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Bsenenne

JucnepCcHOCTh KOJIJTIOMAHBIX PACTBOPOB SIBISIETCS] OJJHUM M3 OCHOBHBIX TE€X-
HOJIOTMUECKUX MapaMeTPOB BEIIECTB U MaTEPUAIOB BO MHOTHX MPOU3BOJICTBAX.
OnHuM U3 METOJI0B ompeaesieHns (PaKIMOHHOTO COCTaBa KOJUIOMIHBIX CHCTEM
€CTh CEIMMEHTAIIMOHHBIN aHanu3 [1], KOTOPBI MOKHO MCIOJIL30BATH JIA UC-
CJIeIOBaHUS CYCIIEH3UH, SIMYJIbCUH, TOPOIIKOB - AUCIEPCHBIX CHUCTEM, Hanbosee
pacpoCTpaHEHHBIX U BAXKHBIX B PA3HBIX 00JIACTSIX MPOMBIIUICHHOCTH.

K mMerogam ceMMEHTAallMOHHOTO aHaJu3a OTHOCSTCS T€, IPUHIUIT IEUCTBUS
KOTOPBIX OCHOBBIBAETCS Ha U3MEPEHUM CKOPOCTH OCAXIEHUS KOJUIOWHBIX 4Ya-
CTUL B XXUAKOU cpene. [1o HaleHHON CKOPOCTH OCaKJIECHMS C IOMOLIBIO COOT-
BETCTBYIOIIUX (DOPMYJI pacCCUUTHIBAIOTCS pa3Mepbl YacTull. MeToj MO3BOJIsET
ONpEIENATh PACIPEECICHUE YaCTULl 110 pa3MepaM U COOTBETCTBEHHO pacCyu-
TaTh UX YAEIbHYIO IOBEPXHOCTh. B 1a00paTOpHBIX YCAOBUSIX AJIA ONpPEACICHHUS
(bpakIIMOHHOTO COCTaBa AUCIEPCHBIX CUCTEM HUCIOJIB3YIOTCS MUIMETOYHBIN Mpu-
00p ISl CEIMMEHTAlMOHHOTO aHajiu3a, celuMeHToMeTp Burhnepa, cenuMmeHTo-
meTp H. A. ®urypoBcbKkoro ¢ TOpCHOHHBIMHU BECaMU U yJbTpalleHTpudyra Jyis
HCCIe0BaHus 30J1ei [2].

[lox nelicTBMEM TpaBUTALMOHHOTO TOJI OCEAAIOT TOJIBKO JIOCTATOYHO
KpYITHbIE YacTULIbl. BrICOKOIMCTIEPCHBIE KOJIOWIHBIE YACTHULIBI (30J11) MO ACH-
CTBHEM CHJIbI TSXKECTH HE OCENAl0T WJIM OCENAl0T B KUAKOCTU YPE3BBIYAITHO
MeiieHHo. Tak dactuiel kBapua paanycoM 0,1 MKM IpoXOAsT MpU OCaKICHUU
nyTh B 1cm 3a 86,2 yaca. 3ameHssl A€CTBHE TPAaBUTALIMOHHOIO MOJIS I€MCTBUEM
IIEHTPOOEKHOTO OIS MEHTPU(DPYTH ¢ OOJIBITUM YCKOPEHUEM, MOKHO 3aCTaBHTh
KOJUTOUHBIC YaCTHUIIBI OCAXKAAThCsl HAMHOTO ObIcTpee. Tak B IEHTPOOSKHOM
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roine ¢ yckoperneM 10°g Ta ke YacTHIa KBapla JOJDKHA 0CAXKIAThes Ha 1cM 3a
3c.

UtoObl MPOBECTH CEIUMEHTALMIO YJIbTPAMUKPOT€TEPOTr€HHBIX CHUCTEM
A.B. lymanckum ObUTO MPEAJIOKEHO HCIONIB30BATh IIEHTPOOEKHOE MoJie. ITO
yaanochk ocymectBuTh T. CBendepry, KOTOpbIA pa3padoTan psifi KOHCTPYKITUH
HEeHTPUQYT C YaCTOTOM BpAIICHHUs B HECKOIBKO JIECATKOB — COTEH 0OOPOTOB 3a
MHUHYTY JJIsI ONIPEJCTICHUS] PA3MEPOB KOJUIOMIAHBIX YACTUIl U MOJIEKYJ BBICOKO-
MOJIEKYJISIPHBIX BEIIECTB, HATPUMEP OEIKOB.

YerpoiictBo neHTpudyru nokazaHo cxematuyecku Ha pucynke 1. Ha ocu
neHTpudyru 1 3aKperuieH poTop 2 — MAacCHUBHBIA TUCK B KOTOPOM HAXOMSTCS
paanaibHBIE BHIPE3HI.

B 3Tu BbIpE3bl BCTABISAIOTCS KBapIEBbIE KIOBETHI 3, B KOTOPHIE HATUBAIOTCS
uccienyeMas KouiouaHas cucrema. Porop ueHTpudyru Bpamaercsi ¢ 60JbIIoif
CKOPOCTBIO (JIECATKH THICSY 00OPOTOB 3a CEKYHIY U
HAXOJUTCS B KOXyXe 4). B oTnenbHbIX MecTax Kio-
BETHl CHEJNAaHbl OKOIIKH, COOTBETCTBYIOIIHME pa3zMe-
paM BBIPE30B B potope. 110 HMUKHUM OKOIIKOM KO-
KyXa pa3MellaeTcs UICTOYHUK cBeTa 6, a HaJl BepX-
HUM OKOIIKOM KOXxyxa doTtokamepa 5. Ilpu mim-
TEJIbHOM BPAILIEHUN KOJUIOUAHBIE YAaCTUIbI, €CIIH UX
IJIOTHOCTh OOJIbIIIE TUIOTHOCTH JIUCIEPCHON Cpebl
oTOpachIBalOTCA LEHTPOOEKHON CHIION K mepude-
pun. B pesynbraTre 3T0r0 B KIOBETE MOSBISIETCA
ompke K mnepudepur CIOW KOHIICHTPUPOBAHHOTO
305151, @ OJIMKE K OCU BpAILEHUS — CJION OCBETJIICHHOU
wuakoctu. [lo mepe ueHTpu@yrupoBaHus NEpBBIM
CJIOM YMEHBIIAETCSA, a BTOPOUM YBEJIUYUBAETCS, MOKA
BCE YACTUYKHU HE OcsAAyT Ha qHO. Ilyrem doTocheMm-
Puc. 1. YerpoiictBo ueHTpHpYrH KN 4CPe3 OIPCACIICHHBIC MOMCHTBI BPCMCHU MOKHO

MPOCJICIUTh 3a IEPEMEIICHUEM TIPaHULBl MEXKIY

JIBYMSI CJTOSIMM.
CxemMaTU4HO 3TH CHUMKH ITOKa3aHbl Ha puC. 2. 3a MOJyUYEHHBIMU JAHHBIMU
onpenensieTcs CKOPOCTh CEAUMEH-

TallMM KOJUIOWJHBIX dactul. Ha
OCHOBAaHMM DTOI'0 MOXXHO paccyu-
TaTb UX pasMep I MOJEKYJIIp-
HBIU BeC.

% % JpyruMm nyTemM yCKOpEeHMs ce-

Puc. 2 CHUMKH 3TaroB OCBET/IEHHA 30114 JUMCHTAIMM 4YaCTHUIl KOJIJIOWIHBIX
pacTBOPOB IIpeciaracrcsa HCIIO0JIb-

30BAHUC JJICKTPHUUCCKOI'O ITOJIA. B sTtom cliydac B ,Z[HCHGpCHOfI CUCTEMCEC CO34a€T-
Cid MMOCTOSAHHOC J3JICKTPHUYCCKOC II0JIC, HAIIPABJICHHUEC CHUJIOBBIX JIMHUHN KOTOpPOTo
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Ha KXY KOJUIOMJHYIO YaCTHUIy COBIAJAET C IEMCTBUEM CUJIbI 36MHOT'O TArO-
TeHHusl. CyMMapHOE JIEUCTBUE ANEKTPUYECKOTO M TPABUTALMOHHOTO MOJIEH Cy-
IIECTBEHHO YCKOPSIET MPOLECC CEAUMEHTALMM YJIbTPABBICOKOAUCIIEPHBIX CH-
CTEM.

[{enpr0 AAHHOTO HCCIEAOBAHUS SIBJISETCS CPABHUTENIBHBINA aHAJIN3 IIPOLIEC-
COB CEMMEHTALMU BBICOKOIUCIIEPCHBIX KOJJIOUIHBIX PACTBOPOB B LIEHTPOOEK-
HOM II0JI€ U B CIIy4ae HCIIOJIb30BaHUSA JJIEKTPUYECKOrO IOJIS Uil YCKOPEHHUs
OCaXXICHUS KOJJIOMJAHBIX YACTHLL.

MarepuaJbl U pe3yJbTaThl HCCJIEAOBAHUA

ABTOpaMU OBUIM HCIIOJIb30BaHbl MAaTEMaTHYECKHE 3aKOHOMEPHOCTH MpO-
LIECCOB CEJUMEHTAIIUN BBICOKOJAMCIEPCHBIX CUCTEM B T'PABUTALMOHHOM, IICH-
TPOOCKHOM M JJIEKTPUUYECKUX TMOJIAX, KOTOPHIE TPHUBEIACHHI B HAy4YHO-
TeXHUYECKOU nmureparype. [Ipn paBHOMEPHOM IBMKEHUHM KOJIOMIAHBIX YACTHIL
B II0JIE TPABUTALUH, KOTJIa CHJIa 3€MHOI'O TSATOTEHHS YPaBHOBELIMBAECTCS apXH-
MEZI0BOM CUJION M CUJIOW TPEHHMsI, CKOPOCTh OcellaHus C(HepUUECKUX YaCTHI] MO-
crosinHa [ 1, 2] u paBHsieTCs:

- 2g(p = py)r’ (1)
9
rje g — YCKOpPEHHUE CBOOOJHOTO MAJCHUS; P U Py — IUIOTHOCTH YACTHUIL JUC-
nepcHOU (a3bl U TUCTIEPCHOM CPeIbl COOTBETCTBEHHO; I — PAJNYC YaCTHIL CyC-
NIEH3UU; 1] — JIUHAMUYECKas BA3KOCTh IUCTIIEPCHOUN CPEJIbI.
B 11eHTpo06exHOM 10JI€ 3aKOH OCaXJACHUS YaCTUI] BBICOKOIUCIIEPCHON (ha3bl
umMeeT Buj [3]:
izzwzrzp_pot @)
Xy g noo
I7I€ Xy U X — Ha4YaJIbHOE ¥ KOHEUHOE PACCTOSIHUE OT YACTHUIIbI 10 OCU BpaILCHUS
COOTBETCTBEHHO;
® — IUKIWYecKasl 4acToTa BpalleHUs poTopa LEHTPUPYTH;
Po U p — IUIOTHOCTh AUCIEPCHON Cpeabl U AUCHEPCHON (a3bl COOTBET-
CTBEHHO;
1 — JUHAMUYECKas BA3KOCTh AUCIIEPCHOM Cpeibl; t — BpPEMsl OCaXKICHUS.
[Ipu OTHOBPEMEHHOM JEUCTBUM HA KOJUIOMJHYIO YAaCTHUIly T'paBUTAIMOHHO-
r0 Y 3JICKTPUUYECKOI0 MOJIEH, KOT/1a CHJIa TSKECTU U KYJIOHOBCKas CUJia YpaBHO-
BEIIMBACTCS cuiIaMu Apxumeza u TpeHus [4], CKOpOCTh OCaXKICHUS IIPU PaBHO-
MEpPHOM JIaMUHAPHOM JIBU’KEHUU YaCTHULbI PABHSAETCS:
V= 2g(p = py)r’ + 6&,6CE
- o ; (3)
r7e €y — a0COIIOTHAS AUDJICKTPUUECKAsi TPOHUIIAEMOCTh BaKyyMa;
€ — OTHOCHUTEJIbHAS UAJIEKTpUUECKask MPOHUIIAEMOCTh TUCTIEPCHOM CPEIb;
{ — 2JIEKTPOKMHETHYECKUN MOTEHIINA YaCTUIIBI (J3€Ta - TOTEHIIHA);
E — HanpskeHHOCTh BEPTUKAIBHOTO JIEKTPUUECKOTO TMOJIs B IUCIIEPCHOM cpe-

Iie.

In
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[IpoBogutcs Ta6nuna
pacyer CKOpOCTeﬁ Cxopocts cequmenTanuu yactuil SiO; B BOJie 1101 IEHCTBUEM pa3-
OCaAXJIECHUI C MHC- JINYHBIX CUJIOBBIX IOJICH
MOJIb30BaHUEM Bpems ocaxknenus Pa/inyc 4acTHIIB B MKM

YJaCTUObI HA ITYTHU
JTAHHBIX (Gopmyl (a Loa y 10 1 0,1 0,01 | 0,001
TOYHEE  BpPEMEHHU
OCeaHHs YACTHIEI B mone rpaBura- | 26,9 44,97 74,94 | 312,27 85,5
Ha yTy B 1oM) s 00501 8¢ MHUH q, CYTK. roJI
B nenrpobexnom | 0,2 3,97
chepuueckux wa- | P ~ | 238vc |2386¢| 6,63 1.
oJIe MC MHH

CTCH KBaplia B BONC | B 5jexrprueckom
B 3aBUCUMOCTH OT |y rpaBHTALMOHHOM
UX paguyca. TOJIAX

26,9 42,77 12,18 | 14,529 | 14,54
7c MUH . . .

IIpn mcnonw3o-

BaHUM (GopMyJibl (2) ObUIM HCCIETOBaHbBl TEXHUYECKUE Xa-PAKTEPUCTUKHU CKO-
poctHo#t ynbTpanentpudyru T. Cenbepra. Ona cosnmaBana mons B 100000g
TP CKOPOCTH BpalieHus: poropa 45000 '/MuH. U MMena paguyc poropa 52MM
[5].

[Ipu BbIOOpE HANPSIKEHHOCTH BJIEKTPUUYECKOTO MO JUIsl YCKOPEHUS Ceau-
MEHTALIMU UCXOJWIHA U3 TOTO, YTO TEMJIOBOM PEKUM KOJUIOUIHOW CUCTEMBI B pe-
3yJIbTaTe MPOXOKICHUSI HEKOTOPOIO 3JIEKTPUUECKOTO TOKA Yepe3 Hee HaXOIuJI-
CA B COCTOSIHUM JMHAMHYECKOTO PABHOBECHS C OKpY’Karoliei cpeon. ITo 10-
CTUTAETCS MPU MaJbIX 3HAYEHUSX HANPSIKEHHOCTHU JIEKTPUUECKOTO MOJIs B IIpe-
nemax E=2...25 B/m (BeiOpano 10B/m). [Ipu sTOM Taxke yduThIBaeTCs, 4TO OT-
HOCUTEJIbHAS JUAJIEKTPUUYECKasi MPOHUIIAEMOCTh BOJIbl € = 81 U e€ nuHamuye-
ckas Bs3kocTh N=0,00011Ta-c npu 20 °C, { — 31€KTPOKUHETUYECKHUI TOTEHIUA
Si0, paBasiercs 40 mB, a mnotHOCTE S10, p = 2700 KI/M-.

Pe3ynbTaThl BeIUMCICHUN 3aHECeHBI B Ta0auily. Kak BUAHO W3 MOTYy4YEHHBIX
JAHHBIX, CETMMEHTAIUSI BEICOKOAUCIIEPCHBIX CUCTEM B MOJI€ TATOTCHUS HE TIPU-
roJIHa HU JIJIsi TEXHOJIOTHYECKUX MPOIECCOB, HU ISl UCClIe0BaHuM (hpaKImoH-
HOI'0 COCTaBa 30JI€M U CYCIICH3UH.

YcKkopeHne ceauMEHTAlMi BBICOKOJMCIEPCHBIX CHUCTEM M CYCHEH3WH B
IIPOU3BOJICTBE CTAJIO BO3MOXKHBIM 0JIaroapsi MPUMEHEHUIO0 LEHTPU(YT pa3HbIX
KOHCTPYKLIMI U MOIIHOCTEN. 115 uccinenoBanus 301€i IPUMEHSIOT yIbTPaLCH-
TpudyTu, KOTOPHIE SABIAIOT COO0H ClOXHBIE MPUOOphl. X KoHCTpyKIMS 0Oec-
NEeYNBAET PABHOMEPHOE BpaIIeHHE POTOPA, @ OTCYTCTBHE BUOpAIUil UCKITIOYAET
HAaWMEHBIIINE TeMIIepaTypHbIe KojieOaHus B KioBeTe. PoTop meHTpudyru mua-
METPOM B HECKOJBKO CAHTUMETPOB H3rOTOBJIEH U3 XPOMOHHUKEJIEBOM CTaH,
BpaIaeTcs B MOTOKE JKUJIKOTO BOAoponaa. Bomopos, KoTopeiii 001amaeT BICO-
KOW TEeIJIONPOBOJIUMOCTBIO, 00€CTIeYMBAET OBICTPBIA OTBOJ TEIJIOTHI, KOTOpas
BBIJICJISIETCSA B Pe3yJIbTaTe TPEHHUsI, U TAKUM 00pa30M YMEHBIIAET BO3ZMOXKHOCTh
TEIJIOBOM KOHBEKIIMHU B KIOBeTe. Takue HEeHTpU(Pyru nmpuBOJsLTCS BO BpAIICHUE
C TIOMOUIBIO MACIISIHBIX TYPOUH.
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OTtcroga BUJIHO, YTO KccaeoBaHue (pakLUOHHOTO COCTaBa 30JI€d ¢ MOMO-
HIbIO YJIBTPALEHTPU(YT anmnapaTHO CIO0KHO, JHEPro3aTPaTHO U UMEET BBICOKYIO
CTOMMOCTh. OnpeneeHHON aJbTepHATUBOM JAHHOMY METOAY OIpEIEICHHUS
JUCIIEPCHOTO COCTaBa 30JIEM M CYCIIEH3UM MOXET CIYKUTh CEIMMEHTALHUs Ya-
CTULl B TPABUTAlIMOHHOM U 3JIEKTPUYECKOM MOJISIX. DTOT METOJ anmnapaTHO He-
CJIOKEH, TAK KaK BKJIFOUYAET, KPOME U3MEPUTENBHON KIOBETBI, 3JIEKTPOIbI U HUC-
TOYHHUK ITIOCTOSIHHOTO DJIEKTPUYECKOIO I10JISA, UMEET HU3KYH CTOMMOCTB IIPOBE-
neHus paboT, HE HSHEPro3aTpaTHBIA, XOTS IUTEIbHOCTh MCCIEIOBAaHUS He-
CKOJIBKO 00JIbIlIe, YeM MpHU HCIOIb30BaHUM yibTpaneHTpudpyru. C apyroi cro-
POHBI, HE BCE UCCIIEIOBATENIbCKUE YUPEKACHUS MOTYT IPUOOPECTU TaKOE BHICO-
KOTEXHOJIOTUYHOE O0OpYyAOBaHUE, KaKUM SIBIISIETCS COBPEMEHHAs YJIbTPalleH-

Tpudyra.
BriBoasbl

I[J'ISI HUCCIIEAOBAHUA (bpaKHI/IOHHOFO CoCTaBa BBICOKOAHCIICPCHBIX CHUCTCM
npepiaratoTCsa UCIoJb30BATh YCTAHOBKH € YCKOPCHUCM CCAMMCHTAILIMU YaCTH-
YeK TBEpIOH (a3bl IJIEKTPUUECKUM MOJIEM, KOTOPbIE MOTJIM Obl BO MHOTHX CIIYy-
qasigX 3aMCHHUTBb TaKOC CJIOKHOC BBICOKOTCXHOJOTHYCCKOC O60pyILOBaHI/IC KaK
yIbTPACHTPUDYTH.

Jlureparypa

1. Xomakos I'. C. CeaquMeHTalMOHHBIN aHAJN3 BhICOKOaUcIiepcHBIX cucteM / I'. C. Xo-
nmakoB, O. I1. FOakua — M. : Xumus, 1981. — 192 c.

2. Boronkuii C. C. Kypc xommmougnoit xumuu / C. C. Boronkuit — M. :, «Xumus»,
1975 —c. 512.

3. Meronsr CeTMMEHTAIMOHHOTO aHam3a. — Pexum JOCTYITY:
www.xumuk.ru/colloidchem/82.html. — Ha3Ba 3 ekpany.

4. Teprumnuit B. O. IlpuckopeHHsl cequMeHTalil KOJOIAHUX YaCTUHOK EJIEKTPUYHHUM
noseM. Ximis Ta XiMiyHi TexHosorii / B. O. Teprumnuii / Marepianu I MixkHapoHOi KOH-
¢depenmii monoaux BueHnx CCT-2010. JIpBiB. BunaBauirBo JIpBiBChKOI momiTexHiku, 2010
—c. 180—181.

5. Kopman E. B. Konctpykuu coBpemeHHbIX ynbTpaneHTpudyr / E. b. Kopman // K.
VYenexu pusnueckux Hayk. T. XXV, Boin. 3. Mocksa 1941 r. — C. 340—361.

Reference

1. Khodakov G. S., Yudkin O. P. Sedimentation analysis of fine systems. - M.1981.

2. Voyutskii S. S. The course of colloid chemistry. Moscow, "Chemistry", 1975, page
512.

3. www.xumuk.ru/colloidchem/82.html. / Methods of sedimentation analysis.

4. V. A. Tertyshnyi. Acceleration sedimentation of colloidal particles by the electric field.
Chemistry and chemical technology. / / Proceedings of the First International conference of
young scientists CCT-2010. Lviv. Publishing House of Lviv Polytechnic University, 2010, p.
180-181.

5. EB Coffman. Design of modern ultracentrifuge. / / J. Advances in physics. T. XXV,
no. 3. Moscow 1941 pp. 340-361.

Tepmuwnuti B. O., Tepmuwnuii O. M. Ilopienanna memoodie ceoumenmauii 6ucokoou-
cnepcrux cucmem. Y yiti pooomi 8UKOHYEMbCSL NOPIBHAILHUL AHALI3 NPOYECi8 ceOuMeHmayii
BUCOKOOUCNEPCHUX KOJLOIOHUX PO3YUHIB ) 8IOYEeHMPOBOMY NOJI yIbmpayenmpugyeu i npu cy-

72 Bicnuk Hayionanvnozo mexniunozo ynieepcumemy Ykpainu «KII»
Cepia — Padiomexnika. Padioanapamooyoysanna. — 2013. — Ne53



Texnonozia ma KOoHcmpyr68aHHs 6 padioeeKmpoHiyi

MicHil Oii epagimayiino2o i 6epMUKANbHO20 eleKMPUUHO20 NOJI8 HA KOJIOIOHI YacmKuy, a ma-
KOXHC PO32TIS1I0AEMbCSL ePEeKMUBHICIb KOHCHO20 MEMOO).
Kniouoegi cnosa: oucnepcricmeo, ceoumenmayis, Konoiou, yiempayeHmpugyea, ppaxyis.

Tepmouunvii B. A., Tepmoviunviii A. M. Cpasnenue memoooé cedumenmayuu
8bICOKOOUCNEPCHBIX cucmem. B Oannoii pabome 6bINOIHAEMCA CPAGHUMENbHBIN AHAIU3
npoYecco8 CeOUMEHmMayull 8blCOKOOUCNEPCHBIX KOMLOUOHBIX PACMBOPO8 6 NoJie epAsumayull,
8  YeHmpoOedNCHOM nojie  YibmpayeHmpugyeu U HNpu  COBMEeCmMUMOM  Oelcmeuu
2PABUMAYUOHHO20 U BEPMUKANLHO20 NIEKMPUUECKO20 NONel HA KOLIOUOHbEe 4acmuybl, d
makaice paccmampueaemcs 3PHexmueHoCms Kaxcoo2o Memood.

Knrwuesvie cnosa: oOucnepcrocmos, ceoumeHmayus, KOALOUObl, yibmpayermpugyea,

¢paxyus.

Tertyshnyi V., Tertyshnyi O. Comparison of sedimentation methods for highly dis-
persed systems.

Introduction. The processes of sediment suspensions and sols in gravitational and in
centrifugal field and the combined action of the electric field on the particle and the field of
gravity, and also their advantages and disadvantages are discussed in this work.

Materials and performance. The time of sedimentation particles different radius is cal-
culated on the way to an inch as it moves under the influence of gravity, centrifugal and elec-
tric fields as the example of the colloidal particles quartz SiO2.

Resume. The effectiveness of the methods deposition colloidal particles under the influ-
ence of different fields is assessed. The conclusion concerning the alternatives to sedimenta-
tion analysis under the influence of the centrifugal field sedimentation analysis using an elec-
tric field is given.

Keywords: dispersion, sedimentation, colloids, ultracentrifuge, fraction.
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