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B 0annoti cmamve paccmampusaemcs paspabomka u anpobayus
UHIICEHEPHOU MAMEMAMU4ecKol Mooeau npoyecca noaumepusayuul
nponuiena, peaiusyemozo 6 KAacKaoHou cucmeme peakmopos uoeanibHo20
cemewenuss CSTR ¢ nocnedosamenvHou nepedaueii MamepuaibHulX U
IHEP2eMUeCKUX NOMOKO8 MeNCOY OMOENbHLIMU CIYNEHAMU KACKAOd.

OcHosHas yenv — UCCIe008AHUS 3AKAI0UACHCA 6 NOJYUeHUU
B80CNPOU3BOOUMOU OUHAMUYECKOU MOOeNU, NPeOHA3ZHAYEeHHOU 0/
0emanbHO20 AHANU3A KUHEMUKU PeaKyuu U NepexooHbIX Npoyeccos Ha
Kaxcooll cmaouu Kackaoda, a makoice 0Jisi 000CHOBAHUSL NAPAMEMPO8
u nocneoyrouen nacmpouku cucmem ITH/[-peeyruposanus Kirouesbix
MeXHON02UYEeCKUX NOKA3amenel npoyeccad.

Cooepoicanue cmamovu oxeamovigaem NOCMAHOBKY 3d0ayU
MOOENUPOBAHUS U POPMYIUPOBKY HNPUHAMbBIX OONYUeHUll, 861600 U
npakmuieckoe npuMeHeHue MamepualbHulX U meniosvix 0aiaHCHbIX
VpagHenull, oOnucanue YUCIeHHOU pearu3ayuy Mooelu U UCHOIb3YeMbIX
Mmemo0oos pacuéma. Ilpedcmasnenvl pe3yibmamvl UMUMAYUOHHOZO
MOOenUpo8anuss Mpéxcmynenuamozo Kackaoa peakmopos D-3200 —
D-3201 — D-3203 c nodpodrou unmepnpemayueti nOIy4eHHbIX 2papuKos,
ounamuuecxkux zasucumocmei u KPI-mabnuy. Taxoce obcyscoaemces
NPUMEHUMOCHb PA3PADOMAHHOU MOOEIU OIS 340aY UHHCEHEPHO20 AHAIU3A
U YNpagieHus mexHoI02U4ecKum npoyeccom.

Buvi600b1 cmamovu ceo0amcesi kK n00mMeepAHcOeHUrO A0eK8AMHOCHU
Mmoo0enu Ons npo2HO3UPOBAHUSL KOHYEHMPAYUOHHBIX npoduietl u
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npoU3B00UMENbHOCMU NO CMYNEHAM Kackadd, GbloeieHUuio
DYHKYUOHANLHOU POIU KAHCOOU CIAOUU U OEMOHCMPAYUY NPAKMUYECKOT
NpU2OOHOCHU MOOEU OJIst HACMPOUKU KOHMYPO8 Pe2yIupo8anus Oe3 pucka
eMeuamenbcmea 6 pabomy peanbHO20 NPOMbIUIEHHO20 00bEeKMA.

Knrouesvie cnosa: nonunponunen, nonumepusayus nponunena, CSTR,
KACKao peakmopos, mamemamuieckoe mooenuposanue, kunemuxa, ITHJ[-
pezyauposanue, OUHAMUKA NPOYECCOB.

O06o03HaYeHUS

Ci — KOHIIEHTpaNusi KOMIIOHEHTA 1, MOJIB/JI

I — CKOPOCTh PEaKITHH, MOJB/(JIC)

k — xoHCTaHTa CKOpOCTH peakmny, 1/c

E. — sHeprus akruBarum, J[>/Momb

T — BpeMsi IpeObIBaHMS, C

F — 00BEéMHBII pacxom, J1/c

V — 00BEM peakrtopa, 1

X — cTeneHb MpeBpaIECHUs

STY — ynmenbHast MPOU3BOAUTEINEHOCTS, I/(J1°1)

Brenenne

[MonumponusieH OTHOCUTCS K YNCITy Han0oJIee MacCOBBIX M BOCTPEOOBAHHBIX
MTOJIMMEPOB, MPOU3BOACTBO KOTOPOTO B TOCIEIHHUE JCCATHICTHS CTAOMIBHO
pacTéT. B mpoMBIIUICHHOM TPAKTHKE MOINMEPU3ALIHS ITPOITMIICHA OCYIIIECTBIISIETCS
B Kackajie peakTopos ujeanbHoro cMemennss CSTR, 4To MO3BOISIET MOITAITHO
YIPaBIATH NTyONHOM KOHBEPCHN MOHOMEPA 1 PETyYINPOBATH CBOHCTBA KOHEYHOTO
mpoaykra. CII0)KHOCTB Ipoliecca 00yCIIOBIICHA HETTMHEHHOM KHHETHKOM, BRICOKOM
YyBCTBUTEIBHOCTBIO K TEMIIEPAType, COCTABY CHIPbS M BpEMEHHU NMPEOBIBAHMS, a
TaKKe HEOOXOANMOCTBIO CTPOTOTO COOMIOACHHS TEXHOIOTMUECKUX PEKUMOB [ 1;2].

OpnuM n3 Hanbosee 3 PEeKTHBHBIX HHCTPYMEHTOB aHAJIM3a M ONTUMH3AIIN
TIOOOHBIX MPOIIECCOB SABILIETCSI MATEMAaTHUECKOE MOJIETMpOBaHue. [lnHaMuIecKne
MOJIETTM PEaKTOPOB MO3BOJISIOT MIPOTHO3UPOBATH KOHIICHTPAIMOHHBIE Ipodnmm
KOMIIOHEHTOB, OIICHUBATh ITEPEXOAHBIE ITPOLIECCHI, ONPE/IEIISITh UyBCTBUTEIILHOCTD
K BO3MYIICHUSM U (OPMHUPOBATH PEKOMEHAAIMHU 110 HACTPOHKE CHCTEM
aBTOMATHUYECKOTO yIPABICHUS.

B nanno# paboTe paccmarpuBaeTcs pa3paboTKa MOJENHU MOJMMEPU3aIn
nponuieHa B kackage Tpéx peakrtopo D-3200, D-3201 u D-3203. Monens
6azupyeTcsi Ha CTENIEHHOW KHHETHKE C NCTIONb30BAaHNEM MaTEPHAIIBHBIX OalaHCOB
1 pemraeTcs YUCIeHHBIMA MeTosaMu. OCHOBHOE BHUMAHHE Y/IEIEHO aHAIN3y
TIEPEXOJHBIX MPOIIECCOB, PACTIPEACICHNIO (DYHKIIMH MEXy CTaJusIMA KacKaaa
1 IPUMEHUMOCTH MoAeH st ooocHoBauus [T /I-perymipoBanus.

6
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Marepuajbl 1 METOABI

ITocraHOBKA U TOMyIIEHUS

Jlns onucanus nporecca NoIMMepU3alui IPONMIeHa B KaCKaHOU cucTeMe
peakTopoB Mojienb OMUCHIBAET TP MOCIEI0BATENBHO COSUHEHHBIX PeaKkTopa
D-3200, D-3201 u D-3203 B u30TepMUYECKOM MPUOJIMIKEHUH 3a PacUETHBIN
uHTepBall. [IpUHATHI JONMYyIIEHUS: UleaTbHOE CMENICHHE B Ka)JIOM armapare;
MMOCTOSIHCTBO 00BEMA M CBOMCTB B IMpeleiiaXx WHTEepBaa UIACHTU(DHUKALINH,
oTcyTcTBrue U] Gy3MOHHBIX OTpaHMYEHUN B xujakoil ¢aze. [IpogykTs
MIPEIBIAYIIETO anmapaTa CIy’KaT BXOJIOM CIIeAYIoNIero (KackaaHas cBs3b) [3;4;5].

KuHeTrka 1 TeMIiepatypHasi 9yBCTBUTEIBHOCTD

OcHoBHas peakius 3a1aéTcsa yKPyNHEHHON CTENEHHOM CKOPOCTBIO B BUJIE

r =k C, - Ch

®opmyna | — YkpynHEHHOE CTETIEHHOE YPAaBHEHUE CKOPOCTH PEAKIIUU

rae reMneparypHas 3aBUCUMOCTb KOHCTAHTBI ONMMCBIBACTCS BHIPAXKCHUECM

k(T)=ky exp (P:E;)

®dopmyia 2 — YpaBHeHue AppeHuyca JJisi KOHCTaHThI CKOPOCTH

3neck: k,—1/c; E — Jla/monn; R = 8,314 Jlx/(mons-K); T —K; nokaszarenu a n
b — nopsiAxkK o IponuIIeHy ¥ BOAOpoAy. st Kaxk 10| CTYTICHH IOy CKAeTCsl CBOM
Habop napametpos {k, E , a, b} npu coxpanenuu (usndeckol HHTEpIpeTa
[6:7:8].

Marepuanbubie 6anancel (n3otrepmuka, CSTR)

Jnst komnonenTa i u3 MHokecTBa {C3H6, H2, PP} Ha crynenu j ucrnionb3yercst
ypaBHEHHE OanaHca B BUJIC

dC; [(Fy
PP (—) (Cim-Ci)+ my r

®opmyna 3 — YpaBHenue matepuaiabHoro 6ananca st CSTR

TI€ U, = -1, nu,, = -a (3QPEeKTUBHBIHA pacxojl BOJOPO/Ia Ha PEAKIIHIO, a

B npenenax 0-0,1), nu,, = +1.
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Jliist monmmMepHO# (a3bl yUUTHIBAETCS YHOC Yepe3 TOT e KOHBEKTHBHBIN
4JIEH, TO €CTh BRIDAKEHHE BbIIE TpUMEHUMO KK PP ¢ C, JuIs MEXKCTyTeHIaToro
TIepeHoca.

CB3b pacxo/ia ¥ BpeMeHH NpeObIBaHMS:

'\l.'
™ tan
®opmyiia 4 — 3aBUCHMOCTB Pacxo/ia OT BpeMEHH MpeObIBaHus

CrerneHnb MpEeBpalICHU MMPOITUIICHA OIIPEACIISICTCA KaK

Cesng, - Coamg
XCSHG(T.]: C—
"CaHgy,

®Dopmyna 5 — OnpeeneHne CTeeHH NPEBPAILCHNS TPONHIICHA

YunciieHHOE pelIeHHEe W UICHTU(HUKALS TapaMeTPOB

Cucrema OlY unterpupyetcs solve ivp (BDF; anprepuaruHo RK45)
C KOHTPOJIEM HEOTPHULATEIBHOCTH KOHIEHTPAlUW, OTpaHUYCHUEM IIara
u jonyckamu rtol ~ le-7, atol ~ le-9. Ilapamerpnr theta = {k, E_, a, b}
NICHTH(OUIUPYIOTCS METOOM HAMMEHBIINX KB3JPATOB HA COOTBETCTBHE LIETICBBIM
BBIXOZHBIM KOHIICHTPAIMSAM P (PUKCHPOBAHHOM BPEMEHH NPEOBIBaHMS tau 11t
kaxnoi crynenu [9;10]. @yHkuus nenmn popMupyercss Kak CyMMa KBaJpaToB
HEBSI30K 10 KJIFOYEBBIM KOMIIOHEHTaM B BHJIE:

® = Z w (= 6)- ¢ (=
i

<D0pMyJ1a 6— (DyHKHI/IH HEBA3KU JII METOJa HAMMCHBIINX KBAaJApPaTOB

B orcyrcTBUM yka3aHud Beca W 1 Oepyrcs paBHbIMU. Kpurepun
koppekTHocTH: (1) omudka mo C3H6 u PP Ha t=tau He BbIte 5 %; (ii) ycTOHYHUBOCTB
rapaMeTpoB 10 OM3KUM JataM (YMepeHHas BapHaiys a v b, pa3yMHBbIH JHana3oH
k0); (ii1) monotonHoe yosiBanue C_C3H6(t) u poct C_PP(t) B m30TepmMuueckoit
MTOCTaHOBKE.

Konryps! ynpasnenus (ITH/T)

Jluis mycka/BbIBOAa HA PEXHMM U YNPaBIsIeMOH OCTaHOBKH NPHUMEHSIETCS
[MU[-perynsrop. Perynmupyemas Benunna — C PP(t) mim X C3H6(t). Omnoka:
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e(t)= SP(t)- PV(1)

®opmyna 7 — Ommbka MeXIy 3aJaHueM U (paKkTHIECKOH BEIMINHON

rne SP — 3aganue (HampuMep, JTMHEHHAS TPACKTOPHUS BBIXO/A Ha LIEJIEBOC
3Ha4YeHHE K BpeMeHH tau), PV — m3Mmepsemas BeaumdyuHa. Ympasisioniee
BO3/IEMCTBHUE 110 PACXO/Ly 3alIUCBIBACTCS KaK

Kaae)

U= Kooty T KimvTtet) dﬂ"‘T

®opmyna 8 — Ypasuenne [11]/]-perynaropa

[TporpammHas peannzaiys ¥ TEPMOIMHAMUIECKOE 00ECIIEYCHNE MOJIEITH

MatemaTndeckas MOJAENb IpoIecca MOIMMEPHU3AlMU HMPONHUICHA
pa3paborana aBTopoM U peanm3oBaHa B cpeae Python 3.12. Ilpu moctpoenun
MO/ICJIN UCTIONIb30BAHBI MOJIOKEHNS JETEPMUHHUPOBAHHOTO MaTEMaTHYECKOTO
MOJIETTMPOBAHNS XUMHUKO-TEXHOJIOTHIECKUX MPOLECCOB U KITACCHUECKHE MOICIN
PEaKTOPOB HICATBHOTO CMEIICHMS.

Kunernueckas cxema MoJMMeEpU3alii U CTPYKTypa PEaKIIMOHHBIX CTaUN
copMupOBaHbI HA OCHOBE JINTEPATYPHBIX JAHHBIX 10 MOJIETMPOBAHHUIO IIPOLIECCOB
MOJMMEPHU3aLNH IPONHIICHA C NCTIONIb30BaHNEM KaTann3aTopos Llurnepa—Hatra
1 aIalTHPOBAHBI K YCIOBUSAM IPOMBIIUIEHHON YCTaHOBKH [6].

UmcneHHas peainn3anys BEIIOIHEHA C HCTIONb30BaHueM 0nbmroTex NumPy
u SciPy. UuTerpupoBanue CUCTEMbl OOBIKHOBEHHBIX MU (epeHIInaTbHbBIX
ypaBHEHHH MPOBOAMIOCH pyHKIHEH solve ivp metogom BDF, ycroitunBeiM mis
KECTKUX cUcTeM. MneHTHHUKanus KHHETHYECKUX MapaMeTPOB BBIMOIHAIACH
METOZ0M HAaMMEHBIINX KBAaJpaTOB C MCIOJb30BAaHMEM IpoLeaypsl least
squares. KOHTpoJIb KOPPEKTHOCTH pEIIeHHUs] 00ECIIeUnBajICs OrpaHUICHUEM
HEOTPHULATEIbHOCTH KOHILEHTPAUil U MCIOIb30BAHUEM MAaJbIX JOIYCKOB
naTerpupoBanus (rtol = 1077, atol = 107?).

TepmoanHaMu9ecKuil makeT s pacuéra (U3NKO-XMMHYECKUX CBOWCTB
KOMITOHEHTOB (TJTOTHOCTB, TeTNIOEMKOCTB, MOJICKYJIIpHAs Macca, sHeprus [ uooca,
SHTANBITH) CPOPMUPOBAH Ha OCHOBE 0a3bI TaHHBIX KOMIOHEHTOB Aspen HYSYS.
INomy4eHHbIE TEPMOIMHAMUUECKHE TTAPaMETPhI HCIIOJIb30BATNCh KaK BXOIHBIC
JIAHHbBIE MaTEMAaTHYECKON MOZIENH, TPY 3TOM HEMOCPEICTBEHHOE MOEINPOBAHIE
mporecca B Aspen HYSYS ne BemonHsmocs.

VcxoaHble TaHHBIE MO COCTaBY ChIPbs, KOHLEHTPALUSIM KOMIIOHEHTOB U
OCHOBHBIM TEXHOJIOTHYECKHM ITapaMeTpaM MOITyUYeHbI C JEHCTBYIOIIEH yCTAaHOBKU
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mpousBocTBa noiumnpornmieHa TOO «Kommnannsa Hedrexum LTD» 3a mepuoz ¢ 6000
01.03.2025 o 30.03.2025 1.

PaspabotanHas MOIEIb SBISIETCS aBTOPCKON WH)KEHEPHOW peanu3amueil u
HE UCTIOJIb3YEeT CTOPOHHHNE KOMMEPUYECKHE MTAaKEeThl MOJICIMPOBAHMS TSI pacuéra
KWHETHKH TIPOIIecca.

Pe3yabTaTsl U 00cyK1eHUE

KanubposanHast MOs1e/Tb BOCIPOM3BOIUT SKCIIEPUMEHTAIHBIC 3aBUCHMOCTH
1 pacnpezaencane GyHKIui peaktopoB. CymmapHas kouBepceus pasHa 0,40.

5500 +

5000 4

4500 7 —— c3H6 (kmol/m?)

—— PP (kmol/m>)
4000 1 —-- PP target

3500 4

Concentration (kmol/m?)

— 3000 4

8000 +

2500 4

T T T T T
0 1000 2000 3000 4000 5000
6000 4 Time (s)

C3H6 (kmol/m?) Pucynok 2 — Jlunamuka konnentpauun C_C3H6 u C_PP B D-3201
4000 - —— PP (kmol/m?)
——- PPtarget Bo BTOpOM peakTope KoHBepcHsi BozpacTaet 10 24,6 %, 4To moaATBepKaaeT
€ro OCHOBHYIO KWHETHYECKYIO Harpy3Ky B Kackajie. CHH)KEeHHE CKOPOCTH PEaKInU

2000 4 CBA3aHO ¢ YMCHBIICHUEM KOHIICHTpAallM MOHOMEpPA.
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T T T T T T T
0 250 500 750 1000 1250 1500 1750
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=]
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Pucynox 1 — Innamuka xonnerTpanuu C_ C3H6 u C_PP B D-3200

w
!

—— C3H6 (kmol/m?)
—— PP (kmol/m?)
——- PP target

E-Y
L

B peakrope D-3200 peanmzyetcs cTamus peaBapuTEIbHOM TOTMMEPHU3aIiH.
CpenHsis KOHBEpCHS MPOIMIICHA 3a HCCIEeAyeMbIH mepuoa coctaBuiaa 16
%, BpeMs TOCTID)KEHUS IIeNEeBBIX KOHIEHTparuii — 965-987 ¢ (cpennee 974
C), 9TO COOTBETCTBYET pacyETHOMY BpeMeHH mpeOniBaHUA. [lomoOpaHHBIC
mapaMeTpsl KHHeTUKH ycTtoiduussl (ko =~ 5,76:107* 1/c, a = 1,0, b = 0,1),
TPAeKTOPHUH KOHLIEHTPALii MOHOTOHHBL. [10JTy4eHHBIe 3aBHCUMOCTH HO3BOJISIOT

IIPOTHO3UPOBATH BPEMs BBIXOJAa HA PEKUM U OLEHUBATH BIMSIHHUE IOJAYU 0 1000 2000 3000 4000 5000 6000
Ti
BOJIOpOJA. ime (s)

Concentration (kmol/m?)
w
|

S}
L

=
L

Pucynok 3 — lunamuka xonnentpanuu C_C3H6 u C_PP B D-3203

TpeTbsi CTyNECHb BBITIOJIHSACT TOBOJOYHYIO (DYHKIHIO: JOMOJHUTEIbHAS
KoHBepcus cocTaBisaeT 9,9 %, cymmapnas o kackany —40 %. CkopocTs peakiuu
MUHUMaJIbHA BCJICJCTBHE HIU3KOW KOHIICHTPAIUH MTPOIIIICHA.
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Tabmuma 1 — KPI Momenn (KOHBEpCHH, BBIXOIHBIC KOHIIEHTPAIIUH, CKOPOCTH
peaxmrm, STY)

Peaktop | Konsepcus (X) , MOJIB/JT , MOJIB/(J1°C) STY, r/(;1-49)

D-3200 0,117 0,767 0,00019 0,4

D-3201 0,246 0,331 0,00008 0,2

D-3203 0,099 0,200 0,00005 0,3

Kackan 0,400 0,200 0,00005 0,9
BriBoabl

Pa3paborana quHaMuUecKast MOAETH MOJTUMEPH3ALMH IPONMICHA B KacKa/ie
Tpéx peakropoB CSTR D-3200, D-3201 u D-3203 Ha oCHOBE MaTepHAIbHBIX
0ajaHCOB U CTENEHHOW KMHETHUKHU C TEMIIEPaTypPHOW 3aBHCHUMOCTBHIO IO
Appennycy. Monenb peann3oBaHa B BUe cucTeMbl kecTkux OJ[Y u uncnenHo
uHTerpupyercs merogam BDEF.

[Toka3zaHo, YTO MOJENb BOCHPOU3BOIUT PACIpeiiesieHne KOHBEPCUHU IO
crynensim kackana 0,117, 0,246 u 0,099 npu cymmapHO# CTeTIeHH IPEeBpaICHHS
0,40. B pabouem jnuanazoHe KCILTyaTalIOHHBIX IIApaMETPOB 00eCreunBaeTCst
YCTOWUYMBOCTh KUHETUYECKUX KOIPPUIMEHTOB U PU3NYSCKH KOPPEKTHOE
MOBEJICHNE KOHILIEHTPAIIMOHHBIX TPACKTOPHH.

Mogenp mpuMeHHMa I8 WH)XXEHEPHOTO aHalu3a, pacuéra BpEeMEHHU
npeObIBaHUSI U TIPEBAPUTEIBHON HACTPOMKHU CHUCTEM peryJjupoBaHus 0e3
BMEIIIATENILCTBA B Pa0OTy IMIPOMBIIIIICHHON YCTaHOBKH.
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IMPOIMWJIEHHIH ITOJIMUMEPJIEHY ITPOLHECIH CSTR
PEAKTOPJIAPBI KACKAJIBIHAA MOJEJIBAEY

byn maganada sicexe camuvinap apacvblHoa mMamepuaiobli JcaHe
9HepeemuUKaiblK azblHOapObly mizoexmi mypoe 6epinyi gcyseze
acvipvliamuii udeanovt apairacmoipviiamoin CSTR peaxmopaapvinvly
KACKaomulK, JCyliecinoe Jicypemin NPONuiIeHHIY NOJUMEPIEHY NPoyecine
ApHANEAH UHIICEHEPTIK MAMEeMAMUKANbIE MO0enbOl d3ipaey dcane
anpobayusnay Kapacmelpuliaobl.

3epmmeydiy Hezizei makcamol — KACKAOmuly apoip camvlCblHOAb
peakyus KUHeMUKACLIH JcaHe omneni npoyecmepoi e2oiceti-mezicelini
manoayea, COHOall-aK MexHOLO2USIIbIK NPOYECIK Heei32l KopcemKiumepin
IIU][-pemmey cyiienepiniy napamempiepin Hecizoeyze HcaHe KeliHHeH
banmayza apHani2an Kauma OHOIPILYl MYMKIH OUHAMUKATILIK MOOeNbOl
any 6onvin mabwiiaobl.

Maxkananviy masmynvl Mooenvoey ecedin Koovl JicaHe KabbLI0aHaH
00NIAHCAMOAPOb MYHCHIPLIMOAYObL, MAMEPUATIObIK HCIHE HCHLILYIILIK OAIAHC
meHOeyIepiH wbleapy MeH 0J1apobl NPAKMUKATIbIK KOJIOAHYObl, MOOEIbOIH
CAHOBIK JICY3e2e ACHIPLLLYbIH JHCIOHE KOIOAHLLIZAH ecenmey d0icmepin
cunammayowst Kammuowvl. D-3200 — D-3201 — D-3203 yw camoiivl
peaxmopnap Kackaovl YuliH uMumayusislk Mooeivoey Hamuoicenepi
YCUIHBLIbIN, ANBIHEAH 2pAuKmep, OUHAMUKATBIK MAYen0ilikmep dHcoHe
KPI-kecmenep ezoiceti-meeoicetini mandanaovl. COHbIMEH Kamap, a3ipleHeeH
MOOENbOIH UHICEHEPIIK MANOAY HCIHE MEXHOLOSUSLIBIK NPoyecmi 6acKkapy
MiHOemmepiHOe KOLOAHbLLY MYMKIHOIZI Kapacmulpuliaobl.

Maxana KopvulmeiHObLIAPHl KACKAO Ccamuvliapbl OOUbIHULA
KOHYEHMPayusiiblK, npopuiib0ep MeH eHIMOLIKMI O0cay Yulin MOOeIbOIH
aA0eK8amMmuLIbIZbIH PAcmayad, apoip camvinbly GYHKYUOHANOIK DOLIH
AHBIKMAY2A HCIHE HAKMbI OHEePKICINMIK 00beKMIHIY HCYMbICLIHA
apanacy mayexeninciz pemmey KOHMYPAAPblH 6Anmay Yulin MOOeibOiH
NPAKMUKATIBIK HCAPAMOBLILIZbIH KOpCemyae 0a2ulmmaieat.

Kinmmi ce30ep: nonunponunen, nponunenniy nonumepneryi, CSTR,
Peakmopaap Kackaobl, Mamemamuraivik mooeivoey, kunemuxa, IHJ]-
pemmey, npoyecmep OUHAMUKACH.
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MODELING THE PROPYLENE POLYMERIZATION PROCESS IN A

CASCADE OF CSTR REACTORS

This article considers the development and validation of an engineering
mathematical model of the propylene polymerization process implemented in
a cascade system of continuously stirred tank reactors (CSTR) with sequential
transfer of material and energy flows between individual stages of the cascade.
The main objective of the study is to obtain a reproducible dynamic model
intended for detailed analysis of reaction kinetics and transient processes
at each stage of the cascade, as well as for substantiation of parameters
and subsequent tuning of PID control systems for key technological process
variables.

The content of the article covers the formulation of the modeling
problem and adopted assumptions, derivation and practical application
of material and heat balance equations, description of the numerical
implementation of the model and applied calculation methods. The results
of simulation modeling of a three-stage reactor cascade D-3200 — D-3201
— D-3203 are presented, accompanied by a detailed interpretation of the
obtained graphs, dynamic dependencies, and KPI tables. The applicability
of the developed model for engineering analysis and process control tasks
is also discussed.

The conclusions of the article confirm the adequacy of the model
for predicting concentration profiles and productivity across cascade
stages, highlight the functional role of each stage, and demonstrate the
practical suitability of the model for tuning control loops without the risk
of interfering with the operation of a real industrial facility.

Keywords: polypropylene, propylene polymerization, CSTR, reactor
cascade, mathematical modeling, kinetics, PID control, process dynamics.
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NMPOBJIEMbI U PELLIEHWSA B TEXHOJIOI NN
nPoOnN3BOLACTBA MTE3: ®OKYC HA KATAJIN3ATOPbI
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Memun-mpem-6ymunogoiii 3¢pup (MTHD) sensemcs oououl uz
Hauboee pacnpocmpanénbix 6bICOKOOKMAHOBIX KUCIOPOOCOOEPICAUUX
000a60K K A6MOMOOUNLHLIM OCH3UHAM, WUPOKO NPUMEHAEMbLX
6 Hepmenepepabameigaowei npomviuaennocmu. OCHOBHbIM
npombluaenHbiM cnocobom noayuenus MTHD aenaemca peakyus
ATKUTUPOBAHUS. U300YMUNEHA MEMAHOIOM 6 NPUCYMCIMEUU KUCTOMHBIX
Kamanuzamopoe. Hecmompa na 6vbicOKyI0 mexmonocuieckyio
ompabomannocms npoyecca, npouzgoocmseo MTED conpogoscoaemcs
PAOOM npodIeM, CEA3AHHBIX C 0ZPAHUYEHHOU MePMOCMAOUTLHOCMbIO
MPAOUYUOHHBIX UOHOODMEHHBIX CMOJI, UX Oe3aKmueayuerl, mpyoHOCMAMU
MEeni100me00d, a Maxice NOGLIUEHHLIMU IHEPLeMUYECKUMU 3AMPAMAMU.

B cmamve npogedén ananuz cywecmsyowmux Kamaiuzamopoes,
npumensiemuvlix 6 mexnonozuu cunmesza MTED, paccmompenvl mexanusmol
Ux 0e3aKxmusayuy u hakmopwl, GIUAIOUUE HA CENEKMUBHOCHTb U KOHBEPCUIO
cvipba. Ocoboe sHuManue y0eieHo coO8peMeHHblM HanpagieHusm
COBePUIEHCMBOBAHUS KAMAIUZAMOPOEG, BKIIOUASL UCHONb3068AHUE
YeoNUMmHbIX Kamanuzamopos, 001a0arouux noGblUeHHOU MepMULecKoll
YCMOUYUBOCBIO U IKCHILYAMAYUOHHOU Hadédcnocmbio. Tlokasanul
OCHOBHbLE NYMU ONMUMUIAYUU MEXHOTIOSUUECKUX NapaAMempos npoyecca,
makue Kax yiyduienue memnepamypHo2o pejicuma, nosblileue Kaiecmeda
CbIpbs U BHEOPeHUe IHeP20IPPEeKMUBHBIX cXeM MenioooMeHd.

Ilonyuennvie 6b1600bl CEUEMENbLCMBYIOM O BbICOKOIU
NepCneKmuGHOCMU NPUMEHEHUs. HOBbIX KAMAIUMUYECKUX MAMePUanos
011 nogviuienuss 3¢ pexmusnocmu npoyecca cunmesa MTED,
CHUDICEHUS IKCRILYAMAYUOHHBIX 3AMPAM U YEeAUdeHus cpoka cayicovl
Kamanuzamopos. Pesyromamul pabomul mocym 6vims UCNOIb308AHbL
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npu MooepHu3ayuY 0elucmeayouux yCmano8oK u paspabomrke HOBbLX
mexnonozuti npouzeoocmea MTHD.

Kurouesvie cnosa: MTED, kamanuzamopsl, UOHOOOMEHHbIE CMObI,
yeonumsl, Hepmexumus, cuHmes 3Qpupos, ONMUMUZAYUAL NPOYeCcd.

Brenenne

Metun-tpet-0ytunossiii 3¢up (MTBD) mupoko mpuMeHseTCS B
HedTenepepadaThIBAIOIIECH MPOMBIIUICHHOCTH B KAYECTBE OKTAHOIIOBBIIIAIOMICH
no0aBkn K MOTOpHBIM TortuBaM [1; 2]. Ero mcmonb3oBanne crnocoOcTByeT
CHI)KEHHMIO JICTOHAIIUH JIBUTATEIS M YTy HIIEHHIO 9KOJIOTHUECKUX XapaKTEPUCTHK
6en3nHOB. [IpombierHoe ipon3BocTBO MTED ocymiecTBiIsIeTCst MocpeIcTBOM
peaKnny aJKHWINPOBAHNS N300y THIICHA METAHOJIOM B MPUCYTCTBUH KHCIOTHBIX
KaTanm3aTtopos [3].

HecMoTps Ha mmpokoe BHEAPEHHE JAHHOW TEXHOJOTHH, B IpoOIecce
9KCIUTYaTaIlH YCTAHOBOK BBISBIISIFOTCS CYIIECTBEHHBIC HEIOCTATKH, CBSI3aHHBIC
C OTPaHNYEHHON TEPMOCTOMKOCTBIO KaTAJIM3aTOPOB, HX JIC3aKTUBAIIMEH, a TaKkKe
BBICOKUMH SHepro3arpatamu [4;5]. B CBsI3H ¢ STHM aKTyarbHOH 3a1a4ei STBISICTCS
COBEPIICHCTBOBAHHUE KATAIN3aTOPa M ONITUMH3ALHS TEXHOIOTHUECKUX PEKUMOB
mporecca cuaTe3a MTED [6].

Marepuajbl 1 METOABI

Peakuust cunreza MTBED npoTtekaer 1o ypaBHEHHIO:

i-C+Hs + CHs0H = (CHs):COCHs

[Tpouecc siBasieTcss 0OpaTUMBIM U dK30TepMHUecKuM. it cMmemeHus
paBHOBecHsI B CTOpOHY 00pazoBanust MTBD peakuuio npoBOISIT IPU YMEPEHHBIX
temreparypax (50-90 °C) u NOBBIIICHHOM JaBJICHUHU, 00ECIEYNBAIOIIEM
XKUJIKYI0 (a3y. B kauecTBe KaTranu3aTopoB MPHUMEHSIOTCS CHIILHOKHCIIOTHBIC
HNOHOOOMEHHBIE CMOJIBI, aKTHBUPYIOIIHE IBOWHYIO CBSI3b N300y THIICHA.

HanGonee pacnpocTpaHEHHBIMHU NPOMBINUICHHBIMHM KaTalU3aTOpaMu
npouecca cunTe3a MTED sBISIFOTCS CHITBHOKNCIIOTHBIE HOHOOOMEHHBIE CMOJIBI
Ha OCHOBE CYJIb()MPOBAHHBIX CONOIMMEPOB CTHUPOJIa U TuBHHMIOEH30Ma [7]. K
THITUYHBIM [IPE/ICTaBUTEIISIM OTHOCSITCS KaTaiu3aTopsl cepuid Amberlyst, Lewatit,
Dowex, Purolite, mmpoxo npumMeHsieMble Ha HehTEXMMHUUECKUX yCTaHOBKaX [8].

HoHooOMeHHbIE CMOJIBI IPECTABISIOT COOOW MOPUCTYIO MOJIMMEPHYIO
MaTpuny, cojxepxamyto cyiabdorpynnsl —SOsH, KOTOpble BBIIOJIHSIOT
pOJIb aKTHBHBIX KHUCJIOTHBIX LIEHTPOB. OCHOBHBIE XapaKTEPUCTUKH JaHHBIX
KaTaJIn3aTOPOB: BBICOKast KMUCIOTHOCTH (pKa <-2), pa3Buras Makpornopucras
CTPYKTYpa, BHICOKAsI KATATNTUYECKast aKTUBHOCTb, CEIEKTUBHOCTD 10 OTHOILICHUIO
Kk MTED 1 Bo3MOXXHOCTB pabOTHI B *KUAKOH (ase.
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AKTHBHOCTB cMOJI 00YCIIOBIIEHA CITIOCOOHOCTBIO CYITb(OTPYIIT IIPOTOHUPOBATH
JIBOIHYIO CBSI3b N300yTHIIEHA C 00pa3oBaHNEM KapOKaTHOHHOTO MHTEPMEANATa,
KOTOPBIH Jlaliee pearupyer ¢ MeTaHojoM ¢ obpasoanuem MTBD [9].

HMoHooOMeHHBIE CMOJTBI 00J1a/1al0T BRICOKOH CEIEKTUBHOCTHIO (710 98—99 %),
paboTaroT B MITKHX ycrmoBusx peakmmu (50-90 °C), He moaBepraroT 000pyI0BaHNE
KOPPO3HH, TIPOCTHI B KCILUTyaTallly, 1 IMEIOT BO3MOKHOCTb K PETCHEPALIH.

braronaps 3TM cBOlcTBAaM HOHOOOMEHHBIE CMOJIBI JIOITOE BPEMS OCTAIOTCS
MIPOMBIIIUICHHBIM CTaHJapTOM B TeXHOJIOrHHU npou3BoacTea MTED.

HecmoTpst Ha mmpokoe NMprUMeHEHHE, HOHOOOMEHHBIE CMOJIBI 00JIaal0T
PSIIOM CYIIECTBEHHBIX HEJOCTAaTKOB.

K ux HegoctaTkaM OTHOCSTCS:

1. OrpannueHHas: TepMOCTOHKOCTh. Pabouast Temmneparypa OONBIIMHCTBA
cmon He mpessimaet 120 °C. [Ipu meperpeBe MPOUCXOIUT pa3pylIeHUE
MOJIMMEPHON MaTpHIBI, MOTEPs CyIb(orpymnmn, 4To BeAeT K HEOOpaTUMON
JIe3aKTUBAIMH KaTaJln3aTopa.

2. Jle3akTuBanus B MpOIECCEe AKCIIyaTallMK 10 NMPUYMHE ajcopOnnn
TSDKEJIBIX YTIICBOAOPOI0B, 00pa30BaHUsI IIOJIMMEPHBIX OTJIOKEHUH, 3arps3HEHNS
CEPHHUCTHIMH COCTMHEHUSIMU M MEXaHUYECKHM Pa3pyIICHUEM IpaHyJl.

3. UyBCTBHUTENBHOCTD K NMPUMECAM ChIpbs. Hanudnue aneHoB, CEPHUCTBIX
COEIMHEHNH, BO/BI M KHUCIOPOJCOAEPKAIINX IPUMECEH B CHIPhE MPUBOIUT K
OBICTPOMY CHIYKEHHIO AKTHBHOCTH KaTaIN3aTopa U COKPAIAET CPOK €T CITy>KOBI.

4. OrpaHUYeHHBIH CPOK CITyKObI KaTanan3zaTopa. Bee BolmenepednciieHHbIe
HEIOCTaTKN BEAyT K HEOOXOIMMOCTH TIOJIHON 3aMeHBI Katanu3aropa. CpeHuit
CPOK CITy’KObI JAaHHBIX KaTaIM3aTOPOB cocTaBisieT 1-3 rona.

HNonooOMeHHBIE KAaTATN3aTOPBl NMEIOT BO3MOXKHOCTh pEreHepaluu u
BOCCTaHOBJICHUIO aKTMBHOCTH. PereHepanusi MpONU3BOJUTCS IIyT€M IPOMBIBKA
METaHOJIOM, 00pabOTKOH pa30aBIICHHBIMHU KUCIOTAMU M YAAIEHHEM CMOJIUCTBIX
OTJIO’KEHNH OPraHUYECKUMH pacTBOPUTENIMH. OTHAKO TTOJTHOE BOCCTAaHOBIICHHE
AKTHUBHOCTH 4aCTO HEBO3MOJKHO, YTO OOYyCIJIOBJIMBAET HEOOXOAMMOCTH
TIepHOINIECKOl 3aMeHBI KaTanuzaropa [10].

Hwxe npezcrasieH rpaduk majieHus aKTHBHOCTH KaTalN3aTopa B TEUCHUN
18 mecsueB sKCIuTyaTalMHU.
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[JuHaMuKa CHUXeHWA akTUBHOCTKW KaTanunsaTtopa D-005
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Pucynok 1 — JluHamuka CHI>KEHHUSI aKTUBHOCTH Katanuzaropa D-005 B
Mpolecce dKCILTyaTalny.

Ha pucynke 1 mpencraBieHa AUHAMHKa MU3MEHEHUS] OTHOCHTEIbHOMN
aKTUBHOCTH Kartanu3atopa D-005 B mporiecce MpOMBIIITICHHON KCIUTyaTaIliHy.
Hcxonnas aktuBHOCTH mpuHsaTa 3a 100 %. B Teuenue mepBbix 6 MecsIen
HaOJTI01aeTCs He3HAYUTEIBHOE CHIDKEHHE aKTUBHOCTH, UTO CBA3aHO C HA4YaIbHOU
ajanTanyei KaTaau3aTopa K yCIOBUSAM Ipolecca.

ITocne 6 Mecs1eB FKCIUTyaTallul CKOPOCTH J1€3aKTUBAIM BO3PACTACT, YTO
00YCIJIOBJICHO HAKOIUIEHHEM MpPUMECeH, TepPMUYECKUM CTApEHHEM M YacTUYHOMN
HeUTpanu3aiuen KUCIOTHBIX IIeHTpoB. K 12 MecsIly akTHBHOCTb CHIDKAETCs 10
80 %, a x 18 mecaiy — 1o 70 %, 4TO COOTBETCTBYET KPUTUYECKOMY YPOBHIO U
TpeOyeT 3aMeHBI KaTalnnu3aropa.

[Tony4yeHHBIE JaHHBIE MOJATBEPXKAAIOT OIPAHUUYECHHBIN CPOK CIYKOBI
MOHOOOMEHHOI CMOJIBI 1 HEOOXOJMMOCTh CTPOTOTO KOHTPOJISI KAYECTBA ChIPhs
U TEXHOJIOTHYECKOTO peKUMa.
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XapaxkTep peaknuu TpeOyeT ONTUMAaIbHOTO TETIIOBOT0 PEXKUMA, TOCKOIBKY
BBIJICIISIONIEECS TETIIO MOXKET MPUBOJANTH K HEPABHOMEPHOMY PACTIPEICIICHUIO
AKTHBHBIX [IEHTPOB U CHIDKEHNIO 3(h(hEKTUBHOCTH TpolLecca.

DK30TepMUYECKHI XapaKTep peaknuu TpedyeT 3¢p(HEeKTUBHOTO OTBOIA
tera. [Ipyn HENOCTaTOYHOM OXJIQXKJCHUH BO3HHKAIOT JIOKAJIbHBIEC MEPETPEBBI,
CIIOCOOCTBYIOIINE YCKOPEHHOM! JIeTpajjalliyl KaTaau3aTopa.

Takum o0Opa3oM, HOHOOOMEHHBIE CMOJBI OCTalTCs 0a30BBIMHU
TIPOMBIIUICHHBIMH KaTan3aTopamu npouecca cuateza MTED Onaromapst Beicokoi
aKTUBHOCTU M CENEKTHBHOCTH. OIHAKO MX AKCILTyaTallMOHHBIC OrpaHWYCHUS
CTUMYJHUPYIOT Pa3pabOTKy allbTePHATUBHBIX KaTAINTHIECKUX CHCTEM, TAKUX KaK
LIEOJIUTHI 1 HAHOCTPYKTYPHPOBAHHBIE TBEPAbIEC KUCIIOTHI, CIIOCOOHBIE 00ECTIEUYNTh
Ooee CTaOMIBPHYIO U SKOHOMUYECKH 3(PPEeKTUBHYIO pabOTy YCTaHOBOK.

Pe3yabTaTsl U 00cyK1eHUe

B mociennue roasl ocoboe BHHUMaHHE yJENsAETCS NPUMEHEHUIO
LEOIUTHBIX KaTaIM3aTOPOB B TexHOJOrnu cuHTe3a MTBD kak anprepHaTHBBI
TpaJAMIMOHHBIM MOHOOOMEHHBIM cMoJIaM. L[eonuTsl mpenacTaBiIsioT cobon
KPHCTAJUTNYECKHE ATFOMOCHIIMKATBHI C PETYIISIPHON MUKPOIIOPUCTON CTPYKTYPOH,
o0naarolye BhIPaKeHHBIMH KUCIIOTHBIMH CBOWCTBAMH M BBICOKOH TEPMHUIECKOH
ycroituuBocThio [11].

Kpucrammueckas pemérka 1eoauToB odpazoBaHa Terpasdapamu SiOs u
AlO4, coeTMHEHHBIMU OOIIMMH aTOMaMH KHUCIOPOJa. 3aMemleHNue KPEeMHHUS
QIIOMUHHUEM IPUBOANT K BO3HHUKHOBEHHWIO OTPUIATEIBHOTO 3apsja Kapkaca,
KOTOpEI kKomreHcupyeTcs kartnonamu (H, Na*, Ca? u ap.). B mporonHo#i hopme
(H-eonmuter) neosutsl 061a1a0T OpPEHCTEIOBCKUME KHCIOTHBIMHU IIEHTPaMH,
CIIOCOOHBIMH KaTaJIN3UPOBATh PEaKIMN AJKWINPOBAHUS, B TOM YHCIIE CHHTE3
MTBD3. Hanbonee nepcneKTHBHBIMU A1 cuHTe3a MTBD SBISIOTCS TIEOTHTHI:
Beta (BEA), ZSM-5 (MFI), Y (FAU), Mordenite (MOR) [12].

Hcnionb30BaHUE HEOIUTOB 00ECTICUNBACT PsIJl CYIIECTBEHHBIX IIPEUMYIIECTB
T10 CPAaBHEHHIO € TIOJIMMEPHBIMH CMOJIAMH TAaKHX, KAK BBICOKAsi TEPMOCTOMKOCTB (710
350-500 °C), ycTOHYHBOCTD K OPTaHUIECKUM PACTBOPUTEIISIM, HU3Kask CKOPOCTh
JIe3aKTUBAIMH, BO3MOKHOCTh MHOTOKPATHOW pereHepanuy IpOKalIuBaHHEM,
TIOBBIIIIEHHAs MEXaHNYecKast IpoyHOCTs [13].

biaronmapst 3TUM CBOHCTBAM IEOJHUTHI SIBISIOTCS MEPCHEKTUBHBIMU
KaTaau3aTopaMu Al HHTeHCH(puKanuy mpouecca cuatesa MTBD u yBennuenns
CpOKa CITyOBI KaTAJIUTHYECKOTO CIIOS.

HecmoTpst Ha mpenMyIecTBa, IEOINTHI UMEIOT OpeIeNIEHHBIE OTPaHUYCHNUS
TaKHe KaK MEHbINAsi aKTUBHOCTH IIPH HU3KHUX TEMIIEPATYpax IO CPAaBHEHHUIO CO
cMoutaMu, Tu(Ppy3HOHHbIE OTPaHUIEHHS N3-3a MUKPOTIOPHCTOCTH, BO3MOXXHOCTh
3aKOKCOBBIBAHMS aKTHBHBIX IICHTPOB.
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Jliist yCTpaHeHHst 3TUX HEIOCTATKOB MTPUMEHSIIOTCS METO/IbI MOAU(DUKAIINN
CTPYKTYPBI 32 CUET JNECUIIMKAIINHU, CO3/IaHUsI ME30TIOp M BBEJICHHEM METAJIOB
(Zr, La, Ce), a Taxxe HOHHOTO oOMeHa [ 14].

Hinke npesicraBiie rpaduk maieHust akTHBHOCTH [IEOJTUTHOT'O KaTajn3aTopa
B TeYeHUH 18 MecCsIIeB dKCILTyaTalnu.

HenvHeHas OMHaMWKa CHUXEHWA aKTUBHOCTH LLeoIMTHOro KaTanunsaTopa

100 A

90 4

80 4

70 4

AKTWBHOCTb KaTanusatopa, %

60

T T T T T T
0.0 2.5 5.0 7.5 10.0 125 15.0 17.5
Bpems skcnnyaTauuu, MECALIEB

Pucynok 2 — I'paduk najieHnst akTHBHOCTH IIEOJIMTHOTO KaTaJlu3aTopa B
TedyeHnn 18 MecsIeB SKCITyaTauu

Ha pucynke 2 npeacTaBieHa THHAMIKA CHIKCHHUSI aKTHBHOCTH IIEOJIUTHOTO
KaTajxm3aTopa B TedeHHe 18 MecsIeB dKCIUTyaTalluu. 3aBUCHMOCTh HOCHUT
HEJIMHEHHBIN 3KCIOHEHIUAJIBHBIM XapaKTep, YTO COOTBETCTBYET KMHETHKE
JIe3aKTUBAIIMM TBEPJBIX KHCIOTHBIX KaTaimu3aropos. Hambornee nHTEHCHBHOE
naJieHue aKTUBHOCTH HAOMIOJAETCsl B HAYAIBHBIN IEPHOJ] 3KCIUTyaTalluH, YToO
CBA3aHO C OBICTPHIM 00pa30BaHWEM KOKCOBBIX OTJIOKEHUU W OIOKHPOBKOI
KHCJIOTHBIX IIEHTPOB. B nanbHeiimemM cKOpocTh Je3aKTHBALMM CHIDKACTCS, U
MIPOIIECC MEPEXONT B KBA3UCTAIMOHAPHBINA PEXKUM.

Ecnu cpaBHnTH /1Ba Tpadrka, TO MOXKHO HAOIIOAATh, YTO AKTHUBHOCTH U
HMOHOOOMEHHOT'O U LIEOIMTHOTO KaTalnn3aTopa CHIKAETCS OMHAKOBO B TEUCHUHT
18 mMecsi1ieB, OTHAKO IIEOTUTHBIIN KaTann3aTop NMEET OTPOMHOTO IPEUMYIIECTBO
nepe HOHOOOMEHHBIM KaTaJU3aTOPOB 3a CUET BO3MOKHOCTH 3P (HEKTHBHON
pereHepanuu. Pa3nuuaoT HECKOIBKO METOIOB PETCHEPALMU IICOIUTHOTO
KaTamm3aropa:
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1. TCpMI/I‘ICCKaH pereHepauI/m, OCHOBAHHAasA Ha OKHCIIMTCIBbHOM BBIXKUI'C
KOKCa B INOTOKEC BO3AyXa WJIN KI/ICHOpOIICOI[ep)I(aH.ICFO rasa npu TeMIieparypax
450-600 °C [13; 15]:

lecc + OZ - COZ

[IpenmymiecTBa JaHHOTO METOJAa — BBICOKAs 3(QPEKTHUBHOCTD U
MpocToTa peanu3anuu. Ho mmeercss BO3SMOXKHOCTh MEpETrpeBa W pa3pylICHHS
KPHCTAJUIMIECKON PEIIETKN W CHUKEHHUSL.

2. ITapoBast perenepanusi. [IpoBoanTcs 00pabOTKOM MEperpeThbiM BOASHBIM
mapom (300—450 °C), 9ro crmocoOCTBYET IeCOpOITHH TSHKEIBIX YTIIEBOIOPOIOB
1 9aCTUYHOMY BOCCTAHOBJICHHIO ITOPUCTON CTPYKTYPBI KHCIIOTHOCTH aKTUBHBIX
LICHTPOB.

3. Xumuueckast perenepanus. OcHOBaHa Ha MPOMBIBKE KaTaJIM3aTopa
OPTaHMYECKHMHU PACTBOPHUTEIISIMH, KHCIOTAMU WIIN IIEIOYaAMH JUIS yAaJICHUS
METAJIINYECKUX OTJIOXEHHH M CEPHHUCTHIX coeamHeHU. [Ipumensercs
OTPaHWYIEHHO M3-32 BHICOKOW CTOMMOCTH ¥ CIIO’KHOCTH YTHIIM3ALUH CTOKOB.

Ha mpakTHKe Jarie BCero HCHob3yeTcsl METOI KOMOMHUPOBAHHS TTAPOBOH
OUYHCTKH M OKHMCIHMTEIHHOTO BBDKHTA C JAlbHEHIIEH TepMOOOPaOOTKOM s
cTabunu3anuu CTPyKTypbl. JlaHHBIA ToaXoa o0ecrneynBacT MakCUMaIbHOE
BOCCTAHOBJICHNE aKTHBHOCTH U TIPOJICHUE CPOKA CITY>KOBI KaTaIn3aTopa.

[To maHHBIM NMPOMBIIIJICHHBIX HUCIBITAHWH, TPaBUIBHO IPOBEACHHAS
pereHepanus Mo3BoJsieT BOCCTAaHOBUTH 80-95 % HayaabHON aKTUBHOCTH,
YBEIMYHUTH CPOK CITY>KOBI KaTalm3aTopa B 2—3 pa3a M CHU3UTh SKCIUTyaTallMOHHbBIE
3arpatsl Ha 30-40 %.

Taknum o0Opa3om, IEONHUTHBIC KATAIW3aTOPHI MPEIACTABISIOT COOOH
MEPCTIEKTUBHYIO albTEPHATHBY MOHOOOMEHHBIM CMOJIaM B TE€XHOJOTHHU
npousBoacTBa MTED. Ux BeIcOKast TEpMOCTOMKOCTh, BO3MOXHOCTh pEreHEpaLiu
U yCTOWYMBOCTH K JAE3aKTHBALMM JICIAIOT WX MPUBICKATEIbHBIMU IS
TIPOMBIIIICHHOTO BHEApEeHUsT. Moau(UIIMpOBaHHBIC [IEOJINTHI M HEPAPXUUECKHE
CTPYKTYPBI CITOCOOHBI 00€CHEUNTh BBICOKYIO KOHBEPCHIO M300yTHIICHA
" celeKTUBHOCTh M0 MTBD, uTO OTKpBIBAET HOBBIE BO3MOMKHOCTH I
MOJICpHH3AINH JACHCTBYONINX YCTAaHOBOK.

Taxoke UCIoNIb30BaHNE PEaKTOPOB € IPPEKTUBHBIM OXJIAKICHUEM, TAaKHUX
KaK MHOTOIIPOXO/IHBIE TETTIOOOMEHHHUKH WM TPyOUaThle pEaKTOPHI C BHEITHAM
OXJIQKAECHUEM, TIOMOTaeT TOAJCP)KUBATh N30TEPMUUCCKHE YCIOBHS, COKpAIast
TEIJIOBbIC TPaJAMEHTHI M yJydllas CEJIeKTHBHOCTH INpoliecca. BHenpenne
BBICOKOI()(PEKTHUBHBIX TEXHOJIOTHYECKUX METOJOB pa3ecHHs (HArpumep,
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aJIcOpOIMY BBICOKOTO pa3pelieHus I MEMOPaHHBIX TEXHOJIOTHIT) TIO3BOJISIET
obecmeynuTh OoJiee YUCTHIH M300yTHIICH, UYTO TOJIOKHUTEIBHO OTPaKaeTCs
Ha CTAaOWJIBHOCTH KaTalu3a M KOHBEPCHHU. YCTAaHOBKA MEXAHUUYECCKHX
KaIJICYIOBHUTENEH I KOJOHH M YIYYIICHHE TETNTIOOOMEHHBIX IMTOBEPXHOCTEH
ITOMOTAl0T YMEHBIIUTh YHOC MPOAYKTOB M TEIUIOBHIC TOTEPHU, YTO IOBBIIIACT
KOHEYHYI0 3(p(PEeKTUBHOCTD yCTAaHOBKH. PEeIMKIIMpOBaHNE SHEPTUH M3 OTXOISAIINX
ITOTOKOB, IPUMEHEHHE TeTI000MeHHNKOB BhIcokoro KITJ[ u mHTErpupoBaHHEIC
CHCTEMBI YIPAaBICHUS MPOIECCOM ITO3BOJAIOT CYIIECTBEHHO CHH3HUTH
SHEPTreTUYECCKUE 3aTPaThl U IOBBICUTh YCTOHYMBOCTH MPOW3BOACTBA. Tarxke
pa3paboTKa HOBBIX KATATUTHIECKIX MaTEPUAIIOB, TAKAX KaK MOTU(DHUITIPOBAHHEIC
LEONHUTHl, HAHOCTPYKTYPUPOBAHHBIE TBEPIbIe KHCIOTHI U TaHJIEMHBIC
KaTaTUTHYECKUE CHCTEMBI, OTKPBIBACT MEPCIEKTUBBI IS JalbHEHIIEeTo
MOBBIIICHUS 3((HEKTHBHOCTH TIPOIecca, YMEHBIICHUS KOJIMYECTBA TTOOOTHBIX
PEaKIMii ¥ TOBBIIICHUS CPOKA CITYKOBI KaTaln3aTopa.

BriBoabl

[pownsoactBo MTED ocTaércst BayKHBIM TEXHOJIOTHISCKUM IPOIECCOM
B coBpeMeHHOH Hedrexumuu. Ero 3(h(heKTHBHOCTF BO MHOTOM OIPEIEACTCS
Ka4yecTBOM KaTalu3aTopa, KOHTPOJIEM TEII000MEHa, COCTABOM CHIPHS H
MIPOIyMaHHOU crcTeMol pekTrdukarmi. CoBpeMeHHBIE MOIXO0 bl K ONTHMI3AIIIH
BKJTIOYAIOT BHEIPEHHE TEPMOCTOUKHUX TBEPABIX KAaTaTH3aTOPOB, YIIYUIICHHBIH
KOHTPOIIb TEMIIEPATyPHOT'O PEKUMa B dHEprodPQPeKTHBHBIC pEUHICHUSI. DTH
HaTIPaBJICHUS OTKPHIBAIOT ITyTh K CHIDKCHHIO 3aTPAT, MOBBIIICHUIO KOHBEPCUH H
YCTOHYHMBOCTH TIpoIIecca.
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MTBE OHAIPY TEXHOJIOI' USICBIHAAFbI MOCEJIEJIEP MEH
HEIIMJEP: KATAJIM3ATOPJIAPFA BAFBIT

Memunmpem-6ymun s¢pupi (MTBE3) — mynaii enoey enepracibinoe
KeHiHeH KONOAHbIIAMbIH a8moMoOuls OeH3unine apHaiean ey Kon
mapangan Hco2apsvl OKMAanobl ommeciMen KaublKKaH KOCHAiapobly
oipi. MTFD en0dipydiy Hezizei eHepkacinmik 20ici — uzo0ymuieHoi
KbIUWKbLT KAMAIU3AMOPAAPLIHbIY KAMbICYbIMEH MEeMAHOIMEH AIKULOEY.
Ipoyecmiy scozaper mexnonocusnvlk xceminyine Kapamacmawn, MTHD
OHOIpICci 0acMYpPi UOH AIMACY WAUBIPIAPBIHbIY WeKmeYli MepMUsLIbIK
MYPAKMbLIbIZbIHA, O1APObL 0e3AKMUBAYUANAY A, HCBLTYObL Kemipyoe2i
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KUBIHOIKMAPRA JCIHE IHEP2US WbIZLIHOAPBIHbIY aPIMYbIHA OAUIAHBICTbL
OipKamap KublHObIKmMmapaa man 601aovl.

byn maxanaoa MTED cunmesi mexHono2uaculHOa KOJIOAHBLIAMbIH
bap xamaiuzamopiap mandaunaosi, 01apovl 0e3aKmusayusiay
MeXanHusmoepi ManiKblIAHAObl HCIHe WUKIZAMMbLY CeleKmUueminiei meH
mypaeHyine acep ememin axmopaap Kapacmuipuliadwvl. Tepmusivly
MYPAKMBLILIKINGL HCIHE HCYMBIC CEHIMOLLICTH apmmuvlpamslt yeoaum
Kamanuzamopiapuli natuoaianyobl Koca ai2anod, Kamaiu3amopiapobiy
samanayu dcemindipynepine epexuie nazap ayoapwiiaowsl. Ilpoyecc
napamempiepin OHMAaLIAHObIPYObIH He2i32l Macinoepi KepcemiyieeH, COHbIH
iwinde memnepamypanvl 0AKbLIAYObl JHCAKCAPMY, WUKI3AM CANACHIH
JHcaKcapmy Hcane sHepeus MuiMOoi HCoLLY AIMACY HCYUeNepiH eHeI3Y.

3epmmey nomuowcenepi MTBE cunmes npoyeciniy muimoiniein
apmmuipy, NAUOANAHy WbIELIHOAPBIH A3AUMY JCIHE KAMAIU3amopiapobly
Kbl3Mem emy Mep3iMIiH y3apmy YWiH JdcaHa KamaiumuKaiblk
Mamepuandapovl naudaianyObly Hcoapuvl a1eyemin kopcemedi. Byn
3epmmeyoiy HoMuUICeNEPIiH KOIOAHBICMARbI KOHOBIPEbLIAPObL HCAHSLIPINY
orcone MTBE ewnOipiciniy dcana mexuoniocuanapvii a3ipiey Yuiin
natioanamyza 601aobi.

Kinmmi cesodep: MTBE, kxamanuzamopaap, UOHAIMACHbIPEbIUL
wauslpaap, yeoaummep, MYHAU XUMUACHL, dQup cunmesi, npoyecmi
OHMAUNAHOBIPY.
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PROBLEMS AND SOLUTIONS IN MTBE PRODUCTION
TECHNOLOGY: FOCUS ON CATALYSTS

Methyl tert-butyl ether (MTBE) is one of the most common high-
octane oxygenated additives for motor gasoline, widely used in the oil
refining industry. The primary industrial method for producing MTBE is
the alkylation of isobutylene with methanol in the presence of acid catalysts.
Despite the process’s high technological maturity, MTBE production faces
a number of challenges related to the limited thermal stability of traditional
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ion-exchange resins, their deactivation, difficulties in heat removal, and MPHTU 87.19.91
increased energy costs.
This article analyzes existing catalysts used in MTBE synthesis https://doi.org/10.4808 1/BGQF1969
technology, discusses their deactivation mechanisms, and examines factors
influencing feedstock selectivity and conversion. Particular attention is paid *A. M. Hypceumoea', I. T. EpMon1OuHa?,
to modern catalyst improvements, including the use of zeolite catalysts, K. A. XXymansinoe®, Y. A.Tayakenoe*
which offer increased thermal stability and operational reliability. The !23KocTaHaliCK1id perHOHAIBHBIA YHUBEPCUTET UMCHHA AXMeT BalTypChIHYIIbI,
main approaches to optimizing process parameters are demonstrated, Pecny6nuka Kasaxcran, r. Kocranai;
including improving temperature control, enhancing feedstock quality, ‘KaparaHAWHCKUI HALTMOHAIBHBINA HCCIICI0BATEILCKHI YHUBEPCUTET
and implementing energy-efficient heat exchange systems. uMeHH akagemuka E. A. BykeTosa,
The findings demonstrate the high potential for using new catalytic PecnyGiuka Kasaxcran, 1. Kaparanza.
materials to improve the efficiency of the MTBE synthesis process, reduce IORCID: https://orcid.org/0009-0000-7175-3331
operating costs, and extend the service life of catalysts. The results of this 20RCID: https://orcid.org/0000-0003-2143-7618
study can be used to modernize existing facilities and develop new MTBE 30RCID: https://orcid.org/0009-0000-4320-7907
production technologies. “ORCID: https://orcid.org/0009-0006-9520-5974
Keywords: MTBE, catalysts, ion-exchange resins, zeolites, *e-mail: aruzhan.nurseitova03@gmail.com

petrochemicals, ester synthesis, process optimization.

3KOJIOrO-rEOrPA®UYECKUA MOHUTOPUHIT
PACTEHWUW HA TEPPUTOPUN KOCTAHAUCKOIO
PErMOHA

B cmamve npeocmasnensl pesynomamol 9K01020-2€02paduieckoco
MoHumopumeza pacmenuii ha meppumopuu Kocmanaiickozo pecuona ¢ yenoto
OYEHKU COOePIACAHUS MANCENIX U MOKCUUHBIX XUMUYECKUX IIIEMEHMOB 6
pacmumensruix mxanax. O0bekmamu uccaed08anus NOCIYHCUTU 00pa3ybl
CeNbCKOXO3AUCMBEHHBIX U OUKOPACTTYWUX PACMEHUT, OMOOPAHHbIE 8 30HAX
PA3TUYHOT GHMPONOSEHHOU HAZPY3KU. 80IU3U 20PHOPYOHBIX NPEONPUSINULL
2. Pyonoeo (FObunetinoe), 6 cenvckoxossiicmeenHblx 30nax Kocmanatickoeo
(Mockosckoe) u DEOOPOBCKO20 pailioH08, a MaKdice HA YCI08HO-(DOHOBbIX
yuacmkax Aynuekonvckoeo pationa (Amanxapaeaii, Hosonescunka).
Ombop npob ocyuecmeisncs no paouaibHol cxeme ¢ Y4émom HanpagieHus
npeoobadarwux 6empos u yOaiéHHocmu 0m UCMOYHUKOE NPOMbIUUTIEHHBIX
8bI0POCOB,; HA KAJICOOU MOUKe 3aKIA0bIBANOCH MPU PENTUYUPOBAHHbLE
NAOWAOKU.

Ananumuueckue ucciedo8anuss NPOGOOUIUCL MEMOOOM ONMUKO-
IMUCCUOHHOU CREKMPOMempUU ¢ UHOYKMUBHO cesazanHou niazmou (ICP-
OES) c onpedeneruem maccoguix 0oeti MaKpo-, Me30- U MUKPOTIEMEHN08,
BKIIOUASL COUHEY, KAOMULL, HUKEb, XPOM, MbIUbAK U Opyeue mMOKCUYHble
KOMNOHEHMbl, A MAKice NOKA3AMeJlsl 301bHOCHU PACTUMENTbHO20 CHIPbAL.
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Yemanoeneno, umo 6 6ocmounom u cegepo-60cmoyHoOM HANPAGIEHUAX OM
2. Pyonoeo xonyenmpayuu Huxeus u Xpoma 6 pacmenusx npesbiiuaom
gonosuie yposnu 6 5—10 pasz, umo 00yci061eHO a2PO301bHbIM NEPEHOCOM
NbLIEBBIX YACMUY C MeppUumopuil pyoooodbieaiowux i nepepadamuléaouux
npeonpusamuil. Pédoposckuii u AynuekonbCKuil patioHbl OeMOHCIPUPYIOm
9KONOUYECKU COANAHCUPOBANHBIIL INeMEHMHBIN COCMA8 63 NPUHAKOS
MEXHO2EHHO20 3A2PAZHEHUSL.

Ilpocmpancmeennvlii anaius GblA6UN YEMKO GbIPAINCEHHBIU
PaouUanbHbILL 2PAOUEHI COOEPICAHUSL MANCENBIX MEMANI08, CHUICAIOWUTIC
no mepe yoaneHus om RpoMbluienHol 30nbl. Tlonyuennvie dannbie
Gopmupylom Hayunyio ocHO8Y 05l peUOHANLHO20 DUOLEOXUMULECKO20
MOHUMOpUH2A U paA3paAdOOMKU peKoMeHoayuii no obecneyeHuro
9KONI02UYECKOU U NPOO0BONLCMBEEHHOU 0e30NACHOCMU 8 YCA08UAX
UHMEHCUBHO20 NPOMBIUUTIEHHO20 OCBOEHUs MEPPUMOPUL.

Kniouesvie cnosa.: msaicénvle memaiivl, pacmumenbHulli MOHUMOPUHZ,
Kocmamnaiickasa obnacme, copnopyonsie npeonpuamus, ICP-OES,
9KOI02UYECKAs DE30NACHOCb, OUOLEOXUMUSL.

Brenenne

3arps3HeHNE OKPY KAIOIIEH cpeIbl TSHKENTBIMI METAJUIAMH OCTAETCST OCTPOH
po0IeMOit B pernoHax ¢ pa3BUTOH TOPHOJOOBIBAIONIEH MPOMBIIIIIEHHOCTHIO.
Pactenns akkyMyJIMpYyIOT TOKCHYHBIE BEIIECTBA B TKAHSX U CIIYKaT HaJEKHBIMA
OGronHIMKaTOpamMu coctostHMs kocucteM [ 1; 2]. Kocranalickas o6macTs coderaer
WHTEHCHBHOE CEIbCKOX03IHCTBEHHOE PON3BOJICTBO U KPYITHYIO TOPHOPYTHYIO
MIPOMBIIIICHHOCTb T'. PYZHOTO - MOIITHOTO MCTOYHNKA a3pO30JIbHBIX 3MHUccHit Ni,
Cr, Pb, Cd, As, popMupyIOmux yCTOHIHBYIO TEXHOTCHHYIO OMOTCOXIMHYECKYIO
AHOMAJIMIO HAa MPWIETAIOINX TeppuTopusix [3; 4]. PUTOMOHUTOPHUHT, OTpaXkast
MHTETPaIbHYI0 OMOIOCTYITHOCTD JIEMEHTOB U3 BCEX CPE/I, SABISIETCS ONTUMAIBHBIM
MHCTPYMEHTOM OILICHKH 3arps3HeHHs, oJHaKo Juist Kocranaiickoii o06macTy Takon
KOMIUIEKCHBIH aHAJIN3 paHee He TPOBOAMIICS, YTO ONPE/IENISeT HAYYHYIO HOBU3HY
pabortsl [5; 6].

s obecriedeHusT Perpe3eHTaTUBHOCTH MCCIIEI0OBaHNS OBIITH BBIOPAHBI
TEPPUTOPHH C PA3ITMUHBIM YPOBHEM aHTPOIOTEHHOTO BO3/ICHCTBHS: IIPOMBIIIIIIEHHO
HarpyxeHHas 30Ha T. Pynnoro un HO6mneitnoro (UB), ceabcKOX03HCTBCHHBIC
yroaps Kocranaiickoro paiioHa - ¢. MockoBckoe (MSK), ®&émopoBckuii paitoH
(FE), a Takxe ycmoBHO-(OHOBBIC y4acTKH AYIHEKOILCKOTO paiioHa - AMaHKaparan
(AMK) n HoBonexunka (NO). Takoif mpoCTpaHCTBEHHBIII 0XBAT MO3BOJISICT
TIPOBECTH CPABHUTEIBHBIN T€OXUMUYECKHH aHAIIM3 110 TPAIANEHTY aHTPOIIOT €HHON
Harpy3KH - OT HHIyCTPHAILHO-TPAaHC(HOPMHUPOBAHHBIX TEPPUTOPHI K arpapHbIM
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U TMPUPOTHBIM (POHOBBIM 30HAM - U BBIIBHTH 3aKOHOMEPHOCTH HAKOIUICHHS
SJIEMEHTOB B PACTHTEIBHBIX TKAaHSIX B 3aBUCHMOCTH OT YIAJNEHHOCTH OT
HMCTOYHHUKOB 3arpsi3HeHwus [7].

Lenp paboTH - KOMIUIEKCHAS OI[EHKA COAEpIKaHUS MaKpO-, ME30- U
MHKPO3JIEMEHTOB, BKJIfo4as TokcuuHbie As, Pb, Cd, Ni, Cr, B pacTeHHIX
Kocranatickoro pernona merogom ICP-OES, ycranoBmeH#e mpocTpaHCTBEHHBIX
3aKOHOMEPHOCTEH UX pacIpeIeNIeHIsI 1 OIICHKA CTETICHN TeXHOTCHHOTO BITUSTHHS
HA PACTHUTENBHBIA TOKPOB.

Marepuajbl 1 METOABI

UccnenoBanme npoBoaminock B Kocranaiickoit oomactu PK B 2024-2025
rr. [IpeoOmanaromniyie BETPHI - CEBEPHOTO, CEBEPO-BOCTOYHOTO U BOCTOYHOTO
HaIlpaBIICHUH - OMPEACIAIOT XapaKTep paclpOCTPaHEHUS MPOMBIIIICHHBIX
3arpsi3HUTENEH.

Jlns oxBaTa TEpPUTOPHIL C pa3THIHBIM YPOBHEM aHTPOIIOTEHHON HATPy3KH
OBLIO BBHIOpPAHO MIECTHh MYHKTOB MPOO0OTOOpa, CTPYNIHUPOBAHHEIX B TPH
KaTeropuu: MPOMBIIIJICHHO HAarpy>KeHHBIE, CETThbCKOX03IHCTBEHHBIE H YCIIOBHO-
(hoHOBBIE 30HBI. XapaKTEPUCTHKA BCEX ITyHKTOB IpUBeieHa B Tabmme 1.

Tabnuua 1 —IlepedeHp 1 XapaKTepUCTHKA ITYHKTOB IPOOOOTOOpa pacTHTEIBHBIX
00pa3moB

Hacenéuunit .
Ne Ty HKT Koz Paiion Tun Tepputopun KoopauHats!

r. Pyausii un IIpoMbpmaeHHO

1 . RU, UB | Pyauenckuii 'O 53°01'N 63°07'E
HO6uneitnoe Harpy>keHHast

2 | c.Mockosckoe | MSK | Kocranaiickuii p-H | CenbckoxossiicTBenHast | 52°57'N 63°16'E

4 g;;g}? POBCKHIH| b Dénoposckuii p-H | CenbckoxossiicTBerHass | 53°32'N 62°44'E

5 | AmaHkaparaii AMK ;\_};HH“OHLCKHH YcnosHo-(poHOBas 53°10'N 64°05'E

6 |c. Hoonexunka | NO pA_i”“eK"”"CK““ YernoBHo-(oHOBas 53°05'N 63°58'E

[Ipo6ooT6op B paitoHe T. PyaHOT0 OCYIIECTBIISIICS IO paldaIbHON CXeME B
BochMH cektopax (C, CB, B, OB, 1O, F03, 3, C3) na paccrostausx 0,5; 1; 2 u 4
KM OT TPaHHMIIbI IPEIIPUSITHSL.

[IpocTpaHCTBEHHOE PACIOIOKEHHE BCEX TOYCK MPOOOOTOOpa HATIISIHO
npeacTaBieHo Ha Pucynke 1.
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CrAlM CB 4 km

YL QCEZKM

Lomonosovskiy.

(63500 m : 9 BaCweeaka

y Nl CB500m

CB 1 km
A8 500m

Fi~(D)
. lv(\-’) * ) v B4 kM

B 2.km

[MepueBka

0B 4 km

KoHCTaHTMHOBKa

K031 km

Pucynok 1 — Kapra pasmemienns Touek npo6ooTdopa pacTUTENbHBIX 00pa31oB
Ha TeppuTOpuu BOJIM3M T. PyaHOTO

B ro’)xHOM 1 10T0-3aI1aTHOM HalpaBICHUSAX OTOOp Ha PACCTOSHUM 4 KM
HE MPOBOJWIICS: 3TH CEKTOPA SIBJISIIOTCS HABETPECHHBIMU 11O OTHOIICHHIO K
ncTouHKKY. MTOroBEIi mepedens Bcex Touek mpodoordopa ¢ reorpaduaeckuMn
KOOpAWHATaMHu NpuBeACH B Tadmute 2.

Ha kaxmoif Touke 3aKiajbIBAINCh TPH PEIITHIIMPOBAHHBIC TUIOIIAIKH;
cpes3asiach HaJ3eMHas 4acTh pacTeHui Ha BbicoTe 10—15 cm.

Tabnmma 2 — KoopauHaTel TOYeK MpoO0oTOOpa pacTUTENBHBIX P00 B paiioHe
r. Pyanoro

Ne | Touka orOopa | Hanpasnenue Paccr., xm | HIupora JlonroTa Penmuxu

1 C 500 m Cesep 0,5 53°02'43"N 63°11'43"E | A1,A2,A3
2 C1xkm Cesep 1,0 53°02'56"N 63°11'30"E | A1,A2,A3
3 C2xm Cesep 2,0 53°03"20"N 63°11'15"E | A1,A2,A3
4 C 4 xm Cesep 4,0 53°04'15"N 63°10'33"E | A1,A2,A3
5 CB 500 m CeBepo-BOCTOK 0,5 53°03'13"N 63°1820"E | A1,A2,A3
6 CB 1 km CeBepo-BOCTOK 1,0 53°03"29"N 63°18'45"E | A1,A2,A3
7 CB 2 km CeBepo-BOCTOK 2,0 53°03'50"N 63°19'12"E | A1,A2,A3
8 CB 4 km CeBepo-BOCTOK 4,0 53°04'52"N 63°1928"E | A1,A2,A3
9 B 500 m Boctok 0,5 53°01'19"N 63°18'50"E | A1,A2,A3
10 |B1lxkm Bocrok 1,0 53°01'18"N 63°19'19"E | A1,A2,A3
11 |B2xm Boctok 2,0 53°01'31"N 63°20'08"E | A1,A2,A3
12 |B4xm Boctok 4,0 53°01'35"N 63°22'17"E | A1,A2,A3
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Ne | Touka orbopa | Hanpasienue Paccr., km | HIupora Jlonrora Permku
13 | IOB 500 M IOro-BocTox 0,5 52°59'59"N | 63°15'43"E | A1,A2,A3
14 |IOB1xm IOro-BocTox 1,0 52°59'45"N | 63°16'10"E | A1,A2,A3
15 |IOB2km IOro-BocTox 2,0 52°59'33"N | 63°17'30"E | A1,A2,A3
16 |IOB 4 km IOro-ocrok 4,0 52°5923"N | 63°18'43"E | A1,A2,A3
17 |10 500 M O0r 0,5 52°57'58"N | 63°10"39"E | A1,A2,A3
18 IO 1xm Or 1,0 52°57'41"N | 63°10'30"E | A1,A2,A3
19 |02 km Or 2,0 52°57'04"N | 63°1027"E | A1,A2,A3
20 | KO3 500 m IOro-3anan 0,5 52°56'51"N | 63°01'30"E | A1,A2,A3
21 |KO31xm IOro-3amag 1,0 52°56'41"N | 63°01'00"E | A1,A2,A3
22 |IO32 kM IOro-3anmang 2,0 52°56'29"N | 63°00"18"E | A1,A2,A3
23 |3500m 3amnan 0,5 53°0039"N | 63°02'38"E | A1,A2,A3
24 |31xm 3amax 1,0 53°0027"N | 63°02'08"E | A1,A2,A3
25 |32xm 3amang 2,0 53°00'11"N | 63°01'34"E | A1,A2,A3
26 |34 xm 3anan 4,0 52°59'40"N | 63°00'00"E | A1,A2,A3
27 | C3500m Cesepo-3anaj 0,5 53°03'00"N | 63°00'38"E | A1,A2,A3
28 | C31xm Cesepo-3armaj 1,0 53°03'11"N 63°00'16"E | A1,A2,A3
29 |C32xm CeBepo-3anaj 2,0 53°03'29"N | 62°59'33"E | A1,A2,A3
30 |C34xMm Cesepo-3anaj 4,0 53°03'55"N | 62°58'14"E | A1,A2,A3
32 [PyAHBH - 52°57'53"N | 63°06'23"E | A1,A2,A3

(ueHTp)

B psine Todek DOMOTHHUTEIBHO OTOMPATHCH JINCThSI HUYKHETO, CPETHETO U
BEPXHETO SIPYCOB, CTEONH M phUIhIIA. [IepedeHp THUIIOB 00pa3IoB MO paiioHaM
npencTasieH B Tabmue 3.

Jns mpenoTBpallleHUs NepeKpECTHOTO 3arps3HEHUsT UHCTPYMEHTHI
MIPOMBIBANINCh AUCTHJUIMPOBAHHON BOJOHW MoOcie KaxIoWl BEIOOpkH. B
AMaHKaparae JOTOJTHUTEIIEHO OTOMPAUCEH XBOSI U OTIAJ] COCHBL.

Tabnuma 3 — Tumbel pacTUTENFHBIX 00pa3I0B IO MYHKTaM IPoo0oToopa

PaiioH / myHKT Kon Tumn o6pasua Kon-so| Beero
TOYCK | PEIIMK

r. Pynusiii u FOGuneiinoe RU, UB Hagsemnas 9acte; JMCThA 110 32 96+
spycam; cTeOJu; pblIblia

c. M? c 1<u0 BCKOEC, MSK, KONST Hanzemuas wacth (371aKwm, 6 13

(Kocranaiickuii p-H) Pa3HOTpaBbe)

D& oposeKuit paiion FE Han3zemHuas gacts (31aKm, 1 3
Pa3HOTPaBbE)

AMankaparai, Hf)BOHe)KI/IHKa AMK., NO XBost, omaf, aucths (L), 3maku 6 18+

(AynHeKoIbCKuUil p-H) 2)
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PactuTenpHBIll MaTepuan MpoMBIBalN, BeICymuBaiu npu 65 °C mo
TIOCTOSTHHON MacChl, U3MEJIbYaIIN 1 OTOMPAITH aHATNTHYECKYI0 HABECKY METO/IOM
KBAapTOBAHUSL.

3ompHOCTE onpenernsui o3oneHueM mpu 500-550 °C (I'OCT 24027.2-80).
st ICP-OES naBecky 0,5 r pa3naranu B TedyioHOBOM aBTOKIaBe cMecbio HNOs/
H:0: (4:1) mpu 180-200 °C.

DIeMEHTHBII COCTaB ompeersuii Ha criekrpomerpe Thermo Fisher Scientific
iCAP Pro (ICP-OES). Ins xaxxmoro oOpasma — He MEHee JBYX IapalIeTbHbBIX
n3mepennii (RSD < 5%), kannbpoBka 1o cepTUGHUIIMPOBAHHBIM CTaHAapTaM [8].

Tabnura 4 — [TepedeHs onpeensieMbIX ITOKa3aTeNei, MeTOIbI H HOpMaTHBHAsI 0a3a

OmnpenensieMble JIEMEHTbI / Dpuodop /|{HopmMaTuBHEB i
Merto aHanu3a

OKa3aTenb o6opynoBaHue JIOKyMEHT

3OIBHOCTS FpaBuMueTpnquKuu MydenbHas neub; FOCT 24027.2-80
(BecoBoif) AHAJTUTHYCCKHIE BECHI

Ca,Mg, K, Na, P, S (makpo- Thermo Fisher

1 ME302]IEMEHTBI) ICP-OES Scientific iCAP Pro | L OCT 150 17294-2

Zn, Cu, Mn, Fe, Al, Sr, Sn, Thermo Fisher

Co (MHKPOIJICMEHTEI) ICP-OES Scientific iCAP Pro TOCTISO 17294-2

As, Pb, Cd, Ni, Cr Thermo Fisher

(TOKCHYHBIE TSK. METAILIBI) ICP-OES Scientific iCAP Pro TOCTISO 17294-2
ABTOKﬂaBHOCABTOKﬂaB

[Tpo6omnoaroroBka paznoxenue (HNOs . T'OCT P 51301-99
 Ha0s) 11abopaTOPHbIN

Craructuueckas 00padotka: cpenuee (X), SD, CV; HOpMaTbHOCTh - KpUTEPHIA
Hlanmupo—Yuika; BeIOpockl — kputepuid ['padca. KoadduimenT koHenTpannu
Kk = oTHoOIIeHHe conepkaHus dyeMeHTa K (oHYy AyJIHEKOIbCKOro paiioHa
(Kx >2 - ymepenHas anomanus, Kk >5 - uatencusHoe oboramienue) [9].
Mexrpynmnossie paznununs - ANOVA/Trroku (Excel 2019, SPSS 26).

Pe3yabTarsl u 00cyKIeHUE

3oavnocmes pacmumenvHuix 00paA3yO8 KAK UHMeZPAnbHblll NOKA3AMeNb
MUHEPATLHOU HAZPY3KU.

30JIbHOCTD CITY)KHUT HHTETPAJIbHBIM UHIMKaTOPOM MUHEPAJIbHOW HAarPYy3KH.
MexpalloOHHbIE Pa3IMYUsl 3aKOHOMEPHO OTPAXKAIOT CTENEHb TEXHOI'C€HHOI'O
Boszeiicteus (Tabnuma 5).
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Ta6HI/ILla 5 - CBOI[HBIC IMOKa3aTeJIn 30JIbHOCTH PACTHUTEIIbHBIX 06pa3u013 10
pa1710HaM HCCIICTI0OBaHUA

Paiion / myHkT Mum., % | Makc., % | Cpennee, % | OcobeHHOCTH
r. Pynusiid, FO0uneiinoe AmnomanbHo Bbicokue B CB 1 OB
(RU, UB) 151 2531 93 CeKTOpax
¢. Mockosckoe (MSK) 3,73 5,74 ~4,7 Huskue, 6nm3kue x GoHy
Ddénoposckuit paiton (FE) | 5,07 6,06 5,75 CrabuibHbIe, OXHOPOIHBIE
c. Hosonesnnka (NO)  |3,32 6,23 ~4.6 DOHOBHIE (JINCTLA YMEPEHHBIC,
3JIaKH HU3KHE)
- _ 0, .
Awmatikaparait (AMK) 2,18 8,15 ~43 Mun. - xBoa (2,18-2,27%);
JIMCThSl yMEPECHHBIC

Hawnbonee BbICOKHE 3HAYEHHSI 30IbHOCTH 3a(DUKCHPOBAHBI B IPOMBIIILICHHON
30He I. PyHoro: nuanason 1,51-25,31%, cpeanee ~9,3 %. DkcTpeMalibHO BHICOKHE
3HaueHus (>16 %) OTMEUeHBI B JIUCTHSIX FOTO-BOCTOYHOTO U CEBEPO-BOCTOYHOTO
cektopoB. O6pasupl FO6mneitnoro (UB) 1eMOHCTPUPYIOT yMEpEHHbIE 3HAYCHUS
(6,69—7,40 %), Mockosckoro (MSK) - muskue (3,73-5,74 %), ®énoposckoro (FE)
- crabmibHbIe (5,07-6,66 %, cpenHee 5,75%), 4TO COOTBETCTBYET SKOJIOTUICCKOMY
0JIaronoIy4rIo JAHHBIX TEPPUTOPHIL.

Takum 00pa3om, 301bHOCTE yOBIBaeT mo psny: PY/UB (~9,3 %) — FE
(~5,75 %) — MSK (~4,7 %) — NO (~4,6 %), 94TO COOTBETCTBYET CHUKCHHUIO
AQHTPOTIOTEHHON HATrpy3KH M YNAIEHHUIO OT MPOMBIIUICHHOTO MCTOYHHUKA.
HoBoHexHMHKa 3aHMMAaeT 3aKOHOMEPHO HM3KYIO TO3MIHUIO B 3TOM PSIYy Kak
yCIOBHO-()OHOBASI TEPPUTOPHUSL.

Cooeporcanue buozenHvix Makpo- u mezodnemenmos (P, S, Mg, Ca, Na, K).

Pe3ynbraThl M0 OMOTEHHBIM MaKpo- M ME303JIEMEHTaM IO BCEM paiioHam
cBesieHbl B Tabuuity 6.

OO0pasubl MPOMBIIIIIEHHONH 30HBI IEMOHCTPUPYIOT COaJaHCHUPOBAHHBIN
Makpoa3JieMeHTHBIN npoduis: P - 1786-3848 mr/kr, Ca - 4345-7281 mr/kr,
K o 10 684 mr/kr, S mo 2144 Mr/kr. AHOMAJIHIF MaKpO3JIEMEHTHOTO COCTaBa HE
BBISIBJICHO, YTO MOJTBEPKIACT COXPAHHOCTD (DU3HOJIOTHUCCKUX (DYHKIIUI TUTAHUS
pacTeHui Jaxke B yCIOBHUSIX TEXHOTEHHOTO BO3/ICHCTBHSI.

MoOCKOBCKHI y4aCTOK BBIIEIIACTCS MAKCUMAITbHBIME KOHIIEHTparusamu P (10
6452 mr/xr) u K (mo 17 106 Mr/kr) cpenu Bcex TEppUTOPHIA, 4TO 00yCIOBICHO
CHUCTEMaTHYCCKUM MPUMEHEHUEM MUHEPATIbHBIX YI0OPCHHUN, a HE TEXHOTCHHBIM
3arpsa3HenueM. [Ipoune makpoanemenTs! (S, Mg, Ca, Na) HaxoaaTCs B IIpeaenax
HOPMBL.
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Tabnuna 6 — CoxepkaHne OHOT€HHBIX MaKpO- M ME303JIEMEHTOB B PACTHUTEIBHBIX
o0pasmax, MI/Kr

Paiion / mynkr | P S Mg Ca Na K Ipumeuanue

RU, UB 2378-[1298-|1252-[4345-| 0 0, 16650~ |Ymepecnnnii

(r. Pyausrii) 3848 1981 1863 6085 10684 npohuIb

](\;[SK 1498—{1108-(967 —-|1887— 88-408 7003 —|MakcumaJbHBIH
: 6452|3130 |2327  |3591 17106 |PuK

MockoBckoe)

fqli . [1857—-11099-11869-14917— 72-80 7584—-|Cbamancu-

p_;)”"pom““ 2046|1528 |2086 | 7873 10455 | poBammbrit

EO 848 |1459-1897 -11030-|328-]6827— f‘z";’”“ﬁa
' 2661|1761 |1428  [2488  |3979 | 14907 HOMATbHBIH

HoBonexunka) B JIMCTBSIX

AMK 1046-[653-]719-[2243-| 019 4 3 —|Maxc. Casonae;

(AMankaparaii) |2318  |2143 |1484 | 9857 13733 | nuskuii Na

DEnopoBckuii palloH XapakTepusyercs HanOolee cOalTaHCUPOBAHHBIM
MaKpodJIeMEeHTHBIM cocTaBoM: P - 1857-2046, S - 10991528, Mg - 1869-2086,
Ca - 4917-7873 mr/kr. Y3kue auana3oHbl 3HAYSHUH U OTCYTCTBHE aHOMaJNH
CBHJICTENILCTBYIOT O CTAOMIIBHBIX arPOXUMHUYECKHX YCIOBUSIX 0€3 TEXHOT€HHOT'0
BO3JICHCTBUSL.

B HoBonesxuake BbLsiBiIeHa TuddepeHuanys coctasa 1o Tiiry oopasia: P B
3nmakax (2549-2661 mr/kr) Beiire, 4eM B THCThsIX (848—1122 mr/kr). Hetumuuno
BbICOKHH Na B TUCTBIX (3676-3979 MI/KT) MOXKET YKa3bIBaTh Ha JIOKAIBHOEC
3acoJIeHUE WM MPUCYTCTBUE rajJo(pUTOB. B 1e10M MakpolJIeMEeHTHBIH COCTaB
COOTBETCTBYET (DOHOBOMY YPOBHIO.

Awmankaparail (CocHOBBIH 00p) oTinnuaercs BeicokuM Ca B omaje
(6939-9857 wmr/kr), ymepeHHbIM P B xBoe (2258-2318 MI/KT) U HU3KHUM
Na (64-196 wmr/kr). buoreoxumMuueckuii npopuiIb onpenensiercs JeCcHON
9KOCHCTEMON M KapOOHAaTHBIMH NOYBAMU 0€3 MPHU3HAKOB TEXHOTEHHOTO
3arpsi3HEHNSI.

Coodeporcanue maxcénvix memauios evlcokou moxcuunocmu (As, Pb, Cd,
Ni, Cr).

CBosiHBIE TaHHBIE 110 TSHKENBIM MeTaiuiaM ¢ pacu€toM Kk (oTHOCHTENBEHO
HoBonexunHku) npencrasiens! B Tabnuie 7.
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Tabmuua 7 — ConeprkaHue TSDKEIBIX METAUIOB B PACTUTENBHBIX 00pasnax Mo
paiionam, mr/kr (*Kk mo cpeaanm 3HadeHUAM Ni)

Paiion / mynkr | As Pb Cd Ni Cr Kx (Ni)* | Ouenka

RU, UB 0,03-10,15- Bricokas

(r. Pymubrii) 2,43 2,95 0,02-0,73 | 0.8-182 | 3,4-62 70 >20 aHOMaJIHs

MSK

(c. ? 6; - ? (’)22 710122025 |34-54 |41-94 |~09-1.1 gg;‘“a" X

MockoBckoe) ? ’ Y

FE 0,30-10,86- YmepeHHas

(DEnopoBckuit 0.87 125 0,42-0,58 | 8,0-13,5| 14,3-25,6 | ~1,5-2,6 / reoreHHas

p-H)

NO (c.

HoBouexunHKa) 0,92-10,03- 0,02-0,15 |4,1-8,8 |6,4-16,8 | 1,0 (¢pon) | Domoas
2,26 0,52

- don

AMK 1,05-10,14-

(AmaHkaparaif) ’ , 0,08-0,41 |4,9-8,1 |54-11,0 |~1,0(don) | Pounoas

- ou 1,97 2,93

O6pasusl O6uneitnoro (UB) moka3siBatoT ()OHOBBIC 3HAYCHHS:
As - 0,46-0,50, Pb - 0,82-0,88, Cd - 0,17-0,19, Ni - 4,1-5,7, Cr - 6,0-9,4 mr/
KT, 9YTO MOJATBEPXKIACT €ro PACHOJI0KEHNE BHE 30HBI aKTUBHOTO TEXHOTEHHOTO
BO3JICHCTBUSI.

B oxkpectHoctsax r. Pyanoro: As - 0,03-2,43 mr/kr (makc. B B u
103 nanpasienusx); Pb — 1o 3,11 MI/KT B BOCTOYHO# 30HE, MOBBIIICH B JTHCTHIX
HWKHHX sIpycoB (moBepxHocTHOe ocaxaenue); Cd - 0,02-0,73 mr/kr, makc. B
BEPXHHUX sIpycax JIMCThEB (a3poreHHblid myth); Ni - 0,8—182 mr/kr (aHomanus
CB-2-Al); Cr - 3,4-62 mr/kr (makc. B CB u B cexropax). [IpoctpancTBennas
conpsbk€HHOCTh aHoManuii Ni u Cr yka3pIBaeT Ha OOIIUIA MeTalTyprudecKuit
HCTOYHHUK.

IIpocmpancmeennviii epaduenm Ni u Cr 6 okpecmuocmsx e. Pyonoeo

Papmanenenii rpaguent Ni n Cr mo BOCbMH HaIlpaBJIeHHsM OT T. PyaHoro
npencrasieH B Tabnune §; B xauecTBe (hOHA MCIOJNB30BaHBl 3HAYCHHS
Hosonexunku (NO).
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Tabmuma 8 — [IpocTpancTBeHHBIH TpaaneHT coaepxkanus Ni u Cr B paCTeHHUIX
I10 HAINpaBJIEHUsIM OT T. PyaHOTO, MI/KT

Hanpasnenue / snement | 0,5km |1 kM |2 kM |4 KM ?I)\I O()) " XapakTep rpagreHTa

Huxens (Ni), Mr/kr

Cesep (C) 79 |5-10 |68 |46 |41-88 | MepeHHOC CHuKeHHE C
JIMCTaHIHUEH

Cesepo-Boctok (CB) 6-9 7-8 } 8; T |4-15 |4,1-88 | AHOManbHbIHA UK Ha 2 KM

Bocrok (B) 414 |6-19 |68 |8-12 |41-gg |lloppmennsie o Beei
TCTAHIINN

IOro-Bocrok (FOB) 4-10 6-14 |6-18 |9-13 |4,1-8,8 |YMepeHHO MOBBIIIEHHbIE

3anan (3) 4-6 4-6 3-5 3-5 4,1-8,8 | bimsko k porny NO

Xpom (Cr), Mr/kr

Cenepo-soctok (CB) | 8-15  |9-18 |33-62 |6-31 |6.4-16,8 |/ HOMAMIBHbII MaKcHMyM
Ha 2 KM

Bocrok (B) 7 12-37 |7-13 | 5-10 |6,4-16,8 |[luk Ha 1 km

TOro-ocrok (FOB) 8-28 10-27 | 8-18 | 17-26 | 6,4-16,8 | YcToitunBoe 3arpsisHeHHE

3aman (3) 4-7 4-5 4-6 5-7 6,4-16,8 | biiusko x pory NO

IIpocTpaHCTBEHHBIN T'PaAUEHT 3arpsi3HEHUs YETKO OPUEHTUPOBAH I10
po3e BeTpoB. B HaBeTpeHHOM 3amagHOM HANpPaBICHUM KOHLEHTpanuu Ni u
Cr MUHMMAaJbHBI, B BOCTOYHOM M CEBEPO-BOCTOUYHOM - 3HAYUTEIBHO BBIIIE.
AbcomroTHbIi MakcuMyM Ni (182 Mr/kr) 3adukcupoBaH Ha paccTostHAHN 2 KM B CB-
HaIpaBIEHUH, YTO OOBACHSIETCS a9POINHAMHIKON IIEpeHOca KPYITHOIUCTIEPCHBIX
yactull. Ha paccTossHuM 4 KM KOHIEHTPAIlMM CHIDKAIOTCS, HO B BOCTOYHBIX
CEeKTOpax OCTAIOTCS MOBBIIICHHBIMU, CBUAETEILCTBYS O 3HAYUTEIbHOMN
MIPOTSHKEHHOCTH 30HBI TEXHOTECHHOTO BIUSIHUSI.

MockogBckuii yaactok: As - 0,51-1,08, Pb - 0,27-1,02, Cd - 0,12-0,25, Ni -
3,4-54, Cr - 4,1-9,4 mr/xr. Kk ams Ni ~1,0 oTHOCHTENbHO (POHOBBIX 3HAUCHUH.
[Ipr3HAKOB TEXHOTEHHOTO 3arpsi3HEHUS TSHKENBIMH METAIJIAMU HE BBISIBICHO
- TEPPUTOPUS XapaKTEPHU3YETCsI KAK HKOIOTUUECKH OJIaronoayvHast arpo30Ha.

®énoposckuii parion: Ni - §,0-13,5, Cr - 14,3-25,6 mr/xr (Kx ~2,5
otHocuTensHO MSK - ymepennas anomanwus), Cd - 0,42-0,58 wmr/kr.
[Ipupona moBermeHHbIXx Ni n Cr (TeoXuMHYecKasl WM arporeHHas) Tpedyer
JIOTIOJTHUTENBHOTO U3Y4EHHS C IPUBJICYEHHEM ITOUYBCHHBIX MPO0.

HoBonexnnka: As - 0,92-2,26, Pb - 0,03-0,52, Cd - 0,02—-0,15, Ni - 4,1-8,8,
Cr - 6,4-16,8 mr/kr. MuanMansable koHIeHTpanuu Pb u Cd mpu ymepenusix Ni n
Cr, onpeziesisieMbIX JINTOT€HHBIMHU (PAaKTOPAMH, TIOATBEPIKIAIOT CTATYC STATIOHHOMN
(hoHOBOM TEPPUTOPHH IS pacuéTa KOd(PUIMEHTOB KOHIICHTPAITIH.
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Awmanxkaparaii: As - 1,05-1,97, Pb - 0,14-2,93 (MmakcumyM B omaje -
AKKyMYJIILUS TIPH pa3inoskeHnn opranuku), Cd - 0,08-0,41, Ni-4,9-8,1, Cr-5,4—
11,0 mr/xr. CoBmecTHO ¢ HoBOHE)HMHKOI 00pa3yeT HaI&KHYIO MapHYIO (HOHOBYIO
0a3y (cTenHas 1 JIeCHast 3KOCHCTEMBI) [UISl PETHOHAILHOTO MOHUTOPHHTA.

ComnocraBiieHHe PE3yIbTaTOB MO3BOJSIET CHOPMYIUPOBATH CIEAYIOLINE
3akoHOMepHOCTH. (1) IIpoMbrmnenHas 30Ha T. PyIHOTO - TOMUHUPYIOIIHA
HUCTOYHUK 3arpsi3HeHus: aHoManuu Ni (mo 182 mr/kr) u Cr (mo 62 mr/kr) B
BoctouHoM U CB-cexTopax, Kk >20 otHocutensHO oHa NO. (2) C. MockoBckoe
- DKOJIOTMYECKH YHUCTasi arpo3oHa ¢ ()OHOBBIMU KOHIICHTPAIMSIMH TSKEIBIX
MeTamuioB (Kx o Ni ~1) u arporenno nossiteHHbIME P 1 K. (3) ®EnopoBckmii
paiion nemoHcTpHpyeT ymepernHo nossimeHHsre Ni u Cr (Kk ~2,5 oTHOCHTETBHO
MSK), mpupo/ia KOTOpBIX TpeOyeT TOMOTHUTENFHOTO n3y4deHus. (4) HoBoHnexnaka
n Amankaparail Gopmupyror HanéxHy0 (OHOBYIO 0a3y JUIl peTHOHAIBLHOTO
OMOreoXNMHYIECKOT0 MOHUTOPHHTA. [loTydeHHbBIE pe3yabTaThl MOITBEPKAAIOT
HE00XOIMMOCTh PEryJIsIpHOTO MOHUTOPHHTA arpo3kocucreM KocraHailickoro
peruoHa, mpexae Bcero B BoctogHoM u CB-cexropax r. Pyznoro [10].

Nudopmauus o puHAHCUPOBAHUMN

Hayunsle mccnenoBannsi IpOBOAWINCH B paMKax TPAHTOBOI IPOTrpaMMbl
1eseBoro pUHaHCHPOBAHUSA MO MPOEKTYy «OpraHu3amus U IpOBEICHUE
KOMIUIEKCHBIX HCCIEAOBAHMM I 00ecnedeHns yCTOHINBOTO Pa3BHUTHS
arpomNpoMBIIIIIEHHOro KoMIulekca KocraHaiickoi o0iacTi, a Takke CO3IaHne
Hay4HO-HMCCIIEA0BATEIBCKOr0 TEXHOIOIMUECKOro nentpay» Ha 2024-2026 rojsl
(mpoext Ne BR24992785).

BriBoabl

B 30He BiMsSHMS TOPHOIOOBIBAIONINX NPEANPUATHH T. PyHOTO BBIABICHA
yCTOWYMBas TEXHOTEHHAsl OMOreoXxnMmuUeckast aHomanus ¢ HakorienueM Ni, Cr,
Pb B pacTuTENBbHBIX TKAHSIX; KOHLIEHTPALMH B BOCTOUHOM 1 CB-HampasneHusx
npeBsimaioT GoH B 5-20 pa3. Teppuropun MockoBckoro, @EnopoBCcKOro u
AyIHMeKoIbCKOTO PaiOHOB AEMOHCTPUPYIOT SKOJIOTNMIECKH cOaTaHCHPOBAaHHBIN
COCTaB M MOTYT CIIYXXHTh 3TaJOHHBIMH 30HAMH MOHHUTOPUHTIA. Pe3ynbTaThl
00OCHOBBIBAIOT HEOOXOANMOCTD PETYISIPHOTO OMOTEOXUMHUYECKOTO KOHTPOJIISA
arposKOCHCTEM PETHOHA ISl 0OecTIeYeH sl IPOJOBOJIBCTBEHHON 0€3011aCHOCTH.
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37



TopaiireipoB yuuBepcuterinin Xabapisicsl, ISSN 2710-3544  Xumus-6uonoeusnviy cepusicor. Ne 1. 2026

2 Verkleij, J. A. C. Plants and the Chemical Elements: Biochemistry, Uptake,
Tolerance and Toxicity / J. A. C. Verkleij, M. E. Schat. - 2nd ed. — Weinheim :
Wiley-VCH, 2007. — 392 p.

3 IManuu, M. C. Dxonoro-6noreoxuMmuiecKas OleHKa TEXHOTCHHBIX
naunmadros Kazaxcrana / M. C. [lanus. — Cemunanatuack, 2000. — 338 c.

4 BeiiceeB, O. b. Dxonorus u MuHepaiabHBIe pecypchl Kazaxcrana /
O. b. beiiceeB. — Anmatsl : I'suteiM, 2005.

5 AnekceeHko, B. A. 'eoxumus naramadra : yaeOHuk / B. A. AnexceeHko.
— M. : [latpuot, 2000. — 542 c.

6 Kabata-Pendias, A. Trace Elements in Soils and Plants / A. Kabata-
Pendias. — 4th ed. — Boca Raton : CRC Press, 2011. — 548 p.

7 Alloway, B. J. Heavy Metals in Soils: Trace Metals and Metalloids in
Soils and their Bioavailability / B. J. Alloway. — 3rd ed. — Dordrecht : Springer,
2013.-613 p.

8 MeToamKka BBITIOTHEHUS H3MEPEHHII MACCOBOM JTOJM METAIIOB B MPoOax
ITOYB M PACTEHUI METOIOM aTOMHO-3MHccHOHHOH criektpomerpun (ICP-OES).
— M. : BHUHNM, 2012.

9 T'mruennueckne HOpMATUBB «CaHUTAPHO-3MUIEMUOIOTHYECKHIE
TpeOOBaHUS K COAEPKAHUIO 3arPSA3HSIONINX BEIIECTB B MUINEBOM MTPOTYKINID)
(ITpuka3 Munuctpa 3npaBooxpanerus PK ot 2 aBrycra 2022 rona Ne KP ICM-
71).

10 TOCT 24027.2-80. ChIppé nekapcTBEHHOE pacTHTENbHOE. MeToIbI
OTIPEICJICHHSI BJIAXKHOCTH, COACPIKAHUS 30JIbI, IKCTPAKTUBHBIX U JAYyOMIBHBIX
BemiecTs, 3upHOro Macna. - M. : 3a-Bo cranmapros, 1980.

References

1 Dobrovol’skij, V. V. Osnovy biogeohimii [Fundamentals of
Biogeochemistry] : ucheb. posobie dlja stud. vyssh. ucheb. zavedenij / V. V.
Dobrovol’skij. — Moscow : Akademija, 2003. - 400 p.

2 Verkleij, J. A. C. Plants and the Chemical Elements: Biochemistry, Uptake,
Tolerance and Toxicity / J. A. C. Verkleij, M. E. Schat. - 2nd ed. — Weinheim :
Wiley-VCH, 2007. — 392 p.

3 Panin, M. S. Jekologo-biogeohimicheskaja ocenka tekhnogennyh
landshaftov Kazahstana [Ecological and Biogeochemical Assessment of
Technogenic Landscapes of Kazakhstan] / M. S. Panin. — Semipalatinsk, 2000.
—338 p.

4 Bejseev, O. B. Ekologija i mineral’nye resursy Kazahstana [Ecology and
Mineral Resources of Kazakhstan] / O. B. Bejseev. — Almaty : Gylym, 2005.

38

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepust Xumuko-6uonozuueckas. Ne 1. 2026

5 Alekseenko, V. A. Geohimija landshafta [Landscape Geochemistry] :
uchebnik / V. A. Alekseenko. — Moscow : Patriot, 2000. - 542 p.

6 Kabata-Pendias, A. Trace Elements in Soils and Plants / A. Kabata-
Pendias. - 4th ed. - Boca Raton : CRC Press, 2011. — 548 p.

7 Alloway, B. J. Heavy Metals in Soils : Trace Metals and Metalloids in
Soils and their Bioavailability / B. J. Alloway. — 3rd ed. — Dordrecht : Springer,
2013.-613 p.

8 Metodika vypolnenija izmerenij massovoj doli metallov v probah pochv
i rastenij metodom atomno-jemissionnoj spektrometrii (ICP-OES) [Method for
Measuring Mass Fractions of Metals in Soil and Plant Samples by ICP-OES]. -
Moscow : VNIIM, 2012.

9 Gigienicheskie normativy «Sanitarno-jepidemiologicheskie trebovanija
k soderzhaniju zagrjaznjajushhih veshhestv v pishhevoj produkcii» [Hygienic
Standards “Sanitary and Epidemiological Requirements for the Content of
Pollutants in Food Products™] : prikaz Ministra zdravoohranenija Respubliki
Kazahstan ot 2 avgusta 2022 goda Ne QR DSM-71.

10 GOST 24027.2-80. Syr’jo lekarstvennoe rastitel’ noe. Metody opredelenija
vlazhnosti, soderzhanija zoly, jekstrativnyh i dubil’nyh veshhestv, jefirnogo masla
[Medicinal Plant Raw Materials. Methods for Determination of Moisture, Ash,
Extractive and Tannin Substances, Essential Oil]. — Moscow : I1zd-vo standartov,
1980.

IlocTtynuino B penakuuio 12.03.26.
IHocTynuio ¢ ucnpasnenusimu 26.03.26.
IIpunsTo B neuars 31.03.26.

*4. M. Hypceumosa', I'. T. Epmonouna’®, K. A. XKymanvinos®, 4. A. Tayakenog®
123 Axmer Baiitypebinyibl athiniarel Koctanail eHipIik yHUBEPCHUTETI,
Kazaxcran Pecryonmkacer, Kocranaii .

‘AkaneMuk E. A. BoxeToB aTbIHIaFbI

Kaparanabl YITTBIK 3€pTT€y YHUBEPCHUTETI,

Kazakcran Pecmyonmkacer, Kaparaumusr K.

12.03.26 x. 6acmara TYCTi.

26.03.26 x. Ty3eTynaepiMeH TYCTi.

31.03.26 k. OaceIm mbFapyra KaObUTTaHIBL.

39



TopaiireipoB yuuBepcuterinin Xabapisicsl, ISSN 2710-3544  Xumus-6uonoeusnviy cepusicor. Ne 1. 2026

3KOJIOIO-TEOI PAOUYECKHUIA MOHUTOPUHI PACTEHUI HA
TEPPUTOPUU KOCTAHAVICKOI'O PETUOHA

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepust Xumuko-6uonozuueckas. Ne 1. 2026

*4. M. Nurseitova’, G. T. Yermoldina®, K. A. Zhumalynov® Ch. A. Tauakelov*’
123 Akhmet Baitursynuly Kostanay Regional University,

Republic of Kazakhstan, Kostanay;

*University named after Academician E. A. Buketov,

Republic of Kazakhstan, Karaganda.

Received 12.03.26.

Received in revised form 26.03.26.

Accepted for publication 31.03.26.

Maxanaoa Kocmaunaii enipiniy aymazvinoagel ocimoikmepee
JACypeizineeH IKONOUSTBIK-2e0ePaADUATLIK MOHUMOPUHESIIY HaMuUICenepi
YCbIHbLIZAH, MAKcamol - 6CIMOIK MIiHOepiHOe2l ayblp JCaHe Yblmmbl
XUMUATBIK 2NeMeHmmepoiy moauepin basaiay. 3epmmey HblcaHOAPbL
peminoe aHmMpONno2eHOIK JHCYKMeMeHIH apMYpai auMaKkmapulHoa
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JHCUHANIZAH AYBLIULADYAWUBLIBIK JCIHE AHcabativl 6ciMOikmepOiy yicinepi
nanoanransliovl: Pyownvitl Kanaceinoaesl may-ken KaCinopblHOAPbIHLIH
manvinoa (FObuneinoe), Kocmanaii (Mockoeckoe) sicone @edopos
ayO0aHOapuIHbIY AYbLIULAPYAUBLIBIE AUMAKMAPLIHOA, COHOAU-AK
OVIUeKO]l AYOAHBIHbIH wapmmul QOHObIK yuackenepinoe (Amankapazaii,
Hoeoneoicunxa). Yazinep any ycmem sicenoep 6ablmuit JHCaHe OHEPKICINMIK
WbI2APLIHOBLLAD KO30EPIHEH KAUbIKMbIKMbL eCKepe OMbIpbln, pAoUudiobl
cxema OOUBIHWA JHCy3e2e acbipbliobl, IpOIp HyKkmeoe yul KalmailaHeaH
ANARUa CanblHObL.

Ananumuranelx, 3epmmeynep UHOYKMUGMi 6AUIAHbICKAH NAA3MATbL
onmukansig-smuccusavly cnekmpomempus (ICP-OES) 20icimen
JACYPRI3inoi; KOPRACHIH, KAOMUL, HUKENb, XPOM, MbIUUbIK JCaHe backa
0a yblmmul KOMNOHeHmmepoi Kocd an2anoa Makpo-, Me30- JHcaHe
MUKPOIIeMEeHmmepOi MACCalvlK yiecmepi, COHOAl-aK 6CiMOIK
WUKI3AMbIHbIY KYLOUIIK KOpcemKiuli anslkmanovl. Pyoneiil kanaceinaw
WBIEBIC JICIHE COMYCMIK-ULbLZbIC bagblmmapoa ecimoikmepoezi HuUKeib
MeH XPOMHbIH KOHYESHmMpayusicol oHobIK Oeneetioen S—10 ece acamvlnbl
AHLIKMAnobl, OY1 may-KeH eHOIPY JiCaHe 6HOey KICINOPbIHOAPLIHbIY
aAyMaKmapwuiHan way OeaueKmepiniy aspo301b0ik macblMaI0aHybiMeH
oainanvicmol. Pedopos dcane OYaueKosl ayOaHOapbl MexXHO2eHOIK
Jacmany 0eninepinciz IKONOSUSIbIK mene-mey 1eMeHmmiK Kypamobsl
Kepcemeoi.

Kenicmixmix manoay enepkacinmix aumMakman aiblCMAagan CabiH
MOMEHOEeUMIH ayblp Memanioap MOIUEPIHIY AUKbIH PAOUaiobl 2paoueHmin
anbIKMaovl. AblHan depexmep aumaKmvix OUOLEOXUMUSILIK MOHUIMOPUHE
Yin Jcane aymakmol KapKblHObl OHEPKICINMIK uzepy HcaoatiblHod
IKONOSUSATIBIK JHCIHE A3BIK-MYIIK KAVINCI30I2IH KAMMAMAChl3 emy O0UbIHUA
YCOIHBIMOAD 23Ipey YUliH bLIbIMU He2i3 KANbINMAacmblpaobl.

Kinmmi ce30ep. ayvip memanoap, ecimoix monumopurei, Kocmanaii
o00avicwl, may-ker kacinopviHdapwl, ICP-OES, sxon02usinwik Kayincizoix,
Ouozeoxumusl.

ECOLOGICAL AND GEOGRAPHICAL MONITORING OF PLANTS

IN THE KOSTANAY REGION

The article presents the results of ecological and geographical monitoring
of plants in the Kostanay region aimed at assessing the content of heavy and
toxic chemical elements in plant tissues. The objects of study were samples
of agricultural and wild plants collected in zones of varying anthropogenic
pressure: near the mining enterprises of Rudny (Yubileynoe), in the agricultural
zones of the Kostanay (Moskovskoye) and Fedorovsky districts, as well as
at conditionally background sites of the Auliekol district (Amankaragay,
Novonezhinka). Sampling was carried out according to a radial scheme, taking
into account the direction of prevailing winds and the distance from industrial
emission sources, three replicated plots were established at each sampling point.

Analytical studies were conducted using inductively coupled plasma
optical emission spectrometry (ICP-OES) to determine the mass fractions of
macro-, meso-, and microelements, including lead, cadmium, nickel, chromium,
arsenic and other toxic components, as well as the ash content of plant material.
1t was established that in the eastern and northeastern directions from Rudny,
the concentrations of nickel and chromium in plants exceed background levels
by 5—10 times, which is attributed to aerosol transport of dust particles from
mining and processing enterprises. The Fedorovsky and Auliekol districts
demonstrate an ecologically balanced elemental composition with no signs of
technogenic contamination.

Spatial analysis revealed a clearly expressed radial gradient in heavy
metal content, decreasing with distance from the industrial zone. The data
obtained form a scientific basis for regional biogeochemical monitoring and the
development of recommendations for ensuring environmental and food safety
under conditions of intensive industrial development of the territory.

Keywords: heavy metals, plant monitoring, Kostanay region, mining
enterprises, ICP-OES, environmental safety, biogeochemistry.

41



TopaiireipoB yuuBepcuterinin Xabapisicsl, ISSN 2710-3544  Xumus-6uonoeusnviy cepusicor. Ne 1. 2026

CEKUUA «BNOJTIOMMA»

FTAMP 34.35.15
https://doi.org/10.48081/BGQF1970

*A. H. KypwaHn', M. M. BaxmuH?

UL. H. T'ymunes atbiaaarsl Eypasust yITTBIK YHUBEPCUTETI,
Kazakcran PecnyOnukacel, ActaHa K.;

2AcTaHa MeUIMHA YHUBEPCUTETI,

Kazakcran PecniyOnukacel, ActaHa K.

!ORCID: https://orcid.org/0009-0009-7536-1808

20ORCID: https://orcid.org/0000-0001-6117-5101

*e-mail: ayzhamal.kurshan 21@mail.ru

AYbI3 CYObIH K¥PAMbIHOAFbI AYbIP METAJIGAPAbIH
AAM AF3ACbIHA 9CEPI (84EBGH LLOY)

Byn makanaoa ayeiz cy Kypamvinoazel ayblp mMemanoapobly adoam
a83acvina 2cepin CUunammatimviH bLIbIMU 20eOuemmepee WO HCACANRAH.
90ebu uony 6apvlcblH0a OMAHObIK JCaHe uemenoik sepmmeyiepoe
Keamipineen manimemmep Maioauvin, ayblp Memandapovly aywl3 cyad
mycy K630epi, mapany Heoardapbl Heane aodm OeHCAYIbIZbIHA MU2i3emin
Heeizel aceprepi Kapacmulpoliovl. Ayblp memanoap Kopuiagan opmaod
maobuzu JHcone aHmponozenoik akxmoprapovly acepinen Key mapani2an
aacmayuivl 3ammap Kamapuvina sxcamaosi. Onap ayvls cy apKulivl a0am
ag3acveiHa Mycin, y3ax yaxsim 0otivl ACUHAKMATY Kacuemine ue.

O0ebu Oepexmepee calikec, KOP2ACbIH, KAOMUL, CbIHAN, MbIULLSIK,
XPOM, MbIC JiCoHE MbIPbIUL CUSKMbL AYbIp MEmanoap JicyliKe jcyliecine,
bayvip men byupekke, JCYPeK-KAHMAMbIP JHCIHe KaH My3y Jicylenepine
yoimmsl acep kepcemyi Mymkin. Keubip memanoap as meauepoe
Quszuonozusnvly Manvlzza ue 60IAHbIMEH, 01apObly PYKCam emineen
wexmi KOHYeHmMpayusaoaH apmysl OeHCAYIbIKKA KAYInmi canoapea axkeneol.
Aybip Mmemanoapoviy XumMusiiblK, popMacel 01apobIH a23a0d CiHIpiLyi MeH
VOIMMBLIbIK OeHeeliine mikenetl acep emeol.

Maxkanaoa ayviz cy canacvln mypaxmoel 0aKbliayOblly JHCIHE AYblp
Memandapovly a0am OeHCAyIbleblHa MOHOIPEemiH Kayin-Kamepin KeueHOl
mypoe bazanayoviy Maybl30bLIbI2bL KOpcemineoi. 3epmmey Hamuicenepi
ayvl3 cyoasvl ayvlp Memaidap Maceneciniy 03eKminicin 0en0en, Xaiblk
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OEHCAYbIZbIH KOPEAY YWIH ALObIH 1Y WAPANAPLIH KYUEUNY KAJICemmi2in
He2I30ellOI.

Kinmmi co30ep. ayvip memanoap, aywis cy, KOpuiazan opma, 1dCmary,
aoam, OenHcaynvix.

Kipicne

Kasipri ke3enzie canaisl aybl3 CyMEH KaMTaMachl3 €Ty ajJam3aT ajlJblHIa
TYpFaH €H ©63eKTi xahaHIBIK MocenenepAiH Oipi OONBIT OTBHIP. XUMUSIIBIK
JacTayIbUIap/bIH IMIHAE ayblp MeTajlapMEeH JIACTaHy €H KEH TapajfaH )KoHe
KayinTi Typaepmain 0ipi 6ok cananagpl. KenrereH XMMUSIIBIK 2JIEMEHTTEP MCH
OJIAP/IBIH KOCBUTBICTAPBIHBIH JKOFaphl MOJIIIEP/Ie OOyl TAOUFH KSHE TEXHOTCHIIIK
IpOLECTEPMEH OalIaHBICTBI. AyBIp MeTannap armocdepana, TONBIPAKTa,
cysa, 6CIMIIKTep MEH JKaHyapJiap OpraHu3MIepiHAe Ke3Jece/l )KoHe oJlapIblH
YBITTBUIBIFbI OOWBIHIIIA KOPIIIaFaH OPTAHbI JTACTAWTHIH 3aTTap IbIH 1LIIH/IE AJIBIHFbI
Katapma Typanabl. buocdepa yimiH aca KayinTi JacTaymrsiiap TOOBIHA JKAaTaThIH
ayblp MeTalJapblH TaOUFU OpPTaJarbl KOHICHTPALMIACH! 9JIETTE OT¢ TOMEH
Oonajpl. Anaiia onapIslH MOJIIIEP] pYKcaT eTUINeH ACHIeHICH aCKaH Karaaiia
ajJlaM ar3achlHla ayblp aypyJjapAblH JaMyblHa 9Kelyi MyMKiH. COHIBIKTaH
OPTAJIBIKTAHABIPBUIFAH JKOHE OPTaJBIKTAHABIPBUIMAFaH aybI3 Cy Ke3IepiHIeri
CYJBIH CallachlH TYPaKThl Oakbuiay, COHAAH-aK TYPMBICTBIK YKOHE OHIIPICTIK
JKarFJaiap/ia ayslp MeTaJIapIblH Ty3/1apblHaH CyIbl Ta3apTy Cy JalblHIAy MEH
Cy Ta3apTy XKyHelnepiHiH MaHbI3AbI 0eiri 60meIm Tadbbutams [ 1; 2; 3].

Marepuasnaap MeH dicrepi

OCBI FBUIBIMH JKYMBICTa aybI3 Cy KYPaMbIHIAFbl ayblp METAAAPAbIH a1aM
aF3achIHA 9CEPiH aHBIKTay MaKCcaThIH/Ia 910U L0y XKacal/ibl. 3epTTey MaTepHAIIbI
peTiHAe OTAaHIBIK KOHE INSTENJIK FHUIBIMH MakKajanap, JUCCepTaLUsIbIK
JKYMBICTap MEH XaJIbIKapalIbIK YibIMIapIbIH (JyHUEeKY3UTIK IeHCAayIBIK CaKTay
YHBIMBI, 9KOJIOTHSUIIBIK areHTTIKTEP) KapHsUIaHBIMIAPHI Al JaTaHbUIIbL.

Onebu nepexrepi ipikrey kesinge Scopus, Web of Science, PubMed, Google
Scholar cHSIKTBI FBUIBIME JICPEKKOpIIApJIaH allblHFaH MaTepuajiap KaMThUIIbI.
I3ney G6apeiceina «heavy metalsy, «drinking water», «water pollutiony, «human
health», «toxic effects», «environmental contaminationy» CHSKTBI KilIT Co3Iep
KOJIIQHBLI/IBL.

3epTTeyre COHFBI XXBUIIAP/Aa JKapUsUIaHFaH JKOHE TaKbIPBIIKA TiKeNei
KaTBICTHI eHOCKTep eHri3inmi. Onedu ko3aepidi Tanmay OapbhICBIHAA aybIp
MeTaJIapJblH aybl3 CyFa TYCy Ke3Jepi, ollapIblH Tapayy >KOJAapbl, ar3ana
YKUHAKTAJTY epPEKIISIIKTepi )KOHE a]]aM ICHCAYJIBIFbIHA THT13€TiH YBITTBI dcepIIepi
CaNBICTBIPMAIIBI TYPAE KapacThIPBULIABL. OPTYPIl 3epTTeyNeplae KeNTipiireH
JIepeKTep XKYHEINeHII, KalblIay, CAIbICTEIPY 9AICTEPi KONIaHBULIBL.
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Hotm:kenep koHe TATKbLIAY

AnlaMHBIH IIapyamlIbUIBIK SpEKEeTiHIH KapKbIHABI gamMybl Onocdepara
TYCETiH aHTPOIIOTeH/IK XXYKTEMEHIH apTybIHa aibli Kesryie. COHBIH caiapblHaH
KOpIIaraH OpTara opTYpJli TaOWFATTHI JIaCTAyIIbl 3aTTap OeJiHIN, KOopIlaraH
OpTaHBIH JXali-KYHiHIH HamapiayblHa ceben Oomyna. Kopumaran opraHbl
JlacTayIIbl 3aTTap OJIAPZBIH 9CEp €Ty CHIAThIHA Kapall (PU3MKaIIbIK, XUMHUSUIBIK
YKOHE OMOJIOTHSUIBIK TONTapFa Kikreneai. DusnkanbIK gactaHy TaOUFU KoHE
TEXHOTEH/IIK CAyJIeJIeHyMeH, Iy MEH JIpiIMEeH OaiIaHbICTHI 00JICa, XUMUSIIBIK
JlacTaHyFa OpraHUKAJIBIK KOCBUIBICTAp, ayblp MeTajlgap jKoHe MyHai eHiMuaepi
xKaTasbl. ANl OMOJOTHSUIBIK JacTaHy MHKPOOPTaHU3MAEPMEH, O0aKTepHUsIIBIK
areHTTepMEH >KOHE OHJIIPICTIK OMOKAJIBIKTapMEH CHITATTANIAbI [4]. XUMHSIIBIK
JlacTayIIbl 3aTTap/IbIH 1IIHE aybIp METajap epeKIle OpbIH anajibl, cedebdi onap
GapibIK TaOUFU OpTa KOMIIOHEHTTEPIHE (aya, Cy, TONBIPAK) )KUHAKTABIII, Tipi
OpTaHu3M/IEp YIIIH XXOFapbl YBITTBUIBIFBIMEH CHIATTANaAbl. AyBIp MeTaliaap
9KOJIOTHSIIBIK MOHUTOPHHT XXYPTi3yJli TYpaKThl TYpJAe Tajal e€TeTiH Herisri
JIaCTayIlIbl 3aTTap KaTapblHa KaTajsl [5].

«AybIp MeTangap» TePMHHI 9KOTOKCHKOJIOTHUS )KOHE KOpLIaFaH OpTaHBI
KOpFay cayanapblH/a KeHIHEeH KOJIaHbUTFaHBIMEH, OHBIH OipbIHFall aHBIKTaMAaChl
JKOK. OPTYpIIi FBUIBIMH €HOEKTepae Oyl YFhIM opKallail TyCiHAipijeai, COHbIH
HOTWIKECIHJIE aybIp MeTaliap KaTapblHa )KATKbI3BUIATHIH DJIEMEHTTEpP CaHbI Ja
e3repin oTeipazpl. KenTeren 3eprreynepe ayslp MeTaliapra ThIFBI3BIFEL 5 1/
CM>-TeH JKOFaphbl )K9HE aTOM/IBIK Maccachl mamamMen S0-1eH acaTeiH MeHpeneen
kecrecinneri 40-TaH actaM 3JEMEHTTEp JKATKbI3BUIAABI [6; 7]. DKOJOTHSIIBIK
MOHHUTOPHUHI CajlachIHJA ayblp MeTallapFa BaHaaAWH, XpOM, MapraHel, TeMip,
KOOQJIBT, HUKEITh, MBIC, MBIPBILI, MOJINO/ICH, KaJIMHIi, KAJIAibl, ChIHAII, KOPFACHIH,
BHCMYT KoHE Oacka Jia JIeMeHTTep eHrizineni. byn anementrepain Oipkarapsl
(MBIC, MBIPBIII) MUKPODJIEMEHTTED peTiHAe (HU3NONOTUSIBIK MaHBI3Fa He
OoJIFaHBIMEH, OJIAP/IBIH apTHIK MOJIIIEP] YBITTHI 9cep KopceTei. Al KOPFachlH,
KaJIMUH, ChIHAII KOHE MBIIIBSK ar3a YIIiH 0erje aieMeHTTep OOJIbIT TaOblIa bl
JKOHEe TOMEH KOHIEeHTpauusjga aa Kayinti [8]. Oceuiaiina, ayslp MeTangap
KarapbiHa KoprackH (Pb), mbic (Cu), MbIpbi (Zn), Hukens (Ni), kagmuit (Cd),
kobaneT (Co), cypsma (Sb), kanaiisl (Sn), BucmyT (Bi) sxone coian (Hg) sxatamp.

AybIp MeTanjap KopllaraH opTara HEri3ri eki »koJMeH tyceni: 1)
OHIIpiC OPBIHIAPBIHBIH KaJIJBIKTapbIMEH Oipre; 2) aBTOKOJIIK, COHBIMEH
Karap THIHAWTKBIIITApP, MECTUIHATEP OHJEITEeH CyapMalibl Kepiepaeri arblH
CyJIapJIbIH dpEKeTi HOoTIKeciHAe [7]. DHepreTuka, MallldHA jKacay, XUMUS
JKOHE MYHal-XHMHs cajalapblHbIH aFblH CyJapblH/Ia KOPFACBIH, KaJMUH,
MBIC, MBIPBII, HUKEJb )KOHE XPOM CHSIKTBI METaJZap *Hi Ke3zecedi. Al aybul
IapyamibUIBIFBIHAA KOJIAHBUIATHIH THIHAWTKBIIITAp MEH NECTUIUATED, COHIal-aK
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MaJl IIapyallbUIBbIFbI KAJIBIKTAphI aybIP METAIIAP/IBIH Cy OOBEKTIIepiHe INalbUTBII
Tycyine okeneni [8]. By meranmap e3eHmep MeH cy KoWMallapblHA YKUHAIIBIIL,
KeWiH ayb3 cy Ke3lepiHe keTyli MyMKiH. COHBIMEH Katap Cy KYOBIpIaphl MEH
Tapaty KylenepiHiH KOppO3HsAChl HOTHKECIH/E Ie KOPFACHIH, MBIC JKOHE MBIPBILI
aybI3 CyFa oTyl bIKTUMal. MyHail Jkaraiiiiap cy calacblHbIH TOMEH/ICYiHE )KOHE
aJilaM JIeHcayJIbIFBIHA Kayil TeHyiHe cebern Oomasnsl [9; 10]. CymprH, acipece, aybI3
CYIIBIH carachl XaJbIKTBIH JICHCAYJIBIFBIH aHBIKTAUTBIH MaHbI3/Ibl (haKTOpIapabIH
6ipi OompIT TabbIIa BRI AYBIp METANIAp KOPIIaFraH OpTa HRICAHAAPhIHA IIaMaIaH
TBIC TYCKEH JKaFJaii/ia TOKCUKAHTTap JKOHE DKOTOKCHKAHTTAP PETIHIE dcep eTeli.
TOKCHKaHTTap el JKeKe OpraHu3MJIepre HeMece OpraHu3MIep TOObIHA 3USH/IBI
ocep eTeTiH 3aTTap TYCIHiJce, IKOTOKCUKAHTTAp TEK JKeKe OpraHu3MJepre raHa
eMec, FIKOXKYHCHIH KaJITbl KYPhUIBIMBI MEH KbI3METIHE TEpiC BIKIAJ eTETiH 3aTTap
6ombim TabbuTaabl. Kasipri FeUTBIME 3epTTeyiIepe ayblp MeTalmapIblH imriHae
aJ1aM JICHCAYJIBIFBI YIIiH aca KayilTi CaHAJIATHIH 0achIM TOT OOIiHIT KOpceTiIei.
Byt Tonka KaiMHiA, KOPFachlH, CBIHAIL, MBILIBSIK, HUKEJIb, MBIC, MBIPBILI JKOHE XPOM
KaTalbl. ATaJFaH SJIEMEHTTEPIIH ILIiHIE YBITTHUIBIK JICHIeili €H )KOFapbl MeTaiap
peTiHae KOpFachlH, KaaMUH jKOHE CHIHAIT ePEeKIIe aTall oTuIe i [S]. OHepKacinTik
JKOHE TYPFBIH aiiMaKTap/a ajilaM ar3achlHa ayblp METaILIAp/IbIH CHyl HeTri3iHeH Y
JKOJIMEH JKY3ere acajibl: Tepi apKbUIbl, THIHBIC aJTy YKOJIAPbl apKBUIBI XKOHE TaFaM
MeH aybI3 Cy apKbUIBl KaObutnay HoTwmkecinne [11]. By snmementrep e3mepiHia
LICKTI MOJIILIEPiHeH achIl KeTKEH JKaFaiiia ybITThI ocep KopceTeli. Ayblp MeTaaap
TaOWFH JKaFJaiia bIapIpaMail, SKoXKylene )KuHalmyFa OeiiM Kelemi KoHe YaKbIT
oTe KeJle aj1aM JCHCayIIBIFBIHA KAYiITi AeHTeiiepre xeTyi MyMKiH. JlyHHeXy31UTiK
JICHCayJIbIK CaKTay YHBIMBIHBIH MAJIIMETTepi OOMBIHIIA CY/IbIH CallaChIHbIH TOMEH
60irybl ceOeOiHeH MaMaMeH 5 MITH. aJiaM eJIeli JIe, op TYPJIi Topeke/e YIaHFaH
HeMece aybIpFaH agaMaapIslH caHbl | Mipi.-Ka neifin sxeteni [12].

AyBI3 CyIBIH ayblp METalJapMeH JacTaHybl J)KOHE COFaH OaiylaHBICTHI
JICHCayJBIKKa TOHETIH KayinTep Cy camachlH Oarajay Ke3iHJe MIHOCTTI TypAe
ecKepiryi THic MaHBI3IEI (aKkTopiap KaTapbiHa katansl [13]. JleHcaymbsikka
TOHETIH Kayil-KaTepi Oypeic Oaranay VIIiH JacTaymIbl Ke3IepIiH KOpIIaraH
opTara KaHIal 3aTTaplbl WIbIFapa ajJaThIHBIH aHBIKTAy, ajJaM MeH Oacka
Tipi aF3amapIblH COJ 3aTTapMeH OaiiaHBICy JCHTEHiH Oaraiay >KOHE OHBIH
JICHCAYJIBIKKA BIKTHMAJ 9CEePiH CaHIBIK TYPAE eCenTey KaxeT. ATalFaH kKojuap
apKBUIBI aF3ara TYCKEH ayblp MeTajlgap KaHLEepOreH I XKoHe KaHLEPOTeH Il eMec
aypyJapAbIH 1aMy KayIiH apTTeIpysl MyMKiH [ 14]. Kelibip aybip MeTammapabH
ar3ara IIIKi ocepi epeKIle ajJaHJayIIBUIBIK TyABIpalbl, OUTKEHI OJapIblH
YBITTBUTBIFBI XUMUSUTBIK (DOPMAChIHA YKOHE aF3ajia JKHHAKTATy KaOieTiHe Tikenei
OailmaHbICTBl. KOpFachIHHBIH OpPraHUKAaJbIK KOCBUIBICTApbl OeHOpraHUKaIbIK
TYpJiepiHe KaparaH[aa >KOFaphl JEHTeiae CiHipiei KoHe XyHKke jkyihecine
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allKbIH YBITTBI acep kepcereni. Kaamuii XxanblKapajblK JIEHCAYJIBIK CaKTay
YHBIMIApPBI TapalblHAH KaHLEPOIeH PETIHIE KapacThIPBUIBII, HETi3iHeH Oyipek
IIeH CYHeK TiHAepiHIe KUHAIAIBI. AJl CHIHAITBIH, dCipece OHBIH OpraHHKAJIBIK
(hopMmanapbeIHbIH, JKYHKe KYHeciHe JKOFapbl HEHPOTOKCHKAIBIK ocepi Oap eKeHi
nonenaenred [15].

MBeIc ayblp METaIIapFa )xaTca 1a, OHbIH aF3a YIIiH (GU3HOJOTHUSIIBIK MaHbI3bI
Oap. KanpmTel Memiepae o reMOrIOOWH TY3UTyiHe KaThICaIbl, HHCYIHHHIH
OCTICCHIUTITIH KONIAIbI KoHE KaH KbICBIMBIHBIH TYPAKTBUIBIFBIHA OCEP €Tei.
Auaiiia MpIC KOHIIGHTPALMACHI [IaMaJiaH ThIC apTKaH JKar[aiilla OHBIH YBITTBI
oceprepi OaiKamagsl, COHBIH IMIIHIE KYHKe KYHECiHIH OY3BUTYbI, YHKBIHBIH
OY3BLTYHI, eCcTe caKTay KaOUIeTiHiH TOMEHAeYi, COHIail-aKk 0ayslp MeH OyHpek
KBI3METIHIH dJICipeyi )KoHe )KYPEK-KaHTaMBIp aypyJIapbIHbIH 1aMy KayIliHiH apTybI
OpBIH anaisl [16].

MBpIpbIII agaM ar3achl YIIIH MaHBI3IbI MUKPOIJIEMEHT OOJIBII TaObLIaIbl
JKOHE OJI TOPMOHAAP/IBIH, COHBIH IIIiHJEC TECTOCTECPOHHBIH CHHTE3IHE, COHMIail-
aK E BuTaMHHIHIH anMacyblHa KaTblcaabl. bipak MBIPBIIUITHIH IIaMagaH ThIC
JKUHATYBI KaMUIIPIIapIbIH 3aKbIMIaHyBIHA, )KYPEK OYIIIBIKETIHIH oJICipeyiHe
YKOHE UMMYH/IBIK JKYHEHIH TOMEeHIeYiHe oKelyi MyMKiH [17].

Mpinibsik. CyaTTapaarbl MBIIIbSIK KOCBUIBICTAPbIHBIH OOJYBl — KeH OaibITy
3ayBITTaphl )KOHE KOCIMOPBIHAAPHI, IECTHIN OHIIpici HOTHXKECiHIe OOabl.
Kazipri TaHIa NeCTHUUATI THIHAMTKBIIITAD KEHIHEH KOJJaHBUIATBIHIBIKTAH,
OHBIH OPTaHU3M YIIIiH KayilTi MEeTaIgapAbIH KOTl MOJIIIepi eTicTiK apKbLUIBl 63¢H
Kenyepre tyceni. MpIIIbSK ©Te YJIbl, O aJaM OPraHU3MiHJeTr] TOTBIKTBIPFBILI
NpOLIECTEP/Ii aKbIPBIHIATA L, aF3aIap MEH YJIaIapAblH OTTEKIICH KaHBIKTBIPYBIHA
ocep ereni [7].

KopracelH ajiaM ar3acblHa KOIDKAKThI YBITTBI 9CEp €TETiH dJIEMEHT OOJIBII
Tabputagpl. O OpTAJBIK JKOHE MIETKI XKYHKe JKyleciHe, KaH Ty3y JKyHeciHe, ac
KOPBITY JKOHE KYPEK-KaHTaMBIp JKylelepine, OYHpeKKe jKoHe PerpOayKTUBTIK
KbI3MeTKe Kepi bIKnai ereii. COHbIMEH KaTap KOPFachlH KaHIIEPOT €H K KACHETKe
ue. JlyHHeXY3UIiK JeHCayJbIK caKTay YHBIMBI OHBI KOpIIaraH OpTajgarbl aca
KayiNTi JIacTayIIbl 3aTTapAbIH KaTapblHa )KaTKbI3a/IbI )KOHE KayINTiiK OOWBIHIITA
Oipinmi kiacka enrizesi. Co3pUIMabl KOPFaChIHMEH YIIaHy acKa3aH-1IIeK, aKyHKe-
OYJIIIBIKET, OPTANBIK KYHKE JKyHeci, KaH TY3Y JKyieci )koHe OYHpeK KbI3METiHiH
OY3BUTYBIMEH CHITaTTallybl MYMKiH, OyJ1 Oenrinep jkeke Hemece Oipire OTBIPHII
KepiHyi pIkTHMan [18].

Xpom. Benrini Memmepaeri XpoM KOCBUIBICTaphl CyaTTapFa raJlbBAHUKAJIBIK
JKoHE 005y IeXTaphl akada CyIapblHaH, TOKPIMa OHEPKICiOiHEH, Tepi 3ayBITTaphI
MEH XHMHSUIBIK OHEPKACIIT OpBIHAapbIHAH TyCyi MyMKiH. Ker Memmepaeri xpom
KOCBUIBICTAPHl KAHIIEPOTCHIIK OpEKeTKE JKeTl COFabl [7].
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ChIHANITEIH Cy OpTachiHAAa OOJYHI epekme KayinTi, ce6ebi ox cy
OpraHu3MIEpi apKbUTHI aaMFa JKETII, aybIp YIaHyJIap TyFeI3Ybl MYMKiH. ChIHAIT
ar3ajia KUHAIATHIH Y OOJBIN TaObLTAIbI )KOHE acKa3aH-1IIeK YKOJBI, THIHBIC aTy
JKOJIIapBI MEH Tepi apKbUTHI ciHeai. OHBIH OpraHUKAaIBIK KOCBUTBICTapHL, acipece
METHJICBIHATL, KYWUKE KYHECiHe oTe KOFaphl YBITTH ocep KepceTeni. ChIHATIICH
yIaHy jKeie] HeMece CO3bIIMAIbI TYP/IE OTilL, )KYHKe KYHeCiHIH 3aKbIMIaHybIMEH,
Ce3IMTaNIBIKTHIH TOMEHICYIMeH, KalKaHma 0e3 OeH KypeK KbI3METiHiH
OY3BLTYBIMEH KaTap Xypyl MyMKiH [19].

Kammuii e kayinTi ayslp MeTainapIslH KaTapblHa JKaTalbl )KOHE OJ1 aybUT
[IapyambUTBIK TRIHAWTKBIITAPEl apKBUIBl TaFaM Tiz0eTiHe Tycyl MyMKiH. by
QJIEMEHT aF3ajia KUHAKTANBIN, CYHeK TiHiHIH dncipeyiHe, nedopmanmsichiHa,
COHJaii-aK OYHpeK, OaybIp, OKIe )KOHE CYHeK KeMITiHIH 3aKbIMIaHybIHA OKEIe/Ii.
KagmuiiMeH co3puiMansl yIaHYABIH €H ayblp KepiHicTepiHiH Oipi periHme
«HTail-uTai» aypysl OCNTiNi, 07 KaHKAHBIH I1e(OpMAIHICHIMEH, KO3FAIBICTHIH
OY3BLTYBIMEH XOHE OyHpeK sKeTKiTiKci3airimer cunarraransi [19; 20].

YKanmer anrana, ayslp MeTanaap KOpIIaraH OpTa MEH afiaM JICHCAYJIbIFbIHA
affTapibIKTall Kayin TeHaipeni, cebedi omap ar3aa )KUHAKTAJIBII, Y3aK Mep3iMIi
YBITTHI JKOHE TEHETHKAIBIK ocepiiepre dKelyi MyMKiH. bysm mertammap Kypek-
KaHTaMBIP aypYJIapbIHbIH, aJUIEPTHSIIBIK PeaKIAsIIap IbIH )KOHE KaTeplli iCiKTepIiH
JaMyBIHA BIKIAJ €Til, JKacyIiajap MEH TiHAEPAiH KaJbIIThHl KbI3METIH Oy3abl.
COHIBIKTaH aybIp METAIIAPMEH OaiJIaHBICTHI KAYINTEp Il a3aiTy YIIiH KOpIIaFraH
OpTaHBI KOPFay IIapaiapbl MEH )KeKe KayilCi3IiK epeKeNIepiH caKTay aca MaHbI3/IbI
[19; 20].

KopbITbIHABI

Kaszipri Tagzma eHzipic meH ypOaHH3alHUSHBIH KapKBIHIBI JaMyBIHA
0alTaHBICTHI aybI3 CY KO37EpiHe aybIp METAAAPABIH TYCY1 apTHII OTHIP. AYBI3 CY
apKBLIBI aF3aFa Y3HiKCi3 TYCKEH aybIp MeTalIap KIHAKTAIBII, ACKOPBITY, OaysIp,
OYlipek *oHe JKYIKe KYHeCiHIH KbI3METIH OY3bII, SKOJOTHSITBIK (pakTopIapMeH
0aliJTaHBICTHI ayPYIApAbIH aMy KayIliH apTThipanbl. OChIFaH OailIaHBICTHI aybI3
CYIaFbl aybIp METAIIAPIBIH KYPAMBIH TYPAKThI OaKbIIay, OJapIbIH PYKCAT €TUITCH
IIEKTi KOHIICHTPAIMSUIAPEIH CAKTay JKOHE XANBIK ICHCAYIIBIFbIHA TOHETIH BIKTHMAIT
ocepiH KemeH i Typae Oaranay aca MaHbBI3/bL.
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BJUSHME TAXKEJIBIX METAJIJIOB B COCTABE MUTHEBOM
BO/JIbl HA OPT'AHN3M YEJIOBEKA (OB30P JIUTEPATYPBI)

B oaunnoii cmamve npedcmasnen 0630p HAYUHOU TUMeEPaAmypul,
onucwvlearwell rUAHUEe MANCENLIX MEMALLI08, COOEPAHCAUWUXCS 8
numvegoll 600e, HaA OpeaHusm uerogexkda. B xode numepamypnozo
0030pa NPOAHATUUPOBAHBI OAHHbIE, NPUBCOEHHBIE 8 OMEUEeCTNEEeHHbIX U
3apYOeNHCHBIX UCCTIeO08AHUAX, PACCMOMPEHbI UCIMOYHUKU NOCYNIEHUs
MAACENBIX MEMALI08 8 NUMbEGYIO 600V, NYMU UX PACNPOCIMPAHEHU U
OCHOBHble 3hdhekmbl 8030eticmaus Ha 300posve denogexa. Tacénvie
Memannbl OMHOCAMCSA K YUCTY WIUPOKO PACAPOCTNPAHEHHBIX 342PAZHAIOUUX
sewecme 6 okpyocarowel cpede, opmupyrouuxcs nood 8o3oelcmeauem
NPUPOOHBIX U AHMPONO2EHHBIX (hakmopos. [locmynas 6 opeanusm uenogexa
¢ numMvesoll 80001, OHU 001A0AOM CNOCOOHOCMbIO K OIUMENbHOMY
HAKONJIeHUTO.

Coenacho aumepanypHbviM OGHHbIM, MAKUe MANCETbLE MEMALTbL, KAK
CceuHely, KaOMUll, pmymbv, MbIULbBSK, XPOM, MeOb U YUHK, MOSYI OKA3bIEAMb
MoKcuueckoe 8030eUcmeue Ha HePEHyr CUucmemy, neuyeHv U NOuKu,
CEPOUHO-COCYOUCTYIO U KDOBEMBOPHYIO cucmembl. Hecmomps a mo, umo
HEeKOMopble MEMaiibl 6 MAlbIX KOIUUeCEax umMerm GusnoioeuiecKoe
3HaueHue, npegvlulerue OONYCMUMBIX NPedelbHO OONYCIMUMbBLX

KOHYEHMpayuil Modjicen npueoOUums K ONACHbIM HOCLeOCMEUIM Ol
300posbsi. Xumuueckas opma msjicénvix Memaios Hanpsmylo Giusem
HA CMENnenb Ux 6CACbIBANUsL 8 OP2AHUIME U YPOBEHb MOKCUYHOCTIU.

B cmamve noduéprusaemcsi 8axcHOCHb NOCMOAHHO20 KOHMPOJIsL
Kauecmea numvegoil 600bl U KOMNJIEKCHOU OYEHKU PUCKOG, CEA3AHHBIX C
6030eticmauem msdiCEnblX MEMAaiios Ha 300posbe uelogekd. Pezynomamol
UCCAe008aHUSL NOOMEEPAHCOAION AKIMYATbHOCHb NPOOIIeMbl COOEPHCAHUSL
MAACENBIX MEMALIO8 8 NUMbEBOLL 800€ U 0OOCHOBIBAIOM HEOOXOOUMOCHIb
VCuienust nPOGUIAKMULECKUX mep O 3auunul 300P08bs. HACELEHUSL.

Knrouesvie cnoga: msiicénvle Memanivl, NUMbe6ast 600d, OKPYICAIOUYAsL
cpeoa, 3azpsizHeHue, Yer06eK, 300P08be.
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HUMAN BODY (A LITERATURE REVIEW)

This article presents a review of scientific literature describing the
effects of heavy metals present in drinking water on the human body. The
literature review analyzes data reported in domestic and international
studies and examines the sources of heavy metal contamination of drinking
water, their pathways of distribution, and the main impacts on human
health. Heavy metals are among the most widespread environmental
pollutants and occur as a result of both natural and anthropogenic factors.
When entering the human body through drinking water, they have the ability
to accumulate over long periods of time.

According to the reviewed literature, heavy metals such as lead,
cadmium, mercury, arsenic, chromium, copper, and zinc may exert
toxic effects on the nervous system, liver and kidneys, as well as on the
cardiovascular and hematopoietic systems. Although some metals have
physiological significance in small amounts, exceeding permissible
concentration limits can lead to serious health consequences. The chemical
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form of heavy metals directly affects their absorption in the body and their SRSTI 87.15.15
level of toxicity.
The article emphasizes the importance of continuous monitoring https://doi.org/10.4808 1/BGQF1971
of drinking water quality and comprehensive assessment of health risks
associated with exposure to heavy metals. The findings confirm the A. A. Telzhanova', *Sh. Zh. Arynova?
relevance of the problem of heavy metal contamination in drinking water '2Toraighyrov University,
and substantiate the need to strengthen preventive measures to protect Republic of Kazakhstan, Pavlodar.
public health. 'ORCID: https://orcid.org/0009-0000-2394-2883
Keywords.: heavy metals, drinking water, environment, pollution, 2ORCID: https://orcid.org/0000-0002-9895-7649
human, health. *e-mail: shinar_uzh@mail.ru

THE ASSESSMENT OF ATMOSPHERIC AIR QUALITY
IN BOZSHAKOL MINE AREA

This article provides a comprehensive assessment of the impact of
pollutants on atmospheric air in the operating area of the Bozshakol
copper-molybdenum deposit. Mining activity has complex and multifaceted
impacts on the environment. This applies in particular to open-pit mining.
During open-pit mining, a significant amount of pollutants are released
into the air, with inorganic dust being the main pollutant. During the
study, the main pollutants were identified: inorganic dust SiO2 less than
20 %, nitrogen dioxide, nitrogen oxide, sulfur dioxide, carbon monoxide,
saturated hydrocarbons C12-C19. Atmospheric air samples were taken with
meteorological support (temperature, atmospheric pressure, wind direction
and speed) at six points on the border of the design sanitary protection zone.
Analyzing the results obtained, it can be concluded that no exceedances
of pollutant concentrations above the maximum allowable concentrations
were found. In addition, both stationary and fugitive sources of pollutant
emissions into the atmosphere have been identified. The authors proposed
general recommendations for reducing the impact of industrial activities
on the atmosphere and localizing the spread of pollutants at enterprises
during mining operations and related measures to reduce emissions.

Keywords: mining, open-pit mining, atmospheric air, pollutants,
dust, emissions.

Introduction
Mining production is technologically interconnected with the processes of
human impact on the environment in order to provide raw materials and energy
resources to various spheres of economic activity [1, P. 29-39; 2, P. 11-19].
54 55



TopaiireipoB yuuBepcuterinin Xabapisicsl, ISSN 2710-3544  Xumus-6uonoeusnviy cepusicor. Ne 1. 2026

The rapid growth in the consumption of natural resources is accompanied not only
by changes in the quantitative scale of anthropogenic impact, but also by the emergence
of new factors whose previously insignificant impact on nature is now becoming
dominant. The damage caused to natural components leads to tangible consequences
and reflects the reverse reaction to this impact (negative for society), summarized by
the concept of ‘the current environmental situation’ [3, P. 254-258; 4, P. 9].

Mining activity has complex and multifaceted impacts on the environment. This
applies in particular to open-pit mining. During open-pit mining, a significant amount
of pollutants are released into the air, with inorganic dust being the main pollutant [5,
P. 6-9; 6, P. 95-106]. The emission of this substance leads to the gradual degradation
of green spaces, a decrease in their productivity and a loss of stability [7, P. 30-42; 8,
P. 39-46].

The relevance of researching the impact of atmospheric pollutants at open-pit
mines is due to their significant effect on human health and the environment, including
water and soil pollution, biodiversity loss, and climate change. Research is necessary
for the development of effective measures to reduce harmful emissions, introduce
environmentally friendly technologies, and protect natural resources.

The object of the study is the current state of open-pit mining operations carried
out at the existing mining and processing complex of KAZ Minerals Bozshakol LLP
(KAZ Minerals Bozshakol). The main activity at the considered industrial site is the
extraction of copper-molybdenum ore at the Bozshakol deposit. The production site
of the facility is located on the territory of the Ekibastuz district of the Pavlodar region
of the Republic of Kazakhstan, 170 km southwest of the regional center - Pavlodar,
60 km west of the regional center - Ekibastuz and 18 km north of the railway stations
Bozshakol and Shiderty, located on the Pavlodar - Astana highway. The nearest
settlement is Tort-Kuduk village.

The aim of the study is to conduct a comprehensive assessment of the impact
of pollutants on atmospheric air in the area of operation of the Bozshakol field and
developing recommendations for preventing and reducing emissions.

Materials and methods

The main type of impact on the atmosphere is pollution by dust and gas emissions
[9, P. 1-20]. Specific forms of impact are represented by the release of gases and dust
during drilling, blasting, loading and unloading operations, wind erosion of the road
surface, mine workings, mine dumps, and stockpiles.

There are no KazHydromet RSE posts in the area where KAZ Minerals Bozshakol
is located. According to the background concentration report provided on the website
of the Hydrometeorological Service of the Republic of Kazakhstan, due to the lack of
observations of atmospheric air conditions in the Republic of Kazakhstan, Karkaraly
District, it is not possible to issue a certificate on background concentrations of pollutants
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in atmospheric air, and therefore the values of existing background concentrations of
pollutants in atmospheric air are not known.

To assess the state of atmospheric air in the area surrounding the plant, as part
of production monitoring, work was carried out to study air pollution in the zone of
influence of the enterprise on the border of sanitary protection zone [10, P. 332].

According to the industrial environmental monitoring program, atmospheric air
sampling was carried out at the boundary of the sanitary protection zone quarterly
in 2024. Atmospheric air sampling was carried out with meteorological support
(temperature, atmospheric pressure, wind direction and speed) at 6 points on the
boundary of a design sanitary protection zone (3 background points and 3 underflare
points depending on the wind direction), for the following elements: inorganic dust
Si02 less than 20 %, nitrogen dioxide, nitrogen oxide, sulfur dioxide, carbon monoxide,
saturate hydrocarbons C12-C19. The following methods were used to determine
pollutants: gravimetric method, physical and chemical method, physical method [11,
P.7-26; 12, P. 33].

Results and discussion

All selected samples are meteorologically supported (temperature, atmospheric
pressure, wind direction and speed, humidity). As can be seen from the analysis of the
data (based on average figures), the concentration of inorganic dust at the boundary
of the sanitary protection zone does not exceed the quality standards established for
atmospheric air in populated areas. The main pollutant emitted during mining operations
is inorganic dust containing 2070 % SiO2.

Table 1 — Chemical analysis data for atmospheric air samples in the area affected
by the KAZ Minerals Bozshakol quarry (based on 2024 data)

Actual

Date of Sampling Name of the pollutant MAC (maximum | concentration,

samplin oint
pung P one-time mg/m3 Exceedance
concentration, mg/ of MAC,
m3) multiplicity
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the requirements of the Environmental Code of RK and the Methodology for
determining emission standards into the environment, approved by the order
of the Minister of Ecology, Geology and Natural Resources of the Republic of
Kazakhstan dated March 10, 2021 No. 63, as well as the current environmental
impact permit for Category I facilities No. KZ00VCZ03461060 dated April 15,
2024, issued by the State Institution “Committee for Environmental Regulation
and Control of the Ministry of Ecology, Geology and Natural Resources of the
Republic of Kazakhstan” [10, P. 332; 11, P. 7-26; 12, P. 33]. A summary list of
sources of pollutant emissions is presented in Table 2.

Table 2 — Summary list of sources of pollutant emissions

Number of emission source | Name of emission source

0001-0012 DR drilling rigs

0508-0516 Diesel compressors, generators

0518-0522 Blow heaters

0523-0527 Mobile welding machines

0528-0550 Quarry drainage pumps

6010-6016 Drilling and blasting operations

6017 Loading and extraction operations

6018 Dusting when moving equipment

6019 Unloading of waste rock onto overburden dumps

Nitrogen dioxide less than 0.02 0.2 no
Nitrogen oxide less than 0.03 0.4 no
Sulphurous oxide 0.055 0.5 no
Carbon oxide less than 1.5 5 no
p.1
Saturated hydrocarbons | () 54 1 no
C12-C19
Inorganic dust SiO2 less | less than 0.075 0.5 no
than 20 %
Nitrogen dioxide less than 0.02 0.2 no
Nitrogen oxide less than 0.03 0.4 no
Sulphurous oxide 0.042 0.5 no
Carbon oxide less than 1.5 5 no
p-2
Q1 2024 Saturated hydrocarbons | () 59 1 no
(13.02.2024) C12-C19
Inorganic dust SiO2 less | less than 0.075 0.5 no
than 20 %
Nitrogen dioxide less than 0.02 0.2 no
Nitrogen oxide less than 0.03 0.4 no
Sulphurous oxide 0.39 0.5 no
3 Carbon oxide less than 1.5 5 no
p.
Saturated hydrocarbons | jess than 0.5 1 no
C12-C19
Inorganic dust SiO2 less | {egs than 0.075 05 no
than 20 %
Nitrogen dioxide less than 0.02 0.2 no
p-4 Nitrogen oxide less than 0.03 0.4 no
Sulphurous oxide 0.42 0.5 no
Carbon oxide less than 1.5 5 no
Saturated hydrocarbons
C12-C19 less than 0.5 1 no
Inorganic dust SiO2 less
than 20% less than 0.075 0.5 no

Analyzing Table 1, we can conclude that no excess of pollutants over MAC
values was detected. MAC values are adopted in accordance with the current
“Hygienic standards for atmospheric air in urban and rural areas”, approved by
the order of the Minister of Health of the Republic of Kazakhstan dated August
2,2022 No. KR DSM-70.

Also, source of pollutant emissions (SPE) into the atmospheric air have
been identified, the numbering of which is carried out taking into account
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6020-6021 Overburden waste dumps

Piling and leveling of overburden slopes on overburden
6022, 6102-6105, 6114, dumps

Static storage of ores (sulfide ore, oxidized ore, cut-off grade
6024-6041, 6130-6134 ore, mixed ore)

6045-6056 Static storage of topsoil on stockpiles
6059 Unloading crushed stone

6061 Dusting when moving equipment
6135 Crushing of oversize

In addition, the dispersion of pollutants in the ground layer of atmospheric
air was calculated. The calculation of dispersion of pollutants in the ground layer
of atmospheric air emitted into the atmosphere by the enterprise’s sources was
carried out using the UPRZA “ERA” version 4.0 from the company NPP “Logos-
Plus”, Novosibirsk (permission for use in the Republic of Kazakhstan: letter of the
Ministry of Natural Resources and Environment of the Republic of Kazakhstan
No. 09-335 dated 04.02.2002).
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Since at a distance equal to 50 heights of the highest source of the enterprise,
the difference in height does not exceed 50 m, the dimensionless coefficient taking
into account the influence of the terrain (h) is taken to be equal to 1.0. An analysis
of dispersion calculations shows that the greatest contribution to pollution of the
ground layer of the atmosphere at an industrial site is made by inorganic dust with
a silicon content of 20-70 %.

Analysis of the results of the dispersion calculation allows us to conclude
that both at the border and outside the sanitary protection zone, the maximum
surface concentrations during the operation of industrial site sources do not exceed
the maximum allowable concentration (MAC), and that sanitary standards for
the quality of the surface layer of atmospheric air outside the border of sanitary
protection zone are not violated under the influence of operation of the pollution
sources of the plant [11, P. 7-26].

The following measures to reduce emissions are proposed as general
recommendations for reducing the impact of production activities on atmospheric
air and localizing the spread of pollutants by the enterprise during mining
operations:

— all earthworks must be carried out in strict accordance with the project.
Specialized equipment must be kept in specially prepared parking areas;

— when compacting the soil, dust suppression measures will be carried out
(watering the soil with rolling rollers);

—when conducting drilling operations, water shall be used to ensure drilling
efficiency and dust suppression;

— in order to prevent fuel and lubricants from entering the soil, refuelling
and repairing equipment must be carried out in a specially designated area.
Refueling of stationary vehicles and vehicles with limited mobility is carried out
by refueling trucks;

— maintenance of specialized equipment (replacement of tires, oils, filters)
should be carried out on the territory of the repair bays of KAZ Minerals Bozshakol.

In accordance with the “Methodological Guidelines for Emission Regulation
under Unfavorable Meteorological Conditions (UMC),” when developing UMC
measures, the contribution of various sources to the creation of ground-level
concentrations of harmful substances should be taken into account, which is
determined by calculations of ground-level concentration fields. There are three
modes of operation for an enterprise in adverse weather conditions. The measures
for the first and second modes are organizational and technical in nature, they can
be easily implemented without significant costs and reducing the productivity of
an enterprise [13, P. 27]. These include the following general activities:

— strengthen control over the exact observance of technological regulations;
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— prohibit the forced operation of equipment;

—disperse over time the operation of technological units that are not involved
in a single continuous technological process, during the operation of which
emissions of harmful substances into the atmosphere reach their maximum value;

— limit the use of motor vehicles and other mobile sources of emissions on
the premises of the enterprise;

— limit loading and unloading operations and drilling operations associated
with significant emissions of pollutants into the atmosphere.

In accordance with the ‘Methodology for regulating emissions under adverse
meteorological conditions’, Appendix 40 to Order No. 298 of the Minister
of Environmental Protection dated 29 November 2010, measures to reduce
emissions of harmful substances into the atmosphere during periods of unfavorable
meteorological conditions are being developed for enterprises located in populated
areas where unfavorable meteorological conditions are forecast or expected by the
State Hydrometeorological Agency [13, P. 27]. Due to the fact that no forecasting
for unfavorable meteorological conditions is carried out in the area where the
enterprise is located, it is not necessary to develop an action plan for the period
of unfavorable meteorological conditions.

Conclusion

According to this study, the total volume of pollutant emissions into the
atmosphere from mining operations at the Bozshakol deposit in 2025 will amount
to 5597.521925 tons. The main pollutant released during mining operations is
inorganic dust containing silicon dioxide in %: 70-20 (chamotte, cement, cement
production dust - clay, shale, blast furnace slag, sand, clinker, ash, silica, coal ash
from Kazakhstani deposits), as well as nitrogen dioxide, nitrogen oxide, carbon
(soot, black carbon), sulfur dioxide, carbon monoxide (carbon monoxide, carbon
monoxide), benzapyrene, formaldehyde (methanal), kerosene, alkanes C12-19,
solvent PITK-265 IT. The sources of emissions are both stationary sources (drainage
pumps, drilling rigs, diesel generators, blow heaters, etc.) and fugitive sources of
emissions (blasting, drilling, dumping, static storage, dusting during movement
of machinery, etc.). Chemical effects on atmospheric air quality will be carried
out within the boundaries of the impact area at a distance of 1000 meters from the
work site. Beyond the conditional boundary of 1 MAC, there will be no excess of
the calculated maximum ground-level concentrations of pollutants over the MAC
values established for the air of populated areas.
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BO3IIIAKO.JI KEHIII AUMAFBIHJIAFBI ATMOC®EPAJIBIK
AYAHBIH CAITACBIH BAFAJIAY

Ocvl makanaoa bozuaken mbic-monudO0eH KeH OpHbl KblsMen ememin
anumakma 1acmayuivl 3ammapobviy ammoc@epanvly ayazd acepin Keuenoi
bazanay sxcypeizindi. Iatioanvl Ka36aiapovly KeH OpbIHOApbIH 23ipiey
Kopwiazan opmasga Kuvli api Kon scocnapivl acep emeoi. byn, epexute
Oapedicede, nanoanvl Kazo6aiapovl 6HOIpYOiH AublK MaCLliHe Hamaobl.
Autbl may-KeH Jcymblcmapbii JCypeizeeH kesoe ayaga 1acmayubliapoblly
e0ayip Kesemi myceoi, Oy pemme He2i32i 1acmayulbl 3am O6ellopeaHuKaIbIK
way Oonvin mabwinadvi. 3epmmey OapuvicblHOA Hezizel 1acmayulsl
sammap anvikmanovl: oetiopeanurkanvix way SiO2 20 %-0awn as,
azom Ouokcudi, azom OKcuoi, KyKipm Ouoxcuodi, kemipmeei oKkcuoi,
C12-C19 wexmi komipcymekmep. Ammocpepanvix ayarvly ColHAMACHIH
anry ecenmik CanumMapusiblK-Kopay auMAablHbLY WeKAPaACLIHOARbL
6 HyKmeoe MemeopoNOSUANbIK KaMmMaMacsl3 emymen (memnepamypa,
ammocpepanviy KblcblM, Jicell 6a2vlmbvl MeH HCbLIOAMObIZbL) HCYPI3iOi.
Anvinzan Homudicenepoi mandai Omulpsin, AACMAYULbl 3aMmapobly
wiekmi pyKcam KOHYeHmpayusiapobly MaHOEPIHeH ACnazanbl mypansl
KopblmulHObiea Kenyee 0oaaovl. byoan backa, ammocgepanvix ayaza
qacmayuvl 3ammapobviy, UbleapblHObIIAPLIHGIY YULIMOACMbIPLLIZAH 04,
yubimMoacmulpulamazan 0a kesoepi Oencinenoi. Aemopnap eHOipicmik
Kbl3Memmiy ammocgepanvly ayaza acepin momenoemy dcone
K2CINOPLIHHBIY OHOIPY HCYMBICMAPBIH HCYPIi3y Ke3eHIHOe N1acmayulbl
3ammapovly MAapaiyvlH OKUWAYAAYbl YUIH HCalnbl YCoIHLIMOAp 6epodi
JHCOHE UWIBIRAPLIHOBLIAPObL A3AUMY OOULIHULA MUICMI IC-UAPANAD YCbIHOBL.

Kinmmi cezdep: may-ken ocymvicmapsel, auivlk eHOipyiep,
ammocepanvix aya, 1acmayuibl 3ammap, mo3ay, WbleapblHObLIAP.
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OIIEHKA KAUECTBA ATMOC®EPHOI'O BO3/IYXA B PAUOHE
MECTOPOXKIAEHUA BO3ITAKOJIb

B 0annou cmamve npogedena KOMNIEKCHAA OYEHKA 6030€UCmEUsL
3ACPAZHAIOUUX BEWECE HA AMMOCPEPHDIL 6030YX 8 30He 0eAMeNbHOCU
MeOHO-MOoaUO0eH08020 mecmopodcoenusi Boswakons. Paspabomra
MeCmopOodNCOeHULl NOAE3HBIX UCKONAEMbIX OKA3bledem CLOMICHOE U
MHO2ONAAH0B0E B8030€lCBUe HA OKPYICAIowyIo cpedy. Imo, 8 0coboll
cmenenu, OMHOCUMCS K OMKPLIMOMY Cnoco0y 000biulU NOLE3HbLX
uckonaemuix. IIpu npousso0cmee OMKpuIMbIX 20PHBIX PAOOM 6 BO30VUIHYIO
cpedy nocmynaem 3HAUUMENIbHOE KOIUHEeCMEO 3a2pA3HUmenel, npuiem
OCHOBHBIM 3A2PAZHAIOWUM BEUECEOM BbICIYNAEN HEeOP2aAHUYeCKas
nuLiv. B x00e ucciedosanust Ovliu onpeodesieHbl OCHOBHbLE 3A2PAZHAIOWUE
sewjecmea. novliv Heopeanuueckas SiO2 menee 20 %, azoma Oouokcuo,
azoma okcuo, cepa OUOKCUO, OKCUO Yenepood, yene8000podbl npedeibHble
CI12-C19. Ombop npob ammocgeprnoco 6030yxa npou3goouics c
Memeoponocuieckum obecneuenuem (memnepamypa, ammocgeproe
dasnenue, HanpasieHue U CKOpoCms 6empa) 6 6 MOUKaAx HA epanuye
PAcuyémuoill cCanumapHo-3auumHol 301ubl. AHAIUUPYS NOIYHUEHHble
pe3yabmamsl, MOJICHO APUUMU K 3AKAIOYEHUIO, YMO NpesbliueniLll
3A2PAZHAIOWUX GeWeCmE HAO 3HAYEHUAMU NPedenibHO-00NYCIMUMbIX
Konyenmpayuii He obnapyscerno. Kpome moeo, ycmanosnenvi kax
0p2aHU306anHble, MAK U HEOP2AHUZ0BAHNbIE UCINOYHUKU BbIOPOCOS
3A2PAZHAIOUUX BEUIECTNG 8 AMMOCGHEPHDLIL 6030VX. ABmMOopamu npednodiceHbl
obwue pekomeHOayuu O CHUNCEHUs 8030eliCMEUs. NPOU3800CHEEHHOU
O0essmenbHOCHU HA AMMOCQEPHbIIL B030YX U NOKATUZAYUU PACHPOCTPAHEHUS
3ASPAZHAIOUUX 8eLUeCm8 NPEOnpUsmueM 8 nepuoo nPoeoeHUs: 00ObIYHbIX
pabom u npedcmasieHvl COOMEEMCMEYIowue MePONPUSIIIU NO CHUICEHUIO
8610POCO8.

Kuiouegvle cnosa: eopnvie pabomuvl, omkpelmsie pazpadomxu,
ammocghepubviil 6030VX, 3a2pAHAIOUUE BeUeCmEA, Nblilb, BbIOPOCHL.
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ANALYSIS OF DAIRY PRODUCTIVITY OF MARES SOVIET,

RUSSIAN AND LITHUANIAN HEAVY-DUTY BREEDS

The expansion of dairy horse breeding in central Russia is limited
by insufficient data on mare milk productivity and the absence of a
standardized system for comparing milk yield across breeds. This
methodological gap formed the basis of our research. The study assessed
the milk productivity of Soviet, Russian, and Lithuanian heavy-draft mares
used for kumis production at two facilities: the CJSC Semenovsky Stud
Farm (Republic of Mari El, Russia) and the LLC BelKumysProm breeding

farm (Minsk Region, Belarus).

The subjects of the study were mares of Soviet, Russian, and Lithuanian
heavy-draft breeds. It was established that the average duration of lactation
was 229, 230, and 228 days in Lithuanian, Russian, and Soviet heavy-draft
mares, respectively. The lowest milk production coefficient was recorded
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in Soviet heavy-draft mares (475,5 kg), followed by Russian mares
(573,9 kg), while Lithuanian mares had the highest value (605,2 kg). The
longest productive use under the conditions of the complex was observed
in mares of the Russian heavy-draft breed (8,1 years). Mares of Lithuanian
and Soviet heavy-draft breeds were used for a comparable period, 6,6 and
6,9 years, respectively.

However, the greatest amount of commercial milk per feed mare was
obtained from Lithuanian heavy-draft mares (1709,37 kg); Russian heavy-
draft mares ranked second (1355,85 kg), and Soviet heavy-draft mares third
(1158,96 kg). Thus, Lithuanian heavy-drafi mares proved to be superior among
the three breeds in all quantitative indicators of milk productivity, while Russian
heavy-draft mares held the second position.

Keywords: mares, milk productivity, calculated milk yield, milk
production coefficient, heavy-duty breeds.

Introduction

In many European countries, mare’s milk is regarded as a therapeutic and
highly nutritious product that contributes to improving the quality of life in older
adults. Because its composition is the closest to that of human milk, mare’s milk is
also considered an excellent substitute for feeding infants who cannot receive breast
milk [1].

Koumiss is a biologically active, nutrient-rich fermented product derived from
mare’s milk through a combination of lactic-acid and alcoholic fermentation. Owing
to its unique biochemical composition, koumiss effectively alleviates hunger and
thirst, enhances overall vitality, and produces a pronounced cooling effect in hot
climates without causing gastrointestinal discomfort or a sense of heaviness [2]. Its
therapeutic efficacy has been well documented in the treatment of bone, pulmonary,
and renal tuberculosis, as well as a wide range of gastrointestinal and cardiovascular
disorders. Koumiss is also used in cases of hypovitaminosis, metabolic imbalances,
and functional disorders of the nervous system.

In the Russian Federation, mare’s milk production is concentrated predominantly
in regions where herd horse breeding has been traditionally maintained, typically in
steppe or taiga zones that are geographically distant from major population centers.
The advancement of dairy horse breeding in the central regions of Russia remains
constrained by insufficient scientific data on the milk productivity of mares and,
consequently, by the absence of economically justified technologies for establishing
and scaling production systems for mare’s milk [3].

At present, horse breeding lacks a standardized recording system that would
enable direct comparisons of milk productivity among different breeds. In addition,

68

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepust Xumuko-6uonozuueckas. Ne 1. 2026

lactation length in mares varies widely. Published data indicate lactation durations of
150, 155, 162, 165, 180, and 210 days [4, 5], while full-lactation estimates are less
frequently reported. Typically, only the milk collected during milking is measured,
and this is referred to as the milk yield. Taking into account the milk consumed by
the foal at night, the daily amount is then calculated using I. A. Saygin’s formula,
substituting the daytime milked volume.

Therefore, we propose defining the volume of milk physically obtained from
mares as the actual (or marketable) milk yield, whereas the total daily milk output
estimated with consideration of the foal’s suckling should be referred to as the
calculated daily milk yield [5; 6; 7].

From a production perspective, the principal indicator is the milk yield obtained
over an entire lactation period, as this parameter serves as the basis for planning and
managing the operations of a dairy enterprise. Consequently, we consider the primary
productivity criterion in dairy horse breeding to be the calculated milk yield per full
lactation, expressed as the average value per lactating mare [8; 9; 10].

Materials and Methods

The research was carried out at two specialized dairy horse-breeding enterprises:
JSC Stud Farm Semenovskiy (Medvedevsky District, Mari El Republic, Russian
Federation) and the pedigree horse-breeding enterprise LLC BelKumysProm (Logoisk
District, Minsk Region, Republic of Belarus). The experimental livestock consisted
of mares belonging to three heavy-draft breeds: Soviet Heavy Draft, Russian Heavy
Draft, and Lithuanian Heavy Draft.

Milk productivity was assessed using a system of control milkings. At JSC Stud
Farm Semenovskiy, control milkings were conducted every 10 days (three times
per month) from 1982 to 1990 and every 15 days (twice per month) from 1991 to
2015. Over the entire study period, the farm performed 876 control milkings. In total,
6,429 complete lactations were documented and analyzed, including 3,049 lactations
in Lithuanian Heavy Draft mares, 3,109 in Russian Heavy Draft mares, and 271 in
Soviet Heavy Draft mares.

The mares’ calculated daily milk yield was determined using the method of L.
A. Saygin, based on the corresponding analytical formula.

Calculated milk yield was also determined by months of lactation, for the full
lactation, for 210 days of lactation, and the mares’ lifetime milk yield was calculated.
Productivity per day of lactation was determined by dividing the lifetime calculated
yield by the total number of lactating days across all lactations. In total, milk
productivity was determined for 2 175 mares.

Results and discussion
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The majority of mares were in their second to fifth lactations, while approximately
30 % were primiparous. All mares, however, were milked for the first time specifically
at the pedigree koumiss complex of JSC «Semenovskiy» Stud Farm.

Mares of all three breeds achieved a high calculated lactation yield per lactating
mare, on average, six years after the onset of milking. Thereafter, this high level of
productivity, with only minor fluctuations, was sustained over an extended period
(Table 1).

Table 1 — Average calculated milk yield per mare per lactation, kg

Heavy draft breeds Num.ber of M+m Lim: max-min c C.,%
lactations v
Lithuanian 3049 4327,52+100,67 | 4732,62-4013,88 362,99 |27,74
Soviet 271 3566,02+139,04 | 3922,75-3530,31  |340,57 | 40,82
Russian 3109 3615,61+101,60 | 4068,30-3292,80 |393,52 |25,82

Such high productivity in heavy draft mares, in our view, is largely attributable
to systematic milking. The greatest average calculated lactation yield was recorded in
Lithuanian Heavy Draft mares. Their yield exceeded that of Soviet Heavy Draft mares
by 761,50 kg and that of Russian Heavy Draft mares by 711,91 kg; in both cases, the
differences were statistically significant (P <0,01). Soviet Heavy Draft mares produced
less milk than Russian Heavy Draft mares by 49,59 kg, and this difference was also
statistically significant (P < 0,05).

Within this herd, Soviet Heavy Draft mares demonstrated the highest variability
in milk yield (Cv=40.82 %), which indicates more pronounced individual differences
in productivity within this breed. The Lithuanian and Russian Heavy Draft populations
appeared to be more selectively improved for milk production, with coefficients of
variation of 27,74 % and 25,82 %, respectively. In commercial mare’s-milk production,
the length of the lactation period is a factor of considerable importance (Table 2).

Table 2 — Duration of lactation in heavy draft mares, days

Heavy draft breeds Nu m ber of M+m Lim: max-min c Cv, %
lactations

Lithuanian 3049 229+1,7 160-280 27,1 11,83

Soviet 271 228+1.,4 172-278 26,0 11,40

Russian 3109 230+1,6 162-280 26,2 11,39
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The duration of lactation, in our view, is primarily a technological trait that is,
it depends first and foremost on strict adherence to the daily schedule and precise
compliance with technological procedures for feeding, housing, milking, and rearing
young stock. If in the early years of milking at the complex there were differences
among breeds in lactation length, over time, as technological practices improved,
lactation length leveled out. Five to six years after the start of milking the mares,
the average lactation duration in the three breeds studied was practically the same.
Variability in this trait in all three breeds ranged from 11-12 %.

In Russian Heavy Draft mares, this value was 573,9 kg, which exceeded the
Soviet Heavy Draft level by 98,4 kg, or 20,7 % (P > 0,99). In Lithuanian Heavy Draft
mares, the milkiness coefficient reached 605.2 kg, surpassing that of Soviet Heavy
Draft mares by 129,7 kg, or 27,3 % (P > 0,99), and that of Russian Heavy Draft mares
by 31,3 kg, or 5,45 % (P > 0,95).

The duration of productive use also differed among the heavy draft mares
studied (Table 3). The longest use at the complex was recorded for Russian Heavy
Draft mares—8,1 years. Lithuanian and Soviet Heavy Draft mares were exploited for
approximately the same time, 6,6 and 6,9 years, respectively.

Table 3 — Average duration of productive use and lifetime number of lactations
obtained from mares, lact.

Number of . A v era g e|Average numberof
. Average duration .
Heavy draft breeds |lactations number of]lactations per year
. of use, years R
studied lactations of use
Lithuanian 3049 6,60 5,24 0,79
Soviet 271 6,90 4,50 0,65
Russian 3109 8,10 6,10 0,75

Therefore, any mare—foal pair with an injured or ill foal was excluded from the
milking group and moved to another facility. The same procedure was followed if
the mare herself became ill. In cases where the foal died, the mare was usually dried
off and lactation was discontinued.

As aresult, approximately 25 % of mares were not milked in any given lactation,
and 50 % of mares were not milked for two or more lactations over their lifetime.
This explains the relatively low volume of marketable milk produced per fodder mare
(Table 4).

The greatest amount of marketable milk per fodder mare was obtained from
Lithuanian Heavy Draft mares (1 709,37 kg). Russian Heavy Draft mares ranked
second by this indicator (1 355,85 kg), and Soviet Heavy Draft mares ranked third
(1 158,96 kg).
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Table 4 — Calculated annual milk yield and marketable milk per lactating and fodder
mare, kg

obtained on average per year
Heavy draft - - - -
breeds calculated milk yield per | marketable milk per | marketable milk per
lactating mare lactating mare fodder mare
Lithuanian 4327,52 (100 %) 2163,76 (50 %) 1709,37 (39,50 %)
Soviet 3566,02 (100 %) 1783,01 (50 %) 1158,96 (32,50 %)
Russian 3615,61 (100 %) 1807,80 (50 %) 1355,85 (37,50 %)

As aresult, under the current mare’s-milk production technology, only 32,5 %
to 39,5 % of the milk produced by mares per fodder mare, on average, was sent for
processing.

During lactogenesis, the dam’s mammary glands adapt to the offspring’s milk
requirements. Thereafter, as the young begin to consume other feeds, milk yields start
to decline. The period of lactogenesis is followed by lactopoiesis, when any substantial
increase in yield becomes impossible. Our results indicated a gradual reduction in milk
yield following the first month of lactation (Table 5).

Table 5 — Changes in monthly milk yield of heavy draft mares by lactation month

Months of lactati
Heavy draft breeds Indicators onts of factation
2 3 4 5 6 7 8
. . kg 647 621 576 530 472 | 395 324
Lithuanian
% 100 96 89 82 73 61 50
Soviet kg 570 519 484 433 376 | 336 274
v
% 100 91 85 76 66 59 48
. kg 524 498 466 424 377 | 330 272
Russian
% 100 95 89 81 72 63 52
Breed average kg 579 550 510 463 411 | 347 295
verg % 100 | 95 | 88 | 80 | 71 | 60 | sl

Table 5 demonstrates a consistent and progressive decline in monthly milk yield
across all heavy draft mare breeds as lactation advanced from the 2nd to the 8th month.
The highest milk yields were observed in the early lactation period (2-3 months),
followed by a steady reduction thereafter.

Among the breeds studied, Lithuanian heavy draft mares exhibited the highest
absolute milk yield throughout lactation, while Russian and Soviet breeds showed
comparatively lower values, particularly in the late lactation period. By the 8th month
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of lactation, milk yield decreased to 50-52% of the initial level, indicating a pronounced
physiological decline in milk production.

The breed-average data confirm a uniform lactation pattern, with milk yield
decreasing from 579 kg in the 2nd month to 295 kg in the 8th month. This trend reflects
normal lactation dynamics in heavy draft mares and highlights the importance of early
lactation as the most productive period for milk harvesting.

For effective planning of mare’s-milk production on the farm, it is essential to
understand how the milk yield of heavy draft mares changes over their lifetime. In
Lithuanian Heavy Draft mares (Table 6).

Table 6 — Age-related differences in calculated lactation yield of Lithuanian Heavy
Draft mares, kg

Age, years Lactation number gcliartrilot:qse T of M+m 6 C.%
3 1 1079 3579,11£159,98 1289,78 12,40

4 2 1053 3689,75+120,92 1178,54 31,94
5-6 3 865 3804,94+168,20 1345,56 35,36
6-7 4 643 3983,45+142,72 1150,68 28,89
7-8 5 449 4298,28+271,07 1355,37 31,53
8-9 6 346 4495,06+251,19 1464,70 35,58
9-10 7 264 4545,33+290,92 1234,26 27,15
10-11 8 258 4493,19+258.,61 1318,65 29,35
11-12 9 217 4505,54+147,78 980,23 21,76
12-13 10 184 4470,10+£237,07 1086,41 24,30
13-14 11 135 4283,15+368,21 1327,60 31,00
14-15 12 87 4097,17+378,80 927,88 22,64
15-16 13 66 3670,67+583,33 1010,36 27,53
16-17 14 34 3232,33+744,11 1288,84 39,87
17-18 15 18 2927,20+687,12 1195,34 40,84

Table 6 demonstrates a clear age-related pattern in the calculated lactation yield
of Lithuanian Heavy Draft mares. Milk yield increased progressively from the first
to the middle lactations, reaching its maximum in mares aged 9—11 years (7th-9th
lactations), after which a gradual decline was observed with advancing age.

The lowest lactation yields were recorded in young mares (3—4 years) and in
older age groups (16—18 years), indicating limited productive capacity at the beginning
and end of the reproductive lifespan. Variability in milk yield, as reflected by the
coefficient of variation, was moderate in middle-aged mares and increased markedly
in older age groups, suggesting greater heterogeneity in productive performance with
advancing age.
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Overall, the results indicate that mares of middle age represent the most productive
and stable group, which is of practical importance for optimizing herd structure and
milk production efficiency.

As shown in Table 7, Russian Heavy Draft mares exhibited a progressive increase
in calculated lactation yield from the first to the sixth lactation, amounting to 769.67
kg (25.85%).

Table 7 — Age-related variation in calculated lactation yield of Russian Heavy
Draft mares, kg

Age, years L;Lfrt;t;;n I;I;r;tt)iegn(;f M+m 6 Cv, %
3 1 1091 2977,65+96,12 865,13 28,75

4 2 1025 3096,26+107,18 794,90 25,67
5-6 3 966 3283,41+104,94 852,57 25,97
6-7 4 861 3370,12+132,53 1035,11 30,71
7-8 5 742 3587,26+145,94 945,80 26,37
8-9 6 612 3747,32+183,59 1175,58 31,37
9-10 7 578 3698,33+217,32 1129,21 30,53
10-11 8 402 3659,00+213,83 1171,18 32,01
11-12 9 308 3701,53+207,78 856,70 23,14
12-13 10 287 3637,93+279,81 1046,94 28,78
13-14 11 227 3283,57+313,05 828,24 25,22
14-15 12 182 3039,33+436,71 1022,42 33,64
15-16 13 93 3034,17+460,43 1127,81 37,17
16-17 14 71 2980,12+322,28 911,56 30,59
17-18 15 47 2772,33+598,16 1209,24 43,62
18-19 16 24 2769,83+533,55 1306,93 47,18

At this high level, the calculated lactation yield was also maintained from the
sixth to the tenth lactation. However, the decline in yield after the tenth lactation in
Russian Heavy Draft mares was not as sharp as in Lithuanian Heavy Draft mares. In
Russian Heavy Draft mares, yield from the tenth to the sixteenth lactation decreased
by 868,1 kg, or 31,34 %. Variability of yield in all age periods in Russian Heavy Draft
mares was quite high.

The population of Soviet Heavy Draft mares was not large enough; therefore,
changes in calculated lactation yield were examined only from the first to the tenth
lactation in this breed (Table 8).

T
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able 8 — Age-related variation in calculated lactation yield of Soviet Heavy Draft
mares, kg

ageyears | LU 1 Mt Mem 6 | C%
4 1 79 2878,16+£179,14 804,94 27,97
5 2 66 2909,31+216,44 969,27 33,32

6-7 3 61 3090,33+188,23 825,16 26,70
7-8 4 54 3297,27+177,64 789,85 23,95
8-9 5 41 3454,32+165,52 718,53 20,80
9-10 6 37 3666,30+211,00 837,21 22,84
10-11 7 30 3688,00+432,03 1142,10 30,97
11-12 8 20 3869,53+330,28 872,79 22,56
12-13 9 14 3767,93+429,01 1151,91 30,57
13-14 10 8 3903,50+148,05 803,24 20,58

Table 8 shows a consistent age-related increase in calculated lactation yield in
Soviet Heavy Draft mares. Milk production rose steadily from the first to the middle
lactations, with the highest values observed in mares aged 11-14 years (8th—10th
lactations).

Lower lactation yields were recorded in young mares (4-5 years), reflecting
incomplete physiological development, whereas middle-aged mares demonstrated the
greatest productive potential. Variability in milk yield was generally moderate, with
slightly higher coefficients of variation in some later lactations, indicating increasing
heterogeneity in productivity with advancing age.

Overall, the data indicate that optimal milk production in Soviet Heavy Draft
mares is achieved during middle lactations, which should be considered when forming
and managing breeding and milking groups.

Conclusions

The study established that the average lactation length was 229, 230, and
228 days in Lithuanian, Russian, and Soviet Heavy Draft mares, respectively. The
lowest milkiness coefficient was observed in Soviet Heavy Draft mares (475,5 kg),
followed by Russian (573,9 kg) and Lithuanian Heavy Draft mares (605,2 kg). In our
material, Russian Heavy Draft mares had the longest duration of productive use at
the complex—8,1 years. Lithuanian and Soviet Heavy Draft mares were exploited for
approximately the same time, 6,6 and 6,9 years, respectively.

However, the greatest amount of marketable milk per fodder mare was obtained
from Lithuanian Heavy Draft mares (1 709,37 kg), followed by Russian Heavy Draft
mares (1 355,85 kg) and Soviet Heavy Draft mares (1 158,96 kg). Overall, based on
all quantitative indicators of milk productivity, Lithuanian Heavy Draft mares ranked
first among the three breeds studied, with Russian Heavy Draft mares in second place.
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3epmmeyimizoiny Heeizin Kanaowsl. Ocel scymvicma Peceit @edepayusicoitiviy
Mapuii On Pecnybnuxacvinviy Medsedes ayoaHvl aymagvblHOA OPHAIACKAH
«Cemenosckuily JHcolakbl 3aybimoly AK-nublly CMayuonapivlk Kblmbl3
¢depmacvinoa sxcone Benapycov Pecnybnukaceinviy Munck 00abicol
Jlozotick ayoanvinoaevt « BelKumysPromy JKIIC acein myKeimOvl HCbLIKbL
3aybIMbIHOA KbIMbL3 OHOIPY Ke3iHOe KeHeCmIK, pecellliK JcaHe TUMeEablk,
ayvlp JHCYK mapmamoit Oue myKbLMOAPbIHbIE CYM OHIMOILI2I MAn0aHObL.

3epmmey nvicanvl kKeyecmik, peceunix Jcone NUMEANLIK AYbID
HCYK MAaApmamovlH MYKuIMOapowly ouenepi 6010vl. Jlakmayuatoly
opmawla y3aKmulebl AUMEANbIK, PeCeuiK JHCaHe KeHeCmiK ayblp HCYK
mapmamuin duenepoe muicinwe 229, 230 ocone 228 maynix exeHi
anvikmanovl. Cymminix kosg@uyuenminiy ey memenzi MaHi Keyecmix
ayvlp Jocyk mapmamoein ouenepoe mipkendi (475,5 ke); peceunix
ayelp Jcyk mapmamoln ouenepoe 6yn kepcemxiut 573,9 ke 060.10uvl,
an IUmeanvlK ayblp JHCYK mapmamoly Ouenepoe ey dco2apvl oeneell —
605,2 ke batikanovl. Lllapyawwlivik sHcagdaiibinoa 6HIMOI NatioAIaHyObLH
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eH y3aK Mep3imi pecelnix ayblp JHCyK mapmamoii duenepoe aHblKmanobl
(8,1 ocoin). Jlumeansix scane KeHeCmiK ayvip HCyK mapmamois ouenepoin
natoanansly ¥Y3aKmolavl yKcac 6010l — catikecinuie 6,6 dcate 6,9 xcbi.

Convimen kamap, 0ip asvlKmulK (ecenmik) Oueze wWaKkKanoaewl
mayapel Cymmiy ey Kon Meauepi IUmeanslk ayolp JHCyK mapmamulii
ouenepoen anvinovl (1709,37 k2); pecellnik ayvip HCyK mapmamoit duenep
eKinwi opuinoa 6010vl (1355,85 ke), an kewecmix ayvip sHcyx mapmamoin
ouenep ywinwi opvinoa Kaiowl (1158,96 ke). Ocwiraviwia, 1umeanvly
ayvlp JHCYyK mapmamoeln Ouenep Cym OHIMOINIeiHiY OapiblK CAHObIK
KepcemKiwimepi OOUbIHWIA KAPACMBIPLLIZAH Vil MYKbIMHbIY iuliHOe eH
JHCO2apbl HIMUICENEp KOPCemmi, an pecelliK ayblp JHCYK MapmamblH
Ouenep exinwii opbIHObI UeneHOL.

Kinmmi cesoep: bue, cym emnimoinici, opmawia ecenmix cym, cym
KO3 puyuenmi, Hcyx mapmamuii myKeimoap.

E. JI. Yupeun', B. I'. Cemenog®, *]. A. Baiimyranos’,

T. Il Acanbaes’, T. C. [llapanamog’

'«Mapuiickuii TOCy1apCTBEHHBIH YHUBEPCUTET,

Pecry6mika Mapuit D11, Poccuiickas ®eaepanus, r. Momkap-Oua;
2«UyBalckuii rocy1apCTBEHHbINH arpapHblil yHUBEpCcUTET», UyBalckas
Pecniy6nmka, Poccmiickas @eneparys, T. Yebokcapsr,
*«Hay4HO-ITpON3BOACTBEHHBIN LICHTP )KUBOTHOBOJICTBA M BETCPHHAPHIY,
Pecny6imka Kazaxcran, r. AcraHa;

+STOpailrelpoB YHUBEPCHUTET,

Pecny6nnka Kazaxcran, 1. [TaBmomap.

IMoctynuno B penakumio 07.11.25.

Ioctynuino ¢ ucnpasnenusimu 17.11.25.

IIpunsTo B neuars 31.03.26.

AHAJIA3 MOJIOYHOM MPOJYKTUBHOCTH KOBBLT

COBETCKO, PYCCKOM U JIMTOBCKOM TAXKEJOBO3HbIX

MOPO/T

Pacwupenue monounoeo (Kymvlchoz2o) KoHe80OCMEA 8 YeHMPATbHBIX
pationax Poccuu coeparcusaemcesi oepanuueHHoU uHghopmayuels 0 MOI0UHOU
npooykmugHocmu Koowin. Omcymemeue eOuHol MemoouKu yuéma,
no360a510Well CPAGHUBAMb YOOU PA3HBIX NOPOO JIOWAOEH, NOCLYIHCULO
OCHOBAHUEM Ol HAWUX MHOLOAEMHUX Ucciedoeanul. B nacmoswei
pabome npoanaiuzupo8aHd MoJL0UHASL NPOOYKMUBHOCMb KOObLI
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COBEMCKOIL, PYCCKOU U IUMOBCKOU MANCEN0B03HBIX NOPOO, UCNOIb3YEMbIX
014 NPoU3800CMBa KyMulcad HA CMAYUOHAPHOU KYMbICHOU (epme
340 «Cemenosckuii KoHHbIL 3a800» Medsedesckozo pationa Pecnyonuxu
Mapuii 91 u 6 niemenrnom xounom 3asode OO0 «beaKymvicllpomy
Jlozotickoeo pationa Munckou obnacmu Pecnybauxu benapycs.

Obvexmom ucciedo8anus 0viiu KOObLIbL CO8EMCKOU, PYCCKOU
U IUMOBCKOU MAICEN0BO3HBIX NOPOO. Yemanosieno, ymo cpeousis
npooondxcumensHocms aaxkmayuu cocmagaaia 229, 230 u 228 cymok y
JUMOBCKUX, PYCCKUX U COBEMCKUX MANHCEN0803HBIX KOOBLI COOMBEMCIMBEHHO.
Haumenvwuii kosguyuenm morounocmu 3ape2ucmpuposan y Koowli
C08emMCKOU MANCEL0803HOU NOpoobl (475,5 Kke), y Kobvil pyccKkoll
MAANCEN0B803HOU NOPOObL OH cocmasunl 573,9 ke, moeda Kax y aumo8cKux
MACENI0B803HBIX KOOBLL omMmeuen nausvlicuuil nokazamens (605,2 ke.
Haubonvwas npodonsicumenbHocms RPpOOYKMUBHOSO UCHONb306ANUSL
8 YCI0BUAX KOMNAEKCA HADI00aNach y KOOblL PYCCKOU MANCEN0803HOU
nopoouwt (8,1 200a). KobvlLivl 1UmMoBCKoll U CO8EMCKOU MANHCEIOB03HbIX
NOPOO UCNOBL308ANUCH 8 CPEOHEeM CONOCMABUMbLL CpoK — 0,6 u 6,9 200a
COOMBEMCMBEHHO.

Bmecme ¢ mem naubonvuiee Koauuecmeo mogapHo20 MOAOKA 6
pacuéme Ha 0OHY KOPMOBYIO KOOBLILY ObLIO NOLYYEHO 0N KOOBLIL IUMOBCKOU
msdxceno603Hol nopodwt (1709,37 ke); KobbLIbL PYCCKOU MANCEL0B03HOU
nopooul 3anumanu emopoe mecmo (1355,85 ke), a kobwinwl cogemckot
msHCcen0803HOU nopoodvl — mpemve (1158,96 xe). Takum obpazom,
AUMOBCKUE MAICEN0B03HBLE KOOBLIbL NPEBOCXOOUNU HCUBOMHBIX O8YX
opyaux nopoo no 6cem KOJIUYECMEEHHbIM NOKA3AMEeNAM MOJIOUHOU
NPOOYKMUBHOCHIU, MO020d KAK KOOBLIbL PYCCKOU MANCEN0803HOU NOPOObI
3AHUMANU GMOPYIO NOZUYUIO.

Kniouesvie cnosa: kobwlbl, MOIOUHAS NPOOYKMUBHOCMb, CPEOHUU
pacuemuwlil yOotl, KO3 uyuenm MoiouHOCMU, MAHCEL0803HblE HOPOODI.
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IIPABUJIA J1JISA ABTOPOB
Hay4HBIX )kypHaJ10B HAO «TopaiirelpoB yHuBepcuTe™
«BecTtHuk TopaiirelpoB yHuUBepcUTeTaY,
«Hayka n Texunka Kazaxcrana»

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

HayuHble craThu, mpejcTaBisieMble B PENaKLIHIO JKypHala JIOJKHBI
OBITH OOpMIIEHBI COrJacHO 0a30BBIM H3JaTEJLCKUM CTaHIapTaMm IO
oopmnennto crateir B coorBercTBur ¢ ['OCT 7.5-98 «XKypnaibl, cOopHUKH,
nHpopManMoHHble U3aHus. M3narenbckoe opopmiieHHe ITyOJINKYeMBbIX
MaTepHalioBy, MIPUCTATEHHBIX ONOIMOTPAa(QUIECKUX CIIMCKOB B COOTBETCTBHU C
I'OCT 7.1-2003 «bubnuorpaduyeckas 3amuch. bubnuorpaduueckoe onucanue.
OO1mmue TpeGoBaHMS M TIPaBHIIa COCTABICHUS.

* B HOMep noryckaeTcst He OoJiee OHOW PYKOIIMCH OT OZJHOTO aBTOpa JI00
TOTO K€ aBTOPa B COCTaBE KOJUIEKTHBA COABTOPOB.

* Konn4ecTBO cOaBTOPOB OHOMU cTaThu He Ooee 5.

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

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

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

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

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

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

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

Penakiyst He 3aHMMAETCs IMTEPATYPHOH M CTHIIMCTHUECKON 00paboTKON
CTaThH.
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Crartbn, opopMiIeHHBIE C HApYLICHHEM TPeOOBaHMIl, K IMy0JIMKAIINH He
NMPUHUMAIOTCS M BO3BPAINAIOTCS AaBTOPaM.

JlaToil mocTymiIeHnsT CTaThbU CUMTAETCs JaTa MOJIyueHUs pelakiueil ee
OKOHYATEJIFHOTO BapHaHTa.

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

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

Cpoku nmojgaum cTaTbu:

- mepBbIi kBapTan g0 01 despais;

- BTOpO# kBapTan 1o 01 mas;

- Tpetuil kBaprain g0 01 aBrycra;

- 4eTBepThIi kBapTai 10 01 HOSOpsI.

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

- IepBBIH HOMED BBIycKaeTcs 10 30 MapTa TeKyIero rosa;

- BTOpOi HOMep — 710 30 uIoHS;

- TpeTuil HOMep — 10 30 ceHTsIOps;

- 4eTBepTHIi HOMep — 110 30 nexadpsi.

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

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

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

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

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

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

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

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

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

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

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

Jlnst moyavy cTaThu Ha IMyOJMKAIMI0 HEOOXOUMO MPOMTH PErHCTPaLUio Ha
caiire.

ABTOp, KOTOpBIIT BHEC HAMOOJBIINN MHTEIUIEKTYIBHBIN BKJIAJ] B TIOJJTOTOBKY
pyKormcH (TIpy ABYX U Ooiee coaBTopax), SIBISETCS aBTOPOM-KOPPECIIOHICHTOM H
0003HaYaeTcs «*».

ABTOpBI 13 pa3HBIX YUEOHBIX 3aBE/ICHHH yKa3bIBatoTcs 1udpamu 1,2.
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J17151 OCyIIEeCTBIICHHS TIPOLIE Ty PbI JIBOWHOTO PELIEH3UPOBAHNS (CIIETIOr0), aBBTOpaM
HEOOXOAMMO OTIIPABIIATH [[BAa BAPUAHTA CTATHU: MEPBBIN — C YKa3aHUEM JIMIHBIX
JIaHHBIX, BTOPOH — 0€3 yKa3aHHs JTNYHbBIX JaHHBIX. [ [pr HapyIIIeH!N MPUHIMIIA CIIETIOr0
PELIEH3NPOBAHMS CTaThsl HE PACCMATPHUBACTCS.

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

— B >kypHaibl IPUHUMAIOTCS CTaThH 10 BCEM HAYYHBIM HalpaBJICHUSIM, B
JIEKTPOHHOM BapHaHTE CO BCEMH MaTepuallaMH B TEKCTOBOM pepakTope «Mi-
crosoft Office Word (97, 2000, 2007, 2010) ans Windows» (B ¢hopmarax .doc,
.docx, .rtf).

— OOmuit 00beM cTaThby, BKIIOYAs aHHOTAIMH, JIUTEPATypy, TaOIHUIIBL,
PUCYHKH M MaTeMaTHdeckue (popMyIbl IOJDKEH COCTAaBISITH He MeHee 7 M He
0osiee 12 cTpaHuIl MEYATHOTO TeKcTa. /o cmpanuy — 30 Mm co 8cex cmopoH
aucma,; Texcm cmamou: xeenb — 14 nynkmos, capuumypa — Times New Roman
(01151 pycckoeo, anenutickoz2o u Hemeyko2o sA3vikos), KZ Times New Roman (014
KA3aXCKO20 A3bIKA,).

CrpyKTypa Hay4HOH cTaTbu BKJIIOYAET HAa3BaHHME, aHHOTAIWS, KJIIOUYEBbIC
CJIOBA, OCHOBHBIC MOJIOXKEHHS, BBEACHUE, MaT€pHalIbl 1 METOABI, PE3YJIbTaThl
1 00CyXJEHHUE, 3aKIF0UCHNE, BBIBOIBI, MH(POPMAINIO O (PMHAHCHPOBAHUH (IIpH
HaJIMYMH ), CITUCOK MCTIOJIb30BaHHBIX HCTOYHUKOB (JINTEPATYPBI) K KAXKI0H CTaThe,
BKJIIOYasi POMAaHU3HPOBAHHBIHN (TPAHCIUTEPUPOBAHHBII JIATHHCKUM ai(haBUTOM)
BapHaHT HANMCAHUS HCTOYHUKOB Ha KUPHJLTHIIE (HA Ka3aXCKOM U PYCCKOM SI3bIKAX)
em. TOCT 7.79-2000 (UCO 9-95) IIpasuna mpanciumepayuu KUPULIOBCKO20
RUCLMA TAMUHCKUM ANPagUmMoM.

Cmamus 00131cHa codeprcamsp:

1. MPHTU (MexrocyIapCTBeHHBI PyOpHUKaTOp HAYYHOH TEXHHUYECKOU
nHpOpMAIIHN);

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

3. Muuuuansl (uMs1, oTdaecTBo) @aMmians aBTopa (-0B) — Ha Ka3aXCKOM,
PYCCKOM M aHTJIMMCKOM SI3bIKaX (KUPHBIM MIPH(TOM, 110 LIEHTPY);

ABTOD, KOTOPHII BHEC HANOOIBIINI HHTEIUICKTYaJIbHBIA BKJIA]] B IIOITOTOBKY
pykomnucH (IpH ABYX U 00JIee COaBTOPAX ), SIBISETCSI aBTOPOM-KOPPECTOHIEHTOM
1 o6o3HaYaeTcs «*».

ABTOpHI U3 Pa3HBIX YUeOHBIX 3aBEICHUN yKa3bIBatOTCS nuppamu 1,2.
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4. Appunananus (opranmsamnus (MecTo padoTsI (yueOnl)), CTpaHa, TOPO) —
Ha Ka3aXxCKOM, PyCCKOM M aHIJIMMCKOM si3bIKax. [TomHble qanuble 00 addummarm
aBTOPOB MPE/CTABIIIOTCS B KOHIIE JKYPHAIIA;

5. HazpaHMe cTaThbH JIOJDKHO OTPaKaTh COJEPXKAHUE CTATbU, TEMATHKY
1 pe3yJbTaThl IPOBEAECHHOTO HAYYHOTO HCcienoBaHMs. B Ha3zBaHue crartbn
HEOOXOANMO BIOXKUTH HHPOPMATHBHOCTb, IPUBIICKATEIbHOCTD U YHUKAJIBHOCTh
(me Oomnee 12 cnoB, MPONUCHBIMU OYKBaMH, YKUPHBIM IIPH(TOM, IO IIEHTPY, Ha
TpeX sI3BIKaX: PYCCKUH, Ka3aXCKUH, aHTTTHACKUHN THO0 HEMEITKHUH);

6. AHHOTAINs — KpaTKas XapaKTePUCTHKA HA3HAUYCHMS, COICPKAHMSL, BU/IA,
(opMBI 1 ipyrux ocodeHHOCTel cTaThu. JloJKHA OTpaskaTh OCHOBHBIC U IICHHBIE,
110 MHEHHIO aBTOPA, Talbl, OOBEKTHI, NX MPU3HAKA U BHIBOABI ITPOBEICHHOTO
nccuenoBaHus. JlaeTcsi Ha Ka3aXCKOM, PYCCKOM M aHTJIMHCKOM JIN0O HEMEIIKOM
sI3bIKaX (PEKOMEHAyEeMblii 00beM aHHOTAIMH Ha SI3bIKE ITyOINKAINY — HE MEHee
150, e 6omee 300 crmoB, KypCUB, HEXUPHBIM IMIPUGTOM, KeTIb — 12 MyHKTOB,
a03aIHbI OTCTYII ClieBa | crpaBa 1 cM, cM. oOpasen);

7. KiroueBble cj10Ba — HA0OP CIIOB, OTPAKAIOLINX COJCP)KAaHUE TEKCTa B
TEepMHHAX 00BEKTA, HAYYHOI OTPACIN M METOJIOB Uccie0BaHus (0hopMIIIIOTCS
Ha TpeX SA3bIKaX: PyCCKHUN, Ka3aXCKUH, aHTTTHHCKIHA THO0 HEMEIKHI; Kerab — 12
ITyHKTOB, KypCHB, OTCTYI clieBa-cripaBa — | cM.). PekoMeHyeMoe KOIn9IecTBO
KITFOYEBBIX CIIOB — 5-8, KOIMYECTBO CIIOB BHYTPH KIIFOUEeBOH (hpa3sl — He Ooee 3.
3aar0Tcs B MOPSIIKE MX 3HAYUMOCTH, T.€. CAMOE BXKHOE KITFOUEBOE CIIOBO CTAThU
JOJDKHO OBITH IEPBBIM B CITUCKE (CM. 0Opaser);

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

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

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

- PesyabTathl u o0cy:xknenue (aozay I cm no nesomy Kparo, HUpHoIMU
oykeamu, keenv — 14 nynkmos). IlpuBoanTcs aHAIN3 1 00CYKACHHUE MOTYIEHHBIX
BaMHM Pe3yJIbTaTOB HcCIeA0BaHUs. [I[pUBOAATCS BEIBOABI 110 TIOJTyYEHHBIM B X0/1€
HCCIE0BaHUsS PE3yNIbTaTaM, PACKPBIBACTCSI OCHOBHAS CyTh. M 3TO OJIMH U3 caMbIX
Ba)KHBIX Pa3/JeyOB CTaThbu. B HEM HEOOXOIMMO MPOBECTH aHAIN3 PE3yJIbTATOB
cBOEil paboThl M 00CYKJEHHE COOTBETCTBYIOIIUX PE3YJIHTaTOB B CPAaBHEHUH C
MIPEABIIYIIMHI Pa00TaMu, aHATU3aMH U BHIBOAAMH.
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- Undopmanuio o puHaHcHpoBaHUH (MPH HATWYHHU) (abzay | cm no
JeBOMY Kpalo, HCUPHbIMU OyKeamu, Ke2ib — 14 nynkmoa).

- BoIBOaBI (ab3ay I cm no aiegomy Kparo, sHcupHvimu Oykeamu, Keaib — 14
NYHKMO8).

BeiBosibl — 00001IEHNE M TIOABEICHUE NTOTOB pabOTHl HAa JAHHOM 3Tare;
MO/ATBEPK/ICHNE NCTUHHOCTH BBIIBUTAEMOTO YTBEP)KJICHUS, BHICKA3aHHOTO
aBTOPOM, M 3aKJIIOYCHHE aBTOpa 00 M3MEHEHHWH HAYYHOTO 3HAHUS C y4ETOM
TIOJTyYEHHBIX PE3yJIbTAaTOB. BBIBOABI HE JOJDKHBI OBITH A0CTPAKTHBIMH, OHU
JIOJDKHBI OBITH HCIIOJIB30BAHBI [Tt 000OIIEHHSI PE3YIIbTaTOB HCCIICIOBAHMS B TOW
WM WHOW HAay4YHOH 00JIacTH, C ONMHMCAHWEM IMPEAJIOKEHUH M BO3MOXKHOCTEH
JanpHeHIe paboThI.

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

CraTbs ¥ CIMCOK UCTIONB30BAHHBIX HCTOYHUKOB TOJKHBI OBITH O()OPMIICHBI
B cootBercTBUM ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cM. oOpaserr).

OuepeHOCTh HCTOUYHUKOB OMPEACIeTCS CIEIYIONMM 00pa3oM: cHavdaia
MIOCJIEI0BATEIBHBIE CCBUIKH, T.€. HCTOYHUKHM Ha KOTOPBIC BB CCHUIACTECH
110 OYEPEIHOCTH B CaMOW CTaThe. 3aTeM JOIMOJHUTEIbHBIC NCTOUYHUKHU, Ha
KOTOPBIX HET CCBUIOK, T.€. ICTOYHHUKH, KOTOPBIC HE UMEIN MECTO B CTaTbe, HO
PEKOMEH/IOBaHbI BAMHU YUTATEISIM JUISi O3HAKOMIICHHS, KaK CMEXHBIE PaboTBHI,
MIPOBOMMEIE TTapaisienbHo. O0beM He MeHee 10, He 6oiree uem 20 HanMEHOBaHUIHA
(CCBUIKM M TIpUMEYaHusl B CTaThe 0003HAYAIOTCS CKBO3HON HyMmepanueil u
3aKJIIOYAIOTCSl B KBaPaTHBIE CKOOKH), MPEUMYIIECTBEHHO 3a nocnenaue 10-15
JIeT.

B cityuae Hasmaus B criMcKe NCOb30BaHHBIX ICTOYHHKOB PA00T Ha KUPHIITULIE
(Ha Ka3aXCKOM M PYCCKOM SI3bIKaX ), HEOOXOAMMO MPEICTaBUTh CITUCOK JIUTEPATYPBI
B JIByX BapHuaHTax: 1) B opurnHaie (yKa3blBalOTCS UCTOYHHUKH HA PYCCKOM,
Ka3aXxCKOM U aHTJIMHCKOM JTHOO HEMEIIKOM S3bIKax); 2) pOMaHM3MPOBAHHBIN
BapHaHT HAIIMCAHNS NCTOYHUKOB Ha KUPHIIIHIIE (Ha Ka3aXCKOM 1 PYCCKOM SI3bIKaX),
TO €CTh TpaHCIUTepaIys JaTHHCKUM andaButoMm. cM. [OCT 7.79-2000 (MCO
9-95) INpaBuina TpaHCIUTEPALIMN KUPHIIOBCKOTO MHChMA JIATHHCKUM aJI(haBUTOM.

Onnaiin cepsuc Tpanchrumepayusa no I OCTy — https://transliteration-on-
line.ru/

IIpaBuaa TpaHcauTepauuu KHPHIJOBCKOIO MHUCbMa JATHHCKHM
ajnpaBUTOM.

Pomanusuposannulii cnucok numepamypovl 00J1)4ceH Gbl2iAA0emy
cnedyrouium oopazom: aBTop(-bl) (TpaHCIUTEpaAnUs TUOO aHTIOS3BIYHBIN
BApUAHT NPU €ro HAJINYMHM) — Ha3BaHWE CTAThbU B TPAHCIUTEPHUPOBAHHOM
BapuaHTe — [MepeBOJ HAa3BaHHs CTATbM HA aHTJIIMHCKUH A3bIK B KBAJPAaTHBIX
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CKOOKax| — Ha3BaHHE Ka3aXOs3BIYHOTO MO0 PYCCKOS3BIYHOTO HCTOYHHKA OBPA3EIl K O®POPMJIEHHIO CTATEM
(TparciHUTEpanus, THOO0 AaHTIMICKOEe Ha3BaHHUE MIPU €0 HATMYNHN) — BBIXO/IHBIC MPHTMU 14.37.27
JIaHHBIE ¢ 0003HAYCHUSIMU HA aHTJIMHCKOM SI3BIKE.

HNnmocTpanuu, nepevyeHb PUCYHKOB U NOAPHUCYHOUYHBIE HAANHCH K
HUM TPEJCTABIAIOT 110 TEKCTy CTaTbU. B 3JIEKTPOHHON BEpCHHM PUCYHKH U
wiTocTpanuu npeacrapisiiores B Gopmate TIF mwimm JPG ¢ paspemieHuem He
menee 300 dpi.

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

DO xxxxxXXXXxXxxXxxx

*C. K. AHmukeeea
TopaiireipoB ynusepcutert, Pecriyonuka Kazaxcran, r. [TaBnogap

TEOPETUYECKAS MOLEJIb ®OPMUPOBAHUS KOMIIE-

Ha orjiesibHoil crpanuue (0cje crarbu) TEHLNA COLMNATIbHbIX PABOTHUKOB YEPE3 KYPCbI
B 3/1eKTpOHHOM BapuaHTe NPUBOASTCS IOJIHbIE IIOYTOBLIE aJpeca, MOBBbILUWIEHUNSA KBAﬂMd)MKALlMM

HOMepa cJay:ke0HOro u foMamHero Teaed)oHoB, e-mail (Homepa TeedoHoB

JIsl CBSI3M PeJAKIHU ¢ AaBTOPAMH, He MyOJUKYIOTCS); .
a peaaxu pamu, Y Y )i B oannoii cmamve npedcmasnena meopemuyeckas mooeins gopmupo-

6AHUSL IUUHOCHIHBIX U NPOPECCUOHATILHBIX KOMREMEHYUT COYUATbHBIX Pa-
OOMHUKOB Uepe3 KypCbl NOGIUUEHUS KEATUDUKAYUL, KOMOpas paspadomana
6 pamrax OoKmopcKou ouccepmayuu « Popmuposanue JUIHOCHHbIX U NPO-

Caenenusi 00 aBTopax

Ha ka3axckoMm si3bIKe Ha pycexom si3pike | Ha anrimiickom si3bike heccuoHanbHbIX KOMREMeHYULl COYUATLHBIX PADOMHUKOG Yepe3 KypPCbl NOGbi-
®amumus Mms OTdecTBo (MOTHOCTBIO) wenus keanugurayuuy. B cmamve npueoosimcs nedazoeuteckue acneKkmol
JIOKHOCTD, YUEHAA CTETIEHD, 3BaHMe Ccamoeo npoyecca mMoOenupOBanUsl, NEePeducienbl SMansl Nedazocudeckozo
Opranmsaus MOOeNUPOBAHUSL. vaec)cmaefzeHbl Memoc?OﬂoeuueCKuﬁ, npoyeccyanbHblil
Topor (mexHonoauyeckuti) U UHCMPYMEHMATbHLIN YPOGHU vaoc)e/zu, ee yenb, MOHU-

MOPUHE CHOPMUPOBAHHOCHIU UCKOMBIX KOMNEMEHYULL, d MAKice Pe3yibman.
Mupexe B mooenu noxasanvl KomnemenmHocmmblil, IUYHOCMHO-OPUCHIMUPOBAHHBIIL U
Crpana NPAKMUKO-OPUEHMUPOSAHHDLIL nedazocudecKue nooxoobl, 3aKOHOMEPHOCU,
E-mail NPUHYUNDL, YCI08USL (POPMUPOBAHUST BbIOPAHHBIX KOMNEMEHYULl, ONUCAHbL
Tesnedon IMAnsl peanuzayuu npoyecca PopmMuposanus, YposHU chopmMuposaHHoOCmu

JUYHOCMHBIX U NPOPECCUOHATbHBIX KoMnemenyull. B pazoene npaxmu-
YecKoll N0020MOBKU Npedlazaemcs UHMEPAKMUGHAas paboma é cucmeme
CTYUAMETL-NPEno0asamenb-epynnd, noopasyMesaruds JUYHoe Yuacmue
Kaoco020 Cneyuanucma, a makdice OmKpulmue nepeoco 6 Hauell CImpaHe
Pecnybnuxancrkoeo obwecmeentnoeo obveounenus «Hayuonanvhvlil anbsaue
NPOGecCUOHANBHBIX COYUATIbHLIX PAOOMHUKO8Y. [lanHasi MoOeb noopasyme-
6aem noo cobotl danvbHeliulee COBEPUICHCMBOBARUE U CAMOCOAMETbHOE PA3-
sumue TUUHOCMHBIX U NPOPECCUOHATBHBIX KOMNEMEHYULl COYUATbHBIX Pa-
bomHUK08. MO no36osem yeuoems 8 MoOeu PhHekmueHocmy peanusayuu
KYPCOB8 NOGBILUEHUS KEATUDUKAYUU, opMbl, MEMOObL U CPeOCmEd padombl.

Knrouesvie cnosa: meopemuueckas Mooenb, KOMRNEMeHYUU, Nogblule-
HUe KeAnupuKayuu, CoyuanbHbie pabOmMHUKU.
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BBenenne

CornmanpHas paboTa — OTHOCHTEIBHO HOBAS JJIsl HAIIICH CTPaHBI MPOGECCHs.
[TosToMy 0OydueHHEe CONMAIBLHBIX PAOOTHUKOB HA COBPEMCHHOH CTaJuu HE Xa-
PAKTEpU3YETCsl HATMYUEM JOCTATOYHO pa3pabOTaHHBIX 00pa30BaTEIbHBIX CTaH-
JAPTOB, KOTOPBIC HAXOIWIN OBl BRIPAKEHUE B ()OPMYITHPOBKE IEarOTHUCCKUX
LeNel, B CoJIepyKaHuU, TEXHOJIOTUAX YUeOHOTO MpoIiecca.

Ipodondcenue mexkcma nybonuKyemoeo mamepuana

Marepuajibl 1 METOABI

Teopernueckuili aHaau3 HaAYYHOUH IMCHUXOJIOTO-MEJArOrHYecKoi U Crelu-
AIBHOM JIUTEpaTypPhI MO MPOOIIEMe UCCIICAOBAHMS;, aHATN3 3aKOHOJATCIBHBIX H
HOPMATHBHBIX JIOKYMEHTOB TI0 OTKPBITHIO OOIIECTBEHHBIX 00BCIUHCHUI; aHa-
JIU3 COJIEPIKAHUS MPOTPAMM KYPCOB IMOBBINICHUS KBATH(HUKAIIMNA CONUATBHBIX
PabOTHHUKOB; MOJICIMPOBAHNUE; aHAIN3 U 0000IICHUE MEAarOrHYECKOr0 OIBITA;
OIPOCHBIC MeTOIbI (Oece/1a, aHKETUPOBaHKE, HHTCPBBIOUPOBAHNUE ); HAOJFOICHHE;
aHaJIU3 MPOYKTOB JESITETLHOCTH CIIEHUAINCTOB; SKCIIEPUMEHT, METObI MaTeMa-
THYECKOM CTATHCTHUKU IO 00pabOTKE IKCIICPUMCHTATBHBIX TaHHBIX.

TIpodondcenue mexkcma nyboauKyemoeo mamepuana

Pe3yabTaTsl U 00cy:KI1€eHUE

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

TIpodondcenue mexkcma nyboauKyemoeo mamepuana

BriBoabl

Takxum 00pa3oM, Ha OCHOBaHUH BBIIIEU3I0KEHHOT'O MOKHO C/IETIaTh BHIBOT
0 TOM, YTO TEOpPETHYECKass MOJEIb (DOPMUPOBAHUS JTMYHOCTHBIX U Mpodeccu-
OHAJIbHBIX KOMIICTCHIIUN COLMAIBHBIX PA0OTHUKOB Yepe3 KYypPChl MOBBIMICHHS
KBaJTU(UKAIMH COJCPKUT TPU YPOBHS €€ peaTn3aiuu.

TIpodonxcenue mekcma nybonuKyemo2o mamepuana
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C. K. Aumuxkeesa
TopalifbIpOB YHUBEPCUTET,
Kazaxcran Pecryonukacer, [TaBmomap K.

BIJIKTIJIKTI APTTBIPY KYPCTAPBI APKbIJIbI
IJIEYMETTIK KbIBMETKEPJIEPAIH KY3IPETTIIIKTEPIH
KAJIBIIITACTBIPYABIH TEOPUSIJIBIK MOJEJII

byn  maxanaoa «Oneymemmix Kvizmemxepiepdiy  OLMiKmMiniciH
apmmuelpy — Kypcmapvl — apKblibl  MYJALANbK  JiCOHe  Kaciou
KY3ipemminikmepin — Kaiblnmacmoipy» — OOKMOPAbIK — OUCCePmMAayisl
weHbepinoe a3ipneneen OILIKMINIKMI apmmulpy Kypcmapvl ApKblibl
aneymemmik KblzmemxepiepOiy mYaanblk HCaHe KICIOU KY3blpemminiin
KanelnmacmulpyoObly — meopusnvlk  mooeni  ycuinwviizan. Makanada
MoOenvoey NpoyeciHiy nedazocuKanvlK dcnekminepi, neoacocuKanibik
MoOenvoeydiy  KezeHOepi kenmipineeH. Modenvoiy — 20icHamanvix,
npoyeccyanovix (MexXHOLOLUANbIK) HCIHE ACNANmblK Oeneelliepi, OHbIH
makcamul,  Kadcemmi — Ky3vlpemmepoiy —KalblRmacy MOHUMOPUHZI,
conoau-ax, Hamuoiceci ycvinvliean. Mooenvoe Kysvipemminikke, mynzaga
basbimmangan Jicone  NPAKMUKaea OALIMMANRAH —Ne0a202UKANbIK
macinoep, mayoaiean Ky3vipemmepoi KaIblNmMacmulpy 3aHObLILIKMAPDI,
Kaguoammapwl, wapmmapsl KOpcemineeH, Kalblnmacy npoyecin icke
acelpy Keseyoepi, diceke dlcone KaciOu Kyszvipemmepoiy Kaablnmacy
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Oeneetinepi  cunammanzan. Ipaxmukanvlk — OatiblHOLIK — OOMIMIHOE
MbIHOAYWbI-OKbIMYULLI-MON  JICYUeciH0e — UHMEPAKMUSMi  JCYMbiC
YCUIHBINAObL, Ol 9P MAMAHHBIY JceKe KAMbICYbIH, COHOAU-AK enimizoe
aneawkbl «Kaciou aneymemmix Kvizmemkepnepoiy YAmmolK albsiH-
cvly Pecnybnuxanvlk Ko2amowlk Oiprecmiciniy awbliybin 0i10ipedi. Byn
MOOenb aneyMemmiK Kol3MemKepepoin JHceKe HeaHe KaCIOU KY3blpemmepin
00an api orcemindipyoi owcone mayeiciz O0amvimyowl 0indipedi. Byn
MoOenvOe  OiniKminikmi — apmmelpy — KVPCMApPuIH — icKe  acbipyObiH
MUIMOINIZIH, HCYMBIC HBICAHOAPHI, d0icmepi MeH KYpaioapbiH Kepyee
MYMKIHOIK bepeOi.

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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NYBJIUKAIIMOHHASA OTUKA
Hay4HBIX )kypHai10B HAO «TopaiirelpoB yHuBepcuTe
«BecTtHuk TopailirelpoB yHuUBepcUTeTa»,
«Hayka n Texnnka Ka3zaxcrana», «Kpaesenenue»

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

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

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

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

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

IIpaBa u 003aHHOCTH PELEH3EHTOB

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

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

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

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

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

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

[MpuHIKMI KOH(QUAESHINATLHOCTH CO CTOPOHBI pEIeH3eHTa. PyKomucs,
MIPEOCTaBICHHAs PELEH3CHTY Ha PEIEH3MPOBAHUE JIOJKHA PacCMaTpHBATHCS
KaK KOH(HUICHINATBHBIN MaTeprai. PeieH3eHT nMeeT ITpaBo AEMOHCTPUPOBATh
ee 1/ 00CyKAaTh ¢ APYTHMH JINIIAMH TOJIBKO ITOCIIE OTy4eHHS TICEMEHHOTO
pa3pemeHns Co CTOPOHbBI HAYYHOTO PeIaKTOpa KypHaIa |/Uin aBTopa(-oB).

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

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

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

[Ty6nmukannoHHas 3TuKa 0a3upyeTcst Ha COOIIOICHUH ITPUHIIATIOB!

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

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

Jiist KaxkJ1oi cTaTh JOJKEH OBITH Ha3HAUEH aBTOP VISl KOPPECIIOHICHIINH,
KOTOPBI OTBEYAET 3a IIOATOTOBKY (PMHAILHON BEPCHHU CTAThH, KOMMYHHKAIIHIO C
PpeIKOIIIeTHEH, T0JIKEeH 00eCTIeunTh BKIIOYEHUE BCEX YIaCTHUKOB HCCIICIOBAHMS
(TIpM KOJIMYeCcTBE aBTOPOB 00JIee OHOTO), BHECIIIMX B HETO JOCTATOYHBIN BKIIAJI, B
CIIMCOK aBTOPOB, & TAKXKE MOIYYHUTh 0JI00PEHHE OKOHYATEILHOH BEPCHHU PYKOITHCH
OT BCEX aBTOPOB JJIsl TIPEJICTABICHHS B PeJaKINIO st Iy Onnkarmu. Bee aBTopsl,
yKa3aHHbIE B PyKOIIMCH/CTaThe, HECYT OTBETCTBEHHOCTD 32 COJICpPIKaHHE PAOOTEHI.

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

ABTOpBI HECYT OTBETCTBEHHOCTH 32 ITyOJHMKAIMIO CTaTed C MpU3HAKaMHU
HEITUYHOTO TMOBEJACHHUs, IIarnara, camolularuara, CaMOIUTHPOBAHMUS,
¢danpcupukanuu, Gpabpukanuy, UCKaKEHUSI JaHHBIX, JOKHOTO aBTOPCTBA,
QyOIMpoBaHMsl, KOH(IIMKTA HHTEPECOB U OOMaHa.

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

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

Hcnpasienne ommbOK B mpouecce myonukanuu. B ciydae BhISIBICHUS
OIIMOOK ¥ HETOYHOCTEH B paboTe Ha JII000H cTa U My OIMKaIMOHHOT O TIpoIiecca
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ABTOPBI O0SI3YFOTCS B CPOYHOM IMOPSIKE COOOIIUTH 00 3TOM HAyYHOMY PEAKTOPY
1 OKa3aTh IIOMOLIb B YCTPAHCHUH WIIM MCIPABICHUU OIIMOKH JUIS ITy OJIMKALH
Ha caiiTe )xypHasia cooTBeTcTBYomei koppekmun (Erratum nmm Corrigendum) ¢
KOMMEHTapUsiMU. B citydae 0OHapy keHuUst IpyObIX OLINOOK, KOTOPBIE HEBO3MOYKHO
HCIPaBUTH, aBTOP(-bI) TOJKEH(-HBI) OTO3BaTh PYKOIHCE/CTATHIO.

[TpuHIMD coOnroeHus] MyOIMKAaLMOHHON STUKH. ABTOPBI 00s3aHBI
COOIONATh ITHYECKUE HOPMBI, CBSA3aHHBIC ¢ KPUTUKOW WM 3aMEYaHUSIMHU B
OTHOLICHHUH HCCIICIOBAHNI, & TAK)KE B OTHOLICHUH B3aUMOJCIHCTBHS € pelakiueit
[0 MOBOJAY peleH3HpoBaHUs M nyOnukanuu. HecoOuroneHne 3THYECKHUX
NPUHIIMIIOB ABTOPAMHU PACLIEHUBACTCS KaK rpy00e HapyIIeHUE STHKH ITy OJIMKaLHi
U JIaeT OCHOBAHUE IS CHATHUS PYKOITUCH C PELICH3UPOBAHMS U/HIIN Ty OJIMKALIUH.

Konduukr uaTepecon

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

['aBHBINA peaKTop, WICH PEIKOJUICT U U PELIEH3CHTHI JOJDKHBI OIIOBECTUTD
0 IIOTCHLAITEHOM KOH(IHMKTE HHTEPECOB, KOTOPBIA MOKET KaK-TO IMOBJIUATH HA
pelIeHre peIaKIHOHHOM KoJulernn. YIIeHbI PeIKOUIT MU JOJDKHBI OTKa3aThCs
OT PaCCMOTPEHUS PYKOIIMCH, €CIIH OHU COCTOAT B KaKHX-JIMOO KOHKYPEHTHBIX
OTHOIICHHSX, CBA3AHHBIX C Pe3YJIbTaTaMH UCCIICI0BAHNUS aBTOPA(-0B) PYKOIIUCH,
00 eCITH CYIECTBYET HHOIM KOH(IIMKT HHTEPECOB.

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

PerieH3eHT He I0JDKEeH paccMaTpUBaTh PyKOIHCH, KOTOPBIE MOTYT HOCITYKHUTb
NPUYMHAMU KOH(IJMKTa UHTEPECOB, IPOUCTEKAIOIEI0 U3 KOHKYPEHIUH,
COTPYZHHYECTBA HJIM JAPYTHX OTHOLICHUI ¢ KeM-ITHMOO0 M3 aBTOPOB, HUMEIOIINX
OTHOLIECHHE K PYKOIIHCH.
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B cnyuyae Hanwums KOH(IWKTa WHTEPECOB C COAEpKAHUEM PYKOIHUCH,
OTBETCTBEHHBIN CEKpeTaph IOJKCH M3BECTHTH 00 STOM TIIaBHOTO PEIaKTopa,
MTOCTIe YeTO PYKOIHCH epeIaeTCs JPYTOMY PEIlCH3CHTY.

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

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

HesTnunoe noseaenue

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