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XUMHYECKHHU )XYPHAJI KA3AXCTAHA

VK 547.51:547.313

K. X. XAKUMBOJIATOBA, E. A. TYCYIIKAJIUEB,
C. JK. KYMATAJIMEB, M. H. BAUMBETOB, JX. H. KAHHAPBEAEBA

AO «MuctutyT XxuMudeckux Hayk uM. A.B. Bekryposa», AnMatsl, Pecrry6iika Kasaxcran

MN3YYEHUE MACC-CIIEKTPOB HAUBOJIEE BAKHBIX
MOHOMEPOB — HEKOTOPBIX ITPOU3BO/IHBIX 9TEHA

AHHoTanus. M3ydeHsl Macc-CIeKTpbl Hanbosee BaKHBIX MOHOMEPOB — HEKOTOPBIX
NIPOM3BO/IHBIX 3TeHa. [IpoBeneH cpaBHUTENBHBINA aHanu3 17 Macc-CIEKTPOB HEKOTOPBIX
npou3Bo/IHBIX 9TeHa (1-17). OxapakTepu30BaHbl ¥ IOKa3aHbl 0COOEHHOCTH (hparMeHTaH
X MOJICKYJSPHBIX HOHOB. ODTeHMIICOAepKalmx aimuparnueckux MoHomepax (1-17)
Ha6JII01aeTCs XapaKTepPUCTUYECKHE HOHBI «allkeHoBoi cepum» [CnHana]'*, T.e. m/z: 27, 41,
55, 69, 83.

Kpome HUX HAOMIOJAF0TCS MUK HEYETHOANMEKTPOHHBIX (parmentoB ([ChHzn]*") ¢ m/z:
42, 56, 70, 84. CTabuabHOCTh MOJIEKYJIIPHBIX HMOHOB (1,7) K MOHW3AUU DJIEKTPOHAMHU
KoseOseTcs B mpenenax 2,6-44,3% c yBenW4eHHEeM YTIIepOIHON IeNH aNKIIBHONH Y4acTh
MOHOMEPOB YMEHBIIAETCs WHTEHCHBHOCTH MOJIEKYJISIPHBIX HOHOB W COOTBETCTBEHHO
CTaOWIBHOCTh MOJIEKYJISIPHBIX HOHOB. BBeneHneM (eHna wiv nuaHo B MOJIEKYJy TEHa
COXpaHsAeTCs CTA0MIBHOCTh MOJIEKYJIIPHBIX HOHOB Ha ypoBHE ~ 30%.

KaioueBble cjoBa: Macc-CrieKTp, (parMeHTanusi, MOJICKYJISAPHBIH WOH, KaTHOH-
panukan, MeTUIIaKpUiIaT, METUIMETaKpHJIaT.

B HacTosmee BpeMsi Macc-CIIEKTPOMETPHST BBICOKOMOJIEKYJISIPHBIX COEZIHE-
HUH ¥ CHHTETHYECKHX IIOJIMMEPOB MPHBIEKAIOT BHUMAHHE HCCIEN0BaTee BO
BceM MHpe. B cBs31 ¢ 3TUM OO0NBIION HAYYHBIN HHTEPEC BBI3BIBAET MACC-CIIEKTPO-
METPHUYECKOE N3yUeHHE Han0oJee BaKHBIX STEHUIICOAEPKAIIIIX MOHOMEPOB.

Lenpto maHHOW pabOTHI SABISETCS CpPaBHUTENbHAS XapaKTEPUCTHKA Macc-
CIEKTPOB HEKOTOPBIX NIMPOKO HCTIONB3YEMBIX STEHHIICOAEPHKAIIIX MOHOMEPOB.

Rl
2>C=CH2 1717
R

R!=R2=-H (1); R! = -H, R? = —CH; (2); R! = —H, R? = —C,Hs (3);
R!=-H, R? = —CH (CHs). (4); R! = —H, R? = —CH,-CH (CHs): (5);

Rl = —H, RZ = —H, R2 = —C4H9 (6), Rl = —H, RZ = —CsH13 (7);

R!=—H, R? = —C¢Hs (8); Rt = —H, R2 = —CN (9); R! = -H, R? = -CO (10);
R!=—H, R? = -C(O)NH; (11); R! = -H, R2= -COOH (12);

R!=-H, R2= -C(0)OCHjs (13); R! = ~CH3, R? = ~C(O)OCHj (14);

R! = —H, R? = —0OC(0)CHs (15); R = — H, R? = —C(0)OC4Hs (16);

R! = —CHjs, R2 = —-C(0)OC4Hs (17)

B ¢Bsi31 ¢ 9THM HaAMHU pacCMOTpPEHBI 17 Macc-CIIeKTPOB HEKOTOPBIX MPOHU3BOI-
HeIx dTena (1-17) [1].
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Tabnuua 1 — Macc-crieKTpbl HEKOTOPBIX 3TEHHICOACPIKALUX MOHOMEPOB

Howmep
MOHO- Hassanue Macc-criektp: M*; m/z (low, %)
Mepa
1 | Dren 29(2), M* 28 (100), 27(62), 26(53), 25(8), 24(2), 14(2), 13(1)
2 | Ipomen 43(2), M™ 42(70), 41(100), 40(29), 39(72,5), 38(19,5), 37(13),
36(2), 28(1,5), 27(39), 26(10,5), 25(2), 19(2), 15(5,5), 14(3,5), 1(3)
3 | 1-byren 57(1,5), M* 56(39), 55(18), 54(2,5), 53(5,5), 52(1), 51(4), 50(5),
49(1,5), 42(3), 41(100), 40(6), 39(34), 38(4), 37(2,5), 29(12,5),
28(27), 27(25), 25(1), 15(2)
4 | 3-Mermr 71(1,5), M™ 70(27,5), 69(2,5), 67(1), 56(4,5), 55(100), 54(3),
Gyren-1 53(8,5), 52(1), 51(3,5), 50(2), 43(3,5), 42(27,5), 41(21,5), 40(4),
39(26,5), 38(2,5), 37(1), 29(26), 28(5), 27(29,5), 26(3,5), 15(5)
5 | 4 Merur- 85(1), M™ 84(11,5), 70(1), 69(17), 67(2), 57(2), 56(49,5), 55(8,5),
nenren-1 54(1), 53(2,5), 51(1), 50(1), 44(3), 43(100), 42(31), 41(68), 40(3,5),
39(20), 38(2), 29(4), 28(1), 27(20,5), 26(1), 15(1,5)
6 | 1Texcen 85(2), M* 84(29), 70(L,5), 69(24), 67(2), 57(6), 56(100), 55(64),
54(5), 53(6,5), 52(1), 51(3), 50(2), 44(2), 43(58,5), 42(72), 41(95),
40(6), 39(31), 38(2), 29(18,5), 28(5,5), 27(32), 26(2), 15(1)
7 | 1-Oxren 113(2), M™ 112(19,5), 85(2), 84(22), 83(33,5), 82(6), 71(12),
70(85,5), 69(44), 68(7), 67(6), 57(18,5), 56(86,5), 55(99), 54(8,5),
53(7,5), 51(2), 44(3), 43(100), 42(66), 41(81,5), 40(4,5), 39(28),
29(35), 28(5), 27(25)
8 | DremmwiGemson | 105(9), M* 104(100), 103(48,5), 102(8,5), 89(2), 79(3), 78(46,5),
77(22), 76(5), 75(4), 74(6), 63(8), 62(3), 52(9), 51(27), 50(13,5),
39(7), 38(2), 27(2)
9 Orenwnuuanun | 54(3,5), M* 53(100), 52(72), 51(28), 50(5,5), 39(1,5), 38(4), 37(3),
28(3), 27(13), 26(83,5), 25(5)
10 | 2- lpomenans | 57(4), M* 56(100), 55(72), 53(11), 52(4), 41(2), 40(2), 39(10),

38(15), 37(18), 36(7), 29(56), 28(53), 27(95), 26(73), 25(18), 24(4),
16(3), 14(5), 13(2)

11 2- Ilponienamup | 72(5), M* 71(100), 70(4), 56(2), 55(72,5), 54(3), 53)6), 52(5),
51(3), 45(5), 44(100), 43(27), 42(2), 41(2), 40(2), 30(13), 29(2),
28(18), 27(94), 26(27), 25(5), 17(6,5), 16(5)
12 2-TlpomenoBast | 73(4), M* 72(100), 71(5), 56(3), 55(88), 54(3), 53(8), 52(1,5),
KHCIIOTa 46(2,5), 45(39), 44(19,5), 43(8), 42(1,5), 41(1,5), 29(4,5), 28(8,5),
27(55,5), 26(28,5), 25(5)
13 Merwu- M* 86(1,5), 85(14,5), 68(2,5), 59(5), 58(9,5), 57(2), 56(4), 55(100),
[pOIeHoaT 53(3), 43(3), 42(10), 31(3), 29(3.,5), 27(22,5), 26(6), 15(2,5)
14 Merui- 101(2), M* 100(37), 99(19), 85(8), 82(4), 70(4,5), 69(89), 68(2),
METaKpUiIaT 59(11), 56(4), 55(7), 53(2,5), 45(2,5), 43(2,5), 42(6), 41(100),
40(11,5), 39(51), 38(8), 37(3,5), 29(5), 27(2)
15 DTeHunanerar M* 86(6,5), 44(5), 43(100), 42(6,5), 29(2), 28(1), 27(6,5), 26(2),
15(11), 14(2,5)
16 H-ByTnn- M* 128(oteyT.), 99(1,5), 85(4), 74(1,5), 73(42,5), 70(1,5), 6992),
HPOMEHOAT 68(1,5), 57(6), 56(54), 55(100), 43(3), 42(1), 41(14), 39(3), 31(1,5),
29(7,5), 28(3,5), 27(17), 26(2)
17 H-ByTH- M* 142(0,1), 113(2), 100(1), 99(2), 88(4,5), 87(86), 86(4), 74(1,5),
METaKpUIIaT 73(1), 71(1), 70(6,5), 69(100), 68(2,5), 59(5,5), 58(1), 57(8), 56(51),

55(10), 53(1,5), 45(2), 43(4,5), 42(4,5), 41(70,5), 40(6), 39(27),
38(2), 31(1), 29(13), 28(3,5), 27(7), 26(1)
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[onnble Macc-crieKTpbl HOHU3aUUH deKTpoHaMu (M1J) Bcex mcciieayeMbix
coeaunenui (1-17) npuBeaens B Tabmuue 1. CTaOUIBLHOCTH MOJIEKYIISIPHBIX HOHOB
(Wwmu) k 1D OCHOBHBIX XapaKTEpUCTHUECKHUX (PParMEHTHBIX MOHOB OT IOJHOTO
MOHHOTO TOKa TNpHBEJACHBI B TaOnuie 2, a Takke MHAEKC ynepkuanus (RI).
WntencuBHocts nmukoB MU n3ydeHHBIX MOHOMEPOB KoJyieOJeTcs B Ipenenax
6,5+100% 3a uckimovyenusiMu metuinporneroara (13) M*86, lowm= 1,5%, H-OyTHI-
nporeoHar (17) M*142, low = 0,1%, (Tabmumna 1). Ctabunsrocts MU (W) k 1D
n3y4eHHbIX MOHOMepOB (1-17) Bapupyrorcs B npenenax 0,02+44,3% (tabnuna 2).

Tabmuna 2 — CrabunsHocTe MU Kk IO (WMn) 1 HHTEHCHBHOCTB XapaKTEPHUCTHIECKHX
¢parmenTHBIX HOHOB (F1-F7) OT mosiHOro noHHOTO TOKA (Jur. B %) HEKOTOPHIX MOHOMEPOB
(ipou3Bo/HbIE 5TeHa) U HHAeKC yaepkuBanus (RI)

Ho- | W M/Z (Juur. B %) | RI
mep | B% | Fi/F'1 F2 FalF'3 FalF 4 Fs/F's Fe/F s F7/F 7
coel.
1 44,3 - - - - - - 27(27,0)/ 164
26 (23,0)
2 18,9 - - - - 41(25,3)/ - 27(10,2)/ 283
39(19,0) 26(2,7)
3 | 133 | - = [ 55(69) Z 41(253) | 2940 | 2782/ | 388
39(11,1) | 28(88) | 26 (2.,6)
4 1935 | - — [55(32.25)| 42(885) | 41(69) | 2984) | 27(95) | 445
39(85) | 28(13)
5 | 33 [ 69@47) | 55(2.3) | 43(27.75/ | 41(18.9) | 29(L1) | 27(.7) | 547
56(13,75)| 42(86) | 39(5,55)
6 | 54 [ 69(2) |55(1L,1)/] 43102 | 4L(165) | 2932) | 27(55) | 588
56(17,4) | 42(12,5) | 39(5.4) | 28(0,9)
7 | 2.6 | 83@) | 69G3) | 55(12) | 43(12.2) | 41(9.9) | 29(4.2) | 27(3) | 785
84(2,7) | 70(10,4) | 56(10,5) |  42(8) 39(34) | 28(0,6)
8 | 320 |103(14.2)] 102(2,5) | 78(136) | 77(64) | 51(7,9)/ _ 27(06) | 870
39(2,0)
9 | 315 |52218) | 5185) | - Z - Z 27(3.9) | 4%
26 (25,3)
10 | 185 |55(128)| - Z Z 39(18) | 29010/ | 27(169 | 470
28(9,5) | /26 (13)
11 | 192 | 5514) = [4492) | 43(52) Z 28(3,4) | 27(18) | 1943
26(5,2)
12 | 25,6 | 55(225) | 45(10) | 44(5) | 43(2) Z 20(L1) | 27(14.2/ | 1638
28(21) | 26(73)
13 0,75 | 85(7,25) | 55(50) | 58(9,5) 42(5) - - 27(11,25) | 591
14 | 9,75 | 99(4.,75) [6922,25)] - Z 4125) | 29(1,25) Z 672
39(12,75)
15 | 45 |43689)| - - - - - 27(a5) | 845
15 (7,6)
16 | — | 85(L5) | 73(15.7) | 56(20) | 55(37) 41620 | 29(28) | 27(62) | 875
39(1,1)
17 | — | 87(20) |69(23,25)[ 56(118) | 55(2,3) | 41(164) | 293) | 27(L6) | 964
39(6,3)
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OCHOBHBIE IMKH B MAaCC-CIIEKTpaX annupaTunieckux MoHOMepoB (1-7) mpuna-
JekKaT HOHAM «aJKEHOBOM cepum» ¢ obmer popmymnoit [ChHan1]™ (M/z: 27, 41, 55,
69, 83, 97), 06pa3oBaHue UX CBA3aHbI STUMUHUPOBaHKEM paaukaios H, CHs, CHs
n3 MU. Kpome HHX HaOIIOJAIOTCS MHKH HEYETHOAICKTPOHHBIX (PParMeHTOB
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([CaH2n™) ¢ m/z: 42, 56, 70, 84 (4-7), unentnunbix MU Hu3mmx uneHos (2-6).
Macc-crekTpsl anubaTHUIECKUX dTCHUICOASpKAIUX MOHOMepoB (1-7) coaepxkar
nuK MU pazanyHOi HHTEHCUBHOCTH, KOTOPasi yMEHBIIACTCS C YBEITUYCHHEM JIJIH-
HBI WK C TIOSABJICHUEM Pa3BETBICHUHN YTJIEBOAOPOAHOM 1IeTH B MoJieKyJe [2, 3].

B oriauune ot 3-meTun-Oyrena-1 (4) y 4-metwinneHTeHa-1 (5) HmOSBIAIOTCS
KaHaJIBI paclianga, MPUBOAAIINE K 00pa30BaHUIO Hambojee MHTCHCUBHOTO Kapo-
katrona wm3onpormmwia HC'(CHsz) ¢ m/z 43 (F4) ¥ MHTCHCUBHOTO HEYETHO-
BIIEKTPOHHOTO (pparmenta ¢ M/z 56 (F'3, Tabmurmr 1, 2; cxema 1), obpasoBanue
KOTOPOI'0 IMPOUCXOJUT IO-BUAUMOMY 3a CYET IEeperpylIHupOBKU C MHIPALUU
Bogopoza ¢ C4 ko BTopoMy atoMy C2, re HaXOAUTCS HECIIAPEHHBIM 3JIEKTPOH ¢
MOCJEIYIOUINM OTIICTUIEHHEM MOJIEKYJIbI STCHA.

: H
A tN¢ X ‘<7
LY — D]

M* 84 ©) m/Z 56

+

I'excen-1 (6), sBisrormuiicss n3omepoMm 4-metmienTeHa-1 (5) B kakoi-to
Mepe ¢parMeHTHpyeTcsl MoJ00HO TOCIeTHEMY, TO €CTh CHadana TepseT nu3 MU
(M* 84) panuxana CHs (F2, m/z 69), monexyny C.Hs (Fs, m/z 56). Onnaxo mis
rekcena-1 (6) xapakTepHo OTIIEITICHUE aTKWILHOTO paJrKaja ¢ BBIOPOCOM ITHIIh-
HOTO pajiuKana ¢ oopaszoBanueM kapokartuona CsHz™ ¢ m/z 55. Okren-1 (7) nox
neiicteuem MO pacnagarorcs aHanorudHo rekceny-1 (6). OmHako HaOmomaeTcs
BEChbMa CYIIECTBEHHOE pa3Muue B OTHOCHUTENFHONW MHTEHCHBHOCTH OCHOBHBIX
XapaKTePUCTUYCCKUX (parMeHTOB (Tabnuisl 1, 2).

Takum 00pa3oM B MacC-CIIEKTpax ATEHHICOAEpKaIluXx MoHoMmepoB (1-7)
JOMUHUPYIOT ITUKU HOHOB «QJIKCHOBOW CEPHUM» XapaKTEePHBIE IS aIKEHOB[5].

BBenenne peHWITBHOTO pajiKalia B MOJICKYJTy 3T€HA MIPUBOJUT K MOSIBIICHHIO
MakcumaapHOTo nka MU (M*104) srernnbensona (8), pacan KOTOpOro He3Ha-
YHUTEJCH.

JIBa mepBUYHBIX aKTa (pparMeHTaIMK STEHIWIOCH30a (8) CBS3aHbI C mapai-
nensaeM dnuMuHupoBanneM H u CoH, ¢ o6pasoBanmnem kapokatrona F1 ([M-H]Y,
m/z 103) u xaruoH-pagukana Oenzona Fs3 (m/z 78). [lanee MHTECHCUBHBIA HOH
Fs (m/z 78) Benmet cebst kak MU Gensomna (M/z: 77, 51, 50, 39). J{ns sTeHuIManu-
na (9) xapakrepHo Jierkoe oOpasosanue moHoB [M-H]* (F1, m/z 52) u [M-Hz]"
(F2, m/z 51) amamormuno steny (1) u3 crabuwisrnoro MU (M* 53, Wyvu=31,5%).

Bropoii mo nHTeHCHBHOCTH MK (parmMeHTanuu Fg c m/z 26, BeposiTHO OTBe-
garot noHaM [CoHz]" u [CN]*. OmHako, 1IHaHo SBISSACH DJIEKTPOHOAKIIETITOPOM C
uHAyKIHOHHBIM (-1) u Me3omepHbiM (-M) sddexkramMu y KaTHOHHOIO LIEHTpa
IeCTa0MIM3UPYIOT KapOKaTHOHBI, U oOpa3oBaHueM Takux katuoHoB ([CN]*) B
npouecce hparMeHTaIMu CTaHOBUTCSI MasioBeposiTHRIM. DTeHmt (-HC=CHy) siBisi-
SICh DJICKTPOHOJOHOPOM C MHIYKIMOHHBIM (-1) 1 Me3oMmepHBIM (+M) addexTamu
OyayT moBbIaTh cTabuisHOCTH HoHa ([HC=CH]").
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3aMeHa naHo B dTeHWIIMAHUE (9) HA ANBJIETUIHYIO TPYIITY PE3KO MEHSET
KapTHUHY Macc-cekTpa [4].

Crabunsaocts MU (M* 56, Wymu=18,5%, Tabmurisr 1, 2) magaer, HECMOTPS
Ha MaKCHUMaJIbHYI0 HHTCHCUBHOCTD €T0 IMUKA B MacC-CIIEKTPE, 32 CUCT YBEIMICHUS
KaHAJIOB pacrajia MOJIEKYJIbI nponeHaJm -2 (10), ¢ 06paBOBaHI/IeM I/IHTeHCI/IBHHX
XapaKTePUCTUUECKUX HOHOB: 1* (m/z 55), [HCO]* (m/z 29), [CO]* (m/z 28),
[CH=CH]"*(m/z 27) n [Csz]+ (m/z 26).

B pesynbrate a-paspeiBa 3 MU (M*™ 56) nponenans-2 (10) Bo3HHKaeT
aruIBHEIN HoH F1 (M/Z 55), koTopsrit manee erko tepser moiekyiay CO ¢ obpa-
30BaHUEM alIKCHWIBHOTO MOHA F7 ¢ M/z 27. BBenenue amMuHa B MOJICKYIy IPO-
neHans-2 (10) mMpUBOAMT K HEKOTOPHIM HOBBIM HAIPABIICHUSM (DparMeHTAIlVH,
XOTSI IPOLIECC COMTPOBOKIAIOIIMICS o6pa§rOBaHI/1eM noHoB tuna b-1 (a-paspsiB) [5]

0]
COXpAaHSET CBOC 3HAUCHUC (/\% , M/z 55).

OTnuYnTeTFHON 0COOCHHOCTRIO Macc-crieKTpa 2-mporneHamua (11) smisiercst
MaKCUMAaJIbHBIH MUK HOHA F3 ¢ M/Z 44, KOTOPBIi ABNSETCS HAabOJIee XapaKTEPHBIM
B pe3yJbTaTe 0-pa3phiBa;

NH, T ¢ H +
/\n/ 23 [OECNHz]
O _
—> [07C™NH,"
Mt 71 11y m/z 44

IIpn mepexone k 2-mpomeHOBOM Kuciote (akpwioBas kuciota) (12), Ha-
OJFOIAFOTCS HEKOTOPbIe M3MEHEHUs B Xapakrtepe ¢parmentarmu MU (M™ 72).
Crabunsabrii MU (12), ocHOBHOM paciiaj KOTOPOTO CBsI3aH € IMOCIeI0BATEILHBIM
BeIOpocom yactury ‘OH, CO (muku nonos F1 ¢ m/z 55, 88%; F7c m/z 27, 55%).
Menee BeipakeHO oOpa3oBanue HoHOB 2 u F3 ([COOH]Y, m/z 45; [HO-CH=CH_]*
umn [CO2]*, m/z 44). 3HaunTtenbHbIe THKU ¢ M/Z 44 1 26, KOTOpBIE 00YCIOBIEHBI
noHamiu F3 u Fg, mo-BUIUMOMY, UIMEIOLIUX CTPYKTYPY 3TCHOJIA ¥ 3THHA, B PE3YJIb-
TaTe mocienoBaTeNbHBIX BeIOpocoB w3 MU (12) wactum CO um H.O 3a cuer
CKEJIETHBIX TIEpEerPpyNIUupPOBOK:

OH1 - H T ho
/\ﬂ/{-\ &» |/QOH —2> [HCECH]+

5 N

M* 72 12) M/Z 44 myz 26
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Hanporus, B Macc-criekTpe METHI0BOTO 3¢upa 2-mporneHoBoi KuciaoTs (13)
muk MU (M* 86) mpakTH4ecKrd OTCYTCTBYET, HO MMEIOTCS HOBOJIBHO 3aMETHBIE
nuku ¢pparmentoB [M-H]™ (F1, m/z 85), [M-H2O]" (Fs, m/z 68) u [M-COJ"
(F3, m/z 58), koTopble MOTYT OBITh XapaKTEPUCTUYHBIMU HOHAMH (cxeMa 4).

Camplif MaKCUMaTbHBIN UK B MacC-CMIEKTPE METHJIAKpHIIaTa (13) otBeuaer

aITMIHLHBIM HOHAM /\%O ¢ m/z 55, ananornuno monomepam 10+12.
BBenenne METHIIFHOTO pajuKana B STCHUWIBHYIO YacTh MOJICKYJIBl METHIIaK-
punara (13) pesko yBenmMuMBaeT WHTEHCHBHOCTH nmka MU (M*100) merui-
MeTtakpwiaTta (14) u obmerdaer pa3peiB C-C CBS3M MEXKIy 2-METHIITCHIIIOM H
CIOXHO3(UPHOH YacTH MOJICKYJIBI (14).
Takoit mponecc B MU (14) npuBoguT K OYEeHb CTAaOWMIBHOMY HOHY
+

HZC:CH_CH3 ¢ m/z 41 (Fs, Tabauua 2). BosnukHoBenue ero (Fs, m/z 41) B macc-

cnekrpe 14 MoxeT ObITh OOBSCHEHO CIEAYIONIEH cXxeMol peakuuei pacnaga MU
(14):

, "OCH o*
| o—1 * ° - ZNZ
/\ﬂ/ - M/Z 69 (Fy)
0 . l "co
. C(0)OCH, +
M* 100 (14) T A
M/Z 41 (Fg)

Hns nanHoro coenuHeHust (14) xapakTepHO TakKe pacUICIJICHHUE CBs3el
(O)C-O (Mexny kapOOHMIIOM M METOKCH) ¢ 00pa30BaHHWEM BTOPOH MO CTAaOWIIb-
HOCTH OKCOHHEBBIX MOHOB F2 ¢ M/z 69. B mMacc-ciekTpe MeTHiaMmerakpuiara (14)
CYIIECTBEHHBI TakoKe MUKK HOHOB: [M-H]" (m/z 99), [M-Hs]* (m/z 85) u [M-H.O]*
(m/z 82, tabmuua 1). CBoeoOpasHbIit XxapakTep (hparMeHTanuy nox aeiicreuem 1D
IeMOHCTpUpyeT dTeHmnanerar (15). EquHCTBEeHHBIN Ty Th paciiaja dTeHUIaIeTaTa
(15) cBs13aH ¢ pa3pbIBOM CIOXHOI(PUPHOHN CBSI3H C JIOKATTU3AINEH 3apsiaa Ha alliiIh-
HoM ¢parmente F1 (HsC-C=0") ¢ m/z 43 (100%) sBisieTCs] JOMUHUPYIOIIHM.

L

.
/\O/”\ — /§O+

M* 86 (15) /243 (Fy)
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B psiny H-OyTuinoBsix 3¢upoB akpuiaoBbIX (16) 1 MeTakpuiioBbIX Kuciot (17)
HanOoJiee MHTEHCUBHBIE IMKH B MAacC-CIIEKTpax OTBEUYAIOT AllMJIBHBIM KaTHOHAM,
00pa30BaHHBIM B PE3yJIbTAaTE O-Pa3phIBa.

— /\%O-’-

IF 0 ] + m/Z 55 (16)
0
M* 128 BT Hy (16 — /l\% o
142 (R™ ™ CHgy (17)
M/Z 69 (17)

CymiecTBeHHOE 3HaYEHHE TIPHOOPETAIOT Takxke BeIOpoc 3 MU (16, 17) mose-
KYJIBI KHCJIOT:

OH
R + z .
O Al ¢ T
/\ﬂ/ [CiHg] «—— SN\
. © Mz 56
M* 128 (16y; _—

142 (17) )\g/

B ornmume ot metunoBsix 3¢upos (13, 14) HOBBIC HampaBieHus (pparmeH-
Taluu Takux coequHenuid (16, 17) cocTosT B 00pa3oBaHUU MPOTOHUPOBAHHOTO
MOHA KHCIIOTHI:

R .
OH L o 17 | _OH
/\[( - N\ NS — 7 \ﬂ/
OH g OH
¥ e
m/z 73 (16) M* 128 (16); m/z 87 (17)
142 (17)

B PE3YyJIbTAaTC MUT'pAIUU ABYX aTOMOB BOAOPOJa 4Y€pPE3 HMUKINYCCKOC Iepe-
XOOHOC COCTOSHUC.
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HCH, 1 R
0~ | OH
[ A —— /\n/
Cc—C (f| Y
| N7 ?

Jten (1). Macc-cnektp 3TeHa (1) cOmEpXHUT TPH HMHTEHCHUBHBIX ITHKOB!
MoJiekyssipHoro woHa (M) ¢ M™ 28, srenuna [CoHs]* ¢ m/z 27 u atuna [CoH2] " ¢
m/z 26 (ta6ma.1). Crabunpaocts MU k wmonHmzaiuu djekrponamu (M1D) cambrit
Beicokuil (Wwi=44,3%, Tabn. 2). Hapsiy ¢ ocHoBHBIMU nukamu M* 28, m/z 27 u
M/z 26 Macc-CIeKTp dTeHa COACPKHUT HEe3HAUUTENbHBIC MUKU ¢ M/Z 25, 24 u 14
(Tabmuma 1, cxema 1).

Iponen-1 (2). BeneHnne MeTHIBHOTO paanKajia B Mojekyiy steHa (1) e
OKa3bIBaeT CYILECTBEHHOIO BIMsAHMA Ha (parmentammo MU (M* 42) npornena-1
(2). Ognako, B oTIMYME OT Macc-criekTpa dTeHa (1) HanboIBITYI0 HHTCHCHBHOCTD
B JaHHOM ciay4ae umeeT He MU (M™ 42), a pparmentusiii non [M-H]" ¢ m/z 41
(Fs, Tabmuuet 1, 2), o0pasyromuiicsi B pe3ysbTaTe o-pa3pbiBa CBS3M M MPUBOAUT K
+

CH, CH CH, (cxema 1). Tanee MU u o¢parmenteiii non ([M-H]", Fs)
JIIMMUHHUPYET HEHTpaibHylo Mosiekyidy Hz c¢ oOpasoBanumem woHOB [M-H]™
(m/z 40) u [M-H-H;]* (m/z 39, Fs). B macc-crieKkTpe ele MMeeTcs MHTEHCUBHbII
muk noHa ([M-CHs]*, m/z 27, F7), o6pa3oBaHie KOTOPOTO MPOMCXOMNT 3a CUET
OTpbIBa METUIIBHOTO paaukana u3 MU (2). Cnenyer OTMETUTB, YTO B MacC-CIIEKTPE
mporeHa (2) HaOmOAaeTCS MHUKH 3aMETHOM MHTEHCHMBHOCTH ¢ M/Z: 38, 37 u 26
He3HaYUTeIbHbIE THKU ¢ M/Z: 36, 25, 20, 19, 15, 14 u 1 (Tabm. 1).

Byren-1 (3). 3amMeHa MeTniia Ha STHJIBHYIO TPYIITY B MOJICKYJIe mporeHa (2)
NPUBOAMT K yMEHbLICHUIO MHTeHcMBHOCTH MU (M™56). [Ina ¢parmenTammn
Oyrena-1 (3) xapakTepHbl aBa HampaBieHHs (cxemMa 1), oOecredrBarONTX
BBICOKYIO XapakTepHUCTHYHOCTh €ro Macc-crmekrpa (Tadmuusl 1, 2). Haubomee
Ba)KHBIM SIBJISIETCS 0-Pa3pbIB, T.€. SIMMHUHUPOBAHUE METUIIBHOTO paaukaia uz MU
(3) ot a-C aroma.

Taxoii mporecc MPUBOANUT K MAKCHMATEHOMY IHKY HOHA > cm/z 41 (Fs).
Btopoe nampasienne ¢parMeHTanuu cBs3aHo ¢ paspsiBamu 2C-3C cBsI3U «I10-
mojiam» MoJiekybl 0yTteHa-1 (3) ¢ Mmurpanueit aroma H u o6pazoBaHnemM KaTHOH-
panukana stena ¢ m/z 28 (Fs ). Hauanwusiii pacniag MU (3) 06ycloBiieH BEIGPOCOM
-H ¢ o6pa3oBanuem kapbkaTrora ¢ m/z 55 (Fs, cxema 1). Macc-criektp Oytena (3)
eIle COMEPKUT 3HAYUTEIbHbBIE TIMKK ¢ M/Z 31, 29, 27 U He3HAUNTEIbHEBIE ITHKH C
m/z 53, 50, 40, 38, 26, 15 (tabmaumna 1).

3-Metunoyren-1 (4). Beemenune B Monekyny OyreHa-1 (3) MeTHIBHOTO
paauKana pe3ko MEHSEeT KapTHHY MacC-CIIeKTpa U OKa3bIBaeT CHIILHOE BIIUSTHHUE HA
xapaktep ¢parmentauun MB (4). B mnporuBononoxkHocts OyteHy-1 (3)
3-metunOyTeH-1 (4) comepKUT B Macc-CIEKTpe MaKCHUMaJbHBIM MUK HOHA

31



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

[M-CHs]* ¢ m/z 55 (F3, Tabnuus 1, 2). Oxgnako obpa3oBanue nona F, ¢ m/z 55
MPOMCXOJUT aHAJIIOTHYHO pacnany OyTteHa-1 (3) mpu 3IMMHUHUPOBAHHU METHIIb-
moro pamukana (Fs, c M/z 41). Jlpyroe nanpasienue pparmenraru MU (M* 70)
cBsi3aHO C paspbiBoM cBs3u 2C-3C ¢ mepeHocoM Boaopona u 00pa3oBaHHEM
KaTHOH-pajiuKaia npomnena F4 ¢ m/z 42 (cxema 1). B macc-criektpe MeTHinOyTeHa
(4) emre UMEIOTCS 3HAUMTENBHBIE TIMKK ¢ M/Z: 39, 29, 27 1 He3HAYUTETBHbIE KU
c m/z: 53, 51, 40, 28, 15.

4-metnanenten-1 (5). B cayuae 4-mermwnmenten-1 (5) MU (M™ 84)
pacmajaercs 1o TpeM HarpasieHusM. [lepBoe HampaBieHne (pparMeHTaluu Ipu-
BOJUT K 0Opa3oBaHuio KapOkaTHoHa F2 ¢ M/z 69 3a cuer snmumunupoBanus CHs
panukana u3 MU (5) (tabmuust 1, 2; cxema 1). Bropoe nHampasnenue ¢pparmes-
TalM CBS3aHO C OTILEIUIEHMEM MOJIEKYJbl 3TeHa ¢ 00pa30BaHHMEM KaTHOH-pa-
mvkana metwinpornena (Fs, m/z 56). TpeTbe HampaBlieHHe peakiyu pacmaza MU
(5) ceazano paspeiBoMm 3C-4C cBssu ¢ obpasosanneMm Kapbkatrona C'H(CHs),
usonponuna (Fs) c M/z 43 u kapokatnona C*Ho-HC-CH, nponenuna ¢ m/z 41 (F4).

CremyeT OTMETHUTb, 4To HOH F4 (M/z 41), MoxeT 006pa3oBaThCs U3 HEpBHY-
moro ¢parmenra F, (M/z 69) mpu Be16poce CoHy (cxema 1). B Macc-criekTpe ankeHa
(5), xpoMe OMUCAHHBIX MHKOB, HAOIIOMAIOTCS 3HAUWTEIbHBIE M/Z: 42, 39, 29 u
HEe3HAYUTEIbHBIC TUKU ¢ M/Z: 67, 55, 53, 40, 29 (tabaumna 1).

I'ekcen-1 (6). C yBequueHHEM JUTHHBI YIIICPOHBIX [IETEH MOJICKYIIbI yBEIIH-
YuBaeTCsl KOMM4ecTBO pa3pbiBoB C-C CBS3M € MOCIECIYIOUMM OTIICTUICHHEM
ankuibHbIX panukanoB (-CHs, -CoHs, -C3H7) m oOpazoBannem kapOKaTHOHOB C
m/z: 69, 55, 41, 27. O6pasosanne noHOB ([CnH2n-1]") «ankenoBoit cepum» o0yc-
JIOBJICHBI aJIKMJIBHBIM PaclajioM, MPUBOJISIINM K O0pa30BaHUIO YCTOHYMBBIX ajl-
KWJIbHBIX KAaTHOHOB, OJlaroaps pe3oHaHCHON cTaOWIn3alim:

+ + +
NN > CH, CRYER) CH, CH, CH; — s CHy===CH==CH, + CiH,

M* 84 ©) M/Z 41 (Fy)

[eperpynnupoBKH, NPUBOASIINE K BOSHUKHOBEHHIO HEUETHORJIEKTPOHHBIM
¢dparmentam ([CnH2n]™), xak mpaBuito, He cenekTHBHBL. OIHAKO 3aMETHYIO POJIb
UTpaeT MpoLuece, MPOTEKAONINH Yepe3 MECTHWICHHOE IEPEX0IHOE COCTOSHHUE:

. H " HC 1t
wH ( -
+ +w X WiIn (
M* 84 (6 M/Z 42 (F)

MM rekcena-1 (6) ananorudaao uzomMepy (5) pacrmamaeTcs 10 TPEeM Harpas-
neHusaM. OJIHaKO, MOXKHO OTMETUTh HEKOTOpPbIE OTIMYUTEIbHbIE OCOOCHHOCTH.
Tak, st rekcena-1 (6) oopa3zoBanue nona Fzc m/z 56 nporekaer ¢ MaKCUMaIbHOU
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BepoSTHOCTBIO (lor=100%, Tabnmuer 1, 2), a Takke HaOMIOJaeTCS BBIOPOC STHIIb-
HOTO pajuKaja ¢ 00pa3oBaHHEM HHTEHCHBHOTO HOHA F3 ¢ M/z 55 (cxema 1).

Oxten-1 (7). B wmacc-criektpe HabmrogaeTcsi 3HAYUTEIbHBIA mUK MU
(M* 112). Macc-criekTp XapaKTepu3yeTcs TOMOJIOTHIECKIMH CEPUSIMU HOHOB: aJI-
kaHoBoH ([CnH2n+1]") m ankenoBoit ([CaH2n1]"), T.6. M/z: 29, 43,57,71,85... um/z:
27,41, 55, 69, 83... COOTBETCTBEHHO.

OnHako, B OTIMYME OT ajJKaHOB, WHTEHCHUBHOCTH INHKOB BTOPOW cepHu
aNKeHOB HAMHOTO BBIIE, 4YeM NepBblid. [IMKKM HEYeTHOZIEKTPOHHBIX HOHOB
([CaH2n]"") mMeroT TOBBIMIEHHYIO MHTEHCUBHOCTE: F1.¢ M2 84, Foecm/z 70 m Fs ¢
m/z 56 (tabmnuusr 1, 2).

Bo3HNKHOBEHHS UX TMPOUCXOAUT 3a CUET MEPErpyNnIUPOBOYHBIX MPOLECCOB,
VHUIIMHPOBAHHBIE 3apsI0M C MUTPAIel TUAPY]] MOHA U DJIMMHHAPOBAHUEM ITCHA
(F1, m/z 84), mponena (F2, m/z 70) u 6yrena (Fs, m/z 56).

Taxum o0pa3om, ocHOBHBIE mpouecchl hparmentanu MU sternsicoaepxka-
mux anudaTudeckux MOHOMEpOB (1-7) MOTYT OBITH OTpPa)KEHBI CIICIYIOIICH
cxemoii 1.

[CeHiz] [CsHig]" [CaHgl™ [CsHg]™ [CoHyJ"
m/z 84 ) m/z 70 ) m/zZ 56 ) myz 42 @7 m/z 28 36Ty
Fy Fy Fy Fy Fe/
> [CoHy"
m/z 26 13
F/
' C,Hyl" !
1t [2Ms]
AR Mz 27 (17
H,C=C -
N R2 7
M* 28 (1y 42 (2y .
56 Esi 70 §4;' [CaHa"  [CoHe]
84 (5'6y 112(7) mz39 27y MZ2927)
Fy/ Fe
+ +
[CeH1]" [CsHol" [CH" [CsHr™ r[r%iHS] )
m/Z 83 (7 m/z69 567y  MZ55(37) M/Z43 (57 /24127
F, F, Fs F, Fs

Cxema 1 — ®parmenTarus MU sTeHuncoaepxamnmx ammpaTnieckux MoHomepos (1-7)
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IreHnaden3on (8). DrenunOeH3on (CTupos) odaagaeT O4eHb CTaOWMIBHBIM
MU (M* 104) Wyin=32 % (Tabnuna 2). OcHOBHBIE peakuuy pacnaga MU cesi3aHsl
BbIOpOocamu atroma Bomopoma (F1, m/z 103), atenuna (F3, m/z 77), a Takxe 3a c4er
MEeperpyInmupoBKH € IEPEHOCOM aTOMa BOJOPOAA SIIMMHUHUPYETCS MOJIEKYJ1a STHHA
c oOpa3oBaHMEM KaTHOH-paaukaia Oenzoma ¢ m/z 78 (F., cxema 2). B macc-
CIEKTpe HIDKE M/Z 78 HabIogaroTCs MUKW aHAIOTHYHO MAacC-CIIEKTpy OeH3oua
(m/z: 77, 63, 51, 39). Takum oOpa3oM, OOIIHI BHI MacC-CIIEKTpa ITEHIIOEH30/1a
TUTIMYCH JUIS apOMAaTHYeCKHX CTPYKTYp. Mano WHTEHCHUBHBIX (hparMeHTHBIX
nonoB (F1, [M-H]*, m/z 103; F,, [M-C:H,]*, m/z 78; Fs, [M-C.Hs]*, m/z 77; Fa,
[C4H3]+, m/z 51).

Orenmwnnuanun (9). Macc-cniektp 3TeHmImanuaa (9) mMoxox Ha Macc-
criektp ateHa (1), 3a UCKITFOYEHHEM TOTO, 4TO MUK ¢ M/z 26 (Fs, Tabmumsl 1, 2,
cxema 3) UMeeT HECKOJIBLKO OOJBITYI0 MHTCHCHBHOCT (Tabimma 1), BeposITHO 3a

+
cuet obpaszoBanus vona C =N ¢ «uerBepHOi» cBs3bI0. ClieIyeT OTMETUTD, YTO
3aMEHa DJIEKTPOHOJOHOPHOTO METHJIAa B MOJIEKYJE IporieHa (2) Ha 3JIEeKTPOHO-
akuenTopHsii imano (-C=N), moBeimaet crabunbHOCTE MU (9) (TAbI. 2).

Rl L *
H,C=C
N R2
M e oy
56 Elg))’ Mz 26 (9)
P
[MH]* [M_H2]+. [M C,H,)" [HCN]+ [CoH3]"
m/Z: 103 @8y’ m/z: 102 ©) m/z 78 ©®) m/z 27(9) myz 27 (8'10y
52 (9y 51 (9) Fs F F,
55 (10) F,
Fy
[M_C2H3']+ —— [MC,H; CHy '
M/Z 77 (8) M/Z 51 (8)
F4 Fs

Cxema 2 — @parmenranus MU stenun6ensona (8), stenmmuanuna (9) u 2-nponenans (10)
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2-TIponenans (10). [Tux MU (M* 56) B Macc-crieKTpe caMblii MaKCHMaIlb-
HBIH, @ BTOPO# 110 HHTEHCUBHOCTH UK ¢ M/Z 27 orBeuaet BeIOpocy CHO 3 MU
(10).

BBenenne anpaerunHoOW Tpymnmbel B Mojekynmy osTeHa (1), ydacTByromas
B T, TM-CONPSDKEHHUU, HPOSBIA —M-3()(hEeKT U mpu 3TOM SBISACH 3IEKTPOHOAK-
uentopom, obiaerdaet pazpoiB C-C cBsazu mexny Ho.C=CH u CHO ¢parmentamu
MoJieKyJbl porieHans (10).

Pacniag noBonbHO ctabuimsrOoro MU (Wwmu=18,5%, Tabnmma 2) cBs3aH ¢ mo-
cienoBaTenbHbIM BbIOpocoM H-atoma (o-paspeiB) u CO, U NPUBOIUT K OYEHB
uHtTeHcuBHomy uony F7 ([CH,=CH]", m/z 27).

Jpyrue WHTEHCHBHBIC THKH B Macc-criekTpe mpomenans (10) oTBedaroT
nonam, [M-H]* (F1, m/z 55), [HCO]* (Fs, m/z 29), [COT" (Fs, m/z 28), [C283]+' (Fs,
mM/z 26). B pe3ynbrare o-pa3pbIBOB BOSHUKAIOT AIIMIbHBIC HOHBI A2 cmiz
55 (F1), koTopsie maiee erko tepsror mojekyiny CO ¢ o6pa3oBaHHEM DTEHUIIb-
Horo karuoHa H>C=C*'H c¢ m/z 27 (F7). B macc-ciektpe 2-mpomenans (10)
HaOIromaroTed 3aMeTHble Uk ¢ M/z: 53, 52, 40, 39, 38, 37, 36, 25, 24, 16, 14
(Tabmuma 1, cxema 2).

2-Ilponenamun (11). Beenenue B Monekyny 2-nponeHains (10) amuHOrpy-
bl HE BHOCUT HEOKUIAHHBIX U3MEHEHHH B KapTUHY ero macc-crektpa. OmHako,
00yCJIOBIIMBAET JIBa OCHOBHBIX HampasieHus ¢pparmentaima MU (11), obecrieun-
BAaIOLIMX BBICOKYIO XapaKTEPUCTUYHOCTH €ro Macc-crekTpa (cxema 3). OcHOBHOE
HarpaBlieHHe (parMeHTaNny, aHAIOTHYHO nporneHamo (10) cBs3aHo ¢ oOpa3oBa-
HHEM almiIbHOTO F1 ¢ M/Z 55 mpu >IUMHHAPOBaHMN aMHHOTPyIEl. Hamnbosee
XapaKkTepHBIM HalpaBJIeHUEM (parMeHTaIUH SBIISETCS O0-Pa3phliB ¢ 00pa3oBaHUEM
noHa F2 ¢ m/z 44 (cxema 3), NHK KOTOPOTO B MAacC-CIIEKTPE CaMblii MAaKCHMAIIbHBIH
(Tabmuter 1, 2).

Hanee non F1 (M/z 55) nerko tepsier monekyay CO ¢ obpa3oBanuem nona Fr
¢ m/z 27, ananornyno nponenamo (10). Crexyer oTMeTHTh, yTO s amuaa (11)
He xXapakTepHO oOpasosanue nona [M-H], T.e. BeiOpoc H-aroma, Kak 3TO JIETKO
Habmronanocs B ciryyae nponenans (10).
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N
Rt |
H,C=C
N\ R?
+. - \ + = :+
M* 171 (1 =0 ; H,C CTOH
72 (12)' miz
86 (15) /243 (15)
Fl
o' [COOH]
A2 m/z 45 (12)
m/z ) _ _t ' _ +
/%85 I:(11 12) F2 O°C™NH, [CO,"  [H,C CH OH]
1 M/Zz44 11y MZ44 (12) M/Z 44 (12
Y Fs ] R
.
H,C™CH ZNH,
Mz 27 (1112:15) Mz 43 (11
F, Fy

Cxema 3 — @parmenranus MU nponenamuna (11),
MpOTNeHOBOM KUCIOTHI (12) 1 sTeHunanerara (15)

2-IlponenoBasi kucjora (12). IIpu mepexoe K HEHACHILICHHBIM AIU(paTH-
YECKUM KHUCIIOTaM, T.€. K 2-TIPOTIEHOBOM KHCJIOTE, HE BHOCUT HEOXKHIAHHBIX H3Me-
HEHMI B KapTHHY ero Macc-crekrpa (tabimua 1). Kucnora (12) obnanaeT craduib-
HeIM MU (M* 72) - Wymi=25,6%, (Tabuiia 2), OCHOBHO#M pacmaji KOTOPOro CBsI3aH
¢ mocneaoBarenbHbIM BeIOpocoM vactuil -OH (F1, m/z 55) u CO (F7, m/z 27, cxe-
Mma 3).

Menee BolpaskeHO >nuMuHUpoBanue u3 MU pagukana -CH=CH: ¢ o6pa3zo-
BanueM nona F1 ¢ m/z 45. Eme MeHee BRIpaXkeHO SIMMHHAPOBaHue u3 MU more-
kynbl CO 3a cueT cKeJIeTHO! MeperpyniupoBKH ¢ 00pa3oBaHUEM KaTHOH-paIuKaia
stenona (Fs, m/z 44) ¢ mocnenyromuM oTierieHrneM Moiekyiasr HoO (Fs, m/z 26).

Metumponenoat (13). Cnexyer 0co00 MOMYEPKHYTH, YTO B OTIHYUE OT
MIPOTIEHOBOM KUCIOTH (12) B Macc-criekTpe MeTmmporneHoara (13) MU expa 3a-
MeteH (Tabnuma 1). OcHOBHBIM HampasicHueM (parmentaiuun MU s¢upa (13)
SIBIISIETCS TTOCIIENOBATENbHOE dIMMUHIpoBanue Bogopoaa ([M-H]", m/z 55, Fy),
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CH0O ([M-H-CH:0]*, m/z 55, F,) u CO ([M-H-CH,0-CO]*, m/z 27, F7). Bropsim
HanpaBJIeHUEM SIBIseTcs BEIOpoc Mostekyiisl CO, 3a c4eT CKeJIeTHOH MeperpyInm-
POBKHM ¢ 00pa3oBaHHEM KaTHOH-paauKana F3 mpocroro adupa ¢ m/z 58 (cxema 4).

Metuna-2-metuanponenoar (14). UaTepecHO OTMETHTH, YTO BBEIECHUE Me-
THIILHOTO paguKkajia B MOJCKYIy 2-MeTuimponeHoara (13) moBelmaeT HHTCHCHB-
HocTh MKa MU (14) 1 pe3ko moBBIIIAETCS €ro cTabMIbHOCTh K neiictBuio MO
(Wwmi=9,75%, Tabmumsr 1, 2). OcHoBHOE HampaBieHue ¢pparmentanuun MU (14)
cesi3aHo ¢ BbIOpocom -H([M-H]*, m/z 99, F1), xoropslii manee TepseT rpymmy
CH:0, mpeBpamiaschk B CTabMIBHBIN HOH F2 ¢ M/Z 69 1 mocieayrolee dIMMAHN-
poBanue Mojekysnsl CO mpuBoauT K oOpas3oBanuto moHa Fs ¢ m/z 41 ¢ camoii
MaKCUMaTbHOW WHTEHCUBHOCTHRIO (Tabmuta 1).

OrenmmTanoar (15). OTIMYUTENEHON OCOOCHHOCTBIO Macc-CIEKTpa 3Te-
HudTanoara (15) SBiseTcs Manas HHTEHCHMBHOCTh nka MU (M* 86) u equmcT-
BEHHBIM TpoleccoM ()parMeHTAalWu €ro, MPUBOASIIMM K MaKCUMalIbHOMY MHKY
(F1, m/z 43) B Macc-criektpe paspsiB O-C(O) cBsizn («II0moIaM» MOJIEKYJIbI, cxema 3).

H-Byrunnponenoar (16). Monekynsapubiii noH s¢upa (16) x D He
ycToiuuB, nostoMy nuk MU B Macc-cmekTtpe orcyrcTByeT. B Macc-cmektpe

MMeeTCS MaKCUMaJbHBIN MUK HOHA ¢ (m/z 55, F3), 1Ba HHTEHCUBHBIX

+

MTUKOB ()parMEHTHBIX HOHOB ¢ M/Z 73 u A ¢ M/z 56 u 1Ba 3aMETHBIX
A+

[IMKOB MOHOB ¢ M/z 41 u CH=C*'H ¢ m/z 27 u, HaKoOHell, TpH HE3Ha-

YUTEIBHBIX MTUKOB ¢ M/Z: 113, 99, 85. O0pazoBaHue 3THX HOHOB MPECTaBICHBI HA

cxeme 4.
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R L
H,C=C <
N\ R2

M+. © 86 (13) 100 (14y
128 (16)' 142 (17)

Tt i + ' M CH,1" (16
[MHj M _C4H7] o~ 17 [V! ~F8] (*9)
m/z: 85 (13) m/z:73 (16) F, m//Z g6 1g17 LM Cals] (17)
99 (14) 87 (17y F1 Fs( ) m/z 113
Fl ) + ]
[M CqH7] o"
l Mz 85 (16 A2
] . 1 m/z 55 (16)' F,
[M OCH3] + +
M/Z: 55 (13) )\%O —_— = m{\
69 (14) /12 41 (17)

m/z 69 (17) F,
F, o

T [M OCH, cO7*

m/z: 27 (13y F,

41 (14y F5

Fs

Cxema 4 — @parmenranus MU metmmponenoara (13), metmimeraxpuiata (14),
H-OyTunmnponenoata (16) u H-OyTunmerakpuiara (17)

H-Bytua 2-mernanponenoar (17). MakcuManbHBIM MUK B MacC-CHEKTpPE

O+
00yCJIOBJIEH aIlUIIBHBIM HOHOM Z ¢ m/z 69 (F;), aHATOTHMYHO HMOHY

O
A2 ¢ m/z 55 B cmyyae H-Oytmmmponenoara (16). Bropoit mo uHTEH-
OH

CHBHOCTH ITHK (M/Z 87) 00yCI0BIEH HOHOM "OH ¢ m/z 87 (F1), aHamoruaHo
OH

|
HOHY OH ¢ m/z 73 u-6yrummporenoara (16). Uonsr (Fs, F4) ¢ m/z 56 u 41
MpeJCTaBICHbI B MacC-CIIEKTPE MHTCHCUBHBIMY THKaMu. OOpa3oBaHue YKa3aHHBIX
noHoB (F1-F4) oTpakens! Ha cxeme 4.
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Pe3rome

K. X. Xaxumbonamosa, E. A. Tycynxanues,
C. XK. XKymazanues, M. H. baumbemos, K. H. Kaiinapbaesa

EH MAHbI3/Ibl MOHOMEPJIEP — KEMBIP 3TEH TYbIH/IbIJIAPBIHBIH
MACC-CIIEKTPJIEPIHIH 3EPTTEVI

EH MaHBI3IBI MOHOMEpIIEP — KEWOIp 3TE€H TYBIHABUIAPBIHBIH MacC-CIIEKTpIIepi Kapac-
TBIPBUIBIT, OJIAPJBIH CapanTaMachl KeNTIpireH. 3epTreiyre aiblHFaH Macc-CIEeKTpIiep
TaJKBUTAHBIIT MOHOMEPJIEPIiH MOJIEKYIaIbIK HOHAAPBIHBIH (pparMeHTaIus epeKmiTiKTepi
KOPCETIITCH.

Tyiiin ce3mep: macc-cnektp, GparMeHTalys, MOJCKYJIAIbIK HOH, KATHOH-PaJIUKAl,
METUJIAKPUIIAT, METUIMETAKPHJIAT.

Summary

K. Kh. Khakimbolatova, E. A. Tusupkaliev,
S. J. Jumagaliev, M. N. Baimbetov, J. N. Kaynarbaeva

STUDYING OF MASS SPECTRA OF THE MOST IMPORTANT MONOMERS —
SOME ETHENE DERIVATIVES

The mass spectra of the most important monomers, some derivatives of ethene, were
studied. The fragmentation features of their molecular ions are characterized and shown.

Key words: mass spectrum, fragmentation, molecular ion, radical cation, methyl
acrylate, methyl methacrylate.
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VK 543.51:547.82

M. C. MYKAHOBA, E. A. TYCVIIKAJIUEB, C. K. 2KYMAI'A/IUEB,
M. H. BAUMBETOB, bl. A. AYE30BA

AO «MHcTuTyT XUMUUeckux Hayk uM. A.b. bekryposay,
Anmatsl, Pecybnuka Kazaxcran

MACC-CIHHEKTPBI U OCOBEHHOCTH
OPAI'MEHTALUA MOJIEKYJIAPHBIX HOHOB
HEKOTOPBIX 'NIIOTEH3UBHBIX ITPEIIAPATOB
N UX ITPOU3BOJHbBIX

AnHoTanmsi. [IpoBesieH CpaBHHTENBHBIA aHaIM3 Macc-CHEKTPOB IPOU3BOIHBIX
JUTUIIPOTIMPUANHKApOOKCHIIATOB, @ TaKKe JIEKApCTBEHHBIX IpenaparoB janmerwi-1,4-
IUTHAPO-2,6-numeTrn-4-(2-aurpodennn)-3,5-nupununankapookcunara (HUpeaunuH) u
3-otun-5-metun-2 [(2-amuHoaTokcH)MeTrn|-4-(2-xnopbeni)-6-metin-1,4- muruapo-3,5-
nupuIMHAKapOokcunaT (amioauus). OXapakTepu30BaHbl U IPEICTaBICHb 0COOEHHOC-
TH (hparMEHTalMM M3YYEHHBIX MOJICKYJISIPHBIX MOHOB JWUTHAPONHPHINHKAPOOKCHIIATOB.
Y CTaHOBJIEHO, YTO B YCIOBHUAX MaccC-CIIEKTPOMETPHH HOHHM3AIMHU JJICKTPOHAMH U1 TIPO-
W3BOJAHBIX IHUTUAPONUPHIMHKAPOOKCHUIATOB OOIIMM SBISIETCS BBIOPOC 3aMECTHTENS M3
nonoskenust C* mupuIMHOBOTO KOJBIIA.

KnroueBble c1oBa: Macc-CeKTp, hparMeHTalys, MOJIEKYJIAPHBIA HOH, HOHU3AIHS
3NIEKTPOHAMH, KaTHOH-PaiuKal, HU(EJUITNH, aMIIOIUINH.

W3y4enue cTpoeHus SBIseTCs OJHIM U3 BaKHEHIINX HTATIOB HICHTU(DUKAIIN
OpPTaHMYECKUX COCTUHEHUH. Y CTaHOBIIEHHE CTPYKTYPBl HOBBIX COSAWHEHUH CIIO-
COOCTBYET MONCKY CHHTETHYECKHX aHAJIOTOB C IIEHHBIMU OMOJOTUYECKUMH CBOM-
crBamMu. Cpeay COeTUHEHHUH, UMEIOIUX B CTPYKType 1,4-TUruaponupuanHan-
KapOOKCHIATHBIN (pparMeHT, M3BECTHBI TaKWe JICKAPCTBEHHBIE NpeTapaThl, Kak
aumeTui-1,4-muruapo-2,6-numetin-4-(2-uurpodenun)-3,5-mupuaAnHInKapOoK-
cunar (HudemunuH) W 3-3THI-5-MeTwia-2[(2-aMuHOITOKCH )MeTHII |-4-(2-XI0p-
¢dennn)-6-metun-1,4-nuruapo-3,5-nupuAMHANKapOOKCHIAT (aMIOAMIINH).

B pabote [1] u3yueHsl Macc-CHEKTPhI MPOU3BOAHBIX IUTHIPOMUPHUIUHKAD-
6okcunaToB (3-11) U THIIOTEH3UBHBIX MpeNapaToB Ha UX ocHOBE (HU(enunuH (1)
¥ amytofunuH (2)) ¢ IeNbl0 YCTAHOBJICHUSI OCOOCHHOCTEW (pparMeHTaIu Mole-
KyJApHbIX MOHOB (MU) B 3aBUCHUMOCTH OT HPUPOABI 3aMECTHUTENSI B AUTHAPO-
MUPUINHOBOM IWKIE. [laHHBIE Macc-CIIeKTPOB AIIEKTPOHHOW WoHW3anuu (OUN)
n3yueHHbIX coennHenni (1-11) mpuBeaenst B Tabnuue 1.
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R3 (@) R3
R4 R2 R4 R2
o |l - ]
RS N R! RS N R?
| _ I
H 1711

Rl: RZ :R4: RSZ-CHs, R3: —C6H4N02 (1); R1:R2: —CH3, R3: —C6H4C|,
R4 = —C2H5, RSZ —CHzO(CHz)zNHz, (2); Rl = -OC2H5, R2 = -CN, R3 :CeHs,
R*= —COOH, R®= —CH3, (3); R'=R®= —H, R?=R“= —CH3, R3= -C10H7, (4);

R!=R%= -H, R2= R4:—CH3, R3=- CeHs(OCHs)z, (5); R=R5= -H,
RZ=R%= - CHs, R3= -CeH20>Cl (6); Ri= -C6H4C|, RZ=R‘= -CoHs,

R3= -CH=CH-C¢Hs, R®= -CHj, (7); R'=CsHs, R? = -C,Hs, R3= -CH=CH-CgH,

R5= - CH3 (8); Rl= -C6H4N02, R2= R4= -Csz, R3 = -CH= CH-CsHs, R4= -CHzCsHs,
R5= -CH3, (9), R1= -CeHs, R2= -CHzCeHs, R3= -CH:CH-CeHs,

R4= -C2H5, R5 = -CH3, (10); Rl= —CsHs, R2= —CHzCsHs, R3= -CH= CH-C6H4N02,

R*= -C2Hs, R®= -CHs, (11)

Tabnuua 1 — JlaHHbIE Macc-CIIEKTPOB I'MIIOTCH3UBHBIX MPENIApaTOB U NPOM3BOJHBIX
JQuruaponupuanaKapookcnnaros (1-11)

Ne
oo Hazsanue Macc-criektp: M/Z (lors, %)

1 2 3

1 | Humernn-4-(2-autpodennn)-2,6- 347(1), M*'346 (6), 331(3), 330(18,5), 329(95),
quMeTm-1,4- TuruaponupuANH- 315(4), 314(3), 298(3), 285(17), 284(100), 271(3),
3,5-mukapbokcunar-(audenunun) | 270(17), 269910), 268(48), 256(5), 255(8), 254(5),

253(10), 252(6), 240(3), 239(3), 236(3), 226(9),
225(12), 224(69), 223(8), 211(5), 210(5), 209(5),
208(6), 198(3), 197(5), 196(10), 195(11), 194(6),
193(5), 192(10), 183(4), 182(5), 181(7), 180(10),
179(3), 170(3), 169(5), 168(9), 167(8), 166(5),
165(5), 164(7), 160(6), 155(5), 154(9), 153(8),
152(11), 150(6), 149(11), 143(6), 141(6), 140(7),
139(11), 134(5), 132(5), 128(11), 127(12), 126(5),
121(5), 115(12), 104(5), 77(10), 76(6), 67(6), 63(6),
59(7), 42(11)

2 | 3-otun-5-merun-2[(2- M* " 408(1), 377(2), 349(4), 347(11), 298(17),
aMHUHOATOKCH)MeTH] - 4 (2- 297(100), 260(4), 255(3), 254(24), 240(3), 236(4),
xnopdennn)-6-merui-1,4- 209(8), 208(53), 181(4), 180(7), 178(3), 176(3),
auruapo-3,5- 167(3), 166(3), 165(12), 150(3), 149(3), 148(6),
MHUPUTHHIAKAPOOKCHIIAT 139(4), 77(2), 59(2), 44(15), 42(2)

(amtoumIvg)
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Ilpooonocenue madbauywvr 1

2

3

5-nmano -6-3ToKCcH -2-mMeThi -4-
¢dennn -1,4-gurunpo -3-
MHUPUIHHKAPOOKCHIIOBAsT KHCIOTA

285(6), M* " 284(37), 256(6), 255(40), 239(10),
238(6), 211(18), 210(9), 209(6), 208(11), 207(98),
195(15), 194(7), 182(5), 181(5), 180(5), 179(50),
168(7), 167(70, 166(12), 162(12), 161(30), 155(6),
154(5), 153(5), 141(8), 140(20), 139(16), 134(11),
133(15), 131(6), 129(7), 128(16), 127(11), 115(16),
114(6), 113(7), 106(6), 105(21), 103(12), 102(14),
101(6), 91(8), 90(9), 89(8), 78(13), 77(55), 76(15),
75(10), 74(7), 67(19), 66(10), 65(10), 64(9), 63(17),
62(7), 53(7), 52(11), 51(55), 50(22), 45(10), 44(38),
43(100), 41(5), 40(5), 39(29), 38(7)

Jumerun-4-nadranenun -1 -1,4-
JTUTUAPOIUPUINH-3,5 -
JUKapOOKCHIIAT

324(5), M* " 323(27), 308(6), 292(3), 264(2), 232(3),
204(7), 203(4), 202(2), 197(10), 196(100), 177(2),
176(6), 166(2), 152(2), 151(3), 137(4), 136(6),
128(13), 127(20), 126(6), 122(2), 77(2), 59(2)

Numernn-4 — (2,4-
nuMeTtokcudenun) -1,4-
JUTHAPOTUPHINH -3,5-
JTUKapOoKcHUIaT

334(9), M*333(45), 332(5), 331(3), 319(16),
318(96), 303(5), 302(26), 301(20), 286(6), 275(5),
274(27), 272(5), 270(18), 259(5), 258(18), 244(7),
228(5), 216(6), 215(11), 214(65), 200(8), 198(3),
197(10), 196(100), 185(3), 166(3), 165(3), 164(4),
157(4), 138(17), 137(13), 136(11), 122(7), 107(5),
92(5), 78(3), 77(7), 53(3)

Jumerni-4 — (6-xnop6enso [1,3]-
nuokcoii-5)-1,4-nurua-po-3,5-
MUPUIUHIMKapOOKCHIIAT

353(6), 352(3), M*'351(17), 320(5), 316(9), 292(4),
199(2), 198(2), 197(11), 196(100), 158(7), 157(40,
156(21), 155(6), 137(4), 136(6), 122(2), 99(3), 53(2)

Juatun-2-metun-6(4-xnopdenn)-

4[2-pennnarennn]-1,4-nuruapo-
3,5-mupuanHInKapOOKCHIIAT

453(4), 452(4), M*451(12), 424(11), 422(23),
408(3), 406(7), 381(5), 380(40), 379(7), 378(100),
351(6), 350(51), 348(80), 335(3), 334(26), 333(5),
332(64), 322(3), 320(8), 304(5), 294(7), 292(12),
274(5), 268(4), 230(4), 228(4), 226(3), 211(3),
202(3), 200(4), 167(9), 166(7), 165(8), 163(6),
152(6), 151(3), 148(7), 141(4), 140(4), 139(7),
138(3), 133(4), 127(7), 115(10), 113(4), 111(3),
105(8), 103(4), 102(5), 91(12), 86(3), 84(4), 78(3),
77(18), 67(5), 65(5), 63(4), 53(3), 49(5), 44(3),
43(14), 42(13)

Juatun-2-merun-6-(4-
Hutpodenmn)-4[2-bennnarenu]-
1,4-murunpo-3,5-
HUPUIHHNKApPOOKCHIIAT

463(2), M*'462(10), 461(4), 434(5), 433(20),
41799), 405(5), 390(19), 389(92), 388(5), 360(18),
359(74), 345(5), 344(17), 343(48), 331(15), 329(6),
327(5), 319(8), 318(6), 316(5), 315(16), 313(7),
303(17), 297(10), 285(6), 277(5), 268(8), 258(6),
257(30), 256(6), 254(6), 228(7), 227(6), 226(10),
215(9), 200(9), 196(5), 192(6), 168(6), 167(10),
166(9), 165(13), 157(6), 155(6), 154(7), 153(6),
152(8), 150(19), 144(6), 135(9), 131(5), 129(8),
128(13), 127(14), 126(10), 118(10), 117(5), 116(9),
115(40), 113(6), 107(8), 106(9), 105(33), 104(23),
103(22), 102(16), 92(7), 91(37), 89(7), 79(6), 78(7),
77(52), 76(16), 65(19), 63(14), 55(13), 51(19),
45(19), 44(16), 43(100), 42(40)
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Oxonuanue mabauyst 1

1 2 3

9 | 3-bem3un-5-sTHn-2-MeTHI-6- M*'479(2), 406(22), 388(13), 376(19), 344(6),
¢benmnn-4-[2-bennndrennn]-1,4- 316(3), 298(11), 270(4), 241(5), 213(4), 212(3),
JMruapo-3,5- 196(3), 167(3), 127(3), 117(5), 115(9), 107(3),
TUPUIHHANKApOOKCHIIAT 105(23), 92(5), 91(100), 89(6), 79(8), 77(21),

65(14), 62(7), 51(9), 44(5), 43(7), 42(5)

10 | 5-Bensun-3-3tui-2-metuin-6- M* "479(1), 406(3), 388(6), 376(9), 344(12), 298(9),
¢benmnn-4-[2-pennmdrennn]-1,4- 196(4), 167(3), 165(3), 115(6), 105(25), 102(3),
IMruapo-3,5- 9297), 91(100), 89(3), 77(20), 65(18), 63(4), 62(4),
MUPUIHHANKApOOKCHIIaT 51(7), 43(5), 42(4)

11 | 5-6ens3mi-3-3Tun-2-metun -4-[2- M* '524(2), 451(4), 433(3), 390(4), 389(25), 377(3),

(4-rutpodenun)arenm)] -6-dhenun
-1,4-nurunpo-3,5-
HUPUIMHINKAPOOKCHIIAT

376(16), 343(7), 321(4), 290(6), 288(4), 277(6),
259(8), 215(7), 213(3), 196(3), 169(3), 168(4),
167(6), 166(29), 165(3), 154(5), 138(14), 127(3),
120(3), 11595), 105(6), 104(4), 102(3), 92(10),
91(100), 89(3), 77(9), 76(4), 75(3), 67(4), 65(15),
63(4), 61(6), 55(3), 51(5), 50(3), 45(8), 44(3),
43(47), 42(10)

CrabuisHOCTh MOJIEKYIIApHBIX HOHOB (Wmn) coequaenwii (1-11) n uHTEHCHB-

HOCTb XapaKTCPUCTUYCCKUX (bpaFMeHTHBIX HOHOB OT IIOJITHOI'O HMOHHOT'O TOKa
MpCACTAaBJICHBI B Ta6J'H/ILIC 2.

Tabmuma 2 — CTabMIBHOCTS MOJIEKYJISIPHBIX HOHOB K 3JIeKTpoHHOH noum3arun (Wwm) 1
HMHTEHCUBHOCTD XapaKTEPUCTUUECKUX ()parMEHTHBIX HOHOB OT ITOJIHOTO HOHHOTO TOKa

No Wwmn m/z (Jnm‘_%) Fi- F7
ILIL % F1 F2 F3 Fs Fs Fe F7
1 0.7 | 32996) | 284(101) | 268(48) | 224(7) | 254(L5) — —
2 04 | 377005) | 347(26) | 334007) | 297(243) | 254(5:8) | 208(13) | —
255(3,2)/ 77(45)]
3 35 | Toia) | 2008) | 1794 2078) | 16124) | gy | 4361
308(2)/
4 12 | wor | 20200 | 26407) | 196388 | 20423) | 12767) | —
318(2)/ 137(1,
5 6 | sson | 30268 | 214D | 19638 | 21408 | 13823) |
6 108 | 336(36) | 3202) | 292(1.6) | 196(40) | 316(36) | 156(84) | —
7 23 | 42226) | 406(0,8) 3373827123))’ 348(9.1) | 32009) | 292(1.3) | 77(2)
8 07 | 433@2) | 417005 32%5('35))’ 359(4,8) | 331(0,9) 235073((1123’) 43(6)
9 05 | 406(2) | 388(3) | 344(14) | 376(45) | 298(26) | 91(235) | 77(5)
10 0.3 | 4060095 | 388(2) | 34438) | 376(2,85) | 298(2,85) | 91(3L7) | 77(6.3)
11 0.4 | 38946) | 343(13) | 45107) | 376(3) | 166(5.4) | 91(185) | 43(8.7)

OTnnunTenbHOH OCOOCHHOCTHIO Macc-criekTpa HudenunuHa (1) sBiusercs

Mauas uHTeHcuBHOCTE MU (M*'346,141 = 6%).
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Pucynok 1 — Macc-cniektp Hudenununa (1)

JloMHHUpYIOIIUMHE TIpolieccamMu (pparMeHTanuu sBisirotcest Beiopoc OH rpym-
TIbI, BEIYIIUT KO BTOPOMY [0 MHTEHCUBHOCTH MUKY (M/Z 329) 1 nocneioBaTeabHOE
snumuanpoBanre CHz;OH (m/z 314) u CH20 (m/z 284), koTopoe MPUBOANT K MaK-
cumaibHOMy Ky uona [M-CHsOH-CH2O]™" ¢ m/z 284. Tlpu >nuMHHUPOBAHUN
HUTpOdeHUIa o0paszyercs HHTCHCUBHBIN GparMeHTHbIH HOH F4 ([M-CsHsNO2]") ¢
m/z 224 [2,3].

B cinyuae ammogununa (2) muxk MU (M*'408) B Macc-CIieKTpe OYeHb Mall, a
MaKkcuMalbHbIH UK oTBevyaeT nony [M-CeHaCl]*(Fs, m/z 297).

100 297
‘/
o) 0
[ [0
HQN\_‘/» \O/\\(" ; [
‘
HN\% cl
Pa
o) \
208
50
254
44
165 347
148 180
59 77 gp 120 ‘ | [ 2 280 377 408
0 -
30 80 90 120 150 180 210 240 270 300 330 360 390 420

Pucynok 2 — Macc-criektp amnoaunusa (3-3tuin-5-mernn-2-
[(2-amunO3TOKCH)METHIT-4-(2-XT0p B eHrN)-6-MeTH-1,4- nuruaponupuauH-3,5-aukapookeunar] (2)

44



ISSN 1813-1107 MNe 2 2020

B macc-cniektpe S-mpano-6-3Tokcu-2-metui-4-¢penun-1,4-guruapo-3-nupu-
MUHKApOOKCHIIOBOM KHCIOTHL (3) HaAOMIOJAr0TCS HWHTCHCHBHbIE muku MU
(M+'284), [M-C2H5]+C m/z 255, (Fl), [1\/I-C6H5]+ (F4, m/z 207), [M-OC:Hs-
CH3COOH]" (F3, m/z 179) u [O=C=NH]"c m/z 43 (Fs). Bropoii mo nHTeHCUBHOCTH
XapakTepUCTUUHBIA HOH F4 ¢ M/Z 207 mposBiseTcss pu BEIOpoce (PEHUIBHOTO
panukana uz MU (3), ananorundno s¢upam 1,2 u3 nonoxenus C*. B Macc-criekrpe
aumetni-(4-nadramuamn-1)-1,4-muruaponupuani-3,5-1ukapookcunara (4) cra-
ouneHbi MU (M*°323) BeiOpacsiBaeT HadTamueun u3 nonoxkenus C* ¢ obpa-
30BaHMEM caMoro MakcumanbHoro muka [M-CioH7]" (F4) ¢ m/z 196, anamoruuso
npou3BoAHBIM 1-3. CrieiyeT OTMETHTh, UTO HOH Fac M/Z 196 niposiBiisieTcs ¢ Mak-
CHMaJIbHOM WHTEHCHBHOCTBIO M B MacC-CHEKTpax IuMeTWi-4-(2,4-1uMeToK-
cudennn)-4-mumernin-4-(6-xmopoenso[ 1,3]-nuokconun-5)-1,4- turuapo-3,5-mm-
pUIMHINKAPOOKCHIATOB (5,6) IPH OTIIETUICHUH AUMETOKCHU(EHnNa (B ciaydae 5) u
xnop6en3o[ 1,3 ] anokconmina (B ciryyae 6) u MU (4-6).

OcCHOBHbIC TEpPBUYHBIC MpOIECcChl (pparMeHTaluu 3¢upa (7) IpoTEKaroT C
pacmeruieanem O-C cBsi3u (1.€. O-CoHs nmu C(0)-0) ¢ obpazoBanreM noHOB [ M-
CoHs]* (F1, m/z 422) u [M-OC.Hs]* (F2, m/z 406). 3atem HecTaOuiabHBIN HOH F>
(m/z 406) otmemnser monekyiay CO ¢ obpazoBannem nona [M-OC,Hs-CO]* B Buze
caMoro MakcumaibHoro mika ¢ m/z 378 (F3). Mou [M-OC;Hs-CO]" moxeT »mm-
MUHHPOBaThCs HenocpeacTBeHHo u3 MU (7). Bropo#i mo MHTEHCHBHOCTH MUK B
Macc-CrieKTpe coemueHus 7 mpu M/z 348 npunamiexut nony F4 ([M-CeHsCoHz])*
KOTOPBIH 06pasyeTcsi IpH BBIOPOCE 3aMEeCTUTENS U3 Mojoxkenus C*, aHaIOrMYHO
coeiMHEHHsM 1-6.

B cnydae nukapOokcuiara (8) Bce mepBHYHBIC (pparMeHTHbIC HOHBI F1 (M/Z
433), F2 (m/z 417), Fs (m/z 389) u F4 (M/Z 359) waeHTHYHBI IEPBUYHBIM HOHAM
nukapookcumara 7 (M*451).

Wzomepnsbie 1,4-guruapo-3,5-mupunuaankapookcmnatel (9,10) umeror oau-
HaKOBBIE Macc-CeKTphl (Tadi. 1, 2), comeprkaliye B OCHOBHOM TPH 3HAYUTEIIBHBIX
nuka ¢ m/z: 406, 388, 376 1 oUH MaKCUMaJIbLHBIN UK ¢ M/Z 91, 1 egBa 3aMeTHBIN
MU (M*'479).

Beenenune snextponoakuentopHooii NOp-rpymmel B 2-(peHWIDTEHWIBHON
yactu 1,4-nuruapo-3,5-nupuanaaukapookcuiara (10) npuBoAUT K 00pa30BaHUIO
uHTeHcHBHOTO mrka noHa [M-CoHoCsHaNO:]* ¢ m/z 376 (F4). Cnenyer OoTMETHTS,
4T0, 001aast CUIIBHBIMH 3JIEKTPOHOAKLENITOPHBIMHA CBOWCTBAMU, HUTPOTPYIINA HE
obecrieunBaeT CTaOMIN3AIMIO 3apsiaa.

Jumernia-4-(2-uurpodennn)-2,6-qumernii-1,4-auruaponupuaun-3,5-
aukapooxcuiaaT(uudenunuu) (1). B Macc-ciekTpe UMEIOTCS HE3HAUUTEIbHBII
ik MU (M*°346) (6%) u uaTeHcuBHble muku woHoB [M-OH]*, (m/z 329, F1),
[l\/[-CHsOH-NO]Jr (m/z 284,F>), [M-CH3OH-NOz]Jr (m/z 268,F3) u [N[-Ce;HrNOz]+
(m/z 224, F.).

Jlerkuii BeiOpoc pagukana OH u3 MU (1) siBiseTcss OCHOBHBIM XapaKTepucC-
THYHBIM TIpoIieccoM (parMeHTanmu U obpazoBanus nona F1 ([M-OH]*, m/z 329).
B macc-cniektpe Hubenununa (1) Takke MPUCYTCTBYIOT MHKH HOHOB C He3Ha-
YUTENbHOW MHTEHCHBHOCTRIO [M-OCH3]" (m/z 315), [M-HOCH3]" (m/z 314) n

45



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

[M-OH-OCHs]* (m/z 288) (tabmuma 1). MakcUManbHBIM 110 MHTCHCHBHOCTH
spisiercst ik nona [M-CH3OH-NO]* (m/z 284), o6pasyromiuiicss 0AHOBPEMEHHO
[0 MEXaHM3MY MHIpAllMM aToMa BOJOPOAA Yepe3 IIECTHWICHHOE MEePeXOIHOe
cocrostHue (meperpynmnupoBka Maxk-JladdepTr) 1 CKelneTHOH NeperpynmupoBKU
M*" B HUTpUTHYIO (hOpMY TIO CIEIYIOIIEH cXeme:

m/z 314

m/z 284

Taxxe B Macc-criekTpe Hudenunuaa (1) HaOMIOAI0TCA CICAYIOUIUE MUKH C
3aMETHON UHTCHCUBHOCTRIO M/Z: 254,208, 195, 180, 152, 115,77, 59, 42 (Tabnwiia 1).

3-9THI-SmeTna-2-[(2-aMmuHodI TOKCH)MeTHI-4-(2-xm0pdhennn)-6-meTn-
1,4-quruapo-3,5-nupuanHankapookcuiaar (2)]. B Macc-crniekTpe npucyTCTBYHOT
MUHUMaNbHBIH UK MU (M*'408) u makcumanbhbiii muk woHa [M-CgH4CI]*
(Fa,m/z 297). Ipyrue HamOojee HMHTCHCHBHBIC NHKH OOYCIOBICHBI HOHAMMU:
|:1\/I-OCH3-CH2NH2]Jr (Fz, m/z 347), [M-C6H4C|-CH2 = CHN H2]+(F5, m/z 254),
[M-CsH4CI-CH2=CHNH2-C>HsOH]*(Fs, m/z 208).

[MocnenoBarenbrstit BeIOpoc CsHaCl, CH,=CHNH; u C;HsOH u3 MU sBns-
eTcs HanboJiee 3aMETHBIM HalpaBJIeHHEeM (QparMeHTAIlUH MOJICKYIIbI aMIIOTUITHHA
(2). Bropoe BaxxHOE HalpaBiIeHHE peakiuy pacmaga MU (2) 3akmogaeTcs B 0-pas-
pbIBE, T.€. B DIIMMHUHHPOBAaHMU 3amecTutens ot a-C-atroma B MU (M™408) c
obpa3zoBanreM aMmoHHeBbIX HOHOB [M-CH2O(CHz2)2 NH2]* ¢ m/z 334 (Fs). Tpetnit
IyTh pacliaja BBI3BAH TIOCIEAOBATECIBLHBEIMH BBIOpOocaMu pamukanmoB OCHsz wu
CH2NH: 13 MU (2) ¢ o6pa3oBannem 3ameTHbIX HOHOB F1 (M/z 377) u F, (m/z 347),
KK KOTOPBIX B Macc-CIIEKTPE €/1Ba 3aMeTHBbIe (Tabmumna 1).
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[M-CgH4NO,1*

[M-OH]*
m/z 329 (F,)

N
I
H

M** 346 (M30Mepu3oBaHHbII)

[M-OH-NO-OCH,]* / l

m/z 268 (F53)

o+
(o}
C=0
\O
[M-NO-CH30H-CH,0 T* | .
- ~<—> [M-NO-CH;0H]
m/z 254 (Fs) N
y
m/z 284 (Fy)
O+
C=0

I—=2

Cxema | — @parmenTanus MU nudennnuna (1)
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M* 408 (2) |
[M—OCHj,]* [M-CH,OCH,CH,NH, ]+
m/z 377 (Fy) m/z 334 (F3)

[M-OCH3-CH,NH,]*
miz 347 (F,) [M-CgH,Cl-CoHg-NH, ]+ <—>

[M-CgH,Cl-CoH3NH,-CoHsOH]* <—»

m/z 208 (Fg)

m/z 208 (Fg)

Cxema 2 — @parmentanus MU amnoanmnuna (2)

Hy’»HO OTMETHTB, UTO XJIOp CYIIECTBYET B BH/C JABYX CTAOMILHBIX H30TOIOB,
pacrpocTpaHeHHbIX B pupoze B cootHomennu °Cl:3’Cl = 3:1. CnenoparensHo,
Bce HMOHBI, B TOM uucie MU (2), comepkaiye HapsAIy ¢ OOBIIHBIMH dJIEMEHTAMH
(C, H, O, N) atom Cl, nposiBisIroTCS B Macc-CIIEKTPE B BUJC ABYX ITUKOB, Pa3iiH-
YAONIUXCS Ha IBE MAcCOBBIE €IMHUIILI B cooTHOIIeHUn ~ 3:1 (M*'408, 410; 377,
379; 347, 349; 334, 336).
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S-uMaHo-6-3TOKCH-2-MeTHI-4-PeHn-1,4-muruapo-3-nupuIuHKapooOKCH-
JoBasi kucjora (3). B macc-criekrpe coenuaenmst (3) TOMUHUPYET WHTEHCHUBHBIN
muk MU (3), oOpasyrommiicsi 3a c4yeT BBIOpoca N-3JIEKTPOHOB aToMa a30Ta
(M*°284).

OCHOBHBIM TIPOIIECCOM PEAKIUH pachajga SBISIETCS BHIOPOC (EHUIBHOTO
pamukana u3 nonoxenus C* crabunsroro MU (M*°284, Ww,=3,5%) ¢ o6pasosa-
HHeM noHa F4 ¢ M/z 207, UK KOTOPOTO SIBISETCS BTOPBIM MO HMHTCHCHBHOCTH
(Tabmure 1, 2).

HauOonee BaXHBIM IEPBUYHBIM IIPOLIECCOM (pparMEHTALUH SIBJISIETCS JIUMU-
nupoBanue —C;Hs (F1, m/z 255), -OCzHs (F2, m/z 239) u —CsHs (F4, m/z 207).
CaMbIii MaKCHMaJTBHBIH MUK B MACC-CIIEKTPE coenuHEHMs (3) COOTBETCTBYET UOHY
O=C=N*H ¢ m/z 43. [Tanee uHTEeHCHBHBIIi HOH F1 (M/Z 255) IpuHAIEKHUT UK~
JMYECKOMY aMMOHHEBOMY MOHY (cxema 3) u uoH F2 (Mm/z 239) criocoben sierko
BeIOpackiBaTh MoJieKyiry CH3COOH, npu 3ToM caMblii MakcuMaibHBIN HOH F4 (M/2
207) Tepsier monekysry HCOOH mo cnenyroreit cxeme:

M* 284 (3) ‘ .

l ¥ l +.£H miz 77 (Fg)
[M-C,Hs]* [M-OC,Hs]+ [M-Cg Hs]" \\
m/z 255 (F4) m/z 239 (F,) m/z 207 (Fy) ¢=0

l m/z 43 (Fy) [CaHa]*

m/z 51 (Fg)
[M-C,Hs -COOH]+
m/z 195 (F;) \

OH
¢ [M-OC,Hs-CH3COOHT* OH

m/z 179 (F3)

N+
m/z 161 (Fs)

Cxema 3 — @parmentauus MU
5-1mano-6-3rokcu-2-mMeTui-4-dennn-1,4- muruapo-3-nupuarnHKapOOKCHIOBO# KUCIOTHI (3)

Jumermia-4-(nadpranuumi-1)-1,4-guruaponupuann-3,5-1nKapooKcHIaT
(4). B macc-criektpe coequneHus (4) HaOMIOIAIOTCSA aHATOTMYHbBIC HATPABICHHUS
(parmMeHTanum, B Xo1€ KOTOPOH camblii cTabmibabi MU (M*323) 06pasyeT maino
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WHTEHCUBHBIX NMUKOB XapaKTEPUCTHUECKUX MOHOB. CaMblii MaKCUMabHBIN MUK C
m/z 196 (F4), cootBercTByroumii nony [M-CioH7]" (Fa, cxema 4) nposiBnsiercst npu
BBIOpOCe panumkana HadTaauHWIa. B 00MacTH BBICIINX MAacCOBBIX YHCET Ha-
OJI0al0TCS JIBa 3aMETHBIX MHUKOB ¢ M/Z 308, 292, KOTOphIC OTBEUYAIOT MOHAM
[M-CHs]" (F1) u [M-C(O)OCHs]* (F2), cootBeTcTBeHHO. B 00MacTn HU3KHX
MACCOBBIX YHCE UMEETCS OAMH HHTEHCHBHBIN Mk noHa HadTammamia (([CioH7]Y),
Fs) c m/z 127.

Jdumetna-4-(2,4-numeroxcudenmn)-1,4-nurugponupuann-3,5-1uKap-
ooxcuuar (5). B macc-ciektpe coequnenus (5) ¢pparmenTanus crabuisHoro MU
(5) (M*333, Wwmi=7,6%) HaumHaeTCsi C BbIOpOCA METHJIBHOTO pajHKaia
(F1, m/z 318), nocne xortoporo otmemsitoress rpymsl OCHs (F2, m/z 302) u
CH30H (F3,m/z 301).

Bcenen 3a Beiopocamn CHz u OCH3 rpymm otmiermisitores HC(O)OCH3 (Fy,
m/z 258) u CO (F2, m/z 274). MakcuMaibHy0 HHTEHCHBHOCTh HMEET IHK HoHa F4
¢ m/z 196, anamoruyHo Macc-crekTpy coeaunenus (4), npu paspbise cBsizu C-C
MEXy JWTHIPONHPUINHOBOW U JUMETOKCU(PEHWILHOW 4YacTH MOJIEKYJbI (5).
3aps MOXKET COXPaHATHCS U Ha AUMeTOKcHpeHuapHoM (parmente (F7, m/z 127).

Cremyer OTMETHTb, YTO psiaoM ¢ mukoM ¢ M/z 137 (F7) B macc-cniekTpe Ha-
OJroraeTcsl 3HAYMTENBHBIA MUK ¢ M/Z 138, KOTOpBIH OTBEYaeT, MO-BUAMMOMY Ka-
THOH-panukany auMmerokcudenuna (Feg). [amee B Macc-clieKTpe HaOJIOIarOTCS
3ameTHbIe IHKK ¢ M/Z 107, 77, pparmenTs pacnanga nona Fs ¢ m/z 138. locrarou-
HO BBICOKYI0 MHTCHCHBHOCTh UMeeT ik ¢ M/z 214. Von Fs ¢ m/z 214 ob6pasyetcs
u3 pparmMenTHOro MoHa F2 (M/z 274) ¢ snumunnposarreM HC(O)OCH; (cxema 4).

Mumerna-4 (6-xjaop6enzo [1.3] amokconma-5) -1,4-guruapo -3,5-nupmu-
auHAuKapookcuaar (6). 3aMeHa AUMETOKCH(EHMIA B CTPYKTYpPE MOJICKYJIBI
muMeTun-4-(2,4-muMerokcubernn)-1,4-quruaponupuana-3,5-aukapookcuiar (35)
Ha xjopOenzo [1.3] AMOKCONMIY TPUBOAAT K OOpa3oBaHHMIO IUMETHII-4
(6-xmop6en3o [1.3] auokconuin-5)-1,4-murunpo-3,5-nupuausankapookcuiar (6),
YTO CYIIECTBEHHO MEHSET KapTUHY Macc-CleKTpa. B macc-crmektpe 6 mmeercs
3HaunTeNBHBIA MK MU (M+351, Tabnumet 1, 2). MakcumanbHy0 HHTEHCUBHOCTD
uMmeroT nmuku HoHoB F4 ¢ m/z 196, ananormuno sdupam 4,5, oOpasyrommiics
3a cyer BbIOpoca xjopbOenso [1.3] muokcommna w3 MU (6). OcHOBHBIMU Ha-
npasiaeHusME ¢parmentatmn MU (M+351) sBisitorest anumuanpoBanus CHs
([IM-CHzs]+, m/z 196, F1), OCHs ([M-OCHzs]+ , m/z 320, F>) u CI([M-CI]+m/z 316,
Fs).

IMocnenytromiee snumunnpoBanre CO u3 ¢parmentrHoro nona Fo (m/z 320)
MIPUBOIUT K 00pa3zoBaHuio HoHA F3 ¢ m/z 292 (tabnuuel 1, 2; cxema 4). B odnactu
CPEAHUX MacCOBBIX YHCEN Macc-CIIeKTpa UMEIOTCs MUKU HoHOB Fg ¢ m/z 156, 158.
Jis aToro nona Fg MOXKHO MPEANIOKUTh CTPYKTYpY 6-x10pOen3o [1.3] muokcomna.

Hyb6ner mukoB: M+'361, 363; F1, 336, 338; F», 320, 322; F3, 292, 294; Fs, 156,
158 ¢ cooTHOMICHHEM MMUKOB MOHOB 3:1 OJHO3HAYHO YKa3bIBACT HA MPHUCYTCTBHE
OJHOTO XJIOpa B MOJIEKYJIE.
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\Wj Q@ 5

+e,
M**: 323 (4) (CooH]*

z

I
H 333(5) miz 127 (4) Fg miz 137 (5) F; m/z 156 (6) Fg
T 351 (6) T T T
[M—CHg]* [M-OCH,]*  [M-CyoH/]" (4) [M-CHZOHJ** [M-CI]* (6)
miz:308 (4)  miz202(4) M2z19 F, m/z 301 (3) m/z 316 Fs
318 (5) 302 (5) [M-CgHg(OCHg), 1" (5)
336 (6) 320(6) miz196 F, o—
F1 Fs
[M-CgH,CIO,H,C]* (6)
l l m/z 196 F,
[M-CH3-HOCOCH,]+ [M-OCH,-COJ* 0\
m/z: 248 (4) miz: 264 (4) m/z 138 (5) Fg
258 (5) 274 (5)
F, 292 (6)

[M-CH30CO-HOCOCH,]*
m/z: 204 (4)

214 (5)
Fs

* R=-CioH7 (4), R= -CsHs(OCHBa)2 (5), R= -CeH2CI(-O-O-CH>) (6)
Cxema 4 — ®parmentanus MU coenunennii 4-6

JudTHia-2-metuini-6  (4-xaopdenmn)-(2-merui)-4-(2-pennadtennn)-1,4-
auruapo-3,5-nupuauaaukapoéoxcunar (7). B macc-criektpe muk MU (M*°451)
3HauuTeNbHBIN (lori=12%). CaMblii MakcUMaJbHBIA MUK ¢ M/Z 378 orBedaer
xapakrepuctuaHomy nony [M-C(O)OC:Hs]* (lori=100%, Tabmuier 1, 2; cxema 5).

MU (M*'451) pacnanaronmiicsi HECKOJIBKUMH MY TSIMH, KOTOPBIE MOTYT OBITh
Jerko uHTepnperupoBaHsl. [lepsriit myTh BeIOpoc CHs m oOpasoBaHne MHTEH-
cuHOro MoHa [M-CoHs]*c m/z 422 (F1, cxema 5). Bropoii myTh (hparMeHTanun
cBs3aH ¢ oTmemieHueM 3Tokcu Tpymnmsl (OC;Hs) uz MU (7) ¢ obpazoBanmem
[M-OC;Hs]"c m/z 406 (tabauua. 1,2) 3ametHo# nHTeHCHBHOCTH (F2), 00pa3oBanue
storo nona (F2) Bo3amMoxHo eitie u3 ¢pparmerra F1 npu nmotepe O.

JoMuHupyromKUM TyTeEM peakiuu pacnajga MU sBisieTcss SIMMUHUPOBaHUE
C(O)OC:Hs ¢ oopazoBanuem nona [M-C(O)OC:Hs] ¢ m/z 378 (F3), muk koToporo
B Macc-CIIeKTPe CaMblii MaKCUMaJIbHBIMH.
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—-

/\O O/\
R HsC - CH = NH*™
M*: 451 (7) miz 43 (8)
472 ®) F T .
[M-CoHs]" [M-OC,Hs]* [M-C(O)OC,Hs]*  [M-C3HaCeHs]” m/z 77 (7)
miz:422 (7)  miz: 406 (7) m/z:378 (7) miz: 348 (7) F7
433 (8) 417 (8) 389 (8) 359 (8)

Fi F Fs l Fq l

[M-N(0)OC,Hs-CoHsOH]*  [M-CyH,-CgHsCoH,41*
m/z: 332 (7) m/z: 320 (7)
343 (8) 331 (8)

Fy Fs l

M-CyH,-CgHs-2C5H,]*
[M-C,H,-CgHs- 2C,Hy-NO,* [M-CoHyCoHy-2CoM]

m/z: 292 (7
m{z: 257 (8) 303 EB;

*R=-CI (7), R=-NO2 (8)
Cxema 5 — ®parmentanus MU coequnenuit 7,8

Jpyroe BaxxHoe Harpapienue pactaga MU (M*'451) 3axiouaercs B pa3pbiBe
ceazu C-C Mexay AMTHAPONUPHINHIAMKAPOOKCHIATOM M STCHHIIOCH30JI0M C
JIOKanmu3anyeil 3apsana Ha ITUTHAPONUPUANMHANKapOOKcHIaTHOM (parmente Fic
m/z 348. DToT mpouecc XapakTepeH s Bcex 1,4-TUruapornupuInHInKapOoK-
cunaros (1-11), comepxamue B nonoxkenun C* 3amecturens Gpenm. 3aTeM MOH
[M-C(O)OC;Hs]*(Fs, m/z 378) nerko Tepsier monekyiny C,HsOH, 3a cuer «opro
abdexTa» (cxema 5) ¢ oOpazoBaHHEeM HHTEHCUBHOTO HOHA Fs ¢ m/z 332.

T THIT-2-MeTHIT-6-(4-HuTpodennn)-4-(2-dpennadTeHuni)-1,4-muruapo-
3,5-nupuaunankapéokcuiaar (8). Macc-ciektp coenunerus (8) B 001acTH BbIC-
LIMX MacCOBBIX YMCeN NPaKTHYECKH HACHTUYEH CIIEKTPY coequneHus (§). JanupiM
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CIIEKTPaM CBOMCTBEHHBI OYCHb MHTEHCHUBHBIC MUKU HOHOB [M-C(O)OC;Hs]+(F3),
[M-C2H2C6H5]+(F4) u [M-C(O)OCsz-CszOH]+(F5) (Ta6nnua 2). 3ameTHOM
MHTEHCUBHOCTBIO 0011a1a0T KK HOHOB [M-CoHs]+(F1), [M-OCoHs]+(F2) u M+".
CrnenyeTr OTMETUTh, 4TO IJisi coenuHeHus (8) XapakTepHO 00pa3oBaHHE HOHA
[M-C2H2CeHs]* ¢ m/z 359 (Fi), MK KOTOPOTO SIBIASETCS BTOPHIM 10 MHTEHCHB-
HOCTH (TabmuIte! 1, 2). DTOT XapaKTepHBIH MPOIECC ABIACTCS MPAKTUICCKU CTHH-
CTBEHHBIM JIJIS1 BCEX U3YUYEHHBIX coeAuHeHui 1-11, Tak kak BceM UM CBOMCTBEHHO
SIMMHUHHAPOBAHKE 3aMecTHTeNs notoxkennu C* MU,

Hainee u3 vona F3 (m/z 389) mocnenoBarenbHo snumuHUpyeTcs 3tanoi (Fs,
m/z 343), 3atem 3teH (Fs, m/z 315). B pe3ynbTare mocieaoBaTeIbHOTO STUMUHH-
poBaHus AByX Moineky’n 3teHa U NOz u3 nona F4 (m/z 359) obpasyrorces ¢par-
MCEHTHBIC UOHBI: [l\/[-(:zHzCeHs-CzH4]+ (m/z 331), [|\/|-CszCsHs-ZCzH4]+ (m/z 303)
158 [M-CQH2C6H5-2C2H4-N02]+ C m/z 257 (F4').

B ornuuue ot mpousBoHOTro (7) B Macc-criekTpe coeuHenus (8) B obnactu
HHM3KHX MAaCCOBBIX YHCEJI MMEIOTCS MHTEHCHUBHBIE MMKK ¢ m/z 115, 105, 91, 71 u
MUK MaKCUMaJIbHOH MHTEHCUBHOCTH ¢ m/z 43 (cxema 5).

3-bem3na-5-3tua-,  5-6eH3mia-3-3THa-2-meTni-6-pennia-4-(2-pennmre-
Hu)-1,4-nuruapo-3,5-mupuaunaukapooxcuiar (9,10). Msomepnsie 1,4-aurua-
po-3,5-nupununaukapookcuaatel (9,10) uMeroT OJIM3KHE MacC-CIEKTPBI, COAep-
JKalie B OCHOBHOM TPH 3HAYMTENBHBIX MUKOB ¢ M/Z 406, 388, 376 u oauH Makcu-
MaJIbHBIN UK ¢ M/Z 91 (Tabmuiesl 1, 2; cxema 6).

Momnekynsipasie  uousl (M*'479) enBa 3aMeTHBIE, a TakXKe 3aMETHYIO
WHTEHCHBHOCTh B Macc-ClekTpax »Tux 3¢upoB (9,10) UMEOT NMHUKH HOHOB
[M-CeHsCHz OC(O)]+C m/z 344 (Fs) u [M-C(O)OCsz-CeH5CH2 OH]+C m/z
298 (Fs). OcuoBHo#t pacman ManocradbuiasrHoro MU (9,10) cBsi3aH ¢ DIMMHHU-
poBanuem —C(0O)-OC:Hs, obpasyrommiics mpu 3tom uoH F1 (m/z 406), nanee
BeIOpackiBaeT Mostekyny CsHsCH2 OH (Fs, m/z 298).

OctanbHble HampaBieHUs (parMeHTanuu oO0yCIOBIEHBI 00pa30BaHUEM
HOHOB [M-C2H7]+(m/z 388, Fz),[M-CszCeHsT(m/Z 376, F4), [M-C(O)OCHz
CeHs]" (m/z 344, F3). MakcumanbHyr0 MHTCHCHBHOCTh B MAacC-CHEKTpaxX 3THX
a¢upos (9,10) umerot nuku nonos Tporunus Fs [M-C7H7]"c m/z 91 (cxema 6).

CrnemyeT OTMETHTb, YTO B MAacC-CIEKTPE B 0OJIACTH HU3KUX MACCOBBIX YHCEN
MMEIOTCSl XapaKTepHBIE ISl apOMaTHYECKUX COCIWHEHWH 3HAYMTEIbHBIE MHKH
HOHOB [CGH5]+(m/z 77), [C5H5]+(m/z 65) u [C4H3]+(m/z 51)

B ornnume ot coenuHeHWs 9 MHTEHCMBHOCTH NMHKOB XapaKTEPUCTUYECKHIX
nonoB F1-F4 (M/z: 406, 388, 376, 344) B macc-criektpe 10 HAOIIOMAIOTCS B MEHB-
et crenenu (tabmuup 1, 2). Takum oOpazoM, UMeeTCst psijL pa3iTudnil 10 UHTEH-
CHUBHOCTHU ITMKOB OCHOBHBIX HOHOB coeanHeHui (9,10), KOTOpble MOXKHO HUCTIOJNb-
30BaTh B CTPYKTYPHO-aHATUTUIECKUX TENSIX.

5-Ben3na-3-3Tua-2-meTuii-4-[2-(4-unrpodenni)rtenni)-6-penni-1,4-
auruapo-3,5-nmupuaunankapéokcniaar (11). Beenenne nurporpymmst (NO2) B
COCTaB 3aMeCTHTEN dTeHWIheHnIa B MoJiekyne ddupa (10) He BHOCUT HEOXKU-
JMAHHBIX U3MEHCHHUH B KapTHHY Macc-criekTpa coeauHenus (11). Kak u B ciydae
coeaunenus (10), Hanbosce BaXHBIM TMEPBUUHBIM MPOIIECCOM (DparMeHTAIINH,
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B M** 479 (9,10)

[M-C(O)OC,Hs]*  [M-C7H,]* [M-CgH,*  [CiH*  [CeHsl
m/z 406 m/z 388 m/z 376 m/z 91 m/z 77
ke l F, Fa

| ! |

[M'C(O)OCzHS'HOCH2C6H5]+<— [M'C(O)OCHZ-C6H5]+
m/z 298 m/z 344
Fs Fs

* Rl= -CgHs ,R?= -CHj3 (9), R'= -CHs,R?=-CeHs (10)
Cxema 6 — @parmenranus MU coenunenuit 9,10

MIPOTEKAIONTUAM TIOJ MEHCTBHEM AJIEKTpoHHOW moHu3anuu (OU) B Monekyne 11,
seisiercst ormervieane Tpynmsl —C(O)OCH2CsHs. DTOT Tporiecc NMPUBOAWT K
¢dparmenty Fz ¢ m/z 389. BropbiM HanpaBieHueM GparMeHTAIMN ABIISICTCS DITHMU-
uuposanne -CH=CHCgHsNO; n3 nonoxenus C*, nmpusonsmee k 06pa3oBaHUIO
XapakTepuCcTHIeCKoro noHa F4 ¢ m/z 376. 3aMeTHY0 HHTEHCHBHOCTH UMEIOT ITIHKH
noHoB F» (M/z 343), 00ycioBIeHHBIC BEIOPOCOM MOJICKYJIBI 3TAHOJIA U3 OCHOBHOTO
noHa F1 (m/z 389).

Cretuduueckoit ocodbeHHOCTRIO GparMenTaiiuuy MU (11) sBisercs obpaso-
BaHue noHa Fs ¢ m/z 166, 1K KOTOPOT0o UMEET CPEIIHIO UHTEHCUBHOCTH (=29%).
Pa3peiB cnoxHOA(UPHON CBSI3U C JIOKamU3aIuell 3apsaa Ha OCeH30JBHOM (ppar-
MEHTE SIBJIIETCS JTOMHHHpYOmUM myteMm pacmaga MU (11). ITuk OeH301bHOTO
kaTroHa Fg sBIsIeTCS cCaMbIM MaKCUMaTBHBIM (cxema 7, Tadi. 1,2).

B 001acTv BRICOKMX MacCOBBIX YHCEI UMEIOTCS He3HAYUTEIIBHBIC UKH C M/Z:
479, 451, 433. HecMoTpst Ha HU3KYIO HHTCHCUBHOCTH ITUKOB, UX MOYXHO HCIIOJIb-
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30BaTh IJIs1 yCTaHOBIeHHUS cTpoeHus coequnenus (11). Ilepsriii 3 HUX 00ycnoB-
nen nonamu [M-OC;Hs]* (m/z 479), a Bropoii Bei3Ban nonamu [M-C(O)OC,Hs]*
(F3, m/z 451) u Hakoner Tpetuit nonamu [M-C7H7]" (F2', m/z 433).

Takum 00pa3oM, aHaNM3 JAHHBIX MAacC-CIEKTPOB M3YyUYCHHBIX COCAMHEHHI
(1-11) moxasbIBaeT, YTO BEPOSTHOCTH JIOKAIN3AIHK [TOJOKUTEIBHOTO 3apsaaa Ha
TOM MJIM MHOM (pparMeHTe 3aBUCHUT HE OT CTEIIEHHU 3aMELLCHUs PBYILENCS B JAHHOM
nponecce cBsi3u C-C, a oT crabuiapHOCTH oOpasyrouiuxcst noHoB. Hambomee
XapaKTEepHOU peakmmer pacranga coeauHeHuil 1-11 comepikamux JUTHIPOITHPH-
JIMHANKapOOKCUIIATOBBIN (pparMenT, sBiseTcs BeIOpoc 3amectutens u3 C* momo-
KEHUS MOJICKYJIBL.

B macc-criextpax u3ydeHHsix coeaunenui (1, 2, 9, 10, 11) nuku MU ouens
MaJIbl WIK NPAKTHYECKH OTCYTCTBYIOT, OJHAKO O UX MOJIEKYJIIPHOI Macce U co-
CTaBe MOKHO CYJIUTH IO psiay xapakrepuctuueckux noHoB [M-OH], [M-OCHa]*
(1); [M-OCHs]*, [M-OCHs-CH2NH:]*(2); [M-CoHs]*, [M-C(O)OC:Hs]*,
[M-C7H7]" (9,10); [M-OC2Hs]*, [M-C(O)OC:Hs]*(11).

M* 524 (11)

[M-C(0)OC,Hs]*  [M-C(0)OC;H;]*  [M-CH=CH -CgH,NO,]* [CoH,T* [ PN
m/fz 451 miz 389 m/z 376 Fe
Fs F, Fa m/z 43
[M-C(0)OC,H5-HOC;H,]* ___ [H,CCsNH-CgHs]*

m/z 343 m/z 166
F, Fs

»

m/z 91

Cxema 7 — @parmentauus MU coenunenns 11
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Pe3rome

M. C. Myxanosa, E. A. Tycinkanues, C. 2K. 2Kymazanues,
M. H. baumbemos, B. A. Dye3o6a

KEHMBIP KbICBIM/Ibl TOMEH/IETETIH [IPEITAPATTAP
JKOHE OJIAPbIH TYBIHABUIAPBIHBIH MOJIEKYJIAJIBIK MOHIAP
OPATMEHTALMACBIHBIH MACC-CITEKTPJIEPI )KOHE EPEKIIEJIIKTEPI

JuruiponupuAnHKapOOKCHIATTAD TYBIHABLIAPBIHBIH, COHIAM-aK IOPiIiK mpernapar-
Tap quMeTHi-1,4-nuruapo-2,6-mumetia-4-(2-autpodernn)-3, 5-nupuanHIuKapOOKCHIAT-
TBIH (IOpiik mpenapar — HU(PEIUHUH) XOHE 3-3THI-5-MeTni-2-[(2-aMHuHOITOKCH)Me-
T |-4-(2-xnoppennn)-6-meruin-1,4-muruapo-3,5-mMpuIMHANKAPOOKCHIATTEIH,  (Iopitik
mpernapaT — aMJIOAMIINH) MaccC-CIEKTPICPiHIH CaJbICTRIPMabl TajAayJiapbl >KYpri3iimi.
3epTTeNiHreH JUTrHAPOMUPUINHKAPOOKCHUIATTaPABIH MOJICKYJIAJIBIK HOHIAPBIHEIH OOIiHy
CPEeKIIENIKTEPi CUNATTAIBIHFAH XKOHE KOPCETUITEH.

Juruaponupu IMHKapOOKCUIIATTap TYBIHIBUIAPHI YIIIIH MAacC-CIIEKTPOMETPIIH dJICK-
TPOHJAPMEH MOHU3ALMUANAY KaFJaibIHIAa ITHPUANH cakUHACKIHBIH, C* OpHBEIHAH MOIEKY-
JIAHBIH HET13Ti ()ParMEeHTIHIH MIBIFAPBUTYbI OPTAK OOJIBIN TAOBLIATHIHEI AHBIKTAJIJIBL.

Tyiiin ce3mep: macc-criekTp, GpparMeHTaIus, MOJICKYIAIbIK HOH, 3JCKTPOHIAPMCH
HMOHH3ANUSIIAY, KATHOH-PAUKAN, HU()EAUTTHH, AMIIOTUITHH.

Summary

M. S. Mukanova, E. A. Tusipkaliev, S. Zh. Zhumagaliev,
M. N. Baimbetov, V. A. Auyezova

MASS SPECTRA AND PECULIARITIES OF THE FRAGMENTATION
OF MOLECULAR IONS OF SOME HYPOTENSIVE DRUGS
AND THEIR DERIVATIVES

A comparative analysis of the mass spectra of dihydropyridine carboxylates deriva-
tives and drugs dimethyl-1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)-3,5-pyridinedicar-
boxylate (nifedipine) and 3-ethyl-5-methyl-2-[(2-aminoethoxy) methyl]-4-(2-chloro-
phenyl)-6-methyl-1,4-dihydro-3,5-pyridinedicarboxylate (amlodipine). The fragmentation
features of the studied molecular ions of dihydropyridine carboxylates are characterized and
presented. It was determined that the release of the substituent from the C* position of the
pyridine ring is common for dihydropyridine carboxylates derivatives under the conditions
of electron ionization mass spectrometry.

Key words: mass spectrum, fragmentation, molecular ion, electron ionization, radical
cation, nifedipine, amlodipine.
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S. ZH. ZHUMAGALIEV, M. S. MUKANOVA,
I. N. ANUARBEKOVA, ZH. A. RAKHIMBEKOV

A.B. Bekturov Institute of Chemical Sciences, Almaty, Republic of Kazakhstan

MASS SPECTRA OF SOME MONOSUBSTITUTED
1,2-DIAMINOETHANE DERIVATIVES

Abstract. The mass spectra of monosubstituted 1,2-diaminoethane derivatives are
studied and compared. The characteristics of the fragmentation of molecular ions (M) of
1,2-diaminoethane derivatives are shown and discussed. It was established that the direction
of the decomposition reaction of MI depends on the nature of the substituents. It was
revealed that under conditions of electrons ionization (El), the o- cleavage with the
localization of a positive charge on the nitrogen atom is the most important, which leads to
the formation of stable ammonium ions.

Keywords: 1,2-diaminoethane, mass spectra, ammonium ions, molecular ion, electron
ionization.

One of the most promising and rapidly developing areas of organic chemistry
is the search for new surface-active substances (surfactants) based on ethylenedia-
mine, mono- and diethanolamine [1-4].

In this regard, the synthesis of ethylenediamine, mono - and diethanolamine
derivatives and the study of their properties under conditions of electrons ionization
(El) in mass spectrometry are very relevant.

In the present work, a comparative analysis of the mass spectra of some N-
monosubstituted ethylenediamine derivatives (1-10) was carried out in order to
identify the features of the basic regularity of molecular ion (MI) fragmentation in
IE, depending on the nature of the substituents and allowing reliable mass
spectrometric identification. We considered the mass spectra of alkyl, aryl, and
trimethoxysilylpropyl-containing derivatives of 1,2-diaminoethane (1-10).

H
N
HN- T N
110
R H(1);R CH3(2); R C,Hg(3);R C3H, (4 R ™ CH(CHy), (5);
R CH, CH, NH, 6); R CH,CH,NHCH,CH,NH, (7); R~ C¢Hs (8);
R CH,CgHs (9); R~ C3HgSi(OCHg); (10);
The amino group has stronger electron-donor properties compared to hydro-
xyl. The positive mesomeric effect of the nitrogen atom is larger, and the negative

inductive effect is smaller than that of the oxygen atom. Therefore, fragmentation
processes initiated by the radical center are more characteristic for amines.
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In the electron-unexcited state, the charge and the unpaired electron are

localized on the nitrogen atom. It should be noted that the intensity of the MI peaks
is very low due to the ease of fragmentation processes.

In the case of the absence of the MI peak in mass spectra, the “nitrogen rule”

(if the compound contains an even number of nitrogen atoms, its molecular weight
is even) [5] allows to accurately set the substances belonging to the class of amines.

The full electrons ionization mass spectra of considered monosubstituted

derivatives of 1,2-diaminoethane (1-10) are given in the table 1.

Table 1 — Mass spectra of monosubstituted alkyl- and arylderivatives of 1,2-diaminoethane

No. Name of compound Mass spectrum, m/z (I relative, %)

1 | 1,2-diaminoethane M*" 60 (7), 59 (6,5), 44 (4), 43 (15), 42 (12,5), 41 (5), 40 (2,5),
31 (3), 30 (100), 29 (3), 28 (19,5), 27 (3).

2 | N-Methylethan-1,2-diamine [ M** 74 (5,5), 45 (5), 44 (100), 43 (6), 42 (11), 41 (3), 30 (19),
29 (2), 28 (10,5), 27 (3), 15 (3,5).

3 | N-Ethylethan-1,2-diamine M** 88 (3), 59 (4,5), 58 (100), 56 (3), 44 (13), 43 (3), 42 (6), 41
(2), 30 (79), 29 (8), 28 (9), 15 (2.5).

4 | N-Propylethane-1,2-diamine | M*" 102 (2,5), 73 (8,5), 72 (100), 70 (2), 58 (3), 56 (4,5), 44
(39,5), 43 (27), 42 (12), 41 (17), 39 (3,5), 30 (83), 28 (13), 27
(7), 18 (2,5).

5 | N-Isopropylethane-1,2 M*" 102 (0,5), 73 (3), 72 (57), 70 (3), 58 (10), 56 (2,5), 44 (24),
diamine 43 (15), 42 (7),41(9), 39 (2,5), 30 (100), 28 (7,5), 27 (5,5), 15 (2).

6 | N-(2-Aminoethyl)ethane- M* 103 (0,3), 74 (4), 73 (64), 57 (2), 56 (10,5), 45 (3, 5), 44 (100),
1,2-diamine 43 (8), 42 (12), 41 (3), 30 (20), 29 (2), 28 (7,5), 27 (2), 18 (3).

7 | N,N-Bis(aminoethyl)ethane- | M** 146 (ab.), 142 (7), 125 (2), 116 (10,5), 112 (2), 100 (2,5),
1,2- diamine 99 (20), 98 (9,5), 97 (8), 87 (4), 86 (3), 85 (6), 84 (2), 83 (2),

74 (3) , 73 (41), 71 (3), 70 (13), 69 (2), 68 (2), 61 (6), 58 (9),
57 (6), 56 (27), 55 (3) , 54 (2), 45 (4), 44 (100), 43 (9), 42 (16,5),
41 (4), 30 (26,5), 29 (5.5), 28 (12), 27 (3), 18 (3).

8 | N-Phenylethane-1,2-diamine | M** 136 (15), 107 (20), 106 (100), 104 (4), 79 (14,5), 78 (6),
77 (26), 65 (3), 52 (3), 51 (13,5), 50 (4), 42 (2), 39 (4,5), 30
(20), 28 (7), 27 (2,5).

9 | N-Benzylethan-1,2-diamine | M*" 150 (1), 121 (5), 120 (44), 118 (2,5), 106 (6), 29 (9), 91
(100), 89 (2), 77 (2), 65 (8,5), 63 (2), 51 (2,5), 44 (3), 42 (2),
39 (3), 30 (11,5), 28 (3,5).

10 | N-[3- M* 222 (ab.), 193 (4), 192 (27,5), 162 (5), 161 (12,5 ), 160
(Trimethoxysilyl)propyl]eth | (100), 159 (2), 148 (3), 132 (2), 131 (4,5), 130 (30,5), 121
ane-1,2-diamine (15.5), 118 (3), 91 (15), 90 (2), 73 (8), 61 (5), 59 (6.5), 44 (19),

43 (5,5), 42 (3), 41 (3), 32 (20 ), 31 (28,5), 30 (11), 29 (13), 28
(6), 18 (3), 15 (6).
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The stability of MI (Wwmi) to EI, as well as the intensity of the main charac-
teristic fragment ions (F1-Fs) from the total ion current and the retention index (iy)
are given in the table 2.

Table 2 — Stability of molecular ions (Wwmi) and characteristic fragment ions (F1-Fs)
from the total ion current during electrons ionization (EI)
of some monosubstituted alkyl- and arylderivatives of 1,2-diaminoethane (1-10)

Ne | Wmi m/z (F1-Fs) Retention
comp index
RI (iu),
F1 F2 F3 Fa Fs [7,8]
1 3,7 [M-H]* [M-NHz]* [M-NH4]* | CH2=N*H2 H2CN 600+
59(3,4) 43(7,9) 42(6,5) 30(52,6) 28(10,5) 612
2 3,0 CH3N*H= [[M-NHz=]*| [C2HsN]* | CH2=N*H: H2CN 761
44(55,5) 43(3,0) 42(6,1) 30(10,2) 28(5,8)
3 1,2 CoHsN*H= CoHeN* CoHaN* CH>=N*H> H2CN* 860
58(39,2) 44(5,0) 42(2,3) 30(30,9) 28(3,4)
4 0,7 CsH7N*H= CoHeN* CoHsN* CH2>=N*H> H2CN* 960
72(29,8) 44(11,8) 43(8,0) 30(24,7) 28(3,8)
5 0,2 i-C3H7N*H= C3HsN* CoHeN* CoHsN* CH2=N*H2 896
72(21,9) 58(3,8) 44(9,2) 43(5,7) 30(38,4)
6 0,1 C3HsN2* C3HsN* C2HsN* C2HsN* CH2=N*H2 1025+
73(25,6) 56(4,2) 44(40) 42(4,8) 30(8) 1028
7 - [M-4H]* *CsHuaNs* | "CsHuN2* "CsHeN* | "CH2=N*H2| 1501
142(1,8) 116(2,7) 99(5,1) 56(6,9) 30(6,8)

NH2CH2CH2 | *C2HsN*
N*H=C"H2 44(25,6)

73(10,5)
8 6,0 CeHsN*H= CeH7* CeHs]* CsHs]* CH2=N*H2 | 1329+
CHa 79(5,4) 77(9,6) 51(5) 30(7,4) | 1335
106(37)
9 1,4 [CsHsCH2N"H| CsHsCH= C7H7]* CsHs]* CH2=N*H2 1434
—CH» N*Hz 91(454) | 65(3,8) 30(5)
12020) | 106(2,7)
10 - |[M-CH2NH]* M- -O-SiH= | Si(OCH3)]* | -O-SiH=0- | 1396
192(64) | CH:NHo]* | CHoCHaNH= | 1213.7) | 91(35)
CHsOH CH2

160(23,8) | 130(7.1)

*F1-116, F'1-99, F2 - 73, F3 - 56, F3— 44, F5s— 30 (7).
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Diamines under El are fragmented by the same rule as monoamines [6-8]. In
mass spectra of monoamines MI peaks are usually little intense or completely
absent.

The main process of fragmentation carries out in the case of 1,2-ethylenedi-
amine (1): the o — cleavage of C — C bond with formation of the ammonium ion
CH>=N*H; at m/z 30 (lieaive=100%, Table 1) and with localization of the radical
ion center on the nitrogen atom, providing high characteristic mass spectra. The
analogous maximum peak in the mass spectra of N-methylethan-1,2-diamine (2) is
due to the o — cleavage of C — C bond leading to the ammonium ion HsC-NH*=CH
at m/z 44 (lrelaive = 100%). The mass spectrum of N-ethylethan-1,2-diamine (3)
contains two very intense peaks at m/z 30 and 58. The a- cleavage of the C - C
bond between nitrogen atoms is the main process of fragmentation and at the same
time the charge can be localized on the right (F1) and left part (F.) of the molecule:

H + H,C '
2 -
HZN/\/N\/ \H'F/\ + H2N CH2 (q>2)
. ® _
M* 88 mzTsg  ~ MZ730

Moreover, the first fragmentary ion F at m/z 58 is more stable due to the induc-
tive influence of the ethyl radical. In terms of mass spectrometry, N-propylethane-
1,2-diamine (4) is similar to N-ethylethane-1,2-diamine (3). The dissociation of the
C1 — C, bond leads to two characteristic fragmentary ammonium ions CHs-CHa-
CH-N*H=CH_ (m/z 72) and CH,= N*H_ (m/z 30).

Comparison of the mass spectra of the isomers of N-propyl-, N-isopropy-
lethane-1,2-diamines (4,5) shows a significant difference in the relative intensity of
the main fragments and this fact can be used for mass spectrometric identification
of the corresponding isomeric pairs.

During the decomposition reaction of Ml of N- (2-aminoethyl) ethane-1,2-
diamine (6), the main direction of MI fragmentation is the sequential elimination
of the radicals CH,NH, (F1, m/z 73) and NH=CH; (F2, m/z 44 ). It should be noted
that in the mass spectra of the amine (6), the peak MI (M* 103) becomes less
noticeable (lreiaive = 0,3%). Substitution of the 2-aminoethyl group (CH.CH2NH>)
in the N- (2-aminoethyl)ethane-1,2-diamine molecule (6) with the
CH2CH>NHCH>CH:NH: group, as expected, radically changes the fragmentation
of MI. With increasing the molecular weight and the number of amino groups in
diamines, the peak of MI is not observed, that makes it difficult to establish their
composition. However, the mass spectra of N, N-Bis(aminoethyl)ethane-1,2-
diamine (7) presents characteristic fragment ions with high intensity at m/z 99, 73,
44, which allow to determine molecular weight of the diamine (7) , as well as the
direction of MI fragmentation.

The introduction of the phenyl group to the nitrogen atom increases the
intensity of the Ml peak (8, M*136, Table 1.2) and facilitates the a-cleavage of the
C - C bond between the nitrogen atoms. Such a process leads to a very stable
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characteristic fragment ion F; at m/z 106 with elimination of CH>NH, from MI
(Scheme 1).

In the mass spectrum of amine (9) gives a low intense MI peak at m/z 150 (9)
and two more intense characteristic peaks at m/z 120 and 91 for the [M-CH>NH>]"
and CsHsC*H; ions, respectively.

Introduction of 3-(trimethoxysilyl)propyl into the ethylendiamine molecule
(1) gives a definite effect on nature of the MI fragmentation (10).

The MI peak is absent in mass-spectrum of the compound (10). However, the
spectrum gives significant peaks at m/z 192, 130, 121, and 91, as well as a
maximum peak at m/z 160 belonging to characteristic ammonium: [(H3CO)sSi-
(CH2)sN*H=CH,] (m/z 192), [(H3CO).Si=CH-CH,-CH>-N*H=CH] (m/z 160),
[HsCO-SiH=CHCH,CH2-N*H=CH;] (m/z 130) and oxonium ions:
[(H3CO),Si=0*-CH3] (m/z 21), H3C-SiH=0"-CHs (m/z 91), which confirm the
structure, composition and molecular weight of the compound (10). It should be
noted that the positive charge remains on the nitrogen and oxygen atoms in the
following sequential processes: M* 222 — m/z 192 — m/z 160 — m/z 130 and
M* 222 - m/z 121 — m/z 91.

1,2-Diaminoethane (1). The mass spectrum gives the Ml peak (M* *60) with
an intensity of 6.8% (Table 1) and with the stability Wwm = 3.7 to El (Table 2). The
spectrum presents a highest peak F, [M-CH>NH]"at m/z 30 ion (Scheme 1), arising
from the a-cleavage of the C — C bond. In addition, the mass spectra of compound
(1) gives following significantly intense peaks of ammonium ions: NH>-CHj-
CH=N*H; (m/z 59), H,C=CH-N*H3 (m/z 44), H,C=C=N*H; (m/z 42), HN*=CH
(m/z 28) and of cation-radical of etenamine [CH>=CH-NH]" at m/z 43 (Scheme 1).

N-Methylethane-1,2-diamine (2). The mass spectrum of the amine (2)
presents a Ml peak (M* "74) at m/z 74 with intensity of 5.4% and stability to IE
Wi = 3.0%. The spectrum gives also the maximum peak at m/z 44, arising from
the formation of the ammonium cation (H3C-N*H=CH>) during elimination of the
CH2NH- group from MI (2) due to a-cleavage. There are with a resonantly stabi-
lized peak of ammonium ion F;at m/z 44, also a noticeable intense peak of the
ammonium ion F, (H,C=N"H>) at m/z 30 (Scheme 1).

N-Ethylethanediamine-1,2 (3). Mass spectrum of diamine (3) is similar to
spectrum of the homolog (2), differ only in the intensity of Ml, and fragment ions
(F1, F2). MI peak (M* "88) has very low intensity (lon = 0.3%, Wwi=1.2; Tablel,2).
In contrast to analogue (2), the ammonium characteristic ion F4 (m/z 30) is formed
by an almost equally high probability with F1 ion at m/z 58 (Scheme 1). This is due
to the formation of ammonium ion CH>=N*H> (m/z 30) from two ions: from Ml,
arising from a-cleavage and from the F1 ion (m/z 58) due to the elimination of the
ethyl radical at the nitrogen atom with migration of H- atom to nitrogen and the
emission of ethene.

N-Propylethanediamine-1,2 (4). Unstable Ml (M*"102) by the decompose-
tion reaction leads to three ammonium ions F1 (m/z 72), F, (m/z 44) and Fs (m/z 30).
The peaks of the arising ions (F1-F5) are most intense (Table 1). The maximum
peak among them is like the homologues 2,3 corresponds to the ammonium ion F;
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at m/z 72 (CHsCH2CH2N"H>=CHy), arising a-cleavage of the C-C bond between
the nitrogen atoms. The processes in F; ions with the migration of the H-atom to
nitrogen and the emissions of alkenes leads to the F, and Fs ions (Scheme 1).

+

H
N/
HN-T S Ng
M*" 60(1) ] )
74(2) MHF M NH* [M'NH,j" [M NHg)"
88(3) m/z 59(1) m/z 42(1) M/z 43(2) M/z 43(1y
102(4'5) Fy Fl F2 ':2¢
C§H4N]+ CoHsNT”
miz4z23 e A3AE)
Fs Fs'Fy

L

+= _ - — —
AN=CH, CHRH=CH,  CH,CHNHTCH,  CH,CH,CHRHZCH, (CH),CHNH=CH,
m/z 30 15 mzaa ) m/z 58 @) m/z 72 (4 m/z 72 (5
Fy Fs

lT ?l 1

—+ +
HCRIH ~ CHZCH™NH, CyHgN
m/z 28 (14 m/Z 44 (3 5
Fy' Fs

Fs

Scheme 1 — The mechanism of MI fragmentation
of N-methyl-, ethyl-, propyl-, isopropylethanediamines (2-5) and 1,2-ethanediamine

N-Isopropylethanediamine-1,2 (5). The a-cleavage with the formation of
ammonium ions (H3C).CH-N"H=CH: at m/z 72 and CH,=N"H> at m/z 30 desta-
bilizes the MI of N-isopropylethanediamine (5), the peak of which is barely
noticeable in MS (Table 1, 2). The Ml isomers 4 and 5 are similar by the nature of
the decomposition reaction (Scheme 1). However, comparing their mass spectrums
shows that the intensity of the characteristic fragment ions F1, F3 and Fs at m/z 74,
44 and 30, respectively, is very different (Table 1,2).

N- (2-Aminoethyl)ethanediamine-1,2 (6). The introduction of ethylamine
groups to the molecule of ethanediamine greatly reduces the intensity of the Ml
peak and its fragmentation leads to the formation of stable ammonium ions F;
(HzN-CHz-CHz-N+HZCHz) at m/z 73 and Fs (HsC-N+H:CH2) at m/z 44. The
formation of these ions is due to the occurrence of two main fragmentation
processes, ensuring a high characteristic nature of mass spectrum: the elimination
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of the CH2NH: at the a-C-atom between nitrogen atoms; the regrouping process in
F1 ions with the migration of the H-atom and the emission of the CH,NH (Scheme
2). Mass spectrum of diamine (6) presents significant peaks at m/z: 86, 56, 30 and
28 (Table 1), due to the ions [M-NHs]™, [M-NH3-CH.NH2]", H.N*= CH; and
H2N*C, respectively.

e
M 106(6)

R

+ = +_ _ + _ — .
HoN"CH,  H N"CHZCH,  H,NCH,CH,NH=CH, [HZNCHZCHZNHCH_CH2+

H +
[HZN/\/N\/\NH%

mz 0E N mzaae ) m/z 73 (6' 7) m/z 86 (6
5 F3' F3<— Fl, F2
A CH=NHCH=CH,
m/z56 (6' 7)
.
CoH4N] Fy' Fy
M/z 42(6) ¢
F4 =% T =
CH,~NHCH,CH,NHCH=CH,
m/z 99 (7)
T )
» NH,CH,CH,NHCH,CH,NH=CH,
M/z 116(7)
D
N NHy
2 - +°
H2N/\/ \/\N/\/ o [M 4H]
e H m/z 142 7y
M" 146 (7)

Fy

Scheme 2 — The mechanism of MI fragmentation
of N-(2-aminoethyl)ethanediamine-1,2 (6) and N1,N2-Bis (aminoethyl)ethanediamine-1,2 (7)

N-(2-Ethylethanediamino)ethanediamine (7). A somewhat unexpected
fragmentation is observed in the case of N-(2-ethylethanediamino)ethanediamine
(7). Its mass spectrum practically does not contain a MI peak (M*'146). However,
there are peaks of characteristic fragment peaks: [M-CH>NHz]* (m/z 116), [M-
CHzNHz-NH3]+ (m/z 99), [HzN-CHzCH2N+HZCH2] (m/z 73) and [HzN-CHz-CH3]+
—H;N<| (m/z 44), confirming the structure and molecular weight of the
ethanediamine derivative (7) (Table 1.2, Scheme 2). The formation of a significant
F1 ion (m/z 116) is related to the main process of MI (7) fragmentation — the
elimination of CH,NH>, similarly to diaminoethane derivatives (1-6). This F ion
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emits NH, molecules by the formation of the F> ion ([CH>=N*"H-CH>CH,NH-
CH=CH:]) at m/z 99 with an intensity of peak -20% (Table 1.2). An intense peak
at m/z 73 (lrelaiive= 41%) corresponds to the F3 ion by splitting of the molecule (7).
In the mass spectrum a maximum peak of the ammonium ion Fas (lrelative = 100%),
the formation of which probably carries out from MI (7) from the primary,
secondary ammonium ions (F1-F3). It should be noted that the noticeable MI peak
ion at m/z 142 is due to the emission of two H, molecules from M1 (7).

N-Phenylethanediamine-1,2 (8). The introduction of phenyl group into the
ethanediamine molecule (1) increases the stability of Ml (8) to El (Table 1.2) and
its intensity in mass spectrum reaches lreiaive= 15% (Table 1). The most maximum
peak of ammonium ion CsHs-N"H=CH: (F1) at m/z 106 is formed as a result of a-
cleavage of C-C bond, and also significant ammonium ion CH>=N"H> (Fs) at m/z
30, due to charge localization on the N atom of the unsubstituted part of
ethanediamine (Scheme 3). The fragment F1 ion loses HCN molecule as a result of
the secondary regrouping process (F2, with m/z 79). The mass spectrum (8) presents
an intense peak of the phenyl cation (F3) at m/z 77, as well as significant peaks of
“aromatic series” ions [CsHs]*, [C4Hs]* and [CsHs]* at m/z 65, 51, 39 that indicates
the presence of a phenyl substitution in the molecule. The mechanism of formation
of characteristic ions is presented in Scheme 3.

. —NH,
H +
N—R
HoN /\/
M* 136 ®) s
150 (9) / T:OG (Qf

H2N:CH2 § l NH_CHz NH™CH,
myz 30 89 @
Fg
myz77 ®)

myz 79 (8)

3 myz 120 (9)

m;Z2 106 (8

[CaHa

Mz 51 (8)
F4

C”H2

@*O o
<_
my 91 (9) m/z g5 ©

4

Scheme 3 — The mechanism of MI fragmentation
of N-Phenylethanediamine-1,2 (8) and N-Benzylethanediamine-1,2 (9)
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N-Benzylethanediamine (9). As in the case of N-phenylethanediamine (8),
the main directions of fragmentation of N-benzylethanediamine-1,2 (9) are initiated
by unpaired electrons of the nitrogen atom. All the most intense peaks in mass
spectrum of compound (9) are due to ions formed as a result of primary a-cleavage
or secondary regrouping, because the nitrogen atom has a high tendency to retain
charge. However, the replacement of the phenyl radical in the molecule of N-
phenylethanediamine (8) with a benzyl destabilizes the stability of MI to EIl and
significantly changes the picture of mass spectrum of diamine (9). For this
compound (9), the benzyl cleavage becomes the dominant fragmentation process
with the formation of a resonantly stabilized benzyl or tropyl cation by the next
mechanism:

4+

NH
HZC—H/\/ 2

M*"150 T~

o

.
myz 120 +©:CH2: O > @:CHZ
+

Thus, the main fragmentation process of unstable MI (M* "150) is associated
with the successive elimination of CH.NH> (F1, with m/z 120) and NH=CH: (Fs,
with m/z 91) radicals with the formation of a resonantly stabilized tropyl cation
(Table 1.2, Scheme 3).

N-[3-(Trimethoxysilyl)propyl]ethanediamine-1,2 (10). There is no MI peak
(M* "222) in mass spectrum of the compound (10) (Table 1,2). However, mass
spectrum gives an intense peak of the characteristic ammonium ions F; at m/z 192,
arising from a-cleavage of the C — C bond between nitrogen atoms (cleavage of the
CH,NHj; radical). The mass spectrum presents a more intense peak of the stable
ammonium ion F, at m/z 160, which confirm structure and molecular weight of the
compound (10). Scheme 4 shows the main directions of MI fragmentation (120)
and the basic processes characteristic of the decomposition reaction of the molecule
of diamine (10). In MS the most intense peaks of characteristic ions F1 (m/z 192),
F2 (m/z 160) and Fs (m/z 130) are observed, which are connected by successive
processes of elimination of particles: CH,NH2, CH;OH and CH20 from M1 (10). It
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is shown that the CH>NH> radical is ejected in the same way as ethanediamines
(1-9), then the CHsOH molecule (F2) are eliminated from this Fy ion, then the most
stable ammonium ion F, emits a molecule of CH2O due to the regrouping and mig-
ration of the H atom with the formation of the third ammonium ion F3 (Scheme 4).

HzN\/\H/\/\

. Si(OCH
M* 222 (10)

!

y C/N/\/\ "0 si(oCk
2 —H Sl(OCH3)3 myz
mz 102 (Fy 12121 (F,
l 0 Si"0"
NN mjz o1 (F
CH=" “NsiocHs), ("s)

M/Z 160 (F,)

|

+
HZCéN/\/\SiH 0

Mz 130 (F;)

Scheme 4 — The mechanism of MI fragmentation
of N- [3- (trimethoxysilyl)propyl]ethanediamine-1,2 (10)

The MS of diamine (10) presents the significant peaks at m/z 121, 91, 44, 32,
31, corresponding to oxonium ions F4 (m/z 121), Fs (m/z 91) and ammonium ion
Fs CHsN*H=CH> (m/z 44) and [H3C-OH]* (m/z 32) ions, [H.C=0"H] (m/z 31).

Thus, the cleavage of the radical CH,NH,C is characterized with the formation
of a stable ammonium ion for the considered monosubstituted derivatives of
1,2-diaminoethan. The stability of MI to El is very low, with the exception of
N-phenylethanediamine-1,2. The main processes of MI fragmentation are associa-
ted with the formation of stable characteristic ammonium ions, which allow them
to successfully carry out mass spectrometric interpretation.
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Pe3tome
Kymaeanues CIK., Myxanosa M.C., Ouyapberxosa U.H., Paxumbexos K .A.

1,2-TIMAMHHATAHHIH KEUBIP BIPOPBIHBACKAH
TYBIHABIJTAPBIHBIH MACC-CIIEKTPJIEPI

OraHauaMUHHIH OH OipOopbhIHOACKAaH TYBIHABUIAPBIHBIH Macc-CIEKTpJepl KapacThl-
PBUIBIN, ONApABIH CaJBICTBIPMAIbBI CapanTaMachl KypriziareH. OmapiaslH MOJIEKYJIaIbIK
HOHJAPBIHBIH ()parMeHTaINsI epPeKIIeTiKTepl CHMaTTalFaH JKoHe KepceTinreH. Moeky-
JaNBIK MOHIAPABIH BIIBIPAY PEAKIUACHIHBIH OarbIThl OpbIHOAcapiapiAblH TaOWUFaThIHA
TOYETAIIri aHBIKTAJFaH. DJIEKTPOHMEH HOHU3AIILUIAy >Kargaina eH MaHBI3IBl OOJIBIT
a-Oeminiyi xoHe oH 3apsa N aTOMBIHIA MIOFBIPIIAHATHIHEL )KOHE OCHI IIPOILIECTEP dCEPiHAe
TYpaKThl aMMOHHWI HOHAAPBIHBIH Taii1a 00JaThIHBI aHBIKTAJIFAaH JKOHE KOPCETIIIeH.

Tyiiin ce3ep: 1,2-1maMuHO3TaH, Macc-CreKTp, aMMOHUIM HOHIAP, MOJICKYJIAJIbIK HOH,
DJIEKTPOHAAPMEH HOHU3ALUAIIAY.

Pesome
Kymaeanues CIK., Myxanosa M.C., Anyapbexosa U.H., Paxumberoe JK.A.

MACC-CIIEKTPBI HEKOTOPbBIX MOHO3AMEIIEHHBIX
[MPOU3BOJAHBIX 1,2-TMAMWHOSTAHA

PaccMoTpeHbl Macc-CreKTpbl MOHO3aMEICHHBIX MPOU3BOAHBIX 1,2-THaMHHOITaHA U
MIPOBE/ICH MX CPaBHUTENBHBIN aHanmm3. [lokasaHbl u 00CyKAEeHBI 0COOEHHOCTH (pparMeH-
TallMM MOJIEKYJIIPHBIX MOHOB NMPOM3BOJHBIX 1,2-nnamMuHOATaHa. YCTaHOBJIEHO, YTO Ha-
NpaBJICHUE PEaKIMK paciia/ia MOJEKYJSIPHBIX HOHOB 3aBHCUT OT IPUPOJIBI 3aMECTHTEIEH.
BbIsIBII€HO, YTO B YCJOBHAX MOHHU3ALMHU JJIEKTPOHAMM HauOoJjiee Ba)KHBIM SIBISCTCS
0-pPa3pbIB € JIOKAIU3AIHEH MOJI0KUTENBHOTO 3apsiia Ha aTOME a30Ta, KOTOPBIN MPUBOJIUT K
00pa30BaHUIO0 YCTONYMBBIX aMMOHHUEBBIX HOHOB.

KiroueBble cnoBa: 1,2-tnaMHHO3TaH, MacC-CIIEKTpP, HOHBI aMMOHHS, MOJICKY JISIPHBIH
HOH, JJICKTPOHHAA NOHU3AIUA.
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VK 541.132/.132.4

T. K. JPKYMAJTHJIOB, P. I'. KOHIAYPOB, A. M. UMAHTFA3bI,
X XUMDPCOH, A. []. ’KOPA, 3. 5. MAJIUMBAEBA

AO «MuctutyT XxuMudeckux Hayk uM. A.B. Bekryposa», AnMatsl, Pecrry6iika Kasaxcran

OCOBEHHOCTH JUCTAHIIMOHHOI' O B3AMMOJIENCTBUA
B3AUMOIIPOHUKAIOIIUX ITOJIUMEPHBIX CETOK
PHU COPBIIMU UOHOB HEOJIUMA, PEHUA N CKAHAUA

Amnnoranus. MccnenoBan npomecc copOlMM MOHOB HEOJIUMA, PEHHS M CKaHIUS
B3aMMOIPOHHUKAIOUIMMH TOJMMEPHBIMH CETKaMHM Ha OCHOBE IOJHMAKPHUIOBON KHCIIOTHI
(rITAK), nonmumerakpunoBoit kuciotsl (rIIMAK) u nonu-4-sunnnnupuansa (rI14BII), a
TaKOKe WHTEPIeJICBHIMU CHCTEMaMH Ha HX OCHOBE. Y CTaHOBJICHO, 4TO <«3(deKT naibHO-
JIEUCTBHS» MPUBOJIUT K CYIIECTBEHHOMY POCTY cTeneHH m3BneueHus (1o 30%) npu copo-
IIUM BBINICYKAa3aHHBIX MOHOB. J{OMOJHUTENIbHAS MOHW3ALMA aKTUBHBIX 3BEHBEB MaKpO-
MOJICKYJI IPHBOJMT K 3HAYUTEIBHOMY POCTY COPOLIIOHHBIX CBOWCTB.

KnroueBble cioBa: HMHTEpresneBas CHCTEMa, B3aHMOIPOHHMKAIOLIME ITOJHMMEpPHbIE
CEeTKH B3aMMHasl aKTHBALIMsl, CAMOOPTaHU3ALMs, COPOLIHS.

Jl1g CeneKTUBHOTO M3BJICUCHHS HEOAMMA, PEHHUS W CKAHIWS W3 TPOMBIII-
JICHHBIX PacTBOPOB THApoMeTauTypruu B PecmyOnmke Kaszaxcran mumpoko wc-
MOJIL3YIOTCS CHHTeTHYeCKUe noHooOMeHHbIe cMoutbl (MIOC) 3apy0exHOro mpous-
BojcTBa. Kak M3BECTHO, FOHOOOMEHHBIE CMOJIBI TPUMEHSIOT B THAPOMETAILTYPTUA
JUTSL CEJIEKTUBHOTO M3BIICYCHUS MeTaJuta U3 0€HOTO pacTBOpa U MOIy4YeHus Ooee
KOHIICHTPUPOBAHHOT'O PAaCTBOPA M3BJIICKAEMOT'0 METalIa, pa3AeiicHus OJU3KUX IO
CBOMCTBaM SJICMEHTOB, IMOJIYYCHHUS BRICOKOYMCTON U YMATYEHHOM BOJIBI, OUHUCTKH
OT TIpUMecel pa3NMUYHBIX MPOW3BOJCTBEHHBIX PACTBOPOB M 00E3BPEKMBAHUS
CTOYHBIX BOJ, OKHCJICHHS MOHOB B PacTBOpaxX C OJHOBPEMEHHOW copOumew, mis
BOCCTAHOBJICHHSI METAJUIOB C HMX CcOpOIuMell W3 pa30aBJICHHBIX PacTBOPOB H B
IpYyTHX ciydasx. BbIMyckaemble B HAcCTOAIIEe BpeMs HOHOOOMEHHBIE CMOJIBI,
o0Oyagaromye BBICOKOH €MKOCThIO, XHUMHUYECKOH CTOMKOCTBIO M MEXaHWYECKOH
MPOYHOCTHIO, BHITECHIITH PYTHe NOHOOOMEHHBIE MaTepuaisl [ 1-8].

CrnenyeT OTMETHTH, YTO MOHOOOMEHHBIC CMOJIBI CIIOCOOHBI K HAOYXaHUIO B
BOZI€, YTO OOYCIIOBIEHO MPUCYTCTBHEM THAPOPIIBHBIX (PHKCHUPOBAHHBIX TPYIIIL,
CIoCOOHBIX K ruapartanuu. OgHako OecnpenenpHoMy Habyxanmio MOC, To ecTh
PaCTBOPEHHIO, IPETIATCTBYIOT TONepeuHbie CBsi3u. CTereHb MONepeyHOl CBsI3aH-
HOCTHU 33/1a€TCS MPHU CHHTE3€ MOHHUTOB Yepe3 KOJIMYECTBO BBOJWUMOTO CIIHBAIO-
mero areHTa. B 1ienom creneHs HaOyXaHUsI HOHUTOB OIMPEIEISIETCs KOJTHYECTBOM
cumBku [/IBB, koHIeHTpanmeld ruapodWIbHBIX WOHOTEHHBIX TPYII B 00BEME
3epHa MOHUTA U TeM, KaKue MPOTUBOMOHBI HAXOAATCSA B MOHUTE. OOBIYHO OJTHO-
3apsTHBIE MOHBI, 0COOCHHO MOHBI BOAOPO/Ia U THAPOKCHIIA, TPUBOIAT K HAUOOIb-
meMy HaOyXaHWIO, MHOTO3apsIHbIC TPOTHMBOMOHBI NPUBOIAT K HEKOTOPOMY
CIKATHIO M YMEHBINIEHHIO 00beMa 3epen [9-11].
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B Hacrosiiiee BpeMsi OTCyTCTBYIOT IPUHITUITHATHHO HOBBIC UJICH, PETHA3HA-
YEeHHBIE I CO3JJaHUS HOBBIX COPOITMOHHBIX TEXHOJIOTUH IS CEIEKTUBHOTO pa3-
JICJIICHUS. W W3BJICUCHUS HMOHOB HEOJMMA, PCHUS W CKaHAMUS U3 IMPOIYKTOBBIX
pacTtBopoB. CyImiecTByIOIIHE pa3pab0oTKU KOHIICHTPUPOBAHUS U U3BJICUCHHS HOHOB
METAJJIOB TIPEAIONIaraloT, B OCHOBHOM, HCIIOJh30BAHHE HMOHOOOMEHHBIX CMOII
3apyoexxnoro mpousBoncta (CLIA, ®panmwmsa). HeobxomuMo OTMETHTH, 4TO
MOHOOOMEHHHUKH HE OTIMYAIOTCS BEICOKON CTEICHBIO U3BJICUCHHS METANIOB U UX
pereHepanus MpeACTaBIsIeT cO00M TOCTATOYHO CIOXKHBIN mporecc. Kpome Toro,
HCIIOJIb30BaHUE MOHOOOMEHHBIX CMOJI HAIIPABJICHO HA CEJICKTUBHOE HM3BJICUCHHE
JIUIIb OJTHOTO METajula, B TO BPEMs KaK OCTAJIbHBIE COITyTCTBYIOIIME IICHHBIC
KOMITOHEHTHI OCTAIOTCS B 00heMe MPOAYKTOBOTO PacTBOpA.

MHHOBAaIIMOHHOCTh MPOBOAMMBIX HCCIICAOBAHUN 3aKIIOYAETCS B TOM, 4TO
BIIEPBBIC B MUPOBOU MTPAKTHUKE IS CEJICKTHBHOTO ITOCIIEA0BATEIILHOTO Pa3IeIeHUS
Y UW3BICYCHUS HWOHOB HEOJMMa, PEHHS W CKaHIMWs TPEAINOoJaraercs co31aTh
MPUHIIUITHAIBHO HOBBIC BBICOKOCEJICKTHBHBIC MMOJIMMEPHBIC CUCTEMBI HAa OCHOBE
B3aMMONpPOHUKAONMX HojauMepHbIX ceTok (BIIC) u momumepoB ¢ Monexymsip-
HeiMu otnedatkamu ([IMO), oGmagaromue OoJiee BBHICOKHUMH COPOITMOHHBIMU
CBOMCTBaMH (IT0 CPABHEHUIO C CYIISCTBYIONUMH aHAJIOTaMH) U CEJICKTUBHOCTHIO
10 OTHOIICHHIO K HOHAM HEOJIUMa, PEHUS U CKaAHIMSL.

OKCITEPUMEHTAJIBHAA YACTD

Obopyoosanue. KOHIIEHTPAILIMIO MOHOB HEOJIMMA, PCHUS U CKaHJUS OIpe/e-
nsmi Ha criekTpodoromerpe Jenway-6305 (CK).

Mamepuanvi. I'uaporeny NOJUAKPUIOBOW M TMOJMMETAKPUIOBOM KHUCIOT
OBUIM CHHTE3MPOBaHBI B MPUCYTCTBHM ciiuBaomero areHra N,N-meruneH-Omc-
aKpuJaMyuAa M OKHCIUTEIbHO-BOCCTaHOBUTENBHON cHucTeMbl K2S;0s-Na»S;0s.
Crenmenn  HaOyXaHHsT CHHTE3UPOBAHHBIX  THApOTeNed:  Orax)=29,33 I/T;
orMak)=22,97 t/r T'uaporens nonu-4-sununnupunuta (rl14BIT) 6el1 cuHTE3HPO-
BaH komnanue «Sigma Aldrichy (2% cmmBaromiero arenra). CHHTE3UpOBaHHbIC
THIPOTENH B BOAHOM Cpelie COCTAaBIISUIM UHTEPTeNeBYIO apy TUAPOresb IoJInMe-
TaKPIJIOBOM KUCIIOTHI — THAPOTENh Moau-4-suaunnupuauaa (TIIMAK-rI14BII).

Jlis u3ydeHust COpOLMOHHBIX CBOICTB IICEBIOB3aUMOIPOHUKAIOUIUX IOJIH-
MepHBIX ceTok Obuia moiydeHsl BIIC Ha ocHOBe ruaporeneil moimaxpuioBON
kucnotel (ITAK) n momm-4-sunmnmupunuaa (I14BII) (comep:xanne nuHEHHOTO
[T4BII otnocutensro [TAK 20 moin. %) u ruaporeneii mMoJIMMETaKpHIIOBOM KHC-
notel ([IMAK) w nonu-4-sunnnmupununa (I[14BII) (conmepxaHue THHEHHOTO
[14BII otaocurensrno IIMAK 20 mox. %). Ctpyktypa nansabsix BIIC npencrasnena
Ha pucyske 1 (a u 0).

Cunres ganneix BIIC 6bu1 poBenieH cieayommM o0pa3oMm:

1) Tlony4eHne peAKOCIINTOrO IHAPOTeis MOTUAKPHIOBOM KHCIIOTHI;

2) Tony4eHue penKOCHIUTOrO THAPOTENs TOJIUMETAKPUIOBON KHCIOTHI

3) Monyuenue BIIC.
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Pucynox 1 — B3anMorpoHUKaromue MoJIMMepHBIE CETKH
Ha ocHoBe ITAK u [14BII (a) n [IMAK u IT4BII (6)

CuHTE3UpOBaHHbIE PEAKOCIIUTHIE THAPOIEIH MOJIHAKPUWIOBON U IOIHMETa-
KPWJIOBOH KUCJIOT, JIMHEWHBIN THAPOTellb NOIU-4-BUHUIIUPUIUHA SABIISIIOTCS PEaK-
LIUOHHOM cMechlo. B kauecTBe mHMIIMAaTOpa ObljIa HCIONIB30BaHA OKUCIUTEIBHO-
BoccTtaHoBuTeNbHasA cucteMa K>S»0s—Na»S:03 (1 mur), Temmeparypa — 65-70°C.
Bpemst momumepm3amuu — 6 dacoB. Ilocie cunte3a BIIC Oputa moaBeprHyTa
MIPOMBIBKE AMCTWIIIUPOBAHHOM BOJOM B TE€UEHHME 7 CYTOK IJs yJaJleHUS He-
npopearupoBaBiiux npumeceld. I[locme wero mannbsie oOpasust BIIC: BIIC
(BIIC(rITAK-rTI4BII), BIIC(rTIMAK-rTI4BII)) Gbiiv IOABEPTHYTHI IHUCIIEPTH-
POBaHHUIO.

Oxcnepumenm. VccnenoBaHus COpOLMOHHBIX CBOWCTB CHHTE3MPOBAHHBIX
BIIC 6butn mpoBenieHbI P KOMHATHOW Temmepatype. M3yuenne copOIHOHHBIX
cpoiictB BIIC(rITAK-rI14BII) u BIIC(rIIMAK-TII4BII) 1 unTepreneBsix cucreMm
Ha UX OCHOBE MPOBOJMIIOCH CIEAYIOINM 00pa3oM:
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1) U3 cunresupoBanubix BIIC ¥ peaKOCIIUTBIX MOJIMMEPHBIX THIPOTEIeH
ObITH cocTaBieHBI cieayromue uHTepreneBbie cucteMbl: BIIC(rITIAK-rI14BII)-
rl[14BII u BIIC(rIIMAK-rI14BII)-rTI4BII.

2) PacuetHoe konmuecTBO Kaxmgoro monumepa (BIIC(rITAK-rI14BI),
BIIC(rIIMAK-TI14BII)) n uateprenessix cucteM (BIIC(rIIAK-rT14BII)-rI14BII u
BIIC(rTIMAK-rII4BII)-rII4BII)) B cyXxoM BHE IOMEMIAIOCh B CIICIMATbHbINA
CTEKJISTHHBIM (MIIBTP, MOPBI KOTOPOrO MPOHHUIAEMBI IJIsl HU3KOMOJIEKYJISPHBIX
WOHOB, HO HEMPOHHIIAEMBI YIS JIUCTIEPCHH TIOJIMMEPOB, TIOCIIE YETO THIPOTeNn
MOMEIAJINCh B PACTBOPHI HUTPATOB HEOJMMAa, PEHHUS U CKaHUs (KOHIIEHTPAIIHs
cocrasnuset 0,005 monb/i).

3) Ha npoTsbkeHn# 2 CyTOK MPOBOAMIICS OTOOP ATMKBOT IS TOCIIETYIOIIETO
olpeJieNieHrsT KOHIICHTpPAIlMd HWOHOB HEOIUMa, PEHHs M cKaHaus. Meroanka
OIpelesicHHs MOHOB HEOAWMa, B PacTBOpE OCHOBaHA Ha 0OOpa3oBaHHM OKpa-
LICHHOT'O KOMILJIEKCHOTO COEJMHEHUSI OPraHNYeCKOr0 aHAIMTHYECKOIO pearcHTa
apcera3o |l ¢ moHamm penkozeMenbHBIX MeTauioB. MOHBI peHHMS W CKaHIUS
OIpe/eNIeHbl METOJJOM aTOMHO-3MHUCCHOHHOH CIIEKTPOCKOTIHH.

Crenens u3BneueHus (copOuun) Oblia paccunTana mo Gopmyie:

Coy — C
Ha4 OoCT
=—— % 100%
CHa‘{
rae Cuay — HavaJIbHasE KOHIIEHTPALKS MeTajia B pacTBope, I/11; Coer — OCTATOUYHAS
KOHIICHTpAIMs MeTajljla B pacTBOpE, I'I.

PE3VIJIbTATBI 1 X OBCYX/IEHUE

Ha pucynke 2 mpeacTaBiieHbI KpUBBIE COPOIMM MOHOB HEOJMMa CHHTE3UPO-
BarabIMU BIIC (BIIC(rITAK-rI14BII) u BIIC(rIIMAK-rII4BII)). Co Bpemenem
MIPOUCXOAUM YBEIMUYCHHUE CTEIICHU M3BIICUCHUSI MOHOB Heoauma nanubiMu BIIC.
HauGonee pe3kuii poct HaOIIOJaeTCS HA POTSHIKEHUH 6 YacoB.

B Tabmue 1 mpencraBnensl copormonnsie cBoiictBa BIIC(TTIAK-TII4BII) u
BIIC(rIIMAK-TII4BII) mo oTHOIMEHUIO K HOHAM HeoguMa. Kak BHIHO M3 TOITY-
YEHHBIX pe3yNbTaToB (pUCYHOK 1 u Tabmuma 1), Hanbonee MHTEHCUBHO HEOIUM
copoupyercs BIIC(rITAK-rI14BII) u BIIC(rIIMAK-TI14BI1) Ha npotsoxenun 6 4
IOCJIe HaJyaJia B3aMMOJICHCTBUS COJIEBOTO pACTBOPA C MAKPOMOJICKYJIaMH (CTECTICHb
copoumu coctasisieT 35,4 u 32,7%). OT4ETIMBO BHIHO, YTO TOcCie 24 4acoB
B3aUMOJICUCTBUS JaHHBIA MapaMeTp BO3pacTaeT HE3HAUUTENbHO, YTO YKA3bIBACT
Ha MpHUOIIKEHUE K COCTOSHUIO paBHOBecHs. MakcumainbHble 3HaueHus (52,6% u
50,9%) nocturatorcs npu 48 u.

3aBUCHUMOCTh CTEIICHHU W3BIICYCHUSI HOHOB PEHHSI OT BPEMEHHU IpPE/ICTaBICHA
Ha pucyHke 3. Hanbonee unrencuBno B3aummoaeiicteue BIIC(rIIAK-TII4BII) u
BIIC(rIIMAK-TII4BII) B3auMOAeHCTBYIOT Ha MPOTSHKEHUH 6 4acoB (IIPH 3TOM
u3Bnekaercs 42,6 u 39,1% coorBercTBeHHO. JlanpHelee B3auMOAECTBIE MIPU-
BOJIMT K YBEITMYCHHUIO CTENIEHH copOnmu. MakcumainbsHble 3HaueHus (56,3 u 54,4%)
CTETICHU U3BJICUCHUs HaOIr0Mat0TCs pu 48 .
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n(Nd), %
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0. Pucynok 2 -
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30 HUOHOB HEOAMMA
25 _ BHC(FHAK-FH4BH)

20
154

u BIIC(rIIMAK-rI14BIT)
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—=— BIIC(rITAK-TT14BII)
—e— BIIC(rIIMAK-rII4BII)
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Tabmmma 1 — Copbumonnsie cBoiictBa BIIC 1o oTHOIIEHHIO K HOHAM HEOAMMA

n (Nd), %
b BIIC(r[TAK-rTI4BII) BIIC(rIIMAK-T14BIT)
0 0 0
05 12,7 113
1 20,5 17,8
28,1 273
6 354 32,7
24 48,9 46,3
48 52,6 50,9
n(Re), %
60+
55+
50+
] Pucynok 3 —
40 3aBUCUMOCTH
35 CTETIeHH W3BIICUEHHS

30
25
20

0 #rrr T

HMOHOB pCHUA
BIIC(rTTAK-rTI4BIT)
u BIIC(rTIMAK-rTT4BIT)
OT BPEMEHU

—s— BIIC(rTTAK-r1I4BIT)

—e— BIIC(rITMAK-rII4BIT)
LU IR I pCPI

4 8 12 16 20 24 28 32 36 40 44 48
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B rtabmune 2 mpuBeneHsl 3HaueHusi copOumoHHBIX cBoicTB BIIC(rITAK-
rI14BII1) u BIIC(rIIMAK-TII4BII) mo oTHOmmeHNI0 kK woHaM peHus. OCHOBHOE
KOJMYECTBO PEHUS COPOMPYETCS B TCUCHHUE 24 U, MTOCIIC 3TOTO CTETICHB U3BIICYCHUS
BO3pacTaeT He3HAYUTEIHLHO, YTO CBSI3aHO C MPUOIMKEHUEM K COCTOSHHUIO PaBHO-
BECHSI.

Tabmuma 2 — Copbumonnsie cBoiicTa BIIC o oTHOIEHUIO K HOHAM PEHHS

n (Re), %
. BIIC(-TTAK-rTI4BIT) BIIC(-TIMAK-rTI4BIT)
0 0 0
05 173 155
1 26,4 237
338 30,9
42,6 39,1
24 53,7 51,9
48 56,3 54,4

Ha pucyske 4 npuBeaeHbl 3aBUCMMOCTH CTEIICHU U3BJIEYCHUSI HOHOB CKaHAMA
BIIC(rITAK-TI14BIT) u BIIC(rIIMAK-rII4BII) ot Bpemenn. BumHo, 9T0 OCHOB-
Hoe KonnyecTBo Metainia (1o 40%) u3BnekaeTcs Ha mpoTsbkeHnH 6 4. JlanpHeiinee
YBEJIMUEHUE CTENICHU COPOLIUHU MPOUCXOIUT MEHEE HHTEHCUBHO, UTO YKa3bIBAeT Ha
NpUOTKEHHE K COCTOSIHUIO 3JIEKTPOXMMHUYECKOTO paBHOBecHE. MaKcHMalbHbIE
3HaueHus HaOmoaaroTcs npu 48 4 B3aumoeiicteus BIIC ¢ pacTBopoM coJiu.

n(Sc), %
60

55
50
45

—s— BIIC(rIIAK-rII4BII)

—e— BIIC(rIIMAK-rTI4BIT)
U L I I IU I I TR
0 4 8 12 16 20 24 28 32 36 40 44 48

Pucynok 4 — 3aBUCHMOCTH CTEIIEHN M3BJICUCHHSI HOHOB CKaH/IUsI
BIIC(rITAK-rII4BIT) u BIIC(rIIMAK-rII4BII) ot Bpemenu
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Cpasuenne crenenerd m3BneueHus BIIC(rIIAK-rI14BIl) u BIIC(rIIMAK-
r[14BIT) mpuseneno B tabmune 3. Kak BUIHO U3 TaONHIBI 3HAYEHUS BO BTOPOM
ClIy4ae HIKe, OCKOIBKY B cTpykType BIIC mpucyTcTByeT 00BEMHBIN METHIIHHBINA
3aMECTHUTEIb, KOTOPBIM 3aTpyAHICT HOHU3AIUIO TOTUMEPHOU CETKH.

Tabmuna 3 — Copbrumonnsie cBoiicta BIIC mo oTHOIIEHHIO K HOHAM CKaHIIUS

n (Sc), %
- BIIC(rTIAK-rI14BII) BIIC(rIIMAK-T14BIT)
0 0 0
05 14,1 12,8
1 21,9 193
30,2 28,5
6 37,6 34,5
24 51,7 50,4
48 53,9 52,5

Kak BHIHO U3 MONMYYEeHHBIX Pe3yNbTaTOB, HENOCTATOUYHO BHICOKHE 3HAUCHUS
CTeIeHH COPOLMM HOHOB HEOUMa, PEHHS U CKaHIHS CBS3aHBI C TEM, UTO MPOILIECC
WOHU3AIMH JaHHBIX MoJUMepHBIX cTpyKTyp (BIIC) 3aTpynHen Tem, 4To B CTPYK-
type BIIC umerorces neperieTeHus IOTUMEPHBIX TIeTeil. JlaHHoe SBIICHHE 3aTpy/I-
HSIET pa3BOpayYMBaHUE MaKPOMOJIEKYJISIPHOTO KITyOKa MpH B3aUMOAEHCTBHHU C pac-
TBOpoM. Kak cienctBue, HEJOCTATOUHO BBICOKHE 3HAYCHUS CTETICHU W3BJICUCHHUS
I[EJIEBBIX HOHOB METAILIOB.

3axumioueHue U BbIBOAbL. Ha OCHOBaHMH MOTYYECHHBIX Pe3yJIbTATOB MOTYT
OBITH C/I€IaHBI CIICAYIOIINE BHIBOBI:

1) MHuguBuayanbubie BIIC He 0071a1af0T 0CTATOYHO BBHICOKOH CTEIICHBIO
copbumu: mpu 48 yacax CTENEHb M3BJICUEHHUS HOHOB HEOAMMa cOcTaBisieT 52,6%
st BIIC(rITAK-TI14BIT) u 50,9% s BIIC(rIIMAK-rI14BII); crenens copOrmm
noHoB penuss paBHa 56,3% gna  BIICGIIAK-rII4BII) u 54,4% s
BIIC(rIIMAK-TII4BII); cTrenens u3BiacUYeHUsS NOHOB CKaHAMS cocTaBisieT 53,9%
st BIIC(rITAK-TI14BIT) u 52,5% mnst BIIC(rIIMAK-TI14BIT).

2) B wunrteprenessix  cucremax  BIIC(rITAK-rII4BII):rTI4BIT  wu
BIIC(rIIMAK-TTI4BII):rI14BI1 mpoucxomut cymiecTBeHHBIX pocT (okoio 30%)
CTETIeHH COPOIMHM HMOHOB HEOAMMA, PEHUsSl M CKaHmus Onaromaps «O¢pdexTy
TATBHONEHUCTBUS)  TOMUMEPHBIX  CTPYKTYp. IIpoMcXomuT  MOMONHUTENbHAS
akTuBanus (QYHKIMOHATBHBIX 3BEHHEB B IMPOIECCE B3aWMHON aKTHBalUU
MaKpPOMOJIEKYIL.

3) OnTuMagbHBIMU COOTHOIICHUSIMH JIJIsl COPOIIUKM HOHOB HEOAMMA, PEHHSI
n ckaaausa sBistoTces 33%BIIC(TITAK-rI14BIT)-67%rI14BII, 50% BIIC(rITAK-
rl14BIT)-50%rI14BI1, 17% BIIC(rITIAK-TI14BII)-83%rII4BII, ctenenp u3Bie-
yeHus npu 3ToM paBHa 91,6%; 93,7%; 92,5% cooTBeTCTBEHHO. MakcUMaIbHOE
KOJMYECTBO HOHOB HEOJUMa, PEHHs] W CKaHIUS B HMHTEPTeJIeBOW CHCTEME
BIIC(rIIMAK-rII4BII)-rI14BII H3BIIEKACTCS pu COOTHOILICHHSAX
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17%BIIC(rIIMAK-TT14BIT)-83%rI14BII, 33%BIIC(rIIMAK-rI14BITI)-
67%rlI4BII,  50%BIIC(rIIMAK-rII4BII)-50%rI14BII, cremens  copOuuu
coctaisieT mpu 3ToM 90,5%; 93,1%; 91,8% cooTBeTcTBeHHO. Pa3Huiia B cTeneHsx
W3BIICYCHUS 3aKIIOYACTCS B HAIMYMH OOBEMHOTO METHIILHOTO 3aMECTUTENS B
crpykrype BIIC(rIIMAK-TII4BII), BciemcTBue dero CTENEHbL WOHU3AINH
nosmmMepoB Hike B cucteme BIIC(rIIMAK-rI14BIT)-rI14BII.

Paboma evinoanenus npu noodepoicke Komumema nayku Munucmepcmed 06-
pazosanus u Hayku Pecnyonuxu Kasaxcman (npoexmot AP05131302 u AP05131451).
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HEO/IMM, PEHUI )KOHE CKAHJIN MOHJIAPBIH COPELIMSITIAYJIA
O3APA OTIMJII TTOJIMMEPJIIK TOPJIAP/IBIH KAIIILIKTAH
OPEKETTECY EPEKIIEJIIKTEPI

[Mommakpun keimksuts! (ITAK 1), nomumeraxpui kpiukeiis! (IIMAK r) sxone nosm-4-
Bunuinupuant (I14BI1 r) Herizinae e3apa eTimMIi MOJMMEPITIK TOPJIAPMEH, COHBIMEH KaTap
OJIap/bIH HETi31HJE albIHFAaH WHTEPresiK JKYHellepMeH HEOIUM, PEHHIl KOHE CKaHIMH
HOHJIApBIH copOIusuIay nporeci 3eprrenai. JKorapsia KepceTUIreH HOHAap bl COpOIus-
nmay OapbICBIHIA «KAIIBIKTAaH OpPEKETTECY OCEPIHEH» IIBIFapy Jopekeci aWTapIbIKTai
ocetini (30%-ra neitiH) aHBIKTANAbl. MaKpOMOJIEKYyIanap/AblH aKTUBTI OYbIHIAPBIHBIH
KOCBIMIIIa HOHHU3AISICHI COPOIMSIBIK KACHETIHIH aHAFYPIIbIM ©6CyiHE BIKIANT eTEe/].

Tyiin ce3mep: wHTEprenai xKyie, e3apa oTIMAI MOJIUMEPIIK TOPIAp, e3apa aKTUB-
TEHy, ©3apa YHbIMIAcy, COpOLHs

Summary

T. K. Jumadilov, R. G. Kondaurov, A. M. Imangazy,
K. Khimersen, A. D. Zhora, Z. B. Malimbayeva

FEATURES OF REMOTE INTERACTION OF INTERPENETRATING POLYMER
NETWORKS DURING SORPTION OF NEODYMIUM, RHENIUM
AND SCANDIUM IONS

Sorption process of neodymium, rhenium and scandium ions by interpenetrating
polymer networks based on polyacrylic acid (hPAA), polymethacrylic acid (hWPMAA) and
poly-4-vinylpyridine (hP4VP) and by intergel systems on their basis is studied. Found that
“long-range effect” provides significant increase (up to 30%) of extraction degree.
Additional ionization of active links leads to strong increase of sorption properties.

Keywords: intergel system, interpenetrating polymer networks, mutual activation,
self-organization, sorption.
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CATALYTIC ACTIVITY OF VANADIUM OXIDE
CATALYSTS MODIFIED BY Ti, Sn, Zr OXIDES
IN THE PARTIAL OXIDATION OF 4-METHYLPYRIDINE

Abstract. The results of catalytic activity of V20s5-MeO; (Me = Ti, Sn, Zr) binary
catalysts in the partial oxidation of 4-methylpyridine are discussed. It was found that the
binary vanadium zirconium oxide catalyst showed the greatest activity in this process.
Isonicotinic acid is obtained with the highest yield (57%) at 270 °C and a molar ratio of
4-methylpyridine:02:H,0=1:14:110.

Keywords: oxidation, 4-methylpyridine, isonicotinic acid, catalysts.

Pyridinecarboxylic acids have a high biological activity and serve as drugs or
precursors of drugs. Nicotinic acid is an active substance in niacin (vitamin B3).

The global demand for nicotinic acid and its derivatives tends to increase and,
according to forecasts for 2020, will reach 100,000 tons [1]. Isonicotinic acid is
used in the synthesis of a number of anti-TB drugs of the isonicotinic acid hydrazide
group (isoniazid, phtivazide, metazide, etc.) [2], antidepressants (iproniazide,
nialamide), quinuclidic drugs (phencarol, oxylidine, aceclidine) [3] and is used in
production of herbicides.

The coordination compounds of metals with isonicotinic acid are intensively
studied in connection with the variety of properties they exhibit: catalytic, lumi-
nescent, magnetic, thermochromic, and are also used as precursors for the synthesis
of nanosized metal oxides and nanocomposites during their thermal decomposition.
Compounds based on isonicotinic acid are of interest due to the fact that isonicotinic
acid as a ditope ligand (the functional group — COOH and a nitrogen heteroatom in
the para position of the pyridine ring) cannot simultaneously form bonds with one
metal ion and therefore is prone to the formation of polymers by intermolecular
interaction with the formation of a hydrogen bond [4-7].

The vapor-phase oxidation of 4methylpyridine by air oxygen in the presence
of oxide catalysts is the most rational method for the preparation of isonicotinic
acids. Partial oxidation catalysts usually contain transition metal oxides, such as Ti,
V, Cr, Mo, W [8].

At Bekturov Institute of Chemical Sciences JSC the research is being
conducted for searching development of new catalysts for this process, since the
latter are widely used in the manufacture of drugs. The purpose of this work is the
research of catalytic properties of V-Ti-O, V-Sn-O, V-Zr-O binary catalysts in the
vapor-phase oxidation of 4-methylpyridine.
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EXPERIMENTAL PART

In this work, dried and distilled 4-methylpyridine with boiling point of
141°/695 mm, d4?°=0.9547, np?°=1.5053 was used. These characteristics correspon-
ded to the reference data.

As initial components of the catalysts, we used vanadium pentoxide, titanium,
tin, zirconium dioxides of analytical grade. The initial oxides in a molar ratio of 1:4
were ground in a porcelain mortar to form a homogeneous batch, which then was
compressed into tablets of 15 mm in diameter and 3-4 mm in thickness and calcined
at 640 °C for 4 hours. After cooling, the tablets were crushed into grains of 3-5 mm
in size.

The specific surface area of the synthesized catalysts were determined by low-
temperature nitrogen desorption method on the NOVA 1000e gas sorption analyzer
from Quantachrome (USA).

The oxidation of 4-methylpyridine was carried out in a continuous installation
of reaction tube made of stainless steel with a diameter of 20 mm and a length of
150 mm into which 10 ml of a granular catalyst was loaded.

The unreacted 4-methylpyridine and reaction products were trapped in air-lift
type scrubbers filled with water and analyzed by gas-liquid chromatography.
Isonicotinic acid was titrated with 0,035 N alkali using phenolphthalein.

The deep oxidation products were analyzed by LXM-8MD chromatograph
with a thermal conductivity detector. The stainless steel columns had a length of
3,5 m and an inner diameter of 3 mm. The adsorbent for CO detection was an
AG-5 activated carbon (0,25-0,50 mm), for CO; — polysorbent-1 (0,16-0,20 mm).
The temperature of the thermostat was 40 °C.

The B3LYP exchange-correlation density functional method and the Lanl2DZ
two-exponential basis set with an effective core potential [9] was used for optimi-
zation of the geometry and calculation of total energy of the clusters modeling the
active centers of the catalysts. Calculations were carried out in the Born-
Oppenheimer approximation using the GAUSSIAN 09W program, version D.01.

RESULTS AND DISCUSSION

Binary catalysts of the composition V-Ti-O, V-Sn-O and V-Zr-O were pre-
pared and tested for the purpose to search new active and selective catalysts for the
vapor-phase oxidation of 4-methylpyridine.

The main oxidation products of 4-methylpyridine on these catalysts are
pyridin-4-aldehyde and isonicotinic acid. The general laws of the reaction, in parti-
cular, the effect of temperature, the amount of oxygen (air) supplied to the reaction
zone and water vapor on the yield of the main products of the reaction were
investigated.

Figure 1 shows the results showing the change in the conversion of 4-methyl-
pyridine and the yield of pyridin-4-aldehyde and isonicotinic acid on binary
vanadium oxide catalysts depending on temperature.
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The molar ratio of 4-methylpyridine:02:H20 = 1:14:110,0.
Catalysts: 1 - V205, 2 - V205-4Sn02, 3 - V205-4Ti02, 4 - V205-4Z10x.

Figure 1 — The effect of temperature on the oxidation of 4-methylpyridine
on binary catalysts of various compositions: A - conversion of 4-methylpyridine,
B - the yield of pyridin-4-aldehyde, C - the yield of isonicotinic acid

For comparison, the results of the initial unmodified vanadium oxide catalyst
are also given. It is seen from the presented data that binary catalysts incorporated
with titanium, tin, and zirconium oxides in their activity are superior to vanadium
pentoxide. The binary oxide vanadium-zirconium contact showed the greatest
activity in this process. When the initial components were fed with a molar ratio of
4-methylpyridine:02:H,O = 1:14:110.0 on this catalyst, the conversion of the initial
substance even at a temperature of 230 °C reached 85%. According to the degree
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of 4-methylpyridine conversion, the tested catalysts are arranged in the following
order: V,05< V705:4Sn0, < V705 -4Ti02 < V7205 -4Z10o.

The yield of pyridin-4-aldehyde on a vanadium oxide catalyst under the stu-
died conditions is 57,6 %. The highest selectivity in the formation of pyridine-4-
aldehyde was shown by vanadium-tin contact (77,7% at a temperature of 270 °C).

Another oxidation product of 4-methylpyridine - isonicotinic acid - is formed
on vanadium pentoxide with a yield of 58.6% at a relatively high temperature
(350 °C). Isonicotinic acid is formed with a yield of 55,8-58,4% in the temperature
range of 310-330 °C on the binary vanadium-tin catalyst. On the most active of the
studied - vanadium zirconium oxide catalysts, the acid yield was 57 % at 270 °C.

It is known that the catalytic properties of multicomponent oxide systems are
affected not only by their chemical composition, but also by the specific surface
area and porous structure.

The specific surface area of the synthesized binary catalysts was determined
by nitrogen adsorption method on the NOVA 1000e analyzer (Quantachrome,
USA). The obtained results showed that the specific surface area of the vanadium-
titanium catalyst is 0.31 m?/g, the vanadium-tin catalyst is 0.64 m?/g, and the
specific surface area of the vanadium-zirconium catalyst is 10 times higher than the
initial vanadium pentoxide (0.31 m?/g) and reaches 3.55 m?/g, which, obviously,
led to an increase in its catalytic activity.

For interpretation of the experimental data on the relative catalytic activity of
the studied compositions in the gas-phase oxidation of 4-methylpyridine, we
carried out quantum-chemical calculations of the proton affinity of vanadyl oxygen
[10], which is involved in the separation of proton from the oxidizing methyl
substituent at the initial stages of 4-methylpyridine oxidation.

The active catalysts sites were modeled by clusters containing V.0s, SnO,,
TiO,, and ZrO; fragments. The proton affinity (nucleophilicity) of vanadyl oxygen
was calculated as the difference in the total energies (Ewt) Of the initial and
protonated clusters with optimized geometry. Thus, the proton affinity is equal to
the energy released as a result of the proton addition detached from the methyl
group to vanadyl oxygen.

A comparison of the experimental results (figure 1) and calculations
(table 1) indicates that the catalytic activity of the studied compositions, estimated
by the conversion of 4-methylpyridine and the yield of desired products, increases
in the same series as the calculated proton affinity for vanadyl oxygen (PAv-o,
kJ-mol™?) contact surfaces: V.Os (756,9) < V20s-4Sn0; (773,7) < V,05-4TiO,
(801,6) < V205-4Zr0; (827,9).

Figure 2 clearly demonstrates the obtained regularity.
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Table 1 — Total energies of vanadium-containing clusters and their protonated forms (Etota),
proton affinity of oxygen bound to a vanadium ion (PAv=0) calculated

by the DFT method (B3LYP / LanL2DZ)
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Figure 2 — The effect of modifiers on the proton affinity of vanadyl oxygen

Thus, as it is seen on the basis of the research, modification of vanadium pento-
xide by the addition of tin, titanium, and zirconium increases oxygen nucleophi-
licity associated with vanadium, which entails an increase in the catalytic activity
of the contacts during the oxidation of 4-methylpyridine.
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Pesome
T. I1. Muxaiinosckas, I1. b. Bopobves, K. A. Kaoupbekos, P. Kypmaxwize

4-METUWJITINPUAMHHIH, ITAPLIMAJIABI TOTBIFYbBIHAAFBI
OKCUJIBAHAIWIIAI KATAJIM3ATOPJIAPBIMEH Ti, Sn, Zn TYPJIEHAIPUIT'EH
OKCHUATEPIHIH KATAJIMTKAJIBIK BEJICEHIII'T

4-MerunnupuuHHIH napuuanasl ToteirybiHaa Vo.0s-MeO, (Me = Ti, Sn, Zr) 6unap-
JBI KaTaJdM3aTOpIapAblH KaTAIUTHKAIBIK OCJCEHIUNIMH 3epTTey HOTHXKENepi TaJKblIa-
Hajpl. BUHAPIBI OKCHATI BaHATUN MUPKOHHHA KaTaJIM3aTOPBI OCHI MPOIECTE OENCEHIITIK
TaHBITKAHBI aHBIKTABL. 4-Metmmmupuana:02:HoO momaik kateiHace! 1:14:110 ey 60i-
raHna xoHe 270 °C temrepaTypana U30HUKOTHH KBIIIKBUIBI YIKESH WIBIFbIMbIMEH (57 %)
AJTBIHJIBL.

TyiiiH ce3mep: Hapuaiabl TOTHIFY, 4-METHIMHUPUINH, U30HUKOTHH KBIIITKLIBI, KaTa-
JU3aTOpIIAp.

Pesome
T. I1. Muxaiinosckas, I1. b. Bopobwes, K. A. Kaoupbekos, P. Kypmaxwizei

KATAJIMTUYECKAA AKTUBHOCTb MOJU®UITNPOBAHHBIX
OKCHUAAMMU Ti, Sn, Zr OKCUAHOBAHAJIUEBBIX KATAJIM3ATOPOB
B [TAPLIUAJIBHOM OKUNCJIEHUU 4-METWITTMPUINHA

OO6cyXIarTcs pe3yIbTaThl HCCIICIOBAHUS KAaTATUTHICCKON aKTHBHOCTH OWHAPHBIX
katanuzaropoB V20s5:MeO, (Me = Ti, Sn, Zr) B napuuaibHOM OKHUCICHHH 4-METHIIMH-
punuHa. YCTaHOBJICHO, YTO OWHAPHBIA OKCUIHBIA BaHATUAIIMPKOHUCBBIA KaTaIU3aTOP
MIPOSIBIJI HaWOOJNBIIYI0 aKTHBHOCTH B JaHHOM Tmporecce. VM30HWKOTHHOBas KHCIIOTa C
HanbomsmmM BEIXOAOM (57 %) momydeHa mpu Temreparype 270 °C 1 MOJTBHOM COOTHO-
mennu 4-mermnmupuana:O2:Ho0=1:14:110.

KiroueBble cjioBa: OKHcIeHUE, 4-METHIIMUPUINH, H30HUKOTUHOBAS KUCIIOTA, KaTa-
JIU3aTOPHI.
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INVESTIGATION OF SORPTION PROPERTIES OF A DISPERSED
SYSTEM OBTAINED FROM NATURAL BIOPOLYMERS

Abstract. In this paper, the regularities of the processes of structure formation of
mixed aqueous solutions of sodium humate with a natural polymer — gelatin are studied and
their sorption properties are studied. The choice of gelatin as a natural polymer is due to its
high gel-forming properties, the presence of functional groups that contribute to the
formation of intermolecular bonds, as well as industrial availability.

To obtain a dispersed system, a method of mixing water solutions of the initial
components is used, in which the self-organizing forces of the initial polymer components
are manifested. The modifying influence of humate, pH of the medium and time on the
process of system structure formation is studied. It is assumed that the stability of mixtures
is related to the structure of the structure of humate and gelatin. That when combined,
various forces of intermacromolecular interaction come to the fore and self-organizing
capabilities of polymers are realized, which lead to a significant improvement in the
properties of the original polymers. It is noted that the directed modification by combining
polymers gives almost limitless possibilities for their application in various fields, primarily
in wastewater treatment. Sorption properties of absorption of copper, nickel and lead ions
from aqueous solutions of their salts were studied for the obtained mixtures of different
compositions. The influence of the ratio of initial components on sorption is estimated. It
was found that the sorption activity of polymer-polymer complexes increases with the in-
crease in the humate mixture. The effectiveness of their application in sorption processes is
shown and they are recommended as sorbents for wastewater treatment from heavy metal
ions.

Key words: dispersion system, gelatin, sodium humate, sorption, sorbent, cleaning.

Introduction. Polymer materials are increasingly used in various fields of
industry and in everyday life due to the ability to regulate the composition and an
unlimited variety of properties.

Recently, researchers of various profiles have been paying close attention to
the issues of obtaining a dispersed system from natural high-molecular compounds
and studying their sorption properties [1-3].

One of the most important methods for obtaining such dispersion systems is
mixing various polymer solutions. When combined, various forces of intermacro-
molecular interaction come to the fore and self-organizing capabilities of polymers
are realized, which lead to a significant improvement in the properties of the origi-
nal polymers. Directed modification by combining polymers gives almost limitless
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possibilities for using polymer-polymer complexes in different fields. Polymer-
polymer complexes are a new class of composite materials that can exhibit higher
sorption properties, hydrolytic stability, and strength in comparison with the origi-
nal components. The method of obtaining them is the most economical and tech-
nological method and allows in many cases to fundamentally change the perfor-
mance properties of materials, reduce their cost [4-7].

Natural polymers offer great prospects for obtaining practically significant and
environmentally safe polymer-polymer complexes. The most widely used biopoly-
mer is gelatin.

Gelatin is the most widely studied and natural gel-forming, highly symmetric
polypeptide polymer of protein nature, in which individual parts of macrocycles
bind a peptide bond with NH-CO. It consists of 5 a-amino acids (the predominant
y-glycine), it is a typical polyampholite. The presence of peptide bonds, acidic and
basic groups determines the ability of gelatin to form donor-acceptor complexes
with humic acids. The isoelectric point of gelatin is located in the pH range from
481t05.1[8,9].

Natural ion-containing polymers include humic acids, which are formed in
nature as a result of biochemical transformations of land vegetation and make up
the main part of the organic mass of coal, peat and soil.

Humic acids (HA) are characterized by the presence of a condensed aromatic
core and an exceptionally rich functional composition. They exhibit properties of
colloidal substances, have surface-active properties, and participate in donor-
acceptor and sorption interactions.

Numerous studies have shown that humic acids can bind almost all types of
ecotoxicants, including transition metal ions and radionuclides [10].

Due to the lack of systematic research in the field of obtaining and using
polymer-polymer complexes based on humic acid with natural polymer — gelatin,
and taking into account the high complexing potential of humic acids, it seemed
relevant to conduct research in this area.

The main purpose of this work is to study the dispersion system obtained from
natural biopolymers and study their sorption properties [11].

EXPERIMENTAL PART

The initial raw material for obtaining humic acid was oxidized coals of the
Shubarkol Deposit with a humic acid content of up to 60-80%. The work used a
salt form of humic acid, in the form of sodium humate, which was isolated by
alkaline extraction from oxidized coals of the Shubarkol Deposit. Feature SH:
Y COOH+OH is 4.5 mg-eq/g, Y COOH - 3,0-3,5 mg-eq/g, A — 13-15 %, W? —
10-12%, a nitrogen content of less than 1% [12-14].

Gelatin was used as a natural polymer. Gelatin solutions were prepared as
follows: a certain amount of water was added to the gelatin suspension and left to
swell for 10-12 hours at 10°C. Then the flask with the swollen gelatin after adding
the necessary amount of water was immersed in a water bath, heated to 50°C and
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kept in it until the gelatin completely dissolved. Characteristics of gelatin: humi-
dity - 15%, ash content - 2 %, molecular weight — 70 000, d?°- = 1368 kg/m? [15].

The viscosity of polymer-polymer complexes was determined using a
Ubellode viscometer with a capillary diameter d = 0,56 at 293 K with an accuracy
of + 0,5°C.

To obtain polymer-polymer complexes based on sodium humate with gelatin,
the method of mixing agueous solutions of the initial components in various volume
ratios at room temperature was used. Polymer-polymer complexes are stable in
aqueous solution and there is no delamination. When dried, black films are formed.

To determine the sorption capacity of polymer-polymer complexes of different
compositions, the absorption of Cu (I1), Ni (I1) and Pb (I1) ions from aqueous solu-
tions of their salts at a concentration of 0.025 mol/l after a day was studied. When
the sorption equilibrium is reached in the solution, the equilibrium concentration of
metal ions is determined by complexometric titration. The sorption capacity of the
rock was estimated by the static exchange capacity of SEC, mg-eq/g [16,17].

RESULTS AND DISCUSSION

The results of the study showed that when mixing aqueous solutions, where
the main component is a natural polymer-gelatin, and sodium humate is a modifier,
homogeneous mixtures are formed that do not delaminate over time. The content
of the modifier varied from 2 to 10 wt.% relative to the main polymer. The gelatin
concentration was 7%. The choice of this concentration is due to the achievement
of a critical concentration of gelation, which forms jellies with practically measu-
rable strength. Their resistance to delamination is due to the action of intermole-
cular forces and the formation of hydrogen bonds between the original macromo-
lecules [18].

The study of structure formation processes was carried out by changing the
relative viscosity for mixtures of different compositions in time and pH. The rela-
tive viscosity of mixed solutions was determined by the viscometric method in ther-
mostatically controlled capillary viscometers. The kinetics of structure formation
processes in mixed solutions of gelatin with sodium humate is shown in table 1.

Table 1 shows that the highest relative viscosity values for gelatin mixtures
with humate are observed at pH 3.The minimum viscosity is observed near the iso-
electric point at pH 5, when all positive and negative charges are compensated and
favorable conditions are created for compacting the macromolecules of the mixture.
With an increase in the humate content in the mixture, the gelation time increases.

Obtaining stable, homogeneous, non-delaminating mixtures over time is
associated with the structure of the structure of humate and gelatin. Such reactions
are described by the basic laws established for the reaction between oppositely
charged polyelectrolytes, since both humate and gelatin exhibit typical polyelec-
trolyte properties in agueous solutions. Gelatin as a microporous substance has a
very developed surface, so that in contact with an aqueous solution, both solvent
and sodium humate penetrate into its array [19, 20].
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Table 1 - Kinetics of changes in the relative viscosity of aqueous solutions
of gelling polymer depending on the content of sodium humate and the holding time at 20°C

) Relative viscosity, 1,
No T('jg;e' at the content of sodium humate in the mixture (%wt.)
0 2 4 6 | 8 | 10
Gelatin-sodium humate, pH 3
0 1,50 1,45 141 1,37 1,33 1,28
1 1,56 1,52 1,48 1,44 1,40 1,37
1 2 1,60 1,56 1,52 1,48 1,44 141
3 1,62 1,58 1,54 1,50 1,47 1,43
4 1,66 1,63 1,60 1,58 1,55 1,53
Gelatin-sodium humate, pH 5
0 1,24 1,21 1,19 1,16 1,13 1,12
1 1,34 1,31 1,30 1,29 1,26 1,22
2 2 1,40 1,37 1,34 1,31 1,28 1,26
3 14 1,43 1,40 1,37 1,34 1,32
4 1,54 1,51 1,48 1,45 1,43 1,40
Gelatin-sodium humate, pH 9
0 1,30 1,28 1,25 1,23 1,21 1,19
1 1,37 1,35 1,33 1,30 1,28 1,26
3 2 1,42 1,40 1,37 1,35 1,32 1,30
3 1,46 1,44 141 1,39 1,37 1,35
4 1,53 1,50 1,48 1,45 1,43 1,40

Despite the complexity of studying the sorption mechanism, the resulting
polymer-polymer complexes can be considered as effective absorbers of both ca-
tions and anions due to their structural organization.

Sorption properties were studied for the obtained polymer-polymer complexes
of different compositions. To determine the sorption capacity of polymer gelatin-
humate films of different compositions, the absorption of Cu (1), Ni (II) and Pb
(1) ions from aqueous solutions of their salts with a concentration of 0.025 mol/I
after a day was studied. When the sorption equilibrium is reached in the solution,
the equilibrium concentration of metal ions is determined by complexometric
titration with a solution of Trilon B. The sorption capacity of polycomplexes was
estimated by the static exchange capacity of SEC. The results of the study of sorp-
tion of metal ions by the obtained complexes are shown in table 2.
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Table 2 — Sorption of metal ions on gelatin-humate complexes of different composition

SEC, mg-eq/g
exper. theoret. exper. theoret. exper. theoret.
100:0 0,13 0,13 0,38 0,38 1,00 1,00
90:10 0,38 0,36 0,75 0,54 1,25 1,14
60:40 1,00 1,03 1,00 1,02 1,50 1,55
50:50 1,25 1,26 1,13 1,19 1,63 1,69
40:60 1,75 1,48 1,38 2,10 1,88 1,82
10:90 2,25 2,15 1,75 1,35 2,13 2,23
0:100 2,38 2,38 2,00 2,00 2,37 2,37

*The salt concentration of 0.025 mol/l, S:L = 1:250, 20°C, 1 day.

The data in table 2 allow us to evaluate the effect on sorption of the
composition of the complex with a different ratio of gelatin and humate, the nature
of the metal ion, and also to compare the sorption capacity of humate. Table 2
shows that polymer-polymer complexes have sufficient sorption capacity in
relation to metal ions of copper, nickel and lead. As the humate mixture increases,
the sorption activity of polycomplexes increases and is 0.38-2.25 mg-eq/g, depen-
ding on the composition. The obtained SEC values are comparable to the calculated
values. A small synergistic increase is observed in the sorption of copper ions. A
synergistic increase in the complexing ability of nickel in a gelatin medium was
also found. SEC sorbents for nickel in the absence of gelatin do not exceed the
value of 2.0 mg-eq/g. Lead ions in a mixed gelatin gel slightly reduce their com-
plexing activity and, on average, show lower values of SEC than copper and nickel
ions. The resulting polymer-polymer complexes can be recommended as sorbents
in water treatment processes from heavy metal ions.

Conclusion. Thus, the research shows that polymer-polymer complexes based
on humate and gelatin are obtained by a simple method of mixing their aqueous
solutions. The regularities of the processes of their structure formation are studied
using viscometry methods. The determining role of the concentration of the
modifying additive, as well as the pH of the medium on the process of structure
formation of the system is shown. Sorption properties of the obtained polymer-
polymer complexes are investigated. The effectiveness of their application in
sorption processes as sorbents for wastewater treatment from heavy metal ions is
shown.
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Pe3iome

A. X XKaxuna, A. T. Takubaesa, C. A. Cemenosa,
A. H. Axorconmaii, A. Onoicankbizvl

TABWFHW BUOIIOJIMMEPJIEPJIEH AJIBIHFAH TUCITEPCTI
KYWEHIH COPBLIAIIBIK KACUETTEPIH 3EPTTEY

JKympicTa TaOMFH monMMepIIi — jkeNaTuHi 6ap HaTpuUil T'yMaThIHBIH apaiac Cy epiTiH-
IIepiHiH KYpBUIBIM TY3UTy HPOIECTepiHiH 3aHABUIBIKTapBl 3epTTEIreH JKOHE OJapAbIH
CcOpOUMSITBIK KacueTTepi 3epTrenred. JKenaTuHi TaOUFH TIOJIMMEp PeTiHAe TaHIay — OHBIH
XKOFapbl TeNb TY3€TiH KacHeTTepiHe, (YHKIMOHAIABIK TONTAPABIH KYPaMBIHIAFBl MOJIC-
KyJaapajiblK OafmaHBICTApABIH Maiifna OONybIHA BIKIAN €TyiHe, COHAal-aK ©HEePKOCINTIK
KOJI YKETIM/IUTITIHE HET13/IENTEH.

JucriepcusnnblK JKyHeHi amy ymIiH OacTamkbl KOMIOHEHTTEPIIH Cy epiTiHAUIepiH
apajacThIPy 9JiCi KOJIIAaHBLIA I, OHJIa OACTANKBI OJHUMEPIIiK KOMIIOHEHTTEPIiH ©3/1iriHeH
YHBIMIAaCTBIPBUIATEIH KyIITepi KkepiHedi. ['ymarteiH, pH opTaHbIH XoHE YaKbITTHIH
KYHCHIH KYPBUIBIM KYpY TIPOIICCiHe TYpaeHAipyIi acepi 3eprrenai. KocnagapabH Typak-
TBUIBIFBI TYMaT IEH JKeJIATMH KYPBUIBIMBIHBIH epeKIleNiKTepiMeH OainanbIcThl. bipinmi
xocrapra OIpIKTIpUIreH Ke3Jie MoJMMepapaliblK e3apa opeKeTTeCyiH op TYpJl Kyuirepi
LIBIFAJIbI KOHE 0ACTANKBI MOJUMEPIICPIIH KACUETTEePIH alTapiIbIKTal KaKcapTyFa OKEJICTiH
TTOJTMMEPIIEPIiH ©31H-631 YHBIMIACTHIPY MYMKIHIIKTEpi icke achIppuiansl. [lommmepnepmi
OipiKTIpy MKOJBIMEH OAFBITTAIFAaH MOTU(PUKAIIHS OJapIbl OPTYPIIi cananapia skoHe OipiHIi
Ke3eKTe aFbIHBI CyJapAbl Ta3aayja KOJMJaHyFa MIeKCi3 MYMKIHIIK OepeTiHi aTam eTuIi.
OpTYpAi KypaMaarel aJblHFAH KOCTajap YIIiH OJIApIbIH TY3IApBIHBIH Cy epiTiHAUICpIHCH
MBIC, HUKEJIb OHE KOPFACHIHHBIH MOHAAPBHIH CIHIpY OOWBIHIIA COPOIUAIBIK KAacHeTTepi
3epTTeni. bacTamkpl KOMIIOHCHTTCpAIH apakaTblHACH cOpOIsiFa ocepi 0ap eKeHiri
GaramaHbl. [ 'yMaT KOCIIACHIHBIH ©CYiMEH HOIMMEP-TIOIUMEPITi KeIIeHASPAIH COPOIMSIIBIK,
oencenainiri eceai. CopOUUANBIK MpoIecTepae oJapAbl KOJMAaHyAbIH THIMIIIIT Kepce-
TIJTEH JKOHE aFBIHIBI CYIapAbl ayblp METAII HOHAAPBIHAH Ta3apTy YIIIH COPOCHT peTiHae
YCBIHBUIFaH.

Tyiiin ce3mep: nucTepcHsIIBIK XYHe, )KeIaTHH, HATPUHA TyMaThl, COpOLus, cCOpOeHT,
Tazanay.

Pe3rome

A. X XKaxuna, A. T. Taxubaesa, C. A. Cemenosa,
A. H. Axorconmaii, A. Onoicankbizvl

NCCIENOBAHME COPBIIMOHHBIX CBOMCTB JIMCIIEPCHOM CUCTEMBI,
[NOJIYYEHHOMU 13 ITPUPOJHBIX BUOITIOJIMMEPOB

B pabore n3y4eHbl 3aKOHOMEPHOCTH TPOLIECCOB CTPYKTYpOOOpa30BaHMsI CMEIIAaHHBIX
BOJHBIX PacTBOPOB r'yMaTta HaTPHs C IIPUPOIHBIM ITOJTUMEPOM — XKEIATHHOM M H3YYCHBI HX
copOUMOHHBIE CBOMCTBA. BRIOOD KenmaTrnHa B Ka4eCTBE MPUPOIHOTO IOIHMEPa 00y CIOBICH
€ro BEICOKMMHU refieo00pa3yoluMy CBOHCTBAMHU, HATMYHEM B COCTaBe ()yHKIMOHAIBHBIX
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TPy, CHOCOOCTBYIOMIMX 00OpPa30BaHUIO MEKMOJICKYIISIPHBIX CBS3CH, a TAKXKE IMPOMBIII-
JIEHHOW JOCTYIHOCTBIO.

Jnst mosydeHus AMCTIEPCHOW CHCTEMBI HCIIOJNB30BaH METOJI CMEIIEHHUS BOJHBIX
pPacTBOPOB HMCXOJHBIX KOMIIOHEHTOB, IPHU KOTOPOM IMPOSBISIOTCS CaMOOPraHU3YIOIINe
CWJIBI MCXOJHBIX MOJUMEPHBIX KOMIIOHEHTOB. M3y4eHO MOIuQUIUpYyIOIIee BIUSHAC TY-
MaTa, pH cpebl 1 BpeMeHH Ha TIpoIiecce CTPYKTypooOpa3oBaHus cucTeMsl. [Ipennomnoxeno,
9TO CTaOMIIBHOCTH CMECEH CBS3aHO C OCOOCHHOCTSMH CTPOSHHS CTPYKTYpPHI rymaTta
KeJaTHHA. YTO TP COBMEIIIEHIH Ha ITEPBHI IUIaH BCTYMAIOT Pa3IIHBIE CHIIBI MEKMaKpO-
MOJIEKYJIIPHOTO B3aMMOJEHCTBHA W PEANM3yIOTCS CaMOOPTaHU3YIOIINE BO3MOKHOCTH
MTOJIMMEPOB, KOTOPBIEC MIPUBOAST K 3HAUUTEIIEHOMY YIIYYIICHHIO CBOMCTB UCXOIHBIX ITOJH-
MepoB. OTMEUYEHO, 9TO HaNpaBJIeHHAs MOAN(UKAIUS ITyTEM COBMEIICHHUS MOIMMEPOB 1aeT
MMPaKTUYCCKU 6e3rpaH1/mH1>1e BO3MOXXHOCTH UX MPUMEHCHHA B PA3HBIX 00JacTSAX U B nep-
BYIO O4Y€pE€Ab B OYUCTKE CTOYHBIX BO. IIJ'I}I TMOJTYUYCHHBIX cMecel Ppa3HOTo CoCTaBa U3Yy4YCHBI
COp6HI/IOHHLIe CBOIICTBa IIO NOTJIOINCHUIKD HMOHOB MCAU, HUKCIIA WM CBHHIA U3 BOJHBIX
pacTBopoB ux cojieid. OLeHEeHO BIUSHUE Ha COPOLHMIO COOTHOILIEHUE MCXOAHBIX KOMIIO-
HEHTOB. Y CTaHOBJICHO, YTO C BO3PACTAHUEM B CMECH I'yMaTa COpOIMOHHAS aKTHBHOCTB T10-
JIUMEP-TIOJIMMEPHBIX KOMIUIEKCOB Bo3pacTaeT. [TokazaHa 3¢ (hEeKTUBHOCTh MX IMPUMCHEHUS
B COpPOIMOHHBIX IIpoIeccaX M PEKOMEHIOBAaHBl B KAauyeCTBE COPOCHTOB MJISI OYHUCTKH
CTOYHBIX BOJI OT HOHOB TSDKEJBIX METAJUIOB.

KiroueBble cjI0oBa: IHCIICPCHOHHAS CHCTEMa, JKEIATHH, TyMaT HaTpus, cCOpOIus,
COpOCHT, OYUCTKA.
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THE ROLE OF QUANTUM CHEMISTRY
IN THE STUDY OF MECHANISM OF CATALYTIC OXIDATION
AND OXIDATIVE AMMONOLYSIS REACTIONS

Abstract. The role of quantum chemistry in the study of the reactivity and mechanism
of catalytic oxidation and oxidative ammonolysis of methylaromatic compounds is dis-
cussed. The new approach based on a combination of experimental kinetic researches and
quantum-chemical modeling of the active centers of vanadium oxide catalysts and their
chemisorption interaction with methylpyridine molecules and the most likely products of
their transformations has been developed in ICS. Application of this approach allowed to
put forward hypotheses about the nature of such peculiar phenomena for catalisys, as
promotion, energy compensation and synergistic effect.

Keywords: quantum chemistry, methylpyridines, reactivity, oxidation, oxidative am-
monolysis, catalysts, mechanism.

Modern physical methods (spectroscopy of adsorbed molecules, slow electron
diffraction, photoelectron spectroscopy, etc.) have provided catalysis with the
possibility of obtaining valuable information about the patterns of reactions on the
surface of a catalyst, its state, and changes under the influence of the reaction
medium [1-5]. However, none of these methods gives reasons for unambiguous
conclusions about the mechanism obtained only with its help. This limitation is
caused, in particular, by the fact that often the conditions of physical studies do not
correspond to the conditions of catalysis, and the intermediates found in isolation
from Kinetic studies can be dead ends, by-products and not be responsible for the
course of the main catalytic reaction. This leads to the conclusion that in order to
identify the true mechanism of the catalytic reaction, a combination of Kinetic and
other physicochemical studies is necessary. There are very few examples of such
complex studies in the literature. At «A.B. Bekturov Institute of Chemical Scien-
ces» JSC [6] to study the mechanism of catalytic oxidation and oxidative ammono-
lysis of methylaromatic compounds, a new approach was proposed based on a
combination of experimental kinetic studies and quantum-chemical modeling of
the active centers of vanadium oxide catalysts and their chemisorption interac-tion
with methylpyridine molecules and the most likely products of their transfor-
mations. The development of high-performance computers and the emergence of
new methods of quantum chemical calculations opened up great opportunities in
this area.

At the first stages of the studies of catalytic oxidation and oxidative ammo-
nolysis of methyl aromatic compounds [7, 8], it was assumed that these processes
proceed similarly to homogeneous oxidation, the mechanism of which is most
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reliably described by A.N. Bakh [9] and the theory of radical chain processes with
degenerate branches developed by N.N. Semenov [10]. This was facilitated by the
fact that the homogeneous and heterogeneous catalytic oxidation of certain hydro-
carbons produced the same products. For these processes, schemes were discussed
in detail in which free radicals were considered as intermediate forms. However,
later by the EPR method, hydrocarbon or peroxide radicals were not detected on
the surface of the catalysts during oxidation [11]. The hypothesis of a reaction
mechanism with a homolytic cleavage of the C-H bond in an oxidizable methyl
substituent is also evidenced by the absence of a correlation between the reaction
rate and the homolytic cleavage energy of this bond. Thus, according to reference
data [12], the experimental values of the energy of homolytic rupture (Ec.x, kd-mol™?)
grow in the order: 2-methylpyridine (314) <3-methylpyridine (318) < 4-methylpy-
ridine (322) and do not correlate with their relative reactivity under conditions of
catalytic oxidation and oxidative ammonolysis (3-methylpyridine <2-methylpy-
ridine < 4-methylpyridine).

The transformation of views on the mechanism of the initial stages of catalytic
oxidation and oxidative ammonolysis occurred with the development of ideas about
organic CH-acids [13-17], the development of a theory of adsorption and catalysis
on the surface of transition metal oxides, the development of physical methods for
the experimental study of intermediate surface compounds during the catalytic
reaction [1-5]. Numerous studies have shown the important role of acid-base and
redox properties of the surface of oxide catalysts, in particular, the role of various
forms of oxygen and its binding energy to the surface of the catalyst in the
formation of activity and selectivity of the catalyst.

Theoretical ideas about acids and bases, together with the results of kinetic
experiments and quantum-chemical studies of the reactivity of methylpyridines at
the Institute of Chemical Sciences, contributed to the formation of new views on
the mechanism of catalytic reactions of oxidation and oxidative ammonolysis. They
are based on the hypothesis of heterolytic cleavage of the C-H bond in the methyl
group at the initial stages of the processes [6, 18, 19].

Since there are no experimental data on acid-base characteristics in the gas
phase for most of the starting materials, we calculated their analogs using non-
empirical (ab initio) quantum-chemical methods [20]. Chemisorption of initial
materials on the surface of vanadium oxide catalysts was simulated using the cluster
approximation, which is currently widely used to study the mechanism of hetero-
geneous catalytic reactions [21, 22]. Clusters and their complexes with substrates
and products of their primary transformation (in our case, carbanions) were calcu-
lated using the density functional theory (DFT, Density Functional Theory) [23].

The electronic structure of pyridine resembles benzene [24]. All carbon and
nitrogen atoms are in a sp? hybridization state, and all ¢ bonds (C-C, C-N, and
C—H) lie in the same plane. Of the three hybrid orbitals of the nitrogen atom, two
are involved in the formation of ¢ bonds with carbon atoms, and the third orbital
contains an unshared pair of electrons and is not involved in the formation of bonds.
A nitrogen atom with such an electronic configuration is called pyridine.
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Due to the electron located on the non-hybridized p-orbitals, the nitrogen atom
participates in the formation of a single electron cloud with p-electrons of five
carbon atoms. Thus, pyridine is a z,z-conjugated system and satisfies the criteria of
aromaticity [25]. As a result of higher electronegativity compared to the carbon
atom, the pyridine nitrogen atom lowers the electron density on the carbon atoms
of the aromatic ring, and therefore systems with the pyridine nitrogen atom are
called z-deficient. In pyridine, the lone pair of electrons of the nitrogen atom does
not take part in the formation of the z-electron sextet and is responsible for the
manifestation of its basic properties.

The introduction of a methyl substituent into the pyridine ring substantially
changes the nature of the compound, making it bifunctional. Remaining a base due
to the presence of a nitrogen heteroatom, the compound acquires the properties of
a CH-acid, capable of cleaving a proton from a methyl group under the action of a
nucleophile, which has a fairly high proton affinity. The use of non-empirical quan-
tum-chemical calculations with chemical accuracy [20] allows us to quantitatively
evaluate the basicity and CH-acidity of the studied compounds.

The basicity of the initial methylpyridines (B) was calculated as the proton
affinity (PA) based on the total energies of the initial molecules and their nitrogen-
protonated ring forms with optimized geometry. We used the non-empirical quan-
tum-chemical method (ab initio) with the Pople basis sets HF/6-311 + G(2d,2p),
including two d-functions of non-hydrogen atoms (plus diffuse functions) and two
p-functions of hydrogens:

B+ H"=BH"+PA (1)
PA = EtotaI(B)+ EtotaI(H+) —EtotaI(BH+) (2)

The total energy of the proton is a constant, and to compare the relative basicity
of the initial compounds, you can use the equation:

PA = EtotaI(B)' EtotaI(BH+) (3)

Thus, the basicity of pyridine and its methyl derivatives is estimated by proton
affinity, i.e. the amount of energy released as a result of the attachment of a proton
to a nitrogen heteroatom and the formation of a new N-H bond due to its lone
electron pair.

An interesting fact should be noted that the introduction of an electron-dona-
ting methyl substituent in the pyridine ring leads to an increase in basicity (proton
affinity). Presumably, this effect is associated with a decrease in the degree of
delocalization of the lone electron pair of the nitrogen atom, which in turn leads to
an increase in its ability to interact with the Lewis and Bronsted acid centers of the
catalyst surface. Methyl substituents at the 2- and 4-positions of the pyridine ring
have the highest influence on the basicity due to the conjugation effect, and in the
case of the 4-methyl group this effect is enhanced by «hyperconjugation» due to
the aromaticity of the pyridine ring [24, 25]. The impact of the methyl substituent
in position 3 on the basicity is much less, since it is associated with the manifes-
tation of a weaker inductive effect.
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The adsorption interaction of methylpyridines with a nitrogen atom and acid
sites of the catalyst makes a significant contribution to the activation of methyl
groups, which entails the transfer of the reaction center from the nitrogen atom of
the ring to the methyl group. Despite the existing experimental methods for
determining the basicity of organic compounds in the gas phase (high pressure mass
spectrometry, ion-cyclotron resonance spectroscopy) [14], the information on this
issue is far from complete. Therefore, we calculated the basicity values of isomeric
methylpyridines as proton affinity (PA in equation 3).

The calculated proton affinity characterizing the basicity, calculated by the ab
initio method [HF/6-311+G (2d, 2p)], is provided in table 1. It was established that
the basicity of isomeric methylpyridines in the gas phase (PA, kJ-mol?) increases
in the order:

3-methylpyridine (995.9) < 2-methylpyridine (1002.4) <
< 4-methylpyridine (1003.2)

Table 1 — The total energies of the bases, protonated by nitrogen ring form (Etota),
the proton affinity (PA), calculated by the ab initio method [HF/6-311+G(2d,2p)]

- Etotal., a.u.

Ne Compound i i i PA%,

p isolated molecules protonated nitrogen rings kJ-mol-

(M) form (MH*)
1 | Pyridine 246.7650 247.1397 983.7
2 | 3-methylpyridine 285.8130 286.1923 995.9
3 | 2-methylpyridine 285.8171 286.1989 1002.4
4 | 4-methylpyridine 285.8152 286.1973 1003.2
Note: * PA= (Em -Emn+)-2625.46.

In the same series, the reactivity of methylpyridines in the process of catalytic
oxidation increases, estimated by the degree of conversion and the yield of partial
oxidation products (figure 1). In the case of 2-methylpyridine, the low yield of
picolinic acid is explained by its tendency to decarboxylation under conditions of
vapor-phase catalytic oxidation.

The introduction of a methyl substituent into the pyridine ring leads to the
appearance of a new property and makes these compounds bifunctional. It is known
that methyl pyridines are among weak CH acids [13-16] and, under the action of a
strong base, are able to cleave the proton from the methyl group, for example, in
liquid phase deuterium exchange [17]. This reaction proceeds with the formation
of carbanion. The coincidence of the sequence of changes in the reactivity of me-
thylpyridines during deuterium exchange and in oxidation and oxidative ammo-
nolysis suggests that the activation of picolines methyl groups under the conditions
of a heterogeneous catalytic reaction proceeds according to a similar mechanism
with heterolytic cleavage of the C—H bond. In the catalytic reaction, the role of
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in conditions of oxidation on V-Ti-Al-O the catalyst

proton acceptors can be played by various forms of surface oxygen bound to
vanadium atoms [11]. Obviously, the rate of deprotonation of methyl substituents
converted to carboxy- or cyano-groups should influence the reaction rate. The data
on the experimental values of CH acidity of methylaromatic molecules are not
completely presented in the literature; therefore, using the non-empirical quantum-
chemical ab initio method using the Pople basis sets [HF/6-311+G(2d,2p)], we
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calculated values methyl group deprotonation enthalpies (DPE, Deprotonation
Enthalpy) as analogues of CH acidity of methylpyridine molecules.
The equation for the reaction of CH-acid with a proton acceptor is:

AH +B = A” + BH*~ DPE @)
DPE = EtotaI(Ai) + Etotal (BH+) - EtotaI(AH) - EtotaI(B) (5)

where Eqtal is the total energy of the corresponding compound, B is the main center,
the proton acceptor. For the same proton acceptor, the difference Eiota (BH +) - Etotal
(B) in equation (5), equal to the proton binding energy, can be considered constant.
Therefore, to calculate the deprotonation enthalpy that characterizes the relative
strength of CH acids, one can use an equation that includes the total energies of the
carbon anions and the initial molecules with optimized geometry:

DPE = Eotal(A") —Erotal(AH) (6)

According to the results of quantum-chemical calculations using the Pople
basis sets [HF/6-311+G (2d, 2p)] (table 2), the CH-acidity of isomeric methylpyri-
dines in the gas phase increases as the deprotonation of methyl groups (DPE,
kJ'mol™?) in a row:

3-methylpyridine < 2-methylpyridine < 4-methylpyridine

Table 2 — The total energies of the molecules of isomeric methylpyridines and the corresponding
anions (Ewtar), the enthalpies of proton detachment from methyl groups in the gas phase (DPE),
the energies of the higher occupied molecular orbitals of anions (EHomo), calculated
by the ab initio method [HF/6-311+G (2d,2p)]

Ne Initial -Etotal, a.U. DPE*, -EHowmo,
compound molecules anions KJmol? KJmol?
1 3-methylpyridine 285.8130 285.1766 1670.8 87.1
2 2-methylpyridine 285.8171 285.1868 1654.9 116.4
3 4-methylpyridine 285.8152 285.1958 1626 148.1
Note: *DPE = [Eotai(anion) —Etotai(molecule)] - 2625.46.

While discussing the relationship between the structure and reactivity of
methylpyridines, it is necessary to take into account the fact that, due to the pecu-
liarities of their structure, they are bifunctional compounds. On the one hand, as
mentioned above, the presence of an electron-withdrawing nitrogen atom in the
cycle provides a qualitative difference between pyridine derivatives and methyl-
benzenes, giving them a higher basicity [24]. On the other hand, methylpyridines
are among the weak CH acids and are capable of cleaving the proton from the
methyl group. This structural feature of methylpyridines must be correlated with
the surface properties of vanadium oxide catalysts, which contains both the
Bronsted acid centers (surface proton donor hydroxyl groups) and Lewis (electron-
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withdrawing valence-unsaturated metal cations) capable of interacting with a lone
electron pair of nitrogen heteroatom and various vanadium bound oxygen species
[11], responsible for the deprotonation of oxidizing methyl substituents.

Table 2 also gives the calculated energies of the highest occupied molecular
orbitals of intermediate carbanions (Enomo, kJmol?), which characterize their
stability[24]. The lone electron pair of the carbonation is located on the highest
filled molecular orbital (HOMO). The more the lone electron pair is delocalized
(i.e., the more its electron density is shifted toward the ring), the lower the energy
of the HOMO (energy has a more negative value) and, therefore, the more stable
the carbanion. The more stable the carbanion, the higher the probability that it will
not capture the proton back, but will turn into the final reaction product (aldehyde,
acid or nitrile).

According to the table 2, the methyl group of 4-picoline gives off a proton
more easily, and the resulting carbanion is more stable than the 2- and 3-isomers;
therefore, the conversion rate of 4-picoline to partial oxidation products is higher
(figures 1 and 2).

Pyridinecarboxylic acids and their derivatives have various physiological
properties and are widely used in medicine and agriculture. Therefore, the
promotion of vanadium pentoxide by additives of various oxides plays an important
role in increasing the productivity of their synthesis processes.

Our studies of the 3- and 4-methylpyridines oxidation over a catalyst from
individual V-0s and over binary vanadium oxide catalysts obtained by its modifi-
cation showed that additives of modifying oxides have a promoting effect on the
catalytic properties of two-component contacts. The promotion effect is appeared
in an increase in the conversion of the initial methylpyridines, an increase in the
yield of the target products, and a decrease in the optimal reaction temperature for
their obtaining.

Among the carboxylic acids of the pyridine series, nicotinic acid occupies an
important place, on the basis of which Cordiamine, Feramide, Nicodan, Ethiacin,
Vitamin PP and other therapeutic preparations are obtained [26]. Niacin is also used
in the manufacture of premixes in animal husbandry. The preparation of nicotinic
acid is currently based on the liquid-phase oxidation of 3-methylpyridine with
inorganic oxidizing agents or the hydrolysis of nicotinic acid nitrile formed during
the oxidative ammonolysis of the initial methylpyridine [27].

We studied the catalytic properties of a number of catalysts containing V.0s
and Ti, Sn, Zr, Nb and Al oxides in the vapor-phase oxidation of 3-methylpyridine
into nicotinic acid. It was established a relationship between the catalytic activity
of the synthesized binary oxide catalysts and proton affinity calculated by quantum-
chemical methods (nucleophilicity) of active oxygen bound to vanadium [18].

We interpreted the obtained experimental data using quantum chemical calcu-
lations, according to which titanium, tin, and zirconium dioxide, niobium pentoxi-
de, and alumina (111), when added to vanadium pentoxide, can increase the proton
affinity of vanadium-bound active oxygen, which is involved in the deprotonation
of oxidized methyl 3-methylpyridine groups (figure 3).
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It was found that the modification of V>Os with Ti, Sn, Zr, Nb, and Al oxides
leads to an increase in the activity and selectivity of the vanadium oxide catalyst in
the vapor-phase oxidation of 3-methylpyridine to nicotinic acid. It was shown that
over two-component V,0s-TiO2, V20s-Sn0;, V205-ZrO;, V20s-Nb,Os and V;0s-
Al,Oscatalysts, the conversion of 3-methylpyridine and the yield of nicotinic acid
can be several times higher than the same indices on the catalyst from V,Os. It was
established that, when passing from V>0s to two-component vanadium-containing
catalysts, simultaneously with an increase in the values of the proton affinity
calculated by the quantum-chemical method for active oxygen bound to vanadium
(figure 3), the activity of contacts in the oxidation reaction increases [18].
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Figure 3 — The effect of modifiers on the proton affinity of vanadyl oxygen, calculated
by Single Point using an extended basis (for the metal atoms, the Studgardt two-exponential SSD set
was used, for the other atoms, the basic set HF/6-31++G(d,p) was used, including polarization
and diffuse functions). The geometry of the structures was previously optimized
by the DFT method (B3LYP/LanL2DZ). Calculations using the GO9W program

The active sites of the catalysts were modeled by clusters [21, 22] containing
fragments of V.Os and promoter oxides. Based on the obtained results, it can be
concluded that the observed effect of the studied additives on the activity and
selectivity of binary catalysts is associated with a change in their degree of nucleo-
philicity of vanadyl oxygen [11], which is involved in the deprotonation of an
oxidizable methyl substituent.

The development of heterogeneous catalytic processes for the oxidation of
4-methylpyridine to isonicotinic acid, which is currently underway at «A.B. Bektu-
rov Institute of Chemical Sciences» JSC, is aimed at developing new, more effec-
tive, environmentally friendly and safe methods for producing anti-tuberculosis
drugs based on it [26].

In the oxidation of 4-methylpyridine on a fused catalyst of composition
V,05:TiO; = 1: 0.5, depending on the conditions, pyridine-4-aldehyde (yield 70—
72%) or isonicotinic acid (yield 55-57%). It was noted that a decrease in the
concentration of water vapor in the reaction mixture contributes to an increase in
the yield of pyridine-4-aldehyde [28].

We studied the partial oxidation of 4-methylpyridine under comparable condi-
tions on binary and ternary vanadium oxide catalysts promoted by additions of
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titanium, aluminum, iron, and zirconium oxides, and also established the influence
of the nature of the promoter oxide and reaction conditions on the selectivity of the
oxidation process [18].

It was established that the nature of the modifier oxide has a noticeable effect
on the selectivity of binary catalysts in the oxidation of 4-methylpyridine under the
conditions studied. Over V-Ti- and V-Zr-oxide catalysts, the only partial oxidation
product is isonicotinic acid, which is formed in low-temperature experiments with
a selectivity of 85-98%. During the oxidation of 4-methylpyridine on catalysts
made from individual vanadium (V) oxide and binary V-Al and V-Fe oxide cata-
lysts, pyridine-4-carbaldehyde is found to be appreciable in addition to isonicotinic
acid in the reaction products. The selectivity of the formation of isonicotinic acid
on all the studied modified catalystsis higher than on the catalyst from individual
vanadium (V) oxide. The nucleophilicity of vanadyl oxygen, calculated by us as
the proton affinity for the binary catalysts, using an extended basis is also higher
(the Studgardt two-exponential SSD set was used for metal atoms, and the basic set
6-31++G(d,p) was used for other atoms including polarization and diffuse func-
tions) (figure 3).

The partial oxidation of 4-methylpyridine to V-0s and binary vanadium oxide
catalysts promoted by TiO,, Al,Os, Fe;0s; and ZrO, additives was studied. The
catalytic activity of the studied contacts and the calculated values of the proton
affinity of vanadyl oxygen are compared (figure 3). It was suggested that the
mechanism of individual vanadium pentoxide promotion by the listed oxides
consists in increasing under their influence the nucleophilicity of vanadyl oxygen,
which is responsible for the deprotonation of the oxidized methyl group of the
substrate at the initial stages of the oxidation process.

We carried out the quantum-chemical modeling of the chemisorption of
isomeric methylpyridines (MP) on the surface of a vanadium oxide catalyst with
the transfer of a methyl group proton to vanadyl oxygen. The active center of the
catalyst was modeled by a minimal cluster with one vanadium atom (table 3), as
well as a two-core cluster containing the Lewis acid center (V#* ion) and vanadyl
oxygen (table 4).

The energy of heterolytic cleavage of the C—H bond in the methyl substituent
was calculated from the difference in the total energies of the chemisorbed carbon
anion and the molecule. Moreover, it was assumed that the proton detached from
the methyl group is transferred «to infinity», and the charge of the carbona-
nion/cluster complex changes from 1+ to zero. As can be seen from the table3, the
energy of heterolytic cleavage of the C—H bond in the methyl groups of chemi-
sorbed substrates reaches significant values (more than 1000 kJ-mol?). At the same
time, it is known that the experimentally determined activation energy of such reac-
tions is 80-100 kJ'mol. It must be assumed that a decrease in the energy barrier
under conditions of heterogeneous catalysis occurs, according to the views of
academician G.K. Boreskov [29], as a result of the compensation of a part of the
energy required for heterolytic breaking of the C—H bond of the methyl group due
to the energy released as a result of the addition of a proton to vanadyl oxygen with
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the formation of a new V-O-H bond. Calculations showed that the values of the
deprotonation enthalpy of the methyl group [DPE (ads.), kJ mol?] are of the same
order as the experimental activation energies and decrease in the order 3-MP/cluster
(238.5) <2-MP/cluster (239.3) <4-MP/cluster (163.5). According to the results of
the experiment, under the conditions of catalytic oxidation, the conversion of the
initial methylpyridines and the yield of partial oxidation products naturally increase

in the same series with a decrease in the deprotonation enthalpy of methyl groups
(figure 2).

Table 3 — Total energies of methylpyridines and their carbanions (Etwtar) associated
with the mononuclear Lewis acid center of the vanadium oxide catalyst (Etotal), C—H bond
heterolytic energy (Ec-+) and methyl group deprotonation enthalpy with energy compensation due
to proton transfer to vanadyl oxygen (DPE) calculated by the DFT method (B3LYP/LanL2DZ)

Reaction _ “Eoa,al. Ecw*,
without energy compensation Chemisorbed | Chemisorbed | kjmolt
molecule Carbanion
N / AN -
p CH,H =t CH,
N7 N7 585.6995 (3) | 2022514 () | 117656 (3)
' 4> '
i+ i+ 585.28824
Ho/(f Ho/({ 585.6989 (2) | o) 1078.2 (2)
H H
585.7023 (4) | 55 pogy (a) | 10613 (4)
Charge™ 1+ Charge™ o
Energy . —FEtotal, a.U. ' DPE*,
Compensated Reaction Chemisorbed | Chemisorbed | | (ymol-t
molecule Carbanion
‘ \7 CH,H @CH;
N / . N 585.6095 (3) | 585.6084 (3) | 239.3 (3)
it 2+
HO/JV g Ho—V- o " | 5856089 (2) | 585.6323(2) | 174.8(2)
H H
585.7023 (4) | 585.6400 (4) | 163.5 (4)
Charge™ 1+ Charge™ 1+
—C _
N sc v Csc
NCot CX \Cf CX Ay
‘3+ CH,H CH, 585.6995 (3) 585.6084 (3) 239.4 (3)
V V
HO— = 0‘/ Ho—) o1 | 5856089 (2) | 585.6327(2) | 1739 (2)
H H
585.7023 (4) | 585.6400 (4) | 163.5 (4)
Charge™ 1+ Charge™ 1+
Note: *Ec-i, DPE = (Eanion/cluster— Emolecule/cluster) * 2625.46.
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The sequence of changes in reactivity in the series of isomeric methylpyridines
is also maintained under conditions of oxidative ammonolysis. According to the
figure 3 results, in the studied range of stationary concentrations of methylpyridi-
nes, the rates of their expenditure and accumulation of cyanopyridines increase in
the series: 3-methylpyridine <2-methylpyridine < 4-methylpyridine.

In favor of the correctness of our use, for modeling the chemisorption of
methylpyridines, of a minimal surface cluster (with one vanadium atom), the fact
that, while passing to a more extended cluster with two vanadium atoms, the results
of calculations of the energy of heterolytic C—H bond cleavage in methyl groups
(Ec-n) and their deprotonation enthalpies (DPE) with proton transfer to vanadyl
oxygen are practically unchanged (table 4).

Table 4 — The total energies of methylpyridines and their carbanions associated
with the binuclear cluster (Etwtar), the deprotonation enthalpies of methyl substituents (DPE)
calculated by the DFT method (B3LYP/LanL2DZ)

Reaction i —Etotal, 2.U. i Ecn*,
without energy compensation Chemisorbed | Chemisorbed | | jmq|t
molecule Carbanion
@ CHH -7 (\7 CH,
N o N? 0 883.4949 (3) | 883.0492 (3) | 1170.1(3)
s o
V.
0N V., o Voo Vo, | 8834969 (2) | 8830834(2) | 10855 (2)
H H
H H 883.4975 (4) | 883.0923 (4) | 1063.7 (4)
Charge™ 1+ Charge™ 0
Deprotonation of the CHs substituent i —Eroa, a.U. i DPE?,
with proton transfer to vanadyl oxygen Chemisorbed | Chemisorbed | |3 mo|t
molecule Carbanion
(E CH,H (\7 CH,
N/) \ N/) H
| o ‘ 0~ | 883.4949 (3) | 883.4040 (3) | 2385 (3)
\7 \H/ — it \ +
0="0— "~ on 0= Veoy | 8834969 (2) | 8834297 (2) | 1763 (2)
H H b
H 883.4975 (4) | 883.4382 (4) | 155.7 (4)
Charge™ 1+ Charge™ 1+
Note: * Ecn, DPE = (Eanion/cluster— Emoleculefcluster) *2625,5.

Thus, as a result of experimental and theoretical studies, a correlation between
the basicity and acidity of isomeric methylpyridines in the gas phase and their
relative reactivity under conditions of gas-phase catalytic oxidation (figure 1) and
oxidative ammonolysis (figure 2)was found, which is in favor the staged mecha-
nism of these reactions with heterolytic cleavage of the C—H bond in oxidizable
methyl groups and the intermediate formation of carbanions. The reactivity of
isomeric methylpyridines in oxidation and oxidative ammonolysis, estimated by
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the rate of substrate expenditure and accumulation of the corresponding pyridine
carboxylic acids and their nitriles, increases in the order: 3-methylpyridine <2-me-
thylpyridine <4-methylpyridineand correlates with the enthalpy of deprotonation
of the methyl substituent in the gas phase.

The first act of the catalytic process, of course, is their chemisorption on the
contact surface. Of great theoretical and practical interest is the mechanism of
interaction of methylpyridines with active centers of the surface of the vanadium
oxide catalyst. According to [11], the surface of vanadium oxide catalysts contains
Lewis acid sites (vanadium cations), on which methylpyridines can be adsorbed, as
well as various forms of oxygen, which are responsible for the detachment of the
proton from the oxidizing methyl group at the initial stages of the process. The
active centers of the surface were modeled by clusters representing a fragment of
the surface containing one or two vanadium atoms surrounded by oxygen atoms.

To simulate the chemisorption of the initial compounds and the primary pro-
ducts of their transformation (carbon anions) on the surface of the oxide catalyst,
the density functional method (DFT, Density Functional Theory) was used [23]. To
optimize the geometry and calculate the total energy of the complexes, we used the
B3LYP exchange-correlation density functional method and the Lanl2DZ two-
exponential basis set with an effective core potential. At the first stage, the energies
of the heterolytic bond cleavage of C—H methyl groups (Ec-1) were estimated by
the difference in the total energies of the complexes of the starting compounds and
the corresponding carbon anions with optimized geometry. It was found that the
rates of expenditure of the initial compounds and the accumulation of pyridine
carboxylic acids and their nitriles under conditions of oxidation and oxidative
ammonolysis increase with decreasing Ecu (kJ-mol™*) methyl groups of substrates
associated with the cluster in the order: 3-methylpyridine (1176.6) - 2-methylpyri-
dine (1078.2) — 4-methylpyridine (1063.7) (Table 3). Attention should be given to
the high values of the heterolytic cleavage energy of the C—H bond of methyl groups.

According to academician Boreskov G.K. [29], an increase in the rate of
heterogeneous catalytic reactions proceeding according to a separate mechanism is
possible due to an increase in the degree of energy compensation of old bonds
breaking due to the energy released at the stage of formation of new bonds. In our
case, we are talking about lowering the high energy barrier at the stage of
heterolytic breaking of the C—H bond in the oxidizable methyl group due to the
energy released during the formation of a new V-O-H bond as a result of the
addition of the proton detached from the methyl group to vanadyl oxygen. A similar
compensation effect was demonstrated by the results of our calculations with
simulation of proton transfer from a methyl group to vanadyl oxygen (table 3).

It is characteristic that the experimentally established reactivity of the substra-
tes increases as the calculated DPE values of the «adsorbed» substrates (kJ-mol™)
decrease in the series: 3-MP/cluster (239.3) — 2-MP/cluster (174.8) — 4-MP/cluster
(163.5).

Calculations for complexes with planar adsorption of methylpyridines and their
carbanions at the Lewis acid center led to almost the same DPE values (table 3).
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Visualization of the results of quantum chemical calculations showed that in
the process of optimizing the geometry of complexes with a planar arrangement of
the molecule (anion), they are converted into complexes with vertically arranged
molecules connected by a ring nitrogen atom to the vanadium cation. This can be
explained by the fact that this type of adsorption is energetically more profitable.
After activation of the molecule, the reaction center is transferred from the nitrogen
atom to the methyl substituent.

As an experimental confirmation of the possibility and preference of «vertical»
adsorption, one can refer to an article whose authors, using X-ray absorption spec-
troscopy (XAS) and scanning tunneling microscopy (STM), showed that during the
adsorption of isomeric pyridine monocarboxylic acids on the surface of rutile TiO;
(110) pyridine rings oriented so that their planes are mainly perpendicular to the
surface [30].

Table 5 shows the rate constants of the stage of cyanopyridines formation (k;)
at 390°C, obtained by mathematical processing of the experimental Kinetic data
shown in figure 3. As can be seen from the table 5, the rate constants increase in
the series 3-methylpyridine <2-methylpyridine <4-methylpyridine, as the basicity
of the substrates (PA) increases and the enthalpy of deprotonation of their methyl
groups in the gas phase decreases [DPE (gas)] and under conditions simulating
chemisorption on catalyst surface [DPE (ads)].

Table 5 — Proton Affinity of methylpyridines in the gas phase (PA), the enthalpy of deprotonation
of methyl substituents in the gas phase [DPE (gas)] and under conditions simulating chemisorption
[DPE (ads)], the rate constants of the stage of cyanopyridines formation under conditions
of oxidative ammonolysis on vanadium oxide catalyst at 390°C (ki)

Compounds kJ-F;Tﬁ;I'l lefm(g??' DIEJ-EnSgﬁ?)’ L-g;(-il-’hl
3-methylpyridine 995.9 1670.8 238.5 0.9883
2-methylpyridine 1002.4 1654.9 176.3 6.0746
4-methylpyridine 1003.2 1626 155.7 12.438

Thus, the results of quantum chemical calculations of the enthalpy of proton
separation from methyl substituents of the studied compounds under conditions
simulating chemisorption on the surface of a vanadium oxide catalyst correctly
reflect the patterns of relative reactivity of methyl groups of the initial compounds
under conditions of catalytic oxidation and oxidative ammonolysis.

The approach developed at the Institute of Chemical Sciences to study the me-
chanism of catalytic oxidation and oxidative ammonolysis of methylpyridines [6]
differs from the literature [1-5] in that experimental data on relative catalytic acti-
vity are interpreted using the results of quantum-chemical modeling of chemisorp-
tion of substrates on active centers of the surface of vanadium oxide catalysts, as
well as the processes of promotion of vanadium pentoxide by additives of oxides
of various nature.
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The application of the new approach allowed us to hypothesize the nature of
the synergistic effect [31], which is observed with the simultaneous modification
of vanadium pentoxide by the addition of two oxides: titanium (IV) and tin (IV),
titanium (1V) and zirconium (1V), titanium (1) and chromium (I11), and manifests
itself in a noticeable increase in catalytic activity during the transition from indivi-
dual vanadium pentoxide and binary oxide systems to ternary contacts [32-38]. In
the same series of catalysts, an increase in the calculated proton affinity of vanadyl
oxygen in three-component catalysts was observed (figure 4).
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Figure 4 — The proton affinity of vanadyl oxygen V20s, binary and ternary catalysts.
DFT calculations (B3LYP/LanL2DZ)

Conclusion. For revealing the true mechanism of the catalytic reaction, a
combination of kinetic and other physicochemical studies is necessary. There are
very few examples of such complex studies in the literature. To study the mecha-
nism of catalytic oxidation and oxidative ammonolysis of methylaromatic com-
pounds, a new approach based on a combination of experimental kinetic studies
and quantum-chemical modeling of the active centers of vanadium oxide catalysts
and their chemisorption interaction with methylpyridine molecules and the most
likely products of their transformations was proposed at «A.B. Bekturov Institute
of Chemical Sciences» JSC. The development of high-performance computers and
the emergence of new methods of quantum chemical calculations opened up great
opportunities in this area.
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Pesrome
II. b. Bopoobwes, T. II. Muxaiinoeckas, A. M. Hmanza3ze

KATAJIMTUKAIJIBIK TOTBIFY MEH TOTBIKTBIPFBIIII
AMMOHOJIN3 PEAKIAJTAPBIHBIH MEXAHU3MIH 3EPTTEYIETT
KBAHTTBIK XUMUMAHBIH POJII

TOTBHIKTBIPFRIII aMMOHONM3IIH BaHAIMA OKCHATI KaTaln3aTOpFa PEaKUUsUIBIK Kaoi-
JETTINIr KOHEe METWIMUPUANHIACPAIH ITapIHaIIsl TOTBHIFYIaFbl MEXaHU3UIH 3epTTeyHeri
KBAHTTBHIK XUMHUSHBIH POJIi TAJIKbUIAHAIB. X MIMUSIIBIKFBUIBIMIAP HHCTHTYTHIHIA JKacallFaH
’KaHa TOCUIl KOJJaHy KaTaJlu3re TOH KYObUIBICTAp/IbIH CUIIAThI TYPaJibl TUIIOTE3aHbl alFa
KBUDKBITYFa, DHEPTHSHBIH 6TEMaKbIChl MEH CHHEPTU3M CHSIKTHI 00JDKaM xKacayFa MYMKiH-
JiK Oepi.

Tyiiin ce3aep: KBaHTTHIK XUMHUS, METHITUPUANHIIED, PEAKIMSIBIK KaOJIESTTUIIK, TO-
TBIFY, TOTBIKTBIPFBII AMMOHOJIN3, KaTaIn3aTopiap, MEXaHU3M.

Pe3iome
II. B. Bopoowes, T. I1. Muxaiinoeckas, A. M. Umanza3ze

POJIb KBAHTQBOPI XUMHWU B U3YUEHUU MEXAHU3MA
PEAKIN KATAJIMTUYECKOT'O OKMCJIEHUA
N OKUCIIUTEJIBHOI'O AMMOHOJIM3A

OO6cykaaeTcs pojib KBAHTOBON XMMHH B UCCIIEIOBAHUN PEAKIIMOHHOW CIIOCOOHOCTH
METHIIHPUANHOB U MEXaHU3Ma HX MapHHaIbHOTO OKHCICHHUS M OKHUCIHUTEIFHOTO aMMO-
HOJIM3a Ha BaHAIWHOKCHIHBIX KaTaimm3aTtopax. [Ipumenenue paspaboranHoro B MXH HO-
BOTO MOAXO0JAa IMO3BONHIO BBIABUHYTh TMIIOTE3Y O NPUPOAE TaKUX CBOMCTBEHHBIX IS
KaTauu3a sIBJIeHUH, Kak IPOMOTUPOBAHHE, KOMIIEHCALIUS SHEPTUU U CUHEPTU3M.

KaioueBble cjioBa: KBaHTOBAsI XUMUSI, METHIITAPUINHBI, pEaKIIMOHHAsI CIIOCOOHOCTH,
OKHUCIICHHE, OKUCIUTENIbHBIA aMMOHOJN3, KaTaIN3aTOPBI, MEXAHU3M.
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POLYCOMPLEXES BASED ON BIOPOLYMERS

Abstract. Studies of polymer complexes of humic acids with a synthetic polymer have
broad prospects for directed modification of humic acids and for the creation of a new class
of composite materials of various applications. As part of the creation of effective and
environmentally friendly technologies for deep processing of coal mining waste and the
production of new valuable import-substituting chemical products for multi-purpose
purposes, studies have been conducted to obtain self-organizing humic polymers and their
complexes with a synthetic polymer. The raw material for the production of sodium humate
was oxidized coals of the Shubarkol Deposit with a content of humic acids up to 60-80%,
isolated by alkaline extraction. As a synthetic polymer, polyacrylamide with a high
molecular weight of 5.0-10%, with a degree of hydrolysis of 10%, a content of carboxyl
groups — 1.4 mg-eq/g and a characteristic viscosity — 6.2 was used. By the method of mixing
solutions, polymer complexes of sodium humate with polyacrylamide were obtained and
characterized. Their acid and sorption properties by copper ions were studied. The analysis
of metal ions was carried out by the complexometric method. Synergetic effects of
increasing acidic and sorption properties for the obtained polymer complexes were
revealed, which manifest themselves about 30-40%. The application areas determined for
obtained polycomplexes.

Keywords: polycomplexes, sodium humate, humic acids, polymers, polyacrylamide,
sorption, complexometric method.

Introduction. The processes of structure formation between polymers with
heterogeneous macromolecules are widespread in nature and are carried out in
various industries. To date, there have been quite a large number of publications
devoted to the problem of obtaining and applying polymer complexes by combi-
ning, which indicates their importance for a number of production processes, as
well as for modeling complex biochemical processes [1-4]. Directed modification
by combining polymers gives almost limitless possibilities for the use of polymer
complexes in various fields of technology for the production of polymer coatings,
films, binders, catalysis, medicine, bioengineering, textile and paper industries,
processes of extraction, separation and concentration of metal ions and organic
substances, as well as in other fields of science and technology [5].

Natural polymers present great prospects for obtaining practically significant
and environmentally safe polymer gels and complexes. Natural ion-containing
polymers include humic acids, formed in nature as a result of biochemical trans-
formations of terrestrial vegetation and constituting the bulk of the organic mass of
coal, peat, soils and sapropels.
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Currently, there are various mixtures of humic acids, which are used in
medicine, animal husbandry, poultry. Due to the lack of systematic research in the
field of production and application of polymer complexes of humic acids with
synthetic polymers and given the high natural complexing potential of humic acids,
it seemed relevant to conduct research in this area. The combination of waste
products with synthetic polymers leads to the creation of a new composite material,
the properties of which are quantitatively and qualitatively different from the
properties of each of its components. Varying the composition of the composite
material, you can get a wide range of materials with the desired set of properties.
Therefore, many composite materials are superior to traditional materials in their
mechanical properties.

The aim of the work is to obtain polycomplexes based on sodium humate with
polyacrylamide, and study their sorption properties [6-8].

EXPERIMENTAL PART

Oxidized coals of the Shubarkol Deposit contain humic acids about 60-80%,
and is the initial raw material for the production of humic acids. In this work a salt
form of humic acid such as sodium HUMATE, isolated by alkaline extraction from
oxidized coals was used. HPa characteristic: ) COOH+OH - 4.5 mg-eq/g,
>COOH - 3,0-3,5 mg-eq/g, A- 13-15%, W2 — 10-12%, nitrogen content-less than
1%.

A synthetic polymer - polyacrylamide (PAA) has following characteristics:
molecular weight about 5.0-10° a.u.m. , a degree of hydrolysis of 10%, content of
carboxyl groups — 1.4 mg-eq/g, and a characteristic viscosity of - 6.2. PAA is
practically insoluble in organic solvents, and its melting point is 113°C. At
interacting with water, polyacrylamide forms a gel. The average pH level can vary
in the range of 7-14. The analysis of metal ions was carried out by the
complexometric method.

To obtain polycomplexes of sodium humate with polyacrylamide, the 0.5%
aqueous solutions of the initial components in various volume ratios were mixed at
room temperature. Aqueous solutions of polymer complexes are stable, and
delamination is not observed. At drying dark brown powders formed [9-13].

RESULTS AND DISCUSSION

Studies of polymer complexes of humic acids with various synthetic polymers
have broad prospects for directed modification of humic acids and for the creation
of a new class of composite materials of various applications, which can exhibit
higher sorption properties, hydrolytic stability, strength and other specified
properties in comparison with the initial compounds [14]. Humic acids are
characterized by the presence of a condensed aromatic nucleus and an exceptionally
rich functional composition. They exhibit the properties of colloidal substances,
have surface-active properties and belong to self-organizing anionic polyfunctional
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polyelectrolytes. The polyfunctionality of humic acids determines their ability to
enter into ion exchange reactions, electron transfer (redox reactions) and
complexation.

One of the little-studied ways to increase the desired humic acids and new
practically important characteristics is the creation on their basis of polymer
complexes with synthetic polymers [15].

The synthetic polymer used in the work, polyacrylamide, (CsHsNO),, is a
universal chemical substance. The widespread use of PAA is due to its special
chemical properties. PAA finds its application in various fields of human activity:
in the oil refining industry, in medicine, in molecular biology, in the mining and
processing sector. It is used in the production of polymer packaging, as well as as
flocculants in the wastewater treatment process.

By mixing 0.5% aqueous solutions of the initial components in different
volume ratios, at room temperature, we obtained polycomplexes of sodium humate
with polyacrylamide of different composition [16]. The influence of the initial
mixture composition on the process of structure formation is investigated. Noted
that the determining factors of the process of formation of selected compounds and
complexes are polymerchemistry concentration of the compound and pH, which is
associated with the need to achieve a critical concentration of structuring.
The conductometric method was used to study the acid-base composition and
evidence of the formation of polycomplexes. The experimental data on the content
of acid groups in PAA-GNa polycomplexes in comparison with additive values are
presented in table 1.

Table 1 — Acidic properties of GN a-PAA polycomplexes of different composition

Composition of initial mixture G Na: PAA > COOH+OH, Mg-EQ/g
mass ratios,% molar ratios.% exp. addit.
0:100 0:100 3,10 3,10
10:90 40:60 3,40 3,29
20:80 60 :40 3,60 3,48
30:70 70:30 3,90 3,67
40: 60 80:20 4,50 3,86
50:50 85:15 4,15 4,05
60:40 90:10 3,50 4,24
70:30 93:7 3,20 4,43
80:20 96: 4 3,33 4,62
90:10 98:2 3,33 4,80
100 :0 100:0 5,00 5,00
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It is known that polyacrylamide is used as a flocculant in wastewater clari-
fication, coagulant in metallurgy, flotation agent, dispersant, thickener. In water,
polyacrylamide is gradually hydrolyzed to the ammonium salt of polyacrylic acid.
Its macromolecules contain oxygen and nitrogen atoms, which act as proton
acceptors. Amide and carboxylate groups of multicolored PAA participate in the
formation of complexes [17].

As can be seen from data table 1 with a higher content of humate in the mixture
(50-90%) the complexation of humate with PAA occurs as a result due to the
formation of hydrogen bonds between the acid and amide groups of initial com-
ponents. At the content of humate in the mixture less than 40 mass %, a synergistic
effect of acid groups is manifested.

Using the obtained polycomplexes of humate with polyacrylamide their
sorption properties for copper ions were studied. The obtained experimental data
and calculated additive ESR values were compared (table 2, figure).

The data of table 2 and the curve of the dependence on the sorption of copper
ions by PAA polycomplexes - sodium humate on the composition of the initial
mixture (figure) have two maxima: high - in the region of 80 mass.%, and
insignificant in the region of 45% humate content in the mixture. In the area of 35-
45% humate in the complex there is a synergistic effect of increasing the sorption
of copper ions [18-20].

Table 2 — Sorption properties of HNA-PAA polycomplexes of different composition
by copper ions ([Cu2+] - 0.025 mol/l)

Composition SOE (Cu?), Sorption,
of the initial mixture NaH:PAA mg-eq/g %
mass ratios.% molar ratios.% exp.. addit. exp..
0:100 0:100 1,19 1,19 20,7
10:90 40:60 1,84 1,31 27,9
20:80 60 : 40 1,45 1,43 44,2
30:70 70:30 1,80 1,54 60,5
40: 60 80:20 1,65 1,66 52,3
50:50 85:15 1,52 1,79 46,5
60:40 90:10 1,48 1,91 39,5
70:30 93:7 1,53 2,03 41,8
80:20 96 :4 1,75 2,14 442
90:10 98:2 1,68 2,26 27,9
100 :0 100:0 2,38 2,38 442
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Dependence on of copper ion sorption by HNA — PAA polycomplex:
1 - additive curve, 2 - experimental curve

Conclusion. Thus, based on experimental data have shown that polymer
complexes of sodium humate with a synthetic polymer were formed by mixing their
aqueous solitions. Acidic and sorption properties of polymer complexes have been
studied using copper ion. Synergistic effects of increasing acid and sorption proper-
ties for polymer complexes have been found.

The obtained polycomplexes can be recommended as sorbents for purification
wastewater treatment from heavy metals.
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A. Omocanvizol, A. H. Axoconmaii

BUOIOJIMMEP HETT3IHJETT ITIOJIMKOMIIJIEKCTEP

CHHTETHKAJIBIK MMOJMMEPIl TYMHH KbBIIIKBIJIAPBIHBIH MOJMMEPIIl KeIeHIepiH 3epT-
Ty, TYMUH KBIIIKbUIIAPBIHBIH OaFbITTaIFaH MOAN(MHUKAINSICH MEH KEH ayKbIMbI KOJIJIaH-
0aJIbl KOMIO3UIUSIIBIK MaTepPHAIIIAP/IBIH KaHa KJIaChlH KYpPY/IbIH KeH IIepClIeKTHBaNIaphIHa
ne. Kemip KanIpIKTapblH TepeH OHACY/IH THIMJI )KOHE SKOJIOTHSIIBIK Ta3a TEXHOJIOTHS-
JapelH KYPYyJIbIH KEH ayKbIMJIbl MakcaTTa MaiijanaHy YIIiH, )KaHa KYH/Ibl UMIIOPTTHI
aIMacTBIPATBIH XUMUSUIBIK OHIMIEPl OHIIPY asChIHAA CHHTETHUKAJBIK IOJIUMEpIIepMEH
©3iH-031 YHBIMIACTBIPATEIH TYMHUHII IIOJIAMEPJICP MEH OJapAblH KOMIUICKCTEPIH airy
OoiipIHIIA 3epTTeyIep Kyprizinai. Harpuii rymaTsiH eHOIpyTe apHaIFaH OacTaNKbI ITAKi3aT
peringe Illybapkem KeH OpHBIHBIH TOTHIKKAH KOMIpJIEPIHEH CUITUIIK SKCTPaKIHSIMEH
60-80% mefiiH cipiHIOUIEHTeH TYMHH KBIIKBUIAApEI OOJBIT TaOBUTamel. CHHTETHKAIBIK,
TIOJIMMEp PETiHIE MOJIEKYIANBIK canmarb 5,0-10° m.a.6. GonateiH , ruaponus aexreiii 10%,
KapOOKCHIT TOOBIHBIH MeIepi 1,4 MT-3KB/T ’KoHE CHITATTAyBIII TYTKBIPIBIFEL 6,2 O0IaThIH
HOJIMAKPHIIAMHATEP NalnanaHbuiasl. HaTpuii ryMaThIHBIH TOJHAKPUIAMUATICH HOJIUMEpITi
KEIIeH li KOCBUIBICTAapBhl OJIapAbIH €PITIHAIIEPIH apanacTelpy apKbUIbl adbHbI. OnapabiH
KBIIIKBUIIBIK JKOHE COPOLMSIIBIK KAacHEeTTepl MBIC HMOHAAphl KATHICHIHIA 3€PTTETiHI.
Meral MOHIApBHIH aHBIKTay KOMIUIEKCTOMETPHSUIBIK SIICIEH JKYPri3inml. AJbIHFaH
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MOJIMMEpITi KeIIeHaep YUIiH HaTtpuil rymatbiHbH 30-40% Memmepinae onapablH KhIIl-
KBUI/IBIK JKOHE COPOLMSUIBIK KACHETTEPIiH JKOFapbUIAYbIHBIH CHHEPTreTHKANBIK dcepliepi
aHBIKTAJIbl. AJIBIHFAH MMOJMKOMILICKCTEP, MAWBIHABI Cy KYPaMbIH ayblp METal HOH/a-
pBIHAH Ta3apTyAa KOJIaHbLIa bl

TyiiiH ce31ep: MOJIMKOMILICKCTEP, HATPUH T'yMaThl, TYMHH KBIIIKBUIIAPEI, TOJTUMEP-
JIep, TONMAKPHUIIAMHE]T, COPOIIHS, KOMIUIEKCOMETPHSL.

Pe3ome

A. X Kaxuna, A. T. Takubaesa, C. A. Cemenosa,
A. Onorcanxwvizel, A. H. Axorconmati

MMOJIMKOMIIJIEKCBI HA OCHOBE BUOITIOJIMMEPA

HccrenoBanus MOJMMEPHBIX KOMIUIEKCOB TYMHHOBBIX KHCIOT C CHHTCTHYCCKHM
MOJIMMEPOM UMEIOT IIUPOKUE TIEPCIIEKTUBBI JIJIsl HATPABICHHON MOAM(DUKALIUY T'yMHHOBBIX
KHUCJIOT M JJIs CO3[aHHMS HOBOTO KJIacCa KOMIIO3HMIIMOHHBIX MATEPUATIOB CAMOTO Pa3Ho-
o0Opa3Horo npuMeHeHus. B paMkax co3aanus 3QQEeKTUBHBIX U HKOJOTHYECKU O0€30MaCHBIX
TEXHOJIOTHI TO TIIyOOKOW mepepaboTKe OTXOMOB YINICAOOBIYM W MPOU3BOJCTBY HOBOM
LEHHON HMIIOPTO3aMEeIIAIOIIeH XUMHYCCKONH MPOJAYKIMH MHOTOLCICBOr0 HAa3HAYCHHUS
MIPOBEICHBI ICCIIEIOBAHMUS 10 MTOIYUCHHUIO CAMOOPTAHU3YIOIIIXCSI TYMUHOBBIX TTOJIMMEPOB
U X KOMIUIEKCOB C CHHTETHYECKHM ITOJUMEpPOM. VICXONHBIM CHIPBEM IS IIOTyYEHHS
ryMaTa HaTpus CIyXwin okucieHHble yrau Ly0apKoiabcKOro MECTOPOKACHUS C COIep-
YKaHWEM TYMHHOBBIX KHCIOT 10 60-80%, BBIOENCHHBIN METOIOM IIEIIOYHON SKCTPAKINH.
B xadecTBe CHHTETHYECKOTO TOJIFIMEPa UCTIONIF30BaH MOTHAKPUIAMHUJL C BEICOKOH MOJIEKY-
nspHOM Maccoit 5,0-10° a.e.M., co cTeneHblo ruaposuzoBaHHocTH 10%, cojpepxaHueM
KapOOKCHIIBHBIX TPYyMIT — 1,4 MT-3KB/T U XapaKTEPUCTHIECKOH BA3KOCTHIO — 6,2. MeTomom
CMEIIICHHS PACTBOPOB IMOJYYCHBI M OXAPaKTEPU30BAHBI IMOJIMMEPHBIC KOMIUICKCHI I'yMaTa
HATpUsl C TMOJIMAKPHIAMHIOM. V3y4eHbI MX KHCIOTHBIE U COPOIMOHHEBIC CBOWCTBA IO
HMOHAM Me/d. AHaJN3 HOHOB METAJIOB MPOBOAMIN KOMIUIEKCOHOMETPUIECCKAM METOIOM.
OOHapyXeHbl CHHEpreTHYeckre 3(P(eKThl MOBBIMICHHUS KHUCIOTHBIX M COPOIMOHHBIX
CBOWCTB JUIS TIOJIYYEHHBIX TOJUMEPHBIX KOMIUICKCOB, MPOSIBIISAIONIMECS MPH COACPIKAHUH
nucxonuelx rymatoB Hatpusi 30-40%. OmpeneneHsl 00JacTH NPUMEHEHUs! ITOJTyYEHHBIX
MTOJIMKOMITIEKCOB.B OYHCTKE CTOYHBIX BOJ OT HOHOB TSDKEIIBIX METAJIIOB.

KiroueBble ca0Ba: MOTMMKOMIUIEKC, TyMaT HAaTPHs, TYMHHOBBIE KHCIIOTHI, ITOJH-
MepBbI, TOJIMAKPHIAMHUL, COPOITHS, KOMILIEKCOMETPUIECKUH METO/I.
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VK 678
. b. TACTAHEEKOB, M. M. TYPCbIHEEKOBA

HAO «KasHUTY um. K.U. CarnaeBa», Anmartsl, Peciry6nmka Kazaxcran

MN3I'OTOBJIEHUE MEJUIIMHCKUX UMIIVIAHTOB
JJIS1 OCTEOCHUHTE3A METO/JIOM JIUTHA
BUOPA3JIAI'AEMBbBIX IIOJIMMEPOB I10J] JABJIEHUEM

AnHoTanms. llenpio JaHHOW CTAaThU SBISCTCS M3YYCHUE U MOAOOP ONTUMAIIBHBIX
YCIIOBUH JIUTHS TIOJ] JaBJICHHEM OHOpasiaraeMbIX MOJMMEPOB JUISI OTJIMBKHA METUITTHCKUX
uMIUTaHTOB. OCBEIIeH BOPOC aKTYaIbHOCTH WACH M 00OOCHOBaHA € 3HAYMMOCTh. Takxke
paccMOTpeHa cxeMa TOJXy9IeHUs M3Aeius 3aJaHHoi (GopMbl OmopasmaraeMoro moimMepa
ITyTeM JIUThA 1OA AaBieHrueM. J[aH 0630p Ha mapaMeTpsl IMpolecca TakuxX, Kak: TeMIepa-
Typa M IaBJICHHE IPOIECcCa, CKOPOCTh BIPHICKA, OXJTAXKICHUE H3MEIIHS, XapaKTEPHUCTUKU
npecc-QpOopMEI.

KiroueBble ci10Ba: JUTHE MONIUMEPOB, MEITUIIMHCKHAE UMILIAHTHI, OHOIErpaaupye-
mocth, PLGA, PLLA, octeocunTes.

BBenenue. B ocneqaue Heckonmbko aecsatmaetuit PLLA n PLGA paccmart-
PUBAIOTCS KaK OJHU U3 HauOOJIee MEPCICKTUBHBIX MOJUMEPOB JIJIsl IPUMEHEHHUS B
OMOMETUIIMHCKOW WHXKEHEPHH, TAKUX KaK IJIACTUHBI M BUHTHI B OPTOINEAMYCCKOM
XUPYPTUU U TPaBMATOJIOTUHM BKJIIOYAsi OPTOTHATHYECKYIO M YePEIHO-JIUIEBYIO
xupypruto [1-4].

Hcnonp3oBanue OnopasnaraeMbIX MOJIMMEPOB KaK allbTepHATHBA TUTAHOBBIM
HUMILTAaHTaM O0YCIIOBIICHA PSJIOM TIPEHUMYIIECTB:

1) u3bexanve PUHAHCOBBIX, BPEMEHHBIX 3aTPaT U CTpecca, CBA3aHHBIX C He-
00X0JIUMOCTBIO MPOBEICHUS TOBTOPHOH OMEPAIlUU [0 U3BJICUYCHUIO METaINIeC-
KOTO MMIUIAHTA TI0 OKOHYAHUH JICUCHHUSI,

2) He MPEmATCTBYIOT €CTECTBEHHOMY POCTY KOCTEW, YTO aKTyalbHO JUIst
MAIUCHTOB JICTCKOTO BO3PacTa;

3) BO3MOXHOCTh HAOJFIOJICHUS 32 COCTOSHUEM MAIUCHTa C MOMOIIbIO Mar-
HUTHO-PE30HAHCHOH ToMorpaduu;

4) BpauaM He TpeOyeTCs MPOXO0KICHUE CIICIIUATBHOTO O0YUYCHHS ISt PabOTHI
¢ OuopasnaraeMbIMH UMIUTAHTAMU, TIOCKOJIEKY MX (hopMa U pa3Mephbl aHAIOT UIHBI
METAINIMYCCKUM UMIIJIAHTAM.

OIIHI/IM M3 49aCTO HUCIIOJIB3YEMBIX MCTOAOB B IPOU3BOACTBE MCEIUIIMHCKHUX
W3JIENHN, SIBISETCS JTUTHE MO AaBlieHUeM. [[aHHBII METO MO3BOIISIET pa3padaThi-
BaTb CJIOXKHBIC T'€OMETPUYCCKUEC q)OpMLI HaH60nee OKOHOMUHYCCKU BbII'OJHBIM
crocobom.

K MenummHCKMM UMIUTaHTaM BBIIBUTAIOTCS XKECTKUE TPEOOBaHMUS KacaTelbHO
WX CTa0WILHOCTH, IIPOYHOCTH, IaCTHIHOCTH. OTHAKO HA CTAOUIHPHOCTh MEXaHH-
YECKHX CBOHCTB M (PU3MKO-XUMHUYECKHE CBOMCTBA pe30pOMpPyeMOro marepuana

TAKXE MOKCT CUIJIbHO BJIMATH NPOLECC U3TOTOBJIICHUSA U KOHCTPYKIUSA YCTPOﬁCTB
[5-8].
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Meton anThs noa AaBjaenueM. [lonumepuszanus PLLA u cononumepusanus
PLGA mnpoxoaut Omarogapsi packpbITHIO IHKIa. VX Xumuyeckas CTpyKTypa 3a
cueT oOpeTeHNus JIMHEHHOCTH M03BOJISIET OCYILECTBIIATH 1epepaboTKy MOIMMEPOB
METOAOM JIUThS IO AaBICHUEM. DTOT METOJI — Hanboee IMUPOKO UCTIONb3yEeMbIH
nporecc Uit nepepaboTK MOIUMEPOB, 0COOEHHO [T U3AETHN, KOTOPBIE CIOKHBI
1o ¢opme U TpeOYIOT BEICOKOIH TOYHOCTH B pazMepax M rpansax. Cxema mporecca
JINThS IIOKa3aHa HA PUCYHKE.

|_ [Mpouecc AuTea NnonuMepa -I
nog AasneHHeM

O
’7

CxeMa mporiecca JIUThs moymMepa: 1 - TpaHyIupOBaHHBINA TOIAMEp, 2 - TPUEMHHUK, 3 - IOPIITHEBON
BUHT, 4 - HWIAHIP, 5 - HarpeBaTeIbHBIN 3JIEMEHT, 6 - COILIO, 7 - MOJOCTh GOopMEI, 8 - hopma

B mpuemnuk (2) 3aceimaercsi TpanyiupoBanHbeiid oiumep (1). Uepes mosu-
pyIoIee YCTPOMCTBO TMOJIMMEP TOCTYIAeT B IWUIMHIDP (4), ¢ HarpeBaTeIbHBIMHU
anemeHTamu (5). Hauanom 1ukiia JTUTHS MPUHAMAETCS 3aMBIKAHUE TIOIBHKHOM
noJsoBUHBI hopMel (8) ¢ HenoABMKHOU hopmoit netanu (7). Cpasy mocie Toro, Kak
npecc-GpopMBl OYIYT COCAMHEHBI, COIUIO OTKPHIBASTCS, M TOPITHEBOW BHUHT (3)
IBIDKETCS Brepen monm mamieHueMm (mo 200 MIla) BOpeIcKMBaeT paciuiaB B
OXJIAXIAEMYIO GOpMY.

[locne BOpbICKMBaHUS paciuiaB OBICTPO 3aTBEPAEBAET, MOCKOJBKY TEMIIe-
parypa (hopMbl HAMHOTO HIKE TEMIEpaTyphl pacijiaBa. OTO B CBOIO Ouepeib
NPUBOIUT K YMEHBLICHHIO o0beMa monumepa B gopme. C menpio 3amoiHeHHs
MOJTHOCTBIO BCeH (hOPMBI, a TaKXKe BO N30eKaHUE BHITEKaHUS paciiaBa U3 GOPMBL,
MTOPITHEBHIM BUHTOM B T€UEHHE HEMPOIODKUTEIFHOTO BPEMEHH TOACPKIUBACTCS
JTaBJICHNE.

3areM MOPLIHEBOM BHHT BO3BPAILAIOT B MCXOAHOE COCTOSIHUE, a U3 MPUEM-
HUKa (2) B UWIMHAP MOCTYIAeT HOBast MOPLMS MaTepuana.

B ¢opme pacmna oxmaxmaercs 10 TIOJHOTO 3aTBEpCBaHUs, MPOJOIKHU-
TEJNBHOCTH KOTOPOT'O 3aBUCUT OT BSI3KOCTHU pacIljlaBa U TOJILWHBI CTEHKH OTIIMBKH.
[locne 3aTBepAeBaHus MOABMXKHAS TOJIOBHHA (OPMBI OTBOAUTCS Hazaa U gopma
pasMbikaeTcs [9].
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Baunsinne napamMeTpoB JHUThs Ha mponecc. MexaHn4yecKre CBONCTBA MOJIH-
Mepa 3aBHCAT OT [IapaMETPOB JIUThs IO JaBJICHUEM, TAKUX Kak: TeMIeparypa u
JaBJIEHNE TPOIIECCa, CKOPOCTh BIPBICKA, OXIAXKACHUE U3AETHS, XapaKTePUCTUKH
npecc-(hOpMBI.

Temneparypa npouecca. Temneparypa npouecca siBisercs GyHIaMEHTalIb-
HOH IIepeMEHHOH B IIpolecce JHUThi MoA AapieHueM. OHa poikHa OBITH
HENPEPBIBHO KOHTPOJINPOBATHCA U yJIEP’KUBATHCS HA ONpeAeaeHHOM ypoBHe [10].
TemmnepaTypHbIil peXkUM TOAOWUPAETCS B 3aBUCHMOCTH OT IUTAHUPYEMOTO K IIepe-
paboTke momuMepa, TOYHEe ero TEMIIEpaTyphl IIaBieHus. Tak, TeMeparypa rias-
nennst y PLLA naxomurcs B npenenax 180-200 °C B 3aBHCHMOCTH OT YHCTOTEI
MOHOMEpPA W CTeNeHu nonuMepusanuu, a y PLGA, ucxond u3 COOTHOIIEHHS
MOJIOYHOM ¥ TIIUKOJIEBOW KHCJIOT, TEMIIEpaTypa BapbUpyeTcs B mHTEepBane 210—
215°C [11], nanpHeliee NOBBIIEHNE TPUBOANT K AECTPYKLIUHU NonuMepa. BaxHo
OTMETUTh, 4TO TeMmieparypa IasieHus y PGA cocrasnger 300 °C, cnenosa-
TEJBHO BBICOKOE COICPKaHHE TIIMKOJICBOH KUCIOTHI B COMOJIMMEPE 00YCIIaBINBAET
MOBBIIIIEHUE TEMIIEPaTypPhl IIaBJICHHUS COTIONIUMEpA.

Japnenue npouecca. [Ipu nutbe noa gaBiaeHUeM aBTOpsI [12] ucnons3oBanu
nasjenue Brpbicka 40 MIla B Teuenue 5 ¢ u nasienue Boiaepxkku 20 MIla Gap B
Teyenue 15 c.

CkopocTh BHpBICKA. BHpBICK A0KEH NPOUCXOAUTH OBICTPO, YTOOBI Hpea-
OTBpaTUTh 3aMep3aHue pacijaBa BO 3TO Bpems. IIpoduib ckopocTu BHphICKa
JIOJDKEH 00ecTieurnBaTh OBICTPOE 3aM0JIHEHNE MEHee KPUTHIECKUX 00IacTeil, Takux
KaK TOPIIHEBOM BUHT, NPH 3aMeJIJICHUH y COTLIa.

Oxnaxnenue nzgenusi. HepaBHOMEpHOE OXJIaXKACHHE MOXKET HPUBECTUH K
muddepeHInaTBFHON ycanke, 4TO TpHUBENET K JeQOpPMHUPOBAHHOMY TMPOAYKTY.
[TosTOMy HEOOXOIUMO KOHTPOJIHPOBATH TPOLECC OXJIAXKICHHS W JepkKaTh UX
MOCTOSIHHBIMU. BpeMms oxnaxaenus S c.

[Ipecc-bopma. CormacHo wuccnemoBanmsaMm aBTopoB [13], PLLA wmmeer
CKJIOHHOCTb K KOH/ICHCAITUH Ha XOJIOAHBIX TTOBEPXHOCTSX, YTO MOKET MOBIIUATH HA
MIOBEPXHOCTh ¥ BEC OTIINTHIX B GOPMY U3AETHHA. DTOT MOMEHT CJIeyeT yUUTHIBATh,
TaK Kak 3TO CBOWCTBO IOJIMMEpa 3aJacT MHHUMAJbHYIO TEMIeparypy Ipecc-
(hopMbI, KOTOPYHO MOXKHO UCIIOJIB30BaTh BO BpeMs nuThst PLLA 30-35 °C. [Tomumo
Temneparypsl (QOpMBI, HAa CHIDKEHHE KOHACHCAIMU TMOJOXKHUTEIBHO BIIUSET
YBEJIMUEHHAsI CKOPOCTHIO BIIPBICKA BO BPEMSI 3aII0JIHEHUS U UCII0JIb30BaHKE IIpecc-
($hopM ¢ OTHONMPOBAHHBIMH OBEPXHOCTSIMH.

3axunrodyeHue. Pe3toMupys BblllieCKa3aHHbIE JaHHbIE , MOXKHO CAEIaTh BBIBOJ,
YTO Ha CETOJHAIIHMHA JEeHb OuopasznaraeMbie MONUMEpPH 00Jagar0T PsIOM
MPEUMYIIECTB HaJa CYLIECTBYIOIMMHU aHajoramu. llIupokue BO3MOXKHOCTH HX
IIPUMEHEHUS], B YACTHOCTU IIPUMEHEHUE UX B MEIULIMHE, IOATBEPKAAET UX OHO-
COBMECTHMOCTH C HBBIM OPTaHU3MOM, a 3KOJIOTUYHOCTH CHIPbsI 00YCIaBIMBAIOT
BO3pacTaOLIMUI CTIPOC Ha MOJIMMEPHI TaHHOW I'PyTIIHL.

Tak xak OOBEKTHI HAIIEr0 HCCICNOBAHUS SBISIOTCS TEPMOIUIACTUYHBIMH
HOJMMEpaMHU, OHM IOAJAITCA TEM K€ METoJaM NepepabOTKH, YTO U CHHTETH-
YEeCKHUE MOJIIMEPBI.
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Pe3rome

. B. Tacmanbexos, M. M. Typcvinberosa

OCTEOCHHTESI'E APHAJIFAH MEJIMLIUHAJIBIK UMIUIAHTTAP/IbI
BUOBIIbIPANTBIH IOJIMMEPJIEPII KbICBIMMEH KYIO
OJIICIMEH JAWBIHIAY

By MakanaHeIH MaKCaThI-MEIUIIMHAIBIK MUMILIAHTTAP/bl KYIOFA apHAIFaH OHOJIO-
THSUTBIK, BIBIPAUTHIH MOJUMEPICPAl KBICBIMMEH KYFOJBIH OHTAWJIBI MIAPTTAPBIH 3EPTTCY
JKOHE TaHJay OOJbIN TaObUTAIBl. Byl Makanana WAESHBIH ©3EKTUIIr jKOHE OHBIH MaHBI3-
IBUIBIFBL  KapacTeipbUiraH. COHJaii-aK, KBICBIMMCH KYIO apKBUIBI OHMOJIOTHSUIBIK BIIbI-
palTBIH MONUMEPiH OepiareH (popMachIHIAFbl OYWBIMIIBI a1y CXEMAaChl KapacThIPBUIIBL.
Iponecc mapamerpliepine MOy JKacalbl: TEMIIEpaTypa kKOHE MPOIECC KBICHIMBI, OYpKY
KBULIAM/IBIFbI, OYHBIM/IBI CATIKBIHIATY, Opecc-(pOPMaHbIH CHITATTAMACHI.

Tyiiin ce3aep: moamMepiepi Ky, MeIUIMHAIBIK UMIUIAaHTTap, Onosiabipay, PLLA,
PLGA, ocreocunres.

Summary
D. B. Tastanbekov, M. M. Tursynbekova

MANUFACTURE OF MEDICAL IMPLANTS FOR OSTEOSYNTHESIS
BY INJECTION MOLDING OF BIODEGRADABLE POLYMERS

The purpose of this article is to study and select the optimal conditions for injection
molding of biodegradable polymers for casting medical implants . This article highlights
the relevance of the idea and substantiates its importance. The scheme of obtaining a
product of a given shape of a biodegradable polymer by injection molding is also conside-
red. An overview was made on the process parameters such as: temperature and pressure of
the process, injection rate, cooling of the product, the characteristics of the mold.

Keywords: polymer casting, medical implants, biodegradability, PLLA, PLGA,
osteosynthesis.
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©0X 691.534.2::691.534.4
A. B. HUA3EEKOBA

XKonripxan arsiaarsl bateic KazakcTan arpapibIK-TeXHUKAIBIK YHHBEPCHTETI,
Opau, Ka3akcran PecrryGumikacer

KOBIKTI BETOH TEXHOJIOT'USICBIHA
KAXKETTI IUKI3ZATTAPABI 3BEPTTEY

AnHoTtanusi. COHFBI KbUIZApPHl eliMi3le MaMaHAapAblH OPTAaK Has3ap ayaapaTbiH
HETI3Ti JKaFIaiiker KOMIIOHEHTTI K00iKTi OETOH TEeXHOIOTHACHIH JKacall IIBIFapy.

KaObipraiibl KOMITO3UIIMOH/IBI MaTepUaIl OHIIPICIHIE THIMJII JKOJIBIH JKOJIFa KOO MaK-
caThIH/A XEPruliKTi IHUKi3aTTap (KYM, LEMEHT, 9KTiH) KaThICBIHAA, TYpii MoaudukaTop
(IMaToMUT, KyJ, KaJblMH XJIOPHAl) KOCY apKbUIbl ©OHIMHIH KacHETTEpiH IKaKcapTy
YKOHECTaHIAPTTHIK HOPMara COHKeCTEeHIpY YILIIH 3epTTeyJiep KYPri3iiii.

THIFBI3IBIFBI OpTallla JKOFAphl KOOIKTI OETOH aly MakKcaTbhIHJAA JKEPTUTIKTI LIMKi3aT-
TapIblH XUMHUSUIBIK KypamMbl MEH DJIEMEHTTIK KypamJapbl aHbBIKTaIIbl jkoHE (usnka-
XUMUSUIBIK 3€PTTEYJIep JKYPri3ijii.

DKCIUTyaTalUsUIBIK KACHETTEPi JKaKcapFaH KoOIKTI OETOH ay YIIiH TOpT MOTU(HKA-
TOPJIAPIbIH 9CEPIH)KOHE KATHIHACTAPBIHBIH 3aHIBUIBIKTAPhl KApacThIPbUIIEL. Monuduuup-
JeHreH KoOiKTi OeTOHHBIHTEpMOTpaMMa XOHE PEHTTCHOTrpaMMa HOTIDKeNepi OoibIHIIa
AMBIH OHIMHIH KYPBUIBICHI, KYPaMBLTHIMII KacHeTTepi JKOHE XYpy MeXaHu3Miepi
QHBIKTAJIIBI.

3eprTey Herizinae Gu3uKa-XUMHUSIBIK XKoHE PU3NKa-MEeXaHUKAIBIK 9/1iCTEPMEH 3epT-
TEY MKYMBICHI XKYPri3iini. U3nka-XuMISUIBIK 9AiCTEp HETI31H/EC 3ePTTENETIH ChIHAMATapFa
peHTrendasaiblK XKoHE HIIEKTPOHIBIK-MUKPOCKONMSIIBIK Taliay JKyprisiani. PeHrtren-
(azanbIk Tangay OOWBIHIIA 3€pPTTENreH KYM, IIEMEHT, 9K HETi31HEH 3JIEMEHTTIK KYpaMbl
OolibIHIIA KOOIKTI OETOH OH/IIPICIHE KaPaMIBUIBIFbI AHBIKTAJIBIIL, YKaHA OHIMJIET] TUCTIePCTI
KeyeKTi OeeriHiH CyMMapIibl HIEKTI OCTTIrIHIH JKOFapayblHa aiblll Kelleli )KOHEe MOJIH-
¢urnmpeHTeH Ko0ikTi OYHBIMHBIH KaKcapFaH CHITaTTaMaIapbiH OepeTiHAIri YCHHBIIAIBL.

Tyiiin ce3aep: keOikTi OETOH, JJIEMEHTTIK Kypambl, XUMHUSUIBIK KYpaMbl, TEPMO-
rpaMMa,peHTIeHHOT paMMa, KYPBUIBIC MaTepHaIIAAPHL.

Kipicne. KypbpUIbICTBIH TaMBIll ©pKeHIEYi, KO MeJIIepAe KYpbUIBIC MaTe-
puangapbiH maiganaHyasl KaxeT ereai. COHABIKTaH KYPBUTBICTHIH CalachlH apT-
TBIPY, OHIMIC THIMII Tanmay acam KeOikTi OeTOH MaTepHalIapblH IYPHIC
naiinanana Oimy.

Byrinri Tanga xeOikTi OeToHABI KypbUIbICTa OipHemie KabaTThl yinepae
KeTeprim KaObIpFa peTiHAe Naiimamanyra Oomansl. KeOikTi OeTOHHBIH Oacka
KYpBUIBIC MaTepualAapblHAH HETI3r1 alblpMaIlbUIBIFEl OHBIH KBUTY©TKi3TIIITIK
kKacuetrinae Oombin oThIp. 30 cM KeOIKTI OETOH >KBUTYOTKI3TilTITi OOMBIHIIA
75-90 cm kepams3ut Oeronra Hemece 150-180 cm kipmimke TeH. KoOikTi 6eToH
ANJIBIH ajla JaibIHAANFaH MUIAMIBl KOIMIPTY apKbUIbl aJIbIHFAH YSIIBIKTHI JKBLTY-
eTKi3rim marepuai [1].

KypputbicTa MaTepuanmapablH KaXET CarmaiblK KOPCETKIMTepl, MEMIIEKETTIK
CTaHIAPTTAp MEH TeXHUKAIBIK HYCKaylapia KapacThIPBUIFaH, TOJBIK KeJIEeMIET]
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TananTapbliHa caii 0oiybl kepek. KeOikTi 6eTOH eHAipiCiH TaMBITYAa KOpIIaraH op-
TaHbl KOpFay TallChIpMaslapbl ECKEPLIyl KEPEK, Cy ’KoHEe MUHEpaJl pecypcTapblH OpbIH-
JIbI TIafiIaany, KOCKIMIIIA JKOHE OHAIPIC KaIIbIKTaphlH KCHIHEH Nainanany [2].

Kasipri ke3ne Kazakcranaa xeOikTi OeTOH eHAipici KeH epic Tayblll KeJiemi,
ouplH imiHge 0,8—1 MIla kpickiM Oepiminm aBTOKJIaBTa OyJIaHABIPY APKBLIBI
OHJIIPEeTiH OyHbIMIap 1a jkaTaabl. ABTOK/IABTA JalbIHIAIATEIH KOOIKTI OeTOHAAp
MBIHAH/AH KOocTajapaH TyYpajabl: a) KYM KOCBUIFaH LIEMEHT, 9JeTTe KYMHBIH 06e-
JITiH yHTaKTaiiner; 0) YHTaKTalFaH KBapll KYMbl KOCHUIFaH YHTaKTalFaH COHJII-
plIMereH oKk; MyHJIai ysUTbl OeTOHIAp/bl KOOIKTI CHIIMKAT HEMECe ra3jibl CHITUKAT
Jen aTaiipl; B) Op TYPJIi KaThIHACTAFbI IEMEHT, 9K JKOHE KyMHaH Typaubi[3].

ABTOKIIaBTa KaTaiMalThIH KeOikTi OeToHAap ymiH, mapkacel 400 kem emec
LIEMEHTTEp Maiaananaapl. MyHai xkaraaia KbIcKa YaKbITThIH 11IIHC KbUTyMEH
eHJeyre JeHiH KaXXETTi Te3IMI1 YsUIbl Macca alblHaAbl. ToxipuOe Ky3iHae TeKce-
pinMereH Oasty yakbIT YCTaMIBUIBIFBIMEH €pEKIICICHETIH MyLIOJIaH HOPTIaHA-
HEMEHTIH XOHE KOX[bl MOPTIAHANEMEHTTIH Maiaaiany YChIHbIIMaabl. Onap
KaJIBIITBl TOJNTBIPFAHHAH KEHiH YsuIbl OCTOHHBIH INOTYiHIH apTyblHa ceOeri
60yl MyMKiH [4].

ABTOKJIABTHI KOOIKTi OETOH YIIIiH, Maccachkl OOWBIHIIA KAaThIHACK 1:1 GonaThiH
KallHaFaH oK KOCBUIFAaH TOPTJIAHALIEMEHTTI NaljalaHFaH OpBIHABI OONaJbI.
ABTOKJIaBTHI K60iKTi O€TOH HaiibiHnay yuriH aktuBTiir: 70% xem emec, MgO 5%
KeIl eMec, CoHy Temreparypachl 85°C mamachlHAa >KOFaphl 3K30TEPMUSUIBIK OK
nadaananaabl. MEHIMIKTIK OCTTIK O6JIIIeriMeH CUIaTTajlaThlH YHTaKTaJIFaH Kaii-
HaraH OKTiH YHTakKThUIBIFBI 3500-400 cM?/r TomeH Gommaysl kepek. JKymbicTa
OpTYpJli OpTama NeHo0eTOH OYHBIMAAPBIHBIH OCPIKTITiHIH >KOFapblIaybl Kepce-
Tiaren [5-8].

3epTTEeyHITIKEIIEPIH KOPBITHIHABLIAN KEJIeKYpbUIbIC MaTepUalJapblH TYTbI-
HYILIBl MEMJIEKETTEpPAiH KaTapblHa aTaTblH Oi3A1H €Nl KaKETTI KYpbhUIbIC MaTe-
pUaNIapEIHBIH Kol OelliriH ChIpTaH anajel. Bi3miH enje KypbUIbICKAa KaXKETTi
ITUKI3aT KOPBIHBIH HTEPUIMETeH MOJI MOJIIepi IIOFBIpJIaHFaH. MYHBIH 0opi
KYpPBUIBIC CajlachblH OapBIHILA 1aMBITYFa MOJ MYMKiHIiK Oepmek. Cou cebenTi Oy
3epTTEYAiH MaHbI3IbI OOMITiKeOIKTI OETOH OHIPICiHE YKEPTUTIKTI IIUKI3aT KOPHIH
maimanany miameTke aneiaran[9-10].

TOXIPUBEJIIK bOJIIM

«bemass ropka» KeH OpHBI KYMHBIH MHKPOKYPBUIBIMBIH AaHBIKTAy YIIiH
3EKTPOHIBI MuUKpockon (POM JSM - 6490 LV) xommaHbUIIEI, OYJT MUKPOCKOIT
YITinepal SAKTPeTKI3riml KabaTreH TO3aHIaHABIpMal-ak 3epTTey MYMKIHIITiH
Oepeni. KyMHBIH KypbUTBIMBI TBIFBI3 JKOHE KaKChl KpucTanganrad (1-cyper).

Temenperi 1-kectene KYMHBIH AJIEMEHTTIK KYPAaMBIHBIH TTAHBI3ABIK yiIecTepi
KepceTireH. MyHa KpeMHUIAIH aTOMBIK >KOHE MacCalblK YJIECiHIH KOFapIbl-
FBIHA Kapam KYMHBIH KBapll KYMbl €KEHiH [onenied anambl3. bipinmn yiri
OOMBIHINA AIIEMEHTTIK aHAIN3 HOTHIKECIH/Ie KOMIPTETri, KpEMHHI COHBIMEH KaTap
TUTaH MEH KaJIbIIMi OKCUATEPIHIH XKOFapbl JOPEKECIH KOPCETE/II.
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Cnektp ¥

onHAA WEaNS 1707 |en. Kypoop: 0,000 k36|

Tmem FNEKTPOHHDE HZ0BPAHEHKE 1

1-cyper — KyMHBIH KYpBIIBIMBI MEH KYpaMbl

1-xecte — Benast ropka KeH OpHBI KYMHBIH 3JIEMEHTTIK KYpaMbl

duementric | o O | Na | Mg | Al Si K |Cca |Ti |Fe
yuteci, %

Maccanblk 521 | 5578 | 0.25 | 0.34 | 1.63 | 3244 | 063 | 2.18 | 0.11 | 1.43
ATOMJIBIK 825 | 6630 | 0.20 | 0.26 | 1.15 | 2196 | 0.31 | 1.04 | 0.05 | 0.49

Kanmsr
MeJmiepi 100

Ke0bikTi OeToH eHpipiciHe KaXeTTi KyM 76-95% KOC KBIMIKBUIABI KPEMHUH
KypaMbIHa Colikec Kely Kepek. «benasi Topka» KeH OpHBI KBapIThl KYMBIHBIH XH-
MUSITBIK, KypaMbl srHH Herisri okcumarepi: SiO; (93,2); Alx0s(1,6); TiO2(0,4);
Fe.03(0,4); CaO(0,57); MgO(0,2); P205(0,016); SO3(00,4); MnO(0,009);
Na20(0,67); K20(1,04) kanaratranasipyra Tric. On 90% miamaceinia FaHa KOC
KBIITKBUIIB KpeMHUIACH, KYKIPTTi )oHe SO3 eceOiHAeri KYKipT KeIIKBUTIB 2%
KOCTIa IIaMachIH/Ia CUITICH TYPYHI THIC.

OHIM KypaMbIHa KOCBUTATHIH KOCIA KATThI OTBIH KYJiHIH XUMHSIIBIK KYPaMbl
2-kecrezie Oec MOHIHIH OpTallla MOHI €CeNTeNin KepceTiireH. TemeHae OepinreH
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CnekTp

Tmm BNEKTROHHDE HZOBpAKEHKE 1

2-cypet — Kocna KyJtiHiH KYpbUIBIMBI MEH KYpaMbl

2-xecte — 3epTTENETiH YITiHIH opTYpJIi HYKTeNIepiHe OTHIH KYTiHIH OKCHITI KYpaMbl

1 2 3 4 5 6 Oprarra MaHi
Na2O - - 0,19 0,51 - 0,67 0,46
MgO 0,33 - 0,71 0,66 0,43 0,91 0,61
AlO3 4,21 2,72 33,49 26,5 9,7 2,29 13,15
SiO2 11,85 4,49 47,46 53,92 9,88 3,55 21,86
SOs3 0,48 — 2,88 0,35 0,4 2 1,22
K20 - 0,16 - 1,11 0,3 0,18 0,44
CaO 0,69 0,31 0,78 2,35 33,79 43,9 13,64
TiO2 - - 2,35 0,47 - 0,23 1,02
Fe203 0,86 12,54 1,41 0,66 0,79 0,46 2,79
BaO 44,81 - - - - - 44,81

MOJIIMETTEPICH KOOIKTI OETOH KypaMbIHa KOCIIA PETiH/IE KOChUIFAaH KYJIIIH OKCHITI
KYpPaMbIHBIH MacCajblK YJIeCi MEH OpTalia MOHIHIHIAE OapHil OKCHIII MacCajbIK
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yineci keOipek ekeHiH Oaikaiimbl3. JKoHe XHMHUSIBIK aHATWU3 HOTHXKECIHIC
Si0,(11,85); Al,03(4,21); Fe203(2,79); CaO(13,64) cokecTiri anblHATBIH OHIMHIH
KYPBUIBICBIMEH KYPaMbIHA dCEp €Te/Ii.

DJEKTPOHABI MUKPOCKOIN HOTHXKECIHAE KYJIIH aTOMABIK >KOHE MaccajibIK
yiectepi 3-kectene KepceTireH. MyHIa MaccajblK KoHE aTOMIBIK 3JEMEHTTIK
yiecrepi OOHMBIHIIA OTTETI MEH KajbIMi 3JEMEHTTEPI JKOFapbl €KEHIIr aHbIK-
Tajbin Typ. COHBIMEH KaTap allOMHUHUUH, TATAH MEH TEMIp, KYKIPTTIH 3JI€MEHTTIK
aHaNM3 KepceTKimTepi OipiHI KypaM MOAW(UKATOPBIMEH CaJbICTBIPFaHAa Te-
MEHJIITIH KOpCeTTi.ByJl IeMeHTIeH KOChUIBIT KaHa OHIMHIH TYTaCTBIPBIII TY311y
KaCHETIH JKOFapJiaTaibl.

3-kecre — Ky 37eKTpOHIBIK-MHKPOCKOIHSUIBIK aHAIIM3 HOTIDKENepi

OnemeHTTiK Yieci, % o Mg Al Si Ca Ti Fe
MaccaibIk 41.89 0.52 0.71 10.43 45.54 0.26 0.67
ATOMABIK 62.48 0.51 0.63 8.86 27.11 0.13 0.28
JKanmer mesmepi 100

CnekTg 1

Tmm

|

FNeKTPOHHOE H3obpaxeHye 1

3-cypert — llIukizaT HeMeTTiH KYpbUIbIMBI MEH KYpaMbl
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[ukizat perinae Ko0iKTI OETOH KypaMblHa JIBIHFaH LIEMEHTTIH AJIEMEHTTIK
MafbI3ABIK KypaMbl 3-CyperTe KepceTiireH. MyHaa KanblUK jKOHE Kaauil 3je-
MEHTEPiHIH XKOFaphl MaibI3ABIK YJIEC KOPCETiN TYpraHbIH Kepemis. Keneci oTreri,
TeMip, KpeMHHUH 3IeMEHTTEePiHiH OipAoperkeaeri NabI3AbIK YIecTepi KopceTiireH,
aJl KaJIFaH 3JIEMETTEP/IiH a3 CalIMaKThIK yJieci 0ap eKeHIIr KepceTireH.

Temenzeri 4-kecreze 3IEKTPOHAB MUKPOCKOIVSUIBIK aHAIN3 HOTIKECIHIE
LEMEHTTIK 3JIEMEHTTIK Kypambl KepceTiireH. byn momimerTepieH KepeTiHimi3
KYKIPTTiH NalbI3/IbIK YiIeci YIIiHII MOTU(HUKATOp OONUBIHIIIA COHFBI OHIM KOOIKTI
OCeTOHHBIH OCPIKTUIIrH KOFapiiaTabl.

4-kecre — [1TuKi3aT HEMEHTTIH 3JIEMEHTTIK KypaMbl

UeMeHTTiK 0 Na | Mg | Al | si s K Ca | Fe

yaeci, %

Maccainbk 4192 | 049 | 043 | 160 | 7.09 | 1.74 | 091 | 4248 | 3.35
ATOMIBIK 62.87 | 051 | 043 | 142 | 6.06 | 1.30 | 056 | 2543 | 1.44
JKanmsr mesmepi 100

2 4 5 g 10 12

MonHaa wkana 16256 wwn., kypeogp: 0,000 ]z

P e —
1mm BNeKTROHHOR M3 0Dpawenue 1

4-cyper — L1IukizaT 9KTiH KYpbUIBIMBI MEH KYpPaMbl
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4-cypeTTe mMUKi3aT peTiHAe KOOIKTI OCTOH KypamblHA allbIHFaH OKTiH dJie-
MEHTTIK MaibI3IbIK KYPaMbl KepceTiareH. MyH/Ia KaabIuid 3JIEMEHTEPiHIH )KOFaphl
MaWbBI3IBIK YJIEC KOPCETIN TypFaHbIH Kepemi3. Kemeci orreri, Temip, KpeMHHA
3NIEeMEHTTepiHiH Oip Jopexkeneri MalbI3IBIK yIEeCcTepl KOPCETUIreH, al KaJlfaH
3NIEMETTEPIiH a3 CaIMaKTHIK Yieci 6ap eKeHAIr1 KepCceTiIre .

TemeHaeri S5-kecrezie MIMKI3aT peTiHAEC KOOIKTI OETOH KypaMbIHA ajlbIHFaH
OKTIH 3JIEKTPOH/IbI MHKPOCKOTHSIIBIK aHATN3 HOTH)KECIH/IC AJIbIHFaH DJIEMEHTTIK
KYPaMbIHBIH MMaWbI3ABIK YiecTepi KepceTinreH. MyHIa Kalbluii aTOMIIBIK KOHE
MaccaJlbIK YJICCiHIH KOorapJbIFblHa Kapall 9KTiH aKTUBTLIITiH Olie anambi3. «benas
TOPKa» KeH OPHBI KYPBUIBICTBI STiHIH €KIHII COPThI OOHBIHIIA XMMHUSJIBIK KYPaMBbI.
Oxcunrep: SiO2 (0,56); Al,Os3 TiO, (0,08); Fe.03(0,18); Ca0(90,29); MgO (0,20);
P,05(0,11); SO3(0,08); Mn0O(0,026); Na20(0,19); K>0(0,12).

5-kecTe — OKTiH IIEMEHTTIK Kypambl

DneMeHTiK yieci, % C (0] Mg Al Si Ca Fe
Maccaibik 3.17 | 4427 | 024 0.35 1.30 50.33 | 0.34
ATOMIBIK 6.05 | 6344 | 0.23 0.30 1.06 28.79 | 0.14
YKanmer memnepi 100

Korapaarpl ananus >xacarad yII MOJU(HUKATOp OOWBIHIIA MBIHAHIANW KOPbI-
THIHBI JKacaybIMbI3fa OOmajbl, YAriAe TUTaH XOHE KaJbLWH 3IEMEHTTEPiHIH
YKOFaphI KOPCETKIIT MEH KOMipTETiHIH 60Tybl KOOIKTi OETOHHBIH OCpIKTIK KacHeT-
TiHIH KOFapJiaybIHa aJIbIIl KeJe/i.

HOTIWXKEJIEP MEH TAJIJIAYJIAP

Pentrenodaszas Tannay JAPOH-3M, Cu-karonnen >xoHe Ni-cy3rilimneH peHT-
reHJiK qudpakToMeTpae opelHAaNFaH. Penrendasanpik Tangay OOHbIHILA KacaH-
JIbI KAIITaFbIIll TACTBIH KOCIIAChI3 ChIHAMACKI KeJiecl (ha3aiapaaH Typajibl:

-y kanbiuiini cunukar (amut — C3S) — d/n = 1,5; 2,50; 2,67; 2,83 A;

- conpipinren ok (Ca(OH),) - d/n = 1,91; 2,62; 4,90 A:

- Kimunkepain xypamsr (%): CsS — 40-68, - d/n = 1,83; 2,40; 2,80; 3,07 A.

JKacanp! KanTarsIIn TaCTHIH XKYPy MeXaHu3Mi Ooibrama kBapir H3SiO4 sxone
H,Si04> noHmapbiH TyabIpa epiTiHire aiiHanasl, onapasie Ca?t HOHBIMEH ©3apa
opekeTTecyi KBapil OeTiHzAe i30ecreH 0aif KaablUi THAPOCHIIMKATTAPIABIH Taina
OomysIHa okeneni. HoTmxkecinae KpucTanaany OpTacklHIa 130€CTi KaabIluil THAPO
CHJTUKATTAPbIHBIH KpUCTAIAaphl Ty3imin, oxapasia Memmepi eceni. CSH (I) dasa-
CBIHBIH TY31ITyiHE KaJIbIIUi OKCHUIIHIH Kypaybl MEH KYMHBIH J)KYKa YHTaKTaIyhl 9cep
ereni. Kmuakepain kypamabl KocbUTBICBIC3S(III) da3ackiaeiH maiima Ooys
Heri3iHeH OepiKTiriHe kayan Oepei.
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Juarpamma 1 — XKeprinikTi muki3arTa xacanrad Ko0iKTi OSTOHBIH LITPUX-IHArPAMMACHL:
1 — mMKi3aT KYMHBIH [ITPUX-IHarpaMMachl; 2 — AaifblH OHIMHIH IITPHUX-AHarpaMMacs!

Kym B-xBapuran 6acka esre sneMeHTTep Oap ekeHiH kepyre Oonanbl. Onap
JaNaNbIK IMaTTap, COHBIH iminae oprokias — Ko0O-Al,05:6SI0; (3,18), ansbur —
Na;0-Al,03'6S102  (1,66), kampuut — CaCOs; (2,27) XoHE Tajdbk —
3Mg0-4Si02'H20 (2,12), pytuia — TiO2 (1,53) Gossin TaObLIAIbL.

PenTrenorpaMManbIkK CIIEKTp apaliblK YATiAe kaHa eHiM peduiekcTepi makaa
0osapl srau ¢d/m=2,75; 2,80; 3,07 A kaHa ©HIM KYPBUIBICHIH TY3LIyiH KOpCETeIl.
A cd/n=2,40; 1,91; 2,60; 2,63 A mukTepi MUHEpaJIIbI KOCIIA KOMILIEKCTI KYHEHIH
KaHa OHIM Ke0iKTi OETOHFA KATHICThI EKESHITIH AJCIICH TYCe .

Temenneri 6-kecTeneH KepeTiHIMI3 TepMorpamMma OOWBIHIIA YITiIEp
750...880 xome 930...960°C aiimarbinma yiakeH 5HT0(P(EKT KOPCETTI, SFHU OyII
oJIapAbIH JUCCOLMALMSIIAHYbIHA COMKECTITiH KOPCeTTi. AJIMTTIH aHaJTUTHUKAJIBIK
ce3bIFbl d/nl176A Tek Oakplaay yATiciHAE KOPiHIM, all KajFaH YJTijepae KepiH-
Oeiii, OYJI AereHiMi3 TepeH ruApaTaiys MPOLCCIHIH KYPYiH KopceTeIi.

By TepMorpaMma HOTHXKECIHEH KOPETIHIMI3 qUarpaMManarbl aHajIu3 HOTH-
XeJepiH KyJI KaJAbIFbl KocnackiMeH anbiaFal yiarigeri 130...170 pa3mepi apanbix
OeJIIIeK UHTEPBAJIBIHBIH KOFAPhl KOPCETYl KOJUIOMITHI ePITiH/II PETiHAE albIHFaH
OHIMHIH JKOFaphl HICKTIK ayJaHbIH YKOFapJjaThIHbIH KepceTei. Ky KaaabirbIHbIH
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6-kecte — Optaiua ThiFbbIEFE D 500 GoiibiHIna KO6IKTI OETOH YITiCiHIH TepMOaHau3i

Bunospdexrtsr, °C D¢ dexrinik Yri macca-
Yo ’ MaccaHbIH CBIHBIH
araymape | 130.. | 350. | 520.. | 750. | 910.. CYMMapIILT Jamet
170 360 530 860 930 JKOFAILyBl JKOFalybIXm,
m, M M
Bakpuiay 88 - 24 14 - 126 182
Kyn
106 - 26 6 2 126 179
KOCIIachl
JluatomMut 94 18 24 4 - 146 186
CaCl: 90 10 19 40 30 197 227
B
- { &o

0 100 200 300 400 500 600 700 800 900 1000 1100 °C smupmoad.

Juarpamma 2 — XKeprinikTi mMuKi3aTTaH xKacajaFaH KOOIKTi O6TOHBIH
JATA anmapatslHIaFs! TepMOTpaMMackl: 1 - 6akpuIay yrici; 2 - KyJI KOCIIaCHIMEH;
3 - IMaTOMUT KOCHAChIMEH; 4 - Kalblnil XJIOpUAIMEeH

HETi3IUTIT1H KOPHITRIHIBIIACAK OHBIH 63apa iIIKi KyphUTBIC OOJIIeKTepiHiy Oakia-
HBICYBl KOOIKTCHIIPTIMTIH TYTKBIPJIBIFBIHBIH JKOFapiiayblHAa ajblll Kenemi. by
JeTeHiIMi3 >Kalmbl KeOikTi OeTOH ay >XKYWECiHiH TYTKBIPJBIFBIHBIH SIFHH KOO0iK
Ka0aThIHAH CYMBIKTBIK aFbIll KETICY KaOIIeTTIIIriH xoFrapaaTanbl. COHBIMEH KaTap
cepmiMal KaOuIeTTi, KYPbUIBICTBI-MEXaHHMKAJIBIK KaOaTThl KYKa IJICHKACHIHBIH
Ty3utyin kepcereni. COHABIKTaH KYJ KaJABIFBI HeTi3iHAeri keOikTi OeToH yarici
KYHECHIH TYPAKTHUIBIK KACHETIH KOFapIaTabl.
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7-xecre — JlaitbiH OHIM KOOIKTi OETOHHBIH IEMEHTTIK KypaMbl

dremenTi s | o |Mg| Al | si|cal F |[Mn|Ti|Kk
yneci, %

Maccarsix 0.19 | 33.09 | 3.88 | 274 | 334 | 1.02 | 54.56 | 0.92 | 0.13 | 0.13
Aromabik 0.17 | 5049 | 2.92 | 292 | 3.41 | 0.73 | 28.08 | 0.48 | 0.08 | 0.10
>KaJ'Il'II>I. 100

MeJIepi

5-cypet — JlaiibIH 6HIM KOOIKTi OETOHHBIH KYPBUIBIMBI MEH KYPaMbl

By 5-cyperreH KepeTiHiMi3 >KOFapblIarbl IIHKI3aTTap 3epTTEYJIep HOTH-
JKeCiHae anblHFaH KeOiKTi OETOHHBIH KYpPJBIMBI MEH KYpaMbl KOHE 3JIEMEHTTIK
KYpPaMbIHBIH IIHKIi3aTTap KypaMblHA COHMKEC e3repin JaiblH 0acka ©HIMHIH
KYPBUIBIMBIH CHIIATTAybIH KopceTin Typ. JKoHe anbiHFaH KoOIKTI OHIMHIH aKTH(TI
KaTalobl TEPMOJMHAMHUKA TUArPaMMAChIHIa KOPCETKEH/CH 3JIEKTPOIUTTI HKbLI-
JaMIATKBINTAp KATBHICHIHAA KYPIM dKCITyaTalUsUIbIK CHIIATTaMalIapbiH KaKcap-
TaJibl.
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KopsiToinabl. KopeITEIHABUIAR Kelle 3epTTeyNiep KOPCeTKeHIeH qaiiblH OHIM
Ko0iKTI OETOHHBIH KYPBUIBIMBI MEH KYPaMbl,PEHTTCHOTPAaMMAackl MEH TepMOrpa-
Machl KaHa OHIMHIH TY3UITCHIH OHBIH KYPBUIBICBIHA Kapal aHBIKTAJIFAaHBIH YChIHA
aJaJbl.

Exinmi nuarpamma OOMBIHINIA KOPBITHIHABI J)KaCaUThIH 00JICAK, aKTUBTECHTCH
yirife kaHa aQUIUTTIH MUApOCHIMKAT (a3achl TY3UISTiHAIr OalKagambl yKOHE
CYJIbIH XUMHSUTBIK OaliaHbIChl apTaasl. OchbiraH OaillaHbICThI KOOIKTI OETOH YJIri-
JIEpiHiH OEpIKTIri apTaabl )KOHE TYPaKThl KOOIKTEHAIPTINl KAaTHICHIH/A [IEMEHTTIH
Kararo MexaHu3MiHe anbin keneni. COHbBIMEH Karap Kocraiap Kocy OapachiHaa
anekrponutTep Tomenaeiai. K/3 (T/B) kareiHacel miactudukaibik 3¢ hexTi Ka-
THICHIH/IA ANBIHATHIH OHIMHIH CHUIATTaMachl OOWBIHIIA OEpIKTITiHIH apTyblHA €3
YJI€CiH KOCaJIbl.

3epTTey HOTHXKEIIEPi OOMBIHIIIA XKaHa OHIMJIET] AUCTIEPCTI KeYEeKTIOOIIEeTiHIH
CyMMapJIbl MIEKTi OCTTITiHIH KOFapiiaybIlHa aIbI Keeal )oHe MOAH(DUIPIICHTeH
KO0iKTi OYHBIMHBIH aKCapFaH cunarraMaiapblH OepeTiHIIr YChIHbUIAAbI.
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Pe3iome
A. B. Husiz6exosa

NCCJIIEJOBAHME CBIPBS,
HEOBXOJUMOI'O IJIA TEXHOJIOI' MU ITEHOBETOHA

B nocnenuue roael B Kazaxcrane uccieioBaTey yaeisroT 0co00e BHUIMaHKE pa3pa-
OOTKE TEXHOJIOTUH TMOJTy4SHHsI MHOTOKOMIIOHEHTHOTO MIEHOOETOHA.

C uenbio HanmaxuBaHus 3()(HEKTUBHOTO MPOU3BOJCTBA CTCHOBBIX KOMITO3UITHOHHBIX
MaTEepHUAJIOB B PETHOHAX MPOBOATCS UCCIICAOBAHHS C MPUMCHEHUEM MECTHOTO CHIphs. J{ist
YIYUIIEHUs] IKCIUTYaTAllMOHHBIX CBOWCTB M MPUBEACHHS K COOTBETCTBYIOUIMM IPEABSIB-
JISIEMBIM TPEOOBAHUSIM B IIPOAYKIIHIO J00ABICHBIMOIM(DUKATOPBI: TUATOMHT, 3011y, XJIOPU/
KaJblUsl B pa3iMuHbIX COOTHOUICHHUsX. C MeNbl0 MONydeHHs NEeHOOETOHA CpeaHei
[UIOTHOCTH TPOBEACHBI HHU3UKO-XUMUYECKHE U XUMUYECKUE HCCIIEOBAHUSI XUMHYECKOTO
1 3JIEMEHTHOT'O COCTABOB MECTHOTO CHIPBSI.

Ha ocHOBaHMU SKCIIEPUMEHTABHBIX JAHHBIX, PE3YJIbTATOB PEHTTCHO(A30BOT0, pac-
TPOBOTO 3JIEKTPOHHOTO MHKDPOCKOIA U JIePUBATOrpa)UUeCKUX aHAIU30B MOTUPHUIIAPO-
BaHHOU MPOJYKIIMK ONPECICHBI CTPOCHHE,CTPYKTYpa, COCTAB U MEXaHH3M 00pa30BaHUs
neHo0eToHA.

AHaJ'II/I3 3JICMCHTHOI'O COCTaBa MCXOJHBIX KOMIIOHCHTOB CI)Ipr (HCCOK, HCMCHT, HU3-
BECTh) TOKa3a] BO3MOXKHOCTh HCIIOJIB30BAHUS MX B MPOHM3BOJCTBE MeHOOeTOHA. MCmomb-
30BaHUE MECTHOT'O ChIPbS TPUBO/ISIT K YBEIMUICHUIO CYMMAPHO# NPEAeIbHOM OBEPXHOCTH
JIMCTICPCHOM MOPHUCTON YacTH HOBOTO MPOJYKTA M YIYYIIAIOT XapAKTEPUCTUKU TEHHOTO
MOIU(DUIIMPOBAHHOTO H3/IEIIHSI.

KaiwueBble cjioBa: eHOOETOH, JIEMEHTHBIA COCTaB, XUMHYECKHI COCTaB, TEpPMO-
rpamMMa peHTIeHOrpaMMa, CTPOUTENILHBIC MATEPUAIIBL.
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Summary
A. B. Niazbekova

RESEARCH OF RAW MATERIALS REQUIRED
FOR FOAM CONCRETE TECHNOLOGY

In recent years, researchers in Kazakhstan have paid special attention to the develop-
ment of technology for producing multi-component foam concrete.

In order to establish effective production of wall composite materials in the regions,
research is being conducted using local raw materials. To improve performance properties
and bring them to the appropriate requirements, modifiers have been added to the product:
diatomite, ash, and calcium chloride in various ratios. In order to obtain medium-density
foam concrete, physical, chemical and chemical studies of the chemical and elemental
compositions of local raw materials were carried out.

Based on experimental data, results of x-ray phase and raster electron microscopes,
and derivatographic analyses of modified products,the structure, composition, and mecha-
nism of foam concrete formation were determined.

Analysis of the elemental composition of the raw materials ' initial components (sand,
cement, lime) has shown that they can be used in the production of foam concrete. The use
of local raw materials leads to an increase in the total surface limit of the dispersed porous
part of the new product and improves the characteristics of the foam modified product.

Keywords: foam concrete, elemental composition, chemical composition, thermo-
gram x-ray, building materials.
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©0X665.633
C. C. CATAEBA, A. H MYKAMBETKAJIMEBA

XKourip xan areigarsl bateic KazakcTan arpapiblK-TeXHUKaIbIK YHUBEPCHTETI
Batric Ka3akcTaH HHHOBaMOHABI-TEXHOJIOTUSIIBIK YHUBEpcuTeTi Opan, Kazaxcran Pecy6iamkace

TYPA AUJAY BEH3UH ®PAKIUACHI HETT3IH/IE
IKCIVIYATAIMAJIBIK KOPCETKIIITEPI ) KAKCAPTBIJIFAH
OTBIHABIK KOMIIO3ULUAJIAP AJTY

AHHoTanmus. AxTeOc MyHail eHJIEY 3ayBITBIHBIH TiKeleld (paKIUsCHIHBIH OCH3UHI
3epTTeni. beH3MHHIH OKTaH CaHbl MEH JETOHAIMSAFa TO3IMAUIINIH apTThIPY YIIIH XKOFaphI
OKTaHJBIKOCTIANIap MEH MpHUCanKanap KoJIIaHsUIIbl. JKoFaphlOKTaHABl KOcHajap peTiHie
ANKWIAT, H30MepU3aT, pudopMaT, METHITPETOYTHID(QHPi, H30TponaHoNTaHAaIakL. [leTo-
HALWSJIBIK TYPaKTBUIBIKTEL apTTHIPY YIIIH MOHOMETHJIAHWIMH KOJIAHBUIABL. BeH3UHHIH
’KaHa OTBIHABIK KOMIIO3HLIMSIIAPhI )KaCaJIIbL.

Tyiiin ce3aep: Typa aiinay GpaKuHUsACHIHBIH OCH3WHACP1, OKTaH CaHBI, IETOHAIIHSIIBIK
TYPaKTBUIBIK, alKHJIAT, K30MEPU3aT, pupopMaT, METUITPETOY THID(UPI, U30IIPOIAHOIL.

Kipicme. Kazakcran Pecmybnmukaceiasi EBpo-4, EBpo-5 crammaprrapbiHa
oTyiHe OalJIaHBICTHI eTiMi3/Ie KaHa CTaHAapT TajJanTapblHa XKayar OepeTiH )KoFa-
pBI camalibl aBTOMOOWIIL OSH3WHACPIH OHAIPYAl KOJFa aly JKy3ere achIpbuIyia.
MyHaii OTHIHIAPBIHBIH, aTan aWTKaHAa aBTOMOOWIb OCH3WHICPIHIH CaIrachiH
apTTeIpy, sFHH EBpo-3, EBpo-4 craHmapTTaphl TalantapbiHa COHKECTCHIIPY €Ki
JKOJIMEH JKY3€re acbIpbUlybl MYMKiH: aBTOMOOWIb OCH3WHIAEPIH OHAIPYAiH
EKIHIIUTIK TepeH OHJCY, SFHU KaTaTUTHKAIBIK KPEKUHT, U30MepJey, alKIWIACy
YJIE€CIH apTThIPy JKOHE OpTYpJl apHalyAarbl NpHUCagKajgap MEH ycTeMenepii
kosgany. Kazakcran PecryOnukachl YIIiH €KiHII TOCUT HEFYPIIBIM THIMJII OOJIBIIT
oteIp. EBpo-4, EBpo-5 cTanmapThl TanantapeiHa xayan OepeTiH aBTOMOOMITb OCH-
3MHJEPIH OHMIPY OKTaH CaHBIH KOFapbLUIaTaThIH, TO3yFa, TYTIHIECHYTe, TOTBIFyFa
KapChl, )KYFBIII 9PEKETTEr1, UCIIePTallsIayIlibl, KOPPO3US HHTHOUTOPIIaPhI KIHE
T.0. CHAKTBI 9pTYpi (YHKIMOHANABI OAFBITTAFbl MPHCAAKaIap MEH ycTeMelepai
KoJanOait MymkiH emec. [lpucaakamap MeH ycTemenepi naiaanaHy kakcapThLI-
FaH 3KCIUTyaTaIUsUIBIK YKOHE SKOJIOTUSJIBIK CHITaTTaMajlapra e OThIHAAPAbI alyFa
MyMKiHAik Oepeni [ 1]. Conapikran qom Kasipri yakeirta Kazakcran PecryOmmkacst
YIIH OCH3WHIEP/iH SKCIDTyaTaIlMsUIbIK KACHETTEPiH JKOFaphUIATyFa MYMKIHJIK
OepeTiH KOFapbl OKTaH bl KOCHIAJIAP MEH MPHCAIKaIapabl KOJIaHy ©3¢KTI Macelie
OOJIBINI TaObLIAbI.

OcpiraH 0ailyIaHBICTHI AKYMBICTHIH MAKCATHI - SPTYPIIi KOCTIanap KOCY apKbLIbI
OCH3UHIEPIH (PU3MKA-XMMHUSIBIK KACUETTEPIH JKaKcapTy.

3epTTey HbICAaHAAPBI PETIHIE:

- Tayapybl OEH3WH KOMITOHEHTTEPI — AThIpay MYHal ©H/Iey 3ayBITEIHBIH KOHE
Axtebe myHait eHney XKIIC tikeneit aiinay OeH3MHIIED;

- MOHOMeTHJIaHWIHH (N-METHIaHWINH);

- JKOFapbl OKTaHbI KocTanap — pudopmar, H30Mepu3aT, ajJKuiIarT;
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- MeTHATpeTOy T Gupi(MTBI);

- N30MPONIICIIHPTI;

- IOJIMA TUIICHITOJIMAMHH TaHAJIBIN AJIbIHBL.

3eptrey OapbicbiHga AKTeOe MyHall ©HICY 3aybIThIHAH AJIBIHFAH Typa aigay
OCH3MHIHIH (U3UKA-XUMUSIIBIK KacueTTepl aHbIKTanabl. Typa aiimay OeH3uHII
KOMITOHEHTTEPl TaHAadybl CIUPTTEPIIH KOMIPCYTEKTEpAiH OpTYpJi KiacTa-
pBIMEH KOChIIa allybIMEH OalaHbICTHl. AJIBIHFaH KepceTKilmTep 1-mm kecrejue
OepinreH.

1-xecte — Akre0Oe MyHall OHIeY 3ayBITTHIHAH aJIbIHFAH
Typa aiinay OeH3uHiHIH QU3UKa-XUMUSIIBIK KaCHeTTepi

. . Axtebe MO XKIIIC
Kepcertkimrepi . .
Typa aiigay OeH3uHi
OKTaH caHbI 66,2
laiibip Momiepi, Mr, 100 cm® 6ensunre, Ko emec 2,8
Kykipt memepi, % macc 0,045
TonThIK KOMIPCYTEKTIK KypaMel, % Macc:
napaduHIep 451
HadTeHaep 17,65
apoOMaTThI 14
MBIC IUIACTUHKACHIHA ChIHAY Kiace 1
CBIPTKEHI TYpi Tasa
Terb3abFs! 15°C, xr/m® 790
DpaKkUMsIIBIK KYpaMbl:
Bacrankel Kaiinay Temneparypacsl, °C 35
CoHrbl KaifHay Temmepatypacsl, °C, 185
Konb6anare! Kanasik, % 1,6

[Tapadwuumi KaTap KeMipCyTeKTepi Hamap epiTKImTep OOJBINT CaHATATHIHIBI-
FBI OeJrini, Oipak ojap CUPTTEpre KOCHUIFIIITHIKKA Ue. O3 Ke3eTiHAe apOMAaTThI
KOMIPCYTEKTep 0Oacka KeMIpCYTEKTEPMEH CallbICTHIPFaHNla CIHPTTEPAL KAKCHI
epiteni, OipaK CHUPTTEPAI KOCY KE31HAETI OKTaH CAHBIHBIH ©Cyl MHHHMAJIIHI.
Tikeneit aifnay 6ensuni 70-80 % mac. Ilapaduaai kemipcyTeKTepaeH, ajl KaTaju-
TUKaNBIK pudopMuHr 6ensuni 60-70 % mac. apoMaTThl KaTapAaH TYPaThIHABIFbI
oenrimi. OcblraH OaiylaHBICTBI OCH3WHIEPIIH TaHAAIBIN albIHFAH KOMITOHEHTI
CHHPTTEP/iH epyi YIIH KOKETTI MeKTi Kocra 0okl cananaabl. COHIMEH KaTap
Oyl atarraH OCH3MHIEPII TaHJAIYBl €NiMi3lle OHAIPLIETIH OCH3WHIED >KaJIlbl
yJiecinzeri 6aceiM OeliriH KypalThIHIBIFbIHAAA OaliIaHbICTHI.

AJBIHFaH HOTHKENep OOWBIHIIIA OHTIPic KOHABIPFBUTAPBIHBIH OapIIbIK OCH3WH-
JIepi TayapJibl OThIHIAPFa KOMBLIATHIH TaJIaNITapFa COMKec Kelie i, Oipak Typa aiaay
OcH3MHIEPiHIH OKTaH caHbl ToMeH. COHIBIKTaH 0a3aIbIK KOMIIOHEHT PETiHIE Typa
alimay OeH3WHZEp! albIHBIN, al pudopMar KoHE U30MEPHU3aT JKOFAPBl OKTaHbI
KOCIIa PeTiH/Ie TaHaaIbl, ce0e0l oap/bIH OKTaH CaHbl )KOFaphl.
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MounometmnanwmuaHIH (MMA (N-MeTUIaHHINH)) — KOMIPCYTEKTEepAC JKOHE
STHJI CIHUPTIHAE XKAKChl €PUTIH OE/IriIi aHTHACTOHALMSIIBIK prcaka [2].

MoHoMeTHIaHWIMHHIH MeTHNTpeTOyTIiGupi (MTB3) — MOTOp OTBHIHIADHI-
Ha, SFHU aBTOMOOWJIb OCH3MHIIEPIHE OKTaH CaHBIH >KOFAPBLIATYIIEI KOMITOHCHT
pertinge konmanbuiaasl. MMA (N-metunanunnd) MeH MTBD-HiH Gu3nKa-XUMUS-
JIBIK KacueTTepi 2-3-111i KecTeaepae KOpCeTUIeH.

2-kecte — MOHOMETHIIAaHUITHHHIH (DU3HKa-XUMHSJIBIK KacueTTepi

KepceTkiuirepaiH atamys MaHi
CBIpPTKBIKOPIHICI Maiinsl MenAaip capbl TYCTi CYHBIKTBIK
Tere3aeEsr, 200C Temnepatypania, Kr/m3 975
Kocnagarsr N-MeTHIaHIIHMHHIH MaccalbIK yieci, % 98,0
JndeHnnaHuInHHIE MaccalblK yieci, %o 1,3
AHWIMHHIH MaccalbIK yJieci, % 0,5
CynbIH MaccalbIK yieci, % 0,2

3-kecte — MOHOMETHIIAHWITMHHIH METHATPETOY THIAGUpPiHiH QU3UKa-XIMUSUIBIK KAaCHETTepl

Kepcertkinirep atamyst MaHi
ChIpTKBI KOpiHici cxgﬁgﬁ X
OkTaH caHbl 115
THIFBI3IBIFEL, KI/M3 860-870
Mertun-tpet-0y T 23¢upiniy MaccalblK yieci, % 98,66
CrupTTiH MaccalblK yieci (MeTaHoI, YIIiHIIIIK OyTaHom), % *OFapbl eMec 4,03
C4-Cs KeMipCyTEKTEpiHiH MaccallbIK Yiieci, % jKorapbl emMec 0,25
CynbIH MaccalbIK yieci, % Kkem emec 0,02
MexaHHUKaIBIK Kocrajap -

Wzonponuncnupti (MIIC), okTaH caHBIH KOFapbUIaTy KacHETIMEH Kartap
CHUPTTi-OCH3MH/II KOCTIANapFa KaThICThl TYPAaKTaHABIPYIIBI SPEKETKE He.

4-xecte — I/I3OHpOHaHOJ’IZ[I)IH (1)I/I3I/IK8.-XI/IMI/I$UIBIK cumarraMachl

Kepcerkimrep aranys W3omporanos MoHi
CrupTTiH MaccalsIk yieci, % 99,7
ThIFBI3ABIFBL, KI/CM3 801
OkraH caHsbl (39) 117

[TonmmaTrnennonuaMua — oMOeban mpucaaka, OHbl OCH3WHTE NIe AM3CIBIIK
OTBIHFA Jla KoyjgaHyra Oonansl. COHbIMEH Karap OCH3WHHIH aHTHKOPPO3USIIBIK
KaCHETiH jKaKCcapTaThIH XKYFBIII MPUCAJKA PETiHJIE Maiananyra oomansl [3].
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5-kecre — [TonuatuiaeHnonuaMut Gpu3nKa- XUMUSUIBIK KOPCETKIIITepi

Kepcertkinirep atamyst Monpzepi

AHII)IK Capbl TYCTCH KOKO-KOHBIP TYCKE

CBIpTKBI KepiHici JICHiH Ke3/IeCETiH MalIbl CYHBIKTBIK

CyabIH MaccalbIK yieci, % KeM eMec 4,0
THIFBI3IBIFBL, KI/M3 860-870
Mumnepannsl Kocnianap, % 0,2
200 C »xorapbl KailHAWTBIH KAJIABIKTBIH MaccalbIK yJieci 65-75

OTBIHIBIK KOMITO3UIIUSHBI TalbIHAAY KOcTajgap MEH TikeJel aimanran OcH-
3UHAEPI KaparaibIM apalacTeIpy apKbUTH XKYprizinmi. Myrnarst MMA —aHTHIEC-
TOHATOP PETiHC OCNT1Ii )KOHE OHBIH aHTUICTOHAIUSIIBIK CUIIATTAMAIAPhI 3TAHOJI-
ra, MTB3-na kaparanaa xorapsl. An UIIC, MTBO-0TBIHABIK KOMIO3UIIUSHBIH
KOCIIa TYPaKTaHBIPFBILIbL, )KYFBIII OPEKETTI OepyII areHTTEPl PETiH/S TaHIAJIbII
anbiHabl. by aTanraH 3attap Oip OipiHae e3apa LIeKci3 apaiacaanabl.

JKorappl OKTaHIBI KOCHANap pETiHAE TaHIAl albIHFAaH KOMIIOHEHTTEPIIiH
OKTaH CaHBIHBIH KOPCETKIIITEPi 6-IIbI KECTe/Ie KOPCETIITEeH.

6-kecTe — ABTOOCH3UHHIH >KOFapbl OKTaH][bl KOMIIOHEHTTEPIHIH OKTaH CaHbI

Ne JKorapsl OKTaHIBI KOMIIOHEHTEP OKTaH caHbl
1 Ankuiar 98,6
2 H3omepusar 93,5
3 Pudopmar 96,5
4 Merun-tpet-0ytii a¢upi (MTED) 125
5 W3omnporn cnupri 118

Typa aiinay 6eH3uHAEpiHE aTaTFaH KOCMaaap bl KOCHI op TYpJli KOMIIO3UITUS
xacangpl (Ne 1-5 ceinama Axkre0e myHai exzey JKILC), onapapiH OTBIHIBIK Kypa-
MBI COMKECIHIIE 7-1ITi KECTelle KOPCETIITeH.

7-xecte — Akre6e MO XKIIIC Typa aiinay
GeH3MH (PaKUUSICHI )KOFAPhl OKTaH/bl OEH3MH ATy ABIH PELENTYPachl

OTBIHIBIK KOMITO3UIIHUS

Ne KommnonenTrep

Ne 1 Ne 2 Ne 3 Ne 4 Ne 5
1 | Typa aiinay 6ensuni (Axkrede MO XKIIIC) 55 55 55 55 55
3 | Ankunar 20 20 - 10 10
4 | Uzomepusar - 10 10 - -
5 | Pudopmar 25 10 30 20 20
6 | MTBD - 15 5 10
7 | Uzomnpomanon - - - 5 15
8 | MMA (0,8 % macc) + + + + +
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ATBIHFaH OTBIHABIK KOMITO3UIUSHBIH JKCIUTYaTalUsIIBIK KOPCETKIMITepi
aHbpIKTIpl. OKTaH caHbl, MAKBIp MeIIIepi, KAHBIKKAH OyJap KbICHIMBI, Kbl
KYKIpT MeJIepi.

Bemsunnepnin okrtan caneiH aHbpiktay MEMCT 52947-2008 OotibiHina
3eprrey oniciMen YUT-85 KOHABIPFBICHIHIA aHBIKTAABL. 3EpTTeY HOTHKENepi
1-2-mi cyperTepie KopCceTireH.

94 92,1 91.8 92 91,8
92 -

90 -

88 -

86 -

Q4 -

82 - 80,0

80 -

78 -

76 -

74 -

72 T T T 1 T

Nel Ne2 Ne3 Ne 4 Ne 5

1-cyper — Akrebe myHaii exzey XKILC Typa aiinay GeH3UHIHE )KOFapbl OKTAH/bI
KOcHajap HeTi31H/e aJbIHFaH OTHIHABIK KOMIIO3UIUSHBIH OKTAH CAaHBIHBIH KOPCETKIIITepi

921

W BacTamkel oKTaH cankl M E0Cna KOCKAMMAH KefliHTi OKTaH CaHbl

2-cypet — Kocna KockaHFa A€ifiHTi :oHe KeHiHr1 OKTaH CaHBIHBIH 63repyi
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CypeTtTepae KepceTireHael KYpbUIFaH KOMIO3ULUSIIAPBIH SKCIUTy aTarys-
JBIK, KepCeTKIITepi OacTankel Typa aiiiay OCH3MHIMEH CallbICTBIpFaHa >KaKcap-
TBUTFaHIBIFBIH OalikayFra Oomambl. ATeIpay *koHe AKToOe¢ MyHail eHJEY 3aybITTa-
PBIHBIH Typa aligay OeH3uH (pakUUsICHIHBIH OKTaH caHsl 66,2 0oJca, Kocmaiap MeH
Mprcaka KOCKaHHAH KeWiH 25 OipiiKkke IeHiH YIFalFaHbl OalKaIb.

3epTTey HOTHXeNepl OapiblK KapacThIPbUIFAH OTBIHIBIK KOMIIO3ULIUSIAPIbIH
(M3UKa-XUMHSIIBIK KacueTTepl OOMBIHIIA Tayapiibl OTBIHIApFa cail KeJeTiHiH
KOPCETTi.

ConbiMeH chiHama peTinge Axkrede MO XKIIIC typa alinay OeH3unaepi 6a3a-
JIBIK PETiHJIC TaHJIAIl AJIBIHIBI )KOHE OJIap IbIH (PH3HKa-XUMUSITBIK KACUETTEP1 aHbIK-
Tangel. Atanran OeH3uHAEp OapIbIK KepceTKilmTepi OOibIHIIA Tayapisl OCH3MH-
Jiepre colikec Kemei, 6ipak OKTaH CaHbl TOMEH.

Ankwunar, nzomepusar, pudpopmar, UTIC, MTBED ap Typni Menmepzae eHrizin
KacalaFaH KOMIO3HIUSIIAPBI 3ePTTEy HOTIDKECIHIE OKTaH CaHbl 92-Te TeH 3Kc-
IUTyaTalusIbIK KOPCETKIIITEPl XKaKcapThUIFaH OCH3UHIIED aJIBIHABI.
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Pe3rome
C. C. Camaesa, A. H. Myxambemxanuesa

[OJIYYEHHUE TOIJIMBHBIX KOMITO3ULIMIA
C VJIYYIIEHHBIMU SKCILTY ATAHMOHHBIMU XAPAKTEPUCTUKAMU
HA OCHOBE ITPAIMOI"OHHOM BEH3VMHHOUN ®PAKIINN

B pabote uccrienoBansl OEH3UMHBI NPSMOIOHHOW (pakiun AKTIOOMHCKOTO Hedre-
nepepabaThIBaOMIEro 3aBoja. [l MOBBINIEHUS OKTAHOBOIO YMCIA U AETOHAILIMOHHOM
CTOMKOCTH HCII0JIb30BaHbl BEICOKOOKTAHOBBIE JOOABKU U NPUCaaKH. B xauecTBe BHICOKO-
OKT@HOBBIX JT0OABOK BBHIOpPAHBI AJNKWIIAT, W30Mepu3aT, pudopmMar, METUI-TPeT-0y TUIIOBIH
a¢up, nzonponanon. s MOBBINIEHHS JETOHALMOHHON CTOMKOCTH HCIIOJIB30BaH MOHO-
MeTHIaHWIHH. COCTaBIICHBI HOBBIE TOILIMBHBIC KOMITO3HIMU aBTOOCH3NHA.
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KnwueBble cj10Ba: OcH3MH l'IpS[MOl"OHHOfI q)pamu/m, OKTaHOBOC 4YMCJIO, JO€TO-
HallMOHHas CTOﬁKOCTL, AJIKWJaT, U30Mepusar, pn(l)opMaT, MeTI/IJ'ITpeT6yTI/IJ'13(1)I/Ipi, n30-
IIPOMAaHOI.

Summary
S. S. Satayeva, A. N. Mukambetkalieva

OBTAINMENT OF THE FUEL COMPOSITIONS
WITH IMPROVED ORRATIONAL PERFORMANCE CHARACTERISTICS
BASED ON RECTIFIED PETROL FRACTION

The gasoline of the straight-run fraction of the Aktobe oil refinery was investigated.
High octane additives were used to increase the octane number and detonation resistance.
Alkylate, isomerizate, reformate, methyl tert-butyl ether, isopropanol were selected as high
octane additives. Monomethylaniline was used to increase the detonation resistance. New
fuel compositions of gasoline were invented.

Key words: straight run gasoline, octane number, detonation resistance alkylate,
isomerizate, reformate, methyltertbutyl ether, isopropanol.
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VJIK 632.95
D. TYPI'YHOB* , M. ®. @AH3VIITAEBA?

'Hanmonaneubiil yruBepcuTeT Y36ekucrana uM. M. Viyroeka, Tamkenr;
2Kesputopaunckuii YausepcuteT um. Kopksit Ata, Keiseumopna, Pecy6nuka Kasaxcran

BUOJIOTHYECKASA AKTUBHOCTb HEKOTOPBIX
ANETWIEHOBBIX AMMHOCIIHPTOB M
TAJIONJAMMOHUEBBIX COJIEM HA UX OCHOBE

AHHOTalIl/ISI. I/I3yqua Onosornueckasi akTUBHOCTh 3aMCIICHHBIX aMWHOIICH-THHO-
JIOB, aMUHOT'CKCHUHOJIOB U HCKOTOPBIX HUX IMPOU3BOJHBLIX. BI)IHB.HCHO, YTO alCTUIICHOBLIC
AMHUHOCIIUPTBL " OOJBIIMHCTBO HMX AaMMOHHEBBLIX COJICH 06na,ua}oT OHOJIOrMUECKOit
AKTUBHOCTBIO U B 3aBUCUMOCTH OT XUMUYCCKOTO CTPOCHHUA U 103 OKa3bIBAKOT PA3JIMYHOC
OMOJIOrHYeCcKOe BO3JICHCTBHE B OTHOIICHHUU HCMOJb30BaHHBIX KYJbTYDP. ABTOpaMI/I JUIIsL
BBISBJIEHUS OHOJIOTMYECKON aKTHBHOCTH HCCJICAYEMBIX IPEIapaToB UCIOJb30BaH U3BECT-
HBIN MCTOZ[-6I/IOTQCTI/Ip0BaHI/I§I Ha KOJICONITHUIIAX MIICHUIBI.

KiroueBble ciioBa: ACTUJICH, TUAPOXJIOPUABI, AHETUICHOBBIC aMUHOCIIUPTHI, aMMO-
HHEBBIC COJIH, ICCTUIIUBI, I/IHFI/I6I/ITOpLI

B nacTosimee BpeMs pa3nuuHble TPOU3BOAHBIE ALIETHIIEHA U COETUHEHMS Ha
WX OCHOBE HaIlUTA IIPUMEHEHHE B CEITHCKOM XO3HMCTBE B KAUECTBE MECTUITHAOB [1].
JIOCTOMHCTBOM 3THX BEIIECTB, B YaCTHOCTH aIleTUIICHOBBIX aMUHOCITUPTOB, SIBIIS-
€TCs MX MaJlasi TOKCHYHOCTh JIJIS TeIUIOKPOBHBIX [2]. B maHHO# paboTe n3ydeHO
CTUMYJHPYIOIee U UHTHOUpYIoliee NeHCTBUE HA PACTEHHS 3aMEIICHHBIX aMHUHO-
nieatrHooB (I-11I) m amuHOTeKCcHHOMOB (IV-VI), monydeHHBIX peakineit MaHHU-
xa [3-7] u3 aneTUICHOBBIX CITUPTOB M BTOPUYHBIX AMUHOB, CHHTE3UPOBAHHBIX HA
ux ocHoBe pa3nnuHbix xjopoHueBbix (VII-XII), 6pomonunesbix (XII-XVIII) co-
neid, a Takxe ruapoxiopuaos (XIX-XXIV) (cum. cxemy 1).

[ BbIssBNIEeHHST OMOJIOTMUECKOW aKTHUBHOCTH HCCIEAYEMBIX IPENapaToB
WCTIONIb30BaH M3BECTHBIH METOM - OMOTECTHPOBAaHUS HA KOJCONTWIIAX MIICHUIIBI
[8, 9]. [Ipenapathl UCIIOIH30BAHBI B BUJIE X BOJHBIX PACTBOPOB C KOHIICHTpAITUEH
1000, 100, 1 mxr/3 mi. Mcnbitanust mpoBo Ui TpexkpaTtHo. CeMeHa Mmpopariu-
Banu 36 4 mpu 25-26° C, a 3aTeM H3MeEpsUIM POCT KOJeonTwieH. Pe3ynbraTsl
MIEPBUYHOTO BBISABICHUS OMOJIOTHYECKONH aKTHMBHOCTH MPENapaToB IMOKa3aHBI B
tabnuie 1, u3 kotopelx BuaHO, uTo BemectBa I, III, V u XIII nposBumu UHTH-
oupyromyto aktuBHOCTh, XII 1 XXII-ctumymnupyronryto, VII-XI, XIV-XVIII, XX
n XXIII oka3zanuchk MamoakTHBHBEIMH. Takke mokaszaHo, 4To Bemectna I, IV, VI,
XIX, XXI u XXIV B Bbicoko# xonueHTpanuu (1000 MKr/3 M) necTBYIOT Kak
WHTUOUTOPBI POCTa, a B HU3KHUX KoHIeHTpanusx (100, 1 MKr/3 mi1) CTUMYIHPYIOT
POCT KOJICONTHIIEH MIIICHUIIBI.
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I= - R=R'=-CHg3; -N(R),= -dimethylamino group.

I1= -R=R'=-CHg3; -N(R),= -diethylamino group.

Ill=-R= - CH3, R'=- CoHs; - N(R),=- piperidino group.
IV=-R=- CH3, R'=-C,Hs; - N(R),=- dimethylamino group.
V= -R= - CHj3, R'=- C;H5; - N(R),= - diethylamino group.
VI= - R=-CHs, R'= - C,Hs; - N(R),= - piperydino group.
VII-XI1l = L=X= - CI - dichlor ammonia salts;
XIH-XVIIl = L=X= - Br - dibrom ammonia salts;
XIX-XXIV= X=-H, L=-ClI - hydrochlorids.

Tabmuma 1 — buonoruueckas akTHBHOCTb alleTUIEHOBBIX AMUHOCIIHPTOB
U MX YETBEPTUYHBIX aMMOHHEBBIX COJICH

Ne Xapakrep AKTuBHas
. Jlute-
coeu- CoeauHeHust OHOJIOIrMYECKOM no3a, aTvoa
HEHHS AKTHMBHOCTH v/ 3w | PP
1 2 3 4 5
| 1-mumeTnnaMuHO-4-MeTWI-2-TIEHTUH-4-01 PoctuurisGu- 1000 6
pyromias
. 1000
] 1- nyaTHIIaMuHO-4-MeTHI-2-TIEH- THH-4-011 - 100 7,8
i 1-nunepuanHO-4-MeTHII-2-TIeH- THH-4-0J1 - 1000 10
v 1-mumernnaMuHO-4-MeTHII-2- . 100 9
rekcuH-4-01 1000
\Y 1- mATHIIAMHHO-4-MeTHII-2-TeKCUH-4-011 - 1000 7,8
VI 1-nunepuanHO-4-MeTu-4-reK- CHH-4-011 - 100 10
1000
VI JluxyiopoHueBas cojib 1-aUMETH- JaMUHO- MasoakTHBHAs 1000 11
4-MeTun-2-neHTHH-4-011
Vi JuxnopoHueBas coib 1-AuITHI- aMUHO-4- . 1000 11
METHII-2-IIEHTHH-4-011
IX JluxnopoHueBast cojipb 1-IUMeTH- TaMUHO- e 1000 _
4-meTni-2-rekcuH-4-01
X JuxiopoHueBas cojib 1-AUITHI- aMAHO-4- e 1000 _
METHII-2-TeKCHH-4-0]1
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Ilpooonscenue madbauywr 1
1 2 3 4 5
x| Juxnoponuesas conp 1-nunepu- AuHO-4- . 1000 11
METHII-2-NIeHTHH-4-071
JluxnopoHueBas coib 1-nmmnepu- AuHO-4- Pocrctumyiu-
X1l 1 11
MeTm-4-reKcuH-4-011 pyrouias
Il JubpomonueBas conb 1-IUMeTH- JJAMUHO- . 1000 _
4-metuin-2-neHTuH-4-0I1
X1V JubpomonueBas conp 1-1uMeTH-1aMUHO- ManoakTuBHas 1000 _
4-meTmi-2-reKcuH-4-0i1
XV JlubpomonueBas coib 1-Anu3THI-- aMHHO-4- e 1000 _
MeTWI-2-NIeHTHH-4-011
XV JlubpomonueBas conb 1-gumer- e 1000 _
HJIAMHUHO-4-MeTHII-2-TeKCHH-4-011
XV JubpomonueBas conb 1-numep- uanHO-4- . 1000 11
METHUII-2-NIeHTHH-4-071
XVIII JlubpomonueBast conp 1-mumep- uanHO-4- . 1000 11
MeTmI-4-reKcuH-4-011
I'mapoxnopun 1-numernnamMuHo-4-MeTuII- Pocrctumymnu- 1
XIX 11
2-neHTHH-4-011 pyrouias 1000
XX I'uapoxnopun 1-numernnamMuno-4-MeTuI- MazoaKTuBHas 1000 _
2-rexcuH-4-011
XX| T'uppoxnopun 1-gudTUnamMuHo- Pocroctumynu- 1 _
4-meTuin-2-neHTuH-4-0I1 pyrouias 1000
I'mppoxnopun 1-Au3THIAMHHO-
XXl -i- 1
4-metuin-2-rexcuH-4-o1
x|y | Lmapoxaopi 1-munephuiiio- Masoaktupras | 1000 11
4-meTuin-2-neHTuH-4-01
T'unpoxnopun 1-nunepuguHo- Pocrcrumynu- 1
XXIV 11
4-metun-4-rexcuH-4-o1 pyrouias 1000

Tarxoke uccae0BaHo BIUSHUE 12 BBISIBICHHBIX HanOOJee aKTHBHBIX BEILIECTB
Ha BCXOXECTh CEMSIH M POCT Pa3IMYHbIX BUIOB KYJIbTYPHBIX PACTCHUMN: MIICHULIBI
copra Ansoumym-43 (Triticum durum), copro Opamxkessriii-160 (Sorghumdurra)
u myt-173 (Cicer dricti num). OnbITel IpoBOAKIM 00PabOTKOM CEMSH IIICHHIIBL,
HYTa U COPro B NMPENNOCEBHON M JOBCXOMOBBIM (IIpeAmnoceBHOM) nepuoasl. Kak
m3BecTHO [10], B IpeaImoCeBHOM IEPHOJIE CYIISCTBYET JBa Criocoba oOpaboTKu
CeMSTH:

1) 3amMaunBaHKe UX B BOAHBIX PACTBOpPaX MCIOIb3yEMBIX COCTUHEHUI

2) BBeIeHHUE MOCIETHUX B COCTAaB IPAXHUPYIOLINX 000JI0UEK.

Hcnonp3oBana Metoanka 3amaunBanus cemsH. [IpenBapurensHo ObLTO ycTa-
HOBJICHO, YTO TIPUMEHEHHE MPOU3BOIHBIX alleTUIICHA AJIsl 00paOOTKH CEeMsIH Iep-
BBII METOJ /1715l UCCIIEIOBAHHBIX COCIMHEHUH OKa3alcs Hed(h(heKTUBHBIM U TO3TO-
My OBUT IPUMEHEH 2-0 MeTo/i 00paOOTKU CeMsH BBIIIE HA3BAHHBIX PACTCHHH.

Cemena BobIceBasd 10 16 MIT. B 4eThIPEXyTroJbHBIE COCYABI ¢ Mo4BOi. [Tocme
nocesa No4By onpbsickuBany o 50 mit 1%-HeIM BOIHBIM PacTBOPOM Ipenapara ¢
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MyJIbBEPU3ATOPOMB KaXKIOM cocyne. KOHTpOJIbHBIH BapuaHT - ONPHICKUBAHHE
BOJIOM. BCXOXKECTh CEMSH M POCT IPOPOCTKOB m3Mepsuth uepe3 6, 12 u 30 mHei
nociie ocesa. [lonmy4eHHbIe pe3yabTaThl IPUBEACHBI B TabIUIax 2 u 3.

Tabmuna 2 — [lelicTBre MPOU3BOIHBIX AllCTUIICHA
Ha BCXOXECTh CEMSIH U POCT IIICHHIIBI, HyTa ¥ COPro*

Konuuectso Jnuna JlnMHa npopocTKOB
CoenuHenne Kynbrypa MPOPOCHIMX | TPOPOCTKOB, | IO CPABHEHHUIO C KOHTPOJIEM,
CeMsIH, IIT. cM %
ITimenuna 11 61,5 100
Kontpons Hyr 8 24,2 100
Copro 12 76,4 100
IMmennna 5 46,3 75,2
| Hyr 1 10,0 41,1
Copro 9 44 4 58,1
[Tmenuna 15 75,4 122,6
I Hyr 3 50 20,5
Copro 7 34,4 45,0
[Tmenuna 12 63,6 103,4
11 Hyr 7 26,9 1111
Copro 11 69,4 90,8
[Tmenuna 14 61,0 99,1
v Hyr 3 50 20,5
Copro 14 35,2 46,1
IMennna 11 28,3 46,1
\Y Hyr 4 9,2 38,0
Copro 8 67,1 87,8
[Tmenuna 11 55,1 90,1
VI Hyr 2 15,0 61,1
Copro 13 81,5 106,7
[Tmenuna 15 65,8 107,1
Xl Hyr 1 22,2 91,8
Copro 12 65,6 85,5
[Tmenuna 14 67,7 110,1
Xl Hyr 5 19,9 82,3
Copro 9 59,6 78,0
[Tmenuna 13 110,0 178,9
XIX Hyr 2 20,0 82,3
Copro 8 56,4 75,8
IMmennna 11 66,3 107,9
XXI Hyr 0 0,0 0,0
Copro 5 10,7 14,0
[Tmenuna 11 69,3 112,7
XXII Hyr 6 24,0 99,0
Copro 9 80,5 1054
IMmennna 10 73,3 119,2
XXIV Hyr 5 15,0 61,7
Copro 11 72,1 944
*[Ipenapatsl B Buzie 1%-HOro BOJHOTO pacTBOpa.
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Tabnuua 3 — Brosornyeckast akTHBHOCTb UCCIICIOBAaHHBIX MPENapaToB

Coeu- [Nmenuna Hyt Copro
HEHHC 1 2 3 4 1 2 3 4 1 2 3 4
| - - - -
] + + - -
I + + -
AV + - - + -
\Vj - - - -
VI - - + +
Xl + -
X1 + - -
XIX + + -
XXI - -
XXl +
XXIV + -
Ipumeuanue:
1 — noBbILIEHNE BCXOKECTH CEMSIH; 2 — CHIXKEHUE BCXOXKECTH CEMSIH; 3 — CTUMYJIMIPOBaHUE
pocrTa; 4 — 3ajiepKUBaHUE POCTa.
«*+» OTMEYEHO CTUMYJIMPYIOLIEE U «—» 3aJiep KUBalOIIee AeiicTBHE Mpenapara.

I'epOununHas aKTUBHOCTh CHHTE3UPOBAHHBIX BEIIECTB WM3ydeHa B MPEAIO-
CEBHOW NEepHO/, TaK KaK B NIEPUOJ BETETAI[H PACTEHUI OHH MPOSBIUTN cIadyio
AKTHUBHOCTb. JIJ1s1 MCTIBITAHWS TepOUIIMIAHON aKTUBHOCTH BHIOPAHHBIX MpPENapaToB
B IIPEIBCXOIOBOM MEPHOA Opaiy ceMeHa XJIoMmYaTHHKa copTa TamkeHnt 1 u Kyky-
py3b1 copta BUP 338, a Takke COpHBIX pacTeHUH TaKUX, KaK IMUPHUIA U KypUHOE
mpoco 1o 16 mt. CeMeHa BBHICEHMBAJIM B IMOYBY, KOTOPYIO 3aTeM 00padaThIBaId
W3y4aeMbIMH COCAMHEHHsMU B f1o3e 5 kr/ra.Cmycts 30 aHed mpoBoIwIn y4eT
repouuaHON akTUBHOCTH (%o K KOHTPOJIO) M TOACYET YHCIa PAaCTEHHH, OCTaB-
NIMXCSI HETTOBPEXK/ICHHBIMU B CPABHEHUH C KOHTPOJIEM. 3 IpUBEIEHHBIX JTAHHBIX
(Tabnuma 4).

Tabnuua 4 — I'epOunmaHas akTHBHOCTh UCCIIEAOBAaHHBIX MPENapaToB

I'ubens pacrenui,
Ne o
0 K KOHTPOJIIO
coenu- IIpenapats!
et mUpUIEa | KypuHOe
pOCco
1 2 3 4
Kontposs 0 0
| 5-(AMMETHIIAMHHO )-2-METHIIIICHTHH-3-0J1-2 42 9,0
I (S)-6-(mumerraamuHo)-3-MeTHIIreKC-4-1H-3-011 20,2 13,3
11 5-(AMATHIIAMIHO)-2-METHUIIICHT-3-UH-2-011 8,3 10,2
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IIpooonscenue mabnuyv 4
1 2 3 4
v (S)-6-(muaTHNaMIHO)-3-MeTHITeKC-4-HH-3-011 59 2,9
\Y 4-(unepuann-1-w1)0yT-2-nH-1-01 51,6 26,0
VI 2-meTii-5-(munepuauH-1-m) nenT-3-uH-2-01 58,3 6,0
Vil (S)-3-merm-6-(nunepuans-1-mi) rekc-4-uH-3-011 34,2 28,3
Vi JluxnopoHueBast coib 5-(AUMeTHI- 36.8 222
AMHMHO)-2-MeTHINEHT-3-HH-2-011
IX Juxnoporuesas coib (C)-6-(mume- 173 195
THJIAMHHO)-3-MeTHITeKC-4-1H-3-0J1
X JIuxI0poHUeBast COJIb S-(ANITHIAMH- HO)-2-METHIIIECHT-3- 785 301
UH-2-0J1
X| Juxnoponuesas coib (C)-6-(quaTni- aMuHO)-3- 278 18,6
MeTmirekc-4-un-3-oi
Xl Juxnoponuesas coib 4-(munepuauH-1-mt) 6yr-2-nn-1-o1 33,9 20,1
XIII JluxnopoHueBast coib 2-MeTwI-5-(munepuant-1-mi)neHT- 226 18,0
3-uH-2-01
XV Juxnoponuesas codb (S)-3-merun-6-(rmunepuann-1- 95.0 71
nin)rexc-4-uu-3-oi
XV JlubpomonueBas coib 5-(IUMETIII- AaMHUHO )-2-METHIIIICHT- 278 5.6
3-uH-2-01
XVI Jlubpomonuesast coiib(S)-6-(aumeTn- JaMHHO)-3- 20,5 15,3
MeTHIreKc-4-un-3-0i1
XVII Jlubpomonuesast coib (S)-6-(aueTnii- aMuHO)-3- 118 131
MeTHIreKc-4-un-3-0i1
XVIII JlubpomoHueBas coib 5-(IUITHIAMH HO)-2-MEeTHIIIEHT-3- 147 12,8
HH-2-0I1
XIX JlubpomonueBas conb 4-(unepunun-1-nmm) OyT-2-uH-1-01 16,3 17,9
XX JlubpomonueBast coib 2-MeTHII-5-(TTHnepuIuH-1-mi)nenr- 9.3 116
3-uH-2-01
XXI I'uapoxmnopua 5-(IMMETHIAMUHO)-2-METUIIEHT-3-HH-2-01 54,7 39,1
XX g_yipoxnopun (S)-6-(numeTnnamMu- Ho)-3-MeTUIreKc-4-1uH- 233 188
XX T'mppoxnopun 5-(IUSTHIIAMHHO)-2-METHINEHT-3-UH-2-0J1 26,3 21,6
XXV I;;IHPOXHOPHH (S)-6-(nudTHNAMEHO)-3-MeTHIITeKC-4-1H-3- 345 18,8
XXV I'mppoxnopun 4-(munepuans-1-mn) 6yT-2-uH-1-01 22,5 29,0
XXV E;I/:[poxnopun 2-metui-5-(nunepu - uH-1-un)nent-3-un-2- 304 0.8
XXVII g:i:[:f_(;?]nopun (S)-3-mermn-6-(numne- puann-1-um)rexc-4- 14.9 40

Bugno, uto coemunenua V, VI, X, XIV, XXI nposBuin 3HAYUTEIHHYIO
repONIUIHYT0 aKTUBHOCTE TPOTHB HPHIIH (0T 51,6 10 95%), Bemecta VII, VIII,
X1, X1, XV, XX, XXIV- cpenntoro (ot 26,3 mo 36,8%), octanbHble - cnadyro
(menee 25%). OTHOCHTENBHO KYyPHHOTO IIpPOCAa WCCIIECIOBAHHBIE IpETapaThl
nposiBIsu ciaboe repoumnmauaoe aeiicteue. Bemectsa VII, V, VI, XXI, X, XIV
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COOTBETCTBEHHO YBEIMYHMBAJIH CBHIPYIO 3€JICHYI0 HAaA3EMHYIO Maccy KyKypy3bl Ha
113,8; 116,3; 122,6; 125,6; 127,1 u 140,3%, a coenuuenus XV, XXI, V, VI, X,
XIV - yBenuuuBaid CHIPYIO HAJI3EMHYIO MAacCy XJIOMYaTHHKA COOTBETCTBEHHO Ha
114,2; 119,9; 120,8; 128,6; 130,6 u 134,4%.

Hcxons u3 BbILIEYKa3aHHOTO, CIETyeT OTMETUTD.

1. IpeamnoceBHas 00pabOTKa pacTBOpaMH YKa3aHHBIX BBIIIE IIPEHNAPATOB B
3aBHCHMOCTH OT X XUMHUYECKOTO CTPOSHUS U JTO3BI OKA3BIBAET PA3IUIHOE BO3/EH-
CTBHE Ha poCT 000OBBIX (HYT) U 31aKOBBIX (IILIEHHIIA, COPTO) PACTEHUH.

2. Ilpu mpenmoceBHO 00pabOTKe CeMsSH M3y4YeHHbIE MpenapaThl B 3aBUCH-
MOCTH OT UX XHMHYECKOTO CTPOCHUSI U JIO3bl TPOSBISUIN PA3IMIHYIO TepOUIINI-
HYIO0 aKTHBHOCTH OTHOCHTEJIEHO OJHOJICTHUX ABYIOJNBHBIX (IIMpHUIA) U OAHOJIET-
HUX 3J1aKOBBIX (KypHHOE IPOCO) COPHSIKOB.

3. Hanmmuwme B monekyne rpynmuposku -C=C-C (OH) B couetanuu ¢ TpeTud-
HOW WJIM YeTBEPTUYHOW aMHHOTPYIIION 00yCIaBIuBacT MOSBICHUE aKTUBHOCTH Y
W3yYEHHBIX POU3BOAHBIX ALlETHIICHA.

JIUTEPATYPA

[1] 3asiBka: 2001120265/04, 23.07.2001. A01IN31/04, CO7C33/042. Perymstop pocta pacTeHHA
/ UlenxynoB C, A., Mansie O.A. Homep u rox nyonukanun Orosterens: 21-2004.

[2] Marent Poccus, Ne 2155759. 2000 r. AMHHOCTIHPTHI alleTHICHOBOTO psijia, 00Iamaronye
BBIP2YKEHHBIMH M-XOJIMHOINTHIECKHMH CBOHCTBAMH 1 CI1a00 yrHETAIONINE [EHTPAIBHYIO HEPBHYIO
cucremy / Jlubman H.M., 3anenun D.1I1., [Tamkeswny B.I1.

[3] Azep6aes U. H. u np. // Becth. AH Ka3CCP. — 1964. — Ne 4. — C. 60.

[4] OIexreiimep I'.A. HoBblif myTh cHHTE3a AUATUIAMHHOMETHIIBHBIX IPOU3BOAHBIX 3aMe-
HICHHBIX TponapruioBeix cnupTos // M3B. AH CCCP. OXH. — 1957. — Ne 10. — C. 1265-1266.

[5] JIubman H.M., Ky3uenoB C.I'. AMuHOCTIUPTHI anieTHiIeHOBOro psaa. |. Ilomyuenne 1,1-1u-
3aMeLICHHBIX 4-AnanKuiIaMuHOOyTHH-2-0510B-1 // JKOX. — 1960. — Boim. 30, Ne 4. — C. 1197-1202.

[6] AszepGaee 1.H., Makauos VY., Kaceimxanosa P.®., Autonos B.H., Omaposa T.A. Ciox-
HOA(UpPHBIE TPOM3BOIHEIE AlleTHIIEHOBBIX amMmuHOKapOuHoios // 3B. AH Ka3CCP. Cep. xum. — 1969.
- Ne'5.-C. 82-85.

[7] Kyp6anor @.K., Kyukapos A.b., Kyp6aunos C.111. / 13B. By30B. XUMHS U XHM. TEXHOJIOTHSI.
—1974.-T. 17, Bemn. 10. - C. 1584.

[8] Bosipxun M.SL. // Hoka. AH CCCP. — 1948. — Ne 9(59). — C. 1651.

[9] Kedemn B.1. u np. / B ku.: MeToas! onpeneneHus GUTOrOPMOHOB, HHTHOUTOPOB POCTa,
nedonuaHToB U repounnaoB. — M.: Hayka, 1973. - C. 7.

[10] Typryno O. HccnenoBaHue NpOLECCOB CHHTE3a M CBOUCTB alleTHIICHOBBIX IETEpPO-
LHUKIMYECKUX aMHUHOMPOU3BOAHBIX U MPOAYKTOB Ha ux ocHoge: Jluc. ... k.x.H. — Tamxkenr, 1990. —
210c.

[11] TypryHnoB 3., FOngames A., CaguxoB M.K. UeTBepTU4yHbIE aMMOHHEBbIE COJIM aLleTHIIE-
HOBBIX aMuHOB // JIokmamst AH PVY3. — 2010. — Ne 2. — C. 64-67.

[12] Turgunov E., Suleymanova G.G., Sobirova D.K., Hudoyberdieva Z., Kolyadin V.G.,
Faizullaeva M. Herbicide activity of acetylenicaminoalcohols and their ammonium bases // European
Sciences review. Scientific journal. — 2016. — Ne 3—4 (March-April). — P. 317-320.

REFERENCES

[1] Application: 2001120265/04, 07.23.2001. AOIN31 / 04, C07C33 / 042. Plant growth
regulator / Schelkunov S, A., Malyshev O.A. Bulletin number and year of publication: 21-2004.

[2] Patent Russia, No. 2155759. 2000. Acetylene-type amino alcohols with pronounced M-anti-
cholinergic properties and weakly inhibit the central nervous system / Libman N.M., Zatsepin E.P.,
Pashkevich B.P.

148



ISSN 1813-1107 MNe 2 2020

[3] Azerbaev I.N. et al. // Vestn. Academy of Sciences of the Kazakh SSR. 1964. No. 4. P. 60.

[4] Schwechheimer G.A. A new way of synthesis of diethylaminomethyl derivatives of
substituted propargyl alcohols // Izv. USSR Academy of Sciences. OKN. 1957. No. 10. P. 1265-1266.

[5] Liebman N.M., Kuznetsov S.G. Amino alcohols-acetylene feed. I. Preparation of 1,1-di-
substituted 4-dialkylaminobutin-2-tin-1 // Zhokh. 1960. Vol. 30, No. 4. P. 1197-1202.

[6] Azerbaev I.N., Makanov U., Kasymkhanova R.F., Antonov V.N., Omarova T.A. Ester
derivatives of acetylene aminocarbinols // Izv. AN KazSSR Ser. Chem. 1969. No. 5. P. 82-85.

[7] Kurbanov F.K., Kuchkarov A.B., Kurbanov S.Sh. // 1zv. universities. Chemistry and Chem.
technology. 1974. Vol. 17, No. 10. P. 1584.

[8] Boyarkin M.Ya. // Dokl. USSR Academy of Sciences. 1948. No. 9(59). P. 1651.

[9] Kefeli V.I. et al. In the book: Methods for the determination of phytohormones, growth
inhibitors, defoliants and herbicides. M.: Nauka, 1973. P. 7.

[10] Turgunov E. Research of synthesis processes and properties of acetylene heterocyclic
amino derivatives and products based on them: Dis. ... k.kh.s. Tashkent, 1990. 210 p.

[11] Turgunov E., Yuldashev A., Sadikov M.K. Quaternary ammonium salts of acetylene
amines // Reports of the Academy of Sciences of the Republic of Uzbekistan. 2010. No. 2. P. 64-67.

[12] Turgunov E., Suleymanova G.G., Sobirova D.K., Hudoyberdieva Z., Kolyadin V.G.,
Faizullaeva M. Herbicide activity of acetylenicaminoalcohols and their ammonium bases // European
Sciences review. Scientific journal. 2016. Ne 3—4 (March-April). P. 317-320.

Pe3rome
3. Typeynos , M. @. @aiizyninaesa

KEMBIP ALIETUJIEH AMUHOCIIUPTTEPI X)KOHE I'AJIOMIThI AMMOHUIA
T¥3IAPBI MEH OJIAP/IbIH HETT3AEPIHIH BUOJIOT UAJIBIK BEJICEHAIJIITT

AMHHOTNIEHTUHOJIAAP/IbIH, aMUHOTEKCHHOJIAP/IBIH JKOHE OJIapAbIH KeHOip TYBIHIIbI-
JIAPBIHBIH OMOJIOTHSUTBIK OSJICEHITIT 3epTTeNi. ANIETHICH I aMHUH CITUPTTEPI MEH oJIap-
JIBIH KOTITET€H aMMOHHW T TY31apBIHBIH OMOJIOTHSUTBIK OSJICEHILTIT JKOFaphl eKSHIIT1 KOHE
XUMUSUTBIK  KYPBUIBIMBL MEH MeJIIepiHe OalIaHBICThl KOJIAAHBUIATHIH ©CIMIIKTEpre
GailyIaHbICTBI 9p TYPJIi OMOJIOTHSUIBIK 9cepiiepre e eKeHIIr aHBIKTaJJIbl.

3epTTeneTin npenapaTTapablH OHOJIOTHAJIBIK OCICEHIUIITH aHbIKTay YIIIH aBTOpJap
Ouail KOJICONTUITIHAC OMOTECTIICYIIH OCNTUIl 9ICiH Maiiiaman/ bl

Tyiiin ce3aep: anerwieH, THIPOXJIOPUATEP, allETHIEH aMHHOCHHPTTEPi, aMMOHHUI
TY3/1aphl, IECTULUATEDP, HHIHOUTOpIIap.

Summary
E.Turgunov, M.F Faizullayeva

BIOLOGICAL ACTIVITY OF SOME ACETYLENE AMINO-ALCOHOLS
AND HALOIDAMMONIUM SALTS ON THEIR BASIS

The biological activity of substituted aminopentinols, aminohexinols and some of their
derivatives was studied. It was found that acetylene amino alcohols and most of their
ammonium salts have biological activity and, depending on the chemical structure and
doses, have different biological effects with respect to the cultures used.

The authors used a well-known method-biotesting on wheat coleoptiles-to detect the
biological activity of the studied drugs

Key words: acetylene, hydrochlorides, acetylene amino alcohols, ammonium salts,
pesticides, inhibitors.
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VK 620.197.3
A. b. HUA35EKOBA

3ananHo-KazaxcraHckuil arpapHO-TeXHUYeCKUl yHUBepcuTeT uM. XKaHrup xaHa,
VYpanbck, Pecriy6nmmka Kazaxcran

MCCJIEJJOBAHUE WHT UBUPYIOIIEN CIIOCOBHOCTH
HEOPI'TAHUYECKUX ®OCPATHBIX KOMIIO3UIIUU
B IPUCYTCTBUU NIOBEPXHOCTHO-AKTUBHBIX BEHHIECTB

AHHOTanmsi. PaccMOTpeHbl aHTHKOPPO3MOHHBIE CBOMCTBA HEOpraHWueckux ¢oc-
(aTHBIX KOMITO3UIMI MO OTHOWIEHHIO K cTaiu CT-3 B 3aBHCHMOCTH OT KOHLEHTpAIHH,
npupoxsl  hochaTHOW COCTABISIIONIEH B CTallMOHAPHBIX YCJIOBUSX B IPUCYTCTBUH
MIOBEPXHOCTHO-aKTUBHOTI'0 BemecTna. Mccnenosanus nposoauiucs no meroaukam 'OCTa.
Mertoapl HCCIIEIOBAHUS: TPAaBUMETPHS, TTOTEHIIMOMETPHs], KOHAYKTOMETpHs, (POTOKOIIO-
pumetpud. Ha ocHOBaHMM 3KCNIEPUMEHTAJIBHBIX JAHHBIX ONpEAETICHbI KOIMYECTBEHHBIE
MOKa3aTel KOPPO3HOHHOTO IIPOIEcca: CKOPOCTh KOPPO3HOHHOTO TPOIecca, CTENCHb
3aIUTHL, TJTyONHHBIN TOKa3aTeNb, KOdO(UITUSHT TOPMOKCHUSA. AHAI3 SKCIIEPHAMEHTAIb-
HBIX JTaHHBIX ITO3BOJISICT YCTAHOBHUTH 3aBHCUMOCTH HM3MEHEHHs KOJHYECTBEHHBIX ITOKa-
3areneil mporecca OT KOHIICHTPALWH, BIMSHUS MPHUPOIBEl GochaT MOHA, HAIMYHE II0-
BEPXHOCTHO-aKTHBHOTO BEIIECTBA HA YCTOWIMBOCTH 00pa3yIOLICHCs 3aIIUTHOH IJICHKH Ha
MOBEPXHOCTH METaJlla. Y CTaHOBJICHO, YTO CPeAr MHIMBHUIYAIbHBIX (OC(AaTHBIX CHUCTEM
HaunOoJee BBICOKHMI aHTUKOPPO3UOHHBIH 3 dekT nposisieT oprodocdar Hatpus. [Ipoy-
HOCTB 00pasyroleics 3alUTHO INICHKH 3aBUCUT OT COOTHOIIEHHSI KOMIIOHEHTOB B HCCIIe-
JIyeMBIX cucTeMax. MHruoupyroras crocoOHOCTh (GocdaTHBIX KOMITO3UITHIA MTOBBIIIACTCS
B TPUCYTCTBHM IIOBEPXHOCTHO-aKTUBHOrO BemiecTBa. C yBEIHMYEHHEM BOIOPOIHOTO
rmokasartessi Cpeibl M 00IIel MHHEpaIU3aliy 3allUTHOE JeHCTBHE Bo3pacTaeT. Hapsny ¢
9KCICPUMCHTANEHBIMA TaHHBIMU MTPOBEACHBI PACYCTHI TEPMOTUHAMUICCKHUX MMAPaMETPOB
KOPPO3HOHHOTO TPOIecca.

KiroueBbie ci10Ba: KOppo3us, HHTHOUTOP, pochaThl, CTEIICHb 3AIIUTHI, TITyOMHHBIH
MOKa3aTeb.

Beenenne. B coBpeMeHHOM Mupe MpodieMe KOPPO3HH MPUAAIOT CEPbE3HOE
3HaueHne.Ee akTyaapbHOCTh OCOOEHHO MPOSABISETCS HA MPEANPHATHAX, TOAE HC-
MOJIB3YIOTCS METADTMYECKHE KOHCTPYKIMH, OOOpYIOBaHHE, TEXHUKA, UHCTPY-
MEHTapUil M TPAHCIOPT CO 3HAYUTENBHBIM M3HOCOM CpoOKa Ciry>kObl. st obec-
reueHust OecriepeOoitHON paboThl 000PYIOBAaHUS HEOOXOAMMO OOECIECUUTH €T0
3alIUTy OT KOPPO3HH U B CBSI3W C THM HCIIOJIb30BaTh KauECTBEHHBIE, MPOYHBIC
XUMUYECKUe MaTepuansl [1].

[IpruMeHeHne HHTUOUTOPOB — OAMH U3 CaMbIX 3P PEKTUBHBIX CIIOCOO0B OOPh-
OBI C KOPPO3KEH METaUIOB B Pa3IMIHBIX arpecCUBHBIX cpenax [2, 3]. B Hacrostee
BpeMs HM3BECTHO OKOJIOS TBIC HMHTHOMTOPOB KOppo3um crajeil. OgHako Ha
MPaKTUKE HCIOJB3YIOTCATOIBKO HECKOJNBKO TPYNIN COCOUHEHUH B pa3IMYHBIX
BOJIONIPOBOJIHBIX M OXJAaAUTENbHBIX cucteMax [4]. IlpuymnHa B TOM, YTO WHTH-
OUTOpBI JODKHBI OBITH OC30MACHBIMH JUIS YeJOBEKa M OKPYXKAIOIIEH Cpejsl,
CTaOMIBHBINPU PA3TUYHBIX TEMIIEpaTypax M SKOHOMUYECKH BhIrogHbl. Hanbomnee
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pacipoCTpaHCHHBIMHU SIBJISFOTCS HEOPTraHUYECKUE TIOIMMEepHBbIe (hocdarthl, B 4acT-
HOCTH, HOIu(ochaThl HATPHUSL.

Heopraanueckue docdarsl u momudocdarhbl,cornmacHO JTUTEPATYPHBIM JaH-
HBIM, TMACCUBUPYIOT MOBEPXHOCTh METala W MPOSBISIFOT BBICOKUN WHTUOH-
pyroiuii 3G dexT, 3a cu€T 00pa3oBaHMs MPOUYHBIX XEIATOOOPA3HBIX COSAMHEHUH C
MOHAMH KeJe3a,

CpaBHUTENBHBIN aHAIN3 MUPOBOM U OTEUECTBEHHONW XMMHUYECKON OTpaciu
MOKa3bIBaeT, YTO B ycloBusx Kazaxcrana ¢ochopHas MpOMBINUICHHOCTh,IMEs
0osbinne 3amackl (GOCHOPUTHBIX Py, 00NagacT HEOOXOMUMBIM IMOTCHIIMAIOM
co3nannsAdG(HEKTUBHBIX PEAreHTOB, PACITUPEHUS POMBIIILICHHOTO TIPOU3BOJICTBA
Y BHEJPCHUS WX B HAPOJHOE XO3UCTBO. [IpOU3BOJCTBO OTCUSCTBEHHBIX MHTUOH-
TOPOB KOPPO3WH TO3BOJHUT CHU3WUTH 3aBHCHMOCTH OT BBO3a HWMIIOPTHBIX JIOpPO-
TOCTOSIIIUX TIOCTABOK M HEOOXOIWMOCTH JIOTIONHUTEIBHOTO aHATMTUYSCKOTO
HaOJIO/ICHUE 32 KAUECTBOM.

B cBs3u ¢ oM, B Hacrosimee BpeMs pa3paboTka 3(QEKTHUBHBIX HHIH-
OUTOPOB KOPPO3MH M3 Ka3aXCTAaHCKOTO CHIPBS SIBJSETCA HanboJee aKTyalbHOM
npobaemMoil.

MeTtoauka uccijenoBanusi. MeToJluka KOPPO3UOHHBIX HCTIBITAHUM MPOBO-
nunack cornmacaol’OCTa 9.905 — 2007. 11 ucciieqoBaHUHB3STH BOJHBIC PACTBO-
PBI YUCTBIX OpPTO(OCHATOB HATPHUS PANMUYHON CTENICHH 3aMElIeHHOCTH, audoc-
¢aToB u nukInueckux ocdaros Hatpus, umutat miactooit Boasl IICHU NACE,
a TaK)Ke KOMITO3UI[MH BBIIICIIEPEUYHUCIICHHBIX CHUCTEM B NPUCYTCTBUH IOBEPX-
HOCTHO-aKTHBHOTO BEIIECTBA JIAypWICYIb(ara HaTPHsI.

D¢ exTUBHOCTD OLIEHKHU JIeHCTBUSI HHIMOMPOBaHUsA(POCHATHBIX MOAETHHBIX
KOMITO3HIIH TTpoBouiach mpu kornnentparuu [IAB, IICU NACE u I[TAB + IICHU
NACE ¢ xonnentpanueii 0,01, 0,025 u 0,05 mons/am>. Ouenka >ppeKTUBHOCTH
MHTHOUPYIONIET0 NEHCTBUSI KOMITO3UIIUN TpPOU3BOAMIACE Ha ctann Mapku Ct3
coctaBa [5] pasmepom 30%20%3 mm. [Tokazanus cHuManuce uepes 24, 48, 72, 96,
120, 240 4. B pabote ucmonb3oBajics jgaypuicyiabdar. KomnuecTBeHHbIE MOKa-
3aTe’au KOPPO3HUOHHBIX IMPOIECCOB PACCUUTHIBAINCH 1O OMPEICICHHBIM (OpMY-
JlaM, OIICHKa W3MEPEHHs HEONPE/CICHHOCTH BBIYHCICHA MO KO3PQPUIMCHTY
CreionenTa 0,95 % [6].

B pa6ote nmpoBoanIHCH NOTEHITOMETPpUYECKHE onpeneneHns pH Koppo3noH-
HBIX CpeA, oOLied MHUHepanu3aud, (OTOKOIOPUMETPUIECKOE OMpeAeIICHHE CO-
nepxanus xenesa (1) ¢ pomarmoom kamus [7, 8].

PE3VJIBTATHI 1 OBCYXXJIEHUE

[Ipu wmccnenoBaHUM WHTUOUPYIONMUX CBOWCTB BOJHBIX PACTBOPOB WHJIH-
BUIyaJabHOrO auruapodocdara Harpus, auruapodocdara varpus + [TAB, IICHU
NACE u IIAB + IICU NACE ¢ konuentpanueii 0,01, 0,025 u 0,05 momus/am®
BBISIBJIICHO: B 4HCTOH cpene (ocdata CKOpPOCTh KOPPO3MOHHOTO TpoIecca He-
BBICOKAsI, B UCXOTHOM YHCTOM cpeie KO3 HUIIMESHT TOPMOKEHUS Turuapodocdara
HaTpus 1,66, MakcuMalbHOE 3HaYeHHe npy KoHunenTparuu 0,05 Mons/am® 1ocTu-
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raet 17,63. MakcuManbHasi HHTHOHpYIOLIas CHOCOOHOCTh AUTHApoopTodocdara
narpus (pucyHok 1) coorsercTyer KoHuentparmu 0,025 moss/am® — 21,88 (kop-
PO3HOHHAs Cpejia — YUCTasi BoJia). 3HaUeHHE KO3 PHUIIHEHTa TOPMOKEHHS B Cpeiax
[ICH u ITAB npu noBbIIIEHHH KOHIEHTpPAllMKM 3HAYUTEIBHO BBINIE, YEM B Ha-
YaJIbHOM.

5.0

200

150

10,0

20

Kosddumenr TopMomeHda. |

R

0.0
.01 0,025 0,045

Boomume T i, Mo ane?
—o—DBoga - = -Boga+0,5%IIAB o ICHNACE —o—TICHNACE +0.5%IIAB

Pucynok 1 — arn6uposanue koppo3uu ctanu CT3 KOMIO3UIUSIME ¢ TUTHApoopTodochaTom
Hatpust NaH2PO4 B pa3nuuHbIX cpeiax B 3aBHCHMOCTH OT KOHI[CHTPALUH

Mexanu3m B3auMHOro BiusiHHA [IAB 1 MHrHOMTOPOB Ha KOPPO3MOHHBIN
MIPOIIECC IO CUX ITOp BhI3bIBaeT MHTEpec. CymecTByeT HECKOIBKO TUIOTE3, 00BsIC-
HSIIOMIMX CHHEPTUTHYECKOE WM aHTOroHUcTHYecKoe BiusHus [IAB 1 nuaru6opos
Ha TPOLECC KOPPO3UH B 3aBUCHMOCTH OT HPUPOABI U COOTHOIIECHUS] KOMIOHEH-
TOB [4].

UccnenoBanne oprodochaTHBIX CHCTEM MOKa3alo, YTO MPUCYTCTBUE IIO-
BEPXHOCTHO-aKTUBHOT'O BEIIECTBA CHI)KAET MXMHruouTopHoe neiicreue. [lo-suau-
MOMY, 3TO CBSI3aHO C TE€M, YTO IOBEPXHOCTHO-aKTHBHOE BEIECTBO MOBHIMIACT
pacTBOPUMOCTh 00Pa3yIOIIMX Ha TIOBEPXHOCTH MeTaJlla KOPPO3UOHHBIX OTIIO-
XKeHud. B cBA3M ¢ 3TUM MPOYHOCTH CLEIJICHUS 3allUTHONH 0Opa3oBaBLIenicss 000-
JIOYKH C METAUIMYECKON MOBEPXHOCTHIO YXYyIIIAETCAd U MPUBOIUT K CHIKEHHUIO
MHTHOUTOPHOTO 3 ()eKTa B HCCIACTYEMBIXCTPYKTYPaX.

Uzyuenne wunrubupytomein cnocoonoctus Na,HPO; - TTAB, Na,HPO, -
[ICH1 NACE u Na;HPO, - TTAB + TICU NACE c konnentparnueii 0,01, 0,025,
0,05 Momb/nM® (PUCYHOK 2) MOKa3aJIo0, 4TO 3alIUTHOE AeHCTBUE HHTHOUTOpA TH-
pooprodocdara HaTpus B YUCTOH Cpeiie TMOBBIIIACTCA MPH yBEIWYCHHH KOH-
LEHTPaLHUH.
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Pucynok 2 — Marubuposanue koppo3unu craan Ct3 KOMIO3UINSAMI
¢ rugpoopTodocharom Hatpus NazHPO4 B paznuuHbIX cpenax B 3aBUCHMOCTH OT KOHIIEHTPAINN

Ecnu B ucxoanot uncroii cpenie Ko3QpPUIMESHT TOPMOKESHHS THAPOOPTOPOC-
(ara Hatpus 4,67, MakcuManbHOE 3HaUeHHE mocTruraet 114,32 npu KOHIIEHTpann
0,05 mons/ M3, B ocTabHBIX cpelax KOHIEHTPAIUs He BIUSET Ha HHTUOUTOPHbIE
CBOCTBA MOJTyYCHHBIX KOMITO3UITHH.
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Pucynox 3 — Marubuposanue koppo3uu craan Ct3 KOMIO3UIUSAMU
¢ oprodocharom Hatpus NasPOs B pa3iuHEIX cpefax B 3aBUCUMOCTH OT KOHIICHTPAIUH

B paccmarpuBaembix kommo3uiusx NasPOs - [TAB, NasPO4 - TICU NACE
u NasPO; - ITAB + IICU NACE c xonuentpanueii 0,01, 0,025, 0,05 moms/qm®
(pucyHOK 3) yCTaHOBJICHO,YTO B CUCTEME HAWTYUIIIMM HHTHOUTOPHBIM 3 (HEKTOM
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obnagaet uncTas oprodocaTHas cucTeMa Npu BceX KOHLEHTPAIMAX H UMEET MakK-
cUMaibHOEe 3HaueHne kodduuuenta ropmoxenus 0,025 moms/am® (y = 345,22).
JlaHHBIH pe3ynbTaT SABIACTCS JIYUIINM IT0Ka3aTesIeM BCEro SKCIEPHMEHTA.

OCHOBBIBaSICh Ha JaHHBIE PE3yJbTATOBUCCIECIOBAHMS, BBISIBICHO,YTO yCHUIIE-
HUE HHIHOUTOPHOTO (P PEeKTa MPOSABISIETCS O YBEIMUCHHUIO CTETICHN 3aMEILCHHS
aTOMOB BoJI0poja B opTodocdarax.
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Pucynox 4 — Maru6uposanue xoppo3uu craan CT3 KOMIO3UIUSAMU
¢ quruapoandocdarom Hatpust NazH2P207 B pasnudnbIx cpeax B 3aBHCHMOCTH OT KOHIICHTPAUH

[Ipu uccaenoBaHUM MHTHOUTOPHOrO 3(deKTa KOHACHCHPOBAHHBIX AU(OC-
¢datubix auHelHble cucteM NaHP.O7 (pucyHok 4), ycTaHOBIIEHO, YTO MaKCH-
MaJIbHOE 3HaueHHE KO3 PULIKEHTA TOPMOKEHHS TPOSBISIETCS IPH KOHLIEHTPALUN
0,01 momb /nm® B BomHOI cucteMe (ocdaTa. [ToBbIIIEHNE KOHIIEHTPALUH B YUCTOM
nuruapoaudocdare u B npucyrcteun 0,5 % [TAB BbI3bIBacT CHIKCHHE 3aIIUT-
Horo 3¢ dekra. B cpene mmurata IICHU NACE xo3d¢dunueHT TopMokeHUs Ha-
MHOTO HIDKE M BUAMMO B 3THX ycioBusAx NaH»P>O; sBisercss crumynsitopoM
koppo3uu. Hanbonbiee Bo3aeicTeue auruapoaudocdara Hatpus B cpeae [ICHU
NACE u 0,5% BA3 xapaktepHo st konnentparuu 0,025 Mons/ame,

B cpexne nmuTara miuactoBoil Boabl ¢ AudocdaTroM HATpHUs, a TAKKE KOMIIO-
3unuu audocdara HaTPUS B MPHUCYTCTBHH MOBEPXHOCTHO-aKTUBHOTO BEIIECTBA
(pucyHOK 5) XapaKkTepHO HPOSIBIICHUE HHTHOMTOPHOro 3 deKTanpu BceX KOHIICH-
Tpauusix. B 3TuX AByX cpeaax HauWBBICIIEE 3alIUTHOE CBOWCTBO COOTBETCTBYET
xonuenTpamuu 0,025 Mons/mm®. TToBbIIEHNE KOHIIEHTPAIMK YHCTOrO audocdara
HaTpHs U B cpenax ¢ nobarienuem 0,5% [TAB npuBoAHT K CHUKCHHUIO 3aIIUTHBIX
CBOWCTB HHTUOHTOpA.
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Pucynok 5 — Murubuposanue xoppo3uu ctanu Ct3 KOMIO3UIUSIMHU
¢ qudocdarom Hatpust NasP207 B pasinuuHbIX cpeliax B 3aBUCHMOCTH OT KOHLEHTPALUH
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Pucynox 6 — Maru6uposanue xoppo3uu craay Ct3 KOMIO3UINSIMI
¢ nuxsorpudocharom Hatpus NasP3Og B paznnuHbIX cpenax B 3aBUCHMOCTHU OT KOHIIEHTPAIUN

JlanHbBIe HMCccnenoBaHMs UKIO(POC(ATHBIX CHCTEM,KaK B YHCTOM, Tak C JI0-
oaenenuem 0,5% ITAB, TICU NACE, IICU NACE + 0,5%, npencraBieHbl Ha
pHUCyHKe 6.

Ilo pe3ynpraTaM HccieoBaHUH U3 paccCMaTPUBAEMBIX KOHIEHCHPOBAaHHBIX
nukianaeckux docharos ruknorpudochar Harpus NasP3Og numeeT MakCUMaIbHBIN
koaduument topmoxenus B cucteme [ICU NACE no cpaBHEeHUIO C APYTHUMHU
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crucTeMaMH, HO 3HaueHHe Kod(ppHUIreHTa TOpMOXKeHUs1 He Jocturaet 3. Ciemyer
OTMETHUTB, YTO 11 hocaTHBIX MHTMOUTOPOB B UUCTOH Cpele CyIECTBYeT 00IIas
TEHJCHIMS K He3HAUYUTEIFHOMY HOBBIIICHHIO 3aIIUTHOTO 3 (eKTa C IMOBBIIICHHEM
KOHIIEHTPAIH B CUCTEMAX.
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Pucynok 7 — Unrubupoatnue koppo3uu cranu CT3 KOMIO3ULIUSIME ¢ HUKIorekcadocharom
Hatpus NasPsO1s B pa3nuuHbIX cpeiax B 3aBUCHMOCTH OT KOHLEHTPaLUU

Pesynbrathl ke uccienoBaHUs 3amUTHOTO 3G (deKTa CHCTEMBI IHKIOTeK-
cadocdara HaTpuUs B pa3IMIHBIX CPellaX MO3BOJISIOT CIENATh CIEAYIONINE BEIBOBI
(pucyHok 7): nobimieHne KoHUeHTpauuu NasPsO1g B cpeae He BIUSET Ha yiIyd-
IIEHUE 3alUTHBIX CBOMCTB MHTUOUTOPA, 3a nckimouenneM cucreMbl IICU NACE,
¢ nobasnenuem [1AB. ITloBeimienue xonnentpanuu NasPsOig B cucreme I[ICU
NACE c no6asnenuem [1AB nocTeneHHO yBeInUnBaeT HHTHOUTOPHBIH 3P EKT.

MuHnManeHbI K03(pQUIMEHT TOPMOXKEHUS OTMEYeH B cucteme Boda + 0,5%
MMOBEPXHOCTHO-aKTUBHOTO BEIIECTBA, B TO BpeMs KaK MaKCUMAaJIbHBIE ITOKA3aTENN
HabJronanu B pacTBOpe YMcTOro nukinorekcagocdara Harpus NasPsO1s.

Hapsiny ¢ KOJIMYECTBEHHBIMH DKCIEPUMEHTAIBHBIMU TTOKA3aTEIIMH KOPPO-
3MOHHOTO TIPOIIECcCa B HCCIEMyEeMBIX CHCTEMaxX paccuMuTaHa CBOOOTHAsIHEPTHUS
I'n66ca 1 KOHCTaHTa CKOPOCTH KOpPpO3WH. PacueTHple AaHHBIE XOpOLIO COTrJjia-
CYIOTCS KaK C JJUTEPATYPHBIMH JTJAHHBIMU, TaK U C MPAKTUICCKUMHU PE3yIbTaTaMU:
4YeM HWXKe 3HaueHHue dHepruu [ mdbca cUCTeMBl, TeM BBIIIE CKOPOCTh MPOTEKAI0-
IIer0 KOPPO3UOHHOTO Tpoliecca.

Tarxoke mpoBeicHa OIIEHKa YCTOWYMBOCTH TUIEHKH, 00Opasyromiecs no o6amib-
HOH mKaje Koppo3uoHHO# cToiikoctr K CT-3. Ha 0cHOBE MONTyYeHHBIX ONBITHBIX
JIAaHHBIX YCTAaHOBJIEHO, YTO UMEETCS 5 cucTeM - 3 auruipooprodocdara HATPHS U
2 oprodocdara HaTpHsi, KOTOPbIE OKa3bIBalOT 0OJiee CYIIECTBEHHOE 3allUTHOE
nerictBue (Tabnuia). CTemeHp 3auluThl HaxoquTces B penenax 32,44 — 95,43%.
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CpaBHHTEIIbHbIE JAHHBIC OCHOBHBIX II0Ka3aTeNeH KOPPO3HOHHOTO Ipolecca
Hanbosee 3 HeKTUBHBIX CHCTEM

Koppozu-
OOmmas OHHAast 0
Kommno- KeOH__ pH Crenensp | MuHepa- cTOH- K A6298-15 ,
3umms L; Hr 3aIUTH], | JIWU3amus, | KOCTH, kJx/MoTb
3 2% NaCl Gamn
OB/ r/am® | (1m0 TOCT
5272-90)
0.025 | 4.39 95.43 0.74 2 2.15-10% -64.17
NaH2POs+ H20
0.05 4.44 94.33 1.436 2 1.78-10 -64.22
NaH2PO4+
0,05 ITAB 0.05 5.60 30.74 6.32 2 1.51-10%° -166.54
+(IICH) NACE
NasPOa+ 0.01 8.83 41.03 6.69 2 4.83-10%° -60.98
0,05 % ITAB
+(IICKN) NACE 0.05 |9.33| 3244 12.7 2 8.23-1010 -62.30

3akiaoueHue. B xo7e sKCIepuMEHTa H3yYeHAKOPPO3UOHHAS 3P PEKTUBHOCTD
44 cucreM. B uncrom Buae Hambojiee BBICOKYIO 3()()EKTHMBHOCTH 3all[UTHBIX
CBOWCTB moKa3an oprodocdar HaTpusl.

YcTaHoBjIeHa B3aUMOCBsI3b 3(()EKTUBHOCTH 3aIUTHOIO JCHCTBHUS B paccMa-
TPUBAaEMBIX CHCTEMaX M OT COOTHOIICHHS KOMITOHEHTOB M Tpuponabl (docdara.
OTMeueHO 3HAYUTEIHHOE CHIDKEHHUE 3aIUTHOTO 3(dekTa B CUCTeMaXx, T/Ie COOT-
HOIIIEHHE KOMITOHEHTOB cocTaBisieT 1: 1.

HOBerHOCTHO-aKTI/IBHBIe BC€IICCTBA, }106aBHHeMLIe B I/ICCHC}IyeMBIe CUCTCMBI
JUTSL TIOBBIIIIEHYSI HHTUOUTOPHBIX CBOMCTB, 00pa3yIOT JONOTHUTEIHHYIO 000I0UKY
Ha TIOBEPXHOCTH METalljIa 3a CUET aJ[COPOIMH U 3alIUIIAeT METAILI OT KOPPO3UOH-
HO-aKTUBHBIX KoMIioHeHTOB. Monbl [IAB o0pa3yioT ancopOnMOHHBIA CIOH Ha
METAJUTNYECKOH MOBEPXHOCTH 33 CYET aHMOHAKTUBHOTO JIAypUWICYIb(aTa HATPHSI.
AncopOuus OTpHUIIATENBHO 3apsHKeHHBIX aHHOHOB RSO3 Ha MONIOKUTENBHO 3aps-
JKEHHOM TTOBEPXHOCTH METaJlIa TIPUBOJIUT K 00pa30BaHUIO TBOWHOTO 3aIlTUTHOTO
CJIOSl HAa METAJNIMYECKOM TUIACTUHKE U CHWYKEHMIO BIUSHUE arpecCHBHOW BOJIHOM
Cpebl.

B xonme skcmeprMeHTa YCTaHOBJICHO, YTO MHTHOWPYIONINE CIIOCOOHOCTH B
BOJHOH cpene YuCThIX (ocaToB M aHTUKOPPO3MOHHAS aKTHBHOCTH BO3PACTacT
CJIETYFOIUM 00pa3oM:

NasP207 < NagPsO1s < NasP30g < NayH,P,07 <
< NaH;POs < NaoHPO4 < NazPOa.

B Boanoit cpene pochatoB + 0,5% I[1AB aHTHOKOPPO3MOHHAS aKTHBHOCTD
BO3pAacTaeT CIEAYIOIUM 00pa3om:
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NazPO4; > Na,HPO, > NaH,PO,4 > Na,H,P,07 >
> NazP309 > NagPsO15 > NasP,0O4.

B cpene mmurara mmacroBoit Boabl [ICH NACE mpoTHBOKOPpPO3HOHHAS
AKTUBHOCTB PACTET CICAYIONIMM 00pa3oM:

NasP207 < NagPsO1s < NasP30g < NayHoP,07 <
< NaH;PO4 < NasHPQO4 < NazPOa,.

B cpene nmurara mracrooit Bogst [ICH NACE + 0,5 % ITAB aatrokoppo-
3MOHHAS! aKTHBHOCTh PACTET CICIYIOUIIM 00pa3oM:

NasP207 < NagPsO1s < NasP30g < NaH2P,07 <
< NaH;POs < NaoHPO4 < NazPOa.

OTMeueHO,9TO 3alMTHBIA 3PQHEKTBO BCEX pacCMAaTPUBACMBIX CHUCTEMax
3aBUCHUT OT pH 1 00mIeit MuHepanm3aruu pactBopa. C yBeTUIeHHEM BOIOPOIHOTO
roKazaTelss W OOIell MHUHepaau3allud HaOJF0MaeTCs MOBBIMICHUE 3alTUTHOTO
BO3/ICHCTBYSI HTHTHOUTOPOB.
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Pe3iome
A. B. Husz6exosa

BEVOPTI' AHUKAJIBIK ®OCOATTHI KOMITO3ULISITIAP/IbIH
BETTIK-BEJICEH/II 3ATTAP/IbIH KATBICYBIMEH
KOPFAHBIIITBIK KABUIETTEPIH 3EPTTEY

Maxkanaga cTalMOHApIBIK JKarmaiina OerTik-OeiceHmi 3aTThIH KaTeicybIMeH Ct-3
OonaThiHA KATBICTBI OeHOpPraHUKAIBIK (OC(aT KOMIO3UIUIAPBIHBIH KOPPO3UIFA KapChl
KacHeTTepi, KOHICHTpausIChIHa OalmaHbICTHI, (ochaT KOMIIOHEHTIHIH TaOWFaThl Kapac-
TeIpeIIansl. 3eprreynep MECT omictep OoibIHIIa Xypri3inmi. 3epTrey omicTepi: rpaBu-
METpHs, MOTCHIUOMETPHUS, KOHIYKTOMETPHS, (HDOTOKOIOPHUMETPHs. DKCIIEPUMEHTAIIBI
JIEPEKTEp HETI3IHIC KOPPO3WSUIBIK MPOIECTIH CAHIBIK KOPCETKIIITEePl aHBIKTAJJIbL:
KOPPO3HSIIBIK MPOLIECTIH KbUIIAM/IBIFBI, KOPFAHBIII JOPEIKEC], TEPEHJIIK KOPCETKIII, TEXKEY
KO3 PHUIUEHTI. DKCIEPUMEHTAIIBI ACPCKTEPAl TaAay MPOLECTIH CaHIBIK KOPCETKIIITe-
PiHIH KOHIIEHTpauuscbiHaH, (pochar HOH TAOUFATBIHBIH dCEPIHEH O3repyiHiH TOYeIAUIIriH,
MeTa/ul OeTiHae malaa OOJIaThIH KOPFAHBIC MJICHKACHIHBIH TYPAaKTHUIBIFBIHA OCTTIK-OeII-
CeHJ 3aTThIH OOJIybIH aHbIKTayFra MYMKiHAIK Oepeni. XKeke docdartsl xylenepain apa-
CBIHJIA €H JKOFaphl KOPPO3MsFa Kapchl acepi HATpuit oprodocdaTeiH Kepceremdi. Ty3ureTin
KOPFaHBIC TUICHKACHIHBIH OEpIKTIri 3epTTENeTiH JKyHenepaeri KOMIOHCHTTEPIH apaka-
THIHACBIHA OaimaHbICTH Oonaapl. @ocdaTTsl KOMIO3UIKIAPABIH TeXey KaOineTi OeTTik-
OeJiceHIl 3aTTHIH KaTBICYBIMCH apTansl. OpTaHBIH CyTerl KOPCETKINIIHIH KOHE Kb
MUHEpAJaHyAbIH YIFAIOBIMCH KOpFay ocepi apTaipl. DKCHEPUMECHTANIBl JePEKTePMEH
KaTap KOPPO3HUSUIBIK MPOLECTIH TEPMOAMHAMUKAIIBIK, TAPAMETPIIEPiH €CenTey KYPri3iim.

Tyiiin ce3mep: Koppo3usi, MHTHOWTOP, (ocdaTTap, KOpray Iopexkeci, TEepeHIIK
KOPCETKIII.

159



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

Summary
A. B. Niyazbekova

STUDY OF THE INHIBITORY ABILITY OF INORGANIC PHOSPHATE
COMPOSITIONS IN THE PRESENCE OF SURFACTANTS

The article deals with the anti-corrosion properties of inorganic phosphate compo-
sitions in relation to St-3 steel, depending on the concentration, the nature of the phosphate
component in stationary conditions in the presence of surfactant. The studies were con-
ducted according to State Standards. Methods: gravimetry, potentiometry, conductometry,
photocolorimetry. On the basis of experimental data, quantitative indicators of the corrosion
process were determined: the rate of the corrosion process, the degree of protection, the
depth index, the braking coefficient. The analysis of experimental data allows us to
determine the dependence of changes in the quantitative parameters of the process on the
concentration, the influence of the nature of the phosphate ion, the presence of surfactant
on the stability of the protective film formed on the metal surface. It was found that among
individual phosphate systems, the most high anticorrosive effect manifests orthophosphate
sodium. The strength of the protective film depends on the ratio of the components in the
systems under study. The inhibitory ability of phosphate compositions increases in the
presence of surfactant. With the increase in the hydrogen index of the medium and the
general mineralization, the protective effect increases. Along with experimental data,
calculations of thermodynamic parameters of the corrosion process were carried out.

Keywords: corrosion, inhibitor, phosphates, degree of protection, depth index.
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A. C.JKUTAJIEHOK, A. A. AMETOB, C. T. KOXMETOBA, A. K. TAJIEEBA

ATTI «Lentp GU3HUKO-XMMHYECKHX METOI0B HCCIICAOBAHMS M aHAIN3a»
Kazaxckuii HallMOHAJIBHBINH YHUBEPCUTET UM. anb-Dapabu, Anmatsl, Pecybnnka Kazaxcran

HNCCIIEAOBAHUE ITIEPEHOCA 3APAIA
B JINTUEBBLIX KOPPO3UOHHBIX IUTEHKAX,
OBPA3OBAHHBIX B PACTBOPAX LiClO;sB CMECH IIK/IM3

AnHoTanms. Mcronap30BaHne METAJUIMYECKOTO JINTHS B KAUECTBE aHO/A ISl JIUTHI-
MOHHBIX aKKyMYJISITOPOB IIPHUBJIEKAET 0COOBIH HHTEpeC Oaroaapst ero BBICOKOH eMKOCTH,
Ha TOPSIIOK TPEBBIMIAIONIEH eMKOCTh KOMMEPUYECKHX YTIIEPOAHBIX MarepuaioB. OmHaKo
mpobiemMa NEeHAPUTOOOpa30BaHUS JHUTUS BO BPEeMs LUKIMPOBAHUS SBISICTCS TIABHOM
pobIeMoi mpensTcTByomei 3roMmy. [lonHoe MOHNMaHWe MeXaHU3Ma JaHHOTO Tporiecca
MTO3BOJIIJIO OBI CO3/1aTh CIIOCOOBI PemIeHNs TaHHOH mpobiemMbl. Hamu mccienoBaHsl mpo-
IIECCHI TIepeHoca 3apsa B JIMTHEBBHIX KOPPO3MOHHBIX IDICHKAX ITyTEM aHAIH3a HOJpH-
3al[OHHBIX KpUBBIX Ha uTuu B anekTpoiute 1M LiClOs B cmecn PC/DME npu pasubix
BpEMEHAaX IKCIIO3HULUH IEKTPOJIA B DJIEKTPOJIHUTE.

HccnenoBanus nNpoBOAMINCH METOJOM MHKPOIOJISIPU3AIMH, TPEICTABIAIONINM CO-
00if BOJIETAMIIEPOMETPHYECKHE H3MEPEHUS] KOPOTKOI'O JIEWCTBHS B TPEXDIIEKTPOIHON
NIEKTPOXMMHUUECKOM SUEHKe B TEPMOCTATHPYEMBIX YCJIOBHUSX. YCTaHOBIICHO, YTO IPH
MUKPOTIOJSIPU3ALIUY BOJIbTAMIIEPHAsT XapaKTEePUCTHKA NMPAKTHYECKH JIMHEWHAa U XapakKTe-
pusyer coboit 3akoH Oma. [Ipy 3HAUNTENBFHBIX WHTEPBANAX MOJIPU3ALUN U TIPU Pa3HBIX
CKOPOCTSX pa3BEePTKH MOTEHIHANIA TIOJIPU3AIOHHBIe KprBEIe B 3nekTponute 1M LiClO4
B [IK/ZIMD xoporio anmmpokcuMupyoTces ypaBHeHneM barnepa-®onsmepa. [Ipu sToM mo-
my4yeHHbIe 3HaueHus ko3 durmenrta Tadens 58MB moaHOCTRIO MOATBEPKAAIOT TEPEHOC
3apsijia uepes rpaHully pasena, Kak JUMHTHPYIONIYIO CTaIHO.

KiroueBble c10Ba: TUTHH, METAUIMYECKUIN aHOJ, KOPPO3Hs, MIEPEHOC 3apsA/a, JCH-
JIPUT METalIa, IOJISIpU3aliMOHHAs KPUBas.

BBenenue. biaronapst caMoMy OTpHLIATENEHOMY 3JIEKTPOAHOMY MOTEHITHATY
gutus (-3,045B) v BBICOKOIH TEOPETUYECKON EMKOCTH METAUTMIECKOro aHoaa Li
(3860 MAur), KoTopas B iecsITh pa3 NpeBbIIacT 3HaueHue rpadura (372 MAur?),
METAINTMYECKAN JINTHI SABISETCS WACaTbHBIM KAaHAWAATOM JUISI aHOTHOTO MaTe-
puanza akkyMyJsiTopos [1].

OnHako NpUMEHEHUE METAIIMYECKOTO JIUTHS OCJIOKHEHO CEPbE3HBIMU MTPO0-
JIieMaMH, OTHON U3 KOTOPBIX SIBJISIETCS] 00pa30BaHKE ACHAPUTOB JUTHUS MIPU LIUKITHU-
poBaHHU. B OCHOBHOM 3TO CBSI3aHO C JAeTpajaleil KOpPO3HOHHBIX IIIEHOK MEXKIY
3IEKTPOJOM U 3nekTponutoM [2]. [TocnenHue uccneqoBanus TUTUH-METALIAYEC-
KOTO aHO/a HalpaBJICHbl Ha MOBBILIEHHE 3()(HEKTUBHOCTH 3JIEKTPOXUMHUYECKOTO
UKJITAPOBAHUS JTUTHUS, YIYUIICHUS MOP(OIOTUN OCAXK/ICHUS JTUTUS U YMEHbBIICHHUS
Mapa3sUTHBIX PEAKIHHA MEXIY JUTHEM U KUAKUM diekTponutoM [3]. Pannue uc-
CIIeJOBaHMsI, HAlpaBJCHHbIC HAa H3Y4YCHUE JMTUEBBIX CHUCTEM aKKyMyJsTOpa C
HCIOJIb30BaHUEM ANPOTOHHBIX OPraHUYECKHUX PAcTBOPHUTEIEN B KayecTBE DIICK-
TPOJIHUTA, MPEAINOoNaraJd XUMUIECKYI0O HHEPTHOCTH JIUTUS B JIEKTPOJIUTE, OJJHAKO
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BIIOCJIC/ICTBHM OBbLIa YCTaHOBJECHA HEM30EKHOCTH 0Opa30BaHHUS KOPPO3HOHHBIX
TUICHOK Ha TUThH [4-5].

Ha ceromHsIIHUM A€Hb JUTHUEBBIE AKKyMYJISITOPBl CKOHCTPYHUPOBAHbI C HC-
MOJIb30BaHUEM PA3TMYHBIX TUIIOB PACTBOPHUTENCH, TAKMX KaK 3(UpPbI, TOIUMEPHI,
TBEpIbIE OKCHIBI M HOHHBIE >XUAKOCTH. ONTHUMAaJbHBIM PpEIICHHEM SBISETCS
UCIIOJIb30BaHUE OPraHUYECKUX KapOOHATHBIX PACTBOPUTEIIEH, U3 KOTOPBIX MOKHO
BeLIENNTh: tuneHkapooHar (OK) [6-7], npormunenkapoonar (I1K) [7-10], nume-
tunkapoonar (AMK) [11-15]. [nus yaydmeHuss XapaKTEPUCTHK BJIEKTPOJIUTA
WCTIONB3YIOT  JIONIONHUTENbHBIE  J0OaBKH. OCHOBHBIMH  COJSIMH,  JITaBHO
WCTIONIB3YEMBIME B KadecTBe, pacTBopeHHoOro BemiectBa sBIsIOTCS: LiClOs,
LiAsFs, LiPFs u npyrue komiiekcHbie conu [ 15-17]. Micnonb30BaHuE 2JIEKTPOIUTA
LiClO4/TIK/TeTpameTriieH cyab()oH B KOMMEPUYECKOM MPOAYKTE, MOXKET obecrie-
YUTh TaK)KE BBICOKHE IOKazaTelud Kod(duipenra audpdysuu U mpoBOAUMOCTH
[18-19].

OnHako 10 cHX MOpP HET €OJUHOTO MHEHHS 10 MOBOXLY mpolecca (GopMHpO-
BaHUs IJICHKU B PE3yJIbTaTe KOPPO3UM Ha JIMTHUEBOM AHOJE U 3aKOHOMEPHOCTEN
repeHoca 3apsija B HuX. ABTopamu Oblla OTMEdeHa HEOOXOIUMOCTE ITPOBEICHHUS
Oonee mocnenoBaTeNbHBIX U (YHIAMEHTAJIbHBIX HCCIEIOBAaHUNA MO Mex(pa3zHON
3JIEKTPOXUMHH Ha JTUTHUEBBIX METAJTHUECKUX aHOAAX.

Lenpto manHOW pabOTHI SBISETCS WM3YUCHUE 3aKOHOMEPHOCTEH IepeHoca
3apsiia B KOPPO3HOHHBIX IUICHKaX MyTEM aHaln3a MoJenell 00pa3oBaHUs U POCTa
IUIEHOK MIPH KOPPO3UH.

OKCITEPUMEHTAIJIBHA A YACTD

Jnst monmy4yeHusl MOJSPU3ALMOHHBIX KPUBBIX HCIIONB30BAIKCH CIIECIYIOLIHE
BemectBa U peakTuBbl: LiClO4, (epeKpUCTANIN30BaHHBIA U BBICYIICHHBIN MO
BakyymoMm, Sigma-Aldrich); mutuii metammueckuit (mapka JID-1, TOCT 8774-75,
Poccust); ITK (C4HsO3, >99.7%, Sigma-Aldrich); IMD (C4H1002, >99.0%, Sigma-
Aldrich). Ha ocHOBe HaHHBIX PEAKTHBOB OBLT MHPUIOTOBIEH 3JIEKTPOauUT 1M
pactBop LiClO4 B cmecu IIK/JIMD B oO0bemMHOM cooTHomneHuu 80:20 B mepua-
TOYHOM OOKCe ¢ HHEepTHOH atMocepoil 6e3 JocTyma Bo3ayxa U BOASHBIX MapoB.

g poBeieHus 3JIEKTPOXUMUYECKHIX HCCIIEeTOBAaHUNA MCIIOIb30BaHN MOTEH-
nuocrat/ransBanoctaT AUTOLAB 302n ¢ Bpalaromumcst AMCKOBBIM 3JIEKTPOIOM
(Hunepnannaer) 1 VERSA Stat 3F (CLIA).

HccnenoBanusa NpoBOAMIUCH METOAOM MHKponoispuzauuil [20], koTopslit
npeJcTaBisieT COO0H BOMbTaAMIIEPOMETPHUIECKUE U3MEPEHHUSI KOPOTKOTO JICHCTBHS
B TPEXAJIEKTPOTHON IIEKTPOXUMHUYECKON STUEHKE B TEPMOCTATUPYEMBIX YCIOBUSX.
B kaudecTBe BCIOMOraTelbHOTO JIEKTPOJAA HMCIOJIb30BANACh IUIATHHOBAs IUIAC-
THHKA, B KAYECTBE DIIEKTPOJIa CPABHEHHS — METAJUNTUIECKU JINTHEBBIA 3JIEKTPO/I,
pabouuM 3IEKTPOJIOM CITYKWII JTUTHH, 3aTIPECCOBAHHBIN B CTEKISIHHYIO TPYOOUKY
C HHUKEJIEBBIM TOKOOTBOAOM. Pa3BepTka MOTEHIMaNa MPOBOIWIACH B MHTEpPBAJC
0 - +10 MB nnu 300 MB oTHOCHTENBHO MOTEHIMANTA OTKPBITON LIENH C Pa3HBIMH
CKOPOCTSIMH pa3BepTKU. Ha 0oCHOBaHMH pe3yNbTaToB M3MEPECHHUS PACCUUTHIBAIOCH
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COIPOTHUBIICHNE KOPPO3UOHHOMN IUIEHKH HA MOBEPXHOCTH JIMTHEBOTO 3JIEKTPOJa B
TE€UYEeHHE JJINTEIIbHOTO BPEMEHH.

Bce paboThl ¢ MeTAIUTMYECKUM JIUTHEM HPOBOAMIIKCEH B JAMHUHAPHOM IIepya-
TOYHOM OOKCe € CyXOH MHEpPTHOW aTtMocdepoil 1 000pya0BaHHBIA TEPMOCTATH-
pyeMoi KkaMepoi B KOTOPYIO TOMENIAIach siueKa ¢ 3JI€KTPOJIMTOM U 3JIEKTPOJaMU
mpu “3MepeHusx. Temmeparypa MOAAEpKUBAIACh IOCTOSHHOW C TOYHOCTBIO
+/-0,2°C. TepmocTaTHpOBaHUE OCYIIECTBISIIOCHh ¢ oMol TepmocTtata (Cole-
Parmer, CIIIA). Bce m3MepeHus MPOBOAMIIUCH TOCIE TEPMOCTATUPOBAHUS CHC-
TEeMBI HE MeHee 2 4.

Paboune 31ekTpoasl NpencTaBiIsuid co00i Topel HMIMHIPUKA MeTaiTndec-
KOTO JIMTHA, 3aIPECCOBAHHOTO B TE(IOHOBYIO WM CTCKIISIHHYIO TpyOOuKy H
HAaCa)XEHHOTO Ha OCTPYIO HHUKEJIEBYIO MIIIy B KA4eCTBE TOKOOTBOJIA. 3alIpecCcOBKa
JIUTHUS OCYIIECTBISUIACH B CHEHUAIN3UPOBAHHOM MEPYaTOUHOM OOKCE ¢ MHEPTHOU
atMocdepoii. CTekIsiHHBIE TPYOOUKH OBUIH OTHOJIMPOBAHBI C PadOYEro Topua.

PE3VJIBTATHBI 1 OBCYXXJEHUE

[onspu3zanoHHBIE KPUBBIE HA JINTUH, KOPPOAUPYIOIIEM ONIPEAETIEHHOE Bpe-
Ms B DJIEKTPOJIHTE, Yallle BCEro MPENCTaBIISIIOT COOOW MpsMble JTMHHUH, KOTOPBIS
oroOpaxaroT 3akoH OMa MMpH MPOXOXKICHUN TOKa Yepe3 CUCTEMY JIMTHH-TIJICHKA-
anektponuT. [Ipu 3TOM OCHOBHYIO 4acTh (OPMAaJbHOTO 3JIEKTPOXUMHUYECKOTO
[EPEHANPSDKEHUSI HAa JIMTUU COCTABJISET NNaJCHUE HANPSIYKEHUS HA CONPOTUBICHUU
IJIEHKHU. TO eCTh MEepEHAIPSHKEHUE ONPEACIIAETCA HE IMEPEHOCOM Yepe3 I'PaHULly
pa3zena, a mepeHocoM B oObeme IuleHKH. [Ipu 3TOM mouTH Bcerga BO3MOKHO
YBUAETHh HEKOTOPHIE OTKIOHEHHSI OT MPSIMOJIMHEHHOCTH, IPUYEM BEJIMIHHA 3TOTO
OTKJIOHEHHA HamOosee BbIpaKeHa JUIsi Ha4yallbHBIX YYacTKOB, KOTZa TOJIIIMHA
IieHku MeHblie. Ha pucyske 1 npeacraBieHsl NpuMepbl NOJIIPU3ALUOHHBIX KPH-
BBIX, CHATBIX Yepe3 ONPEIEIIEHHOE BpEMs B TEUEHHUE 24 4 B 3JIEKTPOJINTE HA OCHOBE
cmecu [TK/JIMD.

[lonmy4yeHHble KpUBBIE MOKAa3bIBAIOT, YTO OJUH U3 HanOoJee YacTo BCTpeyaro-
IIUXCS OTKJIIOHEHHH OT 3akoHa OMa, B HalleM clyd4ae, sSBISACTCS OTKIOHEHHUE Ha
HaYaJbHBIX CTAAMIX B BUJE BOCXOJSIIEH KPUBOH C MOCIEIYIONINM MIEPEX0IOM B
JIMHEHHBIN ydacToK. Takue OTKIIOHCHHS ONPEACISIOTCS CBOMCTBaMU (hOPMHUPYIO-
LIeHcs IUIEHKU U NPOTEKAIOIMMU B HUX MPOLECCaMU IIEpeHoca 3apsiaa.

[TockonpKy CONPOTUBIIEHNE TUIEHKH MPOMOPIUOHAIBFHO €€ TOJIINHE, 3Ty Xa-
PaKTEpPHUCTUKY IIMPOKO HMCIIOJIB3YIOT BMECTO TOJIIMHBI IPU UCCIIEJOBAHNUN 3aKO-
HOMEpHOCTEH poCTa TUIEHOK (PUCYHOK 2).

3a4acTyro B SKCIIEPUMEHTE OOHAPYKUBAETCS MPOTOPIMOHAIEHOCTD TOJIIIH-
HBI TUVIEHKH KOPHIO KBaJpaTHOMY M3 BpeMEHH KOppo3uu. TeopeTuyeckoe onucanme
OBLIO IaHO JUIs KOPHEBOW 3aBUCHMOCTH, KaK Mpoliecca, TMMATHPYEMOTO MePEeHO-
COM peareHTa uepes ciaou mpoaykra [20].

Ha pucynke 3 mpencraBieHa 3aBUCUMOCTb COTIPOTUBIIEHUS TIJIEHKH OT KOPHS
KBa/IpaTHOTO U3 BPEMEHH KOPPO3UHU, KOTOpask UMEET JIMHEMHBII y4acToK B Hayase,
YTO MOXHO TPaKTOBATh, KaK Hajanmune qudy3HOT0 KOHTPOIIS MPOIIecca KOPPO3HUH.
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Pucynok 1 — Ilonsipu3anyioHHbIe KPUBBIC Ha JTUTHEBOM JJIEKTPOJIE IIPU Pa3HOM BPEMECHU
ero skcriozummy B 3ekTpointe 1M LiClO4 B TIK/JIMD (BpeMst BEIIEPIKKH dIEKTPoIa
B anektposure, mul: 1 —1; 2 — 150; 3 - 311; 4 — 444; 5 — 600; 6 — 1440)
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PucyHok 2 — 3aBHCUMOCTE CONPOTHUBIICHUST KOPPOIUOHHO TUICHKH HA JTUTHH
ot Bpemenu 3kcrosunuu B aekrponute 1M LiClO4 8 TIK/IMD

Hcnonb30BaHue MallbIX UHTEPBAIOB Pa3BEPTKH MOTEHLMANA, IPOJUKTOBAH-
HOE CTPEMJIEHHEM K YMEHBIIECHUIO BO3AECUCTBUS HA AIIEKTPOJ] C APYTOH CTOPOHBI
IIPUBOIUT K BO3MOXKHOCTH JIMHEAPU3aLUK IOISIPU3ALMOHHON KPUBOM B COOTBET-
CTBUU C JIMHEHHBIM IPUOJIM)KEHUEM IKCIIOHEHTHI IPU MalbIX 3HAUCHMAX apry-
MeHTa. B cBs3u ¢ 3TuM mHTepBan nojspusanuu O0bu1 pacmuper n1o 300 MB npu

HCIOJIb30BAHNUHU PA3HBIX CKOpOCTCﬁ Pa3BCPTKU.
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Pucynok 3 — 3aBUCUMOCTb COIPOTHUBIICHHUS] KOPPO3ZUOHHOM IJICHKH HA JIUTUU
OT KOpHSI KBa/IpaTHOTO U3 BpeMeHH 3kcro3unun B nekrposure 1M LiClO4 B TTK/JIMD

Ha pucynke 4 BusHO, 4TO pH CKOPOCTSIX pa3BepTku oT 20 MB/c u BbIIIe MBI
UMEEeM IIOYTH HJICaJbHYI IpPSIMYyH JHMHHIO, XapaKTepu3ymollyro 3akoH Owma.
YMeHbIIEHNE CKOPOCTH pa3BEPTKU BEIET K HCKPHUBICHHUIO IOJIAPU3ALUOHHON
KpPHUBOH ¢ 00pa3oBaHHEM HEKOTOPOTo Mporuda, ¥ KpuBasi mpruoOpeTaeT BU BO3pac-
Tarollel IKCIIOHEHTH! WiIN napabosbl. Takoe oBeJeHue SBHO CBUIETENbCTBYET O
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Pucynox 4 — [Nonsipu3anoHHbIE KPUBBIE Ha JIUTHH, HOTyYeHHBIE TIPH Pa3HBIX CKOPOCTSX Pa3BEPTKU
B astektpoiute 1M LiClO4 B TIK/JIMD (ckopocTs pa3BepTK NOTEHINAIoB, MB/c:

1-1;2-5;3-7;4-15;5-25)
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TOM, 4TO KPOME OMHYECKOrO NEpeHoca y Hac MPOSBIAETCS €LIe U APYrod BUI
MepeHoca, CBsI3aHHBIN, HAapUMED, C IPOLIECCOM Ha I'paHMIIE pa3ziena, Koraa mpo-
SIBJISIETCSl CYLIECTBEHHBIM BKJIAJA IMOJSPU3ALMM I'PAaHULBl, KOTOPhIM U HCKa)KaeT
JIMHEMHYIO 3aBUCUMOCTb. Takoe BO3MOXKHO TOrJa, KOTJa YMEHBIIAETCS BKIIAJ
NepeHanpsbKeHust epeHoca 3apsiia B o0beMe IJICHKH, U yBEJIMYUBACTCS Ha Tpa-
HHUIIE pa3Jena.

B sToMm ciydae anexkTpoxumMudecKas KMHETHKA 3aMeUIEHHOTO IlepeHoca Ha
rpaHMle B KOJIMYECTBEHHOM BBIPRKEHUHM MOXET OBITh MpeACTaBlIeHa Pa3HOCTHIO
9KCTIOHEHT (ypaBHeHue batnepa-Ponbmepa):

=fer 2] - erp =22 8

AnnpokcuManus 3KCIEPUMEHTATBHBIX KPUBBIX MPOBOAWIACH B MPOTpaMMe
Origin. J{ns anmpokcuManyi KpUBBIX ITEPEBEIEM YPaBHEHHE B CIICIYIONIHHA yIIPO-
I€HHBIN BU:

i =A-exp(tb)-A-exp(-t:(1-h)) 2

Ha pucynke 5 mpencraBieHa MOJNSAPH3ALMOHHAS KpPHBAs C IPEIIIOIOKH-
TENBbHBIM HAJIMYKMEM KOHTPOJISl IepeHoca 3apsiaa. KpacHoW MyHKTUpHOW JTHHUEH
0003HaYeHa KpHBAasl YpPaBHEHHS 2, ONUCHIBAIONIAS SKCIEPUMEHTAIBHYIO KPHUBYIO.
BusyanbHo cpaBHHBas JBe KPUBBIC, MOXKHO CKa3aTh, YTO yPaBHEHHE JOCTATOYHO
TOYHO OIUCBHIBAET KPHUBYIO, KOA(PUIMEHT KOPPEJSIMUA KOTOPOW COCTaBISIET
0,99962. Ilpu >ToM 3HaueHus: kodpduuuenta RT/NF B mokaszaresne 3KCIOHEHTHI
BITOJTHE OTBEYAIOT CBOEMY (PU3UUECKOMY CMBICIY, TOCKOJBKY UX BETMUMHA MPaK-
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0,0003 4
0,0002

0,0001 4

0,0000 ~

T T T T T T T
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PucyHok 5 — Annpokcumariyst ypaBHeHHEM 2 MOSPU3aLUOHHON KPUBOW HA JINTHEBOM 3JIEKTPOJIE
B anekrpoyure 1M LiClO4 B ITIK/IMD npu ckopoctH pa3zsepTku 5 MB/c
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[TapameTpsl annpokcuMUpYIOLIEH KpUBOil U1 ypaBHeHus batiepa-Donbmepa

VpaBHeHue A-exp(x-t'b)-A-exp(-x-t-(1-h))
A 8,2032:10°
3HaueHUst t 17,095
K02 PHIHEHTOB
b 0,348
Koaddumuent koppensmn 0,99962

TUYECKH COOTBETCTBYET TEOPETHUECKOMY 3HaueHHIO 58 MB, 4To ykiaasiBaeTcs B
TEOPHIO 3aMEeJICHHOTO NIepeHoca 3apsia (Tadnuua).

C npyroii CTOpOHBI, JTMHEHHBIC XapaKTEPUCTUKU TPH BBICOKHX CKOPOCTSX
Pa3BEPTKHU XapaKTEpU3yIOT OMUUECKHI EPEHOC 3apsiAa B IUIEHKE.

Takoe mposiBJIeHHE 3aMEIIEHHOCTH IepeHoca 3apsia 4epe3 TpaHully Ipu
JUINTEIIbHON IOMSPU3alUUd MOXET ObITh OOYCIIOBJIEHO CYLIECTBEHHBIM yBEIHYE-
HUEM MPOBOJUMOCTH 00bEMA MPH MOJSIPU3AIIIH.

BeiBoabI. AHaIN3 3aKOHOMEPHOCTEN NepeHoca 3apaa yepe3 KOppO3HOHHbBIE
IUICHKHW Ha JIUTHH MTOKA3aJl, 9TO MOJISIPU3AINs 3TOTO IPOIIecca ONMMCHIBAETCS 3aBH-
CHUMOCTSIMH TIepeHoca 3apsiia B pase mieHku. [Ipocreiimas TnHeiHas 3aBUCHMOCTh
XapakTepu3yeT 3akoH OMa, a moixydaemasi Ipu OOJIBIINX MOJIAPH3ALUAX IKCIIO-
HEHIMAIbHAs 3aBUCHUMOCTh XapaKTepU3yeT TpaHMIly pasfenia C 3aMeIUICHHOU
cTajauel mepeHoca 3apsja, a IepeHoc B 00bEME IJICHKHU 3aBUCHUT OT JJIUTECIbHOCTH
MOJIAPU3ALUH.
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Pe3rome
A C. XKueanenox, A. A. Amemos, C. T. Koxmemosa, A. K. I'aneesa

LiClO4 TIK/JIMD HIEIIIMAEPIHJIE ¥CBhIHBUIFAH JINTUI KOPPO3UAJIBI
OMIIMJIEPIHJEI'T AKBI AYBICTBIPY 1Bl 3EPTTEY

JIuTHH-MOHABI aKKyMYJIATOpJAP YIIIH aHOJ PETiHAEe METalll KYIOJbl Maijaiany
KOMMEPIMSUTBIK KOMIPTEri MaTepHANIAPBIHBIH CHIABIM/IBUIBIFEIHAH JKOFAPhl CHIABIMJIBI-
JIBIKKA OalJIaHBICTHI ePEKIe KBI3BIFYIIBUIBIK TyAbIpaabl. Anaiimga, OyFaH Keaepri KeiTi-
peTiH GacThl mpobieMa LUKy Ke3iHIe JUTHHAIH ASHIPUT TY3LTy MpobieMachl OOk
TaObUIAJIBI. BYJT YIepICTIH MEXaHU3MIH TOJIBIK TYCIHY OCHI IPOOJIEMaHbI Iy JKOJIIapbIH
KypyFa MyMKIiHJIiK Oepep efi. By xymbicTa 013 TUTUSAAAFBI OJSPU3ALUSIIBIK KUCHIKTAPIbI
tangay apkeuisl autusagarsl 1M LiClOs snexrponuringeri PC / DME kocmacsiHmars
BIIEKTPOTHI SJEKTPOIUTTE YCTAYIBIH ap Typii yaksitrapsiaga LICIOs snextponuringeri
MOJISIPU3ALMSIIBIK  KUCBIKTAP/bl Taady apKbUIbl JIMTUMAI KOPPO3HSUIBIK YJAipiepaeri
3apsATHI TachIMaJay MPOIECTepiH 3epTTediK. 3epTTeysiep TepMOCTaTHKAJIBIK OaKblia-
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HATBIH JKaFIaiiapaa Y 3JIeKTPOXUMHUSIIBIK YAIIBIKTa KbICKA OPEKETTI BOJIBTAMIICPOMET-
PUSIIBIK ©JILeyAl OLIIIpeTiH MUKPOTIOJIIpU3alys iciMeH Xypriziiai. Boabr-amnepiik
cUraTTaMa MUKpOTIOJISIpU3alvs Ke3iH/Ie ChI3BIKTHI )koHe OM 3aHbIH cumartaiasl. [lomspu-
3anusHbIH Eneyni nHTepBangaphl jKoHE MOTEHIMAIIBIH CKaHepIIey KbUIIaMIbIFpIHIa 1M
LiClO4 anexrponutinae IMK/JIMD mnonspusanusuislk Kucbiktap bariep-Bosiabmep TeH-
JeyiMeH jKaKChl anmpokcuMmarsuianaasl. CoHsiMeH KaTtap, 58 MB Tadens ko3¢ durmen-
TiHIH aJIbIHFAH MOHJEpi IIeKTi caThl peTiHAe OeiiM ImeKapachl apKbUIbI 3apsITHIH
TaChIMAaJJAHYbIH TOJIBIK PACTANIbI.

Tyiin ce3nep: MUTHIA, METaT aHOMA, KOPPO3Ws, 3apsAATHl Oepy, MeTaul JCHIIPHT,
MOJISIPU3ALUS] KUCHIFBL.

Summary
Ya. S. Zhigalyenok, A. A. Ametov, S. T. Kokhmetova, A. K. Galeyeva

RESEARCH OF CHARGE TRANSFER IN LITHIUM CORROSION
FILMS FORMED IN LiCIO4 SOLUTIONS IN PC/DME MIXTURE

The use of lithium metal as an anode for lithium-ion batteries is of particular interest
due to its high capacity, which is an order of magnitude higher than the capacity of
commercial carbon materials. However, the problem of lithium dendritic formation during
cycling is the main problem preventing this. A full understanding of the mechanism of this
process would create ways to solve this problem. In this work, the charge transfer processes
in lithium corrosion films in a 1M LiClO4 electrolyte in a PC / DME mixture were studied
by analyzing the polarization curves on lithium at different times of electrode exposure in
the electrolyte.

The studies were carried out by the method of micropolarization, which is a voltam-
metric measurement of short action in a three-electrode electrochemical cell in thermo-
statically controlled conditions. It was found that with micropolarization the current-voltage
characteristic is almost linear and characterizes Ohm's law. At significant polarization
intervals and at different potential scan rates, the polarization curves in 1M LiClO4
electrolyte in PC / DME are well approximated by the Butler-Volmer equation. Moreover,
the obtained values of the Tafel coefficient of 58 mV completely confirm the charge transfer
through the interface, as a limiting stage.

Key words: lithium, metal anode, corrosion, charge transfer, metal dendrite, polari-
zation curve.
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VIIK 544.7

3. A. KAMBAPOBAY, H. A. BEKTEHOB', M. A. TABPUJIEHKO?

!Kazaxckuii HAIMOHABHEIN MEaTOTHYECKUH yHUBEPCHTET UM. Alas,
Anmarsl, Pecrry6nmka Kazaxcran.
2Tomckuii monMTeEXHUYECKUi yHuBepeutet, ToMck, Poccust

MOMUPUTINPOBAHUE ITIYHI'UTOB
HOJIMATUJIEHIIOJIMAMMUHOM M SIIOKCHUIHON CMOJIOM
JJIAA U3BJIEYEHUA NHOHOB CBUHIIA U3 CTOYHbBIX BO/JI

AnHoTanus. Pazpaborka 3¢(EeKTUBHBIX W HEIOPOTHX COPOCSHTOB IIUPOKOTO MPO-
(I sABISIETCS aKTyaIbHOM MpobiemMoii. B cBs3u ¢ 3THM HE00X0ANMO IPUMEHEHHE HOBBIX
MOIU(HUIMPOBAHHBIX HOHOOOMEHHHKOB HCIIONB3YEMBIX IS OYHMCTKH CTOYHBIX BOJ M
KOHTPOJIb 32 COJIEPKAHUEM Pa3IMIHBIX BEIIECTB B OKPYXKAroIIeH cpere.

JIns TOBBIIICHUS COPOIMOHHBIX XapPaKTCPUCTUK MPOU3BOIAT MOAUDUIIUPOBAHUE.
MoanduurpoBanue cOpOSHTOB C YJIy4IIEHHBIMH COPOLIMOHHBIMU M KHHETHYECKHMH Xa-
PaKTEpUCTHKAMH MMEIOT OOJIbIINE TEPCIICKTHBBI, TAKUE KaK BBHICOKONPOHHUIIAEMBIE CET-
YaThle TOJIMDIIEKTPONIUTHI, 00Jiaiatone O0JbIIONH CKOPOCTHIO TOTJIOIICHNSI HOHOB KPYII-
HbIX pa3ME€poOB, HEHHBLIX (1)I/I3I/IKO—XI/IMI/I‘IGCKI/IX CBOﬁCTB, SABJIACTCA ACUICBLIC MPUPOJHBIC
MHUHEpaJIbl MOAU(PHUIIPOBAHHBIC MOJIMATHICHIOIHAMIHOM U SIIOKCHIHBIMH CMOJIAMH C
LENBI0 TONYYCHHUS PEAKIHOHHOCIIOCOOHBIX COIOIMMEPOB C SMOKCHIHBIMH TPYTIIaMHU,
CIOCOOHBIX YYaCTBOBAThH B PEAKIUAX OTBEPKACHUS B IPUCYTCTBHH COCIMHEHUH KUCIOT 1
OCHOBHO¥ mpupoasl. PaspaboTaHbl HOBEIE COPOCHTH Ha OCHOBE KOKCYHCKOTO IPHUPOIHOTO
IIYHTUTA, MOIU(DHUITUPOBAHHOTO MOJHMATIIICHIIOIAAMIHOM W STOKCHAHON CMOJNOH, Iyt
copOUMM HOHOB CBUHIIA. PaccunTaHbl paBHOBECHBIC M KHHETHYECKIIE ITapaMeTphl COpOLINH,
OIIPEACICHBI ONITUMAJIBHBIC YCJIOBUSA OYUCTKH BOJbI B CTATHYCCKUX YCIIOBHAX. Onpezle-
JICHbI COPOLIMOHHBIE CBOWCTBA MPUPOIHOTO IIYHIUTa U €€ MOAU(UIMPOBAHHON MOJIUATH-
nernonuamMuHoM (I13ITA) u smoxcuaHo# cMomnoii (3/1-20) hopMBI IO OTHOIIEHHUIO K HOHY
Pb?" or pH cpenpl, OT BpeMeHH KOHTaKTa U KOHIEHTpauuu pactBopa. CopOuuoHHas eM-
KOCTh B CTaTH4YHBIX ycioBusx cocrasisier 0,45 mr/r copbenta. MccnenoBanus o0ycios-
JIEHO HE00XOIMMOCTBIO OYMCTKU CTOYHBIX BOJ METAJUTyPTUUECKUX MPEANIPUSTHH OT HOHOB
Pb?*. CoeMHeHMs! CBUHLIA OTHOCATCS K BPEAHBIM BEIECTBAM, HPOSBJIAIOIIMM MYTareH-
HBIE, KaHIIEPOTeHHbIE CBOIcTBa.MOIu(HUITMPOBAHHBIA NPHPOIHBIN IIYHTUT MOXKET OBITH
HCTIONIB30BaH B Ka4eCTBE COPOIMOHHOTO MaTepHaia sl OYNCTKH MPOMBIIIICHHBIX U CTOY-
HBIX BOJ.

KiroueBble c10Ba: IIyHTHT, COPONNS, MOHBI CBHHIIA, MOJIMITUICHIIOIHAMHUH, SITOK-
CHJIHAsl CMOJIA.

Cpeay MHOTOYMCIIEHHBIX XUMHUYECKUX BEILECTB, 3arps3HSIOUIMX OOBEKTHI
OKpY>KaroIeH cpefibl, TSHKENbIE METAJUIBI IPEACTABISAIOT IPUOPUTETHBIN HHTEPEC.
OpHUM M3 TAKUX SJIEMEHTOB ABNAETCs cBUHEN B hopme Pb?* | conepxanune koro-
poro HopMupyetcs B Boae Ha ypoBHe 11K 0.1-0.5 mMxr/a mo pekomennanuu Bcee-
MUpHOW opranuzanuu 3apasooxpanenus (BO3) [1]. Okono 70 % cBuHIA, TUPKY-
JIUPYIOLIETO B OKpY’Karollel cpenie, UMEeT TEXHOI'eHHOoe npoucxoxaenue. Llupo-
KoMaclITaOHOe IPUMEHEHUE CBUHEL HaXOAUT B XUMHYECKOH IPOMBIIIEHHOCTH,
KpOME TOrO, €ro IOKa3aTedd JOCTUIA0T KPUTHYECKUX 3HAYEHUH B OTBajax
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TOPHOXUMHMUYECKUX MPOU3BOJCTB, U3 KOTOPBIX MOHBI MOMAJAIOT B TOBEPXHOCTHBIE
BOJIOEMBI, 3aTEM HAKaIIMBAIOTCS B BOJE W TOYBE B BHJIE MaJOPaCTBOPHMBIX
KOMILIEKCOB [2—5]. 11 peqoTBpallleHUs] HAKOTICHUS HIOHOB CBUHIIA B PACTCHUSIX
¥, BIOCJIEJCTBHH, KMBOTHBIX Ha CTauM CyliecTBoBanus Pb?* mcnonwsyror an-
COpPOITMOHHBIC METOJIBI OYMCTKH BOJBI HAa Pa3IUIHBIX copOeHTax [6]. ITockombKy
Hambosee pacmpoCTpaHEHHBIM TEXHOJIOTHYECKHAM IPOIECCOP OYHUCTKU SIBISETCS
azcopOLusl B HEMOABMKHBIX OTCTOMHMKAX, TO HEAOPOrHE Pa3HOBUIHOCTH MOIHM-
(UIIUPOBAaHHBIX YTIIEH, CHITUKArelell pa3IndHON MPUPOBI, IEOTUTHI U MMOPUCTHIE
MOJIMMEPHBIE MATPHUIBl HAa CETONHANIHWNA [€Hb SBISIIOTCS HauboJiee dacTo
WCIIONIb3YEeMbIMU aJicopOeHTamu [7,8].

CymecTByeT psifi COOOIIEHUH 00 MCIOIb30BaHUH LIYHI'MTA B Ka4eCTBE MPHU-
pozHOro copOeHTa [9], HauuHasl ¢ KapelnbCKUX IIIYHIMTOB, KOTOPBIC 10 HEAABHETO
BPEMEHH CUUTAINCHh €JUHCTBEHHO M3BECTHBIMH MECTOPOKACHHUAMHU 3TOr0 MHUHE-
pana [13]. IllyHruroBas nmopoja Takke M3BECTHA Kak €AWHCTBEHHAas MPUPOIHA
cpena, KoTopast COASPKUT (yIIICPEHBI, CXOHbIC ¢ CHHTeTHUYecKuMH [10-12]. Bro-
CJIC/ICTBUE NIYHTUTHBIEC YIIIEPOIUCThIC MIUHEPAIbl OOHAPYKEHBI B 30JI0TOPYIHBIX
nmoponax Bocrounoro Kazaxcrana [14], B AnmaTtunckoi obmactu «Kokcyiickoe
MECTOPOXACHNUE» C MOATBEPKAEHHBIM 3amacoM 49 muH. T. B HacTosmee Bpems
WHTEHCUBHO MIPOBOMTCS UCCIIeIOBaHUE PUINKO-XUMHUECKIX CBOWCTB Ka3aXxCTaH-
CKUX IIIYHTHUTOB, HAIIPHMEP, MCIIOJIb30BaHNE WX YHUKAIBHBIX CBOWCTB B KA4ECTBE
COpOEHTOB B MEAMIMHCKUX LeisiX [15]. AKTyallbHO MpUMEHEHHWe IIYHTHTa IS
OYHUCTKH U 00€33apakuBaHus CTOYHBIX BOJ [16]. [IpoBeeHa cpaBHUTEIBLHAS COPO-
Us KpacuTenei, (heHona, TUpuanHa 1 0eH30WHON KHUCIIOTHI 13 BOJHBIX PACTBOPOB,
IIYHTUTaMH{, aHTPAIUTOM U TrpaduTHpoBaHHON TepMmuueckoi caxei. [lokazaHo,
9T0 MOAWQUIMPOBAHHBIN LIYHTUTOBBIM COPOEHT MO3BOJISET MPOU3BOAUTH J0-
ouucTKy Oosiee 200 00BEMOB BOJHOI'O PacTBOpPa C MCXOJHOW KOHIICHTpamuei
¢enomna 0,1 mr/a no yposas [1JIK Box pprooxo3siiicTBeHHOTO Ha3HAYeHUS. DPPEeKT
JIOKAJIBHOY COPOIIMOHHOM OYMCTKH CHITBHO3ATPSA3HEHHBIX CTOYHBIX BOJT OT TOKCHY-
HBIX COeMHEHMI myHruTaMu coctapisieT 80-100%. brnaromapst ocoObiM pu3uKo-
XUMHYECKAM CBOMCTBAaM YIIIEPOANCTOTO MHHEpAIa MUThEBas BOJIA OYUIIIACTCS OT
HMOHOB TSDKEJIBIX METAIIOB, KPACAIINX BEIIEeCTB, HopManuzyercs 3HadeHue pH. 1o
JIpyroMy Croco0y Boja OYMIIAETCS] MPOMYyCKaHUEM €€ Yepe3 ApPOOJIeHHbBIE TpH-
POJIHBIE MUHEpAJIbI LIEOJUTA, KBapIia U uryHrura [17]. J1jid noBbIIeHUs U3BJIEKar0-
IIe# CITOCOOHOCTH 1 CeNIEKTUBHOCTH MHUHEPATBHBIX COPOSHTOB IIeJIecO00pa3HO X
MOJIU(PHUIHAPOBATh MOBEPXHOCTHO-aKTUBHBIMH BelecTBamH [ 18].

AHanuTHYECKHE METOBI ONpeeeHuss HoHoB Pb?" BKmrowaroT B cebs mc-
MOJIb30BaHUE TNIAMEHHOW M 3JIEKTPOTEPMHUUECKONH aTOMHO-a0COPOLIMOHHON CIEK-
TPOMETPHH, ATOMHO-a0COPOIIMOHHOM CIIEKTPOMETPUH C TIpadUTOBOH IEYbIO
(GFAAS), aToMHOW WHIyKTHBHO-CBSI3AHHOW IIIa3MON IMHUCCHOHHOU CITEKTPO-
metpun (ICP-AES) u mMacc-crieKTpoMeTpHIo ¢ WHAYKTHBHO-CBSA3aHHOHM IIa3MON
(ICP-MS) [19,20]. DT MeTOIBI HIMEIOT JOCTATOYHYIO YyBCTBHTEIBHOCTD, OJTHAKO
HEKOTOpBIE U3 HUX OYEHb JIOPOTH, ¥ HEJOCTYIHBI TSI OOBIYHON aHATUTHYECKON
naboparopuu. Hu3kue KOHIEHTPAIMH MOHOB CBHHI[A MOTYT OBITh OOHApYKEHBI
METOJIOM ()ITyOpECIEHTHOU CreKTpoMeTpuH [21] ¢ BEICOKOH CTENEHBI0 TOYHOCTH
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U TIOBTOPSAEMOCTH, B KOPOTKOe BpeMs aHanuza [22]. Jlns GoJbIIMHCTBA METOI0B
HU3KHHM YPOBEHb TOKCHYHOI'O NMPHCYTCTBHS METajlla HE COOTBETCTBYET MHCTPY-
MEHTAJIbHOM YyBCTBUTEIHHOCTH, YTO TPEOYET UCTIOIB30BAHUS MTPEIBAPUTEIHHOTO
KOHIIEHTpUpoBaHus Ha copOeHTax. Hambonee 3PeKTUBHBIM MO COOTHOLICHHIO
YyBCTBHUTEIBHOCTH aHAIUTHYECKHX XapaKTEPUCTUK U TPYIOEMKOCTH HCIIONIB30-
BaHWS SBISIETCS CIIEKTpodoTOMETpHIeCKuilt MeTox [23,24]. YBeTUIHTh YyBCTBU-
TEIHHOCTh JJAHHOTO BU/a aHAJM3a BO3MOXKHO 32 CUET JOOABJICHHS CENIEKTHBHOTO
OpPraHUYECKOTO PeareHTa, KOTOPbI MEPEBOAUT ONpPENEIsIEMBIN HOH B XpOMOI'€H-
HOe coeHeHne. VIMEHHO TakuM criocoOOM B COYETaHWH CO CIEKTPOohTOMETpren
OTIPE/IETISIOT OCTATOYHBIE COMAEPYKAHUS MOHOB TSDKEJIBIX METANIOB B BOJE ITOCIE
COpPOIIMOHHON OYUCTKH Ha pa3iHyHBIX Marepuanax [25].00beKTOM HACTOSIINX
WCCIICIOBAaHUHN SIBIIIOTCS COpOLMOHHBIE CBOMCTBa KOKCYHCKOTO MNpPUpPOAHOTO
mwyarura Moguduuuposannoro II2ITA u DJ1-20 1o OTHOIIEHHIO K HOHY Pb?* o
pH cpenpl, OT BpeMeHu KOHTaKTa ¥ KOHIIEHTPAI[MH HOHA MEeTaJlIa.

OKCIIEPUMEHTAJIBHAS YACTD

MopundunuupoBaHue IYHTHTA.

Koxkcyiickuii wiyyneum nonydeH u3 Mectopoxaenus Pecyonmku Kazaxcran,
AnmatuHCcKkol obmactu, B Koxcyckom paiione. llepen Mommbukanmei mpeasa-
pPHUTEIBHO MHHEpaJ u3Menbuand 1o auamerpa 3epeH 0,4 mm. [ns moBbime-
HUS W3BJICKAIOMIEH CHOCOOHOCTH M CENEKTHBHOCTH IMpHpoAHOro Kokcyickoro
IIyHTUT, COpOEHT MoaudumpoBanu moaumdTmwieHmommamMmuaoM (I1911A, Poccus,
TV 2413-357-00203447-9920) u snokcuanoi cmojoi (3/1-20, Poccus, T'OCT
10587-84). K 100 r nmoxy4eHHOro myHrura nopomka gobasmsimm 3/-20 maccoit
40 T D0 TOJHOTO TOKPBHITHS ITOBEPXHOCTH, 3aTeM HEOOJBIMME ITOPIIHSIMHE
nobasisuy 10 T [I91TA n mepemeruBany B Teuennn 10 mun. [lomydeHHyro maccy
BEITpYKau B (happopoBbIC YaIIKA ¥ OTBEPIK/IAIH B CYIIWIBHOM IIKady B TCUCHHUE
12 g mpm 120 °C. 3aTem Maccy BRIHUMAJH M OXJIQXK TN IIPU KOMHATHOM TeMITepa-
Type B Teuenue 10 4. [ToaydyeHHyio Maccy 3amMauuBaid B AUMETHIPOpPMaMuUIe Ha
24 4, mocie 4ero MpOMBIBAIA J0 HEHTpambHOUW cpembl. OOpasibl MOTyYeHHOTO
Moan(uIMpoOBaHHOTO IIyHTUTa obpabdareBanu 5 % pactBopom HCI misa perene-
paumu XJIOpuAHON (POPMBI, 3aTEM, ITyTEM OTMBIBKM BOJOH TOBOAMIIH A0 HEUTPAIIh-
Hoii pH u obpabateiBanu 5 % pactBopom NaOH. Ilomyuennslit MoguduunpoBaH-
HBI{ IIYHTUT CYIIWJIN 0 MOCTOSIHHOTO Beca B My¢enbHoi neun npu 120 °C. Anno-
HOOOMeHHYI0 eMKocTh npoaykra (COE, Mr-ske/r) ompeiensiyd B CTaTHYSCKUX
yeaosusx 1o 0.1 H pactsopy HCI [26].

CnieKTpo(OTOMETPUYECKOE OTPEIETIEHUE OCTATOYHOTO cojepkanus Pb?* B
pacTBope mocie copOLuu CBI3aHO ¢ 00pa30BaHUEM KOMIUIEKCHOTO COSAMHEHHS C
cynb(dapcazeHOM >KenTo-opamkeBoro IBera [27]. B pabore wucmonp30BaHBI
pactBopbl 10 mr/nm Pb(NO3)2, 0.05 M Na;B4O7, 0.1 M HNO3, 0.1 M NaOH. Pac-
TBOPBI HCXOAHBIX COJIEH TOTOBMIIM IO TOYHOW HABECKE, PACTBOPHI MEHBIINX KOH-
LIEHTpauil TocIeI0BaTeNbHBIM pa30aBIeHNEM HCXOJHBIX PAaCTBOPOB HEMOCPE-
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0.4 -
0,3

0,1 -

0 T T s
0 2 4 6 CPb2 mr/mn

Pucynok 1 — I'panynpoBo4Has 3aBUCUMOCTb
ISt omipesienienus Pb2 cymb(apcazeHOM B BOJHOM PacTBOpE

CTBEHHO Tiepell ucroib3oBanueM. Pacteop 0.05% cynbsdapcaszeHa roToBHIN pac-
TBOpeHHeM To4YHOH HaBecku B 0.05 monb/n NaBsO;. [Inst Bcex pacTBOpOB
WCIIONIb30BaHa OWIMCTHIIMPOBAHHAS BOJIA.

CraTtnyeckyro COpOIMOHHYIO €EMKOCTh COpOeHTa (A) paccunuThIBaIH 110 Qop-
MyJIe:

__ (Cucx—Cpann) "

A(Pb?) v,

m

e A (Pb?*) — emkocth copbenta, MI/T; Cucx M Cpasn — HCXO/IHAS U PABHOBECHAS
(ocTaTouyHast) KOHIIEHTPAIIMH HOHOB METAJIOB B PACTBOPE COOTBETCTBEHHO, MIY/JI;
V — 00beM pacTBopa, Ji; m — Macca copOeHTa, T.

Crenens u3BieueHust noHoB MetayuioB (E, %) paccuntsiBanu o dopmyie:

(Cucx — CpaBH)
E =

Co
rne Cux — MCXOJHAs KOHIIGHTpAIWs HOHAa Metaiia B pactBope, MI/T; Cpasn —

paBHOBECHas (OCTaTOYHAST) KOHIICHTPAIHSI HOHA METaJlia B paCTBOPE, MIV/JI.
CriekTpohOTOMETPHUECKHE H3MEPEHUsS TMPOBOAMIA HAa CHEKTPOGOTOMETpE
UV-1800 (Shimadzu, fAnonus). ONTHYECKYIO IUIOTHOCTh M3MEPSUTH TIPH JJINHE
BoJTHBI 530 HM B KIOBeTaxX TOIIMMUHOHN ciaos 1 cM. [t mepeMennBanusl UCTIOIb30-

Banu MyJbeTHpoTaropMultiBio RS-24 (BioSan, JIatsust).

100%,

PE3VJIBTATHI N1 UX OBCYX/EHNE

Uzyuena copOuus nonos Pb?* myrruromu ero moaudumposanusiMu [TITTA
u D/1-20 ¢opmamu B unTepBane pH ot 1,68 no 12,45. KonauuectBeHHOE ompe-
JieJICHUE MOHOB CBMHIIA B BOJHBIX PAaCTBOpax IPOBOAMIM IO IPEIBAPUTEIBHO
MOCTPOCHHOMY I'paAyHpOBaHHOMY IpaduKy (pUCYHOK 1).
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Uccnenoanne mokasano, yto npuponansiid myHruT (1) obnamaer omHum
makcumymMoM CE B 007acTH CHIIBHOKHUCIION CpPE/bl, B TO BPeMs KaK MOIU(UIIH-
poBauueri myarut (ML) umeer aBa Mmakcumyma CE, mpudem BTOpO# COOTBET-
CcTByeT HelTpanbHOH cpene (pucyHok 2). [lonoxenune BToporo Mmakcumyma MIII
MO3BOJISET MPOBOUTH OYHUCTKY MPUPOIHBIX U CTOYHBIX BOJ B OOBIYHBIX YCIIOBHUSIX
0e3 kouTpoiist pH cpenpl. B 1mienounoit cpene Hadm0AaeTCs KOHKYPEHTHOE 00pa-
30BaHME THAPOKCHILHBIX KOMITJIEKCOB MOHOB CBHHIIA.

C Pb2+, mr/r

0,5 -
0,45 -
0,4 -
0,35 -
0,3 -
0,25 | 1
0,2 -
0,15 - 5
0,1 -
0,05 -
0 : : : : : .
1,68 3,556 401 68 9,18 12,45 PH

Pucynok 2 — CpaBHUTENBHAS XapaKTepPUCTHKA copbuu Pb?* mpuposworo mynrura (1) u ero
Mo unnpoBanHoi Gopmsl (2) B 3aBicuMoctH oT pH cpes

ITpOIOIKMTENEHOCTL KOHTaKTa CopOeHTa ¢ pacTBopoM Pb?* BusieT Ha cre-
NeHb u3BNeueHNs (pUCYHOK 3). C yBeIHYeHUEM JUTUTEILHOCTH KOHTAKTa BETUMYMHA
copOLMu HoBkIIaeTcs, 3ateM mnocie 30 MuH. I1o pe3yabTaraM MOIUPHUKAIIUH [TPH-
poanoro mynruta ¢ [I9ITA u D/1-20 goka3zaHo NOBBIIIEHHE COPOLIMOHHON €MKOC-
TH K noHam Pb?*, 4To IIpOsBIISETCS B H3MEHEHUU U30TEPMbI COPOLIMHU (PUCYHOK 4).

C Pb2+, mr/r
04 -
0,35 - 2
0,3 -
0,25 -
0,2 -
0,15 -
0,1 -
0,05 -

O T T T 1
10 30 60 90 120

t,MMH

Pucynok 3 — CpaBHUTeNbHAs XapaKTepHcTUKa copbiuu Pb?* npuponsoro mrynrura (1) u ero
MoaubHUIUpOBaHHOM GOpMBI (2) py HEHTPaIBHOI cpee B 3aBUCHMOCTH OT BPEMEHH KOHTAKTa
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a, monb/r
a, Monb/r 9 -

6

8
7
6

w

D

'5 Cp monb/n

é Cp monb/n 1,

Pucynok 4 — M3oTepma nNpHpOAHOTO NIYHTHTA (a) U ero MoAu(GHIHpOBaHHOH (HopMEI (6)

Emkocts M® no oTHomeHu0 k Ph?* 3HauMTENbHO BBILIE MO CPABHEHHIO €
IT11. KonuuectBo copbuposanHoro Pb?* mospImaercs ¢ pocTOM KOHIEHTPALUM
ucxoaHoro pacteopa. Ilpu komueHnTpamuu Pb?* B mcxomHom pacTBope MeHee
0,01 Monb-1! ocTHrHYTa NpakTHYECKH MoJIHas copoims Pb?*. M3otepma copOuyun
M® umeer L-o0paznyro ¢popmy. s u3orepm kiacca L xapakTepHBI BHITHYTHIN
OTHOCHUTENILHO OCH KOHIIEHTpAlMii HayalbHBIH Y4acTOK, TaK KakK C yBEIUUECHHEM
JIOJTM 3aHATBHIX aJICOPOIMOHHBIX MECT MOJIEKYJIaM aJicopOTHBa ClIOKHEee HaNTh
BaKaHTHOE MECTO, OCOOCHHO €CITM OHU CKJIOHHBI K 00pa30BaHMIO OOJBIINX acco-
LUATOB C MOBBHIIICHUEM UX KOHLIEHTPALMH B PACTBOPE 32 CUET MEKMOJIEKYJIISIPHOTO
B3anMmoJeiictBus. Kak BHIHO M3 Tpadmuka, copOIus MPOJOIKAETCS W Tocie
3aIlOJTHEHUST MOHOCJIOS ITPOMCXOIMT HACBIIICHUE aJICOPOIIMOHHOTO CIIOSI.

Uzorepma copOuuu 111 nmeet S-00pasHyto GopMy ¢ BOTHYTHIM HadyaJIbHBIM
y4dacTkoM. [Ipu Bo3pacTaHuy KOHIEHTpauu copbaTa B pacTBOpE YBEIUUMBACTCS
copOIMoHHast EMKOCTh COpPOEHTA, UTO CBSA3aHO C M3MEHEHHEM OPHEHTAIIUH aJIcop-
OMPOBAaHHBIX HOHOB PH%" OTHOCHTENBEHO MOBEPXHOCTH COPOEHTA MM C OBICTPBIM
MEePEexoI0M K MOJIMMOJIEKYISIpHOH agcopoumnu. Jlanee cieayeT Touka neperuda u
MOSIBIISIETCS BTOPOE TUIATO, YTO MPHJIAET TAKUM W30TEPMaM XapaKTEepHBIH S 00-
pa3ubiil Buj. [IpudnHa 3akitoyaeTcs B CUJIBHOM B3aUMOJIEUCTBUU MEXKIY alcop-
OMpPOBaHHBIMU HOHaMHU cBUHIA Pb?* mpu opHOBpEMEHHOM OCTabIEHNH B3aUMO-
JIeHCTBUST HIOHOB copbaTa ¢ MOBEPXHOCThIO copOeHTa. B aToM ciydae amcopbupo-
BaHHBIE KaTHOHBI Pb?" cTpeMsATCs pacronoXuThCS Ha MOBEPXHOCTU B BUJE CKOII-
JICHUH, YeMy criocoOCTBYeT MOHO(YHKIIMOHATBHEIN XapakTep copoOara.

DKclepuMeHTaIbHBIE TaHHbIE W apameTpsl u3oTepM Jlenrmriopa mist copo-
umu Pb?* ¢ o6pasnamu I 1 M® npeacraBieHs! B TAONULE U PUCYHKE 5.

I'paduueckue u pacyeTHbIC NaHHBIE TOKA3BIBAIOT BO3PACTaHUE COPOLIMOHHON
€MKOCTH MOAX(UIMPOBAHHOTO IIYHTUTA, YTO CBSI3aHO C YBEIUYCHHUEM KOJIMUYECTBA
(YHKIIMOHAIBHBIX TPYIII HA TOBEPXHOCTH COpOEHTA.
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DKcHepUMeHTaIbHbIE JaHHBIe copbiuu Ph?* ¢ o6pasiaMu NpUpOIHOro MIYHTHTA

U ero Mou(UIMPOBAHHON GOPMBIN PE3yNIBTAaTHI UX 00PAOOTKU

Moauduuuposannas | Moauduuuposaunas | MoauduuupoBaHHast Ypasuenue Jlenrmiopa
¢dopma, C, mons/n | dopma, Cs, Monb/n ¢bopma, a, MOJIL/T 1/Cs 1/a
0.05 0.00406 0.28427 246.3054 3.517782
0.1 0.09757 0.71474 10.24905 1.39911
0.25 0.4725 0.437601 2.116402 2.285187
0.5 0.62399 5.25609 1.60259 0.190255
0.75 0.8963 6.66817 1.115698 0.149966
1 0.99189 7.82417 1.008176 0.127809
Tpupousiii mysrut, | [pupossiit mrynrut, | [pupoausiit mryurur, | Y PaBHenne Jlenrmiopa
C, Monb/n Cs, Monb/11 a, MOJIb/T 1/Cs 1/a
0.05 0.06375 0.25442 15.68627 3.930509
0.1 0.05113 0.73796 19.55799 1.355087
0.25 1.92606 3.64923 0.519195 0.27403
0.5 3.6555 3.74031 0.27356 0.267358
0.75 5.2715 4.49775 0.189699 0.222333
1 6.85302 4.8936 0.145921 0.204349
a,monet a,mons/r
5 y=01718x10,1336
. 03 RE=1), /084
_‘—-—'—-—"'_.
0.5 Vi
1,829s -1 98 ’f)
L5 87613 0,2 ’

i 015

g 01

“-_# 0,05

C,mone(n
? 0 01 02 03 )4 05 06 Cymons/n
a 6

Pucynok 5 — ITapamertpsl u3otepm Jlenrmiopa ajist copOuun Ph?*
¢ obpasamu MoaubHUIHPOBaHHOI (HOpMBI (a) U pUpoaHOTo HryHruTa (6)

3akarouenue. [lomyduen copOeHT Ha ocHOBe KoKcyiickozo npupoonozo
wiyHeuma v ero MoIuUIMpoBaHHBIX Mo THIIeHnoanaMuHOM (I191TA) u 3mok-
cugHoi cmonoi (3/1-20) dopm. YcranoBneHa onTuManbHas HedTpabHas pH s
OYHCTKH BOJABI OT MOHOB CBHHIA. B ykasanHoMm nuamasone pH copOmwust moHOB
CBUHIIA HAa MOTU(MUIMPOBAHHBIX 00pa3iax BHIIIE, YeM Yy MPUPOJHOTO COpOEHTa
pu BpeMeHu copOiu He Boiie 30 MuH. CokpallieHre BpeMEHH OYUCTKU TO3BO-
nsieT 3G (HEKTUBHO MUCTIONB30BaTh MOAHMDUIIMPOBAHHBIN IYHTUT B Ka4eCTBE COPO-

IMUOHHOTO MaTCpuaia ajasd OUUCTKHA CTOYHBIX BOX.
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Pesrome
3. A. Kambaposa, Bexmenos H. A., I'aspunenxo M. A.

[OJIMATUJIEHIIOJIMAMUH XOHE SIOKCHU/ITI LIAWBIPMEH
MOIUOUITUPJIEHI'EH HITYHITUTTEP APKBIJIbI AFBIH/IbI
CVIJIAPIAH KOPFACBIH MOHBIH OKCTPAKIIUAJIAY

Ken mpodwmibai TiMal jkoHEe KpIMOAT eMec COpPOCHTTEepIi d3ipiey ©3eKTi Macene
0o TaObLTa Bl OChIFaH OAMIAHBICTHI AFBIHJIBI CYJIAPABI Ta3apTy XKOHE KOpIIaraH opTa-
JIaFbl OPTYPJIi 3aTTaplblH KYPaMbIH OaKbUIay YIIiH KOJIAHBIIATHIH jKaHa MOAH(HUKAIHS-
JIaHFaH WOH aJIMAaCTBIPFBIIITAPABI KogaHy KakeT. COpOIUsUIBIK CHIIaTTaMaNapIsl KOFa-
pBIIATy YIIH MOAUQUKANUs Xyprizijemi. KakcapTbUIFaH COPOIUSIIBIK KOHE KUHETHKA-
JIBIK CHIIATTaMaapsl 0ap COpOCHTTEPIIH YIKEH NePCICKTHBAIAPhI 0ap, MBICAJIBI, SIIOKCHI-
Ti TONTaphl Oap PeakTHBTI COMOIMMEpIIEPi ally YIUIH ipi HOHAAPIBIH KOFAPbI CIHIPY KbLI-
JAMJIBIFBI, KYHIBI (PH3HKA-XUMHSIIBIK KACHETTEPI, MOJMITUIICH OTHAMUH YKOHE TOKCUITI
HIalbIpIapMeH MOAUGUKAIMSIIAHFAH ap3aH TAOMFU MUHEPAIAAP, KBIIIKBIT KOCBUIBICTAPEI
MEH Heri3ri TaOuFy 3aTTap/bIH KaThICybIMEH eMJIey peakLsuIapblHa KaThICyFa KaOileTTi.
KopracklH HOHIApBIH COpONMsIIAy YIIH TMOJUATHIIEH MOJMAMHHIMEH XOHE DSIOKCHTI
maipipMern Moaudukarysuianran Kekcy TaOWMFM ITyHTHUTI HETi3iHAE >KaHa COpPOCHTTEp
kacanael. JKympIcTa COpPONMSIHBIH, TeTe-TeHIIK JKoHe KHHETHKAJIBIK IapamMeTpiepi
€CeTTeNreH, CTATUKAJIBIK JKaFrdaiaa CyAbl Ta3apTyAbIH OHTAWIBI IAapTTaphl aHBIKTAJIFaH.
TaOuFy NIYHTUTTIH )KOHE OHBIH MOIU(PUKAUSIAHFaH MOJMATHIIEH oamMuHiHiH (PEPA)
JoHe dmokcuaTi maiteipasiE (ED-20) Pb% nonbma kateicTel opTadslH pH-Ha, xanacy
YaKBIThIHA JKOHE EPITIHAIHIH KOHICHTPAIMAChIHA OalIaHBICTBI COPOIUSIIBIK KacHUETTEpl
aHbIKTAIIbl. CTAaTHKANBIK KaFaaiiapaa COpOCHT ChIMBIMIBUIBIFEI - 0,45 Mr/r copOeHTTI
Kypaiinsl. 3eprrey Pb?* HoHmapbIHAH METaJlTy prusjiblK KOCIMOPBIHAAPILI AFRIHABI CyJap-
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MEH Ta3apTy KaKeTTulrine OaiylanbicTel. KOPFachIH KOCBUIBICTAphl - MyTareH ik, KaHie-
POTeH/IIK KacueTTepl KOpCceTeTiH 3usHAbI 3aTTap. Taburu MoaAn(pUKALUSsIIaHFaH ITyHTUT
OHEPKACINTIK JXKOHE aFblHABI CyJapjbl Ta3apTy YLIH COpPOLMSIBIK Marepual peTiHIe
naiJaJaHbpLTy bl MYMKIH.

Tyiiin ce3mep: LIyHrUT, COpOLMS, KOPFachblH MOHIApHI, IOJUITHIICH MOJIMAMMUH,
STOKCH],.

Summary
E. A. Kambarova, N. A. Bektenov, M. A. Gavrilenko

MODIFIED POLYETHYLENE POLYAMINE AND EPOXY RESIN SCHUNGITE
FOR THE EXTRACTION OF LEAD IONS FROM WASTEWATER

The development of effective and inexpensive sorbents of a wide profile is an urgent
problem. In this regard, it is necessary to use new modified ion exchangers used for
wastewater treatment and control over the content of various substances in the environment.
To increase sorption characteristics, modification is performed. Modification of sorbents
with improved sorption and Kinetic characteristics has great prospects, such as highly
permeable cross-linked polyelectrolytes, with a high absorption rate of large ions, valuable
physicochemical properties, cheap natural minerals modified with polyethylene polyamine
and epoxy resins in order to obtain reactive copolymers with epoxy groups, capable of
participating in curing reactions in the presence of acid compounds and basic s. New
sorbents based on Koksu natural shungite modified with polyethylene polyamine and epoxy
resin have been developed for sorption of lead ions. The equilibrium and kinetic parameters
of sorption are calculated, the optimal conditions for water purification under static
conditions are determined. The sorption properties of natural schungite and its modified
polyethylene polyamine (PEPA) and epoxy resin (ED-20) forms with respect to the Pbh?*
ion on the pH of the medium, on the contact time and the concentration of the solution are
determined. Sorption capacity under static conditions is 0.45 mg/g of sorbent. The research
is due to the need for wastewater treatment of metallurgical enterprises from Pb2* ions. Lead
compounds are harmful substances that exhibit mutagenic, carcinogenic properties.
Modified natural shungite can be used as a sorption material for the treatment of industrial
and waste water.

Keywords: shungite, sorption, lead ions, polyethylene polyamine, epoxy.
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T. E. )KAPKBIHBEK'?, H. V. KbICTAYBAEBA?, A. E. MAJIMAKOBA®,
M. @. DACXYTJUHOB? K. JI. [IPAJIMEB, B. K. IO*

'AO «MuctuTyT xumuueckux Hayk uMm. A. B. Bektyposa», Anmarer, Pecrry6imka Kazaxcran
2KazaxcTancko-BpuTanckuii TexHudaeckuii yHuBepcuTet, AnMarsl, Pecrry6imka Kazaxcran

CHUHTE3 U CTPOEHUE KOMIIJIEKCOB
INIEPUJUHOKCU®OCPOHATA
C HOHAMMU JBYXBAJIEHTHBIX METAJIJIOB

AuHoTaunusi. B pabore ommcaHo mojydyeHHe KOMILIEKCOB aumerwi|l-(2-3Tokcu-
9TIN )-4-rHapoKcununepuanH-4-mwi|pocdoHara co CBOHCTBOM CTUMYJIATOpPA POCTA pacTe-
Huii ¢ moHamu nepexoausx Metawios (Co*?, Ni*2, Mn*2 u Cu*?). Ha ocHOBaHMH aHAIU3a
HMK-CrieKTpoB I0JTy4eHHBIX KOMILIEKCOB 0OHapyskeHo obpa3zosanue cBa3u N-Me* u cisur
moJiockl nornomenus P=0 mo cpaBHeHHIO ¢ aHanoruyHoW nuranaa. [IposegeHo Moaenu-
POBaHHUE C UCIOJIL30BaHUEM MoOyIMmIupudeckoro merona PM3. Iokazano, 4ro 3Hepre-
TUYECKH HamOoJiee BHITOJHO OOpa30BaHUE KOMILICKCA, B KOTOPOM HOH JIBYXBaJCHTHOTO
MeTaia 00pa3yeT KOOPJMHAIMOHHBIE CBSI3M C aTOMAaMHU a30Ta M KHCJIOPOJa C JBOHHOM
CBSI3BI0 Ha Qocdope MPH STOM IUATICPUINHOBHIN UK IMeeT KOH)OPMAIIHIO «BAHHAY.

Karouesble ciioBa: nunepuauHokcudochonat, nonst Co*?, Ni*2, Mn*2 u Cu*?, komn-
nekcoobpazoBanue, UK-criekTpbl, KOMIBIOTEPHOE MOJISITUPOBAHHE.

XUMUYECKUE IJIEMEHTHI, BXOSIIUE B COCTAB PACTCHHI, OPTaHU3MOB KUBOT-
HBIX ¥ YeJIOBEKa, IPUHUMAIOT YYacTHe B Ipoiieccax 00MeHa BEIIECTB ¥ 00J1a1atoT
BBIPOKCHHBIM OHMOJIOTUYECKUM JIEHCTBHEM, TONYYMIN Ha3BAHUE OUOSEHHBIX
anemenmog. KonmyecTBeHHOE CoJiepyKaHUEe OMOAJIEMEHTOB, BXOJSIIUX B COCTaB
OpPTraHM3MOB, 3aBUCUT OT Cpejbl 0OMTaHMs, CII0CO0a MUTAHMS, BUJOBON MPUHAJI-
neXHOCTH | T.11. [ 1]. OcHOBHYTO Maccy kuBoro BeriecTsa (99,4%) cocTaBisioT Tak
Ha3piBaeMmble MakpodnemeHTel: O, C, H, Ca, N, K, P, Mg, S, Cl, Na. K uncmy
MHUKPO3JIEMEHTOB, COJIEPIKAHIE KOTOPHIX B OPraHU3ME HCUUCIISETCS THICSYHBIMU H
JlaXKe TPUJUTMOHHBIMHE JTOJISIMH TIPOIICHTA, OTHOCSTCS: JKeJie30, KOOAIbT, MapraHell,
MeJlb, MOJTNO/IEH, INHK, KaaMuid, GpTop, Ho, ceneH, CTPOHIIUN, OSPIILTUH, JTUTHA
u ap. HecMoTps Ha WX Malloe KOJTHMYECTBEHHOE COJEpXKaHHE B OpraHH3MeE,
MUKPO3JIEMEHTaM MIPUHAJUICKUT 3HAUUTENbHAS Onoioruaeckast poib [2]. MomrHoe
BO3/ICHCTBHE MHUKPOAJIEMEHTOB Ha (PU3NOJIOTUICCKHIE TIPOIIECChI OOBACHICTCS TEM,
YTO OHM BCTYMAIOT B TECHEHIIYIO CBSA3h C OMOJOTHMYECKH AKTUBHBIMH OpPTaHH-
YEeCKUMH BeIeCTBAMH — TOPMOHAMH, BUTAMHHAMU. V3ydeHa Taxke UX CBA3b CO
MHOTUMU OekaMH U pepMeHTamMu. IMEHHO yKa3aHHBIMH B3aMMOOTHOIIICHUSMH U
OMNPEACISAIOTCS OCHOBHBIC IIYTH BOBJICYCHHS MUKPOIJICMEHTOB B OMOIOIHMUYECKUE
MIPOIIECCHI.

B Hacrosiiee BpeMs MOJb3yIOTCS MOMY/IIPHOCTBIO UCCIICOBaHUs B 001aCTH
CHHTE3a METAIJIOOPTAHUYECKUX KOMIUIEKCOB. DTH COCIMHECHUS HAXOIAT MpUMe-
HEHHUE B PA3NIMYHBIX cepax XUMHH, HauWHAs OT KaTaJlu3aTOpOB M 3aKaHYMBas
OMONOTHYECKH aKTUBHBIMH BelllecTBaMH. ECIIM TOBOPHUTH O TMOCIETHEM, TO B
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HBIHEIIHEM CTOJIETHU BO3HHMKAET HEOOXOOUMOCTH B YHHKAJIBHBIX OHMOJIOTHYECKU
aKTHBHBIX BEINECTBAX, KOTOPHIE CMOIJTH OBl YBEIWYUTH aKTUBHOCTh M 3P deK-
TUBHOCTb CTUMYJISITOPOB pOCTa PACTEHUH, MPH 3TOM OCTABAsCh IKOJIOTMYECKU
Oe3onacHeIMU. bBuopecynayus — 3TO HOBae Hay4Hasi 00JacTh, MO3BOJISIOIIAS
peryaupoBaTh HalpaBlIieHUE U MHTEHCUBHOCTh OMOXMMUYECKUX IPOLIECCOB, YTO
MO’KHO LIMPOKO UCIIOJIb30BaTh B MEIUIIMHE, )KUBOTHOBOCTBE U PACTCHUEBOICTBE.
OHO cBA3aHO ¢ pa3padOTKOW CIOCOOOB BOCCTAHOBIICHUS (PU3HOIOTHUECKON YHK-
UM OpTaHU3Ma C IeJbI0 MPOPUIAKTHKH U JIeYeHHs 3a00JIeBaHUi U BO3PACTHBIX
natonornii. KoMruiekcHple opraHuyecKre JUraH bl ¢ MIOHAMH OMOTEHHBIX MeTal-
JIOB OTHOCSITCS K MEPCIEKTUBHBIM OMOJIOTHYECKH aKTUBHBIM COCAMHEHHUAM. M3y-
YeHUE X OMOJOTHUECKOTO ACUCTBHA B SKCIICPUMEHTE ITOKA3aJI0, YTO XUMHUS J1ana
B PYKH MEJIWKOB, )KUBOTHOBOJIOB, arPOHOMOB U OMOJIOTOB HOBOE TMEPCIEKTHBHOE
CPEACTBO, MO3BOJISIONICE aKTUBHO BO3JCHCTBOBATH HA )KHUBYIO KJIETKY, PETyIHPO-
BaTh YCJIOBHS MUTAHUS, POCT M PA3BUTHE KUBBIX OPraHu3MoB [3-6].

Henbto HacTosmel pabOTHI SBISIETCS MMONyYSHUE KOMIUIEKCOB CTHMYJIISITOPA
pocta pacteHuii — aumeti| 1-(2-3TokcuI T )-4-rruapokcununepuanH-4-ui|poc-
¢onarta [7], c HOHAMH NEPEXOTHBIX METAIIOB, AJIs yCHIeHHs: Onodddexra ncxon-
HOTO JINTaH/a U B3STHIX MUKPO3JIEMEHTOB.

B peakumu ucmonb30BaHbl XIOPUABI U CyJibGaThl Mapradiia, Kodanbra, Meau
1 HUKEJISL.

| /H,cO0 OCH
HiCO__ OCH, 1e0,, Ot
2 + MAn _HO |y AN
N N
CH,CH,0CH,CH, CH,CH,OCH,CH, |,

M = Mn2* Cco2t cu2h N;j2*;
AN~ ClI,0rso,?

CuHTe3 TIeTIeBhIX KOMIUIEKCOB MIPOBEJICH B PA3IMYHBIX PACTBOPHUTENSX: XJIO-
PUCTBIN METHIICH, OEH301, alleTOH, alleTOHUTPWII, TAHOI U BoJia. [IpeiBapuTeIbHO
COJIb W JIUTAHJ[ OTACIBHO JIPYT OT Jpyra PacTBOPSIOT B PACTBOpPHUTENE (ITAHOII,
XJIOPUCTHIH METUJICH WM alleTOHWTPHI), 3aTeM PACTBOPHI CIHMBAIOT M IepeMe-
MIMBAIOT NTPH KOMHATHOW TeMIlepaType B TeUeHUE 2 4. 3aTeM PacTBOPHUTEND yIia-
PHUBAIOT 70 2-3 MJI M OCTaTOK BBICYIIWBAIOT Ha Bo3ayxe. s MHTEHCUUKAIIH
Mpolecca PeakIMOHHY0 CMECh TIOJIBEPTat0T BO3JICHCTBHIO YIBTPa3ByKa B TCUCHHE
30 mMuH. Hambomnee MOIXOIAIIINM pacTBOPUTEIIEM OKAa3aJICS dTAHOJI, TMOCKOJBKY
COJIM TUTOXO PACTBOPSUTUCH B XJIOPUCTOM METHIICHE U alleTOHUTPHIIE.

[omrydeHHbIe KOMILIEKCHI IPEICTABIISIOT KPUCTAUNINIECKHIE TTPOTYKThI, HEKO-
TOpbIe UMEIOT pasnuuHbli 1BeT (Co*™? — posossiii, Ni*?2 — 3enensii, Cu* — ceeriio-
roay6oii). Kommnekc nuranga ¢ Mn*? npencrasinser co6oii mpo3padHble KPHC-
TaJLIBL.
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B tabnuue 1 npusenens! ganusie MK-cnextpos nuranna (L) u ero kommiek-
COB C CONSIMH (XJIOpHIBI U Cyib(aTel) MEepexoqHBIX METaUIOB. Bce BeriecTBB
MMEIOT TI0JIOCY HOTJIOIIEHHs! THAPOKCHIIBHOM Ipymmbl mpu 3255.5- 3279.9 cm™.
[ornomenne B oonactu 919.3-938.4 u 1037.5-1113.7 oTHECEHBI K CBSA3SM IPOC-
toro 3¢upa (C-O-C) u P-O-C. [losBieHre NOTJIONICHUS B CIIEKTPE KOMILJICKCOB
npu 426.0-481.7 cm! cBuneTenscTByeT 0 Hammuuu cBsA3u azor-metamt (N-Me*?)
[8]. ITo caury noryomenus P=0 cBssu Ha 1,3-6.7cM™ B MeTaIIOKOMIIIEKCAX TI0
CPaBHEHHMIO C TIOJIOCOH JIMTaHa MOXHO MPEATOIOKHUTD €€ y4acTHe B 00pa3oBaHUN
KOMIUIeKca. B miaTnHOBOM KOMITIEKce ero oOpa3oBaHHE MPOUCXOINT MO a30Ty
MUTIEPUINHOBOTO IHKIIA.

Tabnuua 1 — OcHoBHbIe mosockl noromienust B UK- criekrpax aumetwi| 1-(2-3TokcuaTiin)-4-
ruIpoKcununepuInH-4-mi]ocdonara (L) 1 ero KOMIIEKCOB ¢ CONSIMHU NMEPEXOAHBIX METAIIOB

F||48co\P/oc:H3 (L)
0
fﬁ CoClz(L)2 | NiCl2(L)2 | CuClz(L)2 | CoSO4(L)2| MnSO4(L)2 | OtHeceHust
N
EH,CH,0CH,CH,
- 426.0 481.7 473.8 476.3 475.5 N-Me*+?
938.3 920.7, 937.8, 932.6, 938.4,
1025.7 1043.6, 1094189\:331 1038.3, 1039.4, 1037.5, I(’j—_OO-_%
1106.8 1113.7 = 11119 1113.9 1110.7
12195 1220.8 1218.4 1226.0 1225.3 1226.2 P=0
3255.9 3267.8 3279.0 3267.9 3268.7 3269.0 O-H

Oxkazanock, 4to criekTpbl SIMP-KOMITIIEKCOB H3-32 CHIIBHOTO MAarHUTHOTO TI0-
JISl MOHOB METaJIOB OKA3aJIMCh HE MPUTOAHBI K paciu(poBKe 1, COOTBETCTBEHHO,
M0 HUM HEBO3MOXKHO CJEJIaTh 3aKIF0UYCHUE O CTPOCHUH KOMIUIeKca. J{Jist pereHus
ATOM 3a7a4¥ MPUBJICYCHBI BO3MOKHOCTH KOMIIBIOTEPHOU XUMUU. Mo ienupoBaHue
MIPOBOIUIIOCH TIOMyIMIHpHIecKuM MeTomoM PM3. [l yecKopeHUs ONTHMU3AIIHI
CTPYKTYp JIUTaHJa U KOMIUIEKCOB €r0 CTPYKTypa YIPOIIEHA C 3aMEHOW 3aMeCTH-
TeJS MPH aTOME a30Ta Ha METWIBHYIO TPYIINY, TPU 3TOM HPEIIONaraeTcsi, 9To
VAJTMHEHUE 3aMECTUTENS 3a CUET CTePHYECKUX (DaKTOPOB HE3HAUUTEIHHO BIUSET
Ha TeIoTy o0Opa3oBaHMs KOMILIEKca. B KauecTBe KOMILIEKCOOOpa3yromerocs
MOJIETTLHOTO COSIMHEHUSI B3AT XJIOPUJ ABYXBAJICHTHONW Meau. TOYHOCTH ONTHMH-
3anuu (rpanuent) ycraHosieH 0.01kkan/mMons.

JIJIs OlIEHKH TEIUIOTHI 00pa30BaHMs CHCTEMbI JIMTAH-XJI0OPHUI MEIU PAcUEThI
MPOBOAMINCH JUIS ABYX KOH(OPMAITMOHHBIX COCTOSIHHUH TeTePOIMKINYECKOTO
KOJIbIIA («Kpecioy U «BAHHAY), TIPU STOM PACCTOSHUE MEXKIy JIUTAHIIOM M XJIO-
PHUCTON MeJbI0 OBUIO HEe MEHee 7A NIl MCKIIIOYCHHMsI COMMKCHUS U 00pa3oBaHMsI
KOOPJIMHAIIMOHHBIX CBSA3CH NPH ONTUMHU3AIINH.

Tak kaKk y4uTHIBaIACh BOZMOKHOCTHh 00Pa30BaHMUs KOOPIMHAIIMOHHBIX CBS3EH
TpeX rpynn Wi (parMeHTOB JIMraHaa paccunTaHbl 4 0oJjiee BEPOATHBIX CTPYKTYP
(Tabnuma 2) koMiiekca. [locine onepanuu ONTUMU3AIMU Han0OJIee BEPOSTHBIX

182



ISSN 1813-1107 MNe 2 2020

Tabnuua 2 — BeposTHble KOHDOPMALMHINTAHA U KOMIUIEKCOB U TEIJIOTHI KX 00pa30BaHMs

Hcxonnas

cucrema

(Jurann

KKPeCo») "
.

Temnora o6pasosannst HF= -200.893kkan/mMoib

Hcxonnas
cucTeMa
(JIMraH; «6anHa»)

(% *
C ¢

Temora o6pazosanust HF= -202.286kkan/mMoJ1b

o pee

Tennora o6pazosanust HF= -258.157kkan/mMoJb

Kommnexc 1
(Cu*?, N,
KKpecio»)

Kommekc 2
(Cu*2, N, OH,

KBAHHA»)

Temtora obpasoBannst HF= -261.256kkan/mMoib

183



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

Kommnexc 3
(Cu*?, P=0, OH,
KKpecio»)

"
¢

Tennora o6pazosanust HF= -261.677kkan/mMoJb

Kommiekc 4
(Cu*2, N, P=0,

KBAHHA)

Temnora o6pazosanust HF= -267.960kkan/mMoJ1b

HO
H,CO

< N—cn
~ -
Hoo ~cter - OCHg| o

=
HyC— })CH3
H

\

CTPYKTYp KOMILJIEKCA OLCHMBAJach BEJIMYMHA TEIUIOTHI 0Opa3oBaHus. Pacuérer
MTOKA3bIBAIOT, YTO SHEPreTHUECKN HanOoJiee BRITOAHO 0O0pa3oBaHNe KoMIUiekca 4
(HF = -267.960 xxan/mMoib), B KOTOPOM HOH JIByXBaJICHTHOTO MeTajlla 00pa3yeT
KOODP/IMHAIIMOHHBIC CBSI3M C aTOMaMH a30Ta M KHCJIOPOAA C JIBOWHOM CBS3BIO Ha
¢dochope. OCHOBHBIMH TOUKAMU JJisi 00Opa30BaHHsS KOOPAMHAIMOHHBIX CBs3EH
MEKIY MOJISKYJIOi Juranaa — aquMeTwi(4-runpokcu-1-merumunepuani-4)doc-
(doHaTa, 1 MIOHOM JBYXBAICHTHON MEIH SIBISIOTCS a30T M KHUCIOPOJ C JBOWHOMN
cBs3pI0 Ha (ocdope, pacrornararoiieii HanOONbIIEH JIEKTPOHHON TIOTHOCTHIO.
Bropas Moiekyna IuraHua «MpUCOCIUHSETCS» K MOHY MeTaljia aHAJIOTHYHBIM
obpasom. [Ipupona 3amecTuTesst y aToMa a30Ta MUMEPUANHOBOTO IIMKJIA U METaJlIa
CYILIECTBEHHOT'O BIIMSIHUSI Ha BEJIMYHMHY TEIUIOTHI OOpa3OBaHMS KOMILUIEKCA He
OKa3bIBaeT.
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Taxum obpa3oM, Hanbosee BEPOSITHOW CTPYKTYPOH KOMIUIEKca AUMETH[4-
THAPOKCH-1-(2-3TokcHaTrn ) munepuani-4]dochonata ¢ HOHOM IBYXBAJEHTHOTO
MeTaJlia SBISETCS:

3CO ﬁ
— CH,CH,OCH,CH

3cd Onier F(OCH?: cl,
H:CH,COH,CH,C—\ H}JCHS

Takum 00pa3oM, MOJXyYeHbI KOMIUICKCHI aumeTui|1-(2-3TokcuaTi)-4-
rUApOoKCUnUIepHanH-4-ui]pocdonara C HoHaMU TlepexoaHbIX MeTamioB (Co*?
Ni*2, Mn*? u Cu*?). B UK- criekTpax KOMILIEKCOB CIBHT IOJIOCHI TTOrIomenus P=0
[0 CPABHEHWIO C AHAJOTWYHOM B JIMIaHA€ W mosBieHUe moryomenus N-Me*?
CBHJICTENILCTBYET 00 MX y4acTHH B 0Opa30BaHMU METAJUIOKOMILIeKca. Moenu-
poBaHUE TOMyIMIHpUIeCKUM MeTomoM PM3 mokas3piBaeT, 9TO IHEPrETHICCKH
Haunboliee BHITOJHO 00pa30BaHHE KOMIUIEKCA, B KOTOPOM HOH JIBYXBAaJICHTHOT'O
MeTaia o0pa3yeT KOOPJHHAIMOHHBIC CBS3M C aTOMaMH a30Ta M KUCIOpoza ¢
JBOIHOMW CBsI3bIO Ha (pocope mpu 3TOM MHUIEPUIUHOBBIA UK HMEET KOHPOP-
MAIHIO «BaHHAY.

OKCIIEPUMEHTAIJIBHAA YACTD

Xon peaknuu ¥ MHIUBUAYAIBHOCTh COCIWHEHHHA KOHTPOIUPYIOT METOJ0M
TCX na okcuzae amomunus III cTemeHu aKTUBHOCTH, C MPOSBICHUEM IMATECH
napamu iona. MK-cnextpsl 3anmcansl Ha criektpomerpe «Nicolet 5700» mexay
mnactuHkamu KBr.

Obwas memoouka noxyyenus komniexcog. llpeaBapuTesbHO MPUTOTOBJICH-
Hble pacTBOpbl 1,0 MMombauMeTwi[ 1-(2-3TOKCHITHI )-4-THAPOKCUTTUTICPUTUH-4-
wi]docdonara (L) B 10 Ma u 2,0 Mmoot cooTBeTCTBYIOMIEH conu B 10 Mt aTaHONa
CMEIIIMBAIOT U TIOMEIIAIOT B YJIbTPa3BYKOBYIO O0aHto Ha 30 MUH.

Hu-{oumemun|1-(2-smoxcusmun)-4-eudpoxcununepudun-4-unj pocgo-
Ham}xobanem ouxaopuo. Beixon 67,8%, T.mwi. 118-128°C.

HaﬁneHo, % :C 38,51; H 6,98; N 4,01. C22H43N2010P2C0C|2

Brruucneno, % : C 38,22; H 6,98; N 4,04.

UK-cnektp, ecm: 426.0 (N-Co*?); 920.7, 1043.6, 1113.7 (P-O-C, C-O-C);
1220.8 ( P=0); 3267.8 (O-H).

Ju-{oumemun[ 1-(2-omokcusmun)-4-euopoxcununepuoun-4-unjpocpo-
Ham}xobarem cynvgham. Berxon 65,3%, T.mt. 128-135°C.

Hanz[eHo % : C 36 71 H 6 79 N3 71 C22H43N2010P2COSO4
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Brruucneno, % : C 36,88; H 6,74; N 3,90.

UK-cnektp, cm™: 476.3 (N-Co*?); 932.6, 1039.4, 1113.9 (P-O-C, C-O-C);
1225.3 (P=0); 3268.7 (O-H).

Ju-{oumemun/1-(2-omoxcusmun)-4-euopoxcununepuoun-4-unjpocpo-
Ham }Huxenvouxaopuo. Beixon 75,2%, 1.mn.141-151°C.

Haﬁz[eHo, % :C 38,49; H 7,05; N 3,97. C22H43N2010P2NiC|2

Brrunciieno, % : C 38,23; H 6,98; N 4,04.

UK-cnektp, cm: 481.7 (N-Ni*?); 919.3, 1048,3 m. (P-O-C, C-O-C); 1218.4
(P=0); 3279.0 (O-H).

[lu-{oumemun/1-(2-smokcusmun)-4-2uopokcununepuoun-4-unjpocpo-
Ham}xynpymouxaopuo. Bexon 75,2%, T.mn. 107-112°C.

HaﬁHCHO, % : C 37,75; H 6,85; N 3,91. C22H43N2010P2CUC|2

Brruncieno, % : C 37,97; H 6,93; N 4,02.

UK-crektp, cm™t: 473.8 (N-Cu*?); 937.8, 1038.3, 1111.9 (P-O-C, C-O-C);
1226.0 (P=0); 3267.9 (O-H).

[u-{oumemun/1-(2-smokcusmun)-4-2udpokcununepuoun-4-unjpocpo-
nammapeaney cyivgam. Beixon 70,1%, t.1ur. 106-114°C.

HaﬁHCHO, % : C 37,25; H 6,88; N 4,01. C22H43N2010P2MI"ISO4

Brruucneno, % : C 37,09; H 6,77; N 3,92.

UK-cmektp, cmt: 475.5(N-Mn*?); 938.4, 1037.5, 1110.7 (P-O-C, C-O-C);
1226.2 ( P=0); 3269.0 (O-H).

Paboma evinonnena npu ¢unancosou noooepoxcke KH MOH PK, D
BR05234667 and I'® AR05131025.
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Pe3rome

T. E. XKapxwinoex, H. V. Kvicmaybaesa, A. E. Maimaxosa,
M. @. @acxymounos, K. )K. Ilipanues, B. K. FO

EKI BAJIEHTTI METAJIJI NOHJIAPBI
BAP ITUITEPUJJUHOKCUDOCDPOHAT KEIHEHAEPIHIH
CHHTE3I )KOHE K¥PbUIbIChI

JKyMmbicTa aybicnans! MeTaint nonaaps (Co*2, Nit2, Mn*2nen Cu*?)6ap ecimMaikrepain
©CyiH BIHTAJAHIBIPYIIBI KACHETKE Me JUMETHII| 1 -(2-3TOKCHITII )-4-THAPOKCHUITHITCPHIHH-
4-ni|pocdoHat KemeHIEPiHiH aIbIHYBI CHITATTaIFaH. AnsiaFaH Kemeraepaig UK-cnexrp-
nepin Tannay Herizinge N-Me*? GailaHbICHIHBIH TY3iyl %oHE YKCAC JIMTaHAIEH Cajlbic-
ThipFanaa P=0 ciHipy >KOJAaFbIHBIH BIFBICYBl aHBIKTAIABLMonensney PM3 skapTeuiait
SMITMPUKAIIBIK 9MIICIH KOJIaHy apKbUIbI XKYpriziaren. Hotmxkecinne, eki BaJeHTTI MeTall
uoHbl (ocopaarel Koc OailaHBIC apKBUIBI a30T OHE OTTErl aTOMIAaphIMEH KOOPU-
HAIMSITBIK OaliTaHbICTap TY3iIl, KSIICHHIH Maka 00Iybl SJHSPTETUKABIK TYPFBIIAH THIM/II,
opi OChI KaFiaiia MUNEepUANH CAKUHACH «BaHHA» KOH(POPMAIMICHIHA He OOIaThIHABIFbI
KOPCETUITeH.

Tyiiin cesnep: nunepuaunoxcudochonar, Co*?, Ni*?2, Mn*? xone Cu*? nonzgaphl,
kemeH Ty3y, MK cniekTpiepi, KOMITBIOTEPITIK MOJICIBIIEY.
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Summary

T. E. Zharkynbek, N. U. Kystaubayeva, A. E. Malmakova,
M. F. Faskhutdinov, K. D. Praliyev, V. K. Yu

SYNTHESIS AND STRUCTURE
OF PIPERIDINOXYPHOSPHONATE COMPLEXES
WITH IONS OF BIVALENT METALS

The synthesis of the complexes of dimethyl [1-(2-ethoxyethyl)-4-hydroxypiperidin-4-
yl]phosphonate possessing the property of a plant growth stimulator, with transition metal
ions (Co*2, Ni*2, Mn*? and Cu*?) has been described. Based on the analysis of the IR spectra
of the obtained complexes, the formation of N-Me*2 bond and the shift of absorption band
of P = O has been revealed in comparison with the analog of the ligand. Modeling has
carried out using the semi-empirical PM3 method. It has been shown that the formation of
acomplex in which a divalent metal ion forms coordination bonds with nitrogen and oxygen
atoms of P=0 is energetically most advantageous, while the piperidine ring has the “boat”
conformation.

Keywords: piperidinoxyphosphonate, Co*?, Ni*2, Mn*2 and Cu*? ions, complexation,
IR spectra, computer modeling.
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VK 662:66.061
K. T. EIIIOBA, XK. K. KAUPBEKOB, A. M. MAHABAEBA

Kazaxckuii HarmoHaNbHBINA YHUBepcHTET uM. an-®apadu, Anmarsl, Pecnybnmnka Kazaxcran

TEPMHAYECKAS OBPABOTKA YI'JIEA
PA3JIMYHBIMU PACTBOPUTEJISIMU

AnHoTanmsi. B pabote npeacrasinen 0030p 0 COCTOSHUN HAYYHO-HCCIIEI0BATEILCKIX
paboT 1Mo M3YYEHUIO BEIIECTBEHHOI'O0 COCTaBa OpraHuyYeckoil Maccel yriel. [louck nure-
pPaTypHBIX JaHHBIA B 3TOM HAaNpaBJI€HUH BBIABUI, YTO CTPYKTypa OPraHHMUYECKONH MaccChl
yrieit pazHooOpa3Ha. HayuHble mccienoBaHusl MOCJIEIHUX JIET MOKa3bIBAIOT, YTO CyIIle-
CTBYIOT JBE MOJENIH CTPOCHHUS YIJIA: apOMaTH4ecKasl U MOJHeHoBas. B ornmuaune npyr ot
Jpyra: apoMaTHas MOZAENb TPEICTABIAET CO00H 3aMKHYTYIO KOJBIIEBYIO CHCTEMY CO-
TIPSDKEHUS, a MOJIMEHOBasi MOAETh CUCTEMY OTKPBITOTO JIMHEHHOTO compspkeHus. Mera-
MOP(H3M PaCTUTEIBHO-0CAIOYHBIX TOPOA OT OypOTo YIJIs O KAMEHHOTO YIS, @ 3aTEM JI0
AHTPAIUTOB NPUBOIUT K M3MEHEHMIO XMMHUYECKOTO COCTaBa OPraHWYECKOH Macchl. JTO
obecrieunBaeT 0COOEHHOCTH MOJIEKYJIIPHON CTPYKTYPBI M TEXHOJIOTUUECKHX CBOMCTB TBEp-
JIOTO TOIUIMBA Ha PA3IMUYHBIX CTaAusX MpeBpaiieHuil. CTeneHb NpeBpalleHHs OpraHu-
YecKOoi Macchl B pacTBOpax, He 00JIAJalONUX BOJOPOIOIOHOPHBIMYU CBOMCTBAMH YMEHbB-
I1aeTCs B Psi/ly CamlpomenuT — Oypblif yroyib — KaMEHHBIH yronb. JlecTpyKuus U HOJIUKOH-
JICHCAINS U3MEHSIOT MOJIEKYJIIPHYIO MacCy M KOJIMYECTBO MOJIEKYJI B €AMHHUIIaX 00beMa, a
TaKkXKe MEXMOJIEKYJIApHbIH 00beM M IMIOTHOCTh OPraHMYECKHUX BEIIECTB YIA. Takum
00pazoM, OKIDKEHHE YIiIel MO3BOJISCT MOy4aTh TaMMy XUMHYECKUX COCIMHEHUH, B TOM
YHCIIe CBIPbE, HEOOXOANMOE IS TPOU3BOACTBA YIIIEPOJHBIX MAaTEPHAIIOB, KHJIKUX TOTIIINB
1 pa3sHOOOpa3HbIX XUMUYECKUX MPOIYKTOB.

KiodeBble ci10Ba: yroib, OpraHuueCcKHe paCTBOPUTEIIHN, IKCTPAKINS, KUIKHE TIPO-
IYKTbI, QyHKIMOHAIbHBIE TPYTIIIHL.

B HacTosee Bpemsi Bce Oojblliee BHUMAaHHME YIENACTCA KOMIUIEKCHOMY
UCITIOJIb30BaHUIO PHEPTETUYECKOI0 U XUMHUYECKOr0 IOTeHIMana yrien. Yiy4ia-
I0TCS TEXHOJIOT MU TIPEBpaIeHus opraHnyeckoi Maccel yrisi (OMY) B xuIKue nim
ra3ooOpas3Hbple TOIUIMBA U XHUMHUYECKHE HPONYKThl. CTPYKTypa OpraHHYecKOH
Macchl yrien pazHooOpasHa. CyliecTByeT J1B€ MOAEIHN CTPOSHUs yIjlel: apoMaTH-
YecKas U MOJMEHOBast. B OCHOBE 9TUX MOJIENEN JIEKHUT yriiepos B Sp> THOPHIHOM
COCTOSIHMH. B oTnnume Apyr oT apyra: apoMaTHas MOJENb MPENCTaBIseT coOOH
3aMKHYTYIO KOJIbYATyI0 CUCTEMY COIPSDKEHUs, a OJIMEHOBas MOJAEIb — CUCTEMY
OTKPBITOTO JINHEHHOTO comnpsbkeHus. CylHOCTh NOJUEHOBOM MOAETN COCTOUT B
TOM, YTO UCXOJHBIMH CTPYKTYPHBIMH €ANHULIAMH YTIIEN SBISIOTCA MOJIEKYJIISIPHBIE
LENH, B CeJIeTe KOTOPBIX HaXOIATCS LMC-, TPAHC-IIOJIUEHOBbIE CUCTEMbI COIpS-
xenust (IICC), kak 6e3nedexTHbie, Tak U ¢ pa3HbIME Jedexktamu. CKeneTsl Mo-
JIEKYJIAPHBIX YIIEPOAMCTHIX LIETIEH cofepkaT Hapsay ¢ muc-, TpaHc-IICC Takxe
CHo-rpynmsl. UccnenoBanus BockMu yriied (kupsblid (JK), ra3oBbId >KUpPHBIT
(I')K), razossrii xxupHbii oromennsii (I7KO), razossriii (I7), kokcoBsiid (K), kok-
coBbiii ortomeHHblii (KO), kokcoBblit crnabocnekaromuiicss (KC), tommit (T))
metosioMm MK-crekrpockonuu B obmactu  1800-650 el ¢ Hcmomp30BaHUEM
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MOJIMHOMUHATBHOHN JIEKOMITO3UIIUU CIIEKTPOB, TOKA3aJI0 CXOJCTBO M OTIUYHC B
HK-cniekTpax, cofiepKalux y3K1e MoJIOCk! MOTJIOMICHHUS, I IBYX PSIOB YIJICH:
xupHoro (K, 'K, I'KO, I') u kokcoBoro (K, KO, KC, T). [loka3aHno, Takxe, 9TO B
UK-cnextpax yrieit npu nepexone ot XK k I' (xkupnslii paa) u ot Kk T (kokcoBsIi
Psa) HAOMIOIAeTCS YMEHBIIICHHE NHTEHUCHBHOCTH TI0JIOC TIoTJIoNIeHus mpu 1450,
1370 cm?, oGycnosnennsix aedopmanmonasiMu Konebanuamu C-H B CH; u
CHa-rpynmnax, u mosiBIIEHHE TMOTJOUICHUS KHUCIOopoacoaepx amux rpymr. lomy-
YCHHBIC DKCIICPUMEHTAIBHEIC JJaHHBIE HE COTJIACYETCS ¢ OONICTIPUHATHIMU ITOHH-
MaHHeM MeTaMopQu3Ma KaMEHHBIX YTJIEH OT ra30BOTO YIJIA 10 Tomiero [1].

B pab6ote [2] moapo6HO mpeacTaBiIeHBl 0COOCHHOCTH, XapaKTEPHBIE IS yT-
JIeH ¢ pa3MYHON CTETEHBI0 OKUCIICHUS 10 (U3NKO-XUMUYECKHM, (U3UKO-MeXa-
HUYECKUM M XUMHUKO-TEXHOJIOTHYECKUM CBoMcTBaM. K HanOosee OKUCISIOIMIUMCS
OTHOCATCS YIJIA C BBICOKOW TOJIEW BOJOPOMA, BEICOKUM BBIXOIOM JIETYUHX Be-
IIECTB, BBICOKOH BSI3KOCTBIO W XOPOIIEH PaCTBOPEHHOCTHIO B OPTAHUUYECKHUX pac-
TBOPUTENSIX, HO HU3KOH IJIOTHOCTHIO BEIIECTBA BUTPUHUTA BO BCEX CTAIUAX yTJIE.

Beutn paccMoTpeHbl (pakTOpbl COCTOSIHUS OPraHMYECKOW CHCTEMBI U IIETPO-
reHe3nca uCcKomaeMplx yriei. [lo maeHno aBTopa [3], Korjma opraHu4IecKoe Be-
IIECTBO MEPEXOUT B Yrojb, OHO TOJIBEPracTCs KOMIUIEKCY CIOXHBIX Hpeodpa-
30BaHUI. DTH TpeoOpazoBaHUs AENAT HAa JBa MEPHOMAA: IpPEBpaIlleHUs OHOXU-
MHUYECKUX CTPYKTYp TKaHEH pacTCHHMH B CTPYKTYpPY MOHOMEPOB M KOHJCHCAIIUS
MOHOMEPOB B T'€TEPOTOIMKOHCHCATHI ¢ KOJUIOMIHBIM COCTOSIHUEM (TYMHHOBBIC
kucnoThl). KoHmeHcaus OTKphIBaeT YrONbHBIHN P C AabHEHIIeH reuduKanuei,
JAIOIIMN PSJT yIIeH OT Oyporo yris 10 aHTpaluToB. MetaMop(hu3M pacTUTEIILHO-
0CaJIOYHBIX MOPOJ OT Oyporo yris A0 KaMEHHOI'O yIJis, & 3aTeM JI0 aHTPAIMTOB
MIPUBOJUT K M3MEHEHHUIO XUMHUIECKOTO COCTaBa OPTaHWYECKOW MacChl. JTo obec-
MEYNBACT OCOOEHHOCTH MOJIECKYJISIPHON CTPYKTYPHI U TEXHOJIOTHYECKUX CBOMCTB
TBEPAOro TOIUIMBA Ha Pa3IMYHBIX CTAIUAX MPEBpAIIeHui [4].

CtpykTypa BBIpaOOTaHHBIX YIJEeH SIBIAETCS OOBEKTOM MHOTHX HCCIIe-
JIOBaHWH, KOTOPBIE B TEUEHHE JITUTEIHFHOIO BPEMEHHU OTPAXKAIOT XapaKTep yrisl B
OTIPEICTICHHBIX YCIOBUSAX M IIO3BOJIIIOT MPOTHO3WPOBATH €T0 IMOTPEIIHOCTH B
mpolieccax nepepaboTku. M3ydeH cocTaB MPOIYyKTOB TEPMOJM3a HAa YCTaHOBKE
BBICOKOTEMIIEpaTYPHOH MPOTOYHON SKCTPAKINK B OCH30JIBHON Cpelie PH Hen30-
TEPMHUUYECKUX YCIOBHSAX PA3IMYHBIX METaMOP(O3HBIX BUTPHHUTOB. B pe3ynbraTe
TEPMOJIM3a BUTPUHUTOB OOIIMH BBIXO] )KHIKUX ITPOAYKTOB YMEHBIIIACTCS C YBEJIH-
YEHUEM CTETICHH KapOOHM3AIIMN OPTaHMIECKOTo BemecTra. [Ipu Tepmonmse maio-
M3BECTHOTO Ta30BOTO BUTPHHUTA, HE3aBHCUMO OT OOIIE BHICOKOW CTEIeHU pa3-
OaBIICHUS] BUTPUHUTA, HAOIIOJAETCS BHICOKHI BBIXOJ Ta3000pa3HBIX MPOYKTOB.
Boiiee xopo1io pacTBOPUMBIM KUPHBIA BUTPUHUT UMEET OTHOCUTEJIBHO MEHbIIIEEe
KOJIMYECTBO KHCIOPOJICO/IEPKAIINX COSAMHEHNH W apOMAaTHYECKUX CHCTEM, He
MMEIONINX BBICOKOW CTENEHU KOoHjeHcupoBaHus. C yBEIHUCHHEM CTEIICHU 3pe-
JIOCTU BUTPHHUTOB TIPOWCXOIUT YBEIMUCHHUE JOJU Mpeac(aabTeHOB, YBEIU-
quBarOTCs acanbTeHsl [5].

VYT01b — 3TO CHOXKHOE MPUPOTHOC MHOTOKOMIIOHEHTHOE 00pa30BaHKE C IIIH-
POKHM CHEKTPOM XUMHUYECKOTO COCTaBa M PU3MUECKUX CBOUCTB. J{j1st mporHo3upo-
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BaHUs MOBEJICHUSA yTJIel B TEXHOJIOTHYECKUX MpOoLeccax OOBIYHO OPUEHTUPYIOTCS
Ha psii XapaKTEPHBIX IPU3HAKOB, B TOM WM HHOI Mepe OTPa)karoLUX UX COCTaB U
ceoiicTa. Bnepsbie ¢ mpumenennem C SIMP-CIEKTpPOCKONMH HCCJIEI0BAaHbI
18 00pa3noB KaMEHHBIX yIJIeH pa3iIMyHBIX CTaguid MeTaMop(u3Ma, OTOOpaHHBIX
Ha yrieno0siBaromux npeanpuatusix Kyzoaca. AHain3 Mosry4eHHbIX aHaJIUTHYEC-
KHUX JaHHBIX TI0Ka3aj, 4YTO C POCTOM CTauu MeTamop¢usMa yrieidl CTelneHb UX
apoMarnuHocTH fa moBbImaercs ot 0,68 1o 0.85. YcTaHOBIIEHO, YTO POCT MOKa3a-
TeJs apOMaTUYHOCTU OPTaHUUYECKON Macchl yIilel IPONOPLUOHAIEH YMEHBIICHUIO
KOJIMYEeCTBa an(paTHIECKOro yrieposa B CTPYKTYPHBIX (hparMeHTax B JHara3oHe
0-51 m.x. [6].

JecTpyKuus ¥ TONUKOHIEHCAUS U3MEHAIOT MOJIEKYJISIPHYIO Maccy M KOJH-
YEeCTBO MOJIEKYJ B €IMHULIAX 00bEMa, a TAKKE MEKMOJIEKYJIIPHBIN 00bEM U IIJI0T-
HOCTh OpraHMyecKux BemecTB yris. [Ipu gecTpykuum MoJexyssipHas macca,
KOJIMYECTBO MOJIEKYJI B €AMHHUIIAX 00beMa, MEXKMOJIEKYISPHBIH 00BEM U IJIOT-
HOCTh YMEHBIIAIOTCA. B mporecce MoIMKOHIEHCANH TOBBIIIAETCS MOJIEKYJISIpHAs
Macca W IUIOTHOCTh, YMEHBIIAETCS KOJIWYECTBO MOJIEKYJ W MEKMOJIEKYISIPHBINA
o0beM B eauHHmax obwema. C yBelMYeHHEM CTENEHHM MeTamopdus3ma yriei
YMEHBIIAETCS KOJMYECTBO SP?, SP3-CBsA3€l U MOBBIIIAETCS CTENEHb aPOMATU3AIINH,
IPUBOJAIIAS K YBEIMYEHUIO «IJIOTHOCTH» MOJIEKyl. Eciu KOHEUHBIM pe3ylib-
TaTOM yriie(hUKALMH SBISIETCS TPpauT, TO 3TO SBISETCS IPUMEPOM MaKCUMaIbHOM
IJIOTHOCTH MOJHON apOMaTU3HPOBAHHOM cUCTEMSI [7].

B pa6ore [8] n3yueH XUMHIECKHA COCTAB MAPUIANH PACTBOPUMEIX ITPOTYKTOB
camporrenst o3epa Ogayns UpkyTckoit oomactu Poccun. [TnpuamHOBBIC SKCTPAKTHI
BBIIETIEHBI U3 CAIpOIIENsl MOCNE MOCIE0BATEIbHOIO yAAJEHHUs U3 HEro TeKcaH-
PacCTBOPUMBIX OUTYMOHIOB, TYMHUHOBBIX KHCJIOT M 00OTaI[eHHsI OCTaTOYHOTO Call-
poress. AHanmmu3 3lieMeHTHOTo cocTaBa, MK-criekTpoB, mapaMeTpoB pparMeHTHOTO
COCTaBa, MOJyYEHHBIX METOJ0B KOJMYECTBEHHOI criekpockonuu SIMP H u B*C,
MoKasall, YTo MUPUIUH H3BJIEKACT CBOCOOPA3HYIO IPYHITy T€TEPOaTOMHBIX OPTraHH-
YECKUX COEIMHEHMH campolelis, U3MEHSIOIMX CBOW COCTaB B XOJIE€ CallpoIlese-
00pa3zoBaTe’IbHOrO Mpolecca. ITH COSNUHEHUS! UMEIOT aJHLUKIMYECKUe yriie-
BOJIOPOIHBIE (PparMeHThl ¢ IBOMHBIMU CBSI3SIMH PA3IMYHON CTENEHH 3aMEILCHHUS
annpaTUYECKUMU pauKaIaMy, IIMKO3UHbIE CTPYKTYPbI U KApOOHOBbIE KHCIIOTHI.

Konnexuus o0pa3moB 1ist n3ydeHHUs PEaKIMOHHON CIIOCOOHOCTH YISl BKITIO-
qyaeT B ceOs Oypble M KaMEHHBIE YIJIM Ha BOCBMH Pa3lMYHBIX MECTOPOKACHHUIX
Momnronuu u Tpex mectopoxkaernit Cubupu. Vzyuena peakiimoHHasi ClToCOOHOCTh
B MPOIECCE TEPMOXMMUYECKOW AECTPYKIHU B Cpele TeTpajHHa C TOIydeHHEM
XKHUIKAX TPONYKTOB. B yrompHbix oOpasuax baraxanraii u XoBusl oOHapyXeHO
00JBIIOE KOJTMYECTBO CBOOOIHBIX KAPOOHOBBIX KHCIOT. DTO CBUAETEIBCTBYET O
TOM, YTO OHHM XapaKTEPHU3YIOTCS BBICOKOW CTETEHBIO OKHCIeHHs. BennunHa KoH-
BEepcHU O0pPasLOB BapbUpPYyeTCs B IIMPOKUX Mpenenax U gocturaer 1o 63,2%.
OnHnako riay0oKas AeCTPYKIHS OPraHUIECKOM MacChl OTHOCUTEIIEHO HEBBICOKas. B
mpolecce 00pa3zoBbIBaIMCH acdanbreHbl (16,9%). ABTOpBI ykasanu HauOosee
HU3KYIO aKTUBHOCTh KAMEHHOT'O YTJIS B JECTpyKImH [9].
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B 0630pe padotsi [10] npuseneHa treopust Cemenora H. H. Beino oTMedeHo,
YTO MPOLIECC OKHUCICHUS PAa3BUBACTCA 3a CUET Haubosiee CIOCOOHBIX K peakIHu
paaukanoB. B pesynpraTe mpeBpalieHns OKUCICHHBIX COSeUMHEHUI U CBOOOIHBIX
panuKanoB MPOXOAAT PEAKLUH, XapaKTEPU3YIOIINE CIEAYIONINE CTAJANN: BO3HUK-
HOBEHHE LIEIH, €€ POCT, pa3BETBICHHE U pa3pbiB. Kucnopoacoaeprkamye rpynmsl,
obpasyromuecs Ha TIyOOKHX CTaAMsSX OKHCICHHS, MOJDKHBI OBITH OoJiee CITo-
COOHBIMH K pEaKIfH, 4eM NepBOHAYATBHBIC YTIIEBOJIOPOIbI, & TAKXKE JIETKO TOJ-
BEp)KECHBI NaNbHEWIIeMy OKHCIeHHI0. OKHUCIEHHE MPUBOIUT K HArpeBaHHIO U
CaMOBO3TapaHMIO0 YIJIsl MPH XPaHEHWW ero B ITabesie OTKPHITOro cKiana. Ycra-
HOBJIEHO, YTO JUIS KaXKIOTO YIJIs MMEETCs Kpurhdeckas temmeparypa (~ 60 °C),
nocje OCTHXKEHHsI KOTOPOH CKOPOCTh HarpeBaHHsS PEe3KO BO3pAcTacT W TOSB-
JsieTcs. BO3MOKHOCTh camoBo3rapanust yriisi. [lokasaHo, 4To 3HaueHHE SHEPTHU
aKTHBAIUH TpoIlecca OKMCIICHNSI KAMEHHBIX yTJiel B MHTepBasie Temmepatyp ot 0
1o 140 °C maxomarca B npemenax ot 13,4 mo 53,6 xJIK/Monb. MakcHMalbHBIM
3HAYCHHEM XapaKTEePHU3YIOTCS Yyroiib Mapku xKUpHbIA (K).

Hcnonp3oBanne HOBBIX KOHIIETIIINH, @ TAK)KE MPAKTUIECKIX METOIO0B UMEET
OoubIioe 3HaveHue st Oonee 3(h(HEeKTUBHOTO MCTIONB30BaHUS YIiisl. ABTOpHI pa-
0oter [11-13] ynenunu ocob0e BHUMaHHE HOBBIM METOJIaM IHUPOJIH3a: OKUCICHUIO
KUAKOW (pa3bl MPHU HU3KHUX TEMIIEPaTypax W IKCTPAKIUU PACTBOPHUTEIEM C HC-
MOJIb30BAHUEM TPAJHMIIMOHHO UCIONB3YEMbIX pAcTBOPUTENEH Kak CpecTBa
W3BIICYCHHUS CHIPhS JUIS IEHHBIX XUMHUYECKUX BEIIECTB, YUCTHIX TOIUIUB U yTJe-
POIHBIX MAaTEPUANOB W3 YIUIA. DKCTPEMANBHBI XapakTep PEakIMOHHOW CIIo-
COOHOCTH HEJIETyYUX MPOJYKTOB, OTAEICHHBIX OT YIIIEH, B 3aBUCUMOCTH TEPMO-
JM3a OT KOHEYHOH TeMIepaTyphl CBsI3aH C MPOIIECCAMH CKOTUICHUS THIIPOKCHITb-
HO, KapOOHMIBHOH U ()EHOIBHOU IPYIIIT BCICIACTBHIE Pa3pbiBa MEKMOJICKYJIISPHBIX
CBSI3€i M TUIMWYHBIX CBsI3ei S(UPOB HA MOCTHKAX, COSAMHSIONINX apOMaTHICCKHE
koubla. OXKIKEHUE YIiiel MO3BOJISIeT MOTyYaTh TaMMy XHMUYECKAX COCAMHEHHH,
B TOM YHCIIE CBIPhe, HEOOXOIUMOE IS TTPOU3BOJCTBA YTIEPOTHBIX MATEPHAIIOB.
Onwupasick Ha JaHHBIE Macc-aHann3a KeHmpuka aBTOPHI BBISBUIM XUMHYECKUN
COCTAaB Y BBISICHUJIN HAIMYKE OOMITBHBIX COSMHEHHI CO CXOIHBIM MOJIEKYIISIPHBIM
COCTaBOM BO BCE€X AIKCTPAKTaX, HE3aBHCUMO OT MCXOTHOTO YTJISL.

Hu3K0301pHBIT YHCTHINA YO MOTYYald U3 HHANKCKOTO KOKCYIOIIETOCS YIS
MyTeM MHUKPOBOJHOBOTO OOJIyYCHMsI MM YJIBTPa3BYKOBOH 00OpabOTKH C TOCIe-
JyIoLIel 3KCTPaKIMEH ¢ UCTONIb30BaHueM N-MeTwi-2-upoiuaoHa. Dddekt uc-
none3oBaHus 10 10% s>TrineHauaMiHa B Ka4eCTBE COPACcTBOPUTENS B N-MeTHII-2-
MUPOJHIOH TIPUBEN K MaKCHMaJTbHOMY BBIXOJAY YHCTOTO YIUIA. BwIxom gucToro
YIS yBEITUYUBACTCS, TOTOMY YTO STHJICHAMAMUH SIBJISETCS CHIIBHBIM MOJISPHBIM
pacTBOpPHUTENEM U CHIIBHBIM OCHOBaHHUEM, KOTOPBIH CIIOCOOCTBYET pa3phiBY CBSZH
B yIJIe KHCJIOTHO-IIETOYHBIMU B3auMo/ieiicTBusiMu. [IpeaBaprurenbHOe MUKPOBOII-
HOBOE 00JTy4YEeHHE MPUBOAMI K YBEITUUEHHIO BBIXOJIAa YUCTOTO YIS U HAXOAUJICS B
npenenax 66-70%. DPGHEeKTUBHOCTh AKCTPAKIIMKA YBEIIMYUBACTCS 32 CUCT YBEJIH-

YeHHUs KOJIMYECTBA MOHHOW KUAKOCTH, H00aBIsIeMOi B N-METHI-2-IMPPOIUIOH
[14-16].
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[Ipy COBMECTHOM CXKMKEHHHU YToJib U OMoMacca CMELIHBAIOTCSI 1 COBMECTHO
MOJAI0TCS B TepPMETUYHBIN PEakTop B IPUCYTCTBUM pacTBopuTels. B nmporecce co-
BMECTHOTO CKIKCHUSI TepMUYecKas (parMeHTanus yrisi IpUBOAUT K 00pa3zoBa-
HUIO OPraHWYeCKUX CBOOOJHBIX DPaJMKaJOB, KOTOPbIE OOBENWHSIOTCA C BOJO-
POIOM, [10JIaBa€MbIM U3 PACTBOPUTEIISA-IOHOPA BOJAOPOAA MM caMOi OHOMAcCHI.
OnHUM U3 NPEeUMYIIECTB COBMECTHOIO CXKIDKEHMs yIiid U OMOMacchl SBISIETCS
COKpalleH1e BEIOPOCOB MapHUKOBBIX ra3oB. OAHaKo ps GaKTOPOB, HAPUMEP TUIT
OMOMACCHI, TUII YTIIsl, IPeABapUTENbHAs 00paboTKa OMOMAacChl, TUIT PACTBOPHTEIIS,
TeMIlepaTypa, AABIEHHE W BpPEMs BBLAEPKKH OKa3bIBAIOT HEMOCPEICTBEHHOE
BJIMSIHUE Ha BBIXOJI M KauecTBO mpoaykra [17-18].

B paGore [19] umccenoBaH BeIECTBEHHBI COCTAaB MPOIYKTOB 3KCTPAKIHU
Oyporo yriisi Ha MECTOPOK/ICHUH, PACIIONIOKEHHOM BOIM3M ropona fccel B Py-
MBIHUH, C TOMOIIBIO IITH PACTBOPHUTENEH (TeKCaH, TOIyO, XJI0podOopM, alleToH U
sta”o:n). [IpuBeneHa B3anMOCBSI3b MEX/Ty XapaKTEPUCTHKAMHU IPOAYKTOB IKCTPaK-
[IMU ¥ TlapaMeTpaMy pacTBopurteiei. Pasnmnuasivu ¢pusnko-xumudeckumu (K-
Oypre-, YD-CrIeKTpOCKONHs, KUIKOCTHO-aICOPOIIMOHHAA W KaWUIIpPHAs ra30-
XKHUIKOCTHas Xpomarorpadus) METOAaMHU ONpeAeeH KiacCc COeAWHEHMH, oOpa-
3YIOLMX OCHOBHYIO MAaccy IMpOAYKTOB 3KCTpakUuu. Jloka3aHO, UTO IKCTPAKT CO-
JepKUT OPraHWYEeCKHEe OCHOBaHMS, KAPOOHOBBIE KUCIIOTHI, ()€HOIIBI, HEUTPAIbHBIC
Macia U acganbTeHbl. [Ipu SKCTpakunu yriaeid opraHMdeKHMH PacTBOPHUTEISIMU
CBOICTBA BEILECTB, BXOSIIUX B COCTaB OUTYMOB 3aBUCAT OT THIIA yIJIsi, OT THUIIA
pPacTBOPHUTEIIS U COCTOSIHUS MTPOBEICHUS Mporiecca dKcTpakmuw [20].

Ilo pmamneM HK-cnekTpockonuu, MOKa3zaHO, YTO JEJIEHUE OpPraHUYECKOU
Maccel Topda Ha (QpakIUM METOIOM MOCIEJOBATEIbLHON SKCTPAaKLIUH OpIraHu-
YECKUMH PACTBOPHUTENSAIMU C IOCTENEHHO BO3PACTAIOIIEH MOJIAPHOCTBHIO MO3BO-
JIMJIO YCTAaHOBUTH OCHOBHBIE KJIACCHI COEIUHEHUH, TpeobiialatoIiye B SKCTPAKTax.
B pa6ote [21] mpoBoaumu sxcTpakiio Topda B skcTpakTope Cokcaera MeToAaMu
HAacTaWBaHMA M AeIerManuyl NpU TEeMIlepaType KUIEHUs CIEAYIOIMIHNX PacTBO-
putenel: rekcaH, OeH301, XJopodopM, dTaHON M yKcycHas kuciora. CoctaB
9KCTpakToB omnpeaensiu ¢ nmomompbio UK-Oypee cnexkrpockonuu. B akcTpakTax
Topda ObUIH OOHAPYKEHBI (PYHKLUMOHAIBHBIE TPYTIIIHI TAKHE KaK: KapOOKCHIILHBIE,
(eHonbHBIE THAPOKCUIIBL, KAPOOHUIIbHBIE, AMUHOTPYIIIIBL.

ABTOpHI pabor [22-23] skcTparupoBaiu OyphIi yroib IByOKHCHIO YTIIEPOaa
B BBICOKMX KPUTHYECKHX MapaMmeTpax. [lodydeHHBIE KCTPAaKTHl HCCIIEIOBAIN
MeTtogamu MK-Dypbe-criekTpocKoum, ;KUAKOCTHO-aCOPOIIMOHHON XpoMaTorpa-
b OKAX) u xpomato-macc-ciekrpomerput (XMC). B cTpykTypHO-TpyTIIIIOBOM
COCTaBe HKCTPAKTOB HAOJIIOJANIOCh COAEPKaHUE KapOOHOBBIX KHUCJIOT, THIPOKCH-
JIOBBIX U KapOOKCHJIOBBIX TpPYMIl, KETOHOB M CIOXHBIX 3(UPOB. DKCIEPHUMEH-
TQJIBHO II0Ka3aHO, 4YTO J0OAaBJIEHHE COPACTBOPUTENIEH MOXKET 3HAYUTENIBHO
YBEIWMYUTH CTENEHb M CKOPOCTHh IKCTPaKkIuu. ABTOpamMu [24] ObUT HMCCIEeIOBaH
MPoIeCcC TEPMUIECKOTO PACTBOPEHUS YTIIS C UCIIOIb30BaHUEM OEH30J1a B KAUeCTBE
pactBopuTtens. C nomomsio MK-cekrpockonuu 0110 00HApY>KEHO MOBBILICHHE
MHTEHCUBHOCTH TIOJIOC TOTJIOMIEHUS U THAPOKCHIBHBIX TPymIl (hEHOJIOB HpHU
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3200-3400 cm. BpUIO yCTaHOBIEHO, YTO NPH BBICOKUX TEMIIEpATypax MpOIEcca
MOBBIILIACTCS COAEPKaHue peacdanbTeHOB, achaabTeHOB U CMOJ.

Tepmuueckoe pacTBopeHHEe Oyporo yriis B Cpezie TeTpaliHa ¢ MOoCIeTyommei
9KCTpaKLel XI0pohopMOM OKA3AI0, YTO YIIIEBOAOPOAHBINA COCTAB MOTYYEHHOTO
9KCTpaKTa BXOAAT KaK HaCHIICHHBIE anupaTHYecKue, TaKk M apoOMaTHYECKHE
coequHeHus. M3ydyeHne TepMU4ecKoil SKCTpakLuU C IPUMEHEHHEM Psiia OpraHu-
YeCKUX PACTBOPHTENEH IMOKA3al0, YTO BBIXOJA IKCTPaKTa B pAAE CIydaeB YBEJH-
YUBAETCA C POCTOM TEMIIEPATypbl KMIIEHUS SKCTPAareHTa BCIEACTBHE, BEPOATHO,
TEPMUYECKOT0 PACIICTUICHHsI CBs3eH B CTPYKType yris. Takum oOpa3om, 3Ha-
guTenbHy0 9actb OMY MOXHO TepeBEeCTH B PacTBOp, M0a00paB MOAXOSIIAN
pacTBOPHUTEND, PABHOCHIBHBI XMMHUYECKUM CBOWCTBAM K BELIECTBY YIJIS, NPH
TEMIIEpPAType MPOTEKAHUS MpoLEcca HIKE TEMIIEPATyphl pa3oKEHUs] KOHEYHOTO
yroJjpHOro ocratka [25-33].

B nayuyHo-HCcCcne10BaTEIbCKOM HHCTUTYTE HOBBIX XUMUYECKUX TEXHOJIOTHI U
matepuanos (HUM HXTuM) npu KazHY um. ans-®Papabu co3nana KOMIIEKCHas
TEXHOJOTHs TepepadoTku yried MectopoxkaeHuid Kazaxcrana c momydeHHeM
KHUJKUX TPOAYKTOB, IIEHHBIX Ta30B, TBEPIBIX OPraHHYECKHX (TYMHHOBBIE IIpe-
napaTbl, OMTyM, KOKC) U HEOpTraHHMuYecKHe (LUIaK, BETHbIE METAJJIbl) OCTATKOB
[34]. HeoO6xoaumMoCTh TIOMCKa U pa3pabOTKK HOBBIX METOIOB MepepabOTKH yTIIeH,
JIETAJIbHOTO M3YYEeHMs BEIIECTBEHHOTO COCTaBa IMOMYYaeMBIX >KUAKUX U Trazo-
00pa3HbIX MPOAYKTOB MHULMUPYET pa3BUTHE MCCIEIOBAHUHA B 00JaCTH SKCTPaK-
MOHHOM TepepaboTkn Oypeix yrieit. Tak B padotax [35-41] uccnemoBaHbl mpo-
IIECChI IKCTPAKIIMOHHOM niepepaboTku Oyporo yris Oi-Kaparalickoro MecTopox-
JIEHUS TIPU CBEPXKPUTUYECKUX YCIOBHUIX U MIPU TEMIIPETYpe KUTIEHHUs OpraHnyec-
kux pactBoputeneid. Merogamu MK-Oypre CHEKTPOCKONUU U T'a303KUIKOCTHOU
XpoMaTtorpaduu HMCCIeOBaHbl BEUICCTBEHHBIM COCTaB YTOJBHBIX SKCTPAKTOB.
VYcTaHOBIEHO, YTO MPH AKCTPAKIUH YTl OCH30JI0M BBIJCISIOTCS Kak napadu-
HOBBI€, TaK M apaMaTHYECKHUE YIIIEBOAOPOIbl. DKCTPAKIHUS TOIYOJIOM IPUBOAMT K
MOBBIILICHUIO COAEPKaHHUS apOMaTHYECKHX YIJIEBOJOPOAOB. I'ekcaH M renTaH
MPEUMYIIECTBEHHO TO3BOJISIOT M3BJICYh Mapa(UHOBBIE M KHCIOPOACOepKAaIIIe
YII€BOAOPOIBL.
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Pesrome
K. T. Ewmosa, K. K. Kaupbexos, A. M. Manabaesa
OPTYPJII EPITKIIUTEPMEH KOMIPJIEP/I TEPMUSIJIBIK OHAEY

JKyMmpicTa KeMipiepIiH OpraHUKajbIK MacCachIHBIH 3aTTBIK KYpPaMbIH aHBIKTAy
OOMBIHIIA FBUIBIMU-3EPTTEY JKYMBICTAPBIHBIH JKaFAalibl )KOHIHIE M0y KeaTipinreH. Ochl
OarpITTa one0M JepeKTepre MOy JKYPridy KeMip[iH OpraHUKajblK MacCachbIHbIH
KYPBUIBIMBI 9p alyaH eKeHIriH kepceTTi. COHFBI XKbUIAAPIaFbl FUIBIMU 3€PTTEYIIEP KOMIp
KYPBUIBIMBI MOJIEIIIHIH €Ki Typi 0ap eKeH/IrH KOPCeTKEH: apoMaTThl )KoHE MojaueH . by
€Ki KYPBUIBIMHBIH Oip-OipiHEeH e3remieliri: apoMaTThl MOJENb TYHBIKTaIFaH CaKWHAJBI
KOcapJIaHFaH Xyiie 0oJica, TToIHeHAl KYPBIIBIM — alllbIK KOcapJIaHFaH Ti30eKTi xyiie. Ocim-
IKTi-IIOTiHAl )KBIHBICTAPIBIH KOHBIP KOMIipIIeH Tac KeMipre AeiiH, oJaH opi aHTPaLUTKE
JeiiHri MeTaMop(u3Mi OpraHUKAJIBIK MaCCAaHBIH XUMHSIIBIK KYpPaMBIHBIH ©3TepiciHe dKe-
neni. Bysm opTypuni ke3eHaepaeri e3repictepae KaTThl OTHIHHBIH TEXHOJIOTHSUIIBIK KacHeT-
TEepiH, MOJICKYJIAJIBIK KYPBUIBIMBIHBIH ePeKIIeIiKTepiH KaMTaMach3 ereli. CyTek JOHOPHI
KacHeTiH KOpCETHEeHTIH epiTKilTepJie OpraHWKajlblK MacCaHblH alHaJbIM Jopexeci
CaITIPOIIEIINT — KOHBIP KOMIP — Tac KeMip KaTapblHIa KeMuIi. JJeCTpyKIus %oHEe MOTUKOH-
JICHCAITUS KOMIDJIH OpPraHUKAJIBIK 3aTTaphIHBIH MOJICKYJAJIbIK Maccachl MEH Oipiik
KeJIeMJIeTi MOJIEKyJia MOJIIIEpPiH, COHal-aK MOJIEKyJa apJblK KeJeMi MEH THIFbI3JIbIFbIH
o3repreni. CoHbIMEH, KOMipJIepi CYHbUITY caH ajlyaH XMMUSUIBIK KOCBUIBICTApIbl alyFa
MYMKIH/IIK Oepelli, COHbIH 1LIiH/e KOMIPTEKTI MaTepUaJIAap ibl, CYHbIK OTBIHAAPbBI, TYPIi
XUMPSUIBIK OHIMACP/I ATy 1a KQXKETT1 MINKi3aT Ke3i O0JIBIN TaObLIa b

Tyiiin ce3aep: KeMip, OpraHUKAJIBIK ePITKIIITEp, SKCTPAKIUS, CYHBIK OHIMIep, PyHK-
LMOHAJIJIBI TONTAP.

Summary
Zh. T. Yeshova, Zh. K. Kairbekov, A. M. Manabayeva
THERMAL PROCESSING OF COALS WITH VARIOUS SOLVENTS

This paper presents an overview of the state of research on the study of the material
composition of the organic mass of coal. A search for literature data in this area revealed
that the structure of the organic mass of coal is diverse. Scientific research in recent years
shows that there are two models of coal structure: aromatic and polyene. In contrast to each
other: the aromatic model is a closed ring conjugation system, and the polyene model is an
open linear conjugation system. Metamorphism of plant-sedimentary rocks from brown
coal to coal, and then to anthracites leads to changes in the chemical composition of the
organic mass. This provides features of the molecular structure and technological properties
of solid fuel at various stages of transformations. The degree of conversion of the organic
mass in solutions that do not have hydrogen-donor properties decreases in the series
sapropelite-brown coal — coal. Destruction and polycondensation change the molecular
weight and number of molecules in units of volume, as well as the intermolecular volume
and density of coal organic substances. Thus, coal liquefaction allows obtaining a range of
chemical compounds, including raw materials necessary for the production of carbon
materials, liquid fuels and various chemical products.

Keywords: coal, organic solvents, extraction, liquid products, functional groups.
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VK 541.6+678.021.16
M. 5. VYMEP34AKOBA, B. JI. KPABIJOBA, P. b. CAPUEBA, A. C. ECIIEHBEETOB

AO «MuctutyT XxuMudeckux Hayk uM. A.B. Bekryposa», AnMatsl, Pecrry6iika Kasaxcran

KOMIIO3UIIMHU HA OCHOBE AJIMIUK/IMYECKOI'O
COIIOJIMMMUJA U AIKWJIMPOBAHHOI'O MOHTMOPHUJIVIOHUTA

AHHoTanus. B paboTe momy4deHbl KOMIO3UITHOHHBIE MaTePHAIbl HA OCHOBE aJIUITHK-
JIMYECKOTO COTIONNUMHU/IA, aKMIMPOBAHHOTO MOHTMOPHJUIOHHUTA ¥ TTOJUATHIICHIIINKOIIA,
YIIYYIIAIOUIET0 COBMECTUMOCTh KOMIIOHEHTOB Komno3suiuu. Merogom MK cnexrpocko-
MUY TPOAHAIU3UPOBAHBI MONyYeHHbIE cMecH. Ha OCHOBaHMU CHEKTPaJbHBIX UCCIEN0Ba-
HUI W JIUTEPaTYPHBIX NAHHBIX CJCIAHO MPEMOJIOKECHHE O MEXaHHW3MEe O00pa30BaHUS
koMmo3unuil. HalineHsl onTuManbHble KOHIEHTPAIMHM, MPH KOTOPBIX MPOSBISIETCS
Hawjydllas COBMECTMMOCTh KOMIIOHEHTOB B MaTepuaie MpU MEXaHMYEeCKOM METOe
CMEIICHHUS.

KiroueBble c10Ba: COMOIMUMHUL, MOHTMOPHUTOHUT, TTOAITHIICHIIINKONb, KOMIIO-
3WIUS, TUICHKA.

B Hacrosimee BpeMsi OOJNBINON HHTEpEC MPEICTABISIOT MOJIMMEPHBIE KOM-
MO3UIIOHHBIE MaTepUaNbl C MPUMEHEHHEM PAa3NYHBIX HAMIOJHUTENEH, KOTOphIe
CIOCOOCTBYIOT W3MEHEHHIO (PM3MKO-XUMHUYECKHX XapaKTEPUCTUK ITOJIUMEPHOM
OCHOBBI B OTIPEJICIICHHO 3aJJaHHBIX HAMPABICHUAX, TAKUX KaK YIIyYIICHHE Tep-
MUYECKUX CBOWCTB MATPHIIbI, TIOJYYSCHUIO OUOIIOIUMEPOB, MPOBOJIHUKOB, 3Jac-
ToMepoB u T.A. [1-3]. Kommo3uiimonaple MaTepraibl HA OCHOBE TEPMOCTOMKHX
MOJIMUMUJIOB TIPUOOPETAIOT  YIYYIIICHHBIE XapaKTePUCTUKH (MEeXaHUYeCKas,
TepMHUUECKasl, PaJUallMOHHAS W XUMHYECKas CTOMKOCTh) MpPH CPaBHUTEIHHO
HEOO0JIBIION KOHIIEHTPAIMK MOAUMDUIIMPYIOIIETO coenuHeHus [4,5].

Llenbro HacTOsAIICH paOOThI SBJIIETCS MOJYUYEHHUE HOBBIX KOMITO3HMIIHOHHBIX
MaTepuajoB HAa OCHOBE COMOJIMMEPOB W3 TUAHTHUIPUIOB TPHUIIMKIIONEIEHTETPA-
KapOOHOBOH U AH(PEHUIOKCUATETPAKapOOHOBOM KUCIIOT U JUAMHHOAU(DEHUIOBIO
a¢upa ¢ nocieayrield ux MoaupuKaIueil BBEICHUEM B MOJUMEPHYIO MaTPHUILY
YaCTHIl MIPUPOTHOTO MHHEPAa MOHTMOPWIUTIOHHUTA, CIIOCOOCTBYIOIIETO yITydIlie-
HUIO TEPMUYECKIX U MEXaHMYECKUX CBOMCTB KOMITO3UIIMOHHOTO MaTepuaia.

Takoit moaxoa 1aeT BO3MOKHOCTh PacIIMPEHUs 00JIaCTH MPUMEHEHHS COIIO-
JIMUMHJIHBIX KOMITO3UIITMOHHBIX MaTePHAJIOB B TAaKHUX IMEPCIEKTHBHBIX OTPACIIAX
MTPOM3BOJCTBA KAaK MHUKPO- M HAHOJJIEKTPOHHUKA, SJEKTPOTEXHUKA, HHTETpaTbHAS
ONTHKA, a TaKXKe B JPYIMX ONTHUYCCKUX TEXHOJIOTMSAX B KAueCTBE M3JCIHHA C
HEOOBIYHBIMH CBETOUYBCTBUTEIBHBIMU, MATHUTHBIMH, TEIUIOTPOBOSAIIMMHU CBO¥-
cTBamH, 3((HEeKTUBHBIX U H30UPATEIHHBIX KATATUTHYECKUX CUCTEM [6].

OKCITEPUMEHTAIJIBHA A YACTD

N-metun-2-mupponunos (MII), mumerundopmamuz (IMDPA), nupuanx oun-
IaJd B COOTBETCTBUHU MeTOAMKaM [7].
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4,4 -muamunomupennnoseiii 5¢up (JAADPD) ounmanu cybnumanyei B Ba-
kyyme 1pu 210°C u 1073 mm pr. ct., Ty = 200-202°C.

Juanruapunsl  Tpumukino-(4,2,2,0%%)neu-7-en-3,4,9,10-rerpakap6oHOBOii
(ammyxT 6eH3011a M ManienHoBoro auruapuaa, Ab) u 3,3'.4,4'-mudenunoxcunrerpa-
kapOoHOBBIX (JIPO) KKMCIIOT OUMILAIM IIPOrpeBaHueM B Bakyyme npu 1073 mm pr. cr.
mpu Temmepatypax 200-230°C, Tyy = 351°C u Ty = 221°C, cooTBeTCTBEHHO [7].

CononmmuMuIBl CHHTE3UPOBAIIN OTHOCTAIMITHOM CONONMMKOHIEHCALIUeH TnaH-
TUAPUIOB TPUIHUKIOACIICHTETPAKapOOHOBOH U AU(EHUIOKCHATETPaKapOOHOBOM
KHCIOT ¢ 4,4'-mnuaMuHOIU(PEHIIOBEIM 3(HUPOM IPU MCXOIHBIX COOTHOLICHHUSX
muanruapuaos 90:10(CITA1) u 85:15(CIIM2) Mmon%, COOTBETCTBEHHO, B PACTBOPE
N-meTun-2-nmupponunona (43 mac%) B IpUCYTCTBHU KaTalln3aTopa mupuanHa (6
mac%). Ilporecc mpoBoaMIIM MTPH TIOCTENIEHHOM MOIBEME TemrepaTypsl oT 90 1o
140 °C, BelaepxuBast MpH KKJOW TEMIIepaType, COOTBETCTBEHHO, 0,5 u 3,5 4. [7].

Ucxonubii MoHTMOpWIIOHUT (MM) M aJIKWIMPOBAaHHBI MOHTMOPHJUIOHHUT
(AMM) npenocrasnens! mpod. G.W Beal (Nanophase Research Center, Texas,
USA).

Honmstunenrnukons (I1207) pupmer Aldrich (CLHA) Mapku «Xu» ¢ MOJIEKY-
nsapHO# Maccoit = 2000 ucnosbp30Baiid 0€3 JOMOIHUTEIBHON OYHCTKH.

Komnosummu wa ocnoe CIIN1 u CITN2 (43 mac% pacteop B MII) ¢ AMM
MOJyYajdl MEXaHWYECKHM METOIOM CMEIIEHHs BBEICHHEM B PAaCTBOP COIOJIH-
UMHIa KOMIIO3UIHOHHBIX pacTBopoB [I9I+AMM (5 u 2 mac% pactBopsr B MII)
MpH paznuuHbIX KoHHeHTpanumsx AMM (II9IAMM = 1:1-0,2 mac%). [omy-
YEeHHYIO CMech nepeMennBaiy B Teuenue 1 1 npu 40°C.

[IneHkn Ha OCHOBE COMONMUMHUAOB U UX KoMno3uuuii ¢ [I13I'+AMM dopmu-
pOBaIM METOJIOM IIOJIMBA COOTBETCTBYIOLIUX PACTBOPOB HA CTEKJISTHHbIE IIOBEPX-
HocTH. C 1eNbI0 yAaJIeHUs] PacTBOPUTEINS IJICHKU NPEIBAPUTENILHO BBICYIINBAIN
HarpeBaHUEM B CyIIHIbHOM mKady npu remneparype 90°C B Teuenue 0,5 4, 3aTeM
MPOBOJMIN JOMOTHUTENBHYIO TEPMOOOPaOOTKY CTyNEHYaTHIM OJBbEMOM TEMIIE-
patyp ot 90 no 140 u 250 °C B Bo3ayLIHOM cpezie B TeueHue 1 4.

HK-creKkTpbl CONONMUMUIHBIX U KOMIIO3ULIMOHHBIX IVIEHOK Ha UX OCHOBE, a
TaKXe KOMIIO3UITHOHHBIX PACTBOPOB M PacTBOPoB cMeceit [I9T+AMM cHumanu
Ha HK-cmexrpomerpe «Nicolet 5700» mpomsBoactBa Thermo Electron Corpo-
ration.

PE3VJIbTATBI U UX OBCYXXIEHUE

OpHOI U3 OCHOBHBIX 3ajjay P MOTYYEHUH KOMIIO3UIIMOHHBIX MaTEpHAJIOB C
BKJIFOUEHHEM CJIOMCTOTO MHHEpaja MOHTMOPWJUIOHHUTA SIBIISETCS €r0 COBMECTH-
MOCTh C ToJMMepHOU Matpuieil. M3BectHo [8], 4TO AN cO3MaHuUsl YCIOBUM i
COBMECTHMOCTH MHHEpaa C MOJIUMEPOM, B YACTHOCTH MPOHUKHOBEHHUIO (MHTEPKa-
JUPOBAHNE ) MAKPOMOJIEKYJ B TPOCTPAHCTBA MEX Y CHIIMKATHBIMH CIIOSIMU TJTHHBI,
ee TMpeABapUTENbHO MOAU(MUIIUPYIOT, HCIIONB3YS TOBEPXHOCTHO-aKTHBHBIE Be-
mectBa (ITAB). [lonusTuneHrnukons oTHOCUTCS K HenoHoreHHbIM [IAB, kpome
MTOBEPXHOCTHOTO 3apsi/ia Ha MOJTHMOKCHATHIICHOBBIX OJIOKaX MMEIOIIETO KOHIIEBBIE
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THIPOKCUIIBHBIE TPYIIIBL, KOTOPhIE MOT'YT 00pa30BbIBaTh H-KOMITIEKCHI ¢ ocTaT-
KaMH aMHJOKHCIIOTHBIX TPYII B COMOJMUMHUJIE, PUBOAALINE K MOTYyYSHHIO CO-
BMECTHMOT'0 KOMITO3UIIMOHHOTO MaTepuana [9].

Panee Hamu ObUT0 ycraHoBieHO [10], uro 19T B kauecTBe MOAMMPHUIIHPYIO-
e 100aBKH K MOJMUMHUIHON MaTpHIIEe TMPOSBISIET XOPOIIYI0 COBMECTUMOCTD B
KOMITO3UIIMOHHOM MaTrepuaje Ha OCHOBE AIHIUKIMYEcKOTo mnoimummunaa. U3
JTUTEPATYPHBIX UCTOYHUKOB TAKKe U3BECTHO, YTO [1D]" mmpoxo uconp3yercs Iist
MOAU(UKANY PA3MUYHBIX COSAMHEHUN KPEMHHUSI ISl TIOMYUYSHHS TTOIHAIEKTPO-
JINTOB, IPUMEHSEMBIX B MHUKPOdJIeKTpoHuKe [11].

B pabote skciepuMeHTaIbHO YCTAHOBJIEHO, YTO MCXOJHBI MOHTMOPHILIO-
HUT, & TaKKe €ro alKWINpoBaHHas (opMa HE PACTBOPSIOTCS B OPraHUYECKUX
pacTBOpUTENSX, B TOM 4Hcie M B N-METHI-2-UPPOJHIOHE, U HE TMPOSBISIOT
COBMECTUMOCTH K apmranuiukindeckomy comoiaumepy (CIIN 1, CITN2). Panee B
nccnenoBanmsx [12,13] 6but0 MoKa3aHo, 9TO MOAM(PHUITMPOBAHHAS OPTAHHIESCKIM
KpEeMHHUICOAepKAIIUM COSAMHEHUEM (3-aMHHOIPOIHI-3-METOKCUCHIIAHOM) (op-
Ma aJKIJTUPOBAHHOTO MOHTMOPHIIJIOHHTA NAET BO3MOXKHOCTH HCIIONB30BaTh €€ B
PEaKIMOHHOM METOJie TOJY4YeHHs] KOMIIO3MIIMOHHOTO MaTepuaia Ha OCHOBE
AMALIUKINIECKUX TTOTHAMUIOB.

OnHako, A5l YIPOIIEHHS METOAA MOJTYYEeHUS] KOMIO3UIIMOHHBIX TUICHOK Ha
ocHoBe CIIM1 u CIIN2 B nHactosmed pabote yactuubl AMM Obun Moaudu-
IIUPOBAHBI TOBEPXHOCTHO-aKTUBHBIM BetmecTBoM 1101

C menpio MOWCKAa ONTHUMAIBHOW KOHILIEHTPAIMH HCXOMHBIX KOMITOHEHTOB
MOJIy4YEHBbl CMECH IPH pa3lIMYHBIX UCXOIHBIX cooTHomeHusAx [IOIMAMM = 1:1;
1:0,5; 1:0,3; 1:0,2 mac%. st aToro axcnepuMerTansHo B 5% pactsop 1101 8 MIT
JIOOABJISUTH B CyXOM BHJIE pacueTHOe KoimdecTB0O AMM, nipu 3TOM BBISIBJIEHA €T0
cnennpuaHOCTh pacTBOopenus B pacteope [13I'. [1o Mepe yBenuueHus coaepxanus
AMM nonyyeHHbIE pacTBOPBI CMeCEl MEHSIOTCS OT UICAIBHOTO COCTOSIHUS (TIpH
0,2-0,3 mac% AMM) no obpazoBanus kowiouzaa (0,5—-1 mac%). Ilpu Makcumanb-
Ho# koHIeHTpanuu AMM = 1 mac% Kosutoua MposiBIsIETCS CHibHEE (pacTBOP
npruoOperaeT OeJIbIil OTTEHOK).

[Tomyuennsie cmecu nccnenoanu merogoM MK cnextpockonuu. 13 ananusza
UK criekTpoB crienyer, 4To XapaKTepucTHYeCcKas M0JIoca BaJIeHTHBIX KoJeOaHwi
I13T', cootBercTByromas C-O rpynmnam [10], B pactBope MII nponuceiBaercs npu
ViesscM' (pUCYHOK 1, 5) M TpakTHYECKHM HE M3MEHAETCS IIPU  HEOONBIION
xounentpamn AMM (0,2 mac%) B KOMIO3HMIMH — ViggzeM L, (pucyHOK 1, 4). TTo
Mepe yBeluueHHus: KoHueHTpaunu AMM sTta mojoca mpeTepreBaeT W3MEHEHUS:
npu 0,3 Mmac% AMM xapaktepuctuueckas nonoca [19I7 casuraercs 10 Vierg7cM ™
(pucyHok 1, 3); ipu 0,5 mac% AMM sTa nonoca yImmpsieTcsi, ¥ CABHUT MIPOUCXOAUT
J10 V1g932cM ™! (pUCYHOK 1, 2); TIpU SKBMBAJIEHTHOM COOTHOIIEHUH KOMIIOHEHTOB B
pactBope (AMM:IIOI = 1:1 mac%) xapakrepuctuueckas monoca [191" nmponucer-
BaeTcs B BUjE ayoOsera B obmactu 1693,2—-1667,7 emt (pucynok 1, 1). Ha ocHo-
BaHUH BBIIIECU3IOKEHHOTO MOXKHO MPEINOJIOKNUTh, YTO O MEpe YBEIHUYCHUS
KoHeHTpaurun AMM npoucxoanT uHTepKamauus (nmpoHukaoBenue) [191° B Mex-
CJIOEBOE MPOCTPAHCTBO MPUPOTHOTO MUHEPaIa MOHTMOPUIIOHHTA.

200



ISSN 1813-1107 MNe 2 2020

1
-
8 )
l. 3
#

@ =m ‘mm =m ‘mm = T mm =m
WM s Em-1)

Pucynok 1 — UK cnexrpsl komnosunuii Ha ocHose [I91:AMM
TP PA3IUIHBIX COOTHOLIEHHAX KOMIIOHEHTOB:
1:1 (1); 1:0,5 (2); 1:0,3 (3); 1:0,2 (4) mac% B pactBope (Mexy crexiamu KBr)

B nmonw3y Toro, uto mpoucxonut nponukHosenue [I9I° B MexciaoeBoe mpo-
CTPaHCTBO MOHTMOPHW/UIOHUTA, a HE 0Opa30BaHHE BOJOPOJHBIX CBS3EH B KOM-
MTO3UIINH, CBUIETENBCTBYET TOT (haKT, YTO XapakTepucTmdeckas momoca [I91" mpu
yBenuueHun coaepkanusi AMM caBuraeTcs cHadajia B HU3KOYaCTOTHYIO 00J1acTh
(pucyHok 1, 3), 3aTeM — B BBICOKOYACTOTHYIO (PUCYHOK 1, 2), a mpu MakcuManbHOR
KoHIeHTparmu AMM mpornuceiBaeTcs myoneroMm (pucyHok 1, 1). B ommune ot
B3auMOJIeHCTBHS B KoMno3uiuu [1D0] —anuiuknudeckuii moauumMug no H-cesa3sam,
IJIe TI0 Mepe YBETHMYCHUS] KOHIEHTPAIMH KOMILIEKCOOOPA3yIOIer0o KOMIIOHEHTA
CIBUT XapaKTEPUCTUYECKUX MOJIOC B CIIEKTPaxX MPOUCXOIUT B OJJHOM HaIIPaBICHUU
[10-13].

Takum obpazom, B mpucytctBur 119" ankunupoBaHHBI MOHTMOPHJUIOHHUT
NepeBeieH B paCTBOPEHHOE COCTOSHHE, YTO O0YCJIOBIICHO MPOTEKAHUEM CIIEAYIO-
IUX B3aUMOJICUCTBUM MEXTy JAaHHBIMUA KOMIOHeHTaMu: [1D1, sBistromuiics mo-
BEPXHOCTHO AaKTHUBHBIM BEIIECCTBOM, aJCOPOHPYETCS IOCPEIACTBOM IOJSPHBIX
IIEHTPOB Ha BHYTPEHHEH W BHEITHEH MOBEPXHOCTH CIIONCTOTO CHIIMKaTa, PopMu-
pys OpraHo(WIBHBIE CIIOU, TEM CaMbIM CITIOCOOCTBYSI pACTBOPEHHUIO MOHTMOPHJI-
JIOHUTA W, B KOHEYHOM HTOT€, €r0 COBMECTUMOCTH C MOJIMMEpPOM [8].

Cwmecu paznuunoro coctasa [I13I'+AMM 6butn go6asnens! B pacteop CIIN1
(43% pactBop B MII), 3aTeM mosyyeHHbIE TPOMHBIE KOMIIO3ULMHU MIEPEMEILNBAIIN
B npucytctBue [13I' kak menTu3aropa (BemecTBo cnocoOCTBYIOIIEE COBMECTH-
MOCTH KOMIIOHEHTOB B Matepuaie) B TeueHune 1 4. mpu 40°C mias nocTHKEHUS
FOMOIEHHOT0 pacTBOpa. bosiee BBICOKHE TEMIIEpATyphbl HE KEJIATEIbHbl, TaK KaK
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IIpY TIOBBHIIIEHNE TEMIEPaTyphl CMELICHUS B KOMIIO3UIIMOHHOM pPacTBOpPE BO3-
MOKHO Tesieo0pa3oBaHKe B Pe3ysibTaTe MEXMOJIEKYJSPHBIX peakuuil (yHKIHO-
HanpHBIX momuMepoB CIIN1 u TIOI [13]. IIpu nepecuere na 100 mac% CIIMA1
cootHomienne IIOI:AMM B NOJy4EHHBIX TPOMHBIX KOMIO3MLIHAX MOXKHO
MpenCTaBUTh chaeaytonmm odpazom: [ID1:AMM = 7:7; 7:3,5; 7:2; 7:1,4 mac%.

N3 monyuennsix cmeceir Ha ocHoe CIINI1, IIOI' 1 AMM Obimu chopMmu-
POBaHBI KOMITO3UITMOHHBIE TUIEHKH METOJIOM ITOJINBA Ha CTEKJISTHHBIE TIOUIOMKKH.
KoMmmo3unuoHHble TUIEHKH CyIIWIM B TepMomkady B BO3AYLIHOH cpene Ipu
cTyneH4aroM noabéme temreparypsl oT 90 no 140 u 250 °C, BelaepxkuBas npu
Kaxxaou Temneparype B TeueHue 0,5 u 1 9, COOTBETCTBEHHO.

KoMmmo3unmonHbsle TUICHKH 00pa3yIoTCs MPO3padHbIe C TIagKOH M POBHOM
nmoBepxHocThI0. [Ipu sxBuBaneHTHOM cooTHomeHnn AMM:IIOI = 7:7 mac% B
TpoitHoit koMmno3zuuun co CIIN1, miaenka mpuoOperaet Oenechlii OTTEHOK, HO MpH
3TOM 4acTuibl MM B Buzie OTAENBHBIX KPUCTAIJIOB HE HA0I0AaeTCs Ha IOBEPX-
HOCTH KOMITO3UIIMOHHOM IJICHKH, OHA TJIajKas U paBHas 0e3 1e()eKTOB, T.€ COBMEC-
THMOCTb KOMIIOHEHTOB B TPOHHOM KoMno3unuu Ha ocHoBe AMM, 191" u CIIN1 B
9TOM CIIy4ya€ HECKOJIBKO yMEHbIIaeTca. MOKHO HpeAnonoxurs, uyto 1917, gac-
TUYHO TIpoHHKas B AMM, ajcopOupyercsi ¢ OMONIbI0 aKTUBHBIX IEHTPOB Ha
MOBEPXHOCTH MOHTMOPHIUIOHHTA [8], U, TakuM oOpa3om, koarymsiuun AMM Ha
MMOBEPXHOCTH KOMITO3UIIMOHHONW IUIEHKH HE MpOUCXOAWT. bmaromapsa »Tum
nporeccam B kommosunnoHHou cmecu CIIN1+7mac%IlIBI+7mac%AMM mien-
Ka ocTaeTcs TNaJKkoi, poBHOH, 0e3 JedekToB, HEMHOTO ¢ OENECHIM OTTEHKOM.
IIpu TepmooOpaboTke kKommo3uuuoHHOH MieHku (mpu T=250°C) Ha ocHOBe
TPOIHOI KOMIO3UIMHK ¢ HeOOobIION KoHIeHTpaumeii AMM B cmecu [131" paBHoi
1,4:7 mac%, coOTBETCTBEHHO, TUIEHKH 00pa3yIOTCs MPO3paydHble, T.€. Habarogaercs
TEPMOJUHAMHUYECKAST COBMECTHUMOCTh KOMIIOHEHTOB KOMITO3UIMH. Bo3moxkHO, B
JaHHOM cllydae B pe3yibrare mnoiHoro cosMmemieHuss AMM c II9IT gactuis
MOHTMOPUJUIOHUTA PABHOMEPHO PaclpeleItOTCs B OJIMMEPHON MaTpHLe, U OHU
HE TIPETSITCTBYIOT MOJHOW NMUKIN3AlMU OCTABIINXCA aMUJOKHCIOTHBIX TPy B
CIIN1.

Ha cnenyromiem starne mpoBeneHbl UCCIENOBAHUS IO MOTyYEHUIO KOMIIO3H-
IMOHHBIX MaTepranoB Ha ocHoBe CITM2 u koMmo3unmmnorHo# cMeckio [191'+AMM
AQHAJIOTMYHBIX COCTABOB M MeETOJa cMelleHMs, ucnonb3dyembix ansa CIIN1. U3
MOJTYYEHHBIX PacTBOPOB Kommno3uiuii Ha ocHoBe CITN2+II3I+AMM Obiu cdop-
MHUPOBaHBI TIEHKH, TEPMOOOPaOOTKa KOTOPBIX NMPOBEAEHA MPU TEX )K€ YCIOBUSX,
kak B ciaydae CIIM1. Bce mneHkum He 3aBUCMMO OT COCTaBa PACCIOWINCH
(mosiBisieTcst Oesiechlii OTTEHOK) M MPOSIBUJIACh XPYNKOCTh MaTepuaia. MoXHO
nojiaraTh, 4TO MPH TEPMOOOpPabOTKE B COMOIUMMUAC HAa TOBEPXHOCTH IUICHOK
MosIBNIIeTCSA N30BITOK cMecH AMM+IIOIT, umeronias OOJbIIYIO CTEIICHh KPUCTAI-
JIMYHOCTH, Y€M UCXOIHBIN conoauuMua. [1o-BuauMomy, KOITUUECTBO CBOOOTHBIX
HEJOUMKIN30BaHHBIX aMHIOKHUCIIOTHBIX TPYTII B COMOJIMMEPE MPU COOTHOIIEHUSIX
muanruapuaoB AB:JIOO = 85:15 mac% He q0CTaTOYHO JJIsi KOMILIEKCOOOpa-
30BaHMS C JTBOMHBEIMH CMecsIMH cocTaBoB 7mac.% I19I'+1,4-7 mac% AMM.
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Metonom TI'A ObLIO YCTaHOBJIEHO, YTO COJEpPKAHUE KHCIOTHBIX TPYIH B
CIIN2 cooTBeTcTBYET ~8,9% OT Macchl 00pasia B OTIUYHE OT ANULIUKINIECKOTO
MOJIMUMU/IA, T/I€ KOJIMYECTBO KUCIOTHBIX rpynn gocturaer 15% [10]. 13 storo
cienyer, uro B CIIM2 HeoOXoaumo BBOIWTH CyMMapHO MeHee 8% cmecu
AMM-HIIOT.

J1a monydeHns: TEpMOJANHAMHUYECKH COBMECTHMBIX KOMIO3UIIMOHHBIX TLIE-
Hok Ha ocHoBe CIIN2, AMM u II2T ¢ yueTom BeIIIETIPUBEACHHBIX YCIOBUH, ObLIN
MpenBapuTeNnbHO crenanbl pactBopbl [IDI+AMM cymmapHO#l KOHIEHTpanuu
menee 8% ot maccer CITN2. IToatomy B 2% pactop II9I° 8 MII cyxyro HaBecKy
AMM noGaBnsnu TakuM obpas3oM, uToObl npu nepecdere Ha 100 mac% CIIN2
cmech [IDIAMM cocrasmsua 2-3 @ 0,2—1 mac%, T.e. cymmapHo He Oomnee 4%.
[TomydenHsle cMecH OBUTH HCCIIEAOBAaHBI CIIEKTPaIbHBIM MeToZoM. Ha crektpax
KOMITO3UIIMOHHBIX cMeced (PUCYHOK 2) BHOHO, YTO NPH YBEIWYCHHUH KOHLICH-
Tpauuu BBOAMMBIX B CIIM2 xommoneHToB OT 0,5Mac%AMM+2mac%lIOl o
Imac%AMM+3Mac%I 31" mpoucxoauT H3MEHEHHE TI0JI0CHI ITOTIIOMICHUST, OTHOCS-
mieics K aMuaokucIoTHRIM TpymnaM CIIM2. Tak, manHas mojioca mpyu MEHBIIIEM
COJIEP)KAHMM KOMITOHEHTOB TIPOIHCHIBAETCS B OOJIACTH V1683 2CM L OJHUM TIUKOM
(pucyHOK 2, 4), OBBIIIEHHE KOJINYECTBA MPUBOANUT K CABUTY U YIIUPEHHIO MOJIO-
ChI, IPOIHKCHIBAEMOM B 00JIACTH V1705-1654CM ™~ (pHCyHOK 2, 3). U3 5TOTO Clieayer,
YTO B PEaKLMOHHOM PAacTBOpPE KOMITO3MLIMN MPOUCXOAUT oOpazoBanue H-kxomm-
JieKcoB KUCIOTHEIX Tpynn CITM2 ¢ KOHIIEBEIMU THAPOKCHIBLHBIMA TpyTiiamu [101,

g 1
1_-
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Pucynoxk 2 — UK-criextpsl iieHoK (TepMoodpadotanHbix 10 250°C)
Ha ocHoBe CIIN2+0,5Mac%AMM+2mac%II0I (1); CIIN2+1mac%AMM+3mac%I10I(2)
u pactBopoB B MII cmeceit CITN2+1mac%AMM+ 3mac%II2I(3);
CIIN2+0,5Mac% AMM+2mac%II91'(4), mexny crexmamu KBr
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a71cOpOMPOBAHHBIMU TIOCPEIICTBOM ITOJIIPHBIX IIEHTPOB HAa BHEITHEH MMOBEPXHOCTH
CJIOUCTOTO CHiHMKaTa. YacTUIlBl MOHTMOPWUIOHHTA B TAHHOM CIIy4yae, 3TOMY He
MIPEMATCTBYIOT, MMEsl Heobxommmoe amcopOupoBanHOe KommdectBo [IDIT s
COXPaHCHUS PACTBOPUMOCTH HA CBOMX BHEIIHMX W BHYTPCHHUX (MEXKCIOCBOE
MTPOCTPAHCTBO) TOBEPXHOCTSIX.

W3 xommno3ummoHHBIX pacTBOpoB Ha ocHOBe CIIN2+2-3mac%AMM+0,2—
ImMac%IIDI" copmoBaHbl IpoO3pavHbie, TIaaKKe, pOBHbIC 0€3 Ae(PEKTOB IUICHKH,
COXpaHSIOLINE EIOCTHOCTh MaTepuarna.

Takum o00pa3oMm, MOJydYEHBI TEPMOJUHAMHYECKH COBMECTHMBIC KOMIIO-
3ULMOHHBIE IIJICHKH MEXaHUYECKHM METOI0M cMmenieHus Ha ocnose CITN 1, CITHN2
¢ AMMHIIOI. HalineHsl onTUMajibHbIE KOHIIGHTPAllMM MABOMHBIX CMECEH,
BBOJVMBIX B COMOJHMEp, C HAWIYYIIEH COBMECTHMOCTHIO KOMIIOHCHTOB B
marepuane: s CIIM1 - 1,4mac%AMM+  Tmac%lIDl; mna CIIHW2 -
0,5mac%AMM+2mac%IIor .
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Pe3rome
M. B. Oumipsaxosa, B. /[. Kpasyosa, P. b. Capuesa, A. C. Ecnenbemos

AJIMIUKIIIIK COITIOJIMMMU I XKOHE AJIKMJIAI MOHTMOPUIIJIOHUT
HETT3IHJET'T KOMITO3ULIAIIAP

JKyMBICTa aJMMIUKIAIK COMOJMUMUJ, AJKWIAI MOHTMOPHWUIOHHT JXOHE IOJIUITHU-
JICHTJIMKOJIb HETi31HAerlT KOMIIO3MIMS KOMIOHEHTTEPIHIH YHJIECIMIUIIH jKaKcapTaThIH
KOMITO3HIUSITBIK MaTepuaniap anbinabl. UK-cekTpockonus 9/1iCiMeH alblHFaH KOcaiap
tanganael. CIeKTPIIiK 3epTTeyiep MeH 91e0n MAaNiMeTTep HeTi3iHIe KOMITO3HUIIHSIapAbI
ary MEXaHU3Mi Typasbl 00JDKaM xacalibl. MeXaHUKaNbIK apalacThIpy d/iCi Ke3iH/e MaTe-
puanga KOMOOHEHTTEPIH €H JKaKChl yinmeciMairi OaiKanaTelH OHTAIIIBI KOHIICHTPAIIHS-
nap TaOBLIBL.

TyiiiH ce3ep: COMOIUUMUI, MOHTMOPHIUIOHUT, MOJTUITUIICHTIIUKOIb, KOMITO3HUIIUS,
KaOBIpIIIaK.

Summary
M. B. Umerzakova, V. D. Kravtsova, R. B. Sarieva, A. S. Yespenbetov

COMPOSITIONS BASED ON ALICYCLIC POLYIMIDE
AND ALKYLATED MONTMORILLONITE

In this work, composite materials based on alicyclic copolymide, alkylated montmoril-
lonite and polyethylene glycol were obtained, which improves the compatibility of the
components of the composition. The resulting mixtures were analyzed using IR spectro-
scopy. Based on spectral studies and literature data, an assumption is made about the
possible mechanism of composition formation. Optimal concentrations are found at which
the best compatibility of components in the material is shown by the mechanical method of
mixing.

Keywords: copolyimide, montmorillonite, polyethylene glycol, composition, film.
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OYUCTKA KHUCJIOTHOI'O OBOPOTHOTI'O
PACTBOPA YPAHOBOI'O PYTHUKA
OT OTPABJISIONINX NOHUT NPUMECEN
C UCITOJIB30BAHUEM ®JIOKYJIAAHTOB
HA OCHOBE IIOJIMAKPUJIAMMUIA

AHHoTanus. V3ydeH npomecc 09UCTKA 000POTHOTO pacTBOPa OT Pa3IHYHBIX THUIIOB
3arps3HAIONINX BEIIECTB ¢ MPUMEHEHNEM KaTHOHHBIX, aHHOHHBIX M HEHTPaIBHBIX ITOJH-
aKPIWIAMHUIHBIX (DIOKYISHTOB, KOJUIOMIHO-XUMHUYECKUE 3aKOHOMEPHOCTH B3aUMOICHCT-
BUSI KOMIIOHEHTOB JUCIIEPCHON (a3bl ¢ pacTBopamu (uIoKyiIsHTOB. [lokazaHo, uto ¢uio-
KYJISSHTBl aHHOHHOTO THIIAa 00pa3yroT ¢ B3BCIICHHBIMHU U KOJUIOMJHBIMU YaCTHIIAMHU 000-
POTHOTO pacTBOpa (GIJIOKYIEI CO cpenHumM pazMepoM dactuil 200-1800 um ¢ MakcuMyMoM
npu 600 pum, BHE 3aBUCUMOCTH OT MapkH QuiokyssiHTa. [lokazaHo, 4To HauboJbIIee CHU-
JKCHUE KOHICHTpanuu kpeMuust (35%) u amromunust (34%) HaOromaeTes pu 100aBICHUH
(ITOKYNITHTOB aHHOHHOTO THUIIA.

KiroueBble c10Ba: 000POTHEIA pacTBOp, TUCIIEPCHEIC BEIIECTBA, KPEMHHUMH, (DIOKY-
JISTHT, TIOJTMaKPUIIOAMU]I, OYUCTKA.

Bgeenenne. B mponecce nmepepaboTKy NPOLYKTHBHBIX PACTBOPOB Ha ypaHO-
TOOBIBAIOIIEM TPEANPUATAN €XKECYTOYHO 00pa3yroTcs CIabOKHCIOTHBIE 000-
POTHBIE PAaCTBOPBI B 0OJIBIINX 00beMax, KOTOPHIE II0C/IE OTCTAUBAHUSI B EMKOCTH-
OTCTOMHMKE U OYUCTKH Ha (UIbTPaxX MOCTYNAIOT 0OPaTHO B EMKOCTh POIYKTHB-
HBIX pacTBOpoB. OHAKO, HECMOTPSI Ha HAJIMUUE Y3J1a MEXaHUYECKOH OYMCTKHU, HE
yZAaeTcst 10CTU4b HEOOXOAUMON CTEIIEHU OCBETJIEHHUsS] U OYMCTKH, KOTOpPbIE YAOB-
JETBOPWIN OBl TPEOOBAHMSAM, IPEABSIBIIEMBIM K COCTaBY OOOPOTHBIX PAaCTBOPOB.
Kak wu3BecTHO, NpUMEHsEMBblE TUIHMYHBIE MEXaHHYECKHE METOABl OYHCTKU
MTO3BOJISAIOT OOBIYHO BBIAEIATH YacTHIB! KpymHee 200 um. B 000poTHBIX pacTBOpax
OCTalOTCA TPYAHO OCaKAAaeMble MEJIKOIUCIIEPCHBIE YAaCTHUIbI, a TAKXKe KOJJIOUA-
HBIC YaCTHLBI, KOTOPBIE HAKAIUIMBAIOTCS B XOJ€ MHOTOKPATHOH LMPKYJSALUH B
TEXHOJIOTHYECKOM IIMKIIE MepepadaThIBAOIIEr0 KOMIUIEKCa MPEIPUSITHH, B TOM
qrcie B 00beMe HOHOOOMEHHBIX CMOJI IIPY U3BJIeUeHUH ypaHa [1,2]. B cBs3u uem,
OJTHUM W3 TyTei OOpbOBI ¢ 3arps3HUTENSIMU TIOBTOPHOTO JIEHCTBUS HOHOOOMECH-
HBIX CMOJI SIBJISIETCSI OYMCTKA 0OOPOTHBIX PACTBOPOB MPOU3BOACTBA C UCIIOJIB30BA-
HUeM (IOKyIsHTOB. CiefyeT OTMETUTh, YTO (PIOKYJISHTHI SIBISIOTCS BOAOpAc-
TBOPHUMBIMH BBICOKOMOJIEKYJISIPHBIMU COEJIMHEHHUSIMH, KOTOPBIE MPH BBEJICHUU B
JIMCTIEPCHBIE CHCTEMBI aJICOPOMPYIOTCS MM XMMUYECKH CBSI3BIBAIOTCS C TIOBEPX-
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HOCTBIO YAaCTHLl AMCHEPCHON (a3pl ¥ O0OBENMHSIOT YacTHIBI B arjioMepathl
(dokyitel), cIOCOOCTBYSI UX OBICTPOMY OcakiacHHIO[3,4].

JlurepaTypHble MCTOYHUKU TOKa3alH, 4TO (PQPEKTHBHBIMU (IIOKYISTHTAMH
Mpoliecca OCBETICHHS WM OYHCTKH MPOMBIIUIEHHBIX JHUCIEPCHBIX CHCTEM OT
MEJIKHX, TBEPIBIX, TPYJHOOCAKIAEMBIX JUCTIEPCHBIX (a3 MOTYT OBITh MOJHAK-
punamuaaeie  GuokyasaTel [3-5]. Ilpu 3toM (uokKymupyromias CrocoOHOCTb
MOJMAKPUIAMHUIHBIX (IIOKYJISIHTOB 3aBHCUT KaK OT XapaKTEPUCTUK TUCTIEPCHOU
cucTeMbl (KOHLIEHTpaLMs TUCTIEPCHOM (a3bl, cOCTaB AUCTIEPCUOHHON cpenbl, pH n
Ip.), TaK M OT XapaKTEPUCTHK (IIOKYISHTA (XUMUYECKHIA COCTAB, KOHIICHTPAIHS,
MOJIEKYJIsIpHast Macca, u 1p.) [5-7]. Mcxoast u3 BRIIEU3IOKEHHOTO, ONIPEIeIICHHE
(ITOKKYIUPYIONIEH aKTUBHOCTU IOJIMAKPHIAMUAHBIX (DIOKYISHTOB B KHCIBIX
JHCIIEPCHBIX CHCTEMax C HEMOCTOSHHBIM COCTaBOM, B Ka4eCTBE KOTODPBIX OBbLIM
WCTIONB30BaHBICIA00KUCIOTHBIE 0OOPOTHBIE PACTBOPHI YPAHOBOTO MPOU3BOJICTBA,
MPENICTaBISIET TEOPETUUECKH U MTPAKTHYECKH MHTEPEC.

B pabote m3ydeHa 3 HeKTHBHOCTh KATUOHHBIX, AHUOHHBIX M HEWTPaIbHBIX
MOJMAKPUIAMHUIHBIX (DIOKYISHTOB ¢ ycioBHbIMH Ha3zBaHusaMu, PK10c, ®A30m,
DOA40m 1 ®H20xk. [Ipn 3TOM OICHKA BIUSHUS OTIACIHHBIX XapaKTEPHUCTHUK CHC-
TeMbl (QIIOKYJISIHT-IUCTIEpCHsT Ha (UIOKYJSIHMI0O MPOBOAMIACHE TIPU COXPaHCHHU
HEM3MEHHBIMH JIPYTUX XapaKTEpPUCTHK. 3a Mepy (okKyupyrouero 3¢dekra
MPUHUMAIH W3MEHEHHE TPaHyJIOMETPHUUECKOTO COCTaBa B3BELICHHBIX YaCTHIl U
CTETIEHH YJAJICHHUS OTPAaBISIONUX CMOINY 3JIEMEHTOB, KOTOPhIE UMEIOT KOHIIEH-
Tpauuto Boime 10 mr/n. McxoaHblii 000pOTHBIM PacTBOP SBISAETCS CEPHOKHUCIOT-
HbIM, uMeeT 3Hauenue pH = 1.9.

Ipuboper u memoovl ananuza. IKCIEPUMEHTHI 110 U3YUEHHUIO mpolecca (iio-
KYJISIMA 000POTHOTO pacTBOpa (IOKYJISHTOM OCYIIECTBICHBI CTATHCTUYCCKHM
crocoboM, korma (UKCHPOBaHHBIA 00BeM 000poTHOTO pactBopa (250 wmu)
00pabaThIBajiCs C pacCUYMTAHHBIM MOJ JAHHBIH ero 00beM KOJUYECTBOM 3apaHee
MPUTOTOBJICHHOTO PacTBOpa (UIOKYJSHTA IyTeM MepeMelINBaHUsI Ha MarHUTHOW
Meranke B TeueHue 2 MuH npu 1000 06/mMuH. PacTBOpBI hI0KYISHTOB TOTOBHIIMCH
Ha TUCTHWUTMPOBAHHOM BOJIE, ITyTeM pacTBopeHwus B MepHoi kombe 0,1 r. dmoky-
JISTHTA, TIPEIBAPUTEIHFHO B3BEIIEHHOTO HA aHATUTHYECKIX BECaX.

OddexTrBHOCTL Mpoiecca 00paboTKH 000POTHOTO pPacTBOpa (IIOKYISTHTOM
OIIEHEHa Ka4YeCTBEHHBIM U KOJIMYECTBEHHBIM COCTaBaMH OOPa3YIOUIUXCS B €M-
KOCTH H YJCPKUBAEMBIX B (DMIIBTPE B3BEIICHHBIX BEIIECTB ITyTEM ONPEIEIICHHS NX
3JIEMEHTHOT'0, MUHEPAIIOTUYECKOTO ¥ TPAaHYJIOMETPHYECKOTO COCTABOB.

Hcxongnpie n 00paboTaHHBIE (IIOKYISTHTOM MPOOBI OOOPOTHBIX PAacTBOPOB
aHAIM3UPOBAHBI HAa CONIEPKaHWE B HEM MEXaHWYeCKHX B3Becedl Ha mpubope
QICPIC Lyxell, - ananmuzatope pa3mMepoB 1 GOPMBI YaCTHII, KOTOPBIH MO3BOJISIET
M3MEpATh YacTUIBl B auamnazoHe oT 1 um go 30 MM ¢ IpUMeHEHHeM MEeToja
aHaIM3a N300pakeHu .

JlaHHBIE O coAEpKaHUU METAJUIOB B MPOOax 0OOPOTHOTO pacTBOpa ompene-
JICHBI C UCIIOJIH30BAHUEM ONTHKO-3MHUCCHOHHOIO criekrpomerpa Optima 8000DV
C MHIyKTUBHO-CBsi3aHHOM 11a3moii (PerkinElmer)
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Pentrenogasosslii anamm3 npousBoamics Ha ammapare D8 Advance (Bruker),
a-Cu, Hanpsbkenue Ha TpyOke 40/40. OOpaboTKa MOJIYYCHHBIX JaHHBIX JU(paK-
TOTpaMM M pacyeT MEXKIUIOCKOCTHBIX PACCTOSHUH MPOBOIWINCH C ITOMOIIBIO
nporpamMHoro obecneuennss EVA. Pacumdposka npo® u mouck ¢a3 mpoBo-
IWIKCH o mporpamme Search/matche ucmons3oBanmem ba3sl JaHHBIX KapTOUEK
ASTM. Ommbka MOTYKOIMYECTBEHHOTO aHanm3a coctaBisier +20%. AHamu3
PacTBOPOB MPOBOJMIICS MOCTE MPEABAPUTEILHOTO Bhinapusanus mpu 105-110°C.

HUccnenoBanne 000pOTHBIX PaCTBOPOB Ha COJIEp)KAHUE B HEM aHUOHOB (CYJTb-
(daToB, HUTPATOB, Xj0pa, hocdaToB) nposeaeHo Ha crekrpodoromerpe HACH-
DR 3900 (HACH-LANGE) no cTanaapTHBIM METOMKAM B peecTpe mproopa.

PE3VJIBTATBI 1 UX OBCYX/JEHNE

OntumaneHbIi pacxon (IOKYJISHTA HAa €IWHHUILY MAacChl B3BELICHHOTO Belle-
CTBa CYLIECTBEHHO 3aBHCHUT OT €r0 JTUCIIEPCHOTO COCTABA W KOHLEHTpauuu [2-4].
Hcxons u3 sToro, mpoda UCXOAHOr0 0O0OPOTHOTO pacTBOpa ObLia HcCeqoBaHa C
MOMOIIIBIO aHATHM3aTOPa Pa3MepoB U (HOPM YaCTHIL ITyTEM ONPEETICHUS TPaHyII0-
METPHYECKOTO COCTaBa MEXaHUYECKHX B3BECEH.

Ha pucynke 1 npencrasnen rpaduk no pesyiabraTaM IpaHyJIOMETPUIECKOTO
aHaJIN3a B3BELICHHbIX YaCTHIl IIPOOBI HCXOAHOTO 0OOPOTHOTO PAacTBOpA.

U3 rpaduka cnenyer, uto 91,26% B3BElICHHBIX YacTHUI] POOBI HCXOJIHOTO
00opoTHOTO pacTBopa uMeroT pazmep menee 300 um. B nanHoili obmacTu pacmpe-
JIeJIEHNE TBEP/BIX YacTHI] IO pa3MepaM MPOXOIUT Yepe3 MaKCUMyM. DTO 3HAYUT,
YTO cpeam dacTull ¢ pazmepom Bbime 0 um u HIke 300 pM, MakcUMaibHOE
KOJINYECTBO YAaCTHIl UMEIOT pazmep 60 um.

T = T i T i i I i T i 1 —— L e
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Pucynok 1 — Pe3ynbTaThl aHanM3a HCXOTHOTO 000POTHOTO PacTBOpa
Ha aHanu3arope yactun QicPic: pacnpenenenne B3BEIICHHbBIX YaCTHI[ B IPOOe
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W3 pmannpix PDA cremyer, 4TO OCHOBHBIMH KOMIIOHEHTaMU OOOPOTHOTO
pacTBOpa SIBIISIIOTCS PA3JIMYHBIC COSAMHEHUS KpeMHus. OCHOBHYIO (a3y B 0OJb-
IIIOM KOJTM9IeCTBe cocTaBisieT kBapil (Si02), ero comepikaHue B 0CaIKe COCTABIISET
75,5% , a Taxxe moneBoit mmar KAISizOg -11,3% u ansout (Na,Ca)(Si,Al)sO0s -
6.4%. Berpeuaercs ruaparo-cynsdar ypanmwia UO2S04-3H20 u ruapar oxcuna
ypana UOsz-2H20. Ux Hamuuus B ocajgke 0OBSICHICTCS MPUCYTCTBHEM B HEM OC-
KOJIKOB HOHOOOMEHHBIX CMOJI. DTHU JaHHBIE COTTIACYIOTCSI C IAHHBIMH SJIEMEHTHOTO
Y PEHTTCHO(IIYOPECIICHTHOTO aHAIN30B JaHHON MPOOBI.

B BBICYIIEHHOM 10 CyXOro COCTOSIHAS OCAaKe COJAEp)KaHHS 3JIEMEHTOB,
MPUOPUTETHBIX TPH YIAJIEHUH, HE JOCTHTAIOT AaXXe BeMW4HHY 5%, Hampumep,
KOJMYECTBO KPEMHUSI, ATFOMHUHUS U JKeJie3a B CyXOM Ocajike coctasiseT 2,8, 1,9 u
4,9% COOTBETCTBEHHO. DTO 3HAYHUT, 4TO OKOJIO 65% kpemHus, 6osee 70% airo-
MuHUS 1 90% jxene3a B cOCTaBe 3arpsI3HSIONINX B3BEIICHHBIX YaCTUI] 000POTHOTO
pacTBOpa He yAEPIKUBAIOTCS ITPH €ro (GUIIbTPALIMUHACYIIECTBYIONIEM QUIIBTPEH HE
YAQISIOTCAOKOHYATEIFHO U3 TEXHOJIOTHIECKUX PACTBOPOBIPEATIPUSITHIA.

Ha pucynke 2 mnpuBeieHbl pe3yNbTaThl HCCIICIOBAHUS BIUSHHUS KOHIICH-
Tparnuu aHuoHHOro (uokyssHra ®A30m Ha 000pOoTHBIC pacTBOPHL. M3 pucyHka
CJIETyeT, YTO C YBEIMYCHUEM JTO3bI (PIIOKYIISTHTA CHUYKAFOTCS KOHIICHTPAIUY KPEeM-
HUS W APYTrUX dJIeMeHTOB. Jlydine BceX 3yeMeHTOB (IOKKYIHPYETCS JKeme30,
77,5% npu koHueHTpauu GiaokysaTa 10 mr/in. OIoKyIaus KpeMHUS, aTFOMH-
HUS, KaNbIWs, MarHUS U MeTaluta (ypaHa) JOCTHTalOT MaKCHMAaIbHOTO 3HAYCHUS
npu KoHUeHTpauuu ¢uiokyistata 10 Mr/i, creneHp ux yaaneHus ((QIoKysuuu)
cocrassieT okoio 40%.
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Pucynok 2 — UccrnenoBanue BiusiHust aHHOHHOTO (hitokysinta PA30n
Ha 000pOTHBIE PACTBOPHI
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B Toxe Bpemsi, 000pOTHBIN pacTBOP CIOKHAS AUCIEPCHAsI CUCTEMa, KOTOpast
coJiepKaTcsi MHOXKECTBA JUCTIEPCHBIX (a3. B cBs3W ¢ yem, a Takxke y4eToM TOTO,
YTO BO3MOXKHYIO OCHOBY B3BEIICHHBIX YaCTHUI[ COCTABJISIOT AJIFOMOCHIIMKATHI U
KOJUIOWJIBI KeJle3a, ONTHUMAIbHOW JI030M MPHHATO conepkaHue (IOKynsHTa B
KoymdectBe - 6 Mr/i (35% no kpemuuto, 34% 1o amomuHUIo 1 70% 10 Kenesy).

Hccnenopanue BIMSHUSA Apyroro aHnoHHoro (iokymnsara ®A40M Ha 000-
POTHBIE PacTBOPHI MpeJCTaBIeHO Ha pucyHke 3. [lo pesynbraTtam mccienoBaHHiA
OXHNJAEMO C YBECIIMYCHHUEM J103bI q)HOKyJ'IHHTa CHMKAKTCA KOHUOCHTpAlUU KPEM-
HUS ¥ MeTajuioB. Jlydine Bcex (IIOKKyIUpyeTces xkene30, 52% mpu 6 mr/in. doky-
JAUS KPEMHUS, AITIOMHHUS, Kbl W MarHUS JOCTUTAIOT MaKCHUMAaJbHOTO
3HAYEHWUs TIPH JO0O0aBICHUN (PIIOKYIISTHTA B KouuecTBe 10 MT/J, IpH 3TOM CTETeHb
ux ynanenus ((Gproxymnsinuu) He npesbimaet 30%.
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Pucynok 3- UccnenoBanue BIMSIHUS aHHOHHOTO (iokystHTa ©A40M
Ha 000pOTHBIE PACTBOPHI

PesynpTathl nccnenoBaHus BIMSIHAS KOHIEHTPALMK KATHOHHOTO (IIOKYJISTHTA
®K10c Ha 000poTHBIE pacTBOPHI HpeAcTaBieHbl Ha pucyHke 4. [lo pesynbratam
UCCJIEJIOBAHUI C YBEIMYCHHEM 03Bl (IIOKYJISTHTA CHIDKAIOTCS KOHIEHTPALIMH
KpeMHUSI U MeTajuioB. DIOKYISIMU BCeX 3aMepsieMBIX 3JIEMEHTOB MPOXOASAT
CXOJICTBEHHO U JOCTHI'aeT MaKCUMAaJIBHOTO 3HaueHus mpH 10 Mr/1, crenens yaane-
Hus (pnokynsiun) He npeBbimaet 35%. CreayeT OTMETUTbh, YTO HCCIIEOBAaHHE
KAaTHOHHBIX (IIOKYJISTHTOB HE JalM pPEe3yJIbTaT, Tak Kak He ObUIo 00pa3oBaHO
BUAMMBIX (DJIOKYIL.

PesynbTarthl WccienoBaHUsl BIMSHUS J03bI HEHOHOTEHHOTO (DIIOKYJISTHTA
®H20k Ha 060pOTHBIE PaCTBOPHI NPEICTABICHBI HA PUCYHKE 5. AHANN3 Pe3yJib-
TATOB MCCIECAOBAaHUH MOKA3aJl, YTO C YBEIMUYCHHUEM J103bI (PIIOKYIISIHTA CHIKAIOTCS
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KOHLICHTPAIIMU KPEMHHS U MeTayu1oB. DIOKYIISIUS BCEX 3aMEPSEMBIX 3JIEMCHTOB
JOCTHUTaeT MaKCUMaJbHOTO 3Ha4eHus pu 10 Mr/i, creneHb ynaneHus ((pIoKKy-
JSILUK) BapbUPyeTCs B 3aBUCHMOCTH OT dJieMeHTa. VccienoBanne HEHTpaIbHBIX
(IJIOKYJITHTOB 1210 HE3HAYMTEIbHOEC O00pa30BaHME MEIKUX (IOKYJT U HE3HAUYH-
TEJIFHOE CHIDKCHUE KOHIICHTPALUI METaIoB 710 5 % npu BBICOKOM (8 MI/i) mo3e
(dokynsHTA.

®K10c
35
% 30 /)(
g 25 / =0—KpemHuii
% 20 == MeTann
g
315 === ANIOMWUHUIA
I
g 10 Heneso
4
© 5 =i= KanbLuii
0 =0—Marnum
0 5 10 15
[Do3a pnokynaHTta, mr/n
Pucynok 4 — UccnenoBanue BiustHAS KaTHOHHOTO (hitokysiaTa @K10¢
Ha 000pOTHBIE PACTBOPHI
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Pucynok 5 — HccnenoBanue BiusiHusi HemoHoreHHoro ¢uokystata ®H10H
Ha 000pOTHBIE PACTBOPHI
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OO6opoTHBIE pacTBOPHI, KOTOPBIE MOABEPTHYTHI K BO3ACUCTBHIO (DIOKYIISTHTOB
pa3IMYHOM KOHLIEHTpalXu, ObUIM UCCIIENOBaHbl AJIs ONpelesIeHNs IPaHyIOMeT-
PHUYECKOr0 COCTaBa 00Pa30BaHHBIX (PIOKYIL

AHanu3 xapakTepa KpUBBIX paclpelesieHHs 4acTull B o0beMe 0OOpOTHBIX
pacTBOPOBU3 PUCYHKAOIIOKA3bIBAET, YTO,HECMOTPSI Ha BHEILIHEE CXOJCTBO JAEHCT-
BUSI IPUPOJIBI M KOHIIEHTPALMHK (IIOKYJISHTA Ha pa3Mephl M KOJIIMUeCTBa 00pasyro-
LIMXCS YacTUl, MpH 100aBIeHnH aHHOHHOTO (hiokynsHTa DPA30m HaOmomaercs
P U3BMEHEHUH.

Bo-mepBeix, mpu noGasnennn ¢uokymnsata @A30m Bo Bcex HM3Yy4EHHBIX
€rOKOJIMYECTBAX, B KPUBBIX PACHPEAEICHUS MOSIBIIAIOTCS TOJIBKO OJUH MAKCUMYM,
B HUX HE OOHapy’KeHbI SIBHBIX IJIOIIAJIOK, XapaKTePHBIX AJISI YaCTHUIl ONIpEeIICH-
HBIX pa3MepOB, MPeodIataroIuX BO BceM 00beMe pacTBopa (3a HCKIIOUEHHEM CITy-
Yasi ¢ KOJIMYECTBOM (IIOKYJISTHTA 2 MI/1 B o0actu pasMepa gactuil 600-1800 pum).

Bo-Bropeix, HaOOgaeTCsl 3HAUYUTEIbHOE YBEIMUYCHHUE KOJIMYECTBA YaCTHIL
pasmepom 200 pmmpu koHIeHTpanuu (irokymstaTa @A301 2 MT/)T IO CpaBHEHUTO
C pe3yJibTaTaMM MPEABIAYIINX KCIIEPUMEHTOB, KOTOPBIE MTOYTH JIMHEHHO YMEHb-
LIAI0TCS 10 MUHUMYMa C YBEJIMYEHHEM KOHIEHTPaUuH (PIOKYIsIHTa B 000pOTHOM
pactBope.

B-TpeTbux, ¢ yBennuenueM komudectBa ¢uokyisiata ®A30n, MakcuMyM B
KpuBod Tipu pazmepe dactuil 200 um,HabIrogaeMbIid Ipu J00aBIIEHUN B paCcTBOP
2 mr/n GIOKyNIsSHTa, CHadala 3aMETHO YMeHbImaeTcs (pu 4 Mr/i (IIoKyIsHTa),
MOTOM MPOMOPLUUOHAIBEHO K KOJUYECTBY (QIIOKYIsIHTa (6 U 8 Mr/i) cMeriaeTcs B
o0actu Oosiee KPyMIHBIX (QIIOKYJ, IPU KOTOPHIX MaKCUMAJIbHBIE Pa3Mephl YaCTHIL
coctapistor npuMepHo 500 u 600 uMmcooTBeTCTBEHHO. JlabHEHIIIee YBETUICHIE
KonnuecTBa fobasisemMoro ¢uiokyisiata @A30n o 10 Mr/n He pUBEOET K CyIe-
CTBEHHOMY M3MEHEHHUIO JOCTUTHYTHIX Pe3yIbTaToB. B ToXe BpeMs, ClieayeT OTMe-
THTb, UTO C yBEIMUCHUEM KoJimuecTBa (urokyissaTa @A30m B 000pOTHOM pacTBOpe
OTMEUEH MOCTENEHHBIA POCTKPYIHBIX YacTHIl ¢ pazMepoM 1300-1800 pm.

Io pe3ynbraTam aHanusa puCyHKa 8 BUAHO, YTO IPHU 100ABIEHUH B 000POT-
HBIH pacTBOP aHHOHHOTO (PiokyasiHTa DA40M HAOIIOAACTCS YKPYITHEHHE YACTHI
i o0pa3oBaHue (IIOKYI, IPU 3TOM KpUBAs 3aBUCHMOCTH MX Pa3MEpOB U KOJIH-
9YecTBa OT KOHLEHTPAMH (IIOKYJISTHTa UMEET SKCTpEeMallbHBIN XapakTep.

Tax, npu koHueHTpauun guaoxynsarta DA40m 2 mr/a B pactBope oOHapyKe-
HBI KaK MeJIKUe, Tak KpyIHbIe GIokyiisl ¢ pazmepamu oT 50 1o 1800 um. Pacmipene-
JIeHHe 3TUX QIIOKYJ MO pa3MepaM MPOXOAUT yepe3 MakcuMyM npu 200 pM ¢ gans-
Heime crynenuaToil crabunuzanueit B npeaenax ot 400 mo 800 um 1 B uHTEpBae
1300-1800 pum. 3TO 3HAYMT, UTO CPEIM YACTHI C pa3MepoM BbIlIe 50 UM 1 HIKe
400 pm,MakcHUMaIbHOE KOJMYECTBO YACTHUI] UMEIOT pazmep 200 MUKpPOH, a BO BCeM
00bEME 000POTHOTO PACTBOPA MPEUMYILIECTBEHHO COAEPKaTCsI (PIOKYJIIBI C pa3me-
pom 400-800 pum. Kpome Toro,B 00paboTaHHOM PacTBOPE BCTPEUACTCS 3HAUUTEIIh-
HOE€ KOJIMUECTBO (DJIOKYJI MaKCHMAaJIbHOTO pasMepa (pazmepom Ocosee 1300 pm).

[Ipu nobaBnennu dokynsara ®A40M B KonmmyecTBe 4 MI/I B KPUBOU pac-
MpeaeNeHNs MOSIBIISIOTCS 1Ba MAKCUMYyMa, IIPH 3TOM KapTHHA paclipee/IeHHs Jac-
THI B 00bEeMe pacTBOpa MEHSETCSl B CTOPOHY 3aMETHOTO YMEHBIICHHUS KOJIMYECTBA
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gactul pasmepamu 200 UM ¥ 3HAYUTENBHOTO YBEIMYCHHS KPYHHBIX (IIOKYJT B
uaTepBaie 400-800 uM ¢ MaKCHMaJIbHBIM KOJIWYECTBOM dacTul] 500 MUKpOH.
KonuuectBo ¢okyn ¢ pasmepom 1300-1800 um pacteT HE3HAUUTETHHO.

[Ipu yBenmuennn koHueHTpauuu ¢piokynsara ©A40m go 6Mr/n HaOmonaeTcs
OTYETJINBOE KAaUECTBEHHOE H3MEHEHHE JIeHCTBHS (DIOKYIISIHTA, KOTOPOE OTpaXKaeT-
Cs B CMEILEHUUIIONOKECHUS MAaKCHUMAaJIbHO BCTPEHYAIOIIUX pa3MepoB (UIOKYJI ¢
obxactu 200 um B obmacte 600 pum. M3 xapakTepa KpUBOH B PUCYHKE CIIEAYET,
YTO,HECMOTPsI Ha HAIWYHE JIBYX MaKCUMyMOB, B 00pab0OTaHHOM (IIOKYJISTHTOM
000pPOTHOM pacTBOpe MpeodianarT yacTuibl ¢ pasmepom 400-1000 um, npu
3TOM (opMa KpUBOH pacIipelesieHHsl YacTUlL] B 00JIacTH KpyMmHBIX ¢uIoKyna (Oosee
1300 puM) mOYTH HE U3MEHSETCS.

B ciydae manpHelimero yBennueHus: KoHueHTpanuu ¢iuokynsata DA40m o
8 MI/11, KpHBas pacupeneeHHs YACTHII UMEET TaKKe IKCTPEMAaIbHbIN BU] C OHUM
MaKCUMYMOM, HO YK€ OKOHYATeJIbHBIM IEpPeXoJoM B 00JacTh MmpeoOi1agaromux
gacturic pazmepom 400-1000 um ¢ makcumymom mipu 600 pum. CiieryeT OTMETHUT,
YTO KOHIIEHTpanus KpymHbIX Giaokyl ¢ pasmepom Gonee 1300 pmmouTn ocraeTcs
Ha YpOBHE, KOTOPBIN HaOMI0AAJICS B HPEABIIYIINX SKCIIEPUMEHTAX.

OnucaHHBIA BBIIIE XapakTep W3MEHEHUS KPUBOW pachpeesicHUs] YacTHUll B
00OpPOTHOM pacTBOpE AHAIOTUYHO IOBTOPSIETCS MpPU TOBBIIICHUW KOJIMYECTBA
nobasisiemoro ¢uoxynsaTa ®A40M 10 10 Mr/i1, HO ¢ OTHUM 3HAYUTENHEHBIM OTIIH-
YreM: KOHLEHTpalUMs KPYIHBIX YacTHUI] YBEIHYMBAETCS, MPH 3TOM KOJIMYECTBO
YacTULl C MaKCUMaJIbHBIM pazMepoM 600 UM - camblif BBICOKHUIT 10 CPaBHEHMIO C
pe3yabTaTaMH OCTABHBIX IKCTIEPUMEHTOB.

Hcxons u3 npencTaBieHHbIX JaHHBIX, MOXKHO 3aKJIIOUUTh, YTO B CIydae oopa-
0OTKM 00OPOTHBIX PACTBOPOB aHUOHHBIM (htoKysIstHTOM DA40M, BO BceX €ro KOH-
LEHTPANUAX B3BEIICHHBIC YaCTUIBI pacTBOpa pazMepoM MeHee 50 UM QIIOKKyIH-
PYIOTCSI B KpYIIHbIE YacTHULBI, TA€ PUMEPHO 2/3 yacTh BCceX OOHAPYKEHHBIX AUC-
nepcHbIX yactTunuMeroT pazmep 400-1000 puwm, a npumepHo 1/4 gacTh sBisitoTCs 60-
nee kpynHbIMU utokynamu (1300-1800 pum), mpu 3TOM ¢ yBeTUUEeHHEM KOHIIEHTpa-
1uH QIIOKYJISTHTA HAOMIOAeTCSl 3HAUNTENTFHBIN pOCT 3 (hEeKTUBHOCTH (DIIOKKYIIAIIUH.

W3 pucynka 9 BUIHO, YTO B OTJIMYME OT ACHCTBUS aHHOHHOTO (DIIOKYJISTHTA
®A40M, pu 1obaBiieHNH B 000POTHBIN PacTBOp KaTnoHHOTO (hiokynsiHTa K10
cpacnpeznenicHue (IOKYJN MO pa3MepaM MPOXOIUT CO CMeEIleHHeM obyacTel
MPENMYIIECTBEHHO 00pa3yeMbIX (PIIOKYT B CTOPOHY 0ojee KPYITHBIX YaCTHIl WA
Cy’KCHHEM HMHTEpBalIOB MX pa3MepoB. Tak, makcumyM mpu 200 um B obmactu
MEJIKHX YaCTHIl CIBUTaeTcs B cTOpoHy Bbiie 200 pm,ao0macts mpeobiagaromux
gactull ¢ MakcumymoM Tipu 600 pum ymensmraercs ¢ 400-1000 um 1o mpenenos
600-800 pm. KonmenTparms kpynHbIx Guiokyd, B ciydae ¢ @K10c, cocraBnseryske
He1300-1800 um, a 1400-1800 pm.

Takum o6pazom, B ciaydae 00paOOTKH OOOPOTHBIX PAacCTBOPOB KAaTHOHHBIM
¢dnokymnstarom ®K10c, B3BEIICHHBIC YaCTHIIBI pacTBOpa pa3MepoM MeHee 50 um
Takxke (PIOKKYJIUPYIOTCA B KPYIHbIE YaCTHIIBI, IPU 3TOM KOHLIEHTPAIHs KPYIHBIX
YacTUIl U KOJUYECTBO YaCTHI[ C MaKCUMaJbHBIM pazMepoM npumepHo 600 pm
MOYTH COMOCTaBUMBI C pe3ybTaTaMH dKcIiepuMeHTa ¢ GuokyistHToM O A40M.
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B pucynke 10 mpencraBieHbl KpPUBBIC pPACIPEICIICHUS YacTUI] B 00beMe
000OPOTHBIX PacTBOPOB MpH A00ABICHUH HeOHOreHHOTO (okymstaTa OH20K.
AHanu3 TaHHBIX PUCYHKA MIOKA3bIBACT, YTO KPUBKIC paclpeACTICHIs YACTHIL OTIIH-
YaroTCs HAJIMYUEM OJHOTO MakcumyMa rpu 600 pm, Tpu TOM YacTHIIBI pa3MepOM
B uHTepBane 50-1800 umpacmpeneiaeHbl BO BceM o0beMe o0paboTaHHOro (iio-
KYJISHTOM OOOpOTHOTO pacTBOpa MOYTH paBHOMEpHO. OO 3TOM CBHIECTEIHCTBYET
HaOIro/1TaeMasi 3aBUCUMOCTh Pa3MEPOB YACTHI] OT TOOABISIEMOH T03bI (PIIOKYJIISTHTA.

YCTaHOBHeHO, YTO IO CPpaBHCHHUIO C aHMOHHBIMHU W KaTHOHHBIM Q)HOKyHSIH'
TamH, pa3Mepsl QIIOKy, o0pazyeMble HeMOHOTeHHbIM QuokyinsaToM ®H20k, He
MMEIOT CHJIbHOW 3aBUCUMOCTH OT J03bI (pIoKyJIsHTa. B CBSI3M Yem, IpenMyIecTBO
¢nokymnstara ®H20K OT OCTANBHEBIX OyJIET MPOSBICHO TPU PACXOIOBAHUH (PIIOKY-
JIsTHTa U 9KOHOMHHN (1)I/IHaHCOBI)IX CpC€aCTB.

3akawuenune. V3yuenne >((EKTUBHOCTH KAaTHOHHBIX, aHWOHHBIX U HEW-
TPaJIbHBIX TOJIHAKPUIAMHTHBIX (DIOKYISTHTOB PU OYUCTKE OOOPOTHOTO PacTBOpa
OT Pa3IMYHBIX TUIIOB 3arPS3HSIONIUX BEIIECTB BHISBIINA KOJUIOUIHO-XUMHUIECKUE
3aKOHOMEPHOCTH WX B3aUMOJICHCTBHS KOMIIOHEHTOB JUCIIEPCHON (a3bl 000poT-
HOTO pacTBOpa. YCTaHOBIIEHO, YTO (DJIOKYJISHTHI aHHOHHOTO THUIAa 00pa3yroT C
B3BEUICHHBIMU W KOJUIOWJIHBIMU YaCTUIIAMH OOOPOTHOTO pacTBopa (IIOKYIBI CO
cpemanM pazmepom gactull 200-1800 um ¢ makcumymom mipu 600 pM,BHE 3aBH-
cuMocTu OT Mapku (rokynsHTa. [TokazaHO Takke, YTO KaTHOHHBIC THITBI pac-
CMOTPCHHBIX (DIOKYJISHTOB HE OO0pa3ylOT C 3arpsA3HSIONUMH KOMIIOHCHTaMU
BHIUMBIX (JIOKYJ, a HEUTpasbHBIE (DJIOKYJISHTHI O0Pa3yroT MENKHE (IOKYIIBI
(100 pm) um He3HaywTenbHO (MpUMEPHO HAa 5 %) CHIXKAIOT KOHIEHTPAIHIO
KOMITOHCHTOB TBEpPJOW (pa3bl (MPUYEM, MPH BBICOKOU 103¢ (uokynsHTa). YcTa-
HOBJICHO, YTO C IOBBIIICHHUEM J03bI (QUIOKYyIsHTa (2, 4, 6, 8 u 10 Mr/i1) cTeneHs
yAaJeHUsl 3arps3HAIONIMX KOMIIOHEHTOB JMCIIEPCHON (a3bl yBEIMYHUBACTCS
MOPa3HOMY B 3aBHUCHMOCTH OT BHUJA JJIEMEHTa W MPHUPOJABI PacCMOTPEHHOTO
¢nokynsiaTa. [lokasaHo, 4To HaWOOJBINEE CHIXKCHUE KOHIICHTPAIUH KPEMHUS
(35%), amomunus (34%) W Opyrux MeETaNIOB HaOJrOmaeTcss MpH A00aBICHUU
(bIOKYISITHTOBAHMOHHOTO THIIA, IPH ATOM BBISBIICHO, YTO OHU 3()()EKTUBHBI TIPU HX
BBICOKHX KOHIICHTPAIUSAX, TOTAA KaK (PIIOKYJISHTHl KATHOHHOTO THIA JIEHCTBYIOT
JTUHEWHO.
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Tyiiin

K. A. Kaoupbexos, A. []. Anmwvinoex, A. K. Kaoupbekos, A. JK. I[Ipuasaposa,
A. K. Abropos, A. A. Peicnaesa, K. T. Tuneyxanosa, P. H. Axcueynosa

YPAH PYJTHUT'THIH KbIIIKBUIJBI KAUTAPMA EPITIH/UIEPIH
VIOHUTTI JIACTAYLIBI KOCITAJIAPZAH AKPUJIIOAMUJL HETI3IHZET ]
®JIOKYJISHTTAPJIBI [TAVJIAJIAHA OTBIPBII TA3APTY

KaTtronpl, aHMOH/BI XKoHE Oeltapan HOoNMHaKpuIaMHATI (IIOKYJISTHTTApbl KOJIIaHa
OTBIPBIN, aWHAJIBIMIBI EPITIHALIEPAl OpTYpJl JacTaymibl 3aTTapJaH Ta3apTy IpOLeci,
JcriepeTi (a3aHblH KOMIOHEHTTEPiHIH (QIOKYJISHTTHI epiTiHALIEpMEH SpeKeTTeCyiHiH
KOJUTOMITHIK XUMMSUIBIK 3aHJBUIBIKTAPEl 3€pPTTENAl. AHHOHIBIK THITETI (IIOKYJISHTTAp
(GIOKYNIHTTHIH TYpiHEe Kapamail Oemmiextepair opTama memmepi 200-1800 mMkM, mak-
cumyM 600 MKM OoNaTbiH (PIOKYIAPIEI €PITIHAIHIH CyCIICH3USUIAHFAH KOHE KOJIOMATHI
OenmexkTepin KypalTeiHAbIFl Kepcerinmi. Kpemuuii (35%) sxone amomunmii (34%)
KOHIICHTPALMACHIHBIH €0ylp TOMEHIeyi AaHHOHABI (IIOKYJSHTTAp KOCBUIFAH Ke3le
GaliKanibl.

Tyiiin ce3aep: Kalitapma epiTiHAl, TUCTIEPCTIK 3aTTap, KPEMHUH, QIOKYJISaHT, HOJIH-
aKpUIOaMu, Tazanay.
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Summary

K. A. Kadirbekov, A. D. Altynbek, A. K. Kadirbekov, A. Zh. Prnazarova,
A. Zh. Abyurov, A. A. Ryspaeva, K. T. Tileukhanova, R. N. Azhigulova

PURIFICATION OF ACID REVERSE SOLUTION OF URANIUM MINING
FROM POISONING IONITE IMPURITIES USING FLOCULANTS BASED
ON POLYACRYLAMIDE

The process of cleaning the circulating solution from various types of pollutants using
cationic, anionic and neutral polyacrylamide flocculants, the colloid-chemical laws of the
interaction of dispersed phase components with flocculant solutions were studied. It was
shown that anionic type flocculants form suspended and colloidal particles of a circulating
solution of flocs with an average particle size of 200-1800 um with a maximum at 600 um,
regardless of the type of flocculant.It was shown that the largest decrease in the concen-
tration of silicon (35%) and aluminum (34%) is observed with the addition of anionic
flocculants.

Keywords: working solution, dispersed substances, silicon, floculant, poliaacrylo-
amide, cleaning.
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"ELECTROMAGNETIC MATTER"
IN ATOMIC MOLECULAR STRUCTURE OF SUBSTANCES

Abstract. The magnitude of the charge potential characterizes by electric field
strength (E), and they interact through the "magnetic matter" characterized by intensity of
magnetic field (H). The magnetic phenomenon of substances are not derived or converted
of electricity into magnet, it is manifested from the composition of the charges as its
component in the form of a "magnetic matter" at the energetic process, i.e. at the interaction
of charges and their movements.

In turn, the electroneutrality of atomic-molecular structures implies that the physical
quantities that characterize charges are manifested in the presence of another charge or
when their stationary state is violated. The appearance of the electromagnetic field of the
conductor during the flow of electric current, current displacement, electromagnetic radia-
tion, etc. allow us to believe that in the atomic and molecular structure of substances there
is a certain "material substance™ that creates an electric field under the action of EMF, which
is called "electromagnetic matter”. The identity of the nature of elementary energy carriers
manifested in the form of heat, light, electricity, etc., the mass of "electromagnetic matter"is
calculated.

Keywords. substance, atom, electron, nucleus, magnet, charge, field, “electromagne-
tic matter".

Introduction. According to the modern concepts of the matter consisting of
chemical elements, i.e., interconnected atoms - electroneutral particles include a
positively charged nucleus and negatively charged electrons [1-6]. And by the
interaction of charged particles, we know the theory of short-range action - which
is carried out through some intermediate link, and the theory of long-range action
where the interaction can be transmitted instantly over arbitrarily long distances.
Later, James Maxwell [7] established that any interaction between charged bodies
does not occur instantly, but over a certain period of time. This was confirmed by
Faraday's experiments [8], where charges are surrounded by an electric field
through which the interaction is carried out. In other words, the works of Faraday
and Maxwell indicated that there are still some carriers of interaction and charges
interact with each other through their fields. In other words, each charged particle
creates an electric field in the surrounding space, which is abstractly described by
the lines of attraction and repulsion. Thus, an electrostatic field occurs around any
stationary charge, which does not change its properties over time. This field will
act on any other electric charge, and the field of the other charge will also act on
the first charge. At the same time, an electric current is an ordered movement of
electric charges that create a magnetic field around themselves. These fields are
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described using force lines that can graphically represent not only the direction, but
also the strength of the electric and magnetic fields at a given point. However, the
nature of the lines of force of electric and magnetic fields, their density still remains
undiscovered. And this article is devoted to elucidating these problems based on
the energy manifestations of electric current, where charged particles participate in
real processes.

DISCUSSION

It is known that scientific achievements in the field of atomic and molecular
structure of substances revealed the phenomena with unusual properties of micro
objects, which are reflected in the properties of macroscopic formations of
substances[1-6]. And any substance consists of alternating opposite charged nuclei
and electrons, which are generally electroneutral. In an electric current, electrons
are taken by moving charges, and the core remains stationary preserving the
structure of this conductor. According to scientific terminology, electric charge is
a characteristic of particles and bodies that determines their interaction with the
electromagnetic field. It is known, that J. Maxwell proposed the theory of the
electromagnetic field, according to which the electric and magnetic fields exist as
interconnected components of a single whole — the electromagnetic field. It follo-
wed that any changes in the electromagnetic field must generate electromagnetic
waves propagating at a finite speed that depends on the dielectric and magnetic
permeability of the medium. For a vacuum, the theoretical value of this velocity
was close to the experimental measurements of the speed of light obtained at that
time, which allowed Maxwell to suggest (later confirmed) that light is one of the
manifestations of electromagnetic waves. In 1887, the German physicist G. Hertz
[9] set up an experiment that fully confirmed Maxwell's theoretical conclusions.
However, abstractly accepting the electromagnetic field, the change of which
generates an electromagnetic wave, where the wave is the trajectory of "some
matter" and thus the nature of the electromagnetic field itself remains open.
According to the definition of scientific literature, an electromagnetic field is a
force field formed around an electric current, equivalent to electric and magnetic
fields. At the same time, the issue of the flow of electric current through the con-
ductor is still debatable. According to generally accepted concepts, the movement
of electrons causes the flow of electric current and the carriers of electricity in
metals are electrons under the influence of an electric field [10]. However, recently
it has become clear that the speed of the electron during the flow of an electric
current is very different from the speed of the electric field. Hence, if the carrier of
electricity is electrons (metals), then what is their role in creating an electric field.
In practice, an electric field propagating at the speed of light appears along the
entire length of the conductor. In turn, the speed of propagation of the electric field
in a conductor depends on its dielectric(e) and magnetic (x) permeability, and in
(e w) 1/2 is less than in a vacuum. For example, for a copper conductor, the
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permittivity ( ) is 978, and the magnetic permeability (x) is 0.999 and the
propagation speed of the electric field (v) is equal to:

v = Cl(&2)™? = 3.108/ (978:0,999) 2 = 3.108 /31,26 = 0,959-107 m/s.

The calculated speed is about 0.959-10" m/s compared to the speed of the
electron in the interval 1-10* - 1-10° m/s differs by 11 — 12 orders of magnitude,
and, therefore, electrons at this speed cannot create an electric field[11]. In [12],
the process of passing an electric current is explained by the formation of a
magnetic field and the formation of a rigid complex with an electron. It is
considered that when a voltage is applied, the electric field propagates at the speed
of light and interacts with conduction electrons, where the movement of electrons
excites the magnetic field. An electron and a magnetic field form a single rigid
complex that carries an electric current at the speed of light. However, the electron
moves at a speed of less than 0.1 mm per second and it follows that this assumption
is not real.

In [13], it is stated that the electric current is carried along the wire by electro-
magnetic waves, and not by the movement of electrons. As we noted above, waves
are the trajectory of a material substance, and the material nature of the wave
components of the electromagnetic field components remain undiscovered. The
authors also neglect the role of electrons as one of the main participants in the
transmission of electrical energy.

Unambiguously, the transmission of electricity is carried out through a con-
ductor, which consists of a nucleus of electrons and elementary particles. Therefore,
under the influence of an external driving force, the direct participants in the
creation of an electromagnetic field and the flow of an electric current, in addition
to the electron, must be other participants in the atomic structure. This means that
in the atomic-molecular structure of the conductor there is a certain "material
substance™ that creates an electric field under the action of the EMF source. At the
same time, the appearance of a magnetic field in the conductor during the passage
of electricity means that the "material substance™ must have an electromagnetic
nature.

In this regard, the nature of this elementary matter was of interest, and based
on the analysis of scientific literature on the atomic and molecular structure of
substances, it was found out:

— the presence of magnetic moments in the electrons and nuclei, the main
components of the atomic structure;

— formation of magnetic and electric fields of the conductor during the flow of
an electric current (moving charge);

— substances are characterized by dielectric ( € ) and magnetic ( u ) permea-
bility describing their electrical and magnetic properties ;

— attraction (repulsion) of metal objects to a magnet;

— attraction and formation of associations of electron-neutral atoms with each
other;

— coexistence of opposite charges without annihilation, etc.
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According to these data, it can be concluded that the basic structure of sub-
stances consists of electrons and nucleons, so the presence of magnetic matter in
these particles must be an axiom, i.e., each elementary charge includes electric and
magnetic components. In addition to the charge, the particles have a moment of
momentum, which is called spin [13]. According to these authors spin is not caused
by the rotation of the particle around the axis, because such an explanation would
have to assume the presence of a linear rotation speed greater than the speed of
light, which is impossible. Therefore, spin is considered as an internal property of
the particle and it is associated with the presence of magnetic properties of the
particle namely the presence of a magnetic moment, which also cannot be explained
by the movement of the charge and is considered as the original property of the
particle [13]. Note that in classical electrodynamics, the magnetic moment can only
be the result of the movement of charges along closed trajectories.

According to the Ampere’s hypothesis [14] elementary electric currents res-
ponsible for magnetic properties circulate inside the molecules composing the
substance. At the same time, if these currents are located chaotically in relation to
each other, their action is mutually compensated, and no magnetic properties are
detected. In the magnetized state, the elementary currents in the body are oriented
in a strictly defined way, so that their actions add up. And according to modern
scientific literature the magnetic interaction is not caused by special magnetic
charges, similar to electric charges, but by the movement of electric charges - a
current. Based on the basic property of matter, which is characterized by mass,
expressing the measure of inertia and energy — the measure of its movement. It is
well known that an electrostatic field occurs around any stationary charge, which
does not change its properties over time. This "field" will act on any other electric
charge, which will also act on the first charge. According to Coulomb's law,
opposite charges interact with "electric lines of force", but the nature of these forces
is not revealed. In addition, the "force lines" of opposite charges must be annihilated
when they come into contact, which in reality does not happen. We believe that the
interaction of charges refers to energy processes where there is an energy mani-
festation. So the interaction of charges is carried out by "some matter" such as
"magnetic components" of charges, which implements attraction (repulsion).
Hence, the force fields between the charges represent "magnetic matter".

Thus, charges represent a form of matter consisting of electric and magnetic
components, where the magnitude of the charges characterizes the electric field
intensity (E), and their interaction through "magnetic matter" is characterized by
the intensity of the magnetic field (H Magnetic phenomena of substances are not
derivatives or transformation of electricity into magnetic, but represent the "mag-
netic matter” of charges manifested in energy processes, i.e., when charges interact
and their movements.

The named physical quantities characteristic of charges are shown in the
presence of another charge. The electronutrality of atoms, the appearance of the
electromagnetic field of the conductor when an electric current flows, the current
displacement allow us to believe that a certain "material substance" that creates an
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electric field under the action of an EMF source is "electromagnetic matter"”. We
believe that it is formed as a result of the interaction between elementary positive
and negative charges and represents an "electric dipole"(the charges of the poles
"+" and "-") with "magnetic matter" (the North and South poles of the magnet)
performing the interaction. These "electromagnetic matter" under the influence of
external voltage creates an electromagnetic field and moves free electrons along
the conductor creating an electric current [15]. Therefore, the electromagnetic field
is created not by the movement of electrons, but by “electromagnetic matter".

For "electromagnetic matter" taking into account the dipole structure, the value
of the charge of the poles is assumed to be equal to the charge of the electron
(4.8x101° CGS of charging units or 1.6x10° culon). The interaction of charges is
carried out by means of "magnetic matter”. For micro-objects near the boundary of
the Planck value, their characteristics are complicated by the lack of direct
instrumental measurements and it is difficult to determine the structure and shape
of the elementary "material substance™. And in the scientific literature, this concept
is presented in different ways: in the form of "particle-free form" [16], "particle-
field dualism of Matter" [17], "particle-wave dualism" [18], "electromagnetic par-
ticle" [19-22], "electromagnetic wave" [8], etc. According to the work of M. Fara-
day in [7], it is stated that regardless of the thermal, light, chemical, physiological,
magnetic or mechanical energy source, all of them can manifest as the same
electricity. This thesis means that the nature of elementary energy carriers is
identical. For example, in the case of alternating current, a change in voltage causes
the shape of "electromagnetic matter" to change and make ripples. In turn, when
the electron moves in relation to the nucleus, the interaction changes, which is
manifested in the form of the release of the "magnetic component" of charges. The
released "magnetic component” pushes out the pulsating "electromagnetic matter",
which, depending on their nature of movement, are released in the form of heat,
light, electromagnetic waves, and other energy manifestations. And the place of
isolated "electromagnetic matter" is filled by an external source of "electromagnetic
matter" according to the relay mechanism. At the same time, practice shows that
the structure of the" chemical individual " of the conductor does not change at
alternating current, and the value of the self-induction EMF (ind) is expressed by a
known equality [12]:

ena=—L d/ldt

where, Z is the inductance of the circuit or the self-induction coefficient, the value
of which depends on the geometric properties of the circuit and on the nature of the
system's magnetic components; dI /dt is an infinitesimal change in the current
strength over time. The movement of charges takes the work defined by the product
of 1U per unit of time and the Ohm's law at each moment of time has a value:

R=&out + &ind = gout — £ dl dt.

Therefore, the participants of the electric current are elementary "electromag-
netic matter” in the atomic-molecular structure of the "chemical individual”, which
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creates an electromagnetic field under the influence of an EMF source and induces
the movement of electrons along the conductor.

The electron is shifted from a stationary position until the external potential
difference created by "electromagnetic matter"” is reached by performing electrical
work creating an alternating current in the system. The relationship between the
work of external forces, Joule heat and inductance of the circuit in the conductor is
reflected in accordance with the law of conservation of energy in the form [12]:

P-Q=d/dt [*.L17]

where P is the work of external forces, Q is the Joule heat, L is the inductance of
the circuit or the self-induction coefficient, the value of which depends on the
geometric properties of the circuit and the nature of the system's magnetic compo-
nents, | is the current strength. The integral of d/dt [*/>L1?] equal to */,L1? expresses
the magnetic energy of the system, which is inextricably linked to the existence of
a magnetic field in it. According to this view, the change in the magnetic energy of
the current system is associated not only with the work of external forces and the
release of Joule heat, but also with the work of the field spent when moving the
conductors under the action of an ampere force. The law of conservation of energy
requires the following equality:

AW =—A- (0-P).

Here W, is an infinitesimal change in the magnetic energy of the system, and is
a mechanical work.
Electromagnetic energy is distributed in space with a density of

W="g, (¢E*+uH?).

It is also noted here that in fast-changing fields, the question of converting
magnetic energy into electrical energy and Vice versa loses its physical meaning.
At the same time, it is necessary to consider any energy transformations that occur
in the electromagnetic field, attracting the amount of electromagnetic energy as a
whole to the energy balance. At the same time, the Poynting vector characterizes
the flow of electromagnetic energy, which takes into account the following funda-
mental circumstance in the equations: the change in electromagnetic energy inside
a volume is accompanied by the outflow or flow into this volume of an equivalent
amount of energy carried by “electromagnetic matter". Similarly, when performing
work (chemical, biological, electrochemical, etc.), it is characteristic to move (redi-
stribute) electrons and elementary particles with the same energy manifestations.
In all these changes, the number of electrons involved in the process before and
after remains constant and only redistributes them between the structural elements
of "chemical individuals" [23], and the elementary particles representing their
energy movements are scattered in the environment forming combinations with
their components. For example, ordinary light rays received by "electromagnetic
waves" and thermal energy are a stream of "electromagnetic matter". The elemen-
tary particle - heat carrier "theplotron" proved by us in [15,19-22,24-27], is a type
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of "electromagnetic matter”. In [24,25] based on the thermodynamic and quan-
tum — mechanical representations we have proposed the hypothesis about carriers
of heat — " theplotrons". The elementary heat carrier is called by us - "theplotron™ -
due to the lack of strict conclusions and terms in the scientific literature that
characterize the process of heat transfer at the level of "elementary particles”. For
the combustion of hydrogen using thermodynamic data and using the formulas of
quantum physics, the mass of the heatron was calculated (2,435-10%%-5,280-10¢ kg).
Similarly, using the pressure of light as a type of electromagnetic radiation, experi-
mentally detected and measured by the Russian physicist P. N. Lebedev, the mass
of the photon was calculated. The pressure of a photon, like any material object
that characterizes the energy € and moves at the speed of light, has a momentum
p = & /c. This formula allows us to determine the mass of a photon as a kind of
"electromagnetic matter", where, according to spectroscopic optical data for visible
light, the value of its frequency varies from 33.31 - 10*to 7.81 - 10'*Hz. It is known
from the Planck equation that ¢ = Av, and the momentum of a material particle is
equal to the product of its mass (m) and velocity (v):

p=mv

When the particle speed is equal to the speed of light, the photon momentum
formula is written as (Compton effect):

p=mc
In these cases equality is true:
mc = hv/c (i.e. mc?= hv)
From here:
m = hv/c?

Substituting numeric values into the formula gives the mass of the photon at
the corresponding frequencies:

m = 6.62-10** -3.31 - 10"/ (3 - 10%)* = 2.43-10*° kg
m = 6.62-10** -7.81 - 10"/ (3 - 10%)* = 5.43-10*° kg

These numbers 2.43-10% kg and 5.43-10°¢ kg are close to the mass of
"theplotron" 5.28-107¢ kg, which was calculated by us in the thermodynamic data
for the combustion of hydrogen and exactly matches the calculations.

Conclusion. Based on the nuclear — electronic structure of atoms consisting
of charged particles, it is proposed that the charges represent a form of matter
including electric and magnetic components. The charge values characterize the
potential energy expressed by the electric strength (E), and their interaction is
carried out by means of "magnetic matter" characterized by the magnetic field
strength (H) (Maxwell's equation).

Magnetic phenomena of substances are not derivatives or transformation of
electricity into magnetic, but components of charges that appear in energy pro-
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cesses in the form of ""magnetic matter", i.e., when charges interact and their
movement. The interaction of elementary positive and negative charges formed by
"electromagnetic matter" representing the “electric dipole™ (polar charges "+" and
"—") with the "magnetic matter" engaged in the interaction of charges in the atomic
structure of substances.

The force fields between the charges represent "magnetic matter”, and the
electromagnetic field is formed by "electromagnetic matter” under the action of an
external force. Depending on the nature of the process, "electromagnetic matter"
is released from the system in the form of heat (a set of "theplotrons”), light (a
stream of photons), electromagnetic waves (“electromagnetic matter"), and other
energy manifestations.
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Pesome
b. T. Ymenbaes, 3. H. Cyneiimenos, A. 5. Ymenbaesa

3ATTAP/IbIH ATOM/IbI MOJIEKYJIAJIBIK K¥PbIJIBIMBIH/IAFBI
«QJIEKTPOMAT'HUTTI MATEPUSI»

TaOuraTTarbl OpPBIH alaThIH YAEPICTEp MEH FHUIBIMH TYPFBIIAFbl MAJIiMeTTepre
CyHeHe OTHIPBUIBIT, MUKPO MAaKPOCKOMHUSUIBIK OIpJTIKTETI MaTepHUsIIbIK JYHUETIKTEp apa-
CBIH/IAFBl JHEPTeTHKAJbIK KYOBUIBICTAp HETI3iHIAE 3aTTapblH aTOMIbl MOJIEKYJIaJIbIK
KYPBIPBUIBIMBIH/IA DJIEMEHTAp Kypayllbl AYHHUENIKTEpAiH Oap eKeHZIri TajJaHbUIaJIbL.
ATOMAAPBIH OH 3apSATHI SAPOJAH JKOHE TEpIc 3apsAThI AJICKTPOHAAPaH TYPaThIHbI HETi-
3iHE 3apsAATapAbIH IEKTPIIK KOHE MAarHUTTIK KOMIIOHEHTTEp/EH KypaslaThH MaTepHs
TYpi €KEHIIri YCBhIHBLIAZBL. 3apsi IaManapbl OJapIblH SJEKTpiik kepHeyriri (E), an
OJIap/IbIH ©3apa OpeKeTTeCyl MarHUTTIK MaTepysl apKbUIbI )Ky3ere acaTblH MarHUT OPICiHIH
kepreyiiri (H) apKbUIBl CHIATTANBIHAABL MarHuTTiK KYOBUIBIC DJIEKTP TOTBIHBIH TYBIH-
JBICEI HEMece OHBIH MarHUTKe aifHallybl HOTH)KECIHIIE €MeC, OJ1 COJI 3apsAATTapAbIH OOHbIH-
nia 60JIaThIH TAOMFU MAaTEPUANIIBI AYHUEITIK JKOHE 3apsITap KO3FaIbIChl HEMECe 03re yIepic
HOTWKECiHIIe KopiHic Oepeni. 3apsarapapl CUMATTAUTBHIH (QU3HKAIBIK IIaMaap oJapIbIH
CTAllMOHAPIIBl KYHIHEH aybITKYbIHaH OpBIH anafbl. CBIPTKBI BJIEKTP KO3FAayLIbl KYII
9CEpIHEH DJICKTP TOTBIHBIH OTYIHEH OTKI3rillTep/e IEKTPOMArHUTTIK OPICTIH TYBIHIAYbI
OJIap/bIH aTOMJIl MOJIEKEJAJbIK JCHreHiHJge HakKThl Oip 3JIEeMEHTap«dJIeKTPOMAarHUTTi
MaTepUsHBIH» 0ap eKEeHAIrH TY)KbIPhIMIAIBIHABL. JKBITy, )KapbIK j)KOHE ©3re TYpJeri dHep-
I'Msl TachIMajJlaylibl 3JIeMEHTap OeJIIEKTep/iH TaOuFaThIHBIH Oip eKeHMIri eckepiie
OTBIPBUIBII «3JIEKTPOMArHUTTI MaTepUs»MacCachl eCeNTeNiH .

Tyiiin ce3mep: 3aT, aToM, NEKTPOH, SAPO, MATHUT, 3apsill, OPIC, «INEKTPOMATHUTTI
MaTepHs».
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Pesome
b. T. Ymenbaes, 3. H. Cyneiimenos, A. b. Ymenbaesa

«3JIEKTPOMATHHUTHASI MATEPHSI»
B ATOMAPHO-MOJIEKYJISIPHOU CTPYKTYPE BELIECTB

B cTrathe Ha OCHOBE peasIbHBIX MPOLECCOB M HEPTETHUECKUX MPOSIBICHUH, MIPOHC-
XOAAIINX MEXIy MaTepualbHbIMH OOBEKTaMH, YUIHTHIBAsE MHUKPO-MaKPOCKOIHIECKOTO
€AMHCTBA BEIIECTB U T10 UMCEIOLIMMUCS JTaHHBIM, 00CykaeHbl HEKOTOpBIE IeMEHTapHbIE
COCTABIISIFOIIIE aTOMHO — MOJIEKYJIIPHOTO CTPOEHUsI BemecTB. OCHOBBIBAsICh HA SJEPHO-
JJIEKTPOHHOM CTPYKTYpe aTOMOB, COCTOSIIIUX U3 3apsSKEHHBIX YACTHUL, NMPEI0KEHO, YTO
3apsabl NPeICTABIAIT (POPMY MaTepHH, BKIIOYAIOMIeH JIeKTPUYEeCKYI0 M MarHUT-
HYI0 KOMIIOHEHThI. BeTnunHbI 3apa0B XapaKTepU3yIOT NOTEHIMATIbHYIO JIEKTPHUECKYIO
9HEPTHUI0, BRIPAKACMYI0 HANPSIKEHHOCTbIO (E), a UX B3aUMOJCHUCTBHE OCYIIECTBIIACTCS
MOCPENCTBOM («MAZHUMIHOU MAmMepuu» XapakTepu3yeMoil HaANpsKeHHOCTbI0 MATHHT-
HOro noJsi (H). MarHuTHbIC SIBJICHHS BELICCTB HE SIBISIOTCS MPOH3BOIHBIMH, & COCTAB-
JSIFOLIIIMU 3apPSIJIOB, MPOSIBIISIONINXCS IPH SHEPTETUYECKUX MPOIECCaX B BUAEC «MATHHUT-
HOM MaTepum», T.€. IPU B3aMMOJICCTBUY 3aps/I0B U UX JABIKEHHUSA. B cBOlO ouepenb, U3
JIEKTPOHEUTPANTBHOCTH AaTOMHO-MOJIEKYJIIPHBIX CTPYKTYp BBITEKAeT, 4TO (usuueckue
BEIUNUHDBL, Xapakmepusylowue 3apsaobsi, NPOAGIAIOMCA NPU HATUYUY OPY2020 3apA0a U
npu Hapywenuu ux cmayuoraprozo cocmosanus. IlosBreHne 37IEKTPOMArHUTHOTO OIS
MIPOBOAHUKA MPH MIPOTEKAHUU 3JIEKTPUIECKOTO TOKA, TOK CMEIICHHUE, 3JIEKTPOMAarHUTHOE
U3ITy4eHUEe U Jp. MO3BOJSIOT MOJaraTh, YTO B aTOMapHO-MOJEKYJISIPHON CTPyKType Be-
ILIIECTB UMEETCs HeKasl «MaTeprajbHas CyOCTaHIMs», CO3/1aI0IIas HIIEKTPHYECKOE M10JIE TI0/1
neiictuem OJIC ucTOUHMKA, KOTOPOE HA3BAaHO <«AJIEKTPOMArHMTHOM Matepueit». Ha
OCHOBE UIEHTUYHOCTH IPUPOIBI DJIEMEHTAPHBIX IEPEHOCUUKOB YHEPT U, IPOSIBIIIOLINXCS
B BUJE TEIUIOTHI, CBETA, 3JIEKTPUYECTBA U Jp. ,pACCUUTAHA Macca «INEKTPOMArHUTHOI
MaTepum».

KnroueBble ci10Ba: BEIECTBO, ATOM, JICKTPOH, SIAPO, MarHUT, 3apsi, TOJIE, «JIEK-
TPOMArHUTHAS] MATEPHD).
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VK 54.061;543.5
K. T. EIIIOBA, XK. K. KAUPBEKOB, A. M. MAHABAEBA

Kazaxckwuit HanmoHaNbHBIH yHUBEpcUTeT UM. an-Papadu, Anvartel, Pecrybnmka Kasaxcran

HNCCIEJOBAHUE OPTAHUYECKHUX BEIHIECTB BYPOI'O YI'JIA
METOJAOM UK-®YPBE CIIEKTPOCKOIINHN

AuHotanusi. [lpuBeneHbl pe3ynbTaThl HCCICHOBAHMS MpOLECcca MPEBPAILCHUS
Oyporo yris KuSKTHHCKOTO MECTOPOIKICHHUS ITPU TEMIIEpATypax KUIEHHs PACTBOPHUTEICH,
B CpeJiax, CoIepKaIIUX OCH30J1, TOIYOJI, TeKCaH, TenTaH, XJ0podhopM. BeisBieHsl 0coOeH-
HOCTH XHMHYECKOTO COCTaBa 3KCTPAaKTOB Oyporo yris ¢ npusiecucHueM WK-Dypobe
cnekTpockoruu. B MK-crekTpe OCH30IBHOTO SKCTpaKkTa OOHAPYXKEHBI anuparudeckue,
apoOMaTHYeCKUe, KHUCIOPOACOJCPKAIIUe, a30THCTHIE COEAWHEHHUS  YIIIEBOJOPOJIOB.
HK-crnekTp TONyOIbHOTO SKCTPAKTa OTIMYACTCS MO MWHTCHCHUBHOCTH ITOJIOC MOTJIOIICHHUS
aHATM3UpyeMbIX (QyHKIMOHANBHBIX rpymin. B MK-crnekTpax rekcaHOBOTO M IenTaHOBOrO
9KCTPAKTOB B OCHOBHOM OOHApYIKEHBI MOJOCHI MOTJIANICHHS YIIIEBOJOPOIOB mapaduHo-
BOro psaa. Takum oOpa3om, 6Iarofapst HATMYUIO B 3KCTPAKTax Oyporo yriisi MECTOPOXK-
nennst «Kusktby Takux (QyHKIHOHATIBHBIX TPYIII, KaK KapOOKCHUIIbHBIE, THPOKCUIBHBIE,
KapOOHHIbHBIC, aMUHOTPYIIIIBL, CIIOCOOHBIEC AKTUBHPOBATh WIIK HHIMOUPOBATh Pa3IHIHbIC
OHONOrHYECKUE TPOLECChl, OypbIli yrojb MOXET CIYy)XHUTh ChIPhEM Ui MPOU3BOJCTBA
KOMIUICKCHBIX OpraHOMHUHEPAIbHBIX YIOOPCHHUIA, a TAK)KEe MOKET CTaTh OCHOBOM IS pas-
paboTKky 3(PPEKTUBHBIX IPOLECCOB MO MPOU3BOICTBY LIEHHONW XMMHUYECKON MPOIYKIIHH.

KialoueBble ciaoBa: Oypblii yroyib, OpraHMYECKHE PACTBOPUTENH, IKCTPAKIIHS,
skcTpakt, UK-criekTp, GpyHKIMOHATBHBIE TPYIIIIBL.

BBenenue. B Oymymem B oTpaciu HedTermepepadbOTKH U DHEPTETUKE OTHO U3
BXHEHIINX HANpPaBICHUN — MOMYYCHUE U3 YIJISl KUIKAX TOTUIMB M XUMHUYECKUX
NPOAYKTOB. B memsx moiydeHus >KUAKUX MPOAYKTOB U3 YITIS B MPOBOJUMBIX
UCCIICIOBAHUAX OIIPEIEIISIOT €r0 COCTaB U MIPAKTUYECKYIO MIPoOjIeMy — cTpemIie-
HHUE HUCIOJb30BaTh OOraThIX 3aM1acoB MPUPOJTHOIO OPraHUYECKOTO ChIPhs. B memsix
PacTBOPEHMSI YIUII MOKHO Pa3I€IUTh OPraHUIECKHE paCTBOPUTEIH HA CIEAYIOLIIE
KJIACCBhl.

Pacmeopumenu xnacca A. Y Takux pacTBOpPHUTEIEN HU3Kas TeMIlepaTypa
KUIIEHHUS, K HIM OTHOCSTCS alleTOH, T€KCaH, CIUPTHI, CEPOYIIEePOA, XI0podopMm,
pacTBOpUTENH C 3aMKHYTHIMH IersiMd (O€H30J, IUOKcaH, THO(EH, TOJyol,
kemon). K pactBopurensim kiacca b oTHOCsTCS apomaTrdeckue 1 anupaTidecKie
COEMHEHUS C TIEPBUYHBIME aMHUHOTPYIIIAMH H a30T, (PEHON coepxKaliie rerepo-
LUKJIAYHbIE COSNHEHUS, KOTOpBIe 00JIaJatoT CpeaHeil TeMnpepaTypoil KUIICHHS.
Pacmeopumenu xnacca B — 310 BeliecTBa BEICOKON TeMneparypoii kunenus. K Hum
OTHOCATCS aHTpalleH, HaTalIuH, MPEH, PETeH, TeTPAIKH, aHTPALIEHOBOE MAacJIo.
[Ipu o6pabotke yris pactBoputensiMu kiaccoB b u B naer nabyxanue yris, a npu
WCTIOJIb30BaHUN PACTBOPHUTEISIMH Kilacca A HabyxaHHe He MPOorcXoauT [1].

Hcnonp3oBanne HOBBIX KOHIIETIINH, @ TaK)Ke MPAKTUIECKHUX METOI0B UMEET
OoJbIoe 3HaUeHue s 6osee 3 (hEeKTUBHOTO UCTIONB30BaHus yris. B padore [2]
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yzAenaeHo oco0oe BHIMaHHE HOBBIM METO/IaM [TUPOJTU3a: OKUCIICHUIO KUAKOH (a3bl
MpH HU3KHUX TeMIepaTypax M AKCTPAKIWH, KaK CPEJICTBA M3BICYCHHUS M3 CHIPbHS
IIEHHBIX XUMHUYECKUX BEIECTB, YUCTHIX TOILIMB M YTIEPOTHBIX MATEPHAJIOB.

B pab6ore [3] uccnenoBansl Oypeie yrnu Jloit SIn BHyTpeHHeld MoHronuu u
IOnnan rugporepmansaHpIM MeToa0M TTpH 350 °C u 20 MIIa B Teuenne 90 MUHYT.
Brixop sxctpakrta qocturan 30% 1uist Bcex OyphIX yTiei, 4To yKa3bpIBaeT Ha TO, YTO
TUAPOTEPMAaIIbHAS DKCTPAKIUS PUMEHUMA JIJIst OYPBIX YTIICH C Pa3InIHBIM CONIEp-
YKaHUEM 30J1bI U cepbl. Macc-CIIeKTPOMETPUYUECKUI aHAITN3 ITOJTyYeHHBIX 3KCTPAK-
TOB TIOKa3aJl, YTO HE3aBUCHUMO OT MCXOJHOTO COCTaBa YTJIS, )KUIKUE TPOYKTHI
XapaKTePU3YIOTCs COEAUHEHUSIMU CO CXOTHBIM MOJIEKYIISIPHBIM COCTABOM.

Tepmuueckasi SKCTpaKLUUsl ¢ IPUMEHEHHEM psila OPraHUYeCKUX PacTBOPH-
TeNel TIO3BOJISIET TMOJYaTh O€330JIbHBIC YIJIM, TaK HA3bIBAEMBIC «THIICPYTIIH».
BrnaronpuarcTByeT mporeccy 3KCTpaKIUK TakkKe HAIW4YHE B MOJICKYJIE JKCTpa-
reHTa aMHHOTPYIII, KOTOPbIE MOTYT pa3pylIaTh BOJOPOIHBIE CBsI3U B yriie [4-6].

[Ipu TepMopacTBOpeHHH yTIiiel B MEPBYIO oYepeb UAYT MPOILECCH IeCTPYK-
UK TTOJIMMEPHOTO YTOJIBHOTO BEIIECTBA C PA3PHIBOM MEKMOJICKYIISIPHBIX CBSI3CH.
MeTtomom BEICOK03(D(PEKTHBHOM KUAKOCTHON XpoMaTorpaduy onpeiesieH KauecT-
BEHHBIH ¥ KOJMYECTBEHHBIM COCTAB WHIWBUAYaJbHBIX MpEACTAaBUTENEH Kiacca
MOJUIUKIMYECKIX apOMaTHYECKHX YTIIEBOJOPOIOB B OPraHUYECKUX IKCTPAKTax
KaMeHHbIX yriei [7-11].

Panee HamMu OBLTM TIPOBEACHBI WCCIEIOBAHUS 0 SKCTPAKIIMOHHOW Tepe-
paboTke Oyporo yrist opraHndeckuMu pactBoputensmu [12, 13]. B macrosiiei
paboTte uccieoBaH yroib MECTOpOkAcHUS «KHUAKTBI», ¢ 1eNbI0 BBISABICHUS BeE-
IIECTBEHHOTO COCTaBa OPTaHUMYECKOW MACCHI YTIISL.

OKCITEPUMEHTAIJIBHA A YACTD

CeIpbeM JuIs MICCTIEIOBaHUS BBIOPAH yroib KUSKTHHCKOTO MECTOPOXKICHUS
HentpansHoro Kazaxcrana. ITo kauecTBEHHBIM ITOKA3aTEISIM yTOJIb OTHOCHTCS K
TYMYCOBBIM YTJISIM TEXHOJOTMYECKOH rpynmbl 3b W mMeeT cieayroniye Xapak-
Tepuctuku (Macc. %): Wdaf g 5. Adaf 17 1: \daf 47 2: Cdaf 74,3; Hdf 4,7; O%f 19,3;
N 0,8; S%f 0,9,

J1is mpoBeIeHUs] SKCIIEPUMEHTOB YTOJb YCPETHSITH, I3METhUANH JI0 pa3mepa
gactur] > 200 memr. [IpoObl yriisl TIMATENHHO XPAHWIUCH C COOJIOICHHUEM MEp
MPEIOCTOPOKHOCTH C TENBI0 TPEIOXPAHEHUS OT OKHCIICHHS, BO3MOXHBIX UCTOY-
HUKOB 3arpsi3HEHHS, KOTOPHIMH MOTYT OBITh PEAKTHBBI, aTMOC(Epa, MbLIb.

JKcTparupoBaHue yrisi IpoBOAWIH B 3KcTpakrope Cokciera mpH Temrie-
paType KHIIEHUS CICIyIOIIUX PacTBOPHTENE: OCH30J, TONYOJl, TeKCaH, TeNTaH,
xsiopodopm. [IpoIomKUTEIBHOCTS MpoIiecca SKCTPAKIUK COCTaBHIIA 6-8 4acoB.

Perucrpamuro criektpoB npoBoamiu Ha MK-Oypre crektpodoTomMeTpe Mo-
nenn Spektrum 65 (pupma «Perkin Elemer») B o6nactu cniektpa 4000-450 cm™. B
KauecTBe TabneTku ucrosib3oBaics KBr nuamerpom 3mMM. COOTHOIIICHHE YTIONb H
KBr 1: 200. OtHecenue nosnoc nororienune B MK-criekTpax mpoBoauaoch B COOT-
BETCTBHH C JIUTEPATYPHBIM AaHHBIM [14].
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PE3VYJIbTATBI U OBCYXIEHUE

HK-Dypre criekTp OEH30IbHOTO IKCTPaKTa MpeAcTanieH Ha pucynke 1. [Iu-
POKas MHTEHCHUBHAsI M0J0Ca TOTJIOUICHHUS CO CIOXKHBIM KOHTYPOM U YETKO BBIpa-
’KEHHBIM MakcUMyMoM npH 3447 cm! 00yciioBlicHa BaJCHTHBIMHU KOJIECOAHUSIMM
NH-rpyrm c1aboit ”HTEHCUBHOCTH.
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Pucynok 1 — UK-®Dypre ciekTp 6€6H30JIHOTO 3KCTpaKTa

IMonockr mornomenus npu 1478, 1393 cM™? cOOTBETCTBYIOT BaJICHTHBIM KOJIe-
6anusim CH-, CH»-, CH3- rpynimsl anKkaHOBBIX U LUKJIOAIKAHOBBIX CTPYKTYP, KO-
TOpBIC 3aMEIICHbl AJKWIBHBIMH ILEMSMH Pa3iUYHON UIMHBI, BKIIOYAIOIIUMH
nBOiHBIE cBA3u. Ha moromenue B o6mactu 1719-1670, 1810-1820 (1815) cmt
OKa3bIBAIOT BIUSIHNE BaJICHTHBIE KOeOaHust KapOOHWIbHBIX rpynn C=0, BO3MOX-
HO, TpEACTaBJICHHbIC KETOHAMH, ajbAerHaMu, KapOOHOBBIMH KHCJIOTaMU M UX
(YyHKIIMOHANBHBIMHI TPOU3BOAHBIMU. [looca mormomennss ¢ MakCUMyMOM TIPH
1176 cm? — neopmanmoHHbIe MIOCKOCTHBIE Konebanus cBaseit -OH crmpToB u
¢denonos. [IpucyrcrBue 6eH30uaHBIX CTPYKTYP C=Capon OTIpENCIISIETCS HATHIHEM
nosnoc nornomenus mpu 1618, 3035 1 3071 cmt. B apoMaTHYecKHX COCAUHEHUAX
Takke ObLIM OOHApYKCHBI alKWIbHBIE 3amectHTenu (849 m 774 cm?). Tlomoca
norsomenus npu 1035 cm™! xapakTepHa mepBMYHBIM CrMpTaM. AJIKEHaM COOT-
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BeTcTBYIOT MakcuMyMbl 3090 u 1754 cm?. 1528 cm? — »sT0 Makcumym, xa-
paKTEpHBI aMUIOBEIM CTPyKTypaMm. Ilonoca mornomenus mpu 2595, 2652 cm?
amuuel, 2818 , 2324, 2210, u 2360 cm* a3oTcoaep:xaliye, BaJeHTHbIE KOIEOaHMs
npu 3641, 3610 cm?! xapaktepusyror cBoGommbie rpymnsl OH B crmprax,
1248 >¢upsl, 553 ranoren opranudeckue coequneHus, 2906 u 2887 cBoOOHBIC
rpymsl OH B KapOOHOBBIX KHCIIOTAX.

HK-cniekTp TOMYONBHOTO SKCTPAaKTa OYpOro yriisi OTIIHYAeTCS 10 UHTCHCHB-
HOCTH TIOJIOC TIOTJIONICHUS aHATTU3UPYEMBIX (YHKIIMOHAIBLHBIX TPYII (PHCYHOK 2).
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Pucynok 2 — UK-®Dypre cekTp TOIyOJbHOTO IKCTPAKTa

ITonock! mormomterust mpu 2872, 1460 cm™ BeposiTHEE BCETO COOTBETCTBYIOT
METHJIEHOBBIM rpymmam, 1379 cm™! xapakrepusyer BaeHTHBIE KOJIEOAHUS METH-
JIOBBIX TPYIII C CUJIbHON MHTEHCUBHOCTHIO. IHTEHCHUBHOCTB IOJIOC MOTJIOILCHUS
BaJICHTHBIX Konebanuii MeTuineHoBbIX Tpynn (CH2) B obnactu 2919, obycnosnena
antucumMeTpuunbiMua (vas CHp) m cummerpuunbiMu (vs CHz) BaseHTHBIMU
kosiebanusamMu. OOpaiaer Ha ce0si BHUMAaHUE YBEIUYEHUE OTHOCUTEIBHBIX BBICOT
HoJI0C Toraomenus B obnactax 1650-1500 cm? (1604, 1523, 1572), 4t0 MOXKeET
CIly’)KUTb KOCBEHHBIM JI0Ka3aTeNbCTBOM Ipeo0iagaHusi B COCTaBe 3KCTPAKTa
KapOOKCHIBHBIX rpynm. O MPUCYTCTBUU B SKCTPAKTE AMHHOCOCIMHCHUI B BHUIE
aMHMHOB, aMHJIOB U AMUHOKHCJIOT ITOJTBEPKIAI0T [10JIOCHI IIOTJIOLIEHUS B 00JacTH
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1450-1500 (1495) u 900-650 cm™ (785), 4TO CBUIETENLCTBYET 00 yBEIUIEHUH B
COCTaBE OPraHMYECKOTO BEIIECTBA IKCTPAKTA a30TCOACpKANUX BemecTB. [1omockl,
HPOSIBJIAIONIMECS B JJIMHHOBOIHOBOM 06nacTu cnektpa, npu 1156, 1030, 895 cm
XapaKkTepu3yrT KonebaHus GpparMeHTOB apoMaTudeckoro sipa. [lomockr morio-
menus B obmactu 3095-3010 (3086, 3062, 3027) cMm?! yka3bIBalOT Haludue
ankeHoB. [l aJKeHOB XapaKTEPHBI MOJIOCHI MorjoiieHus B odgactu 1850-1800
(1803) cm?t, 694 umc-ankensr, 1175-1225 (1178, 1210) MoHO3aMeLIEHHBIE B
apeHax, nuzamernennbie 895 cm! m 842, 770-800 (785) tpusamemennsie, 1410-
1310 (1379) denonsr, 1030 u 1081 cm? cnupTel nepBuyHbIE MO0 BTOPUYHBIE,
1106 Tpetnunsie ciupthl, 1260-1240 (1248) nukimyaeckue 3pUpPHI U STTOKCHCOSTH-
HEHUS WU apOMAaTUYeCKHe W BUHHIbHBIC 3uphl. 1734 mpenenbHble amudaTu-
yeckue anbpaeruasl, 1706 cmt HeTpeAeNbHbIC anbaeruibl, 3437 BTOPUUHBIC aMU-
e, 2734, 2585 amuHOKHCTOTH, 2334, 1942, 1857 conm aMHHOB, TEPBUYHBIC
aMuHbl 694, 521 opraHMYecKHe raJoreHbl.

HUK-Oypre CHEKTPOCKONMHYECKOE HCCIEAOBAHUE T€KCAHOBOTO JKCTPAKTa
Oyporo yris ToKasano, YTO OH COCTOHT, B OCHOBHOM, W3 YTIJIEBOJOPOJIOB Mapa-
(DMHOBOTO psijia, YTO BHIPAKACTCS BHICOKOW HHTEHCUBHOCTHIO ToJI0Cc Tpynn —CH»
n —CH3 (pucyHok 3).
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Xopollo BUAHBI MOJOCHl BHICOKOM MHTEHCUBHOCTH mpu 2927, 2874, 1466,
1378, 1 725 cmt. UnTencuBHOCTS nonoc (725 em™) u (1378 cm?t) cBunerenscTByer
0 HaJIMYMH JUIMHHBIX anTKMibHBIX Heneit (CH2)n, e n > 4; (1466, 1378, 725 cm™)
1o Co1, a TakKe 0 MPEUMYIIECTBEHHOM cBs3biBanny CHs-rpymnmn ¢ Heapomatudec-
kuMH (parMeHTamu. BajeHTHbIC KoeOaHUs JBOMHBIX CBA3CH U apOMAaTHYECKUX
COCJIMHEHWH HE WICHTU(QUIIMPOBAHBI. 3a MOTJIOMEHUE U3TYYEeHUSI B KOPOTKOBOJI-
HOBOI o6nactu cnektpa 1175-1000 cm? (1136, 1065, 1018) OTBETCTBEHHBI Ba-
JIEHTHBIC KOJICOaHMsI CITUPTOBBIX U YTJIEBOIHBIX THIPOKCHIIBHBIX TpyII. 1293, 905
— TpaHc-ajikeHbl, 1683 — TeTpazaMelticHre pHu IBOMHON CBs3H, 1958 — aieHsl,
1247 — »>¢ups1, 603 — ankunel, 1341 — nepBUYHBIC WM BTOPHUYHBIE CIIUPTHI, 794,
2673, 2732 — anpnerunsl, 1619 — nukeronsl, 1219 — C-O cBs3u B kKapOOHUIBHOM
rpymme, 3436, 758 — nepBuuHble amMuHbL, 2183, 2028, 1854 — comu aMuHOB.

HNK-Oypbe CHEKTPOCKONMYECKOe WCCIEAOBaHHE TEeNTaHOBOTO 3JKCTpaKTa
Oyporo yris mokasajo, 4TO OH COCTOHT, B OCHOBHOM, M3 YIJIEBOAOPOIOB napadu-
HOBOI'O Psijia, YTO BBIPAYKACTCS BBHICOKOW MHTEHCHUBHOCTBIO MoJio¢c rpymmn —CH; u
—CHs (pucynok 4). XopoIio BUIHBI TOJIOCHI BBICOKOW MHTEHCHUBHOCTH Iipu 2959,
2858, 1466, 1378, u 875 cml. MuTencusHocth nmonoc (875 cmt) u (1378 cm?)
CBHIETEIBCTBYET O HAJUYNM JUTMHHBIX aNKUIbHBIX nemnei (CHz)n, roe n>4; (1466,
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Pucynok 4 — UK-®dypse criekTp rentaHoBOrO 3KCTPaKTa
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1378, 875 cm?) 10 Ca1, a Takke O MPEMMyIIECTBEHHOM CBsizbiBanu CHa-rpynm ¢
HeapoMaTHUeCKUMH (pparmeHTamu. BaneHTHble KoneOaHus OBOWHBIX CBS3EH U
apOMaTUYECKUX COCIUHEHUH He UICHTU(UIIMPOBAHbI. 32 IOTJIOLICHNE U3TyYeHUs
B KOPOTKOBOJIHOBOM o6nactu criekrpa 1175-1000 em™ (1136, 1076, 1021) otBet-
CTBEHHBI BAJICHTHBIC KOJEOAHUSI CIHPTOBBIX U YIIEBOJHBIX THAPOKCHIIBHBIX
rpym. 1301 TpaHc-anKeHbl, TeTpa3aMelieHUe MPH JBOWHON CBSI3U OTCYTCTBYET,
674 n 723 cm! muc-ankensl, 651 cm? ankunel, 1341 nepBUYHBIE WM BTOPUYHEIE
crupthl, 2669 n 2731 cmt anbaeruasl, 3436 nepeuunbie aMunbl, 1234 cm? cBo-
OOHBIE TUAPOKCUIBHBIE TPynIbl, 931 cM™! nukmmyeckne >pupeL.

OTtHocUTeNIbHAsE UHTEHCUBHOCTh M IOJIOXEHUE I10JI0C MOTJIOIIEHHs XJIOpOo-
(hOPMHOTO IKCTpaKTa HAIOMHHAET MPEABIAYIINE CIIEKTPHI (PUCYHOK 5).
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Pucynok 5 — UK-@ypbe criektp X10pohOopMHOTO IKCTpaKTa

ITo amanmorum, obmacts MK-crekrpa 3500 cM™ xapakTepH3yeT BaJeHTHBIE
KoJeOaHUsI Pa3IMYHBIX THUIOB THAPOKCHWIBHBIX Tpymil. O HaTUYUW YTIIEBOJHBIX
CTPYKTYp TaKXe CBHUICTCILCTBYIOT IOJIOCHI TOTJIOIIEHUS C MaKCUMyMaMH ITIpU
1088 u 1048 cm. B o6mact 3080-3030 cm’ HaGmomaeTCss HECKOIBKO TOJIOC
BaJIeHTHBIX KoseOannii C-H cBs3eii oueHs cnaboit naTeHcnBHOCTH. [Tonoca morio-
menns npu 2950-2975 m 1381 xapakrepHa ankaHaM. OJHAKO MHTEHCHUBHOCTH
uuskas. Ilonoca 1452 cm? (CH,) cpensell MHTEHCHMBHOCTH. 723 LMC-aJIKEHBI,
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803 medopmarmonnsie konebanus C-H B ankeHax, 1654 BaneHTHBIC KOneOaHUs
C-H B ankenax, 2135 u 2100, 2255 BaneHTHBIE KOJIcOaHMS B KyMYJIHPOBAaHHBIX
cB3sX, 880-aJMKWiI3aMecTUTENM B apOMAaTHYECKUX coeluHeHusix, 1274 s¢upsl
HENpPEeebHBIX an(aTUIeCKuX KUCIOT, 2541, 2560, 2414, 1924 conu aMUHOB.

Cpasuenne MK-crieKTpoB SKCTPAaKTOB MO3BOJIAET CAENATH BEIBOJ O TOM, YTO
CHEKTPBI UMCIOT MPAKTUIECKU OJIMHAKOBBIN HA0OP MMOJIOC MOTIIONICHHS, YTO XapakK-
TepU3yeT WX OJMHAKOBBHIM HAOOPOM ATOMHBIX T'PYII, THUIIOB CBS3EU, HJIEMEHTOB
ctpoeruns. OTHAKO Pa3IHUKe MOJI0C TOTIIONEHUS 10 HHTCHCUBHOCTH B OTACITBHBIX
paspe3ax TOATBEP)KIAaeT HEOAMHAKOBYIO CTEICHb H3BICUCHHUS OPTaHUIECKUX
coequHeHnid. B oTimume OT OEH30JIBHOTO 3KCTPaKTa B TOJIYOIBHOM 3KCTPAKTE
HaOIIIO/TaeTCs YBEITUYCHUE a30TCOAEpKAIUX CoeAnHEeHWH. B oTimume ot OeH-
30JILHOTO U TOJYOJIBHOTO 3KCTPAKTOB, B TEKCAHOBOM U T'EMITAHOBOM JIKCTPAKTaX
BaJICHTHBIE KOJIeOaHWsI ABOWHBIX CBS3€H M apOMaTHYECKHUX COCIUHEHHI, a TaKXKe
BaJICHTHBIE KoJeOaHus1 KapOOHUIBHBIX M KapOOKCHUIIBHBIX TPYII He 00HAPYKEHBI.
B xnopodopMHOM 3KCTpakTe NpeodIaialoT CoAeP)KaHnsd THAPOKCHIIbHBIX TPYIII,
a TaKXKe HEMPEISTbHBIX M ApOMaTHICCKUX COCTMHCHIM.

Takum oOpazom, OGiarogapss HATMYUIO B SKCTPAKTaX OYpOro yIiisi MECTOPOK-
neHust «KusKTh» TakuX (YHKIMOHAIBHBIX TPYII, KaK KapOOKCUIbHBIE, THIPOK-
CWJIbHBIC, KAPOOHMIIbHBIC, AMUHOTPYIIIIbI, CHOCOOHBIC AKTUBUPOBAThH MJIK HHTUOM-
pOBaTh pa3nuyHble OWOIIOTMYECKHE IIPOLECCH, OYpPBIA yrollb MOXET CIYXHUTh
CBIPBEM JUIS TIPOM3BOJICTBA KOMITJIEKCHBIX OpPraHOMHHEPANBHBIX YIOOpeHWH, a
TaK)Xe MOXKET CTaTh OCHOBOH i pa3paboTKu 3(()EKTUBHBIX MPOIECCOB IO MPO-
HU3BOJCTBY LIECHHOW XMMHYECKOHN MTPOTYKIUH.
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Pe3iome
K. T. Ewosa, K. K. Kaupbexos, A. M. Manabaesa

UK-OYPBE CIIEKTPOCKOIIMAJIBIK ©AICTIEH
KOHBIP KOMIPIH OPTTAHUKAJIBIK 3ATTAPBIH 3EPTTEY

Makanana KypambiHia O€H30J1, TOJYOJI, FeKCaH, TenTaH, xJopodopM Oap epiTkii-
TEpJiH KaiiHay TemIlepaTypajiapbl >KaraaiapblHAarel opranapaa «KuskreD» KeH OpHBI
KOMIpiHiH CYHBIK OHIMJEpre aifHaly YIepiciH 3epTTey 1iH HoThxKenepi kenrtipiareH. KoHpip
KOMIpJIeH aJbIHFaH CYWBIK OHIMICPAiIH XUMUSUIBIK KypamMbIHBIH epekmenikTepi UK-Dypre
CHEKTPOCKONMAIBIK o/ticTieH 3epTTenreH. bensomnnsl sxcTpakTTeiH MK-cniexTpinge anudar-
TBI, QPOMATTHI, OTTEK KYPaM/bl, a30TThl KOMIPCYTEKTI KOCBUIBICTap aHBIKTAIFaH. Toiryo-
161 3KeTpakTThIH VIK-criekTpi aHbIKTanFal (GyHKIIMOHAIIBI TONTAPIBIH JKYTHUTY JKOJAaKTa-
PBIHBIH KapPKBIHIBUIBIFBI OOWBIHINA epeKIIeTIeHEeTiHI OaifKanmbl. I eKcaHabl ’KoHE TeNTaHab]
sKkcTpakTThuTapabiH UK-criekTpiepinae HeriziHeH napaduHAi KOMipCYTEKTSPAiH KYTHLTY
xKonakTapbl aikpiHaanabl. CoHbiMeH, «KHUSKTBD) KEH OpHBI KOHBIP KOMIpIHIH CYHBIK
OHIMJIEPiHIH KYpPaMbIHa aMHH TONTapPbIHBIH, KApOOKCUIIBA1, THIPOKCUIIbIL, KapOOHUIIBI
(GYHKIIMOHAJIBI TONTAPABIH OOJYbI XoHE OYJI TONTAPABIH OPTYPIIi OHOIOTHSUIIBIK yAepic-
Tepai OenceHaipy Hemece Texey KabuneTTiliriHe OaillaHBICTBI, KOHBIP KOMIp KEUICHII
OpTraHUKaJIBIK-MUHEPAJIAbI THIHAMTKBIILITAP OHAIP] YIIiH MIHKI3aT Ke3i, COHAali-aK OaraJsl
XUMISUTBIK OHIMIEp OHIipici OOMBIHINA THIMI YASpICTepIi &Kacay YIIiH HeTi3 0oia anaib.

Tyiiin ce3mep: KOHBIP KOMip, OPTaHUKAJIBIK €PITKIIITED, SKCTPaKIus, IKkcTpakt, K-
CHEKTp, PYHKIIMOHAIBI TOTITAp.
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Summary
Zh. T. Yeshova, Zh. K. Kairbekov, A.M. Manabayeva

THE STUDY OF ORGANIC MATTER OF BROWN COAL
BY THE METHOD OF IR FOURIER SPECTROSCOPY

The results of the study of the transformation process of brown coal from the Kiyakty
Deposit at the boiling point of solvents in media containing benzene, toluene, hexane,
heptanes, and chloroform are presented. The features of the chemical composition of brown
coal extracts using IR-Fourier spectroscopy are revealed. Aliphatic, aromatic, oxygen-
containing, and nitrogenous hydrocarbon compounds were found in the IR spectrum of
benzene extract. The IR spectrum of toluene extract differs in the intensity of the absorption
bands of the analyzed functional groups. In the IR spectra of hexane and heptane extracts,
absorption bands of paraffin-type hydrocarbons were mainly detected. Thus, due to the
presence in extracts of brown coal deposits "Kiyakty" such functional groups as carboxyl,
hydroxyl, carbonyl, amino groups, are able to activate or inhibit various biological
processes, coal can serve as raw material for the production of complex organic fertilizers,
but can also be a basis for the development of efficient processes for the production of
valuable chemical products.

Key words: brown coal, organic solvents, extraction, extract, IR spectrum, functional
groups.
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A. A. HJEIIETOB, A. C. JKUT'AJIEHOK,
C. T. KOXMETOBA, A. K. T'AJIEEBA, A. II. KYPBATOB

ATTI «Lentp GU3HUKO-XMMHUYECKHX METOJ0B HCCIICAOBAHMS M aHAIN3a»
Kazaxckuii HallMOHAJIBHBINH YHUBEpCUTET UM. anb-Dapadu, Anmatsl, Pecybnnka Kazaxcran

PA3ZPABOTKA KATOAHOI'O MATEPHAJIA CO CTPYKTYPOM
JJAHTBEMHUTA JJIs1 HATPUU-UOHHBIX AKKYMVYJISITOPOB

AnHoTanus. [{enpio naHHON pabOTHI SIBJISAETCS IMOJYYCHHS TBOHHOM CONH CyibdaTa
Hatpus-mMapranna (1) co cTpykTypol naHrOeHHWTa MOCPEICTBOM JJIEKTPOXUMUYIECKOM
MOJISIPU3AIINH, U TATbHEHIIIEro MCIONb30BaHMs €r0 B Ka4eCTBE KAaTOAHOTO MaTepHaja
JUIS HATPUU-MOHHBIX OaTapeil. B kauecTBe MCXOIHOM COJM BBICTYMAJICHHTE3UPOBAHHBIN
nBoitHoM cynbdar kanus-mapranna (ll) ctpykrypsr ganrGeiinura. OCHOBHasI 3a1a4a Co-
CTOsIa B TOM, YTOOBI, HE HapyIIas CTPYKTYPhl KPUCTAJUTMYECCKOM PEIICTKH, MPOU3BECTH
3aMEHY KaJlus Ha HaTpHid. BBUT CHHTE3MpOBaH MaTeprall CTPYKTYPhI JaHTOCHHUTA BHICOKOI
YHCTOTHI, YTO MOATBEPIKIACTCS Pe3yIbTaTaMK pEHTTeHO(ha30Boro aHamu3a. CkaHUpyroIei
ANEKTPOHHON MHUKPOCKONHEH OBIJIO YCTAHOBIICHO, YTO B 00pasIle MPUCYTCTBYIOT arjioMe-
paTel pa3MepoM HECKOJIBKO MHKPOH. BBITO YCTaHOBIIEHO, YTO ACWHTEPKAJSINS Kalus B
HEKOTOPOW CTETICHH MPOWCXOINT Ha IIEPBOM IHUKJIE MOJSPU3AINN, TOTJa KaK HHTEpKas-
U] MOHOB HATPHS B CTPYKTYPY OCIOKHEHO M IMPOUCXOINT B HE3HAUUTEIIHHON CTENICHH B
pabodem okHe moTeHIMana. Takum 06pa3zom, OBLT PACCMOTPEH MMOTCHIUAIEHO HOBBIH Ty Th
pa3paboTKH KaTOIHOTO MaTepuaia sl HATPUH-HOHHBIX aKKyMYJISATOPOB.

KiioueBble cj10Ba: KaToll, 2JIEKTPOXUMHUUECKOE 3aMellleHne, JJaHTOeHHUT, HATpUii-
HOHHBIE OaTapeu.

BBeaenue. C KaXIapIM TOIOM TIOBBIIIAETCS] HHTEPEC K HATPUH-HOHHBIM Oarta-
pesM, Kak K JENICBOW albTepHATHUBE JTUTHH-HOHHBIM OaTapesm. Pacter xosmde-
CTBO pPa3pabOTOK HOBBIX MAaTEPUAIOB C BBICOKMMH SHEPreTUUYECKUMH Xapak-
TEPUCTUKAMH, YTO TTO3BOJIUT HATPUH-UOHHBIM OaTapesiM BBIATH Ha YPOBEHb KOM-
Meprmanm3anuu [ 1, 2].

Cpenu nepcreKTUBHBIX MaTepHajIoB 00Janaromeil 00IbII0N MOMyIIPHOCTHIO
JUIsS CO3AaHUsl HATPUH-MOHHBIX OaTtapeil cieqyeT OTMETHUTh MOJMOKCHaHWOHHBIC
karonHble MaTepuaibl co cTpykrypoii NASICON,c HeckobKUMU KaHATaMU IS
1 Qy3un HOHOB HATPHSL, YTO OJIArOTBOPHO CKa3bIBACTCSI HA EMKOCTH M KHHETHKU
MPOLIECCOB MHTEPKASIUU-TEUHTEepKaIsIuu [3, 4]. Cxoxel CTpyKTypoi, OJHAKO
MeHee U3YyUeHHOU B cdepe KaTONHBIX MaTEePHAIIOB SBISICTCS CTPYKTypa MUHEpaa
nanroeinut. [Ipennonaraercs, 4To ycrex MaTepHajoB CO CTPYKTYpO# JaHrOei-
HUTA TaKXe BEPOSITEH [5].

Matepuanbl co CTPYKTYpOH JIaHMOeHHUTa MPUBJICKAIOT K ceO0e BHUMaHHUE B
pasHbIX OOJACTAXTEXHUKHU (pa3paboTKa MOH-CENIEKTHBHBIX KEPAMHUYECKUX MEM-
OpaH [6], MaTepHralbl cO cCieU(PUISCKUMU OTITUIECKIMHU CBOMCTBaMH [ 7-8] u T.11.).
Bmepsreie Oonee moapoOHO cTpykTypa naHrOeiHWTa ObuTa ommcaHa B pabote
3emanHa A. u ip. [9]. MuHepan naHrOeHHHUT SBISIETCS POIOHAYATIBHUKOM OOJTBIIO-
ro U30MOP(HOTO psijia KPUCTAILIOB, BCE WIEHBI KOTOPOTO IPEICTABISIOT COOOH
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JIBOMHEIC CyNb(aThl OJHO- W JBYXBAJCHTHBIX METALIOB C OOImEeH ¢hopMyroi
M*2M %*5(SO4)s, rie M — K*, Cs*, NHs"; M" — HEKOTOpBIE IETOYHO-3EMENIBHBIE U
nepexoHbie MeTaTbl. CHHTE3 JaHHBIX MAaTEpHaloB OTIWYAETCS MPOCTOTOW U
3aKJIFOYAETCS B CMEIIMBAHUU CYIh(aTOB Kaus (WK 1e3Us, aMMOHHS) U MeTaJlia
B CTETICHH OKHUCIIEHUS +2 B HEOOXOIWMOM CTEXHOMETPHYECKOM COOTHOIIEHUH U
MOCTIEAYIONIMM OT)KHTOM TIPH OTHOCHTENHFHO HEBBICOKOH Temrieparype. Panee
MTPOBOIMIIUCH UCCIIEIOBAHUS 110 3aMEHE HOHOB KaJIsl HA MOHBI HATPHS U JINTUS Ha
cTaauu cuHTe3a (xuMmdeckuii croco6)[10]. beuto yctaHOBIEHO, YTO Takasi 3aMeHa
HE TIPUBOJHUT K OOpa30BaHHIO CTPYKTYpPHI JIAHTOCWHUTA, BO3SMOXKHO JIHIIbL Yac-
TUYHAS 3aME€HA UOHOB KAJIWs HA HATPHIA.

Lenpto naHHOM paboThHI SBISETCS 3JIEKTPOXMMUYECKOE 3aMELIEHHE HOHOB
KaJust Ha noHsl HaTpus B Matepuaie KoMnz(SO4)s, He Hapymias CTpyKTypy JaHr-
Ocitauta. [loay4yeHHBIN HOBBIM MaTepral MOT Obl UIMETh OOJBINON ycIeX B cdepe
KaTOHBIX MaTEPHUAJIOB JISl HATPHI-UOHHBIX aKKYMYJIATOpOB. biiarogaps Hanmauro
HECKOJIbKHMX CTeTIeHeH OKMCIICHHUSI MapraHIla JiyIsl IPOBEICHUS UCCIIEOBaHUN ObLI
BI>I6paH Kzan(SO4)3.

OKCIIEPUMEHTAJIBHAS YACTD

Jlnist cuHTe3a KaTOAHOIo MaTepHaia ObLIM HCIOJIb30BaHbI Cylb(aT Mapra-
ua (1) 1-soansrii (x4, OAO «Peaktuy), cynbdar xanus (x4, OAO «PeakTtusy).

K2Mn2(SO4)3 ObuT cHUHTE3MpOBaH cieayromuM o0pa3oM. BoaHbie pacTBOpbI
coneit cynpdara maprania (II) u cynbdara kamus cMelIMBaId B CTEXHOMETPH-
YEeCKOM COOTHOWEHHH 2:1, cooTBeTCTBeHHO. [locie yero MeaneHHO BhINapuBaiu
Ha IUINTE MpH NepeMelnBanun. TemnepaTypa HarpeBa cocrasisia 120°C. Ilpo-
LIECC CHHTE3a 3aK/II0Yalicsl B MEAJICHHOM M IIAHOMEPHOM BBIIIapUBAaHUU HE OT-
JeTTbHBIX KOMIIOHEHTOB, @ IMEHHO IBOWHOM COJN, KOTOpast 00pa3yeTcs B pacTBOpE
W BbIIIaaeT B TBepAoil (pasze. HemocpencrsenHo, Havamy mpoiecca NpeaiecTByeT
CTaaus 3aTyCTEBaHUS PACTBOPA, B CBA3U C YeM TPeOyeTCsi OCTOPOKHOCTH C KOHTPO-
JeM TOoJorpeBa BO HM30eKaHWE WHTECHCUBHOTO BCKUIIAHUS W PACIUICCKUBAHHS
pactBopa. [ n30aBneHus: OT KPUCTAUIM3ALMOHHON BOJBI, MOJTYUYEHHBIH TOPO-
ok 6611 oToX0KEH B nieun npu 300°C B atmocdepe aprona B TedeHUE 4 4acoB.

Jns uaeHTH(UKAIUE cOCTaBa MOJIYYEHHBIX OOpa3IoB MOCIE OTXKUTa ObLI
npoBeneH peHTreHogazopblii ananmus (AO «UHCcTUTYT TipobiieM ropeHus»). s
ompeneNeHusl pa3Mepa 4acTHIl MOITy4EeHHBIX 00pa3loB ObUla MPOBEACHA CKAaHU-
pyromas 3ekTporHas MUKpockomnus (AO «MHCTUTYT TOIUINBA, KaTalu3a U 3JIeK-
Tpoxumun uM. J1.B. Cokonbckoroy).

DNEeKTPOXUMUYECKHUE HCIBITAHUS MPOBOJMWINCH NPU IMOMOILM IOTEHIHO-
crara-raibBaHoctata Autolab B TpexsmexTposHOl sueiike, B syekTpoiute 1M
nepxjopara HaTpUsl B CMECH PacTBOPHUTENICH 3THIICHKapOOHAT/ TUMETHIIKapOOHAT
(B o6bemMHOM cooTHomenu 1:1). BeoMorarenbHbIM 371€KTpoAoM Oblia IJIaTH-
HOBas IJIACTHHA.

[Ipr W3rOTOBICHWU DJEKTPOJOB OBUIM HCIONB30BAHBI CIEAYIOIIUE MaTe-
puansl ¥ peaktusbl: amomuareBas ¢poasra (MTI KJ GROUP), TIMICAL SUPER
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C45 (MTI KJ GROUP), nmonusmammuaendropun (PVAF, SigmaAldrich), N-
MeTuanuppoiuaoH (SigmaAldrich, 99,9%).

UsroroeneHne 3MeKTPOIOB OBUIO MPOBEICHO B NIEPYATOYHOM OOKCE B aTMO-
chepe aprona. DEeKTPOAHAS MACTa TOTOBMIACKH myTeM cMeniuBanus KoMna(SOq)s
C YIJICPOAHOW MPOBOMAIICH 100aBKOH W CBA3yMOIUM KommoHeHToMm, PVAF, B
cootnomenun 70:20:10 mo macce, ocie yero OblIa HaHECEeHA Ha MTPEIBAPUTEIHHO
OYMIICHHYIO ATFOMHUHHEBYIO0 MOI0kKy. PVAF Obut ucnosib3oBan B Bume 3 %
pactBopa PVAF B N-metunmupponumone. Cylika NpoBOIUIACH IPH KOMHATHOU
Temrneparype B TeueHue 4 dacos. [locie yero nmpoBoauiiack Tiy0oKas CynikKa Mo
BakyymoM nipu 120 °C B Teuerne 12 gacos.

PE3VJIbTATBI U UX OBCYXXJIEHUE

CorracHo TaHHBIM PEHTTeHO(ha30BOT0 aHAIN3a (PUCYHOK 1) OBLITO TOATBEPXK-
JICHO, YTOPEaKIUs 00pa3oBaHMs JBOWHOU COJU WJACT MOJTHOCTHIO. [TomyueHHBIH
obpazerr obmamaer coctaBom KoMny(SO4)s co crpykrypoii manroeiinwra. I[Tuku
npuMeceid Ha audpakTorpaMMe OTCYTCTBYIOT.
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Pucynok 1 — JTuppakrorpammanonyderHoro oopasia KaMnz(SO4)3

ITockoNbKY peakius HACT B BHAE KPUCTAUIH3AIMHd M3 PacTBOPa, COOTBET-
CTBEHHO B 3aBHCHMOCTH OT YCJOBHIM KpPHUCTaUTH3AIMH BO3MOKHO ITOJYYEHHE
pasHbIX pa3sMEpOB KPHUCTALIOB. B JaHHOM ciydae BapbUpOBaHHE YCIOBHH HE
MIPOMCXOIIIO, M IOJTyYEHHbIE KPUCTAJLIBI UMEIH pasMephl, yKa3aHHbIE Ha PHCYH-
Ke 2.
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SEl  20kV WD10mm SS30 x10,000 1pm
Sample 12536 30 Dec 2019

PucyHok 2 — CHUMOK CKaHHPYIOLIEH 3JIeKTPOHHOM MUKpockonun obpaszua KaMnz(SOa4)s

U3 pucynka 2 BUAHO, YTO MONYYEHHBIH 00pa3el] COCTOUT U3 arjioMepaToB,
JOCTUTAIOIIMX Pa3MEPOB B HECKOJIBKO MUKPOH, UTO SIBJISIETCS JOCTATOYHO KPYII-
HBIM JJIS1 MCTIOJIb30BAHUS MaTepralla B 3JICKTPOXUMHYECKUX U3MEPEHUSIX, HO B TO
)K€ BpeMs JOCTaTOYHO MEJIKMM, YYMTBIBas yCIOBHUH Kpuctammuzanuu. Llensio
AIEKTPOXUMHUUECKUX BO3ACHCTBUI OBLIO, MpEeXIe BCEro, MOJIYYEHHUS IBOWHON
conu cynbdara Harpus-maprania (I1). B xadecTBe MCXOMHOM COJM BBICTyIAI
CHHTE3MPOBAHHBIN JBOWHOM cynbdar kamus-maprani@a (1) ctpykrypsr naHroeii-
Huta. OCHOBHAs 3a7jaya COCTOsUIa B TOM, YTOOBI, HE HapylIas CTPYKTYpbl KpHUC-
TAJJIMYECKON PEIIeTKH,IPOM3BECTH 3aMEHY KaJlisl Ha HaTPpUH B 3TOH CTPYKTYpe.
UroObl TaHHAsT peaKius MPOH30IIIa CAaMOTIPOU3BOJIBLHO H JIO KOHIIA HEOOXOIMMO,
9TOOBI HEPIrETUIECKOE COCTOSTHUE 3TOW CUCTEMBI ITOCIIE 3aMEHBI C HOHAMH HATPHs
OBUIO HIDKE, YeM B MCXOJHOM cocTossHUH. CyIsl IO MOBEAECHUIO KOTOpOe HalIIo-
JaeTcsi HeoOXOAUMO TIPUMEHEHHE JIOTIOJIHUTENBHBIX ycloBUH. [t 3TOro ObLIH
MPEINPUHATHI MOMBITKA OCYIIECTBICHHSI 3aMEHBI TIOCPEJACTBOM JIICKTPOXHUMH-
4eckoi mnossipu3anuy. VHBIMHU ClIOBaMHM, MPH aHOTHOW MOJSPU3ALMH IPEAIO-
Jlarajoch MpeBpallleHHe MaTepHayia Moja ACWCTBUEM NEHHTEPKASINUN Kalusi |
CMEHOW CTETeHU OKMCIIEHHS MapraHia. 3aTeéM B KaTOJHOM IpOIlecce Ha MECTO
JEUMHTEPKaJIMPOBABLIECIO KalHs WHTEPKaIMpoBaTh HaTpuil. Hike mpencraBieHst
YPaBHEHHS COOTBETCTBYIOIUX PEAKLIUI:

anonHas nossipusaimst: KoMna(SOs)s — Mny(SOs)3+ K* + €7,
karoaHas mosspusanus: Mn(SO4)s + Na* + € — NaaMn3(SO4)s.
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[Tpu sTOM cama 1o ceOe Takas 3aMeHa ¢ (pOpMaTbHON TOYKH 3PSHUS HE MIPE]I-
CTaBJIACT HUKAKUX TPYAHOCTEH, OJTHAKO PEUb UIET O HEOOXOAUMOCTH COXPAHEHUS
CTPYKTYpBI JJAaHTOCHHUTA, KOTOPast TP 3aMEHE OJJHOI'0 KaTHOHA Ha JAPYTroil MOXKET
OBITh pa3pylicHa.

W3 pucynka 3 B aHOIHOM 007aCTH MIEPBOTO IIMKJIABUIHO Y€TKO BHIPAKCHHYIO
BOJIHY, BEPOSATHO, OTHOCSIIIYIOCS K JCUHTEPKAIALIUU KaTHOHA Kains. Co BpeMeHeM
3TO BOJIHA PA3MIAXKMBACTCS M UCYE3a€T, UTO MOYKET CBUIACTEILCTBOBATH O TOM, YTO
JNEUHTEPKASIINAS Kallusl B KAKOH-TO CTENEHH OCYIIECTBUIACH HA TIEPBOM IHKIIe. B
TO’KE BpeMs B KaTOJHOM 00JIACTH BHIHO HAyajo BOJIHBI, KOTOpas HE JOBEACHA 110
HOTeHHI/IaJIy J0 KOHIIa, HHBIMH CJIOBAMH BHIHO I/IHTepKaHHHI/I}O KaTHUOHa HanI/ISI.
EcTecTBeHHO MOTEHIMANBI MHTEPKAISAINN HATPHUS U KAIHUS OTIMYAIOTCS MEKIY
co0oii. Bo3M0OXHO, 3TO CBSI3aHHO C TeM, YTO, CY/s IO HaOIFOIaeMbIM 3HAYCHUSIM
IIOTCHIIMAJIOB, HOHBI HanI/ISI HHTepKaHI/IpyeTCH xyxce, YeM HOHBI KaJIns.
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Pucynoxk 3 — L{uxyioBosibTaMIieporpaMmma 3J1eKTpoaa
Ha ocHoBe K2Mn2(SOs)3 (ckopocts passeptku 0,5 MB/c)

Ha pucynke 4 mokaszana 3apsiaHO-pa3psiiHas KpUBas HCCIEAYEMOro Mare-
puana. Jlanasie 6butH moryyens! mpu Toke 0,1CB HHTepBaie MOTEeHIMAIOB OT 2 10
4 B. ®opma mHonydeHHBIX KPUBBIX HECTaHAAPTHAs IIPEXAE BCEro M3-3a TOrO,
IIPOLIECCHI IEMHTEPKASILIMY KUl ¥ MHTEPKAJALMU HaTpUs He ObLIM TOCTUTHYTHI,
B BUJly YCTaHOBJICHHBIX JINMUTOB IO MOTEHLIAIY.
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Pucynok 4 — ['abBaHOCTaTHYECKHE KPHBBIE 3aps/Ia-pa3psia KccileyeMoro MaTepHaa
K2Mn2(SO4)3 ipu Toke 0,1C

3axiaouenue. B manHON paboTe OBIT CHHTE3MPOBAH MaTEpHall CTPYKTYPHI
JTAaHTOCHHHUTA BBHICOKON YHCTOTHI, YTO MOJITBEPKAACTCSA Pe3yJbTaTaMHU PEHTICHO-
¢azoBoro ananuza. CKaHUPYIOIIEH 3IEKTPOHHONH MUKPOCKOIIMEH OBbUIO yCTaHOB-
JIEHO, YTO B 00pa3iie MPUCYTCTBYIOT arjioMepaThl pa3MepoM HECKOIbKO MUKPOH.
Bruna npoBeieHa MoNbITKa 3aMEHBI KATHOHOB Kavst Ha KATUOHBI HATPHS B TAHHOM
MaTepHaje MOCPEICTBOM JIEKTPOXUMUYECKOHN MONMSpU3aluy, ¢ LEbI0 JanbHel-
IIETO UCTIONB30BaHMS €r0 B KAYeCTBE KaTOJHOTO MaTepralia JJisi HAaTPHii-HOHHBIX
Oarapeil. bblTO yCTaHOBIIEHO, YTO JIEMHTEPKATSINS KAUSI B HEKOTOPOH CTETIEHU
MTPOUCXOANT Ha TIEPBOM IIMKIIC TMOJSPHU3AIMH, TOT/Ia KaK WHTEPKAIAINS WOHOB
HATpHUsl B CTPYKTYPY OCJIOKHEHO M MPOMCXOAMT B HE3HAYUTEIHLHOW CTENCHH B
paboueM OKHE MOTCHIIHANIA.

BnaromapHocTb. ABTOPBI CTaThU BBIPAXKAIOT CBOIO OJIaroapHOCTh MUHU-
CTEepPCTBY HayKu 1 oOpazoBanus Pecriyonuku Kazaxcran 3a okazanue ¢puHaHCOBOR
MOJIIEPKKH TIPH BHITIOJIHEHUH JaHHOH paboTsl (mpoekTAP05131849).
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Pe3ome
A. A. U]enemos, A. C. XKueanenox, C. T. Koxmemosa, A. K. I'aneesa, A. I1. Kypbamos

. HATPUI-UOH/IbI AKKYMYVYJISITOPJIAP YIILIH
JIAHI'BEMHUT K¥PbUIBIMbI BAP KATO MATEPUAJIBIH ©3IPJIEY

JKyMBICTBIH MaKcaThl OJaH opi HAaTPUH-MOHIBI AKKyMYJATOPJApAbIH KaTox Mate-
pHaibl peTiHze NMaifanaHy YIIiH JIEKTPOXUMISUIBIK MOJISIPU3aNus XKOJIBIMEH JIAHTOCHHUT
KYpBUTBIMBEI Oap Hatpmii Mapraneniniy Kocty3piHamy Ooxpin Tabbutanpl. bactanmker Ty3
peTiHae JTaHrOEWHWT KYpPBUIBIMBIHBIH cHHTe3ZenreH Kockanuii cynbgarel-Mapraser-
cyabdater (1) Gomapl. Herisri MiHIAET KpUCTanbl TOPABIH KYPBUIBIMBIH Oy30ail Kaiuii
HATpUHMEH anMactbipy 00Jbl. JIaHTOSHHUT KYpBUIBIMBIHBIH JKOFapbl Ta3a MaTepualibl
CUHTE3/ICNIeH, OYJI peHTreHo(a3albIK Taljiay HOTHKeJIepiMeH pacTtananpl. CKkaHepIeuTiH
3JIEKTPOH/IBIK MUKPOCKOITUS YIIriie OipHele MUKPOH KeJIeMiHeT OeiekTep 0ap ekeHiH
kepcerTi. Kanuiinin nevHTepKamsiuusicel 0enrii 0ip Aspexene mosipu3anusHbIH OipiHIi
LUKJIBIH/A KYPe/i, ajl HATPUil HOHAAPBIHBIH MHTEPKAALUACH KYPhUIBIMFA KYpJeIeHel
MKOHE MTOTEHIIMAJ/IBIH JKYMBIC Tepe3eciHe eneyci3 qapexene xypeai. Ocpuiaiiia, HaTpuii-
HOHJBI aKKyMYJATOpJap YIIiH KaTOAMAaTepHUANIApPBIH J3ipJICyiH QJIEyeTTi jkKaHa TOCciii
KapacThIPBUIIBL.

Tyiiin ce3aep: KaTox, SMCKTPOXUMHUSIIBIK AIMACTHIPY, JIAHTOCHHUT, HATPHIATi-HOHIBI
aKKyMyJISITOpIIap.

Summary
A.A. Shepetov, Ya.S. Zhigalyenok, S.T. Kokhmetova, A.K. Galeyeva, A.P. Kurbatov

DEVELOPMENT OF CATHODE MATERIAL
WITH LANGBEHNITE STRUCTURE FOR SODIUM-ION BATTERIES

The aim of this work is to obtain a double salt of sodium manganese (I1) sulfate with
the structure of langbainite through electrochemical polarization, for further use as a
cathode material for sodium-ion batteries. The synthesized double potassium sulfate-
manganese (I1) sulfate of the langbeinite structure acted as the initial salt. The main task
was to replace potassium with sodium without disturbing the structure of the crystal lattice.
A material of high purity langbainite structure was synthesized, which is confirmed by the
results of x-ray phase analysis. Scanning electron microscopy showed that several microns
in size were present in the sample. It was found that potassium deintercalation to some
extent occurs on the first polarization cycle, while the intercalation of sodium ions into the
structure is complicated and occurs to a small extent in the working window of the potential.
Thus, a potentially new way of developing a cathode material for sodium-ion batteries was
considered.

Keywords:cathode, electrochemical substitution, langbeinite, sodium-ion batteries.
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V. M. JATXAEB?, P. 5. CEHJJAXMETOBA®,
M. T. OMBIP3AKOB?, JT. A. ABJJAMBAEB?, T. M. CEHJIXAHOB®

1AO «HucTuTyT XMMUYecKuX Hayk uM. A.B. BektypoBa», AnmMartel, PeciyGiuka Kazaxcran,
2HAO «Ka3zaxckuil HalMOHAIbHBIH MeauunHCKMit yHusepeuteT uM. C.J1. AcheHnuspoBay,
Anmartsl, Pecybnuka Kazaxcran,
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“Koxkmerayckuif rocynapcTBenHbIil yruBepcuteT uM. 111, Vanuxanosa, Pecrry6muka Kazaxcran

CHUHTE3 U IPOTUBOMUKPOBHASI AKTUBHOCTb AMUJIOB
®TOPBEH30MHBLIX KUCJIOT

AHHOTanmsi. B paMkax HacTOSIIEro MCCIEeIOBaHHUS CHHTE3UPOBAHBI aMHIbl (HTOp-
OEH30MHBIX KUCIIOT allJIMPOBAaHUEM ITUINIEPUANHA napa-, mema-, opmo-HTopOSH30HIXIIO-
punamu no [llorreH-bBaymany, KoTopbie B 3KCIIepUMEHTe iN Vitr0 IpOsSBHIN BHIPAKCHHYTO
IPOTUBOMHUKPOOHYIO aKTHBHOCTb.

AKTyanbHOCTh IPOBOJUMBIX B JIaHHOM HAIIPABJICHUU HCCIEJOBAHUIN OMMparoTCa Ha
CBEJICHUAX W3 JINTEPATYPHBIX NaHHBIX. O0Nanas pa3nuYHbBIMH CBOHCTBaMH, aMH[IBI CTa-
HOBSITCS. HOBOW TPYIION JIeKapcTB. Y aMHIOB BBIABICHO HECKOJIBKO (PYHKITMOHAIBHBIX
NeHCcTBUH, KOTOPHIE NEeNaloT WX BeCchMa MEPCHEKTHBHBIME B pa3pabOTKe HOBBIX IIperia-
paToB.

Peakmuro mpoBoamiu B aOCOIOTHOM O€H30JI€ TPH OXJKICHUHA U COOTHOIICHHH
aMuH: aumiupyrommii areHT = 2:1. IloayyeHbl KOMILIEKCHl BKJIIOYEHMSI COEIUHEHHMM C
[-IMKIOEKCTPHHOM.

CocTaB U CTpPOCHHME CHHTE3UPOBAaHHBIX COEAMHEHHM MOITBEPXKICHBI JaHHBIMU
anemeHTHoro aHanusa u UK, IMP cnexrpockonuu, HHIUBULYaIbHOCTh — TOHKOCJIOMHOM
xpomarorpadueii.

KoaioueBble ciioBa: amuzpl, GTOpOSH3OMIXIOPH], TTHIIEPUIUH, TPOTHBOMUKPOOHAS
AKTUBHOCTb.

OnHOM M3 MPUOPHUTETHHIX 33a/1ad CHHTETHYCCKON OPTraHWYCCKON XUMHUH SIB-
JIIETCS CHHTE3 HOBBIX COCIMHEHUN C OPUTHHANBHOU CTPYKTYpPOH, KOTOpHIE 00J1a-
JAIOT KOMIUIEKCOM IPOTHO3UPYEMBIX CBOHCTB. [loMCK HOBBIX 3()()EKTHBHBIX
JICKAPCTBEHHBIX BEIIECTB BKJIIOYACT B ceOs MpUEeMbl MOIUDUKAIIUU YXKE CYIIe-
CTBYIOIIMX BEIIECTB C BBIPAKEHHBIMH (apMaKOJIOrMIECKUMU CBOWCTBAMH WIIN
co3/manus abCONIFOTHO HOBBIX KIIACCOB OPTaHMYECKUX COCAUHECHUU. BBenenue B
MOJIEKYJTy MOTEHIIMAIIBHOTO JICKAPCTBEHHOTO BEIIECTBA JIOTOIHUTEIBHOH (hapma-
KO(GOPHOH TPYIITEI MOXKET «IPUBUTH» €My HYXKXHYIO OHOaKTHBHOCTh WIIH JIaXKe
YMEHBIINUTH TOOOYHBIE CBOMCTBA TaKHE KaK TOKCUIHOCTb.

JlaHHOE Hay4YHOE WCCIEIOBaHKE IOCBSIICHA Pa3pa00TKEe METOJOB CHHTE3a
HOBOTO TTOKOJIEHUS! OWONIOTMYECKH aKTHBHBIX BEUIECTB, B YAaCTHOCTH, aMHIIOB
(hTOopOEH30MHBIX KUCIIOT.

Brnarogapss MHOTMM HCCIIEIOBAHUEM CTaJIO SICHO, YTO 3TH (DU3HOIOTHYSCKU
AKTUBHBIC MOJICKYJIBI, aMUJIbI 00JIaIal0T MIMPOKUM (PYHKIIMOHAIBHBIM CHEKTPOM
MOCPEACTBOM MHOTOKPATHBIX MEXaHU3MOB JEHCTBUSI.
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Cpenu mMpou3BOIHBIX aMHUIOB HAMIEHBI BEIIECTBA C MPOTHBOCYIOPOKHBIMU
[1], amampreTudeckuMu [2], TPOTHBOTPUOKOBEIMHU [3] M aHTHOAKTEPHATLHBIMHU
[4, 5] cBoicTBaMH.

[uknuyeckuM aMUHOM, BOBJIeYeHHBIM B peakuuto lllorren-baymana sBmus-
ercst munepunut (1).

[Munepuaun (1) BIepBBIC BHACICH W3 Tepra. [IumepuanHOBEIA (parMeHT
SBIISIETCS. COCTABHOW YacThi0 OOJNBIIOTO KOJMYECTBA ANKaJOWAOB. Tak mumepu-
JTUHOBBIHN ITMKJI BXOAWUT B COCTAaB aJKAJIOW]a KOHUHHA, CONEpKaIIerocs B OOIH-
TOJIOBE MSATHICTOM, B COCTaB MHUIIEPHHA, KOTOPBII MPUAAET KIYUHA BKYC YEPHOMY
nepiy. Taxxe B Solenopsin Tokciuae OrHeHHBIX MypaBbeB. [IunepuanH mupoko
UCTIONB3YeTCA B KAUECTBE PACTBOPHUTEINSL, KATAIN3aTOPa, CTPOUTENLHOTO OJIOKa J1s
(dapMarieBTHIeCKUX TpenaparoB. HampumMep: MapoKCeTHH, PUCIEPUIOH, METHII-
¢denungar, THOpHIA3WH, Tajonepuaoi, apornepuaon. llunepuaun (1) sBisercs
OMOJIOTUYECKH aKTUBHBIM BELIECTBOM, IOCTOSIHHO MIPUCYTCTBYIOIINM B OpraHU3Me
KHBOTHBIX M YelloBeKa. B opranu3Me MO3BOHOYHBIX OH CHHTE3UPYETCS U3 THAMH-
HOMOHOKapOOHOBOW KHCJIOTHI JM3WHA uepe3 CTaAHi0 OOpa3oBaHUS MHIIEKOJIH-
HOBOU KHCJIOTHI [6-14].

B nponomxkennu pabot no cMHTE3y OMOJIOTHYECKH aKTUBHBIX aMHJIOB [15] B
paMKax HacTosIIed paboThl MOJTYYEeHbI aMUABl napa-, mema-, opmo-hropoeH-
30MHBIX KUCIIOT.

C nenbto cuHTeTHYECKOU cOOpKH (hapMako(OPHBIX CTPYKTYPHBIX (hparMeH-
TOB, IPUAAIONINX MOJIEKYJIC 3a/IaHHBII THUI OMOAKTHBHOCTH, ITPOBEJICHA IIeJIeHa-
MpaBJeHHAs MOAU(UKAIHSA, TTO3BOJISIONIAs OOBEAUHUTD B OJHY MOJIEKYNY TaKHe
(hapmakoopHBIE TPYIIEI KaK MUATIEPUIUHOBEIN U (TOpPEHMIBEHBIE (PparMeHTHl,
YTO OYEBUIHO, MOKET MPHUBECTH K HOBBIM MOTECHIMAJIHHO OMOJOrMYECKH AKTHB-
HbIM coenuHeHusM. C 3TOll Liebl0 MpOBENeHO alnpoBaHue nunepuauHa (1)
napa-, mema-, opmo-propoenzomnximopunaamu 1o lllorren-baymany. Peaknmio
MIPOBOAMIN B aOCONIOTHOM OCH30JE€ MPHU OXJIAKICHUH. AMUH @ alWIHPYIOIIAN
areHT B3STHI B COOTHOIIIEHUH 2:1.

O
(@]
(O Rt (ywive] + (ke
1 24
F F

PeaknmonHyio cMech nepememinBaroT B TeueHue 1 4. KoHTposb 3a XxonoMm
peakuu mpoBoamk 1o TCX. BreImaBmmii ocagok THAPOXJIOPHIOB HCXOITHBIX
AMUHOB OT(WIBTPOBBIBAIH, MATOYHUK YIIAPUBAIH I0CYXa, OCTATOK, IPEJICTABIISICT
co00ii 11e1eBbBIE TTPOIYKTHI PEAKIIMH — aMHIBI KAPOOHOBBIX KHCIIOT (2-4).
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CuHTE3UpOBaHHBIE aMHUJbI BBIACICHBI, OUMIIEHBI U OXapaKTepU30BaHBI Ha
ocxosanuu ganubix UK, SIMPRC crekTpockonuy, NHIMBHIYAIbHOCTh — TOHKO-
cioitHoM xpomarorpadueit. Berxonsl, mannsie Rf, ajgeMeHTHOr0 MHKpoaHanmsa u
UK cnekrpockonuu npeacTaBieHsl B Tabnuue 1.

Tabmuua 1 — Beixon, Ry, nannsie mukpoananusa u UK criekrpockonuu amuzios (2-4)

Haiigeno , % UK cnekrtp, Bpyrro -
Coenu- | Beixon, Tu, Re* BhIunciieHo cmt dopmyna
HEHue % oC —
C H Cc=0 C-H
0,78 69,03 6,52 2854.5,
2 64 58-60 _|_69,54 6.81 1635.0 2927 1 C12H14NOF
0,78 69,15 6,48 2857.2,
3 50 Macno _|_69,54 6.81 1635.1 2938 8 C12H14NOF
0,76 68,93 6,45 2857.3,
4 49 Macio _|_69,54 6.81 1627.1 29155 C12H14NOF
*[Ipumeuanue. SIMOCHT - OEH30JI:INOKCaH = 3:2.

B UK cnekTpax amunos (2-4) ucuesaer nosnoca noraomenus N-H mpu 3500-
3300 cm?, HaGmomaeTcs MHTEHCHBHAS MOJIOCA HOTIIOIIECHHS KapOOHMIIA aMUTHON
rpymnsl (C=0) B ob6mactu 1627,1-1635,0 cml, a Taxxke momoca HOTIOIIECHHS B
obnmactu 2854-2938 cm?, KoTOpas CBUIETENBCTBYET O BAIEHTHBIX KOJEOAHUSIX
HACBHIIIEHHON METHIICHOBOW TPYIIIIEI.

B cnexrpe SIMPY C neneBbix amunoB GpTopOEH30MHBIX KUCIOT (Tabauma 2)
HabJromaeTcs HaJMYMe BBHICOKOYACTOTHBIX CHHIJIETHBIX CHUTHANOB KapOOHHIIOB
aMHIHOH rpynnsl Habmogaercs npu 165,17-168,47 m.1., a Taxke atombl C-F o
BIUSHUEM IeTepoaToMoB ()Topa maeT curHaia B Oosiee ciabom moje (164,11;
162,58; 123,85- m.11. ), COOTBETCTBEHHO, /ISl COSAMHEHUIT 2-4.

Tabauua 2 — 3HaueHnss XMMHYECKUX CIBUIOB aTOMOB yriiepoaa B criektpax SIMP 12 C amunos (2-4)

Coenu- Xumnueckue casuru (CDCl3), §, m.x.
HEHUE C-2 C-3 C-4 C-5 C-6 F-chernn C=0
4-F-C 164,11,
2 48,61 | 26,40 | 22,54 | 25,77 | 42,93 133.41: 129,74: 115.94; 129,74 168,47
3 | 4877 | 2658 | 2457 | 25,63 | 43,04 | ST C 1062581 138,55, 122.52; 154 47

130,33; 116,46; 114,13;

2-F-C 123,85; 158,12;115,75;
4 48,24 | 26,40 | 24,51 | 25,60 | 42,95 131.00: 124.64: 128 88- 165,17

AMHUIBI B OCHOBHOM TIPEACTABIISAIOT cO00# Maciioo0pa3Hbie MpoAyKThl. [1po0-
JieMa TONyYeHHsT KPUCTAILNTMYECKUX (HOPM MOTEHIUAILHO OMOJOTUYECKU aAKTUB-
HBIX COSAMHEHHH OblJIa pelieHa ¢ TOMOIIBIO KOMIIJIEKCOB BKIIIOUESHHS COSAMHEHHUN
C B-LUKIOICKCTPHHOM.

C uenbio u3ydeHuss OMOJIOTHYECKON aKTUBHOCTH CHHTE3UPOBAHBI KOMILJIEKCHI
BKITIOYEHUS aMUI0B (2-4) ¢ B-IHKIOJEKCTPHHOM.
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Komrmiekcrl BKIIOUEHUS ¢ B-mUKIoaeKcTpuHOM 1-(TI-TopOeH30MmITaMu ) u-
nepuanHa (2) mox mmdpom [IMII-1, 1-(M-pTopOen3omnamun)nunepuanta (3) moa
mrdpom [IMII-2, 1-(o-pTopOenzomnamun)nunepuanna (4) nox mudpom [IMII-3
OBbUIH U3yYEHBI HAa IPOTHBOMUKPOOHYIO aKTHBHOCTb.

Uzyuenne aHTHOaKTEpUANILHOW AaKTHBHOCTH BBIIIEYKa3aHHBIX 00pa3LoB
MPOBOJIMIIOCH IO OTHOIICHUIO K IITaMMaM TpaMIOJIOKUTENLHBIX OakTepuil Sta-
phylococcus aureus, Bacillus subtilis, rpamorpuniarenshbix mrammoB Escherichia
coli, Pseudomonas aeruginosa, mccienoBaHWe HAa aHTHIPUOKOBYIO aKTUBHOCTh
MPOBOJMIOCH B OTHOIIEHHM ApoxckeBoro rpubka Candida albicans meronom
mud¢ys3un B arap (myHok). [IpenapaTsl cpaBHeHHS — OSH3WITIEHUIIIIIINHA HATPHE-
Bas COJIb ISt OaKTepuil ¥ HUCTATUH Ist IposokeBoro rpubka C. Albicans [Hasa-
wun, C.M. Payuonanvnasn anmudbuomuxomepanus / C.M. Hasawun, U.11. Domuna
// Cnpagounuk. — M.: Meouyuna, 1982. — 496 c.].

PesynbTaThl OHONOTHYECKOTO HCCIICOBAHMS Ha aHTHOAKTEPUATTFHYIO M aHTH-
rpubkoByto aktuBHOCTH 00pasnos [IMII-1 - [IMII-3 npuBenens! B Tabnuue 3.

Tabnuua 3 — AHTUMUKpPOOHast akTUBHOCTH 00pa3ios [TMII-1 - [TMII-3

ind St. Bac. E. Ps. C.
s Tia aureus Subtilis coli aeruginosa albicans

cree ATCC 6538 | ATCC 6633 | ATCC 25922 | ATCC 27853 | ATCC 10231
TIMTI-1 16+0,1 20+0,2 1740,2 15+0,1 170,1
TIMIT-2 15+0,1 17+0,1* 14+0,2 - 14+0,3
IMII-3 16+0,2 16+0,1 15+0,1 12+0,1 16+0,1
bemsun nennummna |- g5 4 1540,1 16+0,1 1440,2 -
HanI/IeBaSI COJIb
Hucrarna - - - 21+0,2

*JlocToBepHOCTD paznuuuii p<0,05 1o cpaBHEHMIO C TPYNIION CpaBHEHUSL.

Kax BumHO W3 pe3yibpTaToB, NPEICTAaBICHHBIX B Tabmuie 3, oOpasibl
[IMII-1 - IIMII-3 nposaBnsiOT aHTHOAKTEpUAIBHYIO aKTHBHOCTH B OTHOLICHHUU
MPEICTABICHHBIX TPAMIIOIOKHUTEIBHBIX U TPAMOTPHIIATEIbHBIX TECT-IIITAMMOB.

IIpu stom coemmuenmst [IMII-1 u IIMII-3 obOnagaroT BBIpa)KEHHOW aHTH-
0aKTepuanbHOW AaKTHBHOCTBIO B OTHOLICHHH TI'PAMIOJIOKHTEIBFHOIO IITaMMa
Bacillus subtilis ATCC 6633. Bce o6pasipr [IMIT-1-TITMII-3 mposiBisitoT yme-
PEHHO-BBIPRXXEHHYIO aKTHBHOCTh B OTHOLIEHHH T'PaMIIONOKUTENFHOTO IITaMMa
Staphylococcus aureus ATCC 6538.

Coemunenus [IMII-1 nposiBisieT yMEepEeHHO-BBIPAKEHHOE aHTUOAKTEpHUab-
HO€ JeHCTBHE B OTHOIIEHHH IPaMOTpPHIIATEIBHOTO TecT-irramma Escherichia coli
ATCC 25922. AHTUTpHOKOBOM aKTUBHOCTHIO B OTHOIIICHUHU JIPOXKKEBOTO rprbOKa
Candida albicans ATCC 10231 o6magarot oopasust [IMII-1, [IMII-3.
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OKCITEPUMEHTAIJIBHA A YACTD

JKCIepUMEHTAIbHAS XUMHYeCKasi 4acTh. XOJ peakuud U HHIUBU-
IyalbHOCTh COCJUHEHUH KOHTPOMUPYIOT MerogoM TCX Ha OKHCH aTlOMUHHUSA
Il cTemenu akTUBHOCTH, ¢ MpOsiBICHUEM IsiTeH napamu Hona. MK crekTpsr 3a-
mucansl Ha criektpomerpe «Nicolet 5700» B tabnerkax KBr u mexmy miacTus-
kamu. Crektpsl AMP ¥C u H nccnenyemsix coemunenuii 8 CDCls perucrpu-
poBanu Ha criektpomerpe Mapku JNM-ECA400 npousBoacTBa koMnanuu «Jeol»
(SImmonms) ¢ padoueit yacroroit 400 MI .

JlaHHBIE 37IEMEHTHOr'0 aHAIN3a BCEX CUHTE3UPOBAHHBIX COCIUHEHUM IpuBe-
JICHbI B COOTBETCTBYIOIIMX Ta0IMLIaX B 00CYKACHUU 3KCIIEPUMEHTA.

Honyuenue I-(n-gpmopodenzounamuo)nunepuouna (2). B aByXropiryro Kpyrio-
JOHHYIO KOJIOY, CHA0)KEHHYI0 MarHUTHOW MEIIATKOW, 0OpaTHBIM XOJIOTMIEHUKOM
C XJIOPKaJIBIIEBON TPYOKOH, KareapbHOH Boponkon nmomeniaioT 1 r (0,0117 momnp)
nunepuauHa (1) B 20 mut abcomoTHOro 6ensona. K nanHomMy pacTBopy npH rnomo-
M IeTUTeNIbHONH BOpoHKHM mpukambiBaloT 0,69 mu (0,0059 moinp) n-dhropben-
30MIIXJIOPHIA, TIPEABAPUTENLHO pacTBOpeHHOro B 20 M1 aOCOMIOTHOTO OeH30Ja.
PeakumoHHyI0 cMech NMepeMeIInBalOT NMPH KOMHATHOM TemIepaTtype B TEUeHHE
1 4. Xon peakunu koHTponupytot mo TCX. HabmionaeTcs naTeHCHBHOE 00pa3o-
BaHHUE OENIoro ocajKa TUAPOXJIOPHIA MUIIEPUINHA, KOTOPHIH 0 OKOHYaHUH PeaK-
uuu OTUIBTPOBBIBaeTCS Ha BopoHke llloTTa, a MarouHsli pacTBOp KOHLIEH-
TpUpYyeTCsl Ha POTOPHOM HCHAapHUTEe MOJ BAaKyyMOM BOJIOCTPYHHOro Hacoca.
Macnoo06pa3Hblif OCTaTOK MPHU CTOSTHUU KpucTaumu3yetcs. [lomydaroT 1,56 T (64 %
oT TeopeTudeckoro) 1-(n-hropobenszomnamun)nunepuanta (2) B BUIE CBETIO-KE-
TBIX KpUCTaWIOB ¢ T.m1. 58-60 °C, Rt 0,78 (Al,O3, smroenT — 6eH3001: 1MoKcan-3:2).

Haiineno, % : C 69,03 H 6,52. C12H1sNOF

Brrancneno, % : C 69,54; H 6,81.

UK cniextp, cml: 1635.0 (C=0); 2854.5, 2927.1 (C-H).

Honyuenue 1-(m-gpmopoenzounamud)nunepuouna (3). B AByXropiyro Kpyr-
JIOMOHHYIO KOJOy, CHAaOKEHHYI0O MArHUTHOM MENIaJKod, OOpaTHBIM XOJIO-
JUJIBHUKOM C XJIOPKaJIbLIMEBOW TPYOKOH, KallelbHOW BOPOHKOW momemarT 1 r
(0,0117 mons) nunepuauna (1) B 20 M abconrotHoro 6enzona. K qannomy pac-
TBOPY TPH ITOMOIIU JEIUTETHEHON BopoHKkH npukambiBatoT 0,71 M (0,0059 momn)
M-PTOPOESH30MIIXIIOpHU/IA, TPEIABAPUTEIHLHO PACTBOPEHHOrO B 20 MIT a0COIFOTHOTO
OeHzona. PeakiMOHHYIO CMeCh MEpeMEIBalOT IPH KOMHATHON TeMIlepaType B
teuenue 1 4. Xoxa peakuun kKoHTpoiupytoT o TCX. Habmogaercss MHTEHCHBHOE
oOpa3oBanue 0eoro ocajka TUAPOXJIOPH/IA MUTIEPUINHA, KOTOPBIA OTQHUILTPO-
BbIBaeTcs Ha BopoHke LlloTTa, MaTOUHBIN pacTBOP KOHLIEHTPUPYETCS HA POTOPHOM
UCTIapHUTeNe NOoJ BaKyyMOM BoJocTpyiHoro Hacoca. [lomyuatot 1,22 1 (50 % ot
Teopetryeckoro) 1-(m-dropbenzomnamun)nunepuauna (3) B BUIE TyCTO# Ku-
KOCTH CBeTI0-kenToro 1eera, Rt 0,78 (Al2Os, amoeHT — 6eH30i1: IHOKCaH-3:2).

Haiineno, % : C 69,15 ; H 6,48. C12H14NOF

Brurancieno, % : C 69,54; H 6,81.

UK cnektp, em: 1635.1 (C=0); 2857.2, 2938.8 (C-H).
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Honyuenue xomnnexca 1-(m-gpmopoenzounamud)nunepuduna ¢ [yuriooex-
cmpurom. CmemmBarot ropstarie pactBopsl 0,3 T (0,00145 mouns) 1-(m-propOen-
somnamun)nunepuauHa (3) B 5 mur atmmooro crimpta 1 1,64 1 (0,00145 momn)
B-uuknoaexkctpruHa B 20 MJI TUCTWIIMPOBaHHON BoAbl. CMech MOMEIAIOT B CY-
IIMJIBHBIH IKaQ, BEIIapUBAKOT 3TaHol 1 Boay rpu 50-55 °C, mosygaror 1,63 T koM-
miekca BKIoueHus 1-(1-hTopOeH30MIaMuI)IuIepuarHa ¢ B-IIMKI0AEKCTPHHOM.

Honyuenue I1-(o-¢pmopodenzounamud)nunepuduna (4). B AByXropiayro Kpyrio-
JIOHHYIO KOJIOY, CHA0’)KEHHYF0 MAarHUTHOM MEIIalIKOH, 00paTHBIM XOJIOIUITBHIUKOM
C XJIOPKAJIBITUEBOH TPyOKO#, KarmeasHoM BopoHKo# momentaroT 1 1 (0,0117 monp)
rartepuauHa (1) B 20 Mt abcomoTHOTo 6€H307a. K TaHHOMY pacTBOPY MEIJICHHO
npukamnsBatoT 1,05 mi (0,0088 mMoib) o-propdeH3omnXxIopuIa, NpeIBapUTEIEHO
pactBopeHHoro B 20 mi aOcomoTHoro OeH3ona. PeakMoHHYI0 cMech mepeme-
IIMBAIOT IPU KOMHATHOHM Temrieparype B TeueHue 1 4. XoJ peakiuud KOHTPO-
nupyroT mo TCX. Habmomaercs nHTEHCUBHOE 00pa3oBaHue O€Ioro ocaaka TH-
pOXJIOpHIa UITEPUINHA, KOTOPBIA 10 OKOHYAHUH PEAKIUU OT(HUIBTPOBBIBACTCS
Ha Boponke [lloTTa, a MaTOYHBI PacTBOp KOHIEHTPHPYETCS Ha POTOPHOM HC-
MapuTeNe Moj BakyyMoM BojocTpyitHoro Hacoca. Ilomydarot 1,19 r (49 % ot
teopetryeckoro) 1-(o-propbensownamun)munepuauda (4) B BUIE TYCTOM
KHUJIKOCTH CBETIIO-keNToro 1Beta, Ri0,76 (Al;Os, sm0eHT — OeH301: AHO0KCaH-3:2).

Haiineno, % : C 68,93; H 6,45. C12H1aNOF

Brrancaeno, % : C 69,54; H 6,81.

UK cnextp, cml: 1627.1 (C=0); 2857.3, 2915.5 (C-H).

THonyuenue xomnnexca 1-(o-gpmopbensounamud)nunepuduna ¢ [-yukiooex-
cmpunom. Cmemmusarot ropstare pactsopsl 0,3 T (0,00145 moms) 1-(o-bTopben-
3omnamun)nunepuauHa (4) B 5 mur atumosoro crimpta 1 1,64 T (0,00145 momn)
B-uukmonexkcTpuHa B 20 M1 JUCTUUIMPOBAHHOW BOABI. CMECh IOMEIIAIOT B CY-
IIMIBHBIHA IKaQ), BBIAPUBAIOT 3TaHoN U Boay mpu 45-50 °C, momyuwaror 1,94 1
KOMILIeKca BKIoueHus 1-(o-propOeHzommaMum)IunepuantHa ¢ B-IUKIOHEK-
CTPUHOM.

JKCnepUMEHTAJIbHAS OHOJIOTHYeCKAas 4acTh. KyJIbTyphl BRIpalIiBaid Ha
xumkoit cpene pH 7,3 £ 0,2 npu temneparype ot 30 1o 35°C B Teucnue 18-20 u.
Kynsryps! pazsoaunu 1:1000 B crepunsHOM 0,9%-HOM pacTBOpe HATpUA XIJIOpUIA
M30TOHUYECKOM, BHOCHIIH IO | MJT B YaIlIK¥ ¢ COOTBETCTBYIOIIMMH JJICKTUBHBIMH,
MUTATENFHBIMA CPElaMH ISl U3y9aeMbIX TECT-IITAMMOB M 3aCEBAIH 110 METOIY
«cIiomrHoro rasoHay. Ilocnme moacymmBaHWA Ha TOBEPXHOCTH arapa (popmu-
poBaii MyHKH pasmepoM 6,0 MM, B KOTOpPBhIC BHOCWJIH PACTBOPBI MCCIIEIYEMBIX
00pa3ioB, OCH3WINCHUIWIMH HAaTPUEBON conu, HuUcTatuHa. ccrnemyembie
o0pasiibl ¥ IperapaThl CPaBHEHUS UCIIBITHIBAIKCH B KojimuecTse 1 Mr. B koHTpoIte
WCTIOJIb30BAJIHA ATHIIOBBIN CIIUPT B SKBUOOBEMHBIX KOJTUYECTBAX.

[ToceBsl MHKYOupoBany npu 37°C, ydeT pacTyluX KyJIbTyp IIPOBOIHIN YEPE3
24 gaca. AHTEMHKpOOHAsT aKTUBHOCTh 00pa3IloB OICHUBANIACH 110 AMAMETPY 30H
3aJlep’KKH pocTa TecT-ITaMMOB (MM). /lmameTp 30H 3afepKKuW pocTa MEHBIIe
10 MM ¥ CIUTONIHOW POCT B YaIlIKE OIICHUBAIN KaK OTCYTCTBHE aHTUMHKPOOHOM
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akTUBHOCTH, 10-15 MM — cmabast akTUBHOCTb, 15-20 MM — yMEpeHHO BBIpaKEHHAs!
aKTHUBHOCTbD, cBhIIIE 20 MM — BeIpaxkeHHas. Kaxx b1 00paser HCIBITHIBAIICS B TPEX
MapauieabHBIX ombITaXx. CTaTHCTHYeCKyl0 00paboTKy NPOBOAMIA METOJIAMH
napaMeTpUUECKOW CTAaTHCTHKH C BBIYHCICHHEM CpeAHed apudMeTHYecKod u
CTaHJApTHOHN OIIUOKH.

[TpencTaBieHHbIE TECT-IITAMMbBI MEKPOOPTaHU3MOB — 3TaJIOHHBIE (pedepeHT-
HbIE€) IITaMMbl IOJY4YEHbl W3 aMEPUKAHCKOH KOJUIEKLMH THIIOBBIX KYJIBTYD
(ATCC).
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Pe3rome

I C. Axmemosa, ¥. b. Hcaesa, K. /. Ilipanues, Y. M. [lamxaes,
P. B. Ceiioaxmemosa, M. T. Omvipsaxos, /. A. Aboambaes, T. M. Ceiinxanos

AMUJITEP/IIH ®TOPBEH30JIbI KbIIIKBUIIAPBIHBIH CUHTE3I
YKOHE MUKPOBKA KAPCBI BEJICEH/UIITT

Ocpl 3epTTey asichlHaa aMunTepAiH GTopOeH30MIb! KbIKbIapeiHbH [loTTen-bay-
MaH¥ra colikec MUNnepuanH/i apa-, MeTa-, opTo-(QTopoOeH30MIXIOPUATEPMEH AU IEYMEH
CHHTE3/Iei, 01 INVitro Toxxipubecinae afkbIH MUKPOOKa Kapchl OSIICEHIITIK KOPCETTi.
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Peakuust aOCoMOTTIK O€H30JI1a CATKBIHAATY apKBUTBI KY3€Te achIPbUIIbI. AMUH:aIH-
JUPIEYIi areHT KaThIHACKH 2:1 abIHAbL.

CuHTE3AeAreH KOCHUIBICTAPABIH KYpaMbl MEH KYPBUIBICHI 3JIEMEHTTIK caparnrama
xoHe UK, SIMP criekTpocKoIHs, aj ®KeKeeliri — )kKyka KadaTTel XpomaTorpadus o1iciMeH
IDIIEILAEH .

Tyiiin ce3nep: amuarep, GTopOCH3OMIXIOPU, TUICPUINH, MUKPOOKA Kapchl Oel-
CEH/IIIIIK.

Summary

G. S. Akhmetova, U. B. Issayeva, K. D. Praliyev, U. M. Datkhayev,
R. B. Seidahmetova, M. T. Omyrzakov, J. A. Abdambayev, T. M. Seilkhanov

SYNTHESIS AND ANTIMICROBIAL ACTIVITY
OF FLUOROBENZOIC ACID AMIDES

In the framework of this study, amides of fluorobenzoic acids were synthesized by
acylation of piperidine with para-, meta-, ortho-fluorobenzoyl chlorides according to
Schotten-Baumann, which showed pronounced antimicrobial activity in the in vitro
experiment.

The reaction was carried out in absolute benzene with cooling and the ratio amine:
acylating agent = 2: 1.

The composition and structure of the synthesized compounds were confirmed by
elemental analysis and IR, NMR spectroscopy, individuality — by thin-layer chromate-
graphy.

Key words: amides, fluorobenzoyl chloride, piperidine, antimicrobial activity.
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YK 661.526

V. BECTEPEKOB, A. /1. KBIJJPIPAJIUEBA, 1. A. [IETPOITIABJIOBCKHH,
A. A. BOJIBICBEK, K. H. YPAKOB

IOKTY um. M. Aya3oBa, llIsivkent, Pecriy6nuka Kazaxcran

PE3YJIBTATBI PACYUETHO-3KCIHHEPUMEHTAJIBHBIX
UCCJIEJJOBAHU 110 MOJYYEHUIO NP-YIOBPEHUI C
PEI'YJIMPYEMbBIM COOTHOIIEHUEM IIUTATEJIBHBIX BEIIECTB

AHHoTanusi. B paboTe mpuBeneHbI PE3yNbTAaThl WCCICIOBAHUMN IO IOJYYCHHIO
NP-ymoOpeHnii ¢ peryimpyeMbIM COOTHOUICHHEM IIMTATEIbHBIX BEIIECTB HAa OCHOBE
64-71% KOHIEHTpAINH PaCTBOPAa AMMHAYHON CEIUTPHI, IPEACTABIIIONIETO cO00i mpome-
KYTOYHOH pacTBOP MPOU3BOACTBA AaMMHAYHON CETUTPHI 110 TPAAUITMOHHON TEXHOJIOTHH —
TEXHOJIOTHYECKHAH PacTBOp IOCHE ITEPBBIA CTYIEHH BBHIMApKH, a Takxke (ocoputHOit
MykH. Pa3zpaboTana MatemMaTuyeckast MOJICIb PETYIUPOBAHUS COOTHOIICHUI TUTATEIILHBIX
9JIEMEHTOB — a30Ta M MATHOKKCH (ochopa B 1I€JIEBOM MPOAYKTE, COCTABICHBI PACUETHBIC
AHAJIUTUYCCKUC BBIPDAKCHUSA. PaC‘IeTHO-Z)KCHepI/IMeHTaﬂbHLIMI/I METOAaMM BbIABJICHA ITPAK-
THYECKass BO3MOXKHOCTh mosiydeHus: NP-ynoOpeHuil ¢ peryimpyemMbiM COOTHONICHHEM
nuTaTeNbHbIX 31eMeHToB N:P2Os B mpoayknuonHsIx obpasmax 11:11; 13:10; 19:7; 21:6;
23:5 B % unu B MaccoBbIX cooTHomenusx 1:1;1,3:1;2,7:1; 3,5:1; 4,6:1. C ucnosib30BaHuEM
HOPMATHBHBIX METOJWK aHaIW3a HM3y4YeHBl COCTAaB M CBOWCTBA IENEBHIX INPOIYKTOB,
BBIUMCIICHBI PACXO/THBIE ITOKA3aTeH MCXOJHBIX BEIIECTB B pacyeTe Ha 1T IPOIyKIIMOHHOTO
NP-ynoOpenns, HaliICHBI CONEp>KaHMUS MUTATENBHBIX BEIIECTB B IMOCICIHEM. YCTAaHOB-
JICHO, YTO pacdeTHHIE TAaHHBIC IT0 PETYIMPOBAHNIO COOTHOIICHUN TUTATSIIFHBIX BEIIIECTB B
LEJIEBBIX MPOIYKTAaX XOPOIIO COTIACYIOTCS C Pe3yIbTaTaMH AKCIEPHUMEHTAIBHBIX HCCIIe-
JIOBaHUN — CpeaHEee OTKIIOHCHUE MEXAY OIBITHBIMH U PACUYCTHBIMH BEITUUYMHAMH HE
npesbimaet 1,0%. [Tokazano, uro monaydaembie NP-y1o0peHus Mo KayecTBy, a TaKKe M0
OCHOBHBIM @HSI/IKO'XI/IMI/I‘JGCKOM CBOﬁCTBa, JAOCTATOYHO ITOJIHO OTBE€YAOT HOPMATHUBHBIM
TpeOOBAHUAM, IPEIBSBIAEMBIM K YJOOPUTEIHHOMN NPOIYKIIMU CEPUITHOTO TPOU3BOICTBRA.

KaioueBble ciioBa: pacTBop aMMHa4yHOH cenuTpbl, GocdopuTHast Myka, ITHTATENb-
HBIC BEILECTBA, 30T, MATUOKUCH Pocdopa, NP-yrnoOpenus.

Benenmne. Pa3paboTka TeXHONOTHIA TOTYYCHHUS CIOKHBIX YAOOPEHUH C pery-
JIUPYEMBIM COOTHOIIEHHEM IHUTATENBHBIX BEIIECTB B HX cocTaBe [1-6] mmeer
Ba)XHOE MPUKIAAHOE 3HadeHHE [7,8], TaKk KaK MpPU 3TOM OTKPBIBACTCS peallbHAs
BO3MOXHOCTb IIPUBEICHUS KauecTBa BBIITyCKaeMOH YA0OPUTEIbHON MPOLYKIMU K
JOOBIM arpoXuMu4ecKkuM TpedoBaHusiM [9,10], ycraHaBIMBaeMbIM C yU4ETOM BUA
BBIPAIlIMBAEMOMN CEJILCKOXO3AMCTBEHHOM KYJIbTYphl, & TaKKe KauyeCTBEHHBIX
MOoKa3aTesel MTOYBEHHOTO TTOKPOBA MIOCEBHON TEPPUTOPHH.

Metonuka ucciaegosanuii. CynHocTs pa3paboTaHHOM TEXHOJIOTHH MOJTyYe-
Hust NP-ynoOpenuii ¢ peryaiupyeMbIM COOTHOIIEHHUEM MUTATEIbHBIX BELIECTB B UX
COCTaBe 3aKJIF0YAeTCs B HIDKECIeyIoleM. PacTBop aMMuaqyHON CeNMUTPhI KOHIEH-
Tparuu 64-71% u temneparypsl 110-130°C u3BecTHOro 00beMa CMEIIMBACTCS C
pacdeTHoOi Maccoil QochopuTHOH Myku. B moirydeHHYH cMmech n00aBiseTCs
TaKKe pacdeTHas Macca MOIU(HUIUPYIOMNX MUHEPATBHBIX 100aBoK. IIpu aToM, B
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Ka4yecTBE MCXOIHOM XHUIKOW CHCTEMBI OEpyT pacTBOp aMMHAuYHOW CEIUTPBI, MO-
JTy4aeMBbIi IO TPAAUIIMOHHOM TEXHOJIOTMH TPOMU3BOACTBA aMMHAYHON CEIUTPHI HA
BBIXO/IC U3 TEPBOH CTYNEHH BBHIMAapkH. B kauecTBe GocdaTHOrO CHIPbS HUCTIOIb-
3y10T ¢GochopuTHYI0 MyKy. Momupuuupyromue MUHEpaJbHbIE T00aBKU MpPEA-
CTaBISIIOT c000# Cynb(aThl kKee3a U aMMOHHSI, MacChl KOTOPBIX OepyT B KOJHU-
4yecTBaX, 00ECNEeUHBAIOIINX TPeOyeMble MacCOBbIE COOTHOUIEHUS! IUTATEIbHbBIX
3JIEMEHTOB B IMOJy4aeMBbIX MpoaykTax. [lomydeHHas cycrieH3noOHHas CMECh TIIa-
TEeNbHO nepeMelnnBaetcs u npu Temneparype 120-130°C nmomaetcs Ha GpopcyHKH,
a OTTyZa pacnelisiercs B OapabaH-TpaHyJIATOp, TJ€ BBICYIIMBACTCS CYLIMWIBHBIM
areHTOM B IIPSIMOTOYHOM PEXXHUME U I'PaHyIUpPyeETCs.

PE3VJIbTATBI U UX OBCYXXJIEHUE

B cooTBeTcTBHU ¢ arpOXMMHUYECKUMHU TPEOOBAaHHUSIMH, COOTHOIICHHUS MMHTA-
TENBHBIX BEIECTB B MPOAYKIHOHHOM NP-ynoOpeHuii, MOXKHO 337aBaTh B BUAE:
N:P,Os = c:d, rue ¢ — oxxumaemoe comepxkanne a3ora B moiaydaemom NP-ymo6pe-
HuH, B %; d — oxxumaemoe conepxanue P2Os B mosydaemom NP ynoOpenuu, B %.

[Ipu n3BeCTHBIX AAHHBIX O Macce TOBApPHOW aMMHMA4YHOW CEJUTPHI (a) B HUC-
XOJHOM pacTBOpPE aMMHA4HON CEMUTpbl KOHLEHTpauuu 64-71%, comep:kaHus
azora B HeM (x) mo 'OCT 2-2013, B %, conmepxanusi P,Os B mobamisemoi k
pacTBOpy aMMHa4YHOM cenuTpsl pochoputHoit Mmyke (y) mapku ®M-2 o CT.TOO
930640000252-01-2011, B %, MOTYT OBITh BEIYUCIICHBI IT0 BEIPAXKECHUSIM BUJIOB:

ax,

- macca noaydaemoro NP yno6penus Mipos= 7

- pacdyeTHas Macca, 100aBIsIeMOl B paCTBOP aMMHUAYHOU

. Mppon'@
cenuTphl GOCHOPUTHOM MyKH b= %;
- o0mras Mmacca MOAUGHUITNPYIOMINX MUHEPATBLHEIX 100aBOK,
HEOOXOIUMast IS TOTIOJHUTEILHOTO BBEACHUS
B PAaCUYETHYIO CMECh PACTBOPa AMMHUAYHOW CEITUTPHI
1 hocHOpUTHOM MYKH M, = Mppo, —(a + B)

B 1meneBbie 3amaum TMPOBEACHHBIX HCCIENOBAHUM BXOAMJIO TIONYYCHHE
NP-ynoOpeHuii ¢ COOTHOIICHUSIMU MUTATEIBHBIX 3JIEMEHTOB B MPOIYKIIMOHHBIX
obpasmax N:P2Os = 11:11; 13:10; 19:7; 21:6; 23:5 B %-X MM COOTBETCTBEHHO B
MaccoBbIX cooTHomenusx 1:1; 1,3:1; 2,7:1; 3,5:1; 4,6:1.

DKCnepuMeHTaIIbHEIE NCCiIeT0BaHus 10 onydeHnto NP-ymobpenuii Ha ocHO-
BE aMMHAYHOW CENUTPHI U POCHOPUTHON MYKH MPOBOJIMIKNCH B JIAOOPATOPHBIX
ycaousax B FOKTY mMm. M. Aya30Ba, a uX OmbITHAsS OTpabOTKa — Ha OMBITHOM
y9acTKe MPOU3BoIcTBa aMMHuadHOU cemuTphl AO «KazAzory.

Pe3ynbTaThl BRIIOJHEHHBIX UCCIIEOBAHUH, a TAKXKE YCTAHOBJICHBIE PacXojl-
HBIE MMOKA3aTeIM UCXOHBIX BEIIECTB, COCTAB M CBOMCTBA IMOJIYYa€MbIX IEJICBBIX
MPOJIYKTOB, B pacyere Ha BoIyck 1 T NP-ynoOpenust, cBeieHb! B Tabnuib! 1-3.
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Tabnuna 1 — Pe3ynpTaThl pacueTHO-3KCIEPUMEHTAIBHBIX UCCIIeI0BAHUM

Conepxanue Conepxanue PacxoxJeHHe pacyeTHBIX
[UTATEIBHbIX BELIECTB, [TUTATEIbHBIX BELIECTB, 1 9KCHIEPUMEHTAIBHBIX
Ne B NP nponyxre B NP npomyxre pe3yIbTaToB,
n/n 1o pacyery, Mac. % [0 3KCIIEPUMEHTY, Mac. % %
N P20s o6m N P20s5 o6m N P20s o6
1 2 3 4 5 6 7
2 11 11 11,70 11,41 +0,70 +0,41
3 13 10 13,10 9,80 +0,10 -0,20
4 19 7 18,00 6,71 -1,00 -0,29
5 21 6 22,00 5,84 +1,00 -0,16
6 23 5 22,88 4,97 -0,12 -0,03

T36JII/I]_[3 2 - PaCXOZ[HLIe NOKa3aTeJIi UCXOAHBIX BEUIECTB B paCcy€Te Ha 1 T meneBoro IIpOAYyKTa,
COACpIKaHUE MUTATECIIbHBIX BEIIECTB B HEM

ConenKanie Conepxanue Maccosble
Pacxoxn HH;T%HLHHX MUTATENILHBIX COOTHOILICHUSI
HCXOTHBIX BELIECTS BEIeCTE JJIEMEHTOB MUTATENILHBIX
B POy KTe B IICJICBOM 3JIEMEHTOB
Ne MPOJIYKTE [[eJIEBOM TIPOIYKTE
1/
Mune-
AC | H0 | ®M | pameman | N | P20s | yp 00 N/ P20s
nobaska | B ?C’ B cI;M, B %/%
T T T T
1 1 2 3 4 5 6 7 8
2 10,320|0,131 | 0,647 0,033 |0,110| 0,109 11/11 1/1
2 10,378 0,154 | 0,588 0,034 0,130 | 0,099 13/10 1,3/1
3 |0,552]0,225| 0,412 0,036 |0,189 | 0,070 19/7 2,71/1
4 10,610|0,249 | 0,353 0,037 0,209 | 0,060 21/6 3,5/1
5 10,668 | 0,273 | 0,294 0,037 |0,229 | 0,049 23/5 4,6/1

Tabnuna 3 — CocTtaB 1 OCHOBHBIE (PM3UKO-XUMHYECKUE CBOMCTBa oiydaeMbix NP-ynoOpenmii

MaccoBoe I'panynomerpu-
COOTHO- IIpou- YECKHH coCcTaB
CoaeprkaHusl MTUTATENbHBIX Brmax-
nIeHue HOCTb LEJIEBOTO
BEIIIECTB B NMPOAYKTE, %o HOCTh pH 10%
Ne mrTa- TpaHyi TIPOJIyKTa,
MpOIyK- pac-
/Tl | TENBHBIX po- macc. %
Ta, TBOpA
BEIECTB B % IYKTa,
npoaykte,| N [P20sou | P205yes | P20swsp H/rp 1-4 MM | 2-4 MM
N:P20s
1 2 3 4 5 6 7 8 9 10 11
2 1:1 11 11 10,20 | 1,30 0,28 66,84 | 6,42 | 80-92 | 79-81
3 1,31 13 10 7,00 1,28 0,28 8,70 6,40 | 90-93 | 80-85
4 2,71 19 7 6,60 1,20 0,27 8,06 6,27 | 94-98 | 86-90
5 3,5:1 21 6 4,50 1,20 0,27 8,06 6,30 | 94-98 | 90-95
6 4,6:1 23 5 4,60 1,00 0,28 12,15 | 6,47 | 94-98 | 92-97
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B ycnoBusix mpoBeneHHBIX UCCIEI0BaHUIN aHAIN3 COCTaBa U CBOMCTB KOMIIO-
3ULUOHHBIX COCTAaBIIAIOUINX M IOJYYEHHOTO yIOOPEHHs MPOBOJIUIICS IO METO-
IUKaM, IPUBEICHHBIM B HOPMAaTHBHOHN TOKYMEHTAIIUN Ha yIOOpEeHHS:

- copeprkanue a3zora obriero B NP — ynoopenun - mo 'OCT 30181.6-94;

- conepsxanust P2Ososu; P20syes; P20swp B NP yno6pennn — mo TOCT 20851.2-75;

- comeprkanue Biard B npoaykte — mo 'OCT 20851.4, na Bmaromepe Mettler
Toledo

- mpouHocTh rpanya NP ynoOpenus — na npudope UL — 1M;

- pH 10% pacTBopa - Ha mpubdope 1-160 M1

Kak ButHO 13 TabnuIib! 1, pacdeTHBIE U SKCIIEPUMEHTAIILHBIE JAHHBIE XOPOIIIO
cornacytorcsi. CpeaHee OTKIOHEHHE MEKAY ONBITHBIMH M PAacCUeTHBIMH BEIHYH-
Hamu He npesbimaeT 1,0%. M3 nanHbix Tabmui 2.3 Takxke ciexyer, 9YTo noiayJae-
Mbie Tipu 3ToM NP-ymoOpeHust ocTaTOYHO TOTHO OTBEYal0T HOPMATUBHBIM Tpe-
OOBaHHAM, IMPEIBSBISEMBIM K YIOOPUTEIBHON NPOJMYKIIMA CEPHUHOTO IMPOU3-
BOJICTBA.

BuiBoa. Takum o0Opa3om, pazpaboTaHa MareMaTHYecKas MOJENb PEryJInpo-
BaHUsI COOTHOIICHHUI MUTATENBHBIX 3JIeMeHTOB B NP-y1o0puTensHON POayKIINH,
U OHA, BIIOJIHE 000CHOBAaHHO, MOXET OBITh PEKOMEH/I0OBaHA K IPAKTHYECKOMY IPH-
MEHEHHUIO.
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V. Becmepexos, A. J]. Kviovipanuesa, U. A. [lemponasnosckuii,
A. A. Boavicoex, K. H. ¥Ypaxos

TAFAM/IBIK 3ATTAPJIbIH KATBIHACTAPBI PETTEJIIHETIH
NP-TBIHAUTKBIILITAPBIH AJTY BOUBIHIIIA
ECEIITIK-TOXIPUBEJIK 3EPTTEVYJIEP HOTUXXEJIEPI

TaramIbIK 3aTTapAblH KaTbIHACTAPBI PETTENiHETIH NP-TBIHAWUTKBIITAPBIH ATy
OOMBIHIIIA eCeNTIK-TKIPHOEIiK 3epTTeyIep Kyprizii. 3eppTeyiiep HOTHKECIH/Ie aMMHaK
CENIUTPACBIH JI9CTYPJIl TEXHOJIOrHMsl OOWBbIHIIA OHAIPY eHAipiciHie OipiHii OyJIaHABIpY
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CATBICHIHAH KEHiH albIHATHIH MOFRIPH 64-74% aMMHaK CeNUTpachl epiTiHIICi XkoHe ¢oc-
(dopuT YHBI HETI3iHIE TaramJbIK 3aTTapblH KaTbIHACTAphl peTTeliHeTiH NP-ThIHAWT-
KBIITAPBIH ATyIBIH ICKY3iHAEC MYMKIHIITT aHBIKTAIIBL. MakcaTThl ©HIM KYpaMBIHIAFbI
TaraMJIbIK 3aTTap KAThIHACBIH PETTEYAiH MaTeMaTHKAIbIK MOJENI jkacaiblHabl. EcenTik-
TOXKIPUOEITIK TOCIIIEPMEH KYPaMbIHIA TaFaMBIK 3aTTapAblH KaThiHacTapsl N:P>Os 11:11;
13:10; 19:7; 21:6; 23:5 % Hemece MaccalblK KatblHacTa 1:1; 1,3:1; 2,7:1; 3,5:1; 4,6:1
0oyaThIH eHIMEp albIHIBL. KaNbINTHIK Tanmay ojicTeMeliepi KOJIAHBICHIHIA ©OHIMIIK
3aTTapbIH KypaMbl MEH KACUETTEP1 3ePTTEIIi, MAKCATTHIK OHIMHIH | T IIBIFBIMBIHA KATHIC-
Thl OAaCTamKbl 3aTTapblH IIBIFBIHBIK KOPCETKIMITEPI AHBIKTAJIIBI, OHIM KYpPaMBIHIAFbI
TaFaMJIBIK 3aTTap MeJiepiepi Tadbuiasl. MaKcaTThIK OHIMIEP KYPAMbIHIAFbI TaFaMJIbIK
3aTTapAblH MYMKIHII KAaTBIHACTApPBl TYpPalbl €CENTIK MOIIMETTep TIXKIPHUOCTIK 3epTrey
HOTIDKENEPIMEH KaKChl Yiureceai — onappiH Oip-OipiHeH opramia ayeITKysl | %-maH ac-
maiael. 3epTTey HOTIXKepiepi KepceTKeHHeH, amblHATHIH NP-TBIHaWTKBIIITaphl camackl
KOHE Heri3ri (hM3MKa-XUMHUSUIBIK KacHeTTepi OOWBIHINA CepHsUTbl OHIIPIICTiH THIHAWT-
KBIIITHIK OHIMJEpre KOWBUIATHIH KAJIBIITHIK TallalTapra >KETKUTKTI Type TOJBIKTa
xKayan Oepei.

Tyiiin ce3mep: aMMuak ceiauTpachl epiTiHiici, GochopUT yHBI, TaFaMIbIK 3aTTap,
a3oTt, pochopabia 6ec ToThIFbI, NP-ThIHAWTKBIIITAD.

Summary

U. Besterekov, A. D. Kydyralieva, I. A. Petropavlovskiy,
A. A. Bolysbek, K.N. Urakov

RESULTS OF COMPUTATIONAL AND EXPERIMENTAL STUDIES
ON THE PRODUCTION OF NP-FERTILIZERS
WITH A REGULATED RATIO OF NUTRIENTS

Computational and experimental studies were carried out to obtain NP-fertilizers with
a regulated ratio of nutrients. The results of the research showed the feasibility of obtaining
NP-fertilizers with adjustable nutrient balance, based on 64-71% of the concentration of the
solution of ammonium nitrate, obtained by traditional technology of production of
ammonium nitrate after the first stage residue, as well as phosphate. A mathematical model
for regulating the ratios of nutrients in the target product has been developed. Calculation
and experimental methods of the products obtained with the ratio of nutrients N:P,Os 11:11;
13:10; 19:7; 21:6; 23:5 in % or mass ratios 1:1; 1,3:1; 2,7:1; 3,5:1; 4,6:1. The composition
and properties of production samples were studied with the use of normative methods of
analysis, the consumption parameters of the initial substances per 1 ton of the target product
were determined, the nutrient content of the product was found. The calculated and
experimental data are in good agreement - the average deviation between the experimental
and calculated values does not exceed 1.0%. From the results of the research it follows that
the resulting NP - fertilizers fully meet the regulatory requirements for fertilizer products
of serial production.

Key words: ammonium nitrate solution, phosphate flour, nutrients, nitrogen, phos-
phorus pentoxide, NP-fertilizers.
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CHUHTE3 U ®PAPMAKOJIOI'SI HOBOI'O
MPOTUBOMUKPOBHOI'O ITPEITAPATA AIP-10

AHHoOTanus. B paMkax HacTOSIIEro UCCIISIOBAHUS AlMIIMPOBAHAEM THOMOP(OIUHA
agaManTankapooHmwixiaopugom o lllorreH-baymany CHHTE3MpOBaH amuJl aJlaMaHTaH-
KapOOHOBOW KHCJIOTHI, C IIEJbI0 IMONydYeHHs (apMaKOJIOTUYECKH MpUEMIIEMON (GOpMBI
CHHTE3HMPOBaH €ro KOMIUICKC BKIIFOUCHHS ¢ B-IIUKI0AeKcTprHOM, ipenapaT AlP-10, koto-
PBIii B 3KCIIeprMeEHTE iN Vitr0 mposIBUI MPOTHBOMUKPOOHYIO U (DYHTUIMTHYIO AKTHBHOCTb.

Peakiuio mpoBOIMIIM B a0CONIOTHOM OCH30JI€ MPH OXJIAXKICHUH U COOTHOIICHUH
aMUH: alINPYIOIHKi areHt = 2:1.

CocTaB U CTPOCHHE CHHTE3UPOBAHHBIX COCIWHEHHI TMOATBEPXKIEHBI JaHHBIMHU
aneMmeHTHoro ananuza u UK, IMP cnekrpockonuu, HTHAUBUIYAILHOCTh — TOHKOCJIONHOM
xpomarorpadueii.

KiroueBble cjioBa: aMu[Ibl, alaMaHTaHKapOOHWIXIIOPUA, THOMOP(HOIUH, IPOTHBO-
MHUKpOOHasl aKTHBHOCTb, (YHTHIIUAHAS aKTHBHOCTD

K nHacrosimmemy mepuoay B MHpE IHPKYIHPYIOT THICSIYM OIMACHBIX WH(EK-
IIMOHHBIX 3a00JI€BaHMUN, KOTOPBIE CIOCOOHBI 3apa)KaTh CEITbCKOXO3SICTBEHHBIC
pacTeHHs, JOMAITHUX KUBOTHBIX, a TAKXKe YenoBeka. KpoMe Toro, moCTOSIHHO T10-
cTymaeT wWH(OpMAaNUs O BO3HUKHOBEHUM HOBBIX, paHEE HEHM3BECTHBIX WH(QEK-
IIMOHHBIX 3a0oyeBaHuil. BBUIy KpaiiHe BBICOKOW T€HETHYECKOW H3MEHUHMBOCTH
BO30yauTeNel WHGpEKIMA, TpobieMa Teparuu YCIOXKHSACTCS BO3HHUKHOBEHHEM
JIEKaPCTBEHHO YCTOMYMBEIX (DOPM BO3OYAUTEICH, ISl JICUCHHUSI KOTOPBIX TPEOYIOT-
cs1 addexTuBHBIC cpencTBa JeueHus [1-5]. Kpome Toro, 3auactyro, paspadatsi-
BaeMble Tpenaparsl, 00JaJal0T BBICOKOW TOKCHYHOCTHIO JJISi KIIETOK >KHBOTO
opranm3ma. BenectBue uero, HeCMOTpSI Ha ycriexu papMarieBTHUECKON OTpaciH,
MOWCK ¥ pa3paboTka A((EKTUBHBIX U OE30MACHBIX JICKAPCTBEHHBIX CPEICTB
OCTaIOTCS YPE3BbIYAWHO aKTyabHBIMU.

OpHMM 13 TTIOAXO/I0B YBEINYECHUS KOJMUEcTBa dPPEKTUBHBIX TepaneBTHIEC-
KHX CPEJICTB, SIBJIICTCS MOJTU(UKAIUS CYIICCTBYIONINX, HO YTPATUBIIUX TEPAIICB-
THYECKUH dPPEKT, KOMMEPUECKUX MPEnapaToB pa3IMuHbIMU JMTaHaMH. Beene-
HUE B MOJIEKYJY MOTEHIIMAIHHOTO JIEKAPCTBEHHOTO BEUIECTBA JOMOIHUTEIHFHON
(hapmMako(OpHOIl TPYNIBI MOXKET «IPHUBHUTH» €My HYXKHYIO OMOAKTUBHOCTH WU
Jla)kKe YMEHBIITUTH MOOOYHBIC CBOMCTBA TaKUE KaK TOKCUYHOCTb.

Hacrosmee uccnenoBanue sSBisieTcs MpOJOIDKEHNEM paboT 1Mo CHHTE3y Ono-
JIOTHYECKH aKTUBHBIX aMHI0B [6-9].
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W3BecTHO, YTO MPOM3BOAHBIC alaMaHTaHa MPOSIBISIOT OMOAaKTUBHOCTb, KOTO-
prle BKitoyaroT npotuBoBupycusie [10,11], antubakrepuansusie [12,13], npotu-
BOBOCTIAJIMTEIIbHEIE aKTUBHOCTH [14], MHrHOMpOBaHWE NEHTPAIHLHOW HEPBHOM
cuctemsl 11B-HSD1 [15].

[IpoBenena ueneHanpasaeHHast MOIUGHUKALNS, TO3BOJSIOMAS 00BETUHUTE B
OJIHY MOJICKYJTy Takue (hapMako(popHbIC TPYIIBI KaK aJaMaHTAaHOBBII M THOMOP-
(ONMHOBBIN ()pParMEHTHI, YTO OUYEBUIHO, MOXKET MPUBECTH K HOBBIM IMTOTEHIINATHHO
OMOJIOTUYECKH aKTHBHBIM IpenapaTaM ¢ LeJbl0 CHHTETUYeCKOi cOopku dapma-
KOQOPHBIX CTPYKTYpPHBIX ()ParMEHTOB, TNPHUAAIONINX MOJIEKYJEe 3aJaHHBIA THIT
OHMOAaKTHBHOCTH,

C 3T0if 1enbpo0 NPOBEJCHO alMIUpoBanue TuomMopdonnsa (1) ¢ agamaHnTaH-
kapOonunxnopugam no llorren-baymany. Peakuuro npoBoauau B aOCOIOTHOM OeH-
30JI€ TIPU OXJIAKICHUHN. AMUH : allMINPYIONTUH areHT B3STHl B COOTHOIICHMH 2:1.

O
2 ﬂH R-Ecl ﬂH'HCl + S/_\N_i
S __/

1

__/
S\ VAN
. - H ———————> > - "
‘C42H70035

7 3 AIP'10

Peakumonnyio cMmech nepememuBaioT B TeueHue 1 4. Konrpons 3a xomom
peaktun poo iy 1o TCX. BeimaBmmuii ocaqok TUAPOXIIOPHIA HCXOTHOTO aMH-
Ha (1) oThUILTPOBEIBATN, MATOYHUK YIAPUBAIHA JOCYyXa, OCTATOK, MPEACTABIISCT
co00if 1IeJIeBOH MPOIYKT PEaKIMU — aMHU]T aJaMaHTaHKapOOHOBOU KUCIOTHI (2).

CUHTE3UpOBaHHBIN aMU]I BBIIEICH, OUYMILCH U 0XapaKTepU30BaH HA OCHOBA-
auy gaaEeix UK, IMPREC cnekTpockonyuu, HHAMBHAYAILHOCTS — TOHKOCIOMHOM
xpomatorpadueit. Berxonpl, nanusie Rf, anemMentHoro mukpoananusa u MK-crek-
TPOCKOITUY MPEJICTABICHEI B Ta0mIe 1.

Tabmuna 1 — Berxon, Ry, nannsie muxpoananusa u VIK-cekrpockonmn amuna
aJlaMaHTaHKapOOHOBOW KUCIIOTHI (2)

Coennnenne Beixon, Ry, T.m., MK-criekp v, em™ BpyrTo
% *3IIF0CHT °C Cc=0 C-H bopmya
2 53 0,77 108-109 | 16254 2901,5 C1sH23sNOS
*JmoeHT: 6eH301 : IUOKcaH =3 : 2.
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B UK cnektpe amuna (2) ucuesaer mosoca noraouienuss N-H mpu 3500-
3300 cm?, HaGmomaeTcs MHTEHCHBHAS MOJIOCA HOTIIOIIECHHS KapOOHMIIA AMUTHON
rpymnsl (C=0) B obnactu 1625,4 cm™, a Takke mosoca MoOrJIONIEHHs B 00JIaCTH
2901,5 cm?, KOTOpasi CBUJCTEILCTBYET O BAJICHTHBIX KOJCOAHUSIX HACHIIICHHON
METHJIEHOBOM TPYIIIIbI.

B cnexrpe SIMPY C nenesoro coenvHeHHss aMuaa alaMaHTaHKapOOHOBOI
KHCIIOTHI HAOJIIOJIAeTCsI HATMYUE XapaKTEPHOTO BEICOKOYACTOTHOTO CHUHTIIETHOTO
CUTHaja KapOOHMJIA aMHIHOM TPYIIIbI, KOTOPBIM HaOmomaercs npu 175,92 m.n.
(Tabnuma 2).

Tabnuua 2 — 3HaueHUst XMMUYECKHMX CIBUTOB aTOMOB YIJIepoja
B criektpe SIMP 13 C amuyia ajjaManTanKapGOHOBOI KUCTIOTHI (2)

Xumnueckue casuru (CDCls), 8, m.1.
Coenu-
HEHHE
C-2 C-3 C-4 C-5 C-6 AnamaHTHI C=0
Co41,92;
C10,18,17 39,20;
2 27,85 48,08 - 48,08 27,85 Cit1a15 28,52 175,92

C12,14,16 36,64,

KoMrutekc BKIIOUCHHSI € [-IHMKIOACKCTpUHOM 1-(4-amamaHTaHKapOOHWMII-
amun)TrOMopdoirHa (3) H3ydeH Ha aHTUMUKPOOHYIO aKTUBHOCTE B JIA00OpaTOPHH
mukpoouonornu AO «HayuHbli TIEHTp NPOTHBOMH(EKIIMOHHBIX MPENapaToBy Ha
My3eHHBIX IITaMMax MukpoopranusmoB: Staphylococcus aureus ATCC 6538-P,
Escherichia coli ATCC 8739, Candida albicans ATCC 10231. Bsi6op 00beKTOB
3aKII0Yajcs B UCTIOL30BAHUU I'PaM-TIOJIOKHUTENbHBIX, IPaM-OTPUIIATEIbHBIX MHK-
POOPTraHU3MOB, a TaK)Ke TPUOKOB. Pe3ynbTaThl OMOIOrMYECKUX UCIBITAHUHN TIPEe/I-
cTaBJIeHBI B Ta0MIax 3-5.

[penapat nox muppom AIP-10 mioxo pacTBOpUM B BOIHBIX PacTBOpax, B
KadyecTBe pacTBopuTels ucrnonb3oBain DMSO (Tabmupt 3-5), KOTOpbIE TAKKE BbI-
CTYTAaIN TOJOXKUTEIFHBIMUA KOHTpOJIsIMA. CpaBHUTENbHAS OICHKA aHTUMHKPOO-
HOW aKTHBHOCTH IPOBOJIMIIACH 110 OTHOIIICHHIO K KOMMEPUYECKHM Mperaparam.

B pesynbrare ckpuHHHra ObLJIO yCTaHOBIEHO, uTo Hpemnapar AIP-10 B oTHO-
miennn S.aureus ATCC 6538-P u E.coli ATCC 8739 (tabnuma 3,4), aHTUMHK-
POOHOM aKTHBHOCTBIO 00J1aJaeT B MUHUMAJIbHON OaKTEPULIMAHON KOHICHTPAIUH
1250 MKr/Mj U OaKTEpHOCTATHUECKON aKTHBHOCTBHIO 00J1aaeT B KOHIICHTPALIUH
625 MKT/MII.

Coemunenune AIP-10 ¢yuruimaHol akTuBHOCTRIO B oTHoieHnu C.albicans
ATCC 10231 (tabnuua 5), o01agaeT B MUHUMAaJIbHON OaKTEPUIIUAHON KOHIICHTPA-
muu 625 MKr/mit.
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Tabnuua 3 — OueHka MUHUMAaIbHON OaKTEPULIUIHOI KOHIICHTPALIMH
B OTHOILICHHUH KynbTypsI S. aureus ATCC 6538-P

Konuerrrparis Tecr-mramm S. aureus ATCC 6538-P
MKI/MJI AIP-10 AMP DMSO
D¢ pexTuBHOCTD Konuentpauus, %
10 000 - ** - 50
5000 - ** + 25
2500 — - + 12,5
1250 - + + 6,25
625 + + + 3,125
312 + + + 1,6
250 + + + 0,8
156 + + + 0,4
78 + + + 0,2
39 + + + 0,1
20 + + + 0,05
10 + + + 0,025
5 + + + 0,0125
2,5 + + + 0,0063
1,25 + + + 0,0031
Tpumeuanus: 1. AMP — ammumuimms; 2. «+» — HaIM4ue pocTa; 3. «-» — OTCYTCTBHE POCTA;
4. «*» — GakTepHOCTaTUIECKOE IEUCTBHUE; 5. «**)» — Iperapar B TaHHBIX KOHIICHTPALUAX HE Tec-
THPOBAJICH.

Tabnuua 4 — OueHka MUHUMAaIbHON GaKTEPULUIHOI KOHIICHTPALIMH
B OTHOIIEHHH KybTypsl E. coli ATCC 8739

Kormerrparums Tecr-mramm E. coli ATCC 8739
MKT/MIT ’ AIP-10 AMP DMSO
D¢ heKTUBHOCTD Konuenrpauus, %
10 000 - ** - 50
5000 - ** - 25
2500 — - + 12,5
1250 - + + 6,25
625 + + + 3,125
312 + + + 1,6
250 + + + 0,8
156 + + + 0,4
78 + + + 0,2
39 + + + 0,1
20 + + + 0,05
10 + + + 0,025
5 + + + 0,0125
2,5 + + + 0,0063
1,25 + + + 0,0031

Tpumeuanus: 1. AMP — ammuminng; 2. «+» — HUIHYHE POCTa; 3. «-» — OTCYTCTBHE
pocta; 4. «**y» — mpemapaT B JaHHBIX KOHICHTPAIUSIX HE TECTUPOBAJICS.

266



ISSN 1813-1107 MNe 2 2020

Tabnuua 5 — OueHka MUHUMAIbHOU (GyHIMIUIHON KOHIIEHTPALIU
B oTHOIeHuH Ky aeTypsl C.albicans ATCC 10231

Tecr-mramm C.albicans ATCC 10231
Konuenrpanus, DMSO
MKI/MJT AIP-10 Fluc
D¢ dexTuBHOCTD Konuentpauus, %
10 000 - ** - 50
5000 - ** - 25
2500 - - + 12,5
1250 - + + 6,25
625 - + + 3,125
312 + + + 1,6
250 + + + 0,8
156 + + + 0,4
78 + + + 0,2
39 + + + 0,1
20 + + + 0,05
10 + + + 0,025
5 + + + 0,0125
25 + + + 0,0063
1,25 + + + 0,0031
Tpumeuanus: 1. Fluc — drykonason; 2. «+» — HaIMYKE POCTa; 3. «-» — OTCYTCTBUE POCTA,;
4. «**» — penapar B JaHHBIX KOHICHTPALHUIX HE TECTHPOBAJICS.

Takum 00pa3oM, yCTaHOBJEHA MPOTHBOMHUKPOOHAS M (PYHTHULMIHAS aKTHB-
HocTh npenapat AlP-10.

OKIIEPUMEHTAJIBHAS YACTD

JKCIepUMEHTAIbHAS XUMHYeCKasd YacTh. X0/ peaklud U UHIUBUIYyallb-
HOCTh COCTMHECHHUH KOHTposmpoBam MeTogoM TCX Ha okucu amomuawms 111 cre-
MIEHU aKTUBHOCTH, C IPOSsIBICHUEM TIsATeH apamu oxa. K criekTpsl 3anucaHbl Ha
criektpometpe «Nicolet 5700» B TonkoM citoe Mexxay miactuakamu KBr. CriekTpbl
SIMP H u °C 3apeructpuposansi Ha ciekrpomerpe JNM-ECA400 Gpupmsr «JEOL»
(400 u 100.8 MI'y cootBercTBenHo) B CDCls, BuyTpennwuii crangapt — [M/IC.

1-(4-aoamanmankapbonuramud)muomopponuna (2). B  KpyriaodoHHYIO,
IBYTopiyto Koj0y oosemoMm 200 mil, cHaAOKEHHYI0 MEXaHHUECKOW MEIIAKON H
00paTHBIM XOJOAMIBHUKOM C XJIOPKaJbLIMEBOW TPYOKOW, KamenbHOW BOPOHKON
momeraroT 1 1 (0,00969 momns) Tnomopdomuna (1) B 20 M abcomroTHOro GeH30I1a
W TIPUKAMBIBAIOT MEAJICHHO MpH oxyaxaeHuu pactsop 0,96 r (0,00485 monp) anga-
MaHTaHKapOOHWIXJIOPHUIA, TPEABAPUTEIHHO pacTBOPEeHHOTO B 30 MJI a0CONMIOTHO-
ro OeHsosa. HaOmogaercst pazorpeBaHie peakIMOHHOW CMECH W MHTEHCHBHOE
obpazoBanue 6enoro ocajika. PeakllmoHHYI0 CMECh MepEeMENTUBAIOT PH KOMHAT-
HOU Temreparype B TeueHue 2 4. BrimaBuunii ocaok oTGUIbTPOBBIBaETCS HA BO-
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ponke IlloTTa, MaTouHBIi pacTBOp KOHLEHTPHPYETCS HA POTOPHOM HCIIApUTEIe.
[Momywaror 1,36 T (53 % ot teopernyeckoro) 1-(4-amamaHTaHKapOOHMII-
amug)tnomopdosnuna (2.1.8) B Buzge Genbix kpucramios ¢ T.mr. (108-109)°C, Ry
0,77 (amr0eHT — GeH30I-AHOKCaH — 3:2).

Komnnexc ¢ fyuknooexcmpunom 1-(4-adamanmankapbonunamud) muomop-
¢onuna (3). CmemmBator ropsiuue pacteopsl 0,6 T (0,00226 moms) 1-(4-ama-
MaHTaH-KapOoHmwIamua)TromopdoiauHa (2) B 15 mi stunoBoro cnupra u 2,57 T
(0,00226 momnp) B-umkinonekctpura B 40 M TUCTHIUTMPOBAHHOUW BOjbl. CMech
HOMEIIAIOT B CYIIMJILHBIN MKaQ, BEIIAPUBAIOT STaHOI U Boxy npu 50-55 °C, momy-
4aroT 2,98 T KoMITIeKca BKIIIOYEHHUS afaMaHTaHKapOoHuIamMu I TuoMopdoirHa (3)
¢ B-LMKIIONEKCTPHHOM.

JKcrnepuMeHTANIBHAS OMOJIOTHYecKasi 4acThb. lccnenoBanue mpoBOIMIN
METOJIOM JBYKPATHBIX CEPUIHBIX pa3BEACHUN B )KUIKOM MUTATENbHOU cpene. g
onpeneneHNs AaHTUMUKPOOHOH aKTHBHOCTH TNpHMEHIM OyiaboH Miosepa-
XWHTOHA, [T oTnpeAeNeH s QyHTUIMAHON akTUBHOCTH — Oy10H Cabypo. Cpenpl
JUI U3YYeHHUs] aHTUOMOTHKOUYYBCTBUTEILHOCTH CTaHIApTH3UPOBAHHBIE U PEKO-
mengoBannbie CLSI [16-18].

B npo6upku tuna «Eppendorfy srocunu mo 0,5 M nuratenbHON cpeibl. B
nepByro NpobupkKy psiaa saocwin 0,5 M1 pactBopa uccieayemoro oopasua. I[lepe-
MeIlay, IPUTOTOBMIIN Psifi pa3BeaeHuil B ¢ kpaTHOCTBIO pa3BeieHHs B Ba pasa.
B xaxaoM psny CTaBWIM YeThIpe KOHTPOJbHBIE MPOOWPKH: KOHTPOJIb CPEIBI,
KOHTPOJIb PAacCTBOPUTENS (HETaTUBHBIA KOHTPOJb WX KOHTpoJb Biausnus AMCO
pa3sHOM KOHLEHTPAaLUH Ha JKU3HECTIOCOOHOCTh KIIETOK), MOJOKHUTEIBbHBIA KOHT-
podb (TIpemapart cpaBHEHHUs) ¥ KOHTPOJIb POCTa KyJIbTyphl. Bo Bce mpoOupkw, Kpo-
Me KOHTpOJs cpenpl, Aobasmwau no 0,05 M ucciaenyemMoro TecT-iraMmma MUKpO-
OpraHuzma.

O06pa3pl ¢ bakTepraIbHBIMU TOCEBAMH HHKYOHpOBaJIM B TeueHue 18-24 yaca
npu 3741 °C. Ilo ncteueHnn BpeMEHN WHKYOAIMH, IPOBOJIMIN BBICEB HA YAIIKU
[Tetpu C myoTHOM nuTaTenbHOU cpenoil. Hamku ¢ moceBamu MmoMeuiayid B Tep-
MocTart s HHKyOaru Ha 18-24 gaca npu 37+1 °C.

O6pasier ¢ C.albicans uakyoupoBanu B Teuenue 48-72 gaca mpu TemIiepa-
Type 22+1 °C. Ilo ucreueHur BpEeMEHH MHKYOAlWH, ObUT MPOU3BEACH BBHICEB HA
yamiku [letpu C mnoTHOM nuTaTtenbHoOM cpenoil. Ilocie BpiceBa Yalky ¢ IOCEBAMU
MOMEIIAIH B TEPMOCTAT JIJIs MHKyOanuu Ha 48-72 daca ripu Temmneparype 22+1 °C.
Bce nuccnenoBanns npoBOIMIINCH B TPEX MOBTOpaXx.

VY4eT pe3yabTaToOB NPOBOAMIM MO HATMYNIO BUIUMOI'O POCTa MUKPOOPTaHH3-
MOB Ha MOBEPXHOCTH TUIOTHOW MUTATEIHHON cpeapl. MUHIMAaIbHOU OaKTepUITu/I-
Holi koHueHTpanueld (MBK) cuntann HauMeHbITyI0 KOHIEHTPALMIO, KOTOpas IMo-
JIaBJIsIa TTOJTHBIA POCT MUKPOOPTaHN3MOB. MUHUMAIIbHOW 0aKTepHOCTATHYECKOM
KOHIIEHTpaleld CUnTaly KOHLEHTPALMIO IIpenapaTta, KoTopas 3aepKuBaja pocT
MUKpPOOPTaHU3MOB.

Paboma svinonnena 6 pamkax epanmoeozo punancuposanus Munucmepcmea
obpazosanus u Hayku Pecnyonuxu Kasaxcman Ne AP05131065.
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MUKPOBKA KAPCBI ZKAHA AIP-10 ITPETTAPATBIHBIH,
CHUHTE3I 2)KOHE ®APMAKOJIOI'UACHI

Ockhl 3epTTey aschlHOa agaMaHTaHKapOOH KBIUKBUIBIHBIH amuni lllorren-bayman
omici OoipHIa THOMOP(ONUHAI agaMaHTaHKapOOHWIXJIOPHIIMEH aIiiiAey CHHTE31 ap-
KBUTBI JKYPTi3innai, (papMakoJOTHAIBIK TYPFBIOAH KOJAWIE (DOpMaHBI aly MakcaThIHIa
[-mmKI0DeKCTPpHHMEH KOCY apKbUTBI OHBIH Komruiekci, AIP-10 mpemnapartsr cunTe3emMmi,
Oyt in Vitro Toxipubecingae MUKpOOKa KapChl jKoHE QYHTUIMATIK OCICEHIITIK KOPCETTI.

Peaxuus abCcoOTTIK OEH30J1/1a CANKBIHAATY apKbUIbI )KY3€Tre achbIpbUIIbl. AMHH:allu-
JIUPJIEYIIi areHT KaThIHACKI 2:1 aibIH/IbI.

CuHTe3JeNreH KOCBUIBICTApIbIH KypaMbl MEH KYpPBUIBICHI 3JEMEHTTIK capantama
xone UK, SIMP cniekrpockonus, a )eKeuemiri — »kyka KabaTTsl xpomarorpadus siciMeH
JOTeACHAL.

Tyiiin ce3mep: aMunTep, agaMaHTaHKapOOHHIXJIOPHA, THOMOP(OIUH, MHUKPOOKaA
Kapchl OeCeHAUTIK, QYHTUIUATIK OCICCHILTIK.

Summary

G. S. Akhmetova, U. B. Issayeva, K. D. Praliyev, U. M. Datkhayev,
M. T. Omyrzakov, /. A. Abdambayev, T. M. Seilkhanov

SYNTHESIS AND PHARMACOLOGY
OF THE NEW ANTIMICROBIAL DRUG AIP-10

In present research, amide adamantanecarboxylic acid was synthesized according to
the Schotten-Bauman by the method acylation of thiomorpholine with adamantanecarbonyl
chloride, in order to obtain a pharmacologically acceptable form, the drug AIP-10 was
synthesized in combination with B-cyclodextrin, which showed antimicrobial and fungi-
cidal activity in the practice of in vitro.

The reaction was carried out in absolute benzene with cooling and the ratio amine:
acylating agent = 2: 1.

The composition and structure of the synthesized compounds were confirmed by
elemental analysis and IR, NMR spectroscopy, individuality - by thin-layer chromate-
graphy.

Key words: amides, adamantanecarbonyl chloride, thiomorpholine, antimicrobial
activity, fungicidal activity.

271



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

UDC 54.056
A.N. SABITOVA, B.B.BAYAKHMETOVA

Shakarim State University of Semey, Semey, Republic of Kazakhstan

EXTRACTION AND COMPONENT COMPOSITION OF COAL
FROM MAIKUBEN DEPOSIT

Abstract. This article discusses the production of important organic compounds by
extracting coal from the Maikuben deposit using various solvents such as benzene and
hexane. For the first time, the composition of extracts was studied by IR spectroscopic
method. As a result of IR spectroscopic study of hexane and benzene extracts, saturated,
unsaturated, aromatic compounds, and amines were determined. A comparative analysis of
benzene and hexane extract was made.

Keyword: coal, extraction, extractable substances, coal quality, solvent, IR spectro-

scopy.

Introduction. One of the properties of coals that determine the molecular
structure is their effect on various types of solvents. Since coals of various types
and degrees of metamorphism swell at low temperatures, various products can be
extracted from them.

By nature, the swelling and dissolution of coal is a process very close to each
other. Due to the dissolution of the solvent in the coal, coal edema occurs. The
results of the experiment show that the process of coal edema is a reversible
process. The process of edema occurs due to the formation of intermolecular bonds
between the solvent molecule and the organic mass of coal (OMC) [1, 2].

Solvent extraction at boiling point is performed to produce rock wax, lignite,
and peat. To do this, we studied the kinetics of the extraction process at the boiling
point of the solvent and a certain pressure, grinding coal to a certain amount
(0.5-6 mm), mixing coal and solvent with a mass ratio of 1:3 [3].

In milder conditions, it is possible to extract organic substances from coal to
several tens of percent. For example, 24% of the organic mass of coal was extracted
with a yield of 42% volatiles.

The composition and content of the extract depend on the structural and
chemical parameters of the coal and the physical and chemical properties of the
solvent used. For example, 40 solvents were studied and the maximum yield of the
extract was observed when using anthracene oil as a solvent, when using quinoline
and paraffins of low origin [4].

One of the parameters that are important for the output of the extract is the
temperature. The extraction mechanism in a softer position differs from the
extraction mechanism at a high temperature (t = 400+450 °C). When extracted
under mild conditions, the solvent can only dissolve part of the organic mass of
coal bound between the molecules. During high-temperature extraction, destructive
processes occur, and the resulting products are stabilized by hydrogen released due
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to the disproportion of the organic mass of coal, or by hydrogen released from the
solvent, if the solvent is a hydrogen donor [5].

It follows that the coal molecule is considered as an agglomerate of various
compounds with different structures and properties, and it should be considered that
the dissolution mechanism is more complex than individual compounds.

The study of coal dissolution conditions is one of the most important sections
of organic chemistry, including coal chemistry.

At atmospheric pressure, solid combustible ores can be partially dissolved by
exposure to various organic solvents. When the temperature increases, the amount
of soluble substances increases and shows the maximum dose of the solvent when
the boiling point is reached [6].

The study of the influence of various solvents on solid combustible ores shows
that the amount of dissolved substances that pass into the solvent depends on the
composition, physical and chemical properties of the solvent and solid fuel, the
dissolution conditions and the degree of carbon dioxide of the solid fuel [7].

Research materials and methods. This article presents for the first time the
results of research on the physical and chemical characteristics and extraction of
coal in the Maikuben deposit.

Brown coal from the Maikuben Deposit was used for experimental research.
Maikuben is a quarry located 160 km southwest of Pavlodar and 110 km from the
power plant. The estimated life of the section is more than 30 years, which is a
reliable base for the supply of raw materials. The coal extracted here is brown and
belongs to the group of 3 B coals in terms of humidity. Its production is carried out
in an open way. It is supplied to Ekibastuz GRES-1, as well as to other thermal
power plants and industrial enterprises, as well as for domestic use in Kazakhstan
and other countries.

Extraction of coal with organic solvents under normal conditions is carried out
on the soxlet apparatus. The soxlet device consists of four parts: a flask heater, a
flask, a soxlet extractor, and a reverse refrigerator. The parts of the device are
connected to each other via a slot.

The main part of the device is the soxlet extractor . The top and bottom of the
extractor are connected by two tubes. One of the two tubes is much wider than the
other, it passes steam from the round bottom flask into the extractor. The second,
thin, siphon tube again removes the condensed solvent collected in the extractor.

The filter paper cartridges are loaded with carbon weighting (659 of coal :
500 ml of solvent). The cartridge is placed in the extractor and the solvent is poured
into the extractor by bending the siphon tube. The extractor is connected to the
refrigerator, and the flask turns on the heater.

The physical and chemical characteristics of the brown coal of the Maikuben
deposit were determined for the first time using the LabsysEvo analyzer.

The IR spectrum of coal products was taken on a Spektrum 65 IR Fourier
spectrophotometer (Perkin Elemer company) in the range of 4000-450 cm™*. KBr
with a diameter of 3 mm was used as tablets. The ratio of coal and CBD is 1: 200.

273



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

RESULTS AND DISCUSSIONS

The results of technical analysis of the Maikuben coal deposit are presented in

table 1.
Table 1 — Physical and chemical characteristics of Maikuben coal deposit

o Characteristic Unit Index Average value
1 Humidity % W 18,0
2 Ash content % A 19,8
3 Volatiles output % \Y 429
4 Sulfur % S 0,8
5 Carbon % C 73,5
6 Hydrogen % H 4,83
7 Nitrogen % N 0,93
8 Oxygen % O 19,25
9 Phosphorus % P 0,04

Cary 660 FTIR IR-Fourier spectrophotometer (figure 1).

Altorkance
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Table 1 shows, that the studied coal of the Maikuben deposit is characterized
by low ash content and humidity. The analysis of coal showed that the content of
elements, in particular carbon and hydrogen, oxygen, the coals of the Maikuben
deposit are brown and belong to the humus coals of the technological brand 3B.

The study of the qualitative composition of coal samples from the Maikuben
deposit was determined from the group bands in the IR spectra obtained using the

Madmben coal

Figure 1 — Graph of the IR spectrum of coals
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Absorption bands characteristic of valence vibrations of amides, aromatic
hydrocarbons, aromatic and arylalky! esters, and alcohol hydroxyl were identified
in the IR spectra of the studied coal (table 2).

Table 2 — Characteristics of IR spectra in the Maikuben deposit

Fluctuation Type of compound Frequency, cm?
VOH Hydroxyl group 3693(av.), 3623(av.), 3357 (str.)
VOH (bond) Alcohols _

VCH Methylene groups in the benzene ring 2928 (str.)
ve=c Double carbon bonds of primary amides 1603 (av.)
VHC-CH Arenas 916 (av.)
vcoc Aromatic and arylalkyl esters 1268 (wk.)
VC-0-; -OH- Primary alcohols 1027 (str.)
VCH2 Methylene group 1443 (av.)
VOH (bond) Phenols _
vc=0 Ester -

Note: 1 str. — strong; 2 av. — average; 3 wk. — weak.

In the process of coal extraction on the Soxhlet apparatus, the following

solvents were obtained: benzene, n-hexane. The conditions of the extraction pro-
cess are shown in table 3. The ratio of the coal and the solvent taken for the study
is 1:5. The extraction was carried out at the boiling point of the solvents for a week.

The composition of liquid extraction products was studied by physical and
chemical analysis methods.

Table 3 — Parameters of the Maikuben coal extraction process in the Soxlet apparatus

Solvent Carbon mass, g Volume of solvent, ml Temperature,°C
Benzene 70,0 400,0 80,1
Hexane 80,0 600,0 68,0

The study of the extract content after extraction in the Soxhlet apparatus of the
Maikuben deposit was made using IR spectroscopy.

The results of IR spectroscopy of benzene extract obtained from the extraction
of coal from the Maikuben deposit in the Soxhlet apparatus are shown in table 4.

The content of n-hexane extract obtained as a result of extraction of coal from
the Maikuben deposit in the Soxhlet apparatus, according to IR spectroscopy, is
shown in table 5.

In the IR spectroscopy data shown in figure 3, absorption bands of aliphate
compounds, olefins and naphthenes and saturated compounds were detected in the
composition of n-hexane extract.
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Table 4 — Composition of benzene extract of coal deposit using IR spectroscopy

Fluctuation Type of compound Frequency, cm Intensity
VNH, Primary amines 3443,03 Weak
VNH 3641,92-3610,64 Weak

5NHZ 1248,89-1176,89 Weak

Ve —H Aromatic compounds 3090,56 Average

3035,74 Average
(-C=C-C=C-) 3071,03 Strong

Veee (=C-H) 1670,92 Average
Veme 849,88 Weak
Ve 774,18 Weak
Ven Alkanes, 2906,12 Weak
Sc-c (-CH2-) 2887,19 Strong
2818,80 Strong
-C(-CHa): 1478,68 Strong

1393,32 Average
Ve=o Ketones 1754,09 Weak
1719,51 Strong
Ve-o Ethers 1178,64 Weak
Vic-cn Saturated compounds 728 Strong

464,12
"“ | w0 ¥ 51,00

Vet 94721

4000,0

035,74

3000 2000

1478 68

1500
cm-1

1000

Figure 2 — IR spectrum of benzene extract obtained from the extraction of coal
from the Maikuben deposit in the Soxhlet apparatus
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Table 5 — Composition of n-hexane coal extract from the Maikuben Deposit using IR spectroscopy

Fluctuation Type of compound Frequency, cm Intensity
VNH, Primary amines 3437,09 Weak
SNH 1248,81-1210,06 Weak
SN2 1619,62 Strong
Ven Alkanes 2927,21 Strong
2874,43 Strong
Se-c (-CH2-) 1466,87 Average
-C(-CHa)z2 1378,88
Ve=c Alkenes 1958,74 Weak
Vee 1854,84 Weak
Ven Aldehydes 2734,09 Weak
((typical only for aldehydes) 883,80 Average
Ve-o Ethers 1219,33 Weak
1136,02 Weak
Von Alkohols 1065,23 Average
1018,56 Average
Vic-cn Saturated compounds 905,43 Strong
603,46

1000

4000,0

3436.28

2183,06
3028.07 185484

3028.0
260354 1958,74

al
pg74.43
¥
@927.21

3000 2000

1683,58

i
1619.62 [ W219.32

1247.38

/
1293.15 1136.02018.56
| 106585

154104

1378.88

1466,78

1500

cm-1

Figure 3 — The IR spectrum of the hexane extract obtained

1000

603,46
905,43 1
BE3.EDI4.61

758.6%

450,0

from extraction of coal deposits Maikuben in Soxhlet apparatus

The study of the IR spectra of benzene extract obtained from extraction
revealed absorption bands characteristic of aromatic, aliphatic compounds, amines,
esters, ketones and saturated compounds.

Conclusions. Thus, as a result of the study of the IR spectra of benzene extract
obtained from the extraction of coal from the Maikuben deposit in the Soxhlet
apparatus, absorption bands were determined and they are typical for aromatic,
aliphatic compounds.
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The study of IR spectra of n-hexane extracts obtained from the extraction of
coal from the Maikuben deposit in the Soxhlet apparatus revealed absorption bands
of caliphate compounds, olefins, naphthenes and saturated compounds.

The process of coal extraction can distinguish valuable organic substances:

a) alkanes,including nonadecane, and naphthalenes are obtained from coal
using a benzene solvent;

b) using a hexane solvent from among the aliphate hydrocarbons, decane,
undecane, from the aromatic hydrocarbons of benzene are obtained.
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A. H. Cabumosa, b. b. Basxmemosa

MAWKOBE KEH OPHbI KOMIPIHIH, SKCTPAKIIMACHI
JKOHE KOMITIOHEHTTIK K¥PAMBI

Makanana MaiikyOeH KeH OpHbIHAH OEH30J1 )KOHE TeKCaH CHSKTBI SpTYpJli epit-
KilUTepAl mnaiijanaHa OTBHIPBIT KOMIPAEH MaHbBI3Ibl OPraHUKaIBIK KOCBUIBICTApIbl ally
KapacThIpBIIaAbl. AJFAIIKbl PET CHIFBIHABUIAPABIH Kypambl MK-crnekTpocKonmusuibIk
onicrieH 3eprrengi. ['excannpl xoHe OSH30JbI CHIFBIHABUIAPABI K-CIIeKTPOCKOIHSIIBIK
3epTTEY HOTIKECIHAC KAHBIKKAH, KaHBIKIAFaH, apoOMaTThl KOCBUIBICTap MEH aMHHAED
aHBIKTaIbl. beH30I1 s)KoHe TeKCaH CHIFBIHABUIAPEIHA CaNIBICTBIPMAIBI TajIaay KYPTi3iii.

Tyiiin ce3aep: KeMip, SKCTpakKIHs, SKCTParHpJiCHETiH 3aTTap, KOMip calackl,
epitkim, UK-cexkTpockomms.
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Pe3rome
A. H. Cabumosa, b. b. bBasxmemosa

SKCTPAKIIMA U KOMHOHEHTH};II\/:I’ COCTAB VI'JIA
N3 MECTOPOXIEHMA MAUKYBEH

B craTthe paccmaTpuBaeTcs MONyYeHHWE BAXKHBIX OPTaHMUECKUX COCOUHEHHUH ITyTeM
W3BJICUCHUS YTIII M3 MECTOPOXKIeHHS MalKkyOeH ¢ HCIIOJIb30BaHHEM pa3IMIHBIX pac-
TBOpUTENEH, TaKMX Kak OCH30J1 W TrekcaH. BrepBble cocTaB 3KCTPAaKTOB OBUT HM3yYeH
UK-cnekrpockonnyeckuM metoaoM. B pesynbrate UK-cnekrpockonuyeckoro uccieno-
BaHUS TCKCAHOBBIX U OCH30JBHBIX IKCTPAKTOB OBUIM OMpE/C/ICHbI HACBHIIICHHBIC, HECHA-
CBIIIIEHHBIEC, aPOMAaTUYECKUE COCTUHEHMsI M aMHHBI. [IpoBeZieH CpaBHUTENBHBIN aHAIW3
OCH30JIBHOTO U T€KCAaHOBOT'O 3KCTPAKTOB.

KiioueBble c10Ba: yroiib, SKCTPAKIIUS, IKCTParupyeMbIe BEIIECTBA, KAYECTBO YTJIA,
pactBopuTtenb, UK-cnekrpockomnusi.

279



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

PaGorbl MHCTUTYTA XMMHYECKHUX HAYK
umenu A.b. bektypoBa, Boimenmue B 2018-2019 rr.

OppaeHa TpyaoBsoro KpacHoro 3HameHum
WMHcTuTyT Xumuyeckmnx Hayk umeHu A.B.BektypoBa

E.E. EproxuH, T.K. Yanos, T.B. KoBpuruna

CUHTETWMYECKME W MPUPOLHBIE
WOHMUTbI ANSi COPBLIMOHHBIX
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YTBEpXAeHO K nevatu peweHuem YueHoro Coseta OppeHa TpyaoBoro
KpacHoro 3namenn AO «MHCTUTYT xumudeckwux Hayk um. A.B. Bekryposa»
(npotokon Ne 4 ot 28 nioHs 2018 r.).

PeueH3eHTbI:
AOKTOP XMMU4eckux Hayk, npocbeccop M.B. YMepsakosa,
OOKTOp XUMUYeckux Hayk, goueHTt B.[. Kpasuosa.

E.E. EproxuH, T.K. Yanos, T.B. KoepurmHa. CuHTeTUYecKue u
NpUpoAHbIe UOHUTBI AN COPOLMOHHLIX TEXHONOTrUM. - AnMaTel, 2018. - 440
c.; bubn.: 843 HasB.

ISBN 978-601-332-041-0

B moHorpacun 060o6LeHb! pesynbTaTel TEOPETUMECKUX M 3KCNepUMEHTanNbHLIX Uccne-
AoBaHui B 06nacTu CHUHTE3a U NPUMEHEHWS MOHOOGMEHHUKOB Ha OCHOBE CUHTETMYECKUX W
NPUPOAHBbIX WUCXOAHBIX COEAWHEHMA, KaK BaXHeMlWel COCTaBNAIOWEA COBPEMEHHbIX
JKOMOrMHECKU YUCTLIX TEXHOMOrui, BRM3KUM K NpUHUMNAM «3efieHOR XuMuu». PaccMoTpeHb!
cnocobbl cuHTE3a W MOAUDUKALMM MOHMTOB, METOAbl aKTUBAUMM OPraHWYecKx W
HeopraHM4eckux COeAUHEHNIA C Uenbio NonyyeHna 3aaaHHbIX CBOWCTB NPUPOAHBIX COPGEHTOB.

O6cyxeHbl 0COBEHHOCTM KUHETWKM M MEexaHu3Ma B3auMOAENCTBM 5 FMULMOWUNOBbIX
NPOM3BOAHLIX APOMATUYECKUX COEAMHEHWN C MONUaMUHaMK, YCMOBUA NONyvyeHWa cynbdo-
KaTMOHUTOB CyNbhUPOBaHUEM UCXOAHLIX NOMUMEPOB CEPHON KUCMOTOM 1 oneymoM. MokasaHa
BO3MOXHOCTb CUHTE3a NOMUMEPOB NPOCTPAHCTBEHHOW CTPYKTYPbl Ha OCHOBE KWUCNOpOA- W
a30TCoAEPXKalUX COEAMHEHWIA W N3YyYeHa WX COPOLUMOHHAA CNOCOBHOCTL MO MOHaM METannos u
OpraHU4ecKUX COEQUHEHNHN.

OcBsellieHbl MeTOAbl MOAUMDMKAUWKM NPUPOAHLIX GEHTOHWTOB, LEONMTOB, LWYHIWTOB,
NoYBO- U NYMUHCOJEPXalLlnX BELECTE U UX NPUMEHEHME B COPBLUMOHHbIX TEXHOMOTUAX.

Ocoboe BHWUMaHWe yaeneHo TEXHOMOTWSM OYUCTKM BOALI (KAK CTOYHBIX, TaK U
npupoaHbix), Ana obecnedyeHnss 0GOPOTHOTO BOAOCHAGKEHUA MPOMBILNEHHBLIX NPEANPUATHA,
NOBLILEHUS YPOXaAHOCTU CENbCKOro XO3ANCTBA U YNYYLIEHUs IKONOITUYECKON 0BCTAHOBKU B
KasaxcraHe.

KHura npegHasHaveHa AN Hay4HbIX U UHXEHEPHO-TEXHUYECKUX COTPYAHWKOB, 3aHATBIX
B 06NacT XMMUN U XMMUYECKOH TEXHONOTMM BLICOKOMOMEKYNAPHBLIX COSAVHEHUA W MOHHOTO
obMe-Ha, OpraHM4eckoro CWHTE3a, rMAPOMETannypriy, HedTenepepaboTku U  OXpaHbl
OKpyXalolwen cpegwl, a Take AnA npenopaeatenei, PhD AOKTOpaHTOB, MarucTpaHTos M
CTYAEHTOB XWMW-YECKMX W XUMMUKO-TEXHONOrMYECKWX CneuuanbHOCTeA BbICWUMX y4ebHbIX
3aBefeHni.

Paboma evinonHeHa no epaHmy Komumema Hayku MuHucmepcmea 06pa308aHus U HAyKu
Pecnybnuku Kasaxcman Ne AP05131439 Ha memy «Cunmes u MOOUMUKAUUA HAHOCMPYKMYPHbIX
UOHOOOMEHHbIX MEMBPAH U CO30aHUE HA UX OCHOBE UHHOBAYUOHHbLIX CUCMemM 800010020MOBKU».

ISBN 978-601-332-041-0 © E.E. EproxuH, T.K. Yanos, T.B. Kospuruxa
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YT1BepxaeHo k nevar peuredneM Yuenoro Cosera Opaena Tpynosoro KpacHoro 3name-
H1 AQ «MHCTHTYT XMMHYeCKHX Hayk HM. A.B. Bextyposa» (npotokon Ne 9 or 19 nions 2019

r.).

PeneH3enThI:
JIOKTOp XHMHYECKHX HayK, npopeccop M.K.Kypmananues,
JIOKTOp XHMHYECKHX Hayk, npodeccop T.K. Tacymanmios.

Eproxun E.E., Yanos T.K., Measnukos E.A.
Cocrosinde H HepcHeKTHBBI MHPOBOH He(TenmepepadarbiBaonieiil NMPOMbIILJIEHHO-
cTH. - Anmartsl, 2019. - 562 c.; bubn.: 336 Hazs.

ISBN 978-601-80738-9-2

B mMoHorpaguu packpbiTa 0011as TeHAEHIHS pa3BHTHS HedTsaHOI oTpacnu B Kazaxcrane,
crpaHax CHI" u MHpe B 1ie/IoM, JiaHa ee XapaKTePUCTHKA KaK ONHOH M3 OCHOBHBIX SKOHOMHUK
HedrenobpIBatomux crpaH. OGOOUIEHB IUTEPATYPHBIC JAHHBIE TI0 CTAHOBJICHHMIO MHMPOBOH
HedTenepepadaTHIBAIOLICH NPOMBIIUIEHHOCTH U €€ COBpeMeHHOE cocToaHue. [lokasaHo, uTo
o0LEeMHPOBOH TeHJCHIMEH B 3TOH OTpaciu ABJISETCS YMEHbIUCHHE pa3BeJaHHBIX 3aMacoB
nerkoii HeTH HIOABJICHHE AIBTEPHATHBHBIX HCTOYHHKOB 3HEPrHH. B CBA3M c 5TUM Hanb-
Heee pa3sBHTHe HerenepepabaThiBalOIeH NPOMBIIIIEHHOCTH HAalNPaBJICHO HA NOBBIICHHE
ryOuHEI nepepaboTky HedTH U He(PTAHBIX OCTAaTKOB. [loKMCK HOBBIX TEXHONOIHI M KaTalu-
3aTOPOB, CTOMKHX K BBICOKOMY COIEPYKaHHIO CEPhl, METANIOOPraHHKH, NapadMHOB H APYTHX
MpHUMECEH, ABNAETCA OCHOBHOMH 3anaueH Onmkaimero Oymymero.

B MoHorpaguu nokasaHo, 4to HedrenepepadaThiBaOIUe 3aBOABI MMEIOT BBICOYAHIIHH
YPOBEHb BOAONOTPeOIeH s, KOTOPHIH Npeanonaraer pa3paboTky U BHenpeHHe 3 PEKTHBHBIX
cnocofoB 06eccoNHBaHUA CTOYHBIX BOJ C LIENBIO COKpallleHHs HX cOpoca W BO3BpalEHHS
YacCTH BOABI B TEXHOJNIOTHYECKHI UK.

ABTOpaMH TMOKa3aHbl COOCTBEHHbIE Pa3palOTKH TEXHOJOTHH OYHCTKH NPOMBIILIEHHBIX
cTouHBIX BoA KazaxcraHckux HedrenepepabaThIBalOIHX 3aBOOB 1 BHEAPEHHE 000pOTHOrO
BOZOCHA0MEHHA Ha ITHX NPEANPHATHAX.

KHura npefHa3Ha4yeHa AN HaydHBIX H HHXEHEPHO-TEXHHYECKHX COTPYAHHKOB, 3aHATHIX
B 00acTH pa3BeJKH, AOOBIYH ¥ NepepaboTKH HeTH M ra3a, OYUCTKH NMPOMBINICHHBIX CTOY-
HBIX BOJ M OXPaHBI OKPYKAaIOWIEH cpeibl, a Takke /A npenogasarene, PhD nokropanTos,
MAarMcTPaHTOB H CTYJCHTOB NMPOGHIBHBIX BRICHIHX YYeOHBIX 3aBEICHHH.

ISBN 978-601-80738-9-2 Eproxun E.E., Uanos T.K., Menerukos E.A.
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90X 54 (075)
KbXK 24.1a73
E65

bacnasa Ansvamer mexnono2usiibIK YHUGEPCUMEMI HCAHBINOASb
Peenyonuxansi, ogy-a20icmemenix Keyecininy uieutiMimen ycolnsLisan
(xammama Ne 2, «21» mayceim 2019 ncein)

Mikip xa3rannap:

9binos K.9. - x.r.a., anp-Papabu arbingarsl Kasak YNTTbIK YHMBEPCHUTETIHIH
npodyeccopsl;

Taxibaesa C.M., - x.r.1,. anb-Mapabu ateinaarel Ka3ak ynTThiK YHMBEPCHTETIHIH
npodeccopsl;

Yanos T.K. - x.r.n., O.5. BekTypoB arbiHAarbl XUMHS FbIIBIMAAP HHCTHTYTBIHBIH
0ac FBUIBIMH KbI3METKepi, npodeccop

Eproxun E.E.

E65 Xorapu monekynanelk Kocbiibictap. JKorapbl OKy OpbIHAApbl CTYAEHTTEpiHe
apHanrad okyinblK /Eproxun E.E., Kypmawonnes M.K. — Anmare,
AnbMaHaxs, 2019 — 452 Ger.

ISBN 978-601-7590-33-8

OkynblKTa KOFapbl MOJEKYNANbIK KOCBUILICTAP/ILIH  KYPBUIBICHI, AJbIHY
xonjapbl, (hPHU3MKa-XMMHUANBIK KacHETTepi *oHe Herisri eKinjepi KapacTbIpbUIFaH.
IMonnumepnepai enney, naiiganany xoHe Oy3biny KesiHAe KYPETiH PU3MKa-XHMHANIBIK
npoueccTepiin pesli kepceTinreH. ApHaiibl KacMeTTepre HeNeHreH noauMepiaep MeH
JKOFapbl MOJNEKYNANBIK KOCUILICTAP FhUILIMBIHAAFbI COHFbI XKETICTIKTEP MEH XaHa
OarFbITTapFa epeKiie Ha3ap ayaapbUIFaH.

OKynbIK KOFapbl OKY OpbIHAAPBIHBIH CTYJAGHTTEpiHe, MaruCTpaHTap MeH
FBUTBIMH KbI3METKepJiepre apHaJIFaH.

BOXK 54 (075)
E19.1;140.T.28.C KBX 24.1a73

Byn bacvinvimea 6apnuis Kyssixkmap «Anomanaxsy éacna yitive muecini.
Aemopnvik Kysoik ueciniy keaicimineciz kez kenzen maciimen kegelinyze moliiblM CanbiHaobst.

ISBN 978-601-7590-33-8 © Eproxun E.E.,
Kypmananuer MK, 2019
© Anbmanaxs, 2019
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EH6ek Kbizbin Ty Opaenpai
«9.B.BekTypoB atbiHAaFbl XMMUA FeINbIMAAPLI MHCTUTYThIR

AKUVOHEpPIiK KoFaMbl

E.E.EPFOXWH., H.©. BEKTEHOB

AMOKCUMETAKPUIAT COMOJIMMEPJIEPI
HEr3IHAEN KOMIMJIEKC TY3rIL
MOHAJIMACTbIPFBILLUTAP
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«B8.B. bBektypoB artbiHAafbl XumMusi  FbINbIMA@Pbl  MHCTUTYTbI»  AK
FoinbiMu keHeciHiR Wewimi 6acnara GekiTinAi
(xatTama Ne 4 28 maycbiMm 2018 x)

PeueHseHTTEp:
Kymaainoe T.K -xvmus FoinbimaapbiHbiH OKTOPLI, Npodgeccop,
Taxibaesa C.M. -XxvMuUs FoinbiMAapbliHbIH AOKTOPLI, Npodeccop

E.E. EproxuH., H.©. bekreHos.

OnokcMMmeTakpunat — COMONMMMEPMeEpPi  HerisiHAeri  KOMNnekc  Tysri
WoHanMacTbipfeilTap . - Anmatel, 2019.-232 6.; bubn.:441; Cypet 111;
Kecte 105.

ISBN 978-9965-877-51-3

Byn MoHorpacgusga anokcMMeTakpunaT cononumepnepi  HerisiHaeri
KOMMAEKC Ty3yLli MOHanMacTbIpFbILLTap anyAblH kasipri kesaeri Aamy AeHreiii
MEH OHbIH HEri3iHAe anblHFaH NONUANEKTPONUTTEPAiH NpaKTuKaga KonaaHy
epeKLLEeNIKTepi kepceTinreH.

Kitan fbinbiMr-negarorvkanblk, WHXeHep-TeXHUKanblk mamaHpapra,
)KOFapbl Monekynarnblk KOChINbICTap, WOH anMacy canacbiH 3eprreyllinepre,
MYHaNXMMUACHI, OpraHukanblk xoHe OellopraHukanblk CUHTE3, XWMWUS-
TEXHOMOTUANLIK ~ Mekemenepi  MeH  fbiNbIMU-3epTTeY  UHCTUTYTTapbl
MamaHaapbiHa apHanfaH. Xumums, konaaHGanbl akonorus,
rMOpoOMeTannyprusl, atoMm eHepkacibiHiH MamaHObIKTapbiIMEH >KOfapbl OKYy
OpbIHAAPbLIHBIK CTYAeHTTepiHe, maructpanTTapbiHa, PhD gokTopaHTTapbiHa,
noepic BepeTiH ycTasgapra keH kenemae nanganaHybiHa bonagei.

Xymbic Kazakctan Pecnybnukacs! Binim keHe fbinbiM MUHUCTPAIrHIH FbinbiM
KOMUTETIHIH Kapxbinain kKongaybiMeH FTB Ne BRO05234667 «Bepinrex
kacueTTepre ne BeliopraHukanbik, OpraHuKanslk NoNMMepni KobICbiNbiCTapabl,
Xyenep jkeHe wMaTepuangapdbl anyablH  (OU3MKa-XUMUSINLIK - Herisaepi»
(wudpp @. 0796) rpaHThl GoMbIHLWA OpbIHAENAB!.

ISBN 978-9965-877-51-3 © E.E. EpFoxuH., H.O. bekTeHoB.
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MUHUCTEPCTBO OBPA3OBAHIA N HAY KWK PK
AO MHCTUTYT XUMUYECKX HAYK UM. A.b.BEKTYPOBA:

Dxymagunos T.K., KoHpaypos P.I.

BbICOKOCETEKTUBHBIE K MOHAM
PEOKOSEMETIbHBIX SJIEMEHTOB
WHTEPIENEBBIE CUCTEMbI
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Pexomendoeano x nevamu Yuenvim cosemom AQ «Huemunmyma xumuyeckux Hayk
um. A.B. Bexmyposa" MOH PK(npomoxon Ne 3 om 04.03.2019 2.)

OTBeTCTBEHHEIH pelakTop I.X.H., npodeccop YMepsakoa M.B.

PeuensenTor:a.Xx.H., npodeccop Yanor T.K.; ax.H., npodeccop MyxutauHosa
B.A.

Jaxymaguios T.K., Konpaypos P.I'.

BbICOKOCEIEKTHBHbIE K  HOHAM  pelKo3eMeJIbHBIX  3JIEMEHTOB
HHTeprejeBbie cHcTeMbl: MoHorpagus / xymagunoe T.K., Kowmaypos P.I'.-
Anmarsl, 2019. - 217c.

ISBN 978-601-80738-7-8

B MOHOTrpahuu 06061meHb! pe3ysbTaThl TEOPETHYECKHX "
JKCMIEPUMEHTAJLHBIX HMCCIAECAOBAaHHH B OOJNACTH CHHTe3a M NpPUMEHEHHs
HHTEpPTeNIEBBIX CHCTeM. PaccMOTpeHBl pasnuuHble  CHocoObl  IMONyyYeHHs
BBICOKOMOHH30BAHHBIX PEIKOCIINTHIX [OJIMMEPOB KHCIOTHOH M  OCHOBHOIA
IPUPOJBIL.

IIupoko HpeICTaBICHbI pe3yabTaThl HCCIe0BaHUiA copOuun
peaKo3eMeNbHbLIX METAJUIOB Ha NpHMepe copOLMM JlaHTaHa, LepHs, HEOAHMa,
camapus. [Tokazansl oco6eHHOCTH JecopOLUHH Ha NpuMepe JecopOLIMH JIaHTaHa U3
MaTpHlBl TonuMepos. IlpencTaBieHa BO3MOXHOCTH CENEKTHBHOIO H3BJICUEHHS
HOHOB PEAKO3CMEJIBHBIX METAJJIOB Ha IIPUMEpPE JIAHTaHa H LIEpHA.

Knura paccuntana Ha IHPOKHH KPYT CNELHAIHCTOB — HAYYHBIX pabOTHHKOB,
npenojaBateneil By3oB, paboTalomMX B 00MAaCTH XMMHH M  TEXHOJIOTHH
BBICOKOMOJIEKYJISIPHBIX COeAHHEHHH H THIPOMETAITyPriuy.

Paboma evinonnena npu ¢unancoeoii nodoepicke Komumema Hayku
Munucmepcmea obpazosanus u nayku Pecnybnuxu Kaszaxcman no epanmam
AP05131302 u A305131451 (npuopumem: Payuonanbhoe uchonv3oeavue
nNPUPOOHbIX, 6 MOM Yucle GOOHBIX pecypcos, 2eono2us, nepepabomia, Hogbvle
mamepuanol U mexwonozuu, Oesonachvie  uzdeaus U KOHCMpPYKyuu;
noonpuopumen: Iloaumepnvle Mamepuansl €O CHEYUARLHLIMU CEOUCHIBAMU,
NPUKIAOHbIE HAYYHBIC UCCACO08AHUS) 6 PAMKAX 2PANMIOBO20 (UHAHCUPOBAHUS
Hayunvx uccredosanuti na 2018-2020 ze.

ISBN 978-601-80738-7-8 © Ixymanunos T.K., Konpxaypos P.I'.
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PEIIEH3EHTBI

JIOKTOP XMMHYECKHX Hayk, mpodeccop E.O. barsipbexos
JIOKTOp XHMHYECKUX Hayk, nipodeccop Meiiiposa I H.

MoauduuupoBanHbie ANHIHKIHYECKHEe NOJMHMHIALI: MoHorpadgus /
Kpasuosa B./l., YMep3akoea M.B., Capuesa P.B. — Anmarer, 2019. — 222 ¢., 6u6n. 520
Ha3B., Tabi. 55, ui. 85.

ISBN 978-601-7052-26-3

B  MoHorpaguuM  cHCTEMaTH3MpOBAHBI  PE3YNLTATHl  MCCIEJOBAHUI 110
MOAH(ULMPOBAHHBIM ATHIMKIMYECKUM NONTHUMHIAM, MPHBEAEHDI JaHHbBIE IO HOBBIM
CMELIAHHBIM APHIAMUMKIHYECKHM TIOJTHUMHAAM, OCOOEHHOCTAM MOAM(PHKALMH
AJTMUHKIIMYECKHX TTOJIMHMHUJIOB HEKOTOPBIMH JIPDYTHMH  11OJIMMEpaMH, TOPHUCTBIM
APHIATHLIHKIHYECKHM  (CO)MOMMMUMMIAM, THOPUAHBIM  [TOJIMMEPHBIM  CHCTEMAaM,
METAJUICOACPXKAILHM KOMIIO3HLIMAM, & TaKikKe TEeXHOJOTMH IPOM3BOACTBA HOBOIO
MOJIMMEPHOTO JIaka JUIsl BBIMTYCKA Pa3IMYHBIX H3JIE/INiT TEXHHYECKOro Ha3HaYEHHS.

MoHorpadus npeaHazHaueHa Uil CNCLMAJMCTOB, padoTalOUIMX B 00nacTH
XHMHH W TEXHOJIOTHH BbICOKOMOJIEKYJSIDHBIX COEJMHEHHH, W MOKeT ObITh
MOoJIE3HA MpEnojaBaTcjsiM M CTyACHTaM XHMHYECKHX H XHMHKO-TEXHOJIIOHYCCKHX
clelHalbHOCTEeH.

ISBN 978-601-7052-26-3

© Kpasuosa B.[1., Ymep3akosa M.B., Capuesa P.B.
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MA3MYHBI

Xaxumbonamosa K.X., Tycynkanues E.A., ’Kymazanues CIK., baumbemos M.H.,
Katinapbaesa JK.H. EH MaHBI3[Ibl MOHOMEpJIEP — KeHOip STE€H TybIHIbUIAPBIHBIH
MaCC-CIHEKTPIICPIHIH BEPTTEY - cvvveuvereresiatinresistesterestettnsestase st et s et s eseesesresesbenees e bt et e s nbesn s nen 24

Myxanosa M.C., Tycinkanues E.A., Kymasanues C K., baumbemos M.H., Oyesosa B.A.
Keii6ip KbICBIMIBI TOMEHETETIH MpernapaTTap jKoHe OJIap/IbIH TYBIHIBUIAPBIHBIH MOJICKYJIAJIBIK
HOoHap QparMeHTALUSACBIHBIH MACC-CIIEKTPIIEP] HAHE EPEKIICTIKTEPI . cvvververireerearerereneeenrereneenne 40

JKymaeanues CIK., Myxanosa M.C., Onyapberosa U.H., Paxumberos JK.A.
1,2-nuaMuHAITaHHIH Kei0ip GipOpbIHOACKAH TYBIHABIIAPBIHBIH MACC-CIIEKTPIIEPI. .. evveveveierrerenes 57

JKymaoinos T.K., Konoaypos P.I"., Umanzaszvr A.M., Xumapcon X., XKopa A.J1.,
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TpeOoBanus A5 opopMIIeHHA cTaTell B sKypHase
«XUMHUYECKHUM )KYPHAJ KABAXCTAHA»

Hayunsiii xypHanm OTKpbBITOTO JocTyna «Xumudeckuil xypHan Kazaxcranay
n3gaercsa opaeHa Tpynosoro Kpacnoro 3nameHn MHCTUTYTOM XMMHUYECKHX HAayK MMEHH
A.B. BexTypoBa ¢ epnoIugHOCTEIO 4 HOMEpa B TOI.

Lems XXypHama — ocBenieHHe HOBBIX HAyYHBIX PE3YJIbTATOB M HICH, MPOOIEMHBIX
BOINPOCOB HAYKW M TEXHUKH, HOCIEIHUX Pa3pabOTOK M HCCIECJOBAHHMU MO aKTyaJlbHBIM
npobiemaM (yHIaMEHTaNBHBIX M TNPHUKIAJHBIX HCCIENOBaHMH B 00NacTH HEOpraHu-
YeCKOM M OpraHM4ecKod XMMUH, XMMHU U TEXHOJOI'MH MOHOMEPOB M BBICOKOMOJEKY-
JSIPHBIX COEIUHEHHH, MOHHOTO OOMeHa, He(pTEeXHMMHUH W HEe(PTEXMMHUYECKOTO CHHTE3a,
XUMHUHU JICKapCTBCHHBIX BCHICCTB U (1)I/ISI/IOJ10FI/I‘-I€CKI/I AKTHUBHBbIX COC[[I/IHCHI/II‘/II, XUMHU-
YEeCKOH AKOJIOTHH, XUMHHU yIOOPEHUH U coliel, pu3muecKor XUMHH [UTS ITHPOKOTO KpyTra
cneruanuctoB. B Xyprane myGuukyloTcst HaydHBIE CTaTbU W 0030pPBI yYEHBIX, JAOKTO-
PaHTOB, MATNCTPAHTOB, MPOM3BOACTBEHHUKOB, HMEIOIIHE TEOPETHIECKOE 1 MPAKTHIECKOE
3HaUCHHE.

Cratbu, TpescTaBiIeHHbIe B pegakuuio JKypHana, TODKHBI YAOBIETBOPSTH CIEIyIO-
M TPeOOBaHMAM:

Oo6mue TpedoBaHMsl. PenakimoHHass KOJUIETHs TMPHHUMAET CTaTbH, HAOpaHHBIC B
TEeKCTOBOM penakTope MS Word B 35IeKTpOHHOM BHZE, a TaKKe Ha OyMakKHOM HOCHTEIE,
IIpUYEeM, OCIIEIHSS CTPaHKIa MONNCHIBAETCSI BCEMU aBTOPaMU C IPOCTABIICHUEM JIAThI.

Pucynku npencrasisitores ¢ paspemenneM MuaumyM 300 dpi, B popmare *.bmp, .tiff.
CxeMbl, rpaMKH BBIIOIHSIOTCS BO BCTpoeHHOU nporpamme MS Word nimm 8 MS Excel.

S3pik cratbu. CTaThu NPUHUMAIOTCS HA KA3aXCKOM, PYCCKOM WIIM aHTIIMHCKOM
SI3bIKAX, OJJHAKO, B IeJsIX momyisipusanuu JKypHania, pelakiMOHHOW KOJUIErHed Mpu-
BETCTBYETCS IIPUEM CTaTel HA aHTJIHUCKOM SI3BIKE.

IMapametpsl cTpanuusl. @opmat crpanup: A4 (210x297 Mm).

[Tons: BepxHee — 2 cM, HIDKHEE — 2 cM, JieBoe — 3 cM, npaBoe — 1,5 cM. PacctanoBka
NepeHOCOB He Jonyckaercs. A63anusbiii orctyn — 1,0 cM.

YIK. B Hauane craTbu, B BEpXHEM JIEBOM YIUy, YKa3blBaeTcsi HOMEp N0 YHHU-
BepcasibHO# necatuuHoi knaccupukaunu (Y K), cooTBeTcTBYyrONmMii 3asBIEHHOI TeMe.
Jlanee, nociie OTCTyNa CTPOKH, YKa3bIBAIOTCSI MHULUAJIBI U (PaMHIIMU aBTOPA(-0B), €LlIe Yepe3
CTPOKY CJIEIYyIOT Ha3BaHUs OpTaHM3aIMH(-i), B KOTOPOH(-bIX) padOTArOT aBTOPHI, Ha3BaHUE
ropoza u crpansl. Ele Hibke, 4epe3 CTPOKY yKa3bIBaeTCsS HAa3BaHWE CTATHH NMPOIHUCHBIMH
oykBamu. LLIpudT - MOy KUPHBIH.

AnnoTtamus. [IpenoctaBnsercs Ha s3bike cTaThil (00beM He MeHee 150 coB).

Kawuessie ciioBa. CrnoBa u cioBocoderanus (6-8), oOecrneumBaromue HaubOoiee
MOJTHOE PACKPBITHE COJCPIKAHUS CTAThH, TIPEACTABIISIOTCS HA S3BIKE CTATHH.

I'apuutypa. Tekcr cratbu Habupaercs B rapHutype Times New Roman, pazmep
Kerys 14 nt, MeXXCTPOYHBIH MHTEPBAJ - OAMHAPHBIH, (OpPMaTHPOBAHUE - 110 HINPUHE.

Crpykrypa u 00béM craTtbu. CTpyKTYypUpPOBaHHE CTaTbU MPOU3BOIUTCS B
COOTBETCTBUH C OOLICTIPUHATEIME cTaHmapTamu: '"Beenenne" (I0DKHO BKIIOYATE B Ce0st
MOSICHEHHE, B CBSI3W C YeM INPOBEJICHO JaHHOE MCCIIeIoBaHNe, 0030p aKTyaJbHOW JHTe-
paTypbl, 00OCHOBaHHE BBIOOpA METOJOJIOTHH HCCIEIOBaHMM), '"JIKCHepUMEHTAIbLHAS
yacTh' (ommcaHHWe TPOBOAMMBIX HccienoBaHuii), "Pe3yjbTaThl M HX o0cyxneHue'
(ToTydeHHBIe B XOJIe UCCIICIOBAHUS pe3ynbTaThl), "BbhIBoAbI" (KacaTenbHO IMOTyYeHHBIX
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pE3yJIbTaTOB, B TOM YHCIIC COOTBETCTBYIOT JIM OHHM OXHIAHUSIM Wid HeT). O0beM CTaThy,
BKITIOYAsi aHHOTAIIUIO U CITUCOK JINTepaTyphl: OT 6 10 10 cTpanui. O630pHbIE CTATBH MOTYT
ObITh 110 20 cTpaHuIlL.

CchBLIKHM HA HCNOJb30BAHHbIC HCTOYHHMKH. CCBUIKM HA HCIOJNB30BAaHHBIE UCTOY-
HUKH TIPUBOJSATCS IIOCJE IMTaThl B KBaJPAaTHBIX CKOOKax, C yKa3aHHEM MOpPSIKOBOTO
HOMepa MCTOYHHWKAa LUTHpoBaHusi, B coorBercTBUM ¢ 'OCT 7.1-2003 «bubnuorpadu-
yeckas 3anuch. bubnnorpaguueckoe onucanue. OOmue TpeOOBaHMS U IIPaBUIIa COCTaB-
JICHUS.

Croucok gurepaTypsl. Pacmonaraercs mocne Tekcra craThi. Hymepanus Hauu-
HaeTcsl ¢ mepBoro Homepa, npeasapsiercsi ciioBoM «JIMTEPATYPA» u odopmisieTcs B
MOpSAKE YIOMWHAHMS WIM OUTHPOBAHUSA B TEKCTE CTAaThbH. PeKOMEHIyeMoe KOINYEeCTBO
cCcrUIOK — He MeHee 20, B ToM unciie He MeHee 50% — CCBUTKHM Ha MEXITyHapOoIHBIE CTOY-
HUKH (KYpHAITBI, BXOJSIINE B MEKIyHapoaHbIe 6as3bl qanusix Clarivate Analytics, Scopus,
Springer Nature). [lasee B TOM ke TOPSIIKE MPUBOAUTCSA TPAHCIMTEPAIHs Crmucka. [1ox
OJIHUM HOMEPOM YKa3bIBAETCS TOJIBKO OIUH UCTOYHUK. CIIMCOK JIUTEPATyPHI JOJDKEH OBITH
MIPEJCTABICH HAUOOJICe CBEKIMH U aKTYATbHBIMU HCTOYHUKAMH.

Pe3tome. ITocne cnivicka JuTepaTyphl JOJDKHBI OBITH MIpeacTaBiIeHbl pestome. K mpu-
Mepy, €CIIM CTaThsl HalMcaHa Ha Ka3aXxCKOM SI3bIKE, TO HAa PYCCKOM M aHIJIMHCKOM SI3BIKaX
narorcs pestome, cocrosiiee n3 ®@HO aBropa (-oB), Ha3BaHMs, TekcTa ( He MeHee 150 cioB),
KJIFOYEBBIX CJIOB, OpPIaHU3AlNH, T/I€ BBINIOJIHSIACH padoTa.

ComnpoBoauTe/bHbIe JOKYMEHThI, IpHJIaraemMele K crarbe. K cratbe mpuniara-
I0TCSI COIIPOBO/IMTENBHBIE IOKYMEHTHI (Ha Ka3aXCKOM HJIM PYCCKOM SI3bIKE):

1. [MuceMo-HanpaBieHHe B peJakIMOHHYI0 Koyuternio JKypHaia oT opraHusanuy, B
KOTOPOH JaHHOE UCCJIEJJOBAHUE BBINOIHEHO.

2. AKT SKCIIEPTH3HL.

3. Cenmenus 00 aBropax: QaMmins, IMA M OTYECTBO KAXKIOTO aBTOpa ¢ YKa3aHHEM
YYEHOH CTENCHH! 1 yUSHOTO 3BaHMS, CITyKeOHBIE ¥ JOMAIIHUE HOMepa TelIe()OHOB, JoMaIlll-
HHE aJipeca ¢ yKa3aHHEM IOYTOBOTO MHIEKCA, aApec AIEKTPOHHOM MOYTHI (B 2-X JK3EM-
IsIpax).

4. Peuensus.

5. HayuHble yupexaeHus, BbICIIHE y4yeOHbIE 3aBE/EHMs, NMPOMBIIUICHHBIEC NpeN-
MPUATHUS U KaXKbIH aBTOP HAYYHOM CTAaTbH MPEICTABIAIOT KCEPOKOIHUIO MM CKAaHBEPCHIO
KBUTAHIIMM 0 TOI0BOM moamucke Ha «Xumudeckuit sxypHan Kazaxcrana». (IloamucHoit
unnexc B katamore AO «Kasllouta» unu B momonaHeHun kK Hemy — 75 241). bes storo
JIOKYMEHTA CTaThH HE IPUHUMAIOTCS.

Martepuainbl, HE COOTBETCTBYIOIIME YKa3aHHBIM TPCOOBAHMSM, BO3BPAINAIOTCS HA
JIOpaboTKy.

Perrenue o myOnuKayuy cTaThi MPUHUMACT PelaKIUOHHasl kosuierus JKypHaia.

DJNeKTpOHHas BEpPCHs IPEACTABIETCS Ha JIEKTPOHHOM HOCHTENe JTH0O0 OTIpaB-
JIIeTCS 110 3IeKTpoHHO#M noure: (ics_rk@mail.ru, lena.yanevskayad7@mail.ru).

JlaToii mpWHATHSA K TE€YaTH CYUTAETCS JaTa MOCTYIUIGHHS BEpPCHUH, YIOBJIETBO-
psromieii Bcem TpeboBanmsaM JKyprHana. OdepeaHOCTh MyOIMKAMK yCTaHABIUBACTCS I10
JTaTe MPUHATHS CTaThU K TICYaTH.

Peoaxyuonnas xoaneeus Kypnana
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