npoliecy, MepeBakHa KUTbKICTh YacTOK MaloTh Po3Mip Ha piBHI 20 MKM, 110 MPAKTHYHO
BiJIMTOBIZIA€ TIOYATKOBOMY PO3MIPY YaCTOK MPHU iX CUHTE3I.
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BukopHuCcTaHHSI YaCTOK MArHETHTY B MPOIECcAaX OYMIIEHHS CTIiYHHX BOJ Bil HadTONpoayKTiB/
B. M. PanoBenuuk, M. 1. Pomanenko, B. }O. Yepnsik // Bichuk HTY «XIII». Cepis: Hosi pimenns B
cyugacHuX TexHosoriax. — X: HTY «XIII», — 2013. - Ne 38 (1011). — C.159-164. — biGaiorp.: 4 Ha3B.

HpoaHaHI/I3I/Ip0BaHBI IMpOoneCCChl UCIIOJIB30BAHUA COp6eHTOB C MarHUTHBIMHU CBOMCTBaMH JJIA yAaJICHUA
HEPTENPOAYKTOB U3 BOJIHBIX cpell. PaccMOTpeH BOMPOC OT/AEICHUS YaCTHUIl MAarHETUTA OT OUUIIICHHOW BOJIBI.
BriBenensr opmynbl s pacdera koddduImeHTa mpupocTa paadyca YacTUIl MarHeTWTa B IPOIecce
HapaiyBaHus. PaccuntaHa BO3MOKHOCTh YBEIMYEHHs Pa3MEpPOB YACTUIL IIPU PA3HOM KOJMYECTBE LIMKIIOB
HapaiyBaHus. V3ydeH TpaHyJOMETpUYECKHH COCTaB YAaCTUI] MarHeTHTa, CUHTE3MPOBAaHHBIX W3 CMECU
coneit >xene3a (I) m sxenesa (III) mpu pasHBIX YCIOBUSIX W MHTEHCUBHOCTH YBEITUYEHHS HX Pa3MEpOB.
OKCIIEPUMEHTAIIBHO MOATBEPKACHBI PE3YJIbTAaThl TEOPETUUECKUX PACUETOB.

KoueBble cjioBa: HeQTeNnpoayKThl, JUCIEPCHbIE COPOEHTHI, MAarHeTUT, HapallUBaHMUE,
IpaHyJIOMETPUYECKUI COCTaB.

The processes using the magnetic properties of sorbents to remove oil from water environments. The
problem of separation of magnetite particles from the treated water. The formulas for the calculation of the
growth of the radius of the magnetite particles in the process of scaling up. Designed to maximize the size of
the particles with different number of cycles increase. Studied the particle size distribution of magnetite
synthesized from a mixture of iron (11) and iron (111) under different conditions and intensity increase of their
sizes. Experimentally confirmed the results of theoretical calculations.

Keywords: oil products, sorbents, magnetite, capacity, particle size distribution.

V]IK 661.321

B. B. llI]WvEJIbKOB, acriupant., HTY «XI1N»;
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KHNHETUKA OCAXJIEHUA KPUCTAJLJIOB XJIOPHUJA
HATPUSA B ’KUIAKOCTAX COAOBOI'O NMPOU3BOJACTBA

I/I3yT~ICHa KHMHETUKA OCAXKACHUA KPUCTAJUIOB XJIOpUAa HATpusA, I[MOJYYCHHOI'O 110 pas3iMYHbIM
TCXHOJIOTUAM, B HACBINICHHOM BOAHOM pacCTBOPE M PACTBOpaxX, COACPKAIINX THAPOKCHI H Kap6OHaTBI
aMMOHHS. YCTaHOBJIEHO TPAaHWYHOE 3HAYCHHWE IUIOTHOCTH CYCIICH3HH, OOECIIeUMBAIOIIee OTCYTCTBUE
a¢deKTa CTECHEHHOTO OCaXIeHH. Pe3ybTaThl 0000IIEHBI B BHIE MATEMATHIECKUX 3aBHCUMOCTEH.

KiroueBble ciioBa: pacTBOp, CaJ0YHas MOBapEHHAsl COJIb, BEIBAPOUHAS TIOBAPEHHAS COJIb, OCAXK/ICHHE,
CKOPOCTb OCaXKACHUS, BPEMsI OCAKIICHUS, pa3Mep YacTHIl, IIPOU3BOJICTBO MOBAPEHHO COMH.

BCTyH.OJIHI/IM 13 BaAXXHBIX Q)aKTOpOB, BJIMAIOIHUX HAa KOHCTPYKIUHW alllapaToB IJId
pPaCTBOPCHUSA MW KPUCTAJIIIN3ATOPOB, ABJIACTCA KMHCTUKA OCAKIACHUA PACTBOPATOIITNXCS
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Wik o0pasyrommxcs KpuctauioB. CyIlIEeCTBYIOLIME PACUETHBIE 3aBUCHMOCTH TaKue, Kak
dopmynsl Crokca, Ozeena u Putunrepa (cMm., Hampumep, [1, 2]), mnomaydeHHbIE
AHAJTUTUYECKUM IIyTEM U MOATBEPKICHHBIE SKCIIEPUMEHTAIIBHO, CITPABEIJIUBBI TOJIBKO IS
OJIMHOYHBIX TBEPABIX YacTHUIl chepruecKor (QOpMbI C TIAJKONW MOBEPXHOCTHIO. XOTS B
JUTEPATYpPE MOXKHO BCTPETUTh METOAMKH, MO3BOJISIIOIIME C IMOMOIIBIO IMOMPAaBOYHBIX
k03¢ PuLeHTOB ydecTh (OpMY HaCTHIl, HO, BO-TIEPBBIX, OHU pa3pabOTaHbl JIUIIb IS
orpaHu4yeHHoro Habopa ¢opm. B mpakTuke ke BCTpeuUaroTCsl CyCHEH3WH, COACpIKaIlue
yacTulbl ciaoxHo (opmbl. Kpome Ttoro, mns pacdera HeoOXOOUMO TOYHOE 3HAHUE
BSI3KOCTH Y IUIOTHOCTH JKHUJIKOCTH, @ TAKX€ IUIOTHOCTH TBEpAOW 4dacTullpl. [Tockonbky B
MPAKTUYECKUX CIy4dasX MOJYyYEHUE TOYHBIX 3HAYEHUM HSTUX CBOWCTB COMNPSHKEHO CO
3HAUUTEIBHBIMU  TpyAO3aTpaTaMy, a I[OJIyYEHHBIA pe3yibTaT HE TapaHTUPYET
COOTBETCTBHSI pacyeTa peaIbHOCTH U3-3a TOr0, UTO TEOMETPHS OCENAFOIIUX YACTHUL] AAJICKA
OT UjeanbHOU c(epbl, €TUHCTBEHHBIM HAICKHBIM UCTOYHUKOM MH(POPMAIIMH O CKOPOCTH
OCaXJCHUS OCTAETCS IKCIIEPUMEHT.

Ilpn pemenun pspa 3azmad, CBSA3AHHBIX C NPOEKTUPOBAHUEM aIllIAPATypPHOTO
oopMIIEHUSI TPOIECCOB PACTBOPECHUS M KPHUCTAIUIM3ALMM, BO3HUKAET HEOOXOAUMOCTH B
TOYHOM 3HAaHUU CKOPOCTHM OCAXKIEHUS YacTull pa3zHooOpasHoil Qopmbl. Taxas
HEOOXOAMMOCTh BO3HUKJIA, B YACTHOCTH, NpPU MPOCKTHUPOBAHHM ammapara s
pacTBOpPEHHsS B BOCXOJAIIEM MOTOKE JKHUJKOCTEH, HCHOIb3YEMBIX B TEXHOJIOIMU
KAIBLIUHUPOBAHHOM COJBI, KPHUCTAJUIOB XJIOPHJA HATPUsl, HOJYYEHHBIX METOJAMU
BbIIIAPUBAHUS B BAKYYM KPHUCTAJUIM3aTOPaX (BbIBAPOUHASI COJIb) WM ITyTEM €CTECTBEHHOTO
UCTIApeHMs] HACBHIIIEHHOTO PAacTBOpa B OTKPBITHIX OacceliHax (cajovyHas WM MOpCKas
conp). [lonmydyeHune Takux NaHHBIX U OBLIO IIENIBIO KCCIIEIOBAaHHS OMUCAHHOTO B ATOH
CTaThbe.

Hcnonp3oBaBiasics B OMBITaX BBIBAPOYHAS COJIb MPEICTaBIsAIa COOOW KPUCTAILIBI
npaBWIbHOM (opMbl, OMU3KOM kK Kyomueckou. bomee 98 % mMacchl ATHX KpPUCTAILIOB
HaxOJWINCh B uHTepBaje pazmepos 0,1 — 0,5 Mmm.

Uro kacaercs CaJO4HOM COJIM, TO €€ 4YacCTHIbl OBbUIM HEMpaBUIHLHOU (QOpPMBI,
HEOKAaTaHHbIE, C HEPOBHOW Pa3pyLICHHOM IMOBEPXHOCTBHIO, MO-BUAMMOMY, BO3HUKIICH B
pe3yJibTare ApOOJICHHS CaJOYHOro IulacTa B Ipolecce a00buu. 85 % Macchl 3THUX
KpPHUCTAJIOB UMEIH pa3mep oT 1 10 6 Mmm.

['panymomeTpudeckuii COCTaB COJIM MCIOJIb30BABIICICS B OIbITaX, MPEACTABICH B
tabu. 1. BeiBapounas conb coaepxana 99,8 % NaCl. CoctaB calouHOM COJIM NMPUBEJEH B
Tab. 2.

Tabnuna 1 — ['panynomeTpuueckuii coctaB 00pasIoB XJI0pUAA HATPUSL.

BriBapouHas coJib CamouHas coib
Opakuus, MM MaccoBas nons, % Opakuus, MM MaccoBas nons, %
ooiee — 0,80 0 Bonee 6,3 12,8

0,50 + 0,80 0,2 4-+6,3 21,4
0,32 +0,50 21,6 2,5+4 48,6
0,25+0,32 27,4 1,0+2,5 15,2
0,10 +0,25 49,5 0,5+1,0 1,9
menee — 0,10 1,3 menee 0,5 0,1

B Oojbmieii 4acTh OIBITOB 11O N3MCPCHUIO CKOPOCTH OCaXJICHUSA B KaAUCCTBC
KHUIOAKOCTH HCIIOJb30BaJIN HaCBIIHeHHBIﬁ pacTBOp XJIOpUAa HATpPUA. YacTh OIBITOB ObLIA
BBIIIOJIHCHA C€ HACBIMICHHBIM XJIOPHUAOM HATpUA PaCTBOPOM, COACPKAIIIKUM TaAKIKC
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(KMOJIB/M®): aMMOHUITHBIE COIH B nepecuere Ha NH3 — 5,0, xapOoHaThl aMMOHHUS B
nepecuere Ha CO;, — 1,63, NaCl — 4,63. Takoii pactBop mosydaetcs Hacbimenrnem NaCl
KOH/ICHCAaTOB, 00pa3yloIIMXCsl MPU OXJIAXJAECHUU ra3oB B NPOU3BOACTBE cojibl. [loaTomy
Jajiee OH Ha3bIBACTCS aMMUAYHBIN KOHJICHCAT.

Ta0muia 2 — XuMHYECKUI COCTaB CaI0YHON COJIN
BemecTBo NaCl | Mg** Ca** S0,* HEPACTBOPUMBIC
Maccosasg nois, % | 96,4 | 0,16 0,91 1,32 0,62

JIist u3MepeHus: CKOPOCTH OCAXACHUSI KPUCTAIIOB HCHOJB30BAM CTEKIJISIHHYIO
TpyOKYy, 3alasHHyO0 C OJHOTO KOHIIA U 3aKIIOYEHHYIO B CTEKJISIHHBIM KOXYX C OTBOJAAMH
JUTSI TIO/TaYd BOJIBI U3 TepMocTaTa. BHyTpeHHMI quametp Tpyoku 50 MM, nouHa — 1200 M.
B TpyOky, 3amosHeHHYIO0 pacTBOPOM, OBICTPO BCHIMAIX HABECKY coyik. [lockonbky cioi
OCENIA0IIEH COMU MO0 Mepe ABMKCHHSI BHU3 PACIUIBIBACTCA, BU3YAIBHO 3aCEKaTU OTAEIBHO
BpeMsl JOCTIDKEHUs HIbKHEH MeTku Ha TpyOke (900 MM OT CBOOOIHOM MOBEPXHOCTHU
pactBopa) (POHTOM OCEAOIICH COJIM U €€ THUIOM.

Kak cnemyer u3 ananmsa auTepaTypbl, TOCBIIICHHOW CEIUMEHTAIMOHHOMY aHAJIHU3Y
[1, 2], BaxHBIM (PAKTOPOM MOJIYUYEHHS] BOCIPOU3BOJUMBIX PE3yJILTATOB SIBISIETCS BHIOOD
BEJTMYMHBI HABECKH JUISI IPOBEACHHS SKCIIEPUMEHTA. YKa3bIBA€TCA YTO OHA JOJIKHA OBITH
BO3MOXXHO MEHBIIIEH BEJIMYMHBI, YTO TMO3BOJSET u30exkaTh 3ddeKTa CTECHEHHOTO
ocaxkieHusa. OHaKO KOHKPETHbIE PEKOMEHJALMU IO €€ OMNPEIECICHHI0 OTCYTCTBYIOT.
Cnegyer OTMETHUTb, YTO W3JIMILIHE Majble HABECKHM MOTYT MUMETh HE PENpE3€HTaTUBHBIM
IPaHyJOMETPUYECKUN COCTaB, KPOME TOro, B JTOM CIydae BH3yaJbHBIH KOHTPOIb
Ipolecca OCaXACHUS CHIBHO OCJHOXHSAETCA. B Cuily M310KEHHOrO BBIIIE, B CEPUU
NPEIBAPUTEIbHBIX  OMNBITOB  PAlMOHAIBHYIO  BEJIUMYMHY  HABECKH  OIpPEaesuIu
IKCTIEPUMEHTAJIBHO.

Ha pwuc. 1 npencraBineHbl  3aBUCHMOCTH
BPEMEHU OCEJaHUs KPUCTAIJIOB COJM OT Macchl
HaBeCKH i ¢pakuuu BeiBapouHoit conu 0,16-0,25
mM. Ha rpadukax HWKHSSI KpuBas — BpeMms
NpOJBWKEHUSA (POHTA OCENAIOIIUX YacTHUI] [0

110
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90

80

70

Bpemsi ocepaHus, ¢

60 O PpOHT

rryounsl 900 MM, BepxHSSL KpuBass — BpeMs X Tom
50
NPOJBHKEHUS ThJIa OCENAIOIINX YACTHUL JO TOU e 40 \\SKA

riryounsl. M3 rpadukoB BUIIHO, YTO C YBEIMYECHUEM

30
0

Macchl HAaBECKH BpeMs  ocemaHusi  (poHTa L e ®
OCETaIOIIMX YaCTUI[ CHWXXAETCA JO HEKOTOPOU Puc. 1 — 3aBucumocTtu BpemeHu
BCIIMYHUHBI, a 3aTEM CTa6I/IJ'II/IBI/IpyeTC${. OCaXXJICHUSI KpUCTAJIJIOB COJIH
[IponBuxeHnne TbLIA, HaO60p0T, C YBCIMYCHHEM d)paKHI/IPI 0,16-0,25 MM oOT Macchl
Macchbl HABECKHM 3aMeIiercd. AHaJOTHYHbIE HaBEeCKH

rpaduky ObLIM MOTYYEHBI 7S Psia IPYTUX
dbpakuuii MOJy4YeHHBIX PAaCCEBOM BBIBAPOUHOM M CaIOYHOM COJIH.

MoOXHO TMpeAnoNoXUTh, YTO OSKCTPANOJALMS Tpa@UKOB HAa HYJIEBYIO Maccy
MPEICTaBIIAET BPEMs OCEIaHUs OJIMHOYHBIX YACTHII, UMEIOIINX MaKCUMaJIbHbIN ((HPOHT) U
MUHUMAaJIBHBIN (ThUT) pa3Mep B AaHHOU (ppakiuu. Kpome Toro, u3 rpagukoB BUIIHO, YTO
BpeMsi TMPOJBIDKCHHUS (PPOHTA W ThUJIA OCENAIOIIMX YacTHI] Mpu Macce HaBecku 0,5 T
BECbMa MaJIO OTIMYAETCS OT PE3YJIbTATOB 3TOM IKCTPANOISALUUU U MOXKET ObITh IPUHSTO 32
BpeMs OCETaHMSI OJMHOYHBIX YaCTHII.
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B monp3y BBICKa3aHHOTIO MPEAMNOJIOKEHUSI TOBOPUT TO, 4YTO, KaK IOKa3ajl OIIbIT,
BpeMeHa ocemanus ¢ponta ¢ppakmuu 0,1-0,125 mm u Thima dpakuuu 0,125-0,16 MM mipu
macce HaBecku 0,5 T Becbma Onm3ku. To €cTh, IPU ITOM Macce, HE 3aBUCHMO OT TOTO
SIBJISTFOTCSL JAHHBIE YAaCTHIBI CAMUMHU KPYITHBIMA WJIM CaMBIMH MEJIIKUMU BO (Ppakiuu,
CKOpPOCTh HX OCEIaHUs OJWHAKOBA. AHAJIOTMYHBIC BBIBOJIBI MOXHO OBUIO CHEJaTh,
paccMmaTpuBasi BCE TIOCIEI0BATEIbHBIC TTAPhl PPAKIIHA, ¢ KOTOPHIMHU ITPOBOIUIINCH OIIBITHI.

To, 94TO CKOPOCTh MPOJABIKEHHS (HPOHTA OCEHAIOIMINX YacTHI[ Ipu HaBecke 0,5 T
OJIM3Ka K CKOPOCTH OCEJaHUsI OAMHOYHBIX YACTHUII, TOATBEPHKAACTCS 3aMepaMHi BPEMEHHU
npoaBmxkeHus GpoHTa ocemaronux dactuil 10 riayouns 300 u 600 MmM. Pe3ynbpTaThl 3THX
n3mepenuit as dpakmuu 0,125-0,16 mm npu Macce HaBecku 0,5 u 4 T mpenCcTaBICHBI Ha
puc. 2. Kak BugHO U3 pucyHka, rpaduk ajis HaBecku 0,5 T mpakTudecku auHeeH. M3 atoro
CJIEyET, 4TO CKOPOCTh OCE/IaHMsl YaCTHIl MTOCTOSHHA U OMNPEIEIIeTCs TOJIbKO pa3MepPOM
yactull. [Ipu HaBecke 4 r Bpems mpojBkeHus: GpponTa Ha nepsbie 300MM CyIIECTBEHHO
(bonee uem B 2 paza) Bbimle, yeM npu HaBecke 0,5 T, U TOJIBKO TIPH JaJbHEUIIEM
MPOJABUKEHUH, TIO MEPE CHUKEHUS IIOTHOCTH OCEIAIOIIEN CYyCIIEH3UH, CKOPOCTh
CHIDKAeTCs, NPHUONIKAsICh K pe3ylbTaram, 8

IIOJIyYEHHBIM U1 HaBecku 0,5 T. o | [Haseora
Jljist TOro, 4TOOBI MOJMYUYEHHBIN PE3YNbTAT g zz S or
MOKHO OBUIO pacHpoCTpaHuUTb Ha TPYOKH g .
HUHOT'O auameTpa, 4em B HaIleM £ %
UCCIICIOBAHNUU, CJIEAyeT OTHECTH Maccy f 20
HABECKU K IUIOIAAM IIONEPEYHOrO CEUEHUS 5"
TPYyOKH. Ota BEJIMYMHA COCTaBUT o
0,005/(0,785-0,052)=2,55 kr/m’. Us mee o m e
IIPOBEICHHBIX DKCIIEPUMEHTOB MO2KHO Puc. 2 — 3aBUCHMOCTb BpeMEHH
3aKJIFOYHTh, YTO MPU MEHBILIEM 3HAYEHUH 3TOMN NPOJIBIIKEHHS QPOHTA OCEAIOIINX
BEJTUYUHBI IJIOTHOCTh CYCIICH3UH, YaCTHIL OT FTyOMHBI V1S DPaKIUH

oOpasyroIleicss NpH BBICHIIAHUM HABECKU 0,125-0,16 MM 1p Macce HaBeck 0,5
XJIOpUJa HATPUsA B pacTBOP, YKe, uar

MIPAKTUYECKHU, HE BIIUSAET HA CKOPOCTh OCEIaHUs YaCTHII.

31ech CTOMT OCTAHOBHUTHCS Ha TMPUYMHAX YCKOPEHUs TPOJBIXKEHUS (poHTa
OCEMIAIOIINX YACTHUI[ U 3aMEJIJICHUH TTPOJBIKEHUS ThijJia IPU OOJBIITNX Maccax HaBecok. B
mutepatype [1, 2] 3TO CBA3BIBAIOT C YBEJIWYECHHEM IJIOTHOCTH OCEAAOLIEH CYCIICH3UU.
B03M0>XHO, TUIOTHOCTh CYCHEH3UH SIBIISIETCSI XOpoIIeil 0000IIEHHONW XapaKTepUCTHKOM,
KOTOPYI0O MOXXHO paccMaTpuBaTh B KaudecTBe (DaKTopa, OMPEACNAIONIET0 YCKOPEHHE
OCelaHus, HO OHa HE MPOSACHSICT, HU MEXaHWU3Ma Tpoliecca, HU, TeM Oosee, 3aMeIeHus
IIPOJBMKEHUS ThUIa OCEIAFOIINX YaCTHII.

[To HameMy MHEHHIO, YCKOPEHHE OCEIAaHMsI MPH BBICOKOW MIIOTHOCTH CYCHEH3UHU
0OBSACHSETCS TEM, YTO B 3TOM CIIy4ae pacCTOSHUE MEXy TBEPIAbIMA YaCTUIIAMH MEHBIIIE,
YyeM TOJIIMHA >KUAKOCTHOM IUIEHKH, KOTOpas, KakK W3BECTHO, B YAaCTHOCTH, U3
LIUTUPOBAHHON BBILIE JINTEPATYPhl, OKPYXKAET OCEAAIOUIYI0O YACTHUIy M, B TOM WJIM HMHOMN
Mepe, yBIEKaeTcd €. B pesynprare HE OTIEIbHBIE YacCTHIBl JBHUXKYTCS CKBO3b
HEMOJBIXKHYIO JKUJKOCTh, @ MX TPYIIbI, 00beIMHEHHbIE O0IIe 000JI0UKON KUIKOCTH.
ConpoTuBieHUE JBUKEHUIO TaKOTO OOBEIMHEHHS B pacyeTe Ha OTAEIbHYI YacCTHUILy
MEHBIIIE, YeM, €ClTU Obl OHA JIBUTalach OTACIBHO OT JPYTHX, 4, CIEAOBATEILHO, CKOPOCTh
ocenanud Bbime. OQHAKO 3TO KacaeTcs TOJbKO (POHTA OceNarole cycreH3un. YacTulsl
3TOro (PpoOHTa BMECTE C YBICUEHHOIO UMM KUAKOCTHIO MEPEMEIIAIOTCS BHU3, BBITECHSS
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KHUJIKOCTh, KOTOpas CO3AaeT BOCXOMAUIMM TOK. MIMEHHO S5TOT BOCXOASIIUN TMOTOK U
BbI3bIBACT 3aMEAJICHHE TNPOJABIKEHUS ThlIa ocenaromux uactull. lloaTBepxkaeHueMm
CYILIECTBOBAHMSI BOCXOJISIIETO MOTOKA >KUJIKOCTH BHYTPHU CJIOSI OCEAIOLIEH CYCIIEH3UU
MO>XHO CUYMTATh BOSHUKHOBEHHE BHYTPHU HErO BUXPEH, KOTOPHIE BU3YATU3UPYIOTCS B BUJE
IUPKYJSIIUH HEKOTOPBIX YaCTHII.

BepHewMcs k ornpeziesieHro CKOPOCTH OCeaHusl KPUCTAIIOB XJIOpU/Ia HATPUSI B
HACBIIIIEHHOM pacTtBope. Ha puc. 3 035
IpUBeJIeHa 3aBUCUMOCTb CKOPOCTU OCEIaHus
YacTHUI[ COJM OT HX pa3Mmepa (CIUIOIIHAS
auHUs). s cpaBHEHUsT TaM K€ TPUBECH
rpaduK STOM 3aBUCUMOCTH (IIyHKTHpHAas
JUHUS), TOJY4YeHHBIM pacyeToM. [Ipuuem
pacyeTHble (OpPMYJIBI MCHOJB30BAIUCH B
COOTBETCTBUU c pEKOMEHIaUsIMU e
monorpaduu [116]: dopmyna Ozeena mns
uHTepBasia pa3mepoB yactul oT 0,1 mo 1 mm ! 28 4 ser
u Putuarepa — or 1 mo S5 wmm. esep pueTana, M
DKCHEepUMEHTAIIbHbBIE JaHHbIE L Puc. 3 — 3asucnmocts ckopocTy
uHaTepBaia ot 0,1 7o 0,8 MM noJTy4eHbI B OCCHAMIA COII OT pasMepa HacTHll
OMbITaX C BHIBAPOUHOM COJIbIO, a JUIsl UHTEepBajia 1-6 MM — ¢ CalOYHOM COJIbIO.

Kak BuaHo u3 rpadukoB, pacueTHblE CKOPOCTH OCEHAaHUs BbIIIE, HaANJIEHHBIX
IKCIIEPUMEHTAIBbHO, BO BCEM JMarna3oHe pazMepoB. OHAKO HAWOOJbIAs OTHOCUTEIbHAS
ommbOka pacuera (mo 100 %) wnaGmromaercss B wuHTepBane 0,3-2 mm. K kpasm
MCCJIEIOBAHHOTO JMana3oHa pa3jiMuve CIVIaXKUBAeTCA, a JJId YacTHl], UMEIOUIUX pa3Mep
nopsiaka 0,1 MM, MPaKTUYECKH OTCYTCTBYET.

Pacxoxienne Mexay pacueToM U SKCIIEPUMEHTOM MOXKET ObITh 00BSICHEHO, TIIABHBIM
oOpa3zoM, oTianuueM (OpMbl MOBEPXHOCTH HCCJIEIOBAHHBIX YacTHUIl OT cepuyeckod u
[IEPOXOBATOCTHIO MOBEPXHOCTU. Takke CcleAyeT TMPUHATh BO BHUMAaHHUE, YTO
MakCUMaJIlbHasi OImMOKa pacdyeTa MPUXOJUTCS HA HWHTEpPBAJI pa3MEpOB YACTHII,
COOTBETCTBYIOIIMNA KpasM IUana3oHOB MPUMEHHUMOCTH COOTBETCTBYIOIIUX (OPMYI, TO
ecTb 00JacT, IrJe OHM AAI0T HauOoblIyto omuoKy. Crenyer OTMETUTh, YTO HalJIeHHOe
HaMU PacXxOXkJICHHE Pe3yJbTaTOB pacueTa CKOPOCTH OCEAAHMSI TI0 U3BECTHBIM (OpMYyIaMm C
OMBITOM, JUIIHUA pa3 MOJATBEPKAAET BBICKA3aHHOE BBIIIE MOJIOKEHHE, YTO HAaJEKHbIE
JTAHHBIC JIJIST KXKJO0TO KOHKPETHOTO CIIy4asi MOTYT OBITh TIOJTYUY€HBI JIUIIb B SKCTIEPUMEHTE.
Pacuer ke 1Mo M3BECTHBIM U3 JIUTEPATYPhl 3aBUCUMOCTSIM MOKET OBITh BeChbMa IOJIE3€H B
cilyyae, KOr/ia SKCIIEPUMEHTAIbHOE ONpPEIeIeHUE 0 KAKUM MO0 MPUYMHAM HEBO3MOKHO
U JOCTAaTOYHO NIPUOJIMKEHHOM OIEHKH TPeOyeMOoro moxkasaTess.

Pesynbratel onpeneneHus ckopocTu oceaanus kpuctamuioB NaCl Obutn 000011eHbI B
BU/IE TIOJIMHOMOB, KOTOPbIE UMEIOT CIEAYIOIIUNA BUI:

- 11 BeiBapouHou conu KC3

0,30

0,25

0,20

CKopocTb oceganus, m/c

w = 0,0006 + 0,0759 d, 1)
- 11 CAIOYHON COIU
w = 0,010 + 0,0539 d — 0,0025 d2, 2
rae d — pa3Mep KpucTtamia, MM; W — CKOPOCTh OCeJIaHus, M/C.
Tounocts ypaBHeHus (1) xapaktepusyercss KO3(Q(PHUIMEHTOM KOPPENSIUU MEXIY
pacueTtoM u 3kcnepuMmeHToM R = 0,984 u cpennexkBaapaTtuyeckoid omuOKON pacuera
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ckopoctu ocempannst CKO = 0,0017 m/c. AHanmornuHble ioka3areiu s ypaBHeHus (2) — R
=0,971, CKO=0,011 m/c

JInst WinTrocTpanuy CTETICHH COBITAICHMs pacyeTa no ypaBHeHusM (1) u (2) Ha puc. 4
a u O MpUBEICHBI SKCIEPUMEHTAJbHBIE JaHHBIE (TOYKH) M pe3yjibTaThl pacuera IIo
yKa3aHHBIM YpaBHEHUSIM (JIMHUU) C JOBEPUTEIbHBIMUA UHTEpBAJIaMU (ITyHKTHD).

0,07

0,06
0,05
0,04
0,03 8

0,02 4

CkopocTb oceaaHus, m/c

0,01 o

0,00 £
00 01 02 03 04 05 06

Pa3mep yacTtuu, Mm

0,7

0,8

0,9

CkopocTb oceaaHus, m/c

0,28
0,26
0,24
0,22
0,20
0,18
0,16
0,14
0,12
0,10
0,08
0,06

0,04
0

(@]

3 4
Pasmep yacTtuu, mm

a 0
Puc. 4 — 3aBUCUMOCTb CKOPOCTH OCEaHusl OT pa3Mepa KpUCTAILIOB:
a — BBIBAPOUHOM coJy; O - CaJOYHOI COIn

N3 rpaduxoB, B 4aCTHOCTH, BHJIHO, YTO C YBEJIWYEHUEM pa3Mepa KpUCTaJUIOB
YBEIMYMBACTCSI W  PACCEMBAHUE OKCIEPUMEHTAJbHBIX TOYEK. OTO CBSI3aHO C
OCOOEHHOCTSIMM METOAMKU H3MepeHus. AOCONIOTHAs OIIMOKa OIMpEeIeTeHUs] BPEMEHH,
HEOOXOAUMOTO JUISl JOCTHMKEHHS (POHTOM OCENAIONIMX 4YaCTHIl HIDKHEH METKH B
u3MepuTeabHo TpyOke, He mnpesbimaer 0,5 c¢. C yBenuueHueM pasMmepa YacTull U
COOTBETCTBYIOIIIMM POCTOM CKOPOCTH OCEJaHHsS YMEHBIIAETCS BpEMs OCEdaHus W,
CJIeI0OBaTEIbHO, PACTET OTHOCHUTENbHAS OIIMOKAa M3MEPEHHS. DTO OTYETIMBO BHUIHO W3
rpaduka Ha puc. 4 0.

JlaHHBIE O KHHETHKE OCAXICHUS KPHUCTAJIOB XJOpHUJA HATPUS B HACHIIICHHOM
pactBope NaCl MoryT OBITH MEpecUUTaHbI ISl PYTUX KUAKOCTEH HA OCHOBE M3BECTHOTO
[1] cBoiicTBa — O0OpaTHOW MNPONOPLUUOHAIBHOCTH MEXKIY BA3KOCTBIO pacTBOpa U
CKOPOCTBIO OCEJlaHMsl YacTHll. [ KOHTPOJIsl aieKBaTHOCTH PE3yJIbTATOB TAKOI'O pacyera
HKCIIEPUMEHTY OBUTH BBITIOJIHEHBI OMBITHI C BEIBAPOUHO combto Ppakiuu 0,25-0,315 mm u
caJiouHol conpto Qpakmuu 2,5-4 mMm. CKOpOCTh OcenaHusi dTUX (Ppakuuid U3Mepsu B
aMMHaYHOM KOHJIeHCaTe. Pe3ynbTaThl COMOCTABIEHUS pacueTa M OIbITa MPUBEICHBHI B
Tabu1. 3, rAe B CTONOIE «pacueTy HaXOAITCs 3HAUCHHS] CKOPOCTH OCENIaHus, OTIPe/ICTICHHBIC
no ¢gopmynam (1), (2) U CKOppeKTUPOBAHHBIE MO BS3KOCTH. [locieaHIO0 HAXOIUIU C
UCIIOJIb30BAaHUEM METOJIMK, TMPUBEIECHHbIX B pabotax [3, 4]. PaccuutanHoe mo HHUM
3HAUYCHHE BSI3KOCTH HACBIIIEHHOTO pacTBOpa XJopuaa HaTpus (IIpH TeMIlepaType OMBITOB
23 °C) cocraBmwio 1,75-10-3 [1a-c, aMMHadyHOTO KOHJICHCATa, HACHIIICHHOTO COJIBIO —
2,05-10-3 [Ta-c.

W3 nannbix Tabni. 3 BUAHO, YTO pacyeT cucreMarudecku (B cpeaHem Ha 9 %)
3aHMKAET CKOPOCTh OCEJaHMsI B CPAaBHEHMU C SKCIEPUMEHTOM. DTy OIIMOKY MOXHO
OTHECTH HA CYET HETOYHOCTH PACUETHOIO ONPENENEHUs BSI3KOCTU pacTBOpa. OHa MOXKET
ObITh y4T€Ha YMHOXXEHHEM K03(p¢uureHToB ypaBHeHuil (1) u (2) Ha OTHOIIEHHE
BSI3KOCTEM HACBIIIEHHOT'O pacTBOpa XJIOPUIA HATPUS U KOHJEHCATa, HACBIIIEHHOTO COJIbIO
u Ha k03 utmeHT 1,09 (y1st KOpPEKTUPOBKU CUCTEMATUIECKOM OIITHOKH).
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Tabauma 3 — CkopocTh oceJaHMs KPUCTAJJIOB COJIM B aMMHUAUHbIX KOH/IEHCATaXx.

CKopocCTh OceziaHusi, M/C
Bug conmu OpoHT Tein
OnwIT Pacuer OnwIT Pacuer
BriBapounas 0,0225 0,0209 0,0176 0,0167
CagouHas 0,180 0,158 0,120 0,110

B pe3ynbraTe AKCHOEPUMEHTAIBHOIO  KMCCIENOBAHUS KHUHETUKU  OCAXICHUS
KPUCTAJIOB ~ XJIOpMJIa HATpUsi B  PaCTBOpPAX, MCIOJb3YEeMBbIX B  TEXHOJOTHUH
KaJIbIIUHUPOBAHHOM COJbI, YCTAHOBJICHO, UTO CKOPOCTh OCAXKJICHUS 3aBUCUT OT IUNIOTHOCTH
CYCTICH3UU W TOJIOKEHHsI B ciioe. YacTuilpl, Haxoasmuecs BO (GPOHTAILHON YacTH CIIOS
ocCealolle CyCIEeH3UU, C POCTOM IJIOTHOCTH YBEIMYMBAIOT CKOPOCTh OCEAaHus, a B
TBUTBHON — 3amemsator. [lpu minoTHocTHm MeHee 2,6 KT/M2 CKOPOCTh OCEHaHUsS YacCTHII
CYCIICH3MH YK€ MPAKTUYECKU CPABHUBAETCS CO CKOPOCTHIO OCEIaHUSI OJMHOYHBIX YaCTHI]
M TpU 33JaHHBIX IUIOTHOCTHM M BSI3KOCTH PAaCTBOpa OMNPEAEISAETCS TOJIBKO pPazMepoM
JacTUIBl U ee (hopMoil. B 9acTHOCTH, CKOPOCTh OCAXACHUS KPUCTAIIOB CaAOYHON COJIH
3aBHUCHT OT MX pa3Mepa MPaKTHYECKH JTUHEHHO (B mHTEpBaje pasmepos oT 0,1 mo 0,8 mm).
3aBUCUMOCTB K€ CKOPOCTH OCAXKJECHHUS KPUCTAIOB CalouHOM coyin (pa3mep oT 1 10 6 Mmm)
MMEET BBIPKCHHBIN MMapa0OTMIECKUN XapaKTep.
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Kunernka ocaxaeHusi KpUCTALJIOB XJOPHUAA HATPHUA B KHAKOCTSIX COJAOBOI0 IPOU3BOACTBA
/ llImeabkoB B. B., Paiiko B. ®., Heiitaun M. A. // Bicauk HTY «XIIl». Cepisa: Hosi pimennas B
cyuacHuX TexHosorisax. — X: HTY «XIII», — 2013. - Ne 38 (1011). — C.164-170. — biGaiorp.: 4 Ha3B.

BuBYeHO KIHETHKY OCa/PKEHHS KPUCTAJIIB XJIOPUAY HATPiI0, OTPUMAHOTO 3a PI3HUMH TEXHOJIOTISIMH,
B HACHYEHOMY BOJIHOMY PO3YHHI 1 pO3UMHAX, II0 MICTATH TJIPOKCU 1 KapOOHATH aMOHI0. BcTaHoBneHO
IpaHUYHE 3HAYECHHS TYCTUHM CyCIeH3ii, o 3abe3nedye BiJCYTHICTh €(EeKTy CTUCHEHHOTO OCAKEHHS.
PesynbraTi y3aranbHEHO y BUIIIAI MATEMAaTHYHHUX 3aJIC)KHOCTEH.

Kurouosi ciioBa: po3unH, cajiouHa KyxOHHa Clilb, BUBApOYHA KyXOHHA C1JIb, OCAPKEHHS, IIBUJIKICTh
0CaJPKEHHsI, 4aC OCaXKEHHs, pO3MIp YaCTOK, BAPOOHULITBO KYXOHHOI COJIL.

The kinetics of sodium chloride crystals precipitation, obtained according to various technologies, in
saturated aqueous solution and solution, which contain ammonium hydroxide and carbonates, was studied.
The limit value of the slurry density, providing no hindered effect was sat. The results are summarized in
the form of mathematical equations.

Keywords: solution sedimentary salt, salt of boiled, precipitation, deposition rate, deposition time,
particle size, production of salt.
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