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NIYHYEHUE XUMWYECKOIo COCTABA PACTEHUA
ZIZIPHORA CLINOPODIOIDES LAM. METO4OM
rA30BOUA XPOMATOIPA®UN-MACC-CITIEKTPOMETPUN

Buszugpopa naxyurxosuonas (Ziziphora clinopodioides Lam.) sisnsemcst
NepCneKmuBHbIM J1eKapCmeenHblM pacmenuem cemeticmea Lamiaceae,
WUPOKO PACnpoCmpanénnbim na meppumopuu Kazaxcmana u opyaux cmpan
Lenmpanvnoii A3uu. Pacmenue mpaouyuonno ucnoniv3yemcs 6 HapooHoll
MeouyuHe 6aa200aps coOepIAHCAHUIO DUONOLUYECKU AKMUBHBIX GeUjeCms,
001a0aWUX AHMUOKCUOAHMHBIMU, NPOMUBOEOCNAIUMENbHBIMU,
AHMUMUKPOOHBIMU U 0OWEYKPENTIAIOWUMU CEOUCTNBAMU.

Lenvio Hacmoswe2o uccied08anus AGIANOC, U3YYEHUE XUMULECKO20
cocmasa cyxo2o MaHoIbHO20 HIKCMparma Haosemuou wacmu Ziziphora
clinopodioides memooom 2az0601i xpomamoepapuu—macc-cneKmpomempuy
(I'’X-MC). Sxcmparm nonyuanu memooom nociedo8amenbHOU MAyepayu ¢
ucnoavzosanuem 70 %o-n020 IMUN08020 CNUPMA 8 KAYECMEe IKCIMPAeHma.
Tonyuennwiii 5kcmpakm KOHYEHMPUPOBALU HA POMOPHOM UCRApUmene 00
nonyuenust cyxo2o ocmamka u noosepeanu I’ X-MC-ananuzy na 2azosom
xpomamoepaghe Agilent 78904 ¢ macc-cenekmugHviM OemeKmopom
Agilent 5975C. Pazoenenue KOMROHEHMOS OCYWeCMESUIU HA KANULISPHOU
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rononke Rtx-100DHA (30 m % 0,25 mm % 0,5 mrm). Ananuz npogoounu
npu memnepamype kononxu 60—-300 °C co ckopocmuvio npocpamMmupo8ans
memnepamypwsl 8 °C/mun. B kauecmee eaza-nocumens ucnonvb3osanu
eenuti mapku A. Moenmugukayuio coeOuneHuti ocyuecmesiu no Macc-
CREKMPAM U BpeMeHam YOepIUCUBAHUS C UCNONb308AHUEM OUOTUOMeEKU
NIST 08, a pacuém npoyeHmuo2o co0epiHcanlis KOMNOHEHNO8 NPOBOOULU
ABMOMAmMu4ecKu no nA0WAOAM RUKOG 00uell UOHHOU XPOMAMOSPAMMbL C
nomowyvio npoepammul GS-MSD Data Analysis.

B pesyabmame uccredosanus 6 cocmage dKcmpakma
uoenmupuyuposano 57 Xumuieckux coeOUHeHull, OMHOCAWUXCA K
PA3IULHBIM KIACCAM NPUPOOHBIX Geujecms. OCHOBHBIMU KOMNOHEHMAaMU
IKCMpakma AIAIUCS f-D-pubonupanozuo, memun (12,5435 %), smunoswiii
aup eexcadexanosoti kuciomel (10,4367 %), S-eudpoxcumemundypdypon
(7,6240 %), smunoguwlii 5¢pup n-eudpoxcuxopuynoui kuciomot (7,3287 %),
1,6-aneuopo-pf-D-eniokonupanosza (5,4052 %) u smunoswiii 3¢hup
9,12, 15-okmadexampuenosoti kuciomsi (35,0589 %).

Yemanoesneno, umo xumuueckuti cocmag sxkcmpakma npeocmagien
npeuUMyuecCmeeHo yeaiee00HblMU NPOUZEOOHLIMU, PYPAHOBLIMU
COeOUHEHUAMU, PEHONbHBIMU BEUJeCMBAMU, HCUPHBIMU KUCTOMAMU U UX
apupamu, prasoroudamu u umocmepoudamu. Beisenennvie coeounenus
061a0aI0Mm WUPOKUM CREKMPOM OUOIOSUHECKOU AKMUBHOCIU, BKIIOUAS
AHMUOKCUOAHMHOE, NPOMUBOBOCNAIUMENbHOC, AHIMUMUKPOOHOE U
MemOpanonpomexmopHoe oeticmaue.

Knrouesvie crosa: Ziziphora clinopodioides, 3uzugopa naxyuxosuouas,
20308451 XPOMAMOZPAPUA-MACC-CREKMPOMEMPUS, XUMUYECKUL COCMAB,
buonozunecku akmusHvle Geuwecmad, IMAaAHOIbHbII IKCMPAKIMI.

Brenenne

JlexapcTBEeHHBIE PACTEHHUS SBISFOTCS BAXKHEHUIIIM HCTOYHUKOM OHOJIOTHIECKU
aKTHBHBIX BEIIECTB MPUPOJHOTO MPOMCXOKACHHUS U IIUPOKO HCIOIB3YIOTCS B
(hapManeBTHYECKOH MPOMBIIIIIEHHOCTH JUTS CO3aHNS JIEKapCTBEHHBIX IIPETIApaToB,
OMOJIOTHYECKU aKTHBHBIX JH00aBOK M (HUTOTEpameBTHUYECKHUX cpeacTB [1].
WHTepec kK M3yYEHNIO XUMHUYECKOTO COCTaBa JICKAPCTBEHHOTO PacTUTEIHHOTO
CBIPBsI 00YCJIOBIIEH HEOOXOIMMOCTHIO MOMCKA HOBBIX MPHPOIHBIX COCIMHEHHH,
00J1a1a10IIMX BBICOKOH OMOJIOrNYeCcKOl aKTHBHOCTBIO ¥ HU3KOH TOKCHYHOCTBIO [2].

OnHUM 13 TIEPCTIEKTUBHBIX MIPE/ICTaBUTENEH JTIeKapCTBEHHON (IIOPHI SIBISETCS
Ziziphora clinopodioides Lam. (3u3udopa maxydkoBHIHAs) — MHOTOJICTHEE
apomartnyeckoe pactenue cemerictsa Lamiaceae [3]. Bux mmpoko pacpoctpanéx
B ctpanax LlenTpanbHoit A3un, Bkimoyas Kazaxcran, Keipreizcran, TagxkukucTas,
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VY30ekuctan u 3amagHbie paiionsl Kutas [4]. PacTenune mpouspacraer
MIPEUMYILECTBEHHO Ha TOPHBIX CKIIOHAX, KAMEHHUCTBIX yJacTKaxX M CyXHX JyTrax,
XOPOIIO aJaNTHPYSCh K apUAHBIM YCIIOBHSIM OKpY»Karomen cpensl [3; 4].

3uszn¢opa maxydKoBUAHAS W3ABHA NMPUMEHSETCS B HapOJHOW MEIMIIMHE
B KAUeCTBE MPOTHBOBOCIIAJIUTEIHLHOTO, aHTUMUKPOOHOT0, CIa3MOJIUTHIECKOTO
1 O0IIEYKPEIUISIOEero cpeacTaa [5]. @apMakonorndeckne cBOMCTBa pacTCHUS
CBSI3BIBAIOT C HAIMYHMEM LINPOKOT0 CHIEKTPa OMOIOTMIECKN aKTHBHBIX COSTUHEHNH,
BKJIFOUast 3pUpHBIC Macia, PeHOTbHBIE COSANHEHNS, (PIIABOHOWIBI, OPraHUUECKHE
KHCJIOTBI, TEPIICHOUIBI M APYTHE BTOPHUHBIE METAOOIHUTHI [6].

CormacHO NHTEpPaTypHBIM AAHHBIM, XUMHYECKHH cocTtaB Ziziphora
clinopodioides xapakTepu3yeTcsi 3HAaUNTEIFHOI BapHaOeTbHOCTHIO B 3aBUCUMOCTH
OT reorpa)uaecKoro MPOMCXOXKICHUSI PACTEHNS], yCIIOBUH POU3PACTAHNS, CTAINI
BEreTally U UCII0JIb3yeMOTo MeTo 1a SKcTpakuui [7]. B cocrae a¢pmpHoro macia
Pa3IMYHBIX HOITYJISIIUH PACTECHUSI OCHOBHBIMH KOMIIOHEHTAMHU SIBJISTIOTCS ITyJIETOH,
P-MEHTaHOH, U30ITyJIETOH, TUMOHEH, |,8-1tmHeo, kapBakpon u Tumod [5; 7]. Ilpu
9TOM COZEPKaHNE OTAEIBHBIX COSTMHEHUH MOXKET CYIIECTBEHHO Pa3INYaThCs B
3aBUCHMOCTH OT 3KOJIOTHYECKUX (PaKTOPOB M PETHOHA Ipon3pacTanus [7].

HecmoTpst Ha Hanuuue MHOTOYMCIICHHBIX MCCIIENOBAHUN 3(UPHOTO Macia
Ziziphora clinopodioides, cBeieHHs 0 cOCTaBe ITAHONBHBIX IKCTPAKTOB PACTCHHS
OCTAaIOTCSl OrpaHUYECHHBIMH [8]. MeXIy TeM HCIIOIb30BaHUE BOJHO-CITUPTOBBIX
9KCTPAreHTOB MO3BOJISIET U3BJICKATH HE TOJIBKO JICTYy4YHE TEPIICHOBBIC COCIMHEHNS,
HO ¥ IIMPOKHH CHEKTP MOJISIPHBIX BEIIECTB, BKIIOYAsl (PEHOJIBHBIE COCMHEHMS,
OpraHNYECKHE KHUCIIOTHI, YTIIEBOIHBIE TPOU3BOIHBIE U (DITABOHOMIBI, KOTOPBIE MOTYT
BHOCHUTD CYIIIECTBEHHBIH BKJIa]] B ONOJIOTHIECKYI0 aKTUBHOCTH pacteHus [9; 10].

B cBsi3u ¢ 3TUM HM3yueHHE XMMHYECKOTO COCTaBa 3TaHOJIBHOTO HKCTPAKTa
Ziziphora clinopodioides mpeicTaBiseT HaydHBIH 1 TPAKTUHICCKUH HHTEPEC IS
JanbHEHIIeH OIEHKH TePCIEKTUB UCII0Ib30BAHNSI JAHHOTO PACTCHHUS B KAUECTBE
HCTOYHHMKA OMOJIOTMYECKH AaKTUBHBIX BEIIECTB.

[lenbro TaHHOTO MCCIIEAOBAHUS SABISIIOCH M3YUYE€HHE XUMUIECKOTO COCTaBa
CYXOTO ATaHOJIBHOTO IKCTPaKTa HAA3EMHOW Wactu Ziziphora clinopodioides
Lam., mosy4eHHOro METO10M MOCIIEI0BATENILHON MalIepaLliH, C UCTIOIb30BAHIEM
METO/1a ra30BOH XpoMaTorpaduu-mMacc-creKTpOMETPHH.

Marepuajbl 1 METOAbI

OOBEKTOM HCCIIEIOBAHUS CITY>KHIT CyXOH 3TaHOIBHBIN AKCTPAKT HAJ3EMHON
yactu Ziziphora clinopodioides Lam. (3u3n¢ops! maxydkoBUIHON). B kadecTBe
HCXOJHOTO CBIPbs MCIIOIb30BAJIM BBHICYIICHHYIO U M3MEJIBYEHHYIO HAJA3EMHYIO
4acTh PACTCHUSI.

Jas momydeHHsl SKCTPAKTa MPHUMEHSUIM METOJ MOCIeI0BATEIbHON
Manepauuu. HaBecky pacTuTesnbHOro chlpbsi Maccodl 30 r 3kcTparupoBasiu
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100 mit 70 %-HOTO STHIOBOTO CHMPTA. DKCTPAKLHUIO MPOBOJMIN TPEXKPATHO,
TIPY TOM MOCJIE KKIOTO 3Tara U3BJICUCHHS MOTYUYCHHYIO BBITSKKY OTACISIHN,
a PacTUTEJBHOE CBHIPHE MOJBEPralii OBTOPHOM 00paboTKe cBexel mopuuei
sKcTpareHTa. IlomydeHHbIe BBITSKKH 00bEINHSIIN.

OO0BeTMHEHHBIA IKCTPAKT QIIBTPOBATH Yepe3 OyMakHBIH QUIBTP I
yZlaJeHus] MeXaHHMUeCKNX npumeceid. Jlamee GpuiabTpaT KOHIECHTPUPOBAIHN HA
POTOPHOM HCHApHUTENe MPH IMOHIKEHHOM JIaBJICHUH JI0 MOJIHOTO yAAJICHHS
PacTBOPUTEIS U TIOJIyUSHHUS CyXOT0 SKCTPaKTA.

N3yueHne XMMHYECKOTO COCTaBa CyXOTO HKCTPAKTA IPOBOJHMIN METOJIOM
razoBoil xpomarorpaduu-macc-crnekrpomerpun (I'’X-MC). MeTtox ocHOBaH
Ha pa3JesieHuH CMECH KOMIIOHEHTOB B ra3oXpoMaTrorpauueckol KOJIOHKE ¢
TIOCIIEAYIOIIEeH NISHTU(HUKALNEH BEIIECTB 110 X MACC-CHEKTPAM.

Nnentudukanmuio KOMIOHEHTOB OCYNIECTBIAIN Ha OCHOBAHHHU
BPEMEHHM YJIEpKUBAHUS U COMOCTABICHUS IOJYYEHHBIX MACC-CIIEKTPOB C
JAHHBIMU CHEKTPAJIBbHBIX OnOIMoTek. OTHOCHTENBPHOE COJEpPKAHUE KAXKOT0
COE/IMHEHUSI PACCUNTHIBAII METOOM BHYTPEHHEH HOpMAaIM3alUH 110 TUTONIAIN
XpoMmaTtorpapuuecKnx MMKOB U BRIPKAU B IIPOLIEHTAaX OT CyMMapHOI! IIoma n
BCEX 3apETUCTPUPOBAHHBIX KOMIIOHEHTOB.

INomy4eHHbIe pe3yIbTaThl NCTIONB30BAIH I KOJIMUECTBEHHOM XapaKTEPHCTHKU
XIMHAYECKOTO COCTaBa 3KCTpakta Ziziphora clinopodioides Lam., a Takxe s
OLICHKH COZAEPKAHMSI OCHOBHBIX I'PYIIT OMOIOTMYECKH aKTUBHBIX BEIIIECTB.

Pe3yabTaTsl U 00cyK1eHUe

B pesynbrare razoxpomarorpaduieckoro aHaiau3a CyXxoro 3TaHOJBHOT'O
IKCTpaKTa HaI3eMHOM yactu Ziziphora clinopodioides 6p110 MeHTH(HUIIIIPOBAHO
57 XUMMUYECKUX COEAUHEHUN PA3IMUYHON XUMUUECKON PUPOJIBL.
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Pucynok 1 — I'’X-MC xpomarorpamma cyxoro 3TaHOJIbHOT'O SKCTPAKTa
Ziziphora clinopodioides Lam.

Ha xpomarorpamme Habi0gaeTcsi MHOXECTBO MHUKOB Pa3IMYHON
WHTEHCUBHOCTH, YTO CBUICTEIHCTBYET O CI0KHOM MHOTOKOMIIOHEHTHOM
COCTaBe HCCIEAyeMOro IKCTpakTa. MaeHTudukaius coeIMHeHU TPOBOANIACH
Ha OCHOBAHUHU BPEMCHH YJCPKHUBAHHUS M COMOCTABICHUS MACC-CIIEKTPOB
¢ OMOIMOTECYHBIMU TAHHBIMH.

Tabnuma | — KOMITOHEHTHEIH cOCTaB CyXOro 3TaHOJIBHOTO 3KCTpakTa Ziziphora
clinopodioides Lam., yctanoBneHus1it MeTonom [ X-MC.

Ne | XuMmudeckoe coeIUHCHHUE Bpewms [IpouenTHOE
YJIepXKUBAHHS | COJEpIKaHNE
1 | Bpomun 6enzounna 3.7740 1.8290
2 | 2-TUAPOKCUITHIIOBEIN A(Hp 2-TIPOTICHOBOM 3.9501 0,4516
KHCJIOTBI
3 | HU3o0yran 4.0711 0.3602
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4 | JuMeTUIInITOKCUCUIIAaH 4.2691 0.6946

5 |3-ammH0-1,2,4-TpHazon 44231 0.8984

6 | JlurnukoneBast KUCIOTa 4.7972 1.5743

7 | Dypdypor 4.9952 3.2424

8 | DypdyprioBslii ciupT (2-hypaHMETaHO) 5.3803 0.3213

9 | Aumep 1,3-auruapokcuaneTona 5.7324 3.3577

10 |5-meTtundypdpypon (5-metumn-2- 7.1516 2.3540
¢bypaaKapOaIbIETH)

11 |2,4-nurunpoxcu-2,5-numetun-3(2H)- 7.6247 0.2863
¢dypan-3-on

12 | beH3UIOBBIN CIUPT 8.5819 0.6156

13 |4,5-nuaMuHO-2-TUAPOKCUTHPUMUINH 9.2750 1.8033

14 |T'mopasuz 2-pypaHKapOOHOBOI KHUCIOTHI 9.4070 0.9768

15 | OTrnruaporeHManoHar 9.5390 0.5224

16 | 1,2-nmeHTagueH 9.6931 0.3695

17 | TpumMeTHATHAPOKCHIIAMUAH 9.7921 0.2950

18 12,9-nuokco-5,5,6,6-n1exaH- 10.1992 0.4273
TeTpaKapOOHUTPHI

19 |4H-nupau-4-ou, 2,3-auruapo-3,5- 10.6393 1.3176
TUTAIPOKCH-6-METHII-

20 | AudTHICyKIMHAT 10.8923 0.2966

21 | benzoiinast knuciora 11.0243 1.4400

22 |4-runpoxcu-1-u3zonponuia-L-nponuHa 11.4424 0.4322
W30IPOIHIOBBIH AhHP

23 /5-(rugpokxcumMeTnx)-2- 11.7505 7.6240
(bypaHKapOaIBICTH],

24 | 2,3-murunpodenzodypan 12.0035 1.8433

25 | 5-u300pONEHUI-2-METHIIIUKIONEHT- 1 - 12.5976 0.2749
eHKapOaIbIeTU I

26 | TpeT-ByTHIIMMETHIICUITIIIOBBIH Aup 1mc- 12.9277 0.4420
2-rexceH-1-oma

27 | 2-meTokcu-4-BuHMI(GEHONT 13.7528 0.5514

28 | OBrenon 14.5229 0.8897
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29 |I'entaHOBast KUCIIOTA 14.7100 0.5102
30 |3,5-mudTopaHunuH 15.4471 0.5887
31 |4’-ruapokcuareToh)eHOH 15.6892 3.0640
32 | m-gropkapOaHUITHHOHUTPIIT 15.9092 0.5637
33 | 1,6-anruapo-p-D-rirokonupanosa 16.0962 5.4052
34 | 1-(4-ruapokcu-3-MeTOKCU(PCHII )3 TAHOH 16.4263 0.7061
35 15,6,7,7a-terparunpo-3,6-amumerin-2(4H)- 16.7453 0.2522
6enzohypaHoH
36 |2-TpupenuiIoBbIA 3QUpP OKTaHOBOU 17.7245 0.8540
KHUCJIOTBI
37 | Metun-B-D-pubonmpanosng 18.5166 12.5435
38 | H-JeKaHOBask KUCIIOTA 18.9457 0.6909
39 | 1,2-guruapoHadTaainH 19.2318 1.2609
40 | OTunoBblit 3¢uUp N-TUIPOKCUKOPUIHON 21.2341 7.3287
KHCJIOTBI
41 | Z-2-oxTaneueH-1-on 21.9823 0.5485
42 | 1-¢prop-2-itomobenzon 22.5214 0.8566
43 | H-rekcaJeKaHOBasi KUCIOTa 23.2475 3.0131
44 | Dtrn-9-rekcagenesoar 23.5886 0.2670
45 | I'ekcaziekaHOBast KUCJIOTA, STUIOBBIH 3hup 23.7206 10.4367
46 |IlpomanpuoBass KUCJIOTa, HUTPHII, 23.9956 0.5041
runpa3unm, N2-(l-okco-3-peHnn-2-
TIPOTICHII)
47 | 7-metun-3,4-oKkTagueH 25.2719 0.6811
48 | 9,12,15-0KkTaiekaTpueHoBas KUCI0Ta 25.3269 0.8131
49 |OtunoBeit 3¢up 9-uuc,ll-tpanc- 25.6679 2.7614
OKTaJIeKaJMEHOBOM KUCIOTHI
50 |9tunoBeit adup 9,12,15(2,2,2)- 25.7230 5.0589
OKTaJICKATPUCHOBOH KHCIOTHI
51 | DTunoBslit 23¢Up OKTAIEKAHOBOM KUCIOTHI 26.0420 1.0397
52 | MetunoBslii 5¢up 2-METHIIOKTaIeKaHOBOH 28.1764 0.3132

KHUCJIOTHBI

11
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53 |(S)-2-penun-2,3-gurugpo-5,7- 28.8255 2.0194
nmuruapokcu-4H-1-6eH30-nupan-4-oxH

54 |(22a)-6,7-qunerunpo-16-meTokcu-22- 29.1556 0.3045
METHIIOOCKYpHHEpBaH-2 1-0H

55 | Cturmactan-3,5-nues 29.6837 0.4965

56 | Xpusun 30.8609 0.5013

57 | Cturmact-4-eH-3-0H 31.5320 1.1250

W3 57 naeHTUGUINPOBAHHBIX COCIUHEHUI HA JIOJIO IIECTH Ma)KOPHBIX
KOMITOHEHTOB IIPUXOANTCS OKOJI0 48 % 00111ero cocraBa 3KCTpakTa. Y CTaHOBIICHO,
YTO OCHOBHYIO YaCTh 3KCTPAaKTa COCTABJISIIOT YIJIE€BOJHbIE IPOU3BOJAHBIE,
(dypaHoBbIe coeIMHEHS, (EHOJIbHBIE BEIIECTBA, OPraHNUECKUE KUCIIOTHI, JKUPHBIC
KHCJIOTBI ¥ UX 3(UPBI, (IaBOHOUIBI U (PUTOCTEPOHIBI.

HauOonbiee conepkanne cpeand MACHTH(GUIUPOBAHHBIX BELIECTB UMEI
B-D-pudonupanosua, metnin (12,5435 %). /lanHoe coeqMHEHHE OTHOCUTCS K
YTIEBOAHBIM IPOU3BOIHBIM U CBHJIETEILCTBYET O IPUCYTCTBUU B HCCIELYyEMOM
PACTUTENIBHOM ChIPbE 3HAUUTEILHOTO KOJIMYECTBA CaXapUIAHBIX KOMIOHEHTOB.

BTopsIM 1O conepKaHHI0O KOMIOHEHTOM SIBJISIICS STHIIOBBIH 3(QuD
rexcagexaHoBod kucnotsl (10,4367 %). laHHOe coelMHEHUE OTHOCHUTCS K
MIPOM3BOIHBIM MaJIbMUTHHOBOW KHCIIOTHI M SIBJISIETCS OJHUM M3 Hamboiee
pacnpocTpaHEHHBIX NPEeACTaBUTENEH KUPHOKUCIOTHBIX KOMIOHEHTOB
PACTUTEJIBHOTO MPOUCXOMKACHUSL.

Bricokoe copmepxaHue Takxe OBIJIO yCTAaHOBIEHO MHJs
S-runpoxcumetmindypdypona (7,6240 %), oTHOcsmerocst K GpypaHOBBIM
mpou3BOAHbIM. COeTMHEHHE MPECTaBIsIeT HHTEpeC OJaroapsi BISIBICHHBIM
AQHTUOKCH/IAHTHBIM M aHTUMUKPOOHBIM CBOMCTBAM.

ConeprkaHue 3THIIOBOT0 ApHpa M-T'HAPOKCUKOPUIHON KUCIOTHI COCTaBHIIO
7,3287 %. JlaHHOe cOoeIMHEHHWE OTHOCHTCS K (DEHONBHBIM KHCIOTaM H
XapaKTepU3yeTCs CIIOCOOHOCTHIO MPOSIBIISITH AHTHOKCHIAHTHYIO aKTHBHOCTb.

Cpenn OCHOBHBIX KOMIIOHEHTOB TaKXe BbIsiBiIeHa |,6-anrunpo-f-D-
riokonupanosa (5,4052 %), npencrasisronias COOOH IMKINYECKOE MPOU3BOAHOE
yrineBojoB. Hannuue naHHOro coeauMHEHHUS MOATBEPXKAACT MPUCYTCTBUE
YTIEBOAHBIX KOMIIOHEHTOB B UCCIIEyEMOM IKCTPAKTE.

ConepxaHue 3TuioBoro spupa 9,12,15-okragekaTpueHoBOH
kucaoThl coctaBuno 5,0589 %. CoequHeHNE OTHOCHUTCS K IPOU3BOAHBIM
TTOJIMHEHACHIIEHHBIX JKUPHBIX KUCIOT M MPEACTaBIsICT MHTEpec Oiaroaaps
MIOTCHIMAILHBIM aHTHOKCHJIAHTHBIM U MEMOPaHOIIPOTEKTOPHBIM CBOMCTBAM.
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Kpome 0CHOBHBIX KOMITOHEHTOB, B 9KCTPaKTe ObLITH 00HApYkKEHBI Pypdypoi
(3,2424 %), numep 1,3-murunnpoxcuanerona (3,3577 %), 4’-ruapokcraneTopeHoH
(3,0640 %), uv-rekcanexanoBas kuciota (3,0131 %), sTrmoBsIit >dup 9-muc,
1 1-TpaHC-0OKTaIeKaIHEeHOBOM KUCIOTHI (2,76 14 %), Xpu3uH, SBI'eHOII, OEH301HAs
KHCJIOTA U IPyTrue OHOJIOrMYECKH aKTHBHbBIE BEIIECTBA.

B cocraBe skcTpakra Takxke uaeHTHdunupoBaH uzodytan (0,3602 %),
MPUCYTCTBHE KOTOPOTO MOATBEPIKIEHO XaPAKTEPHBIM MACC-CIEKTPOM C
MOJIEKYJIIPHBIM HOHOM M/Z 58 1 6a30BBIM IMUKOM m/Z 43.

Abundance
#234: Isobutane
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Pucynok 2 — Macc-criektp n300yTaHa

Oco0blit MHTEpEC TPe/ICTaBIsIET 0OHAPY)KEHHE IBIEHOJIA, 00JIaAI0IIero
BBIPAXKCHHBIMHU aHTHUCCIITUYCCKUMU U aHTUOKCUIAAHTHBIMU cBorcTBamMu. B
COCTaBe HKCTPAKTA TAK)KE BBISBJICH (DJIABOHOM] XPH3HH, OTHOCSIIIIUICS K TPYTIIe
NPUPOTHBIX (EHOJIBHBIX AHTHOKCH/IAHTOB.

Hanunuue cturmactan-3,5-1ueHa u cturMact-4-eH-3-0Ha CBUIETENBCTBYET O
NPHUCYTCTBUH B COCTaBE IKCTPAKTa PUTOCTEPOUJIOB, KOTOPHIE SIBISIOTCS BAYKHBIMU
KOMITOHEHTaMH1 KJIETOYHBIX MEMOpaH pacTeHHH.

13
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[Tonmy4eHHbIE pe3ynbTaThl AEMOHCTPUPYIOT CIOXKHBIM M PasHOOOpPa3HBIN
XUMHYECKHI COCTaB CYXOT0 3TaHOJNBHOTO dKCTpakTa Ziziphora clinopodioides.
BrlsiBIIEHHBIE COEIMHEHUS! OTHOCATCS K Pa3IMYHBIM KiaccaM OMOJIOTHYECKH
AKTHBHBIX BEIIECTB U MOTYT BHOCHUTH BKJIAJ B (DapMaKoIOTHIECKU MOTEHIINAT
pacTteHusi.

BriBoabl

MeTtonom ra3zoBoi xpomaTorpauu—mMacc-cleKTPOMETPUH B CYXOM
9TaHOIBHOM JKCTPaKTe HaA3eMHOU dactu Ziziphora clinopodioides Lam.
UIOCHTU(DUIMPOBAHO 57 XUMHUYECKUX COCTHHCHUI.

YCcTaHOBIEHO, YTO XMUMHUUYECKHI COCTaB HKCTpAaKTa MPEACTAaBICH
YTIEBOJHBIMU MPOU3BOAHBIMH, (PypaHOBBIMU COEIMHEHUSIMH, (PEHOIBHBIMU
BEIIECTBAMH, OPraHWIECKUMHU KHUCIIOTaMH, JKUPHBIMH KHCJIOTAaMH U MX 3pupamu,
(haBoHOMAAMU U (PUTOCTEPOHIAMH.

OCHOBHBIMH KOMIIOHEHTAMH 3KCTpakTa sBISUIMCE -D-pubonupanosun,
metun (12,5435 %), stunoBsiii 2¢up rexcagekanoBoit kucioTsl (10,4367 %),
S-ruppokcumMeTHiadGypdypo (7,6240 %), 3TUIOBEIN 3pHUp N-THAPOKCUKOPHUIHOH
kucaoTsl (7,3287 %), 1,6-anruapo-p-D-rorokommpanosa (5,4052 %) u 3THIOBEIA
a¢up 9,12,15-okranexarpreHoBoi KUcI0THI (5,0589 %).

[TosrydeHHbIE TaHHBIE CBHJIETEIBCTBYIOT O OOraToM M pa3HOOOpa3HOM
XMMHYECKOM COCTABE HCCIIEyeMOT0 PACTEHHS 1 TTOJTBEPIKIAIOT IEPCIIEKTHBHOCTh
JmanpHeero n3ydenus Ziziphora clinopodioides kak HCTOYHHKA OHOTOTHYESCKH
AKTHBHBIX BEIECTB IPHUPOJHOTO MPOUCXOKICHHS.
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Z1ZIPHORA CLINOPODIOIDES LAM. OCIMIITI'THIH
XUMUSJIBIK KYPAMBIH I'A3/1bI XPOMATOI'PA®USI-MACC-
CHEKTPOMETPUS O AICIMEH 3EPTTEY

Xow uicmi susugpopa (Ziziphora clinopodioides Lam.) — Kazaxcman
orcone Opmanvik A3usHvly 6acka endepinde key mapanean Lamiaceae
MYKbIMOACLIHA HCAMAMBIH NEPCReKmUBaIbl 0IPINiK 6cimoix. Ocimoix
KYPAMbIHOA AHMUOKCUOAHMMBLK, KAObIHYEA KAPChbl, MUKPOOMAPA KAPChl
JICaHe JCANNBL HLIZAUMKbLIUL Kdcuemmep Kopcememin OUuoi02usiblk
bencendi sammapoviy 6OIYbIHA OAUIAHBICIbL XATIbIK, MeOUYUHACLIHOA
KeliHneH KOJIOAHbLIAObL.
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3epmmeydiy maxcamel Ziziphora clinopodioides ocimoiciniy
Jrcepycmi Genieiniy KYpeax 3MAaHoL0bl IKCMPAKMbICOIHbIH XUMUSLIbIK
KYpamulH 2a30sl xpomamoepagusi—macc-cnekmpomempus (I'’X-MC)
adicimen sepmmey 060n0bl. dxcmpaxm 70 %-0vlk dmun cnupmin
9KCmpazeHm peminoe naudaiana OMulpoln, Ke3eKmi mayepayus 20icimen
AnBIHObL. ANBINEAH YKCMPAKM KYPEaK KAI0blK my3iieeree Oetiin pomopibl
Oyraunovipbima KowaaHovipulavin, Keilin Agilent 5975 C macc-
cenekmusmi demexkmopwvimen xcabovikmanzan Agilent 7890 A eazovl
xpomamoepaghvinoa I'’X-MC manoayvinan emxizindi. Komnonenmmepoi
ooy Rix-100 DHA xanunnapnvix xonouxaceinoa (30 m x 0,25 mm %
0,5 mrm) orcyzeze acvipuinovl. Tanday KOIOHKA memMnepamypacbiHbly
60-300 °C apanvievinoa 8 °C/mun Hcolioamobiknen 6ae0apiamaiaH2an
peodrcuminoe scypeizindi. Tacvimanoaywsel eaz peminde A mapkanel eenui
Kondauwliovl. Kocwiivicmapowl catikecmerndipy NIST 08 kimanxanacwin
nauoanamy apKbLibl MAcc-cReKmpaepi MeH YCmary yaKblmmapul 60tbiHua
JHCypeizindi, an komnoweHmmepoiy naivi30vik menwepi GS-MSD Data
Analysis bazoapramacsl kemeziMeH Haainvl UOHObIK XPOMAMO2paAMMA
WBIHOAPBIHBIY AYOAHOAPbL He2i3iHoe asmomammol mypoe ecenmeoi.

3epmmey nomudgcecinoe d3KCmMpakm KYpamblHAlH madueu
KOCbLIbICMAapObly dapMypai KIACMapulHa sHcamamoii 57 XUMUAIbLE
KOCBLIbIC AHBIKMALObl. DKCMPAKMMblY He2i32ei KOMHnoHenmmepi
S-D-pubonupanoszud, memun (12,5435 %), eexcadekan KblUKbLIbIHbIH
omun 2¢upi (10,4367 %), S-eudpoxcumemunghypgypon (7,6240 %),
n-2UOPOKCUKOP KblKbLIbIHbIY dmut 9¢upi (7,3287 %), 1,6-aneuopo-f-D-
enoxonupanosa (5,4052 %) socone 9,12, 15-okmaoexampuen KoluKblablHblH
omun aupi (5,0589 %) 6oavin madwiidvL.

Dkcmpakmmuvly XUMUALLIK KYPAMbl He2i3iHeH KOoMIpcy
MYbIHOBLLAPBIMEH, (DYPAHObI KOCHLILICMAPMEH, (eHon0bl 3ammapmeH,
Mail KblUKbLIOAPbL HCaHe 01apobly dhupaepimeH, (rasoHouoOmapmeH
Jicone humocmepouomapmen YColHblIAHbl AHBIKMAIObL. AHbBIKMAnean
KOCBIILICIMAP AHMUOKCUOAHIMMbIK, KADBIHY2A KApChl, MUKPOOMAPEa Kapcyl
JHCoOHE MeMOPAHONPOMEKMOPIbIK acepaepli Koca an2anod, OUOLOSUANbIK,
benceHOLniKmiy Key cnekmpine ue.

Kinmmi cesoep: Ziziphora clinopodioides, xow uicmi 3usugopa,
2a30b6l XPOMAamozpaua-macc-cneKkmpomMempus,, XuMusiivlk Kypam,
OU0I02UATBIK beNceHOl 3ammap, SMAanoa0bL IKCMPAKI.
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STUDY OF THE CHEMICAL COMPOSITION
OF ZIZIPHORA CLINOPODIOIDES LAM. BY GAS
CHROMATOGRAPHY-MASS SPECTROMETRY

Ziziphora clinopodioides Lam. is a promising medicinal plant of the
Lamiaceae family widely distributed in Kazakhstan and other countries
of Central Asia. The plant is traditionally used in folk medicine due to the
presence of biologically active compounds exhibiting antioxidant, anti-
inflammatory, antimicrobial, and tonic properties.

The aim of this study was to investigate the chemical composition
of the dry ethanolic extract obtained from the aerial parts of Ziziphora
clinopodioides using gas chromatography—-mass spectrometry (GC-MS).
The extract was prepared by successive maceration using 70 % ethanol
as an extractant. The obtained extract was concentrated to dryness using
a rotary evaporator and analyzed by GC-MS on an Agilent 7890 A gas
chromatograph coupled with an Agilent 5975 C mass-selective detector.
Separation was performed on an Rtx-100 DHA capillary column (30 m x
0.25 mm % 0.5 um). The analysis was carried out at a column temperature
range of 60-300 °C with a heating rate of 8 °C/min. Helium (grade A) was
used as the carrier gas. Compound identification was performed based on
mass spectra and retention times using the NIST 08 library, while the relative
content of the components was calculated automatically using GS-MSD Data
Analysis software according to the peak areas of the total ion chromatogram.

As a result, 57 chemical compounds belonging to different classes of
natural substances were identified in the extract. The major components were
methyl -D-ribopyranoside (12.5435 %), ethyl hexadecanoate (10.4367 %),
S-hydroxymethylfurfural (7.6240 %), ethyl p-hydroxycinnamate
(7.3287 %), 1,6-anhydro-f-D-glucopyranose (5.4052 %), and ethyl
9,12, 15-octadecatrienoate (5.0589 %,).
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The chemical composition of the extract was found to be represented SRSTI 31.17.01
mainly by carbohydrate derivatives, furan compounds, phenolic substances,
fatty acids and their esters, flavonoids, and phytosteroids. The identified https://doi.org/10.4808 1/BTOUChemBi03.2026/19-30
compounds possess a wide range of biological activities, including antioxidant,
anti-inflammatory, antimicrobial, and membrane-protective effects. *A. G. Zhaxybayeva’', S. M. Sergazina?,
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FORMATION OF ORGANO-IRON COMPLEXES
IN RED LIGHT-ACTIVATED DRINKING WATER

For the first time, it was experimentally demonstrated that the
activation of drinking water obtained from underground sources in the
Akmola Region with red light leads to the formation of stable iron—organic
complexes in the water. The findings showed that irradiation changes the
chemical forms of iron and organic impurities, thereby affecting their
reactivity, solubility, and stability in the aqueous medium. A comparative
assessment of the chemical activity of organic components from different
water sources towards iron (IIl) ions revealed differences in their complex-
forming ability and reactivity. The complexation coefficient was found to
depend on both the nature of the organic substances and the duration of
red-light exposure, confirming the dynamic character of the processes
involved. These patterns may be used to regulate complexation processes
and modify the properties of water in a targeted manner. The practical
significance of the study lies in the potential application of red-light-
activated water in the development of biologically active waters intended
to help prevent iron-deficiency anaemia and support the normalization of
physiological processes in the human body.
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Keywords: activity coefficient, red light, complexation coefficient,
iron, groundwater, total organic carbon.

Introduction

The quality of drinking water is an important public-health concern because it
may influence human well-being and longevity. According to studies by researchers
in the medical and biological sciences, the consumption of red-light-activated
water has been associated with improved hemoglobin levels, the dissolution and
elimination of kidney stones, the regulation of physiological functions, and the
maintenance of stable internal physiological conditions [1; 2]. Such water has
been described as physiologically complete, and its regular consumption has been
suggested to increase average life expectancy by approximately 5-6 years [3].
In addition, red-light-activated drinking water may have potential applications in
the prevention and treatment of nutritional iron-deficiency anemias [4].

Both oxygen and hydrogen occur naturally and can also be produced in the
form of artificial isotopes. Based on the hydrogen isotope present, water may be
classified as light water, heavy water containing deuterium, superheavy water
containing tritium, trittum—deuterium water, trittum—protium water, or deuterium
— protium water. In this classification, physiologically complete water is identified
with light water [5].

In water-based solutions, most salts are present as dissociated ions. The
principal ionic constituents of natural waters include the anions bicarbonate
(HCOs"), chloride (CI"), and sulfate (SO4*"), together with the cation’s calcium
(Ca?"), magnesium (Mg?*), sodium (Na*), and potassium (K*). These species are
commonly classified as major ions. Natural water also contains microelements,
including nitrogen, phosphorus, silicon, aluminums, iron, and fluorine, as well
as trace elements and various organic compounds. The organic fraction consists
of a heterogeneous mixture of dissolved and colloidal substances. Groundwater
TOC is particularly important because it contributes to the formation of soluble
complexes with biologically active metal ions. Since the composition of organic
matter varies among water sources, their metal-binding capacity and potential
effects on human health may also differ [6].

The capacity of water to bind metal ions through the formation of
organometallic complexes is described by its complexing activity, which is
largely related to the concentration of total organic carbon (TOC). TOC generally
accounts for about half of the total organic matter present in water. Under SanPiN
requirements, TOC limits are specified only for bottled drinking water, with
maximum concentrations of 5 mg/L for the highest quality category and 10 mg/L
for the first category [7; 8].
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This study aimed to examine how red-light irradiation influences the
formation of iron—organic complexes in drinking water collected from sources in
the Akmola Region and the city of Kokshetau. The study analyzed the following
water samples:

— medicinal table water from the «Kulager-Arasan» groundwater deposit
(well No. 5492);

— drinking water from the «Kenetkol» groundwater deposit (well No. 1943);

— drinking water from the «Kuskol» groundwater deposit (well No. 2-B);

— reverse osmosis purified water from a treatment station («[IpoBuanT»
store, Kokshetau).

Materials and methods

The physicochemical analysis was conducted in the production laboratory
of JSC «Kokshetau Mineral Waters.» The investigation involved determining the
mineralization level, principal macrocomponents, and total hardness of the water
samples. Calcium, magnesium, and sodium ions were quantified by titrimetric
procedures, including complexometric titration, while chloride ions were measured
using a precipitation-titration method. Bicarbonate and carbonate ions, together
with permanganate oxidizability, were assessed by titrimetric techniques, whereas
sulfate ions were determined gravimetrically. The results are summarized in
Table 1.

Total organic carbon (TOC) was measured at the laboratory of the
Ekaterinburg Medical Research Centre for Prophylaxis and Health Protection of
Industrial Workers. Sampling was performed in accordance with GOST 31861,
GOST 31862, and GOST 17.1.5.05. The water was collected in hermetically sealed
glass containers filled completely to minimize headspace, with a sample volume
of 200 cm? [9; 10]. For preservation, orthophosphoric acid was added at a ratio
of 0.1 cm?® per 100 cm? of water. The preserved samples were transported to the
analytical laboratory within four days.

The measurements were conducted with a TOC-CPN total carbon analyser
fitted with a high-temperature oxidation reactor. In this system, carbon-containing
compounds in the water samples are oxidized by oxygen or an oxygen-containing
gas in the presence of a catalyst at temperatures between 550 and 1000 °C. The
analyser also included an infrared detector, an automated sample-oxidation
module, and a data-acquisition system for recording and processing the results.
The obtained data are presented in Table 2.

To assess dissolved iron concentrations and calculate the complexation
coefficient (Kcop) during red-light irradiation, ST-3 steel plates were prepared
according to GOST 9.905-82. Before each experiment, the plates were polished
with P100 abrasive paper compliant with ISO 6344-2:1998 until a metallic surface
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was obtained. Iron concentrations were determined both before and after irradiation
at exposure times of 0.5, 1.5, 10, 20, and 30 minutes. Distilled water containing
a steel plate served as the control, because it was assumed to be free of organic
impurities. Indicator plates were placed in all water samples except the untreated
initial sample. The samples, including the control, were heated to 75 °C and held
at this temperature for 60 minutes, then cooled to 20 °C. After cooling, the water
was passed through a membrane filter with a pore size of 0.46 um, and the iron
concentration was determined in each sample [11].

The mass concentration of total iron in the water samples was measured before
and after red-light exposure in accordance with GOST 4011-72. The analytical
procedure is based on the formation of a yellow iron—sulfosalicylic acid complex
in an alkaline medium. The colour intensity, which is directly proportional to the
mass concentration of iron, was measured at a wavelength of 400 nm. The results
are presented in Table 3. The interaction between the water samples and iron was
assessed using the complexation coefficient (Kcop), calculated according to the
following equation:

Kcop=AFe/Fe, (1)

where Kcop — is the iron complexation coefficient with dissolved organic
impurities;

AFe = Fe -Fe -Fe, )

(Fe,) and (Fe,) denote the concentrations of total dissolved iron in the analysed
water sample before and after contact with the metal plate, respectively. (Fe,)
represents the iron concentration measured in the control sample following its
interaction with the indicator metal plate.

The chemical activity was calculated using the following equation:

K=K, /TOC 3)

The chemical activity of organic compounds in aqueous solutions was
assessed by examining the interaction of individual compounds, or mixtures of
compounds present in the water, with iron species. The results of this analysis
are presented in Table 4.

Results and discussion

Table 1 summarizes the seasonal variations in the chemical composition of
the water observed during spring, summer, and autumn.
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Table 1 — Seasonal changes in water composition
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Table 1 shows that the chemical composition of water from the underground
sources remained generally stable throughout the year, with only minor seasonal
variations. The mineralization of water from well No. 5492 (Kulager-Arasan)
ranged from 2250 to 2305 mg/L, while its total hardness varied between
13.8 and 14.0 meq/L. For well No. 2-B (Kuskol), mineralization values ranged
from 310 to 324 mg/L, and total hardness ranged from 2.0 to 2.4 meq/L. At well
No. 1943 (Kenetkol), mineralization was 279-289 mg/L, with total hardness
values of 2.4-2.6 meq/L.

Treatment substantially altered the composition of the tap water. Its
mineralization varied from 22 to 84 mg/L, while the absence or very low
concentrations of calcium and magnesium resulted in a total hardness of 0-0.4 meq/L.

Table 2 summarizes the total organic carbon (TOC) concentrations measured
in the analysed water samples.

Table 2 — Seasonal variation in total organic carbon (TOC) concentrations in the
analysed water samples

Sampling site . Season

Spring Summer Autumn
Well Ne5492 0,93 34 2,6
Well Ne1943 0,51 2,8 2,59
Well Ne2-b 0,5 7,0 0,54
Treatment plant 0,36 0,59 60,76

Table 2 indicates that TOC concentrations decreased during spring, probably
because meltwater with a relatively low organic-carbon content entered the aquifer.
In summer, TOC levels increased slightly, likely as a result of precipitation
transporting dissolved organic matter from the soil-vegetation layer into the
subsurface.

Atthe treatment station, TOC concentrations were lower in spring and summer
than in autumn. This pattern may be explained by a one-time release of organic
matter from the filtration system or by an increase in TOC levels in the municipal
water supply, which is derived from a river source.

In the other water samples, TOC concentrations ranged from 0.3 mg/L in
spring to 7.0 mg/L in summer, remaining within the applicable sanitary limits for
organic carbon in drinking water.

Table 3 presents the dissolved iron concentrations and complexation
coefficients determined during red-light irradiation of the water samples.
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Table 3 — Dissolved iron concentrations (mg/L) and complexation coefficients
(K cop) in water samples exposed to red light

Dissolved iron concentration in water (mg/L)
Redlight | priilled
Water 'sample before red- | exposure tm'le'for water with
Sampling site/ light exposure water containing a plate
Kcop a metal plate
Initial Initial water
water (no . 60 sec
metal with a plate | 30 sec (1 min)
plate)
Well Ne1943 0,33 0,81 0,78 0,6 0,097
Kcop 1,16 1,07 0,52
Well Ne2-b 0,07 0,22 0,15 0,04 0,097
Kcop 0,76 -0,24 -1,82
Well Ne5492 0,01 0,44 0,52 0,59 0,097
Kcop 33,3 41,3 48,3
water from the
«Treatment 0,16 0,34 0,44 0,32 0,097
Station»
Kcop 0,52 1,14 0,39

The data in Table 3 indicate that, in water from well No. 1943 («Kenetkol»),
well No. 2-B («Kuskol»), and the treatment station, the complexation coefficient
(Kcop) decreased by 0.04—-0.6 after 60 seconds of red-light exposure compared with
the value recorded after 30 seconds. Conversely, the mineralized medicinal-table
water from well No. 5492 («Kulager-Arasany») exhibited an increase in (Kcop)
after 60 seconds of irradiation.

A higher (Kcop) value indicates a greater capacity of dissolved organic
substances to form soluble complexes with iron (IIT) ions and suggests increased
stability of the complexes formed. Table 4 presents the chemical activity coefficient
(Ka) of organic impurities with respect to iron (III) compounds.
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2 Table 4 — Seasonal chemical activity of organic impurities in water from different sources towards iron (III) compounds
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The results indicate that the capacity of the water samples to form soluble
iron complexes with organic impurities increases during spring and declines in
autumn. Among all the samples analysed, the organic constituents of water from
well No. 5492 (Kulager-Arasan) demonstrated the highest reactivity towards the
formation of soluble iron complexes.

Conclusions

The chemical composition of the drinking-water samples showed only minor
seasonal changes and remained largely stable over the study period. Samples
collected from the Kuskol source (well No. 2-B) and the Kenetkol source
(well No. 1943) satisfied the requirements for physiologically adequate water. The
TOC concentration in the natural waters varied according to the season, whereas
the purification process did not produce a consistent effect on its level.

The complexation coefficient varied with the duration of red-light exposure.
Higher (Kcop) values reflected a greater capacity of organic impurities to produce
soluble iron(IIT) complexes and indicated enhanced stability of these complexes.
The chemical activity coefficient increased during spring, with the highest complex-
forming activity recorded for the water from well No. 5492 (Kulager-Arasan).
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memip MeH Op2aHUKanblK KOCHAAApObly XUMUALLLK mypaepi o32epin,
0N1apObIH peakyusIblK, Kabliemine, epieiuimicine JdcaHe Cyibl Opmaoazsl
MYPAKMBLIbIZbIHA 2cep ememini Kepcemindi. Opmypii ¢y Ke30epiHeH
AIbIHEAH OP2AHUKANLIK Komnonenmmepoiy memip (I11) uonoapwina
Kamvlcmbl XUMUSAIbIK OelNCeHOLNIel canblcmulpmaibl mypoe 0a2aiaHsin,
onapobly Kewien my3y Kabiiemi MeH peaKyusnvlk OeiceHOiniciHOe
AUBIPMAWBLILIKMAP AHLIKMALObL. 3epmmey Hamudicenepi Keulen mysiny
KO3 uyuenminiy opeaHuKkaivlk 3ammapobiy madueamuvlHad HCIHe
KbI3bLIL HCAPLIKNEH dCep emy Y3aKmblebiHa mayenoi ekenin kopcemmi. byn
AHBIKMA2aH yoepicmepoiy OUHAMUKAIbIK, CURAMbIH 0271e10etiol. AnbineaH
3aHObLILIKMAP Keulen my3iny yoepicmepin Makcammsl mypoe pemmeyee
JHIcoHe CyObly Kacuemmepin e3eepmyee MYMKIHOIK Oepedi. 3epmmeyoiy
NPAKMUKATBIE MAHBI3bL MEeMID MANUbLIbIEbI AHEMUACLIHbIY AN10bIH
anyea Jxcane adam a3acblHOagbl Qu3U0I02UATBIK YOepicmepoi KalbIinKd
Keamipyee apHaIeaH Ouoio2usIblK Oencenoi cyaapobl a3ipaey YUuliH Kbi3vli
Jrcapuiner beceHOipineen cyovl NAodIaHy MYMKIHOIZIMEH OAUIAHBICbI.

Kinmmi ce30ep. bencenoinik ko3ghghuyuenmi, Kbi3vli Hcapbik, KeuleH
my3iny Kodguyuenmi, memip, dxcepacmsl Cyaapbl, HCAuinbl OP2AHUKAIbIEK,
KOMIpmex.
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OBPA30OBAHME OPTAHO-KEJIE3HBIX KOMIIJIEKCOB
B IUTHBEBOM BOJIE, AKTUBUPOBAHHOM KPACHBIM CBETOM

Bnepevle skcnepumenmanvno ycmano8ieHo, Ymo akmueayus
NUMbEBOU 800bl, NOLYUEHHOU U3 NOO3EMHBIX UCTOYHUKO8 AKMOIUHCKOU
obnacmu, KpacHvIM C8emomM NPUSOOUN K 00PA308AHUIO 8 800€ YCHIOUYUBLIX
JKcene3o-opeanuieckux komnaekcos. Ilokasano, umo noo gosoelicmauem
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00IyUeHUst USMEHSIIOMCS. XUMUYECKUE (OPpMbL dicene3d U OpeaHUdecKux
npumecetl, 4mo 6IUsLen Ha UX PeaKyuoHHyIo CHOCOOHOCHb, PACMEOPUMOCHTb
u yemouuugocms 8 00HOU cpede. IIposedena cpagnumenbHas oyeHKa
XUMUHECKOU AKMUBHOCTIU OP2AHUYECKUX KOMROHEHIMO8 800bl U3 PA3IUYHBIX
UCMOYHUKO8 NO omHoueHulo Kk uonam scenesa (IIl), ¢ pesyromame
ue2o BbIAGLEHbL PA3IUYUSL 8 UX KOMNIEKCO00pa3yiowel cnocooHocmu
U peaKyuoHHOU AKMUSHOCMU. YCmMaHo8IeHo, Ymo Kodpduyuenm
KOMNAEKCO0OPA3068AHUsL 3A6UCUIM KAK OM NPUPOObl OP2AHUYECKUX
seujecms, Mak u 0m nPOOOIICUMELbHOCTU 8030€UCMBUst KPACHO20 C8emd,
umo noomeepaicoaem OUHAMUYECKULl XapaKkmep pacCMampueaemblx
npoyeccos. BulisigenHble 3aKOHOMEPHOCTIU MOZYIL OblNb UCHOIL308AHbL OISl
YeNeHanpagieHHO20 Pe2yiuposanusi NPOYECCO8 KOMIIEKCO0OPA308aHUsL U
uzMeHenusi ceoticme 800bl. IIpakxmuyeckas 3HAUUMOCHb UCCLEO08AHUS
BAKIOYUACCS 8 603MONCHOCIU UCNONb308AHUSL 800bl, AKMUBUPOSAHHOL
KPACHBIM C8emoM, O pa3spadomiu 6uoiocuyecku aKmueHulx 600,
NPeOHA3HAYEHHBIX 011 NPOPUIAKMUKU JHcene300eDUYUMHOL aHeMUU U
HOPMAIU3AYUY (PUUOLOSULECKUX NPOYECCO8 8 OP2AHUIME YETLOBEKA.

Knouegvle cnosa: kosghduyuenm axmugHocmu, KpacHwlil céent,
KO2¢hpuytienm KoMniekcooopazo8amiis, sHceneso, N0O3eMHble 800bl, 00U
opeanuueckuil yenepoo.
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CHEMICAL COMPOSITION OF THE EXTRACT
AND BIOACTIVE COMPOUNDS OF BLACK-FRUITED
COTONEASTER (COTONEASTER MELANOCARPUS)

This article reports the findings of an investigation into black-fruited
cotoneaster (Cotoneaster melanocarpus) as a potential source of biologically
active substances. The phytochemical composition of this plant was evaluated,
and the primary groups of pharmacologically relevant compounds were
characterized. A comparative review of extraction techniques and their influence
on the yield and qualitative composition of target substances was conducted.
The research utilized mixed maceration with ultrasonic assistance, employing
a 70 % ethanol solution as the extracting solvent. GC-MS analysis established
the occurrence of terpenoids, steroids, vitamins, aromatic compounds, and
fatty acids within the leaf extract. Among the principal constituents detected
were squalene (19.59 %), 9,19-cyclolanost-24-en-3-ol acetate (17.45 %),
Vitamin E (11.61 %), and lup-20(29)-en-3-one (10.95 %), each displaying
considerable pharmacological significance. The presence of phenolic
compounds, essential oils, and ascorbic acid was further verified through
qualitative chemical reactions. The feasibility of incorporating the obtained
extracts into pharmaceutical, food, and cosmetic production was evaluated.
The data gathered may serve as a foundation for creating novel therapeutic
formulations, functional dietary supplements, and cosmetic preparations
enriched with naturally derived antioxidants and other valuable constituents
sourced from this underexplored plant species native to Kazakhstan.

Keywords: black-fruited cotoneaster, Cotoneaster melanocarpus,
biologically active substances, GC-MS analysis, phytochemical composition,
extract, antioxidants.
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Introduction

Cotoneasters are frost-tolerant shrubs belonging to the Rosaceae family,
encompassing roughly 278 species found across Africa, Europe, Asia, and
Kazakhstan [1]. The phytochemical profile of plants within this genus is
characterized by the presence of flavonoids, phenolcarboxylic acids, coumarins,
anthocyanins, ascorbic acid, and various other bioactive compounds [2].
These constituents demonstrate antioxidant, anti-inflammatory, antiparasitic,
hepatoprotective, and antidiabetic effects. In folk medicine, the bark, buds, leaves,
and flowers of cotoneaster have been traditionally employed in the management of
gastrointestinal conditions [3; 4]. Furthermore, certain species yield fruits suitable
for consumption [7]. The present study supports the promise of the understudied
species Cotoneaster melanocarpus as a botanical source for the creation of
excipients and medicinal products in Kazakhstan [8].

Materials and methods

At Toraighyrov University, a dense extract was prepared from the
insufficiently explored fruits and leaves of black-fruited cotoneaster (Cotoneaster
melanocarpus). The extraction procedure involved mixed maceration combined
with ultrasonic treatment at a frequency of 18-25 kHz over a 30-minute period. A
70 % ethyl alcohol solution served as the solvent, with a plant material-to-solvent
ratio of 1:15, equivalent to 5 grams of raw material and 75 grams of solvent [5; 6].
The resulting extract was then passed through paper filters with a pore diameter
of 0.5 pum, and the clarified residue was concentrated by means of a vacuum
evaporator. The total yield of the dense extract amounted to 15 grams.

Qualitative screening of the dense extract of Cotoneaster melanocarpus Fisch.
ex Blytt confirmed a predominant content of phenolic compounds, essential oils,
and azo dyes. The detection of phenols was carried out using qualitative reactions
with iron (IIT) chloride, aluminum (III) chloride, and sodium hydroxide.

Results and discussion

Upon adding 3 drops of iron (III) chloride to 3 ml of the filtrate, a blue-violet
coloration developed. When ferric ammonium alum was introduced into 5 ml of
the filtrate, a bluish turbidity was observed. The reaction with sodium hydroxide
produced no visible change in the filtrate.

Qualitative tests for Vitamin C (ascorbic acid) were additionally carried out,
as this compound is known to be present in the fruits. The procedure involved the
reagent 2,6-dichlorophenolindophenol (DCPIP). Azo dyes are formed through
the reaction between diazonium salts and phenolic compounds. Under acidic
conditions in the presence of sodium hydroxide, a pink coloration of the solution
was noted.
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To validate the findings of the qualitative analysis, GC-MS analysis of the
test sample was conducted. The compounds identified throughout the study are
summarized in Table 1. The detection of these substances aligns with the outcomes
of the qualitative reactions, thereby confirming the accuracy and reliability of the
phytochemical investigation.

Figure 1

33



TopaiireipoB yuusepcutetinin Xabapisicsl, ISSN 2710-3544  Xumus-6uonoeusnvik cepusicor. Ne 3. 2026

Table 1 —Results of GC-MS analysis of the black-fruited cotoneaster (Cotoneaster
melanocarpus) leaf extract. Classification of identified compounds by chemical
groups.

Group of Compounds | Name of Chemical Compound

Phenol, 2,4-bis(1,1-dimethylethyl)

Benzene, (1-methyldodecyl)

Aromatic compounds | Benzene, (1-propylheptadecyl)

Benzene, 1,1°-[1,2-cthanediylbis(oxy)]bis
1,3-Benzenedicarboxylic acid, bis(2-cethylhexyl) ester
Alkanes and|Hexadecane, 2,6,11,15-tetramethyl

derivatives Heneicosane
3,7,11,15-Tetramethyl-2-hexadecen-1-ol
Terpenes Phytol
Lup-20(29)-en-3-one
Squalene

Hexadecanoic acid, ethyl ester
Ethyl 9-hexadecenoate
9,12-Octadecadienoic acid, ethyl ester

Acids 9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,7)
9,12,15-Octadecatrienoic acid, (Z,Z,7)
4,8,12,16-Tetramethylheptadecan-4-olide
Dibutyl phthalate

Phthalates Diisooctyl phthalate
B-Sitosterol

Steroids Stigmast-4-en-3-one
9,19-Cyclolanost-24-en-3-ol, acetate, (3f3)

Vitamins Vitamin E
Phytol, acetate
2-Pentadecanone, 6,10,14-trimethyl

Ketones

5,9,13-Pentadecatrien-2-one, 6,10,14-trimethyl-, (E,E)
Alcohols 1,6,10,14-Hexadecatetraen-3-ol, 3,7,11,15-tetramethyl
1,6,10,14,18,22-Tetracosahexaen-3-o0l,
2,6,10,15,19,23-hexamethyl

Alkenes

Table 2 presents the results of a more detailed analysis, in which a greater
number of biologically active compounds of practical interest were identified. The
obtained data allow a more complete characterisation of the chemical composition
of the studied raw material and confirm its prospects as a source of biologically
active substances.
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Table 2 — Compounds detected in large quantities (X>10 %) in the black-fruited
cotoneaster (Cotoneaster melanocarpus) leaf extract.

Compound Name Content (%) | Functional Activity
Antioxidant activity, Inmunomodulatory
Squalene 19.59 effect, Anti-inflammatory activity,

Wound-healing effect.
Hepatoprotective activity,
Anti-inflammatory activity,

9,19-Cyclolanost-24-

en-3-ol, acetate, (3f3)- 17.45 Immunomodulatory effect, Antioxidant
properties, Hypolipidemic activity.
Antioxidant activity, Inmunomodulatory

Vitamin E 1161 effect, Cardioprotective activity,

Hepatoprotective properties, Anti-
inflammatory activity.
Anti-inflammatory activity,
Hepatoprotective activity, Antitumor
activity, Antibacterial activity,
Antidiabetic activity.

Lup-20(29)-en-3-one | 10.95

Conclusions

The phytochemical examination of black-fruited cotoneaster (Cotoneaster
melanocarpus) through qualitative reactions and GC-MS analysis demonstrated
a broad spectrum of biologically active constituents. The leaf extract was found
to contain aromatic compounds, terpenes, steroids, vitamins, organic acids,
and additional bioactive substances. The principal components identified at
concentrations above 10 % were squalene (19.59 %), 9,19-cyclolanost-24-en-3-ol
acetate (17.45 %), Vitamin E (11.61%), and lup-20(29)-en-3-one (10.95 %). These
compounds are associated with antioxidant, anti-inflammatory, hepatoprotective, and
immunomodulatory activities. The findings substantiate the considerable potential
of C. melanocarpus as a natural raw material for pharmaceutical, cosmetic, and food
industry applications, and provide a basis for continued research aimed at developing
novel plant-based medicinal preparations and functional products in Kazakhstan.
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KAPAOPIK KN3HNJII (COTONEASTER MELANOCARPUS)
IKCTPAKTBIHBIH XUMMUAJBIK KYPAMBI
KIOHE BUOJOTUAJBIK BEJICEHAI KOCBIJIBICTAPBI

Maxanaoa kapaepix xusuniniy (Cotoneaster melanocarpus)
ouonoeuanvik Oencendi 3ammapovly KO3l peminoe 3epmmenyiniy
Homudicenepi ycoluvlizan. Ocvl 6CIMOIKMIK XUMUSALLIK KYPAMBIHA MAN0dy
JHCypeizingdi, hapmaronozusnvlk bencenoinizi bap Hezizei KOCbLIbICMap moowvl
AHLIKMANObl. OpMYpPIi IKCMpaKyus a20icmepi MeH 01apObly MAKCAmmol
KOMNOHEHMMEPOIH Ulbl2bIMObLIbIZbL MEH KYpambina acepi sepmmendi. 70 %
MU cnupmi epimiHOICiH KOIOAHA OMbIPLIN, YIbMpPaoblObICHIbIK 6HOEY
JrcazoativiHoa apanac mayepayus apkulisvl skcmpakm anvinovl. GC-MS
Manoaywvl Hcanvlpar IKCMpaAKmulHOA MepneHouomepoiy, cmepouomepoiH,
BUMAMUHOEPOIH, XOUL UICMI KOCHLIbICMAPObIH HCIHE MAll KbIUKbLIOAPbIHBIH
00ybIH pacmaosl. ANbIHAH IKCMPAKMapobl hapmayesmuKaiblk, mamar
JHCIHEe KOCMeMmUKAbIK cananapoa naudanany bonauiagvl 6a2aianovl.
Anvinean namuoicenep mabueu anmuoxcuoanmmapmen 6anbImulian
Jrcana 0apinik npenapammapovl, QYHKYUOHALObIK KOCHALAPObL HCIHE
KOCMEMUKANbIK OHIMOepOi oHcacayod KOJIOAHBLLY bl MYMKIH.
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XUMHUYECKHUI COCTAB SKCTPAKTA U BUOJTOTMYECKHA
AKTHUBHBIE COEJUHEHNSA KU3UJIBbHUKA
YEPHOIIVIOAHOTI'O (COTONEASTER MELANOCARPUS)

B oannoii cmamve npedcmasnenvl pe3yivmamsl UCCie008aHUs
uepHon00no2o kuzunbHuxa (Cotoneaster melanocarpus) Kaxk nomeHyUaIbHO2O
UCMOYHUKA OUONIOSUYECKU AKMUBHLIX ewecms. bvln nposedén ananus
umoxumuieckozo cocmasa OaHHO20 PACMeHUsl, d MAKICE OXAPAKMEPUZ0BAHbL
OCHOBHbIEe 2pYNNbl COeOUHEeHUN, 001a0aruux GapmaKoioesuieckol
3HauuUMoCcmblo. Beinonnen cpasnumenvhviii 0630p Memooos IKCmpaKyuu u
UX GIUAHUSL HA BbIXOO U KAYECMBEHHBITL COCMAB Yelesblx sewecms. B pabome
NPUMEHSICS MENMOO CMEWIAHHOU MAYEPaYUU ¢ YIIbmpPasgyKobiM 6030eUcmeuem
¢ ucnonvzosanuem 70 % pacmeopa d3manoia 8 Kawecmee IKCMpazenmd.
Memooom I'’X-MC ananuza 6 sxcmpakme mucmoveg ObLi0 NOOMEEPIHCOCHO
Hauuue mepneHouo0s, Cmepoudos, GUMAMUHOB, APOMATMUYECKUX COCOUHEHU
U dHCUpHBIX KUCIom. K 4uciy 0CHOBHbIX BbIAGTIEHHBIX KOMHOHEHMOB ONMHOCAMCSL
ckeanen (19,59 %), ayemam 9,19-yuxnonnocm-24-en-3-ona (17,45 %),
eumamun E (11,61 %) unyn-20(29)-en-3-on (10,95 %), kasxicowiii uz komopwix
obradaem sbipadiceHHol hapmaronocuueckol akmusHocmuio. [ Ipucymemeue
heHonbHbIX CoeOUHeHU, IPUPHBIX MAacel U ACKOPOUHOBOU KUCTIOMbL ObLIO
OONOIHUMENLHO NOOMBEPIHCOCHO € NOMOUBIO KAYECMBEHHBIX XUMUYECKUX
pearyuil. Oyenena 603MOACHOCHIb UCNOb308AHUSL NOTYYEHHBIX SKCIPAKMOG
6 hapmayesmuueckoll, NUWEEOL U KOCMEMUYECKOU NPOMbILUIEHHOCTI.
CobpanHble OaHHble MO2YM CIYAHCUMb OCHOBOU O/ pa3padomKy HOGbIX
mepanesmuyecKux npenapamos, QYHKYUOHAIbHbIX NUWEGbIX 000aB0K U
KOCMeMU4eckux cpeocms, 0002auyéHHbIX NPUPOOHLIMU AHMUOKCUOAHMAMU
U Opyeumu YeHHbIMU COCOUHEHUAMU IMO20 MATOUZYUEHHO20 PACEHUs,
npouspacmarowezo 6 Kasaxcmane.

Kuiouegvle crnosa: kxuzunrvHux uepronnoouwiil, Cotoneaster
melanocarpus, ouonocuuecku axmuenvle sewecmea, I'’X-MC ananus,
Gpumoxumuueckuil cocmae, IKCMpPAKm, AHMUOKCUOAHNBL.
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IMPROVING THE EFFICIENCY OF THE SLOW COKE
PROCESS FOR HEAVY OIL RESIDUES

The article discusses modern approaches to improving the efficiency
of the process of delayed coking of heavy oil residues. In conditions of
deterioration of the quality of crude oil and an increase in the proportion
of heavy fractions in the structure of processed oil, technologies for deep
processing of hydrocarbon raw materials are of particular importance. The
delayed coking process is one of the most common methods of processing
vacuum residues, tar and other heavy oil fractions.

The paper analyzes the main factors affecting the efficiency of the
delayed coking process, including the composition of raw materials,
temperature regime, residence time of raw materials in the reaction zone
and the design features of the equipment. The mechanisms of thermal
decomposition of heavy hydrocarbons leading to the formation of gaseous,
liquid and solid processed products are examined. Special attention is paid
to increasing the yield of light oil products and reducing the formation of
undesirable by-products.

Based on the analysis of modern scientific publications, promising areas
for improving the process of delayed coking have been identified, including
preliminary preparation of raw materials, optimization of technological
parameters and the introduction of modern process control systems.

The results of the analysis can be used in the development and
modernization of deep processing plants for heavy oil residues.

Keywords: delayed coking, heavy oil residues, oil refining, thermal
cracking, petroleum coke, refining efficiency.
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Introduction

In the context of the modern development of the oil refining industry, there is
a steady trend of deterioration in the quality of processed raw materials. A decrease
in light oil reserves and an increase in the share of heavy and high-sulfur oils in
the global production structure require the development of effective technologies
for deep processing of hydrocarbon raw materials. In this regard, the processing
of heavy oil residues formed after atmospheric and vacuum distillation of oil is
of particular relevance.

Heavy oil residues are characterized by a high content of high molecular
weight components such as asphaltenes and resins, as well as an increased
concentration of sulfur, nitrogen, and metal compounds. The presence of these
components significantly complicates their processing and reduces the efficiency
of catalytic processes. Therefore, thermal processes are widely used for processing
such raw materials, among which the process of delayed coking is the most
common [1; 2].

The delayed coking process allows the processing of vacuum residues, tar
and other heavy oil fractions to produce gaseous products, gasoline and gas oil
fractions, as well as petroleum coke. Due to its technological simplicity and high
reliability, this process has become widespread in oil refineries in many countries
of the world [3].

Despite its widespread industrial use, the delayed coking process has a number
of disadvantages, including high coke yield, significant energy consumption, and
dependence of technological parameters on the composition of the processed raw
materials. In this regard, an important scientific task is to find ways to increase
the efficiency of this process [4; 5].

The purpose of this work is to analyze modern scientific approaches to
improving the efficiency of the process of delayed coking of heavy oil residues.

Materials and methods

This work uses methods of theoretical analysis and generalization of scientific
and technical information aimed at studying the processes of processing heavy
oil residues and ways to increase the efficiency of the delayed coking process.

The research was based on the analysis of domestic and foreign literature,
including educational publications, monographs and scientific articles devoted to
thermal methods of processing heavy fractions of oil. The sources used are works
reflecting modern ideas about the composition of heavy oil residues, the mechanisms
of their thermal decomposition and the features of the delayed coking process.

The work used a comparative analysis of various technologies for deep
processing of oil residues, including delayed coking, thermal cracking and
hydraulic processes. Special attention is paid to identifying key factors affecting the
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efficiency of the process, such as the physico-chemical properties of raw materials,
temperature, pressure, and residence time in the reaction zone.

To study the mechanism of petroleum coke formation, the method of
theoretical generalization of data on the course of radical chain reactions of
thermal decomposition of high-molecular hydrocarbons, including the processes
of destruction, aromatization and polycondensation, was used.

Results and discussion

1 Current state of heavy oil residue processing

In recent decades, the global oil refining industry has seen a steady increase in
the share of heavy and high-sulfur oils in the structure of hydrocarbon production.
This is due to the gradual depletion of light oil reserves and the involvement of
heavy and superheavy oil fields in the development. As a result, the importance
of technologies for deep processing of oil residues is increasing [1].

Heavy oil residues are refined petroleum products obtained after atmospheric
and vacuum distillation. These include fuel oil, vacuum residue, and tar. These
products are characterized by high density, significant viscosity and complex
chemical composition, including a large number of high molecular weight
compounds [2].

The main components of heavy oil residues are saturated hydrocarbons,
aromatic compounds, resins and asphaltenes. Asphaltenes are the heaviest fraction
of oil and are characterized by a complex polycyclic structure. The high content of
asphaltenes and resins leads to a decrease in the thermal stability of raw materials
and contributes to the formation of coke under thermal exposure [6].

In this regard, thermal processes are widely used for processing heavy oil
residues, among which the process of delayed coking occupies a special place.

2 Technology of the delayed coking process

The process of delayed coking refers to thermal methods of processing
heavy oil residues. It is based on the thermal decomposition of high molecular
weight hydrocarbons at elevated temperatures to form lighter products and a solid
carbonaceous residue, petroleum coke.

The technological process is carried out at a temperature of 480 — 520 ° C
and a relatively low pressure. The main feature of the process is the transfer of
the coke formation zone from the tubular furnace to special reaction apparatuses
— coke chambers. The residence time of the raw materials in the chamber and
the temperature profile have a decisive effect on the yield and properties of the
resulting coke and liquid products [6].

Numerous studies show that changing the process temperature by even a few
degrees can significantly affect the ratio of liquid and solid products. An increase
in temperature, as a rule, leads to an increase in coke yield, while a decrease in
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temperature increases the yield of liquid fractions, but may worsen the stability
of the process [5; 7].

Due to the high sensitivity of the delayed coking process to the operating
parameters, the task of optimizing them is of particular importance. This requires
an integrated approach that takes into account the properties of raw materials, the
design features of the equipment and the quality requirements of the products [5].

According to the technological design, delayed coking plants of various types
differ slightly from each other and mainly operate according to the following typical
scheme: feedstock — heating in the convection section of the furnace — heating
in the lower part of the distillation column due to the heat of the coking products
— heating of secondary raw materials in the radiant section of the furnace — coke
chambers — fractionation [8].

The basic technological scheme of the heating-reaction-fractionating section
of a two-block delayed coking unit is shown in Figure 1 [8].

K3

0

I — raw materials; I — stable gasoline; III — light gas oil;
IV — heavy gas oil; V — stabilization head; VI — dry gas; VII — coke;
VIII — steam steaming chambers; IX — water vapor [8].
Figure 1 — The main technological scheme of a two-block delayed coking unit [8].

The raw material — tar or cracking residue (or a mixture thereof) — is heated
in the heat exchangers and convection pipes of the furnace and fed to the upper
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cascade plate of the K—1 column. Part of the raw material is fed to the lower
cascade plate to regulate the recirculation coefficient. Hot gases and vapors of
coking products from the coke chambers are fed under the lower cascade plate of
this column. As a result of the contact of raw materials with the upward flow of
gases and vapors of coking products, the raw materials are heated to a temperature
of 390 — 405 ° C, while its low-boiling fractions evaporate, and heavy steam
fractions condense, mix with the raw materials and form a stream called secondary
raw materials.

Secondary raw materials are taken from the lower part of the K-1 column by a
furnace pump and sent to the reaction pipes of the furnaces located in their radiant
section (two of them operate simultaneously). In the furnaces, the secondary raw
materials are heated to 490-510 °C and fed through four—way cranes in two parallel
streams into two working coke chambers, while the other two chambers are in the
preparatory cycle at this time. Entering the lower part of the chambers, the hot
raw materials gradually fill them. Since the volume of the chambers is large, the
residence time of the raw materials in them is also significant, and the cracking of
the raw materials takes place. The vapors of the coking products are continuously
discharged from the chambers into the K-1 column, while the weighted residue
remains in the chamber. The liquid residue turns into a coke-like mass [8].

The fractionating part of the delayed coking unit includes: main distillation
column K-1, steam columns K-2 and K-3, fractionating absorber K-4 for
deethanization of coking gases, gasoline stabilization column K-5.

The K-1 column is divided by a semi-sealed plate into two parts: the lower
one, which is a mixing condenser, and not the distillation part of the column; the
upper one, which performs the function of the concentration part of the distillation
column. In the upper part of K-1, coking products are separated into gas, gasoline,
light and heavy gas oil. The temperature regime of the column is regulated by
upper acute and intermediate circulating irrigation. Light and heavy gas oil are
discharged through steam columns K-2 and K-3, respectively [§].

Gases and unstable gasoline flow from the C-1 separator into the K-4
fractionating absorber. Cooled stable gasoline is supplied to the upper part of the
K-4, and heat is supplied to the lower part through a boiler with a steam chamber.
Dry gas is discharged from the upper part of the K-4, and saturated unstable
gasoline is discharged from the lower part, which is sent to the K—5 column for
stabilization. In this column, the head fraction consisting of a propane-butane
mixture is removed from it. Stable gasoline is then cooled, purified from sulfur
compounds by alkaline flushing and removed from the plant.

Coke chambers operate on a cyclic schedule, sequentially passing through
the following stages: coking, coke cooling, coke unloading, and chamber heating.
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When the chamber is filled to about 70—-80 % of its height, the flow of raw materials
is transferred to another chamber using switching taps. The chamber filled with
coke is purged with steam to remove liquid products and oil vapors. The resulting
products first enter the K-1 column. After lowering the coke temperature to 400
—405 ° C, the steam flow is disconnected from the column and sent to a scrubber
(not shown in the diagram). The coke is then cooled with steam to 200 ° C, after
which water is supplied to the chamber [8].

After cooling, the coke is removed from the chambers. The hydraulic method
is used for this purpose. The coke layers are destroyed by a jet of water at a pressure
of 10-15 MPa. Drilling rigs with a height of about 40 m are installed above each
chamber, designed for hanging drilling equipment. A hydraulic hammer is fixed
on the tower, with the help of which a central hole is drilled in the coke layer. The
hydraulic hammer is then replaced with a hydraulic cutter. The hydraulic cutter is
equipped with nozzles that deliver powerful jets of water directed at the walls of
the chamber. Moving inside the chamber, the hydraulic cutter completely separates
the coke from the walls. Next, the coke enters the processing and transportation
department, where it is crushed, sorted into three fractions and transported to
warehouses [8].

3 The mechanism of formation of petroleum coke

The process of coke formation is a complex set of chemical reactions
occurring at high temperatures. The main mechanism is the thermal cracking of
high molecular weight hydrocarbons.

When heated, heavy hydrocarbon molecules undergo homolytic bond
breaking, resulting in the formation of free radicals. These radicals enter
into subsequent reactions, including decomposition, isomerization, and
polycondensation reactions [9].

Simultaneously, dehydrogenation and aromatization reactions occur, leading
to the formation of polycyclic aromatic compounds. Further polycondensation
of these compounds leads to the formation of a solid carbonaceous structure —
petroleum coke.
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Figure 2 — Scheme of petroleum coke formation [9].

The rate of coke formation depends on the temperature of the process,
the residence time of the raw materials in the reaction zone and the chemical
composition of the processed raw materials.

4 Influence of the raw material composition on the coking process

One of the key factors determining the efficiency of the delayed coking process
is the composition of the processed raw materials. Heavy oil residues contain
significant amounts of asphaltenes, resins, and metals, which have a significant
effect on the course of thermal reactions (Table 1).

Asphaltenes have a high molecular weight and a complex aromatic structure.
When heated, they are prone to polycondensation reactions, which leads to an
increase in coke yield [10; 11; 12].

In addition, heavy oil residues may contain significant amounts of
metals, primarily vanadium and nickel. These elements are able to catalyze
dehydrogenation and aromatization reactions, which accelerates the formation
of coke and reduces the yield of liquid products.

46

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepust Xumuko-6uonozuueckas. Ne 3. 2026

Table 1 — Main characteristics of heavy oil residues [12]

Indicator Value
Density 980-1050 kg/m?
Sulfur content Sulfur content
Asphaltenes Asphaltenes
Resins Resins
Metals Metals

5 Influence of technological parameters of the process

The efficiency of the delayed coking process is largely determined by
technological parameters, among which the temperature, pressure and residence
time of the raw material in the reaction zone are of the greatest importance.

Temperature is the most important parameter of the process. As the
temperature increases, thermal cracking reactions accelerate, which leads to an
increase in the yield of gaseous products and coke. The optimal temperature range
for the delayed coking process is 480-520 °C [5].

The residence time of the raw materials in the reaction zone also has a
significant effect on the distribution of the process products. An increase in
residence time contributes to a deeper decomposition of heavy hydrocarbons,
but at the same time enhances polycondensation reactions and coke formation.

6 Ways to increase the efficiency of the process

One of the main directions for improving the efficiency of the delayed coking
process is the preliminary preparation of raw materials. The use of hydrotreating
and demetallization processes makes it possible to reduce the content of
sulfur, nitrogen and metals in raw materials, which improves the technological
performance of the process [11].

Another important area is the improvement of the design of technological
equipment. Optimization of the design of coke chambers and the feed system of
raw materials allows to improve the flow distribution and increase the stability
of the technological regime.

In addition, considerable attention is paid to the introduction of modern
automated process control systems. The use of digital monitoring and control
systems allows you to quickly adjust the technological parameters of the process
and increase its efficiency [12].

Conclusion

As aresult of the analysis, it was found that the process of delayed coking is
one of the most effective methods of processing heavy oil residues. This process
allows the processing of high molecular weight components of oil to produce
gaseous and liquid products, as well as petroleum coke.
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It is shown that the efficiency of the process is determined by a number of
factors, including the composition of the processed raw materials, the temperature
regime, the residence time of the raw materials in the reaction zone and the design
features of the technological equipment.

The main directions for increasing the efficiency of the process are:

— preliminary preparation of raw materials;

— optimization of technological parameters of the process;

— improvement of equipment design;

— implementation of modern automated control systems.

The implementation of these measures will increase the yield of valuable
petroleum products and increase the economic efficiency of processing heavy
oil residues.
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AYBIP MYHAM KAJIJIBIKTAPBIH BASTY KOKCTEY
MPOLECIHIH TUIMALJIITITH APTTBIPY

Maxkanaoa ayveip mynaii Karovlkmapell 0asy KOKcmey npoyeciuiy
MmuimOiniein apmmulpyOblH 3aManayu macinoepi kapacmoipuvliean. MyHaii
WUKI3AMBIHBIY CANACLIHbIY HAWAPAAYbL JCIHE KAUMda OHOeAemit MYHAll
KYPOLILLMbIHOASbL Ayblp pakyuanapobiy YAeciHiy apmybl HcagoaibiHOd
KOMIpCymex WuKizamoin meper ojoey mexHoI02UsIApbl epekuie Mabl3ed
ue. basy koxemey npoyeci 8axKyymobIK KanobiKmapobl, 2yOpOHOApObL HCIHe
backa da ayvlp MYHall ppakyusiapvis e4oey iy Key mapan2an 20iCmepiHiy
0ipi 6onvin madwvLaobL.

JKymvicma basy kokcmey npoyeciniy muimoinieine acep ememin He2izei
Gaxmopnapea, convly iwinoe WUKI3am KYpamblHd, MemMnepamypanblk,
peodicumee, WUKI3ammolly peakyus atumazelhoa 00Ny YaKbIMbIHA JICIHE
AHCAOOLIKMbIY KYPLILIMObIK epeKuieikmepine manioay sxacanowvl. Iasz
mapi30i, CYUbIK HCIHe Kammbl Kama eyoey 6HIMOepiHiy natoa O01yvIHa
KelemiH ayblp KOMIpcymeKkmepoiy mepMusiblK bloblpay MexaHusmoepi
Kapacmulpulieat. XKeHin MyHat oHiMOepIiHiH ulbl2bIMObLIbIEbIH APIMbIPY
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JHCOHE IHCARBIMCHI3 HCAHAMA OHIMOEPOIH MY3LLYIH MOMeHOemy Macenenepine
epexuie Ha3ap ayoapuliob.

Samanayu evlnbiMu KHcapuaLaHLIMOAPObl Manday Hezizinoe
WUKI3aMmel AN0bIH 1A OAtbIHOAYObl, MEXHOI0SUANBIK napamempiepoi
OHMAUNAHOBIPYObI HCIHE MEXHOIO2USIbIK npoyecmepoi 0acKapyoviy
3amanayu Jrcytienepin eneizyoi Koca aneanoa, oasy Koxkcmey npoyeci
aHcemindipyoiy nepcnekmuganblk, Oaeblmmapsl AtKbIHOAIObL.

JKypeisineen manoay namuoicenepi ayvlp MyHal Kai0blKmapolH
mepey oyoey KOHObIPRLIIAPLIH d3ipaey JCIHE IHCAHBIPMY Ke3iHoe
natoananbliybl MyMKiH.

Kinmmi co30ep: 6asy xoxcmey, aybip MYHai KaioblKmapsl, MyHal
oHOey, MepMUSLIbIK KDeKUHe, MYHAl KOKCbl, OHOeY MUIMOLNii.
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HOBBIINEHUE D®P®EKTUBHOCTH INTPOLECCA
SAMEJUIEHHOT'O KOKCOBAHUA TAXEJBIX
HEO®TAHBIX OCTATKOB

B cmamve paccmompenvt coepementvie nooxo0bl K NOGbIULEHUIO
agpgpexmugHocmu npoyecca 3amMe0NeHHO20 KOKCOBAHUA MAICEbIX
He@MAHIX OCMAMKO8. B ycosusx yxyouieHus Kauecmea HepmsHo20 Colpbsi
U ygenuueHus O0U MANXCENbIX QPaKyull 6 CmpyKmype nepepadamuiéaemou
Hepmu ocoboe 3HaueHuUe npuobpemarm mMmexHoro2uu 21yo0Kou
nepepabomku yene8000pooHozo cuipbi. Ilpoyecc 3amedienno2o
KOKCOBAHUS ABNAEMCS OOHUM U3 HAUOOee PACHPOCTNPAHEHHBIX MENO0008
nepepabomKu 8aKyyMHbIX OCMAMKO8, 2YyOPOHO8 U OPY2UX MANCETbIX
¢parkyui Hecpmu.

B pabome npogedén amanusz oCHOSHbIX AKmMopos, eAUAIOUWUX
Ha 3 pekmusHocmy npoyecca 3amedIeHH020 KOKCOBAHUS, BKIIOUAS
€COCMas culpvs, MeMNEePAmypHblil PeXCcUM, 8peMs NpedbleaHUs Cblpbs 8
PEaKyuoHHOU 30He U KOHCMPYKMUBHbIE 0COOEHHOCMU 000PYO0BAHU.
Paccmompenvt mexanusmvl mepmuuecko20 pasiodiCeHus: Malcenblx
Y211e8000p0008, nNpusooaujue K 00pA308aAHUIO 2A3000PA3HBIX, IHCUOKUX

u meepovlx npodykmoe nepepabomku. Ocoboe HUMAaHUE YOeneHO
B0NPOCAM NOBLIUIEHIUS 8bIX00A CEENILIX HEHMENPOOYKMOB U CHUNCEHUIO
06pA306aHUsL HEXHCENAMENbHBIX NOOOUHBIX NPOOYKMOS.

Ha ocrose ananuza cogpemeHHbIX HayuHbIX Ny OIUKAyUil OnpeoeieHsl
nepcnekmugHvle HANPAGLEeHUs COBEPULEHCMBOBAHUL NPOYeECCd
3AMeONEeHHO20 KOKCOBAHUS, BKIIOYAA NPeO8APUMENbHYIO NOO20NOBKY
CHIPbSA, ONMUMUSAYUIO MEXHOIOSUYECKUX NAPAMEmPOo8 U HeOpeHUe
COBPEMEHHBIX CUCMEM YNPABLEeHUs MEeXHON02UeCKUMU NPOYECCaMu.

Pesynomamel nposedennoco ananuza mocym Oblmb UCHOIb30BAHbL
npu paspadbomke u MOOepHU3AYUU YCMAHOBOK 21yOOKOU nepepabomku
MANACENBIX HEPMAHBIX OCMAMKOB.

Knrouesvle cnosa: sameonennoe Kokcoganue, msxcenvle Hemsnble
ocmamku, HeghmenepepabomKa, mepmMuyecKuil KpeKuHe, He@pmsiHoul KOKC,
agppexmusrocme nepepadbomxu.
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CONSIDERATION OF METHODS
OF REMOVAL OF SULFUR-CONTAINING
COMPOUNDS AT OIL REFINERIES
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The principal objective of hydrocarbon purification is to eliminate
sulfur-containing compounds so that fuels comply with increasingly
stringent environmental regulations and exhibit superior performance.
For many years, industry has relied on regenerable alkanolamine solvents
— most notably monoethanolamine (MEA) and diethanolamine (DEA)
to remove hydrogen sulfide and related acidic gases. Although MEA
remains popular thanks to its high capacity and modest purchase price, its
pronounced corrosivity, thermal instability, and elevated energy demand
during regeneration considerably raise operating costs.

To mitigate these limitations, processing facilities are progressively
adopting methyldiethanolamine (MDEA). Compared with MEA,
MDEA achieves equivalent or deeper desulfurization at lower reboiler
temperatures, diminishes corrosion rates, and performs efficiently even
when the gas stream contains substantial carbon dioxide. Consequently,
operators benefit from reduced utility consumption, extended equipment
life, and enhanced product quality.

Current research further indicates that «hybridy» solvent systems
where MDEA is blended with kinetically active additives can accelerate
absorption and shorten contact times, offering another pathway to process
optimization. Collectively, these developments highlight a broader trend:
selecting absorbents that balance economic viability, energy efficiency, and
environmental stewardship is central to modern hydrocarbon purification.
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The industry’s shift toward MDEA therefore reflects not merely a solvent
substitution but a strategic advance toward cleaner, more sustainable
processing technologies.

Keywords: desulfurization, sulfur-containing compounds,
methyldiethanolamine, monoethanolamine, hydrogen sulfide-containing
gases.

Introduction

The company’s primary objective is to reduce its environmental impact,
including implementing an environmental management system and continuously
improving product quality. High sulfur content in diesel fuel poses significant
challenges, such as irreparable damage to car engines, increased wear on
components, reduced oil service life, and the formation of sulfuric acids upon
combustion, which accelerates metal corrosion [1].

Many domestic refineries produce diesel fuels with sulfur levels exceeding
European standards, primarily due to the high cost and energy demands of
desulfurization processes. A potential solution is the adoption of contact
treatment technologies using sulfur absorbents, such as aqueous amine solutions.
Common absorbents include diethanolamine (DEA), monoethanolamine (MEA),
diglycolamine (DGA), methyldiethanolamine (MDEA), and diisopropanolamine
(DIPA) [1, p. 226].

Currently, MEA solutions are widely used for removing carbon oxides and
acidic impurities from gases. MEA provides high absorption capacity, especially
at low CO2 partial pressures, and enables fine gas purification. However, its use
is associated with high heat consumption for solution regeneration, frequent side
reactions, and equipment corrosion. MEA degradation contributes to increased
corrosivity, accelerated equipment wear, and higher energy consumption due to
deposits of degradation byproducts on heat exchange surfaces.

To mitigate these issues, global practices increasingly favor replacing MEA
with methyldiethanolamine (MDEA), which offers improved efficiency and
reduced operational challenges [2, p. 392; 3, p. 81-86].

Materials and methods

When considering the process of monoethanolamine (MEA) desulfurization,
characterized by a large absorption capacity and the possibility of realizing deep
purification, we can say, at low reagent flow rates. Figure 1 shows the process of
gas purification with amine regeneration.
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Figure 1 — Conventional gas purification process with amine regeneration [4]

This regeneration column (desorber) has in its purpose the need to evaporate
hydrogen sulfide from saturated amine solution. The process of desorption, which
takes place in conditions of directly reduced pressure (0,78-1,1 kg/cm? ev.), as
well as increased temperature (118-124 ° C).

Desorber has in its purpose the necessity of evaporation of hydrogen sulfide
from saturated amine solution. Process of desorption which proceeds in conditions
of directly reduced pressure (0,78-1,1 kg/cm? overp.), and also the increased
temperature (118-124 °C). Namely there are those conditions which are opposite
in relation to process of absorption of hydrogen sulfide which directly occurs in
conditions of the increased pressure (3575 kg/cm? overp.), and also temperature
(40—60 °C). The desorber cube is heated (up to 118—124 °C) by means of a reboiler
(heat exchanger, which is located near the bottom of the regeneration column). The
heat carrier is steam. The flow rate is 4—4.5 t/hour, which is directly dependent on
the type of amine and the flow rate of saturated solution into the desorber.

However, monoethanolamine (MEA) is the least scarce, but the cheapest
compared to the other amines. A comparison of prices for absorbents is presented
in Table 1.

Table 1 — Comparison of purchase prices of absorbents [4]

Absorbent Purchase prices, tg/kg.
Monoethanolamine (MEA) 435-499
Methyldiethanolamine (MDEA) 568
Diethanolamine (DEA) 336-522
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MEA ensures high purification quality and optimal plant performance.
However, it has several significant drawbacks [5, p. 96-97]:

— High corrosivity;

— Low thermal stability;

— Tendency to form tar;

— Intense absorbent entrainment.

To evaluate the energy efficiency of switching from MEA to MDEA as an
absorbent, measurements of energy parameters, including steam and electricity
consumption, were conducted at amine gas purification plants. The results showed
areduction in electricity consumption by an average of 3300 kW/day. Additionally,
steam usage for amine regeneration was reduced when switching to MDEA.

Given the high corrosive activity of MEA, alongside its propensity for side
reactions with hydrogen sulfide, oxygen, and carbon dioxide, storage and handling
of MEA solutions pose challenges. Studies indicate that ethanolamine solutions
in their «pure» state, without dissolved acidic gases like H,S or CO,, exhibit low
corrosive aggression [6, p. 185].

Results and discussion

In the process of physico-chemical absorption, the target component is
removed from the gas mixture by dissolving into the absorbent without forming
stable chemical compounds. An example of this process is the absorption of CO,
using methanol, N-methylpyrrolidone, or glycol ethers. In some cases, chemical
absorption is combined with the physical dissolution of the extracted component.

Aqueous amine solutions (as listed in Tables 2 and 3) are commonly used for
CO, removal from gases. This process relies on the reaction between a weak base,
such as monoethanolamine, and a weak acid, like CO,, to form a water-soluble salt.

Table 2 — Properties of aqueous solutions of amines

Concentration Thoil at Vapor
Amines Tfreez, | Viscosity at

kmol/m3 180 kPa, °oC 0°C pressure at

% °C 40 °C, kPa

MEA 2,5 15 118 -5 1,0 7.4
DGA 6 63 124 -50 6,5 4.0
DEA 2 21 118 -5 1,3 74
DIPA 2 27 118 -5 1,06 7.4
MDEA 2 24 118 -6 1,06 7,4
TEA 2 30 118 - - i}
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When selecting an absorbent, factors such as volatility, selectivity, capacity
for the absorbed component, and heat of dissolution are considered. Higher heat
of dissolution enhances solubility, which improves purification efficiency and
reduces absorbent consumption. Common industrial absorbents include propylene
carbonate, glycerol triacetate, N-methylpyrrolidone, methanol, and others.

Table 3 — Physicochemical properties of amines

Thoil Mass
. . Molecular | Density at fraction of
Amines | Name, chemical formula o at atm. .
mass 20 °C, kg/ dissolved
; pressure, .
m’ oC in water
at 20 °C, %
MEA |Monoethanolamine 61 1016 171 -
[HOCH,CH,NH, ]
DGA | Diglycolamine (diethylene 105 1053 221 -
glycolamine)
[HO(CH,)20(CH,)2NH, ]
DIPA |Diisopropanolamine 133 987 248 87
[(CH,CH(OH)CH,)2NH] (45) *
DEA Diethanolamine 105 1090 - 96,4
[(HOCH,CH,)2NH] (30) *
MDEA |Methyldiethanolamine 119 1040 247 -
[CH,N(CH,CH,0H),]
TEA Triethanolamine [(HOCH ~ 149 1124 360 -
CH,),N]

Efficiency of methods of CO, extraction from gases is characterized in Table 4.

Table 4 — Efficiency of CO2 extraction methods from gases

Regeneration
conditions, by-
products
Ethanolamine | Aqueous 13-17 % |Pressure 0,15-0,2|CO,~1 %rev.to
solution MEA. Pressure | MPa. Temperature | 5 ppmv

up to4 MPa. Temperature | 1 15-130 °C. Gas,
—35-40 °C. containing CO.,.

Residual content
of impurities

Cleaning|Reagents, cleaning
method conditions
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Methyldiet-
hanolamine

Aqueous 40-50 %
solution MDEA with
activator. Pressure up to
12 MPa. Temperature

Pressure 0,05-0,24
MPa. Temperature
130 °C. Gas,
containing CO,.

CO, up to 50
ppmv

35-90 °C.

The ethanolamine extraction method proves effective for low- and medium-
pressure gas mixtures, providing a high level of CO, removal. In contrast, the
methyldiethanolamine (MDEA) method is more suitable for high—pressure gas
mixtures. However, during the CO, purification process using MEA, side reactions
occur that lead to irreversible changes in the solution composition, a decrease in
absorption capacity, and increased equipment corrosion [7, p. 488; 8, p. 95-97].

To address these issues, MEA is typically used in concentrations of 10-20
wt. %, limiting the CO, saturation to 0.30-0.35 mol CO2/mol MEA [9, p. 293].
Additionally, MEA has the highest heat of reaction with CO, among amines,
leading to significant regeneration costs, particularly when CO, levels in the gas
are high.

In the last 10—15 years, MDEA has become widely used in amine purification
plant designs [3, p. 8—10]. Methyldiethanolamine is more selective for hydrogen
sulfide, more stable (does not react with CO,), less corrosive, and has thus become
a preferred choice in international operations.

The main characteristics of MDEA include:

— Appearance: Transparent liquid without mechanical impurities;

— Specific weight: 1.035-0.040;

— Purity: At least 99% methyldiethanolamine;

—Impurities: No more than 1.0 %, including water content not exceeding 0.2 %.

Table 5 — Basic properties of amines

Indicators MEA MDEA
Density at 20 °C 1,018 1,03
Boiling point, °C 170,3 231
Freezing point, °C 10,5 -2,1
Saturated vapor pressure at 20°C Pa 48 1,3
Heat of vaporization at 0.102 MPa, kl/kg 1488 -
Heat of reaction, kJ/kg:
with H,S 1510 1050
with CO, 1920 1340
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Specific heat capacity of the solution at 80 4 1,71
°C, kJ/(kgK)

Preferred amine content in the applied 10-20 30-50
solution, %

Absorption capacity of the solution, m*/m* 7,5-30 60
Solubility in water at 20 °C, % mass. Complete Complete

In terms of technology and characteristics, MDEA has a certain amount of
advantages over MEA [10, p. 2]:

— the working concentration in solution is up to 45 %;

— degree of saturation — up to 0.9 mol/mol for equipment consisting of
carbon steel,

— the lowest vapor pressure relative to the MEA,;

—the reaction of MDEA with acidic components will be the least exothermic
with respect to other amines;

— selectivity compared to hydrogen sulfide, which directly allows deep
purification of the feed stream from H,S in the presence of significant amounts
of CO, with low capital and operating costs.

Thus, replacing MEA with MDEA will provide savings in material resources
for gas treatment due to:

— Reduction of energy costs by up to 30 % due to:

a) reduction of the circulation flow rate of the working solution;

b) lower heat of desorption of MDEA,;

¢) reduction of equipment maintenance and repair costs due to low corrosivity
of absorbents and absence of tar formation.

MDEA has been successfully tested for purifying natural gas from the
Orenburg field, removing acidic impurities such as CO, and H,S. Operational
experience confirms that MDEA achieves the desired CO, removal, reduces
corrosion, prevents deposits on heat-exchange surfaces, saves steam for
regeneration, and decreases amine consumption during purification.

Analysis of MDEA’s use in foreign plants highlights the importance of
adhering to the manufacturer’s recommendations for MDEA-based absorbents
[11, p. 23-26]. Deviations from the recommended process, such as reducing
the activator amount while increasing the saturation level or using an unsuitable
activator, can lead to serious process issues. If the guidelines are followed, no
problems have been identified [12].

Conclusion

Preliminary purification of sour gases in fuel production is a crucial process.
The presence of sulfur and sulfur-containing compounds in fuels causes significant
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harmful effects, which are evident not only during oil refining but also in the
practical use of petroleum products.

Sulfur compounds in motor fuels negatively impact their performance.
This paper reviews contemporary scientific papers and articles on the use and
consumption of MEA and MDEA absorbents. The literature highlights the
advantages of MDEA, which, due to its superior absorption properties, requires
lower consumption compared to MEA.
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KOCBUJIBICTAPABI ) KOIO 9JJICTEPIH KAPACTBIPY

Komipcymexmepdi mazapmiyoeiy 6acmol Makcamol — KyKIpMKYpamowl
KOCHLILICIAPObL JHCOI0, COHBIH HAMUNCECIHOe OmblH 0Ap2aH CallblH
Kamanoail mycemin 3K0N0UATbIK, MATANmMapea cail 6ovin, natoaiany
cunammamanapul sHcaxcapaosl. Cana oHoaeaw dHcwli OOUbL KYKIpMcymex
neH 6acka 0a KblUKbLL 2a30apobl Kemipy YUliH peceHepayusiaHamblH
ANKAHONAMUHOI epimKiwmepoi, He2izineH MOHOImaHoramundi (MDA)
Jtcone ousmanonramunoi ([{IA) konoanvin kenedi. MDA ocosapul ciyipy
Kaobinemi MeH canblcCmulpmMansl KoAxcemimoi 0agacvl apKacbiHOA i 0e KeH
Mapanzaw, aiauoa oHblY AliKbIH KOPPOIUATIK DeNCeHOIniel, mepMUsnblK
MYPAKCHIZ0bIEbL HCIHE PEeCCHEPAYUARA HCYMCANANBIH IHEPSUSHbIH KONMiel
natioanaty weleblHOapvlH e0Vip apmmuipaobl.

byn wexkmeynepdi socoro maxcamvinoa eyoey KOHObIPEbLIAPb
oipminden memunousmanonramunee (M/[2A) keuwyoe. MJ[9A MOA-men
CanbICMbIPEAHOA MOMEHIPEK KAUHAY HCHLIBIMKbILUbL MEMNEPATY PANAPIHO
o0a KyKipmmeH meH Hemece 00aH 0a mepeH mazapmyosl KaMmamacsl3
emeodi, Kopposusanel basyramaovl dcane 2as agvinbinoa CO: monwepi
Jrcozapel 6oaca oa muimoiniein cakmauovl. Myrneiy Homudicecinoe
onepamopnap sHepeopecypcmapObly WbI2bIHbIH A3AUMbIN, HAOObIKMbIHY
KbI3Men Mep3iMiH Y3apmuln, OHIM canacbli apmmulpa andaobl.

Kaszipei sepmmeynep kepcemin omuipeanoaii, MIDA-Hbl Kunemuxanblk
bencendi KocnanapmeHr apaiacmulpean «2uopuomiy epimkiwi srcyienepi
CIHIpYOi drcedendemin, KOHMAKM YaKblMbIH KblCKAPMAosl, OY1 npoyecmi
00aH 2pi OHMAULAHOBIPYObIH KOCHLMULA MemiciH YcbiHaovl. Kannvl
AnRAHOA, SIKOHOMUKALLIK MUIMOLTIK, SHEPeUs YHEMOIIK HCIHE IKOJIOSUATbIK
Kayincizoikmi meneepemin abcopbenmmepoi manoay Kasipei Komipcymex
masapmy mexHoI02UANAPLIHLIY 603eKMi 0AblMbIHA AUHAILIN OMBbID.
Canarnviy MJ[DA-ea keutyi oceliatiuia He2ypivblm masa api OpHuIKMbL OHOeY
MEXHONIOUANAPLIHA OACMATIMbIK CIMPAMESUSLIbIK, KAOAM DOIbIN CAHANAObL.

Kinmmi ceszdep: kyxipmcizoendipy, Kypamvinoa KyKipm 6ap
KOCBLIbICMAp, MEMUuIOUIMAHONAMUH, MOHOIMAHONAMUH, KYKipmcymezi
bap eazoap.
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PACCMOTPEHHME CITOCOBOB YJIAJIEHUSA
CEPOCOJEPKAIINX COEJUHEHHNU HA
HEOTEINMEPEPABATBIBAIOIINX 3ABOJAX

I'nasunasn 3a0ava ouucmru yenego0opooo8 — YCMPAHUMDb
COeOUHeHUs: cepbl, YMobbl MONIUBO COOMBENMCMEOBAN0 6CE OoTlee
HCECMKUM IKOIOSUNECKUM MPEOOBAHUAM U 001A0AN0 YAYUUUEHHIMU
IKCNIYAMAYUOHHBIMU c8oticmeamu. Ha npomssicenuu mHo2ux nem
OMPACIb UCTIONBIYEN PeceHepUpyeMble AIKAHOTIAMUHOBbLE ADCOPOeHMmbL,
npexcoe gceco mornosmanonamun (MOA) u ousmanonamun (J2A4)
01 yoaneHus cepogooopood u Opyeux Kucavlx eazos. Xomsa MOIA
ocmaémes nonyaapHbiM 61a200aps BbICOKOU COPOYUOHHOU EMKOCIU U
VMEPEeHHOIL YeHe, e20 8bICOKAs KOPPOIUOHHAS AKIMUBHOCY, MEPMUYECKA.
HeCmaduIbHOCMb U 3HAYUMETbHbIE IHEPLO3AMPANIbl HA Pe2eHePayuro
CYWeCmBeHHO YBeTUUUBAIOM IKCIIYAMAYUOHHBLE PACXOObI.

Ymobwl ycmpanums 3mu Hedocmamku, nepepadbamulgaruue
npeonpusimusl 6C€ akmugHee nepexoosm na memunousmaronamut (MIADA).

61



TopaiireipoB yuusepcutetinin Xabapisicsl, ISSN 2710-3544  Xumus-6uonoeusnvik cepusicor. Ne 3. 2026 Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepust Xumuko-6uonozuueckas. Ne 3. 2026

Io cpasnenuto ¢ MOA, MJ{DA obecneuusaem pasnyio aubo 6onee 21y60oKyio CEKUUWA «BUOTIOMMNA»
O0ecynbpypuzayuio npu HU3KUX MemMnepamypax 6 peboiliepe, CHUdICAem

CKOPOCMb KOPPO3UU U OCMAEMCsl dPPeKmuHbIM Oadice npu GblCOKUX

KOHYEeHmpayusix CO: 6 cazoeom nomoxe. B pesyabmame onepamopbol SRSTI 34.33.02

ROIYHaAIOm CHUdICenue nompeonenus dHep2opecypcos, npooienue cpoKa

cnyorchbl 000Py008aNUA U YIyHUIeHUe Kauecmsa npooyKma. https://doi.org/10.4808 1/BTOUChemBi03.2026/63-74
Huinewnue uccnedosanust maxoice NOKA3bl8a0M, 4mo «2ubpuonsiey

cucmembsl, ¢ komopvix MJ/[DA cmewmsaiom ¢ Kunemuyecku aKmueHbIMU *A. V. Osipova

dobaskamu, ycKopsawm abcopoyuto u COKpaujarm epems KOHmMaxkmd, Toraighyrov University,

npeoiazas OONOIHUMENbHbLI NYMb K ONMUMU3AYUL npoyecca. Ynomsmnymole Republic of Kazakhstan, Pavlodar.

paspabomku ompasxcaiom Ooiee WuUpoKyio menoeHyuio: 6v100p ORCID: https://orcid.org/0000-0002-3947-5252

abcopbenmos, couemarowux IKOHOMUYHOCMb, IHEP20IPDEKMUBHOCTND *e-mail: aanastasiyaaa@internet.ru

U IKOIOSUYHOCHIb, CHIGHOBUMCS KNIOYEGbIM 01l COBPEMEHHOU OYUCKU

y2ne6o0opo0os. Ilepexoo ompacau na MJ[24 — cmpamezuueckuil waz K OBSERVATIONS OF BIRD SPECIES IN NORTHEASTERN

bonee uucmoim u ycmoﬁqusbm MEexXHOJI02UAM nepepa6omku. KAZA KHS TAN (PA VL ODAR IR TYSH REGION)

Kniouesvie crosa: cepoouucmra, cepocooepiicauue coeOuHeHus,
MemunousIMAaHOIAMUH, MOHOIMAHOLAMUH, CEPOBOOOPOOCOOEPHCAUUX

This study describes records of 52 bird species from the territory
2a308.

of Pavlodar Region (northeastern Kazakhstan), including 10 species
listed in the Red Data Book. Particularly noteworthy are observations of
rare species such as the Sociable Lapwing (Vanellus gregarius), Relict
Gull (Ichthyaetus relictus), Steppe Eagle (Aquila nipalensis), Eurasian
Oystercatcher (Haematopus ostralegus), Whooper Swan (Cygnus
cygnus), Pallas’s Sandgrouse (Syrrhaptes paradoxus), and Demoiselle
Crane (Anthropoides virgo). The first record of the Asian Dowitcher
(Limnodromus semipalmatus) for the studied area was documented.
The obtained data update current knowledge on the biodiversity and
avifauna of the region. The highest species diversity and concentration
of rare birds were recorded in the Akkuly District, where a complex of
natural steppe and wetland habitats has been preserved with relatively
low intensity of agricultural development. At the same time, steppe areas
with pastures and livestock shelters remain important habitats for several
species, particularly for the Sociable Lapwing (Vanellus gregarius). The
conservation of regional biodiversity requires a combination of different
land-use practices, maintenance of traditional extensive grazing systems,
protection of natural wetlands, and consideration of potential climate
change impacts that may lead to habitat transformation. The collected
materials contribute to current knowledge of the distribution of rare bird
species in northeastern Kazakhstan and may be used in the development of
regional conservation measures, the updating of data on Key Biodiversity

62 63



TopaiireipoB yuusepcutetinin Xabapisicsl, ISSN 2710-3544  Xumus-6uonoeusnvik cepusicor. Ne 3. 2026

Areas (KBAs) and Important Bird and Biodiversity Areas (IBAs), and the
planning of long-term ornithological monitoring.

Keywords: avifauna, birds, biodiversity, Sociable lapwing, Pavlodar
Irtysh Region.

Introduction

Northeastern Kazakhstan, including the Pavlodar Irtysh region, is characterized
by high biodiversity and a diverse mosaic of natural ecosystems. Owing to the
combination of the Irtysh River floodplain forests, steppe ecosystems, saline and
freshwater lakes, and its location along major migratory flyways, the region serves
as an important breeding, stopover, and moulting area for numerous waterbirds,
wetland-associated, and steppe bird species. Both widespread species and species
listed in the Red Data Book of the Republic of Kazakhstan and the International
Union for Conservation of Nature (IUCN) Red List occur in the region.

Despite the significant contribution of Kazakh ornithologists to the study of
the avifauna of the Pavlodar Region [1; 2; 3; 4], up-to-date information on the
species composition and distribution of birds in the Pavlodar Irtysh region remains
limited. Most published studies are based on individual expeditions or long-term
compilations of observations, whereas records of contemporary bird occurrences
at specific wetlands and steppe habitats continue to accumulate. Climate change,
habitat transformation, alterations in the hydrological regime of lakes, agricultural
expansion, and increasing anthropogenic pressure may substantially affect the
spatial distribution and abundance of birds, highlighting the need for continuous
ornithological monitoring throughout the region.

Rare and threatened species, whose distribution remains insufficiently
studied, represent a particular conservation priority in the region. Documenting
new occurrence records, refining information on the seasonal presence of birds,
and describing the habitats they utilize are essential for assessing the status of
regional populations, identifying Key Biodiversity Areas (KBAs), and developing
effective conservation measures.

The aim of the present study was to update information on the distribution
of birds in the Pavlodar Irtysh region based on data collected during the current
field season.

Materials and methods

Field surveys were conducted in the Pavlodar Irtysh region (northeastern
Kazakhstan) between 23 May and 17 July 2026. The total duration of fieldwork
was 15 survey days. During the study, approximately 900 km of territory were
surveyed, covering the area from the village of Moiseyevka to the village of
Shcherbakty (Figure 1).
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Birds were surveyed using the line transect method. Survey routes followed
unpaved rural roads. Observations were carried out during the morning hours,
from 05:00 to 14:00. All bird species detected along the routes were recorded
regardless of their distance from the observer. For each observation, the date,
geographic coordinates, and number of individuals were documented. Particular
attention was paid to rare, protected, and potentially breeding species.

Figure 1 — Study area

Species identification was conducted visually using 10x42 binoculars and a
20-60%80 spotting scope. Whenever possible, birds were photographed to verify
species identification. Geographic coordinates of observation sites were recorded
using a GPS navigator.
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Surveys covered a wide range of habitat types, including open steppe, agricultural
land, wetlands, freshwater lakes, and saline lakes.

Species nomenclature and taxonomy follow the current international classification
of the IOC World Bird List. For rare species, conservation status was additionally
assessed according to the Red Data Book of the Republic of Kazakhstan [5] and the
TUCN Red List of Threatened Species [6].

Results and discussion

The following records were obtained during the 2026 field season.

A flock of eight Sociable Lapwings (Vanellus gregarius; IUCN: CR; Red Data
Book of Kazakhstan, Category I) was recorded near a livestock camp (fold) close to
the village of Karatogay on 26 May 2026 (52.09652, 77.30745). A solitary male was
observed near another livestock camp nearby (52.05246, 77.40619). The species has
previously been reported from the Pavlodar Region [7].

A Relict Gull (Ichthyaetus relictus; TUCN: VU; Red Data Book of
Kazakhstan, Category I) was recorded during the breeding season at Lake Aksor
(Akkuly District) within a colony of Pallas’s Gull (Ichthyaetus ichthyaetus; Red
Data Book of Kazakhstan, Category II) and other gull species (51.4488508,
77.8782573). This locality has previously been identified as an important breeding
site for the species [8; 9].

A single Eurasian Oystercatcher (Haematopus ostralegus; IUCN: NT) was
recorded near a lake close to the village of Dzhambul. The same locality also
supported Ruff (Calidris pugnax), Glossy Ibis (Plegadis falcinellus, Red Data Book
of Kazakhstan, Category II), Eurasian Coot (Fulica atra), and a pair of Whooper
Swans (Cygnus cygnus; Red Data Book of Kazakhstan, Category II) with cygnets
(51.643589, 77.654404). Whooper Swans were also recorded on several lakes near
the villages of Tlektes and Akkuly, including a breeding pair at Lake Tlektes on 21
June 2026 (51.819306, 77.498613) and pairs with broods on lakes near Dzhambul
(51.548943, 77.870857).

Two Asian Dowitchers (Limnodromus semipalmatus, IUCN: NT; Red Data
Book of Kazakhstan, Category IV) were observed on 23 May 2026 at a lake near the
village of Kenzhekol (52.226421, 77.245010). This represents the first documented
record of the species in the Pavlodar Region. Nearby, three Great Egrets (Ardea alba)
were recorded at a reservoir adjacent to an industrial facility (52.254830, 77.173261).

The Northern Lapwing (Vanellus vanellus) was widespread throughout the study
area, occurring mainly near freshwater wetlands. Its abundance was highest in the
southeastern part of the region, particularly around steppe lakes between the villages
of Birlik and Akkuly.
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The Black-winged Pratincole (Glareola nordmanni) was also widespread. Large
flocks were commonly observed near wetlands and in adjacent steppe habitats, usually
together with Northern Lapwings.

The Black-headed Gull (Chroicocephalus ridibundus), Baraba Gull (Larus fuscus
ssp. barabensis), Common Tern (Sterna hirundo), Black-winged Stilt (Himantopus
himantopus), and Pied Avocet (Recurvirostra avosetta) were common throughout
both the northern and southern parts of the Pavlodar Region.

Flocks of Eurasian Curlew (Numenius arquata) were frequently recorded near
lakes and hayfields in the steppe zone between the villages of Zarya and Akkuly.
The largest flocks (10—15 individuals) were observed on hayfields near the village of
Demyanovka and around lakes near Yamyshevo (52.157623, 77.396200).

A Common Redshank (7ringa totanus) was recorded at Lake Yamyshevo
(51.8717777,77.4993801).

A family group of Demoiselle Crane (Grus virgo; Red Data Book of Kazakhstan,
Category V), consisting of two adults and one chick, was observed near the village
of Zarya on 26 May 2026 (52.129075, 77.176957). Additional pairs were recorded
near lakes close to Dzhambul and Akkuly on 8 July 2026 (51.519907, 77.786391;
51.564000, 77.870505), while six individuals were observed near another lake on 16
July 2026 (51.543507, 77.886985). At the same lake (51.564000, 77.870505), Red-
necked Phalarope (Phalaropus lobatus), Wood Sandpiper (Tringa glareola), Common
Greenshank (7ringa nebularia), Terek Sandpiper (Xenus cinereus), and Steppe Eagle
(Aquila nipalensis; TUCN: EN; Red Data Book of Kazakhstan, Category V) were
also recorded. Six additional Steppe Eagles were observed near another lake close to
Akkuly (51.555103, 77.760092), while two individuals were recorded on hayfields
near the village of Shcherbakty (51.312999, 78.168213).

At the Shcherbakty lake system, flocks of Great Cormorant (Phalacrocorax
carbo) numbering 68 individuals and breeding pairs of Mute Swan (Cygnus olor)
with cygnets were recorded (51.336929, 78.225684).

Lakes with extensive reed beds supported Common Shelduck (7adorna tadorna),
Great Crested Grebe (Podiceps cristatus), Black-necked Grebe (Podiceps nigricollis),
Mallard (Anas platyrhynchos), and Common Pochard (Aythya ferina).

A single Pallas’s Sandgrouse (Syrrhaptes paradoxus; Red Data Book of
Kazakhstan, Category IV) was recorded in the Akkuly District within tall grass
(51.6542971, 78.0350907).

Mixed flocks of Eurasian Skylark (4lauda arvensis), White-winged Lark
(Alauda leucoptera), and Northern Wheatear (Oenanthe oenanthe) were common
throughout the steppe. White-winged Larks were especially abundant near the villages
of Dzhambul and Akkuly. A single Isabelline Wheatear (Oenanthe isabellina) was
also recorded.
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Flocks of European Bee-eater (Merops apiaster) were mainly observed in the
northern part of the region near the villages of Beregovoe, Lugovoe, and Peschanoye.
The same area also supported Sand Martin (Riparia riparia) and Barn Swallow
(Hirundo rustica).

Numerous raptors were recorded in the Terenkol and Zhelezinka districts,
including Western Marsh Harrier (Circus aeruginosus), Hen Harrier (Circus cyaneus),
Common Kestrel (Falco tinnunculus), Black Kite (Milvus migrans), and Long-legged
Buzzard (Buteo rufinus) (52.241727,77.244368). Upland Buzzard (Buteo hemilasius)
was observed near the villages of Rebrovka (52.392133, 76.568586) and Akkuly
(51.619981, 77.773734). A female Red-footed Falcon (Falco vespertinus) was
recorded within the village of Mergalym (51.779915, 78.656675).

A single Eurasian Collared Dove (Streptopelia decaocto) was recorded on the
road towards the village of Mikhailovka (53.689148, 76.393701).

Large flocks of Rook (Corvus frugilegus), Eurasian Magpie (Pica pica), and
Hooded Crow (Corvus cornix) were common around croplands and livestock camps in
the northern part of the study area, with Rooks being particularly abundant. Numerous
Rooks were also observed around livestock camps between the villages of Kenzhekol
and Baidala, although in lower numbers than in the northern districts. Small flocks of
Rock Dove (Columba livia) were occasionally recorded near livestock farms close to
urban areas. Synanthropic bird species were scarce throughout the Akkuly District.

The Red Data Book species recorded during the study are presented in Picture 2.

Picture 2 — Photographs of Red Data Book species
(a— Vanellus gregarious, b — Syrrhaptes paradoxus, ¢ — Grus virgo,
d — Haematopus ostralegus, e — Aquila nipalensis, f - Ichthyaetus relictus,
g — Limnodromus semipalmatus)
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The highest bird species diversity was recorded in the Akkuly District, where
agricultural land conversion is relatively limited. The area is predominantly used
for livestock grazing, while crop cultivation remains minimal. As a result, extensive
steppe habitats and numerous natural wetlands have been preserved, providing
suitable breeding and foraging habitats for many bird species.

Maintaining regional biodiversity therefore requires a combination of
different land-use practices, the identification of land-use types and anthropogenic
landscapes that are important for biodiversity conservation, and the development
of effective mechanisms to support them [10]. In addition, climate change is
already affecting bird populations and is expected to intensify competition between
migratory and resident species in the future [11].

Financing information

This research was funded by The Mohamed bin Zayed Species Conservation
Fund and Fonseca Leadership Program, the Scientific Program «Identification
and Assessment of Key Habitats of the Sociable Lapwing (Vanellus gregarius)
in Northeastern Kazakhstan» (Ne 260539879).

Conclusion

Field surveys conducted in the Pavlodar Irtysh region demonstrated the
high conservation value of its wetland and steppe ecosystems. Records of several
threatened species were obtained, including the Sociable Lapwing, Relict Gull,
Steppe Eagle, Eurasian Oystercatcher, Whooper Swan, Pallas’s Sandgrouse, and
Demoiselle Crane. Notably, the Asian Dowitcher was recorded in the Pavlodar
Region for the first time.

The study updates current knowledge of the regional avifauna and provides
new information on the distribution of bird species in northeastern Kazakhstan.
Of particular importance was the discovery of a breeding colony of the Sociable
Lapwing near the village of Karatogay, indicating that suitable breeding habitat
for this globally threatened species persists in the region despite its continuing
population decline [12].

The surveys showed that the Akkuly District supports the greatest species
richness and the highest concentration of rare bird species, owing to the
preservation of natural steppe and wetland habitats under relatively low levels of
agricultural intensification. At the same time, steppe pastures and areas surrounding
livestock camps remain important habitats for several species, particularly the
Sociable Lapwing.

These findings emphasize that effective biodiversity conservation in the region
depends on maintaining a mosaic of land-use types, supporting traditional extensive
livestock grazing, protecting natural wetlands, and considering the potential
impacts of climate change, which may alter habitat availability and quality.
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The data presented here contribute to current knowledge of the distribution of
rare bird species in northeastern Kazakhstan and can be used to support regional
conservation planning, update information on IBAs/KBAs, and guide long-term
ornithological monitoring.
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*4. B. Ocunosa

TopaiffsIpOB YHUBEPCHUTETI,

Kazakcran Pecmry0mmkackr, [TaBmonap k.
24.07.26 x. bacmara TYCTI.

31.08.26 x. Ty3eTyIepiMeH TYCTI.

15.09.26 k. 6aceIn meFapyra KaObUTTaHIbL.

KA3AKCTAHHBIH COJITYCTIK-IUBIFBICBIHIAFBI K¥C
TYPJIEPIHIH KE3JAECYJIEPI (EPTICTIH ITABJIOJAP OHIPI)

Kymeicma Ilasnooap obnviceinviy aymagvinoa (Kazaxcmanmoiy
COMYCMIK-UbIEbICHL) Ke30ecKeH 52 Kyc mypi cunammanaovl, o1apobiy
iwinoe 10 mypi Kaszaxcman Pecnybnuxaceinvly Kvizoln kimabvina
eneizineen. Ocipece cupek kezdecemin mapeax (Vanellus gregarius),
anaxes (Ichthyaetus relictus), 0ana Keiparnul (Aquila nipalensis), cayvickan
oamusikuvl (Haematopus ostralegus), cynxvinoax akky (Cygnus cygnus),
KbUIKYUPLIK 0Yn0vipuik (Syrrhaptes paradoxus) swcane akbac mulpHa
(Anthropoides virgo) cuskmol KycmapOwiy Kezoecynepi epeKuie HA3ap
ayoapaovl. 3epmmencen aymMakma a3usiblk Kbl3&blil 6epemeHHUKmiy
(Limnodromus semipalmatus) anzaw pem xezoecyi mipkendi. Anvinzan
ManimMemmep auMakmuly OUOANYaAHMYPiniei MeH OpHUMOpAayHacyl
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mypanel 3amanayu aknapammot moavikmelpaosl. Cupex xezoecemin
KYCmapobwly ey 2co2apbl MYpPIiK anyanmypiiniei MeH uoeblpianyvl AKKY vl
ayoanvioa aHblKmanobl, MyHOA aybll WAPYaubLIbIRbIHBIH CAbICIBIPMATbL
mypoe momeH KapKbiHObLIbIZbIMEH CUNAMMANAMbIH MAOUSU OANd HCIHE
cynvl-bamnakmol Mekenoey opblHOapbinbly keweni cakmanzan. Convimen
Kamap JHcaibliblmoap MeH Kopaiap OpHAlACKan 0and yuackenepi oipkamap
Kyc mypaepi ywiH, acipece mapeax (Vanellus gregarius) yuiin manwi3ovl
MeKeH emy opmacsl bonvin Kaaa bepedi. Aumakmoly OUOARyanmypriniin
cakmay ywin dcep nauodaianyoviy apmypii HblCAHOApbIH Yiiecmipy,
0acmypai dIKCmMeHCUsmi Mai Jcaio Jcyuecin Koaoay, mabugu cyivi-
bamnakmel anKanmapovl KOpeay HCaHe MeKeHOey OPbIHOADbIHbIH
e32epyine aKenyi MyMKIH KIUMAMMbIK 632epicmepoiy blKMUMAanl acepi
eckepy xaoicem. JKunanean mamepuanoap Kazaxcmanuviy cormycmix-
WBIELICLIHOARbL CUPEK Ke30eCemin Kyc myprepiniy mapaiyvl mypansl
3amanayu manimemmepoi moablKmulpaovl HCaHe OHIPIIK mabueammol
KOp2ay wapanapvli a3ipney, Ouoanyanmypriiikmiy Heeizei aymakmapol
(KBA) men kycmap yuin mansi30ut aymakmap (IBA) mypanvt depexmepoi
Jrcanapmy, Conoau-ax Y3ax mMep3imoi OpHUMONO0SUANLIK MOHUMOPUHSII
arcocnapaay 6apulcblHOa NAUOANAHBLILYbL MYMKIH.

Kinmmi ce30ep: opuumodghayrna, Kycmap, buoanyanmypainix, mapeax,
Epmicmiy Iasnooap enipi.

*4. B. Ocunosa

TopalirblpoB YHUBEPCHUTET,

Pecny6inka Kazaxcran, 1. [TaBmomap.
IMoctynuno B penakuuio 24.07.26.
IHoctynuino ¢ ucnpasnenusimu 31.08.26.
IIpunsTo B neuars 15.09.26.

BCTPEYMU ITUIl HA CEBEPO-BOCTOKE KA3AXCTAHA
(ITABJIOJAPCKOE INPUUPTBINIBE)

B pabome onucvigaromes écmpeuu 52 6udoe nmuy Ha meppumopuil
Iasnodapckoii odonacmu (cesepo-eocmok Kazaxcmana), 8 mom uucie
10 xkpacroxkHudCHbIX 6UA08. OCOOEHHO NpuUMeuamenbHbl §Cmpeyu
maxux peoxkux nmuy, kax kpeuémra (Vanellus gregarius), peruxmosas
yaiika (Ichthyaetus relictus), cmenuoii opén (Aquila nipalensis),
Kyaux-copoxka (Haematopus ostralegus), nebedv-kauxyn (Cygnus
cygnus), caodaxca (Syrrhaptes paradoxus) u dxcypagiv-kpacaska
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(Anthropoides virgo). 3aguxcuposana nepsas ecmpeua Ha uccie008aHHOU MPHTH 87.19.15

meppumopuu azuamcko2o OekacoguoHoeo eepemennuxa (Limnodromus

semipalmatus). Ilonyuennvie OaHHbIE AKMYATUUPYION CEEOCHUS O https://doi.org/10.4808 1/BTOUChemBi03.2026/75-89
ouopasnoobpasuu u opuumogayne pecuora. Haubonvuiee sudogoe

Paznoobpasue u KOHYeHmpayus peoKux nmuy Ommeyenvl 6 AKKYIuHCKom *3. M. CepzaasuHoea’, B. C. JlanwuH?

paiione, 20e COXPAHUICA KOMNIEKC eCMeCmEeHHbIX CIMenHbiX U 600HO- 12TopaliTBIpOB YHUBEPCHUTET,

OOIOMHBIX MECOOOUMAHULL C OMHOCUMENbHO HUSKOU UHIMEHCUBHOCTIBIO Pecrry6muka Kazaxcran, r. [1aBmogap.
CenbCKOXO03AUCMBEHH020 0C8OeHUs. B mo oice epems cmennvlie yuacmku IORCID: https://orcid.org/0000-0003-3437-8717

¢ nacmouwamu u Kowapamu 0Cmaromcs 8adCHbIMU MeCmooOUManuamu 20ORCID: https://orcid.org/0009-0001-6676-1705

ons psada eudos, npedicoe gcezo 01 kpeuémrku (Vanellus gregarius). *e-mail: wwwszm@mail.ru

Coxpanerue 6UOPaA3HO0OPA3UA PELUOHA BO3MONCHO MOTLKO NPU COYEMAHUU

PA3TUYHBIX DPOPM 3eMIeNn0Ib308AHUS, NOOOEPHCAHUU MPAOUYUOHHOSO rMgPOXUMUNYECKAST OEHKA BOHOEMA
IKCMEHCUBHO20 BbINACA, OXPAHE eCMeCmBeHHbIX 800HO-00I0MHBIX B 30HE BJ/INSIHNS MABJ/IOAPCKOIO
Yeooull u yuéme nOmeHyuaIbHo20 IUAHUA KIUMAMUYECKUX USMEHEeHUl, AJTIOMUHUEBOI O 3ABO/JJA

CNOCOOHYBIX npusecmu K mpauncghopmayuu mecmoodoumaruii. [lonyuennvle
mamepuansl OONONHAIOM COBPEMEHHbLE C8E0eHUs O PACIPOCMPAHEHUI
PeoKux udos nmuy cesepo-ocmourozo Kazaxcmana u mocym Ovims
UCNONIL30BAHBL NPU PA3PAOOMEKE PEeCUOHANbHBIX NPUPOOOOXPAHHBIX
Meponpusmul, aKmyaiu3ayuu OGHHBIX O KIIOUeblX Meppumopusx
ouopasnoobpasus (KBA) un kirouesbix OpHUMOL02UYECKUX MePPUMOPUsIX
(IBA) u naanuposanuu 0o120CpoUHO20 OPHUMOIOSUHECKO20 MOHUMOPUHEA.

Knwuesvie cnosa: oppumoghayna, nmuyel, buopaznoobpasue,
kpeuemka, Ilasnodapckoe [puupmoliuve.

B cmamve npedcmasnenvi pezyivmamuvl ucciedo8aHus
2UOPOXUMULECKO20 COCMOSAHUA 8000€Md, PACHOLONCEHHO20 60IU3U
Ilasnodapckoeo antoMuHUe8020 346004, ¢ Yeabl OYEHKU CmeneHu
MeXHO2eHHO20 6030€lCMEUs ATIOMUHUEB020 NPOU3BOOCMEA HA
B800HYIO Ccpedy. AKmyanbHOCmMb UCCie008aHUs 00YCI08IeHA BblCOKOU
KOHYeHmpayuei npeonpuimuil aitoMUHUe80U NpOMblULIeHHOCMU 8
Ilasnooapckom pecuotne u NOMEHYUATLHOU IKOIOSUYECKOU ONACHOCTIbIO
NPOMBIULIEHHBIX 8bIOPOCO8 U CIOUHBIX 800 OISl NPUPOOHBIX IKOCUCTIEM.
Ombop npob 6006l npogoouicsa 8 nemuuii nepuoo 2025 zooa. B
X00e 1abopamopHbIX Ucciedo8anull Obliu onpedesieHbl 0CHOBHbLE
PusuKO-XUMUYECKUe NOKA3AMenu 600bl: 00WdAs HCECMKOCMb, CYXOll
ocmamok, codepicanue cyibamos, X10pudos, xceresd, azomd
HUMPUIMHOZ20 U YPOBEHb NePMAHeAHaAmHOU oKucasemocmu. Tlonyyennvle
pe3yabmamosl CONOCMABLEHbL ¢ OUCMEYIOUUMU CAHUMADHLIMU
Hopmamueamu Pecnyonuxku Kasaxcman u 0anuvimu 3apy0ercHbix
UCCIeA08aHUIL, NOCEAUECHHBIX GIUAHUI ATIOMUHUEB020 NPOUIBOOCEA HA
OKpYdHCarouyio cpedy. Yemanoeneno npesvluierue npeodenbHo 00Ny CIuMbIX
KOHYEeHmpayuil no CyXomy oCmamky, sicenesy u nepMaHeaHamHoll
OKUCTACMOCIU, YO CEUOEMENbCTNEYeN 0 (HOPMUPOBAHUL YCTNOUUUBOLL
AHMPONO2EHHOU HASPY3KU HA UCcaedyembvlii 6000eM. Buvisisnennvie
UBMEHEHUs SUOPOXUMUYECKUX NoKa3amenell YKA3bleaom Ha Npoyeccyl
MUHepanu3ayuu 00HOU cpeobl U HAPYUleHUe MEXAHUIMOS eCIECTNBEHHO20
camoouuwenus godoema. Ilonyuennvle dannvle nOOMeEepPHCOAOM
HeobX00UMOCHb YCUNEHUS. IKOT0SUHECKO20 MOHUMOPUHEd, NPOBEOeHUs.
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MHO20CE30HHbIX UCCLEeD08AHUL U PA3PAOOMKU MePONnPULMuULl no
IKONO2UYECKOU PeaduIumayuy mexHo2eHHo MpaHcHoOPMUPOEAHHbIX
800HbBIX 00bexmos Tlasnooapckoeo pecuona.

Kniouesvie crosa: anomunuesoe npouzgo0cmeo, 6000EM, 3a2psi3HeHue,
Tasnooap, ananuz 800bi, mexHoeeHHoe 8030elicmaue.

BBenenue

AJTFOMHHHEBOE TIPOM3BOJICTBO SIBJISIETCS OJHMM U3 HaHOoOJee PecypcoEMKIX
1 9KOJIOTUYECKH YyBCTBHTENBHBIX BHIOB METAILTYPrUUECKOH aesiterbHocTH [1].
B mpouecce nepepaboTkn OOKCHTOB W DIICKTPOJIN3A AIOMHHUS 00pa3yroTcs
CTOYHBIC BOJBI, COACPIKAIINE COCIMHECHHS AFOMUHMSA, (BTOpA, IETOYH, a TAKKe
TIOBBIIICHHBIC KOHLICHTPALMH XKele3a U Ipyrux npumeceid [2; 3]. Ilpu otcyteTBun
HaJUISKAIIEeH OYMCTKY TaKUE CTOKH ITOTA/IAl0T B OJIM3IIeKAILHE BOJOEMBI, BBI3bIBAs
TpaHc(HOPMALIHIO XUMHYECKOTO COCTaBa BOJIBI, POCT €€ MUHEpaTM3aLiy 1 cBUr pH
CpeIbl B IMENOYHYIO cTOpony [4; 5; 6; 7.

BakHbIM (haKTOpOM jaerpajallii THAPOCHCTEM B pailOHAX pa3MeIlCHHS
METaJUTypPIrU4eCKUX TUTAHTOB SIBISCTCS HAKOIUICHUE CIELM(PHICCKHX OTXOIOB,
TaKUX KaKk OOKCHTOBBIH LITaM. B MHPOBOIl MpakTHKE OTMEUYEHO, YTO (QUIBTPALUS
LICJIOYHBIX KOMIIOHCHTOB M3 LIJIAMOXPaHMIUIL CIIOCOOCTBYET JOJITOCPOYHOMY
W3MEHEHHIO XMMHYECKOT0 COCTaBa MPUPOIHBIX BOJI, OBBIIIIAS UX MUHEPATH3ALIHIO
U TOKCHKOJIOTHYECKYIO 3HAYMMOCTB JUISl BOJHBIX OPraHU3MOB. YUHTBHIBas, YTO
QJIFOMUHUI ¥ €r0 COSAMHEHHMS ITPH JUTHTEIBHOM BO3/ICHCTBUN CIIOCOOHBI OKa3bIBaTh
BBIP)KCHHOE HErAaTUBHOE BITHSIHIE Ha OHOTY, OLICHKA TEKYIIIETO COCTOSIHHS BOIOEMOB
BOJIM3H TPOMBIIILICHHBIX IIOMIa10K [TaBiiogapa mprodpeTaeT KPUTHIECKOE 3HauCHNEe
JUTST 00ECTIeYeHHS SKOIOTHYECKOH Oe30ImacHOCTH pernoHa [2; 6; §].

Uccnenosanuss BecemupHoil opranuszanuu 3apaBooxpanenus (BO3)
TMOKA3bIBAIOT, YTO J@Ke HU3KHME KOHLICHTPALMU AIFOMHHHMS U €r0 COSAMHECHUH IpH
JUTATENIEHOM BO3/ICHCTBHH CIIOCOOHBI BBI3BIBATH TOKCHYECKOE BIIMSHUE HA BOIHYIO
ouoty [8; 9]. B Kazaxcrane [TaBnomapckas 0051acTb sSBISACTCS IIEHTPOM aTFOMHHHIEBOH
MPOMBIIICHHOCTH, ¥ BOIIPOC BITUSHHUS IPEAPUSTHIT Ha COCTOSIHHE OBEPXHOCTHBIX
BOJI OCTa&Tcsl KpaiftHe akTyaimbHbM [7; 10].

Llenbro JAaHHOTO UCCITEIOBAHMS SIBILSIETCS OLICHKA THIPOXUMIYECKOTO COCTOSTHUS
BOJZI0EMa, PACIIONIOKEHHOTO BOIM3M [1aBnogapcKkoro aqlOMHHHEBOrO 3aBOJA, Ha
OCHOBAHHUH JIAOOPATOPHBIX JAHHBIX M COITOCTABJICHHS MMOJYYCHHBIX ITOKa3aTesei ¢
caHUTapHBIMI HopMaTHBamu PecriyOnku Kasaxcran [11] 1 MexrocyaapcTBeHHBIM
cragmaptoM [12].

Marepuajbl 1 METOABI

Ot60p mpob Boabl ObLT MpoBencH B uione 2025 roma B MOBEPXHOCTHOM
BOJOEME, PACIIOJIOKEHHOM Ha PaCCTOSHHU OKOJIO 2 KM K fory ot ITaBionapckoro
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amroMuHUEeBOTO 3aBona (r. [TaBmomap). Mccaenyemerii BOTOEM OTHOCUTCS
K KaTeTOPHHU TEXHOTCHHO TPAHCPOPMHPOBAHHBIX BOJIHBIX OOBEKTOB,
HCTIBITHIBAIOIINX TMOTCHIINAIBHOE BIUSHUE MPOMBINUICHHON NEATEIBHOCTH
(pucyHok 1).

Google Earth

[laTa ceemkn: 4. 04" C 02' Had em Mops: 143
Pucynok 1 — Cxema pacroioyxeHust TOYKH 0TOopa npoo
BObI BOMM3M [TaBIoapcKoro aloMHHIEBOTO 3aBOA

OT160p P06 BOJIBI M TIOCIIETYIONINE XUMHKO-aHATUTUYECKHE NCCIICIOBAHMS
ObUIM BBINOJIHEHBI Ha 0a3e aKKpeAMTOBAHHOM MCIIBITATEIHLHON J1a00paTopuu
[MaBnonapckoro ¢unmana PI'TI na ITXB «HanuoHnanbHblil HEHTP 3KCIEPTU3BI»
Komurera caHUTapHO-3MUAEMHUOJIOTHYECKOTO KOHTpPOJId MuHHCTEpCTBA
3npaBooxpanenust PK. B 1abopaTopHbIX yCIIOBUSIX MPOBOAMIIOCH ONpE/IelieHHE
cieayoomux mnokasateneit: pH, o0mas xKECTKOCTh, CYyXOil 0CTaTOK, XKeJIe30
o011iee, XJI0pHIbl, CYJIb(aThl, IEPMaHTaHATHAS OKUCISIEMOCTh, aMMHUAK, HUTPAThI
U HUTPUTHI. MeTONbI aHaIN3a COOTBETCTBOBANM CAaHUTApPHBIM HOPMAaTHBAM
Pecniyonmkn Kazaxcran [11] u MmexrocynapcrBeHHbIM ctangapTom [12; 13].

WHTtepnpeTanus pe3yJbTaTOB MPOBOAMIACE MyTEM COIOCTABJIECHUS C
MIPEAEIBHO JOIYCTUMBIMHA KOHLICHTPAIMSMH, & TAKIKE C JJaHHBIMU 3apyOeiKHBIX
HCCIEeJOBAaHUN MO BIUSHUIO AJIOMUHHMEBOI MPOMBIIUIEHHOCTH Ha BOJHYIO

77



TopaiireipoB yuusepcutetinin Xabapisicsl, ISSN 2710-3544  Xumus-6uonoeusnvik cepusicor. Ne 3. 2026

cpeny [2; 4; 5; 6]. Kpome Toro, mHTEpIIpeTanus TaHHBIX Oblila HaIpaBJIeHA Ha
BBISIBJICHNE ITPU3HAKOB TEXHOT'€HHOTO BO3/ICHCTBHUS TFOMHHHEBOTO ITPOU3BOICTBA
Ha BOJIHYIO CPe/ly, BBIPKAIOIINXCS B ©3MEHEHNH MUHEPAITM3ALMN, OKUCIIIEMOCTH
1 COZIepKAHUSI PACTBOPEHHBIX METAIIIOB.

Pe3yabTaTsl U 00cyK1eHUE

Pe3ynapTaThl THAPOXMMHYECKOTO aHalINW3a BOJABI, OTOOpaHHOW W3
BOOEMA, pacroyioKeHHOTO BOMM3M [laBiiomapckoro alnfOMHHHEBOTO 33aBOAA,
CBHETENBCTBYIOT O HAJIMYNH yCTOHYMBBIX PH3HAKOB TEXHOTEHHOTO BO3ACHCTBHS
IIOMHHHUEBOTO MPON3BOJICTBA HA BOAHYIO cpeny. Hanbomnee napopMaTHBHEIMU
WHJIUKATOPaMH aHTPOMOTEHHON HAarpy3KH BBICTYNAIOT MOKa3aTesn o0men
MUHEpaJIN3aliy, COAEepPKaHUs PAaCTBOPEHHOTO XKeje3a W IMepMaHraHaTHON
OKHCJIIEMOCTH, MIPEBBIIAIOIINE yCTaHOBJICHHBIE HOpMATUBHI (Tabmuma 1).

Ta6JII/ILIa 1 — OUBUKO-XUMHIECKHE ITOKA3aTECIIN BOJIBI BOI[OéMa, PacCIioJI0KEHHOTO
BOJIM3HU HaBnonapcxoro AJIJFOMUHHCBOTO 3aBOga

®Daxrraeckoe | HopmatuB |CooTBeTCTBHE

Hoxazarens 3HAUEHUE (ITIK) HopmatuBaMm I1JIK

Obmas x&cTkocT, 9,1 7,0 mpesbimaeT [1/1K

MMOJIB/ M

Cyxo#f ocTaToK, MI/Im> 1468,1 1000 npesbimaet [TJJK

Cynbhatsl, Mr/om? 178,6 500 cooTBeTCIBYCT
HOPMATUBY

Keneso (Fe), mr/nm® 0,9 0,3 mpesbimraeT [1/IK

MTepmanranarnas 20,1 <5 npesbimaet [TK

OKHUCIIsSIEMOCTD, MrO2/mv?

COOTBETCTBYCT

Xnopusl, Mr/am? 310 350
HOPMATHBY

ABOT HUTPUTHBIN, MI/M? 0.4 3,3 coorBeTCTRYCT
HOPMATUBY

3HayeHnne cyxoro ocratka (1468,1 mr/nmM®) npeBslaeT npeaeabHO
nonycTuMbiii ypoBenb (1000 mr/nM®), 9To yka3plBaeT Ha HMOBBIIICHHYIO
MHUHEpaJIn3auio Bosl. [1oj00HOE yBennueHne KOHIIEHTPAuH PacTBOPEHHBIX
cojeil XapaKTepHO JJIsi BOJAHBIX OOBEKTOB, MCIBITHIBAIOMMX BIHSIHHE
NPOMBIIITIEHHBIX CTOYHBIX BOJ U MOBEPXHOCTHOTO CTOKA C TEPPUTOPUHU
MIPOMBILIUICHHBIX IJIOMAM0K. J{JIs aJIFlOMHHHUEBOIO0 MPOU3BOJCTBA JaHHBIN
3¢ PEeKT MOKeT OBITh CBSI3aH C MOCTYIUICHHEM CYJIb(aTHBIX, THAPOKAPOOHATHBIX
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U HATPUEBBIX COCIUHEHHIA, 00Pa3yIOIIUXCs B Ipollecce nepepadboTKu OOKCUTOB
1 9KCIUTyaTaluy XBOCTOXPAHHIIHIIL.

Copeprxanue obmiero xenesa B Boze (0,9 Mr/am®) mpeBrImIaeT CaHUTapHBIN
HOpMaTHB OoJiee ueM B TpU pa3a. [10BbIIIIEHHbIC KOHICHTPAIMHU KeJe3a MOTYT
ObITH 00YCIIOBIICHBI KaK TEXHOT€HHBIMH HCTOYHUKAMH (KOPPO3HUSI METATITMICCKUX
KOHCTPYKIIUH, TIPOMBIIIICHHBIE BHIOPOCHI U (DUIIBTPALIUS CTOYHBIX BOJ), TAK
Y BTOPUYHBIMU MPOIIECCAMH MOOMIM3AIIUK JKelle3a U3 JIOHHBIX OTIIOKCHUH B
YCIIOBUSIX MOBBIIIEHHONW MIENOYHOCTH M MUHepaiu3auu. V3BecTHO, 4To mpu
W3MEHEHHH OKHCIIUTEIbHO-BOCCTAHOBUTEILHBIX YCIOBHH JK€JIe30 aKTHBHO
MEPEXOUT B PACTBOPUMYIO (POPMY, UTO MOBBIIIAET €r0 OMOJAOCTYIHOCTh U
TOKCHUKOJIOTHYECKYFO 3HAUUMOCTD JIJIsl TUAPOOHOHTOB.

Oco00ro BHUMaHUS 3aCIy)KHUBAET BBHICOKHI YPOBEHb MMEepMaHTaHATHOU
oxkucisiemoct (20,1 MrO2/am?® mpr HopMaTuBe <5 MrO2/nIm*), CBUIETENBCTBYFOLITHI
0 3HAYUTEIIHLHOM COJICPIKAHUHU JIETKOOKHCISIEMbIX OPrAHMYIECKHUX M HEOPTaHUYECKUX
BeliecTB. JJaHHbIN OKA3aTeNb OTPAXKAET CyMMAapHYIO aHTPOIIOTEHHYIO HATPY3KY
U MOXET YKa3bIBaTh HA MOCTYIUICHHE B BOJAOEM OPraHHYECKUX COCIUHEHUMN
MPOMBIIIJIEHHOTO MPOMCXOKICHHS, & TaKKe HPOJYKTOB Pa3yiOKEHUs
PaCTHUTEIbHBIX OCTATKOB, AKTHBH3UPOBAHHBIX 32 CU€T 3BTpoduKaiuu. B yciaoBusx
TEXHOTEHHO TPaHC(HOPMHUPOBAHHBIX BOJOEMOB POCT OKUCISEMOCTH 4YacTO
paccMaTrpuBaeTcsl Kak paHHUN HHAMKATOP JAerpajialiii BOJAHON 9KOCUCTEMBI.

[Mogo0Hast TMHAMUKA HAKOIUICHHS PACTBOPEHHBIX BEIIECTB U METAIIOB
B TEXHOTEHHO TPaHC(HOPMHUPOBAHHBIX O0BEKTAX COrJIACYETCsl C JAHHBIMHU
3apy0eIKHBIX MCCIEIOBAHUIA, YKA3bIBAOMIMX HA (POPMUPOBAHUE yCTOWYHBBIX
AQHTPOTOTEHHBIX AHOMAITUI BOJIM3YU aJTFOMUHHEBBIX ITPOU3BOICTB. BhIsBICHHBII
BBICOKHH YPOBEHb OKHCISIEMOCTH B COBOKYIMHOCTH C M30BITKOM jKejie3a
CBHJICTEIIHCTBYET O HAPYILICHUH [IPOLIECCOB CAMOOYHIIIEHHUS BOIoéMa. B ycroBusix
OIPaHUYEHHOT0 BOJJ0OOOMEHA U 3aCyIUTUBOIO KJIMMAaTa PErHOHA ATO MPUBOJIHT K
[IPOTPECCUPYIOIEH MUHEPAINU3AIMN U POCTY KECTKOCTU BOJIBI.

B T0 e Bpemsi KOHIIEHTPAIIUH CYJIb(PATOB, XJIOPUIOB U a30Ta HUTPUTHOTO
HE MPEBBIIIAIOT HOPMATHBHBIX 3HAYCHHUH, YTO MO3BOJSIET OXapaKTEPH30BaATh
3arpsi3HEHUE KaK CEJIEKTHBHOE U CBSI3aHHOE MPEUMYIIIECTBEHHO ¢ MUHEPAJIbHO-
METaJUTHYECKHM M OPTraHHMIECKUM KOMIIOHEHTOM, a He C OMOT€HHBIM 3arPSI3HCHUEM.
OtcyTCTBIE NPEBBILICHHI 110 HUTPUTAM U HUTPATaM yKa3bIBAaeT Ha OrPAHUUCHHOE
BIHMSIHUE KOMMYHAJIbHO-OBITOBBIX CTOKOB U TOATBEPIKIACT MPOMBIILICHHYIO
[IPUPOJLY BBISBICHHBIX H3MEHEHUI XMMUUECKOI0 COCTaBa BO/IbI.

[NoBemrenHas 0o1Ias JKECTKOCTH BOAKI (9,1 MMOITE/IM?) OTpakaeT HAKOTIICHHE
WOHOB KAJbIUs U MAarHus, 9YTO TUIUYHO ISl BOJOEMOB, MOJBEPIKEHHBIX
JUTUTEIIbHOMY TEXHOI'€HHOMY BO3JICHCTBHIO B YCIOBHUSIX 3aCYIIIMBOTO KJIMMaTa
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n cnaboro BoJjooOMeHa. B COBOKYITHOCTH ¢ BBICOKMM CYXHM OCTATKOM JIaHHBIN
TI0Ka3aTelb yKa3bIBAET Ha MPOTPECCHPYIONLYI0 MUHEPAIIM3aLIUIO BOHOM CPEbI.

B COBOKYNMHOCTH IOJyYEHHBIE PE3yiIbTaThl YKa3bIBAIOT HA HaIW4YNE
TEXHOTEHHOT'O BIIMSIHUS HA THAPOXUMHUYECKOE COCTOSIHHE UCCIIEyeMOTro BOTOEMa,
TIPOSIBIISIFOILIETOCS TIPEJK/IE BCETO B TIOBBIICHHON MUHEPAIN3ALNH, YBEINICHUN
COZIeprKaHUsI PACTBOPEHHOTO JKeJie3a U POCTE MEPMAHTAHATHON OKHCISIEMOCTH.
[Ipu 3TOM XapakTep BBHISBICHHBIX M3MEHEHHH HE HOCHUT KCTPEMaJIbHOTO
XapakTepa, OJHAKO CBHAETEIBCTBYET O (OPMHUPOBAHUM YCTOMUMBOHU
AHTPOIIOTC€HHOW HAarpy3KH, CBSI3aHHOW C IPOMBIIIICHHOH AEATEIbHOCTHIO
IIOMHHHUEBOTO MPEATIPUATHS.

Crenyer OTMETHTB, YTO MHTEPITPETALHS [TOTYUYCHHBIX JAHHBIX OCIIOKHACTCS
OTPaHUYEHHBIM BPEMEHHBIM OXBAaTOM HAOJIOAEHUI, TOCKOJIBKY OTOOpP mpod
OCYIIECTBIISUICS B OJIMH JIETHUH niepro/i. Ce30HHBIE KOIeOaHNsI THIPOXUMHUYECKIX
roKasaTelsielf, a TaKXKe TMJIPOJOTHIECKHE YCIOBHS TOJa MOTIH OKa3bIBaTh
JIOTIOJTHUTENBHOE BIMSIHAE Ha KOHIIEHTPALUK OTACIBHBIX KOMIIOHEHTOB BOJIBI.

Heo6xoaumo mog4epKHyTh, YTO MPOBEAEHHOE HCCIETOBAHHE HOCUT
JIOKAJIBHBIN XapaKkTep W OCHOBAaHO Ha aHalM3e IPOoO BOABI, OTOOPAHHBEIX B
OlIHOH Touke Bojoéma. B nmampHelmiem sl MOBBIIICHUS JTOCTOBEPHOCTH
BBIBOJIOB II€JIecO00pa3HO pacIIMpeHHe CEeTH TOYeK oTOopa mpod, a Takxke
MIPOBEJICHNE MHOTOCE30HHBIX HAOIIOICHNH, YTO ITO3BOJIUT 00JIEE MOTHO OLIEHUTh
JUHAMHKY THIPOXUMUYECKHUX ITOKa3aTesIeil i CTENeHb BIHMSHUS aTIOMUHHEBOTO
TIPOM3BO/ICTBA HA BOJIHYIO 3KOCHCTEMY.

BerisiBnennslie B xoze uccienoanus npebienus IIJIK no cyxomy ocratky
(1468,1 mr/nm®), xene3y (0,9 Mr/nM*) u mepMaHTaHATHON OKHUCISEMOCTH
(20,1 MrO2/am*) O3BOJIAIOT CHPOTHO3UPOBATH AAJBHEHIIYI0 HEraTUBHYIO
TpaHCHOPMALIUIO IKOCUCTEMBI BOAOEMa. B yCIIOBHSX 3aCyNUIMBOIO KIMMAaTa
[TaBogapckoro permoHa ¥ OTPAaHUYCHHOTO BOJOOOMEHA, YCTAaHOBJICHHAs
TEHJIEHIMSI K MUHEPAJIN3alUHu OyJIeT MpOorpeccupoBaTh, YTO MPHUBEIET K
HEoOpaTHMOMY CHIKEHHUIO OMOpa3HO00pa3ys M HAKOIICHHUIO METAJIIOB B IOHHBIX
OTJIOKEHNUSX. B 10IrocpodHoii mepecnekTuBe 3To CO3aeT yrpo3y (hopMHpOBaHUS
BTOPHYHOTO MCTOYHMKA 3arpsi3HEHMS, KOT/Ia HAKOIUICHHBIC BEIIECTBA HAYHYT
MTOBTOPHO IMOCTYyHaTh B TOJILY BOABI IPH M3MEHEHNU (DHU3UKO-XMMHUYECKUX
YCIIOBUM CPEJIBL.

Oco0yt0 00eCIMOKOCHHOCTh BBI3BIBACT TEPPUTOpPHANbHAS OIU30CTH
HCCIIeTyeMOro 00beKTa K KHIIBIM U XO35IHCTBEHHBIM 30HaM. Touka oT6opa mpod
pacIoo)keHa BCero B 2 KM K 10Ty OT TPOMBINIUICHHOH 1u1otnaaky [laBnoxapckoro
QIFOMHHHEBOT0 3aBO/1A, & B HEIIOCPEICTBEHHOM OJIM30CTH HAXOISITCSI TEPPUTOPUH
KHJITBIX KOMITIEKCOB (2,4 KM) 1 CaJI0BOTYECKUX TOBAPHUILECTB, B YACTHOCTH 1a4n
«Metamnypr» (2 kM) (pUCYHOK 2).
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Pucynok 2 — Cxema pacnonoxeHus Ja4HOro Mmaccusa «MeTtamrypr»
1 MUKpOpaloHa «3€JIEHCTPOI» OTHOCUTENBHO MPOMBIIIIEHHON
miomanaky [TaBaogapckoro alnfOMUHUEBOIO 3aBOJIA.

B ycnoBusAX CHIIBHBIX BETPOB, XapakTepHbIX it [laBnogapckoro pernona,
MIPOMCXOIUT MHTCHCUBHBIM TPAHCTPAHUYHBIN IIEPEHOC a9PO30JIeH 1 NCTIApEHUH,
COJICPIKAIINX MEJIKOANCIIEPCHBIE YaCTHIBI COJICH M METayuloB. DTOT IPOIECC
CIOCOOCTBYET PacIpOCTPAHEHHUIO 3arPSI3HSIONIMX BEIIECTB AAJICKO 3a MPEACIbI
CaHWTAPHO-3aIIMTHON 30HBI 3aBOJA, 3aXBaThIBas KaK JadyHbIC MAcCHBBI, TaK
U MJIOTHO 3aCTPOCHHBIC XXKHJIbIe pailoHbl Topoaa. [locTossHHOE HAXOXKACHHE
HaceJIeHUsI B 30HE BIMSHUS TAKUX BHIOPOCOB CO3/1A€T YCIIOBHS JUIS BO3JCHCTBHS
3arpsI3HSIONINX BEIIECTB aTMOC(EPHOTO MPOMCXOXKICHUS U TPSMOTr0 KOHTaKTa
C ITOYBOH, KOTOpast BBICTYIAET B POJIM JCTIOHUPYIOMIEH CPebl JUIsl IPOAYKTOB
TEXHOTEHHOT'O CTOKA.

CucrteMHOE BO3/AEHCTBHE COCAMHEHHMH METAIJIOB M MPOAYKTOB
MIPOMBIIIVICHHOTO OKHMCICHUSI MOXKET OKa3bIBaTh HEOIAroNMpUsATHOE BIMSIHUE HA
COCTOSIHME OKPY KAIOMIEH Cpe/bl M yCIOBHUS POXHUBAHUS HaceJeHUs. Bricokas
MHHEpaIU3aIHs U CIICINPUIESCKUI XUMHUYECKUH COCTaB BOJHBIX 00BbEKTOB BOIM3H
KHJIBIX TEPPUTOPHUN MOTYT PacCMaTPUBATHCS KAK HHIUKATOPHI SKOJIOTHIECKOTO
HeOJIaromoydrs MPOMBIIIICHHOH 30HBI. J[TnTeIbHOE BO3ACHCTBHE 3aT PA3HSIOMINX
BEIIECTB aTMOC(EpPHOTO U TUAPOTCHHOTO MPOUCXOXKACHHS MOTCHIIMAIBHO
CIIOCOOHO TTOBBIIIATH KOJIOTHUECKHUE PUCKH JUIsl HACEJICHUS, YTO 00OOCHOBBIBAET
HEOOXOAMMOCTh JANbHEHIINX KOMIUIEKCHBIX JKOJOTHYECKUX U MEIUKO-
OMOJIOTHYIECKNX MCCIIECAOBaHUI.
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Kpowme Toro, cymiecTBoBaHNE aHAIOTHYHON TEXHOTEHHOM HAarpy3KH B 30HE
BiusiHUS [1aBoapcKoro aqrOMHHHAEBOTO HPOHM3BOJICTBA MOATBEPXKAACTCS B
pabote 3. M. CeprasunoBoit u ap. (2018) [14]. ABTOPHI BBIIBHIN HETaTHBHOE
BO3/IeHiCTBUE (DTOPHUCTHIX COCAMHEHHMH: y MEIKHX MIECKOMUTAIONIUX OBLIO
00HApYKEHO CHIDKEHHE MOP(POMETPHUUECKUX TAapaMETPOB IOMUHUPYIOIIETO BUIA
(Y3KOUEpEeTIHOH MOJIEBKH), 3a(UKCHPOBAHBI BEICOKNE 3HAUECHHS HAKOTLUICHNS (propa
B KOCTHOM TKaHU I'PBI3yHOB B CPaBHEHHMH C KOHTPOJBHOW 30HOH. Kpome Toro,
ObLTH 0OHAPYXKEHBI HAPYIICHNS CTPYKTYPBI JOMHUHHUPOBAHHS COOOIIECTB MEITKIX
MJICKOTIUTAIOIINX ¥ TOMYJISIUOHHBIE XapaKTePUCTUKH (II0JI0OBO-BO3PACTHON
COCTaB) KMBOTHBIX.

Pe3ynbTaThl MPOBEEHHOTO XMMUKO-aHAJIUTUIECKOTO HCCIIETOBAHMS B
COBOKYITHOCTH C JIJAHHBIMH MHOT'OJIETHEr0 MOHHTOPHHI'A ITO3BOJISTIOT KOHCTATHPOBATh
(hopMupoBaHUE YCTOWYNBOW TEXHOTCHHOW aHOMAaNWH B paiione [laBimomapckoro
aJTIOMUHHEBOro 3aBoja. BersiBienHoe Hamu npesbimenne [TJK mo xenesy
(0,9 mr/nm*®) u BeIcOKas MuHepanm3anus (1468,1 mr/am®) HaxomAT mpsamoe
moareepxeane B padore M. C. ITanmna u I'. C. AsxkaeBa (2006) 1o MU3y4eHHIO
cueroBoro nokposa ITaBnogapa. CoriacHO reOXMMHYECKUM JaHHBIM, 30Ha BIHSTHUS
AIIFOMMHHEBOT'O TIPOU3BOICTBA XaPAKTEPHU3YETCsl aHOMAILHBIM HAKOTIICHHEM JKelle3a,
QTIOMUHUS ¥ THTaHA B TBEPIBIX aTMOC(EPHBIX BBINAJICHUAX, IIPUYEM IUIOTHOCTh
TIBUIEBON HArpy3KH B 3TOM PaiiOHE B JIECATKH Pa3 MPEBbIIIACT ()OHOBBIC 3HAYCHHSL.
3T0 J0Ka3bIBACT, YTO 3arpsi3HEHHE MCCIIELYyEeMOTr0 BOAOEMa HOCHT KOMIUICKCHBIN
xapaxrep, (OpMHPYSCH HE TOJBKO 3@ CUET MOTCHIMAIBHBIX CTOKOB, HO U ITyTEM
aTMOC(EPHOTO OCAXKIICHNS MEIKOANCIIEPCHBIX YACTHIL] IPOMBIIIIICHHON BTN,
KOTOPBIE BITOCJIC/ICTBUY BHIMBIBAIOTCS B THApOCHCTEMY [15].

AHOMaJBHO BBICOKAs MEepMaHTaHaTHas okucisieMocTs (20,1 mrO2/am?®),
3aukcupoBaHHas B JTaHHOHM paboTe, KOPPETUpPYyeT ¢ pe3yibTaTaMy aHaJIN3a
XKuUaKoi (asbl atMochepHBIX ocankoB B BocTtounoil mpoM3oHe B pabote
I'. C. Axaesa (2007), rie BEICOKast KOHIIGHTPAIUS PAaCTBOPCHHBIX OPTaHUYECKUX
1 HEOPTraHMYECKHX IpPHUMECeH B TaJblX BOAAX BOJM3M IUIAMOXPAaHMJIMII
MOJATBEPHKAAET, YTO BOJOEM AKKYMYJIHPYET CIEHUPUUIECKHE MPOTYKTHI
nepepaboTku OOKCUTOB. [laHHEI Tporiecc BeneT K riryOokoi TparchopMarim
THAPOXUMHUYECKOTO PEXKHMA, BBI3bIBAst HEOOPATUMYIO IET PaAAINI0 S3KOCUCTEMbI 1
T10/IaBJIEHHE MPOLIECCOB €CTECTBEHHOTO CAMOOYHIIICHHS. Y YUTHIBAsK 3aCyIITMBbINA
KIIMMaT peTHOHA M C1a0blii BOJOOOMEH, TAKHME TIOKA3aTEIN CBUJICTEIBCTBYIOT O
KPUTHYECKOM YPOBHE aHTPOIIOTEHHOT'O JJaBJICHUS HA BOAHBIN 00BEKT [16].

Tsxkennoe 3KOJIOTHYECKOE COCTOSHHE Cpelbl MOJATBEpIKAAETCS
Mopdodr3noIOrHIecKUMN I3MEHEHHSAMH KMBOTHBIX, OTINCAHHBIMU B TIOCIIEAHUX
nccnenoBanusx 3. M. CepraszuroBoii u ap. (2025). 3agukcupoBaHHBIC OTKIIOHSHHS
B KPAaHMOMETPUUYECKUX ITOKA3aTENAX M MPOIMOPLUAX Yepena y3KouepermHon
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moneBku (Stenocranius gregalis), oOuTarme B MMIAKTHON 30HE 3aBOja,
SIBISTIOTCS CIICJICTBUEM XPOHNYECKOTO TOKCHIECKOTo cTpecca. Hakomienue dpropa
B KOCTHBIX TKaHSX MJICKOIMTAIOIINX CITy’KUT HEOCHOPHMBIM OHMOJIOTHYECKUM
WHIUKATOPOM Jerpajanuu cpenbl. CiexoBaTrenbHO, YCTAaHOBICHHBIE HAMHU
XUMHYECKHE MapaMeTpPhl BOABI BBHICTYNAIOT MPSAMBIM (DU3UKO-XUMUYIECKUM
9KBHUBAJIECHTOM TOH Cpeabl, KOTOPAasl BHI3BIBACT INIyOOKHE MATOJIOTHYECKUE
M3MEHEHHS B CTPYKTYpPE COOOIIECTB KHUBBIX OPraHu3MoB [17].

Takum oOpa3zom, BeICOKash 3HAYMMOCTH MOJOOHBIX HCCIENOBAaHUN
3aKJII0YAETCsl B BO3MOYKHOCTH PAaHHETO OOHApyXEeHMs AETpajalliél BOJHBIX
o0bvexToB. [lokazarenb mepMaHTaHATHOW OKHCISEMOCTH, IPEBBIMIAIONIINI
HOpMYy OoJjiee 4eM B YeThIpe pas3a, CIYKHT KPUTHUCCKUM HHIUKATOPOM
AHTPOIIOT€HHOM HArPy3KH M HapyIICHHUS ITPOLIECCOB CAMOOYHUILIEHHUSI BOJOEMA. ITO
000CHOBBIBaET HEOOXOANMOCTH HEMEUICHHOT'O BHEAPEHHSI COBPEMEHHBIX METO/IOB
9KOJIOTMYECKON peaduiauTanuy, BKI0Yas (UTOpEMEIHanuio U yCHICHHBINA
MOHHUTOPHHT COCTOSHHS TIOBEPXHOCTHBIX BOJL T 00ECTIEUSHNUS IKOIOTNIECKON
6e3omacHoctu [laBnonapckoit obmacTy.

BriBoabl

Ha ocHOBaHNY TPOBEIEHHOTO MOHUTOPHHTA COCTOSIHUSI BOAHOTO 00BEKTa B
30He BIUstHUS [1aBI0AapcKoro alfOMIHIEBOTO 3aBO/IA U PE3YJIbTATOB AHAIU30B,
YCTaHOBJICHBI 3HAYUTEIbHBIC NPEBHIMICHUS HOPMATUBHBIX Moka3ateneid [TJK
mo cyxomy octatky (1468,1 mr/om®), xenesy (0,9 mr/mm*) u mepmaHTraHaTHOM
okucisiemoctr (20,1 mMrO2/am*). OTCyTCTBHE MPEBBIMICHUN O a30THOMH
IpyNIle MOATBEPKAAET CEICKTUBHBIN TEXHOTEHHBIN XapakTep 3arps3HEHHS,
00YCIJIOBIICHHBIH cIIenM(UKON aTFOMUHUEBOTO ITPOM3BOCTBA 1 AKCIUTyaTalueit
nutamMoxpanmwmn. TeppuropuanbHas OJIM30CTh MPOMBIIUICHHON IIIOMIAIKA
TIPEATIPUATHS K XKHUIIBIM 3aCTPOIMKaM M JaYHOMY MaccuBy «MeTamtypr» co3aer
30HY ITOCTOSIHHOTO KOJIOTHYECKOT0 PHCKA.

[Tomy4enHble B Xone padOTHl JaHHBIE HAXOIAT HPSAMOE MOJATBEP)KICHNE
B MaTepuallax MHOTOJETHUX HCCIIEAOBAHMMN, 3a()MKCUPOBABIINX yCTOHIMBOE
pacmupeHue pajanyca BIHMSHUS MPOMBIIIJIEHHOTO y37a Ha KOMIIOHEHTHI
OKpY KaroIeH cpesibl n coctosiane OnoTs! [1aBrnonapckoro perrona. CorocraBieHne
PE3yIbTaTOB YKa3bIBAET Ha TO, YTO BBISIBIICHHAS] aHOMAJIBHO BHICOKASI OKHCIISIEMOCTD
CIy’)KUT KPUTHYECKUM HHAMKATOPOM HApyIICHHS IMPOIECCOB CAMOOYUIICHUS
9KOCHCTEMBI ITOI JIABJICHNEM CTICIN(UIECKHUX MPOMBIIUICHHBIX CTOKOB. HecMoTpst
Ha TO, YTO JIaHHAS BO/IA HE MCIOIB3YETCs [UIsl IIPSIMOTO MOTpeOIeH s, 011M30CTh
OTKPBITOTO NCTOYHHUKA 3arpsi3HEHUS] HECET CKPBITHIC YIPO3BI JUISl 30POBBS
HAaCeJICHUsI BCIEACTBHE aTMOC(EpHOTro IepeHoca aspo3osield U HAKOIUICHUs
TOKCHKAHTOB B ITOYBEHHOM ITOKPOBE, YTO MOKET IIPUBECTH K HEOJIArONPHUSATHBIM
TIOCIIEICTBHSAM JUISI COCTOSIHUSI OKPY>KAIOIIECH CPEIbl M KaueCTBA JKM3HU HACEJICHUSL.
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BrIcokast 3HAUMMOCTH MPOBEACHHOTO HMCCIEA0BAHUS 3aKII0YACTCA B
TIOJTBEPKACHUN OCTPOIl HEOOXOANMOCTH BHEIPEHUSI METONOB IKOJIOTMIECKON
peabminTanuu, BKIOYas GUTOPEMEANAINIO, U YCUIICHUS TOCYJapCTBEHHOTO
MOHHUTOPHHI'A BCEX KOMIOHEHTOB IIPUPOHON Cpe/ibl. BEIBIEHHbIE TEHICHIINN K
MHHEPaIN3aIiI 1 HAKOTUICHUIO METAJUIOB 00OCHOBBIBAIOT BAXKHOCTH TATbHEHIIINX
HaOII0AEHUH A1 TPEAOTBPAIIEHNs] HeOOpaTUMOI! IeTpaialiiil BOAHBIX PECYPCOB
n obecredyeHns] KOMIUIEKCHONW 3KOJOTHYECKOH 0€30MacHOCTH HaceJeHHS
[TaBnomapckoit o6macT.
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MABJIOJAP AJJIOMUHHWM 3AYBITHI 8CEP AMMAFBIH/IAFBI
CY KOMMACBIHBIH THAPOXUMUSIBIK BAFACHI

Byn maxana I[lasnooap anomunuil 3ayeimviHbil MAyblHOA OPHATIACKAH
cy 00beKmICIHIY SUOPOXUMUATBIK HCAROAUBIHA HCYP2i3ileen 3epmmey
Hamuoiceslepin YCoblHadbl, 3epmmey0iy MaKCcamol — AIIOMUHUL 6HOIPYOIH
Cy opmacelHa aHmMponoz2eHOiK acepin basanay. 3epmmeyoiy e3exminiei
Ilasnooap eHipinoeei antomuHull 6HepKacibi KaCinopvblHOAPbIHbIH
HCORAPBL ULOSBIPAAHYBL MEH OHEPKICINMIK WbIRAPLIHOLLIAD MeH KaANObIK,
cynapoviy mabugu dKodxuCylierepee aaeyemmi IKON0UANbLE KAYin
menoipyine oaiinanvicmol. Cy yaeinepi 2025 scwlidbll Hca3bIHOA ALIHODL.
3epmxananvix manodaynap Kesinoe cyOvlH Hezizeli PUBUKA-XUMUATLIK
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napamempiepi aHbIKMAI0bL: JHCAINbL KAMMbBLIbIK, KYP2AK KALObIK HCIHE
cynvpammap, xnopuomep, memip, HUMPUM a30Mmbvl MeH NePMAH2AHAMIMNBIK,
momuley Oeneetii. Anvinean namuowcenep Kazax PecnybnuxacviHviy
aALIMOAZbL CAHUMAPILIK, CMAHOAPMMAPbIMEH HCIHE AIOMUHUL OHOIPYOiH
IKONOUANBIK ICEPIHE APHANRAH XANbIKAPATLIK 3epmmeynep OepeKkmepimen
canvicmulpulaovl. Kypeax kanowvlk, memip dcane nepman2anammoly
momul2y Kepcemxiwmepi O0OUbIHWA PYKCAm emilcen ey Hoeapbvl
KOHYEHMPAyUuaniapoOan dculin Kemy anbiKmaniovl, OYa 3epmeenin H#camyan
¢y obvexmicine mypaxmsl AHMPONO2eHOIK HCYKMEMEHIH KalblNMACKAHbIH
kepcemeOi. [ uopoxumusiviy napamempaepoe2i aHlKmanzan o3eepicmep
CY OPMACHIHBIY MUHEPATUZAYUATAHY YPOICmepite HcaHe Cy 00beKMICIHIH
mabueu o3iH-03i Mazapmy MexaHusmMOepiHiy OY3blAYblHA HYCKAUObL.
Anvinean monimemmep KOpuwiazamn opma MOHUMOPUHZIH Kyuleumy,
KONMAYcblMObIK 3epmmeyiep Hcypeizy ocane Ilasnooap obnvicviHOA
AHMPONO2eHOIK 032ep2eHt Cy 00beKMiNePiH IKOIOSUANBIK KATNbIHA KeAMipy
wapanapell 23ipaey Kaxcemmicii pacmaiiobl.

Kinmmi ceszdep: antomunuii eHOipy, cy obvexkmici, 1acmauy,
Iasnooap, cy manoaysi, anmponoeendik acep.
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HYDROCHEMICAL ASSESSMENT OF RESERVOIR
IN ZONE OF PAVLODAR ALUMINUM PLANT

This article presents the results of a study on the hydrochemical
status of a water body located near the Pavlodar Aluminum Plant, with
the aim of assessing the extent of the anthropogenic impact of aluminum
production on the aquatic environment. The relevance of the study stems
from the high concentration of aluminum industry enterprises in the
Pavlodar region and the potential ecological hazard posed by industrial
emissions and wastewater to natural ecosystems. Water samples were
collected during the summer of 2025. During laboratory analyses, the
main physicochemical parameters of the water were determined: total
hardness, dry residue, and the content of sulfates, chlorides, iron, nitrite

Cepus Xumuro-6uonoeuveckas. Ne 3. 2026

nitrogen, and the permanganate oxidizability level. The results were
compared with the current sanitary standards of the Republic of Kazakhstan
and data from foreign studies on the environmental impact of aluminum
production. Exceedances of maximum permissible concentrations were
found for dry residue, iron, and permanganate oxidizability, indicating the
formation of a sustained anthropogenic load on the studied water body.
The identified changes in hydrochemical parameters point to processes of
water body mineralization and disruption of the water body’s natural self-
purification mechanisms. The data obtained confirm the need to strengthen
environmental monitoring, conduct multi-seasonal studies, and develop
measures for the ecological rehabilitation of anthropogenically altered
water bodies in the Pavlodar region.

Keywords: aluminum production, water body, pollution, Pavlodar,
water analysis, anthropogenic impact.
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ROLE OF HIGH-QUALITY VOLUMINOUS FEEDS
IN FEEDING HIGH-PRODUCTIVE COWS

90

In the context of intensified dairy farming, rising feed costs, and
the need to transition to sustainable production systems, the issue of
providing high-yielding cows with high-quality bulky feed has become
particularly relevant. The aim of this study was to investigate the impact
of the quality of bulky feed (hay, silage, and haylage) on the productivity,
milk composition, physiological state, and economic efficiency of feeding
dairy cows with a similar diet structure. While most studies that focus
on the energy or protein content of diets, this research emphasizes the
quality of bulky feed as a key factor in physiological nutrition. The
study was based on a production experiment involving 100 cows in their
first third of lactation, divided into two equal groups. Over a period of
120 days, the study examined milk production, milk composition, blood
biochemical parameters, feed intake, and economic indicators. The use
of feed exclusively of the first class allowed to reliably increase the yield
by 8.8 %, increase the fat and protein content of milk, reduce the level of
somatic cells and improve metabolic processes, which was confirmed by
the growth of glucose, total protein and albumin in the blood. Additionally,
an increase in the conversion of dry matter and an increase in net profit by
6.6 thousand rubles per head were established. The limitation of the study
is the conduct of experiments within one enterprise with a single breed
of cattle; promising areas are multifactorial field experiments taking into
account breed and climatic differences, as well as technological features
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of harvesting and storing feed. The results obtained highlight the strategic
importance of the quality of bulky feed for the biological and economic
sustainability of dairy production.

Keywords: bulky feed, dairy productivity, economic efficiency, milk
composition, blood biochemistry.

Introduction

Modern dairy farming is in the stage of deep technological transformation.
The growth of dairy cattle productivity, expansion of industrial production systems,
wider use of highly productive breeds, and increasing specialization of livestock
farms necessitate the improvement of existing approaches to animal feeding. At
the same time, the principle remains fundamental, biologically justified and time-
tested: milk productivity cannot be realized without full provision of animals with
voluminous feed of proper quality [1, p. 242.; 2, p. 357-360].

Voluminous feeds should not be regarded merely as a «filler» of the ration
or an inexpensive energy source. They represent the fundamental physiological
component of ruminant nutrition, since the digestive system of these animals
has evolutionarily adapted to the utilization of plant fiber through the activity of
symbiotic rumen microflora. Their significance is therefore much broader than a
simple supply of nutrients and energy. Such feeds ensure the normal functioning
of the multi-chambered stomach, support enzymatic processes, stimulate microbial
protein synthesis, and maintain the coordinated activity of the digestive tract as a
whole [3, pp. 306-309; 4, pp. 11-14].

At present, the growing use of concentrates and protein-energy additives in
dairy cattle feeding has resulted in a reduction in the proportion of bulky feeds
in rations for highly productive cows. However, numerous scientific studies and
practical observations indicate that this approach may lead to negative consequences.
Increasing dietary energy concentration mainly through concentrates, while
limiting the amount of structural fiber, contributes to reduced rumen buffering
capacity, the development of acidosis, suppression of cellulolytic microorganisms,
and, over time, decreased milk productivity, impaired reproductive performance,
and premature culling associated with metabolic disorders. Consequently, the
temporary economic advantages of such feeding strategies may eventually
transform into substantial long-term losses [5, pp. 110-117].

In addition, high-quality bulky feeds are an essential factor in maintaining
the sustainability of livestock production under current climatic and economic
conditions. The preparation of nutritious haylage and silage from perennial grasses
and corn, rational utilization of pasture areas, as well as improved harvesting
and storage technologies, allow farms to reduce feed costs, decrease dependence
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on imported feed ingredients, and maintain stable animal productivity despite
fluctuations in grain and feed markets [6, pp. 46—49; 7, pp. 102—-106].

Historically, bulky feeds have served as the basis of cattle nutrition
systems. Traditional feeding practices relying on hay, silage, and pasture forage
made it possible to sustain efficient dairy production without excessive use of
concentrates. Contemporary scientific evidence confirms the continued relevance
of these approaches. The application of advanced cultivation and harvesting
technologies enables the production of feeds characterized by fiber digestibility
exceeding 60 % and energy values approaching those of concentrates, while
simultaneously preserving the physiological balance and momHonerHOCTH Of
animal diets [2, pp. 357-360; 8, pp. 72-75; 9, pp. 232-236; 10, pp. 266-276].

The significance of bulky feed quality in dairy cattle nutrition has increased
considerably in recent years. Their inclusion in the ration alone is insufficient;
particular attention must also be paid to indicators such as chemical composition,
the concentration of neutral detergent fiber (NDF) and acid detergent fiber (ADF),
digestibility of fiber fractions (ANDF), energy concentration, as well as crude and
digestible protein content. In addition, the physical properties of feed, including
particle size, structural characteristics, and the proportion of rapidly fermentable
organic compounds, are of major importance. These parameters directly influence
rumen fermentation processes, feeding behavior of cows, rumination activity, and
ultimately the level of milk productivity [8, pp. 72-75; 11, pp. 42-50].

Therefore, bulky feeds should be considered a fundamental component of
dairy cattle diets. Their role extends far beyond their nutritional contribution and
includes physiological, microbiological, economic, and environmental functions
within modern livestock production systems. Under conditions of sustainable
agricultural development and the increasing importance of global food security, the
rational and efficient utilization of bulky feeds has become a strategically significant
issue for the dairy industry [4, pp. 11-14; 7, pp. 102—106; 12, pp. 4111-4121].

This paper presents a comprehensive review of the importance of bulky
feeds in dairy cattle nutrition, with particular emphasis on their physiological
significance, the factors determining their effectiveness, and practical approaches
to their application in intensive high-yield dairy production systems.

Materials and methods

The research was carried out under the conditions of a commercial dairy farm
located in the Moscow Region within the Central Federal District, characterized
by a temperate continental climate. The enterprise specialized in milk production
from Holstein cattle cows. At the time of the study, the total dairy herd consisted of
800 animals, while the average milk yield per cow reached 8,200 kg per lactation.
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The purpose of the experiment was to evaluate the influence of bulky feed
quality on milk productivity and metabolic status in lactating cows maintained
on diets with an identical structural composition.

A total of 100 cows in early lactation (up to 120 days after calving) were
selected for the trial. The animals were comparable in live body weight (580-620 kg),
physiological status, age (2nd—4th lactation), and productivity during the previous
lactation period (7,800-8,300 kg of milk). According to the pair-analog principle,
the cows were allocated into two groups comprising 50 animals each.

Rations for both groups were formulated in accordance with nutrient
requirements for highly productive dairy cows and balanced for energy, protein,
fiber, macroelements, and microelements based on the recommendations of the
L. K. Ernst All-Russian Research Institute of Animal Husbandry (2016). The
feeding schemes were identical in terms of dry matter content, ingredient
proportions, and overall dietary structure, corresponding to the physiological
demands of cows during the first third of lactation. The principal difference
between the groups concerned the quality characteristics of the bulky feeds used.

Cows in the control group (Group I) received:

— first-class meadow hay according to GOST 27950-2015;

—second-class corn silage containing 28 % dry matter, 48 % NDF, and 32 % ADF;

—second-class mixed-grass haylage with 52 % moisture, 44 % dNDF48, and
11 % crude protein;

—first-class compound feed intended for lactating cows, produced according
to the farm’s technical specifications.

Animals in the experimental group (Group II) were fed rations with the same
structural composition; however, all bulky feeds corresponded to first-quality
standards:

— first-class meadow hay;

— first-class corn silage containing 33 % dry matter, 41 % NDF, 26 % ADF,
and 55 % dNDF48;

—first-class mixed-grass haylage with 47 % moisture, fiber digestibility above
58 %, and 13% crude protein;

— the same first-class compound feed (Table 1).

Table 1 — Structure of diets and their nutritional value (per head per day, based
on 100 % dry matter)

Group I (control) Group 11
Indicator — Feed of different (experience) — All
quality Class 1 feed
Meadow hay, kg Dry matter 2,0 2,0
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Corn silage, kg Dry matter 6,5 6,5
Mixed grass haylage, kg Dry 5.0 5.0
matter

Concentrated feed, kg Dry matter 9,0 9,0
Total dry matter, kg 22,5 22,5
Exchange energy, MJ 217 229
Crude protein, g 2 940 3220
Digestible protein in the intestines, 1870 2050
g

NDF (neutral detergent fiber), g 8 500 7750
ADF (acid-detergent fiber), g 5450 4 680
Sugar and starch, g 3500 3700
Calcium, g 120 128
Phosphorus, g 85 90
Sulfl}rlc acid (feed buffer 330 420
capacity), eq

Ratio protein energy exchange :

Dry matter, MJ/kg Dry matter 9,64 10,18
Protein-to-energy ratio, g/MJ 13,5 14,1

Notes:

» [ All indicators were determined on the basis of laboratory testing of feed samples
corresponding to the declared quality categories.

» [ The concentrations of metabolizable energy and digestible protein in the rations were
adjusted to support milk production at the level of 26-27 kg per day with a milk fat content of 3.8 %.

» Compared with the control group, the ration of Group II was characterized by a higher
concentration of available energy and protein despite maintaining the same dietary structure and dry
matter content. This difference was associated with the improved digestibility and greater biological
availability of nutrients in the higher-quality bulky feeds.

The proportion of bulky and concentrate feeds in the dietary dry matter was
maintained at 60:40. Animals were fed according to the TMR (total mixed ration)
system three times daily, with continuous monitoring of feed refusals.

During the 120-day experimental period, the following observations and
analyses were conducted:

— individual milk yield recording on a monthly basis;
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— monthly laboratory analysis of milk samples for fat content, protein
concentration, and somatic cell count;

— assessment of feed consumption through determination of residual feed
by group;

—evaluation of metabolic status using biochemical blood indicators, including
urea, total protein, and glucose concentrations, in 10 cows from each group, with
blood sampling performed at the beginning and at the conclusion of the trial;

— monitoring of digestive disturbances, estrus manifestation, and incidence
of diseases among the experimental animals.

The obtained data were statistically processed using analysis of variance
(ANOVA). The significance of intergroup differences was determined using
Student’s t-test at a confidence level of P < 0.05.

Results and discussion

Throughout the 120-day experimental period, clear differences were
identified between the control and experimental groups with respect to productive
performance, physiological condition, and efficiency of feed utilization. These
variations were primarily associated with differences in the quality of bulky feeds,
although the overall dietary structure and the proportion of ration components
remained identical in both groups.

Milk productivity. From the first ten days of the trial, the experimental group
(Group II), which received only Class 1 bulky feed, showed a steady increase in
milk yield. The average daily milk yield by group is shown in Table 2.

Table 2 — Average daily milk yield and composition during the test period
(n =50 heads)

1 month 26,0 0,5 26,97 + 0,6* +3,7
2 month 26,0+0,5 28,4 +0,6* +9,2
3 month 25,6+0,5 28,5+ 0,6* +11,3
4 month 25,6 +0,5 28,4 +0,6* +10,9
Average per experience 25,9+0,5 28,17 £0,6** +8,8
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An analysis of the milk yield dynamics of cows during the four-month trial
revealed a stable and statistically significant advantage of the experimental group,
which received only first-class bulky feed.

Already during the first month of the study, cows in the experimental group
demonstrated milk productivity that was 3.7 % higher than that of the control group
(P < 0.05), which confirms the rapid positive effect of improved feed quality on
animal performance. In the second and especially in the third months, the difference
increased to 9.2 % and 11.3 %, respectively (P < 0.05), which corresponds to the
natural peak of lactation and indicates that the cows in the experimental group
had better milk production.

In the fourth month, there was a consistent difference of 10.9 %, which
suggests that high-quality bulky feed had a lasting effect on productivity throughout
the first half of lactation. This increase in milk yield, with the same diet structure
and level of concentrates, is due to better fiber digestibility, higher feed intake,
optimal rumen pH, and increased microbial synthetic activity.

Over the entire duration of the experiment, cows in the experimental group
produced on average 2.3 kg more milk per day than animals in the control group,
which corresponded to an increase of 8.8 % (P < 0.01). It is important to note
that the higher productivity was achieved not through additional feed inputs, but
due to the superior quality of the bulky feeds included in the ration. This finding
emphasizes the considerable biological and economic importance of improving
forage quality in dairy cattle nutrition.

Milk quality indicators. Throughout the four-month experimental period, milk
obtained from cows in the experimental group consistently demonstrated better
qualitative characteristics in comparison with the control group. The observed
positive dynamics were directly associated with the use of higher-quality bulky
feeds in the diet (Figure 1).
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Figure 1 — Dynamics of milk quality indicators

The average fat content in milk from cows of the experimental group reached
3.91 £ 0.05 %, which was 4.2 % higher than in the control group (3.75 £ 0.05 %).
Statistically significant differences were already evident in the first month and became
more pronounced by the end of the trial. These results suggest an improved energy
balance and more stable rumen microbial activity, since milk fat content is highly
sensitive to disruptions in rumen fermentation and insufficient structural fiber intake.

Milk protein content in the experimental group remained relatively stable
throughout the study, ranging from 3.196 % to 3.253 %, whereas the control
group showed a slight downward trend from 3.178 % to 3.158 %. Although the
differences were numerically small, they were consistently maintained during
the entire experimental period. The protein fraction of milk is closely linked to
the supply of amino acids and microbial protein, which depends on the activity
of cellulolytic microorganisms that function optimally only under conditions of
adequate high-quality structural fiber intake.

Particular attention should be given to the reduction in somatic cell count
in the milk of cows receiving higher-quality bulky feeds. By the first month, this
indicator was already approximately 50,000 cells/cm® lower than in the control
group, and by the end of the experiment the difference increased to 68,000 cells/cm?.
In the control group, somatic cell levels fluctuated between 404,000 and 416,000
cells/cm?, whereas in the experimental group they showed a steady decline to
345,000 cells/cm?. This indicates improved udder health, reduced subclinical
inflammatory processes, and potentially better immune and metabolic status
associated with balanced feeding conditions.
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Feed intake and utilization. Based on observations of feed refusals and
consumption, cows in the experimental group demonstrated more complete
ration intake, with feed residues reduced by 14 %. Their dry matter intake was
also higher by an average of 0.6 kg/day. This reflects improved palatability and
physical properties of the ration (odor, structure, and fermentation characteristics),
as well as higher digestibility of nutrients.

The feed conversion efficiency (dry matter intake per 1 kg of milk) was:

— control group: 0.87 kg DM/kg milk;

— experimental group: 0.95 kg DM/kg milk.

Thus, the efficiency of feed utilization increased by 9.2 %.

Biochemical blood parameters. To evaluate metabolic status and identify
physiological responses to differences in bulky feed quality, blood biochemical
indicators were analyzed in both groups at the beginning and end of the 120-day
trial. The analysis included energy and protein metabolites (glucose, urea, total
protein, albumin), liver function markers (AST, ALT, bilirubin), lipid metabolism
indicators (cholesterol, triglycerides), and mineral status parameters (calcium,
phosphorus).

Graphical presentation of the obtained data enables a more objective
comparison of the dynamics of these indicators between the control and
experimental groups, thereby improving the clarity and interpretability of the
results (Figure 2).
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Figure 2 — Dynamics of biochemical blood parameters in cows
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The results of the biochemical analysis revealed distinct differences between
the control and experimental groups. By the end of the trial, cows receiving higher-
quality bulky feeds showed a significant increase in blood glucose levels, reaching
3.16 mmol/L compared with 2.85 mmol/L in the control group. This indicates a
more stable energy metabolism and a better balance between dietary energy intake
and its utilization for milk synthesis (P < 0.05).

Total protein and albumin concentrations were also higher in the experimental
group (80.92 g/L and 36.44 g/L, respectively), reflecting improved protein nutrition
and more active hepatic protein synthesis. In contrast, these indicators in the control
group remained close to baseline values throughout the experiment.

Urea levels in both groups remained within physiological limits; however,
a slight upward trend was observed in the experimental group, which may be
associated with a higher supply of digestible protein in the diet.

Liver function parameters (AST, ALT, and bilirubin) demonstrated a more
favorable pattern in the experimental group, with reduced enzyme activity and a
slight decrease in bilirubin concentration. This suggests the absence of hepatic
overload and indicates more efficient detoxification and metabolic functioning.

Indicators of lipid metabolism (cholesterol and triglycerides) showed a
moderate increase in the experimental group by the end of the study, while
remaining within physiological norms, which reflects a more active and balanced
energy-lipid metabolism.

Calcium and phosphorus levels remained relatively stable in both groups;
however, a slight increase was observed in the experimental group, likely due to
improved mineral intake and better nutrient digestibility from higher-quality feeds.

Economic efficiency. To assess the practical relevance of using bulky feeds of
different quality levels in dairy cow diets, an economic evaluation of the feeding
strategy was performed. The calculations were based on actual milk yield data,
ration composition, daily feed costs, market milk prices, and the proportion of
feed costs in total production expenses.

The analysis was conducted for a standard experimental herd of 50 cows
over a 120-day period (4 months), corresponding to the main productive phase
of lactation. In the experimental group, the slightly higher cost of first-class feeds
compared to the mixed ration of the control group (by approximately 5 %) was
taken into account. This approach enabled an objective assessment of the economic
efficiency and profitability of using higher-quality bulky feeds under practical
production conditions.
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Table 3 — Economic efficiency for 120 days

. The control A.n

Indicator experienced
group aroup

Duration of experience (days) 120 120
Number of lactating cows (heads) 50 50
Daily yield of 1 head. of natural milk (kg) 26,1 28,4
E/glk yield for 120 days (total for the group), 156 600 170 400
Selling price of 1 kg of milk, rub 44 44
The cost of milk sold, rub. 6 890 400 7 497 600
Feeding day cost, rub/head 415 415
The cost of feed for the period, rub. 2 490 000 2 614 500
Total costs (feed = 45 %), RUB 5533333 -
Total cost.s (experience, with a 5 % increase B 5210000
in feed prices), rub
Profit per experience, rub. 1357 067 1 687 600
Profit per head, rub 27 141 33752
Profitability, % 245 29,0

Over the 120-day experimental period, cows in the experimental group, which
received exclusively first-class feed, demonstrated a higher average daily milk
yield by 2.3 kg compared with the control group. This resulted in an additional
13,800 kg of milk produced per group, which, in turn, increased revenue from
milk sales by 607,200 rubles relative to the control.

Although feed costs in the experimental group increased by 124,500 rubles
over the same period due to the use of higher-quality bulky feeds, the resulting
economic effect remained strongly positive. Net profit exceeded that of the
control group by more than 330,000 rubles. On a per-cow basis, the additional
profit amounted to 6,611 rubles, confirming the high economic efficiency of the
proposed feeding approach.

Furthermore, profitability of milk production in the experimental group
reached 29.0 %, compared with 24.5 % in the control group. Thus, despite a
moderate increase in production costs, the improvement in milk yield and overall
productivity ensured a substantial rise in economic returns, demonstrating that the
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use of high-quality feeds is both economically justified and strategically beneficial
for dairy production systems.

Conclusions

The quality of bulky feed has a key impact on the productivity of dairy cows.
When using only first-class feed, the experimental group achieved a stable increase
in milk yield of 2.3 kg per day, or 8.8 % compared to the control group (P <0.01),
without increasing the proportion of concentrates in the diet.

High-quality bulky feed contributes to improving the composition of milk.
The fat and protein content in the experimental group’s milk was significantly
higher (by 3.2-4.5 % for fat and 1.2-3.0 % for protein), and the level of somatic
cells was lower by 12—-16.4 %, indicating better udder health and metabolism.

The physiological condition of the animals improved with the use of first-
class feed. The biochemical parameters of the blood of the experimental cows
were characterized by a higher level of glucose, total protein, and albumin, as
well as the normalization of liver enzymes, which reflects a decrease in the risk
of metabolic disorders and ketosis.

The economic efficiency of the technology has been proven. The additional
revenue from milk sales over a period of 120 days amounted to 607.2 thousand
rubles, while the increase in net profit was over 330 thousand rubles. The
profitability of dairy production in the experimental group increased from 24.5 %
t0 29.0 %, despite a 5 % increase in feed costs.

The use of high-quality feed, all other things being equal, is not a cost-saving
strategy, but an investment strategy. It ensures increased productivity, improved
cow health, and increased profitability.
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KOFAPBI OHIMII CUBIPJIAP/JbI ASBIKTAH/BIPYIA
CAITAJIbI KOJIEMAI A3BIKTAP/IbIH POJII

Cymmi man wapyaubiiblebli KapKbIHObl OAMbINY, d3blK KYHbIHbIY OCYi
JHCoHE MYPAKMbL OHOIPIC HCYUeNepiHe KOULY Ha20AUbIHOA HCOAPbI OHIMOI
CubIpnapobl cananbl KoAemol asblKmapmen KamMmamacsl3 emy mMaceneci
epeKute Manvizea ue. 3epmmeyoiy MaKcamsl — payuoH KYpulLivlmbl Oipoetl
bon2an dcagoarioa kenemoi azlKmapovly (niuleH, Cypiem dHcaHe niuenoeme)
CanacviHbly CUbIPAAPObLIY OHIMOLTIZIHE, CYmM KYPAMbIHA, (U3UOI0SUATbIK
KYUiHe JicaHe a3blKMAaHObIPYObIH IKOHOMUKAILIK MUIMOiliciHe dcepiH
anvikmay. Kenmezen sepmmeyinep payuoHHuly SHepUACHL MeH NPOmeUuHine
bazeimmanca, OYn HCYMulcma Qu3UOIOSUATBIK A3LIKMAHOLIPYObIY He2i32l
¢axmopul peminde KoremOi a3viK canacvlHa 6ACIMObIK 6epinoi.

3epmmey enoipicmix scaz0atioa 1aKmayusHuly A12auKbl Ke3eHiHoe2l
100 cuvipoa orcypeizinin, onap exi mey monga 66aiH0i. 120 KyH 6otibl
cym eHimOiniel, cym Kypamol, KAHHbIH OUOXUMUSILIK KOpcemKiumepi,
aA3bIK MYMBIHY OeH2elli JCoHe IKOHOMUKANbIK KOpCemKiumep 3epmmenoi.
Tex Oipinwi cananvl azeikmaposl navioanrany cym ouimoiniein 8,8 %-2a
apmmulpyea, cymmezi Matl MeH aKybl3 MOJUEPIH Kobelmyzae, COMAMUKabK,
Jrcacywanap Oeyeeliin momeHoemyae JcaHe 3am aimacy npoyecmepiu
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Jrcakcapmyea MymMKiHOIK 0epOi. Byn Kan KypamvlHOazel enoKo3d, Hcainvl
AKYbl3 HCIHE ANbOYMUH OeHeUIHIH HCOLAPLLIAYIMEH 0deN0eHOL.

Convlmen Kamap Kypeax 3ammbuly nAuOaIanHsblLy muiMoiiel apmein,
0ip backa wakkanoasvl maza naioa 6,6 mvly pyonvee ecmi. 3epmmeyoin
wexmeyi — maxcipubeHiy Oip wapyaublIbKma JyHcane Oip eaHa MYKbimMod
arcypeizinyi. bonawakma mykeimMobiK, KIUMAmMmblK JHCIHE MEXHOIOUANbIK,
epeKuienikmepoi eckepemitn KongaxmopJivl 3epmmeynep HCypeizy Mabl30bi.
Anvinean Hamuodicenep Keaemoi a3vlKmMAapobly Canacel Cym 6HOIPICIHIK
OUONOUANBIK, IHCIHE IKOHOMUKANBLK MYPAKMBLIbIZbL YULiH CHPAMESUSIbIK
MaHbL32d Ue eKeHiH Kopcemeol.

Kinmmi ce3dep: kenemoi azvikmap, cym oHiMOLNiel, IKOHOMUKAIbIK
MUIMOLNIK, Cym KYpamvl, KaH OUOXUMUACHL.

Hccnedosanue nposedeno 8 npou3zeo0CmeEeHHbIX YCI08UAX HA
100 xoposax 6 nepegoil mpemu 1aKMAyuu, pazoeieHHblX Hd 08e
paghvie epynnel. B meuenue 120 Ouetl usyuanucs yootl, cocmas
MOIOKA, OUOXUMUUECKUEe NOKA3AMenU KPOsU, noeddemocms KOpMOos U
9KoHOMUYecKue nokazamenu. Vcnoavszosanue Kopmog UCKIIOUUMENbHO
nepeoco Kiacca no360Jul0 00CmMogepHo yeeauuums yooiu Ha 8,8 %,
noswvicumbs cooepicanue JHcupa u 6enKa 6 Mojoke, CHU3UMb YPOBEHb
coMamu4eckux KiemokK u YaAy4yuumes oOMeHHble Npoyeccsl, 4mo
NnoOmeepIHcOaemcs Y8eauueHueM coOepHcaAnUs 2IKO3bl, 0dueco beaka
U anbOYMUHA 8 KPOBU.

Taxoice ommeueno nosviuieHue KOHBEPCUU CYX020 Gewecmsed u
pocm yucmou npudsliu Ha 6,6 moic. pybneil na 2on108y. Ocpanudenuem
UCCIe008aHUsL AGIACMCA NPOBEOeHUE IKCNEPUMEHNA 8 OOHOM XO3AUCMEE C
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UCNONbL308aHUEM OOHOU NOPOObI ckoma. [lepcnexmusHbiu HanpasieHuamu
AGNAIOMCA MHO20DAKMOPHBLE UCCAE008AHUSA C YHEMOM NOPOOHUBIX,
KAUMAMUHECKUX U MEXHONIOSUNECKUX 0CODEHHOCHEN 3a20MOBKU U XPAHEHUS
Kopmos. [lonyyennvle pe3ynrbmamol ROOUEPKUSAIOM CMPAMESUYECKYIO
SHAYUMOCMb KAYeCMBa 00beMUCMBIX KOPMOB O/ OUOI02UHeCKOU U
IKOHOMUYECKOU YCMOUNUBOCIU MOTOUHO20 NPOU3B0OCHEA.

Kniouesvie crosa: obvemucmole Kopma, MONIOYHAS RPOOYKMUBHOCTb,
IKOHOMUYECKAS IPPEeKMUBHOCHb, COCNAE MOJIOKA, OUOXUMUSL KDOBU.

POJIb BBICOKOKAYECTBEHHBIX OBBbEMHCTBHIX KOPMOB

B KOPMJIEHUHA BBICOKOIMMPOAYKTUBHBIX KOPOB

B ycnosusix unmencuguxayuu MoiouHo20 cKOmMogooCmad, pocma
CMOUMOCHU KOPMO8 U He0OX00UMOCMU nepexo0d K YCmOUUUGbIM
cucmemam npouU3800Cmed 0codyl aKkmyaibHOCmMs npuobpemaem
obecneuenue 8blCOKONPOOYKMUBHBIX KOPOG GbLCOKOKAYECMBEHHbIMU
obvemucmoimu Kopmamu. Llenvio 0anHo20 ucciedosanus ObLIO U3yueHue
GIUSIHUSL KAYEC8A 00BeMUCTbIX KOPMOS (CeHa, CUNOCA U CeHadica) Ha
NPOOYKMUBHOCIb, COCMAS MOLOKA, (PU3UOI02UYECKOEe COCMOSHUE U
IKOHOMUYECKYIO I(PPHeKmMUSHOCHb KOPMIEHUsL KOPO8 NPU 0OUHAKOBOU
cmpykmype payuona. B omauuue om 601buwuncmea ucciedosanui,
OPUEHMUPOBAHHBIX HA IHEPLEMUUECKYI0 U NPOMEUHOBYI0 YEHHOCHb
PAyuoHos, 0anHas paboma axyenHmupyem eHUMAHUE HA Kauyecmee
00BEMUCIBIX KOPMOSB KAK KIIOYEB80M (hakmope (Pu3uoiocuveckozo
numanusl.
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VARIETY TESTING OF SPRING
BARLEY IN THE CONDITIONS OF THE NORTH-EAST
OF KAZAKHSTAN

The article presents the results of research in 2014-2016 by Pavlodar
Agricultural Enterprise LLP. 20 breeding lines of barley on chestnut sandy
loam soils of northeastern Kazakhstan were studied. The aim of the work
was to identify the most productive and locally resistant varieties capable
of providing a stable harvest in a variety of soil and climatic zones of
the region. The meteorological conditions of the growing seasons were
characterized by significant contrast, which made it possible to assess
the adaptive abilities of the lines to various environmental stress factors.
According to the research results, six promising lines with a growing season
of 78-81 days, a plant height of 62-67 cm and a mass of 1000 grains of
53.5-56.0 g were identified. The content of crude protein in the grain was
17.6-19.6 %, fiber — 3.36—4.46 %. The average yield over three years
ranged from 20.0 to 21.7 c/ha, which exceeds the standard by 1.8-3.5 c¢/ha.
Lines 49/99-11 and 31/44-72 showed the greatest increase in yield to the
standard (+3.2 and +3.5 c/ha, respectively). The line 31/44-72, which has
high economically valuable characteristics, is recommended for transfer
to the State variety testing and introduction into production. Thus, the
conducted research contributes to improving the efficiency of barley
breeding in the region, providing agricultural production with new highly
productive varieties adapted to local conditions.
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Introduction

Barley is one of the oldest cereal crops, cultivated in all agricultural regions
worldwide. Its extensive distribution is attributed to numerous valuable qualities. Due
to its high adaptability, barley is grown in extreme conditions: high in the mountains
and on steppe expanses, in areas with increased moisture or arid steppes. Barley is a
versatile crop, both in terms of its wide distribution and its diverse uses [1].

The diversity of soil and climatic zones across Kazakhstan necessitates the use
of agricultural varieties with distinct biological properties. To enhance productivity
and yield stability, it is essential to conduct ecological assessments of varieties under
various climatic conditions to identify the most promising ones for each region.

According to the Agency for Statistics of the Republic of Kazakhstan, in
2016, the total sown area of barley nationwide was 1,897.2 thousand hectares, with
71,277 hectares in the Pavlodar region.

In the Pavlodar region, two barley varieties, Medik 85 and Tselinny 91, are
approved for use. These varieties are considered outdated and possess several
significant drawbacks.

Additionally, there is an uncontrolled influx of barley varieties from other
regions, which, without prior evaluation, cannot effectively address the issue of
increasing yields. Given the need for new productive varieties, it is pertinent to
implement a research project aimed at studying promising barley breeding lines
developed by leading institutions in Kazakhstan, specifically under the conditions
of the northeastern region.

One of the key factors in cereal crop breeding is genetic variability, which
determines the duration of interphase periods and the overall vegetative cycle [2].
These parameters influence yield under specific conditions and depend on the plant’s
resistance to biotic and abiotic stresses. For instance, barley yield is directly related
to the length of the «emergence-headingy period; its extension contributes to yield
increase [3; 4; 5]. Additionally, weather conditions, such as air temperature and
precipitation during the growing season, play a significant role [6; 7].

To address these objectives, LLP «Pavlodar Agricultural Experimental Station»
conducted barley breeding work. At the final stage, 20 breeding lines were studied
in a competitive variety trial nursery. This report presents the research results that
identified the best barley lines during trials conducted from 2014 to 2016.

Materials and Methods

The experimental plot’s soil is chestnut sandy loam, with humus content
ranging from 1.1 % to 1.3 %, phosphorus (P,O,) levels between 135 and 150 mg/
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kg, and a pH of 6.4 to 6.6. The preceding crop was clean fallow. The agronomic
preparation of the experimental plot and pre-sowing treatments adhered to barley
cultivation technologies specific to the northeastern region of Kazakhstan. Sowing
in the breeding nurseries was conducted using the SSFK-7 disc seeder, followed
by rolling with a ring roller.

The meteorological conditions during the growing seasons of 2014, 2015, and
2016 exhibited significant contrasts, not only compared to long-term averages but
also among the years themselves. The agricultural year 2014 was characterized
as the most unfavorable during the study period, with precipitation below the
long-term average by 8.7 mm, and the rainfall received was minimally effective.
Temperature fluctuations were abrupt. In the 2015 growing season, 185.7 mm
of precipitation fell, exceeding the long-term average by 64.5 mm; however,
temperature swings negatively impacted plant growth and development. The 2016
growing season was warm and excessively moist, with 215.6 mm of precipitation,
more than double the long-term norm.

Assessments and observations were conducted following the methodology
of state variety testing [8; 9; 10]. The contents of crude protein and crude fiber in
the grain were determined using the «Infralum» device [11].

Harvesting of the breeding nurseries was performed at full grain maturity of
the breeding lines, directly using a «Wintersteiger» combine.

Results and discussion

Based on field and laboratory evaluations, six breeding lines were selected. The
average vegetative period of the studied barley lines ranged from 78 to 81 days, with
most varieties averaging 78 days. The «emergence-heading» phase lasted between
37 and 40 days. Lines 7/06-1 and 2343 exhibited a longer vegetative period of 81 days.

Over the years of research, the average plant height was between 62 and
67 cm, with line 49/99-11 being the tallest at 67 cm. The highest average grain
weight per spike was observed in lines 89/83-5 and 31/44-72, each at 1.4 g. The
1000-grain weight among the selected lines varied from 53.5 to 56.0 g, with lines
2343, 99/99-8, and 89/83-5 having the largest grains (55.5-56.0 g).

Grain quality of the breeding lines remained relatively stable over the study
years. The average protein content in the top lines ranged from 17.6 % to 19.6 %,
with lines 49/99-11 and 31/44-72 showing the highest values at 18.9 % and 19.8 %,
respectively.
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Table 1 — Presents the yield structure elements and grain quality of the best barley
breeding lines in the competitive variety trial (2014-2016).

Plant Productive Grain Thousand Crf)Ltl(-(:iii Fiber

Breeding lines | height, tillering, | weight per | kernel p content,
. content,
cm pcs plant, g weight, g o %
0

49/99-11 67 3 1,3 53,5 18,9 4,17
7/06-1 62 2 1,3 55,0 17,8 3,88
89/83-5 65 3 1,4 56,0 18,3 3,36
99/99-8 64 2 1,3 55,5 18,5 3,40
2343 62 2 1,3 55,5 18,4 3,99
31/44-72 64 3 1,4 55,0 19,6 4,46
Tselinny 91 st. 60 2 1,2 455 18,5 3,74

The yield of the lines from 2014 to 2016 varied significantly due to contrasting
meteorological conditions during the study years. High yields were recorded in
2016, ranging from 2.4 to 2.57 tons per hectare, while low yields were observed
in 2014 (1.56—1.83 tons per hectare).

The average yield over the three-year study period was 2.0-2.17 tons per
hectare. The maximum yield increase compared to the standard was noted in lines
49/99-11 and 31/44-72, yielding 2.14-2.17 tons per hectare.

Table 2 — Average Yield and Vegetation Period of the Best Barley Breeding Lines
in Competitive Variety Trials (2014-2016)

Breeding lines Bre.eding Yield, gq/ha Average + to the
variety 2014y.|2015y. | 2016 y. | yield, g/ha | standard
49/99-11 nutans 18,1 21,1 25,1 21,4 +3,2
7/06-1 nutans 15,6 20,2 24,9 20,2 +2,0
89/83-5 nutans 18,0 21,2 24.8 21,0 +2,8
99/99-8 nutans 17,9 20,6 24,0 20,0 +1,8
2343 nutans 17,5 20,6 243 20,0 +1,8
31/44-72 medicum | 18,3 21,9 25,7 21,7 +3,5
Tselinny 91 st. | medicum | 14,2 18,6 23,5 18,2 -
HCPO5 - 1,6 1,9 2,2 1,9 -
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Conclusions

In conclusion, among the 20 studied breeding lines, six demonstrated the highest
yield increases compared to the standard. Notably, lines 49/99-11 and 31/44-72
showed significant yield gains of +3.2 and +3.5 centners per hectare, respectively.
These lines also exhibited high grain quality, with crude protein content ranging
from 18.9 % to 19.6 % and fiber content between 4.17 % and 4.46 %.

Line 31/44-72, possessing valuable agronomic traits, is being prepared for
submission to the State Variety Testing (GSI) and is recommended for commercial
cultivation.
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KA3AKCTAHHBIH COJITYCTIK-IIBIFBICHI KAFJTAMBIHIA

KA3JIBIK APITAHBIH COPT CBIHAT'BI

Maganaoa «llasnodap ayvin wapyawsiiviebl maoicipube
cmanyuscory KIUIC 2014-2016 scvinoapoazel 3epmmey Hamudicenepi
yevinwiazan. Kazagcmannvly conmycmik-ubi2blCblHOA&bl KOHbIP KYMOAK,
monvipakmapwinoa apnanviy 20 cenexyusinvly dcenici 3epmmenoi.
3epmmeydiy makcamor — aumMakmoly apMypii MOonblPaK-KIUMAmmsl,
JlcagoanunapelHoa mypakmel 6HiMm Oepyee Kabitemmi, ey OHIMOI
JicaHe Jicepeinikmi Jcazoainapea bevimoenzen copmmapobl AHbIKMAY
0010b1. Ocin-eny Kezeyoepinoezi MemeopooOSUsIbIK HCAOAUIAPObIH
aumapavikmai auslpMaublibIKMapbvl dHceninepoiy apmypii cmpecc
Gaxmopaapwina detiimoeny Kabinemmepin 6a2anay2a MyMKIHOIK OepOi.
3epmmey Homuoicenepi 6oubiHwa ocin-eHy Keseni 78—81 kyH, ocimiik
ouixmiei 62—67 cm acone 1000 0anniy maccacot 53,5-56,0 2 boramvin
anmel nepcnekmueansl Jceii aHblKkmanowvl. JJanoeci wuki npomeun
menwepi 17,6—19,6 %, an knemuamka menuepi 3,36—4,46 % xypaowl.
Yw ocvinoaser opmawa enimoinix 20,0-0en 21,7 y/ea Oeuin o3eepin,
cmanoapm kepcemxiwmepinen 1,8-3,5 y/ea acozaper 6010v1. 49/99-11
gicone 31/44-72 oiceninepi cmanoapmnen canbiCMulp2aHod ey JHeo&apvl
OHIMOLNIK ociMin kopcemmi (muicinwe +3,2 ocone +3,5 y/ea). Kozapot
wapyauvlivlk, KyHool Kacuemmepee ue 31/44-72 ocenici Memnexemmix
copm cvlHazbiHa bepyee dicane oHIpicKe enzizyee ycvinbliaovl. Ocviialiua,
JIcypeizineen 3epmmeyiep auMaKmazel apna CeleKYusColHblY MuiMOLIieiH
apmmulpyaa bIKNAal emin, Heepeiiikmi Jcagoaiiiapaa 6etiMoe2eH JHcoapbl
OHIMOI JICana COPMMAapMmeH ayslil ULapyaublibleblH KAMMAamMacsl3 emeoi.

Kinmmi ce3dep: apna, cenekyusnvlk giceniiep, OHIMOLIIK, OIHHIH
canacul, gecemayusinblk Kesey, Kazaxcmanuviy coamycmik-uiblebicol,
betiimoenziuimik, cmpecc (paxkmopnapul.
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COPTOUCIIBITAHHUE APOBOI'O AYMEHS B YCJIOBUAX
CEBEPO-BOCTOKA KA3AXCTAHA

B cmamve npedcmasnenvt pezyromamosl uUcciedo8aHUl 6
2014-2016 200ax TOO «Ilasnodapckuii CXOCy». Bvinu uccredosarul
20 cenekyuOHHbIX AUHUL AYMEHS HA KAWMAHOBLIX CYNeCUaHblX
nougax cesepo-eocmounozo Kazaxcmana. Llenvio pabomul Obi10
svisigNeHUe Hauboaee NPOOYKMUBHBIX U YCMOUYUBLIX K MeCTHbIM
VCI0BUSAM COPMOB, CHOCOOHLIX 0Oecneyums cmabduIbHblll Ypodcail 6
VC08UAX PA3HOOOPA3HBIX NOYEEHHO-KIUMAMUYECKUX 30H Pe2UOHd.
Memeoponozuueckue yciosus 6e2emayuOHHbIX NepUo008 OMAULAIUCD
SHAYUMENbHOU KOHMPACHHOCHbIO, 4MO NO360IUNO OYSHUNb A0ANMueHbLe
CROCOOHOCMU TUHULL K PA3TUYHBIM CIPeccosbim paxmopam cpedvl. 11o
Pe3VIbMamam uccie008aHull 6bl0eIeHbl WeCHb NEPCNeKMUGHbIX TUHULL C
secemayuoHHbIM nepuodom 78—81 demw, evicomoul pacmenuil 62—67 cm
u maccou 1000 3épen 53,5-56,0 2. Codeporcanue cvipoeo npomeuna 6
sepre cocmaesnsino 17,6-19,6 %, kiemuamku — 3,36—4,46 %. Cpeownss
ypoacarinocms 3a mpu 2oda eapwvupogana om 20,0 do 21,7 y/ea, umo
npesviuiaem noxkasamenu cmarnoapma Ha 1,8-3,5 y/ea. Jlunuu 49/99-11 u
31/44-72 nokazanu HaubOILULYIO NPUOAGKY VPOICAUHOCHIU K CIAHOAPNLY
(+3,2 u +3,5 y/ea coomeemcmeenno). Jlunus 31/44-72, obraoarowas
BbICOKUMU XO3AUCMBECHHO-YEHHLIMU NPUSHAKAMU, PEKOMEHO08AHA
ons nepedauu ¢ I'ocyoapcmeennoe copmoucnvlmanue u 6HeOpeHus 8
npouzeoocmeo. Takum 06pazom, nposedEéHHbie UCCIC008AHUSL CNOCOOCMEYIOM
NOBLIUEHUIO dPPEKMUBHOCTU ceNleKYUuU SUMEHS 8 peciloHe, 0becneuueas
CEeNbCKOXO3AUCNBEHHOE NPOU3BOOCBO HOBBIMU BbICOKONPOOYKMUBHBIMU
copmamit, a0anmupoO8aHHbIMU K MECIMHbIM YCIOBUSIM.

Kntouesvie cnosa: sumens, cenrekyuonnoie auHUY, NPOOYKMUBHOCTIb,
Ka4ecmeo 3epHd, 6e2emayuoOHHbILI nepuoo, cesepo-6ocmoynblil Kazaxcmarn,
A0anmuBHOCMb, CMPeccosble PaKmMopbl.
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IPABUJIA JJISA ABTOPOB
Hay4HBIX )kypHas10B HAO «TopaiirelpoB yHuBepcuTe™
«BecTtHuk TopaiirslpoB yHuUBepcuTeTa»,
«Hayka n Texunka Kazaxcrana»

PenaxkunoHHas KOJUTETHsl TPOCUT aBTOPOB PYKOBOICTBOBATHCS CJIETYIOIIUMHU
TIPaBUJIaMH TIPH TIOJITOTOBKE CTAThEH JUIsl OMyOIMKOBAHHMS B JKypHAJIE.

HayuHble craThu, mpejcTaBisieMble B PEeNaKLIHIO JKypHala JOJKHBI
OBITH OOpPMIIEHBI COrJacHO 0a30BBIM H3JAaTEILCKUM CTaHIapTaMm IO
oopmnennto crateir B coorBerctBur ¢ ['OCT 7.5-98 «XKypnaibl, cOopHUKH,
nHpOpMaMOHHble H3NaHus. M3narenbckoe opopmiieHUE ITyOINKyeMbIX
MaTepHajoBy, MPUCTATEHHBIX OMOIMOrpadMUeCKUX CIHCKOB B COOTBETCTBHUHU
cI'OCT 7.1-2003 «bubmuorpaduueckas 3anuch. bubnmorpaduueckoe onucanue.
OOmmue TpeboBaHMS M TIPaBHIIa COCTABICHUS.

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

* KonndecTBO cOaBTOPOB OHOMW cTaThu He Ooee 5.

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

* Hampaisiemble CTaThbU HE JOJDKHBI OBITH paHee OIyOJMKOBAHBI, HE
JIOIYCKaeTCsl Iocye/IyIoliee OnyOJIMKOBaHNE B IPYTUX XKypHaJlax, B TOM YHCIIE
TIepEeBOBI Ha JIPYTHE SI3BIKU.

* PenieHue 0 IPUHATHH PYKOIHCH K OITyOJIMKOBaHUIO TPUHUMAETCS 110CTIe
MIPOBEICHUS ITPOIIEAYPHI PELIEH3NPOBAHUSL.

* JlBoliHOE pereH3upoBaHue (clienoe) NpoBOIUTCS KOH(UICHINAIBHO,
aBTOPY He COOOIIAeTCsl UMS PELIEH3EeHTa, a PELIEH3EHTY — UMs aBTOpa CTAaThH.

* KBuTaHuust o0 orurate mpeaocTaBisieTCs MOCiie MPUHATHS CTaTel K
my6smkarn. CTOMMOCTb IMyOIMKauy B KypHaie cocrasisier 7000 (ceMb ThICSY)
TEHTe.

* noxropantam HAO «TopalirslpoB yHUBEPCUTET» M MHOCTPAHHBIM aBTOpaM
(Oe3 Ka3axCTaHCKUX COABTOPOB) ITyOIMKaIMS B )KypHase OecIiaTHO.

* Ecnmu cTaThsi OTKJIOHEHA aHTHIUIATHATOM WM PEIeH3EHTOM CTaThs
BO3BpaIlaeTCs aBTOPY Ha JOPaObOTKy. ABTOP MOXKET TOBTOPHO OTIIPABHUTH CTATHIO
Ha aHTUIUIarHaT WM pelieH3eH3npoBanne 1 pa3. OTBETCTBEHHOCTH 3a COAEpKaHHE
CTaThH HECET aBTOD.

Pepakiyst He 3aHMMAETCs IMTEPATYPHON M CTHIIMCTHUECKOH 00paboTKON
CTaThH.
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Crartbn, opopMiIeHHBIE C HApYLICHHEM TPeOOBaHMIl, K My0JIMKAIINU He
NMPUHUMAIOTCS M BO3BPAINAIOTCS AaBTOPaM.

JlaToil mocTymiIeHnsT CTaThbU CUMTAETCs JaTa IMOJIyueHUs pelakiueil ee
OKOHYATEJIFHOTO BapHaHTA.

Crarpy IyOJIMKYIOTCS 1T0 Mepe NOoCTyTuIeH s . XKy pHai popMHUpyeTcst HCXO/1s
U3 KonmdectBa He Oonee 30 craTeil B 0JJHOM HOMeEpeE.

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

Cpoku nmojgaum cTaTbu:

- nepBbIi kBapTan g0 01 despais;

- BTOpoii kBapTan 1o 01 mas;

- Tpetuil kBaprain g0 01 aBrycra;

- 4eTBepThIi kBapTai 10 01 HOSOpsI.

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

- IepBBII HOMED BBITycKaeTcs 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
HaIpaBJTh 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

Jliist moaun cTaThy Ha IyONMKAIMI0O HEOOXOANMO MPOWUTH PETHCTPAIHIO
Ha caiiTe.

ABTOp, KOTOPBIH BHEC HANOOIBIINI HHTEIUIEKTYJIbHBINA BKJIAJT B TIOJITOTOBKY
pykorucH (IIpH ABYX U 00Jiee COaBTOPaX ), SIBISIETCS] aBTOPOM-KOPPECTIOH/IEHTOM
1 06o3HaYaeTcs «*».

ABTOpBI N3 pa3HbIX YYeOHBIX 3aBEJCHUH yKa3bIBatoTcs udpamu 1,2.
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Jlist ocymiecTBICHUS POLEAYPhl JBOWHOTO PELEH3UPOBAHUS (CIIEHOTr0),
aBTOpaM HEOOXOIMMO OTIPABIIATH JIBA BApHAHTa CTAThU: MIEPBBIN — C YKa3aHHEM
JIMYHBIX JAHHBIX, BTOPOH — 0€3 yKa3aHuWs JIMYHBIX TaHHBIX. [Ipn HapymeHun
MIPUHIMIA CJIETIOTO PELICH3UPOBAHMUS CTaThsl HE PACCMaTPHBACTCA.

CtaTbH 10/LKHBI OBITH 0)OPMJIEHBI B CTPOIOM COOTBETCTBUHU
€O CJIeIYIOLMMH NPABUJIAMH:

— 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).

— OOmmit 00beM cTaTby, BKIIOYas aHHOTAINH, JIUTEPATypy, TaOIHUIIBL,
PUCYHKH M MaTeMaTHdeckue (popMyJbl JJOJDKEH COCTAaBISITH He MeHee 7 M He
0osiee 12 cTpaHuIl MEYATHOTO TeKCTa. [0 cmpanuy — 30 Mm co 8cex cmopoH
aucma; Texcm cmamou: xeenb — 14 nynkmos, capuumypa — Times New Roman
(01151 pycckoeo, anenuiickoz2o u Hemeyxkoeo sA3vikos), KZ Times New Roman (014
KA3aXCKO20 A3bIKA).

CTpyKTypa Hay4HOH cTaTbu BKJIIOYAET HAa3BaHHE, aHHOTAIMS, KJIIOYEBbIC
CJIOBA, OCHOBHBIC MOJIOXKEHHS, BBEACHUE, MaTepHalbl U METOABI, PE3YIbTaThl
1 00CyXJeHHUE, 3aKIF0UCHNE, BBIBOIBI, MH(POPMAIHIO O (PMHAHCHPOBAHUH (IIpH
HaJIMYMN ), CITIUCOK MCTIOJIb30BaHHBIX HCTOYHUKOB (JINTEPATYPBI) K KAXKJI0H CTaThe,
BKJIIOYasi POMAaHU3HPOBAHHBIHN (TPAHCIUTEPUPOBAHHBII JIATHHCKUM a(haBUTOM)
BapHaHT HAMMCAHMS HICTOYHUKOB Ha KUPHJLTHLIE (HA Ka3aXCKOM U PYCCKOM SI3BIKAX)
cem. TOCT 7.79-2000 (UCO 9-95) Ilpasuna mpanciumepayuu KUPULIO8CKO20
RUCLMA TAMUHCKUM ANPagUmMoM.

Cmamus 00191cHa codeprcamsp:

1. MPHTU (MexrocyIapCTBeHHBI PyOpHUKaTOp HAYYHOH TEXHHUYECKOU
nHpOpMAIIHN);

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

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

ABTOp, KOTOPHII BHEC HANOOJBINNI HHTEIUICKTYaIbHBIA BKJIA]] B [IOITOTOBKY
pykomnucH (IpH ABYX U 00Jiee COaBTOPAX ), SIBISETCS aBTOPOM-KOPPECTIOHIEHTOM
1 o6o3HaYaeTcs «*».

ABTOpHI U3 Pa3HBIX YUeOHBIX 3aBE/ICHUN yKa3bIBaloTCS nudpamu 1,2.

4. Adppunananus (opranmsanus (MecTo padoTsI (yueOnl)), CTpaHa, TOPOx) —
Ha Ka3aXxCKOM, PyCCKOM M aHIJIMMCKOM si3bIKax. [TomHble qanHbIe 00 addummanim
aBTOPOB MPE/ICTABIIIOTCS B KOHIIE JKYPHAIIA;
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5. HazpaHue cTaTbH JOJDKHO OTPaKaTh COJEPXKAHUE CTATbU, TEMATHKY
1 pe3yJbTaThl IPOBEJIEHHOTO HAYYHOTO HCCieloBaHMs. B Ha3zBaHWe crartbn
HEOOXOANMO BIOXKUTH HH(POPMATHBHOCTb, IPUBIICKATEIbHOCTD U YHUKAJILHOCTh
(ue 6omnee 12 cnoB, MPONMUCHBIMU OYKBaMH, SKUPHBIM MIPH(TOM, IO IIEHTPY, Ha
TpeX SA3BIKAX: PyCCKUMN, Ka3aXCKUH, aHTTTHICKHUN THO0 HEMEIIKU);

6. AHHOTAINs — KpaTKasi XapaKTePUCTHKA HA3HAUEHHMS, COIEPKAHUSL, BU/I,
(dopMBI 1 ipyrux ocodeHHOCTel cTaThu. JloJKHA OTpaskaTh OCHOBHBIE U IICHHBIE,
110 MHEHHIO aBTOPA, JTalbl, OOBEKTHI, NX MPU3HAKA U BHIBOABI IIPOBEICHHOTO
nccuenoBaHus. JlaeTcsi Ha Ka3aXCKOM, PYCCKOM M aHTJIMHCKOM JIN0O HEMEIIKOM
sI3bIKaX (PEKOMEHAyEeMBIii 00beM aHHOTAIMH Ha SI3bIKE ITyONNKAINN — HE MEHee
150, e 6omee 300 croB, KypCUB, HEKUPHBIM MIPUPTOM, KeTIb — 12 MyHKTOB,
a03aIHBI OTCTYII CJIeBa | crpaBa 1 cM, cM. oOpasen);

7. KiroueBble ¢j10Ba — HA0OP CIIOB, OTPAXKAIOLIUX COJCP/KAaHUE TEKCTa B
TEpPMHUHAX 00BEKTA, HAYYHON OTPACIIN U METOJIOB MCCIIEOBAHUS (OPOPMIISIOTCS
Ha TpeX SA3bIKaX: PyCCKHUN, Ka3aXCKUM, aHTTTHHCKIHA THO0 HEMEUKHUN; Kerab — 12
ITyHKTOB, KypCHB, OTCTYI clieBa-cripaBa — | cM.). PekoMeHyemMoe KOInIecTBO
KITFOYEBBIX CJIOB — 5-8, KOIMYECTBO CIIOB BHYTPH KITFOUEeBOH (hpa3sl — He Ooee 3.
3aJar0TCs B MOPSIIKE UX 3HAYUMOCTH, T.€. CAMOE BaXKHOE KITFOUEBOE CIIOBO CTAThU
JOJDKHO OBITH TEPBBIM B CITUCKE (CM. 00paser);

8. OCHOBHOI1 TEKCT CTAaTbH U3JIATacTCs B ONPENEICHHOM OCIEJ0BATEIbHOCTH
€ro 4acTel, BKIIIOUaeT B cels:

- BBengenue (a03ar 1 cM 1o 1eBOMY Kparo, KUPHBIMU OyKBaMH, Kerib — 14
myHKTOB). OOOCHOBaHHE BHIOOPA TEMBI, aKTYAIBHOCTh TEMBI WM IIPOOIIEMEL.
AKTyaJIbHOCTB TE€MBI ONPEEISIETCS OOIMM HHTEPECOM K H3YHIEHHOCTH JAaHHOTO
00beKTa, HO OTCYTCTBHEM MCUEPIBIBAIOIINX OTBETOB HA NMEIONIHECS] BOIPOCHI,
OHa JIOKa3bIBAETCS TEOPETUUECKON MIIM MPAKTUIECKOW 3HAYMMOCTBIO TEMBI.

- MaTepuajbl U MeTOAbI (ab3ay 1 cm no 1eeomy Kpaio, HcupHulmMu OYK6amu,
Keanb — 14 nynkmos). JI0IKHBI COCTOSITH M3 OTIMCAHNS MaTEPHUAIIOB M X0/1a pabOTEI,
a TaKKe IOJTHOTO ONMCAHUS NCIIOJIb30BAHHBIX METOOB.

- PesyabTathl u o0cy:xknenue (aozay I cm no nesomy Kparo, HUpHoiMU
oykeamu, keenv — 14 nynkmos). IlpuBoanTcs aHAIN3 1 00CYKACHHUE MOTYIESHHBIX
BaMH PE3yJIbTaTOB HcCIeaoBaHus. [IpuBOATCS BEIBOABI 110 TIOJTyYEHHBIM B X0/1€
HCCIEI0BaHMUsS PE3yIbTaTaM, PACKPBIBACTCSI OCHOBHAS CyTh. M 3TO OJIMH U3 caMbIX
Ba)XXKHBIX Pa3/JeyOB cTaTbu. B HEM HEOOXOIMMO MPOBECTH aHAIN3 PE3yJIbTATOB
cBOEH paboThHl M 00CYKIACHNE COOTBETCTBYIOLIMX PE3YJIbTATOB B CPaBHEHUHU
C MPEABIIY MU paboTaMu, aHAJIM3aMHU U BBIBOJJAMHU.

- Undopmanuio o punancupoBaHuu (MPU HATUYHHU) (abzay | cm no
JeBOMY Kpalo, HCUPHbIMU OyKeamu, Ke2ib — 14 nynkmos).
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- BoIBOaBI (ab3ay | cm no n1egomy Kparo, HcupHuimu OyKeamu, Kkeaib — 14
NYHKMO8).

BeiBozibl — 00001ICHNE M IOABECHNE NTOrOB padOTHl HA JAHHOM 3Tare;
MOATBEPKIEHNE HUCTUHHOCTH BBIJBUTAEMOTO YTBEP)KICHUS, BHICKA3aHHOTO
aBTOPOM, M 3aKJIIOYCHHE aBTOpa 00 M3MEHEHHH HAyYHOTO 3HAHUS C yUETOM
TIOJyYEHHBIX PE3yJIbTaTOB. BBIBOABI HE JOJDKHBI OBITH AOCTPAKTHBIMHU, OHU
JIOJDKHBI OBITh HCIIOJIB30BAHBI JIs1 000OIIEHUSI PE3YIIbTaTOB HCCIICIOBAHUS B TON
WA WHOW HAay4HOW 00JAaCTH, C OMUCAHUEM TPEIUIOKEHUI MM BO3MOKHOCTEH
JanpHeHIe paboThL.

- CnHuCoOK MCMOJIb30BAHHBIX UCTOYHHUKOB (JHCUPHBIMU OYKEAMU, Ke2lb —
14 nynkmos, 6 yenmpe) exniouaem 6 ceos:

CraTbs ¥ CIMCOK HUCTIOIb30BAHHBIX HCTOYHUKOB TOJKHBI OBITH O()OPMIICHBI
B cootBercTBUH ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cM. oOpaserr).

OuepesHOCTh UCTOYHHUKOB OMPEASNSAETCs CIEMYIONMM 00pa3oM: cHadasa
MI0CJIE/IOBATENIbHBIE CCBUIKM, T.€. HCTOYHHUKH Ha KOTOPBIE BBI CCBHITAETECH 10
OYEpEeTHOCTH B CaMOH CTaThe. 3aTeM JAOTOIHUTEIbHbIE HCTOUHNKH, HA KOTOPBIX HET
CCBIIOK, T.€. HCTOYHUKH, KOTOPBIE HE IMEITH MECTO B CTAaThe, HO PEKOMEH I0BAHbI
BAMHM YWTATENIAIM JUISl O3HAKOMJICHHS, KaK CMEXXHbIe paboThl, IPOBOJUMBIE
napaensHo. O0bpeM He MeHee 10, He Oonee yem 20 HAMMEHOBAaHUH (CCBUIKH H
MIPUMEYaHNs B CTaThe 0003HAUAIOTCSI CKBO3HON HyMepanuel M 3aKII04YaroTcs B
KBaJ[paTHBIC CKOOKH), IPEHUMYIIECTBEHHO 3a mocienaune 10-15 mer.

B citydae Hasmaus B CMCKe UCIOJIb30BaHHBIX ICTOYHUKOB PA0O0T Ha KUPHIIITULIE
(Ha Ka3aXCKOM M PYCCKOM SI3bIKaX ), HEOOXOANMO IPEICTaBUTh CITUCOK JIUTEPATYPBI
B JIByX BapHuaHTax: 1) B opurnHase (yKa3blBalOTCS HCTOYHHUKH HA PYCCKOM,
Ka3aXCKOM U AHTJIMHCKOM JTHOO HEMEIKOM s3bIKax); 2) pOMaHM3MPOBAHHBIN
BapHaHT HAIIMCAHNS ICTOYHUKOB Ha KUPHJIIHLIE (Ha Ka3aXCKOM 1 PYCCKOM S3bIKaX),
TO €CTh TPaHCIUTepaIus JaTHHCKUM andaButoM. cM. [OCT 7.79-2000 (MCO
9-95) IpaBuina TpaHCIUTEPALMN KUPHIUIOBCKOTO MMChMa JIATHHCKUM aJI(haBUTOM.

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

IIpaBuia TpaHcauTepaUUMu KHPHJIJOBCKOIO MHUCbMAa JATHHCKHM
anpaBUTOM.

Pomanu3uposannplit cnucok numepamypovl 00J1MCeH Gbl2AA0emy
cnedyrouium oopazom: aBTop(-bl) (TpaHCIUTEpaAlUs TUOO AHTIOS3BIYHBIN
BApUAHT NPU €ro HAJINYMKM) — Ha3BaHWE CTAaThbU B TPAHCIUTEPHUPOBAHHOM
BapuaHTe — [[EpeBOJ HAa3BaHHs CTAaTbU HA AHTJIIMHCKUH A3BIK B KBaJPAaTHBIX
CKOOKax| — Ha3BaHME Ka3aXOs3BIYHOTO JHOO PYCCKOS3BIYHOTO MCTOYHHMKA
(TpaHcIuTEpanys, 1100 aHTIINMICKOE Ha3BaHHE NIPH €T0 HAIMYNHU) — BBIXOJIHBIC
JIaHHBIE ¢ 0003HAYCHUSIMU HA aHTJIMHCKOM SI3BIKE.
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HNnmocTpanuu, nepedyeHb PUCYHKOB U MOAPHUCYHOUYHBIE HAANHCH K
HUM TPEJICTABIAIOT 110 TEKCTy CTaTbU. B 3JIEKTPOHHON BEpCHHM PUCYHKH U
wiTocTpanuu npeacrapisiiores B Gopmate TIF wimm JPG ¢ paspemenuem He
menee 300 dpi.

MaTtemaTtudeckue (popMyJIbl TOJDKHEI OBITH HaOpaHbl B Microsoft Equation
Editor (xaxxmas popmyna — oqiH 0OBEKT).

Ha ornenbHoii cTpanuue (nocje crarbu)
B hiekTpoHHOM BapHaHTe MPHUBOASITCS MOJHbIE MOYTOBLIE ajpeca,

HOMepa cay:ke0HOro u foMamnero TeaedoHoB, e-mail (Homepa TeiedpoHoB

JUISl CBSI3M PeIaKIUM C ABTOPAMU, He MYOJIUKYIOTCH);

Caenenusi 00 aBTopax

Ha ka3zaxckom si3bike Ha pycckom sa3bike | Ha anriuiickoM si3bike

Damuiust mst OTaecTBO (MOJHOCTHIO)

Z[OJ'DKHOCTB, y4eHas CTCICHb, 3BaHNUC

OpraHusanus

T'opon

Wunexc

Crpana

E-mail

Tenedon
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OBPA3EIl K O®POPMJIEHHIO CTATEM
MPHTU 14.37.27

DO xxxXXXXXXXXXXX

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

TEOPETUYECKASI MOLEJIb ®OPMUPOBAHUA
KOMIMETEHLUWA COLUMNAJIbHbIX PABOTHUKOB YEPE3
KYPCbI NNOBbILEHWUSA KBAJTIN®OUKALIUN

BoannoticmamvenpedcmasnenameopemuueckasmooensQopmuposaris
JIUHHOCMHBIX U NPOPECCUOHATBHBIX KOMNEMEHYUIL COYUATLHBIX PAOONHUKOB
uepes Kypcwbl NOGbIUICHUS KEATUQUKAYUY, KOMopas paspabomana 8
pamrax 0okmopckou  ouccepmayuu  «Dopmuposanue  TUUHOCMHBIX U
NPOGECCUOHATLHBIX KOMNEMEHYULl COYUATbHBIX PADONHUKOE Yepe3 KypCbl
nosvluieHus  Keanugukayuuy. B cmamve npusodsimcs nedazoeuteckue
acnekmvl  Camoco  npoyecca  MOOEIUPOBAHUs, NEPEeYUCTIeHbl  SManbl
nedazocuueckozo mooenuposanus. IIpedcmagnenvt  memooonocutecKul,
npoYeccyanvbHbiil (MEXHONOSUYECKULL) U UHCIPYMEHMATbHBILL YPOGHI MO0,
ee yemb, MOHUMOPUHE CHOPMUPOBAHHOCHIU UCKOMBIX KOMNemeHyull, d
maroice pesyromam. B Mooenu nokasanbl KOMREemeHmHOCMH b, TIUYHOCTHO-
OPUEHMUPOBAHHBILL U IPAKMUKO-OPUCHMUPOBAHHbIL  Neddeoeuyeckue
NOOX00bL, 3AKOHOMEPHOCTU, NPUHYUNDL, YCTIOBUSL (POPMUPOBAHUSL BLLOPAHHbIX
KOMNEMeHYull, ONUCAHbL IMANbl Peanu3ayuu npoyecca Qopmuposanis,
VPOSHU — CPOPMUPOBAHHOCIIU  TUYHOCHIHBIX U NPOGHECCUOHATLHBIX
Komnemenyuil. B pazoene npaxkmuueckoli noo20moeKu npeonacaemcs
UHMEPAKMUBHAs. paboma & cucmeme CiLyulamenb-npenooasameivb-epynna,
noOpazymesarowas UYHoe yuacmue Kanicooeo CReYUamcma, a marice
OMKpbIMUe Nepeoeo 8 Hauiell cmpare PecnyOnukanckoeo o6ujecmeeHHo2o
0bveouHerus «HayuoHanvholll ambSHC NPOQECcCUOHATBHBIX  COYUATLHBIX
pabomuukosy. [lannas modenvb noopazymesaem noo coboll OalbHeluee
COBEPUIEHCMBOBAHUE U  CAMOCTOSINETbHOE  PA3GUINUE  IUYHOCHHBIX U
NPOGECCUOHATLHBIX — KOMREMEHYUIl  COYUATbHbIX — PAOOMHUK08.  Dmo
nozeonsiem ysudemv 6 MOOelu IPHEKMUGHOCMb  peanu3ayuu  Kypcos
NOGblUeHUs! K8ATUGUKaYUU, opmbl, Memoobl U CPeocmea padomol.

Knrwouesvie  cnosa: meopemuueckas —Mooenb,  KOMRemeHyuu,
noGblUleHUe KEATUPUKAYUY, COYUATbHBLE PAOOMHUKU.
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BBenenne

ConuanbHas paboTa — OTHOCHTEIBHO HOBAs JIJISl HAIIICH CTPaHBI PO ECCHS.
[TosToMy OOydYeHHE CONHMANBHBIX PAOOTHUKOB HAa COBPEMEHHOMN CTaIuU HE
XapaKTePU3YeTCs HAMYHEM JOCTATOYHO pa3pabOTaHHBIX 00pa30BaTEIIBHBIX
CTaH/IaPTOB, KOTOPHIC HAXOAWIIN OBl BRIPAKEHHE B (DOPMYITHPOBKE ITEIar OTHYCSCKUX
LeNel, B CoJIepyKaHuU, TEXHOJIOTUAX YUEeOHOTO MpoIiecca.

Tpodondcenue mexkcma nyonuKyemoeo mamepuana

Marepuajibl 1 METOAbI

TeopeTndyeckuil aHajlu3 Hay4YHOU MCUXOJOTO-NEarorM4ecKo u
CIICIATBHOMN JINTEPATYPHI IO POOIIEMEe UCCIICIOBAHNS;, aHAJIH3 3aKOHOIATEIIEHBIX
U HOPMATHBHBIX TOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX 00BCIMHCHHUIA,
aHaJN3 COACPIKAHMS IPOTPaAMM KYPCOB ITOBBIIICHUS KBATU(UKAIIMN COIUATTEHBIX
PpabOTHHUKOB; MOJICIMPOBAHNUE; aHAIN3 U 0000IICHUE MEAarOrHYECKOr0 OIBITA;
OIPOCHBIC MeTOIbI (Oece/1a, aHKETUPOBAHKE, HHTCPBBIOMPOBAHNUE ); HAOFOICHHE;
aHaJ U3 NPOAYKTOB AESATEIbHOCTH CHEIUATMCTOB; IKCIEPUMEHT, METOIbI
MAaTEeMaTUYECKOM CTATUCTHKY IO 00pabOTKE IKCIICPUMECHTAIBHBIX JTAHHBIX.

Tpodondcenue mexkcma nyonuKyemo2o mamepuana

Pe3yabTaThl U 00cy:KI1€HUE

UroOBI HOHSITH 0OBEKTHBHBIC 3aKOHOMEPHOCTH, JISKAIIIUE B OCHOBE MpoIiecca
(hopMHUpPOBaHUS M PA3BUTHUS JIMYHOCTHBIX U MPO(ECCHOHATBEHBIX KOMIICTCHITHIA
COITMATIBHBIX PAOOTHUKOB Yepe3 KyPChI MMOBBIICHHS KBaTH(QUKAIMH, HEOOXO0IUMO
YETKO MPEACTABIATH ce0e MX MOJCTb.

Tpodondcenue mexkcma nyonuKyemo2o mamepuana

BriBoabl

TakuMm 00pa3oM, Ha OCHOBaHHWH BBINICH3JI0KCHHOI'O MOXHO CHACIaTh
BBIBOJT O TOM, YTO TEOpPETHYECKas MOJEIb (OPMHPOBAHUS JTUYHOCTHBIX H
PO ECCUOHATHHBIX KOMIETCHIUH COIMAIBHBIX PAOOTHHKOB Yepe3 KypChI
MTOBBIICHUS KBATU(UKAIIUH COJICPIKHUT TPU YPOBHS €€ peasi3alliu.

Tpodondcenue mexkcma nyonuKyemo2o mamepuana
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10 Aryn, E. M., Pfeifer, N. E., Burdina, E. 1. Teoreticheskie aspekty
professionalnoi podgotovki pedagoga XXI veka : ucheb. posobie [Theoretical
aspects of professional training of a teacher of the XXI century : textbook] [Text]
— Pavlodar : PGU im. S. Toraigyrov PSU; St.Petersburg. : GAFKiS im. P. F.
Lesgafta, 2005. — 270 p.

C. K. Aumuxkeesa
TopalifbIpOB YHUBEPCUTET,
Kazaxcran PecyOnukacer, [TaBmomap K.

BIJIIKTIJIIKTI APTTBIPY KYPCTAPBI APKbIJIbI
IJIEYMETTIK KbIBMETKEPJIEPAIH KY3IPETTIVIIKTEPIH
KAJIBIIITACTBIPYABIH TEOPUSIJIBIK MOJEJII

byn  maxanaoa «Oneymemmix Kvizmemxepiepdiy  OLMIKMiniciH
apmmuelpy — Kypcmapul — apKblibl  MYJALANblK  JicoHe  Kaciou
KY3ipemminikmepin — Kaislnmacmolpy» — OOKMOPAbIK — OUCCePmAayisl
weHbepinoe a3ipieneer OINIKMINIKMI apmmulpy Kypcmapuvl ApKblibl
aneymemmik KbizmemxepiepOiy mYaanblk HCaHe KICIOU KY3blpemminicin
KanelnmacmulpyoObly — mMeopusnblk  mooeni  ycuinwviizan. Makanada
MoOenvoey NpoyeciHiy nedazocuKanvlk dcnekminepi, neoacocuKanbi
MoOenvoeydiy  KezeHOepi  kenmipineeH. Modenvoiy — 20icHamanvix,
npoyeccyanovix (MexXHOLOLUANbIK) HCOHE ACNANmblK Oeqeelliepi, OHbIH
makcamul,  Kadcemmi  Ky3vblpemmepoiy —KaiblRmacy MOHUMOPUHZI,
conoau-ax Hamuoiceci ycvinvlizan. Mooenvoe Kysvipemminikke, mynzaga
basbimmangan Jicone NPAKMuKaea OALIMMAN2an nedazoSUKaIblK
macinoep, mayoaiean Ky3vipemmepoi KAIbINMAcmulpy 3aHObLILIKMAPDI,
Kaguoammapbl, wapmmapsl KOpcemineeH, Kalblnmacy npoyecin icke
acelpy Keseyoepi, dlceke dicone KaciOu Kyzvipemmepoiy Kaablnmacy
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Oeneetinepi  cunammanzan. Ipaxmukanvlk — OatiblHOLIK — OOMIMIHOE
MBIHOAYUWbI-OKbIMYULLI-MON  JICYUeciHOe — UHMEPAKMUSMi  ACYMbIC
YCUIHBIIAObL, Ol 9P MAMAHHBIY JceKe KAMbICYbIH, COHOAU-aK enimizoe
aneawksl «Kociou aneymemmix KvizmemxepiepOiy YAmmolk AlbAHCHLY
Pecnyonuxanvix  Koeamowvlx Oipnecmiciniy aublayvin  0i10ipedi. By
MOOenb dneyMemmiK Kbl3MemKepiepoin JHceKe HeaHe KICIOU KY3blpemmepiH
00an api owcemindipyoi owcone mayeiciz O0amwimyowl 0indipedi. Byn
MoOenvOe  OiniKminikmi — apmmelpy — KVPCMApulH — iCKe  acbipyObiH
MUIMOINIZIH, HCYMBIC HBICAHOAPHI, d0icmepi MeH KYpaioapbiH Kepyee
MYMKIHOIK 6epeoi.

Kinmmi cesdep: meopusnvi mooens, Ky3vipemminix, OLIiKminikmi
apmmulipy, aneymemmix Kplamemxepiep.

S. K. Antikeyeva
Toraighyrov University,
Republic of Kazakhstan, Pavlodar.

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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INYBJIUKAIIMOHHAS OTUKA
Hay4HBIX )kypHas10B HAO «TopaiirelpoB yHuBepcuTe™
«BectHuK TopaiirbIpoB YHUBEPCHTETAY,
«Hayka u Texnnka Ka3zaxcrana», «Kpaesenenue»

Penakumonnas xomnnerus HaydHbIX kypHanoB HAO «Topaiirsipos
yHuBepcuter» «BecTHuk TopalireipoB yHuBepcureTa», «Hayka u TexHuka
Kazaxcrana» n HayuHO-momyJsipHOro xypHaina «KpaeBenenue» B cBoei
podecCHOHANBHON JesATEIbHOCTH NPUIEPKUBAIOTCS MPUHIUIIOB U HOPM
[Ty6nukanoHHO# 9THKM HayIHBIX KypHaIoB HAO «TopaiirslpoB yHUBEpCHUTETY.
[TybnukannonHas 5THKa pa3paboTaHa B COOTBETCTBHH C MEXJyHapOIHOU
myOIMKaMOHHON 3THYecKkoi HopMol KomuTera 1o myOnMKalMOHHON ITHKE
(COPE), sTryecknmMu NpHHIMIIAME TyOauKaun xypHainoB Scopus (Elsevier),
Konekca akanemuueckoit uectnoctt HAO «TopaiirbIpoB YHUBEPCUTET.

[TyOnukanuoHHast ATHKa ONpeaessieT HOPMbI, IPUHIUIBI U CTaHAapThI
9TUYECKOT0 MOBEJEHUSA PEJaKTOpPOB, PEIEH3EHTOB U aBTOPOB, MEPHI IO
BBISIBJICHUIO KOH(DJIMKTOB MHTEPECOB, HEITUYHOTO MOBEJCHUS, HHCTPYKLIUH 110
U3BATUIO (PETPAKIMN), UCIIPABICHHUIO U OTIPOBEPKEHUIO CTATHH.

Bce yyacTHuKEN nporiecca myOIMKauK, COOI0NAI0T IIPHHIHITEI, HOPMBI 1
CTaH/IapThI ITyOINKAI[IOHHOW 3THKH.

KavecTBO Hay4HOrO jXypHaia 00ecreYnBaeTCsl HCIOIHEHNEM MPUHIIUTIOB
YYaCTHUKOB Ipollecca MyOJuKaluu: paBEHCTBA BCEX aBTOPOB, MPUHIUII
KOH(HIEHIINaTbHOCTH, OJHOKpPATHBIE MyOJIMKallMK, aBTOPCTBA PYKOIHCH,
MPUHLUI OPUTHHAIBHOCTH, NPUHIMII MOJTBEPKACHUS UCTOYHUKOB, IPUHIIUII
00BEKTHBHOCTH U CBOEBPEMEHHOCTH PELICH3UPOBAHHSI.

[TpaBa u 00513aHHOCTY WICHOB PeJaKIIMOHHBIX KOJUIETHH HAYYHBIX )KYPHAJIOB
HAO «Topaiirsipos yHusepcutet» «BecTHuk TopalirbIpoB YHHBEPCUTETA,
«Hayxka 1 Texnuka Ka3zaxcrana» 1 HayqyHO-IOIYJISIPHOT O XKypHaia «KpaeBeneHue
onpenenensl CO CMK 8.12.3-20 VnpaBieHHe Hay4HO-U31aTEIbCKOU
JIeSITEIbHOCTBIO.

IIpaBa u 003aHHOCTH PeLCH3EHTOB

Peniensentsl Hay4HbIX )KypHanoB «BecTHuk TopalrslpoB yHUBEPCUTETAY,
«Hayxka u rexnuka Kaszaxcranay, HayuHo-nomnyJsipHoOro sxypHania «Kpaesenenue»,
00s13aHBI PYKOBOJICTBOBATHCS IIPUHIIUIIOM OOBEKTHBHOCTH.

[lepconanpHasi KpUTHKA B ajpec aBTOpa(-0B) PYKOIHMCH HEIONYCTHMA.
PerieH3eHT JODKEH apryMEHTHPOBATh CBOM 3aMEYaHUsl 1 00OCHOBBIBATH CBOE
pelleHne 0 NPUHATUH PYKOIMCU WU O €€ OTKJIIOHEHUH.
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HanmoHanbHOCTb, peNTUTHO3HAs IPHUHAIEKHOCTD, TIOJTMTHYECKNE HITH HUHbIE
B3MJISABI aBTOPA(-0B) HE JIOJKHBI IIPHHUMATHCS BO BHUMAHUE U YUUTHIBATHCS B
IIPOIIECCEe PEIICH3NPOBAHUS PYKOIIUCH PELICH3EHTOM(-aMH).

DKcnepTHas OLIEHKA, COCTaBJICHHAs! PELICH3EHTOM JI0JDKHA CIIOCOOCTBOBATH
MIPUHSATHIO PELICHUs pPelaKiiell 0 MyOIUKaUK U IIOMOTaTh aBTOPY yIyUIINTh
PYKOIIHCH.

Pemienne o pUHATHAY PYKOIINCH K ITyOJIMKaI|H, BO3BpAIIEHUE PAOOTHI aBTOPY
Ha U3MEHEHHE WK JOpadOoTKY, THO0 peleHne 00 OTKIOHEHUH OT ITyOIHUKAIHH
MIPUHUMAETCS PEJIKOJUIETHEH OITMpasich HA PE3yIbTaThl PEIIEH3NPOBAHMS.

[IprHIUT CBOEBPEMEHHOCTH PELEH3MpOBaHUs. PeneH3eHT o0s13an
MPEAOCTaBUTh PELIEH3UIO B CPOK, ONPEEIICHHBIN peJakLiiell, HO He no3/iHee 2-4
HeJIeIb C MOMEHTA ITOJTyYeHHsI PyKOIHCH Ha perieH3uposanue. Ecim paccMoTpenne
CTaThH 1 ITOJIrOTOBKA PELICH3MN B HA3HAUCHHBIE CPOKH HEBO3MOKHBI, TO PELICH3EHT
JIOJDKEH HEe3aMeUINTEIbHO YBEJOMHUTE 00 3TOM Hay4HOTO pelaKTopa.

PenieH3eHT, KOTOPBII CUNTAET, YTO €T0 KBATN(HUKAINS HE COOTBETCTBYET JIOO
HEI0CTaTOYHA JUIS IPUHATHS PEIICHUS IPH PELCH3UPOBAHNH IIPEI0CTaBICHHON
PYKOIINCH JOJDKEH HE3aMeITUTENFHO COOOIIUTL 00 TOM HAYYHOMY PEIaKTopy
1 OTKa3aThCsl OT PELICH3NPOBAHUS PYKOIUCH.

[MpuHIMI KOH(GHUAESHINATLHOCTA CO CTOPOHBI PEIEH3eHTa. PyKomucs,
MIPEOCTABICHHAs PELEH3CHTY Ha PEIEH3UPOBAHUE JOJKHA PaccMaTpHUBATHCS
KaK KOH(HUICHINATBHBIN MaTeprai. PeieH3eHT nMeeT IpaBo IEMOHCTPUPOBAThH
ee 1/ 00CyKAaTh ¢ IPYTHMH JINIIAMH TOJIBKO ITOCIIE MOTy4eHHsI THCEMEHHOTO
pa3pemeHns Co CTOPOHbBI HAYYHOTO PeIaKTOpa KypHaa |/Uin aBTopa(-oB).

Wudopmanns n naen HayqHOH pabOTBI, ITOIYUSHHBIE B XO/I€ PELIEH3UPOBAHMS
n obecrieueHns MyOINKAIMOHHOTO TPOLIECca, HE TOJDKHBI OBITh NCIIOJIb30BAHBI
peneH3eHTOM(-aM1) [UISl TTOJTyYEeHUS TMIHON BBITOIBI.

[TpyHIMO MOATBEPKACHHUS MCTOYHHMKOB. PEIeH3eHT AOIKEH yKas3aTh
Hay4HbIE pa0OTHI, KOTOPBIE OKa3ajdu Obl BIUSHUE HA HCCIEI0BATEIbCKUE
pe3ysbTaThl pacCMaTPUBAEMON PYKOIMCH, HO HE OBUINM MPHUBEIECHBI aBTOPOM(-
amn). Taxoke peneH3eHT 00s3aH 00paTUTh BHUMAaHUE HAYYHOTO PEIAKTOpa Ha
3HAYUTEITBHOE CXOJICTBO MJIM COBIIAZICHUE MEX/Y PACCMATPUBAEMOH PYKOIHCHIO
1 paHee OIyOJIMKOBaHHON pabOTOH, 0 KOTOPOM €My N3BECTHO.

Ecnn y peneH3eHTa MMEIOTCS JIOCTaTOYHBIE OCHOBAHMS I10JaraTh, 4TO
B PYKOITUCH COIEPIKHUTCS IUIaruaT, HEKOPPEKTHBIC 3aMMCTBOBAHUS, JIOKHBIC
n c(haOpuKOBaHHBIE MaTEPUATBl WIM PE3YIbTATHl UCCIEIOBAHMS, TO OH HE
JIOJDKEH JIOIYCTHTh PYKOITUCH K ITyOJIIMKAuy U MPOMH(GOPMUPOBATH HAYYHOTO
peIaKkTopa KypHalla O BISIBJICHHBIX HapYIICHUSX IPUHINIIOB, CTAHAAPTOB U HOPM
My OMMKAIMOHHON M HAYYIHOW ATHUKH.
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IIpaBa u 00A3aHHOCTH aBTOPOB

[TyGmukannoHHast aTUKa Oa3upyeTcsi Ha COOIIOICHUH ITPUHIIATIOB!

OHOKPaTHOCTB ITyOJIMKaLiK. ABTOP(-bI) TapAaHTHPYIOT YTO IPE/ICTaBICHHAS
B PENaKLHUIO PYKOIIMCh CTaTbu He Oblila IpeAcTaBiIeHa Al PACCMOTPEHUS B
npyrue uzganus. [IpencraBieHne pyKoONUCH €IMHOBPEMEHHO B HECKOJIBKUX
YKypHaJIaX/U3IaHUSIX HETIPUEMIIEMO U SIBIISIETCS TpyOBbIM HapyIIEHUEM IIPUHIIUTIOB,
CTaH/IapTOB ¥ HOPM ITyOJIMKAIIMOHHOM ATHKH.

ABTOpcTBO pykKomucu. JIumo, KoTopoe BHECIO HAMOOIbIIHN
MHTEIUIEKTYJIbHBIN BKJIAJ B TIOI'OTOBKY PYKOITHCH (TIpH ABYX 1 O0JIee CoaBTOpax),
SIBJISIETCSI aBTOPOM-KOPPECIIOH/ICHTOM M YKa3bIBAETCSI IEPBBIM B CITUCKE aBTOPOB.

Jiist Kaxk 1ol cTaTh JOJKEH OBITH Ha3HAUEH aBTOP VISl KOPPECHIOHICHIINH,
KOTOPBIH OTBEYAET 3a MOJrOTOBKY ()MHAIIBHOI BEPCHUH CTaThH, KOMMYHHUKAIINIO
C peIKoJUIeTHEl, TOIKEH 00eCTIeYHTh BKITIOUEHHE BCEX YYACTHUKOB HCCIIEI0BAHNS
(TIpM KOJIMYECTBE aBTOPOB 00JI€e OHOTO), BHECIIIMX B HETO JOCTATOYHBIN BKIIAJI, B
CIIMCOK aBTOPOB, & TAKXKE MOIYYHUTh 0JI00PEHIE OKOHYATEILHOH BEPCHHU PYKOITHCH
OT BCEX aBTOPOB JJIsI TIPEJICTABIICHHS B PeJaKInIO st Ty Onukanmu. Bee aBTopsl,
yKa3aHHbIE B PyKOIIMCH/CTaThe, HECYT OTBETCTBEHHOCTD 32 COJICpPIKaHHUE PAOOTEHI.

[TpuHIMIT OPUTHHAIBHOCTH. ABTODP(-bI) TapaHTUPYET, YTO PE3YJIbTATHI
WCCIIeIOBAHMSI, N3JI0’KEHHBIE B PYKOIHCH, TIPEJICTABIISIIOT COOO0I OPUTHHAIBHYIO
CaMOCTOSITENIbHYI0 paboTy, U He Cojep’KaT HEKOPPEKTHBIX 3aMMCTBOBAaHHN U
IUIaruaTa, KOTopble MOTYT OBITh BBISIBIICHBI B TIpOLIECCE.

ABTOpBI HECYT OTBETCTBEHHOCTH 32 ITyOJMKAIMIO CTaTed C MpU3HAKaMU
HEITUYHOTrO TMOBEJACHHUs, IIarnara, camolularuara, CaMOIUTHPOBAHHUS,
¢danpcupukanum, Gpabpukanum, UCKaKEHUSI JaHHBIX, JOKHOTO aBTOPCTBA,
JQyOIMpOoBaHMsl, KOH(IIMKTA HHTEPECOB U OOMaHa.

[TpuHOMT MOATBEP>KACHHUSI NCTOYHUKOB. ABTOP(BI) 00513yeTcsl IPaBUIILHO
yKa3blBaTh HAay4HbIE W WHBIE MCTOYHHMKH, KOTOpPBIE OH(M) MCIIONB30BaI(M) B
X0Jle UCCJIeJIOBaHMA. B cilydyae MCIIOJIb30BaHUsI KaKUX-THO0 YacTel dyKUX
paboT W/MiKM 3aMMCTBOBAHUS YTBEPKICHUH JPyroro aBTopa(-oB) B PYKOIUCH
JIOJDKHBI OBITh yKa3aHbl OMOIHOrpaduiecKie CChUIKU C yKa3aHueM aBTopa(-oB)
nepBoucrouHuka. Madopmanus, moaydeHHas ©3 COMHUTEILHBIX HCTOYHUKOB HE
JIOJDKHA MCIIOJIb30BaTHCS MPU 0(OPMIICHUH PYKOITHCH.

B cnywae, eciim y pelieH3eHTOB, HAYYHOI'O pelakTopa, 4djaeHa(-oB)
PEIKOJUIETUH XKypHaJla BO3HUKAIOT COMHEHHS! MOJUIMHHOCTH U JIOCTOBEPHOCTH
PEe3yJIbTaTOB UCCIIEA0BAHUSL, aBTOP(-bl) IOJDKHBI ITPEAOCTABHUTh JIOTIOTHUTEIBHBIE
MaTepuaibl JJIsl MOJTBEPKACHUS PE3yJIbTaTOB MM (haKTOB, IPUBOJIUMBIX B
PYKOIIHCH.

Hcnpasienne ommbOK B mpouecce myonukanuu. B ciaydae BBISIBICHUS
OIIMOOK ¥ HETOYHOCTEH B paboTe Ha JII000# cTa U My OIMKaIMOHHOT O TIpolecca
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aBTOPBI O0SI3YFOTCS B CPOYHOM MOPSIKE COOOIIUTH 00 3TOM HAYyYHOMY PEIAKTOPY
1 OKa3aTh IIOMOLIb B YCTPAHCHUH WIIM MCIPABJICHUU OIIMOKH JUIS 1Ty OJIMKALHH
Ha caiiTe xypHana cooTBeTcTBytomei koppekun (Erratum mmm Corrigendum)
C KOMMeEHTapHusMu. B ciaydae oOHapyxeHHs IpyObIX OmHOOK, KOTOpHIE
HEBO3MOXXHO HCIIPABUTH, aBTOP(-bI) JOJDKCH(-HBI) OTO3BaTh PYKOIHCE/CTaThIO.
[TpuHIMO coOnrogeHus] MyOIMKALMOHHON STUKH. ABTOPBI 00sS3aHEI
COOJIONATh ITHYECKUE HOPMBI, CBSA3aHHBIC ¢ KPUTHUKON WM 3aMEYaHHSIMHU B
OTHOLICHHUH HCCIICIOBAHNUI, & TAKXKE B OTHOLICHUH B3aUMOJACHCTBHS C pelakiueit
[0 MOBOJY peleH3HpoBaHUsA M MyOnukanuu. HecoOuroneHne 3THYECKHX
NPUHIMIIOB ABTOPAMHU PACLICHUBACTCS KaK Ipy00e HapyIIeHHE STHKH ITy OJIMKaLHi
U JIaeT OCHOBAHUE IS CHATHUS PYKOITUCH C PELICH3UPOBAHMS U/HIIU Ty OJIMKALIUH.

Konduukr uaTepecon

KoHdmuKT mHTEpecoB, 1o onpeneneHnio Komurera o myOauKaMOHHOH
stuke (COPE), 310 KOH(IMKTHBIE CUTyallld, B KOTOPBIX aBTOPHI, PEIICH3CHTHI
WM YWICHBI PEJIKOJUICTUH UMEIOT HEsIBHBIC HHTEPECHI, CIIOCOOHBIC MOBIUATH Ha
UX CYXICHHS KacaTellbHO IyOiHuKyemoro marepuana. Kondaukr nHTepecoB
MOSIBIISICTCS, KOTJa UMEIOTCS (DMHAHCOBBIC, JINYHBIE HJIM NPO(heCcCHOHATIbHBIC
YCIIOBHS1, KOTOPBIE MOT'YT IOBJIUSATH Ha HAYYHOE CY)KICHHE PELICH3CHTa 1 YICHOB
PEIKOJUIETHH, M, KaK pe3yjbTaT, Ha PEIICHHE PEAKOJIICIMH OTHOCHTEIBHO
yOJIHMKALIMU PYKOIHCH.

['aBHBINA peaKTOp, YWICH PEIKOJUICT U U PELIEH3CHTHI JJOJKHBI OIIOBECTUTD
0 IIOTCHLHAITEHOM KOH(IHMKTE HHTEPECOB, KOTOPBI MOXKET KaK-TO IMOBJIUSATH HA
pelIeHre peIaKIHOHHON Koulernn. YIIeHbI peIKOIerHH JOJDKHBI OTKa3aThCs
OT PaCCMOTPEHUS] PYKOIIMCH, €CIIH OHU COCTOAT B KaKHX-JIMOO KOHKYPEHTHBIX
OTHOLICHHSX, CBA3aHHBIX C Pe3YJIbTaTaAMH UCCIICI0BAHUS aBTOPA(-OB) PYKOIIHCH,
00 eCITH CYIECTBYET HHOI KOH(IIMKT HHTEPECOB.

[Tpu mogave pyKoMUCH Ha pACCMOTPEHHE B XKYpHAI, aBTOP(-bI) 3asBIISET O
TOM, 4TO B COJICP)KaHUH PYKOIUCH yKa3aHbl BCE HCTOYHHMKH (DHHAHCHPOBAHUS
HCCIICIOBAHNS; TAKKE YKa3bIBAIOT, KAKHE MIMEIOTCS KOMMepUecKie, UHaHCOBBIE,
JIMYHBIC WU PO ECCHOHATIBHBIE (hPaKTOPbI, KOTOPBIE MOTIIU ObI CO3/1aTh KOH(IUKT
HUHTEPECOB B OTHOLICHHUH IIOJAHHOIN Ha pacCMOTpeHHe pykomucu. ABTOp(bl), B
MIChME ITPU HAJIMYUH KOH(IMKTa HHTEPECOB, MOTYT yKa3aTb YUCHBIX, KOTOPbIE,
10 MX MHEHHIO, HE CMOT'YT OOBEKTHBHO OLICHUTh UX PYKOITHUCE.

PerieH3eHT He I0JDKEeH paccMaTpUBaTh PyKOIHCH, KOTOPBIE MOTYT HOCITYKHUTb
NPUYMHAMU KOH(JIHKTa UHTEPECOB, IPOUCTEKAIONIEI0 U3 KOHKYPEHIUH,
COTPYAHHYECTBA HJIM JAPYTHX OTHOLICHUI ¢ KeM-TMOO0 M3 aBTOPOB, HUMEIOIINX
OTHOLIECHHE K PYKOIIHCH.
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B ciayvae Hannuus KOH(IMKTAa HHTEPECOB C COACPIKAHHEM PYKOIHUCH,
OTBETCTBEHHBIN CEKpeTapb NOJDKEH M3BECTUTH 00 3TOM IJIABHOTO PEIaKTopa,
TIOCJIE Yero PYKOIIUCH IIePEACTCs APYTOMY PELICH3CHTY.

CyniecTBoBaHHE KOH(IMKTa HHTEPECOB MEXKIy YUYaCTHUKAMH B IIpoLiEcce
pPacCMOTPEHHUS U PELICH3UPOBAHMUS HE 3HAYHT, YTO PYKOIHCH OYAET OTKIOHEHA

Bcem 3aMHTEpeCOBaHHBIM JIHLAM HEOOXOANUMO, IO Mepe BO3MOKHOCTH
n3beratb BOSHHKHOBEHUS KOH(JIMKTAa MHTEPECOB B JIOOBIX BapualHMsIX Ha
BCEX JTanax IyOoiuKanun. B ciryyae BOSHHKHOBEHHS KaKoOro-JIMOO KOH(IMKTA
HUHTEPECOB TOT, KTO OOHAPYXKHJ 3TOT KOHQIIUKT, JOJDKEH HEe3aMeIIHTEIILHO
OIOBECTUTH 00 3TOM pelnakuui. To jxe camoe KacaeTcs JOBIX IPYrHX
HapyLIeHHH IPUHIMIIOB, CTAHAAPTOB M HOPM ITyOIMKALOHHON ¥ HAyYHOM STHKH.

HesTnunoe noseaenue

HesTH4yHBIM NOBEICHHEM CUUTAIOTCS JCHCTBUS aBTOPOB, PEIAKTOPOB
WIN U3JATeNsl, B Cllydae CaMOCTOSTEIBHOrO MPEJOCTABICHUS PELEH3HH Ha
COOCTBEHHBIC CTaTbH, B CJIy4ae JOTOBOPHOTIO M JIOKHOTO PELCH3UPOBAHMS, B
YCIOBUSX OOpAIleHHs K areHTCKUM yCIyraM sl IyOJHKaluH pe3ysIbTaToB
Hay4YHOTO WCCJIeJIOBAHUs, JDKEABTOPCTBA, Qanbcuduranuu U Gpadpuxannu
pe3yIbTATOB UCCIEIOBaHU, MyOINKAIM HETOCTOBEPHBIX MCEBIO-HAYYHBIX
TEKCTOB, IIepejayi PYKOIHCH CTaTell B IpyTrUe N3aHus 0e3 pa3peLieHus aBTOPOB,
nepeiayd MaTepualioB aBTOPOB TPETHUM JIMIIAM, YCIOBHS KOTZa HapyLICHBI
ABTOPCKHE [TPpaBa M MPHHIUITEI KOHQUICHIIMATBHOCTH PeaKIIHOHHBIX IIPOLIECCOB,
B CJIly4ae MaHHITYJISILHHU C HUTHPOBAHUEM, IUIATHATOM.
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