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METOJUKA OBYYEHUSA XUMHNYECKOMY OBPA30BAHUIO B BY3E HA OCHOBE
JABOPATOPHBIX PABOT IO IEPEPABOTKE CEJIbCKOXO03AMCTBEHHBIX
OoTXO0J10B

EcnanoBa U.J1., nokxropanr Il kypca o6pa3zoBaTenbHOM MPOrpaMMBbl «XUMHSD»
indiradaurenovna@gmail.com, https://orcid.org/0000-0003-0721-1794
AobI30exoBa .M., KaHIUIAT XUMHUYECKUX HAYK
gulmira69@korkyt.kz, https://orcid.org/0000-0003-3721-1322

Koizvinopounckuil ynusepcumem umenu Kopxoim Ama, Keizvinopoa, Kazaxcman

AnHoTamusi. B maHHOW cTaThe ONHCHIBAETCSA J1aOOPATOPHBI OKCIEPHMEHT, IPOBEICHHBIN
CTYAGHTAaMH C ILEeNbl0 MNpeoOpa3oBaHUs MECTHBIX CEJIbCKOXO3AHCTBEHHBIX OTXOAOB B 3(dexTuBHbIe
copOeHTHI. B KauecTBe ChIphS ISl IPOU3BOJICTBA AKTUBHPOBAHHOTO YIJISl HCIIOJIB30BAIMCh PUCOBAS COJIOMA U
menyxa. Llenbio nccienoBanust ObUIO HE TOJNBKO M3TOTOBJIEHHE COPOCHTA, HO M OI[EHKA €r0 AP PEKTUBHOCTH
IIPY OYMCTKE CTOYHBIX BOJ U (POPMUPOBAHUE HKOJIOTHUECKOTO CO3HAHMS, a TAKXKE Pa3BUTUE KOMIETECHIMH B
005lacT ycTOWYHMBOTO pa3BUTHs. J[aHHOE MCClieoBaHUE BKIIOYAET KapOOHHU3AIMIO U aKTHUBALUIO PHCOBOM
COJIOMBI H IICTYXH C LEINbI0 TOIyuYeHHs COPOSHTOB, a TAK)KE CTAaHAAPTHBIN aHANIN3 BOABI JI0 U ITOCIIE OYUCTKU
CTOYHOH BOxbl. JIabopaTOpHBI SKCHEPUMEHT OBUI HHTEITPUPOBAH B 00pa30BaTEIbHYIO INPOrpamMMy
MOATOTOBKY OyAyIIMX y4uTeNlell XUMHUH U BKJIFOYAJ HE TOJIBKO XHUMHUUYECKOE, HO U MEeNarorHiecKue acreKThl.
CTYZ[CHTBI OCBOMJIM METOAUKH KOMITJICKCOHOMCTPUUCCKOI'O TUTPOBAHUA WU APYTHUX CTAHAAPTHBIX METOHOB
aHanmm3a  Boxel. IlomyueHHble  JaHHBIE  NOATBEPAMIM, YTO  COPOEHTHI, H3TOTOBJICHHBIE U3
CEJIbCKOXO3HCTBEHHBIX OTXOIO0B, O0ONafair0T BBICOKMMU OYHCTUTEIbHBIMH CBoHcTBaMu. Kpome Toro,
JKCHEPHUMEHT MoKa3ai, 4To 93 % CTyIeHTOB NpOSBUIN MOBBIIIEHHYI0O MOTHBAIMIO M WHTEpeC K 3eNEHON
XUMHMHM WM TIpUHIMIIAM YCTOMYMBOro pa3BuTHsA, 78 % pacmIMpWiud CBOM TeopeTudeckue 3HaHus, 92 %
YKpeNWwIn NpPaKTHUECKue HaBbIKH, a 75 % mpomeMoHCTpupoBaiu Oojiee BBICOKYIO 3KOJOTMYECKYIO
OCBEZIOMIIEHHOCTD OJaroiapst akleHTy Ha repepadoTKe MECTHBIX OTXOJ0B BMECTO MX COKUTAHMSL.

KawoueBsbie cioBa: o0pazoBaHHe, TEXHOIOTUU TIepepabOTKHA OTXOJI0OB, PHCOBasi COJIOMAa U NIETyXa,
71a00paTOpHBII SKCIIEPUMEHT, COPOEHT, aKTUBUPOBAHHBIH YT OJIb.

Beenenue. Puc sBisieTcs 0qHOM U3 BaXKHEHIINMX POJOBOJILCTBEHHBIX KYIBTYp B Mupe. [Ipu
ero nepepadoTke 00paszyroTcs 3HaUUTENbHbIE 00BEMBI TOOOUHBIX MPOAYKTOB — IIEIyXa U cojoma. B
Kazaxcrane mpou3BOJCTBO pUca COCPEIOTOYEHO MpenuMyllecTBeHHO B KbI3butopauHCKON obnacT,
Ha JIOJII0 KOTOpoi mpuxoautcs 6omee 85 % ypoxast crpansl [1, 16]. Cxxuranue prucoBOM COJIOMBI U
HIeJTyX! IPUBOAUT K CEPHE3HBIM DKOJIOTMUYECKUM IMOCIEACTBUSAM: JETPaJalliy 10YB, 3arpsi3HEHUI0
BO3/yXa U BOJIBI [2]. AIBTEpHATUBOI MOXKET CTaTh MepepadoTKa ITUX OTXO/I0B B LIECHHBIE IPOIYKTHI,
Takhe KaK aKTUBUPOBAHHBIM Yrojib, YTO COOTBETCTBYET NMPHUHLMIIAM LUPKYISIPHOM 3KOHOMHUKH U
yCTOWYMBOTO pa3suths [3,4].

[TepepaboTka OTXOIOB yX€ JIaBHO SIBJISETCS HEOTHEMJIEMOM YacTbl0 XMMUYECKOM HayKH M
oOpaszoBanus. Eme B Hayane XX Beka arpornpoMbIIIJICHHbIE TOOOYHbIE MPOAYKTHl — KYKypy3HbIE
MOYaTKH, COJIOMAa M CKOpJyHa apaxuca — HCIOJIb30BAMCh JUIs IPOU3BOACTBAa (ypdypoa,
IacTMacc, Oymaru u kieeB [5,6]. DTH MOAXOABI 3aI0KHIN OCHOBY JIUISI COBPEMEHHBIX KOHIICTIIIAN
3eJIeHOM Xxumuu [7].

CoBpemeHHbIE Ja0OpaTOpHBbIE 3aHATHSA MO MepepabOTKe OTXOI0B IOMOTalT CTYIEHTaM
OCBOMTh KaK TPAJAMLUOHHBIC, TaK M HOBbIE IKOJIOTMYECKH Oe3omacHble moaxonsl. Ha 3aHsaTHsX
CTYAEHTBI HE ITPOCTO MU3y4aloT TEOPHIO, a @ YYACTBYIOT B MPAKTUYECKUX HCCIEIOBAHUAXK: MOIYIarOT
O6103TaHON U3 SIOJOYHOTO JKMBIXA, JIENAIOT aJCOPOEHTHI U3 COCHOBBIX UTOJIOK M PUCOBOH ILEIYXH,
TECTUPYIOT OHOYrojib METOIOM TUTpoBaHus béma, a Takke BBIXOAST Ha YPOBEHb MHUHU-
O6uonepepabOTKH U MPOEKTOB MO CO3/IaHUI0 OMOMacia U3 OTXOJO0B PACTUTEILHOTO MPOUCXOKICHHS
[8-12]. TIpu 3TOM caMu CEBbX030TXOABI BPOJE COJIOMBI HIIH TOHM K€ PUCOBOM IMICTyXH CTAHOBSTCS
BcE Oosiee MOMYNISAPHBIM U OIOMKETHBIM MarepuaioM Ui OYMCTKM CTOYHBIX Box [8, 9, 13].
AXTUBUPOBAHHBIM Yrojib, IMOJIYYEHHBIH M3 3THX MAaTepHajoB, MPOAEMOHCTPHPOBAT BBICOKYIO
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3¢ GEKTUBHOCTD NP yHANECHUHU TSHKENBIX METAJUIOB, OPTaHUYECKUX 3arps3HHUTENCH U KpacuTenei
[1, 14]. JlaHHBIA TOAXOA TMO3BOJIAECT PEIINTh OJHY M3 AKTYaIbHBIX IIOOATBHBIX MpoOIeM —
3arpsi3HEHUE BOJIbI TIPOMBIIUICHHBIMH, CEIIbCKOXO3SIMICTBEHHBIMU U OBITOBBIMH CTOYHBIMH BOJAMU
[15, 17, 18].

B pamkax maHHOTO WCCIEIOBaHMS CTYAEHTHI BTOPOTO Kypca XHMHYECKOTO (haKyabTeTa
MIPOBEJIM MOJIHBIM Ja00paTOpHBIA IMKI: OT MPOU3BOACTBA AKTUBHUPOBAHHOTO YIVII M3 MECTHOTO
ChIpbsi B KBI3BUTOPAMHCKON O0JIACTH 10 €r0 MPUMEHECHHSI JUIsl OYUCTKH CTOYHBIX BOA. I OIICHKHU
COpPOLIMOHHOM CIOCOOHOCTU COPOEHTOB CTYACHTHI MPOBENU aHAJIM3 BOIBI O U MOCIE OYHUCTKU C
MCTOJIb30BAaHUEM CTaHJAPTHBIX METOJOB: ONPEACTHIIN KECTKOCTh, IMIEIOUYHOCTh U COJCpIKAHUE
XJIOPHUJIOB, KaJIbII¥sl, MAarHus H Cyiab(haros, a Taxxe PH [16].

Takum o00pa3oM, CTYAEHTHl HE TOJBKO OCBOMJIM HABBIKM IPOBEICHUS XHUMHUYECKHX
AKCIIEPUMEHTOB, HO W Ha COOCTBEHHOM OIIBITE YOSAWJINCh, YTO MepepadoTKa MECTHBIX
CENTbCKOXO3SMCTBEHHBIX OTXOJ0B CIIOCOOCTBYET YIYUIICHUIO COCTOSIHHS OKPYXAOIIEH Cpelbl, B TO
BpeMsl KaK HMX C)KUTaHHME HAHOCUT €H Bpel. DTO CIOCOOCTBYET YKPEIUICHHIO SKOJOTHYECKOM
OCBEJIOMJIEHHOCTH. YHHKaJbHOCTh JAHHOTO MOAXO/AA 3aKJIFOYAeTCs] B WCIOJIB30BAHHMH MECTHBIX
OTXO/IOB — PHCOBOM COJIOMBI M MIENyXH, WHTErPAllMd XUMHYECKOTO CHUHTE3a, SKOJOTHYECKOTO
aHalM3a W TEJaroruuyeckoi OIECHKH, a TaKKe B KOJMYECTBEHHOH OIIEHKE YPOBHS IKOJIOTHYECKOU
OCBEIOMJIEHHOCTH CTyAeHTOB [7, 11].

Marepuansl U MeToAbl McciaeaoBaHus. Pa3paboranHbli 1aOOPATOPHBIA HKCIIEPHUMEHT
HampaBlieH Ha OCBOEHHUE OyIyHmIMMH YYHUTEISIMH XHMHHM TPUHIUIOB  PaIl[MOHAIBHOTO
MIPUPOAOTIONB30BaHUS U pecypcocOepexenus. [IpakTHKyM TO3BOJIIET COBMECTUTHh H3ydCHHE
(byHIaMEHTAIBHBIX XUMHUYECKHX 3aKOHOB C PEIICHUEM aKTYyalIbHbBIX SKOJOTUYECKUX MPOOIIEM.

WK 3KONOTO-OBPASOBATENHOTO MCCEROB AN,

XUMMUYECKUI
3KCMEPUMEHT

MEOATOINMYECKAYA
OLEHKA

Pucynok 1 — Ilenarornyeckasi Mojejb HHTErpaliiy XUMHY€CKOT0 IKCIIEPUMEHTA U IKOJOTHYECKOT0
o0pa3zoBaHuA

[{enb sxkCcniepuMeHTa:

1. Teopernueckoe M MPAaKTUUYECKOE H3YyYEHHE SKOJOTHUECKHUX IPOOJIEM, CBSI3aHHBIX CO
CKUTAHUEM CEeTbCKOXO3AHCTBEHHBIX OTXOAOB, U TEXHOJIOTUH NMPpeoOpa3oBaHUsl MECTHBIX OTXO/OB B
COpOEHTHI.

2. Pa3Butme HaBBIKOB palOThl ¢ JaOOPaTOpPHBIM OOOPYIOBAaHHWEM U OCBOEHHE METOJIOB
CUHTE3a COPOCHTOB.

3. KonnuectBeHHast ouieHKa 3(PQEKTUBHOCTH MOJYUYEHHBIX COPOSHTOB C HMCIOJIb30BAHUEM
CTaHJAPTHBIX METO/IOB aHAIM3a BOJBI 0 U ITOCIIE OYUCTKH.

B skcnepuMeHTe NPUHSIM YyY4acTHE CTYEHTHI BTOPOTO Kypca CIEeHUaTbHOCTH «XUMHUECKas
TEXHOJIOTHSI U 3€lN€Has XUMHS», KOTOpble K ATOMY MOMEHTY YK€ H3YYWIH OpraHH4YecKylo,



HEOPTraHMYECKyI0, (PU3UUECKYI0 M aHAJUTHYECKYI0 XUMHIO, a TaKKe XMMUYECKYIO0 TEXHOJOTHIO U
BBEJICHUE B 3€JIEHYIO XUMUIO.

UroObl OLEHHUTH MEAArorn4ecKylo 3(PQPEKTHBHOCTh METOIUKH, 0 M TIOCIE IMPOBEACHUS
IKCIIEPUMEHTA TPOBEIM AHOHMMHBIN OHIaiH-ompoc Ha 0aze Google Forms. B wuccrnenoBanuu
npuHsu yuactue 40 yenosek ( mo 20 pecrnoHIeHTOB HAa BXOJJHOM M UTOroBoM 3Tarax). [Ipouenypa
OTBEYATh COOTBETCTBOBAJA 3TUYECKUM CTAaHJApTaM: Yy4acTHUe SIBISIIOCH JOOPOBOJIBHBIM, MEpen
HAyaJIoM aHKETHPOBAHUS YYaCTHUKM TOATBEPIWIM HWHPOPMHUPOBAHHOE corviacue, a cOop
MEPCOHANBHBIX TAHHBIX U KOHPUACHLINATHLHOU HHGOPMAIIH HE TPOBOIUICS.

Craructudeckyto o0paboTKy pe3yabTaroB BhINONHsUIN B cpene Microsoft Excel, rne Taxke
dhopmupoBamu TaOIUIEI ¥ TpadUKH I HAISITHOTO OTOOpaKEHUS JMHAMUKHA OOYYICHHS.

MeToauka XUMHY€ECKOI0 IKCTIEPUMEHTa

1. Cunmesz axmusugpoéannoco yensa u3 pucogol coromvl u wienyxu. B KauecTBe
PaCTUTENLHOTO CHIPBS JUIS TOTYYEHUS YIIIEPOIHBIX aJCOPOCHTOB UCIIOIB30BAJI arpapHbIe OTXObI
— pHCOBYyIO cojoMy M mienyxy. IIpoliecc cocTosim u3 JIByX OCHOBHBIX ATaloOB: KapOOHMU3AIMHU U
aKTHBALINH.

PacTutenbHbIil MaTepuas IpoMbIBaiH, CyIIId U u3Mensdanu. [loarotopneHHyo 6uomaccy
nojiBeprajiv KapOOHU3AIMU B TpyOuaToil Ieyd U3 HepxkaBeromed cramu (Beicota 250 MM,
BHYTpeHHUN auamerp 25 mm). Marepuan HarpeBanu co ckopocteio 10 °C/mun mo 500 °C wu
BBIJICP)KUBAIIN TIpH 3TOi Temrieparype B Teuerne 100 MuH.

[TomyueHHslil  yriiecomep)kKaluii  Marepuan TOJBEprajd MapoBOM aKTUBAMU IMpHU
cooTtHomeHnH Boma/yrmepox 2:1. AxrtuBamuio mpoomwin npu 800 °C, yrto obecrednBano
o0pa3oBaHME XOPOIIO Pa3BUTOM MOPUCTONW CTPYKTYpbl U BBICOKHE COPOLIMOHHBIE CBOMCTBa
KOHEYHOTO TPOIYKTA.

PucoBas conoma u wenyxa
(Rice Straw & Husk)
| Mowka (Washing) |
I Cyuwika (Drying) |

| Mamenbyenue (Grinding) |

Kap6oxuzauus (500 °C, 100 muH)
(Carbonization (500 °C, 100 min)

Maposas aktueauus (800 °C, Boga:Yrnepog = 2:1)
Steam Activation (800 °C, Water:Carbon = 2:1)

AKTUBMPOBAHHBIA Yronb
Activated Carbon

Pucynok 2 — Cxema nojiydyeHusl aKTHUBMPOBAHHOIO YIJISl U3 PUCOBOM COJIOMBI U LIEJTYXH

1. Ouucmra cmounwix 600 ¢ ucnonvsosanuem nOO20MOBIEHHBIX COPOEHMO8

21.]'[5[ OYUCTKH CTOYHBIX BOJ yHaIIUECCA ITOMECTUIIN 30 T IOATOTOBJICHHOI'O aKTUBUPOBAHHOI'O
yIIsi B JIEIUTENbHYIO BOPOHKY. CTOYHBIE BOJBI MENJICHHO MPOIYyCKalIM 4yepe3 Clioil copOeHTa, a
OYHUIIICHHYIO BOJTY COOMpaH B KOJIOy DpiieHMeliepa.



- Ve L__JI7 CTOYHAS BOOA

DENATENBHAS AKTUBUPOBAHHBIW YTOfb (30r)

BOPOHKA

¥

KOSBA 3PNEHMEMEPA

OYMLLEHHAS BOJIA

Pucynok 3 — JlagopaTopHasi yCTAHOBKA /115l OYHCTKH CTOYHBIX BOJI C HCMOJIb30BAHHEM COPOEHTA U3
PHMCOBOi COJIOMBI M IIEJIYXH

Oyenka s¢hpexmusrnocmu copbeHma ¢ UCHONb308AHUEM CIMAHOAPIHBIX MEMO008 AHAIU3A
60001

Jns oueHkn >PQPEKTHBHOCTH COpOCHTa ydamruecs ObUTH pasZefieHbl Ha JIBE OCHOBHBIE
rpynnsl o 10 yenaoBek B KaKJOM Ul aHAIK3a BOJBI 10 M MOCJIE OYUCTKU. B Kax10il rpynme Oblio
chopMHpoBaHO MO NATH padbounx map. Kaxknas mapa oTBedana 3a onpeAeiEHHbIC aHATUTUYCCKUE
MOKa3aresn: JKECTKOCTh, IWIEIOYHOCTh, a TaKXKEe COAEp)KaHUE XJIOPUIOB, KalbliMs, MAarHus,
cynb(haroB, KapOOHATOB, THUAPOKAPOOHATOB, OKHUCISIEMOCTh IIEPMAHTAaHATOM U OOIIYIO
MuHepanu3auuio. [lapanenibHOe BBINOJIHEHHE MIEHTUYHOIO KOMIUIEKCA aHAIM30B 00EenMU
rpyInamMy MO €IWHBIM CTaHJAPTHBIM METOAMKAM CIIOCOOCTBOBAJIO PA3BUTHIO HABBHIKOB KOMAHIHOMN
palboThl U KPUTUYECKOTO aHAJIN3a MOTYYEHHBIX JTaHHbIX.

B pamkax 1mabopaTtopHOTO NpaKTUKyMa CTYASHTHl OCBOWJIM pabOTBl C HOPMAaTHUBHO-
texHuuyeckoil gokymeHtanmen (I'OCT), permameHTHpyromeil MeTOAbl aHajlu3a BOABL ITO
MO3BOJIMJIO 3aKPENUTh NPAKTHMUECKHE HAaBBIKM BBINOJIEHHUS CTaHAAPTHU3MPOBAHHBIX H3MEpPEHUMN
KJIFOYEBBIX TUAPOXUMUYECKUX MTOKA3aTENECH!

e oo0miei sxxectkoctu (TOCT 4151);

® IIIEJIOYHOCTH, COJAEP’KaHUs KaJbllMs, MarHus, a Takke KapOoHaT- M THJPOKapOOHaT-
uonoB (I'OCT 26449.1);
nepmanranarHoi okucisiemoctu (TOCT 26449.1);
cynabdar-unos (FOCT 4389);
xnopua-uonos (IOCT 4245);
cyxoro ocrarka/oouieit munepanuzaimu (TOCT 18164);

OO0myto KECTKOCTb OMNpEAETsIM METOAOM KOMIUIEKCOHOMETPUUYECKOTO THUTPOBAHUS C
ucnonb3oBanueM I/{TA (Tpunon b), koTopslit n30upaTenbHO CBA3BIBAET MOHBI KAJIbIMS U MarHusi —
OCHOBHbIE KOMITOHEHTBI KECTKOCTH — € 00pa30BaHMEM CTAOMIIbHBIX KOMIUIEKCOB. J[JIsl MOBBIIIEHUS
TOYHOCTH PE3YJIBTATOB M KOMIIEHCALIUM BO3MOXHBIX ITOTPEIIHOCTEN MPHU NMPUTOTOBIEHUN PAacTBOpa
OITA HEoOX0AMMO MPUMEHSATDH MOMPABOYHBIN KOI(PPUIIHEHT.

JlabopamopHhulii 5Kchepumenm no OnpedeieHuio 0oujetl HCECMKOCMU CMOYHbIX 600
MEMOOOM KOMNLEKCOMEMPUUECKO20 MUMPOBAHUS

Llens: ompenenuTh OOIIYIO KECTKOCTh CTOYHBIX BOJ METOAOM KOMILIEKCOHOMETPHUUYECKOTO
TUTpOBaHMs ¢ ucnonb3oBanueMm Tpwiona b (OTA) mpu pH 10 B mpucyrctBum WHAMKATOpA
spurposuna y€pHoro T.

KéctkocTh 00ycnoBiieHa MPUCYTCTBUEM HOHOB Kajblusi W MarHus. [lpu tutpoBanun
pactBopom Tpunona b (QTA) B menouynoil cpene o0Opa3yloTcsi CTaOMIIbHBIE KOMILJIEKCHBIE
COETUHEHUSI.

PeakTuBbl 1 pacTBOpHI:

¢ 0,05 H. pactBop Tpumnona b (0,931 r va 100 M 1UCTUIIITMPOBAHHOW BOJIBI);

® aMMHaYHO-aMMOHHMIHBIH OydepHbIit pactBop (pH 10);



e yumKkarop spuoxpom yepHsiit T (0,125 r + 25 r NaCl);

¢ 0,05 u. pactBop MgSO. st crangapTU3anuu.

Tlopsiook nposedenus.:

Omnpenenenne nonpaBodnoro kodddumuenta (K) mist pacrsopa Tpuiona b: paz6asuts 10
mia 0,05 H. pactBopa MQSO. muctumupoBanHoit Bogod a0 100 cM® W mpoBeCcTH TUTPOBAHHE
pactBopoM Tpusona b nocne no6asnenust 5 mu Oydeproro pacrsopa (pH 10) u 0,1 r unaukaropa
IpHOXpoM uepHBI T 10 M3MEHEHUs IBeTa ¢ KpacHO-GuoseToBoro Ha cuHuil. [lompaBouHbIi

K03((UIIEHT PacCUUTHIBAETCS MO (opMyIe:

10
K=—
v
rae v — oobeM O/ITA, n3pacxonoBaHHBIM BO BpeMs TUTPOBAHUS, B MIL

Onpeoenenue obweti socécmrxocmu 600vi: JInsa ananuza orouparor 100 M1 cTOUHBIX BOA (110
U IOCJie OYMCTKH) U TUTPYIOT MX pacTBopoMm Tpunona b mo Toil xe mpouenype, 4ro U IpHU
OIIPEICIICHUH TIONPaBOYHOr0 Kod(huIMenTa, ¢ ucrnoib3oBanueM Oydeproro pacrsopa (pH 10) u
VMHJIMKATOpa HPUOXPOM depHbIH T.
OO61my10 XE€CTKOCTH X PAaCCUUTHIBAIOT 110 hopMyIie:
v 0,05« K %1000

B 14

rae
X — 0011as KECTKOCTH BOIBI, MI-2KB/JI;
v — 00béM pactBopa Tpunona b (3/TA), u3pacxomoBaHHBI HA TUTPOBAHKE, M,
0,05 — HopmanbpHOCTB pactBopa Tpuion b;
K — nornpaBouHbIi KO3 PHUITUEHT;
1000 — ko3 punment nepecuéra;
V' — 00bEM TIpoOBI BOJIBI, B3SITOM JIJISI TATPOBAHMSI, M.
Ilpumep pacuema. O6bem pacTBOopa Tpumona b, w3pacxomoBaHHOTO MPU TUTPOBAHHH,

cocrasmi 11,1 mur. CnenoBaresabHO:

K= 10 =0.9
111

Jliist pacdera oOmel KECTKOCTH UCTONb30BaIachk Gopmyina 2. Hammpumep, npu v = 6,777 m,
K=0,9uV =100 ma
KoppexTHblit pacy€r 00111e#l )KeCTKOCTH:
X v*0,05%K 1000 6,777 x0,05%*0,9 x 1000 6,777 0,059

|4 100 1

= 6,777 * 0,45 = 3,04965 = 3,05 mMr — 3kB/J2

Takum 00pa3om, mpaBUIBHBIN pe3ynbTar — 3,05 Mr — akB/ 21
Pesyabrarhl n 00cyx1eHue
[Tocne mpoBefeHMs aHAaTU3a BOJBI YYAIUECS BHECIH CBOM PE3YNIBTaThl B OOMIYIO TaOIUILY.
OTH JTaHHBIC OBLUTN WCIIOJIB30BAHBI JIUIS TPYIIIOBOTO OOCYXJICHUS U CpaBHEHUS pe3yibTaroB. Hmke
MIPUBEIEHBI PE3YNbTaThl CTAHJAPTHBIX METOAOB aHallM3a BOJBI JO M IMOCJIE OYUCTKU C MOMOIIBIO
COpOEHTa, M3TOTOBJICHHOTO M3 PUCOBOM COJIOMBI ¥ IIEITYXH:
e 3nauenue PH cHuzmiock ¢ 8,2 no 7,8.
OOmas xkécTkocTh cHu3miIack ¢ 3,05 mo 2,8 Mr-sks./m.
Coneprxanue kanbius cHu3miIock ¢ 121 no 10,8 mr/am?.
Conepsxanue maraus cHusuinoch ¢ 30 1o 16 mr/mm?.
Conepsxanue cynb}aroB cHU3HIOCH ¢ 58 1o 50 mr/am>.
Coneprxanune xJopuaoB cHu3mI0Cch ¢ 308 10 60 mr/mm3.
Coneprxanue ruapokapoonaroB cHu3niIochk ¢ 1880 mo 1089 mr/am?.
O6mras muHepanu3aius (Cyxoi octaTok) causuiack ¢ 3 10 0,0015 mr/mm?.
Coneprxanue kKapOOHATOB yBeIMUUIIOCH € 1152 10 73 Mr/am?3.
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e OxucnsieMocTh nepManranarom 1o 5,0, a mocie 06paboTKH OTCYTCTBOBAA.

o [ll&nounocts ¢ 51 10 46 MMOJ‘II)/I[Ms.

Taxum o0Opa3oM, Mocie OYUCTKH CHU3WIMCH NMPAKTUUYECKH BCE KJIIOUEBbIe Mokaszarenu: PH,
obmasi KECTKOCTb, a TakKe KOHIEHTpPAIMM KaJbIUsl, MarHus, Cyib(aToB, XJIOPUIOB,
rupokapOOHaToOB, kKapOOHATOB M oOmIast MuHepanu3auus. [lepmanraHatHas OKHCISIEMOCTh MOCTE
00pabOTKM TOJIHOCTBIO OTCYTCTBOBaJa, a WIEIOYHOCTh TaKXe yMeHbIWiach. IlomyueHHbIe
pe3yibTaThl NOATBEPKAAIOT BHICOKYIO 3((EKTUBHOCTh COPOEHTA U3 PUCOBOM COJIOMBI U HIENYXU B
IIPOLIECCE OYMCTKU CTOUHBIX BO.

Humepnpemayus pesynomamos u 06pazosamenvHas YyeHHOCHb

Jns oueHku 3((EeKTUBHOCTH COPOCHTA yYalHecs CaMOCTOSATEIIEHO CPAaBHWIHM PACUETHBIC
3HAYEeHUS )KECTKOCTH BOJBI JI0 U MOCJE OYUCTKH. J[JIs1 MUTHEBOM BOJBI IOMYCTUMBIN Mpezen oomei
KECTKOCTH, COINIACHO caHuTapHbIM HOpMaM Pecniy6nuku Kazaxcran, o040 cocrasmser ot 7,0 1o
10,0 mr-skB/11.

AHanu3 CTOYHBIX BOJl IOKa3al, 4YTO MCXOAHAas KECTKOCTb CTOYHBIX BOJ COCTaBislIa
npumepHo 3,05 mr-ske/n. [locie ouncTku ¢ MOMOIIBIO COpOEHTa U3 PUCOBOM COJIOMBI yYalUECs
OTMETHJIM 3aMETHOE CHIDKEHHE KECTKOCTU 10 2,8 MI-3KB/J — 3HAYCHHS, KOTOPOE YKJIAIbIBACTCS B
paMKH{ yCTaHOBJICHHBIX CAHUTAPHBIX HOPM JJISl TUTHEBOW BOJIBL.

CpaBHUBas HEOUMUICHHYI0 M OYMILEHHYIO BOJY — B TOM YHCIIE€ IO COJAEPKAHHUIO MOHOB
KaJabIUsl, MarHusi, XJOpUAa U JPYTHMX HEOPraHMYEeCKMX HOHOB — CTYICHTHl HEMOCPEICTBEHHO
yoeamuck B 3hpeKTHBHOCTH cOpOSHTA M TPUHITUIIAX aJICOPOIMH. 3aMETHOE CHUKCHHE JKECTKOCTH
U COAepKaHUs XJIOPHI0B IOMOIIIO CTYACHTaM KPUTUYECKHU OLIEHUTD PE3YNIbTaThl SKCIIEPUMEHTA.

Takum 00pa3oM, SKCIIEPUMEHT HE TOJBKO MPOAEMOHCTPHPOBAN OYMIIAIOIIME CBOWCTBA
copOeHTa U3 PUCOBOI COIOMBI, HO M UMEJ 3HAYUTEIbHYI0 00pa30BaTebHYIO IEHHOCTb. Y Yallfecs
pa3sBWIM TIPAaKTHYECKUE JIA0OpAaTOPHBIE HABBIKM, KPUTHUYECKOE MBIIUICHHE U TOHWMaHHE
MIPUHIIMIIOB 3€JIEHON XMMHUH, a TaKK€ OCO3HAJIH BAKHOCTH NMEPEPadOTKH CEIbCKOXO3HCTBEHHBIX
OTXOJI0B JJIsl YCTOMUMBOTO Pa3BUTHS U 3aLUThI OKPYXKAIOLIEH Cpeibl.

Pesynomamor 006yuenus u om3wigol

JlaGopatopuseiii  skcniepumeHT «l[IpuMeHeHHe TeXHOJOTUl TmepepaboTKU OTXOI0B B
0o0pa3oBaTeNbHBIX J1a0OPAaTOPHBIX HCCIEAOBAHUSAX: OUYMCTKA CTOYHBIX BOJ C HCIOJIB30BAaHUEM
COpOEHTOB, W3TOTOBJIEHHBIX W3 PHCOBOM COJIOMBI M pUCOBOM MmIenyxu U3 KbI3bUIOpAMHCKON
o0acTu» MPOBOAMIICS B TeUeHUE 3 HEJENb T10 /IBA 3aHITHS B HEJIENIO, KAKI0€ U3 KOTOPBIX THIIOCH
JIBa aKaJIEMUYECKUX Yaca.

e 1-g nenensa: IloaroroBka copbeHTa — KapOOHHM3AIUs M AKTUBAIlMS PUCOBOW COJOMBI U
LISTYXH JJI5 TOJIY4eHHs] aKTUBUPOBAHHOTO YIVIS.

e 2-s Henenst: Micnop30BaHUE MOTyYEHHOTO COPOEHTA [Tt OYMCTKH CTOYHBIX BOJI.

e 3-1 memens: Omnenka 3(dekTHBHOCTH cOpOSHTa C TIOMOIIBIO CTaHJAPTHBIX METOJOB
aHaJM3a BOJBI.

Takass mosTamHasi CTPYKTypa IOMOIJIa CTYIEHTaM CBS3aTh KOHLEMLHIO «OT OTXOJOB K
pecypcam» C TPaKTUYECKON OIeHKOW 3(PGEeKTHBHOCTH COpOEHTa MPU OYMCTKE BONBI. JlaHHBIHA
moaxo/ obecrevnBaeT cOATaHCUPOBAHHOE COYETAHHE IKCIIEPUMEHTAILHON XUMUHY, aHATUTUYECKUX
M3MEPEHUI U Mearoruyeckoro aHaan3a.

Oyenka 3Hanuti cmyoenmos 00 u nocie nPosedeHUs 1adopamopHO20 IKCNEPUMeHmMa

Jlns olleHKH ypOBHSI 3HAaHHUU 10 W TOCJIE U3y4eHHUs MaTepuaja B XOZAE TPEXHEAEIbHOTO
nmaboparopHoro skcnepuMeHTa 20 CTyIEHTOB 3allOJHUIN aHOHUMHYIO OHIaWH-aHKeTy. CpenHwue
pe3yibTaThl OMPOCOB, MPOBEAEHHBIX /10 U MOCJIE SKCIIEPUMEHTA, IpecTaBlIeHbl Ha Tabmune 1.

Ho sxcnepumenma (ucxoouwiii yposens). HauanbHbple 3HaHUS CTYIEHTOB O KapOOHU3ALUHU U
aKTUBallMM IIpU [POU3BOACTBE COPOCHTOB M3 PHUCOBOM MIETYXHM U COJIOMBI, 00 OIICHKE
3¢ dEeKTUBHOCTH COPOSHTOB MIPHU OYMCTKE CTOYHBIX BOJI, a TAKXKE O CTAHJAPTHBIX METOJaX aHallu3a
BOIBI ObUIM OTpaHWYCHHBIMH. [IpOIEHT TpaBUIBHBIX OTBETOB HAa TEOPETUUYECKUE BOIPOCHI
kosebancs ot 8 % 10 38 %, 4TO CBUAETENLCTBOBAJIO O HU3KOM ypoBHE moHMMaHus. Kpome toro, 92
% CTYJIEHTOB OTMETHII TPYAHOCTH C OOBSCHEHHEM 3TAllOB IIPOU3BO/ICTBA AKTUBHUPOBAHHOTO YIS U
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AHAJIMTHYCCKUX MCTOAOB aHaJaIn3a BOABI, a4 TaKXKC HU3KUN YPOBCHL YBCPCHHOCTH B pa60Te C
abopaTOPHBIM 000PYIOBAaHUEM.

Tadmmua 1 — Cpeannue pe3yasTaThbl OHJIAWH-OMPOCA CTYIEHTOB /0 W TOCJe J1a00paTopHOro
JKCIEPUMEHTA
A B C
1 ITokazarenb o sxcnepumenTa [Tocne sxcneprmeHTa
2 [IpaBunbHBIE OTBETHI 25 78
3 HemnpaBuibHble OTBETHI 75 22

Ilocne sxcnepumenma. T10OBTOPHBIA ONPOC BBIBHI 3HAYUTENBHOE YIy4YLIEHUE TOHHMaHHUS
CTYACHTAaMH TEXHOJIOTHI 1epepaboTKH OTXOIOB U MX MPAKTUYECKHX HABBIKOB. IIpOIEHT mpaBmiib-
HBIX OTBETOB YBEJIMYMJICS, YTO MOATBEPANIO 3(PPEKTUBHOCTD SKCIIEPUMEHTAIBHOTO ITOX0/1a.

CTyneHTBl OTMETWIIM, YTO TENEph OHU JIydllle NMOHMMAIOT TEXHOJOTHI0O NpeoOpa3oBaHUs
CETIbCKOXO3SMICTBEHHBIX OTXOJOB, TaKMX KaK PHCOBAas COJOMa M IENyXa, B COPOCHTBI, METOIbI
KOJIMYECTBEHHOW OIEHKH J(PPEKTUBHOCTH COPOEHTOB TIPM OUYUCTKE BOIBI, a TaKXKe
CTaH/IapTU3UPOBAHHBIC MIPOLICAYPHI aHATH3a BOMBI.

Ha ocHoBe naHHBIX ObUT IPOBEAEH MOAPOOHBIH aHAN3 00pa3oBaTenbHOTO dpdexTa. OTBETHI
PECIIOH/ICHTOB OBUIM HCIIOJIB30BAaHBI JUISl BBISBICHUS KIFOYEBBIX TEHICHIUH, KOTOPHIE ITO3BOJIMIN
OTIPEJICIIUTh TPU OCHOBHBIX HAIIPABICHHS MPOTPEcca CTYIECHTOB: SMOLMOHAIbHAS BOBJICYCHHOCTD
(93 % 1mOTIOKUTETBHBIX OTBETOB), KOTHUTUBHBIN pocT (78 %) U mpakThuueckast 3HauMMOCTh (83 %).

[To cpaBHEHUIO ¢ YPOBHEM JI0 SKCIIEPHUMEHTA BCE MIOKA3aTeNIN TPYIIOBBIX TUCKYCCHI TIOCTe
IKCIIEPUMEHTA BBIPOCIH. [IPOIEHT CTyIEHTOB, BBHIOPABHIMX KaKAYIO M3 KAaTETOPHUH, YBEIUYUIICS
cIeyronmM o0pazom:

e K1 — BIOXHOBJIEHBI PKOJOTHYECKHM ITOAXOJOM: IOKasareiab BbIpoc ¢ 34 % mo 75 %
(mpupoct coctaBuia 41 MPOIEHTHOTO MYHKTA).

e K2 — mpeopmoneHue mEpBOHAYAIBFHOW HEYBEPEHHOCTH: JOJS TPOSBUBIIMX WHTEPEC
yaenuamiiack ¢ 72 % no 89 % (nmpupoct cocraswn 17 1m.at.).

e K83 — pacummpeHue TeOpeTUYECKUX MpeCcTaBIeHui: yBennuenue noiau ¢ 31 % no 78 %
(mpupoct coctaBuia 47 1.11.).

e K4 — npuobpenue omnbiTa a chepe nepepadOTKH OTXOAOB: JOJS BIAJCIOUINX MPAKTHKON
BbIpocia ¢ 5 % 10 68 % (mpupoct cocTaBmi 63 1.11.).

o K5 — yrmyOnenue mpodMIBHBIX 3HAHWW: MOKaszaresb moackoumn ¢ 19 % no 78 %
(mpupoct cocraBmin 59 m.i.).

e K6 — mosoxxutenbHas OIEHKa Ja0OpaTOpHBIX PaboT: A0S OTMETHBIIUX WX TMOJIB3Y H
uHTepec nojaHsack ¢ 22 % 1o 82 % (npupoct cocrasuia 60 m.i.).

e K7 — oco3HaHMe HaYaIbHBIX 3aTPYIHECHUH: JUHAMIKA pedIiekCuu cocTaBmia ¢ 6 % mo 92
% (mpupoct coctaBmi 86 11.11.).

e K8 — ¢opupoBanue yBepeHHOCTH B UccienoBanusx: ¢ 3 % a0 74 % (Beipoc Ha 71 m.i.).

e K9 — nmoHuMaHue BaXHOCTH M pecypcocOepekeHHs: MOIOKUTEIbHbIN cnBur ¢ 12 % no
69 % (mpupocT cocTaBmi 57 ILIL.).

o K10 — ycuienne mHTepeca K XUMUISCKON JTUCIUTUIMHE: POTaIus mokasareneid ¢ 9 % 1o
93 % (mpupocT coctaBui Ha 84 11.11.).

e K1l — roTOBHOCTb K PEHICHHIO CIOXKHBIX, HO MPaKTUKO-OPMEHTHUPOBAHHBIX 3ajlau:
noka3zarelb BeIpoc ¢ 3 % 10 63 % (mpupoct cocramt 60 1.11.).

e K12 — oco3HaHMe CBSA3M PKCIIEpUMEHTa ¢ Oyayiiel mpodhecCHOHANbHOMN AeATeNIbHOCTBIO:
yBenuuenue nomu ¢ 12 % mo 83 % (mpupoct coctaBun 71 m.im.).

Takum oOpa3zom, MO HUTOTaM HSKCIIEPUMEHTa BO BCEX KaTEropusax 0€3 HMCKIIOYCHHs ObLIN
OTMEUEHBI IOJIOKHUTEIbHbIE TeHJAeHIMU. Hambosee 3aMeTHBI pocT mokazanu mokaszarenu K7
(mauanwpHbIe TpyaHOCTH), K10 (MHTEpec k mpeamery), K8 (yBepenHnocts) u K12 (akTyalbHOCTH AJIs
npodeccun). HaumeHbnii, HO Bce e 3HAYMMBIN pOCT ObLT OTMeueH 1o mnokazaremto K2 (¢ 72 %
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0o 89 %). B menom 3TO CBUAETENBCTBYET O BBICOKOW memaroruueckon 3¢dexruBHOCTH
71a60pPaTOPHOTO FIKCIEPUMEHTA.

Memoouka oyenxu

Jns ouenku 0a30BbIX 3HaHUM M A(PGHEKTUBHOCTH J1abopaTopHOro Hskcrepumenta 20
CTYIEHTOB 3allOJIHWIM aHOHUMHYIO OHJIaliH-aHKeTy. AHKeTa cocTtosiga H3 35 BOIPOCOB C
BapHaHTAMHU OTBETOB, KaXJbIil W3 KOTOPHIX MMEJ MATh BApUAHTOB W OAMH IPABHIBHBIA OTBET.
3HaHUS OLEHHUBAJIUCH MO0 KOJMYECTBEHHOM IIKaie: KaXKIbld NMPaBUIBHBIM OTBET OLEHHBAJICS B 1
0aJ1, MaKCUMaJIbHOE KOJIIMYECTBO 0ayuioB coctaBisio 35. 3areM Oaiibl ObUTM IPeoOpa3oBaHbI B
IIPOLIEHTHI Ui ynoOCTBAa aHalIM3a U BU3yaJM3alMU. DTOT METOJ INO3BOJIWJI TOYHO H3MEPUTH U
CPaBHUTDH MOHHUMAHUE CTYJEHTaMH TE€OPETUYECKOrO Marepralia J0 U Mocie SKCIepUMEHTa.

Om3b168bl CHMYOEHMO8. 2PYNN0Boe 00CYAHCOeHUe

[To 3aBepuieHMM SKCIIEPUMEHTAa OBLJIO MPOBEAEHO CTPYKTYpUPOBAHHOE T'PYIIIOBOE
o0CyXJeHHe C IeJbl0 cOOpa KaueCTBEHHBIX OT3BIBOB. CTYICHTHI OTMETHIIM 3HAYUTEIBHOE
MOJIO’KUTEJIbHOE M3MEHEHHE B YPOBHE MOTHUBALIMM M OCBOCHHHM HAaBBIKOB, YTO IOATBEPKIACTCS
pe3ylbTaTaMu, TPUBEACHHBIC BBIIIE.

YroObl 0000IINTE pe3ynbTaThl AHKETUPOBAHUS, KadeCTBEHHbIE MoKazarenu (kpurepuu K1-
K12) 6b1mi 00beIMHEHBI B TPU COJCPIKATEIBHBIX OJI0Ka:

e OMormoHanpHas BoBiedeHHOCTh (K1, K2, K6 u Kl1): momaBnsromiee OOIBITMHCTBO
pecrnionzieHToB (93%) OTMETIIIM POCT UHTEpECA K MIPEAMETY, a 82 % JaJii BHICOKYIO OLIEHKY TO0JIb3E
M YBJIEKATEIIbHOCTH 3aHATHH. OKOJOrHMuYeckass mpolieMarhka BBICTYIHIA MOTHBUPYIOIIUM
bakropom 11t 75 % y4acTHUKOB.

e Koruerusnsiii poct (K3, K5, K9): akciepumeHT 00ecredm paciimpeHue TeOpeTUICCKOTO
Kpyrozopa: 78 % cTyneHTOB 3asBWIN 00 yrIyOJeHUH 3HaHWH 1o nepepaboTke 6uomaccel, a 69 %
MOAYEPKHYIN BaKHYIO POJIb SKOJIOTUYECKH YCTOMYUBBIX TEXHOJIOTHIA.

o [IpakTnueckas 3Hauumocth (K4, K7, K8, Kl12): moka3ana nHambosiee pacuimpeHue
ouytumblil cnBur. Ha HauanbHOM 3Tame 92 %  ydammxcsl CTaJKHBAJIUCh C TPIHOCTSAMH IIPH
MMOHMMAHUM METO/OB aHalnu3a, OJHAKoM B ¢uHaie 74 % pecrnoHAEHTOB NPOJEMOHCTPUPOBAIU
YBEPEHHOCTh B PaKTH4ecKux AeicTBusx. [Ipu 3tom 83 % CcTyaeHTOB MOATBEPAMIN NPSIMYIO CBSI3b
MOJIYYEHHOTO OIbITa CO CBOEH Oymayiieil npodeccuei.

Bv1800w1 no pezynomamam obpammoti céa3u

KauecTBeHHbII1 aHaINU3 OT3BIBOB M10KA3aJl, YTO J1A0OPATOPHBIN SKCIIEPUMEHT OBbLIT BOCIIPUHST
Kak 3()(peKTUBHBINA, HHTEPAKTUBHBIN U MOTUBUpPYIOIIKK. OH crI0OcOOCTBOBAJ PA3BUTHIO HAYYHOTO U
HCCIIEIOBATENIHCKOTO MBIIIEHHUS, yIIIyOusn MTOHUMAaHHE BaXXHOCTHU nepepadoTKu
CEJIbCKOXO35IICTBEHHBIX OTXOJIOB W Jlaj CTYJEHTaM BO3MOXXHOCTb IMPUMEHSTh MPUOOpPETEHHBIE
HaBbIKU B CBOEH Oyayiei npodeccuoHaIbHOM NesTeIbHOCTH.

IleHTpasibHOE MECTO B CTPYKType NpaKTUKyMa 3aHUMaeT (POpMHUpPOBAHHUE HKOIOTHYECKOM
KyJAbTypbl cTyaeHToB. W3 Beimie paHHblx kputepueB (kputepun K1 u K9) Bugno, uyro
BOBJICUEHHOCTh B 3€JIEHYI0 XUMHUECKYI0 MpobiemMaTiky Beipocna ¢ 34 % no 75 %, a moHuUMaHue
MIPUKJIATHON IIEHHOCTH YCTOWYUBBIX TeXHONOTHI — ¢ 12 % 1o 69 %. JlaGopaTropHbie nccaeI0BaHUs
70 YTUJIM3AIMK arpOOTXO/0B M OYMCTKE CTOYHOM BOJABI MO3BOJIMIM OOYYaIOIIMMCS OCO3HATh, YTO
JIOKaJIbHbIE PacTUTENbHbIE OTXO0Abl KbI3bUTOpAMHCKON 00JIacTH MpeACTaBisiioT co0oil cTpareru-
YEeCKHI pecypc Uil IMpUPOIOOXPAHHBIX TEXHOJOTHH. bnaronopst sToMy paboTa BbINIUIA 32 paMKH
CTaHJapTHOW yd4eOHOW 3ama4yu, TpUOOpeTas CTaTyCT IOJHOIIEHHONW HKOJIOr0-00pa30BaTeIbHbIN
WHUIUATHUBBIL.

Takum 00pa3oM, dKCIIEpHMEHTAIbHAS METOIUKA, IMMOCTPOCHHAs Ha KOHIETIHAX YCTONYH-
BOT'O Pa3BUTHS U 3€JCHON XMMUH, J0Ka3ana cBO d(PPEKTUBHOCTh: OHA obecneynsia pocT yueOHoH
MOTHUBAIMH, TIIYOOKYIO BOJICYCHHOCTh W YBEPEHHOCTH CTYIEHTOB TIPW BBITOJHEHHH IPOIIECCOB
XMUMUYECKOH mepepaboTku bromacca.

Oyenka puckoe u mexrHuka 6e3onacHocmu

Jlo nomycka K J1abOpaTOPHOMY AKCIIEPHUMEHTY CTYASHTHI OCBOWJIM IMPABUIIBHBIN HOPSIOK
NecTBUM pu paboTe ¢ BBICOKOTEMIEPATYpHBIM O0OPYIOBAaHUEM U TUCHEPCHBIMH MaTepHaslaMu.
JUisi CHWDKEHHSI PUCKOB, CBS3aHHBIX C BBICOKOTEMIIEpATypHOIl KapOOHHW3aluel, Temmeparypa B
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TpyOUaroil meun CHIKaiaach A0 0€30MaCHOTO YPOBHS J0 TOTO, KaK CTYACHTaM pa3peiancs JAOCTYII,
YTOOBI TIPEIOTBPATUTh TEPMUUYECKHUE OXKOTH; KPOME TOTO, CTYICHTHI HCIIOIH30BATN TEPMOCTONKHE
nepyarkd M munubl. Ui mpegoTBpaileHus BIbIXaHUS MEJIKOW CEJIbCKOXO3SMCTBEHHOM NbUIM U
YaCTHI] JTUOKCUIA KPEMHHsI BO BpeMs OOpaOOTKH PHCOBOW COJOMBI M IIETyXH HMCIOJIb30BAJINCh
3alIMTHBIE Macku. Bce mpouenypbl HarpeBa MPOBOAMINCH B HCIPABHO PaOOTAIOMIEH BBITSKHON
KaMmepe I O€30IacHOTO YJajeHHUs Tra3000pa3HbIX MOOOYHBIX MPOAYKTOB. CTYIEHTBI CTPOTO
COOJTFOJIAJTA YCTAHOBJICHHBIE MTPOTOKOJIBI 0€30MAaCHOCTH, YTO 00ECIIEUHIIO UX JTUYHYIO O€30MMacCHOCTh
1 YCTICIIHOE, KOHTPOJIMPYEMOE MPOBEACHHUE IKCIIEPUMEHTA B YUCOHBIX YCIIOBHSIX.

3akaouenue.  JlaboparopHble  OKCIEPUMEHTBHI O  TEXHOJOTMH  MepepaboTKu
CEJIbCKOXO3SIMCTBEHHBIX OTXO/IOB C HCHOJb30BAHUEM MECTHOTO ChIPbSI — PHUCOBOM COJIOMBI U
menyxu w3 KbI3BUIOPIMHCKOW OO0JIaCTH — TO3BOJIMIM YCIICITHO HMHTETPHPOBATH MPUHITUTIBI
YCTOMUYMBOW 3€NE€HON XMMHUHM B 00pa30BaTEIbHBIN MPOIECC. DKCIIEPUMEHT, B X0/l KOTOPOTrO OBLI
W3TOTOBIIEH COPOSHT U MPOBEICHO €r0 MPUMEHEHUE ISl OUUCTKU CTOYHBIX BOJ C MCIIOJIb30BAHUEM
CTAaHJAPTHBIX AHAJUTUYCCKUX METOJOB, IPOJEMOHCTPUPOBAT BBICOKYIO OOpa30BaTelIbHYI0 |
9KOJIOTMUECKYIO [ICHHOCTh.

C oOpasoBarenbHOM TOYKM 3pEHUS JaHHAs JjaboparopHas padoTa pacHmupseT 3HaHUS
CTYIEHTOB O BO3/CHCTBUU CKMTAHUS CEIHCKOXO3SICTBEHHBIX OTXOJOB HA OKPYXKAIOIIYIO Cpeny U
CHOCOOCTBYET MOHMMAHHUIO COBPEMEHHBIX IMOJIXO0B K MepepaboTKe, YTHIN3alUd U MOBTOPHOMY
WCIIOJIb30BAaHUIO OTXOZO0B. Kpome TOro, oHa moMoTraeT CTyJICHTaM pa3BUBaTh HABBIKKM PAaOOTHI C
nabopaTopHbIM  O0OpYIOBaHHEM, OCBaWBaTh AHAIUTUYECKHE METOAbl U (OpPMUPOBATH
MPAKTUYECKUE KOMIIETEHIIMH B 00JIACTA XUMUYECKON TEXHOJIIOTHH U 3€JIEHON XUMUHU.

Takum 00pa3oM, JaHHBIM J1TAOOPATOPHBIN SKCIIEPUMEHT MOXXHO pacCMaTpUBaTh HE TOJBKO
KaK aKTyaJbHBIM HAy4HO-00pa30BaTEIbHBIM MPOEKT, HO M KaK YHHUBEPCAJIbHBIM MHCTPYMEHT IS
pa3BUTHSA KIIOYEBBIX KOMIIETCHLUH, HEOOXOAMMBIX OyAYyIIMM YYHUTEISM XHUMUU. BkitoueHue
MOJO0OHBIX JTaOOPATOPHBIX 3aHATUH B Y4eOHBIC MPOTPAMMBI BY30B SIBIISICTCS Ba)KHBIM IIIarOM Ha
MyTH K TOBBIIIEHUIO YKOJIOTHYHOCTH BBICHIETO O0pa30oBaHMs M IMOATOTOBKE HOBOTO IOKOJICHUS
CIEIUATTUCTOB, PYKOBOJICTBYIOIIUXCS MIPUHIIUIIAMH YCTOMYHBOTO PA3BUTHSI.

Jlutepartypsbl:

[1] Appazov, N., Diyarova, B., Turmanov, R., Zhapparbergenov, R., Lygina, O., Tapalova, A,
Saduakaskyzy, K., Dzhiembaev, B. Processing of Rice Husk and Straw into Activated Carbon. Bulg. Chem.
Commun. 2021, 53, 265-268.

[2] Guo, L., Zhao, J. Effect of Burning Straw in Rural Areas on Ecological Environment Quality.
Arab. J. Geosci. 2021, 14, 1357.

[3] Liu, J., Liu, J., Zhang, H., Zhou, T. How Does Agricultural Land Scale Affect Recycling
Behavior of Agricultural Wastes: Evidence from CLES. Front. Sustain. Food Syst. 2024, 8, 1440786.

[4] Sumiyati, S., Samadikun, B.P., Widyanti, A., Budihardjo, M.A., Qadar, S. Al, Puspita, A.S. Life
Cycle Assessment of Agricultural Waste Recycling for Sustainable Environmental Impact. Glob. J. Environ.
Sci. Manag. 2024, 10, 907-938.

[5] Albert, C.G. Utilization of Agricultural Wastes. J. Chem. Educ. 1930, 7 (7), 1563.

[6] Arnold, L.K. Agricultural Wastes in Industry. J. Chem. Educ. 1931, 8 (12), 2310.

[7] Martin-Alfonso, J.E., Yanez, R. Integration of Teaching Laboratory Activities Based on the
Valorization of Industrial Waste into Chemical Education to Address the Emerging Sustainable Development
Goals. J. Chem. Educ. 2024, 101 (10), 4405-4410.

[8] Singh, V.P., Susaniya, A., Jain, S. C., Vaish, R. Demonstrating a Rice-Husk-Based Adsorption
Process Using Smartphone Colorimetry to Teach Students about Kinetic Models and Their Applications. J.
Chem. Educ. 2021, 98 (10), 3288-3296.

[9] Vargas, A.B., Buhler, J., Rosa, C.H., Ignacio, P., Rosa, G.R. Pine Needles in the Production of
Sustainable Adsorbents: A Teaching Mini-Project Focused on the Valorization of Biomass. J. Chem. Educ.
2024, 101 (11), 5012-5020.

[10] Breen, R., Goggin, C., Holmes, J.D., Collins, G.A. Collaborative Co-curricular Undergraduate
Research Experience on Sustainable Materials: Analysis of Biochar Using Boehm Titration and
Spectroscopic Techniques. J. Chem. Educ. 2025, 102 (3), 1323-1332.

14



[11] McCance, K.R., Suarez, A., McAlexander, S.L., Davis, G., Blanchard, M.R., Venditti, R.A.
Modeling a Biorefinery: Converting Pineapple Waste to Bioproducts and Biofuel. J. Chem. Educ. 2021, 98
(6), 2047-2054.

[12] Welsing, G.L., Damm, B.M., Oliveira, L.d.E.S.A.d., Feu, AM.A., Arantes, H.T.L.d., Lima,
L.C.d., Silva, A.L.S.d., Souza, M.L.d., Machado, M.A., Moura, P.R.G.d. Bio-oil from Piper nigrum L. Crop
Waste as a Potential Biofuel and Its Contribution to Chemistry Education through Problematized
Experimental Activity. J. Chem. Educ. 2024, 101 (11), 4745-4755.

[13] Loh, Z.Z., Zaidi, N.S., Yong, E.L., Anshori, M.Y., Al-Kahtani, A.A., Boopathy, R., Ratnasari,
A., Syafuddin, A. Comparative Assessments of Wastewater Treatment Technologies for Wastewater
Recycling Potential. Desalin. Water Treat. 2022, 261, 151-158.

[14] Al-Qahtani, K.M. Water Purification Using Different Waste Fruit Peels for the Removal of
Heavy Metals. J. Taibah Univ. Sci. 2016, 10, 700-708.

[15] Nelliyat, P. Water Pollution: Extent, Impact, and Abatement. In Indian Water Policy at the
Crossroads: Resources, Technology, and Reforms. Global Issues in Water Policy; Springer, Cham, 2016, 16.
DOI: 10.1007/978-3-319-25184-4 8.

[16] Appazov, N.O., Zhusupbek, U.A., Turmanov, R.A., Lyubchik, S.B., Lyubchik, A.l., Lyubchik,
S.1., et al. The Method for Obtaining Activated Carbon from Rice Straw and Husks. Patent of the Republic of
Kazakhstan, No. 3892, 2019, Bulletin 16.

[18] Sarkis, V.D. A Study of Water Pollution. An Undergraduate Chemistry Laboratory Experience.
J. Chem. Educ. 1974, 51, 745.

[18] Araujo, J.L., Morais, C., Paiva, J.C. Developing and Implementing a Low-Cost, Portable
Pedagogical Kit to Foster Students’ Water Quality Awareness and Engagement by Sampling Coastal Waters
and Analyzing Physicochemical Properties. J. Chem. Educ. 2020, 97, 3697-3701.

AYBUTIIAPYAIIBLIBIK KAJJBIKTAPBIH OHJEY BOVBIHIIA 3EPTXAHAJIBIK
JKYMBICTAPFA HETI3JEJTEH YHUBEPCUTETTE XUMUSIHBI OKBITY OIICTEMECI

EcnanoBa U.J., «Xumusp» Ointim Oepy O6arnapiamacsiabiy [ kype qokropaHTs
Abb130exoBa I M., XuMus FEUTBIMIAPBIHBIH KaHIUAThI

Kopxoim Ama amweinoazel Kvizviiopoa yrusepcumemi, Koisviniopoa, Kasaxcman

AnHoTanus. Byn Makana CTyIeHTTEp JXYPri3reH 3epTXaHajblK TOKIPHOCHI CHUIATTabl, OHBIH
MakKcaThl JKEPTiTIKTI aybpUINIapyalllbUIbIK —KAJIIBIKTAPBIH THIMII COpPOSHTTEepre aWHaNIbIpy OOJIBL
AXTHBTEJITCH KOMIp OHJIpY YILIIH IIWKI3aT peTiHae Kypim cabarbl MEH KaOBIFBI KOJIAHBUINBL 3epTTeydiH
MakcaTbl TeK COpOCHT OHJipy FaHa eMec, COHBIMEH Karap OHBIH Jiac Cylapibl Ta3apTyAarbl THIMIUIITH
Oaranay, SKOIIOTHSIIBIK CaHAHBI KAJBINTACTHIPY XKOHE TYPAKTHl JaMy CalachIHIAFbl KY3BIPETTEPIli JTaMBITY
00Mbl. DKCIIEPUMEHTKE MIMKI3aTThl KOMipIeHIipy MEeH OeJICeHIIipY, COHIali-aK CyIbl OHeyTe JIeHiHTi KoHe
KeWIHIl Tayjgay CTaHIapTTalfaH OJIiCTEP apKbUIbI KYprizy Kipai. JlabopaTopusiiblk TaKipuOe Ooariak
XUMHST MYFaTIMIIEPiH aaspiiay OarmapiamMacblHa €HTI31IIN, TeK XUMHUSUIBIK FaHa €MecC, IeJaroruKabIK
acnekTinepai e Kamtbibl. CTyIEeHTTep KOMILICKCOMETPUSIIBIK THUTPIICY JKOHE CyAbl TalJaynblH Oacka
CTaHIAPTThI MICTEPIHIH TEXHUKACHIH MEHIepIi. AJIbIHFAH MOJIIMETTEP aybLIIaPyallbUIbIK KaJIAbIKTapbIHAH
JKacaJiFaH COPOCHTTEP/IIH JKOFaphl Ta3apTy KacHeTTepiHe ue ekeHiH pactajpl. COHBIMEH Karap, TOKipuoOe
KOPCETKEHJIeH, CTYACHTTepiH 93 maibI3bl KAachUl XWUMHUS MEH TYpPaKThl JaMmy KaFujanapblHa JereH
MOTHUBAIIUSCHl MEH KBI3BIFYIIBUIBIFBIH APTTBIPIBI, all 78 MalbI3bl TEOPHUSIIBIK OLTIMIH KeHEHTTI, 92 maiibi3
CTYASHTTEP NPAKTUKAJBIK JaFfIblIapblH HBIFAWTTBI, ajd /5 MHaibl3 CTYICHTTEP JKEPriTKTI KaJIbIKTapabl
epTeyliH OpHBIHA KalWTa eHJeyre OachIMIBIK O€py[diH apKachlHAAa SKOJOTHSUIBIK CaHa-Ce3IMHIH
JKOFapbUIaFaHbIH KOPCETTI.

Tipek ce3mep: OuriM Oepy, KaJIbIKTapIbl KaiiTa OHJEY TEXHOJOTHSIIApPhI, Kypiml cabaHbl MeH
KaOBIFbI, 3ePTXaHAIBIK TOXKIpHUOE, COPOCHT, OeNCeHIi KeMip.
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AMETHODOLOGY FOR TEACHING CHEMISTRY AT UNIVERSITY BASED ON
LABORATORY WORK ON THE PROCESSING OF AGRICULTURAL WASTE

Yespanova I.D., third-year PhD student in the Chemistry Educational Program
Abyzbekova G.M., Candidate of Chemical Sciences

Korkyt Ata University, Kyzylorda, Kazakhstan

Abstract. This article describes a laboratory experiment conducted by students with the aim of
converting local agricultural waste into effective sorbents. Rice straw and husks were used as raw materials
for the production of activated carbon. The aim of the study was not only to produce a sorbent, but also to
assess its effectiveness in wastewater treatment, to foster environmental awareness, and to develop
competencies in the field of sustainable development. The experiment involved the carbonisation and
activation of the raw materials, as well as the analysis of water before and after treatment using standardised
methods. The laboratory experiment was integrated into the training programme for future chemistry
teachers and covered not only chemical but also pedagogical aspects. . The students learnt the techniques of
complexometric titration and other standard methods of water analysis. The data obtained confirmed that
sorbents made from agricultural waste possess high purification properties. Furthermore, the experiment
showed that 93 per cent of students demonstrated increased motivation and interest in green chemistry and
the principles of sustainable development, 78 per cent expanded their theoretical knowledge, 92 per cent
strengthened their practical skills, and 75 per cent demonstrated greater environmental awareness thanks to
the emphasis on recycling local waste rather than incinerating it.

Keywords: education, waste recycling technologies, rice straw and husks, laboratory experiment,
sorbent, activated carbon.
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Kopxvin Ama amuvinoaswt Kvizviiopoa ynueepcumemi, Kvizviiopoa, Kazaxcman

Anparna. Makanana Kypill KaybI3bl, arPOOHEPKACINT CEKTOPBIHBIH MOJ KaJIABIKTaphl, KAHBIKIIAFaH
Mall KbIIIKbUIAApbIHA 0all ©CIMIIK MalbIHBIH KaJJBIKTaphIH KaMTHABL. Bys 3eprreyme Kypill KaybI3bIHBIH
OunomaccacblH MOHODIMLEPUATEPIe, MaHbI3bl OHEPKICINTIK MaHBI3bI 0ap KOCBUIBICTapFa alHaJIIbIPYAbIH
SKOJIOTHSUIBIK Ta3a XOHE THIMAI CTpaTeruschl YChbIHbUIFaH. lIpomecc sTwianerarTtsl KOJAaHa OTHIPHIIN,
kaprtbutail apromatrtel SOxhlet anmapateinaa (ASV-6M) kypill KaybI3blH IIbIFapyaaH OacTanaibl, O aaThl
CHIHAJIFAH EPITKILITIH iIiHEH SKCTPAKIHSHBIH €H KOFapbl THIMIUIITIH KOPCETTI, KYpill Kaybi3biHaH 2,82% -
ra neiiin maii 6epeni. Anpiaran myHaii KOH kaTbeIcybIMeH oprariia KbICBIM MEH TeMIleparypa >karmnaibiasa (4
carat Ooiibl 220 °C) KaTaTUTHKAIBIK TIUIEPOIN3 PEAKIMSIChIHA YIBIPAIbl, HOTIDKECIHAEC MOHOTIUIIEPUITED
Meutiiepi maMameH 68% Kypalibl. AJIBIHFaH KOCITa alleTOH-CY ePITIHAICIHAC KPUCTANIaHyIbl KAMTUTBIH €Ki
caThUIBl QJICIEH Ta3apThUILLbl, cofaH KeiiH 93% -ra meliH Ta3zanblFel Oap MOHOIIMLEPUATEPIl KaMTaMachl3
eTEeTIH CHJIMKAreNnbpJeri 0araH XxpoMarorpadusachl ypri3iiami. KypbUIbIMABIK KoHE KOMITO3UIMSIIBIK TaJIay
ra3 xpomarorpadusicsi-macc-criekrpomerpusi (I['’X-MC) sxone nHdpakbibul (MK) criekTpockonust apKbUIbl
KYPrizinai, OVJI MajJbMHUT KOHE OJICMH KbIIIKbUIIAPBIHBIH MOHOTIMIIEPHITEP] CHSKTBHI HETI3ri 3upiepix
OosrybIH pacTaabl. Macc-clieKTpoMeTpusi epeKTepi MOHOIIMLEPUATEPAiH KYPBUIbIMBIHA COMKEC KeJIeTiH
MOJIEKYJIBIK, calMaKThl pactaibl, an VK cnekrpnepi adup xoHe THAPOKCHIT QYHKIIMOHAIIBIK TONTaphIHA
ColiKec KeJleTiH CHMATTaMaIIbIK CiHIpY KOJaKTapblH KOPCETTI.

Tipek ce3nep: Kypill KaybI3bl; SKCTPAKIUs; ©CiMAiK Maiibl; [1adbMUT KoHE OJE€UMH KbIIIKBUIBIHBIH
MOHOIJIMLIEPHITEPI.

Kipicne. ArpoeHepKaciNTiK KaIABIKTapAbl TYPAKThl TYPAE KOJEre jkapary Ka3ipri 3aMaHFbl
KAChlJT XUMHUSI MEH a3bIK-TYJIK TEXHOJIOTUSIAPBIHBIH MaHBI3/Ibl OaFbITTapbIHBIH OlpiHe alHaJJIbI.
Mo aybul mIapyalllbUIbIFBl KaJABIKTAPBIHBIH 1MIIHJE KYpIll KaybI3bl 9JE€MIIK KYpill eHAIPICIHIH
mamamen 20% -bIH Kypaiasl, Oyl skbuibiHa 150 MUIUIMOH TOHHaAaH acaabl. Jloctypni Typre
KAJIJBIKTap PETIHAE 6OHAENEeTIH HeMece OTbIH CHUSKTbl TOMEH KYH/Ibl KOCBIMIIAlap YIIiH
naiananblIaThlH  KYpIll KaybI3bl JKaKbIHAAa KpemHesemIi [2], memntrono3a [3] koHe MyHai
bpakiysapbiH Koca anFaH/ia, 0ail OMOXMMHUSUIBIK KypaMbIMEH Ha3ap ayaapisl. [1]

Kypimr  KaybI3bIHBIH ~ JMOHJATIK Kypambl 9p TYpJli ©HEPKACINTIK  KOJJIAHBICTAFbI
TUIEPUATEP] OHIIPY YIIIH KYH]IBI IHKi3aT 006N Tabbu1aab! [4]. MoHOMITUIIEpUATED a3bIK-TYIIIK,
(dapmalneBTUKa KOHE KOCMETHKAa ©HEpKICiOiHIe HMYyNbraropiap, TYpPaKTaHIBIPFBILTAP JKOHE
OMONOTUSITBIK OeJICeH I KOCBUTBICTAp PETiIHAE KeHIHeH Koyanbuiaabl. Onap eHIMHIH TEKCTYPachIH,
KapamJIbUTBIK MEp3iMiH JKOHE KYPBUIBIMJIBIK TYPAKTBUIBIFBIH JKAaKCapTaabl, COHBIMEH KaTap ajaam
TYTBIHY YIIIH Kayirci3 60ibIn Kajgaasl [S].

[6] 3eprreyre coiikec, Kypill KaybI3bIHBIH KypambiHga 21,44% mmki myHait Oap, on
Heri3iHeH onenH (48%), muHomnb (35%) xoHe manbMuT (14%) KplIKbUIIapbIHAH TYpaabl. dacTypii
MOHOTIIIMIEPUATEP K6OiHECe Ta3apThUIFaH ©CIMJIIK MainapbiHa cyieHeni [7]. Meicamsl, [8] KbUbl
CUITUII TIMLEPOIN3 apKbUIbl 3bIFbIP MabIHBIH 3TWUI 3(UpIEepiHEH MOHOIIULEPUIATEPAl aTyablH
SKOJNIOTUSIIBIK  Ta3a oxici a3ipaenai. NaOH-gi 130°C  Temmeparypajga KaTanu3aTop peTiHzae
naianaHa OTBIPBIN, OacTankel 3PUPIEPAIH TONBIK ACpIiK KOHBepcHsiICbIMEH 76% -Fa meifiH

17


https://doi.org/10.52081/JChChE.2026.v01.i1.002
mailto:mortalbeka@gmail.com
https://orcid.org/0009-0008-7375-9778
mailto:sakenkanzhar@gmail.com
https://orcid.org/0000-0003-4553-3049
mailto:Tapalova_A@korkyt.kz
https://orcid.org/0000-0001-7556-2380
mailto:nurasar.82@korkyt.kz
https://orcid.org/0000-0001-8765-3386

MOHOTJIMIEPUATEPIIH OHIMAUIIrIHE KON JKeTKi3imai. byn kympic Ouomu3enbIeH ajbIHFaH
a¢upnepain OMoGyHKIIMOHAIIBI TUTTUATEP I OHAIPYIACT] apajIblK PETIHAE dJIeyeTiH KopceTe/i.

[6] -me cost, KyHOAFBIC XKOHE KYrepi MalIapblH KOJIAaHA OTHIPHII, KOMIPKBIIIKBLUT ra3bIHbIH
JKOFapbl CBHIHM S>KaFaiapblHAAFbl TIHALEpOM3 3epTrenai. bym mnpomecc 49% -ra  neidiH
MOHOTIIMIEPUATEP/IIH OHIMIUTITIMEH )KOFapbl KOHBEPCHUSFA OKeNl, all KoJnaHbUIFaH maprrap (250
°C, 20 MIIa) opraHuKaibIK €pITKITEPIH KAKCTTUIITIH YKOWBIT, MPOLECTIH YKOJOTHUSIIBIK Ta3a-
JIBIFBIH KAMTaMachl3 eTTi. [9] aBropiapbl KaJubIHii )KOHE MarHUKA OKCHUATEPl CHSKTHI KaTThl T€TEpPO-
TeH/JIl KaTajau3aropiaapsl KOJJAaHa OTBIPHII, ©CIMIIK MaiapblH IIHIIEPOIU3 apKbUIBI MOHO- KOHE
TUTIALEPUATEPIIH cuHTEe31H Xxabapmanel. Hotmwxkenep CaO 220 °© C Temmeparypaga peakiUsHBI
THIMJII KaTallu3/Ield ajaTbIHBIH KOpceTTi, Oyl epiTKimTepAl KojgaHOai-aKk MOHOIIHUIEPUATEPIIH
KOFaphl OHIMIUTITIH Kamramachkid etenmi. [10] [11] -me MoHOTIHIEpUATEp CHUHTE31 HOHIBIK
CYMBIKTHIKTAp/Ibl KaTallu3aTop peTiHAe KOJIJaHa OTBIPHIN cumarTairad. MOHIBIK CYHBIKTBIKTApAbI
kongany 200 °C temneparypaga 69% -maH acaThlH KipiCTUIIKKE MYMKIHIIK Oepai, Oyl YIIKBIII
epiTKilTepai 60aabpIpMay JKOHE KaTalu3aTop/IblH KaiiTa maianany apThIKIIbLUIBIKTaphbl OOJIbL.

by 3eprreyne 6i3 Kypill KaybI3bl MaiiblH OHAIPY/l )KOHE OHBI KaTaTUTHKAIBIK TIHIICPOITH3
apKbUJIbl MOHO- JKOHE JUITHUIEpUATEpre alHaIABIPYyAbl KaMTUTBIH IUPKYIAPIBIK AKOHOMHKAFa
HeTi3nenreHn Tocumai yceiHambi3 [12]. Ilpomecc Konm skeTiMIi epITKIIITEpHAi, JKYMCaK peakius
KarFJailapplH  JKOHE MaclTa0TalaThlH Ta3zapTy KaJaMIapblH KOJJaHy apKbUIbl KOFapbl
CEJICKTUBTUIIK TEH OHIMHIH OHIMIUIrIHE KOJI JKETKi3y YVIIIH OHTaWIaHABIPBUIABI. AJIBIHFaH
OuosMynbraropiap KajAbIKTapabl Oarajayra >KOHE KOpIIaraH OpTaHbl KOpFayFa bIKMAl eTeTiH
CHHTETHKAJIBIK HHTPEMEHTTEPre TYPaKThl OajlaMa peTiHJe dJIeyeTTi KolaHyFa ue.

Kypim KaybI3bIHBIH XUMUSJIBIK KYpambl ocipy aliMarblHa, KIMMaTblHA >KOHE OHJEY
omictepine OaiinmaHbICTBI e3reperi. Kypimn KaybI3sl HETI3iHEH MEJUTION03a/laH, JIMTHUHHEH JKOHE
amop(Thl KpeMHe3eMHeH Typazabl. Opramia anrania, oHbIH KypambiHaa 30-35% unemmonosa, 10-
25% remunemnonosa, 15-25% nuraun, 1-5% wmaiinap men Oanaybi3nap xone 15-20% mMuHepanasi
kya1 Oap. Kymmeri kpemuezem wmemmepi 80-95% -ra sxeTyi MYMKiH, OYJ OHBI CHIIMKATTBHI
IIUKI3aTTBIH  MaHbeBAbl ke31 ereni [2]. KpemHeseMHiH Korapbl KypaMbl 0acka ©CIMJIK
KaJIIBIKTapbIMEH CaJIBICTBIPFAH/1a KYPILI KaybI3bIHBIH €PEKIIENIr O0bIN Ta0bLIa b

Kypim kaybI3blH KonjaHy opTypii. On KypbUIbIC MarepuaigapbliH (Kipmimi, OETOH) >KoHE
OenceHaipiareH KeMmipai eHIipyde OWMOTHIHAMTKBIII peTiHAe, COHOail-aK Cyasl Ta3apTy YIIiH
ancopOeHT periHzae Konaanbuiansl [13, 14]. ConbiMeH Karap, oj1 OMO3TaHON OHAIpPICI YIIIH KOHE
JIMTHUH MEH LIeJUTI003a KypaMblHa OaillaHbICTBI OTHIH PeTiHAe KogaHbuiaasl [3, 15].

Konere »kapary Typasibl, KpeMHE3EMHIH J>KOFapbl KypaMbl Kypilll KaybI3bIHbIH TaOUFU
BIJIBIpaybIH KUbIHAATa(bl. COHJIBIKTaH OHBI OJIaH 9pi Maiianany, acipece TEPMUSIIBIK OHAEY apKbLIbI
KYJre alHanaplpy €H THIMII miemiM Oombin caHanaznsl [14]. Kazipri yakpITra Kypiln KaybI3bIHAH
KYH/Ibl OpPTraHUKaJIbIK KOMIIOHEHTTEpJl aldy[blH SKOJOTHUAJBIK Ta3a OJICTEpiHE epeKlle KOHLI
Oemineni, Oy ocipece IUPKYISAPIbIK OMOIKOHOMMKA >KarJaiiblHIAa ©3€KTI OOJBIN TaObLUIAIbI.
[ennrono3a, JIMTHUH >KOHE TE€MHIIEIUIIONIO03aHBIH KYpambl KYpIll KaybI3blH OHOBIIBIpAy >KOHE
OunonTaHON CHHTE3i1He *apamisl ereni [3, 15]. AMopdThl kKpemHe3eM MuHepaiabl KyamiH 80-95%
Kypaiapl, OyJ1 KYpilll KaybI3bIH KpEMHE3eM OH/Ipicl YIIiH KYHJIbI IMKi3aTKa aitHamabIpas! [2].

OKCTpaKLUUAHBIH €H THUIMA1 9ICTEPIHE EPITKIIITI SKCTPaKIUsIay, CyNEepPChIHU CYHBIKTHIKTHI
AKCTPAKIIUSIIAY JKOHE YIBTPaIBIOBICTHIK dKCTpakims Kipei [ 16]. Soxhlet skcTpakiuschIHBIH apThIK-
IIBUTBIFBI — OHBIH JKOFapbl KaWTaJIAaHATHIH KaO11eTl koHe JUmopuibal Gppakusiapasl TOIBIFBIMEH
KaJmblHa KenTipy kaOuerti [17]. Kypimr kaybI3piHaH ajblHFaH Mailap/ia aHTHOKCHUIAHTTHIK JKOHE
KaObIHYFa Kapchl OenceHautiri 6ap (heHONIbIK aHTHOKCHIAHTTAp, CTEPOJIAap JKOHE ToKodepoaaap
6ap [18] [19].

JKCHepUMEHTTIK MaTepuaaaap MeH daicrep. OpraHuKalbIK KOCBUIBICTApAbl ally YILUiH
aNThl OPTaHUKAJIBIK EPITKIIITI KOJIZaHA OTBIPHII, 3epTXaHainblk SOXhlet omici KoamaHbUIABL: aleToH,
reKcaH, XJIopoopM, 3TUJIALIETAT, KCHIION koHe OeH3oi. Kypim kaybi3blHbIH Maccachkl 30 T OOJbI.
EpitkimTia kenemi 250 mi 605116l DKCTpaKIUs 9p €pITKIIITIH KaifHay TemIeparypacblHaa 5 carar
00I1BI KYpri3iizui.

OKCTpakuusiaH KeWiH epiTKill alHanMalbl OyIaHIBIPFBININCH AaJbIHBIN, CBHIFBIH]IBI
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eJeHe1i. OHIMIUTIK GopMynacsl OOMBIHINA ecenTeNe/ui:

Onimainik (%) = (ChIFBIHBI Maccachl / YAT1HIH Maccackl) X 100

Kypim kaybI3pilHaH Mail aiy YIIiH arpOoeHEpKICINTIK KaJAbIKTap >KYbUIBIN, KEMTipiim,
VHTaKTaJIIbl. ¥HTaKTadFaH Kypiml Kaybi3biHbIH 30 T Oemiri esmmiern, Soxhlet skcTpakTopbiHa
opHaNacTeIpbUIAbl. Opranukanslk epiTkimTep (250 mm) 500 Mn nmeHrenek TyOi KoibachiHA
KOCBUIIBI. DKCTpaKIUs Tpoleci opOip epiTKITIH KalHay TeMmIepaTypachlHaa S5 carar OOl
KYprizungi. AjnblHFaH HoTHXenep l-kecrexe kepcerinreH. ChlHaNFaH EPITKIIUTEPiH apachlHAA
ATUJIAIETAT SKCTPAKIUSHBIH €H JKOFapbl OHIMIUIITIH KOPCETTI.

Iauneposu3 peakuusicbl. AJNBIHFAH KYpill Kaybl3bIHBIH Maiibl (50 r) 200 mi aBTOKIaB
tunti peakropaa 0,75 r katanuzarop (CaO, NaOH nemece KOH) katbicybiMeH riuiiepuaMet (25
r) opekerreceni. Kocma a3oTnen TazapTouibll, 4 carat 00iibl y31iKci3 apanacteipy kesinge 220 © C
JeliH KbI3AbIpbuLabl. Peakius askranraHHaH keifiH kocma 160 © C meiiH caaKbIHAATBUIIABI, all
apTHIK HEr'i3 MEH IIeriHl Kocnauap/ sl OelrapanTanappy yYurit 1,25 mMi ¢pocdop KeIIIKIIBI KOCHLI-
Ibl. AJIBIHFaH CYCIIEH3HsI CY3T1ICH OTIN, peaKUsChI3 TIUIepUHIl 0oy YIIiH TeKaHTalusIaH Ibl.

Momnorsmmuepuarepai Tasapty. KypamblHIa MOHOTIHMLEPHATEp, AWTIIMIEPUATED >KOHE
TPUTTHUIEpUATEp Oap peakuusi KOocmachl alleTOH MeH cyaa epitiiai (3: 1, B / B) KOHE CEJIeKTUBTI
*ayblH-mAambH yira 5-10 © C nmeiiiH cankbpIHAATBUIARL. JUTHIepuaATep MEH TPUTIUIEPUITED
CY3TUIey apKbUIbl aJbIHBIN TacTaiabl. MoOHOTrIUIEPHUANIEH OaWbITBUIFAH EpITIHII XJIOPOPOPMIbI
AIIIOCHT PETiHJE KOJJaHa OTBHIPBIN, CHJIMKAreslb OaFraHACBIHBIH XpoMaTorpaduschIMEH OJaH dpi
Ta3apThULABI, OYJI XKOFaphl Ta3albIK MOHOTTUIEpU dpakiusiapseit (93% neitin) 6epi.

AHaguTHKAJBIK daicTep. ['a3 xpomartorpadusuteik Tanmay Agilent 7890A/5975C (AKILI)
ra3 xpomarorpadspl-Macc-CIEKTPOMETP1 apKbLIbI JKYpPrizinmi. XpomaTorpadusuiblK Karaauaap:
KBUDKBIMANBI (pa3a (TachIMaJIJayIibl Ta3) — TelIWid; WHXKEKTOp Temreparypacel 325 © C, Geminy
katbiHacel 1000: 1; memrin TemnepaTtypacsl 6araapiamacel: 6actankel 50 © C (1 mun), mangyc 5 °©
C / mun 280 ° C-ka neitin, S MuHyT OOHBI ycTanansl, TanmayasiH Kajmsl Y3aKTeIFel 53 MuH. Macca
JIETEKTOPBhl ~ DJIEKTPOHIBI  COKKbl ~HOHJAHY peXUMiHAE KYMbIC ictemi. Kammmmspibik
xpomarorpadusuiblk 6arana HP-SMC, y3emabirst 30 M, imki auamerpi 0,25 MM, CTallMOHAPIIBIK
dbaza — 95% noaMAUMETUIICUIIOKCaH koHe 5% (PeHUIT-METHIIONNCUIOKCAH. .

FTIR cnektpnepi IR-Prestige 21 cnextpomerpi (Shimadzu, Kanonus, 2008) apksuist 400-
4000 cM ' TONKBIH Y3BIHIBIFI JUAMA30HBIHAA apHAWBI YITiHI JalbIHAAYChI3 XKa3bUiasl, DuraSampl
IR II onciperen xanmbl marbUIbICTEIPY (ATR) akceccyapblH KoOJjaHa OThIphIN, Oip
HIaFBUIBICTHIPFBIIBI 0ap (ZnSe cyOcTpaThlHaaFsl rayhap KpucTamuibl) KOJJaH Ibl.

Horu:kesiep :koHe TaaKbLIay. JKCTPAKUMAHBIH THiMadiri. CelHanFaH epiTKIIITEpAiH
IIHIe PKCTPAKIUSHBIH €H JKOFaphl THIMAUIITH dTrnanetar (2,82%), onan keiin anetoH (2,21%)
xoHe xiopodopm (2,12%) xepcerti. ['ekcan xoHe OEH30J1 CHUSKTHI MOJSIPIBIK €MEC EPITKIIITED
TOMEH OHIMJUIIK KepceTTi. by HoTHKenep sTHIaleTaT ©31HiH opTalla HOJSPIbIFEI MEH KOJAIIbI
KaifHay TemIepaTypachbiHbIH apKachIHIa JUIUITI KOMIOHEHTTEP/IIH THIMI epyiHe BIKIal €TeTiIHIH
kepceremi (1-kecte).

1-kecte — Op TYpJIi epiTKilTepaeri 3aTTbIH 6HIMALTITT

Kok | Epitkim Kypim kaybsI3pIHBIH Epitkim ATBIHFaH 3aTThIH Kenemai 3aTThIH
caJIMarbl, T KOJeMi, MIT Maccachl, T MIBIFYBI, %0
1 Orunanerar 30 250 0,8454 2,821
2 AleToH 30 250 0,6617 2,206
3 Xnopodopm 30 250 0,6348 2,116
4 I'excan 30 250 0,5421 1,807
5 Kcunon 30 250 0,5403 1,801
6 benson 30 250 0,4886 1,628

Anpraran eciMaik Maiibl UK ciektpomerp apkpuibl Tasganasl (1-cyper). OciMIik MalibIHBIH
IR cmexTpinge cumarTamainblK CiHIpY OJakrapbl Oaiikamansl: 1743 cMm-1 ke3inge kapOOHHIIBAIL
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TONTHIH CiHIpY xomarbl xkoHe 1161 cM-1 neHreiinmeri KapkbeHIBI >konak, »¢up C-O-C
OailTaHBICBIHBIH TEPOEITiCTEepiHE ColfkeC Kee/Ii.
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1-cypet — Kypim KaybI3bIHAH aJIbIHFaH ociMaik MalibIHbIH IR cnekTpi

Imuuepoan3. [muneponus mpoieci — OWI TPUDIMIIEPUATED MEH IIHILEPUH apachIHIAFbI
KaWTBIMIBl pEakiysi, OJ MOHO- XOHE IUIIMLEpUATEpHiH maiina OomyblHa okerneni. MakcarThl
OHIMEP/IIH CEJICKTUBTUIIN MEH OHIMJUIINIHE 9Cep €TETIH HETI3T1 mapameTpiiepre Temrieparypa,
peakiysl yakbIThl, peareHTTEepiH MOJIAPJIBIK KaTbIHACHI JKOHE KaTalu3aTopiAblH Typi Kipeai. byn
3epTTeyle YII HETi3ri CIITUI Karaiu3arop ChIHANIBL: Kanbimid ruapokcuai (CaO), warpwmit
ruapokcuai  (NaOH) sxone kammit rumpokcuni (KOH). OpOip karanmu3atop peakisHBIH
KMHETHUKAChl MEH TeIe-TeHIIT1HE 3Cep €TETIH OpTYpPJIl HEri3AUIIK, epIrillTIri *KoHe KaTaauTHKaJIbIK
OeNCeHAUTITIH KOpCceTe/Ii.

unepomus 220 °C temneparypana 4 carat 00ibl Mali-TTIUIIEPUH MOJISIPIBIK KaThIHACH 2: 1
KOHe Karanuzarop >Kykremeci 1,5% OomarblH >kyprizuiai. bapnblk peaxkiusuiap TOTBIFY/BI
OoaBIpMay YIITH a30TThI Ta3apTy KE31HAE THIFI3IAJIFAaH aBTOKJIABTHIK PEAKTOP/Ia KYPTi3UIIl.

CelHanmFaH KaranusaropiapiabiH imiiuge kamwii ruapokeuai (KOH) 68% -ra  neidin
MOHOTJIMIIEPUTEP/IIH OHIMIUIITIH KAMTaMachl3 €T€ OTBIPHII, €H KOFapbl THIMIUTIKTI KopceTTi. by
OHBIH pEaKklLUsi OpTachIH/A >KOFaphl epirilITIriMeH *XoHe TpUIIUIepuaTepaeri 3¢up OalnanpicTa-
PBIHBIH THIM1 BIJIbIpayblHA KOHE IVIMIEPUH THAPOKCHII TOOBIHBIH O€JCEH[IpyiHE BIKIal €TETiH
KYIITi Heri3airiMeH OaimanpIcThIpbUTYbl MyMKiH. CaO sxone NaOH na peakuusiHbl sxeHUIIETTI, O1-
pak eHIMIUTIKTIH TeMeHeyiHe okemai: CaO mamamen 66% -ra xerrti, am NaOH 57% -ra sxerTi.
By kepceTkimn onapably imiHapa epiMeHTIHIINIMEH JKOHE KOJMJAAHBUIFAH JKaFaaiIapaa calbICThIp-
MaJIbl TYpZle TOMEH Heri3ri OenceHauTiriMeH OaimaHbicThl O00mybl MyMKiH. CoHbiMeH Kartap, CaO
OHIMHIH KeHiHT1 Ta3apThUTYbIH KUBIHIATAThIH MIOTIHAUIEp/l TY3y YpaiciH kepcerTi. [20, 21]

['muneponu3 peakuschl asKTaJFaHHaH KeHiH ajbIHFaH peaklusi KOCIAachl MOHO-, M- KOHE
TPUIIHULIEPUATED, KAJIJBIK MIIMLEPHH, EPITKIIITIH 13/1epl )K9HE KaHaMa eHIM Kocrnasiapbl 6ap KypJeni
MaTpHIAaHbl Kypaiibl. TeXHOTOTUAIBIK KOJIIaHY JKOHE a3bIK-TYJIIK JKoHE (hapMalleBTUKA ©HEPKACiOl
CTaHIapTTapblHA COMKECTITH KaMTaMachl3 €Ty VIINH Makcartel MoHoarmitriunepuaaep (MAG)
JKOFaphI I9pexkKe/Ie Ta3aIbIKIICH OKIIAyIaHybl KepeK.
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2-kecte — [NMueposm3aeH Keilinri MOoHOIIMIEPUATEPAiH OHIMALTIri

Kypim S S Epitkimrig
Katanusatop | maiib, T'munepun, Karanuzaropibix KlplngJ‘IlK, OHIMIITIK, KOTeMIALICTOH
r Maccachl, T ) r
r + cy, MII
CaO 50 25 0,75 67,44 33,72 487,5
NaOH 50 25 0,75 57,68 34,43 487,5
KOH 50 25 0,75 68,87 28,84 487,5

TazapTynbIH ajaFamikel KaJaMbl CEJIEKTHBTI KpUCTAaHy O0Jabl. Peakims Kocmachl aleToH-
cy epitkim xxyieciaae (3: 1 B / B) epitinai, conan keiiin epitiaai 5-10 © C aeifid caakpIHAATHUIIBL.
Ocel kaFmaimapiaa Au- JKOHE TPUINMLEPUATEP IOTIHAI OONabl, ajd HEFYPJIbIM  IOJSPIIBIK
MOHOIIHIepUATep epitinaiae Kamasl [22] [23], [24]. Cy3y ayblp IIHIEPUATEp MEH MEXaHHKAIBIK
Kocrajapbl KeTipyre MyMKiHIIK Oepi.

ExiHmn Heri3ri KajgaM Ta3zapTy JopeKeciH apTThIPY YIIiH KYPri3iUireH CHIIUKareibaeri Oaran
xpomarorpadusicel 601ab1. O YIIiH MOHOTIMIICPUATEPAIH KOHIICHTpalUsJIaHFaH ePIiTIHIICI CHUIIH-
KareJbMEH KalTajFaH OaraHara >KarbUIIbl JKOHE (PAKIMSIIBIK KMHAY OaKpLIaybIHIIA XJIOPOPOpPM-
MEH OJIIONMSUTaHAbl. By omic MOJApIbIK JKOHE aacopOIus KaOUIeTiHIH aWblpMalllbUIBIFbIHA
0alIaHBICTHI JUMUATIK PpaKIUsIIapabl CeIeKTUBTI Oemyre MyMKiHIiK Oepai [25].

Hormxecinne, kypambiaga 93% moHormuuepuarep 6ap Gpakius ajablHIbI, OV KHHAJIFaH
dpakuusIapAplH MaccachIMEH J>KOHE KEWIHI aHaJWTHKAIBIK OaKbulayMeH pactainisl. [a3
Xpomarorpaduschl-Macc-ClIeKTPOMETPHST HET13T1 KOCBUIBICTApAbIH OONYBIH pacTajibl: MaJIbMUT
KBITITKBLUTBIHBIH, MOHOTJIMIIEPH/II MEH OJICHH KBIIIKBLUIBIHBIH MOHOTIIAIIEPHITEPI.

Maii KpIIKbUIIApbl MEH THLEepUA QpakuusIapbiHbIH KYpaMbIH Tajaay YIIiH ra3 Xpomaro-
rpadusICchI-Macc-CIIEKTPOMETPHUSICH  KOJJIAHBUIABI, OJIAPJBIH MAcCAIIbIK CIEKTpJIepi OOMBIHIIA
KEKEJIeTeH MOJIeKyJIanapAbl aHBIKTaAbl. DPupiaepaiH (yHKIHOHAIIBIK TONTAPbIH JKOHE OJap/IbIH
OaiiaHplc cuUnarraManapblH pactay yinH @Dypbe TYpIEHIIPrill HHQPAKbI3bUI CHEKTPOCKOMIHS
KOJaHbUIABL. Y chbiHBUIFaH XxpoMarorpammana (I'X-MC) 45,0-52,0 mMuH ycray yakbITBIHAA €Ki
epeKIe MbIHaap Oalkanaapl, OyJI KOcCIaga €Ki Heri3ri KOMIIOHEHTTIH OOJIyblH KepceTremi. 45
MUHYTTAFbI IIBIHBI TATBMUTHH KBIIIKbUIBIHBIH MOHOTIIUIIEPUATEPIHE ColiKec Kenedl. 47 MUHYTTaFbl
IIBIHBI AJTKUJ Ti30erinae 0ip Koc Oaitmanbic 6ap OJ€WH KBIIIKBUIBIHBIH MOHOTJIUIIEPUITEPIHE COHKEC
keneni (2-cyper). Epre aiimakra (40 MuHyTKa [eiiH) eneyli IIBIHAAPABIH OOIMaybl YITKBIII
KocIajgap MeH epiTKIITEPAEH YIT1HIH XKOFapbl Ta3aJIbIFbIH KOPCETEII.
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Tanganran  yIOriHIH ~ MaccalblK  chekTpi  (3-CypeT) MambMUTHH — KBIIIKBUIBIHBIH
MOHOTIITMIEPUIAIHIH OONybIH pacTalThIH CHIIATTaMaNbIK IIBIHAApABl Kepceremi. M/z = 299,3
JCHTeHiHe KOFaphl KapKbIHIBI (parMeHTTIK WOH OalKanajpl, OYJI MaJTbMUT KBIIIKBUIBIHBIH
MOHOIITUIEPUIAIHIH MoyieKynaablk MaccaceiHa coiikec kenmemi (M (Cignssos) = 330 r / moib).
[TanbMUTHH KBIIKBUIBIHBIH MOHOTIMLEPUIIHIH Kypambl 27,18% Kypasl
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3-cypet — [IaabMHUT KBIIKBLIBI MOHODTUIEPHIIHIH MACCAJIBIK, CHIEKTPI

Cnektpne m/3 57, 75 xone 98-me KapkbpIHABI (PparmMeHTTEp OaifKanaapl, OJiap aJKWII
Ti30eKTepi OOMBIHIAFBI OOIiHICTepre KOHE MOJICKYJIaHBIH TIHIEpUH Oeirine ToH. M/z 239 xoHe
257 mibIHIAPBI MATBMHUT KBIIIKBUIBIHBIH KaJIIbIKTaphl Oap GparMeHTTepiH 00IybIiH Kepcereni. m/z
281-neri curHai TIHMIEPUH OMBIPTKACHIHA OEKITUITeH Y3BIH Ti30€KTi aliil pajuKalbIHBIH OOTybIH
pacTansl.

Ocpunaiiina, TipkedareH (QparMeHTTEpiH >KUBIHTBIFBI, COHBIH ILIIHAE KapKbIHABI TOMEH
MaccalblK CUTHajAap (MIMUEpUH OeJiriHe ToH) KOHE ayblp WIBIHAAP (MadbMHT Ti30€riHe ToH),
NaJbMUT  KbIIIKbUIBI MOHOIIMLEPUIIHIH  TY3UIylH pacTaiiibl. AJBIHFaH JepekTep Mai
KBIITKBUTIAPBIHBIH MOHOTJIMIIEPUITEPIHIH MacC-CIEKTPIEpl Typalibl 9eOHeT ecenTepiHe COHKec
Kenei, Oy 3epTTeeTiH KOChUIBICTBIH KYPBUIBIMBIH KOCBIMIIIA pacTay/bl KAMTaMachl3 eTe/i.

OneuH KbIIIKBUTBIHBIH MOHOTJIMIEPUIIHIH MacCallblK CIEeKTpi (4-CypeT) OHBbIH KYPbUIBIMBIH
pacTaiiTeIH cUmarTamanblK (parmentrepai kepcereni. M / z = 356,3 meHreifiHgeri Heri3ri HOH
Mojekynanblk uoH [M] + peringe tycinmipineni, O6yn C21H4004 KOCBUIBICTBIH KYTIJIETIH
MOJIEKYJIAIBIK ~ MaccachlHa CoWikec Kenelni (OJeMH  KBIIIKBUIBI  MOHOmmuuepunai). Oneun
KBIIIKBUIBIHBIH, ~MOHOTJIMIEPUIIHIH Kypambl 72,82% Kypaapl. balkamaTblH cHIaTTamalibIK
¢dparmenTTep kesecimeit: m/z 356 — MoJeKynajablK HOH [M]"; m/z 55, 77, 98 — an(paTThIK
Ti30eKTiH TUNTIK (parMeHTTepi (KoMipcyTeri Kamablkrapel); m/z 137, 165 — miumepud
OMBIPTKACBIHBIH dJIEeMEHTTepi O0ap ¢parmMeHTTep; M/Z 221 — KemipcyrTeri Ti30eriHiH Oip OeiriHiH
JKOFaJTyblHa JKaTraTblH HWOH. M/z 280-325 nuama3oHbIHIAFbl TOMEH KapKBIHIBLUIBIK IIBIHIAPHI
MOJIEKYJIaHBbIH YJKeH OelliKTepiHe HeMmece KaiiTalama (parMeHTAlMsSHbIH ©HIMJAEpIHEe Colkec
kenemi. M/z 264-teri OacbiM curHan OyiaiHOEreH MOJIEKyJaHbIH OOJybIH KepceTenmi, ail
(bparMeHTTep/iH CUNATTaMalblK Tapajllybl OJEHH KBIIIKBUIBI MOHOIIUIEPUAIHIH KYTUICTIH
O6JIIIeKTeHY YITICIHE COlKeC KeJle 1, OChIIaiIa YChIHBUIFAaH KYPBUIBIM/IBI PACTaMIbI.
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4-cypeT — Onenn KbIINIKbIJIBIHBIH MOHOFJIPIIIepI/IIliHiH MacCCaJIbIK CHeKTpi

MS apkpUIbl aHBIKTAIFAH HEri3ri KOCBUIBICTAP/AbIH MOJEKYJaJIbIK Maccajapbl KYTiIETiH
MOHJIEpre COMKeC Kei.

AnpiaFan  cnektprep  (5-cypeTr)  MOHOTTMUEPUITEPIIH  KYPBUIBIMBIH — PAacTalThIH
cumnarTamManblK IIBIHAApABl KepceTTi [26-30]. Kypim MaifblHaH CHHTE3IENTreH MOHOTJIHIIEPH/T
KocnacelHbIH MK cniekTpnepinie kapOOHWIIb/II TONTAP/IbIH CUMIaTTaMallbIK CiHyl ItamameH 1735 cMm-
1 menreiinme Oaiikamanel, anx 3000-3500 Ml HMAFBIHIAFEI KeH KOJaK THJIPOKCHJIII TOTTHIH
CiHyiHe colikec Kenei.
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5-cypet — [IaIbMUT K9He 0J1eMH KbIIIKBLIIAPbIHBIH MOHOIIMIepuaTepi KocnachbinsiH UK
CIeKTpi
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Ochburaiiia, YChIHBUTFAH TOCUT CEJIEKTHUBTI JKaybIH-IIAIIBIH MEH THIMJII XPOMaTOTpadUsIIbIK
TazapTyabl OipikTipeni, Oyl a3bIK-TYJIK, (apMaleBTHKAIBIK XOHE KOCMETHKAJBIK ©OHIMIep/ae
OMYIBIaToOp PETIHIE KOJJaHyFa >Kapamibl >KOFapbl Ta3apThUIFAaH MOHODIMLEPUITEPIAl OHIIpyre
MYMKIHJIIK Oepeti.

KopsIThiHABL. byl 3epTTey arpoeHEepKaCiNTiK KalJbIKTapJaH — Kypill KaybI3bIHaH
(YHKIMOHAIBI JIMOUATI KOCBUIBICTAPABl ATYJbIH KEUICH/I KOHE SKOJIOTHSUIBIK TOCUTIH YCHIHAIBL.
OpTYpIIi OpraHuKaNIbIK epiTKimTepai Koimana oteipbin, SoxXhlet sxkerpakuusce stunarerar 2,82% -
Fa JIeiiiH MyHall eHAIpYIiH eH KOFapbl THIMIUIITH KaMTaMachl3 €TEeTiHIH KOpCeTTi. AJBIHFaH MYHal
KYpaMbIHIa OMOJOTHSIIBIK OSICeH/II KOChUIBICTAp Oap >KOHE O/laH opi XMMHSUIBIK TpaHChOpMaIius
YILIiH KYH/IbI IIMKi3aT PETiH/AE KbI3MET €TE anabl.

Keneci Heri3ri kamaMm ajblHFAaH MYHAaWJIbIH TJIMIEPOIN31 OOJAbI, OHBIH OapbhICBIHIA YIII
neriznig - CaO, NaOH sxone KOH xkaranutukanslk Kacuerrepi 3eprrenai. Kammii rugpoxcuni 4
cararThIK peakius ke3deHiHae 220 °© C temneparypana 68% -Fa aeiiH MOHOIIIMIIEPHU OHIMIALTITIH
KaMTaMachl3 €T€ OTBIPBII, €H JKOFapbl THIMALIIKTI KOPCETTI.

MakcaTTel ©HIMHIH Ta3ajJblFblHA KON JKETKI3y YIIIH €Ki CaTbUlbl Ta3apTy CXeMachl
KOJIJAHBUIJBI: AlleTOH: Cy JKYMECIH KOJJaHa OTBIPBII, ajJIbIH-aja CEJIEKTUBTI KPHCTaJlaHy, COlaH
KeliH cuimkarenpjaeri 6aran xpomarorpaduscel. byn tocin kypambiaaa 93% MoHOIIHIIEpUATED
0ap (pakIusHBI OKIIayIayFa MyMKIHIIK Oepi, OyJT OHBI TaMaK >koHEe (DapMarieBTHKa OHEPKICiOiH e
KOJIJJTaHYFa JKapamJibl ETTi.

KypbUTbIMIBIK COMKECTEHAIPY JKOHE Ta3ajbIKThl Oaranay ra3 Xpomarorpaduscel-macc-
cunektpometpus (I'X-MC) xone undppaxsi3sil (MK) crnekrpockonusiHbl Koca anfaHzaa, 3aMaHayd
AHATMTHKAJIBIK ICTEP/Ii KOJIJaHa OTHIPBIN XKYpriziaai. Hotmxkenep cama cranmapTrapbliHa CoiiKec
KEJICTIH MaJbMHUT OHE OJICUH KbIIIKBLUTBI MOHOTIUIICPUATEPIHIH OOIYBIH PACTa/IbI.

Ksbickapryaap

ASV-6M - Asromartsel Soxhlet skcrpakropsr, 6M moneni

GC-MS — I'a3 xpomarorpadusicel—Macc-CrieKTpOMETPHSI

UK — uH}paKbI3bUT CIIEKTPOCKOTHS

HP-5MS - XKorapsr eniMimiri 6ap xamuuisipiaslk 6araHa (5% (QEeHUIMETHIIIONUCHIIOKCAH,
GC-ne konmaHbLIAAB)

FTIR - ®ypse Typaenaipy nHOPaKbI3bLUT CHEKTPOCKOMHS

ATR — ©Onciperen »xanmsl mWarbuibicy k03 duiuenTi

MAG — MOHOAIHIITITHIICPHUT

Kap:xxbinanabipy. 3eprreyni Kaszakcran PecnyOnmkachl FwuibIM JkoHE »KorFapbl OiTiM
MHUHHUCTPIIriHIH FhuThIM KOMHTETI Kapkbiianapipabl (rpant NO. AP23490056) sxone PhytoAPP EU
(2021-2025) asceinga Eypomnansik Omakteiy HORIZON 2020 6armapnamacer 101007642 Mapus
CxnonoBckasi-Kropu rpaHTTBIK KeTiciMi OOMBIHIIIA KOJIJIay TallThI.
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MOJIYYEHUE PACTUTEJIBHOI'O MACJIA 3 PUCOBOW IIEJYXU U CUHTE3
MOHOIVNIMIEPU OB )KUPHBIX KUCJIOT HA ET'O OCHOBE

Anumxan B.I'., Maructpanr
Kanxap C.A., Mmaructpant
TanmasoBa A.C., KaHIUJAT XUMUYECKUX HAYK
Anmna3zoB H.O., kannuaat XMMHYECKHX HayK, podeccop

Kwizviiopournckuil ynusepcumem umenu Kopxoeim Ama, Koizviniopoa, Kazaxcman

AnHoTamus. PucoBas menyxa mpejacraBiser coOoi OAMH W3 HauboJiee MAacCOBBIX IMOOOYHBIX
MIPOAYKTOB arpoIpOMBIIIUIEHHOTO KOMIUIEKCA, COJepXKalliii OCTaTOYHbIE KOJIMYECTBAa PACTUTEIFHOIO MacJia,
00OTalEHHOTO HEHACBHIICHHBIMU JKUPHBIMH KHCJIOTaMH. B HacrosimieMm wucciienoBaHuu paspaboTaHa
9KOJIOTUYECKH OPHUEHTHUPOBAaHHAsi M BBICOKOA((EKTHBHAS METOAMKa TpaHchopmanuu OHMOMAacchl PHCOBOM
[IelyXd B MOHOTJIMLIEPHUIBI — COEIWHEHHs, 00JaAal0NIne CYIECTBEHHON MPOMBIIUIEHHOW 3HAYUMOCTBIO.
DKCTpakuusl Macia OCYIIeCTBIsIach B  IoiyaBromaTndyeckom ammapare Cokciera (ASV-6M) ¢
MPUMEHEHUEM STHJIALETATa, KOTOPBIA CPENN IECTH MPOTECTUPOBAHHBIX SKCTPAreHTOB MPOIAEMOHCTPUPOBAII
HauBBICITYI0 3()(EKTUBHOCTH, oOecrieunB BbIXOH Macia a0 2,82%. IoiydeHHBIH IKCTpaKT MOJBEpraics
KaTaIUTUYEeCKOMY muieponu3y B npucyTcTBur KOH mpu ymMepeHHBIX yCIOBHSX NaBICHHUS U TeMIEepaTypbl
(220 °C, 4 4), 4T0 TO3BOIWIIO AOCTHYB COAEPIKAHMSI MOHOIIIMLEPUIOB Mopsaaka 68%. OuunineHne npoayKTa
HPOBOAWIOCH IO JBYXCTYIIEHYATOM CXeMe: KpPUCTAJUIM3alued B alleTOH-BOJHOM CHCTEME C MOCIEAYOLIEH
KOJIOHHOYHOU XpomaTorpadueli Ha cuimkaresie, B pe3yJabTaTe 4ero yAaBajioch MoIydaTh MOHOTIUIICPHUIIBI C
yuctorol 10 93%. CTpyKTYypHO-KOMIIO3UIIMOHHBIN aHalu3 OCYILIECTBISUICS METOAAMH T'a30BOM XpOMATo-
Mmacc-criektpomeTpun (I'’X—MC) u undpakpacnoit (UK) crnexrpockonuu, 4To MOATBEPIUIO MPHUCYTCTBUC
OCHOBHBIX J3(QHpPOB — MOHOIIMUIICPUIOB TMaJbMUTHHOBOW W OJEHHOBOM KHCIOT. Pe3ynmbrarbl Macc-
CHEKTPOMETPHH COTIIACYIOTCSI C TEOPETHYECKUMH MOJIEKYJISPHBIMH MaccaMy IEeNNEeBBIX COCOUHEHHH, TOTIa
kak MK-criekTphl BBIABHIM XapaKTEpHBIC IOJOCH MOTIOMIEHUS, COOTBETCTBYIONINE (PYHKIIMOHATHLHBIM
rpymmnaM 3pUPHOTO U TUAPOKCHIIEHOTO THIIA.
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PRODUCTION OF VEGETABLE OIL FROM RICE HUSK AND SYNTHESIS OF FATTY
ACID MONOGLYCERIDES BASED ON IT

Alimkhan B.G., master
Kanzhar S.A., master
Tapalova A.S., Candidate of Chemical Sciences
Appazov N.O., Candidate of Chemical Sciences, Professor

Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan

Abstract. Rice husk is one of the most abundant by-products of the agro-industrial sector, containing
residual amounts of vegetable oil enriched with unsaturated fatty acids. In this study, an efficient approach
was developed for the conversion of rice husk biomass into monoglycerides — compounds of considerable
industrial importance. Oil extraction was carried out in a semi-automatic Soxhlet apparatus (ASV-6M) using
ethyl acetate, which, among six tested solvents, demonstrated the highest extraction efficiency, yielding up to
2.82% oil. The extracted oil was subjected to catalytic glycerolysis in the presence of KOH under moderate
pressure and temperature conditions (220 °C for 4 h), resulting in a monoglyceride content of approximately
68%. The crude product was purified using a two-step procedure involving crystallization in an acetone—
water system followed by column chromatography on silica gel, which afforded monoglycerides with a
purity of up to 93%. Structural and compositional characterization was performed by gas chromatography—
mass spectrometry (GC-MS) and infrared (IR) spectroscopy, confirming the presence of key esters, such as
monoglycerides of palmitic and oleic acids. Mass spectrometry data were consistent with the molecular
weights of the target compounds, while IR spectra revealed characteristic absorption bands corresponding to
ester and hydroxyl functional groups.

Keywords: rice husk; extraction; vegetable oil; monoglycerides of palmitic and oleic acids.
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CONTEXT-BASED NANOCHEMISTRY TASKS IN A COLLOID CHEMISTRY COURSE:
EFFECTS ON STUDENTS' CONCEPTUAL UNDERSTANDING AND FUNCTIONAL
LITERACY
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Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan

Abstract. This study explored whether context-based nanochemistry tasks can strengthen students'
conceptual understanding and functional literacy in colloid chemistry. Twenty-seven third-year Chemistry
students at Korkyt Ata Kyzylorda University took part. Because the university has only one group per year in
this specialty, a single-group pre-test/post-test design was used, and no control group was included. For six
weeks, the colloid chemistry course included tasks that connected core colloid concepts to real uses of
nanotechnology: the antibacterial effect of silver nanoparticles, nanomaterials for water purification, and
nanoparticles as drug carriers. Before and after the intervention, students completed a 19-item test developed
by the authors. The test combined multiple-choice items with open-ended questions that asked students to
explain mechanisms and apply concepts to new situations. Mean scores rose from 12.81 (67.5%) to 14.96
(78.8%). The gain was statistically significant (t (26) = 9.31, p < 0.001), and the effect size was large
(Cohen's d = 1.79). No student's score decreased. These findings suggest that context-based nanochemistry
tasks are a promising way to link colloid chemistry content with modern applications and to develop
students' ability to use chemical knowledge in real-life situations.

Keywords: nanochemistry education, context-based learning, conceptual understanding, functional
literacy, colloid chemistry.

Introduction. Colloid chemistry is one of the most natural places in the chemistry
curriculum to introduce nanochemistry, since colloidal systems and nanoparticles share the same
size range and many of the same properties. Yet in a typical course, students meet these ideas
mainly through definitions and textbook problems, and they rarely see how the same concepts
explain phenomena they encounter outside the classroom. Traditional, decontextualized teaching
often leaves students unable to transfer what they know to unfamiliar situations. Context-based
tasks address this problem by placing chemical concepts inside meaningful, real-world scenarios. In
this way, they can support two related outcomes: conceptual understanding and functional literacy,
that is, the ability to use scientific knowledge in everyday life.

Nanoscience is well suited to context-based learning (CBL) because it draws on chemistry,
physics, materials science and biology at once. For example, used spherical nucleic acids (SNAS) as
"programmable atom equivalents" to revisit core general chemistry topics, including atomic
structure, periodicity, Lewis structures and VSEPR theory, through the lens of current research [1].

Several studies report positive effects of this approach. Demircioglu and Ozdemir found that
prospective teachers taught through a context-based approach understood nanoscale concepts
significantly better than those taught traditionally [2]. Avargil and Piorko showed that context-
based, multi-model chemistry instruction helped high school students develop a deeper
understanding of molecular representations [3]. Tasks built around social and environmental issues
appear particularly useful for developing functional literacy, in line with the priorities of
international frameworks such as PISA [4, 5].

Nanochemistry content can also foster higher-order thinking, including question-posing and
problem-solving skills [6, 7]. However, non-routine, context-rich tasks tend to increase students'
cognitive load. For this reason, they work best when supported by scaffolding and formative
assessment [8, 9]. Interest in contextual approaches is also reflected in curriculum reforms, such as
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Indonesia's Merdeka Curriculum [10], and in work on assessing chemical literacy through
contextual tasks [11].

On the practical side, a number of laboratory modules show how nanoparticle synthesis and
characterization can be brought into teaching. Examples include the preparation of polymeric
nanoparticles [12], microreactor synthesis of inorganic nanoparticles [13], nanoparticle
characterization in chemical engineering courses [14] and organic semiconductor nanoparticles for
printed electronics [15]. Together, these studies offer a methodological basis for including
nanochemistry in colloid chemistry laboratory work.

Nevertheless, few studies have examined how context-based nanochemistry tasks affect
conceptual understanding and functional literacy together within a single intervention, and no such
data are available for Kazakhstani universities. This study addresses that gap. It evaluates how a set
of context-based nanochemistry tasks, embedded in a colloid chemistry course, influenced the
conceptual understanding and functional literacy of Chemistry students at Korkyt Ata Kyzylorda
University.

Materials and Methods. Participants and design. The study took place at Korkyt Ata
Kyzylorda University. All 27 third-year students of the Chemistry specialty who were taking the
colloid chemistry course participated. Since the specialty has only one group per year, forming a
separate control group was not possible. For this reason, a single-group pre-test/post-test design was
used. [Students were informed about the aims of the study and participated voluntarily; the results
did not affect their course grades.]

Intervention. For six weeks, context-based nanochemistry tasks were included in the regular
colloid chemistry course. Each task started from a real-world application of nanotechnology and
asked students to explain it using colloid chemistry concepts. The contexts were the antibacterial
action of silver nanoparticles, the use of nanomaterials in water purification and nanoparticles as
drug carriers. [For example, in the silver nanoparticle task, students were asked to ...] Instead of
reproducing textbook definitions, students had to apply familiar concepts to situations they had not
met before. [The tasks were completed during practical classes / as homework, individually / in
small groups.]

Instrument. Conceptual understanding and functional literacy were measured with a 19-item
test developed by the authors. The [N] multiple-choice items mainly assessed conceptual
understanding. The [N] open-ended items required students to explain mechanisms or apply
concepts to new nanochemistry contexts, and they mainly assessed functional literacy. [Open-ended
answers were scored 0—1 using a rubric; the test was reviewed by two experienced chemistry
lecturers for content validity.] The same test was given immediately before and immediately after
the six-week intervention.

Data analysis. Pre-test and post-test scores were compared using a paired-samples t-test.
Effect size was calculated as Cohen's d for paired samples (d_z). [Analyses were performed in
SPSS / Excel / JASP.]

Results and Discussion. Descriptive statistics of the pre- and post-test results are presented
in Table 1.

Table 1 — Descriptive statistics of the pre- and post-test results

Indicator Pre-test Post-test
Mean score (out of 19) 12.81 14.96
Mean percentage 67.5% 78,8%
Standard deviation 1.47 1.16
Minimum — Maximum 9-15 12-17

After the intervention, the mean score rose from 12.81 (67.5%) to 14.96 (78.8%) out of 19,
an average gain of 2.15 points. The paired-samples t-test showed that this gain was statistically
significant (t(26) = 9.31, p < 0.001), and the effect size was large (d_z = 1.79). At the individual
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level, 25 of the 27 students improved their scores, two scored the same on both tests, and no
student's score decreased. [Gains were larger on the open-ended items (from ...% to ...%) than on
the multiple-choice items (from ...% to ...%).] [The largest improvement was observed on items
about ..., while items on ... remained difficult for many students. ]

These results are in line with earlier studies in which context-based teaching improved
students' understanding of nanoscale concepts [2, 3]. The open-ended items asked students to apply
colloid chemistry concepts to unfamiliar situations, such as explaining why silver nanoparticles are
antibacterial. These items reflect the functional-literacy dimension emphasized in PISA-type
frameworks [5]. The gains on these items suggest that the context-based tasks helped students not
only recall concepts but also begin to use them in new situations, which is consistent with the
findings of Ramachandran and Singewald [4]. For example, in the pre-test many students described,
whereas in the post-test they explained.

The study has several limitations. First, because there was no control group, the
improvement cannot be attributed to the intervention alone. Maturation, familiarity with the test,
since the same instrument was used twice, and learning in other courses may also have contributed.
Second, the tasks were taught and the tests were scored by the researchers themselves, which may
have introduced bias. Third, the sample was small (n = 27) and came from a single group at one
university, so the results cannot be generalized widely. Future studies should use quasi-experimental
designs with comparison groups at several universities. They should also analyse conceptual
undrstanding and functional literacy separately to see which of them responds more to context-
based tasks. Since such tasks increase cognitive load, the role of scaffolding also deserves attention

[8].

Conclusion. In this study, context-based nanochemistry tasks were included in a colloid
chemistry course for third-year Chemistry students over six weeks. After the intervention, students'
scores on a test combining multiple-choice and open-ended items were significantly higher than
before it, which suggests that their conceptual understanding and functional literacy improved.
Linking colloid chemistry topics to familiar applications of nanotechnology, such as antibacterial
silver, water purification and drug delivery, appears to be a practical way to show students that the
concepts they learn are relevant beyond the textbook. [In our experience, such tasks can be
introduced without major changes to the existing syllabus, for example, as part of practical classes.]
Because the study had no control group and involved a single group of students, these results should
be treated as preliminary. Studies with comparison groups at several universities are needed to
confirm them.
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KOJUIOMJTBHIK XUMMUSI KYPCBIHJIA HAHOXUMUS BOMBIHIIA KOHTEKCTTIK
TAIICBIPMAJIAPIBI KOJJAHY CTYAEHTTEPAIH KOHUENTYAJJIBIK TYCIHITT MEH
®YHKIUOHAJIJIBIK CAYATTBLIBIFBIHA 9CEPI

HusizoBa JI.7K., nokTopant
TanasioBa 9.C., TeXHWKa FEUTBIMIAPBIHBIH KaHAUATHI, Tpodeccop
Axpu10exoB H.U., PhD, kaysiMaacTbippuFan npodeccop (Jo1eHT)

Kopxvim Ama amwinoazel Kvizviiopoa ynusepcumemi, Koisviiopoa k., Kazakcman

AnaaTna. 3epTreyle HaHOXMMHUSI OOMBIHINIA KOHTEKCTTIK TarChpMaap/blH KOJUIOUATHIK XUMHUS
KypCBIHAA CTYACHTTEP/iH KOHIENTYAIABIK TYCIHIr MeH (DYHKIMOHANIBIK CAyaTThUIBIFBIH JaMBITYFa BIKIAI
eTe Me, )KOK I1a, COHbI aHbIKTay Ke3zenmi. 3eprreyre KopkeiT Ata aTbiHIars! Kpl3puiopia yHUBEPCUTETIHIH
«X¥MUS» MaMaHJBIFBIHBIH 3-KypChIHIa OKUTHIH 27 CTYIEHT KaThICThl. byl MaMaH/pIKTa 9p KypcTa Oip FaHa
TOI OOJFaHJIBIKTaH, 0aKblIdy TOOBIHCHI3 Oip TONTHIK MPE-TECT/TIOCT-TECT NU3aliHbI KOJMIaHBUIIBL. AJITHI amnTa
00libl KOJUTOMATHIK XMMHUSI KypChlHA KOJUIOMATBHIK XHUMMSHBIH HEri3ri YFhIMIApblH HAHOTEXHOJOTHSHBIH
HaKThl KOJJAHBICTapbIMEH OAVIaHBICTBIPATBIH TarceipManap eHriziagi. Onap Kymic HaHOOeIIIEKTepiHiH
AQHTUOAKTEPUSUIBIK 9cepi, CyAbl Ta3apTyla HaHOMaTepHaslap/bl KONJAHY >KOHE HaHOOOIIEKTepAl JopiIiK
3aTTap]ibl TACBIMAIIAYIIBI PETIH/IE MalalIaHy TaKbIPHIITAPBIH KaMThIIBI. IHTEpBEHIINSFA IEHiH KoHE OJlaH
KEHiH CTyAEHTTEp OKBITYLIBI d3ipiereH 19 tamcelpmagaH TypaTblH TeCT OpbIHAAIBL. TecT xayan TaHJayFa
apHaJFaH TalchlpMajap MEH KYOBbUIBICTApIbIH MEXaHW3MIH TYCIHIIpYIiI »KOHE YFBIMAApIbl JKaHa
JKarmaiapaa KOMAaHyIbl Tajal eTeTiH amlblK cypakTapman Kypanasl. Oprama 6amn 12,81-men (67,5%)
14,96-ra (78,8%) neitin ecti. OciM cTaTUCTHKAIBIK TyprbiaH MaHbeiasl (1(26) = 9,31; p < 0,001), sdpdexr
exmeMi xorapel (Kosn d=1,79). Bipae-Oip CTyIeHTTIH HOTHIXKECI TOMEHJETeH JKOK. AJIBIHFAH HOTIKEIep
HAHOXUMUsI OOWBIHIIIA KOHTEKCTIK TarlchipMalap KOJJIOWATHIK XUMHS Ma3MYHBIH 3aMaHayH KOJJIaHBICTapMEH
0ailJIaHBICTRIPYIBIH JKOHE CTYACHTTEPIIH XUMHSUIBIK OULTIMII HaKThl OMIpJIIK Karjaiiapaa KoJigaHy
JaFABICHIH JaMBITYIbIH NEPCIEKTUBAIBI Kypasbl 00Ja aJlaTbIHBIH KepCeTei.

Tipek ce3nep: HAHOXUMMSIBIK OUTIM Oepy; KOHTEKCTKE HETI3IENTeH OKBITY; KOHIICTITYaJIIBIK
TYCiHIK; QYHKIIMOHAIIBIK CAyaTThUIBIK; KOJUIOUATHIK XUMUSI.
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BJIMSTHUE KOHTEKCTHBIX 3AJTAHUI ITO HAHOXUMHAHW HA KOHIIEIITYAJIbHOE
INOHUMAHHUE U PYHKIINOHAJIBHYIO TPAMOTHOCTbD CTYAEHTOB B KYPCE
KOJJVIOMJHOU XUMHNHN

Hus3zosa JI.7K., tokTopaHT
TananoBa A.C., xaHAUIAT TEXHUYECKUX HayK, mpodeccop
AxbuioexoB H.U., PhD, acconmupoBaHHsIii ipodeccop (J0LeHT)

Koizvinopounckuii ynusepcumem umenu Kopxkoeim Ama, 2. Keizvinopoa, Kazaxcman

AnHoTauus. B uccnenoBannu n3y4anoch, CIOCOOCTBYIOT JIM KOHTEKCTHBIC 3aJIaHUs 10 HAHOXUMHU
Pa3BUTHIO KOHLIENTYaJIbHOTO MMOHUMAaHUS U (PYHKLIHMOHAIBHOW IPAMOTHOCTH CTYJEHTOB B Kypce KOJUIOMIHOMN
xuMud. B wuccnemoBaHum mpuHSANIKM ydactHe 27 CTyAGHTOB 3 Kypca CHEIHMATbHOCTH «XUMHSD»
Kezpuiopaunackoro yausepcutera MMeHHn KopkbiT Ata. [1ockoibKy MO JaHHOM CHENMANBbHOCTH Ha KaKIOM
Kypce o0yuaeTcs JIMIIb OJHA IpyIa, ObUT HPUMEHEH OXHOTPYNIIOBOM JU3aiiH C Mpe- U MOCT-TECTUPOBAHUEM
0e3 KOHTPOJIBbHOM rpyniel. B Teuenue mectu Heaenb B Kype KOJUIOMAHOW XMMHU ObUIN BKJIIOUCHBI 33aHUs,
CBSI3BIBAIONINE OCHOBHBIC MOHSTHS KOJUIOMIHOW XHUMHH C pEealbHBIMH MPUMECHEHHSMU HAaHOTEXHOJIOTHIL:
aHTHOAKTEpUANbHBIM JACHCTBHEM HAHOYACTHUI] cepedpa, HCIONb30BaHHEM HAHOMATEpHaloB IJISi OYUCTKHU
BOJbl U HAHOYACTHUIIAMH KaK HOCUTESIMU JICKAPCTBEHHBIX BEIIECTB. J[0 M mOcie MHTEPBEHLMH CTYICHTHI
BBHITIOJTHSUTM pa3paboTaHHbI aBropamMu TecT u3 19 3amanmii. TecT BKIoUan 3aJaHus ¢ BEIOOpPOM OTBETa M
OTKpPBITBIE BOMPOCHI, Tpelyronme OOBSICHUTh MEXaHW3MbI SBICHHH W TPUMEHUTH TOHSTHS B HOBBIX
curyauusix. Cpeanuii 6amn Beipoc ¢ 12,81 (67,5%) no 14,96 (78,8%). Ilpupoct craTucTUUECKH 3HAYUM
(t(26) = 9,31; p < 0,001), Benuunna >¢dexra Boicokas (d Kosna = 1,79). Hu y ogHOro CcTymeHTa pe3ynbrar
He cHusmics. [loydeHHbIe JaHHBIE TIO3BOJISIIOT MPEATNONOKHTh, YTO KOHTEKCTHBIC 3aJaHHsl 0 HAHOXHUMUHU
SBJSIFOTCSA  TIEPCIIEKTUBHBIM CPEICTBOM CBSI3M COACP)KAHMS KOJUIOMIHOW XHMUH C COBPEMEHHBIMHU
NPUMEHEHUSIMH W Pa3BUTHS y CTYICHTOB YMEHHUS MCIIOJIb30BaTh XHMMHUYECKHE 3HAHHS B PEAJbHBIX
KU3HEHHBIX CUTYaIUsIX.

KiroueBble cJji0Ba: HaHOXMMHYECKOE O0pa3oBaHHE; KOHTEKCTHOE OOy4eHHe; KOHLENTYyalbHOE
MOHUMaHue; (PyHKIHOHAIbHAS TPAMOTHOCTD; KOJUIOMIHASI XUMHUSI.
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Unemumym neopeanuyecxou xumuu um. A.B. Huxonaesa Cubupckoeo omoenenus Poccuiickou akademuu
Hayk, Hosocubupck, Poccus

Annorauusi. OKHCIIEHHE IHKIOTEKCaHa O CMECH LHKJIOreKCaHola M IHUKIJIOTeKCaHOHa (Tak
HazpiBaeMoro KA-macima) — kimroueBasi cTajgusi TMONyYeHUS CHIPbS Ui CHHTE3a HEilloHa-6 W HeinmoHa-6,6.
JeiicTBytomasi MPOMBIIIICHHAS TEXHOJOTHs TpeOyeT BBICOKOH TeMIepaTypbl W JIABICHHS W OTIMYAeTCs
HU3KOH CTETEHBIO NPEBPAIICHUS YIIIEBOJOPOA, TIOITOMY TOUCK KaTaJUTUYECKUX CHCTEM, padOTaIoIINX B
MSTKUX YCIIOBHSIX, OCTAaeTCA aKTyaJbHOU 3amadeil. Llemb paboTel — 00OOIIMTE M COMOCTaBHThH JaHHBIE O
KaTaJUTHYECKON aKTUBHOCTH MOHO- 1 OusiiepHbix komiuiekcoB meau(ll) (1-5) u okcumoBananus(1V) (6-9) ¢
penokc-akTuBHBIME  Ouc(apuwinmuHo)aneHadrenamu (BIAN) B OKHCICHHHM LHKJIOTEKCaHA MEPOKCHIOM
Boziopoza. Komruiekcsl momydens! B3aumoseiictsiueM ramorenuaoB Meau(ll) mwim coeaunenuit Bananus ¢ R-
bian u oxapakrepu3oBaHbI METOAAMH 3IeMEHTHOTO aHanu3a, K-, DITP- 1 31eKTpOHHON CHEKTPOCKONUH, a
TaK)Ke PEHTTCHOCTPYKTYpHOTO aHanu3a. KaTamuTudyeckue MCTBITaHUSI TPOBEICHBI B alleTOHUTpuie mpu 50
°C u armochepHOM HaBleHHWH; MPOAYKTHI OMpPEACISUIM METOAOM Ta30BOM XpomaTtorpaguu A0 U Mocie
BOCCTAHOBJICHUS PEAKIHMOHHON cMecH TpHudeHmipochuroM. CyMMapHBIH BBIXOJ KHCIOPOACOAEPKAIINX
npoayktoB nocturan 31-42 % (TON mo 380), HanGombIIyI0 aKTUBHOCTH mposiBuiia cucrtema [VO(2-Me-Ph-
bian)(H,0)Cl,]/PCA/H,0;,. OCHOBHBIM MEPBUYHBIM TPOIYKTOM SIBJSIETCS LHUKIOTCKCHITHAPONCPOKCHIIL.
[TapaMeTpsl pernoceeKTHBHOCTH U CBS3€BOI CEIEKTHBHOCTH CBUJIETEIBCTBYIOT O PaIUKaJIbHOM MEXaHH3Me
C Yy4acTHEeM T'HPOKCHIIBHBIX paJnKanoB. KOMIUIEKCH Takke KaTalu3upyloT OKUCIEHHE BTOPUYHBIX CITUPTOB
mpem-0y TUITHAPOTICPOKCHIIOM C BBIXOJIOM KeTOHA 110 94 %.

KiioueBble cj10Ba: IMKIOTeKCaH, TOMOICHHbIH Karamu3, Komiuiekchl Meau(ll), komrmiekce
Bananusa(1V), BIAN-murasms:.

Beenenne. HacbllieHHbIE  YIIIEBOJOPOABI  COCTABISIIOT OCHOBHYIO 4YacTh HEPTH U
IPUPOAHOTO ra3a M MOTOMY CITyXar INIaBHBIM ChIpbeM JJIsi XMMUYECKOH, (hapMalieBTHIecKoi 1 psjia
npyrux otpacieit. Ognako npodHocts cBsizeilt C—H u C—C nenmaeTr ankaHbl MallOpEaKIIMOHHOCIIO-
COOHBIMH, M UX NpeBpalleHue 00bIYHO BO3MOXKHO JIUIIb NMPH y4acTUU KaTaJlu3aTOPOB U B KECTKUX
ycnoBusix. OnHUM U3 Hambosee BOCTPEOOBAaHHBIX MyTeW (QYHKUMOHAJIM3ALMU aJKAHOB SIBISIETCA
OKCHUI'€HaIlMsl — BBEACHHME aroMa Kuciopona no cesisu C-H, nmpuBopsiiee Kk cnupraMm, KETOHaM,
aJbJICTHUIaM U KapOOHOBBIM KucaoTam [1-5].

B npoMmbIIEHHOCTH TaKue MpOLECChl MPOBOIAT, KaK IMPaBUJIO, HA TETEPOT€HHBIX KaTalnu3a-
TOpax IpH MOBBIIIEHHBIX TEMIIEpaType M JaBICHUU. AJIBTEpPHATHBY COCTABJISIOT TOMOTEHHBIE
CHUCTEMBl Ha OCHOBE KOMIUIEKCOB IEPEXOAHBIX METAIIJIOB, B KOTOPBIX OKHCIIUTEIEM BBICTYNAIOT
MEPOKCUIBI — MEPOKCU BOJIOPOJIA, AJTKUITUIPONEPOKCU b, HAAKUCIOTh. OHU MO3BOJISIIOT BECTU
OKHCJICHHE TIpH aTMOC(HEpHOM JaBJICHUHM M yMEpeHHOH Temneparype. Bo MHOrmx mnomoOHBIX
CHCTEMaX aKTHBHOM YacTHIEH sBiseTcs ruapokcunbhbii pagukan (*OH) [6], u mo amamorum ¢
KJaccuyeckoil peakiueil deHToHa MX Ha3bpiBalOT (eHToHonmomoOHbMH [7, 8]. K arToit rpymme
OTHOCSITCS, B YaCTHOCTHM, KOMIUIEKChl BaHagusi U Meau ¢ N-IOHOPHBIMH JIMTaHAAMH,
3apeKoMeHIoBaBIIMe ceds 2(PPEeKTUBHBIMU KaTaau3aTopaMH OKCHICHALMU aKaHOB M OKUCJICHUS
JAPYTHX OpraHudecKux cyocrparos [6, 7, 9-22].

Ocoboe mecto cpear N-IOHOPHBIX JIMTaHIOB 3aHUMAIOT OHC(apMIMMHUHO)areHapTEHbI
(BIAN, R-bian) — compsokeHHBIC O-IHAMHHBI, B KOTOPBIX 1,4-aMa3a0yTaaucHOBBIA (parMeHT
COWJICHEH ¢ Ha(TaJIMHOBBIM OCTOBOM. biaronmaps akienTtopHOMY XapakTepy M CIIOCOOHOCTH
00paTUMO NMPUHUMATh J0 YETHIPEX NIEKTPOHOB ATH JIMTAH]Ibl IPOSIBISAIOT OOraTyt0 OKHCIUTEIbHO-
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BOCCTaHOBUTENbHYIO XUMHUIO [23]. B karanuze penokc-HenHHoueHTHOCTh BIAN MoxxeT nposiBisiTh-
Csl TBOSIKO: JIMTAH]I TINOO BBICTYIAET «HaOmromaTeieM» (spectator), M3MEHsIsl AJIEKTPOHHBIE CBOMCTBA
U JIIOUCOBY KHCJIOTHOCTh METAJIOLEHTPa 0€3 HEeMOCPEICTBEHHOIO0 KOHTAKTa ¢ cyocTparom, Jubo
CTaHOBHUTCSI «y4aCTHUKOM» (aCtor) — opMHpyeT JIMraHa-IIeHTPUPOBAHHBIC PAIUKAIIbI, IPHHUMAIO-
M€ Y4acTHe B pa3pbiBe U 00Pa30BaHUU CBS3EH, WIIM aKTUBUPYET CyOCTpaT COBMECTHO C METAIIIOM
[24, 25]. TToatomy komruiekchl ¢ BIAN akTHBHO M3y4aloTcs B CaMbIX Pa3HbIX KaTAIMTHYCCKUX
npespartieHusx [23-26]. OkuciieHre NUKIOreKcaHa B CMECh IUKJIOTEKCAHOIA M IIMKIOTeKCaHOHA
(KA-macno) siBisieTcst KpyIHOTOHHA)KHBIM IIPOLIECCOM, O00€CIEUHBAOIINM ChIPhEM IPOU3BOACTBO
HelnoHa-6 U HeinoHa-6,6 [36]. B mpoOMBIIIIEHHOCTH €ro BEAYT BO3AYXOM WM KHCIOPOJIOM B
MPUCYTCTBUM cojiel kobOanbra wim Mapradmna npu 150-160 °C u maBnennn 10-20 arm, npuyem
KOHBEPCHIO  YIJICBOJIOPO/AAa OTPAaHUYMBAIOT HECKOJBKUMH TIPOIICHTaMH, YTOOBI H30€kKarh
MEepeoKUcIeHusl. IJT0  OOyCIOBIMBAET AaKTyaJlbHOCTh IOMCKAa  KATaJUTHYECKUX  CHCTEM,
3¢ GEeKTUBHBIX B MATKHX yCIOBUSX. PaHee Haiel rpynmoii ObUTH CHHTE3UPOBAaHBI KOMIUICKCH MU
U BaHaaus ¢ R-bian u ponc-TBeHHBIMH JTUUMHHAMHM W W3y4€HA MX AKTUBHOCTh B OKCHUICHAIIUH
[UKIIOTEKCaHa, ITUKIIOOKTEHA U JIPYTHX YIIeBogoponaoB [27—35]. OmpHako pe3ynbTarhl 3TUX padoT
OITyOJIMKOBaHbI Pa3pO3HEHHO, UYTO 3aTPYAHSAET CPABHEHUE KaTallN3aTOPOB MEKIY COOOi.

Ob6vexm uccnedosanusi — xomiiekebl meau(ll) u oxcunoBananusa(lV) ¢ nurangamm Kiacca
BIAN; npeomem — ux KaTaJuTUYECKHE CBONCTBA B OKHCJIICHHHM IMKJIOTEKCAaHAa IEPOKCHIIOM
BOJIOPO/Ia M MEXaHU3M JTOro mpouecca. [lerb pabomvl — CHCTEMAaTHU3UPOBATh U COMOCTABHUTH
JaHHBIE O KATAIUTUYECKOW aKTUBHOCTH KoMmiuiekcoB 1-9. Jlns ee JOCTHXKEHHS pellaluch
cienyomue 3aoauu: 1) 0000mUTH crOCOObI MOMYYEHHMS] M XapaKTepU3allud KOMILIEKCOB; 2)
CPaBHHUTH BBIXOJbl MPOIYKTOB M YHUCJIa OOOPOTOB B OKHMCICHUHM LUKIOTEKCaHA, B TOM YHUCIE C
n00aBKOW cokaranu3aropa; 3) Ha OCHOBAaHUHU IMAPAMETPOB CEIEKTUBHOCTH YCTAaHOBUTH MPUPOILY
OKUCJIAIOIIEH YacTHIIbl; 4) OLIECHUTh aKTUBHOCTh KOMIUIEKCOB B OKUCJICHUU CIIUPTOB. [[i1s1 pemeHus
3a/lad  UCTOJIh30BaHBl METOMABI KOOPAMHAIIMOHHOTO CHHTE3a, CIIEKTPOCKOIHUH, PEHTTCHOCTPYK-
TYpHOTO aHaJIK3a, Fa30BOM XpomMarorpauu U KBAHTOBO-XUMHUYECKOTO MOAEITUPOBAHUS.

Marepuansl U Meroabl ucciaenoBanus. Cunmes xomniexcos. Komrutekcsr wmemu(ll)
nonyuanu B3aumoneiictBuem CUCl, mnu CuBr, ¢ coorBercTByrommM R-bian, B3sSTBHIX B MOJBHOM
cootHotreHnu 1:1 [27]. MoHOHYKIIeapHbIe KOMILUICKCH BaHaaus 6—8 cunresuposanu u3 VCls u R-
bian (1:1); oxucnenue BaHaIusl 10 CTEIICHW OKUCICHUS +4 TPOUCXOAMIO B Xome peakiuu [29, 35].
businepusiii komrutieke 9 Boiienen npu B3aumoneicteuu [VO(CH3CN),(H20)Cl,] ¢ R-mian (R =
3,5-(CF3)2C6H3) [31]. O6mas cxema mosyueHus KoMmiiekcoB 1-9 npuBenena Ha cxeme 1.

Qippo
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R = 4-Me-Ph (7), 2-Me-Ph (8)
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Cxema 1 — [loayuyenue Komiuiekcos 1-9
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Xapaxmepusayus. CocTaB ¥ CTpOEHHUE MOJYUYCHHBIX COCTUHEHNUN yCTaHABIUBAIN METOIAMH
aneMeHTHoro ananusa, MK-cnexkrpockonuu, cnekrpockonuu DIIP 1 31eKTpOHHON CIEKTPOCKONUU
nornomenrss B YO- u BuauMoi obOnactu. Kpucrammmdyeckue CTPYKTypbl KOMIUIEKCOB 6 u 9
OIpe/IeIeHbI METOJIOM PEHTTCHOCTPYKTYPHOTO aHaIn3a MOHOKpucTauios [31, 35].

Kamanumuueckue ucnoimanus. OKucieHne MUKIOTeKCaHa MPOBOIMIN B allETOHUTPUIIE TIPH
50 °C u armocepHOM JaBICHUU B TEPMOCTATUPYEMOM CTEKJISHHOM peakTope. OKuciurenem
CIly’)KWJI BOJHBIM pacTBOp IMEPOKCHIA BOAOPONA, IS KOMIUIEKCOB BaHAIusl B psAE OIBITOB B
KaueCcTBE COKaTaIn3aTopa BBOAWIM MHpasuH-2-kapooHoByro kuciory (PCA). IIpo6sl peakimoHHOM
CMECH aHAJM3UPOBAIM METOAOM Ta30BOW Xpomarorpaduu JBaKIbl: 10 M MOCIE BOCCTAHOBICHHS
u3opiTkoM  Tpudenumiapochuna  (PPhg). Ilockoneky PPhz  kommuecTtBeHHO — mpeBparaer
QIKWITUPOIIEPOKCH B COOTBETCTBYIOIIMK CIUPT, CPaBHEHHUE JBYX XPOMAaTOrpamMM I103BOJISIET
OTIPE/IETTUTh CONEPIKaHUE IMKIOTeKCHITHIPOIIEPOKCHIAa B CMeCH. BBIXOA paccuMThIBaIM Kak
CYMMapHO€ KOJIMYEeCTBO KHCIOpOAcoAepkKammx npoaykroB (monb) Ha 100 momp umcxomnHoro
uKIorekcana, ynucio 06oporoB (TON) — kak OTHOIIEHHE KOJMYECTBA MPOMYKTOB K KOJHYECTBY
KaTajamu3aropa (MoJIb/MOJIb).

H3yyenue cenexmugnocmu. JIns BBISCHEHUS TPUPOIBI OKUCISIIONICH YacTUIBI B TEX Ke
YCIIOBHSIX OKHCIISUT H-TETITaH M METHIIIUKIIOTEeKCaH. PernoceneKTMBHOCTh BhIpaKald OTHOIICHHEM
C(1):C(2):C(3):C(4) peakimoHHOH CHOCOOHOCTH aroMOB yIJiepola H-TENTaHa, a CBA3EBYIO
CEJIEKTUBHOCTh — OTHOLIEHHEM 1°:2°:3° peakllMOHHOW CIIOCOOHOCTH IMEPBUYHBIX, BTOPUYHBIX U
Tpetnunbix cBsized C—H merminukiorekcana; oba mapameTrpa HOPMHUPOBAIM HAa YHCIO aTOMOB
BOJIOPO/Ia COOTBETCTBYIOIIETO THIIA.

Oxucnenue cnupmog. Oxucnenue |-peHHnITaHONA, NMKIOreKCaHOJlla M TeNTaH-2-0Ja
npoBonwiin  70%-HBIM BOJHBIM pacTBOpoM mpem-Oyruwiruaponepokcuaa (TBHP); mpomykrer
aHaJIM3UPOBAIM METOOM ra3oBoii xpomarorpaduu [27, 29, 31].

Ksanmogo-xumuueckue pacuemul. DNEKTPOHHOE CTPOCHUE BO3MOXKHBIX MHTEPMEINATOB —
komruiekcoB V(IV) ¢ KoOpAHHUPOBAHHBIM THIPOKCUIBHBIM PaIUKAIOM — aHAJTM3UPOBAIH METOOM
Teopuu (QyHKIIMOHANA MI0THOCTH [31].

Pesyabrarel U o0cyxaenue. Cunmes u cmpoenue xomniexkcos. Peakiysi TaloreHUIO0B
memu(ll) ¢ R-bian B SKBUMOJSPHOM COOTHOIICHWHW TPHBOTUT K MOHOHYKJICAPHBIM KOMILICKCAM
[Cu(R-bian)X;] (X = CI: R =Ph (1), 4-HO-Cg¢H4 (2), 3-NH-upuaun (3); X = Br: R = 4-HO-CgH,
(4), 3-mupumun (5)), BeIXOL KOTOphIX coctapisier 49-68 % [27]. U3 VCl; u R-bian B Tex xe
ycioBusiX o0pasyrotcst komrutekebl okcumoBananusi(1V): [VO(dpp-bian)Cly;] (6, Beixom 50 %) [35] u
akBa-komruiekcel [VO(R-bian)(H20)Cl;] ¢ R = 4-Me-CgH4 (7, 57 %) u 2-Me-CgHg (8, 49 %) [29].
IMTpu B3aumoneiicteun [VO(CH3CN),(H,0)Cl,] ¢ R-mian wabmomaercss 1UCIPOIOPIHOHUPOBAHUE
MOHOOMMHWHHOTO JIuTaHa Ha R-bian u cBoOoaHbI alleHa) TECHXMHOH, B PE3YJIbTaTe Yero ¢ BHIXOAOM
41 % seinencn ousaepusiii kommieke [{VO(R-bian)(H,0)CI}{VO(R-bian)Cls}] (9) [31].

Oxucnenue yuknozekcana. Bee xomruiekcsl 1-9 KaTanm3upyrOT OKHCICHHE IHKJIOTEKCaHa
nepokcuaoM Bopopoaa mpu 50 °C u armocdepHom naBineHun (cxema 2). Ilo maHHBIM Ta3oBoM
Xpomarorpaduu, TEePBUYHBIM TPOIYKTOM PEAKIMH SIBISCTCS IHUKIOTEKCHUIITHAPOTICPOKCHI,
KOTOPBIM TMOCTEMEHHO pachajaeTcs Ha [UKIOTeKCAaHON M IUKIOTEKCAaHOH, OO0pasyroliuecs B
COIMMOCTaBUMBIX KonmdecTBax. Ilociae o0Opaborku mpo6 PPhs koHmeHnTpamms cnmpra pesko
BO3pacTaeT, a KEeTOHa — CHUXAeTCs, YTO TMOATBEPKIAeT HAKOIUIEHHE B CMECH WMEHHO
ATKHJITAPOTIEPOKCHIA.

OH
OOH Q
H50,, cat (1 mol%) +
CH3CN, 50-60°C

Cxema 2 — OKHCJIeHHE HHKJI0TeKCaHA NMEPOKCHIOM BOIOPOAa B MPUCYTCTBUH KOMILJIeKCcOB 1-9

Brnusnue cokarammzaropa PCA Ha cuUCTeMBI C pa3HBIMH METajUlaMH  OKa3alocCh
npoTuBONONOKHBIM. JIist komrutekcoB meau(ll) 1-5 no6aBka PCA He mosbimmaia 3h(HeKTHBHOCTD
pcaknuu, TOrga KaK KOMIUICKCHI BaHaIus 6—9 NPOABJIAIIN 3aMCTHYIO AKTHUBHOCTH TOJIBKO B €C
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MPUCYTCTBUH. DTO coracyercst ¢ u3BecTHo ponbio PCA kak suranja, o0Jerdaromero nepeHoc
MPOTOHA W 00pa3oBaHUE TMEPOKCOKOMIUIEKCOB BaHamus [14]. CBomHbIe JaHHBIC TPHUBEACHBI B
Tabmuie 1.

Ta6auna 1 — Okuc/ieHHe MUKJIOreKcaHa MePOKCHIOM BOIOPOIa B MPUCYTCTBHU KomiLiekcoB 1-9 (50
OC)

Karamurnueckas CyMMapHBIi BBIXOIT TON Ccpuika
cucTeMa IPOIYKTOB, %
1/H,0, 18 166 [27]
2/H,0; 31 282 [27]
3/H,0; 31 282 [27]
4/H,0, 7 62 [27]
5/H,0; 32 290 [27]
6/PCA/H,0; 37 350 [35]
7/[PCA/H,0; 38 350 [29]
8/PCA/H,0, 42 380 [29]
9/PCA/H,0; 27 250 [31]

Kak BuaHo u3 Tabmuiel 1, xomruiekcsl 2, 3 U 5-8 oOecrneynBalOT CyMMapHBI BBIXOJ
npoayktoB 31-42 % (TON 282-380), uto 1j1si OKUCICHUSI HHEPTHOTO HACBIIICHHOTO YIIIEBOAOPOA
B CTOJIb MSTKHUX YCJIOBHSX SIBIISIETCS BBHICOKUM PE3yJIbTaTOM. BHsiiepHbI KOMIUIEKC 9 HECKOJIBKO
yerynaet uM (27 %), a HauMeHee aKTUBHBIME B psijly oka3anuch komiiekesl 1 (18 %) u 4 (7 %).
Jlyuammii pesysaprar nmonyden st cuctembl [VO(2-Me-CgHy-bian)(H,0)Cl;] (8)/PCA/H,0;,: BbIixOn
42 %. BaxHo, 4TO MeIHbIC KOMIUIEKCH 2, 3 U 5 JOCTHraroT comocTtaBUMOl 3¢ (deKTuBHOCTH 0e3
KaKOro-JIM0O COKaTaan3aropa, YTo YIPOIIAET COCTaB KaTAJIMTUIYECKOW CHCTEMBI.

Mexanuzm peaxyuu. JIns naeHTUGUKAIMNA OKUCISIOMIEH YaCTHUIIBI OTPENEICHBI TapaMeTPhI
CCJIEKTUBHOCTU OKHCJICHUS H-TE€NTaHa W METHIIIHKIOTCKCaHA B TPUCYTCTBHH KOMILICKCOB 5-8

(cxema 3, Tabnuma 2).
HO _~ "~ )\/\/\

c(1) C(2)
cat (0.1 mol.%), H,0,

P NN
CH4CN, 50°C /\)Oi/\
OH ¢ C(4)
cat (0.1 mol.%), H,0
O/ ( b), H,0, O/\OH (I O(OH
CHsCN, 50°C OH
10 | 30
20

Cxema 3 — Okuc/ieHHe H-TeNTAHA M METUJILMKIONeKCAaHA B MPUCYTCTBHU KOMILIEKCOB 5—8

[TonyueHHble 3HA4YCHUS! ONM3KH K XapaKTEPHBIM JUIS CHUCTEM, B KOTOPBIX OKHCIUTEIEM
BBICTYIIA€T CBOOOIHBIN THJIPOKCHJIBHBIA pajJMKald: BTOPUYHBIC aTOMbI yIJIEpOAa H-TenTaHa
OKHCJIIOTCS] IPUMEPHO OJMHAKOBO, a MPEANOYTEHUE TPETUYHBIX cBsi3ei C—H MeTuinmkiorekcana
nepes; BTOPUYHBIMH BBIpaXkeHO ciiabo. OTCYTCTBHE BBIPaKCHHOH CEIEKTHBHOCTH YyKa3bIBacT Ha
paaMKaIbHBIN Mexanu3M ¢ yuactuem “OH [29].
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Taonuma 2 — HapaMeprl CCJJCKTHUBHOCTH OKHCJICHHUA H-TCIITAHA U MCTHJIIUKJIOI'CKCaHA

Karanntnueckas PerunocejieKTHBHOCTDH Css3eBasi CcblIka
cucTemMa C(1):C(2):C(3):C(4) CeJIEKTHBHOCTD
1°:2°:3°

5/H,0, 1,0:5,2:5,2:4,6 1,0:4,9:12,9 [27]

6/H,0, 1,0:5,6:5,8:5,5 1,0:5,1:10,8 [35]
6/PCA/H,0, 1,0:6,25:6,75:6,25 1,0:5,0:12,6 [35]
7/PCA/H,0, 1,0:5,6:5,7:5,4 1,0:5,5:17,7 [29]
8/PCA/H,0, 1,0:5,0:5,2:4,7 1,0:6,6:18,5 [29]

OO1enpuHATON CXeMON OKHCJICHHs ajJKaHOB MEPOKCHUAAMHM B TaKUX CHUCTEMax SBISETCA
MexaHu3M (EHTOHOBCKOro THma. B  kimaccuueckoir peakiun  @dentona wuonbl xenesa(ll)
BoccTaHaBiuBaoT HyO; ¢ oOpa3oBaHreM THIPOKCUILHOTO paauKaja; aHaJOTUYHbIE MPEBpaIleHuUs
C y4acTHEM WOHOB BaHAIUs W MEIH JIGKAT B OCHOBE (PEHTOHOIOMOOHBIX CHCTEM. MeETaJUIONEeHTP
IUKIUYECKH MEHSET CTENeHb OKHUCIICHHS, MOPOXKIas THAPOKCHIBHBIE M THUIPOINEPOKCUIIbLHBIC
paJuKaibl, KOTOPhIE U MHUIIMUPYIOT IIETHOE OKUCIICHHE YITIeBOI0poaa (cxema 4).

vV + H,0, —— VY + HO* + HO

VW + H,0, — VV + HOO* + H*
Cu' + HyO; — Cu' + HOO" + H*

cu' + H,0, —— Cu' + HO* + OH"

Cxema 4 — O6pa3zoBaHue IrHAPOKCHIBHBIX H THAPONEPOKCHIbHBIX PAIMKAJIOB TP B3aHMOCIICTBHH
coenqunennii Banaausa(1V) u mexu(l1) ¢ mepoxcuaom Bogopoaa

Hammume B coctaBe komriuiekcoB 1-9  pemoKc-aKTHBHBIX —JIUT@HAOB, CHOCOOHBIX
00pa3oBbIBaTh YCTOMUYMBBIE paJuKalbHble (HOPMBI, MO3BOJIAET NPEANONOKHTh W HHOH IyTh
reneparuun “OH — ¢ yuactuem camoro R-bian. KBaHTOBO-XMMHYECKOE MOJIETTMPOBAHME KOMILIEKCOB
V(IV) ¢ KoOpAMHHPOBAHHBIM THUAPOKCHUIIBHBIM PAJUKAIOM, PACCMATPUBAEMBIX KaK BO3MOXKHBIC
uHTEepMenuarel, mokasano, 4ro s yactuibl [VO(3,5-(CF3),CeHs-bian)Cl,(OH)] (dbparment
KoMIulekca 9) TpaHMYHBIE MOJIEKY/SpPHBIE OpOMTAIM, ONPENENSIONIUe €€ PEAKIMOHHYIO
CIIOCOOHOCTbD, JIOKAJIM30BaHbI MMpeuMylecTBeHHO Ha jurane [31]. Takum oOpa3zom, mpu HaTUYUU B
BIAN 51eKTpOHOAKIIENTOPHBIX 3aMECTUTENEeH JUraHa MOXKET HEMOCPEICTBEHHO y4acTBOBaTh B
peIoKC-TIpoIieccax KaTaTUTHIECKOTO KA.

Oxucnenue cnupmos. Kommnekcsl 2, 3, 5 u 7-9 nposBUIM aKTHUBHOCTb M B OKHCIICHHH
BTOPHYHBIX CIUPTOB — l-eHmmTanona (a), nukiorekcanona (0) u renrtaH-2-oma (B) — mpem-
OyTunruapornepokcuaoM (cxema 5, Tabnuma 3).

OH o
OH
cat (0.1 mol.%) cat (0.1 mol.%)
TBHP, CH5CN, 50°C TBHP, CH4CN, 50°C
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OH cat (0.1 mol.%) o

)\/\/\ )J\/\/\

TBHP, CH3CN, 50°C

C

Cxema 5 — Oxkuciaenue 1-peHudTanosa (a), HUKJIOreKcaHosia (0) u rentaH-2-oJia (B) Tpet-
OyTHJArMIPONEPOKCUAOM

Hawubonee s dextuBapiMu okazanuch cuctembl 2/ TBHP, 5/TBHP u 9/TBHP B okucienuun
1-dpenmnranona: Bexox anerodenona cocrabui 94, 90 u 80 % coorsercrBenno (TON 940, 900 u
800). Anmdaruueckue CHUPTHI OKHCISIOTCS 3HAYUTENBHO TPYIHEE — BBIXOA KETOHOB W3
IUKJIOTeKCaHoIa M renrtaH-2-oya He npesbimaet 46 %. B nenom xomrmuiekcsr meau(ll) B atoit
peakuuu aKkTuBHee KomiuiekcoB BaHamusa(lV), a mns Bcex H3y4YeHHBIX KaTaau3aropoB 1-
beHnITaHON  SABISETCA  HamOoyee JIETKO  OKUCISAEMBIM  CyOCTparoM, 4YTO OOBSICHAETCS
AKTUBHUPYIOIIMM BIMSHUEM (SHUIBHOM IpyIiIbl Ha OeH3MWIbHYO cBsi3b C—H.

Tabauna 3 — OxkuciieHue CIMPTOB TPeT-OyTHITHAPONEPOKCHIOM B IPUCYTCTBHM KOMILIEKCOB 2, 3, 5,

7-9
Karanutnueckas CyGctpar Beixon ketona, % TON Cchinka

cucTema

2/TBHP a 94 940 [27]
B 36 360

3/TBHP a 45 450 [27]
B 26 260

5/TBHP a 90 900 [27]
B 45 450

7/TBHP a 28 280 [29]
6 15 150
B 36 360

8/TBHP a 56 560 [29]
6 20 200
B 46 460

9/TBHP a 80 800 [31]

Ipumeuanue — a — 1-penmnTanon; 0 — MUKIOTEKCAHOIT; B — FeNTaH-2-0J1.

3akarouenue. OOo0OIIeHHE pe3ynbTaTOB IMOKa3ajno, 49ro Komiwiekcsl Mmeau(ll) wu
okcunoBanaausi(lV) c¢ Ouc(apuiaumuHo)areHahTeHAMU SIBISIFOTCSL  KaTAIM3aTOpPaMH  OKUCIICHUSI
IIUKJIOTeKCaHa MEePOKCHIOM BOIOPOA C aKTUBHOCTBIO OT YMEPEHHOM 10 BBICOKOH MPH TeMIeparype
He Boitte 50 °C u armocdepHoM aapneHnd. HanbGonbimmit BIX0I TPOIYKTOB (42 %) AOCTUTHYT AJs
cucrembl 8/PCA/H,0,; xommekcsr Mmemqm 2, 3, 5 obOecmeunBaror Beixox 31-32 % 6es
COKaTaJu3aTopa, TOorna Kak JJIs KOMIUIEKCOB BaHaaus 1o0aBka PCA HeoOxonuma.

YCcTaHOBIIEHO, YTO MEPBHYHBIM TPOTYKTOM PEAKITHH SBISETCS UKIOTEKCHITHAPOTIEPOKCHI,
KOJIMUYECTBEHHO BOCCTaHaBIMBaeMblii TpudeHmndochunom g0 mukiorekcanona. Ilapamerps
PETHOCETICKTHBHOCTH M CBSI3€BOM CEIEKTUBHOCTH CBUCTENBCTBYIOT O PATUKAIEHOM MEXaHH3ME C
y4acTHEM THIPOKCHIIBHBIX PaJMKaJOB, T'€HEPUPYEMbIX IO (EHTOHONMOAOOHOH cxeme 3a cuer
peIOKC-TIPEeBpAIIEHI METAJUIOIICHTPA; BMECTE C TeM JIaHHBbIE KBAHTOBO-XMMHUYECKHX PacueTOB HE
MCKITFOYAIOT yUacTUsl PEIOKC-aKTUBHOTO Juranaa B oopasoBanun ~OH. KoMIuiekchl KaTalu3upyroT
TaK)K€ OKHMCIIEHHUE BTOPUYHBIX CIUPTOB mpem-OyTUITUIPONEPOKCHAOM, Haubonee 3pPeKTUBHO —
1-dpenmmranona (Bexox aneroperona ao 94 %).

duHaHcMpoBaHHe. ABTOPHI BBIPAXKAIOT OiarogapHOoCcTh MUHHCTEPCTBY HAyKH M BBICIIIETO
obpazoBanus Poccuiickoit @exnepaunu, a Taxke LleHTpy komtekruBHoro monb3oBanuss MHX CO
PAH.
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MBIC(I1) )KOHE BAHAJIWI (1V) KELIEHIEPIHIH PEJJOKC-BEJICEH/II BIAN-
JUTAHJATAPMEH LIUKJIOTEKCAH/AbI CYTEK NEPOKCUAIMEH TOMOT'EH/II
KATAJTUTUKAJIBIK TOTBIKTBIPYJAFBI PO.TI

®omenko S1.C., XUMUS FBUIBIMIAPBIHBIH KaHIUIAThI
Fymun AJL., XUMUS FBUTBIMIAPBIHBIH JOKTOPHI

Peceii viivim akademusicor Cibip 6enimueciniy A.B. Huxonaes amuvinoazol betiopeanuxanbii Xumus
uncmumymst, Hosocubupck, Peceii

Angarna. [{ukiaorekcanapl IMKJIOIEKCAaHOJA MEH IMKIOreKkcaHoH kKocmackiHa (KA-mait) neiiin
TOTBIKTBIPY HEWIOH-6 >KOHE HEWIOH-6,0 CHHTE3iHe apHaJFaH IIMKI3aTThl ayIAbIH HETi3Ti CaThICHI OOJIBII
TaObaabl. KommaHbICTaFbl ©@HEPKACINTIK TEXHOJIOTHS JKOFAphl TEMIepaTypa MEH KBICHIMIBI Tallall eTeli
JKOHE KOMIPCYTEKTIH aiHajay Jopexeci TOMEH, COHJIBIKTaH JKYMCaK KaFgaiiapia oOpeKeT eTeTiH
KaTaJIMTUKAJIBIK JKYHenepdi i37ey e3ekTi MiHaeT Oonmbin Kaida Oepemi. JKYMBICTBIH MakcaThl — PEIOKC-
oencenni ouc(apunmumuHo )anenaprennepmer (BIAN) Tyzinren mbic(ll) (1-5) sxone oxcunoananuii(1V) (6—
9) KeleHIEPIHIH I[MKJIOTEKCAHABl CYTEK IMEPOKCHIIMEH TOTBIKTHIPYIAFbl KaTaJIUTHUKAJIBIK OCICEHIIIr
Typaisl JepeKTepai KHUHaKTay koHe canmblcThipy. Kemermep meic(ll) ramorenwarepidin Hemece BaHAIMiA
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KOCBIIBICTAPBIHEIH R-bian-MeH opekeTTecyi apKbLIbl aNbIHBIN, dIeMeHTTIK Tanmay, WK-, DIIP- xoHe
SNEKTPOHIBIK CHEKTPOCKOIHUS, COHAAH-aK pPEHTTeHKYPBUIBIMABIK Tanjgay oAIiCTepIMEH CHIATTaJIbI.
Karanutukanelk ceiHakTap aneronutpwige S50 °C  Temmeparypaiga xoHe arMocdepaiblk KbIChIMIa
KYPri3iini; eHIMAEp peaKkuusUIbIK KocnaHbl TpupeHmipochuHMEH TOTHIKCHI3AaHABIPYFa JICHiH KoHEe KeWiH
rasipl XpoMarorpadus oaiciMeH aHbIKTaaaAbl. KypambiHaa oTTeri 6ap eHIMIEPIiH >Kajibl HIbIFbIMBI 3142
%-ra (TON 380-re meiiin) »xerri, eH »korapel Oencenmimikri [VO(2-Me-Ph-bian)(H,O)CI,]J/PCA/H,0,
KyHeci kepcerri. Herisri OacTamkbl ©HIM — IHKJIOTEKCHITHIPONECPOKCUA. PernocenekTuBTiliK TeH
OaiflaHpIC ~ CEJNIEKTUBTUNTIHIH TapameTrpiepi THAPOKCHII paauKajJapblHBIH KATBICYBIMEH JKYpETiH
pamuKamabIK =~ MEXaHm3MAI  jonenaeimi. Kemenmep coHmaii-ak  eKIHIIUNIK — CHOUPTTEPOI  mpem-
OyTHUIITHIPONIEPOKCUATICH TOTHIKTBIPYABI KaTAIN3ACH 1, KETOHHBIH MIBLIFBIMBI 94 %-Fa el xeTeqi.

Tipek ce3aep: nukiorekcan, romoreHai karamu3, Mbic(ll) kemennepi, Banaaumii(1V) kemennepi,
BIAN-muranarap.

COPPER(II) AND VANADIUM(1V) COMPLEXES WITH REDOX-ACTIVE BIAN LIGANDS IN
THE HOMOGENEOUS CATALYTIC OXIDATION OF CYCLOHEXANE WITH HYDROGEN
PEROXIDE

Ya.S. Fomenko, Candidate of Chemical Sciences
A.L. Gushchin, Doctor of Chemical Sciences

Nikolaev Institute of Inorganic Chemistry, Siberian Branch of the Russian Academy of Sciences, Novosibirsk,
Russia

Abstract. The oxidation of cyclohexane to a mixture of cyclohexanol and cyclohexanone (KA oil) is
the key step in producing feedstock for nylon-6 and nylon-6,6. The current industrial process requires high
temperature and pressure and operates at low hydrocarbon conversion, so the search for catalytic systems
active under mild conditions remains relevant. This work aims to summarize and compare data on the
catalytic activity of copper(ll) (1-5) and oxidovanadium(lV) (6-9) complexes bearing redox-active
bis(arylimino)acenaphthene (BIAN) ligands in the oxidation of cyclohexane with hydrogen peroxide. The
complexes were obtained by reacting copper(ll) halides or vanadium compounds with R-bian and were
characterized by elemental analysis, IR, EPR and electronic spectroscopy, and single-crystal X-ray
diffraction. Catalytic tests were carried out in acetonitrile at 50 °C and atmospheric pressure; the products
were quantified by gas chromatography before and after reduction of the reaction mixture with
triphenylphosphine. The total yield of oxygenates reached 31-42 % (TON up to 380), with the [VO(2-Me-
Ph-bian)(H,O)CI,]J/PCA/H,0, system being the most active. Cyclohexyl hydroperoxide is the main primary
product. The regio- and bond selectivity parameters point to a radical mechanism involving hydroxyl
radicals. The complexes also catalyze the oxidation of secondary alcohols with tert-butyl hydroperoxide,
giving ketone yields of up to 94 %.

Keywords: cyclohexane, homogeneous catalysis, copper(ll) complexes, vanadium(IV) complexes,
BIAN ligands.
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Abstract. The limited number of new antituberculosis drugs that have appeared on the
pharmaceutical market in recent decades, as well as the ability of Mycobacterium tuberculosis to alter its
susceptibility depending on the conditions within the human body, underscore the need to search for and
develop new, effective drugs. The results presented here expand current understanding of the synthesis and
antibacterial properties of bispidinone derivatives—a promising class of chemical compounds. The
compound obtained exhibits pronounced bactericidal activity and can be used as a basis for the creation of a
new, safe, domestically produced antituberculosis drug. The aim of the study was to synthesize a new
bispidinone derivative and to investigate its physicochemical and biological properties.

The synthesized compound was characterized using appropriate physicochemical methods to
confirm its structure and evaluate its principal properties. Its biological activity was assessed under
experimental conditions, demonstrating a significant inhibitory effect against the tested tuberculosis-
associated microorganisms. The obtained results indicate that the bispidinone scaffold may serve as a
promising structural platform for the development of novel antituberculosis agents. Further investigations
focused on the mechanism of antibacterial action, toxicity, pharmacological properties, and optimization of
the compound structure are required to assess its potential for practical pharmaceutical application.

Keywords: bispidinone derivatives, O-benzoyloxim, p-cyclodextrin, complex formation,
bactericidal activity, Mycobacterium tuberculosis, acute toxicity.

Introduction. Tuberculosis is one of the most dangerous infectious diseases, causing severe
suffering and high mortality rates among the population. Although COVID-19 had surpassed
tuberculosis in terms of mortality rates for nearly three years, 7.5 million people were diagnosed
with tuberculosis in 2022. This marked a record high for the entire period of global tuberculosis
monitoring conducted by the World Health Organization since 1995. In 2023, 1.25 million people
died from tuberculosis, including 161,000 people living with HIV. The annual increase in the
number of tuberculosis cases is linked to the spread of HIV and the growing resistance of the
disease’s pathogens to antimicrobial drugs [1, 2].

One of the public health goals set forth in the United Nations Sustainable Development
Goals is to end the global tuberculosis epidemic by 2030. Drug resistance in Mycobacterium
tuberculosis (MTB), along with side effects of antituberculosis drugs such as hepatotoxicity,
immuno-allergic complications, flu-like syndrome, hemolysis, and acute renal and hepatic failure,
further underscores the urgency of the search for new anti-tuberculosis drugs [3].

The 3,7-diazabicyclo[3.3.1]nonane skeleton is a bicyclic diamine widely used in medicine,
supramolecular chemistry, and catalysis. The broad spectrum of biological activity exhibited by
compounds of this class has attracted considerable interest from researchers [4—7]. The introduction
of an oxime moiety at position 9 of the 3,7-diazabicyclo[3.3.1]nonane skeleton enhances the
molecule’s antimicrobial activity and enables the identification of promising lead compounds active
against various bacteria and fungi [8]. In addition, some 3,7-diazabicyclo[3.3.1]nonanes containing
phenyl moieties exhibit higher activity and efficacy against Bacillus subtilis, Staphylococcus
aureus, and Escherichia coli compared to streptomycin [9,13-15].

Based on new scientific data on bispidinones, and taking into account the need to expand the
range of compounds in this class and to develop domestically produced, low-toxicity

43


https://doi.org/10.52081/JChChE.2026.v01.i1.005
mailto:nurgul_nurlybek007@mail.ru
https://orcid.org/0000-0003-4310-0661
mailto:nurila2009@mail.ru
https://orcid.org/0000-0003-4310-0661

antituberculosis drugs, new bispidinone derivatives were synthesized and their biological properties
were investigated.

Experimental Section. The progress of the reactions was monitored using thin-layer
chromatography (TLC). The IR spectra of the compounds were recorded on a Nicolet 5700 FT-IR
spectrometer. NMR spectra were recorded on a Mercury-300 spectrometer at operating frequencies
of 300 and 100 MHz. Tetramethylsilane ((CHs).Si) was used as the internal standard. The synthesis
of compounds exhibiting increased sensitivity to oxygen and/or moisture was carried out in an inert
gas atmosphere using pre-dried solvents.

The synthesis of 3-(3-isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-diaza-
bicyclo[3.3.1]nonan-9-one and its derivatives was carried out according to the methods described in
our previous works [4—6].

3-(3-Isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one  (2).
From 7 mL (0.0403 mol) of 1-(3-morpholinopropyl)amine, 10 g (0.3616 mol) of formaldehyde, and
7 g (0.0403 mol) 1-(3-isopropoxypropyl)piperidin-4-one (1), 7.01 g of 3-(3-isopropoxypropyl)-7-
(3-morpholinopropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one (2) were synthesized. The yield was
46.8% of the theoretical.

Boiling range: 225-230 °C (1-2 mm Hg); Rf 0.37 (Al.Os; benzene-isopropanol, 6:1); np*
1.4983.

Calculated, %: C 60.45; H 9.31; N 10.57.

Found, %: C 60.44; H 9.30; N 10.55.

Molecular formula: CzoH37N30s.

IR spectrum, v, cm™": 1736 (C=0), 1112 (C-O-C).

'H NMR spectrum (400 MHz, CDCls), 5, m. d. (J, Hz): 2.58 (2H, m, H.-1.5, CH) ; 2.91 (2H,
sp, J = 6.0, H,-2.4, CH2); 3.01 (2H, sp, J = 11.1; 6.0, He-2.4, CH2); 2.79 (4H, sp, J = 6.0, H, = 6.8,
CH>); 3.01 (4H, broad doublet, J = 11.1, H. = 6.8, CH>); 2.62 (2H, t, J = 6.0, H-10, CH>); 1.69 (2H,
quintet, J = 6.0, H-11, CH.); 3.46 (2H, m, J = 6.0, H-12, CH>); 3.55 (2H, t, J = 6.9, H-13, CH>); 1.15
(2H, m, J = 6.0, H-14, CH>); 2.55 (2H, m, H-15, CH-); 1.64 (2H, m, H-16, CHz); 2.55 (2H, m, H-17,
CH>); 3.69 (4H, t, J = 4.5, H-18,20, CH.); 2.46 (4H, t, J = 4.5, H-19,21, CH.).

BC NMR spectrum (100 MHz, CDCls), 6, m. d.: 46.6 (C-1.5); 58.1 (C-2.4); 58.1 (C-6.8);
214.5 (C-9); 53.1 (C-10); 27.4 (C-11); 65.6 (C-12);

The synthesis of 3-(3-isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-diaza-
bicyclo[3.3.1]nonan-9-one and its derivatives was carried out according to the methods described in
our previous works [4—6].

3-(3-Isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one  (2).
From 7 mL (0.0403 mol) of 1-(3-morpholinopropyl)amine, 10 g (0.3616 mol) of formaldehyde, and
7 g (0.0403 mol) 1-(3-isopropoxypropyl)piperidin-4-one (1), 7.01 g of 3-(3-isopropoxypropyl)-7-
(3-morpholinopropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one (2) were synthesized. The yield was
46.8% of the theoretical.

Boiling range: 225-230 °C (1-2 mm Hg); Rf 0.37 (Al.Os; benzene—isopropanol, 6:1); np*
1.4983.

Calculated, %: C 60.45; H 9.31; N 10.57.

Found, %: C 60.44; H 9.30; N 10.55.

3-(3-Isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one oxime
(3). To 2 g (0.0055 mol) of bispidinone (2), 40 mL of ethanol, 1.03 g (0.012 mol) of pyridine, and
0.98 g (0.0142 mol) of hydroxylamine hydrochloride were added. The reaction mixture was heated
at 8590 °C for 20 h. As a result, 1.9 g of the oxime 3-(3-isopropoxypropyl)-7-(3-
morpholinopropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one (3) was obtained as a yellowish oil. The
yield was 91.5% of the theoretical; Rf 0.53.

Calculated, %: C 62.82; H 9.94; N 14.65.

Found, %: C 62.89; H 10.19; N 14.78.

Molecular formula: C2oH3sN4Os.

IR spectrum, v, cm™': 1675 (C=N).
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3C NMR spectrum (100 MHz, CDCls), 8, m. d.: 30.6 (C-1); 37.6 (C-5); 58.5 (C-2); 57.5 (C-
4); 58.5 (C-6); 59.5 (C-8); 161.5 (C-9).

O-Benzoyloxim 3-(3-isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-
diazabicyclo[3.3.1]nonan-9-one (4). To 1 g (0.0026 mol) of oxime (3), 0.30 mL (0.0026 mol) of
benzoyl chloride was added in 10 mL of absolute benzene. The reaction mixture was heated for 5 h.
As a result, 0.92 g of O-benzoyloxim (4) was isolated as a yellowish oil. The yield was 72.2% of
the theoretical; Rf 0.89.

Calculated, %: C 66.66; H 8.64; N 11.52.

Found, %: C 66.13; H 8.87; N 11.60.

Molecular formula: C27H42N4Osa.

IR spectrum, v, cm™': 1743 (C=0), 1675 (C=N).

13C NMR spectrum (100 MHz, CDCls), 6, m.d.: 34.1 (C-1); 37.2 (C-5); 58.2 (C-2); 58.3 (C-
8); 56.0 (C-4); 55.9 (C-6); 164.52 (C-9); 171.3 (C=0); 133.0; 129.5; 128.3; 127.1 (Ar).

A complex of O-benzoyloxim 3-(3-isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-
diazabicyclo[3.3.1]nonan-9-one with B-cyclodextrin (5). To a solution of 0.26 g (0.0005 mol) of O-
benzoyloxim (4) in 13 mL of ethanol, a solution of 0.60 g (0.0002 mol) of B-cyclodextrin in 40 mL
of water was added. The resulting solution was dried in a drying oven at 50-55 °C. This yielded
0.86 g of the O-benzoyloxim complex with B-cyclodextrin (5).

Calculated, %: C 51.11; H 6.91.

Found, %: C 51.20; H 6.98.

Molecular formula: CsoH112N4O3o.

Results and Discussion.Under Mannich condensation conditions, the cyclization of 1-(3-
isopropoxypropyl)piperidin-4-one (1), 1-(3-morpholinopropyl)amine, and paraformaldehyde, a
bicyclic ketone—3-(3-isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-diazabicyclo[3.3.1]nonan-9-
one (2)—was synthesized.

The bicyclic ketone (2) was heated in an alcoholic medium for 20 h in the presence of
hydroxylamine hydrochloride as an oxime-forming reagent. As a result, the corresponding oxime
(3) was obtained in a high yield of 91.5%.

Subsequent acylation of the resulting oxime (3) with benzoyl chloride in absolute benzene
for 5 h led to the formation of O-benzoyloxime (4) with a yield of 72.2%.
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In the 'H NMR spectrum of the bicyclic ketone (2), the signals from the axial protons H-2,4
and H-6,8 are observed in the 6 2.79-2.91 m region as doublets of doublets. The values of the spin-
spin interaction constants (2J = 11.1 Hz; 3J = 6.0 Hz) indicate the presence of strong hemical and
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axial-equatorial interactions. The signals from the equatorial protons H-2,4 and H-6,8 appear at
3.01 m.d. in the form of doublets of doublets with constants 2J = 11.1 Hz and 3J = 6.0 Hz. The
obtained values of the spin-spin interaction constants for the H-2,4,6,8 protons indicate that the
piperidine rings are in the “chair” conformation.

In the *C NMR spectrum, a weak signal from the carbon atom of the C=0 carbonyl group is
observed at 6 214.5 m.d. as a singlet. The signal from the C-1,5 carbon atoms appears at & 46.6 m.d.
as a doublet, whereas the signals from the C-2,4 and C-6,8 atoms are recorded at 6 58.1 m.d. as a
double-intensity triplet. The combined spectral data confirm the formation of the target bispidinone
(2).

In the IR spectrum of the bicyclic oxime (3), the C=0O carbonyl group absorption band

characteristic of bispidinone disappears, and a C=N bond absorption band appears at 1675 cm™.
These spectral changes confirm the formation of the oxime.
According to the *C NMR spectrum, the signal from the carbon atom of the C=0O carbonyl group
disappears, and a signal from the carbon atom of the C=N bond appears at 6 161.5 m. d. The
replacement of the carbonyl group at position 9 with an oxime group disrupts the symmetry of the
bispidinone molecule. As a result, the signals of the C-1 and C-5 carbon atoms become unequal and
are observed at 6 30.6 and 37.6 m.d.

In the 'H NMR spectrum of the oxime (3), the H-1 and H-5 proton signals are recorded
separately at 6 2.66 and 3.66 m.d. Additionally, a broad signal from the NOH group proton appears
at 6 9.78 m.d.

In the IR spectrum of the bicyclic O-benzoyloxim (4), absorption bands characteristic of the
C=0 carbonyl group and the Cs<Hs— phenyl fragment are observed. In the *C NMR spectrum, the
signal from the C-9 carbon atom shifts toward the low-field region and appears at 6 164.2 m.d.
Simultaneously, a signal from the carbon atom of the C=0O carbonyl group appears at 6 171.3 m.d.
The signals from the carbon atoms of the phenyl fragment are observed at 6 133.0, 129.5, 128.3,
and 127.1 m. The spectral data obtained confirm the formation of the target O-benzoyloxim (4).

O-benzoyloxim (4), obtained in the form of an oil, was complexed with B-cyclodextrin prior
to pharmacological studies. Cyclodextrin’s ability to increase the stability of compounds against
oxidation, moisture, and light provides valuable properties for drug formulations, which are
necessary for their long-term storage, transportation, and targeted delivery to the site of pathology
in the body [10].

The complex of O-benzoyloxim 3-(3-isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-
diazabicyclo[3.3.1] nonan-9-one complex with B-cyclodextrin, designated TK-1, was studied at the
Institute of General Genetics and Cytology for biological activity. The bactericidal and
bacteriostatic effects of the compound were evaluated in vitro against susceptible and drug-resistant
strains of microorganisms isolated from tuberculosis patients, including staphylococci, Salmonella,
Escherichia coli, and Mycobacterium tuberculosis H37Rv. In addition, its acute toxicity was
studied. The results obtained were compared with those of rifampicin—an antibiotic used in clinical
practice for the treatment of tuberculosis. The studies revealed that compound TK-1, at a
concentration of 1 ug/mL, exhibits antimicrobial activity against Gram-positive microorganisms (S.
aureus, S. haemolyticus) and Gram-negative bacteria (E. coli, S. typhimurium). Compound TK-1
also exhibited activity against a susceptible strain of Mycobacterium tuberculosis H37Rv.

Note: In the original text, S. haemolyticus is classified as a Gram-negative microorganism;
however, this species belongs to the Gram-positive staphylococci. Additionally, the designation “7-
(2-morpholinopropyl)” has been corrected to “7-(3-morpholinopropyl)” to match the name of the
compound in the preceding sections.

The acute toxicity study of compound TK-1 was conducted in accordance with the protocols
[11, 12] using inbred white mice weighing 18-25 g via a single subcutaneous injection. The LDso
value for TK-1 was 325 + 17.8 mg/kg, whereas for rifampicin, which is used in medical practice,
this value was 268.0 mg/kg. The higher LDso value indicates that the compound TK-1 has lower
acute toxicity compared to rifampicin.
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A study of rifampicin’s effect on bacterial strains showed that the drug exhibited bactericidal
activity in the concentration range of 1-100 ug/mL. At a concentration of 0.1 ug/mL, threshold
growth of Mycobacterium tuberculosis was observed. Compound TK-1 exhibited bactericidal
activity at concentrations of 5-100 pg/mL, whereas limited microbial growth was observed at
concentrations of 1-2 pg/mL.

Thus, it was established that compound TK-1, in the concentration range of 2-5 pg/mL, exhibits
bactericidal activity against a susceptible wild-type strain of Mycobacterium tuberculosis.

Conclusion. The biological activity of the complex of O-benzoyloxim 3-(3-
isopropoxypropyl)-7-(3-morpholinopropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one with B-
cyclodextrin, designated by the laboratory code TK-10, was investigated. The LDso value of the
tested compound was 325 + 17.8 mg/kg, indicating its lower acute toxicity compared to rifampicin,
for which the LDso is 268.0 mg/kg. The O-benzoyloxim complex with B-cyclodextrin demonstrated
antitubercular activity and can be recommended as a promising candidate compound for further in-
depth biological and pharmacological studies.
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KAHA BUCITUJIUHOH TYBIHJIBICBIH CUHTE3IEY KOHE OHBIH TYBEPKWIE3I'E
KAPCBI BEJICEHAIVIIT'TH BAFAJIAY

Hypabioex H.A., cTyneHT
Torb130aeBa H.9.*, XUMus FHUTBIMIAPBIHBIH KaHIAAATHI

Kopxoim Ama amvinoagel Kvizviiopoa ynusepcumemi, Koisvinopoa k., Kazaxkcman

Anparna. CoHFbl OHXBUIIBIKTapAa (apMaleBTHKAJIBIK HAPBHIKTA Maiia OoNFaH KaHa TyOepKysesre
Kapcel JIOpiiepIiH ImekTeydai canbl MeH Mycobacterium tuberculosis  mMukOOaKkTEpHSCHIHBIH — agam
ar3achIH/IaFrbl )KaFIaiapra OaillaHbICTHI CE3IMTANABIFBIH ©3repTe aly KaOiineTi )kaHa, THIMIII A3piiepi i3aey
MeH a3ipyeyai KakeT ereni. MyHJa YCHIHBUIFAH HOTW)KeJep OMCIMAMHOH TYBIHABUIAPBIHBIH CHHTE31 MEH
aHTHOAKTEPHUAJIBIK KACHETTepl Typaibl Kasipri TYCIHIKTI KeHelTeni — Oy XMMHSIBIK KOCBHUIBICTapIBIH
TIePCIIEKTUBAIBI KJIAChl. AJIBIHFaH KOCBUIBIC aMKBIH OaKTepHUIHATIK OCJIICEHIUTIK KopceTemi JKOHE OHBI
OTaHBIK OHJIPiCTEe IIBIFAPBIIATHIH JKaHa, KAYIICi3 TyOepKyJie3re Kapchl Iopi-IopMeK d3ipiiey Heri3i peTiHie
naipananyra 0oJabl.

CHuHTe3IeNTeH KOChUTBIC KYPBUIBIMBIH PacTay *oOHE HEri3ri KacHeTTepiH Oarajay YIIiH THICTI (pu3nKa-
XUMHSUTBIK QJICTEpAl KOJZaHy apKbUIbl cUnarTanabl. OHBIH OHOJOTHSUIBIK OCJICEHAUIITT TaKIpUOSTiK
Karnaiapna OaramaHipl, Oy TEKcepiireH TyOepKyine30eH OailaHBICTBI MHUKPOOPTraHU3MACPIe KapChl
alTapiBIKTall TEXKETINl ocepiai KepceTTi. AIBIHFAH HOTHXKeNep OMCIHMIMHOH KapKachl jKaHa TyOepKylesre
KapcChl TpenapaTTapabl o3ipiey YIIiH MepCIeKTHBAIbI KYPBUIBIMIBIK TIaTdgopma 0oJia amaThIHBIH KOPCETe.
OHBIH MPaKTHKAJBIK (hapMaIleBTHKAJIBIK KOJJIAHBUTYBIHBIH 9JICYETiH Oarajay YIIiH OakTepHsFa Kapchl acep
€Ty MEXaHU3MiHE, VBITTBUIBIFbIHA, (HapMAKONOTHSIBIK KACHETTEPIHE KOHE KOCBUIBIC KYPBUIBIMBIH
OHTaMNaHBIPYFa OaFbITTATFAH KOCBIMIIIA 3EPTTEYNIEP KaXKeT.

Tipek ce3aep: OuUCHHIUHOH TyBIHABUIAPE], O-0CH30MIOKCHM, [-IIUKIONEKCTPHH, KEIIeH TY3Y,
OaKTePUIMATIK OCJICEHALTIK.

INOJIYYEHHE HOBOT'O ITPOU3BOJHOT'O BUCITHTUHOHA U OEHKA EI'O
MHNPOTUBOTYBEPKYJIE3HOU AKTUBHOCTHU

Hypasioex H.A., cTygent
Torbi30aeBa H.O.*, kaHAMIaT XUMHYECKUX HAYK

Keizvinopounckuil ynusepcumem um. Koprxoim Ama, Kvizviiopoa, Kazaxcman

AnHortanmusi. OrpaHMdeHHOE  KOJMYECTBO  HOBBIX  NPOTHBOTYOEPKYIE3HBIX  IpEnaparos,
MOSIBUBIINXCSA Ha (apManeBTHYECKOM pBIHKE 3a TOCICIHUE JCCSITUICTHS, & TaKke CHoCOOHOCTh
MUKOOAKTEpU TyOepKyn€3a H3MEHSTh CBOI0 YYBCTBUTEILHOCTD B 3aBUCHMOCTH OT YCJIOBHH CYIIIECTBOBAHUS
B OpraHu3Me 4eJoBeKa OOYyCIIOBIMBAIOT HEOOXOAMMOCTh TIOMCKa W pa3pabOTKH HOBBIX APQEKTUBHBIX
JICKApCTBEHHBIX CpeAcTB. [IpefcTaBieHHble pe3ylbTaThl PACHIMPSIOT COBPEMEHHBIC MPEICTABICHUS O
CHUHTE3€ U aHTI/I6aKTepI/IaHBHBIX CBOMCTBAxX ITPOU3BOAHBIX 6I/ICHI/IJII/IHOHa* MEPCIEKTUBHOI'O KJjlacca
XUMHNYECCKUX COC}IHHCHI/Iﬁ. HOHyT-IeHHOG COCIMHCHUEC TIPOABIISICT BBIPAXKCHHYTO 6aKTepI/IIII/UIHYIO AKTHUBHOCTBb
U MOXET OBITh HCHONB30BAHO B KAuyecTBE OCHOBBI JUIA  CO3JAaHHA HOBOTO  0O€301macHOro
MPOTHUBOTYOEPKYIIE3HOTO MpenapaTa 0Te4eCTBEHHOTO IPOU3BO/ICTBA.

CHHTE3UPOBAaHHOE COCIUHEHHE OBLJIO OXapaKTEPHU30BAHO C IOMOIILI0 COOTBETCTBYIOIIUX (PHU3UKO-
XMMUYECKHX METONOB [UIA TOATBEPXKIACHHUS €ro CTPYKTYpbl W OIIEHKH OCHOBHBIX CBOMCTB. Ero
Ouonornueckas akTUBHOCTh ObLIa M3y4YeHA B SKCIEPHUMEHTANIBHBIX YCJIOBHUSX; IPU 3TOM OBLIO BBISBICHO
BBIPa’KCHHOC HHrH6pr}0mee )IefICTBHe B OTHOLICHNHN HUCCIICAOBAHHBIX MHKPOOPraHMn3MoOB,
ACCOIMUPOBAHHBIX C TyOepkyne3oM. [lomydeHHble pe3yabTaThl CBHJICTENBCTBYIOT O TOM, YTO
OMCIMIMHOHOBBIM KapKac MOXET CIY)KUTh MEPCIEKTHUBHOM CTPYKTYpHOH minardopMol Uit pa3paboTku
HOBBIX TPOTHBOTYOEPKYIIE3HBIX CpencTB. s OLEeHKHM MOTEHIHala MPaKTHYECKOro (apMareBTHYECKOTO
IMIPUMCHCHUSA TaHHOI'O COCAMHCHUSA HeO6XOlII/IMI)I HaHBHCﬁIHHe HCCJIICIOBAaHNs, HAIIPABJICHHBIC HAa N3Y4YCHUC
MeXaHU3Ma aHTHOAKTEpHATbHOrO JEHCTBUS, TOKCMYHOCTH M (apMakKOJOIMYECKHMX CBOMCTB, a TakXke Ha
ONITUMHU3ALUIO €TO CTPYKTYPBL.

KiaroueBble cioBa: npou3BogHble  OucnuauHOHa, O-OCH30MIOKCHM,  [B-LIHUKIOASKCTPUH,
KOMILIEKCO00pa3oBaHue, OaKTepULIUAHAS AKTUBHOCTb.
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Komkaz6anapabl paciMjey skoHiHAe aBTOPJIAPFAa apHAJFAH HYCKAYJIBIK

«Journal of Chemistry and Chemical Educationy >xypHanbiHaa Makana xapusiiay YIIiH JaibH
FBUTBIMU XKYMbICTHI aBTOp(i1ap) Vestnik.korkyt.kz caiiteramarsr Onsaiin Makasa xioepy *Kyiieci apKbLIbl,
apHaiibl HYCKAYJIBIKTHI Maiaananein xibepyre 6omaasl. Makara Windows 10 oneparuBri *&yitecinmeri
Word ¢opmarsiaaa Times New Roman mpudriame »xa3putysl Kaxket (Ochl Tananra ®a3pUiMarad MaKaia
aBTOMATTHI TYpJe KaObuiaanOaiip1). XKapusiiaHbIM — TUIZAEpl Ka3akiiia, OpbICiia, aFblIIIbIHIIA. Makaia
KYPBUIBIMBI MEH O€3CHIipiTyi:

1. Makamna kenemi 6-12 GeT apanbIFbIHAa O0JTYBI THIC (AHHOTAIHSIIAP MEH 91e0NeTTep Ti3iMiH
KocIaranza 6 6eTTeH ToMeH 00JIMaybl THIC).

— Makanansl Kypy cxemachl (0eti — A4, KiTanTeIK Oarmap, Typaiay — eHi Ooiibiamma. Con xKak,
YCTIHI1 JKOHE TOMEHT1 >KaKTapblHAAFbl alllbIK >kuekTepl — 2,5 cM, oH karbiHaa — 2,0 cm. Hlpudt: tun
Times New Roman, emmemi — 12) (Windows 10 onepatusri xyiiecinaeri Word ¢popmaTbiaa);

- XFTAP unpekci — Oipinmn KaTtap skorapeima, con skakra (http:/grnti.ru); o sxakra —
KypHanbiH doi uHaekci (npedukc xoHe cybdukc) — penakisaa Oepineri;

- Makalia ataybl — OpTachblHa KaJIbIH OH EKiHIII KapiIIieH,;

- aBrop(JIapIIbIH)IbIH aThI-)KOHIEPiHIH OipiHII Kapri MeH Teri — oprara 1l-kapim, (aBropmiap
caHbl 5 alaMHaH apTHIK OOIMaybl THIC);

- yifbIM, Kaja, eNJiH TOJBIK araybl — opTara, Kypcus — 11-kapir;

- Anaparnma. Tym nycka tutiage (150-200 ce3; Makaia KypbUIBIMBIH CaKTai OTBIPBIIT), OJIIIEMI
(keriip) — 11-kapir;

- Tipek ce3ep — Ka3ak, OpbIC, aFbLIIIBIH TUAEpiHae (3-5 co3/co3 TipkecTepi), ommieMi - (Kerb)
11-kapim;

- Heri3ri morin (apanblik uHTepBan — 1, «aszar xom» - 1,25 cm, 12-kapinm) KypbUIBIMBI
TeMeHeriien 0omansl:

2. Kipicme: TakpIpbINTBIH TaHJAIYbIH HETI3ACy; TaHJaJIFaH TaKbIPBITHIH, MOCEICHIH
©3CKTLIIr, 00BEKTICl, TIOHI, MaKCaThl, MiHJIETI, 91iCi, TOCLII, TY)KBIPBIMBI KOHE MaFbIHACHIH aHBIKTAY

3. 3eprTrey MaTepuajaapbl MeH JicTepi: Marepuanmap MeEH OJKYMBIC  OapbIChI
CHUIAaTTaMachlHaH, COHIal-aK MaiaJaHbUIFaH 9/IiCTeP/AiH TOJIBIK CHIIATTAMAChIHAH TYPYHI THIC.

4. Kecrenep, cyperrep alTbUIFaHHAH KEHIH OPHANIACTBHIPBUIYBI KEpeK. Op WLTIOCTPALHSIMEH
xazy(emmemi (kerib) — 11) Gomysl kepek. CypeTTep aHbIK, Ta3a, CKaHepIeHOereH O0Tybl KepeK.

Maxkana MoTiHiHAE cintemenep O6ap gopmynanap raHa HeMipieHenl. MoTiHIe cinTemenep TiK
*akmrana kepceriieni. Cinremenep MOTiHIE KaTaH TYpAEe HOMIpPJICHYI Kepek.

5. Hotmxkenep/TajKbLiay: 3epTTeYy HOTHKEIEPIH TaIay KOHE TaTKbUIAy KeJITipiIeIi.

6. KopbITBIHABI/KOPBITHIHABLIAP: OChI KE3CHJIETT KYMBICTBI KOPBITHIH/IBLIAY; aBTOP alTKaH
YCBIHBUIFAH TY)KBIPBIMHBIH aKUKAThIH pacrtay. JKYMBICTBI KapXKbUIBIK KOJIIAy Typasibl —aKmapar
KopeiTbiHapiqan kellin Tyceni. Oaeduerrep Tizimi (emmemi (kerip) — 11, maiinananeuiran oneduerrep
canbl — 15-TeH keM OonMaybl KakeT). OpeOHeTTep Ti3IMiHIEC KUPWUIUIAJA YCHIHBUIFAH JKYMBICTap
OoJIFaH >karmanaa oeOoueTTep Ti3IMIH €Ki HYCKaJa YChIHY KaKeT: OipiHIici — TYMHYCKaja, eKiHIIici —
poMaHu3alMsUIaHFaH ~ ajgaBuTHeH (TpaHciuTepauus). Makanagarbl JoHekce3 TI3IMIHAE TeK
peueH3usiianran oneduer ko3nepi, DOl unnmexci 6ap onebuerrep OGomysl THic. PomaHHM3auumsianFaH
onebuertep Tizimi http://www.translit.ru caiiTsel apbpIKBLIBI paciMIEITyi KEpeK.

7. ABropmap Typasbl MATIMeTTep: (aBTOPIBIH(JAPABIH) aTbI-KOHi, YHBIMHBIH TOJIBIK aTaybl,
KaJIachl, eJ1i, OaianpIC AepeKTepi: TenedoHbl, AI1.10MITa, OpCUI HOoMepi) 3 Tize.

8. Kenren makana tamamka cail pociMJIeNITeH JKaraaia raHa AHTUILIaruar OarnapiaMachlHaH
etkizineni. Tynayckansirsl 80 % - man orapbl KepceTkinre 6onFaH Makana PegakuusHbIH KapayblHa
xi0epineni. An 80% - nan TeMeH OOJIFaH MaKaia aBTOP/bIH TOJIBIKTHIPYBIHA Ki10epinel. AJl, eKiHIIl peT
OTKI3UITEH KaFJaiia THICTI KOpCeTKil Oomaca KapusilaHbIMFa KaObUIaHOai bl PerieH3enTTepaAiy oH
MiKIpIHEH COH MakKaJla KypHalifa KaObUIAAaHbII, aBTOPFa TeJIEeM acay >KeHiHae xadapiaama ioepiieni.
ABTOp TeJeMaKbIHBIH TYOIPTETiH PENAKIUSHBIH JJICKTPOH/bI TMOYTAchlHA KiOepyre MIHIETTI

(chemistry_journal@korkyt.kz).
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PyxoBoacTBO 1)1 aBTOPOB 110 0(hOPMIICHUIO PYKOIUCEH

ToroBas Hayunas pabora jjist myOnukanuu B xypHaie ««Journal of Chemistry and Chemical
Education» moxet ObITh MOaHa aBTOPOM (ABTOPAMH) Yepe3 CUCTEMY OHJIAWH MMOJa4u CTaTeil Ha caiTe
vestnik.korkyt.kz, ucrons3ys cnenmansubie uHCTpyKiuu. CTaThs NOKHA OBITH HamucaHa B (opmare
Word B Windows 10 mpudrom Times New Roman (craThs, He HampcaHHAas B COOTBETCTBHH C ATHM
TpeOboBaHWEM, He OyIeT MpUHATAa aBTOMAaTHYeCKH). SI3bIK MmyOnuMKanmii Ka3aXxCKAH, pPYyCCKHIA,
AHIVIMICKAH.

CTpykTypa 1 opopMiIeHHE CTATHH:

1. O6wvem cratbu B mpeaenax or 6 mo 12 crpanun (He MeHee 6 CTpaHUIL, 32 HCKIIOUYCHHUEM
aHHOTALMI U CIIHCKA JIUTEPATypHI).

- Cxema MOCTpOeHHMsI CTaThM (CTpaHuIa — A 4, KHWKHAs OPUEHTAITUS, TTOJISI C JICBOM, BEpXHEH H
HIDKHEH cTOpoH — 2,5 M, ¢ mapBoit — 2,0 mm. Hlpudt: tam — Times New Roman, pasmep (kers) - 12) (B
dopmare Word B onepanmonnoit cucreme Windows 10):

- wungekc MPHTU - mepsas crpoka cBepxy cuea (http:/grnti.ru); wunagexc DOI
(mpenocTaBisieTcs penakiyei sKypHaia);

- Ha3BaHHE CTAaThH — MPOIMCHBIMH OyKBaMH MO LEHTPY MOIYKUPHBIM MIPUPTOM, pazmep — 12;

- MTHAIMAIBI U (paMuIuio aBTopa(oB) — MO HEHTPY HOTYKHUPHBIM MPUQPTOM, pasmep (kerms) — 11
(ampec »I1.IOYTH aBTOPOB, HOMEP OPCHUJI, KOTMYECTBO aBTOPOB HE JIOJKHO MPEBBIIIATEH S YETIOBEK);

- IOJTHOE HAMMEHOBaHHUE OPTaHU3aIlMH, TOPOJl, CTPaHa — Mo UEHTPY, KypcuB, pazmep - 11.

- AHHoTanus Ha si3pike opurrHaia (150-200 ciioB; coxpaHss CTPYKTYpy cTaTtbu) pasmep - 11.

- KitoueBble ci1oBa (Ha Ka3aXxCKOM, PYCCKOM, aHIIIMICKOM OT 5 70 8 CJIOB/CIOBOCOYETaHMIA)
pasmep (kerp) - 11.

- OcHoBHOI1 TekeT (12 mpudT, MEKXCTPOUHBIN MHTEpPBAI - 1, OTCTYN «KpacHOU cTpoku» - 1,25
CM), CTPYKTYpa:

2. Beenenne: 000cHOBaHME BbIOOpA TEMbI; aKTyaJbHOCTh TEMbI WJIN IIPOOJIEMBI, OIpe/ieIeHue
o0beKTa, MpeaMeTa, LejeH, 3a/1a4, METO/IOB, MOJAX0I0B, THITOTE3bl H 3HAUCHHS PaOOTHI.

3. MaTepuaJibl 1 METOIbI HCCIEIOBAHMS . IOJDKHBI COCTOSITh U3 OMMCAHUS MaTEepUAIOB U X0/1a
paboThI, @ TAK)Ke MOJTHOTO OMMCAHUS UCIIOIB30BAHHBIX METOIOB.

4. B cratbe HyMEpYIOTCS TOJIBKO T€ (POPMYIbI, HA KOTOPBIE €CTh CCBUIKH B TEKCTE. B cchuikax B
TEKCTE yKa3bIBACTCsl B KBAJIPATHBIX CKOOKAX.

5. pe3yJbTaThl/00cyxKIeHHe: IPUBOIUTCS AHAIM3 M OOCYXKAECHHE IIOIyYEHHBIX PE3ylIbTaTOB
HCCIICIOBAHHUSI.

6. 3akiauYeHHe/BBIBOAbI: 0000IIEHNE W TOJBENCHUE WTOTOB pabOTHl HA JAHHOM JTare;
MOJATBEPKACHNE UCTHHHOCTH BBIIBUTAEMOTO YTBEPKICHHUS, BRICKA3aHHOTO aBTOPOM.

Cricok nuteparypsl (pasmep (kermis) — 11, KOTHYECTBO MCIOIB3yeMOU JIUTEpaTyphl HE MEHEE
15). Ilpu Hanu4Yuu B CIIMCKE JIMTEpATyphl paboT, NPEICTaBICHHBIX Ha KUPUILUIHUIIE, CITUCOK JINTEPaTyphl
JIOJDKEH OBITh TMPECTABICH B JBYX BapUaHTax: MEPBbIA - B OPUTHHAJIE, BTOPOU - B JTATUHU3UPOBAHHOM
andasute (Tpanciutepanys). CHHCOK CCBUIOK B CTaThe JIOJDKEH COZAEP)KaTh TOJIBKO PEIeH3UPYEeMbIe
JUTEpaTypHble MCTOYHHMKH, JuTeparypy ¢ uHiaekcom DOI. Cnucok TaTMHU3UPOBAHHOW JIUTEpPATyphl
JIOJDKEH OBITh MOATOTOBJICH uepe3 cait http://www.translit.ru.

7. Csenenus 00 aBropax: (momkHbI conmepxars ®HO aBropa (0B), MOJHOE HAWMEHOBaHHE
OpraHu3ally, TOpoJl, CTpaHa, KOHTAKTHBIE TaHHbIE: TenedoH, 371.110uTa, HOMEp OPCH) Ha 3-X S3bIKAX.

8. Crarps nowkHa obnanare He MeHee 80% YHUKaJIBHOCTH TEKCTa Uil MyOnukanuil.B ciyuae
€CJIi OpPUTHMHAJBHOCTH cTaTbu Hike 80%, paboTta OymeT BO3BpallleHa aBTOPY JUIS WCIIPABICHUE H
KOppekTHpoBKH. [locie BTOpUYHON TPOBEPKM CTaThsi HaOuUpaeT HEOOXOAMMOTO TIOKas3arens B
aHTUILUIATHAT, HAMpaBiseTCsl Ha PacCMOTPEHUE pelakIMOHHOM kojuieruu. CraThsi, HE OTBEYaroIlas
COOTBETCTBYIOIIMM TPEOOBAaHUSM, OPUTHHAIBHOCTh KOTOPBIM, MpPOBEpPEHA IBaXAbl, K MyOIUKAI[MH HE
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