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AHHOTALIUSA

B maHHO# cTaThe C IeNbI0 JabHEHIeH ONTUMA3AIMH TIpoliecca cuHTe3a BemmectBa N,N'-rekcameTreH-0uc-[(0-Kpe3o-
nuo)-kapbamara] T.e. MOD-1 ObUIM MPOBEACHBI MATEMATHYECKHAEC PACUCTHI MyTeM OOBEAUHEHHS IBYX MPOTPAMM Kak
Maple 2023.0 u MATLAB R2021A. B pe3ynbraTe onpe/iesieHbl ONITHMaNIbHBIE TPEOOBaHMs, HEOOXOIUMBIE JUIsl PEaKI1H,
BKJTIOYAsT TEMIIEPATypy, BPEeMsl, CKOPOCTh PEAKIIMU M YCIIOBHSI ONITUMAJIBHOTO BhIxo/a. Takxke ObLIO BRISBICHO, 4To, MO3-1
" €T0 MPOU3BOJHBIC TOJTYYAIOTCA C HaI/I6OJ'II>HII/IM BBIXOJOM IIPpH NPOBECACHNUU PCAKIIUHN B )Z[I/IMeTI/IJ'I(bOpMaMI/I}lHOM pacTBO-
purene mpu Temmneparype 35—40 °C u B TedeHne 4—6 yacoB BpeMeHH.

ABSTRACT

In this article, in order to further optimize the process of synthesis of the substance N,N'-hexamethylene-bis-[(o-cresolyl)-
carbamate], i.e. MEE-1 mathematical calculations were carried out by combining two programs like Maple 2023.0 and
MATLAB R2021A. In doing so, the optimal conditions required for the reaction, including temperature, time, reaction
rate, and conditions for optimal yield are determined. As a result, it is revealed that MEE-1 and its derivatives are obtained
with the highest yield when the reaction is carried out in a dimethylformamide solvent at a temperature of 35-40 °C and
for 4-6 hours.

KiroueBrle cioBa: 6I/IC-Kap6aMaT, CHUHTE3, pCaKIrA, CKOPOCTh, BbIXOJ MPOAYKTa, MATEMATUYCCKOC MOJACIIUPOBAHUE,
OTUMU3al KA, HAUMCHBIINEC KBAaJAPAaThl, AJITOPUTM.

Keywords: bis-carbamate, synthesis, reaction, rate, product yield, mathematical modeling, optimization, least squares,
algorithm.

BBenenue. B Hacrosiiee Bpems noHATHsE «KoMIibto-
TepHast XUMUs» WK «MareMaTHdeckasi XHMHUs OBICTPO
pa3BUBaOTCSA. B KOMIBIOTEPHONH XUMHUHU BeEIIeCTBa
(MOJIIEeKyITbI) MOACIUPYIOTCS MO MOJIEKYJIAPHBIM Tpadam,
¢ hopmanbHBIME OTIEPAIIUSAMH 110 U3MEHEHHUIO BEIECTB
(XUMHYECKUMH PEAKIUAMH). B XUMHUHM TakOodl MOIXOM
CYIIECTBEHHO YMPOIIAET ATOPUTMU3AINIO XUMHUYECKHX
3a7a4, CBOJIHUT UX K TUIIMYHBIM 33a4aM KOMOHHATOPHKU
1 TUCKPETHOW MaTEeMaTHKH, MO3BOJIIET MUCKATh pellie-
HUS ¢ TIOMOIIBIO KOMIBIOTEPHBIX mporpamm [3; 7; 8; 11].
ABTopamu JaHHOW pabOTHI OBUTH CHHTE3UPOBAHEI OoJice
Tpex Ouc-kapOaMaToB, a TaKxke, OoJjiee MATHAIIATH
UX MPOU3BOAHBIX [2; 4; 5; 6; 9; 10]. Ho um npeacrout
MOYYHTh elE OOJBIIE POU3BOIHBIX. B CBsI3U C 3THM,
aBTOpBI ¢ MoMouiblo mporpamm kak Maple 2023.0 u
MATLAB R2021A, npoBenu MateMaTHYECKUE PacyueThl
N,N'-rexcameTriieH-6mc-[(0-Kpe30JmIio )-kapdamaTa]

T.e. MDD3-1, 4TOOBI COKpPAaTUTh KOJMYECTBO DPEaKIHH,
HaWTH ONTHUMAaJIbHBIE YCIOBHS CHHTE3a, TOJIYYUTH MPO-
JYKTBI C BEICOKOH 3()()eKTHBHOCTHIO U TEM CAMBIM JI0-
OUTHCS SKOHOMHUYECKOH 3 PEKTUBHOCTH.

MarepuaJjibl 1 METOAbI HccaeaoBaHust. J{is npo-
BEACHUA NCCICAOBAHNA MBI NCIIOJIB30BaJIU ITPOTPaMMBbl
Maple 2023.0 u MATLAB R2021A. Ha ocaoBe mporiecca
cuaTe3a MDOD-1 u pe3ynpTaToB IKCIEPHMEHTa OBLIO
IPOBEJICHO MAaTeMaTHYeCKOe MOJIEIHPOBAaHHE B IIPO-
rpamme Maple 2023.0 MeTOOM HAaUMEHBIIINX KBaIpa-
t0B f (%, a4, ay, ..., a;). C nomouisio kommnonenta Curve
fitting tool mporpammer MATLAB R2021A wuccneno-
BaHa 3aBUCUMOCTb BBIXOJa PEaKIUM OT BPEMEHU U
TEeMIIEPaTypHl.
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Pe3yabTarthl ucciieioBanusi 1 ux odcy:kaenne. Kax
YIOMUHAJIOCH BBIIIE, MBI HCTOJB30BAIM TMPOTPAMMBbI
Maple 2023.0 u MATLAB R2021A, 4T0o0bI COKpaTuTh

CHUCTEMEBI OBLIH paccuyuTaHbl MapaMeTpbl 3aBUCUMOCTH

Y =a; +ayx + azx?+ -

@ xk

KOJINYECTBO PEaKIi, HAUTH ONTHMaJbHBIC YCIOBHS t25el1 [1] =1 y25el [1] := 45.6
CHHTE3a, MOJIYYUTh HPOJYKTHI C BBICOKOH 3((PEeKTHB- t25el [2] := 2 y25el [2] := 61.6
HOCTBIO M TEM CaMbIM JOOUTHhCS IKOHOMUYECKOU (- t25el [3] =4 y25el [3] ;=715
¢exruBHOCTH [10]. Ha ocHoBe mporiecca cuaTeza MD3-1 t25el [4] := 6 y25el [4] :=72.4

U Pe3yJIbTaTOB KCIIEPHMEHTA OBUIO IPOBEACHO Mare-
MaTHgecKoe MOZIEMpOBaHKe B mporpamme Maple 2023.0
METOJIOM HaWMEHBIIHNX KBaapaToBs f (x,aq, a,, ..., a;) 1
MOCTPOCHBI  cieaywoinue  3aBucumocta  [1; 2]
CwMelenus KBaaparoB pesynbrara y= f (X, a, a,, ..., ay)
B pa3Mepe eMHHIBI JOIDKHBI ObITh MEHBILEC CMEIICHUIT
BY; = f(x,aq,ay, ..., a;).

IMockonbKy TeopeTHdeckas 4acTh MaTeMaTHYECKOro
MOJICIMPOBAHNs 3aHUMAeT MHOTO MeECTa, ObLIa OTBe-
JieHa pacueTHas 4acTh. Ha 0CHOBE MpUBEIEHHOI BBIIIC

3mech; t25el— Bpems, y25el — mpoOM3BOIUTEIH-
HOCTB.

MaremaTtudeckue — pacdyeTsl  IPOBENCHBI  HA
OCHOBAHHH Pe3yNIbTaTOB TAOIHIBI 1, ¢ y4ETOM TOTO, YTO
MIPOAOIDKUTEIHHOCTD peaku odpa3zoBanusi MOD-1 B
MIPUCYTCTBUH KPE30JIOB M IeKCaMETHICHJMHU30lIMaHaTa
1—-6 4acoB ¢ BBICOKUM BBbIXOIOM.

Tabnuuya 1.
BansiHue mpupoasl pacTBopuTe/Ield U MPOIOLKHTEIbHOCTH PpeakKnu Ha Bbixog MJJ-1
N Temneparypa °C Beixon npoaykra, %
} PacrBopurens IMPA | PacrBopureas IMCO
ITpoIoIKUTENFHOCTD peaknuy, 1 gac
1. 25 45,6 41,8
2. 35 58,5 52,4
3. 40 61,3 58,7
4. 45 53,7 49,9
ITpoI0IKUTEIFHOCTD Peakiyu, 2 Jaca
1. 25 61,6 57,7
2. 35 73,2 69,9
3. 40 80,1 75,8
4. 45 72,3 66,4
ITpo10IKUTEIFHOCTD peakiyu, 4 Jaca
1. 25 71,5 66,8
2. 35 90,1 84,7
3. 40 97,6 89,9
4. 45 83,4 75,2
[Tpo10IKUTENIFHOCTD peakiyu, 6 yacos
1. 25 72,4 67,5
2. 35 91,7 86,3
3. 40 98,3 90,1
4. 45 84,6 79,2
[Ipu cunTe3e MDD-1 pe3ynapTaThl 3aBUCHUMOCTHU 3mecs: t; — NPOJODKUTENBHOCTh PEAKIHH, U; —
MPOJOJDKUTENIBHOCTH PEaKIUMU MW BBIXOAA IPOAYKTA BBIXOJ MDD-1.
00OpabaTheiBa ciaemayronmm oopasom: t; —2, 4,6, 7; u; — Ilocnme BBEOCHHBIX 3HAYCHHH TECHEPUPYIOTCS

45.6,61.6, 71.5, 72.4.

4

4

CIIEAYIOIINE YPABHEHUS:

S(apaz' ""ak) = Z[ui - Ui]2 = Z[ui - f(ti!alﬂaZr a3,a4—)]2 — min

i=1 i=1
_ 2 3
f(ti,aq,a5,a3,a,) = a; + ayt; + ast;® + aut;

BhINONMHUM pacdeT MPUBEICHHON BBIIIE CHCTEMBI
JTMHEHHBIX ypaBHeHUH (A, B, C) MaTpUYHBIM METOIOM.

A25el:=Matrix([[sum(t25e1[i]®, i=1..4), sum(t25e1[i]°, i=1..4), sum(t25e1[i]*, i=1..4), sum(t25el[i]3, i=1..4)],
[sum(t25e1[i]°, i=1..4), sum(t25e1[i]%, i=1..4), sum(t25e1[i]3, i=1..4), sum(t25e1[i]?, i=1..4)], [sum(t25e1[i]% i=1..4),
sum(t25el[i]?, i=1..4), sum(t25e1[i]? i=1..4), sum(t25e1[i], i=1..4)], [sum(t25e1[i]?, i=1..4), sum(t25e1[i]?, i=1..4),
sum(t25e1[i], i=1..4),411)
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[ 50817 8833 1569 289 |
8833 1560 289 57
1569 289 57 13
280 57 13 4

A2sel =

Haxomurcas A * C = B:

B25el:=Matrix([[sum(y25el[i])-(t25el[i]®),i=1..4)], [sum(v25el[i])-(t25el[i]?), i = 1 .. 4)], [sum(y25el[i] t25el[i],
i=1. 4)], [sum(y25el[i]l,i=1..4)]])

[ 20752.8 |
4042.4
889.2
251.1

B25el :

C := Matrix([[a], [b], [c], [d]])
C25el := A25el1" - B25e] mo3BOIACT HAITH 3HAUCHHE
marpuiisl C o hopmyre:

0.511666666666867 |

— 7.26500000000121
34.2133333333339
18.1399999999978

Cloel :

plot(C25el[1][1] - #+ C25el[2][1] - 2+ C25el[3][1] - t + C25e1[4][1], t =1 .. 6)
plot([[t25e1[1], y25e1[1]], [t25e1[2], y25e1[2]], [t25e1[3], y25e1[3]], [t25e1[4], y25e1[4]1])

65 65+

60 60

1 2 3 4 5 5 1 2 3 4 5 5
t

(a) epagpux mamemamuyeckoeo MoOeIUpPOBAHUS (6) epagux pesynomamos sxcnepumenma

Pucynox 1. I'pagpuku evixooa

Belmeyka3anHble JTanbl ObUIM pacCYMTaHbl HA STHX PacdeToB M3-3a WX OOJBIIOTO pasmepa. Marema-
1-6 wdacoB, Temmepatypa 25—45°C, pacTBOpHTEIH THYECKHE ypaBHEeHHs I pactBoputenedt IMDA u
JIM®A u IMCO nns BIUSHHSA Ha BBIXOJ NPOIYKTa. JAMCO OpuIr pacCUMTaHBI ITyTEM aHAJM3a M3MECHEHUS
OcranbHble 3HAYEHUS] HE BOILUIM B MOJCIBHYIO YacTh BBIXO0/Ia PEAKIMH C TCYCHUEM BPEMCHH.
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plot([t8-C25e1[1][1]+-C25el[2] [1] +t-C25el[3] [1]+C25el [4][1],£-C35el[1] [1]+E-C35el[2] [1] +t-C35el[3][1
1+C35e1[4][1],83-C40e1[1][1]+2-C40el [2] [1] +t-C40el [3][1]+C40e1[4] [1],8-C45el[1][1] +2-C45el[2][1] +t-C45el
[3][1]+C45e1[4][1]], t=1..6)

plOt([t3-C25e2[1][1]+2-C25e2[2] [1] +t-C25e2[3] [1] +C25e2[4] [1],£-C35e2[ 1] [1] +E-C35e2[2] [1] +t-C35e2[3] [1
1+C35e2[4][1],83-C40e2[ 1] [ 1] +2-C40e2[2] [1] +t-C40e2[3] [1] +C40e2[4] [1],83-C45e2[1][ 1] +-C45e2[2] [1] +t-C45e2
[3][1]+C45e2[4][1]],t =1 .. 6)

Beime Mbl npuBenM ypaBHEHHE AT HambOosee

ONTHMAJIbHOHM CUTYaluy MO YCIOBHSAM PEaKIUH.
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Pucynox 2. Oboouennsie cpaguru o1a ecex memnepamyp

B pesynbTare BBIICONMUCAHHBIX ACWCTBHIA ObLIN
OTpeneeHbl CKOPOCTH peakIMi Uid pacTBOpUTeNeit
JAM®A u IMCO (cm. Tabm. 2).

Tabauuya 2.
BansiHue TeMmepaTyphl, IPOAO/LKATEILHOCTH M CKOPOCTH PeaKnuu Ha Bbixog MIJ-1
Beixon nmpoaykra, % Ckopoctsb peakiuu,%o/uac
Ne | Temmeparypa °C PacrBopurenn PacrBopurennb PacrBopurean PacrBopurenns
IM®DA AMCO JAM®PA AMCO
[TpoomKkuTeNsHOCTD peakiyu, 1 gac
1. 25 45,6 41,8 21.218 21.323
2. 35 58,5 52,4 16.885 21.896
3. 40 61,3 58,7 22.900 21.417
4. 45 53,7 49,9 24.817 22.593
[Tpo10IKUTENILHOCTD peaklyy, 2 yaca
1. 25 61,6 57,7 11.293 11.023
2. 35 73,2 69,9 12.548 13.446
3. 40 80,1 75,8 14.950 13.105
4. 45 72,3 66,4 13.005 11.093
ITpo10IKUTENILHOCTD peakiyu, 4 yaca
1. 25 715 66,8 0.653 0.263
2. 35 90,1 84,7 4.488 2.726
3. 40 97,6 89,9 3.550 2.285
4. 45 83,4 75,2 0.585 0.453
[Tpo10IKUTENIBHOCTD peakiyu, 6 yacos
1. 25 72,4 67,5 2.293 2.623
2. 35 91,7 86,3 -2.751 0.246
3. 40 98,3 90,1 -1.849 -0.794
4. 45 84,6 79,2 3.105 6.293
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C nomomrpio komnoneHta Curve fitting tool npo-
rpammbel MATLAB R2021A uccnenoBana 3aBUCUMOCTb
BBIX0JIa PeaKLIUU OT BpeMEeHHU U TeMmepaTypsl. Ha ocHo-
BaHUM TOJIYCHHBIX PE3YJIbTaTOB JAHO MAaTEMaTUUeCcKOe
BBIPaKEHUE 3aBHUCUMOCTH 1Jisi pactBopureneit MDA
u JIMCO pa3zgensHo.

st onpenenenus 3aBUCUMOCTH Bbixoaa MO3-1 ot
BpEMEHU M TEMIIEpaTypbl MPU MPOBEIECHUU PEaKINU
B pactBopurene JIM®A Obun  mocienoBaTeNIbHO
MPOBEJIEHBI CIIEAYIONINE MaTeMaTHUeCKUe OMNepaluu
(cM. Tabm. 3).

Tabnuua 3.

MaremaTuyeckue onepanuu 3aBUCHMOCTH BbIxoia MIJ-1 oT BpeMeHH U TeMIepaTyphbl
NnpH nposeneHuu peakuuu B IMPA

Jluneiinast moxesb Poly 33:

Ko duunenrsl
(c ToBepuTEIBLHOI rpaHuLeii 95 %0):

CreneHb COOTBETCTBHSL:

f(x,y) = p00 + p10*x + p01*y + p20*x"2 +
PLI*X*y + p02*y"2 + p30*x"3 + p21*x"2*y +
pl2*x*y"2 + p03*y"3

p00= 569.4 (264, 874.9)

pl0=—51.68 (~78.73, —24.63)

p01= 7.709 (~15.21, 30.63)

p20= 1.58 (0.8021, 2.359)

p11=1.239 (0.3033, 2.174)

p02= —5.119 (-9.305, —0.9319)

p30= -0.01556 (~0.02287, —0.008256)
p21=—0.01496 (~0.02723, —0.002679)
pl2=—0.02058 (~0.07497, 0.03382)
p03 = 0.3559 (0.00846, 0.7033)

SSE: 17.5

R — xBampart: 0.9953
CKOppEeKTHPOBAHHBIH
R — kBangpart: 0.9883
RMSE: 1.708

MaremarnyecKkoe MpecTaBIeHHE YPaBHEHHS Bpe-
MCHHU PEaKknuy U TEMIIEPaTypPHOU 3aBHCUMOCTH BBIXOJa
MPOXYKTa pEaKIUHd IIPH TPOBEICHUU pEAKIHH B
pactBoputese IM®DA:

'l
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(a) 3D-epaghux ona IMPA

f(T,0) = 569.4 — 51.68T + 7.709-t + 1.58-T2 +
1.239-Tt — 51192 — 0.01556T° — 0.01496-T%t —
0.02058-T-2 + 0.3559-83

IS
E
=

Vagt, soat

w

24 2% 28 30 32 34 36 38 40 2 a4 46
Harorat, °C

(6) Konmypnuwuii epagux ons JJMDA

Pucynok 3. Hkonozpammol 6pemenu peakyuu u memnepamypHoli 3a6Ucumocmu
evix00a npodykma oopazoeanusn ¢ MDA

s ompeneneHuss 3aBUCHMOCTH OT BPEMEHU U
TeMIepaTypsl BeIxoga MOD-1 mpm mpoBeneHHH pe-
akuuu B pactBoputeisie JIMCO ObLIH MPOBEACHBI BHIIIIE

10

NpEJCTaBIEHHbIE MaTeMAaTHYECKHE OIEpallid B Tab-
nure 3. B pe3ysbTare nosy4eHs! ClieyIonue 3HaueH s
(cM. puc. 4).
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Pucynoxk 4. Hxonozpammel epemenu peakyuu u memMnepamypHoi 3aucumocmu
6vix00a npooykma oopaszoeanusn ¢ IMCO

3akJoueHue. BesiBieHO, 4TO pe3ynbTaThl, MOIY- YcranoBneHo, 410 MD3-1 U ero npou3BOAHbIE MOJTY-
YeHHbIC NpPH OOBEIUHEHHWH [BYX MaTeMaTHYECCKHX YaloTCs C HAWOOJBIINM BBIXOZOM IIPHU IPOBEICHUH
IIpOrpaMM TOUCKA U U3YyUEHHsS ONTUMAJbHBIX YCIOBUI B pactBoputene [IM®PA mpu temneparype 35—40 °C
cuaTe3a MD3-1, MOJHOCTHIO COOTBETCTBYIOT PE3Yhb- U B TeueHue 4—6 4acoB.

TaTaM MU3YUCHHS Hpouecca CHUHTE3a B J'Ia60paTOpI/II/I.
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AHHOTALMUSA

B )IaHHOﬁ pa60Te IPOBCIACH KBAHTOBO-XMMUYECKHUI aHaIU3 3apdaa0B aTOMOB pe€arupyrommx BCIIECTB B paMKax
cxembl NBO B nporpamme Gaussian 09. 1o pe3ynpTataM KBaHTOBO-XHMHUYECKOI'O pacdyera yKa3aHHbBIX MOJIEKYJ ObLIO
BBISIBJICHO, 4TO CBsI3b —N=C B peakiuu ociadiisercs cuibHee, 4eM cBsi3b —C=0. OTu u apyrue HakThl CBUACTSIBCTBYIOT
0 ToM, uTo cBs3b —N=C GoJee nomsipusyema, yeM —C=0, a cBs13p —N=C jier4ye pazpbIBaeTCs P aTake rPYIIbl IUU30I[HaHaATa
HYKJICO(HIBHBIME peareHTaMu. A TaKke, ObUIO0 0OHAPYKEHO, YTO aTOM a30Ta, & AMUHOBOM TPYIIIE SBIISCTCS PEaKIMOHHBIM
LEHTPOM, KOTOPBIH MO3BOJISIET MPOTEKATh mpoiieccy (Sn).

ABSTRACT

In this work, a quantum chemical analysis of the charges of the atoms of the reacting substances was carried out within
the framework of the NBO scheme in the Gaussian 09 program. Based on the results of the quantum chemical calculation
of these molecules, it was revealed that the -N=C bond in the reaction is weakened more strongly than the —-C=0 bond.
These and other facts indicate that the -N=C bond is more polarizable than —C=0, and the —-N=C bond is more easily
broken when the diisocyanate group is attacked by nucleophilic reagents. And also, it was discovered that the nitrogen
atom and the amine group is the reaction center that allows the process (S) to occur.

KitioueBblie cjioBa: OpTO-Kpe30J1, TeKCaMeTHIICHINU30IIMaHar, kapbamat, MO3-1, [ayccuan, kBanTtoBas xumusi, MOII,
'O, B3MO, MaiukeH.

Keywords: ortho-cresol, hexamethylene diisocyanate, carbamate, MEE-1, Gaussian, quantum chemistry, MEP, GO,
HOMO, Mulliken.

BBenenue. Ha cerogusmnuil 1eHb y)xe NpOU3BEIEH MarepuaJjibl 1 MeTOAbI UccIegoBaHus. [ npo-
MTOUCK MHOTHX TIPOW3BOJHBIX KapOaMaTHBIX MPerapaTosB. BE€ICHHS KBAaHTOBO-XMMHUECKHUX PACUETOB CHavasa ObII
OTKpBITHE HOBBIX BBICOKO((EKTHUBHBIX U MaJOTOKCHY- OCYIIECTBJICH KBAaHTOBO-XMMUYECKHH aHAJIN3 3apsiOB
HBIX OMOJIOTHYECKH aKTHBHBIX COSJMHEHUI Ha NX OCHOBE aTOMOB pearupyroIux BemecTB B paMKkax cxeMbl NBO
MIOCTOSTHHO TIPOJOJDKACTCS, O YeM CBHAETEIBCTBYET B nporpamme Gaussian 09. PaHee KBaHTOBO-XUMHYECKHE
60JIBIII0E KOJINYECTBO IMyOJIMKAIIMNA B MUPOBOI HAyIHOM pacueTs! MOJIEKYJI B OCHOBHOM IIPOBOIMINCH METOJAMHU
u maTteHTHOH nuteparype [4; 9; 11]. KapbamaTs! mc- rudpunHoro ¢pynkironaisa B3LYP u reopun dynkumo-
II0JIB3YIOTCS B KQUECTBE KOHCEPBAHTOB U MHCEKTUIIUIOB, Hana miotHocTH (DFT). ABTOpamu aHHON CTaThH OBLI
CEJICKTUBHBIX I'epOUINIOB, PETyIsITOPOB POCTa pacTe- BBIOpaH ruOpHIHBINA (PyHKIHMOHAIBHEINA pacueT M06-2X
HHH, CMa304YHBIX J100aBOK, ITOTYIIPOIYKTOB IPH CHHTE3E MOTOMY, 4TO 10 cpaBHeHUto ¢ B3LYP TounOCTH TEpMO-
OJIUTOMEPOB, Pa3IMYHBIX MOIMYPETAHOBBIX MOKPBITUI JMHAMHUYECKOro pacdera HaOmoganachk Beimie. Pacuer
u mooOHBIX M [ 1; 3; 5; 7]. Kak BHIHO U3 BBIIIECKa3aH- SHEPTUH, COJAEPKaLIeiicss B MOJIEKYJIe, Olpeaessuics 1o
HOTO, TOT (aKT, YTO KapOamarThl NCHOIB3YIOTCS IS nporpamme ["aycca B sHeprusix XapTpH (a.e.), osydeH-
Pa3HbIX IieJiel B pa3HbIX 00JIaCcTAX, CBUJIETENLCTBYET O HBIE PE3YJIbTaThl MOYKHO MEpeBECTH B KJ[>K/MOIIb, yMHO-
TOM, YTO OHU OUOJIOTUYIECKH aKTUBHBI M MaJI0 U3yUECHBI. JKUB TIOJTydeHHOE 3HaueHue Ha 2625,5. [lepBoHauanbHO
[TosTomMy pa3BuTHE JaHHOW 00JACTH OPraHMYECKOU Ha ocHOBe PM6 Oputa onTUMH3MPOBAaHA MOJIEKYIISIpHAs
XUMHUU CUUTaeTcs HanboJiee akTyaJlbHON 3a/1aueil U Tpe- CTPYKTypa HMCCIIelyeMOTO BEIIECTBA U BH3yalIN3UpPOBAHA
OyeT HOBBIX Pa3pab0OTOK CHHTE3a, TEXHOJIOTHI U HAYYIHO yactoTa Kojebanuii mojekysl [2; 8; 9; 10].

000CHOBaHHBIX MOAX00B. C LEIbI0 MOJIPOOHOTO H3Y-
YEeHHSI MOJIEKYJIBl CHHTE3UPOBAHHOTO aBTOpamMu MDOD-1
nmi N,N'-rexcameruneH-6uc-[(0-kpe3oiunio)-kapbamara)
OBbUIH POBEICHBI KBAHTOBO-XMMHUUYECKHE pacueTsl [3].

Pe3ynbTaThl HCCIe0BAHUSA M HX 00CY:KIeHHe.
[epBbIM J1e510M OBLT TIPOBEIEH KBAHTOBO-XUMHYECKUI
aHaJIM3 3aps0B aTOMOB pEarupylolnX BELIECTB B paM-
kax cxembl NBO B nporpamme Gaussian 09, yto no3so-
JSIeT  BBIBMHYTH  TUIIOT€3Y O  HalpaBJICHUU
HYKJICO(QHIBHOW aTaku aToMa KHCJIOpoJa B OpTO-Kpe-
30JI€ Ha aTOM YIJIEpo/a B TMHM30LMaHaTe (PUCYHOK 1).
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E=0.046135 E=0.096500

Pucynox 1. Pacnpedenenue amomnuix 3apsa008 6 o-kpesone u I'M/ITU no cxeme NBO, 3nauenusn snepzuu 6 (E, a.e.)

Kak BunHO u3 cxembsl NBO, cTpykTypa npoayKTOB OTpurnatenbHbIi 3aps Ha aTOME a30Ta pe3Ko BO3pacTaeT
3aBUCHT OT CTaOMIILHOCTH KATUOHHBIX HHTEPMEIHATOB. [0 CPaBHEHHIO C aTOMOM Kuciopoza B rpymme —C=0.
ITo pe3ynbTaTaM KBaHTOBO-XUMHUYECKOTO pacieTa yKa3aH- OTH (QaKTBl CBHIETEIBCTBYIOT O TOM, 4TO CBsi3b —N=C
HBIX MOJIEKYI OBUIO 3aMEUeHO, 4TO CBsi3b —N=C B peak- 6onee nmomspusyema, ueM —C=0, a cBs3p —N=C nerue
mun ocrmabnsercs cmibHee, deM cBia3p —C=0. Ilpu paspeiBaetca npu atake rpymnbl —N=C+=0 HykIieo-
COMMKEHUHN pearupyomux 4YacThl HaOJoAaIoch (UITBHBIMU peareHTaMu.

OoJpIIe mepeHocoB 31eKTpoHOB B —N=C, gem B —C=0.

Pucynox 2. Tpexmepnotii 6uo u ceoiicmea amomos monexyivt M33-1
ITo pucyHKy 2, MOKHO BUAETh BHEITHHH BUI MOJIe- — 6, 3apsn atoma N — 7, 3apsag atoma O — 8. Beero 56

Kynbl MD3-1, Takxe nIpuBEICHBI 3apsbl aTOMOB. 31€Ch aTOMOB U COCTOAT OHH 13 206 3IIEKTPOHOB.
MOKa3aHo, 4To 3apsia aroma H pasen 1, 3apsg atoma C

14491

Pucynox 3. /[nunsi céazeii monexkynst M33-1
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Ha pucynke 3 paccuntansl AIMHBI CBA3€H MOIEKYJIbI
MD33-1, rae nyuHa aBoitHo# cBsazu C1=C6 B apomaTu-
yeckoM Konblle paBHa 1,40 A, nnmuma ceasu C1-H7
paBHa 1,08 A, wiHa cBs3u C2-C11, cBsI3aHHOI ¢ METIIIb-
HbIM paJUKalIoOM KoJblia, cocTaBiser 1,49 A, nnuna
ceszu C3-015 1,40 A. Ilmuna csasu 015-C16 sduproit
rpynmst 1,40 A. [inuna g1BoitHOM CBA3H KapOOHMIBHOI
rpynnel C16=019 pasna 1,20 A, qmuna cBsasu atoma
yraepoaa C16-N17 kap6orumbHoi rpymmsl — 1,39 A.

Jlnuna ceazu N17-H18 amunorpymms: — 1,02 A, annna
cBs13u atoMa azota N17-C20 amusorpymmsl — 1,48 A.
Jmuna cesisu C20—C23 B rekcameTtuinene pasHa 1,53 A,
a nuuHa cBsizu C20-H21 B rekcameTunene pasHa 1,11 A.
ITockoJbKy peaKkIMOHHBIM IIEHTPOM B MoJiekyie MDD-1

SIBJIICTCS. aMUHOTPYIINA, CIIEAYET OTMETUTh, YTO JUTMHA
csasu N17-H18 cocrasnser 1,02 A, a sneprus paspsisa
93 kKan/mMos.

Pucynox 4. Inekmponno-nomenyuanbHovlii U0 nO8epxXHocmu moaexyavt M33-1

B Xxone KBaHTOBO-XUMUYECKUX HCCIIECJOBAHUH
TaKXKe aHATU3UPOBAIUCH KapThl 3JIEKTPOCTATHYECKOTO
MOTEHIUANA, KOTOpBIE MOKAa3bIBAIOT TPEXMEPHOE pacIpe-
JIeTICHNE 3aps0B MOJIEKYIT (CM. PUCYHOK 4). DTH KapThl
MO3BOJISIIOT HAaM BU3YalU3HPOBaTh 4YeperyrolIuecs
3apsDKeHHbIE 00nacTu Mojekyisl. [loBepxHOCTH MoOITe-
KYJIAPHOTO 3MEKTpocTaTndeckoro norexHnuaira (MOII)
MTOKa3BIBACT 3JIEKTPOCTATHUECKUIT MOTEHINAI TTOJIOXKHU-
TEJNBHO U OTPHULIATENHHO 3apsDKeHHBIX MoJIeKy1. KpacHbIi
L[BET C OTPHLATEIHHBIM 3HAUCHHEM YKa3bIBAET HA MUHH-
MaJIBHBIN 3JIEKTPOCTATHUYECKUH MOTeHIHan (0H ciabo

CBSI3aH WJIM UMEET M30BITOK 3JIEKTPOHOB) U JEHCTBYET
KaK JIeKTPO(WIBHBIHN areHT. 3eJeHbIN IIBET YKa3bIBaeT
Ha MaKCHMAaJIbHBIH YPOBEHb 3JIEKTPOCTATHYECKOTO MO-
TEHINala, KOTOPIH NMEET IPOTHBOIIOJIOKHBIH 3P PEKT.
Uto0bI TpOCMOTPETH Bee moBepxHOCTH MOII, Kaxmayio
MTOBEPXHOCTh MO>KHO HApHCOBATH B BUJIE KOHTYPA BOKPYT
Mouekyinbl. Ha pucyHke 4 mokaszaHo, YTO KaXKIblii KOHTYD
BOKPYT MOJIEKYJIBI MPEICTaBIseT COOOH MOBEPXHOCTh
MDOII; BHenIHMI KOHTYp UMeeT OoJiee HU3KOe 3HAaUeHHE
M30TIOBEPXHOCTH, a BHYTPEHHHUH KOHTYp MMeeT Oonee
BBICOKOE 3HaYECHUE M30MIOBEPXHOCTH.

Pucynok 5. Konmyp anekmpocmamuueckozo nomenyuana monexynvt M33-1
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Ha ocHoBe aHanM3a NOJY4YEHHBIX PE3yIbTATOB OT-
MEUEHO BBICOKOE paclpejie/IeHHe JIEKTPOHHON IUIOT-
HOCTH B aTOME a30Ta aMMHOTPYIITBI MOJIEKyJIbl MOO-1,

MIOJTBEPIKAs, YTO JaHHAsk MOJICKYJIA SIBIISIETCS PEAKLMOH-
HBIM LIEHTPOM, U 3TO TOJKPETUICHO 3KCTIEPHMEHTAILHBIMA
pesynabTatami [3].

Pucynok 6. Konmyp pacnpedenenus 3n1ekmponnoi nnomuocmu moaexynvt M33-1 u eéuo B3MO

Ha pucyHnke 6 moka3aHo, yTo B Mojekyire MO3-1
MMEIOTCSI He TIO/ICNEHHBIE AJIEKTPOHHBIC Maphl 33 CUET
T-3JIEKTPOHOB OEH30JIHOTO KOJIbLIA M KapOaMara, a TakoKe
atomoB amuHorpynnsl (NH), xap6onuneHbix (C=0)
rpynn (TI0JIOKHUTENBHBIH Me30oMepHbIi Ahdekt (+M)
o0pasyeT COmpsDKEHHE U B pe3ysibTaTe Habmromaercs
nepepacnpe/eeHue 3JeKTPOHHON TIIOTHOCTH. ATOMBI
C MaKCHMaJIbHBIMH 3JICKTPOHHBIMU 3apsilaMi B yKa3aH-
HOM BBILIE pAcNpeiesiCHUH 3apsaoB CIyKaT MOTEH-
LHUAJIBHBIMH LEHTPAMH aTakKu 3JIEeKTPOQUIBHBIX |
HYKJIeO(QHIbHBIX YacTHL. [0 cBOWCTBaM BemIecTs, pac-
TMOJIOXKEHHIO TeTEPOATOMOB U TUIIaM (DYHKIIMOHAIBHBIX
TPy peaKkMOHHbIe LIEHTPBI HE BCET/Ia ONPEACIISIOTCS
MaKCHMaJIbHBIM 3HaYeHUeM 3apsiioB. Hanpumep, Berie-

CTBa C MOJHJCHTHBHIM (MHOTOCTOPOHHHMM) HJIM aQHTH-
JICHTHBIM (ZBYCTOPOHHHM) LIEHTPOM HPOSIBIISIOT MHOTO-
CTOPOHHIOIO PEAaKIIMOHHYIO clIocoOHOCTh. To ke camoe
HaOI0jaeTCcs U B paccMaTpUBaeMOM BEILECTBE, U XO[
peaKkuuK TaKXKe OIpENeNsUICS METOIOM OpOHTaJeH.
B nmTeparype mIMpOKO HCIOIB3YEeTCsl aHAJIM3 PEeaKmu-
OHHBIX [ICHTPOB Ha OCHOBE IpaHUYHBIX opouTaneii (I'O)
Mosekys. CoriacHo pe3yibTaTaM HaIIUX pPacyueToB,
BCE IeTepoaToMbl B IIPABOM apOMaTHIECKOM (parMeHTe
MOJIEKYJIBI ¥ TIPUJIETAIOIINX K HEMY, CYIIIECTBEHHO BIIHS-
0T Ha JOPMHUPOBAHUE BEICIICH 3aHATON MOJEKYIAPHOIH
opbouranu (B3MO). [TosToMy 3Ta 4acTh MOXKET CTaTh
OCHOBHBIM PEaKIIMOHHBIM IIEHTPOM B PEAKLIHUIX C OCHOB-
HBIMHU peareHTaMH.

Pucynok 7. Pacnpedenenue 3apa0oe no Mannukeny ¢ amomax monexyavt M33-1

ATOMBI KHCIIOpOJa B KapOOKCHIIBHOHN TpyTime Kap-
OaMaTHOM rpynIsl MoseKyasl M33-1 uMeroT HanOoIb-
mui otpunarensHsiil 3apsan (019=-0,845 3B, O41=-
0,872 3B). AToM a30Ta B aMUHHO# TpyIIie KapOoaMaTHON
IpyIIbl TAKKE MMEET BBICOKMM OTpULIATENbHBIM 3apsij
(N17=-0,755 5B, N38=-0,760 5B). HaGtomaercst BEICOKast
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JIEKTPOHHAs TIOTHOCTh AaTOMa KHCJIOpOJa B OpPTO-
kpe3osioBoM kouble (015=-0,554 3B, 042=-0,550 3B).
BonpimHCTBO 3apsiioB B aroMax MouieKyinsl MDD-1
HAXOJIWTCS BHYTPH M BOKPYT aMHHOTPYTITEI kKapOamar-
HOM I'PYIIIBL, YTO YKA3bIBAET HA €€ PEAKLIMOHHBIN LEHTP.
BrisBrierHbIe cBOMcTBa MOJIEKyIBI MOO-1 (cM. Tabm. 1).
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Tabauya 1.
Pe3yabTaThl KBAHTOBO-XUMHYEeCKHX pacyeToB MI3-1
Ne CsoiicTBa 3uavenue Eannnna 3uavenue | Eamnnna
1. |Temmepatypa 298,150 Keneun (K) 25 I'l-a °C
2. |[aBaenwue 1,00000 aT™m - -
3. |YactoTa, 1m0 MacmaTOMpPOBAHUIO 1,0000 5B - -
4. |DnextponHas sHeprus (33) -0,243180 Xaptpu -638,469 KX/Monb
5. |DHeprus peryaupoBKH HYJICBOW TOUKH 0,433277 Xaptpu 1137,568 KX/Monb
6. |Tepmuueckas KOPPEKIUS SHEPTHU 0,463432 Xaptpu 1216,740 KK/Moinb
7. |Tepmuueckas mornpaBKa K SHTaJIbIIUH 0,464376 Xaptpu 1219,219 KK/monb
8. |Tepmmueckass KOppeKIus CBOOOTHOM YHEPTUN 0,361811 Xaptpu 949,9347 KX/Monb
9. |9D + sHeprus HyIEBOH TOUKH 0,190097 Xaptpu 499,0996 KX/Monb
10. |93 + Koppekuyst TenIoBOH SHEPTUH 0,220252 Xaptpu 578,2716 KK/monb
11. |EE + Koppekuys TerioBoi SHTANbIHN 0,221196 Xaprpu 580,7500 KK/monb
12. |EE + Koppekuust cBoboaHo# Temosoii sueprun | 0,118631 Xaprpu 311,4656 KK/monb
13. |E (TepmamnbHbIif) 290,808 | Kxan/mMoJb-KeIBUH - -
14. |Temnoemkocts (Cv) 109,227 | Kxan/mMonb-KEeIBUH - -
15. |Dutpomnus (S) 215,866 | Kxan/Moib-KeIBUH - -
16. |[Momspuzanus (o) 211,11233 a.u. - -
17. |Coun singlet - - -
18. |[IporHO3MpyeMOe H3MEHEHUE YHEPTHU -3,92e-09 Xaptpu -10291,9 KXK/moub
19. |dunonpHbIid MoMeHT (D) 3,174443 JeOaii - -

3akJi0venne. B pesynbrare HaydHOrO HCCIE0-

00pa3oBaHus, TEII0Ta 00pa30BaHNUs, SHEPTH JEKTPOHA,

BaHM MIPOBEICHBI KBAHTOBO-XUMHUYECKHE PACUETHI HC-
MIOJIF30BAHHBIX UCXOJHBIX PEareHTOB U 00pa30BaHHOTO
coequHeHuss MOD-1. N3yueHsl: cTpyKTypa MOJEKYJIH,
pacipeseneHne 3apsiioB U JJEKTPOHHAs IUIOTHOCTD B

JIUTIONIbHBIM MOMEHT W SIBJISIOUIMICS Ba)XHBIM 3apsif
aToMa a30Ta, IJe MPOUCXOAUT NIEKTPOPUIBHOE MPHUCO-
C€AVUHCHUEC JIpYTUX aTOMOB JJIS IMOJIYYCHUS TPOU3BOJHBIX
6uc-kapbamara.

aToOMax MOJICKYJIbI, 06H.[a§[ OHEPrus MOJICKYJIbL, SHECPTUA
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AHHOTAILIUS

B naHHO# cTaThe NpoBeeHbI KBAHTOBO-XUMHUYECKHe pacueTsl, MetosioM DFT ¢ 6asnuchbiM Habopom 3-21G mist n3yuenus
CTPYKTYPbl THCHOIIMPHUMUJIUHOHA. ABTOpaMI/I HCCJICA0BaHUA paCCUYUTAHbI TCOMETPUUCCKUEC JAaHHBIC: NJIMHA CBS[3efI,
BaJICHTHBIC U TOPCUOHHBIC YTJIbI, PACIIPCACIICHNUC JJICKTPOHHLIX 3apsA10B Ha aTOMax. Ha ocHoBe 06pa6OTKI/I TOJTYUCHHBIX
TCOPETUUCCKUX NaHHBIX 0606H1€HLI HUTOTHU KBAHTOBO-XMMHUYCCKOT'O BbIYUCIICHUA CTPYKTYPbl TUCHOIIUPUMUANHOHA.
[lonydeHHble pe3ysIbTaThl COOTBETCTBYIOT JIMTEPATYPHBIM JaHHBIM. PacrpeneneHue 3JIeKTpOHHBIX 3apsI0B HA aTOMax
MOJIEKYJTBI JaeT BOMOJKHOCTB CHIENaTh BBIBOJX 00 OIIEHKE PEaKIMOHHON CIIOOOHOCTH IMOCIECTHETO COTIACHO 3apsiABOTO
KOHTPOJIS peaKiiu 601ee MATKUX YCIOBHIX.

ABSTRACT

In this article, quantum chemical calculations were carried out using the DFT method with the 3-21G basis set to study
the structure of thienopyrimidinone. We calculated geometric data: bond length, bond and torsion angles, distribution of
electronic charges on atoms. Based on the processing of the obtained theoretical data, the results of quantum chemical
calculation of the structure of thienopyrimidinone are summarized. The results obtained correspond to the literature data.
The distribution of electronic charges on the atoms of a molecule makes it possible to draw a conclusion about the assessment
of the reactivity of the latter according to the charge control of the reaction under milder conditions.

KiroueBble cjioBa: TUCHONTUPUMHUIUHOH, OUOIOTHYECKAS AKTHUBHOCTb, KBaHTOBO-XUMHUYESCKUN pacyeTr, METONq
DFT/B3LYP, reomeTpusi, INTHHA CBSI3¢ii, BAICHTHBIC YTJIbI, TOPCHOHHBIC YIIIbl, ApOMATHIHOCT, 3JIEKTPOHHASI CTPYKTYpa,
peaknuoHHasA CHOCO6HOCTL, SapﬂZ[OBLIﬁ KOHTPOJIb, MATKHC YCJIOBUA, IIPUHIHUII )KECTKUX U MATKUX KUCJIOT U OCHOBaHUH
(PKMKO).

Keywords: thienopyrimidinone, biological activity, quantum chemical calculation, DFT/B3LYP method, geometry,
bond length, bond angles, torsion angles, aromaticity, electronic structure, reactivity, charge control, mild conditions,
principle of hard and soft acids and bases (HSAB).

BBenenne. IIpou3BogHble TUEHOMUPUMUINHOHOB oTpeJieNisia ee PEaKIMOHHYI0 CIIOCOOHOCTh M OHOJIOTH-
SIBIISIFOTCS] BAXKHBIMH KJIACCAMHU OMOIOTHYECKH aKTHBHBIX YEeCKYI0 aKTHBHOCTb.
MIPOU3BOJHBIX MUpUMUIKHA [9]. V3 3THX coeanHeHui JL1s TouHOTO OTIpeAeTICHNs] TEOMETPHH U AJIEKTPOH-
MONYYHITH Psii OMOJIOTHYECKH aKTHBHEIX IIPETaparos, HOTO CTPOCHUS MOJICKYJhl HaMHU IPOBEICH KBAHTOBO-
HCIOJIb3YEMBIX B MEIULIHE U CENBCKOM X03siiicTBe [4; 8]. XUMHUYEeCKHil pacuer 1o mporpamme Gaussian [11],
B craree HamMu TpuUBeIeHBl JaHHBIE KBaHTOBO- mo metony DFT-B3LYP ¢ 6a3ucubM Habopom 3-21G,
XAUMHU9IecKoro ucciepoBanus 2,3-muruapo 9,10 mume- C HCIOJTE30BaHHUEM TTOJTHON ONTHMH3AINH BCEX TEOMETPH-
TUITHCHOMUPUMUINH-4-0Ha. B CTpyKType MOJEKYIBI YEeCKHUX JaHHBIX.
paccMaTpuUBaeMoro BEIIeCTBa colepKaTcs [Ipormece pacdera OCyIIECTBIICH TSI Ta30BOU (ha3bl;
9K30LMKJINYECKHE 3aMECTUTENIH METHIBHBIX TPYII B TI0- HpHY 3TOM HyMepanus Ha aToMax — ycioBHas. s yo0-
noxenusix 10 u 11 y THoeHOBOTO KObIa ¥ KapOOHUITb- CTBa 00CY)KJIEHUSI TEOMETPHH U DJIEKTPOHHOTO pacrpe-
Has TPyNIa y TUPAMHIAHOBOTO IIMKJIA, KOTOPBIE BIUSIOT JeNeHNsI, JaHHbIE pPacyeToB IIPHUBEICHBI Kak B
Ha Tiepepacpe/iesieHIe 3JIeKTPOHHBIX 3aps/I0B, TE CAMBIM CXEMaTHYEeCKOM, TaK ¥ B TAOTMYHOM BUE, HIKE.

Pucynok 1. Cxema 31eKMmponRHO20 PACRPEOENEeHUs U HYMEPAUUA HA AMOMAX MOJIEKYTbl
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Metoanka ucciaenoBanus. Ha prcyHke moka3zaHo
pacrpeneieHue IIEKTPOHHBIX 3aps0B Ha aTOMax THE-
HOMUPUMHUAMHOHA, COTJIIACHO PE3yJIbTaTaM KBaHTOBO-XH-
MHUYeCKUX pacueroB, MmerogoM B3LYP, 06asucHbIM
Habopom 3-21G, Tak Kak YCIEIHOE HCTIOIh30BAHUE ITOTO
MO/IX0/la M3JI0OKEHO B HAY4YHOM juTepaType panee [1].
BriOpaHHas HyMepalys Ha aToMax JaeT BO3MOXHOCTh
ymo0OcTBa 00CYKICHHUS MOTYICHHBIX TAaHHBIX.

Pe3yabTarsl u o0cy:xaenus. Pe3ynbTaTsl TaOIAIBI
MIOKa3bIBAIOT, COTJIACHO BETMYMHAM TOPCHOHHBIX yIITIOB
THCHONIMPMHIMTHOBOTO KOJIBIIA, TaK M 3aMECTUTEICH,
YTO BCE aTOMBI JI€KaT B OJHOM IJIOCKOCTH (IIPaBUIIO
XIOKKeJs), ¥ 3TO SBISETCS OJHUM U3 TpeOOBaHUI

apoMaTHyHOCTH. Hamu TeopeTnyeckn pacyuTaHHbIC Ba-
JICHTHBIE YTJIbI TUPUMHITHOBOTO M THO(EHOBOTO KOJIEI]
JIeKaT B IpeeNiax JUTepaTypHbIX JTaHHBIX U COOTBET-
CTBYIOT NPaBWJIbHOW T'MOpHIU3alMK BBINICTIPUBEICH-
HbBIX aToMoB [7; 10; 12].

MakcumanbHbIE OTPUIATENBHBIE MICKTPOHHBIE 3a-
psns! paBuBI =-0,245¢e, —0,282e y aromMo0B a3oTa mupu-
mumaOBOTO KonmbIla N1, N3, cootBerctBerHO. [1pH sTOM
y atoma cepbl S7, THO(EHOBOTO KOJbI[a HAKOTUICH MaK-
CUMAaJIbHBII 10JIOKUTEIbHBIN 3apsl  paBHBI
g=+0,289¢. DK30mMKINYECKHE aTOMBI KapOOHHIBHOM
rpynnsl O8, ¥ aToMbl yriaepoja METWIBHBIX IpyNI y
trHogenoBoro konblia C9, C10 HOCAT oTphILATENbHBIE
9JIEKTPOHHBIE 3apsbl, paBHble =-0,220e, n q=-0,232¢,
-0,227€ cOOTBETCTBEHHO.

Tabnuua 1.
I'eomerpusi M pacnpeneieHus 3JIEKTPOHHBIX 3apPs/I0B HA aTOMAX MOJICKYJIbI
Tun atoma DJIeKTPOHHBII 3apsia, ( (e) Cssi3b JliuHa cBszu, A
N1 -0,245 N1-C2 1.344
Cc2 0,105 C2-N3 1.409
N3 -0,282 N3-C4 1.485
C4 0,206 C4-C4 1.491
C5 -0,019 C4°-C5 1.457
C6 -0,107 C5-C6 1.381
S7 0,289 C6-S7 1.773
H2 0,099 S7-Cr’ 1.762
H3 0,221 C2-H2 1.106
08 -0,220 N3-H3 1.047
C9 -0,232 C4-08 1.257
C10 -0,227 C5-C9 1.534
H9 0,078 C6-C10 1.528
H10 0,09 C9-H9 1.102
C10-H10 1.100
BaJienTHBIi yroJ, I'panyec, ° TopcHOHHBIH yroa I'panyec, °
N1-C2-N3 126.451 N1-C2-N3-C4 0.003
C2-N3-C4 124.605 C2-N3-C4-C4° -0.005
C4-C4’-C1° 109.051 C4-C4°C5-C6 -179.994
C4C1r’-C1 120.948 C4°-C5-C6-S7 -0.003
C4-C4°-C5 127.884 C5-C6-S7-C1° 0.003
C4-C5-C6 111.723 C4-N3-C2-H2 -179.997
C5-C6-S7 112.898 N1-C2-N3-H3 179.998
C6-S7-C1° 90.787 C2-N3-C4-08 179.994
N3-C2-H2 114.852 C4-C4°-C5-C9 0.007
C2-N3-H3 118.247 C4°C5-C6-C10 -179.984
N3-C4-08 120.948 C4-C5-C9-H9 -0.026
C4°C5-C9 121.600 C5-C6-C10-H10 -0.322
C5-C6-C10 127.439
C5-C9-H9 107.972
C6-C10-H10 109.849

ATOMBI BOJIOpOJAa METUIBHBIX rpynn y aroma C9
OoJiee TOJIIPHU30BAHBI, YeM y MeTmiIbHOH rpynmsl C10,
NPUYMHOM Yero sBISIETCS OTHOCHUTEIBbHO ONn3Koe
pachoyioxKeHHe K MEPBBIM, IEKTPOOTULIATEIBHOTO aToMa
kuciopona O8 KapOOHWIBLHOW TPYIIIBI Yy TTHPUMUIH-
HOBOTO KOJIBIIA.

Panee B pabote [6], HAMH Ha OCHOBE pPaCUYETHBIX
JTAHHBIX, ObLJIa M3JI0’KEHA MBICIIb O BIMSHUN yJOOHOTO,
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MPOCTPAHCTBEHHO OJIM3KOTO PACIIOIOXKEHHS! KapOOHMITb-
HOI IpymnIsl K aToMaM BOJIOPO/ia METHIIBHON TPYIIIIEI
yaroma C9, x pe3yiabraTaM MpPOXOXKAEHUS peakuuil
UICO-3aMELIEHUS B CXOKBIX CUCTEMAX.

SIBnsieTcsl epCHEKTUBHBIM, COTJIACHO COBPEMEHHOM
opbutansHoi Teopuu [10, 11], mpoBeneHne KBaHTOBO-
XAMHWYECKUX pAacueTOB pSI YCIOBHBIX, MOJEIBHBIX

CTpyKTYDp (CcM. puc. 2).
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Pucynok 2. Ilpou3eoonsvie mueHoRuUpUMUOUHOHA

IIpu 3TOM CTPYKTYpHI HECKOIBKO Pa3ITHIAIOTCS
JpyT OT Jpyra rpynnaMy 3aMeCTHTeNeH y MUPUMUAN-
HOBOT'O KOJblla. B nanbHelieM naHHBIE pacueTa 3THX
CTPYKTYpP MOT'YT JONOJIHUTH HAIllM 3HAHUS O PEAKIUOH-
HOI1 CIIOCOOHOCTH paccMaTPUBAEMBIX CUCTEM.

3akiaouenue. B 1menoM, pe3ynbTaThl HAIIUX
TEOPETUYECKUX KBAHTOBO-XMMHUUYECKHX HUCCIIEJOBaHUI
IO ONpPEAEICHUIO TOYHOI TE€OMETPUH U DIIEKTPOHHOMN

CTPYKTYPBI MOJIEKYJIBI IAI0T HAM JOTIOJHUTEIbHYIO WH-
(dopManuo a8 OLEHKH IEHTPOB DIEKTPOQHILHOM
ataxu. Hanpumep, U3 aurepaTypsl U3BecTHO [5], 4To
aToMbl CyOcCTpaTa, HOCSIIME MaKCUMaJbHbIE OTpHIA-
TEJIbHBIE JIEKTPOHHBIE 3apsA/bl IPH MATKHX YCIIOBHSIX,
MIOJIBEPratoTCsl MHTEHCUBHOM aTake 3J1eKTPO(QHIbHBIMU
peareHTaMu; B IPOTHBHOM CiIydae, IIEHTPHI 3JIEKTPO-
(UIBHOM aTaKW MOTYT COBCEM HE COBNAJaTh C yKa3aH-

HbBIMU HAMHU BBIIIC, ¢ YYCTOM BHCIIHUX YCHOBHﬁ.
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AHHOTALIUA
AHTHapuTMU4ecKne JekapctBeHHbIe cpenctBa (JIC) — 3To mpemapatbl, KOTOpble HOPMATU3UPYIOT HapyIICHHBII
PHUTM CepICYHON AeSTeNFHOCTH. B psife cirydaeB BO3HUKaeT HEOOXOAUMOCTh B KOMOMHHpOBaHMH aHTHapuT™Mudecknx JIC pas-
JUYHBIX KJIACCOB, B TOM YHCIIE TIPH PE3UCTEHTHHIX (hopMax HapymieHni putMa. PazpaboTaHbl METOIMKH ONIPEIeIeHUS
anTHapuTMudecknx JIC MeTomaMu TOHKOCIIOWHOM XpoMaTorpadu, mogo0paHbl ONTUMAIBHBIE YCIOBUS I XpOMaToO-
rpa¢UUecKoro CKpHHUHTa aMHUOJapOHa, aJUTalMHIHA, aTEHOJIONA, MponadeHOHa W dTalM3WHA AJIS ONpEleNieHUS UX B
OMOJIOTHIECKUX KHUIKOCTSX.

bubnunorpadpuueckoe omumcanue: AnmuxomkaeBa M., AtaxaHoB A., XKamwro @. OINPEJEJIEHUE HEKOTOPBIX
AHTUAPUTMUNYECKNX JIEKAPCTBEHHBLIX CPEJCTB METOJAMU XPOMATOI'PAOUYECKOI'O CKPU-
HUHI'A // Universum: XuMHs © OHOJOTHS : 9JEKTPOH. Hay4H. OkypH. 2024. 1(115). URL:
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ABSTRACT
Antiarrhythmic drugs (medicines) are drugs that normalize the disturbed rhythm of cardiac activity. In some cases, it
becomes necessary to combine antiarrhythmic drugs of various classes, including in resistant forms of rhythm disorders.
Methods for the determination of antiarrhythmic drugs by thin-layer chromatography have been developed; optimal con-
ditions have been selected for chromatographic screening of amiodarone, allapinine, atenolol, propafenone and etacizine

to determine them in biological fluids.

KuioueBble cioBa: ToHKOCcHOHHas xpomarorpadus (TCX), ammomapoH, alalmMHUH, aTEHONOJ, IpomnageHOH,

STallW3WH, KPOBb, MOYA.

Keywords: thin-layer chromatography (TLC), amiodarone, allapinine, atenolol, propafenone, etacizine, blood, urine.

CepnedHo-cocyqucTeie 3a00JIeBaHUs SIBISIOTCS Of-
HO¥1 13 OCHOBHBIX IPHYMH CMEPTHOCTU Y MHBATMIN3ALIN
HaceyeHus OOJBUIMHCTBA CTPaH Mupa. Tak, cuuTaercs,
410 He MeHee 80 % cMepTHOCTH OT HH(apKTa MHOKapa
MIPUXOJUTCS Ha OCIIOKHEHHE €r0 TeUCHUS CepeUHBIMU
aputmusami [17]. Cpenu aHTHAPUTMHYECKUX JIEKAPCTBEH-
HBIX CPEJICTB HanOoJIee 4acToO HCIONIB3YIOT aMHOJapoH,
AJTAITHNH, aT€HOJIOJ, STAIM3HH, IIPonadeHOH U Ip.

[Tpumensonmecs B KIMHAKE IPOTHBOAPUTMHUUYECCKHE
cpencTBa 00J1a1al0T MHOTOUHCIICHHBIMH HEJIOCTATKAMH,
UMEIOT OOJNIBIIOE KOJNIMYECTBO ITOOOYHBIX pPEaKIHH.
HawuGonee onacHbIM cpeii HUX SIBJISIETCS BOSHUKHOBEHHE
aputMuil (mpoapuT™MoreHHoe neiicraue) [7].

HeobxomumocTs B KOMOWHHPOBAaHWH TIpemapara
ANNanvHUH C IPYTrUMH aHTHAPUTMHUYCCKUMH Iperapa-
TaM{ BO3HHKAET MPHU PE3UCTEHTHHIX (OpMax HapyIie-
HUl purMa. BeiOop 103 TpW NaHHOH KOMOWHAIIUH
OCYUIECTBJIACTCS WMHIUBUAYAJIbHO JUIsI KOHKPETHOTO
0OJBLHOTO W HE3aBUCHUMO MJis KaXXJOTO Ipemnapara.
AHTHApUTMUYECKHE JIEKAPCTBEHHBIE CPEJICTBA HEOJ-
HOKpAaTHO OBIIM NMPUYUHAMH XPOHHYECKUX U OCTPBIX
otpagiieHuii [13; 15]. B ¢BsI3u ¢ 3TUM XUMHUKO-TOKCUKO-
JIOTUYECKOE M3yUeHHUe U pa3paboTka dKCIpecc aHaInu3a
AHTHAPUTMUYCCKHX IPETapaToB SIBISETCS aKTyalbHOMH
3a7avuei.

Llenpl0 HACTOSIIETO MCCIIEMOBAHUS SBISCTCS pas-
paboTKa METOAUK OnpeeaeH s aHTHapuTMudeckux JIC
METOJIaMH TOHKOCJIOHHO# Xpomarorpaduu, monoopaTs
ONTHMAITbHBIC YCIOBHS XPOMATOIPa(UUECKOTO CKPHHHH-
ra aMMOJIapOHa, aAJUIANMHUHA, aTCHOJI0MIa, Iponad)eHOHa
U STalW3WHa U ONPEICICHUS MX B GHOJOTHYECKHX
KUIKOCTSIX.

Meroabl. U3yuyenue antuapurmuueckux JIC mposo-
JWJTH METOAOM TOHKocTorHo# xpomarorpaduu (TCX).
HUcnonp3oBamu mractuakn “Merck”(I'epmanns). beum
MIPUTOTOBJICHBI CTaHJAPTHBIE PACTBOPHI JEKApPCTBEHHBIX
BeleCcTB B 96% dTaHoNe, colepKallue aulanuHUH
(1 mr/mi1), amuomapon (8 mr/mi), atenoson (4 mr/mi),
nponadenon (6 mr/mi) u stauusuH (2 mr/mi). B ka-
YEeCTBE CUCTEMBI PACTBOpUTEJEH OBUIN HCIIOJIb30BAHEI
xsopodopm-arieton- 30 % yKcycHast KUCIOTa — STUIOBBIN
crupt (16:4:1:9), xnopopopm-aieton-30 % ykcycHast
KuciaoTa — ATHIoBEIH crupt (18:2:1:7), xmopodopm-
anetoH-30 % yKCycHast KHCIIOTa-3THJIOBBIH  CITHPT
(18:2:1:9). B kauecTBe peareHTOB Uit OOHAPY)KEHHS
30H JIOKAJIM3AIMHK TIperiapaTa Ha XpoMaTorpaduuecKux
IUTACTUHKAX NMPUMEHSIIH CIIEIYIOIINe MPOSIBUTENH pea-
reHTsl: peaktuB Jparennopda, MomuUIMPOBaHHBI 110
MyHbe, CIHpPTOBOM PacTBOpP OPOMTHUMOJIOBOTO CHHETO,
Y®-o6mnyuenne mpu 254 u 366 mm. [3; 4; 5; 14].
Pe3ynbraThl HccneoBaHU IpUBEACHBI B TaOIuUIE 1.

Tabnuyal.
Pe3ynbTatnl xpomarorpadpupoBanus (3Havenns Rf) anruapurmuyeckux JIC merogom TCX
Ne CucreMbl pacTBOpuUTeJIei AnjanuHuH | AMHoaapoH | AtenosoJ |[Iponadenon| Iranu3un
- - 0
1 Xnopodopm aueToH 30% ykcycHas 0,48 0,73 0,17 0.75 0,63
KHCJIOTa- 3TWIOBBIA criupT (16:4:1:9)
- - 0
2 Xnopodopm aueToH 30% ykcycHas 0,37 0,63 0,12 0,54 0,45
KHCJIOTa- 3TWIOBBIA criupT (18:2:1:7)
- - V)
3 Xnopodopm aueTOH 30 % ykcycHast 0,28 0,70 0,18 0,53 0,41
KHCIIoTa- ATHI0BBIN crupT (18:2:1:9)

Hapsizy ¢ atuM, Oblila U3ydeHa SKCTPAKIIHS aHTHA-
purmudeckux JIC U3 BOJHBIX paCTBOPOB C IEIBIO OTIpe-
JETICHUsSL HCCICIYCMbIX TMPENapaToB B OHOJIOIMYCCKHUX
KUIAKOCTSX [2; 6; 8; 12]. Ist 3TOro roTOBUIIM CMECh U3
CTaHIAPTHBIX PabOYMX PACTBOPOB AHTHAPUTMHUUYCCKUX
npenapatoB (pacTBop «Ay). 1 M pacTtBopa «A» coaep-
*an amuopapona | mr/mi, amwtanuauaa 0,25 Mr/mo, ate-
Houtosta 1 mr/mut, mponadenona 0,75 Mr/mi ¥ dTanu3uHA
0,5 mr/mu. [ist oxeTpakuyu Habupaau 1 M pactBopa A
Y TIOMEIIAJIM B KOHUYECKYIO K0JIOy o0BheMoM 50 mur,
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noGasisuin 9 M aneraTHOro OyQepHoro pactBopa Ais
cosnanus pH 3,5-4,0 u nepememmuBanu. DKCTPaKIUIO
npoBoaniy ¢ xiopodopmom (10 mir), cmech LeHTpUdy-
rupoBasu (3000 06/MuH) B Teuenne 5 muH. CMech nepe-
HOCHWJIH B JICIUTEIILHYIO BOPOHKY U JIEpIKaI HECKOJIBKO
MHUHYT Ui pazneneHusi cioeB. Cloi opraHnyecKoro
pacTBOpHTENS OTACISUIN U MPOIYCKAIH Yepe3 QUIIbTD,
comepxkamuii 3,0 r Ge3BogHOTO Ccynbdara HATPHS.
DKCTPAKIUIO XJIOPOGOPMOM TIOBTOPSITH €I /1Ba pasa.
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XopodopMHbIe H3BIEYEHUSI O0OBEIUHSIIM, U OpraHuye-
CKUIl pacTBOPUTENb YIIapHBaJIu Ha BOJSHON OaHe mpH
40 °C no cyxoro octarka. Cyxoil 0CcTaTOK pacTBOPSIIN
B 3,0 Mu1 5THNIOBBIM criupTe (pacTBop «b») U poBoIMIIN
aHanu3 MetogoM TCX. JI71s1 3TOro Ha CTapTOBYIO JTUHUIO
XpoMaTorpagIecKoN TIaCTHHKI HAHOCKITH pacTBop «b»,
a TaloKe PAIOM CTAHIAPTHBIE PACTBOPHI UCCIICITYEMbIX
IpernaparoB, 3aTeM IUIACTHHKY ITOMEIIAIN KaMepy, Hachl-
LIEHHOU cucTemMoi pactBoputenei. Ilocne npoBeneHus
XpOMaTOTrpaHpoOBaHKs 30HBI JIOKAIU3ALMH BEILECTB
cmotpenu mox Y ®-nammoii (254 um) [10; 11; 16].

Jnst M30MpOBaHKsl AaHTUAPUTMHYECKUX TPENapaToB
13 OHOJIOTHYECKHX KUAKOCTEH NOCTYNAIHN CIIEAYIOIUM
obpazom: k 10 M1 Moum (5 MJI KPOBH), COAEpIKALIU
1 M1 pacTBOpa A, onpeseneHHoe KOJIMYeCTBO aHTHA-
PUTMHYECKUX MPENapaToB, MOMEILAIA B KOHHYECKYIO
kosi0y o0beMoM 50 M1, 100aBIIN 9 MJI AlETATHOTO
OythepHoro pactBopa mis co3manus pH 3,5-4,0 u
1 M1 10 % pacTBOpa HaTpHs XJIOpHAA U TIEPEMEIINBAIN,
DKcTpakiuoo npoBogwian ¢ xjaopodopmom (10 mi),
cmech nertpudyrupoam (3000 o6/MuH) B TedeHHE
5 muH. CMech IIEPEHOCIIIN B JCIUTCIIBHYIO BOPOHKY H
JIepKald HECKOJIbKO MHUHYT JUIsl Pa3[esieHUs] CIIOEB.
CJ10i1 OpraHMYecKOro pacTBOPUTEINS OTACISUIN U IIPO-
mycKanu 4epe3 QuibTp, comepxkamuii 3,0 r 6e3Boa-
HOTO cyJibdaTa HATPHUsI. DKCTPAKIHUIO XIO0POGHOpMOM
MOBTOPsUIH eI fBa pa3a. XJI0po(hOpMHBIC H3BICUCHUS

OOBEANHSIIN, ¥ OPTaHWYECKUIl PacTBOPUTENb yHapH-
BaJIM Ha BoAsHOI Gane npu 40 °C no cyxoro ocrarka.
Cyxoii octarok pacTBopsuiv B 3,0 MJI 3TUIIOBBIM CITUPTE
u npoBoamiy aHanu3 MerogoM TCX, BblIeyKa3aHHBIX
ycaoBusix. BomHyto wacte moamenaynBator 10 % pac-
TBOPOM aMMOHMS THApokcHaa 10 pH 9,0 m skcrparu-
pyor  xmopodopmom  Tpmxmel (o 10 wmm).
Xi1opoopMHBIIl CIOW TOcTe OTAEICHUS OT BOIHOM
¢da3pr GUIBTPYIOT Yepe3 Oe3BOIHBIN HATPHUA CYIb(haT.
OKCTpakuuio XJI0pohopMOM MTOBTOPSIIH €I /1Ba pasa.
XiopodhopMHBIE H3BICYCHUS 00BETNHSIIN, 1 OpTaHIIC-
CKHH PacTBOPUTENb yNapuBaJld HA BOASHOW OaHe mpu
40 °C po cyxoro ocrtatka. Cyxoif 0CTaTOK pacTBO-
psiau B 3,0 MJI STHIIOBBIM CIIMPTE U TPOBOJIMIIN aHAIIU3
MetogoM TCX, Beleyka3aHHBIX yciaoBHAX [1].

Pe3yabrarsl. Kak BUIHO U3 TaONHIIBI, TPH HCHOJTb-
30BaHMM B KAa4eCTBE CHCTEMBI PAacCTBOPHUTENEH CMeECH
XJI0po(hOpM-alIETOH-YKCYCHasl KUCIIOTa-3THIOBBIH CIIMPT
(16:4:1:9) mpoucxoaut pazaeneHue KOMIIOHEHTOB CMECH,
HO 3HaueHus Rf mpomadeHoHa W amuomapoHa ObLTH
oueHb Onm3ku Apyr K apyry (0,73 u 0,75). IIpu xpoma-
TorpadupoBaHNU B CHCTEME PACTBOPUTENIEH XJIOPOhOpM-
aIleTOH-yKCYCHast KucinoTa-3Tanon (18: 2:1:7) 6pum mo-
Jy4YeHBI CISAYIOMNE Pe3yNbTaThl: altanuHiuH Rf=0,37,
amuomapoH Rf=0,64, mponadenon Rf=0,54, stazuimn
Rf=0,45 u atenonon Rf=0,12. Pe3ynbrarsl aHanmu3a npe-
CTaBIIeHHI Ha puc. 1 (a).

1- allapinin
1I - amiodarone

11T - extract from
water solution

IV - propafenone

V - atenolol
VI- etosisin S =
& o ) __g_ﬂ T = -3
5@;{! é—é} = é?? q‘?:; Cgf
id = ! a
e e - — et e e L F Sy 8§
- - £ 8
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Pucynox 1. Xpomamozpammur anmuapummuueckux JIC u sxcmpaxma, nojiyuennozo u3 600H020 pacmaeopa (a),
a makdice IKCMpaKma, ROJAYHEeHHO20 U3 mouu ()

XpomarorpaddecKuii aHaIi3 SKCTPAKTOB, TTOTYYCH-
HBIX M3 BOJIHBIX PacTBOPOB moKa3ai, uyto mpu pH 4,0
XOPOIIIO IKCTPArUPYIOTCS aMUOIaPOH, aJUTAITUHIH, TIPO-
madeHOH M 3TAalM3WH, KOTOpBIe 00pa3yloTcs B BHUAC
IATEH HA IUIACTMHKE M MMEKOT OJIMHAKOBbIE 3HaYeHus Rf
CO CTaHAApTHBIMU OOpa3iiamMu. OTCYTCTBHE ISTHA aT€HO-
JI0JIa TIOKa3bIBAET, UTO MpEemapaT II0X0 SKCTPArupyeTcst
B KHCJION cpene. B cioyuae aHanu3a 3KCTpakToB, MOJY-
YEHHBIX M3 IIETIOYHOM CPeJpl, B CHCTEME PacTBOPHUTEICH
XI0po(opM — alleTOH — YKCYCHAsi KUCIIOTa — STUIIOBBIN
coupt (18:2:1:9), Hapsgy ¢ ApyrUMH BelIECTBaMHU:
amanuanH Rf=0,28, amuogapon Rf=0,70, nponadenon
Rf=0,53, staumsun Rf=0,41, oOHapyXuBaeTCs TakKe
arenosios Rf=0,18, 4To mOKa3bIBaeT €ro LICIOYHOTO
xapakrtepa. Puc. 1, (0).
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BeiBoabl. PazpaboTaHbl METOIMKY aHATH3a aHTHA-
purmmdeckux  JIC  ammomapoHa, — aJUIaNMHUHA,
mponadeHoHa, ITau3nHa U aTeHojoaa merogom TCX.
BriOpaHb! onTUMATEHBIE YCIIOBHS XPOMATOTPapHIeCcKOro
CKPUHMHI'A, AJIsS1 3TOTO JIy4lllel CHCTEMON PacTBOPUTENEH
sBsieTcst xjopodopm-arietod- 30 % yKCycHast KHCioTa-
sTrioBkIi criupt (18:2:1:7), rne HabnromaeTcst HaMITYd-
mee pasjelieHue KOMIIOHEHTOB: aymanuauH Rf=0,37,
amuonapon Rf=0,64, nponadenon Rf=0,54, stazuimn
Rf=0,45 u arenonon Rf=0,12. IIpoBeneHHBIC OMBITHI
u3oMpoBanus aHTHapuTMuieckux JIC u3 ouonornye-
CKUX KHIKOCTEH MMOKA3aJIH MPUTOIHOCTh BBIOPAHHBIX
YCJIOBUI SKCTpakiyy 1 aHaimm3a merojgoM TCX. Paspabo-
TaHHAs. METOJMKA M30JMPOBAHUS U ONPEIICICHUS aHTH-
aputMudeckux JIC (Takux Kak, aMHOJApOH, ajUlaIl-
HUH, TIponia)eHOH, ATAIM3HH, aTCHOJION) U3 OHOJIoTHYIe-
CKUX JKHIKOCTEH, peKOMEHIyeTcs I XpoMartorpadu-
YECKOTO CKPHWHHHTA MPH XUMHUKO-TOKCHKOJIOTHYECKIX
HCCIICIOBAHMSIX.
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AHHOTALUSA

B craTne IMMPOBEACH aHaJIN3 aCCOPTUMCHTA JICKAPCTBCHHBIX NPEIIapaTOB Ha OCHOBEC JICKAPCTBEHHOI'O paCTUTCIBLHOI'O
CBIPBSI, IPUMEHAEMBIH IS JIEUCHNSI BEPXHUX JBIXaTENbHBIX MyTei. B cTaThe omuchIBaeTcs cnoco0 MOIyYeHUs TyCTOTO
OKCTpaKTa U3 JMUCTHEB JIaBpa 6narop011Horo. Taxxe B cTarnhe MMpEACTABIICH COCTaB CHUPOIIA, IMMOJTYUYCHHOTO U3 I'yCTOIO
OKCTpAaKTa JIMCTHEB JIaBpa 6naropo;1Horo. B xauectBe CTa6I/IHH38.TOpa HCIOJB3YyETCA JIMMOHHAA KUCJIOTA. N3menpuenue
JIaBPOBBIX JIMCTHEB MMPOU3BOAMIOCH B MEJIBHUIIAX ABYX THUIIOB: TMCKOBBIX U IHAPOBBIX. 1'[0)106pajm ONTUMAJIBHYIO CTCIICHb
NU3MCEJIBYCHUS JIaBPOBOI'O JIMCTA U TUIT UBMEJIBYUTEIIA, a4 32 OIITUMAIIBHOC BPEM N3MCIIBUYCHUA ITPUHSAIINA 10 MHHYT. KpOMe TOTrO,
B CTaThC MPUBCJACHA MOCICA0BATCIbHOCTD PA3JIMYHbIX OHOJIOIHYECKUX BCIICCTB, COACPIKAIIINXCS B COCTABE JIaBpa 6naropon-
HOro.

ABSTRACT

This article analyzes the range of medicinal products based on medicinal plant raw materials used for the treatment
of the upper respiratory tract. The article mentions a method for obtaining a thick extract from the leaves of bay laurel.
The article also presents the composition of the syrup obtained from a thick extract of bay laurel leaves. Citric acid is used

bubnunorpaduueckoe onucanne: Mckannapos A.W., Oprames H.3., Apruaa H.B. PABPABOTKA COCTABA CHUPOITA
C DKCTPAKTOM JIABPA // Universum: xumuss W OHOJOIHs : DJEKTPOH. HayuH. xypH. 2024. 1(115). URL:
https://7universum.com/ru/nature/archive/item/16612
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as a stabilizer. The grinding of bay leaves was carried out in two types of mills: disk and ball. We selected the optimal
degree of bay leaf grinding and the type of grinder, and took 10 minutes as the optimal grinding time. In addition,
the article provides a sequence of various biological substances contained in Laurus nobilis.

Ki1roueBble c10Ba: 1aBpOBBIil JIUCT, TaBp 071arOpOAHBIHN, CaXxapHbI CHPOIL, IKCTPAKT , TEXHOJIOTUH CUPOIIA C 3KCTPAKTOM
mctheB JlaBpa, neueHns quadera, METO MOJYYEHHUS TyCTOTO 3KCTPAKTa, IKCTPAKT JIaBpa, JIEKaPCTBEHHOH (HOPMBEL,

Je4eHns 3a00/IeBaHNI BEPXHUX ABIXATEIbHBIX MyTEH.

Keywords: Bay leaf, bay laurel, sugar syrup, extract, technology of syrup with laurel leaf extract, treatment of diabetes,
method of obtaining a thick extract, laurel extract, dosage form, treatment of upper respiratory tract diseases

AKTyaJabHOCTH TeMbl. B HacTosimee BpeMms cy-
LIECTBYET MOTPEOHOCTH B 3()(EKTHBHBIX M O€30TIaCHBIX
CpeACTBax JJisl JIEYCHUsS] BEPXHUX JIBIXAaTEIbHbIX MTyTeH
U OpOHXOJICrOYHOM CUCTeMBbI. J[Js JeUeHHs TaKoro
poJia 3aboJIeBaHMi YacTo MPUOETalOT K BO3MOKHOCTSM
¢duToTEpanuu, MOCKOJBbKY TaKUe NpernapaTbl HMEIT
KOMILIEKCHOE BO3JIEHCTBHE HAa OPTraHU3M OOJBHOTO.
Takum oOpazoMm, pa3paboTka HOBOW JICKapCTBEHHOM
(hOopMBI Ha OCHOBE IKCTPAKTa U3 JINCTHCB JIaBpa IS Jie-
YeHUs 3a00JIeBaHUI NTBIXaTeNbHBIX ITyTeH SBIACTCA Ha
HAIIl B3I 3HAYUMOH, aKTyaJlbHOH M MEepCHeKTHBHOM
3aa4i COBPEMEHHOH HayKH.

Ienb pabOTHI COCTOUT B pa3pabOTKE COCTaBa M TEXHO-
JIOTHH CHpOIIa C 3KCTPAKTOM JIMCTheB JlaBpa Gmaropos-
HOTO.

Jlagp OGmaropomusiii (Laurus nobilis Linnaeus,
1753) — BeuHo3eNEHOE pacTeHHE (JIEPEBO MK KyCTAPHHUK)
BBICOTOM 10 12—15 M. EcTecTBEHHBIMI MecTaMU OOUTAHUS
9TOTO BEYHO3EJIIEHOTO PACTECHUS SBISIOTCS TEPPUTOPUHI
ctpad Cpenu3eMHOMOPBsSI C BRICOKHM TOJOBBEIM YPOBHEM
ocazakos [20].

Xumudaeckuit coctas JlaBpa OmaropomHoro Gmaro-
MPHUATCTBYET €r0 HCIOJIH30BaHUH B (hapMaIleBTHICCKON
MPOMBILIJIEHHOCTH. B HeM cozeprkarcst a¢dupHbIe Macia,
TJIABHBIM KOMIIOHEHTOM KOTOPOTO sIBJsieTcs 1,8-1rHeon
(25-70%), B KaueCcTBE BTOPOCTENEHHBIX KOMIIOHEHTOB
JIaBp COJIEPXKHUT O-TEPIMHUJI alleTaT, JIMHAJIOON, O- U
B-niuHEeHbI, B-371€MeH, 0-TepIHHEO0I, SBIeHOJ, METHII-
9BreHOJI, KapBAKpOJI U CaOMHEH — 3TH COCJMHEHHUS
W3BECTHHIC CBOCH aHTUMHKPOOHOH aKTUBHOCTHIO [7].
Xumudeckuit mpouiib THAPOIATOB XapaKTESPU30BAIICS
1,8-tiuaeonom (65,1%) B KauecTBe OCHOBHOTO KOMIIO-
HenTa L. nobilis [22].

AHTHOaKTEepUanbHAsl AaKTUBHOCTh W3BJICUCHHIA,
10 MHEHHMIO HEKOTOPBIX HCCIIE/IOBATENCH, CBs3aHa C
MPUCYTCTBUEM TEPIICHOBBIX U (DEHOJBHBIX BEIIECTB.
[IpoTrBOrpNOKOBEI NOTEHIHMAT (PUPHOTO Macia W3
JIUCTHEB JIaBpa B OTHOLICHUH BWJIOB, IPUHAIICIKALIIX
k pogam Eurotium, Aspergillus u Penicillium, 6pu1
mokazan Guynot ¢ coasropamu [18]. DdupHbie macia
JaBpa IPOJEMOHCTPUPOBAIN 3HAYNUTEIBHYIO aHTH-
OaKTepualIbHYI0 aKTHBHOCTb, METOX ANGQY3uH arapa
U HCIBITAHUE B MapoBOW (ha3e IOKa3anu aKTHBHOCTb
3(UpHBIX Macie ¢ HauOOJBLIMM IHaMETPOM rajo-
unrubuposanus npotus A. bohemicus u B. Cereus [22].

JlucTes naBpa TaKke BXOAST B cOCTaB cOOpOB
U JIEKAPCTBEHHBIX CPEICTB JUIs JieueHus auadera [10].
B MHOTOYHMCIICHHBIX HKCHEPUMEHTaX Ha KpbhIcax OBLIO
[OKa3aHo, YTO AKCTPaKT JucTheB L. nobilis okaspiBaer
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OLIYTHMOE BJIMSHHE Ha YPOBEHb IJIIOKO3bI B KPOBU M
yIIy4IllaeT pPereHepanui OCTPOBKOB IMOMXKETyI0UHON
JKeJIe3bl, a TAK)Ke BOCCTaHABJIMBAET W3MEHEHHBIE (ep-
MEHTBI Me4YEeHU, MOYEBUHY, KPEaTHHKHHA3Y, YPOBHHU
oOmrero Oenka, Kanblds U (PEppPUTHHA MTOYTH 10 HOP-
ManbHOro [21]. M3BecTHBl MyOIUKAaIMM, B KOTOPBIX
n3ydaics 3¢p¢GeKT 3pUpPHOTo Maciia JaBpa Kak MOTEH-
LUAIbHOTO TPOTHBOOITYXOJEBOTO areHTa B JICUCHUH
pakoBbIX 3aboneBaHuid. Tak, WccienoBaHus in Vitro
IIPOJIEMOHCTPUPOBAIN HHTHONPOBAHUE POCTa PAKOBBIX
KJIIETOK 00pabOTaHHBIMH IPOYKTaMHU 3 JJABPOBOTO JIKICTA
B JIMHUSAX PAKOBEIX KJIeTOK denoBeka HT-29, HCT-116,
Caco-2 u SW-480, uTo cCOnpoBOXKIAIOCH Pa3TMYHBIMU
YPOBHSMH TOBBIIIIEHHOTO anonro3a [12].

Uro xacaeTcs OLIEHKHM aHTHOKCHJIAHTHOMN aKTHUB-
HOCTH, OIpeaesieMol ¢ MOMOIbI0 aHainu3oB FRAP,
DPPH u ORAC, TO onTUMaJbHBIMU YCIOBUSAMH IS
skcTpakuuu Obu 50% stanoma, 150°C, ogwH UK
SKCTPaKIWHU U 5 MUHYT BpeMeHH. [Tomu(eHONbHBIN SKC-
TPAaKT, MOJyYEHHBIH MPU ONTUMANbHBIX ycioBusix PLE,
cozepskai 29 uaeHTH(HUIMPOBAHHBIX COSTMHEHUH], Cpean
KOTOPBIX (pIIAaBOHOJBI (PYTHH M KBEPIETHH-3-TITFOKO3H]T)
npeoOaiany. Pe3ynbTaThl aHAIM30B aHTHOKCHIAHTHOM
aKTUBHOCTH Toka3anu, uro PLE sBngercs s¢dexTus-
HBIM 3KOJIOTHYECKU YUCTHIM METOAOM IOJTydeHus Oora-
THIX TOJU(EHOIAMH 3KCTPAKTOB JIABPOBOTO JIUCTA C
OTHOCHUTEJILHO BBICOKOW AHTUOKCUIAHTHON aKTUBHO-
cthio [18].

Kpowme siBHBIX TepaneBTHyecknX 3 QeKToB, y JiaBpa
€CTh ITOJIOXKUTENIFHOE BIIMSHNAE Ha CHATHE TPEBOXKHOCTH.
[MoTpebienue vast Laurus nobilis 3HaunTebHO CHIKATIO
KOHLEHTPALIMIO KOPTU30J1a B Tia3me ([kopTtuzos] DO =
93,5+43,01ar /M, D11=72,23 + 25,37, p=0,001) [22].

Takum 00pa3oM, CIEKTp JIEKAPCTBEHHOTO IIPUME-
HeHust JlaBpa 61aroposHOro, JOCTaTOYHO MIMPOK (OT
AQHTIMHUKPOOHOH /10 TUTOTOKCHYECKON aKTHUBHOCTH), ¥ 10
KOHIIA HE U3y4€eH. B 3T0i1 CBA3U Ba)KHO HAXOJUTh HOBBIE
JeKapcTBeHHBIE (OPMBI U CTapaThCAd HCIOIB30BAaTh
MTOTEHIMAJ JAHHOTO JIEKapCTBEHHOTO pACTEHUS Ha Mak-
CHMaJIbHOM YPOBHE.

JKcHepuMeHTAIbHAA 4acTb. Marepuaasl H
MeTOIbl McciieoBaHus. MarepuanoMm Hcciie0BaHMs
TIOCITY>KHJI TYCTON 9KCTPAKT M3 JINCTHEB JIaBpa 0J1aropos-
Horo (Laurus nobilis Linnaeus, 1753).

JelicTByronye BemecTBA U MX XapaKTEPUCTHUKH.
B nuctesx naBpa 61aropofHOTO COAEPIKUTCS MHOI'O
akTUBHBIX BemecTs (Tabmuia-1).
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Tabauya 1.

KosuuecTBenHoe coaepkaHue PasHbIX rpynim (l)eHOJI])HLIX COCZII/IHCHl/Iﬁ B JINCTBHAX JIaBpPa 6JIal"0p0I[HOF0

H3Biieyenus
CoenuHeHus
Boanoe (Bfnl:-lg):;:(?;l({ffl)) CnupToBoe
?;e;‘ef’;e"cﬁ‘:::ecg?gﬁﬁE;}OME; FCHOTy) 14,37+0,79 43,03+0,35 31,09+0,31
®D1aBoHOU L, MI/T (B TIepecuéTe Ha IMUKATCXUH) 14,12+0,93 30,15+0,25 20,88+0,88
(+)-Karexun 0,41* 0,58* 0,04*
(-)-DnukaTexun 0,99* 3,44* 0,67*
CymMMa MOHOMEPOB 1,40* 4,02* 0,71*
JlumepHbIe IPOAHTOIMAHUIHHBI 1,49* 16,97* 5,25*
TpumepHbIe MPOAHTOIMAHUINHBI | 0,48* 1,24* 0,32*
TpumepHBIC TIPOAHTONNAHUIUHEI 2 1,73* 5,05* 2,46*
TeTrpamepHBIC IPOAHTOIIMAHUAHHEI 1,02* 1,16* 0,32*
CymmMa ¢raBaH-3-0110B 6,12* 28,44* 9,06*
* — KOHYyenmpayuu Oausl 8 Me/2 8 nepecuéme Ha INUKAMEXUH U CYXOUl 8eC.
B 0ocHOBHOM 3T0 ()eHOJIBHBIC COCAMHEHHS, TAKHE KaK CeCKBUTEPIICHOBBIC JTAKTOHBI, BBIICJICHHBIC U3 JINCTHCB
(heHOBHBIC KUCIIOTHI M (Di1aBoHOUBL. VX B 00IIIeM cuete Laurus nobilis, npencrasnens: B Tabmuie-2.
okoJ10 99,7 r/kr (B mepecueTe Ha TajUIOBYIO KHCIOTY).
Tabnuua 2.

CeckBHTEpPNIEHOBBIE JTAKTOHbI, 00HAPY KEHHbIE B JIaBpe 6,1aropoHOM

Ne .
/i TpuBHaJIbLHOE HA3BAHUE IMonoxenne 3amectTuTeei
I'epmakpan-12,6-omuisl
14
1 |AHTHOPONIEPOKCHKOCTYHOIUA 1-okco; 4(5),11(13),10(14)-tpuer; 68,70 — H
2 |Apremopun 1(10),4(5),11(13)-tpuen; 6B,7a.— H
3 |BepnoTtopun 1B-O0H; 4(5),11(13),10(14)-tpuen; 68,70 — H
4 |KocryHomua 1B-OH; 4(5),11(13),10(14)-tpuen; 6B,70.— H
5 |JTronenTonmua 1a-OH; 4(5),11(13),10(14)-tpuen; 6B,7¢.— H
I'epmakpan-12,8-omuabt
6 ‘)Ie3aueTHnnaypeH06nonml ‘6(1—H; 1(10),4(5),11(13)-tpuen; 70,88 — H

DBrecman-12,6-omuasl
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Ne .
. TpuBHajibHOE HA3BaHHE IMonoxkenune 3amMmecTuTee

7 |Be3 TpUBHATBHOTO HA3BAHUSA 1,20/3,40-musnokcu; 11-en; 4a,50,6p,70,1000 — H
8 |Be3 TpuBHATBHOTO HA3BAHUS 1a,2p-muOH; 3,11-auen; 50,6p3,7a,100 — H
9 |Be3 TpuBHAIHHOTO HA3BAHUS 1B-OH; 40-OCHS3 ; 11-en; 5a,6B,70,100 — H
10 |be3 TpuBHANBEHOTO HA3BaHHSA 1B,4B-mnOH; 11-ex; 50,68,70,1000 — H
11 |be3 TpuBHAIBEHOTO Ha3BAHUA 1B-OH,23-0OAc; 4,11-nuen; Sa,7a,10a — H
12 |10-snurasannonuy 1,3,11(13)-tpuen; 50,108 — H
13 |13-peruapocaHTOHUH 3-okco; 1,4,11(13)-tpuen; 4a-CH3 ; 6,70,100-H
14 |be3 TpuBHAIBFHOTO HA3BaHHSA 1B,2B-muOH; 4(15),11(13)-auen; 50,6p,7a-H
15 |be3 TpuBHAIBEHOTO HA3BAHUSA 1B,15-muOH; 3,11(13)-mmen; SaH,7a,10a-H
16 |be3 TpUBHAIBHOTO HA3BAHUSI 30-AcO; 1,4(15),11(13)-tpuen; 5a,68,7a,100-H
17 |T'azanmonun 1,3,11(13)-tpuen; 100-H
18 |MarHonuanum 1B-OH; 4(5),11(13)-auen; 30,6B,70,10a-H
19 |T'maporepokcua MarHOJIHAINAA 1B-OH; 40-OOH; 4(15),11(13)-auen; 7a,100-H
20 |3o-nmepoxcuapmedornH 1B-OH; 30-OOH; 4(5),11(13)-muen; 6B,70,100-H
21 |PeiiHO3uH 18-OH; 4(15),11(13)-auen; Sa,7a,10a-H
22 |Cantamapud 1B-OH; 3,11(13)-auen; 5a,70,100-H
23 |Ty6udepun 3-okco; 1,11(13)-auen; 48,50,6p,7a,100-H
I'Baiian-12,6-ouas!
24 |[1eruapoKoCTyC JaKTOH 4(15),11(13),10(14)-tpuen; 1a,50,6B,70.— H
25 |3 —xJI0POAETUAPOKOCTYC JIAKTOH 3p-Cl; 4(15),11(13),10(14)-tpuen; 1a,50,6B,7a — H
26 |3amy3zanun D 3B-OAc; 4(15),11(13),10(14)-rpuen; 1a,50,6B,7a — H
27 |3amyzanun C 3B-OH; 4(15),11(13),10(14)-tpuen; 1a,50,6B,70.— H
28 |DpemaHTHH 4(15),11(13),9(10)-rpuen; 1a,50,6B,7a — H
Jpyrue TuIbl JaKTOHOB
Croupadonua be3 TpuBHAIBHOTO Ha3BaAHUSI

[IpencraBnenHsle B Tabiuie-2 coequHeHus obma-
JAal0T PasHBIMH (hapMaKOIOTHYECKHUMH aKTHBHOCTSIMU:
aHTHOaKTepHaJIbHOW, NPOTHBOrPUOKOBOM, aHTHANAOE-
THUYECKOH, IPOTUBOBOCIAIIUTEIILHOM.

CoenuneHusl, cosiepKaliiecs B JIaBpe 0JaropoJHoM,
00J1a/1a10T MTPOTUBOBOCIIAIMTEIBHBIMU (CECKBUTEPIIC-
HOBBIE JIAKTOHBI, MOP(HH, IIMPOKCHKAM ), IPOTUBOTPHO-
KOBBIMH (CECKBHUTEPIICHOBBIC JIAKTOHBI, (DEHOJIbHBIC
COETMHEHWH), aHTUMHUKPOOHBIMH (CECKBHUTEPIICHOBBIE
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JIAKTOHBI, (DEHOJILHBIE COSAMHEHHUSI, KapBaKpOJI, anuda-
THYECKUN CIUPT JIMHAJIOOJ, METHIIBICHOJN, cabWHEH),
AHTHOKCHJIAHTHBIMH ((DIABOHOM]T W3OKBEPLUTPUH) U
MHOTUMU APYTUMH (HAIPUMEP, IPOTHBOIMHIICTITHYC-
CKHMH — METHIPBI'CHOIL, 3BI'CHOJI, [IMHCH) CBOWCTBAMH.

BcromorartensHbIe BEIIECTBA U UX XaPAKTCPUCTHKH.
B kadecTBe BCIIOMOTaTENILHBIX BEHIECTB B CUPOIIE, KaK
W3BECTHO, BRICTYIIACT CaXapo3a, U B HAILIEM CITy4ac JIMMOH-
Hast KHCJIOTa, UTPAroIasi pojib KOHCepBaHTa. JINMOHHAS
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KHUCJIOTa ABJIACTCA YHUBCPCAJIbHBIM MNPOMEKYTOUYHBIM
MIPOAYKTOM Merabonu3Ma paCTeHI/If/lI U JXHBOTHBIX.
ITO XMMHUYECKOE CBIPpbE, KOTOpPOC nepepaGaTLIBaeTcsi
" IUPOKO HUCIIOJB3YCTCAd BO BCEM MHUPE B KAUCCTBC
MMPpEBOCXOJHOTO (bapMaI_[eBTI/I‘IeCKOFO HAaIIOJITHUTCIIA.

Metoa nosTy4eHus: IyCTOr0 IKCTPAKTA U3 JIUCThEB
JaBpa 6aaropoanoro (Laurus nobilis Linnaeus, 1753).
TexHONIOTHS TONyYeHHsS SKCTPaKTa MpPONHCaHa B
dapmaxonee, XIV mmaanue, T.I1. Ceipbe A7t SKCTPaKTOB
JOJDKHO OTBEYaTh TPEOOBAHMSM, HPEIBABIAEMBIM K Jie-
KapCTBEHHOMY PAaCTHTEIIBHOMY CHIPBIO B (hapMaKOIICHHBIX
CTaThsIX U MMETh COOTBETCTBYIOILYIO JOKYMEHTAIIHIO.
BcnomorarenbHble BenecTsa (B HallleM Cllydae-caxaposa
Y JUMOHHAS KUCJIOTA, TAK)KE JOJDKHBI OBITh pa3peleHbl
UL IpUMeHeHus. [1oydeHne 3KCTpaKTa OCyIeCTBIIETCS
B HECKOJIbKO CTaAMi: HEOOXOAMMO OATOTOBUTH JIeKap-
CTBEHHOE ChIPhE (BBICYIINUTH, H3MEIIBYHUTH), SKCTPAreHTH,

TYCTOT0 dKCTpaKTa-BblapUBaHUE, CTAHAAPTH3ALUI U
yIaKkoBKa.

MeToab! SKCTparupoBaHus IPUHSTO ACTIUTH HA CTa-
TUYECKUE U JMHamuuyeckue. B craTHueckux MmeTomax
JIEKapCTBEHHOE CBHIPhE 3aIMBAIOT SKCTPAreHTOM U TOA-
BEpraloT HacCTaWBaHHIO. B AMHAMHYECKUX MeToJax
IIPOUCXOIUT MOCTOSTHHAS CMEHA SKCTPAreHTa MITH CHIPBSL.
Cpenn TMHAMHYIHBIX U3BECTHBI HETIPEPHIBHBIE (C HEMpe-
PBIBHOI MoJaueil JIEKapCTBEHHOTO CHIPBSL: MPSMOTOYHbIE
1 IPOTHUBOTOYHBIE, METO/IBI C 3aKOHYECHHBIM IUKJIOM 1 ME-
TOZABI C HE3aKOHYEHHBIM LUKJIOM, METOBI C JACICHHEM
CBIPbsI Ha paBHBIE YaCTU, UHTEHCUBHBIC METOBI SKCTpa-
THPOBAHUS.

DKCTpaKT JiaBpa MOJy4aiy CIEAYIOIUM 00pa3oMm.
W3menbyeHye ChIpbst IPOBOAMIIHN HA ABYX TUIAX MEJIbHULL;
Ha JIUCKOBOM U Ha IIApOBOW. BpeMs usMenbueHus cocra-
Buo 5, 10 1 20 MuHyT. Pe3ynpTaThl CTENEHH H3METbYECHHS

MOJTyYeHHE MIEPBUYHON BBITSKKH, €€ OYHUCTKA, B CITy4yae ?;ZET%THOFO CPIPbL  MPEACTABICHEL B TaGaile
Taonuya 3.
BbIXo/1 IPOIYKTA NPH HCIOJIH30BAHUU PA3HOTO THUIIA MEJbHUIL I H3MeJIbYeHHUs JIEKAPCTBEHHOI0 ChIPbs
CreneHb U3MeJIbYEHUsI, MM
Oo6opynoBanue Bpems, MmunyT Bec 1o ?;Z;J;’qeﬂnﬂ’ OoJiee S 3-5 menee 0,1
Bec nociie u3mMelib4eHusl, FpaMM
5 30,0 8,6 21,2 0,2
JuckoBasi MeJIbHUIIA 10 30,0 2,7 27,0 0,3
20 30,0 9,6 52 15,2
5 10,0 4,0 4,8 1,2
IIlapoBas MeJIbHULA 10 10,0 3,4 52 1,4
20 10,0 4,2 2,7 3,1

AHanmu3upys pe3yiabTaThl, MOKHO CHENaTh BBIBOJ
06 ONTUMAJILHON CTEINEHU U3MEJIbYECHHUS JINCTHEB JlaBpa
u BI)I60pe TUIIa U3MCJIIBYUTECIIA. BI)IHBJ'IGHO, YTO U3MCECJIb-
YCHUE HEOOXOAUMO OCYIIECTBIIATH C IIOMOIIIBIO THCKOBOM
MECJIbHUIIBI.

[pu u3MenbueHUU B TeUueHHE 5 MHUH HAOJIOIAeTCsI
HEIOM3MEINIYCHUE PACTUTEIBHOTO CHIPhS, IPU U3MEIb-
YCHUU CBHIPBS B TeueHue 20 MUHYT, HAONIOACTCS TIPO-
[ecC KOHIIaMEpaluy, T.€. CKIICUBAHHUS U3MEIbYCHHBIX
4acTUI] MEXay co0oil. ONTHMaIbHBEIM BPEMEHEM JIIs
M3MENBYCHHS JINCTHEB JIaBpa siBisieTcs 10 MuH, pabodas
(dbpaxiust cocTaBIseT pa3Mep 4acTUIl OT 3 10 5 MM.

ITocse BBIOOpA ONTUMAIBHOIO PEKUMA H3MEJIbYE-
Hus — 10 MUH Ha TUCKOBOW MENTBHHUIIE, K M3METBYCHHOMY
ceIpbto o6aBnsm 70% 3TaHON B COOTHOIICHHH 1:5 n
OCTaBJIAJIM HACTANBATHCA B TCUCHHUHN CYTOK IJIA TTIOJTYUCHUA
CITUPTOBOT'O HM3BJICUCHUA (I/ICHOJ'II)3OB3HI/I CTaTUYECKHUI
METOJ).

[Nocte HacTanBaHUS B TEYCHHE CYTOK CBHIPHE MOBEP-
rajyd JOMOJHUTEIBHON yIbTPa3BYKOBOH 00paboOTKe B
TeueHue 45 munyT. KileTouHas CTeHKa Mpu 3TOM paspy-
IIAETCs, U MPOUCXOJUT BBIXOJl OMOJIOTUYCCKU AKTUBHBIX
BelIeCTB. BiusiHUE yibpTpa3sByKa Ha MPOIECC IKCTPaK-
LA HE OTPaHUYMBACTCS Pa3pylICHHEM PAaCTHTENbHOM
KJIETOYHOM CTEHKH M YBEJIHUSHHUEM BbIX0/1a OnoJIornye-
CKHM aKTHBHBIX BEIECTB, YJIbTPa3ByK TaK)Ke OKa3bIBaeT
AHTUCENITUYECKOE JISHCTBIE U YBEIMYNBACT CPOK XpaHe-
HHS 9KCTPAKTOB.

30

[NonyyeHHoe cnMpTOBOE M3BIICYEHHE MPO(GHUIBTPO-
BaJi (OYHMCTKA OT CBHIPhS) M CTyIIAJX MPHU ITOMOIIN
BaKyyM-BbIIIapHOro anmapara. IlomydeHHslli rycToi
9KCTPAaKT II0 BHEIIHEMY BHJIYy IPEICTaBIsLl Cco0oii
Maccy KOpPUYHEBOI'O LIBETA, IUIOTHOM, BSI3KOM KOHCH-
CTEHLIUU.

MeToan! aHAJIN32 CHPONA € IKCTPAKTOM U3 JIHCTHEB
JaBpa 6aaropoasoro (Laurus nobilis Linnaeus, 1753).
B mosnyduenHoM pacTtBOpe omnpenesuin (GIaBOHOMIBI.
Hdnst onpeneneHus (IaBOHOMIOB HaM HEOOXOJUMEI
AICI; u 5% pactBop ykcycHoi#t kucnotei CH3COOH.
ITponopium 6putH cirenyromue: k S M AlCl; mpubaBmnsim
1 v 5% pactBop CH3COOH, 3 Mt )KHIKOTO 9KCTpaKTa
u 100 mit 70% stanona. Yepe3 45 MUHYT BO3ACHCTBHSA
yIBTPa3ByKa CMOTPEJIH ONTHYECKYIO IUIOTHOCTh Ha CIIEK-
TpodoToMeTpe.

Jnst M3roTOBIIEHUSI CHpOIa C SKCTPaKTOM JIaBpa,
TIEpBOHAYAILHO M3TOTABIMBAIIN CUPOII CaXapHbIi, B KOTO-
POM TIOCIIEIOBATEIbHO PACTBOPSIIM DKCTPAKT T'yCTOM
U KMCJIOTY JIMMOHHYIO.

AHaM3 MoJiy4eHHOT 0 CHPOIIa IPOBOASAT Ha OCHOBA-
HUH METOJMK, IPOITMCAHHBIX B 00LIMX (hJapMaKoneHHbIX
CTaThsIX JercTByromeit ®apmakoren 14 n3nanus. Mero-
J¥Ka TIPOBEACHUS HUCIBITAHWHA CHUpONa CIeAyIoImas,
corimacHo ODC «Cupomnbhy.
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3akiouenue. B xoze uccienoBaTenbeckoi paboTh
pa3paboTaHbl COCTAaB JIEKAPCTBEHHON (OPMBI B BUC
CHpOTIa HAa OCHOBE 3KCTpaKTa JaBpa JUIsl JeUeHUs 3a-
OosieBaHM ABIXaTeNBHBIX IMyTeil. OnpeneneHsl coBpe-
MEHHBIE TPeOOBaHMsI, PEABSBISIEMbIE K JIEKAPCTBEHHON
(dopme B BHIIE CHPOTIa U3 JICTHEB JIaBpa 01aropoaHOTO.

IIpoBeneH aHanM3 acCOPTUMEHTA JIEKAPCTBEHHBIX Mpe-
[1apaToB Ha OCHOBE JIEKAPCTBEHHOI'O PACTUTEIBHOIO
CBIPbS, IPUMEHIEMBIX JUJIS JICUCHUS BEPXHUX JbIXaTCIIb-
HBIX TyTed. Pa3zpaboran cocraB cupoma U3 T'yCTOrO
9KCTpaKTa JHUCTHEB JIaBpa 0OJaropoJHOTO0 Ha OCHOBE
caxapHOro cuporna. B kagectBe crabmimsaropa MCIOIb-

3y€TCs JINMOHHAs KUCJIOTa.
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AHHOTALMUSA

I/ICCJ’ICI[OBaHI/Ie OMOJIOTUYECKH aKTUBHBIX BCILICCTB ABJIACTCA NEPCIICKTUBHBIM HAIIPABJICHUEM B XMMUU, (bapMalconor 1u,
MEIMIIUHE U CEILCKOM XO035HCTBE, TIC ONMPECIICHHOE MECTO IPUHAICKHUT K Ouc-kapbamaram. I{ens qaHHOM Hccie-
JIOBAaTENIbCKON PabOTHI SBJIAETCS W3yYSHUE OCTPOI TOKCMYHOCTH Ouc-kapOamara cepun M33. OcTpyro TOKCHYHOCTH
uccaenyemoit cyocranumu «M33-2» T.e. N,N'-rekcameruneH-ouc-[(M-kpe3oiiio)-kapbamara] u3ydanu oOmIenpUHATHIM
METOAOM, OIMMMUCAHHBIM B JIUTECPATYPEC, OAHOKPATHBIM BBCACHHUCM JICKAPCTBCHHBIX MPEIapaToB C ONPCACICHUCM KjlacCa
TOKCHYHOCTH. I[J'ISI SKCIICPUMCHTA UCIIOJIb30BaAIN OeIBIX 6eCHOp0,Z[HLIX MBIIIEH CaMIIOB M CaMOK B KOJIMYECTBEC 30 ronos.
B pesynbpraTe BELICHIIOCH 9TO cyOcTaHIms «MDD-2» otHocuTcs K I Kimaccy TOKCHYHOCTH YMEPEHHO TOKCHYHBIM.

ABSTRACT

The research of biologically active substances is a promising direction in chemistry, pharmacology, medicine and
agriculture, where a certain place belongs to bis-carbamates. The purpose of this research work is to study the acute
toxicity of MEE series bis-carbamate. The acute toxicity of the test substance “MEE-2" i.e. N,N'-hexamethylene-bis-[(m-
cresolyl)-carbamate] was studied by the generally accepted method described in the literature, a single administration
of drugs with determination of the toxicity class. For the experiment, 30 white outbred male and female mice were used.
As a result, it turned out that the substance “MEE-2" belongs to toxicity class I1I, moderately toxic.

KiroueBble ciioBa: Ouc-kapbamar, cyoctanuuss MDD-2, ocTpass TOKCHYHOCTh, MBIIIH, (PapMaKOIOTHs, METAHOII,
JIMCO, ¢dusnosnorusi, KaaccuHuKarus.

Keywords: bis-carbamate, substance MEE-2, acute toxicity, mice, pharmacology, methanol, DMSO, physiology,
classification.

BBenenue. B Hactosiee Bpems uzydenue kapoOa- M3y4aid OOMICTIPUHATHIM METOJIOM, OTIIMCAHHBIM B JIUTE-
MaToB M OHC-KapOamMaToB MMeeT OOJIbIIOe 3HAuEHHE. parype, OTHOKPAaTHBIM BBEICHHEM JIEKapPCTBEHHBIX TIpe-
B uacTtHOCTH, KapOamaTkl U OuCKapOamMaThl UCHOJb3Y- napaToB C OMpEJeNeHHeM Kjlacca TOKCHYHOCTH [6-7].
OTCS B MEJULMHE, XUMHUYECKOW MPOMBIIIJIEHHOCTH, Jlist oKcTiepuMeHTa MCTIONB30Bai OeNbIX OeCIIOPOIHBIX
He()TEra3oBol MPOMBINIEHHOCTH U CENLCKOM XO3Si- MBIIIEH caMIIOB U caMOK B KosmyecTe 30 rosio, Maccoi
crBe [1-2, 4, 8]. 3yuennslit B nanHO# padote N,N'-rek- tena 19 — 21, BelZiep)KaHHBIX HA KapaHTUHE B TEUCHHUE
cameTueH-6uc-[(M-Kkpe3omuno)-kapbamar], T.e. MDD-2 14 nneit. Jlo u B niepro/| SKCIICPUMEHTOB MBILIN HAXO/U-
ObLI CHHTE3MPOBAH aBTOPaMH BIIEPBBIE B MHUPE, a TAKXKE JTUCh B BUBAPHH IIPH TeMIiepaType Bosayxa +20 - 22°C,
M3YYCHBI X (PU3UKO-XUMHUYECKUE CBOWCTBA U 00JIacTH BIaxHOCTH He Gonee 50%, 00béme Bo31yx000MeHa (Bbl-
npuMeHenus [3, 5, 9]. YuuTeiBas HCIOIh30BaHUE STHX TSKKa: PPHTOK) - 8:10, B CBETOBOM pEeXKHME - JICHD - HOYb.
BEIIECTB UCCIEN0BATEISIMU B CENbCKOXO3SHCTBEHHBIX MBbineit pasmelnani B CTaHIapTHBIX [UIACTUKOBBIX KIIET-
cepax, BaKHO U3YYUTh HX OCTPYIO TOKCHYHOCTD. B cBsi3u Kax M COACpKalN Ha CTaH/apTHOM pallioHE. C nenbio
C 9THM, 1Ie]lb 3TON PaboTHI, ABISIETCS H3y4YEeHHE OCTPO M3YYEHHUs OCTPOH TOKCHYHOCTH M omnpeneneHus J1/so,

13 CPaBHUBAEMBIX IIPEnapaToB MPUroToBmiIH 1,5 % pac-
tBopa (30 mr + 1,5 M metanom). /151 mpoBeeHNs KCIIe-
pHUMEHTA KMUBOTHBIX PA3JIENIUIIU Ha 5 TPyl 1O 6 TOJIOB.
PactBop cyOcranmmm «MD3-2)» BBOIWIN OIHOKPATHO

Marepuajbl M MeTOAbI HccaenoBanus. OcTpyro BHYTPIKEITYIOYHO OEJIBIM MBIIIaM CIIEIYIOIINM 00pa3oM
TOKCUYHOCTh HCCIEeAyeMoi cyOcTaHmuu «MDD-2» (Tabmuma 1):

TOKCUIHOCTH cyOcTaHImu «MD3-2», pa3pabOTaHHOTO
B TalkeHTCKOM XHMHUKO-TEXHOJIOTHYECKOM UHCTUTYTE
B OKCIICPUMEHTEC Ha 6eJ'II)IX MBbIIax.

Tabauya 1.

BBenenne pacrpopa cyocTaHuuu «MII-2» 6e1bIM MbILLIAM

Ne rpynn Yucao x-x Iyt BBeeHHs Jo3a B MIr/Kkr Ho3a B Ma
1 6 Per os 75 0,1
2 6 Per os 112,5 0,15
3 6 Per os 150 0,2
4 6 Per os 187,5 0,25
5 6 Per os 225 0,3
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PesyabTaTsl HcciiefoBaHNA U UX 00CYXKIeHHE.
B nepBblil 1eHb SKCHEpUMEHTa 33 JKUBOTHBIMH BEIH
HaOJII0ZICHUE €KEeYacHO B YCIOBHUSX Ja0OPaTOpHH, TIPH
9TOM PEerUCTPUPOBAIM IOKAa3aTeId BHEIIHETO BUIA
(cocTOsIHME IIEepCTH, CIM3UCTBIX OOOJNOYEK U T. 11.);
(YHKIIMOHAIBHOTO COCTOSTHMS (BBIKHBAEMOCTh B TeUe-
HHE OTbITA, OOIIEEe COCTOSHUE, BO3MOXKHBIE CYIOPOTH
u Tubenb) U nmoBeacHuUs. Jlasee eKeTHEBHO, B TCUCHUE
2-X HEZIeNb B YCIOBHSIX BUBAPHS, y JKUBOTHBIX BCEX IPYIII
HaOIrOaIM 3a OOIMM COCTOSSHUEM M aKTHBHOCTBIO.
OCoOeHHOCTSAMH MTOBEICHHS, pEaKIiell Ha TAKTHIIFHEIE,
OoJieBbIe, 3BYKOBBIE U CBETOBBIE PA3PAKUTEIH, YaCTOTOM
U IITyOMHOM IBIXaTeNbHbIX JBIKEHUIH, PUTMOM cepliey-
HBIX COKPAIIEHUH, COCTOSIHHEM BOJIOCSHOTO M KOXKHOTO
MIOKPOBA, MOJIOKEHHEM XBOCTA, KOJMYECTBOM U KOHCHU-
cTeHIMer (eKanbHbIX Macc, YaCTOTOH MOYEHCITYCKaHus,
H3MEHEHHEM MaccChl Tena M Jp. Moka3areinsiMu. Bee
MTOJIOTIBITHBIC XKMBOTHBIE COJCPIKAINCH B OJMHAKOBBIX
YCIIOBUSIX M Ha 00IIEM palliOHEe MUTaHMS CO CBOOOAHBIM
noctynoMm K Bozae u nuue [3,4]. [Ipu uzyuenuu octpoi
TOKCHYHOCTH CyOCTaHIus «MDD-2» OBUIN TOIyYeHBI
CIIEAYIOIINE NaHHBIE:

1 rpyrma (y1o3a 75 MI/Kr): mocjie BBEACHHU penapara
B TEUEHHUE JHS MBIIINA OCTABAIUCh AKTUBHLIMH, U3MEHE-
HUHI B TOBCACHUU U (PYHKIMOHAIBHOM COCTOSIHUH HE
HabOmonanock. CoCTOSIHUE MIEPCTH U KOKHBIX TIOKPOBOB
00bIYHOE 0€3 M3MEHEHUII, OT MHUIIM U BOALI HE OTKa3bIBa-
JIICH, THOEH MBIIel He HaOmoaanock. Ha BTopoii 1eHs
1 B TIOCJICAYFOLTHH TIEPHO.T HAOTFOACHHS MTATOJIOTHIECKIX
W3MEHEHHUU B MOBEICHUN M (PU3NOJOTHUECKUX TTOKa3a-
TeJSIX MBIIIeH He ObII0. YTIoTpebieHe BOIs U KOpMa B
HOpMeE, OTCTAaBaHHE B POCTE M Pa3BUTHH HE HAOIIOIATIOCH.
I'nbenn Mermei B reuenne 14 queit He ObLIO.

2 rpynna (no3a 112,5 Mr/kr): mocie BBEACHHS
npemnapara y Mbllieii HabIJanach BsUIOCTh, MaJIOIO-
JBIKHOCTB. Y JIBYX MBIIICH HaOI0IaI0ch OOKOBOE
IIOJIOXKCHHUC. B TCUCHUC OHS OTU MBbIIIHU noru6na.
Ha BTOpLIe CyTKI/I, OCTABIIHUCCA B XHUBBIX MBbIIIN CTAJIN
AKTHUBHBIMH, HOTpe6HeHHe BOJbI U IMUIIU B HOpMe. Ha
TPETbU CYTKH U B OCTaJbHOH MEPHUON HAOIIOICHUS
Y MBIIICH B MTOBEICHNH U (PU3HOJIOTMIECKAX TIOKA3aTeIIIX
OTKJIOHEHNH He HaOmomanochk. ['mOenIn ocCTalIbHBIX
MBIIIEH He HaboaaIoch (Tabmna 2).

Tabnuuya 1.
Pe3ysbTaThl H3y4eHHUs OCTPOii TOKCHYHOCTH cyOcTaHIusA «MII-2»
Cyo6cranuusa «MII-2»
r
PYTIEA SUBOTHEER Hosa IyTs BBeaeHust Pesyabrar
MI/KT MJI
1 75 0,1 Per os 0/6
2 112,5 0,2 Per os 2/6
3 150 0,3 Per os 4/6
4 187,5 0,4 Per os 5/6
5 225 0,5 Per os 6/6
Js0 145 (118-178) mr/kr

3 rpymmna (mo3a 150 Mmr/kr) - mociie BBEICHHUS
mpenapara y Mbllied HaGmroganzack BAJIOCTh, Majo-
MOABMKHOCTB. Y 4EThIpeX MBIIIeH Habroganock 00Ko-
BOE TIOJIOKEHUE. B TeueHWe MHS 3T MBIIIH TTOTHOIH.
Ha BTOpBIE CyTKH, OCTaBIIMECS B )KUBBIX MBIIIH, OCTa-
BaJINCh BSUIBIMHM, IOTpEOIICHNE KOpMa 1 BOJIbI TACCHBHOE.
Ha Tpetbu cyTku 1 B OCTaJIbHOM 1epro]] HaOMIOJeHUS y
MBIIIEH B MTOBEJCHUH U (PU3UOJIOTHYECKHX TIOKA3aTEeNsIX
OTKJIOHEHUH He HaOmoanock. ['nbenm octanbHbIX MbI-
el He HabJII0AaIoCh.

4 rpymma (mo3a 187,5 Mr/kr) — BBeneHHE npenapara
BBI3BAJI0O OOKOBOE TIOJIOKEHWE Y BCEX MBIIICH B ATOU
rpymie, B Te4eHue AHA morudio 5 memmeir. Ha BTopsie
" TPETHbU CYTKH OCTaBHIasACA MBIIIb OCTaBajlaChb BSIIOH.
Ha 4yeTBEpThIe CYyTKH U B MOCIIEAYIONINE JAHU U Y MBIIIH
B MOBE/ICHUH U (PM3HOJIOTHYECKHX ITOKA3aTeNsIX OTKIIO-
HEHUI U rU0eH He HaOIII0Jaoch.

Cnucok JuTepaTypsbl:

5 rpymnma (03a 225 MI/KT) - B 3TOH TpyIIe OT NpH-
3HAKOB MHTOKCHUKAIINH TOTUOJIH BCe MBIIIH (Tabmuia 2).

3akmouenue. JI/Iso cyOcTannuu «MD3-2y, pa3pa-
6oTaHHOH B TaIIKEHTCKOM XHMHKO-TEXHOJIOTHYECKOM
HHCTUTYTE, cocTaBuia no3y 145(118 - 178) mr/kr.
CorlacHO KJ1acCU(HMKAIMHA TOKCHYHOCTH BEIIECTB CYyO-
ctanus «M33-2» otrocures k I kmaccy TokcnaHOCTH
YMEpPEHHO TOKCUYHBbIM. HO MBI cunTaeM, 4To TOKCHYHOCTh
pacTBopa ObLi1a ObI HHXKeE, €CIIH ObI MBI IPUTOTOBHIIN €70
B JIMCO BMecTO S/IOBUTOTO MeTaHojda. Takxke 3TOT
pe3yapTaT HEIIOX, IMOCKOJBKY mpemapat M3D-2 B
koHneHTpanuu 0,001 mporeHTa MOKa3and BBICOKYIO
aKTHBHOCTH NPH MPUMEHEHNHU Ipenapata MO3-2 B ka-
YecTBE OMOCTUMYIATOpA JUIS XJIOTKA, YTO IO3BOJISET
UCIIONIb30BaTh €r0 B OYEHb HEOOJBIIOM KOJIMYECTBE B
OOJIBIINX IIIOIIA/ISAX, TAKUM 00pa30M, €ro TOKCHYHOCTb
CHMKAETCS.
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AHHOTALIIUA

B cratbe MPEACTABJICHBI CBCIACHUA 00 OCHOBHBIX MAaKpO3JIEMEHTAX, BCTPECYAIOINUXCA B JKHUBBIX OpraHU3Max,
HX CYTOYHBIX HOpMax, a TaKX€ MX Kjlaccax M0 CIHEKTPY BOSHeﬁCTBHH Ha OpraHu3M. Omnuncadsl MHOTHE BHU/bI paCTeHI/Iﬁ,
npuHaIexkanme k poxny Fritillaria, a taxke npexnee HaumeHoBaHue pacteHus Fritillaria sewerzowii u npudnHsl
HU3MCHCHUS €I'0 Ha3BaHU. TaK)Ke, IpeACTaBJICHBI UCCIICAOBAHNA U UX aHAJINU3 110 U3YYCHUIO MAKPO- 1 MUKPOIJIEMEHTHOI'O
COCTaBa HOBBIX 3aIlacoB HAJ3eMHOW M KOpHEBO#l wacteil pactenus Fritillaria sewerzowii. Takxe, cpaBHHUBaJIHCH
pasiuuus B XMMHYECKOM COCTaBe HOBOTO oOpasia KOpHs ¢ ero mpeabinynieid ¢gopmoid. [IpuBeneHsl pesysbTaThl
CpaBHCHUSA MAaKpO-U MHUKPOIJICMCHTOB B HaHBGMHOﬁ YacCcTHU PpACTCHUS C XUMHUYCCKUMH JJICMCHTAMU B KOpHeBOﬁ 4acCcTu.
OcBelleHsl M0JIE3HbBIE dJIeMeHTHI B pactenuu Fritillaria sewerzowii u ux MecTo B opranusmMe uesioBeka.

ABSTRACT

The article provides information about the main macroelements found in living organisms, their daily requirements,
as well as their classes according to the spectrum of effects on the body. Many plant species belonging to the genus Fritillaria
are explained, as well as the former name of the plant Fritillaria sewerzowii and the reasons for the change in its name.
Research and analysis are presented to study the macro- and microeletal composition of new reserves of the aerial part
and root part of Fritillaria sewerzowii plants. You also compared the differences in the chemical composition of the new cornea
image with the previous cornea image. The results of a comparison of macro- and microelements of the above-ground
part of the plant with chemical elements and the root part are presented. The useful elements in the Fritillaria swerzowii
plants and their ixth place in the human body are highlighted.

Bubmrorpaduueckoe ommcanne: Xyxaesa H.T., A6ayranues b.E., Xyxaes B.Y. MAKPO- 1 MUKPORJIEMEHTBI
PACTEHMA Fritillaria severzovii // Universum: XuMust ¥ OHOJIOTHS : DIIEKTPOH. HaydH. xypH. 2024. 1(115). URL:
https://7universum.com/ru/nature/archive/item/16539
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Beenenune. MakpoasieMeHTBI SBIISIIOTCSA HOJIE3HBIMU
JUIl OpraHu3Ma BELIeCTBAMH, a CYTOYHAs HOpMa ISt
opranusMma uesnoseka coctaniser 200 mr. M3 HaydHBIX
HCTOYHHKOB H3BECTHO, YTO B OpraHM3Me dYeloBeKa
HACYMTHIBAETCS OKOJIO 60 XUMHYECKUX 3JeMEHTOB [2].
Teno genoBeka Ha 96—-97 % B OCHOBHOM COCTOWT W3
cnenyromux 4 Makpo3ieMeHTOB (kucimopon — 65 %,
a30tT — 3%, Bogopoxa — 10 % u yrnepon — 18 %). 3-4 %
B OpraHu3Me 3aMellaeTcs APYTUMH MaKpOdJIeMEHTAMK
(xamerruit — 1,7 %, docdop — 1,25 %, Harpwuii — 0,2 %,
xmop —0,2 %, marumii-0,05 %, xanmii-0,25 % u cepa-
0,3 %) [11]. MUKpO3JIeMEHTBI BCTPEUYAIOTCS B OpraHu3Me
yesoBeka B koimdectse 10 0,001-0,00001 %, HO BasKHBI
JUTsl OMOXUMHUYECKUX MPOLIECCOB B opranusme. MHUKpO-
AIIEMEHTBI ACJATCS Ha TPHU THIA: BAXKHBIC JJISI )KU3HH
(V, Fe, 1, Co, Si, Li, Ni, Mn, Mo, Cu, As, Se, F, Cr u Zn),
ycmosHo BaxkHbIe (B, Br, Cd , Pb, Sr u Ti) u BpeqHpIX u
Mmenee u3yueHHsix (Ba, Be, Bi, Ga, Ge, La, Sn, Ra, Rb,
Ag, Sc, Th, U, Cs u Zr) [12].

K TOKCHYHBIM ¥ MaJOU3yYEHHBIM OTHOCHTCS
GoJtbIast IPyIINa SJIEMEHTOB, BCETAA IPUCYTCTBYIOIINX
B OpraHU3Me€ B CJIEJIOBBIX KOJIMUECTBAX, HO MX OUOJIOTH-
4yeckasi polib ellle HEeAOCTATOYHO u3ydeHa. [10CKoibKy
MHOTHE M3 3THX 3JIEMEHTOB OTHOCHUTEJILHO TOKCHYHBI,
BHUMaHME 00BIYHO aKIEHTUPYIOT HAa UX BPETHOM BO3/IEH-
CTBUM Ha OpraHu3M. TOKCHYHBIE W MajJOU3y4eHHbIC
MUKPO?JIEMEHTBI HE BXOJAT B YHCIO 3CCEHIHATIBHBIX
MHKPOJIEMEHTOB. [10CKOJIBKY MaKpO- U MUKPOIJIEMEHTBI
HMEIOT TaKOE OOJIBIIIOE 3HAYCHHE B ACATEIHLHOCTH )KUBOTO
OpraHM3Ma, Ba)KHO HM3YYE€HHE XHMHYECKOIO COCTaBa
MHUIIEBBIX MPOAYKTOB, T.€. PACTEHHIA, SIBJISIOIUXCS UX
ucrounrkoM. Kopuu pacrenust Korolkovia Severzovii,
KOTOPBIN MBI U3y4aeM, MPU3HAH OOraThiM UCTOYHHKOM
KaK Makpo-, Tak 1 MUKPO3JIEMEHTOB [5].

Panee namu coobinanocs, uto pacrenue Korolkovia
Sewerzowii, mpuHauiexamee k cemeiictey Liliaceae,
TO €CTh JIYKOBBIX, B HACTOSIIEE BPEMsi HMEHYETCS Kak
Fritillaria Sewerzowii. [larHble, 13 HAyYHBIX HCTOYHUKOB,
MOKAa3bIBAIOT, YTO 110 BCEMY MUPY HACUUTHIBAETCS OKOJIO
150 Bu0B pacTenwmii, oTHOCsmuxcs K poay Fritillaria,
13 HUX 8 BHUJIOB YKa3aHbl B COBpeMeHHOH (iope Y30e-
KucTaHa. MeCTHOE Ha3BaHUE PACTECHUS TAK)KE COOTBET-
CTBYET CMBICITY Ha3BaHWs HOBOro poja, T.e. Fritillaria
(Korolkowia) swerzowii. Bce 8 Buzapl pacrenuit poaa
Fritillaria, mpomspacraromux B Y36ekucraHne, 60rarsi
PasIUYHBIMM XUMUYECKUMH KOMITIOHEHTAMH M UMEIOT
BBIpaKeHHOE NpakTHueckoe 3Hauenue [3; 9; 10]. Ko-
penb pactenus Fritillaria Sewerzowii ucnosnesyercs B
HApPOJHOW MeauIMHEe AJsl JiedeHus: remnaruta. Hamna
rJIABHAS LEJIb — OTMPECIUTh IPUYUHY TAKOW 0COOEHHO-
CTH pacTeHHs IyTEM aHaau3a XUMHYECKOrO COCTaBa
KOPHSI ¥ HA/I3EMHOM YaCTH PACTEHHUSI, €r0 HAyYHOW WH-
Tepnperanuu u pazpadorka bAJI.

O0BeKT U MeTOAbI HCCIeT0BAHUA. XUMHUIECKHE
9JIEMEHTBI, HAXOASIIHECS B )KHBBIX OPTraHU3MaX, MOXKHO
pa3neNnTh Ha 3 BaXHBIC KATETOPHU B 3aBUCUMOCTH
OT TIpoliecca UX BO3ACUCTBUS Ha opraHm3M. BaxkHbie myis

37

KHU3HH, YCIIOBHO Ba)KHBIE M BPEIHBIE, KOTOPBIE JOBOJIBHO
MaJO0 Wu3y4deHBl. TpeThsi KaTeropus TOKCHYHBIX U
MaJIOM3yYCHHBIX BKIIOYaeT B ceOs OOJNBIIYI0 TPYIHILY
3JIEMEHTOB, BCETJa MPUCYTCTBYIOIIMX B OpPTaHH3ME B
CJICIOBBIX KOJIMYECTBAX. JTH MUKPORJIEMEHTHI HE BXOST
B YHCIIO HE3aMEHHUMBIX MHKPOIJIEMEHTOB. B Hammx
NPEABIIYIIMX ~ CTaThiX OBUIM  MPOAaHAJIM3UPOBAHEI
Pe3yIIbTaThl M3y4YEHHUsI MAKPO- U MHKPOJIEMEHTOB KOpHEW
Korolkowia Severzovii [1; 5; 6]. B xoae mampHeHmux
HCCIIEIOBAaHUH H3Yy4YeH COCTaB MaKpo- M MHKpO3Je-
MEHTOB KOPHEH, THCTheB, cTebneit u nBetkos Fritillaria
Sewerzowii.

KonmmuecTBO MUKPO- M MakpO3JIEMEHTOB B HOATO-
TOBIICHHOH Tpo0e ompenensumn ¢ momornsio MCIT O2C
Avio-200 B o6opymoBanuu Berghof B maboparopuu
OkcnepuMeHTaNbHON Onosnoruu ['ynncranckoro rocy-
JapCTBEHHOTO yHHBepcuTeTa. s HOATOTOBKU MPOOEI
k ananu3y 0,1000 r oOpasia KOJTUYESCTBEHHO MEPEHOCAT
B Te()JIOHOBBIE aBTOKJIaBbl. K HEMy 00aBISsIM 3 MIT O4H-
ICHHON KOHIIEHTPUPOBAHHOH a30THON KucaoTsl (HNO3)
U 2 M1 ouMineHHOW mnepekucu Bomopoaa (H20,).
['oprioBuHY aBTOKJIaBa 3aKPhIBAJIHM M IOMENAIH MHKPO-
BOJTHOBBIH e3unTerparop Berghof (Speed Wave Xpert)
w (aHaJIOTHYHY). B maHHOM ciydae Oblma jmaHa
KOMaH/Ja Ha pAacIakoBKy Ha OCHOBE KOHKPETHOM
IIporpamMMEI B HHTepdeiice ycTpoiicta. B aToMm MeTone
KOJIMYECTBO YKa3aHHBIX aBTOKJIABOB, a TAK)KE TEMIIepa-
Typa M JIaBJICHHE BHYTPH HUX aBTOMATHYECKH KOHTpPO-
JUPYIOTCS ycTpoiicTBoM. WHpopmamms o mpoiecce
KOHTPOJIMPYETCSl HKUAKOKPUCTAIMYECKUM JIUCILIICEM.
Ero npoBoauiu npu BIXHOM Pa3joXEHHH B TCUCHHUE
35-45 MUH. B YCIIOBHSIX MUHHMAIbHOH TeMIlepaTypsbl
T (500 °C) u makcumasbHoii Temnepatypsl T (2300 °C),
nasneHust R max 40 (6ap) BHyTpH aBTOKJIABOB.

ABTOKIIaBbI OXJIAXK/IAJIM 10 KOMHATHON TEMIIEPaTyphl
U HaxOoJsIIyIOCsS B HHUX JKHJKYIO CMECh pa3lIMBalld B
MepHBIE KOJI0bI BMecTUMOCTBIO 50 1t 100 Mt (10 MeTKH).
B sTOM ciyuae aBTOKIaBBI IPOMBIBAIOT 2—3 pasa, a 3aTeM
HAITOJTHSIIOT 110 JIMHUU KOJIOBI OMIMCTHIUIMPOBAHHOI BO-
J0i. PacTBOp TIIaTeNbHO MEepEeMENINBalOT, IEPETUBAIOT
B IIPOOHPKY aBTOCAMITIEpa U IIOMEIIAI0T Ha aBTOCAMITIED
B OIIpEZICNIEHHOE MPOHYMEPOBaHHOE MecTo. B mporpamme
BBOJIUTCSI TIOJIOKEHNE KAXKIOM MPOOUPKH, H3bsITast Macca
n KodpdunueHT pa3baBieHHS. DTO CBI3aHO C TEM,
4TOOBI YCTPOHCTBO MOTJIO aBTOMATHYECKH PACCUUTAThH
KOHILIEHTPALHIO.

MuHepan30BaHHbIA pacTBOP KOJIIMYECTBEHHO aHAIIH-
3upyercs ¢ TOMOIIBI0 Macc-ciekrpomerpa ISP-MS
(Nexion 2000) Perkin Elmer ¢ "HIyKTHBHO-CBsI3aHHOMN
IUIA3MOH B CpPaBHEHHM CO CTaHAAPTHBIM 00pasioMm,
COZIepIKalIM KOJIMYECTBO MaKpO- U MHKPOJJIEMEHTOB,
COJIEH TSKEIIBIX METAJUIOB M PEAKMX METAIUIBL. MOKHO
HCTIONb30BaTh aHAIOTOBOE YCTPOHCTBO. AHAIUTHYCCKHUE
pe3yJIbTaThl aBTOMaTHYECKH PACCUUTHIBAIOT 3HAUCHUS
MIPEIM3UOHHOCTH U cTaHAapTHOro oTKiIoHeHHs (RSD)
ITyTEM IepecdeTa pe3ysIbTaToOB Ha OCHOBE Macchl 00pasna
1 3Ha4CHUH pa30aBIeHNUs B KOHIIE MTPOIIEcca.
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Jli1st HopMaIbHOTO (YHKIIMOHHPOBAHKS OPraHU3Ma
BaXHBI BCE MHKPOIJIEMEHTBI, HEKOTOPBIC B MEHbBIIEM
KOJIMYECTBE, & HEKOTOPBIC, HAMPHUMED KalHi, HYKHbI
OopraHusMmy OoJipllie, YeM JKelle30 WM UUHK. Kanmit
OTBEYAET 3a HOpMaJIbHOE (DYHKIIMOHUPOBAHHE CEPJICYHO-
cocyaucTol cucTeMbl. Eciy He cnequTts 3a coaepKaHueM
Kalusi B TMUILE, PE3yIbTaTOM MOTYT CTaTh MPOOIIEMbI
C cepaieM BILIOTh 10 WHCYNabTa. HemoctaTok kamus
B OpraHmM3Me TPUBOAUT K CHIKEHHIO apTEepUAIbHOTO
JIABJICHUSI U YBEIIMYCHHIO KOJMYECTBA XOJIECTEPUHA B
KpOBU. MOTYT pa3BHUTHCS CEPICUHO-COCYIUCThIC U ICUXH-
yeckie 3aboseBaHus. KOCTH CTaHOBATCS XPYNKHUMH,
yxyamaercst pyHKus moyek. [1oaroMy Jro0ble MUIIEBbIC
n00aBKH, MPUTOTOBICHHBbIC U3 pactenus Fritillaria
SEVErzovii, OKa3bIBaIOT IOJIOKUTEILHOE BO3JCHCTBUE
Ha OPraHMU3M U MPEAOTBPAIIAIOT BBIIICTICPCUHCICHHBIC
3aboneBanus. Pochop MPUCYTCTBYET B KUBBIX KICTKAX
B BHIE OpTO- U OHPO(GOCHOPHBIX KUCIOT, BXOTHUT B
COCTaB HYKJICOTH/IOB, HYKJIEHHOBBIX KHUCIOT, (hocdo-
MIPOTEHHOB, (PocoITIIOB, KOHEPMEHTOB U (PePMEHTOB.
Koctu wuyenmoBeka COCTOSIT U3 THAPOKCHIANATHTA
3Ca3z(P0O4),-Ca(OH),. 3yoHast amMajb cocTouT U3 (rop-
anaruta. [ledyeHb UrpaeT OCHOBHYIO pOJb B OOMEHE
coequHeHui pocdopa y 4emoBeka U JKUBOTHBIX.

HenocraTox Maruusi, KOTOpbIi Ba)XeH AJis Cepala,
MBIIIIL, CHHTE3a OeNKa, YIyqIeHus paboThl KAIICYHUKA
Y TIPOBEICHIUSI HEPBHBIX HMITYJIHCOB, BBI3BIBACT CEPICUHO-
COCYJMCTBIE 3a00JICBaHMUs, META00INUECKHE CHHIPOMBI
(oxupeHue, rUnepToHus, AMadeT, HilleMUuYecKas O0Ie3Hb
cepaua). Ero npueM HOpMasin3yeT ypoBeHb UHCYJIHMHA,
[IIOKO3bI M Temoriobuua. Crefyer MpusHaTh, 4YTO
KOpHeBasi yacTh pactenus Fritillaria Severzovii 6orara
MarHueM ¥ UCTOJb3yeTCsl IPH JICYeHHH uabeTa, a Takxke
rernaTuTa B HApOJAHON MEIUIIHE.

5181.975

Kopens Fritillaria severzovii wucmonb3yercst B
HAPOJAHON MeAWIMHE Ui JeueHus 3aboneBaHuil Te-
yenu [4; 7]. Beicokoe konnuecTBO 3ieMeHTa (ochopa
B IIBETKE PACTCHHS CBHICTEILCTBYET 00 aKTyaJbHOCTH
rotossiierocs bAJI.

Pe3yabTarsl Hccle10BaHUA U UX 00CYKIeHHe

Becnoii 2022 rona B IHCTHTYTE OHOOpPTaHMYECKOM
xuMun AkanemMun Hayk PecryOnmuku Y30ekuctana Obin
MIPOBEJCH aHAJIHN3 COCTaBa MaKpO- M MHKPOAJIEMEHTOB
B oOpasmax kxopHei Fritillaria Severzovii, coOpaHHBIX
B AHTpeHCKHX ropax TamkeHTCko# oOnactu. BecHoit
2023 rona Bce oOpasiipl pactenus Fritillaria Severzovii,
coOpaHHBIE B OKPECTHOCTSIX cella DPTalll, pacrookKeH-
HOTO B AHTpEHCKUX ropax TalkeHTckol obsacTH, OplIH
MIPOAHAU3UPOBAHBl HAa COCTAB MaKpO- M MHKPO-
anemeHToB. VccnenoBanue mpoBOAXIIOCH B J1abOpaTopun
IKCICPUMCHTAIBHOM Ouosyoruu I'yaucTaHCKOro rocy-
JApCTBEHHOTO YHHMBEPCHUTETAa. BBIOOPKH »IeMEHTOB
B 3TOM HCCJIEJOBAaHWU OBIIM HEMHOTO HEOOJBIINMH,
HO JOCTaTOYHBIMH ISl ITOTY9EHHSI OCHOBHBIX TAaHHBIX U
cpaBHEHHs. B kauecTBe mpumepa NMpUBEIEM CIIEKTPEI
cepsl 1 Maraus (puc.1).

JlocTaTouHOE KOMMYECTBO MEJH U IIMHKA, © OCOOCHHO
KeJe3a, U3 BaKHBIX JJIsl )KU3HH MUKPOIJIEMEHTOB, CBU-
JIETENILCTBYET O BXKHOCTH M aKTyaJbHOCTH U3y4aeMOTO
pecypca. B To jxe BpeMs K BpeIHBIM U MaJIOU3y4eHHBIM
MHKpO3JIEMEHTaM OTHOCSITCS TAKUE AIIEMEHTBI, Kak Oapuid,
0JIOBO, CBUHEIl M cepedpo, 1 NX KOJIUYECTBO HAXOAUTCS
HIKe HopM (Tabmmma 1). [TosToMy, HaMU TIPOIOIIKESHO
KOMIUIEKCHOE HM3yYeHHE OOBEKTa HCCIICAOBAHUS —
Fritillaria Severzovii.

Rep: 2 Mg 285.213 Rep: 2
610 3M
0 ) 0 -
181.97° 285.213
Intensity: 1989.5 Intensity: 8801305.6
29 Conc: 30 Conc:

Pucynox 1. Cnexmpur S u Mg ¢ oopaszuax Fritillaria severzowi
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Tabauya 1.
Makpo- 1 MHKPO3JIEMeHTHI KOpHeii 1 Hajx3eMHoii yactu Fritillaria severzovii
M e | S v, | e |03 mmeraa | O meren
1 Li 670.784 0,035 0,014 0,021 0,013
2 Sh 206.836 0 0 0 0
3 Sn 283.998 0 0,008 0 0,007
4 K 766.490 153,355 179,691 375,777 393,446
5 Ba 233.527 0,583 0,327 0,149 0,029
6 Cr 267.716 0,050 0,036 0,029 0,018
7 Mn 257.610 1,232 0,174 0,411 0,226
8 B 249.677 0,119 0,089 0,211 0,111
9 As 193.696 0 0 0 0,013
10 Na 589.592 1,837 2,954 1,332 1,637
1 Pb 220.353 0,095 0,036 0,043 0,008
12 Cd 228.802 0,010 0,008 0 0,001
13 Zn 206.200 0,479 0,328 0,256 0,526
14 Cu 327.393 0,104 0,055 0,045 0,062
15 Ca 317.933 37,78 33,06 4521 5,64
16 Fe 238.204 16,286 27,575 0,175 0
17 As 193.696 0 0 0 0,013
18 Ag 328.068 0 0 0 0
19 Hg 253.652 0 0 0 0
20 Co 228.616 0,003 0 0 0
21 P 213.617 12,643 8,115 8,987 38,689
22 S 181.975 0,528 0,174 0,474 1,033
23 Mg 285.213 12,970 4,063 11,638 8,742
BblBOllbI. P €3YyJIbTAThl aHaJim3a MakKpo- CT€6J'ICM U IIBETKOM. OI[HaKO KOJIMYECTBO KEJi€3a YMCHb-

MHKPO3JIEMEHTOB U3 BCeX opraHos pacrenus Fritillaria
Severzovii mokasbpIBaroT, YTO KOJMYECTBO TAKMX MAKPO-
3JIEMEHTOB, KaK KaJMi, KaJbIUi, MarHui U KeJe3o,
OTHOCHUTEJIHHO BBIIIIE BO BCEX YACTAX pacTeHus. BumaHo,
YTO KOJMYECTBO KallMs YMEHBINAETCS IO Mepe ero
MIPOJIBMKEHUSI OT KOPHS K CTEOJIsIM, OT JINCTA K IBETKY.
DNEeMEHTHI KaJbIIMid U MATHAN UMCEIOT OOJIbIIIee COep-
JKaHUe B KOpPHE U JIUCTE PACTEHHUs, 110 CPABHEHUIO CO

Cnucok IuTepaTypsl:

IacTCA 1Mo MEPE NEpPExXoaa OT KOPHA K JIUCTY, U B IIBETKE
pacTteHusl OHO BOOOIIe HEe 0OHapykuBaeTcs. B cocraBe
pacTeHusi OTCYTCTBYIOT BPEAHBIC IS OpPraHU3Ma 4eJio-
BEKa CypbMa, 0JIOBO, MBIIIBIK U PTYTh, HAIIPOTHUB, DJIE-
MEC€HTA Mar"Hus B KOpHeBOﬁ 4acCTHu paCcTCHUA 10CTaTOYHO,
YTO JOKAa3bIBAE€T aKTyaJbHOCTh HAYYHOW pabOTHI HAJ
M3Yy4aeMbIM 00BEKTOM UCCIICIOBAHUS.

1. MHcpounosa X.B., Ymapxonos X.B., Xyxaesa H.T., A6nyranues b.E. Ananus Makpo 1 MHUKpO3JIEMEHTOB U3 KOpHeit
KOROLKOVIA SEWERZOWII // MexnyHapoaHslii MosioaexHblii GopMm «IlapaaurMbl ecTeCTBEHHO Hay4HOTO
00pa30BaHus U HayKa B LEJSIX YCTOMYMBOTO passuThs. — Kasarucran — 24. 11. 2022. — C. 7-9.

2. Kyxkymkun FO.H. Xumuueckue siaeMeHTs! B opranusMe uesnoBeka // CopocoBckuii 00pa3oBaTenbHbIN xKypHail. — Ne 5. —

1998. — C. 54-59.

3. [Ilparos Y.II., OmuioB T.O. Y30eKHCTOH OKCAaK YCHMIIMKIApU OWJIATAPHHUHT 3aMOHaBUH TH3WMH Ba y30eKda

Homutapu. — Tomkent, 1995. — 396 c.
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AHHOTAILIUS

B nmaHHO¥ cTaThe MpeACTaBICHBI Pe3yIbTATHl UCCIEAOBaHMS ruapodmipHO-mnodmwisHOTO Oaranca (I'JIB) u mo-
BerHOCTHOﬁ AKTHUBHOCTU HCHUOHOI'CHHBIX NOBCPXHOCTHO-aKTHUBHBIX BCHICCTB (HAB), CHUHTC3UPOBAHHBIX W3 JKHUPHBIX
KHUCJIOT pa3/IMYHbIX NPUPOAHBIX MACCII. Cratbs OCBCHIACT SKCOCPUMCHTAJIBHBIC MCTOABI U3BJICHYCHUS )KUPHBIX KHUCIIOT U
ux BSaHMOI[eﬁCTBHﬂ C JUDTaHOJIAMHMHOM IJIs1 CO3JaHUA B(I)Q)GKTHBHBIX ITIAB. PGSYJ'IBT aTbl UCCIICAOBAaHUA NIPECAOCTABIIAIOT
HOBBIC CBCACHUA O CBOMCTBax U NOTCHIHAJIbHOM NPUMEHCHNN HCHOHOT'CHHBIX HAB, YTO MOXKCT OKa3aTbCA MOJIC3HBIM B pa3-
JIMYHBIX IMTPOMBINIICHHBIX 06.]'[8,CT51X, BKJIIO4Yast KOCMETUYCCKYIO, (bapMaueBTquCKy}o U XUMHYCCKYIO MPOMBIIIJIIEHHOCTD.

ABSTRACT

This article presents the results of a study of the hydrophilic-lipophilic balance (HLB) and surface activity of nonionic
surfactants synthesized from fatty acids of various natural oils. The article highlights experimental methods for extracting
fatty acids and their interaction with diethanolamine to create effective surfactants. The study results provide new insights
into the properties and potential applications of nonionic surfactants, which may be useful in a variety of industrial applications,
including cosmetics, pharmaceuticals and chemicals.

KiroueBble ¢JI0Ba: HECHOHOTSHHBIC TTOBECPXHOCTHO-AKTUBHBIC BCIICCTBA, J KUPHBIC KUCJIOTBI, TUITAHOJIAMUH, KPUTH-
Yeckas KOHIIGHTpaIus Muteiooopasosanust, [IAB.
Keywords: nonionic surfactants, fatty acids, diethanolamine, critical micelle concentration, surfactant.

Beenenne cBoMicTBa monydaeMmblx u3 Hux IIAB. B paborte pac-
CMaTPHUBAIOTCS TAKHE KITIOYEBBIE ACIEKTHI, KAK METOJIBI
cuaTeza [IAB, ux XapakTepHUCTHKH, MOBEPXHOCTHOE
HATsDKEHHE PacTBOPOB U MX CIOCOOHOCTH K 00pa3oBa-
Huto muuemi[4, 5].

HccnenoBanue HarpaBiieHO Ha IOJydeHHe Iry0o-
KOrO TIOHMMAaHHUS B3aUMOCBA3M MEXIYy XHUMHYECKON
CTPYKTYPOH KHMPHBIX KHCIOT W (YHKIHOHAILHBIMH
cBolicTBamu npou3BoAHbIX [TAB, uTo BaxkHO A1 pa3pa-
00TKM HOBBIX 3(p()EKTHBHBIX M SKOJOTHYECKH Oe3omac-
Heix IIAB g pasnMuHBIX  IPOMBILIUIEHHBIX
NIPUJIOKEHUH.

B nocnenane necstunetns HabMOgaeTCs BO3pacTa-
IOITHHA MHTEPEC K M3YYEHHIO U pa3padoTKe IKOJIOTHYIe-
cKkH 0e30macHBIX W OMOopa3naraeMbeIX HEHMOHOT€HHBIX
MMOBEPXHOCTHO-aKTUBHEIX BemecTB ([IAB), mpousson-
HBIX XKHUPHBIX KHCIOT IPUPOJHBIX Macel. DTH COeHHe-
HUSI TIPEJICTABISIIOT COO0I 3HAUUTENBHBINA HHTEPEC IS
IIMPOKOTO CIEKTpa MPOMBIIUIEHHBIX PUIOKEHUH,
BKJIIOYasi KOCMETHKY, (hapManeBTHKY, MHIIEBYIO MPO-
MBIIIJIEHHOCTE M He(Tera3oBylo orpaciib. OCHOBHBIM
mapaMeTpoM, OMpPENeNIIomuM >PPEeKTUBHOCTE U 00-
nacte npuMeHerns [1AB, sBnsercs nx ruapododHo-IH-
nodunsHbIH 6ananc (I'JIB), KoTopbIif HAPSMYTO BIHUSET JKcnepuMeHTAIbHAS YaCTh
Ha TMOBEPXHOCTHBIE M KOJUIOWIHO-XUMHUYECKHE CBOM-
CTBa 3TUX coenuHeHuii[ 1-3].

JlaHHasi CTaThsl MOCBSIICHA CPAaBHUTEIHLHOMY aHa-
mu3y I'JIb 1 moBepXHOCTHON aKTUBHOCTU HEHMOHOIE€H-
HbIX ITAB, cUHTE3UpPOBAaHHBIX U3 Pa3IMUYHBIX JKUPHBIX
KHUCJIOT NPUPOAHBIX Macen. OCHOBHOE BHUMAaHUE yhe-
JSIETCSl M3YYCHUIO BIMSHHUS CTPYKTYPHBIX OCOOCHHO-
creil xupHbIX KkucIOT Ha [JIb M mOBepXHOCTHBIE

B mponecce nonyuyenust [IIAB B kauecTBe HCXOIHBIX
MaTepHalioB IPUMEHSITUCh Pa3UYHBIC PACTHUTEIEHBIC
Macla, BKIIFOYas MOJCOTHEYHOE, XJIOMKOBOE B KOKOCO-
BOC, & TAKXKE )KUBOTHBIC JKUPBI, TAKHE KaK KypAFOYHBINA
U BHYTPEHHUH >Xupbl. VcIosb30BaHHBIM IU3TaHOMNA-
MuH, cootBeTcTBYeT TV 2423-178-00203335-2007, xa-
pakTepu3yeTcss Kak Bs3Kas IMPO3padHas KHIKOCTh C
MacCOBOM 10JIeH akTUBHOIO BelecTBa He MeHee 98,0%
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¥ [I0Ka3aTesIeM MPENOMIIEHUS 15, HAXOAALIMMCS B J1a-
masoune 1,476-1,478.

B nonosHeHne Kk 3TOMY, AU peaM3aliu OIpeae-
JICHHBIX JTAMOB MPOLECCa UCTIOIB30BAIUCH THAPOOKHCH
uarpust (Florida Laboratories) ¢ maccoBoit moneit e me-
Hee 99,0% u cepuast kucnora (Sigma Aldrich) ¢ xonmen-
tpamueit 95,5%, KCI 99,9% mo DIN 1SO 9001.

Jlnst moJydeHHs JKUPHBIX KHCIOT M3 JKUBOTHOTO
XKHpa OB BBINOJHEH cieayronui nponecc. CHauana
pactBopmwiu 95,1 r NaOH B 1000 M BozbI U Harpenu
1o 70 °C. ITocne atoro no6asuiu 740 rxupa u mpooi-
WM HarpeBaHUE C WHTEHCHBHBIM I€peMElINBaHHEM
Ha IPOTsDKeHNH 6 yacoB. 3areM npurotoBuiu 20%-Hbli
pacTBOp cepHO¥ KUCIOTHI M3 122,0 T KOHIICHTPUPOBAHHOM
cepHoit kucinoTe!l 1 461,0 r BogHI

Jnst oOpaTHOTO MpEBpAlICHHsS MbLIa B JKUPHBIC
KHCIOTH ucrob3oBam 583,0 r atoro pactBopa. [Ipomece
3aBepIINII, KOTJ]a JaKMycoBast Oymara rmokasaja Kpac-
HBIH LIBET.

Peakiuss Mexay IUITAHOIAMHUHOM H IKUPHBIMHU
KHCJIOTaMH TIPOBOJMJIACH B 0€3pacTBOPUTEIBHOM CH-

creme nipu cootHomennu 1:1. Jlo6asumu 3% kartanusa-
topa Al;03 0T Macchl JKUPHBIX KUCIOT U TIPOBENTH Peak-
LU0 B KPYTJIOZOHHOM K0s10e B atMocdepe azota. CMmech
Harpesanu jo 70 °C na 30 munyT, 3atem no 140 °C, nepe-
menuas pu 200 06/mun. Peakiwst mmnack 3 yaca. Bei-
xo7 poxayKuuu coctaBmi 93-97%.

CuntesupoBanusie [IAB Obutn ycI0BHO Ha3BaHBI,
coorBerctBeHHO SSUNO, SCOTO, SCOCO, STAIF,
SCAUF mns ITAB nonydeHHBIX Ha OCHOBE ITO/ICOTHEY-
HOT0, XJIOITKOBOTO, KOKOCOBOT'O Macell H KypAIOYHOTO U
BHYTPEHHETO JKHAPAa, COOTBETCTBEHHO.

s onpenenenust I'JIB cuntesupopanusix ITAB
ObLIO MPOBEICHBI UCCIIEI0BAHMS M0 JaHHbM [6, ¢ 30-33].
Omnpenenenue moBepxHoctHoro HatskeHust [IAB mpo-
BOAMIIOCH 10 MeToay [pto Hyu (MeTon oTpbiBa KOJbIa)
[7, ¢ 354-366].

PesyanaTm Hu 06cy21<)1e}me

Ha ocHOBe SKCIIEpUMEHTANbHBIX HCCICIOBAHUM
ObuH nosryyeHus 3HaueHus ['JIb 11t cuHTe3upoBaHHBIX
[TAB, xoTopsie TpuBOIATCS B Ta0m. 1.

Tabnuuya 1.
3navenns I'JIb u moJiekynspHoii Macchl cuHTe3upoBaHHbIX ITAB
rJjb
IIAB MouJiekynsipHasi Mmacca
JKcIepuMeHTaIbHOe PaccuérHoe
SSUNO 15.6 15.9 368.1
SCOTO 15.0 15.1 361.6
STAIF 14.8 14.6 360.9
SCAUF 14.9 145 361.1
SCOCO 9.9 9.4 308.8

s Bcex m3ydeHHbIX [IAB HaOmonaercs xopoiee
corylacue MeXIy SKCIIEpUMEHTAIbHBIMA M PaCUETHBIMHU
3HaueHussMu ['JIb. OT0 yka3bIBaeT Ha JOCTOBEPHOCTH
9KCIIEPUMEHTAIbHONH METOJUKH U Ha TO, YTO UCIIOJIb-
30BaHHbIE TeOpeTHdecKkue noaxons! mia pacuéra I'JIb
aJIeKBaTHO OTpaXaroT peanbHble cBoiicTBa [IAB.

3unauenus ['JIb mis 6onsmmacTBa [TAB Haxomsares
B auamnasone ot 14.5 1o 15.9, 3a uckimouenunem SCOCO,
KOTOPBII MMeeT 3HAYUTEIHHO Oosiee HU3KOE 3HAUCHUE
I'JIB (9.4-9.9). DT0 MOXeT yKa3plBaTh Ha pas3IHdue
B TuIpooOHBIX U TUApodUIbHBEIX cBolicTBax SCOCO
IO CPaBHEHHIO ¢ ApyruMu u3ydeHHsiMu [TAB. Huskue
sHaueHus [JIb 0OBIYHO CBHIETEIBCTBYIOT O Oolee
BbICOKOH TuapodunbHocTH [TAB.

Monexynspaele Maccsl IIAB BapsupyroTcs B
npeaenax ot 308.8 mo 368.1. SCOCO, koTopbIii UMeeT
HauMmeHblee 3HaueHue ['JIb, Takke o0jlagacT HAMMEHb-
el MOJEKYJSIpHOW Maccoil. DTO MOXKET YKa3bIBaTh
Ha KOPPEIALUIO MEXIY CTPYKTYPHBIMH OCOOCHHOCTSMHU
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Mouekynsl [IAB (KoTOpbIe BIUSIOT HAa MOJICKYIIPHYIO
Maccy) M X THIpoGuiIbpHO-THAPOGHOOHEIMU CBOHCTBAMHL.

3nauenus ['JIb u MonexynspHble Macchl CUHTE3U-
poBaHHBIX [TAB mpeocTaBISIOT BaXHYHO HWH(pOpMa-
U0 00 MX XUMHYECKOH CTPYKTYype M MOTEHIMAIbHBIX
npumeHeHnsax. [IAB c 6onee Bricokum I'JIb, kax mpa-
BHJIO, 00NamaroT Oojiee CWIBHBIMH THAPO(HOOHBIMU
CBOMCTBaMHM W, CJIEeIOBATEILHO, MOTYT OBITH OoJiee 3¢-
(DeKTUBHBIMH B TaKWX TNPIIOXKCHHUAX, T/A€ TPEeOYIOTCS
MTOBBIIEHHBIE THAPO(OOHBIE B3aMMOIEHCTBHSA, HATIPH-
Mep, B SMYJIbCHOHHBIX cucteMax. [IAB c 6onee Hu3kUM
I'JIb, takme kak SCOCO, moryt OBITH NPEANOYTH-
TENbHBI B NMPHIIOKEHUAX, TPEOYIOINX OoJiee BHICOKON
rUApO(UIEHOCTH, HAIIPUMED, B CUCTEMaXx JJIs TOBBILIe-
HUSI CMayMBaHUs WK TUCTIEPTHPOBAHUSL.

Kpusas 3aBUCHMOCTH MOBEPXHOCTHOTO HATSKEHHS
OT KOHIICHTPAIlMN PacTBOPOB CHHTE3MpOBaHHBIX [TAB
¢ konneHrpanueii or 0 o 2% mo macce m3oOpakeHa
Ha puc. 1.
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A ssune B SCOTO

mMN/m

I,

- STAIF

SCAUF 50000

1

15 2

Concentration, %

Pucynox 1. Hzmenenue nogepxnocmnozo namsicenus pacmeopos IHNHAB (25°C)

I'paduk, mpecTaBICHHBIN Ha pUCYHKE 1, MOKa3pIBaeT
MTOCTETICHHOE YMCHBIIICHNE MMOBEPXHOCTHOTO HATSHKCHHS
BOJIbI C IOBBIILIEHWEM KOoHLEeHTpauu ITAB. D10 cHuxe-
HUE CBSI3aHO C YCUIICHHOH aicopOrueii monekyn [TAB Ha
TpaHUIle BOJa-BO3YX, B PE3YJIBTATE YETO IOBEPXHOCTHOE
HaTsDKEHUE CTabmu3upyercs Ha yposHe 38.1, 43.2, 44.1,
43.1 u 48.2 mH/m niist SSUNO, SCOTO, STAIF, SCAUF
u SCOCO, coOOTBETCTBEHHO.

Cpenu uccnenoannbix coeauaenuit SCOCO moka-
3BIBACT CaMoO€ BBICOKOE 3HAYCHHE MOBEPXHOCTHOTO
HATSDKEHUSI, TIOAYEPKUBas BaXKHOCTh pa3Mepa THUAPO-
(oOHOH aNKUIFHOW [IENH B KOHTEKCTE €€ BO3ICHCTBUS
Ha CHIDKCHHE TIOBEPXHOCTHOTO HATSHKCHHS. DKCIICPH-
MEHTAJIbHBIC JaHHBIC TAKKE TOKA3bIBAIOT, UTO C YBEIIHNYe-
HHEM JUIMHBI AJIKMJIBHOM I1€NH HAOII0MaeTCs CHIDKEHUE
MMOBEPXHOCTHOTO HATSHKEHUS, UYTO CBHUACTEIHCTBYET
0 BIMSHUHM IJIMHBI I Ha cBoicTBa [TAB.

[ToBepXHOCTHOE HATSKEHHUE U KPUTUUIECKAST MUIIEI-
mspHass koHmeHtpanus (KMI[) cuHTe3mpoBaHHBIX

ITAB yMeHpLIAIOTCS ¢ YBETUUYEHUEM JIMHBI AJIKUIIbHOU
LENH{, YTO MOATBEPXKAACT BAXHOCTH JHUIO(HUIBHO-
numnodursHOTO 6ananca (I'JIB). Bricoknit I'JIb yka3bI-
BaeT Ha 0OoJiee CHIIbHYIO TEHACHUHUIO aM(pHUHUIBHBIX
MOJIEKYJI K YMEHBIICHUIO TOBEPXHOCTHOTO HATSKECHUS
cuctemMsl. B pesynbrare, cunresupoBannoe [IAB SSUNO
JEMOHCTPHPYET HAaUBBICHIYIO 3()(hEeKTUBHOCTH B CHHXKE-
HUM TIOBEPXHOCTHOTO HaTsDKeHus, Torga kak SCOCO
MOKa3bIBaE€T HAUMEHBIIYIO CIIOCOOHOCTh B 3TOM OTHO-
LIEHHH.

Anamm3 cBsizu Mexry KKM u npyrumu cBoiicTBaMu
[TAB, TakuMH Kak HX CIIOCOOHOCTBH K TIEHOOOPa30BaHHIO
WJIN CTaOWIIBHOCTD TIeHBI, HaunHaeTcst ¢ oneHk KKM s
pasmuuebIX 00pasuoB [TAB. Hcmone3ys 3aBHCHMOCTB
MTOBEPXHOCTHOTO HATSDKEHWs OT Jiorapu(ma KOHIIEHTpa-
i [TAB B pactBope, Opin onpenenens! 3HaueHnss KKM
(BBIp@XKeHHBIC B MI/J) [Tl KQXKI0TO 00pasia, KOTOphie
MIPEe/ICTaBICHBI B Ta0I. 2.

Tabnuya 2.
KKM cunresuposanubix IIAB
Oopa3zen SSUNO SCOTO STAIF SCAUF SCOCO
KKM; 18,7 15,6 17,1 235 15,3
KKM: 36,7 31,2 36,9 73,2 28,8

B Tabnuie mpeacTaBieHsI 1Ba pa3IMYHBIX 3HAYC-
st KKM s kaxxgoro ITAB. Mcxoas u3 TaOauibl,
SCOCO mnoxka3piBaeT HauMmeHbIe 3HaueHus KKM1 u
OTHOCHUTEJIbHO HM3KHe 3HaueHus KKM2, yto moxer
YKa3bIBaTh Ha JIyUIIyI0 CIIOCOOHOCTh K MHIEIIO00pa-
30BaHHUIO B OoJiee pa30aBICHHBIX PAcTBOPax IO CpaBHE-
Huto ¢ apyrumu [1AB.

SCAUF nemMoHCTpUpYET caMble BEICOKHE 3HAYEHUS
KKM; u KKM2, 4T0 MOXKET CBUACTEIBCTBOBATH O TOM,
YTO JUI 00pa30BaHUS MHLICILT TPeOyeTCst OONbIIast KOH-
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uentparus [IAB, BO3MOkHO, U3-3a 0oJice BEICOKOH MO-
JIEKYJIIPHOM Macchl WJIM MEHbIIEH MOBEPXHOCTHON aK-
THUBHOCTH.

Ecnm npeanonoxuts, 4To 60jiee HU3KUE 3HAUCHUS
KKM xopperupyioT ¢ JIy4IInMH MEeHOOOPa3yIOMUMU
CBOMCTBaMH M 0oJiee BBICOKOI MOBEPXHOCTHOW aKTHB-
HOCTBIO, TO MOXKHO 03K aTh, uTo SCOCO Oyaer syuine
BCero paboTaTh Kak IeHOOOpa3oBaTelb B PacTBOpax C
HU3KOU KOHLEHTpaluel, B To Bpemst kak SCAUF moxer
norpedoBarh 0ojiee BBICOKMX KOHLEHTPALMH IS J10-
CTIDKCHHSI aHAJIOTUYHOTO (P PeKTa.
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CymecTByeT oOpaTHasi 3aBUCHMOCTb MEXXY 3Haue-
Husmu KKM u nosepxHocTHOH akTuBHOCThIO ITAB:
yeM Hike KKM, TeM BbIlie TOBEpXHOCTHASI aKTHBHOCTh
1, COOTBETCTBEHHO, JIy4Ille IEHO00Pa3yIOIHe K MULIEIIIO-
obpazyromue cpoiictBa [TAB. Dto moarBepskmactcs
CPaBHEHHEM C XapaKTEPUCTHKAMHU NEHOOOPa30BaHUS U
cTaOMIIBHOCTH TICHBI, MPEACTaBICHHBIMU paHee. [IAB
¢ 6bonee Hu3kumu 3HaueHHAMH KKM 00bI9HO TOKa3bI-
BAIOT JIy4IINE PE3YNIbTAThI B (DIOTAMOHHBIX POLECCAX.

3akiaoyenue

OKclepUMeHTaIbHbIE HCCIIEJ0BAaHUS TIOKA3aIH, YTO
CHHTE3UPOBAaHHbIE HEUOHOTE€HHBIE IOBEPXHOCTHO-aK-
tuBHble BemlectBa ([TAB) meMOHCTpUPYIOT pa3iuyHbIE
3Ha4YeHHs ruapoduibHO-HnodunpHoro Oananca (I'JIB)
Y TIOBEPXHOCTHOM aKTHBHOCTH, YTO KOPPEIUPYET C MX
MOJIEKYJISIPHOM Maccoi U CTPYKTYpPOH.

IIpoBeneHHOE HCCIENOBAaHUE KPUTUYECKOW KOHLEH-

Tparmu MuneooopaszoBanusg (KKM) pa3nuaHbIx 00-
pasuoB ITAB mnokazano, uro KKM wusmensercs B
3aBUCHMOCTH OT XMUMHUYECKOH CTPYKTYpbl U CBOWCTB
ITAB. D10 naeT BO3MOXKHOCTb IPOTHO3UPOBATH MOBE-
nenne [TAB B pa3nu4HBIX cHCTEMaX U MX IPUMEHEHHUE
B COOTBETCTBHHU C HOTPEOHOCTSIMU.
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AHHOTALUS

HccrenoBaHsl H30TepMa, TEPMOKHHETHKA, SHTPOIHS aCcOpOIINH MOJIEKYIBI H-renTaHa npu temmeparype 303 K na
ruopugaoM Ononanoxommnosute JAll-kpemueszem. WM3orepma amcopOumu  XapaKTepH30Balach TPEXWICHHBIM
YpaBHEHHEM TEOPUHU 00beMHOTO 3anoiHeHust Mukporniop (TO3M) oT HauabHOK YaCcTH 10 HACKIIIEHUS, IPH 3aMeIJICHIH
HaJaJIbHOM aJCcOPOIMHM MCXOIHBIX MOJIEKYJ H-TE€NITaHa BpeMs YCTAHOBJICHHS PaBHOBECHS COCTABILUIO 5,5 4acos,
a KOHe"YHoe Bpems paBHoBecus coctaBisuio 0,5 gaca. KpuBas auddepeHnnanbHOW MOJSPHOW SHTPOIUHU ITOKa3ana,
YTO MOJICKYJIBI IAPOB H-TENITaHA HAXOIITCS B TBEPJIOM COCTOSHUM B ajncopOente 10 0,55 mmons/r. Ilpu yBennueHun
KOJIMYEeCTBa aJICOPOMPOBAHHBIX IapoB H-rentana (mocie 0,55 MMOJIB/T) YCTaHOBJIEHO, YTO MOJIEKYJIBI aacopbaTa mo-
JIBMDKHBI Ha TTIOBEPXHOCTH aficOpOeHTa.

bubmmorpadpuueckoe onucanme: SpkynoB A.lO., CarmynnaeB B.Y., Ax6apos X.M1. TEPMOJIMNHAMUKA
AJICOPBLIMU MOJIEKYJIbI H-TEIITAHA TUBPUIHBIM BUOHAHOKOMIIO3UTOM JUALETATHEJUTIOJIO3A-
KPEMHE3EM // Universum: xuMmus W OWHOJOrMs : OIEKTPOH. HayuH. >kypH. 2024. 1(115). URL:
https://7universum.com/ru/nature/archive/item/16610
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ABSTRACT

Isotherms of adsorption, thermokinetics, entropy of adsorption of heptane molecules at 303 K on hybrid bionano-
composite diacetatecellulose-silica (DAC-silica) have been investigated. Isotherm of adsorption can be described by
three-member equation of theory of volume filling of microspores (TVFM) from the initial part before filling, at deceler-
ation of initial adsorption of n-heptane molecules final the time of equilibrium achievement was equaled 5,5h, and time
of equilibrium was equaled 0,5h. On the base of curve of differentional molar entropy has been shown that molecules of
n-heptane are in solid state in adsorbent before 0,55 mmol/g. With an increase in the amount of adsorbed n-heptane vapor
(after 0.55 mmol/g), it was found that the adsorbate molecules are mobile on the surface of the adsorbent.

Ki1roueBbie c/I0Ba: THAIeTaTICIUIION03a, KpEMHE3eM, H-TeNTaH, OMOHAHOKOMITO3UIINS, afacopOrws, nm3otepma, TO3M,
TEPMOKHUHETHKA, IHTPOTIHSI.

Keywords: diacetatecellulose, silica, n-heptane, bionanocomposition, adsorption, isotherm, TVFM, thermokinetics,
entropy.

BBenenue

. Pe3yabTaThl 1 HX 00CysKIeHHE
Ha ceropnsiiiHuii NeHb OYEHb HIMPOKH cepsbl ¥ yat

MIPUMEHEHNS TTOJIMCAaXapH-KPEMHE3EMHbBIX HAHOKOMIIO- Ha ocHoBe m3yueHms ancOpOIMOHHBIX CBOWCTB
3UTOB, NTOJY9EHHBIX 30J1b-T€JIb METOJJOM W IPUMEHEHHUE THOpHAHEIX  OHOHAHOKOMIO3HTOB JIAlLl-KpeMHe3eM,
KOTOPBIX paccMaTpUBAIOC KaK THOPHUIHBIC MaTEPHAIBI CTPYKTYPbI IIOPUCTOCTH, KOJIMICCTBA AKTUBHBIX LICHTPOB
HOBOTO ITOKOJICHHSI, KaK COpPOCHTBI, CEHCOPBI, MEMOpPaHbI (ruapouIbHBIX/THAPO(YOOHEIX), X CHJI M IIPUPOJIBI B
B ONTHKE, YJIEKTPOHHKE, YHEPTETHKE, TIPU OYHUCTKE CTOY- BBICOKOBAKYYMHOM a/ICOPOIIMOHHOM MUKPOKAIOPHMETPE
HBIX BOJ OT MOHOB TSDKEIBIX META/UIOB, a TaKKe IS MOJNYYEHO MHOTO MH(pOPMALUH, KOTOPAsS CILYXKHT IS

JOCTHYKEHUSI TPAKTUYECKHUX U HAYYHBIX pe3ysbTaToB. Kak
W3BECTHO, I'elITaH HOPMAaJIBbHOTO CTPOCHUs (H-TeNTaH —
C7H16 — HEnosIsipHast MoOJIEKYJ1a C IMHEWHBIM CTPOCHUEM
U TUIIOJIHBIM MOMEHTOM, PaBHBIM HYII0 D) sBisiercs
OJTHUM M3 OCHOBHBIX Napa)MHOB BCeX BHIOB HedTH.
[ToaToMy m3yueHHE aICOPOLMOHHBIX CBOWCTB aicop-
OeHTa, MOTYYSHHOTO U3 MOJICKYJIbl H-TelTaHa, IMEeT KaK
DKCIEePHMERTAIbHAS 9aCTh MPaKTHYECKOe, TaK U TeopeTryeckoe 3Hauenue [8-10].

MeaunuHckux neneil [1-3]. Ompenenenue aKTHBHBIX
LEHTPOB, MPOYHOCTH W DHEPTECTHUCCKOW MPUPOIBI
a7IcOpOCHTOB OCTaeTCsl OJHOW W3 33a7au COBPEMEHHOM
(bu3MYeCcKoil M KOJUIOMTHON XHMMHH, OCOOCHHO IpH
H3YYEHHH HMX TOPHUCTBHIX CTPYKTYp OOJBIIOE 3HAYCHHE
HUMEET U3ydeHUe aJCOPOIIUOHHBIX CBOUCTB [4-6].

[MpemsnonHble a1cOpOIMOHHO-KAIOPUMETPHYECKHE :
HCCIIEJOBAaHNS TIPOBOIMIINCH HA YHUBEPCATEHOH BBICOKO-
BaKyyMHOH OOBEMHOH yCTaHOBKE, MO3BOJISIONICH Ipo-
BOJUTH JO3UPOBKY ajcopbara 0OBEMHO-)KUAKOCTHBIM A
METOJIOM M HMOJKITIOYEHHBIM K HEMY H30TEPMUYECKOTO -
muddepeHransHOro aBTOMaTHYECKOr0 MUKPOKaJIOPH- A
Metpa tuna Tuana-Kanbse. AncopOLMOHHBIE U3MEPEHHs a
IPOBOAWINCh HA YHHMBEPCAIbHOW BBICOKOBAaKYyMHOM & 06
00BEMHOM YCTaHOBKE, TO3BOJNMBIIEH NPOBOIUTH aj- A
cOpOIMOHHBIE W3MEPEHUs] W JJO3UPOBKY ajacopbara c
BBICOKOH TOUHOCTHIO. [lepes HauaoM orbITa ajcOpOEeHTHI A | oa
OTKauMBaJIUCh B TedeHue 10 4 10 BBICOKOrO Bakyyma ah2
10°-10%Ta [7]. "

OcHoBHoe ypaBHeHue TO3M BbIpaxaeT 3aBUCUMOCTb &

CTETICHU 3arloJIHeHUs] MUKporop 6=a/ag oT paboTHI aj- ;‘? 02
copouyu ;

£

4

a, MMOL/2

6=QXP[—(A/E)n];A:RTlnPi/Pio 1) RS T AP SEAF SAED WAL UALS R &

In(p/p®)

Pucynox 1. H3o0mepma aocopoyuu H-zenmana nHa
ouauemamuyeniioyo3a-Kpemue3emHom 2udpuonom
Ouo-nanokomnozuyuonnom mamepuane npu 303K.
o OTO0 ypaBHCHHE MOXKHO NPEJCTABUTH B JIMHCHHON Cunue mouku — paccuumanni ¢ nomouspio TO3M

opMme:

o= a epl-(4/E)] @)

Ha puc. 1 mpezacraBneHsl M30TepMBbl ancopOLuu

— _ 4" n H-TCIITaHa Ha All-xpeMHE3eMHBIX rub NJIHBIX
lga=1ga, ( E) 3) HAI-xp p

6I/IOH3HOKOMHO3I/IHI/IQHHLIX Matepuaiax B Honynorapn(b-

MUYCCKUX KOOpAHHATaXx. HpI/I OTHOCUTCIIPHO HH3KHUX
rae ap-npeacjabHas az[cop6upm, E u n koHCTaHTEL
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JIaBJICHUSX M30TE€pMa H-TeNTaHa TOJAHNUMACTCS IPAKTH-
yeckui NuHEeHHO 10 In(p/po)=-11,78, ¢ yBemmyeHunem
JIaBJICHUS] U30T€PMa UMEeT BOTHYTHIN B, U IOCTUraeT
Haceimienust 0,89 mmounb/r. [lomydeHHyro u3oTepMy
aQHAJTM3UPOBAIM TI0 YPaBHEHHIO TEOPHU OOBEMHOTO
sarnonmHeHust Mukpornop [11]. Kak BuaHo u3 pucyska 1,
3HAYEHWUs], PACCINTAHHBIE TI0 STOMY YPaBHEHHIO, XOPOILO
COTJIACYFOTCS € 3KCIIEPUMEHTAIbHBIMHU PE3YIIbTaTaMH.
N3otepma ascopOrmy mapoB H-TENITaHa XOPOIIIO OITH-
CBIBaeTCS TPEXWICHHBIM ypaBHeHHEM corsacHo TO3M:

a= 0,358 exp [-(A/33,07)]°+
0,167 exp [-(A/21,72)]5+0,403 exp [-(A/1,70)]?

rie: a — aacopOuMs B MHUKpPOIIOpax, MMOJbB/T; A-aud-
(epeHIMaNbHAs MOJIbHAsE paboTa aacopouuu, KJk/MoIb;
[MapameTpbl  ypaBHEHHs: [0S MEPBOTO  YICHA
a01=0,358 mmonw/r, Ep1=33,07 kJ[x/Moib, N1=6; mois
BTOpOTO WieHa aop=0,167 Mmmois/T, Egx=21,72 xJ/MoTb,
n;=5; moms Tperbero uneHa ao3=0,403 MMoB/T,
Eo3=1,70 xJI>x/M01b, n3=3.

T, yac

TO3M mnokazain, uro agcopOLys MapoB H-TENTaHa
Ha TubpugHOM OnoHaHokommo3sure JJALl-kpemHe3em B
OCHOBHOM TIPOTEKaeT B TPEX TUIIAX aJICOPOIMOHHBIX (a3.
Tpexunennoe ypasaenre TO3M nokasano, yTo B 1-il u
2-i1 apcopOmoHHbIe (ha3bl THOPHUIHOTO OMOHAHOKOMIIO-
suta JIAll-KpeMHe3eM cozaepxkaTr HOphl CO CXOTHOU
CTPYKTYpOH TOp, HO C pa3HOH sHeprueil. AmcopOrms
MapoB H-TENTaHa Ha THOPUIHOM OMOHAHOKOMIIO3HTE
JALl-kpeMHe3eM B 3THX NOpax COCTABIHIET OKOJIo 38,6 %
Ha IepBo# agcopbunoHHoit haze u okoino 18 % Ha BTO-
poii azcopOuHOHHOM (asze.

Jpyroii BayxHOH XapaKTEpHCTUKOMH SIBICHUS aficopo-
UM SBJIsSIeTCsl ero kuHeTwka. IIpu sToM mccnexyercs
BpeMsi, 32 KOTOPOE MOJIEKYJIbI ajicopbara, aacopOupoBaH-
HbIE Ha ajicopOeHTe, ocTuratoT paBHoBecus. Ha puc. 2
MIOKa3aHO, 3aBUCUMOCTh BPEMEHH YCTaHOBJIEHUS aacopo-
LIMOHHOTO paBHOBecHUs (T) OT KoJMYecTBa afcopOuuu
MOJIEKYJI H-T€NTaHa Ha THOPHIHOM OHOHAaHOKOMITO3HTE
JALl-kpeMHeE3EM.

a, MMOJIb/T

Pucynox 2. Bpemsa ycmanognenus adcopoyuoHHo20 pagHoBecus 6 3a8UCUMocmu
om genuuunvl a0copoyUU napoe H-2enmana ¢ 2udpuonom ouonanoxkomnozume JAILl-kpemnezem

Bpems ycraHOBiI€HHS paBHOBECHS COCTABIISLIO 5,5
9 [PY 3aMeJUICHUH HadabHOW aJICOPOLU MOJICKYT H-
refnraHa ¥ yMEHBINAIOCh M0 1,3 4 IpH KOJIMYECTBE
ancopbara, paBHom 0,09 wmmonw/r. Jlamee Bpems
YCTaHOBJICHHSI aICOPOIIMOHHOTO PaBHOBECHS MEHSICTCS
BOJIHOOOpA3HO M KOHEYHOE BpEeMs PaBHOBECHS
cocrasysio 0,5 gaca.

H3BecTHO, 9TO TpH aICOPOITUU MOJIEKY afncopoara
IUISL OTIpENIeNICHUS] Pa3HOCTH DSHEPTUU B3aMMOJCHCTBHE
aKTUBHBIX ICHTPOB aJCOPOCHTA IMOMHMO TEIUIOTHI
a7copOIMK UMEIOT 3HAYCHUE U WX SHTPOIHSL. DHTPOITUS
mpeacTaBisieT co0o JABMKEHHE MOJICKYN ajncopbaTta B
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ayncopbenre [12]. ITo ypaBuenuto ['ub66ca-I'ensmronbiia
paccunTany 1udQepeHHatbHyI0 MOJBHYIO SHTPOIINIO
ancopbimu (AS¢) mapoB H-TenTaHa Ha THOPUIHBIX
JAIl-xpeMHE3eMHBIX OMOHAHOKOMIIO3UITMOHHBIX
Matepuanax. Ha pwmc. 3 moka3zaHo U3MEHEHHE
nuddepeHnranbHON Y HTPOINH PH aCOpOIIH apa H-
rentana Ha THOpuaHOM OwWoHaHOokoMmmo3ute JAIIl-
KpEeMHE3eM ¥ €€ 3aBUCHMOCTh OT KOJIHMYeCTBa
azcopOuuy (SHTPOMUS >KUIKOTO H-TENTaHa CYUTAETCS
paBHOH HYIIO).
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Pucynox 3. lugppepenyuansvnas snmponusn adcopoyuu napoe H-2enmana Ha 2UOPUOHOM OUOHAHOKOMRO3UME
HAIl-kpemnesem npu 303 K. LlImpuxoseas 1unusn — cpeoHasn MoaapHas UHMeZPAlbHAA IHMPONUSL.
DHumponus HcUOKO20 H-2eNMAHA CYUMAEMCA PAGHOIL HYTI0

CpenHsis MOJIIpHAs MHTETpajibHas YHTPOIUS [TapOB
H-TETITaHa, afcOpOMPOBAHHBIX HA OMOHAHOKOMIIO3HTE
JAIl-kpemnesem coctasiset -105,6 x/mons-K. Kpusas
muddepeHManbHON MOJSIPHOI SHTPONMH TOKa3aa,
YTO MOJIEKYJIbI IAPOB H-TENITaHa HAXOJATCS B TBEPIAOM
cocrostHUH B afcopbente xo 0,55 mmons/r. [pu yBenn-
YeHUHU KOJINYECTBA aCOPOMPOBAHHBIX TAPOB H-TENTaHa
(mocie 0,55 MMOJIB/T) yCTAHOBJCHO, YTO MOJICKYJIBI
azcopbaTa MOABIKHBI HA TOBEPXHOCTH aJICOPOEHTA.

BriBoabI

1. NccnenoBaHbl H30TEPMBI U TEPMOKHUHETHKA aji-
copbuunu mapoB H-rentaHa rubpunasiMu JJALl-kpemue-
3eMHBIMA OMOHaHOKOMIO3UIIMOHHBIMH MaTepHaIaAMH
Ha TIPENU3UOHHOM aJICOpOIMOHHON-KaIOpUMETpHUIe-
CKOH YCTaHOBKE;

Cnucok IuTepaTypsl:

2. N3orepma azncopOiMy mapoB H-rentaHa ObLIH
JIOKAa3aHbl Ha OCHOBE TPEXWICHHBIX MAaTEMATHYCCKHX
YpaBHEHHI TEOpUH 0OHEMHOT0 3aMlOJITHEHUS MUKPOTIOP;

3. TepMokuHeTHKA ancOpOIK MApOB H-TENTaHA B
JAIl-kpeMHe3eMHBIX OHOHAHOKOMITO3UTAX IMOKA3BIBACT,
YTO BpeMsl YCTaHOBIICHUS aICOPOIIMOHHOTO paBHOBECHS
3aMeJUIeHO U AOXOAMT 10 5,5 yacoB. Jlanee kpuBas Tep-
MOKHHETHKH MEHSETCsI BOJIHOOOPa3HO U MPH JO0CTHKeE-
HHE paBHOBecHUs ycraHaBiuBaercs 3a 0,5 yaca;

4. Kpuast quddepeHuanbHO MOJISPHOR SHTPOHU
NOKa3aJia, YTO COCTOSIHUE MOJIEKYJI NapOB H-TEeNTaHa B
rubpugaom  O6monHaHokommosute  JIAll-kpemHezem
HaXOJHUTCS B CTAOMIIBHOM cOCTOSSHHH 10 0,55 MMOJIB/T.
Y CTaHOBIICHO, YTO TPH YBEIMICHUH KOJIMIECTBA aJIcOP-
OMpoBaHHBIX MapoB H-renraHa (mocie 0,55 MMob/T)
MOJIEKYJITBI a/IcopOaTa OABIKHBI Ha aJICOPOCHTE.
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ABSTRACT

The article presents the results of studying the phenology and diurnal dynamics of flowering of S. officinalis in the
conditions of the Karshi oasis. It was established that the plant entered the generative phase in the second year of
vegetation in the conditions of the Karshi oasis, and that flowering lasted 52-59 days. The diurnal dynamics of flowering
were studied, and it was observed that flowers open from 8:00 to 11:00 hours, and the peak of flowering occurs at 11:00 hours.

AHHOTALUS

B crarbe npencTaBlieHbl pe3yibTaThl H3y4eHHs ()EHOJIOIHH U CYTOYHOM auHamuku nperenus S. officinalis B ycnoBusix
KapIHI/IHCKOFO oasuca. YCTaHOBJ'IeHO, 4YTO B I'CHEPATHBHYIO (1)33}/ pacTeéHue BCTYIWJI Ha BTOpOﬁ roJ Bereraiun B yCJIOBHAX
Kapmmnckoro oasuca, 4To 1BeTeHUE UMIOCh 52-59 nueil. M3ydena nuHamMuka CyTOYHOTO IBETCHUS, U HAOJIIOAIIH,
uTO 11BETHI packphibatotes ¢ 8% o 11% yacos, a muk userenus Hacrynaer B 119 yacos.

Keywords: medicinal sage, generative phase, flowering, petal, sepal, pistil, stamen, inflorescence, flowering dynamics.
KuioueBble ciioBa: mandei JeKkapcTBeHHBIN, reHepaTuBHas (a3a, IIBETCHHE, BEHUUK, Yallleuka, MeCTUK, ThIYUHKA,
COIBETHUEC, JTMHAMHUKA [IBECTCHUC.

Introduction. Salvia officinalis L. — medicinal sage
is a valuable medicinal plant, containing a large amount
of essential oil and has long been used in medicine.
Essential oils are collected in plant leaves from 1-2,5%,
in the above-ground green parts and flowering branches
from 0,32% to 0,40% [1, pp. 37-42; 2, pp. 63-68].
In medicine, the leaves of the plant are included in
herbal teas used for inflammation of the throat, chest,

upper respiratory tract, stomach diseases, and diarrhea.
In medicine, it is used as a disinfectant and anti-
inflammatory agent [1, pp. 37-42; 3, pp. 215-221].

Considering its valuable medicinal properties and as
an essential oil plant, it was introduced into the Botanical
Garden of Uzbekistan, and was identified as a promising
plant under these conditions [4, pp. 110-125].

bubmorpaduyeckoe omucanue: Nasriddinova M. BIOLOGY FLOWERING Salvia officinalis L. (LAMIACEAE) IN THE
CONDITIONS OF INTRODUCTION // Universum; xuMust 1 GHOJIOTHS : 2JEKTPOH. HayuH. kypH. 2024. 1(115).

URL: https://7universum.com/ru/nature/archive/item/16600
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In the conditions of the Karshi oasis, S. officinalis
was first introduced in 2012 from seedlings grown in the
conditions of the Tashkent Botanical Garden. Under
these conditions, the seeds were planted in 2014 and its
ontogeny was studied. The studies carried out showed
that the plant went through all stages of ontogenesis in
new conditions [5, pp. 6-8; 6, pp. 93-96]. The biology of
flowering S. officinalis that went through a generative
period in the conditions of the Karshi oasis was studied.

Flowering biology is a part of plant reproductive
biology where it is important to study. The main phase
of plant ontogenesis is the flowering phase. The
flowering phase is an important system that shows the
interdependence of all phenophases and the adaptation
of the plant to a new environment [7, pp. 10-55].

Studying the biology of plant flowering under
conditions of introduction allows us to characterize them
ecologically and biologically [8, pp. 9-19]. Flowering and
seed formation of a species introduced into new conditions
are an important indicator of adaptation [9, pp. 20-40].
This plant blooms, produces seeds and leaves offspring
in new conditions only if the requirements of the
introduced species for environmental factors are adapted
to the new conditions. Proof of this is scientific research
conducted to study the biology of flowering of the
species under conditions of introduction [3, pp. 215-221;
5, pp. 6-8; 10, pp. 7596-7602; 11, pp. 396-402].

Research methods. To study the diurnal flowering
dynamics of S. officinalis in the conditions of the Karshi
oasis, the number of flowers opening every 2 hours from
5:00 in the morning to 19:00 in plants of the generative
phase was counted, the number of open flowers during
the day and the time of oblique flowering on one plant,
during beginning, mass and end of flowering [10, pp. 9-19].
The morphological features of the flower are given
according to generally accepted criteria [12, 352 p].
The results were analyzed statistically [13, 424 p].

Research results. S. officinalis flowers are bisexual,
blue-violet, zygomorphic. The flowers are collected in a
panicle formed at the tips of the main and lateral branches.
The flowers are located on the axis of the inflorescence
with pedicels covered with glandular hairs and
7,03+0,32 mm long. The sepals are deep, five-toothed,
green, covered with glandular hairs. The sepals do not
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fall off and remain until the fruit ripens. The petals are
bluish-violet, two-lipped, the upper lip consists of two
petals, the lower one - of three petals bent downwards.
Pistil 1, apex of stigma bilobed, ovary superior, four-
locular, green. The flower has 2 stamens attached to the
tapered base of the corolla. The stamen filaments return
from the base, the upper part is arched, white, smooth.
Anther slightly bent.

When formed, plant buds are initially very small
(2,0-3,0 mm). After 10-12 days, the buds open, the buds
grow to 7,09+0,33 mm, the upper part of the sepals opens,
and the petals begin to appear between the teeth of the
sepals. At first, the petals are light purple, and when the
bud fully opens, they become blue-violet. The buds
ready to open during flowering are larger than others.
Flower opening was observed when the plant buds were
fully formed, when the sepal length was 9.02+0.27 mm,
the petal length was 13,9+0,33 mm. A fully opened flower
has petals twice as long as the sepals, length 18,2+0,59 mm.
Flower opening occurs acropetally. Plant flowers are
pollinated by entomophiles, mainly with the help of
representatives of the bee family. The fruit is a coenobium,
consisting of a nut formed by the growth of 4 sepals
(Fig. 1).

According to the research conducted, the formation
of generative organs was observed in S. officinalis in the
second year of the growing season in the conditions of
the Karshi oasis. In the second year of the growing
season, the plant produces 8-10 flowers, in the third year —
150-200, in the fourth year — 120-180 [5, pp. 6-8]. The
flowers are arranged in 6-7 rings on the axis of the
inflorescence, with up to 10-16 flowers in one ring.
Research has shown that one S. officinalis flower blooms
for 2-3 days, one inflorescence blooms for 10-15 days, and
one plant blooms for 52-59 days. S. officinalis is a light-
loving plant, and the plant can be classified as a group
of plants whose flowers open during the day [8, pp. 9-19;
14, pp. 548-557].

In our studies, the beginning of flowering occurred
mainly in the first ten days of April, and mass flowering
occurred in the period from the second ten days of April
to the second ten days of May. The flowering period
lasts 52-59 days, mass flowering is observed 8-10 days
after the flowers begin to open (Table 1).
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Fugire 1. Inflorescence and flower S. officinalis: a — fragment of paniculate inflorescences; b — small inflorescences
in bud state; ¢ —the bud is ready to open; d — fragments of flowers; e — small inflorescence in open state; f — longitudinal
section of a flower; g — fragment of pistil; h — fragment of sepal; j — longitudinal section of a sepal; m, n — ovary;

1 - bud; 2 — peduncle; 3 — sepal; 4 — petal; 5 — stamen (5a — anther, 5b — filament); 6 — pistil; 7 — stigma;

8 — style; 9 — ovary; 10 — ovule.

Table 1.
Phenology of flowering S. officinalis in the conditions of the Karshi oasis
Flowering period
Observed years Budding beginning of end of
. mass flowering . duration (days)
flowering flowering
2015 03.04 13.04 21.04-19.05 04.06 52
2016 27.03 05.04 18.04-20.05 02.06 58
2017 29.03 08.04 17.04-22.05 06.06 59

The diurnal dynamics of S. officinalis flowering
were studied in the third year of plant growing season
(2016) (Table 2). To do this, the number of open flowers
in each bush was counted.

At the beginning of flowering, when the dynamics
of daily flowering is observed, at 5:00 o'clock in the
morning the air temperature is +8°C, the relative humid-
ity air is 56%, not a single flower has blossomed on
the plant. At 7:00 o'clock the temperature is +10°C,
the relative air humidity is 55%, the plant has 17 flowers,

53

at 9:00 o'clock the air temperature is +11°C, the relative
air humidity is 51%, 23 flowers, at 11:00 the air tempera-
ture is +15°C, the relative air humidity is 48%, 26 flowers,
at 13:00 the air temperature is +18°C, the relative air
humidity is 46%, 9 flowers, at 15:00 the air temperature
is +19°C, the relative air humidity is 30%, 15 flowers,
at 17:00 the air temperature is +17°C, the relative air
humidity is 42%, 7 flowers, have blossomed. During
the day 97 flowers bloomed on one plant (Fig. 2).
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Fugire 2. Diurnal dynamics of flowering of S. officinalis in the conditions of the Karshi oasis

During the period of massive flowering, 81 flowers
bloomed at 6:00-7:00 o'clock in the morning at an air
temperature of +13°C, a relative humidity of 53%.
At 9:00 o'clock the air temperature was +18°C, relative
humidity air 48%, 90 flowers, at 11:00 the air temperature
was +23°C, relative humidity air 41%, 117 flowers,
at 13:00 the air temperature was +25°C, the relative air
humidity 37%, blooming of 45 flowers, 15:00 the air
temperature was +27°C, the relative air humidity 28%,
blooming of 72 flowers, 17:00 the air temperature
was +26°C, the relative air humidity 34%, blooming
of 54 flowers, 19:00 the air temperature was +23°C,
the relative air humidity 43%, blooming of 9 flowers,
was observed. During the period of massive flowering,
468 flowers bloomed on one plant during the day (Fig. 2).

At the end of the S. officinalis flowering during the
day from 5:00 to 13:00 hours, only 22 flowers opened.
During the hottest time of the day, from 12:00 to 16:00,
the flowers did not open; only one flower opened at 17:00.
At the end of the entire day's flowering, 23 flowers
opened, with the most opened flower occurring at
9-11 o'clock. At this time, the air temperature was +30°C,
the relative air humidity was 21% (Fig. 2).

In our studies, it was noted that the daily operating
time lasts from 7:00 to 19:00 hours. During the day, the
beginning of flowering, mass flowering and at the end
of flowering, the most opened flower was observed from
8:00 to 11:00 o’clock, and the flowering process reached
its peak at 11:00 o’clock (Table 2).

Table 2.
Diurnal flowering dynamics S. officinalis
Flowering period Opened Observed hours In a day
flowers 500 700 goo 1100 1300 1500 170 190
Beginning number - 17 23 26 9 15 7 - 97
10.04.2016 % 175 | 237 | 268 | 93 | 155 | 72 100
Mass number - 81 90 117 45 72 54 468
25.04.2016 % 17,3 | 19,2 25 96 | 154 | 115 100
End number 1 5 8 8 - - 1 - 23
27.05.2016 % 43 | 218 | 348 | 348 43 100

Conclusion. According to the results of our observa-
tions, S. officinalis entered the generative phase in the
second year of vegetation in the conditions of the Karshi
oasis, the flowering duration was 52-59 days. Inone
plant, at the beginning of flowering, up to 97 flowers
bloom during the day, up to 468 in mass flowering and
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ABSTRACT

This research investigates the synthesis of 2-methylquinazolin-4-thione and explores its reactivity in the methylation
reaction. The study aims to elucidate the reaction mechanisms involved in the methylation process and characterize the
resulting methylated product. The two-stage synthesis and methylation reactions of 2-methylquinazolin-4-thione with
"soft" (methyl iodide) and "hard"” (dimethyl sulfate, methyl tosylate) methylation agents were studied. It has been estab-
lished that the methylation reaction, depending on the agent, solvent, and temperature, proceeds with the formation of alkyl
products at the N3- and S*-reaction centers. This indicates the ambident character of the 2-methylquinazolin-4-thione anion.

AHHOTALMUSA

B stom HCCJIICAOBAHUN HM3Y4ACTCA CUHTC3 2-METHWIXUHA30JIMH-4-THOHA 1 HCCICAYCTCA €ro peakKuuOHHasA CIIOCOOHOCTH
B pCaKuu MCTHJIHMPOBAHUAL. HGJ'IBIO HUCCIICA0BaHUA ABJIICTCA BBIACHCHUC MEXaHHU3MOB peaKuHﬁ, Y4acCTBYIOIIUX B IIpoLiecce
METIIIUPOBAHMUS, U XapaKTEPHUCTHKA 00pa3yIOIIerocss MeTHIINPOBAHHOTO MPOAYKTA. VI3ydeHsI IByX CTaAUHHBINA CHHTE3 U
peaKkuuy METHINPOBAHUS 2-METHIXUHA30JIMH-4-THOHA «MSTKUMI» (MOAMCTBIH METUIT) M OKECTKUMMY (IUMETUIICYIb(ar,
MeTI/IJ'ITO3I/IJ'IaT) arcHTaMu METUJIMPOBaHUA. YCTaHOBHeHO, 4TO p€aKuusa METUJIMPOBaHUA B 3aBUCUMOCTH OT arcHTa,
pacTBOPUTENS U TEMIIEPATYPHI IPOTEKAET ¢ 00Pa30BaHUEM ANKWIBHBIX MPOAYKTOB Ha N3-u S4-peaKHHOHHI>IX LEHTpax.
OTO CBHAETENLCTBYET 00 aMOMIUEHTHOM XapakTepe aHHOHA 2-METHUIIXNHA30IMH-4-THOHA.

Keywords: phosphorus pentasulfide, 2-methylquinazolin-4-thione, ambident anion, methyl iodide, dimethyl sulfate,
methyl tosylate, reaction center, solvent, temperature, alkyl product.

KuroueBbie cioBa: ¢ochop neHTacymbOua, 2-MeTHIXHHAZ0INH-4-THOH, aMOUICHTHBIM aHUOH, HOIUCTHIN METHII,
TUMETIICYNb(hAT, METHITO3HIIAT, PEaKIIMOHHBII IEHTP, PACTBOPHUTEIIb, TEMIIEPATypa, alKIIbHBIH IPOIYKT.

Introduction quinazolin-4-ones and their homologues substituted
in the second case shows that the course of the reaction
depends on the nature of the solvent and the nature of
the substituents on the aromatic ring in the alkylating
agents.

In this case, deprotonation of the molecule under
the action of a base leads to the formation of an anion.
In the second case, the anion formed as a result of depro-
tonation in quinazolin-4-ones containing a heteroatom
is distributed according to its ambient character, i.e.,

When alkylation of compounds containing an amide
group in most organic substances, the reaction proceeds
in two directions. Therefore, in such compounds the re-
action occurs either upon bonding with an oxygen atom
or with a nitrogen atom [1-3].

Similar systems exist in the form of amide, enol, and
imino tautomers. Therefore, when alkylating such com-
pounds, the alkylation reactions are directed towards the
oxygen atom. Quinazolin-4-ones, like other heterocyclic

compounds, have an amide group, and for the formation according to its negative charge O4== CHazeme S or

of anions in chemical reactions, this negative charge be- 1 2

longs equally to all three atoms [4-7]. N :Cz =—=x atoms, or  polydentally
Therefore, in chemical processes, the chemical re- n 4 3 . 9 2 )

action is directed towards O4 or N3 atoms. Determining Of==C"== N Co == X character, i.e.

the reaction direction of these compounds is of great fragments.

theoretical and practical interest. Analysis of the

0 0 0
S L
N NH N o
|
/J\ ’/J\\ L
N XH N X N X
© H
Methylation of substances of this class, determination we decided to take as an object quinazolin-4-ones,
of its direction, determination of the resulting ratios which do not contain a heteroatom, but have a methyl
O*N3 or O%X? or N¥/X? have been properly studied in group, and study the course of their reactions.
the department of organic synthesis of the Institute of Experimental part
Chemistry of Plant Substances. It should be said that 1. N-acetylanthranilic acid.
these systems are complex, and it is difficult to determine 0.1 mol of anthranilic acid was dissolved in 70 ml
the influence of one or another fragment. Therefore, of benzene. Benzene was heated to boiling in a water bath,
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then 0.05 mol of acetic anhydride was added dropwise
until white crystals formed. The mixture is cooled,
filtered, the residue on the filter is washed 2-3 times
with benzene, then dried at 100°C for 1.5 hours. 17.58 g
of N-acetylanthranilic acid were obtained with a yield
of 92%. Melting temperature:

Tc = 178-181°C. Rf=0.275, system (chloroform:
ethanol - 6:4).

2. 2-Methylquinazolin-4-one. Method A.

A 0.1 mol N-acetylanthranilic acid mixture with
0.8 mol NHA4CI was heated and cooled at 210-220°C
for 4-5 hours using a reflux condenser. Then it was dis-
solved in parts with boiling water, the solutions were
combined, neutralized with NH4OH to pH 7-8 and cooled.
The resulting precipitate was filtered off and dried at room
temperature. 2-methylquinazolin-4-one was obtained
Ts=238°C Rf=0.134. system (chloroform:ethanol - 6:4).

Method B: A mixture of 0.1 mol anthranilic acid and
0.1 mol acetamide was heated at 210-220°C for 2 hours
using a reflux condenser, cooled, filtered and dried.
2-methylquinazolin-4-one was obtained. Ts=238°C
Rf=0.134. system (chloroform:ethanol - 6:4).

3. 2-Methylquinazoline-4-thione. 0.005 mol of
2-methylquinazolin-4-one (0.005 mol) was refluxed with
P,Ss in absolute m-xylene for 4 s. The reaction mixture
was filtered, the filter residue was washed with m-xylene
and treated with 7 ml of 109% NaOH. The resulting pre-
cipitate was filtered off, washed with water and dried.

COOH
(CH5C0),0
S
CeHe
NH,

N-acetylanthranilic acid is formed in high yield (92%)
The synthesis of 2-methylquinazolin-4-one, neces-
sary for research, is carried out in two ways (A and B).
According to method A: a mixture of the starting reagents

NH,CI

COOH

NHCOCH,

According to method B: anthranilic acid and acet-
amide were used as starting materials. In this case,
a mixture of reagents in a ratio of 1:4 is heated at
210-220°C for 2 hours. The yield of 2-methylquinazolin-
4-one obtained by this method is 92%. That is, the reaction
in method B is carried out at a much lower temperature
(compared to method A) and in a relatively short time,
and obtaining the expected product in almost quantitative
yields means that method B is more efficient than
method A.

Recrystallize from hexane. 15 g of 2-methylquinazoline-
4-thione were obtained with a yield of 90%.

4. Methylation of 2-methylquinazoline-4-thione.
1.6 g (0.01 mol) of 2-methylquinazoline-4-thione (2),
0.56 g (0.01 mol) KOH and 25 ml of ethanol were added
to a round-bottom flask and heated in a water bath at
60-65° C for 30 minutes. The reaction mixture was cooled
to 25-30°C. Then 1.704 g (0.012 mol, d=2.28 g/ml)
of methyl iodide was added and boiled in a water bath at
75-80°C for 6 hours. After completion of the reaction,
the mixture was washed with 5% NaOH, followed by
extraction with chloroform. The extract was dried over
anhydrous sodium sulfate, chloroform was removed in
vacuo, and the precipitate was filtered off. The precipitate
was recrystallized from methanol to obtain 1.54 g (80%)
of product (4), 104-1060°C, Rt=0,65 (chloroform: meth-
anol- 10:1). 'H SIMP (CDsOD, 400 MI'n): 8.09 (1H, nx,
J=1.5,J=8.0, H-5), 7.71 (1H, ar, J=1.5,J=8.5, H-7), 7.49
(1H, an, J=1.2, J=8.0, H-8), 7.41 (1H, mr, J=1.1, J=8.1,
H-6), 3.54 (3H, ¢, N-CHj3), 2.56 (3H, ¢, 2-CHs).

Results and Research

In the synthesis of 2-methylquinazolin-4-ones,
N-acetylanthranilic acid is used as the main raw material.
In the literature, this compound was synthesized by various
methods with a product yield of 90-96%. Heat to a boil so
that all anthranilic acid dissolves, then add 1.75 equiva-
lents of acetic anhydride and the mixture, allow to cool,
obtain white N-acetylanthranilic acid:

COOH

NHCOCH,

N-acetylanthranilic acid and ammonium chloride in a ratio
of 1:7 is heated at 210-220°C for 4 hours. The yield of
2-methylquinazolin-4-one is 73%:

210-220°C

210-220°C

V
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0
HCI, H,0

NH

" CH,
N

The resulting 2-methylquinazolin-4-one was reacted
with P,Ss. 2-Methylquinazolin-4-one and P,Ss were
boiled in absolute m-xylene for 3 hours. The reaction
mixture was filtered, the residue was washed with xylene
on the filter and treated with 7 ml of 10% NaOH. The
precipitate was filtered off, washed with water and dried,
2-methylquinazoline-4-thione was obtained in 94% yield,
2-methylquinazoline-4-thione was obtained in 96% yield
using Lawesson's reagent.
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Reaction of 2-methylquinazoline-4-thione with meth- methyl iodide (methyl tosylate, dimethyl sulfate) is
ylating agents added to the resulting mixture. Stir for 24 hours at room
2-Methylquinazoline-4-thione is dissolved in 50 ml temperature and reflux in a water bath. Heated at 80-90°C
of an absolute solvent (alcohol, DMF, DMSO, acetoni- for 3-4 hours, cooled, added 50 ml of cold water and fil-

trile), 0.05 mol NaH is added and shaken for 30 minutes, tered the precipitate.

S SCH;4 S
NH CH;,I XN . _CH;,
—_—
//K HI '
=
N “cn N =
3 CH; N CH;

Conclusion found that a “hard” alkylating agent (methyl tosylate )

goes to the “hard” (S* or N®) center. It has been estab-
lished that the ratio of N3/0O* isomers formed depends on
the nature of these agents.

When methylating 2-methylquinazoline-4-thiones
with methyl iodide, dimethyl sulfate, methyl tosylate,
the reaction is carried out with a “soft” alkylating agent
(methyl iodide) to a “soft” center (N° or S-atom), it was
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ABSTRACT
This article describes the determination of water-soluble vitamins in the plant Ziziphora clinopodioides L. by High-
Performance Liquid Chromatography (HPLC), information about the importance of the identified vitamins in the human body.
AHHOTALMUS
B crarbe onucaHo onpeeneHre BOIOPAaCTBOPUMBIX BUTAMMHOB B pacTeHHH Ziziphora clinopodioides L. meTonom
BBICOKO3(ppekTBHOM kHuaKOCTHON XpoMaTorpaduu (BOIKX), mpruBeeHsI CBeIeHHS O 3HAUCHNH BBIIBIICHHBIX BUTAMHUHOB

B OPTaHU3M€ YCIIOBCKA.

Keywords: Ziziphora clinopodioides L., essential oils, flavanoids, macro and micronutrients, vitamins, food additive.
KuroueBsie cioBa: Ziziphora clinopodioides L., 3¢upHbIe Macna, GpraBOHOUIBI, MAKPO- H MAKPOIJIEMEHTHI, BUTAMIHBI,

nuieBas 100aBKa.

Introduction

Ziziphora clinopodioides L. is a perennial herb
about 40 cm tall, belonging to the family of sedums. It
blooms in June-July, bears fruits in July-August, grows
on the slopes of the mountain district, on gravel and
stony brown soil at an altitude of up to 2400 meters
above sea level. Mainly the above-ground part of the
plant (grass) is used. It is better than black pepper and
laurel in its healing and pleasant taste. [1] This plant has
been used in folk medicine since ancient times. It is found
almost everywhere in the world. There are 7 species of it
in our country, and it grows in mountainous regions of
Tashkent, Samarkand, Jizzakh, Namangan, Kashkadarya
and Surkhandarya regions [2]. Tincture of Ziziphora
clinopodioides L. is used as an expectorant, anti-cold,
analgesic, sedative, anthelmintic. One of the reasons for
the widespread use of Ziziphora clinopodioides L. is its
importance in the natural treatment of hypertension,
which affects almost 60% of the population. Bod is an
effective tool in the treatment of rheumatism, and in the
elimination of flu viruses, which are considered to be
highly contagious, and which flare up in the spring and
autumn months [3].

Ziziphora clinopodioides L. contains triterpene, sapo-
nins, ursol, oleanol, chlorogen, flavonoids, coumarins [4],

oxycoumarins [5], amino acids, macro and micro elements
(Ca, Si, Al, Fe, Mg, Co, Zn, Cu, Mn, Mo, Cr and se-
lenium accumulates) [6,7]. In addition, Ziziphora clino-
podioides L. contains essential oils [8], GC-MS analysis
shows pulegone (5.19% - 57.85%), limonene (0.26% -
12.79%), 1,8-cineole (up to 27.4%), bornylacetate
(0.47% - 9.37%), piperitone (0.70% - 9.05%) and menthol
derivatives [9].

The aim of our research is to determine the vitamins
contained in Ziziphora clinopodioides L. by the HPLC
(high-performance liquid chromatography) method.

Experimental part

Acetate buffer system and acetonitrile were used as
an eluent in the determination of water-soluble vitamins
with the HPLC. Chromatographic conditions:

e Chromatograph Agilent-1200 (equipped with an
autodoser)

e Column Exlipse XDB C 18 (obraschenno-faznyy),
5 um, 4.6 x150mm

e Diode array detector (DAD), 204 nm, 254 nm,
290 nm identified.

e Selection of eluent (Flow rate 1ml/min., time,
thermostat temperature 250° C, n=5, S=5 nl)

Table 1.
The buffer systems ratio is acetonitrile with acetate Time, min.
96:4 0-5
90:10 6-8
80:20 9-15
96:4 15-17

5-10 g of leaves of Ziziphora clinopodioides L. are
taken on an analytical scale and placed in a 300 ml flat
flask. It is extracted with 50 ml of 40% ethanol solution.
The extract was heated under magnetic stirrer under reflux
for 1 h with vigorous stirring and then stirred at room
temperature for 2 h. The mixture is cooled and filtered.
25 ml of 40% ethanol was added to the remaining part
and re-extracted 2 times. The filtrates were combined
and filled to the mark with 40% ethanol (5-10%) in a
100 ml volumetric flask. The resulting solution is

61

centrifuged at 7000 rpm for 10 minutes. The resulting
solution was taken from the top for analysis. Working
solutions of water-soluble vitamins with a concentration of
1 mg/ml were prepared. For this purpose, 50.0 mg of each
vitamin standard is accurately drawn on an analytical
balance and dissolved in 40% ethanol in a 50 ml volumetric
flask and filled to the mark. First, working standard
solutions and then prepared working solutions were
introduced into the chromatograph. The obtained results
are presented in Figure 1 and Table 2.
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Figure 1. Chromatogram of water-soluble vitamins in Ziziphora clinopodioides L. plant
Table 2.
Vitamins determined by the obtained chromatogram spectra
Ne Vitamins Concentration mg/g
1. B-2 1,3522
2. B-6 3,0601
3. B-9 58,294
Results Conclusion

Based on the above, vitamin B-9 dominates among
water-soluble vitamins in Ziziphora clinopodioides L.
plant. This vitamin is needed in the human body to main-
tain red and white blood cells (blood production), con-
vert carbohydrates into energy (metabolism), and
synthesize and maintain the body's genetic building
blocks (DNA and RNA). In addition, it is necessary to
ensure the healthy, normal development of the fetus and

Ziziphora clinopodioides L. plant contains water-
soluble vitamins By, Bs, Bo, vitamin By is the most abun-
dant, and vitamin By is the least. creation of food sup-
plements made from used holly serves to satisfy people's
need for vitamins, to strengthen their health and to ex-
tend their life.

to prevent some serious birth defects.
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ABSTRACT

The mutual influence of the components in the CH;COOH-H2NC;HsOH —KCI-H,0 system, studied by the isomolar
series method, showed that the isotherms of crystallization temperature, viscosity, density and pH of the medium revealed
branches of the existence of the original components and new chemical compounds.

AHHOTALIUS

B3anmuoe iusinue komnoHeHToB B cucteme CH3COOH:HoNCyH,OH —KCI-H20, n3yuenHoe MeTo10M H30MOJISIPHBIX
cepuii MoKa3alio, YTO Ha U30TepMax TeMIepaTypbl KpUCTAJUIM3ALUHY, BA3KOCTH, INIOTHOCTU U pH cpenbl BbISIBICHBI BETBU
CYIIECTBOBAaHUA UCXOJHBIX KOMIIOHCHTOB U HOBBIX XUMUYCCKUX Coe)Z[PIHEHHfI.

Keywords: physiologically active substances, liquid fertilizers, potassium chloride, monosubstituted monoethano-

lammonium acetate.

KaroueBble ciioBa: (PHBI/IOHOFI/I‘IGCKI/I AKTHBHBIC BCIICCTBA, ) KUIKOC yI[OGpeHI/ISI, XJIOpUA KaJnsd, O,Z[HOSaMeLLIGHHHﬁ

yKCYCHOKI/ICJ'IHﬁ MOHO3TaHOJIaMMOHHIA.

The significance of the study lies in the fact that the
growth of the world population leads to an increase in
demand for basic food products while simultaneously
reducing the resource of free global arable land per per-
son, which necessitates the intensification of agriculture,
the development and implementation of new technolo-
gies. As a result, the needs of agricultural producers for
mineral fertilizers are growing, and their quality charac-
teristics are also changing [1].

As is known, the coefficient of nutrient utilization
by plants for phosphorus does not exceed 15-20%, for
nitrogen and potassium - 40-50%.

As is known, the coefficient of nutrient utilization
by plants for phosphorus does not exceed 15-20%, for
nitrogen and potassium - 40-50%. One of the ways to
increase the yield of agricultural crops and increase the
efficiency of fertilizers is to introduce physiologically
active substances into their composition [2].

Physiologically active substances have a beneficial
effect on the growth, development and fruiting of plants,
significantly increase resistance to various diseases and
improve product quality [3,4].

bubnuorpapuueckoe onucanme: Abdullaeva M.T.

To obtain high yields with good qualities, physio-
logically active substances (auxins, kinins, gibberelenes,
succinic acid, monoethanolamine, thiocarbamide and
others) are widely used today. One of them is monosub-
stituted monoethanolammonium acetate , which is a
physiologically active substance. As noted in the literature
review, monoethanolamine and its derivatives in the
composition of preparations enhance the effect of the
active components, while simultaneously eliminating
the negative effects of the preparations on plants. It has
been established that when monoethanolamine reacts with
acetic acid, monosubstituted monoethanol ammonium
acetate is formed [5,6].

Potassium chloride is one of the most popular basic
fertilizers in private farming. This is due to the availability
and speed of migration in the soil compared to other potash
plants, which makes it possible to promptly feed annuals
with potassium chloride during the season. However,
the same speed of migration and the presence of chlorine
ions, which are contraindicated for many garden crops,
require the use of potassium chloride with caution.

INTERACTIONS OF MONOETHANOLAMMONIUM

MONOSUBSTITUTED ACETIC ACID WITH POTASSIUM CHLORIDE // Universum: xumust u 6uosiorus :
9JIEKTPOH. Hay4H. )kypH. 2024, 1(115). URL.: https://7universum.com/ru/nature/archive/item/16553
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Potassium chloride can be used to feed plants that do
not like chlorine, such as potatoes, carrots, pumpkins
and others, you just need to know how and when.

At the same time, potassium chloride, which contains
up to 47% chlorine, is used as a source of potassium
in most industrially produced complex fertilizers [7].

Depending on the type and quality of various
chemical compounds (microelements, physiologically
active substances) introduced into the potassium fertilizer
KCl, its efficiency can be increased. In this regard, it was
necessary to study the mutual influence of the components
in a system consisting of monosubstituted monoeth-
anoammonium acetate, the results of which can serve as
a physicochemical basis for the technology for producing
new liquid nitrogen fertilizers containing a physiologically
active substance.

Target. In order to theoretically substantiate the
process of producing fertilizer based on potassium chloride
containing PAS, the mutual influence of the components
in the CH3;COOH- H2NC;H4,OH-KSI-H,0 system was
studied in a wide temperature and concentration range
using the isomolar series method [8].

For the study, the starting components were potassium
chloride, recrystallized from an aqueous solution, grade
“pure grade”, monosubstituted monoethanol ammonium
acetate, synthesized on the basis of acetic acid and
monoethanolamine taken in a molar ratio of 1:1 [6].

Research methods. To establish the mechanism of
interaction of potassium chloride with monosubstituted
monoethanolammonium acetate, the system potassium
chloride — monosubstituted monoethanolammonium
acetate — water was studied using the isomolar series
method. For this purpose, the concentration of aqueous
solutions of potassium chloride and monosubstituted
monoethanolammonium acetate was 2 mol/l. All meas-
urements were carried out in a water thermostat at
(20+0.1)°C [8].

The kinematic viscosity of solutions was determined
using a capillary viscometer VPZh-2 with a capillary
diameter of 1.16-2.75 mm. The accuracy of the results
is £0.0001-10-1 m2/s [9].

Relative density was determined by the pycnomet-
ric method. To determine the density, the pycnometers
were filled with distilled water, thermostated at 20°C
and weighed. Knowing the weight of a dry pycnometer,
the density of water at 20°C, the weight of a filled pycnom-
eter, and its volume was calculated. Weighing was carried
out with an accuracy of +0.00005 g. The results are pre-
sented with an accuracy of £0.1 kg/m3 [10]. The pH
of the solutions was measured according to the method
on a METTLER TOLEDO FE 20/FG pH meter [11].
The crystallization temperatures, viscosity, density and
pH of the solution environment of this system were de-
termined depending on the ratio of the components.
(1. Table)

Table 1.
Changing the properties of the system in molar ratio
OYK.KF.Q;/I'[ZI)OA:KCI pH d, griem? 1, Mm?/c Tem cr. T°C.

100 7,00 1,0256 13,00 -1,8
90:10 7,00 1,0280 12,70 -1,8
80:20 6,98 1,0300 12,36 -1,9
70:30 7,00 1,0328 11,95 -1,9
60:40 7,05 1,0352 11,52 -2,0
50:50 7,05 1,0378 11,19 -2,0
40:60 7,10 1,040 10,62 -2,1
30:70 6,98 1,410 10,52 -2,2
20:80 6,98 1,439 10,31 -2,2
10:90 7,00 1,462 10,02 -2,2

100 7,00 1,483 9,050 -2,3

Based on the data obtained, a “composition-
properties” diagram of the system
CH3COOH H>NC;HsOH-KCI-H,O was constructed.
Laying the properties (density, pH of the medium,
viscosity and crystallization temperature) on the ordinate
axis, and the compositions of solutions on the abscissa.
It has been established that in isomolar solutions a com-
pound with a molar ratio is not formed. On the isotherms
of the refractive index, density, viscosity and pH of the
composition-property diagram of the studied system,
one bend is observed, corresponding to the branches
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of existence of the initial components. According
to the diagram, it occurs in the concentration range
of 70.0+~30.0% CH3COOH-H2NC,;H4OH and KCI sub-
stances are present together.

Conclusion. The mutual influence of the components
in the CH3;COOH-H;NC;HsOH -KCI-H;O system,
studied by the isomolar series method, showed that the
isotherms of crystallization temperature, viscosity, density
and pH of the medium revealed branches of the existence
of the original components and new chemical compounds.
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ABSTRACT
The condensation reactions of acetyl derivatives of the thiochroman series with ethyl acetic acid have been studied.
As a result of the reaction, it was established that compounds of the acetylthiochroman series result in the reaction with

good yield of the corresponding thiochromanoyl acetones.

AHHOTAIUA
I/IBY‘ICHH PpCaKu KOHACHCAIUN allCTUIIIIPOU3BOAHBIX psAila THOXPOMaAHA C 3TUJIOBbBIM 3(1)I/Ip0M yKCYCHOﬁ KHUCJIOTHI.
B PE3yibTaTC pCAKIUU YCTAHOBJIICHO, YTO COCAUHCHUA pA/ld AHCTUITUOXPOMAHA B PE3YJIbTATC PEAKIMKU C XOPOIIHM BbI-

X0a0M 06p33y}OTC$I COOTBETCTBYIOIINC THOXPOMAHOUJIALICTOHEI.

Keywords: thiochroman, acylthiochroman, circaethyl ether, diketone, sodium chromanoylacetone.
KiroueBble cjioBa: THOXPOMAH, allMJITHOXPOMAaH, IUPKA3TUIOBBINA 3(pHp, TUKETOH, XPOMaHOMIALIETOH.

Introduction

It is known that the condensation reactions of
complex esters with ketones lead to the formation of -
diketones. Most ketones can easily undergo enol
tautomerization in the presence of bases or acids if they
have hydrogen atoms on the a-carbon atom relative to
the keto group. For diketones and ketones, the amount
of enols at equilibrium is stabilized by the additional
unsaturation groups in their enol form. The amount of
enols formed from ketones depends strongly on the
structure of the ketone and the nature of the solvent used.
[1; 82-86 p].

Materials and metods

Synthesis of 6-thiochromanoylacetone (1)

For the synthesis of 6-thiochromanoylacetone
molecule, we equipped a 50 ml round-bottomed, two-
necked flask with a refrigerator and a bifurcated flask
with the upper part of the refrigerator fixed with a tube
of dehydrated calcium chloride, and added 1.92 g (0.01
mol) of 6-acetyl-1-thiochroman and Add 20 ml of dry
circaethyl ether and 10 ml of absolute ether. After that,
we slowly add 0.2 g of sodium metal cut thinly from the

second neck of the flask and keep the reaction mixture
in a boiling water bath for 45 minutes. Then let the
reaction mixture in the flask cool to room temperature.
We filter the resulting sodium chromanoyl acetone.
Then we wash the resulting sodium chromanoy! acetone
with a small amount of circethyl ether. Then squeeze it
dry between two filter papers. Put the obtained product
in a glass, dissolve it in a small amount of water and pass
it through a filter. Cool the filtrate with ice and acidify
in a 50% acetic acid solution to an acidic medium. The
precipitate falls. The formed crystals are filtered,
washed in cold water and dried in a desiccator. The yield
of the product, 6-thiochromanoylacetone, is 1.5 g or
64%. Liquefaction temperature is 41-42 °C. Elemental
analyses, found, % : S 71.80; N 6.54. Calculated for the
formula C13H140,S, %: S 71.61; N 6.46.

Synthesis of 6-methyl-7-thiochromanoylacetone
(1)

The synthesis of this substance was carried out in
the same way as the synthesis of substance 1 above. A
solution of 2.2 g (0.096 mol) of 6-methyl-7-acetyl-1-
thiochromene and 20 ml of dry circethyl ether in 10 mi
of absolute ether was taken for the reaction. The yield of

Bubnuorpapuyeckoe onucanue: Rakhmatova G. 6-ACEETHYL-1-THIOXROMANE AND 7-ACEETHYL-
6-METHYL-1-THIOXROMANE ACETIC ETHER CONDENSATION REACTIONS WITH // Universum: xumus
1 OMOJIOTHS : DJEKTPOH. Hay4uH. xypH. 2024, 1(115). URL.: https://7universum.com/ru/nature/archive/item/16423
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the product, 6-methyl-7-thiochromanoylacetone, was 1.4 g
or 56%. Liquefaction temperature 38-39 °C. Elemental
analysis, found, % : S 67.91; N 6.58. Calculated for the
formula C14H1602S, %: S 67.76; N 6.45.

Rezults

To synthesize B-diketones of the acetylthiochroman
series, we conducted condensation reactions of complex
esters. Condensation reactions of 6-acetyl-1-thiochroman
and 7-acetyl-6-methyl-1-thiochroman molecules with
circaethyl ether were studied for the reaction. The reaction
was carried out for 40-45 minutes in the presence
of metallic sodium in an absolute ether environment
in equimolecular proportions of reacting reagents.

The reaction takes place with acetylthiochroman
derivatives in the presence of sodium metal in the form
of dry circethyl ether in an absolute ether environment.
First, the reaction mixture was left in a boiling water bath
for 45 min and then allowed to cool to room temperature.
The resulting sodium chromanoylacetone was dissolved
in a little water, acidified in a 50% acetic acid solution
to an acidic medium, and collected as a precipitate.
The yield of the product, i.e. 1-thiochromanoylacetone (1)
is 64%. By treating the last products, i.e. sodium
chromanoylacetones with 50% acetic acid solution, the
corresponding B-diketones with a symmetrical structure
were obtained:

H3C- CH3-C-CH2-C

ﬁ + CH3CO-0C,Hs —> || |

0 S @) 0 S

|
ch—/ H3C_/ |
HaC - —a | + CH3CO- OCoHs — > cH,- c|:| CH2—|C|Z—\ S
S

g §o

As it can be seen from the above reaction scheme,
6-methyl-7-thiochromanoylacetones (I1) were synthesized
in 56% in the same reaction under the same conditions.
As it can be seen from the vyields of the reaction
products, it was found that in the reaction of the above
compounds with circaethyl ether, the productivity of the
monosubstituted derivatives is slightly higher than that
of the disubstituted derivatives of the aromatic ring. This
indicates that the acetyl group on the aromatic ring
reduces the electron density of the aromatic ring, which
in turn facilitates the attack of nucleophilic reagents on the
aromatic ring. However, although the above compound

Il has an electron acceptor group that increases the attack
of nucleophilic reagents on the aromatic ring, the adjacent
methyl group increases the internal electron density of
the aromatic ring due to its positive inductive effect.
It can be seen that the presence of both electron-donating
and electron-accepting groups in the aromatic ring of one
molecule affects the yield of the product in any reaction.

The resulting compounds are crystalline substances,
soluble in organic solvents, but insoluble in water. The
mechanism of the condensation reaction of ketones of
the acetylthiochroman type with circaethyl ether can be
expressed in the following order:

) OC2H5

R-C-CH, H i =29%0p g c oy, CHsCOOCoHs R-C-CH CH, —>
|| + -CyHs0OH || @ (3) || ﬂ

0 (1) o) 0 (4)
——> R-C-CH-C-CHj R, Rﬁ CH - ? CH3
-C2Hs0 (Il W (I)I g ~Ceor o ()

R= thiochromene molecule.

The catalyst (ethylate anion) removes a proton
from ketone (1), which is a methylene component.
The resulting highly reactive carbanion (2) attacks the
partially positively charged carbon atom of ethyl ether (3)
of acetic acid, which is a carbonyl component. As a result,
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anion (4) is formed, and thiochromanoylacetone (5) is
obtained due to the separation of the ethylate ion. This
compound exists as the enolate form (6) in alkaline
media. The reaction mixture is acidified to isolate
thiochromanoylacetones:
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) ‘CH,COONa | i | | -
10 O (6 OH 0 0 0

The structure of the synthesized compounds
was determined using IR- and PMR-spectra, and the
composition was determined using the method of
elemental combustion analysis. Monitoring the progress
of the reaction and determining the purity of the
obtained substances was carried out using the thin-layer
chromatographic method on the Silufol’ plate [2; pp.
7322-7328, 3; pp. 5229-5233, 4; 8160-8169 b].

In the PMR-spectrum  of  2-methyl-1-
thiaindanoylacetone (1), protons of the methyl group in
the sixth position appear as a singlet at 1.27 m.u. show
their signals in the signals of methylene group protons
are 2.13 m.u. in the form of a complex multiplet and
2.32 m.u. gives its signals, while the signals of protons
in the aromatic ring are 8.28 m.u. and 8.32 m.u. appears.
The characteristic aspect of the spectrum of this substance
lies in the presence of a strong internal molecular
hydrogen bond in compounds with this structure. As the
acidity of B-diketones in the form of enol increases, the
shift of the signals of the hydroxyl group indicates that
the dark area shifts to the side. A similar appearance
is shown by the enol-form molecule of 1-thiochroman
B-diketones in the complex multiplet form of the proton

in the hydroxyl group at 2.08 m.u. manifestation and
the signals of the proton in the SN group of a-carbon
atom are 7.12 m.u. can be seen in their manifestations.

In the IR-spectrum of the synthesized thiochromane
series B-diketones, broad absorption lines of the OH
group in the form of enol can be seen in the region of
3570-3420 cm™. Also, the absorption lines belonging
to the broad carbonyl group can be observed in the region
of 1600 cm™, and the absorption lines in the region of
1310-1360 cm? indicate that they belong to CH3CO. It
shows the characteristic absorption lines belonging to
the methylene group at 1445 cm, and the absorption
lines at 1100, 1065 and 1010 cm™ belong to the C=C
double bond in the enol form. Absorption lines of
characteristic vibrations of CH bonds in the benzene ring
are observed in the region of 840 cm™*, while absorption
lines corresponding to valence vibrations of hydrogen
atoms in the benzene ring can be observed in the region
of 930 and 950 cm*. From the obtained results, it can be
said that in these compounds, the lifetime of the structure
in the enol form is much better than in the keto form.

The table below presents the physicochemical data
of the B-diketones of the thiochromane series.

Table 1.
Thiochromane series p-diketones physical and chemical data
Found,%
iqui ' Calculated,%
O/N Percent,% LIQUIdUSO Gross formula 0
temperature®C. C H
C H
71,85 6,59
| 64 41-42 71.80 6.54 C13H140,S 71,61 6,46
67,91 6,58
1 56 38-39 67.87 6.55 C14H160-S 67,76 6,45
Conclusion to two factors. The first factor is the steric effect of the

As it can be seen from the above information, it was
found that in the reaction of 6-acetyl-1-thiochroman and
6-methyl-7-acetylthiochroman molecules with circaethyl
ether, the reactivity of 6-acetyl-1-thiochroman molecule is
slightly higher than that of 6-methyl-7-acetylthiochroman
molecule. The main reason for this can be attributed
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ABSTRACT

The article presents the results of research on obtaining glycerin without distillation of technical glycerin obtained
from hydrogenated cottonseed oil. Technical glycerin obtained for the study contains 78.5% glycerin, 2.1% moisture and
volatile matter, 8.9% ash and 10.5% non-volatile organic residue. After treatment with phosphoric acid, the amount of
glycerin is from 78.5 % to 88.3%, moisture and volatile matter increased from 2.1% to 2.4%, ash content from 8.9% to
4.1%, and non-volatile organic residue content from 10.5% to 5.2 decreased to %. After refining with cationite, the
glycerin content increased to 98.1%, the mass fraction of moisture and volatile matter decreased to 1.7%, and the amount
of ash and non-volatile organic residue decreased to 0.1%. It has been found that refined glycerin can be obtained by
refining technical glycerin with phosphoric acid and cationite.

Bubnuorpapuueckoe onucanue: IMPROVEMENT OF PHYSICO-CHEMICAL PROPERTIES OF TECHNICAL
GLYCERIN // Universum: xumus 1 OHOJIOTHS : JIEKTPOH. Hay4H. )xypH. Ahmedova S. [u np.]. 2024. 1(115). URL:
https://7universum.com/ru/nature/archive/item/16621
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AHHOTAIUA
B craTtbhe npencTaBieHsl pe3yabTaThl HCCIESIOBAHUN 110 MOJYYEHHIO BRICOKOKAuYeCTBEHHOTO TJIMLEpUHa Oe3 mepe-

TOHKH TEXHHYECKOTO IIIHIEPUHA, MOJYYCHHOTO U3 XJIOMKOBOIO cajioMaca. TeXHHUCCKUM TIUICPUH, TIOTYICHHBIN IS
HCCleIoBaHus, coaepkut 78,5 % riouuepuna, 2,1 % Biaru u neTyyux BewecTs, 8,9 % 3oimbl u 10,5 % Henerydero opra-
HHYeckoro ocrarka. [locie 06paboTkn pochopHON KUCIOTOM KOJIMYECTBO IIMIepHHa cocTaBisier oT 78,5 % no 88,3 %
COJlepKaHWe BIATH U JIETYYHX BEIIECTB YBEIHMIMIOCH ¢ 2,1% 10 2,4%, a comepkaHne HeeTYINX OPTaHMIECKUX OCTaTKOB
cam3miock ¢ 10,5% mo 5,2 % u 3ompHOCTSE € 8,9% 10 4,1%. [Tocie o4rCcTKH KaTHOHUTOM COAEp)KaHHe TIIHIEpUHA yBe-
Taunock 10 98,1 %, MaccoBast OIS BIIATH U JISTYYHX BEIISCTB CHU3MIACH 10 1,7 %, a KOIMYECTBO 30JIBI U HEJIETYIETro
OpraHudeckoro ocratka cHuzminock 10 0,1 %. YcraHOBIEHO, YTO BBICOKOKAUECTBEHHBIH TTMLEPHUH MOKHO ITOIYIHTh
OYNCTKOH TEXHHYIECKOTO TIHIEepHHa POCHOPHOIt KUCTOTOW U KATHOHHUTOM.

Keywords: glycerin, ash content, distillation, refining, cationite, phosphoric acid.
KaroueBrble ciioBa: TJIUICPUH, 30JIbHOCTh, AUCTUIIIALUA, OUUCTKA, KATUOHUT, (l)OC(l)OpHaﬂ KHUCJI0Ta.

Introduction

Glycerin is a triatomic alcohol that is a colorless liquid
with a slightly sweet taste. It is more viscous than water
and has a greater density than water. Glycerin is widely
used in several industries. Therefore, it is in high demand.
Glycerin is produced as a secondary product in soap
production, and as a primary product in fat splitting [1-4].

Since natural glycerin is derived from oils and fats,
it contains many impurities. These impurities can be fatty
acids, triglycerides, mineral and organic salts, coloring
agents and fat accompanying substances. The type and
amount of impurities in glycerin directly depends on the
method and sources of glycerin extraction [5]. Depending
on the amount of these substances, glycerin is raw,
technical and distilled. In all methods of obtaining
glycerin, raw glycerin with a concentration of 10-35% is

CH,OCOR

|

CHOCOR  +3H,0 +—
|

CH,OCOR

Hydrolysis or saponification of oil is called oil splitting
in industry. Hydrolysis is a stepwise process, with the
formation of mono- and di-glycerides.

The glycerin obtained by splitting fat has low quality.
Due to its dark and dull color and low concentration,
it cannot be widely used. Therefore, glycerin must be re-
fined and turned into a valuable product. There are
several different ways to clean glycerin: evaporation,
distillation, filtration, adsorption, ion exchange, etc [10].
By choosing several methods high efficiency refining of
glycerin is achieved. For example, glycerine obtained by
fat splitting is first chemically refined with limewater,
filtered, water evaporated, glycerine distilled, adsorption
using activated carbon and filtered again [4].

Technical glycerin obtained by evaporation of sweet
water is first refined with lime water. Fatty acids, fat and
other impurities are separated from the glycerin water.
After separating the precipitate by filtration, water with
glycerin is evaporated and technical glycerin is obtained.
Its concentration is around 78-86%, and it contains traces
of fatty acid, soap, alkali metal salts and other impurities
of oil. These substances determine the color, ash content,
density and clarity of glycerin. To obtain high-quality

70

CHOH  +

obtained initially. This glycerin is refined, water content
is reduced, and technical glycerin with a concentration
of 78-86% is obtained from it. To obtain high-quality
glycerin, glycerin is completely refined, and pure glycerin
with a concentration of more than 98% is obtained [6-10].
In addition, low purity of technical glycerin its use in
industry. The development of processes for the conversion
of technical glycerin into other value-added products is
being extensively studied, but is currently not widely
used in industry.

In Uzbekistan, glycerin is mainly obtained by
hydrolysis of fats. This method produces higher quality
and more glycerin than by saponification of fats.

Hydrolysis of fats is a chemical process based
on the reaction of three glycerides with water. Glycerine
and fatty acid are formed.

CH,OH

3RCOOH

CH,0OH

glycerin, it is necessary to reduce the amount of impuri-
ties in technical glycerin. For this, technical glycerin is
distilled and bleached in the industry. However, due to the
high energy consumption, the price of glycerin increases
and the competitiveness of glycerin decreases. Therefore,
the development of resource-efficient technologies for
glycerin refining is considered urgent.

Glycerin can also be refined by ion exchange [3].
The researchers tested the use of cations for the refining
of glycerin and studied the effectiveness of the cations.
These results indicated that impurities such as inorganic
salts and free ions were removed when the ion exchange
method was used.

Materials and methods

Technical glycerin obtained from JSC ‘Urganch’ by
hydrolysis of hydrogenated cottonseed oil was used for
the experiments. Cationite KU-2-8 was used for refining
of glycerin by ion exchange method. An 85% solution
of phosphoric acid was used in mineral acid treatment
processes.



UNIVERSUM:

Ne 1(115)

XUMUA U BMONOTrns

SIHBaphb, 2024 1.

Determination of the mass fraction of glycerol.

Any concentration or relative amount of glycerin in
a solution can be determined by the relative density of
the solution and the refractive index. The density of
glycerin was determined using a densimeter (DURAN)
and the refractive index was determined using a refrac-
tometer (Refracto 30GS) [11,12].

Determination of ash content.

The mass fraction of ash characterizes the presence
of mineral and mineral-organic compounds in glycerin.
The method is based on the removal of water and glyc-
erin from the product, making ash of the non-volatile
residue and ash recovery [11,12].

Determination of the mass fraction of non-volatile
organic residues

The difference between the amount of ash and the
amount of ash remaining after removing water, glycerin
and other volatile substances from the analyzed product
under certain conditions is taken as the index [11,12].

Determination of mass fraction of moisture and
volatile substances

The mass fraction of moisture and volatile sub-
stances in glycerin was determined by drying to a con-
stant mass in a drying oven [11,12].

Results

lon exchange technology was used to refine glycerin
without distillation. For this, technical glycerin is treated
with phosphoric acid and refined of its impurities. Then,
metal salts contained in glycerin are separated with
cationite.

The technical glycerin was refined with mineral
acid. For this, technical glycerin put into the flask. The
flask was then stirred and heated using a magnetic stir-
rer. Phosphoric acid was added to the flask and stirred at
a constant speed of 200 rpm for 1 hour. The mixture sep-
arated into layers of free fatty acid, glycerin and inor-
ganic salt. The first layer containing fatty acids was
separated by decantation and the salt precipitate was re-
moved by filtration. NaOH was added to the middle
layer containing glycerin and neutralized. After that, ob-
tained salts were separated.

The influence of technological parameters on the
processing of technical glycerin with phosphoric acid
was studied. In this case, the pH value was 2-6, the pro-
cess temperature was 30-70 °C, and the reaction dura-
tion was 20-60 minutes. The obtained results are
presented in Figure 1.
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Figure 1. Effect of process parameters on the change of glycerin concentration during the treatment
of glycerin with phosphoric acid

From the data in Figure 1, it can be seen that the pH
significantly affects the acid treatment process and the
quality of the obtained product. The highest values were
achieved at a pH value of 2, a temperature of 70 °C and
a process duration exceeding 40 minutes.
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Conclusion

In the following experiments, the glycerin obtained
under these conditions was refined by using a cationite.
For this, KU-2-8 brand cationite was placed in a glass
tube with a volume of 300 ml. The acid-treated glycerin
was passed through the column (25 °C). Glycerin delivery
rate was 20-60 ml/min and cation content were 20-60 g.
The obtained results are given in Figure 2.
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Figure 2. Effect of process parameters on the change of glycerin concentration during the treatment
of acid-treated glycerin with cationite

From the data in Figure 2, it can be seen that the
degree of purity of the obtained glycerin is inversely
proportional to the flow rate of glycerin and directly pro-
portional to the amount of cationite. Purity of glycerin
increased from 89% to 98% when cation content increased
from 20 g to 60 g. However, this increase value varied
depending on the glycerin flow rate. When the glycerin
flow rate increased from 25 mL/min to 75 mL/min

(20 g of cationite), the purity of the obtained glycerin
decreased from 89% to 87%. In summary, the optimum
amount of cationite in the process of refining glycerin
was 40 g and the glycerin flow rate was 25 ml/min.

In order to evaluate the effectiveness of the conducted
experiments, the physico-chemical properties of raw
glycerin, acid-treated and cationite-treated glycerins
were analyzed and compared (Table 1).

Table 1.
Physico-chemical properties of technical, acid-treated and cationite-treated glycerin
Indicators D|st(|ICI:%<1rl]tg;|J(3)/I(;er|n Technical glycerin | Acid treated | Cation treated

Glycerin content, % 98,4 78,5 88,3 98,1
Water and volatile substances content, % 1,1 2,1 2,4 1,7

Ash content, % 0,2 8,9 4,1 0,1

Color Colorless Brown Yellowish Colorless
Clarity Turbid Turbid Turbid Clear
Amount of non-volatile organic residue, % 0,3 10,5 5,2 0,1

It can be seen from Table 1 that technical glycerin
contains 78.5% glycerin, but the ash content, water con-
tent and non-volatile organic residues are high. This
glycerin corresponds to 3" grade 2" brand glycerin ac-
cording to GOST 6823. After treatment with phosphoric
acid, the glycerin content increased from 78.5% to 88.3%
and the water content increased from 2.1% to 2.4%, the ash
content increased from 8.9% to 4.1% and non-volatile the
amount of organic residue decreased from 10.5% to 5.2%.
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the water content decreased to 1.7%, and the amount of
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ABSTRACT

In the work, the amount of the selected catalyst binding component was determined for the process of heating
monochloromethane at high temperature in the absence of air. In order to determine the amount of the binding component
that is selected for the heating process of monochloromethane at high temperature in the absence of air, and the amount
of the binding component in the selective catalyst is selected for the purpose of determining the amount of the binding
component in the selective catalyst, the amount of the binding component in the selective catalyst increases the
concentration of the product and monochloromethane conversion. To implement the process, a catalyst bed reactor with a high
catalytic activity and a selective catalyst layer was used at a temperature of 430°C and a volumetric rate of 1500 coat -
The amount of binding component in the selective catalyst with high catalytic activity selected for the implementation
of the process was varied in the range of 30-70 mac.%. The physico-chemical properties of the synthesized, highly active
and selective catalyst selected for the process were studied.

The purpose of the work is to select a component with high catalytic activity and a selective catalyst, which is selected
for the process of heating monochloromethane at high temperature in the absence of air.

AHHOTALIUA

B pa60Te OIIPEACIICHO KOJIUYECTBO BI)I6paHHOFO CBA3YIOMICTO0 KOMITOHCHTA KaTajlu3aTopa HJId MIporecca HarpeBa
MOHOXJIOpMETaHa IPH BEICOKOH TeMIepaType B OTCYTCTBHE BO3AyXa. UTOOB! ONpeAeTNTh KOJMYECTBO CBA3YIOIMIET0 KOM-
MTOHEHTAa, KOTOPBIA BRIOMPAIOT JUI MpoIlecca HarpeBaHUS MOHOXJIOpPMETaHa MPH BBICOKOW TEMIIEpaType B OTCYTCTBHE
BO3aYyXa, U KOJIMYECTBO CBA3YIOMICTO KOMIIOHCHTA B CCJICKTUBHOM KaTaliu3aTope BBI6I/IpaI-OT C ICJIBIO OIPEACICHUA
KOJIMYECTBA CBA3BIBAIOIICTO KOMIIOHEHTA B CCJICKTUBHOM KaTajIn3aTope, KOJIMIECTBO CBA3YIOMICTO KOMIIOHCHTA B CEJICK-
TUBHOM KaTaJIM3aTOPC YBCIMYUBACT KOHUCHTPAUHIO MMPOAYKTA U KOHBCPCUIO MOHOXJIOPMETAHA. I[J'I?I pcajim3aumu 1Ipo-
necca uCroJIb30BajICd PEAKTOP CO CJIIOEM KaTajln3aTopa € BBICOKOM KaTaJIUTHYSCKOH aKTUBHOCTBIO U CEJICKTUBHBIM CIIOEM
KaTtanuzaropa rpu temneparype 430°C u o6bemHoit ckopoctr 1500 cnoit -1 . KonnuecTBo cBs3yromero KOMIOHEHTa B
CCJICKTUBHOM KaTaJin3aTope C BBLICOKOM KaTaJINTHYECKOI aKTUBHOCTBIO, BbI6paHHOM JUT peajin3alnu npouecca, BapbupoBajin
B mpenenax 30-70 mac.%. M3ydyeHbl PU3NKO-XUMUYECKHUE CBONCTBA CHHTE3UPOBAHHOTO, BEIOPAHHOTO IS IIpoliecca
BBICOKOAKTHUBHOI'O U CCJICKTUBHOI'O KaTajln3aTopa.

bubGmuorpadpuueckoe onucanue: Javharov J.J., Fayzullayev N.I. DETERMINATION OF THE QUANTITY OF THE
BINDING COMPONENT OF THE SELECTED CATALYST FOR THE PROCESS OF HEATING MONO-
CHLOROMETHANE AT A HIGH TEMPERATURE // Universum: XuMus ¥ OHOJIOTHSA : DJICKTPOH. HAYYH. KYPH.
2024. 1(115). URL.: https://7universum.com/ru/nature/archive/item/16614
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He.m, paﬁOTbI - HOHO6paTI> KOMIIOHEHT C BBICOKOM KAaTaJIMTUYSCKON aKTHBHOCTBHIO U CEICKTUBHBII KaTajau3aTtop,
BLI6paHHBII71 JJIg Ipouecca Harpe€Ba MOHOXJIOpPMETaHa pu BBICOKOM TeMIICPATypE B OTCYTCTBUEC BO3AyXa.

Keywords: monochloromethane, selective, catalyst, ethylene, propylene, reactor, binder.
KiroueBble cioBa: MOHOXJIOpMETAaH, CCJICKTUB, KaTaJIU3aTOp, 3TUWICH, IPOIUIICH, PCaKTOP, CBA3YIOMICC.

Introduction

Al>O3 which is used as a binding component, exhibits
catalytic activity when heating monochloromethane at
high temperature in a vacuum [1]. Monochloromethane
in Al,Oz has a high catalytic activity selected to carry out
the convective process and is typical and 1.5% during
500 minutes of operation of the selective catalyst.
Heating monochloromethane in Al.O; at a high
temperature in the absence of air results in the production
of acocan methane (85 mol.%), the lower molecular
unsaturated ethylene series hydrocarbons that are
precipitated, i.e. ethylene and propylene, and saturated
hydrocarbons C,-Cs.: in the amount of 15 mol.% does
not increase [2-5].

Testing monochloromethane in airless, high
temperature heating of Japan with microspheric YuKS-
30/Al,0; composition with high catalytic activity and
selective catalyst. Monochloromethane in airless high
temperature heating in Japan is effective for lower
molecular unsaturated ethylene series hydrocarbons, i.e.

ethylene and propylene. It is advisable to use a reactor
with a high catalytic activity and a selective catalyst
layer, designed for the process [6-8]. Heating
monochloromethane in an airless place at high temperature
is selected for the process, which has a high catalytic
activity and the development of a selective catalyst
with an Al,Os binder in an acocid with an Al,O3 binder
equal to 70:30 YuKTs-30:Al,03 is the process of the
YuKTs-30 acoci. A selective catalyst with high catalytic
activity was selected for implementation [9-13].

YuKTs-30/Al;0; microsphere with a volume of
40 cm 3 was prepared as a catalyst for the process of
heating monochloromethane in an airless place at high
temperature [14]. A selective catalyst with high catalytic
activity is selected for the process - 0.06-0.12 mm [15-16].

YuKTs-30/Al;0; mixture YuKTs-30-pure active
ingredient and YuKTs-30/Al,03; with high catalytic
activity selected for the implementation of the process
and combined with a selective catalyst were brought
(1- table [17].

Table 1.

Physico-chemical properties and composition of microspherical and YuKS-30/Al203 selective catalyst
with high catalytic activity selected for the process

No Measurement YUKTs-30 microspherical
t/p Multiplier beep is a pure active YuKTs-30/Al203 YUK Ts-30/AlOs
ingredient

1 |Shabasite phase scale % 100 60 60

2 | Linkage scope % macc. - 40 40

3 | Zip surface m? /g 610 526 535

4 |Poresize cmé/g 0.33 0.35 0.35

5 Amour_wt of acidic centers umol/g 1860 1510 1120

per unit volume

The information given in Table 1 shows that
YuKTs-30 with Al,O3 has a high catalytic activity selected
for the process, and the surface area of the selective
catalyst is much smaller than that of the pure active
component of YuKTs-30. The binding component tightly
weaves the YuKTs-30 microporous layer, as a result of
which Al;Os has a high catalytic activity selected for the
process, and the surface of the selective catalyst layer is
less dense than the pure active component. A decrease
in the amount of acidic centers per unit volume is also
associated with hyddi shy. Implementation of the process
in YuKS-30/Al03 microspheres in pseudo-dilution
furnace allows for an increase in monochloromethane
convection compared to the conversion in YuKS-30/Al;03
with a fixed layer [18-20].

Experimental part

The activity of the selective catalyst layer with high
catalytic activity selected for the process decreases

75

to different values during 500 minutes of operation:
in YuKTs-30/Al203 mikpofepas —36.8%, in YuKTs-
30/AI203-36.6% , which suggests a similarity in the
deactivation of the cell.

The observed reduction of monochloromethane
conversion in selective catalysts with high catalytic activity
is associated with changes in the physico-chemical
structure of YuKTs-30 due to the component of the binder
and its gpanylation process. The combination of pure
active ingredient - UKTs with high catalytic activity and
selective catalyst acid group selected for the
implementation of the process makes it possible to
reduce the observed decrease in the activity of the
product.

Mixing YuKTs-30 with a binding component does
not lead to a significant change in the quality of the
product, but when combined with YuKTs-30-pure
active ingredient, it strongly affects the amount of clay
per unit; the volume of YuKTs-30/ Al,QOs, it increased
the initial concentration of monochloromethane to 66%.
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In both cases, the activity of the catalyst with high
catalytic activity selected for the implementation of the
process, and with the increase in the selective catalyst
operating time, the activity of the catalyst with high
catalytic activity selected for the implementation of the
catalytic oxidative chlorination process of methane in
the presence of air oxygen in the presence of hydrogen
chloride for the implementation of the process is
observed. In YuKTs-30/ Al,O3; 500 minutes after the
start of the experiment, monochloromethane concentration
decreases to 42%, in YuKTs-30/SiO; it decreases to only
36%.

In YuKTs-30/Al;03 and YuKTs-30/SiO; in sample
the general selectivity for lower molecular unsaturated
ethylene series hydrocarbons, i.e. ethylene and propylene,
has high catalytic activity selected for the process and

= FOKLL-30/A1203 (70/30)

Metunxnopua KoHsepcuacu %
g

30 60 20 120

after 500 minutes of operation of the selective catalyst,
82 mol.% and reaches 75 mol.%.

Al>0Os, which has high catalytic activity and selective
catalyst, as a binding component, to carry out the heating
process at high temperature in an airless place.

Experimental results and their discussion

A series of experiments carried out a catalyst bed
process with high catalytic activity selected for the
catalytic oxidative chlorination of methane under the
influence of hydrogen chloride in the presence of air
oxygen to realize a stationary process at a temperature
of 430°C and a volumetric rate of 1500 coat-1 of
monochloromethane. Information about laboratory
experiments is in the following passage.

| FOKLL-30/Si02 (70/30)

Taxkpuba gaBoOMUNAUTU. MUH

Temperature 430°C, volume speed — 1500 coat *
1-YuKTs-30/Al 203 (70/30); 2-YuKTs-30/SiO 2 (70/30)

Figure 1. The dynamics of CN3Cl convective change depending on the duration of the experiment

Al>,O3 binding agent, which has high catalytic
activity and selected for the implementation of the
process is added to the selective catalyst composition,
which leads to a decrease in the activity of the catalyst.
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1%t pure component YuKTs-30; 2-Binding component Al20z ; 3-YuKTs-30(70) Al20z (30) 4-YuKTs-30 (30)/Al20z (70)

Figure 2. Depending on the duration of the experiment, a catalyst with high catalytic activity and a selective catalyst,
selected for the implementation of the type process, the binding component and the active component,
are the dynamics of the change of the CN3Cl condenser

According to the results of the research, the
interaction process of YuKTs-30 with the binder does
not cause a change in the product and its quality. Main
products is C, -Cs lower molecular unsaturated ethylene
series hydrocarbons, i.e. ethylene and propylene, and
secondary products is Ci1-Cs+ papafinlap. High catalytic
activity and selective YuKTs-30/Al,03 composition
were chosen for the implementation of the process in the
catalyst, with a simultaneous decrease in the polypropylene
concentration, a significant increase in the ethylene
concentration is observed, but in this case, the decreasing
tendency of the total concentration is reversed with an
increase in the duration of the experiment.

It should be noted that increasing the amount of the
binding component Al,O3 to 60 mac.% in a selective
catalyst with a high catalytic activity selected for the
implementation of the process causes a decrease in the
selectivity of ethylene production by no more than
5 mol.%.

The general selectivity of low molecular unsaturated
ethylene series hydrocarbons, i.e. ethylene and propylene
(ethylene, polypropylene) is present in YuKTs-30-pure
active ingredient and YuKTs-30(60)/Al,03 (40) is the
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