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BBenenune

JlaGopaTopHbIi MPAKTUKYM MO IUCHUIUIMHE «OO0IIas XuMUYecKas TEXHOJIOTHUS
CIY>KUT JJIsI 3aKpEIICHUsI TEOPETUUECKUX 3HAHUM MO KypCy, B Pe3yjbTaTe Yero CTyAcH-
ThI IOJYYaIOT JOCTATOYHBIN (QyHAAMEHT MO XMMHUKO-TEXHOJIOTHYECKOMY 00pa30BaHMUIO.

WHXKeHepbI-TEXHOIOTH U WH)XCHEPhI-MEXaHUKH, a Takke OakalaBphl TEXHUKU U
TEXHOJIOTUH, n3yyatonue «O0IIyI0 XMMHUUECKYI0 TEXHOJIOTHIO», B CBOEH OyayIiei mpo-
W3BOJICTBEHHOM NeATeNbHOCTH JTOJKHBI o0nanath MIPOU3BOJICTBEHHO-
TEXHOJIOTUYECKUMHU, TPOCKTHO-KOHCTPYKTOPCKUMH U UCCIIEI0BATEILCKUMHU HaBBIKAMU B
00JacTH yIrpaBJieHHUs] XMMHUKO-TEXHOJIOTUYECKUM MPOIIECCOM, 3HATh OT/ENIbHBIE TUIOBBIE
MPOIIECCHI, & TAK)KE 3aKOHOMEPHOCTH XUMHUYECKON TPOMBIIIUICHHOCTH.

B mab6oparopun OXT CTyAeHTHI BBHITIOJIHSIOT IEPBBIE XUMHKO-TEXHOJOTHYCCKHUE
UCCIIeIOBaHUs, T.K. Kaxkaas jgabopaTtopHasi paboTa COIAEPKUT AJIEMEHTHI UCCIIEeIOBAHUM.
CTyneHTbl 3HAKOMSTCS C M3yYaeMBIMH BOIPOCAMHU IO Y4EOHUKY OOIIEH XHMHUYECKON
TEXHOJIOTHH. 3aTEM HU3y4aroT OOIIYI0 HHCTPYKIHUIO MO TEXHUKE O€30MacHOCTH MpHU pado-
T€ B XUMHYECKHUX J1a00OpaTOpUSIX U OTJAEIbHYIO0 HHCTPYKIIUIO 1O BBITIOTHSIEMOM pabote. Y
MpernojaBaTeisi CTYACHT MOJIy4yaeT 3aJaHie Ha BBIMOJHEHHE SKCIIEpUMEHTaIbHOU pabo-
ThI, 3HAKOMUTCS C YCTaHOBKOW. Clienyronien cTagueu saBiaseTcsl SKCIEPUMEHTAIBHOE HC-
CJe/IOBaHUE BIMSHUSA TE€X WJIM UHBIX MAPAMETPOB TEXHOJIOTHYECKOTO peXUMa Ha TEXHO-
JIOTUYECKHUE MPOLIECCHl (TeMIIEpaTyphl, KOHIIEHTPAIlMU, BPEMEHH U T.J.) C MOCTPOCHUEM
rpaduKOB 3aBUCUMOCTH.

[To pe3ynbTaram HMcCleIOBaHUM CTYACHT BBIMOJHIET HEOOXOIUMBIE PACUEThl U CO-
CTaBIIIET OTYET, B KOTOPBIM BKIIIOYAIOTCA: 3aJlaHue, 11eJIb paboThl, CXeMa TEXHOJIOTHYe-
CKOHM yCTaHOBKH, pacyeThl U rpauKu 1O pe3ysibTaTaM OMBITOB, BHIBOJBI 110 PE3yJIbTaTaM
paboTHL.

JlabopaTtopnas padota Ne 4
HccnenoBanue mpouecca 3J1eKTPOJIN3a BOJHOT0 PACTBOPA XJIOPUCTOr0 HATPUS

Hean padoThbl: 03HAKOMIIGHHE C JJIEKTPOJIU30M KakK CIOCOOOM TMOJyYeHUs XH-
MUYECKHUX MPOAYKTOB, U3yUEHUE TapaMEeTPOB Mpoliecca U MPUEMOB UX PEryJIUPOBAHUS.

OcHOBHBIE TOHSATHS
1. DeKTpOXUMHYECKHE MTPOLECCHI

B coBpeMEHHON XHMMHMYECKOM HPOMBIIIJIEHHOCTH JIOCTOMHOE MECTO 3aHUMArOT
IIEKTPOXUMHUECKHE TEXHOJIOrn4Yeckue nporueccsl. C UX MOMOIIBIO MOIYYaroT XJIOp, BO-
JIOpOJ, KUCIOPO, YACTBIE METAJUIbI, CONM, IIea04n. [IyTeM dineKTpocHHTE3a OCYIECTB-
JIeH TMPOMBIIUICHHBIN BBITYCK TaKMX OPraHMYECKHX MPOJIYKTOB, KaK ceOallMHOBas U JU-
HUTPUJIAAUINHOBAST KUCIOTHI, OKUCh MPOMUJIEHA W LEJBbIH pAl IPYTrUX HEOOXOIMMBIX
BEILECTB. B psAne npon3BOACTB IPUMEHEHUE DIEKTPOXUMHUYECKHUX ITPOLECCOB IMO3BOJIMIIO
YIPOCTUTh TEXHOJIOTHIO, pa3paboTaTh O€30TXOAHBIE IPOM3BOJCTBA, MOJIYUYUThH Oolee
JIEHIEBbIE MPOAYKTHI. DIEKTPOXUMHUYECKNE MPOLIECCHl UCIIOIB3YIOTCSA TaKKe ISl MOJY-
YEHUS DJIEKTPUYECKON DHEPrUM, Ul 3alUTHl METAUIOB OT KOPPO3HM M ISl U3MECHEHUS
X MEXaHUYECKHUX CBOWCTB IIyTEM HAHECEHHs Ha MOBEPXHOCTb APYTHX METAIIIOB WU
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CILJIABOB.

OJIEKTPOXMMUYECKUMHU  HA3bIBAIOTCSI  NIPOLIECCHI,  MPOTEKAlOIME B 3JEK-
TPOXUMHUYECKUX CUCTEMAX C YYaCTHEM MOCTOSHHOIO 3JIEKTPHUUYECKOTO TOKA U COMPOBOXK-
Jaroruecs 0o MpeBpalieHueM dIEKTPUIECKOM SHEPTUU B XUMHYECKYI0, TN00 XUMUYe-
CKOM SHEPIrUH B AJIEKTPUUYECKYI0. DJIEKTPUUECKAs IHEPTUS MPEBPAIIACTCS B XUMUUECKYIO
IIPH AJIEKTPOJIN3E PACTBOPOB U CILJIABOB; IPEBPALICHUE XUMUUYECKON YHEPTUU B JIEKTPHU-
YECKYIO SIBJISIETCS OCHOBOM PabOThl XUMHUYECKUX UCTOUHUKOB TOKA.

DIIEKTPOXUMHUYECKasi CUCTEMa COCTOUT M3 3JIEKTPOJOB - KaTO/Aa U aHOJA - U DJIEK-
TpoJinuTa. B KauecTBe 3JEKTPOINTA, KAK MPAaBUIIO, UCIIOJB3YIOTCS PACTBOPHI WIIM pacIiuia-
BBI BEILIECTB, HO MOTYT IIPUMEHATHCS U TBEPAbIE BEIIECTBA.

XuMH4ecKas CyUIHOCTh JIEKTPOXUMHUYECKHUX MPOLIECCOB 3aKIIOYAECTCSA B MPOTEKA-
FOIIMX Ha 3JIEKTPOJAX OKHUCIIMTEIBHO-BOCCTAHOBUTEIIBHBIX PEAKIUAX: HA OTPULIATEIHHO
3apsUKEHHOM KaTOJI€ UJIET BOCCTAHOBIICHHUE, HAIIPUMEDP UOHOB MEJIU:

Cu?* + 2e = Cu°, (1)

a Ha MOJIOKUTEIBHO 3aPS)KEHHOM aHOJE UJET OKUCIICHHUE BEIIECTB:

2C1-2e=2C1=Cl: (2)

DNEKTPOXUMUYECKUE TPOIECChl HMMEIOT XapaKTepHbIe OCOOEHHOCTH, KOTOpHIC
ONPEAEISAIOTCSA HEMOCPEACTBEHHBIM YYaCTHEM B IMPOLECCAX MOCTOSIHHOIO TOKAa Kak OcC-
HOBHOI'0 NapaMeTpa TEXHOJOTMYECKOro pexuma. [Ipu norpy’eHuu 3J€KTpOJAOB B AJIEK-
TPOJUT Ha TPAHUIIC pa3jelia FIEKTPOIUT-JIEKTPO 00pa3yercs: TBOWHOM AIIEKTPUUIECKUN
CJIOM, MPUYMHAMYU BO3ZHUKHOBEHHSI KOTOPOTO MOTYT CIIYXHWTh, HAIIPUMED, IIepepacnpeie-
JIEHUE 3apSHKEHHBIX YaCTHI[ MEXKY JIEKTPOJIOM U PACTBOPOM WM aJCOPOIUs 3apsiKeH-
HBIX YaCTHUIl Ha TIOBEPXHOCTH TBEPAOIO 3JEKTPOJA, a TAKKE APYTUE MPOLIECCHI.

JIBOMHOW 3JICKTPUYECKUN CIIOW XApAKTEPU3YETCs CKAYKOM MOTEHIMAJIA, WK PaB-
HOBECHBIM MOTEHIHAIOM. BennunHa paBHOBECHOTO MoTeHuana E 3aBUCUT OT IPUPOAbI
PErYJIMPYIONIETO BEIIECTBA, €r0 KOHIIEHTPALMH, TEMIIEPATYPhl U OMPEAEISAETCS M0 YpaB-
HeHuro HepHcra:

E=E,+ 2,3RT | (4)
nF

rae Eo - CTaHJapTHBIM PABHOBECHBIM MOTEHIMAN - MOTEHIMAI MPU aKTUBHOCTH
MOHOB, paBHOM 1, n Temnepatype 298 K;

R - yHuBepcanpHas ra3zoBasi IOCTOSIHHAS;

T - remnieparypa, K;

N - YUCJIO JIEKTPOHOB, YYACTBYIOIIMX B PEAKIIHNH;

F - unciio ®apanes, F=6500 Ki/r-axB wim 26,8 AX4/r-3KB;

0. - TOTEHLIHAJI ONPEIEIISIOIINX HOHOB.

BenuuuHbl cTaHIAPTHRIX NOTEHIIUMAIIOB HEKOTOPBIX AJEKTPOJHBIX MPOLECCOB MPH-
BeJeHEI B Ta0muie 1.

Tabawna 1
CrangapTHbIE AIEKTPOIHbIC MOTCHIUAIIbI
DJIEKTPOAHBIN MPOLIECC CrangapTHbId oTeHIMal, B

Kt+e o K° -2,92
Na* + e <> Na’ -2,71
Mg?* + 2e < Mg° -2,38
AR + 3e & AI° -1,66
Pb?* + 2e < Ph° -0,126
H*+e«— H° 0,00

Cu®* + 2e < Cu° +0,34




Hg?* + 2e <> Hg° +0,70
Agt+e — Ag° +0,80
SO+ 2¢ o S 0,5
0,502 + H20 + 2e « 20H" +0,40
0,5Cl; +e & CI +1,36

2. DJIeKTpOoIn3

DJEKTPOIM30M HAa3bIBAETCS IMPOIECC PA3JIOKEHHsS 3JICKTPOJIUTOB TOA JIEHCTBHEM
MOCTOSIHHOT'O 3JICKTPUYECKOTO TOKA JIUISl TOJTYYCHUST HOBBIX BEIIICCTB.

[pu npUI0KEHUH TIOCTOSHHOTO DJICKTPUYECKOTO TOKA K 3JICKTPOIaM, HAX OIS M-
Csl B DJICKTPOJIMTE, B MOCJICIHEM HAYMHACTCS JBMI)KCHUE WOHOB: aHHUOHBI JBHKYTCS K
aHOJY, TJIC OTJAIOT AJICKTPOHBI, @ KATHOHBI - K KaTO/y, IJI€ 3JICKTPOHBI MTPHCOCTUHSIIOTCS
K KartuoHaMm. IIpu 3TOM HMOHBI MOTYT pa3pspKaThCs W OOpa30BBIBATh Ha AIIEKTPOJAX
HEHWTpaIbHbIC MHIMBH/IyaIbHbBIC BEIIECTBA B TBEPIOM, JKUIKOM U Ia3000pa3HOM COCTOSI-
Husx. Ecim aHom pacTBOpPHUM B 3JIEKTPOJIUTE, TO aHHOHBI HE pa3psDKAlOTCs Ha HeM, a Oa-
JIAHC MEXTy aHHOHAMH M KaTHOHAMM, Pa3psDKAIONIMMICS Ha KaToje, MOAACPKUBACTCS 3a
CUET Mepexoia B paCTBOP KATHOHOB MeTallla aHO/A.

Pa3jiokeHue 3JIEKTPOJIMTA TPOUCXOAUT BCETAA B KHUIKOHM (ase, HO B IEIOM 3JIEK-
TPOJIM3 YacTO COMPOBOXKIACTCS CTaausAMH 00pa3oBaHHsS HOBOM (ha3bl, HApUMEp, BbI-
CaKICHUEM MeTajllla WK PACTBOPEHUEM TBEPAOIO aHOJA, TO €CTh AJICKTPOJIN3 SBIISICTCS
2emepo2eHHbIM TIPOIIECCOM.

OKHCIUTEIHHO-BOCCTAHOBHUTEIBHBIC TIPOIICCCHI HAa 3JICKTPOAaX HAYMHAIOTCSA HE TPU
JAF000M HANPsSKCHUH HAa HUX, HO TOJIbKO NMPHU HEKOTOPOM MHUHHMAIBLHOM JUIS KaXKIOW
HIICKTPOXUMHUYECKON CHUCTEMBI - TaK HA3bIBAEMOM HANPAMCEHUU pasnoxcenusn. Hanps-
XKeHue pasznoxkeHus Ep oObIYHO HecKosbko mpebimaeT IJIC 3IeKTpOXUMHUYECKON CH-
CTEMBI, OIPEICIIEMOe TCOPETUYCCKH KaK Pa3HOCTh CTAHJAAPTHBIX PAaBHOBECHBIX MOTCH-
[MAJI0B aHOJIA U KaToja. DTO MPEBBIIICHUE SIBISCTCS CIACIACTBHEM KOHIICHTPAIIMOHHON M
XUMHUYECKOW MOJISPU3AINH, a TAK)KE OMHYECKOTO COMPOTHBICHHS DJIEKTPOJIUTA U TOKO-
HPOBOJIOB, TO €CTh

Ep = (E. - Ex) + (El.—E\) + (E/. — EY + ZJr, 4)

rie (Eq - Ex) - anekTpoaBIKyIas Cuila CHCTEMBI,

(E; — E\) - manpsxeHHe, KOMIIEHCUPYIOIEE XMMUUYECKYIO MONSAPU3ALMIO U 3aBU-
cslee OT MaTepHala AIeKTPOa, TNIOTHOCTH TOKA U TEMIICPATYPhI;

(E", — E'\) - nanpsikenue, KOMIEHCHPYIOIee KOHLEHTPALMOHHYIO HOISAPU3ALUIO U
3aBUCSIIIEE OT CTCIIEHHU MEPEMEIINBAHIS SIEKTPOJIUTA, TUIOTHOCTH TOKA M TEMIIEPATYPHI;

2Jr - omuyecKkoe naJicHUe HANPSKEHUS B DJIEKTPOIU3EPE.

OCHOBHBIMH KPUTEPUSMHU PAIMOHATBLHOTO BEJCHHS MTPOIEcca IIEKTPOXUMUYECKOTO
Pa3IOKEHHST ¥ TIOJYYEHHUS BEIIECTB CIIY)KaT CJCIYIOUIHE TMOKA3aTeNI: BBIXOJ 10 TOKY,
CTEIEeHb UCIOIB30BAHMS YHEPTUH, PACXOHBIN KOAPPHUIIUEHT SHEPTUH.

JIJ1s1 OLIEHKH 11eJIeCO00Pa3HOCTH U SKOHOMHYHOCTH MPOIECCa AIEKTPOIIN3a UCTIOb-
3yeTcsl IIOKa3aTelb 86IX00 RO MOKY 1].

BbIxo0M BellecTBa MO TOKY HA3bIBAETCS OTHOIIEHHE KOJUYECTBA BEIIECTBA M,
BBIJICIMBILIETOCS. HA 3JICKTPOJE MPHU MPOMYCKAHUH Yepe3 JaHHYI0 AJIEKTPOXUMHUYECKYIO
CHCTEMY OIPEICIICHHOTO KOJMUYECTBA AIEKTPUUYCCTBA, K KOJUUECTBY BEIIECTBA Myeop, KO-
TOPOE JOJDKHO BBIIEIUTHCS COTTIacHO 3aKoHy dapajest Ipu TexX e 3arparax dJIeKTprye-
CTBa:



m
m

meop

n= x100%, (5)

TeopeTndeckoe KOJTUYECTBO BEIIECTBA Myeop MOKHO BBIYUCITUTH MO popMyIie, 00b-
eAMHSIONICH 00a 3aKkoHa 3JekTpoau3a dapanes:

Mueop = D XIXL, (6)

rae O - JIEKTPOXUMHUYSCKUI SKBUBAJICHT IPEBPAIAIOIICTOCS BEIISCTBA, I-3KB/A XY

nau r-3kB/Kir:
A
nxF

A - aToMHas Macca BelecTBa (MeTajjia Wil HOHA);

N - YHCJIO IEKTPOHOB, YYACTBYIOIINUX B MIPEBPAIICHUN;

J -cuja Toka, A;

t - Bpems anekTponansa, 4.

Cmenenvio UCno1b308aHus YHESPTUH [ HA3BIBACTCS OTHOIICHUE TEOPETHYCCKU He-
o06xoaumoro koaudecTBa SHEPTHH Weop K (PAKTHUECKH 3aTpaueHHOMY KOJIMUECTBY SHEP-
UM B JaHHOM Tiporiecce W

2= (7)

= ey, ®)
W
Teoperuueckuii pacxo sHepruu (B Ax4 min BrX4) paccunThIBaroT 1o Gopmyiie
Wmeop = Limeop X J x t, (9)
1€ Emeop - TEOPETUUECKOE HAIIPSHKEHHE Ha DIEKTPOax, B
EmeOp = Ea - EK (9a)

DaKkTUYECKUI PACXOJ SHEPTUU OMpPENESeTCS UCHOJIb3YyEeMbIM HaNpsKEHHEM Ha
BaHHe. OH 00paTHO MPOIMOPIIMOHAIICH BBIXOAY 0 TOKY
W:w, TOTa y:%xn. (10)
n E
Pacxoouwtiti korppuuuenm snepzuu [, To €CTh PacXo] SHEPTUU HA CIUHUILY MacC-
CBI MIPOJTyKTA JIEKTPOJIN3a, OIpeessieTcs mo hopmyre
B= ExJxt
=
B npou3BOACTBEHHBIX YCIOBUIX BBIXOJ MO TOKY MPH 3JIEKTPOJIM3E YaCTO COCTABIISI-
et 0,8-0,9. IIpu snextponuse pacmiaaBoB S o0bryHO MeHbIe 0,8. CTeneHp UCIOJIb30Ba-
HUSI SHEPTUU TIPU AJICKTPOJIM3E PacTBOPOB O0ObIYHO BhImIe 0,5, a MpU IEKTPOIU3E pac-
IUTABOB 3HAYUTENILHO HWXKe. PacxomHbie KOXPQUIMEHTHI MO SHEPTUU KOJEONIOTCS B
oonpiux npenenax: tak, Ha 1T NaOH pacxonyercsa no 2400 kBtXu4, a Ha 1T amtoMuHUS -
110 20000 kBTXu.

(11)

MeToanka 3KCIIepUMEHTA

M3ydenne mporecca 3J€KTPOJIu3a KaK PaclpOCTPAHEHHOTO MpHEMA XUMHUYECKOU
TE€XHOJIOTUHU MPOBOJUTCA HA IPUMEPE 3JIEKTPOJIM3a BOJHOTO PacTBOPa XJIOPHIA HATPHUS.
B npomblinieHHOCTH 3T0 Haubosee MPOCTON U SKOHOMUYHBINA CIIOCO0 MOTyUeHUs U3 Jie-
IIEBOTO0 M PACHPOCTPAHEHHOTO ChIPbSI TPEX BAXKHEUIIUX IIEJIEBBIX MPOIYKTOB OOJIBIION
XUMHH - €KOT0 HaTpa, XJopa U BOJAOPOJA. DIEKTPOJIU3 PacTBOpa IMOBAPEHHOW COJHU B
HACTOSIIee BPEMSI OCYLIECTBIISIETCS ABYMs crioco0aMu - AuapparMeHHbIM CO CTalbHBIM
KaToAoM U Oe3auadparMeHHbIM C PTYTHBIM (KUAKUM) KaTOJIOM, MPUYEM Ta3000pa3HbIe
NPOAYKTHI 3JIEKTPOINA3a IPH JI0O00M criocoOe ero MpoBeaeHHs OTIMYAIOTCS BHICOKON YH-
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CTOTOH.

[Tpu snexTponus3e BOJHOTO PACTBOpa XJIOPHAA HATPHUsSI TEOPETHUUYECKU BO3MOXKEH
paspsn Na* u H na karone, annonoB OH™ u Cl” Ha anone. Kakue 13 3THX MOHOB U B Ka-
KOH MOCJeI0BaTENbHOCTU OYAYT pa3psyKaThCs, 3aBUCUT, B IIEPBYIO OYEPE]b, OT BEIHYHU-
Hbl U COOTHOILIEHUS OTEHLIMAJIOB pa3psa HOHOB B HEUTPAIbHBIX pacTBOpax (CM. TalJI.
3). Bropoii daktop - 310 nepeHanpsKeHHe, C KOTOPBIM Pa3psKaroTCsl KATUOHBI M aHHO-
HBl Ha AJIEKTPOAax, TO €CTh B YCIOBUSAX PEAJBHOIO 3JEKTPOJM3a MOTEHUHUAIbl pa3psaiaa
BCJIE/JICTBHE KOHIIEHTPALMOHHONW M XMMHMUYECKOW MOJIAPU3ALNHU, OMHUYECKOTO COIPOTHUB-
JIEHUS MOTYT CYLIECTBEHHO OTJIMYAThCS OT JIEKTPOJIHBIX NoTeHIHanoB. [lepenanpsxe-
HHUE pa3psjia 3aBUCUT OT IPUPOAbl KATHOHOB U aHMOHOB, IUNIOTHOCTH TOKa, MaTepuasa
AIIEKTPOJOB.

BceneacTBue BBICOKOTO MEpEHAINpPSKEHUS pa3psiia B BOAHBIX PACTBOpaxX XJIOpUAa
HaTpUs Ha rpaUTOBBIX aHOJaX OCHOBHBIM aHOJIHBIM ITPOLIECCOM SIBIISICTCSI pa3psii HOHOB
xJIopa

2Cl - 2e «+ Cl.. (12)

Ha >xene3HOM MM HUKEJIEBOM KaToJle MPOUCXOTUT MPEUMYIECTBEHHO BBIJIEJICHHE
Bostopoa. [Iporecc, B cBeTe COBPEMEHHBIX MPE/ICTaBICHUH, IPOTEKAeT KaK 3a CYET pas-
psiZia MIOHOB BOJIOPOA, TaK U 3a CUET pa3psia MOHA TUIPOKCOHUS

2H30" + 4e «>20H" +2H> (13)

Haxkomnnenue B 3MeKTpOXUMHUYECKON cucteMe rufpokcmii-uonoB OH™ u orcyTcTBHE
pa3psiia KAaTUOHOB HATPHs MPUBOJAAT K HAKOIUIEHUIO B KaTOJHOM NPOCTPAHCTBE IIEIOYU
- eakoro Hatpa. [loaToMy cyMMapHBIi mpolecc 3JIeKTPOTUTHIECKOTO Pa3IoKEHUs BOJI-
HOT'O PAcTBOPA XJIOPUAA HATPUSI MOXKHO MIPEJICTABUTh YPaBHEHUEM

2NaCl + H20 = 2NaOH + Hz + Cl12 (14)

VYka3aHHbIE 3JEKTPOJHBIE MPOLIECCH COMPOBOXKIAIOTCA MOOOYHBIMU. TakMMHU TpO-
LeccaMu SIBJISIFOTCS:

- pa3ps] TUAPOKCUA-UOHOB Ha aHOJIE

20H- 2e = H20 + 0,502 ,- (15)

- B3aUMOJIEHCTBUE KHCIIOPOA C YTIAEPOAOM aHOAA

C+02=CO2, (16)
- paCTBOpPEHUE XJIOpa B BOJE

Cl2 + H.O = HC10 + HCl, (17)
- OKHCJIEHHE TUITOXJIOPUT-UOHA Ha aHOJIe A0 XJIOpaT-uoHa

C10™ + 2H20 +4e = C103" + 4H". (18)

OO6pa3yromascs 1eJ04b YaCTUYHO PacXOJyeTcss Ha HEeUTpalu3aluio MOOOYHBIX
MPOJYKTOB - KUCIIOT ¢ 00pa30BaHHWEM I'MIIOXJIOPUTA, XJIOpaTa U XJIOpHJIa HATPHUS.

Bce 3tu moOouHbIe MpOIecChl CHIKAIOT BBIXO MO TOKY [0 OCHOBHBIM MPOIYKTaM,
YBEJIIMYMBAIOT PACXOJ] IJIEKTPOIHEPTUU, OCOOEHHO OKHCIEHHE TH-TOXJIOPHI-MOHA [0
XJIOpaT-uoOHa, Ha KOTOPOE 3aTpadynBaeTcs Haubosee 3HaYnuTeNbHAas! OIS AIEKTPUUECKOro
ToKa. {75 mpenoTBpanieHus] MPOTEKaHUsI BTOPUYHBIX MPOLECCOB MM MX YMEHbILIECHUS
HEO00X0IMMO, YTOOBI KaTOJHOE M aHOJIHOE MPOCTPAHCTBA IIEKTPOJIM3epa OBUIH pa3jerie-
Hbl. C 3TOI 1eNbI0 MPUMEHSIOT TOPUCTYIO (KEpaMUYECKYH0 WMJIU IJIACTMAcCOBYIO) JHa-
dbparmy, pa3fengionlyto KaToJAHOe U aHOJIHOE MPOCTPAHCTBA 3JEKTPOJU3Epa U MPErT-
CTBYIOLIYIO CMELIEHHUIO €IKOI0 HAaTpa € XJIOPUJIOM HATPHSI.

B nanHoil paboTe BBIXOJ OCHOBHOTO MPOJIYKTa 3JEKTPOJIN3a - €IKOTO HAaTpa CpaB-
HUBAETCS C BBIXOJOM METANIMYECKON MEAH, MOJy4aeMOl B ATUX K€ YCIOBUSAX HA MeJ-
HOM 3JIEKTPOJI€ U3 BOJIHOTO pacTBopa cyibdarta Meau (ypaBHenue (1). Cuuraercs, uyTo B
TaKOM AJIEKTPOXUMHUYECKON CHUCTEME DJIEKTPOJIM3 MPOTEKaeT 0e3 MOOOYHBIX peaKkiuid
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BCSI QHEPIUsl PaCXOJIyEeTCsl HA BOCCTAHOBIICHUE MEJIH.

Hcnonb3ys oO0bEeIMHEHHYIO 3aluch OOOMX 3aKOHOB AJIEKTpoJiM3a (BCIOMHUTH U
naTh ux (GopMyiaHpoBKH!), TO ecTh ypaBHeHHE (6), MO KOJIMYECTBY BBIJCIUBIIEHCS B
Mpoliecce IEKTPOIN3a MEU MOXKHO OLICHUTH KOJIMYECTBO 3JIEKTPUUYECTBA, 3aTPAYCHHOE
Ha IIPOBEICHUE Mpoliecca:

M= Jx Axt . (19)
nxF

OueHuBasi METOAOM KUCJIOTHOTO TUTPOBAHUS MACCY IMOJIYYEHHOI'O €IKOro HaTtpa u
CpaBHUBas €€ C TOH Maccoil, KOTOPYI TEOPETUUECKH (B OTCYTCTBUE MOOOUYHBIX MPOIEC-
COB) MOKHO ObUIO OBI MOJIYYUTH MPU 3aTPAUCHHOM KOJUYECTBE JIEKTPUUECTBA, PACCUU-
THIBA€TCS BBIXOJ €IKOM IIEJIOUH 110 TOKY.

Brixoa mo TOKy MOXHO OLEHUTH U AJIA XJIOpa U BOAOPO/AA, UCIOJIB3Ys ISl ATUX 11e-
nel nabopaTopHBIM razoaHanu3atop. B razoananmmsatope M3 cMecu ra3oB IOCIEIOBa-
TEJIHHO TOTJIOMIAIOTCS XJIOP, ABYOKHUCH yriepoa W KUCIOopoA. 3areM Mo oO0beMaM Io-
TJIONIEHHBIX a30B BBIUUCISETCS Macca I'a30B U CPAaBHUBAETCS C TEOPETUUECKH BO3MOXK-
HOW JIUISI JAHHBIX YCIOBUM.

Onucanue 1a00paTOPHON YCTAHOBKH

YcTraHoBKa MEPUOAYECKOTO AEUCTBUS I AJIEKTPOJIM3a BOJHOTO PACTBOPA XJIOPH-
Jla HATpUS COCTOMUT (cM. puc.l) U3 UCTOUYHUKA MOCTOSTHHOTO TOKa |, peoctaTa 2 nns ycta-
HOBJICHUSI U MOJJICPKUBAHMS 3aJJaHHON BEIUYMHBI TOKA, aMIlepMeTpa 3, MEIHOTO KYJIO-
HOMeETpa 4, BOIBTMETpA S5 W mepekiroyaTens 13, COeIMHEHHBIX MPOBOJIHUKAMU C AJIEK-
TpoauzepoM. [locneauuii COCTOUT M3 CTEKJISITHHOTO CTakaHa 6, B KOTOPOM C IOMOIIBIO

PE3MHOBOM MPOOKH 3aKperuieHa NUINHApuYecKas kamepa 7 ¢ auadparmoil 8§ B JHHIILIE.

+ L

il ==}

Puc. 1 Cxema yCTaHOBKM IS 3JIEKTPOJIM3a BOJHOIO pACTBOPA XJIOPUJIA HATPUS

BuyTpu kamepsl 7 HaxomuTcs rpadUTOBBIA aHOM 9, 3aKpEIUICHHBI B PE3WHOBOM
npobke 10. CranbHoil nepdopupoBanubiii katon |l pasmemaercs non nuadparmoit 8.
Crakan 6 u Kamepa 7 B pe3MHOBBIX MPOOKAX MMEIOT ra300TBOJHbBIE TPYOKH, COCAMHEH-
HbIE C Ta30METPaMH U ra30oaHaliu3aTopoM (Ha puc. He noka3ansl). Kpan 12 cmyxuT nns
CJIMBA 3JIEKTPOJIUTA U3 KaTOAHOTO MIPOCTPAHCTBA.

[Tepexntouarens || mpennazHaueH uist OTKIIIOUEHHUS JIEKTPOIU3Epa U KyJIOHOMETpa
OT MCTOYHHKA BJIEKTPUUYECKOr0 TOKA Ha MEPHOJl HACTPOMKM Ha 33JaHHYIO CHIIy TOKa IO
amrnepMmeTpy 3.



KynonomeTtp 4, mpeacTaBisitoniuii co00ii CTEKIISTHHBIN CTaKaH C YCTAHOBJICHHBIMU B
HEM MEJHBIMHU 3JIEKTPOJAaMHU, HAXOAAIIUMUCS B BOJAHOM PAacTBOPE CEPHOKHUCIOW MEIH,
CIIYKUT JUIsl ONIPENEICHUsI KOJMYECTBA IEKTPUUYECTBA, MTPOXOASAIIETO YEPE3 IEKTPOIIH-
3ep, 10 U3MEHEHUIO MAaCChl METHOTO KaTo/1a.

[Io KOJIMYECTBY ANIEKTPUUECTBA, IMPOIIYLICHHOTO Yepe3 IEKTPOIU3EP, ONMPEACISAIOT
KOJIMYECTBO €JIKOr'0 HATpa, KOTOPOE JOJIKHO MOJYYUTHCS MPHU STOM (TEOPETUUYECKOE KO-
JUYECTBO).

Brixon mo Toky mporecca onpeAesioT KaK OTHOIIEHHE KOJIMYECTBA €IKOTr0 HaTpa,
JENCTBUTENIBHO MOJYYEHHOTO IIPH AJIEKTPOJIN3€E, K TEOPETUUECKOMY KOJIUUYECTBY LIETIOUH
JUIsl TaHHOTO KOJIMYECTBA IEKTpUuecTBa. KonnuecTBo €qKoro HaTpa, MoJIyuYeHHOE B pe-
3yJlbTATE BJIEKTPOJIN3a, ONPEIEISIIOT MO pe3yJbTaTaM TUTPOBAHUS MPOOBI 3JIEKTPOJINTA
Y3 KaTOJTHOTO MPOCTPAHCTBA PACTBOPOM COJISTHOM KUCJIOThI H3BECTHOW KOHLIEHTPALUH.

Iopsiaok npoBeneHus padoThl

1. IIpurorosuts 250-350cM® pacTBOpa MOBAapEHHOM COJIM 3aJaHHOM KOHIIEHTPAIMH
(100-300 r/nm®) B qMCTUIIMPOBAHHOM BOJIE.

3aUTh pacTBOpP B DJEKTPOIU3EP TakK, YTOOBI aHOJA OBLI MOTPYKEH B PacTBOpP Ha
rnyouny 20-30MM. 3aMepHUTh C TOYHOCTBIO 0 1MM TITyOMHY MOTPYKEHHS aHOJia B pac-
TBOP U PacCUUTaTh MOBEPXHOCTD MOTPYKEHHON YacTu S

S=S51+S2, (20)
rae Si - Iomaab OCHOBAHHUS AHO/A, M2;

S, - mnomans 60KOBOI IIOBEPXHOCTH aHOJA, M2,

Paccuntarh cuimy Toka, MCXOAS W3 3aJaHHOW MPENOaBaTeNeM IJIOTHOCTH TOKa
(200-500 A/M?) 1 BEIMUMHBI HOBEPXHOCTH aHO/A

J=Dax S, (21)

rae Da - aHOHAS MIOTHOCTH TOKA, A/M;

S - cuna Toka, A.

2. IloaroroBuThk K paboTe MeaHBIM KynoHOMeTp. [ns sToro HaxknauyHoil Oymaroii
CHATH C MEJHOTO KaToJa OKHCHYIO IJIEHKY, THIATEIbHO BBIMBITh KAaTOJ IUCTUIIIIUPOBAH-
HOM BOJIOM, BRICYIIUTH ero B Tepmomkady npu 110-150°C B Teuenue 15-20 mun, nath
OCTBITh B DKCHKATOpE HE MeHee 15 MUH U B3BECUTh Ha aHAJTUTUYECKUX BECaX C TOYHO-
ctbio 710 0,0005r. [Tocme 3Toro KatoJ yCTaHOBUThH B BAHHY KYJIOHOMETPA.

3anMTh KyJOHOMETP BOJHBIM PAcTBOPOM Cylb(dara Meau KoHLeHTpauuu 150r/mm®
JI0 METKU Ha CTeHKE BaHHBL. B pacTtBop cynbdara Meau 1006aBUTh KOHIICHTPUPOBAHHOM
CepHOM KMCIIOTHI U STUIIOBOrO crupTta u3 pacuera 25¢cm® u 50cm® ma 1000cM BozBI COOT-
BETCTBEHHO.

3. Cobpatb cxemy ycTaHOBKH. [IpencTaBuTh cxemy Ha MPOBEPKY MPENOAaBaTEINO.

4. Tlepexmouatens |l ycraHoBUTH B Oe30MacHOE MOJIOKEHUE, T.€. B TAKOE MOJIOXKe-
HUE, MPU KOTOPOM TOK MPOXOAUT MUMO JJICKTPOJIU3Epa U KyJTOHOMETpA. Y CTAHOBUTH C
MOMOIIIBIO PEOCTaTa PACCUUTAHHYIO CUITY TOKA.

[Tepexmrouarenem |l momate TOK Ha NIEKTPOSU3EP U KYJTOHOMETP U OTMETHTH Bpe-
Ms Hauaja omnbiTa. [Ipu He0OX0AMMOCTH MOIKOPPEKTUPOBATH CHITY TOKA.

3aHecTd B MOATOTOBICHHYIO TAONHIy 2 BCE MCXOJHBIC JaHHBIE - MOMEHT Hadaja
OMBITA, CUTYy TOKa, HanpsbkeHue. 10

DnexTponus Bectu 1-2 yaca.

5.OTKIIIOUNTh YCTAaHOBKY OT MCTOYHHMKA dHEpruu. M3 KyloHOMETpa U3BJICYbh MEI-
HBII KaTOJ, IPOMBITh €ro AUCTUJUIMPOBAHHOW BOAOW M alleTOHOM U BBICYIIUTH B TEp-
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momkady B Tederue 15-20 muH. OXJIaIUTh MMOCE CYIIKU JIEKTPOJI B IKCUKATOPE B Te-
yeHue 15 MuH u B3BecUTh ¢ TOUHOCTHIO 10 0,0005 1. Onpenenuts U3MEHEHUE MacChl Ka-
TOJIBI.

6.Cnuth U3 3MeKTposM3epa Yepe3 KpaH 12 BeCh IEKTPOIUT B MEPHYIO KOJIOY eM-
kocThio 200-250cM®, IPOMBITh 2MEKTpoaM3ep AUCTHIIMPOBAaHHOH Bomoit (25¢m®) u co-
€IMHUTH IPOMBIBHYIO BOJIy C JIEKTPOJIMTOM B MEpHOU Kosibe.J[oBecTH AUCTUIIMPOBAH-
HOH BOJI0M 00BEM KOJIOBI 10 METKH.

7.B Tpu umcThle KOIObl eMKocThio 150-250 cm® oTobpats mo 25 cM® B KaxkIyro
3JIEKTPOJINTA M3 MEPBOH KOIOBI M J00ABUTH K 3THM Ipo0aM 2 cM® IepeKucH BOJOpoIa
(3%-ro pactBopa) u 10 kamens uHAMKaTOpa — (GeHONPTAICHHA. PacTBOp MODKEH IpH-
HSATHh MaJIMHOBYIO OKPACKY.

OttutpoBath conepxumoe kaxaou koiaosl 0,1H pactBopom HC1 go obecuBeunBa-
HUS MaYMHOBOM okpacku. KonnyectBo nomexamniero Ha turpoBanue pacrsopa HC1 ompe-
JEIUTh ¢ TOYHOCThIO 710 0,1mi. [{mst pacyeToB B3sTh cpeaHee apupMeTruueckoe o0beMa
COJISTHOM KUCJIOTHI U3 TPEX MapaijieIbHbIX OMBITOB.

8.CMEHHTH YCIOBUS AJIEKTPOJIN3a: IMJIOTHOCTh TOKA, KOHIIEHTPAIMIO 3JIEKTPOJIUTA,
TEMIIEpaTypy BaHHBI, MaTepual aHojaa (Mo 3aJaHUIO MPENOoIaBaTelisi) U MOBTOPUTH IPO-
[ECC AJIEKTPOJIN3a CHAYaa.

9. YcnoBust mpoBeACHUS SKCIIEPUMEHTOB U JIaHHbBIC, ITOTYYEHHBIE B IIPOIIECCE DIICK-
TPOJIN3a, 3aHECTH B TAOIHUILY 2.

3

O0OpadoTka pe3yJbTaTOB JKCIIEPUMEHTA

OnpenenuTh BBIXOJ €IKOTO HaTpa MO TOKY B JAaHHOM Ipoliecce KaK OTHOIICHUE
NEHCTBUTEIIHPHO TIOJYYCHHOTO KOJIMUYECTBA (TIPAKTHYECKOT0) €AKOTO HAaTpa K TEOpETUYEC-
CKH BO3MOXXHOMY B JJaHHBIX YCIIOBHSIX.

KosmdyecTBO enKkoro HaTpa, MoJIy4eHHOTO B PE3yJIbTaTe AIEKTPOIN3a, ONPEICISICTCS
o ¢popmyre

m = Vi x Ny X Oyaon x Vi
V, x1000

rae Vi u N1 — 06beM 1 HOPMaIBbHOCTh KUCIIOTHI, MOMIEANIEH Ha TUTPOBAHUE TTPOOKI
AJIEKTPOJINTA, MJI U T-9KB/T;

Vk u Va — 00beM MepHO# KOJIOBI U 00BEM MPOOBI SJIEKTPOIUTA, B3SATOU JIJISI TUTPO-
BaHUs, MIT,

ONaoOH - SKBUBAJICHT €JIKOTO HAaTpa, I/T-2KB;

1000 - nepecuetHblii KOIPHUITUESHT, MIT/TI.

TeopeTndeckoe KOJIMYECTBO €IKOTO HATpa, KOTOPOE MOKHO TMOJIYYUTh B JIAHHBIX
YCIIOBUSAX B OTCYTCTBHE TMOOOYHBIX MPOIECCOB M TEPEHAINPSKEHUH, ONMPEeAenseTcs o
dbopmyne Papazes B BUIE

xr

g Am
Mreop = J;t l;\ =Q-Jy = )7.,15 Dy
rae 9y U Oy — DNEKTPOXUMHUYECKUE SKBUBAJIIEHTHI MEIU U €IKOTO HaTpa, r-3kB/Ki;
Am - TpuBeC Macchl Karoga KyJOHOMETpa, T.
[Tpumensist ypaBuenus (8), (9), (9a) u (10), paccuurtaTh CTENeHb HCHOIb30BaHUS
DHEPrUM: 32 TEOPETHUECKOE HANPSKEHUE HA BAHHE Epesp C JOCTATOUHOM CTENEHBIO TOY-
HOCTHM MOXXHO MPHUHATH anreOpanyeckyrd CyMMYy CTaHAApPTHBIX MOTEHIMAOB pa3psia

HMOHOB BOJIOpoAa M xJiopa (Tabu.1); dhakTuueckoe e HanpspkeHue Ha BaHHe E n3mepser-
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Cs BOJILTMETPOM, BKIIFOUCHHBIM B pabodyro 1emb. Torma

= pmeor.

H=n I
[lo BenmuumHe (HaKTUUYECKH 3aTPAYCHHON IHEPTUM OMPEACIUTh PACXOIHBIN KO3 (-
¢unuent snepruu (ypasuenue (11).Ilonydennsie 3HaueHus oKa3artesel nmpoiecca 3aHe-

CTH B Ta0IHILy 3.
Conep:xanue u opopMaeHne oTIETa

OtyeT 0 paboTe COCTOUT M3 MUCHbMEHHOTO MPOTOKOJIa U YCTHOTO oTueTa. [InchMeH-
HBIY TPOTOKOJ BBITIOTHSCTCS B TeTpaau. OH JODKEH COAepKaTh:

- Ha3BaHHWE JJabopaTOPHOM PabOTHI U JIaTy €€ BHITIOJTHEHUS;

- 1e7b paboThI;

- OIMCAHHUE MOPSIKA BHIMOTHEHUS PAOOTHI U CXEMY YCTaHOBKH,

- TaOJIHIy YCIOBHM IIPOBEACHHS DKCIICPUMCHTA;

- pe3yJbTaThl BCEX MPOBEICHHBIX U3MEPECHHUH B Bce (hOPMYJIbHBIC PacUeThI;

- TalJMIly MmoKa3areliel Mmporecca JIeKTPOJIn3a;

- KpaTKHE BBIBOJBI IO PE3yJibTaTaM SKCIICPUMEHTOB.

VY CTHBIM OTYET TPOBOAUTCS B BHAC COOECETOBAHMS 0 TeME «DJIEKTPOXHUMHUUYECKHE
MIPOIIECCHl B XUMUYECKOW TEXHOJIOTHN» B 00bEeMe MaTepHalia, YKa3aHHOM B pasjielie JaH-
HBIX METOJMYECKUX yKa3zaHuil «JlutepaTypa».

TaoOmuna 2
Y cnoBus NpoBEAEHUS SIEKTPOJIN3a
Bpems | Konuesn- PaGouas mo- | Cuna | Hampst | O06bem kuc- N3menenune
Havana Tpanus BEPXHOCTh | TOKa, | >KCHHUE JIOTHI, IO- | MAcChl Katoja
U KOH- | DJIEKTPOJIU- aHosa, M2 J, A Ha HIeAen Ha KYJIOHOMET-
na Ta, I/1M° BaHHE, | THUTPOBaHHUE, pa, Amk, T
OIBITA B Vi, cm®
Tabawna 3
[TokazaTenu mpoliecca dIESKTPOIN3a
KomuuectBo | KonnuecTBo enkoro Harpa, r | Bbi- CrerneHnb uc- Pacxomubii
AJIEKTpUYE- MPaKTH- TEOPETH- XOJI 1O | TIOJIb30BaHUSA Koapurn-
ctBa, Q, Kynon YecK., M 9eCK., M .ep | TOKY, | DHEPruu, W, % | €HT SHEPIHH,
n, % B, Brxu/r

Bonpocsl 11 camonpoBepku

1. Kakue nponecchl Ha3bIBAIOTCS AIEKTPOXUMUUYECKUMHU?
2. UTo NeKUT B OCHOBE AJICKTPOJIN3a, KaKUE SBIICHUS?

3. IlosicHUTE CYIIHOCTH MpoIiecca AIAEKTPOIU3a.
4. KakoBbI TEOPETUYECKHE OCHOBBI U 3aKOHBI 3JIEKTpOIn3a’?
5. Hanummre, kakue peakiuu MPOTEKAOT MPH SJEKTPOIN3E BOJIHBIX PACTBOPOB

XJIopuaa HaTpus.

6. O0BsicHUTE, MMOYEMY Ha YTOJBLHOM aHOE MPOUCXOAMT pa3psij aHWOHOB XJIOpa, a
HE TUAPOKCHI-UOHOB? BO3MOXHO I MPOTEKAHHUE 3TOTO MPOIEcca Ha APYTUX JIEKTPO-

nax?
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7. O0BsicHUTE, Kakue (PaKkTOPhl CHIXKAIOT BBIXOJ IO TOKY enkoro Harpa? Hanmummre
ypaBHeHHs peakuuii. Kakum o0pazomM MOKHO YBETUUYHUTH BBIXO/J] IO TOKY?

8. [Touemy mpakTUuecKue 3aTPaThl FMEKTPOIHEPTUU HA DIEKTPOIIU3 BBIIIEC TEOPETH-
Yyeckux?

JlaGopatopnas pabota Ne 5

I/I3yqe}me BJIMSIHUS COCTABA 0CA/IH TE€JIbHOH BAHHbI BUCKO3HOI'0 NMpoOM3BOACTBA
HAa Ka4e¢CTBO BOJIOKHAaA

eap padoTbI: 03HAKOMUTHCS C XMMHUYECKHMH IPOIIECCAMM, MPOTEKAIOUIMMHU B
0CaIUTEIIbHOW BaHHE MU (DOPMOBAHWM BHCKO3HBIX BOJIOKOH, 1 METOJHUKON TEXHOJIOTH-
YeCKOT0 aHAJIN3a 0CaIUTENbHON BaHHBI.

OCHOBHBIC TOHATHUSA

1. ®u3uKO-XUMHYECKHE IMMPOHECCHI, MIPOTCKAIOINMUE IIPH MMOJYICHHUHN BHCKO3HBIX
BOJIOKOH

1.1. XuMnueckue NnpouecCChbl, MPOUCXOAAIIHUEC ITPHA MMOJTYYCHUH BUCKO3bI

Bucko3a - 3To0 pacTBOp KCaHTOreHaTa IeJITI0JI03bl B Pa30aBICHHOM pacTBoOpeE Ile-
noun NaOH. OcHOBHBIE CTa MM TTOTYICHHS BUCKO3HI:

1) oopaboTtka mcxomnoii nemtonossl (1) BogueiM pactBopom NaOH c¢ nenpro mo-
JTy4YeHUS MIETOYHOH 1eJITI0N03bI (MEpPCepU3aINN);

2) U3MEITbUCHHE IEIOYHON LEJUTFOJIO3bI I YBEIUYCHHS €€ YACIbHON MOBEPXHO-
CTH;

3) mpeaco3peBaHue MIEIOYHOM LEJUTI0I03bI, BO BPEMsI KOTOPOTO OHA IMOJIBEpracTcs
OKHUCITUTEILHON IECTPYKIINH JIJISl CHIDKEHUS €€ MOJICKYJISIPHON MacCHl,

4) B3aUMOJICHCTBUE IICIOYHON IIEJUTIONO03bI C CEpOYrIepooM (KCAaHTOTCHHPOBA-
HUE);

5) pacTBopeHHEe KCAaHTOTCHATa IICJUTFOJIO3bI B PACTBOPE ¢ 0Opa30BaHMEM BHCKO3bI
(B);

6) noaroroska B k popmupoBanuto (GpuiabTparnms, 00e3BO31yIIHBAHUE).

[Tpu mepcepusarnuu 1l cunbHO HaOyxaer, pacTBOPSIOTCA €€ HU3KOMOJIEKYJISPHBIC

dpaxiuu (reMUIEeII03bl) 1 00pasyercs menounas L.
Il
IC4H,0,(OH)ONa| +nH,0

[CcH,0,(0H)3 |+ aNaOH

Ny

= I
k(_'()ll,?()z!(,)ll 3 .\';ROHIn

BBuay pasnuuHOil peakIMOHHON crocoOHOoCTH TuapokcuibHbix Tpym L (1) Bepo-
SATHO OJTHOBpEMEHHOE oOpa3oBaHue aynkoroyisitoB HaTpus (Il) ¥ agAUTUBHBIX KOMILIEKC-
HbIX coequHenui (I11) HuIpaTHENII0103bI CO HIENIOYBIO.

[Ipu Mepcepuzanmu, U3MEIbYECHUN U NMPEJCO3PEBAHNH M3-3a HEM30EKHBIX POIIECCOB

11



L[ nectpykrupyer. Crenenpb nmoaumepusanuu (CIT) camxkaercs va 100-150 enuaunm, a npu
KcaHToreHupoBanuu - eme Ha 100 exunamI. [loaTomMy apeBecHas I1eNII0JI03a, MOCTYyIIA-
1o111ast Ha 3aBoAbl B BosokoH, nomkHa nmets CITI=600-700.
[Ipu KcaHTOreHHpPOBAaHWU OOpa3yeTcs HaTpHeBas COJb IEIII0JIO30KCAHTOTCHHOM
(IV) o peaxiuu: _ _
CeH,0,(01)3 N:;()llL‘ »;n(,‘Sz - [(‘6||702(<)u)30- .(f'—.\‘Na]n +oH,0

Kpome 0CHOBHOI, IPOTEKAET MOOOYHAS PEAKLIUSL:
()N;l()ll—a—J(‘Sz - 2(\':1(,‘53 + \:az(‘()j -,—j:lz()

B npou3BoACTBEHHBIX YCIOBHSX MOMYyYarOT KcaHToreHat L co cremenbio 3amernie-
HUA (YUCIIO TUAPOKCUIBHBIX rpymm L, BcTynuBmmx B peakuuto, B pacuere Ha 100 sme-
MEHTapHBIX 3BeHbeB 50-70).

Kcanrorenar 1 pactBopsitor B pazbaBineHHoMm pactBope NaOH. Ilomnora pactBo-
penust kcantorenara 1l u kadectBo B B 3HauUMTENHHON CTENIEHU 3aBUCAT OT PABHOMEPHO-
CTH pacmupeeNieHruss THOKapOOHOBBIX TPYIII MO JJIMHE MAKPOMOJIEKYI.

[Tpu moxaroroBke k GopMoBaHuio (PUIbTpAIIMU, 00€3BO3YIINBAHNE) BIUCKO3a CO-
3peBaeT. [Ipu TOM MPOUCXOIAT M3MEHEHUS XUMHUYEecKoro coctaBa B. B pesynbrare
OMBUICHUSI KCaHTOTreHaTa L] mpoucXoauT ero CHUYKEHHUE M0 CXEeMeE:

_0-C-SNa L oH
. OH —~ OH + NaOH + CS:
——
+ HOH _~
_ OH - OH
0-C-SNa 0-C-SNa
= I~ |

B pesynbraTe peakuuu ruipoian3a U OKUCICHUS MPU CO3PEBAHUU MTPOUCXOJUT TaAK-
K€ U3MEHEHHE COCTaBa MOOOYHBIX COSMHEHUH, yMEHbIIAETCsl cojiep:kanue B B cBo0oa-
Horo NaOH u CSa. ‘ )

6NaOH +CS, —» 2Na,S+Na,CO5 +3H,0

OOGpasyromuiicst cynb@ua HATpus MpPU B3aUMOJICUCTBHUU C CEPOYIVIEPOJAOM J1aeT

THOKapOOHAT HATPUSL:
\:12 f(‘SZ —> f\uz(‘j

HaunbGonee BaxHBIMU (DPU3UKO-XUMHUYECKUMH TPOILIECCAMHU, TPOSBISIONIMMHUCS MPU
U3MEHEHUU CTENEHU JTepUPUKAIMKU KCAHTOTEHATa IEJUTIOJI03bI, SBISIOTCS W3MEHEHUE
BSI3KOCTH M €€ 3peNIOCTH (YCTOMYMBOCTH K JEHCTBHIO KOAryJIMPYIOIMIUX pearcHToB). M3-
MEHEHHE BSI3KOCTHU U 3PEJIOCTH BUCKO3bI B MPOLIECCE CO3PEBAHMS NTOKAa3aHO Ha puc. .

1

NpoaonwuTenbHOCTs CO3peBanus
Puc. 1. 3meHenue BA3KOCTU | U 3pesiocTH 2 B 3aBUCUMOCTH OT MPOAOKUTENBHO-
CTHU CO3PEBAHUS
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1.2. ®u3uKo0-XUMHYECKHUE MPOLECCHI, MPOTeKaIue Npu GopMOBAHNH

Buckosnsie BonokHa (BB) - HCKyccTBeHHBIC BOJIOKHA, TIOMy9aeMbIe U3 MPUPOTHOM
L[EJUTI0JI03BI TI0 BUCKO3HOMY CITOCO0Y.

B 3aBucumoctu ot HaszHaueHus BB mpom3BoAsST Kak B BHJIE HENPEPHIBHBIX (uiia-
MEHTHBIX HUTEH (TEKCTHJIBHBIX U TEXHUYECKUX ), TAK U B BUJIE IITANEILHOTO (Hape3aHHO-
ro Ha 3agaHuyto Hy 40-120 MM) BoJIOKHA B BUJIE KIYTa.

['maBHEWIIMMY TEXHOJIOTUYECKUMH CTaIdsIMUA TIpou3BojacTBa BB sABisiroTCA: moy-
YeHHUe MPSAIUILHOTO pacTBOpa (BUCKO3bI), pOpMOBaHHE, OT/AEIKA, CYIIKa H Pe3Ka BOJOK-
Ha, a JIUI1 HeTIPEPBIBHBIX HUTEH - TEKCTUIIbHAS MMOJATOTOBKA (KPYyUCHHUE B TIEPEMOTKA).

[Ipu dopmoBanuu HUTEH (pHC.2), BUCKO3Y U3 BUCKO30MPOBOJA | C MOMOIIBIO O3H-
PYIOIIET0 HACOCHKA 2 MOMAr0T uepe3 GuIbTp-naiel 3 u 4yepBsik 4 K puibepe 5, morpy-
JKEHHOM B PacTBOp OCAIUTEIIbHON BaHHHI 0.

[Ton BIMSIHHEM KOMIOHEHTOB OCAAUTEIBbHOW BaHHBI KCAHTOTE€HAT LIEJUIFOJIO3BI BbI-
CaKMBACTCS B BUJAE HUTEW M pasyiaraercs A0 T'MAPaTLEIUTr0a03bl. OCHOBHON KOMIOHEHT
ocaauTeNbHOM BaHHBI - H2SO4 -cepHas kucnmoTa - Heltpasm3yet menoub (NaOH), co-
JepoKaIIyrocs B BUCKO3€, pasjiaraeT U oOOYHBIC HEOII}’KTLI:

. D= C--SN3 0. e e g 4
[CgHgO, ~O—C—SNa| +ull SO, —>[C(H, 0| +nNaHSO  +CS, 1

I
5

2NaOH + H,S0 , > Na,S0,, +211,0
Na,CS; +H,S0, —»Na,S0, +CS, i ~ust

10
Puc.2. Cxema hopMoBaHMS BUCKO3HON HUTH HA HEHTPU(PYTATHHON MPSAUIBHON
MarnuHe: |-BUCK030mpoBO; 2-103UPYIONIHN HACOCHK; 3-QuinbTp-naer; 4-uepBskK;
S-hunbepa; 6-KOPHITO 711 OCATUTEIBHON MAIIMHbL; 7- TUCKU; 8-BOPOHKA;
9-nlenTpudyranpHas kpyxkka; 30-Tpy0oonpoBo/I 11 0OCaTUTEIHHON BaHHBI

[Tpu paszmoskeHHHM KCaHTOTEHATa IEJUTF0JI03bI U THOKAapOOHaTa HATpHUs O00pa3yrOTCs
CEPOYTIEPO U CEPOBOJIOPO, UTO MPEIOTpPEeisieT OOIbIIYI0 BPEIHOCTh Ha TIPOU3BO/I-
CTBE.

Jlist co3manusi HOpMaIbHBIX CAHUTAPHO-TUTHCHUYECKUX YCIOBUH TPSIAIBLHBIC Ma-
IIMHBI KATICYJUPYIOT, @ BPEIHBIC Ta3bl YAAISIOT C IIOMOIIBIO CUCTEMbI OTTOYHOW BEHTH-
JSUU ¥ BBRIOpackIBalOT B aTMocdepy depe3 TpyOy BeicoToi 10 120Mm. ITpu mpounsBoacTe
HITaneNbHBIX BOJOKOH OCHOBHBIC KonmmdecTBa H2S m CS; B oTcackiBaeMOl BO3TyITHON
cMecH ynaBiauBarTcs: HaS - xkene30-comoBbiM criocobom, CSy - moriomieHneM aKTUBU-
POBAHHBIM yTJeM. DTO MO3BOJISET CHU3UTH pacxon CS; m 00e3BpenTh OKPYKAIOIIUN
OacceliH.

Jlist cHIKeHUsT HaOyXaHUsl HUTCH M 3aME/JICHUS] CKOPOCTH PA3JIOKCHHUS KCAHTOTE-
HaTa IIEJUTFOJIO3bI B OCAIUTCIIBHYIO BaHHY JIOOABISIFOT Pa3IMYHBIC COJIM, Yallle BCETO
Na2SO4. Cynbdar HATpUs CHUXKACT JAUCCOIMUAIMI0 CepHOM Kucnotel. Kpome Toro,
Na>SO4 061amaeT BRICOKOU IETUAPATHPYIOIIEH CIIOCOOHOCTHIO.
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Baxnyro pons urpaer ZnSO4 mpu B3auMOJEHCTBHH KOTOPOTO C KCAHTO-TE€HATOM
LEJLTFOJI03bI 00Pa3yeTCsl LIMHKOBAS COJIb LEIUTIOI030-KCAHTOTeHOBOM KuCoThI (V).
2](,'6]1904 —O—C—SI\’HJ" +n7.nSO4 — nl\'azSO_‘ b
[C4HyO, ~0-C-S~Zn-S-C-0-0,HyCgn]
|
S

CkopocTh pa3iokeHus 3Tou coim B 3,5-4 pasza mensbine, yeM y Na-kcaHToreHara
IEJITIOJIO3b], YTO CIIOCOOCTBYET YCIEITHOMY MPOBEJCHHUIO BHITATUBAHUS U CO3AAHUIO HE-
00X0JIMMOI CTPYKTYpbI BOJIOKHA.

B ocamurenbHy0 BaHHY BBOAAT Takke HeOGoubinme komudectBa (NH4)2SOs mim
MgSOs4, T.K. CTOHKOCTh BHCKO3BI K KOATYJIUPYIOMIMM peareHTaMm MOcCie HEeHTpaau3aliu
IeJI0YM KUCIOTON 3HAYUTENIbHO TIOHMYKAETCS, a MPHU IeUCTBUU COJIeH KCaHTOTEHAT IieJ-
JIFOJI03BI BHICRXKMBAETCS U3 PACTBOPA.

[Tpu GpopmoBanuyu BONIOKHA 00pa3yeTcs ero HaAMOJEKYJIApHasi CTPYKTypa, dJIeMeH-
TBI KOTOPOU (DOPMUPYIOTCS B XO/I€ OCAKACHHUS KCAHTOTEHATA W 3aBUCAT OT KUHETHKH U
MexaHu3Ma Koaryisinuu. Koarymisius B CBOIO o4epe/ib, 3aBUCUT OT XapaKTePUCTUK BUC-
KO3bI M OT OCHOBBI OCaJIUTEIIbHON BaHHBI,

[Tpu MemyeHHON Koarymsanuu oOpa3yroTcs KpyIHbBIE HaIMOJEKYJIIpHbIe 00pa3oBa-
HUS, & IPU OBICTPOH - OOJBIIIOE YHCIO MEJKUX HAJMOJEKYJISAPHBIX YaCTHII.

Copeprxanue KOMIIOHEHTOB B OCAIUTEIHHONW BaHHE OMpPEESETCs BHIOM IOTyYae-
moro BB (Tabmuma 1).

[Ipn npuMeHEeHNH OCaaUTEIbHOM BaHHBI, COAEPIKALICH MOBBIIMICHHOE KOJIWYECTBO
H2SO04 (120-150 xr/m®)u HeGonbmme komumdectBa ZNSO4 cTpyKTypa 0OONOYKH U BHYT-
peHHe# "acTu BOJOKHA (siApa) OyneT pasnudHoi. [IpuunHoi 3TOrO SIBIsSIETCS pa3inyue
ckopoctell muddysun xkatnona Zn?* u wona H*. Jlng yBenudeHus CTPYKTYPHOH OHO-
POJTHOCTH BOJIOKHA CJIEJTyeT YBETUUUTh KOHIIEHTpaIuio ZNSO4), CHU3UTH KOHIICHTPAIUIO
H2SO4 1 mOBBICUTH YCTOMYHMBOCTH BUCKO3bl. CTPYKTYpHYIO OJHOpOAHOCTH BB moBkbImia-
10T OpUEHTANNS CTPYKTYPHBIX 3JIEMEHTOB BIOJIb OCH BOJIOKHA M BBEJIEHUE MOTUPUKATO-
pOB.

Tabmuma 1
CocTaB ocaauTeIIbHBIX BaHH, MPUMEHsIOMUXCs pu popmoannu BB

TUI BooKHA CoepxaHue KOMIOHEHTOB BaHH, KI/M°
H2S04 Na2SO4 ZnS0Oq4
HenpepbiBHbIE TEKCTUIIBHBIE TKAHU 120-150 260-320 15-20
Kopnzble HUTH 70-115 150-220 30-100
[IITanesbHOE BOJOKHO
00bIYHOE 110-140 300-340 6-20
U3BHUTOC 100-105 280-300 15-20
BBICOKOIIPOYHOE 85-90 140-170 55-70
IIOJIMHO3HOE 25-80 40-50 0,3-0,6

2. ITopsinok BbINOJTHEHHS PA0OTHI

2.1. Onpenenenue o0uel KMCJIOTHOCTH OCATUTEIbHON BAHHBI
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B xon6y eMkocThio 250M1 OTOMPAIOT MUIIETKOM (C MMOMOIIBIO TPYIITN) SMIT PacTBO-
pa ocaauTeIbHON BaHHBI, pa30aBisAOT mpolOy 100MyI IUCTHILTMPOBAHHON BOJIBI, J00aB-
JSI0T B KOJIOY 3-5 Kamenap HHANKATOpa METHIIOBOTO OpaHkeBoro u TUTpyrT 1H pactBo-
pom menourt NaOH o m3MeHeHus okpacku (KpacHOM Ha JKEITYIO).

O6uryro kuciotHocTh A (r/n unu kr/cm®), To ecTh copepxkanue H2SOs B ocaau-

TEJIBHOM BaHHE, BBIYUCIISIOT 110 (hopMmyJie:
4 Nax 0,049 x1000 | (1)
5

rae Na - oo6sem 1H pactBopa NaOH, u3zpacxoqoBaHHOTO Ha TUTpOBaHUE (HEHTpa-
muzanuio HaSOq), Mo,

0,049 - kommuectBo H2SOs, cootBercTByromee 1 miu touno 1H pactBopa NaOH
(tutp H2S04), T

5 - 00BEM B3SITOM IS aHAIK3a IPOOBI 0CATUTEIIFHON BaHHBI; MII;

1000 - xoam4ecTBO MJI B JIUTpE.

2.2. Onpenenenne o01Iero coaep:kanus cyiabharon

B npenBaputensHO MpOKaNeHHBIM U B3BEIIEHHBIH (ap(opoBbIil TUTENb OTOUPAIOT
MUTIETKOM SMIJI pacTBOpa OCaaUTEIbHON BaHHBI (BO H30eXkaHuWe pPa3OpBI3TUBAHUA) U
OCTOPOXKHO BBIITAPUBAIOT JIOCYXa Ha DJICKTPOIUIMTKE (MW Ha MeUIeHHOM orue). Cyxou
OCTAaTOK CMAa4MBAIOT 2-3 KarisiMu KOHIeHTpupoBaHHoW H2SO4, cHoBa BhIMapuBaIOT U
MPOKAIMBAIOT B My(eIbHOU 1euyu A0 noctosHHon Macchl. (Ilepen kaapiM B3BEITUBAHU-
€M THTeJIb IIOMEMIAIOT B AKCUKATOP JIJIST OXJIKICHUS),

Pacuer oOmero comepxanus cyibhara S, B I/J1 WIH KI/M IIPOU3BOJIAT 10 (hOpMYyJIe:

5 (B - B')x1000 | o)
5
rae B - Macca MpoOKaJeHHOTO TUTJISI C OCAJIKOM, T,
B! - Macca npoKaJIeHHOTO THIJIA 6€3 0CalKa, T.

2.3. Onpenenenne cyiabhara HMHKA (KOMILIEKCOMETPUYECKHA METOT)

Meton ocHOBaH Ha 00pa30BaHHUU YCTOMYHMBOTO KOMIUIEKCHOTO COCIMHEHHS IMPHU
B3aMMOJICICTBUM MOHOB IIMHKAa ¢ TpuioHOM b. I{uHK 3ameriaer aroMsl BOgopoja Kap-
OOKCUIIBHBIX Tpynmn TpuioHa b n oOpa3yer ¢ HUM XelaTHOE COeAMHEHHE. XEIaTHBIMU
Ha3bIBAIOTCSI KOMIUJIEKCHBIE COEIUHEHHs, oOpasyomuecss B pe3yjbTaTe JOHOPHO-
aKIENITOPHOTO B3aUMOJICUCTBHSI MEXIYy KOMIUIEKCO-oOpa3zoBaTeneM (METallIoM) U JIH-
raugoM. [Ipu 3TOM 00pa3yeTcss KoopaAUHAIIMOHHAS CBS3b (MOOOYHASI BAJICHTHOCTH) U BO-
JIOpOJI, BXOJSIIMA B COCTaB JIMTaHJa, 3aMEIIAeTCsl METAJJIOM C 00pa30BaHMEM HMOHHOMU
CBsI3U (TJIaBHAs! BaJIGHTHOCTD ).

ZnSO4 ompenensoT IpsIMBIM TUTPOBAHUEM MPOOBI pacTBOPOM TpmiioHa b B cpene
aMMua4yHoro OygepHOro pacTBopa B MPHUCYTCTBUM HHIMKATOPAa XpPOM TEMHO-CHHETO.
W3meHeHrne OKpacKu MHIUKATOpa MPOUCXOAUT B SKBUBAJIECHTHOM TOYKE, COOTBETCTBYIO-
1IEH CBSI3BIBAHUIO TPUJIOHOM b BCeX MOHOB LIMHKA.

K 5 mi mpoOsl ocaauTenbHON BaHHBI, OTOOpPAaHHON B KOJ0Y - eMKOCTh 250Mi1, 10-
oasmstor 10mi1 6ydepHoro pactBopa, 100Mn auctrimupoBaHHOM Boabl U 8-10 kamens
MHJUKaTOopa XpoM TeMHO-cuHero. Conepxkumoe koi0sl Tutpytotr 0,1H pactBopom Tpu-
nona b 1o mepexoa OKpacku OT TEMHO-KPACHOM J10 TOTy0OBaTO-CHHEH.

[TapanienbHO CTaBAT XOJOCTOM OIBIT, TUTPYS PacTBOp, HE COAEp KAl MpoObI
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OCaIUTELHON BaHHEI.

Conepsxanue ZnSOs (Szn, /71 WM KI/M) paCCUUTHIBAIOT IO (hopMyIie:
. (C—Cyyy)-0.00807-1000 e
S, = - = 1.664C~ Cypy) ?

g 5
rae C - oobem 0,1H pactBopa Tpunona b, n3pacxog1oBaHHOTO Ha TUTPOBaHUE pado-
4yel mpoOkI, MIT;

Cxon - 00bem 0,1H pactBOpa Tpminona b, n3pacxomoBaHHOTO Ha TUTPOBAHHUE XOJIO-
CTOM MPOOBI, MJT;

0,00807 - tutp pacTBOpa TpHUIOHA b. 110 ITUHKY.

Jns onpenenenus cynbdara HMHKA MOXKHO MCIIOJIB30BaTh MPoOy, B3ATYIO JUIsl aHa-
JM3a KUCJIOTHOCTH BaHHBL. B 3TOM ciydae Kk Smi1 TpoObl, HEUTpalu30BaHHOH IIE0YbIO,
npubasisaor 10mn ammuadHoro OydepHoro pactBopa, 8-10 kamenb WHIWKATOpa XpoM
TEMHO-CHUHET0 Y TUTPYIOT PACTBOPOM TpuiioHa b 10 M3MEHEHHsI OKpacKH pacTBopa.

Pacuer BenyT o popmyne (3).

2.4. Onpenesienne cojep:;KaHusA rJ1ay0epoBoii COJIM B 0CAAHTEJIbHONH BaAaHHE U
NMPOLEHTA BbIX01a

OtmepenHoe konuuecTBO (50MIT) pacTBOpa OCaUTENHHONW BaHHBI MOJOTPEBAIOT HA
6ane mo 50°C. Ilocne oxmaxxaeHus pacTBop (GUIBTPYIOT uepe3 BOpoHKY broxuepa moj
BakyyMoM. [Ipu dunbTpanuu HUCHOIB3YIOT OOBIYHBIM OyMa)KHBIM (UIBTP, MpEaBaApPHU-
TenbHO B3BemeHHbIH. Ocanok rinayoepoBoit conu (NaxSOs4 x 10H20) BeicymmBaroT npu
110°C u B3BELIUBAIOT.

KomndaecTBo 111ay0epoBOii COMM B INTPE OCATUTEIHLHON BaHHBI

e L x1000 | (@)
50
rie L - macca BbICyIIeHHOH TT1ay0epoBoOii COIH, T.
[TepecueT rmaybepoBoii conu Ha 0e3BoaHBIN Na,SO4 poBoasT 1o dhopmyre:
L= I"'x142 | )
322

riae 142 - monexynsipHas macca NazSOgy;

322 - monekymnspuas macca NaxSO4 x 10H20.

Berxon Na2SO4 (%) paccuuThiBarOT o hopmysie :

%6bLX 000 = San x100. (6)

Na

TabOmuma 2

A, r/n S, r/n cynpdaroB Szn, T/ SNa, /1T I, r/n Brrxogx, NaxSOa, %

Bomnpocs! 111 caMonpoBepKHU

1. Knnaccudukarys moJuMepoB U UX OCHOBHBIC CBOHCTBA.

2. Kimaccudukarus XuMHYECKHX BOJIOKOH.

3. Meronpl hopMOBaHUS XUMHUYECKUX BOJIOKOH.

4. CoctaB 0CaaUTEIHHON BaHHBI BHCKO3HOTO MPOU3BOJICTBA M BIHMSIHUE €€ KOMIIO-
HEHTOB Ha KQ4eCTBO BUCKO3HOI'O BOJIOKHA.
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JlabopaTtopnas pabota Ne6
AHaau3 He(pTeNnPOaAYKTOB

I_Ie.m, paﬁoTLI: OCBOCHHUC MCTOJUK OIIPCACIICHUA OCHOBHBIX XapaKTCPUCTUK
HC(bTCHpOZ[YKTOB C OHCHKOﬁ X Ka4CCTBa AJI1 KOHKPCTHOI'O MCIIOJIBb30BaHUA.

OcCHOBHBIC TOHATHSA

Cripast HeQTh SBISICTCS CMECHIO XUMHYECKHUX BEIIECTB, COJACPKANIUX COTHU KOM-
noHeHToB. OCHOBHYIO Maccy HE()TH COCTaBIISIOT YTJIEBOIOPOIBI:

- aJIKaHbI (TIpe/IeNbHBIC YTIIEBOIOPO/IBI, COIEPIKaHHE KOTOPObIX 10 50-70%);

- IIUKJIOAJTKAHBI (YaIle MOHOIIMKINYECKHE, TAKNE KaK IUKJIONEHTAaH U ITUKIIOTeKCaH,
UX coaepkaHue MoxeT nocturats 30-60%).

- apeHbl (apoMaTUYECKUE YTIIEBOJOPOABI THIA OEH30jJa M €ro MPOU3BOIHBIX, CO-
JepskaTcs B He()TH B MaJIbIX KOJIMYECTBAX);

- aJIKEHBI (HeTpeeIbHbIE YTIEBOAOPOAbl B HEPTH, KaK MPaBUIIO, OTCYTCTBYIOT).

[ToMrMoO yTIIEBOAOPOIOB B COCTABE OPTAHWYECKONM YaCTH HE(PTHU HAXOIATCS CMOTH-
cThIe U ac(anbTOBBIC BEUIECTBA (BHICOKOMOJIEKYIISIPHBIE COSAMHEHUSI YTIEpOa, BOJAOPO-
71a, Cephl M KUCIOPO/a), CEpHUCTHIE COSAMHEHNS, HAQTEHOBBIE KHCIOTHI, (DEHOIIBI, a30TH-
CTBIC COCTWHEHUS W Ip. Bce 3TH BemecTBa SBISIOTCS HEXENATCILHBIMH MPUMECSIMU
HepTr. K MuHEepanbHbIM mpuMecsM HedTH oTHOCAT Boay, muHepainbHbie coiu (NaCl,
CaCl,, MgCl2 u zp.), MexaHHYECKHE IPUMECH U T.I.

W3 HedTH B mporiecce mepepaboTKH MOJydYaroT TOIIMBO (PKHAKOE U ra3000pa3Hoe),
CMa30YHbIC Macjia, KOHCUCTCHTHBIC CMa3KH, PACTBOPUTEIIH, HHIUBHIYaIbHBIC YTIIEBOI0-
pOIBI (3THIICH, TPOMWICH, METaH, alleTHIICH, OCH30J1, TOIYOJI, KCHIION | Jp.), TBEPIbIC U
MOJIyTBEPJIbIE CMECH YTJIEBOJOPOI0B (TapadvH, Ba3enuH, Iepe3nuH), HeTssHbIe OUTYMBI
U TICKH, TEXHUYECKUHN yTIaepos (Caxy), HEPTAHbIC KUCIOTHI U UX MPOU3BOIHBIC.

Mertobl nepepaboTku HedTH.

Jlnst Bcex mpolieccoB mepepaboTku HedTH xapakTepHa OOIIHOCTH MeToAoB. Mx
MOJKHO pa3JICJIUTh Ha MICPBUYHBIC U BTOPHYHBIC.

Ilepsuunvie (ghusuueckue) mporecchl nepepadboTku HeTH OCHOBAHBI HA PA3TUUUU
(bu3nUecKnX CBOWCTB KOMIIOHEHTOB HE(TH: TeMIepaTypbl KUIICHHUS, KPUCTAIIU3AIINH,
pacTBOpuUMOCTH H T.I. HanbombIee pacrnpocTpaHeHUe MOMydiia TaK Ha3blBaeMas Ipsi-
Masi IeperoHka HeTH U HEPTEPOAYKTOB, OCHOBAHHAS HA Pa3HHIIC B TeMIIepaTypax Ku-
NEeHUs OTNIENBHBIX Ppakiuid. [Ipu nmeperoHke cMech HarpeBaeTcs 0 KUMEHUS U YAaCTUIHO
ucnapsieTcsi: Mojay4daroTcs TUCTHILIISTH U OCTAaTOK, KOTOPBIE TI0 COCTaBY OTJIMYAIOTCS OT
UCXOAHOU cMecHu. Juctumarel (ppakuuu) B CBOKO oyepe/lb MOTYT ObITh pa3OrHaHbl B
Oosiee y3KMX MHTEpBajaxX TeMIEpaTyp C MOJyUYeHHEM Pa3IMYHBIX TUCTHILIATOB. OTaToOK
MocJie TIEPETOHKU — Ma3yT TOXKE€ MOXKET OBITh MOABEPrHYT (ppakumoHupoBanuio. [lep-
BUYHAs TIeperoHkKa HeTH (puc.l) ocymiecTBISICTCS Ha TPYOUYaThIX YCTAaHOBKAX.
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Puc.1. Cxema nepBUYHON NEPETOHKU HEPTH:
1,5 — Tpy6uatsie neun; 2,6 — peKTUGUKAITMOHHBIE KOJOHHBI; 3 - TeINTI00OMEHHUKH;
4 — KOHJIEHCATOPBI

Hedrs, narperas g0 350°C B neun 1, nomaeTcs B CPEIHION HCIAPUTENLHYIO YacTh
KOJIOHHBI 2, T/I€ MPOUCXOJUT OJHOKpaTHOE ee ucnapenue. [lapbl HU3KOKUMISAIINX Ppak-
YN YCTPEMIISIIOTCSI BBEPX M KOHJEHCUpPYIoTcs. [10 BbICOTE KOJIOHHBI OTOMPAIOTCA CKOH-
JIEHCUPOBAHHBIE AUCTUIUIATHI Pa3JIUYHOTO COCTABA!

- ipu 300-350°C — consipoBoe Maco;

- ipu 200-300°C — kepocuH;

- mpu 160-200°C — nurpowus;

- U3 BEepXHEH 4acTy KOJOHHBI BBIBOJUTCS OCH3UH;

- B HIDKHEW YacTU KOJIOHHBI COOMpPAETCs Ma3yT, KOTOPBIM MOABEPraeTcs JaibHEMH-
HIei IeperoHKe Ui MOJyYeHUs: U3 HEro CMa30YHbIX Macell U ryIpoHa BO BTOPOM PEKTHU-
(bUKaIMOHHON KOJIOHHE.

BrIxo mpoayKIiuu Ha yCTAaHOBKE 3aBUCHUT OT COCTaBa UCXOIHOM HEPTH M TEXHOJIO-
TUYECKON CXEMbI YCTaHOBKH.

Bmopuunsie (xumuueckue uiu 0ecmpyKkmueusie) POIECChl TPUBOIAT K MOTYUSCHUIO
HOBBIX BEIIECTB, HEOOXOAMMBIX NJIsi PA3IMYHBIX OTpacjieil HapoJHOro Xo3siicTBa. Bce
XUMHUYECKHE MPOIECCHl IepepadOTKH HEPTHU ACISITCS HA TPU TPYTIIIHI:

- TEPMHUYECKHE, MPU KOTOPHIX MpeoOpa3zoBaHUE HEPTIHOTO CHIPbS MPOUCXOIUT
neiicTBreM BbICOKOH Temmneparypsl (350-550°C). Hanpumep, napauHOBBIE YIJIE€BOIO-
POJIbI PACHISIUISIIOTCS Ha OoJiee JeTKHe yrieBOAOPObl B pe3yibTaTe pa3pbiBa Ieneil u
JETUAPUPOBAHUS.

- TEPMOKATaTUTUYECKHE, KOTOPhIE PEATU3YIOTCS MOJ JEHCTBHEM BBICOKMX TeMIIE-
patyp 500 u > °C u kaTanu3aTopoB. DTy IPyIIy COCTABIAIOT KATAIUTUUECKUHA KPEKUHT,
KaTAIUTUYECKUN pUPOPMHHT, THATOT€HU3AIIMOHHBIBE MPOIecChl. B pe3ynbTrarte momyda-
10T OCH3UHBI U LENbI pAJl YIIIEBOJOPOJIOB MO CXEMe: aJIKEHbI > apeHbl ¢ OOJIBILIUM YHC-
JIOM OOKOBBIX IIeTel > IUKIOAIKaHbl > aJTKaHBbI.

- HU3KOTEMIEPATyPHbIE KATATUTUYECKUE MTPOLIECCHI, MPOTEKAIOIIUE MO/ IeHCTBUEM
TOJIBKO KaTallu3aToOPOB.

OnHUM W3 MHOTOTOHHQ)XHBIX KOMIIOHEHTOB TpU TiepepaboTke HedTHu SBISIOTCS
CMa304HbIE MacJa.

CmazouHble Macia - BEIIECTBa, BBOAUMBIC MEXAY TPYIIUMUCS MOBEPXHOCTIMHU
pPa3IMYHBIX y3JI0B TPEHUsl JBUTraTeei, MallMH U MexaHu3MoB. OCHOBHOE Ha3HAYCHUE
cMa3zo4HbIX MatepuanoB (CM) - cHuXKeHHE U3HOCa TpyUuxcs AeTanel. B psne cinydaes
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CM Takke 3alUIIA0T JeTald OT KOPPO3HH U JEHCTBYIOIIMX BHEIIHUX (DAKTOPOB WU
arpecCUBHBIX Cpefl.

CM pa3pendroT Ha 4 OCHOBHBIE TPYIIIBL: )KUAKHUE Macia, INIACTUYHbIE, TBEpAbIE, ra-
3000pa3HbIC CMa3KH.

Kunkue macna, Ha 7010 KoTOophix mpuxoautcs 90% ot Bcero npousBoactBa CM,
NPUMEHSIIOT B PEAKTUBHBIX, TYPOOBUHTOBBIX M TMOPIIHEBBIX JBUTATENSIX BHYTPEHHETO
cropaHus (MOTOpPHBIE Macia), B Pa3jUYHBIX Iepeaadyax [IeCTePEeHUYAThIX, YEePBSIUHBIX
(TpaHCMHCCHUOHHBIE Maciia), Kak aHTU(OPUKIITMOHHBIE CMA30YHbIE MAaTEPUAIIbI JIJIsl CMa3bl-
BaHUs NpUOOPOB, MHCTPYMEHTOB, CTAaHKOB U T.M. JKuakue macia NpUMEHSIOT Takke B
KauecTBE TUAPABIMYECKUX KHUAKOCTEH (THAPOTpaHCHOPMATOPHI, aMOPTU3ATOPHI), U30-
JSIUUOHHBIX MaTepuanoB (TpaHchOpMaTOpHBIE Macia), JUIsl TEXHUYECKUX, MEIUIIMHCKUX
Y IPYTHUX LIEJIEH.

[InacTuyeckne cMa3Ku, BBIIYCK KOTOPBIX COCTaBJISET OKOJIO 8% OT MpOM3BOJCTBA
CM, npencTaBiasioT OO0 TUCTIEPCHBIE CUCTEMBI, OTHOCSIIHNECS K KJIacCy MCEBIOTENCH,
WX TOJy4YaroT, BBOJAS B JKHMJKUE Macia TBepjble 3arycturenu. [locieanue oOpa3yror He-
MIPEPBIBHBIA TPEXMEPHBIN KapKac, BKIFOYAIONIUN B CBOM SUCHKH XkuaKoe Macio. Hanbo-
Jee MHUPOKO TUIACTUYHBIE CMA3KU MPUMEHSIOT B MOJAIIMITHUKAX KAUEHUSI U CKOJIbXEHUS,
JUISl CMa3bIBaHUSI TUXOXOAHBIX YEPBSYHBIX U BUHTOBBIX Mepeaay.

TBepapie CMa3Kd - HEOPraHWYECKHE W OPraHUYEeCKHUe, 3TO KPHUCTAUINYECKHE U
amopdHbIe MHHEpaNBI (rpaduT, TUCYIbGHUT MOTUOACHA, HEKOTOPHIE MUTMEHTHI U JIPY-
rue), KOTopble, OyIy4Yr HAHECEHBI Ha TPYIIUECS MOBEPXHOCTH, YMEHBIIAIOT UX U3HOC U
CHIDKAIOT KO3(P(UIIMEHT TPEHUS.

CMma3ku ra3000pa3Hbie MPEACTABISIOT COO0N MHIUBUIYATbHBIEC Ta3bl, UX CMECH HIIU
napbl HEKOTOPBIX COeIUHEHUI. VX neiicTBUEe OCHOBaHO Ha YMEHBIIEHUH U3HOCA U Tpe-
HUS HECMa3aHHBIX MOBEPXHOCTEW MPH 3aMeHE BO3[yXa aTMOc(hepoil HEKOTOPBIX MapoB
WJIY Ta30B.

Macna MuHepanbHble (HETSIHBIC) - 3TO CMECH BBICOKOMOJIECKYJISIPHBIX YTIIEBOIO-
POJIOB Pa3IMYHBIX KJIACCOB, MPUMEHSIEMBIC JJISI CMa3Ku JBUTATEICH MPOMBIILICHHOTO U
OBITOBOTO 00OpYAOBaHUS U MPUOOPOB, a TAK)KE B KaUueCTBE pabOUYMX KUIKOCTEU B TH/]I-
pocucremax.

MoTopHbIle MUHEpaJIbHBIE MacCJIa - 3TO MPOYKTHI MIPSIMOM MEePEroHKH HePTH, HO ITO
TaK Ha3bIBaeMmasi MaclisiHas OCHOBa - 0a30Boe Macio, B kKotopoe BBoauTcs 10-20% cme-
[IUAJLHBIX MPUCAJIOK, OMIPEACIISIONINX CBOMCTBA M KAU€CTBO CMa30YHBIX Macell.

Buapl npucanok (opraHuyeckre 1 HEOPraHMYECKHUe BEIIECTBA):

® [POTUBOOKHUCIUTEIbHbIE, 3aMeUISIONINE cTapeHre Macen. OHU TOPMO3ST OKHCIIe-
HUE TJICHKHU Macjia Ha TOpsiYel MeTaNInYeCKOM MOBEPXHOCTH;

® POTUBOKOPPO3UOHHBIE, 3AIIMINAIOIINE MOBEPXHOCTh METAJUIMUECKON JeTanu OT
OKHCIICHHUS KUCJIOTaMH MacJa;

e MOIOUIME MPHUCAJIKH, MPEIOTBpaIIatone 00pa3oBaHNUe JIAKOBBIX OTJIOKEHUN Ha
TOpSYUX METAJUTMYECKUX MTOBEPXHOCTSIX KOJIEI U MmopinHeil. OHU yIAepKUBAIOT YT-
JIEPOJIMCTHIE YACTHUIIBI U TBEPJbIE MPOAYKTHI OKHUCJICHHUS B Maciieé B BUJEC TOHKOUN
CYCIIEH3HH, HE JlaBasi IPWIMIHYTH (IPUTOPETH) K METAILIY;

® AHTUAIMYJIBrAaTOpbI - OJarojgaps UM BOJia, MOMABIIAsl B Maclio,He 00pa3yeT ¢ HUM
AMYJIBCUH, a CTEKAET U CKAIUTMBACTCS B HIDKHEH YacTH KapTepa,

e 3arymaKwIue MPUCAIKU YMEHBIIAIOT U3MEHEHHE BA3KOCTU MPU U3MEHECHHH TEM-
nepaTyphl;

® [POTUBOU3ZHOCHBIC - CACPKUBAIOT MHTEHCHUBHOCTh W3HAIIMBAHUS TPYILIUXCS Map
Omaromapss oOpa30BaHUIO TBEPAOW IJICHKH HAa METANTMYECKOW MOBEPXHOCTH WIIU
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CHIXKAIOT KOA(P(UIIMEHT CyXOTO TPEHHS, MHOTO(YHKITMOHATBLHBIC TIPUCATKH, KO-
TOpble 00pa3yloT Ha MOBEPXHOCTH METallia MIEHKY, 3al[UIIAIIIYI0 OT KOPPO3UHU
Y U3HAIIMBAHUS, a TAKXKe YIy4llIaloT Ipyrue CBONCTBA Macell.

HekoTtopbie mprcaaky HECOBMECTUMBI, IPH CMEIIWBAHUN MOTYT BBIMANaTh B OCa-
JIOK WK 00pa30BBIBAaTh KOppo3upyrolue BemecTBa. [[o3ToMy Henb3si cMeNIMBaTh pas-
HBIE MacJa.

O XUMHUYECKOM COCTaBE Macell CYAT MO COJEP)KAHUIO B HUX OTACIbHBIX TPYIII yT-
JIEBOJIOPOIOB: TapauHOBHIX, HA(TEHOBBIX, aApPOMATHYECKUX, a Takke achaiabTo-
CMOJIUCTBIX BEUIECTB ONpPEAEIIeMbIX C TOMOIIBI0 XpoMaTorpaduu.

C yBenuueHueM MOJIEKYJISIPHOM MacChl YIIIEBOJAOPOJIOB PE3KO BO3PACTAET KOJIUYE-
CTBO MIX HM30MEPOB, YCIOXKHSACTCS XUMHUYCCKUU COCTaB Macell, MOBBIMIAOTCS HX IDIOT-
HOCTh M BSI3KOCTh. BBICOKOMOJIEKYJISIpHBIC MapaduHbI, a TaKXKe HEKOTOPBIE apoMaTHUe-
CKHe U Ha()TEHOBBIE YTIIEBOAOPO/IbI PU BHICOKUX TEMIIEpa-

Typax pacTBOPSIOTCS B OOJiee JICTKUX YTJIEBOAOPOJAX, a MPU MOHWKCHHOW TEM-
nepaType OHM BBIICSIOTCS U3 PACTBOPA B BHJIC YaCTEH TBEPAOW (a3bl, YTO CHUIKAET TE-
KydecTb Macia. [ToaTomy mporiecchl nqenapauHU3aUU U OYUCTKH Macell OT CMOJIUCTBIX
pUMECEei SBIISIOTCS OCHOBHBIMH B X TIPOU3BOJICTBE.

B 3aBucumocTH OT criocoba MOTydeHUs Macia JCNATCS Ha JUCTHIISTHBIC U OCTa-
TOYHBIE. B mepBoM citydae aiis OJydeHUs Macesl UCIIONb3YIOT JUCTHUISITH BAaKyyMHOU
MEPETOHKH Ma3yTOB, BO BTOPOM - TSIKEJIbIE OCTATKH MEPETOHKH HEPTH (MacsHBIC Ty]I-
poHBI). MHOTHE Maciia MOIy4aloT CMEIICHUEM JUCTHUBITHBIX U OCTaTOYHBIX Macel (Ta-
KHE Macjia Ha3bIBAIOTCS CMEIIAHHBIMHU WJIH KOMITAYHIUPOBAHHBIMHU ).

B 3aBucHMOCTH OT crioco0a OYMCTKHM Macjia YCJIOBHO JIEJIST Ha: Maclia CEpPHOKHUC-
JIOTHOM OYMCTKH, Macjia CeJIEKTUBHONW OYUCTKH, aJICOPOLIMOHHON OUYMUCTKH U TUIPOTCHH-
3aIlMOHHON OYHMCTKU. B TPOM3BOJCTBEHHBIX YCIOBUSX CIIOCOOBI OYUCTKH Macel 4acTo
COYETaOT U KOMOMHUPYIOT. OCHOBHYIO Maccy Macejl OYUILAIOT CEJICKTUBHBIM U CEPHO-
KHUCIIOTHBIM CIIOCO0aMU C MPUMEHEHHEM aJCOPOIIMOHHON JOOYMCTKHU. DKCIUTyaTal[MOH-
HbIC CBOMCTBA Macen aJCOpPOIIMOHHONW U THJIPOTCHH3AlMOHHON OUYMCTKHU Jydiie (6omee
BBICOKAsl OYMCTKA CBOMCTB, MEHBIIICE KOJIMUECTBO HArapoB Jlaka M HU3KOTEMITepaTyPHBIX
OTJIO)KEHUU B JIBUTATEIISX ).

OTAenbHYIO TPYIITY COCTABIISIFOT TUIACTHYHBIE (KOHCUCTEHTHBIE) CMa3KH, JJIsi KOTO-
PBIX HCIIONB3YIOT Macja Majod M CpeIHEH BSI3KOCTH U 3aryCTUTENH (TBEPAbIC YIIIEBOIO0-
POJIbI, MBLITA BBICIIIMX XUPHBIX KUCJIOT, OPraHUYECKHUE TUTMEHTHI U IPYTHEC).

CepHOKHUCIIOTHAasT OYMCTKAa MACISHBIX (PaKIUi OCyIIeCcTBIsAeTCS 00pabOTKON Iu-
criutsata 92%-it HoSO4 (4-16% 1o Becy), mociie uero o0pa3oBaBIIEMyCs KUCIOMY T'y/I-
POHY JAIOT OTCTOSATHCS, HEUTPATU3YIOT KUCIIbIe Macia BoAHbIM pacTBopoM NaOH, ot-
CTaMBAIOT MIEJIOKA M MPOMBIBAIOT Macia BoJIOM. [IJIsi 04MCTKH HEKOTOPBIX CHEIUATBHBIX
MaceJ MPUMEHSIOT 0JIeyM WK Ta3000pa3Hbiid SOs.

B mpoueccax cenekTUBHOW (M30MpPATENbHON) OYUCTKH HCIONB3YIOT CEIIEKTHUBHBIC
pactBoputenu: dpenon, Gypdyposa, cmech GeHosia ¢ KPe30JoM U MPONaHOM (TIOCTIETHSS
UCIIOJIb3YETCS TJIABHBIM 00pa3oM JiJisi OYMCTKH OCTAaTOYHBIX Macen). MeTos OCHOBaH Ha
U30MpaTeIbHOM W3BJICUCHUU U3 JIUCTUIUIATOB CMOJIMCTBIX BEIICCTB, HCKOTOPBIX apoMa-
TUYCCKUX M CEPHUCTBIX COCTUHCHUM.

Jlyist ynaneHusi U3 OCTaTOYHBIX Maces achaabTO-CMOJIUCTHIX BEIIECTB MPUMEHSIETCS
obOpaboTka Macen nmponaHoM (Aeacdanpruszaius). Criocod OCHOBaH Ha MOHWKEHUH pac-
TBOPHUMOCTH ac(hajabTO-CMOJIMCTHIX BEIIECTB B IPOMIAHOBOM PAaCTBOPE, B PE3yJIbTaTE UEro
OHHM OCaXJAIOTCS M3 PacTBOPA B BHUJIE MJIACTUYHOM (pas3bl, KOTOPAs JIETKO OTAEIACTCS OT
pactBopa. [leacdanpTU3anuio NpoBOASIT KUAKUM MpoHaHoJIOM mipu 2,5-3,0 MIla u 60-
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85°C.

CoBpeMeHHbIE METO/Ibl AECTPYKTUBHOM nepepaboTku HeTH THUIPUPOBaHUS TIO3BO-
JSIOT TOJTydaTh Macia u3 HedTu mobdoro Mecropoxaenus PO. B macna BBoAsT crienu-
aJIbHBIE TIPUCAIKH, YITYYIIAIONINE UX CBOHCTBA.

[To Ha3HAYECHHUIO MUHEPATBHBIC Macya pa3IeysaioT Ha CMa309YHbIC U HECMA30YHbIC.

K cMa304HBIM OTHOCATCS CIEAYIONINE TPYITHl MACEN:

¢ IS IBUTATENIC BHYTPEHHETO CropaHus (MOTOPHBIC Maciia, aBTOMOOWIIbHbBIC, aB-
TOTPAKTOPHBIE, TU3EIIbHBIC, aBUAI[IOHHEIE),

¢ s 000pyZOBaHUS MPOMBIIUICHHBIX MPEANPUATANA U MPUOOPOB (MHAYCTpUATh-
HbIC, MPUOOPHBIC);

¢ IS BBICOKOIIArpyKEHHBIX MEXaHU3MOB (TPAaHCMHUCCHOHHEIE, OCEBEIC);

¢ IS TOPITHEBBIX TAPOBBIX MAIWH (IIHJIXHIPOBEIE);

¢ JUTs TApOBBIX M BOJSIHBIX TypOUH (TypOUHHBIC);

¢ IS BO3IYIITHBIX KOMITPECCOPOB M XOJIOAMIBHBIX MAIINH (KOMIIPECCOPHBIE).

TpeOoBaHUS K COOTBETCTBYIONIUM T'PYIIIIaM CMa30YHBIX Macell M IMOKa3aTesiM HUX
CBOICTB ClIeJIyeT U3YUUTh 10 JUTepaTypHbIM UcTouHuKaM, rpynmna 'OCT B09.

K HecMa304HBIM OTHOCSITCS CIEAYIOIINe Macia:

4 3JIEKTPOM3O0JISIIHOHHBIC (TpaHC(hOpPMAaTOpPHBIC, KOHACHCATOPHBIE, KaOCIbHEIC);

4 UCTIOJIb3YEMBbIC B THIPABIMYECKUX CUCTEMAX;

¢ IpUMEHSEMbIE Ui TEXHOJIOTHYECKHUX 1eiel (aOCOpOeHThI, MATYUTENN), JJIs 3a-
KaJIKH METaJJIOB | T.IL.;

¢ 115 papmoxorien u napdromMepun (Oesrble Macia).

OCHOBHBIE CBOICTBA MaceJ

ToBapHbIe Maciia XapaKTepHU3yIoT psAaoM (HU3UKO-XUMUUYECKUX MoKazarenei. Bax-
HEWIINE U3 HUX: BSI3KOCTb, INIOTHOCTH, 30JIbHOCTh, KOKCYEMOCTb, TEMIEPATYPa BCIIbIIII-
KU, BOCIUIAMEHEHHUS U 3aCThIBaHUs, COJIEP)KAHUE KUCIIOT U LIEI0YeH.

[110THOCTB - XapakTepu3yeT Maccy eIuHUIbl 00bema Macia. PazmepHOCTh MI0THO-
ct - kr/M3. TIIOTHOCTB ONpENENSIOT IMMKHOMETPOM, apeoOMETPOM WM BecamMu Mopa-
Bectdans.

Bsi3kocTh - xapakTepus3yeT CBOWCTBO JKUIKOCTH OKa3bIBaTh CONPOTHBIIEHUE IEpe-
MEIIMBAaHUIO OJJHOTO CJI0SI OTHOCUTENBHO APYTOro MO BO3AEUCTBUEM BHEIIHUX cui. OT
BSI3KOCTHU Macjla 3aBUCAT JIETKOCTh 3aIlyCKa JBUTaTelsd B XOJIOJHYIO MOr0y, U3HOC TPY-
IIUXCS IeTaliel, pacXxo/l Macja U MOIIHOCTh JIBUTATeNs (C y4eTOM MOTEPh Ha TPEHHE).

PaznuuaroT quHaMUUYECKy0, KHHEMAaTUYECKYI0 U YCIOBHYIO BSI3KOCTh. /luHamuue-
cKasl BA3KOCTh u3Mepsercs B [Taxc=Hxc/m umu kr/cXm, Tak kak H=krxm/c? IIpexe Bs3-
KocTh u3Mepsaiu B nyazax 1 n3 = 0,1 [laxc. JluHaMUYeCKyO0 BSI3KOCTh OMNPENETSIOT Ha
KalWJUISIPHBIX BUCKO3UMeETpax no popmyne Ilyazeins:

rae L - qrHa Kanumsipa;

R - paguyc kanwsipa;

V - 00beM 1mapuka BUCKO3UMETPA;

H - BBICOTa CTONOA )KUKOCTHU B Kaluyuisipe-;
J - YCKOpEeHHE CBOOOIHOTO MaJICHNUS,

7- BpeMs UCTEUEHUS KUJIKOCTH;

d - IVIOTHOCTB KUIKOCTH.
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KunemaTtnyeckas BS3KOCTh MPEACTABISAET COOOW OTHOIICHHE JUHAMUYECKOW BS3-
KOCTH 7] K INIOTHOCTH d JKUAKOCTH.

Pa3MepHOCTh KMHEMATHYECKOH BA3ZKOCTH M%/cXKrXm3/cxmxkr. IIpexae KMHEMATH-
YECKYIO BSI3KOCTh U3MEPSIJIA B CTOKCAX:

1 ct=0,0001 m?/c.

Jnst XapakTepUCTUKH BBICOKOBSI3KMX Maces MOJIb3YIOTCS MOKa3aTesieM YCJIOBHOM
BSI3KOCTH Tycn, KOTOpAS SBISETCS OTHOIIICHWEM BPEMEHHU MCTCUCHHS B CTAaHIAPTHOM BHC-
KO3HWMETpPE OMPEACIICHHOTO 00beMa Maciia KO BPEeMEHH HCTEUYEHHUS TOTO K€ KOJIMYECTBA
TUCTHUILIMPOBaHHOM Boibl 1ipu 20°C.

Bsi3kocTh Macen cBsizaHa ¢ UX TEMIIEPaTypPO KUIIEHUS 3aBUCUMOCTBIO: YeM OOJIbITIe
BSI3KOCTh, TEM BBIIIE TEMIIEpaTypa KUMNEHUs (Gppakmuu. YBeIWYCHHE YHClia apoMaThye-
CKHMX 3BCHBEB M yJIMHCHHE OOKOBBIX IeNel B MOJEKYJaxX yTIeBOI0POJIOB MPHUBOJNUT K
POCTY BA3KOCTH.

Bornpmioe 3HaueHne a1 SKCIUTyaTallid MEXaHU3MOB MMEET 3aBUCHMOCTH BSI3KOCTH
Maclia oT TemmnepaTtypsl. [Ipu 3amycke XOJ0QHOTO ABHTATENS TEMIIEpaTypa Macjia paBHA
TeMIlepaType OKpyskaromiei cpennl. [Ipu paboTe aBurartesns TemmepaTypa BO3pacTaeT H
MoxeT mocturayTh !00°C u Ooinee. s obGierdeHus mycka JBHUTATels BA3KOCTh Maciia
JIOJKHA OBITh KaK MOYKHO MEHBIIIE, a TIPH Pad0Te MPOrpeTOTO JABUTATENS BI3KOCTh Maciia
JIOJDKHA OBITh JTOCTaTOYHO BBICOKOM JJIsI 0OCCIIEUCHUS KHUIKOTO TPEHUS MEXKIY ACTals-
MU JIBUTaTENS.

TeMmnepaTypa 3acTbIBaHHsI - TeMIIepaTypa, NMPH KOTOPOHW Macjo 3arycreBacT
HaCTOJIbKO, YTO IPH HAKJIOHE MPOOHUPKH C MACaOM Toja yriaoMm 45° ypoBeHb IPOJYKTa
OCTaeTCsl HEMOJBM)XHBIM B T€YeHHUE | MUHYTBHI. DTOT MOKa3aTeIb BaXXEH JJIA OIpejeie-
HUSI YCIIOBUH XpaHEHHUSI, TPAHCIIOPTUPOBKHU M AKCIUTyaTalluk CMa309HBIX Macel.

TeMnepaTypa BCNbIIIKHM - MUHUMAaJIbHAS TeMIIepaTypa, Ipu KOTOPOi CMECh TTapoB
Maclia ¢ BO3/IyXOM BCHBIXMBAET MPU MOJJHECEHUHN OTKPBITOTO TJIAMEHHU.

TeMmnepaTrypa BOCIUIAMEHEHHUsI - MHHUMaJIbHAsg TEMIIEpaTypa, MHPU KOTOPOH
BCIIBIXHYBIIIAS OT TMOCTOPOHHETO HMCTOYHWKA TUIAMEHH (MCKphI) Mpobda Macia TOPUT
YCTOMYMBBIM, HE3aTyXaIOIIMM IIJIAMEHEM HE MeHee 5 C.

TemnepaTypbl BCIBIIIKM U BOCIUIAMEHEHHS OIPEESISIOT B 3aKPBITOM COCYJE, Ha
npudope Maprenca-Ilenckoro win oTKpeIToM TUTIIe. OHU XapaKTepU3YIOT MOXKapoorac-
HOCTh Macel.

Kuciaornoe uyucao (KY) - komuuectBo Mkkr (mr) KOH, neobxomumoro s
HEUTpaIM3allMi OPraHUYECKUX KHUCIOT, cojepxamuxcsd B Ir macna. KuciaoTHoe umcio
ONpEENAIOT MO0 MPOCTHIM TUTPOBAHUEM B MPHUCYTCTBUM MHAMKATOpa (ajkanu-0iay),
700 MOTEHIIMOMETPUUYECKUM THUTPOBAHHEM CHUPTO-OEH30JIbHOTO pacTBOpa Macia Iie-
n04bt0. KUCIOTHI SABIAIOTCS HEXETaTEIbHBIMM KOMIIOHEHTAMM Macesl, TaK KakK CIIy>KaT
MPUYMHOM KOPPO3UU METAINIMYECKUX 4YacTed CMa3bIBa€MbIX arperatoB, TMOHIKAIOT
YCTOMYMBOCTh K OKHCJCHUIO M JUAICKTPUYECKYIO MPOHUIIAEMOCTh Macell, MOBBIIIAIOT
CITOCOOHOCTH Macell 00pa30BLIBATh SMYJIBLCHHU C BOJOM.

Ilesounoe yucao (II[Y) - komnyecTBO MKKI (MI') KHCIOTBI, HECOOXOIUMOM IS
HEUTpaJIM3allii OCHOBAHUH, coaepxkanuxca B Maciie. Onpegensiercs LY turpoBanuem
COJISTHOM KUCJIOTOW B MPUCYTCTBUM UHIUKATOPA WU IO CKAYKy MOTEHIIMAIA.

Kokcyemoctn (%) - omnpeaensiioT 10 OTHOIIEHHIO MacChl KOKCOBOIO OCTaTKa, IO-
Jy4aeMoro Mpu OTTOHKE W CKaTUH JIETYYUX KOMIIOHEHTOB MCIBITYEMOT0 Macja, B3sSTOTO
1Sl ucnibiTanuii. KokcyemMocThio Ha3bIBae€TCS CBOMCTBO Maciia 0Opa30BBIBATh YTIIUCTHIN
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OCTaTOK B YCJIOBHUSIX HarpeBa 0e3 moctyna Bo3ayxa. KOKCyeMOCThIO OIEHMBAIOT CKIIOH-
HOCTb Macjia K HarapooOpa30oBaHHUIO.

30JIbHOCTB Macell ONPEENISIIOT MPU COKUTAHUU OTPEACIIEHHON MacChl UCTIBITYEeMO-
ro Macja ¥ IPOKaJIMBAaHUU TBEPAOTO OCTATKa JI0 MOCTOSTHHONW Macchl. OTHOIIIEHUE MacCChI
30JIbI K MAcCe B3SITOTO JUIsl UCIIBITaHUS Macia (B %) - mokaszaTelsb 30JIbHOCTH.

KokcyeMocTb, 301bHOCTD, COACpKAHUE KUCIOTHI U LIEN0YeH OMpeaesitoT XuMude-
ckue cBoiicTBa Macen. OHH TakKe CITy)KaT TEXHOJIOTHISCKUMU TTOKA3aTeNIIMUA KaueCTBa U
[TyOMHBI OYHMCTKHU Maced.

JIJ1si KOHCHCTEHTHBIX CMa30K OMpPEeNIoT TeMIlepaTypy KarulenajaeHus, meHeTpa-
IIUIO U KOJUIOMIHYIO CTaOMIIBHOCTb.

MeTO)Il/IKa IKCIICPUMCHTA

3ananue 1. OnpeaeieHne MJIOTHOCTH MAcCJIa apeoMeTpPOM (JIeHCHMETPOM)

B crexnsaaHbIi muauHap eMKocThio 250Mi HanmuTh 100M1 Macia. YUCThIN U cyxoi
apeoMeTp, Jepika 3a BEPXHUH KOHEIl, MEJJICHHO MOTPY’Kal0T B Macjio Tak, YTOOBI OH HE
Kacajcs CTeHOK HmmiImHApa. JlokaaTees MpeKpamieHns KoueOaHuid U MPOU3BECTH 3aMep
IJIOTHOCTH Maclia 10 BEepXHEMYy Kparo MeHHcKa. [IoBTOpuTh 3amep ABakapl. 3a TUIOT-
HOCTB B3SITh CpeiHee apu(METHICCKOE TPEX UCIIBITAHUM.

Onpenenuts TEMIEpATypy Macia ¢ MOMOIIbI TepMoMeTpa ¢ eHou aenenus 0,1°C,
JBX]IBI TIOBTOPUTH 3amMep Temmeparypbl. Eciu Ttemmeparypa otiamdaercs ot 20°C, To
CJIeyeT BBECTH MOMPABKY IO popMyJie:

p20 = pt Ty(T-20),

rJe p20 - IIOTHOCTH Macia npu 20°C, kr/m3;

pt - INIOTHOCTB MacJjia IIPU TeMIIepaType OnpeaeieHus, KI/MS;

y - YCpeIHEHHas TeMIiepaTypHasl TIOMPaBKa, MOKa3bIBAIOIIAs U3MEHEHUE TIJIOTHOCTH
npyu U3MeHeHUH Temrepatypbl Ha 1°C (cM. IpUIIoKeHHE).

Cculika ono memooy onpeoeieHus NIOMHOCMU CMA304YHbIX MACel

https://www.youtube.com/watch?v=0Q_ 6zrCrdUX4

3aganue 2. OnpenesieHue KHHEMATHYECKOI BA3KOCTH MacJjia

B ungukaTop Bsazkoctu nomemaroT 100 M macna. PacnonioxkeH WHIUKATOP BSA3KO-
CTH Ha JIEBOW BHYTpPEHHEUN cTopoHe aBepubl. [{unuuap va 100 M1 yKpermsoT B 1epxa-
TeJE MOJ UHAUKATOPOM BS3KOCTH. C BKIIFOUEHHEM CEKYHIOMEPA W3 LIUWIMHAPA BSI3KOCTH
BBIHUMAIOT NaJI0uKy. CEeKyHIOMEpP BBIKIIIOUAIOT, KOI/1a MAcjO MOJHOCTBIO MEPEIBETCS B
nHap. [lo HoMorpammam onpenenstoT BA3KOCTh Maciaa. HakiloHHbIE JINHUKA COOTBET-
CTBYIOT HI)KHUM TeMmIieparypaM macia. Ha nmpaBoil BepTUKaJIBHOW IIKale yKa3aHa BA3-
kocTb npu 20°C, Ha nesoii - npul00°C.

3ananue 3. OnpenesieHue MEeJI04YHOI0 YNCJIAa Macjaa

[IlenouHOE YKCIIO BBIPAXKAIOT B MT €IKOTO Kajus Ha | T mpoAyKTa.

B mpo600oTOOpHUK, paCTONOKEHHBIM HAa TMPAaBON BHYTPEHHEW CTEHKE yCTaHOBKH,
orbuparot 20 ma macna u 30 M BogHoro pactBopa OII-7 (wnm sxe 6epyT 0OBIYHYIO BO-
ny). Bes cMmech B TedeHne 3 MUH THIATEIBHO TMEpPEMENINBaeTCs. 3aTeM MpoO00TOOPHUK
YCTaHABJIMBAETCA B JEpKaTEJE U BBIICPKUBACTCS B CHOKOMHOM COCTOSIHUM 10 MHH, TTOKa
Macyo He 3aiiMeT BepxHuii cioid. [locie aToro 6epyT cuHUM JIaKMyC, OCTOPOXKHO TTOBO-
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https://www.youtube.com/watch?v=Q_6zrCrdUX4

payMBalOT KpaH IPOOOOTOOpPHMKA M KaIlied CMayuBalOT JIAKMYC JO OKpaIlHBaHU.
OkpallleHHBIN JIAKMYC CPaBHHBAIOT C IBETHBIMHU IMUTKAMH B BHJIE KPYXKKOB, PacIioyio-
JKEHHBIX B JICBOM HIDKHEH YacTH yCcTaHOBKH IToka3aHMs CHHMAOTCS IO BEPXHUM 3Haue-
HUSIM - menounoe ynciio KOH mr/r macia.

Conep:xxanme oTyera
[IucbMEHHBIN OTYET AOMKEH COACPKATH 1€, OMUCAHNE METOIUKHU SKCIIEPUMEHTA,
PE3yIbTaThl UCIIBITAHUN U BBIBOJIBI O COOTBETCTBUH aHAJIU3UPYEMOM MPOOBI KOHKPETHOU
MapKe CMa304HOI'0 Macla.

BOHpOCLI AJ CaMOIIPOBEPKU

1. Ha3zoBuTE OCHOBHBIEC MPOIYKTHI, OJTydaeMble U3 HEPTH, U CIIOCOOBI UX TMOJIyde-
HUSL.

2. JlaiiTe ompe/elIcHHe COCTaBa Macell, uX (U3HMYCCKUX CBOWMCTB M 00JacTeil mpu-
MEHEHUSI.

3. UeM ompenensieTcst Ka4ecTBO CMa30YHBIX Macesl U MOTOPHOT'O TOTINBA?

4. ChopmynupyiTe CyIIHOCTh U BUABI (PU3HMUECKUX U XUMHUUECKUX CITIOCOOOB Tepe-
TOHKH He(DTH.

5. TexHONOTHS MONYYEHHUSI CMAa30YHBIX Macell: ChIpbe, anmnapaTypHoe opopMIICHUE,
TEXHOJOTUICCKUE TTapaMETPBHI.

6. B ueM 3ak1r09ar0TCs OCOOEHHOCTH M MPEUMYIIECTBA KATATHTHYECKOTO KPEKUHTA
HE(PTSHOTO CHIPHS?

7. O60ocHOBaTh 3G (HEKTUBHBIN CIIOCO0 MONTYYSHHS] BHICOKOKA4€CTBEHHOTO MOTOPHO-
T'O TOIUTUBA.
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TeMnepaTypHa;I ITIOIIpAaBKa Y B 3aBUCUMOCTH OT INIOTHOCTHU MACJIa pt

Mpuioxenue

Pt y
690 — 669,9 0,000910
700 - 709,9 0,000897
710-719,9 0,000884
720 - 729,9 0,000870
730-739,9 0,000857
740 - 749,9 0,000844
750-759,9 0,000831
760 — 769,9 0,000818
770 - 779,9 0,000805
780 - 789,9 0,000792
790 -799,9 0,000778
800 - 809,9 0,000765
810-819,9 0,000752
820 — 829,9 0,000738
830 - 839,9 0,000725
840 - 849,9 0,000712
850 — 859,9 0,000699
860 - 869,9 0,000686
870 - 879,9 0,000673
880 - 889,9 0,000660
890 - 899,9 0,000647
900 - 909,9 0,000633
910-919,9 0,000620
920 — 929,9 0,000607
930-939,9 0,000594
940 - 949,9 0,000581
950 - 959,9 0,000567
960 - 969,9 0,000554
970 - 979,9 0,000541
980 - 989,9 0,000528
990-1000 0,000515
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Conep:xkanue

BBenenne

Jlabopartopnas pabora Ne4. MccnenoBanue mnporecca 31IeKTpoin3a
BOJIHOT'O PacTBOpa XJIOPUCTOTO HATPUs

JlaGoparopnast pabotra NeS5. M3ydeHue BIUSHHUS COCTaBa OCaJH-
TETHHOW BaHHBI BUCKO3HOTO TIPOM3BO/ICTBA HA KAYECTBO BOJIOKHA
JlaGopartopnas pabora Ne6. AHanu3 HEQTETPOIYKTOB
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