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1
Hnemumym opeanuueckozo cunmesa u yenexumuu PK, Kapazanoa;
2 . . N
Kapazanounckuii 2ocyoapcmeennuill mexHuiecKuil ynugepcumem,
3 o o
Koxwemaycxuii cocyoapcmeennwiii ynugepcumem um. LIl Yanuxanosa;
*Omckuii 2ocydapemeenmviii ynusepcumem um. @.M,JJocmoesckozo, Poccus
(E-mail: nurkenov_oral@mail.ru)

CuHTe3, cTpOeHNe U TPOTHBOONYX0J1eBasi aKTHBHOCTb 2-(1-BUHMI-3-MeTWII-
1,2-0yraguenn)-3,4-numeTnia-5-penmi-2-oxco-1,3,2-okcazadocdonana

BianmonetictBuem 2-xiop-3,4-mumetni-5-¢enmi-1,3,2-okcazadochonana ¢ AUMETHIBHHAIITHHHIKAPOH-
HOJOM OcymiecTBieH cuHre3 2-(1-BuHUI-3-merwi-1,2-0yraguenmn)-3,4-aumeri-5S-penui-2-okco-1,3,2-
okcazadoctomnana. [TokazaHo, 4To mporiecc MPOTEKaeT Yepe3 CTaauio 0O0pa30BaHUS BUHMIAIETHICHOBOTO
(ocdura, KOTOPBIH CaMONPOU3BOIBHO T0JIBEPracTCs alleTHICH-aJUICHOBOH NeperpynnupoBke ¢ o0pa3oBaHu-
eM 1eneBoro mpoaykTa. IloapoGHO mHTepmpeTHpoBanb ogHomeprbii (‘H) 1 asymeprrie (COSY, HMQC)
criekTpsl SIMP koneuynoro npoxaykra. B pe3ynpraTe GpapMakoIOrHyecKHX MUCCIEAOBAHUN HAa TPOTHBOOITYXO-
JIEBYI0 aKTHBHOCTH II0Ka3aHO, YTO BHHWIJIAJUIEHOBBIM OKcazadocdonaH MOJABIAET OMyXOJEBblE MITaMMbI
aIbBEOJSIpHOTO cim3ncToro paka redenu (PC-1) ma 96,0 %, capkomsr 45 Ha 94,0 %, ageHOKapIIMHOMEI MO-
novHo# xene3bl Ca-755 na 91,0 % u mumdpocapkomsl [Inucca Ha 73,0 %.

Kniouesvie cnosa: cuntes, (OCQONAHBI, IEPErpyNIHpPOBKa, HPOTHUBOOIYXOJIEBas AKTHBHOCTH, CHEKTPEI
COSY.

Cpean MHOTOYMCIICHHBIX THUIOB (OCHOPOPraHMYECKNX COCAMHEHUI OOBIION MHTEPEC MPEICTABISIOT
npou3BoHbIe (OCHOHOBON KHUCIOTHI, COACPIKAIINE AIJICHOBBIE U JUEeHOBbIEe CBs3M [1-3]. BaxkHOCTh Hccie-
nmoBanwmii 1,2-ankanaueH(pochOHOBBIX KUCIOT 00YCIIOBICHA OCOOSHHOCTHIO AIEKTPOHHOM CTPYKTYpHI ocdo-
PUJIAIJICHOB, B KOTOPBIX KYMYJICHOBAsI TPYIIa C OPTOTOHAIBHBIMU T-OpPOUTAIISIMU U Pa3IMYHON THOpuAN3a-
1ueil aToMOB yriepoa (sp’-rHOpHAM3AHs KPAHAX U Sp-THOPUAN3AIHS CPEIHET0 aTOMOB yIIIepoa) Co-
eIMHEHa C 3JEKTPOHOAKLENTOPHOH (OCHOPHUIBHON TpyNHoii, KOTOPBIE SBISIIOTCS YIOOHBIMU OOBEKTaMH
JUIsL M3YYCHUS psAAa TEOPETHUECKUX BOIIPOCOB OPraHMYECKOH XMMHHU. AHAJIN3 JIUTEPATYPHBIX JaHHBIX CBH-
JeTeNbCTBYET, yTo Xumus 1,3,2-okcazadochonaHoB ocTaercs emie BO MHOIHX aCHEeKTax OTHOCHTEIBHO Majo
n3y4eHHOH. B 4acTHOCTH, OTCYTCTBYIOT pabOThI IO CHHTE3Y OKCa3ahoc(hOIaHOBEIX MPOU3BOJHBIX C COIPS-
KEHHBIMU U KyMYJIUPOBaHHBIMU KPAaTHBIMH CBS3SIMHU.

W3BecTHas peakuus alneTWICH-aJNICHOBOW M30MepU3aliy HponapruiihpocuToB, MIMPOKO HCIOJb3Ye-
Masi ISl CHHTE3a aJlJICHOBBIX (pocoHaToB [3, 4], Obl1a BIepBbIe MCIIOJIB30BaHA HAMU IS TIOJIYYCHHUS ajljie-
HOBoOro 1,3,2-okcazadocdoiana Ha OCHOBEe ankainouaa d-nicepmoddenpuna. Tak, HaMU ObLIT HOJIYYCH OITH-
YeCKH AaKTHBHBIM aJUICHOBBIM OKcazadocdonaH B3aumonercTBueMm 2-xjop-3,4-aumeTtui-S-dpenun-1,3,2-
okcazadocdonana ¢ AMMETHIBHHWIITHHWIKapOHHOIOM. HIUBUyanbHbIN n3oMep 2-x10p-3,4-IuMeTHII-5-
¢dennn-1,3,2-oxcazadocdonana (II) Ha ocHoBe ankanouga d-niceBaoddeaprHa ObUI CHHTE3UPOBAH ILIHUKJIO-
¢dochopumpoBaHreM TOCIEAHET0 TeKCAITUITPHAMUAOM (POCHOPHCTON KHUCIOTHI, KOTOPBIH, KaK U3BECTHO
u3 [5], saBasiercst 3ppEeKTUBHBIM U CENIEKTUBHO IEHCTBYIOIIUM PEAreHTOM, U MOCIEIYIONNM allIUPOBAHUEM
2-TUA3TUIAMHHO-3,4-1uMeTrin-S-hennn-1,3,2-okcazadocdonana (I) XJIOpPUCTBIM aLETHIOM IO CICAYIOIICH
cxeMme:
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CuHTes, CTpoeHune n npotTmneoonyxoneBad akTUBHOCTbL ...

CeHsy, OH Cotlsa, N
Ji + PIN(CHs)ls —3 /P —N(C,Hs), (MIP
H,;C ITJH H;C ]TI
CHj3 CH; |
CeHsn,, O
— >P—Cl + CH3CON(C,Hs),
H,C N
i,

Il

Cuntes amreHoBoro 1,3,2-okcazadocdonana (III) Obu1 ocymiecTBiaeH B3auMoAeHcTBHEM 2-XJop-3,4-
nuMeTua-5-penni-1,3,2-okcazadochonaana (II) ¢ TUMETHIBUHHUIATUHHIKAPOUHOIOM NP KOMHATHOH TeM-
neparype B cpeie OeH30lla B MPUCYTCTBHM TPUATWIIAMHHA, BBIXOJ IENIEBOTO MpoaykTa coctaBuia 50,6 %.
Peakmust mporekaert, kak u3BecTHO 3 [1—4], yepe3 craguio oOpa3oBaHWsI BUHHIALETHIEHOBOrO Qocdura,
KOTOPBI CaMONPOU3BOJIBHO MOABEPTaeTcsl alleTHIICH-ATICHOBOW NEpEerpynnyupoBKe ¢ 00pa3oBaHUEM Leje-

BOTO MPOAYKTA. BEIIETUTH MPOMEKYTOUHBIN MPOTYKT — BUHIIALETHIICHOBBIN (hoCPUT — HE yAaIoch BBH-
NIy HEJJOCTATOYHON €r0 CTA0MILHOCTH.

CeHs
: P T
I—hC"QV I+ HO-C—C=C—CH=CH, (GHIN,,
N CH;
| 11
CH;
B CH=CH, 7
=0 ¢ Cells C=G
> ~ Pes~ _C— . z ! W —
H3C'—QV \O/l CH3 H3CVQVP\\O”/? CH3
ITI CH; N H,C
|
L CH; CH; A -
H;C_ CH;
o
Il
C
C¢Hs [
|\CH=CH2

!

CH; Il

MexaHu3M aleTuiIeH-aJNIeHOBOW M30MEpH3alliy, TO-BUIUMOMY, 3aKJII0YaeTCsl B CIEAYIOLIEM: Ha mep-
BOM CTagMM HMeeT MeCTo OOMEHHas peakuusi MexAy XJIoppochoIaHOM H IUMETUIBHHUIITHHUII-
KapOWHOJIOM ¢ 00pa3oBaHUEM BHHHIAICTHICHOBOTO (pocduTa, KOTOPHIH B pe3ylibTare COTNIAaCOBAaHHOM Iie-
permkimyeckoit [1,3]-curMarpomnHoi eperpynmnupoBKH, MTPOTEKAIOIIEH Yepe3 MATHIICHTPOBOE MEPEXOTHOE
coctosinue (A), npeoOpazyercs B koHeuHbld mpoaykt (I1I). JBrmkyIeit cuaoi 3Tol peakuuu siBasieTcs nepe-
xoJ pochopa U3 TPEXKOOPIUHIPOBAHHOTO B DHEPTETHUECKH 0OJI€e BHITOJHOE YETHIPEXKOOPINHUPOBAHHOE
coctostare. OCHOBBIBASICh Ha JINTEPATYPHBIX NaHHBIX [1—4, 6], MOXEM MPEANOI0KUTh, YTO MPOIIECC TIPOTe-
KaeT ¢ 00pa3oBaHHEM MATULCHTPOBOI'O MEPEXOTHOTO COCTOSIHUSA (A) MOCPEACTBOM aTaKu HETOACICHHBIMU
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3IIEKTPOHAMHU TpeXBaJieHTHOTO (ocopa aToma yriepoa aleTHIEHOBOH rpynmsl ¢ odpazosanueM P—C cBs-
3W C OJHOBpEeMEHHBIM pa3peiBoM C—O cBs3u. JIerkocTh poTeKaHus aleTHIeH-aJICHOBOH HM30MEpHU3alun
00yCIIOBJIeHa, MO-BHIUMOMY, HYKJICO(PIIHFHBIM CBOMCTBOM aToMa TPEXBaJICHTHOTO (ocdopa B MPOMEKY-
TOYHOM OKcazadochonaHoBoM ocdure, a Takke 3HAUUTETBHON JEKTPOPUIBHOCTHIO TPOiHOM cBszu. CTa-
OMIIFHOCTD aJUIEHOBOTO MPOAYKTa B ATOM CiIydae O0OBSCHSAETCS MHAYKIIMOHHBIM BIHUSHUEM JIBYX METHIIbHBIX
rpynmn 1 3Q¢GEeKTOM FUIEPKOHBIOTAIIMH C ABOWHOM CBS3BIO.

B UK-cnekTpe BunmnamieHoBoro okcazadocdomnana (I11) nabaromarorcst monocs! noryomenus ¢pocdo-
pubHOH rpymmel mpu 1260—1265 cM”' M BaleHTHBIX KoNeGaHHil aIUICHOBOH TIPYMIMPOBKH mpu 1960—
1972 em™.,

B crextpe IMP 'H coenmmenns (III) mpoTOHBI ABYX METHIBHBIX TPYIII H30MPOIHIHACHOBOTO (par-
MEHTA MPEACTABIECHBI ABYMs JyOJIETHBIMU CUTHAJIAMU ¢ XUMHYECKUMH casuramu O 1,67 u 1,73 m.a. JIy6-
JIETHOCTh CHUTHajla OOYCIOBIIEHA CIMH-CIMHOBBIM B3aWMOJEHCTBHEM ¢ aapoM atoma ¢ochopa. B Gonee
cuabHOM mojie (6 1,10 M.1.) IpUCYTCTBYET CHIHAJI METHIBHBIX MPOTOHOB y atoma C4 okcasadocdoiaHoBo-
ro 1ukiaa. [IpOTOHBI METHIBLHOM TIPYyIIBl y aToMa a30Ta Pe3OHUpPYyoT B Buae aybnera (& 2,47 wm.u.,
Jup = 7,5 '), a curaan metuHoBoro npotoHa y C4 mpossnsercs mpu 3,09 mM.4. B Buae nybiera KBaapyruie-
TOB. Jlpyroii MeTHHOBEIH npoToH y C3 mposBisieTcs B BUae qyoiera B oomactu 4,96 m.1. [IpoTOHBI BUHUITB-
HOH TPYIIIBI JAIOT MYJIBTHILICTHRIC CUTHAIIBI B o0mactu 5,16—6,18 M.x., xapakTeprbie 1 cucteMbl ABCX.
[TpoToHBI PEeHUTBHOTO KOJbIIA MPOSIBIISIOTCS B BUAE CIIOKHOTO MyJIbTHILIETa B 001actu 7,35 mM.1. (puc. 1).

3.4 2447
% 1
W r’/’ 3"‘-.”2 1{;%1_‘_2
_ 15 1 F
o e ~ /g\ P CH |
: i N B, 01
™ do S 1
E TN &
_E A s
[ELE 1 l'|:a|_‘3 ; i,
. (17)
| uzug 172188
_E 174|167
yaLE {20} (3 ”u-l%m
(19)
_ 52 51 497
= siaten 888 B a0
; 15508
mﬂ 8.7 t‘ \J

=

085 0or  0m2 0o8 !
= = = =
an Th 70 ikl 50 54 ] 20 15 10 05

Mo. | (pomy| (Hz) | Heigit || Ma. | fpprmi | He) | Height || No. | fppm) | (He) | Height

1| 10@ | 4355 01408 || 12 | 308 [ 17337 0047 |23 [ 601 | 24423 | 0.0272 Mo.| {pprm} | Wake | Absolute Vaue
7 | 110 | 4414 |0.1435 || 13 | 300 [ 12364 | 00245 || 24 | 694 | 24527 | 0.0256 1 [[1.05.1.14]| 3000 | 2.35805a1
3 | 167 | 6672 | 01502 || 14 | 314 | 12524 | 10000 || 25 | 6.15 | 24501 | 00120 2 | [ 177 | S5218 [ 445080041
4 | 168 | 732 |0.1686 || 15 | 495 | 19774 | 00613 || 29 | 6.18 | 23687 | 00125 3 | [223 251 | 12388| 030107e1
6 | 172 | Be02 | 01561 || 18 | 487 | 18361 | 00407 || 27 | 7.30 | 29180 | 0.0762 4 | [204. 226)| 1B629] 140543242
6§ | 174 | 6856 |0.1563 || 17 | 518 | 20821 00440 || 23 | 7.32 | 29256 | 0.1122 5 | [4.01..5000) 0670 [ 73630040
O EA R R EEIE EEE EEIE 8 | [612..523)) 0980 | 7.3608ad
§ | 246 | 0616 |0.16a4|| 18 | 662 | 2050 00376 || 20 | 7.35 | 29362 | 00324 7 | [548. 560) 0066 [ 7262MetD
O | 248 | 0010 | 01560 || 20 | 556 | 22908 | 0044n || 31 | 7.a7 | 20460 | 00542 8 | [B05. 620)| 0948 | 713163240
10 | 206 | 1Z212| 00008 || 21 | 607 | 24053 | 00158 || 32 | 7.33 | 20524 | 0.01E4 9 |[[25..741)| 5232 | 39348341
11| 207 | 12273 | 00247 | [ 22 | €00 | 2435.8 | 0.0156

Pucysok 1. IMP 'H-criextp 2-(1-Buani-3-MeTwi-1,2-GyTaquenn)-3,4-1aMeTHII-5 - e HIII-2-0Kco-
1,3,2-oxca3adocdomana (I1I)

C momouipio ABYMEpPHOTO CIEeKTpa BHHMIaUIeHOBOro okcaszadochonana (III) B dopmare COSY
(‘H-'H) 6 yCTAaHOBIICHBI TOMOSIICPHBIC B3aHMOACHCTBHS MEX/Iy IpoToHamu (puc. 2). CIIHH-CIIHHOBbIC
koppensuu nporoHa H4 okcazadocdonaHoBoro nmukiia ¢ mMpoToOHaMU coceHel MeTwibHOU rpymnmsl (H17)
noaTBepkaaeT kpoccnuk npu (3,04; 1,10). Takxke oTMEUEHBI B3aUMOICHCTBUS TIPOTOHOB METHHOBBIX TPYIIIT
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yKa3aHHOTO LuKia. HeauaroHanbHble MUKU ¢ KoopauHatamu (6,12; 5,17) u (6,08; 5,56) yka3eiBaioT Ha Ha-
JIMYUE CIIMHOBBIX B3aUMOJEHCTBUM MEXy IPOTOHAMHI BUHMIIBHOM I'PYIIIIBI.

CHa 15
i 155708
HC N 11‘! ‘(}‘ (18)
N Ny M (21,10)
l'-:___ ;{ 2= (4) (1?)
B O CERT NPT S e N /
N N, (12,16)
/ if
H3C1 Hz_g; ( by H u
(17}“-\__ {S.m,l.lﬂJ 1

(21,10)
(13)\

C— .

(3

{3.06,4.95;
{6.12,51 }\r s

{5085
519) ﬂb\r L5

{5.52,6.18}

-2

{1.09,3.m}~. -_3

IN
fl {ppm}

(19—

(13,15%
(14) . I
(12'16/ T T T T T T | I— T T T T T T T T T T T T T T T T 8

4, . . i i

75 70 6.5 6.0 55 5.0

7

5 4.0
2 {ppm)

Pucyrok 2. COSY ("H-'H) SIMP criektp 2-(1-Bunmn-3-metin-1,2-6ytaguenun)-3,4- 1uMeTHII-
5-hennn-2-okco-1,3,2-okcazadpocdonana (II1)

CoryiacHO JIUTEPAaTypHBIM JaHHBIM [7], MPOM3BOAHBIC amMuaa KUCIOT (ocdopa (V) MUPOKO IpUMEHS-
I0TCS B Pa3JIMYHBIX cepax AeITeIbHOCTH, 0COOEHHO B XMMHOTepanuu omyxounei. Tak, B KasHUU onkoio-
run 1 paguonorun M3 PK mccienoBana mpoTHBOOITyXOJ€Bass akTHBHOCTH 2-(1-BuHMI-3-meTui-1,2-Oyra-
nuenun)-3,4-nuMetii-5-gpennn-2-okco-1,3,2-okcazadpoconana (III) Ha Oenpix OeCIOPOAHBIX KpBICax € HC-
XOAHBIMU NIEPEBUBACMBIMU OIIyXOJIEBBIMU IITaMMaMH. [IpoTuBoOITyX0s1eBoe AeliCTBHE NIpENapaToB OIpeze-
JSUIOCH TIPU €KEAHEBHOM BHYTPHUOpIOIIMHHOM BBeaeHUH B 20 %-HOM BOAHO-CIIUPTOBOM PAacTBOpE B TeUe-
HUE 5 qHeW B MakcuMallbHO nepeHocumMoit goze (MIL/]). B pesynbTare mpoBeAeHHBIX UCCIEIOBAaHUHN ycTa-
HOBJICHO, uTO coeanHeHue (I1I) mposBUIO BBICOKYIO IPOTUBOOILYXO0JIEBYIO aKTUBHOCTb: ITOJIABJISIET OITyXOJIe-
BbIE IITAMMBI JIbBEOJISIPHOTO ciam3ucToro paka medenu (PC-1) ma 96,0 %, capkomsr 45 Ha 94,0 %, aneno-
KapIIUHOMBI MOJIOUHOH xene3bl Ca-755 Ha 91,0 % u mumdocapkomser [Tnucca Ha 73,0 %.

SKCl’lepuMeHmaﬂbHa}Z uacmo

HK-cniextp cHuManu Ha crekrpomerpe ¢ dypoe-npeodpaszoBatenieMm AVATAR-320 Nicolet B Tabier-
kax ¢ KBr. Cnextpst IMP 'H coenunenuii (I, IT) 3anucansl Ha cextpomerpe Tesla BS 497 (100 MI'n) B
pactBope CDCl; u coenunenus (III) Ha Jeol 400 (400 MI'm) B pactBope JIMCO-ds. Temneparypy 1uiaBie-
HUS BEIIECTBA ONpEIeTIN Ha mpubdope Boetius.

Cunre3 2-nmyTHiaaMmuHo-3,4-1umeTnii-5-gpenn-1,3,2-oxcazadocdoaana (I). Cmecs 9,54 r (0,38 M)
rekcadTuaTpuamMuaa gocdopuctoir kuciorel u 6,37 r (0,38 M) d-nceBnosdeapuna HarpeBaoT B Kojbe
Kisitzena q0 120—130 °C mo BeIACNICHHS pacdeTHOTO KOJMYECTBA MUATHIIAaMHHA. OCTaTOK OTTOHSIOT B Ba-
KyyMe MmacisHoro Hacoca. [lomywaror 8,59 1 (85 %) coemmuenust (I) ¢ T. kum. 112 °C/1 mm pr. cr.,
np 1,5261. Cnextp SIMP 'H (CDCL3), 8, m..: 1,05 (1, 3H, CH3-C); 1,13 (r, 3H, CH;CH,); 3,24 (xs, 2H,
CH;CH,); 2,56 (1, 3H, CH;3-N); 3,10 (m, 1H, CHN); 4,62 (1, 1H, CHO); 7,36 (M, SH, C¢Hs).
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Cunre3 2-xyi0p-3,4-numerni-S-gpenni-1,3,2-oxcasadochonana (II). K 3,57 r (0,013 M) coeaune-
uus (I) B 30 Mt abcomtoTHoro 6eH3oa nqo0assaroT mo kKamsiMm 1,05 r (0,013 M) xnopucroro aneruia. ITpu
ATOM IPOUCXOIUT MOBBIMICHNE TeMiiepaTyphl 10 50 °C. CMmech BBIACPKUBAIOT 2 9 NMPU KOMHATHOH TeMIiepa-
Type U OTTOHSIIOT PaCTBOPHUTEINb, & OCTATOK NeperoHstoT B BakyyMme. [lomygaror 0,6 T (20 %) coenunenus (1I)
¢ T. kur. 158 °C/0,5 mm pr. ct. Criexktp SIMP 'H (CDCl), 6, m.a.: 1,06 (1, 3H, CH;-C); 2,68 (1, 3H, CH;-N);
3,18 (m, 1H, CHN); 4,83 (zn, 1H, CHO); 7,38 (M, SH, C¢Hs).

Cunre3 2-(1-BuHnjia-3-metruni-1,2-0yraguenui)-2-okco-3,4-numeTmii-5-penmii-1,3,2-oxcazadgocgo-
aana (III). K 1,76 r (0,016 M) aumetunBuamdTHHWIKapOouHona u 1,61 r (0,016 M) tpustunamuna B 30 min
abCOMOTHOTO O€H30J1a IPH SHEPTUYHOM MIEPEMENTNBAHIH B TOKE CyXOT0 aproHa M IPH KOMHATHOW TeMIle-
patype npubassirot 3,64 r (0,016 M) xmopdocdomnana (II). IlepemenuBaroT 5 4. Bemasmmii ocagok THapo-
XJIOpUIa TPUATUIAMUHA OTQUIBTPOBBIBAIOT, OTTOHSIOT PACTBOPUTENb, H OCTATOK MEPEKPUCTAIUIN30BBIBAIOT
u3 abcomoTHOro Gensona. [onyuaror 2,45 r (50,6 %) npoxykra (III) ¢ 1. mr. 160161 °C. Cnekrp SIMP 'H
(IMCO-d), 8, m.a.: 1,10 (n, 3H, CH;5-C); 1,67 (n, 3H, CH3;CCH,); 1,73 (n, 3H, CH;CCHj;); 2,47 (n, 3H,
CH;-N); 3,18 (M, 1H, CHN); 4,96 (1, 1H, CHO); 5,16-6,18 (M, 3H, CH=CH,); 7,35 (M, 5H, C¢Hs).
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O.A.Hypkenos, A.M.Fazanues, T.M.Ceitnixanos, C.J1.da3bu10B,
A.T.TokibaeBa, C.K.Kobuera, )K.b.CorbaeBa, U.B.Kymakos

2-(1-Bunnia-3-metmi-1,2-0yraguenni)-3,4-1umMmeTuii-S-gpeHuin-2-0Kco-
1,3,2-oxca3adochoIaHHbIH CHHTE3i, KYPbLIBIMbI JK9HE iCiKKe Kapchl 0esIceHaiIiri

2-Xnop-3,4-mumerni-5-ernn-1,3,2-okcazadochonaHHbl,  AUMETHIBHHUIITHHHIKAPOMHOIMEH — 9pEKeT-
tecyimen  2-(1-Bunun-3-merui-1,2-6yraguennn)-3,4-1umetii-S-penun-2-okco- 1,3,2-okcazadochonaHubig
cuHTe3i *Kypriziren. CuHTe3Aey YpIici, ©3/iriHeH aleTHIeH-aJUIeH-BHHIIALCTUIICH I KallTa TONTacybIMeH
COHFBI OHIMII TY3€TiH, POCHUTTIH TY31Iy Ke3eHiHeH eTeTiHAiri kepcerired. Tysinren eniMuiy Oip emmemai
("H) sxone exi emmemai (COSY, HMQC) SIMP criektpiiepi GOHBIHIIA TONBIK MoiMeTTepi KenTipinren. Icikke
Kapchbl OENCEeHIUTIKTI aHBIKTay/blH (HapMaKOJOTHSIIBIK 3epPTTeYy HOTHKeNepi OOHBIHINA BHHUIIAJUICHII
okcazadoconan OGayblp iCIriHIH aJbBEOJSIPNIBI INBIPBINTH  KaOBIFBIHBIH ImTaMMmbiH (PC-1) 96,0 %,
capkomans! 45-ter 94,0 %, Ca-755 cyt Oe3iHiH ageHokapuuHOMBIH 91,0 % sxene Ilnucc muMdocapkoMacsH
73,0 % TeMeHIETETIHI aHBIKTAIFaH.,
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O.A Nurkenov, A.M.Gazaliev, T.M.Seilkhanov, S.D.Fazylov,
A.T.Takibayeva, S.K.Kabieva, Zh.B.Satpaeva, 1.V.Kulakov

Synthesis, structure and antitumor activity of 2-(1-vinyl-3-methyl-1,2-butadienyl)-3,4-

1
2
3
4

5

dimethyl-5-phenyl-2-0x0-1,3,2-oxazaphospholane

Synthesis of 2-(1-vinyl-3-methyl-1,2-butadienyl)-3,4-dimethyl-5-phenyl-2-oxo-1,3,2-oxazaphospholane was
actualized due to reaction of 2-chlorine-3,4-dimethyl-5-phenyl-1,3,2-oxazaphospholane with the dimethyl-
vinylethynilcarbinol. It is shown that the process proceeds via the formation of vinylacetylenephosphite
which was allowed to form the desired product due to acetylene-allene rearrangement. One-dimensional ('H)
and two-dimensional (COSY, HMQC) NMR spectra of the final product were interpreted in detail. As a re-
sult of pharmacological researches on antitumoral activity it is shown that vinylalleneoxazaphospholane sup-
presses tumoral strains of an alveolar mucous cancer of liver (RS-1) for 96.0 %, sarcomas 45 for 94.0 %, ade-
nocarcinomas of a mammary gland of Ca-755 for 91.0 % and Pliss's limfosarkoma for 73.0 %.
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Investigation of selective extraction of copper ions by organic reagents
based on dialkylhydrazides of carboxylic acid

Acetic acid dialkylhydrazides were investigated as extractants of copper ions. We found that selective extrac-
tion of copper was observed at pH 0.4-1.4. It is found that, depending on the technological conditions of the
extraction, the extraction process of copper ions occurs preferably compared with zinc and iron ions at their
joint presence in the solution.

Key words: extraction, extractants, hydrazides, alkylhydrazides, selective extraction of ions of copper, iron
and zinc, electron-donating substituents.

The successful application of extraction for the extraction of metals depends largely on the nature of the
reagents, so the development of high-performance organic extractants is an important scientific and practical
problem.

Earlier we investigated some alkylated derivatives of monoethanolamine vinyl ether as extractants [1]
and studied the effect of various factors on their extraction ability. Through a comparative analysis of the
extraction ability of reagents proposed, it was found that basicity and length of the hydrocarbon radical af-
fected the extraction capacity of the amines obtained.

It is known from the literature [2] that carboxylic acids hydrazides (CAH) exhibit complexing proper-
ties and are proposed for extraction of copper (1) in the presence of metal impurities.

However, hydrazides are compounds poorly compatible with organic solvents. They are insufficiently
resistant to hydrolysis and have a small capacity of the organic phase over copper. In our opinion, the intro-
duction of alkyl substituents would improve the extractive properties of the reagent obtained. Synthesis of
acetic acid dialkylhydrazides (AA DAH) [1] was carried out by reacting acetic acid hydrazide with twofold
molar amount of alkyl bromide under basic conditions (for binding HX). The starting reactant was obtained
by keeping the corresponding acid with hydrazine hydrate.

To evaluate the compounds synthesized as extractants there were studied their physico-chemical prop-
erties such as solubility in water, in the most important solvents and solutions of mineral acids, hydrolysis
resistance, as well as mass capacity. The experimental data showed that acetic acid dialkylhydrazides were
practically insoluble in water. Their solubility in 0.1 mol/L solution of hydrochloric acid and 1 mol/L solu-
tion of ammonia is negligible. Solubility in organic solvents increases from 0.1 mol/L to 3.8 mol/L with in-
creasing length of the radical from C,H;s to CsH,;, and then reduces for the reactants with a radical C¢H;3 and
C7H15.

To investigate the extraction ability of the acetic acid dialkylhydrazides synthesized solutions of cya-
nide complexes of gold and silver were used [3]. The solution was basified to pH 8-9. The organic phase
was 0.03 molal solution of AA DAH in a solvent consisting of 90 % of kerosene and 10 % of octanol. Ex-
traction was carried out with ratio of organic and aqueous phase 1:2.

The experimental results showed a linear dependence degree of extraction of metalloacids anions on
radical lengths. It was found that the extraction ability of the compounds increased with increasing concen-
tration of the latter. The best results were obtained by extraction with 0.32 mol/L solution of AA DAH.
There was a tendency for change in the total mass capacity of metal extractants depending on the number of
carbon atoms in the molecule. Since the mass capacity of the extractant is the main characteristic of any
extractant, it follows that the best extractant has the highest mass capacity. The results of the study of de-
pendence of mass capacity from the hydrocarbon chain length showed that the increase of the number of car-
bon atoms in the radical caused a reduction in mass capacity.

In this paper acetic acid diamylhydrazide was approved as an extracting agent for the extraction of cop-
per ions and the accompanying ions of iron and zinc. These ions are present universally in the solutions ob-
tained in the leaching of the poor feedstock, in solutions of dump and underground leaching, in sewage and
mine waters. Since the salt form of the extractant was used, its pre-treatment was carried out. Kerosene was
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used as an organic diluent. It has a low content of aromatics and is inert to the ions present in the extraction
conditions.

Standard solutions of Cu*’, Zn*" sulfates and Fe’" chloride with a mark «chemically pure» were pre-
pared for research. Temperature of the initial solution was 21 °C and pH 2.4. Extraction was carried out with
constant stirring and pH regulation for 30 minutes. 1 N solutions of NaOH and H,SO, were used as neutral-
izers. The temperature of the solution during the extraction was 21 + 3°C. Figure 1 shows the dependence of
the degree of extraction of the above metal ions at their joint presence on the pH value of the solution. Stud-
ies showed that selective extraction of copper was observed in the pH range 0.4—1.4. According to the results
partition coefficients of the copper-zinc and copper-iron were calculated, which were 33—653 and 98-1378,
respectively. Taking into account that the extractant AA DAH has a functional-active group it can be as-
sumed that the complexation with metal ions will occur by similar mechanisms.

120 g%
100 -
80 -
60 -
40 -
] e 4‘—::;1
0 ; . . \
0 0,5 1 1,5 2
——Fe(ll) —=—2Zn(ll) ——Cu(l) pH

Figure 1. The dependence of the degree of extraction of metals at their joint presence in solution

However, the degree of metal extraction data indicate a weak interaction of the reagent with zinc and
iron cations. The stability of the complex particles (ions, molecules) in the solution depends on the nature of
the central atom and ligands. The most important characteristics of the central atom that determine the stabil-
ity of the complex compounds are oxidation state (charge of the central ion in ionic complexes), the size and
electronic structure. Bonding strength of ligands and polyatomic ions depends on the nature of atoms,
through which the connection to the central atom is implemented and the charge characteristics of the mole-
cule (ion) of ligand. As the literature contains no data on the stability constants of complexes of Cu (II),
Zn (II), Fe (III) with AA DAH explanation of possibility of complex formation and sustainability can be
found based on the position of the principles of hard and soft acids and bases of F.Basolo and R.Pearson [4].

Based on the concept of hard and soft acids and bases the cations of metals (copper, zinc and iron), pos-
sessing electron donors properties and having free orbitals, are acids. AA DAH is a base. According to the
proposed classification of Lewis acids, copper cations are soft acids and zinc and iron cations are referred to
intermediate ones. It follows that AA DAH acts as a soft base. According to [5] soft bases include donor par-
ticles in which the donor atoms have low polarizability and high electronegativity. With regard to the for-
mation of complex compounds it is advisable to refer to the theory of M.I.Usanovich, whereby a cation,
which ionization potential is greater, will have most acidic function in the row. Due to the ionization poten-
tials metal cations can be placed in the next row (eV): Cu (20.29)> Zn (17.96)> Fe (16.18). Possibly, a strong
acid function of copper cations leads to an increase of the metal's ability to form more stable complexes with
the extractant. In this regard, an increase in the degree of extraction of copper ions from solutions is ob-
served.

Since the formation of stable complexes creates difficulties at the transition of metal from the organic
phase into water, in this paper the possibility of re-extraction solution of copper ions by sulfuric acid is in-
vestigated (Fig. 2).
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Figure 2. The curve of copper extraction from the organic phase by solutions of sulfuric acid

During the process the formation of emulsions was observed. At the sedimentation of the system sepa-
ration was very slow. According to the experimental data it was revealed that the introduction of an organic
salting out agent (CuSQ,) into the system led to a stabilization. The equilibrium was reached for 5 minutes.
Effect of a salting out agent typically is carried out through the common ion or by hydrolysis to form, for
example, hydrogen ion. At the allocation of non-electrolyte (c) the addition of an electrolyte causes often a
change in the distribution ratio in accordance with the rule of Sechenov:

*

mL’

lg =kx,,

m

c

where m_, — partition coefficient in the absence of salt; m: — partition coefficient in the presence of salt at

concentration X, ; k— constant, reflecting the effect of salt concentration.

Reducing & with increasing concentration in the mixture indicates an increase in desalting (dehydrating)
ability of CuSO,.

Thus, our studies indicate the prospects of the use of the extractant synthesized for the selective recov-
ery of copper from solutions of complex composition. Note that one of the important factors to ensure the
selectivity of the extractant is strict maintenance of a particular pH of aqueous solutions. Preferably the ex-
traction of copper ions, compared to zinc and iron ions at their joint presence in the solution, depends on of
the extractant and extraction processing conditions as well.
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C.0O.Kenxeraena, C.111.O0npIraasIMOBa

Kap0oH KbIIIKbUIBIHBIH AJTKHJITHAPAZUATEPI HeTi3iHAeri OpraHnKaIbIK
peareHTTepMeH MbIC HOHAAPBIH CeJIeKTUBTI IKCTPAKUMAIAYAbI 3epTTEy

Cipke KBIIIKBUIBIHBIH aJKWITHAPA3HATEPI MBIC HOHAAPBIHBIH SKCTPAreHTTEpi peTiHae 3epTreii. MBICTbI
tanFamzan 6esnin any pH 0,4-1,4 aymarpiHaa GaiikanaTelHbl TaOBUIABL. DKCTPAKLIUSIAY IBIH TEXHOIOTHSUIBIK
KaraaiinapeiHa OailyIaHbICTBl MBIC MOHJAPBIHBIH TEMIp KOHE MBIPbILI MOHIApbIHA KaparaHua OachIMIbLIay
Geutint anbIHYBI epiTiHzige oap Oip Me3rinae OonFaHaa XKYPETiHi aHBIKTAIIbL.

C.0O.Kenxeraena, C.111. AOnpIrammmoBa
HUccienoBanue CeJIEKTUBHOM IKCTPAKIMHA MOHOB MeAH OPraHNYeCKMMH PearecHTaMu

HA OCHOBE AJTKHJITHAPA3HI0B KAPOOHOBOH KHCIOTHI

Anxuiaruapasuibl YKCYCHOM KUCIIOTBI UCCIIEJOBaHBl B KaYeCTBE DKCTPAreHToB MOHOB Menu. Haiineno, uro
u30MpaTenpHOe U3BJICUCHUE Menu Habmomaercs B obmactu pH 0,4—1,4. YcraHOBIICHO, YTO, B 3aBUCHMOCTH
OT TEXHOJIOTUYECKHX YCJIOBUI 3KCTParupoBaHus, IPOUCXOAUT NMPEANOUYTUTEIbHOE U3BICUECHHE HOHOB MeIu
10 CPAaBHEHUIO C HOHAMU JKeJie3a U IIHKA IIPH UX COBMECTHOM IPUCYTCTBHH B PacTBOpE.
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Polyurethanes based on derivatives of bicyclic bisureas,
hexamethylenediisocyanate and adipic acid

The present work is devoted to the research of possibility of bicyclic bisureas fragments inclusion in polyure-
thane polymer structure and, as a consequence, improvement of mechanical properties of known polyurethane
polymers. The most convenient from stereometric point of view linear monomers such as adipic acid and
hexamethylenediisocyanate were chosen for interaction with bicyclic monomer, namely tetra-N-
methylolglycoluril. The optimal conditions of tetraol preparation were found and influence of various factors
on its efficiency was shown. Polyurethanes were synthesized by step-growth polymerization, molar masses of
polymers synthesized were determined, and some physical& mechanical properties were studied.

Key words: polyurethanes, bicyclic bisureas, tetra-N-methylolglycoluril, step-growth polymerization.

Introduction

In spite of impressive success achieved in the sphere of synthesis of polymers possessing specific prop-
erties searching of new ways of step-growth polymerization, identifying of macromolecular designing prin-
cipals, development of new prospective polymeric materials and deep researching its properties are still up-
to-date issues. Progress in the sphere of polyurethane technology is reflected in development of industrial (or
semi-industrial) production of plastics, fibres and films which are widely used in different fields of engineer-
ing and house holding in our country and abroad [1, 2].

At present time teachers of Chair of Organic Chemistry and Polymers of Buketov Karaganda State Uni-
versity deal with working out and studying of process of polymers obtaining on a basis of hydroxyl deriva-
tives of bicyclic bisureas and diisocyanates. It is connected with the variety of specific features exhibited by
such compounds.

Results and Discussion

Tetra-N-methylolglycoluril that we used as the monomer in synthesis of polyurethanes is referred to a
derivative of glycoluril which belongs to the class of bicyclic bisureas of octane raw.

Glycoluril and its derivatives are widely applied in different fields of industry: they are used in water
purifying, as flame retardants, in paper production, as intermediates for disinfectants synthesis, detergents, as
activators of bleachings, explosives, antioxidants, etc. [3]. Tetra-N-methylolglycoluril may be applied as the
crosslinking agent at obtaining of polyurethane resin. It is known [4] that N-hydroxymethylglycoluril is easi-
ly formed by interaction of glycoluril and formaldehyde in the alkaline medium. We carried out tetraol syn-
thesis by reaction of glycoluril with 40 % aqueous solution of formaldehyde (formalin) at temperature of
50°C in the presence of NaOH for indicating pH meaning equal to 9-10 and stirring during 2 hours. Tetra-N-
methylolglycoluril was obtained with high yield (73 %). Scheme of tetraol synthesis is following:

O )(L
HN)kNH HO—CH,—N N—CH,—OH
NaOH/ HzO
+4CH,0
pH=10-12
HNYNH HO—CHZ—NT N—CH,—OH
0 O
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For tetra-N-methylolglycoluril preparation in a crystalline form distillation of water under vacuum was
carried out. It should be mentioned that precise controlling of quantity of water distilled essentially influ-
ences on the yield of crystalline tetra-N-methylolglycoluril. Experimentally it was established that distillation
of 70 % mass of reactionary water is optimal value (Table).

Table
Dependence of the distilled water mass on the yield and physical state of tetra-N-methylolglycoluril

Water mass, % Distilled water mass, g Physical state of tetraol Yield of target product, %
50.6 24.0 Viscous mass 223
60.5 28.8 Viscous mass 34.6
70.1 33.6 White crystals 73.0
80.4 38.4 Amorphous solidified mass 61.2
(«caramel» mass)

According preliminary researches it is known that tetraol in crystalline state is more active than in oth-
ers, hence it can be used for the further transformations.

Besides it was established that for achievement of maximum possible high yields of target product it is
necessary to control precisely a temperature mode of both synthesis process and distilling of water. Optimal
temperature range is 50-55 °C.

As tetra-N-methylolglycoluril is the multifunctional compound containing free hydroxyl groups we as-
sume that this compound can be monomer for synthesis of polyurethanes. From a wide choice of
diisocyanates used in the industry for polyurethanes production the hexamethylenediisocyanate was chosen
as it has linear structure and, accordingly, the most favorable spatial configuration relatively to bicyclic
tetraol. It was experimentally established that an optimal method of polyaddition of tetra-N-methylol-
glycoluril and hexamethylenediisocyanate is a stepwise polymerization in a solution. A mixture of
chlorobenzene with o-dichlorobenzene was chosen as a solvent because, as it was mentioned above, namely
crystalline tetraol is more active reagent.

Interaction of tetra-N-methylolglycoluril with hexamethylenediisocyanate is presented at the following
scheme:

jk
HO—CH,— —CH,—
Ca. CHp CH, CH, Nal °
n + ~ ~ ~ /
> < LR e e T '
o
)(L
CH2 CH2—O—C—NH—(CH2)6—NH—C—04}>H
HO— CH, — N CH,—OH
o

Number average molar mass of prepared forpolymer is 1800. Molar mass determination was carried out
by a ebulliscopic method.
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According references [2, 5] it is known that molar mass of polyurethane prepolymer can be increased
when using chain extenders. Polyethers and polyesters are used as chain extenders in synthesis and manufac-
ture of polyurethanes.

Polyesters as extenders must have hydroxyl end group, therefore usually conditions for interaction of
excess of hydroxyl containing monomers in reaction with the dicarboxylic acid are created. Excess of polyol
is usually 5 to 20 mol. %.

Proceeding from availability of accessible reactants we carried out step-growth polymerization of
tetraol with adipic acid in melt having obtained polyester such as polytetra-N-methylolglycouryladipinate.
As a result of polyesterification reaction the mixture of oligomers was obtained. According well known
techniques [6] the acidic (2.5) and hydroxyl (31.1) numbers were calculated. Considering the hydroxyl num-
ber an average molar mass of polytetra-N- methylolglycoluryladipinate was calculated, it was equal to 2860.

The scheme of interaction of tetraol and dicarboxylic (adipic) acid is presented below:

(¢}

)k 0
OH-CH,— N—CH,-OH JL
@+ . CH, CH, OH __,
oH~ cH; CH; T
OH-CH,— TN—CHTOH 3
o)
0 0
)J\ ﬁ ﬁ )k
+CH2 —N —CHy—0—C (CHy),— C—O—]FCHz—N N—CH,-OH
>_< >_< +2n H20
OH-CH,— N N—CH,-OH OH-CH,—N_ _N—CH,-OH

T

We introduced this polyester into reaction with diisocyanate by a known technique [6] having obtained
polyesterurethane. Synthesis was carried out under vacuum at pressure of 10 mm of mercury column in order
to avoid foaming.

O

O O
O O
|

~[—CH2—N N—CHz—O—C—(CH2)4—ChO—CHZ—N N—CH,-OH

T T

O O

Y T M i i
~[—CH2—N\ /N—CHZ—O—C—(CH2)4—C*]TO‘[‘CHZ—N N—CHZ—O—C—NH—(CHZ)GNH—c—o~];,
T
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The polymer obtained is a solid waxlike product, poorly soluble in organic solvents, its molar mass is
equal to 4310. Molar mass was also determined by a ebulliscopic method. Shore hardness is 39 on D scale, it
was measured by means of portable durometer Metrotest TPS-TD2. The presence of various functional
groups such as urethane, polyesher, carbonyl, hydroxyl, methylene chains, frame fragments of bicyclic
bisurea derivative in composition of polyetherurethane synthezised assumes a complex of various physical
and chemical properties, researching of which will be continued.

Thus as a result of researches new polymers based on hydroxyl derivarive of glycoluril,
hexamethylenediisocyanate and adipic acid were synthesized, the molar masses of polymers obtained were
determined, some physical and chemical properties of polymers were studied.

Experimental part

Tetra-N-methylolglycoluril preparation

20 % Solution of sodium hydroxide was added to suspension 28.4 g (0.2 mole) of glycoluril and 80 g of
40 % solution of formaldehyde up to adjustment of pH equal to10—-12, then a reactionary mixture was held at
temperature of 50°C and stirred during 2 h. After that solvent was distilled and tetra-N-methylolglycoluril
was recrystallized.

T.=136.5°C, IR spectrum (KBr), v, sm™: 1682.51 (C=0), 3268.18 (OH); NMR 'H (DMSO-d6), 5, ppm:
5.47 (N-CH), 4.626-4.797 (N-CH2); NMR "*C (DMSO-d6), 5, ppm.: 65.736 (CH), 156.913 (C=0).

Prepolymer preparation

Dry three-necked flask of 1 liter volume provided with a stirrer, gas inlet tube and the reflux condenser
protected by a desiccating tube was filled with nitrogen and after that solution of 7.9 g (0.03 mole) purified
tetra-N-methylolglycoluril into 100 ml of a chlorobenzene and o-dichlorobenzene (4:1) mixture was loaded.
A gas inlet tube was replaced with a dropping funnel and a solution was heated up to boiling. Solution of 8.4
g (0.05 mole) of hexamethylenediisocyanate was added a in 50 ml of solvent by means of dropping funnel;
then a half of diisocyanate solution was quickly added at vigorous stirring, and the rest amount of
diisocyanate was added within 3—4 hours, then it was held for 1 hour at boiling temperature. At cooling the
solution to room temperature the precipitation of prepolymer was formed and solvent was decanted. Polymer
obtained was dissolved in 50 ml of hot DMFA and 50 ml of ethanol was added in still warm solution. Trans-
parent solution was left in the refrigerator for the night and polymer precipitated was separated by filtering
and was dried within 24 hours in vacuum desiccator at 0.1 mm of mercury column [6].

Synthesis of olygomeric polyester

Mixture of 0.033 mole (8.7 g) of tetraol and 0.03 mole (4.4) of adipic acid was loaded into a flask pro-
vided with reflux condenser, then it was heated on a sand bath until to melting of monomer. Then at stirring
the temperature of a reactionary mixture raised up to 160°C.Reaction was carried on with periodical select-
ing samples before achievement of acidic number of polyester approximately equal to 2. When reaction was
over a hot product was poured out in a porcelain glass.
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JILM.Cyrpanuna, 1U.E.Poxkosoii, JI.K.Canbkeesa,
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BI/IIII/IK.]'II[i OucMoueBHHA TYBIHAbUIAPbI, TCKCAMECTUJICHAUN3OUAHAT
ZK9HE AAUIINMH KbIINIKbIJIBIHBIH Heri3iHneri nmoJjmyperanjaap

Makana HonMypeTaHIbIK MOJIUMEpNIEPAiH KYpbUIbIChIHA OULMKILI OMCMOuYEBHMHANAPIBIH (parMeHTTepiH
€HTi3y MYMKIHJITIH 3epTTeyre »oHe HOTIDKECIHe OeNTil HMOJMypeTaHIBIK MOIMMEpIIepAiH MEXaHUKAJIBIK
KacHeTTepiH JKaKcapTyFa apHalfaH. BUIkini MoHoMep — TeTpa-N-MEeTWIOTIHKOYPHIMEH — CTepeo-
METPHSUIBIK TYPFBIIAQH OPEKETTECTipy VIIIH ©Te KONAIIBl CBHI3BIKTHIK MOHOMEpJIep TaHJalFaH: aIuIuH
KBIIIKBUIBI )KOHE FeKCaMeTHIICHMH30IUaHaT. TeTpaoibl CHHTE3ICYLiH OHTAMIbI JKaFAaiiaps! TaObLIbII, op
TYpJii (akropiap/blH OHBIH HIBIFBIMBIHA ocepi kepceriireH. CHHTE3AeNreH NONIUMEpPIIepIiH MOJICKYIAIbIK
Maccaapbl aHbIKTaJIbIN, (PU3MKA-MEXaHUKAIIBIK KaCHEeTTEpi 3epTTeNi, COHlali-aK NOJIMypeTaHIap HOJUKOH-
JIeHCaLlUs PeaKIUACH! APKbUIbI CHHTE3ACII.

JILM.Cyrpanuna, 1U.E.Poxkosoii, JI.K.Canbkeesa,
E K.Taitmu6ekoBa, A.B.OmareBa

HOJII/lypeTaHLI Ha OCHOBE€ MPOU3BOAHBIX 6I/IIII/IKJ'II/I‘IGCKI/IX 6HCMO‘I€BHH,
rekCaMeTnJiCHAnn3onuaHnara u aI[l/IHI/IHOBOﬁ KHCJI0TBI

CraThsl TMOCBSILEHA HCCIENIO0BAHUIO BO3MOXHOCTH BKIIOYEHHS B CTPYKTYPY IOJHMYPETaHOBOTO IIOJMMEpA
(parMeHTOB OMIMKIMYECKHX OMCMOYEBUH U, KaK CIECCTBUE, YJIYYIICHUIO MEXaHUYECKHX CBOMCTB M3BECT-
HBIX TOJWYPETaHOBBIX ITOJMMEpOB. I B3aMMOIEHCTBUS C OMIMKIMYECKMM MOHOMEpOM — TeTpa-N-
METWJIONTIIMKOYPHIIOM — OBUIM BEIOpaHBI HauOoJiee yHOOHBIE CO CTEPEOMETPHUYECKOH TOUKH 3PSHUS JIH-
HeWHbIe MOHOMEPHI: aJUIIIHOBAsI KUCIIOTAa M TeKCaMETHICHANN30ManaT. Taike ObUIN HaleHbI ONTHMAb-
HBIC YCIIOBHS CHHTE3a TETpaoja M IO0Ka3aHO BIWSHUE Pa3iIMYHBIX (akTopoB Ha ero Beixoj. [lommyperanst
OBbIIM CHHTE3UPOBAHBI PEAKIMEN MONUKOHASHCALUH, ONPEEIeHbl MONEKYIIPHBIE MACChl CHHTE3UPOBAHHBIX
TIOJIUMEPOB U U3Y4EHBI UX PU3UKO-MEXaHUIECKHE CBOMCTBA.
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Constants and parameters of radical copolymerization
of polyethylene glycol maleate with acrylamide at high conversion degree

Radical copolymerization of polyethylene glycol maleate with acrylamide was performed for the first time.
Molar mass of polyethylene glycol maleate was determined using light scattering and gel permeation chro-
matography. The composition of the copolymers was found using gas chromatography. The kinetics of co-
polymerization reaction studied and copolymerization constants were calculated. Kinetic curves show that
with increasing molar fraction of acrylamide in the solution the reaction rate and swelling capacity of the co-
polymers increase.

Key words: unsaturated polyesters, copolymerization, kinetic data.

Introduction

Extensive development of fundamental investigations in the field of radical copolymerization which al-
lows to control the properties, structure and molecular mass of the polymers, and process rate opens new op-
portunities and new ways of obtaining the polymers with given properties. Considerable interest attracts the
products on the basis of unsaturated polyester resins hardened with vinyl monomers which have specific
physicochemical and physicomechanical properties [1-3]. The ability of copolymerization of polyester resins
with vinyl monomers, in particular with styrene found only a quarter-century ago [4]. Owing to the charac-
teristics described the manufacture of home decoration materials and the goods for constructional purposes
made on the basis of the copolymers of polyesters with styrene is extensively developing at present time.
However the literature search and patent analysis show the lack of data on the synthesis and investigation of
physicochemical properties of hydrogels of polyethylene glycol maleate with other comonomers. Selection
of optimal recipes of synthesizing the copolymers on the basis of polyethylene glycol maleate will allow to
go for comprehensive studies of the properties of hydrogels and searching the fields of their practical appli-
cation.

There are data on copolymerization of unsaturated polyester resins with acrylates in literature [5-7],
however there is no information on similar reactions of unsaturated carboxylic acids with acrylamides.

In this regard the reactions of radical copolymerization of polyethylene glycol maleate with acrylamide
in the solution were investigated in this work.

Experimental part

Polyethylene glycol maleate (p-EGM) was obtained by the reaction of polycondensation of maleic an-
hydride with ethylene glycol at 393—403 K [8].

0
H,C—OH I
N (R I Hzé_OH—’ HO—C—CH=CH—C—O0—CH,~CH,-OH —
0
) 0
— ww—Pg—CH=(:H—g—o—cHz—CHz—o4mw + H,0

n
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The process was controlled by determining acidic number and by the volume of water eliminated.
Yield= 98.6 %, T = 375 K. Product was identified due to IR-specters, where present lines of absorption
(—C=C-) in regions 1675-1765 cm™', fluctuation with ethereal bond C—-O—C— at 1162 c¢m', fluctuation (C—O)
group is 1170 cm’™.

Molar mass of p-EGM determined using light scattering method on nephelometer 2100 AN (NACH)
and using gel permeation chromatography on Agilent 1260 Infinity which was equal to 2350 a.m.u. As a sol-
vent tetrahydrophuran was used.

Radical copolymerization of p-EGM with acrylamide (AA) was carried out in solution at the ratio of
monomers with the solvent 1:1.5 (on mass) at various initial molar ratios of the comonomers in the presence
of dinitrile of azo-bis-isobutyric acid (AIBN) as an initiator at a temperature of 333 K.

Synthesized polymers were washed with dioxane for purifying from unreacted monomer residues.

The composition of the copolymers obtained was determined potentiometrically [9] and according to
the residual amount of the monomers gas chromatography was used [10].

There was used gaseous chromatograph Agilent 7890A by mass-selective detector Agilent 5975C to es-
tablish copolymer’s structure. Obtained copolymers were washed by dioxane (25 ml) by mixing intensively
and periodically during 1-1.5 hours. Uterine solution was filtered and entered into gas analyzing column.

Analysis was carried out in the following conditions:

— Length of the column — 21 m;

— Diameter of the column — 0.25 mm;

— Temperature of evaporator — 250 °C;

— Temperature of thermostat 60—-300 °C;

— Carrier gas — helium;

— Consumption of the carrier gas — 1 ml/min;

— Volume of the probe — 0.2 mkl.

Processing of results is produced automatically by the program GS-MSD Data Analysis.

Equilibrium swelling degree of the polymers was measured gravimetrically. The amount of liquid ab-
sorbed was determined on mass of swollen sample. Swelling degree of the gel o was calculated as a relation
of the mass of swollen hydrogel at a equilibrium swelling point to its mass at dry state:

m-—mo

o= -100% .

Mo

Results and discussion

The presence of unsaturated double bonds in the molecules of p-EGM allows to use it as a matrix for
obtaining network copolymers when polymerizing with highly reactive acrylamide. In this regard the attempt
to obtain such polymers by the reaction of p-EGM with AA was made by our group:

o 0]
| |
M’V\—PC—CHZCH—C—O—CHZ—CHZ—O + mCH,=CHCONH, —>

n

s
— mmw—{— ——O%-?H—{F—O——CHf%Hb—O—%mNV

CH, n

CHCONH, / m

Data on copolymerization of p-EGM with AA are given in Table 1.

24 BecTHuk KaparaHgmHckoro yHusepcurteTa



Constants and parameters ...

Table 1
Dependence of composition of the copolymers on the composition of initial mixture
when copolymerizing p-EGM (M,) with AA (M), AIBN [I]=8 mol/m’ , T=333 K
Initial monomer ratios, mol.% of the So(;)lf)l{);nsllet;s),nmol.% o % Yield, % Maleatg
M, M, . s groups, %
9.99 90.01 8.21 91.79 166.2 48.7 59.8
24.99 75.01 22.13 77.87 154.0 42.4 61.7
50.04 49.96 48.82 51.18 133.1 37.9 63.2
75.06 24.94 73.64 26.36 129.5 31.5 69.4
90.16 9.84 88.33 11.67 104.3 28.7 71.5

Table 1 shows obtained copolymers are enriched with the segments of AA at any ratio of the initial
mixture. The yield of the copolymer and swelling degree increases with increasing the concentration of AA
in initial mixture which is most probably due to rather high degree of branching and crosslinking. However it
is necessary to note that swelling ability of synthesized copolymers is lower in comparison with the ones ob-
tained before at mass ratio [11, 12].

The dependence of the composition of the copolymer on the composition of initial mixture is more
clearly demonstrated on composition diagram (Fig. 1).

Using integrated equation of Mayo-Lewis on the basis of the data on composition of the copolymers
and initial mixture relative activities of the monomers have been calculated.

From given data (Table 2) it can be said that the meaning of relative activity 7 in the system p-EGM-
AA is lower than 1, which justifies that the macroradical ending with the segment of p-EGM shows higher
activity to «other» monomer or radical, whereas the macroradical ending to the chain of the second monomer
(AA) reacts much easier with «its» monomer or radical.
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Figure 1. Diagram of dependence of composition of the copolymers of p-EGM-AA
on the composition of the initial monomer feed

Table 2
Constants and copolymerization parameters
M1 M2 r r ry'r 1/r1 1/7”2
[1-0I'M AA 0.69 1.22 0.84 1.45 0.82

As it is known the meanings of copolymerization constants are the main characteristics when consider-
ing the question of relative reactivity of the monomers in dependence on their structure. However more de-
tailed information about relative reactivity of the monomers when copolymerizing can be obtained on the
basis of kinetic data.

Cepusa «Xumuns». Ne 2(82)/2016 25



G.K.Burkeyeva, A.M.Van Herk et al.

Figure 2 shows the increase of molar fraction of AA in the solution leads to the increase of total rate of
copolymerization which correlates well with data on swelling of final products.

P, %
' A

aa

(=]

10 2

th

1 —28.21:91.79 mol.%; 2 — 22.13:77.87 mol.%; 3 — 48.82:51.18 mol.%;
4—73.64:26.36 mol.%; 5 — 88.33:11.67 mol.%

Figure 2. Kinetic curve of the dependence of copolymerization of p-EGM-AA

Conclusion

So a brief review of the material given in this article shows that as a result of copolymerization of poly-
ethylene glycol maleate with acrylamide novel polymers of network structure were obtained. The kinetic da-
ta show that the copolymerization rate, yield, the degree of swelling of the final products increased with in-
creasing molar content of acrylamide in the initial monomer feed.
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YKorapbl aliHaxy qapeskecinaeri moJM3 THIEHTJIHKOJIbMAJIEMHATTHIH
AKpPUJIAMHUINIEH PAAUKAJABI COMOJIMMEPJIeHYTiH
KOHCTAHTAJapbl MeH MapaMeTpJiepi

AIFami peT NoJIMITUICHITIHKOIbMAJICHHATTHIH aKPUIAMHATICH PaIUKaJIIbl COIOIMMEPU3ansIChl aHBIKTaIIIbL.
XKappIK ImambIpaTy SKOHE TeNb-CIHIpYII XpomaTorpadus oIiciMeH ITOJMITHICHIVIMKOIEMAICHHATTHIH
MOJIEKyJIaJbIK Maccackl 3eprrenyi. ComonmMmepiepliH KypaMmbl Ta3mblk Xpomarorpadus omici apKbUIBI
Oesrinienii. KHMHETHKaNbIK KHCBHIK LICIIYAE AKPWIAMHI MOJIBJIK YJIECIH >KOFapbulaTca, peaKLHsHbIH
JKBUIIAMIbIFBIHBIH )KOHE COMIOJIMMEpJIIep iCiHy KabijeTiH apTThIpaThIHBIH KOpyre 00Iabl.

I'.K.bypkeeBa, A.M. Ban Xepk, E.M.Tax6aes, M.)XK.bypkees, T.C. Kymaranuesa

KoHncTanTsl 1 napaMeTpbl pauKaabHON CONOJIUMEPU3ANNHU
NOJTMATWIEHIJIMKOJbMAJIeHHATA ¢ AKPUJIAMHIOM
NPHU BBICOKHX CTENEHAX MPeBPAllleHUs

BriepBeie OCYIIECTBICHA PaaMKalbHas COMONMMEPH3ALHS MOIMITHICHIIIMKOIbMATICHHATA C AKPUIAMHIOM.
MeTomoM cBETOpacCesHUS U Tellb-IIPOHUKAIONICH XpoMaTorpaduu onpeaeieHa MOJIeKyspHas Macca IIOJH-
STHJICHIIHKOIbManenHara. C mpUMEeHEHHEM Ta30BOM XpoMaTorpaduu OIPEAesIeH COCTaB COMOIMMepoB. Pac-
CUYMTAHBI KOHCTAHTBHI M UCCICAOBaHA KMHETUKA PEAKIMHU COMONMMepu3ariy. KuHeTnueckue KpUBbIe MOKa3bl-
BAIOT, YTO C ITOBBILICHHEM MOJIBHOM JIOJIM aKpUJIaMH/Ia B PACTBOPE YBEIMYHBAIOTCS CKOPOCTh PEaKIUH U Ha-
OyxaroImast CHOCOOHOCTB COIIOJIIMEPOB.
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Synthetic polyfunctional ionites

It is presented the results of reaction of a nucleophilic replacement of the chlorine humic acids with various
nucleophiles. It is shown that reactions proceed on aliphatically bound atom of chlorine and lead to formation
of functional derivative coals of molar structure 1:1-2 (HU:Nu). It is established that 60—70 % bound coal
chlorine participate in reaction with nucleophiles. Depending on conditions of reaction and the applied rea-
gents on nucleophilic groups 30—50 % of chlorine are replaced.

Key words: humic acids, polyampholytes, complexing agents, extractants, amino products.

In literature the processes of chlorination of coals and humic acids, an interaction of these compounds
with amines and other nucleophiles, research of a structure and their properties are little studied and there are
necessary more in-depth studies in this area. The modified coals received on the basis of chlorination are
perspective as cationic and polyampholytic complexing agents and extractants for waste water treatment, as a
polymeric basis for lacquer coats [1, 2].

The synthesized chlorine humic acids (ChHA) belong to the class of haloaryl and the reactions of
nucleophilic replacement Sy2 are characterized to them. We investigated the interaction of the chlorinated
humic acids with aliphatic (di) amines for the purpose of strengthening their ion-exchange and the
complexing properties [3, 4]. Reactions of this type are widely used in synthesis of multifunctional anionite
and polyampholytes.

It is investigated the interaction of ChHA with monoethanol amine (EA), diethyl amine (DEA) and eth-
ylene diamine (EDA) in the environment of organic solvents. As solvents there were used
dimethylformamide (DMFA) and methylethylketone (MEK). For experiences it is taken chlorine humic ac-
ids received by electrochemical chlorination of Maykuben brown coals (ChHA;) and humic acids from the
Shubarkol oxidized coals (ChHA,). Some characteristics are provided in Table 1.

Table 1
Characteristics of the initial chlorine humic acids
Coal Chlorine humic acid | W,, % Ay % ZCOOH+OH, The amount of
mg-eq/g chlorine, %
Maykuben brown coal ChHA, 4.30 2,05 3,46 23,8
Shubarkol oxidized coal ChHA, 5,94 10,09 5,71 18,4
Experimental part

The chlorinated humic acids (ChHA) were received by the technique described in [4]. Synthesis of the
aminochlorine-derived humic acids was carried out at a ratio of the initial reagents ChHA:amine = 1:1 (mol),
ChHA:solvent=1:1-10 (mass), temperature 70—80 °C with in 2—4 hours at an intensive hashing. Reaction
proceeds with an exothermic effect. On the course of reaction it is dropped out the sediment of the amino
product which was washed out water and dried at low temperatures. When carrying out reaction in DMFA
there are formed the soluble products. From reactionary solutions in vacuum DMFA was driven away and
residual products of amino derivatives were washed out water and dried.

The formed for condensates of aminoproducts for the purpose of deepening of reaction of chlorine at-
oms replacement with amino groups and polycondensation on these groups, and also for decrease in solubili-
ty, were subjected to curing in vacuum at a temperature 80—120 °C within 4—7 hours (the 2" stage). It is
judged about the course of reaction according to the content of chlorine, nitrogen and the sum of acidic
groups in the amino chlorine-derived of HA. Data of the made experiments are presented in Tables 2—4.
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Table 2
The interaction of chlorine humic acids with amines (1 stage)
Ne of expe- ' Solvent, composition of The gont'ent of chlo-| The amount o’f the The cgntent of chlo-
rience Amine solutio;1 volume parts rine in AHA chlorine which rine in AHA after
’ (1 stage), % reacted, % a curing, %
1 MEA MEK, 1:7 8,35 64,9 5,29
2 DEA MEK, 1:7 7,96 66,6 Indefined
4 EDA MEK, 1:1 10,48 56,0 3,03
5 EDA MEK,1:2+NaOH 13,12 449 7,93
6 EDA MEK, 1:10 7,97 66,5 5,93
3 EDA DMFA 10,74 54,9 5.12
7 EDA-F,1:8 MEK+NaOH +water 8,03 66,3 6,05
8 EDA MEK, 1:10 7,12 70,1 5,31

Note. 1-7 experiences for ChHA; with chlorine 23,8 %, the gth experience — for ChHA, with chlorine 18,4 %.

The results and discussion

Presence at the structure of ChHA of chlorine bound with aromatic and aliphatic carbon, defines feature
of the reaction course of ChHA with various nucleophiles.

Apparently from Table 2, the content of chlorine in products decreases from 23,8 % (or 18,4 %) to
7-13 % depending on the nature and concentration of amine and solvent. It is established that at the first
stage 45-70 % of the bound with HA chlorine participate in interaction with nucleophiles, at the vacuumized
heat treatment extent of participation of chlorine increases to 66—78 %. From this the amount of chlorine,
judging by the content of residual chlorine and nitrogen, 35-70 % of atoms of chlorine are replaced on
nucleophilic groups, other quantity is chipped off in the form of chloride hydrogen or it is removed in the
form of salt with residual amine during cleaning of a product.

It is assumed that amines interact with the chlorine bound both with an aliphatic and aromatic link of
humic acid if there are carboxyl group in orto- and/or para- provisions to atom of chlorine. Process of
amination proceeds according to the following scheme (1):

R-CH,CI

R-CH,NHR'
_~_COOH
hum| | + R'-NH, —»
N I -2HClI

~~_COOH
hum| |
x
FoRa

Amination process of the chlorine humic acids depends on the amine nature (Table 2) a little. There is
the dependence of the content of residual chlorine on concentration of initial amine in reactionary mix. In
case of use as the DMFA solvent at a ratio amine:solvent = 1:1, solvent remains as a part of a for condensate
and it is removed from the product in the course of the curing.

Process of amination of ChHA depends on nature of the solvent. The maximum attached quantity of ni-
trogen in compounds is received in DMFA. In the preparative plan ot is preferable MEK as the final product
is allocated easily from the reactionary mix with filtering. The content of sour groups in the aminated sam-
ples is lower than in the initial ChHA that is caused by formation of the ammonium salts on carboxyl groups
of ChHA.

The content of nitrogen in the amine chlorine humic acids (AChHA) is 2,3-5,6 % (Table 3) that corre-
sponds to entry into HA 4,5-12 % of amine depending on the amine nature and conditions of carrying out of
the replacement reaction.

The received aminederivants after a thermocuring represent black-brown powders partially soluble in
alkalis and insoluble in organic solvents.

(M

Cl C

Cepusa «Xumuns». Ne 2(82)/2016 29



Zh.B.Rakhimberlinova, S.K.Kabiyeva et al.

Table 3
The characteristic of aminochlorinederivants of HA after a curing (2 stage)
Ne of . ~COOH+OH, The content Solubility

experience Yield, % mg-eqv/g N, % of amine, % MEK DMFA NaOH H,0
1 82,1 3,71 3,3 7,4 Insol. Slightly sol. | Slightly sol. | Slightly sol.

2 84,5 3,93 23 11,9 Insol. Insol. Slightly sol. Insol.

3 80,0 2,10 5,6 12,0 Insol. Sol. Slightly sol. Insol.
4 86,7 4,20 2,3 4,9 Insol. Insol. Slightly sol. | Slightly sol.

5 81,2 3,50 4.2 9,1 Insol. Insol. Slightly sol. Insol.

6 80,3 2,02 4.5 4.5 Insol. Insol. Sol. Insol.

7 79,1 1,76 4.8 - Sol. Insol. Slightly sol. Insol.

8 87,8 2,94 3,8 8,2 Insol. Slightly sol. Sol. Insol.

Note. 1-7 experiences — for ChHA, the 8™ experience — for ChHA,. ZECOOH+OH =5,71 mg-eqv/g.

On the basis of data of the element and functional analysis it is counted a content of aminoderivants of
the chlorine humic acids (Table 4).

Table 4
The content of aminoderivants of the chlorine humic acids

No Amine Solvent, The content of the initial mixture, % The content of amin-HA, %

- the solvent content Amine Chlorine HA Amine Chlorine HA
1 MEA MEK, 1:7 13,2 20,7 66,1 7.4 5,3 87,3
2 DEA MEK, 1:7 15,5 20,1 64,4 11,9 Indefined
4 EDA MEK, 1:1 13,0 20,7 66,3 49 3,0 92,1
5 EDA MEK, 1:2+NaOH 13,0 20,7 66,3 9,1 7,9 83,0
6 EDA MEK, 1:10 13,0 20,7 66,3 4.5 5,9 89,6
3 EDA DMFA 13,0 20,7 66,3 11,9 5,1 83,0
7 EDA-F,1:8 | MEK+NaOH +water 13,0 18,1 76,2 Indefined 6,1

8 EDA MEK, 1:10 13,0 20,7 66,3 8,2 5,3 86,5

Note. 1-7 experiences — for ChHA with chlorine 23,8 %, the gt experience — for ChHA, with chlorine 18,4 %.

In IR-ranges of the cured samples it is not fixed absorption strips of chlorine hydrocarbon (780—
550 cm™). There are absorption strips, characteristic for stretching vibrations of aromatic amines (1250—1360
and 1650 cm™) and aliphatic compounds (1020-1220 cm™). Associates of the amino groups bound hydrogen
bounds are shown in the field of 3500 cm™ and above.

Thus, new aminochlorinehumic acids represent gel multifunctional compounds with a set of groups, dif-
ferent in the nature: chlorine, amino group, carboxyl, phenolic and other acid groups. At heat treatment of the
aminochlorinechumic acids it is occurred polycondensation on chlorine- and amino groups, which leads to
increase of molecular weight (mass). When applying plenty of high temperatures and excerpts (150 °C,
2 hours) it is occured cross-linking and formation of gel insoluble structures. It is defined optimum parame-
ters of the amination reaction of the chlorine humic acids (ChHA) by ethylene diamine (EDA) in the envi-
ronment of DMFA.

The reaction of amination was carried out at a variation of three factors: temperatures (x;), concentra-
tion of EDA in solvent (x,) and synthesis duration (x;). Conditions of the reaction of amination are given in
Table 5.

The reaction proceeds with exothermic effect, on the course of reaction it is dropped out a sediment of
an aminoproduct. Reactionary mix after the end of the synthesis was diluted with water, the sediment was
filtered, washed out water and dried in a vacuum drying cabinet at 60 °C. Control of reaction was carried out
on the attached amine and on residual chlorine.

Amines interact with bound both with an aliphatic and aromatic link of humic acid if there is
electroacceptor group in orto- and/or para- provisions to atom of chlorine, and also it is possible formation of
quarternary ammonium salts on carboxyl group which are easily hydrolyzed in water.
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Table 5
Amination of the chlorine humic acids

Ne o X3, . Cl, % Cl, mg-eq/ N, 2COOH+OH,
o/e X, °C 2 hour Yield, g (res.) (reagct.;l ¢ mg-eq/g mg-eq/g

1 40 2.5 10,8 3,3 3,0 4.4

2 50 1:2 4 3,0 13,2 2.5 3.4 3,0

3 60 ’ 3,1 10,6 3,4 3,3 4.2

4 80 2,9 10,5 3,4 3,2 4.4

5 1:1 2,4 14,9 2,14 4,0 5,0

6 1:1 2,7 15,3 2,00 2,6 4,1

7 1:2 4 3,1 10,6 3,40 3,3 3,8

8 1:5 1,7 10,7 3,40 2,9 3,9

9 60 1:5 2,1 10,5 3,38 2,8 3,9

10 1: 8 3,2 13,5 2,50 2,8 3,3

11 2 1,9 8,4 3,97 3,2 4.4

12 1:2 2 3,2 12,6 2,80 2.8 3,8

13 ’ 4 2,6 10,5 3,38 3,5 4,6

14 5 2,6 8,5 3,9 3,3 43

Experimental data show that it isn't observed considerable differences according to the content of the at-
tached nitrogen in the range of the varied values, therefore further amination reaction of the chlorine humic
substances is carried out at a temperature 60 °C, ratios of the initial amine to DMFA 1:2, synthesis duration
is 4 hour. The sum of sour groups in amination reaction decreases slightly.

It was investigated reactions of a hydroxyl methylation of aminochlorinehumic acids. Polycondensation
was carried out in two stages. At the first stage it was received aminochlorinehumic acid, through interaction
of ChHAwith ethylene diamine in DMFA or MEK solution.

It is supposed that the reaction proceeds according to the following scheme (2):

R-CH,-HN-C,H,-NH
R-CH,Cl CHHN-GH,-NH,

_~.COOH _~_COOH
@ | +H,N-C,H,-NH, %a |
N -2HCI N
Q | ‘Q N-C,H,-NH, )
C

Then the received AChHA was processed with formaldehyde, as a result it is received aminomethylol-
derivant (AChHA-F) which is condensed at pH, equal 3—4 in the presence of 2 % oxalic acid within
40 minutes before receiving viscous condensation solution. Some indicators of the received polymer are giv-
en in Table 6.

Cl

Table 6
Polycondensates of ChHA with ethylene diamine and formaldehyde
+ 2
Solvent Yield, % | Chlorine, % | Nitrogen, % COOH+OH, m, dl/g COE Na, COE Cu”,
mg-eqv/g mg-eqv/g mg-eqv/g
DMFA 60 13,2 3,40 2.5 0,11 4,18 2,9
MEK 72 12,3 8,27 3,6 0,09

Then mix was subjected to vacuum condensation for removal of excessive water. Mix was cured within
2 hours at 150 °C. Curing occurs onmethylol and amino groups.

For introduction of sulfonate group to methylol chlorine humic acids and ChHA it is carried out their
interaction with sodium sulfite on Shtrekker's reaction (Table 7).
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Table 7
Synthesis of the sulphoderivants from ChHA and AChHA-F

Solvent Yield, % Chlorine, % Sulfur, % COOH+OH, COE Cu*' | COE Na'
mg-eqv/g
DMFA 50-60 34 2,15-3,0 2,8-3,3 1,2-2,9 2,7-5,5

The received sulphomethylol chlorine humates and humates are insoluble in DMFA and in aqueous-
alcoholic solution. The functional contentof the received derivants is defined.

An introduction reaction of sulfonate group to chlorine derivants of HA occurs according to the
scheme (3):

R-CH,-SO;Na

~.~.-COOH ~.COOH
hum :ji + Na,SO4 »  hum |
cl i -NaCl X ©)

Cl

Thus, in the article it is shown an ability of the chlorine humic acids to reactions of nucleophilic re-
placement of chlorine atoms to amino groups. Optimum conditions of the reaction and the products charac-
teristic are defined.
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K.b.Paxumbepnunosa, C.K.Kabuesa, A.T.TakubaeBa, A.T.KeznukbaeBa, Xunraii Cy

CI/IHTeTI/IKaJIblK HOJIH(I)YHKHHOH&J’I}.ILI HOHUTTEP

Maxkanaza XJIOPryMUHAI KbIIKBUIAAPABIH Op TYpJi HYKJICOQUIIEPMEH OpEeKeTTeCy peaKUUsIapbIHbIH
HOTIDKeTIepl KenTipinren. Peakimsuiap xmopasiH anudartel OaiiaHbickaH atomuaapbl OOMBIHINA SKYPiIl,
kypambl 1:1-2 (XVY:Nu) Monpaik Kypamibl KOMIp TYbIHABUIAPBIHBIH TY31IyiHE allblll KEeJICTiHI aHBIKTANbL.
Hyxneopunni peakiusuiap kesinzpe kemipMmeH 60—70 % OaillaHbICKaH XJIOp KAThICATBIHBI aHBIKTAJFaH.
PeakuusiHplH Kypy JKaFmaiiblHa SKOHE KOJIIAHBUIATBIH peareHTTepre Oainanbictel 30-50 %  xiop
HyKJIeo(WIAl TONTapFa aybICabl.

K.b.Paxumbepnunona, C.K.Kabuesa, A.T.TakubaeBa, A.T.Ke3aukOaeBa, Xunraii Cy

CuHTreTn4ecKue HOJIH(i)yHKIII/IOHaJ'IbeIe HOHHUTBI

B crarse npencTaBieHs! pe3yabTaThl peakuy HyKJICO(MHIHHOTO 3aMEIIeHNs XJIOPIyMHUHOBEIX KUCIIOT C pa3-
JIMYHBIMH HyKJeoduaamu. [IokasaHo, 4TO peakluy MPOTEKAIOT 110 amu(aTHIECKH CBA3aHHBIM aToMaM XJopa
U OPUBOIAT K 00pa30BaHUIO (YHKIMOHAIBHBIX NMPOU3BOIHBIX yried MojbHOro cocrasa 1:1-2 (XV:Nu).
VYcraHoBIeHO, 4TO B peakuumu ¢ Hykiaeopuiaamu yuactByer 60-70 % CBsI3aHHOrO € yIjIeM XJopa.
B 3aBucumMoCTH OT yCI0OBHIl peakIMU U IPHUMEHSAEMbIX PEareHTOB Ha HyKJIEO(QUIbHBIE TPYIIIbI 3aMEIAI0TCs
30-50 % xuopa.
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YcoBepiieHCTBOBAHHASI METOAHKA CIEKTPO(POTOMETPUUECKOTO
onpeejieHusi KOOAIbTAa B MeIHBIX KOHIIEHTPATAX

T'OCT 32221-2013 pernamenTupyeT (OTOMETpHYECKHII M aTOMHO-aOCOPOLMOHHBIN METOIBI ONPENEICHHUS
comepxaHus KobabTa B pacTBOPax, MOJYIEHHBIX ITOCIE KUCIOTHOTO PACTBOPEHHS MEJHBIX KOHIIEHTPATOB B
OTKpBITON cucteMe. C LeNbl0 MOBBIIEHHUS 3KCIIPECCHOCTU METOJAUKHM M BOCIHPOHM3BOAMMOCTH PE3yJIbTATOB
aHanmM3a [enecoodpa3Ho MPOBOAUTE PACTBOPEHHE P00 B 3aKPHITON CHCTEMe O AeiCTBHEM yIbTpa3Byka. B
CTaThe MpET0KEeHa yCOBEPIIECHCTBOBAHHAS METOJMKA CIEKTPO(OTOMETPUUECKOTO OMpPENETIeHHs CoIepiKa-
HHS KoOallbTa B pacTBOpax, MOMYYEHHBIX 11OCTIE PA3TI0KEHUS] MEHBIX KOHIIEHTPATOB CIIOCOOOM KHCIOTHOTO
pacTBOpPEHMs B 3aKpBITOM CHCTEME NOJ JAEHCTBHEM YIbTpa3ByKa. JlMama3oH ONpeneNsieMblX COJEp)KaHUH
a"anuta cocrtasiuser 0,0010-0,200 % wmacc. ITokazaTenn MoBTOPSIEMOCTH U BOCIIPOU3BOJMMOCTH HE TPEBBI-
AT 1,65'10’3 % Macc., 1nokasarelpb MpaBUJIbHOCTH — 1,43-10’3 % wmacc. TouHocTh mpeanaraeMoil Mero-
nuku cocrasisger 0,0003-0,0075 % macc. B 3alaHHOM KOHIIEHTPALIMOHHOM JIMana3oHe.

Knioueswvie cnosa: MEIHBIC KOHICHTPATHI, KO68.III)T, KHCJIOTHOE€ PAaCTBOPCHUEC, YJIIBTPA3BYKOBOC B03HeﬁCTBHe,
TOYHOCTHBIC XapaKTCPUCTUKU.

ConepxaHre B MEIHBIX KOHIICHTpATaX CYJIb(QHIOB MEIH, HUKEIS, jKele3a U KodalbTa OKa3blBaeT 3Ha-
YUTEIHHOE BJIMSHUE HA CKOPOCTh W XapaKTep IMpollecca BHIIMEIAYUBAHUS PACTBOPOB, MOJYYCHHBIX MOCIC
nepepaboTKU UCXOMHOTO CYNIb(puIHOTO ChIphs [1]. [l03TOMY KOHTPOJIbH COACPKAHUS TPUMECHBIX JIEMEHTOB,
B ToM uymciie kobanbTa (II), B METaIUTyprudecKoM CHIPhE SBIIACTCS BAXKHON TEXHOJIOTHYCCKOM 3amadei, pe-
[1aeMOi B COOTBETCTBUHU C TPEOOBAHUSIMH HOPMAaTHUBHBIX JOKYMEHTOB. COTJIACHO JUTEPATYPHBIM JaHHBIM,
conepxkanue kobanbra (II), B 3aBUCMMOCTH OT O0BEKTAa aHAIM3a U KOHIICHTPAIUK aHAIIUTA, OMPEICIISIOT
Pa3IUYHBIMA METOJaMU: TPABUMETPUICCKUM, TUTPUMETPHUECKUM, (POTOMETPUICCKUM, MTOTCHIIMOMETPHYE-
CKHM, aTOMHO-a0copOmoHHbIM U T.1. [2—4]. JetictByromuii Ha Tepputopun CHI ¢ 1 saBaps 2015 r. craH-
napt I'OCT 32221-2013 [4] pernameHTHpYeT (OTOMETPUUECKUN U aTOMHO-a0COPOLIMOHHBIH METOBI OTIpe-
neneHust coaepykanus kobanpta (II) B MeqHBIX KOHIIeHTpaTax (Tadn. 1) B aumanazone koHueHTparmii 0,001—
0,200 % macc.

OrnrcaHHbIe B padoTe [4] METOOUKH PETTIAMEHTUPYIOT IIPEIBAPUTEIHHOE PACTBOPCHHUE TIPOOBI METHOTO
koHneHTpata B cmecsix NaF+HCI+HNO;, NaF+HCI+HNO;+HCIO,, a Takke 1enoYHoe TOCIUIaBICHUS He-
pacTBOpHBIIETOCs OcTaTKa. JJIMTeNbHOCTD TpoIiecca pazIoKEHH B OTKPHITO CHCTEME HapsAIy C BHICOKHM
COJIEBBIM (DOHOM TIOJTyYEHHBIX PACTBOPOB U HU3KOHM BOCTIPOU3BOJNMOCTBIO PE3YJILTATOB 33 CYET HEBO3MOXK-
HOCTH 00ECIIEUCHUsSI CTPOTO MJICHTHUYHBIX YCIIOBHH CTaBAT Mepej] XUMUKaMU-aHATUTHKAMU 33/1a4y yCOBEp-
IIICHCTBOBAHUS CYIIECTBYIOIIUX METO/IHK.

C 1enpi0 TOBBIIEHUS! SKCIIPECCHOCTH CTAJIUU MPOOOIOATOTOBKH, MOBBIIIIEHUS CTEIIEHH BOCIPOM3BO-
JIMMOCTH PE3yJIbTaTOB aHAJIN3A, ITOBBIIICHUS aBTOMATH3AIMU MIPOIIECCca C YUSTOM YIYUIICHUs MaTepUatbHO-
TEXHUUYECKOTO O0ecrieueHus OOJBITMHCTBA 1a00paTOPHil COBPEMEHHBIM O0OPYAOBaHUEM ISl TIPOOOIIO/TO-
TOBKH II€JI€CO00Pa3HO Pa3IOKEHNE MEIHBIX KOHIEHTPATOB MPOU3BOINUTE B 3aKPBHITOM CHCTEME MPH yIbTPa-
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3BYKOBOM WJIM MHKPOBOJTHOBOM BO3JICHCTBUU Ha CUCTeMY «mpoba—peareHT». [IpeaBapuTenbHbIMU HCCITE0-
BaHUSMH yCTAHOBJIEHO, YTO MaKCHMaJIbHAs CTETIEHb Pa3I0KeHHU MPOOBI METHOTO KOHIIEHTPATa B 3aKPBITON
CHUCTEME JIOCTUTACTCS IyTeM Pa3JIOKEHHS MPOOBI B pacTBOpPE a30THON KUCIOTH (1:1) mpu yiapTpa3ByKOBOM
Bozaeiicteuu (20 I'ir) B Teuenue 30 mMuH.

Tabnuma 1
00630p MeTo10B onpeneneHust kodauabTa (II) B MeTHBIX KOHIIeHTpaTaXx [4]

Jlnamazon YcenoBus
MeTton ananu3a, onpenenseMblx | TOYHOCTH Cnocob Pearenr U3MEPEHUS
pearexr coliepKaHUKM | METOIUKH, Yo pazioxeHus JUTSL pa3iosKEHuUst aHAJTUTUYECKOTO
kobaneTa (II), % CUTHaJa
doToMeTpUIYECKUH, 0.001-0.2 0.0002-0,008 Kucnornoe NaF+HCHENO, 520_—540 HM,
HUTPO30-R-conb pacTBOpeHue /=50 MM
Kuenotioe = |\p. b O HNOS+HHCIO,
ATomHO-a6cop0- DACTBOPCHHC
uronHbIi ¢ amen- | 0,005-02  [0,0010-0,010  [1en0R0e 240,7
HOW aTOMH3aIuen JIOCILTABIICHHC Na,CO;+Na,B,04
HEPaCTBOPHBIIIC-
rocsi OcTaTKa

[TosToMy 1enb HacTosmiedl paboThl 3aKIIOYAaeTCs B OLECHWBAHMHM METPOJIOTMYECKUX XapaKTEPUCTHK
YCOBEPLICHCTBOBAHHON METOAMKH CIEKTPO(OTOMETPUUECKOro olpenencHus coaepxkanus kobansta (II) B
Ipo0ax MeAHBIX KOHIIEHTPATOB.

SKCl’lepuMeHmaﬂbHa}Z uacmo

s ycTaHOBIIGHUS! TPayHPOBOYHBIX XapPaKTEPUCTHUK CHEKTPOPOTOMETPHUUSCKOTO ONPEICICHUS CO-
nepxxanns kobanbra (II) mcmomb30BaJiM TOCYMApPCTBEHHBIA CTaHAAPTHBIM oOpa3ell cocTaBa MHOTOKOMIIO-
HEHTHOTO pacTBopa noHoB Fe*', Co®’, Cu*", Ni*" (KZ.03.01.00217-2010), comepxammuii 1 mr/mn Co (II).
PaGouune pacTBOpBI MEHBIIUX KOHIICHTPAIUK MOTYYalld IMOCIIE0BATECIHHBIM pa30aBICHUEM HCXOHBIX pac-
TBOpPOB. {7151 icciiefoBaHUI UCTIOIB30BAIN TOJBKO CBEXEITPUTOTOBICHHBIE PACTBOPBL.

Jns mpoBeneHus HMCCIeTOBaHUM MO OIEHWBAHUIO METPOJOTHYECKHX XapaKTEePUCTUK MpeiiaraeMoit
METOAMKH BBIMOJHEHUS] U3MEpeHuil mpuMensi o0pasen; meauoro konmnentpata YK MK TOO «Ka3uusk».
[IpoOy wmccnemyemoro oOpasma mpeaBapuTenbHO m3Menbdanu B miapoBord MenbHuile PULVERISETTE 6
(I'epmanmus), BeICymmBaimy mpu temirepatype 105 °C 10 mocTOSHHOW MacChl B HU3KOTEMIIEpaTypHOIt Jrabopa-
topHo# anekTporieun SNOL 58/350 (JIutea). KauecTBeHHBIH aHAIN3 MPOBOIUIIN C MCIIOJIb30BAHUEM PEHTTE-
HouryopecuenTHoro criektpomerpa CPB-1M (Texnoananut, Kazaxcran). B coctaB MeqHOTO KOHIIGHTpaTa
Bxomat Cu, As, S, Pb, Sb, Al,Os, Zn, CaO, MgO, Fe, SiO,, Cd.

Jns paznoxxeHus mpod MeIHBIX KOHIIEHTPATOB B 3aKPBITON CHCTEME MPUMEHSUIH YIbTPa3ByKOBOW TeX-
Honormyeckuid anmapatr «AJIEHA» Y3TA-0,15/22-O (Poccus). Conepxanue xobansta (II) B pacTBOpax
OTIpEeNeNsIIN CIIEKTPOPOTOMETPHUECKH TI0 CBETOMOITIOMIEHUIO KOMIUIEKCHOTo coenuHenus: kobampra (II0)
¢ HUTPO30-R-conpio [2—4] Ha crnekrpodoTomerpe CD-2000 (OKB «Cnektp», Poccus) mpu JiMHE BOJHBI
540 am. [Ins oueHKH MoKaszaress NOBTOPSEMOCTH MpeasiaraeMoi METOAMKU NMpoBoaAuiIn He MeHee 20 ompe-
JEJCHUN I KaXKJ0r0 KOHIEHTPAIIMOHHOTO MOoJAuana3oHa, KaxxJ0€e U3 KOTOPBIX BBHIIOJIHEHO U3 OTACIbHON
HaBECKH HCCIIEyeMOro o0pasiia MEeIHOTO KOHIeHTpara. KonnyecTBO eAMHUYHBIX OMpPEIeIeHUI COCTaBIs-
710 2. KOHTpOJIb IPaBUIFHOCTH METOAMKH OCYIIIECTBIISUTA METOIOM BaphbHPOBAHHS HABECOK [5].

Peszynomamul u ux obcyscoenue

Pa3paboTka MeToIMKH BKITIOUYaia B ce0s CIeAYIONINE ITAITHI:

1) nIpUTOTOBIJICHHE TPAJTYHPOBOYHBIX PACTBOPOB JIsl CIIEKTPOPOTOMETPUIECKOTO OIPEeNICH S COIep-
xanus kobaneta (II), ycTaHOBICHHE IpaynpOBOYHON XapaKTEPUCTHKY U €€ CTATHCTUYECKast 00paboTKa;

2) onMcaHue METOAVKH CIIEKTPO(OTOMETPUYIECKOTO OnpeieicHus coaepxkanus kobanpra (II) B MeaHbIX
KOHIICHTpATAaX;

3) MeTposorndeckoe 00OCHOBAaHHE METOJIUKH C TTO3UIUI KOHIETIIHH MOTPEITHOCTH.
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Jns onpenenenus conepxanus kobanbta (II) mpumensuim metron BHemiHero craniapra. VcxomHble
NaHHBIC, HEOOXOMUMBIEC IJIS MOCTPOSHHUS I'PaJyHPOBOYHON XapaKTEPUCTHKH B AMANa30HE KOHICHTpAIHi
ananuTta ot 1,50 mo 10,00 MKT/MII, TIpeicTaBIICHBI B TAOIHIIE 2.

Taonuma 2

Pe3yabTaThl cieKTPO(OTOMETPUYECKOT0 ONpeaeIeHus coep:xanns kodaabTa (1)
B IPaflyHPOBOYHBIX pacTBopax (/=2,0 cm, 2=540 Hm)

Ne 1 2 3 4 5 6 7 8
Cco?, MKT/MIT 1,50 2,00 2,50 3,00 4,00 6,00 8,00 10,00
A 0,2141 0,2775 0,2764 0,2639 0,3130 0,4678 0,7093 0,9315

Hcnonb3ys mosydeHHbIe 3HAYEHUS, TOCTPOMIN IPaTyHPOBOYHYIO XapaKTePUCTUKY, OTPAKAIOIIYIO 3a-
BUCHUMOCTh HHTCHCUBHOCTH aHAIUTHYECKOTO CUTHAJIA OT COJICPIKAHUS aHAITUTA, B TPaIyUPOBOYHBIX PACTBO-
pax (cm. puc.).

A 05 -
R?=0,996
04 -

0 T T T T T 1
0 2 4 6 8 10 12

Cen2t, MKT/MI
PucyHox. 3aBHCHMMOCTb ONITHYECKOH IUIOTHOCTH OT KOHIEHTpauuy aHanura (ot 1,5 1o 10,00 Mxr/mi)

PaccunTannoe 3HaueHHEe KOA(PGUIMEHTA KOPPEISAIUK MPEICTaBICHHOT0 Ha PUCYHKE | TpajyHpoBOY-
Horo rpaduka cocrapusieT 0,9962, 4TO CBUIETEILCTBYET O MKECTKOW KOPPEIAIUN MEXAY 3HAYCHUSIMHU KOH-
IIEHTpaIMy aHaIUTa (MKI/MJI) B ONTHYECKON IIOTHOCTH. CTaTHCTHYECKYI0 0OpabOTKy TpaayHpOBOYHBIX
rpaduKoB MpoBOIMIHN B cooTBeTcTBHM ¢ PMI 54-2002 [6]. Ilockonmbky cpenHee apudMeTrnaeckoe 3HaUCHHE
OTHOCHUTEIHHOTO CTAaHAAPTHOTO OTKJIOHCHHS Y HE IpeBblnaeT 3HaueHUs 0,4, TO METPOJIOTHYECKYO 00pa-

OOTKY TpalyrpOBOYHON XapaKTEPUCTUKK MPOBOAMIA METOIOM HAaMMEHBIIUX KBaApaToB (Tadm. 3).

Tabnuma 3

Pe3yabTaThl cTaTHCTHYECKOH 00pa0OTKH IPagAyHPOBOYHON XapaKTepUCTHKHI
CNEeKTPodoTOMETPHUECKOT0 ONIpeaeIeHns coaepxkanus kodaabTa (II)

Y

a

Sa

b

Sp

%

¥y

F (VI’ VZ)

0,002

0,004

0,002

530,05

61,38

2,6

2,69

Ilpumeuanue. Y — cpelHEe 3HAYEHUE OTHOCHUTENIBHBIX CTAHJAPTHBIX OTKIOHEHUH; @ U b — mapamMeTpbl perpecCUOHHON MO-

Aenu; S, 1 Sy — CTaHAAPTHBIE OTKIOHEHHS KOO GULMEHTOB @ 1 b; V, — OTHOLIEHUE CPEHMX KBAAPATOB OTKIOHeHUH; F(V1, Va) —

TabiM4Hoe 3HaueHue kputepus Duiepa ¢ yuciom creneneit cBodoasl ¥, =N -2 u V, = N(J —1) ; J — uucno napamienbHbIX U3-

MEpEHUH /-I'0 IPagynpOBOYHOTO PacTBOPA.

[IpoBepka afeKBaTHOCTH MAaTEMAaTHUYECKOW MOJICIU CBOJAUTCS K MPOBEPKE JIMHEHHOCTH TPayHUpOBOY-
HOW XapakTepuCTHKH 1o Kkpureputo Puuiepa [6]. IlonyueHHoe 3Hadenue V, (tabin. 3) cpaBHUBAIM C Tad-

JUYHBIM 3HAYEHUEM KBaHTHIIS F-pacnpenienieHus co creneHsMu cBobdoasl V,=N-2 u V,=N(J -1). Tak
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kak V, <F(V,V,), To ¢ 10BEpUTENBHON BEPOATHOCTBIO 0,95 MOKHO CYMTATH, YTO IPaIyMPOBOYHBIH rpaduk

JIMHECH B quana3one KoHueHtparui 1,50—10,00 Mxr/mur.

CriekTpodoTOMETpHUECKOE ONpeeneHne coaepkanus kooansra (1) B MenHBIX KOHLIEHTpaTax OCHOBA-
HO Ha 00pa30BaHMUU OKpalieHHOTo coenuHeHus kobanpra (III) ¢ HUTPO30-R-conbio B pacTBOpax, MoMyycH-
HBIX TTOCJIE Pa3jioKeHUs MPOOBI METHOTO KOHIICHTpATa B pacTBOPE a30THOM KUCIOTH (1:1) mpu ynbTpasBy-
KOBOM BO3JeficTBUU. MeTOIMKa COCTOUT U3 CIEAYIOIINX 3TAOB:

1) pa3nokeHre METHBIX KOHIICHTPATOB MPH YIHTPA3BYKOBOM BO3/ICHCTBHH;

2) oOpazoBaHme KOMIUIEKCHOTO coenuaeHws KobanbTa (I11) ¢ HuTpo30-R-combo;

3) mpUroTOBJIEHHE TPAAYWPOBOYHBIX PACTBOPOB M yCTAHOBIIEHHE TPAAyHPOBOYHON XapaKTEPUCTHUKH
onpenencaus kooansTa (11);

4) cnektpohoTOMETpHIECKOE N3MEPEHUE aHATUTHIECKOTO CUTHAIA;

5) meTposoruueckoe 000CHOBaHHE yCOBEPIIEHCTBOBAHHOW METOAMKH C TMO3UINN KOHIEHIINH TOTPerI-
HOCTH.

Pasznooicenue npoovr meonozo konyenmpama. HaBecky memnHoro konuneHTpara maccoit 0,5000 T mome-
IIaTM BO (PTOPOIIACTOBBIN CTakaH BMECTHMOCThIO 50 M u g06aBisuii 10 M1 pacTBopa a30THOM KHCIOTHI
(1:1). IomyueHHBIN PacTBOP BBHIICPKUBAIH B YJIBTPa3BYKOBON KaMepe MPH MOIIMHOCTU YIbTPa3BYKOBOTO
rerepaTtopa 30 ' B Teuenue 30 muH. [lo rcTeueHnN yka3aHHOTO BPEMEHH COJIEPKUMOE (PTOPOILIACTOBOTO
CTaKaHa OXJIAXKJIAIU JI0 KOMHATHOW TeMIepaTyphl, pUibTpoBan yepe3 GUIbTp «CHHSS JICHTay», TIIATEIEHO
MPOMBIBAsi CTCHKH CTaKaHa W HEPaCTBOPHUBIIUIICS OCTATOK Ha (DWIBTPE TUCTUILTMPOBAHHON BOJIOW, KOJIMYE-
CTBEHHO TNEPEHOCWIH B MEPHYIO KoJOy BMecTUMOCTBIO 50,0 MJI, JOBOJMIN AUCTHIUTUPOBAHHOW BOAOH 110
METKH ¥ TIIATETHHO MepEeMeIINBalIH.

Obpaszosanue xomniekcnozo coedunenus kobarvma (1) ¢ numposo-R-convio. ComepXxuMoe MEpHOU
KOJIOBI IEPEHOCHITH B TEPMOCTOMKHIA cTakaH BMecTUMOCThIO 100 M1, moGasisiin 5 Mt pacTBopa HUTPO30-R-
COJIU, 5 MJI pacTBOpa alerara HaTpus U HarpeBayiv B TeueHue 1-2 muH. K monmydeHHOMY pacTBOpy H00aBIIs-
JIA 5 MJT pacTBOpa a30THOM KUCIOTHI (1:1), HarpeBam B TeUeHWE 1 MUH M OXJIAXKIAIHA 10 KOMHATHOMW TEMITE-
patypsl. ComepKuMoe CTakaHa KOJTUIECTBEHHO IMEPEHOCHIIA B MEPHYIO KOJIOy BMecTuMocThio 100,0 M, mo-
BOJWJIU TUCTUILTMPOBAHHOMN BOJOM 10 METKH U TIIATEIIEHO MTEPEMEITUBAIIH.

K pactBopy, momydeHHOMY IOCIie pa3ioKeHus MpoObl METHOTO KOHIGHTpaTa, J00aBIsu 25 MIT JIuc-
TUJJTMPOBAHHOW BOJIBI U KUISATWIM B TeueHUE 5—7 MuUH. [losiydeHHBIN pacTBOp OXJIaXKIalu JO KOMHATHOM
Temneparypsl (4-5 pa3), GUIBTp C 0OCagKOM OTOpaCHIBAIIH.

Cnexmpogomomempuueckoe onpedenerue kobanvma (1) 6 pacmeopax, nOIYUEHHBIX NOCIE PAZNONCEHUSL.
J1a Kakioro pactBopa MpoOBI TPHKIBI U3MEPSUTH ONTUYECKYIO TUIOTHOCTh, @ 3aT€M BBIYHCIISUIA CPEIHEe
apuMeTnyecKkoe 3HAYCHUE ONTHYECKOW TUIOTHOCTH, IO KOTOPOMY HAXOJWJIU KOHIeHTpaluio kobanbra (1I)
B pacTBOpE (MKI/MII), UCHIONB3YS IPaIyUPOBOYHBIN rpadyK (CM. PHC.) U ypaBHEHHE.

A-a
CC[)“ = b
rae C,,. — MaccoBas KOHUEHTpauus kobansra (II) B pacTBOpe, MONYYCHHOM IOCIE PA3IOKEHHs HpOObI,

b

MKI/MI; A — cpeaHee 3HaYCHHE ONTUYCSCKOM IUIOTHOCTH; @, b — mapaMeTpbl PErPeCCUOHHON MOCIIH.
Maccosyto gomto kobanbta (II) B uccnenyemsix oopasuax (% macc.) BEIYUCISUY 110 hopmyIie
C. . V-K
— Co
Qe =— %
m(uas.)-10

— MaccoBas onst kobanbeta (1) B uccnemyemom obpasiie, % macc.; V' — BMECTUMOCTh MEPHOM KOJI-

100 %,

rae

C02+

ObI, B KOTOPOH TMPUTOTOBJICH aHAJIM3UPYEMBIN PAacTBOp, MII;, m(Has.) — Macca HaBECKH aHAJIM3UPYEMOM MPOOKI

MeJTHOTO KOHIIeHTpara, I; K — (akTop pasbasnenus nmpoosr; 10° — xodbduimenT nepecuera [Mxr] Ha [r].

3a pe3ynbTaT aHaNIM3a MPUHUMAIN CPEHee apUPMETHUECKOE JBYX PE3YJIbTAaTOB EIWHUYHBIX ONpejie-
JIEHUH, KaXXJ0€ U3 KOTOPBIX BBIIIOIHEHO U3 OTACIBbHON HABECKH.

Memponocuueckoe 060cHO8aHUue MEMOOUKU CHEKMPOPOMOMEMPUUECKO20 ONPEOeNIeHUSI COOEPHCANUS
xkobanoma (1) 6 meonvix Konyenmpamax. MeTponormdeckoe 000CHOBaHUE YCOBEPIICHCTBOBAHHOW METO/IH-
ku onpenenenus kobanbTa (II) B muamazone kounenrpaimii ot 0,0010 10 0,200 % macce. mpoBOAMIM € TIO3H-
LU KOHLIETINH NOTPEIIHOCTH cornacHo Tpedosanusm PMI 61-2010 [5].

ITokazarenu mpenru3nOHHOCTH (MTOBTOPSIEMOCTH U BOCIPOM3BOJAMMOCTH) METOAMKH aHAIHM3a MPEICTaB-
nenbl B Tabmuie 4. [ockonbky npu pa3zpaboTKe METOIMKH HE OBbLIO MPOBEICHO MexXIabopaTopHOE cpaBHe-
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HUE Pe3y/bTaTOB, TO OIICHUBAHHE TOKA3aTeNieil BOCMPOU3BOIUMOCTH MPOBOMIN PACYCTHBIM IMyTEM Ha OC-
HOBaHHUHU 3KCICPUMEHTAIBHBIX JTaHHBIX, MOJYYCHHBIX B OJHOW JTaOOpaTOpUH B YCIOBHSAX MPOMEKYTOUHOMN
(BHYTpHIIA0OPATOPHOIT) PEIIM3HOHHOCTH (Tab. 4).

Taonuma 4

IMoka3zarenn KayecTBa METOAMKHU CIEKTPOGOTOMETPHUYECKOTO ONpe/IesieHusl
cogep:xkaHus kodanabTa (II) B MeqHBIX KOHLIEHTPATAX

Coneprxanue Iloka3arens
IToBTOpsiemocTh BocnpouszBoaumocts TouHOCTH
koOanbTa (II), IIPaBUWJIBHOCTH
% macc. S r Sr R A, +A
0,0010-0,0060 8,94-107° 2,4810°% | 127:10* 3,52:-10°* 1,46:10°* 0,0003
Cs. 0,0060-0,012 7,07-10° 1,96-10% | 1,27:10°* 3,53-10" 5,57-10" 0,0006
Cs. 0,012-0,200 1,65-10° 4,60-10° 1,43-10° 3,97-10° 6,92:10° 0,0075

prwelmnue. S, SR — CTaHAAPTHBIC OTKJIOHCHUA IMOBTOPAEMOCTH U BOCIIPOM3BOAUMOCTHU; 7, R— MpEacibl IOBTOPAEMOCTH U
BOCIIPOU3BOAUMOCTH, +A — TpaHUIIBI UHTEPBAaJia, B KOTOPOM HAXOJUTCS NMOIPEIIHOCTL PE3YJIbTATOB aHalIn3a Ipu P:0,95

[Tokazarenu NpaBUIILHOCTH METOJWMKH aHalli3a OICHWBAIM METOJOM BapbHPOBAaHHS HABECOK. YcCTa-
HOBJICHO, YTO CHCTEMATHUYECKasi COCTaBJIAIONIAs IMOTPEIIHOCTA He3HaynMa Ha (hoHe cirydaiiHoro pasdpoca,
YTO JIaeT OCHOBAHWE CUMTATh €€ PaBHOW HYIO. 3HAUCHHS MOKa3aTelel KauecTBa METOIUKHU CIIEKTPOPOTO-
MeTpudeckoro onpeencHus kodansTa (1) B MeTHBIX KOHIICHTpaTaX MpeICcTaBlIeHbI B Tabue 4.

Paboma evinonunena 6 coomeemcmsuu ¢ KaieHOAPHbIM NIAHOM 20CcOr00xcemuon memwvl Ne 290/2015
«Paspabomka ananumuyeckux cpeocms KOHMPOIs MEXHOA0SUYeCKO20 Npoyecca nepepabomiu MeOHbIX
KOHYEHMPAmos.

Crucoxk nureparypsl

Ymxun H M. Metannyprus 0BeTHbIX MeTawios. — M.: Meramnyprus, 1985. — 440 c.

Iamnuyxui M.B. Ananutnueckast XuMus kobanpra. — M.: Hayka, 1965. — 261 c.

Awnanu3 munepansHoro ceipbst / [log pen. FO.H.Kuunosuy, 10.B.Mopauesckoro. — JI., 1959. — 1055 c.

I'OCT 32221-2013. Konnentpatsl Mennbie. Metonsr ananmnza. — Beea. 01.01.15. — M.: Craanaptuadopm, 2014. — 119 c.

PMI" 61-2010 I'CU. Iloka3arenu TOYHOCTH, MPABUIBHOCTH, MPELHU3MOHHOCTH METOIUK KOJIMYECTBEHHOTO XMMHYECKOTO
aHanuza. Meroap! oueHku. — Ypainbck, 2010. — 58 c.

[ N S

6 PMI' 54-2002 XapakTepuUCTHKU I'paJlydpOBOYHBIX CPEACTB HU3MEPEHHMH COCTaBa U CBOMCTB BEIIECTB M MaTepHaJOB. —
VYpansck, 2004. — 9 c.

A.B.Tpoernazosa, P.A.Ay6akuposa, B.B.Macnos

MbIc KOHIIEHTPATBHIHAAFbI KOOAIbTHI CIEKTPOGOTOMETPHUAIBIK
AHBIKTAY/AbIH KAKCAPTHIJIFaH JAicTemMeci

MemCT 32221-2013 MBIC KOHILCHTpPATHIH aIlbIK JKyHele KbIMIKBULABI CpIreHHeH KeHiH epiTiHaixeri
KOOAJIbTTBIH KYpaMblH (DOTOMETPHUSUIBIK JKOHE aTOM/BI-a0COPOLMSIBIK AaHBIKTAY OMICTEpi PETTENreH.
TangaynsiH MoHepIi koHe epOy amicTepiH keTinmipy yuriH Y/I3 ocepineH xaObIK KyheciHme yiriaepai
epiTyni *y3ere achlpraH >XeH. MBIC KOHIEHTPAThIH kaObIK Kyitene YJ[3 ocepiMeH KBIUKBUIIBI €py omici
apKbUIbl BIIBIPATHIN AJIBIHFAH epITIHAIAEri KOOAIBTTBIH KYPaMbIH CIEKTPO(POTOMETPHSIIBIK aHBIKTAY
JKAKCAPThUIFaH d/licTeMe OO0JIbI TabbUIaabl. 3epTTENETIH aHAINT KypaMbIHbIH ayKeiMbl 0,0010-0,200 % macc.
KaiiTanany »oHe »AHFBIPTHUIATHIH KepcerkimTep 1,65-107 % macc apThIK eMmec, AYphiC KOPCETKil
1,43- 107 % macc. Anubid ana Gerin 0ip aykpIMaa YeeIHBUTFaH oic paairi 0,0003-0,0075 % macc.
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A.V.Troeglazova, R.A.Aubakirova, V.V.Maslov

Improved method of spectrophotometric determination
of cobalt in copper concentrates

National State Standard 32221-2013 regulate the photometric and atomic absorption methods for determina-
tion of cobalt in solutions obtained after acid dissolution of copper concentrates in an open system. In order to
increase expressivity and reproducibility of the analysis results it is reasonable to carry out the dissolution of
samples in a closed system under the effect of ultrasonification. Improved methods for spectrophotometric
determination of concentration of cobalt in the solutions obtained after decomposition of copper concentrates
using acid dissolution method in a closed system under the effect of ultrasonification are put forward. The
range of determining content of the analyte is 0,0010-0,200 % by mass. The repeatability and reproducibility
do not exceed 1,65-107 % by mass, the accuracy index is 1,43-107 % by mass. The accuracy of the proposed
methods is 0,0003-0,0075 % by mass in predetermined concentration range.
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BucMYTTBIH epyiH TY3 KbIIIKbUIBIHBIH CYJbI epiTiHAiIepiHIe CHMMETPHSJIbI eMeC
alfHBIMAJIbI TOKIIEH MOJISPU3ANMAIAY aPKbLIbI 3epTTEeY

Makanazna Ty3 KbIIIKBUIBIHBIH CYJIbl €pITIHAICIHAEC CHMMETPHSIIEI €MeC aifHBIMAJbl TOKIEH MOIIpH3aIHsIay
Ke3iHJeTi BUCMYTTHIH JJICKTPOXUMISUIBIK €pyi 3epTTenreH. BHCMyT 211eKTpOoIbIHBIH epyiHiH TOK OOMbIHIIA
IIBIFBIMBIHA QHOJTHIK JKOHE KAaTOATHIK JKapThUIAil IEepHOATApABIH JKeKelel ocepiepi KapacTHIPLUIFaH.
OKCIIEpUMEHTTIK 3epTTey >KYMBICTaphl aifHBIMalbl TOKTHIH CHMMETPHSCHIH — aHOATBHIK JKOHE KaTOITHIK
KapThUIail MEPHOATAPABIH apaKaThICHIH ©3repTyre MyMKIHAIK OepeTiH, MOATap MEH KeJepriiepJeH TYPaThiH
apHaiibl KOHIBIPFBIIA KYPri3ingi. Bucmyt anexrpoasiasiy Bi (I11) HoHgapbIH Ty3e epUTIHAINT KOPCEeTireH.

Kinm ce30ep: BUCMYT, CHMMETPUSIIBI €MEC alfHBIMAIIBI TOK, TOJIIPU3ALH, TEKTPOIN3.

Kenrteren meranmap aiHbIMalibl TOKIEH NoJsipu3anusiay kesinae epuni [1]. Op typmi dopmanars
alfiHBIMAJIBl TOKTAPMEH HOJIpU3aIMsAIay Ke31HIeTrT MeTalapAblH IeKTPOXUMISIIBIK KACHETTEPIH 3epTTeyre
OarpITTa]FaH JKYMBICTapAa TYPAaKThl TOKIEH TNOJSpH3alusUiay Ke3iHje OaiKalMaWThlH epeKIIeTiKTep
aHBIKTaIFaH. MeTanapl aifHpIMANbI TOKIIEH MOJspU3alysiay Ke3iHJe KoOiHe KbIIIKbUT OpTaja OHBIH TOMEHT1
BaJICHTTi (popMachIH/Ia epUTiHI HEeTi3ri epekienik 6ok Tadbansl. A.b.baemmos xoHe KbI3MeTTeCTepiHiH
eHOekrepinzge [2, 3] ockiHmall KYOBIIBIC THTaH, MBIC, TEMIp 9HE T.0. DIEKTPOJATAP/Abl AHBIMAIBI TOKIICH
TOJISIpU3aIsIay Ke3iHe OalikarraH.

Kemminik »karnmaiia 371€KTPOXHUMUSUIBIK YSIIBIK apKbUIBI CHHYCOHMIAJbl alHBIMAJIBI TOK ©TKi3reH/Ie
OarpITTalIFAaH YIEPICTEpAiH XYpyl ic Ky3iHIe OalKanmMmailpl, ©WTKEHI KaTONTHIK JKapThUIall IMEepPHOITA
TOTBIKCBI3JIAHFaH OHIM aHOJTHIK XKAPThUIAW TEpUOATa KaWTaJaH TOTHIFYBI THIC HeMmece KepiciHme. bipak
ANIEKTPOJIN3 JKaFIaiibIHA JJIEKTPOJ] MaTepualibiHa JKoHE T.0. OailTaHBICTBI AHONTHIK KAPThUIAW MEPUOATA
KalTaJlaH TOTHIFYbI THIC HEMece, KepiCiHIle, OaFbITTAIFaH JIEKTPOXUMHSIIBIK PEAKITUSHBIH KAPKBIH/IBI XKYPYyl
MYMKIH.

AHONTHIK YyJepicTepre KaTOATHIK XKapThlIail MepUoATHIH ocepi BeHTwabai Metanaapaa (Ti [2], W, Hf,
Ta [4], Al xonHe T.0.) aHbIk Oaiikamanel. KaToATBIK >kapThulaif mepuonTa OyJI MeTangapblH OKCHITIK
KaOaThIHBIH TOTBHIKCHI3IaHa OTBIPBINT OY3BUTYy Yyepici XKypemi Je, oiapra Kelleci aHONTHIK KapThuiai
nepuoaTa OeJcCeHal epyre MyMKiHAIK Oepeni. TypakTbl TOKIIEH aHOATHI €piTy Ke31HIe BEHTHJIbAI MeTangap
ic J)Ky3iHIe OoceHIeyiHe OallsTaHBICTBI EPIMEUTIHAIrT O i,

Tooicipubenix bonim

MyHpaali yaepicti ailHBIMalbl TOKIIEH ocep €TKEHJE BHCMYT JIICKTPOJbIHAH Ja Oaiikayra Oonaibl.
bi3z0en Oyran neiiin xkwuimiri 50 I'l eHAIpICTIK alfHBIMANIBI TOKIICH TMMOJIAPU3AIUIIAy KE31HIeTT BUCMYTTHIH
ANEKTPOXUMUSITBIK KACUETTEPiH aHBIKTay OOMBIHINA 3epTTeyiep KypriziiareH 0onateiH. CTaroHapIbl emMec
ANEKTPOJIN3 MHHEPAIJIBIK KBIIKBUIIAPABIH JKOHE OipKaTap TY3IapAblH CYIbI epiTiHAiIepiHae Kyprisinil
[4,5]. 3eprreynep HOTHXKeENEpi KOPCETKECHJEH, CHMMETPHUSUIBI CHHYCOUAANBI AWHBIMAIBI  TOKIICH
MoJIsIpU3aMsIay Ke3iHAer1 HeTi3ri )KYPEeTiH yAepic — MeTanablH epyi OObI TadbUIaIbl.

DNEeKTPOATHIK YIEPICTEepIIiH EpeKINeNiriH 3epTTey OapbIChIHAa CTAMOHAPIIBI €MEC TOKTBIH 9p TYpdi
(dopManapelH KOJNIaHYy — epITIHAUIepAe TYPJi SIIEKTPOXHMISUIBIK peaKIUsUIapAblH JKY3ere acyblHa,
KaTOATHIK KOHE aHOJTHIK MOJIIPU3aLUs KE3iH/Ie JKYPIIl )KaTKaH peakusUIapAbIH epEeKIIeNiriH XKiTi 3epTTeyre,
COHJIali-aK THiMJIi )KaHa TEXHOJIOTHSUTBIK S/IICTEP/Il iICKE achIpyFa XKarFaal jKacaiipl.

Kasipri ke3ne cramuoHapibl eMec TOKTBIH KOITereH Typiiepi Oenrimi. bipak conm MeramgapablH OChI
aTagfaH TOK TYpJepiMeH TMOJSIpU3aLMsUIAaHFaH Ke3[eri CyJbl epiTiHaUIepaeri KacueTTepi  TOJBIK
3epTTeNiHOereH, COHABIKTAH OyJI Macelie YIKeH KbI3bIFYIIBIIBIK Ty IBIPBII OTHIP.

IMpodeccop A.b.baemioB »xone GackamapibiH, COHIal-aKk 0acka aBTOpPIAP/BIH KYPTi3reH 3epTreylie-
piHIE CTalMOHApibl €MeC TOKIEH OJJIEKTPOATH MOJSpH3aLMsUIaFaHIa CyJbl epITIHALIEpAe TOTBIFY-
TOTBIKCBI3JIaHY YAepicTepi TYPAKThI TOKIICH CABICTHIPFAaH/Ia ©3TellIe KYPETiHI aHbIKTaFaH [2-9].

OcblraH opail YCHIHBINT OTBIPFAaH 3€PTTEY KYMBICBIMBI3JIA TY3 KBIIIKBUIIBI EPITIHAICIHAEC BHCMYT
ANEKTPOABIHBIH JJIEKTPOXUMUSIIBIK KACHETI CHMMETPHSIBI €MeC aWHBIMAlIbl TOKIICH MOJSIpH3alHsIay
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apKbUIBbl aHBIKTAABI. BHCMYTTHIH epy yHepiciHe aifHBIMAallbl TOKTHIH aHOJTHIK JKOHE KaTOATHIK JKapThLIai
MEPUOJITAPBIHIAFEI TOKTAP aMILUTUTYAACKIHBIH dcepiiepi KapacThIPhLUIIbIL.

3epTTey IKYMBICTAPHl aWHBIMANBI TOKTHIH CHMMETPHUSCHIH — €Ki JKapThUlail TepUOTAPBIHBIH
apaKaThIChIH ©3repTyre MYMKIHJIIK OEpeTiH, AMOATAP MEH KeAePTiiepJcH TYPaThlH, apHAWbl KOHIBIPFhIIA
xyprisunmai (1-cyp.). On alfHBIMAIIBI TOK CHMMETPHSCHIH Oip YKapThIai IIEPUOMAIICH CaTBICTHIPA OTHIPHIN Oasy
e3repTyre MyMKIHIIIK OEpeTiH TUoATap MeH Kemepriiep skyheciHeH Typaabl. TOKTHIH JKeKe KYpaybIITapbiH
Oasgy perrey Oip jKapTbUlaii TEpHOATaFbl TOK IIamMachl TYPAKThl OOJFaHZAFbl EKiHINICI >KapTbuUiaii
MEPUOATAFBl TOK IIAMACHIHBIH BHCMYT DIICKTPOJIBIHBIH €PYiHIH TOK OOWBIHIIA IIBIFBIMBIHA TOYCJIUTITIH
aHBIKTayFa MYMKiHOIK Oepemi. COHBIMEH KaTap, alIbIHFBI 3EpPTTEYNIep KOPCETKCHIHIEH, aHTapIIbIKTai
EPEKITCIICHETIH TYPAKThI XKOHE CTAIIHOHAPIIBI €MEC TOKTAp JICKTPOJIN31 Ke3iHAET] albIHFaH HOTWXKEIEepIl e
CaNBICTBIpYFa 0OJafbl. DNEKTPOATAp pETiHAE BUCMYT IIACTHHKACHI JKOHE KOMEKII JJIEKTPOX peTiHAe
rpadUT KOJNAAHBUIBL. AHOJ JKOHE KaTOJl TOKTAPBIHBIH KATHIHACKHI OCIMILIOTPA(THIH JKOHE amIiepMmeTpiep
KOMETIMEH aHBIKTAIIbl. AWHBIMANBI TOKTHIH Oip JKapThiiad MEpUONBIHAAFEl TOKTBIH aMILTHTYIACHIHBIH
MoHIH TypakThl ycram (i =100 A/M%), an ekinuticinin MoHiH 0—-100 A/M> apaibIFEIHIA ©3repTe OTHIPHIII,
BUCMYT SJIEKTPOABIHBIH €pyiHiH TOK OOMBIHINA IIBIFBIMBIHA 9cepi 3epTTendi. MyHnarsl i/i,= 1,0 ke3inge
Ti30€KTeT1 TOK CHMMETPHSIIBI alfHBIMAITBI TOK OOJIBITT TaOBLITA B

D, R,

@ D, R, CQE

D\, D, — nuonarap; R, R, — pe3ucTopiap (peTTeneTin keaepriiep); Rs, Ry — pe3ucropnap (TYpakThl Keaepriiep);
Ay, A, — ammepmetpiiep; £ — anexrponuzep; O — ocuniiorpad

1-cyper. CHMMETPHSUTBI €MeC TOKTap.IbI aTyFa apHaJFaH KOHIBIPFBIHBIH CXEMaCHhl

Ty3 KBIMIKBUTBI EPITIHAICIHAEC BUCMYT 3JCKTPOIBIHBIH JJIEKTPOXUMHSIIBIK KACHETiHE CHMMETPHSIIBI
eMecC alfHBIMaNIbl TOKTBIH 9Cepi 3epPTTEIIll, METANJbIH epy YAepicCiHe aifHBIMaJIbl TOKTHIH aHOJTHIK JKOHE
KaTOATHIK JKapThUIall IEPUOJITAPBIHIAFBl TOKTAP aMIUTHTYIACBIHBIH dCepIiepi KapacThIPBUIIBL.

Homuoicenepoi manoay

AHOJITHIK JKapThLUIai IEePHOATAFBI TOKTHIH MOHIH TYpakThl yctam (i,= 100 A/M”), KATOATHIK KapThinail
TIePUOATAFEl TOKTHIH MOHIH 0—100 A/M’ apaNbIFbIHIA ©3repTKEHAE METAIIbIH | KOHe 2 peaKIHsIapbl
ootipramra BucMyT (I11) moHmaps! Ty3e epuTiHIiri 6aiKamab.

Bi’ 2Bi** +3¢  E"=+0,21B (1)
Bi’—e 2Bi" ()
Bi' —¢" 2Bi** (o)
Bi* —e 2Bi*"  (6) )

2-cyperTe KOpCeTUITeHIeH, BHCMYTTBIH €pYiHIH TOK OOHNBIHINA MIBIFRIMBIHBIH MaKCHMAJIbl MOHI
i,/i,= 0,2 6onranma Oaiikanaapl. by ke3nmeri Tok OolbiHINa MBIFEIM 47,1 %-Fa xeteni. KaToAThIK HMITYIIbC
aMIUTUTYIACBIHBIH OipTiHIEeN >KOFapbulayblHaH TOK OoifbiHIIA WBIFEIM 4,9 %-Fa neiiin TemeHaenai. by
Ke37Ie JKaJIIbl TOK KYPaMBIHIAFBl 3JIEKTPOXUMHSIIBIK €py YAEpici KYPEeTiH aHOATHIK TOK YJIECIHIH a3arobl,
KepiciHIle, SJIeKTPOXUMHSIBIK epyre Kepi ocep eTeTiH KaTOATHIK TOK YJECIHIH apTysl HOTHXKECIHJE,
BUCMYTTBIH 3JIEKTPOXUMIIIBIK €py YAepici Halapianabl.
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AJl, KaTOATHIK >KApThUIAil NEPUOATAFBl TOKTHIH MOHIH TypakThl yctam (i, = 100 A/M°), aHOATHIK
KapThUIail IIePHOATAFbI TOKTHIH MoHiH 0—100 A/M° apalbIFbIHIA ©3TePTKEH/E, aHOATHIK TOK IIAMACHIHBIH
apTybIMEH TOK OOMBIHINIA IIBIFBIMHBIH apTaThIHBl aHBIKTANbIN, I,/i, = 1,0 OonraHma, SFHH Ti30€KTEH
CUMMETPUSUIB alHBIMAJIBl TOK ©TKEHJIE, BUCMYTTHIH €pyiHIH TOK OOWBIHINIA IMBFBIMBEI 4,9 %-1bI Kypanasl

(3-cyp.).
TITT, %4 o
40 |
o
30 F
i o
20
10 F °
B O
*
1 1 1 1 1 1 1 1 1 1 1
02 04 0,6 0,8 10 1ef1a, Afa?
i,= 100 A/M*; T= 30 mun; C(HC1) = 0,5 M
2-Cyper. i,/i, TOKTapbl apaKaThICEIHBIH BUCMYTTBIH €pYiHIH TOK OOMBIHIIA IIBIFBIMBIHA dcepi
TIIT, % [
6 e
B o
4
B o
o
2 -
/0 /
s
1 1 1 1 1 1 1 1 1
0,2 0,4 0,6 0,8 1,0 1,41y, Adur?
i.= 100 A/M*; T =30 mun; C(HCI)=0,5 M
3-cyper. i,/i, TOKTapbl apaKaTBICBIHBIH BUCMYTTHIH €pYiHiH TOK OOMBIHIIA IIBIFRIMBIHA dCEpi
ConbIMeH, 3epTTeyyiep KOpCeTKEHIeW, KaTOATHIK JKapThUIall TMEepPHUOATHIH AaHOATHIK >KapThUIal

MIEPUOATAFBI YEPICTEpPre eNeylli ocep eTeTiHIH OaiKaiiMbI3. KaToATHIK kapThUIail MeproATaFrkl TOK MOHIHIH
©Cyl BUCMYT 3JIEKTPOABIHBIH €pYiHiH TOK OOMBIHINA IIBIFBIMBIHBIH KEMYIHE OKEJIE/].
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b.C.AGxanos, P.T.A0quBanues

HccnenoBanue pacTBopeHUus BACMYTa B BOJHBIX PACTBOPAX COJISTHOM KUCJIOTHI
NPH NOJISIPU3AUMU HECHMMETPUYHBIM MepeMeHHBIM TOKOM

B crartee paccMOTpeHO BIMSHHE aHOIHBIX M KAaTOAHBIX MOIYNEPHUOTOB B OTICIBHOCTH Ha BBIXOJ IO TOKY
PacTOBOPEHHSI BUCMYTOBOTO IEKTPOAA. DKCIEPUMEHTANbHBIE NCCIECIOBAHMS MPOBOIMINCH HA CIIEIMATbHON
YCTaHOBKE, COCTOSIIEH U3 JUOJOB M CONPOTHUBICHUH, IO3BOJISIIOIIENH pPETyIMpoBaTb CHUMMETPHIO
MIEPEMEHHOTO0 TOKA — COOTHOIIECHHE AHOJHBIX M KATOIHBIX MONyNepHonaoB. IlokazaHo, UTO BHCMYTOBBIi
3JIEKTPOJ PacTBOpsAeTCs ¢ oOpa3oBaHueM HOHOB BucMyTa (I1I).

B.S.Abzhalov, R.T.Abdivaliev

Research of dissolution of bismuth in water solutions of hydrochloric acid at
polarization by asymmetrical alternating current

In work electrochemical dissolution of bismuth in water solutions of hydrochloric acid at polarization is in-
vestigated by asymmetrical alternating current. Influence of anode and cathodic half-cycles separately on an
exit on current of dissolution of a bismuthic electrode is considered. Experimental research works were car-
ried out to the special installation consisting of diodes and resistance, allowing to regulate symmetry of alter-
nating current — a ratio of anode and cathodic half-cycles. It is shown that bismuthic electrode is dissolved
with formation of ions of bismuth (III).
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Kuacrepuepain 0ailsiaHbICKaH IeHIeiliH eckeprenaeri
CYMBIK IAJIIMAIIH TYTKBIPJbIFbI

Maxkanana OGalNBIHBICKAH KJIACTEpJICPAIH CYHBIK OalKpIManapra ocep €Ty ACHIeHiH eCKepeTiH, CYHBIK
TaJUTMHIH TYTKBIPJIBIFBIH €CeNTeHTIH JKalIbl MoJell KenTipinren. Kpucranganran OemnmekTepiHiy 0ipKemki
MOJIETIHIH CYHBIK KYHIHZEri OJJIEMEHTAapibIK KJIACTepiHiH OalKpIFaH METAJABIH  TEMIIepaTypabIK
TYTKBIPJIBGIFBIHBIH TOYEIIUIIri aHbIKTaNFaH. TYTKBIPIBIKTEIH TeMIeparypaial TOYEIAUTITiHIH sKaIMbUIaHFaH
(dbopmackl MeTam1 epiTiHIICIHIH aFbIH SHEPTHACHIHBIH KYJIIBIHBICHIH caHayFa DpeHkenb TeHaeyiMeH Oipre
KongaHplraH. JKaHa kapTbUIail SMIMPUKAIBIK MOJENi TYTKBIPJIBIK TEH TEMIepaTypa apachbiHa
TOYeJIUNINiHIH aHBIKTAMANBIFbl TaJJIMHA epITIHAICI apKbUIbl KOPCETIIreH. YCHIHBUIBIT OTBIPFAH MOJEIb
OOMHBIHIIIA €CeNTeNreH CYHbIK raJuIMil TYTKBIPJIBIFBIHBIH CAJIBICTHIPMAITBI HOTHIKECT KENTIpireH.

Kinm ce30ep: TYTKBIPIBIK, MOJENb, BoNbIMaH Tapaiysl, peTcizaenreH OemmeKkTep KOHIEMIHACH, Perepilik
HYKTe, FaJUIni.

JK.O06imeB aTbiHIaFel XUMHUSA-METAJUTYPTHSIIBIK WHCTHTYTHIHBIH KbI3METKEpIIepi, TEXHUKA FhUTBIMIAPhI-
HBIH JIOKTOpBI, Tipodeccop B.IL.MaibinieB >koHe TexXHWKA FHUIBIMIAPBIHBIH JOKTOpHl A.M.Typaykoxkaesa
OacramackiMeH, bONBIIMAHHBIH TapaTbUTybIHA HETI3/IENTeH, PETCI3JENTeH OOJIIeKTep KOHIICTIHICH YChI-
HBUTIBL. TYKBIphIMIaMaFra COWKEC, 3aTThIH YIII arperarThl KaFIaibl KaJFbI3 KO3KapacleH KapacThIPBUIIR —
KYPBUIBICCHI3 JKaraalbIMeH. baplblk skarmainapia SHEprusi KeJeMiHiH PETCi3/IEHreH OeNeKTep KO3Falbl-
CBIHAH EPEKINIeICHETIH OommeKTepi 3epTTenai. Perciznenren OenmexTep KOHIENIIUACH OOWBIHINA, YII arpe-
TaTThI )KaFIalia KpUCAIKO32AIbICIbl, CYUbIKKO32AIbICHIbL YKOHE OVKO032A1bICHIbL OONIIEKTEP] aHBIKTAIIBL.

Konmenmmst aBTOpbl percizfenreH OenmeKkTep KOHIEMIUSIChIHA HEeTi3JeNTeH CYHBIK MeTall
TYTKBIPJIBIFBIHBIH VI MOJENiH YChiHAB [1, 2]. BamkeiManapiblH TYTKBIPJIBIK TOYEIJIUIr KpUCTa-
KO3FaJIbICTHI OOJIIIEKTEPAiH ayMalbIIBIFbIH aHBIKTAYMEH ECKEPiIeTiH TEeHeCTIpyMeH OiTiHyl MyMKiH.

v=v T /T, (1
MYHJIa V, %9He T, — KMHEMATUKAIbIK TYTKBIPJIBIKKA JKOHE PENepiiK HYKTeJeri a0COMI0TTI TeMIeparypara,
OHJIIPICTIK TPUHIUNTE TaHIAJNATHIH €H CEHIMJII 3epTXaHAIBIK aHBIKTayFa Colikec; Hemece OyJI ocepIiH
CYMBIKKO3FAIBICTHI OOIIIIEKTEPMEH SJICI3CHY],

VT [exp(-T,/T)—exp(-T, /T,)]
- T[exp(—Tm /T)—exp(-T, /T)]

T,, xone T), — Oanky >koHEe KaifHay TeMIiepaTrypachiHa COHKEC; HEMECE TYTKBIPIBIKTBIH CYWBIK KBUDKBIMAIIbI
KOHE OYKO3FAIBICTHI OOIIIIEKTepIMEH ANCi3AeHY1
v=Yl eXP(_Tm/Tr)erTr exp L _I.| (3)
T exp(-T,/T) T T T

Byn ym monenbaiH OaiKpIMaibl METAIAAp TYTKBIPIBIFBIHBIH KEH ayKbIMJIBI TEKCEpICi MBIHATIAP.IbI
opHaTyFa MyMKiHIiK Oepxai [3]: OipiHIIZICH, VCBHIHBUIBIN OTHIPFaH YII VJATiHIH JIe¢ aHBIKTaMalIbIK
MOJIIMETTEpiHiH OarbiHOAFaH JKardalnapbl OolMaraH; EKiHIIJeH, OyJl OaFbIHBIITHUIBIK MeHIeneeBTiH
MIEPHOATHIK 3aHBIHBIH, METAIAAP IBIH HOHU3ALUSIIAHY [IIaMachIMEH COUKeC.

Conma na opbip YII TYTKBIPIBIK MOJCTIH JKOHE TaHAAyAbl TEKCEPYMiH KaKETTUTr OCBIHIAN
TOYENJIUTIKTI Kypay dJliciHe Oenrici3mik eHrizesli, CoHnai-ak MOJIiMeTTep/l OHIeY OapbIChIH KUBIHIATAIbI.
byn sxarmail peTcizeHreH O6NIIeKTep KOHLECMIMACHIHBIH asChIHAA Kaja OTBIPBIN, CYWBIK KaJbIITHIH
TaOWUFaTHIH TaFbl Oip MYKHAT KapayFa MyMKIHIIK Oepai.

Temmepatypara JiereH TOYENJIUIr], CYHBIK KBUDKBIMAIBI JKOHE OYKO3FaIBICTHI OOIIIEKTEp apKbLIbI
TYPaKTaYbl KAYbIMOACMbIPLLIZAH KIHE Oipikmipineen KacTepiapAblH Mai/a 00aybIMeH TYCIHIIpLUIE].

Byn Gipaeit GenmiekTepaiH KOCHUTYBI MYMKIH OOJNFaHIBIKTaH, aJlbIHFaH ocepiai Oa3aiblk mozaensb (1)
asiChIHJIa ecKepyre MYMKIHJIIK Oepei:

; 2

v=v (T /T). “)
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MyHna a kepceTkimi n-0eimeKTIK KiacTepiepiHiy Oipiry marbiHaceiHa ne. a = 1 (4) Gonranga (1)
ereni, a<l ¢uU3MKaNBIK MarblHAaJaH ANLIAKTaThUIFaH. bysl >KapaMIbUIbIKKA COWKEC, ajAbIHFBI YAriIep
notmxeci (1), (2), (3) 6apnbik metanaap [3] OankpiManapsiHat anci3 (1) Toyenainiri aHpIKTanMaraH.

By kepceTKimTiH TipKemyi TYTKBIPJIBIK MOJTIMETTEPiHIH OHJIEYiH KaKET ETKEHIMEH, OalKbIMaHbBIH
KYpPBUIBICBIH TOJIBIK, MYKHST aHbIKTayFa MYMKiHOIK Oepemi. Ocbiran opail a mapamerpi (4) Obuiait
AHBIKTAJIA/IbL:

In(v/v,)

a=————.

in(7,7)

By yiIiH TYTKBIPJIBIKTBIH OapJibIK 3epTXaHaJbIK MarbIHAJIApbIH KOJIAAHFaH JXKeH,V,, T, caHaMaraHza,

Oenrici3iKke SKeJiNm CoFaThlH 9p Typii Temmeparypaza a = 0/0, a mapamerpiepiHiH Kejeci opramanay
eceOlH JIe KOJIIaHFaH KOH:

®)

Z:iiln(vf/vr)

n & (TT) ©

L::l
I#r

OJETTETIACH, oOpTallla MarblHAHBI aHBIKTaFaHga OIPKEJKUIIrIH TEKCEpill, COJaH COH CCENTIK
MaFrbIHAJIAP/Ibl AT YIIIiH KeJeM/Ii KOJIJaHy Kepek.

¥ CBIHBIIBII OTBIPFaH MOJENb OOMBIHIIA €CeNTeNreH CYMBIK TajllTui TYTKBIPIBIFBIHBIH CATBICTHIPMAIIbI
HOTHXeCiH Kentipeik. ['amnmmit yiin [4] T, = 302,92 K; T, = 2478 K. KunemaTukajbIK TYTKBIPJIBIKTEL CaHAY
HoTIOKENEpi, conpaii-ak T, = 326 K xome v, = 3,11-107 M°/c TeMmmepaTypachlHia YCHIHBUIBII OTHIPFAH
yurinep (1)—(4) TeMeneri kectee xoHe Jie 1-111i CypeTTe KOpCceTinreH.

Kecrte
(1)—(4) yarizepiven raaamiigin 10” M%/c KHHEMATHKAIBIK TYTKBIPJIBIFBIH 3ePTXaHAIBIK
JKOHE eCelNTeJITeH TYPFBIIaH CATBICTBIPY
T v(9KCIL.) v(1) v(2) v(3) a v(4)
7,,=302,9 - 3,35 3,59 3,59 — 3,33
326 3,11 3,11 3,11 3,11 — 3,11
675 1,51 1,50 0,97 0,93 0,99 1,60
1079 1,15 0,94 0,57 0,49 0,83 1,04
T,=2478 — 0,41 0,31 0,18 — 0,49
R - 0,990 0,644 0,540 — 0,995
v10, mMc 4 .
3 L
2 L
4
1 B (]
T, 2 1
| 3
0 L L 1 L
200 400 600 800 1000 K

V — KHHEMaTHKAJBIK TYTKBIPIBIK; 7 — Temneparypa. Hykremnep, 3epTxaHajibIk MosiMeTTep OoibiHImIa [4]:
1—(1); 2—(2); 3— (3); 4 — (4) monenbuep OoiibiHIIA

I-cyper. I'annmiiiH KHHEMATHKAJIBIK TYTKBIPIIBIFBIHBIH TEMIIepaTypaFa ToyemIimiri

ConbiMeH, (1) OoWbIHIIA MOJENBACP KOHE JKAINbUIaHFaH (4) TYTKBIPIBIKTBIH TeMIlepaTypara
TOYEJJIUIITIH €H aKChl TOCIJIMEH CHUNATTaibpl, Koppensus kodddunueHtine coiikec omap 0,990 xoHe
0,995, connaii-aK 0ChI MOJIEIBICP IiH JKAJIIHI MOJIENB/II KOJIaHyFa OOIaTEIHBIH KOPCETEIl.
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Oprama marbiHa @ =0,91<1. Knacteprnep KaybIMAAaCTHIFRIHBIH OalikanateiH neHreii. Kimactepnepain
KaybIMJIACTHIK JICHI'€HiH eckepe OTHIPHII, (4) MoJemb i Koganyra 6onansl. COHJa TaJUTHHATIH TYTKBIPIIBIFBIH
€CenTey YIIiH MbIHA TEH/ICY li aTaMbI3;

v=6,091-10"/T"" + 3,56-10~°, m*/c. (7)

Percizmenren OeniekTep KOHIEMIMS HETi3iHAEC KPHUCTAIKO3FAJIBICTBI OOIIIEKTEpeTi KiacTepliep
KaybIMJIACTBIFBIH €CKEepPE OTBHIPBIT, OCHI MaHBI3/bl CHUIIATTAMAHBIH TEMIIEPATypachlH aHBIKTAyFa MYMKIHIIK
TyaJibl.

Mertann epiTiHAICIHIH aFbIH HEPTHSCHIHBIH KYJIIIBIHBICH (4) Moaens yurin 4074 J[x/Mons, an 3epTxa-
HaIBIK ManiMeTtep yurH — 3850 Jlx/monb. [MamumiiniH TYTKBIPIBIK JIOTapuQMi TeMIlepaTypaHbIH Kepi
IIaMachIHAH TOYEJJIIIITI 2-CypeTTe KOPCETUITeH.

7 12 17 22 27 32 1047
In v —14,8 1 1 1 1 1

-15,2 1
-15,6 A1

1604 ¢

-16,4 A

V — KMHEMaTHKaJbIK TYTKBIPIbIK; T — Temneparypa. Hykrenep, 3epTxaHaiblk MaliMeTTep OOWbIHILA:
X — (7) ynri 6oiibIHmIa; my3y — Inv =In 4"+ Ea/ /(RT) OoiibrHina

2-cypet. I'aymuii TYTKBIPIBIFBIHBIH JIoTapu(Mi TeMIepaTypaHblH Kepi MaMachlHaH TOYeIAIIr

Kopvimuinowi

1. JKyMBICTBIH MaHBI3IBUIBIFB (PU3UKAIBIK XUMHSHBIH CalachIHIAFbl KATThI, CYHBIK JKOHE ra3 TypiHIeri
KYHiHIH Te€K KYpbUIBICBIHBIH KYpaMbIHA OaiIaHbICThl TybIHAAFaH MACEJICHIH OipbIHFall TEOPUSACHIHBIH eceOiH
memyMeH aHbIKTanaapl. Ocbl aWThUTFAaH YII KYWAeri OeJIeKTepliH peTci3 KO3FalbIChl OipiKkeH
SHEPreTHKAJIBIK 3aHIbUIBIKTAPBIHBIH HET131HC MOCEIICHIH JKaJIIIbI IICITIMiHEe Heri3 OOJIbIN TaObLIa/ bl

2. CyiibIK MeTangapAblH CYWBIKTHIK KYHiHE alblHFaH HAaKThl HOTIDKENEpAl Kypaeni Oipirynep,
KOpBITITAIap, KOMKOMIIOHEHTTI [IUIAK KYHECIH/IE TaMBITYFa YChIHBUIA/IBL.
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A.Ill.Kaxxukenona, JX.b.Il11ama6aes, /[.b. Anubuen

BA3KOCTD JKHAKOT0 raJijius ¢ YI€TOM acconmanvm KjaacrepoB

B cratee paccMOTpEHa TEMIIEpATypHas 3aBUCUMOCTD BA3KOCTH KUAKOTO IaJUIkus COIIACHO KOHLECIIIUU Xao-
TU3UPOBAHHBIX YaCTHUII. HpO&HaIII/BI/IpOBaHLI MOJECJI 3aBUCUMOCTH BA3KOCTU OT TEMIIEPATYpPhI C YUETOM pas-
JIMIHOI'O COACpIKaHUS YaCTUL: KPUCTAJUIONIOABUIKHBIX, KUAKOIIOABUIKHBIX U MAPONOABUKHBIX. HpennomeHa
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Knactepnepgain 6ainaHbiCckaH AeHreniH

HOBasl KJIaCTePHasi MOJIEIb TEMIIEPATyPHOH 3aBUCUMOCTH BS3KOCTH, ITO3BOJISAIONIAS BBIABUTH ITOBE/ICHHUE BS3-
KOCTH B IIMPOKOM JMana3oHe temmneparyp. I[lokazaHa NpUMEHUMOCTh JaHHOW MOJENHU Ha IPUMEpe paciuiaBa
TaJuIusL.

A.Sh.Kazhikenova, Zh.B.Shalabaev, D.B.Alibiyev

Viscosity of liquid gallium taking into account association of clusters

In this work temperature dependence of viscosity according to the concept of the randomized particles is con-
sidered. Models of viscosity dependence on temperature taking into account various maintenance of particles
are analysed: crystal-moving, fluid and steam-moving particles. The new cluster model of viscosity tempera-
ture dependence allowing to reveal behavior of viscosity in the wide range of temperatures is offered. Ap-
plicability of this model on the example of gallium fusion is shown.
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Researching complexation of cyclophosphate—metal systems
by physico-chemical methods

We carried out potentiometric and photometric research in the cyclophosphate-modifier system. We set
composition of complex compounds formed in systems, show their relative stability. It was given an
explanation of the results from the point of view of classical Inorganic Chemistry, theory of hard and soft
acids and bases of Pearson and theory of Usanovich.

Key words: synthesis of substances, inorganic, series of solutions, phosphate, solution of sodium, bivalent cat-
ion.

Nowadays problem of focused synthesis and control of individual and multicomponent phosphorus-
containing systems and polymers composition is very difficult and at the same time unsolved yet. Due to the
lack of a fundamental approach to the selection of modifying components for the preparation of compounds
with multifunctional properties, the synthesis of multicomponent modified phosphate systems, regardless of
their area of use, is carried out by empirical way. In connection with this, it is necessary to have more
knowledge on the mechanisms of the hydrolytic decomposition and complexation of polyphosphate — ions
with various modifiers.

The purpose of the work is research which enables scientifically justified selection of conditions for the
synthesis of compounds and materials based on inorganic phosphorus-containing compounds with multifunc-
tional properties. In this connection, working on the establishment of the composition, properties and deter-
mining the conditions of existence of polyphosphate compounds will allow focused search for their practical
use, in a particular, preparation of polymer compositions which can be used as highly effective corrosion
inhibitors.

Studies were carried out for systems cyclotri- (C3P, P30y, tetra- (C4P, P,0;,") and hexaphosphate-
(C6P, P¢O5%) with di- (Mn**, Fe**, Co™", Ni*", Cu®*, Zn*") and trivalent (AI’", Cr’*, Fe’") cations of p- and
d-elements under standard conditions.

Synthesis of research subjects

Synthesis of cyclophosphate was conducted by known methods [1-3].

Identification was performed by IR-spectroscopy by spectrometer UR-20 in the frequency range of
400-3600 cm’ in tablets with KBr. The identification data of the synthesized compounds are in full
agreement with the reference data.

Research methods

To obtain the most reliable results, the research was carried out by two independent methods:
potentiometric and photometric.

Photometric study of the properties of model systems was carried out using the method of isomolar
series and the method of mole ratios.

According to the method of isomolar series solutions was prepared with varying concentrations of the
metal Cy and ligand Cy, herewith their total concentration in the solution remained the same, i.e. Cy + C. =
=const = 0.01 mol/L. We measured optical densities of the prepared solutions and plotted the graph
ofdependence of optical density on the molar proportion of the ligand in solution. Maximum absorption has
the solution in which the concentration ratio of the components meets their stoichiometric ratio in the
complex. The less stable complex, the more smoothed maximum on the curve [4, 5].

According to the method of mole ratios (saturation method) we prepared a series of solutions with a
constant concentration Cy and a variable concentration C.. We measured the absorbance of the prepared
solutions, plotted the graph of dependence of optical density from the molar ratio of the components in
solution (saturation curve). The abscissa of the intersection point of the two tangents corresponds to a molar
ratio of components in the complex.
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Potentiometric study of model systems was carried out using two kinds of titration: titration ofmetal salt
solution (0.01 mol/L) with solution of the cyclophosphate (0.01 mol/L); titration of the prepared model
system with 0.1 mol/L sodium hydroxide solution [6, 7].

In the titration by the first method the so-called «bath» — specific sites are formed on the potentiometric
titration graph, characterizing thecomponents ratio in which stable complexes are formed in the system.
Stability of pH over some range of values indicates the formation of a relatively strong compound, the
composition of which corresponds to the ratio of the volume of the titrated saltsolution and titrant [8—10].

By the second method the number of available products in the solution of hydrolytic cleavage of initial
ortho- and di-form phosphates are determined. Considering that the jump of the titration in such systems is
very negligible and to fix it accurately on a regular pH dependence of titrant volume graph with required
accuracy is very difficult, we used the method of constructing differentiated titration curve in the coordinates
ApH/AV calculating the required data by the formula

ApH _ pH, — pH,
AV v,-v,

Results and discussion

Figures 1 and 2 show the graphics results of photometric studies based on the Ni*" — P;0y” model
system,

The optical density, D

-

O 1 1 1 1
% 0.00% | 0.00E | 0.007 | 0.008

0 0.001 | 0.00Z | 0003 | 0.004 | 0.005 | 0206 | 0.007 | 0002 | 0002 | 0.01

005 | 0204 | 0.003 | 0.002 | 0.001 0

Cy (bottom row) / Cy, (top row) ratio

Figure 1. Photometric study of the Ni*" — P;0,° model system by the method of isomolar series

0,2 -
0,18 -
0,16 -
0,14 -
0,12 -
0,1 -

0,08

The optical density, D

0,06
0,04

0,02

0 5:1 4:1 %; 1:3 1:4 1:5

1 1:1 1:2
‘omponents ratio
Figure 2. The photometric study of the Ni?" = P30y" model system by the method of molar ratios
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Both methods gave similar results — in the system a stable complex with a ratio of 1:1 is formed. An
analysis of all systems under study was carried out similarly. By results we obtained the following data about

the composition of complex compounds (Tables 1 and 2).

Table 1

Composition of the complex compounds in model systems by the method of isomolar series

C3Pp C4P C6P
1\/[1’12Jr Ml’lP30g- Ml’lP40122- MHP60184-
F62+ FCP309- FCP40122- FeP60184-
COZJr COP309- C0P40122- COP60184-
N NiP;0y° NiP,O,,” NiPsO 5"
Cll2Jr Ctu,Og- CHP40122- CuP60184-
ZI'12Jr ZnP309' ZHP40122- Zl’lP60184-
Al AIP;0y’ AlP,O,y ALP¢O)5
CI'SJr CI'P3090 CI'P4012- Cr2P6018
FCSJr FCP3090 FCP4012- F92P6018

Table 2

Composition of the complex compounds in model systems by the method of mole ratios

C3Pp C4P C6P
1\/[1’12Jr Ml’lP30g- MHP4O 122- MHPGO 1 84-
F62+ FCP309- FCP40122- FeP60184-
COZJr COP309- C0P40122- COP60184-
N NiP;0y NiP,O,,” NiPsO s+
Cll2Jr Ctu,Og- CHP40122- CuP60184-
ZI'12Jr ZnP309' ZHP40122- Zl’lP60184-
Al AIP;0y’ AIP,O,y ALP¢O)5
CI'SJr CI'P3090 CI'P4012- Cr2P6018
FCSJr FCP3090 FCP4012- F92P6018

In all systems for cyclo-triphosphate and cyclo-tetraphosphate the formation of most stable complex
compounds at a ratio of 1:1is characteristic, and in case for cyclo-hexaphosphate with trivalent cations com-
plexes in a ratio of 2:1 dominate. But in some parts of graphics of dependences there are ill-defined peaks
corresponding to complexes of different composition, particularly for systems with cyclo-tetraphosphate.

All systems are additionally subjected to spectrophotometric analysis in the wavelength range of 200—
1000 nm determine the presence of interaction of initial components. The absence of absorption in this range
indicating that the reacted substances completely changed their composition, and in most cases the region of
absorption of formed products, in contrast to the spectra of the initial materials, extend beyond the study area.

The results of potentiometric studies are as follows.

pH

6,2 -
6 A

58

’

56 A

54

5,2 B

C
5 1

0 10 20 30 40 50 60 70 80 90 100
V {Na,P,0.), ml

Figure 3. The titration curve of a nickel salt with cyclo-triphosphate solution
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Figure 3 shows that a gradual addition of cyclo-triphosphate solution to a solution of a nickel salt ini-
tially leads to a decrease in pH. In this case, the solution contains an excess of metal ions which promote the
formation of complex compounds in the components ratio closer to 1:1. In aqueous solution of
cyclophosphates, alkali metal atoms are replaced by cation of hydrogen, which is subsequently displaced by
the cation of metal-modifier, and this is due to decrease in pH in the segment AB. When the ratio is close to
1:1 may form compounds having buffer properties. As a result, the segment BC is formed in the curve. Fur-
ther increases in the molar ratio of metal and cyclophosphate leads the increase of pH due to excess of phos-
phate [11, 12].

Similar curves observed for all the systems under study.

In order to determine the qualitative composition obtained cyclophosphate complexes were titrated with
sodium hydroxide solution (Fig. 4).

ppHiav

10 -

0 05 25 3 35 4 45 5

3 P v
V NaOH ml
Figure 4. The titration curve of the Ni — P30y’ = 1:1 system with 0.1 mol/L NaOH solution

The presence of a few equivalence points on most titration curves confirms the presence of complexes
with a components ratio of 1:1 in systems, but the volume of consumable alkali solution differs, due to vari-
ous quantitative ratio of products of the hydrolytic cleavage and residue of initial phosphates. The quantita-
tive ratio of products of hydrolytic cleavage depends on the nature of the reacting substances.

The results of potentiometric studies allows to complement data on the composition of model systems
obtained by optical methods.

So for systems with cyclo-tetraphosphates and divalent cations in addition to previously identified,
according to the results of photometric studies, complexes with composition of 1:1, revealed the formation of
weakly stable neutral compounds at components ratio of 2:1. In the case of cyclo-hexaphosphate most stable
complexes are formed with trivalent cations at a ratio of 1:1, and at a ratio of 2:1 weakly stable compounds
are also formed (Table 3).

Table 3
The most stable forms of the complex compounds in model systems according to the potentiometric studies

C3Pp C4P C6P
1\/[1'12Jr MnP309' MHP4O 1 22'Mn2P4O 1 20 MHPGO 1 84-
FeH Fer,Og- FeP40122-F62P4O 120 FeP601g4-
C/OZJr COP309- COP40122-C02P40120 COP60184-
Ni** NiP;0y NiP,0,, " Ni,P,0y,” NiPsO,5"
C:].].2Jr Ctu,Og- CHP4O 1 22-CU.2P4O 1 20 CuP6O 1 84-
ZI'12Jr Zl’lP30g- ZHP4O 1 22'Zn2P4O 1 20 ZnP6O 1 84-
Al AIP;0y’ AIP,O,y AlPcO15” ALPO
C:I'3+ CrP3090 CI'P4012- CI'P60183- Crzpéolg
Fe3+ FeP3090 FeP4012- FCP6OIg3- Fezpéolg

Interpretation of the data of potentiometric studies isreduced that regardless of the nature of the cation-
modifier for cyclo-triphosphate there is a tendency to form complex compounds with components ratio of
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1:1. For cyclo-tetra- and cyclo-hexaphosphateare characterized by two types of relatively stable compounds:
the most stable at a components ratio of 1:1 and weakly stable at a components ratio of 2:1.

On the basis of potentiometric data calculated constants for the instability of complex compounds, the
dependence of their value on the nature of the cation-modifier and cyclophosphate for 1:1 ratio is illustrated
in Figure 5.
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Figure 5. Dependence of the stability constants (Igf8) for complex compounds at a ratio of 1:1,
depending on the nature of the cation — modifier and cyclophosphate

A comparison of the stability constants indicates the growing strength of the complex compounds in the
transition from cyclo-tri- to cyclo-hexaphosphates, which is consistent with previous data. Among metals the
strength of compounds (for all cyclophosphates) increases in the order Zn*" — Cu*" — Co®" — AI’" — Fe*" —
Mn*" — Ni*" — Cr’" — Fe*". This is due to the fact that increasing ionic radius leads to a weakening in the
hydrolytic cleavageand an increase in the complexation. However, in the case of zinc, on the other hand, a
formation of a less stable complexis seen, that is apparently due to the manifestation of an additional effect
of polarization in 18-electron ion.

According to the Usanovich’s theory the most acidic function will have zinc ions and they are soft acids
according to the HSAB. Therefore, the interaction with a hard base (cyclophosphate-ion) is less preferred
and in this case unstable hydrolyzable products are formed. The nature of obtained dependence corresponds
to the chemical behavior of elements of the sub-groups.

35
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Mn2+  Fel+ Co2+ Niz+ Cul+ Zn2+ Al3+ Cri+ Fe3+

—O— Jonization potentials of atoms, eV
— # = |gf of complex compositions 1:1

— + radius of Me"" ions

Figure 6. The correlation dependence 1gf of complex compounds on change
of the ionization potential and the ionic radii of metal-modifiers
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The curves in Figure 6 show a regular change in the stability constants in the range of Zn*" — Cu*" —
Co”" — A’ —Fe*" — Mn*" — Ni*" — Cr’* — Fe’" by increasing the ionization potentials and the corresponding
decrease in ionic radii. Such a sequence of changes in the stability constants is in good agreement with the
provisions of HSAB theory, Usanovich’s and positions of the classical theory of Inorganic Chemistry.

Change in complexing ability of cyclophosphate is associated with the change in nature of the P-O
bond, in big cyclesapproachingto the bond character inchained phosphates and removing voltage, existing in
small rings. Cyclic phosphate anions withsmall size have a relatively high charges and their metal complexes
are much less durable, that is explained by low mobility and difficult accessibility of the functional groups
for interaction with cation-modifiers. As a result, bytransition to the big cycles the complexing ability
increases dramatically.

Conclusions

By results of the research, the composition of the most stable complex compounds formed in these sys-
tems, was set with sufficient accuracy.

The sequence of changes in the stability of cyclophosphate complexes is analogous to the change in the
stability of diphosphates in water, which is obviously related to their structure and the prevalence of
diphosphate-ion as the main product of the hydrolytic cleavage of the initial compounds. The above range of
influence of cation-modifiers is related with change of the second ionization potentials of metals, which af-
fects the reduction of their acidic properties, reduction of compound strength and strengthening the hydrolyt-
ic processes. Increasing the strength of complex compounds in the transition from cyclo-tri- to cyclo-
hexaphosphates is related with increasing charge and mobility of the individual fragments of cyclo-
hexaphosphate anion due to removing voltage, whereby the latter becomes more hydrolytically stable.
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A.E.Hapumanosa, A.b.Husz6exoBa, H.B.Akarses, T.A.Illakupos, H.X.Aiimyp3uHna

Huxnogochar merasn Kyiecinaeri KOMIUIEKE TY3YAi
(pu3nKa-XUMHSAJIBIK J1iCIIeH 3epTTey

[ukiaodochar-MoandukaTop KyieciHae MHOTCHUUOMETPIIK JKoHE (OTOMETPIIK 3epTTey IKYpri3iaui.
KemeHai KOChUIBICTApIbIH JKYHECIHAE CallBICTHIPMANbl TYPAKTBUIBIK KepceTinai. bepiireH keskapac —
KJIACCHKANIBIK OeHOpraHUKaJIbIK XUMUSHBIH HOTHIKECI, KATTBI )KOHE KYMCAK KBIIIKBUIIBIH, [ITHPCOHHBIH Heri3i
MeH Y CaHOBHYTHIH KaFruackl OOWBIHINA TYCIHAIPII.
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HccnenoBanne KOMILIEKCO00OPa30BaAHUA B CHCTEMAaX HMUKJI0(pochaT — MeTaLl
(pU3UKO-XUMHMYECKUMH METOAAMHM

IIpoBeneHs! moreHIOMeTpIYeCKUe U (POTOMETPUIECKHE MCCIENAO0BAHUS CHCTEM IHKIOopochar — Moaudu-
KaTop. YCTaHOBJIEHBI COCTaBbl OOpA3yIOIIUXCA B CHCTEMAaX KOMIUIEKCHBIX COEIMHEHMH, MOKa3zaHa MX
OTHOCHTENbHAs YCTOWYMBOCTD. JlaHbl 00BSCHEHNS MONTYYEHHBIX PE3YIbTaTOB C TOUKU 3PEHHS KIACCHYECKOil
HEOPraHW4YEeCKON XUMUH, TEOPUH JKECTKUX U MATKUX KUCJIOT U ocHOBaHMi [Tupcona u Teopun ¥Ycanosuya.
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CuHTte3, peHTreHorpaguyecKoe uccjiel0BaHne H JIeKTPOAHAJNTHYECKHEe CBOHCTBA
K00aJIbTO-MAHTAHUTOB LaMZHCOMnOﬁ (MII — Mg, Ca, Sr, Ba)

MeTo0M KepaMHYIecKOi TeXHOJIIOTHH U3 OKCHIOB JlaHTaHa, kobansta (II), mapranna (III) n kapbonaTos me-
JIOYHO3EMEJIBHBIX METAJUIOB CHHTE3WPOBAHBI HOBBIC KOOAIETO-MaHTaHUTHI LaM,"CoMnOg (Mll — Mg, Ca,
Sr, Ba). Metogom PDA 6b110 yCTaHOBJIEHO, YTO OHU KPUCTAJUIM3YIOTCS B KyOMUECKOH CHHIOHHH CO Clie-
nyomumu napamerpamu pemerku: LaMg,CoMnOg — a = 16,76110,062 A, 7= 4708,6910,019 A3, Z=06,
VO . = 787,78£0,03 A%, Pperr. = 3,78, P = 5,84+0,10 r/em’; LaCa,CoMnOg — a = 16,65040,026 A,
1=4609,1130,06 A°, Z=6, 1, ;. = 768,19£0,01 A%, pper = 5,63, Pruss. = 5,56+0,10 r/em’; LaSr,CoMnOs —
a=16,71140,034 A, 1°=4666,59+£0,09A°, Z=6, 1°,,,=777,7720,02 A°, P =644, Pruen.=

=6,37+0,11 r/em’; LaBa,CoMnOs — a=16,84040,030 A’, 1°=47755810,09A°, Z=6, V°, . =
=795,3+0,02 A3, Ppear. = 7,09, P = 6,95£0,09 r/em’. Co3naHbl HOBBIE WUHIUKATOPHBIE 3JIEKTPOIbI HA OCHO-
BE YrOJIbHOI I1ACThl, MOXU(BUIMPOBAHHOH KOOANBTO-MaHraHHTaMu cocTapa LaM," CoMnOg (M" — Mg, Ca,

Sr, Ba). OnpeneneHs! OCHOBHBIC 2JIEKTPOIHBIC XapaKTEPUCTHKU (KPYTH3HA JIEKTPOAHON QyHKIMH, Kodddu-
IIUEHT CENEKTUBHOCTHU U BPEMsI OTKJIMKA) YTOJMbHO-TIACTOBBIX HOHOCEIEKTUBHBIX 3JIEKTPOJIOB.

Kniouesvie cnosa: KO6aJ'II>T, MAaHI'aHHUT, CHHTE3, pEHTFCHOFpaq)I/Iﬂ, UHAULHUPOBAHUE, DJICKTPOAHATIUTUYCCKAS
XUMHS, YTOJIbHO-ITACTOBBIC JJICKTPOAbI.

Bseoenue

Ha npoTsbkeHun psiia MOCJIEIHHX JIET Ha pa3BUTHE (PU3MKHU TBEPJOTO Tea CEPbe3HOE BIMSHUE OKa3bl-
BaJIM MCCIIENOBAHUS B 00JIACTH BBICOKOTEMIIEPATYpHOIl CBEpXMPOBOAMMOCTH. [lepcrieKTHBHBIME MaTepHa-
naMu 111 9 PEKTUBHON BBICOKOTEMIIEPATYPHON TEPMO-, IEKTPOKOHBEPCHUN HA BO3AYXE SBISIOTCS OKCHIIBL,
XapaKTepU3YIOIINECs, HapAay C BBICOKOW TEPMOIJIEKTPUUIECKON TOOPOTHOCTHIO, BHICOKOW TEPMUUECKON H
XMMHUYECKOH CTaOUIBHOCTHIO.

Cpenn OKCHIOB CO CMEIIAHHOW BAJIEHTHOCTHIO 3d-MOHOB MaHTAaHUTHI U KOOAJIBTUTBI CO CTPYKTYypOU
MEPOBCKHUTA 001aJal0T CXOAHBIMUA MarHUTHBIMU CBOMCTBaMU. KOOAIBTUTHI SIBJISIIOTCS] TIEPCIIEKTUBHBIMHU Ma-
TepuajaMi B CO3JaHMU BBICOKOI((EKTUBHBIX YHCTBIX OKCHIHBIX MCTOYHUKOB MHUTAHMS, KaTaJlN3aTOPOB,
KHCJIOPOIHBIX MeMOpaH, TEPMO3JIEKTPHUECKHUX MPpeodpa3oBaTesieil ¥ 3alIOMUHAIOIINX YCTPOHCTB.

3amMernieHre HOHOB JIaHTaHa Ha IIEJIOYHO3EMENbHBIA HOH IPUBOINUT K (peppOMarHETU3MY U MeTajlTnye-
CKOH NPOBOAMMOCTH B 000OMX THUIAX OKCHJIOB. MaHraHUTHI M KOOAJIBTUTHI PEIKO3EMENbHBIX HOHOB IPOSIB-
JSOT 3((PEKT TUTAaHTCKOTO MAarHUTOCOTIPOTHBIICHHS IIPH METaMAarHUTHBIX (Da30BBIX MpeBpaineHusx [1].

[louck u cuHTE3MpOBaHME HOBBIX COCAMHEHHH Ha OCHOBE KOOAIBTHUTOB M MaHTaHUTOB U M3YUYECHHE HX
CBOWCTB SIBIISIIOTCSI BXKHOH 3a1aueil Kak Ui (yHIaMEHTaJIbHBIX UCCIEJOBAaHUM, TaK U C TOYKU 3PEHUS HX
[IPaKTUYECKOr0 UCII0JIb30BAHUS.

Peszynomamer u ux obcyscoenue

Kepamuueckue 06pasiel KoHeuHoro cocraBa LaM,"CoMnO, (M" — Mg, Ca, Sr, Ba) Gbum
M3TOTOBJICHBI 110 CTaHIAPTHOHM TBepaodasHoi TexHojoruu. Mcxomusie BemecTa: mopoiuku La,Os; (Mapku
«oc.u»), CoO («x.4.»), KapOOHATHI MIETOYHO3EMEIBHBIX METANIOB («X.4.») CMEIINBAIA B CTEXHOMETPH-
4eckoM cooTHomeHuu. [logrorosneHnbie 00pa3bl MEpEeTHPAINCH B araTOBOM CTYIIKE, ITOCIIE Yero MmoMenia-
JIUCh B QIYHIOBBIA TUTENh U BhIAEp)KUBaIHCh B reun «SNOL» mpu temneparypax 400 °C (t= 12 u), npu
temneparype 600 °C (t= 10 1), 800°C (1= 14 4), 1000 °C (t=8 1), 1200 °C (1= 10 4) ¢ nepemeru-
BaHWSIMUA M TepeTUpaHusAMH. il moyuyeHHus yCTOWYMBOM NMPU HHU3KOW TeMIepaTrype paBHOBECHOH (pa3bl
npooauau oTxur npu 400 °C B Teuenune 20 u.

OO0pazoBaHne paBHOBECHOTO COCTaBa CHHTE3UPYEMBIX COCJMHEHNH KOHTPOINPOBAIOCH METOJIOM PEHT-
rerodazoBoro ananuza (POA) Ha nudpakromerpe [JPOH-2.0. [InkHOMETpHYECKYIO TUIOTHOCTH KOOANBTO-
MaHTaHUTOB ONPENENSIIN o MeToauke [2]. B kauecTBe HHIUPPEPEHTHON )KUAKOCTH UCTIONB30BAIN TOIYOJI.
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PeHTreHorpaMmbl CHHTE3MPOBAHHBIX KOOAIThTO-MAaHTAaHUTOB WHIUIIMPOBAIA AHATUTHYECKAM METO-
noM [3]. Pe3ynbraTsl HHAUIIMPOBAHUS TIPE/ICTaBICHBI B Tabmwe 1.

Tabnuma 1
NuaunupoBaHue peHTreHOrpaMMbl KOOAJIbTO-MAHTAHUTOB LaMZHCOMnOG (MII — Mg, Ca, Sr, Ba)

JIy | d, A | 10%d" e, | hkl | 10%/d" .
LaMg,CoMnOy
17 3,848 675,3 331 675,3
100 2,729 1343 611 1351
8 2,486 1618 631 1635
7 2,421 1706 444 1706
20 2,231 2009 544 2026
25 2,098 2272 800 2275
35 1,932 2679 555 2666
7 1,727 3353 763 3341
25 1,580 4006 870 4016
14 1,487 4523 880 4549
13 1,370 5328 10.5.5. 5331
14 1,228 6631 995 6646
LaCa,CoMnOQOq
6 3,820 685,3 331 685,3
7 2,770 1303 442 1298
100 2,702 1370 611 1371
9 2,623 1454 620 1443
6 2,384 1760 700 1767
17 2,201 2064 722 2056
36 1,910 2741 662 2741
30 1,559 4114 774 4112
14 1,351 5479 10.6.4. 5482
LaSr,CoMnOy
6 3,834 680,3 331 680,3
7 3,649 751,0 421 751,9
8 3,124 1025 432 1038
6 3,027 1091 521 1074
42 2,818 1259 531 1253
100 2,715 1357 611 1361
15 2,216 2037 722 2041
10 2,087 2296 800 2291
19 2,042 2398 733 2399
38 1,916 2724 662 2721
4 1,690 3501 770 3509
24 1,568 4067 855 4082
7 1,407 5051 11.4.2. 5046
15 1,355 5447 10.6.4. 5442
12 1,212 6807 10.9.3. 6803
LaBa,CoMnOq
17 3,862 670,5 331 670,5
26 3,381 874,8 430 882,2
24 3,115 1031 432 1023
14 2,977 1128 440 1129
100 2,735 1337 611 1341
17 2,231 2009 722 2011
21 2,154 2155 643 2153
36 1,937 2665 662 2682
28 1,580 4006 855 4023
12 1,224 6675 11.8.2. 6670
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V [I0BIIETBOPUTENbHAS COMTACOBAHHOCTD ONBITHBIX 1 PACUCTHBIX 3HaueHMH 10*/d%, peHTreHOBCKHUX ¥ ITHKHO-
METPUYECKUX TJIOTHOCTEH [2] moKa3bIBaeT KOPPEKTHOCTH PE3yNIbTaTOB MHAMIIMPOBAHUSA. Y CTAHOBIIEHO, YTO CO-
CIIMHEHUS KPUCTAJUTU3YIOTCS B KYOHUECKON CHHTOHUH, TTAPaMETPhI UX PEIIETOK MPUBEICHBI B TAOIHIIE 2.

Taonuma 2
PeHTreHorpaguyecKune XapakTepHCTHKH KobaabTo-manranutos LaM",CoMnOg (M" — Mg, Ca, Sr, Ba)

CoenuHeHUS Iapamerpet Z VO, A’ Voanﬂ, A’ Hnornocte, rem’
pCeLICTKY, Ppenr. P,
LaMg,CoMnOgq 16,7611+0,062 6 4708,69+0,19 784,78+0,03 5,78 5,84+0,10
LaCa,CoMnOg 16,650+0,026 6 4609,11+0,06 768,19+0,01 5,63 5,56x0,10
LaSr,CoMnOg 16,711+0,034 6 4666,59+0,09 777,77+£0,02 6,44 6,3710,11
LaBa,CoMnOg 16,840+0,030 6 4775,58+0,09 795,93+0,02 7,09 6,95+0,09

Tpamas nomenyuomempus. OCHOBHBIMU XapaKTEPUCTUKAMU MOHOCENIEKTUBHOTO 3ekTpoaa (UCD) sB-
JISIFOTCS JIEKTPOAHAs (DYHKIIMS, CENIEKTHBHOCTD U BpeMs OTKJIMKA. DIIEKTPOAHBIC XapaKTePUCTUKU TaTYHKOB
B pactBopax uoHoB Co”, Mn>" u Sr*" npu nocrostHHOI HoHHOI cuite 0,1 HpuBeneHb! B TaGIHIE 3.

Taonuma 3

DJIeKTPOAHbIE XAPAKTEPUCTHKHU 3JIEKTPO/I0B B KAJTUOPOBOYHBIX H3MePEeHUAX
(ponoBbIii d1ekTpoauT NaNQOs, I =0,1 M)

Onpenensiemsiit norn M**| S (MB/pMe) Huwxcawii npezen PaGounii Bpewms K:;m/
0OHapy)KEHHsI, MOJIB/JI unTepBal pH |oTkinka, MUH [

LaBa,CoMnOg¢

Co*" 21,00£1,00 1-107 3-6 0,5-1,5 4,99-10°

Mn** 24,00£1,12 1-10° 3-6 0,5-1,5 1,58-10°7°
LaCa,CoMnOg¢

Co" 5,23+1,41 1-10° 3-6 0,5-1,5 3,87-10°

Mn’" 1,79+1,13 1-10° 3-6 0,5-1,5 2,03-10°
LaMg,CoMnOgq

Co* 2045,54 1-10°° 0,5-4.,5 0,5-1,5 6,55-10°°

Mn** 1845,21 1-10* 3-7 0,5-1,5 4,64-10°
LaSr,CoMnOy

Sr** 324321 110° 2-7 0,5-1,5 7,25-107

Co*" 24+5,11 510 3-8 0,5-1,5 3,38:10°°

Mn*" 20£5,47 1-10° 3-7 0,5-1,5 6,54-10°°

Jlunelinas o6nacth dnekTpopHor QyHKIMH daekrpoga LaSr,CoMnOgs HaxomuTcs B 00NacTw
10°~10"° mons/n JIJI1 HOHOB Sr2+, HUKHSIS TPAHULA ONPEAEIIEMbIX CONEPKAHUM — 10° MOJIB/JT; IJIS DJIEK-
tponoB LaCa,CoMnOg u LaBa,CoMnOg — 10°-10°"° MOJIB/T, st 3nekTponoB LaMg,CoMnOg —
10*-10"° Momb/11. BeIMUMHBI KPYTH3HBI SIEKTPOIHON (DYHKIIMU TTOKA3BIBAIOT KOJIMYECTBO SIEKTPOHOB, Yua-
CTBYIOIIIUX B MOHHOM OOMEHE, W 4eM OJirKe KpyTH3HA JJICKTPOMHON (PYHKIIMU K HEPHCTOBCKOMY HAKIIOHY
JUTSL TAaHHOTO MOHA, TEM BHINIE BEPOATHOCTH MPOTEKAHUS MPOIIECCOB TMEepeHOca 3apsaa Ha TPAHUIIE «AJICK-
TPOA—PACTBOP» C YUacCTHEM JIaHHOH (hOpMBI CYIIECTBOBAHMSI HOHOB B pacTBope. B ciydae Bcex 4 anekTpo-
JIOB BHJTHO, YTO MPU YBEJIMYCHUM KOHIIEHTPAIMK paboyero pacTBopa pacTeT IEKTPOAHBIN MOTEHIMAT CHC-
TEMBI, T.€. JJIEKTPO] IPOSIBIIIET HOHOOOMEHHYIO (DYHKIIHIO.

DNeKTpoIHYI0 QYHKIMIO Ha TpaHulle pasjiena (a3 B KUCIOH cpejic MOKHO TIPEJICTABUTH B BUJIC

LaM,"CoMnOs— LaM"CoMnO¢>+M>* M" —Ca, Sr, Ba (1)

B HeliTpansHON U MIETOYHON Cpe/laX B AJIEKTPOJHON PEAKIMH YYaCTBYIOT MOJEKYJIbI PACTBOPUTEIS U TH/I-
POKCHI-MOHBI

LaM,"CoMnOg+H,0 — LaM"CoMnOg+ M(OH),+2H+2¢"  (meiiTpanbHas cpena) )

LaM,"CoMnOs+40H — LaM"CoMnOg+ MO, +2H,0+2¢  (memnouHast cpena) 3)

W3 nanHBIX 110 KO3 (UIMEHTaM CETIeKTHBHOCTH BUIHO, YTO AJeKTpoa Ha ocHoBe LaSr,CoMnOg mposis-
JISIeT MOHOOOMEHHYIO (BYHKIIMIO IO OTHOMICHMIO K HoHaM Sr°, Co>", Mn®", mpiueM MakcHMasbHas CeleKTHB-
HOCTB JJOCTUTAETCS JIJIsI HOHOB CTPOHIIMSI, YTO Ha 5 TTOPSIKOB BBIIIE, YeM IS JATIMKA, OITUCAHHOTO B [4].
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Heobxomumo OTMETHTH TOT (PaKT, YTO JTUHEHWHOCTH JIEKTPOAHON (DYHKITUH SBJISETCS YCIOBHEM IIPH-
MEHUMOCTH HMHIUKATOPHOTO 3JIEKTPOJa B MPSIMON MOTEHIHOMETPUH. B cilydae MOTEHIIMOMETPUYECKOTO
TUTPOBAHUS JIMHEHHOCTH 3aBUCUMOCTH (E—p(C) npy MOCTOSHHOM MOHHOM CHUJIC HE SBIISIETCS 0053aTeIbHOM.

Taxxe uccienoBaHa BO3MOXKHOCTh HCIIOJB30BAaHUS YTOIBHO-TTACTOBBIX 3eKTpoaoB (YIID) Ha ocHOBe
KOOaIbTO-MaHTaHUTA CTPOHIIMSI B ONpPEJNEICHUH MOHOB CTPOHIMS. B nmuTeparype W3BECTHBI AJIEKTPOIHBIC
CUCTEMBI, HCIIONB3YIOUINeCs ISl ONpeNeieHns HOHOB CTPOHIIUS B pacTBopax [5, 6] MeTomoM mpsamMoil mo-
TEHIIMOMETPHH, B ITHX CIy4asx KpyTH3HA 3JeKTpoAHoil ¢yHkimu coctasnser 29,4 u 29,0 mB/pMe, Torna
Kak B HameMm ciydae 3243 mB/pMe.

YcraHoBIEHO, YTO AEeKTpoJ, conepxamuii LaMg,CoMnQg, 001a1aeT T0CTATOYHO BBICOKOU CEIICKTUB-
HOCTBIO K HoHaM Co°, Mn®", KOTOPBIH  MOXKHO HCIIOIB30BATh KAK MHIMKATOPHBIA B MOTCHIIHOMETPHYCCKOM
TUTPOBaHUM C ydacTheM MoHOB koOanbTa (II). CornmacHo 3HaueHHSM KPYTH3HBI JJIEKTPOAHON (YHKIIUH B
JaHHOM CIllydae HMMEET MECTO TPEXdJIEKTPOHHBIA IMporecc oOMeHa HOHOB, T.€. C Y4YacTHEM HMOHa KO-
OanpTa (III) — mpoaykTa BHYTPUMOJIEKYIISIPHOTO OKHCIUTEIHLHO-BOCCTAHOBUTEIHHOTO TIpOIlecca:

LaM,"CoMnO4 — LaM,"Co"™MnOy 4)
LaM,"Co"MnOs; — LaMnOg+Co> +2M* +4¢” 5)
0,+2H,0 +4¢ — 40H (6)
Co’"+H,0 — Co(OH),+2H +e" (7)
Torna xax B ciayvae noHoB Maprania (11):
LaM,"CoMnOs+Mn*" — LaM,"Mn"MnO¢+Co’* (®)
Co’"+H,0 —Co(OH),+2H " +¢" 9)

W3 Tabmuipl 3 BUAHO, YTO HAKJIOHOM 3JIEKTpOIHON QyHKIMK 24 MB/pMe obnagaer 3ekTpo/i, aKTHBHOE
BeIecTBO KoToporo npeactasieHo LaBa,CoMnQOg, aHaOrn4HO NpEICTaBICHHBIM BBILIE peakiusiM (4-9).

Bemuunabl KpyTH3HBL AnekTpoHon GyaKmu s YIIO, cogepxamero LaCa,CoMnQOg, UMEIOT OYSHB
HU3KME 3HAYEHUS, YTO HE IO3BOJSET YCTAHOBHTH IPHPOJY HOHOOOMEHHOH (YHKIMH JUII HOHOB
kobanbta (1) u mapranua (II).

OT0, MO-BUANMOMY, CBSI3aHO C TAKHUMH JJIEKTPO(YU3MYECKUMU CBOHCTBAMH TOJYIIPOBOJAHHUKOB, KaK
ANIEKTPUYECKAst EMKOCTh, JJIEKTPUIECKast MPOBOJAMMOCTh, KOTOPBIE B CBOIO OYepe/lb ONPECISIOT crieliuduKy
MIPOIIECCOB MEPEHOCA 3apsHKEHHBIX YacTHUI] B KPUCTALTMUYECKON pelieTke MuHepaia (TUIl HOCUTENeH 3apsija,
KOHIIEHTpAIUs HOcHUTeNer 3apsina u Ap.). CorimacHo 3HaYeHUsIM AiieKTpudeckoro compotuBieHus (R) [7],
MOXKHO TIPEJIOJIOXKHUTh, YTO B ciydae anekrpoga LaMg,CoMnOg npeobnamaeT #-TUI MPOBOJUMOCTH; IS
ocTanbHbIX 3ekTponoB LaM, " CoMnOg (M" — Ca, Sr, Ba) XapakTepeH p-THII IPOBOANMOCTH.

Hannydmumu 31eKTpOXUMUIECKIMH XapaKTepUCTUKaMu cpefn n3ydeHHbXx MCD Ha OCHOBE CIIOXHO-
OKCHJIHBIX MaTepHaioB OOJIAJAr0T JIEKTPOABI C AJIEKTPOTHOAKTHBHBIM BerecTBoM u3 LaSr,CoMnOg (mms
MOHOB Sr°, By IeKTpoHHbIH nponecc) 1 LaMg,CoMnOs (s nonos Co®*, TpexaneKTpoHHBIH mpomecc),
JUIS KOTOPBIX YCTAHOBJICH O0Jiee IMPOKHUI MHTEPBAI JIMHEHHOCTH OCHOBHOM DIIEKTPOTHON (PYHKITHH.

DKCHPECCHOCTh METOJIa aHalln3a ONPEeNIeTCS BPEMEHEM OTKJIMKA JJIEKTpoAa (Bpems, HEOOX0IuMoe
JUTISL YCTAaHOBJICHUS PAaBHOBECHOTO MOTEHIIMANIA 3JIEKTPOJIa), UMEHHO 3Ta XapaKTEpPUCTHUKA MOKA3bIBAET BO3-
MOKHOCTH ucnoib3oBanusd MCO B xuMuyeckoM aHanu3e. B Hamiem ciydae Bpemsl yCTaHOBJICHUS TIOCTOSH-
HOTO 3HAuUCHUS TMOTCHIMANA I MeMOpaH, W3TOTOBIEHHBIX W3 KOOAJbTO-MaHTaHUTOB, cocraBiser (0,5—
1,5 mun. [lo-BuauMoMy, 3TO CBA3aHO ¢ OCOOCHHOCTSMHU CTPYKTYPBI KOOAIbTO-MAaHTaHUTOB, XapaKTEPU3YIO-
mielicsl HAIMYUEM TpPHU-, TETPa- U MEHTArOHAIBHBIX MEKOKTadIPHYECKUX IYCTOT, CIIOCOOCTBYIONIMX OBICT-
pBIM OOMEHHBIM IIpOIleccaM Ha TPaHUIle «MeMOpaHa — PacTBOp». 3HAYHT, XUMHUUECKUN aHAIHN3 C UCIIOB30-
BaareM MCD Ha ocHOBE KOOAITETO-MaHTAaHUTOB 00JIAIAET TOCTATOYHOM HKCITPECCHOCTHIO.

Pe3ynbraThl onpesenenns uoHos Co>", Mn™", Sr*" jis u3ydaeMbIX /EKTPOIOB CBUIETEIBCTBYIOT O
BO3MOYKHOCTH OTIPE/Ie/ICHHs Ha ypoBHE He Hike 10! Momb/i.

Crnenyronieil HeMaJOBaXKHOM KOJIMYECTBEHHON XapaKTEpUCTUKOU DJIEKTPOJAA, ONPEACIAIONICH ero pa-
00TOCTIOCOOHOCTh B PEalbHBIX YCIOBUSX XUMHUYECKOTO aHAU3a, SBISETCS KOI(P(QUIMEHT CENCKTHBHOCTH.
3HavyeHre KOAPQPUIMEHTa CEITEKTUBHOCTH MOKA3bIBACT, HACKOIBKO DIIEKTPOJI CEIEKTUBEH MO0 OTHOIICHHUIO K
OCHOBHBIM TTOTSHIIMATIOPEISIISIONIAM HOHAM B TIPUCYTCTBUW MTOCTOPOHHUX MOHOB. B Tabmuie 1 mpemcras-
JICHBI BETHYMHBI K03(h(BUIMEHTOB CENeKTUBHOCTH 0 OTHOIEH O K Honam Co®’, Mn®*, Sr*”.

B cBsi3u ¢ noMy4yeHHBIMU 3KCIIEPUMEHTAIBHBIMU TAHHBIMU MPSAMOM MOTEHIIMOMETPUN MOYKHO CHENaTh
BBIBOJI, YTO pPacCMAaTPUBAECMBbIEC YTOJBHO-IIACTOBBIE DIIEKTPOJIBI C DIIEKTPOJHOAKTHBHOM 100aBKOHM KOOAILTO-
MaHTaHHUTa MOXHO WCHOJb30BaTh KaK MHIUKATOPHBIC B TMOTCHIIMOMETPUYCCKOM THUTPOBAHHU C y4acTHEM
noHoB kodOaibTa (II).
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Baxnouenue

Takum 00pa3oM, BIIEPBBIC METOIOM KepaMuieckoi TexHojoruu u3 okcuaos La (II), Co (II), Mn (III) u
KapOOHATOB IIENOYHO3EMENbHBIX METAJUIOB CHHTE3UPOBAHBI HOBBIE KOOAIbTO-MAHTAHUTHl COCTaBa
LaM,"CoMnO, (M" — Mg, Ca, Sr, Ba). Onpe/e/cHbl THII CHHIOHHH, IAPAMETPhI JIEMEHTAPHBIX SUCCK,
PEHTI€HOBCKHE, TMKHOMETPUYECKHE IUIOTHOCTU. Y CTAHOBJICHO, YTO COSJAMHEHHS KPUCTAJUTU3YIOTCS B KyOHU-
YECKOM CUHTOHUMU.

Ha ocHOBe CHHTE3MPOBaHHBIX KOOAIBTO-MAaHTAHUTOB COCTAaBa LaMZHCOMn06 (MH— Mg, Ca, Sr, Ba)
CKOHCTPYHUPOBAHKI YTOJIHHO-TIACTOBBIC IJEKTPOIBI C TBEPIBIM KOHTAaKTOM. OmpeeneHbl OCHOBHBIC XapaKTe-
puctuku MC3: ko3(hGUIMEHTHI CEICKTUBHOCTH K MOHaM Mapraia (2+) u kobanbra (2+), ctpoHuus (2+),
Bpems otkimka (0,5-1,5 muH), pabouas obnacte pH, KpyTH3HA W WHTEpBaJ JHMHEHHOCTH OCHOBHOMW JIIEK-
TpogHOU (yHKIMH. [lokazaHo, 4TO yroJEHO-MTACTOBEIE IEKTPOIBI XapaKTePU3YIOTCS yIOBICTBOPUTEIBHOM
CTaOMILHOCTBIO CTAIIMOHAPHOTO MOTEHIIUANA TIPU MCTIOIB30BAHUH B TIPSIMOHN MTOTSHIIHOMETPHH.
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b.K.Kacenos, lI1.K.OmepxanoBa, M.O.Typty6aeBa, 111.b.Kacenosa, P.H.Hukomnos

LaMZHCOMnoﬁ (MH— Mg, Ca, Sr, Ba) :xxana ko0a1bT-MAHTAHUTTEPiHIH CUHTE3I,
peHTreHOrpagusIIbIK 3epTTeyi :KIHE FIEKTPOAHATMTHKAJIBIK CHIIATTAMAJIAPbI

Kepammkansik texnonmorust oxpicimen sanrta (III), xo6anst (II), Mn (III) TOTBIKTapbl MeH CILITINIK >kep
MeTalapblHblH  KapOoHarTapbiHan LaM,"CoMnOg (M" — Mg, Ca, Sr, Ba) koGanbT-MaHraHuTTEpi
CHUHTE3ZICTIHIN aIbIHABL. PeHTreHdasanblK omiCIeH KOOAIbT-MAaHTAaHUTTEPAIH KyOTBHIK CHHTOHHSIA
KPHCTAIJAHATBIHB  AHBIKTANBIN, Kelecimedl Top  kepcerkimTepi amsiHsl:  LaMg,CoMnOs —
a=16,76110,062 A, 1°=4708,69+0,019 A’, Z=6, 1°,,,, =787,7840,03 A°, Prewr. = 5,78, P, = 5,84+
+0,10 r/em’; LaCa,CoMnOg — a = 16,650+0,026 A, 1°=4609,11+0,06 A°, Z=6, V°,, ., = 768,19+0,01 A°,
Ppesr. = 5,63, P, = 5,5620,10 T/em’; LaSr,CoMnOs — a = 16,71110,034 A, 1°=4666,59+0,09 A, Z =6,
Vi = 177,77£0,02A%, pper = 6,44, Prer = 6,3720,11 r/em’; LaBa,CoMnOs — a = 16,840+0,030A°,
V0= 4775,58+0,09A%, Z =6, V°,, 40 = 795,320,024, ppesr. = 7,09, Prur, = 6,95+0,09 r/cm’. Kemiprek macra
apkbuisl LaM,"CoMnO, (M" — Mg, Ca, Sr, Ba) koGamsT MaHraHHTTEpi Heri3inje aHa NMCIUICH
JNIEKTPOATAPH! JMalbIHIanFaH. KeMipTek-HOHABIK-CeNeKTHBTI IacTa 3JICKTPOATAPBIHBIH HETI3ri CHIaTTa-
MaJjlapbl aHBIKTAJFaH (dJEKTPox (QYHKIMSHBIH Oaypaifbl, CeNeKTUBTI KO3(D(GUIHUEHTI kKoHE kayarm Oepy
YaKbIThI).

B.K Kasenov, Sh.K.Amerkhanova, M.O.Turtubayeva, Sh.B.Kasenova, R.N.Nikolov
Synthesis, X-ray studies and electroanalytical properties of cobalt-manganite
LaMZHCoMnO6 (MII — Mg, Ca, Sr, Ba)

Using ceramic technology, we synthesized cobalt manganites with the composition LaM,"CoMnOg (M" —
Mg, Ca, Sr, Ba) from oxides of lanthanum (III), cobalt (II), manganese (III) and carbonate of alkali-earth
metals. X-ray powder diffraction study and indexing established that the cobalt-manganites crystallize in the

Cepusa «Xumuns». Ne 2(82)/2016 59



b.K.KaceHos, LL.K.AmepxaHoBa v ap.

60

~N N AW~

cubic system with the following lattice parameters. LaMg,CoMnOs, — a=16,761+0,062 A,
V0=4708,6910,019 A°,  Z=6, Pueen=7877840,03 A%, Py =578,  Ppyen = 5,84+0,10 g/em’;
LaCa,CoMnOg — a = 16,650£0,026 A, V°=4609,11£0,06 A°, Z =6, V*;; = 768,19£0,01 A%, p, 1, = 5,63,
Ppyen. = 5,5640,10 g/em’;  LaSr,CoMnOs —  a=16,71120,034 A,  1°=4666,5940,09 A’, Z =6,
Vaeen=777,77£0,02 A%, pyray. = 6,44, ppyen = 6,37£0,11 g/em’; LaBa,CoMnOs — a = 16,840+0,030 A’
V0= 4775,58+0,09 A®, Z = 6, Ve cen= 795,340,02 A%, py 1oy, = 7,09, Poyen. = 6,9510,09 g/cm’. The new indica-
tor electrodes through carbon paste modified cobalt-manganite LaM, " CoMnOq (M" — Mg, Ca, Sr, Ba) were
created. The main characteristics of the electrode (the slope of the electrode function, selectivity factor and
response time) of carbon-paste ion-selective electrodes were determined. It is seen that in the case of all four
electrodes are showing an ion exchange function. It is shown that carbon-paste electrodes were characterized
by satisfactory stability of stationary potential when used in direct potentiometry.
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Development and validation evaluation of methods of quantative determination
of pulegone in the Ziziphora bunge essential oil

Validation characteristics of analytical methods of quantifying pulegone in the essential oil of herb Ziziphora
bungeana Juz have been studied. The results of validation showed that the above analytical technique meets
the requirements of the test for specificity, accuracy, is characterized by a linear dependence in the
investigated range of application of analytical techniques, proper accuracy and convergence of the results.
A regulated rate of the main component pulegone in the essential oil of Ziziphora bungeana Juz has been de-
termined: its contents must be not less than 40 %.

Key words: herb Ziziphora (Ziziphora bungeana Juz.), quantification, GLC, pulegone, essential oil, validation
of analytical methods.

Introduction

Analytical methods used for quality control of medicinal products shall be valid, i.e., have sufficient
correctness, specificity, sensitivity and pretentiousness. Validation of new analytical techniques can detect
and eliminate disadvantages of the method still at the early stages of pharmaceutical development. After
validation work there is confidence in the very procedure, and the quality of the developed finished product
as well [1-3].

On the basis of the results of validation assessment pharmaceutical level of requirements for quality and
safety of herb Ziziphora bungeana Juz. in terms of «quantitative determination of pulegone in the essential
oil» has been established. The results were used to design an analytical normative document «Ziziphora
bungeana Juz. herb.»

The purpose of this study is carrying out validation of the method of quantitative determination of
pulegone in the essential oil of herb Ziziphora bungeana Juz.

Materials and methods

Herb Ziziphora bungeana Juz. used in the experiment was collected in the foothills of the Jungar Alatau
in the flowering phase in July 2014. The reagent solutions and solvents of brand just for the sake of analysis
used in the experiment were prepared in accordance with the requirements of the State Pharmacopoeia of the
Republic of Kazakhstan. Chromatographic analyzes were performed on a gas chromatograph with an Agilent
6890 N with mass selective detector Agilent 5973 N and a flame ionization detector (Agilent, USA) and data
were collected and integrated using the program Microcal Origin and Statistica 12. As additional equipment
and materials there were used analytical scales (Radwag, Poland), Clevenger’s unit (Russia), electric stove
(«Electrical» JSC, Russia), chemical vessels (PAL Steklopribor, Russia), the mill POLYMIX PX-MFC 90D
(Kinematica, Switzerland).

Methods of quantitative determination. The test is performed by gas chromatography [2; 2.2.28].

The test solution. 25 mg of the essential oil obtained by quantifying the essential oil is placed into a
volumetric flask of 50.0 mL, dissolved in 15.0 mL of hexane P, adjusted with the same solvent to the mark
and mixed until complete dissolution of the essential oil.

Comparison solution. 10 mg SS SPh RK pulegone is placed in a stoppered flask with a capacity of
25 mL, dissolved in 3.0 mL of hexane P, adjusted with the same solvent to the mark and mixed.

Test solution and reference solution are processed in equal amounts (1 microliter) by gas chromatog-
raphy with a mass spectrometric detector under the following conditions:

—capillary column RestekRxi®-1ms size of 30 m % 0.25 mm x 0.25 mcm filled with 100 %

dimethylpolysiloxane;

— carrier gas: helium for chromatography R;

— carrier gas rate — 1.0 mL/min;

— division of the flow — 1:25;

— temperature.
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The Chromatographic conditions are shown in Table 1.

Table 1

Chromatographic conditions

Time, min | Temperature, °C
Column 0 40
0-120 40-280
Evaporator 280
mass spectrometry detector EI =70 eB 240

Chromatography time should be 120 min in the mode of scanning ions 39—500 m/z.

Pulegone peak retention time is of about 32.8 min.

A chromatographic system is considered suitable if the symmetry factor calculated for pulegone peak in
the chromatogram of the reference solution is no less than 0.6.

Pulegone content is calculated in the essential oil as a percentage by the formula

o Siomy P-100-50 S, -m,-P-2
S, -m, -100-25 S, -m

where S| — the average value of the peak areas in the chromatogram of the test solution; S — the average
value of the peak areas in the chromatogram of the reference solution; my — mass of sample SS SPh RK
pulegone, in milligrams; m; — mass of the test specimen sample, in milligrams; P — content in the SS SPh
RK pulegone, as a percentage.

Results and discussion

The method of quantifying pulegone in the essential oil of herb Ziziphora bungeana Juz. was discussed.
Validation of the test method was carried out by gas-liquid chromatography by the following characteristics:
specificity, accuracy, convergence, within-precision, linearity, range of applications, a total uncertainty of
the forecast methodology.

Specificity. The chromatograms confirming the specificity of the methodology are presented in Fig-
ures 1 and 2.

The specificity is confirmed by the fact that:

— the retention time of the pulegone peak in the chromatogram of the test solution coincides with the re-
tention time of the corresponding peak in the chromatogram of the reference solution with an accura-
cy of 0.1 %;

— the number of theoretical plates by pulegone peak in the chromatogram of the reference solution was
3479;

— the symmetry factor calculated for the pulegone peak in the chromatogram of the reference solution
peak was 7.4;

— selected chromatographic conditions allow to separate the peaks of pulegone and piperitone, the sepa-
ration factor was 5.7. The resulting chromatogram is shown in Figure 2.

3276

33202788
22 2 39.67

L1 [ 1] =

12.30 2230 32.30 42.30 52.30 62.30 72.30 82.30 92.30 102.30 112.30

Figure 1. Chromatogram of the test solution
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Figure 2. Chromatogram of the comparison solution

Correctness characterizes the degree of correspondence between the known true value or reference val-
ue and the value obtained by this method, while the convergence describes the accuracy of the technique [2].
The results of calculation of metrological characteristics of the methods by varying the concentrations are
shown in Table 2.

Table 2
Assessment of correctness, convergence, the range of application of analytical techniques
SS SPh RK pulegone Essential oil Ziziphora bungeana Juz.
Ne Nomlnal concentra- No Quantitative content of pulegone in Withdrawability, %
tion of SS SPh RK, . .o %
of sample o of sample | the test portion of essential oil, %
(V]

1 80 1 45.19 80.12 100.16

2 85 2 48.01 85.12 100.15

3 90 3 50.54 89.61 99.57

4 95 4 53.85 95.48 100.50

5 100 5 56.43 100.05 100.05

6 105 6 60.22 106.77 101.69

7 110 7 62.16 110.21 100.19

8 115 8 64.96 115.18 100.15

9 120 9 67.58 119.82 99.85
Average X , % 100.26
Standard deviation SD 0.65473
Relative standard deviation
rsD=3L.100, % 0.6330

X

Relative confidence interval of the average value Ax =¢(95%,8)-SD =1.860-0.65473, % 1.2178
Systematic error & = ‘Y—IOO , % 0.26
Criteria of systematic error insignificance
1. 8< Ax/3=0.4059 Satisfying
2. if not satisfying 1, To 8 < 0.80 Satisfying
The overall conclusion on the procedure Correct

From the data shown in Table 1 it follows that for determining pulegone the analysis technique has suf-

ficient

accuracy and convergence, is correct throughout the concentration range of 80—120 % and has an in-

significant systematic error, the relative standard deviation (RSD) is not more than 2.0 %.

Linearity was examined within a range of analytical techniques application over nine independent con-
centrations in the range of 80—120 % of the nominal content of pulegone in the essential oil [4]. The metro-
logical characteristics of a linear dependence of methods are shown in Table 3.
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Table 3
Metrological characteristics of a linear dependence of analytical methods
Parameters Requirements Values Comment
The regression equation y=1.0049-x — 0.22778
B — 1.0049 Compliant
Sy - 0.01691
e . 022778 Compliant
S, — 1.70455
SD 2.0 0.65473 Compliant
P <0 1.0009-10 "° Compliant
R >0.97 0.99901 Compliant

Based on these data it can be stated that the linear relationship is performed on all of the criteria of con-
vergence within the specified range of application of analytical techniques. Graphical image of the linear
dependence is shown in Figure 3 in normalized coordinates.

10 .

100 :

1 L 1 L 1 L 1 L 1
80 0 100 110 120

Figure 3. Diagram of a linear dependence

The regression coefficient in this range is 0.99901. Calculations of the linear dependence parameters
were performed by the method of the smallest squares using a computer program Microcal Origin.

The application range of the analytical procedure. The interval between the minimum and the maxi-
mum concentration of the tested substance in the matter, for which the analytical method requires precision,
accuracy and linearity, has been investigated. The range of techniques application is from 80 % to 120 %, the
relative standard deviation does not exceed 2.0 %.

Precision. According to the results of the test study it was found that the effect of the within variation
(change of assayer and days of the study) do not affect the results of the experiment. RSD for each assay on
different days was calculated, the results do not exceed 2.0 %, as well as its total value. The technique is
characterized by an acceptable accuracy. Evaluation of the intra-assay precision is given in Table 4.

Table 4
Evaluation of the intra-assay precision
Ne of sample / Quantitative content of the pulegone in the essential oil of Ziziphora bungeana Juz.

techniques Day 1 Day 2 Day 3
correctness
indicators Assayer 1 Assayer 2 Assayer 1 Assayer 2 Assayer 1 Assayer 2

1 2 3 4 5 6 7

1 56.7 58.4 56.5 55.9 56.8 56.6

2 56.9 58.4 56.2 56.2 57.5 57.1

3 56.2 58.1 56.4 56.5 57.3 56.9

4 57.4 57.8 56.2 56.7 56.4 56.8

5 57.6 58.3 56.6 55.9 57.1 56.4
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Table 4 continue

1 2 3 4 5 6 7
6 56.5 57.7 56.1 56.4 57.5 56.7
X 56.88 58.12 56.33 56.27 57.10 56.75

RSD 0.9396 0.5531 0.4697 0.7183 0.9751 0.3668
X 56.91

RSD 1.2407

Forecast of the techniques total uncertainty. Validation of analytical methods involves determining not
only the real total error of the analysis, but also their uncertainty. In accordance with the European Pharma-
copoeia a method is considered to be correct in the case when Ax< Bupper [2.4]. Wherein it should be noted
that the upper limit of the substance to be determined in the investigated medicinal plant material is not regu-
lated, so By magnitude is conventionally equated to the rate of the relative standard deviation (RSD),
which must not exceed 2.0 %. Calculation of the forecast of the total uncertainty of the methodology is given
in Table 5.

Table 5
Calculation of the forecast of the total uncertainty of analytical methods

Characteristics Results, %
100-0.0002 ~08
0.025

100-0.0002 —02

Uncertainty of weighing a sample of essential oil on the analytical balance

Uncertainty of weighing a sample of standard pulegone substance

on the analytical balance 0.10
Uncertainty of a flask of 50 mL 0.17
Uncertainty of a flask of 25 mL 0.23
Ay . * 0.87
1
A, =——=Xt(95%;n—1)XRSD 0.87
FAO \/5
Ay =y +A, 1.23
. 1.23<2%

Correctness of complete uncertainty Ax< Bypper correct

Note. *Ay_, _ relative uncertainty of sample preparation error; Apyo — relative uncertainty of the final analytical operation;
B,pper — upper tolerance of the tested substance in the raw material.

On the basis of the obtained data the highest contribution to the total uncertainty of the techniques is
made by the relative uncertainty of sample preparation errors (AV, r, 0.87 %) and a relative uncertainty of
the final analytical operation (Ao, 0.87 %). Wherein the complete methodology uncertainty does not ex-
ceed 2.0 %, which means its correctness when being reproduced in other laboratories.

Conclusions. Validation of analytical methods still in the early stages of pharmaceutical development
allows identifying and eliminating disadvantages of the method. After validation there is confidence both in
the analysis technique, and quality of the developed medicament.

Thus, validation characteristics of analytical methods of quantifying pulegone in the essential oil of
herb Ziziphora bungeana Juz. have been studied. The results of validation showed that the above analytical
technique meets the requirements of the test for specificity, accuracy, is characterized by a linear dependence
in the investigated range of application of analytical techniques, proper accuracy and convergence of the
results. On the basis of calculation of the total uncertainty of the methods one can judge about its correct re-
production in other analytical laboratories. A regulated rate of pulegone in the essential oil has been deter-
mined — not less than 40 %.
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3.b.Cakpinosa, K.A.XKanapkynosa, JI.H.U6parumosa, M.K.Kamanosa

Bynre 3u3udgopa 3¢pup MaiibIHIAFbI YJETOHHBIH CAHABIK AHBIKTAY
dicTeMeciH J3ipJiey KoHe OHbIH BAJTMIALMSIIBIK 0aFachl

Maxkanana Bynre 3usudopa a3¢up MallbiHIaFb! TyJIETOHHBIH CAHIBIK aHBIKTAY aHAIUTHKAJBIK 9IIICTEMECIHIH
BAIMIANMSUIBIK KOPCETKIIITEpi aHBIKTANFaH. Banumanus KOPBITBIHABUIAPHI 3€PTTEITeH aHATHTHKAJIBIK
d/licTeMe 3epTTelly ayMaFbIHIa EPEKIIEIiK, JIIK, KENLTIK, TOYSIIUIIK )KoHE YKCACTHIK CHAKTHI TATaNTapblH
KaHaFaTTaH/bIpa aJlaTIHBIH KepceTTi. byHre 3u3ndopa 3¢hup MaibIHBIH HETi3Ti KOMIIOHEHTI — ITyJIETOHHBIH
HakThl Meiepi 40 %-1aH keM GonMay KepekTiri OenrineHmi.

3.b.Cakunoga, K.A.)XXanapkynosa, JI.H.M6parumosa, M.K.Kamanosa

Pa3paboTka u BaIuIaAlIMOHHAS OLIEHKA METOAUKH KOJIHUYECTBEHHOIO
omnpeeeHus MyJeroHa B 3pupuom macJe 3ududopol bynre

B craTtbe m3ydeHB! BaNMIAOHHBIC XapAKTEPUCTHKN aHAIMTHYECKOH METOMUKH KOJIMIECTBEHHOT'O OMpese-
JIeHHs ITyJieroHa B 3(UPHOM Maciie TpaBhl 3u3u(popsl byHre. PesynpraTel Banmpanuu mokasaiy, 4To pac-
CMaTpHBaeMasi aHAJIUTHIECKas METOIMKA YJOBJICTBOPSIET YCIOBHSAM TECTOB HA CHEHH(DUIHOCTB, MPaBHIIb-
HOCTb, XapaKTepHU3yeTcs INHEHHOH 3aBUCHMOCTBIO B MICCIICyeMOM J(MaNa30He NPUMEHEHHs aHAIUTHISCKON
METOJMKH, KOPPEKTHOH TOYHOCTBIO M CXOAMMOCTBIO IOJYYEHHBIX PE3yJIbTaTOB. ABTOPAMH YCTAHOBJICHA
periamMeHTHpyeMas HopMa OCHOBHOTO KOMIIOHeHTa 3¢upHoro macia 3usudopsl byHre mynerona, conepixa-
HHE KOTOPOTO JIOMKHO ObITh He MeHee 40 %o.
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JAu3esib OTHIHBIH CYTE€K ACKbIH TOTBHIFbI KATHICHIHAA
TOTBIKTBIPY aPKbLJIbI KYKIpTCI3AeHaipy

Maxkanana Typa aiinanran ausens ¢ppaxnusceasH (180-320 °C) du3nka-XUMHSIIBIK KACHETTEp] aHBIKTaJFaH.
Jlu3ens OTHIHBIH CYTEK acKbIH TOTBHIK KAaTBICHIHIA TOTHIKTHIPY IPOLECI 3epPTTENIil, HOTHXKECIHIE OHIENreH
IM3eNb OTHIHAAPBHIHBIH TEXHHUKANBIK KacHeTTepi e3repreHniri kepcerinreH. CyTek acKbIH TOTHIFBIMEH
TOTBIKTBIPY JW3€Ib OTHIHBI KYPAaMBIHIAFbl KYKIpT MemmepiH 28 %-fa JeHiH TeMEHAeTyre MYMKIHIIK
OepeTiHAiri IaMenaeHreH.

Kinm ce30ep: nu3enb OTBIHBI, TOTHIKTBIPY, KYKIPTCI3ZEHAIpY, CyTeK acKblH TOThIFbl, VK-crekrp,
JUMETHIPOPMaMuUL, SKCTPAKIIMSA, LIETaH CaHBbL.

Kipicne

MoTtop OTBIHAAphl KYPaMbIHAAFbl KYKIPT MOJIIIIEPIHE IEreH TalalTapblH KYIICHOiHEe OaillaHbICThI
KOMIPCYTEKTI MIMKI3aTTap/bl KYKIPTTI KOCBUIBICTApJaH Ta3allayJblH JKaHa >KOJIAAPhl JKOHE KOJIJaHBLIBIIT
JKaTKaH TEXHOJIOTHSUIapIbl AaMBITYabl KaxeT eremi. Kaszipri ke3nze kenrereH nambiran enaepne (Eypoma,
AKIII, XKaronus) MOTOp OTBIHIAPBIHIAFEI KYKIPT Memmepi S0 ppm mekteneni [1]. Oxerte, TU3elb OTHIHBI
KYPaMBIH/IaFbl KYKIPT MOJIIIEPiH aIFOMUHHN TOTHIFbIHA KOHIBIpbUFaH Co-Mo Hemece Ni-Mo karanuzatop
KateichiHAa, 350—450 °C xoHe cyTekTiH KbicbiMbl 3 MIla skarmaiiblHaa THAPOKYKIPTCI3ACHIIPY KOMEriMeH
azaiiragsl. ['mapoTasanay mporeci MyHal eHiMaepi KypaMbIHAarbl KYKipT memmepin tek 0,005 macc.% raHa
TOMEHETe/Ni, OfaH dpi OYJI TPOIECTi KYpri3y 3KOHOMHUKANBIK arblHaH THiMci3. OcbhlFaH OalTaHBICTHI
MOTOp OTBIHBI KYPaMbBIHJAFBl KYKIPT MOIIIIEpPIH TOMEHJETY OJICTepiHiH Oacka »aHa, JOCTYpil emec
JKOJIIIAPBIH 1316y ©3eKTi Macenenep iy Oipi. OcklHIal omicTepiH Oipi — TOTBIKTHIPHIN KYKIPTCI3IEHAIPY.
MyHpaii onicte KbIMOAT CyTEriHI ap3aHbIPaK TOTHIKTHIPFBINITAPFA, MBICAJIBI: ayalaFbl OTTET1, CYTeTi acKbIH
TOTBIFBL, 9P TYpPJi OPraHUKANBIK acKbIH TOTHIKTap [2] >koHE T.0. aJMacThIpy KOHE TIpOIECTi Oenme
TeMIepaTrypacbl MeH arMoc(epaiblK KbIChIMIA ©TKi3y, IMPOLECTiH Kalbl O0aracblH OipliamMa TOMEHIETYTe
MYMKIiHJIIK Oepei.

3epmmey a0icmepi

Huzens  otbiHBIHBH ~ ([O) (u3MKa-XUMHATBIK —CHIATTaMANAPbIH  Tajjay aKKpeIuTalWsUIaHFaH
(Ne KZ.1.02.1572), arrectratraynad etkiziireH (arrecrtar Ne 03/14) JKaHa XUMHSIIBIK TEXHOJOTHsIIAp MEH
F3M-HbIH KaHFBIII KEHAEP MEH OJapibl ©HACYJCH albIHFAaH OHIMAEPIl KeLIeHMl Tajljay MEH 3epTTeyre
apHAJIFaH ChIHAK 3epTXaHAChIHA KYPTi3iIi.

Jusens OTHIHBIHBIH JailjiaHy, QUIbTpIEHY jkoHEe KaTy Temiepatypaiapsl ISO-9001 GoiibiHmma myHait
OHIMJIEpIHIH TeMeH Ttemneparypaibl kepcerkimTepin emmeyim WMHIIH «KPUCTAJUI» anmapateiaia
aHBIKTAJbI.
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6356—75 MemCT OoiibIHIIA 1NU3€Tb OTHIHBI KYPaMbIHIAFbI XKaOBIK THUTEJIBACT] TYTaHy TeMIICpaTypachl
ATB-21 anmapatsiaza enmmenai. Typa aiinanran qu3elb OTBIHBIHBIH PPaKIUsUIBIK KypaMbl 2177-99 MemCT
OolibIHIIa MYHAl (pakIusIIapbIHBIH KYpaMbIH aifkeiHAayFa apHanran APH-JIAB-11 anmapateiana Genrini
Oonapl. [lu3ens OTBHIHBI KYpaMbIHAAFbl KYKIPT Menmiepin aHbikTay CroekTtpockaH S anmaparteiHaa 51947—
2002 P MemCT nemece 4294-98 ASTMD coiikec xyprizingi. MyHail eHiMIepiHIH KOMIPCYTEKTIK TONTHIK
KYpaMBbIH aHBIKTay Ta3Jbl-xpoMarorpadusuibik opiciMer «Xpomatik-Kpucramn 5000» anmapartseiHaa xaca-
TeIHABL. J{u3enb OThIHBI KypambIHIaFbl GyHKIHMOHANABIK Tontap Vertex 70v @ypoe UK-cniekrpomerpinme
4000-500 cM' xwmimikTepi apaibIFbIHAA AHBIKTALABL JIM3€Ib OTHIHBIHBIH KAHY JKBUIYHl ABTOMATTAH-
neipeiIFad BOBMA «K» MozesbIi KalopuMETPiHAC TaObLIIbI.

Typa aiiganbIn alelHFaH JU3€Ib OTBIHBIH CYTEerl aCKbIH TOTBIFbI KATHICHIHA TOTHIKTBIPY IpoLeci 0emnme
TeMIepaTypacbiHia, aTMOoc(epalblK KbIChIMAA €Ki KaOaTThl HIBIHBI peakTopAa 2 car OoMbIHAA Y3IKCi3
apanacTblpy apKbpUIbl JKYPTi3ifii, peakiusi COHBIHIA AacKblH TOTHIK JUMETWI(QOpMaMHJ] KeMeTiMeH
SKCTPAKIUS apKbUIbI OOJIIHIN aIbIHIBI.

3epmmey namuoicenepi meH oaapovl Maioay

3eprrey Hbicansl perinae IlaBiomap myHail xumusa 3aybeiThiHblH ([IMX3) JIK6Y 3JIOY AT
KOHJBIPFBICBIHAH Typa ailajiblll ajblHFaH IU3€Nb (PaKIuAChl KoaAaHbULAbL. OHBIH (U3HKA-XUMHUSIIBIK
KOPCETKIIITEePi aHBIKTAJIbl, HOTHXKENEPl 1-KecTene KenTipiiareH.

l-xecTe
IIMX3 Typa alinanaraH qu3ejb OTBIHBIHBIH (H3HKA-XUMHSJIBIK KOpceTKimTepi
Kepcertkimrepi 3epTrey omici Juzens OThIHBI
20 °C temmepatypagarsl THIFBI3IBIFHI, Kr/™M° 3900-85 MemCT 860,4
DpakIMIIBIK KYpPaMbl
Kaiinay Temmeparypacbeiabig 0acsl, °C 205
50 % aiimany Temnepatypachl, °C 2177-99 MemCT 286
90 % aiigany Temneparypacsl, °C 346
Jlaitnmany Temmnepatypacsl, °C -9,6
OunpTpaeHy Temneparypacsl, °C ISO 9001 -13,4
Kary Temneparypacsl, °C —14
Kykipt memmepi, macc. % P 51947-2002 MemCT 0,927
2KaObIK THrEneri TYTaHy TeMuneparypacsl, °C 635675 MemCT 87
Kymisniri, % 1401 MemCT 0,0126
Koxkcranysl, % 19932 MemCT 0,0056
MpbIC MJIACTUHKACBIH/A CHIHATYBI 6321 MemCT Tesimmi
IeTanapIK HHICKCI 2177-82 MemCT 47,6
IeTan canbl (HOMOrpaMMa OOMBIHIIIA) 27768-88 MemCT 47,5
Kany »xburysl, KJDK/Kr 21261 MemCT 45304

Kecrenen xepiHin TypraHIal, OTHIHHBIH MaiJIarbIlll KACHETTEPIHE JKAyalThl )KOHE JN3ENb OTHIHBIHBIH
HIampipay aiMarblHa KETYl MEH OHBIH ()OPCYHKAJIAH IIANIBIPAYBIHBIH HET13T1 KOPCETKIII OOJBIN Ta0bLIATHIH
TBIFB3IBIK  MoHi 8604 KT/M’ TeH, al OTHIHHBIH TOJNBIK JKAHYBIH, IIAUTBIPAYABIH IYPBICTHIFBIH,
KO3FAJITKBIIITAH IIBIFATBIH TYTIHHIH KOIOJIBIFBIH, KYie TY31y TOpEeKeCiH KOpCeTeTiH (PpaKuusITBIK KYpaMbl:
KaiiHay TemneparypacelHblH Oacel 205 °C, 50 % aiimamy Ttemmepatypacsl 286 °C sxoHe 90 % aiimamy
temneparypacbl 346 °C TeH Oonnmbl. OTBIHHBIH KO3FAIFBIIITBIFBIH JKOFAITYBIH CHIIATTAHTBIH KaTy
temneparypacsl —14 °C koHe OThIHJA alFAIlIKbl HapaguH KpUCTAIJapbIHBIH TY3UTyiH CHUIIATTaWThIH JIailaHy
temneparypacsl —9,6 °C TeH 601

OTBIHHBIH KbIIIKBUIIBIFBI, KaHyJaH Haiia 00JaThiH ra3 MbFapy *KYHeCiHiH KYMBICHI KOHE KOPPO3UsFa
TO3IMALIII JM3eTbh OTHIHBIHBIH KYPaMBIHIAFbl KYKIPTTI KOCBUIBICTApIBIH OoiyblHA Toyenmi. Jluzens
OTHIHBIHBIH 0acThl «IKOJIOTHSUIBIK» KOPCETKIlm Oobim TaObUIaTRIH KYKipT Memmepi 0,927 wmacc.%.
OTBIHHBIH KaifHay TEeMITepaTypackl MEH YIIKBIITHIFBIHA TOYEI Il )KOHE OHBIH OPT KAaYIICi3/IiriH aHbIKTalThIH
kaObIK THreNbAeri TyraHy Ttemneparypackl 87 °C. JluzenbIiH KO3FAITKBIITAPABIH HIXHIP-TIOPIICH T
OeJNIIEKTEPiHIH 1CTEH MIBIFYbIHA aJIbII KEJIETIH AU3elb OTHIHBIHBIH Kynautiri 0,0126 %, consiMeH KaTap aya
KaTBICBIHCBI3 JKOFapbl TEMIIepaTypaza OTBIHIBI JKaHIBIPY Ke3iHAe maiaa OoJaThlH KOKCTIH MalbI3IbIK
momepi 0,0056 % TeH. MbIC MIaCTHHKACHIHJA ChIHAY OTBIHHBIH JKOFaphl TEMIIEpaTypajia KOppO3HsiFa

68 BecTHuk KaparaHguHckoro yHuBepcuteTa



[un3enb OTbIHbIH CYyTEK acKblH ...

ocepiH cumaTTaiapl, al Oyl CbIHAY OCHl JIW3€Nb OTHIHBIHBIH KOPPO3UsFa Te3IMIi EKEHAIrH KepCeTTi.
OTBIHHBIH TOJBIK JKaHYBI Ke3iHJIe OemiHeTiH Kbury Moemiepi 45304 kJ[/Kr TeH OONIbI.

Tanmay HoTHKeETEpl KOPCETKEHIEH, TU3ENb OTHIHBI DKOJOTHSJIBIK TananTapra caii emec. OcbiFaH opai,
MYHall ©HIEy Ke3iHAe KYKIPTTeH apbUIy[IblH JaHa, JOSCTYPJIl €Mec OHICTepiH KapacThIpy ©3eKTi
Mocenenepiy Oipi Oosbin oTeip. OchlHAal 9MicTepHiH Tarbl Oipeyl — TOTBIKTBIPBII KYKIPTCI3IEHIIPY
nporieci. TOTHIKTHIPBIN JiecylbdypHu3amus TPOLECiH O6JIMe TeMIepaTypachlHIa KOHE aTMOC(epalIbIK
KbICBIM/Ia JKYpri3yre Ooiampl, Oy mpolecc KYHIBUIBIFBIHBIH TOMEHICYiHe ajbln Kenenmi. byn mpomecre
KYKIPTTI KOCBUIBICTap CyJIb(GOHAAp MeH CyIb(OKCUATEpPre ICHiH TOTBIFAIbl JKOHE OJapabl MyHai
OTHIHJIAPBIHBIH, HETI3Tl OONiriH KYpaThIH KOMIpCyTEeKTep/iH KACHETTEpiHEH aWTapibIKTall epeKile
OOJFaHBIKTaH, KaparnaibiM oficrieH Oemin amyra Oonaabl. COHBIMEH KaTap KbIMOAT CYTEKTI ap3aHbIpak
TOTBIKTBIPFBIINITAPFA, SFHU, ayajarbl OTTEri, CYTEri ACKbIH TOTBIFBI, Op TYPJi OPraHUKAJbIK ACKBIH
TOTBIKTApFa JKOHE T.0. aJIMacThIPy apKbUIBI YHEMJICYTE bl Kenesi [3].

Kasipri Tanna myHaii (hpakuusutapblHIaFbl KYKIPTTI KOCBUIBICTAPAAH apblUIy/a KOJJAHATBHIH JKOHE KeH
TaparaH TOTBIKTBIPFBIIITAPIABIH Oipi — CyTeri acKblH TOTHIFBL. BYJ >KYMBICTa AM3€ITb OTHIHBIH aCKbIH
TOTBIKIICH TOTHIKTBIPY apKbUIBI KYKIPT MOJIIEPiH TOMEHIETY MYMKIHAIrT KapacThlpbuiabl. COHIBIKTaH J1a
JI3elb OTBIHBIH CYTETi acKblH TOTHIFHIMEH OHJICIITCHHEH KEHiH OTHIHHBIH (DU3UKA-XVMUSIIBIK KacHeTTepi
3epTTeNi, OaCTaIKbI )KOHE OHJICITCH TU3eIb OTHIHAAPBIHBIH HOTIKENIEpi 2-KecTene OepiyreH.

2-KecTe

IIMX3 Typa aiinajarad 0acTANKbI K9HE CyTeri ACKbIH TOTBIFBIMEH OH/IEJIreH JU3e/Ib OThIHBIHBIH
buznka-xumMusIbIK KepceTKITePi (Tgonmes Pary)

KepceTtkimrepi bacranksr /1O Ongnenren J10
20 °C TeMIepaTypaJarbl THIFbI3/IBIFL, KI/M’ 860,4 859
DpaxkuusuIIBIK Kypambl
Kaiinay TemneparypacbiablH 6achl, °C 205 144,7
50 % aipany temneparypacsl, °C 286 282
90 % aiimany Temneparypacsl, °C 346 339
Jlaitnany Temnepatypacsl, °C -9,6 -9,1
OunbTpaeHy Temneparypacsl, °C -13,4 -10,4
Kary Temneparypacsl, °C —-14 —-13,6
KykipT Menmepi, macc.% 0,927 0,668
[eTanapIK HHICKCI 47,6 47,38
IeTan canbl (HOMOrpaMMa OOMBIHIIA) 47,5 47,5

Kecte MomiMeTTepiHEH Jau3eidb OTHIHBIH CYTErl AacKblH TOTBIFBIMEH OHJACY (PH3MKA-XUMUSIIBIK
KAaCHUETTEPiHHIH iliHge QpaKkusIbIK KYpaMbl MEH KYKIPT MOJIIIEPiHiH 63repyiHe acep eTTi, aTal aiTKaH/a,
(dpakuusIapablH KaiHaybIHBIH OacTalyblH CHUIATTANTHIH «OipiHIN Tamibl Temmneparypacky 205 °C-tan
144,7 °C temennmeni. A OTBIHHBIH KO3FANTKBIIITA JKaHy mporeciH cunartaiteiH S0 % xone 90 % aiimamy
TeMIepaTypaapbiHbBIH MoHi, colikecinie, 282 °C xxone 339 °C ue 6omnbl.

Kykipt memmiepiHiH kem OOJybl JU3elb KO3FAITKBIIIBI OOTIKTEpPiHIH KOPPO3MSICHIHA OKENe/dl JKOHE
JIM3ETb KO3FAITKBIIIBIHA KU1 JKOHJCY JKYMBICTAPBIH KYPri3yre MoOypiehi. ANbIHFAH JU3e]b OTHIHBIH
CyTeri acKblH TOTBIFBIHIA TOTHIKTBIPY KYKipT MemmepiHiH Oactankel 0,927 macc.%-man 0,668 macc.%
a3aloblHA albIll Keimi, sFHU 28 % TemeHzeni. By TOTBIKTBIpY TMPOLECIHIH JH3elb KYpaMbIHIAFbI
«OKOJIOTHSUTBIKY KOPCETKINli — KYKIPT MOJIIEPiHiH a3al0blHAa BIKHAJ eTeTiHiH manenaeii. CoHIbIKTaH
muzens  (pakumsapsiH uHQpakebsul (MK) cnekrpockomusi oficiMeH 3epTTey OHBIH KypaMbIHAAFbI
(YHKIMOHANJBIK TONTAp Typalbl KOCHIMINA MariymMar alyra MyMKiHIik Oepeni. COHIBIKTAH 3epTTeyre
IBIHFAH J>KOHE TOTHIKTHIPY TIPOIECiHEH ©TKeH au3enb ¢pakuusuiapel HK-criektpockonus oiciMeH
TangaHaabl. AJIBIHFAH HOTHXKeENEp | jkoHe 2-CypeTTep/ie KeATipiireH.
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UK-ciektp moamimerTepiHe coiikec Oactankbl O aiakaH TONTApBIHBIH KOFapbl KAPKBIHABI KYTHLTY
KONMakTaph! 2954,9 cm™' jKoHe OpTallla HHTEHCHBTI XKYTBUTY XKoMaKTapsl 2854,7 M KHiNliK apanbIKTapbIHIa
Gajikanran. Conmaii-ax MK-crekTpaeH apen TonmTapsiHa ToH 15414 cm™' kuidik apambIKTapblHa KYIITI,
opTamia >KOHE oJICi3 WHTEHCHBTI JKYTBUIy KOJAKTapbl KepiHreH. MeTmiOeH301 MeH alKHIXJIOPUA
TONTAPBIHEIH OpTALIA WMHTEHCUBTI KyThUTy omaktapsl 1377,1 men 643,2-810,5 cM' aiimakrapsiHia
GaiiKalta (bl XoHE CIHPT TONTAPBIHA TOH HHTCHCHBTLIIT] OpTAIla JKOHE AJICI3 XKYThLTy skonakTapsl 1033,8 cm™
kepinren. An exmenrex JO eKiHIITIK aMHHAEpre TOH oprama MHTEHCHBTI (3357,7 cM'') sKoHe Kypaeni
s¢upnepmin  uHTeHCHBTIMri KymTi (1257,4 cM') KyThLTy sKOMakTaphl maima Oonmran. CoHmaii-ak
KapOOHWIB/II KOCBUIBICTAP, KBIIIKBUIIAP JKOHE OJapABIH TYBIHABUIAPHIHA TOH OTE KOFaphl WHTCHCHBTI
JKYTBLIY JKONaKTaphl 1665,8 cM™' aliMarbIHIa KOPIHIeH/IIriH 91e6H MaTIMETTepMeH TyCiHaipyre Gomnamst [4].

CoHbIMEH KaTap 0acTamnKpl )KoHE CyTeri aCKbIH TOTHIFBIMEH OHJICITCH AU3€Ib OTHIHAAPBIHBIH KEKeJIeMe
KOMIPCYTEKTIK KYpaMbl ra3Ibl-XpaMOTOTpadusIbIK aHAIN3 apKBUIBI 3epTTeii (3-kecTe).

3-xecTe
IIMX3 Typa aiiiajabin aJbIHFAH jKdHE CYTeri aCKbIH TOThIFbIMEH OH/IeJITeH
JIu3eJIb OTHIHAAPBIHBIH KOMIipCYTEeKTiK-TONTHIK KYPaMbl
T Bacranksr 10, Onnenren /1O, bacranker 10, Onnenren /10O,
o o o Ton o o

Mmacc. % macc. % macc. % macc. %
C, — 0,0001 Cig 9,6623 9,7075
C, 0,0006 0,0004 Cio 8,5273 8,6207
Cs 2,3192 0,3320 (&) 6,1617 6,1036
Cs — 0,0196 Cyy 5,5924 5,5015
C, 0,0802 0,0674 Cy 2,9790 2,9673
Cg 0,1700 1,1064 Cos 2,1548 2,2849
Co 0,3051 0,3202 Coy 1,5995 1,5070
Cio 0,6476 0,7066 Cys 0,8151 0,8299
Cpy 1,5702 1,5775 Cog 0,3518 0,4034
Cp 4,3946 4,4945 Cy; 0,0894 0,1237
Cis 8,2284 9,6120 Cog 0,0098 0,0135
Cua 12,5541 12,6975 Cyg 0,0051 0,0015
Cis 11,9675 11,0866 Cso 0,0003 0,0004
Cis 9,7329 9,7489 Cy 0,0007 0,0008
Cyy 10,0808 10,1647
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Kecrenen kepinrenzeit, [IMX3 Typa aiinanran anzenb (GpakUUsICHIHBIH KypaMbl TOTBHIKTBIPYIaH KeHiH
e3repicke YibIparaH. AJbIHFaH qu3elb Kypambiaga Cs kemipcyTtekrepi 2,3192 %-man 0,3320 %-ra sxxone Cis
kemipcyrektepi 11,9675 %-man 11,0866 %-ra kemiren. OcbiHbIH ocepiHeH Cjo  KeMipcyTeKkTepi
0,6476 %-man 0,7066 %-ra xxone C;; xemipcyrekrepi 8,2284 %-man 9,6120 %-ra aptkad. CyTeri acKbIH
TOTBIFBIMEH TOTHIKTHIpbUTFaH J{O OacTankel qu3enb KypambiHa keszpecriereH Cs xonHe Cq KemipcyTekrepi
naiiga 6omnapl. COHBIMEH KOpBITa KEIreHJEe alTapbIMbI3, AN3€Nb OTHIHBIH CYTETi aCKbIH TOTBHIFBIMEH OHIEY
apKbUIBI OHBIH (PaKIISUIBIK KypaMblH KCHUIIETIN, KYKIpT MemmepiH 28 %-Fa TeMEHAETYre MYMKIHAIK
Oepeni.

HKymvic Kazaxeman Pecnybnuxacvinwiy Binim dicone bLiblM MUHUCMPIISIHIY KAPICHLIBIK KOIOAYbIMEH
Ne 0115PK00870 «Tomuvixmulpy dicone Kauma KAInwlHA Keamipy ypoicmepi He2i3iHOe JHcoeapbl Ccandjibl
MOMOPJIbL OMbIH ATYObIH d0icmepiy dHcodackl HeiziHde Jcyzece acmbl, Ne 374 kenicim-wapm, 12.02.2015 oxc.
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OxucianrenabHoe o0eccepuBaHue IM3eJbHOI0 TOIINBA
B IIPUCYTCTBHHU NMEPOKCHIA BOAOPOAA

B cratbe omperneneHsl (H3MKO-XUMHUYECKHE XapakTepucTuku mnpsmoronsoro (180-320°C) nusenbHOTO
ToIuMBa. M3ydeH mporiecc OKHCIEHUS IU3EIbHOTO TOIUIMBA C TEPOKCHIOM BOAOPOAA, B pe3yJbTaTe
MI0Ka3aHO, YTO NPOMCXOJUT M3MEHCHUE TEXHHUYECKUX XapaKTEePUCTHK 00pabOTaHHOTO AM3EIBHOTO TOILIUBA.
YCTaHOBIIEHO, YTO OKHCIICHHE IEPEKUCHI0 BOJOPOJa IO3BOJISICT CHIIKATH COJCP)KAHUE CEPHI B JU3EIHHOM
ToruuBe Ha 28 %.

Zh K Kairbekov, Zh.K.Myltykbaeva, D.Muktaly

Oxidative desulfurization of diesel fuel in the presence of hydrogen peroxide

Physicochemical characteristics of the straight-run (180-320 °C) diesel fuels are showed in the paper. The
oxidation of diesel fuel with hydrogen peroxide was investigated, the results demonstrate changing technical
characteristics of processed diesel fuel. It is proven that the oxidation with hydrogen peroxide allows to lower
the content of sulphur in diesel fuel up to 28 %.

References

1 Anisimov A.V., Tarakanov A.V. Russian Chem. J., 2008, 52, 4, p. 30.
2 Kirivtsova K.B., Krivtsov E.B., Golovko A.K. News of Tomsk polytechn. Univ., 2011, 319, 3.

3 Kirivtsov E.B. Transformations of sulfur compounds and aromatic fractions of diesel oil in the process of oxidative
desulfurization: Dis. thesis, Tomsk, 2011, p. 3.

4 Rakhmanov E.V., Tarakanov A.V. Oxidative desulfurization of petroleum fractions of various structural-group composition,
Moscow, 2013, p. 2-3.

Cepust «Xumusi». Ne 2(82)/2016 7



VIK 662.75

A 1. IlIupkeeBa, A.Ill.3aiinynnuHa

Anmamunckuii mexHono2uueckull ynugepcumen
(E-mail: www_nastya_94@inbox.ru)

CpaBHuTeJBHBIN aHaIU3 TONJIMBA Ki1acca EBpo-2 u EBpo-5

B crarse mpuBeneHsl pe3ynbTaThl HCCIEAOBAaHMN IMOKa3aTesell KauecTBa TOIUIMBA, TaKUe KaK COAEp)KaHHE
MEXaHUYECKUX IIpUMeceH, IBET, OKTAHOBOE YUCIIO, COAEPIKaHUEe Cepbl, (PpaKIMOHHAS IEPETOHKA, UCIIBITAHHE
Ha MeHOH miactuHe. CoCTaBIICHBI BRIBOJIBI IO KaXIOMY ITOKA3aTEeNi0 KayecTBa JABYX BUIOB OeH3uHa. [Ipen-
CTaBJICHHBIE PE3yJbTaThl UCCIIEAOBAaHUI MOKa3aTelel, KOTOpble XapaKTepu3yloT KauecTBO Toruiusa [laBio-
napckoro HedrenepepabaTeiBaromero 3apojga PecryOmmkn KazaxcTaH, CBHIECTENBCTBYIOT O COOTBETCTBUHU
kauectBa torma ['OCTy.

Knioueswie cnosa: crangapT KadecTBa TOIUIHMBA, Kiacc TomumBa EBpo-2, kinace TormuBa EBpo-5, nedrenepe-
pabaThIBalOIIME 3aBOJIbI, METOBl aHAIM3a, Mapka OSH3HMHA, aBTO3alpaBouHble cTaHuuK «I'ennocy», HedTe-
TPOJIYKTEHIL.

AxTyanbpHOH npoOiieMoli B HacTodAwlee Bpems B Kasaxcrane siBiisieTcs MOBBIIEHHE KauyecTBa OCH3MHA U
cooTBeTcTBHE ero kinaccam EBpo-4 u EBpo-5. B cBs3u ¢ 3TuM moBblieHre KauecTBa OeH3nHa B Kazaxcrane
U OTIpeJieIeHue ToKa3aTesiel He(hTerpoyKTOB I YCTAaHOBJICHHS CTETICHH «3KOJIOTHYHOCTH» — BaKHAs U
aKTyanbHas 3ajgada. B msaTHaAnaTH ropojax pecnyOJHMKH MOBBIIIEH YPOBEHb 3arpsA3HEHHsS aTMOc(hepHOro
BO3/lyXa BpeIHbIMH BeIOpocamu. Cpeau 3THX TopoJoB — 3bIpSHOBCK, Aktay, Temupray, Tapas, [leTtpomnas-
noBck, IIsiMkenT, Anmatel. Beicokuil ypoBeHb 3arpsi3HEHUsI BO3yXa B TOPOJlax sIBJISETCS CIEACTBUEM YyC-
TapeBLIMX TEXHOJIOTHH MPOU3BOACTBA, HEI(P(EKTUBHBIX OYUCTHBIX COOPY>KEHHH, HU3KOTO Ka4eCTBa UCOb-
3yeMoro ToruiBa. OCHOBHBIE 3arps3HSIOIIME BEIIECTBA — 3TO MbUTb, JUOKCH] CEPBI, TUOKCHU] a30Ta, yrie-
BOJIOPO/IBL, (PEHOI, CBUHELL, CEPOBOIOPO, XJIOPUCTHIM BOJOPOI, aMMHUAK U JIp.

Crannapt EBpo-2 oTpaxaet o01ieeBponeicKiue HOpMbl TOKCHYHOCTH OTPa0OTaBILMX BBIXJIOHBIX ra30B
aBToTpaHcnopra. B Kazaxcrane cranmapt Tommmsa EBpo-2 BBeneH ¢ 1 suBapa 2010 r. u ucnonb3yercs no
HacTosIee Bpems [1].

CeromHst OCHOBHBIMH IOCTaBIIMKamMu OeH3nHa B Kasaxcrane sBistorcs IlaBnonmapckwii, IlIbiMkeHT-
ckuil, ATbipayckuii HedTenepepabaTsiBatonne 3aBoApl. [ mpumepa B Tabnune 1 nmpuBeeHbl Pe3ybTaThl
HCClIeIoBaHnus KadecTBa OcH3mHa kiacca 2 AM-92 [laBnomapckoro HedrenepepabaThIBaIOLIETO 3aBOjA
(HIT3), nocrynatomero Ha A3C «['enmnocy». [yt cpaBHeHUsT B TaONuUIEe MPUBEICHBE HOPMATUBHBIC JIaHHBIE,
KOTOPBIM JOJDKEH COOTBETCTBOBATh OCH3MH TaHHON MapKH.

Taonuma 1

DU3UKO-XUMHYECKHE XapaKTePUCTUKHU OeH3nHa Mmapku AU-92
IMaBaogapckoro HegTenepepadaTbIBaOIIEro 3aBojaa

HaumenoBanue nokasarenei Hopma no I'OCTy DakTHUECKHE JaHHbIE
CopeprxaHnie MEXaHUUECKUX IPUMeEcer Her Her
IBer becupernbiit . BrenHo-kxenThIi
WA OJICTHO-KENTHII

OKTaHOBOE YKCIIO, He OoJIee

HCCIIeIOBATEIbCKUA METO, 92,0 92,0

MOTOPHBIH METOJ 83,0 83,0
®pakioHHas eperoHKa

Havajo kunenus, °C He nopmupyercs 36

10 % Oen3una, °C He BrImmie 75 46

50 % Oenzuna, °C He Boime 120 97

90 % Oenzuna, °C He Brimre 190 158

KoHell kureHust, °C He Bpimie 215 199

OCTaTOK B K0J10¢, % He Boime 1,5 1,0

OCTaTOK W ToTepH, % He Brime 4,0 2,0
Hcnpitanne Ha MenHo# macturke (3 1 mpu 50 °C) BriaepxuBaeT BriaepxuBaeT
CopeprxaHue cepbl, He 0oJee, MI/KT 500 80
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Peszynomamor u 06cyscoenus

CpaBaenue (cM. Ta0u1. 1) SKCTIEpUMEHTAIILHO MOJTYYEHHBIX (PH3UKO-XUMHUYCCKHUX TIOKa3aTelneii OeH3nHa
AN-92 ¢ nopmamu no 'OCTy nokasbpIBaeT, 4To COJiepKaHUE MEXaHWYEeCKUX NpuMeceid B Oen3nne Al-92
orcytcTByeT, nBeT cooTBETCTBYET 'OCTy. OKTaHOBOE UMCIIO XapaKTEPU3YeT NETOHALMOHHYIO CTOMKOCTh
aBHMAIIMOHHBIX M aBTOMOOMIBHBIX TOIUIMB. CaMbIMU PacHpOCTPaHEHHBIMU METOAaMU ONpEeNICHNs] OKTaHO-
BBIX YMCEI SIBJISIIOTCS UCCIIEA0BATENbCKUM U MOTOPHBIN MeToibl. VX pa3nuuue cocTOUT B TOM, 4TO B MCCIe-
JIOBAaTEJILCKOM METO/E YacTOTa BpAIECHHs IBUTaTelNsl MEHbIIE, 4YeM B MOTOpPHOM [2]. OKTaHOBBIE yucia
knacca EBpo-2, mosmydeHHbIe UCCIE0BATEILCKUM U MOTOPHBIM METOJAMH, COOTBETCTBYIOT HOPMaM M PaB-
HbI cooTBeTcTBeHHO 92,0 1 83,0. Cornmacno 'OCTy mist 6en3una kinacca EBpo-2 momyckaercst coepkanue
cepbl He Oonee 500 mr/kr. B ucciie10BaHHOM TOIUIMBE KOHIEHTpAIUs cepbl coctaBmiia 80 MI/Kr, T.€. 3HAUH-
TEJNBHO MEHBIIIE MPEJIENIbHO JOMyCTUMBIX HOpM. McnibiTaHne TomBa Ha MEJHOM IIAaCTUHKE MTOKa3alio, YTo
OHO HE 00JIa/IaeT SIPKO BBIPAXKCHHOM KOPPO3UIHHON aKTHBHOCTHIO. [10o pakiimoHHOMY cocTaBy TemIeparyp-
HBIE XapaKTEPUCTUKU TOILUIMBA JaHHOI'O Kjlacca cCOOTBETCTBYIOT cTangapTam 'OCTa.

B Kaszaxcrane 1o cux mop ucnoib3yercs cTaHiapT EBpo-2, KOTOpbIN JaBHO 3ampelieH B Espome, a
Poccus u EBpomneiickue ctpansl nepenuiy Ha ctanaapt EBpo-5. B atom roay B Kazaxcrtane 3amnaHupoBaH
nepexo]] Ha TOIUIMBO cTaHgapTa EBpo-4 mocie MonepHM3aly Ka3axCTaHCKUX HedrenepepadaThIBarOIINX
3aBoz0B. [lepexox Ha cranzapt EBpo-5 HEBO3MOXKEH B CBSI3H C TEM, YTO HEOOXOIUMO CTPOUTENBCTBO HOBBIX
HII3, oTBeuaromnx cOBpeMEHHBIM TEXHOJOTHIM TITyOOKOH nepepadoTKH HeTEPOLYKTOB.

C 1 mapra 2012 r. B Kazaxcrane kommnanus «I'ennoc» Havana peaiu3anyio OeH3uHa Premium 95, ko-
TOPBI COOTBETCTBYET DKOJIOTHMUECKOMY ctanaapty EBpo-5. BeH3uH mpoumsBoauTcst Ha HedrenepepadaThi-
BatoieM 3aBoze benapycu — Mosbsipckom HII3 [3]. TorumBo crannmapra EBpo-5 oTnuvaercst HU3KUM co-
Jep>KaHUueM MOJIMLUKIMYECKUX apOMaTHYECKHX YIJIEBOJOPOIOB U cepbl. biaronaps sToMy yMmeHblIaeTcs
IBIMHOCTh OTPAaOOTaHHBIX Ta30B, CHMXKAETCS BBHIOPOC NMPOAYKTOB CropaHust B aTMoc(epy, B YacCTHOCTH,
TBEPJBIX YACTHII, OKCUIOB a30Ta, OKUCH YIJIIEpO/ia, HECTOPEBILUX YIIIEBOJOPOAOB [4].

B tabmune 2 mpuBeneHsl pe3yibTaThl UCCIEAOBaHUS KadecTBa OeH3nHa Kiacca EBpo-5 [Ipemuym-95
npousBojcTBa benopycckoro HedrenepepadbaTsiBaroniero 3aBozaa, nocrymnaromero Ha A3C «'emmnocy. s
CpaBHEHHMs B TaOJMIle MPUBEACHBl HOPMATUBHBIC JAaHHbBIE, KOTOPHIM OCH3MH JAaHHOW MapKH JOJKEH COOT-
BETCTBOBATb.

Tabnuma 2

DU3NKO-XUMHUYECKHE XapaKTePUCTUKHU OeH3uHa mapku AN-95
Mo3ssipckoro HedTenepepadaTbiBaomero 3apoaa (beaapycs)

HaumenoBanue nokasarenei Hopma no I'OCTy @daxkTHYeCcKUe JAHHBIE
CopeprxaHnie MEXaHUUECKUX IPUMeEcer Her Her
IBet ITpo3paunslit ITpo3paunslit
OKTaHOBOE YKCIIO, He 0ojiee

HCCIIeIOBATEIbCKUA METO, 95,0 95,7
MOTOPHBIH METOJ 85,0 86,2
@dpakunoHHas IeperoHKa
HAYaJI0 KUTICHHSI He Hopmupyertcs 41
10 % Oen3una, °C He BpImmie 55 51
50 % Oenzuna, °C He Boimre 100 98
90 % Oenzuna, °C He Brime 160 159
KoHel[ kumeHust, °C He Bpimie 215 202
OCTaTOK B K0JOe, %o He Brime 2,0 1,0
OCTaTOK U notepH, % He Brime 4,0 2,0
Hcnpitanue Ha meanoi miactuke (34 npu 50 °C) BeiaepxuBaet BeiaepxuBaet
CopeprxkaHue cepbl, He 0oJee, MI/KT 0,05 0

Peszynomamor u 06cyscoenus

Kak BuaHO U3 naHHBIX TaOnuIbl 2, OcH3MH Mapku AM-95 He COAEpKUT MEXaHHMUYECKHUX NpPUMECEH,
uBet cootBeTcTBYeT 'OCTy. OkTanoBoe unciio kinacca EBpo-5, onpeneneHHOe UCCIeA0BaTEIbCKUM METO-
JIOM, paBHO 95,7, a MOTOpPHEIM — 86,2, 9TO SIBIIIETCS XOPOIIMMH MoKa3zarensiMu. OKTaHOBBIE Yrciia 1o (ak-
TUYECKUM JaHHBIM B KJacce 5 MPEBBIMIAIOT HOPMBI, YTO CBUAETEIHCTBYET O BHICOKOKAUECTBEHHOM TOILJIMBE.
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CrnenyeT OTMETHUTH, YTO YBEJIIMYEHHE OKTAHOBOI'O YMCIIA JAXKE HA JECSATHIE TOJIM MOJOXKHUTEIBHO BIUSAET Ha
pabory nsuratens. CornmacHo ['OCTy koHIEHTpanust cepbl He JoibkHa npeBbimars 0,05 mr/kr. Tlposenen-
HBI€ HCCIIEJIOBaHUS MTOKA3aln OTCYTCTBUE cepbl B OeH3uHe Mapku AM-95, 4To sBnseTcs 3HAYMMBIM JJOCTH-
XKEHHUEM C TOUKH 3PEHHUS «IKOJOTMYHOCT» KauecTBa TomumBa. Mcnbitanue Oensuna Ilpemuym-95 na men-
HOM IJIaCTHHKE TI0Ka3aJl0, YTO OH HE 00JIaZaeT IPKO BhIPAKECHHOM KOPPO3UHHON akTUBHOCTHIO. [1o dhpakiiu-
OHHOMY COCTaBYy T€MIIEpaTypHbIe XapaKTepucTuku Torumea EBpo-5 cootBerctBytoT crangapram 'OCTa.

U3 cpaBHenus ctanaaptoB EBpo-2 u EBpo-5 BuHA 3aMeTHAsI pa3HUIla B okazaTessx. [lo cogepxanuro
npumecei, usety EBpo-2 u EBpo-5 He otnnuarotcs. VMcnpiTaHue AByX MapoK OSH3MHA Ha MEIHOW TNTACTHHKE
MoKa3aio MPUHAUISKHOCTh UX K Kiaccy 1, T.e. u AW-92 u AU-95 He o6nanaroT KOppo3uiHBIM 3(h(HEKToM.
OxTaHOBBIE YuCHa 10 (PAKTUIECKUM JAHHBIM B KJIacce 5 MPEBBIIAIOT HOPMBI, YTO CBHIETEILCTBYET O BBICO-
KOKAQUECTBEHHOM TOIUIMBE. PazHuUIa MeXay HCCIEN0BaTENBCKUM U MOTOPHBIM METOAOM OJHOTO M TOTO K€
OeH3MHAa Ha3bIBACTCSl YyBCTBUTEIBHOCTHIO. YeM MeHbIle YyBCTBUTEIBHOCTD, TE€M JIydllle aHTHIETOHAIMOH-
HbIC cBOlicTBa OeH3uHa [5]. M3 cpaBHEeHMSs MaHHBIX (PAKIMOHHOW MEPETOHKU BHUIHO, YTO JOMYCTHUMBIC YH-
clIoBble TOKa3zarenu Temmeparyp B AU-92 Boiue, uem B AU-95. Hanpumep, Temmneparypa xunenust 10 %
¢pakunu Oensuna AN-92 nomyckaercst He Bbie 75, a AN-95 — ne Brimie 55. 1o copepkaHuio cepsl B TOI-
nuBe kiacca EBpo-5 mccnenoBaHue mokasaao OTCYTCTBUE CEephbl, B OTIMYHME OT OeH3MHaA ctaHgapra EBpo-2.
OtcyTCcTBHE CEpBl TOBOPUT O TOM, YTO TOIIIIMBO SIBISETCSA SKOJIOTHYECKH YUCTHIM.

Baxnouenue

B Hacrostiiee Bpemst B KazaxcTane akTyallbHBIM BOIIPOCOM SIBIISIETCS TIEPEXOJ HA IKOJIOTUYECKH YHC-
T cTaHaapt ToruuBa. 29 aekadbps 2007 r. npunsito [locranoenenue [IpaBurensctBa Pecyonmku Kazax-
ctad 3a Ne 1372 Texuuueckoro pernamenta «O TpeOOBaHUSIX K BBIOpOCAaM BPEOHBIX (3arpsA3HSIOIINX) Be-
IIECTB aBTOTPAHCIIOPTHBIX CPEJNICTB, BBIMYCKAacMbIX B oOpaimieHne Ha Tepputopun Pecnyonmuku Kazax-
cram» [6]. B Kazaxcrane oueHb Mano OeH3MHA, COOTBETCTBYOMIET0 cTannaptam EBpo-4 u EBpo-5, Tak kak B
pecryOnrke OEH3MH Takoro Kiacca He IMPOM3BOMSAT, a BBO3AT €ro B OCHOBHOM U3 Poccun. MoaepHusauus
kazaxctanckux HII3 mo3BoiauT mpou3BOAUTH TOILUIMBO, COOTBETCTBYIOMIEE Kiaccy EBpo-4 u EBpo-5. Pekon-
CTPYKIIHIO 3aBOJIOB TUIAHUPYIOT 3aKOHYHTh B KOoHIIE 2016 1. [7]. A3C cetn kommanuu «I'ennocy peanusyroT
TOmMBO Kiacca EBpo-5 — Premium-95. OcHoBHBIM npenMyiiiecTBOM OeH3uHa ctanaapta EBpo-5 mo cpas-
HeHuto ¢ OeH3uHoM EBpo-2, 3 sBisieTCSI MOHMKXEHHOE COAEPKAHKUE CEPhbl, ApOMATUUYECKUX U ONEe()UHOBBIX
YIIIEBOIOPOJIOB, YTO B 3HAUYUTEIHHOM CTETIEHH CHUXKAET BHIOPOCHI BPEIHBIX BEIIECTB B aTMocdepy. U naxe
€CITM JIBUTATeNNb aBTOMOOWIISI COOTBETCTBYET cTaHAapTy EBpo-5, HO aBTOMOOWIIb 3alpaBisitoT OSH3UHOM
crangapTa EBpo-2, TO yMeHbIIEHHS TOKCUYHOCTH BBIXJIOMHBIX ra30B He npoucxout [8]. C 1 suBaps 2016 r.
oUIMaTLHO BBOIUTCS SKOJIOrHYecKuii aTanm EBpo-4 [1]. B ¢Bsi3u ¢ 3TUM nepen Ka3aXCTaHCKUMH HedTere-
pepabaThIBAOIIMMK 3aBOJIAMU CTOMT aKTyaslbHas 3aJ/1a4a [0 YIYYIICHUIO KauecTBa He(hTepOyKTOB, JI0BE-
Is1 er0 710 3apyOeKHBIX CTaHAAPTOB, YTO MOXKET OBITH JOCTUTHYTO ONaroAapsi CTPOMTEILCTBY HOBBIX COBpE-
MEHHBIX 3aBOJIOB M PEKOHCTPYKLIUU CTAPBIX.
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Eypo-2 :xoHe Eypo-5 0TbIH CHIHBIOBIHBIH CAJIBICTHIPMAJIbI TAJAAYbI

Makanasa OTBIH camachl, SIFHHA, MEXaHUKAJBIK KOCTIAJIAPABIH MeJIIepi, TYCl, OKTaH CaHBI, KYKIpT Memiepi,
(pakMOHABI alifay, MBIC Ta0aKIIACHIHIA ChIHAY CHAKTHI KOPCETKIIITEPIiH 3epTTey HOTIKENEpl KeITipiireH.
KP ITaBnonmap MyHaii-eHJey 3ayBITHIHEIH OTHIH canackl MeMCT GoifbIHIIA OTHIH carachblHa COMKeC KeleTiHi
JQNelIeH .

A.D.Shirkeyeva, A.Sh.Zainullina

Comparative analysis of fuel-class Euro-2 and Euro-5

The article presents a comparative analysis of the fuel of Euro-2 and Euro-5. Results of investigations of fuel
quality parameters such as solids content, color, octane, sulfur content, fractional distillation, a test on a cop-
per plate. Conclusions drawn up for each indicator qualities of the two types of gasoline. The investigation re-
sults of indicators that characterize the quality of the fuel Pavlodar refinery Republic of Kazakhstan, a certifi-
cate of compliance with GOST-quality fuel.

References

1 Karibaev A., Isaev G. Economics and Statistics, 2010, 1, p. 115.
2 Rudin M.G., Somov V.E., Fomin A.S. Pocket Guide refiner, 2nd ed., Rev., Moscow: CTRI Eneftehim, 2004, 336 p.

3 Capital Center business information, http://kapital kz/economic/4052/gelios-budet-prodavat-benzin-premium-95-euro-5-i-v-
astane.html

4 Information-analytical online edition of the Oryol Region, http://regionorel.ru/press-release/press-releases/garantirovannyy-
kontrol-kachestva/

5 Global Water Technologies. Articles, http://wwtec.ru/index.php? id=364

6 Nazarbayev N.A. Resolution of the Government of the Republic of Kazakhstan Ne 1372, December, 2007,
http://www.zakon.kz/154135-postanovlenie-pravitelstva-respubliki.html.

7 Trend news agency, http://www.trend.az/business/energy/2464814.html
8 Kazakhstan news aggregator, http://thenews.kz/2011/12/26/1003236.html

Cepust «Xumusi». Ne 2(82)/2016 75



O0X 543.544.3

M.M.EnemecoBa, M.M.Cepraszuna, M.b. Annmxanosa

on-Dapabu amvindagvl Kaszax yimmulx ynugepcumemi, Aimamol
(E-mail: makpal e 94@mail.ru)

MyHaiiAbIH KOMIIOHEHTTIK KYpaMbIH
XpoMaTorpapusiJIbIK 91icTePMEH AHBIKTAY: IOy

MyHaiinpl Taingayna KOJJIAHBUIATBIH CTaHIAPTTHI JKOHE 3aMaHayd oJicTeMenep JKeTepiik, anaiina Oy
ozicremMenep KOMIIOHEHTTIK KypaMm[Ibl aHBIKTayFa TOJIBIK MYMKIHIIK Oepmeimi. Makamama MyHaizbIH
KOMITOHEHTTIK KYPaMBIH Ta3abl XpoMarorpadus, ra3asl XpoMaTo-Macc-CIEKTPOMETPHS, €Ki eJIIIeMIl ra3 bl
xpomarorpadusi, jKorapsl THIMII CYHBIK XpoMarorpadus oicreMelniepi OOMBIHINA aHBIKTay KapacTHIPBUIIBL
XpomarorpadusuiblK dMiCTEMEIEPIiH apTHIKIIBUIBIKTAPI MEH KeMImimikrepi kenrtipiami. COHBIMEH KaTap
MyHa#l KypaMbIHJarbl MOJMLMKII apOMAaTThl KOCBUIBICTapbl XoHEe OHMOMapKepiepai eKi ejIueMzIi rasjbl
xpomatorpadus omici OOMbBIHIIA aHBIKTAYABIH dmicTeMeci kepceTinai. Exi emmemai ra3asl xpoMaTtorpadus,
Gacka oxicrepre Kaparanaa, 50 ece ce3iMTai, TaOUFATBI 9P TYPIIi 3aTTap/Ibl Callaibl )KOHE JKbLIIAM aHBIKTayFa
Ka0ineTTi, COHali-aK MyHaWIbIH KOMIIOHEHTTIK KYPaMbIH TOJBIK 3epTTEyre MyMKIHAIK OepeTiH ofiic peTinae
TaHAJJIBI.

Kinm coe30ep: Ta3mbl XpoMaTo-Macc-CIIEKTPOMETPHS, €Ki eJIIeMIl Ta3abl XpoMaTorpadus, *Korapsl THIMAI
CYHMBIK XpomaTtorpagusi.

Kipicne

MyHaii )koHe MyHail OHIMIepi KYpaMbIH/Ia KOIl MeJIIIEpAe alKaHaap (ChI3BIKTHIK HEMECe TapMaKTaFaH
napaduHep), HUKIoaIKaHaap (HadTeHaep), apoMaTThl KOMIPCYTEKTEp HeMece OJlaH Ja Kol ac(aibTeHAep
CHSKTBI KYpZedi KocbulblcTap Oonanpl. OChIHIAM Kol KOMIOHEHTTI XYHEHIH KypaMblH aHBIKTay[IblH €H
KETIIreH ojiicTeMeNepiHiH 0ipi — XpomarorpadusuIbIK o/iCTeME bIABIPAYChI3 OylaHyFa KalOineTTi, ToMeH
MOJIEKYJIAJIBIK KOCTIATap bl 3ePTTEY YIIiH aMOebar, epeKiie KOHIBIPFbI OOJIBI TaObLIa bl

MyHali xoHe MyHall eHIMIIEpiH 3epTTeyIiH OipHelle CTaHaapTTHI dicTeMenepi Oap. MyHalIbIH jKoHE
MYHall eHIMJEpiHIH (pPaKIUIBIK KypaMblH aHBIKTAY/AbIH CTaHAAPTTAIFaH JJIiCTepl KapamaibiM aiinayra
HEMece MyHail ©HIMiH aTMocdepaiblK KbICBIMAA JKOHE BaKyyMAa Mep3iMIIK peKTHHKauusiayFa
uerizgenren. MemCT 11011-85 HerizmenreH KeHiHEH KOJJIAHBUIATHIH OicTeMe KeWOip (pakiusuiap/IbH
KYpaMbIH IIILIH KalfHay TeMIiepaTypaiapbl HeTi3iHae OOKaMIIbIK TypJAe aHbIKTayFa MYMKIHIIK Oepenmi. A
13379-82 MemCT HerizmenreH omicTeMe MYHaWIbIH KOMIIOHEHTTIK KypaMbIH rasfpl XpomaTorpadus
OoiibiHIIA 3epTTeyre MYMKIHAIK Oepeni. bipak aHbIKTayapl OChIHAAN 3epTXaHAJIBIK >Karfaijapaa eTKizy
eHoOekTi yakpITThl (APH-2 KypbumrbichiHIa 36 caF) JKOHE TalJaHBUIATBIH OHIMHIH KOl MeJIepiH
(100 mn-nen 5 n-re pneitin) kaxert ereai [1—4]. Con cebenTi MyHaIBIH KOMIOHEHTTIK KYPAaMbIH JKOFaphI
trimai cyisik xpomatorpadus (KOCX), razasr xpomarorpadus (I'X) sxoHe 3amMaHayH ra3abl XpoMaTo-mMacc-
cnekrpomerpust ([ X/MC), exi emmemui razasl xpomarorpadus (I'XXI'X) cekinai smicrepMeH 3epTrey
MAaHBI3/1bI OOJIBIN TAOBUIAAbI.

Hosapwl muimoi cytiviy xpomamozpagust

Cyitbik xpomatorpadust (CX) HeriziHAeri ypaicTep MyHail MHIYCTPHUSCBIHIA MOHUTOPUHI KYPTi3y,
KOpIIaFaH OPTaHBIH KAYIICI3IriH CaKTay, OHIM camachlH 0araiay, YhITThl KOCBUIBICTAP/Ibl AHBIKTAY A XKOHE
FBUIBIMH-3EPTTEY MIceleNiep il MeNye KoHe TaIKbUIay1a KOJIJaHbIIaIbl.

Cyiiblk XpomaTorpadusiHbl MyHail @HIMIEpiHIe KOJIAaHy, 06y, aHbIKTay KOHE jKeKe KOMIIOHEHTTEPIi
CaHJIBIK aHBIKTay/la COH/al-aK MOJIEKYyJa OJIIIeMICPIHIH CaIMaFrblH aHBIKTay CHUSKTBI YPAICTEPAi KaMTH/IBI.
KICX omicremeci, CX omiciHe KaparaHia, onjeKaidga Mod MyMKiHmmikrep ©Oepemi. XOCX
omicTeMeNnepiHiH HeTi3rl apTHIKIIBLTBIKTAPHI:

— TaJay yakbIThIH KBICKAPTY;

— TaJay yaKbITBIHBIH KbUIIaMIIBIFbI;

— JKOFapbl Ce3IMTAIIBIK;

— 3epTTENETiH YAriHIH a3 MeJIepe eHri3iayi kaHe T.0.

3eprreymrinep XKICX omicinig ['X omiciHeH alblpMalIbUIBIFBIH 06y YPAICIHIH >KbUDKUTHIH (asa
peTiHIe KOJJIaHBUIATHIH EPITIHIIHIH KaiiHay TeMIlepaTypachlHaH TOMEH TeMIlepaTypaga eTyiMeH
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KapacTeIpabl [5—7]. Anaiina cyiibIK xpomarorpadusiia KUbIH YPAIC peTiHae 9aeTTe 9p (PpakusIHbl KOFaphl
ce3iMTanmbl JICTEKTpJeHyl caHanaabl. byl MoceseHi IIenry MakcaThlHAa YIBTPAKYITIH CoyleNep i
KYTBUTYBIH Tipkeymn [8], kamopumerprep [9], anexTpoxumusiblk aerekropiep [10], pedbpakromerpnep
[11, 12], cnekrpodoromerpiaep [13] sxoHe ¢uryopecueHtTi aerekropnep [14] CHUAKTBI KYpBUIFbLIaApPMEH
xaOapIKTaFaH OipHelle AeTeKTpiey Kyhemnepi ycbiHbuapl. CoHnai-ak MyHall jKoHe MYHall eHIMIEpiHIH
KYPaMBIHAaFbl OCHOPraHWKANBIK KOCBUIBICTAP/Ibl AHBIKTAY YIIH aTOMIILI-a0COPOIMOHABI CIIEKTPOMETPUS
[13, 14] >xoHe KO3FaH OpPraHUKAJIBIK MOJICKYJIANAPbIH XEMIJTFOMUHECICHIMSACHIH OIIey (030HIbI
XEMITIOMUHECICHTTIK JETEKTOP) CHAKTHI apHAHbl XMMUSI-aHATUTHKAJIBIK 9iCTEMEIep KOJIaHbLIa bl

Kazipri 3amanrel JKOCX mmki MyHall KypamblHaH KOMIpCYTEKTEp TYPJIEPIH ayKbIMIbl OemyaiH
MpenapaTThIK JKOHE aHATMTHKAJIBIK TYPJIEpiH KamTamach3 etefi. [IpenapaTTeik 0oy skuHalFaH GpakiuusaaH
epITKIIITED >KOWBUIFAHHAH KEWiH, KOMIPCYTeK TYpJEpiH I'PaBUMETPHUSUIBIK AHBIKTAY YLIIH KOJJAHBLIAIbI.
KOCX op Typm Kocmamapabl HOJSAPJBIFbIHA, YKCACTBIFBIHA COMKEC EPITKIIITEp MEH aJcopOeHTTEpIi
KOJIaHbIn 0enyre myMKiHaik oepeni. Connaii-ak JKOCX kyiieci aBToMaTTaHBIPbLUTFaH 00ybl MYMKIH.

[Iuki MyHait — 9p TYpJIi eJIIIEeM Il )KOHE MOJICKYITaIbIK KYPBUIBICTHI JKY3JIETeH )KeKe KOMIIOHEHTTEPACH
TypateiH KemreHai matepuan. JKOCX apKpuUibl MIMKI MYHaWabl KOCBUIBICTAp TYpJiepiHe OacTamkbl Oemy
Ke3iHaeri MYMKIHIIK Jopexeci keOiHece mmiekTi O0ombin keeai. COHIBIKTaH JKEKe KOMIIOHEHTTEPI HeMece
(yHKUMOHANapAbl aHBIKTaFaH Kesle, Oactamnkpl Oemyzaeri (pakuusigap KaTbICHI, 061y >KOFapbl MYMKiH-
TIKTI XpoMaTorpadusuiblK KOHE CHEKTPOCKOMMSUIBIK oicTeMenep OOWBbIHIIA aBTOHOMIBI JKOHE OHJIAIH-
pexumae xypeni [15, 16].

MyHaii jxoHe MyHall (paKIusUIapbIHBIH KYpPaMbIHIaFbel Herisri TontapiasiH JKOCX oniciMeH OemiHyiH
3ePTTETeH JKYMbICTap Kom. KaHBIKKaH JXOHE apoMarThl KOMIPCYTEKTEpIl aHBIKTay IUIJICKTPIIK OTiMIi
JIETEKTOp JKOHE aFOMHHUI OKCHJII KOJIOHKACHIH KoJJaHbin 3eprrengi [17]. An [17-21] xxymbictapaa Typa
aiinanran OCH3WH KypaMbIHAAarbl MOHO- JKOHE OWIIMKIJII apOMAaTThl KOMIPCYTEKTep CHSKThI Kypaedmi
KOCBUIBICTAp/Ibl aHBIKTAY KENTipiareH. MyHalIbIH ayblp (GpakiusiapblHaH MOIHAPOMATTEI KOCBUIBICTApPbI
Oemy [22] xymbIcTa KenTipinai. MyHald KypambIHAAFBl HUKJII TeTepOaToOM/Ibl KOCBUIBICTAPAb! KBIIIKBUIIbI,
HETI3/1K JKoHe HehTpanasl hopMaaa aJlOMUHUN OKCHUIAIMEH TOJITHIPBLIFaH, Y3bIHABIFEI 30 cM-1aH 90 cMm-re
JeiiHr1 KoJoHKaaa 6emy [23] KyMBbICTa KapacThIPbUIIBL. DIIOCHT peTinae auaTun a¢upinig 10 % epitinaici
HeMece XJIOpO(OPMHBIH NIEHTAHIAFbI ePITIHIIICI KOJJaHBUIIBL.

Kewmipcyrek typrepin XKOCX apKpuibl Oy IiH MpenapaTThiK KoHE aHATUTUKAIBIK TYpJiepi KpeMHUH,
AMUHOITPOITMJICHIOKCAH HEri3iHaeri KpeMHHM, 2,4-THHUTPOAHUIMHIIPOIUICHIOKCAH HETI3IHIACTT KPeMHUH
TUNOTI KOJOHKaNapAsl Kypaabl. MyHail >xoHe Oacka OTbIHIApApl Oenyne KeOiHece aMHHO- >KOHE
MPOIMJICUIOKCAH THUITI KOJIOHKalap KEHIHEH KoJmaHbuabl. Kosranfeinl (ha3a peTiHie METHICH XJIOPHI,
xnopoopM, TeTparuapodypaH, METaHON CEKiJ/li OPTaHUKAIBIK KOCBUIBICTAD apOMATThl JKOHE IOJISPIIBI
KOCBUTBICTap bl OOy e KOJIMaHbUIaAb! [24].

Ta3061 xpomamoepagus

MyHall XUMUSUTBIK OHIIIPICTE JKOHE DHEPreTHKaJa Ta3llbl XpoMaTorpadUsuIblK Tanjaay oAicTeMeCiHiH
KOJIIaHBLTY asickl eTe KeH. Omap [25]:

— TaOuFy, JKOJ-KOHEKEH JKOHE CYHBITBUIFAH Ta3lapblH KOMIIOHEHTTIK KypaMblH OJap/blH (U3HKa-

XUMUSIIBIK KACHETTEPIH €CeNKe ajia OTHIPHIN TaJlay;
— MYHall JKoHE MyHail eHIMJAEpiHIH COHBIH ILIiHAEC aBTOMOOWJIBII OTBHIHAAPIABIH OipHelle (hU3UKAIIBIK
KAaCHUETTEPIH €CelKe ajia OTHIPHII, (PPaKIHSIIBIK )KOHE KOMIIOHEHTTIK KYPaMbIH TaJljiay;

— MYHaii )K9HE TaOWFH ra3iapJarbl KYKIpTCYTEKTiH )KOHE MEpKaITaHIaP,bIH MOJIIIEPIH aHbIKTAY:;

— MYHail KypaMbIH/IaFbl XJIOPOPTaHUKAJIBIK KOCTIATap IbIH MOJIICPiH aHBIKTAY;

— MYHaii eHIMIEpiH oNlapbIH IIBIFY TETiH aHBIKTay MaKCaThIHJIA Tanaay T.0.

I'a3znpl xpomartorpaduss — KosraaMaibl (aszackl ra3 OoOJaThIH, op TYpil KOocCHajlaplaH YIIKBIII
KOMIIOHEHTTepAlI Oeiyre apHaifaH XpoMaTorpausiblk omic. bynm omicTi YIIKBI, TEPMOTYPAKTHI,
WHEPTTUTIK CHUSKTHI KaCHETTEpPre He, MOJEKYIanblK mMaccachl 400-1eH KeM emec ra3 Topilli, CYWBIK KOHE
KATTBhI 3aTTap (bl TAJ/IAy YIIiH KOJIaHAa bl

l'aznpr xpomarorpadusiHblH AaMybl MyHall KOMIIOHEHTTEPIH TaOBICTBI aHBIKTayFa MYMKIiHIAIK OepeTiH
MaHpI3Ibl (pakTop Oomnbin Tabbutaabl. CoHbIMEH KaTap OyJl 9micTeMeHI MYHaiIbl JKOFaphl TeMIepaTrypaja
KallHAMTBIH KOMIIOHEHTTEPiHE KOJianyra OoMaiinel, ce0ebi oHai 3arTap a3 YIIKbIN Keleai. MyHapIg
JKOFapbl MOJICKYJAIbl ac(aabTeHAI KOMIIOHEHTTEP/IIH CAIBICTBIPMAIbl a3 YIIKBIIITHIFEI KOMIIOHEHTTEP I
aHBIKTayAbIH 0acKa o/1iCTeMECiHIH, SIFHU, KOMIPCYTEK aToOMIap TUIITEPiH 3epTTEyiH JaMyblHa ajbIl KeJi.
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I"a3ner xpomarorpadust e3iHiH KOFapbl MyMKIHIITT HOTHXKECIHE JKEHLT )KQHE OpTalia JUCTHILIATTapAbl
aHBIKTAy YIIIH KOJAWIbl 9iicTreMe OO0IbI TaObiia pl. KalbinThl MIbIHANWBI KallHAY TeMIlepaTypachlH albIpy
y3aK yaKbITTBI TaJlall eTejli JkoHe KpiMOaTKka Tyceni. [ X omici MyHail KypaMbIHAaFbl KOMIiPCYTEK aTOMAAph
caHfapelH Oejin aHbpIKTay OOMBIHIIA IUCTWULIUUSAHBI Mozaenbiey (SimDist) yuriH Te3 >koHe OHTanibl
ozicTeMe peTiHAe KeH Konmaneuiaabl [26]. XKorapel Temnepatypanbl I'X SimDist agicteMeci yimiH ofeTTe
KyKa KaOaTThl HOJMAMMETHICHIOKCAH CTalMOHAPIBIK (a3achl MEH KbICKAa KaNIMIAPIbl KOJOHKAHBI
naiganananet [27].

1956 k. KanWUISAPIBl KOJOHKAHBIH  AIIbUTYbl Ta3gbl  XpOMAaTorpausHbIH — aHAJIUTHKAIBIK
MYMKIHJIKTEpiH KEHEWTIN, ayblp KOcManap/abl TaujgayFa MyMKiHIIK Oepmi [28, 29]. MyHaii xoHe MyHai
OHIMJICPIH TaNjayJarbl KaTaH TaJall, KalWUIpIbl XpoMaTorpausiHbIH XKOFapbl THIMII TYPiH JKETUAipyre
pIKnan erti. Hotmwxkecinge XX f. 60 oK. >KOFapbl THIMII KamwULIpibl XpoMaTorpadus >KOHE Macc-
CIIEKTPOMETPHSHBIH JKUBIHTHIFBI, KyaTThl AHAJIMTHKAJBIK OIC Oiyam TaObUIIBI JKOHE XpOMaTo-Macc-
crieTKpoMeTpus Aen aramisl. Kasipri taHma MyHal >koHE MyHail OHIMJEPIH OCBHI 9JICIEH Tanjgay ap
KOMITOHEHTKE  TIPKEIreH XpoMarorpaMma JKOHE  MacC-CHEKTPOMETpJIEpHi  DJIEKTPOHIbI-ECEITey
TEXHUKACHIMEH TOJBIKTHIPHUIAEI [30-33].

T'az0v1 xpomamo-macc-cnekmpomempus

l"a3npr xpomato-macce CEKTpPOMETpHUsl — KOCTanapbl CAHABIK JKOHE CamaniblK 3epPTTEYAiH KeH KeleMai
omictemeci. ' X/MC — eki KyaTThl aHaJUTUKANBIK KYPBUIFBUIAPIBIH JKUBIHTBIFBL: Ta3apl ¢azana Kypaenli
KOCIIa KOMIIOHEHTTEPIH XKOFapbl THIM1 O6JIHYiH KaMTaMmachl3 €TETiH Ta3pl Xpomarorpadus sxoHe Oenrii
*XoHe 0eNrici3 Kocra KOMIIOHEHTTEPIiH aHBIKTayFa MYMKIHJIIK O€peTiH Macc-CIIeKTPOMETPHSL.

XX . 60 xx. Pobuncon sxymeictapbl [34, 35] myHail KypamblHAa KaHBIKKAH >XKOHE apOMaTThI
KOMIPCYTEKTEp/li TOMEH MYMKIHJIIKTI Macc-CIIEKTPOMETpHUsSl dJiciMeH aHbIKTayFa Herizaenmi. Con kesne
QIBIHFAH KOIOIIeMII MANIIMETTEp/li OHJeyre apHaFaH CTATHCTHKAIBIK OICTEpAl HIBIFapyIbIH OipiHm
OpeKeTTepi KacaJbIH/IbL.

I'’X/MC unrepdetictepinin OipHelie TUNTEPI exeneH Oenrii, anaiaa Korapbl OHIIPICTIK BaKyyMIbI
TEXHHUKAHBIH JITaMybl HOTIDKECIHJIC JKOHE Ta3bl XpoMaTorpadusHbl TONBIK TYpJe KOJOHKaJTapMeH (KOFapbl
ra3 TachbIMaJJIaFbllll aFbIHMEH) ayBICTHIPY Ka3ipri TaHAa ChbIHaMaHbl TIKEJEH eHri3yre oKejni, SFHH,
KOJIOHKaJIaH IBIKKaH KOCIa MacC-CIIEKTPOMETPHS HOHU3ALMsIIAY aiiMarbIiHa Typa OaFbITTala bl

I'X/MC 3artapapl TazoxpomarorpadusulbK YCTay WHIEKCI OHE Macc-CIeKTpi OOMBIHINA >KOFaphI
cieu(UKaIBIK TYPFbIIA CHUMATTaiabl. Xpomarorpadusuiblk IMIBIHAApb Oap 3aTTapisl OJapiblH Macc-
crekTpi OoibIHIIA aHBIKTAiAbl. EKiHIN >KaFblHaH, YKcac Macc-CIeKTpiepi Oap u3oMmepnepai ycTay
uHAeKcTepi OoibiHma. Ocputaiiima, Kocnanapasl aHanmuszaey kesinge, [ X sxkone MC  Oipin-6ipi
TOJBIKTBIpaabI [36].

I'’X/MC onicTeMeciHiH HET13Ti apTHIKIIBUIBIKTAPHI:

— OenyiH )OoFapbl THIMJIUTITI )KOHE UICHTU(DUKAIUSICHL,

— JKOFaphbl CEJIEKTUBTLIIK (9p noHFa) OemyaiH THIMIUTITIH apTThIPaIbL;

— TaOuFaThl 9p TYPJIi YAriiepi Oip yakpITTa aHBIKTayFa KabiaeTTiiri;

— KOCBUIBICTapAbl (OCH3MH, OpraHMKANbIK epiTKiluTep T.0) camaibl JKOHE S>KbUIIAM aHBIKTayFa

KaO1IeTTiIir.

Exi omuemoi eazovl xpomamoepadghusi

1990 x. Liu xome Phillips eciMai rampiMaap €Ki enmieMAi rasabl XpoMaTorpadusiHbl TOJBIK
cunartaraHHaH keiid [37], exi emmemai ['X TEXHOIOTHSACHI NaMbIl, OHMOJOTHs, KOpIIaFraH OpTa, TaMak,
(apmalieBTHKa, MYHal OHIIpicl cajlajapblHaa KoJaaHbL1a 0actansl [38].

I'’XXI'X amicTeMeCiHiH apThIKIIBLIBIKTAPHI:

— KYPBLILIMObIK  XpoMamozpammanap. KocbutbicTap eki emmemzai ['X kocmapelHAa TOM TYypIiepi
OOlibIHIIIA TapasiaJibl XKoHE apOIp JKEeKeJIereH TonTa Oerii 0ip e3iHaik yiri 6ap. Perrenren xpomarorpamma,
peTTeNMereH XpoMaTorpaMMara KaparaHnua, oJiJieKaliia TYCIHIKTI jKoHEe MOJI MaJiMerTep Oepyre KabinerTi
apTHIKWBUIBIFEL Oap. IlIbIHAapaslH opHamacy yiarici akmapaTTbl OONafbl KOHE >KOFaphl CEHIMIUIIKIICH
KOCTIaHBIH OapibIK Hemece OipHele KOMIOHEHTTEPiH aHBIKTayFa Karaai TyFbi3ansl [39];

— bonciwmizi: exi emmemml ['X Herisri emmeM OOHBIMEH, COHIAW-aK €KiHIN o©ImeM OOHbIMEH
KOMITOHEHTTEP/I1 QXKbIPaTaIbl;

— kyammulivizel: eki emmemai ['X mbiHgaper 6ip Kojakiiara KaparaHaa OyKil jKa3bIKTBIKTa YKaKCh
tapananel. Exi emmemni ['X mslHaapeiHaa n;xXn, enmemMaep KyaTThUIbIFbI Oonaisl. SrHu, n; — OipiHmi
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OJIIIIeM KyaTTBUIBIFBI;, 71, — CKIHII eJeM KyarThulbiFbl. COHBIMEH Katap eki emmemi ['X KyaTThUIBIFbI,
KapamnaibiM I'X KyaTThUIbIFbIHA KaparaH[la, QJIACKAl1a )KOFapshl;

— Jfcoeapel  ce3immanoviesl. KapanaibiM Oip emmemal ['X-MeH canbicThipraHia, eki ejmmeMai ['X
cesimTanapirsl 1,5-50 ece apanbirbiaa ecti. Exi emmemai I'X yinin ceiHamanapasl anbikray weri 2 Ir [40].

Exi emmemai I'X-ma xeOiHece OipiHim OaraHia IOJAPIbI eMec OaraHajgap KOJIIAHBLICA, CKIHIII
OaraHa/ia oprallia MOJIAPJIbl HeMece IMOJIApJibl OaraHanap KojmaHeuwianbl [41, 42]. CoHbpiMeH KaTap OipiHIIi
opTala TMoJISpJIbl HEMece MOJIPIbl OaraHalapAbl, ajl eKIHII MOJSPIBI eMec OaraHaiapabl KOJIAHBUIBIT
XacairaH 3eprreynep Ae 6ap. Kepi ¢aszansl KOHABIPFBI apoOMaTThl €MEC TONTapAbl XKaKchl 0eiyre KabijaerTi
keneni [43—45]. An kanpnThl (hazansl baraHamap apoMaTThl KOCBUIBICTap bl O6Iy/e MaiiianiaHabl.

Bipinmi >xoHe exiHmIi emmeMai Oely KOMOWHAIWSICHI Oip enmeMiire Kaparadaa, KOMIOHEHTTEpi
CaH/BIK JKOHE CalalbIK aHbIKTay/na OipbIHFAH MOJ MYMKiHIIK Oepeni. MyHail xoHe MyHall eHIMICpIH
Tanayaa KeMipTeK aToMIapblH Oely YIIiH KaiiHay HyKTeci 0ap cTaHaapTTap aHbIKTaMachl MailalaHbLTa bl

TonTap apacbiHIarbl miekapa kemn Hemece a3 Jauddy3msubik Oomysl Mymkin [46]. Illekapanmarbr
KOCBUTBICTAP/IBIH KOMTIN HAKTHI aHBIKTAyJa KOI YaKbIT ajaThIHIBIKTAH, TONTAPIbl aHBIKTAY CTAaHAAPTTap
HEMece TONTap LieKapachlH Oaranay OoibiHIIA x)y3ere acansl. Mynaiapl ['XXI'X omicremeciMeH Tangay
Ke3iHe MOJIAp/Ibl TonTap OipHelle cTaHAapTTapMeH aHbIKTanaabl [47]. Ce3iMTanablK KO3 (UIIMEHTI oKL
KOMITOHEHTTEp MeH op TonTap OOWbIHIIA mibFapeutaabl [48]. MyHalplH KOMIIOHEHTTIK KYPaMbIH
XpoMaTorpadusUIbIK 9iCTEPMEH 3€PTTEY 91iCTeMENepl TOMEHAET] KecTene KeNTipiiareH.

Kecrte
MyHaii KypaMbIH XpoMaTOrpa@usiiIbIK dliCTEpMeH 3epTTey
AHBIKTaNaTHIH . . . .

Ne KOCHUTHICTAD CoblHaMa JaibIHAay OJicTeMe OJlicTeME IAPTTAPHI Ciireme
1 2 3 4 5 6
1 |CeCyy [[Muki myHa# yaricia nentad- | I'X-XXKWUJ |HP-5 [49]

na cyiisuiry (1:200) (60 M x 0,25 MM X% 0,25 MxM)
(heHII/ME THIITIO T CHIIOKCAH;
them.: 20 °C (Tyer. = 10 MuH) —
320 °C (Tyer = 30 Mun);

v = 3 °C/MuH; toy.: 320 °C
2 |KanpImTsl YIriHi MeHTaHHBIH apTHIK I'’X-2KUA |30 m x 0,25 MM KpeMHUit [50]
aNKaHJap MeJIIIIepiMeH JeachalbTeH]Ti- KaITWLIIPIIBI KOJIOHKA
py *koHe puabTprey. Kemip-

CYTeKTi yArizeri anmugarTel

KeMipcyTekTepi 6ap mapaduH-

JIepi AITIONpIIey YIIiH reKCcaH

KOJITaHY

3 |C3—Cy [uki myna# yaricia CS, I'X-)KUA |HP-5 [51]

epity (50:50) (60 M x 0,25 MM x 0,25 MKM)
(heHII/ME THIITIONTACHITOKCAH;
them.: 20 °C (Tyer. = 10 MuH) —
320 °C (Tyer. = 30 Mun);

v = 3 °C/MuH; toy.: 320 °C

4 |CgCyy 7 MyHal yarijepi ajjibH ana I'’X-2KUA |30 m x 0,25 MM % 0,25 MKM MeTHI [52]

tpuokcuruTpar (V) xyy, CIIIMKOHMEH KaNTaJFaH KPEMHUHA

CyMeH Tazajay, KenTipy KaIMMJUIAPIIBI KOJIOHKA;
trem.: 60 °C (Tyer, = 1 MuH) —

280 °C (Tyer. = 15 Mun);
v = 4 °C/MuH; te,,..: 280 °C

5 |Cs—Cyo 50 mr muki myHait 3 r cumka-| T'X-XKWJ[ |DB-5 [53]

TeJbMEH aaudaTThl, apOMATThI (30m x 0,32 MM x 0,25 MKM);

KeMipcyTekTep Oery. ApoMmat- trem.: 50 °C (Tyer = 2 Mun) — 300 °C

TBI XOHE ATU(ATTHl KOMIpCY- (Tyer. = 16 MuH); © = 6 °C/MuH;

texrepai ['X na tangay tour: 290 °C
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6 |Amudartsl Heachansrennipinren mynaii | I'X-XKUIA |HP-5 [54]
KeMipcyTeKTep yarici 15 mn nerponeiin a¢upi (30m x 0,32 MM x 0,25 MKM);
+ 15 M1 qUXJIOpMEeTaHMEH trem.: 40 °C (Tyer, = 2 MUH) —
SIFOMPIICHIN, POTOPIIBI OyIaH- 300 °C (Tyer. = 20 Mun);
JBIPFBINITA OyITaHABIPBLIABI v =4 °C/MuH; tg,.: 300 °C
7 |Ci5—Cq CS, cyitpuiTy I'X- KW |[MXT-500 [55]
(6 M % 0,53 MM X 0,15 MKM);
trem.: 40 °C (Tyer. = 2 MUH) —
300 °C (Tyer. = 20 MuH);
v =4 °C/mun; ty,.: 300 °C
8 [Cy—Csg MyHaii yirinepi SlBa I'X- XKW [HP-5 [56]
apaJIbIHaH XKUHAJIJIbI (30 M x 0,32 MM x 0,25 MKM);
trem.: 35 °C —300 °C;
v = 10 °C/mMmuH
9 |C—Cs;s [uki myHait ynrinepi «Addax | TX-2KWUJ [PONA [57]
petroleum Exploration» Hure- (50 M x 0,25 mm x 0,5 MKM);
pus aiiMarbIHAH KUHAIIBI trem.: 35 °C (Tyer= 5 MMH) —
320 °C (Tyer. = 20 Mun);
v = 3 °C/mun
10 |[Tapadwun, HadTeH, |[IBP-180 °C razoiins ppakmms- | I'X-XKUJ[ [100 M kBapI] Kanvisipisl KOJIOH- [58]
apoMaTThl ChI CYPBITITAIIBII, XKEeKE KOMip- Ka; then : 25 °C — 250 °C;
KeMipCyTeKTep cyTekTepre OemiHmi v = 3 °C/mun
11 |Co—Cy3 ankanmap |Yarimepmi ipikrern, skunareimn | XKW |HP-PONA (50 m x 0,2 Mmm); [59]
Kopanrtapaa KbI3IbIpy, them.: 30 °C (Tyer. = 15 MuH) —
apanacteipy 320 °C (tyer. = 15 Mun);
v =4 °C/MuH
12 |[Tapadunnep 2 % CS, epity I'X'MC |DB-1 HT J&W [60]
(15 M x 0,25 mm x 0,1 MKM);
trem.: 0 °C — 380 °C (Tyer, = 11 MuB);
v =25 °C/MuH; ty, : 400 °C
13 |[Mapadunni xone |MyHaii ynrinepi cuimkareib I'X/MC |PONA [61]
apoMaTThI OaraHbIMEH MapaduH KoHE (50 M x 0,2 MM X 0,5 MKM);
KeMipcyTeKTep apoMatTThl KeMIpCyTeKTepre thew.: 30 °C =305 °C
BIIBIpan bl (Tyer. = 20 Mun); v = 1 °C/mun;
thon xosi’ 250 °C
14 |ApomatTsl 10 M1 muKi MyHa ynrici + I'X/MC |30 M x 0,32 mm x 1,0 MKM KpeM- [62]
KeMipcyTeKTep 15 mu x-rekcaH, 5 % 6enzon + HUH KallWJULIPJIbl KOJIOHKA;
95 % rekcaH: MOHOAPOMATTHI; trem.: 40 °C (Tyer. = 2 MUH) —
15 % 6enzon + 85 % rekcaH: 350 °C (Tyer. = 16 Mun);
JIMapOMAaTThl; OJIMAPOMATTHI 0 =4 °C/MuH; toy.: 250 °C
KeMipcyTekTep yiH: 60 %
metanox1 + 20 % mustrmadup
+ 20 % OeH30JIMEH TIopIIey
15 |Ci4—Cys [wuki myHait ynricia 0,1 M I'X/'MC |ZB-5 MS [63]
TeTparuapoypaHMeH Tangay (30 M x 0,25 mm x 0,25 MKM);
trem.: 60 °C (Tyer, = 2 MUH) —
250 °C (Tyer. = 20 Mun);
v =10 °C/mMun
16 |[Tapadunnep JeacdanbreHaipinren MyHai I'X/mMC |HP-5 [64]
yarici 15 mn nerponeiin a¢upi (30 M x 0,32 MM x 0,25 MKM);
+ 15 M1 qUXJIOpMEeTaHMEH trem.: 50 °C (Tyer. = 5 MuH) —
INIOUPIIEHII, POTOPIIBI OyJaH- 310 °C (tye; = 10 mMun);
JIBIPFBINITA OYITaHIBIPBLIAIEI v =5 °C/mun; ty,.: 280 °C
17 |Ci9—Ciss JKunanran mynaii ynrinepi ma-| I'X/MC  |HP-5 MS [65]
paduHmi, apoMaTThl, HAQTCHII (60 M x 0,35 MM x 0,25 MKM);
(dpakumsnapra 6emiHIl them.: 40 °C (Tyer =3 MHUH) —
250 °C; v =5 °C/mumn;
teHr; 280 OC; Lhon xosit 250 °C
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18 |IMommmmknai apo- |20-50 mr mynaii ynrici + S mn | I'X/MC  |HP-5 MS [66]
MAaTThI KOCBUIBIC- | AMXJIOPMETaH (60 M x 0,25 MM x 0,25 MKM);
Tap, GuoMapkepIep trem.: 40 °C (Tyer. = 1 MuH) —
300 °C (Tyer. = 30 Mun);
v =6 °C/muH,;
tenr.: 300 °C; ton xosic 230 °C
19 |Cy5—Css [[Tuki MyHa# yATiCiH K-TeK- I'X'mMC |HP-5 [67]
CaHMEH JeachalbTTeHIIPY. (30 M x 0,25 mm x 0,25 MKM);
CH,Cl,, CH;0H »siroeHT pe- them.: 80 °C (Tyer, = 1 MUH) —
TiHJIE KOJIJAHBII, FeKCAaHMEH 280 °C (Tyer. = 30 Mun);
Oey 0 = 3 °C/MUH; t,0y cosi: 230 °C
20 [Cy—Css 1,6 mr yiri + 320 mu rekcan- | [X/MC/MC [TR-1MS [68]
MEH CYUBUITY (60 M x 0,25 MM % 0,25 MKM);
them.: 50 °C (Tyer, = 2 MUH) —
150 °C; v =20 °C/mumn; 150 °C —
310 °C (1 tyer. = 7 Mun);
v = 1,5 °C/muH; te,.: 260 °C
21 |[Tomawn, cTepan 25 mr op ki myHait yarine- | IX/MC/MC |Conan taniayst [69]
pin 40 mut Taza KyThIIapra Kononka: DB-EUPAH 20 m X
KYHBUIABL. Op yirire 10 M 180 MM X 0.14 MKM™;
TeKcaH KYHBUIABL. 5 MT THIPO- Menr: 1) they.: 50 °C (Tyer. = 2 MuH)
MAaTPHUKC KOCHII, 5 MUH apa- —310°C (Tyer. = 1 MuR);
JACTHIPBUINEL, 4 car OenMe v =6 °C/MuH;
TeMIepaTypachlHa CybITbLI- 2) 6ipinmi nemred 10 °C sxorapsl
abl. CynepnaTant 0,45 MkM CrepaH Tannaysl
[T®3 punsrpnenmi. 4 mu Kononka; HP-5MS 60 m %
akcTpakT 0,5 r Tazanayuisl 0,25 mMm X 0,25 MKM;
KOCIIaM€eH KOCBLI/IbI )KOHE Menr: 1) they.: 50 °C (Tyer. = 1 Mun)
2 MHH apanacTeIpsuiabl. Kelin — 150 °C (Tyer. = 2 MuUR);
0,2 mxMm [ITOD puneTpMeH v =70 °C/mumn; 150 °C — 310 °C;
bunbTpIEH I Tyer. =15 MHH
22 |[Mapadurmi 7 MyHal KaJJIbIK YATUIEpi I'X-XKW, |DB-5(30M x 0,25 mm); [70]
KeMipcyTeKTep I'X/MC  |tgem.: 35 °C (Tyer. = 6 MHH) —
425 °C (tyer. = 10 mun)
23 |[Mapadwunmi xxone |[ekcaH, rekcan-0enszon (2:1), | I'X-XKUJ |CBP-1 [71]
apoMaTThl KeMip- |0eH3o01—MeraHonMeH (1:1) (25 M x 0,25 MM X 0,22 MKM);
CyTEKTEp 3JIIOUPJIEN TaIAAY them.: 80 °C (Tyer, = 2 MUH) —
I'X/MC {300 °C (tyer. = 60 MuH);
v =4 °C/MmuH;
HP — MS-6890
(50 M x 0,25 mm)
24 |Kanbikkan keMip- |[Iuki mynaii ynrici CX apkpi- | I'X-XKWU][ |SPB-1 (60 m x 0,53 mm); [72]
CyTeKTep JIBI aPOMATTHI, KAHBIKKAH KOHE tyew . 100 °C — 320 °C
TOJISAPJIBI KOCBUTBICTapFa I'X/MC  |(Tyer. = 20 MuR);
OomiHai v =3 °C/mumn;
SE-54 (50 m x 0,25 MMm);
thew.: 100 °C — 310 °C;
v =4 °C/muH
25 |CysxoHE KaHBIK- |Ac¢anbTeHaep K-rTeKcanaa I'X-XXKU[J |HP-PONA (50 M x 0,2 Mmm); [73]
KaH KeMipcyTekTep |epiTinai. CX-m1a apoMaTTh Ka- trem.: 280 °C (Tyer, = 5 MUH);
HBIKKaH KeMipcyTekrepre 0e- I'X/MC |HP-5MS (30 m x 0,25 Mm);
JiHAL; anudaTThl KOMIpPCYTeK- tyem.: 260 °C — 280 °C;
Tep K-TeKCaHJa; apoMaTThl v =4 °C/mun
TOJTYOJIIa CYHBUITY
26 |Kanbmnrer ankaH, |Ac¢anbTeHai MYHAHIbI Tep- I'X-KUJ |HP-1 (1,0 m x 0,25 mm); [74]
W30IIpoInaH, TepaH, |Moimmaey 330°C, 6 car I'XMC  |tyem: 80 °C —320 °C;

TepHaH

v =4 °C/mun
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27

[Mapadunni xxoHe
apoMaTThl KeMip-
CYTEKTep

[Tuki myHait yarici
213-347 °C razoitn ¢ppaxius-
CBIHA JIeHiH CYHBUITY

X *xIX —
KU

KaspInTe! ¢aszasbl: KOJIOHKA:
1) PONA

(10 M x 0,2 MM X 0,5MKM);

2) BPX50

(10 M x 0,25 MM x 0,25 MKM);
Kaitteimapl azansr:
kosnonka: 1) BPX50

(0,8 M x 0,1 mm x 0,1 MEM);
2) DB1

(0,8 M x 0,1 mm x 0,1 MEM);
them.: 50 °C — 280 °C; v =2 °C/mMun

[75]

28

[Mapadunni xxoHe
apoMaTThl KOMip-
CYTEKTep

[Tuki MyHaii yirici qusensb
¢pakuusiceiHa GesiHim, Tal-
JaH/IbI

X xIX—
KU

1 xomonka: PONA

(10 M x 0,2 MM X 0,5 MKM);
2 xononka BPX50

(0,8 M x 0,1 MM x 0,1 MKM);
tyem - 50 °C — 280 °C;

v =2 °C/mun

[76]

29

Kanpikkan
KeMipcyTeKTep

1/3 (% v/v) CS, cyitpuiTy

X *xIX—
KU

Kononka: 1) DBI-HT

(10 M x 0,32 MM x 0,1 MKM);
2) BPX-50

(0,8 M x 0,1 mm x 0,1 MEM);
them.: 100 °C — 370 °C;

v =2 °C/Mun

30

Cio—Cy

CH,Cl, cyiibinry

I'X-MC

I'’X>xI'X —
YVy-MC

DB-5

(30 M x 0,25 MM x 0,25 MKM)

5 % — denni, 95 % — metwicu-
JIOKCaH; tyey : 70 °C — 170 °C

(20 °C/mun); 170 °C—-310 °C

(v =2 °C/MuH); teyr.: 290 °C;
Komnonka: 1) HP-5MS

(30 M x 0,25 mm x 0,25 MKM)

5 % — dennn, 95 % — metuncu-
JIOKCaH;

2) BPX-50

(1.5Mx 0.1 mm x 0.1 MKM)

50 % — denmn, 50 % — MeTu-
CHIIOKCAH; 1) tyey: 70 °C — 170 °C
(v =20 °C/mun); 170 °C — 325 °C
(v =2°C/mun);

2) tyem.: 10 °C — 300 °C;

thion xosi 230 °C

[78]

31

ApomatTbl
KeMipcyTeKTep

Jlr3enp jxoHe aliblK MyHal
TaJITaHIbI

I'’X>xI'X —
¥YY-MC

Komnonka: 1) BPX-1

(60 M x 0,25 MM x 0,25 MKM);
2) BPX-50

(B Mx0,1 mm x 0,1 MEM);
tuem: 1) 370 °C;

2)10°C —250°C

32

TTonmumuxmnai
apOMaTThI
KOMipCyTeKTep

MymHaii ynrici 10 Mr/mi metu-
JICH XJIOPUATE CYHBITBUIIBI,
TOHA3BITKBIIITA CYBITBIIJIBL,
¢unbTprieH i, 1 M1 MeTHIICH
XJIIOPUATE SPITUIII

I'X>xIx —
¥YV-MC

1 xononka: Rxi®-17Sil MS

(60 M x 0,25 MM x 0,10 MKM);

2 konoHka: Rxi®-1HT

(1.0 M % 0,25 MM % 0,10 MKM);
Mem: 1) tyey : 40 °C (Tyer= 1 MuH)
— 320 °C (Tyer= 7 MuH;

v = 2,5 °C/mun);

2) tyew.: 1 memr+ 5 °C;

thion xosi 250°C

[80]
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33 |ITapadunnep xoHe |CranmoHapibik ¢asza peringe | ['X x 'X — [Kononka: 1) HP-5ms [81]
W30MPEHOU I, TPH-, |AJIIBIH ana 6encenneraipiren| ¥YY-MC (30 m X 0,25 MM X 0,25 MKM;
TeTpa- )KOHE MeH- |KPEMHUII, JIIOCHT PETiHIe 2) DB-17
TalMKIUKTEPIaH- |TeKCaHabl KomaaHs, XKX-na 1,5m x 0,1 mm X 0,1 MKM;
nep, Cyo IuMeTniI- |oKmaymay. YATiIepai JuxXJIop- ITent: 1) tyey.: 70 °C — 170 °C
JICHTeH TpH-, TeT- |MeTaHJa epity koHe [ X-ma Tyer. = 1 MuH; 0 = 20 °C/MuH;
pa- )KOHE MeHTa-  |eHTi3y 170 °C =300 °C; Tyer. = 10 Mum;
UUKITUKTEpIaHiep 2) tyem.: 80 °C — 180 °C;
Tyer.= 1 MuH; v = 20 °C/MuH;
180 °C - 300 °C; tyer. = 15 mum;
v =2 °C/mun; m/z: 50-600
34 |Tepnanzep sxoHe |OpOip yarijep BaKyyMIIBbIK I'X x I'X — |Kononka: 1) HP-5ms [82]
cTeapuHIeD, KaiabeIKTeIH (ASTM D 5236) ¥YV-MC |30M X% 0,25 MM x 0,25 MKM;
napaduHiep MOJIEKYJIAJIbIK JUCTUILIATHIH 2) BPX-50
(10’3 MM) Tai1aiiaHa OTHIPHIII, 1,5m % 0,1 mm X 0,1 MKM;
apIHABL. OpOip yirinep Oemn- ITent: 1) tyey.: 70 °C — 170 °C
CEHCHIIPUITeH CHIINKAarelb Tyer. = 1 MuH; 0 = 20 °C/MuH;
Kongansin JKX-1a KaHbIKKaH 170 °C — 325 °C; v = 2 °C/mun;
JKOHE apOMaTThI KOMipCyTeK- m/z: 50-600
Tepre KOHE MOJIPIBI KOCHI-
JpIcTapra QpaKkIOHUPIICH I
35 (ITomuuuKIABI JKenin myHait ynrinepi en- I'X x 'X — |Kononka: 1) Rxi®-17Sil-MS [83]
apoMatThl KeMip- |meHai xoue 10 Mr/mir MeTu- ¥V-MC |[60wm x 0,25 mm x 0,1 MKM;
CyTEKTep TOMaH, |/IeH XJIOPUATE CYUBITBIIABIL. 2) Rxi®-1HT
crepaH 100 Mr *x)yBIK TapOoa 1 M1 Me- 1 mx0,25 mm x 0,1 MKM;
TUJICH XJIOPUITE CYUBITHUIIBI Mem: 1) they : 40 °C (Tyer, = 1 MuH)
JKOHE CYBITBUTY YIIiH TOHA3BIT- =320 °C (Tyer. = 7 MUR);
KBITITKA KOWBUIBI. YJTUIEp v = 2,5 °C/mumn;
apanacTeIpbuib, 0,45 MKM 2) 6ipiami nemreH 10 °C >xoFrapsl
[IT®D punpTpimMen
dunpTpaeHmi. 1 M MeTueH
XJIOPUATIH COHFBI KOJIEMiHE
JICHiH CYABITHUTIBI
36 |buomapkepiep 4 yHFBIMa YATLIEp] YIIKBIII I'X x I'X — |Kononka: 1) Restek Rtx-1 [84]
KOMIIOHCHTTEP/Ii JKOFO YIIIiH ¥V-MC |20 m % 0,25 MM X 0,25 MKM;
MIAIIBIIBL. Op YATiAeri ac- 2) SGE BPX50
(danprenaep rentanmen ['X 2M % 0,25 MM X 0,25 MKM;
TaNgayblHa JICHIH TYHIBIPBLI- Menr: 1) tyey: 40 °C—370°C
IeL. ManteH Gppakuusuiapsl (Tyer. = 10 MuH); © = 3 °C/MuH;
40 M TenTaHMEH BaKyyM 2) them.: 70 °C (Tyer. = 12 MuH); —
dunpTpinge xuHanabl. Keitin 325°C; v=1,5°C/mun
TelTaH POTOPJbI OyJIaHIBIP-
FBIII KOMETIMEH, Y3MIKCi3 Nj
arpICIICH KOMWBLIIBI

byn mMakanmamarel MoniMeTTepAiH Kemmiiri «ScienceDirect» FBUIBIMU-TEXHHUKAIBIK MOJIMETTEPAiIH
aHBIKTaMaJbIK 0a3achiHaH anbiHabl. KaneimTel ankannapasl ['X-XKUJ[ omiciMeH aHBIKTay MONiMETTEpiHIH
KONIIUII CchlHaMa JaiblHAay/Aa TeHTaHMeH epityni konpanem, 30-50 m HP-5, HP-PONA (Agilent)
KaIMWLISIPIIbl KOJIOHKANAPBIH KOJMaHbIN kyprizinai. CoHmaii-ak apoMarThl xoHE napaduHISp/l aHBIKTAy
I'’X/MC onmicremeciMen Hotmxeni 3eprrenmi. Ockl omictepai kemmirinae HP-5 (Agilent) y3eHaprsr 30—
60 M apanbIFbIHIaFbl KaITWJUIAPIIbI KOJOHKaIap Konnanbeliabl. ConbiMeH Katap I'X/MC Gacka amictemernepre
KaparaHJa, KOoCHalapibl XOFapbl THIMAI Oyl KamMTamachl3 eTeli JKoHe Oenrici3 3arrapisl Macc-
chekTpyiepi OoibIHIIA aHBIKTayFa MYMKIHOIK Oepeni. TepmaH, cTepaH, NONMUIUKIAB apOMaTThI
KOCBUIBICTap/Ibl JKoHEe OMoMapKepiiep/li aHbIKTayFa €Ki OJIIeM/i ra3abl XpoMaTorpadus YIIKBIII YaKbITThI
MacC-CIIEKTPOMETPHsl ofici KaOinmeTTi. A ekl eJmieMIi rasabl Xpomarorpadusga apoMarThl KOHE
napauHIi, KAHBIKKAH KOMIPCYTEKTEP/iH AHBIKTATYbl KaJIbIHAbI HOHH3OIUOHABI JCTEKTOPIbI KOJIAHBII
KYPri3iami.
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Kopvimuinowl

Byn >kymbpIcTa MYHa#JbIH KOMIIOHEHTTIK KYPaMbIH aHBIKTAYABIH XpOMaTOrpadusiblK dIicTeMenepi
KENTIPUIAL *KoHE 9iCTeMENep IiH OipHeIlle Maiaibl TYCTapbl KOPCETUIIN, CaNbICThIPbUIAL. COHBIMEH KaTap
Makanajga KOJJaHBUFaH MaTephanjap MyHall XWMHUsS cajacbiHaa, KasakcTaH MyHall KOMIOHEHTTEpiH
camaJibl aHbIKTay/1a JKOHEe Oarayay/a KOJIIaHbLTYbl MyMKiH.
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Onpenesienne KOMIIOHEHTHOTO cOcTaBa He)TH
XpoMaTorpa)uuecKuMHU MeToaMu: 0030p

B nacrosmee Bpems CyIIeCTBYeT HOCTATOYHOE KOJIMUYECTBO CTAaHJAPTHBIX U COBPEMEHHBIX METOAMK IO aHa-
M3y He(TH, OJHAKO OHM HE MO3BOJIOT ONPEJENNTh JIeTAIBHBIH KOMIOHEHTHBIH cocTaB HedTH. B craTthe
TIpoBeReH 0030p IO ONpPEIeIeHNI0 KOMIOHEHTHOTO COCTaBa HETH TAKMUMH METOJaMH aHAJIN3a, KaK ra3oBas
XpPOMAaTO-MacC-CIIeKTPOMETPHS, JIBYMEpHas ra3oBas Xpomarorpadus, BbICOKOI(){EKTHUBHAS >KUIKOCTHAs
xpomarorpadus. [IpuBeaeHbl MPEeUMMyIIEeCTBa 1 CHIIbHBIC CTOPOHBI XPOMATOrpa)MueCKUX METOJIOB aHAIIU3A.
Kpome Toro, mokasana MeTOJMKa OMpPEJETCHHs MOIUIHUKINIECKIX apOMAaTUUYECKUX COeTUHEHUH u GrnoMap-
KepOB B cOCcTaBe HEYTH METOJIOM ABYMEPHOIi ra3oBoii xpomarorpaduu. J[BymepHas rasopas xpomarorpadus
OblIa BRIOpaHa Kak CaMblil SKCIPECCHBIH U 3()(EKTUBHBIN METOJ] IJIsl aHAIN3a BELIECTB Pa3IMIHOTO IIPOHC-
XOXKIEHHsI, 9yBCTBUTEIILHOCTS KOTOpOro B 50 pa3 BhIIIE, YEM Y JPYTHX METOJOB aHAIN3a, TO3BOJISIONIHI OII-
pEIeInTh MOJHBIM KOMIIOHEHTHBIH COCTaB HeTH.
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1
2

M.M.Yelemessova, M.M.Sergazina, M.B.Alimzhanova

Determination of component composition of petroleum
by chromatographic methods of analysis: review

Standard and modern methods for analysis of petroleum are plenty, but these methods do not allow to deter-
mine component compositions completely. The article focuses on the methods of determining component
compositions of petroleum by gas chromatography-mass-spectrometry, two dimensional gas chromatography,
high performance liquid chromatography methods. Advantages of chromatographic methods had shown. In
addition, methods of determining of polycyclic aromatic compounds and biomarkers in petroleum had shown.
Two dimensional gas-chromatographic method is 50 times sensitive than other methods and allows to deter-
mine of various substances quality and fast, had chosen as powerful tool to determine of component composi-
tions of petroleum completely.
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Formation of students’ critical thinking in the process of teaching chemistry

Acquired in the process of Chemistry learning knowledge, skills, achieved development of critical thinking
should help students to adapt to the realities of modern life. The main condition for the development of criti-
cal thinking is not a presentation of a specific and limited amount of information, but motivation of interest in
the Chemistry study, the critical assessment of the proposed theoretical and empirical material by students
and then synthesizing them in their activities. The article contains the analysis of pedagogical experiment,
where it was established a level of formation of students' critical thinking, as well as a description of some of
the techniques and strategies that can be applied in the chemistry lessons.
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The principal changes that underwent the economy and society, affected the educational system of Ka-
zakhstan, which demanded reforms. These reforms are aimed at the modernization of education, which re-
sulted in all elements of the education system will meet the requirements of modern society. New reforms
involve the full development of personality, which is a high school graduate is not only owned a set of sub-
ject knowledge, but could apply their knowledge in real life, as well as a graduate should have the skills of
self-education, a set of the most important competencies and motivation directed to constant continuing edu-
cation.

For the implementation of these reforms it is necessary to change the position of a student. For the
modernization of education it is necessary to implement a learner transition from a passive entity performing
at training a reproductive function in the active object of the educational process that can think critically and
creatively.

To implement all the requirements that were presented to graduates, used approaches based on con-
structivism theory, the essence of which lies in the fact that successful assimilation of knowledge contributes
only the knowledge that constructed by the subject of study. Such approaches include technology of devel-
opment of critical thinking, which aims at self-evaluative thinking, developing by applying the acquired
knowledge to their own life experience.

The priority objective of education is its learner-focused orientation, so we need to develop critical
thinking, which allows not only to have information, but also to analyze, evaluate, apply it. When studying
the new information, students should be able to make their own conclusions about the accuracy and value of
the information.

Creation of conditions and the use of various learning tools that can generate students' critical thinking
is one of the main tasks of the successful implementation of the modernization of education, so now many
educators and psychologists conducted theoretical and empirical search for the creation of these conditions.

Students themselves should set goals and choose ways to achieve them, to use the knowledge acquired
at school in real life, beyond the educational process.

The pedagogical experiment was carried out in order to improve student’s critical thinking. The exper-
iment involved 10 students of the 10th class of ordinary high school for 3 months. Teaching experiment con-
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sisted of three steps: stating, forming and control. During the experiment the different tasks for each stage
have been developed that were formative and diagnostic tools.

For stating stage of the experiment there were used tasks, that could be used to set the initial level of
critical thinking component. The formative stage of the experiment includes techniques and technology de-
velopment strategy of critical thinking through reading and writing, which are effective means of developing
critical thinking [1]. In the control phase methods of diagnosing of critical thinking levels remained the
same, only the content of jobs have changed.

On stating stage of experiment the students were offered different tasks in order to diagnose of devel-
opment level of critical thinking.

The aim of stating stage of the experiment is to determine the initial level of development of critical
thinking of students while learning Chemistry. According to the purpose the main tasks of stating stage of
the experiment are allocated:

1. Determine the level of motivational readiness of students to the formation of critical thinking in the
study of Chemistry.

2. Determine the criteria and indicators of the level of critical thinking of students.

3. To choose a diagnostic material that can be used to determine the qualitative characteristics inherent
to each of the levels of critical thinking.

4. To determine the initial level of development of critical thinking of tenth graders.

5. After analyzing the results obtained in the course of the study, go to the forming stage, where it is
necessary to take into account the results of stating stage of experiment.

Consider the criteria for determining the level of development of critical thinking: Low is characterized
by a low degree of manifestation of self-control behavior (not know how to listen to others, intolerant of their
position, not able to overcome minor complexity; there are difficulties in recognizing their errors and so
forth.) and independence in the performance of tasks. The argument is present, but not too convincing — in
the struggle of opinions inclined to obey. Creative abilities are rare. Reflective skills are poorly developed
(inadequate self-esteem or an inability to look at themselves, to evaluate own actions, including the mental,
from the side to find an error in its own mental activity). Activity of student at this level bears meaningful
character, but only in operationally-activity aspect. In substantive aspect of pedagogical process the student
can misunderstand the structure and measure of manifestations of critical thinking.

Middle is characterized by the expression of sufficiently high self-regulation of behavior (are able to lis-
ten to others, tolerant to their position, are able to overcome the difficulties, may recognize their mistake,
wrongness, etc.) and independence in the performance of tasks. In most cases, able to think creatively. The
reasoning is broad and compelling, in the discussion the student can persuade an opponent to his point of
view. Reflective skills are poorly developed (inadequate self-esteem or an inability to look at themselves, to
evaluate own actions, including the mental, from the side to find an error in their own mental activity). Ac-
tivity of student at this level bears meaningful character, but only in operationally-activity aspect. In substan-
tive aspect of pedagogical process the student can misunderstand the structure and measure of manifestations
of critical thinking.

High is characterized by a high expression of self-regulation of behavior (are able to listen to others,
tolerant to their position, are able to overcome the difficulties, are able to admit their mistake, wrongfulness,
etc.) and independence in the performance of tasks. It features a high creative activity. The reasoning is
broad and compelling, in a discussion student is able to persuade the opponent to his point of view. Reflec-
tive skills are developed at a sufficient level to analyze themselves adequately, objectively evaluate their
thinking processes and their behavior during individual or group work on the problem task. Activity of stu-
dent at this level bears meaningful character, but only in operationally-activity aspect [2].

The stating stage of the study was based on the assumption that in the structure of critical thinking can
be identified three components: motivational-targeted, information-activity, analytical-productive. To test
these components various tasks were developed aimed at studying of specific component of critical thinking.

At this stage of the experiment students' learning motivation were investigated, the ability of students to
make value judgments and level of development of different ways of thinking, which were starting points for
the development of critical thinking. The following research methods were used: questionnaires, ability to
classification, to reflection, study of students’ activities products. For example, to assess the extent of for-
mation of reflective-assessment component of pupils' critical thinking we used text «Zinc» with deliberately
inaccuracies.
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The results of the study of reflective-evaluative component of students' critical thinking are presented in
Table 1.

Table 1
The results of the study of reflective-evaluative component of students' critical thinking
Levels Number of students %
High 1 10
Middle 5 50
Low 4 40

From the obtained results, at this stage, it was found that the critical thinking of tenth graders developed
insufficiently, although there is a basis for its development.

The purpose of forming phase of the experiment is to test and prove the effectiveness of the methodolo-
gy developed for the formation of students' critical thinking, using techniques and strategies, proposed the
technology of critical thinking development through reading and writing. Tasks of forming stage of the ex-
periment:

1. Development of the method of the experiment using the elements of technology development of crit-
ical thinking through reading and writing, promoting development of critical intelligence.

2. Analysis of the influence of methods of technology development of critical thinking on the criteria
unit of critical thinking.

After stating stage of the experiment, where the levels of development of critical thinking components
have been installed, we proceed to the next stage of our experiment which is formative. At this stage, we
need to check the value of developed technique and the probability of the hypotheses put forward at the be-
ginning of the study. In carrying out this stage of the experiment would be appropriate to structure it and
identify the successive stages of the experiment:

— the preparatory stage where we need to identify methods and strategies that will be used for the de-

velopment of critical thinking.

— the main stage, where these techniques and strategies will be tested.

The preparatory stage. For the development of critical thinking among students there are many tech-
niques and strategies. We chose a few, which are not only more popular and can be applied to Chemistry, but
also those that are the maximum productive. The techniques used in this method are «Clusters», «Inserty,
«Conceptual table», «True and false allegations», «Cross-debate», «Cinquainy, «Brainstormingy, «I know, I
want to know — Learned», «Thin and thick questions» [3]. For example, such a strategy as «a conceptual
table» (Table 2), helps to organize information, to identify the differences and similarities between multiple
objects, to draw parallels between the events and the facts. In turn, such a technique as «Cinquain» allows
synthesizing studied material. The simplicity and the multiplicity of forms can help to develop the ability to
summarize the information received, to present the information in a few words. «Cinquain» contribute to
synthesizing of complex and cumbersome data, evaluating of the conceptual apparatus of students, the de-
velopment of creativity in presenting their knowledge.

Table 2
A conceptual table on «Sodium, potassium and their properties»
. . An object of comparison An object of comparison
Comparison line
Na K
Valence level 3! 4s'
Interaction with oxygen With formation of Na,O, With formation of K,O

Method «Cinquain». Making a five-line stanza with a word «zinc».
1. Zink.

2. Hard, plastic.

3. Interact, melt, conduct heat.

4. Zinc is a widely used metal.

5. d-element.
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The main stage of formative stage of experiment where we need to test these techniques in the study of
topics, as well as to explain the cause of the difficulties in the implementation of these strategies in the process.

On the methodical level, this stage is a set of techniques and strategies that cover a variety of learning
activities. There are many different strategies; we will consider a few of them in relation to the curriculum in
Chemistry in 10th grade. Applying the technology of critical thinking development, the whole lesson can be
divided into three parts: the call phase, comprehension stage and the stage of reflection, different strategies
applied at a certain stage also can be divided. To each lesson it has been developed a set of technology de-
velopment techniques of critical thinking, contributing to the formation of critical thinking, as well as the
emergence of learning motivation. When teaching students the logic, argumentation of their position, identi-
fying causal relationships we need to give them a «foothold», which in Chemistry is represented as a chemi-
cal experiment. In this sense, Chemistry has a huge advantage over other disciplines. All the natural sciences,
including Chemistry, use the hypothesis or approval of the experiment as evidence. If we want to form the
critical thinking of students, we must enhance the role of the experiment in teaching Chemistry.

On the control stage there is a check of efficiency of applying techniques and strategies aimed at devel-
oping critical intelligence.

When selecting diagnostic tools mandatory condition of its use was satisfaction of certain requirements.
Firstly, measuring methods should be complementary and mutually check each other. Secondly, obtained
during measuring information must clearly express condition of students' critical thinking development, be
objective and reasonable. Moreover, it is necessary to take into account the time costs required to carry out
measuring of one or another component, as only 2 hours per week have been allocated for Chemistry lessons,
so0 it was necessary to take into account such characteristic as the efficiency of the method. Diagnostic tools
remained constant throughout the experimental work, but altered the content of the tests, questionnaires and
tasks.

Approbation of methods of critical thinking at students (clusters; correct and incorrect statements;
«brainstormingy; graphical techniques) proved the possibility of targeted development of critical thinking at
tenth graders in learning Chemistry.

For example, such technique as «Thick and thin questions». This technique can be used on any of the
three stages of the lesson, if we use it on the stage of reflection, it will be questions that demonstrate an un-
derstanding of the studied material. Table 3 consists of two columns. The first column contains «thin» ques-
tions, i.e. those that require a simple, monosyllabic answer. The second column contains «thick» questions,
i.e. requiring a detailed and full answer.

Table 3
«Thick» and «thin» questions

«Thin» questions «Thick» questions
Explain why metals conduct heat

Why, if in winter to lick metal a tongue sticks to it?

What is plasticity?
Is it true that lithium is the lightest metal?

The results of critical thinking testing in the control stage confirm the success of the experiment carried
out. For example, so there is a change in the level of development of reflexive-evaluative component (Ta-
ble 4).

Table 4

The results of a reflexive-evaluative component research of students' critical thinking
before and after the experiment

Levels Number of students
Before After
High 1 1
Middle 5 6
Low 4 3

For illustration the results of the control estimation of the component are presented in Figure.
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Figure. The results of a reflexive-evaluative component research
of students' critical thinking before and after the experiment

Despite the variety of approaches to the study of the problem and opinions of different scientists, there
is a common opinion that critical thinking which is developed enough, is an integral part of an effective
teaching, good training material possession and use of the information obtained in ordinary life.

At differentiation of the lesson into three stages appears clear algorithm of student and teacher's activity
that are pursuing their own motives and goals. Such a division of the lesson does not perform only one func-
tion of study, but contributes to the emergence of complex of functions (motivational, informational, com-
municational, and classificational, evaluation) due to which learning becomes more productive.

There are many techniques and strategies to generate critical thinking. In this paper we have highlighted
some of the most popular and productive methods, besides it was necessary to take into account the possibil-
ity of its use in Chemistry lessons. Each method allows diversifying the learning process, which often con-
sists of one activity: written or oral. Also, these techniques help to interest more passive students, at whom
due course in the learning process may appear personal functions, in particular a motivation to study. When
applying these strategies independence of judgment and creativity are developed. If a teacher uses these
techniques in the educational process, they may also identify the individual gaps in knowledge of each stu-
dent.

Having analyzed the results of stating stage of the experiment, it is found that the level of critical think-
ing at tenth graders is underdeveloped, which tells about the inability of traditional education to develop crit-
ical thinking in students at a good level, when students could independently produce new ideas, which are
then be possible to put into practice.

Have been determined conditions for the formation of critical thinking, to which we can refer inclusion
in the curricula aims of critical thinking development, tasks and exercises aimed at testing of critical intelli-
gence, availability of diagnostic tools that can be used to monitor changes in the development of critical
thinking.

To develop critical thinking in students should be used a variety of techniques and methods not only at
lessons but also during practical classes where the teacher should provoke a cognitive conflict that helps stu-
dents to realize the contradiction between their own ideas and observable phenomena. It is also important to
ask questions in the course of performing experiments, so that this activity was not mechanical.

When using this program, the teacher is not just a source of new information, but also helps in a quality
assimilation of information. Students at lessons take an active position, which leads to a change in personali-
ty functions.

Results of the experiment showed improvement in the degree of formation of critical thinking and this
is for a short time. At more long-lasting influence and system usage of a variety of strategies, as well as the
joint work of teachers of this class, we can achieve a higher level of criticality of the mind.

The technology helps to establish a dialogue between students, through a strategy of «Cross-
discussion», «Zigzag». Students take an active part in the discussion, wanting to defend their point of view,
at the same time, listening to the position of their opponents. It is important to remind every time about re-
spect of other people's opinions.

In practical activity, a teacher of Chemistry should remember that no one is able to think critically for
us, we can only do it for themselves, so the freedom to think for themselves and to solve independently even
difficult tasks should be provided for the development of critical thinking of students.
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XuMusl OKBITY YPAiCiHIAE OLTiM anymblIapabIH
CbIHM TYPFBIIaH OHJIAYbIH KAJBINTACTBIPY

XHUMHSAHBI OKbITY HPOLECIHJET] ajblHFaH OiliM, 9peKeT, JaribuIap, ChIH TYPFBICHIHAH OMJIay[bl JAaMBITya
KOJI JKETKI3I€H OMHJIay OpeKeTi OKYIIbLIApAbIH OYTiHTi KYHri eMipre yHpeHicyiHe CEmTiriH THUTi3yi KakeT.
AKIaparThl IIEKTEIreH KeJIeMJE JKOHE TOJbIKTal OasHpamay, ajl oJIapJblH XHUMHSHBI 3€pTTeyre JereH
BIHTACBIHBIH OSIHYBIHA UTEpMeliey, OepilireH TeOPHSUIBIK JKOHE IMIMPUKAIBIK MAITIMETTEp/i OKYIIbUIAPIbIH
CbIH TYPFBICBIHAH Oaranaybl >koHE Oy/laH opi onapipl €3 MYIJECiHe KOJIaHYFa >KMHAKTay aiybl ChIH
TYPFBICHIHAH OMIIayIbIH HET13Ti mapThl 00k TadbIansl. Makanazsa GUIiM aTymsuIapAbIH CHIH TYPFBICEIHAH
OlillaybIHBIH KaJIbIITACy ACHICiliH aHbIKTayFa jKacalFaH MeJaroruKalibiK SKCIEPUMEHTTIH Tajlqay HOTHKeIepi
Ma3MYHJIaI/Ibl, COHBIMEH KaTap XUMus cabarbIHAa KOJJaHyra OOJaThiH KeOip ojicTep MEH CTpaTerusuiap
Typajbl AUTBUIFaH.

I'.T.Koku6acosa, K.K.CepuxkoBa, M.M.AGurieBa

@®opMHpPOBaHNE KPUTHYECKOT0 MbILVICHUS YYALUXCS
B Ipouecce 00y4yeHus XUMHUH

IIpnoGperennsle B nporecce 00ydeHUsT XUMHUU 3HAHHS, YMEHHS, HaBBIKH, JJOCTUTHYTOC Pa3BUTHE KPHTHUE-
CKOTO MBIIUICHHS JOJDKHBI IIOMOYb YYEHHKaM B aJalTalliy K PEeaIisiM COBPEMEHHOI ku3HH. [ aBHBIM yc-
JIOBHEM Pa3BUTHUSI KPUTHIECKOTO MBIIIICHUS SBISETCS HE U3JI0KEHHE KOHKPETHOIO U OTPAaHUYCHHOTO 00be-
Ma HH(pOpPMaIHY, a IPOBOIHPOBAHUE MOOYXKICHUS MHTEpeca K H3YUCHUIO XHMHH, KPUTUUCCKOTO OLCHUBA-
HHS y9eHHKaMH MPEUI0KEHHOTO TEOPETUUECKOTO U IMITUPHYECKOT0 MaTepuaa U Jlajiee CHHTE3UPOBAaHUS HX
B cBoell AesTenbHOCTU. CTaThsl CONEPKUT aHANU3 MEAArOrHYECKOr0 SKCIEPUMEHTA, TIe Obll yCTaHOBIIEH
ypoBeHb (POPMHPOBAHUS KPUTHYECKOTO MBILIICHUS YYallUXCs, a TAKKe NPUBEACHO ONMCAHUE HEKOTOPbIX
MPHEMOB U CTPaTErnii, KOTOPbIe MOTYT ObITh MPUMEHEHBI HA YPOKaX XHMHH.
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XuMHSA OKYJIBIKTAPbIHBIH MA3MYHBIH 63apa 0eJiceH i
OKBITYFa caii KYpbLIbIMAAY/AbIH POJIi

Byrinri Tamma Herisri omicTeMelNlik MHHOBAaLMSIApD OKBITYIBIH ©3apa OeICeHAl OMICTepiH KOoJmaHyMeH
GaitmanbICTEL «/HTEpakTHBY» co3i Oi3re arbUIIIBIH TUTIHIH «Interacty nereH cesiHeH kenreH. «Inter» — Oy
«e3apa», «Act» apekeT ery nereHai Ourmipeni. BimiM Ma3MyHBIHBIH HeTi3iH KYpaiTBIH OKy KYpaIbIHBIH
GacTbicbl — OKyJBIK. OJ1 OKBITYIBIH OapiIbIK MakcaTTapblH KOHE MIHJIETTEPIH XKYy3ere achlpyra OarbITTalFaH,
SFHU, OiTiM Oepy, AaMbITyLIbl, TopOMeneylr Kbi3MeTTepiH artkapaapl. COHBIMEH Karap Kasipri yakbITTa
aKMapaTThlK TEXHOJOTHMSUIAPIBIH JaMyblHa OalIaHBICTBl OKYLIBUIAPABIH TAHBIMIBIK IIBIFAPMAIIbUIBIFBIH
KOTEpy, IIOHre JIETeH KbI3bIFYIIBUIBIFBIH apTTIPY, CA0AKTBIH HETI3Ti HIEeSChl MEH Ma3MYHBIH e3apa OelceHai
OKBITY apKBUIBI JKeTKi3yAiH MaHBI3BI 30p. Makamasa OKBITY[BIH JXaHa TEXHOJOTHSICHI — XHMHSHBI ©3apa
OelceHl OKBITYIBIH TEOPHSIIBIK AacIeKTisiepi, OHBl YHBIMAACTBIPY JXOHE OKY YpAiCiHE EHTi3y >KOJaaphl
KapacThIpbULIBL. OKyIIBUIApABIH TAHBIMIBIK KOHE HIBFapMAaIIbUIBIK KaOiIeTTepiH jKOFaphuIaTy MaKCaThIHA,
e3apa OeJceH[i OKBITYIBIH XHMMHSIAFbl OPHBIH KOpceTy MakcaThlHna 8-chiHbITarsl «/1.M.MenneneeBTiH
HEPUOATHIK 3aHbD» TAKbIPHIObIHA ©3apa OeJCeH/I OKBbITyFa Cail KypbUIbIMAAHFaH ca0aKThIH Ma3MYHBI
JKACAJIBIH/IBL.

Kinm co30ep: e3apa Oencenai, OKyNBIK, OKbITy omicremeci, J[.J1.MeHaeneeBTiH NEPHOATHIK 3aHbI,
aKMapaTThIK TEXHOJIOTHSIAP, OKY YpIici.

Kipicne. KP binim Oepyni mameityasis 2011-2020 >xpinpapra apHaiFaH MEMIICKETTIK OarnapiaMachl
OoiipIHIIa Oonamak 12 KbULIBIK OpTa MEKTENTiH OiniM Oepy camackl MEH KOJDKETIMIIUTITIH apTThIpyFa O1iTiM,
OLUTiK, JaFabIHBI UTEpiN KOWMai, MOHMIK KY3bIPETTUIIKTI KAJBINITACTBIPY ©3€KTI Mocelie OONBIT TaObLIabl.
binim Gepy xyiieciniH e3repyi OiliM Ma3MyHBIHBIH JKaHapyblHa oKeineni. bimiM Ma3MyHBIHBIH >KaHApybl
OimiM OepyiH HOPMAaTHUBTI KYKaTTapbl — IOHAEP OOWBIHIIA OiliM CTaHZApTTApbl, 0A3UCTIK, THUIITIK OKY
KOCTapJyapel, MoHAep OOWBIHINA JalbIHAANATBIH OKY OarmapiaManapbl, OKYJIBIKTap MEH OKY-9JIiCTEMENiK
KEeIICHIEP/IiH Ma3MYH/IapbIH Ja KaHAIIa KyphUIBIMAAY KaKeT.

BiniM Ma3MyHBIHBIH HETi3iH KYpalWTBhIH OKY KYpaJbIHBIH OacThIChl — OKYJIBIK. OJ OKBITYIBIH OapiibIK
MaKcaTTapbIH KOHE MiHJICTTEPIH JKYy3ere achlpyFa OaFbITTalFaH, SSFHU, OLTIM Oepy, TaMBITYIIIbI, TOpOUeNneymi
KbI3MeTTepiH arkapaapl. COHBIMEH KaTap Kasipri yakbITTa aKMapaTThIK TEXHOJIOTHSUIApAbIH JaMyblHa
0aiJIaHBICTBI OKYIIBUIAP/ABIH TAHBIMABIK IIBFAPMAIIBUIBIFBIH KOTEPY, IMOHIC JEreH KbI3BIFYIIbLIBIFBIH
apTTHIPY, cabaKThIH HETI3ri Hieschl MEH Ma3MYHBIH ©3apa OCNICEH[II OKBITY apKbUIbI JKETKI3yiH MaHBI3bI
30p. O3apa OeJceHai OKBITyFa cail OKYJBIKTHIH Ma3MYHBIH KYPBUIBIMJAY apKbUIBI OKYIIBIHBIH OepiireH
MaTepHajlbl ©3[IrHEeH Wrepe aiybl, FHUIBIMH OUTIMHIH KbICKAalla HAKThl TypAe Oepimyi, OKYJBIKTa
MYMKIHJITIHIIE TaHBIM/IBIK KbI3BIFYIIBUTBIKTEI aPTTHIPATHIH MaTepUAIIap IbIH ChI30a-HyCKa, KecTe, OMbIHIAp
TypiHzie Oepinyi, e3/iriHeH Oakpuiay >XoHE ©3i1H-631 Oaranaybl, MaKcaTKa OarbITTaJFaH IIbIFApMAIIbIIBIK
oliayFa apHaJIFaH TallChIpMAaJIap/IbIH KHHAFbI €CKE aJIbIHAIbL.

3epmmeyoiy e3exminici. Ka3ip Oykinm onmemue WHIYCTPHUSUIBIK KOFAMHAH e3apa OENCeHII KaThIHAC
’KacayFa, OHBI JKY3€Te€ achlpaThlH TEXHMKAJIBIK MYMKIHIIKTEpJi IaMBITBHII OTBHIpAa ajaThlH aKHapaTTHIK
KOFaMFa, SFHU aKMapaTThl aly, eHJey, caKTay, TapaTy jKoHe MaijajaHy KbI3METTEpiH aTKapaTbhlH >KaHa
KOFaMfa KeIlly YIepici Kypil *KaTbIp.

HocTypri okpITy1a MyFamiM cabaKThIH Kol OeJIiriH/e TYCIHIIpe i, KepceTe i, CYpaiibl, yiri OOHbIHIIA
TancelpManap Oepesi JKoHEe OKYIIBIHBIH TaHBIMJIBIK KbhI3MeTiHE oTe a3 yakpIT Oenemi. Cebebi OKYIBIK
MYFaJiMIe apHaJIBII jKa3buIabl. MyFamiM OKYJBIKTBIH Ma3MYHBIH Op TYPJIi MeIaroruKaliblK dic-TCIaepai
KOJIJIaHAHBIT, SIICTEMENIK HYCKayFa CYHeHe OTBIphIN Oamamapra xerkizemi. OchlFaH opail OKYJBIKTBIH
Ma3MYHBIH OKYIIBIHBIH ©31 WUTepeTiH/Iel »KaHalla OKbITyFa call Ma3MyH KYpbUIBIMJAy ©3€KTi mpobiema
00JIBII TaOBLIABI.

3epmmey maxcamvl — e3apa OeJCceHl OKBITYFa cail KYpbUIBIMAAHFaH OUIIMHIH Ma3MYHBIH JKaNIIblay,
OEKiTy XoHE KEHEHTY.
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3epmmeyoiy minoemmepi.:

1. XuMusl OKYJBIFBIHIAFBl TCOPUSUIBIK JKOHE TPAKTUKAIBIK cabaKThlH Ma3MYHBIH e3apa OeJceH/
OKBITYFa cail TaHIAy.

2. OKywbUIapablH — MPAKTUKAJIBIK ~ OUTIKTEPIH  KOFAapbUIaTy  apKpUIbl  MOHIOIK  KY3BIPETTUIIKTI
KaJBIITACTBIPY.

3. O3apa OenceH/ii OKBITYFa cail KyphUIBIMJIaHFaH cabaKTap/a MpoOJIeMaHbl TyIbIPY JKOHE OHBI IIEITy
KOJIIaphbl, iCKe acklpy MEH Oaranay.

Kyminemin nomuorce:

1. XuMHsl OKYNBIFBIHAAFBl TEOPHSUIBIK JKOHE MPAKTUKAIBIK Ca0aKThIH Ma3MyHBI e3apa OeJceH/i
OKBITYFa cail TAaHJAITBII, ca0aKThl ©3/IIMHEH UTepy KY3ere achIphLIaJIbL.

2. OKywWbUIapaplH XUMHS TIOHIHE JETeH KbI3BIFYIIBUTBIFBI apTafbl JKOHE TMOHIIK KY3BIPETTLIIri
KaJIbITITACA/IbI.

3. O3apa OenceHai OKBITYFa call KYpbUIBIMJIaHFaH cabakrapja mpooOiieMa TYIbIPBUIAIBI JKOHE OHBI
HICNTy KOJIIaphbl TAHAATIAbI, iCKE achIpy apKbUIbI CHIHU TYPFBIIAH OaranaHabl.

3epmmeyoiy scayauibliovibl:

1. Arrram peT XWMHSL OKYJIBIFBIHIIAFBI TEOPHUSUIBIK JKOHE IMPAKTUKANBIK CabaKThIH Ma3MYHBI ©3apa
OeJICeH TI OKBITYFa COMKEC TaHIaJIIbl.

2. Oky yaepicinae cabakTsl YHBIMIACTBIPY (OpMachl peTiHAe e3apa OeNICeH Il OKBITY SJICiHIH KOIJaHy
MYMKIHIIKTEPI TOKIpUOE KY31HIE iCKE aChIPBUIIBL

3epmmeyoiy npaxmuxanvix moui. ©3apa OelceHNI OKBITYFa call KYpPBUIBIMIAHFAaH TEOPHUSUIBIK JKOHE
MPAKTUKANBIK Cca0aKKa HETI3JeNITeH OKYJIBIKTHIH Ma3MYHBIH Oonamiak 12 KeUablk Oimim Oepy »xyiiecine
CBIHAK OKYJIBIK PETiH/IE KOJIaHyFa 0omajbl.

3epmmey nvicanwvi: H.H.HypaxmetoB xone 1.6. YKanmer 6inimM OepeTiH MEKTENTiH «XUMHUs»: 8 CHIHBIT
OKyIbIFbl. — Anmatel: Mekrerr, 2008. — 224 6.

Ozapa OenceHai OKbITYy OiniM Oepy yHAepiciHiH YHPEHINIKTI JIOTMKAChIH YCBIHAIBL: TEOPHSIaH
MpaKTUKaFra eMec, )KaHa TOMKIPUOCHI KA TACTRIPYABI KOJIZIAHY apKbUTbI TEOPUSICHIH TYCIHIIpY. bimiMm Oepy
YAepiciHe KaTbICyLIblIapFa TKipuOe MeH OiniM e3apa OKbITY MEH e3apa OuriMre OaibiTy Ke3i OoJbII
TabbUIABL. O31epiHiH OUTiM JKoHE TIKIpUOETIK ic-opeKeTiMeH Oellice OTBIPBIN, ONap OKBITYIIBIHBIH Oi1iM
Oepy MIHJIETIH MeIiriHe ajajbl, aln OyJI ©3 Ke3eriHAe OKyIIbUIAPILIH TYPTKUIEPI MEH OKbITY HOTHIKECIHIH
apTybIHA dKenesi. ©3apa OenceH i OKbITY MOJIENI KOChIMINIA MaMaHIaH IbIPBLUTFaH OUTiM Oepyie epeceKTepi
OelipecMHu OKBITYJa TUIMAI, ce0edi epeceKTepaiH KociOu >koHe eMipilik ToxipuOenepi ken. B.b.I'apraiasig
aiiTypl OOWBIHINA, KOCIOM MaMaHBIKTAHYIBIH JaMybl OpKalllaH «0acka agam» apKbUIBl XKYpemi, of Tipi
CYOBEKT pEeTiH/JIE XKOHE KOMITBIOTEPIIIK HEMece KiTall peTiHJIe YChIHBUTYBI MYMKIH [1].

Enimizniyg sxanmel 6i1iM Oepy yHecinzeri aca ipi, opi skayanTsl Ke3eH 12-KbUIABIK OpTa MEKTENTiH
TaJIan-TUICTiH KaHaFaTTaHABIPAThIHAAN OTaHIIBIK KaHa TeJI OKYJIBIKTapAbl )Kacall MIbIFapy YIIiH, ©31Mi3aeri
KETICTIKTepAi Oiie OTHIPHIN, dNMEMIIIK JeHIeleri Ky3bIpeTTi OKbITYFa Oipaszaan Oepi Oer OypraH JambIFaH
CIJIEPIH FhUIBIMU-TCOPHSIIBIK, SIICTEMENIK, MPaKTUKAIBIK JKETICTIKTEPIH capamTam, O3bIK HICSSIap MEH
YCTaHBIMAAP/ABI TAHBII, KAKETTUIEPiH €CKEPIl, THICIHILE KOJAaHY MYMKIHAITH aHBIKTAy KaXKET.

Kazipri 3amMaH OKYJIbIFbl OKYIIBIHBIH KBI3BIFYIIBUIBIFBIH OSITYBI KepeK, Oipak OapIliblK Ke3[le OHBI
KaHaraTTaHapipa oepmereHi xeoH (H.Cenusanosa) [2].

Kasipri Tanaa OKyJBbIK OKBITYIIBIHBIH cabaKTa MaTepUaibl TOJIBIK KOPHITBIHABLIAYHI YIIiH OKY KiTaObl
6onmaii Typ. OKy yaepicinaeri e3repicrepre OaillaHBICTBI OHBIH OKBITYILBI, TOPOUENICYIL KOHE IaMBITYIIIbI
penJiepi KaThICYIIbLIAPABIH TAHBIM KBI3METIH/IET] JKETEKIUIIK KBI3METIHIH MOHI ecy;ie.

OJicTeMeNik oneOueTTepae OENTUICHIeHACH, OKYJIBIK aBTOPBI, OIpiHINI KE3€KTe, FHUIBIMIIIBIK,
YCTaHBIMBIH €CKepyi KaKeT; €KiHIIiJIeH, TOJBIK Ipreyii TYpAE HeTi3[enyre; VINiHIIIAeH, OKYLIBIHBIH ©3
OeriHIe OUTIM almybIHa OaFbITTaY, MIBIFAPMAIIBUIBIK OWIAYBIH IaMBITY bl KAMTaMaChI3 €Ty, capaian OKybIHa
MYMKIHIIK Oepy (Herisri MoTiHIE e »OHE TalchlpMa JKYWeciHze Je); TOpTIHIIIJCH, MaTepuaibl
po0IeManbIK OastHIay MYMKIHAITIH KOJIIaHy.

C.I'.lllanoBasieHKO OKYJBIKKA MBIHA Al aHbIKTama 6epreH: «OKYJIbIK — FBUIBIM HETi3JIepiH Urepy YIIiH
OKyuibuiapra apHanrad kypam» [3]. I[lemarorrap MeH FanbIMaapIblH €HOCKTEpiHZETI NaibIMIayiapra
CYHEHCEK, OKYJIBIK JereHiMi3 — FBUIBIMABI [€arOTHKAJBIK TYPFbIIAH OasHIAWTHIH, FBUIBIMH
KaTeropusUIapra )KYUEeNUTIKIIeH OHIeN OKYIIbIIapFa YChIHATHIH Kypai [4].

Ocbl TYCIHIKTEp/I €CKepe OTBIPHIN, O3IMI3JIH 3epPTTEY KYMBICHI3bI TEOPUSIIBIK JKOHE MPAKTHKAIIBIK
cabakrapza KoJIaHaMbI3.
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1. Teopusira Heri3neJreH cabaKTbIH Ma3MYHBIH KYPBLIBIMIAY

Cabaxmuiy maxwipsiowi: J1. 1. MeHaeneeBTiH IepUOITHIK 3aHbI.

Cabakmuiy maxcamol: OKyIIBIIAPABIH KEKE IEMEHTTEp, aToM Kypblibichl, [I.M1.MeHeneeB xacaraHn
XAMUSUTBIK DJIEMEHTTEPIH TEPHOATHIK JKyHeci »oHE MEepHONTHIK 3aHbl Typajbl OUIIMHIH Ma3MYHBIH
XKalmbuiay, OCKiTy KoHE KeHEUTY.

Cabaxmuiy minoemmepi:

1. I..MenneneeBTiH TEPUOATHIK 3aHbl TYPFHICBIHAH XUMUSIIBIK DJIEMECHTTESDP Typaibl OUTIMHIH
Ma3MYHBIH ©3apa OeJICeH/Ii OKBITYFa cail xKyleney.

2. Oxymbutapra JI.Ml.MenneneeBTiH TNEpUOATHIK 3aHBIHBIH MOHIH allly apKbUIbl XUMHSHBI ©3apa
OeJICeH Ti OKBITYIBIH FHIIBIMHU HET131H KaJIbIITACTHIPY.

3. OKymbUTapIbIH TIEPHONTHIK JKYHEMEH TaHbICa OTBIPHIN, 63 OeTiHie anraH OiimiM, OLTIrIH JaMbITy,
MEPUOJITHIK )KYHEHIH XUMHS FHUTBIMBIH/IAFbl MaHbI3bIH O1Ty.

Kyminemin nomuorce:

1. [TepuoOATHIK 3aHHBIH AIIBLTY 3aHIBIIBIKTAPBIH O1IeT1.

2. DIIEMEHTTEP/IIH XUMUSJIBIK KACUETTEPiH O1JIC OTBIPHIIL, JKIKTEH aJiajbl.

3. XUMHUSAIBIK 3JICMEHTTEP KACUCTTEPIHIH 63repy 3aH/IbIIBIKTAPBIH O171¢ OTHIPHIT, KOJIJAHA alajibl.

Oxbimy a0ici: ©3apa OeJCeH Il OKBITY.

Konoanvinean xypan-sicadovikmap: JI.M1.MenzneneeB TEpUOATHIK KeCTeci, OKYJBIKTap, chiz0aiap,
KOMBLIMAJTBI TECT, «AMKBIIIITAP MEH HOJIICP» ONBIHBIL.

Kana cadak

.M. MenneneeB o3iHe OEHIHTT FalbIMIapAblH CHOCKTEpiHE CYHEHE OTHIPBIN, 63 Ke3eriHie Oeiriii
OOJFaH DIEMEHTTEP/lI aTOMIBIK MaccajapblHbIH ©cy peTi OOWbIHIIA OpHamacThIipAbl. HoTkecinae
KacHeTTepi yKcac aneMeHTTep Oenrini Oip apanbIKTaH KEiH KalTaJdaHbIl OTHIPATHIHABIFEl aHBIKTANABL. by
3aHABUIBIKTHI OpbIc FajbMbl JI. M. Mennenees 1869 xpuibl 1Haypbi3aa Obiail TYKBIPHIMIAIbL:

DJleMeHTTep MEH 0J1ap TY3eTiH ’kail jKoHe Kypaeni 3aTTapAblH KacueTTepi €oJl 3JeMeHTTep/iH
aTOM/IBIK MacCachblHA EPHOATHI TIyeAIiKTe 60JI1a1bI.

® O311epiHAi KoplLIaFraH OpTaJiaH MEPUOATHI ©3repPeTiH KYObUIBICTAP bl aTaHAap:

J.M.MeHnzeneeB anikan OyJ1 3aHHBIH MOHICIH TyciHy ymIiH cytekreH (H) apronra (Ar) qeiiHri ajaFaiikbl
18 371eMeHTTi aJlbIl KapacThIPanbIK.

1. Jlututinen Li ¢ropra F neiiiH 3aeMEHTTEpHiH METaAbIK KaCHETTEpi oJcipen, OeWMeTalIbIK
KacHeTTepl Kyluede Oacraiipl. JIuTwii — aWKbIH METANJBIK KAaCHET KOPCETETIH CLITUIK MeTalll.
Bepwuniine MeTanablK KacHeT TOMEHJEN, eKimaimbsl kacuer kepcetemi. OmaH KeiiHr 3JEMEHT OOpbIH
OelimeTannplk KacueTi OacbiM Oona Oacrtam, Oiprinaen ¢Topra neiin kymeideni. OnaH KeWiH CaTFBIPT
(uHEpTTI) ra3 HeoH Keedl. CanFbIpT JIEMEHTTEP KaCHeTTEePpl MyJIZieM OacKa CHITaTKa ue 0oJiaibl.

2. JlutuiigeH gropra neiiH 3JeMEHTTEP/IH KOChIIBICTAPBIHIA J1a e3repicTep Oaiikanaabl. JIuTuii okcuai
HETI3/IK KaCHUEeT KepceTce, OCPUILTNI OKCHII — KiTaliIbl, OJIJaH KEHiHT1 JIEMEHTTEp KBIIKBUIIBIK OKCHIITED
Ty3e Oactaiinbl. CaabICThIPMalIbl aTOMIBIK Maccalapbl 6CKEH CalbIH JIUTUHICH KOMIPTEKKE NCHIH OJlapblH
BaneHTTikTepi [-IV neliin ecemi. KemiprekrteHn Oacram 31eMEHTTEp/iH CYTEKTi KOCBUIBICTAPBIHAAFHI
BaneHrTikTepi [V-I aeitin kemui.

3. Kenripinren XuMusuiblK 3eMeHTTep Katapsiiaa Na—Mg— Al—Si—P—S—Cl narpuiinen xiopra

Kapai ancipeitni ae apTagpl. DJIEMEHTTEPAIH JKOFAPFhI
BaJICHTTIKTEPiHIH MoHI . XnopaaH Kanuiire Kapai KacuerTepi
XKOHE BAICHTTLIIKTEpl o3repeni. Kanuii kacuerTepi kaFbIHAaH yKcac.

4. Kaynuiinen Oacran (pertik HoMepi 19) kaliTagaH MeTajJapra TOH KacHeTTep OalKajblll, OipTiHACH
OeliMeTanmapra TOH KacHeTTepre aybicaapl. bynm karapma 18 snemenT Oap. MyHpmalt Katapiapisl
.. MenneneeB nepuo ACT aTabl.

Ilepuoo Oecenimiz — amomObIK MACCANAPLIHBIY OCYy pemi OOUbIHUIA OPHANACKAH JJeMeHmmep
Kamapul. Ilepuoo cinminik memanoan bacmanvin caigoipm (UHepmmi) d1eMenmneH asKmaiaobl.

ITlepuoomap
v v

Kiwi Yiken

Cepusa «Xumuns». Ne 2(82)/2016 97



0.H.KobnaHoea, '.C.Caxosa, [1.A.A6aypasoBa

1-nepuon H, He (2 anemenr); 4-nepuon K-Kr (18 snemenr);
2-nepuox Li-Ne (8 anemeHnr); 5-nepuona Rb-Xe (18 anmemenr);
3-nepuoxa Na-Ar (8 ayieMeHT); 6-nepuon Cs-Rn (32 anemenr);

7-nepuos asKTalIMaraH.

e MebIiHa niepuo/1 Typaiisl He Oinecingiep? boc ysmbIKkTapabl TonTeIpeiHaap. (1-kecre)

Na Si Iepuon >

l-xecTe
Ilepnoa 6oiibIHIIA YSIMIBIKTBI TOXTHIPY
1. Ilepuon OacTamassl.
2. Ilepuon asgKTaabl.
3. KacueTTepi aJICipeii.
4. KacHETTepi apTaJibl.
5. OTTek OOMBIHINIA BAJICHTTIKTEPI
6. CyTtek OoiibIHIIIA BaJICHTTIKTEP1

Ilepuoathlk  KyMeme Tik OaraHama KacHETTEpl yKcac DdJIEMEHTTep  Oip-OipiHIH  acThIHA
OPHAJIACTBIPBUIBIN, TYBICTAC 3JEMEHTTEP TOOBI IIBIKTHI (TaJOTEHNEpP, CUITLNIK, CUATIK-)KEp MeTamnuap).
Bynap mepuoaTwIK kyiiene monmap nen atanasl. bapneirbsl 8§ Tom 6ap. Op TOM «@» HETI3T KOHE «8»
KOCBIMIIIA TOTIIAIAPAaH TYPaIbl.

DJIeMEHTTEPIIH aTOMIBIK Maccajgapbl MEH KAaCHETTepPIHE HETI3[CIIICH XMMUSJIBIK DIICMEHTTEPAIH
xKambl xKyheciH kypacteipy .M. MeHeneeBke TaOUFATTHIH 3aHbl — XUMUSUIBIK 3JICMEHTTEPIIH MEPHOATHIK
3aHBIH allyFa MyMKiHIIK Oepi.

® «AWKBIIITAP MCH HOJIZCP» OUBIHBI (2-KeCTe).

Y THIMJIBI KOJIJIBI TAIT:

a) Oip Heri3ri Tomnma imiHgeri 9) Oip mepuox iliHAET] 3JEeMEHTTEP Kypai bl
Be N Si Zn Cl Al
Al Na C Be Mg Ca
Cl Mg Ge Si S Na
2-xecTe

«AMKBIIITAP MEH HOJI/IEP» OHbIHBI

Ca6al§l’}1bl KOprMblHablﬂayé’a aprajiean mancolpma

1. IlepnoATHIK XKyiiene DIEMEHTTEP KYpauipl.
2. Kimri %oHe YIIKeH nieproarap Oacrapl,
asKTaaIbl.
3. llepuoarapiarsl 3JIEMEHTTEPIIIH CAIBICTHIPMATBI aTOMJIBIK Maccaiapbl ©CKEeH CaiiblH OJapblH
Oacener, apra Tycexi.
4. DeMeHTTep KOCHUTBLICTAPBIHBIH KACUETTEPI1 /1€ OChI OaFbITTa Kapa aybICaibl.

2. [IpakTHKaFa Heri3AeJareH cadaKThIH Ma3MYHBIH KYPbLIBIMAQY

Cabaxmuviy maxvipwiowi: «OKCUITED KOHE ONAPABIH KIKTEIyi, aly KOJIIapbh».

Cabakmuiy maxcamol: «OKCHITEPAIH KIKTeNyi, aly >KOJJIapbD» TaKbIPHIOBIHBIH Ma3MYHBIH €3apa
OeJICeH Il OKBITYFa cail KypbUTbIMIAY.

Cabaxmuiy minoemmepi:

1. OKymbUTap/iblH ~ TPAKTHKAIBIK ~ OUTIMJIEpIH  JKOFaphUIaTy — apKbUIBI  MOHAIK  KY3BIPETTLTIKTI
KaJIBITITACTBIPY.
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2. XUMHSJIBIK Peakusl TeHICYIepiH xa3a Olry OlTiKTepiH 1aMBITY.

3. O3apa OenceH i OKBITYFa cail OKCHITEP, OKCUATEP/IiH XKIKTENyi, OKCUATEP.IiH KACHETi Typalibl OimiM
Ty XKoHE OKCUATEP/IiH TaOUFATTAFbI POJIi MCH KOJIaHBUTYBIH OiiTy.

Kyminemin nomuorce:

1. OTtinreH TakbIpbIT OOWBIHIIA aHBIKTAMA HIBIFAPBIIN, OKCUATEPIH KIKTEeTyiH Oiesi.

2. JlJabopaTopusia OKCUATEPAIH op TYPJl XUMHSIIBIK JKOJIMEH aNBIHYBIH OlIesl xKoHe TIKipuoe xacay
OlikTepi apTabl.

3. bepinred XUMHUSIIBIK 3aTTapabl TYCIHE Kaparl, aXbIpaTa Oinesi.

4. Kemnmriikke TaHBIC OKCHATEPiH KOJIIaHYbIH OLIeIl.

Oxwvimy 20ici: ©3apa OCJICeH/Ii OKBITY.

Konoanwvinean kypan-sicabovikmap: OKcun yarinepi xoHe 1adopaTopUsIIbIK bIABICTAD MEH 3aTTap.

Konoanvinzan aoebuem: H.H.HypaxmeroB sxone T.0. JKammel OinmiM OepeTiH MEKTENTIH «XHMHS»:
8 chIHBIT OKYIBIFBL. — Anmatel: Mekrern, 2008. — 116-120 6. [5].

Kana cadak

OcblIraH JICUIHTI Tapayiaapaa 3aTTapAblH MaHBI3Ibl KJIacTapbl: OKCUATEP, HETI3ep, KBIIIKbUIIAP JKOHE
Ty3AapMeH TaHbIcThIHAAp. Ochbl OUTiMAEPIHI JKyHere KenTipe OTHIPBII, OKCHUATEPAIH JKIKTENIyiH, albIHYbIH,
XUMUSUTBIK KACHETTEPIH )KOHE KOJIAaHBUTYBIH KYHEIen KOPBITBIH/bIIANbIK,.

Tancvipma. MpIHa TanichIpManap/ibl OPBIHAAHIAD XKOHE OChIIAH OKCUTEP IiH aHBIKTaMaChIH alThIHJIAD:

— OepinreH 3arTapAblH ilIiHEH TeK KaHa OKCHITEpAiH (GopmynanapbiH Tepin xaspiHaap: KOH, CaO,

H20, COz, A1C13, FCO, H2CO3, Kzo,

— MbIHA oKkcuarepmiH: jautuii okcumi, Mbic (I) oxcuai, mbic (II) okcmai, azor (IV) okcuii, MBIPBIIT

okcui, Kykipt (IV) okcuni GpopMynanapbia xKa3prHIap.

Oxkcuarep AereHimiz — .

Oxcunrep yiike OeliHEHi: He2iz0ix oxcuomep, KblWKbLIObIK OKCUOmep, exioatinvl (amgomepiii)
okcuomep.

Oxcuomepoiy scikmenyi. Oxcuarep ty3 Ty3oeitinaep: NO, CO xoHe Ty3 Ty3eTiHaep 0obIn OeiHemi.
Ty3 Ty3eriagepre Herizaik okcuarep CaO, Na,O; KeKeDIAbIK okcuarep Si0,, P,Os; eximaiinbl okcuarep
Zn0, Al,O;) 6ombImT GemiHe.

Tancvipma. bepinren TarncelpMansl 4 oKylibIaH 6 Tornka Oeminin opeiHaanmap (3-kecre).

e MriHa okcuarep/i xkikreHaep: BaO, CuO, Al,O;, FeO, SO,, ZnO, P,0s, K,0, Cr,O; (1-cyp.)

3-kecTe

Oxcuarepai KikTey

Heri3nik oxcun Exinmaiine! okcun KbIIKbUIABIK OKCH/T

Fe;O,4 margetur

Fe,O; remarur Si0, kpeMHuit MnO, Hr'nhpm.ﬁosm
(III) oxcumi

Al,O4 Kop}}Hﬁ

1-cyper. Keiibip okcunrepaiH araynapbl

Oxcuomepoiy anvinyevl. OKCUATEPAl alyIblH HETi3rl Tocinmepi. Peakinus TewpeynepiH TONBIKTBHIPHII
asKTaHIap JKOHE TEHECTIpiHIep.
1) XKaii 3aTTapIbIH OTTEKIICH TiKeJIeH OpPEeKETTEeCyi apKbLIbL:
2C+0,=2CO 2CO + 0, =2C0O, Cu+0,= Ca+0O,=
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2) Cyna epiMeiiTiH Heri3nepi KbI3AbIpy apKbUIbL:

Cu(OH), = CuO + H,0O Fe(OH); =
3) Ty3mapabl KbI3ABIPHII alibIpy apKbLIbL:
CaCO3 =CaO + C02 CaSO4 =

Ne 1 roxipube: Oxcuarepiiy pU3HKAIBIK KACHETTEPIH 3€PTTEY.
Tancvipma. Oxcuarep yirinepine (2-cyp.) Hazap aynapbill, OPTaK KOPBITBIHABICHIH KecTere
TONTHIPBIHAAP. ToMeH Ie 4-KeCcTe OKCUATEP YITIIepi KOPCETIIIeH.

2-cypet. Okcuarep ynrinepi

4-xecTe

Oxcuarepain GU3MKAIBIK KACHETIH KecTere TOJTHIPY

Ne ATaysl Dopmynacsl ArperatThIK KYHi Tyci
CyTek okcui
MBIpBITI OKCHTI
Tewmip (IIT) okcuni
Kanpuuii okcuai
Xpowm (I1T) oxcuai

DN AW —

OxcuomepOin XuMusiiblK Kacuemmepi.
Oxcuarepain 69pi Oipaeit cyna epimeiini. Heriznik okcuarepmiy iminge K,O, Na,O, CaO, BaO cymen
mwadeITTH peakuusra Tyceai. An CuO, Fe,O; HgO cymen opekerTecmeiii.
Hezi30ix oxcuomepee man XuMusIblK Kacuemmepae moKmaiativlk. Peakius TeHIeYIepiH TONBIKTHIPHIT
asIKTaHIap JKOHE TEHECTIPIHACP.
1. Herizaik okcuarep cCyMeH apeKeTTeciIl, Heri3 (CiiTi) Ty3eni:
Na,O + H,O =2NaOH CaO+ H,0=
2. Herizzik okcuaTep KpIIKBUIIAPMEH TY3 XKOHE CY TY3€ dpEKeTTece/Ii:
MgO + HQSO4 = MgSO4 + HQO BaO +HCl=
3. Heri3mik >xoHe KBIITKBUIIABIK OKCUATEP 63apa SPEKETTECKEeHIE TY3 TY3UIeIi:
CaO + CO, =CaCO; BaO + SiO, =
Kovtuuxwinovix oxcuomepee 0e ocvlHOall yul mypii Kacuemmep maH.
1. Kpmmukpuiaeix okcuarep: CO,, SO,, SO;, P,Os cyMeH opekeTTeCKeH e OTTEeKTi KBIIIKBUT TY31Ie1Ii:

SO3+ H20 = stO4 P205 + H20 =
2. KpIKBUIBIK OKCUITEP CINTIIEPMEH 9PEKETTECIIT, TY3 XKOHE CY TY3e/Ii:
2NaOH + SOZ = Nast3 +H20 Ca(OH)2 + C02 =

3. KpIIKBUIIBIK OKCHI TIEH HET13/11K OKCH ©3apa OpEeKeTTECKEHIE TY3 TY31IeIi:
SiO, + CaO = CaSiOs

Exioaiinbl okxcuomep dHcane o1apoviy XUMUALLIK Kacuemmepi.

Eki >kakThl HETi3MmiKTe, KBIMIKBUIABIKTAa KacueT KepceTeTiH okcuarepre: ZnO, AlLO;, Cr0O; BeO
xartanpl. Onap cyna epimMeii, KaTTel Kyhiae Oomanpl. MyH/ali okcuaTep KBIIKBUIIAPMEH Jie, Heri3aepMeH
JIe peaKIysFa TyCe ajajibl, SFHH, CKiJaiIbl XUMHSIIBIK KACHETTEPIl KOPCETEI.

Ne 2 toxipube: MpIpbllll OKCHIAIHIH aK TYCTiI YHTaFrblHAa KYKIPT KBIIIKBUIBIHBIH E€pITiHAICIHEH Kyiica,
OKCHJI KBIIIKBUIJA €Pill, MBIPBILI CyIb(aThl MEH Cy TY3UIeIi:

Zn0O + HzSO4 = ZnSO4 + HzO
Byn peakunsaa ZnO Heri3mik OKCHUAKE TOH KacHeT KepceTin Typ. ExiHmn Toxipubene YHTaK MBIPBILT
OKCHJIiH KaTThl HATPUHA TUAPOKCUIIMEH KOCHII OaNKpITCa, HATPUN LIUHKATHI KOHE CY TY31Ie1i:
ZnO + 2NaOH = Na,Zn0O, + H,0O
HaTpuu
ITUHKAThI

MyH/1a MBIPBIIT OKCHI KBIIIKBIIIBIK OKCHIKE TOH KACHET KOPCETIM TYP.
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Oxcuarepain KOJIAHBLIYbI:

— KeMipKbIIIKbLT Ta3 CO, TaMak eHepKaciOiHIe, OpT COHIIPYAE «KYPFAK MY3» PETIHIIE;

— KaTThl Kyieri kpeMHui quokcui SiO, MIbIHBL, KepaMHKa amy/ia;

— ki okergi CaO KyphUibicTa OalIaHBICTBIPYIIBI 3aT PETiHAE, IIEMEHT KOHE TYPJIi TY3/ap alyFa;
— KyKipTTi ra3aeiH SO, XYHAI, KIOEKTi arapTyna >KeMiC-KHICKTep/i KOHCEPBIIEN, OHBI CaKTayJa

KOJITaHBIIAbI.
CabaKThbl KOPBITHIHILIAYFA APHAJIFAH TANCHIPMAa

1. Oxcunrep 0O0JIBII YIIIKE JKIKTEICII.
2. KpIIKBUIABIK 5KOHE HET13/1IK OKCUATEPiH XUMHSIIBIK KACUETTEPiH

Kas.
3. Okcuarep KOJIaHBIIaIbI.
4. 3aTTapaBIH OTTEKIICH SPEKETTECYi OOJIBIIT TAOBLTAEL.
5. Ty3 Ty30eliTiH OKCHaTEpre JKaTalbl.

Kopvimuinowi

KopsiTa Kkene, cabakTbIH MaKcaTbIHA Colikec cabak Ma3MyHBI ©3apa O€JICeH[I OKBITYFa cail TaHIaJIblIIl,
cabakThl ©3JIITIHEH Hrepy Ky3ere achlphiiibel. Cabakrapaa mpobieMa TYIbIPBUIBI, OHBI HICHIY KOJIAPHI
TaHJAJIBII, iCKE achIPbUTY apKbLIbI CBIHHM TYPFbIIAH OaraiaH/bl.

1. Xumus oKymerbIHIaFbl TeopusUIbIK («/I.M.MeHeneeBTiH NepHOATHIK 3aHbD») JKOHE MPAKTHKAIBIK
(«Oxcunrep xoHE ONMapIbIH KIKTENyl, ally >KOJAapbl, KOJIJAHBUTYbD») cabaKThIH Ma3MyHBI e3apa OeJceHai
OKBITYFa COMKEC TaHIAJIJbI.

2. OKynIbUTap IbIH MPAKTHKAIIBIK OUTIKTEPI, MOH/IK KY3bIPETTUTIKTEP] KATBINTACTBHIPHLIIBL.

3. ©3apa OeiceHl OKBITYFa cail KypbUIBIMIaHFaH cabakrapja mpodiemMa TyIbIpy apKbUIbl OHBI LISy
KOJIIApbl TAHIAJJIBI, ICKE aChIPy apKbUIbI CBIHU TYPFbIIaH OaraaaHmabl.
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0O.H.Ko6mnanosa, I'.C.Caxosa, [1.A.AGaypazoBa

Posb cTpykTypHpOBaHus coiepKaHUs YUeOHMKOB 110 XUMHUU
JJISI HHTEPAKTHBHOI0 MeTO01a 00yUeHus

B cratbe paccMoTpeHa HOBas TEXHOJOTHUSI 0Oy4YEHHs — TEOPETHUYECKHE acNeKThl MHTEPAaKTHBHOIO METOna
0o0yueHHs] XMMHHU, €T0 OpraHH3alMsi M IIyTH BHEApPEeHHs B ydeOHbIl mpouecc. C LETbIO MOBBIMIECHUS
MO3HABATENbHBIX U TBOPUECKUX HABBIKOB, a TAKXKe IJIsI O3HAKOMJIEHHS C POJIbI0 MHTEPAKTUBHOTO METOJa
oOyueHns xuMuM ObUI pa3paboTaH IuaH ypoka mo Teme «llepmommueckuii 3akoH MeHneneeBa» B
COOTBETCTBHH C Yy4EOHUKOM § KJIacca 110 XMMHU JUIs 00I11e00pa30BaTeIbHBIX KO,
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O.N.Koblanova, G.S.Sakhova, P.A.Abdurazova

The role of constructing of chemistry textbooks’ contens
according to an interactive teaching

The article shows the new training technology the oretically the active aspects of teaching chemistry, show
the ways of organization and implementation in the learning process. In order, to develop and to enhance the
creative activity of student’s, to show the active role of studing chemistry on the 8-th form, in the theme
«D.I.Mendeleyev’s law term» there’s a content of active learning.
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