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SECTION 1.
CHEMISTRY



PA3PABOTKA CUHTETUYECKMX NOAXOA0B K
PH-YYBCTBUTE/IbHbIM KOHbIOTATAM C
PEJOKC-AKTUBHbIMU ®EPPOLLEHWU/IEOPHBIMMU
Kucnotamm?

vk A.A., BEnornaskunHA E.K., KPACHOBCKAA O.0., 3biK H.B., aa4EHKO B.I1.

Poccna, MOCKOBCKMIM rOCYAAPCTBEHHbIN YHUBEPCUTET UM. M.B. JIOMOHOCOBA

AHHOTauMA. BbicOKaa cMepTHOCTb OT OHKONOTMYECKUX 3aboneBaHUt B mupe aenaet
HeobxoAMMbIM pPa3paboTKy HOBbIX CENEKTUBHbIX MPOTMBOOMYXO/EBbIX areHToB,
cogepKallMx B CBOEW CTPYKTYpe pPeAOoKC-aKTUBHble TPYynnupoBkM U pH-
YyBCTBUTE/IbHbIE TNHKEPbI. B pamKax gaHHOM paboTbl NpeanoXeHbl U OCYLLECTB/IEHbI
CUHTETUYECKME NnoAaxoAbl K  (GYHKUMOHANbHBIM  MPOU3BOAHBLIM  PEpPpPOLLEHOB,
NPUrogHbIM ANA NOAydYeHMsA pPH-4yBCTBUTENbHbIX PEAOKC-aKTUBHbIX KOHbBHOraToB C
NPOTUBOOMYXONEBbIMM NpenapaTamu.

Kniouesble cnoBa: pH-uyyBCTBUTE/NbHbIE NMHKEPbI, GEPPOLLEH, PEAOKC-aKTUBHOCTD,
HOpHbIE KUCNOTbI.

Mo paHHbIM BCEMMPHOM OpPraHM3auMM 34PaBOOXPAHEHUA OHKOJIOTMYECKME
3aboneBaHMA BbI3bIBAKOT NopsagKka 9.6 MUNNMOHOB CMepTer B rog Mo BCemMy
MUPY, a nporHo3 3aboneBaemoct Ha 2019-2020 roabl ocTaeTcA
NONOXKUTENbHbIM AarKe B Pa3BUTbIX U PA3BMBAOLLMXCA CTpaHax [1].

TpyAHOCTM paHHEN AMArHOCTUKM, OTCYTCTBUE YHMBEPCAIbHbIX METOA,0B IeYeHUA
M BbICOKOE COOTHOLWIEHWE MeXAy 3ab601eBaeMOoCTbi0 U CMEPTHOCTbIO KakK Mo
BCEMY MUPY, TaK U B Poccun, genatoT pa3paboTKy HOBbIX MHHOBALMOHHbIX

1 Pabora BbinonHeHa npu noaaepskke rpaHta POOU Ne 19-33-90103, GpU3MKO-XMMUYECKHE
nccneaoBaHMA BbINOMHEHbI NpUY Noaaep KKke rpaHTa POOUN Ne 18-33-01038.
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noAaxoaoB 60pbObI co 3/10KaYeCTBEHHbIMMU HOBOOOpPa3oBaHUAMM
MarncTpasbHoM’ 3aga4en COBPEMEHHON MEAULMHCKON Xumunum [2].

Ha  cerogHAwHWM  aeHb  ogHMMKM M3 Hambonee  3dPeKTUBHbBIX
NPOTUBOOMNYXONEBbLIX CPEeACTB, WCMNONb3YEMbIX B KJAMHUYECKOW MpPaKTUKeE,
OCTalOTCA KOOPANHALMOHHbIE COeAMHEHNA NEePEXOAHbIX METaNN0B: LUCMIATHH,
a TaKXe KOOpPAMHAUMOHHSE COeAMHEHMA NNaTUHbI BTOPOr0 UM TPETbero
noKoseHnn (KapbonnaTuH, OKCMNNATWH, MNWUKOMNAATMH) BCE elle ABAAOTCA
Hanbonee [3]. OgHaKo npuMMeHeHWe npenapaTtoB MAaTUHbI COMNPAMKEHO C
HensbexHbIM passuTnem paga nobouHbix 3ddeKkToB, 06YCNOBNEHHbIX
OTCYTCTBMEM €CTECTBEHHbIX MEXAaHM3MOB BbIBEAEHMA NNATUHbI U3 opraHmM3ma. K
yncny Haumbonee pacnpocTpaHeHHbIX MO6OYHbIX 3PPeKToB, NposBAEHME
KOTOPbIX BO MHOIMX CAy4YasaX MNepeKkpbiBaeT MONOKUTENbHbIN 3OPEKT oT
XMMUOTEPANUM B LLeIOM, OTHOCATCA HEPPOTOKCMYHOCTDL [4], HEMPOTOKCMYHOCTb
[5], a TaKKe OTOTOKCUMYHOCTb M MMenocynpeccus [6].

B TO e Bpema UMTOTOKCMYECKME areHTbl, He cogeprkalue NAaTUHY, He
06,1a4at0T CONOCTaBMMOM C NpenapaTamm NNaTUHbI 3PPEKTUBHOCTLIO U TpebytoT
AaNbHenwen onTMmmsaumun. bblno NOKasaHO, YTO BBeAEHWE B CTPYKTYpPY
LMTOTOKCMYECKOTO areHTa ¢parmeHTa ¢eppoLeHa No3BOMAET CyL,eCcTBEHHO
NoBbICUTb 3 PEKTUBHOCTb NPOTMBOOMYXONEBOrO AEUCTBUA U, B OTAENbHbIX
cny4yanx, 406aBUTb CENEKTUBHOCTb K ONYX0/1IEBbIM K/eTKaMm [7].

Apyrum KNacCUYeCcKnm cnocobom NOBbILIEHUSA CeIeKTUBHOCTH
LMTOTOKCMYECKOrO MpenapaTta, NO3BOAAKOWMM [06mBaTbcA 3PPEeKTUBHONO
TOPMOKEHUA POCTA ONYyXOJiei NMPU YMEPEHHbIX 3HAYEeHUAX LUTOTOKCUYHOCTH,
ABNSAETCA BBeAEHME B MOJIEKY/Y IMHKepPa, BbICBOOOXKAAlOLWLEro AeNCTByOWME
BelLEeCTBa B OTBET Ha 60/1ee HM3KNI NO CPAaBHEHMUIO CO 340POBbIMU TKaHAMM pH
MEXKNEeToYHOM cpeabl onyxonu [8].

Llenn nuccnepoBaHus

Llenbto aaHHoM paboTbl 6bin nonck cnocoba moanduKaunum LUTOTOKCUYECKUX
npenapaToB, MO3BONAKOWMA B OA4HY CTaAWMIO C BbICOKMM BbIXOLOM BBECTM B
MOJIEKYNY PEeAOKC-aKTUBHbIN dparmeHT ¢eppoueHa U pH-4yBCTBUTENbHbIN
JNIMHKep Ha ocHoBe BOpPHOM KNCNOTbI.



MeTtoabl uccnepoBaHus

Ncnonb3oBaHHble B paboTe pacTBopuUTenun bblan ouneHbl n abcontoTMpoBaHbl
Nno MeToAmMKam, NpueeaeHHbIM B pykoBoacTee [9].

CnekTpbl AMP H 1 3C 66111 3apernctpuposanbl Ha npubope Brucker-Avance (c
paboyeit yactoton 400 My gna H v 101 Mly ana 3C). B kauecTtse
pacTBOPUTENA UCMONb30BanM gumeTtuacynbdokcna-dé (DMSO-d6). Xumunyeckue
CABUIM npuBeaeHbl B MMWANMOHHbLIX A0NAX MO WKane O OTHOCUTENbHO
reKkCameTUAANCUIOKCAHA KaK BHYTPEHHEero CTaHaapTa.

Macc-cnekTpbl BbiCOKOro paspeweHua (HRMS) peructpupoBann Ha macc-
cnektpomeTpe Orbitrap Elite (Thermo Scientific) c UP3MN. ns BBoAa pacTBOpOB
C KoHueHTpaumen 0.1 - 9 mkr/mn (B 1% MmypaBbMHOW KUCNOTE B aLLETOHUTPUIE)
MCNO/Ib30BaAN NPAMOM BBOA B UCTOYHUK MOHOB C MPUMEHEHNEM LIMNPULEBOTO
Hacoca (5 mKn/muH). HanpskeHue npu pacnbineHun *3.5 KB, TemnepaTypa
Kanunnapa 2752C. Macc-cneKkTpbl perncTtpMpoBanm € NOMOLLBbIO aHA/IM3aTopa
Orbitrap c paspeweHnem 480000 (1 MmMKpOCKaH). MakcumanbHoe BpemMsi BBoAa
900 mc, ycpegHeHue no 9 cnekTpam, ananasoH macc 90 - 2000 [a, B HEKOTOPbIX
cnydaax 200 - 4000 Oa. Ana BHyTpeHHen KaanbpoBKM MCNO/Ib30BaIN CUFHA/bI
AMCO u gmumnsooktundTanata (m/z 157.03515 1 413.26623) B NONIOKUTENbHOM
mMmoae v curHan aogeumncynbdata (m/z 265.14790) B oTpULATENBHOW MOAE.

Macc-cnekTpbl MaTpUYHO-aKTMBMPOBAHHOM NasepHoO
necopbununm/monmnsaumm (MALDI) peructpuposann Ha npubope Autoflex Il
KomnaHun Bruker (paspewenHne FWHM 18000), ob60pynoBaHHOM a30THbIM
nasepom c paboyen annHom BosIHbI 337 HM U BPEMANPOSIETHbIM Macc-
aHanusaTopom, paboTaowmm B pedNeKTPOHHOM pexunme. YcKopatouee
HanpaxeHue 20 KB. O6pa3upbl HAHOCKMIN Ha NOANO0XKKY U3 NONMPOBAHHOM CTaNMW.
3anMcb CMNEeKTpOB MPOU3BOAMIN B  pPeXMME MNOMOXKUTENIbHbIX WMOHOB.
Pe3ynbTupytowmin cnekTp npeactasnsan cobort cymmy 50 cneKkTpoBs, NOAyYEHHbIX
B Pa3HbIX TOYKax obpasua. B kKauectBe matpuy, rae 3to 66110 Heobxoammo ans
obneryeHmns MoHM3aum, NpUMeHanun 2,5-aurngpokcmbensonHyo kncnoty (DHB)
(Acros, 99%) n a-umaHo-4- ruapoKcnkopuuHyo kucnoty (HCCA) (Acros, 99%).

DNEeKTPOHHbIE CMEKTPbl MNOrNOWeHUa mnamepsannm Ha npubope U2900 dupmbl
Hitachi, ¢ pabounm gnanasoHom anmH BoaH 190-1100 HM B KBapL,EBOM KloBeETE
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dunpmbl Agilent technologies ¢ ontuyeckum nytem 10 mm. lepen 3anucbto
Ka)KOQoro CrneKkTpa OcCyLlWecTBAAnacb 3anuMcb CUrHana ¢oHa no  4Ymctomy
pacTBopuTento, curHan  ¢GoHa  BblUMTANCA  CNEKTpopoTOMETpomM B
aBTOMaTUYECKOM pPeXMME.

Pe3ynbTaTbl UCCef0BaHUA U UX 06CYXKaeHue

B pamkax paboTbl 6binM ONTMMM3NPOBAHbI YCNOBUA MPOBEAEHUA OMUCAHHOM
paHee peaKkuun KoHAeHcaumn 6OpHOM KMUCAOTbl C TPMONOM, NPUBOAALLEN K
nsoypoTponnHosomy anHkepy [10]. boianm nogobpaHbl onTMManbHblE YCNOBMUA
NOJlyY4EHUs  OMWUCAHHbIX KOHBIOFATOB Ha OcHoBe  ¢deppoueHbopHO,
dbeppoueHaAnbopHOM KUCAOT UM OOPOKCMHAE, UMKAUYECKOro aHrmapuaa
deppoLeHOOPHOM KUCNOTbI.

NOH
q H,0 \E
NHoH + NHy+ L q —— NN
1 Hon NOH
YTRISOX
Fe

1. CS,, BBr3, 24h
2. H,0, HCI
Fc

]
0B LB (0H), & —B(0H),
1 ' * Fe + Fe
FerBo-B ke < ) & —B(0H),

1 eq. Li,CO; 2eq. Li,CO4
2 eq. Li,CO f
TRISOX 2y TRisox | 1¢€a:Li2COs MeOH, RT, 30h £« trisox~MeOH, RT, 72h
MeOH, RT, 30h MeOH, RT, 24h
H,0 (Cat.)
_ o -N

o iRy, oAy, Nty & NA\_I
& Wy & EF i
B(OH)z “V’ Q/_
1,55% 1,66% 2,52% 3,31%
Bl'lepBble MOKa3aHOo, 4YTO p,m6opr|e KMUC/IOTbl HE TOJIbKO CNOCODBHbI BCTyNnaTb B

OMMNCaAaHHYIO peaKuuio, HO TaKXe MOryt CeneKtTnBHO 06pa3OBbIBaTb NPOAYKTbI
MOHO N annpucoeanHeHNA B 3aBUCUMOCTU OT yCﬂOBMVI npoeeneHnNA peakuymnu.

TRISOx [10]: K oxnaxaeHHol Ha negaHoi 6aHe cmecn 25% ammuaka (3.28 mn)
n Boapl (3.28mn) pobasunu ruapoxnopua rmapokcunamuHa (574 mr, 8.20
MMO/Ib) U NepemeLlnBanm A0 NOJHOrO PacTBOpeHuA. 3aTeM K peakLMOHHOM
CMeCcU Mea/IeHHOo npuKananu xaopaueTtoH (0.65 mn, 8.20 MmoAb), oxnaxaeHue
CHAMN M NepemMellnBasM CMeCb A0 BbiNageHUA ocaaka. benbin mronb4yaTbin
0Caf0K OTPUNBTPOBA/N, BbICYLLMAM HA BO3AyXe A0 NOCTOSAHHOM Maccol. Bbixos
500 mr (27%). Cnektp AMP 'H (400 MI'u, DMSO-d6, §, m.4.): 10.61 (c, 3H, N-OH),
2.90 (c, 6H, CH), 1.74 (c, 9H, CHs).
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BopHble KncnoTbl Ha ocHoBe ¢eppoueHa [11]: B aByropayto Konby émkocTtbio 1
N1, CHAGXKEHHYD MArHUTHOM MeLllaNKoOW, Kane/bHOW BOPOHKOM M 0bpaTHbIM
XO/IOAU/IBHUKOM C X/I0pKanbuueBon Tpybkon, nomewatot 49.6 r (0.27 monb)
¢deppoueHa n 380 mn abcontoTHoro cepoyrnepoga. K nonydyeHHomy pacTtBopy
NPY MHTEHCMBHOM MepemelnBaHMmn AobasnsatoT no kanaam 30 mn (80 r; 0.32
Monb) Tpubpomunaa 6opa B TeyeHne 10-15 muHyT. B npouecce npubasBneHun
BBrs peakumoHHaa cmecb npuobpeTtaeTr 6HopaoBbIM UBET, M 0b6pa3syeTcA
06bEMHDBIN 0cagokK. o 3aBepweHnn npnbasneHna bpommnaa 6opa KanenbHyto
BOPOHKY YyAanAawT, a ocBobogmBlueecs ropno Konbbl 3aKpbiBAOT NPOOKOIA.
PeaKUMOHHYIO CMeCb KMNATAT Npu nepemellnBaHuUM B TedeHue 24 4acoB Ha
macnaHon 6aHe (Temnepatypa 6aHu 50-51°C gna noafep’KaHWA KuneHua
TemnepaTypy 6aHM nocteneHHo posoaAaT Ao 56-57°C). MpumepHo uyepes 30
MWHYT OT Hayana KMneHma o6beMHbI 0CagoK NOCTENEHHO HAaYMHAEeT ucyes3aTb.

PeaKUMOHHYIO CMEeCb OX/1aXK4Al0T A0 KOMHATHOW TemnepaTypbl, NOC/e Yero ee
OUNBTPYIOT Ha CTEeKNSHHOM nopuctom o¢unbTpe. bopaosbit  PuabTpaT
MeA/IEHHO NPU NepeMeLlIMBaHNM CTEKNAHHOW MNa/sioYKoM BHOCAT B 550 mn
oxnaxpgaemoro o 0°C 2M pactsopa NaOH, HaxogAweroca B CTakaHe EMKOCTbHO
2 n. MNony4yeHHyo cmecb BbICTPO NEPEHOCAT B AE/NUTENIbHYIO BOPOHKY. Croi
cepoyrnepoa ¢ OCHOBHbIM KO/IMYECTBOM HenpopearnposasLwero ¢eppoueHa
OTOpacbIBaloOT, @ BOAHbIA CNOK OTAENAT U 3KCTparnpytoT aemupom (300 mn,
3aTtem 2x100mn), 4TobbI YAANUTL OCTAaTKM HENpopearnposasLuero ¢peppoLeHa. B
NpPOoLLeCCe 3KCTPAKLMMN BOAHOMY C/10H0 HE Aat0T HAarpeTbCA, AN YEro ero Kaxabln
pa3 nomewatoT B oxnaxkgaemboln 4o 0°C ctakaH. [locne aKCTpakuum K BOAHOM
dase npmuaneatoT oxnaxkgeHHbln pactsop 2M HCl go Buanmoro npekpalweHums
BbiNageHUA *Kentoro ocagka n pH=1, Ha yTo TpebyeTtca npumepHo 300-350 mn
pacteopa HCl.

Ocafok oToMAbTPOBbLIBAOT, MOC/AE Yero NPOMbIBAtOT ieasaHon sBogon (100 mn).
MonyyeHHyo deppoueHUnbopHyo Kucaoty (raMHonoaobHasa cybcTaHumn)
CyLLAT C MOMOLLbIO «NMPOAaBANBAHUA» BOAblI NeTposenHbiMm apupom (40-70°C)
[0 COCTOAHMA KOMKOBATOro MOPOLUKA, YTO TaKXe MOMOraeT OTAe/NUTbCA OT
npumecn ¢eppoLeHa. MNocne 3Toro KUCAOTY OCTABAAKOT COXHYTb Ha BO34yXe Ha
1-3 cyToK [0 NOCTOSAHHOW Maccbl. dPnew-xpomatorpadua Ha CcuaMKarene

12



no3sonseT pasgenntb dpeppoueHbopHyto  Kucnoty, deppoueHanbopHyto
KMUCNOTY U HOPOKCUH.

Monyyatotr 23,48 r (0.10 monb; 38%) deppoueHbOpHOM KUCAOTbI B BUAE
entoBatoro nopowka, 5 r (0.018 monb, 7%) dpeppoueHaMbOpPHOM KUCNOTbI B
BMAOE APKO opaH}KeBoro nopowka u 7 r (0.011 monb, 4%) 60poKcMHa B BUAE
CepOo-*KentToro nopoLLKa.

O6wan meTogmMKa nonyyeHusa KoHbioratos 1 — 3: K cmecn 60pHOM KUCNOTbI
(0.25 mmonb) wu TRISOx (0.25 mmonb) pobasunanm 1.5 mn meTtaHona,
npeABapuUTeNbHO AerasMpoBaHHOINO WM HaACbIWEHHOro aproHom. [Mpubasunu
6eH3nnbpomug (0.25 mmonsb), n nepemelnBanmn o6pa3oBaBLLYIOCA CYyCNEH3MI0
00 0bpa3oBaHMA NPO3pPaYHOro pacTteopa B aTmocdepe aproHa. 3atem O4HOM
nopuunen BHecan Teepabii KapboHat antna (0.13 mmonb Ha 1 3KBMBANEHT) M
NPOAO/IKMAM NepemMellnBaHMe B TeyeHMe Tpex 4YacoB. PeaKUMOHHYK cmecb
ynapuan npuv NOHUKEHHOM AaBAEHWM U OCTAaTOK 3a/IMN CMECbIO XN0PUCTOro
meTuneHa u MeTaHona 10:1. O6pa3oBaBLIYHOCA CYCMEH3UIO OYUCTUAM
KOJIOHOYHOM XpomaTorpaduen Ha CUAnKaresie C rpagmeHTom nosapHocTu. Mpu
3/1IOMPOBAHUN CMECbIO XJIOPUCTOro mMeTuneHa m meTtaHosna 10:1 ¢ KONOHKMU
BbIXOAAT 6eH3nn 6pomua n 6opHaa KMCNOTa, NPU NOBbILEHUN MNONSPHOCTU A0
1:1 BbIXOAAT cnefoBble KoanyectBa NoboyHbIXx npoayktoB M TRISOx, a npwu
3/1IOMPOBAHNM YMUCTbIM METAHOIOM MPOAYKT peaKkLunm B BUAE APKO OPAHKEBOrO
NATHa. HeopraHMyeckne conun OCTarTCA HA NOBEPXHOCTU CN0A CUNINKarens.

CoepguHeHune 1. Metog A: N3 57 mr peppoueHbopHoi Kncnotbl, 58 mr TRISOx u
29 MmKkn 6eH3nnbpommnaa, B NPUCyTCTBUM 9 Mr KapboHaTa AMTKA nonyyeHo 1 B
BMAE OPaH)KEeBOro NopolwkKa. Bpema Ao pacTBopeHUA UCXOAHOM cycneH3nmn 12
YyacoB. Bbixog, Mocne OYMCTKM KOJIOHOYHOM XpomaTorpaduernt 85 mr (66%).
Metoa b: N3 57 mr 6opoKkcuHa, 20 mKn Boabl, 58 mr TRISOx n 29 mkn
6eH3nnbpomunaa, B npucytctemmn 18 mr kapboHata anTnAa noayyeHo 1 B Buae
OpPaH}KeBOro NopoLKa. Bpema fo pactBopeHmMs UCXOAHOM cycneH3mn 24 yaca.
Bbixo4 nocne o4UCTKU KONOHOUYHOM XpomaTorpadueit 70 mr (55%). Cnektp AMP
'H (400 Ml'u, DMSO-d6, 8, m.4.): 7.59 (m, 5H, Ph), 4.85 (c, 5H, Cp), 4.23 (c, 2H, -
CH»-Ph), 3.85 (c, 2H, Cp-B), 3.70 (c, 2H, Cp-B), 3.49 (c, 6H, 3x-CH,-), 1.52 (c, 9H,
3xCHs). Cnektp AMP 3C (101Mlu, DMSO-d6, §, m.a.): 133.7,131.0, 129.4, 126.7,
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126.4, 72.4, 65.3, 49.0, 22.2, 21.1. HRMS BbluucneHo: 514.1839, HanpaeHo:
514.1844. MALDI: 514 (1), 423 (1-Bn).

CoepguHeHue 2. 13 68 mr deppoueHaAnb6opHOM KucaoTbl, 58 mr TRISOx 1 29 mkn
6eH3nnbpommnaa, B NpmMcyTcTBuM 9 mr KapboHaTta nnTUA NoayyeHo 2 B BUAE
OpPaH}KeBOro NopoLlKa. Bpema fo pactBopeHmMsa UCXOAHOM cycneH3mun 24 yaca.
Bbixo4 nocne o4NCTKN KONOHOYHOM XpomaTorpadueir 73 mr (52%). Cnektp AMP
'H (400 MTu, DMSO-d6, §, m.4.): 7.92 (c, 2H, B(OH)z), 7.51 (m, 5H, Ph), 4.09 (m,
4H, Fc), 4.23 (c, 2H, -CH»-Ph), 3.85 (c, 2H, Cp-B), 3.71 (c, 2H, Cp-B), 3.48 (c, 6H,
3x-CH5-), 1.52 (¢, 9H, 3xCHs). Cnektp AMP 3C (101Mlu, DMSO-d6, &, m.A4.):
133.7, 133.5, 131.0, 129.6, 126.7, 72.4, 72.3, 70.2, 67.6, 63.6, 49.0, 22.2, 21.1.
HRMS BbluncneHo: 558.1908, HaaeHo: 559.1907. MALDI: 596 (2+K), 558 (2),
514 (2-B(OH)z).

CoepauHeHue 3. 13 68 mr peppoueHamnbopHom KucnoTbl, 116 mr TRISOx 1 58 mkn
6eH3nnbpomunaa, B npucytcteum 18 mr KapboHaTa AnMTMA nonyvyeHo 3 B BMAE
OpaH}KeBOro NOpPoLKa. Bbixoa nocsie 04NMCTKM KONOHOYHOW XpomaTtorpadpuen 69
mr (31%). Cnektp AMP H (400 Mru, DMSO-d6, 8, m.4.): 7.50 (m, 10H, Ph), 4.46
(c, 4H, 2x-CH,-Ph), 3.94 (yw. c, 4H, Fc), 3.73 (yw. c, 4H, Fc), 3.39-3.34 (m, 12H,
6xCH3), 1.46 (c, 18H, 6xCH3). HRMS BbluncneHo: 864.3370 (3-H+Na), HainpaeHo:
864.3696.

Kpome TOro, Ans OMMCaHHbIX KOHBIOraToB OblNM MOCTPOEHbI KUHETUYECKUE
KPUBbIE OKUCNAEHWUS NPU PasUYHbIX 3HaYeHuAX pH, oTBeyYaloLWMX YCNOBUAM
34,0POBbIX M ONYyX0/ieBbIX TKaHel. Hannume makcumyma nornouweHus npu 630
cm! oTBevatoulero ¢peppoLeHnin-KaTUoHyY, NO3BONAET CAeAUTb 38 KUHETUKOWM
OKUC/IEHMA coeAMHEeHMA 1 npuv MNOMOLM 3aMUCU  I/IEKTPOHHbIX CMEKTPOB
NOrNOWeEeHNsA BO BPEMEHM.
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Puc. 1. UameHeHMe cnekTpa NOrnoweHmna pacTteopa coegnHeHua 1,
HacblWeHHOro Kucnopogom npu pH=5.5, T=37°C c TeueHnem Bpemenu. "
Ha4a/IbHble CKOPOCTU peaKLUUn OKUcneHna coegnHeHna 1 npmu pasanyHbix pH

Mo npeacTaBNeHHbIM A3HHbIM  BMAHO, YTO CKOPOCTb OKWUC/NEHMA NpuU
cnabokucabix pH 3HaunTeNbHO OT/AMYAETCA OT CKOpoCcTU npu pH 340poBbIX
TKaHeMn.

BbiBOAbI

Takum obpa3om, B pamKax paboTbl Bnepsble OblANM UCCNe0BaHbl PeaKkuum
pa3nnuHbiXx dpeppoueHbopHbIX KucnoT ¢ TRISOx, Beaywwme K obpa3oBaHUio
PEeAOKCAaKTUBHbIX W30YPOTPOMMHOBLIX KOHbBbIOraTtoB. bblI0 NOKasaHo, 4To
deppoueHanbopHaa KMcnoTa cnocobHa ceNleKTMBHO 06pa3oBbIBAaTb KOHBIOrATHI
No O4HOM UKW ABYM KUC/IOTHbIM rpynnam B 3aBUCUMOCTU OT YC/IOBUIA U BPEMEHM
npoBeAeHUA peakumn. Ha npumepe 04HOro U3 KOHbIOraToB HbI10 40KA3aHO, YTO
OKUCNEeHMEe Npu 3HadyeHuax pH onyxonesbiX TKaHeN NpPoTeKaeT 3HAYMUTENbHO
6bicTpee, Yem NpU HerUTpasibHOM pH.

3aKnouyeHune

MccnepoBaHHble B paboTe peakuuu  OTKPbIBAOT  BO3MOXKHOCTM  AAA
MmoanduKaumnm LUMPOKOrO  CNekKTpa LUMTOTOKCMYECKMX  MNpenapaTtos
PEAOKCAKTUBHbIMU  PH-U4yBCTBUTENbHBIMM  MPOU3BOAHLIMK  GeppoLEHa,
CNOCOBHbIMU CYLLECTBEHHO YAYYLWNTb UX CENEKTUBHOCTb U LUTOTOKCUYHOCTb.
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TECHNOLOGY
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MODERNIZATION OF THE TECHNOLOGICAL
SCHEME OF DRILLING FLUID CLEANING DURING
OFFSHORE DRILLING

ALEKHINA A. S., KALYUZHNY P. S., TULEPBERGENOVA D. Yu.

RussiA, ASTRAKHAN STATE TECHNICAL UNIVERSITY

Abstract. Safe equipment with good economic performance. clean drilling fluid, high-
performance shale shaker-desande. compact arrangement of the sand separator,
desilter and vibrating screen in one installation.

Keywords: drilling fluid, sand separator, desilter, shale-shaker, high-performance shale
shaker-desande

Introduction

Currently, the topic of risk is one of the most relevant, and research in this
direction is expanding in all developed countries. Risk is a fundamental attribute
of human nature. Only a person is able to take risks, choose and make decisions.
Entering a risk situation is inextricably linked with the moral problems of
freedom and responsibility: we are all responsible for the consequences of our
actions, even if these consequences were unintentional.

Introduction

The drilling fluid plays several functions in the drilling process. The most
important are: clean the rock fragments from beneath the pit and carry then to
surface, exert sufficient hydrostatic pressure against the formation to prevent
formation fluids from flowing into the well, maintain stability of the borehole
wells, cool and a lubricate the drill string and bit.

A four-stage cleaning scheme is used to maintain the parameters of the drilling
fluid in most cases. The cleaning technology according to this scheme consists of
the following operations: rough cleaning on vibrating screens (removal of rock
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particles up to 100 microns), fine cleaning on sand separators (up to 70 microns),
sludge separators (40-50 microns) and centrifuges (up to 4-7 microns) [1,2]. The
cleaning scheme is shown in Figure 1.

Figure 1 - Four-stage scheme for cleaning drilling fluid.
1 - well; 2 - shale-shaker; 3,6,9 - capacity; 4,7,10,11 - centrifugal pumps; 5 -
desander8 - desilter; 12 - a centrifuge; 13 - mud pump

The productivity of sand and sludge separator plants depends on the diameter
of the hydrocyclones and their number. Its value is 320 m3 / h and 160 m3/h.
The disadvantage of this cleaning scheme is that it takes up a lot of space, which
is actually not on the offshore platform. There is a need to compactly place all
the necessary equipment for cleaning the drilling fluid while drilling at sea

Relevance of the topic:

Today, improving the equipment for drilling, production and operation of wells
is important. This article discusses the improvement of the drilling fluid cleaning
scheme and proposed equipment for this aim.

The purpose of the work is to create an upgraded scheme for cleaning drilling
fluid in offshore

Proposed Solution:

As a technical solution, we propose replacing the sand separator and sludge
separator with a high-performance shale shaker-desander. SSD is a 3-stage
18



cleaning system designed for processing weighted and unweighted drilling
fluids.

The upgraded circuit is shown in Figure 2.

|

Figure 2 - An improved scheme for cleaning the drilling fluid.
1 - well, 2 - shale-shaker, 3.6 - tanks, 4.7.8 - centrifugal pumps; 5 - shale shaker-
desander; 9 - centrifuge; 10 - mud pump

The advantage of this equipment is the compact arrangement of the sand
separator, desilter and shale-shaker in one installation.
Akros offers SSD based on Falcon 3 and Falcon 4 vibrating screens. Depending on
the model, these plants include from 2 to 3 sand separators with a diameter of
10 ”, and from 12 to 16 four-inch desilterhydrocyclones. The maximum
processing ability of these SSD reaches 360 m3 / h. Drawings of SSD are
presented in figures 3 - 4. [3]

1981

598 365, 121 1198 508 36
2-9 219 2-9 159 1913
- AR WAy 1
3 @ i) D: !
> L . -
Ln-] N

R ]

916

*1865

1944

180.5

341_[181]

1489

1489 1340.
2-9 159
<J'H =
= | _|

1992 fo———=li5t
2048 . wipds
2015 #1745

Figure 3 - Drawing SSD Falcon 3 Figure 4- Drawing SSD Falcon 4
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Conclusion

Replacing the equipment of sand and silt separators with one shale shaker-
desander allows to occupy a smaller area for placement on the offshore
platform, while not inferior in performance to the previous equipment.
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RISK ANALYSIS OF A COMPLEX TECHNICAL
SYSTEM USING THE EXAMPLE OF A TUBE FURNACE

ARrRYkov T.R., KURMASHOV E.A., TULEPBERGENOVA D.YU.

RussiA, ASTRAKHAN STATE TECHNICAL UNIVERSITY

Abstract. Emergency risk reduction. Air pollution and the possibility of fire. Safe
equipment with good economic performance. Replacing the tube furnace with a
reboiler.

Keywords: risk reduction, stabilization, distillation column, tube furnace, reboiler.
Introduction

Currently, the topic of risk is one of the most relevant, and research in this
direction is expanding in all developed countries. Risk is a fundamental attribute
of human nature. Only a person is able to take risks, choose and make decisions.
Entering a risk situation is inextricably linked with the moral problems of
freedom and responsibility: we are all responsible for the consequences of our
actions, even if these consequences were unintentional.

The category of responsibility is crucial here, since it simultaneously implies
freedom, and internally requires its limitation. Thus, with the participation of
individuals or a company in risky activities, certain moral obligations arise,
including the prediction of risk, its assessment and prevention or significant
reduction.

Production facilities in need of prevention or a significant reduction in risk
include modern installations of oil and gas industry enterprises. They have high
risk indicators for emergencies and are complex automated technological
complexes. From the analysis of emergency situations, we can conclude that the
tube furnace is one of the most dangerous objects with high risk parameters
compared to other types of equipment. They account for 11% of the total
number of accidents at the enterprise.
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