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BsaumogeiictBue o-kap6aHMOHA alerara JUTHS C
(R)-(—)-KapBOHOM TP HOPMAJDBHBIX YCJIOBUSAX
(20—25 °C) 11pu MOJIBHOM COOTHOUIEHUU PEareHTOB
1:1 mpuBoaur k o6pazopanuio [(5R)-1-ruapokcu-
2-MeTu1-5-(1-MeTUASTeHI ) - IIUKJI0reKC-2-eH-1-
WJT[-yKCYCHOI KHCTOTHI € BBIXOI0M 79% OT Teopern-
yeckoro. IIpu merammuposanun (R)-(—)-kapsona
LDA npu —10 °C B atmocdepe aprona B TT'D 06-
pasylorcst KapOaHHOHbI, B3aUMOJEHCTBIE KOTOPBIX
¢ AMOKCHIOM yriepoga gaer cMech (6R)-3-MeTni-
6-(1-MeTHIATEHN )-2-OKCOIUKIOTEKC-3-eH-1-0BOii,
(6S5)-2-rugpokcu-3-metun-6-(1-merunsrennn)-
nukaorexkca-1,3-guen-1-osoit u (65)-3-mernu-6-
(1-MeTuasTeHUN )-4-0KCOUKIOreKC-2-eH-1-0B0i
KHCJIOT ¢ CYMMapHBIM BbIXOZ0M 21% OT Teoperu-
4eCKOro.

Kaiouegovie cao6a: nuu3onponuIaMujl JIUTHUS;
o-KapOaHNOH aleTtaTa JHUTHs; KapOOKCUINPOBAHIE;
ketokucaora; (R)-(—)-KapBoH; MeTa/InpOBaHUE;
B-OKCHKHCTIOTa; YIJIEKUCIIBIN Ta3; yKCYyCHast KHCJIOTA.

Pa6oma evinoanena npu punancogoil
noddep.xxe Muno6pnayxu Poccuu e pam-
xax 6a3060il uacmu 20cyo0apcmeeHnozo 3d-
danusa (npoexm Ne49).

DyHKIMOHAIbHO-3aMellleHHble KapOOHOBbIE
KHUCJIOTBI SBJISAIOTCS MPAKTUIECKU BAKHBIMU TIPO-
JIIYKTaM#, MOCKOJIbKY O00JIaJIal0T COBOKYITHOCTHIO
IIEHHBIX CBOWCTB: MPOSBJSAIOT MIUPOKUN CIHEKTP
6MOJIOTUYECKOI aKTUBHOCTH, SIBJISIOTCS TpeJIle-
CTBEHHUKAMU MHOTUX OMOAKTUBHBIX COeMHEHNT,
B TOM YWCJI€ TIPUPOJHBIX U [IP.

TepreHOU/IbI, TOTyYEeHHbIE U3 PACTUTETHHO-
TO CBIPbSI, TAKXKE MPOSIBJISIOT OMOJOTHYECKYIO aK-
THBHOCTD Pa3JIMYHON HampasieHHocTH b 2,

Hara nocrynienus 08.02.16

Lithium acetate a-carbanion and (R)-(—)-carvone
interaction at 1:1 molar ratio of reagents under
normal conditions (20—25 °C) leads to [(5R)-1-
hydroxy-2-methyl-5-(1-methylethenyl)-cyclohex-
2-en-1-yl]-acetic acid formation with 79% yield
from theoretical. Metallation of (R)-(—)-carvone
with LDA at —10 °C under argon atmosphere in
THF gives a-carbanions. a-Carbanions inter-
action with CO, gives mixture of (6R)-3-methyl-
6-(1-methylethenyl)-2-oxocyclohex-3-ene-1-
carboxylic acid, (65)-2-hydroxy-3-methyl-
6-(1-methylethenyl)-cyclohexa-1,3-diene-1-
carboxylic acid, (65)-3-methyl-6-(1-methylethe-
nyl)-4-oxocyclohex-2-ene-1-carboxylic acid with
21% yield of theoretical.

Key words: acetic acid; carbon dioxide;
carboxylation; (R)-(—)-carvone; B-hydroxy acid;
keto acid; lithium acetate e-carbanion; lithium
diisopropylamide; metallation.
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Panee namu ® GbIJIO MOKA3aHO, YTO B3aNMO-
JeficTBre @-KapOaHNMOHA alleTarta JUTHUS, MOJY-
YEHHOTO METAJJINPOBAHNEM YKCYCHOU KHCJIOTHI
mmsonponunamugoM gutua (LDA), ¢ (—)-men-
TOHOM TIPU HOPMAJIbHBIX YCJOBHSIX NPUBOJIUT K
o6pasosannio [(2S,5R)-1-tugpokcu-5-mMeTna-2-
(1-MeTHIDTHII)-IIUKJIOTEKCUIT |-YKCYCHOI KrCJ10-
Thl, a B Peakiuu KapOOKCUJIUPOBAHUSA q-KapOa-
HUOHA, TTOJYYEeHHOTO MeTa/TnpoBaHueM (—)-MeH-
tona LDA mpu -10 °C B Teuenne 30 MUH, ANOKCH-
goM yraepoga o6pasyercs (3S,6R)-6-merui-3-
(1-MeTHIaTII )-2-0KCOIMKIOTeKCaHOBast KMCJIOTA.
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JIpyriM BasKHBIM TIPE/ICTABUTEIEM MOHOTEPIIE-
Hou0B siByisiercst (R)-(—)-kapBoH, copepsKanuiicst
B MacJie KosocoBoit Msitel (Mentha spicata) w mu-
POKO MCHOJIb3YIOMUIICS /1711 TPUTOTOBJICHNUST TTUTIIE-
BBIX 3CCEHINIl, JIUKEPOB, apoOMaTH3AINK 3yOHBIX
TACT U JKeBaTeJbHOI PE3MHKH, a TAK)Ke SBJISTIONINII-
Cs1 KOMIIOHEHTOM B OCBEJKUTEJISX BO3/yXa.

Hamu ¢ 1esibio co3zlanust MeTO/IOB CHHTE3a
GyHKITMOHATBHO-3aMelIeHHBIX KapOOHOBBIX KHUC-
JIOT M TIOMCKA HOBBIX OMOJIOTHYECKN aKTUBHBIX Be-
IIECTB OCYTIECTB/IEH CHHTE3 KapOOHOBBIX KUCJIOT Ha
ocHoBe (R)-(—)-kapsona [(5R)-5-(1-MeTunsTin)-2-
METHJIIUKJIOTEKC-2-eH-1-0Ha | ¢ HCIIOJIb30BaHIEM
peaKIuii IPUCOEMHEHNST €HOMIAT-AaHUOHOB TI0 Kap-
GOHMIBHOI TpyTIe 4 1 Kap6OKCHIMPOBAHNS MeTa-
JUPOBAHHBIX COEMHEHMH IMOKCHIOM yriepoaa > b,

l3BectHo !, 4TO @-MUTHUPOBAHHBIE COJIN
KapOOHOBBIX KHCJOT B3aUMOJIENICTBYIOT ¢ Kap6o-
HUJbHBIMHU COeAUHEHUsIMH ¢ obpa3oBaHueM f-
THJIPOKCUKUCJIOT, a MeTaJIupOBaHHbIe aaudari-
JecKue, aJKUIapoOMaTHYecKue yTJeBOAOPOIbl U
X QYHKIMOHAJIbHbIE TIPOU3BOIHBIE KAaPOOKCUITH-

PYIOTCS IMOKCUAOM YIIepofa ¢ o6pa3oBaHHeM
COOTBETCTBYIOINX KapGOHOBBIX KucI0T 513,

VcraHoBIE€HO, YTO B3aMMOJIEHCTBUE O-Kap-
Gannona arerara Jjutus (1a), mosydeHHOro Me-
TalIMpoBaHueM yKcycHoil kucaorel (1) aunso-
nponmnamugom autusa (LDA), ¢ (R)-(—)-kapso-
HoM (2) npu HopMasbHBIX yeaoBuax (20—25 °C)
Y MOJILHOM coOoTHOIeHnu pearentos (1):(2) =
1:1 npuBoaut K o6pasosanmio [(5R)-1-ruapokcu-
2-Metna-5-(1-MeTUI9TeHII ) -IIKJI0TeKe-2-eH-1 -
ui]-ykeycuoit kucaorsl (3) ¢ BbixogoM 79% ot
Teopernueckoro (cxema 1).

[Ipu metammmposanun (R)-(—)-kapsona (2)
LDA npu —10 °C B armocdepe aprora B TTD o06-
pasyrorcst KapOaHuoHbl 2a u 26, B3auMo/elCTBHE
KOTOPBIX C JIMOKCHJOM yTJIepoaa 4 Jaer CMech
(6R)-3-meTua-6-(1-MeTHI9TEHI )-2-0KCOIMKIO-
rekc-3-en-1-osoit (5), (65)-2-rugporcu-3-merma-6-
(1-Metunsrennn)-1mkaorekca-1,3-auen-1-osoit (6)
u (65)-3-merun-6-(1-MeTunsTeHn1)-4-0KCOIUKIO-
rexc-2-ed-1-oBoii (7) KUCIOT ¢ CyMMapHbIM BBIXO-
noM 21% or teoperndeckoro (cxema 2).

CHsCOOH 2LPA | i*CH,co0 Li*
1 la
O
HsC
la + —_—
1/CH3
CH,
2
Cxema 1
2
LDA
2a + CO, —>
4
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O O
H3C . H3C
H
2+ €O, > : CHs — : CHs
4
Li*C o ¢ HO Xp %
Cxema 2 56 7
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Kucmorsr 3, 5—7 BbIeIe€HBI U3 PEAKIIMOHHOI
cMecH 3KCTpakiueil cepHbIM ahupoM u uaeHTudu-
ILIMPOBAHBI C MCIOIb30BaHueM MeTozoB AMP '3C-
CIEKTPOCKOITUN U XPOMATO-MaCC-CIIEKTPOMETPHH.

B cnekrpax IMP '3C coemunennii 3, 5—7
MPUCYTCTBYIOT CHUTHAJbl XapaKTePUCTUYHDBIX
IPYyII aTOMOB yTJiepojia KapOOHOBBIX KHCJIOT.
ATOMBI yriiepo/ia KapOOKCUJIbHBIX IPYIIT PE30HN-
pyioT B ob6mactu 174—180 M.7., a -aTOMBI yTJe-
pozia, CBsi3aHHbIE ¢ KapOOKCUJIBHON TPYION, — B
nnanazofe 41—99 m.x. Curnan yriaepogHoTo ato-
Ma, CBS3aHHOTO C THAPOKCHUJIbHON Tpymmoi, B
kucaorax 3 u 6 gerexrtupyercs npu 72.84 u 98.96
M.Jl. COOTBETCTBEHHO.

Kucnorer § u 6 ABAAIOTCS TayTOMEPHBIMU.
Tak, a-atoMbl yriepoja, CBsSI3aHHbIE C KapOOK-
CUJIBHOW TPYTITION, AETEKTUPYIOTCS COOTBETCTBEH-
Ho 11pu 38.37 1 98.96 M. ;1. Curnasbl yriaepoaHbx
ATOMOB KHUCJIOTBI 3 TIPEUMYIIECTBEHHO PE3OHUPY-
10T B 60Jiee c1iaboM 110Jie TI0 CPABHEHUIO C aToOMa-
MU yTJIepoJia KUCTOTHI 6.

C 1enpio onpejiesieHNsT BO3MOKHBIX TyTel
MPAKTUIECKOTO HCIOJb30BAHUS CUHTE3WPOBAH-
HBIX COeJMHEHWI OCYIECTBJIEH WX CKPUHUHT Ha
Hajmure aHTuOAKTePHaJbHOM aKTUBHOCTU. B Jya-
6OPaATOPHBIX YCJIOBUSX TIPOBEAEHBI GHOIOTHYEC-

KKe MCIbITAHUSA CHHTE3UPOBAHHBIX COeUHEHUI
Ha ompe/ieseHne aHTHOAKTePUAIbHOI aKTUBHOCTH
Ha KyJbTypax rpamiojoxuteabibix (Micrococ-
cus luteus), rpamorpunarenbubix (Pseudomonas
putida) v rpamBapuatenbubix (Bacillus subtilis)
GaxkTepuii, KOTOpble 3aK/II0YaJiCh B BbIABICHUN
pocra mccaeyeMblX MUKPOGHBIX KyJbTyp Ha
yamkax Ilerpu ¢ nutaTeabHON cpenioii, Ha TTOBEP-
XHOCTb KOTOPOii moMemaauch GyMakKHble JUCKH,
o6paboTaHHble pa3HBIMU KOHIIEHTPAIUSIMU TECTU-
pyeMmbix coeauHenuii (ta6.).

B pesyJ/ibrare WCHBITAHUN yCTAHOBJIEHO, YTO
KapOOHOBbIE KUCJIOTHI, MOJTy4eHHbIe Ha ocHoBe (R)-
(—)-xapsona (3, cmecb 5—7), 00/1a4aI0T BBICOKOIL
aHTHGAKTEPUATbHON aKTUBHOCTBIO B OTHONIEHUH
TPaMIIOJIOKUTETBHBIX OaKTEePHil 1 cpefiHeil crnoco6-
HOCTBIO K MHIMOGMPOBAHUIO POCTA MPaAMOTPHIATE Ib-
HBIX OAKTEpHii, B TO BPEMs KaK B OTHOIICHUH IPaM-
BapuaGeTbHBIX GAKTEPUl OHU TPOSIBJISIOT yMepPeH-
HOE TI0/[aBJIEHNe POCTa NP KOHIIEHTPAILMAX TECTH-
pyembix coemauHennii 50—100 MKr/ M.

[IpoBeseHHbIE UCIBITAHKUS MOKA3aJd MOTEH-
[UAJIbHYIO BO3MOKHOCTD MCIOJIb30BAHMS JaHHBIX
COe/INHEHNI B KayecTBe JEHCTBYIONIMX BEIECTB
aHTHGAKTEPUATbHBIX MPenapaTos.

Tabnuua

OueHKa aHTUOaKTepuanbHO aKTUBHOCTU CUHTE3NPOBaHHbIX coeauHeHun (ycaosusa: t = 30 °C, 7= 48 4)

[nameTp 30H NoJaBneHns pocTa MUKPOOPraHU3MOB, MM

Micrococcus luteus Pseudomonas putida Bacillus subtilis
Coepurere MKr/Mn MKr/mMn MKr/mMn
100 50 25 12.5 | 100 50 25 12,5 100 50 25 125
H4C
21 17 14 10 17 13 10 0 14 10 0 0
Cwmecb 5-7:
O O
H4C.
20 16 13 10 17 15 12 10 13 10 0 0
HsC
..., -CHa
9
HO  So 7 @)
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IJKcnepuMeHTa bHASl YaCTh

Crnexrpel IMP '3C samucansr 8 CDCl; na
npu6ope Bruker AM-300 (pa6ouast wacrora 75.47
MTu), BayTpennuii crangapt — TMC. Xpomaro-
rpadpudecKuil aHaiIu3 TMPOAYKTOB TTPOBOAMIN HA
MpPOrpaMMHO-AIapaTHOM KOMILTeKce XPOMaTIK-
Kpucramn 5000.2 ¢ miaMeHHO-MOHU3AIMOHHBIM [le-
TEKTOpPOM, ras-nocurenb — remmid (1.1 mur/mMun),
KalmuIsipHast KOJIOHKA Restek RTX-5
(30Mx0.25MMx0.25MKM). VIcmob30BaIm mporpam-
MUPOBaHHbBIN TeMreparypHbiil pexxnm: 50—270 °C,
cropocTb mobeMa temmeparypbl 10 °C/Mun. Xpo-
MaTO-MacC-CIeKTPAJIbHbII aHAJIN3 MPOBOIMIN Ha
npu6ope GCMS-QP2010S Shimadzu (smexTpon-
Has wonu3anust npu 70 9B, nmuanazon gerekTupye-
MbIx Mace 33—350 /la). Vcnosp3oBanmm Kanmumwisap-
Hyto KoJoHKY HP-1MS (30Mx0.25MMx0.25MKM),
temmepatypa ucrnapuresasg 300 °C, temmepatypa
noHM3aoHHoI Kamepnt 250 °C. Ananus nmpoBou-
JIM, WCTIOJIb3YST TIPOTPAMMUPOBAHHBIN TEMIIEPATYP-
ubiii peskum ot 50 10 300 °C co ckopocteio 20 °C/
MUH, Ta3-Hocuteab — reqauii (1.1 mua/Mumn).

Merta/umpoBaHie YKCYCHOIT KHCJIOTBI OCYIile-
cTBAAIN 1o MeToanke 4. B Tpexropayio ooy,
CHAGKEHHYI0 MATHUTHOM MeITaKOH, TEPMOMETPOM
U Ta30NoABOJANIENl TPYyOKOil B aTMocdepe aproHa
nomeniain 0.01 moap LDA B 30 M aGcosrtoTHOTO
TI® n oxuaxkgaum Ha JeagHoi 6ane mgo 0—5 °C,
nocJsie 4ero npu repemenmBannu g1o6asssim 0.005
MOJIb YKCYCHOW KHCJOTBI, pacTBOPeHHON B 20 M
a6comorHoro TIM. PeakimonHyio cMech HarpeBau
10 35—40 °C u nepemenmBain 30—40 MuH, 3aTeM 0X-
gasknam o 0—35 °C.

Peakius enossita anerara Jutus ¢ (R)-(—)-
kapBoHOM. K pactBopy 0.005 Mosb eHOsIsATA atle-
tata jutud B D0 mu TTD pobasaganau 0.005 moub
(R)-(—)-kapBona, pacrsopennoro B 20 My a6co-
giotHOTO TT'MD, 1 MepememnmuBaanu B TedeHne 24 4
npu KoMHaTHoii Temuepatype. Ilocse 3aBepriie-
HUS peakiu B oxyaxaernyio g0 0 °C peakiinon-
Hyt0 cMech 06aBsan 30 MJT BOJBI U TIepeMeIi-
Basu B redenne 30 muH. BogHblii cyioit 06pabaTsi-
BaJii cONIHON KucaoToil 1o pH=1 u skcrparupo-
BaJu JUaTHIOBBIM aupom (3x30 mu). IdpupHbie
BBITSoKKM cymuan Na,SO,. [locne ymapuBanus
aupa MPOAYKT peakiuu aHATU3UPOBATH METO-
JIOM Ta303KUKOCTHOI XpoMaTorpaduu U MIeHTH-
dunmpoBasn MeToJaMU MacC-CIIEKTPOMETPUU H
AMP 13C-cnexrpockonun.

MeraamupoBanue (R)-(—)-kapBoHa au-
H30NPONUJIAMHUAOM JUTUA. B Tpexropiyio kosly,
CHAOKEHHYI0O MATHUTHON MENTaJKON, TepMOMET-
pOM U TaszomnojBosdIlell TPyOKOil, B atMocdepe
aprosa nometnaau 0.005 moup LDA B 30 M1 abco-
amotHoro TI'®D un oxnaxkaamm qo 0—5 °C Ha nens-
HOIl 6aHe. 3aTeM IIPH IepeMeNInBaHUK [T0aBajIn

0.005 momp (R)-(—)-kKapBoHa, PacTBOPEHHOIO B
20 ma TT'®D. PeaknnoHHYIO CMeCh BbIJIEPKUBAIN
npu —10 °C B teuenue 25—30 MuH.
B3aumogeiictBue merasmpoBanHoro (R)-
(—)-KapBoHa ¢ IMOKCHIOM yriepoja. Yepes no.y-
YyeHHbI pacTBOp enonaT-annona (R)-(—)-kapsona
B 50 M1 TTD 6apboTpoBasn yriaeKuCIbIil a3, ocy-
IIIEHHbI KOHIIEHTPUPOBAHHON CEPHON KUCJIOTOM,
nojytepsxuBast temneparypy —10 °C. Bap6orupoBa-
HUE TPOJIO/IKAIN [I0 TPEKPAIleHNsT TOTJIONEHMS
CO, u Boiziesienus Tetia. [locie 3aBepiiienus peak-
MU B PeaKIMoHHyI0 cMech jao6aBism 30—40 M
JIUCTUJLIUPOBAHHON Bobl. BomHbiil cioit o6pabda-
TBIBAJIU COJISTHOM Kucaotoit 1o pH=1 u skcTparupo-
Basn AMaTUIOBBIM adupoM (3x30 mir). Iduptbie
BBITSKKM cymuan NaySOy. [locne ymapuBanus
adupa NPOLYKT PeaKIny aHATN3UPOBATIA METO/IOM
ra303KUIKOCTHON XpoMaTorpadmy u uaeHTuduIm-
poBaJIM MeToJlaMu Macc-criektpomerpun u AMP
13C-crexrpockommm.
[ (SR)-1-ruapokcu-2-metui-3-(1-MeTuasre-
HUJT )-IUKJIOTE€KC-2-eH-1-H]-yKCcycHasi KHCJIoTa
( 3): Cnextp AMP 13C (8 CF3COOH+CDClj,
Sc, M. 1.): 16.88 (1C, CHj3); 20.54 (1C, CHy);
30.78 (1C, CH,); 39.44 (1C, CH); 40.73 (1C,
CH,); 41.69 (1C, CH,C=0); 72.84 (1C, COH);
109.45 (1C, CH,=C); 125.14 (1C, CH,=C);
136.17 (1C, C); 148.27 (1C, C=CH,); 176.79
(1C, C=0). Macc-cuekrp, m/z Iy, %): 152
(30), 133 (50), 132 (62), 123 (29), 109 (100),
107 (33), 105 (52), 95 (24), 93 (47), 91 (44), 82
(72), 81 (24), 79 (28), 77 (25), 67 (24), 55 (25),
533 (25), 43 (43), 41 (48), 39 (31).
(6R)-3-meTun-6-(1-MeTHIITEHHT )-2-0KCO-
nuKJorekc-3-en-1-osas kucaora (d): Crexrp
AMP 3C (8 CF3COOH+CDCl;, 8¢, M. 1.):
15.98 (1C, CHjy); 20.47 (1C, CHy); 31.20 (1C,
CH,); 42.40 (1C, CH); 58.37 (1C, CHC=0);
113.07 (1C, CH,=C); 135.39 (1C, C); 144.91
(1C, CH,=C); 145.24 (1C, C=CH,); 176.28
(1C, C=0); 194.43 (1C, C=0).
(6S)-2-ruapokcu-3-metuia-6-(1-meruasre-
HILT )-TIUKJoreKca-1,3-1uen-1-oBas kuciaora (6):
Crnektp IMP '3C (8 CFsCOOH+CDCl3, 8¢, M.
n.): 17.78 (1C, CHjy); 22.00 (1C, CH3); 26.83
(1C, CH>); 35.15 (1C, CH); 98.96 (1C, CC=0);
110.97 (1C, CH,=C); 136.20 (1C, C); 141.20
(1C, CHy=C); 144.52 (1C, C=CH,); 174.03
(1C, C=0); 176.37 (1C, COH).
(6S)-3-metu-6-(1-MeTHIAITEHNT )-4-0KCO-
mHUKJoreKc-2-eH-1-oBass kucaora (7): Crekrp
AMP 13C (8 CF3COOH+CDCl3, 8¢, M. 1.):
15.65(1C, CHj3); 19.79 (1C, CHjy); 36.20 (1C,
CH); 38.63 (1C, CHy); 43.03 (1C, CHC=0);
111.96 (1C, CH,=C); 142.37 (1C, CH,=C);
144.43 (1C, C=CH,); 145.24 (1C, C); 177.95
(1C, C=0); 200.99 (1C, C=0).
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BolmosiHeHbl aHAJIN3BI TTPOMBIIIIEHHBIX 06Pa3I0B
ryapoHa u octarka Buc6pexunra AO «TAHEKO».
[Tpu aT™MocdepHOil eperoHKe ocTaTka BUCOPEKUH-
ra noJiyueH yTsiKeJeHHbII 06pa3el] KPeKUHT-0CTAaT-
Ka, a npu arMocdepHOo-BaKyyMHOIl meperoHke —
BaKyyMHUPOBaHHbIII KpekuHr-ocratok. Ha a6opa-
TOPHOI yCTaHOBKE KOKCOBaHUsI ObLIH CMOJETHPO-
BaHbI NMPOAYKTbI KOKCOBAHUS UX B OTAEJbHOCTHU
U B CMECH C IIPOMBINIJIEHHBIM 06PAa3I[OM I'yIpOHAa B
Pa3JUYHBIX COOTHOIIEHUsIX. PaccMorpeHue pas-
JINYHBIX BAPUAHTOB C YUETOM CYIIECTBYIOIIUX YCTA-
HOBOK mNepepaboTKU TYJPOHA MOKA3aJIl BO3MOXK-
HOCTD yBesnueHus: obbemMa nepepaboTku HedT HA
AO «TAHEKOs».

Katoueavte caioga: arMochepHO-BaKyyMHas Iie-
PEroHKa; BaKyyMHPOBAHHBIN KPEKUHT-OCTATOK;
I'YJIPOH;0CTaTOK BUCOPEKMHTA; CEKIIUS BaKyyMHOI
MEPEroHKH:ChbIPbe KOKCOBAHUS, YCTAHOBKA BUCOPE-
KIHTa; YCTAHOBKA 3aM€/[JIEHHOTO KOKCOBAHUS; yTsi-
JKEeJIEeHHDIH KPEKUHT-OCTATOK.

ITepcuexktuBubiMu nmanamu ITAO «TAT-
HE®Tby na AO «TAHEKO» nnanupyertcs no-
BeJleHUe MOIIHOCTU TIEPBUYHON MepepaboTKH He-
bt 10 14 man 1/Ton L. Tlpu sTOM OXxmmTaeMoe
KOJIMYECTBO TyJ[POHA, BbIPA6aThIBAEMOTO Ha
IJIOY-ABT-7 (cymecrsyomas) u Ha IJIOY-
ABT-6 (noBas) cocraBut 4.1 MaH T/TOZ.

Jl1st mepepaboTKY TyAPOHA € CYIIECTBYIOIIEeH
AJIOY-ABT-7 na AO «<TAHEKO» 1o npoexry
I'VII MHXII Pb nmoctpoena B 2011 r. xpymHO-
TOHHA)KHAsA yCTaHOBKa BUcOpekuHra (IpoekTHast

Hara nocrynienus 17.02.16

The analysis of tar oil and visbreaking residue
industrial samples of JSC TANECO was
performed. The heavy cracked residue sample was
obtained at atmospheric distillation of
visbreaking residue, and the vacuum-treated
cracked-residue was obtained at atmospheric and
vacuum distillation. In the laboratory setup the
products of coking were modeled as well
individually as mixed with industrial sample of
tar oil in different ratios. The consideration of the
various options, taking into account existing tar
oil processing units, showed the possibility of
increasing the volume of oil refining at JSC
TANECO.

Key words: atmospheric and vacuum
distillation; coking feedstock, delayed coking
unit; tar oil; vacuum distillation section; vacuum-
treated cracked-residue; visbreaking unit;
visbreaking residue; heavy cracked residue.

MOITHOCTh — 2400 THIC. T B IO IO CHIPHIO), KOTO-
pas o6ecmeuynBaeT YTHJAM3ANNIO TYApPOHA C
DJIOY-ABT-7 B Bujie KOTEIbHOTO TOILINBA 2,

C nenpio yraybaenus nepepaboTku HedTH
Ha AO «<TAHEKO» B 2016 r. nanupyercs ocy-
MEeCTBUTH HepepaboTKy TyJApoHa Ha yCTaHOBKeE
3ameieHHoro kokcosanusi (Y 3K) MoruHocTbIO
2000 TtpIic. T. B Toa 1o cbipbio. IIpoekt Y 3K BBI-
nonen OO0 «JIYKOWJI-Huxeropoanunned-
TerpoexTs 1o sunensun I'YIT MHXII PB 3,

[Ipo6aeMa yTuaM3anuu JONOJHUTEIbHBIX
06BEMOB TY/I[POHA, KOTOPbIe OyIYyT TOJyYEHbBI
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nmocse BBoja Ha AO «TAHEKO» noBoit JIOY-
ABT-6, TpebyeT paccMOTpeHUs BapUaHTOB Pallii-
OHAJBHOTO WCIMOJb30BAHUS MOIHOCTEN CyIie-
CTBYIOIIEHl YCTAHOBKHM BUCOPEKUHTA U CTPOSIIEii-
ca Y 3K, yunursiBagd, uto B nambuennieM AO «TA-
HEKO» nmanupyeTr BBeCTH B 3KCILIyaTallWio
YCTAaHOBKY THPOKOHBEPCUUTYAPOHA MOTHOCTHIO
2500 ThIC. T/TOJ O CHIPHIO.

B mamnoii crarbe mpecTaBIeHDBI PE3yIbTAThI
9KCIIEPUMEHTATBHON TTPOPAGOTKU PAa3JNUHbIX Ba-
puantoB mepepabotku tyapona ¢ AJIOY-ABT-7
u IJIOY-ABT-6 ¢ ucnosib3oBaHUEM MOIIHOCTEN
YCTAaHOBKM BUcOpeKuHTa 1 crposmieiica Y 3K.

I'YII UHXII PbB 661 BbITIOJNHEH KOMILTIEKC
AKCIIEPUMEHTATBHBIX WCCIE/IOBAHUN HA MUJIOTHBIX
1 Ja60OPAaTOPHBIX YCTAHOBKAX C 1I€JIbI0 BBISICHEHUS
BO3MOKHOCTH TIepepaGoOTKH TY/IPOHA B KOJIMYECTBE
4.1 mun t/Tox Ha AO «TAHEKO» 110 11ycka B 9K-
CIUTyaTaIAI0 YCTAHOBKU TH/IPOKOHBEPCUH.

Brauasie mHCTUTYTOM OBLJIN BBITIOJIHEHDBI aHA-
Ju3bl 06pas3ioB MPob TyIPOHA W OCcTaTKa BUCOpe-
kuHra, oro6pannbix AO «TarnedTby.

OcHOBHbBIE KayecTBeHHbBIE MOKa3aTegn Tpod
ryapora AO «TAHEKO», cyas no pesyabratam
aHAJM30B 1IPp00, OTOOPAHHBIX B PAa3JIMYHbIE IIEPHU-
o/1bl, 3aMeTHO Kosie6morea (tabr. 1).

B tabs. 2 mpescraBienbl pe3yJabTaThl aHAJU-
308 mipo6 ocratka BucOpexknara AO «TAHEKO»,
TakKKe OTOOPAaHHBIX B Pas/iMUHbIE IEPUOIbI Pabo-
ThI YCTAHOBKKM BUCOPEKUHTA.

W3 mpencraBieHHBIX JAaHHBIX BUJHO, UTO
06pasIiibl MPOMBIIIJIEHHOTO OCTAaTKa BUCOPEKUHTA
nmerot maotaocTh 1005.4—1007.0 kr/M%, Kokcye-
moctb 20.2% wu comepskaHue cepbl — 2.8—
3.1 %.Ux kunemarnueckas Bsiakoctb mpu 100 °C
Mensercsa B npeaenax 83.7—88.1 cCr.

[Toce atoro nuctuTyTOM TIpH atMocdepHoit
neperoHke ocrtarka BUCOPEKMHTa B jabopaTop-
HBIX YCJOBUAX ObLT TOJyYeH yTIXKeJeHHbIN o6pa-
3el] KPEeKMHT-0CTaTKa, a npu aTMoc(epHO-BaKy-
YMHOI TTepeToHKe — BaKyyMUPOBAHHBIN KPEKWHT -
ocratok (ta6n. 3).

B rabu. 4 npuBejeHbl XapaKTePUCTHKH JIHC-
TUJIISITHBIX TIPOJYKTOB, MOJYYEHHBIX MPU aTMOC-
(bepHO-BaKyyMHOI TleperoHKe OCTaTka BHUCOpe-
KIHTa Ha JJab0paTOPHOII yCTAHOBKE.

Wcxoas u3 mpoMBITILIIEHHOTO 06pasiia Tyapo-
Ha U HapaGOTaHHBIX OOPA3IOB YTIKEJEHHOTO U
BaKyyMUPOBAHHOTO KPEKWHT-OCTATKOB, Ha Ja6o-
partopHoil ycranoBke kokcoBanus ['YII MHXII
Pb 6butn cMoempoBaHbl MPOAYKTBI UX KOKCO-
Banus. Ilokasaresn KadecTBa MPOJAYKTOB KOKCO-
BaHUs IPeACTaBIeHbl B Ta0I. 5.

[To pesynbraTam armocdepHoit 1 atMocdep-
HO-BaKyyMHOW TIEPETOHKU OCTaTKAa BUCOPEKUHTA,
a TakyKe KOKCOBAHM TYJPOHA, YTSIKEJIEHHOTO 1

BaKyyMHPOBAHHOTO KPEKMHT-OCTATKOB OBLIH pac-
CMOTPEHBI Pa3JUYHble BapUAHTHI MepepaboTKn
ryapora Ha AO «<TAHEKO».

boin paccMoTrpen BapuaHT mosrydeHus Ha yc-
TAHOBKEe BHCOPEKMHTa YTSXKEJEHHOTO KPEeKWHT-
0CTaTKa, a Ha HOBOI CEKIMU BaKyyMHON MeperoH-
K — BaKyyMHPOBAHHOTO KPEKMHT-OCTATKA.

[Tpn orenke BapuaHTa MOJyYeHUS YTSKETEH-
HOTO KPEKMHT-OCTaTKa Ha yCTaHOBKE BUCOPEKMHTa
OCHOBHBIM KpHTEpHEM ee paboTbl ObLIA BO3MOK-
HOCTD TIOJTyYeHNSI Ha YCTAHOBKE KOTEJIHHOTO TOTLIH-
Ba 6e3 MCII0JIb30BaHUs BHEIITHETO Pa3baBUTeis.

B tabu. 6 npuBejeH pacueTHbI MaTepHasib-
HbIiT 6AJIAHC YCTAHOBKU BUCOPEKWHTA TIPH TIOJIY-
YeHUN YTSKeJTeHHOTO KPeKMHT-OCTaTKA.

PesysbraThl aHAIM30B OCHOBHBIX KaueCTBEH-
HBIX TOKa3aTeslell cMecell yTAXKeJeHHOTO Kpe-
KIHT-0CTAaTKa W JIETKOTO Ta30MJs, MO3BOJISIONINX
IPUTOTOBUTDH KOTEJIbHOE TOMJIWBO (€3 ydacTus
BHEIIHETo pa3baBuTesisd, IpUBeIEHbI B Ta6J. 7.

B pesyabTare peasmsaiun mpoiiecca Bucope-
KUHTA C JIONOJHUTEIbHBIM BBIBOJIOM JIETKOTO Ta-
30iias1 (B CTPUINIMHT) NPOAYKTaMK Ha 3TOM ycTa-
HOBKe OyJyT TOILIMBHDBIN Ta3, CePOBOOPO/, CTa-
6usbHas HadTa, KoTeabHoe TOmIMBo (cMech yTs-
JKEJIEHHOTO KPEKMHI-0CTaTKa U JIEFKOTO Ta30Mmist)
1 U3OBITOYHBIN YTAKeNEeHHbIH KPEKUHT-OCTATOK,
HarpasJsieMblil Ha crposirytocst Y 3K.

[lanee 6bl1 TakKe pacCMOTPEH BapHWaHT TIO-
JIydeHUs BAKyyMUPOBAHHOTO KPEKWHT-OCTATKa,
peasn3yeMbIil Ha OTAENbHON CEeKIINN BaKyyMHOI
MEPErOHKN OCTAaTKa BUCOPEKWHTA NPH COXpaHe-
HUU CyTecTByIomell KOHPUTYpaImi yCTaHOBKI
pucOpekudra (6e3 BbIBO/A JIETKOTO ra3oiiis).

B rabu. 8 npuBejeH pacueTHbI MaTepHasib-
HbIIl GaJlaHC yCTAaHOBKM BUCOPEKUHTA.

B rabu. 9 npuBejeH pacueTHbI MaTepHasIb-
HbIIl 6aslaHC CEKIMM BAKYYMHOH MEPEroHKU OcC-
TaTKa BUCOPEKHUHTA.

[lomosiHUTENIBHO OBLIN PACCMOTPEHBI BapH-
AHTBI WCIIOJb30BAHMUS BAKyyMHUPOBAHHBIX Kpe-
KUHT-OCTATKOB, MOJYYaeMbIX HA CEKIINU BaKyyM-
HOIi TIEPETOHKH U3 YTSKEJEeHHOTO KPeKNHT-0CTaT-
Ka WM OCTaTKa BUCOPEKWHTA, BBIBOJUMBIX C yC-
TAaHOBKN BUCODEKWHTA, B KAaYeCTBE CBIPbEBBIX
koMnoHeHTOB Y 3K B cMecu ¢ TyapoHOM, Tpu
3TOM JIETKUHM W TSKEeJbI BaKyyMHBIE Ta30Mu,
MOJTyYeHHbIEe HAa CEKIMW BAaKyyMHOU TEPeroHKH
ocTaTKa BUCOPEKMHTA, PACCMAaTPUBAIOTCS KaK [10-
MOJIHUTEJIbHBIE CcbipbeBble pecypchl HA AO «TA-
HEKO» nns ycTaHOBOK THIPOOYUCTKU W THIPO-
KPEKUHTA JUCTHIISTHOTO ChIPbS.

OcHOBHBIE XapaKTePUCTUKN CMeceil Bakyy-
MUPOBAHHOTO KPEKUHT-OCTaTKa W TyJAPOHA MpHU
UX Pa3JUYHBIX COOTHONIEHNSX B CyMMapHOM CBbI-
pbe KOKCOBaHUs TpuBeneHbl B Tabu. 10.
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OCHOBHblIe Ka4eCTBEHHbIe Noka3aTenu nNpob ryapoHa

Mokasatenu MpombilwneHHbI 06pasel rygpoHa

Mpo6a 1 Mpoba 2 Mpoba 3

MnotHocTb npu 20°C, Kr/m° 1016.7 1014.5 1021.0
KokcyemocTb, % 21.4 17.9 19.4
CopepxaHue cepbl 2.82 2.61 2.71
Bsiskoctb, BYbBso, C 606 187.5 257
Temnepatypa pasmsirdyeHus no Kulll, °C 43.0 34.5 36.5

Cogaepxxanue, ppm

- BaHaausa 200 190 210
- HUKens 140 120 100
CopgepxaHue 3onbl, % 0.13 0.34 0.38

OCHOBHbIE Ka4eCTBEHHbIe NoKa3aTeNun ocTaTka BMCﬁpeKMHra

Mokasartenu Mpobbl ocTaTka BUCOPEKUHra
Mpo6a 1 MMpoba 2 Mpo6a 3
MnoTHocTb npu 20°C, kr/im® 1005.6 1005.4 1007.0
KokcyemocTb, % 20.2 20.2 20.2
CogaepxaHue cepbl,% 2.82 3.05 3.10
BsiskocTb, BYBgg, C 11.3 12.0 11.1
KuHemaTunyeckas Bsiskoctb npu 100 °C, cCTt 83.7 83.7 88.1
CopepxaHue 3onbl, % 0.55 0.29 0.24
Temnepatypa Bcnbiwku, °C 171 170 140

Tabnuua 1

Tabnuua 2

Tabnuua 3

OCHOBHbIE Ka4YeCTBEHHblIe NoKa3aTeJiu YTAXENIEHHOIro KPpeKMHr-octatka u¥ BakyyMMpoBaHHOIo
KPEeKMHr-octaTtka, NnoJiy4eHHbIX Ha JlJabopaTOpPHOI yCTaHOBKe

Mokasartenu J1ab. obpaseL J1a6. o6paseL
YTSKENEHHOro BaKyyMUPOBaHHOIO
KPEKMHr-ocTaTtka KPEKMUHr-ocTaTtka
MnoTHocTb npu 20°C, kr/im® 1027.5 1069.9
KokcyemocTb, % 22.4 29.2
CopaepxaHue cepbl,% 2.97 2.74
BsiskocTb, BYbBso, C 178 He TeyeT
Temnepatypa pasmsardenus no Kulll, °C 33.5 70
CopepxaHnue, ppm
- BaHaaus 230 250
- HUKens 120 140
CopgepxaHue 3onbl, % 0.51 1.34
Temnepartypa Bcnbiwwku, °C 267 341

Tabnuua 4

XapakTepucTuka AUCTUNNISTHbIX NPOAYKTOB, NOJIYYEHHbIX NP aTMOocPepHO-BaKyyMHOMN
neperoHkKke octaTtka BUCOpekuHra Ha nabopaTopHOl ycTaHOBKe

Mokasartenu 3HaveHne
TNlerkun rasonnb
- nnoTHOCTb npu 20°C, kr/m® 862.5
- copepxaHue obuien cepbl, % 1.64
- nogHoe 4ucno, rly/100r. 24.8
- KokcyemocTb No KoHpaacoHy, % ( 10% ocTtaTok) 0.33
- BagkocTb npu 100°C, cCr 1.28
- TemnepaTtypa 3acTtbiBaHus, °C -16
- TemnepaTypa Benbiwkun, °C 64
BakyymHbIV razonnb
- NnoTHocTb npu 20°C, kr/m® 939.2
- KokcyemocTb No KoHpaacoHy, % macc. 0.45
- copepxaHue cepsbl, % 2.27
- cofepxaHve BaHagus, ppm 0.3
- coiepxaHvie HuKens, ppm 0.3
- cogepxaHue asoTta, ppm 6000
- BA3KOCTb KnHemaTmnyeckasi npy 100°C, MmZ/c 6.1
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Tabnunua 5

Oxupaemas xapakTepucTuka NnpoaykToB, MNOJIYy4E€HHbIX NPU KOKCOBaHUU
CbipbeBbIX KOMNOHEeHTOB Ha Y3K

42

Oxvpgaemble nokasaTenu npouecca
HanmeHoBaHue npoaykra, SHaeHue
nokasarternen kauecTBa, eanH1Lbl U3MepeHnst Mpom. Jab. obpase sakyymm- J1ab. obpaseu
obpasel POBAHHOIO KPEKMHTI- YTSDKEINIEHHOro
ryopoHa ocTaTtka KPEKUHr-ocTaTka
1.Kucnbin yrneBogopoaHbIn ras
- KOMMNOHEHTHbIN cocTaB, % Mac.:
- BOOopos, 0.65 0.95 0.66
- CepoBoaopoa 9.04 8.19 8.02
- MNOTHOCTb, KI/M 1.383 1.159 1.238
2.Hadpta (HecTabUnbHbLIN GEH3UH)
- nnoTHocTk npu 20°C, kr/m® 745.4 7401 752.7
- cogepaHue obuien cepbl, % Mac. 0.66 0.47 0.71
- cofepXaHne MepkanTaHoOBOW cepbl, % Mac. 0.031 0.018 0.013
- cogepaHue asoTa, % mac. 0.026 0.035 0.020
- nogHoe umncno, r lo/100r 75.8 55.2 83.41
- bpakuMoHHbIN cocTaB, % 06.
- Ha4yano kuneHus, °C 47 55 48
- 5% BbikMnNaeT npu 69 74 71
- 10% BbIkMNaeT npwu 82 95 84
- 50% BbIKMNaET npwn 126 130 128
- 90% BbIKMNAET npwu 170 172 173
- 95% BbIKMNaET Npwn 181 185 183
- KOHeL, kuneHus, °C 186 196 188
- BaskocTb npu 20°C, cCt 0.73 0.74 0.77
3. Ilerkui rasonnb KOKCOBaHUA
- MNOTHOCTb Npu 20°C, kr/m® 852.3 841.25 850.8
- cogepaHue obuien cepbl, % mac. 1.87 1.55 1.82
- cofepXaHne MepkanTaHoOBOW cepbl, % Mac. 0.0071 0.0135 0.010
-cogepxaHue a3oTa, % Mac. 0.086 0.074 0.071
- nogHoe umncno, r lo/100r 47.9 31.6 58.59
- bpakuMoHHbIN cocTaB, % 06.
- Havano kuneHwus, °C 159 148 160
- 5% BbIkMNaeT npu 178 168 174
- 50% BbIKMNaeT npwu 258 243 259
- 90% BbIkMNaeT npu 318 315 319
- KOHeL kuneHus, °C 339 342 325
4.TsXenbin ra3onnb
- NNoTHoCTb npu 20°C, kr/m® 930.9 932.8 934.0
- kokcyemMocTb no KoHpagacoHy, % mac. 0.61 0.57 0.27
- cogepxaHue cepbl, % 2.16 2.29 2.52
- opaKuMOHHbIN cocTas, % 00.
- Ha4yano kunexus, °C 330 332 333
- 5% BbIKMMAET npu 342 363 367
- 50% BbIkMNaeT npu 376 396 396
- 90% BbIKMNaET npu 430 449 423
- KOHeL, kuneHus, °C 472 482 467
5.HedTsAHOM KOKC
-BbIX0[ NeTy4umx BellecTts, % mac. 12.0 12.0 12.0
-cogepxaHue cepsbl, % mac. 3.54 3.29 3.38
-cogepxaHue BaHagus, % mac. 0.08 0.09 0.082
-cogepxaHue xenesa, % mac. 0.09 0.05 0.10
-cogepaHme KpeMHusi, % mac. 0.05 0.045 0.030
Tabnuua 6

PacuyeTHbIi MaTepuanbHblii 0anaHC YyCTaAaHOBKU BUCOpeKunHra

MNP NOJIYYEHUUN YTAXENIEHHOIro KpekKuHr-octaTtkKa

Chblpbe, NpoAyKThI % mac.
Cbipbe: ryapoH 100.00
MpoAayKTbl:
1.YrneBogopoaHbi ras 2.5
2. HectabunbHblii 6eH3NH 4.5
3.Jlerkuin rasonnb (KOMNOHEHT KOTENbHOIO TONNMBA) 14.3
4.YTAKeNeHHbIN KPEKUHr-0CTaTOK (KOMMOHEHT KOTEMbHOro Tonnmaa) 47.9
5. YTsKeNneHHbIV KPEKMHI OCTaTOK Ha CEeKLMIO BaKyyMHOW NEPEroHKu 30.8
Wtoro 100.0
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Tabnuua 7

OCHOBHbIE Ka4eCTBEHHbIe NOKa3aTeNIu CMecem YyTAXEeNEeHHOro KPpeKMHr-octaTtka m nerkoro
rasonng (KoTesibHOe TOMJIUBO)

[NokaszaTtenu CmMecm yTsXKeneHHOro KpeKMHr-octTaTka W Nerkoro rasonng
Mpoba 1 Mpoba 2 Mpob6a 3
MnoTtHocTb npu 20°C, Kkr/m° 998.1 989.9 997.8
KokcyemocTb, % 16.5 16.2 18.4
CogepxaHue cepbl,% 2.51 2.46 2.49
BsiskocTb, BYbBso, 5.5 5.0 6.9
Kunematuyeckas Baskoctb npu 100 °C, cCt 32.6 37.7 47.2
CopepxaHue 3onbl, % 0.10 0.12 0.31
TemnepaTypa BCMbILLK/ B OTKPbITOM TUrne, °C 110 155 124
Temnepartypa 3actbiBaHus, °C - +3 +5
Tabnuua 8 Tabnuua 9

PacuyeTHbIii MaTepuanbHbIiA 6anaHc
YCTaHOBKU BUCOpEKnHra

Chblpbe, NPoAyKThl % mac.
Cbipbe: rygpoH 100.00
MpoAykTbl:
1.YrneBogopoaHsbil ras 2.5
2. HectabunbHbin 6€H3MH 45
3. CtabunbHbIN OCTaTOK BUCOpEKnHra 93.0
UTtoro 100.00

B Taba. 11 npuBegeH pacueTHbI MaTepHab-
Hbiit 6ananc Y 3K npu pabore Ha cMecsiX BaKyyMU-
POBAHHOTO KPEKWHT-OCTATKA W TYJ[POHA, TIPUTOTOB-
JIEHHBIX TIPU UX PA3JTMYHBIX COOTHOIIEHUSX.

UccaenoBanus, mpoBeeHHble Ha Jabopa-
TOPHBIX YCTAHOBKAaX aTMOC(epHO-BaKyyMHOI Tie-
PETOHKN M KOKCOBAaHWSA C MCHOJH30BAHUEM Pa3-
JINYHBIX ChIPHEBBIX KOMIIOHEHTOB M HMX CMeceii,
IoKa3aJiu 1esiecoobpasHocTb rnepepaborku Ha AO
«TAHEKO» paznunuHbIx 06beMOB TYJIPOHA MTyTeM
KOMOWHAIINN TIOTOKOB, HAMIPABJIAEMBIX HA YCTAHOB-
Ky BucOpeknHra (CymecTByomas), CeKIuio BaKy-
ymuoi 1teperonku Hedru (Hoas) u Y 3K (crpos-
masics). Huske paccMOTPEHbI 5TH BapPUAHTDI.

1. Kokcosanue na crposmeiica Y 3K (mpo-
eKTHasd MOIIHOCTb) CMECH TYAPOHA M YTSIKEJIeH-
HOT'O KpeKWHT-0cTaTKa B cooTHOoImeHnn 80:20 mpu
OJTHOBpPEMEHHON nepepaboTke M30bITOUHOTO KO-
JINYeCcTBa TYJ[pOHA Ha YCTAHOBKEe BUCOPEKMHTA
(IpoeKTHasT MOIIHOCTD), aCT BO3MOKHOCTD Iepe-
paborath Ha AO «TAHEKO» 4100 TbIC.T TYApO-
Ha. [Ipm aTOM Ha ycraHoBKe BUCOpPeKMHTA Gy/eT
npoun3BeaeHo1700 Tbic. T KOTETbHOTO TOIJINBA,
COCTOSIIIIETO M3 CMECH yTSI3KEeJEHHOTO KPEKUHT-0C-
TaTKa ¥ JIerKoro razoiijs (6e3 MCIo/b30BaHus
BHELIHero pa36aBuTeis).

2. Kokcosanne Ha crposmeiica Y3K (mpo-
eKTHas MOIIHOCTb) CMECH TY/JPOHA C BaKyyMUPO-
BAHHBIM OCTATKOM, TTIOJYYEeHHBIM U3 yTIKeJTeHHO-
rO KPEKUHT-OCTaTKAa B COOTHOIIEHWUU 75:25, NpHU
OJHOBPEMEHHOI IepepaboTKe M30BITOYHOIO KO-
JiMYecTBa TY/[pOHA HA YCTAHOBKE BUCOPEKMHTA

bawkupckmii xumumyeckmii xypHan. 2016. Tom 23. No 1

PacueTHbIi MaTepuanbHbIiA 6anaHc cekuuu
BaKyyMHOI NeperoHku octaTtka BUCOpeKunHra

Chblpbe, NpoayKThl % Mac.
Chblpbe: 0CTaToK BUCOpEKMHIa 100.00
MpoAykTbl:
1.Jlerknn guctunnar 0.5
2.Jlerknin BakyyMHbI ra3onsnb 15.0
3.Tsxkenbln BakyyMHbIV ra3oinnb 21.5
2.BakyyM1poBaHHbIA KPEKUHM-OCTaTOK 63.0
Utoro 100.00

(IpoekTHas MOIHOCTD), JACT BO3MOKHOCTD Iepe-
paboratb Ha AO «TAHEKO» 4100 toIic.T Tyapo-
Ha. [Ipw 3TOM Ha ycraHOBKe BUCOpEKWHTA GyJeT
npoussesieno 1500 ThIC. T KOTEJBHOTO TOILINBA,
COCTOSIIIETO M3 CMECH YTSKeJEHHOTO KPeKUHT-0C-
TaTKa M JIerkoro rasoiiisg (6e3 ucnoab3oBaHus
BHEIIHEro pa3baBuTelist), a Ha CEKIUN BaKyyMHOIi
MEePETOHKN — MOJIYYEeHbI JIETKUI U TSKEJIbIN BaKy-
YMHBIE Ta30H, SBJSIONECS JIOTNOJHUTETHHBIMU
CBIPBEBBIMU PECYPCAMU JIJIT YCTAHOBOK THUIPOOYNC-
TKU ¥ THJIPOKPEKUHTA JUCTUJISITHOTO ChIPHS.

3. Kokcopanne na crposmeiica ¥Y3K (mpo-
eKTHast MOIITHOCTb) CMeCH TYIPOHA ¢ BaKyyMHPO-
BAaHHBIM KPEKUHT-OCTATKOM, TOJYYEeHHBIM U3 OC-
TaTKa BUcCOpeKuHra, B coorHoinenun 40:60 gacr
BO3MOKHOCTH Tiepepabotath Ha AO «TAHEKO»
2800 ThIc.T TyIpoHa 6e3 TPOU3BO/ICTBA KOTEIbHO-
TO TOIJINBA, TIPW 3TOM Ha CEKIIMM BaKyyMHON Tie-
PETOHKM OY/IyT TIOJyYeHbl JIETKUI W TSKeJbIi Ba-
KyyMHbBIE Ta30MJIN.

4. Koxkcosanmue Ha crposmeiica Y3K (mpo-
eKTHas MOIIHOCTb) CMECH TY/JPOHA C BaKyyMHUPO-
BAHHBIM KPEKWHT-OCTATKOM, TIOJYYEeHHBIM U3 OC-
TaTKa BUCOpeKnHra, B cooTHomennu 50:50, n Ha
HOBOIT oxH0610unOi Y 3K (IIpoekTHas MOIHOCTD
1100 teIc.T B rozx) B coorHomenun 60:40 mact
Bo3MOKHOCTD nepepaborath Ha AO «TAHEKO»
4100 TbIC. T ryapoHa 6e3 IIPOU3BO/ICTBA KOTeNb-
HOTO TOTJIMBA, TPU 3TOM Ha CEKIIMW BaKyyMHOW
NeperoHKn OY/yT TOJyYeHbl JIETKUI U TSKesbIit
BaKyyMHbBIE Ta30MIn.
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Tabnuua 10

OCHOBHbIe XapaKTePUCTUKM CMeCU BaKYYMUPOBAHHOI0O KPEeKUHr-ocTaTka U ryapoHa
NPU UX Pa3JINYHbIX COOTHOLUEHUSIX B CbiPpbe KOKCOBaHUS

CoOTHOLLEHME BaKyyMUPOBaAHHOIO KPEKUHI-OCTaTKa

Mokasartenu W ryapoHa B Cbipbe KOKCOBaHus, %

*25:75 60:40

MnoTtHocTb npu 20°C, Kr/m° 1039.4 1040.5
KokcyemocTb, % 21.2 23.5
CogaepxaHue cepbl 2.63 2.7
BsaskocTb, BYBao, C 919 1982
Temnepartypa pasmsardenus no Kulll, °C 42 49.0

CogaepxxaHue, ppm

- BaHagus 210 225
- HUKens 125 130
CogepxxaHue 3o1bl, % 0.63 0.91
Temnepatypa BchbIlwkK, °C 342 345

* npu dannom eapuanme nepepdbomru eyopoHd Ha YCMAHoBKe GUCOpeKunzd NPou3eoo0UmMcs KOMEAbHOe MONIUEO
U U30LIMOUNHBITL YMANKEAEHHBIU KPEKUHZ-OCINATNOK, HANPABASEMbIU HA CEKYUIO SAKYYMHOU NEPeeoHKU.
Tabnuuya 11
PacueTHbIli MaTepuanbHbiii 6anaHc Y3K npu pabote Ha cMecsX BaKYyyMUPOBaAHHOIO
KPEeKUHr-octaTtka v ryapoHa, NpUroToBJIEHHbIX NPU UX Pa3JIN4HbIX COOTHOLUEHUNAX

Chblpbe, NpoAyKTbl % mac.

Cbipbe:

-BaKyyMUPOBaHHbIW KPEKNHI-OCTaToK *25 60

-ryOpoH 75 40
WToro: 100.0 100.0
MpoAykTbl:

1.YrneBoaopoaHbiv ras 11.6 11.5

2.HectabunbHbIh 6€H3MH 9.2 9.1

3. Jlerkun rasonnb 28.7 26.1

4. Tsaxenbl ra3onnb 18.6 171

5. Kokc 31.9 36.2
WToro 100.0 100.0

* npu dannom eapuanme nepepadbomxu 2yOpoHa Ha Ycmanoske suUcOpexutzd npou3so0uUmcs KoOmebHoe Mmoniuso
U U3OLIMOUHBLL YMSKEIEHHIU KPEKUHZ-OCMATOK, HANPABSEMbIL HA CEKUUIO 6AKYYMHOU NEPezoHKU.

Tabnuua 12
XapakTepucTuka obpasua aHanora ocrtatka rmuapoOKOHBEpPCUU ryapoHa
MokasaTtenu AHanor octaTka ruapoKoHBEpPCUU rygpoHa
MnotHocTb npu 20 °C, kr/m° 1075
KokcyemocTtb, % 37.8
CogepxaHue cepsbl, % 4.9
Tabnuuya 13

PacuyeTHbli MaTepunanbHbili 6anaHc Y3K npu paboTte Ha cmecu ryapoHa,
ocTaTKa ruapoKoHBepcum u taxenoro razoinnga KK®d ¢ peunknom 1.08

Chblpbe, NpoayKThl % Mac.

Cbipbe:

-ryapoH 88.2

-0CTaTOK rMAPOKOHBEPCUN r'yapOHa 9.0

-TskenbIn razoninb KK 2.8
WToro: 100.00
MpoaykTbi:

1. YrneBogopoaHbIn ras 11.6

2. HectabunbHbIn 6eH3NH 9.6

3. Jlerkun rasonnb 28.5

4. Tahkenbl ra3onnb 18.1

5. Kokc 32.2
WToro 100.00
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I'YII NHXII PB 6buta takske n3yveHa BO3-
MO>KHOCTb YTUJIU3AIUU OKHIaeMOTO TTOOOYHOTO
MPOJYKTa — OCTaTKa FUIPOKOHBEPCUN T'yIPOHA —
NyTeM BOBJIEYEHUS €r0 B CbIPbe KOKCOBAaHMS Ha
V3K (cTposmascs).

Jlyist olleHKN BbIXO/Ia KOKCA M3 TAKOTO OCTaTKa
ObLT TIPUTOTOBJIEH AHAJIOT OCTATKA THIPOKOHBEPCUT
C OCHOBHBIMHU XapaKTepPUCTUKAMM, OJIM3KUMU K
O’KM/Ia€MbIM CBOWCTBAM 3TOTO MPOAYKTa THAPOKOH-
sepcun Tyzpona Ha AO «TAHEKO» (ta6a. 12).

C 11eJ1bI0 yTHINBAIUH TIPEJIOKEHO €0 CMe-
IIeHUe C TYJPOHOM W TSKEJIbIM KaTaJIuTHUYeCKUM
rasoiiieM /Jisl TOCJIeYIONero KOKCOBAHUS TOJIY-
YEeHHOI ChIpbeBOl cMecu Ha crtpogdieiica Y 3K.

B ra6u. 13 npuBeneH pacyeTHbI MaTePHaJib-
ublii 6anmanc pa6orsr Y 3K (crposgmascsa) npu
KOKCOBAHUU CMECH TYJIPOHA, OCTAaTKa T'MIPOKOH-
BEPCUU U TsKENOTO Tazoinss KKO.

BBuy Toro, 4To Ha yCTaHOBKE I'MPOKOHBEP-
cin ryapoHa AO «TAHEKO» nmianupyercst nepe-
pa6orath 2500 ThIC.T B TOJ TYJPOHA, OXKUJAEMbIe
pecypchl aToro ocrarka, HampasJsiemoro Ha Y 3K
(crpostmasicsa), cocraBar okono 164 Tbic.T B rof.

Takum o6pa3oM, aHaIN3 Pa3JIMYHBIX BapH-
AHTOB TepepabOTKN T'yIPOHA B YCJIOBUSX Y/BOE-
Hus nepepa6otku Hept Ha AO «TAHEKO» 110-
KasaJr:

—KoKcoBanue Ha crposiiieiics Y 3K (mpoekrt-
Has MOIIHOCTb) CMeCH TYJPOHA ¢ BaKyyMUPOBaH-
HBIM OCTATKOM, MOJIYYEHHBIM U3 YTSKEJTEHHOTO
KPEKUHI-OCTAaTKA B COOTHOIIEHMH 75:25, IIPHU OJI-
HOBpPEMEHHOI TepepaboTKe M3OBITOYHOTO KOJIH-
JecTBa TyPOHa Ha ycTaHOBKe BucOpekutra (1po-
€KTHasi MOIIHOCTH), JaCT BO3MOKHOCTb Iepepa-

Jlutepatypa

1. Toncronenko U., Kpecc . MoaepHusanimoHHbIi
nep:kute mar. Permoprax ¢ 3acenanusi mpoduib-
Hoit cexkrm 10 Poccuiickoro HepTerasoBoro KOHT-
pecca,niporie/niero B pamkax BbictaBkun « HEDTE-
I'A3-2012 // Xumarperarsr.— 2012.— Ne 3(19).—
C.12-15.

2. MaranoB H. ¥., Pemnens P. /1., Xaiipynuuos U.
P., TuxonoB A. A., Tenames J. I'. IIpoekTupoBa-
HUEe W OCBOeHNe yCTaHOBKU BucOpekmnHra Ha HII3
OAO<«TAHEKO» // 3xcnosunus wHedprh ras.—
2014.— Ne1(33).— C.17-18.

3. XatfipynunoB U. P., TuxonoB A. A., Taymes B.
B., Tensmes 3. I'. CoBpeMeHHOE COCTOSIHUE U TIEP-
CTEKTUBBI PA3BUTUS TEPMUYECKUX IMPOIECCOB TIe-
pepaboTku HedTsAHOTO Chipbsd.— Yda: Usn. TYII
WNHXII PB, 2015.— C. 71-79.

6orath Ha AO «TAHEKO» 4100 TbBIC.T TY/pOHA.
[Tpu aTOM Ha ycraHOBKe BUCOpeKuHTa GyIeT mpo-
nssegeHo 1500 ThIC. T KOTEJBHOTO TOILIMBA, CO-
CTOSIIIETO U3 CMECH YTSKEJEHHOTO KPEKWHT-0C-
TaTKa M JIeTKoro razoiijs (6e3 MCIo/b30BaHus
BHEIITHEro pa3baBuTes);

— KOKcoBanue Ha crposmeiica Y 3K (mpoek-
THask MOIHOCTb) CMECH T'YJAPOHA C BaKyyMHPO-
BAHHBIM OCTATKOM, TOJIy4YE€HHBIM U3 OCTATKA BUC-
6pekunra, B cooTHomenun 40:60 mo3BoUT TIEpe-
paboratb Ha AO «TAHEKO» 2800 TbIC.T TYApO-
Ha B roji 6€3 MPOU3BO/ICTBA KOTEJIbHOTO TOTLINBA.

[Ipu BBose B axkcnryatanmio Ha AO «TAHE-
KO» mpoMbIliieHHOl YCTaHOBKU THIPOKOHBEP-
CUU TYJIPOHA W CTPOUTETHCTBE CEKIIMH BaKyyMHOM
neperoiku (ocrarka BUCOPEKMHTA WJIH YTSIKEIeH-
HOTO KPEKMHI-0CTAaTKa), aTa CeKIMs MOXKeT ObITh
MCIOJIb30BaHA JIJIsI MOJATOTOBKU ChIPbS KOKCOBa-
nug Y 3K. IIpu atom na AO «TAHEKO» 6yaer
nepepabarbiBatbesi 4100 ToIC.T TyApoOHA B TOJ U
MOJTyYeHbl JIETKUH Ta30iab W BaKyyMHbBIE Ta30Mi-
JI, BOBJIEKaeMble B KauyeCTBE JOTOJHUTEJIbHBIX
PECYPCOB B CBIPbeBbIE MOTOKU YCTAHOBOK TH/IPO-
OYMCTKU M TUPOKPEKUHTA.

N, HakoHeIl, CTPOUTETHCTBO CEKITHHI BAKyyM-
HOIi TIEPErOHKM OCTAaTKAa BUCOPEKWHTA C JlaTbHel-
NIMM HCIOJIb30BAHNEM BCEro 00beMa BaKyyMUPO-
BAHHOTO KPEKWHT-OCTAaTKa B CMECH C T'Y/[POHOM B
KauecTse ChIpbsa KokcoBanua Ha Y 3K (crposmas-
cs1) u HOBOH ogHo6m0uHOi Y 3K (MOmHOCTD —
1100 ThIC. T B TOZ IO CBHIPBIO) TIO3BOJIUT TIEpPEPa-
6otatb Ha AO «TAHEKO» 4100 TbIC. T TysipOoHa
B T0/1 6€3 BBO/Ia B 9KCILTyaTAIMIO YCTAHOBKHU TH/I-
POKOHBEPCUU TY/IPOHA.
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UccaenoBana orokatanmuTnyeckast aKTUBHOCTD
psila COeJMHEHUN TePeXOHbIX d- U f-MeTaioB
(CuSO45H,0, NiSO,46H,0, EuCl3-6H,0
PI’Clg'6H20, TbC136H20, LaQOg n MDOQ) B pe-
aKIMU KOHJICHCAIIMK apUJIaMHHOB C o-ostepuHaMu
Ha MOJIeJbHOU cucreMe aHWInH—TeKkceH-1. O6Ha-
pyxkeH dorokarasutudecknit apdexT KpUcTaaio-
rugpata cyabdara nukens (NiSO4-6H,0) B uccie-
JIlyeMoil peaKIny KOHJEHCAluu ¢ o6pa3oBaHUeM
3aMelleHHoro 2-nponuiaxuHoanHa. KoHzpeHcaius
aHWINHA C rekceHoM-1 mpotekaer no tuiy ¢oro-
nuKau3anuu npu obnydenun Y D-cseroMm. Boisas-
JIEHO BJIMSIHUE INPUPOJbI PACTBOPUTENSI HA PEaK-
110 (HOTOLUKINIAIUY.

Katoueewvie caoea: anuini; rekced-1; 3aMenieH-
HBII XUHOJINH; (DOTOKATATM3ATOD; (POTOIMKIUAIINSI.

doToKaTaAIUTHIECKHE PEAKIUN [IPECTABJIS-
10T 0COObINl MHTEpeC Kak JJisl HAyKW, TaK U JJIs
npaktuku. Hambojiee 3HAUNMbBIM U3 HUX SIBJISIET-
ca nporiecc gortocuHTeza. Bo3dmMoxHOCTD Ocytie-
CTBJIEHNS XUMUYECKOUW PeakIuu Mo AelCTBHEM
cBeTa, HanpuMep (POTOKATAJIUTHYECKAS JECTPYK-

R1 NH,

Hara nocrynienus 10.02.16

Cxema 1

In the work photocatalytic activity of d- and f-
metals compounds (CuSO,-5H,0, NiSO,-6H,0,
EUC13'6H20, PI‘C13'6H20, TbClg6H20, L3.203,
MnO,) in the condensation reaction of arylamines
with o-olefins in a model system aniline—1-
hexene was investigated. The photocatalytic
effect NiSO,6H,O was discovered in the
condensation reaction with the formation of
substituted 2-propylquinoline. Condensation of
aniline with 1-hexene proceeds according to type
of photocyclization at irradiated with UV light.
The effect of solvent on the reaction of
photocyclization was revealed.

Key words: aniline; 1-hexene; photocatalyst;
photocyclisation; substituted quinoline.

1M BOZIBI COTHEYHBIM CBETOM — OJIHA M3 aKTyaJIb-
HeH X 3a/[a4 COBPEMEeHHOCTH |

B pa6ote ? ommcana yHHKagbHAS PEAKII
CHHTE3a CJIOXKHBIX WH/OJIOB IyTeM (POTONNKIN3a-
MM apUJIaMHHOB ¥ T€PMHUHAJbHBIX aJKHHOB C
6ensoxuHonamu (cxema 1).

R3
5 mol% CuCl
Vlsblellght
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Kak ykasbIBaloT aBTOPBI MCCJIEOBAHUS, Pe-
akius (HOTONUKINZAINN KAaTATU3UPYETC XJIOPH-
gaom Mean (I) npu o6aydeHUH BUIMMBIM CBETOM
pyu KOMHATHOH TeMmIeparype.

Lesbio maHHON PabOTbHI SBUJIOCH UCCJIEL0BA-
HUEe BO3MOXXHOCTH OCYIIECTBJIeHMs mpoiiecca ¢o-
TOKaTaJIUTHYeCcKoi KoHieHcaun (oronukninsa-
1K) apUIaMUHOB U o-0sie(pUHOB HA MOJIEJIBHOMN
cucTeMe aHWJIWH — TeKceH-1, moxa nefictBueM ¢o-
TOKATaJM3aTOPOB HAa OCHOBE COEIUHEHUI Tiepe-
xXomHbIX d- u f-meramnoB. B xauectBe porokara-
JIN3aTOPOB HAMU TECTUPOBAJIUCD CJEIYIONINE CO-
eIUHEHNS: CuS0O,-5H,0, NiSO,-6H50,
EUC13-6H20, PI‘CL’;'SHQO, TbC136HQO, La203
nu MHOQ.

IJKcnepuMEeHTAaJIbHASI YaCTh

[l BBITIOJIHEHNS WCCJIeIOBAaHUS TIPUMEHSI-
Jach npu6opHas 6aza 1ab0paTOPUN HKOJIOTHYEC-
KOTO MOHHUTOPWHTA (PU3NKO-XNMUYECKUX 3arps3-
HeHUi okpy:Kamwieil cpeabl bupckoro dpuanana
bamI'y.

dorokaranmuTuyeckas peaklus MPOBOJU-
jJack B (porokartasuTHueckoir ycranoBke Photo
Catalytic Reactor Lelesil Innovative Systems c
KBapleBbIM peakTopoM oGbeMom 250 mua (doro-
peakrop tumna IlITpomeliepa ¢ MarHUTHOM MelaJ-
Koil). ITpuMeHsieMble PeaKTUBBI UMeN KBaTu(u-
kaiuio XY.

[l IpUTOTOBJIEHNS KaTAJNTHIECKOH Mac-
Cbl, B BUJI€ JUCTIEPTUPOBAHHON CYCII€eH3UH, B3Be-
muBaan 30 MMOJb HCCAEeAyeMBbIX BeIIEeCTB
(CuSO4-5H,0, NiSO46H,0, EuCls-6H,0,
PI'C13'6H20, TbClgﬁHQO, L3203 nu MHOQ) n
TIIAaTeJbHO IlepeTupaau B araToBoil crynke. K
MOJIy4eHHBbIM nopotkaM go6asiasu 100 ma aTu-
JIOBOTO CIUPTA, BCTPSIXUBAJTU U OCTABJSIN B Te-
YeHWe CYTOK [IJISI yCTAHOBJICHNS PABHOBECHS Me3K-
oy ¢dorokaranmuszaropoM u pacrsoputesneMm. He-
MOCPE/ICTBEHHO TIepe]] SKCIIEPUMEHTOM B IIeJISIX
Jlesarperaiuy yacTtuil poTokaTaansaTopa Kask/ias

g LY

CYCITIEH3Us TOJIBEPTAIach yJIbTPa3ByKOBOW o6Opa-
6otke B Tedenne 10 mun (¥ 3 panna «CAIIDOUP»
MOIIHOCTBIO 55 BT).

[Tocsie merazanum KaTaJauTUYeCKasi CyCIEH-
3Us TIoMeIantach B (hOTOPEaKTop, 3aTeM TPH Tie-
peMeNMBaHNK B HETO MO KaILJISIM MPUJIMBAJIH 1TOC-
neposarebro anuand (10 mun) u rekcen-1 (14
M), VICTOUHUKOM yabTPaduoJeTOBOrO U3JIyde-
HUS CJIYXKHUJIa PTYyTHAS JIaMIla HU3KOTO JIaBJIEHWS
JIPT-125-1. CBet gocturaj peakIUOHHON CHCTe-
MBI TIPOXO/ISA Yepe3 BOHBIN CJ0H, TePMOCTATUPY-
embrii ipu 20 °C. Bpemsa npoBenenusa dorokara-
Jutnyeckoro mpoiecca — 6 4. Ilocne peakium
KUAKYI0 a3y NoJBepraju aHaan3dy u Hpaximo-
Huposaau B Bakyyme (10 mm pr. c1., 20 °C).

[lna npentudukaym CTpyKTYpbl 06pasyio-
NUXCS TTPOJYKTOB MPUMEHSJICS Ta30BbIIl XpoMa-
tomacc-criekropmerp GCMS-QP2010S Ultra
dupmer SHIMADZU.

OG6cyskaeHne pe3yabTaTOB

B pesyJibraTe mcciemoBaHus OOGHAPYKEHO,
YTO KaTAJUTHYECKONH AKTUBHOCTHIO B PEAKIUU
doronukausanun anuania 1 ¢ rekcenom-1 (2)
o6sagaer toabko NiSO,-6H,0. Kartamuruueckas
aKTUBHOCTb JAPYTUX WMCCJEJTOBAHHBIX COeJINHE-
Huit, Takux kak: CuSO,5H,0, EuCls;-6H,0,
PrC13-6H2O, TbClgGHQO, La203 nu MH02 B pe-
akIy POTOIMKIN3AIMKN He OOHApYKeHa.

Ucxonss n3 JaHHBIX XPOMAaTOMAaCC-CIEKT-
PaJbHOTO aHAJN3a, OCHOBHBIM MPOJIYKTOM (POTO-
MUKIU3AIUN SBJASETCS 3aMeNIeHHBbI 2-TTPOTNJI-
xuHOMMH 3. Macc-cekTp mpoaykTa 3 mpescTaB-
Jied Ha puc. 1.

Oo6mas peakinsg HOTOKATATUTUIECKON KOH-
nencanuu (OTONUKIM3AINN) aHUIMHA C TeKce-
HOM-1 TIOJ JlelicTBUeM Karaiam3atopa cyJibdara
HUKeJS TpecTaBleHa Ha cxeme 2.

Borxos ocHOBHOTO TTpo/iyKTa 3, 10 pe3yJibTa-
TaM BaKyyMHOTO (DpaKIMOHUPOBAHUS, COCTABJIA-
er 42%. B cieqoBbIX KOJMYECTBAX OOHAPYIKEHDI
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Puc. 1. Macc-cnekTp CMHTE3MPOBAHHOTO 2-TIPOMUIXTHOJTIHA
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CL,, ™
NH,

1 2

Cxema 2

IPOJYKTbI OKHUCJIeHUSA 2 — 2-rekceH-1-0/1 1 2-Tek-

caHajib. DTH BELIECTBA, BEPOSITHO, SBJISIOTCS BO3-

MOKHBIMU WHTEpMeuaTaMyu peakiuu (PoToImK-

quzanuu. /letaqbHoe W3yvyeHrne MeXaHU3Ma Peak-

1MUY SABJISIETCS MPEIMETOM JAJbHEHNIIEero nccaeo-
BaHUI.

OG6Hapy»KeHO BJWSHUE MPUPOIbI PACTBOPUTE-

JIS Ha BBIXO/[ 3aMellleHHoro xuHouuHa 3 (taéu. 1).

Tabnuua 1

BnusHune pacteBoputens Ha @oToOLUMKAU3ALNIO
aHWUJINHA Cc rekceHom-1
nop peiicteuem NiSO,4-6H,0

Bbixon
PacTtBOopuTenn XUHOMMUHA MpumeyaHue
3, %
reTeporeHHbIn
EtOH 42 P
Karanus
reTeporeHHbIn
OMCO 40 P
Karanus
reTeporeHHbIn
OM®A 35 P
Katanus
reTeporeHHbIn
Tonyon 24 P
Karanus
reTeporeHHbIn
lekcaH 22 P
Karanus
Bes pactBoputens 15 Bsaskas macca
JIutrepartypa
1. Komuccapos I'.T'. @orocunTes: Gpu3nKo-XuMIUIECKHii

noaxoa. M.: Editorial URSS, 2006. — 224 c.

2. Arunachalam Sagadevan, Ayyakkannu
Ragupathi, Kuo Chu Hwang. Photoinduced
Copper-Catalyzed Regioselective Synthesis of
Indoles:  Three-Component  Coupling of
Arylamines, Terminal Alkynes, and Quinones //
Angewandte Chemie International Edition.—
2015.— V. 54, Is. 47.— Pp.13896-13901.
DOI: 10.1002/anie.201506579.

NiSO,-6H,0 X
 —
vV, 20°C Z
N
3

HanG6onpmuii katamurnueckuii apdexr Ha-
6JTI0/TaeTCS TIPH TPOBEJIEHNH PEAKINN B 3TUJIOBOM
ciupre u IMCO, a HauMeHbIIUN — B HENOJISAP-
HBIX pactBoputessix. [Ipm orcyTcTBUM pacTBOpH-
TeJid PeaKIMOHHAs Macca OCMOJIIeTCs, MpeBpa-
NIasiCh B BSA3KYIO Maccy, M OO KaTaJIuTHIeCKIi
3 dEKT CyIeCTBEHHO TTOHMKAETCS, COOTBETCTBEH-
HO Pe3KO MaJlaeT BBIXO/] IEJIEBOTO TPOIYKTA.

Bamgnue nomsipubix pacrtBoputeneir EtOH,
JIMCO, [IM®DA na karamutudeckuii addext
CBSI3aHO, BEPOSITHO, C HAJIWYMEM 3JEKTPOHO/IO0-
HOPHBIX 1eHTpoB (1o kaaccudukaiuu [Tupcona).
B addekTuBHBIX pAacTBOPUTENSAX TAKO IEHTP
ToJIbKO oaH — atoM O, a B MeHee 3 (HEeKTUBHOM
JIM®A nBa nenrpa: arombl N u O.

Takum o6pa3oM, HamMu OOGHapy’KeHa HOBas
peaknug (OTOKATAJIUTUYECKON KOHJAEHCAIUN
aHWIMHA C TeKCeHoM-1, mporekaomasa mo THITY
oronukamsanuu, ¢ o6pazoBaHNeM 3aMeIeHHOTO
2-IpOTTUIXWHOJWHA O/ JAeHCTBUEM KaTaJam3aTo-
pa NiSO46H,0O npu obayuennn Y D-cBeToM.
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CTEPEOCEJIEKTUBHBIII CUHTE3
(3E)-HOH-3-EH-5-NH-1-NJIMETUJIKETOHA

Ybumckunii rocynapcTBeHHbif HEPTAHOM TEXHNMYECKMI YHUBEPCHTET,

Kaeapa GHoxMmmm 1 TEXHONOMMM MUKPOBUOIOTMIECKMX MPOU3BOLCTB

450062, Ypa, yn. Kocmorastos, 1, e-mail: biochem@rusoil.net

E. A. Abdullina, D. A. Akimova, A. Sh. Sunagatullina, R. N. Shakhmaev, V. V. Zorin
STEREOSELECTIVE SYNTHESIS

OF (3E)-NON-3-EN-5-YN-1-YLMETHYLKETONE

Ufa State Petroleum Technological University

1, Kosmonavtov Str., 450062, Ufa, Russia,; e-mail: biochem@rusoil.net

Ha ocnoBe Pd-karammsaupyeMoro crepeocesiekTus-
Horo ajkuHuauposanus (5E)-6-xjaoprekc-5-eH-2-
oHa ocymectBieH cunres (3E)-Hou-3-eH-5-un-1-
uamerunkerona. Mcexoanbiii (5E)-6-xmoprekc-5-
eH-2-0H HoMy4eH TBepAodasHbIM aJKUINPOBAHUEM
anteroykcycuoro adupa (E)-1,3-guxmopnponenom
C TOCJEeAYIOIUM /IeKapOaTKOKCUINPOBAHUEM 06-
pasyiomerocs 3Tua(4E)-2-aeTna-5-XJI0pIenT-4-
eHoaTa B MOJICPHU3NPOBAHHBIX yca0BHsX Kpamyo.
Kpocc-coueranne (S5E)-6-xmoprekc-5-en-2-oHa ¢
meHT-1-MHOM, KaTaJu3upyeMoe CaaGOCBA3aHHbBIM
kommiexkcoM PACly,(PrCN), u Cul B nunepujuse,
¢ BbicokuM BoixogoM (86%) maer nenesoii (3E)-
HOH-3-eH-5-MH- | -MJIMETUIKETOH.

Kawuesvie cao6a: nexkap6alKoKCUINPOBAHUE,;
KPOCC-COYeTaHKe; HU3KOMOJIEKYISpHbIE GHOpery-
nstopsr; (3E)-HOH-3-eH-5-uH-1-HIMETUIKEeTOH; pe-
aknusi CoHorammupa.

Pa6oma evinoanena npu punancogoii
noddep:xxe Munobpnayxu P®dD ¢ pamxax
évinoanenusi 6a3060i uacmu 20c3a0aHusl
(npoexm No49)

Conpsi>keHHbIe €EHUHOBbIE U IN€HOBbBIE (ppar-
MEHTBI CO CTPOTO OTpeeseHHOl KoHduryparmei
JIBOITHOII CBSI3M BXOJISAT B CTPYKTYPY MHOTUX hap-
MaKO3HAYMMbIX coeanternii (0CO6eHHO MPOTHBO-
PAKOBBIX MPENapaToB) U CPEJACTB 3allUThl pacre-
ruit 178, Buosnormueckas akTMBHOCTD TMOZOGHBIX
COEJIMHEHUI 3aBUCHUT OT UX M30MEPHON YHUCTOTDI,
B CBA3M C YeM 60JIbITIoe BHIMAaHWE Y/IeseTCs pa3-
pa6oTke 3(DHEKTUBHBIX CTEPEOCEJEKTUBHBIX Me-
TOJIOB WX CHHTe3a. B HacTosmee BpeMs Hanbomee
YacTo /IS IOJIyYeH WS IMEHOB U €HMHOB TTPUMEHSI-
10T KpPOCC-COYeTaHne BUHMJITAJIOTEHIIOB C MeTa-

Hata noctynnennsg 16.02.16

A synthesis of (3E)-non-3-en-5-yn-1-ylmethyl-
ketone based on the stereoselective alkynylation
of (5E)-chlorohex-5-en-2-one was developed.
Solid-phase alkylation of acetoacetic ester by (E)-
1,3-dichloropropene afforded ethyl(4E)-2-acetyl-
5-chloropent-4-enoate. Its subsequent decar-
bethoxylation under modernized Krapcho
conditions results in the formation of (S5E)-
chlorohex-5-en-2-one. The cross-coupling of
derived ketone with 1-pentyne proceeds in the
presence of weakly ligated complex PdCl,(PrCN),
and Cul in piperidine to produce corresponding
(3E)-non-3-en-5-yn-1-ylmethylketone in a high
yield (86%).

Key words: cross-coupling; decarbethoxylation;
(3E)-non-3-en-5-yn-1-ylmethylketone; low-molecu-
lar bioregulators; Sonogashira reaction.

This work was financially supported
by the Ministry of Education and Science
of Russia in the framework of the base part
of the state task (project no. 49).

Jopranudeckumu coeaunenusMu (peakuun Ky-
maza, Herumu, Crusne, Cysyku u ap.) —10
onedpunamu (peaxkuus Musopoxu-Xeka) 1113
i ankuaamu (peakims Conorammupa) 14716,
Hamu ocyliecTBaeH cTepeoHanpaBiIeHHbII
cunres (3E)-HoH-3-eH-5-un-1-uamernikerona (1)
— TIpeAIIeCTBEHHNKA HEKOTOPBIX HU3KOMOJIEKY-
JIIPHBIX OMOPETYJIATOPOB, MMEIOIUX CTPYKTYPY
Y-€HUHOBBIX 1 IMEHOBBIX CITPTOB I KeToHos 1718,
Ncexoaubiii oatun(4FE)-2-aneTun-5-Xa10pnenT-4-
enoat (2) 6bu1 nosy4yeH TBepAO(AZHBIM ATKUJIH-
poBanueM aneroykcycuoro apupa (E)-1,3-au-
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XJoprporneHoM Ha moBepxHoctu Al,Og, umrper-
nuposanuoro t-BuOK, ¢ 80%-HbIM BBIXOAOM U
MOJIHBIM COXpaHeHneM KOH(MUTYPAIH 3aMeCcTH-
teneit npu aBoitnoit cesasu %20, Jlexap6ankokcn-
JINPOBaHWE COeINHEHNS 2 B HECKOJIBKO MO/IEPHI-
3upoBaHHbIX ycaosusx Kpamuo (3 sks. LiCl,
NMP) npu remmneparype 130—140 °C npuBour K
(5E)-6-x710prekc-5-en-2-ony (3) Beero Jumib 3a 8
4 peakinu. Kpocc-coueranue 1mocjaefHETO ¢ MeHT-
1-unom (4) B mpucyrcTBUM caa6OCBA3aHHOTO
kommaekca PAdCly(PrCN), u Cul B nunepuaune
IpY KOMHATHOI TeMIepaType C BBICOKUM BBIXO-
noM (86 %) naer uenesoii (3E)-HoH-3-eH-5-un-1-
unmetuikerod (1). Peakius mportekaer ¢ BbICO-
KOI CTepeoceJeKTUBHOCTBIO, M30MepHasi YNCTOTa
ennHa 1 npesbimaer 98% (usomepHas umcrora
ncxoanoro stua(4E)-2-anernn-5-XJI0puenT-4-
enoara 99%) (cxema 1).

CTpyKTypa, CTepeoxXuMudeckass 4ucTtoTa u
KoH(UTypalusd 3aMecTuTesiell pu JIBONHOM CBS-
3 TMOJYYEHHbIX COeAMHEHUI Oblia MOATBEPIK/IeHA
KX-anamuzom, ganubimu MK-; AMP-ciekrpo-
CKOTIMHU W XpoMaTo-Macc-crektpomerpuu. KCCB
BUHUJIBHBIX aTOMOB Bogopoja exuna (1) cocras-
ager 15.9 T, 9To CBUIETENHCTBYET O TPAHCOW/I-
HOIT KoHuUrypauu JBoiHOI cBA3N.

IJKcnepuMeHTaJbHAsl YaCTh

UK crekTpbl 3anucaHbl B TOHKOM CJIO€ Ha
NK dypoe-cnektpodoromerpe IRPrestige-21
Shimadzu. Crexrpor AMP 'H u '3C samucans B
CDCIl; na npu6ope Bruker AM-300 (paGouas
yactora 300 u 75.47 MT1 COOTBETCTBEHHO),
BHyTpeHHmuii crangapt — TMC. Xpowmaro-macc-
CIIEKTPaAJIbHBINA aHaIN3 MPOBOAMIN Ha Tpubope
GCMS-QP2010S Shimadzu (ssnexTponnas nonu-
3anug ipu 70 3B, Anana3oH JeTeKTUPYEeMbIX Macc

0
A

33—350 /la). Vcuoip3oBagn KamULIAPHYIO KO-
jgoHKy HP-1MS (30 Mx0.25 MMx0.25 MKM), TeM-
neparypa ucnapurens 280 °C, temmeparypa
norm3armonHoit kamepnl 200 °C. AHanu3 mpoBo-
NI B PEXUME MPOrPAMMUPOBAHUS TEMIIEPATY-
pot ot 50 1o 280 °C co ckopocrpio 10 °C/MuH,
raz-nocurenb — reqauii (1.1 M/ Mun).

(SE)-6-xaoprekc-d-en-2-ou (3). Cwmech
2.05 r (0.01 momp) atun(4E)-2-anernna-5-xao0p-
nent-4-enoata (2), 0.36 r (0.02 monn) H,O, 1.27
r (0.03 mosb) LiCl 1 10 M1 NMP nepemenmbann
npu 140—150 °C go nosHO KOHBEpcuu cy6cTpa-
ta (oxom0 6 4, konTposb Meromom I7KX). TTocre
oxnaxaenus go6asuan 30 mu Bogbl u 30 M aTH-
Jrarietara, OpTaHmIecKUH CJIOU OTAESIIN, BOIHBIN
cioit o6pabarbiBaau stuaareraroM (2 x 30 mu).
OO6benHeHHbIe OPraHWMYECKUE CJIOW MTPOMbIBAJIH
BozioH, cymuan MgSO, 11 KOHIIEHTPUPOBAJIU TIPU
armMocdepHoM papiennu. [IpoayKT peakiuu ovn-
MaJad MeTOJOM KOJIOHOYHOI Xpomarorpadun
(Si0,, rexcan — stmmanerar, 9:1—-7:3). Boixosg
1.07 r (81 %), GecuserHas xuakoctb. MK
cIexTp, v, oM 1 2922, 1717, 1626, 1431, 1410,
1364, 1161, 1144, 1051, 941. Cnextp AMP 'H,
5, M. a.: 2.15 ¢ (3H, CH3C=0), 2.32 k (2H,
=CHCH,, J 7.0 Tu), 2.55 v (2H, CH,C=0, J
7.0 Tu), 5.86-5.91 m (1H, =CHCH,), 6.00 x
(1H, =CHCI, Jypane 13.1 Tw). Cuexrp SIMP °C,
Sc, m.a.: 24.71 (=CHCH,), 29.82 (CH3C=0),
42.23 (CH,C=0), 117.92 (=CHCI), 132.02
(=CHCH,), 207.03 (C=0). Macc-cuekrp, m/z
(Tomy %): 132 (0.1) [M]*, 97(6), 75(2), 54(12),
53(11), 51(4), 49(2), 44(3), 43(100), 42(5),
41(4).

(3E)-noun-3-en-3-un-1-uamernakeron (1).
K cycunensun 0.133 r (1 mmosn) (5E)-6-xm0p-
rexc-5-en-2-ona (3), 12 mr (0.06 mmoan) Cul, 9
mr (0.03 mmosb) PACl(PrCN), B 1 M1 nunepu-

-0 Z ¢l

O

LiCl, H,0, NMP

C3H7—_

4
> )]\/\/E/\/

PdCl,(PrCN),, Cul, nunepunux

Cxema 1

50 bawkupckmit xummaeckmii xypHan. 2016. Tom 23. Ne 1



quna npubasuan 0.089 r (1.3 MMoab) nenr-1-una
(4). PeakIMOHHYIO CMECh TIePeMeNIuBajIi 5 U IIPH
KOMHATHON TeMrepaType B aTMocdepe aproHa u
o6pabarbiBaau AnaTUIOBbIM ddupom (10 ma) u
Bozoit (5 ma). Oprannmdeckuii cjaoii OTAEIAMN,
BOJIHBII CJIOH akcTparupoBaan adgupom (3 x 5
ma). O6beuHeHHbIe OPraHnYecKKe CI0U TPOMbI-
Basin HaceimeHHbiM pactBopom NH,CI, cymunnn
MgSO, u xonmentpupoBanu. CvIpoil TPOAYKT
OUMIIAMN METOJ0M KOJIOHOUHOIT XpoMaTorpaduu
(Si0O,, rekcan — srumanerar, 9:1). Boixox 0.141
r (86 %), macmoo6pasnoe BemectBo. CrexTp
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Tetrahedron.— 1995.— V.51, Ne4.— P. 1209-1220.
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karaqmsupyembiii cunres 1-[(2E,4E)-noneka-2,4-
Jquenous Jiunepujuta // VI3B. BbICIIUX y4eOGHBIX

3aBejeHuil. XuM. u xuM. texaoa.— 2011.— T. 54,
Ne10.— C. 97-99.

8.  Metal-Catalyzed Cross-Coupling Reactions. Ed.
de Meijere A., Diederich F.— N.-Y.: Wiley-VCH,
2004.— 916 p.

9. [Taxmaes P.H., Cynararynnuna A.1l., 3opun
B.B. Hosbrit moaxo k cunresy stui-(4E)-ankerno-
atos // JKOX.— 2013.— T. 83, Ne11.— C. 1819-
1821.

10. IlMaxmaeB P.H., Cynararyammua A.Ill., 3opun
B.B. CrepeoHnarnpan/ieHHbIiI CUHTE3 AJJINJIAMUHOB
Ha ocHoBe Fe-KaTanma3upyeMoro Kpocc-coyeTaHust
3-XJ0pIpon-2-eH-1-nIaMIHOB ¢ peakTHBamMu [pu-
ubsipa. Cunres nadprudpuna // KOpX.— 2014.—
T. 50, Ne3. — C. 334-343.

AMP 'H, §, M. 1.: 0.98 T (3H, C''H3, J 7.3 Tn),
1.50-1.57 m (2H, C'°H,), 2.14 ¢ (3H, C'Hy),
2.26 T (2H, C°H,, J 7 Tw), 2.35 x (2H, C*H,, J
7.2 Tw), 2.52 1 (2H, C3H,, J 7.2 Tw), 5.49 x (1H,
C®H, Jopane 15.9 Tw), 5.97-6.03 m (1H, C°H).
Crnektp AMP 3C, 8¢, m.a.: 13.44 (C'1), 21.24
(C?), 22.13 (C'7), 26.85 (C*), 29.87 (CY), 42.51
(C%), 78.82 (C7), 89.28 (C®), 111.00 (C9),
140.78 (C®), 207.41 (C?). Macc-crextp, m/z
Tory %) 164 (5) [M], 135(22), 121(11),
93(13), 91(25), 79(36), 77(18), 55(14), 43(100),
39(10).
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[IpeacraBienbl pe3yabTarbl HAEHTUPUKALNN METO-
nom BOYKX-MC deHoNbHBIX COEMHEHUI, CO/ep-
JKANIUXCSI B TPaBe IIUKOpUst 06bIKHOBEHHOTO. M3y-
YeHHe KauyeCTBEHHOTO COCTaBa (DEHOJbHBIX
coeluHeHNH npoBoann Ha xpoMmarorpade Waters
ACQUITY UPLC/TQD®. Ha ocHoBaHMM IIPOBe-
JIEHHBIX UCCJIEJOBAHNIN C MCIOJb30BAHIEM PAaCTBO-
POB CTAHAAPTHBIX 06Pa3oB (HIABOHOUIOB U OKCHU-
KOPUYHBIX KHCJOT [0 BPEMEHaM YEPKUBAHUS, a
TAKJKe MPH COIOCTABJIEHUN MAaCC-CIIEKTPOB B TPaBe
UKOPUsST OOBIKHOBEHHOTO, MIEHTH(OUIUPOBAHDI
npousBogHbie Kemmndepona (kemmdepona-3-O-rim-
Ko3ua umn Kemmdepoa-3-O-ranakrosua), KBepie-
tuaa(runeposnna n KBepueruH-3-O-TIIOKOPOHU-
la), OSCKYJUH, 9CKYJETHH, XJOPOTeHOBas u
KodeliHas KUCIOTHI.

Karouesvie cno6a: KadeCTBEHHDIH COCTaB; IPO-
U3BOJHBIE KeMIepoJsa; MPOu3BO/IHbIE KBEPIETH-
Ha; TpaBa; (PeHOJbHBIE COEAMHEHUST; NIHKOPHIl
OOBLIKHOBEHHOI; XJIopoTeHOoBasI I KodeltHas KHICJI0-
TBI; 3CKYJINH; 9CKYJIETHH.

B nacrosmee BpeMsa JeKkapcTBEHHBIE pacTe-
HUS ¥ CO3/IaHHbIe HA X OCHOBe (hUTONpenapaTh
ITUPOKO MUCTOTL3YIOTCA B MEAMIINHCKON TTPAKTHKE
B KAUyeCcTBE MPOTUBOBOCHATUTETbHBIX, aHTHOKCU-
JTAHTHBIX, AaHTUMUKPOOHBIX, MOYETOHHBIX, CIa3-
MOJIUTUYECKUX, KETUETOHHBIX U JPYTUX CPEJICTB.
OCHOBHBIM TIPEMMYIIIECTBOM PACTUTENLHBIX OUO-
JIOTHYECKN AaKTUBHBIX BEIECTB 110 CPAaBHEHUIO C
CUHTETUYECKUMU COEJUHEHUSIMH SBJISETCS MST-

Hara nocrynienus 14.02.16

In the article information on identifications
phenolic compounds contained in herba
Cichorium intybus L. by the method HPLC-MS
analysis is presented. The study of the qualitative
composition phenolic compounds was performed
on the chromatograph Waters ACQUITY UPLC/
TOQD®. On the base of the studies with use of
solution standard sample of flavonoids and
hydroxycinnamic acids at retention time and at
comparing of the mass spectra kaempferol deriva-
tives (kaempferol-3-O-glycoside or kaempferol-3-
O-galactoside), quercetin (hyperoside and
quercetin-3-O-glucoronid), esculin, esculetin,
chlorogenic and caffeic acid are identified in
herba Cichorium intybus L.

Key words: caffeic acid; chlorogenic acid;
Cichorium intybus L.; esculin; esculetin; herba;
kaempferol derivatives; phenolic compounds;
qualitative composition; quercetin.

Koe, Imajsllee BO3JelCTBHE Ha ITaTOJOTHYECKUe
MPOIECCHI, COUYETAIONIEECs] C HU3KON TOKCUYHOC-
ThI0 M MUHHUMAJbHBIM PHCKOM BO3HHUKHOBEHHS
n0604YHBIX 3(DDEKTOB.

OpHoli M3 TakWX TPYNI MaJOTOKCHYHBIX U
3 DHEKTUBHBIX GUOJIOTUYECKH aKTUBHBIX BEIIECTB
aBJsTIOTCA (peHONMbHBbIe coenHeHus. BeiecTBa
JIAHHOII TPYTIIbI 06Pa3ylOTCs B PACTEHUSAX B MPO-
1[ecce BTOPUYHOTO MeTaboJIn3Ma MPEeNnMyIeCTBEH-
HO TIO IMUKUMaTHOMY myTu 6uocunTte3a. Kiioue-
BBIM IIPEJIIECTBEHHUKOM B 3TOM IIpeBpalleHun
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SBJISIETCST MMUKUMOBAsT KHUCJIOTa, KOTOpas MocJie-
JIoBaTebHO To/iBepraetcst (pochopuanpoBaHuio,
OKWCJIUTETHHOMY J1eKapOOKCHINPOBAHUIO, Je3a-
MUHHMPOBAHUIO U IIPeBpalllaeTcs B MpaHC-KOpUY-
HYIO KHCJOTY. B pasbHeiiieM mpaxc-KOpU4Has
KHCJIOTA MPU YYACTUHM 4-THIPOKCHUJIA3bl MpeBpa-
HaeTcs n-KyMapoBylo, a 3aTeM B KOeliHyto Kuc-
JoTy 1 fasiee B hepyJioByio, S-okcudepyioByo 1
CHUHATIOBYIO KHUCJOTHI. VIMEHHO 3TH OKCHUKOPUY-
Hble KUCJOTBI MO/ /leicTBuEM (DepMeHTOB mpeos-
pasyoTcs B OKCHMKOPHWYHbIe cnupThl (1pejiie-
CTBEHHUKH JIMTHUHOB), a TAKKe 06Pa3yIoT TJINKO-
3u/ibl, apupel (HanpuMep, XJOPOreHOBYIO KUCJIO-
Ty) W CJIyKaT IpeAlIeCTBEHHUKaMu GeH30HHOI
KICJIOTBI, KyMapiHOB 1 (paBoHonI0B '3,

Cremyer OTMETUTD CYIIECTBEHHDBIE Pa3Muns
B JIoKaau3anuu (QeHOJbHBIX COeJUHEHUNW W TI0
opraHam pacrteHuit. Ecau aHTOIMaHbI TJaBHBIM
06pa3oM BCTPEYAIOTCSB JIETIECTKaX 1[BETOB, a Ja-
BOHBI U (PJIABOHOJIBI — B HAJ[3eMHBIX OpraHax, TO
(penoskap60HOBBIE KUCTOTBI — MPAKTHYECKHU T0-
BCceMeCTHO. BHyTpu kjeTku (heHObHbIe coe/luHe-
HUS JIOKAJTU3YIOTCS TTPEUMYTIECTBEHHO B BAKYOJIH
1 XJIOPOILTACcTaxX.

BoabmmHaCcTBO BTOPUUYHBIX METAGOJIUTOB SB-
JIAIOTCS OGMOJIOTMYECKN aKTUBHBIMH BEIECTBAMM,
OJTHAKO COCTaB M cojiep:Kanne (heHOTbHBIX COe/N-
HeHWil, a Takxe ux crenuduieckas hapMaroso-
ruveckas aKTUBHOCTH SBJSIOTCS WHAWBUYAJb-
HOH XapaKTepUCTUKOW poja U Buja pacteHus. B
CBSI3U C 9TUM aKTYaJbHBIM MPEICTABIISETCS MTOUCK
HOBBIX BUJIOB JIEKAPCTBEHHBIX PACTEHUN U3 apce-
Haja HAPOAHOW W TPAAUIIMOHHON MeIWITNHbBI, CO-
Jepsranux (heHoTbHbIe COEMHEHW, IS 1eTalb-
HOr'o nM3ydeHusd, HNOATBEPKACHUA NX TEPAIIEBTHU-
YECKOTO JIEHCTBUS, CTAHAAPTU3AINN U BHE[PEHUST
B IIPAKTUYECKYIO MEAUIUHY.

[TepcrieKTUBHBIM B 3TOM OTHONIEHUU TIPE/T-
CTaBJISIETCSI MHOTOJIETHEE TPABSIHUCTOE PaCTeHUe
ukopuii o6bikHoBennbiit (Cichorium intybus
L.) cemeiicta Actposbie (Asteraceae). Ha Tep-
purtopun P® 1nukopuii 06bIKHOBEHHBIN B IUKOPA-
CTYIIEM BUJIE TPOU3PACTAET HA MOJSAX, O KpasgM
JIECHBIX OTIYIIEK, OKOJIO JOPOT, KaHaB, HA MyCThI-
psix, 1o 6eperaMm pek, cpeu KyCTapHUKOB, OJi13
HaceJIEHHBbIX TTYHKTOB U B TOPax JI0 CPETHETO TOP-
HOTO mosica Kak copHoe pacteHue. Hapsany c
9TUM, BBU/IY WCHOJH30BAHUS IUKOPHUS OOBIKHO-
BEHHOTI'O B HI/IH.ICBOfI IIPOMBIIIJIEHHOCTH, AJaHHOE
pacrenue ObLIO BBEJEHO B KYJbTYpy INpPEUMYIIe-
crBeHHO B SIpocnaBckoii o6mactn PdD 4.

[Tukopuii O6BIKHOBEHHbBIN UCIIOJIb3YETCS B KH-
TaliCKOM M MOHTOJIbCKON TPAAUIINOHHON MeTUTINHE,
a Tak)Ke BKJIOUeH B Kuralickyio dapmakoneo n
HEMEIIKYIO ToMeomnaTiieckyio dapmaxorneio > 8. ITo

JIAHHBIM JINTEPATYPHI HAJA3eMHAS YaCTh IUKOPUS
OGBIKHOBEHHOTO COJIEPIKUT OKCUKOPUYHBIE KIC-
gorel (nuKopuesas, kodeiiHas, XJoporeHosasi,
HEOXJIOPOreHoBast ), (hJaBOHOM/IbI, OKCUKyMapH-
Hbl (3CKYJIMH, 9CKyJeTHH, yMOeanmndepoH, CKo-
IIOJIETHH ), aCKOPOUHOBYO KUCJIOTY, KAPOTUH, BH-
tamMmuabl By m By, MukpossemenTsl. B mBeTkax
nAeHTUUIUPOBAHbI aHTOIMaHbl (IIPOU3BOIHBIE
nenbdunmanna) 08,

[esibto HACTOSTIETO UCCJIEIOBAHUS SIBJISIETCS
n3ydyeHre W KauyeCcTBEHHAs XapaKTepucTuka de-
HOJTBHBIX COEUHEHNN TPaBbl IUKOPHUST OOBIKHO-
BEHHOTO, IIpoM3pacramiiero Ha Tepputopun PD.

MaTepnaJlm U METOAbl MCCJE€J0OBaHUSA

OO0DbeKTOM HCCIeJOBAHNS CIY>KUJIO M3BJIEYe-
HUe, TIOJyYeHHOE 13 BBICYIIIEHHOI TPaBbl AMKOPaA-
CTYINEro MUKOPHst 0OBIKHOBEHHOTO (3aroTOBJIEH-
HOro B (hady MaccoBOro IBeTeHus B MOCKOBCKOIt
o6aacti B 2013 1.) myTeM SKCTPaKIMKM Ha BOJIS-
HOll Gane 70 %-HbIM 3TUIOBBIM CIIUPTOM B Tede-
Hue 1 4 u mocienymomiero (GUIbTPOBAHUS UYepe3
6yMaskHbBI PUIBTP «6esast JeHTa».

V3ydenne KauecTBEHHOTO cocTaBa (PeHOJIb-
HBIX COEJIMHEHUI TPOBOJNIN HAa Xpomarorpade
Waters ACQUITY UPLC/TQD®, cocrosimem
13 OMHAPHOTO TPAJMEHTHOTO HACOCA, aBTOCAMII-
Jiepa, KOJIOHOYHOTO TepMoCTaTa, JUOHO-MATpU-
HOTO JIETEKTOpa W TAH/EMHOTO KBAJPYIOJbHOTO
Macc-/ieTekTopa. YcJaoBus xpoMmaTorpadupona-
HUS. KOJIOHKA cTasbHast, 2.1x150 MM, 3amosHeH-
Hag copbentoMm Acquity BEH C18; pasmep wac-
iy 1.7 mxm; (Waters); teMneparypa KOJOHKH:
35 °C. llogswxkHasa ¢asza: amoent A: 20MM pa-
CTBOP MYPaBbHHOII KUCTOTHI B 5% BOHOM alleTo-
Hutpuie; amoedT b: 20MM pactBop MypaBbUHOM
KICJIOTBI B alleTOHUTPUJIe; CKOpocTh noroka: 0.3
MJI/MUH; 06beM WHIKEKINH S5 MKJI, PEKIM 3JII0N-
poBanus: rpaaueHt smoeHtoB A u B (taba. 1).

Tabnuua 1
PeXxum anioupoBaHus

Bpems, muH |3ntoeHT A,%| AnoeHT B,%
0.0 95 5
30.0 50 50
32.0 0 100
33.0 95 5
36.0 95 5

Pesyabrarbl U UX 00CyXK/A€eHUE

AHann3 AaHHBIX XpOMaTOMac-CIIeKTPOMeT-
PUYECKOTO aHaJM3a CHUPTO-BOJHOIO M3BJICUCHHS
U3 TPaBbl IUKOPUs OOBIKHOBEHHOTO YKa3bIBaeT Ha
IPHUCYTCTBUE B cocTaBe (PeHOJBHOTO KOMILIEKCA
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npousBoAHbIX KeMideposaa (M+H=287) u ksep-
nernna (M+H=303) u orcyTcTBUE TIPOU3BO/IHBIX
mupunernaa (M+H= 319) (puc.1).

CormocraBjieHie Macc-CIeKTPOB TTO3BOJISIET
IPEIOJNOKITD, YTO MK C BPEMEHEM y/IepKuBa-
HUS 7.95 MUH UMeeT CTPYKTYPY OJIHOTO U3 U3BeC-
THBIX coequHeHuii: actparaiun (kemndepos-3-
O-rnukosun) wau tpudoann (kemndeponr — 3-
O-ramakTosun).

IIuk c Bpemenem ynepxxkuBanug 9,11 mMun
nMeeT PparMeHT ¢ TaKoM JKe MacCcoii, 9TO U THK C
BpeMeHeM yjiep:KuBaHus 7.9 MUH, OJHAKO B pe-
JKUMe PEeTHCTPAIlNi OTPUIIATEThHBIX MOHOB HapsI-
Ny ¢ Maccoii 447 nabuionaercst pparment 353, 4TO
TO3BOJISIET TIPE/IOJIOKNUTD CYIIECTBOBAHIE OCTAT-

Ka MeTaKPUJIOBOH KUCJOTBI, CBA3aHHOTO C OJHOM
U3 OCTaBIIUXCS CBOOOJHBIX TMIPOKCUTPYIIT KeM-
ndepona (BemecTso He NAEHTUDUIUPOBAHO).

[Tux ¢ BpeMeHeM yjep:KuUBaHusA 7,7 uMeer
Maccy MOJIOKUTENbHOTO HoHA 465, Maccy OTpHIla-
TEJIbHOTO MOHA 463 m 6JIM30K 110 BpEMEHU y/ep-
JKUBaHUS K tuneposuny. [Iuk ¢ BpemeneM yjiep-
KUBaHUA 7.6 MWUH MMeeT Maccy TOJOXKUTETHHOTO
nona 479, maccy oTpuIiaTeJabHOTO0 MoHAa 477 n
BO3MOXKHYIO CTPYKTYpY:KBepiurypoHa(ksepie-
iH-3-O-TIoKoponuaa).

[Tockousbky (heHoTKapO6OHOBbIE KUCIOTBI TI0-
TJ0MAIOT Kak mpu 272 HM, Tak u npu 360 HM,nx
njeHTU(UKALUSA TPOBOANIACH NIPU KaKJA0U u3
5TuX AauH BoaH (puc. 2).

cicor QBA127 28-Apr-2015 13:17:27
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1 0(}— 1.41e8
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1 0(}— 1.24e8
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]
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0] i R A,
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Puc. 1. XpOMaTOTpaMMbI CIIMPTO-BOAHOIO U3BJICYEHUA U3 TPABbI IUKOPUA 06BIKHOBEHHOTOB PE€KHUME perucrpanmuu

MO3UTHBHbBIX UOHOB
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Name tR Peak Area|Area Perce Rs Plate No.
(min)
516-Kaempfero] 9.07 | 8.82%e+8 84 1.101 100994.594
Astragalin; Astr;  7.91 1.905e+8 1.8 2232 100406.234
Caffeic Acid 6.71 1.258e+9 | 11.9 2.806 20878.760
Chlorogenic Ac|  3.42 3.353e+8 3.2 1.521 40917.813
Esculetin 425 |1.251e+9| 119 2.607 6286.897
Esculin 285 | 5.170e+8 49 3.799 20948.652
Hyperoside 766 | 1.202e+9| 114 2.504 103651.141
Quercituron 754 | 1.324e+9| 125 1171 81794.242
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Name R Peak Area| Area Perce Rs Plate No.
(min)

516-Kaempfero|  9.07 1.066e+9 5.1 1.569 93984.250
Astragalin; Astrj ~ 7.91 1.901e+8 0.9 1.673 88386.430
Caffeic Acid 6.71 1.629e+9 7.7 2.232 15555.930

Chlorogenic Ac| 343 | 8.309e+8 3.9 1.247 4630.684

Esculetin 4.24 3.966e+8 1.9 0.913 5827.675
Esculin 285 | 5.202e+8 25 4.984 18165.506
Hyperoside 7.66 1.053e+9 5.0 1.460 100259.953
Quercituron 7.54 1.194e+9 5.7 1.139 78850.672

Puc. 2. XpomMaTorpaMmbpl CIUPTO-BOAHOTO M3BJE€YEHHUs] U3 TPaBbl UKOpus npu 360 uM u 272 um

AHaTM3UPYs pe3yJbTaTbl MPOBEJICHHOTO HC-
CJIeIOBAHUSI, MOYKHO OTMETHUTDb, UTO MO BPEMEHU
VIE€PKUBAHUS U MacC-CIIEKTPaM HIeHTUMUIUPO-
BaHa KodeiiHas M XJ0POTeHOBas KUCIOTHI, a TaK-
JK€ YCTAaHOBJIEHO, YTO BEIECTBO C MOJIEKYJISIPHOM
Maccoit 178 m BpeMeHeM yaep;KWBaHus 4.3 MUH
SIBJISIETCA ACKYJETHHOM, a ero TJIMKO3WINPOBAHHAS
dopma (sckymH) o6HapyskeHa Ha 2.87 MuHYTe,
YTO COTJIACYETCS C JAHHBIMU JUTepaTypsl 8.

TakuM o6pa3oM, B TpaBe IUKOPHUSA UIAEHTH-
dbunmpoBanbl mpousBoaHble KeMiideposa (kem-
epos-3-O-rmuko3un nnu Kemideposa-3-O-ra-
JakTo3u]), KBepiernHa(runeposuga u Ksepiie-
TH-3-O-TJIIOKOPOHK/IA), HapsLy C 9TUM HOATBEP-
JKJIEHO HaJW4yue 3CKyJWHA U 3CKYJeTHHA,
XJIOPOTEHOBOI 1 KO(MeHOI KUCTIOT.

N3 surepaTypHbIX JAHHBIX M3BECTHO, UYTO
KeMII(heposT 1 ero MPOU3BOHbIE 00JaIAI0T AHTH-
OKCHUJ/IAHTHOI aKTUBHOCTBIO, 0OYCJIOBJIEHHOI CITO-
cOOHOCTBIO 06PA30BBIBATh Xe€JATHbIE KOMILJIEKCHI
C COJISIMU KeJie3a, ¥ TPOTUBOBOCTIAJINTENbHON aK-
TUBHOCTHIO 3a CUET TOPMOKEHUS 0OpPa30BaHUS
IIpOCTaTIaHANHOB 1 Jeiikorpuenos ¥. B opranmus-
Me JesoBeKa KeMI(epoJs TOo/IBEPraeTcs TUApo-
KCUJIMPOBAHWIO C MOCJENYIONUM 06pa3oBaHueM
KBepIETHHA, MO3TOMY (hapMaKOJIOTHYECKOe [eli-
cTBHe KeMideposa I KBepleTHHa GIN3KO .

N3BecTHO TaksKe, YTO KBEPIIETUH OKA3bIBAET
aJIalITOTeHHOE, HOOTPOITHOE, AHKCUOJUTHYECKOE 1
aHTHIeTIpecCUBHOE JielficTBusA. Pe3yabTarsl ncce-
JIOBaHWIT CBU/IETEJIBCTBYIOT O HAJWMYUU Y KBEpPIle-
TUHA AaHTUTUTIEPTEH3WBHOTO 3(pdeKTa, Tpeanoo-
JKUTENBHO 00YCJOBIEHHOTO TTOBBINIIEHIEM YPOBHS
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okcuaa aszora n cHmkenmeM HAJIMDH-oxkcumas-
HOI akTWBHOCTU. KpoMe Toro, 3a cueT aHTHMOKCHU-
JIAHTHOTO M, CJIeOBaTeJbHO, aHTUTUIIOKCAHTHOTO

JleficTBUS KBepIeTHH 06J1a/IaeT BbIPAKEHHON Heli-

POIPOTEKTOPHOI aKTHBHOCTHIO !

IIJIFI rumepos3u/jia BbIsdBJIEHA HeﬁpOTpOHHaH
aKTHBHOCTb. Y CTAaHOBJEHO, UTO runeposua yda-
CTBYET B MeTabou3Me OHOTEHHbBIX AaMHHOB, IIPO-
ABJIAET aJaIlITOT€HHbIE CBOﬁCTBa, a TaKKe IIpeaoT-
Bpalia€eT MOp(i)OJIOI‘I/I‘-IeCKI/Ie n3MeHeHuAa COCy/10B,

IIOYEK U cepalia, B TOM YHUCJIE JIEBOXKETIY/JOUYKOBYIO

runeprpoduio 0.

ICKYJIMH 1 9KYJIETUH YTHETAIOT THATY DPOHU/IA-

3y U yJay4dlIalT peoJIOrn4eCKue CBOIICTBA KpoBHu 12.

XJoporeHoBas KUCJI0Ta, KaK 1 GOJIBITHHCTBO (DeHO-
JIOB MeTaboJIM3NPyeTcsl B TeUYeHn ¢ 06pa30BaHuEM
(bapmakosornyecK aKTUBHBIX COEMHEHUIT — KO-
deitnoii, depynoBoii, nzodepyioBoii, quruapode-
PYJOBOI W JAPYTUX KHUCJOT. B ombITax inovitro
YCTaHOBJIEHA AHTUOKCH/IAHTHAsI aKTHBHOCTb OK-
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HOH, MPOTHUBOONYX0JIEBOI 1 UMMYHOMOYJINPYIO-
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yKa3bIBaeT Ha MEePCIEeKTHBHOCTb pa3paboTKN Ha
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HOI, MPOTUBOBUPYCHOH M TrenaTonpoTeKTOPHON
AKTUBHOCTDIO.
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OJINTOMEPU3AIINA OPAKIIUN C,
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L. Z. Kas'yanova, I. I. Safargaliev, O.Kh. Karimov

THE OLIGOMERIZATION OF THE C, FRACTION
OVER ZEOLITE CATALYSTS

Ufa State Petroleum Technological University
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[TpencraBsieHbl pe3yJbTaThl ITPOBEEHHBIX 3KCIIE-
PHMEHTOB IO TI0JIy4YeHHUIO BBICOKOOKTAHOBOTO IIPO-
JYKTa B BHJIE OJIMIOMEPH3aTa HA I11€0JUTCO/IepIKa-
MUX KaTaau3aTopax, OTHOCAIUXCS K ceMeiicTBY
MEHTACHJIOB, 13 0JIe(DHOB, COJEPKAIUXCI BO
¢paxiuu Cy4. Pe3yabTaTbl HCIIBITAHUS HECKOTbKIX
006pa3IloB KaTajJIu3aTOPOB C NPUMEHEHUEM IIpo-
MBIIIJIEHHOTO CBIPbsI I0Ka3a/1 B3aNMOCB3b 00Pa-
30BaHMSI apOMATHYECKUX COEJMHEHUI B IIpoliecce
OJINTOMEPU3AIMN YTJIEBOJIOPOJIOB C COJePXKaHUEM
KHCJIOTHBIX IIEHTPOB B KaTajlnsarope.

Katouegvie caoea: apoMaTnieckiie COeINHEHNST;
BBICOOKTaHOBasI J06aBKa; 0JieDUHDI; 1[€0JTUTCOED-
JKatue KaTaan3aTophl.

B macrogimee BpeMs BO BceM MUpe Y3KeCTO-
qaroTcs TpeGOBaHMS K KAayeCTBY MOTOPHBIX TOTI-
guB. Ha ceromuanmunii 1erab B Poccuu MOTOpHBIE
TOTJIUBA JIOJIKHBI COOTBETCTBOBATH CTaHIAapTaM
«EBpo-4» n «<EBpo-5». YMeHbllleHNE pPerjiaMeHTH-
PyEMBIX HOPM TI0 COJIeP>KaHUIO CepO- 1 KUCJIOPO/I-
CO/IEPKAINUX KOMIIOHEHTOB B MOTOPHBIX TOILJIN-
BaX CBSI3aHO C YCJOXXHEHUEM TEeXHOJOTHH TIOJTO-
TOBKH ¥ OUHCTKH HedTsaroro ceipbs L. IloaToMy B
MOCJIe/THUE TOJIbI CTAHOBSTCA AKTYaJTbHBIMH METO-
JIBI TTOTyYeHNS BBICOKOOKTAHOBBIX KOMITOHEHTOB
BBICOKOI CTETIeHN YMCTOTHI U3 HU3KOMOJIEKYJISIp-
HBIX oJiepuHOB U MapaduHOB.

[ToBbIllleHHOE BHUMAHHUE K OJUTOMEpPU3AITTU
o6bsacHgeTcss 60TaTbiM pecypcoM (pakiuii Jier-
KNX aJKEHOB, MOJYy4YaeMbIX NMpHU mepepaboTKe
Hedrtu. B Hacrosiiee BpeMs MCTOUYHUKAMH OJie-
uHCOMEPKAUX YTIEBOJOPOJHBIX (HPAKIINIL SB-
JIFI0TCSA TPOAYKTBI MUPOJN3a, AETUIPUPOBAHUS
napaguHOB, TEPMUYECKOTO M KATAJIUTHYECKOTO
Kpeknnra, mporecca dumepa-Tpomma u ap. 2.
Kpome Toro, pazpa6oTKa HOBBIX TEXHOJIOTHII TIO-

Hara nocrynienus 10.02.16

This article describes the results and analysis of
the experiments on obtaining of high-octane
product in the form of oligomerizate on zeolite
catalysts belonging to pentasil family from olefins
contained in the fraction C4. The results of testing
of several samples of catalysts using industrial
raw materials showed a relationship between
forming of aromatic compounds in the process of
oligomerization of the hydrocarbons with the acid
centers in the catalyst.

Key words: aromatic compounds; high-octane
additive; olefins; zeolite catalysts.

JIY9eHUS XUAKUX yTJIEBOJIOPOJOB U3 MPUPOTHOTO
ra3a BbI3bIBAET TOBBIIIEHHBIN MHTEPEC K OJUTOME-
pU3aIN 3TUJIEHA KaK OJHON W3 BAXKHBIX CTaJUi
aTuX tpoieccoB. [ToaTomy omuuM u3 HamboJiee
3¢ DeKTUBHBIX HANpaBJIeHUN WCIOJTb30BAHUS
MHOTOTOHHA}KHBIX PECYPCOB 3TUX T'a30B SIBJISIETCS
CUHTE3 KUIKUX yTJIEBOIOPOJOB KaK BBICOKOOKTA-
HOBBIX KOMIIOHEHTOB KM/IKIX TOILTHB 5.

[Ipotecc osmroMepusaruu Jerkux oJedun-
HOB TIPOBO/IUJICST HA KATAJU3aTOPE, TIPE/CTABJISIO-
nieM co6oit pocdopHyIO KUCJIOTY HA TBEPAOM TO-
puctom Hocutesne 4. Ho us-3a npo6.ieM ¢ yTuinsa-
uueir ¥ GOJIbIION CKOPOCTH AE€3aKTHBAIIMU KaTa-
JM3aTOpPa OT HETro OTKAa3bIBAIOTCI B IOJb3Y
IE0TUTCOIePIKANINX KaTaJn3aTOPOB M3 CeMel-
CTBA MEHTACUIOB °. B OTeuecTBEHHOI MPOMbIII-
JIEHHOCTHU TIPOIleCC CWHTE3a OJIUTOMepu3aTa u3
6yTIIeHOBOI (PpPaKIMK B BBICOKOOKTAHOBbBIE KOM-
MTOHEHTBI OCYIIECTBJISIETCS TP BLICOKUX TeMIIEpa-
Typax Ha Ie0JUTCOepsKalleM KaTaausaTope.
IIpu 5TOM TIpOTEKAIOT peakimn %
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1) Peakuum KpekuHra

C4H10 — CH4 + Cij

CHyp — CyHy + CoHg

C4H8 + C4H8 —> CH4 + C7H12
CHg + C4Hg — CyHy + CgHyy

2) Peaknun onmroMepusaum
2C4H8 + C2H4 —> C6H12
C4H8 + C3H6 — C7H14

3) Peaknun nsomepusannum
3C4H10 4 i-C4H10

3C4H10 d 21'*C5H12 + C2H4 + H2
6C4H8 4 3i-C6H12 + 3C2H4

4) Peakiuu 1IUKJIN3AIMIN
3C4H8 d 2C5H10 + C2H4
3C4H8 — 2C6H12

3C4H10 g 2C6H12 + 3H2

5) Peaknun apomaTtusanyuu
2C4H10 4 C6H4(CH3)2 + SHQ
2C4H8 s C6H5CH3 + CH4 + 2H2
2C4H8 4 C6H5—CH2—CH3 + 3H2

[enpio mamHOl paGoOTHI SABJASETCS U3yUYeHUE
onuroMepusainun cmecu Cy-yTaeBoJJOpOJOB Ha
PA3IMIHBIX TEOJUTCOAEPKAIINX KaTaan3aTopax.

IJKCcnepuMEeHTAJbHAS YaCTh

CunTe3 onuroMepusara IPOBOUICS Ha Jabo-
paTopHOil ycTaHoBKe mpotouHoro tuma (puc. 1)
npu Temreparypax 320 u 340 °C ¢ 06beMHO¥ CKO-
poctbio nogaun rasza 500 u ! . Omuromepusanmio
dpakiun Cy-yriaesogopoaos (cocraB Chipbs
npejcraBied B Tabu. 1) MPOBOANIN HA pas/muy-
HBIX OOpasiax Karaiam3aTopoB Mapok BAK-70Y
(Ha cBexkeM 1 0TPAGOTAHHOM TIPH SKCILTyaTalluK B
teyenue 22364 1), UK-17M, KH-30.

AHanu3 chIpbs U TPOJAYKTOB PEAKIIMU TPOBO-
quicst xpoMmarorpaduueckumu Merogamu. Ompe-
JleJieHne y/JIeIbHON TIOBEPXHOCTH KaTaJTr3aTOPOB
MPOM3BOAMJIOCH MHOTOTOUEUYHBIM MeTofoM BIAT
Ha ananuzarope Cop6Tomerp-M. M3ydenue Kuc-
JIOTHBIX CBOMCTB 06pa3iioB TPOU3BO/IUIOCH METO-
JIOM TePMUYECKOH TTPOrpaMMUPOBAHHOI /1ecop6-
mu (TII/]) npexBaputenbHo aacopOGUPOBAHHOIO
ammuaxa (NH;).

Tabnuua 1
CocTaB Ccbipbsi, NOCTYyNaloLW,Eero Ha yCTaHOBKY oimromepusauum
cblpbe CsHg | CaHe | i-C4H10 | n-CsH1o | a+i-CaHs | f-mparc-CsHs | fuuc-C4Hs | CaHs | i-CsHi2
% 00. 2.35 | 0.87 32.7 31.74 20.37 7.31 3.17 1.44 0.05
a3om
- /i
ChPEP B> .
2
: &
3
5 /
+
KOHMOKITHBIL 203
4 & & amocpepy
KOAmau5am

Puc. 1. Cxema 1a6opaTOpHOii yCTAHOBKH CHHTE3a OJMroMepusara: | — mpyouamoli peaxmop npomounozo mund,
2 — mpybuamas neuv ¢ HUXPOMOBLIM INEMEHMOM HAZpeGANUs; 3 — COOPHUK KOHOeHcamd KAmdiusamd;
4 — emxocmo ¢ oxaaxoaowet cnecvio; H— zazocuemuux 6apabannoit; 6 — KaMAIUIAOP
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Tabnuua 2

KomMnoHeHTHbIN cocTaB KaTanu3saTta Cc YCTAaHOBKM onuromepusaumm

KoMnoHeHTHbIN cocTaB Mapka kaTanusartopa
KaTanusaTta, % mac. BAK-70y BAK-70y oTpaboTaHHbIN NK-17M

2C4 3.45 0.69 1.71

2Cs 5.18 2.74 12.33
>Cs 26.50 16.70 20.86
2C7 23.69 20.26 15.03
>Cs-10 33.31 38.55 28.17
2 apomar. yrnesog. 7.87 21.06 21.90

Tabnuua 3

KonnyecTBO KUCNIOTHbIX LLEHTPOB
N XapaKTepPUCTUKMU NOPUCTON CTPYKTYpPbl KaTainsaTopos

K1CrnoTHbIe LeHTpbI PaBHoBecHble
O6pasui «Ccnabeey* | «cunbhbiey **| CYMMapHoe YpenbHas a,qcop36u140HHb|e €MKOCTM
KONMMYecTBO | MOBEPXHOCTb, (cm™/r) no BellecTBy
KaTanu3aTopoB KUCMNOTHbIE |  KUCMOTHbIE KACTIOTHBIX w2ir
LeHTPbI LeHTPbI LeHTPOB CeHs | CrHis H20
NK-17M 91 63 154 232 0.21 0.29 0.09
BAK-70y 343 264 607 184 0.25 0.31 0.15
BAK-70y oTpaboTaHHbIn 78 48 126 212 0.23 0.30 0.08

*

— xoauuecmeo decopbuposannozo NHz (mxmonsv/z) ¢ unmepsare memnepamyp om 100 do 350 °C

**— goauuecmeo decopbuposannozo NHz (mxmonn/2) 6 unmepeare memnepamyp om 350 do 550 °C

PesyabTarpl U UX 06CyX/aeHHE

WcnbiTanns KaTaam3aTopoB NpU JABYX pas-
JUUYHBIX TeMmIieparypHbix pexkumax (320 °C
u 340 °C) nokaszanu, 94To Hambosiee BHICOKIMH TI0-
KazareasiMi aKTUBHOCTU M CEJIEKTUBHOCTU 006JIa-
npaiot katamu3atropsl BAK-70Y u KH-30.

[Tpu temneparype 320 °C HamboJbIIyIO aK-
TUBHOCTD uMeloT KatanusaTopbl KH-30 u orpa6o-
tanHblil Karaauzatop BAK-70Y, npu stom Mak-
CUMAJBbHYIO CEJTEKTUBHOCTD JIEMOHCTPUPYET OTPa-
6orannpiii BAK-70Y — 58.2%. CpaBHUTEIbHbINI
aHaJM3 TIOKa3aTesiell CBEXKero W OTPAGOTAHHOTO
KaTaJau3aToOpOB JEMOHCTPUPYET, UTO B Ipollecce
IKCILTyaTalluy KaTaJu3aTopa ero KaTaTuTHIecKue
cBoiictTBa maMensorcs. OHAKO PN yBeJNYEHUN
TeMmepatypsl iporiecca Ha 20 °C katanutnieckue
nokasatesu 060uX 06pa3IOB CHWKAIOTCS /10 CO-
MOCTAaBUMBIX 3HaueHU. CHUKeHNe aKTUBHOCTH 1
CEJIEKTUBHOCTU C POCTOM TeMIIepaTypbl Mpoiiecca
06yCJIOBJIEHO, BEPOSATHO, YBETUYEHUEM CKOPOCTH
no6ovHbIX peakimii. Hanbosbinas moteps akTuB-
HOCTH ¥ CEeJIEKTUBHOCTH TIPH 3TOM HAGJIIO/IAeTCS Y
o6pasia orpab6oranroro BAK-70Y — npu yBesu-
YEeHUW TEMTIEPATYPbI OJTMTOMEPU3AINN €TO aKTHB-
HOCTH majgaer Ha 9.2%, a CeJeKTUBHOCTH Ha
19.8%. HaumMenbiiasi moreps KaTaTuTUIECKUX
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cBoiictB — y o6pa3sia cexkero bAK-70Y. Hau-
MEHBITMMH KaTAJUTHYECKUMU TTOKA3ATEeSIMU TIPH
0001X TeMIEePAaTyPHbIX PEKUMaX OJUTOMepH3a-
unn obmazaer Kataansarop Mapku MK-17M.

CpaBHeHne KOMIIOHEHTHOTO COCTaBa KaTaJu-
3ara, MOJYYeHHOTO Ha HUCCJeNyeMbIX 06pasiiax
kataauzaropa (ta6i. 2), MOKasbIBaeT, uTo B KaTa-
susaropax MK-17M u orpab6orannom BAK-70¥Y
Ha6JTI0/1aeTCsl OJIMHAKOBBIN BBIXOJ/I apoMaThuvec-
KUX coefmHenwil. [Ipw aTOM comocTaBIds pe3yib-
TAThl ~ WCCJAENOBaHUA  (PU3UKO-XUMHUUYECKUX
cBoiicTB 06pa3nos (Tab1. 3), MOKHO KOHCTATHPO-
BaTh, 4TO 062 KaTaJaM3aTopa UMEIOT CPABHUTENb-
HO paBHbIE KOJMYECTBA KHCJIOTHBIX IIEHTPOB.
IIpu stom cBexuit kartamuzatop BAK-70Y mnpu
6oJibIlieM, 4eM y JAPYTUX 06pasioB KaTajnu3aro-
POB, KOJIMYECTBE KHMCJOTHBIX IIEHTPOB 0Opasyer
MeHbIIle apOMATHYECKIX COeIMHEHTH.

Takum 06pa3oM, OCHOBHBIM (PAKTOPOM, BJIVIS-
I0IMKUM Ha 06pa30BaHMe APOMATHUYECKUX COe/lnHe-
HUIT HA TI€0JUTCO/IEPSKAIINX KAaTaIu3aTopax, sSBJs-
€TCS KOJIMUECTBO aKTUBHBIX KUCJIOTHBIX 1EHTPOB.

Kpome Toro, MOXHO OTMETUTH, YTO B TIPO-
1ecce JTUTENbHOTO CPOKA AKCILTyaTalluy KaTa -
3atopa BAK-70Y nmpoucxoauT cHIKeHUEe KOTmie-
CTBA KUCJOTHBIX IIEHTPOB KATAIM3aTOPA.
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Ha ocHoBe BapnaTHBHOTO TO/1X0/1a BBIGPAHBI ONTH-
MaJibHbI€e [IJisI PETMOHA [TPOU3PACTAHUST MACJTNYHbIE
KyJIbTYPbI: JIONUH Gesiblii u amapant. IIpuBenennr
SKCIIePUMEHTAIbHDIC HCCJIe[OBAHHIS, HOATBEPK/IA-
IoIIe NX CITOCOOHOCTD K (puToMenopanun Hedre-
3arpsA3HEHHBIX 3eMesb. IIpeasnoskeHo uCIOIB30-
BaTb Macja 9TUX KYJbTYP JJIA CHHTe3a OHOIH3e/Ib-
HOTO TOILIMBA, a TaKyKe OTXOJ IIPOU3BOJACTBA aMa-
PAHTOBOTO MAaCJjia — JKMbIX B KAQU€CTBE CTUMYJIHPY-
fomeit 6M006aBKY B cIToco6e TTOA3€MHOTO 06e3Bpe-
JKUBAHUS OTXO/OB C OJIHOBPEMEHHBIM IOJIy4YeHNEM
6uorasa. YCTaHOBJICHO TaKXKe, YTO IS IIPOH3BOJ-
cTBa GHOJM3EIIA 11e1eCO00Pa3HO UCIIOJIb30BATh CMECh
PACTHTEIBHBIX MaceJl JIOMUHa 6eIoro U aMapaHTa.

Katoueswvte caoea: Guoras; 6Moan3esb; BCXO-
JKecTb ceMsiH; HepTe3arpsi3HeHHAs 110YBA; MOA3EM-
HOE 3aXOPOHEHUE OTXO/I0B; PACTUTEJbHOE MACJIO;
cTuMyJinpyiomas 6noso6aBka; (puTOMeInOpaIIHs.

HepamnuonanbHoe npupojononab3oBaHue B
HaI JHU TPUBOJUT HE TOJBKO K HCTONIEHUIO
NPUPOJHBIX PECYPCOB, HO M K BO3HUKHOBEHUIO
9KOJIOTHYECKUX KaTacTpod, KOTOpbIE, B CBOIO
ouepe/ib, OKa3bIBAIOT HETAaTUBHOE BO3/IEHCTBIE HA
atmocdepy, TOYBY, TTOBEPXHOCTHBIE W TIOJ3€M-
Hble Bojibl. K Hambosiee 3HAUUMBIM IO MaciiTaby
OTHOCATCS 3arps3HeHNe TTOYBBI MPOIyKTaMu Hed-
TeoObrYn u HedTenepepabOTKU B pe3yJbTare
Pa3/IMBOB, aBaphii HA MarUCTPATbHBIX TPYOOIPO-
BOJZIAX M [Ip., a TaKyKe HEYKJIOHHO BO3pacTaloIine
BBIOPOCHI TIPOJYKTOB CTOPaHUS JBUTATesell B aT-
Mocdepy OT MOCTOSHHO YBEJUYUBAIONIETOCS KO-
JITYECTBA aBTOTPAHCIOPTA, MCIOJb3YIOINX TPa-
JIMITMOHHOE TONJINBO — OeH3WH U /u3enb. Pere-
HUe JJaHHBIX TPOOJIEM BO3MOXKHO MO3TATHBIM TIJT1a-
HUPOBAHUEM.

Hara nocrynnenus 05.02.16

On the basis of variable approach optimal for the
growing region oilseeds: white lupine and
amaranth are chosen. Experimental studies
confirming their ability to phytomelioration
contaminated lands are presented. It is proposed
to use these oil crops for biodiesel synthesis, as
well as waste production of amaranth oil - cake as
stimulating supplements in the way of the
underground disposal of waste while producing
biogas. It is also established that for the
production of biodiesel is more expedient to use a
mixture of vegetable oils, white lupine and
amaranth.

Key words: biodiesel; biogas; contaminated
soils; phytomelioration; seed germination;
stimulating bioadditive; underground disposal of
wastes; vegetable oil.

IlepBblil aTanm ocHOBBIBaeTcsA Ha OUYHMCTKE
HedTe3aTpA3HEHHBIX 3eMeJib 32 cUeT (PUTOMENNO-
panuu. DuroMesnopaIsa UCIOIb3YeTCss OOBIYHO
Ha 3aBepIIaIoNieM 3Talle PeKyJbTUBallud HedTe-
sarpssHenHbix nous. ITo ganupivm b 2, B yenosuax
HeTAHOTO 3arpsA3HeHus MOYBbl HamboJiee -
QexTUBHBIMU /1711 (DUTOMETNOPAINHN SABJISIOTCS
clenylole 3JaKu: exka cOopHas, moJieBuia Ge-
Jasi, TuModeeBKa JIyroBas, OBCSHUIA JIyroBas,
OBCSIHHUIIA KpacHast; cpeau GOOOBBIX: JIOINH MHO-
TOJIETHUH, JI/IBEHEIl POraThiii, KJeBep IIBeICKU,
KJIeBep JIyToBOM, KiaeBep moasyunii. CTout orme-
TUTb, YTO 6GOOOBBIE KYJbTYPbI BbICAKUBAIOTCS
TOJABKO HAa BTOPOM 3Tame PeKyJIbTUBAINHU, T.€.
yepe3 ToJ mocjie HedTe3arpsi3HEHUs MOYBDI.
Kpaiine BaXHO Tak:Ke OCYHIECTBJISATH TONO0D
KYJbTYPbI UCXO/IS1 U3 MECTHBIX TTPUPOHO-KINMA-
TUYECKUX YCJIOBUH ee BbIpANTUBAHUA.
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B ocHoBe BTOpOrO 3Talia NpeIaraeTcsa uc-
MOJIb30BaHME TOJTYYEHHOI B pe3yJbrare (putome-
Juopaiun 6GHOMacchl B KAUeCTBe ChIPhS JIJISA TPO-
u3Bo/IcTBa GroTonnBa (GKUAKOTO 1 ra3006pasHo-
ro). HauGosiee nepcneKTUBHBIME B HACTOSIIEE
BpeMsI SIBJISIOTCSI CIIMPTOCOJEPIKAIME TOIJINBA,
6uoamsenb u 6moras >4, K crmprocomepskammm
TOILJIMIBAM OTHOCSAT B OCHOBHOM GMO3TAHOJI, TIOJIY-
YaeMblil B MpoIlecce mepepaboTKN PACTUTETHHOTO
coipbgd. OcHOBHOHM 06beM OHMO3TaHOJA B MUpeE
MPOU3BOJIAT U3 KyKYPy3bl U CAXapHOTO TPOCTHU-
Ka. B kavecTBe cbIpbst MOTYT OBITh TAKKe MCIIOJIb-
30BaHbI CETHCKOXO3SIHUCTBEHHbIE KYJbTYPBI C BbI-
COKMM COJIep’KaHueM caxapa Win Kpaxmamia: ca-
XapHas cBekJa, Kaprodesb, SuMeHb U mp. Tu-
NUYHBII METO/| ToJTy4eHuss GUO3TaHOJIAa OCHOBAH
Ha TIporecce GPOKEHNS] OPraHMYeCKOH Macchl .
[lna upentuduramy mpoiiecca yaiie BCero Hc-
MOJIB3YIOT APOKIKH, HO B MOCJIE/[HEE BPEMS BCTPE-
YaloTcs cmocoObl, TTO3BOJISIONE TIPUMEHATD aHa-
JIOT IPOsK:Keli. B KadecTBe aHAJIOTOB TpeAIaraioT
UCII0JIb30BaTh PEKOMOMHAHTHBIE MPENapaThl ajib-
(hba-ammasel, mMoydeHHbIEe OMOWHIKEHEPHBIM TIy-
TeM — rmoKaMmiasa, amuaocy6rumn ®. OcHos-
HBIM HEJIOCTATKOM 3TOTO BU/IA TOTLJINBA SIBJISIETCS
dbaszoBas HecTabUIBHOCTL NPU OOBOJAHEHUU IO
MpUYNHE 3HAYUTENbHOU THAPOPUIBHOCTU CIUP-
TOB, W, KaK CJe/[CTBUE, PACcCJOeHNe TOTLIUBA TIPH
MOTAaHUN J1aske HeGOJIBIIOTO KOJUIECTBA BOJIBI.
Kpome Toro, 6uoaranos o6ajaeT HU3KON TEILIO-
TOW CTOpPaHWS MO CPABHEHUIO C TPAJAUITHOHHBIM
TommuBoM (GeH3UH U JU3€eIbHOE TOIINBO), a TaK-
’Ke BBICOKOUW KOPPO3MOHHON aKTUBHOCTBIO, KOTO-
pasi OoObICHSIETCS XUMHYECKO# AKTUBHOCTHIO
COUPTA 32 CYeT HAJMYUS B HUX MOJSIPHOM THAPO-
KCHJIBHOMH TPYTITIBI /.

buomnzens — cMech MOHOANTKUJIBHBIX A(PU-
POB JKUPHBIX KUCJOT, MOJTYYA€MbIX U3 PACTUTEb-
HBIX WU JKUBOTHBIX JKUPOB, KOTOPBIH TIPU CTOpa-
HUU B JIBUTATEJNIX 06pa3yeT MEHbIIE 3arpsI3HSIO-
IIUX BEIeCTB, BBI3BIBAIONINX MapHUKOBBINA a(-
(pexr, HExKEMU TPAAMITMOHHOE TOILINBO. B OCHOBY
TEXHOJIOTUN TTPOU3BOJICTBA OMOM3ENA 3aT0XKeHa
peakiug 3TepudUKaI JKUPOB PACTUTEIbHOTO 1
JKUBOTHOTO TPOUCXOXK/IeHUsT HUIINIUMU CIUPTA-
Mu. JlaHHBINA Tpollecc MPOBOAUTCA B KaTaJUTH-
4eCKUX ycaoBHUsX (FOMOTEHHBI WU reTeporeH-
HbI Kataaus). Bei6op Tuma Karaamsa BecbMa
ciaoxken. Tak, mpu MCTOJb30BAHUNM TOMOTEHHOTO
menounoro Karajusaropa (KOH, NaOH) sbixos
aupa gocraTouHo BbicOK. OHAKO B CJydae BbI-
COKOTO CO/IepKaHust CBOGOTHBIX KUPHBIX KUCJIOT
B pe3yJibTaTe MOOOYHOU peakiuu 06pPa3yioTcs
MbLTa, a 3TO NMPUBOJUT K YBEJTWMYEHUIO BA3KOCTH
PEaKIMOHHOW Cpeibl, YTO 3aTPYAHSIET OT/EJEHIe

rautiepuHa. K toMmy ke Bo3pacTtaetr moTpeGHOCTD
B CBEXKeil BOJle Ha OTMBIBKY OT 0OpPa3yIONIUXCs
MO6OYHBIX TPOAYKTOB. Kpome Toro, B JAaHHOM
TEeXHOJIOTUN 06pa3yercs 6OJIbIIOe KOJUYECTBO
MIEJIOYHBIX OTXOJOB, JJIsI KOTOPBIX HY)KHA OUUCT-
Ka U nocjenyiomnias yrunusamusi. [IpumeHenune
rOMOTeHHBIX KHCJIOTHBIX KaTaiu3aTtopoB (KoH-
IIEHTPUPOBAHHBIE CEePHast U COJITHASA KUCJIOTHI)
Takxke HeaEKTUBHO, TTOCKOJBKY CKOPOCTH pe-
aKIMK Kpaiine HU3Kasi. B JaHHOM KaTtasmse ¢ 11e-
JIbIO YBEJIMYEHUST CKOPOCTH HEOOXOIMM 3HAUM-
TEJIbHBIN U3OBITOK CIUPTA, YTO YBEJIUYMBAET Pac-
X0/T chipbsi. Heo6X0oanMMO OTMETUTH TaKKe, UTO
s 3(pQeKTUBHOTO CHHTE3a BaKHO NMPUMEHEHUE
KOHIIEHTPUPOBAHHBIX KHCJIOT O, a 3TO MOBBITTAET
KOPPO3UOHHYIO aKTHUBHOCTH PEAKIIMOHHON CMECH.
B cBsI3u ¢ 9TMM, BO3HUKAIOT [OTOJHUTETbHBIE
3aTpaThl, CBSI3AHHbBIE C MCIIOJIb30BAHUEM CIIEI[H-
aJbHOTO 000PYIOBaHNUsI, a TaKyKe ¢ yTUIN3aIineit
06pasyIoIuxcs B IPOIecce KUCIbIX CTOKOB. B o1-
JIn4re OT TOMOTEHHOTO KaTasn3a, TeTepOTeHHbBIN
KaTain3 MO3BOJIeT IPUMEHSTh TBEP/Ible KaTasu-
saropsl (CaO, MgO), kotopble He TPeOyIOT Bbi-
JleJIeHusl M3 PEeaKI[MOHHOI cMecH, a TakKyKe CIOo-
co6HbI perenepupoBarbesi. HegocraTkoM mporiec-
ca SIBJISeTCS HU3Kash CKOPOCTh PEAKINH, a TaK¥Ke
CHUJKEHUE KaTaJUuTHYeCKOl aKTHUBHOCTU WM3-3a
«3a0UBaHNSA» aKTUBHBIX IEHTPOB KaTajIM3aTtopa
macyioM. [Toatomy HamboJiee MEePCIEKTUBHBIM SIB-
JISIETCST TIPOIecCe CUHTe3a GUo/n3ess B CBEPXKPH-
THYeCKUX ycaoBusax. /s peanmusanuu mpoiiecca
TpeOYIOTCS BBICOKHE TeMIlepaTypa WU JlaBJeHMHe.
CBeEPXKPUTHYECKUE YCJIOBUS TO3BOJSIOT OCYIIle-
CTBUTb CHHTE3 B TOMOTEHHBIX YCJIOBHSX, TPHU
3TOM peaKIMOHHAasl Cpe/la CTAaHOBUTCS OHO(pA3-
HOIi, YTO CIOCOOCTBYET PE3KOMY POCTY CKOPOCTH
peakiuu. Ba)kHO OTMETUTH, UTO CIUPT B JAHHOM
cJlydae BBICTYTIaeT B KauyecTBe KUCJOTHOTO KaTa-
ausaropa. TakuM o6pa3oM, IMPOIECC, OCYIIECTB-
JISIEMBIii B IaHHBIX YCJIOBUSIX, HE TpeOyeT mpume-
HEHHS KaTaJar3aTtopa, YTO MO3BOJISIET OTHECTH €r0o
K paspssy 6e30TXOJIHbIX TeXHOJIorHit 9.

B kavecTBe OCHOBHOTO CHIPBSI /IJisl CHHTE3a B
Pa3HbIX CTpPaHaX BBICTYNAIOT MPEUMYIIECTBEHHO
MacJia pacTUTETbHOTO TIPONCX0sKaenus: EBpora n
Duanmunubbl — maabMoBoe MacJso, Kanama —
paric, Adpura — cost, bpaswmsa — cost, KacTopo-
Boe Macso . Hapsasy ¢ HIMU M3BECTHO MCIO/Ib-
3oBanne Macia peokuka (Kanaga, CIITA), monu-
na (Uranusg, CIIMTA) u amapanrta (Ykpanna).
[Tpumenenne mMacja KUBOTHOTO TIPOMCXOKIEHUS
MUPOKo paszButo B lepmanuu. ITO CBSA3AHO,
pekje BCEro, ¢ OrPaHNYEHHOCTHIO 3eMeJbHBIX
pecypcoB. Ho, Kak MoKa3bIBaeT OMbIT, MCIOJb30-
BaHUe MacJja PaCTUTEJbHOTO TTPOUCXOKIEHUS
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H9KOHOMUYECKU HarboJiee BbITOHO, YeM KUBOTHO-
ro, 6slarojiapsi HU3KUM KallUTAJIbHBIM 3aTparaM
IPOM3BOJICTBA PACTUTENBHBIX MaCell.

B cBsA3M ¢ aTHM, 1LI€JIbIO NCCJIEIOBAHUI SBY-
JIOCH 9KCIIEPUMEHTATbHOE M3yueHHe COCOOHOCTI
K ¢uroMennopanuu Hedre3arpsa3HeHHbIX 3eMe/lb
MACJUYHBIMU KYJbTYPaM#, C HOCJTEAYIONUM IO-
JIydeHneM Maces M3 HHUX /I IIPOU3BOJICTBA 6UO-
JI3eNsl, a TaKxkKe MpUMeHeHueM 00pPa3yiolierocs
kMbIxa (0TX0/1a TIPOM3BO/ICTBA MAC/Ia) B KAUeCTBe
CTUMYJIUPYIOIIell 6Moj00aBKU JIJIsT TPOU3BO/ICTBA
6uorasa.

MaTepuajbl U1 METOABI HCCJIETOBAHUSA

Boi6op pacrenuit qis dutomennopanun 6a-
3UPOBAJICS, TIPeXK/e BCero, Ha YCJOBUAX TPOU3-
pacTaHusl W CTeleHW MacJaudHocTu. Tak, s
Lenrpanbroii wactu Poccuu 1enecoo6pasHo uc-
MOJb30BaTh KyJbTYpPbl, 06J1a1atolre MOBbIIIeH-
HOW MOPO30CTOWKOCTBIO, BJIATOCTONKOCTHIO, He-
HPUXOTAUBOCTBIO U OOJBIION 03€PHEHHOCTHIO.
ITuUM TPeOGOBAaHUSIM OTBEYAIOT JIONHH OeJblii 1
aMapaHr.

OMHWM U3 TOCTOUHCTB JAHHBIX KYJIbTYD SB-
JIgeTcs XOPOIIo pa3BuUTas KOpHeBasd cucrema, Ko-
TOpas TJOTHO NMPOHW3BIBAET BEPXHUE CJOU TO-
YBbI, 06ecIieynBas ee XOPOIIYIo aspalnio B yCJI0-
Busax medresarpsasnenns 1. Crexyer oTMeTHTDH
TaKxe, 4TO npu jgeduIuTe MOABUIKHOTO a30Ta,
XapakTepHOTO s HedTe3arps3HeHHbIX MOYB,
6o6oBbie (B yacTHOCTH JIIOTUH GeJblii) crnoco6-
cTByIOT huKcanum aTMoc(epHOro a30Ta U HAKOTI-
JIEHWIO €T0 B IOYBE 32 CYET KJIyOGEHbKOBBIX HGaKTe-
puii (ipecraBiaennbie pogoM Rhizobium), xkoro-
pble Pa3BUBAIOTCSA HA KOPHSX JIAHHBIX PaCTEHWH.

Oo6oraiieHre OYBbI A30TOM ITOBBINIAET AKTUBHOCTD
YTJIEBOZOPOAOKUCIISTIONIENH MUKPO(JIOPDI 12 4 tak-
JKe YBEJIMUMBAET CPOK JKU3HU He(TEOKUCITIONNX
6aKTepHii.

Kpome Toro, BbI6OD MaHHBIX KYJbTYp 06yC-
JIAaBJIMBAETCS 3HAUYUTEJIbHBIM KOJUYECTBOM B UX
MacJax TPUTJUIEPU/IOB CIeIYIONNX HEHACHIIEH-
HBIX JKUPHBIX KHUCJOT: JUHOJEHOBOW KUCJOTHI
(yuc-9, yuc-12, yuc-15-okrageKaTpueHoa0Bas
kucaora C18:3), munosneBoit kKucaorsr (uyuc-9,
nuc-12-oxrasuenosnosas kucaora C18:2) u oneu-
HOBOH KuCa0ThI (%414c-9-0KTaUIIeHTOBAs KICI0TA
C18:1). JKupHOKHCIOTHBI cocTaB JonuHa ° u
amapanTa 4 npesncrasien B ta6u. 1.

Kak BugHo u3 Tabma. 1, npuMeHeHne JaHHbBIX
BU/I0B pacTeHUil BechbMa IejecoobpasHo, To-
CKOJIBKY B HUX COJIEPKUTCS BBICOKOE KOJMUYECTBO
JINHOJIEBOM U OJIEMHOBOM KHCJIOT.

Jlnsg ycranoBsieHusT BO3MOKHOCTU (pUTOME-
Juopaiuu HedTe3arpsi3HEHHBIX 3eMesib BbIOPaH-
HBIMHU KyJbTYypaMu OBLIU HCIOJb30BAHBI N3BECT-
Hble METOJUKU 15-17,

Pesyabrarbl U uX 00CyXK/A€eHUE

B xojze mpoBeseHHOTO HCCaeI0BaHUS ObLIO
BBISIBJIEHO, UTO JIaHHBIE KYJIbTYPBI 00a/1a10T BbI-
COKOi1 BcxoxecTblo. IlosydeHHble 3HaUeHUS OT-
HOCHUTEJHHO PA3JWYHBIX cojep:KaHuii HedTH B
MOYBe MpeJCTaBIeHDI B Tab. 2.

Kak Bugno u3 Tabn. 2, cnocob addexrtuBen
npu coziepskanun Hedtu B iouse 70 13 mut Ha 100 T
noyBel. [Ipn manbHelieM yBesndeHnn coaepska-
HUST HePTU B MOYBE BCXOJKECTh CEMSIH He 0OHAPY-
JKeHa.

Tabnuua 1
JXXNPHOKNCNOTHBLIN cOCTaB pa3/iniHbiX BUAOB NIONUHA U aMapaHTa
CogepxaHue kucnot, % mac.
HanmeHoBaHue KynbTypbl ManbmMuTn- JlvHone-
JInHonesas OnewnHoBas CreapuHoBas
HoBasi HoBasi

XenTbin 1 17 23 54 5

NMonuH | y3konuCTHBIN 9 10 33 39 9

6enbin 7 14 53 21 4

AmapaHT 21.8 0.8 51.7 21.3 2.7
Tabnuua 2

3aBMCUMOCTb BCXOXXECTU CEMSAH UCNbITYEMbIX KyJibTYp OT coaepxaHusa HedTu B no4Be

CopepxaHue HedpTu B noyBe, BcxoxecTb CeEMSH UCNbITYeMbIX KynbTyp, %
Mi/100 r noyBbl JlionuH 6enbin AmapaHT
1 90 70
5 90 40
10 40 30
13 20 10
15 0 0
KonTpons (0) 100 70
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Paznnumsa B creneHm 3arps3HeHUs MOYBO-
TPYHTOB 3aMETHO MPOSIBJISIOTCS B OCOOEHHOCTHU
mporteccoB pocta y pactennit. CyMMapHBIN TpH-
pPOCT POCTKOB JIOTIMHA 6EJIOT0 M aMapaHTa Mpu
conepxkanun Hedptu: 1 u 5 ma Ha 100 T MOUBHI
6JIM30K K KOHTPOJbHOMY BapuaHty 6e3 HedTH.

Peskoe ymenbIienne mpupocta HaOIo1aeTcs
npu cogepkanun Hept 10 Ms1 u ocobeHHo 13 M
Ha 100 T mouBsl, a ipu copepxkannu1d ma na 100
T TOYBbI CEMEHA JAaHHBIX KYJbTYP BOOOIIE He TTPO-
pocJ.

da3za 1mepBoro JUCTA Y TPOPOCTKOB JIOTMHA
6eJIoT0 OTMEeYaIach ¢ 5-TO JHS TIPU COJIEPKAHUH
Hedtu 0 ma #Ha 100 T mouBbI; ¢ 6-TO HS TIPH CO-

nep:xannu Hedrun 1 ma wa 100 T mouBwr; ¢ 7-T0
JH4 nipu cogepskanun Hedtu 5 Ma Ha 100 T mmo-
uyBbl. [Ipu comepskanmm 10 u 13 M1 va 100 r mo-
yBbI 3Ta (paza orMevasntach Toabko Ha 10-it u 12-it
JIeHb OIBbITA COOTBETCTBEHHO. OTHOCUTENBHO aMa-
paHTa IOJIy4eHbl ciefyloliye pedyabraTbl. Dasa
MepBOTO JINCTA Y MPOPOCTKOB OTMeYasaach € 5-TO
nHa nipu cogepskanun Hedtu 0 M Ha 100 T 1O-
YBbI; ¢ 6-T0 JIHA TIpU cojiep:kanuu Hedtu 1 1 5 M
Ha 100 r MOYBbI; ¢ 7-TO JHSA NPU COJEPKAHUY He-
¢t 10 Mot 5a 100 T TOYBBI; ¢ 8-TO AHS IPU COEP-
sxanun Hedru 13 M na 100 r noussl. Ha puc. 1
n 2 mpencrasiennl (otorpacdun wa 11-if mgeHb

9KCIIEpUMEHTa.

Puc. 1. Ilpopacranue monuna Geaoro ua 11-ii geunp sxkcuepumenra: a — 0 ma nepmu; 6 — 1 ma nedpmuy
6 — 5 ma negpmu; 2 — 10 ma nepmu; 0 — 13 ma negpmu; e — 15 mn negpmu
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Puc. 2. TIpopacranue amapanra Ha 11-ii geHp skcniepumenta: a — 0 ma nepmu; 6 — 1 ma nepmu; 6 — 5 ma negpmu;

2 — 10 ua negpmu; 0 — 13 ma negpmu; e — 15 ma nechpmu

TakuM o6pa3oM, IPOBE/IEHHbIE HAMU HCCJIe-
JIOBAHUSI TIO3BOJTMJIN MIPE/ITIOKUTh B KauecTBe ag-
(bexTuBHBIX (HUTOMETNOPAHTOB MACTUYHBIE KYJIb-
TYPBI: JIOTHH 6esiblii 1 aMmapanT. O6pa3yiontyiocs
6uoMaccy, Kak OTMeYasIoch paHee, TPe/TaraeTcs
UCIIOJIb30BATD VIS TIOJTYYEH S MacJsa ¢ MoCJe/yio-
UM TIPOM3BOJICTBOM U3 HETO GUOIN3Es, a JKMbIX
OT IPOM3BOJICTBA Maces PEKOMEH/IYeTCs UCIOJIb-
30BaTh B KayecTBe CTUMYJHPYIOIeil 6nom06aBKn
18 5 crioco6e, TO3BOJISIONEM 06€e3BPeaUTh OTXO/IbI
C OJIHOBpEMEHHbBIM ToJTyuenueM 6uorasa . Jlan-
HBII c110CcO6 MO3BOJISIET CHU3UTD 3aTPAThl HA OCY-
IeCTBJEHUE ONepalyii, TPOBOJAMUMBIX KaK IpHU
3aXOPOHEHUU OTXOJIOB, TaK W TIPU U3BJEYEHUN

o6pasyloIerocsi B rmpoiiecce OMOJerpaJalii OT-
X0/I0B MeTaHCco/iepKaIiero 6norasa.

KommniekcHBIN TIOJAXO/ K PEIeHnio psaja
BOIIPOCOB, KAaCAIOMNUXCS TTPUMEHEHUS MYCTYIO-
mmX HedTe3arpsI3HEHHBIX 3eMeJb JIJIsI BbIPAIu-
BAaHWS MACJANYHBIX KYyJIbTYpP-(PUTOMEINOPAHTOB,
KOTOPBIN BRJOYAET yTUIU3AINI0 O6UOMACCHI, 10-
JIy4eHHOH B XO/le PEeKYJbTHUBAIINHU, C IeJIbI0 MPO-
U3BOJICTBA MacesJ M 6Morasa, m MCHOJIb30BaHUE
CMeCH TIOJTy9eHHBIX MaceJs B Ka4eCTBe ChIPbS /I
cuHTe3a GMO/IN3ebHOTO TOIJINBA, TI03BOJISET 3HA-
YUTEJbHO CHU3UTH HETaTHMBHOE BO3/eiCTBHE Ha
OKPY’KAIOIIyIo Cpelly, a TaKyKe PeIInuTh IMPo6IeMbl
9Hepro- n pecypcocOepeskeHns B IeJI0M.
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