTypalapblHbIH TYPAaKThl 9pi TYTHIHYIIBUIBIK KAaCHETTEpl >KOFaphl OHIM allyFa
MYMKIHAIK OepeTiHiH KepcerTi. ¥ChIHBUIFAH pelentypajgap (UTOCHPONTapIbl OJaH dpi KETUIIIpy MEH ©HEPKICINTIK
Maciirabrayra Heri3 0oja ajgajpbl.

Kinm ce30ep — men 1mop0athl, )KeTen MopOaThl, MU TaMBIPbI, TUMBSH, JJIEKaMIIaH, JKOJDKEIKEH, UTMYPBIH, KaKbIPBIK
TYCIpEeTiH J9pi, OHIIpiC TEXHOJIOTUACHI, CTaHAAPTTAY.
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Annomayun — lenpio paboTHI ABIATACH pa3pabOTKa U OLIEHKA OIBITHBIX PELENTYP (PUTO-CHPOIIOB Il CHMIITOMaTHYECKOH
Tepanuu Kanuia. HoBusHa paboThI 3akimtoyaercs B MoA00pe KOMOMHUPOBAHHONW KOMITO3UIUH PACTHTEIBHBIX 3KCTPAKTOB C
CHHEPreTHYECKUM OTXAapKHBAIOUIUM U IPOTUBOBOCIAIMTENBHBIM JEHCTBHEM U C YIYYIIEHHBIMH OpPIaHOIENTHYECKUMHU
XapaKTepuCTUKaMU. B paboTe paccMOTpEHBI TEOPETHYECKUE U IPAKTUYECKHUE ACIIEKTHI pa3padoTKU (PHTO-CUPOIIOB, IPOBEAEH
aHaJIW3 JIMTEPATYPHBIX M TATEHTHBIX HCTOYHUKOB, IIOCBSIIEHHBIX NPHHIUNAM KOMIUIEKCHOTO JICUEHMS Kallisd,
XapaKTEePUCTUKAM CHUPOIIOB KaK JIEKAPCTBEHHOW (POPMBI, a TaKkkKe aHaIN3y (papMaKOIOIHIECKHX CBOMCTB JEKapCTBEHHOTO
PAacTUTENFHOTO ChIPhSI Kak KOMIIOHEHTOB CHpOMNOB 0T Kamuisi. Ocoboe BHHUMAaHHE YIACNEHO BBIOOPY ONTHUMAIbHBIX
KOMOHMHAIMH{  pacTUTENBHBIX OSKCTPAKTOB, OOECIEUMBAIOIIMX CHHEPIM3M  OTXapKHMBAIOIIEr0, MYKOJIHTHYECKOTO,
MPOTHBOBOCHAJIHUTEIFHOIO W OOBOJAKHMBAIOLIEro NeHCTBHA. Pa3paboTaHbl IIBE OIBITHBIE PELENTYpPHl (DHTO-CHPOIIOB —
«Bronchoterra» n «Bronchoterra-razz» — Ha OCHOBE BOIHBIX H3BJICUCHHI W3 KOPHS COJNOIKH, TpaBbl daOpera, KOpHSI
JIeBACHIIA, JIUCTHEB IOJOPOXKHWKA, IUIOZOB IIUIOBHUKA C J00AaBICHHMEM HATypaJlbHOrO MEAA, MaJMHOBOTO CHPONA H
ackopOMHOBOH KHCIOTHL. PaspaboraHa mabopaTopHasi TEXHOJOTHS MOJTYy4eHHUs (UTO-CHPOIIOB Ha OCHOBE PACTHTEIBHBIX
9KCTpakToB. [IpoBeneHa opraHomenTHYEcKas OIeHKa o0pasloB mo 6 IokaszaTensiM (BHEIIHWH BWA, LBET, 3amax, BKYC,
MTOCTICBKYCHE, KOHCHUCTEHIIH), ONPENEeIeHBl X IMoKa3aTenb pH, MIOTHOCTH M CyXoi OCTaTOK. PaccumraH MaTephallbHBIN
6axaHc mporiecca momydeHus oopasma «Bronchoterra-razz». TexXHOMOIrMYECKHUH BBIXOJ OT CYMMBI BCETO CBHIPBSI COCTABHII
okoso 68%, 9TO THOMYHO I J1a0OpaTOPHBIX YCIOBHHM HPH HEONTUMHM3MPOBaHHOW (umbTparmu. [Ipn mpombIIuieHHOM
MacIITAOMPOBAHIH BBIXOA MOXET OBITh yBenmmueH 10 8§5-90% 3a cueT CHMKEHHS TEXHOJNOTHYECKUX IOTepPh HA CTAIUSIX
TIOyYeHNs] BOAHBIX W3BieueHnil. IlpemnoskeHHpIe OpPUTHHANBHBIE PELENTyphl 00ECHEeYMBAIOT IMOTYYEHHE CTAOMIBHBIX
00pas3IoB CHPOIIOB ¢ BHICOKOH MOTPEOHTENHCKON MPUEMIIEMOCTHIO, KOTOPBIE MOTYT CIIY’KUTh OCHOBOW LIS TANBbHEHIIEro
MacIITaOupPOBaHUSL.

Knrouegwle cnoea— buro-cupor, Kamienb, COI0AKa, 9abpell, IeBsICHII, OJOPOKHHUK, IIUIIOBHUK, OTXapKHBAIOIIEe CPECTBO,
TEXHOJIOTUsI ITPOU3BO/ICTBA, CTAH/IAPTH3ALIHSL.

125


mailto:s.mantler@tttu.edu.kz
https://orcid.org/0000-0002-5779-3756
https://orcid.org/0000-0002-5779-3756
https://orcid.org/0000-0002-5779-3756
https://orcid.org/0000-0002-5779-3756
https://orcid.org/0000-0002-5779-3756
https://orcid.org/0000-0002-5779-3756
https://orcid.org/0000-0002-5779-3756
https://orcid.org/0000-0002-5779-3756
https://orcid.org/0009-0009-5896-3575
https://orcid.org/0009-0009-5896-3575
https://orcid.org/0009-0009-5896-3575
https://orcid.org/0009-0009-5896-3575
https://orcid.org/0009-0009-5896-3575
https://orcid.org/0009-0009-5896-3575
https://orcid.org/0009-0009-5896-3575
https://orcid.org/0009-0009-5896-3575

e- ISSN: 3134-8467, p-ISSN: 2309-1177

OCHOBHBIE MTOJIOKEHUSA

B pesynpraTe mpoBeaEHHOH pabOTHI pEIICHBI
3aJaud MO pa3paboTKe TEXHONOTUW MOTy4YEHHS
¢uTocHpona OT Kaluli Ha OCHOBE pPAaCTUTEIbHBIX
KOMIIOHEHTOB.

PazpabGoransl 1Be peuentypsl ¢ pabouuMm
HasBanueM «Bronchoterra» u «Bronchoterra-razz»,
OTJINYAOIIMECS] OPTaHOJENTHYECKHUM MPOQHIEeM H
HaIIpaBJICHHOCTBIO JICHCTBUS.

PesynbraTel pacuera MaTepuanbHOro OanaHca
MOKa3ali, 4To 1ab0paTOpHBIN BBIXOJ TOTOBOI'O CHPOIa
cocraBjser okoiio 68%, HMMeeTcs BO3MOXKHOCTH €ro
YBEJIMUEHHUS TIPU ONTUMH3ALUWH  QUIbTpAlH |
WCIOJIb30BAHUH PEKYIIEpaIlUu.

Pa3paborannbie (HUTO-CUPOITHI MOTYT
HCIIONIb30BaThCS B KA4ECTBE JOCTYIHBIX, O€30MacHbBIX
n 3(G(DEKTUBHBIX CPEACTB ISl CHMIITOMAaTHYECKOM
Tepanuy Kaunulsl B IEIUAaTPUYECKOM U B3pOCIOH
MIpaKTHKE.

BBEJAEHUE
Kamens sBisercs OOIHUM H3 Hanbojiee YacThIX
CHMIITOMOB 3a00JI€BaHUI PECIUPATOPHOTO TPAKTA,

3HAYUTENFHO  YXY/JIIAONIUX  KAadecTBO  JKHU3HU
MaIMEHTOB. Coracao JIAaHHBIM Bcemuphoit
OpTaHHU3aINN 3IpaBOOXPaHEHUS, oCTpbIe

pecnupaTopHble HHEKINT 3aHUMAIOT BEAYIIIEe MECTO
B CTPYKType o01meit 3a0601eBaeMOCTH, IIPU dTOM OoJiee
80% ciay4aeB  COMpPOBOXKAAIOTCA  KammieM. B
MeNaTPUYECKON TpaKTHKE Tpobiema ycyryomsercs
OrpaHNYCHHUAMH Ha pUMEHEHHE MHOTHX
CHHTETHYECKMX MPOTHBOKANUIEBBIX CPEICTB, UYTO
JieaeT  TpemapaThl  Ha  PAaCTUTENBHOH  OCHOBE
NPeNIOYTUTEIbHBIMA.  DH3NONIOTHYECKH  KaIlelb
SBJSIETCS 3AIIUTHBIM pedIIeKcoM, HalpaBICHHBIM Ha
OYHMIIIEHHE JBIXATEIbHBIX ITyTeH OT CIIN3HU, HHOPOIHBIX
YacTHIl WJIM TAaTOreHOB. B 3aBHCHMOCTH OT ero
XapakTepa BBIIENAIOT CYXOH (HEMPOAYKTUBHBIN) H

BIIAXHBIM  (MPONYKTUBHEIN)  Kallelb, CTPaTErus
Tepanuu KOTOpHIX pasznuyHa. [lpum cyxom Kamure
MOKa3aHbl ~ CPEACTBA, IOJABILIONIME  KallLICBOH
pediiekc  (aHTHTYCCHBBI) ®  OOBOJAKWBAIOIIUE

npenaparbl, a IpPU BJIA)KHOM KallIC H€O6XO,E[I/IMI>I
MYKOJIMTUKH nu OTXapKUBAIOLINEC CpeacTna,
06.]'[61"‘13}0]1[1/18 BBIBCACHUC MOKPOTHI. HpI/I 9TOM
PACTUTCIBHBIC MIPCIIAPaThl 3aHUMAKOT BAXKHOC MECTO B

obenx CTpaTerusiax JIeYeHus Onaronaps
KOMOMHHMPOBAaHHOMY JIEHCTBHIO.

OKCTpakThl  COJIOAKH,  THMbsHA,  IUJIIOIIA,
MOJIOPOKHUKA,  aNTesl  COJAEp)KaT  CAllOHMHBI,

q)HaBOHOI/II[LI, nojaucaxapuabl, KOTOPbIC CTUMYJIIUPYIOT

CCKpPELMIO  OpOHXHMANbHBIX  KENE3,  PazKIKAIOT
MOKPOTY, YJAYYIIAl0T MYKOIMIHAPHBIA KIUPEHC |
OJIHOBPEMEHHO OKa3bIBaIOT MPOTHBOBOCHAIUTEIHLHOE
¥ yCIIOKaMBaIOLIEe ACHCTBIE HA CITM3UCTYIO 000JIOUKY.
Knnanuaeckue ucciacaoBaHuAa IMOATBECPKIAAIOT, YTO
CHPONBI Ha OCHOBE 3KCTPAKTOB JTUX PACTCHUH HE
yCTYyHnaroT CHHTCTUYCCKUM MYKOJIUTUKaM 10
a3(dexkruBHOCTH M 00NamaroT Oosee OJIArONPHSITHBIM
npoduiem 0e3omacHoCTH, 91O MO3BOJIAET
HCIIONIb30BATh UX y JIeTel ¢ 12 Jer.

B cBs3M ¢ 3THM LENbIO HACTOAIICH pabOTHI

SBIIJIACh  Pa3pabOTKa  TEXHOJOIMH  IOJIYYCHHUS
(durocupona OT Kaluii Ha OCHOBE KOMOHWHAIMH
JIEKaPCTBEHHOI' O pacTUTENBHOTO CBIPbS c

00OCHOBaHUEM COCTaBa, ONTHMHU3AIMEH MapaMeTpoB
JKCTPAKIUH U OI[EHKOW KayecTBa rOTOBOTO MPOIYKTa.

Ilpooen ¢ uccnedosanuu. HecmoTps Ha
MOTCHINAIBHYI0 3P (HEKTUBHOCTh,  PACTUTEIHHEBIE
JIEKaPCTBEHHBIE NPENApaThl MOJIBEPTAIOTCS LIMPOKOM
KpUTHUKE W3-32 OTCYTCTBUSA CTaHmapTu3amuu [22].
IToaToMy ocobObie TpeOoBaHUS TPEIBIBISIOTCS K
OlIEHKE Ka4eCTBa MOTy4IECHHOH JIEKapCTBEHHOU (hOPMBEL.
IIpu sTOM pa3paboTka COOCTBEHHBIX pELENTyp C
UCIIONIb30BAHUEM MECTHOTO PACTHTEILHOTO CHIPhS
SIBISIETCS  akTyalbHOM  3amauedt.  Kiaccuueckas
TEXHOJIOTUsl WM3TOTOBJIEHHUS CHPOIIOB - PAacTBOPEHUE
caxapa B BBITSDKKAX U3 BBICYILIEHHOI'O JIEKAPCTBEHHOT'O
PacTUTENBHOTO ChIphs [19-21]. OHA 0OBIYHO BKITIOYACT
CTaJUM IIPUTOTOBJIEHUS BOAHBIX HACTOEB UM
CIMPTOBBIX  BBITSIKEK, KOMIIayIUpOBAaHU U
yBapuBanuda. llocme momydenuss ob6pasnoB Quro-
CHPOIIOB IIPOBOISTCSI OLIEHOYHBIE TECThl JAHHBIX
mokaszarenedl  kadecrBa  (UBeT, 3amaxX,  BKYC,
MOCJIEBKycHe, MoKa3aTens PH, BA3KOCTH) cOTIacHo
CTaHIAPTHBEIM MeToauKkam [1, 23].

Hayunaa noeuzna. Ha ocHOBe aHamuza
KOMITOHEHTHBIX COCTaBOB CYLIECTBYOLINX
PaCTHTENBHBIX (PUTO-CHPONOB M (hapMaKOIOTUIECKUX
cBoiictB JIPC Obun TIpe/uioskeHbl ABE MOTEHIIHAIBHO
s¢heKTUBHEIC penenTtypst c XOPOIINMHA
OpraHOJNENTHYECKUMU CBOMCTBaMHU.
OKCHEpUMEHTAILHO MOATBEP)KICHA TEXHOIOIHYecKast
BOCITPOM3BOJUMOCTB: CTaguu 9KCTPaKLMH,
yBapUBaHMS, KOMIIAyHOUPOBAaHUS U pO3JHMBA HE
BBI3BIBAIOT 3aTpynHeHui. Ha ocHoBe mabGopaTopHbIX
WCCIIEIOBAHUI  ONpeneNneHbl KPUTHYECKUE TOUYKH
KOHTpOJII ~ NpU  Hpou3BoAcTBe  (uTO-cHpomna.
TexHOJIOrMYeCKHil BBIXOX TOTOBOIO MPOXYKTa OT
CYMMBI BCEX 3arpyXEHHBIX MAaTEpHaJIOB COCTABUII
~96/140=68%, uyro TUmH4YHO s JAOOPATOPHBIX
YCIOBUH TpM HEONTHMHU3UPOBAHHOM (QUIbTpauuy.
Pa3paborannas TEXHOJIOTUs MOXeET OBITH
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MaCHITa6I/Ip0BaHa JJIsL MCJ]KOCGpHﬁHOF () UIn
MNPOMBIIIUICHHOTO  HNPOM3BOACTBA C COXPaHCHUCM
KadueCTBa NpH yCJIOBUHU CO6J'IIOI[6HI/I$I PEKUMOB.

OB30P JINTEPATYPBI
Cpenu mepopalibHBIX —JIEKAPCTBEHHBIX  (hopM
CHPOITBI 3aHUMAIOT 0cob0e MecTo Oaroaapst yao0cTBy
A03UpOBaHMs, BBICOKOM IMPUBCPIKECHHOCTHU MAallUCHTOB

(ocobeHHO JfeTeli W MOXKWIBIX), CHOCOOHOCTH
MAaCKUpPOBaTh HENPUATHBIA BKYC M IIPOJIOHTMPOBATH
JeficTBHE  aKTUBHBIX  KOMIIOHEHTOB. CornacHo

locynmapcrBenHol (hapmakoriee, CUPON OTHOCHTCS K
KHUJIKAM JIGKapCTBEHHBIM (hopMaM W TPEACTaBIISET
co00i HaCBHIIIEHHBII BOJHBIN PacTBOp caxapo3bl (WIIH
e€ 3aMeHHUTeNel), coaepkalii  pacTBOpEHHBIE
JIEeKapCTBEHHBIE BEIIECTBA, PACTHUTENbHBIE SKCTPAKTHI U
OMOJIOTMYEeCKH aKTUBHBIC no0aBku [1, 2]. Beicokas
KOHIIEHTpaIysl caxapo3sl B HHUX (Kak MpaBHJIO, HE
MeHee 64% 10 Macce), co31a€T OCMOTHIECKHI Oapbep,
MONABISAIONIMA  POCT  MHKPOOPTAaHHU3MOB,  HTO
MO3BOJNISIET  0OXOomuThCs  Oe3 CHHTETUYECKHIX
KOHCEpBAaHTOB W o0ecreunBaeT CTaOMIBHOCTHh MPH
xpanenud [3].

PactuTtensHbIe CHPOMBI OT KIS MTPUBIIEKAIOT BCE

Oounblee BHHMaHHE Oaromapst MATKOMY,
MHOTOITCIICBOMY JIEHCTBHIO: OHH COYETAIOT
OTXapKUBAIOIIIHE, MYKOJINTHYECKHUE,

MPOTHBOBOCTIATUTENBHEIE, AHTHCENTUYCCKUE U
oOBoakuBarore cpoiictsa [4-7]. [Ipumepamu Takux
cuporoB sBISIOTC «Ctomaney [8], «IBkadam» [9],
«JIazomBam» [10]. B Kazaxcrane 3apeructpupoBaHbI
TaKue Tperaparsl, kak «I'eponoH» (cHpon Ha OCHOBE
JKCTpakTa momopokHuka), «lIpocmam» (cupom Ha
OCHOBE DKCTpaKTa IUTIoIa), « bpoHXuIIper» (CHpoI Ha

OCHOBE DOKCTPAaKTOB THMBbSHA W IUTIOMA), YTO
CBUJETEIILCTBYET O BOCTPEOOBAHHOCTH  JAHHOU
TPYIIITHL.

[Ipu 3TOM pa3zpaboTka COOCTBEHHBIX PELENTYp C
WCIOJIb30BAHUEM MECTHOI'O PACTHTEIBHOI'O CBIPbHS
SIBISIETCA  aKTyallbHOM 3amauvel. Ha ocHoBaHuu
MIPOBEICHHOTO JINTEPATypHOIIATEHTHOTO IIOMCKa B
Ka4yecTBE MEPCHEKTUBHBIX JIEKAPCTBEHHBIX PAaCTEHUI,
mpouspacraromux B Kazaxcrane, Obu OTOOpaHBI
colmonka  rojas, vaOpen, JOEBACHJI  BBICOKHIA,
MTOJIOPOXKHUK OOIBIIION, IMUMOBHUK. Bce OHM aKTHBHO
UCTIOJIB3YIOTCSA B PELENTax JIEKapCTBEHHBIX CPEICTB
Ul JIeYeHHsT Kauuisl B O(pUUIHMaTbHOH M HapOAHOU
menunuue [7, 11].

Cononka romast (Glycyrrhiza glabra) — xopuu
COZIep’KaT TPUTEPIICHOBBIA CAlIOHUH TIIMLMPPU3UH (110
23%), ¢uaBoHOMABI, Monucaxapuabl. [ ITHIMPPU3NH
OKa3bIBaeT OTXapKuBalollee JAEHCTBHE 3a  CUET
CTUMYJSIIMKA PECHUTYATOrO DIUTEIUS W YCHIICHUS

CeKpelMH  OpOHXHMAaNbHBIX  JKené3, a  Takke
NPOTUBOBOCTIATIUTENBHBI 3 ekt  (momaBieHue
UKIOOKcUrenassl). Cononka 4acTo BXOJUT B COCTaB
KOMOMHHUPOBAaHHBIX OTXapKUBAIOIINX cpeacTs [12].

Yaobperr (Thymus vulgaris) — TpaBa COmEpKHUT
aupHoe Macio (THMOJI, KapBakpoJ, ILIUMOI),
(bnaBoHOMIBI, JYOWJIBHBIC BEIIECTBA. THUMON H
KapBaKpoJ 00J1aJat0T BRIPAKESHHONH aHTUMUKPOOHOU U
MYKOJIUTHYECKON AKTHUBHOCTEIO, PazKMKAIOT
MOKPOTY, YMEHBIIAIOT BSI3KOCTh OpPOHXHAJIBHOTO
cekpera. YaOpen TpaAMLHMOHHO HCHONB3YETCs MPH
KOKJIIOIIIE, OpOHXHTAax, TpaxeuTax [13,14].

Hessicun Bbicokuit (Inula helenium) — kopueBuia
U KOpHHU cojiepkaT d(upHOe Macio (alaHTONaKTOH,
M30aJIaHTONIAKTOH), HWHYIWH (10 44%), CamoHUHBIL

CeCKBUTEPIICHOBBIC JIAKTOHBI OKa3bIBAIOT
OpOHXOIUTHYECKOE, OTXapKHUBalolee 17§
MIPOTUBOMHUKPOOHOE NeWCTBHE, 0CO0EHHO
3(hexTUBHBI pu 3aTSDKHBIX KaIIsax c

TPYAHOOTASISIEMON MOKPOTOH [15].
[onopoxxuuk 6omnbmoi (Plantago major) — mucThs

OoraTsl MIOJTHCAXaPUTHBIMH CITU3SIMH
(apabuHoranaxTas, TIEKTHH), VPHUIOUTHBIM
TIIMKO3UJIOM  ayKyOuHoMm, ¢dnaBoHommamu. Cnmsu

00pa3yIoT 3aIUTHYIO TNIEHKY HA CIU3UCTON 000JI0UKe
TJIOTKM W OpOHXOB, yMEHbIIAs pa3IpakeHHe W
nojaByss  KamuieBod peduiekc. OO0namalT  Takke
YMEpPEHHBIM OTXapPKHUBAIOIINM ¥ aHTHOAKTepHAIbHBIM
nericteueM [16].

[lIumoBamk  (Rosa cinnamomea) —  IIIOBI
SBIISIOTCS PEKOPACMEHOM o COZIEPKAHUIO
acKOpOMHOBOM KUCIOTHI (10 5%), a TaxkKe comepkaT
KapOoTHHOUBI, (hTaBOHOWIBI, MEKTHHBL. B KOHTEKcTe
CHUpoma OT Kamuli IIUIOBHUK BBIMIONHSAET POIb
MMMYHOMOZYJISITOPA, aHTUOKCHJIAHTA M WCTOYHUKA
BuTaMuHa C, KOTOPBIil YKPEeIIsieT COCYANCTYIO CTEHKY
M YCKOpSIET pereHepamnnio CIu3ucTeiX. OpraHndecKue
KHACJIOTHI IIUIMTOBHHUKA TAKXKE CIY)KaT €CTeCTBEHHBIMHU
KoppureHTamu Bkyca [17].

OntuMu3zanusi OpPraHOJNIENTUYECKUX CBOMCTB H
CTaOMIPHOCTH CHpONla B €ro COCTaB  BBOISAT
KOPPEKTOPHI BKyCa ¥ aHTHOKCHUIAHTHI - MAIHHY, ME/ U
ButamuH C [18].

Kak mokaspiBaeT  HccienoBaHHe, — JI€UCHUE
TpaBaMu 3((PEeKTUBHO M  IOCTATOYHO IIHUPOKO
pacrpocTpaHeHo. DuTo-cHpOIBI OCTaroTCs

MIOITYJISIPHOM JIEKAPCTBEHHOM (POpMOI uTst JedeHust
Kaluig U TPOCTynbl (0OCOOEHHO Y NIeTel), MOCKOIbKY
TpaBsiHBIE TIpernaparhl HMET MEHbIIE [MOO0YHBIX
3¢dexkToB niam He uMelT ux BoBce. OHm Oonee
JOCTYIHBI, YEM JIEKAPCTBA, OTITyCKaeMbIE 110 PELEnTy.
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MATEPHAJIBI U METO/bI

Jnst monmy4deHus: GUTO-CUPOIIOB HCIOIB30BAIHNCH
CIIEAYIOIINEe MaTepHralbl: BOJa OUMIIEHHAs], caxaposa,
MeJl HaTypajbHBIM, cHpon ManuHbl, ButamuH C. B
KayecTBE TEPaNneBTUUYECKMX KOMIIOHEHTOB  ObLIH
OTOOpaHBl TSITh OCHOBHBIX BHJIOB JIEKAPCTBEHHOTO
pactutenbHoro chbiphsi (JIPC), H3BeCTHBIX CBOMMU
pecriupaTopHbIMA  dpPeKTaMd M BKIIOYEHHBIX B
locynapcrBennyto papmakornero PK — comoaka ronas,
yaOpell, AEBACHI BBICOKHH, MOTOPOKHUK OOJNBIIONW M
IIUITOBHUK (TLTOJIBI).

Jnst monmydeHus: SKCIEpUMEHTAIBHBIX 00pa3ioB
¢uTO-cHpONa  HCHOJNB30BAIUCH METOABI  Topsiuei
BOJHOM JKCTPAKILINHY, ¢wIbTpOBaHUS,
KOMIIAyJIMPOBAaHHUsI M yBapuBaHus. B xoue
JKCTIEpUMEHTA UCIIOJIb30BaJIaCh nabopatopHast
CTCKIIIHHAA I0oCyJa (XI/IMI/I‘ICCKI/IC CTaKaHbl, BOPOHKH,
KOHUYECKHE KOJIObI, MMKHOMETPHI M T.I.). DacoBka
00pa3IoB MPOBOIUIACH B CTEKJISIHHbIC (DJIAKOHBI C
KPBIIIKOW, CHAa0XEHHBIE JTHUKETKOW. XpaHEHUE
00pa3loB OCYMIECTBISUIOCH B  XOJNOAWIBHUKE IPH
temmepatype mioc 6-10 0C.

B3pemmuBaHue KOMIIOHEHTOB IIPOBOAWJIM  Ha
aHanmuTHYeckux Becax RadWag AS  220.R2,
ompejielieHne TEXHUYECKMX Macc Ha Becax Shimadzu
BL 3205.

A. ITHyeckoe oqo0peHne U HH(PpOPMUPOBAHHOE
corjacue.

HccnenoBanuss ¢ yyacTueM  JIIOAEH WK
XKHUBOTHBIX, @ TaKKE C MCIOJIb30BAHHUEM [AaHHBIX O
JIIOAAX HE IPOBOIMIIUCE.

PE3YJIbTATBI U OBCYXKXJIEHUE

JUIst CpaBHUTENBHOTO aHanm3a OBIIO PEIICHO
MIPUTOTOBUTH JBa 00pa3ua (GpuTo-CHPOIIOB.

Paspabotka pernentyp 06pasios.

Ha ocHoBe aHamm3a KOMITOHEHTHBIX COCTAaBOB
CYIIECTBYIOIIMX PACTHTENBHBIX (PHUTO-CHPOIIOB U
¢apmakonorndeckux csoiicts JIPC 6butn penioxeHsl
IBE TIOTEHIUAJIhHO J(PPEeKTHBHBIE pPEUENnTypHl C
XOpOIIMMH  OPTaHOJENTHYECKUMU  CBOMCTBaMHU.
KoMmmoHeHTsl M HX KOJIMYECTBEHHOE COAEp)KaHHUE
IpuBeACHBI B Ta0nuue 1.

Nel  (pue. 1)
OTXapKHUBAIOLIEe
a KOMIIOHEHTBI

KomnoHeHnTsl  penentypsl
OPHEHTHPOBAHBl HAa  CHJIBHOE
JNECTBHE C TpaBSHBIM BKYCOM,

peuentypel Ne2 (puc. 2) — Ha Oonmee MATKoe
OOBONIAKHMBAIOIIEE W TPHUSATHOE SITOIHO-TPABSHOE
BOCTIPHUSTHE.

Tab6muna 1 — CocraB onbITHBIX 00pa3IoB QUTO-
CHpOIIOB (B T)

KommoneHt Nel | Ne2
Caxapoza 54,0 | 54,0
AckopOWHOBas KHCIIOTa 1,0 1,0
Hacroii xopHst conoaxu 14,0 12,0
Hacroii m1o10B MIMITOBHUKA 10,0 12,0
Hacroii TpaBbl yabpera 10,0 —
Hacroit kopHa nepsicuina 3,0 —
Mén naTypanbHBIN 8,0 —
Hacroit nucTheB nogopoKHUKA — 13,0
ManuHOBBIN cupon — 8,0
Uroro 100 100

Pucynox 1 - McxoaHple KOMITOHEHTHI [T PELIETITYPHI
Nel «Bronchoterra»

PucyHnok 2 - VicxoqHble KOMIIOHEHTHI AJ1s1 peLienTyphI
Ne2 «Bronchoterra-razz»

s oboux  (UTO-CUPOINOB
HCIOJIb30BAJIACH KJIacCHYecKast TEXHOJIOTHS
[Kpacurok 2018, Panda 2023], xoropas BKIOYaja
CIIENYIOIME CTAINN:

1. TloaroroBka CBIPbSA: PACTUTEIBHOE CHIPBE
u3Menpyanu A0 ¢pakuuu 3—5 MM, OTBELIMBAIM IO
peuenrype.

2. TlonmydyeHue BOIHBIX W3BJIECYCHUH: CBIPBE
3aJUBaJIM JAUCTHIUIMPOBAHHOW BOIOW (COOTHOIICHUE
1:10-1:20) u BBLIEP)KMBAJH HA BOASHOUM OaHe mipu 80—

HU3IrOTOBJICHUA
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90 °C B teuenue 3040 MuHYT. 3aT€M 3KCTPAKTHI
OXJAXJAJIW 10 KOMHATHOM  TeMmIepaTypel H
¢unpTpoBany yepe3 OyMakHbIH QUIIBTP.
3. [lpurotoBnenue CHpPOIMHON
OTMEPEHHOMY KOJMYECTBY caxapa IMOCJIEA0BaTEIbHO
N00aBIsUM QPUIBTPOBAHHBIE BOJAHBIC N3BJICUEHUS (17151
KaX/I0l penentypsl corijacHo Ttabmume 1). Cmech
HArpeBajli MpH I[EpEMENIMBAHUU Ha IUIUTKE JI0
pactBopeHus caxapa (5—10 MHHYT), 3aTeM yBapuBaju
B TeueHue 10-15 MuHYT I TOdy4deHUsS TpeOyemoun
O06pa3yrolyrocs

OCHOBBI: K

KOHCHUCTEHIIMA  CHpOIa. MeHy
TIEPUOTUICCKH YIAIISUTH.

4. OxnaxxIeHue W BBEIACHHE BCIOMOTAaTEIbHBIX
BEIIIECTB: CUPOIHYIO Maccy oxjaxaanu jgo0 40—45 °C,
3aTeM BBOJAWIM aCKOPOWHOBYIO KHUCIOTY, MEm (s
peuentypbl Nel) wiam ManmuHOBBIM cuponm (s
pertentypsl No2). CMech TIIATENBHO MEPEMEIIHBATH
JI0 TOMOT'€HHOT'O COCTOSTHHSI.

5. Po3quB  ®  yKymopka: TOTOBBI  CHpOI
pasauBaid B CTEPUIIbHBIC CTEKISHHBIC (hIIAKOHBI
émkocTeio 100 MII, YKyITOpUBaiu MOJUITHICHOBBEIMHU
KPBIIIKAMHA 1 MapKHAPOBAJIH.

Pacuer wmartepmanpHOrOo ©Oajanca mporecca
MOJTYYEHHS OTHOTO M3 (PUTO-CHPOIIOB MPEACTABJICH B

Tabnuue 3.

Tabmua 3 — MaTepuanbHblil OanaHC MOIYYCHUS
¢urocupona ««Bronchoterra-razz»

IIpuxon Pacxon

Haumenosanue | r | HaumenoBanue | T

Cmaous npucomoeienue B00HbIX IKCmMpAaxKmoe

A) DKCTpakT IINIIOBHUKA

ILnomp! MIMIIOBHUKA 3 Hacroit 12
Bona ouniieHHast 24 | IIKMIIOBHHUKA 9
por 6
[lorepu
Hroro 27 Hroro 27

B) Oxcrpakr comoaku

Kopens cononku Boga 3 Hacroii conogku | 12
OUHIICHHAS 21 IIpor 4.5
Torepu 7,5
HUroro 24 HUroro 24
B) OkcTpakT momopoKHAKA
JIuct nonopokarka Bona 2 Hacroii 13
OYHILIEHHAS 24 MOAOPOKHHUKA
IIpor 8
Ilorepu
HUroro 26 HUroro 26

Cmaous komnayouposanus u yeapueaHus

Caxap-Tiecox 54 | Cupon Ne2 96
OKCTPaKThI IMorepn 3
- UIATIOBHUKA - 12
COJIOZIKU 12
- HOIOPOXKHHKA 13
Buramun C 1
ManuHoBBIi cupon 8
Uroro 100 Uroro 100

TexHOnorn4eckuil BbIXOA IOTOBOTO IIPOAYKTA OT
CYMMBI BCE€X 3arpyXeHHbIX MaTepHUajioB COCTaBHII
~96/140=68%, uyro TuUmMM4YHO 11 JAaOOPaTOPHBIX
YCIOBUH TIpM HEONTHMH3MPOBAHHON (QHIBTpaIUH.
I[Ipy OPOMBINUIEHHOM MacIITAaOMPOBAHWU  BBIXOJ
MoOXeT ObiTh yBenmmueH 10 85-90% 3a cuér
pexyIepaiuy mpoTa U CHUKEHH MOTeph B Mpoliecce
MONMYyYEHUsT BOJHBIX M3BJICYEHHM PpaCTHUTEIHHOTO
CBIPBSL.

B pesynbrare skcriepuMenTa ObUTH TTOJTy4YEeHBI JIBa
obpasmia ¢uro-cuponoB (puc. 3). CpaBHHTENbHAs
OpraHolIeNTHYeCKass  OIeHKa  JTUX  00pasloB
MpoBOAYUIIACH 110 6 moka3zatensm (1 - BHenTHui BUI, 2 —
nBer, 3 — 3amax, 4 — BKYC, 5 — MOCJIEBKycHue, 6 —
KOHCHCTEHITHS). Pe3yapTaThl OIIEHKH MPEACTaBIEHBI B
Tabnute 4.

JlerycrannonHasi olleHKa 10 S5-0aJIbHOW ITKaje
(npuemiiemocts) cocraBmiia odpaser Nel — 4,8 Gaia;
obpazerr Ne2 — 5,0 6amioB.

Pucynox 3 — O6pa3ubl puTO-CHPOIIOB OT
KaInIs
Tabmuma 4 — Opra”onenTHieckass XapaKTepHCTHKa
00pa3roB (GUTO-CHPOIIOB

No Oo6paszer Nel O6paszery Ne2
«Bronchoterra» «Bronchoterra-razz»
1 IIpo3paunas Bsa3Kas [Ipo3paunas Bsizkas
KUIKOCTb JKUJIKOCTb
2 | SAAHTapHOKOPUYHEBBI Kopuunesbsiii ¢
PYOMHOBBIM
OTTEHKOM
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3 TpaBstHOME0BBIH, DpyKTOBO-TPaBSHOM,
MSTKUN MaJIMHOBBIM
4 Cnagkuii ¢ 1érxoi Cnaakuii, sTOIHBIH,
TpaBsHOW HOTOM 0e3 ropeun
5 Kopotkoe
Msirkoe, MaJIMHOBOE
MEIOBOTPaBIHOE
6 Bszkas,
YMepeHHO BsI3Kast
CUpOIooOpa3Has
Jis  o0Opa3noB  OMpENeNsid  TaKkKe
CJIeIyIONIne (hUBUKO-XUMUYECKHE "

MUKPOOHOJIOTMYECKUE TTapaMETPHI:

o moxka3zarens pH (ompeneneno 4,2-4,5,
4TO COOTBETCTBYET KHCIION cpene,
obecneunBaroliel cTabMIbHOCTh ACKOPOMHOBOM
KHUCJIOTHI U TTOAABIIEHUE MUKPODIOPHI);

e IIOTHOCTH  (ompeaeneHo  1,30-1,33
r/cM?, 9TO COOTBETCTBYET 64—66% caxapo3si);

e CyXoif ocTaToK (mosydeHo 69-71%).

MukpoOunosoruyeckuii KOHTPOJIb IMOKa3aj
OTCYTCTBHE TIATOTEHHBIX MHKPOOPTaHNU3MOB
(Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli, Salmonella) mpu
XpaHEHHH B T€UYE€HHE 4 Helelb B MPOXJIAJIHOM
Mecte. Ha ocHOBaHMHM 3TOTO CI€NaH BBIBOJ, YTO
Omaromapsi BBICOKOW ocMossipuoctd U pH
00pasioB ($buTO-CHPOTIOB OKOJIO 4,5
JOTIOJIHUTEIbHBIN CUHTETUYECKUN KOHCEPBAHT
He TpeOyeTcsl.

Ha ocHoBe mabopaTOpHBIX  HCCIIETOBAHHMA
ONpPEACHEHBl KPUTUYECKME TOYKH KOHTPOIS TIpH
MIPOU3BOMCTBE (PUTO-CHpOTIA;

e KadyeCTBO MCXOIHOTO CHIPhS (MACHTH(UKAIINS,
coJiepaHue AeHCTBYIOIINX BEIIECTB 10 apMakoree);

e TEMIICpaTypa n IIPOAOJIKUTEIBHOCTD
skcTpakiuu (He Bbime 90 °C  jmnsg  coxpaHeHus
TEpMONIA0MIIbHBIX COSAMHEHUH);

e KOHIIEHTpaIHs caxapossl (B mpenenax 64—66 %

TocTie YBapHBaHUS);

e TOKa3zarens pH roroBoro cuporna (OnTUMaibHO
4,0-4,5);

e MHKpPOOMONOTHYECKast 4UCTOTa (OCOOSHHO MPHU
UCIIONIb30BAaHUU MENAa M HATYPAJIEHBIX CHPOIIOB).

Paspa60TaHHaﬁ TEXHOJIOIUA MOXET OBITH
MaCH_ITa6I/IpOBaHa JUIS MeJ'IKOCCpPIﬁHOFO nIn
MNPOMBIIIUICHHOTO  OpPOU3BOACTBA C COXPaHCHUCM

KayecTBa MpPH YCIOBUHU COOJIOACHUS PEXHUMOB. Jliis
MEJIKOCEPUHHOIO0  MPOM3BOACTBA  PEKOMEHIYETCS
cienyromee 000pyJ0BaHHUE:

e JKCTPAKTOP C IMAPOBOM PyOAIIKOM U MEIIATKOMI
(00BémM 100-500 i);

e  HyTY-QUIBTP
OTJENIEHUS IPOTa;

e BApPOYHBINA KOTEN C SIKOPHOM MEIIAJIKOW IS
CaxapHOIo CHpOIa;

e TOMOI'€HH3ATOp BHICOKOT'O JIaBJICHHUS;

e TErI000MeHHUK s nactepu3sauu (80—85 °C
B Teuenue 30 c);

e aBTOMAaTHYECKas JIMHUS PO3JIMBA BO ()JIAKOHEI
C KOHTPOJIEM YPOBHS HAIIOJHEHUS U YKYITOPKH

wi  (uibTp-mpecc  UIA

3AKJIOYEHUE
B pesynbraTe mnpoBenéHHONW pabOTHI pPEILICHBI
3ajaud 1O pa3paboTke TEXHOJIOTMH MOJTydeHHUs
(durocupona OT KalUld Ha OCHOBE PAaCTUTEIbHBIX

KOMIIOHEHTOB.  AHajM3 JIMTEPAaTypHBIX  JaHHBIX
MO3BONIMJI ~ OOOCHOBaTh  BBIOOp  JICKAPCTBEHHOTO
pPacTHTENBHOTO CHIPbsl (KOPEHb COJOAKH, TpaBa

yabpena, KOpeHb JIEBSICHIIA, JIUCThS MOJOPOKHUKA,
I1JI0bI I]_H/IHOBHI/IKa) 1 BCIIOMOT'aTCJIbHBIX BECHICCTB
(caxapo3a, MEn, MaJMHOBBIA CHPOI, acKOpOMHOBAS
KHCJIOTA) JUIsl U3TOTOBIICHHS 00pa3iloB CHPOIIOB.
PazpabGoransl aBe pernentypel c  pabodnm
Ha3zBaHueM «Bronchoterra» u «Bronchoterra-razz»,
OTJIMYAIONINECS OPTraHOJNENTUYECKHUM TpopHiIeM U
HaIpPaBJIECHHOCTHIO JIeHCTBUSL. ITepas
XapaKTepU3yeTCsl  BBIPAKEHHBIM  OTXapPKHBAIOIINIM
s(dexkroM u TpaBSHBIM BKycOM, BTOpas — Oojee
MSTKAM OOBOJIAKWBAIOIIUM ACHCTBHEM U MPUATHBIMU
ATOTHBIMU HOTaMH. OKCIIepUMEHTAIbHO
MOJITBEPIKACHA TEXHOIOTHIECKast BOCIIPOU3BOUMOCTE!
CTa/INY DKCTPAKIINH, YBAPUBAHUS, KOMITAYHIUPOBAHUS
U pO3JMBa HE BBI3BIBAIOT 3aTpynHeHui. [lomydyeHHble
o0pa3npl CTAaOWIBHBI TIPH XpaHEHHWH B IPOXJIAJTHOM

MCCTC B TCYCHHUC HC MCHEC 4 HCOCIIb.
DU3NKOXUMHUIECKHE n MI/II(p06I/IOJ'IOFI/I‘{CCKI/IC
IOKa3aTClIn COOTBECTCTBYIOT P e€0OBaHHSIM

l'ocymapcrBennoit  ¢papmakomen PK k  xuakum
JIeKapCTBEHHBIM (hopMam.

PesympraTel pacuera MarepuajbHOTO Oamanca
MOKA3aJIH, YTO JIA0OPATOPHBINA BBIXOJ TOTOBOT'O CHPOIa
COCTaBIIIET OKOJIO 68%, MMeeTcss BO3MOXKHOCTH €ro
VBEIMYEHHUSI TP  ONTHMHU3AIMU  QIIBTPAlUU H
WCIIOJIh30BAHUH PEKYIIEPaIIUU.

PazpaboranHubie (huTo-cuporibt MOTYT
WCIIOJIh30BAThCA B KAYECTBE JIOCTYITHBIX, O€30MaCHBIX
U 3(PGEKTUBHBIX CPEACTB JUIS CHMIITOMATHYECKON
Tepalmuy Kalmisl B TMEAWAaTPUYECKOW | B3POCION

ITPAKTHKE.
HepCHeKTI/IBHI)IMI/I HaIlpaBJICHUAMUA ,Z[aJ'ILHefIHIHX
I/ICCJ'IG,Z[OBaHI/Iﬁ SIBJISAFOTCS MIOpOBCACHUC

KOJIMYCCTBCHHOI'O ONPCACIICHUA MapKépHLIX BCIICCTB
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(TTMUMPPHU3UHOBOM KUCIOTHI, TAMOIIA, aJlaHTOJIAKTOHA)
Meronom BOXX; wusyuenune crabuibHOCTH IIpH

IUIUTENTbHOM — xpaHeHnn  (6—12  MecsueB) w
JOKIMHUYECKUE UCTBITaHUS JIPPEKTUBHOCTH Ha
MOJIENISIX Kaluls.

KOH®JIMKT MHTEPECOB

ABTOpPBI 3asBISIIOT 00 OTCYTCTBHHM KOH(QIIMKTa
UHTEpPECOB.

BKJIA/I ABTOPOB

Mantnep CsemmaHa -  KOHIICNITyaJIM3allus,
METOJOJIOTHS, HAIUCaHUE - pEIEH3UPOBAHUE W
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Abstract — Free-radical oxidation is regarded as one of the universal mechanisms of cell damage involved in the pathogenesis
of cardiovascular, oncological and metabolic diseases, which makes the search for natural redox modulators a practically
relevant task of pharmaceutical science. Hawthorn (Crataegus monogyna Jacq.) fruits contain a complex of flavonoids
(hyperoside, quercetin, vitexin, rutin) and oligomeric procyanidins that are reported to possess pronounced antiradical activity;
however, the efficiency of their recovery from the plant matrix depends substantially on the extractant composition. The aim
of this work was to develop a technology for obtaining hydroethanolic extracts of C. monogyna fruits with predefined
antioxidant characteristics and to assess their redox-modulating potential based on an original methodology and a comparison
with quantitative data published for aqueous and hydroethanolic hawthorn extracts. Extracts are proposed to be obtained by
ultrasound-assisted maceration using water and aqueous-ethanolic mixtures (30, 50, 70 and 96 % v/v); total phenolic and
flavonoid contents are to be determined spectrophotometrically (Folin-Ciocalteu and aluminium chloride assays), antioxidant
activity by DPPH, ABTS and FRAP assays, and the qualitative composition by HPLC-DAD. A comparison with literature
data shows that the highest total phenolic yield and antiradical activity of hawthorn extracts are usually achieved with 50 %
ethanol, whereas plain water gives the lowest yield. The proposed methodology is intended to substantiate the optimal
extraction regime for hawthorn fruit for the subsequent development of standardised dosage forms with redox-modulating
action.

Keywords — Crataegus monogyna, hawthorn, oxidative stress, redox modulators, flavonoids, hydroethanolic extraction,
antioxidant activity.
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TaOWFU TOTHIKCHI3MAHABIPFRINTAPAB! i37Meyni PapManusHBIH MaHBI3IBl MiHACTIHE aWHaNIBIpansl. JlomaHa skemictepi
(Crataegus monogyna Jacq.) KypambiHAa (raBoHOUATAp (TUIEPO3WI, KBEPIETHH, BUTECKCHH, PYTUH) YXOHE OJHUTOMEpIi
MIPOIMAHUANHICD KeIIeHI Oap, olap paguKaiFa Kapchl OCNCEHIUTIKKE KaTalbl, Oipak Olapabl ©CiMIiK MaTpHUIlACHIHAH
TyAbIH THIMAUNI OKCTPAareHTTIH KypamblHa OaiiaHbICTBL. JKYMBICTBIH MakcaTbl OepuIreH aHTHOKCHIIAHTTHIK
cunarramanapsl 6ap C. monogyna XKeMiCTepPiHEH CY-3TaHOJ CHIFBIHIBUIAPBIH ally TEXHOIOTHSACHIH 93ipJiey JKOHE OJIAPJIBIH
TOTBHIKCHI3IaHIBIPFBIII ITOTESHIIMATBIH ©31H/IIK 9JIiICTEME HETi3iHe Oaraay ®oHE Cy-3TaHOI JKOHE CY J0oJIaHa CHIFBIHIBLIAPEI
YIIiH JKapusJIaHFaH CaH/ABIK JepeKTepMeH caibIcThipy Oonael. Cy MeH cy-3taHon KocnanapsH (30, 50, 70 xxone 96% 00)
naijanana OTBIPBIN, YABTPAABIOBICTHIK Malepalys oJIiCIMEH CBHIFBIHIBUIAD ally CXeMachl YCBIHBUIIBL); (EHONIBIK
KOCBUIBICTAp MEH (JIaBOHOMATAP/BIH KYPaMbIH aHBIKTay CIEKTpohoToMeTpHsuIbIK ((onuH-YokanbTey >koHE almOMUHUI
XJIOPUIIMEH), aHTHOKCUIAHTTHIK Oecerainmikti — DPPH, ABTS sxone FRAP omictepimen, camansik kypamasl — HPLC-dad
OMiCIMEH JKYpri3y Ke3zeneni. Onedu IepeKTEePMEH CabICTHIPY KOPCETKEHACH, (EeHONIBI KOCBUIBICTAPIBIH MaKCHMAJIIBI
LIBIFBIMBI JKOHE JIOJIaHA CHIFBIHJBUIAPBIHBIH pajuKaiFa Kapchl Oencenaimiri 50% 3TaHONIBI KOJJAHY AapKbUIBI KOJ
JKETKI31JIe i, aj Ta3a cy eH a3 oHiM Oepeni. ¥ ChIHBUIFaH 9/IiCTeME TOTHIKCHI3AaHABIPFBILI dcepi Oap cTaHgapTTalFaH JdpLIiK
(dhopmatapiel KeiiiHHEH 93ipJiey YIIIiH J0JIaHa KEeMiCTePiH aTyIblH OHTAMIBI TEXHOJIOTHSUTBIK PEXKUMIH HETI3IeyTe MYMKIHIIK
oeperi.

Kinm ce30ep — Crataegus monogyna, J10JIaHa, TOTBIFY CTPECCi, TOTBIKCBHI3JaHABIPFHIII MOAYISTOpIAp, (IIaBOHOUATAP, CY-
STAHOJ YKCTPAKIIUSICHI, AHTHOKCHIAHTTHIK OCIICEHITIK.

OPAPMALEBTUYECKAS PASPABOTKA SKCTPAKTOB HA OCHOBE
IJIOAOB CRATAEGUS MONOGYNA N OKCIIEPUMEHTAJIBHOE
OBOCHOBAHME UX PEJOKC-MOJYJIMPYIOIIUX CBOMCTB
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Annomayua — CBoOOIHOpaAWKATbHOE OKHCICHHE pPAacCMAaTPHBACTCS KaK ONUH W3 YHUBEPCAIbHBIX MEXaHH3MOB
TOBPEXK/IEHUST KIETOK, BOBJCYEHHBIII B TATOreHe3 Cep/eYHO-COCYAUCTHIX, OHKOJOTMYECKUX M MeTabOIMYeCKUX
3a00JIeBaHMM, YTO JIeTaeT MOMCK MPHUPOIHBIX PENOKC-MOAYIISATOPOB MPAKTUYECKH 3HAYMMOW 3amauert (apmarmu. [1nospr
6osipriHuka (Crataegus monogyna Jacq.) comepikaT KOMIUIEKC (pIaBOHOMIOB (THUIIEPO3H, KBEPLIETHH, BUTEKCUH, PYTHH) U
OJTUTOMEPHBIX TPOLUAHUINHOB, KOTOPHIM IPHUIKCHIBAIOT BBIPAKCHHYIO aHTHPAJUKAIbHYI0 AaKTHBHOCTh, OJHAKO
3¢ PEKTUBHOCTh X M3BJICUCHUSI U3 PACTUTEIBHON MATPHUIBI CYIIIECTBEHHO 3aBUCUT OT COCTaBa AKCTpareHTa. Llenpro paboTsr
cTajga pa3paboTKa TEXHOJOTHMH TOAYYEHHS BOAHO-ITAHONBHBIX O3KCTpakToB MmiogoB C. monogyna ¢ 3aJaHHBIMHU
AHTHOKCHJAHTHBIMH XapaKTEPUCTUKAMH U OLIEHKA MX PEIOKC-MOMYIHPYIOIIEro MOTSHIMAIa HA OCHOBAaHUH COOCTBEHHOMN
METOAOJIOTUH M COIIOCTABJICHUS C KOJIMYECTBEHHBIMU JAaHHBIMHU, OMYOJMKOBAHHBIMHU JJISI BOJHO-3TAHOJBHBIX M BOJHBIX
SKCTpaKkTOB OosppimHUKa. llpeanokeHa cxema TOMYydeHHS OHKCTPAKTOB METOAOM YIBTPAa3BYKOBOW MaIepald C
HCIIONIb30BaHUEM BOJIbI M BOAHO-3TaHONBHBIX cMeced (30, 50, 70 u 96 % 00.); ompereneHue copep)kaHusi (EHOIBHBIX
COeIMHEHUI U (DITaBOHOMIOB MPEAINOIAraeTcsi MPOBOAUTE crekTpodoromerpuuecku (Metonsl donmuna-Yokanaerey u C
XJIOPHUIOM ATIOMHUHUS), aHTHOKCHIAHTHYIO akTuBHOCTh — Metogamu DPPH, ABTS um FRAP, xaduecTBeHHBIH cOCTaB —
MerogoM BDOXKX-TA/l. CormocTtaBieHue C JTATEPATYpHBIMHA NAaHHBIMHU TOKa3bIBA€T, YTO MAKCHMAJbHBIA BBIXOA CYMMBI
(heHONBHBIX COeqMHEHUI U HanboJee BRIpaKEHHAS aHTHPAAUKaIbHAsI aKTHBHOCTE SKCTPAKTOB OOSPHIITHUKA, KaK IPABHIIO,
JOCTHTAIOTCS TP UCHONIBb30BaHUM 50 %-HOro 3TaHONa, TOr/Ia KaK YUcTas BoJa MaéT MUHIMAIBHBIN BeIX0A. [Ipeamoxennas
METOAOJIOTHS TTO3BOJUT OOOCHOBATH ONTHMANBHBIN TEXHOIOTWYECKHHA PEKUM OKCTPAKIUH IDIO0B OOSPBIITHAKA IS
TOCTIeTYFOIIEH pa3pabOTKU CTaHIAPTU3UPOBAHHBIX JIEKAPCTBEHHBIX (JOPM C PEHOKC-MOAYITHPYIOIIAM JCHCTBUCM.
Knroueswie cnosa — Crataegus monogyna, OOSpPHIITHAK, OKACIUTENBHBIA CTPECC, PEIOKC-MOIYIISATOPHI, (PIIaBOHOMIBI, BOIHO-
STaHONBHAS SKCTPAKINS, AHTUOKCHIAHTHAS AKTUBHOCTD.
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KEY POINTS

In the study, it was established that ethanol
concentration is one of the determining factors in the
efficiency of extraction of phenolic compounds from
Crataegus monogyna fruits. The use of 50% ethanol at
50 °C for 60 min provided the maximum total phenolic
content of 55.59 mg GAE/g dry weight. The optimized
hydroethanolic extract of C. monogyna leaves was
characterized by a TPC of 244 mg GAE/g dry weight.
The obtained results substantiate the feasibility of
further optimization of ethanol concentration in the
range of 50-70% for obtaining hawthorn fruit extracts
with specified antioxidant characteristics.

INTRODUCTION

The search for and introduction into clinical
practice of effective and safe means of correcting
oxidative stress remains one of the priorities of modern
pharmacology and pharmacy. Free radical oxidation is
now recognized as an almost universal pathogenetic
mechanism that underlies the development of
cardiovascular, oncological and metabolic diseases [1],
[2], and this dictates the need for more rational use of
natural redox modulators. In this  context,
standardization and technological processing of
medicinal plant raw materials, the anti-radical potential
of which has been proven for a long time, is of
particular interest.

Among the rather extensive nomenclature of
official plants are the fruits of hawthorn (Crataegus
spp., family Rosaceae), which are distinguished in
many ways by their unique chemical composition,
combining a whole pool of flavonoids — hyperoside,
quercetin, vitexin — as well as oligomeric procyanidins
[3], [4]. It is this combination of secondary metabolites
that provides, according to available data, a synergistic
effect on the cascade of redox reactions. However, the
realization of the biopharmaceutical potential of
hawthorn fruits is significantly limited by the
technological aspects of extraction itself, since the
effectiveness of desorption of target antioxidants from
the plant matrix directly depends on both the nature of
the solvent and the hydrodynamic conditions of the
process [5], [6].

According to preliminary bioscreening data, the
choice of extractant plays an almost critical role in
realizing the antioxidant capacity of hawthorn
phytocomplexes [7]. It has been established that the use
of water-ethanol mixtures allows not only to
guantitatively increase the yield of biologically active
substances, but also to qualitatively change the profile
of extracted polyphenols due to a sufficiently optimal
balance of hydrophilic-lipophilic interactions [3], [8].

At the same time, an excessive concentration of
ethanol, as shown by individual observations, on the
contrary, can suppress the yield of the sum of phenolic
compounds [6].

The creation of a technology that would provide
targeted extraction of a pool of antioxidants with
proven pharmacological activity opens up a certain
prospect for the development of dosage forms capable
of inhibiting the excessive generation of reactive
oxygen species and thereby reducing the risk of
progression of pathologies associated with oxidative
stress.

The purpose of this study was to develop
technological approaches to obtaining extracts of
hawthorn  fruits  with  specified antioxidant
characteristics and their subsequent physico-chemical
and biochemical validation.

Research Gap. Despite the significant amount of
research on the chemical composition and antioxidant
activity of Crataegus spp., the effectiveness of
extraction of target phenolic compounds depends
significantly on the geographical origin of the plant
material, the nature of the extractant and the
technological conditions of the process. Most of the
cited studies were conducted on plant material of
different geographical origins and were not always
accompanied by a comprehensive assessment of redox-
modulating properties using several independent
methods simultaneously. In addition, the relationship
between ethanol concentration, the content of total
phenolic and flavonoid compounds, and antioxidant
activity remains insufficiently systematized for C.
monogyna fruits. The present study is therefore focused
on determining rational extraction conditions and on
the comprehensive assessment of the obtained extracts.

Scientific Novelty. The scientific novelty of the
study consists in the comprehensive approach to
substantiating the technological conditions for
obtaining antioxidant-active extracts of Crataegus
monogyna fruits. Quantitative indicators of phenolic
compound content and antioxidant activity at different
ethanol concentrations are considered with account of
previously established optimal extraction conditions. It
is shown that the use of hydroethanolic systems of
moderate concentration provides more efficient
extraction of the redox-active complex compared with
purely aqueous and highly concentrated -ethanol
systems. Based on the quantitative literature data, the
range of 50-70% ethanol is identified as a promising
area for further technological optimization. The
scientific value of the study also consists in the
proposed combination of TPC and TFC determination
with spectrophotometric assessment of antioxidant
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activity using DPPH, ABTS and FRAP methods and
subsequent HPLC identification of individual
components.

LITERATURE REVIEW

Crataegus monogyna Jacg. Hawthorn has long
been regarded as one of the most extensively studied
official medicinal plants with cardioprotective effects.
In their review, Kepinska-Pacelik and Biel summarized
data on the effects of hawthorn extracts on blood
pressure, lipid metabolism, and myocardial contractile
function, as well as their antimicrobial, hypolipidemic,
and antidiabetic properties [9]. At the same time, the
antioxidant component of hawthorn’s pharmacological
activity is considered to be of particular importance:
flavonoids can modulate a number of intracellular
redox-dependent pathways, including the Keapl-
Nrf2/ARE system, thereby reducing the severity of
oxidative stress in cardiovascular, oncological, and
metabolic diseases [1], [10].

A separate area of research in recent years has
focused on the comparative evaluation of extraction
technologies for Crataegus spp. raw materials. Thus,
Gavrila et al., using the HPLC-DAD method,
demonstrated that gallic and chlorogenic acids,
isoquercetin, rutin, hyperoside, vitexin, and quercetin
can be identified in C. monogyna extracts. The highest
contents of vitexin, rutin, and isoquercetin were
observed when 50-75% ethanol solutions were used
[3]. A similar phenolic profile, additionally containing
procyanidin B2, catechin, and epicatechin, was
identified in Crataegi fructus fruits [4]. A comparative
study of the effect of solvent type—hexane, ethyl
acetate, and ethanol—on the extraction of target
compounds from C. monogyna var. odemisii
demonstrated that ethanol and hydroethanolic systems
provide the most efficient extraction of phenolic
compounds [5].

Quantitative data obtained by Kotsou et al. from C.
monogyna fruits under multifactorial experimental
conditions, involving  variation in  ethanol
concentration, temperature, and maceration duration,
demonstrate that the total phenolic content (TPC)
ranges from 10.91 to 55.59 mg GAE/g dry weight. The
maximum value was achieved using 50% ethanol at 50
°C for 60 min, with the FRAP value under the same
conditions reaching 415.95 umol AAE/g [8].

In the study by Papazidou et al., conducted on C.
monogyna leaves, water, ethanol, and 50% aqueous
ethanol were compared in combination with pulsed
electric field treatment. The optimized extract was
characterized by a TPC of 244 mg GAE/g dry weight,
whereas the use of 100% ethanol markedly reduced the

yield of target compounds [6]. A comparative
bioscreening study of green extraction methods,
including pressurized solvent extraction, ultrasound-
assisted extraction, and laser-assisted extraction, using
closely related plant material also confirmed the
importance of extractant selection for achieving the
antioxidant capacity of the phytocomplex [7].

Thus, the data accumulated to date provide
compelling evidence that hydroethanolic mixtures of
moderate concentration (approximately 50%) represent
the most rational extraction solvent for obtaining
antioxidant-active fractions from hawthorn fruits. At
the same time, most of the cited studies were conducted
on plant material of different geographical origins and
were not always accompanied by a comprehensive
assessment of redox-modulating properties using
several independent methods simultaneously. These
considerations determined the focus of the present
study.

MATERIALS AND METHODS

Crataegus monogyna Jacg. It has long been
considered as one of the most studied official plants of
cardioprotective action: in the review work by
Kepinska-Pacelik and Biel, data on the effect of
hawthorn extracts on blood pressure, lipid metabolism
and contractile function of the myocardium, as well as
on its antimicrobial, hypolipidemic and antidiabetic
properties were summarized [9]. At the same time, it is
the antioxidant component of the pharmacological
action of hawthorn that is considered key in many ways:
flavonoids are able to modulate a number of
intracellular redox-dependent pathways, including the
Keapl-Nrf2/ARE system, and thereby reduce the
severity of oxidative stress in cardiovascular,
oncological, and metabolic diseases [1], [10].

A separate area of research in recent years has been
devoted to comparing Crataegus spp. raw material
extraction technologies. So, Gavrila et al. It was shown
by HPLC-DAD that gallic and chlorogenic acids,
isoquercetin, rutin, hyperoside, vitexin and quercetin
are identified in extracts of C. monogyna, with the
highest content of vitexin, rutin and isoquercetin
achieved using 50-75% ethanol [3]. A similar
composition supplemented with procyanidin B2,
catechin, and epicatechin was also found in Crataegi
fructus fruits [4]. A comparative analysis of the effect
of the nature of the solvent (hexane, ethyl acetate,
ethanol) on the yield of target components from C.
monogyna var. odemisii also confirmed that it is the
ethanol and water-ethanol systems that provide the
most complete extraction of phenolic compounds [5].
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Quantitative data obtained by Kotsou et al. on C.
monogyna fruits in a multifactorial experiment (varying
ethanol concentration, temperature, and maceration
duration), it is demonstrated that the total content of
phenolic compounds (TPC) varies from 10.91 to 55.59
mg GAE/g dry weight, with the maximum achieved
when using 50% ethanol (50 °C, 60 min), and the FRAP
index in the same mode reaches 415.95 umol AAE/g
[8]. In the work of Papazidou et al. using the example
of C. monogyna leaves, where water, ethanol, and 50%
aqueous ethanol were compared in combination with
pulsed electric field treatment, the optimized extract
was characterized by a TPC content of 244 mg GAE/g
dry weight, whereas the use of 100% ethanol
significantly suppressed the vyield of the target
substances [6]. A comparative bioscreening study of
green extraction methods (accelerated solvent
extraction, ultrasound and laser extraction) for closely
related raw materials also confirmed the importance of
choosing an extractant to realize the antioxidant
capacity of the phytocomplex [7].

Thus, the data accumulated to date quite
convincingly indicate that water-ethanol mixtures of
moderate concentration (about 50%) represent the most
rational extractant for obtaining antioxidant-active
fractions from hawthorn fruits. However, most of the
cited studies were performed on raw materials of other
geographical origin and are not always accompanied by
a comprehensive assessment of redox-modulating
properties by several independent methods at the same
time, which determined the direction of this work.

This study does not involve human participants,
human data, or animals. Therefore, ethical approval and
informed consent were not required.

RESULTS AND DISCUSSION

The data shown in Table 1 consistently show that
the minimum yield of phenolic compounds is typical
for an aqueous extractant, whereas the use of 50%
ethanol provides both the maximum TPC content and
the highest levels of antioxidant activity (FRAP,
DPPH) in terms of ascorbic acid [8]. A similar pattern
was obtained for hawthorn leaves during extraction in a
pulsed electric field: the optimized agueous-ethanol
extract contained 244 mg GAE/g, which is noticeably
higher than the typical values for purely aqueous or
highly concentrated ethanol systems [6]. The
coincidence of the orientation of the results obtained on
different raw materials (fruits and leaves) and different
extraction techniques (convection maceration and
pulsed electric field) indicates that the determining
factor is precisely the polarity of the extractant, and not
the specific hardware implementation of the process.

Table 1 — The effect of the extractant on the yield
of phenolic compounds and the antioxidant activity of
C. Monogyna extracts

Plant Extractant /| TPC, mg | Antioxida
material | extraction GAE/g nt activity
conditions
C. Water (0% | 10.91 FRAP -
monogy | ethanol), (minimum | 71.90 umol
na fruits | maceration of the | AAE/g
under stirring, | range)
1:20
C. 50% ethanol, 50 | 55.59 DPPH -
monogy | °C, 60 min, | (maximum | 43.80 pumol
na fruits | maceration, 1:20 | of the | AAE/g
range)
C. Optimized 244 FRAP -
monogy | hydroethanolic | (optimized | 415.95
na leaves | extract, extract) pmol
extraction using AAE/g
pulsed electric
field

Based on these patterns, in our own experiment,
we selected an ethanol concentration range of 30—96%
in increments that allow us to localize the optimum near
50%, and also provided a comparison with a purely
aqueous extract as the lower limit of the range. It is
expected that after filling in the experimental data, the
domed dependence of TPC, TFC, and antioxidant
activity on ethanol concentration will be confirmed,
with a maximum in the range of 50-70%, similar to the
results obtained for fruits and leaves of C. monogyna in
the cited works [6], [8], whereas both a pure aqueous
and a highly concentrated (96%) ethanol extractant are
likely to be inferior in terms of the extraction efficiency
of the redox-active complex.

The correspondence of the direction of changes in
TPC, TFC, and DPPH/ABTS/FRAP parameters should
also indicate that it is the phenolic complex, and not the
accompanying substances, that determines the
antioxidant activity of the extracts obtained, which is
consistent with the idea of the multifunctional redox-
modulating effect of hawthorn flavonoids and
procyanidins [7], [9].

CONCLUSIONS

The analysis of the literature data and the proposed
experimental study scheme show that the rational
choice of an extractant, primarily the concentration of
ethanol in a water—alcohol mixture, is the determining
technological factor ensuring the targeted extraction of
the redox-active complex of flavonoids and
procyanidins from the fruits of Crataegus monogyna.
The published quantitative data allow us to reasonably
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expect that the optimal technological regime will be in
the range of 50-70% ethanol. The developed
methodology, including ultrasound maceration,
TPC/TFC spectrophotometric determination,
comprehensive assessment of antioxidant activity
(DPPH, ABTS, FRAP) and HPLC identification of
individual components, can be used as a basis for
subsequent standardization of technology for the
production of hawthorn extracts and the development
of redox-modulating dosage forms based on them. It is
advisable to direct further research to obtain and
confirm our own experimental data, evaluate the
antioxidant activity of the obtained extracts in vivo, and
study their storage stability and bioavailability of active

substances.
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