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LYTHRUM SALICARIA L. ©CIMAITHIH XKEP YCTI
BOJNrHAgEr! ®JIABOHOUATAPLAbI CAHAObIK AHBIKTAY

Kaszipei manoa 0acmypni scone XanvlKmvlk MEOUYUHaAoa ag3amvly
mypai aypyrapein emoeyoe 6CiMOIK WUKI3Ambl WUNATIbIK 3ammap peminoe
Konoanyoa. OcimOik mekmi WuKizammap mepanusiivlk NOMeHyuaivl 6ap
JHCana, Kayinciz dcane Kyammol OUOIO2USTbIK Oe/CeHOl 3ammapobl KO3l
peminoe Kbl3bl2ybliblK Myoblpblin 0Omulp. ONeMOIK OEHCAYIbIK CAKMAY
YUbIMOApbiiblH MaiMemmepi OoubiHua xanvlkmoiy 80% acybievl 6CIMOIK
WUKIZ3AMBIHAH AIbIHEAH 0IPINIK 3aMmapobl Al2auKbl MeOUYUHATIK
KoMekme Konoanaovl exen. Typni aypyrapovl CUHMemuKaiblk 0dPLLiK
3ammapmen emoeyoe Jcui KoCAaikvl acepaep (aiiepaus, Kycy, iu omy,
bac aypy m.0.) baukanaovl. Odemme oCiMOIK mekmi 0IPINIK 3ammapobiy
Gapmaxonozcusnvik acepi auKbit, HCAHAMA dcepiepi MapObiMChbl3 601a0bL.
Conovikman ocimMOiK mekmi 02piliK 3ammapovlly Hcaya mypiepin
i30ey manwvi30vl macene 6oavin madsiiadsl. Ocvl opanda 6CciMOiK
KYPamblHOA Ke30ecemil (plasoHoOUOmap 30p Kbl3bl2YULbLIbLK MY2bl3a0bl.
@nasonoudmap - buonocusIblK bejcenoi 3ammap apacvlHOa ey Kon
mapanzan Kocwiavlcmap. KypoiiblMObIK scagbiian KOnmypii, OUOI0USLIbIK,
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bencenOLnikmepi apmypi HcaHe AlKbIH, YoIMMbLIbIbL MOMEH KOPCEMmKIiKe
ue. Onapoviy Heci3iHOe KabbIHy2d, Oakxmepused, UpyCcKa Kapcol Heand
muimoi 0apinik npenapammap sxcacayza 601aowvi. byn swymvicma Lythrum
salicaria L ecimoizinin ocep yemi benizinen (hnagoHouomapObly H#CUbIHMbIK,
menuepin ouggepenyuandvik cnekmpogomomempuimer aHbIKMay
a0icmemecin dcacay AHcaHe 8aAIUOAUUANAY KAPACMBIPBLIObL. OCimOik
CbILIHOBICHL PeItOKC 0iCiMeH anblHObl. DKCmpazeHm peminoe mypii
KOHYEeHMPayuaoazel Smui Cnupmi KoJI0aHblAbIN, ey OYMAallbl epimKiul
peminde 70 %-0vig smun cnupm manoandsl. ColeblHObl KYpamblHOAebl
¢rasonouomap men anrOMuHUll XA0pUdiniy epimindici apacvlHOaAzvl
KOMRJIEKC My3y peakyuscblHbly OHMAUIbl WUAMAIAPLL AHBIKMALObL.
Cobi12b1HObI MEH AFOMUHUL XTOPUOIHIH epimIHOICIHIH KoIeMOePIHiY OHMALLIbL
apakamuinacsl 5:2, KoMnaeKc myciniy Makcumaniobl auKbIHOATY YaKblmbl
40 munymmol KYpaosl. O3ipieHeen adicmemeze apHAUbIIbIK, CbI3bIKIbIK
JicoHe OYPbiCmblK KopcemKiumepi 00UbIHUA 8ANUOAYUSL HCACATLIHOBL.
ApHativLivlK KepcemKiui 3epmmenemit ColeblHObl MeH CIAHOAPMMmbl Y2l
— pymunHiH Oughgepernyuandvl cnekmpiepin canrblCmvlpy ApKblibl HCy3e2e
acwvlpolLiowl. Tayencis atiHbimanvl peminoe WUKizam mMaccacol MeH mayenoi
wama (rasonouomap wibl2blMel) apacvblHOA Mypa nponoOPYUOHALOb
mayenoinikmiy OOVl CoI3bIKMbIK KOPCemKiul 0ap ekeHOi2iH 021e10etloi.
odicmemeniy Kaanvina xexy unmepeanvt 95,0-0en 100,3 % xypayoi
OYpbICmbIK, KOPCEMKIWIH pacmaiiobl.

Kinmmi ceszdep: Lythrum salicaria L., ¢pnagonouomap,
cnekmpogomomempus, 8anudayust, 6CIMOIK CblebIHObICbL, NOIUDEHONOAD.

Kipicne

®draBoHOWATAP OCIMIIIK QJIEMiH/Ie KCH TapairaH (DEHOJIBI KOCHUIBICTAP
ToOBI [1; 2]. Omap aHTHOKCUIAHTTHIK, OT alJalTHIH, KAMJUIAP HBIFAWTATHIH,
TeMaTONPOTEKTOPIIBIK, ICIKTEpre KapChl, Iy PETHKAIIBIK, THTIOTCH3UBTI KoHE 0acka ja
oencernpimikrepre ue [3; 4; 5].CoHABIKTaH OCHIHIAN OHOIOTHSITBIK OCIICCHALTIKTEpTe
Y€ JOPLTIK OCIMIIKTEP MEIHITIHAIIBIK MPAKTHKA/IA KOJIAHBIC TaITKaH.

Lythrum salicaria L. (TamxansIpak TEpryJ) — KON XBUIABIK MIONTECIH
eciMIik [6; 7; 8]. buixTiri 80-140 cM, TAMBIPBI KAJTBIH KOHE aFalll TOPi3/i OOIIbII
KeTeTiH eciMIik. MHBa3uBTI *abaifbl eciMaik Oolica 1a, epTe 3aMaHHAH OHBIH
TYIAEpl XaNbIKTHIK METUIIMHANa Kolmanbic TankaH [9]. XKep ycrti Oemiri im
eTyne, TU3CHTEPHs, ileK KaObIHYy, TeMaTypHs, JISHKOpes, MYpPbIHHAH KaH KeTy
KargaimapeiHaa Konganeurad. COHBIMEH KaTap OYJ1 ©CIMIIIK IMITETHTO, K3eMa
JKOHE HECET-KBIHBIC XKYHeci KaObIHyapeIHaa na naiinaranrad [ 10;11]. Feumbivum
3epTTeyliep TaJDKambIpak TapTYJAiH OakTepusra, 3eHre, KaObIHyFa KapcChl,
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ayBIPCHIHYTIAPIBI OacaTHIH XKOHE IUTOYBITTBUIBIK ocepi Oap eKeHAITiH KOPCETKEeH
[12]. ©ciMaik CHIFBIHIBICHIHBIH KaHIAFbI TIIFOK032 MOJIIIEPiH TOMEHIETYTE BIKITAT
eTeTiHi aHbIKTanFaH [13]. Bynm ocep MHCYNIWH CEeKpEUHSICHIHBIH KYIICIOIMECH
YKOHE aFr3aHbIH MHCYJIHMHIE Ce3IMTaJIBIFbIHBIH apTybIMEH OaiJIaHBICTHI OOTYBI
MyMKiH [13]. Tamkanslpak TEpryJl ChIFBIHABIAPHI AHKUIIO3/bI CIOHIWINT,
CKJIEPO3, PEBMATOUATHI APTPUT JKOHE PEBMATHKAJIBIK KbI3YIaFrbl OaKTEPHSIBIK
TPUTTEPIIePAiH 6CyiH Texei i [ 14]. ©OciMaikTiH H-TeKcaH, XJI0po(opM, STHIAIeTaT
CBIFBIH/IBITAPEI CITa3MOTeH I acepre ue [15].

MaTtepuanmap MeH daicTepi

3eprrey HbIcaHbl perinae Kaparanasl o0mpickiHAa 2024 SKBUIABIH TaMbI3
aiteraa xuHaFa Lythrum salicaria L. ( L. salicaria L.) eciMairigiyg sxep ycTi
06JIIr aJIbIHIbL.

Tamxansipak taprynjeri ¢paaBoHOMATApAbl CAHABIK aHBIKTAy
nudpepeHIHANIB CIEKTPOPOTOMETPHSA 9AICIMEH JKY3€Tre acCBIPBIIIHI.
[ykizaTTan GraBOHOUITAP SKCTPAKIMSUIAY MEH OJIapIbIH ATFOMHHUN XJIOPUAIMEH
KOMIUIEKCTY3Y pEeaKIMsUIapbIHBIH OHTAMIIBI JKaF 1ainapsl TaHaaiabl. CTaHIapTThIK
YoIri petinae — pyTuH anbiHasL. 3eprreyiep Thermo scientific Multiskan momeni
CHEKTPO(OTOMETPIHIE JKY3€eTe aCHIPBULABL. 3ePTTEY XKYPri3iieTiH mapTTap KecTe
1-me kepceTinrexn

l-xecte — L. salicaria L. eciMAiriHiH ep YcTi Oemirinaeri ¢praBOHOUATAPIIBI
CaHIBIK aHBIKTAY JKaFdaiaapsl

IIHKi3aTTEI IKCTPAKOHAIAY KaFgaiaapsl

DKCTpareHT | STHI criHpTi 70%, 90%
KoMIIeKcTY3iTy peakNHACBIHBIH Kafgalaapsl
ATIOMHHHH XJIOpHII epiTiHaiCiHIH 5%
KOHIIEHTPAITHACEH]
CHIFBIHIBI MEH aTIOMHHHE XTOPHI 5:2.1:1:1:3

epiTiHIinepiHiH KeneMIepiHiH
aPAKATBIHACK! (V cxrarers/ V AICT3)

KoMImekcTiH TyciHig 10-90 MHHYT apacbIHAa, 2p6ip 10
AHKBIHAATY YaKbITh MHHYT CaHbIH
CrnexrTpogoToMeTpJIey MaMaIaphbl
TOIKBIH Y3BIHABIEBI (HM) 350-450 apansIFeIHIA, 2p6ip 1 HM
catibIH

Canowvig anvikmay a0icmemeci: 0,8 rpaMM ycakTanraH mmkizat 250 mu
JIOHTeJIeK TYNTI Kosibara caibibl, yerine 100 ma 70% 3Twin ciupTi KyHbUIaabL.
Kepi mMy3naTkpIuTel Kochkln, pedutoke anicimer 40 MUHYT 3KCTpakIusiiay
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xyprizineni. Cogan kellin QuibTp Karasbl apkeUIbl, 100 M enmmerim xonbara
KYHBIT, Oenrire IefiH CIUPTICH TOIBIKTHIPAIbL.

JKympicuibl epimindi — 25 M JIIeTIIT Koj0aFa albIHFaH CHIFBIHABIIAH 5 M
AIMKBOTA KYSABL, OFaH 2 M 5 % amoMuHUIA XJopui Kyiibuiansl. OH MIHYTKa
KaJIeIpanpl. YakeIT eTKeH coH 0,2 MIT cipke KBIIKBUIBIHBIH 3 %-TiK epiTiHmici
KOCBUTaIbL. OIerin koJabaHsIH Oenricide aeitid 70 %-Tik CIIUPTIICH TONTHIPBUIA B
KommonentTep e3apa ocepiecy yiriH 40 MHHYT YakpITKa KalTIbIpabl.

Canvicmuipy epiminici - 25 M1 eITIIerin Koj0ara anbIHFaH CBIFBIHIBIIAH 5 MIT
AIMKBOTA KysiIbl, oFaH 0,2 MII CipKe KBIIIKBUTBIHBIH 3 %-TiK epiTiHIiCi KOCBITaIbL.
Ommerim konbaHeH Oenricine nedin 70 %-TiK COUPTHEH TONTHIPHIIAIBI.
Komnonentrep o3apa acepinecy yuria 40 MHHYT yaKbITKa KaJIIbIPaIbL.

CTaHmZapTTHl YATI peTiHAe PYTHUHIAI KOJIAaHBIN, OHBIH XOFapbIIaFsl
omicTeMere cail )KYMBICIIBI KOHE CAIBICTHIPY ePiTiHAIepl naspIaHaIb.

HoTu:kesiep xoHe TaAKbLIAY

L. salicaria L. ecimairiHig xep ycTi Oemirigaeri xaansl GpaBOHOUATAD
MeJIIIEPiH aHBIKTAY VIIiH, )XOFaphIJa aTaiblll ©TKeH, (JIaBOHOUATAPIBIH
METaJlll HOHAAPBIMEH XeJaTThl KOMIUIEKC TY3y KabineTiHe HerizaeireH
creKTpodoToMeTpus 9Aici KONAAHBIIAB . OCIMIIK CHIFBIHABIIAPHIH AICI3
epiTiHaiciMeH eHAey, kyTeuly crekTpiHiH 400-450 HM apanbIFBIHIA JKaHA
JKYTBUTY JKOJIAaFBIHBIH Maliga OOybIHA OKENeIi .

Byn omic ¢pmaBoHOMATApABIH HETi3ri KOMIpTEK KaHKAaCHIHIAFHI
C4-xarmaliplHAAFBl KeTO-TOIl, B-cakmHacelHbIH C3-)xargaWbsiHIa,
A-cakunaceingarel C5, C-cakunaceiagarel C3° xome C4°, C2-C3
Karpaiieiana (QraBoHmap, ¢piaaBoHONIap, n30(pIaBoHIAp) KOC OaiIaHBICH
0ap (raBoHOMATAPIEI aHBIKTAYFa MYMKIHIIK Oepei.

DraBoOHOHUITAPABI TOJNBIK 00N ay YIIiH 3KCTPaKIHIayAbIH OHTAHIBI
Karmaiel Tagganael (cypet 1). @maBoHOMATAp MIBIFBIMBIHA AT CIIUPTIHIH
KOHIeHTpauusaceIHbIH acepi (70 % xoHe 90 %) KapacThIPBIIAbL.
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1-cyper — L. salicaria L. eciMIiriHiH )ep YCT1 OOJIrl ChIFBIH/BICHIHBIH
JKYMBICIIBI JKOHE CaNBICTBIPY epitiHainepiniy (70% xone 90% >THi1 cuupTi)
JKYTBUTY CIIEKTpJIepi

Kecte 2-n1eH ¢unaBoHOMITApABIH JKOFaphl MWLIFbIMBI 70% 3THII cCMpTiHAE
Oalikanabl. Onebu nepekrep OoWbIHIIA (JIABOHOUATAPIBI IKCTPAKIUSIAY
THUIMJIUTITIHE 9THJ CHUPTiHIH KOHIIEHTPALUSCH aiiTapJbIKTall ocep eTei.

2-xecre — L. salicaria L. eciMAITiHIH Xep YCTI 0OJIri CHIFBIHABICHIHAFbI
(h1aBOHOUATAD HIBIFBIMBIHA STHJI CIIUPTIHIH KOHIICHTPAIMSCHIHBIH dCePi

DKCTPAKITHA MIapTeI | DnaBOHOHITAD MIBIFBIMEL %0
CHHPT KOHIEHTPAIHACEL, %0
70 4.33
90 1,02

Keneci 3eprreynep L. salicaria L. eciMJiriHiH kep ycTi Oeiiri
(1aBOHOMJTAPBIHBIH KOMIUIEKCTY3yiHE 9cep €TeTiH HIaMajapibl aHbIKTayFa
apHayiajgbl. AJNJBIMEH CBHIFBIH/BI MEH QJIIOMHHHUH XJIOPHII €piTIHALIepiHIH
KeJIEMJICPIHIH apaKaTbhIHACKI CUSIKTHI IIAMaHBIH XellaT Ty3y pPeakIHsChiHA acepi
3epTreni (cypert 2).
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2-cypet — L. salicaria L. eciMairigig xep YCTi 06IiTi CBIFBIHABICHIHBIH
JKYMBICLIBI JKOHE CAIBICTBIPY epitinainepinin (V- /V .- 1:1,1:3,5:2)

JKYTBUTY CIEKTpIIepi

CBIFBIHABI MEH aJIOMUHHUN XJOPHUIlI €pITIHAIIEpiHIH KOeJeMIepiHiH
apakareinacel (V- /V ) 5:2 Gonranja, GIaBOHOUATAD LIBIFBIMBI €H
sxorapsl MoHTE 4,33 %-ke TeH 6016l SIFHU XenaT Ty3yIeri OCHl 9cep eTeTiH
maMaHbIH OHTAMIIBI MoHI (KecTe 3).

3-xectre — L. salicaria L. eciMairiHiH xep ycTi Oeiri ¢haaBOHOUATAPBIHBIH
KOMITJIEKCTY3Y1HIH OHTAMIIbI JKaFaaiIapblH TaHIQY

KoMILTeKcTy 3y KaFJaibl | D1aBOHOHITAP MEIFEIMEL %
CHIFBIHIE] MeH ATIOMHHHH XJIOpHII epiTiHIinepiHiH KeleMIepiHiy
apakaThIHACH! (V rammd V AICT3)

5:2 4.33

1:3 1.12

1:1 1,22

KoMILTeKCTiH TyciHiH aHKbIHIATY YaKbITEl, MHHYT

10 2.19

20 2.20

30 2.21

40 2,22

50 2.20

60 2.19

90 2.06
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Temenneri 3-cypeTTeH maiina 00IFaH KOMIUIEKCTIH TYCIHIH aifKbIHIAITY
yakbITel 40 MUHYT OoJsiraHIa (IIaBOHOMJ MeJILIepi €H KOFaphl IaMara
JKETKCHIH Oalikayra Oomambel. Ajnaiiga KOMIDIEKCTY3Y/IiH KBUIIaM )KYPTeH/IIT1
COHLIAIBIK, OacTankbl yakbITTarsl (10 MUHYT) (prraBOHOMATAPABIH LIBIFBIMBI
40 MHHYT OTKCHHEH KEHIHI1 MaKCHMaJJbl [IaMara [iaMajiac OOJBII TYP.
byn opuHe ¢GiaaBoHOMATAPABl CAHIBIK aHBIKTAyabl AU depeHInanIbK
CHeKTpO(QOTOMETPHSA 9MiCIMEH XKBIIJaM OpBIHIAyFa OONaTHIHIBIFBIH
kepceteni (kecte 3).

i N\
1 \
\

]
[
L

e

b
[=J
=

(=]

10mer 20 muH 30 vEE 40 mmH 50 vuH &0 muH 20 vuH 1. MHH

3-cypet — YaKbIT Y3aKThIFbIHBIH CHIFBIH/IBI (DITABOHOMITAPHI MCH ATFOMUHUI
XJIOpHII KOMIUIEKCTY3yiHe acepi

L. salicaria L. ociMAITIHIH )Kep YCTi OOJIIT1 ChIFBIHIBICBIHBIH ()JIABOHOUATAD
LIBIFBIMBIHA DKCTPAKIMSIAY MEH KOMILIEKCTY3Y PeaKUsIIapbIHbIH OHTANUIIBI
JKaFIaiIapbIHBIH KEHOIp 11aManaphl TaHJaIFaH COH, OCBI 9/IICTI apHAWBLIBIK,
CBI3BIKTBIK JXOHE IYPBICTHIK KOpCeTKimTepi OOWBIHIIA BalMAAMUSIBIK
OaranaHabl. OMICTIH apHAaWBUIBIFBl 3€PTTENETIH epiTiHAl MEH pPYTHUHHIH
CTAaHAAPTTHI YJTICIHIH QTIOMUHUN XJOPHAIMEH KOMIUIEKCTEPIHIH KYThLTY
CHEKTPJIEPiH CalIBICTBIPY apKbUIBI aHBIKTAJbl. APHANHBUIBIKTH KaObu1ay
KPUTEPUIiHIH HOpMAChl peTiHae pyTHH MeH L. salicaria L. eciMIiridiyg xep
ycTi Oeuiri ¢pyiaBoHOUATAP KUBIHTHIFBIHBIH TG (EepeHInaN bl CIIEKTPIEPiHIH
JKYTBUTY MAKCUMYMapbIHBIH COWKEC Kellyl caHallabl.

11
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4-cypeTTeH pyTHHHIH Iie, 3epTTey HBICAHBIHBIH Ja TU(QepeHInanIbK
CIIEKTpJIEp CHUIIATTaMachl Cail €KeHIITiH, eKi jkarxaijia ma XYTbUIY
CIIEKTPJIEPIHACTI MaKCUMyMIap TOJKBIH Y3BIHABFH 405 HM TYy3UIeTiHIITI
Oaifkanmanel. By ngereHiMi3 MUKI3aTThl SKCTpaKLMsIaFaHIAFBl KOCAIKBI
KOMITOHEHTTEP HOTHKEHI OypMmanayra ocep eTHEHTIHIITi, COJ apKbBIIBI
O31pJIEHTEeH OMICTIH apHANBUTBLIBIFBIH JOJICTICHII.
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4-cypet — Pytun meH L. salicaria L. eciMairidig xep ycTi OeJiri
(1aBOHOUATAD KUBIHTHIFBIHBIH ATFOMUHUI XJIOPUIl EPITIHIICIMEH
KOMIUTEKCIHIH )KYTBUTYBIHBIH T (depeHInanpK criekTpiepi

ChI3BIKTHIK KOPCETKIIITI aHBIKTAY YIIIiH, NIMKi3aT 4 (IIHMKi3aT Maccachl OOMBIHITIA)
SKCIIEPUMEHTAJIIBI HYKTe e 3epTreiai. Hotmkerep 4-kectee KeNTipireH.

4-kecte — OCIMIIIK IIMKI3aTHIHBIH OPTYPIIi MaccalapbIHAarbl (hi1aBoOHOMT MeIepi

ITukizar | ©maposoHn | ©napoHoHT | ©iraBoHOHD | OpTama
Maccacel | Mendmepi | Memmepi |Memnmepi | di1aBoHOHO
m.T Nel Ne2 Ne3 Menamepi, %
X

0.6T 1.563 1,897 1,987 1.80
0.7t 3.298 3.350 3.530 3.36
0.81 4,283 4,255 4,328 4,28
091 6.016 5,940 6,340 6,10

12

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepust Xumuko-6uonozuueckas. Ne 2. 2026

5-CypertTteH OapIibIK ToKipHOeInik HykTenep O0ip Ty3y OOHbIH/Ia OpHATACKAHBIH
KepyTre 0oabl.
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5-cypet — OIaBOHOW I IIBIFBIMBIHBIH [IMKI3aT MACCAChIHA TOYCIIIIIIT

CBI3BIKTBIK KOpceTKinTi Oaramay n = 3 xone P = 95% karnmaiibinga
CTaH/IAPTTHIK CTATHCTHKAJIBIK CHIIATTAMaNapbiH (opTama apu(pMEeTHKAIBIK MOH,
CTaH/APTTHI AyBITKY S; OpTallla CTaHIAPTThI aybITKY S ; CEHIMJIUTIK HHTEpBaIaphl
€) ecenTey apKbUIbI XKY3€Te achIphUIABl (5 KecTe).

S-xecte — DKCIEPUMEHT HOTHIKENePIHIH CTAHAAPTTHIK CTATUCTHUKAIBIK
CHIIATTaMaJIapbl

YITiMaccacel, T 0.6 0.7 0.8 0.9
DIABOHOHATAP KHBIHTEIE

MeJIepiHiH opTamaMaHi, | 1,80 3.36 4,28 6,10
X

CTaHZapTTHI aymITKY. S | 0.2242 | 0.1281 | 0.0383 |0.2124
Oprallia CTARAAPTIEIK 0.1294 |0.0740 |0.0221 |0.1226

aybITKY. Sx

CeHiMIiTIK HHTepBalel, € | 0.56 0,32 0.10 0.53
- +0.5
Xte 1.80+0,56| 3.36+0.32 | 4.28+0.1 g,m 0,3

OICTEeMEHIH AYPBICTBHIFEl TaJDKaNbIpaK TapryJl YJATiciHEe pyTHHHIH
CTaHJAPTTHI YITICiHIH OenTiii 0ip MeIIIepiH KOCY apKbLUIbI AHBIKTAJFaH .

13
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JIYpBICTBIKTHI KaOBUIAYy KPUTEPHHA pEeTiHAe OepiireH KOHICHTPALUSIIaFbl
epitiaainepai kongaaraanarsl 100 %-Kke Ty3eTiIreH KallblHa KeTyIiH opTalia
naiter3el caHanaapl. OHBIH opTama MaHI 100+5 % apanbIFelHAA KaTy Kepek.
Kacanran omicremerne KanmbIHa Key i nHTepBanst 95,0-nen 100,3% kypaiiap!.
JKacanran onicTemene oHbIH opTamia MoHI 97,4% Kypans! (kecte 6).

6-KecTe — O31pJIeHIeH 9/IiCTEMEHIH TYPBICTHIK KOPCETKIIIiH Oaranay HOTHXKelIepi

Bbacranksr Pytunnin | Ecenrenren| Anemrad | Amsiry, | Hotmkenepni
epiTIHAIIer] |cTaHAapTThl| MeJIIIepi, M|  MeIepi, % CTATHCTHKAIIBIK
MeJepi, Mr | yarici, Mr MI oHJIeY

1,6283 1,5 3.1283 3.0323 96.9
1,6283 1,5 3.1283 2972 95 X% =974
1,6283 1,5 3.1283 3.1374 100.3 S§¥=7121
KanmneiHa kentipyid opraiua naiieisel, % 974 S=2,685
AX =1,55
£,%=1,59
KopbITbIHABI

L. salicaria L. ecimuiri"ig xep YCTi OeiirineH ¢pIaBOHOMITAPIBI
SKCTpaKUUsIay MEH OJIapAbIH AJIOMHUHHUN XJIOPHUIIMEH KOMILIEKCTY3Y
peakuusIIapbIHBIH OHTAMITBI KaFqaiiapbl anbikTanabl. JKyprisiare seprreynep
HOTHXXECIHJE, KacallFaH 9JICTEMEHIH BaJUIANHAIBIK CHIIaTTaMalapsl
(apHAMBUTBIK, CBI3BIKTHIK, TYPHICTHIK) OaFalaHFaH.
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KOJIUMYECTBEHHOE OIIPEAEJEHUE ®JIABOHOUJ10B
B HA/I3BEMHOW YACTH PACTEHUS LYTHRUM SALICARIA L.

B nacmoswee epems 6 mpaouyuoHnou u HapoOHOU MeduyuHe
pacmumensroe CblpbEé WUPOKO UCNONb3YeMCs 6 Kauecmee ae4eOHbIX
cpeocmes npu jiedeHul paznuiHblx 3a001e6anuli opeanuzma. Pacmumensnoe
CbIPLE 6bI3LIBAECHT UHMEPEC KAK UCTOYHUK HOBbLX, 0€30NACHbIX U MOUHBIX
OuOIOCUNECKU AKMUBHBIX BEUECNE C MEepanesmuyeckum nomenyuaiom. I1o
Odannvim Beemupnoti opeanusayuu 30pasooxpanenust, okono 80 % nacenenus
npumMeHsem 1ekapcmeeHHbie CpeoCmea pacmumebHO20 NPOUCXONHCOCHUSL 8
nepeuyHol MeOUYUHCKou nomowu. Tlpu nevenuu pasmuuHsix 3a001€8aHUl
CUHMEMUYeCKUMU IeKaAPCMEEHHLIMU NPENApamamit 4acmo Haomooaomcs
nobounsie s¢hpexmuol (annepeus, pgoma, ouapes, 20108HAsA OONb U
op.). Kax npasuno, gpapmaxonocuueckoe oeicmeue pacmumenbHuix
JIeKaApPCMBEHHbIX CPeOCm8 APKO BbIPANCEHO, a NobouHble 3¢hhexmubl
He3Hauumenvhvl. B c6a3u ¢ 9mum nOUCK HOBbIX GUOOS NEKAPCMEEHHbIX
Cpedcma pacmumenbHO20 NPOUCXONHCOCHUS AGTACTCS AKMYATbHOU 3A0ayell.
B smom koumexcme Oonvuioli unmepec npeocmasiaom QaasoHouobl,
cooepoicawuecs ¢ pacmenusax. PragoHoudvl — 00Ha U3 Haubolee
PACHPOCMPAHERNBIX 2PYNN OUOI02UHECKU AKMUBHBIX coeOuHenul. Onu
Xapakxmepusyiomcsa CIMpYKmMypHoIM pa3Ho00pasuem, 8blpadtceHHol u
PazHo06pazHoll OUOIOSUUECKOU AKMUBHOCMBIO U HUZKOU MOKCUYHOCbIO.
Ha ux ocnose 603Mm02icH0 co30aHue HOBbIX IPDEKMUBHBIX TEKAPCIMBEHHBIX
npenapamoeg ¢ npomuo80CNAIUMENbHbIM, AHMUOAKMEPUATbHBIM U
npOMUBOBUPYCHLIM OelicmeueM. B dannou pabome paccmompernl
Paspabomka u 6anudayUs MemoOUKU ONpeoesieHUsl CyMMAapHO20 COOEPHCAHUS
@nasonouoos 6 nadzemrou wacmu pacmernus Lythrum salicaria L. memooom
oupgepenyuanvroii cnekmpogomomempuu. IKCMPAKM PACMeHUs.
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nonyuen memooom peguiokca. B kavecmee skcmpazenma ucnoib306anu
OMUNOBLIUL CNUPI PASTUYHOU KOHYEHMPAYUU, Npu IMOM 6 Kavecmee
onmumanvho2o pacmeopumens gviopan 70 %o-nviil 2MuI0BbIU CRUPM.
Onpeoenenvt ONMUMANbHBIE YCA0BUA PEaKYUU KOMNIEKCO0Opa3068aHUs
MeAHcOy hrasoHoudamu IKCMpaKma u pacmseopom Xaopuod arroMUHUL
Onmumanvroe coomnoutenue 005EM08 IKCMPAKma u pacmeopa Xaopuod
ANIOMUHUSL COCMABUN0 5:2, 4 8peMs MAKCUMATLHO2O NPOABIEHUS OKPACKU
Komnaexca —40 munym. Pazpabomarnnas memoouxa 6vlia anuouposanda no
noxazamensim cneyuguunocmu, aunetinocmu u moynocmu. Cneyuguurnocms
oyeHusany nymém cpasHenust OuhpepenyuanbHulx CHeKmpos UCCiedyemozo
9KCmpakma u cmanoapmuozo obpasya - pymuna. Haruvue npamoi
NPONOPYUOHANLHOU 3ABUCUMOCIIU MENCOY HE3ABUCUMOTL NepeMeHHOU (Macca
CbIpbsl) U 308UCUMOU BETUYUHOU (8bIX00 (PIABOHOUO08) NOOMEepICcOaem
auHeunocmy memooa. Mumepean 6occmanogienusi Memoouku cocmasul
om 95,0 00 100,3 %, umo noomeepaxcoaem e€ mouHocmb.

Knwueesvie crnoea: Lythrum salicaria L., ¢pragonouowr,
cnekmpogomomempus, arudayus, pacmumenbHulil IKCMpaKm,
noaugerobl.
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QUANTITATIVE DETERMINATION OF FLAVONOIDS
IN THE AERIAL PART OF THE PLANT LYTHRUM SALICARIA L.

Currently, in both traditional and folk medicine, plant raw materials
are widely used as therapeutic agents for the treatment of various diseases.
Plant-derived materials attract considerable interest as sources of new,
safe, and potent biologically active compounds with significant therapeutic
potential. According to the World Health Organization, approximately
80 % of the population uses plant-based medicines in primary healthcare.
When treating various diseases with synthetic drugs, side effects (such as
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allergies, vomiting, diarrhea, headache, etc.) are frequently observed.
In contrast, herbal medicinal products generally exhibit pronounced
pharmacological effects while causing minimal side effects. Therefore, the
search for new plant-based medicinal products remains an important and
relevant task. In this context, flavonoids found in plants are of particular
interest. Flavonoids are one of the most widespread groups of biologically
active compounds. They are characterized by structural diversity, a wide
range of pronounced biological activities, and low toxicity. Based on these
compounds, new effective drugs with anti-inflammatory, antibacterial, and
antiviral properties can be developed. This study focuses on the development
and validation of a method for determining the total flavonoid content in the
aerial parts of Lythrum salicaria L. using differential spectrophotometry.
The plant extract was obtained by the reflux method. Ethanol of various
concentrations was used as the extractant, with 70 % ethanol selected
as the optimal solvent. Optimal conditions for the complexation reaction
between flavonoids in the extract and aluminum chloride solution were
established. The optimal volume ratio of extract to aluminum chloride
solution was 5:2, and the time required to achieve maximum color intensity
of the complex was 40 minutes.The developed method was validated in
terms of specificity, linearity, and accuracy. Specificity was assessed
by comparing the differential spectra of the test extract with those of a
standard sample (rutin). A direct proportional relationship between the
independent variable (mass of raw material) and the dependent variable
(flavonoid yield) confirms the linearity of the method. The recovery range
of the method was 95.0—-100.3 %, confirming its accuracy.

Keywords: Lythrum salicaria L., flavonoids, spectrophotometry,
validation, plant extract, polyphenols.
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KOJINYECTBEHHOE OlMPELEJIEHUE MOHOB L EJIOYHbIX
METAJIJIOB (NA*, K B PACTEHUUN ZIZIPHORA
CLINOPODIOIDES LAM

CoOdeporcatie 8000pacmeopumMbix UOHO8 HAMPUs U KAAUsL 8 600HOM
9KCmpaxme, NoJAy4eHHOM u3 Haoszemuou yacmu Ziziphora clinopodiodes
Lam., onpedensnu uoHomempuieckum mMemooom ¢ UCNOIb308AHUEM
UOHOCENEeKMUBHBIX DIeKMPO008. BooHvie sxcmpaxmbl, npucomosieHHvie 6
coomeemcmeui ¢ mpebo8aHUAMU MeMOOUKU UOHOMEMPULECKO20 AHATU3A,
pazbasuAny maKum oopazom, umoosl KOHYEeHMpPAYUs Onpeoeniemo20 UOHA
NPesbIuLANa NOPO2 HYECMEUMENbHOCTIU UOHOMEDA, NPU SMOM UOHHAS CUTA
pacmeopa ocmasanacy HU3Kou.

B pabome ucnonvsosamnvl 2ocyoapcmeentvie cmanoapmHule 00pasyul
COOMBEeMCcmayIWUX UOHO8 0151 0becneueHus eOUHCMEa usmepenull,
KaauOpoGKu UOHOMEPA U KOHMPOS MOYHOCTU MemoOuru. IIposedénnvle
UsMeperUs NO38ONUNU NOTYHUMb KOTUYECHBEHHbLE OAHHBIE NO COOEPIHCAHUIO
uccredyemMvlx UOHO8 8 pacmumenbHom cvipve. [lo pesyrbmamam
UCCIe008aAHUS YCINAHOBILEHO, YO COOEPAHCAHUE 8000PACTBOPUMbIX UOHOG
Kanus 8 Haozemuou wacmu pacmenus (0,5497+0,0362 %) eviwe, uem
cooeparcarnue uornos nampus (0,4002+0,0149 %).

Paspabomka memooa konuwecmeeHnozo onpeodenenus
6000PACMBOPUMBIX UOHOB KAUSL U HATNPUS UMEEeN BANHCHOe NPAKMUYECKOe
3HAUeHue u Modcen Oblmb UCNONb308AHA 6 AHATUMUYECKOU XUMUU
0151 KOIUYECMBEHHO20 ONpedeseHUs HeOP2AHUYECKUX KOMNOHEHM 08
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pacmumensvHou nPoOyKyuu. Bo-nepevlix, on uepaem 3HAYUMENbHYIO
POIb NPU OYEHKE COOePICANUS TIe2KOYCBOSEMbIX UOHOE HAMPUS U
Kanus 8 npoyecce Npouso0Cmed OU0I02UYeCKU AKMUBHBIX 000A80K U
DYHKYUOHAILHBIX NPOOYKMOE8 numanus. Bo-emopuix, OaHHbll Memoo
npedocmasisiem YeHHyio uHpopmayuio o Qu3UoI02UecKkOM COCMOSHUU
pacmenusi, NOCKOAbKY U36ECHIHO, YO MeYeHUe MHO2UX OUONOSUYECKUX
nPOYECcco8 HANPSMYIO CE5A3AHO C UBMEHEHUEM KOHYEHMPAYUuu UOHO8
GHYMPU KILEMKU U 8 €€ OKPYIICEHUL.

Kuroueswie cnosa: Ziziphora clinopodiodes Lam., uonsl kanus,
UOHBL HAMPUSL, IKCMPA2EHN, NOMEHYUOMEMPUUECKUL Memoo,
UOHCENeKMUBHBIIL DJLEKMPOO.

BBenenue

B nacrosimee BpeMsi H3ydeHHE XUMHYECKOT'O COCTaBa JIEKapCTBEHHBIX
pacTeHHH SBIISETCS BAXKHBIM HAIpaBIeHHEM (papMaleBTHUECKUX HCCIIEIOBAHNI.
Pacrenust coneprkat MIMPOKHUH CIIEKTP OMOJIOTYECKN aKTUBHBIX BEIIECTB, & TAKKE
MHUHEPAJIbHBIE 3JIEMEHTHI, KOTOPBIE MI'PAIOT 3HAUYNUTEIBHYIO POJIb B OOMEHHBIX
TIpoIeccax OpraHn3Ma yesioBeka. MuHepaibHbIe KOMITOHEHTBI PaCTEHHH CIIOCOOHBI
Y4acTBOBAaTh B PETYJSIINU (HU3HOJIOTHUECKUX MPOLECCOB M MOTYT OKa3bIBaTh
BIHMSHUC Ha (hapMaKOJIOTHUSCKIE CBOMCTBA PACTHTEIFHOTO CBIphs [ 1, 2, 3].

OpHUM W3 TIEPCIIEKTUBHBIX JICKAPCTBEHHBIX PACTEHUH sBIsAeTCS Ziziphora
clinopodioides MHOTOJIETHEE apOMaTHYECKOE pacTeHue cemeilicTBa Lamiaceae
(sicaoTkoBbIe). [IpencraButenu pona Ziziphora pacpocTpaHEHBI B CTpaHax
HenTtpansHoit A3um, Ha TeppuTopun Kazaxcrana, a Takke B TOPHBIX paiioHax
Kurast, Upana u bnmxnaero Bocroka. Pacrenne xapakrepu3yercs BbIpaKEHHBIM
apoOMaToOM M TPAJUIHOHHO UCTIOJIB3YETCs B HAPOAHON MeauiuHe [4, 5].

ITo raHHBIM PUTOXMMHUIECKIX HCCIIEI0BAHMH, BUIBI pojia Ziziphora coneprkar
s¢upHBIE Maca, (pIaBOHON/IBI, (PEHOTBHBIE COCTUHEHUS 1 IPYTHE OHOIOTNUECKN
aKTHUBHbIE KOMIOHEHTHI. Hanmaue sTux coetmHeHnit 00bsICHSIET aHTHMUKPOOHBIE,
AHTHOKCH/IAHTHBIEC ¥ IPOTHBOBOCIIAIINTEIBHBIC CBOWCTBA PACcTEHHUS [6].

B tpaguumonnoit Meauiune 3u3ndopa NMpUMEHSIETCS TIPH 3a00JIEBaHISIX
OBIXAaTEJBHBIX NMyTeH, HAPYHMIECHUSAX MHUIIEBAPEHUS M HEKOTOPBIX
CEepACYHO-COCYANCTHIX 3a001eBaHMsIX. HacTOM 1 0TBaphl pacTeHMs HCTIONB3YIOT Kak
MIPOTHBOBOCTIAVINTEIBHOE, AHTHCENTHIECKOE U CIIa3MOJINTHYECKOE CPECTBO [7].
[ToMuMO OpraHUYECKUX COCIMHEHHH, BaXKHBIM KOMIIOHEHTOM JICKApPCTBEHHBIX
PpacTeHHi SIBISIOTCSI MUHEPATBHBIE 31eMeHTHI. Cpeii HUX 0c000€ 3HaUCHNE UMEIOT
KaJM{ ¥ HATPUH, KOTOPBIE YYACTBYIOT B MOJICPKAHUH BOTHO-3IEKTPOIUTHOTO
GayaHca OpraHn3Ma, peryJMpyIoT padoTy HEPBHOH M MBIIIEYHON CHCTEM U UTPAIOT
Ba)XXHYIO POJIb B (DYHKIIMOHUPOBAHNH CEPCUHO-COCYJUCTON cucTeMsl [8].
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3YBUOOPA
" AXYHKOBYAHAR

i

Pucynox 1- 3usndopa naxydkoBuHas

B cBs3u ¢ aTHIM H3YUYCHHUE COACPIKaHNUA NOHOB HATPUA 1 KAJIUA B paCTUTCIIBHOM
ChIpbE MPEACTABIIACT HaqubIﬁ HUHTEpPEC.

Kamuit (K*) u narpuit (Na*) sSBISIOTCS BaXKHBIMH MaKpO3JIEMEHTaMH,
BBITITOJIHAKOIIUMUA KITFOUYCBBIC (byHKHI/II/I KaK B OpraHnu3Me 4€JI0BCKa, TaK U B PACTCHUAX.

B OpraHnu3Me 4YCJIOBCKa KaJuK SIBISCTCS OCHOBHBIM BHYTPHUKJIECTOYHBIM
KaTUOHOM U Y4YaCTBYET B pEryJdliMd BOJHOTO 6aﬂcha, nepeaauc HEPBHBIX
UMIYJbCOB M COKpAalI€HUWMW MBIIIL, BKJIOYasd MUOKapA. KpOMe TOIro, OH
CIOCOOCTBYET CHUIKEHHIO apTEPUAJIbHOIO JAaBICHMS U YMEHBIIAET PUCK
CepACYHO-COCYAUCThIX 3a0oseBaHuii. HaTpuii, HanpOTHUB, SIBIISICTCS INIABHBIM
BHEKJICTOYHBIM KATHOHOM U PErYJIUPYET 00BEM KHIAKOCTH, OCMOTUYECKOE JIABIICHHE
1 PpOBCACHHUE HEPBHLIX UMITYJILCOB. bamanc MCXKAY KaJIMEM U HATPUEM HUMECT
peliaroiee 3Ha4eHHe JUIsi HOpMaJIbHOTO (DYHKIIMOHMPOBaHUs opranuzma [9, 10].

B pacrenusix xanuii urpaet BaKHYIO POJIb B PETYJISILIMK BOJHOTO OOMEHa,
aKTHuBallun (bepMeHTOB, TPaHCIIOPTE BCUICCTB U IMOBBLIIICHUN yCTOI‘/II‘lI/IBOCTI/I K
cTpeccoBbIM (akTopam. Harpuii He siBisieTCsl 00s3aTC/IbHBIM 3JIEMEHTOM TSI
60ﬂbIIJI/IHCTBa paCTeHHﬁ, OJIHAaKO B HeGOJ’ILHIl/IX KOJIMYECTBAX MOXKCT y4aCTBOBATH
B 0OMEHHBIX mpoueccax. Ero n30bITOK OKa3bIBae€T TOKCHYECKOE JICHCTBHE U
Hapy1maeT poct pactenuii [11, 12, 13].
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Takum 00pa3oM, Kaldwii ¥ HATPHUH SBISAIOTCS 3HAYUMBIMH AJIEMEHTaMU,
BIMSIOMINMHE HA (PU3HOJIOTHUYECKHE TIPOLIECCH] KAK Y UEJIOBEKA, TAK U 'y PACTCHUH.

Heapio 1aHHOTO McCJeT0BAHUS SBISETCS ONPECIICHUE COJIEpKaHUs
BOJIOPACTBOPUMBIX HOHOB HATPHSI M KaJIWsl B HA/I3EMHOM YacTH pacTeHus Ziziphora
clinopodioides memooom uonomempuu ¢ UOHCETEKMUBHBIMU JTIEKIMPOOAMU.

MaTtepuaabl 1 MeTObI. B kadecTBe 00BEKTa HCCIIeJOBaHUS ObLT BEIOpaH
pacrenue Ziziphora clinopodioides, npon3pacTtatoree Ha Teppuropur Kazaxcrana.
CoOpanHble 00pa3Ibl BEICYIIMBAIN Ha BO3YXE, OUHINAIN OT MEXaHHMUECKHX
mpuMeceidl M U3MeNpyanu B J1a00paTOPHOI MeNbHUIEe. AHANIUTHYECKas mMpoda
Obl1a M3MeJIbYEHA JI0 YaCTHUL], TPOXOSIINX YEPE3 CUTO C TUAMETPOM SUEEK 2 MM.

[Tosry4eHb! BOJHBIE SKCTPAKTHI JAHHOTO pacTeHus. MOJISIpHbIE KOHLIEHTPALN
BOJOPACTBOPUMBIX MOHOB ompenersuii mo Metoaukam (P[] 52.24.415-2007 u
52.24.365-2008) [14, 15].

Pe3ynbTaTsl u 00Cy:KIeHHE

HW3BeCTHO, 4TO MEXTY JIEKTPHUECKUMH CBOHCTBAMH PAaCTBOPOB HIIEKTPOIIUTOB
1 MX KOHIIGHTPAIUHU CYLIECTBYET 3aBUCHUMOCTh. ONHON M3 TAaKOW KOpPEIsHUN
SIBIISIETCS] KOHILIEHTPALMOHHAs! 3aBUCHMOCTh HANPSDKEHUN Ha MOJIYTTPOHUIIAEMBIX
MeMOpaHax (MOTEHIHOMETpHs). B HBIHENIHee BpeMsi aKTHBHO Pa3BHUBAIOTCA
MIOTEHIIMOMETPHUS C MPUMEHEHHEM MEMOpPaHHBIX MOHCEIEKTUBHBIX JIEKTPOJIOB.
B 37€KTpPOXMMHUYECKUX HCCIEIOBAHUSAX OCOOCHHO MCIOJB3YIOT IPIMYIO
MIOTEHIIMOMETPHIO, HA3bIBAEMOM HOHOMETpHUH. I3MepeHs HoTeHIrana IpoBeAcHa
Ha yCTaHOBKE, TPUBEACHHOI Ha PUCYHKE 2, C TOMOIIBI0 HOHOMepa «kerepT-001».

2

PI/IcyHOK 2 — YcraHoBka HNOHOMETPUUYCCKOTO ONTPEACICHUSA HOHOB HATPUA
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B MeTom0J0rHH MOHOMETPUU HYIKHO COOTBETCTBOBATH HEKOTOPBIM
TpeOOBaHUSAM:

— ompeneieHue Haubojee MOAXOIANINE Pa3BeIeHUN HCCIeTYEMBIX
pacTBOpOB;

—  YCTaHOBJICHHE I'PaLyHPOBOYHOIN XapaKTEePHUCTHKU C HUCIIOJIb30BAHHEM
CTaHJapTHBIX PAacTBOPOB (TOCYyIapCTBEHHBIA CTaHAApTHHIA oOpasen),
COOTBETCTYIOIINX HOHOB (PUCYHOK 3).

e

PucyHok 3 — ['ocyqapcTBeHHBIN CTaHIAPTHBIM 00pa3er; HOHOB HATPHSI

YcraHoBIEHHS TPayHPOBOYHON 3aBUCUMOCTH OBLIO PEaln30BaHO ITyTeM
HaxO0XACHUS MAaTEMaTUUECKON 3aBUCUMOCTH MEK Y JIEKTPOABIKYIOLIEN CUIION
cuctemsl (E, MB) i KOHIIeHTpanuu ompenensieMoro HoHa B CEPUU ITAJTOHHBIX
pacTBOpOB (PUCYHKH 4, 5).
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E, MB
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Pucynox 4 — I'pamynpoBOYHBIN TpaduK 3aBICUMOCTH TTOTCHIIAIA
Na'- cenexruBnoro sekrpoxaa (E, MB) ot orpumarensHoro norapudma
MOJISIPHOH KOHIIEHTpALMK HOHa HaTpus (pNa)

IMocTpoeHne TpaaupOBOYHON 3aBHCHUMOCTH IS MOHOB HATPUS OBLIO
OCYIIECTBJICHO C MOMOIINBIO TPaIyHPOBOYHBIX PACTBOPOB B JHAIMa3oHe
konueHTparust 104 — 102 Mosnb/n, a st nonos kanust — 5x107 — 107 mosib/i.

E, mB
200
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130
120

10
25 30 35 40 45 50 55

PK
Pucynok 5 — I'pagynpoBo4HbIi Tpaduk 3aBUCUMOCTH roTeHnuana K-
cenextuBHOro anektpona (E, MB) oT orpunarensHoro norapudma MoJsipHOI
KOHIIEeHTpaluu noHa kaiaus (pK)
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Pe3yiapTaThl HOHOMETPUYSCKUX H3yYCHUH MOHOB HATPHUS U Kalus
B HAJI3eMHOU 4acTu pacteHus Ziziphora clinopodioides npugedensi &
mabauye 1. ConepxaHue BOJOPACTBOPHMBIX HOHOB BOJHBIX 9KCTPAKTOB
BBIPAXKAIUCh B MOJIIPHON KOHLEHTPAaUHU (MOJIB/I) U IEPECUUTHIBAINCH B
MaccoByto 107110 (%) B CyXOM HaBECTKE.

Tabmma 1 — Coneprkanne HOHOB B Ha3eMHO# gacth Ziziphora clinopodiodes Lam.

Wonst CogiepkaHne HOHOB B HCCIIElyEMOM PaCTEeHUN
MossipHast KOHIEHTpALHsI MaccoBast 105151 BOZOPACTBOPHMBIX HOHOB
BOJIOPACTBOPUMbIX HOHOB B oOpasiie,
CM, MONB/J1 o, %

Kammii | 0,0094+0,0006 0,5497+0,0362

Hatpuii | 0,01160+0,00043 0,4002+0,0149

[ToxydeHHbIE TaHHBIE TIOKA3aIH, YTO COACpPKaHHE BOJOPACTBOPHMBIX
nonoB kamust ((0,5497+0,0362)%) HECKOIBKO MPEBHIMIACT COACPKAHIE HATPHS
((0,4002+0,0149)%), 9TO BO3MOKHO OOBSICHSCTCS YHHKAIBHBIMU (DYHKITHSIMH
Kanng B kieTke. Kamuil sBIseTcs KIIOYEBBIM JJIEMEHTOM, YYaCTBYIOIIUM B
PETYIIAIUHI BOJHOTO 0OMEHa U (PU3HOIOTHIECKUX MPOIIECCOB, TOT 1A KaK HaTPUH,
MPUCYTCTBYIOMINH B MEHBIINX KOJIHMYECTBAX, CIIOCOOCTBYET MOACPKAHUIO
OCMOTHYECKOTO TIOTCHITNAJIA H yCTOWINBOCTH PACTEHHS K CTPECCOBBIM YCIIOBHISIM.

BriBoabI.

B xonme mpoBeIeHHBIX HCCIENOBaHUHN pa3paboTaHBl METOAUKU
KOJIMYECTBEHHOTO OIPEICIICHUSI HOHOB HATPHUS M KajJHs B BOJHOM SKCTPAKTE
Ziziphora clinopodioides MeTOIOM HOHOMETPHH C HCIOJIH30BAHHEM
HMOHCEJIEKTUBHBIX 3JICKTPOJIOB.

KonmmuecTBeHHOE OTIpeieNieHre HOHOB KaUs H HATPHUS 3JIEKTPOXHIMUIECKIMHU
METOJJaMH BayKHBI:

— U OIEHKHU COJCpPIKaHMsS JIETKO YCBAUBAEMOTO HATPUS W KalUsS MPH
CO3JIaHNH OMONIOTUYECKH aKTUBHOM T00aBKH, PYHKIIMOHAIEHBIX IPOAYKTOB;

—  JUTA TOJYYCHHUS IICHHOW HHPOPMALIUHU O (PH3HOIOTHIECKOM COCTOSHIH
pacTeHWH, TaKk KaK MPOrpecc MHOTOYHCIECHHBIX OHOIOTHYECKUX TPOIECCOB
00yCIIOBJIIEH ¢ M3MEHEHUSMH KOHIEHTPAI[UH MOHOB BHYTPH KJICTKH H B
OKYypY>Karollel cpefe.
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Z1ZIPHORA CLINOPODIOIDES LAM. OCIMAITTHAEI'T CIJITIJIIK

METAJIZJAP HOHJAPBIH (NA*, K*) CAHJABIK AHBIKTAY

Ziziphora clinopodiodes Lam. dicep ycmi 6onicinen anviHean cyivl
CHIZLIHOBLIOAbL CYOA ePUMIH HAMPULL JHCIHE KATUL UOHOAPIHBIY MOTULEPIH
UOHOCENEKMUBMI NEKMPoOmapobl NAUOWIAHA OMbIPbIHN, UOHOMEMPUSLIbIK
a0icnen anbikmaovl. lonomempusiiblk manoay a0icmemeciniy mananmapolia
colikec 0AUbIHOANRAH CYbl CbIRLIHOBLIAPD AHLIKMALAMbIH UOHHBIH
KOHYEHMPayuscol UOHOMEPOIH Ce3IMMAnoblK WeeiHeH acamvlHOall emin
CYUBLIMBLIObL, OYI pemme epimiHOIHIH UOHObIK KUl MOMeH KYUiHOe Kalobl.

JKymvicma onuemoepoiy Oipricin KamMmamacwol3 emy, UOHOMepOl
Kanuopney sicone a0icmeme 0210I2iH OAKLIIAY YwliH Muicmi UOHOAPObIH
MeMIeKemmix Cmanoapmmel yieinepi natoanansliobl. Kypeisineen onueyiep
OCIMOIK WUKI3AMBIHOARbL 3ePMMenemiH UOHOAPObIH MOIUePl Mypaibl
CAHObIK Oepekmep any2a MyMKIHOIK Oepoi. 3epmmey Hamuoicenepi 60ubIHULA
6ciMOiKmin dcep yemi bonieinoeei cyoa epumi Kaiuil UOHOAPbIHbIE MOUuLepl
(0,5497+0,0362 %) nampuii uonoapoinwiy memwepiner (0,4002+0,0149 %)
24CO2APDL eKEHI AHBIKMANOBI.

CyOa epumin Kanutl J4caHe Hampuil UOHOAPBIH CAHObIK AHLIKMAY JO0ICIH
azipney Manbi30bl NPAKMUKATBIK MOH2E Ue JICIHE AHATUMUKATBIK XUMUAOA
OCIMOIK OHIMOEPIHIY OEOPSAHUKATIIK KOMIOHEHIMMEPIH CAHObIK AHbIKMAY
YWiH RAtOANAHbLTY bl MYMKIH. BipiHuioen, on buonocusivbix bencenoi Kocnanap
MeH PYHKYUOHAIObIK, Ma2amoapobl oHOIPY npoyecinoe OHAll CIHemiH Hamputl
JICOHE KAMULl UOHOAPLIHBIK MOIULEPIH 6a2anayoa Manwi30bl peil amKapaobl.
Exinwioen, 6yn adic 6cimMOikmiy u3uonio2usiiblK JHcaz0aiivl mypaisl
KYHObL aknapam 6epeoi, olmKeHi KonmezeHn OUoI02UsIbIK npoyecmepory
JACYPYI dHcacywa iumiHOezl JcaHe OHbIH KOPUARAH OPMACIHOAEbl UOHOAD
KOHYEHMPAYUSICLIHBIH 632epyiMeH miKenell OaiIanblCmbl eKeHi Oenii.

Kinmmi ce30ep: Ziziphora clinopodiodes Lam., kanuii uonOoapwt, hamputi
UOHOAPbL, HIKCMPALEHIN, NOMEHYUOMEMPUSTLIK J0IC, UOHCETEKMUBNIE DTEKMPOO.
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QUANTITATIVE DETERMINATION OF ALKALI METAL IONS
(NA", K) IN THE PLANT ZIZIPHORA CLINOPODIOIDES LAM

The content of water-soluble sodium and potassium ions in the aqueous
extract obtained from the aerial part of Ziziphora clinopodiodes Lam.
was determined by the ionometric method using ion-selective electrodes.
The aqueous extracts, prepared in accordance with the requirements of
the ionometric analysis methodology, were diluted in such a way that the
concentration of the determined ion exceeded the sensitivity threshold of
the ionometer, while the ionic strength of the solution remained low.

State standard samples of the corresponding ions were used in the
work to ensure the uniformity of measurements, calibrate the ionometer,
and control the accuracy of the methodology. The performed measurements
allowed obtaining quantitative data on the content of the studied ions in the
plant raw material. According to the research results, it was established
that the content of water-soluble potassium ions in the aerial part of
the plant (0.5497+0.0362 %) is higher than the content of sodium ions
(0.4002+0.0149 %).

The development of a method for the quantitative determination
of water-soluble potassium and sodium ions has important practical
significance and can be used in analytical chemistry for the quantitative
determination of inorganic components of plant products. First, it plays a
significant role in assessing the content of easily assimilated sodium and
potassium ions during the production of biologically active additives and
functional foods. Second, this method provides valuable information about
the physiological state of the plant, since it is known that the course of many
biological processes is directly related to changes in ion concentration
inside the cell and in its environment.

Keywords: Ziziphora clinopodiodes Lam., potassium ions, sodium
ions, extractant, potentiometric method, ionselective electrode.
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rMrCOCOLEPXALUNE KOMITO3UTbI

B CTPOUTEJIbCTBE: O630P, CBOACTBA
U TEPCIIEKTUBbLI NCI10JIb3OBAHUA
BTOPU4YHbIX PECYPCOB

Tunc u euncocoodepicawue 006a8KU UMEIOM WUUPOKOE NPUMEHEHUE &
CMpoUmenbCmee U CmpouUmenbHbIX MAmepuanax, 61a200aps CO8OKYNHOCHU
DUBUKO-XUMUYLECKUX, MEXHONOSUYEeCKUX U IKCNIYAMAYUOHHO-
MexaHuyeckux ceoticme. B cpagnenue ¢ Opyeumu mamepuanamu
2uncogvle axcyujie bvicmpee GopmMupyom nPouHyIo KPUCIAIIUYECKYIO
CMPYKMypy npu MUHUMATHBIX 3AMPamax Ha npou3go0cmeo ¢ mouxu
3penus sHepeemuru. Hecmompsi Ha smy co80KYNHOCMb XapaKmepucmux
eunca, 61a200apsa KOMOPbLIM OH UCHOAb3YEMCs 8 CMpOUmenbcmae,
npupoda eunca odycrasusaenm pao 02PAHUYeHUll e20 UCTOIb308AHUS,
me dice ocobeHHOCmU, 61a200aps KOMOPbIM 0ocmuzaemcs 6vicmpoe
meepoerue U MexHOA0SUYHOCIb MAMepuald, CMaHo8Imcs NPULUHOLL
€20 NOBLIUIEHHOU YY8CMBUMENbHOCU K 81d2e U XPYNKO20 Xapakmepd
paspyuienus. Knouesvle c80ticmea 2uncogbix KOMRO3UMOS ONpedesiiomcs.
0CcoOeHHOCMAMU POPMUPOBAHUSL UX MUKPOCMPYKMYPbI, BKIIOUAS
MOp@onocur0 KpUcmaiios Oueuopama cyibpama Kaibyus, NOPUCHOCHb
U xapakmep MedxHcHazHo2o 83aUMOOeUCmMBUsL ¢ HANOIHUMENAMU U
apmupyrowumu komnonenmamu. Cospementvie R00X00bl K MOOUpuKayuu,
BKAIOUAS UCTIONL30BAHUE NOIUMEPHBIX 000ABOK, HAHOMAMEPUALO8 U
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2UOPUOHBIX APMUPYIOWUX CUCTHEM, NO360AI0M IPDEKMUBHO CHUNMCAMb
GNUAHUE OCHOBHBIX HEOOCIAMKOE SUNCOBLIX KOMNO3UMO8, 8 YACHHOCU
NOGLIUATMb 8000CMOUKOCHb U NIOMHOCHb CIPYKIYPbL.

B oaunou pabome, 6yoym uzyuenvl paziuuHvle uUCCied008aHUs, HA
npeomMem UCNOIb3068AHUS 2UNCA, €20 NPEeUMyWecmed U 02paHuieHus,
a maxace B03MONCHBIE NYMU PelleHus npobeM npUMeHeHue 2unca u
2uncocooepicauux 000agoK.

Knrouesvie cnosa: eunc, euncocodepcawyue 006a6Ku, CmpoumenbHyle
KOMNO3UNIbI, MEEPOeHUe, MUKDOCHPYKITYPA, NPOYHOCHb, B00OCHOUKOCHTb.

BBenenne

B ycrioBusX COBpEMEHHOTO TPEHIA HA MPHHIIUIIB YCTOMYMBOTO Pa3BUTHA,
ocoboe 3HaUCHNE MMEIOT MaTepHalbl, 00TaTaroIIne HI3KOH IHEPrOEMKOCTEHIO
MIPOU3BOJICTBA U BOBMOKHOCTBIO BTOPUYIHOH miepepadoTku. [wric, oTHOCSIiCs
K TPaJUIMOHHBIM CTPOHUTEIHHBIM BSDKYIIMM, O0JIaJJacT PAIOM BBIPAKCHHBIX
TEXHOJOTHUYECKUX MPEUMYIIECTB, KOTOPHIE COOTBETCTBYIOT COBPEMCHHBIM
TpeHIIaM, BKJIOYas HU3KYI0 TEeMIIEpaTypy OOXKHTa, BRICOKYIO CKOPOCTHh
CXBaThIBaHUA U yH0OCTBO GopmoBaHus. biaromapst 3TUM CBOCTBAM THIIC
CUHTACTCS OJTHIM M3 IPEBHEHIIINX CTPOUTEIHHBIX MAaTEPHAIOB, IPUMCHSBIITHICS
6oiree 9000 sret Hazax B Mecomoramun, J{pesaem Erunre u va Kpure, s kimaakm,
OTJICNIKU CTEH ¥ CO3/1aHus Pppecok u moos [1].

Pe3ynpTaThel COBpEMEHHBIX MCCICIOBAHUI MOKA3a10, YTO THUIIC MOXKET
MIPUMEHATECS B 0OJIee CIIOKHBIX OTPACISAX CTPOUTEIBCTBA, BHIXOIS 32 PAMKH
TPaJUIMOHHOTO TIPE/ICTABIICHUS O HEM, Kak O CTPOHUTEIIFHOM BSDKYILEM. B psime
padoT, TTOKa3aHO MCIIOJIF30BAHME THUIICOCOICPIKAIIIX HOOABOK ISl YITyUIICHHS
CTaOWMJIM3AIINH CTPYKTYPHI B TIPOIIECCE TBEPACHUS, a TAKXKE B TIepepacipeIeIcHIH
HampspKeHUs. B Takux crcTeMax THUIIC BOCIIPHHUMACTCS HE KaK OTIEIbHOE
BSDKYIIIEE, a KaK (PYHKIIMOHAITBHAS 9aCTh MaTPHUIIBI, 00SCIICUNBAFOIIII COBMECTHOEC
OIaronpUATHOE [UIS CTPOUTEIHCTBA B3aUMOJICHCTBHS C IPYTUMH (pazaMu MaTPHIIHL.

AKTyanpHOCTh aHaJIN3a POJH THUICAa B KOMIO3HIIMOHHBIX CTPOUTEIBHBIX
MaTepHuanax yCHJIHBACTCS MPOTUBOPECUYUBBIMH OICHKAMHU 3(P(EKTHBHOCTH.
PaccmaTpuBatoTcs pa3nuuHbIC HETaTUBHBIC BO3JICHCTBUS THIICA, TAKUE KaK
CTPYKTYpHasi HECTaOMIFHOCTh M YCKOPEHHAsI JIerpajaliisl dKCILTyaTallHOHHBIX
CBOICTB. JlaHHBIC PacCXOKICHUS CBHUICTCIHCTBYIOT O HEOOXOAMMOCTH Ooiee
rTyOOKOT0 aHaJ 32 MEXaHU3MOB BIIHMSIHUS THUTICA HA (DOPMUPOBAHHUU CTPYKTYPHI
M JIOJITOBEYHOCTh KOMITO3HTOB.
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Marepuajibl 1 METOABI

1 ®u3nKo-xuMHYeCKHe OCHOBBI (P OPMUPOBAHMS THIICOBBIX CHCTEM

Iunc (xanpuuiicynb@ar auruapar, CaSO,-2H,0) u ero TepMudeckn
MoaupuuupoBanHbie popmbl — nonyruapatel (CaSO,-0.5H,0, B- u a-popmer)
SIBJISIFOTCS] OCHOBOI LIEJIOr0 KJ1acca BSUKYIIUX MAaTEPHUAIIOB, IIUPOKO UCIONIB3YEeMBIX
B CTPOUTENbCTBE. TeXHHUECKHUE THIICOBBIE BSKYIIUE MONYyYaIOT 4epes
YaCTUYHYIO JETHJpaTalHio JUTHApaTa, ¢ o0pa3oBaHWEM MHOJyruapara u
TIOCIIe TYIOIIIE CMEIIIMBAHUE C BOJIOH, B PE3yJIbTaTe KOTOPOTO 00pa3yeTcs MpoyHast
KpHCTaJUIMYecKas CTPyKTypa. MeXaHu3M pocTa KpUCTAJIOB U IPOCTPAHCTBEHHOTO
yropsitounBanus (a3 onpeaessitoT MopQoIoTuio TBepIol (asbl, TOPUCTOCTD
U B UTOTE, ONpEJeIseT KIII0YeBble MeXaHnueckne u An(y3noHHbIE CBOHCTBA
THUIICOBOTO KOMIIO3HTa [2].

3aTBep/ieBaHNe THIICOBBIX BSDKYIIIMX OCHOBAH Ha PACTBOPEHUM MOJYTHPATa,
00pa3oBaHNH MEPEHACHIIIEHHOTO PacTBOPA U MOCIEAYIONIeH KprcTaun3auei
auruapata. MoHsl Kanbnus u cyinbdara mepexoliaT B XKHUIAKYI0 ¢a3zy
1ocje 3aTBOPEHUS BOJMOH, UTO MPUBOJUT K BOSHUKHOBEHUIO YCIOBHH AJId
HyKJIeanuu KpuctamioB. OO0pa3oBaHue NAaHHBIX KPHUCTAJJIOB OINpeesserT
HaYaJIbHYIO TIPOYHOCTh M CTAOMIBHOCTH 3aTBEPJIEBIIErO MaTrepHaia, 3a cYerT
TUTACTUHYATBIX CTPYKTYP 3THX KPUCTAJUIOB, KOTOPBIE IIEPEIIIETAIOTCS X 00pa3yroT
MIPOCTPAHCTBEHHYIO KPUCTANINUECKYIO CETh [2].

CoO0THOIIEHUE BOAIBI K BSDKYILIEMY B TJAHHOM CHCTEME SIBISETCS ONPeIeIISIIOIIM
rapamMeTpoM IS CTENICHU TOPUCTOCTH U INIOTHOCTH CTPYKTYpbI. [Ipu noBeIieHHOM
COOTHOIIEHUU 00BEM KaNWIISIPHBIX MOp YBEIMYHMBAETCS, COOTBETCTBEHHO
CHIDKAETCSl M MPOYHOCTh, a YMEHBIIEHHE BEJET K Oojee MPOYHOH, HO MEeHee
TEXHOJIOrn4eckoil cTpykTypsl [3]. 'uncossle MaTepuanbl XapaKTepU3yIOTCs
MOBBIIIEHHOH YyBCTBUTENBHOCTH K BJIare M XUMUYECKU aKTUBHBIX cpefl. JIUTensHoe
BO3/IEHCTBHE BJIard CIIOCOOCTBYET PACTBOPEHUIO KPHCTAILIOB, YTO MPHBOAUT
K M3MEHEHHIO TIOPOBOM CTPYKTYPHI M CHMKEHUIO IIPOYHOCTU. B mpucyrcrBun
arpecCHBHBIX MOHOB IPOUCXOJST MPOIIECCHl MHUTPAIlMU COJIEH M oOpa3oBaHue
BTOPHYHBIX (Da3, KOTOpPBIE yXY/IIAIOT SKCIUTyaTallMOHHbIE CBOWCTBA [4]. DTH
3aKOHOMEPHOCTH OOBSICHSIIOT OT PAHUYUECHUS TUIICA B CTPOUTEILCTBE U YUHTHIBAIOTCS
TIPY IPOEKTUPOBKE THIICOBBIX KOMITO3UTOB M 00JIACTH MX MPUMEHEHHH.

PaznuuHble BUIBI THIICA, TIOJNyYSHHBIE PA3HBIMHU CIIOCOO0aMU (PUCYHOK 1),
HMEIOT pa3iuyus B MHUHEPAJOrHUYeCKOM COCTaBE, COAEpPKAHUIX NMpUMeced U
(M3HYECKUMHU ITapaMeTPaMH, YTO OKa3bIBAaCT CYIECTBEHHOE BIIMSIHUE Ha CBOMCTBA
KOHEUHBIX MaTepUaJIOB.

[TpupoaHblii TUIIC 001a7aeT BHICOKOH OJHOPOJHOCTBIO U CTAOMIIBHOCTBHIO
COCTaBa, 4TO OOJEryaeT ero MPOMBIIUICHHYIO NepepadoTKy, B TO BpeMs Kak,
TEXHOTEHHBIE W BTOPUYHBIE TUIICHI PA3IMYAIOTCS XapaKTePUCTUKaMH, TpeOyIloT
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JIOTIOJTHUTETIEHOTO KOHTPOJIS Ka4eCTBa, a TAK)KE KOPPEKTHPOBKU TEXHOJIOTHIECKOTO
pexuma. Ho Mcronb30BaHne TEXHOTEHHBIX W BTOPUYHBIX THIICOB CIIOCOOCTBYET
CHIDKEHHIO 00BEMOB 3aXOPOHEHHSI OTX0/10B, YMEHBIICHHS TOTPEOICHUSI IPUPOAHBIX
PECYpCOB M COKPAIICHHIO YIIIEPOIHOTO CiIeaa MPOU3BOCTRa [5].

UcTtouyHuku runca

® OcajjouHble MECTOPOX/AEHNS ® [lo6ouHble NpoayKTel XuMmndeckux @ [lepepaboTka CTPOMTENbHbIX OTXOA0B

Y SHepreTyeckmx NpovaBoaCTB
® Bbicokas yucrora coctasa ® CHuxenve 06bemoB 3aXOpoHeHun

e Tpebyet npeasapsitenbHoii 06paboTkn
® 3KOHOMUS! pecypcoB
@ CHupKaeT 3K0NorMYeckyto Harpysky

Pucynox 1 — Kilaccugukanusi ICTOUHHKOB TUIICa

PesyabTaTsl n 00cy:xK1eHHe

2 PoJib rumca B CTPYKType KOMIO3MIHOHHBIX MATEPHAIOB

['urcoBele MAaTPHUIBI IPU B3aUMOJEHCTBUU C 3aMOJHUTENSAMH 00pa3yioT
HOBBIE MaTepUalibl, C IPOYHOCTHBIMU U JIe(HOPMALIMOHHBIMHU XaPaKTEPHUCTHKAMH.
B xauecTBe 3a110JHUTENEH MOTYT IPUMEHSTHCS IPUPOIHBIE IECKU, MUHEPAJIbHBIE
MMOPOLIKH, MHUKPOChEpbI, MPOMBIIIIEHHbIE MTOOOYHBIE TPOAYKTHI, a TAKKE
oprasudeckue Beniectsa. [IpouHOCTh HOBBIX MATEPUAJIOB OIIPENEIIUTCS CTEIIEHBIO
aJIr€3MHU K MaTpHLIE U XapakTepoM Mexda3Horo konrtakra. [Ipu HeoctatouHOM
B3aUMO/ICHCTBUY MOSIBIISIIOTCS 30HBI, [I€ CKAINIMBACTCsl HAIIPSDKEHUE, BCIIEACTBUE
Yero yCcKopsieTcs 00pa3oBaHue MUKPOTPELIHH U TPUBOAT K IPEKAEBPEMEHHOMY
pa3pyluieHU0 HOBOTO Kommo3uta. [Ipu BbicOKOH Mex]azHON MPOYHOCTH
JIOCTUTAeTCsl PABHOMEPHOE PaCIIpeleIeHUE Harpy3Ku, TEM CaMbIM IIOBBILIAETCS
YCTOWYMBOCTb K AehopmarusiM [6].

dusnueckue CBOMCTBA 3allOJHUTENEH, TAKUE KaK IPaHyJIOMETPUYECKUN
coctaB, MOPQOJIOTHS M TOBEPXHOCTh YACTHI], UTPAIOT PEIIAIOLIYI0 POJib B
(bopMHpOBaHUH MJIOTHOCTH YIIAKOBKH U MOPOBOM CTPYKTYypbl. OnTUManbHOe
COOTHOILIEHUE YACTHI[ MEJIKOJMUCIEPCHBIX U KPYIHOJIUCIEPCHBIX (paKiuit
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CIIOCOOCTBYET CHIKCHHIO OOIIEH MOPHCTOCTH W MEXaHWYECKOH MPOYHOCTH
THIICOBBIX KOMIIO3UTOB 0€3 YXYAIICHHUS UX TeXHOJIOTHYHOCTH [7].

CBoO¥CTBa MHKPOCTPYKTYPHI THIICOBBIX KOMITO3HTOB XapaKTePU3YIOTCS
HAIAYHEM TPEX B3aNMOCBS3aHHBIX KOMIIOHCHTOB — KPUCTAJUIMIECKON MaTPHIIHI,
TTOPOBOTO MPOCTPAHCTBA M BKITFOUCHUI 3aIIOJTHATENICH 1 BOJIOKOH. Pacmipenenenue
KOMITOHEHTOB BO BPEMEHH U IIPOCTPAHCTBE OMPEIeIeT XapaKTePUCTHKY ITepeHOCca
BIIaTH, TEIJIa M MEXaHMYCCKUX HAMPSDKCHHUH. YIydIIeHHEe OTHOPOIHOCTH
CTPYKTYPBI C paBHOMEPHBIM pacIpeiesiecHHeM (a3 CriocoOCTBYET IMOBBIIICHUIO
JOJITOBEYHOCTH U CTAOMIIBHOCTH SKCIUTYaTallMOHHBIX XapaKTEPUCTHK [6].

B psge KOMIO3WIIMOHHBIX CHUCTEM THIIC MIPUMEHSETCS B KOMOHWHAITNH
C IPYTHUMHU MHUHEPATbHBIMU BSUKYIIMMH KOMIIOHEHTAMH — IEMEHTOM H
AKTUBUPOBAHHBIMU MUHEpaaMu. Takue CHCTEMBI pacIupsAT QYHKIHOHAIBHEIC
BO3MOYKHOCTH HCTIOIB3YEMBIX MaTEPHATIOB, HO TPEOYIOT CTPOTOTO KOHTPOJISA
XHUMHUYECKOW COBMECTUMOCTH. B3amMogelicTBUEe TUIICA C aJllOMHHATAMHU U
CHUJIMKATaMH IIEMEHTa MOJXKET MPUBOJIUTH K 00pa30BaHHUIO HECTAOMIBHBIX
Cynb(aTHBIX COCIUHEHUH, YTO OTPHUIATEIBHO BIHICT HA OJITOBEYHOCTH
KOMTIO3HUTOB ITPH HEOIATONPHUATHBIX YCIOBHSIX SKCILTyaTallHH.

3 O0J1acTH IPUMEHEHHUsI TUIICOCOAePKALUX KOMIIO3UTOB B CTPOUTE/ILCTBE

Brnarogapst HU3KOH YHEPrOEMKOCTH MPOU3BOICTBA, TEXHOJIOTUIHOCTH U
BO3MOXKHOCTH (DOPMHUPOBAHHS MATCPUATIOB C 3aTAHHBIMU (DYHKIIMOHAIBHBIM
XapaKTePUCTHKAMH, THTICOCOICPIKAIIIe KOMITO3UTHI UMEIOT ITUPOKOE TIPIMEHEHHE
B CTPOUTENBCTBE. [IpeHMMYIIIECTBEHHO HCIIOIBF30BAaHIE KOMITO3UTOB CBS3aHO C
BHYTPCHHEH OT/IEIKON 3MaHUH, T/Ie HEeT )KeCTKUX TPEeOOBaHMIA K BOJJOCTOUKOCTH
1 XUMHYECKOH yCTOWYMBOCTH, TI0 CPAaBHEHHIO C HAPYKHBIMHU KOHCTPYKITUAMHE. B
STHX YCIIOBHSIX THUTICOBBIC MAaTEPUANBI MTOKA3BIBAIOT BBHICOKYIO 3(h(hEeKTHBHOCTH,
obecrieunBasi OBICTPBI MOHTAX, CTA0MIBHOCTh TEOMETPHIECKAX MTAPAMETPOB H
YIOBJIETBOPUTEIBHBIC IKCILTyaTallHOHHBIE CBOMCTBA [8].

Taroke TOMyIAPHBIM HANpaBlICHHEM TPUMEHEHHS THIICA B CTPOUTEIHCTBE
SIBIIAFOTCS JIUCTOBBIC W TMAaHENBbHBIC MAaTEPHAJbl, BKIIOYAsl THIICOKAPTOHHBIE U
THIICOBOJIOKHUCTBIE INTATHI, KOTOPBIE UCIIONB3YIOTCS TS BO3BEICHHS IIEPETOPOIOK,
OOJIMIIOBKH CTEH M YCTPOMCTBA MOIBECHBIX MOTONKOB. BBeeHe MIHEpAIEHBIX
Y BOJIOKHUCTBHIX HAITOMHHUTENEH MMO3BOJSIET (POPMUPOBATH JIETKHE KOHCTPYKIHH
C TIOBBIIICHHOH KECTKOCTHIO W YCTOHYMBOCTH K MEXaHWIECKUM BO3ICHCTBHUSM,
Onaroyaps 9emy, COBpEMEHHbIC MOTU(HUITIPOBAHHBIE TAHEN HMEIOT YITyUIICHHYTO
MIPOYHOCTH, OTHECTOHKOCTh M 3BYKOM3OJISIIIMOHHBIX CBOMCTB, YTO PACIIUPSIET UX
MIPUMEHEHHE B KIJIBIX, a]MAHICTPATHBHBIX U OOIIIECTBEHHBIX 31aHui [9].

3HAYUTETBHOTO MPOTpecca JOCTHTIN CyXHe CTPOHUTEIbHBIE CMECH Ha
THIICOBOW OCHOBE, IPUMEHSIEMBIC TSI HAHECEHHsSI IITYKaTypKH, BEIpaBHUBAHUS
MMOBEPXHOCTEH M CO3MaHUA JACKOPATUBHBIX MOKPHITHN. Takme mMaTepuamsl
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XapaKTepU3ylTcs OBICTPBIM CXBaThIBAaHHEM, BBICOKOH aare3neil K OCHOBaHHIO
1 (HOPMHUPOBAHHEM POBHOIl IOBEPXHOCTH, MOAXOMSLICH Ui MOCIEIYIOMNX
OTAEJOYHBIX paboT. B coBpeMeHHBIE (GOPMYJIIBI CYyXUX CMeceil BKIIOYAIOTCS
MIOJIMMEPHBIE MOJN(PUKATOPBI U CTAOMIIN3ATOPBL, 4TO PEIOCTABIISIET BO3MOXKHOCTD
paciIMpeHus auana3oHa pabo4nx Temreparyp U BiaxHoctu [10].

B mocnenHue roasl HabmooAaeTcs poOCT MHTEpeca K IPUMEHEHUIO
TUIICOBBIX KOMIIO3UTOB KaK TEIIO- ¥ 3BYKOHM3OJSILMOHHBIX MaTEpHAaJIOB.
braronapst pa3BUTON HOPUCTOI CTPYKTYpe M BBEACHHMIO JIETKUX 3aIlOJHUTENCH
yAa&Tcsl MONYYUTh COCTaBbl ¢ MOHWKEHHON IUIOTHOCTBIO M YJIy4IICHHBIMH
aKyCTHYeCKMMHU cBoiicTBaMu. [TogoOHBIE MaTepUanbl HCIONB3YIOTCS B
OrpaXKJAIOIINX KOHCTPYKIHMAX, MEKKBaPTHPHBIX IIEPEropoIKax U KOMIIOHEHTax
JUTsL aKyCTHYECKOH KOppeKIUH oMeleHui [11]. DkcnepiuMeHTa bHble TaHHbIe
JEMOHCTPHUPYIOT, YTO ONTHMH3MPOBAHHBIE TMIICOBBIC KOMIIO3UTHI CIIOCOOHBI
3¢ HEKTHBHO COKpAIATh YPOBHU BO3IYIIIHOTO H yIaPHOTO IIyMa IIPH COXPaHEHHN
HEOOXOJMMON MEXaHHYECKOU TPOYHOCTH.

[TepcrieKTHBHBIM HaNPaBJICHHEM CUMTACTCS BHEPEHUE THIICOCOIEPIKALINX
MaTEepUAIOB B CHCTEMBI MACCUBHOI'O KOHTPOJISI MUKPOKJIMMAaTa 31aHuil. B
YaCTHOCTH, Pa3pabOTaHbl KOMIIO3UTHI, HHTETPUPYIOIIIE MaTepruabl (pazoBoro
nepexozna (PCM), KoTopble HAKAIUTMBAKOT M BBLIEISIOT TEIUIOBYIO 9HEPTHIO B XO/IE
9KCIUTyaTalmu. Takue CHCTEMbI Jal0T BO3MOYKHOCTB He TOJIBKO CHU3HTH ITHKOBbIE
TeMIIepaTypHbIe Harpy3Kd, HO U dHEpreTHYecKyro 3(dekTnBHOCTh 3naHUH
noBeicHTh [12]. T'uricoBass MaTpuua 31ech BBICTYIAeT KaK CTAOWIM3HPYOLIas
000J104Ka, BBITONIHASA QYHKIHMIO TEINIOOOMEHHOH cpebl. B cBs3m ¢ pasBuTHeM
CTPOHTENBCTBA [0 MOAYJIBHOH cXeMe U OBICTPOBO3BOJMMOIO CTPOUTEIBCTBA,
THIICOBBIE KOMITO3UTBI IPUMEHSIOTCS B BHE SJIEMEHTOB, CIACIaHHBIX Ha 3aBOJC,
BBICOKOH CTENEeHHM rOTOBHOCTH. [laHenu, OJOKH, U MEPeropoaKu cOOpHOro
THUIIa Ha OCHOBE T'MIICA JAIOT BO3MOXKHOCTH CPOKH CTPOHTEIIBCTBA COKPATHTh,
U TPYXOEMKOCTh MOHTXHBIX paboT CHU3UTHh. OcOO0EeHHO 3P(EKTHBHO UX
HCIIOJIBb30BaTh B MAJOITA)KHOM CTPOHUTEIBCTBE TaM, IIe Harpy3KH Ha HECYILHe
KOHCTPYKIMY Ba)KHBI, YTOOBI ObUIN MHHUMAIIBHBIMH, U CKOPOCTb BBITIOJTHEHHS
paboT. OTHenbHOE HAPABJICHHE €CTh B UCIIOIB30BAaHUH TMIICOBBIX KOMIIO3UTOB
B JICKOPATHBHO-apXUTEKTYPHBIX JIEMEHTaX.

['nnc, u3-3a TOro, 4To X0pouo (GopMyercs U M3 HEro MOXKHO IOJIydYaTb
CIIOHBIE (POPMBI, MPUMEHSIETCS ISl U3TOTOBJICHUS JICITHUHBI, apXUTEKTYPHBIX
JeTaJIeH U pa3HbIX HHTEPhEPHBIX KOHCTPYKLMiA. COBpeMEeHHbIC KOMIIO3HLIHOHHbIE
CHCTEMBI IIOMOTAFOT TOBBICUTH MEXaHHYECKYIO IIPOYHOCTB TAKHX JIEMEHTOB, U TO,
KaK OHH BBIICPIKHUBAIOT pa3HbIe BO3ACHCTBI IIPH SKCIUTyaTaluHy. Vcronp3oBanue
MaTepHalIOB, COJAEPIKALIUX THIIC, B KOHCTPYKIMSAX CHAPYKH OTPAaHUYCHO TEM, KaK
OHH PEarupyroT Ha BJIary, HO pa3BUTHE TEXHOJIOTHI MOIM(MUKALIMN U 3aIUTHBIX
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TOKPBITHH 1aéT OOJbIIe BO3MOKHOCTEH JUIsl IPUMEHEHHS B MOTY3aKpPBITBIX 1
3amMIIEHHBIX MecTaxX. Kak MOoKas3bIBalOT MCCIIEOBAHUS, €CIM MCIIOIb30BATh
runpodoOHbIe T00aBKU, MOTUMEPHYI0 MOIU(PUKALNIO U MHOTOCIOWHBIC
KOHCTPYKTHBHBIE PEUICHUS, TO MOXHO JOOUTHCSA yAOBIETBOPHUTEIBLHON
BJIArOCTOMKOCTH M CBOHCTB CTAOMIIBHOCTH.

B urore, runcocoiepxaiye KOMIO3UTHI MOYKHO TPUMEHSTH B OOJIBILIHCTBE
chep cTpoUTENbCTBA — HAYMHAS OT OTJACIKH M JE€KOpa, U 3aKaHUMBAS
(YHKIIMOHAIBHBIMY MTAHEISIMU U Pa3HBIMH HEProcOeperaroMy CHCTEMaMH.

4 Ilpeumy1uecTBa UCIOJIb30BAHMUS IHIICA

Hwuskast 53HEproéMKoCTh MPOU3BOACTBA U MEHBIINH KOJOTHUECKHN CIIEI.
Jlsist IpOM3BOJCTBA THIICOBBIX KOMIO3UTOB TPeOyeTCsl 3HAUNTEIFHO MEHbBIIE
TeMIlepaTypa KaJbIUHALNH, 1 HCXO/s U3 3TOTO, MEHbIIIE TTOTPEOJICHHS TOTIIINBA
T10 CPABHEHUIO € KIIMHKEPHBIM ITOPTIIAHAIEMEHTOM. [IJIs TpeBpalieH s ATHpaTa
(CaSO,-2H,0) B remuruapar (f-CaSO,-0.5H,0) tpebyeTcs Temmeparypa
150-180 °C u Bpemenu nopsinka 1-3 4. C TaKUMH YCIOBHSIMH CHHTE3a PacXoj
toruBa coctasisieT 30—40 kr ToluMBa Ha TOHHY MpoJykTa, uro Ha 20 %
MeHee JHeprosaTpaTHee, [0 CPaBHEHHUIO C APYTMMHU BKyImMMHU. Hampumep,
JUISl TIPOM3BOJICTBA IIEMEHTHOTO KJIMHKepa TpeOyeTcs: TeMmneparypa Onm3kas K
1500 °C, oTcroma u 3HAYHTENBEHOE MOTPEOICHUE TOILIMBA M JICKTPOIHEPTHH.
bnarogapst ’ToMy THIIC SBISETCS NPUBIEKATEIBHBIM C TOYKH 3PEHUS
9HEeprod3()(HEeKTUBHOCTH M yMEHBIICHHUS ITAPHUKOBOTO Clie[la IPU MacCOBOM
M3TOTOBJICHHWH JIETKMX M BHYTPEHHUX CTPOUTEIBHBIX MaTepuanon. Ha
MIPaKTHKE, [IPU JTIOKAJILHOM IIPOM3BOJICTBE TUIICOBBIX MTAHEIEH U CMecel, UMEHHO
9HEPrOIKOHOMMS SIBJIIETCS] ONPENENSIONNM TIPH BBIOOpE THIICA, B KaUECTBE
CTPOMTENBHOTO CHIPBHS, /U HEHECYIINX M MaJOHArpy304HbIX KOHCTPYKIHH,
0Cc00EHHO IMpH MPUMEHEHUH TIepepadoTaHHOTO TUTICOBOTO ChIpbs (FGD-rumc u
¢bocdorurc) ¢ MuHIMaNBEHON TepMooOpadoTKoii [13].

Takske, THUIICOBBIE MaTEPHAIbl OTIMYAIOTCS KOHTPOJEM THIpaTalui,
YTO O03HAYACT YIPABISEMYI0 KMHETHKY CXBATBIBAHHUS M TMOKYIO HACTPOHKY.
[Ipomecc cxBaTbIBaHUS — 3TO PACTBOPEHHE I'€MHUTHApPATa B BOJHOM CJOE€ U
JampHeWmas HyKIeanus Jeruapara (CaSO4'2HZO). CKOpOCTh 3aBHUCHT OT
PacTBOPUMOCTH, TIJIOIIAAN ITOBEPXHOCTH YAaCTHIl M aJCOPOIMOHHBIX 3(dekToB
n06aBok. Tem caMbIM, THIICOBBIC CHCTEMBI HIMEIOT TMpeICKa3yeMoe U KOPOTKOe
BpeMS CXBaTBIBAHUS, KOTOPOE MOXHO YpPETyJIUPOBATh O CEKYHI/MHUHYT, C
TIOMOIIBIO AJIUTHBOB. JlaHHOE TPEMMYIIECTBO THIICA XOPOIIO MOIXOIUT JUIs
OBICTPOCXBATHIBAIOIINXCS] PEMOHTHBIX M IITYKAaTYPHBIX cMecell. B nccnenoBannmn
COCTaBOB PEMOHTHBIX CMECEH, JTydlIlIe Bcero ce0s IoKa3ain CMECH ¢ 100aBIeHIEM
TeMUTHparTa B EMEHTHBIN coctaB. CMecu ¢ 8 % no0aBieHHEeM reMHUTrHpara
(oT 001IEl MacChl) yBEIMUMBAJIO IPOYHOCTE HA PAHHEH CTa U1 1 110 HCTCUCHUIO
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6 9acoB MOKa3aJIM MPUPOCT CxxaThs U n3ruda +34.1 % n 39 % cooTBeTcTBEHHO.
OTtH 1uQpel cOOOIIAIOT O BHICOKOH YyBCTBUTEIBHOCTH PAaHHEH MEXaHHWKH K
komuecTBy U THITy CaSO,-(popmbl B penentype. Tem cambIM, THIIC TOKa3as ce0st
KaK MaTepHall, ClIoCOOHbIH OBICTPO «ITOJKPETIIATH TPOYHOCTH B KOPOTKHE CPOKH
TIpH TeJICHETIPaBICHHOH pellenTypHOi HacTpoiike [ 14].

I'unpatupoBaHHBIN MPOAYKT THUIICOBBIX BSKYIIUX — KaJbLHUH-CyIb(haT
JUTHIPAT — B TpOLEcce TBEPACHUS (GOPMUPYET NMPOCTPAHCTBEHHO PA3BUTYIO
TUTACTHHYATYIO MJIM MTOJIBYATYI0 KPHCTAJUIMYECKYIO CETh, KOTOpask ONpEaeIsieT
OCHOBHBIC MEXaHWUYECKHE M e(OpMAIMOHHBIE XapaKTEPUCTUKN MaTepHaa.
Ocaxaenue quruapara npoTeKaeT 4epe3 CTaAnio 00pa30BaHUsI MHOTOUHCIEHHbBIX
MEePEKPHIBAIOIINXCS MIACTHHOK, (POPMHUPYIOMHUX B3aMMOIPOHUKAIONIYIO
CTPYKTYpY, HapaMeTpbl KOTOPOH HAMPAMYIO 3aBHCAT OT YCJIOBHH I'MIpaTaIliH,
JMCIEPCHOCTH UCXOAHOTO TEMUTHIPaTa, HOHHOTO COCTaBa ITIOPOBOTO PACTBOPA
1 TIPUCYTCTBUSI OPraHUYECKUX WIIM HEOPraHMUYECKUX aJINTHBOB. B wactHOCTH,
azicopOuMs MOJMMEPHBIX MOJIEKYJ M ()YHKIMOHAIBHBIX TPYIIN Ha aKTHBHBIX
TpaHsX PacTyIIMX KPHCTAJUIOB MPUBOAWT K M3MEHEHHIO CKOPOCTEH pocTa 1o
OTZAENBHBIM KpUCTAIUIOTpaMIECKNM HAPABIICHUSIM, UTO OTpaxkaeTcst Ha (hopme,
TOJIIIIMHE ¥ CTENICHN CLEIUICHHUS IIIACTHHOK MEXKIY COOOH.

[Ipu popMUpOBaHUHU TMIOTHOW, XOPOIIO CBSI3aHHOW IMIACTHHYATOU
CTPYKTYpPBI MaTpHUIIa XapaKTEPHU3yETCsl TOBBIIIEHHON CTaTHIECKON KECTKOCTHIO,
crocoOHOCTHI0 3((PEKTUBHO TMepepacnpenesiTh JOKAIbHbIE HAIPSKCHHS
u geMnpupoBaTh yImpyrue kKoimebaHwus, Toraa Kak mpeobrnamaHue ciado
CBSI3aHHBIX MTOJILYATHIX arperaTtoB MPUBOJUT K POCTY XPYNKOCTH M CHIKCHHUIO
CONPOTHUBICHUS TPEIIMHOOOPa30BaHMUIO. [IONOTHUTEIHHOE MOBBIIICHHUE
9KCIUTYyaTallMOHHBIX XapaKTEPUCTUK JOCTUTACTCS 38 CUET BBE/ICHNS apMUPYIOIINX
BOJIOKOH, KOTOPbIE BKJIIOYAIOTCSl B KPHCTAJUIMYECKYIO0 MATPUIy U (OPMUPYIOT
MEXaHWIECKHE MOCTUKH MEKAY OTACIBbHBIMH JOMEHAMHU IUTHIPATa, 3aMeyIsis
pa3BUTHE MUKPOTPEIINH 1 TTOBBIIIAS SHEPTOEMKOCTH paszpymeHus [15].

OKCIIepUMEHTAIbHbBIE MCCIIEIOBaHMS TTOKA3bIBAIOT, YTO HCIIOJIb30BAHNE
CTEKJSHHBIX, 0a3aJbTOBBIX HJIM NMOJWBUHMIIAIKOTOJBHBIX BOJIOKOH HpH
ONTHUMaJBHOM cojepxanuu nopsaka 10-12 % mo o6vémy obecrneunBaet
CYIIECTBEHHBI NMPUPOCT M3THOHOW M CXKUMAIOMIEH MPOYHOCTH T'HIICOBBIX
KOMITO3HTOB: B psijie paboT pUKCHpyeTCs yBEIHUCHNE IIPOTHOCTH TIPH H3THOE Ha
20-50 % u conocTaBUMOE MOBBIIIEHHUE TPOYHOCTH IIPU CKATHH 10 CPABHEHHUIO C
HEapMHPOBaHHBIMH CHCTEMaMH, IPH ATOM MaKCUMalbHbIH 3 dekT qocturaercs
TIPY JUTMHE BOJIOKOH OKOJIO 15 MM 1 paBHOMEPHOM HX paclpeesieHn B 00bEMe
Matepuana. Takum o0Opa3om, codeTaHHEe KOHTPOJIMPYEMOH KPHUCTAIIH3AINN
JUTHApATa ¥ HANpPaBJICHHOTO apMHPOBAHUS IMO3BOJSIET GOPMHUPOBATH
MHOTOMAacCIITaOHYI0 HEPAPXUUECKYIO CTPYKTYPY, B KOTOPOI MUKPOCKOIIMYECKast
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MOpPGOJIOTUsT KPUCTAIIOB U ME30CKONMUYECKAasi CETh BOJIOKOH COBMECTHO
obecrneynBaOT ONTUMAJIbHOE COOTHOIIEHHUE MPOYHOCTH, YIPYTOCTH U
TPEUIMHOCTONKOCTH THIICOBBIX KOMIIO3HUTOB [16].

Braromapst OrHECTOMKOCTH I'UIIC IPUMEHSIETCS B OTHE3AIUTHBIX ITEPETOPOKAX
n obmmnoBkax. IIpu HarpeBaHnM BBIJEISETCS CBSI3aHHASI KPUCTAIIM3ALMOHHAS
BOJa (PHIAOTEpMHUUYECKAs NETHApaTaALUS CaSO4'2HZO — CaSO4'O.5HZO —
CaSO0,), morpebisromas TEMIOBYIO YHEPTHUIO, 3aMEUIAS TIPU 3TOM Harpes
BHYTPEHHEH 30HBI M OTPaHMUYMBACT Nepefady TemiepaTypsl. Ilpu ucnapennn
KPHCTAJUIN3AIIMOHHON BOABI 00pa3yeTcsl «TETUIOBOH LIUT, 3aMEJISIOIINHA POCT
Ha MPOTHBOIOJIOXHON MOBEPXHOCTH IUINTHI. VcciienoBaHUsI TEPMOBECOBOTO
aHaImW3a MPH TeMIeparypax, cBoicTBeHHBIX moxkapam (150-200 °C nmns
MIEPBOTO IIara TeMHUTHpaTa) NOTBEP)KAAIOT 3HAYUTEIFHOE TEPMOITOTIIAICHNE
npu peruaparanuu. Ha mpakTuke yBenTMUMBAeTCS BPEMsl JIOCTHIKCHUS TaHHOU
TEMITEpaTypbl B HECYIIUX 3JIEMEHTaX, OCOOCHHO B MHOTOCIIOHHBIX CHCTEMax C
TUTICOBBIM OOJIMIIOBOYHEIM clioeM [3, 5].

[Topucrasi MUKPOCTPYKTYpa JETKUX THUIICOBBIX KOMITO3UTOB (hOPMHPYET
COBOKYIHOCTH TEIIJIO- M 3BYKOM3OJIALIMOHHBIX CBOHCTB, KOTOPBIE PEANN3YIOTCS
TP OTHOCHUTEIBHO Maslol 0OBEMHON Macce Marepuasna, 9YT0 OCOOCHHO BayKHO
JUISl BHYTPEHHHUX OTPaXKIAIONIMX KOHCTPYKIUI M MEPeropojok, rae Tpedyercs
coyeranue 3(p(HEeKTUBHON M3OJAIUM ¥ MUHUMAIBHON HAarpy3kd Ha HecyIue
aneMeHThl. POpMHUPOBaHNE PA3BUTON CHCTEMBI 3aMKHYTBIX M YACTHYHO OTKPBITBIX
IIOp MPHUBOJUT K Pa3pbIBY HEIPEPHIBHBIX TEIJIOBBIX IOTOKOB M CHIDKEHUIO
3¢ PEKTUBHOH TETIONPOBOJHOCTH 32 CYET HU3KOW TEIUIONPOBOAHOCTH BO3yXa,
3aKIFOUYEHHOTO B TI0pPax, a TAKKe K PACCETHUIO M MHOTOKPATHOMY OTPayKCHUIO
3BYKOBBIX BOJIH HA FPpaHMLAX pa3zena ¢as.

JIONOTHUTENbHBIM BKJIAJ] B aKyCTHUECKOE AeMI(HUpPOBAaHWE BHOCHUT
TUTacTHHYATass MOPQOJIOTHs KPUCTAIIIOB JUTHAPATa, CO3JAIOMasi MHOXKECTBO
MHKPOCKOIIHYECKNX MHTeP(PEeicoB, Ha KOTOPHIX MPOUCXOJIUT paccesHue
YOPYTuX KOJeOAHNH W 4acTHYHOE IMPEBPAIICHNE MEXaHWYECKOW SHEPTHH B
TEIJIOBYI0. YIIPaBJI€HHE CTPYKTYPOIl TOPOBOTO MPOCTPAHCTBA OCYIIIECTBIISCTCS
3a cuéT BBEAEHUS NMOPO(OPMHUPYIOIIUX ArCHTOB, JIETKMX MHUHEPAJIBHBIX HIIN
OPraHWYECKUX HAIOJHUTEINICH 1 KOPPEKTUPOBKH BOJOTBEPIOTO OTHOIICHNUS, YTO
MIO3BOJISIET LEJICHANPABICHHO OAJIAHCHPOBATh MEXIY TEIION30JIIIIHOHHBIMU
1 MEXaHHYECKUMH XapaKTepUCTHKaMM MaTtepuana [3]. DKcrnepuMeHTalIbHbIe
HCCIIEJOBaHMS TI0 ONTHMH3ALUH PELENTYP IMOKa3bIBAIOT, YTO P PALHOHATBHOM
ro0ope cocTaBa BO3MOXKHO TOJIyYEHHE THIICOBBIX KOMIO3UTOB C TNIOTHOCTBIO
B auanaszoHe npumepro 400-900 kg/m* u ko3 hurreHTOM TEIIONPOBOIHOCTH
A =~ 0.08-0.20 W/(m-K), mpu 3TOM yKa3aHHBIC 3HAYCHHUS COTOCTABUMBI C
rapamMeTpamMHy CIeUaTN3UPOBAHHBIX JETKHX TUIICOBBIX M30JIALMOHHBIX TaHeIeH
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1 BBICOKOA(()EKTHUBHBIX TETNIOM3OJISIIIMOHHBIX IITYKAaTyPHBIX CHCTEM, YTO
MIOJTBEPKIAET KOHKYPEHTOCIIOCOOHOCTh TAaKNX MaTepHaioB JJIsl BHYTPEHHETO
CTPOUTENBHOTO IIPUMEHEHHUS.

B 0630pe mepepaboTtku pocdorurca B TOPOKHBIX MaTepraiax OTMEIEHO, YTO
mocyie OYNCTKH/00padoTKH (yIaIeHHue paCTBOPUMBIX (PpaKIIii, HEHTpaIA3aIus)
CMEeCH Ha OCHOBE OUHIIEHHOTO (hocorurca mokazanu NpOYHOCTH YITIOTHEHHBIX
MaccoB (unconfined compressive strength) Ha ypoBHsx 0.838 MPa (7 mH), 1.953 MPa
(14 ne) 1 2.531 MPa (28 mH) Ipu KOHKPETHBIX PEHENTypax, YTO JEMOHCTPHPYET
MIPaKTHYECKYTo MpUMeHnMocTh PG mocite skonoruaeckoro koHTpoist [17]. Apyrue
HCCIIEJOBaHMS TIOKa3bIBAIOT, 4TO (POCGHOTHUIIC IT0 XUMHUUECKOMY COCTaBY OJIM30K K
CaS0O,-2H,0 n npu pernamMeHTHPOBAHHOH 00pabOTKE MOXKET OBITh HCTIONB30BaH
KaK pPecypc s U3rOTOBJICHUS CTPOUTENILHBIX THIICOBBIX MaTepHaios [18].

5 HeocTaTky rumnca v rurcoco/iepskalux MaTepuajioB B CTPOUTE/ILCTBE
U CIOcO0bI UX YCTPAHEHUsI

['maBHBIM OTpPAaHWYEHUEM THIICA B CTPOUTEIBLCTBE SIBISETCS €r0 HHU3Kas
YCTOWYHMBOCTH K BJIare M BO3JEHCTBHIO BOJIBI. JJaHHOE CBOMCTBO THUIICa CBSA3aHO
C €ro CTPYKTYpOH, a IMEHHO ¢ TEPMHUYECKONH HECTaOMJIBHOCTBIO TUTHApAaTa
cynb(ara Kaiablusg B yCIOBHUSAX JJINUTEIHHOTO BOAOHACHIEHHS. Hu3koi
PacTBOPUMOCTH TUIICA XBATAET JUIsl HOCTEIIEHHOTO PACTBOPEHHS KOHTAKTHBIX 30H
MEK/ly KpUCTaJUIaMH, UTO B TIOCIIEACTBUH IIPUBOIUT K PA3yIUIOTHEHUIO CTPYKTYPBI
U CHIKCHUI0O MEXaHWYeCKOW mpodHocTH MaTepuana [19]. PactBopumocTts
qurugapar cynbdara xampnus paBasercs 2.0-2.6 /1 mpu Temmeparype B 20,
YTO CYNIECTBEHHO BBINIE PACTBOPUMOCTH THJPOKCHIATHBIX (Da3 LEMEHTA.
OKCHEepUMEHTAIBHBIE HCCIIEIOBAHMS TOKA3AJIN, YTO TPH JJTUTEIFHOM KOHTAKTE
C BOZIOM, MPOYHOCTH TUIICOCOIEPIKa3NX KOMITO3UTOB cHIkaeTcs Ha 40—70 %, uto
MIOATBEPKAACT (DyHAAMEHTAIBHBIN XapakTep JaHHOTO HepocTaTKa [6].

JloTIOTHUTENBHBIM (aKTOPOM, OIPEAEIISIONINM HHU3KYI0 BOZOCTOHKOCTB
THIICOBBIX MaTEpPHAJIOB, SIBIISIETCS OTCYTCTBHE THIPABIMUIECKHX (a3, CIIOCOOHBIX
obecrieunBaTh JOJITOBPEMEHHYIO CTaOMIBHOCTh CTPYKTYpPBI B BOJHOW cperne. B
OTJIMYHE OT MOPTJIAHJIEMEHTA, KOTOPBI 00pa3yeT THAPOCHINKATHl KaIbIHs C
HH3KOH PaCTBOPHMOCTBIO, THIIC HE (JOPMUPYET YCTOHUIMBBIX THAPATHBIX COSANHEHHH,
YTO JIENIAET €ro CTPYKTYPY TePMOJMHAMHYECKN MeHee cTaOmibHON. B pesysbrate
TUTICOBBIE MaTepHaIIbl 00J1a1af0T HU3KMM KO3()(DUIIMEHTOM BOIOCTOMKOCTH, KOTOPBIH
B OONBIIMHCTBE ciydacB He npessimaet 0,3—0,5, 9To cyIIecTBeHHO OrpaHUIUBACT
YX TIPIMCHEHHUE B YCIIOBUSX MTOBBIIICHHON BIIaYKHOCTH [ 18]. Takke BOIOCTOWKOCTD
MOXXET OTPaHUYMBATHCS CKIOHHOCTBIO K OMOJIOTHYECKOH AeTrpajaunuu Ipu
9KCILTyaTalllH BO BIKHOH cpezie. [IoBbIIeHHas BIaKHOCTh CIIOCOOCTBYET PAa3BUTHIO
MHKPOOPIaHU3MOB, YTO MOXKET HPUBOANTH K JIOMOJIHUTEIBHOMY Pa3pyIICHHIO
CTPYKTYPBI MaTe€pHasIa M yXyIILIEHHIO €T0 SKCILTyaTaIllMOHHBIX XapakTeprucTHk [20].
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OfHUM U3 KIIIOYEBBIX HEJAOCTATKOB THIICOBBIX MATEPHAJIOB SIBISIETCS MX
OTpaHMYECHHAs NMPOYHOCTh HAa C)KATHE, KOTOPAsl TOTOJIHUTEIHHO CHIDKAETCS
Ipy MOJM(UKAIIMK CTPYKTYPBI TUTICOBOM MATPUIIBI PA3IHIHBIMU J00aBKaMH 1
apMHPYIOIIUMH KOMIIOHEHTaMHU. DKCIIEPUMEHTAIbHBIC HCCIIEI0BAHUS THIICOBBIX
KOMITO3UTOB, apPMHPOBAHHBIX ITOJUIPONUICHOBBIMI BOJOKHAMH, B TOM YHCIIE
TIOJTyYEHHBIMHU U3 CTPOUTENBHBIX M IEMOHTAXXHBIX 0TX010B (CDW), mokasbiBatot,
YTO BBEICHHUE apPMUPYIOIINX BOJIOKOH COMPOBOXKIAACTCS CHI)KEHHEM ITPOYHOCTH
Ha C)KaTHe 10 CPABHEHMIO C STATIOHHBIMHU COCTaBaMH.

CorylacHO JaHHBIM, TPEJCTaBICHHBIM B TaOnume |, MPOYHOCTH THIICOBBIX
KOMITO3UTOB ¢ KoMMepueckuMu BoJiokHaMu (Gyp+Comm) yMeHBIIAeTCs C
3.06 o 2.81 MIa mpu yBemaeHIH coep kaHus BOJIOKOH ¢ 1 % 10 4 %. AHanormdHast
TEHJICHIMS HAOJIFOIACTCSl M JUTSI KOMITO3UTOB C BOJIOKHAMH M3 CTPOUTEINIBHBIX OTXOZIOB
(Gyp+CDW), Tae mpogHoCTh cHIbKaeTes ¢ 5.33 1o 3.45 MIa. [pu aTom, HecMOTpst Ha
6oJ1ee BEICOKHE a0COTFOTHBIE 3HAUEHHS IPOYHOCTH JUTs cocTaBoB ¢ CDW-BosnokHamy,
001IMii XapaKTep N3MEHEHHSI COXPAHSACTCS — YBEJIMUEHNE COJICPKAHMST apMUPYFOIINX
KOMIIOHEHTOB TIPUBOJIUT K CHIDKEHUIO COTIPOTHBIICHUSI CXKATHUIO.

Tabnuma 1 — [IpodHOCTH Ha CXXAaTHE THIICOBBIX M MITYKATYPHBIX KOMIIO3UTOB C
MTOJTUTIPOTIMIICHOBBIMHU BOJIOKHaMH [20]

CocraB 1% 2% 3% 4%
Gyp + Comm 3,06 2,92 2,87 2,81
Gyp + CDW 5,33 4,56 4,26 3,45
P+ Comm 10,80 10,60 9,51 9,32
P+ CDW 10,85 10,65 9,57 9,38

JaunbIii ahdekT cBsi3aH ¢ 0COOEHHOCTSIMHI MUKPOCTPYKTYPbI THTIICOBOTO KAMHSI
U MEXaHU3MOM B3aUMOICHCTBUS MEK/Ly TUIICOBOW MATPULIEH U apMUPYIOLTUMU
BOJIOKHAMH. BBeieHNe BOTOKOH YBEINYMBAET KOJTMYECTBO MEXK(PA3HBIX TPAHUII,
CIOCOOCTBYET POCTY MOPUCTOCTH U CHIYKEHHIO (h(heKTUBHOI IIT0IIa /111 KOHTAKTa
MEXy KpUCTAIUTaMK TUTHIpaTa Cyib(daTa Kanblys. B pe3ynbraTe yMeHbIIaeTCs
CIOCOOHOCTh MaTepraia BOCIIPUHUMATD CKUMAIOIINE HATPY3KH.

AHanornyHas 3aKOHOMEPHOCTh MPOCICKHUBACTCA M NI MTYKATYPHBIX
KOMITO3UTOB: MPOYHOCTH cocTaBoB P+Comm camxkaetcs ¢ 10.80 10 9.32 MI1a, a
P+CDW — ¢ 10.85 10 9.38 MIla npu yBenu4eHUH colepKaHus BOJIOKOH OT 1 %
10 4 %. HecMOTps Ha TO YTO MOJTYYECHHBIEC 3HAUEHHS CYIECTBEHHO IPEBBIIIAIOT
MHUHUMAJBHO Oy CTUMBIH ypoBeHb (2.0 MIla), HabmoaeMoe CHCTEMAaTUIECKOe
CHIDKEHHE MPOYHOCTU MOATBEPKAAeT CTPYKTYPHYIO YYBCTBUTEIBHOCTH
THIICOBBIX KOMIIO3UTOB K H3MEHEHHIO COCTaBa M OTPAHUYMBACT UX NMPUMEHEHHE
B KOHCTPYKIIMOHHBIX 3JIeMeHTax [9].
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JlommoTHUTETFHEIM (PAaKTOPOM CHIKCHHS TIPOYHOCTH SBIISCTCS HaJIMUNC
MIPUMECEH B TUTICOBOM CHIPbE. Y CTaHOBIICHO, YTO 0OJIee BBICOKOE COMCpKaHHe
MIPUMeECeH, TAKUX KaK KapOOHAT KaJIbITHS, TPUBOIUT K CHIDKCHHIO MEXaHUIECKUX
XapaKTePUCTHK THIICOBBIX MAaTEPHAJIOB, YTO CBS3aHO C HApPYIICHHEM IIpoIecca
KPHUCTAJUTU3ANH 1 (POPMUPOBAHIEM MEHEE IPOYHON MUKPOCTPYKTYPHI THTICOBOTO
kaMmHA. Takum 00pa3oMm, HECMOTPSI Ha BO3MOXKHOCTH TTOBBIIICHHS OTACTHHBIX
MEXaHHYEeCKHX XapaKTePHCTHK THIICOBBIX KOMITO3UTOB 33 CYET apMHPOBAHUS,
CHIDKEHHE MPOYHOCTH Ha C)KaTUe OCTaéTcs OMHUM W3 (pyHIaMeHTAIbHBIX
HEJIOCTATKOB TUIICOBEIX MATEPHAIOB, OTPAHMYHMBAIONINX UX NMPUMCHEHHUE B
KOHCTPYKIIMOHHBIX 3JIEMEHTaX 3IaHuH.

B mpomecce TBepAeHUS THUIICOBOTO TECTa MPOUCXOIUT PACTBOpPECHHUE
MONTYTHIpaTa CyIb(aTa KaJIbIUs C OCIEAYIOMeH KpUCTAIUTH3alueH IUTHIpaTa,
(bopMHpYIOMET0 CTPYKTYPY M3 HTOIBYATHIX W IUIACTUHYATHIX KPHUCTAIIIOB.
OTH KPUCTAJUIBI COSTUHSIOTCS MPEUMYIIECTBEHHO 32 CYET MEXaHHYECKOTO
CICTUICHVSI 1 OTPaHUYCHHOTO KOJMYECTBA KOHTAKTHBIX 30H, UYTO IPUBOIUT K
(hOpMHUPOBAHUIO CTPYKTYPHI C HU3KOH CIOCOOHOCTHIO K TEpepaclpeieICHHIO
HaPsDKCHAHN U BEICOKOM CKIIOHHOCTBIO K XPYITKOMY pa3pylieHuro. B pesynbrare
THIICOBBIC MaTEPHABl IEMOHCTPUPYIOT PE3KOe pa3pyIIeHUE MPH JOCTIKCHIH
MIpeeIbHBIX HANPsDKEHUH 0e3 3HAaUNTEeNFHON TUTaCTHYECKON e opManni, 9To
CYIIIECTBEHHO OTPaHNYUBACT UX IPUMECHEHHE B KOHCTPYKIIHSX, TOJBEPTAIOIINXCS
JUHAMUYECKUM ¥ YIapHBIM Harpy3kam [3].

BrIcokast XpymKOCTh THIICOBOTO KaMHS 00YCIIOBIIEHA €70 MIUKPOCTPYKTYPOA,
BKITIOYAFOIIEH 3HAYUTENFHOE KOIMYECTBO KAMUIAPHBIX TIOP U OTPaHUICHHYIO
IJIOMIa b KOHTaKTa MEXIy KpHcTamiamu. VccrnemoBaHus ¢ MCHOIB30BaHHEM
CKaHUPYIOMIEH 3IEeKTPOHHON MHKPOCKOIHH MOKA3bIBAIOT, YTO KPUCTAJIIIBI
OUTHApaTa cynbpara Kanbnus (GOPMUPYIOT MPOCTPAHCTBEHHYIO CETUATYIO
CTPYKTYPY C BBICOKOW MOPUCTOCTHIO, UTO CIIOCOOCTBYET KOHIICHTPAIUU
HaIpPsHKCHAH ¥ WHUITUUPOBAHUIO TPEUIMH MPH MEXaHWYECKOM BO3JICHCTBHH
[19]. Hamnure mMukporop u 1e(heKTOB CTPYKTYPHI TOTIOHHUTEIBHO YCKOPSET
pacmpocTpaHeHHe TPEIINH, CHIKAsE YHEPTUIO pa3pyILICHUS MaTepraa.

DKCIIepUMEHTAIbHBIC TAaHHBIC CBHICTEIBCTBYIOT O TOM, YTO Pa3pyIlICHHE
THIICOBOW MAaTPHIIBI HOCUT MPEUMYIIECTBEHHO XPYIKUH XapakTep. Beemenue
APMUPYIOIIIX BOJIOKOH IIO3BOJISICT YACTHYHO KOMITCHCHPOBATH TAHHBIN HETOCTATOK
3a CYET MEXaHN3Ma «MOCTHKOBY, IPETIITCTBYIOIMINX PACKPBITHIO U PACTIPOCTPAHCHHUIO
TpenH. B wacTHOCTH, TIpH conep kaHNH BOIOKOH 4 % HaOIFOIaeTCs yBeTHICHNE
mpodHocTH Ha U3rud 10 31,4 % Ui TUIICOBBIX KOMMO3UTOB U A0 39,3 % mis
mTyKaTypHBIX cucteM [20]. OTo yKa3bIBaeT Ha MOBBIIICHUE TPEIINHOCTONKOCTH
1 CTIOCOOHOCTH MaTepualia COPOTHBIIATHCS Pa3BUTHIO TPEIIHH.
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OnHako HaHHBIH 3(PPEeKT TOCTHTAeTCA MPEUMYIMIECTBEHHO 3a CUET
APMUPYIOIIETO ICHCTBUS BOJIOKOH, TOT/Ia KaK camMa THIICOBAs MATPHUIIA COXPAHSIET
HCXOJIHYIO CKIIOHHOCTH K XPYITKOMY pa3pymieHuto. Takum o0pa3om, HECMOTPS Ha
yITydIIeHHe H3THOHOM MPOYHOCTH U TPEIIUNHOCTOUKOCTH KOMITO3UTOB, THIICOBEIC
MaTepHraIbI B IIEJIOM OCTAFOTCS 9yBCTBUTEIHLHBIMU K MEXaHIYECKUM BO3ACHCTBUSIM
1 TpeOYIOT AOMOTHUTEIFHON MOIM(PUKAIINHN CTPYKTYPHI TSI TIOBBIIICHUS UX
HaJI&KHOCTH M JIOJITOBEYHOCTH.

6 MeToapl ycTpaHEHHS HEJIOCTATKOB THUIICA M THICOBBIX BSIKYIIHX
B CTPOMTEIbCTBE

CoBpeMEeHHBIE HCCIITOBAHUS B 00TACTH THIICOBBIX MaTEPHAIOB HAIIPABICHBI
Ha KOMIUIEKCHOE YCTpaHEHHe MX (PyHIaMECHTaJIbHBIX HEIOCTATKOB, BKIIFOYAS
HU3KYI0 BOJOCTOMKOCTB, BEICOKYIO ITOPHCTOCTD, HU3KYIO TIPOYHOCTH, XPYIKOCTh
U OTPAaHMYCHHYIO IOJITOBEYHOCTH. PemeHne 3TuX mpoOlieM OCHOBAaHO Ha
MIPUMEHCHUH WHHOBAIIMOHHBIX METOZOB MOTU(PHUKAIINNA CTPYKTYPHI TUIICOBOTO
KaMHs, BKITIOYas! HCII0JIb30BaHIE HAHOMATEPHAIIOB, IOJMMEPHBIX MOH(DUKATOPOB,
KOMITO3UIIMOHHBIX BSDKYIIAX CHCTEM, (DYHKITOHATBHBIX IOKPHITHI U THOPUITHBIX
APMUPYIOIIUX KOMIIOHEHTOB. DTH MTOXO/IBI TIO3BOJISIFOT CYIIECTBEHHO YITyUIIIUTh
(HU3UKO-MEXaHNYECKUE W IKCIUTYaTal[MOHHBIE XapaKTEPUCTUKU THIICOBBIX
MaTepHajIoB U PacIIAPUTh 00JIACTb UX IIPUMEHEHHUSI B COBPEMEHHOM CTPOUTEIBCTBE.

OmanM 3 Hanbosee 3¢ (HEeKTUBHBIX COBPEMEHHBIX METOAOB IMTOBBIIICHHUS
AKCTIIYaTAHOHHBIX XapaKTEPHUCTUK THICOBBIX MaTEPHANOB SBIACTCA
HCTIOJIF30BaHNE HAHOMATEPHAJIOB, BKII0Uas TpadeH, yriaepoaHsle HAaHOTPYOKH H
JpyTHE yTIEepOIHBbIE HAHOCTPYKTYpH. BBeneHne rpadeHOBBIX HAHOMATEPHUAIIOB
MIPUBOJUT K 3HAYUTEIFHBIM U3MEHEHUSM MHKPOCTPYKTYPBI TUTICOBOTO KaMHS,
yITydIiias KpUCTAUTH3AINI0 TUTHApaTa Cyiabdara Kaablms U GopMupys Oomee
IJIOTHYIO CTPYKTYPY C YIAYUYIICHHBIMH MEXaHHWUECKHUMH XapaKTEePUCTHKaMHU.
DOKCIepUMEHTANbHBIC UCCIEIOBAHUS ITOKA3aJH, YTO BBEACHHE Ja’Ke MallbIX
KOJUYECTB TPaeHOBHIX J00aBOK MOXKET YBEIUYHTH MPOUYHOCTH THUIICOBBIX
MatepuaioB 6oree geM Ha 100 %, 9To CBSI3aHO C YCUIICHHEM MEKKPHCTATITITISCKIX
CBsI3eH W CHIDKCHHEM KOHIIGHTpAIWU HAMIPSHKCHUH B CTPYKType Marepuana [13].
Kpowme Toro, rpadeHOBBIe HAHOMATEPHATBI CIOCOOCTBYIOT YCKOPEHHEO THAPATALINH
rrrica 1 (GOPMHUPOBAHUIO OOJIEe OHOPOTHON MUKPOCTPYKTYPBL, UTO JOTIOTHUTEITHHO
MTOBEIMIAECT MEXaHIMYECKYIO POYHOCTH U JJONTOBEYHOCTh Matepuana [20].

JpyruM nmepcneKTHBHBIM HAIIPABICHUEM SBIIICTCS PUMEHEHNE TOJTMMEPHBIX
MOAM(DUKATOPOB, KOTOPHIE CYIMIECTBEHHO yIyYIIAIOT BOJOCTOWKOCTh H
JOJTOBEYHOCTH THIICOBEIX MaTepualioB. Vcmonp30BaHME OPTaHHYECKUX
BOJIOOTTAJIKABAIOIINX ar€HTOB M TIOJIMMEPHBIX T00aBOK ITO3BOISIET (hOpMHUPOBATH
ruapo¢oOHbIEe 3aIMUTHBIE NIEHKA HAa MOBEPXHOCTH THUIICOBOTO KaMHA,
MPEeAOTBpAMIAIONINe TPOHUKHOBEHHE BOJBI B €T0 CTPYKTypy. B WacTHOCTH,
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WCCIIEIOBAHNUS MTOKA3aH, YTO KOMOMHUPOBAHHOE IPUMEHEHNE BHYTPEHHHX
MOJUMEPHBIX 100aBOK M BHEIIHUX THAPOGOOHBIX MOKPBITHI MO3BOISET
YBEMUYUTH KO3(P(UIIEHT BOZOCTOWKOCTH THUIICOBBIX MaTepuaio ¢ 0,57 mo 0,81
1 CHU3WUTH BOJOIOTIIONIEHNE TTIOYTH B [IBA Pa3a, YTO CBUACTENBCTBYET O BEICOKOH
s¢dexTrBHOCTH NaHHOTO MeToza. [TormmepHas MoaudUKaIs TakKe CIOCOOCTBYET
CHIDKEHHUIO TIOPUCTOCTH TMIICOBOTO KaMHS M YJIYYIICHHIO €r0 MEXaHHYECKHX
XapaKTepUCTHUK, (popMupys OoJiee TIOTHYIO U YCTOMYNBYIO CTPYKTYpY [17].

Oco0oe 3HaueHHEe MMEET HCIOJIb30BAaHNE apMHUPYIOMINX KOMIIOHEHTOB,
BKJIIOYAsl BOJIOKHA, TOJMMEPHBIE CTPYKTYPHl U THOPHIIHBIE apMUpPYOIINE
cUCTEeMbl. APMUPOBaHHE T'MIICOBBIX MaTEPUAJIOB CIIOCOOCTBYET MOBBIIICHUIO
UX TPEUIMHOCTOWKOCTH, MPOYHOCTH U JOJTOBEYHOCTH. BBeneHNE BOJIOKOH
YIIydIIaeT CHOCOOHOCTh T'MIICOBOTO MaTepHaja CONPOTUBISATHCS Pa3BUTHIO
TPEIINH, YBEJIUYNBACT YHEPTHUI0 PAa3PYIMICHUS U CHUKACT XPYHKOCTh.
HccnenoBanust MOKa3bIBAlOT, YTO MOJIMMEPHO-MOAN(DHUIINPOBAHHBIE THIICOBBIC
KOMIIO3HUTHI 00J1a/1al0T 3HAYUTEIBHO OoJiee BBHICOKOHW yZapHON MPOYHOCTHIO,
TPELIMHOCTONKOCTBIO M yCTOHYMBOCTHIO K BO3JEHCTBHIO BIIATH, YTO PACIIUPSET
o0acTe UX MPUMEHEHUS B CTPOUTENLCTBE [16]. AHaNOTHYHBIE PE3yJIbTaThI
TIOJTYYEHBI ITPY MCIOIB30BaHUH HATYPaJbHBIX aPMHUPYIOLINX BOJIOKOH, KOTOpPBIE
CIIOCOOCTBYIOT MOBBIMICHUIO MPOYHOCTH M CHIDKEHHUIO BOIOTOTIOIICHHS
THIICOBBIX MaTepuaios [17].

Takum 00pa3om, cOBpeMEHHbIE MHHOBAI[MOHHBIE METOABI MOAN(DHUKAINN
THIICOBBIX MaTEpPHAJIOB MO3BOJIAIOT 3((PEKTUBHO YCTPAHUTh MX OCHOBHBIC
HEIOCTATK! ¥ 3HAYMTEIBHO YJIYUHINTh 3KCIUTyaTAlHOHHBIE XapaKTEPUCTHKH.
Hcnonp30BaHMEe HAHOMATEPHAIOB, MOJTUMEPHBIX 100aBOK, apMUPYIOMIHUX
KOMITOHEHTOB M THOPHUIHBIX KOMIO3HMIIMOHHBIX CHCTEM CIIOCOOCTBYET
(dopMupoBanuio Oosee MIOTHON, IPOYHOH M yCTOWINBON CTPYKTYPBI THIICOBOTO
KaMHs. OTH METOJBl MO3BOJSIOT CYUIECTBEHHO MOBBICUTH IMPOYHOCTD,
BOJIOCTOHKOCTB, TPEIIMHOCTONKOCTb 1 JIOTOBEYHOCTh TUIICOBBIX MATEPHAJIOB, UTO
pacmmpsier 00JacTh UX MPUMEHEHHSI U MOBBIIIAET UX KOHKYPEHTOCTIOCOOHOCTD
10 CPAaBHEHHIO C TPAJULIMOHHBIMU CTPOUTEIILHBIMH MaTepHaIaMu.

Nudopmauus o puHAHCUPOBAHUMN

JlaHHOE HccileoBaHke BRITIOIHEHO pH (prHaHCOBOH noanepskke Komurera
Haykn MuHHCTEpCTBa HayKH U BbIcuiero oopaszosanus PecmyOnmkn Kazaxcran
(rparT Ne AP27511027).

BriBoabl

B manHoit paboTe npoBenEH aHAIN3 POJIU THIICA 1 THIICOCOAEPIKAIINX I00ABOK
B COCTAaBE COBPEMEHHBIX CTPOMTEIBHBIX KOMIIO3UTOB C YUETOM HX (U3UKO-
XUMHYECKHX, TEXHOJIOTHYECKHX 1 IKCIITyaTallMOHHBIX XapakTeprcTHK. [lokazano,
YTO THUIIC, OJIarofapst HU3KOH SHEProEMKOCTH IPOU3BO/ICTBA, BHICOKOH CKOPOCTH
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TBEPACHUS 1 yJOOCTBY TEXHOJIOTHYECKOW 00paOOTKH, OCTAETCS HEPCIIEKTHBHBIM
MaTepHaJIOM JUIsl HIMPOKOTO CIEKTPA CTPOUTEIBHBIX IPUMEHEHNUI, 0COOEHHO B
00J1acTH BHYTPEHHEN OT/IEJIKN U JIETKUX KOHCTPYKIMOHHBIX PEIICHHH.

'Y CTaHOBIIEHO, UTO KITIOUYEBBIE CBOHCTBA THIICOBBIX KOMITO3HUTOB OTIPEIEIISIIOTCS
0COOCHHOCTSIMI (POPMHUPOBAHMSI X MHUKPOCTPYKTYPBI, BKIII0Uasi MOP(HOIOTHIO
KPHCTAJIIOB IUTHAPATa CyJb(aTa KaJlblus, TOPUCTOCTh U XapaKTep MeK(pa3HOro
B3aMOJICHCTBHSI C HAIIOJHUTEIISIMA ¥ apMHUPYIOIIMMHU KoMIToHeHTaMu. [Tokazano,
YTO ONTUMHU3ALMS CTPYKTYPBI HA MEKPO- ¥ ME30yPOBHE ITO3BOJISIET CYIIIECTBEHHO
MTOBBICUTH MPOYHOCTH, TPEIINHOCTOWKOCTh M JOJTOBEYHOCTH MAaTEPHAIIOB.
CoBpeMeHHbIE OAXO0/1bI K MOAN(HKALNH, BKIFOUAst HCIIOIB30BaHHE ITOJTMMEPHBIX
100aBOK, HAHOMATEPHAJIOB U THOPUAHBIX APMUPYIOIINX CHUCTEM, MO3BOJISIOT
3G PEKTUBHO CHIKATH BIMSTHAE OCHOBHBIX HEIOCTATKOB TUIICOBBIX KOMITO3UTOB,
B YaCTHOCTH MOBBIIIATH BOJOCTOWKOCTD U TFIOTHOCTh CTPYKTYPHI.

TaxuM 00pazoM, THIICOCOAEPIKAIIIE KOMITO3UTHI 001aJat0T 3HAYNTEIbHBIM
MTOTEHIINAIIOM JJIsI JJIHEHIIIEr0 Pa3BUTHS U PACIIUPEHUS 00JIACTH MPUMEHEHHUS
B CTPOUTENLCTBE. [IepCrIeKTHBHBIMU HAIPaBICHUSMH SIBISIOTCS pa3paboTKa
KOMITO3MIIMOHHBIX CHCTEM C KOHTPOJIMPYEMOH MHUKPOCTPYKTYpPOH, TIOBBIIICHHE
YCTOWYMBOCTH K BO3JECHCTBHUIO BIIAry M arpeCCUBHBIX CPEJl, @ TAKXKE PACIINPEHHE
HCIIOIb30BAaHNS BTOPUYHBIX PECYPCOB, YTO COOTBETCTBYET COBPEMEHHBIM
TpeOOBaHUSIM yCTOHYNBOTO Pa3BUTHS U PECYPCOCOEPEKEHMSL.
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Kacuemmepi yiunecedi. backa mamepuanoapmen caibicmulpanod,
2unc 6alianblCmelpblulmapsl dHepeuiza baiaanvlcmsl oHOIpic
UWBIRLIHOAPBIH MUHUMAObL eme OMmblpbli, me3ipeKk OepiK Kpucmanovl
Kypulabim myseodi. Kypeinvicma gondanyea biknai ememin 2unc
CUNAMMAMANAPLIHBIY OCbL YUNeCIMIHe KApAMACMAaH, OHbIY Madusamul OHbl
natioanamyza dipkamap uekmeyinep Kosoul. Tes kamaroowl scare 6H0eyoi
KAMMAMAacel3 ememin Kacuemmep OHbllY blISANA HCIHE CHIHELIUMBIKKA
€e3iMmanoblebiHbly apmyblHa aKeneoi. I unc xomnosummepiniy Hezizel
Kacuemmepi 01apObly MUKPOKYPBLILIMbIHbIY epeKulesikmepimen,
COHBIY [WiHOe Kaabyuil cyab@amel 0ueuopamol KpUcmanioapoblHbly
MOphOROUACLIMEH, KeyeKMIiNiciMeH JHCaHne MONMbIPEbIUMApPMeEH
JICone apmMamypanvlk KOMHOHeHMmmepmMen 6emmik e3apa apeKemmecy
cunamuimen anvikmanaowl. Ilonumep Kocnaniapuin, nanomamepuandapobl
JHcoHe eubpuUOmi apmamypanvix xcylieaepoi natoaiaHyovl Koca dieanod,
3AMaHayu MOOUpUKAyUAIGY macindepi eunc KoMno3ummepiniy Heeisei
Kemwinikmepin muimoi mypoe asatmaosvl, aman aumkanod, 01apobly cyed
Me3imMoiniei MeH KYPbliblMObIK Mbl2bl30bleblH ApMmblpaobl.

Byn maxanaoa euncmi natidanramny, oHvly apmulKulblIbIKMApbl MeH
wexkmeynepi, COHOAU-AK 2UNC NeH KYPamvlHOA 2unc oap Kocnanapobvl
KOJIOaHy Macenenepin ueuryoiy MyMKiH aHcon0apel OOUbIHULA JPMYPILi
3epmmeyiep Kapacmulpbliaobl.

Kinmmi cesdep: ecunc, eunckypamosi Kocnaiap, KYpoliblc
KOMRO3ummepi, Kamaro, MUKpOCmMpyKmypd, 0epikmix, cy2a me3simoinik
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GYPSUM-BASED COMPOSITES IN CONSTRUCTION:
A REVIEW, PROPERTIES, AND PROSPECTS FOR THE USE
OF SECONDARY RESOURCES

Gypsum and gypsum-containing additives are widely used in
construction and building materials due to their combination of
physicochemical, technological, and operational-mechanical properties.
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Compared to other materials, gypsum binders form a strong crystalline
structure more quickly with minimal energy-related production costs.
Despite this combination of gypsum characteristics, which contribute to
its use in construction, its nature imposes a number of limitations on its
use. The same properties that ensure rapid hardening and processability
also cause its increased sensitivity to moisture and brittle fracture. The key
properties of gypsum composites are determined by the specifics of their
microstructure, including the morphology of calcium sulfate dihydrate
crystals, porosity, and the nature of interfacial interactions with fillers
and reinforcing components. Modern modification approaches, including
the use of polymer additives, nanomaterials, and hybrid reinforcing
systems, effectively mitigate the main disadvantages of gypsum composites,
specifically increasing their water resistance and structural density.

In this paper, various studies will be examined on the use of gypsum,
its advantages and limitations, as well as possible solutions to the problems
of using gypsum and gypsum-containing additives.

Keywords: gypsum, gypsum-containing additives, building composites,
setting, microstructure, strength, water resistance.
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REVIEW OF CATALYTIC PROPERTIES
OF METAL-ORGANIC FRAMEWORKS

This article examines metal-organic frameworks (MOFs) as
promising porous materials for use in heterogeneous catalysis. Particular
attention is paid to the structural features of MOFs, including their high
surface area, tunable pore architecture, and structural diversity, which
enable precise control over catalytic processes. The types of active sites
present in MOF's and their role in acid—base, redox, and photocatalytic
reactions are discussed in detail. The catalytic performance of MOFs is
analyzed with respect to the presence of coordinatively unsaturated metal
nodes, functionalized organic linkers, and composite systems incorporating
metal nanoparticles or molecular catalysts. These features significantly
expand the functional capabilities of MOF-based catalysts. Key catalytic
transformations are reviewed, including oxidation of organic substrates,
C—H bond activation, photocatalytic processes, and tandem reactions
involving multiple steps within a single system. Special attention is given to
the challenges associated with the chemical and thermal stability of MOF's
under catalytic conditions, as well as limitations related to their scalability
and industrial implementation. It is demonstrated that rational design of
MOF structures and targeted modification of active sites can markedly
improve catalytic activity, selectivity, and long-term stability, making
MOFs a highly promising platform for advanced and environmentally
friendly catalytic systems.

Keywords: metal-organic frameworks, heterogeneous catalysis, active
sites, metal nodes, organic linkers, photocatalysis, composite MOF,
catalyst stability.
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Introduction

Metal—organic frameworks (MOFs) are a class of porous crystalline materials
that have attracted significant attention due to their high surface area, tunable pore
structure, and versatile chemical composition. Their modular architecture, based
on the combination of metal nodes and organic linkers, allows precise control
over structural and electronic properties, making MOFs promising candidates for
heterogeneous catalysis. In particular, the presence of coordinatively unsaturated
metal sites and functionalized linkers enables the design of materials with tailored
acid—base, redox, and photocatalytic activity [1].

In recent years, MOFs have been actively explored in photocatalysis,
environmental remediation, and energy-related applications such as CO, reduction
and hydrogen production. However, despite their potential, challenges related
to stability under reaction conditions and scalability still limit their practical
implementation. Therefore, understanding the relationship between MOF structure,
active sites, and catalytic performance remains a key objective of current research.

Materials and Methods

This study is based on a systematic analysis of scientific literature on metal—
organic frameworks (MOFs) and their catalytic properties. Relevant publications
were selected from major scientific databases, including Scopus, Web of Science,
and Google Scholar, ensuring coverage of peer-reviewed articles from high-impact
international journals.

The selection criteria included recent publications (primarily from the last
10-15 years), as well as highly cited foundational works in the field of MOFs.
Particular attention was given to studies addressing the structure of MOFs, the
nature of active sites, mechanisms of catalytic and photocatalytic processes, and
the development of composite MOF-based systems.

The analysis was carried out with emphasis on the nature of metal nodes and
their role as active sites, the influence of organic linkers and their functionalization,
catalytic mechanisms, including acid—base, redox, and photocatalytic processes.
A comparative approach was applied to evaluate the catalytic activity of different
MOF systems (Ti-, Zr-, Fe-, Cu-, and Zn-based frameworks), as well as to identify
the key factors governing their efficiency and stability.

Nodes as Active Sites in Metal-Organic Frameworks

Active sites in metal-organic frameworks can be represented by
coordinatively unsaturated metal ions. In an ideal MOF crystal structure, one or
more coordination sites around the metal nodes may not participate in the formation
of the framework and are typically occupied by solvent molecules (e.g., water)
or weakly bound ligands present during the synthesis stage. Removal of such
coordinated molecules during activation leads to the formation of coordinatively
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unsaturated sites (CUS), which have pronounced Lewis acidic properties and can
act as catalytically active sites [2].

The catalytic activity of MOFs is determined by both the nature of the metal
nodes and the chemical characteristics of the organic linkers. However, it is the metal
sites with an unsaturated coordination environment that play a key role in acid—base
and redox processes. Various metal ions have been identified as active sites in
MOFs, including Ag(I), Co(1), Cu(II), Zn(II), Mn(1I), Mg(I), Ni(1), Fe(III), Pd(II),
Ti(IlT), Cr(I1I), Bi(11D), Al(I1), Sc(I1), Ce(1V), Zr(IV), and V(II/IV), highlighting
the versatility of MOFs as platforms for heterogeneous catalysis [3].

Among the diverse metals, titanium-containing MOFs are of particular
interest and are being actively studied in the field of photocatalysis. MOFs based
on titanium oxoclusters, such as NH,-MIL-125(T1i) [4], are among the best-studied
Ti-containing frameworks. The titanium sites in these materials are represented
by Ti—O octahedra, structurally similar to titanium dioxide motifs, which
ensures efficient separation of photogenerated electron—hole pairs. Additional
NH,; functionalization of the organic linker broadens the absorption spectrum
in the visible region and enhances photocatalytic activity. These materials are
successfully used in the photocatalytic reduction of CO, and hydrogen generation,
demonstrating high selectivity and structural stability.

Further development of Ti-containing MOFs involves the use of photoactive
organic linkers. Porphyrin MOFs with titanium oxoclusters combine the
photoactivity of the porphyrin moieties with the redox activity of the Ti sites [5]. In
such systems, the titanium centers participate in electron transfer and stabilization
of excited states, making them effective photocatalysts for organic oxidation
reactions and CO, reduction. The synergistic interaction between the Ti sites and
chromophore linkers enables photocatalytic processes to be implemented without
the use of external photosensitizers.

HKUST-1 [6] is a classic example of a MOF with open copper sites capable
of reversible Cu(I)/Cu(Il) redox transformations. Coordinatively unsaturated Cu
centers effectively activate molecular oxygen, making HKUST-1 a promising
catalyst for the aerobic oxidation of alcohols and hydrocarbons. The catalytic
activity of such systems is directly related to the availability of Cu-CUS and the
stability of the framework under reaction conditions.

An example of a MOF with pronounced basic properties is ZIF-8 [7],
consisting of tetrahedrally coordinated Zn?** ions and imidazolate linkers. The basic
nature of the imidazolate moieties allows ZIF-8 to be used as a heterogeneous
base catalyst. A classic example is the Knoevenagel condensation reaction, in
which ZIF-8 exhibits high activity, selectivity, and the possibility of repeated use
without significant loss of catalytic properties.
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High-valent zirconium MOFs of the UiO-66 family are characterized by the
presence of Zrg oxoclusters, which provide exceptional thermal and chemical stability
[8]. The Zr sites exhibit Lewis acid properties, which can be significantly enhanced
by the presence of missing linker defects. UiO-66 and its functionalized analogs are
widely used in acid-catalyzed reactions, including acetalization and esterification.

Iron-based MOFs also exhibit significant catalytic potential. MIL-100(Fe)
contains polynuclear Fe oxoclusters capable of activating molecular oxygen
[9]. This material is one of the few MOFs for which selective conversion
of methane to methanol under mild conditions has been demonstrated. The
catalytic activity is due to isolated Fe centers stabilized in the framework,
which prevents their aggregation and the uncontrolled formation of oxide
phases. Finally, chromium-based MOFs such as MIL-101(Cr) [10] are
characterized by high porosity and the presence of acidic sites linked to Cr**
sites. Functionalization of organic linkers allows fine-tuning of the acid-base
properties and catalytic activity of these materials. MIL-101(Cr) and its
derivatives have been successfully used in acid-catalyzed biomass conversion,
including the dehydration of glucose to 5-hydroxymethylfurfural.

Ligands as active centers in metal-organic frameworks

Organic linkers in metal-organic frameworks not only play a structural role
but also significantly influence the catalytic properties of the materials. In some
cases, linkers directly participate in the catalytic process, forming acidic, basic,
or photoactive sites, and also exert electronic and steric influence on the metal
moieties [2]. Below are illustrative examples demonstrating the contribution of
linkers to the catalytic activity of MOFs.

In MOFs of the IRMOF-3 type [11], the presence of amino groups on
the terephthalate linker leads to the formation of basic sites accessible in the
pore space. These —-NH, groups are capable of participating in the activation
of carbonyl compounds and stabilizing transition states. In Knoevenagel
condensation reactions, IRMOF-3 exhibits higher activity compared to its
non-functionalized analogs, indicating the direct participation of the linker in
the catalytic process. Thus, in this case, the linker acts as an organocatalytic
element. In ZIF-8, imidazolate linkers form a basic environment within
the pores, imparting pronounced basic properties to the material [7]. These
properties are due to the lone electron pairs of the nitrogen atoms in the
imidazole ring. In the Knoevenagel reaction, ZIF-8 exhibits high activity
and selectivity, with the metallic Zn?>* sites playing a secondary role. This
emphasizes that the catalytic function in such systems is largely determined
by the chemical nature of the linker.
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In the Ui0-66-X family (X =NH,, NO,, Br, Cl, etc.), functional groups on the
linker indirectly influence catalytic activity by altering the electron density around
the Zrg-oxoclusters [ 12]. Electron-donating substituents enhance the Lewis acidity
of the Zr centers, while electron-withdrawing groups can reduce their activity.
This leads to significant differences in the rate and selectivity of acid-catalyzed
reactions, such as epoxide ring opening.

In UiO-66 with various functional substituents on the linker, it has been shown
that the nature of the linker affects not only the strength of the acidic centers but also
the mechanism of hydrogen peroxide activation [13]. Depending on the electronic
properties of the linker, either the homolytic or heterolytic pathway for O—O
bond cleavage can predominate, which directly affects the selectivity of oxidation
processes. Thus, the linker becomes a tool for controlling the reaction mechanism.

The introduction of sulfonic acid groups into the linker leads to the formation
of strong Brensted acid sites. In MIL-101-SOzH [14], these groups are located in the
pore space and are accessible to reagents, making the material an effective catalyst
for acid-catalyzed reactions. Significantly increased activity is observed in epoxy
ring opening and alcoholysis reactions compared to non-functionalized analogs.

Porphyrin linkers impart pronounced photophysical properties to MOFs,
including intense absorption of visible light and long excited-state lifetimes [15].
In Zr-porphyrin MOFs, such linkers act as photosensitizers, mediating electron
transfer to metal moieties or adsorbed substrates. This enables the use of MOF's
in photocatalytic CO, reduction and other photoredox processes.

Embedded metal nanoparticles (MNPs) and incorporation of
homogeneous catalysts into metal-organic frameworks

In addition to the catalytic activity provided by metal moieties and
organic linkers, metal-organic frameworks are widely used as matrices for
the incorporation of foreign catalytically active components, including metal
nanoparticles, polyoxometalates, and molecular (homogencous) catalysts. In
such systems, MOFs not only act as a support but also actively contribute to the
formation of catalytic properties through confinement, stabilization of active
phases, and the creation of a specific microenvironment [2].

Encapsulation of platinum nanoparticles within the pores of the zirconium
MOF UiO-67 results in the formation of a stable heterogeneous catalyst for CO,
hydrogenation [16]. The UiO-67 framework limits the growth and agglomeration
of Pt nanoparticles, ensuring their high dispersion and stability during long-term
operation. Furthermore, the porous matrix influences the adsorption and diffusion
of reactants, which affects the selectivity of the reaction. Thus, the MOF in this
system is not an inert support but actively participates in shaping the catalytic
behavior of the metal nanoparticles.
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In the Pt-MOF-801 system, platinum nanoparticles serve as centers for the
dissociative activation of molecular hydrogen [17]. Activated hydrogen atoms
then migrate along the surface and internal channels of the MOF (spillover
effect), expanding the zone of catalytic activity beyond direct contact with Pt. The
presence of water has been shown to enhance this effect, leading to an increase
in the hydrogenation rate. This example demonstrates that the incorporation of
metal nanoparticles can qualitatively alter the reaction mechanism by transporting
active species throughout the MOF framework.

Encapsulation of Pd nanoparticles within the pores of MIL-101 enables
the production of highly efficient catalysts for the Suzuki—-Miyaura and Heck
reactions [18]. The MOF framework prevents Pd agglomeration and significantly
reduces metal leaching into the reaction medium. This results in high catalytic
activity while simultaneously increasing the number of reuse cycles, which is
critical for practical applications.

In Pd-MIL-101-NH,, a pronounced synergistic effect is observed between
the Pd nanoparticles and the amino groups of the linker [19]. Pd is responsible
for the cross-coupling step, while the -NH, groups promote the activation of
carbonyl compounds in the subsequent Knoevenagel reaction. This combination
enables efficient one-pot synthesis and demonstrates that the incorporation
of nanoparticles into functionalized MOFs can lead to the emergence of new
catalytic routes.

Encapsulation of polyoxometalates (e.g., phosphotungstic acid) in UiO-
66(Zr) leads to the formation of catalysts with dual active sites [20]. The
polyoxometalate provides high oxidative capacity, while the MOF stabilizes
the active phase and facilitates the transport of sulfur-containing substrates.
As a result, a high rate and selectivity of oxidative desulfurization under
mild conditions are achieved, emphasizing the practical significance of such
composites.

The combined incorporation of Pt nanoparticles and phosphomolybdic
acid in UiO-66 leads to the formation of a multifunctional catalyst. Pt mediates
the hydrogenation step, while the acid modifies the electron and acid-base
environment, promoting selectivity. MOF stabilizes both components and
prevents their degradation, resulting in a simultaneous increase in catalyst
activity, selectivity, and stability.

Results and Discussion

The analysis of the literature demonstrates that the catalytic properties of
MOFs are determined by the interplay between metal nodes, organic linkers, and
the structural features of the framework.
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Metal centers, particularly coordinatively unsaturated sites, play a crucial
role in acid—base and redox catalysis. For instance, the Cu-based MOF HKUST-1
effectively activates molecular oxygen, while Fe-based frameworks such as MIL-
100 exhibit high activity in selective oxidation reactions.

Organic linkers also significantly contribute to catalytic performance.
Functional groups such as—NH,, -NO,, and -SO,H enable tuning of the electronic
properties of the framework and influence reaction pathways. Amino groups
enhance basic properties and light absorption, whereas electron-withdrawing
substituents modify charge distribution and can facilitate charge transfer processes.

Particular attention has been given to Ti-containing MOFs, such as NH;-
MIL-125(Ti), which exhibit high photocatalytic activity. In these systems, the
ligand-to-metal charge transfer (LMCT) mechanism plays a key role, enabling
efficient separation of photogenerated electron—hole pairs. These materials have
demonstrated promising performance in photocatalytic carbon dioxide reduction,
hydrogen evolution, and oxidation reactions.

Further enhancement of catalytic activity can be achieved through the
formation of composite systems incorporating metal nanoparticles (e.g., Pt,
Pd) or molecular catalysts. Such systems exhibit synergistic effects, including
improved charge separation, increased number of active sites, and enhanced
catalytic efficiency.

Despite these advantages, several limitations remain, including framework
instability under harsh conditions, charge recombination in photocatalytic
processes, and challenges associated with large-scale synthesis.

Conclusions

Metal-organic frameworks (MOFs) are a promising platform for creating
heterogeneous catalysts due to their high specific surface area, structural tunability,
and the ability to specifically design active sites. The catalytic properties of
MOFs are determined by the nature of the metal moieties, the functionalization
of organic linkers, the structural imperfections, and the incorporation of metal
nanoparticles and molecular catalysts, enabling synergistic effects and multi-step
catalytic processes.

Despite the progress made, the practical application of MOFs is limited by
issues of chemical and thermal stability, as well as insufficient knowledge of
their long-term performance and scalability. Further research aimed at rational
framework design and a better understanding of catalytic mechanisms is key to
improving the efficiency of MOF catalysts and their industrial implementation.
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METAJIJI-OPITAHUKAJIBIK PAMAJIAP/IBIH
KATAJIUTUKAJBIK KACUETTEPIHE IIOJIY

Byn makanada memann-opeanuxanvix Kagkanwl Kypwiisimoap (MOF)
2emepocendi Kamanuzoe Koio0anyea apHaiean nepcneKmueaibl Keyekmi
mamepuanoap peminde Kapacmuipoliadsl. MOF KypolisimOapuiHblH
epeKuienikmepine, aman atumkaHod HCo2apsl MEHWIKMI Oemxell ayOaHblHd,
pemmenemin KeyeKmiiik apxumexmypacvlHa JHCIHe KYPblAbLMObIK
apmypainicine epexuie HA3ap ayoapuliadvl, OY1 KamaiumuKkaivlk
npoyecmepoi 021 backapyea MyMKiHOIK 6epedi. MOF xkypamvinoazol
benceHoi opmanvblKmapovly mypiepi JHcaHe oaapobly KblUKbLI-He2i30IK,
MOMbIZY-MOMBIKCI30AHY HCIHE POMOKAMATUMUKATBIK PEAKYUALAPOULbL
peoai gcan-sicakmol mardanaovl. MOF-mapOoviy KamaiumuKkaiulk
Kacuemmepi KOOPOUHAYUALILLK MYPRbIOAH KAHbIKNAAH Memall
MYUIHOEPIHIH, PYHKYUOHANOAHRAH OP2AHUKAIBIK, IUAHOMAPObIY, COHOAL-
aK Memaiun HaHOOOIUWEKMePi MEH MOJEKYIANbIK Kamaiu3amopapsl oap
KOMRO3UmMmIK Jicytenepoiy O0LyblHa OQUIAHBICIbL KApaCmblpblidObl.
byn epexwenikmep MOF-kxamanuzamoprapovly QyHKYUOHALOBIK,
MYMKIHOIKmepiH edayip keyeumeoi. Hezizei kamanumukanvix npoyecmep,
COHbIY [WiHOde OpeaHUKanblK Kocovlavicmapovly momuieysl, C—H
OaunanblCmapvln akmuemeHOIpy, (GomoKamaiumurkaislK, mypienyiep
Jicone Oip Jicytiede JHcypemin ManoemMoIiK peakyusiap Kapacmolpblidobl.
Convimen xamap, kamanumukaivik scagoauiapoa MOF-mapowviy
XUMUSATBIK JCIHE MEPMUSIbIK MYPAKMbLIbIZbL Macenenepine, coHOal-
ax onapovl Macwmadmay JHcone OHepKICINMIK Koaoany uiekmeyiepine
epexuie konin 6oninedi. MOF KypoLiblMOapbii Ymuimovl Jcodanay sicone
benceHoi opmanslkmapobl MaKcammaol mypoe MoOuGUKayusiay onapobiy
Kamanumuranvlk 0ejiceHOLI2IH, CeleKMUGMINIeIH HCIHe MYPAKMbLIbIZbIH
aumapnelkmai apmmauipy2a MyMKiHOIK Oepemini kopcemineen. Byn MOF -
mapovl MuiMOi JHCaHe IKONOSUANBIK KAVINCI3 KAMATUMUKATBIK JCyilenepol
a3ipney yutin nepcnekmusansl niamgopma emeoi.

Kinmmi cesdep: opeanomemann noasumepiep, 2emepozeroi
Kamanus, 6eiceHoi opmanblKmap, mMemaii OOnikmepi, OpeaHUKAIbIK
baiansicmeipyubLiap, gomoxamanus, Kgpama MOF-map, kamanuzamop
MYPAKMbLILIEGL.

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544

Cepus Xumuro-6uonoeuveckas. Ne 2. 2026

*4. C. Kpacunvnuxosa', A. A. bakubaes’
'TOO UIT «CXKC Kazaxcran JIT/I», Pecriyonuka Kazaxcran, r. [TaBnozap;

*ToMCKHIi TIOJIMTEeXHUYECKHIA yHUBepcuTeT, Poccuiickas Meneparus, r. TOMCK.

IMoctynuno B penakuuio 20.04.26.
Ioctynuino ¢ ucnpasnenusimu 23.04.26.
IIpunsTo B neuars 15.05.26.

OB30P KATAJIUTHUYECKHAX CBOMCTB
METAJIJIOOPTAHUYECKHNX KAPKACOB

B oannoti cmamee paccmampusalomcs mMemani-opeanuiecKue
kapkacuvle cmpykmypwul (MOF) kak nepcnekmusHbvle nopucmoie Mamepuaibl
ona npumenenust 6 eemepozennom kamanuze. Ocoboe eHumanue yoenieno
cmpykmypHruim ocobennocmam MOF, exnouas 6bicoKkylo yOenbHyIo
NOBEPXHOCb, HACMPAUBAEMYIO NOPUCTYIO APXUMEKMYPY U CIPYKIYPHOE
pasnoobpasue, 4mo NO360JAem OCYWeCmBsAmb MOHKYIO HACMPOUKY
Kamanumuyeckux npoyeccos. [1o0podbHo oocysrcoaromes munst aKMUGHbIX
yeumpos 6 MOF u ux poiv 6 KUCIOMHO-OCHOBHbLX, OKUCIUMENbHO-
B0CCIMAHOBUMENbHBIX U (homoKkamanumuyeckux peaxyusx. Kamanumuveckue
ceoticmea MOF ananusupyiomes ¢ y4emom Haauyus KoOpOUHAYUOHHO
HEHACbIWEeHHbIX MeMANTULeCKUX Y3108, (YHKYUOHATUSUPOBAHHBIX
OP2AHUHECKUX TULANHO08, A MAKICE KOMNOZUMHBIX CUCTNEM C BHEOPEHHBIMU
MEMANTUIeCKUMU HAHOYACMUYAMU U MOJEKYIAPHBIMU KAMATUIAMOPAMU.
Omu ocobennocmu cywjecmeenno pacuupsaiom QyHKYuoHa bHbLE
sosmodcnocmu MOF-kamanuzamopos. Paccmampusatomes kinouegule
Kamanumuyeckue npespaujenuss, 6K04as OKUCIeHUe OpeaHUdecKux
coedunenuti, akmugayuio C—H-ces3ell, pomokamanumuuecKkue npoyeccol
u mamdemHvle peaxkyuu, npomexaiowue 6 oonou cucmeme. Ocoboe
BHUMAHUE YOENeHO NPOOIeMAM XUMUUECKOU U IMEPMUYECKOU CMADUIbHOCIU
MOF ¢ ycrogusax kamanuza, a makce 02panuienusm, C6A3aAHHbIM C
Macumaoduposanuem u npomvluieHHolM npumenenuem. Ilokaszano, umo
payuonanehvil ousavn cmpykmypol MOF u yenenanpasnentas mooughuxayus
AKMUGHBIX YEHMPOB NO360JIAIOM ZHAUUMENLHO NOGLICUNb KAMATUMUYECKYIO
AKMUBHOCMb, CENEKMUBHOCTb U CIAOUTILHOCTI MAMEPUATO8, YMO Oenaem
MOF nepcnexmusHoti niamgopmou 0 co30aHUsL 8bICOKOIDPeKmusHbIx
U IKOJI02UUECKU OE30NACHBIX KAMATUMUYECKUX CUCTIEM.

Kniouesvie cnosa: memannoopeanuieckue notumepbsl, 2emepoeHHbiil
Kamanu3s, akmusHvle YeHmpbl, MEMALTUYECKUe y3/ibl, OPeaHUYeCKUe TUHKEDD,
gomoramanuz, komnosummusie MO®b1, cmabunbHocms Kamaiuzamopa.
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OKYLIBIITAPAbIH FblJIbIMA-3EPTTEY
AAFObITAPbIH JAMbBITY

byn maxanaoa kaszipei oinim bepy kewicmicinoezi OKYyubLIapObIH
EbLILIMU-3epmmey OA&0bLIAPbIH KATLINMACIBIPY JCIHE OAMbLINY MICENEC]
JACAH-HCAKMBL KAPACMBIPLLIAObLL. Folnvimu-3epmmey 0az0vliapvl —
OILLiM AnyubiHblY MAHBIMOBIK IC-9PeKemin YUbIMOACMbIDY, MICeNleH]
AHBIKMAY, 2UNOMe3a KANbINMAcmblpy, 0epekxmepoi HCUHAY, MAI0ay HCIHe
KOPbIMbIHObL Wibl2apy KabLiemmepin KAMmMumolH Kypoei KY3blpemmilix.
3epmmeyoin ezexminiei dcahanoany, yugpianowvipy dcone aknapam
KOJIeMIHIH JHcedeil apmybl Hea20atiblHOA OKYUbLIAPObIH 63 Deminuie i30eHyl
MEH EbLIbIMU OWLAYbIH OaMblmY Kaxcemminieimen mycinoipineoi. Maxanaoa
EbLIbLIMU-3epmme) 0a20bICHIHbIY MEOPUSLIbIK He2i30epi mal0aHbin, OHbIY
KYPbLIbIMObIK, KOMROHEHmMmepi, Kaiblnmacmulpy Kezenoepi dcane Oinim
ANYULbL MYTEACLIHBIY OAMYbIHA dCEePi CUNAMMANAObI.

3epmmeyoiy makcamol — OKYUWBIAIAPObIY EbLALIMU-3EPMMEY
0a20bLIaApbIH OaMbIMY2a bIKNAL ememin muimMoi nedazo2ukaivlk 20icmep
MeHn wapmmaposl aukbinoay. Ocel makcamma maioday, caiblCmuipy,
Jlcytieney, bakviaay Jcane maxcipubenix aoicmep KOAOAHBILIZAH.
Maxkanaoa sepmmeyutinix oKyl KOHCMPYKMUBUIM HCIHE UHKEAPU-
beticm macinoepimen 6AUIAHbICHL AWBLIbIN, 01APObL OKY NPOYeciHOe
KONOAHy bl MyMKIHOIKmepi kepceminedi. ConbimeH Oipee XanivlKapaiblk
maoicipubenepee, aman aumkanoa Quunsnous men Cuneanypoviy Oinim
bepy yaeinepine manoay Heacauvin, O1apobly 3epmmeyuliiiK 6agolmmazol
maobvlcmovl cmpamezusiiapsl Kapacmuipbliaobl.
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3epmmey namuoicenepi oKywbLIAPObIY 3epMMEYUILIIK dpeKentiH
Mmuimoi yuvimoacmulpy OiliM Canacvld apmmolpuin, O1APObIH SbLILIMU
OUNAYBIH, WBIRAPMAUWDBIILIK OeNCeHOINI2IH HCoHe DYHKYUOHALObIK
CayammulibleblH 0amMblmyea blKnai ememinin kopcemeoi. Maxananuly
NPAKMUKATILIK MAHBI3O0bLIbIEL — YCHIHbLIZAH 20icmep MeH Maciidepoin
MyeanimoepOiy KYHOEIKmMi H#CYMbICbIHOA KOLOAHY2A HCAPAMObLIbIZbL MEH
OKYUIBLIAPObIH EbLIBIMU HCODANAP2a Kambicy OelceHOinicin apmmuipy
MYMKIHOIKmepiMeH aHbIKmanaobl.

Kinmmi cezoep: evinvimu-3epmmey 0az0viiapbl, OKYuLbLIAPObIH
sepmmeywiniK apexemi, nedazocuKaiblk Wapmmap, bliiMu OUIdYy,
Oepexmepoi manoa,; 3epmmeyuliniK oKblmy.

Kipicne

Kasipri xahanmany xarmaiibiHaa OutiM Oepy KYHECIHIH alaslHAa TYpFaH
HETi3ri MiHAeTTepiH Oipi — Tek OLTIMII MEHTepreH TYJIFaHbI KaJIbIITACTHIPY
eMecC, COHBIMEH Katap o3 OCTiHIIe i3/ieHe aJaThlH, CBIHH TYPFbIIAaH OMIaiiThIH
JKOHE FBIIBIMHU TYPFbLIA JOJIEN/l NIeIiM KaObl1al ajJaThlH 3epTTeYILi TYJIFaHbl
TopOueney Goubin Tadbi1aabl. OChl TYPFBIIAH alFaH/a, OKYIIBLIAP/IbIH FHUTBIMHU-
3epTTey JaFIbUIaphIH JaMBITY MIcemeci OiTiM Oepy TeoprsChl MEH MPAKTHKACHIHBIH
©3CKTi OaFBITTAapBIHBIH OipiHEe aifHANKIN OTHIpHI [ 1; 2].

FrutbiMu-3epTTey HaFABICHl — OYJI OKYIIBIHBIH TaHBIMJIBIK OPEKETTI
yiBIMAacThIpa 0Ly KaOineTi, SFHA MOCeIeHI alKBIH Ay, O0JDKaM Jkacay, aKmapat
JKHHAY, OHBI TAJIJay JKOHE KOPBITHIHABI LIBIFAPy CHSAKTHI KCHICHMI dpeKeTTep
Kyiieci. MyHzaii garapuiap OKYIIBIHEIH TEK OLTIM alyblHa FaHa eMec, COHBIMEH
KaTap OHBIH MHTEJUICKTYAIIbIK, MIBIFApMAIIbUIBIK JKOHE QJICYMETTIK JaMybIHa
pIKman etemi [3; 4]. 3epTreymrinik opekeT OapbIChIHIA OiiM amymIsl TalbrH
aKmapaTThl KaOBUIIAYIIBIIAH OHBI ©3 OCTIHINE KYpPacTBIPYIIHI, KaHa OiliM
OHJIIPYII IeHTeliHe KoTepiiei.

Kaszipri 6imim Oepy KeHICTITiHAE 3epTTEYMINTIK KY3BIPETTITIK epeKie
MaHbI3Fa Me. AKIapaTThIK TEXHOJIOTHIAPAbIH KapKbIHIBI AaMybl, TH(PIIBIK
OistiM Oepy pecypcTapbIHBIH KSHEIO1 )KOHE JKacaH bl HHTEIUICKT dJIEMEHTTEPiHIH
OKy TIpOIIeCiHE €HYi OKYIIBUIapIaH aKMaparThl i37ey, capanTay >KOHEe THIMIi
KOJNJaHy JaFaplIaphiH Tanamn ereni. OceiFaH OaimaHbBICTH OimiM Oepy kyiieci
PETPOTYKTHBTI OKBITYIaH KOHCTPYKTHUBTI, 3epPTTEYIILIIK OKBITYFa OeT Oypya.
Byt e3repic OKyIIBIHBIH OKY TPOIIECiHACT1 OSICECHILTITIH apTTHIPHII, OHBI OLTiM
ATy IBIH CyOBEKTIiCi PeTiHe KaIbIITaCTRIpyFa MYMKIHIIK Oepe/ti.

Kazakcran Pecrybnukaceima 6i1iM Oepy Ma3MYHBIH jKaHApTY asChIHIA
JKYPTi3LIiI jkaTKaH pedopManap ma 3epTTeYHITiK JaFablIapabl TaMBITyFa
OaceMIbIK Oepeni. JKaHapTeurran OiniM Oepy OaraapiraManapsl OKYITBUTAPIBIH
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(YyHKIMOHAIABIK CAyaTTBUIBIFBIH, CHIHU OMJIAYbIH OHE IIBIFAPMAIIbUIBIK
KabileTTepiH KaJbIITacTRIPYabl Ke3neiai. COHBIMEH KaTap, OKy IMpOIeciHe
JKOOANBIK KOHE 3epTTeY JKYMBICTapBIHBIH eHTi3inyi, STEM OarbITBIHIAFEI
TIOH/ICPIIH AaMybl, OKYIIBUIApBIH FEUTBIMHU K00ajap MeH Typii Oaiikaymapra
KATBICYBIHBIH apTYhl OJIAPABIH 3€PTTEYIIIIK QJICYETiH JaMbITyFa OarbITTalFaH.
By ypaictep 6iniM GepyniH Ma3MYHBIH KaHAPTYMEH KaTap, OKBITY 9JIICTepiH Ae
KaliTa KapacThIpy KaKeTTIiriH kepcereni. [5; 6; 7].

JlereaMeH, TaxipuOe KepceTKeHIeH, OKYIIbIIapAblH FBUIBIMU-3EPTTEY
JaFIbUIAPBIH KaJBIITACTRIPY iciHAE OipKarap KHBIHIBIKTAp CakTalmyaa. ATar
alTKaH/a, OKYIIBUIAP/ABIH 3EPTTEY JKYMBICTAPbIHA JIET€H KbI3bIFYIIBIIBIFbIHBIH
JKETKUTIKCI3/IIT, 3epTTey JKYPTi3y OImiCTepiH MEHIepyIiH TOMEH JIeHTeili, CoHnai-
aK MyFaliMICpAiH 3epTTEYIILUTIK OKBITYIBl YHBIMIACTHIPYIAFbl TOKIPHOCCiHIH
mieKkTeynimiri Oafikamanel. Kerm sxarmaiina FeUTBIMA K00amap GopMaabl Typae
OPBIHIABIIL, OJIAP.IHIH Ma3MYHIBIK TEPEH/IITT MEH MPAKTUKAIIBIK MaHBI3bI JKETKLTIKTI
JICHTeliie arbUIMaiipl. Byt e3 ke3eriH/ie OKyIIbUIapIbIH 3epTTEYIILUTIK MOJICHHUCTIHIH
TOJBIK KaJIBIIITacTIaybIHA JKEIe/Ii HKaHe OLTiM Oepy carmachklHa acep eTei.

OcpbiraH OaiiiTaHbICTBI OKYIIBUIAPIBIH FUIBIMU-3EPTTEY JIaFIbUIAPBIH TAMBITY
JKOJIIAPBIH KapacThIpy, THIMII 9MiC-TOCUIACP/i aHBIKTAY JKOHE ONapIbl OKY
MIPOIIeCciHe eHTI3y KaKeTTUTiri TybHmainel. Kasipri memarorukama Oy mocene
JKaHa Ma3MYHMEH TOJBIFyaa, cebebi OimiM Oepy mporeci Tek OiniM GepymeH
IIEKTEeIMEH, OKYIIBIHBIH 3ePTTEYMIITIK dNIEYeTiH alryFa OaFbITTaNyHl THIC.
Ocipece, nudpraHIbIpy >KarJalbIHAA IEPEKTEPMEH JKYMBIC iCTEy, aKmapaTThl
CHIHM TYpPFBIJAaH Oaraiiay, NMoHApaJbIK OalaHbICcTapAbl OPHATY CHUSKTHI
KaOlreTTepaiH MaHBI3EI apThII Kememi [§].

Ochbl MaKaJtazia OKyIIbIIAP/IbIH FHUTBIMU-3PTTEY NaFIbLIapBIH JaMbITY MOcereci
3amMaHayy OutiM Oepy TananTapbl TYPFBICBIHAH KapaCTBIPBUIBIT, OHBIH TEOPHSIIBIK
HeTi37epi MEH MPaKTHKAJIBIK XY3€Te aChIpy KOIIaphl TAJIaHAIbL. 3epTTey OaphIChIHIA
OKYIIBIIAPIBIH 3ePTTEYIILTIK OSJICEHAUTITIH apTTHIPYABIH THIMII TOCLIIepi, OKY
TIPOLIECiH I KOJIaHBLIATHIH MHHOBALMSUIBIK 1iCTep MEH TEXHOJIOTHsLIap JKYHEeIeHe .
CoHBIMEH Katap, JOCTYPIIi OKBITY MEH 3ePTTEYIILTIK OKBITYIBIH 63apa OalinaHbIChI
capaaHbIIl, OJIAP/IBIH YHIECIM/II KOMIaHy MYMKIHIIKTEP] KapacThIPBLIA/IBL.

Xanpikapanbelk 0imiM Oepy Toxipmbeci e 3epTTeyUIiTiK JaFablIapasl
JAaMBITYBIH MaHBI3ABUIBIFBIH alKbIH KepceTei. Mocenen, OuHIAHANA,
CuHramyp cusSKTHI 011iM Oepy *Kyiieci )KOFaphl TaMbIFaH eJIepIe OKBITY MAa3MYHBI
OKYIIBUIAP/IBIH 3€PTTEY, TAJIAY JKOHE ChIHH Oy KaOlIeTTepiH KaIbIITacThIpyFa
OarpITTaNFaH. by engepae oKymsIap TeK TEOPUSUIBIK OLTIMMEH IIEKTEIMEH,
HaKTBl OMIpIIiK MOCeNeNep i Menryre OarbITTalFaH KO0ANBIK JKOHE 3epTTey
JKYMBICTapbIH KYHeli Typae opsiHAaisl. COHBIMEH KaTap, Xanbikapaiblk PISA
3epTTeyJIepPiHiH HOTIKEJIEpi OKYIIBUIAP/IbIH (PyHKIMOHAIIBIK CAyaTThIIBIFBl MEH
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3epTTEYMIUTIK KaOUIeTTepiHiH OLTiM calmachIHBIH HETIi3T1 KOpCeTKITepiHiH Oipi
eKeHiH kepcetin oTeIp[9; 10].

Jerenmen, Ka3ipri 6imim Oepy xyiiecinae 6ipkaTap KapaMa-KalIIbUTBIKTap
Oaifkanmaer: Oip JKarbIHaH, OiTiM Oepy CTaHAAPTTaPHI OKYIITBLIAPIBIH 3ePTTCYIILTIK
JAFIbUTAPBIH TAMBITYIBI TaJlall €Te/li, ajl eKiHIIi )KaFbIHAH, OKY TIpOoIeciHae Oy
JaFIbUTAPIbl KANBIITACTRIPYFa KETKUTIKTI IeHTeiiae karaail sxacanmaiapi[ 11].
Conpaii-ak, OKyIIBIIAPIBIH aKIapaTka KOJDKETIMIITITT apTKaHBIMEH, OJIap.IbI
Taujay, capanrtay >KOHe FhUIBIMH TYPFbIIA KOJJaHY NaFIbUIapbl jKETKUTIKTI
JeHreliie faMbIMaraH. byJl Kapama-KalIIbUTBIKTap aTaFaH MOCEIICHIH ©3eKTLTITH
oJIlaH opi apTThIpa Tycemdi [12].

Ocpl 3epTTey KajIbl OLTiM Oepy MPOIIeCiHAeT1 OKYIIBUTAPABIH TAHBIMIIBIK, ic-
OpEKeTiH YHBIMIACTHIPY epeKIIeTiKTePIMEH THIFBI3 OalIaHBICTHL. 3epTTeY asiChIHAA
OKYIIBUIAPIBIH FBUIBIMU-3EPTTEY JAFABUIAPBIH JAMBITY YAEpici KapacThIPBUIBIIL,
OHBIH THIMJILUTITIH apTTHIPYyFa BIKIAT €TETiH MeJarOTMKABIK [IApTTap aHKBIHATa/IbL.

MaTtepuanmap MeH daicrepi

byn 3epTTey jKYMBICBIHAA OKYLIBUIAP/BIH FBUIBIMH-3EPTTEY AaFIbUIapbIH
KaJIBIIITACTBIPYFa KaThICTHl TEOPUSUIBIK XKOHE MPAKTHKAIBIK MaTepuaiiap KeH
ayKbIM/Ia TaJlIaHBII, )KYHeJIeH 1. 3epTTEeYAiH o/licCHaMaJbIK HEeTi31H ITe1aroruka,
TICUXOJIOTHS, OMOJIOTHA XKoHEe OuTiM Oepy/ieri HHHOBAIMSUIBIK TEXHOJIOTHSIIAP
CaJIaCBIHJIAaFbl 3aMaHay! FBUIBIMH €HOCKTEp KYPabl.

3eprrey OapeicbiHma Oip-OipiH TONBIKTHIPATEIH KeJIeCi FRUIBIMHU JIIiCTEp
KEIeHI KOJIAaHbUIIBL:

1. TeopusiabIK daicTep

OKyLIbUIap/bIH FEUTBIMU-3€PTTEY JaF IbUTapbIHBIH MA3MYHBI, KYPUIBIMBI )KOHE
KaJIBIIITAaCy ePeKLICTIKTep] Typajbl ASPEKTep MeIaroruKaiblK, ITCHXOJIOTHSIIBIK
JKOHE d/licTeMeNTiK eHOEKTEep/Ii Taiay apKbUTbl aHBIKTAJIIb.

2. DOMIOUPHUKAIBIK dIicTep

OKyLIBUIAPIBIH 3ePTXaHAIIBIK JKYMBICTAPFa KATBICYbI, 3ePTTEY TallChIpMATIapbIH
OpBIH/IAy OapBICBIHAAFBI OCICEHILNIT, THIT0TEe3a KYpPy JKOHE SKCIePHUMAaHTAIIbI
oliay HarIpUIaphl TAOUFH OKY YAepici skarJaibIHaa OaKbITaHIbL.

3. 3epTTey JIOTUKACHI KIHE Ke3eHaepi

3epTTey KYMBICHI YIII HETi3T1 Ke3eHHEH TYPIbL:

I Ke3en — TeOPHSIBIK-AHATUTHKAJIBIK

OKyLIBUIAPABIH 3ePTTEY JaFIbUIapblHa KaTBICTHI 9[IcOHeTTep Il KUHAKTAY,
TEOPHUSIIBIK MOJEIBACPIl aHBIKTAY, TIeAarOTHKAaNbIK IapTTapbl Kykerey.

II ke3eH — TIKipubETIK

Mekreneri Ouonorus cabakTapblHaH aJbIHFAH 3ePTXaHAJbBIK JKYMBICTAP
HETi3iH[e OKYIIBUIAPIBIH 3€PTTEY OpPEKeTTepiH OakKplIay, SKCIICPUMEHTTED
KYPTi3y, IEepEeKTep KHUHAY.
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IIT xe3eH — KOPBITBIHABI-TAIIAY

JKunanran aknmaparTel capanray, FhUIBIMH-3EPTTEy JaFAbUIapbIHBIH JIaMy
JICHIefiH TaJiay KoHe MelaroriuKajblK YChIHBICTap a3ipIiey.

4. IlenarornkajisIK IAPTTAPJALI 3ePTTEY

OKyHIBIIAP/IbIH FBUIBIMU-3€PTTEY AaFIbUIapPBIH THIM/IL IAMBITY OKY ITPOLIECiH
apHalbl YHBIMIACTHIPYAbI TANIAI eTe . byl 6arbITTa eiaroruKasIbIK apTTapbl
JIYpbIC aHBIKTAy 3€pPTTEYIILTIK 9PEKEeTTIH HOTIIKEIUIIriH apTThIpyFa MYMKIHJIIK
Oeperi. ATanFaH MapTTap OKbITY Ma3MyHBI, 9JicTepi, Kypaliaphl )KoHe MyFalliM

MCH OKYUIbIHBIH ©3apa QpeKeTTeCTiFi APKbUIbI )KXY3€r€ aCbIpblIaJibl.

1-xkecte — OKyMIbUIAPABIH FBUIBIMH-3EPTTEY NaFIbIIapbIiH JAMBITYIBIH

neaarorukajiblK IIapTTapbl

Ne | ITegarorukanbik
mapt

MasmyHbl

OkymbIra ocepi

Konnany rocingepi

1 | MyraniMHiH

My¥ainim OaFbITTayIIbI,

3eprreyre

TIpoGnemanbik

YHBIMIACTBIPYIIBI | KEHECII, PaCHINTaTOp | KbI3BIFYIIBUIBIK apPTajibl, | CYpaKTap KO,
peni KBI3METIH aTKapaibl nepOecTik Kanbinracazpl | OarbIT Oepy, Kepi
OaiinaHbIc
2 | 3epTxaHaibIK Kayincizaix epexenepin | Kayankepuirnix, Kayincizaix
KayilcCi3/IiK )KaHe | cakTay )KOHE KaKeTTi MPAKTUKAIBIK JaFbUIAP | HYCKAYIIBIFBI,

Kypasaap KypaJ-KaO/bIKTapMEH | JTaMHJIbI OazanblK Kypajiap
KaMTaMachl3 eTy JKUBIHTBIFBI,
U PITBIK
3epTXaHajap
3 | IIpakTHKaIBIK TeopusiHbl TOXIpHOE TaubiMapIK Oencenpinik, | Taxipubenep,
okpiTy (Hands-on | apkbuisl MeHrepy ToXKIpHOeIiK oilay Gakpuiay, eey
learning) KaJIbIITaca (bl JKYMBICTapBI

4 | XKobabIK 9/1ic
(Project-based

Hakrsl MoceseHi
3epTTey KOHE HOTHIKETE

ChpIHH Oifnay, 3epTTey,
KOMMYHUKAIHS

Fruteivu sxobanap,
TONTBIK JKYMBICTap,

learning) GaFpITTAIIFAH )KYMBIC JaFABLIAPBI JAMHAJIBI Npe3eHTauusIap
5 | STEAM [Monapainsik Oaitnansic | LbrrapManmbuiblK skoHe | HTErpanusuibik
HMHTETPALHSCHI apKbUIbI KELICH T OKBITY | XKYiieni oinay naMuabl | cabakrap, eMipiik
TarcepMaIap
6 | XKexke 3eprrey OKyIbIHBIH 63 OeTiHnre | O3iHIiK Aamy, FRUIBIME | Yiiipmerep,

Kyprisyre 3epTTey XKyprisyine KBI3BIFYIIBLTBIK FBUIBIMH KITyOTap,
JKarIail xkacay MYMKIiHZIK Gepy KaJbIITacaasl MHHH-3epTXaHanap
7 | LHudpisik 3amaHayu AKnaparThbIK Omnnaiin
Kypajaaps TEXHOJIOTHSLIap bl cayaTThUIBIK, mardopmanap,
KOJJaHy 3epTTey Impolecine JepPEeKTEePMEH KYMBIC BUPTYaJIIbI
eHT'i3y JIaFIBICHI TAMU B 3epTXaHajiap
8 | bluranansipy OKymbLIap st ki MmoTuBarms, Baiikaynap,
JKOHE MOTHBALUS | 3€PTTeyTre KBI3BIKTBIPY | OEICEHALTIK apTaubl MapararrTay,
FBUIBIMU
KOH(pepeHIHsIIap
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EnH angpiMen, MyramiMHIH peli epekmie MaHbsFa me. Kasipri Oimim Oepy
JKaFIalbIHIa MYFalliM TeK OiiiM OepyIm emec, COHBIMEH KaTap OKYIIBIHBIH
3epTTEYIIIIIK OPEKEeTiH YHBIMIAaCThIPYIIbl, OaFBITTAYIIBl JKOHE KEHECIIi
KBI3METiH aTKapajasl. MyFaiaiM OKyIIbUIapFa MadbIH OiTiMAI YCHIHYIAH Tepi,
OJIapIbl ©3JriHEH i13/IeHyTe JKeTelel, NPOOIeMaIIbIK KaFJasTTap TYBIHAATYbI
tric. COHBIMEH KaTap, MYFalliM 3epTTey TaKbIPHIOBIH TaHIayda OarbIT-Oarmap
Oepin, OKYLIBIHBIH KbI3BIFYIIBUIBIFBIHA CIIKeC KEJIETiH Macesenepi aHbIKTayFa
KoMeKkTeceai. byl oKywbIapablH 3epTTeyre AeTreH iIKi MOTHBAaLMSICHIH
apTTBIPYFa BIKIAJT eTe/l.

HoTu:xenep xoHe TAIKbLIAY

Kasipri memaroruka FbUIBIMBIHAA OKYLIBLIAPIBIH FBUIBIMH-3EPTTEY
JaFIBUTAPBIH KAJBIITACTBIPY MOceleci MaHbBI3Ibl FBUIBIMU OaFbITTap/bIH
Oipi periHae KapacTeIpbuiafgsl. By OaFeITTa 3epTTEYUIUTIK OPEKETTIH MOHIH,
KYPBUIBIMBIH ’KOHE OHBIH O171iM aJTyIlbl TYJIFACBIHBIH JaMybIHA 9CEpiH alKbIHIayFa
apHaJIFaH KeITereH TeOPUsIIBIK eHOeKTep Oap.

FrutbiMu-3epTTey arapIchl YFBIMBIHA OCpUIreH aHbIKTamaiaap opTypii
OoNFaHBIMEH, OJIApJBIH Ma3MyHBI OpTaK Huesra Herizmeneni. Kenrerexn
3epTTeyLILIep FRUIBIMU-3€PTTEY JaFIbICHIH OKYIIBIHBIH KaHa OLTiMIi ©3 OeTiHIIe
MEHrepyre OarbITTalFaH TaHBIMIBIK iC-0pEKeTTep JKYyiHec peTiHIe CHIaTTaniIbl.
Byn apeker MaceseHi aHbIKTay1aH OacTarl, OHbI LICIIYiH FBUIBIMH HETi3ereH
JKOJIApbIH TaOyFa NeliHri npouectepai KaMTHIbl. backamia aifTkaH1a, FEUTBIME-
3epTTeyY JaFbIChl — O1TiM allyIIBIHBIH FAUIBIMH TAHBIM JIOTHKACHIH MEHIepYi MEH
OHBI TOXipuOe e KoNaana any Kaoineri.

Frutbivu onmebueTTepae 3epTTeYIUTIK JaFAbUIapIbIH KYPBUIBIMBI OipHere
HETi3ri KOMIIOHEHTTEPICH TYPATHIHEI KepceTineni. EH annbMeH, 3epTTeyniH
OacTankbl Ke3eHi — cypak Koro. Jlypbic KOWBUIFaH CYpak 3epTTey OarbIThIH
alKBIH/AIl, OKYIIBIHBIH TAaHBIMJBIK KbI3BIFYLIBUIBIFBIH apTThIpaisl. Cypak Koo
ApKBUTBI OLTIM aITyTITel OENTiCi3/Ii aHBIKTAIl, OHBI TAHYFa YMTBLUIAIBL.

Keneci MaHBI3ZBI Ke3€H — TUIOTe3a Kypy. ['mmoresa — 3epTTesieTin
Mocene OOWBIHIIA aJJbIH aja yKacalfaH FeUIBIME 0oykaM. OJI OKYIIBIHBIH
JIOTHKAJBIK OMITaybIH, ceOen-cannapiblK OaillaHpICTapABl AaHBIKTAY KaOiIeTiH
JaMBITaIbl. ['umore3a Kypy OapbIChIHAa OKYIITBI 03 O1TiMiH jkKaHa JKaFaainapaa
KOJIlaHyFa YHpeHei.

3epTTey mpoIleciHiy Keeci Ke3eHi — jxocmapiay. by ke3eHne 3epTreynin
MaKcaTbl MEH MiH/IeTTepi HAKTBUIAHBIII, OHBI )KY3€eTre achIpy JKOJIIapbl AHBIKTAJIATbI.
Kocmnapiay OKyIIBIHBIH YHBIMAACTHIPYIIBUIBIK KaOileTiH, YaKbITTH THIMII
naianany JaFJbUIapblH KaJIbIITaCTIPaIbl.

DKCIIEPUMEHT JKYPTi3y — 3epTTEYIILTIK OPEKEeTTIH HETi3T1 Ke3eHAepiHiH Oipi.
Byt ke3eHie OKyIIbl TEOPUSIIBIK OLTIMIH TOXIpUOE e TeKCepil, HaKTHI IepeKTep
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KUHANIBI. DKCIEPUMEHT OapbhIChiHa OaKblIay, OJIIey, CaJIbICTIPy CHIKTHI
MPAKTHKAJIBIK JAFIbLIAP KAIBIITACA/IBI.

AJTBIHFaH HOTWDKENEPi TAIAay 3epTTEy/ IiH MaHBI3bI 00Tt OO TaOBITAIbL.
Tanmay OapbichlHIa OKYUIBI JE€PEKTEP/l JKyHenen, oJapblH apachlHIarbl
OaillaHbICTAP/IbI AHBIKTAN/IBI, AJIBIHFAH HOTHIKEICP/IIH YPHICTBIFbIH Oaranaijibl.
Byt ke3eH chIHM oiiiay MEeH aHATTMTHKAIBIK KaOLTeTTep IiH JaMybIHA BIKITAT €TeTi.

3epTTey MpoleciHiH COHFBI Ke3eHI — KOPBITHIHABI XKacay. byn ke3eHme
OKYIIBI 3epPTTEy HOTHIXKEIEPiH KMHAKTAI, MIIOTEe3aHbIH pacTalFfaHblH
HEMECe TepiCKe IIBIFAPbUIFAHBIH AHBIKTAMIbl. KOPBITBIH/IBI jKacay FhLUIBIMU
OMITayABIH JIOTHUKAIBIK TYTACTHIFBIH KAMTaMaChI3 €Te/li )KOHE allbIHFaH O1TiM i
JKaIMBIIayFa MyMKIHAIK Oepeti.

FeuibiMu-3epTTey HNaFabUIapblH KAJIBINITACTHIPY MAceseci Oipkartap
MearOTUKAJIBIK TCOPHUsIIAPMEH THIFBI3 OaitmaHblcThl. Comapapiy Oipi — brym
TAKCOHOMHUSICBI. ByJ1 Teopust O11iM amymiblaap/slH TAHBIM/BIK JaFAbLIaPbIH
KapamaibIM JeHreiaeH (OiTy, TYCiHy) KypHemi JeHreWre (Tanmay, )KUHAKTay,
Oararnay) eiiiH Ke3eH-Ke3eHIMEeH TaMBITY bl KO31eiii. 3epTTEYIIITIK 9pEeKeT OCHI
JKOFaphI JICHI€H/Ier1 OiIIay JIaFIbUIAPbIH KAIBIITACTBIPYFa OaFbITTAIIFaH.

ConbpiMeH KaTap, 1. KonOTeH ToxKipHOeik OKBITY TEOPHUACH 3epTTEYIILTIK
OpeKeTTiH MOHIH TepeH TyciHmipeai. by Teopus GolibiHIIa OiiM amy Toxipuoe
APKBUIBI )KY3€re aca/ibl )KOHE TOPT KE3CHHEH TYPa/Ibl: HAKTHI TOKIpHOe, pediekcus,
a0CTpaKTiIl TYKBIpBIMIAY KoHE OerceHAl KcrmepuMeHT. OCBl IUKI 3epTTeY
YKYMBICBIHBIH KYPBUTBIMBIMEH COHKeC KeJe Il dKoHEe OKYIIBIHBIH OUTIMAl ToXipruoOe
apKBUTBI MEHTepyiHEe MYMKIH/IK Oepei.

3eprreyre HerizmenreH okKbITy (Inquiry-Based Learning) Teopuscel na
FBUIBIMU-3€PTTEY JaF/bUIAPbIH KAJIIITACTHIPY/Ia MAHbI3/Ibl OPBIH allajibl. by
TOCIIE OKYIIBI OKY IPOIECiHIH OENICeHII KAaThICYIIBICH OOJIBII TaOBLIAIBI
JKoHE OimiMIi e3 OeTiHIIe i37IeHy apKbUTI MeHrepeni. MyHiai OKBITY MOJeNi
OKYIIBLIAP/IBIH TAHBIMIBIK OCJICEHAUTIIH apTTBIPHII, OJIAPAbIH FHUIBIMU OiIay
KaOlIeTiH JaMBITa bl

3epTXaHaIbIK KYMbBICTAP 3ePTTEYLIUIK JaFAbLIAP bl KAJIBIITACTHIPYIbIH
TUIMII KypalgapblHbIH O0ipi 60mpm Tabbutanel. Onap OKYIIBIHBIH KOTHUTHBTI,
MPAKTUKAJIBIK KOHE MOTHBALMSUIIBIK JaMyblHa bIKMan etefi. KOrHUuTUBTI
TYPFBIIAH aJFaH/a, 3ePTXAaHAIBIK KYMBICTAP TEOPHSUIBIK OLIIMII TEepeH
TYCIHyTe MYMKiHIiK 6epeni. [I[pakTHKaIbIK TYpPFBIIaH OKYIIbIIAP SKCTICPUMEHT
KYPrizy, Kypana-KabJIbIKTApMEH XYMBIC ICTey IaFAblLIapblH MEHrepemi. Al
MOTHUBAIIMSUIIBIK TYPFBIIAH 3ePTXaHAJBIK )KYMbICTAp OKYIIBLIAPIBIH [IOHTe IeTeH
KBI3BIFYIIBUTBIFBIH apTTHIPHIT, OJapIBIH OKY OSICEeHIUTITiH KYIIeUTe .
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OKyWbLJIapAbIH FHUIBIMH-3€PTTEeyY AAFABIJIAPBIH AaMBITYABIH
MearornKaJbIK AapTTapbl

3epTTeyUTIK AaFIbUIap bl KATBINITACTHIPYAa 3ePTXaHAIIBIK )KYMBICTap/IbIH
OpHBI epekmie. Anaiaa osapJsl THIMII YHBIMAACTBIPY YIIIH €H alJbIMeH
KayiIICi3/IiK TATaNTapbIH CAKTAY KOKET. 3epTXaHAIBIK KaYiICi3IIK — OKYIITbUIAPIBIH
JICHCAYJIBIFBIH KOPFay/IbIH XKOHE OKY IPOIECIHIH carachlH KaMTaMachl3 eTyAiH
MaHpI3/16I apThl. COHBIMEH KaTap, 3epTTey )KYMBICTapbIH )KYPIi3y YIIIH Kypai-
XKaOBIKTap/IbIH MUHUMAJI/IbI J)KUBIHBI 00ybl THic. OFaH KapanaibIM eJjmey
Kypajiapbl, peakTUBTEp, OakpuIay Kypaygapbl KoHe HHU(PIBIK KYPBUIFbLIIAp
xatazpl. Kasipri xaraaiia BUpTyas/isl 3epTXaHaiap MeH HU(PITBIK CUMYITSLHSIIAp
Jla 3epTTEYIIUTIK TaFIbUIapabl TaMbITYIa THIM/II Kypal peTiHae KOJIIaHbLTy A,

[MpakTHKaIbIK JKYMBICKa Heri3/1enreH okbITy (hands-on learning) oKyIbutap sy
FBUIBIMU-3EPTTCY JaFAbLUIAPBIH TAMBITYIBIH MaHBI3bI TOCULIEPiHIH Oipi OOIbIT
TaOblIaabl. By Tocin OKyIIBUIApABIH OKY IpolieciHe OeJICeH[i KaThICYBbIH
KaMTaMachl3 €Till, TEOPUSUIBIK OUTiMII TXKIpHOEMEeH YIITacThIpyFa MYMKIHJIIK
6epeni. [IpakTukanbik apexeT OapbIChIH/IA OKYIIBLIAP 63 OETiHIIE TOKIpHOE sKacarl,
HOTWKEJIEPIH TalAaiibl, OyJI ONlap/blH TaHBIMIBIK OEICEHIUTITIH apTThIPab.
CoHbIMeH KaTap, MyHJIall OKBITY TYPi OKyIIbUIAP/IbIH KaTeNecy apKbLIbl yHpeHyiHe
YKarail Jkacarl, oJIap/IbIH 3ePTTEYIIUIIK MO/ICHUETIH KaIbIITaCThIPaIbI.

Kobansik aaic (Project-based learning) Te FhIIBIMU-3epTTEY JAFIbUIAPHIH
MaMBITYJBIH THIMII KypaJiapblHBIH Oipi Ooxbinm Tabbimagbel. byn omic
OKYWIBLIApABIH Oenrini Oip MacejeHi TepeH 3epTTel, HaKThl HOTHXKere
OarpITTaJIFaH OHIM JaWbIHIAyBIH Ko3/eiiai. XKobanblK xKyMbICc OapbIChIHIA
OKYIIBLIAp aKnapar i3Jiey, OHbI TaJIay, )KocTap Kypy, HOTH)KeHI KOPFay CHUSIKTHI
MaHBI3AbI 3ePTTEYIIUIK apeKeTTepAl opblHAalabpl. COHBIMEH KaTtap, OyJ aaic
OKYIIBLIAP/IbIH KOMMYHHUKATUBTIK JIaF AbUTAPBIH, TOIIIEH XXYMBIC icTey KabijeTiH
JKOHE KAYaIKEePIIUTITiH JaMBbITAIBI.

Kaszipri 6iim 6epy xyiiecinae STEAM (Science, Technology, Engineering,
Arts, Mathematics) OarbITBIHIAFBI HHTETpAIMs J1a epekiie MaHpi3ra ne. STEAM
ToCUI 9pTYpIIl moHAepai OipiKTipe OTBHIPBIN, OKYIIBUIAPIBIH KEHIeH i oiiay
KaOlneTiH gaMbITabl. byn OGarpiTTa OKyIIBLIAp HAKTHI OMIpPJIIK Maceesnepi
mienryre OarbITTalFaH 3epTTey JKYMBICTaphIH Kyprizeni. Hormxkecinae onap
TEK TEOPHSIIBIK OLTIM aiblll KaHa KOMMal, OHbI MPAKTUKAIBIK TYPFBLIA KOJIaHa
anazpl. ConbiMeH Katap, STEAM OiniM Oepy OKYIIBUIAP.IBIH IBIFAPMAIITBLTBIK
YKOHE MHHOBALIMSUIBIK OWJIAYbIH JaMBITYFa BIKIAJ €Te/I.

OKyIIBIIapAbIH FBUIBIMH-3EPTTEY AaFAbUIAPBIH JaMbITY YIIIH OJIApJIbIH
JKEKe 3epTTey JKYprizyiHe KOJNaiibl Karaail jacay 1a MaHbI3IbI Ie/1arorMKaIbIK
IapTTapABIH Oipi OOJIBIN TaObLIaIb!. Byl OareITTa MEKTENTep/Ie IIAFBIH 3epTXaHaap,
FBUIBIMH YHipMeTep, oH/IIK KiTyOTap YHBIMIACcTBIPY THIM I HoTrKe Oepeti. MyHai
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OpTaJia OKYIIbUIAP ©3 KbI3BIFYIIBIIBIKTAPbIHA COHKEC 3epPTTEY >KYMBICTAPHIMEH
AHAIBICHIIL, TYKIpHOE )KIHAKTaH b1 COHPIMEH KaTap, FEUIBIMU JKo0asiap Oaifkaymapsl
MEH KOH(EepeHIUUTapFa KaThICYy OKYIIBUIAPIBIH 3ePTTEYIILTIK OCICeHAUTITIH
APTTBIPHIIL, OJAP/IBIH FRUTBIMHU OpTara OeHiMIeyiHe BIKIal eTe/l.

JKanmsl anranaa, OKyIIBIIApABIH FBUIBIMU-3EPTTEY JaFAbUIapbIH AAMBITY
KeIIeH I TYPAE XKY3€ere achIpbuTybl THic. O YIIiH OKYy TpOIECiHAe TEOPHs MCH
MIPAaKTHKAHbI YIITACTHIPY, 3aMaHayH IIeAarorMKajIbIK TEXHOIOTHSIAP bl KOJIJaHy,
COHJali-aK OKYIIBIHBIH JKEKE EpEKIIETIKTepiH eckepy KaxkeT. Tek ochlHnai
JKaFJaiiia faHa OKYIIBUIAPJBIH 3ePTTEYNILTK KaOlIeTTepiH THIMII JaMBITYFa
JKOHE oJlapJpl Ooyanrakra 0ocekere KaOUIeTTi TYIIFa peTiHAe KaJbINTacThIpYyFa
MYMKIHJIIK TyaJpl.

KopbITbIHABI

3epTTey HOTHXKENEpl KOPCETKEHAEH, OKYIIBIIapIblH FHUIBIMU-3EPTTEY
JaFIbUTIaphIH KAJTBIITACTRIPYA TEOPUSIIBIK KOHE TIKIPUOETIK oficTepIiH
yiineciMi MaHBI3IBI poT aTKapaabl. TeopusuiblK Tanmay OapbIchiHIa OimiM Oepy
Ma3MYHBI MEH MeJaroruKaiblK JKaraaillapplH 3epTTEYIIIIK dpeKeTke acepi
aHBIKTAJIBl. DOMIMPHUKAIBIK d/icTep, aTal alTKaHAa Oakpliay, cyxOaT KoHe
KY)KaTTapbl TaJIAAy, OKYIIbUIAPIBIH 3€PTTEY OPEKETTEpPiHiH HAKTHI JCHIeHiH
Oarayayra MyMKIHIIK OepIi.

ToxipuOenik SKCIIepUMEHTTEp HOTHKECIH/IE KeJIeci HeTi3T1 KOPBITHIHIBIIAp
QJIBIH/IBL:

3epTXaHalbIK )XYMBICTAp MEH MHKDPO-3€pTTEyJiep OKYIIbIIapablH
KbI3BIFYIIBUIBIFBIH apPTTHIPA/IbI XKHE 03 OCTiHIIE Macene KO, THIoTe3a Kypy,
JIepeKTep/i XKUHAY, HOTIIKEIIEP 1l TAIay CUSIKTBI JaF IbLIap/Ibl KaJIbIITacThIPA/IbL.

Ko sxeTiMi 3epTXaHaIbIK Kypajiaap MeH KapanaibiM ToKipHOEITiK o1icTep
FBUIBIMHU-3EPTTEY MaFJbUIAPBIH JAMBITY VIIH THIMII, TIOTi aBTOKIAB CHSKTHI
KYpIei ’a0abIK JKOK JKaFmaiiia aa.

[earorukanbIK )KETEKIIUTIKTIH caltachl OKYIIBUIAPAbIH 3ePTTEY SPEKETIHH
HOTIDKEINIJITiHe TiKenel ocep ereni; OarbIT-Oarmap Oepy, oliCTeMeNiK Koiaay
KOHE Kepi OaliaHbIC JaFAblIapAblH JaMybIlHa BIKITAJ €T/

CanpICTRIpMaNbl TalIay KOPCETKEHIEH, MEeTeNIiK TOKiprOenepai MeKTern
XKaraaiibiHa OeifiMaey apKbUIbl FBUIBIMH-3EPTTEY JaFIblIAPBIH JKETLIAIPY
MYMKIHJIT1 Gap.

JKanmb! anranza, 3epTTey JKYMBICHI OKYIIBIIAP/bIH FHUIBIMU-3EPTTCY SPEKETIH
YHBIMIACTHIPYIBIH THIMII CTpaTerMsUIapbIH aHBIKTAIT, THKIPHOCITIK YCHIHBICTap OepyTe
MYMKIHIIK Oepai. by HoTrkenep MekTenTep e OGMoorHs MoHi OOMBIHIIA 3epTTEYIILUTIK
OarbITTarbl cabaKTap/pl Kocapiay/ia, MUKPOOKBITY MOIYJIBAEPIH SHTI3ye KoHEe
OKYIIbIIapAbIH KOTHUTHBTIK KaOIIeTTepiH JaMBITY/Ia MPaKTHKAIBIK KYHIBUTBIKKA He.
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Pezynomamul uccredosanus noxkasvieaom, umo 3¢gexmuenasn
Op2aHU3aYUS UCCTLE008AMENbCKOU AKMUBHOCTIU YYEHUKO8 CHOCODCHBYem
NOGBIUEHUIO KAuecmea 00pA306aHUs, PA3GUMUI0 HAYUHO20 MbIULTEHUS,
Meopueckou aAKMUGHOCMU U PYHKYUOHATbHOU 2PAMOMHOCMU.
Ipakmuueckas 3HAUUMOCMb CIMAMbU 3AKTIOUAEICA 8 803MONCHOCU
npuMeHenuUs: NPedoNCeHHbIX Memooo8 U N00X0008 8 NOBCEOHEBHO
pabome nedazo208, a makice 8 NOGbIUIEHUU MOMUBAYUU VIEHUKOS K
VUACMUIO 8 HAYYHBIX NPOEKMAX.

Knwuegvie cnoga: HayuHo-ucciedosamenbckue HABLIKU,
uccnedosamenbeKas 0esamenIbHOCHb YUEHUKO8, Neda202udecKue yciosus,
HayuHOe MbluLIeHue, AHAIU3 OAHHbIX, UCCIe008AMENbCKoe 00yYeHue.

*4. E. Anmac!, C. JK. Hbadynnaesa’
Kbbuiopannckuil yausepceureT uMenn KopkeiT Ata,
Pecny6inka Kazaxcran, . Ke3suiopa.

Iloctynuno B penakuuio 05.04.26.

IHoctynuino ¢ ucnpasnenusimu 08.05.26.

IIpunsTo B neuars 22.05.26.

PA3BUTUE HAYYHO-UCCJIEJOBATEJbCKHUX
HABBIKOB YYEHUKOB *4. E. Almas’, S. J. Ibadullayeva’

2Korkyt Ata Kyzylorda University,

Republic of Kazakhstan, Kyzylorda.

Received 05.04.26.

Received in revised form 08.05.26.

Accepted for publication 22.05.26.

B oannoii cmamvse 6cecmoponne paccmampugaemcs npooiema
Gdopmuposanua u pazeumus HAY4HO-UCCAEO08AMENbCKUX HABLIKOG
VYEHUKOB 8 COBPEMEeHHOM 00pa3o8amelbHOM NPOCMPpAHCHmEe.
Hayuno-ucciedosamenbckue HABbIKU NpeOCmagisiiom cooou
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CNONCHYIO KOMNEMEeHYUur, BKIYAUYIO CHOCOOHOCMU YUeHUKA
K OpeaHu3ayuy NO3HABAMENbHOU 0eAMelbHOCMU, ONPedeleHU)
npobaemvl, YOPMYIUPOBAHUIO eunomesvl, cOOPY OAHHBIX, UX AHATUZY U
dopmynuposaruio 86160008. AKMYATLHOCHb UCCIEO08AHUSA ONPEOeIAeMCs
HeobX00UMOCIbIO PA38UINUS CAMOCHOAMENbHO20 NOUCKA, KDUTNUYECKO20
U HAYYHO20 MBIULTIEHUS YUEHUKO8 8 YCLOBUAX 2100anu3ayuu, yughposusayuu
U cmpeMumenbHo2o ygeauuenus 06véma ungpopmayuu. B cmamuve
AHATUBUPYIOMCS MEeOPEeMUYeCKUe 0CHOBbI UCCIEO08AMENbCKUX HABIKOS,
UX CmpyKmypHvle KOMHOHEHNbl, SManvl QOPMUpOSAHUs U 61UsAHUE HA
JUYHOCIIHOE PA3BUMUE YYUeHUKA.

Lenv uccredosanus — onpedenums 3gpexmuenvle nedazozuyeckue
Memoovl U YCA08USL, CHOCOOCMBYIOWUE PA3GUMUI0 HAYUHO-
UCCIe008AMENbCKUX HABLIKOG VUeHUKO08. /s docmudiceHus yeau Ovliu
UCNONBL30BAHBL MEMOObl AHANU3A, CPABHEHUs, CUCTNeMAMU3ayull,
HabIr00enUs U NPAKmMuUYecKo2o ucciedo8anus. B pabome packpuvieaemcs
CBA3b UCCTE008AMENBCKO20 OOVUEHUS C KOHCMPYKMUBUCHICKUM U INqUiTy-
based nooxodamu, a maxdice paccmampusaiomcs 603MONCHOCMU UX
npumenenus 6 yuebnom npoyecce. Kpome moeo, npugooumcs anaius
MeAHCOYHAPOOHO20 ONbimd, 8 YACHHOCHU 00pA308aMeENbHbIX Modenel
Qunaanouu u Cuneanypa, 20e yCneuiHo peaiusyromcs cmpameul,
HANpasieHHvle Ha pazeumue uccied08amenbCKoil 0esmenbHOC.

DEVELOPMENT OF STUDENTS’ RESEARCH SKILLS

This article provides a comprehensive examination of the formation
and development of students’ research skills within the modern educational
environment. Research skills represent a complex competence that includes
a student’s ability to organize cognitive activity, identify a problem,
formulate a hypothesis, collect data, analyze them, and draw conclusions.
The relevance of the study is determined by the need to develop independent
inquiry, critical thinking, and scientific reasoning among students in the
context of globalization, digitalization, and the rapid growth of information
volume. The article analyzes the theoretical foundations of research skills,
their structural components, stages of development, and their impact on
the personal growth of students.

The aim of the study is to identify effective pedagogical methods and
conditions that contribute to the development of students’ research skills.
To achieve this aim, methods such as analysis, comparison, systematization,
observation, and practical experimentation were employed. The paper
reveals the relationship between research-based learning and constructivist
as well as inquiry-based approaches, demonstrating their potential
for application in the educational process. In addition, international
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practices are examined, particularly the educational models of Finland FTAMP: 14.35. 07
and Singapore, where successful strategies aimed at developing research-
oriented learning have been implemented. https://doi.org/10.4808 1/BGQF2101
The findings of the study indicate that the effective organization
of students’ research activities contributes to improving the quality *A. A. XapbinkacbiH', C. XK. U6adynnaeea?
of education, enhancing scientific thinking, fostering creativity, and '?KopkbIT ATa atbiHaarsl KeI3bU10p1a yHUBEPCUTETI,
strengthening functional literacy. The practical significance of the article Kasakcran PecnyOmikacel, Kpizbuiopaa K.
lies in the applicability of the proposed methods and approaches in the !ORCID: https://orcid.org/0009-0001-5569-8114
daily practice of teachers, as well as in increasing students’ motivation to 20RCID: https://orcid.org/0000-0003-3270-8364
participate in scientific projects. *e-mail: jarilcasynaidana@gmail.com
Keywords: research skills, students’ research activity, pedagogical
conditions, scientific thinking, data analysis, inquiry-based learning. «BUOANYAHTYPJINIK HEII3QEPI» MNOHIHAE ©JIKETAHY
MATEPUAJIbIH LUN®PJIbIK PECYPCTAP APKblJbl
OKbITY TUIMAINITI

byn makanaoa «Buoanyauwmypninik Hezizdepi» naHi O0tbIHULA
3EPMXAHATBIK CaDAKMapoa auMakmolx QropucmuKaiblk MAmepuaioap MeH
yugpviK Oinim bepy pecypcmapbsii KOIOAHYObIH MAHbI3bL KAPACTbIPLLIAOYL.
binim 6epy orcytiecin scanevlpmy dtcone yu@dpavlk mexuoio2usiaposl
eH2I3y JHCa20albIHOA OUOTOSUSAHBL OKbINYOAd MeopUsIblK OIiMOI HAKMbl
mabuzyu opmamnsly epexuleiikmepimen OAUIAHbICMbIPAMbIH MUIMOL
a0icmemenix macindepoi KoaioaHy ezexkmi 0oavin maodwiiaowsl. JJacmypii
oKkbimy madcipubecinoe ecimoikmepdi 3epmmey KeOiHece Meopusivlk
Mamepuanoapmen wekmeiuin, cmyoenmmepoiy MaublMOblK OelceHOLiciH
memenOemeOi Hcane 3epmmey 0a20bLIAPLIHLIY KATbINMACYbIH KUbIHOAMAObL.

3epmmeyoe 3epmxananvik cabaxmapoa auMaxmvlk KOMHOHEHM
nex yugpaviy pecypcmapovl Oipikmipy MyMKiHOI2I Kapacmulpoliovl.
Bupmyanower 3epmxananap, unmepakmuemi niam@opmanap sicame
ecimOikmepOiy yugpvix depekKopaapul apkulivl Kvl3svliopoa 001blcblHbIH
@ropacvin mayculmMObIK Jicagoaiiapea mayeiciz zepmmey MyMKiHOIeE
Kepcemindi. Odicmemenik Mooenb OUON02UL MAMAHObBIZbI CIYOeHmmepi
apacvlHOa nedazoeuKkanblk NPAKmMuKa 6apeicblHOa anpooayusoan ommi.
3epmmeyee 105 cmyoenm Kamuvicmul.

Cayannama, coyuomempusibly mandday HeaHe nedaeoeUKaiblK 6aKvlLiay
Homudicenepi atMakmulk Mamepuanoapobl YuQpvlk mexHoI02UANaAPMEH
Oipee KOIOaHy OKY MOMUBAYUACHIH APMMbIPbIN, MeOpUsIblK 0inimoi
MYCIHYOI HCAKCAPMAMBIHBIH HCIHE 3ePIMMeEVULITIK 0a20bLIAPObL 0aMbIMY2d
vignan ememinin kopcemmi. CoHviMen Kamap, aiblHean Hamuoicenep
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Ouo02UA NIHIH OKbIMYOA OHIPIK KOMNOHEHM neH yudpavlk oinim depy
pecypcmapulH eHei3y0iy muiMOinieiHiy 0dnenin Kepcemmi.

Kinmmi ce3oepi: Atimakmulx ¢propa, 3epmxananvlk cabakmap,
yudpavix Oinim depy, atmMakmolk KOMROHEHM, OUOLOLUATLIK OLLIM.

Kipicne

Kasipri 6imimM Oepy xyilieciHme OiiiM alymbIIapablH 3epPTTECYIILTIK
JAFIBUTAPBIH TAMBITY, FRUTBIMHU OfIay KaOUTeTiH KalBIITACTHIPY KOHE OUTiMIi
ToxipuOene Konmgana Oiy KY3BIPETTEPiH KETUIAipy MaHBI3ABI MiHACTTEPIIH
0ipi 6obrn TabBUTaMEL. Kazakcran PecryOnmkachabiy «bisliM TypamsDy 3aHbIHIA
OiniM Oepy KYHEeCiHIH HEeTi3Ti MaKcaThl — TYIFAHBIH IIBFApMAIIBIIBIK JJICYCTiH
JAMBITY, FBUIBIMH-3ePTTCY KBI3METiHE OciimMaey KoHe OLTIM aTylIsLIapIsiH
(YHKIIMOHATIBIK CayaTTHUIBIFBIH apTTHIPY eKeHIIT1 aTamn kepceTinred [ 1]. Ockran
0alTaHBICTHI OMOJIOTHS ITIOHIH OKBITY 1A TEOPHUSUITBIK OLTIMMEH KaTap 3epTXaHaJIbIK
JKOHE TIPAKTUKAJIBIK KYMBICTApIbIH MAaHbI3bI EPEeKIIIE.

Buonorust — Taburat KyOBUTBICTApBIH 3€PTTCHTIH TOKIPUOEITIK FHUIBIM
OONFaHIBIKTaH, OCIMAIKTED MEH JXKaHyapJapIbl Tikelei Oakpliay, TaOUFH
00BEKTIIEPMEH JKYMBIC iCTEY JKOHE IKOJOTHSIBIK EPEKIIETIKTePIH 3ePTTEY OKY
MIPOIECiHIH MaHBI3ABI Oomiri 60xbm TadbuIanpl[2]. ONKeTaHy MaTepHalgapsl
TaOuFaT KyOBUIBICTAPBIH OeNTiIi Oip aifMaKTHIH epeKIIeTiKTepiMeH OalIaHbICTRIPa
OTBIPBII TYCIHAIpYTe XKaFaai xKacan bl

Ka3zakcTaHHBIH OHTYCTIK OHIpJepiHiH (ropachl TaOUFU-KIUMATTHIK
JKaFIaiIapAbIH alyaH TYPIUTIriMeH epekmencHe 1i. KpI3pumopaa 00IbICH — Mo
JKOHE TIOJICHT dKOoXKyienepi 6ackiM aitMakTapabiH Oipi 6ombit Tabbumaasl. by
OHIP/IiH 6CIMIIKTEp dIeMi TaOuFH opTara OeHiMAeTy epeKIIeTiKTepiMeH, TOPUTiK
YKOHE IIAPYaIIbUTBIK MaHBI3EI Oap TYpJIepiHiH KeNTiriMeH cunarranaasl [3]. Apar
OHIPIHIH YKOJIOTUSITBIK JKaFIaiibl MEH TAOUFH OPTACHIHBIH ePEKIICTIKTEpi Ae aiiMaK
(hIOpackIHBIH KaJbIITACybIHA dcep eTeni [4].

AWMaKTBHIK (QJIOpaHBl 3epTTEYy Maceyesepi KONTEereH FallbIMaapIblH
eHOeKTepiH/Ie KapacThIpblIFaH. KazakcTaH (yiopachbIHBIH TYPIIiK KypaMbl, Tapay
aiiMaKTapbl )koHEe OMOPECYPCTHIK MaHBI3BI TYPAJIHI iprei 3epTTeyIIep KYPri3iireH
[5; 6; 7; 8]. Conpimen xaTap KaszakctaH (hiopachIHBIH JKYHENiK Kypambl MCH
OMoaMyaHTYPILIITI Typansl MaHBI3AE MomiMeTTep «®Dimopa Kazaxcranay
KONTOMJIBIK CHOCTIH e KeHiHeH cumartanFaH [9]. by eHOekTep aitMaKThIK ©CiMIIK
pecypeTapbiH 3epTTey XKoHE OKY MPOLECiHe NaiialaHy YIIiH MaHbI3/IbI FUIBIMU
HeT13 OOMNBITT TaObUIAIEL.

Kasipri yakpsITTa mug piaslk TEXHOIOT USUTAPIBIH 1aMybl OHOJIOTHSUTBIK O17T1iM
OepyIiH Ma3MYHBI MCH 9JiCTepiHe e emeyni e3repictep eHrizyne. Lludprpik
JepeKTep 0azanapbl, BUPTyal bl 3epTXaHajap jkKoHe OHaifH-IuaTdopmanap
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OCIMIIKTEePIi KAIIBIKTaH 3epTTEYyTe, ONapIbIH MOP(HOIIOTHSIIBIK XKOHE aHATOMHUSIIBIK
KYPBUIBICHIH OPTYPIIi YAKEHTY neHreifiHae KapacTeipyFa MyMKiHaik 6epeni [10].
MyHpaii pecyperap OTiM anyIIbUIapAbIH 3epTTey AaFAblIapblH JaMBITYFa )KOHE
OKY TIPOIIECiH BH3YyaJIbl 9pi HHTEPAKTHBTI €TYTE BIKIIAJ €TEe/i.

Anaiima OMOIOTHSIIBIK TIOHICPAl OKBITY OaphICHIHIa OipKaTap oIicTeMeIiK
KHABIHIBIKTap Ke3aecei. COHbIH 0ipi — KbIC ME3TLTIHIE TAOUFH O0BEKTIIEP I 3epTTey
MYMKIHAITIHIH TIeKTeyi 00mysl. By skarmaiiza eciMIiKTepIiH MOP(OTOTHSITBIK,
YKOHE aHATOMHUSUTBIK €PEKIICTIKTEPiH 3epTTey KoOiHece TEOPUSITBIK MaTepUAIMECH
raHa 1rekreneni. COHIBIKTaH aliMaKThIK (iropaHbl HUQPIBIK pecypcTap apKbLIbI
3epTTey TOCUIACPIH TaMBITy epEeKIIIe ©3eKTi OO TaObLIAIb.

Ocsl TyprhIIaH anFanaa Kp13euiopia 0OIBICEIHBIH ©CIMIIKTED dIeMi TypajIbl
FBUIBIMU-TaHBIMJIBIK JKOHE OKY-9iCTEMEIK o1eOHeTTep MaHbI3/Ibl aKnapar Ke3i
6oubin TabpuTans [11; 12]. Mynpaaii eHOekTep alilMaKTHIH TaOUFU-TeOTpadUsITbIK
epeKIIeNiKTePiH, OCIMAIKTEPAIH TapamyblH JKOHE SKOIOTHSUIIBIK KardaiIapblH
TYCIHIIpyTe MYMKIHIIK Oepeti.

Ocshl 3epTTeyniH MakcaTel — «buoanmyaHTypiislik Herizaepi» MoHiHIH
3epTXaHaJbIK cabaKTapblHaa aliMakThIK (opa MaTepuanIapbiH HUPPIBIK
pecypcTap apKbUIbl KOJMJAaHYIBIH THIMIIUIITIH aHBIKTay, jkoHE OojamakTa
Ke13p1mopaa oOGNBICEHIHBIH ©CiMaikTepi OOWBIHIIA MUPPIBIK aKIapaTTHIK
mw1atopma KYpyAbIH ITeAarorHKaIBIK MyMKIHIIKTEPiH KapacThIPY.

MaTtepuanmap MeH daicrepi

3epTTey XYMBICHI NeJarOTHKaIbIK IPaKTUKa OapbIChIHIA OHOJIOTHSA
MaMaH/IBIFBI OOMBIHIIA O1JTIM aJaThIH CTYACHTTEP apachlHIA XKYPri3inmi. XKammsr
oKy mporieciae 105 cTyneHT KatbIcThL. 3epTTey «buoanyaHTypiisik Heri3gepi»
IOH1 OOMBIHINIA 3ePTXaHAJBIK cabaKTap asiChIHIA YIHBIMIACTHIPBULABL. 3epTTeYaiH
HET13Ti MaKcaThl — aiiMaKTHIK (IIopa MaTepHaIapbIH KOHE UQPITBIK OiiM Oepy
PpeCypCTapbIH KOJIIAHY apKbLIBI 3¢PTXaHAIBIK cabaKTapAbIH THIMIIUTITIH aHBIKTAY,
COHJaif-aK CTYyIEHTTECPAiH OKY MOTHBAIUACH MEH TaHBIMJBIK OCICeHITITiHe
ocepin Oaranay 00IbL. 3epTTey OaphICHIHA TOCTYPIi OKBITY diCTepi MEH Ka3ipri
3aMaHFbI NU(PIBIK TEXHOIOTHSIIADP OIPIKTIPIIIN KOMTaHBIIIEL.

3epTXxaHaiblK cabakrapabl yiAbiMaacTelpy OapbickiHaa Kei3pliopnaa
OOJIBICBIHBIH OCIMIIIKTED QJIEMiHE KaThICThI aMAKTHIK MAaTepUaIIap Haii qaiaHbUIIbL.
Cabak Ma3MyHBI CTYISHTTEPAIH 3epTTey JaFAbLIapblH JaMBITyFa OarbITTalFaH
HWHTEPAKTHUBTI KOHE TOKIPUOEIIIK TarchpMaap apKbUTbI KYPBUIIBL. 3epTXaHAIBIK
cabakrap OipHemre Ke3eHHEH TYpZbI. AJFAIIKpl Ke3eHIE CTYACHTTEP/iH IIOHTE
JIeT€H KbI3bIFYIIBUIBIFBIH APTTHIPY MaKCAThIH/IAa HHTEPAKTHUBTI TalChIpMaap MeH
npo0IIeMaIbIK CYpaKTap YChIHBULIBL Byl ke3eH e 011iM anyIbuiap b aJIbIHFbI
OinmiMaepi OeceHaipiil, JKaHa TAKBIPBIITHI 3epTTEyTe OaFbITTaIFaH TAHBIMIBIK
KBI3bIFYIIBUIBIK KaJIbIITaCTBIPBULIBL.
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Kemeci ke3eHne CTyaeHTTEepre OCIiMIIKTEPAiH MOP(OIOTHSIBIK KOHE
AHATOMMUSJIBIK KYPBUIBICBIH 3€pPTTEy TaIrchipMaiapsl Oepinai. by xymbicTap
MHUKPOCKOITHSIIBIK 3ePTTEY 9iCTEPiH KOIIaHy apKbUIBI KYpri3iini. COHbIMEH KaTap
cabax OapbICBIH/IAa BUPTYaJIbI 3epTXaHaIap MeH II(PIBIK OiiM Oepy pecypcrapsl
naiaananbuiel. LudpIisik pecyperap cTyieHTTepre oCiMIKTepAiH KYPbUIBICHIH
opTypai yakeity neHreinge (40x, 100x, 400x) xapacTeIpyFa MYMKIHAIK Oep/i.
MyHpait oftic eCiMIIKTepIiH MUKPOCKOITMSUTBIK KYPBUTBICHIH HAKTHI )KOHE KOPHEKI
TYpJe 3epTTeyre xaraai xacaiiipl. Cabakra MHTEPAKTHUBTI TAIChlpMaiap, TOMTHIK
TaNKbLIAY, TUIAKAT KOPFay KoHEe HU(PIIBIK 1aT(opMaiap apKbLIbl OPbIHAANATHIH
TarchpManap KoJAaHbULIbl. By TanceipManap CTyAeHTTep/IiH 3ePTTEYLILTIK KIHE
AHAJMTHKAJIBIK OiIay KaOlIeTTepiH TaMbITyFa OaFbITTAIIbL.

3epTxaHaiblK cabakTap OapbICEIHAA SPTYPIIi MEIaroTHKaNbIK dIicTep
KoJianbuiAbl. OapablH KaTapblHAa WHTEPAKTUBTI Tanceipmanap, Learning
Apps iardopmachiHia AaWbIHIAIFAH KATTHIFYJIap, MUKPOCKOIIICH JKYMBIC,
BUPTYyallJlbl 3epTXaHanap JKOHE XKacaHJbl UHTEIUIEKT dJIEeMEHTTEepl Oap
TarcepMalap nainanansriel. COHBIMEH KaTap cabak COHBIHIIA O1TiM amyIbLIap
apacsiHIa OimimMai 6ekiTy MakcaTeiHaa «Jluaepiep caifbIChDy CHSIKTHI TAHBIMIBIK
TanchlpMaiap YHbIMAACTBIPBUIALL. Bysl TancelpManap CTyASHTTEPAIH MOH
OOBIHIIIA TEOPHUSUTBIK OLTIMIH TEKCEPYTE KOHE OKY IPOLIECIH KBI3BIKTHI opMaTTa
YHBIMIACTBIPYFa MYMKIHIIIK Oepi.

3epTTey OaphICBIHAA KOJNAHBUIFAH 9iCTEeMENCepAiH THIMIUIITIH aHBIKTAY
YIIiH OipHelre MmefaroruKajiblK 3epTTey dmicTepi mainanansuiael. CoHBIH Oipi
— COLIMOMETPUSUIBIK Tajjaay djici. COIMOMETPHSIIBIK 3ePTTEy CTYICHTTEpPIiH
OKY MPOILECIH/IEr ©3apa OPEKeTTECY ePEeKIIETIKTePiH aHbIKTay MaKCaThIH/IA
KYpTrizinai. Atan aiTKaHna, 3epTTey OapbICBHIHIA CTYASHTTEP YIIiH OKY
TaTChIpMaapblH OPBIHAAYIBIH Kail TYpl THIMII €KEHIITiH aHBIKTAy KO3IEeNIi.
SIFHU CTYJEHTTEPre )KEKe JKYMBIC, JKYNTHIK KYMBIC HEMECE TOMTHIK KYMBIC
(hopmarapeIHBIH KaHCHICHI THIM1 €KCHIITIH aHBIKTAy MaKCaTBhIHIA apHAWBI
cayarHaMa Kyprizimmi. COMOMETPHSITBIK TallJay HOTIDKENEpl CTYACHTTEpPHiH
6acbIM Oetiri TONTHIK JKYMBIC (POPMACHIH THIM/I JIeN CAaHAWTBIHBIH KOPCETTI.
CoHBIMEH KaTap TOI imiHme OeiipecMu KemOacmibliap, TYPaKTHl CEpiKTecTep
JKoHE OEJICeH]I KaThICYIIbIIap aHBIKTAIABL. 3epTTey HOTIDKECIHE CTYICHTTEPIiH
mamameH 21 %-pb1 OefipecMn kembacmpuiap peTinae aHblKTanca, 29 %-ul
AKaJ[EMUSIIBIK JKOHE MPAKTUKAJIBIK Oeleni TYpakThl CTYJACHTTEp KaTapblHA
JKATaTBIHBI OAWKaIIBL. AT CTyIeHTTEpIiH 36 %-bI TOII iIIiH/IE OpTaIia AeHTeiae
WHTETpanusuianFan 0oinca, 14 %-pHOA OKIIAayNaHy TCHICHIMACH OaifKasib.
JlereHMeH, JKaJIIbl alFaH/a TONTHIH 9JICYMETTiK KYPBUTBIMBI TEHIePIMA1 eKeHIIT1
JKOHE CTYACHTTEPAIH 03apa dPEKeTTeCy ACHI el KOFaphl eKeH T aHBIKTAJIIBL.
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CoHBIMEH KaTap 3epTTey OaphICHIHAA CTYISHTTEpPIiH alMaKTHIK (iopa
MaTtepraliapblH KOJIIaHyFa JIereH Ko3KapachlH aHbIKTAY YIIiH apHaiibl cayanHama
Kypriziai. CayarHama HOTIDKEIEPi 6JIKeTaHy MaTepHaAapbIH OKY TIPOIIECiHAe
KOJIIaHy CTYACHTTePAiH IIOH/I TePEH TYCIHyiHE, TCOPHSIIBIK OLTiM/Ti HAKThITaYBIHA
JKOHE OKYy MOTHBAILMSACHIH apTTHIPyBIHA OH OCEp CTETiHIH KOPCETTi. 3epTTey
HOTIDKeINepi OOHBIHINA 6JIKETaHy MaTepHaJIapbIH KOJIIaHy AbIH KBl THIMILUTIK
kepcetkim 84,2 % kypasl. COHBIMEH KaTap CTyIeHTTepIiH 88,6 %o-bI IU(PIIBIK
MaTepualIap/IbIH IISHTe IeTeH KbI3bIFYIIBUIBIKTHI apTTHIPAaThIHBIH atarl oTTi. Cabak
Ma3MyYHbIH eMipMeH OaiitaHbIcThIpy KopceTKimi 90 %-11b1 Kypapl, an OoamaxTa
MyHIai omictepai KonmaHy Kaxertimiri 91,4 % nerreifinne Garamanmgsl. by
HOTIJKEJIEP OJIKETaHy MaTepHaliapblH KOJITaHyAbIH ITe1arorHKablK TYPFbIIaH
THIMII 9JIC EKEHIITTH JdJIE I I.

YKanmbl aFana )KYprisiireH neJjarorukajblk 3epTTey HOTHKeNepl ailMakThIK
(opa MaTepHanIapsH JkKoHE IHQPIBIK O1T1iM Oepy pecypcTapblH 3epTXaHATIBIK
cabakTapa KoJIaHy CTyJCHTTEP.IiH OKY MOTHBALUSCHIH apTTHIPHIIL, TOH1 TePEeH
TYCiHyiHE JKOHE 3epTTeYIIiTiK NaFIbUIaphlH JaMBITyFa MYMKIHIIK OepeTiHiH
kepcerTi. COHBIMEH KaTap 3epTTey HOTHIKeNepi TONTHIK JKYMbIC ()OPMaCBHIHBIH
THIMJII €KSHIH KOHE CTYICHTTEPAIH OipJeCKeH OKY OpeKeTi OKy MpOIeCiHiH
caracklH apTTHIPATHIHBIH JJIeIIeH 1.

HoTu:xenep xoHe TAIKbLIAY

3eprrey GapbIChIH/a ANIBIHFAH HOTIIKENEp alMaKTHIK (JIopa MaTepHaapbiH
JKoHE NU(PIBIK pecypcTapasl KONIaHy 3epTXaHaJIbIK cadaKTapAblH THIMIITITIH
apTTHIPATHIHEIH KopceTTi. JKypriziiareH cayalHama HOTIDKelepi OoifbIHIIA
OJIKETaHy MAaTepUAJapblH OKY IPOLECIHAC KOJIAHYIbIH Kbl THIMIITIK
kepcetkimi 84,2 % Kypaasl. by kepceTkim cTyneHTTepAiH OackiM OesiriHig
YCBIHBUIFAH dJicTeMere oH Ke3Kapac OUIIipTreHiH OHE OHBIH OKY IpOIECciHe
maiianel ekeHiH kepceTei. COHBIMEH KaTap CTyACHTTEpIiH 85,8 %-bI aiiMaKTBIK
MaTepHalIapabl KOJJaHy MOHII TepeH TYCiHyre KOMEKTECETiHiH aTal OTTi.
Teopususik, OimiMal HaKTRIIAY KepceTkimti 81,4 % neHreiinge GaramaHpl.

Kecre-1 — Onxerany MaTepuanIapblH KOJIAHy THIMILUTIT] OOMBIHIIA YKHUBIHTHIK KECTE

Ne | Kepcerkim Mma3MyHBbI Oprama 6aj1 Hal‘flbﬂl]l‘)lk Baranay nenreiii
KopceTKix
1 | XKeprinikTi MaTepuangapabl KOJIHaHy 4,14 82,8 % Korapsl
ITonni TyciHyre bIKIAN €Tyl 4,29 85,8 % XKorapsl
3 | TeopusiHbI HAKTBLIAYBI 4,07 81,4 % Korapbt
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HeprinikTi matepuangapabl KongaHy THiMILair

= Heaicnedmin

= HapTeunai kenicemid

= bedtapan 14,3%
Kenicemid 64,3%

u Toneik, kenicemid 21,4%
1-cypet — XKeprinikti MaTeprasaapabl OKbITY1a MUGPIBIK PECypC KOIIaHY
TUIMILIIrT
MaHAi TyciHyre biIKnan etyi
= Kenicneimid

= HapTeinai kenicemis

= Beiitapan 7,1%

Kenicemin 57,1%

= TOAbIK KeAicemi 35,7%

2-cypert — [ToHmi OKBITY/IA TU(PIBIK MaTepHaT KOTIaHYABIH TYCIHYTE BIKIIAT €Tyl

TeopWAHbI HAKTbLAYbI

m Kenicnedmin
= HaEpTeINEH HEACEmMiH
= Bedtapan 24,3%

Kenicemid 54,3%

u Tonblk kenicemin 21,4%

3-cypet — TeopusiHbI HAKThIIAYAA PO
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3eprTey HoTIKeIepi alMaKTHIK MaTepraiapAbl KOJIIaHy CTYACHTTePIiH MoH
Ma3MYHBIH HAKTHI TAOWFH OOBEKTLICpPMEH OalIaHBICTRIPBIT TYCIHYiHE MYMKIHIIK
OepeTiHiH KopceTTi. MyH/ai Tocii1 OMOIOT sl IOHIH OKBITY/Ia TEOPHs MEH TOXKipHOCHIH
OailTaHBICBIH KYIIEHTE I KOHE CTYICHTTEPAIH SKOJIOTHIBIK JTYHHETAHBIMBIHBIH
KaJBITITACYBIHA BIKMAN eTeli. byn HoTmkeaep OMOMOTHAIBIK OimiM Oepyne
3EPTTEYIILTIK YKOHE TOKIPHOEITIK OKBITY TOCUTACPIHIH THIMII eKeHIH KOpCeTeTiH 0acKa
FBUTBIMH 3ePTTEYJICPIiH KOPBITHIHIBUIAPBIMEH Colikec Kenei [6; 7].

Kemeci ke3zeHae 0i3 nudpraslk 0imiM Oepy pecypcTapblHBIH OKY
MOTHBALUSICBIHA 3CEPiH KapacThIPIbIK.

3epTTey OapbIChIHIA CTYINCHTTEPAiH HUQPIBIK OiiM Oepy pecypcTapblH
KOJJaHyFa JereH Keszkapachl aa tanganibl. CayanHaMma HoTHXeaepi
OoiipIHIIa TUGPIBIK MaTepHaIgapabl KOJIAaHy CTYISHTTEPAiH MOHTE IeTCH
KbI3BIFYLIBUIBIFBIH aPTTHIPATHIHBI AHBIKTAJIB. ATall allTKaHaa, CTYACHTTEPIiH
88,6 %-bI BUPTyaNabl 3epTXaHAlap MEH MHTEPAKTUBTI TalchpMaiap OKy
MIPOLIECiH KBI3BIKTHI Opi TYCIHIKTI €TETIHIH aTaI oTTi.

OKY MOTUBALMACKLIH apTThIPY bl

= Kenicnefmin
u HMapTolinai Kenicnefmid

= Beiitapan 7,1%

Henicemin 71,4%

m Toablk kenicemin 21,4%

4-cypet — LudpibIk Kypanaapsl KOJIaHbII 3epTXaHaNbIK cabaK oTKI3yIe OKY
MOTHBALIUSICHIH apTTYbI

CoHbIMEH Karap cabak Ma3MyHBIH eMipMeH OaiIaHBICTBIPY KOpCETKiIi
90 % xkypazabl. bys1 cTyIeHTTepIiH 0Ky MaTepHAIbIH TEK TCOPUSIIBIK JICHTCHIe
FaHa eMec, HaKThl TAOWFU OPTa MEH aiiMaKThIK epeKILeNIiKTepMeH OailllaHbICThIpa
OTBIPBII TYCIHETIHIH KopceTeni. MyHIai TOCUT CTy ISHTTeP IiH OKY MOTHBALIUSICHIH
apTTHIPBIN, OJIAPIBIH IOHIE JIEreH KbI3BIFYLIBUIBIFBIH KYIIEHTE 1. 3epTTey
HOTHXKeJepl NHQPPIBIK TEXHOJOTUSIAPIbI KOJIJAHy O1JiM alylibuiapabiH
OeJICeH/IUTITIH apTTHIPBII, OKY NPOLECIH MHTEPAKTHBTI 9pi THIMJI YIBIMAACTBIpYFa
MYMKIH/IIK OEpETiHIH KOpPCETETiH FhUIBIMU €HOCKTEpMEH calikec keneai [8].

3epTTey OapbIChIHIA CTYACHTTEP/IH OKY TalChipMallapblH OPBIHAAY
(dopmanapbiHa KaTbICTBI KO3Kapachl Aa TangaH/bl. COLMOMETPHUSUIBIK Talaay
HOTHIKEJIEPI CTYACHTTEPIH OachiM 0OJIIrt TONTHIK )KyMbIC (POPMACBHIH THIM/II JeTT
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CaHAWUTHIHBIH KopceTTi. Tor imiHe e3apa opeKeTTecy AeHreHiHiH )KOFaphl OOTYBI
CTYICHTTEPAIH OipIecKeH OKY OpeKeTiHe OH KO3KapachlH KOPCETEe/Ii.

Kecre-2 — ConnoMeTprsIIbIK TalAay AbIH KAl KOPCETKIMTepi

Kepcerkim aenreiii | IMaiib13abIk apanbirel | CTyaentrep yieci | TonTarsl cunarramacsl
. ATKbIH OelipecMu
Korapsl nexreit 50-65 % 21 % K P
KONIOACIIBLIAP
TypaKThl aKaJeMHSUIIBIK
Oprana->Korapsl 35-45% 29 % JKOHE NPAKTUKAJIBIK
Oenenre ne
Tom iminze
Oprama 15-30 % 36 % A
HHTErpalHsIaHFaH
OK1ayinaHy TeHIEHIHACHI
Tomen 10-15 % 14 % YAty TERACHH
Oaiikasa bt

COLMOMETPUANDBIK KepceTKil

m Hofapel geqred
m DpTawa-sorapsl
B OpTawa geHrei

TemeH geHrei

5-cypet — 3epTTeyAeri COMOMETPUSUIBIK KOPCETKIII HOTHKEJIepi

COIMOMETPHUSIIBIK 3epTTEY HOTIDKECIHIIE CTyISHTTEp IiH mamameH 21 %-bl
OelipecMu KemIdacIbIap PEeTiHAe aHBIKTAIABL, ald 29 %-bl aKaJeMUSIIBIK KOHE
MIPaKTHKAJIBIK TYPFBIIAH CEHIM/I CepiKTeC peTiHAe KaObUIIaHATBIHEI OaifKallIbl.
Crynentrepid 36 %-bI TOI ilIiHIE OpTAaIla IeHTeii/ie MHTerpaIsIaHFad Ooica,
14 %-pIHAA CcaNBICTRIPMANBI TYPIE TOMEH OCNCCHIUTIK OalKanmbl. JlereHmeH,
JKAIIITBI allFaHa TOI IMIHIE dJIEYMETTIK OalaHBICTapABIH TYPAaKTHl €KeHIITi
JKOHE CTYACHTTECPIH 63apa OPEKETTeCy ACHI i KOFaphl CKCHIITT aHBIKTAJIIBL.

Bys1 HoTIDKEep TONTHIK, KYMBIC ()OPMACHIHBIH OKY IIPOIECIH YIBIMAACTRIPYIa
THIMIIi €KeHIH KkepceTei. TONTHIK )KYMBIC CTYICHTTep/iH Oip-OipiMeH MiKip aMacybIHa,
OipIIecKeH Taliay XKYpri3yiHe JkoHe KypIieii OHONOT MsUTBIK Moceeiep i Oipre Iienryine
MYMKiHAIK Oepezi. COHBIMEH KaTap TOITHIK JKYMBIC OapbhICBIHAA CTYICHTTEPIIH
KOMMYHHUKATHBTIK JJaFIbUIaphl MCH 3ePTTCYIIUTIK KaOlIeTTepi JaMUIIbL.
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3epTTey OapBICBIHIA KOMAAHBUIFAH OICTEMEINIK TICUIAEP AICTYPIIi OKBITY
omicTepiMeH calbICTHIPBULABL. J[ocTypni cabakrapia cTyaeHTTep KebiHece
TEOPHUSIIBIK MaTepHAIIbl THIHJAY JKOHE JAMbIH aKnaparTsl KaObuinay apKbLIbI
OimiM amagpl. AN 3epTTey OapbICHIHAA KOJIAHBUIFAH 9MIiCTEMENE CTYACHTTEp
OeTICeHI 3epTTey OpEeKeTiHe KATBICHII, TalIChIpMaTapabl 63 OeTIMEH OPBIHIA B

Hortunxenep kepceTKkeHAeH, HHTEPaKTUBTI TanchlpManap, HUQPIIbIK
pecypeTap KoHe alMaKThIK (Iopa MaTepHalIapblH KOJIAaHy CTYJCHTTEPIIH OKY
mporiecine OelceHai KaThICybIlHa MYMKIHAIK Oepeni. COHBIMEH KaTap MYHIai
oficTep CTyNEHTTEPIiH aHATUTHKAIBIK OWIay KaOieTiH JaMBITyFa KOHE MTOH/I
TEpEeH TYCiHy1He BIKIal eTei. JKamimbl anFanaa )KYPTi3UIreH 3epTTey HOTIKeIepi
altMaKTHIK (Iopa MaTepHalgapblH JKoHE MUGPIBIK OLTiM Oepy pecypcTapbiH
3epTXaHaJbIK cabakTapaa KOJJAaHYy OWMOJOTHUSA MOHIH OKBITY THIMIUIITIH
apTTHIpATHIHBIH KepceTTi. COHBIMEH KaTap OyJI oficTeMe CTYyACHTTEepIiH OKY
MOTHBAIHMSICHIH aPTTBIPHII, OJNAPABIH FHUIBIMU-3EPTTEY JIaf/IblIapblH JaMbITYFa
MYMKIHIIK Oepei.

3epTrey OapbichiHIa «broamyaHTYPIILTIK HETi3/1epi» MOHIHIH 3epTXaHaIIbIK
cabakrapbIHIa aliMaKTHIK (hJIopa MaTepuatIapblH KoHe MUMPIBIK OiTiM Oepy
pecypcTaphiH KoJaHy OipHemnie HaKTHl ca0ak MbICalgapbl apKbUIBI JKy3ere
aceIpbUIABEl. bysr cabakTap CTYIEHTTEPAiH TEOPUSIBIK OiTIMIH TOXipHOETiK
3epTTEY OPEKETIMEH YINTACTHIpyFa OarbITTaNIbl. OpOip cabakra CTyACHTTEP
OaxpuIay, TAJIay, CAJIBICTHIPY KOHE KOPBITHIHBI )Kacay CHSKTHI FhUIBIMU SIiCTep I
konmausl. [Tor Mma3myHberHIaFE! «KpiHA — Xanthoria parietinay MbICaTBIHIA 3ePTTEY
KYpPri3inai. 3epTxaHanblK cabakTapAblH OipiHAE CTYACHTTEpPre KbIHAJIAp.IbIH
KYPBUIBICEI MEH SKOJIOTHSUTBIK €PEKIIeTIKTePiH 3epTTey TalchipMachl Oepiii.
Cabax OapriceiHma Xanthoria parietina Typi MbICall peTiHIE KapacTBIPBLIIBIL.
CryIeHTTep KbIHANAPIBIH MOP(OIOTHSIIBIK KYPBUIBICEIH 3€PTTEI, OJIapIblH
TaOUFATTaFbl HKOJIOTHSIIBIK POJTIH TAJIA/IbL.

Cabak OapbpICBIHIA CTYICHTTEP alJbIMEH KbIHAIAPIBIH CHMONOTHKAIBIK
TaOUFaThl TypaJibl TEOPHSIIBIK aKMapatieH TaHbICTh. KelliH onap KblHaIapIbH
CaHBIpayKyJIaK NeH Oajablp apachIHIAFbl ©3apa OalIaHBICHIH TYCIHIIPETiH
Mozenpaepai Tangansl. COHbIMEH Katap CTYICHTTEp KbIHAJIAPABIH KOpIIaraH
OpTa XarmaaimapeiHa OefiMIeny epeKIIeTiKTepiH TaTKblIa bl

3eprrey OapbIChIHAA CTYICHTTEP KbIHAJIAPABIH 3KOJIOTHSIIBIK HHIUKATOP
peTiHAe KOJIAHBUIATHIHBIH JKOHE OJIApIBbIH aya CaltachIHBIH KOPCETKIII peTiHme
MaHBI3/IbI eKeHIH aHBIKTAIbL. ByIT TarceipMa cTyACHTTEpIiH TaOUFu 00bEKTiIepi
FBUIBIMH TYPFBIIAH Taijaay KaOineTiH mamMbITyFa MyYMKiHZIK Oepmi. Ilom
Ma3MYHBIH Urepy OapbIChIHAA, 0i3 «MyK Topi3aijepai 3epTTey: KOKEK 3BIFBIPBI
YKOHE MapIIaHIHsDy TaKbIPHIOBIH KapacTHIPBII ©TCEK. AIIBIK cabak OapbICEIHIA
CTYZICHTTEP MYK TOPi3/i CIMIIKTEepIiH KYphUTBICHH 3epTTeai. Cabakra Polytrichum
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commune (KoKeK 3BIFBIPHI) jkoHe Marchantia polymorpha (Mapmranmus)
MBICANIApPBI KapacTeIpbUIAbl. CTyAeHTTEp Oy ociMAIKTEepIiH MOP(OIOTHIIBIK
YKOHE aHATOMUSITBIK €PEKIIEIIIKTEPiH 3ePTTETL, OJIApABIH OMIpITiK IIUKIIiH TaIIa bl

3epTTey OaphICBIHAA CTYOEHTTEP MUKPOCKOM apKBLUIBI ©CIMIIKTEPAiH
KYPBUIBIMBIH OaKbLIam, ONapIbIH HEri3Ti OeimikTepiH aHBIKTaabl. COHBIMEH
Karap CTYACHTTEP CIIOPO(UT IeH raMeToduT (a3arapblHBIH €PEKIICTIKTEePiH
CaNTBICTRIPABI. MyH/Iall TanichlpMaiap CTyISHTTEPIiH TEOPHSUIBIK O1TiMiH HAKTHI
OHMOIOTHSIIBIK 00BEKTIIIEPMEH OalTaHBICTRIPYFa MYMKIHIIIK Oepi.

3epTXaHaIBIK KYMBIC OapBICHIHAA CTYACHTTEP OCIMIIKTEPIiH TaMy IHKIIiH
TaJIIaIl, OJap/bIH KeOEeIo epeKIIeIiKTePiH aHbIKTaAbl. byt Tarceipma OMOIOTHsITBIK
TIpOIIeCTeP i TYCIHAIPY/Ie FRUTBIMHA JQJICTIIEp MEH OaKbLIay HOTIKETICPIH KOIIaHy
JIaFIbIIapBIH KAJIBINTACTBIPYFa KOMEKTECTI.

3epTxaHanblK cabaKkTapABIH MaHBI3AE OeJiri mudpiek O0imiM Oepy
pecypcTapbIH KOITaHyMeH OaitmaHbICThl Oomapl. Cabak OaphIChIHAA BUPTYaJIbl
3epTXaHa XOHE MHTEPAKTUBTI TalchlpMalap HalJalaHblIgbl. MbICAIbI,
CTYZIEHTTEp BHPTYaJibl MUKPOCKOII apKbIIbl ©CIMIIKTEP/IiH MHUKPOCKOIHSIBIK
KYPBUIBICHIH dPTYPIi YIKEHTY ACHreHiHae 3epTTe/i.

Bupryanael 3epTxaHanap CTyIEHTTEpre ©CIMIIKTEpAiH aHATOMMSIIBIK
KypbutbichIH 40%, 100x sxoHe 400X YIIKEHTY MeHTreliHIe KapacThIpyFa MYMKIHIIK
Oepni. by omic HaKTHI 3epTXaHANBIK KaFmaimapaa opaabiM KODKeTiMai Ooma
OepMEHTIH MEKPOCKOTIHSITBIK OOBEKTLIEpIi 3epTTeyTe MyMKiH/iK Oeperi. CoHpIMEeH
Katap OUQPIBIK pecypcTap CTYIEHTTEP/iH MOHTE JETeH KbI3bIFYIIbUIBIFbIH
apTTBIPBII, OKY HPOLECIH MHTEPAKTHBTI TYPAE YHBIMAACTBIPYFa JKaFaail jKacazpl.

Cabaxrap OapbICBIHIA CTYICHTTEPIIH MiKipiiepi MEH pedIieKCchusuIapsl 1a
TangaHbl. Kenteren cryneHTTep 3epTxaHaiblK cabaKTapIbIH HHTEPAKTHUBTI KoHE
3epTTEeYIILTIK (popMaTTa YIBIMIACTHIPHITYBI TIOHI TYCIHY/Ii JKEHIIICTETiHIH aTall OTTi.

CrynenTrepid 6ip Oeriri arFamslHAa alIbIK (YOpMaTTaFBI TATICKIpPMAaap bl
OpBIHZAY KUbIH OOJIFaHbIH, ajlaii/ia yakbIT ©Te KeJe MyH/al TarcblpMaap oJiap/iblH
TIOHTE JIETCH KbI3bIFYIIBUIBIFBIH apTThIpFaHbIH alTThL. Kelbip cTyneHTTep
3epTXaHAIBIK cabaKTapIbIH TAOUFH 00BEKTLIEeP/Ii 3epTTEY apKBLUIbI OTKI3UITeHIH
epeKIIe aTam OTTi.

YKanmel anranna CTyASHTTEPiH MiKipiaepi 3epTXaHaIbIK cabaKTapabl
alfMakTHIK (Jiopa MaTepualgapsl MEH IUPPIBIK pecypcTap HeriziHme
YUBIMIIACTBIPY OJApIBIH 3ePTTEYIILTIK Oiay KaOlIeTiH JaMBITYFa )KOHE OHOIIOTHS
MIOHIH TepeH TYCIHyre MYMKIHIIK OepeTiHiH KOPCETTi.

3eprTey OaphIChIHAA AMaKTHIK (pIIopa MaTepUaAaPhIH KOHE MUPPIBIK OLTiM
Oepy pecypcTapblH KOJIIaHy OKYy MPOIECiHIH YIHBIMAACTHIPBLTYBIHA OenTii Oip
e3repicrep eHri3reHi Oaikamapl. Cabak OapbICHIHIA CTYICHTTEPIIH OeICeHTIT
apTKaHBI J)KOHE OJIAPJBIH OKY IMPOIECiHe AETeH >KayalmKepIIUliri KymenreHi
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Oaiikanapl. CTyIeHTTep TeK JailblH aKmapaTThl KaObUIIAyIIbl eMec, 3epTTey
JKYMBICTapbIHA OEJICeHII KAaThICYIIBI PETIHAE OPEKET eTTi.

CoHBIMEH KaTap 3epTTey OaphIChIHIA OipKaTap YHBIMAACTBHIPYIIBIIBIK
JKOHE dicTeMelTiK KHBIHIBIKTAp a aHBIKTaIAbl. ComapasiH Oipi — 3epTXaHaIbIK
cabaKTap/bIH YaKbITTBIK KYPBUIBIMBL MIHTEpaKTHBTI TalchIpMaap, 3epTTeyIiiK
JKYMBICTap JKoHe TalIKpLIayJIap JaCTYpli cabakrapra KaparaHia KoOipeK yaKkbITThI
Taxam ereqi. byt oKy 6armapiamMachIHBIH Ma3MYHBIH JKOCTIapiay Ke3iHae Oenriii
0ip KUBIHABIKTAp TYFBI3YBl MyMKiH [12].

Tars1 6ip OaliKaIFaH Mocele — CTYACHTTEP/IIH 3epPTTEYIILTIK TallCIpMaTapra
OacTamKbl JaWBIHABIK JeHTeHiHIH opTypii Oomysl. Keitbip cTynmeHTTEp amrbIk
(dopMmaTtTarsl TalCchpMalapMeH JKYMBIC icTeylie KUBIHABIKTap ce3inai. MyHnai
JKaF/aiiia OKBITYIIBI TapalblHAH KOCBIMIIA TYCIHAIpYJep MEH OarbITTayIIbl
cypaxTap 6epy KaXeTTLIiri TYBIHIAAbL. SIFHU CTyICHTTEpTe 3epTTey CypaKTapblH
IYPBIC KYpAcCThIpy, OaKpliay JKYPri3y JKoHE allblHFaH HOTIIKEeJEpHi Taunay
Ja¥ IbUIApBIH KAJBIITACTBIPY YIIIH NeJaroruKajiblK Kojuay KaxeT 6ousl [13].

CoHbpIMEH KaTap Oaranay KylieciHe OaiiaHbICTHI 1a OenTisti 6ip KUBIHIBIKTap
Oaiikanael. JlocTypJi TecT )koHE eMTHXaH GopMaTTaphl CTYASHTTEPIiH
3epTTEYIIUTIK JaFAbUIApEIH HEMECe aHATUTUKAIBIK OfiIay KaOineTiH TOJBIK
Oaramayra MyMKiHZIK Oepmeiini. COHIBIKTaH 3epTXaHAIBIK KYMBICTAPIBIH
HOTIDKENEpiH Oaranayna O6anaMa Oaranay TOCUTAEPIH KOIIAaHY MaHBI3IbI OOJIBIIT
Tabbua bl OapAblH KaTapblHa 3epTXaHaIbIK eCeITep, FhUIBIMU IIPE3eHTALHsIIap,
TONTEHIK kK00aap KoHe Talaay )KyMBICTapHI XKaTaapl. MyHait Oaranay Tocimuepi
CTYISHTTEPAIH OKY IMPOLECiHIeTI OCJICCHIITITIH JKOHE 3epTTeY HOTHKEIEPiH
TOJIBIK KOPCETYTe MYMKIHIIK Oepei [14].

3epTTey OaphIChIHIA KOIIAHBUTFAaH dIiCTEMEITIK TOCIIAEep OKBITYIIBLIAP IBIH
TIeAarOTMKAIBIK KbI3METIHE e OH ocepiH Turizai. Cabakrapas! xaHa GopMaTTa
YHBIMIACTBIPY OKBITYIIBUIAPIbI OKY MPOLECIH JKOCHapiiay IblH KaHa TOCUIIepiH
i371eyre JKoHe HHHOBALMSUIBIK 9IiCTep Il KOJIaHyFa bIHTAJIaHIBIPIIBL.

CoHBIMEH KaTap 3epTXaHaJbIK cabaKTapIbsl YHBIMIACTEIPY OapbIChIHAA
OKBITYIIBITIAP apachlHIa TAXKIpUOe amMacy koHe OipJIeCKeH TaJKblIayiap
Kyprizinai. MyHIal BIHTBIMAKTACTHIK OKY IPOIIECIH JKETUIIpyTe KoHE THIMI
onicTeMeiK memnrimep Kadbuiayra MyMKIHAIK Oepi. OKpITYIIBUIapIbIH OipiecKeH
YKYMBICHI )KaHa 3epPTXaHAIIBIK TAaTICBIpMaJiap MEH 3epTTEYIILTIK JKoOaIap bl 93ipIieyre
Heri3 6onbl. By 03 Kke3eriHze rearorukaiblk KaybIMIaCTBIKTBIH KaJlblITacybIHA
JKOHE KOciON ToxXiprOe anMacy MOJICHHUETIHIH TaMybIHa BIKIIAN €Te/Ii.

JKyprizinren 3epTTey HOTIKETIEpi OMOIOTHS TIOHIH OKBITY/Ia 3EPTTECYIIIIIK
OKBITY 9JIICTEePiH KOHE alMaKTBHIK MaTepHaIIapIsl KOJINIAHYIBIH THIM/I CKeHIH
KepceTTi. MyHmal Tocinaepai oKy OarmapiamMachlHa €HTi3y VIniH Oimim Oepy
XKyHecinme Oenrimi Oip Komaay mapanapsl KaKeT.
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EH angeiMeH oKy OarmapiiaMaiapbhlHIa 3€PTXAHAIBIK KOHE TIXKIpHOETiK
JKYMBICTApPFa JKETKUTIKTI YaKbIT 0Ty MaHbI31bI. COHBIMEH KaTap OKBITYIIBLIAPIBIH
KociOM OINMIKTLNITIH apTTRIpyFa OaFbITTalFaH CEeMHHApIAp MEH TPEHUHTTEP
yibIMaacTbIpy KaxkeT. MyHza# ic-mapaiap OKbITYIIBUIAPFA 3ePTTECYIIUIIK OKBITY
omicTepiH THIMII KOJTaHyFa MyMKIHIIK Oepei.

ConbpIMeH Oipre Oaranay >KyiHeciHae e e3repicTep eHri3y Kaxker. baramay
Tek OiliM Ma3MYHBIH MEHTepy[i FaHa eMec, COHBIMEH KaTap CTYACHTTEPIiH
3epTTEYIITIK JaFAplIapblH, aHATUTHKAIBIK Oilay KaOilleTiH jKOHE FRUIBIMH
KOPBITBIH/IBI XKacay KaOlIeTiH JIe eCKepyi THiC.

XKanmer anranga, OHONOTHUIBIK OiNliM Oepyae Ma3MYHIBI MEHIepyMeH
KaTap KY3BIPETTUTIKTEPAi NaMBITyFa OaFbITTalIFaH OKBITY TOCUINEPIH KOJIaHy
MaHBI3ABI 00JBIN TaObIIaAbl. bys Tocinaep cTyAeHTTEpAIH FHUIBIMH OWay
KaOlTeTiH KaJbIITacTRIPYFa )KOHE OJIApIbIH OOJamaK KociOn KbI3METiHe KaXKeTTi
3epTTEYIIUTIK TaFJpUIapAbl JaMBITYFa MYMKIHIIK Oepe/ti.

KopbITbIHABI

JKyprizinren 3epTrey HOTIXKENEpi alfMaKTHIK (iopa MaTeprUaIIapbIH KOHE
nudpielk OiTiM Oepy pecypcTapblH «broamyaHTYPIIiTiK HETi3[epi» MoHIHIH
3epTXaHaNbIK cabaKTapelHAa KOJJAaHy OMOJOTHS MOHIH OKBITY THIMIIIITIH
apTTHIPATBIHBIH KOPCETTi. AWMAKTBIK ©CIMAIKTEp Typasibl HAKTHI MbICATIAPIbI
nmaiiiagany CTYICHTTEpIiH MOHII TepeH TYCiHyiHe, TCOPHSIIBIK OUTIMIH TaOuFu
OpTaJarbl HAKThl OOBEKTIIEPMEH OANTAHBICTBIPYBIHA XKSHE OJIAP/IBIH YKOJIOT USUTBIK
JYHMETAHBIMBIHBIH KaJbIIITACyblHA BIKIAT eTeai. COHBIMEH KaTap 3epTTey
HOTWKENEpl HUQPIIBIK TEXHOIOTUSUIAPABI KOJIJaHy OKYy HPOLECiH HHTEPaKTHBTI
YUBIMAACTBIPYFa MYMKIHAIK OEPETiHIH XKOHE CTYICHTTEP IiH OKY MOTHBAIUSACHIH
apTTHIPATHIHBIH JTJICIAC].

ColroMeTpHSIIBIK YKOHE cayaTHaMa HOTIDKEIepi CTYICHTTEPIiH OKY IPOLIeCiHIe
TOIITHIK, JKYMBIC (DOpMachIH THIMI JIET CAHAWTHIHBIH KOPCETTi. bipiecken oKy
OpEKeTi CTYIEHTTEPIiH e3apa IiKip anMacyblHa, Tajiay Kypri3yiHe KoHe Kypaemi
OHMOIIOTHSUIIBIK MOceTeNiep/Ii Oipre menryine MyMKIiHIIK Oepemi. MyHIai Tocin
CTYICHTTEP/IH 3ePTTEYILILTIK KOHE aHATMTHKAJIBIK Olay KaOLIeTTepiH TaMbITyFa
pIKnan erefi. CoHbIMEH KaTap BUPTYyalbl 3epTXaHallap MEH MHTEPaKTHUBTI
IPIBIK pecypcTapbl KOIIaHy 3epTXaHasbIK cabaKTap/IbIH Ma3MYHBIH OaibITHIM,
OHOJOTHSIIBIK OOBEKTLIEPIl OPTYPIIi ACHTelIe 3epTTeyre MyMKIHIIIK Oepei.

¥ ChIHBIIBIN OTBIPFaH HU(PIBIK MuaThopmaga Kei3puiopaa oOIBICEIHBIH
ecimMaikTepi Typasibl MOP(OJIOTHAIBIK CHIATTaManap, Tapaixy aiMakTapsl,
9KOJIOTHSUIBIK €PEKIISIIKTEP] KOHE MUKPOCKOTIMSUTBIK KYPBUTBIMBI TyPAJIbl aKIapar
OpHaJacThIpbUTybl MYMKiH. COHBIMEH KaTap miardopma ImaiaagaHymIbuIapra
ociMIIKTepaiH (POTOCYPETTEPiH KYKTEI, OJIAPIBIH TYPIH aHBIKTayFa MYMKIHIIK
OepeTiH QYHKIMsIIApMEH TOIBIKTRIPBUTYBI MyMKiH. MyH/Ta# )KYHe CTy ICHTTepAiH
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JIAJTANIbIK [IPAKTHKA Ke31H/Ie )KMHAFaH MaTepUalIapblH OHJICYTe KIHE OCIMIKTep i
aHBIKTAY TPOIIECIH JKEHUIIeTyTe MYMKIHIIK Oepe/i.

Kanuel anranpa aiiMakTeiK (iopa mMarepuaigapblH HHOPIBIK
TEXHOJIOTHSIIapMEH OipiKTipe OTHIPHIT KOMAaHy OHOTIOTHS MTOHIH OKBITY 1A THIMI1
MIeAarOTUKAJIBIK TOCIT OONBINT TaOBIIanbl. by Tocinm cTyaeHTTepaiH FRIIBIMU-
3epTTey JaF/blIaPbIH JIAMBITYFa, OJap/IblH TAOMFATKA JETeH KbI3bIFYIIbLIBIFbIH
apTTHIpyFa KOHE aifMaKTHIK OMOANyaHTYPJLUIIKTI TaHyFa MYMKIHAIK Oepeni.
ConpplKTaH OonamiakTa MyHIal omiCTEMENiK Tocimaepai ONOMOTHSIIBIK OlmiM
Oepy KylieciHe KeHIHEeH SHTi3y MaHBI3/IbI OOJBIT TaObLIAIbL.
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THE EFFECTIVENESS OF TEACHING LOCAL HISTORY
MATERIAL THROUGH DIGITAL RESOURCES IN THE
DISCIPLINE «<FUNDAMENTALS OF BIODIVERSITY»

This article examines using regional floristic materials and
digital educational resources in laboratory classes of the discipline
“Fundamentals of Biodiversity.” In the context of modernization of the
education system and the introduction of digital technologies, it is important
to apply methodological approaches in biology teaching that connect
theoretical knowledge with the characteristics of the natural environment.
In traditional teaching practice, the study of plants is often limited to
theoretical materials, which reduces students.

The study considers integrating regional components and digital
resources into laboratory classes. Through virtual laboratories, interactive
platforms, and digital plant databases, the opportunity to study the flora of
the Kyzylorda region regardless of seasonal conditions was demonstrated.
The methodological model was tested during pedagogical practice among
biology students. A total of 105 students participated in the study.

The results of questionnaires, sociometric analysis, and pedagogical
observation showed that the use of regional materials together with
digital technologies increases learning motivation, improves theoretical
knowledge, and contributes to the development of research skills. In
addition, results demonstrated the effectiveness of introducing regional
components and digital educational resources into biology teaching.

Keywords: Regional flora, laboratory classes, digital education,
regional component, biological education.
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KOHKpemHOo20 pe2uoHa. B mpaouyuonnoil npakmuke usyyenue pacmenuil *e-mail: bni-22@mail.ru
4acmo 02paHudueaemcs meopemuiecKum Mamepualom, Ymo CcHudicaem
NO3HABAMENbHYI0 AKIMUBHOCHb CIYOEHMO8 U 3AmpyOHsiem pa3eumue CIBIP IPIMILLIK XXACAY FbllIbIMU — 3EPTTEY
UCCe008aMeNbCKUX HABBIKOG. MHCTUTYTbIHbIH MHHOBALUSITIbIK
B uccnedosanuu paccmampusaemces unmezpayusi pecuoHaibHO20 TEXHOJIO USIJTTIAPBI

KOMROHEeHmMAa U Yu@pposvlx pecypcos 6 1abopamopuvle 3aHamusl.
Hcnonvzosanue supmyanbhuix 1a60pamoputl, UHMepaKmusHoix niamepopm
u 6a3 0aHHbIX pacmeHuil no3gosiem usyyamo @aopy Kvizoliopounckou
obaacmu He3asUCUMO Om Ce30HHLIX ycaosuil. Memoouueckas mooens
bvLIa anpobuposana cpedu cmyoeHmo8 GUOIOSUHEeCKUX CReYUATbHOCMEIL.
B uccnedosanuu npunsnu yuacmue 105 cmyoenmos.

Pesynomamel ankemupoganus, coyuomMempuieckoeo aHaiuzd
U nedazo2uyecko2o HaOA0OEeHUs NOKA3AAU, YMO UCHOIb308AHUE
PECUOHANbHBIX MAMEPUALO8 BMecme ¢ YUPPOoBuIMU MeXHOI0UAMU
NOGbIULAE YYeOHYI0 MOMUBAYUIO, VIIVYUAen NOHUMAHUE MeoPemUYecKo2o
Mamepuana i cnocoocmsyem pazeumuio UCcie008amenbCKUX HA6bIKO8.
Kpome moeo, pezynomamer noomeepounu 3¢gekmuenocms HeopeHus
PECUOHANLHO2O KOMNOHEHMA U YUPDPOBbIX 00PA308AMENLHBIX PECYPCO8 8
npenodasanue OUOI02UU 8 0OPA306AMENTLHOM Npoyecce 8Y3d.

Kniouesvie crosa: Pecuonanvhas gropa, iabopamopuvie 3ausamus,
yugposoe obpazosanue, pecuoHaAIbHbIIL KOMIOHEHM, OUOL02ULeCKOe
obpazosanue.

Ocvl makanaoa «Cibip ipimwik dcacay evlivimu — 3epmmey
UHCMUMYMbLY bLALIMU — KOAOAHOANbl MEXHOJI0UANBIK d3ipaemenep
3epPMXAHACHINbIY UHHOBAYUSLIK MEXHOI02UANAPLIH KYPY OOUbIHUUA
arcypeizineen F3)XK nomuoicenepi kepceminoi.

«Cibip ipimwik dcacay eviiblMu — 3epmmey UHCIMUMYMbIHbIHY
2anbIMOAPbl MEeH MAMAHOAPBIHBIH CYMmi OHOeyOiH MUiMOLLiciH apmmblpy,
MeXHUKA MeH MEXHOL0SUAHBIY, OUOXUMUS MEH MUKPOOUONOLUSIHBIH JHCAHA
3amanayu scemicmixmepi He2iziHOe madueu ipiMuwik neH 6acka 0a Kayinciz
OHIMOepOIH dcana mypaepiniy mexHoIo2uAIapslH deacay obouviHua F3K
weHbepinoe Kypbvlizan 23ipiemenepi YCblHbLIEAH.

«Cibip ipimwix srcacay vlivimu-3epmmey uncmumymsoly 60 Hcolioan
acmam yaxeim oOotivl Peceu @edepayuscvinviy Anmail eaKkeciHiy cym
OHEepKACIOI CeKMOPbIHOA O63IHIH &blAbIMU KbI3MemiH cammi Jicysece
acwipsin Keneoi.

Ocwl kesenOe ipimwix orcacay F3U 2anvimoapsl scyzoecen ipeeni
JHCOHE KONOAHOANbL HCYMbICIAPObl OPLIHOAObL, CYN OHIMOEpiHIiY
OHOARAH JHCAHA MEXHOJO2UALAPBIH, UHHOBAYUALLIK MEXHOIO02UIbLK
aHcabovikmap mMeH ipiMWiK Jdcacayza apHanigan mexHoa02UsiblK
JHceninepoin dcexenecer yacinepin a3ipnedi dcane oHOIpicke eHei30i,
ipimwikmep MeH aulblMblIeAH CYym OHIMOepiH 6HOIpYy maciidepiHe
JoHcy30eH acmam eHepmadvicmap namenmmendi. Peceiioe keninen
MAHLIMAL MAOUSU IPIMILIK NeH IPIMWIK OHIMOEePIHIY UHHOBAYUATIK
MEeXHONOUANAPbL HcACanObl. Ipimuikmepoiy konmezen backa manbiman
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MypAepiHiy MexHOI02UANAPbL I3IPAeHOl JdHCaHe HCemindipindi. HAKmMbl
JACApMBLIAT KAMMBL, HCYMCAK, MY30bl, 4e00ePUIAYUATAHAH ipiMuikmep,
IPIMWIK MACCACLIH MEPMOMEXAHUKATILIK 6HOey, Oeauxamec mypiepi,
MepMOKBIUKDLL, OANKbIMbIIZAH, COHOAU-AK IPIMWMIK nen anbOymMun
nacmanapbul, Uo2ypmmap mMeH CymybluKbLIObl CYCbIHOAPbL.

Kinmmi cesdep: cviup cymi, ewki cymi, sdcymcax ipimiutiikmep,
AwbIMKbLIAp, Matiekmi hepmernmmep, OY2bl MYUIZIHIK 2UOPOIUZAMDL.

Kipicne

Cibip ipiMIIIiK )Kacay FRUTBIMU-3EPTTEY HHCTUTYTHI 1958 KbLUTBI BYKiTOIaKTHIK
Maii JKoHE ipIMIITiK OHEePKACi0l FEITBIMI-3ePTTEY HHCTUTYTHIHBIH ANTal (hHITHAITET
peTiHae KYpbULIbL.

OunmuanapH HeTi3iT1 FRUTBIMU OaFBITTAPBIHIH 0ipi — O €KIHII KbI3ABIPY/IBIH
JKOFapBI TEMITEPaTyPaChIH/IA iPIMIITIK OHIPICIH TAMBITY JKOHE KETUIAIPY OOJIBII
TaOBUIABI. HCTUTYTTA CYT OHIMIEPIH KOHE CYTTETi KYpAeNi OMOIOTHSITBIK
00BeKTiNIep i 3epTTey omicTepi d3ipmenai, F3U ipiMIIiK amIbITKBICH VIIiH CYT
KBIIIKBIIBI JKOHE MPOMUOH KBIIIKBIIBI MUKPOOPTaHU3MACPIH, ipiMITiKTepre
apHanFaH (epMEHTTEpACH IpernapaTTapAblH KYpaMblH, CYTTi OakTodyraiay
PSKUMICPIH, ipIMIIIKTEPIi TPECTey JKOHE TY3/ay MapaMeTpIIepiH, ONapIbIH MiCYiH
TaHJay MPUHIUITEPiHe FRUTBIMA HETi3ieMe Oep/ii; ueapu3anisaMeH, OaTKbITyMeH
JKOHE OHBIH IICYIMEH IpIMIIIKTiH jXKaHA TYpJCpiH NalbIHAAY TEXHOJIOTHUSIIAPEI,
eKIHIII KBI3JBIPYIBIH KOFAphl TeMIIepaTypachblHaa ipIMIIIK Kacay omicTepi,
OIIOKTapaaFsl ipIMIIIKTEp, COHAAN - aK QYHTHIUATIK KOMIIO3HIUSIIAP/IbIH KaHa
KOMIIO3ULIUSIIAPHI, KOPFAHBIC )KaOBIHBI XKIHE T. 0.

Cibip ipiMImIik jxacay FBUIBIMH — 3€pTTEy HHCTUTYTHI CYTTi KalTa
OHJICYIIH THUIMIIIITIH apTTRIPy, TSXHUKA MEH TEXHOJOTUSHBIH, OMOXUMUS
MEH MHKPOOHMOIOTHUSHBIH JKaHa 3aMaHayH XETICTIKTepi HeTiziHIe Taburu
ipiMIIik meH 6acka fa Kayirnci3 eHiMIep/IiH KaHa TypIAepiHiH TeXHOIOTHsITapbIH
yKacay KOHIHJET1 FEUIBIMHA — 3€PTTEY JKYMBICH MICHOCPIHAC YHEMI FBUTBIMIIBI
KQKETCIHETIH KaHa OHIM aily OOHBIHINA KYMBIC ICTEHIi JKOHE NepeKTepIeri
JKOFapbl HOTHIKEIIEP MEH JKETICTIKTEPMEH MaKTaHa aia (bl O0JIBICTapIbIH

Kaszipri yaxeirra «Cibip ipiMIIiri FBUIBIMA — 3€pTT€Y HHCTUTYTHIHBIH
KBI3METKepJepi OipHerne OarpITTa )KYMBIC iCTeH I

— KaHa peKOMOWHAHTTHI XMMO3UH/ICP/IIH 1pIMIIIK yKacay YIIiH MaHBI3IbI
KacHEeTTepiH 3epTTey;

—  CYTTI yi0o epMEHTTEepiH YHEM/IEYTe MYMKIHIIK OepeTiH CYTTi YIOBIH
0apJIbIK CaTBICBIHAA CYT IelbCPiHIH PEONOTHSIBIK CHIIATTaAMaJIapbIH 3ePTTEY;

—  eMJIK-TIPOUIAKTHKANBIK OaFBITTaFel TAOUFU 1pIMIIIK jkoHE Oacka Ja
CYT OHIMCPIH OHIIPYAiH KaHa OMOTEXHOIOTHSUIAPEIH d3ipiey. [1]
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ByriHri KyHre AeiiH cemp CyTiHeH 0acka Ja CYT TypiepiH (MBICabl emIKi
CYTi) ©HIEy JKOHE CYTTiH KYpaMBIHIAFbl Maii1aibl 3aTTapBIHBIH HETi3iHIe
(GYHKIMOHAIIBI CYT OHIMIEPiH, 9Cpece allbITBUIFaH CYyCBIHAAp MEH IKYMCaK
ipicimrikTepi 93ipiey eTe 03eKTi OOJBI Kasia Oepe/i.

Op TYpJi MalAblH CyTiHEe KapaFaHJa eIIKi CYTi, CYT ©HAEY OHIIpiCiHIH
mamames 2,4 % xypaiiael. [Tombina esi enki cyTi OOWBIHIIA KETEKII KeTKIZyITicl
OonmMaca J1a, OHBIH JKBUIIBIK OHIIpici 45 MIJUTHOH TUTpre OaramaHaasl. Anaiina
eIIKi CYT OHIMICPiHiH HAPBIFBI CEPITIHAI OCY/i )KaTFACTHIPY/1a )KOHE YKBLUT CAlbIH
JKaHa OHIMep makaa 00IaIsl, ocpece )KyMcaK ipimimmik eHaipiciaae [2].

[Mamamen 85 % emki cyTi TaOUFKU MOHMEKTI IpIMILIKTIH SpTYpIIi TypiepiHe
eHueneni. Emki ipiMImikrepi kemTereH engep MeH ailiMakrap, Oipak emki
IpIMIITIKTEPiHIH €H YJIKEH TaHJayblH OCHI eJjep aiMarbiHna Tabyra Ooasbl.
Emki cyTi HerizinAe eHIipiieTiH >kaHa Typii ipimmrikrepneH (60 %) HeriziHeH
Opannuaga meFapeuansl; comad keiin AKII-ta eHaipineTid apThuTait KATThI
ipimmikrep (30 %) kypaiinsl. Hunepnannael, Mramust xxone I'penust (rpek dera
ipiMIIIiri - OyIT €H TaHBIMAJT IPIMIIIKTIH TYPi); coHnai-ak @pannusinaa, Mcnaausaa
xoHe Hunepnanapina enaipinetin emki cy3oeci (10 %) kypaiinst [3].

Eypomnana emki cyTiHeH jkacajFaH CyT OHIMIepi allMaKTHIK OOJIBIIT CaHATa bl
JKOHE JOCTYPIIi a3bIK-TYJIIK pPeTiHae KOMAaHbIIaab! [4].

MaTtepuanmap MeH daicrepi

3epTTey MaTepHaimaphl: CHBIP CYTi, MIKi CYTi, €Ki MEH CHBIP CYTiHIH
KOCTIAaChI, 9PTYPJIi ipiMIIIKTepre apHaIIFaH allbITKbIIAp MEH (PepMEHTTEp, OPTYPIIi
Kocmanap (OyFel MYHi3iHIH THAPONIHU3ATTAPHI, KEMiC-)KUIEK KOHE KOKOHIC
TOJITBIPFBILITAPBI) )KOHE aC TY3BL.

MEMCT 31449-2013 [uxi cublp cyTi. TeXHUKaNBIK maptrap [5]

MEMCT 32940-2014 [uki emki cyTi. TexHUKaIBIK mapTTap [6]

FruIbIMU-3epTTeY )KYMBICTApBIH OpBIHJIAY OapBICBIHAA CYT LIMKi3aThIHBIH
(M3HUKa-XUMUSITBIK KOHE MHKPOOHOJOTHSIIBIK KOPCETKIIITEpiHe JKOHE apaiac
KYMCAK 1pIMITIKTEpAiH TOXipHOENIiK yITiiepiHe 3epTTeyaep KYPri3ifmi.
3epTTeyNep OoCTYPIIi CTAaHAAPTTAPHI dIiCTep OOMBIHINA JKYPTi3iIIi.

HoTu:xenep xoHe TAIKbLIAY

Conrbl xputgaps! Cibip ipiMimIik jkacay FBUIBIMEH — 3epTT€Y WHCTUTYTTHIH
KBI3METKepJepi JKYMcaK ipiMIIIKTepAiH OipHeme )kKaHa MHHOBAIUSIIBIK
TEXHOJIOTUSUIAPBIH JKacaIbl.

MplIcanbl, CHBIp MEH CIIKi CYTiHIH KOCIAaChIHAH JKacalFaH «AK KalbIH»
KYMCaK ipiMIiri, MaitabIH Maccacel 45 % xypaiast (1-cyper).
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I-cypet — CHbIp MEH €IIIKi CYTiHIH KOCIAChIHAH KacaaFraH « AK KailbIH»
YKYMCAK 1pIMIIIri

VIHHOBaLMSUTBIK TEXHOJIOTHSHBIH €PEKIIeNIr] - CYTTIH eKi TypiH OipikTipy
JKOHE TepMOCTATTay MPOLECiH Konaany. Emiki cyTiHeH jkacajFaH ipiMIniKTep
HEMECE OHBIH KOCBUIYBI CIIKI CYTiHIETi Mall KbIMIKbUIIAPBIHBIH KOFaphI
KOHIIEHTPALUSIChIHA OaiIaHBICTBI CUBIP CYTIHEH €PeKIIeICHEeTiHI Oenrii.

Byt ipimMIIikTi OHAIpyAe KOJIaHbLIAThIH OAKTePUSUIBIK alIbITKBI KYPaMbIH/Ia
Me30( MBI CYT KBIIIKBUIBI MUKPOOpPraHu3miepi 0oiybl kepek — Lc MiHaeTTi
TYpJie KOCBIJIATBIH KIHIII KbI3JBIPY TEMIIepaTypachl TOMEH IpiMIIiKTepre
apHaJIFaH JIAKTOKOKKTAP MEH JIGHKOHOCTOKTAp. Cremoris »oHe TePMOPHIIb/I CYT
KBIIITKBIIBI CTPENTOKOKK [7].

By TexHOJOTHSHBI Kypy Ke3iH/e CHBIP CYTIMEH apajackaH elIKi CYTiHiH
YJECiHIH TEXHOJIOTHSIIBIK MpOoLecci OapbichiHAa OEJCeH i KbIMIKbLIIbIK
KOPCETKIlIiHe, IPIMIIIK BUIFAIBIHBIH HIBIFYbIHA, MAaCCAJIBIK YJIECIHE jKoHE Oacka
KOPCETKILITepre dcepiH 3epTTey OOMbIHINA 3epTTeyIep KYPri3iil. O3ipileHreH
TEXHOJIOTHsI (pepMepiTiK IpIMIIIK 3aybITTapbIH/a IPIMIIIKTIH OYJI TYpiH ainyra
MYMKIH/IIK Oepeii, 01 epeKiie oM/ ipIMIIIK I9Mi MEH €Ki CYTiHIH KaFbIM/Ibl
XOIII UICIMCH €PEKIIICIICHE I

Cublp MEH €HIKi CYTiHIH KOCMAChIHAH JKacalFaH «AK KaWbIH» KYMCaK
ipimiriri TexHosoruscel oexitiired toprinned HTK (THI »xone TH) 10.51.40-
092-71220805-2021) »ubIHTBIFbIHIA OastHIaIFaH [8].

Conpaii-ak, 3epTxaHa KbI3MEeTKepJepl KyprakK 3aTTarbl Mai/IbIH MaccajbIK
yueci 45 xane 50 % GonaThiH OYFbI MIAPYaIIBUIBIFBI IMKI3aThIMEH OaibIThIIFAH
«Kpacumupy scyMcak ipiMIOITIHIH WHHOBAIMSIIBIK TEXHOJIOTHSICHIH d31pie/i

(2-cyper).
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o

2-cypet — «KpacumMup» »KyMcax ipiMIiri

«Kpacumupy ipimiiria xacay ke3inge «bykinpeceiinik OyFpl mapyanrbuTbFbl
FBUTBIME — 3€pTTCY HHCTUTYTHIH/IA» OHIIPIITeH THAPOTU3ATTaP TYPIiHACTI OYFBI
[IapyaIIbUIBIFEl OHIMIEP] — TaHTa, eT )KOHE CiHipJiep OalBITaTHIH KOCTIA PETIHAC
HangaTaHbUIAbL.

Byfbl mapyamsuIeIFE (Mapanl mapyambslIslFel) — Peceiaeri aysin
[IapyaITbUIBIFBIHEIH Oipereil camanapseiHbH Oipi. Peceit @eneparmscoaby 20-Fa
KYBIK aliMarbl OYFbI, OYFBI KOHE Mapal MapyallbUTbIFbIMEH aifHAIbICAIbI.

CoHFBI OHXKBUIJIBIKTA Mapall [IapyallbUIBIFBIH 1aMBITY OONBIHINIA €NJeTi
kembacmbuiap: Anraii PecrryOmmkacer — Mapangapasiy mamames 70 %o-b1, Antai
emkeci — 25 %-man acramsr [9].

ByfBl mapyambsIIBIFBIHBIH OHIMIEPI Oap KyMcak ipiMINIKTiH XaHa
TYPiHIH 93ipJIEHTEH TEXHOJOTHACHIHIA 3epTXaHAHBIH FRUIBIMH KbI3METKepIepi
apBICYIBIH KYPFaK 3aTTapblH OaphIHINA MaiifaaHyFa MyMKIiHIIK OepeTiH OCBIHIai
TEXHOJIOTHSUTBIK PeXUMICPl KOMAaHy Typanbl memiM Kaosuiaaasl. CapbICybl
JKOFaphl aKybI3bl Oap »KaHa apajac >KYMcCak IpiMIIIK acay TEeXHOJOTHICHI
KOFapbl TEMIEpaTypa MEH OPTaHWKAIBIK KBIIIKBUIIAHIBIPFBIIITE KEIMICH ]
Taianany¥ra HeTi3/1eNTeH. O3ipJIeHTeH ipiMIITiK TEXHOIOTHACHIHA (YHKITHOHATIBI
Kocmanap peringe [1aHT runponu3aTTapslH KOCY ipiMIITIK KaMBIPBIHBIH OipTeKTi
KOHCHCTEHIMACHIH aTyFa, ipIMITIKTETi aKybI3/IbIH MacCaJbIK YIIECiH apTThIpyFa,
MablH OHIMHIH OPTaHOJENTHKAIBIK KOPCETKIMTEPIiH opTapanTaHIbIpyFa
MYMKIiHIIK Oepai. In vivo Toxipubenepinae aKyMcakx ipiMITKTepiH, CiHIp KoHE
MapaJj eTiHiH THAPOIH3aTTaphl Oap CepPriTeTiH ocepi AONETACHII.

«Kpacumupy ipiMIIITiHIH TEXHOIOTUACH OCTTIICHTEH TOPTIMTICH OSKiTiTeH
HTK (T >xone TH) 10.51.40-092-71220805-202 1) )KUBIHTHIFbIH 1A OasTHTATFaH
YKOHE 1PIMIITIK OHAEY KOCITOPHBIHBIH OHIIPICTIK JKaFIaifbIH/Ia CHIHAIBI.
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Kyprak 3aTTarsr MalipIH MaccanblK yieci 50 % OomaThH KeMic — KUAEK
TONTHIpFEIITApPEl O0ap «beppucy» ipimimiri meFapsuiael. [piMIIikTiH Oy
TYpi KBIIIKBUIABIKTHI PETTETIMITI KOJJaHa OTBHIPHIIN JKOHE JKeMic — KUK
TOJITBIPFBILITAPBIH KOCKII, KAJBIIKA KEJITIPUITeH NAaCTEPICHIEH CUbIP CYTIHCH
HEMece CHBIP MEH eIlIKi CYTiHiH KOCIIaChIHAH jKacaJla/bl.

YKeMic-KuIeK TONTHIPFRIIITAPEI KOOiHEeCe alIBITHUIFAH CYT OHIMAEPIHIH
OYKIJ KJIAchlH OHIIpyJe KOJAAaHBIIAAbl. OHIIPIITeH HOTYpPT TYpJEpiHiH
ACCOPTUMEHTI YHeMi ecim Kenezi ((kemicTep, Cyibl, Oumail keberi, 3BIFBIp
TYKBIMBI, TOMICYIITep, XKaHFakTap, 6ar) [10]

Anaiiia, ipiMIITiK TEXHOJIOTUACHIHIA OHIIPICTIK MacmTadTa JKeMic-KUIEK
TOJTHIPFBILITAPBI CUPEK KOJIAHBLIAAbI. T bUIBIMU-KO1aHOABI TEXHOJIOTHSLIBIK,
d3ipeMenep 3epTXaHachl KYMCAK ipIMIITIK TEXHOIOTHACHIH/IA CYT JKOHE KeMic
— JKMJIEK IIHKI3aTHIH OipiKTipy MYMKIHIITiH 3epTTey OOWBIHIIA ayKBIMIIBI
3epTTeyNep KYprizai. Apanac ipiMIIiK TEXHOJIOTHSACHIH d3ipJeyneri HerisTi
MiHJET TOIATBHIPFBIIITAP.IBI €HT13YIIH TEXHOIOTHSIIBIK Ke3CHIH aHBIKTay OOJIIbI.
KoarynsiusiHbIH €Ki TYPi 1€ 3epTTeIIi: MOHEK KbIIIKbLIBI )KOHE TEPMOKBIIIKBLI.

JKemic — xuieK MHUKI3aTHIHBIH CYT KOCHAChl MEH OPraHUKAJIBIK KBIIIKBLI
epiTiHmiciMeH Oipre KBIIIKBUITAHFAH Ke3Je, COHIAl — aK OJapablH IYpBIC
KaTBIHACHI OOJIFaH Ke3/Ie, OCIMIIK HHTPEINEHTIHIH KBIIITKBUIIBIFRIHA OaiJIaHBICTHI
MaKCHMaJIIbl OHIMILTITi Oap jKyMcak ipiMIIiK, capbICysl 0ap KYpFakK 3aTTap.IbIH
MUHHUMAJIJIBI IIBIFBIHBI )KOHE TYITHYCKA OPraHOJICITHKAIBIK KOPCETKIIITEp anyFa
0OJIATHIHIBIFEl AHBIKTAIIIEL.

«beppucy ipiMIIITi TEXHOIOTHACH OeNTieHreH TopTinmeH oekitinren HTK
(THI »xone TH) 10.51.40 — 092 — 71220805 — 202 1) »KUBIHTHIFBIHAA OAsTHIAIFAH,
IpIMIIIK OHIEY KOCITOPHBIHBIH OHIPICTIK KaFaaifbIHAa CHIHAIHL.

Kyprak 3aTtarbl MaiigelH Maccaibelk yieci 55, 60, 70 % OomaTeiH
«/Ipazomup» KyMCaK alIBITBUIFaH CYTKBIIIKBUIAB! ipiMIIiri eHxenmni (3-cyper).
O3ipIIEHTeH TEXHOJOTHsI OAKTEPUSIIBIK CTAPTEPAiH OPTaHUKATIBIK KBIIIKBUTBIHBIH
KOMETiMeH KaJBIIKa KeATIPUITeH CYTTIH apaiac KbIIIKBUIIaHYbIH KOJIIaHY/IbI
KaMTH[IBL. Apayiac KBIIIKBUIAaHY CYT KOCMACBIHBIH KOATYISAUACH MEH 1pKITTi
TY31ITy TIpOIeCiH KBICKapTyFa MYMKiHIIK Oepzi. TaHmanFraH TeXHOIOTHSIBIK
mapaMeTpiiep IepeKTepAiH OHIIpICTEH OHAIPICKEe TYPaKTHIIBIFBIMEH
CHUIIATTAIaThIH KAXKETTi (Pr3HuKa — XUMUSIIBIK KOPCETKITepi 6ap JalibIH OHIMHIH
KEepeMeT OPTaHOJICTITUKAJIBIK KOPCETKIMITEPiH alyFa MyMKIiHIIK Oepe/i.
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3-cypet — «JIparoMupy jKxyMcaK CYTKBIIIKBUIIBI IPIMIIITIHIH 6HICY MpoIiecci

BipikTipinres KplKbUIAaHYbl 0ap jkaHa «JlparoMup» CYTKBIIIKBULIBI
IPIMIIITHIH YCHIHBIFaH TEXHOJIOTHSCHI KPEM TOPi3/1i KOHCHCTCHITHSCHI MCH KBIIIKBLT
— Kijerein 1oMi 0ap sKyMCaK IpIMIIIK alyFa bIKIal eTe/l, OaKTepUsUIIbI alllbITKbI
JI03aChIH a3alTyFa, CYT KbIIIKbUIBIHBIH OHTAIIbI IIPOLIECIH KAMTAMAChI3 €TyTe KOHE
KBIIIKbUI-OYHPEK VIABIFBIIIBIH aTy Y3aKThIFbIH KBICKAPTYFa, )KYMCAK 1pIMIIIIKTEP/IIH
ACCOPTUMEHTIH KeHEHUTYTe MyMKIHIIK Oepeti. «/IparoMupy ipiMIIriHiH TEXHOIOTHACHI
AADFO-012-2022 mMekeMe CTaHIaPThI KY31HIE KOPCETLITCH.

CoHbIMEH KaTap, FhUIBIMH — KOJIJIaHOAJIbl TEXHOJOTHSIIBIK d3ipiemMenep
3epTXaHACBIHBIH KbI3METKEPIIeP] AlIbITHUIFAH CYT CYChIH/IAPbIHBIH MHHOBAIIMSIIBIK
TEXHOJIOTUSIAPBIH Kacaabl. MaiiabiH Maccansik yieci 3,0 - gan 5,0 % - ra
JEHIHTT TyTac CHBIP CYTIHEH OHIIPLIETIH OVFbI MIAPYaIlbUIBIFbI OHIMICPIHIH
O0roCyOCTaHIMSIIAPBIH KOCA OTBIPHIN, «BHO3HMY» CYTKBIIKBUIABI CYyChIHBI
asipienmai (4-cyper).

4-cypet — Byfbl mapyalbUIbFbl OHIMACPIHIH OMOCYOCTaHIMSIAPBIH KOCa
OTBIPBITT, «BHO3HUY» CYTKBIIIKBUIIBI CYCBIHBI 93ipIeHYIe
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Kem caTbuibl akcTpakius pexxuMaepin, GepMeHTTepai, yabTpaablObICThIK
KOHE JKOFaphl TEMIIEPAaTypalblK OHIEY/l KOJAaHa OTHIPHIN, OYFBl MyHi3
OmocyOcTaHIHUATAPBIH Ay TEXHOJOTHACHIH «bykinmpeceiinik OYFsI
IapyanblIbIFbl FHIIBIMA-3CPTTEY MHCTUTYTBIHBIH» KBI3METKEpJepi
«®Denepanapl AnTai arpoTEXHOJIOTHS FRIIIBIMU OPTAJIBIFBI» YCHIHFAH OipKaTap
TEeXHOJOTHNBIK acnekTiiep Ne 271113 « ATKOTONBCI3 CYCHIHIAp MEH TaMak
eHIMJEpiHEe apHAJFaH MHTPEAMEHTTEP KYpPaMbl» ©HEpPTaOBICEIHA MATEHTTE
KOpCeTinreH. OHIMIEpAiH HApBIKTa aHATIOTTAPHI )KOK: 9/1c0NeTTe allbIThIIFaH
CYT CYCBIHIapBIH OYFHI UKI3aTBIMEH OiIpiKTIPy Typasibl alTBUIAABI €CKipTeH
TEXHOJIOTHSIHBI KOJIJaHy bl KapacThIPaIbl.

Byl mapyambuIbIFel, TPOOHOTHKAIBIK MUKpPO(dIOpa XoHe TaOurn
AHTHOKCHUAAHT (OUTHUIPOKBEPUUTHH) OHIMAEPIHIH OMOCYOCTaHIUIIAPBIH
Talianana OTIPbIM, « BHO3HIYY alIBITBIIFAH CYTKBIIIKBUIIBI CYCBHIHBIH OHIPYIiH
pecypc YHeMIeyIIi OHOTEXHOJIOTHICH OenrineHreH TopTinmeH oexitinren HTK
(THI »xone TH) 10.51.40-092-71220805-2021) »KUBIHTBIFbIHAA OastHIAIFaH,
€Ki CYT ©HIey KOCIMOpPHBIHBIH OHIIPICTIK JKargalbIHIA CBHIHAIABL. In vivo
TOXiprOenepi albiFaH CYTTi CyCHIHHBIH CEpPTiTeTiH 9CepiH KOpCeTeIi.

3epTxaHa KbI3METKepJepi COHAAN-aK KEMiC-)KUIEK TOITHIPFBIIBIHBIH
KOHIICHTPATTaphl MEH OYFbl IIapyallbUIBIFBIHBIH IIUKI3aThIH KOCA OTBIPHIII,
MainbuIbIFbl 3,5 — 4,5 %-nan GactanareiH «PepMepckuil» HOTYPTHIHBIH
WHHOBALMSITBIK TeXHONOTHSICHH o3ipiemi. DAHIIA - 011-2022 xy3 ®TBHY-narsr
«Depmepckuily HOTYPT TEXHOJOTUSACH (epMEpPIiK KOCITOPBIHHBIH OHIIPICTIK
JKaF/IaiibIH/Ia ChIHAIIBL.

CyT KoHE CYT OHIMACPIHIH OMOXUMHUSCHI 3epTXaHaCkIHAA «/poucy KaTThl
ipimmririaig (TL »xone TH) enaipy1iH MHHOBAIMSIBIK TEXHOJIOTHSCH 931pIICH T
10.51.40-093-71220805-2021) mpOTECONUTUKANBIK >KOHE JIMIOJTUTHKAIIBIK
(hepMeHTTIK mpemapaTTapAblH KYpaMBbIH MaifgagaHa OTBIPBIT OHIIpiTedi.
TexHomorus ipiMIIIKTIH MICIM JKETLUTyIiH Mep3iMiH KbICKApTYFa, JHUIIOIN3 OCH
MPOTEOIN3 JACHIeHiH OaKpUIayFa, ipiMINIK OHIIPICIHIH THIMIUTTIH apTTBIpYFa
JKOHE OTAHIBIK KATTHI ipIMITIKTEPAiH aCCOPTUMEHTIH KEHEHTyre MYMKIHIIK
Oepeni. Kacanran TexHomorus Antaif Tay O6KTepiHIeT] ipiMIIIK KOCITIOPHBIHBIH
OHJIIPICTIK KaFTalbIHIa CHIHAIIBL.

KopbITbIHABI

«Cibip ipimimmik »xacay FBUIBIMH-3ePTTEY MHCTHTYTBD» CYT OHICY JKOHE
ipIMIITIK OHIIPY KOCIMOPBIHIAPBIHBIH OTiHIMAEPi OOMBIHIIA 1pIMITIKTEPIiH
SKCKITFO3UBTI TYpJCPiHiH TEXHOIOTHIAPEIH YHEMI 931 pIIeH Ii.

Kaszipri yakeitta «HoReCa» cermeHTiHAe oJaH opi KEHIHEH KOJIaHY
MYMKIHZITiH KaMTaMachl3 €Ty MaKCaThIH/Ia iPIMIIIK MaccachblH KalbINTayAaH
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KeWiH apHalbl OHICYMEH, OOJIIeK MiCyMEeH XapThUTall KaTThI ipIMIIIKTIH KaHa
TYPiHIH TEXHOJIOTHSACHIH jKacay OOMBIHINA 3epTTEYIIEp KYpPTriziyae.

IpimimikTepiH TOOBI KYPBUTABL, OJap IbIH TEXHOIOTHACH ipIMIMIKTIH canachlH
YKAKCAPTY KOHE IMICYiH KEISIICTy MOCEIECiH MICITyTe MyMKIHIIIK Oepi: OJIOKTHI
ipiMIIiKkTep, KabaTTaH skoHe YHIH/IIACH Mmaiiia OOJFaH ipiMImiKTep; KbICKa Mep3iMIe
JKETUICTIH IpIMITIKTep; )KETIIMETeH )KYMCaK ipiMIIIKTEp.
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NHHOBAIIMOHHBIE TEXHOJIOI'NW CUBUPCKOI'O HAYYHO

HCCIEJOBATEJBCKOI'O HHCTUTYTA CbIPOJEJINA

B cmamve npedcmasnenst pazpabomiu y4eHvlX U CREYUudaIucmos
«Cubupcro2o HayyHo — uUccied08amenbcko2o UHCMUMYma colpooeiusy,
coz0anmvle 8 pamkax HHUP no nogviwenuro s¢pgpexmugrocmu nepepadbomxu
MONOKA, CO30AHUIO MEXHON02UT HOBBIX BUO0E HAMYPALLHBIX CHIYYIHCHBIX
CbIpO8 U Opy2oll 6e30NaACHOl NPOOYKYUU HA OCHOBE HOBbIX COBPEMEHHBIX
docmudicenuli mexHUKU U mexHoI02UuU, OUOXUMUU U MUKPOOUOTOSUU.

«Cubupckuil HayuHo — UCCIe008AMENbCKUN UHCTIUMYIL CLIPOOENUS)
som yoice bonee 60 nem ycnewno ocywecmensiem c6010 HAYUHYIO
0esAmenbHOCHb 8 CEKMOope CblpoOenus MOJIOYHOU Ompaciu Anmaiicko2o
kpas Poccutickou @edepayuu. 3a smom nepuoo yuenvimu HUH
culpooenus BbINOJHEHbl COMHU QYHOAMEHMATbHBIX U NPUKIAOHBIX
pabom, pazpabomanvl 1 6HeOPeHbl 8 NPOU3IBOOCMBO OeCAMKU HOBbIX
MEXHONO2U MOJIOUHBIX NPOOYKMOE, eOUHUYHblE 00PA3Ybl UHHOBAYUOHHOZO
MexXHON02UNeCcK020 000pY00BaAHUA U MEXHON02ULECKUX JUHUL O
cvipodenus, 3anamenmosano bonee comnu u30opemenull Ha cnocoobl
npoU3800CMEA CbIPOG U KUCTOMOLOYHBIX NPOOYKMOG.

Paspabomanvr unnoeayuonHnvie mexHoni02uu HAMypaibHbLX
CHIUYICHBIX CbIPOS U CLIPHBIX NPOOYKMOB, WUPOKO u3eecmuulx 6 Poccuu.
Topoocmv Cubupcroeo HUU cvipodenuss — snumuvie Cblpbl ¢ 8bICOKOU
memnepamypou emopozo Haepesanus «Cogsemckuily, «llleeyapckuti
onounsiily, «lopuovitiy, «Butickuity. Takace 6vinu paspabomarsl u
YCOBepULEHCIB06AHbL MEXHOL02UU MHORUX OPY2UX NONYIAPHBIX 6U006
CHIPOB: NONYMBEPObIX, MASKUX, PACCONbHBIX, CbIPbl ¢ ueddepuzayuel,
MmepmMoMexanuieckol 0opabomrkou ColpHOU MACChl, OCNUKAMECHDLX,
MEPMOKUCTOMHBIX, NAAGNEHbIX, d MAKICE CHIPHLIX U AlbOYMUHHBIX NAC,
102ypmoe U KUCIOMONOUHBIX HANUMKOS.

Kniouesvie cnosa: kopogbe MON0KO, KO3be MONOKO, MASKUE CbIPLL,
3AKBACKU, COIUYICHBIE (PepMEHMbl, NAHMOBbIE CUOPONUZAMNbL
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INNOVATIVE TECHNOLOGIES OF THE SIBERIAN RESEARCH

INSTITUTE OF CHEESE PRODUCTION

The article presents the developments of scientists and specialists of
the Siberian Scientific Research Institute of Cheese Production, created
as part of research to improve the efficiency of milk processing, create
technologies for new types of natural rennet cheeses and other safe
products based on new modern advances in engineering and technology,
biochemistry and microbiology. The Siberian Scientific Research Institute of
Cheese Production has been successfully carrying out its scientific activities
in the cheese production sector of the dairy industry of the Altai Territory
of the Russian Federation for more than 60 years. During this period, the
scientists of the Cheese-Making Research Institute performed hundreds of
fundamental and applied works, developed and introduced dozens of new
technologies for dairy products, single samples of innovative technological
equipment and production lines for cheese-making, patented more than
a hundred inventions for the production of cheeses and fermented dairy
products. Innovative technologies of natural rennet cheeses and cheese
products, widely known in Russia, have been developed. The pride of
the Siberian Research Institute of Cheese—making are elite cheeses with
a high temperature of the second heating "Soviet", "Shvetsarsky block”,
"Mountain", "Biysk". Technologies of many other popular types of cheeses
have also been developed and improved: semi-hard, soft, pickled, cheddar
cheeses, thermomechanical processing of cheese mass, delicatessen,
thermionic acid, processed, as well as cheese and albumin pastes, yoghurts
and fermented milk drinks.

Keywords: cow's milk, goat's milk, soft cheeses, starters, enzymes,
path hydrolysates.
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HYPERSPECTRAL ANALYSIS OF MAJOR PESTS
OF SPRING WHEAT IN NORTHEASTERN KAZAKHSTAN

Using hyperspectral imaging, the spectral characteristics of the main
spring wheat pests of northeastern Kazakhstan were studied for the first time:
Anisoplia austriaca, Anisoplia agricola, Phorbia fumigata, Trigonotylus
ruficornis, Phyllotreta vittula, and Haplothrips tritici. Spectral analysis
demonstrates how insects reflect, transmit, and absorb light. The studied
insects exhibit spectral responses within the 500-800 nm wavelength range.
Higher reflectance coefficients are observed in lighter and smoother body
regions, such as the elytra and body of Anisoplia spp., the transparent wings
of Phorbia fumigata, and the longitudinal stripes on the elytra of Phyllotreta
vittula and on the body of Haplothrips tritici. These lighter structures produce
noticeable reflectance in the near-infrared region. Dark body regions
containing higher concentrations of melanin absorb more light than they
reflect, resulting in lower reflectance coefficients. These include the legs,
head, scutellum, pronotum, thorax, and abdomen. Reduced spectral intensity
is also associated with rough surface texture, the presence of hairs, and
the orientation of the specimen relative to the light source during imaging.
The highest near-infrared reflectance is observed in Phorbia fumigata due
to the reflective properties of the wings, in Trigonotylus ruficornis due to
its light body coloration, and in Haplothrips tritici due to reflection from
both wings and yellow stripes. Lower reflectance is recorded in Anisoplia
austriaca and Anisoplia agricola, with slightly higher values in Anisoplia
austriaca because of the absence of dark pigment spots on the elytra. The
obtained data contribute to expanding the understanding of hyperspectral
imaging as a method for insect identification and early detection of harmful
entomofauna in crop fields. The results also provide a foundation for further
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insect classification and practical application of hyperspectral technologies
in agriculture and related fields.

Keywords: hyperspectral imaging, pests, wheat entomofauna,
phytophagous insects, spectra.

Introduction

Wheat (Triticum) is a key food grain crop of the Republic of Kazakhstan.
Wheat diseases cause significant economic losses in agriculture. More than 25 %
of the potential yield of food crops worldwide is lost annually due to plant diseases
and pest damage. The yield of spring wheat decreases by up to 23.2 % during
periods of pest reproduction and by 40-60 % during plant disease epidemics. The
dominant pests of wheat crops in northeastern Kazakhstan include Haplothrips
tritici, Chaetocnema hortensis, Phyllotreta vittula, Trigonotylus ruficornis, and
Psammotettix striatus [1]. Early detection and identification of pests are possible
using hyperspectral technologies. Hyperspectral imaging enables the detection of
harmful insects at early stages of field infestation, optimization of pesticide use,
reduction of production costs, improvement of identification accuracy, reduction
of labor time, increased yield, and enhancement of national food security.

Hyperspectral imaging represents a remote sensing approach for data
analysis that significantly broadens the analytical potential of multispectral
imaging techniques [2]. This method simultaneously records spectral and spatial
information and combines them into a three-dimensional dataset referred to as a
hyperspectral cube [3], which forms the basis for generating hyperspectral images.
In contrast to standard RGB imagery, hyperspectral images consist of numerous
narrow monochromatic spectral bands that reveal subtle external characteristics of
objects, allowing samples to be classified according to these spectral features [4].

The processing of hyperspectral data involves several stages, including image
acquisition, preprocessing, extraction of relevant information, and subsequent
modeling and analysis. Statistical and machine-learning techniques such as
principal component analysis (PCA), clustering, and regression are widely applied
to detect regions of interest (ROI) and to optimize datasets for further interpretation.

Hyperspectral imaging has been increasingly used for quality monitoring
of fresh-cut products during storage and processing. Such products are highly
susceptible to rapid degradation caused by oxidation, moisture loss, and
nutrient breakdown. This technology allows the detection of changes in color,
surface texture, and structural defects, as well as the monitoring of pathogenic
microorganisms including Escherichia coli and Listeria monocytogenes [5], along
with viruses and fungal pathogens [6]. Previous studies have demonstrated its
effectiveness in distinguishing plant pathogens on sugar beet leaves [7], tomatoes
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[8], wheat [9], and barley [10], as well as in the early diagnosis of fungal diseases
in maize [11], yellow rust [12], and common root rot of wheat [13].

Beyond plant disease detection, hyperspectral imaging is also applicable
in agricultural entomology, particularly for the identification of crop pests. The
technique enables differentiation between morphologically similar insect species,
facilitates investigations of insect morphology, and supports field monitoring aimed
at detecting pest-infested crops. Near-infrared hyperspectral imaging (NIR-HSI)
has proven to be a reliable method both for species discrimination (for example,
Tetramorium caespitum and Tetramorium impurum [14]) and for the rapid
assessment of pest infestation levels in crops, including the brown marmorated
stink bug (Halyomorpha halys) [15]. Additionally, hyperspectral methods have
been used to monitor the two-spotted spider mite (Tetranychus urticae) on cotton
plants [16]. Reflectance in the near-infrared region is commonly observed in insects
with white, red, orange, or yellow coloration, and it has also been reported for
certain green insects such as Ancylecha fenestrata and Stipnochlora couloniana,
as well as the walking leaf insect Phyllium celebicum. In contrast, near-infrared
reflectance is absent in the metallic green wings of the butterfly Troides priamus
and in the elytra of Chrysaspis aurovittata [17].

For the broader implementation of hyperspectral imaging in agriculture,
particularly for pest identification and evaluation of infestation levels, additional
information on the spectral properties of insect fauna and on the technological
capabilities of hyperspectral systems is required. Accurate insect identification
relies on the analysis of spectral signatures that reflect unique optical characteristics,
including wavelength-specific light absorption and reflection, which makes it
possible to distinguish even closely related species. Accordingly, the objective
of this study was to analyze the spectral features of the principal pests of spring
wheat in northeastern Kazakhstan using hyperspectral imaging in order to support
their identification and to evaluate the degree of crop infestation. The dominant
phytophagous species selected for investigation included Anisoplia austriaca,
Anisoplia agricola, Phorbia fumigata, Trigonotylus ruficornis, Phyllotreta vittula,
and Haplothrips tritici.

Materials and methods

Phytophagous insects associated with spring wheat were collected throughout
the vegetation period in the principal grain-producing areas of the Pavlodar region in
northeastern Kazakhstan. Sampling was carried out in the Zhelezinsky, Terenkolsky,
Irtyshsky, Aktogaysky, Shcherbaktynsky, and Uspensky districts. The level of pest
infestation was determined using quantitative assessment methods. The investigated
species included Anisoplia austriaca, Anisoplia agricola, Phorbia fumigata,
Trigonotylus ruficornis, Phyllotreta vittula, and Haplothrips tritici.
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Hyperspectral imaging of the collected specimens was performed at the
Biological Research Laboratory of NJSC Toraighyrov University (Pavlodar,
Kazakhstan). Data acquisition was conducted using a FigSpec FS-13 VNIR
hyperspectral camera operating in the 400-1000 nm spectral range. The system
is based on a push-broom scanning principle and provides at least 250 spectral
channels with a spectral resolution of 2.5 nm. Initial visual inspection and quality
control of the hyperspectral images were carried out using specialized Prediktera
software together with the IDL programming environment for processing
hyperspectral datasets.

For every recorded image, a hyperspectral cube was generated. The
preprocessing stage involved spectral calibration using black and white reference
standards. In addition, background noise was minimized through the creation and
application of masking procedures.

The resulting hyperspectral datasets were subsequently imported into
Breeze software (Prediktera) for further analysis. This platform allows systematic
processing of hyperspectral images, visualization of spectral information, and
implementation of classification and interpretation procedures. Each hyperspectral
image represents a multidimensional dataset in which every pixel contains a
spectrum corresponding to a particular wavelength interval. Detailed inspection
of spectral characteristics was performed in the Pixel Explore module. A principal
component analysis (PCA) model was constructed using all pixels of the images.
The generated outputs included Raw Spectrum graphs, Variance Scatter plots,
and a hyperspectral image representing maximum variance.

In the Raw Spectrum plots, individual curves illustrate the intensity of
reflected radiation across the wavelength range of 0—1000 nm, with each curve
corresponding to a specific insect specimen present in the hyperspectral image.

The Variance Scatter plot demonstrates the spatial distribution of pixels in
the coordinate system of the first two principal components (t[1] and t[2]), which
explain the variability within the dataset. Each point represents an individual pixel,
while clusters of points reflect spectral similarity between them. Point coloration
is determined by density, where red indicates areas with a high concentration
of closely located pixels. The first principal component (t[1]) captures the most
pronounced spectral differences and serves as the main parameter for object
classification, allowing beetles to be separated into groups with comparable spectral
characteristics. The second component (t[2]) accounts for additional variability
related to surface structure and subtle morphological traits.

The Max Variance Image is visualized using a color scale that reflects
changes in the t[1] component and highlights regions with the highest spectral
variability. In this hyperspectral representation, insect samples are distinguished
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from the background: blue areas correspond to minimal reflectance intensity,
whereas yellow to red regions indicate the highest levels of reflected radiation.
The observed contrast illustrates the spectral differences between insect bodies
and the background and serves as a basis for describing the characteristics and
spectral signatures of the analyzed objects.

Statistical processing of spectral data was performed using analysis of
variance (ANOVA) and descriptive statistics methods.

Minimum and maximum reflectance values were calculated using Formula (1):

Rmin = min(Ry, Ry, ..., Ry)
Ringx = max(Ry, Ry, ..., Ry).,

where R is the minimum reflectance value in the sample, R is the
maximum reflectance value in the sample, R, R,,..., R, are individual reflectance
measurements, and 7 — is the number of measurements in the sample.

The mean reflectance coefficient represents the average intensity of reflected
light within the studied spectral range and indicates the overall reflectance level

of the object. It was calculated using Formula (2):
u= %Z?ﬂ R;,

where Ri s the reflectance value of the i- th measurement, » is the total number
of measurements.

Standard deviation quantitatively describes the dispersion of reflectance
values relative to the mean and allows determination of whether spectra are
statistically distinguishable. It was calculated using Formula (3):

o= J%Z?=1 (R, — W’

where 4 is the arithmetic mean reflectance, Ri is the reflectance value of
the i-th measurement, and 7 is the total number of measurements.

The coefficient of variation expresses the degree of variability and makes it
possible to assess how variable insect spectra are relative to their mean value. It
was calculated using Formula (4):

cv = Zx 100,
I3
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where ois the standard deviation, and u is the mean reflectance.

Delta reflectance is defined as the difference between the maximum and
minimum reflectance values within a specified wavelength range or between two
conditions. It was calculated using Formula (5):

AR = Rpax — Rmin

where R is the minimum reflectance value and R, is the maximum
reflectance value in the sample.

The spectral band width measures the wavelength range over which significant
reflectance changes occur. It helps determine spectral regions where the object
exhibits distinct optical properties, including maximum absorption or reflectance.
Overlaying spectral bands of different species or conditions enables identification
of statistically significant differences. It was calculated using Formula (6):

SB = Amax - Amin’

where A is the minimum wavelengthand A _is the maximum wavelength.
Spectral skewness indicates the asymmetry of the reflectance and absorption
distribution. It was calculated using Formula (7):

1 Ri—u
SS ==X (LB,

where o is the standard deviation, 4 is the arithmetic mean reflectance, Ri is the
reflectance value of the i-th measurement, 7 is the total number of measurements.

The calculated parameters, such as minimum and maximum reflectance, mean
reflectance, standard deviation, and coefficient of variation, allow quantitative
assessment of the spectral characteristics of the studied objects and identification of
differences between them. Methods such as principal component analysis (PCA),
as well as indicators such as rate of change and delta reflectance, provide a more
comprehensive understanding of spectral variability.

Results and discussion

Figure 1 presents photographs of the study objects, necessary for understanding
the morphological structure of the insects.

108

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepust Xumuko-6uonozuueckas. Ne 2. 2026

Figure 1 — Photographs of insects (a — Anisoplia austriaca, b — Anisoplia
agricola, c — abdomen of Anisoplia spp.., d — Phorbia fumigata,
e — Haplothrips tritici, f — Phyllotreta vittula, g — Chaetocnema aridula)

The following figures illustrate the spectral features of the examined
insects obtained through hyperspectral imaging. Each insect specimen and its
corresponding spectral curve are assigned identification numbers. For instance,
the first red line displayed in the Raw Spectrum plot corresponds to specimen
number one shown in the hyperspectral image.

Two species of the Anisoplia spp. were analyzed: Anisoplia austriaca and
Anisoplia agricola. Anisoplia austriaca is characterized by a convex oval body
measuring approximately 11-16 mm in length, with black regions exhibiting a
metallic sheen and brown elytra that form a rectangular pattern together with the
black scutellum at the base. Anisoplia agricola has a generally similar morphology
but can be distinguished by cross-shaped black markings on its elytra. Spectral
analysis focused on the head, scutellum, and pronotum regions. The investigated
wavelength interval ranged from 500 to 750 nm. The recorded spectra display
comparable intensity levels, which is explained by the similarity in pigmentation
between the species. Minor variations in the spectral curves may result from
enhanced melanization of the chitinous cuticle due to pigment oxidation,
dehydration of tissues, and increased surface roughness caused by prolonged
storage of specimens. According to the Variance Scatter plot, the observed spectral
differences between the species are minimal.

The Raw Spectrum plot presents spectral curves within the wavelength range
of 500—800 nm. The primary reflectance peak is observed between 600 and 750
nm, while a secondary peak occurs in the interval of 750-800 nm, indicating
slight reflectance in the near-infrared region. A reduction in intensity is associated
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with the absorption of light by body areas containing higher concentrations of
melanin. Spectra numbered two, six, and eight correspond to Anisoplia austriaca
and demonstrate the highest reflectance intensity due to the reflective properties
of the brown elytra. Among them, sample six has the lightest surface coloration,
which results in the greatest reflectance coefficient. Spectra one, three, and five
represent Anisoplia agricola and show moderate reflectance intensity because the
cross-shaped pigmented markings enhance light absorption and therefore reduce
reflectance. Differences between individual spectral curves may also be related
to variations in the smoothness of the chitinous surface. Spectra four and seven
correspond to individuals posupwarditioned with the dark abdomen fa in cing ;
these surfaces absorb a larger portion of incident light and therefore exhibit lower
reflectance intensity. This effect is additionally influenced by the rough and hair-
covered texture of the abdominal surface.

The Variance Scatter diagram indicates that the first principal component, t[1],
accounts for nearly all of the variance in the dataset (99 %), suggesting that the
majority of spectral variability is concentrated along a single dimension. As a result,
the distribution of points becomes compressed along the t[1] axis, producing a high
density of points in the central region. The second principal component contributes
only a very small proportion of the variance (0.209 %) and reflects minor variability
within the dataset. The high density of points may also be explained by the structural
similarity and relatively large body size shared by the analyzed individuals.
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Figure 2 — Hyperspectral image of the Anisoplia spp.
110

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepust Xumuko-6uonozuueckas. Ne 2. 2026

The elytra spectra show maximum intensity in the 600-800 nm range,
gradually decreasing toward the edges of the spectrum. This indicates reflectance
of the wings in the near-infrared region, with a higher reflectance coefficient in
Anisoplia austriaca, since this species lacks dark pigment spots. Differences in
spectral intensity within the same species may indicate varying conditions of the
elytra (e.g., thinning) and depend on the selected region of interest.

The maximum reflectance of the legs is observed in the 500-750 nm range.
The forelegs exhibit lower reflectance than the hind legs, which is related to
differences in morphology, texture, pigmentation, and orientation relative to the
light source. In many insects, including Anispolia spp., the hind legs are larger,
and a smoother or denser cuticle may reflect more light, explaining the higher
spectral intensity. The forelegs may be smaller and have a rougher surface, which
scatters light and reduces reflectance. In hyperspectral imaging, spectral intensity
also depends on the angle of light incidence and reflection. The hind legs, being
larger and differently oriented relative to the light source, may reflect light more
effectively. The forelegs are positioned closer to the head and body and may be
partially shaded, reducing their reflectance.

Raw Spectrum (head and pronotum, elytron) Raw Spectrum (legs)

20

500 750 1000 500 750 1000
@ ® @ - head and pronotum ® -hindlegs
- elytron Anisoplia agricola ®® -frontlegs
@ @ - elytron Anisoplia austriaca

Figure 3 — Spectra of different body parts of the Anisoplia spp.
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Phorbia fumigata is characterized by a dark-colored body measuring
approximately 3.5-6 mm in length and by transparent wings that have a grayish or
brownish tint. The obtained spectral curves demonstrate a similar overall profile,
with pronounced intensity peaks within the wavelength range of 500-780 nm,
indicating noticeable reflectance in the near-infrared region associated with the
reflective properties of the wings. The fifth, sixth, and seventh spectra exhibit
higher reflectance values than the remaining curves. This difference is most likely
related to the position of the insects during imaging, when the wing membrane
was oriented in a way that enhanced light reflection. In contrast, the other spectra
show lower near-infrared intensity, which can be explained by stronger absorption
of light by dark body pigments and possibly by a rougher surface texture.

The Variance Scatter plot reveals clusters of points, suggesting that the
majority of pixels corresponding to the fly surface share similar spectral properties.
The main spectral peak associated with the wings is located within the 500-780
nm wavelength interval. Compared with other body parts, the wing membrane
demonstrates the highest reflectance coefficient. Differences in spectral intensity
may be influenced by variations in membrane thickness as well as by the orientation
of the insect during imaging. The compound eyes show moderate reflectance,
whereas the head, thorax, and abdomen display the lowest reflectance values due
to stronger absorption of radiation by pigments.
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Figure 4 — Hyperspectral image of Phorbia fumigate
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Haplothrips tritici (1.2—2.2 mm) is characterized by an elongated body that
is dark brown or black in coloration and marked by lighter longitudinal stripes.
Phyllotreta vittula has a compact black body measuring approximately 1.5-2 mm
in length; its head and pronotum exhibit a metallic green sheen, while each elytron
bears a distinct yellow longitudinal stripe.

For Haplothrips tritici, the highest reflectance intensity is recorded within
the wavelength range of 500—-780 nm. Variations in spectral intensity between
individual samples can be attributed to differences in the density of the cuticle and
the amount of pigmentation. Lighter stripes tend to enhance reflectance, whereas
a thicker cuticle and a higher concentration of pigments generally lead to lower
spectral intensity. Increased reflectance is also observed in thrips specimens that
were positioned with their wings facing upward during imaging.
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Figure 5 — Hyperspectral image of Haplothrips tritici

The spectra of Phyllotreta vittula show maximum intensity in the 500-750 nm
range. The decrease after 750 nm indicates reduced chitin reflectance in the near-
infrared region. Spectra with higher intensity may be associated with a smooth,
glossy surface and the broad light-yellow stripe on the elytra. The lowest intensity
(third, fifth, and sixth spectra) may be due to lateral or abdomen-up positioning of
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the beetles relative to the camera. The reduced point density in the Variance Scatter
plots for Haplothrips tritici and Phyllotreta vittula, compared to other insects, is
related to morphological features and spectral characteristics. Due to their small
size, the hyperspectral image covers fewer pixels, resulting in fewer data points.
Their surface pigments absorb a significant portion of light within specific spectral
ranges, reducing the overall range of variation and decreasing point cloud density.
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Figure 6 — Hyperspectral image of Phyllotreta vittula

Trigonotylus ruficornis has a body length of 5.7-6.5 mm, pale green or
pale yellow coloration, a matte head, and brown eyes. In the Raw Spectrum
graph, maximum intensity occurs in the 500-780 nm range, including part of the
near-infrared region. High peaks are caused by reflection from the light-colored
chitinous cuticle. The matte surface reduces reflectance. Minor differences in
intensity may result from variation in cuticle density and abdomen-up positioning.
Clustering of points in the Variance Scatter plot indicates similar spectral properties
within the group of specimens.
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Figure 7 — Hyperspectral image of Trigonotylus ruficornis

The summarized data on observations of insect spectral properties are
presented in Table 1.

Table 1 — Spectral characteristics of spring wheat pests

. Wavelength Reflectance

Ne Species Body part (nm) g coefficient (%)

1 Anisoplia austriaca Body (dorsal view) 600-800 50-60
Head, scutellum, pronotum | 500-750 20
Elytra 600-800 60-75
Legs 500-750 37,5
Body (ventral view) 500-750 35

2 Anisoplia agricola Body (dorsal view) 600-780 35-40
Head, scutellum, pronotum | 500-750 20
Elytra 600-780 40-50
Legs 500-750 25
Body (ventral view) 500-750 30

3 Phorbia fumigata Body 500-780 35-160
Head, thorax, abdomen 500-750 45-60
Wings 500-780 58-85
Compound eyes 500-750 60-70

4 Haplothrips tritici Body 500-780 75-100

5 Phyllotreta vittula Body 500-750 30-52,5

6 Trigonotylus ruficornis | Body 500-800 75-125
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Statistical processing of the obtained data made it possible to determine the
main trends in insect spectral properties, evaluate the degree of variability and
stability of these parameters, and present the results in a structured form. The
calculated statistical parameters are summarized in Table 2.

Table 2 — Statistical indicators

Ne | Species R IR |1 o cv M AR |4 |4 |SB |SS

| |Anisoplia 50 |60 |55 12,88 |524 |55 |10 |600 | 800 |200 |-0,07
austriaca

o |Anisoplia 35 140 [37,50 | 144 |3.84 137,505 600 | 780 | 180 | 0,13
agricola

3 |Phorbia 35 |160 |80 |36 |451080 | 125 |500 |780 |280 |0,68
fumigata

4 ;Ilf;fcllf’th”ps 75 1100 [86,25 |7.21 8,36 |8625|25 |500 |780 280 |-0.26

s |Phvllotreta 30 52,50 41,25 |649 | 15,74 | 41,25 |22,50 | 500 | 750 | 250 | 0
vittula

6 |Trigononlus |5 1155 log 75 | 1440 | 1461 |98.75 50 | 500 | 800 |300 |0.77
ruficornis

The highest maximum reflectance values were recorded for Trigonotylus
ruficornis, which is associated with its relatively light body pigmentation, and for
Phorbia fumigata, where increased reflectance is mainly caused by the reflective
properties of the wing membrane. In contrast, the lowest maximum reflectance was
observed in Phyllotreta vittula, a species characterized by darker pigmentation. The
mean reflectance value serves as a generalized indicator that condenses complex
spectral information into a single numerical parameter, making it easier to compare
individuals or species. Among the studied insects, Trigonotylus ruficornis displayed
the highest average reflectance, which can be explained by the presence of light
yellow-green pigments in its body coloration.

The calculated standard deviation values for most samples are relatively
low, indicating good repeatability of measurements within each species. For
instance, in Anisoplia austriaca the standard deviation at 800 nm equals ¢ =
2.88%, meaning that the majority of measurements lie within +2.88% of the
mean value. Elevated standard deviation values may reflect either measurement
inaccuracies or biological variability related to pronounced intraspecific diversity.
When o values are relatively high (for example, around 20%), additional statistical
evaluation methods, such as a t-test, are recommended. This parameter can also
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be used to assess temporal changes in species variability: for example, a sudden
annual increase in the standard deviation of reflectance may indicate adaptation
to altered environmental conditions.

In general, the analyzed samples demonstrate low to moderate coefficients
of variation, suggesting a high level of data reproducibility. Moderate variability
was observed in Trigonotylus ruficornis and Phyllotreta vittula, which is likely
associated with biological heterogeneity among specimens, including differences
in age and variations in the condition of the cuticle. A relatively high coefficient
of variation was found in Phorbia fumigata. This can be explained by the limited
number of specimens analyzed as well as by differences in their orientation during
imaging: the individual with the lowest reflectance value was positioned with
the body facing the camera, whereas specimens with higher reflectance were
oriented with their wings upward, which reflect considerably more light than the
dark body surface.

Elevated delta reflectance (AR) values were observed in Phorbia fumigata and
Haplothrips tritici, which is likely related to interference effects produced by the
wings. Increased AR values were also detected in Trigonotylus ruficornis, possibly
reflecting differences in age or variation in the condition of the cuticle among
specimens. In insects with dark pigmentation, AR values generally range from 5 %
to 25 %. Species demonstrating greater stability typically show lower AR values
under varying conditions. For example, a AR value of approximately 5 % in Anisoplia
agricola suggests relatively stable spectral characteristics for this species. Values
within the range of 10-20 % exceed the natural fluctuations typically observed in
stable populations. However, when sample sizes are small, such differences may not
reach statistical significance, as random variation can influence the results. Higher
AR and o values observed in some species therefore emphasize the importance of
considering external factors when interpreting spectral data.

The width of spectral skewness is nearly identical across all examined species,
which can be explained by the similar structural organization of their chitinous
exoskeleton, as they belong to the same insect class. Slight right-skewness in the
spectra of Trigonotylus ruficornis and Phorbia fumigata may be related to the
presence of relatively rare but strongly reflective pigments. Conversely, slight
left-skewness observed in Anisoplia austriaca and Haplothrips tritici is likely
associated with the presence of melanin pigments that absorb radiation in the
short-wavelength region. In the remaining species, spectral asymmetry is minimal.

Conclusion

This research is devoted to the study of wheat phytophagous insects in
Kazakhstan. Spectral analysis revealed the patterns of light reflection, transmission,
and absorption by insect bodies, which can be applied for species identification
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and for evaluating pest impact in agricultural practice. The study determined the
main regularities in spectral behavior and identified key factors that influence
the spectral curves of different insect species. The results also confirmed that
hyperspectral imaging can be used to distinguish morphologically similar species
based on differences in their spectral signatures.

Although interspecific differences were observed, the spectral curves
generally demonstrate comparable shapes and intensity distributions within each
species. Differences in spectral intensity are mainly related to variations in body
regions and morphological features, including pigmentation, the density and
microstructure of the chitinous exoskeleton, as well as the age of the insects.
External factors, such as the presence of dust particles or other contaminants on
the insect surface, may also affect spectral responses.

Higher reflectance intensity is typically associated with lighter body areas.
Such regions include the elytra of Anisoplia austriaca and Anisoplia agricola,
the transparent wings of Phorbia fumigata, the longitudinal stripes on the elytra
of Phyllotreta vittula, the light-colored body stripes of Haplothrips tritici, and
the body surface of Trigonotylus ruficornis. Bright or lightly pigmented areas,
including brown coloration, tend to produce noticeable reflectance in the near-
infrared region. In addition, smoother body surfaces contribute to an increased
reflectance coefficient.

Conversely, darker body regions containing higher concentrations of
melanin absorb a larger portion of incoming radiation and therefore exhibit
lower reflectance values, with little or no reflectance in the near-infrared range.
These areas include the legs, head, scutellum, pronotum, thorax, and abdomen.
Reduced spectral intensity may also be associated with rough surface textures,
the presence of hairs, and the orientation of specimens relative to the light source
during image acquisition.

In insects whose coloration is largely determined by melanin pigments, the
main reflectance peak is located within the visible spectral range of approximately
500-750 nm, while reflectance in the near-infrared region is weak or absent. The
strongest near-infrared reflectance was recorded in Phorbia fumigata, mainly due
to reflections from the wings; in Trigonotylus ruficornis, as a result of its light body
coloration; and in Haplothrips tritici, where reflectance is influenced by the wings
and yellow body stripes. Lower reflectance values were observed in Anisoplia
austriaca and Anisoplia agricola, although Anisoplia austriaca showed slightly
higher values because its elytra lack dark pigmented spots.

Overall, the findings provide additional insights into the structural properties
of the insect exoskeleton and highlight the potential of hyperspectral imaging as a
promising tool for applications in entomological research and agricultural monitoring.
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COJITYCTIK-IIBIFbIC KASAKCTAH/JATBI )KA3/1bIK
BUJIAWIBIH HETI3T'1 3SUSTHKECTEPIH
IT'MNEPCHEKTPJIIK TAJIJAY

Tunepcnexmpanowi betineney a0ici apkuiiwl areaut pem Kasaxcmanmviy
CONMYCMIK-UUBIZBICHIHOARbL HCAZ0bIK OUOALL 3USHKECTNEDIHIH CHEKMPANObIK
cunammamanapsl 3epmmendi: Anisoplia austriaca, Anisoplia agricola,
Phorbia fumigata, Trigonotylus ruficornis, Phyllotreta vittula, Haplothrips
tritici. Cnexmpiaep0i manoay HaHOIKmMmepoiy HAapulKmbvl Kaiau
UARBLILICMBIPAMBIHBIH, OMKIZeMIHIH HCIHE HCYMAMbIHbIH KOPCemeoi.
3epmmencen scondikmepoiy cnekmpiik ouanazonsr 500—-800 Hm
apanvievinoa. lazviny kosgpuyuenmi scozapuvl dene Oonikmepi —
2HCOHOIKMEPOTH AULbIK, MYCMI JCIHE Me2ic auMaKmapbsl (Acmvlk KOYbI3bIHbIY
ycminei KaHammapbl, ublObIHHbIY MOIOID KAHAMMAPbL, OYPeeHiy yCminei
KaHammapulHOagvl JcaHe mpuncmiy 0enecinoeei jHcorakmap, acmolk,
KaHOANAChIHbIY OeHect), 01dp HCAKbIH UHQDPAKLIZbLL CHeKmpoe auKblH
wagvlny depeodi. Menranun monuepi Kon Kapanvl 6OIIKmMep dHcapblKmuol
ARbLIObIPRAHHAH 26Di KODIpeK HcYmaovl, COHOLIKMAH 01APObIH UWASLLILY
K03 uyuenmi memen (asxmapwl, OAcvl, KATKAHUWACHL, ATIObIHEbI APKA
beuiei, keyoeci, Kypcaevl). Mnmencusminikmiy memeHoeyi cOHOAU-aK
bemki Kabammuly Kedip-OyObIpiibl KYPbLIbIMbIHA, MYKMepoiy OONYbIHA
JIcaHe mycipy Ke3iHOe2l JcapvlK KO3iHiH OpHANLAcy epeKuielikmepine
oatianvicmol. JKaxvln uHQpPaKsI3elnl 0UANa30HOA ey HCoapbl ULAbLLY
Phorbia fumigata mypinoe kanammapeiHbly WaeblIObIPy Kabilemine
oatnanvicmet, Trigonotylus ruficornis mypinoe Oeneciniy auiblk mycine
oatinanvicmel, an Haplothrips tritici mypinde kanammapsl meH capol
JHCONAKMAPBIHBIH, HCAPBIKMbL WALLLIOLIPYbIHA OAIAHbICIbL OANKAIAOb.
Anisoplia austriaca swcone Anisoplia agricola myprepinoe waeviny
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memen Oeneetide, anaiioa OipiHwicinde ycminyei KAHAMmMapuvlHOd
Kapa nuemenmmepoiy 60imMaybiHa OauIaAHbICIbL WASLLTY KOPCemKiull
Jrcoeapelpak. AnviHean Oepexkmep cunepcnekmpanovl Oetineneyoi
2HCOHOIKMEPOI CaLIKeCMeHOIPY JHCaHe e2ic OaKbLIOAPbIHbIY 3AKbIMOAHYbIHbIH
epme Ke3eyoepinoe 3UAHObL FIHMOMOPAYHAHBL AHLIKMAY 20ici pemiHOe
KON0aHy MyMKiHOiKkmepin 3epmmeyze ynec Kocaovl. Convimen Kamap 0y
Homuoicenep HCIHOIKMepOi apmypii caraniapoa nPaKmukaiblk KoioaHy
YWin 00an api HcikmeyOiH blIbIMU He2i3IH Kanatiobl.

Kinmmi ce3oep. eunepcnexmpanowel beiineney, suaunkecmep, ouoat
sHmomoghayracel, pumoghacmap, cnekmpiep.

Cepus Xumuro-6uonoeuveckas. Ne 2. 2026

Kpulaves, v Trigonotylus ruficornis 3a cuem céemnoii okpacku mend, y
Haplothrips tritici 3a cuem ompasicenus céema om Kpblibeg U HCeambix
noaocox. Hebonvuoe ompasicenue nadrooaemesn y Anisoplia austriaca u
Anisoplia Agricola, npu smom y nepeoco ono vluie 3a cuem omcymcmeust
MeMHbIX NUSMEHMO8 HA HAOKpbLIbAX. [lonyuennvie oannvie 8HOCAM
BKIIAO 6 U3YYEHUE BO3ZMOICHOCTEL 2UNEPCNEKMPATbHOU GU3YATUIAYUU 6
Kayecmee memooa U0eHmMuUKayuu HaceKkoOMbIX U OOHAPYHCeHUs BDEOHOL
IHMOMOGHAYHBL HA PAHHUX CIAOUAX 3APANCEHUS NOCEBHBIX KYIbMYp, d
makdice nedxicam 6 0cHoge OanbHeluell K1accuQurayuu Hacekomulix 0
NPAKmMu4ecKo20 NPUMEHeHUs 8 PA3HbIX 0OIACHAX.

Kniouesvie cnosa: eunepcnekmpanbhas 6uzyaiuzayus, epeoumennt,
A. E. Konnaeé', “"A. B. Ocunosda’, P. M. Yanuesa® sHmoMoghayra nuieHuysl, pumodgpazu, cnekmpul.
23T opalirelpOB YHUBEPCHUTET,
Pecny6nnka Kazaxcran, 1. [TaBmomap.
IMoctynuno B penakuuio 27.02.26.
Ioctynuno ¢ ucnpasnenusimu 04.03.26.

IIpunsTo B neuars 10.06.26.

TUNEPCIEKTPAJBHBIN AHAJIA3 OCHOBHBIX BPEJIUTEJEM
APOBOW IMIITEHUAIIBI B CEBEPO-BOCTOYHOM KA3AXCTAHE

C nomowpio eunepcnekmpaibHol 6U3yaiu3ayuu enepevle Oblau
U3yueHbl CHeKMpaibHble Xapakmepucmuky gpeoumencii ipoeoul NueHuybl
cesepo-eocmoka Kazaxcmana: Anisoplia austriaca, Anisoplia agricola,
Phorbia fumigata, Trigonotylus ruficornis, Phyllotreta vittula, Haplothrips
tritici. Ananuz cnekmpog noxasvlgaem, KaKk HACEKOMble OmMpaxicaiom,
nepedaiom u noznowjaiom ceem. M3zyuennvie Hacekomule UMerom ouana3on
cnekmpa 6 npedenax 500-800 nm. Boicoxum koapghuyuenmom ompasicerus
obnadarom bosee ceemivle u 2IAOKUE YUaCHKU Meld HACEKOMbIX (HAOKDbLIbS
X1EOHO20 JICYKA, NPO3PAUHbIE KPLLIbS MYXU, NOJOCHL HA HAOKPLLILAX OIOWKU
u mene mpunca, meno XaebHo2o KIOnuKa), Komopule 0arom ompagicenue
6 Onudcnem un@pakpacnom cnekmpe. TemHvie yuacmku ¢ 60TbUWUM
KOIUYECMBOM MEIAHUHA NO2IOWAIOm Oonbule C8emad, Yem Ompaxcaiom,
HO2MOMY UX KOIPDuyuenm ompadicenus Husxice (1anku, 20108d, WUmox,
nepeonecnuuka, 2pyov, oprouiko). CHudxiCeHUe UHMEHCUBHOCMU MAKHCe
CBA3AHO C WepOX08amMOl CMPYKMYpoll NOBEPXHOCMU, HATUYUSL 0IOCKO8
U 0COOEHHOCMAMU PACNONONCCHUA UCTNOYHUKA C8eMd NPU CbeMKe.
Hauborvwee ompascenue 6 6audxicHemM UHGAKPACHOM OuUanasoue
nabooaemces y Phorbia fumigata 3a cuem ompasicamensHoli cnocodnocmu
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ASSESSMENT OF CLIMATE RISKS FOR THE WATER
SECTOR OF THE PAVLODAR REGION

The risk of flooding is a pressing issue for the Pavlodar region due
to its location along the Irtysh River, its sharply continental climate,
and high levels of precipitation. Floods can damage infrastructure
and agricultural lands, leading to additional costs for recovery and
emergency response. This study conducted an analysis of climate risks for
water resources in the Pavlodar region and provided recommendations
for adaptation measures. To assess the risk components, data on
temperature, precipitation, vulnerable populations, and the condition of
water sector infrastructure were collected. According to the calculations,
the Pavlodar region currently faces a moderate risk of flooding (49
%) due to a combination of climatic, hydrological, and social factors.
Increased temperature fluctuations, higher precipitation, and snow
accumulation contribute to higher spring runoff and more frequent
floods, especially in the Irtysh River basin. Additional pressures arise
from irrigated agriculture and the insufficient capacity of drainage
systems. Effective adaptation should be comprehensive, combining the
modernization of engineering infrastructure, the implementation of
nature-based solutions, the development of monitoring and early warning
systems, and strengthening social protection for vulnerable groups. The
implementation of such measures won't only reduce the scale of floods
and related losses, but also enhance the long-term resilience of the water
sector and the region’s population to climate change.

Keywords: climate change, environmental risk, risk assessment,
water resources, weather conditions.
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Introduction

Climate change causes significant damage to ecosystems and urban
infrastructure, affecting both biophysical and socio-economic systems. Early
assessments focused on direct climate factors (temperature, precipitation) and
their individual effects, such as impacts on wind energy, erosion, and fire risk
[1]. Warming and increasing drought frequency reduce crop yields, while the
«fertilization effect» of CO: doesn’t compensate for climate stress [2]. Risks
are further exacerbated by institutional constraints, outdated infrastructure,
and the socio-economic consequences of the energy transition [3]. Later,
vulnerability assessments emerged, integrating both climate and socio-economic
factors, followed by analyses of adaptive capacity and damage reduction
strategies. Most projections are accompanied by high uncertainty [4], which
led to the development of models that consider adaptive capacity and social
vulnerability [5], species vulnerability [6], as well as indicators for water
resources and electricity generation [7]. A key milestone was the adoption of
RCP scenarios instead of SRES [8]. Modern risk analysis considers exposure,
sensitivity, adaptive capacity, and social vulnerability (poverty, infrastructure,
health, social networks) [9], enabling the evaluation of the effectiveness of
adaptation strategies [10]. Economic studies examine climate risks through a
risk-management lens, accounting for extreme scenarios [11]. Dynamic models
demonstrate that short-term losses can translate into long-term economic
setback if infrastructure is destroyed and investment potential declines [12].
In urban areas, climate analogs and economic impact assessments are applied
(infrastructure adaptation, healthcare, transport, and energy) [13]. Major risks
include heatwaves, floods, deteriorating air quality, and water shortages, with
socially vulnerable groups being the most at risk [14]. Extreme precipitation
events are intensified by climate change and the urban heat island effect, while
urbanization increases potential damage [15]. In coastal zones, sea-level rise
leads to flooding of lowlands, soil salinization, and loss of valuable ecosystems,
with urbanization limiting opportunities for ecosystems to migrate inland [16].
Climate factors also enhance the mobilization of heavy metals, increasing
ecological and toxicological risks [ 17]. Models show an increase in the frequency
of heavy rainfall events and the extent of flooding [18]. According to the IPCC
ARG, current warming is of anthropogenic origin, climate risks are growing
faster than projected, and the window of opportunity for adaptation is rapidly
closing, necessitating urgent and systemic measures [19]. Adaptation to climate
change requires an interdisciplinary approach that accounts for the systemic and
cascading nature of risks.
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For Central Asia, there is a lack of studies providing climate risk assessments.
In Kazakhstan, it is especially important to consider regional specifics when
developing climate risk models and adaptation strategies. Flood risk is a pressing
issue for the Pavlodar region due to its location along the Irtysh River, its sharply
continental climate, and high precipitation levels. Floods can damage residential
and industrial facilities, infrastructure, and agricultural lands, resulting in additional
costs for recovery and emergency response. Therefore, the aim of this study is to
analyze climate risks for water resources using the Pavlodar region as a case study.

Materials and methods

Meteorological parameters were measured in the field to assess the
temperature regime and the amount of precipitation during the study period. Air
temperature was measured using a CX1105 thermohygrometer. The device was
placed in a location protected from direct solar radiation and artificial heat sources,
at a height corresponding to standard conditions for near-surface meteorological
observations. Before starting the measurements, the device was allowed to stabilize
under ambient conditions. Temperature values were recorded in degrees Celsius
(°C). Measurements were performed regularly at the same time of day. Precipitation
was measured using a rain gauge installed in an open area, free from buildings and
trees. The rain gauge was placed on a horizontal surface and regularly checked to
ensure it was free of foreign debris. Measurements were made by recording the
total amount of precipitation that fell over a 24-hour period, with values recorded in
millimeters (mm). During the cold season, both liquid (rain) and solid precipitation
(snow) were considered, with results converted to water equivalent. To improve
the reliability of the results, measurements were carried out systematically and
under uniform conditions.

The average temperature was calculated using the formula:

. _LT

avg = T

where T4 is the average temperature; Y. T; is the sum of temperature
measurements; # is the number of measurements.

The average precipitation was calculated using the formula:

_zn

Pavg -

n

where P, is the average precipitation; Y. P; is the sum of precipitation
measurements; # is the number of measurements.
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For the assessment of climate risks, a semi-quantitative risk analysis method
was used [20]. Thresholds for each indicator were calculated using the formula:
Xi—Xmin

X = N
Xmax—Xmin

where x is the value of the indicator for the period under consideration; X;
is the actual value of the indicator for the period under consideration; Xy, is the
minimum value of the indicator for the period under consideration; X, is the
maximum value of the indicator for the period under consideration.

In cases where an increase in the indicator reduces risk, the value should be
subtracted from 1.

Aggregation of individual indicator values for each risk component (hazard,
exposure, vulnerability) was calculated using the formula:

I xXwyt L Xwy . Iy Xw;)

T >
5w

I

where 1 is the aggregated indicator; is the risk component indicator; w; is the
weighting coefficient of the indicator (if all indicators are equally important w =1).
Aggregation of the risk components was calculated using the formula: >

R = (Hxwy)+(Vxwy)+(EXWE)
wWhH+wWy+wpg

s

where R is the risk; H is the hazard component; Wy is the weight of the
hazard component; V is the vulnerability component; Wy is the weight of the
vulnerability component; E is the exposure component; Wg is the weight of the
exposure component.

A causal chain will be constructed to determine the indicators for the analysis.

Results and discussion

For the hazard component, indicators were based on our own observations
of climate changes: average temperature (°C), average precipitation (mm), and
number of days with precipitation. The average temperature was —4.4°C, average
precipitation was 7.38 mm, and the number of days with precipitation was 35.
These indicators were collected over four months of the cold season, and the
dynamics are shown in Figure 1.

For the exposure component, the following indicators were used: area of
irrigated land (297,000 ha), share of elderly population (77,364-85,214 people over
65 years old) and low-income households (1,848 households or 7,392 people) out
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of a total population of 745.6 thousand, and the share of settlements in potential
flood zones (43 rural settlements).

For the vulnerability component, indicators included: water losses in the
water supply system (30 %), degree of wear of water supply and drainage networks
(54 %), and the share of investments in the water sector (148,2 billion tenge allocated
for modernization of the municipal sector in the region out of 579 billion tenge of
national investments in the water sector — 25.6 %). Data were sourced from the
National Bureau of Statistics, the World Bank, Weather and Climate databases, and
official reports (e.g., Pavlodar Vodokanal LLP). The minimum and maximum values
were defined as the lowest and highest possible values for each factor.

Temperature
20
10
0
-10
20
-30
o 28.01.2
28.09.25 8.01.26
Precipitation
20
15
10
5
0
28.09.25 28.01.26

Graph 1 — Visualization of dynamics of temperature and precipitation changes
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Table 1 presents the indicators for each risk component and the final
calculations based on the aggregation of indicator values. Figure 2 visualizes the
results obtained from these calculations.

Table 1 — Impact Pathways and Key Indicators of Climate Risk Assessment

Components
Ne | Risk Factor Indicator Threshold Actual |x 1
component values values
Xmin Xmax (xl)
1 | Hazard Temperature Average
fluctuations temperature (°C) -16,7 1 -10,1 44 |08
Precipitation Average precipitation 21,75 35 26,1 03
amount (mm) 0,57
Number of Number of days
days with with precipitation 25 40 35 0,6
precipitation
2 | Exposure Degree of Number of
terrltor}al settlements in 20 60 3 0.6
protection potential flood
against floods | zones
Socio- Share of elderly 0,38
economic and low-income 11,4 15 12,4 | 0,2
exposure households (%)
Area of Area of agricultural
irrigated land | land in hectares (ha) 80000 | 700000 | 297000 0,35
3 | Vulnerability | Water losses Losses in percentage
(sensitivity) | in the supply (%) 17 40 30 0,6
system
Vulnerability | Degree of wear | Percentage of wear
(adaptive of water supply | of water supply and 0,53
. . . 38 70 54 0,5
capacity) and drainage drainage networks
networks (%)
Investments in | Share of national
the water sector | budget (%) 12 40 256 1 05
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Graph 2 — Visualization of indicators and risk components

Aggregated risk indicator of risk components:

~ 057+0,53+0,38
3

R = 0,493 = 49%.

Thus, the level of risk to water resources in the Pavlodar region is 49 %. The
main factors increasing risk include rising temperatures, an increase in the number
of days with precipitation, the presence of settlements in potential flood zones,
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and water losses in the water supply system. Negative temperatures combined
with significant precipitation contribute to the accumulation of snow masses,
leading to increased spring runoff. Prolonged periods of precipitation increase the
likelihood of river channel overflow, especially of the Irtysh River. In the autumn
and spring of the current year, sharp temperature fluctuations (thaws and frosts)
were observed, as a result of which the soil didn’t have time to dry and retained
high moisture, intensifying surface runoff. On irrigated lands, additional watering
increases moisture reserves in the soil and on the surface, which contributes to the
growth of total runoff into rivers and increases the likelihood of water exceeding
riverbanks. The deterioration of water supply and wastewater networks leads to
delays in water drainage, higher water levels in low-lying areas, and an increased
likelihood of emergency situations during flood periods. Despite ongoing
investments, their volumes remain insufficient to significantly reduce the degree
of infrastructure wear. A significant share of vulnerable population groups reduces
society’s capacity for independent adaptation, timely evacuation, and recovery
after extreme hydrological events.

Impact chains make it possible to structure complex climate risks and serve as
a basis for developing effective adaptation strategies. As a priority, it is necessary to
begin modernizing engineering infrastructure, including the creation and expansion
of storm water drainage systems, as well as to consider flood maps when issuing
building permits and to adjust master plans in line with climate scenarios. This will
help reduce the scale of development in risk zones and decrease the vulnerability
of the local population. The formation of a registry of vulnerable groups, the
organization of temporary housing, and mobile assistance points are necessary
measures under high flood risk. Increasing the adaptive capacity of the population
is possible through regular flood safety drills, the development of simple and
accessible household guidelines, and training farmers in adaptive water-use methods.
Important engineering and environmental measures also include the construction
of water-retention ditches, settling ponds, and local runoff retention systems. For
flood forecasting and timely protective actions, active use of satellite data and GIS
modeling is required, along with the establishment of clear information transfer
algorithms from Kazhydromet to emergency services and the public.

As Nature-based Solutions for flood mitigation, it is advisable to use sowing
of perennial grasses (alfalfa, brome grasses, and fescues), the creation of grass
and forest belts between fields and watercourses, the formation of buffer zones in
agricultural landscapes, and the development of green areas in low-lying terrain for
temporary water retention. Small earthen dams, check dams, and water-retention
ditches are also effective, as they reduce the load on storm water systems and
decrease the scale of local flooding. Forest reclamation is particularly relevant in
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areas of degradation or destruction of floodplain forests. The combined application
of these measures allows meltwater and rainfall to be retained during flood periods,
reduces surface runoff and erosion, and enhances the resilience of natural and
socio-economic systems. Generalized data are presented in Picture 1.

Modernization of
Risk component Factor Adaptation strategies engineering
infrastructure

Buildings located in Upgrading drainage

N potential flood systems and construction
A \ TS NbS i] B of stormwater sewer
Hazard =

networks,
Creation of grass and forest
N Deterioration ol belts between ﬁelc!s and m
Exposure water supply watercourses, establishment
nemworke of buffer zones, development
of green areas in low-lying Social protection
Vulnerability terrain for temporary water
k . ek of vulnerable
temperature and groups
e Consideration of flood risk

maps in territorial planning
and in issuing building
permits, GIS-based flood
modeling.

Picture 1 — Generalized data on the impact chain and adaptation strategy for the
water sector

All adaptation solutions should be implemented in combination with other
environmental and urban planning measures aimed at reducing the negative impacts of
urbanization and economic activities on the climate and water resources of the region.

Conclusion

According to the results of the study, the Pavlodar region is in a zone of heightened
hydrological vulnerability and faces a moderate flood risk (49 %) due to a combination
of climatic factors, infrastructure degradation, land-use characteristics, and social
vulnerability of the population. Pavlodar is located in a forest-steppe zone, where
surface runoff is more pronounced than in forest ecosystems. Increased temperature
fluctuations, higher precipitation, and snow accumulation lead to higher spring runoff
and more frequent floods. Temperature variability results in unstable soil moisture
regimes, reducing the soil’s ability to absorb meltwater and rainfall. Heavy precipitation
during the cold season contributes to snow accumulation, which subsequently
generates high spring runoff, increasing the load on river basins. Extended periods of
precipitation raise the likelihood of river overflow, enhancing the probability of extreme
hydrological events and destabilizing the water regime. Irrigation of agricultural lands
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increases surface runoff, further exacerbating the load on water basins during flood
periods. The deterioration of water supply and drainage systems increases water losses,
delays runoff, and leads to localized flooding. The absence of an effective stormwater
drainage system in rural and urban settlements reduces the capacity to quickly remove
excess water. Despite initiated projects, insufficient investments hinder the timely
modernization and renewal of engineering infrastructure.

Effective adaptation must be comprehensive, combining the modernization of
engineering infrastructure (drainage systems, expansion and construction of stormwater
networks), the implementation of nature-based solutions (small dams, ponds, and
ditches), the development of monitoring and early warning systems (integration of
satellite data, GIS-based flood modeling, installation of automated meteorological
stations), as well as the strengthening of social protection for vulnerable groups (public
training, consideration of flood maps in spatial planning and building permits). The
implementation of these adaptation measures won’t only reduce the scale of floods
and associated losses but also enhance the long-term resilience of water resources and
the population of the region to climate change.
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IMABJIOJAP OHIPIHIH CY CEKTOPBIHA APHAJIFAH
KJIMMATTBIK TOYEKEJJEPII BAFAJIAY

Cy mackpinvl Kayni Ilagnodap obavicel yuin e3ekmi macene 60bin
mabuvliadel, cebebi obavic Epmic e3eniniy 60ilbiHOA OPHANACKAH,
KOHMUHEHMMIK KAUMamKa ue dicane dcayvin-uiautln monuepi kon. Cy
MACKbLIHOAPLL UHPPAKYPBIILIMEA, AYbLL WAPYAUBLIBIZEL JcepTiepine 3UsiH
Kemipin, KaanvlHa Keimipy J#caHe memeHuie #cagianapaa OaubiHObIK YUuliH
KOCHIMULA LUbIRBIHOAPObIH MY LIHOAYbIHA ceben 601adbl. 3epmmey OapbICbiHOA
Ilasnooap obaviCbiNbIY CY pecypcmapblHa KIUMAmmolk, mayexenoep
Manodanovl ddcone adanmayusibly Wapaiapea Kamvlcmvl YCblHbICMAp
Oepinoi. Tayexen KOMNOHeHMMEPIH 6A2ANAY YUIH MEeMREPAMYPA, HCAYbIH-
WAUBIH, OCA XATBIK JHCIHE CY CANACHIHBIY UHPPAKYPLLIBIMbIHBIH HCAROAIbL
mypanvl Oepekmep sHcunanowvl. Ecenmeynep namuoiceci botivinwa, Ilasnooap
00161CbL KA3IP2l YaKbimma KiumMammbly, 2UOPONOSUSIbIK JHCIHE ANeYMEMmiK
¢axmopnapoviy yinecyi canroapbiHan opmauia Oeyeeuoesi cy macKbiHbl
mayexenine (49 %) ywoipaiiovl. Temnepamypanviy ayblmkyblHbll Kyueloi,
JHCAYBIH-UUAUIbIHHBIY KOOEIOT JHCIHE KaAP MACCACLIHbIY ICUHALYbL KOKMEMR]
ARLIHHBIH APMYbIHA HCIHE CY MACKbIHBIHbIK HCULTIZIHIH YI2At0bIHA IKeneOi,
acipece Epmic 6accetininde. Kocvimuia KblCbiM OpOWBLIAMbIH AYbi
WaApyawslivbiabl MeH Cy azbl3y HCYUeNePiHiH HCemKLIIKCI3 OmKIzy Kabiiemi
apxuLibl MysiHoatiovl. Tuimoi adanmayus Keuienoi 601ybl Muic JHcane
UHIICEHEPTIIK UHPPAKYPLLILIMObL HCAHELIPIY, MAdUAMKA 6a26IMmaneaH
wewimoepoi eHzizy, MOHUMOPUHE HCIHE epie eCKepmy HCylielepin 0amblny,
COHOATI-aK, 0can monmapobl AeyMemmix Kopeayosl Kyueiumyoi Oipikmipyi
Kadicem. Mynoau wiapanapobl drcyseze acuipy cy macKblHOApbIHbIH AYKbIMbIH
JiCoHe ONapMeH DALIAHBICIbL WBIRLIHOAPOLL A3AUMbIN KAHA KOUMAtl, Cy
CeKmopuvl MeH OHIp XANKbIHbIH KIUMAMMblY 632epyiHe Y3aK Mep3imoi
MYPAKMbLIbIZ6IH APMIMBIPYEA MYMKIHOIK Oepeoi.
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ATrPOBUOJIABOPATOPUSA AYMAFbBIHOAFbI
CYPEKTI-B¥TAJIbl ©CIMAIKTEPAIH 3UAHKECTEPIHIH
HAOMUHATTbI TYPJIEPI

OIIEHKA KNIMMATHYECKHUX PUCKOB IJIsA BOOAHOT'O CEKTOPA
IHABJIOJAPCKOI'O PETHOHA

Onacrhocms nABOOK08 ABAAEMC AKMYAIbHOU NPoOLIeMOl O
Tlaenooapckoeo pecuona uz-3a e2o pacnonodiceHus 600ab pexu Mpmuiui,

PE3KO-KOHMUHEHMATLHO20 KIUMAMA U OOUTbHBIM KOIUYECINBOM 0CAOKO8.
Tlasooku mocym npusooums K uHGPaAcmpyKnmypul, CelbCKOXO3AUCTMEEHHBIX
Yeooutl, u3-3a 4e2o 603HUKAIOM OONOJHUMENbHbIE PACX00bl Hd
680CCMAHOBNEHUE U PeasuPOB8ane HA UPE38bIYALHbIE CUMYAYUU.
B uccnedosanuu Ovin npogeder ananuz KIuMamuieckux puckos 0Jisi B0OHbIX
pecypcos na npumepe Ilasnodapckoii odracmu u 0ansbl peKkoMeHOayuu no
adanmayuoHHbIM Mepam. [l oyenKu KOMNOHEHMO8 PUCKA ObLIU COOPaHbl
OaHHble 0 memnepamype, 0CaoKax, YA36UMOM HACENEHUU U COCTNOSHUL
uHghpacmpykmypul 600Ho20 cekmopa. Ilo pezynvmamam npogeoeHHvIx
pacuemos, Ilasnodapckas odracms HA OAHHBIL MOMEHM NOOBEPIHCEHA
cpednemy pucky nagookos (49 %) us-za couemanus KIuMamuieckux,
2UOPOTOSUNECKUX U COYUATLHBIX (PAKMOpos. Ycunenue memnepanypHoix
KOIeOaHUll, yeenuyeHue 0Ca0K08 U HAKONIEHUE CHEHCHBIX MACC NPUBOOSM
K POCIY 8€CEHHe20 CIMOKA U NOBLIUEHUIO YACTNOMbL NAB0OK08, 0COOEHHO
6 baccetine Upmuviua. /lonoanumensroe 0asieHue co30arnm opouaemoe
3emaedenue u HedOCMamoyHas NPOnyCKHAs CNOCOOHOCMb CUcmeM
80000meedeHust. Dghpexmuenas adanmayus OOIHCHA ObIMb KOMIIEKCHOU
U couemams MOOEPHU3AYUI UHIHICEHEPHOIL UHPPACMPYKMYPbL, BHeOPeHUe
nPUPOO0-0PUEHMUPOBAHHBIX PEUEHU, PA36UMUe CUCHIEM MOHUMOPUH2A
U PaHHe2o NpedynpextcoeHuss, a maKdice YCuieHue COYyuanrbHou 3auumol
VA36UMBIX 2pynn. Peanuzayus maxkux mep no3eonum He moapKo yMeHbuums
macwmadvl NABOOKO8 U CEAIAHHLIX C HUMU NOMEPb, HO U NOBbICUMD
00I20CPOUHYIO YCMOUYUBOCTIIL B0OOHO20 CEKMOPA U HACENEHUs PecUOHd
K UBMEHEHUI0 Kaumama.

Knrouegvie crosa: usmenenue Kiumama, IK0I02ULECKUL PUCK, OYeHKA
PUCKa, 800Hble Pecypcbl, NO20OHbLE YCIOBUSL.
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Maxkanaoa 2025 xcwinoviy kekmemi mMeH dca3z meszeindepinoe,
«Illokapim ynusepcumemiy azpoobuoiabopamopusiCeliblly aymMagblHod
cypekmi-oymansl 6CimMOikmepOiy 3usHKecmepiniy mypiiKk KypamviHa
sepmmey ocypei3indi. 3epmmey Homudicecinoe cypekmi-Oymasl
eciMOikmepOiy dcanvipaKkmapuviua, eyioepine, opKeHOepiH dHcoHe
mamvlp Jcyliecine 3aKblmM Keamipemin gumogacmapovly mypiepi
anvikmanvin, cunammanovl. Heeiszei susankecmepee Cetonia aurata,
Mpylabris fabricii, Palomena prasina, Caliroa cerasi, Aleyrodes
protella, Athous haemorrhoidalis, Labidostomis pachysoma, Clytra
laeviuscula, Myzus cerasi owcane Gracillaria syringella mypnepi
arcamaovl, onapoObly Kelmipemin 3usiHvl mypanvl aknapam 0Oepinoi.
Amanean 3uaukecmep pomocunmesdiy memenoeyine, 6CiMOIKMIH
ancipeyine, ocyiniy 0asAy1ayblHA, COHbIMEH Kamdap, 6HIiMOINIciHIH
memeHOeyine anbln Kelemini cunammanovl. 3usnkecmep ecimoikmepoi
3aKbIMOAN 8aHa KOUMAau,0aKkmepusibly aypyiapovly mapaiyvlid
acep ememini Oaukandvi. 3usnKecmepoiy NONYIAYUACHl APMKAH
Jrcazoatioa, acipece, Jdcemic A2auIMApPbLIHLIY OHIMOLLiei memenoen,
Jrcemicmepiniy canacel HAWAPLAUMbIHObIZbL HCIHE OCIMOIK MOTbIZbIMEH
JHCOUBLLY LIKMUMALOBLIBIRbL MYBIHOAYbl MYMKIH. 3usnKkecmep, acipece,
Maycolm JHcaHe winoe aunapvlHoa 6encenoi KHcaHne 6cimoikmepoi ocol
aiiliapoa 6axwlian, 3uAHKecmepoeH 3aidicbl30aHObIPY HCYMbICINAPLIH
AHCYPRI3INY Kascemminici myblHOAUMbIHObIZbI HA3AD AY0aApmaodbl.
Cebebi, ecimoixmepoi 3a1a1Cbi30aHObIPY HCYMbICIAPLIHBI YAKbINbLIb
Jrcypeizinmeyi eciMOiKmiy Kypan Kemyine, minmi JHcOUblLIVbIHA AlbIN
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Kenyi mymkin. CoHObIKMaH, apoip 3usnKecmiy mypiepin mauevin-oiny
Maywi30bl dicare ome Kaxlcem.
Kinmmi ce30ep: 3uaukec, ecimoix, myp, nonyaayus, pumodgae.

Kipicne

Cemell KajachlHIA JKETEKIIi OKY OpBIHAAapHIHBIH Oipi [lokopim
YHUBEPCHUTETIHIH FBUIBIMH-3EPTTCY OPTAJBIFBl PETiHAE arpodmoradbopaTtopus
JKYMBIC jkacaiel. [IlokopiM yHHBEPCHTETIHIH arpoononadopaTopHsIChl FEUTBIMH
JKoHE O171iM Oepy KbI3METIiH YHISCTIPETIH MaHBI3 bl OPTAJIBIK OOJIBIT TaOBLIAIEI.
Jlabopatopust ayMarbIHIa CYpPEKTi-OYTaabl O©CIMIAIKTEPAiH KONTETeH Typiepi
ocei. CypekTi-OyTarel oCIMAIKTEp — KAJBIITHI )KOHE CYBIK aiiMaKTapbIH XKep YCTi
IKOKYHeTIepiHiH HeTi31H KYPalThIH ociMAIKTep TOOBIHBIH Oipi. Omap menTecin
eciMIiKTepaeH OipHeIIe KbII OOIBI CaKTalaThIH CYPEKTCHTCH Ca0aKTapBIHBIH
HeMece OyTaKTapbIHBIH OONybIMeH epekmieneHeni [1]. byramap canbicTeipmansr
TYpIie anaca OOIIBII Kelle Il )KoHe OipHele CYpeKTeHTeH cabaKTaphIHBIH OOTYBIMCH
epeKIIeNeHeai. OCIMIIKTep IiH KAIBIITHI 6CY1 YIIiH,0HBIH 3USTHKECTEPIHIH TYPIIIK
KYpaMbIH aHBIKTay 6Te MaHbRbI. Ce0e0i 3UuTHKeCTepIiH TipIIUTIK OpEKeTi CYpeKTi
JKOHE OYTaNbl OCIMAIKTEePAiH (HU3UOIOTHAIBIK YACpiCTepiHiH OY3BUIYBIHA, OCY
KapKbIHBI MCH OHIMIIUTITIHIH TOMEH IEYiHe oKenei. JKamsipakTapapl, KaObIKTHI,
CYPEKTi, TaMbIpJIap/ibl HEMECE OpPKEHEP/Ii 3aKbIMIai OTBIPHII, 3USTHKECTEP
OCIMIIIKTEPIIH Cy KOHE MUHEPAJIBI KOPEKTEHY1H, (POTOCHHTE3 KOHE 3aT aIMaCybIH
ypaictepin 0y3amsr [2; 3; 4; 5].

Marepuasnaap MeH dicrepi

AyMaKTarbl CYpPEeKTi-OyTallbl oCIMIIKTEpIiH 3UsSHKecTepiH 3eprrey 2025
KBUIIBIH KOKTEM, Ka3Fbl MayChIMJIApbIH/A JKYPTi3Uiai. 3epTTey KyMBICTaphl
Cewmeii kanace! IllokapiM yHuBepcureTi arpodnonadbopaTtopusi aymarsiHIa
JKaJIIbIFa OPTAK iCTEpPl KOJIAHY apKbUIBI KY3€Te achIpbULIbL. 3USHKECTEPi
aHBIKTAy OAapBICBIHIA OPTYPIIi eHOeKTep maiinanansuiasl [6; 7; §; 9; 10; 11].

HoTu:xenep xoHe TAIKbLIAY

AnteinycTi Konakousl3 Cetonia aurata KaTThl KaHATTBIIAP OTPSIAbIHA
JKaTaThIH KOHBI3 Typi (cypeT 1). OciMIikTepIiH KambIpakTapbl MEH TyIAepiHe
3aKpIM Kenripeai. JKemic aramrapbIHBIH jKac ©pKEH/IEpl MEH JKalbIpaKTapbIMEH
KOPEKTEHIMN, OHIMAINIKTI ToMeHneTeai. JKui Ke3IecKeH Kepi 30UTYHAEP
TYKBIMIAChIHA JKaTaTBIH MaMBIPTYJ ©CIMIIITIHIH KaITbIPaFhl XKOHE TYIIL.

Onnyxkmeni ana2ynix Koxvizvl Mylabris fabricii eciMIiKTepIiH Tynaepi
MeEH JKalbIpaKTapblHa 3aKeIM Kenripeni (cypet 2). XKunanraH xepi 39UTYHACD
TYKBIMIACHIHA JKaTaTBIH Mambipeyn 6cimMOieiHil dHcanvlpagvl Hcane Y.

Koizviikytipvixmor wivipmolnoax Konvlz Athous haemorrhoidalis cypexTi-
OyTaibl OCIMIIKTepAiH KayinTi 3usHKeCi (CypeT 3). Ocipece, AepHICIUI CaThICHIH/IA
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3ugH Kenripeni. JepHocimaepi TompipakTa 3-4 KBTI JaMBIN, ©CIMIIKTIH
TaMbIpJIapbIMEH KOPEKTeHE 1. byt ’aHajaH OTHIPFBI3bUIFAH KOIIETTep YIIiH TiNTi
KayinTi. 3USHKECTIH 9CepiHeH OCIMIIKTIH XKEPCIHAIPLTY1 HallTapIIaii 16l JKOHE OCyi
texeneni. Erep mepHocinaep kem OonFaH jKargaina, ©CIMIIKKE TOIBIK Kypar
Kally KayTii ToHeIi. AJl, epeceK aramTap Te3iMIi KeJeli, JeTeHMEH JIe 3USKECTiH
OCepiHeH TaMBIp KYHeci dIcipei.

HKanvipaxg oceziw Konwiz Labidostomis pachysoma Oyn 3uSHKeCTEp
KaIbIpaKTapbl )KOHE XKac cabaKTapIbl XKeTl, COHBIMEH KaTap, ’Kac epKeHIep MEH
Oypuriktepre ne 3usH Kentipeni (cypet 4). ’KaHa OTBIPFBI3BUIFaH KOIICTTEPAIH
JKAIBIPAFBIHBIH a3 OOJITiHIH 3aKBIMIANybl Ja TYTeJ] OCIMIIKTiH ©CYiHiH
OastyiaybIHa aJbI KeJe .

TepTHYKTEN Xambipak xerim KoHbI3 Clytra quadripunctata ecimoikmiy
JHcanvipazel MeH cynoepine 3aKbim Kenmipemin 3usukec (cypem 5). Eeep canvi
Kebetliin kemce, 6CIMOIKMIH HCACHLL MACCACHL AUMAPALIKMALL a3aibin, 6CIMOIKMIK
Kanvlnmel ecyi basynaiosi.

Llue 6ypeeci Myzus ceras-1me xaHe 0acka J1a CypeKTi-OyTaibl CIMIIKTEpIiH
sustHKec] (cyper 6). KeOiHece yKambIpaKThIH aCTHIHFEI O€TiHE MIOFBIPIIAHBIIM,
OCIMJIIK IIBIPBIHBIH COPBINT KOPEKTEHE 1. OCIMIIIK IIBIPEIHBIH COPY HOTIDKECIHIE
JKarbIpaKTap Kapasabl JKOHE IIMPATHUTBI, milriHi 0y3butaasl. COHBIMEH KaTap,
epKEHJEpiH ecyi Oastyaiipl xaHe OYTaK YIITaphl KUCAHBIIT HEMeCe Kypart Kalabl.

Mamwipeyn mynxebenei Gracillaria syringella cypexTi-OyTas CiMAIKTEpAiH,
ocipece, MaMBIPTYJ ©CIMIITIHIH 3usHKeci (cypeT 7). OciMIikke HeTi3iHeH
3USHKECTIH IepHOCUIAEp] 3aKbIM KeNTipedi . 3UsHKEC KYMBIPTKAIAPhIH OCIMIIK
XKarbIpaKTapbIHbIH OeTiHe canaabl. 3aKbIMIAJIFaH KalbIPAaK YaKbIT ©Te Kee
caprasiJipl, KOHBIPJIAHBII, €pTe Kypalpl. AJl ThIM KaTThbl 3aKbIMIAJIFaH JKaranaa,
KaIbIpaKTapsl XKamnmai Tycin Kanaasl. Hotmwkecinae poTocHHTE3 KapKbIHABUIBIFBI
TOMEH/IE, OCIMIIKTIH (DU3HOIOTHSIIBIK JKaFJalibl Harmapuansl. [8].

YKaceut manomena Palomena prasina cypexTi-OyTatel oCIMAIKTEP/IE TiPIILUTIK
eTiIl, eciMIIK MIBIPEIHBIMEH KopekTeHeni (cypeT 8). HoTmkecinae ecimaik ecyi
Oastymaifipl, >KeMIiCTiH CHIPTHIHIA TAKTapABIH maiaa 6omampt. [Tomymsmsice kebetice
OCIMIIKTepe alTapIIBIKTAl ©3repic OPBIH ATBII, OHIMILTIK TOMEHAEH KeTyl MyMKiH.

Hlue wvpviiumer ececiwi Caliora cerasi cypekTi-OyTaisl eciMIOikTepre,
acipece, KeMic aFaIrTapblHa 3UsH KeNTipeTiH KayinTi ¢purodar (cypet 9). Herisri
3UAHIBI JepHocinaepi kentipeai. Onap xKamblpak TaKTaCHIHBIH KOFaphl OOIITiH
KeMipit, KyHKeJlepi MEH TOMEHT1 KaOaThIH cakTar Kamazisl. JKammail keOelreH
XKarJanaa JAepHOCUIIepAl KambIpaKTapbl TOJNBIFBIMEH JKOWBIIN, ©CIMIIKTEp
KaIbIPaKChl3 KaTybl MYMKiH. JKanbIpakTapIblH KOHBUTYBl (POTOCHUHTE3/IIH
TOMEHJICYiHe, OCIMIIKTIH dJICipeyiHe KoHe oCyiHiH OasgynayblHa, COHBIMEH KaTap
KEMICTEp/IiH CallachIHBIH HallapJiayblHa aJIbIIl KeJIe/.
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Kep xanpanacel Sphragisticus nebulosu - HeTri3iHEH ©CIMIIIK HIBIPBIHBIH
COPBIII, TAMBIPBI MEH CabaFbIH JKOHE JKac OpKCHIEPIMEH KOpeKTeHedl (cyper
10).Hotmxecinae eciMIiKTepaiH ocyi OasyIaiibl, KamblpaKTapbl capFaublIl,
cona Oacraiiipl. 3USHKEC Kammail keOeHTeH Karaaiina eciMIIKTepAiH COHIIK
JKOHE IIAPYAIbLIBIK MAaHbI3bI TOMEHICHII.

Kenpokait akkanatel 1rialeurodes vaporariorum - cypekTi-OyTaisl
eciMIiKTepAiH KayinTi 3ustHKeci (cypet 1 1). HerisiHeH xarmbipakneH KOPeKTEH .
KopekTeHy HOTHXKeCiHAe jKambIpaKkTap/Aa amblK TYCTi JaKTap maiga OOoJbI
IIMPATBUIA/IBI )KOHE CapFasiibl. 3USTHKEC O6JIeTiH CYIBIKTHIKTA KYHe CAaHBIPAYKYJIAFbI
nmamuasl. HoTmokecinae THIHBIC alry MeH (DOTOCHHTE3 Yaepici Oy3bIIaibL.

Kouplp nakter onenka Oxythyrea funesta - epecekTepi ©CIMIIKTEPIiH
ryJjiepiMeH KOPEKTEeHE i, KYJITe YKOHE TOCTaFaHIIa KaIlbIPaKIIaIapbIH 3aKbIM/IaN b1
(cyper 12). To3armaHy >k9HE KeMIC Ty3y TpoIieci OY3bUTBII, OHIMALTITI MEH COHIIIK
KacHeTi e TOMEHACH Ii. 3UAHKEeCTiH CaHBl apTKaH KaFaaiina eciMaiKTIH TyIaepi
TOJBIFBIMEH JKOMBUTBII KeTei. Aca KayinTi Ke3eHi OCIMIIKTIH T'YIIeY YaKbITHI.

2-cypet — Mylabris 3-cypet — Athous
fabricii haemorrhoidalis

4-cyper — Labidostomis 5-cyper — Clytra 6-cyper — Myzus cerasi
pachysoma quadripunctata
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7-cypet — Gracillaria 8-cyper — Palomena  9-cypert — Caliora cerasi
syringella prasina

10-cyper — Sphragisticus  11-cyper — Trialeurodes  12-cyper — Oxythyrea
nebulosus vaporariorum funesta

3epTTey HoTHXKeIepl OOMbIHINA KapacThIPbUIFaH OCIMIIKTEP/IIH TYPIEPiHiH
canbl 10. 3eprrenren 3usikectepaiy 70 %-bl KambIpaKleH KOPEKTEHETIHIEP,
kanrad 30 %-bl TaMBIpMEH, T'YJIMEH JKOHE OPKEHJIEPMEH KOPEKTEHETIHJEp.
SIrHu GachIM 06JIIri KaIbIPAKIICH KOPEKTEHII, (OTOCHHTE3 YICPICIHIH KaTbIIThI
KYpyiHe Kexepri »kacaiinel. HoTrmokecinne eciMaiK yIIiH MaHbBI3bl Mpolecce
texeneni. Kanran Oediri momy siqusiChIHBIH apTybIMEH Kayin TeHzipeni.CaHbl
apTKaH jKaraia eciMIiKk Kypar, TIpIIUITiH KOSIbL.

KopbITbIHABI

JKyprisinren 3epTrey >KyMbICTapbIHBIH HaTHKeCiH e [1IokapiM yHUBEpCUTETIHIH
arpoOuosiabopaTopus ayMarblHJa ©CETiH CYPEeKTi-OyTaibl ©CiMIIKTEpAiH
3USHKECTEPIHIH TYPIIK KypaMbl aHBIKTAIBL. 3epTTey OapbIChIH/IA 3USHKECTEPIIH
OCIMJIKTEp/IIH TaMbIpJIapblHa, JKallblpaKTapblHa,0pKeHAepiHe,rYJIAepl MeH
JKeMicTepiHe alTapiIbIKTail 3UsiH KeNTIpeTiHAIrl Oaiikanapl. ATairaH 3UsHKECTep
(U3MONOTMSITBIK YAepicTepai Oy3bI,(POTOCHHTE3 YACPICIHIH TOMEH IEyiHE,0Cy KIHE
npoLieccTepitiy OastynaybiHa OipJeH-0ip ceden OOoNaThIHIBIFBI KOpiHai.3epTTey
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HOoTIKRENepi Ooiiprama Cetonia aurata, Mylabris fabricii, Athous haemorrhoidalis,
Labidostomis pachysoma, Clytra laeviuscula, Myzus cerasi, Gracillaria syringella,
Palomena prasina Caliroa cerasi, Sphragisticus nebulosu, Trialeurodes vaporariorum
xoHe Oxythyrea funesta ayMaKTBIH CYpEeKTi- OYTaTbl ©CIMIIKTEpIiH 3HIHKECTEPiHIH
0acTBI TypJiepi eKeHIIIr aHBIKTANIBL. Byl 3usHKECTepIiH AepHICUIIEpi Ie epecek
(hopmanapsl 1a eCIMIIKTIH ©Cyi MEH JaMybIHBIH OPTYPJIi Ke3eHACPIiHIE TiKeleH
ocep eTEeTIH/IT KOHE O OCIMIIKTIH TipIILUTIK MPOIECCTEPIHIH KYPYIHE ocep eTil
FaHa KoiMaM, TirTi ©CIMAIKTI )KOUBI kKiOepy BIKTUMAIIBUIBIFGI Oap eKeHi Oenrimi
6omapl. COHBIMEH KaTap, 3USHKECTep ©37epi 3WSAH KeNTIpill FaHa KOHMal,Typiri
OaKTEepHUsUIBIK aypyJapIblH TYbIHIAybIHA JKarnail kacalabl.3ussHKECTepIiH
OeJICeHILTIT] jka3 ME3TLTIHIH MayChIM JKOHE IIJI/Ie aiijlaphlHa COMKec KeIeTiHIIri
Oaiikanupl. OChl Ke3eH Ie 3USHKECTEePAiH MOMYJIILHACH! apTaIbl )KOHE YaKbITHIHIA
0aKpLIaIL,3aAICHI3IAHIBIPY JKYMBICTapBI KYpri3iiMece oCIMIIKTEepIiH OHIMILUTIT
teMeHzei 1. COHIBIKTaH, CYPEKTi-0yTasbl OCIMAIKTEPIiH TYPITiK KYPaMBIH aHBIKTAY
YKOHE OJIapIbIH OMOJIOTHSUTBIK €PEKIICNIIKTEPiH €CKepe OTHIPBII XKyHeli MOHUTOPUHT
XKYPri3y XKaHe Kypecy lapanapblH YIHbIMAACTBIPY aca MaHBI3IbI OOJIbII TaObLIAIbL.
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JJOMUHAHTHBIE BU/IBI BPEJIUTEJIEN IPEBECHO-
KYCTAPHUKOBBIX PACTEHUI HA TEPPUTOPUU
ATPOBHOJIOTUYECKOM JTJABOPATOPUA

B cmamue npedcmasnens pesyiomamal Uccie008aHUs BUO0B020 COCMABA
epedumernetli OpegecHO-KYCMAapPHUKOBbIX PACMEHUl, NPOBEOEHHO20 BeCHOUL U
saemom 2025 2o0a na meppumopuu azpobuoiadbopamopuu Yuusepcumema
Ulaxapuma. B xo0e uccrnedosanust Obiiu 6bisGIEHbI U OXAPAKIMEPUOBAHbI
8U0bL (humoghazos, nogpedicoarowue TUCMbs, YBemKU, nobeu 1 KOPHegyIo
cucmemy OpeecHo-KyCmapHuKogulx pacmenuu.K ocnosnvim epedumensim
omnocamcsa Cetonia aurata, Mylabris fabricii, Palomena prasina, Caliroa
cerasi, Aleyrodes protella, Athous haemorrhoidalis, Labidostomis pachysoma,
Clytra laeviuscula, Myzus cerasi u Gracillaria syringella. Ilpugedenvi
ceedenust 0 xapakmepe HaAHOCUMO20 UMU 6pedd.

Ommeueno, umo dannvle epedumeny NPUGOOAM K CHUICEHUIO
UHMEHCUBHOCIU (homOocunmesd, 0caabaeHuio pacmenull, 3ameoneHuio
Ux pocma, a maxce K YMeHbUeHUIO YPOoACAUHOCMU. Ycmanosieno, ymo
spedumenu He MoJbKO NOBPeNCOAIOm pACMeHUs, HO U CHOCOOCMEYIOm
pacnpocmpanenuo OaKmepuaIbHbixX 3a001e6aHU.

Ipu ysenuvenuu 4ucienHoCmu NOnyaayuil 6peoumeneii, 0COOeHHO y
NI0008bIX Oepesbes, HADIIOAeNCS CHUNCEHUR YPOICAUHOCTIU U YXyOUuleHUe
Kawecmea nio0os, a 6 OMOENbHbIX CAVUAAX 803MOJICHA NOTHASL cubenb
pacmenuil. Ycmanognieno, 4mo Hauboabulas akmusHoCms epeoumeretl
NPUXOOUMCS HA UIOHb—UIONb, 6 CEA3U C YeM 8 DMOM Nepuood 803HUKAEM
HeoOX00UMOCb Pe2yapHO20 MOHUMOPUHEA PACHENUL U NPOGeOeHUs
sawumnwlx meponpuamui. Heceoespemennoe nposedenue mep no 3auume
pacmenuii Modtcem npugecmu K ux ycolxanuio u dasce eudenu. Taxum
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DOMINANT PEST SPECIES OF WOODY AND SHRUBBY
PLANTS IN THE TERRITORY OF THE AGROBIOLOGICAL
LABORATORY

The article presents the results of a study on the species composition

of pests of woody and shrubby plants conducted in the spring and summer
of 2025 on the territory of the agrobiological laboratory of Shakarim
University. As a result of the research, phytophagous species damaging the
leaves, flowers, shoots, and root systems of woody and shrubby plants were
identified and described.The main pests include Cetonia aurata, Mylabris
fabricii, Palomena prasina, Caliroa cerasi, Aleyrodes protella, Athous
haemorrhoidalis, Labidostomis pachysoma, Clytra laeviuscula, Myzus cerasi,
and Gracillaria syringella. Information on the nature of the damage caused
by these pests is provided.It was noted that these pests lead to a decrease in
photosynthetic activity, weakening of plants, retardation of growth, and a
reduction in productivity. In addition, the pests were found not only to damage
plants directly but also to contribute to the spread of bacterial diseases. With
an increase in pest population density, especially in fruit trees, a decrease
in yield and deterioration in fruit quality were observed, and in some cases,
complete plant loss may occur. Pest activity was particularly high in June
and July, indicating the need for regular monitoring of plants and timely
implementation of pest control measures during this period. Failure to
carry out plant protection measures in a timely manner may result in plant
desiccation and even death. Therefore, the identification and study of each
pest species are important and necessary tasks.

Keywords: pest, plant, species, population, phytophage.
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FTAMP 34.01.05 Kipicne

Kasipri 3amanfsl OMOMEIUITMHAMAFEI CTPATETHSIIBIK ©3TepiCTepAiH Oipi —
CHUMITOMATHKAJIBIK TEPAIM;siIaH PEereHepaTHBTI )KoHe OMOMHKEHEPIiK Kaifra
KypyF¥a Kelry 00IsIT Ta0buTa 6. Erep qocTypiti KIIMHUKAIBIK Tocinep kobiHece
aypyabIH CBIPTKBI OENTiNepiH a3aifiTyra OarbITTanca, Ka3ipri FRUIBIMH OaFbIT
3aKpIMJIaHFaH TIHJEP MEH MYLICJICPAiH KYPBUIBIMIBIK TYTACTBIFBIH FaHa eMec,
OJIapIblH (PU3HOJOTHSIIBIK KBI3METIH A€ KaJIbIHA KeNTipyre yMThUIagbl. by
TpaHChOPMaLYs TIHAIK WHKCHEPHS TYKBIPHIMIAMAaChIHBIH KaJIBIITACYBIMEH
TBHIFBI3 OaJIaHBICTHI, ce0e0i 9T OCHI OAFBIT XKacyIanap, OnomMaTepruaniap KoHe
OHMOJOTHSUITBIK OEJCEeHIII CHTHAIIBIK MOJIEKYJIajap HeTi3iHAe (YHKIHOHAIIBI
OUOJIOTHSUIBIK KYPBUIBIMIAP/bI KAIBIITACTBIPY MYMKIHAITH FBUIBIMH TYPFBIIaH
Herizgeni [1]. TiHmiKk WHKCHEPHs KACaHIBI XKYHenepli TeK MeXaHUKAIbIK
AIIMACTBIPYIIBI PETIHE eMecC, Tipi TIHAEPIiH ONOIOTHIIBIK KAaCHETTEePiH iliHapa
KaifTanaii aJaThlH KYpbUIBIMAAP PETiHIe KapacThIPyFa jKOJ allThl.

CoHbBIMEH KaTap jKacaHIbl MyIIeNep/i 93ipiey Moceneci TeK MOP(OIOTHSITBIK
KYPBUTBIM/IBI KaJIIbIHA KeNTipyMeH IekTenmMeiiai. Herisri ¥euteiMu pobiema —
JKacaHAbl TYPAE KaJIBIITACTHIPBUIFAH KYPBUIBIMIIBI Tipi OpraHW3MHIH KYpAei,
KOIICHT eIl JKoHe e3apa OaiiaHBICKaH XKYHEINiK peTTey MeXaHu3MiHe THIMII
TYpJe HHTEerpanusiIay OOJbIT Ta0bUIa bl SIFHI Macele TeK TIHII «KypacThIpyaa»
eMec, OHbl TOMEO0CTa3, UMMYH/IBIK XKayarl, MeTa00JIH3M JKOHE KYHeIK CHIHAIIaHy
JKarJalbIHIa TYPAKThI 9pi YillleciMIli KbI3MET aTKapaThlH OHOJOTHSIIBIK JKyiiere
alfHaJIBIPY /1A JKaTBIP.

PerenepaTuBTi MeAMIMHAHBIH JKAaCyIIaJbIK IIaTGOpPMachl peTiHae
Me3eHXUMABIK diH xacymanapsl (MSC) kapacTeipeutaznst [2]. by xacymamap
OMOMHIKEHEPIIK KYPBUIBIMIAPIEI KaJbIITACTRIPYAa HET13T1 OMOIOTHSIIBIK
KOMIIOHEHT OOJIBIN caHaslaabl, ce0edi ojap KOoraphl MIACTHKAJIBUIBIKKA He
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PEFEHEPATUBTI BUOJIOMMUSI XXOHE TPAHCIALMSIBIK
MELOWULMHA ASIChIHOAFbI XXACAHAbI
MYLLUENEPLIH JAMYbI

Maxananvly maxcamol — 6U0A02USL MEH MEOUYUHAOAZBL HCACAHOb
Myuienepoi azipneyoiy 3amanayu 6ablmmapuvlH HCyueniK mypevloaH
KeuteHOi manday. PeceHepamugmi MeOUYUHAHbIH OAMYbl HCACYUATBIK
OeneetioeH MIHOIK Yublmoacyea, 00an api Kypoeni MUKpODU3UOIOSUATBIK
niamgopmanapea Oetiinei 380I0YUATbIK YOepic peminoe Kapacmulpblidobi.
Mesenxumanvix 0iy srcacyuanapwinviy (MSC) srcozapvl pecenepayusanblik
aneyemi, onapovly ougbgepenyuayus MyMKIHOIKmMepi MeH KIUHUKATbIK
KOJOAHBLIYBIHOARbL Hezi32l weKmeynep JHCau-sHcaKmol CUnammandaos.
Convlmen Kamap, opeanouomulx Moodenvoep meH 3D-minoiKk uHoceHepus
Keyicmikmix mopghozene30i KainvlHa Keamipyee MyMKIHOIK Oepemin
nepcnekmusmi mexHouo2uAIap peminde Oaeanianaovl, anatoa onapoblH
MONBIKKAHObL HCYUENIK UHMeZPAYUACIHbIH HCemKLIIKCi30iel Kepcemineo.

Organ-on-chip dcane kon myuieni MUKPODUIUOTIOSUSTLIK HCYTieep HCACAHOb]
opmaoa yHKYUOHANOBIK e3apa apekemmecynepoi Mooenboeyoiy muimoi
Kypaivl peminoe mandanaosl. JKacanovl mywenepoi sxcacayoazel Heizel
EbLIBIMU Kedepeliep KamapblHOA UMMYHOLOSUANBIK YILIeCiMOINIK, Y3aK
Mep3iMOI BACKYIAPUZAYUSA JHCoHe HCYUeNiK pemmenyliy Kypoeniniei aman
emineoi. KopblmuiHObICbIHOA MOBIK (DYHKYUOHAIObL OUOUHICEHEPIIIK MYULEHT
KAN6INMACmulpy KYpolablMObIK 0N0IKNEH KAmap OpeaHusMuiy diCyueniK
OuonocUsCHIH meper api KeuleHoi mycinyoi maian ememiti He2izoeneoi.
Kinmmi cesdep: pecenepamuemi meouyuna, minoiK uHMCeHepUs,
0iK drcacywanapel, opeanouomap, 3D-ouobacna, MUKpoQpuU3UOIOUATBIK
niamgopmanap, UMMYHOIOUATLIK YUAECIMOLIIK, HCYUeNiK UHme2payus.
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JKOHE OpTYpIl Me3eHXMMaIBIK TiHAepre nuddepennumanusanana amaasr. MSC
MYJIBTUTIOTEHTTI KACHETI OJTapIbIH OCTEOTCH/IIK, XOHIPOTCH K KOHE aIUTIOTeH/IIK
0arpITTa MAMaHIaHY MYMKIH/IITiH KAMTaMachI3 €Tei, Oy CYHeK, MeMipIIeK KoHe
Mai TiHJepiH pereHepaysiay Yl epeKiie MaHbI3/bl.

Kacymanapasia quddepeHInanusianysl Ke31eiicoK mporecc emec,
OJI KYpJeNi *)oHe e3apa OallaHBFICKaH MOJEKYJIAJIBIK CHUTHAIIBIK JKEIiiep
apKBUIBI perTenieni. Atam aiiTkaHga, Runx2 TpaHCKPUMIHUSAIBIK (PaKTOPHI
OCTEOTCHE3/IIH HeT13T1 PeTTEeYIIIici peTiHIe KhI3MET aTKapa bl ’KoHE CYHEeK TiHiHIH
KaJbpInTacy OarmapramMachiH icke xKocansl, an BMP/Smad xone Wnt/B-catenin
CUTHAJIIBIK KacKaATaphl JKACYIIANBIK TaFIBIPABl aHBIKTAUTHIH PETyJISTOPIIBIK
OpTaHBI TYpaKTaHIBIpaAb! [3]. Byl CHTHANIBIK KOMAAPABIH YHIECIMII XKoHE
TEHrepiMIi OSIICEHTLTIT] KacyIIanapAbH (EHOTHIITIK TYPaKThUIBIFBIH CAKTAYFa,
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muddepeHraIist 0arbITBIH OEKITYTe KOHE KAJBINTACKAH TIHHIH MOP(OIOTHSITBIK,
TYTaCTBIFBIH KAMTaMachl3 eTyre MyMKIHIIK Oeperi.

Kasziprixacymmansik TexHonorusiiap MSC Heri3iHeT] TeparisTHbIH KITHHAKAIIBIK
KOJIIAHBLTY JIEYETiH PacTabl, acipece TipeK-KIUMBLT XKYHec MaToIOorHsuIapbIH/a.
Jerenamen, jkacymanblK ACHTeWaeri Oy kerictiktepre Kapamacta, MSC-
Ke HEri3/IelireH CTpaTerusiap oyl Jie TONBIKKAH/bI OpraHAbIK JACHIeiaeri
(YHKIUSTHBI KAMTaMachl3 €Te anMaii oTeIp. Sruu, muddepeHnuanysuianFad TiHHIH
MOP(OTOTUSIIBIK, KATIBINTACYbI dP/IaibIM OHBIH KYUEIIK (PH3HOTOTHSIIBIK OpTaIa
TYPAKTHI J)KOHE YIJIeCiMIl KbI3MET eTyiHe okenmeiini [4]. By skaraaii skacymambik
pereHepaiysi MEH OPraHU3M/IIK HHTErPaIKsl apaChIH/IAFbl abIPMAIIBUTBIKTHIH JTi
JIe CAKTaJIbIN OTBIPFAHBIH KOPCETE/II.

MSC TepanuscHIHBIH HIEKTEYII (PaKTOPIAPBIHEIH 0ipi — UMMYHOIOTHSITBIK
MuKpoopTta 0obin Tadbutanbl. JKacymanapablH pereHepanusiiblK dJ1eyeTi
OJIAP/IBIH 11IKI MOJICKYJIANIBIK Oaf1apiaMacbIMeH FaHa eMec, UMILIaHTallUsUIaHFaH
opTajarbl KaOBIHY ACHTEeHIMEH jKOHE MMMYHJIBIK JKYHEHIH OeJCeHaiiriMexH
ne anbikranansl. [FN-y sxone TNF-a cusakTel kabbiHy nutokuaaepi MSC-TiH
pereHepaIsIbIK MOTSHI[HAIBIH TOMEH/IETIIT, Fas-perenTopbiK aromnTos sK0IbIH
Oencenpaipeni. By curHaNIBIK ocepiiep KacymarapAblH MPOoTudepaIisIbK
OCIICeHINITIH IMEeKTeNn KaHa KoWMmail, omapablH nudepeHIHnanusIbIK
OarapiaMachIHBIH TYPAKTBUIBIFEIH a Oy3asl [S].

Hotwmxecinne TpaHCHIaHTaIHWsJIAHFAaH jKacymalapIblH TipmIilik
€Ty Y3aKThIFbl KbICKApPaJbl, OJap/AblH UMIUIAHTALUS aliMarblHIa CaKTally
JIEHTeli TOMEHACH T JKOHE KAIbl pereHepanns THIMIIIIT] ancipeiini. SArau
JKACYIIAJBIK TEPANUSHBIH TaOBICTHUIBIFBI TeK AuddepeHnnanus aneyeriMexn
eMec, Kacylanap/IblH HMMYH/IBIK KbICHIM JKaFIaibIH/a OMIPIICH/IITTH caKTai
aIybIMEH Jie OailIaHbICThI.

Ochl cebenTi pereHepaTuBTI TEXHOJIOTHSIAPIBIH KINHUKAIBIK TaOBICHI
TPaHCISUMSAIBIK MEIUIINHAHBIH TaMyBIMEH Tikened OaimaHbIcTH [6].
TpaHCHsIUMsUIBIK TOCIT 3€PTXAHANIBIK MOJENbIeP MEH HAKThI KIMHUKAIBIK
(beHOTUI apachIHIAFbl aHBIPMAIIIBUIBIKTEI a3aliTyFa OarbITTAJIFaH, SFHU in Vitro
JKaF/IaiibIH/Ia AbIHFAH HOTHIKEJEP MAlUCHT OPraHU3MIHIH KYpJeai HMMYH/IbIK
JKOHE MeTabOIMKaIBIK KOHTEKCTiHAe KalTa OaramaHys! Tuic [7]. By Typreinan
AITFFaH/Ia, )KaCYIIAIBIK TEXHOJIOTHSIIAp dpOip MAUCHTTIH UMMYH/IBIK O€TICEH/ILTIr,
KaOBIHY TIPOQIUITL )KOHE METaOOIUKAIBIK ePeKIIeTIKTepiH ecKepe OTBIPHII
OeriMIenyi Kaxer.

Ocpinaitira, MSC TepanusCBIHBIH MIBIHAWBl KIMHUKAIBIK THIMIUTITI
JKACYIIAHBIH OUOJIOTUSUTBIK KACHETTEPIMEH Katap, OHbIH UMMYHOJIOTHSIIBIK OpTaFa
OeliiMaeny KaOieTiHe e Toyen/Ii eKeH T alKbIHIaa b,
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Matepuangap MeH dicrepi

MSC TexHONorusnapsl OpTONEAUSIIBIK maTojorusiapaa [8] xoHe
CTOMATOJIOTHSUTBIK PEKOHCTPYKIMsA [ 9] TepCclIeKTHBTI HOTYOKENep KOpPCETKeHIMEH,
OJIapJIbIH HET13T1 MEeKTeYi — KYHEeiK JeHreiIeri MHTer paliusiHbIH KETKUTIKCI3 i
GobInT TaObUTa b1 KiMHUKANBIK TOXIpHOe e cyliek HeMece IeMipIIeK akayapbiH
KaJIIbIHA KENTIPY Ke31HAe KacCyIIalbIK pereHepanust MOp(OIOTUSUIBIK TYPFBIIaH
KaHaraTTaHapJIBIK HOTIXKE Oepyl MYMKIiH, ajaiiaa Oyi1 opaaiibiM y3aK Mep3imi
(YHKIMOHAIABIK TYPAKTBIIBIKIIEH KaTap )KypMeiii. MyHbIH OacThl cebenTepiHig
6ipi — KaJpIITaCKaH TIHHIH XKETKUIIKTI Aopexe/ie BacKysipu3annsuianoaysl. Kan
TaMBIPJIBIK JKEJIHIH QJICI3 1aMybl THIOKCHSUIBIK JKaFJaiIbIH TybIHaybIHA AJIBIIT
Kellei, an Oyl JKacyImaigapJslH MEeTa0OJUKaIbIK OCICCHAUIITH TOMECHIETI,
OJIap/IbIH OMIpIIEH T MeH TuddepeHIranys TYPaKTbUIBIFBIHA Kepi acep eTell.

CoHBIMEH KaTap HEHpOryMOpaslbJIbIK PETTEIY/iH 00JIMaybl yKacaHIbl
KaJBINITACKaH TIHACPJIH OPTaHU3MHIH XaJIIbl (QU3HOJOTHSIBIK KYHECIHE
TOJIBIKKAH/IbI KOCBUTYBIH IeKTew 1i. TiHHIH KYpbUIBIMABIK KaJIBINTacCybl OHBIH
JKYHEIIK CHTHaJIIapFa, TOPMOH/IBIK SCepliepre KoHe MEeTabO0IMKAIIBIK ©3repicTepre
aJIeKBATTHI JKayarl OepyiH aBTOMATTHI TYpJe KamTamachl3 erneiiai. Hotmxkecinne
(YHKIMOHANBIK TYPAKCHI3IBIK Iaiiia OOJBII, y3aK MEp3iMJli KIMHUKAIBIK
TUIMUTIK TOMCHJIEY1 MYMKIH.

Jlemek, acaH/abl MyIIeJNep/i )acay TeK »KaHa TIHJI KaJbIITacThIPyMEH
LIEKTEJIMEH/11; Heri3ri Macelie — OHBl OPraHW3MHIH TOMeocTa3 KyheciHe
€HTi3y, SSFHH UMMYHJIBIK, META0OJIMKAIIBIK YKOHE HEWPOTYMOPAIBABIK PETTEITy
TETIKTepiMEeH YHIeciMAl KYMBIC ICTEHTIH OMOJIOTHSUIBIK JKYHere aiHalIbIpy
Ooutbin TaObIIaABl. Byl skacyIanblK pereHepanusaan KyHeldiK MHTeTrpalusFa
OTYIIH KQKETTUIIT1H alfKbIH KOPCETEe/Ii.

OCBl KOHTEKCTE OPraHOMATHIK TEXHOJIOTHSJIAp JKAaCyIIallbIK ACHIeiIeH
TIHJIIK ICHTeHTe OTY/IiH CallajblK )aHa Ke3eHiH oinmipeni. Erep MSC Herizinneri
TocCi/Iep KeKeJereH xKacymaaapasiH A hepeHnnannsuIbIK dJeyeTiHe cyieHce,
OPraHOM/ITHIK MOJENbB/IEP JKacyIlaIap/IbIH 03apa OpEKEeTTECYH KoHE KeHICTIKTIK
YHBIMIaCYBIH €CKepe OTBIPBINT KYpJAelipeK OHOJOTHSIBIK KYPBLIBIMIAPIbI
KaJIBIITacTBIPyFa MYMKIHIIIK Oepesi. Opranonarap — e3iH-e31 YHbIMIACTBIPAThIH
YImesmemai KypbuIbIMaap, ojlap MyLIeJaepAiH MOp(OreHe3 K IpUHINNTEPiH
MOJIETIBICH/II JKoHE JKacyllaiapAblH TaOUFU JaMmy OarjapiiamMachlHa CoHKec
KEHICTIKTIK apXUTEKTypa Ty3y KabineriH kepcerexi [10].

By KypbuibIMIapaa skacyiaiap TeK GeHOTHITIK Tu(pepeHHaIsIaHbII
KaHa Kolimal, 0ip-OipiMeH (QYHKIHMOHAIIBIK OalIaHBIC OPHATHIN, TIHTEC TOH
MHKPOOPTa KaJIBIITACTHIPabl. 3D-TIH/IK MHKSHEPUS CalachIH/IaFbl XKETICTIKTEP
OCBl MYMKIHJIKTEp/1l OJaH opi KeHEHTIiN, OMOHUKAJBIK KYPbUIBIMIAPIbI
KaJIBIITACTBIPY/IbIH TEXHOJOTHSUIBIK HeTi3iH KymeiTTi [11]. XKacymanap meH
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OmomartepuanIapIslH YieciMai KOMOMHAINACH MOPQOIOTHSUIBIK KYPISIiIiri
JKOFapHhI TIHIIK MOJENBACPAl KYpyFa jKaFail >kaca bl

3D-0nobacmia TEXHOIOTHCH JKacyIIanapasl KEHICTIKTE A7 OPHAIACTHIPY
apKBUTHI KYPJIEIi aHATOMUSUTBIK KYPBUTBIMIAPABI MOJEThICYTe MYMKIHIIK Oepi
[12]. Byt omic »KacyIambIK KOMITO3UIASHEL, TEOMETPHSITBIK JIIIKTI aKHE KaOaTThIK
yiibpIMaacyapl OaKbpUIayFa >KOJ AIlbIl, OMOWHKEHEPIIK KOHCTPYKUIUSIApABIH
MOP(OJIOTHSUTBIK HAKTBUIBIFBIH aPTTHIPABL. PEKOHCTPYKTHBTI XUpyprusiia Oyi1 Tocis
HaKThI KJIMHUKAIBIK KOJJIAaHYFa *KaKbIH/IAll, TIHIIK aKayJIap bl )keKe aHATOMUSIIBIK
epeKIIeNKTepre Coifkec MOJETbISYTe MyMKIHIIK Oepi [13].

ConbIMeH Oipre OpraHOHITHIK JKoHE 3 D-HHKEHEPITiK MOIEITBAED KACYIIIATBIK
pereHepamysiaH Kypaemipek TiIHAIK YHpIMAacyFa eTyre MyMKIHIIK OepreHiMeH,
oJIap oJii Je TOJBIKKAH/IBI KYHEIK HHTETpalisi MOCEIIECiH HICHIKEH KOK. SIFHI
MOPQOJOTHAIBIK AJNIIK MeH KEHICTIKTIK YHBIMIACy OpTaHIBIK JeHTeimeri
TYPAKTHI (PU3HOJIOTHAIBIK (PYHKINSHBI aBTOMATTHI TYPAE KAMTaMAaChl3 TIICH/II.

HanorexHonorusuiapisl eHrizy bnomarepuaniapasiH MUKPOMOP(OIOT HsICBIH
KETUIIIpyTe JKoHE jKacylla—MaTpHIa e3apa opeKeTTeCyiH OHTalIaHAbIpyFa
MYMKiHIiK Oepexi. HaHOKYpHIIBIMAB OeTKelnep xacylranxapIablH
aIre3usChIiH, MUTPANUACHH XoHEe AU PepeHINaUIIBIK OCICeHIITIH
peTTeyne MaHBI3IBI POJ aTKapaabl, ce0edi omap TAOUFU IKCTPAICILTFONISPITBIK
MaTpHUIIaHBIH MHKPOTOTOTrpadwsACHH imiHapa Kaitamait amaael. Ochlaiima,
O6uomMarepuaniapablH (U3NKAIBIK XKOHE MEXaHUKAJIbIK KACHETTEpPiH HAHO-
JeHreiie 6ackapy KacymanapaslH (GEeHOTHITIK TYPAKTBUIBIFBIH CAKTAyFa JKoOHE
TiHHIH MOP(OJOTHSITBIK YHBIMIACYBIH KETIAIPyTe BIKIal eremi [ 14].

HoTu:xesep xoHe TAIKbLIAY

JlereHMeH, OpraHOUATAPBIH OACTHI MIEKTEY1 — OapIbIH aBTOHOM/IBI KYiie
peTiHae KajapmTacysl 00bI TaObuIaabl. SIFHN onmap Oenrimi Oip TiHHIH HeMece
MYIIEHIH MOP(OreHeTUKAIBIK IPUHIIMITEPIH MO/ICIIbACT €HIMEH, KaH TAMBIPJIBIK,
MMMYHJIBIK )KOHE SHIOKPHUH/IK )KyHenepMeH TOJIbIK HHTerpanusuianoai s, by
OJIapIBIH METa0OMNKAIIBIK AIMACYBIH, JKYHEITIK CHTHAIIIapFa )Kayar Oepy KabineTiH
YKOHE Y3aK Mep3iMIi (PYHKINOHAIIBIK TYPAKTBUIBIFBIH MIeKTel i. OpraHonarap
IIIKi KYPBUTBIMIIBIK YHBIMIACYIB KAMTAMAChI3 €TKEHIMEH, OpraHNU3M JIeHI eHiH/IeT
KYpZEJi TOMEOCTaTHKANIBIK PETTEY TETIKTEPiHeH OKIIayJIaHFaH KyH/e Kamazbl.

Organ-on-chip TeXHOIOTHSACH OCHI MOCEIIEHI iTIiHapa MenTyTre OarbITTaIFaH,
ce0e61 MUKpO(ITFONATIK TTaThopMatap TMHAMAKAIIBIK TepQy3Hs MEH MEXaHUKAITBIK
CTUMYJISIIUSHBL Monenbaeid amaasl [15]. Mynnmait xyitenep skacymanapasl
CTATHKAJIBIK OPTA/IaH IIBIFaPBI, (PU3HOIOTHUSIIBIK aFbIHABIK KEPHEY, KbICHIM JKOHE
MeXaHHUKAaJBIK )KYKTEMe KaFTaibIHIa ecipyre MyMKiHIIK Oepeni. byt daxropmap
JKacymanapAbH (YHKIMOHAIIBIK KETLTyiHe BIKIAJ eTiIl, OJIApAbIH TAOUFH TIHAIK
OpTara JKaKbIH/laybIHA XKaFai kacaiiapl. COHbIMEH Oipre TMHAMHUKAIIBIK MUKPOOPTa
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yKacyanapAblH MeTaOOIUKAIBIK OCICESHIUIITIH TYPaKTaHABIPBII, KYPBUTBIMIIBIK,
YUBIMIACY/IBIH CallachlH apTTHIPYFa MYMKIHIIK Oepeti.

Aunaiiza OyJ1 TEXHOJOTHSUIIAP 1A TOJBIK XKYHEIiK HHTerpalisHbl KaMTaMachl3
ermerini, ce0edi omap kebiHece )KeKeJIereH MYIIETiK MOJISITbIep ICHI SiiH/Ie KaTa Ibl.

Kem mytrerni MuKpopu3HONIOTHSIIBIK ITaT(opMaap )KyHeniK HHTeTpalisTHbIH
KeJeci camanblk aeHredin Oimmipeni [16]. Erep organ-on-chip TeXHOIOTHACH
JKEKEJIereH MYILIEIK MOJebIepli JMHAMHKAIBIK OpTaja 3epTTeyre MyMKIHIIK
Oepce, KoI MyIIeNi Kyhenep OipHemne TIHACPIiH e3apa OalIaHBICHH JKOHE
onapbH (QYHKIIMOHAABIK ©3apa 9peKeTTecCyiH Oip Me3riae Tajuaayra Karaai
xacaitnpl. MyHnaid miatdopmanap TiHIEP apachlHIarbl MeTaOOJIMKaJIbIK
aJIMacyJbl, CHTHAIABIK MOJIEKYJIaJapAblH TapalyblH JKoHE (DHU3HOIIOTHSIIBIK
JKayanTap/blH KOOPAWHALMACHIH in Vitro sxaraaiiga MoxenbIei anaspl.

Omnap papMaKOKHHETHKANBIK JXKoHE (hapMaKOTUHAMHUKAIBIK ITPOLECTEPIi
KeIIeH Il TYp/le TalliayFa MYMKIHIIK Oepeni, SFHU AOPITiK 3aTTapIpIH TapayFbl,
MeTabOoIIN3Mi KOHE OHOJIOTHSUITBIK dcepi OipHeIe TiHIiK KOMITOHEHTTep eHr efiHIe
OaramaHabel. ByJ1 TOCiN skacaHpI MYIIENEPAiH KIMHUKAIBIK SHT131UTyiHe JeHiHTi
3epTTeyNepIiH AOIAITIH apTTHIPHII, )KYHEIK jkayanTapAbl aJIIbH ajla OonKayFa
MYMKiHAiK Oepeni. COHBIMEH KaTap KON MYIIENi MOJENbIep OMOWH)KEHEPIIiK
KYPBUTBIMIAPBIH OPTaHU3MIIK KOHTEKCTTET1 (PYHKIIMOHAIIBIK YHIECIMIITITiH
OaranayFra MyMKIHJIK O€pETiH apalbIK 3epTTEY CATHICH PETiHAC KaPaCcTHIPHLIAIEI.

OcCBI KOHTEKCTE SMHUI'CHETHKAJIBIK PETTey MeXaHH3M/Iepi )Kacyaaap b
pereHepalysIbIK NOTSHINAIBIH Y3aK Mep3iMIe caKkTay MacelieCiHe MaHbI3/bl
pex arkapansl [17]. JKacymranapislH TeHETHKAJIBIK OarnapiaMachl TYPaKThl
OoJFaHBIMEH, OJIAPIBIH (PEHOTUMTIK KYH1 AITUTEHETHKAJIBIK (haKTOpIIapFa TOYeIIi.
COHIBIKTaH ST €HETHKAIBIK TYPAKTBUIBIKTBI KAMTAaMAacChI3 €Ty JKacyIiallapIblH
T pepeHIHAIIITBIK OaFBITHIH caKTayFa jKoHE (PYHKIIMOHAIIBIK KACHETTEPiH
Y3aK yaKbIT OOMBI YCTall TYpyFa BIKIIAT eTej.

Kacymranslk KapTaroasl TeXKEY XoHE (EHOTHNTIK TYPaKTBUIBIKTBI CaKTay
OMOMHXCHEPITIK KYPBUTBIMIapABIH OMipIIEeHIITiH apTTRIPYBI MyMKiH. Byt ocipece
y3aK Mep3imMJi KIMHHUKAIBIK KOJIaHy YIIiH MaHbBI3AbI, ce0edi KacaHabl Typae
KaJIBIITACTBIPBUIFaH TiHAEP TEK MOP(OJIOTHIBIK JKaFblHAH FaHA eMeC, YaKbIT
oTe Keie (YHKUHMOHAIIBIK TYPFBIIAH J1a TYpakThl 6oiysl THic. Ocpuiaimia,
KON MYLIeNi MUKPO(QH3MOIOTHIBIK Iu1aThopMaiap MEH 3MUTCHETHKAIBIK
TYPAKTBUIBIKTBI CaKTay CTpATErHsulapbl )KAacaHIbl MYILENEepAiH y3aK Mep3iMi
THIMJIIJITIH apTTEIpyFa OaFbITTaNFaH e3apa OalIaHBICTHI FEUIBIMH OaFbITTap
peTiHae KapacThIpbUIaJIbL.

PereHepaTHBTI TEXHOJIOTHIAPIABIH AaMybl T€K OMOJOTHSIIBIK JKOHE
WHXCHEPIIIK MOceIeNepMeH MIeKTeIMel, GUIocoPHsITBIK jKoHE OMOITHKAIBIK
acmextinepmi ae kKamtuasl [ 18]. Kacanmer mymmenepai jkacay anaMHBIH TaOUFH
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OMOJIOTHSUIBIK IIEKapalapblH KaiTa KapacThIpyFa ajbIl KeJeadl, COHABIKTAH
OyJ1 OaFrbIT TEK FHUIBIMH MPOTPECC €MEC, COHBIMEH KaTap KYH/BUIBIKTHIK KOHE
STHKAJBIK TaJay bl Tajlal €TeTiH KYOBUIBbIC PeTiHIe KapacThIpbUIAbL. Axam
OpraHM3MiHIH KYPBUIBIMBIH JKacaH/bl )KOJIMEH KaiiTa Kypy HEMece aJMacThIpy
Moceneci MeIUIUHAIBIK MYMKIHIIKTEp MEH OMOITHKAIBIK KAyamKepUIiTiK
apachIHIAFBI TETIe-TCHIIKTI CaKTay bl KaXKeT eTeIi.

Kacanapl MymienepiH KYKBIKTBIK MopTeOeci MEH oJap/bl a3aMaTThIK
affHAJBIMFa €HTI3y Mocesenepi e HOPMATHBTIK perTeyai Tamam ereni [19].
BronpuHTHHT HeMece TIHAIK HHKEHEPHs HOTH)KECIH I aJIbIHFaH KYPBUIBIMIAPIbIH
MEHIIIIK KYKBIFbI, OJIap/Ibl KOJIIAHy EKTeyIIepi XKoHE KIIMHUKAIIBIK KayaKepIITiK
Mocesenepl KyKbIKTBIK TYPFhIJaH HAKThl alKbIHAATYBI THIC. Bysl cypakrap Tek
FBUIBIMH KayBIMJIACTBHIK YIIIH FaHA €MeC, COHBIMEH Karap JICHCAYyJBIK CaKTay
JKyHeci MeH 3aHHaMAJbIK HHCTUTYTTAp YIIiH JIe ©3€KTi OOJIBIT TaObLIAIbL.

CoOHBIMEH KaTap WHXXEHEPIiK KUBIHIBIKTAp — MacmTadTay, OHIipICTIiK
CTaHAapTTay, MaTepUANIAPIBIH Y3aK Mep3iMIi OHOCOMKECTIri — FHUIBIMH
KaybIMJIACTBIK aJIIBIHAA TYPFAaH MaHBI3IbI Macenenep Ooibin Tadbutansl [20].
DOKCHEepUMEHTTIK JeHTel e albIHFaH HOTIDKENEpli OHEPKACINTIK MacITadka
KeIIpy Kyp/ielli TEXHOJIOTHSUTBIK IpoliecTep i Tanan ereii. buomarepnannapasia
MEXaHHUKaJIBIK OCPIKTIri MEH OHOJIOTHSIIBIK TYPAKTBUIBIFBI Y3aK MEP3iM/Ii KOJIIaHy
KaFIaibIHa cakTaIysl THIC. OCBI (haKTopIIap KacaH bl MYIIENepAl KITMHUKAIBIK
MpaKTHKaFa KeHiHEH eHT13y/iH eIy MapTTapbl OO caHalabl.

KopbITbIHABI

Ocpblnaiiia, pereHepaTHBTI TEXHOIOTHSIIAPABIH JaMYbl KOTIKBIPIIbI CHITATKA
ne: o1 OMOJIOTHSUTBIK, MHKEHEPIIK, KYKBIKTHIK JKOHE THKAIbIK JACHTeHIepain
e3apa OalTaHBICHIH TaJall €TeTiH KEMICH/I FRUIBIMUA OAarbIT OOJBIN TaOBLIAIbI.
Ocpunaifia, acasapl MYIIEIEPIi jkacay OHONOTHS, WHKSHEPHs KOHE JKYHEIiK
MeIUIMHA TOFBICBIHIAFBI KYPETi KOTICHT €Tl FEITRIMA MiHIET OOJIBIT TaOBITAIbL.
MSC xacymanslk pereHepanysHbl 0acTai/bl, OpraHouATap MOP(HOTCHETHKAIIBIK
yibIMaacypl KaMTaMachl3 €Tefl, ajl MUKPO(H3HOIOTHAIBIK, TaTdopmanap
KYHETTK HHTeTpaIisiHbI MOJIENB/IEYTe YMTHUIBL. JlereHMeH TOJBIK (hyHKIMOHAIIIBI
OMOMH)KEHEPITIK MYIICHI jKacay YIIH TeK KYPBUIBIMIBIK IONIIK KETKITIKCI3;
MMMYHOJIOTHSIIBIK YHIECIMALTIK, TYPAKThl BaCKyJIIpU3aLsl, HEHPOSHIOKPHH/IIK
peTTeny jKoHEe MeTa0OJMKAIBIK aBTOHOMIBLIBIK MJoceleepi MIeIinyi THic.
CoHIBIKTaH yKacaH bl MYIIIEIIEpAiH O0JIaIIaFbl TEXHOIOTHSIIBIK JKETICTIKTEpre FaHa
eMec, OpraHM3MHIH XYHeIK OMONOTHICHIH TepeH TyCiHyTe OaiilaHbICTHL.

By camama opOip TEXHONOTHSIIBIK KETICTIK TEK 3€pTXaHAIBIK TaOBICTICH
IIIEKTENIMEH, OHBIH KITMHUKAITBIK, HOPMATHBTIK )KOHE JJICYMETTIK CaJlIaphl 1a eCKepiIyi
tuic. Xacanmer Mymenepi skacay yaepici Tipi xyilenepaiH TaOuFu YHbIMOAcy
KaFFIaIapbIH TYCIHY/Ii, OJapIbl HEDKCHEPITIK dTicTepMeH KalTa Kypy/Ibl ’KOHE aJTbIHFaH
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HOTIDKEIIePIi Kayirici3 opi TYpaKThl TYpAe KIMHAKAIBIK ITPAKTHKAFa CHT13YIi KAMTHIIBL.
CoHBIKTaH OyJT OAFBITTa OHONOTHSITBIK MEXaHHU3MIEP MEH TEXHUKAJBIK, MIEIIiMIeD
FaHa eMeC, COHBIMEH KaTap OJIapIbIH JKYHEIIK CalIaphl Ia MAHbI3/IbI OPbIH AlIbI.

Ochl TYPFBIIaH aJiFaH/Ia, YKaCaH bl MYLICIEP/I JKacay OUOIOT S, HHKEHEPHs
JKOHE KYHENIK MEIUIMHA TOFBICBIHIAFI KYP/Ei KOIICHIelIl FhUIbIMU MIHJET
60T TaObTa Bl MSC jkacyIanblk pereHepanisiHb! OacTaiIbl, SFHH 3aKbIMIaHFaAH
TIHACPAIH KaJIbIHAa KelyiHe 0acTamkpl OMOJIOTHSIIBIK HETi3 KaJbIITAaCTHIPAIHL.
Opranou/irap MOp(hOreHe THKAIBIK YHBIM/IACYIbl KAMTAMAChI3 €Till, KaCyIaTapIbiH
KCHICTIKTIK KYPBUIBIM TY3y KaOileTiH KepceTemi. Al MUKPO(PU3UOIOTUSIBIK,
nnatdopmanap Ky#enik WHTErpalusHbl MOJCNbACYre YMTBUIBII, TIHIEP
apachIHIAFEl (PYHKIIMOHAIIBIK ©3apa OpeKeTTecy i OaramayFa MyMKiHIIK Oepeti.

JlereEMeH TONBIK QPYHKIMOHAIAH OMOWHKEHEPIiK MYIIEHI )kacay
YIIH TeK KYPBUIBIMIBIK JANTIK KETKimiKci3. KampimrackaHn TiH OpraHU3MHIH
MMMYHOJIOTHSITBIK JKYHECIMEH YIIIeCiMIIi OpeKeTTeCyi, TYPaKTHI )KOHE )KeTKITIKTI
BaCKyJIsIpU3aliusiFa ue 00J1ybl, HEHPOIHTOKPHH/IIK CUTHAIIAPFa a/ICKBATThI JKayarl
Oepyi xoHe MeTabOIMKAIIBIK ABTOHOM/IBIIBIKTBI CAKTal allybl THIC. SIFHU sKacaH bl
KYPBUIBIM TeK MOP(}OIOrHsIIBIK TYPFhIIAH FaHa eMec, (DU3HOJOTHSIIBIK KIHE
KYHEIIK IeHreiijie 1e TypaKThl 00Tybl KaXKer.

COHJIBIKTAH JKaCaH/bl MYLICHEP/iH 0O0JaIarbl TEK TEXHOJIOTHSIBIK
JKETICTIKTepre FaHa eMec, OPTaHU3MHIH JKYHEeTiK OMOIIOTHSICHIH TepeH TYCiHyTe
OafimanbicThl. Kypaeni OMONOTHSIBIK PETTEIy MEXaHH3MIEPiH eCKepMel,
TOJIBIKKAH/TBI KOHE Y3aK MEeP3iM/i THIM/TI OMOMHKEHEPITiK MYIIICH] JKacay MYMKIH
emec. Ocpuiaiiiia, pereHepaTuBTi MEAUIMHA MEH JKacaH bl MYIIeIep/Ii 1aMbITy
0arbIThl KYPBUIBIMJIBIK PEreHEpalMsIiaH KYHeliK WHTerpalusFra oTy Il Tauamn
€TETIH FBUIBIMH IBOJIIOLHUSI PETIH/IE KAPACTHIPHLIYBI THIC.
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DEVELOPMENT OF ARTIFICIAL ORGANS
IN THE FRAMEWORK OF REGENERATIVE BIOLOGY
AND TRANSLATIONAL MEDICINE

The aim of the article is a comprehensive systems — level analysis
of modern approaches to the development of artificial organs in biology
and medicine. The development of regenerative medicine is viewed as an
evolutionary process from the cellular level to tissue organization and further
to complex microphysiological platforms. The high regenerative potential of
mesenchymal stem cells (MSCs), their differentiation capabilities, and the main
limitations of their clinical application are thoroughly described. In addition,
organoid models and 3D tissue engineering are evaluated as promising
technologies capable of reproducing spatial morphogenesis, however, the
insufficient level of their full system integration is highlighted. Organ-on-chip
systems and multi-component microphysiological platforms are analyzed as
effective tools for modeling functional interactions in artificial environments.
The key scientific barriers in the creation of artificial organs include
immunological compatibility, long-term vascularization, and the complexity of
systemic regulation. In conclusion, it is emphasized that the formation of a fully
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functional bioengineered organ requires not only structural precision but also
a deep and comprehensive understanding of the organism’s systems biology.

Keywords: regenerative medicine, tissue engineering, stem cells,
organoids, 3D bioprinting, microphysiological systems, systemic integration
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PA3ZBUTHUE HCKYCCTBEHHBIX OPTAHOB B PAMKAX
PETEHEPATUBHOW BUOJOTUA
U TPAHCJAAIIMOHHON MEJTUITAHBI

Lenb cmamvu — KOMNIEKCHbIL CUCTEMHBII AHATU3 COBPEMEHHBIX
HanpaegieHull paspabomku UCKyCCmMEEeHHbIX 0P2aH08 8 OUoI02UU U
Meoduyune. Pazeumue pecenepamueHoti MeOUYUHbl paccCmampueaemcst Kax
9BONIOYUOHHDLIL NPOYECC OM KIEMOYHO20 YPOGHS K MKAHEBOU OP2AHU3AYUL
u Oanee K CNONCHbIM MUKpogusuonocuueckum niamepopmam. I1oopobro
ONUCLIBAIOMCS 8LICOKULL PE2eHEPAYUOHHBII NOMEHYUAT ME3EHXUMATbHBIX
cmeonogvix kiemok (MSC), ux ouppepenyuposounvle 803MoACHOCIU
U OCHOBHbIE 02PAHUYEHUs. UX KIUHUYecKo2o npumenenus. Kpome moeo,
opeanoudnvie mooeau u 3D-mranesas undcenepus oyenu8aOmMcs
KaK nepcnekmugHble Mexnono2uu, no380AI0Wue 60CNPOU3E00UMb
nPOCMpancmeennblil Mopgozenes, 00HaKo OMMeUaemcst HeOOCMAamMoOUHOCH1b
ux norHoyenunou cucmemnou unmeepayuu. Cucmemuvl organ-on-
chip u mHocoKOMNOHEHMHBIE MUKPODU3UOIO2ULECKUE NAAMPOPMYL
ananu3upyromcs Kax d@@ekmueHulll UHCMPYMEHM MOO0eauposaHus
@DYHKYUOHATBHBIX 83aUMOOeUCMEUL 8 UCKYCCMBeHHOU cpede. Kntouegbimu
HayuHbIMU Oapbepami 6 CO30aHUU UCKYCCMBEHHbIX OP2AHO8 ABNAIOMCS
UMMYHONOUYECKAs. COBMECTNUMOCTb, ONUMENbHAA BACKYIAPUIAYUL U
COJICHOCb CUCMEMHOU pe2ynayuu. B 3axniouenue obocnogvleaemcs,
umo ¢hopmuposanue NOIHOCMbIO PYHKYUOHANLHO20 DUOUHICEHEPHO2O
opeana mpebdyem He MOIbKO CMPYKMYPHOU MOYHOCMU, HO U 21YOOKO20
KOMHIAEKCHO20 NOHUMAHUSA CUCEMHOU DUONIO2UU OP2AHUMAL.

Kniouesvie crnosa: pecenepamugnas MmeOuyuna, mKaHeaas UHdiCeHepus,
CMBOI0BbLE KIEMKU, Op2anoudbl, 3D- buoneuams, MUKpopusuosiocuieckie
cucmembl, CUCIEMHASL UHIMeSPaAYUsl.
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OIMNPEAEJEHNE TUIMOB CTPECCOYCTOUYNBOCTHU
KOPOB TOO «NOBEAA» U BJINSAHUA HA MOJIOYHOYHO
NMPOAYKTUBHOCTb

B pabome uzyueno snusinue menniogoco cmpecca Ha nosedenyecKue
peakyuu, XUMU4eckull cocmas (hexanuil, MoI0UHYI0 NPOOYKMUSHOCHb U
Kauecmeo MOJIOKAa OOUHBIX KOPOG ONUMUNHCKOU nopooul. HMccredosanus
npogoounuce Ha 6ase niemennozo xozsaucmea TOO «llobeday,
pacnonodcennozo 6 Ilasnodapckoii obnacmu Pecnybnuku Kaszaxcman.
Axmyanvrnocme ucciedoganusi 00yciogiena mem, Ymo NoGvlUeHUe
memMnepamypsi OKpysicaioueti cpeovl sA6A1emcs 0OHUM U3 3HAYUMBIX
CMPecco8ulx akxmopos, He2amueHo GIUAIOWUX HA pu3suoIo2UYecKoe
COCMOsIHUE HCUBOMHBIX, UX NPOOYKMUBHOCMb U 00Wee D1azonoyyue.

B xo00e sxcnepumenma y scu80mHubix onpeodensiu ypogeHs
KOpMuU301a 6 Kposi, KOMOpblll UCHOIb306ANC KAK OUOXUMUYECKUT
mapkep cmpeccogoll peakyuu opeanuzma. Ha ocnosanuu nonyuennvix
nokasamenei 6ce ucciedyemvle Koposvl OblIU pacnpedeienvl Ha mpu
2PYNNbL 6 3A6UCUMOCIU O YPOBHS CIMPECCOYCMOUYUBOCU. € BbLCOKOL,
cpeonetl U HUZKOU CMpeccoyCmoudugocmsio. Jlaniee npogoounacs oyenkd
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UX NOBEOEHUECKUX PeaKkyull 8 YCA08UAX MENI068020 8030€UCMBUs, AHAIU3
XUMUYECKO20 cOCmasa exanuil, a makce U3yHaiucy noKazamenu
MONOYHOU NPOOYKIMUBHOCTIU U KAYECM8A NOTYHAEMO20 MOJIOK.
Pesyromamel ucciedosanus nokazanu, 4mo Koposvl ¢ 6blCOKOIL
CMpeccoycmouuu8oCnmvl0 NPOSAGIANU HAUOOILUUYIO YYECEUMETbHOCTY
K 8030e€licmeuio meniogozo cmpecca. Buecme ¢ mem umenno 6
amoil epynne 6vlia 3auKcuposana Haubosee 6blCOKAs MONOUHAS
npooykmugrocms. [lonyuenHvle Oantble N0380JA10M COeNAmb 861800 O MOM,
umo npu opmMuposanul cmaoda u cereKYUoHHoU pabome yenecooopasHo
VEenUUU8ams 000 HCUBOMHBIX C BLICOKOU CIMPeCcoycmotuusocmuio. Taxol
HOOX00 MOdIcem ChOCOOCMBOBAMb CHUIICEHUIO HE2AMUBHO20 8030€UCMBUS
Meni08020 cmpecca u NOBbIUEHUIO 00well NPOOYKMUBHOCU CMaod.
Knwuesvie crosa: conumuHcKue Kopossl, Meniosoil cmpecc,
KOPMU30.1, CMpeccoycmouiusocnib, MOJIOYHAS NPOOYKMUEHOCD.

Beenenne

B HacTosmIee BpeMst 0THOH U3 TPOOIeM MOJIOYHOTO CKOTOBO/ICTBA SIBIISICTCS
TEIUIOBOU CTpPEecC, BOHUKAIOMMHU B JeTHUH mepuox [1;2;3]. IIpu aTtom OsicTpoe
HACTYIUICHHE TII00aTHHOTO MOTETUICHIS B 3HAYUTEIEHOW CTENICHN 000CTPsIeT U
ycyryouseT Ty npobnemy. Harmsaao aTo BumaHO Ha puMepe Kazaxcrana, rae ¢
1941 no 2012 rr. 3a KaX/1blil 1eCATUIETHUI IEPUOJT CPETHETO10BAsl TEMIIEpATypa
BO3/yXa MOBKIIIaNach B 3amagao-Kaszaxcranckoit oomactu —aa 0,38 °C, B FOxHO-
Kazaxcranckoii, Bocrouno-Kazaxcranckoil, Anmaruackoid 1 MaHrucrayckou
obmactsax — Ha 0,23-0,25 °C u B octampHbIX pernonax — Ha 0,27-0,31 °C. [pu
9TOM aOCONOTHBIE MaKCHUMAaJIbHBIC TEMIICPATyPhl BO3AyXa MOTYT IOCTHTaTh B
ceBepHbIX paiioHax — 42 °C, B ueHtpaibhbix — 48 °C, Ha 3anane — 46 °C, Ha
BocToke — 45°C u Ha 1ore pecryommku g0 51 °C [4;5].

JlnutensHOE BO3/ICHCTBHIE BBHICOKMX TEMIIEPATyp HAa OPTaHU3M JKHBOTHBIX
BBI3BIBACT YXYIIICHUE WX COCTOSHUS W CHIDKEHHE OO0Iel pe3NCTeHTHOCTH,
KOPOBBI CTAHOBATCS 00OJI€e BOCTIPUUMYUBBIMU K MAaCTUTY, METPHUTY U JPYTHM
nHPEKITMOHHBIM 3a0oneBarmsaM. [1on Bo3meiicTBHEM cTpecca KPYITHBIN pOraThIid
CKOT IIpeTepreBaeT P GU3NOIOTHISCKUX N3MEHEHHUH: TIPOUCXOIUT 3aME IICHIEC
WIW yCWJICHUE MEPUCTANbTHKA KUIICUYHNKA, YaCTUIHAS WIIM TIOJHAs MOTeps
aTIeTUTa, TOSBISICTCS TAXUKAPANS, apUTMUS, HAPSHKCHUE MBI, MBIIIICYHAS
JPOXb, TTOBBIIIICHUE TEMIIEPATYPHl Tella, PaCIIpPEHUE 3pAYKOB, yJaICHHOE
IBIXaHUE U CepIeONeHre, MOUCHCITYCKaHue U edexarys [6;7].

[NoBrIIeHHas TeMIlepaTypa OKpYIKaroIiel Cpeipl Hapsay BIAKHOCTBIO U
MIPOIOJKUTEIIFHOCTRIO CBETOBOTO JTHS BHOCHT AHMCOaTaHC B ()YHKIIMOHAIBHYIO
AKTUBHOCTB THUITOTATIAMO-THIIO(H3apHO-TOHATHOM OCH, YTO OTPaYKAeTCs Ha PA3BUTHH
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(OIITHKYIIOB, SKENTHIX TEJI, SIMIEKIETOK M SMOPHOHOB M, KaK CJIE/ICTBHE, CIIOCOOCTBYET
CHIDKEHHIO (DePTHIIBHOCTH M YMEHBILICHHIO MTPOSIBICHHH MPUXO0/a B 0XOTY [8].

B py011ie KopoB, HOABEPIIINXCSI TETIIOBOMY CTPECCY, OTMEYAIOT yMEHbBIICHHE
KOHIICHTPALINH alleTaTa ¥ yBEINYEHNE YPOBHS MOJIOYHOH KUCIOTHL. DTO BBI3BIBACT
cHIXeHue pH 1 T0CTYyITHOM SHEPTUH, TPUBOJUT K MOBPEKACHHIO U MTOBBIMICHNIO
MIPOHUIIAEMOCTH CTEHOK pyOna, HapymeHusAM (QyHKIUI MpemKenyniKoB u
CO3JIaHHIO YCIIOBHI JJIs1 pa3BUTHS ITOIOCTPOro anmuao3a pyomna (SARA) [9].

ITon BO3nEiicTBHEM BBICOKMX TEMIIEpATyp y >KBAUHBIX XHBOTHBIX
CHIKAeTCsl MOTpebeHne KopMa. DTO MPUBOIUT K YMEHBIICHHUIO BBHIPAOOTKH
METabOJIMIECKOT0 TEIUIa, HAPYIICHUIO SHEPTETHIECKOT0 OaaHca U CHIDKCHUIO
MOJIOYHOH TPOTYKTHBHOCTHU JTOMHBIX KOopoB [10].

Oco0eHHO 9yBCTBHUTENBHBI K TEIUIOBOMY CTpPECCY BBICOKONPOAYKTHBHBIC
MOJIOYHBIE TTOPOABI, YTO AKTYaJIbHO HAa ()OHE MHTCHCUBHOTO 3aB03a B KazaxcTan
KOPOB TOJIIITHHCKON TOPOJIBI, OIS KOTOPBIX B CTPYKTYpe OOIIEro IIEMEHHOTO
MIOTOJIOBBS MOJIOYHOTO CKOTa B peciryOnuke Ha 1 saBapst 2024 r. coctaBmia —
30 % (38 490 ron.) n IMeeT TEHACHINIO K YBEIMICHUIO.

OpHaKo HECMOTPSI HA BXKHOCTH MTPOOIIEMBI, NCCIEIOBAHMS 110 N3YyUCHUIO
JEWCTBHS TEIJIOBOTO CTPEcca HAa KOPOB TOJIITHHCKON MOPOABI HA TEPPUTOPHUN
Kazaxcrana 10 HacTOSIIEr0 BpeMEH! He TPOBOAMINCE. M 3TO HECMOTps Ha TO, 4TO
B YCJIOBHSIX PE3KO KOHTHHEHTAILHOTO KIIMMaTa, Ipeo0JIaIafolero Ha TEPPUTOPHH
pecnyOIuKH, MpHU BO3ACHCTBUHU BBICOKOI TeMmIepaTypbl 1 MHTCHCUBHOU
COJIHEYHOH PaJHaIliK y MPUBO3HBIX BBICOKONPOAYKTHBHBIX KOPOB Yallle BCETO
OTMEYaroT HEraTUBHBIE TOCIEICTBHS TEINIOBOTO CTPECCa.

B cBsI31 ¢ 3THM 11eNTbIO Halel padoTHI CTATIO0 U3YUECHHUE BIUSHUS TETIJIOBOTO
cTpecca Ha H3MEHEHHE MOBEICHNS, XUMUYECKUH COCTaB (heKaliid, 1 MOJIOYHYIO
MIPOYKTUBHOCTB TOJIITHHCKUX KOPOB, COAEPIKANIMXCS Ha OJTHOM N3 MOJIOUHBIX
¢bepm Pecrryonmuku Kazaxcras.

Marepuajbl 1 METOAbI

Pa6ora Bemonaena B HAO «TopaiireipoB yHUBEpCHTET) Ha 0a3e IIIEMEHHOTO
xo3siictBa TOO «Ilobema» (Pecrybmuka Kaszaxcran, [1aBmomapckas o0macTs,
[lepOakTuHCKMIA paiioH, c. OpIoBKa).

HccnenoBanus MpoOBOIMIN HA TOJIIITHHCKOW TOPOJIE KPYITHOIO POraToro
CKOTa, 3aBe3eHHOTO M3 I'epmanuu. J[ns skcmepuMeHTa ObIIM OTOOpAHBI
MTOJTHOBO3PACTHBIE JOHHBIE KOPOBHI 3 JakTanuu (Bcero 90 roi.). Pactipenenenre
KHMBOTHBIX MO THUIAM CTPECCOYCTOHYMBOCTH MPOBOAMIN COTJIACHO METOANKE
«Crioco0 orpenenaeHust TpaHuLl THIIOB CTPECCOYCTOHYMBOCTH MOJIOYHBIX KOPOB»
[11]. ITpn pazbuBKe KOPOB Ha TPYIIBI OLIEHOYHBIM KPUTEPUEM SIBJISIICS YPOBEHD B
KpOBH r'OPMOHa KOpTH30:1a. Beero 0110 copmupoBaHo Tpu rpynmbl. OneHOUHBIM
KpUTEpHUEM SIBIISUICS YPOBEHB B KPOBU TOpMOHA KopTu3oia: M<3m (36romn.) —
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BBICOKasl CTEIIEHb CTpeccoycToiunBocTH, M+3m (27 To1.) — cpemHss CTeNeHb
cTpeccoycToanBOCTH, M>3m (27 T0J1.) — HU3Kasi CTENCHb CTPECCOYCTONIHBOCTH,
rae M — cpenHee 3HaUeHUE U M — CTaHAAPTHASI OIIMOKa CPeAHEH BeNNInHbI.

Bcex ONBITHBIX KOPOB KOPMMJIM 1O METOJY IOJHOTO OOIECMENIAHHOTO
pamuona (TMR — total mixed ration). IIpu mpoBeneHUH MEpBOTO dTarma
SKCTIepUMeHTa (Maif) KUBOTHBIX BCeX TPyHI B TedeHue 20 qHEH comepkaid Ha
(bepme ipu ymepeHHOH aHEBHOH Temmieparype 16-21 °C u cpenHel BIaXXHOCTH
BO3yXa 65 % (HOpMabHBIE ycinoBus). B cienyromem mecsitie (ntons) — 20 qael npu
temieparype 22-35 °C u cpenneit Bnaxkaoctr 60 % (m3menenne THI ¢ 69 no 87).

Kak 110, Tak ¥ BO BpeMst CTPECCOBOT0O BO3JICHCTBHS IIPOBOIMIIN €KETHEBHYIO
OLICHKY KOPMOBOTO CTOJa (3pUTENbHBIN aHAIN3 M y4eT OCTATKOB KOpMa),
YPOBHS KBA4KH, JOJIIO JIE)KAYUX JKUBOTHBIX W MOJIOUHYIO HMPOAYKTHBHOCTD
9KCIIEPUMEHTAIIBHBIX KUBOTHBIX. /IBa pa3a B HE/IEJIO 110 pe3yIbTaTaM yTpeHHEH
1 BE€UEpHEN 0K OCYIIECTBIIUIN (PU3NKO-XNMHUUYECKUI aHAJIN3 KaueCTBA MOJIOKA.
ITo 3aBepmeHNN KaXXJOT0 3Tana 3KCIIEPUMEHTA Y KOPOB OBUTH B3STHI 00pa3IIbl
KPOBH M3 XBOCTOBOW BEHBI JJISI KOHTPOJIS KIMHUYECKUX U OMOXMMHUYECKHX
reMaTOJIOTHYECKNX MOKa3aTeleH.

CopepxaHue TOPMOHA KOPTH30JIa B KPOBU OMPEAEISIN METOJOM
NMMYHO()EPMEHTHOTO aHalIM3a HAa MHUKPOIUIAHIIETaX C MCHOJb30BaHUEM
tect-Habopa «K210 Koprtuzon-UDA» (Poccus) [12]. Ousuko-xummaecKkuit
COCTaB MOJIOKA ONPEJIEIISUIN C UCTIONB30BAHUEM NPHOOPHOH 0a3bl 1abopaTopuu
HUN arpounnoBammu u 6uorexuonornd HAO «TopaliTEIpOB yHHUBEPCUTET.
B wactHoCTH, conepxanue xupa (%) B MOJIOKE Oonpenersuin Mertozom [epbepa
(Bomromometpudeckuit meron); COMO (%) — pacueTHBIM METOIOM; TUIOTHOCTD
MoJoka (°A) Ha TakToIeHCUMETpE; coaepkanue oernka (%) —meronoM Keenmpmamns
[13]. CyTouHyI0 MOJIOYHYIO MPOAYKTHBHOCThH OLCHUBAIM IO pE3yIbTaTaM
YTpeHHEeH 1 BedepHeH Joek. XUMUYECKHid cocTaB (exanumii (Biara, ChIpOit
npotenH, Kpaxmai, ADF, aNDF, ceipast 3071a, kansiuit, pochop, MarHuid, Kaanii)
B HezaBHCUMOH Taboparopun kopmoB KZ NOVA LAB, acconnuprupoBaHHOI C
Cumberland Valley Analytical Services (USA).

AHanu3 BHIOOPOYHBIX JAHHBIX OCYILIECTBIISIIN C NMPEIBapPUTEIbHBIM
OIIpeJieNICHNeM HOPMaJIbHOCTH paciipeziesiennst o kpurepusim Koamoroposa-
CwmuproBa n Illanupo-Yunka. B cirydae HEBBINMOTHEHHS 3TOTO MOJOKEHHS
HCTIOIB30BaNH HenapaMeTpudecknit U-kputepuit Manna-Yutan (M-W U-tecr),
WHade — cTaTUCTUKY t-CThlofenTa [14].

B kauectBe moxaszarens BapuaOeIbHOCTH CPEIHEr0 3HAYCHUS NMpU3HAKa
OTIpENeISUIN CTaHAAPTHYIO OMMNOKY. ['pynnupoBKy NEPBUYHBIX AAHHBIX U
OroMeTpHUYeCcKHe pacueThl MPOBOAWIN C UCTIOJIB30BaHUEM TIporpaMm Microsoft
Excel u STATISTICA.
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Pe3yabTaTsl U 00cy:KI1€HUE

[To pe3ynbpraTaM NpPOBEACHHOTO JKCIIEPUMEHTA MOXXHO BHJAETH, UYTO
BO3JICHCTBHE TEIIOBOT'O CTPEcca IMOBJIMSIIO Ha TOTpeOIeHne KOpMa UCIIBITYEMbIMU
KUBOTHBIMHU. [Ipy 3TOM y KOpOB BCEX OINBITHBIX T'PYIIT OTMEYAIN CHIKEHUE
roefaeMocT kopMa. Tak, y >)KHUBOTHBIX C BBICOKOH CTETICHBIO CTPECCOYCTOIUMBOCTH
OHO COCTaBMJIO OKOJIO — 2,2 KI/CYyT., CpeTHel CTPeccoyCcTOWYNBOCTBIO — 2,1 Kr/
CYT. ¥l HU3KOM — 3,4 Kxr/cyT. (Tadmn. 1).

V:ke HauMHas ¢ yMEPEHHOT 0 TeMIIEPaTypHO-BIaKHOCTHOTO nHAekca THI 69
u 1o Mepe npudmxenust K THI 72 y kopoB Hauaiu MosIBISITECS HOBE/ICHUECKHE
MIPU3HAKK TEIUIOBOTO CTPECCa: KMBOTHBIE CTAIH JIOJIbIIE OOBIYHOTO CTOSTH,
MBITAsACh OXJIAJIUTHCS OoJiee MPOXJIAJHBIM BO3JIYIIHBIM ITOTOKOM BHYTpH
nomMeneHusi. COOTBETCTBEHHO, IO BO3/I€HICTBHEM TEILUIOBOI'O CTPECCa KOJIMUECTBO
JIeKa4UX KOPOB B IPYMIaX C BBICOKOH, CpeIHEeH U HU3KOM CTPECCOyCTONYNBOCTBIO
yMeHbluiIoch Ha 5,48 %, 22,1 % u 18,63 %, a ypoBeHb KBayKU CHU3UJIICS
OTHOCUTENIbHO HOpMBI Ha 4,9 %, 2,1% u 17,6 %.

B To xe BpeMs CTaTHCTUYECKH 3HAYMMOE IOBBIIICHHE PEKTAIbHOMN
TeMITEpaTyphl OBIJIO XapaKTEPHO TOJIBKO JJISl )KUBOTHBIX CO CPEAHEH M HU3KOU
CTpPeCCOyCTOHYNBOCTBIO, KoTOpoe cocTaBmio 0,6 % B obeux rpymmax (tabm. 1).

BrsiBiisiemMoe y )KMBOTHBIX BCEX TPYII YMEHBIIECHHE BOABI B (heKaImsx
CBHJICTENILCTBYET O 3aCTOMHBIX IpOIeccax B MHIIEBAPUTEIBHOM TpakTe (Talil.
2). Ha aT0 ke yKka3bpIBaeT yBelMYEHHE B Kaje KOJIMYECTBA HENepeBapeHHOU
HEHTpalbHO-IETEPreHTHONW KJIETYATKU. DTO CBSI3aHO C TEM, YTO TEIJIOBOU
CTpecc CHIKAET HE TOJBKO MHTEHCHBHOCTH JKEBaHMS, HO U aKTHBHOCTH pyOI1a,
TIOJIBIYKHOCTB PETHKYJIO-pyOIIOBOH TKaHU, B COBOKYITHOCTH BJIMSISI HA CKOPOCTh
(pakIMOHHOTO MPOXOXKACHHS MEPEeBAPUBAEMOTO MPOIYKTA B HKEIyJA0YHO-
KUILeYHOM TpakTe [15].

Ha sToM poHE y KHMBOTHBIX C BBICOKOH CTENEHBIO CTPECCOYCTOHYMBOCTH
OTMEYaJl CHIKEHHE YPOBHSI KpaxMmaja B KaJOBBIX Maccax IO CPaBHEHHIO C 10
CTPECCcOBOT0 cOCTOsIHUSL. Taxke HEOTHOPOIHBIM OKa3a10Ch COJEPIKAHUE OT/IETIbHBIX
OUOTeHHBIX MaKpod1eMeHTOB. C OZIHOH CTOPOHBI, Y KOPOB BO BCEX TpyMIax ObLIO
OTMEYEHO YMEHbIIIeHHE KOHIICHTparmu ocdopa B heKamsix, ¢ IPyroii, MOBBICHIOCH
KOJIMYECTBO MarHus B Kajie y )KHBOTHBIX CO CpeHEN 1 HU3KOH YCTOHYMBOCTBIO K
TEIJIOBOMY CTPECCY, a TaKKe KaJIUsl Y KOPOB C BBICOKOH CTPECCOYCTONUUBOCTHIO
(tabim. 2). KocBeHHO 3TH pe3ysbTaThl MOTYT CBHJETEIHCTBOBATH O YBEINYCHUU
ycBoeHust pocopa 1 BEIBEACHUN MarHus U Kajusl.

Hawnbonee npocteiM 1 3pPeKTUBHBIM CIIOCOOOM BBISIBIICHHSI CTPECCOBOTO
COCTOSIHUSL Y KPYIHOTO POraToro CKOTa 0 CHX MOp CUHUTAETCS CHUIKEHHE
yJIOE€B MOJIOKA, YTO TaK)Ke MOATBEPMIOCH U B HAIlIEM dKcrepuMenTe. Hapsny
C yMEHbBIIEHNEM IMPOJYKTUBHOCTH, BO BCEX I'pyIIax >KMBOTHBIX C pa3HOMH
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CTPECCOYCTOMYMBOCTBIO OTMEYAIN CHIDKCHHE MO TaKUM (PH3MKO-XUMHYECKUM
MTOKAa3aTelsIM Kak xup, 6eok, COMO u mioTHOCTs Monoka. [Iprudem Hanbombiee
YMEHBLICHHE 110 )KUPY OTMEUaJIH B IPYIIIE CO CPEAHEN CTPECCOYCTONYNBOCTBIO,
1o 6esxy 1 COMO B rpy1iie HU3KO CTPECCOYCTOHYMBBIX KOPOB U 110 INIOTHOCTH
MOJIOKA B BBICOKO YCTOWYHBOI IpyIIIIe.

Tabmuna 1 — ITorpebnenne kopma, ypoBEHb KBauKH, ABUTATENIbHAS AKTHBHOCTh
1 peKTaJbHAs TEMIIEpaTypa Tea y TOJIMTHHCKIX KOPOB IIPU TEIIOBOM CTpecce

CreneHb cTpeccoycToiunBocty (M+m)
ITokaza- | Ex. | BbICOKas CpeaHsis HU3Kas
Tenn H3M. | HopMa crpecc HOpMa crpecc HOpMa crpecc
n=36 n=36 n=27 n=27 n=27 n=27
Tlorped- r/
neme | KU 148,7£0,76 | 46,540,03%% | 45,8£0,91 | 43,740,89%% | 45,4£0,88 | 42,040,76%*
KopMma yr
Yposerk | | 63 5 58,30 66,10 58,70 64,30 46,70
JKBAa4YKH
Temaunx |, | 30 |5 32,67 48,10 26,00 38,30 19,67
KOpOB
Temnepa- | o136 910,08 [39,140.11 | 39.040,07 | 39.640,08%** | 30,1£0,08 | 39,720,1 1%+
Typa Teia

[Ipumeuanue: 3aeck 1 nanee *ypoBeHb 3HaUNMOCTH — p<0,05; ** — p<0,01; *** — p<0,001.

Tabnmma 2 — XuMugeckuii cocTaB (peKaTiii y TOMITHHCKUX KOPOB MPHU TEITIOBOM
ctpecce, %

Tlokazarenn Crenens cTpeccoycToitunBocty (M+m)

(exanuit BBICOKas ‘ cpeaHss ‘ HHU3Kas
HOpMa cTpecc HOpMa cTpecc HOpMa cTpecc
n=36 n=36 n=27 n=27 n=27 n=27
Bnara 84,30+0,75 | 83,63+0,33 | 84,23+0,87 | 84,30+1,17 | 86,53+0,15 | 83,13+£0,89%***
Ceipoit 18,17+0,44 | 17,43+0,54 | 18,03+0,50 | 17,77+0,08 | 18,60+0,63 | 17,80+0,10
POTEHH
Kpaxman 0,27+0,02 | 0,19+0,01*** | 0,29+0,01 | 0,27+0,04 | 0,44+0,09 |0,34+0,03
ADF 33,5040,75 | 34,83+0,55 |33,60+0,68 | 33,93+0,40 |32,10+0,19 |32,63+1,99
aNDF 50,93+1,57 | 53,40+1,21 51,37+1,23 | 52,3040,24 | 49,50+0,37 | 51,43+0,43%*
CeIpast 9,38+0,36 |9,74+0,83 9,86+0,76 |10,16+0,65 |9,74+0,44 |9,85+0,72
3012
Ca 1,79+0,14 | 1,88+0,10 1,74+0,13 | 1,85+0,13 1,77+0,17 | 1,81+0,04
P 0,93+0,03 | 0,81+0,04* |0,90+0,03 | 0,78+0,02** | 0,82+0,02 | 0,76+0,02*
Mg 0,89+0,03 |0,97+0,08 0,88+0,02 | 1,05+0,08* |0,85+0,03 |0,97+0,03**
K 0,65+0,01 |0,73+0,03* |0,69+0,02 |0,72+0,01 0,69+0,02 |0,73+0,01
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Ta6m/1ua 3 — Momnounas TIPOAYKTUBHOCTHb U KAa4€CTBO MOJIOKA Y TOJIIITUHCKUX
KOpPOB IIPU TETIJIOBOM CTPECCE

CrerneHb CTPeccoyCTOHInBOCTH KOPOB (M+m)
Tlokasa- | Ex.  BBICOKas CpeHss HH3Kast
T HU3M.  gopma crpecc HOpMa ‘ cTpece HOpMa crpecc
n=36 n=27 n=27 n=36 n=27 n=27
VY noit i 29,31£0,519 | 27,13+0,570*** | 27,110,691 | 24,87+0,470** | 25,39+0,576 | 23,13+
0,595%%*
Kup % 3,420,080 | 3,22+0,055* 3,420,138 | 3,18+0,035* 3,33£0,140 | 3,25+
0,062
Berok | % 3,26+0,018 | 2,85+0,035%** | 3,27+0,022 | 2,96+0,111** | 3.25+0,017 | 2,80+
0,025%**
Jlakro3a | % 4,79+0,044 | 4,79+0,033 4,79+0,100 | 4,78+0,045 4,7940,030 | 4,73+
0,044
COMO | % 8,150,074 | 7,13+0,042%** | 8,184+0,100 | 7,40+0,045*** | 8,130,071 7,00+
0,050%**
IInor- | A° | 35,66+0,226 | 30,19+0,197*** | 35,42+0,233 | 30,29+0,225*** | 35,00+0,280 | 30,15+
HOCTh 0,238%%*
KCK Thic./ | 281,31+£8,845 | 292,72+20,011 | 264,25+9,690 | 280,26+11,264 | 265,308,008 | 263,63+
oM’ 12,623

IIpumeuanue: KCK — koaruecTBO COMaTHUYECKUX KIIETOK.

BesycioBHO, CHIDKEHHE OeKa U )KHpa B MOJIOKE OTPAXKACTCsI HA CTOMMOCTH
MIPOAYKIIMH, HO B TOPA3/I0 OOJIBIICH CTEIICHH BISIBIIICMBIC IIPH TEILIOBOM CTPECCE
9KOHOMHUUCCKHUE TOTEPU 00YCIIOBIICHBI YMEHBIICHUEM MOJIOYHOH PO IyKTHBHOCTH
MOUHBIX KOpoB (Tabia. 3). [Ipu cXOMHOM CHMIKEHHHU CPEIHUX YIOCB O]
BO3JIEHCTBUEM TEILUIOBOTO cTpecca: 2,18 11 — BBICOKO yCTOHYMBBIE KOPOBBI, 2,24
JI — CpeJiHe YCTOWYMBBIE U 2,26 J1 — HU3KO YCTOWYHMBBIEC, HANOOJIBIIUMHU YIOSIMH
XapaKTEePU3YIOTCS, MPEXKIEC BCEro, BEICOKO CTPECCOYCTONYUBBIC KUBOTHBIC
(tabu. 3). OTcrona, BBISIBIICHUE U OTOOpP YCTOWYHMBBIX KOPOB SIBIISICTCS Ba)KHOM
CTpaTeruei Isi MUHUMH3AIIUU BIUSHUS TEIIOBOTO CTPECCa Ha IPOIyKTHBHOCTD
MOJIOYHOTO ckoTa [16]. COOTBETCTBEHHO YHCICHHOE Mpeo0saaHue BBICOKO
CTPECCOYCTOMYMBBIX KUBOTHBIX B CTPYKTYPE TOTOJIOBBS CO3/IaeT MPEANOCHUIKH
JUTSL CHIDKCHHSI SKOHOMHUYECKUX TIOTEPh MOJIOYHOTO CTa/ia B JICTHHH TICPUO/.

BaxHO OTMETHTH, YTO B HACTOSIIICE BPEeMs JJIS PCUICHUS IPOOIECMBI
TEIIOBOTO CTpecca Ha MOJIOYHBIX (epMax OOBIYHO MPOBOMST MEPOIPHUSTHS
Mo crabunusanuu (U3U0IOrHICCKOr0 COCTOSHHS KUBOTHBIX M CHUIKCHUIO
CTpeccoBoro Bo3zeicTBus. [Ipex/ie Bcero, 3To pa3iinuHble CrIocoObl YMEHBIICHUS
BBIPA0OTKU METAOOJIMYECKOTO TEIUIa KOPOBAMHM, BKJIFOYAIOIINE W3MCHCHUS B
UX pallMOHE U PEXHMME IUTAHUS U MOCHUS, a TAK)KE PA3HOOOPA3HBIC MEPHI 110
OXJIQXKICHUIO JKUBOTHBIX (YCTPOMCTBO HABECOB, YCTAHOBKH BEHTUJISTOPOB,
BOJISIHOTO JyIIIa JIJIsl J)KUBOTHBIX H JIP.).
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OpHAKO B CBSI3H € TEM, YTO CTaJ10 JOMHBIX KOPOB I€HETHYECKH HEOHOPOIHO
10 YCTOMYMBOCTH K CTPECCY, HOMUMO BBILICEPEUNCICHHBIX MEPOTIPUATHH, IS
YILyHIIEHHs] COCTOSTHUSI MOJIOYHO-TOBapHON (hepMbI HEOOXOANM CHCTEMAaTHIECKUH
MOHHMTOPUHI WHIMBHIYaJIbHOH CTPECCOYCTOWIMBOCTH KOPOB C BO3MOXKHBIM
0TOOPOM PE3UCTEHTHBIX KXHMBOTHBIX. B 3TOM cilydae OCHOBHBIM OMOMapKepoM
0TOOpa JKUBOTHBIX IO CTPECCOYCTOIUMBOCTU BIIOJHE MOXKET CTaTh YPOBEHb
kopTtu3oia. K Tomy e 3ToT mapameTp KoppesrrpyeT ¢ MOJIOUHON TPOAYKTHBHOCTBIO,
YTO CYIIECTBEHHO TOBBIIIAET BaKHOCTB €T0 OnpeaeneHus [16].

ITo pe3ynpTaTram Hamei paboThl MOXKHO BUIETh, YTO IIPH TEINIOBOM CTpecce
Y TOJIITUHCKHUX KOPOB, B 3aBUCHMOCTH OT CTEIICHH MX CTPECCOYCTOWIMBOCTH,
00HapyKHUBAIOTCS Pa3IMYHbIC TOBEJCHUYECKHE PEAKINH, HAlpaBICHHBIC HA
YMEHBIICHHE TEIUIOOTAaYN. DTO CHIDKEHHE MOTPEOICHNS KOpMa, COKpAIeHUE
BPEMEHH OTAbIXA B JISKaueM ITOJIOKEHUH U YMEHBIIIEHHE yPOBHSI KBauku. Tarxke
JUIsl KMBOTHBIX BCEX TPYII OTMEYald yMEHbIICHHE copepkanus docdopa B
(eKaNbHBIX Maccax, MOJOYHOM NMPOJYKTUBHOCTH M OTAEIBHBIX MOKa3aTesel
KadecTBa Mojoka (6enka, sxupa, COMO u mII0THOCTH).

UYro xacaeTcs crienn(puIecKuX BHYTPUTPYTIIOBBIX N3MEHEHHH, BBI3BAHHBIX
cTpeccoM, TO OObIIe BCEr0 MX OBUIO BBISBICHO Y TOJMITHHCKHX KOPOB C
BBICOKOM CTPECCOYCTOWYMBOCTHIO: YMEHBIICHHE KpaxMaja M KOHIEHTPalHun
kanmus B (pexanpHBIX Maccax. s KOpoB ¢ HU3KOH CTPECCOYCTOWYMBOCTBIO
cnenupuIHBIM OBUIO yBEIMYEHHE KOJIMYECTBA HEHTPAIbHO-IETEPTEHTHOMN
KJIETYATKH B (DEKAJTbHBIX MACCaX.

BriBoabl

Takum 00pa3oM, COTIACHO MOJYYCHHBIM PE3yJIbTaTaM MOYKHO CIENaTh
CJIC/TyFOIIHE 3aKJIFOUCHHS:

1. MOHUTOPUHI MHIMBUIYAJIILHOM CTPECCOYCTOMYMBOCTU KOPOB B CTaje
1 pas/iesieHNe MX Ha TUIBI CTPECCOYCTONYMBOCTH MO3BOJISAET B JalbHEHIIEM
MPOBOAUTL OTOOP PE3UCTEHTHBIX KMBOTHBIX. B 3TOM cilydae OCHOBHBIM
O6uomapkepoM OTOOpa >KMBOTHBIX IO CTPECCOYCTOWIMBOCTH BIIOJIHE MOKET
CTaTh ypOBEHb KOPTH30J1a. DPPEKTHBHEIM OMOMApPKEPOM CTETIEHH yCTOHIMBOCTH
(BBICOKas, CPEHSS M HM3Kas) TOJNIITHHCKUAX KOPOB K BO3AEHCTBUIO TETIJIOBOTO
cTpecca ABJISIETCS. yPOBEHb KOPTHU30J1a B KPOBH.

2. Hanbosnee xapakTepHBIMH MapKepaMH TEIUIOBOTO CTpecca He3aBHCHMO
OT CTENEHN CTPECCOYCTOWYMBOCTH KOPOB SIBIIAIOTCS TOBEICHUYECKAs PEaKIHs,
CHI)KEHHE MOJIOYHOH MPOyKTUBHOCTH M KAUE€CTBEHHBIX ITOKa3aTeseil MOJIOKa.

4. Tlpu BO3AEHCTBHHM TENJIOBOTO CTpecca HaubOONbIIeH MOIOYHOU
MPOAYKTUBHOCTBIO XapaKTEPHU30BAJINCh KOPOBBI C BBICOKOH CTEIEHBIO
CTPECCOyCTOHYNBOCTH.
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6. HJ’ISI YMEHBIICHUS BJIUAHUA TEIUIOBOI'O CTPECCAa HA KOPOB TOJIIITHHCKON
TIOPOABI NEPCIIEKTUBHBIM ITPEACTABIIACTCA OT60p JKHBOTHBIX C BBICOKOM CTEIIEHBIO
CTpeCCOYCTOI;’I‘IPIBOCTI/I 1 YBEJIIMYECHUEC UX OO B CTPYKTYPE O6I].[CFO IIOT'0JIOBBA.
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DETERMINING THE TYPES OF STRESS RESISTANCE IN COWS
AT «POBEDA» LLP AND THEIR IMPACT ON MILK PRODUCTIO

3epmmey Kazaxcman Pecnybnukaceinsvly Ilasnooap o6nvicvinoa

opranackan «Ilodeday JKIIC acein myKbimobl wapyaublivlebl 0a3acblHOA
JHCypeizindi. 3epmmeyoin o3ekminiei KOpUIAaK opma MmemnepamypacbiHbly
HCORAPBLIAYL HCAHYAPAPObIY DUSUOLOLUALBIK HCAOAUBIHA, OLAPObIH
OHIMOLNIZIHe JHCIHE JHCANNbL AN-AYKAMBIHA Kepi acep ememin MaHnbl30bl
cmpecc pakmopaapeitsiy 6ipi 001bIN MAOBLIYbIMEH MYCIHOIPineO.

DKrcnepumenm 6apvlcblHOA HCAHYAPAAPObIH KAHLIHOAbL KOPIMU3OJI
Oeneelli anbIKMaiobl, Ol A3aHbIY CMPECC PeaKYUsACbIHbIY OUOXUMUSIbIK
Mapkepi peminoe nauoaiansiiobl. AbiHeaH Kepcemkiuimep He2i3iHOe 6apIblK
madicipubeniK cublpaap cmpeccKka mesiMoinik Oeyeeliine Kapail yui monka
06/1iHOI: JHc08apbl, OPMALUA JHCIHEe MOMEH cmpeccKa me3imoinik. Byoan api
JACHLTY CIMPECCE ACaz0aAlbLINOARbL 0APObIY MIHE3-KYAbIKIMbIK, PEaKyusaiapbl
0a2anaHbIN, HAACICMIY XUMUSALLIK KYPAMbl MAI0AHObl, COHOAl-AK Cym
OHIMOLIIZI MEH AIIbIHRAH CYMMIK cana Kepcemxiuimepi 3epmmerol.

3epmmey nomuscenepi sco2apel cmpeccka mesimoiniei oap
CUbIPIAPObIH JHCHLLY CMPECCIHIK 2CepiHe aHARYPAbIM Ce3IMMAl eKeHiH
xkepcemmi. CoOHbIMeH Kamap 0271 0Cbl MONMA eH HCOAPbl CYM OHIMOLNIel
mipkendi. Anvinean manimemmep madvli KYPLLILIMbIH KAALINMACMbIDY
JCOHE CeNeKYUANbIK ACYMblCmap JAHCyp2izy bapvicblnoa cmpeccka
Me3IiMOLNiel JHCO2APLL HCAHYAPIAPObIH JAECIH apmmulpy OpblHObL eKeHiH
Kepcemedi. Mynoaii macin sdcvlry cmpecciniy Kepi acepin azanumoin,
MAOBIHHBIY JHCANNbL OHIMOLNIZIH APMMbIPY2A MYMKIHOIK Oepeoi.

Kinmmi co30ep: I'onvumetin cusipaapbl, Jcolity Cmpecci, KOpmu3oi,
cmpeccke mo3iMOLIIK, Cym OHIMOLLie].

The study examined the effect of heat stress on behavioural responses,
faecal composition, milk productivity and milk quality in Holstein dairy
cows. The research was conducted at the Pobed breeding farm, located in
the Pavlodar region of the Republic of Kazakhstan. The relevance of the
study is due to the fact that an increase in ambient temperature is one of the
significant stress factors that negatively affect the physiological condition
of animals, their productivity and overall well-being.

During the experiment, the animals’ blood cortisol levels were
measured, which was used as a biochemical marker of the body’s stress
response. Based on the results, all the cows studied were divided into three
groups according to their stress resistance: high, medium and low. Next,
their behavioural responses to heat exposure were assessed, the chemical
composition of their faeces was analysed, and their milk productivity and
milk quality were studied.

The results of the study showed that cows with high stress resistance
were most sensitive to heat stress. At the same time, it was this group that
recorded the highest milk productivity. The data obtained allow us to
conclude that when forming a herd and conducting selection work, it is
advisable to increase the proportion of animals with high stress resistance.
This approach can help reduce the negative effects of heat stress and
increase the overall productivity of the herd.

Keywords: Holstein cows, heat stress, cortisol, stress resistance, milk
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IIPABUJIA J1JISA ABTOPOB
Hay4HBIX )kypHaJ10B HAO «TopaiirelpoB yHuBepcuTe™
«BecTtHuk TopaiirelpoB yHuUBepcUTeTaY,
«Hayka n Texunka Kazaxcrana»

PenakunoHHas KOJUTIETHsI TPOCUT aBTOPOB PYKOBOJICTBOBATHCS CJIETYIOIIUMHU
TIPaBUJIaMH TIPH TIOJITOTOBKE CTAThEH JUIsl OMyOIMKOBAHHMS B JKypHAIIE.

HayuHble craThu, mpejcTaBisieMble B PENaKLIHIO JKypHala JIOJKHBI
OBITH OOpMIIEHBI COrJacHO 0a30BBIM H3JaTEJLCKUM CTaHIapTaMm IO
oopmnennto crateir B coorBerctBur ¢ ['OCT 7.5-98 «Kypnaibl, cOopHHUKH,
nHpopManMoHHble U3aHus. M3narenbckoe opopmiieHHe ITyOJINKYeMBbIX
MaTepHajoBy, MPUCTATEHHBIX OMOIMOrpadMUECKUX CIHCKOB B COOTBETCTBHUHU
cI'OCT 7.1-2003 «bubnnorpaduyeckas 3anuch. bubnmorpaduueckoe onucanue.
OO1mmue TpeGoBaHMS M TIPaBHIIa COCTABICHUS.

* B HOMep JiomycKaeTces He 0oJiee 0JTHON PYKOIIMCH OT OJTHOTO aBTOpa JIHO0
TOTO K€ aBTOPa B COCTaBE KOJUIEKTHBA COABTOPOB.

* Konn4ecTBO cOaBTOPOB OHOMU cTaThu He Ooee 5.

* CrerneHb OPUTHHAIBHOCTH CTAaThH JIOJDKHA COCTABISITH He MeHee 60 %
(coracHO penIeHuIo peJaKIMOHHON KOJIIETHN).

* Hampaisiemble CTaThbU HE JOJDKHBI OBITH paHee OIyOJMKOBAHBI, HE
JIOIYCKaeTCsl Mocye/yIoliee OnyOJMKOBaHNE B IPYTUX XKypHaJax, B TOM YHCIIE
MIepEBOBI Ha IPYTHE SI3BIKU.

* PenieHue 0 NPUHATHH PYKOIHCH K OITyOJIMKOBaHUIO TPUHUMAETCS 110CTIe
IIPOBE/ICHUS ITPOLIEAYPBI PELIEH3NPOBAHUSL.

* JlBoliHOE pereH3upoBaHue (cliernoe) NpPOBOJUTCS KOH(UICHINAIBHO,
aBTOPY He COOOIIAEeTCS] UMS PELIEH3EeHTa, a PELIEH3EHTY — UMs aBTOpa CTAaThH.

* KBuTtaHuust o0 orurate mpeaocTaBisieTCs MOCHe MPUHATHS CTaTel K
my6skarn. CToMMOCTb MyOIMKauy B xypHaie cocrasisier 7000 (ceMb ThICSY)
TEHTe.

* noxropantaM HAO «TopalirslpoB yHUBEPCUTET» M MHOCTPAHHBIM aBTOPaM
(Oe3 Ka3axCcTaHCKUX COABTOPOB) ITyOIMKaIMS B )KypHase OecIIaTHO.

* Ecnu craThsi OTKJIOHEHA aHTHIUIATHATOM WM PEIeH3€HTOM CTaThs
BO3BpaIlaeTcs aBTOPY Ha JOPaObOTKY. ABTOP MOXKET TIOBTOPHO OTIIPABHUTH CTATHIO
Ha aHTHUIUIarHaT WM pelieH3eH3npoBanne 1 pa3. OTBETCTBEHHOCTH 3a COAEpIKaHHE
CTaThbH HECET aBTOD.

Penakiyst He 3aHMMAETCs IMTEPATYPHOH M CTHIIMCTHUECKON 00paboTKON
CTaThH.
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Crarbn, opopMiIeHHBIE C HApYLIEHHEeM TPeOOBaHMIl, K IMy0JIMKAIINY He
NMPUHUMAIOTCS M BO3BPAINAIOTCS AaBTOPaM.

JlaToil mocTymiIeHnsT CTaThbU CUMTAETCs JaTa MOJIyueHUs pelakiueil ee
OKOHYATEJIFHOTO BapHaHTa.

Crarby IyOIMKYIOTCS 1T0 Mepe MOCTyTuIeH s . XKy pHait popMHUpyeTcst UCXO/1s
U3 KomdectBa He Oonee 30 craTeil B 0JJHOM HOMEpeE.

Ileproan4yHOCTL M3XAHUS KYPHAJIOB — 4 pa3a B roj (e;xeKBapTaJbHO).

Cpoku nmojgaum cTaTbu:

- mepBbIi kBapTan g0 01 despais;

- BTOpO# kBapTan 1o 01 mas;

- Tpetuil kBaprain g0 01 aBrycra;

- 4eTBepThIi kBapTai 10 01 HOSOpsI.

Hayunsii xypHan «BectHuk Topaiirsipos ynuBepcurtera», «Hayka n
TexHuKa KazaxcraHa» BBIITyCKaeTCsl ¢ IEPHOIUYHOCTHIO 4 pa3a B TOJl B CETEBOM
(9:1eKTpOHHOM) popMare B ClIeTyIOIHE YCTAHOBICHHBIE CPOKH BBIX0J1a HOMEPOB
KypHaJa:

- IepBBIH HOMED BBIycKaeTcs 10 30 MapTa TeKyIero rosa;

- BTOpOi HOMep — 710 30 uIoHS;

- TpeTuil HOMep — 10 30 ceHTsIOps;

- 4eTBepTHIi HOMep — 110 30 nexadpsi.

CraTpio (2JIEKTPOHHYIO BEPCHIO W KBUTAHIMU 00 oIuIaTe) cienyer
HaIpaBJsTh HA caliTax:

- https://vestnik-pedagogic.tou.edu.kz/

- https://vestnik-philological.tou.edu.kz/

- https://vestnik-energy.tou.edu.kz/

- https://vestnik-humanitar.tou.edu.kz/

- https://vestnik-cb.tou.edu.kz/

- https://vestnik-economic.tou.edu.kz/

- https://vestnik-pm.tou.edu.kz/

- https://vestnik-law.tou.edu.kz/

- https://stk.tou.edu.kz

- https://localhistory.tou.edu.kz

Jlist moraun cTaThy Ha IyONMKAIMI0 HEOOXOANMO MPOWUTH PETHCTPAIHIO
Ha caiiTe.

ABTOp, KOTOPBIH BHEC HANOOBIINI HHTEIUIEKTYJIbHBINA BKJIAJT B TIOJITOTOBKY
pykomnucH (IIpH ABYX U 00Jiee COaBTOPaX ), SIBISIETCS] aBTOPOM-KOPPECTIOHIEHTOM
n o603HavyaeTcs «*».

ABTOpBI U3 pa3HbIX YYeOHBIX 3aBEJCHUH yKa3bIBatoTcs udpamu 1,2.
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Jlisl ocymiecTBICHUS POLEAYPhl JBOWHOTO PELEH3UPOBAHUS (CIIEHOTO),
aBTOpaM HEOOXOIMMO OTIPABIIATH /IBA BApHAHTa CTAThU: MIEPBBIN — C YKa3aHHEM
JIMYHBIX JAHHBIX, BTOPOH — 0€3 yKa3aHWs JIMYHBIX TaHHBIX. [Ipn HapymeHun
MIPUHINIA CJIETIOTO PELICH3UPOBAHMS CTaThsl HE PACCMaTPHBACTCS.

CTaThH 10/KHBI OBITH 0()OPMIIEHBI B CTPOTOM COOTBETCTBHH
€O CJIeIYIOLMMH NMPABUJIAMH:

— B >xypHaJIbl IPHHUMAIOTCSI CTaThH 110 BCEM HAy4YHBIM HAIPaBIICHUSM, B
9JIEKTPOHHOM BapHaHTE CO BCEMU MaTepHallaMi B TEKCTOBOM peiakTope «Microsoft
Office Word (97, 2000, 2007, 2010) mrs Windows» (B ¢popmatax .doc, .docx, .rtf).

— OOmuit 00beM cTaThby, BKIIOYAs aHHOTAIMH, JIUTEPATypy, TaOIHUIIBL,
PUCYHKH M MaTeMaTHdeckue (popMyIbl IOJDKEH COCTAaBISITH He MeHee 7 M He
0osiee 12 cTpaHuIl MEYATHOTO TeKcTa. /o cmpanuy — 30 Mm co 8cex cmopoH
aucma,; Texcm cmamou: xeenb — 14 nynkmos, capuumypa — Times New Roman
(01151 pycckoeo, anenuiicko2o u Hemeyko2o sa3vikos), KZ Times New Roman (015
KA3aXCKO20 A3bIKA).

CTpyKTypa Hay4HOH cTaTbu BKJIIOYAET HAa3BaHHE, aHHOTAIMS, KIIIOUYEBBIC
CJIOBA, OCHOBHBIC MOJIOXKEHHS, BBEACHUE, MaT€pHalIbl 1 METOABI, PE3YJIbTaThl
1 00CyXJeHHUE, 3aKIF0UCHNE, BBIBOBI, MH(POPMAINIO O (PMHAHCHPOBAHUH (IIpH
HaJIMYMH ), CITUCOK MCTIOJIb30BaHHBIX HCTOYHUKOB (JINTEPATYPBI) K KAXKI0H CTaThe,
BKJIIOYasi POMAaHU3HPOBAHHBIHN (TPAHCIUTEPUPOBAHHBII JIATHHCKUM ai(haBUTOM)
BapHaHT HANMCAHMUS HICTOYHUKOB Ha KUPHJUTHIIE (HA Ka3aXCKOM U PYCCKOM SI3bIKAX)
em. TOCT 7.79-2000 (UCO 9-95) IIpasuna mpanciumepayuu KUPULIOBCKO20
RUCLMA TAMUHCKUM ANPagUmMOoM.

Cmamus 00131cHa codeprcamsp:

1. MPHTU (MexrocyIapCTBeHHBI PyOpHUKaTOp HAYYHOH TEXHHUYECKOU
nHpOpMAIIHN);

2. DOI — mocne MPHTH B BepxHeMm mpaBoM yTiy (IpHCBaWBaeTCs U
3aI0JIHSCTCS PelaKIUel Ky pHaa);

3. Muuuuansl (uMs1, oTdaecTBo) @aMmians aBTopa (-0B) — Ha Ka3aXCKOM,
PYCCKOM M aHTJIMMCKOM SI3bIKaX (KUPHBIM MIPU(TOM, 10 LIEHTPY);

ABTOD, KOTOPHII BHEC HANOOJBIINI HHTEIUICKTYaIbHBIA BKJIA]] B [IOITOTOBKY
pykomnucH (IpH ABYX U 00JIee COaBTOPAX ), SIBISETCS aBTOPOM-KOPPECTOHIEHTOM
1 o6o3HaYaeTcs «*».

ABTOpHI U3 Pa3HBIX YUeOHBIX 3aBEICHUN yKa3bIBatOTCS nuppamu 1,2.

4. Apduaunanus (opraHuzamst (MecTo paboThI (y4eOsl)), CTpaHa, TOPOT) —
Ha Ka3aXxCKOM, PyCCKOM M aHIJIMMCKOM si3bIKax. [TomHble qanHble 00 addummarm
aBTOPOB MPE/ICTABISIIOTCS B KOHIIE JKYPHAIIA;
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5. Ha3paHMe cTaTbH JOJDKHO OTPaKaTh COJEPXKAHUE CTATbU, TEMATHKY
1 pe3yJbTaThl IPOBEAEHHOTO HAYYHOTO HCcienoBaHMs. B Ha3zBaHue crartbn
HEOOXOANMO BIOXKUTH HHPOPMATHBHOCTb, IPUBIICKATEIbHOCTD U YHUKAJIBHOCTh
(me Oomnee 12 cnoB, MPONUCHBIMU OYKBaMH, )KHUPHBIM MIPH(TOM, IO IIEHTPY, Ha
TpeX s3BIKaX: PYCCKUH, Ka3aXCKUH, aHTTTHACKUHN THO0 HEMEITKHUH);

6. AHHOTAIN — KpaTKasi XapaKTePUCTHKA HA3HAUYEHHMS, COICPKAHMSL, BUJIA,
(opMBI 1 ipyrux ocodeHHOCTel cTaThu. JloJKHA OTpaskaTh OCHOBHBIC U IICHHBIE,
110 MHEHHIO aBTOPA, 3Talbl, OOBEKTHI, NX MPU3HAKA U BHIBOABI ITPOBEICHHOTO
nccuenoBaHus. JlaeTcsi Ha Ka3aXCKOM, PYCCKOM M aHTJIMHCKOM JIN0O HEMEIIKOM
sI3bIKaX (PEKOMEHAyEeMblii 00beM aHHOTAIMH Ha SI3bIKE ITyOINKAINY — HE MEHee
150, e 6omee 300 crmoB, KypCUB, HEKUPHBIM MIPU(TOM, KeTIb — 12 MyHKTOB,
a03aIHbI OTCTYII ClieBa | crpaBa 1 cM, cMm. oOpasen);

7. KiroueBble cj10Ba — HA0OP CIIOB, OTPAKAIOLINX COJCP)KAaHUE TEKCTa B
TEepMHHAX 00BEKTA, HAYYHOH OTPACIN M METOJIOB Uccie10BaHus (0hOopMIISIOTCS
Ha TpeX SA3bIKaX: PyCCKHUN, Ka3aXCKUN, aHTTTHHCKIHA THO0 HEMEUKHUI; Kerab — 12
ITyHKTOB, KypCHB, OTCTYI clieBa-cripaBa — | cM.). PekoMeHyeMoe KOIn9IecTBO
KITFOYEBBIX CIIOB — 5-8, KOIMYECTBO CIIOB BHYTPH KITFOUEeBOH (hpa3sl — He Ooee 3.
3aaroTcs B MOPSIIKE MX 3HAYUMOCTH, T.€. CAMOE BXKHOE KITFOUEBOE CIIOBO CTAThU
JIOJDKHO OBITH TEPBBIM B CITUCKE (CM. 0Opaserr);

8. OCHOBHOI TEKCT CTAaTbH U3JIATacTCs B ONPEJEIeHHOM OCIEJ0BATEIbHOCTH
€ro 4acTel, BKIIIOUaeT B cels:

- BBexgenue (a03a1 1 cM 1o 1eBOMY Kparo, )KUPHBIMU OyKBaMH, Kerib — 14
myHKTOB). OOOCHOBaHHE BHIOOPA TEMBI, aKTYAIBHOCTh TEMBI WJIH IIPOOIIEMEL.
AKTYaJIbHOCTB TE€MBI ONPEEIISIETCS OOIIMM HHTEPECOM K H3YIEHHOCTH JTAaHHOTO
00beKTa, HO OTCYTCTBHEM MCUEPIBIBAIOIINX OTBETOB Ha NMEIONIHECS BOIPOCHI,
OHa JIOKa3bIBAETCS TEOPETUUECKON MIIM MPAKTUIECKOW 3HAYMMOCTBIO TEMBI.

- MaTepuasbl U MeTOABI (a63ay 1 cm no 1esomy Kpaio, HcupHulmMu 6YKeamu,
Keanb — 14 nynkmos). JI0IDKHBI COCTOSITH M3 OTIMCAHNS MaTEPHUAIIOB M X0/1a padOTEI,
a TaKKe IOJTHOTO ONMCAHUS NCIIOJIb30BAHHBIX METOOB.

- PesyabTathl u o0cy:xknenue (aozay I cm no nesomy Kparo, HUpHolMU
oykeamu, keenv — 14 nynkmos). IlpuBoanTcs aHAIN3 1 00CYKACHHUE MOTYIESHHBIX
BaMH Pe3yJIbTaTOB HcCIeA0BaHus. [I[pUBOAATCS BEIBOABI 110 TIOJTyYSHHBIM B X0/1€
HCCIE0BaHUsS PE3yNIbTaTaM, PACKPBIBACTCSI OCHOBHAS CyTh. M 3TO OJIMH U3 caMbIX
Ba)XXKHBIX Pa3JeyOB CTaTbu. B HEM HEOOXOIMMO MPOBECTH aHAIN3 PE3yJIbTATOB
cBOEH paboThHl M 00CYKIACHNE COOTBETCTBYIOUIMX PE3YJIbTATOB B CPaBHEHUHU
C MPEABIIY MU paboTaMu, aHAJTM3aMHU U BBIBOJJAMHU.

- Uudopmanuio o puHaHcHpOBaHUH (MPH HAIUYHUHU) (abzay | cm no
JIeBOMY Kpalo, HCUPHbIMU OyKeamu, Ke2ib — 14 nynkmos).

186

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepust Xumuko-6uonozuueckas. Ne 2. 2026

- BoIBOabI (ab3ay I cm no niegomy Kparo, sHcupHuimu Oykeamu, Kkeaib — 14
NYHKMO8).

BeiBozibl — 00001IeHNE M TIOABECHNE NTOrOB pabOTHl HAa JAHHOM 3Tare;
MOATBEPKIEHNE HUCTUHHOCTH BBIIBUTAEMOTO YTBEP)KICHUS, BHICKA3aHHOTO
aBTOPOM, M 3aKJIIOYCHHE aBTOpa 00 M3MEHEHHH HAyYHOTO 3HAHUS C yUETOM
MIOJTyYEHHBIX PE3yJIbTaTOB. BBIBOABI HE JOJDKHBI OBITH AOCTPAKTHBIMH, OHU
JIOJDKHBI OBITH HCIIOJIB30BAHBI [Tt 000OIIEHHSI PE3YIIbTaTOB HCCIIEI0OBAHUS B TON
WIN MHOW HAay4YHOH 00JIacTH, C ONHMCAHWEM IMPEJIOKEHUH M BO3MOXKHOCTEH
JanpHeHIe paboThL.

- CnucoK MCMOJIb30BAHHBIX HCTOYHMKOB (JICUPHBIMU OYKEAMU, Ke2lb —
14 nynkmos, 6 yenmpe) exnouaem 6 ceos:

CraTbs ¥ CIMCOK UCTIOIb30BAHHBIX HCTOYHUKOB TOJKHBI OBITH O()OPMIICHBI
B cootBercTBUH ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cM. obpaserr).

OuepeIHOCTh UCTOYHHKOB OMPEASNSETCs CIEAYIONMM 00pa3oM: CHadaa
MI0CJIE/IOBATENIbHBIE CCBUIKH, T.€. HCTOYHHUKH Ha KOTOPBIE BBI CCBHITAETECH 10
0YEpEeTHOCTH B CAaMOH CTaThe. 3aTeM JAOTOIHUTEIbHbIE HCTOYHNKH, HA KOTOPBIX HET
CCBUJIOK, T.€. HCTOYHUKH, KOTOPBIE HE IMEITH MECTO B CTAaThe, HO PEKOMEH/I0BAHbI
BAMM YUTATENIAM JUJISl O3HAKOMJICHHS, KaK CMEXHbIe pabOThl, IPOBOIUMBIC
napawensHo. O0bpeM He MeHee 10, He Oonee yem 20 HAMMEHOBAHUH (CCBUIKH H
MIPUMEYaHHs B CTaThe 0003HAUAIOTCSI CKBO3HON HyMepalnuel M 3aKII0YaroTcs B
KBaJ[paTHBIC CKOOKN), MPEUMYIIECTBEHHO 3a rmocienuue 10-15 mer.

B cityuae Hanmmaus B criMcKe NCHOJIb30BaHHBIX ICTOYHUKOB PA0O0T Ha KUPHIIITULIE
(Ha Ka3aXCKOM U PYCCKOM sI3bIKaX ), HEOOXOAMMO MPEJICTaBUTh CIIUCOK JIUTEPATYPHI
B JIByX BapHaHTax: 1) B opurnHaie (yKa3blBalOTCS HCTOUHHUKH HA PYCCKOM,
Ka3aXCKOM U aHTJIMHCKOM JTHOO HEMEIKOM S3bIKax); 2) pOMaHM3MPOBAHHBIN
BapHaHT HAIIMCAHNS ICTOYHUKOB Ha KUPHJIIHLIE (Ha Ka3aXCKOM 1 PYCCKOM S3bIKaX),
TO €CTh TPaHCIUTepaIys JaTHHCKUM andpaButoM. cM. [OCT 7.79-2000 (MCO
9-95) IpaBuina TpaHCIUTEPALMN KUPHIUIOBCKOTO MMChMA JIATHHCKUM aJI(haBUTOM.

Onnaitn cepeuc Tpancnumepayus no I'OCTy — https://transliteration-
online.ru/

IIpaBuia TpaHcauTepauuu KHPHJIJOBCKOIO MHUCbMa JATHHCKHM
anpaBUTOM.

Pomanu3uposannuplii cnucok numepamypuvl 00J1)4ceH Gbl2iAA0emy
cnedyrouium oopazom: aBTop(-bl) (TpaHCIUTEpanUs ITUOO0 aHTIOS3BIYHBIN
BApUAHT NPU €ro HAJINYMKM) — Ha3BaHWE CTAaThbU B TPAHCIUTEPHUPOBAHHOM
BapHaHTe — [MEpeBOJ HAa3BaHMs CTAaTbU HA AHTJIIMHCKUH A3bIK B KBAJPAaTHBIX
CKOOKax| — Ha3BaHME Ka3aXOs3BIYHOTO JHOO PYCCKOS3BIYHOTO MCTOYHHKA
(TpaHcIUTEpaIys, 1100 aHTTIHICKOE Ha3BaHHE IIPH €T0 HAINYNH) — BBIXOJIHBIC
JIaHHBIE ¢ 0003HAYCHUSIMU HA aHTJIMHCKOM SI3BIKE.
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HNnmocTpanuu, nepevyeHb PUCYHKOB U NOAPHUCYHOUYHBIE HAANHCH K
HUM TPEJCTABIAIOT 110 TEKCTy CTaTbU. B 31IEKTPOHHON BEpCHM PUCYHKH U
wiTocTpanuu npeacrapisiiores B Gopmate TIF wimm JPG ¢ paspemenuem He
menee 300 dpi.

MaTtemaTtudeckue (popMyJIbl TOJDKHEI OBITH HaOpaHbl B Microsoft Equation
Editor (xaxxmas popmyia — oiH OOBEKT).

Ha ornenbHoii cTpanuue (nocje cTaTbu)
B hiekTpoHHOM BapHaHTe MPUBOASITCS MOJHbIE MOYTOBLIE ajpeca,

HOMepa cJay:ke0HOro u foMamnero TeaedoHoB, e-mail (Homepa TesiedpoHoB

JUISI CBSI3M PeIaKIUM C ABTOPAMHU, He MY0JIUKYIOTCH);

Caenenusi 00 aBTopax

Ha ka3zaxckom si3bike Ha pycckom sa3bike | Ha anriuiickom si3bike

Damuius mst OT4ecTBO (MOJHOCTHIO)

I[OJ'DKHOCTB, y4eHasl CTCIICHb, 3BaHHUC

Opranuzais

T'opon

Munexc

Crpana

E-mail

Tenedon

188

OBPA3EIl K O®POPMJIEHHIO CTATEM

MPHTMU 14.37.27

DO xxxxxXXXXxXxxXxxx

*C. K. Aumukeesa
TopaiireipoB yauBepcuteT, Peciyonmka Kazaxcran, 1. [TaBmomap

TEOPETUYECKASI MOLEJIb ®OPMUPOBAHUA
KOMIMETEHLUWWA COLUMNAJIbHbIX PABOTHUKOB YEPE3
KYPCBbI NMNOBbILUEHUSA KBAJTIN®OUKALIUN

BoannoticmamvenpedcmasnenameopemuueckasmooensQopmuposars
JIUHHOCMHBIX U NPOPECCUOHATBHBIX KOMNEMEHYUIL COYUATLHBIX PAOONHUKO8
uepes Kypcwl NOGbIUICHUS KEATUQUKAYUY, KOMopas paspabomana 8
pamrax 0okmopckou  ouccepmayuu  «Dopmuposanue  IUUHOCMHBIX U
nPOGECCUOHATLHBIX KOMNEMEHYULl COYUATbHBIX PADONHUKOE Yepe3 KypCbl
nosvluieHus  Keanugukayuuy. B cmamve npusodsimcs nedazoeuteckue
acnekmuvl  camoco  npoyecca  MOOEIUPOBAHUs,  NEPEeYUCTIeHbl  SManbl
nedazoeuueckoeo mooenuposanus. IIpedcmasnenvl  MmemooonocudecKul,
npoYeccyanvbHbiil (MEXHONO2UNECKULL) U UHCIPYMEHMATbHBILL YPOGHI MOOETU,
ee yemv, MOHUMOPUHE CHOPMUPOBAHHOCHU UCKOMBIX KOMNEemeHyull, d
maroice pesyromam. B Mooenu nokasanbl KOMREemeHmHOCMH b, TIUYHOCTHO-
OPUEHMUPOBAHHBILL U IPAKMUKO-OPUCHMUPOBAHHbIL  Neddaeoeuyeckue
NOOX00bL, 3AKOHOMEPHOCTU, NPUHYUNDL, YCTIOBUS (POPMUPOBAHUSL BLLOPAHHbIX
KOMNEMeHYULl, ONUCAHbL IMAnbl Peanu3ayuu npoyecca Qopmuposanis,
VPOSHU  CPOPMUPOBAHHOCIIU — TUYHOCHIHBIX U NPOGHECCUOHATbHBIX
Komnemenyuil. B pazoene npaxkmuueckoli noo20moeKu npeonacaemcs
UHMEPAKMUBHAs. paboma & cucmeme CiLyulamenb-npenooasamelb-2pynna,
noOpazymesarowass UUHoe yuacmue Kaicooeo CReYUuamicma, a marice
OMKpbIMUe Nepeoeo 8 Hauiell cmpare PecnyOnuKanckoeo o6ujecmeeHHo2o
o0bveouHenus «HayuoHanvholll ambsSHe NPoQecCUOHATBHBIX  COYUATLHBIX
pabomuukosy. [lannas modenvb noopazymesaenm noo coboll OalbHeluee
COBEPUIEHCMBOBAHUE U  CAMOCMOSMETbHOE PA3GUmUe  JTUYHOCIMHbIX U
nPOGECCUOHATLHLIX — KOMREMEHYUIl  COYUATbHbIX — PAOOMHUKo8.  Dmo
noszeonsem ysudemv 6 MOOelU IPHEKMUGHOCMb  pearu3ayuu  Kypcos
NOGblUeHUs! K8ATUGUKayuL, Gopmol, Memoobl U Cpeocmed padomoi.

Knwouesvie  cnosa: meopemuueckas —Mooenb,  KOMRemMeHYuu,
nogvluleHUe KEATUPUKAYUY, COYUATbHBLE PABOMHUKU.
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BBenenne

CornmanpHas paboTa — OTHOCHTEIBHO HOBAS JJIsl HAIIICH CTPaHBI MPOGECCHs.
[TosToMy OOydYeHHE CONHMANbHBIX PAOOTHUKOB HAa COBPEMEHHOMN CTaIuu HE
XapaKTePU3YeTCs HAMYHEM JOCTATOYHO Pa3pabOTaHHBIX 00pa30BaTEIIBHBIX
CTaHIaPTOB, KOTOPHIC HAXOAWIIN OBl BRIPAKECHHE B (DOPMYITHUPOBKE ITEIar OTHYCSCKUX
LeNel, B CoJIepyKaHuU, TEXHOJIOTUAX YUeOHOTO MpoIiecca.

Ipodondcenue mexkcma nybonuKyemoeo mamepuana

Marepuajibl 1 METOABI

TeopeTndyeckuil aHajlu3 Hay4YHOU MCUXOJOTO-NEaroru4yecko u
CIICIATBHON JINTEPATYPHI IO POOIIEMEe UCCIICIOBAHNS; aHAJIH3 3aKOHOIATEIIEHBIX
U HOPMATHBHBIX JOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX 00hCIMHCHHUIA,
aHaJIN3 COACPIKAHMS IPOTPaAMM KYPCOB ITOBBIIICHUS KBATU(UKAIIMU COITUATTEHBIX
PabOTHHUKOB; MOJICIMPOBAHNUE; aHAIN3 U 0000IICHUE MEAarOrHYECKOr0 OIBITA;
OIPOCHBIC MeTOIbI (Oece/1a, aHKETUPOBaHKE, HHTCPBBIOUPOBAHNUE ); HAOJFOICHHE;
aHa U3 NPOAYKTOB AESATEIbHOCTH CHEIHUATMCTOB; HKCIEPUMEHT, METOIbI
MAaTEeMaTHYECKOM CTATUCTHKY IO 00pabOTKE IKCIICPUMECHTAIBHBIX JTAHHBIX.

TIpodondcenue mexkcma nyboauKyemoeo mamepuana

Pe3yabTaTsl U 00cy:KI1€eHUE

UtoOBI HOHSITH 0OBEKTHBHBIC 3aKOHOMEPHOCTH, JISKAIIIUE B OCHOBE IpoIiecca
(hopMHUpPOBaHUS M PA3BUTHUS JIMYHOCTHBIX U MPO(ECCHOHAIBEHBIX KOMIICTCHITHIA
COITMATIbHBIX PAOOTHUKOB Yepe3 KyPChI MMOBBIICHHS KBaTH(QUKAIIH, HEOOX0IUMO
YETKO MPEACTABIATH ce0e MX MOICIb.

TIpodondcenue mexkcma nyboauKyemoeo mamepuana

BriBoabl

TakuMm 00pa3oM, Ha OCHOBAaHWH BBINICH3II0KCHHOI'O MOXHO CHACIATh
BBIBOJT O TOM, YTO TEOpPETHYECKas MOJEIb (POPMHPOBAHUSI JTUYHOCTHBIX H
PO eCCUOHATHHBIX KOMIECTCHIMH COIMAIBHBIX PAOOTHHKOB Yepe3 KypChI
MTOBBINICHUS KBATU(UKAIIUH COJCPIKHUT TPU YPOBHS €€ peaji3alliu.

TIpodonxcenue mekcma nybonuKyemo2o mamepuana
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Oeneetinepi  cunammanzan. Ipaxmukanvlk — OatiblHOLIK — OOMIMIHOE
MbIHOAYWbI-OKbIMYULLI-MON  JICYUeciH0e — UHMEPAKMUSMi  JCYMbiC
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MOOenb aneyMemmiK Kol3MemKepepoin JHceKe HeaHe KaCIOU KY3blpemmepin
00an api orcemindipyoi owcone mayeiciz O0amvimyowl 0indipedi. Byn
MoOenvOe  OiniKminikmi — apmmelpy — KVPCMApPuIH — icKe  acbipyObiH
MUIMOINIZIH, HCYMBIC HBICAHOAPHI, d0icmepi MeH KYpaioapbiH Kepyee
MYMKIHOIK bepeOi.
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C. K. Aumuxkeesa
TopalifbIpOB YHUBEPCUTET,
Kazaxcran Pecryonukacer, [TaBmomap K.

BIJIKTIJIKTI APTTBIPY KYPCTAPBI APKbIJIbI
IJIEYMETTIK KbIBMETKEPJIEPAIH KY3IPETTIIIKTEPIH
KAJIBIIITACTBIPYABIH TEOPUSIJIBIK MOJEJII

byn  maxanaoa «Oneymemmix Kvizmemxepiepdiy  OLMiKmMiniciH
apmmuelpy — Kypcmapvl — apKblibl  MYJALANbK  JiCOHe  Kaciou
KY3ipemminikmepin — Kaiblnmacmoipy» — OOKMOPAbIK — OUCCePmMAayisl
weHbepinoe a3ipneneen OILIKMINIKMI apmmulpy Kypcmapvl ApKblibl
aneymemmik KblzmemxepiepOiy mYaanblk HCaHe KICIOU KY3blpemminiin
KanelnmacmulpyoObly — meopusnvlk  mooeni  ycuinwviizan. Makanada
MoOenvoey NpoyeciHiy nedazocuKanvlK dcnekminepi, neoacocuKanibik
MoOenvoeydiy  KezeHOepi kenmipineeH. Modenvoiy — 20icHamanvix,
npoyeccyanovix (MexXHOLOLUANbIK) HCIHE ACNANmblK Oeneelliepi, OHbIH
makcamul,  Kadcemmi — Ky3vlpemmepoiy —KalblRmacy MOHUMOPUHZI,
conoau-ax, Hamuoiceci ycvinvliean. Mooenvoe Kysvipemminikke, mynzaga
basbimmangan Jicone  NPAKMUKaea OALIMMANRAH —Ne0a202UKANbIK
macinoep, mayoaiean Ky3vipemmepoi KaIblNmMacmulpy 3aHObLILIKMAPDI,
Kaguoammapwl, wapmmapsl KOpcemineeH, Kalblnmacy npoyecin icke
acelpy Keseyoepi, diceke dlcone KaciOu Kyszvipemmepoiy Kaablnmacy
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THEORETICAL MODEL OF FORMATION
COMPETENCIES OF SOCIAL WORKERS THROUGH
PROFESSIONAL DEVELOPMENT COURSES

This article presents a theoretical model for the formation of personal
and professional competencies of social workers through advanced
training courses, which was developed in the framework of the doctoral
dissertation «Formation of personal and professional competencies of
social workers through advanced training courses». The article presents
the pedagogical aspects of the modeling process itself, and lists the stages
of pedagogical modeling. The methodological, procedural (technological)
and instrumental levels of the model, its purpose, monitoring the formation
of the required competencies, as well as the result are presented. The model
shows competence-based, personality-oriented and practice-oriented
pedagogical approaches, patterns, principles, conditions for the formation
of selected competencies; describes the stages of the formation process,
the levels of formation of personal and professional competencies. The
practical training section offers interactive work in the listener-teacher-
group system, which implies the personal participation of each specialist,
as well as the opening of the first Republican public Association in our
country, the national Alliance of professional social workers. This model
implies further improvement and independent development of personal
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and professional competencies of social workers. This allows you to see
in the model the effectiveness of the implementation of advanced training
courses, forms, methods and means of work.

Keywords:  theoretical —~model, competencies,  professional
development, social workers.
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NYBJIUKAIIMOHHASA OTUKA
Hay4HBIX )kypHai10B HAO «TopaiirelpoB yHuBepcuTe
«BecTtHuk TopailirelpoB yHuUBepcUTeTa»,
«Hayka n Texnnka Ka3zaxcrana», «Kpaesenenue»

Penaknmonnas xomnnerus HaydHbIX kypHanoB HAO «Topaiirsipos
yHuBepcute™» «BecTHuk TopalireipoB yHuBepcureTa», «Hayka u TexHuka
Kazaxcrana» n HayuHO-momyisipHOro xypHana «KpaeBenenue» B cBoei
podecCHOHATBHON JesATENbHOCTH NPUIEPKUBAIOTCS MPUHIUIIOB U HOPM
[Ty6nukanoHHO# 9THKM HayIHBIX KypHaI0B HAO «TopaiirelpoB yHUBEpCHUTETY.
[TybnukannoHHas 5THKa pa3paboTaHa B COOTBETCTBHH C MEXJyHapOIHOU
myOIMKaMOHHON 3THYecKoi HopMoi KomuTera mo myOnMKalMoOHHON ITHKE
(COPE), sTryecknmMu NpHHIMIAME TyOauKaun xypHainoB Scopus (Elsevier),
Konekca akanemuueckoit uectHoct HAO «TopaiirbIpoB YHUBEPCUTET.

[TyOnukanuoHHas 3THKa ONpeaessieT HOPMbI, IPUHIUIBI U CTaHAapThI
STUYECKOT0 MOBEJEHUSA PEJaKTOpPOB, PEIEH3EHTOB U aBTOPOB, MEPHI IO
BBISIBJICHUIO KOH(DJIMKTOB MHTEPECOB, HEATUYHOTO MOBEJCHUS, HHCTPYKIUH 110
U3BATUIO (PETPAKIMN), UCIIPABICHHUIO U OTIPOBEPKEHUIO CTATHH.

Bce ywyacTHuKHM nporiecca myOIMKauK, COOI0IAI0T IIPUHIUITEI, HOPMBI U
CTaH/IapTHI ITyOINKAIIIOHHOW 3THKH.

KavecTBO Hay4HOrO >XypHaia 00ecreYnBaeTCsl HCIOIHEHNEM MPUHIIUIIOB
YYaCTHUKOB Ipollecca MyOJuKaluu: paBeHCTBA BCEX aBTOPOB, MPUHIUII
KOH(HIEeHIINaTbHOCTH, OJHOKpPATHBIE MyOJIMKallMK, aBTOPCTBA PYKOIHCH,
MPUHLUI OPUTUHAIBHOCTH, MPUHIMII MOATBEPKACHUS UCTOYHUKOB, IPUHIIHII
00BEKTHBHOCTH U CBOEBPEMEHHOCTH PELICH3UPOBAHHSI.

[TpaBa 1 00513aHHOCTY WICHOB PEJAKIIMOHHBIX KOJUIETHH HAYYHBIX )KYPHAJIOB
HAO «Topaiirsipos yHusepcutet» «BecTHuk TopalirbIpoB YHHBEPCUTETa,
«Hayxka 1 Texnuka Ka3zaxcrana» 1 HayqyHO-IOIYJISIpHOTO XKypHaia «KpaeBeneHue»
onpenenensl CO CMK 8.12.3-20 VnpaBieHHe Hay4HO-U31aTEIbCKOU
JeSITEIbHOCTBIO.

IIpaBa u 003aHHOCTH PELEH3EHTOB

Penensentsl Hay4HbIX )KypHanoB «BecTHuk TopalrslpoB yHUBEPCUTETAY,
«Hayxka n rexnuka Kaszaxcranay, HayuHo-nomyJsipHOro sxypHaia «Kpaesenenuey,
00s13aHBI PYKOBOJICTBOBATHCS IIPUHIIUIIOM O0BEKTHBHOCTH.

[lepconanpHasi KpUTHKA B ajpec aBTOpa(-0B) PYKOIMCH HEIOIYCTHMA.
PerieH3eHT OMDKEH apryMEHTHPOBATh CBOM 3aMEUaHUsl 1 00OCHOBBIBATH CBOE
pelleHne 0 NPUHATUH PYKOIMCU WU O €€ OTKJIIOHEHUH.
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HanmoHanbHOCTB, peNTUTHO3HAst IPHHAICKHOCTD, TIOJIMTHYECKIE HITH HHbIE
B3MJISIBI aBTOPA(-OB) HE JIOJKHBI IIPHHUMATHCS BO BHUMAHUE U YUUTBHIBATHCS B
IIPOIIECCEe PELICH3NPOBAHUS PYKOIIHUCH PEIICH3EHTOM(-aMH).

DKcnepTHas OLIEHKa, COCTaBJICHHAs PELICH3EHTOM JI0JDKHA CIIOCOOCTBOBATH
TIPUHSTHIO PELICHUs pPelaKIiell 0 MyOIUKaK U IIOMOTaTh aBTOPY yIyUIINTh
PYKOIIHCH.

Pemienne o pUHATHAYN PyKOIINCH K ITyOJIMKaIlH, BO3BpAIEHHE PAOOTHI aBTOPY
Ha U3MEHEHHE WIIN JOpadoTKY, THO0 pelieHne 00 OTKIOHEHUH OT ITyOIHKAIIH
MIPUHUMAETCS PEJIKOJUIETHEH OITMpasich Ha PE3yIbTaThl PEIIEH3NPOBAHMS.

[IprHINI CBOEBPEMEHHOCTH PELEH3MpOBaHUs. PeneH3eHT o0s13an
MPEAOCTaBUTh PELIEH3UIO B CPOK, ONPEEIICHHBIN peJakliell, HO He no3/iHee 2-4
HeJIeIb C MOMEHTA TTOJTyYeHHsI PYKOIMCH Ha perieH3uposanue. Ecim paccMoTpenue
CTaThH 1 IMTOJIrOTOBKA PELICH3MN B HA3HAUCHHBIE CPOKH HEBO3MOYKHBI, TO PELICH3EHT
JIOJDKEH HEe3aMeUINTEIbHO YBEJOMHUTE 00 3TOM HayYHOTO peaKTopa.

PenieH3eHT, KOTOPBII CUNTACT, YTO €T0 KBATN(HKAINS HE COOTBETCTBYET JIOO
HEI0CTaTOYHA JUIS IPUHATHS PEIICHUS IPU PELECH3UPOBAHNH NIPEI0CTaBICHHON
PYKOIIMCH JOJDKEH HE3aMeIIMTENLHO COOOIIUTE 00 3TOM HAYYHOMY pEaKTOpy
1 OTKa3aThCsl OT PELCH3NPOBAHUS PYKOIUCH.

[MpuHIKMI KOH(QUAESHINATLHOCTH CO CTOPOHBI pEIeH3eHTa. PyKomucs,
MIPEOCTaBICHHAs PELEH3CHTY Ha PEIEH3MPOBAHUE JIOJKHA PacCMaTpHBATHCS
KaK KOH(HUICHINATBHBIN MaTeprai. PeieH3eHT nMeeT ITpaBo AEMOHCTPUPOBATh
ee 1/ 00CyKAaTh ¢ IPYTHMH JINIIAMH TOJIBKO ITOCIIE MOTy4eHHs TICEMEHHOTO
pa3pemeHns Co CTOPOHbBI HAYYHOTO PeIaKTOpa KypHaIa |/Uin aBTopa(-oB).

Wupopmanns 1 naen HayqHOH padOTBI, ITOIyYSHHBIE B XO/I€ PELICH3UPOBAHMS
1 obecrieueHus MyOINKAMOHHOTO TPOIIecca, HE JTOJDKHBI OBITh NCIIOJIb30BAHBI
peneH3eHTOM(-aM1) [UIsl TTIOJTyYEeHHUS TMIHOH BBITO/IBI.

[IpyuHIMO MOATBEPKACHHUS UCTOYHMKOB. PEIeH3eHT AOJKEeH yKas3aTh
Hay4HbIE pa0OTHI, KOTOPBIE OKa3alu Obl BIUSHUE HA HCCIIET0BATEIBCKUE
pe3ysbTaThl pacCMaTPUBAEMON PYKOMNMCH, HO HE OBUIM MPHUBEIECHBI aBTOPOM(-
amn). Taxoke peneH3eHT 00s3aH 00paTUTh BHUMAaHHE HAYYHOTO PEIAKTOpa Ha
3HAYUTEIBHOE CXOJICTBO MJIH COBITAZICHUE MEX/Y PACCMATPUBAEMOH PyKOIHCHIO
1 paHee oIyOJIMKOBaHHON pabOTOH, 0 KOTOPOM €My N3BECTHO.

Ecin y peneH3eHTa MMEIOTCS JIOCTaTOYHBIE OCHOBAHMS I10JaraTh, 4TO
B PYKOITUCH COZIEPKHUTCS IUIaruar, HEKOPPEKTHBIC 3aUMCTBOBAHUS, JIOKHBIE
n chaOpuKOBaHHBIE MaTEPUAIBI WIM PE3YIbTAThl UCCIEIOBAHMS, TO OH HE
JIOJDKEH JIOIYCTHTh PYKOITUCH K ITyOJIMKAMy U MPOMH(GOPMUPOBATH HAYYHOTO
peIaKkTopa KypHalia O BbISIBICHHBIX HapYIICHUSIX PUHINIIOB, CTAHAAPTOB U HOPM
My OMMKAIMOHHON M HAYIHOW ATHUKH.
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IIpaBa u 00s3aHHOCTH aBTOPOB

[Ty6nmukannoHHas 3TuKa 0a3upyeTcst Ha COOIIOICHUH ITPUHIIATIOB!

OHOKpaTHOCTB Iy OJIMKALNK. ABTOP(-bI) TapAaHTHPYIOT YTO IPE/ICTaBICHHAS
B PENaKIHUIO PYKOIINCh CTaTbu He Oblila IpeacTaBiIeHa JJISl PACCMOTPEHUS B
npyrue uzganus. [IpencraBieHne pyKONUCH €IMHOBPEMEHHO B HECKOJIBKUX
YKypHaJIaX/M3IaHUSIX HETIPUEMIIEMO U SIBIISIETCS TpyOBIM HapyIIEHUEM IIPUHIIUTIOB,
CTaH/IapTOB ¥ HOPM IyOJIMKAIMOHHOM ATHKH.

ABTOpcTBO pykKomucu. JIumo, KoTopoe BHECIO HAMOOIbIIHN
MHTEIUIEKTYaJIbHBIN BKJIAJ B TIOJI'OTOBKY PYKOITHCH (TIpH ABYX 1 O0Jiee CoaBTOpax),
SIBJISIETCSI aBTOPOM-KOPPECIIOH/ICHTOM M YKa3bIBAETCSI IEPBBIM B CITUCKE aBTOPOB.

Jiist KaxkJ1oi cTaTh JOJKEH OBITH Ha3HAUEH aBTOP VISl KOPPECIIOHICHIINH,
KOTOPBIN OTBEYAET 3a MOJrOTOBKY (PMHAIBHOI BEPCUH CTaThH, KOMMYHHUKAIIUIO
C peIKOJUIETHEH, TOIKEH 00eCTIeYHTh BKITIOYEHHE BCEX YYACTHUKOB HCCIIEI0BAHNS
(TIpM KOJIMYeCcTBE aBTOPOB 00JIee OHOTO), BHECIIIMX B HETO JOCTATOYHBIN BKIIAJI, B
CIIMCOK aBTOPOB, & TAKXKE MOIYYHUTh 0JI00PEHHE OKOHYATEILHOH BEPCHHU PYKOITHCH
OT BCEX aBTOPOB JJIsl TIPEJICTABICHHS B PeJaKINIO st Iy Onnkarmu. Bee aBTopsl,
yKa3aHHbIE B PyKOIIMCH/CTaThe, HECYT OTBETCTBEHHOCTD 32 COJICpPIKaHHE PAOOTEHI.

[TpuHIMIT OPUTHHAIBEHOCTH. ABTODP(-bI) TapaHTUPYET, YTO PE3YJIbTATHI
WCCIIeIOBAHMSI, N3JI0’KEHHBIE B PYKOIHCH, TIPEJICTABIISIIOT COOOH OPUTHHAIBHYIO
CaMOCTOSITENIbHYI0 paboTy, U He CO/ep’KaT HEKOPPEKTHBIX 3aMMCTBOBAaHHN U
IUIaruaTa, KOTopble MOTYT OBITh BBISIBIICHBI B TIpOLIECCE.

ABTOpBI HECYT OTBETCTBEHHOCTH 3 IyOJHMKAIMIO CTaTed ¢ MpU3HAKaMU
HEITUYHOTO TMOBEJACHHUs, IIarnara, camolularuara, CaMOIUTHPOBAHMUS,
¢danpcupukanuu, Gpabpukanuy, UCKaKEHUSI JaHHBIX, JOKHOTO aBTOPCTBA,
QyOIMpoBaHMsl, KOH(IIMKTA HHTEPECOB U OOMaHa.

[TpuHOMT MOATBEPKAEHHUST NCTOYHUKOB. ABTODP(BI) 00513yeTcsl IPaBUIILHO
yKa3blBaTh HAay4YHbIE W WHBIE NCTOYHHMKH, KOTOpPBIE OH(M) MCIIONB30BaI(M) B
X0Jle UCCJIeJIOBaHMsA. B cirydyae MCIIONIb30BaHUsI KaKUX-THOO YacTel dyKuX
paboT W/MiKM 3aMMCTBOBAHUSI YTBEPKICHUH JPyroro aBTopa(-oB) B PYKOIUCH
JIOJDKHBI OBITh yKa3aHbl OMOIMOrpaduuecKie CChUIKU C yKa3aHueM aBTopa(-oB)
nepBoucrouHuka. Muadopmanus, moaydyeHHas 13 COMHUTEIBHBIX HCTOYHUKOB HE
JIOJDKHA MCIIOJIb30BATHCS MPU O(OPMIICHUH PYKOITHCH.

B cnyuae, eciu y pelieH3eHTOB, HAYYHOI'O pelakTopa, 4djaeHa(-oB)
PEIKOJUIETUH XKypHaJla BO3HUKAIOT COMHEHUS! MOJUIMHHOCTH U JIOCTOBEPHOCTH
PEe3yJIbTaTOB UCCIIEA0BAHUSL, aBTOP(-bl) IOJDKHBI ITPEAOCTABUTH JIOTIOITHUTEIBHBIE
MaTepuaibl JJIsl MOJTBEPKACHUS PE3yNIbTaTOB MM (haKTOB, IPUBOJUMBIX B
PYKOIIHCH.

Hcnpasienne ommbOK B mpouecce myonukanuu. B ciydae BhISIBICHUS
OIIMOOK ¥ HETOYHOCTEH B paboTe Ha JII000H cTa U My OIMKaIMOHHOT O TIpoIiecca
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ABTOPBI O0SI3YFOTCS B CPOYHOM IMOPSIKE COOOIIUTH 00 3TOM HAyYHOMY PEAKTOPY
1 OKa3aTh IIOMOLIb B YCTPAHCHUH WIIM MCIPABICHUU OIIMOKH JUIS ITy OJIMKALH
Ha caiiTe xypHana cooTBeTcTByIomei koppekun (Erratum mmu Corrigendum)
C KOMMEHTapHusMHu. B ciaydae oOHapykeHHs I'pyObIX OmIHOOK, KOTOpHIE
HEBO3MOXXHO HCIIPABUTH, aBTOP(-bI) JOJDKCH(-HBI) 0TO3BaTh PYKOIHCH/CTaThIO.
[TpuHIMD coOnroeHus] MyOIMKAaLMOHHON STUKH. ABTOPBI 00s3aHBI
COOIONATh ITHYECKUE HOPMBI, CBSA3aHHBIC ¢ KPUTHUKON WM 3aMEYaHHSIMHU B
OTHOLICHHUH HCCIICIOBAHNI, & TAK)KE B OTHOLICHUH B3aUMOJCIHCTBHUS C pelakiueit
[0 MOBOJAY peleH3HpoBaHUs M nyOnukanuu. HecoOuroneHne 3THYECKHUX
NPUHIIMIIOB ABTOPAMHU PACLIEHUBACTCS KaK rpy00e HapyIIeHUE STHKH ITy OJIMKaLHi
U JIaeT OCHOBAHUE IS CHATHUS PYKOITUCH C PELICH3UPOBAHMS U/IIN Iy OJIMKALIUH.

Konduukr uaTepecon

KoHdmukT mHTEpecoB, 1o onpeneneHnio Komurera o myOauKaMOHHOH
stuke (COPE), 310 KOH(IMKTHBIE CUTyalld, B KOTOPBIX aBTOPHI, PEIICH3CHTHI
WM YWICHBI PEJKOJUICTUH UMEIOT HEsIBHBIC HHTEPECHI, CIIOCOOHbIE MOBIHUATH Ha
UX CYXICHHS KacaTellbHO IyOiHKyemoro marepuana. Kondaukr nHTepeco
MOSIBIISICTCS, KOTJa UMEIOTCS (DMHAHCOBBIC, JINYHBIE HJIM NPO(hEeCCHOHATIBHBIC
YCJIOBHS, KOTOPBIE MOT'YT HOBIIUAThH HA HAYYHOE CYK/ICHHE PELICH3CHTa H YWICHOB
PEIKOJUIETHH, M, KaK pe3yJbTaT, Ha PEIICHHE PEAKOJIICIMH OTHOCHTEIBHO
yOJIMKALIMU PYKOITHCH.

['aBHBINA peaKTop, WICH PEIKOJUICT U U PELIEH3CHTHI JOJDKHBI OIIOBECTUTD
0 IIOTCHLAITEHOM KOH(IHMKTE HHTEPECOB, KOTOPBIA MOKET KaK-TO IMOBJIUATH HA
pelIeHre peIaKIHOHHOM KoJulernn. YIIeHbI PeIKOUIT MU JOJDKHBI OTKa3aThCs
OT PaCCMOTPEHUS PYKOIIMCH, €CIIH OHU COCTOAT B KaKHX-JIMOO KOHKYPEHTHBIX
OTHOIICHHSX, CBA3AHHBIX C PE3yJIbTaTaMH UCCIICIOBAHUS aBTOPa(-0B) PYKOIIUCH,
00 eCITH CYIECTBYET HHOIM KOH(IIMKT HHTEPECOB.

[Tpu mogave pyKoMUCH HAa PACCMOTPEHHE B XKYpPHAI, aBTOP(-bI) 3asBIISET O
TOM, YTO B COJCP)KAHUM PYKOIIMCH yKa3aHbI BCE HCTOYHUKH (DMHAHCHPOBAHHS
HCCIIeIOBAHNS; TAKKE YKa3bIBAIOT, KAKHE MIMEIOTCS KOMMepUecKue, uHaHCOBBIE,
JIMYHBIE WU PO ECCUOHANIBHBIE (hPaKTOPBI, KOTOPBIE MOTIIU ObI CO3/1aTh KOH(IUKT
WHTEPECOB B OTHOLICHHWH IOJAHHOIN Ha pacCMOTpeHHe pykomucu. ABTOp(bl), B
MIChME ITPU HAJIMYUH KOH(IMKTa HHTEPECOB, MOTYT yKa3aTh YUCHBIX, KOTOPbIE,
10 MX MHEHHIO, HE CMOT'YT OOBEKTHBHO OLICHUTh UX PYKOITHUCE.

PerieH3eHT He I0JDKEeH paccMaTpUBaTh PyKOIHCH, KOTOPBIE MOTYT HOCITYKHUTb
NPUYMHAMU KOH(IJMKTa UHTEPECOB, IPOUCTEKAIOIEI0 U3 KOHKYPEHIUH,
COTPYZHHYECTBA MJIM JAPYTHX OTHOLICHUI ¢ KeM-TMOO M3 aBTOPOB, MMEIOIINX
OTHOLIECHHE K PYKOIIHCH.
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B cnyuyae Hanwums KOH(IUKTa WHTEPECOB C COAEpKAHUEM PYKOIHUCH,
OTBETCTBEHHBIN CEKpeTaph IOJKCH M3BECTHTH 00 STOM TIIaBHOTO PEIaKTopa,
MTOCTIe YeTO PYKOIHCH epeIaeTCs JPYTOMY PEIlCH3CHTY.

CymiecTBoBaHHE KOH(IINKTA HHTEPECOB MEXKAY YIaCTHHKAMU B TIpoIiecce
PacCMOTpEHHS U PEIICH3UPOBAHUS HE 3HAUHT, YTO PYKOIUCH OyIET OTKIIOHEHA

Bcem 3amHTEpecOBaHHBIM JTUIIaM HEOOXOAHWMO, MO MEpe BO3MOKHOCTH
n30eraTh BO3HUKHOBEHHS KOH(JIMKTa WHTEPECOB B JIOOBIX BapHAIHMAX Ha
BCEX ATamnax MmyOnukanuu. B ciryuae BOZHUKHOBEHHS KaKOTO-ITHO0 KOH(MIMKTA
HHTEPECOB TOT, KTO OOHAPYKUI ITOT KOH(MIUKT, HODKEH He3aMeITHTEIHHO
OTIOBECTUTHh 00 3TOM penaknuio. To e caMoe KacaeTcs JIIOOBIX APYTHX
HapyIICHUH PUHITUIIOB, CTAHIAPTOB F HOPM ITyOIMKAITMOHHON 1 HAYYHOU STHKH.

HesTnunoe noseaenue

HesTuuHBIM MOBEICHUEM CUYHTAIOTCS NEHCTBUS aBTOPOB, PEIAKTOPOB
WU W3/IaTelis, B CIydae CaMOCTOSITEIHHOTO MPEIOCTABICHUS PEIeH3UU Ha
COOCTBEHHBIC CTaThH, B CIlydae HOTOBOPHOTO W JIOKHOTO PEICH3UPOBAHUS, B
YCIOBHSX OOpaIIeHusl K areHTCKAM YCIyraM Ui IyOJIMKAaIliH pe3yIbTaTOB
Hay4YHOTO WCCJIEJIOBAHUs, JDKEABTOPCTBA, Qanbcuduranuu U Gpadpuxannu
pe3yIbTaTOB HCCIEIOBAHI, MyOIMKAIINsA HEJOCTOBEPHBIX ICEBI0-HAYIHBIX
TEKCTOB, Iepeaur PYKOIINCH CTaTeH B APYTHE U3IaHMA Oe3 pa3pelIeHIs aBTOPOB,
mepeIayil MaTepHUajJoB aBTOPOB TPETHHM JIAIAM, YCIOBHUS KOT/Ia HAPYIICHBI
ABTOPCKHE ITPaBa U MPHUHITUITEI KOHPHICHITNATHHOCTH PEIAKIIOHHBIX IIPOIECCOB,
B CITyYae MaHUMYJLSIAA C IUTHPOBAHNEM, TTATHATOM.
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