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XnopopraHunyeckme coefuHeHnA B NpoLecce NepBUYHON
MepPeroHKN HedTU U BTOPUUHBIX TMAPOKATANIUTUUECKUX W
TEePMUYECKUX NPOLIECCOB ABATCA NCTOUYHVKOM 06pa3oBaHms
xnopuctoro Bogopoaa (HCl), KoTopbiii Npu B3auMoAeiCTBUN C
BOZOW 06pa3yeT consHyto KncnoTty. ConAaHas KMCIoTa ABNSAETCS
CUSTbHEN LM KOPPO3NOHHbIMareHTOM. Kpome TOro, xnopucTbii
BOLOPOZ B3aUMOLENCTBYET C aMMMakoM, 00pa3yoLLMMCcs npu
rMMOPVPOBAHUN COEAUHEHWI a30Ta, KOTopble TPaguLMOHHO
npucyTcTBYlOT B HedTn. B pesynbrate obpasyetca xnopup
ammoHua (NH4Cl) — 6Genoe nopollKoobpasHoe BeLecTBo,
KoTopoe 6oKupyeT TennoobMeHHoe 060pyaoBaHMe GOKOB
rMMOPOOUNCTKY, a TakkKe CTUMYNIMpYeT KOPPO3UOHHOE
pacTpeckmBaHme ayCcTeHUTHbIX cTanen [1]. Kpome Toro,
OpraHMYecKuin Xxnop ABNAeTCA AAOM [ANA  KaTaan3aTopos
pPUOPMMHIA 1 TMOPOOUNCTKY, UTO MPUBOAUT HE TOJbKO K
CHVXKEHMIO MOLLHOCTM 3TUX YCTAaHOBOK, HO M MOXET BbIBECTU
nx n3 ctpos [2].

Mo paHHbIM paboTbl [3] xJIOpopraHnyecKkne coefuHeHNs
(XOC) cammu no cebe KOPPO3NOHHOW aKTUBHOCTbIO He
o6nagatoT, Ho Npu neperoHke HedTen o 380 °C yacTUYHO
pa3naralotca C BblgeNIeHMeM XJIOpUCTOro BOAoOpoOAa U
YaCTUYHO KpeKnHrytoTca, npespawancb B XOC ¢ meHbluen
MONEKYNAPHON Maccoun, KOTopble pacnpefenAlnTca BO
bpakymsax HedpTu.

Nerkonetyune  XOC, Takme Kak  xsiopodopm,
YeTbIPEXXIOPUCTBIN  YrNepod, AUXJIop3TaH, TPUXJIOP3TaH,
TETPAXJIOP3TaH Y MM MOAOOGHble, KOTOpble MPU PA3rOHKe
HedTM MOryT monagatb B Jlerkyl 6eH3nHoBylo ¢pakuumio,
npenctaBnsaiT coboli pobaBKW, MCMOMb3yemble  [jis
noBblleHUss HedTeoThauM MNacToB U AnsA  yAaneHus
napapuHOBBIX OTIOKEHWI. B UunCcTOM Brae 3TV COefUHEHUS
BeCbMa YCTOMUYMBbLI, WMEIT  HU3KYKD  PEeaKUMOHHYIO
CNOCOOHOCTb U NS TPAHCMOPTUPOBKM MO Tpybam
COBEPLUEHHO He OMacHbI.

Mpobnembl BO3HUKAT Npu nepepaboTke. Yxe B
npoLecce NeperoHKn Nog AencTBneM BbICOKOM TeMnepaTypbl

B MPUCYTCTBUN OCTAaTOYHOWM BOAbI B pe3ynbTaTe rmaponmnsa
obpasyeTca XJIOpUCTbIi  Bogopod. [lanee OTOrHaHHYyio
¢dpakumio (Kak 6eH3MHOBYIO, TaK KEPOCUHOBYIO 1 AN3E/bHYIO)
noasepraoT rMAPOOUYNCTKE oT cepocopeprKaLymnx
coefiHeHU 06pPabOTKOM BOAOPOAOM Ha KaTanmsatope
npy  BbICOKOM pfaBfieHUn. B 3Tux ycnoBusax Oonblias
YacTb OpraHWYecKkn CBA3AHHONO XJopa MpeBpallaeTCcA B
XnopucTbli Bogopod. lpu 3HAUUTENbHBIX COAEPKAHUAX
netyunx XOC ycCTaHOBKa FMAPOOYNCTKM MOXKeT ObiTb
pa3pyLlUeHa 1M 3a CYMTaHHbIe AHW. TO »Ke camoe OTHOCUTCA 1
K npoueccy prdOpMUHra, Fae TaKkKe NPOoNCXOaAT peakLumm ¢
Bofopoaom nog aasnennem [3]. Bnnadmne XOC Ha Koppo3uto
TaKXe oTMeueHo B paborTe [4].

Kpome TOro, xnopucTbii BOAOPOA MOXeT BCTynaTb
BO B3aMMOAENCTBME C aAMMWAKOM, BbIAENMBLUMMCA B
npouecce TrMAPOOUUCTKN, C O0OpPa3oBaHMEM XJIOPUCTOro
amMMoHua (NHaCl), uTo MOXKeT NpMBECTU K 3aKyNOPVBAHKIO
obopynoBaHus 1 ero Kopposuu. B pabote [5] oTmeueHo,

yto nepepaboTka HedpTU C BbICOKUM cCoAepKaHUEM
XnopopraHnyeckmnx COQ,IJ,VIHGHVIVI MOXeT OKa3aTb
oTpUUATENbHOE BO3LENCTBME Ha pPaboTy Cregylowero
obopynoBaHusi.

a) PekTnduKaLMoHHasn KONOHHa: BEPX KOJTOHHbI, TAPESIKY,
Tpy60oMnpoBOAbl BEPXHEN YaCTV KOJIOHHbI 1 TEMSIO0OMEHHUK.
Mpu ©Oonee HU3KOW Temnepatype B 0061acTM HU3KKX
CKOpPOCTeN MOTOKa XNOPUCTbI aMMOHUI KOHAEHCUpPYeTCA
13 napoBoi ¢a3bl U 3aTBepAeBaeT, GopMUpys COJEBble
oTnoxeHusa. [Mpy 3TOM Hapywaetca pabota cmcTembl
OpPOLLEHNA BEPXa KOJNIOHHbI.

b) YcTaHOBKa KaTanMTMUeCKOro KpeKMHra C KUMAWym
cnoemKaTanmsaTopanycTaHOBKa3ameaieHHOro KOKCOBaHA:
BC/IeiCTBME 0Opa30BaHMsA XJIOPVCTOr0 aMMOHKSA, KOPPO31K
nofBepraeTca BEpPXHAA YacTb U LUUPKYNALUMOHHAA CMCTema
PEKTUPVKALMOHHOWN KOJTOHHBI.

C) YcTaHOBKa KaTannTnyeckoro prdopMUHIa: BbIXOLHOW
WwTylep peakTopa NpeaBapuUTENbHOrO TMAPUPOBAHUA 1
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UMpKynAuMoHHasa cuctema Bogopoga. NH«Cl npuBogut
K MUTTUHIOBOW KOppo3un ” GOPMUPOBAHMIO COJNEBbIX
OTNOXEHUI B BEPXHEWN YacT! CTabuM3aLMOHHON KOJIOHHbI
WS KOMOHHbI fieNeHTaHn3aLun.

d) VYctaHOBKa rugpvpoBaHMA: BbIXOLHOW  WTyLep
peakTopa rmaprvpoBaHNA MOABEPraeTcs 3aKynopuBaHUo 1
KOPPO31K XNTOPUCTbIM aMMOHKEM.

B cTtaHpapTe AMeprKaHCKOro ob6LwecTBa no UCrbiTaHWUio
matepuanos ASTM D 4929 npuBoguTca uHPopmauuns
O HeobXoAMMOCTM U BaxXHocTu onpegeneHna XOC
[6]. Tak, B CTaHgapTe CKa3aHO, YTO OpraHu4yeckne
Xnopugbl, NPUCYTCTBYOWMNE B Cbipoli HedpTn (Hanpumep,
METUNEHXNIOPWL, MEepxnop3TuneH U T A.), 0OblYHO
neperoHsoTCA BO ¢pakumio HadTbl. [py 3TOM HeKoTopble
coefuHeHNAa npu pasgeneHun bpaKkuuin - paspyLliaTca
C o0pa3oBaHMEM COMAHOW  KUCMOTbl, obGnagatowen
KOPPO3NOHHbIM fencTerem. HekoTtopble XOC BblaepKnBatoT
bpaKLUMOHNPOBaHME 1 Pa3pyLLIAKTCA Ha 3Tane rmapooYNCTKY
(obeccepuBaHmm  HadTbl) [6]. OpraHuyeckne xnopuabl
NoTeHUMaNIbHO OMACHbI AJ1si NPOLEeCcCcoB HedTenepepaboTKu.
ConaHasa KucnoTa MOXeT 06pa3oBbiBaTbCA B peakTopax
rMAPooUNCTKN  unu  pudOpPMUHra,  TakKKe  KUCIoTa
HaKannvBaeTCs B 30HaX KOHAeHcaL M napos. HeoxungaHHble
KOHLIEHTpaLuM OpraHMYeckux XJIOPUAOB HEBO3MOXHO
30DEKTUBHO HEWTPanM3oBaTb, YTO MOXET MNpUBECTU K
KOPPO3VOHHbIM NoBpexaeHnaM obopyrnosaHua HIM3 [6].

B pabore [7, c. 72] noka3aHo, uTo: 1) xfiopopraHmyeckme
coefviHeHUs npu nepepaboTke HedTM pasnararoTca
C ob6pa3oBaHMeM XNOPUCTOrO BOAOPOAA, PacTBOPOB
CONAHOWN KUCNOTbl Pa3HOW KOHLEeHTpauuu (B 3aBMCMMOCTM
OT cofepaHua BoAbl B HedTu), conen CONAHON
KUCNOTbI; 2) MNPOAYKTbl Pa3NOXKeHUs XJIOPOPraHUYeCcKrx
coefVHeHUI obnapatlot  60sbLUON KOPPO3NOHHOM
aKTUBHOCTbID, UTO KpaliHe HeraTMBHO CKa3blBaeTcsA Ha
6e3onacHoCcTM U1 paboTocnocobHocT!  0bopynoBaHMA
HedTenepepabaTbiBaOLLMX 3aBOAOB.

OnpepeneHne n  MoHuTOpUHr  XOC  ABnAlTCA
aKTyasllbHbIMM  3ajayaMnM B CUCTEME  KOPPO3MOHHOMO
MeHeKMeHTa HedTsAHbIX KoMnaHui [8, ¢. 158], a Takxke npu
cpave HedTM 3aKasumKam [9].

B Tabnuue 1 npuBeséH pacyér  KONMYecTBa,
obpasytollerocs npwu pasnoxkeHuu HEKOTOPbIX
XJTOPOPraHNYeCcKX COeaUHEHNI, XJIOPOBOAOPOAA.

PeakTop KaTanutnueckoro pudopmrHra C pagmanbHbIM
LBVIXXEHMEM CbipbA C HEMOABMXKHbIM C/IOEM KaTanu3atopa
MMeeT NPOM3BOANTENIbHOCTL 1 MJTH TOHH/rog,.

MakcrmanbHo gonyctumoe cogepxaHne XOC B HedTu
cocTaBnseT go 6 ppm, To ecTb 0 6 /7.

Mcxoga v3 3Tmx npefnocbuiok, aBTopamu Npon3Beféx
pacyéT Konuuyectsa 06pa3oBaBLIErocsa X10poBoAopoaa npu
TEPMUYECKON [ECTPYKUMM XJTIOPOPraHNYECKNX COefUHEHWNN
32 rog C YJYéToM MNPOM3BOAUTENIBHOCTU  peaKkTopa
KaTanutmyeckoro  pudopmuHra. Pesynbtathl  pacuérta
npegcTaBneHbl B Tabnuue 2. PacuéTt nponsBeaér ansa pasHbix
XNOPOPraHNYecKmx coeagnHeHni. Tak, MakcMmasibHas Macca
0b6pa3oBaBLLerocs XJ0poBoAOpoOAa AoCTUIMa 5,5 TOHH ana
rekcaxnopaTaHa 1 5 TOHH Ans guxjopmMeTaHa.

Ta6bnuuya 1.

TeopeTnueckuin
xnopoBofgopoga, o6pasyloleroca nNpu pasfioKeHuu

pacuér

XJlopopraHn4yecKkux CoeAMHeHMﬁ

XTICFPD]JIEHH‘] ECKOC COCIMHCHHUE

TerpaxiopMeran
(MeTbIpexXIOpHCTELT YIIepot)
(nanee - UXY)

Kon-s0 HCI

PGEKLII-IH PasMOMEHNA

B-B3, MKT

CCl +H,0 = COCL + 2HCT

ONPEAENEHNE KOPPO3OHHOI AKTUBHOCTW

KoJinyecTtBa

u3 10 mxr

4,74

Tpuxnoparunen (ganee - TX3-en)

CHCL + O = COCHL + CO + HCl
Yenosua (KpanT cBeTa, NPHCYTCTBIE
MWHEPATHHBIX KITCITOT HTH I'IUI[E)

Tpuxnopmeran (xnopodopn)
(panee - Xd)

2CHCIL + 0, = 2C00CE + 2HO

3,05

GO+ HO = CCLCOOH + HCT

(manee - MX)

Yenosua (noBeieH AR TeMIEPATypa)

Terpaxnoparunen (nanee - TTX9-en) Yenosua (MOBLIICHHAA TEMIEPATYpa, 22
IIPUCYTCTRIE MUHEPATBHBIX KUCIOT)

C:Cls + 4H0 = HOOC-COOH + 6HC)

Texcaxnoparan (garee — [X3) Venopus (NpHCYTCTBHE WENOHN K 9,24
Temneparypa 200 C}
(Muxnopmeriu}benson (IXM)B + H-0 = Gensoinbri 45
(panee - (IXM)B) anwerun + 2HC! 2
A 4CCL=CH: + 50, = 2COCl: + 4HCI +
¥ +6C0 + 2H0 3,76

(manee - 1,1-11X2-en) R

Yenosusa (nossleHHan TeMneparypa)
Juxmopmeran (Merunenxnopi) CH,Cl: + H:O = HCOH + 2HCI 859

1,2-[Inxnoparan (ganee - 1,2-11X3)

CH:CI-CH:CI + H:0 = CHO0H-
-CHOH + 2HCI
Venopua (Kucaas wim mienoanas
cpena, Temmeparypa 140-250 °C,
nasaenne 1o 4 Mna)

7,37

Bensumoropup (manee — BX)

BX + H.Q = fensumopeiit crmpr + HCI

2,89

1,2-luxnoprponas (manee — 1,2-JIXIT)

CH:CI-CHCI-CH; = CH:CI-CH=CH. +
+HCI
Ycnosua (temneparypa 520-540 °C)

323

Ta6bnuua 2. Pacyér KonmuyecTBa o6Gpa3oBaBLUerocA
AecTpyKuun
XNIOpOpraHNYecknx coeAviHeHN 3a roj C Yy4yeTom
KaTanuTnyeckoro

Xnoposogopopaa

NPou3BOAUTENbHOCTU
pudpopmMuHra

PESEAOPUCTRI
yraepoL
(mamee - UX¥)

npu

TepMmunyeckonm

peakTopa

Komuaccrso

abpasymreroc fEL aof

2844 2844

Komae¢crao
womerne HEE

My K1

Tpxnoparunen (mies
- TXen)

27 1626

Tpuxnopmeran
[xnopodupae) &
(mamee — Xdi)

Terpmsopariien
(mamee - TTX3-ex)

Fekcaxnoparan {ranes
-TX3)

L

[Mscropueriun ) femadn
[anes - (JIXMIB)

L ,l-Z[:Jx.1ch:aTlmcH
(manee - LI-JIXD-en)

376 2256

Huxropsetan
[MeTnnexnopng) i
[mamee — MX)

1 2-Jnxnopstan
(manee — 1,2-JIN3)

7:37 4421

Bewsumemopuy (ganee
- BX)

289 1734

1.2-ilnxaopiponin
[mamee — 1,2-J1XT1}

3113 1938
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ONPEAENEHVNE KOPPO3OHHOW AKTUBHOCT

Mpwn N3roTOBJIEHUN pasnnyHoro
HedTenepepabaTbiBalOLLETO obopypoBaHus: 210V,
ABT, AT, ycCTaHOBKM npeaBapuUTeNIbHOM rMAPOOYNCTKY,

NnepBUYHON NepepaboTKn HedpTh, KOMOHHbI 1 cenapaTopbl
YCTAaHOBOK MMAPOOUNCTKU TAXeNbIX Gpakumii MCnonb3yeTca
yrnepogucTtas ctanb. B cBA3M ¢ 3TUM ANA OLEHKM BANAHUA
MUKPOKOHLIEHTPaLUA CONAHON KWUCNOThbl, obpasyoLleinca
Npy  PasnoXeHUM XJIOPOPraHNYECKNX COeAUHEHUN, Ha

Koppo3uio  HedTenepepabaTbiBalolero  0bopynoBaHUA
ncnonb3oBanu ob6pasubl cranu  Cr.3. MccnegoBaHusa
NPOBOAUNN TPAaBUMETPUYECKUM W  SNEKTPOXUMUNYECKUM
MeTodamu.

B Tabnuue 3 npepctaBneHbl pesynbTaThl onpeaeneHns
CKOpOCTU OOLlen Koppo3un CcTanm 3 B CONMAHON
KNCNOTe  PasfINYHOM  KOHLEHTpauuu, onpenenéHHom

3NeKTPOXMMUYECKM MeTOAOM. B Tabnuue 4 npefcTtaBneHbl
pe3ynbTatbl, MOJlyYeHHble TPABUMETPUYECKM METOLOM.
Bpems ncnbitaHnin 7 4acos.

Ta6nuua 3. CKopocTb 06Leil Koppo3um ctani 3 B CONAHOMN
KMCNOTe pasnnYyHOl KOHLEeHTpauuu, onpegeneHHas
3NEeKTPOXMMUYECKUM MEeTOAO0M

Konnentpanus

= i Cpepuee 3navenue,
CxopocTs obmieii Kopposuit, Mm/Tog

/T MM/ 1O
10 0,114 0,152 0,123 0,1300,001
50 0,436 0,484 0,436 0,452+0,004
100 0,909 0,904 0,928 0,913+0,009
500 1,231 1,200 1,225 1,218£0,012
1000 2,203 2,104, 2,200 2,169£0,021
10000 2,248 2,508 2,315 2,357+0,023
100000 2,745 2,679 3,030 2,818+0,028

Ta6nuua 4. CKopocTb 06Leil Koppo3um ctani 3 B CONAHOMN
KMCNOTe pasnnYyHOl KOHLEeHTpauuu, onpegeneHHas
rpaBuMeTpuYeCcKNM MeTogoM

Konnenrpamma

= o Cpennee sHa4cHuE,
CKOpOCTb 061El KOPPO3HM, MM/TOL )
rfT MM/TOR

10 0,145 0,149 0,113 0,136+0,001
30 0,499 0,549 0,589 0,545+0,005
100 1,001 1,104 1,073 1,059+0,010
500 1,334 1,244 1,412 1,330+0,013
1000 2,214 2,255 2,273 2,247+0,022
10000 2,458 2,731 2,418 2,535+0,025
100000 2,832 2,954 3,009 2,932+0,029

MpuBeneHHble B Tabnuuax 3 n 4 3HAaYeHMA CKOPOCTM
KOPPO3UN CONMAHOM KUCNIOTbl C Pa3HOM KOHLEHTpauunen,
nosnyyeHHble ABYMA pPa3HbIMU MeTodaMu, OEeMOHCTPUPYIOT
BOCMPOV3BOAMMOCTb  3HAUYEHUI, UYTO YyKasblBaeT Ha
[LOCTOBEPHOCTb pe3ynbTaToB. [laxe npu KONMYeCcTBEHHOM
cogepxaHum HCl 10 r/T CKOpOCTb KOpPpO3UWM COCTaBAseT
0,136 mm/rog. B craHpapte [MAO HK «PocHedpTb»
KOPPO3UOHHBIN $OH He pomkeH npesbiwaTtb 0,100 mm/rog
[10,c.40].PocTckopocTUKOppOo3nnHaobbekTaxHepTea0ObIUN
Bbiwe 0,100 MM/rof y»e MOXeT CTaTb NPUUYNHOW NPOBeAeHNA
MOBTOPHbIX OMbITHO-MPOMbILWAEHHbIX UcnbiTaHu  (ONN).
C yuyétom npuBenEéHHbIX B Tabn. 2 AaHHbIX, roe npuBefeH

pacuyéT Konnuyectsa 06pa3oBaBLIErocs X10poBogopoaa npu
TEPMUYECKON AECTPYKUMM XJTOPOPraHNYECKMX COEAUHEHWI
B HedTM B TeuyeHMe roga C y4yéToM MPOU3BOAMTENBHOCTM
peaktopa  KaTalUTUYeCckoro  pUPOpPMMHIa,  MOXKHO
NpeanonoXnTb  CTeMeHb  KOPPO3MOHHBIX  Pa3pyLUeHWI
HedTenepepabatbiBaolwero 0b6opyaoBaHNA TONbKO 13-3a
pasnoXKeHns eMHCTBEHHOrO BellecTBa — TeTpaxjiopmMeTaHa
npu ycioBMM €ro MWHUMAJNIbHO LOMYCTUMOrO cofepKaHus
(He 6onee 6 ppm).

Takum o6pasom, nonagaHne XOC B HedTb KpaliHe
HeXenaTenbHO BBUAY WX PAa3fioXeHUs C BbleneHremM
xnoposogopoda, obpasywwum npy rMAPONu3e COMAHY
Kucnoty, Kotopaa paxe npu 10 mr/T cnocobHa Bbi3biBaTb
KOppo3uto cTanu co ckopocTbto 0,130 mm/rog. B couetaHum ¢
CepOBOAOPOAOMCONIAHAAKNCIIOTa3HAUNTENBHOYBENINYMBAET
CKOPOCTb Koppo3uu HedTenepepabaTbiBatOLLErO
obopyaoBaHUs,  Kak  Yrnepogucton  ctanu, TakK W
NEernpoBaHHON, Bbi3blBas MpPY 3TOM Hambonee onacHoe Mo
CpaBHEHNIO € 0bLLen Koppo3uel NoKanbHOe pa3pyLueHue.

Tak Kak MofenupoBaHMe YCOBMIA B paMKax
NabopPaTOPHbIX  MCMbITAHUA  OTAINYAETCS OT  peasibHoW
KapTyHbI, Habnogaemol Ha obopygnosaHuy HIM3, B cBA3M ¢
3TM BO3HUKAET HeoOXOAMMOCTb MPUONMKEHWA YCIOBUIA
UCMbITaHNA K MPOMBILLIEHHOMY CJTyyalo.

[lna mopenvpoBaHMA Npouecca PasfioXeHnsa BO BPems
HedTenepepaboTkn XOC 1 OUEHKU BNMAHUA Ha KOPPO3UIo
ctanu 3 6bin BblibpaH MUKpokynoHomeTp Multi EA 5100,
ncnonbyowminca B metoge b no FOCT P 52247-2021 ana
onpefenieHNsa  cofep)KaHUsi OpraHMYecKUx XIopugoB.
KOHCTpYKUMA MUKPOKYNOHOMeTpa Oblla M3MEHEeHa Tak,
yto O0bpasylWNNCA Mocie OocCyWwnTena ra3oo0bpasHbIi

X/TOPOBOAOPOA NMOMajan He B NEeKTPOXUMUYECKYIO AUYENKY,
a bapboTupoBanca B EMKOCTb C PaCTBOPOM, B KOTOPbIN Ye
MOrpy»eHbl CTaNbHble NIacTUHbI (puc. 1).

PucyHok 1. lMogBoa Tpy6KM u panbHemnwee
6ap6oTupoBaHMe B JNeBYW AYellKy CO CTajbHO
nnacTuHom, o6pasoBaBlueroca npu pasnoxeuum XOC,
Xxnoposogopoga

Ha puc. 1 nokasaHO Hayano 3sKcnepmmeHTa C ABymMA
o6pa3Lamu B UCnbITaTeNbHbIX EMKOCTAX. OauH 13 06pa3Los
(cneBa) noasepraeTca 6apbOTUPOBAHNIO XJTOPOBOAOPOLOM
nocne 4o3MPOBaHUA B KBapLEBbIN peakTop 100 MK YnMCTOro
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ONPEAENEHNE KOPPO3OHHOI AKTUBHOCTW

yeTblpéxxnopucToro yrnepoga (YXY), a BTopon HaxoguTca B
ANCTUNNNPOBaHHON Boae. Ha puc. 2 Te e camble o6pasLbl,
HO y»Ke nocsie 24 4yacoB BblAEPXKM B WCMbITyeMONn cpepge.
[laHHble, npuBefeHHble B Tabnuue 5, MoOKasblBaloT, UTO
obpasoBaBwuiica 13 100 mkn YXY xnoposogopon, Bbi3Basn
KOppo3uto ctanu co ckopoctbio 0,719 mm/roa. MonyyeHHble
pe3ynbTaTbl MOXHO BHOBb COMOCTaBUTb C TeOPETUYECKMMM
pacyétamu  pasnoXKeHMA  pPasHbIX  XJIOPOPraHUYecKmx
CoeaVHEeHWIN C BblgeneHmeM xnoposogopoa (tabnuupl 11 2).

Ecnm 100 mMKn  pasnoxmellerocd C BblaeneHuem
xnoposogopoaa YXY ysenuumBaer CKOpPOCTb KOppO3umn
go 0,719 mm/rof, TO KakuMe NOCneacTBMA MOryT oXuaaTtb
YCTAaHOBKW KaTanutnyeckoro pudopmmHra npu cyMmMapHom
neperoHke 2844 Kr o6pa3oBaBLLErocs XJI0pOBOAOPOAa Mpu
TePMMYECKON OeCTPYKLUN XITOPOPraHNYeCKNX CoeMHEeHNI
C KOHUeHTpauuern 6 mnH' (ppm) B HedTM B TeueHre roga C
YYETOM NPOM3BOAUTENIBHOCTU peakTopa?

Ta6bnuya 5. CkopocTb Kopposum ctanm 3 B
AUCTUANNPOBAHHOI Boje M B Bopje, 6ap6oTmpyemoin
XJI0pOBOAOPOAOM

PPo3HK B

e, MM/TON

MM/Ton

Crane 3 0,71940,0007 0,0685:+0,00006

PucyHok 2. CranbHble o6pasubl (Ct. 3) mocne 24 y
Norpy»eHus B UCNbITyeMylo cpegy

Kak BugHO 13 puc. 2, pactBop, 6apboTmpyembii
X/TOPOBOAOPOAOM, COAEPXKUT B3BECH NMPOLYKTOB KOPPO3UU
enesa, UTo yKa3blBaeT Ha MHTEHCVBHbIV NPOLLeCC KOPPOo3uun.
O6pasubl Ha puC. 3, Ha NOBEPXHOCTM KOTOPbIX HAabnogaeTcs
CMNJIOWHAA KOPPOo3KrsA, HaxXOQWIUCb B arpeccuBHON cpefe
Xnoposofopopaa.

BbiBOAbI

Pe3ynbTathl nccnefoBaHus:

- MOATBEPAMIIN KOPPO3MOHHYIO OMacHOCTb MPOAYKTOB
Pa3noXKeHUA XJIOPOPraHNYECKNX COeQUHEHNIA;

- MOKasanu, YTo Mpu TePMUYECKOM Pa3NoXKeHUN BCEro
100 MKN YeTbIpEXXIOPUCTOrO yriepona, obpa3oBaBLLNACA

XJIOPOBOAOPOS crnocobeH BbI3bIBaTb
YrnepoancTon CTanm co ckopocTtbio 0,719 mm/rog;

- NPOAEMOHCTPUPOBANM, YTO COMAHAA  KWUCJIOTa,
obpasywasnca npu  JeCcTpyKuUrM  XJIOPOpPraHMYecKmx
COeANHEHN, pJaxe B MUKPOKOHUeHTpaumax (10 r/1)
BbI3bIBaeT KOPPO3MI0, MPEBbILLAIOLLYIO AOMYCTUMbIN YPOBEHb,
YCTaHOB/NEHHbIN CTaHAaPTaMM HeQTAHbBIX KOMMAHWIA.

Mo  pesynbtatam  MpPOBEAEHHbIX  MCCNefoBaHWM
pekomeHAayeTcA BKOYaTb KOHTpONb  cofepaHua
XJTOPOPraHNYeCKnX CoepumHeHUn B HepTM B CTpaTerum
KOPPO3MOHHOIO MeHeA>KMeHTa HeTAHbIX KOMMaHWUIA.

KOppo3uio

PucyHok 3. O6pas3supbl ctanu 3 nocne rpaBUMeTPUYecKkoro
ncnbiTaHNA BTeueHne 24 yacoBBcpeaecbap6oTmpyembim
XA0pOBOAOPOAOM
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E-mail: vdurkin@ugtu.net
E-mail: dsavrey@mail.ru

*Russian Academy of Natural Sciences

The clay content of oil and gas reservoirs is a key parameter
atall stages of field development. During theinitial opening
of productive horizons, various sets of geophysical studies
are performed, including those aimed at determining
reservoir zones, and in particular, clay and porosity.
Petrophysical research uses methods for determining the
radioactivity of rocks, which is known to depend on clay
content. There are other methods for determining clay
content that are used in the analysis of drilling fluids. The
article considers an adapted technique for assessing the
clay content of a rock, and also suggests a method for
studying clay rocks in aqueous solutions in order to assess
the rate of swelling or dispersion.

Keywords: clayiness; rock; bentonite clay;
dispersion.

swelling;

THE METHOD OF SELECTIVE CEMENTING UNDER
PRESSURE USING A PACKER IN A HORIZONTAL
BOREHOLE (p. 65-72)

Roman Dmitrievich Kravczov'
Aleksandr Valer evich Verevkin?

National Research Tomsk Polytechnic University
30, Leninisky prospect, Tomsk, 634050, Russia
'E-mail: jkravtsov@bk.ru

’E-mail: veruovkin@mail.ru

This article aimed to describe the problem of a prematurely
drowning of production horizontal wells with the overview
of already existing techniques of squeeze cementing, and
also carrying all necessary Engineering calculations for the
successful work performance; considerable attention is
paid to the estimation of the technological operation for
the drowning elimination in connection with insufficient
experience in mathematical basis; this topic involves
the using of the liquid packer for the realisation of the
remedial cementing in the perforated horizontal well bore,
which is getting more and more popular on the market;
each operation stage is examined in detail, providing
key conditions and methods with equations which have
been used; for better understanding schematic figures
of technological liquid injection and the reached surface
pressure for each stage with the use of typical initial
information are presented.

Keywords: calculation; repair and insulation work; packer
retainer; horizontal borehole; liquid packer; selective cementing;
hydraulic resistance; watering; intermediate column.

APPLICATION HYDRODYNAMIC OSCILLATION
GENERATOR FOR THE PRODUCTION OF STABLE WATER-
OIL EMULSIONS AS FUEL IN FURNACES FOR HEATING OIL
TREATMENT PLANTS (p. 73-78)

Tat'yana Vadimovna Boby'leva'
Mixail Yur evich Kil'yanov?
Maksim Nikolaevich Denisyuk'
Aleksandr Pavlovich Savinov'
Aleksandr Vladimirovich Muradov?

'Ukhta State Technical University
DId. 13, Pervomaiskaya str, Ukhta, Republic of Komi,
169300, Russia

*National University of Oil and Gas «Gubkin University»
65, Leninskiy prospect, Moscow, 119991, Russia

The article presents the results of studies on the use of a
hydrodynamic oscillation generator to obtain stable water-fuel
oil emulsions as fuel in heating furnaces of oil treatment plants.
Fuel oil is one of the most common types of liquid fuel for
combustion in furnaces at oil treatment plants and line heaters.
The advantage of fuel oil is its high calorific value and low
cost, while the quality of fuel oil has a significant impact on
its transportation, storage and the efficiency of oil and gas
equipment nozzles. However, the use of fuel oil has a number
of negative consequences: the exhaust flue gases contain toxic
gases that have a negative impact on the human body and
the environment, the high content of sulfur oxides leads to
corrosion of equipment and regular labor-intensive operations
for its cleaning and replacement, the deposition of soot and
carbon due to incomplete combustion of fuel oil forces the
furnaces to be regularly stopped for preventive maintenance.
In this regard, the development of fuel based on water-fuel
oil emulsions, which allow to level out the negative factors
indicated above, is an urgent task. The method of creating
such emulsions using a hydrodynamic oscillation generator
is considered, the results of the conducted studies and a
comparative analysis of the effectiveness of the proposed
solution are shown.

Keywords: oil heating furnace; process equipment;
industrial oil preparation; fuel; fuel oil; water-fuel oil
emulsion; hydrodynamic oscillation generator; efficiency;
environmental friendliness.

DETERMINATION OF CORROSIVE ACTIVITY OF
DECOMPOSITION PRODUCTS OF ORGANOCHLORINE
COMPOUNDS (p. 79-83)

Anton Evgenevich Lestev'
Pavel Andreevich Bogomolov?

Nikita Dmitrievich Zherebczov?

'LLC «AEL E kspert»
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68, K. Marksa str., Kazan", 420015, Russia
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The article presents data on the corrosion activity of the
decomposition products of organochlorine compounds.
The work uses gravimetric and electrochemical methods
for determining the corrosion rate, presents a theoretical
calculation of the amount of HClI formed during the
decomposition of organochlorine compounds, and simulates
the decomposition process of organochlorine compounds at
high temperatures.

Keywords: organochlorine compounds; chlorinated
organic compounds; corrosion; decomposition products of
organochlorine compounds; oil refinery corrosion; steel corrosion.

AREAS OF RESPONSIBILITY FOR THE CONDITION OF IN-
SITU LEACHING WELLS (p. 84-89)

Aleksandr Georgievich lvanov

SC «VNIPIpromtexnologii»
33, Kashirskoe shosse str., Moscow, 115409, Russia
E-mail: ivanov_ag@mail.ru

High-quality construction, operation and abandonment
of in-situ uranium leaching process wells determine the
economic efficiency of mineral extraction by minimizing
the accident rate of these wells before the end of their
service life. This article provides an overview of the work
and recommendations on the areas of responsibility of
enterprises engaged in the construction of wells, and
enterprises engaged in uranium mining itself. The main
causes that lead to accidents at wells are given, the ways of
their prevention and the procedure for interaction between
the above enterprises are shown, indicating the main works
that must be performed in this case.

Keywords: in-situ leaching; process wells; well equipment;
development; waterproofing; opera-tion; repair and
restoration work; geophysics; areas of responsibility.

AN EXCURSION INTO THE HISTORY OF PUMPING
ENGINEERING: FROM BUCKETS TO COMPLEX HYDRAULIC
MACHINES (p. 90-98)

Natal'ya Aleksandrovna Aksyonova
Mixail Ivanovich Korabel nikov
Sergej Nikolaevich Bastrikov
Anatolij Yurevich Zajcev

Industrial University of Tyumen
38, Volodarskogo str., Tyumen’, 625000, Russia

ABSTRACTS OF ARTICLES

In the article, the authors aimed to analyze numerous
literary and internet resources: Wikipedia, the Great
Soviet Encyclopedia, websites of pump manufacturing
companies, scientific publications, including foreign ones,
on the evolutionary development of pump engineering.
The analysis of the emergence of pumps, from the simplest
water-lifting mechanisms to modern complex hydraulic
machines, helps to understand how inventions are born, how
they are improved, and what contributes to this process. The
historical overview of pump engineering presented in the
article begins with ancient times (5th century BC) and ends
with the modern era (20th century). The authors also allowed
themselves to look ahead and predict future directions in the
development of pump technology.

Among the prototypes of ancient pumps, the authors
examined water wheels, the sakia, the noria, the Archimedes'
screw, the simple piston pump by Ctesibius, spiral pumps, coil
pumps, simple chain pumps, and prototypes of centrifugal
pumps. Separately, in chronological order, the evolution
of piston pumps, centrifugal pumps, rotary (rotary-type)
pumps, and pumps without moving elements is considered.
The authors established that the evolution of pump
technology progressed from non-pressure fluid movement
to mechanized methods of water supply. Several key
moments (impulses) in the development of pump
engineering were identified. The first significant impulse
was the transition from wooden water-lifting structures to
metal mechanisms. The second impulse was given to pump
engineering by the advent of steam engines, electricity,
electric motors, and later internal combustion engines. The
third impulse in the development and improvement of
pump units was the advancement of science. The evolution
and improvement of pumps would have been impossible
without scientific discoveries of physical laws, research, and
the creation of mathematical models by great scientists,
physicists, mathematicians, and hydromechanics such as
Leonardo da Vinci, Isaac Newton, Al-Jazari, Blaise Pascal,
Leonhard Euler, Daniel Bernoulli Mikhail Vasil evich
Lomonosov, Carl Pfleiderer, Gustav Anton Zeuner,
William Rankine, and others.

Special attention in the article is given to domestic scientists
and inventors, as well as their developments in the field of
hydraulic engineering: A.A. Sablukov, V.A. Pushechnikoy,
l.I. Kukolevsky, I.N. Voznesensky, G.F. Proskura, PA. Zarubin
and K.K. Baulin.

Keywords: pump engineering; evolution; centrifugal pump;
rotary pump; piston pump; jet pump.
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