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Kypc «Texnonorus oOorameHuss pyA UIBETHBIX METaJIOBY,
M3yYaroIni MPOLECCH TPaBUTANH, (IIOTALMN, MATHUTHOHN cenapauy u
00€3BOKMBAHMS TBEPIBIX YaCTHUI] Py LBETHBIX METAJUIOB, SIBISETCS
y4eOHOW JMCHUIUTMHON JJIi MarucTpoB chnermainbHocTh SAS540205
«OboraieHne MoiIe3HbIX HCKOMaeMbIX)

Hacrosmuii  1aGopaTopHbIii HMPAaKTUKYM COCTABJIEH C Y4ETOM
cnemudukn HampaieHHs «OOoraiieHne MOJNE3HBIX HCKOMAeMBIX», a
TaK)ke Ha OCHOBE MHOTOJICTHETO OIbITa IPOBEACHHS JIAOOPATOPHBIX
3aHATUH MpenoaaBaTesiMU Kadeapsl.

B nmaGoparopHoM  mpakTHKymMe  OOJIBIIMHCTBO  paboT
npeacTaBiIsieT co0oil HeOOoMbIIOe HAaydyHOE HCCIEAOBAaHHE OOOTaIeHHUS
Kakoi — MO0 pyasl OMpEeeNIeHHBIM METOAOM OOoraleHus, KOTOPBIH
UMEET HECKOJbKO BapuaHToB. [loaToMy MeToAbpl ¥ IMPHEMBI,
UCTIOJIb30BAaHHbIE B JaHHOW paboTe, MOryT OBITh NPUMEHEHBI MpHU
NPOBEIEHNH HAayYHO - HMCCIIEJOBATEILCKUX paboT maructpoB. Kaxmas
paboTa paccunTaHa Ha JBa WIM YEThIpE yaca.

BrimonHeHne HIKecIeayonmx J1adopaTOpHBIX padoT moMoraer
MarucTpam OBJAJeTh METOAMKOW HCCIETOBAaHHS Pa3UYHBIX MPOIECCOB
oOoraimieHus, TEXHUKOH 0OpabOTKM 53KCIEPUMEHTAJIbHBIX JAHHBIX,
MpHOOPECTH HABBIKK PAbOT ¢ Tab0opaTOPHBIM 000PYTOBAHUEM.

[MonrotoBka K  BBHINOJHEHHIO  JaOOpaTOpHOl  PabOTHI
NPOM3BOJAUTCS IO Hayana 3aHATHH W COCTOMT B MpPOpabOTKe
COOTBETCTBYIOLIET0 pasfena Kypca «TexHomoruu oOorameHus pyna
[IBETHBIX METAJIJIOBY, [10 KOTOPOMY BBINIOJIHACTCS JaHHAs pabdoTa.

Homyck k  paboTe  OcCyLIeCcTBIsSeTCS  IMyTeM  KOHTPOJSL
TEOPETUYECKUX 3HAHWH MarucTpa Io BhIMONHsAEMON pabote. Pabota
BBITIOJTHSCTCS B CIICIMAIBHOM OJIEKIE — XaaTe.

Ot4er o0 1abopaTopHOil paboTe TOKEH COACPKATD:
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— 33JlaHMe Ha BBHINOJHEHHE paboT (MCXOAHOE ChIPHE, pEareHThl,
BapUaHTHI U T.11.);

— 3CKH3 YCTaHOBKH;

— KpAaTKOe ONHCaHHUE IKCIIEPHUMEHTA;

— TMPOTOKOJIBI KXKJIOTO SKCIIEPUMEHTA B BUJIE TAOJIHILL;

— 00paboTka pe3yIbTaToB HCCIEJOBAHUS;

—  BBIBOJBI IO pe3yjbTaTaM padoThI.

[Tocne BbIMoOnHEHHS pabOTHl W OQOPMIIEHUS OTYETa CTYACHT
3aIllMIIaeT OTYET O BBINOJIHEHHOH 1JabopaTopHOi padoTe. 3aluUTy oTYeTa
NPUHUMAET IMpenojaBaTesb, BEIyIIUi JaO0OpaTOpHBIM NPAaKTUKYM, B
4achl 3aHATUNA WA KOHCYJIbTallUH.



JIABOPATOPHAS PABOTA Nel
ONPEAEJIEHUE ®U3NYECKHUX CBOUCTB
MMUHEPAJIBHBIX 3EPEH

Heuab padorhl. Onpenenenne GU3MUECKUX CBOMCTB MHHEPAJIOB U
MOJIE3HBIX UCKOTIAEMBbIX.

Kparkue Teopernueckne cBeaeHusi. Dusnyeckue CBOMCTBA
MHUHEpaJIbHBIX 3€peH (IUIOTHOCTb, YJENbHBIH 00BbeM, OOBEeMHas U
HACBIMHAS TUIOTHOCTH, IIOPUCTOCTH U (hOpMa 3€pPEH U JIp.) UMEIOT BaXKHOE
3HAYEHUE MPHU IPABUTAIMOHHOM OOOTAIICHUH TIOJIC3HBIX HCKOITAEMBIX.

Inomnocme mena - buszudeckas BeTMUMHA O , O/[HA U3 OCHOBHBIX
XapaKTepUCTUK Tejla (BEIlecTBa), paBHAs Npeesy OTHOIIEHUS MacChl

Am  »nemenra Tema k ero obvemy AV npu AV —0, Te.

o =limAm/AV =dm/dV .
Cpeonsas naiomnocms HeOOHOPOOHO20 mena TPEACTaBIseT co0Ooi
OTHONIEHWE ~Macchl K ero o0vemy: &, =m/V. Pazmuyaror

Oelicmgumenvuyl0  TUIOTHOCTb  BelllecTBa  (MHHEpasia, IOJIE3HOTO
MCKOIIaeMOr0) - OTHOIICHHE MAacChl BElIecTBa /7 K ero oobemy V 0e3
ydeTa Top W TPEUMH U KAXNCYWytocs TUIOTHOCTh - OTHOIIEHUE MAacCChI
MOPUCTOTO BEIlIeCTBA B €CTECTBEHHOM COCTOSIHMM. JlelicTBUTENbHAs
TUIOTHOCTh BEIIECTBA BCeraa OoJble KaXyIIeHcs IUIOTHOCTH. ISt
MUHEpPAJIOB JCHCTBUTENbHAS W KAXKYMASCS IUIOTHOCTH NPAKTHUECKU
paBHBI, TAK KaK WX MOPUCTOCTh HUUYTOKHA Mayia. EMuHNIA MIIOTHOCTH B
CH - ki,



Yoenvuviti 6ec - Qusnueckas BenuyMHA O, paBHAas MpeIeny

otHomrenns cunpl Tsokectd AP anementa Tena k ero o6bemy AV mpu
AV —0: p=limAP/AV =dP/dV . Yaenbubiii Bec O u IUIOTHOCTH

O  cBs3aHbl COOTHOLLIEHUEM P = A, rae g - aTo Macca B €IMHULIE

AV -0
oObemMa aOCOIFOTHO CYXOro BEIIECTBA IOJIE3HOTO WCKOIAEMOTO IIpH
JaHHo# 1iotHocTu. Epunuiel ynensHoro Beca B CU - H/m® YAETbHBIN
06BEM IUIOTHOCTH KI/M°,
Tlopucmocms I - oTHOIIEHHE 00BEeMa BCEX TOP, 3aKIIOYEHHBIX B
enuHuIEe 00beMa mose3Horo uckomnaemoro, I7=V,/V, rne V, uV - o6beM
MOp ¥ TOPHOM MAaCCBHI.

Hacvinnas  naomnocms O s - Macca eauMHHIBI o00BeMa
Pa3pbIXJIEHHON TOpHOM TOpOABI B €€ €CTECTBEHHOM COCTOSIHUHU:

0,=0 IK »» Te K, - xoobduuument paspeixienns, gonu ea. Enununa

HACKIMHOM Macchl B CH - kr/m°.,

KosdduuneHnt paspeixieHus onpeaensercs U3 cooTHoueHus K,
=VplV,, rne Vo u y" - 00BEM COOTBETCTBEHHO Pa3pPhIXJICHHON U TOPHOI
MAacChI B IIEJIUKE, M".

IHopsaaok mnpoBeaenuss padorbl. OnpenensioT IMIOTHOCTh, Ha-
CBIITHYIO TUIOTHOCTh, KOY()(UIMEHT pa3pbIXJICHUS, a 3aTeM pacCyH-
TBHIBAIOT YJI€JIbHbIE 00bEM, BeC, 00BEMHYIO MACCy, MOPUCTOCTb MOJE3HBIX
UCKOMaeMbIX M MHHepasnoB. OnpenensioT Gu3nyecKkrue CBOWCTBA yIisl U
BMeEUIAlOIIe MOopojbl, KBapla, MarHeTUTOBOTO KBaplLUTa, MapraHIeBOn
PYZIsbI U Ap.

Onpeodenenue niomuocmu.  IIIIOTHOCTE MUHEPAIOB U IOJIE3HBIX
MCKOTIAeMBIX OOBIYHO OMPENENSIIOT MAKHOMETPUIECKUM ~ METOJIOM, OH
Hamboyiee pactpOCTPAHEHHBI W TOYHBIM. Hns OIIpelieIICHUs
IUIOTHOCTH MMHEpaja WM TIOJIE3HOTO HCKOMAeMOro OepyT HaBecKy B
BUJI€ TOPOIIKAa KPYMHOCTbIO —100 MKM, 4TOOBI MCKIIOYHUTH BIUSHHE
MOPUCTOCTH Ha OIpPEAEIICHUE NEUCTBUTENBHON IIOTHOCTU. [ImOoTHOCTH
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onpexaersttot npu Temneparype 20 °C (cranmaptaas B8 CHI') ¢ momonibio
MUKHOMETpa WM HeOoNbIIoW MepHOH KonObl oobemoM 10—I15 wmu,
KOTOpble  IIPOMBIBAIOT ~ CHAayajga  BOJONPOBOAHOM, a  3areM
TUCTWUTMPOBAHHOM  BOJOM,  BBICYIIMBAIOT W  B3BEIIMBAIOT  Ha
AQHAIUTUYECKUX BecaX. [IMKHOMETp HANOJHSAIT 10 METKH [H-
CTHJIJTMPOBAHHOW BOJOI M3 OIOpETKH, CHOBA B3BelIMBaOT. [TukHOMETp
0CBOOOXXIAIOT OT BOABI, BHOBb BBICYIIMBAIOT, 3aCHINAIOT B HETO HABECKY
nmopomika Maccod npumepHo 5—I10 r u B3BemuBaroT. [locme »ToOro
NUKHOMETpP  JIOJIMBAlOT NPUMEPHO HAa JBE TPETH  KHUIIAYEHOU
JUCTWJUIMPOBAHHOM  BOJAOH; IOBOPAYMBAHMEM M  BCTPSAXHBAHUEM
NUKHOMETpA YAAJIAIOT BO31yX U3 MOPOIIKA (0 MPEKPALIEHUS BbIICICHUS
My3BIPHKOB) W TOJHOCTHIO CMA4yHMBAIOT YacTULBI TBepnou ¢asbl. Ecmu
BBIJICJICHHE  ITy3bIPDHKOB  BO3/lyXa He HaOIIoAaercs, JOJIMBAIOT
TUCTHWUTMPOBAHHYIO BOAY M3 OIOpETKH B THUKHOMETP A0 METKH H
B3BEIINBAIOT.

[TnoTHOCTH mopomika (MHHEpanaa WM I0JIE3HOTO HMCKOIAeMOro)
paccuuThIBaIoOT 1o hopmyIe

6=(A—BY (C+ A1—(T+B)], 1)

rae B, C — macca MUKHOMETpa CyXoro u c Bojaou; A4, /[ — wmacca
MUKHOMETpA C MOPOIIKOM, C BOJAON U MOPOIIKOM.

3nameHarens (opmyinsl (1) npencrasnser coboil 00beM TBEpAOH
dassr Vi.
[110THOCTP OTHOCHTENIBHO KPYITHBIX MHUHEPATbHBIX 3€PEH MOXKHO
OTIPEACIUTh THAPOCTATUYECKHM CIOCOOOM TMpH TOTPYXKEHHH HUX B
pacTBOPBl  TSKENBIX SKUAKOCTEH. [IMOTHOCTE pPacTBOPOB  TSKEIBIX
KUJIKOCTEH mpoBepsieTcss apeomeTpom. Lludpa Ha mkame apeomerpa,
COOTBETCTBYIOIIAsl YPOBHIO >KHIKOCTH, OTBEYAET IUIOTHOCTH TaHHOTO
pacTBopa TsKeNoM >kKuIKocTH. ILIOTHOCTH ompedensercs IUIsl Tpex-
YeThIpEX 3€PEeH KPYMHOCTHIO 5—10 MM.

OnbITEl MPOBOJAT CHENYIOIIKMM 00pa3oM. MuHepalbHOE 3€pHO
MUHIIETOM MOCJIEIOBATEIFHO OIYCKAIOT B PACTBOPHI TSKEION JKUIKOCTH
JI0 Te€X TOp, MOKa OHO He OyneT BCIUIbIBaTh. [MOTHOCTE MUHEPAIBHOTO



3epHa O OmpeiessieTcss Kak cpeaHee apu(pMeTHYecKoe 3HAa4YCHUE W3

TUIOTHOCTEH JIBYX CMEXHBIX KHKOCTEH MPH yCIOBUU A <O <A

o= (At Ai+1)/2 (2)
rae Aj,- 1 Ajs1,— TUIOTHOCTU PacCTBOPOB TSHKEIOUN KUIKOCTH, B KOTOPBIX
MHUHEpaIbHOE 36PHO TOHET U BCILUILIBAET, Kr/m®,

Uem MeHbIIIE Pa3HOCTh B IJIOTHOCTSAX PAaCTBOPOB KUIAKOCTH, TEM
IUIOTHOCTh MHHEPAILHOTO 3epHa OynmeT omnpeneneHa TodHee. Ecmum
MUHEpaJIbHOE 3€pPHO IIaBaeT BHYTPH KHUAKOCTH, TO €ro IUIOTHOCTb
COOTBETCTBYET IJIOTHOCTH TOU HKUIKOCTH.

Onpeoenenue HACLINHOU NIAOMHOCMU  NOJIE3HbIX UCKONAEMBIX.
OrmpezenieHre HACBIMHOM IUIOTHOCTH TIOJIE3HOTO HMCKOMAeMOTo Mpo-
M3BOJAT C MOMOIIBI0 MEPHOTO LMJIMHIpA M BecoB. Mcmonb3yroT yroms,
MOpoJly, KBapll, MarHETUTOBBIN KBAapIUT, MApPTaHIEBYIO PYyIy, POCCHINb
PEIKUX METAJJIOB, CEpHYIO pyay KpynHocTtero —25+10, —10 + 3, —3 +
0, —25+0, —10 + 0, —1 + 0 mm. L{uuuap B3BEMIMBAIOT, 3aIIMCHIBAIOT
UX Maccy, a 3aTeM 3aIOJHSIOT MPOOOH MOJIE3HOTO MCKOMAeMOT0 JaHHON
KPYITHOCTH, TOBTOPHO B3BEHIMBAIOT. 3aHWMAaeMbIi OOBEM TMOJIE3HBIM
UCKOMaeMbIM (DUKCHPYIOT 10 METKE Ha IIKaJe MWIMHAPA U BEPXHEMY
yYpOBHIO TBep10# (pa3bl. [1py 3amoTHeHUN UITMHIIP JIETKO BCTPSXHUBAIOT.

Taomuua 1
du3uyecKue CBOICTBA MOJIE3HBIX HCKOMAEMbIX 1 MUHEPAJIOB

ITone3Hoe UCKOMmaeMoe, 8, Kr/m° Ou Kp I, % |p, H/iv® | 8, Vi,
MUHepa o o Imorpy- Kr/m® H™M | MYk
K- JKCHUIO B
HOMET- |TSDKEIYIO
py JKUJKOCTb
1 2 3 4 5 6 7 8 9




Yrons

ITopogna yronbHas
Kgapu
MarseTuToBbIi
KBapIUT
Mapraunuesas pyaa
Poccemme  meckoB
PEIKUX METAJUIOB
CepHas pyna

HacpInHyr0 MIIOTHOCTh PACCUUTHIBAIOT 11O (hOpMyJIe:
Sx=(m;j — m/V; (3)
rae M 1 M; — Macca HWJIMHAPA C IIOJIC3HBIM MCKOIAaEMBbIM M HUJIMHIPA,

kr; Vi — 3aHHMMaeMblii 00BEM IIOJE3HBIM HCKOIAEMBIM, M.
Koaddumment pazpoixnenus onpez{enmoT pacyeTHbIM IMyTEM
=0/0y (4)

Onpeoenenue  NIOMHOCMU NONE3HBIX UCKONAEMbIX, COOEPAHCAUUX
HeCKObKO MuHepanos. IIIOTHOCTh TOJE3HBIX HCKOINAEMbIX pPacCUU-
TBIBAIOT COIJIACHO 33JaHHOMY JI0JI€BOMY Y4YacCTHIO MUHEpaJoOB, BXO-
JSIIUX B [0JIe3HbIE UcKomaeMble. [I10THOCTh MUHEpaIOB IPUHUMAIOT 10
JUTEpaTypHbIM MCTOYHHUKAM, JOJIEBOE YYacTHE€ MHHEPAJOB 3aJaeT
npenogasarens. ONpenensioT IUIOTHOCTh — CIEIYIOUIMX  IMOJIE3HBIX
HCKOIIAEMBbIX: KaMEHHOTO YIJIS, MAarHETUTOBOTO KBaplLUTa, CEpHOH U
MapraHIEeBOH pyJbl, POCCHINU PEIKUX METAJIOB.

Iopsagok 00padoTku u odopMiIeHHS MOJYYECHHBIX JAHHBIX.
OnbITHBIE U pacyeTHBIE JaHHBIE 00pabaThIBAIOT C TOYHOCTHIO JI0 BTOPOTO
3HaKa M 3aHOCAT B Tabn. 1.  Bce ompenenenust U pacyeTsl MPUBOISAT
MOCJIEIOBATENIBHO I KaXKI0TO MOJIE3HOTO MCKONAeMOro M MMHepaa.
[TnoTHOCTH MOJIE3HOTO HCKOIIaeMOT 0 pac-
CUUTBIBACTCS A - 1o popmyue:

= zl:. V1o




IJIe n — YHUCJIO MHHEPAJIOB, BXOASAIIMX B TOJIE3HOE HCKomaemoe; Vi,
Ov— monis o0beMa M IUIOTHOCTh KaXKJIOTO MHHEpaja B TOJIC3HOM
HMCKOIIAEMOM, JIOJIH €]I.

[TonyueHHble (haKTHYECKHE MaHHBIC B OIBITAX CPaBHUBAIOT C
(GU3NYECKUMHU CBOMCTBAMH IOJIE3HBIX HCKOIAEMbIX W MHHEPAJIOB,
MIPHUBEJICHHBIX B JINTEPATYPHBIX UCTOYHHUKAX.

JIABOPATOPHAS PABOTA Ne2
N3YYEHUE TEXHOJIOI'MA OBOT'AIIEHUA
MEJHOIIOP®UPOBBIX PY 1.

Heab padorbl. [IpuoOpereHne HABBIKOB MO0  HM3YYCHHIO
TEXHOJIOTUM O00OTallleHuss MEeIHONOP(GHUPOBBIX pyJ, NPUIOTOBIECHHE
pacTBOPOB  ()JIOTOPEAreHTOB,  COCTABICHUIO  KAYECTBEHHO  —
KOJIMUECTBEHHOM CXEMbI 00OTraIleHHs.

Kparkne Tteopermueckme  cBemenuss. OCHOBHOH  METOX
oboramieHust MeIHbIX Pyl — (uotanus. YchemHoe NPUMEHEHHE 3TOro
MeTO/a 00BACHIETCS XOpoIe (IOTHPYEMOCTHIO OOJIBIIMHCTBA MEAHBIX
MHUHEpPAJIOB.

W3 wu3BecCTHBIX B npupoac MHUHCPAJIOB MEAU MNPOMBINUICHHOC
3HAYEHUE HMEIOT CleyIoUe: Cylb(UIHble — XaJbKOIMUPHUT, OOpPHHT,
XaJIbKO3WH, KOBCJIMH, DHAPTUT, OJIEKIIBIE pyAbl; OKHMCJIICHHBIC — MAJIAXUT,
a3ypuT, XPU30KOJUIA, XalIbKaHTUT, KyNpUT. B 3aBHCHMOCTH OT cocTaBa
PYZAHBIX MHHEPAJOB Pa3lInMyYalOT CyJIb(QUIHbIE U OKUCICHHBIC MEIHbIE
pyasl. Berpeuarotest Takxke pyZbl OKUCICHHOTO THIIA.

W3 MuHepanoB mycToil mopoabl B MEIHBIX pyAax LIUPOKO
pacrpocTpaHeHbl KBapll, KalbLUi, OJEBbIE INIATHI.

B xauectBe CIIYTHUKOB BO MHOTHMX MCJHBIX pyJdaX BCTPCUACTCA
30JI0TO, cepedpo LIUHK, MOTUOICH U IpYTHe METaJLIBI.
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MenHonophupoBble BKpaIUIeHHbIE PYABI, COJEpXKAllue TOJIBKO
cynbGuabl MeIu, 000ramaTcs Mo HaubosIee MPOCTHIM CXeMaM, TaK Kak
B OTOM cClly4ae HEO0OXOAMMO OTACIUTHh MEIHBIE MHHEpalbl OT MYyCTOH
MOPOJIBI C MOJYYCHUEM MEIHOTO KOHIICHTPATa M OTBaJIbHBIX XBOCTOB.

TexHonoruyeckass cxema NepepadOTKU MEIHBIX Py BKIOYACT
TpexcTaauaiabHoe JpolbiieHue, 0e3 MperBapUTEeILHOrO0 TPOXOYEHHS B
NepBOi W BTOPOH CTausIX, NBYXCTaJHaIbHOE W3MEJIbUCHHE B
CTEpP)KHEBBIX U IIAPOBBIX MEJIBHUIIAX, KIACCUPHUKALNIO U (PIOTAIHOHHOE
oOoraieHue ¢ JOU3MeIbYSHUEM MPOIYKTOB.

IoaroroBka k 3kcnepuMenTaM. IIoaroroska k 3kcnepuMeHTam
HauuMHaeTcss co cOopa  HEOOXOIMMOW  XHMHYECKOW  MOCYIHI,
o0opynoBaHus, 0TO0pa Mpod, GroTopeareHTOB. 3aTeM TOTOBIT PACTBOPHI
¢uioTopeareHToB. JlenaroT pacueTsl IO pacxony (I0TOpPEeareHToB.

HcxonHble TaHHbIE K ONBITAM. MEIHAs pyda C COACpKaHHUEM
0,8% w™emu. Hasecka 500r. CobOupatens - OyTWJIOBBIM KCaHTOI'€HAT
(pacxom 50, 150, 200 1/t); BmenuBatenp T1-66 (pacxox 100 1/1);
nenpeccop - cepHUCTBI HaTtpuii (70 1/T); perymsarop cpemnbl (M3BECTh
CaO — 300 /7).

Ha TexHudeckux Becax B3BECHTH 1,5 Kr pynsl U B Teuenue 15-20
MHUH HU3MeNb4yaTh B BHUOpoucTHpaTene 10 KpynHoctu 3epeH 0,1 M.
MeTtonom KBapTOBaHUS pa3AeauTb NpoOsl Ha Tpu yacTH 1o 0,5 kr.

[TpurotoButh 1% - HblE pacTBOpHl OYTMIOBOTO KCAHTOT'€HATa,
CEPHUCTOTO HATPHsI, U3BECTHU. J{ajee pacCUNTHIBAIOT PACXO/Ibl pEareHTOB.

Bapuanrs!.
Tabmuma 2
Pexu | Kpymaoc | T: | Cobupare | Perymsar | Bpewms pH | Bcnenusare
M Tb YacT, XK b op ¢brnorary | cpen b
hmor. MM uu BI
pyAa
1 2 3 4 5 6 7 8
Cu -1 1:5 | Byrunossiii| Na,CO3 5 8 T-66
-0,1 kcanrorenal 300 r/t 7 9 100 r/T
-0,01 50 r/t 10
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Cu -1 1:5 | Ortunossiii| Na,COs; 5 8 T-66
-0,1 kcanroredal 300 r/t 7 9 100 r/t
-0,01 50r/T 10

Cu -1 1:1 | byrunossii| Na,COj 5 8 T-66
-0,1 0 |xcamrorenal 300 r/t 7 9 100 r/t
-0,01 50 v/t 10

Cu -1 1:2 | byrunoseri Na,COj 5 8 T-66
-0,1 0 | xcamrorenal 300 r/t 7 9 100 r/t
-0,01 50 v/t 10

Iopsinok  mpoBeJeHUs: daoranumn. B TIOJUTUTPOBYIO
¢noromammHy  3anuBarOT okoso 0,3 7 BOXBI, BKIIOYAIOT HMMIIEIIIEP
NepeMeluBaHus, 3aTeM MEIJICHHO, TOHKOH CTpyei, 3arpyxarT Mmpooy
(0,5 xr) npu CHIBHOM TMepeMenuBaHuu (I TpeJOTBPAICHUS
o0pa3oBaHMsI KOMKOB KOHIICHTpaTa) U JIOJIMBAIOT BOAOW 10 TIOCTOSTHHOTO
YpOBHSI, TIOJZICPKUBAEMOTO B TeueHue Bcer Quiotammu. [locne storo
HAYMHAIOT JOOABJISTH PEareHThI:

1) pactBop (Wiu B CyXOM BH/E) H3BECTH 3KI/T (arutauus B
TEeYeHHE SMHH);

2) ceprucThIid HaTpuid — 70 /T (aruTanus 2 MuH);

3) OytunoBsiii kcantoreHat — 50 1/t (aruranust 1 MuH);

4) T- 66 — 100 r/t (arutarms | MuH);

5) Bo3nyx (arutarus 1 MuH);

[Mocne moncueTa TEXHOJNOTMYECKHX IOKa3aTeleld oOorameHus
MOJTyYeHHBIE PE3YIbTAThI 3aIIMCHIBAIOT B BUJIE TAOJIHUIIBI3.

Tabmuma 3
[IponykTsl Bexon, ¥ Cogepsxanue, ﬁ W3Bneuenue, &
B I'D. B % B I'p. B % B I'p. B %
1 2 3 4 5 6 7
Konnentpar
XBOCTHI
HUcx. pyna K-T+XB 100 K-T+XB 100 K-T+XB 100
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JIABOPATOPHAS PABOTA Ne3
MN3YYEHUE TEXHOJIOI'MA OBOTI'AIIIEHUA
MEJHOMOJIMBAEHOBBIX PY /1.

Heab paborbl. [IpuoOpereHue HABBIKOB IO  HM3YYCHHIO
TEXHOJIOTHH O0OorameHuss MeIHOMOJIUOIECHOBBIX Py, MPUTOTOBJICHUE
pacTBOpoB  (IIOTOPEAreHTOB,  COCTaBICHUIO  KAa4eCTBEHHO  —
KOJINYECTBEHHOM CXeMbI O0OTaIeHHUS.

Kpatkue Teopernyeckue cBeJeHHUs /ISl BHINOJIHEHHS] PAGOTHI.
B nmpupone MonubOnaeH HaxoOuTcs TIJIaBHBIM 00pa3oM B BHUJE
COOCTBEHHBIX MHHEPAJOB M B MEHBIICH CTEMEHH B PACCETHHOM
COCTOSHMM B KaMEHHBIX YIISX W TIIMHHUCTBHIX ClaHlax. Bcero m3BecTHo
6oee 20 MOIMOIEHOBBIX MMHEPAJIOB, HO TOJIBKO TPU M3 HUX HMEIOT B
HACTOsIIee MPOMBIIIJICHHOE 3HAYEHUE.

Monu6nenutr MoS; cogepxur 60% monubaena wu 40% cepsl.
MuHepan MATKui, )KHpEH Ha OLlylb, Ha Oymare OCTaBisSIeT Cepylo
4epTy, 1o mnpupoxne TtuapododbeH u MoxkeT (IoTHpoBaThC 0e3
cobupatens. MonuOaeHUT sBiseTcs HauOoliee pPacHpOCTPaHEHHBIM
MOJHOCHOBBIM MHUHEPAJIOM, Ha JIOJII0 KOTOPOro npuxonutcs 6oaee 90%
BCEro 100BIBAEMOr0 MOIUOIEHA.

IToBenutr CaMoQO, coxepxutr okono 48% wmomubaeHa. [lopenut
SBJISIETCS CaMbIM PACIPOCTPAHEHHBIM MHHEPAJIOM B 30HE OKHCIICHUS
MOJMOCHOBBIX MECTOPOXJIeHUH. DIOoTUPYeTCs 3HAUUTENBHO TPYAHEE,
yeM MonuOaeHuT. /s ero ¢uotannu HEOOXOAUM CHIIBHBIN coOMparelb
— skupHas kucnota win Meuia. Geppumonnbaennt 3MoO3* FeO3*7H,0
copepxut 39,7% monubneHa B 30HE OKUCIEHHS MOJIUOICHOBBIX PYJ
COBMECTHO C OKCHJIAMH M THIPOOKCHIAMH kene3a. Haxoautcs B pyze B
BUJIE TOHKHX MPOXWJIOK W MPUMAa3oK. TpyaHO mojmaercss QuoTanuw,
BCJICJICTBHE YE€TO MOIYyYaOTCs OeIHbIe KOHLIEHTPATHI.

CoO6CTBEHHO MOJMOICHOBBIE PY/IBI.

BapuasTtsl.

Tabmuua 4
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Pex.¢mo |Kpymuocts| T:XK |[Cobupareny Perynstop | Bpems | pH Bcnenuatens
TalH 4acTull, ¢roTannm,| cpexn
Pyna MM MUH BI
Cu-Mo | 01 15 ByTunos Na,CO; 7 8 CocHoBoe
Cu—-Mo | 0,01 1:5 BIN 7 8 Maciio
Cu-Mo | 0,1 1:10 KCaHTOTe 7 8
Cu-Mo | 0,01 1:10 HAT 7 8
Cu—-Mo | 0,1 15 ByTunos Na,CO; 9 9 CocHoBoe
Cu—-Mo | 0,01 1:5 BIN 9 9 Maciio
Cu—-Mo | 0,1 1:10 KCaHTOTe 9 9
Cu-Mo | 0,01 1:10 HaT 9 9

B nanHOM ciiydae M3y4aroTcsi 3aBHCHUMOCTH W3BIICUCHUS IEHHBIX
KOMIIOHEHTOB TOHHHBI IIOMOJA, IUIOTHOCTH IIyJbIBI OT BPEMEHHU
doTanuu U T.1I.

HoaroroBka K 3kcnepumeHntam. [lomyuuB 3amanue w3
NEePEYNCIICHHBIX BapHAaHTOB OT mpenonaBaTens. CTyAEGHT IOJKEH
MOJTOTOBUTCS K BBIMIOJIHEHHIO AKCTEpUMEHTa. [loAroroBka HaunHaeTcs
co cbopa HEOOXOAMMON XMMHUYECKOH MoCyabl, 000opymoBaHus, oTOOpa
npo0 pyabl, GpoTopeareHToB. 3aTeM roTOBST PacTBOPHI (PIOTOpEarecHTOB
U JIeJIal0T PacyueThl 10 pacxoy (I0TOpeareHToB.

Hcxonnple naHHBIE K OMBITAM: METHO — MOJHMOACHOBAas pyaa C
conepkanuem menu 1,0%, u mommubaena 0,2%. Hasecka pyasr 1,0 kr.
CoOuparenp OyTwioBblii  KcaHTorena — pacxon 130- 200 rp/t,
BcnenuBatens — T- 66 — 120 r/t, genpeccop Ansi AEMPECCUH MEIHBIX
MUHEPAJIOB — CEPHUCTBIM HATPHA WM LUHKOBBIH KyHNOpPOC — pacxojn —
150 r/t.

Hopsinoxk __ mpoBegeHusi _ duoranmu. B TpexiauTpoByro
dboTomMamuHy  3aNMMBAaOT OKOJO 1,5 J1 BOJBI, BKIIOYAIOT HMIIEIIEP
NepeMenInBaHms, 3aTeéM MEUICHHO, TOHKOW CTpyeH, 3arpykarT mpooy
(1,0 xr) mpu CcHIBHOM TMepeMeNIMBaHUW (ISl TPEIOTBPALICHUS
o0pa3oBaHMsI KOMKOB KOHIICHTpaTa) U JIOJIMBAIOT BOJOW /IO TIOCTOSTHHOTO
YpOBHSI, TIOJIZICPKUBAEMOTO B TedeHne Bcer ¢uiotammu. [locime sToro
HAYMHAIOT J00ABISTh PEareHTHI:

1) cepuuctsiii HaTpuit — 150 r/T (aruranus 2 MuH);
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2) oyrmnoBslii kcantorenat — 130-200 1/t (arutarmst 1 MuH);

3) T- 66 — 120 r/t (arutauus | Mun);

4) Bo3ayx (arutarus 1 MuH);

[Tocne moacuera TEXHOJIOTHMUECKHX TOKas3aTenel oborameHus
MOJTY4YCHHBIE PE3yJbTAaThl 3aMCHIBAIOT B BUJIE TAOIHIIBID.

Tabnuma 5
IIponykTsl Bexon, ¥ ConepsxaHue, ﬁ UsBneuenue, &
B ID. B % B I'p. B % B I. B %
1 2 3 4 5 6 7
Konuentpar
XBOCTHI
Hcx. pyna K-T+XB 100 K-T+XB 100 K-T+XB 100

JIABOPATOPHAS PABOTA Ne 4

TEXHOJOTUSI U3YUYEHUSI OBOT AIIEHUS
CBUHIIOBBIX PY /]I

Ieab padotbl. [IpuoOperenne HABBIKOB MO0  HM3YYCHHIO
TEXHOJIOTHN O6OFaHICHI/ISI CBUHIOBLBIX PYJ, COCTABJICHUC KAYCCTBCHHO —
KOJINYECTBEHHOI CXeMBbl 00OTalleHus, n3ydyeHne (akTOpOB, BIHMSIOIINX
Ha mporiecc (HI0TAIUN CBUHIIOBBIX PY/I.

KpaTkue TeopeTHyeckue cBe/leHUs /IS BBINOJHEHUS] PA0OThI.
OCHOBHOE KOJMYECTBO CBHMHLA B HACTOSILEE BpeMs MOIY4arOT U3
NOJMMETAITMYECKUX CBUHIIOBO — IIMHKOBBIX pya. MOHOMeTaUTMYecKHe
PYABI CBHHIIA BCTPEYAIOTCS PEIKO U MPOMBIIIICHHBIE MECTOPOXKICHHUS
UX HACUYHMTHIBAIOTCS eIUHHULAMH. [loTMMeTamIMuecKUMH Ha3bIBAIOTCS
CBUHIIOBO — IIMHKOBBIE PYJIbl, YaCTO COJEPIKAIIHE MOMUMO CBUHIIA U
IIMHKA ME[Ib, JKee30, cepedpo, 30J10TO U Apyrue Metayibl. [IpucyrcTBue
B MOJIUMETAINIMYCCKUX PyJaX OJHOBPEMCHHO HECCKOJBKUX KOMIIOHCHTOB
00yCclaBIMBaeT BEChbMa CIOKHBI MUHEPATOTHUECKUN COCTaB ATHX PY/I.

B 3aBuCHMMOCTH OT MUHEPAJIHLHOTO COCTaBa Pa3IMyalOT CBUHIIOBHIE,
IAHKOBBIC W KOMIUICKCHBIC CBHUHIIOBO — HHWHKOBBIC PYIbI. PYJIBI BCEX
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TUNOB OBIBAIOT CYNb(UAHBIMU, OKUCIICHHBIMH ¥ CMEIIaHHbIMU. [ aneHuT
— OCHOBHOW CBUHIIOBBII MHHEpasl CyIb(QHUIHBIX M CMEUIAHHBIX PY.
OKHCTIeHHBIMU MUHEpAJIaMU CBUHIIA ABJISIETCS LIEPYCCUT U AHTJIC3UT.

OCHOBHBIM METOAOM OOOTAIICHUs MOJUMETAIUIMYECKUX Py
SBISICTCS (DIIOTALINS.

Onotanust  Cylb(QUIHBIX NOJUMETAUIMYECKUX  PYI MOJKET
IPOBOAUTCS IO JBYM MPUHLIMIINAIBHO PA3INYHBIM CXEMaM:

1) mnpsMoil cenekTHBHOW (QuioTammeld ¢ TOCIEI0BATEIBHBIM
BBIIEJICHUEM CBHHILIOBOI'O, IUHKOBOT'O Y MHUPUTHOIO KOHLIEHTPATA; €CIU
B pyZA€ MHOIO MEAM IO ITOM CXEME BBIACIAIOT CHayajaa CBUHLOBO —
MEIHbIA KOHIIEHTpPAT, KOTOPBIM 3aTeM pa3leisitoT Ha CBUHIOBBIA U
MEIHBIN.

2) KOJUIEKTHBHOH (oTalii BCEX CYIb(GUAOB C MOCIEAYIOUUM
pa3lieIeHueM KOJUIEKTUBHOTO KOHLIEHTpaTa Ha CBUHLOBBIM, MEIHBIH,
LIUHKOBBIN U IUPUTHBIN.

[To cxeme cenekTHBHOM (QuioTaluy BHauyane B IEHHBIH MPOIYKT
BhIJIENsICTCSl TajeHuT. [Ipu 3ToM cdanepur aenpeccupyercss CMechio
IIMHKOBOT'O KyNopoca H Cyib(ura HaTpust. GroTaus OCyecTBISIeTCS B
MIEJIOYHON Ccpelle, CO3/1aBa€MOM COAOW WM H3BECThIO. B KaudecTBe
coOupaTens MPUMEHSIOT KCAaHTOTEHATHI.

[ocne BBIJICTICHUS CBUHIIOBOTO KOHIIEHTpaTa paHee
JENPECUPOBAHHBIA CHANEPUT  AKTHPYIOT MEIHBIM KYIMOPOCOM |
MPUBOAT IUHKOBYIO (DIIOTAIIHIO.

I[To cxeme KOJIEKTUBHO — CEJIEKTUBHO (UIOTALMM B KOJIJIEKTUBHBIN
KOHIICHTpAT BBIICTSIOT cpa3y rasieHuT u canepur. [lycras mopona mpu
9TOM  yHajsieTcsl ¢ OTBAJIBHBIMH XBOCTaMH. 3aT€M KOJUICKTUBHBIM
KOHIIEHTpAT pa3AeisloT Ha CBUHLOBBIM M IIMHKOBBIH B TOH ke
MIOCJIEIOBATEILHOCTH, KaK U MPH CEJIEKTUBHOW (IIOTALINH.

HoaroroBka K 3kcnepuMenTaM. [loaroToBka K 3KcnepUMeHTaM
HAQUYMHAETCSl C MOATOTOBKU pyIbl K oOorameHuto, orbopa mpod pyisl,
NPUTOTOBJIEHUST PACTBOPOB (DJIOTOPEAreHTOB, JENAI0T pPacyeTbl 110
pacxomam (hJIOTOpEareHToB U T.JI.

Hcxoanble 1aHHble K onbITaM. CBUHIIOBAS py/a C COJEp:KaHUEM
cBuHIa — 2,2%. HaBecka pyast — 1,5kr.
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Cobwupatenp — OyTHIIoBBINA KcanTtoreHat (pacxox 100 r/t, 150 r/T,
200 r/1); BcmenuBatenb — T — 66 (pacxox 70 r1/T); mempeccop —
IUHKOBBIA Kymnopoc (pacxon 120 r/T); perymstop cpeabl — HU3BECTb
(pacxon 2kr/T).

Ha TexHuyeckux Becax B3BeCHTb 1,5 Kr pynbl U B TeueHue 15-
20MuHYT Wu3MeNbuaTh B BHUOpoucTHpartene A0 kpynHoctd 0,1MM.
MeTo0M KBapTOBaHHMSI pa3ieuTh Ha Tpu YacTH o 0,5kr.

[TpurotoButh 1% pacTBOpBHl  (IOTOpPEAreHTOB: OYTHIIOBOTO
KCaHTOreHara, IMHKOBOI'O KyIropoca, HU3BCCTH.
BapuaHTs!.
Tabauua 6
Pex. | Kpyn | T: Cobuparens | Perymatop |Bpems | pH Bcnenusa-
¢mor | Hoct | K ¢uotany | cpesbl TeIb
anuu b UM, MHH
Pyna | wacr
ui,
MM
1 2 3 4 5 6 7 8
Pb 0,1 1:5 | ByrumoBsrit [{nHKOBBII 7 8 T-66
KCAaHTOT€HAT | KyHopoc 70 r/T
100 /T 120 t/t
Pb 0,1 1:5 | ByrumoBsrit [{nHKOBBII 7 8 T-66
KCAaHTOT€HAT | KyHopoc 70 r/T
150 v/t 120 r/t
Pb 0,1 1:5 | ByrumoBsrit [{nHKOBBII 7 8 T-66
KCAHTOTEHAT | KyIOpOC 70 r/T
200 r/T 120 /1
Pb 0,1 1:1 | ByrunoBslii L{HKOBBII 7 8 T-66
0 KCAHTOTEHAT | KyIOpOC 70 r/T
100 r/T 120 r/T
Pb 0,1 1:1 | ByrunoBeiii | I{uHKOBBII 7 8 T-66
0 KCaHTOI€HAT | KyIopoc 70 r/t
100 r/T 120 r/T
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JIABOPATOPHAS PABOTA Ne5

U3YUYEHUE CYXO MATHUTHOM CEITAPAIIUU CUJIBHO
N CTABOMATI'HUTHBIX PY /]

Ilesb pa6oThl. O3HAKOMIIEHHE C TEXHOJOTHEH CYyXOW MarHUTHON
cernapanuu CHIbHO- M CITa0OMarHUTHBIX Py U CpPaBHEHHE KaueCTBEHHO-
KOJIMYECTBEHHBIX ITOKA3aTeIeH IPHU pa3IMYHbIX PeXUMAaX Celapalm.

Kparkue Teoperuyeckne cBegenus. Cyxasd  MarHuTHas
cenaparys MPUMEHSETCs U KyCKOBBIX (10 —S50 MM) B 3€pHUCTBIX (—3
MM) wMmarepuasioB. [Ipu TOBBIIEHHBIX TPEOOBAHUAX K KadeCTBY
NPOAYKTOB Ui YCTpaHEHUs BIUSHHUS TOHKUX (—30 MKM) yactun (ux
aAresuy K KpYNHBIM) MCXOJHBIM MaTepuaa Iepen cenaparuen
00eCTbUINBACTCS WIN IPOMBIBAETCS C MOCIEIYIOLIEH CYIIKOM.

CenapaTopbl co c1a0bIM MarHUTHBIM IIOJIEM HCIOJB3YIOTCS B OC-
HOBHOM JIJIsl NIPE00OralieHusi MarHeTUTOBBIX U TUTAHO-MarHEeTUTOBBIX
PyX C LEIbl0 yAaJeHHs OTXOAOB U HCHOJb30BaHMS HMX B KadecTBe
CTPOUTENILHOTO MaTepHasa, s yAaJIeHUs! OKaJHHbI U3 (DIF0COB, OYHCTKU
OKaJIMHBI oT HEMarHUTHBIX pUMeceH, 00e3KeNne3HeHUs
C1abOMarHUTHBIX, 000TAIICHUS] 000XOKEHHBIX Py H T. II.

st mepBoii U3 Ha3BaHHBIX 1IEJIEW UCTIONB3YIOTCS OJJHO- U MHOT'O-
OapabaHHbBIE cemapaTopbl C BEpXHEW mojadeld muTaHus W 3—5-To-
JIOCHOM CHUCTEMOH IMOCTOSHHBIX MarHUTOB 4Y€PEIyIOIIEHCS MOISIPHOCTH
Y BJIEKTPOMAarHUTHBIE C MOHOMOJSIPHOM cuCcTeMOM. JIJi1 METKO3EpPHUCTBIX
MaTepHajoB MpH BepxHeH mnojgade mnuTtaHus mnpumensior 20—30-
MOJIIOCHBIE  YEepEeAYIOUIeHCsl MOJIIPHOCTH MArHUTHBIE CHCTEMBI  C
BMOHTHPOBAaHHOM B pE3MHOBOE NOKpbITHE OapabaHa WHAYKUMOHHON
PELIETKON MM BBICOKOCKOPOCTHBIM (LIEHTPOOEKHBIM) PEKUMOM pabOThI
(o 300 1/mMmH), a TaKXke C MOHOIOJSPHONH SJIEKTPOMArHUTHON
CUCTEMOM, HO MPHU HWKHEW Mojaye MUTaHUs BUOPONMUTATEIEM U CYyXOM
NPOTUBOTOYHOM PEKUME PAOOTHI.

CnaGoMarHuTHbIE KpPYITHO3EPHHUCTBIE M KyCKOBaThle PyAbl (10 —
35 MM), MapTHTOBBIE, T€MAaTUTOBbIE M Jpyrue OOOTraIaroTcsi B CHIIb-
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HOMarduTHBIX C€rlapaTopax ¢ BEPXHHUM IMUTAHUEM, TOPLUEBBIM IIOABOAOM
MAriuTHOrO IOTOKa K BaJiIKaM, IMPSAMOYI'OJIbHBIMH BBICTYIIAMHU Ha HUX U
BIIaAMHAMH — IIOJYOKPYKHOCTAMHU Ha HECIIOABUXKHOM ITIOJIFOCE.

i g ‘.Y y

Puc. 1 Cxema cemaparopa ¢ CHJIbHBIM MarHUTHBIM IOJEM (a) U
COYETaHUS TOJIIOCOB: O — 3yOuaThlii pOJIMK — IUIOCKUN HENOABMKHBIN
HOJIIOC; B — BBICTYIIBI HA BAJIKE — BIIAJMHBI HA HEMOABMKHOM IIOJIIOCE B

dbopme cooKyCHBIX THIIEPOOIT:

1'MaFHI/ITOHp0BOZ[; 2-00MOTKH SHGKTpoMaFHHTHOﬁ CHCTCMBI, 3-
WHAYKIIMOHHBIN TPaHCIOPTHPYIOMINHA PONUK (BaJOK); 4- OyHKep C J03aTopoM; 5-
BI/I6POHOTOK; 6— ACIUTCIIbHAA NCPETOpOaAKa.

Menko3epHUCTHIE (penkoMeTaIbHbIE, OOJIUTOBBIE
OypO’Kee3HSIKOBbIE M JApyrue ciaboOMarHUTHBIC) PyIbl 00OTramaTcs B
cermaparopax ¢ HIKHEW rmojaveld muTanusi, OpMoOil MOJTIOCOB BBICTYIT —
BIIAJMHA W IIEJSIMH JJIs YIAJIIEHUs HEMarHUTHOTO MPOJyKTa (cM. puc. 1,
B) WIM TP TAaKOW >XK€ TMoJadye MHUTaHUs, HO TMpH (PopMe TOIIOCOB
TUIOCKOCTh — BBICTYN (cM. puc. 1,a,0), a Takke ¢ BepXHEW mojaveid
MUTAaHUS TIPH HAOOPHBIX BaJKaX M3 DJEKTPOTEXHUYECKOW cTamu (miis
CHIDKCHHUSI TIOTEPh MOIIHOCTH HAa BUXPEBHIE TOKH) TIPU IUIOCKOM
HETO/ABIDKHOM  moJitoce  (00e3KeIe3HEeHHe  KBAapIEBBIX  IIECKOB,
HEerMaTuToB u mp.) (puc. 2).

Jns nmabGopaTopHbIX pabOT MO CyXOW cemapanuyd CUIbHOMAarHUTHBIX
MUHEPAJIOB HEOOXOIMMBI CEMAapaTOPhl C Pa3TUUYHBIMU PEXKUMaMH PaOOTHI
WIM, KaK MUHUMYM, OapabaH ¢ TMOBOPOTHOM MarHUTHOW CHUCTEMOWH,
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yCTaHABIMBAEMON BHHU3 MIPU MIPOBEJACHUH OIBITOB B PEKUME U3BJICUCHHUS
U B CTOPOHY MJIA pexuma yzaepkupanus. [ Kaxaoro pexuma
cernapaTop J0JKeH ObITh 000pyZ0BaH B HEOOXOIMMOM MecTe OyHKEpOM-
JI03aTOPOM HMCXOJHOTO MaTepuaia, BHOPOJIOTKOM, peryaupyeMbIMU
NENUTEeIBHBIMI  MIEPETOPOAKAMH W €MKOCTSIMH  cOOpa  MPOAYKTOB
cenapauuu. JKenarenen npuBon 6apabana yepe3 peayKTop OT JABHraTess
MOCTOSIHHOTO TOKa, OOECIEYMBAIOUIETO IUIABHYIO PETYJIHPOBKY YHCIIA
000pOTOB.

O0opynoBanue M Mmatepuajbl. JlaGopaTopHble cemapaTopsl CyXOro
oOorameHust co cnabblM MAarHUTHBIM TIOJIEM U PEKUMaMH H3BJICUCHUS,
yIep)KaHHs U LIEHTPOOSKHBIM; 1a00paTOpHBIE cenapa-

(=N

HM[ M : 10

Puc. 2. CxeMsl cenaparopa ¢ CHIbHBIM MAarHUTHBIM II0OJIEM U BEPXHEH
noslavyeit mutanus (a) ¥ HAOOPHOTO MHAYKIIMOHHOTO Baska (0):

1 — wmarauTonpoBoa; 2 — OOMOTKM 3JIEKTPOMAarHUTHOW CHCTeMbl; 3 —
JIenuTeNbHasT Meperopoaka; 4 MHAYKIHMOHHBIA TPaHCIOPTHPYIOUINH BajJokK; 5 —

BUOPOJIOTOK; 6 — OyHKep C 103aTOpoM; 7 — Bal, 8 — MarHUTOMPOBOIAIINE TUCKH;
9 — HEeMarHuWTHbBIC JUCKH (TEKCTOJIUT, JTUCTOBAs PE3UHA)

TOpPBI C CWJIBHBIM MarHuTHBIM mosieM (tun 138T-COM u 1. m.) u pe-
KMMaMH yZEpKaHUS U W3BJICUCHUS; NMPOOBI CHILHOMArHUTHOM PYyIbI:
KpynHOCThI0 —10 MM — 6 mT. o 3 kr, KpynHOCcThIO 0,05— 1 MM — 6
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mt. o 0,5 Kr; mpoObl ClIaOOMAarHUTHBIX PyJ Y3KHX KIacCOB KPYITHOCTH
(0,06—0,1; 0,2—0,2; 0,2—0,5; 0,5—1,0 mm) maccoii He meHee 200 T
KaXkasi; Bechl JIaDOpaTOpHbIE C pa3HOBECAMM; €MKOCTH, COBKH,
HNOJCTUIOYHBIM Marepuan Julsl MOATOTOBKH M pa3lelKu Mpod; mpudop
MarHUTHOTO JKcTpecc-ananu3a (tun «Peppur», «Maruut-6» u T. 1.).
MeTtoauka npoBeaenus pador. B pabortax ucciaeayoTcs 3aBUCH-
MOCTH Ka4eCTBEHHO-KOJMYECTBEHHBIX IIOKa3aTeslel OT  CIEIyIOLINX
(bakTopoB:
1. Jing CUIbHOMAarHMTHBIX MUHEpANIOB: a) IMPUMEHIEMOTO peXHuMa
cenmapanuu  (yAepXKaHWs, HM3BJICUCHHS] WJIH  IEHTPOOCKHBIN); 0)
IPaHyJIOMETPHUYECKOTO COCTaBa HCXOJHOTO MaTepHaja B KaXIOM U3
PEXXHMMOB; B) UaCTOTHI BpalleHus Oapadana.
2. Jlna cnaOOMarHUTHBIX MMHEPAJIOB: a) HANPSKEHHOCTH MAarHUTHOTO
noiast B paboueMm 3a3ope cemapatopa  (TOK IOJMarHu4MBaHus); O)
IpaHyJIOMETPUUYECKOI0 COCTaBa MCXOJHOIO MaTepuaia; B) pexuma
cernapauuu (yaepxKaHus, U3BJICUCHU).
IHocae10BaTeIbHOCTL BBINOJHEHHST PadoT sl pya Jai000ro
THIIA.
1. Onpenenuts TNeEepeMEHHBIE TapaMeTpbl PEXHMOB pabOTHI  ce-
napaTopoB U MOCIIEI0BATEIBHOCTh UCCIIEIOBAHUH.
2. TloarotoButh HEOOXOAWMMBIE HCXOJHBIE  MPOOBI MO  T'PaHyJIO-
METPUYECKOMY COCTaBY, Macce U pacxosy.
3. TloxaroroBuTh TaONMIBI PErHCTPALMM MAPAMETPOB M KadeCTBEHHO-
KOJIMYECTBEHHBIX MTOKa3aTesiel cenapaiuu.
4. Ha cenaparope COOTBETCTBYIOIIETO THUIIA YCTAHOBUTH TPeOyeMbIii
PEKUM U IIPOBECTH OIBIT.
5. CoOpaTtb, B3BECUTH H 3apErHCTPUPOBATh MacCy TOJY4YEHHBIX
NPOIYKTOB, ONPEACITUTh UX BBIXOJIA.
6. Kaxzaplii U3 NpoayKTOB MOABEPTHYTh MArHUTHOMY  aHAJHM3y WU
KBAapTOBAaHMEM OTOOPATh aHATUTUYECKHE NPOOBI, MOATOTOBUTH U CAATh
Ha XMMaHaJIN3, I0CJI€ UX MPOBEJCHUS PE3yJIbTaThl 3aHECTH B TAaOIMILIBI.
7.  Ilo pe3ynbTaTaMm OIBITOB MOCTPOUTH  TpauKM  SKCIIEPHMEH-
TaJbHBIX 3aBHUCHUMOCTEH, a IOCiIe MaTeMaTHYECKOU 00paboTkH
OTIPEJICNIUTh AHATUTHYECKUE 3aBUCUMOCTH.
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8. Ilo skcmepuMeHTaM  clenarb  BBIBOJBI O 3aKOHOMEPHOCTSX
MarHUTHOM cemapaluyd U ONTHUMAJbHBIX PEXUMaxX Cernapaluu JaHHOTO
CBIPBSI.

JIABOPATOPHAS PABOTA Ne6

N3YUYEHUE MOKPO MATHUTHOM CEMAPALIUA
CUJIbHOMATHUTHBIX PY/I

Ieab padorbl. O3HAKOMJIEHHE C KOHCTPYKLUSAMH, DPEKUMaMHU
paboThl, peryJaupoBKaMM MOKpPHIX MAarHUTHBIX CEHNapaToOpoB IS
CHJIbHOMAarHUTHBIX PyJ U OCBOGHHE METOAMKU MPOBEICHUS MAarHUTHOU
cernapanuu.

Oo0mue ceegenus. Mokpoli MarHUTHOM cenapainyy oABEpraroTCs
pyabl, TpeOyrolme s PacKpbITUS MHHEPAJIOB TOHKOTO HM3MEIbUEHHUS.
Ces3aHHOE ¢ 3THM HUIaMOOOpa3oBaHue (MOSBICHUE YACTHUI] TUAMETPOM
MeHee 30 MKM) BCJIEJICTBUE UX aAre3uu K 0ojiee KPYIHbBIM HE MO3BOJISIET
B CYXOM BHJIE MOJIY4aTh KOHLIEHTPAThl BHICOKOTO KauecTBa. [loBbIIeHNE
KOAPLUUTUBHOW  CHJIBI  CO  CHHKEHMEM  CpeAHEH  KpYHMHOCTH
CWJIBHOMAarHWTHBIX YacCTHIl MPUBOJUT K HMHTEHCUBHOM MarHUTHOMN
GuoKyIsIIMK ¢ 3alIeMIIEHHeM NOpOAHBIX vacTul. Jns ux ynaneHus
TpeOyeTcst He TOJIBKO MHOTOKPAaTHOE€ MAarHWTHOE IepeMeIlnBaHHue C
MOMOIIBI0 MHOTOMOJIIPHBIX CHUCTEM YEpEeayIOUIeHCs MOJISIPHOCTH, HO U
BO3JciicTBHE Ccpelpl. Bona CHMXKAeT Cuibl aare3uu MEXKAY TBEPAbIMU
TeJlaMH M Onarojapst BS3KOCTHOMY COINPOTHBIIEHHIO CIIOCOOCTBYET
NOBBIIICHUIO Pa3IU4YUi B TPACKTOPHUSIX JBUKEHHMS HEMarHUTHBIX U
MarHUTHBIX YacTUL B 30HE W3BJICYEHMS IMOCJIEIHUX U3 IMOTOKA.
JluHamMHUyeCcKoe CONPOTUBIICHHUE CPEJIbl IPUBOJIUT K BEIMBIBAHUIO UJIOB U3
(bI10KyN pH epeMellieHU MarHUTHON (pakiuu 6apabaHoM.

HccnenoBanus Ha MOKpBIX CelapaTropax PEKOMEHIYeTCsl MPOBO-
JIATH C UCITOJIb30BaHUEM YCTAaHOBKH KOHCTpYyKInH JI'U nimsg moarotoskw,
10J1auy, MJIABHOM PEeTyIHpOBKH pacxoja M pa3MarHUUMBaHMS ITyJIbIBI B
3aMKHyTOM Iukie (puc. 3). B emxoctu 1 mpsimononactHoi TypOUHHON
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obecrnieunBaeTcs WHTEHCUBHOE nepeMeninBaHue MYJIBIIBI v
OIHOBPEMEHHBIM  CO3JaHHMEM  JaBJeHHs Ui €€ TMoAbeMa K
dbopmupoBarento motoka 7. PerymmpoBka pacxoma mojaBaeMol Ha
cernapaTop 5 MyJbIbI OCYIIECTBIISIETCS TOBOPOTHON 3HUI3aroo0pasHoi
JenuTenbHON neperoponkoi 8. IIponyKTel cemapaiyy BO3BPAILAIOTCS B
eMKOCTh 4Yepe3 kemod 2. J[ns coxpaHeHWs MHHEpPaJbHOTO COCTaBa
MCXOIHOTO MaTepuaa mpoda MpoIyKTOB Cenapanny J0JDKHA OTOMPATHCS
3a OJIMHAKOBBIN POMEKYTOK BPEMEHH.

Mewsue o Bomsue

£ i
L
l"“\
i - ° gﬂ_
3 I
- |
2. [ ;MJ’&'
A1 r| "
IlI T T \
T, L

Puc. 3. Cxema ycranoBku kKoHCTpykuuu JAI'M g nccnenosanuii

71ab0paTOPHBIX CEMapaTOPOB MOKPOTO 00OTAICHHS B 3aMKHYTOM IIHKJIE:
1- MAIUHAPO-KOHNYECKAsA €MKOCTH IIOATOTOBKU IIYJIBIIBI C YCIIOKOHUTCIIbHBIMU
pebpamu; 2 — keod BO3BpaTa MPOAYKTOB;, 3 - CTOJN YCTAHOBKH HCIIBITYEMbIX
amnmaparoB; 4 — BaJ Hacoca ¢ TYpOMHKOH ¢ MPSIMBIMH JIOTIATKAMH; 5 - HCIBITYEeMBIN
anmapar; 6 - pa3MarHMYMBarONIMiA ammapar, 7 - (GopMHpOBaTeNlb MOTOKA, 8 —
IMyJIbIO0ACTUTENL  JIJIA TIaBHOM PETYJIMPOBKU MOAA4YM IMUTAHUA C COXPAHCHHEM
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MHHEPAJIBGHOTO U I'PaHyJIOMETPHYECKOr0 COCTaBa HMCXOTHOTO Hpoaykra; 9 - Tpyba
nogaun rutanus;, 10 - TpyOa Bo3Bpara; 11- kpaH crnuBa

[Ipu oTCyTCTBUM YCTaHOBKHM Ui TOJATOTOBKHM W JO3UPOBAHUS
OyJbIbl BO3MOKHO HCIIOJIb30BaHME MEXAaHMUYECKOW MEIIAKU WU
émkocT (He MeHee 10 J1) ¢ KOHYCHBIM JTHUILEM, NaTpyOKOM B HEM C
KaTMOpOBaHHBIM OTBEPCTUEM (3KHUKJIEPOM) HIIU MPOOKOBBIM KPaHOM ISt
PerylupoBaHUs pacxoa MyJIbIIbl.

Jl51sl OTBITOB HMCTIONB3YETCS MOJIEPHU3UPOBAHHBIN J1a00paTOPHBIA
cenapaTrop ¢ JIEKTPOMAarHUTHON CUCTEMOH Yepeayrouieics MoIsipHOCTH
tuna 120T-Y42 (237-C3) co cheMHBIMH BaHHaMH, 00€CTICUNBAIOITIMHU
OpsIMO-, MPOTHBO- W TOJYNPOTUBOTOYHBIA PEKUMBI €ro padboThl (WiIn
pas3JInYHbIEe CenapaTophl ¢ YKa3aHHBIMU PEKUMaMH).

O0opynoBanue U MaTepuaJbl. JlabopaTopHble cemapaTtopsl 1Jis
CHWJIBHOMAarHuTHeIX pya tuma 120T-Y42 (237-CD): marHuTHble aHa-
au3atopel: TpyOuarelii 25T-COM u ¢ HyJabCUPYIOIIMM MarHUTHBIM
HoJieM KoHCTpykiuu ' MYO; npo6s1 uzmensuennoit (—1,0; —0,5; —0,1
wm —0,074 MM) CHIIBHOMarHUTHOW PYJIbl; CYIIWIBHBIN MIKa(); eMKOCTH
Uit oTOOpa, OOE3BOKMBAHMWS, CYHNIKHM M Pa3leNKH MPo0 MPOTYyKTOB
(Benpa, Ta3bl, MHCKH); BEChl J1a0OpaTOPHbIE C Pa3HOBECAMHU; YCTAHOBKA
KOHCTpyKIuu I st mOATOTOBKM M JO3MPOBAHHON MOAAYM MYJBIIBI
(puc. 3) unu memanka.

Mertoauka mnposeaeHusi padorbl. 1. IloaroroButs ycTaHoOBKY
JAII! u cemapatop k paboTe: MOAKIIOUWTH HUIAHT TOAAYM HCXOJIHOTO
INUTaHUS K CerapaTopy, yCTaHOBUTH CENapaTrop TaKUM 00pazoM, YTOObI
MPOAYKTHI CeMapanny CIUBAINCH B MMPUEMHBIN kenob 2 (puc. 3), 3a1uTh
B eMKOCcTb 1 o0beM BOIbI, 00ECHEUMBAIONINN [UIS TPUHSATOM MacChl
mpoOkI HeoOxoauMoe otHoteHue T:XK=1:3 (1 :4).

2.  PyKOATKY MyJbIOAETUTENSI YCTAHOBUTh B TIOJOXKEHHE HYJIEBOU
NoJIayM MHUTaHUSI Ha CemnapaTrop, BKIIOYUTH JIBUraTelb HACOCa-MEUIaKU
4, 3arpy3uTh UCXO/HYIO IPOOY pybl B eMKOCTH 1.
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3. BxirounThs nuTaHWe pa3MarHMYMBAIOIIErO ammapara 6, mpuBona
cernaparopa 5 M yCTaHOBUTh TOK ITOJMAarHU4MBaHUs 3JIEKTPOMAarHUTHON
CHCTEMBI cernaparopa.
4. [lepemerienneM pyKOSTKM IyJbIOAEIUTENsT 8 OTPErylIupoBaTh
nojjadyy MCXOAHOTO NMHUTaHWS HA CenapaTop U 3a paBHbIC IPOMEXYTKU
BpeMeHH (WM OJJHOBPEMEHHO) OTOOpaTh MPOOBI MPOAYKTOB CeMapaIiu.
5. YcTaHOBUTH HYJEBYIO NOJauy UCXOAHOTO MUTAHUS, U3MEHUTD PEXKUM
paboTbl cemapaTopa (HANmpsDKEHHOCTb MAarHUTHOTO — IOJISl, CMEHHUTh
BaHHY CemapaTopa WIH IOJIO)KEHHE MAarHUTHOW CHUCTEMBI) U MOBTOPUTH
OTIBIT.
6. IIpomyKThl cemapamuu mocjae OTCTOS U JeKAHTAUH H3JIUIIHEH BOJIBI
(oTrcuoHMBaHUS C MOMOIIBIO PE3MHOBOTO IIUIAHTA)  IOJBEPTrHYTh
MarHUTHOMY aHaJIM3y, CYUIKEe, B3BELIMBAHUIO (pPaKLUuil MarHUTHOTO
aHanu3a. Pe3ynbpTaThl ONBITOB 3aHECTH B TAOJIUIIBI, B KOTOPBIX OTPa3UTh
peKuUMBl pabOThl cenapaTopa, HAMPSYKEHHOCTh €ro MarHUTHOIO IO,
Macchl M BBIXOJAa IPOJYKTOB, MX KayecTBO M H3BJICYEHHE B HHUX
MarHUTHOH (ppaxiuu.
Otuer mo paboTe AOIKEH COIEpXKaTh: KpaTKOE OINMCAaHHE W ACKU3
YCTAaHOBKHM U CeMapaTropa, METOIUKY IpPOBEACHUS padOTHI, TaOJIHUIIBI
PEKUMOB pabOTHl cemapaTtopa W pe3yabTaTOB cenapanuu, rpaduku
3aBHCUMOCTEH MEXIy IMapaMeTpaMu cenapandd U ee pe3yabTaTaMu,
BBIBOABI 110 ONTHMAJIBHBIM IapaMeTpaM M pPALUOHAIBHOM MecTe
YCTQHOBKHM CETapaTopa ¢ JaHHBIM PEKUMOM B TEXHOJIOTHUECKOI cxeme.
YcTpoiicTBO _aHAIM3aTOPOB M

/s \, ' " MACrHUTHBIH aHaJam3
NPOAYKTOB. Moxkpsbiit

MAarHUTHBIHI aHajn3

HA3MEIbYECHHBIX

CUJILHOMATHUTHBIX pyn U

MPOAYKTOB UX cemnapanuu

IIPOU3BOJAT HA aHaJIM3aTopax
tuna 25T-CO u KoHCTpyKIUH




Puc. 4. Mokpble aHanM3aTOpbl U3MENBUYCHHBIX CUITLHOMArHUTHBIX PYI:
a — tuna 25T-C3: 1 — cepaevyHuk; 2 — 0OMOTKH 3JIE€KTPOMAarHUTHOW CHCTEMBI
(BMC); 3 — mexaHn3M NpUBOAA TPYOKH; 4 — IMpPUEMHOE YCTPOHCTBO (BOPOHKA); 5
— MIJIaHT TI0Aa49H BOABI, 6 — TpyOKa: 7 — CIMBHOHN IUTAHT; § - IIEKTPOIBUTATEINb:
['unpomamnyriieo0orameHusi ¢ MyIbCUPYIOIIUM MarHUTHBIM — TIOJIEM.
Anammzatop 25T-CD cocTouT W3 CcepJedyHHKa W OOMOTOK 3aMKHYTOU
3JIEKTPOMATrHUTHOMN CHUCTEMBI c KOHYCHBIMU TOJFOCHBIMU
HaKOHEYHUKAMHU, MEXKJY KOTOPHIMHU C MOMOIIBIO AJIEKTPOABUTATENS U
KPHUBOIIUITHO-IIIATYHHOTO MeXaHu3Ma BpallaTebHO-BO3BPATHO-
MOCTYIATELHO JBMXKETCS CTEKIsHHAs TpyOka (puc. 4, a). B TpybOky
MOJIAl0T TMPOMBIBOYHYIO BOAY, Pacxoa KOTOpod perymupyercs mo |
YCTaHOBIICHHOMY CJIMBY 4€pe3 LUIAHT YHAJIEHUS MPOAYKTOB. Y POBEHb
BOJIBI B TpPYOKE IOIJICPKUBACTCS BBIIIE ITOJOCHBIX HAKOHEYHHKOB.
Ananmsupyemyro mpoOy (macca He Oomee 20 T) CMauyMBaKOT B
CTaKaHYHMKe, IIOCTCIICHHO 3allMBAlOT B TpPYyOKy depe3 MPHEMHOE
YCTPOMCTBO W TpyILIEH BBIMBIBAIOT W3 CTaKaHYMKA MPU 3TOM CIUBHOU
IIJIAHT HAIMPaBIISIOT B EMKOCTh JIJIs1 cOOpa HEMarHUTHON (ppaKITHH.
MaruuTHas Gpakius Mpy HANPSHKEHHOCTH YCTAHOBJICHHON TOKOM
9JIEKTPOMArHUTHOW CHCTEMbI MPHUTATUBAETCS K CTEHKaM TPYyOKH Yy
noirocoB. CIoXKHOE JBMKEHHE TPYOKH CIIOCOOCTBYET BBIMBIBAHUIO
HEMArHUTHBIX YacTUIl U3 (UIOKYJ. AHAIHM3 MPOAODKAIOT 0 MOTyYSHUS
YUCTOW CTOYHOW BOJBI B HIDKHEW YacTH TPYOKH, TOCIE YEeTO CIMBHOM
IUIAHT TIEPEHOCIT B €MKOCTh JUIsi cOOpa MarHuTHOW (pakiuu u
BBIKJIIOYAIOT TOK  3JEKTPOMAarHUTHOW cucteMbl. I[lomauy  BOXBI
MPEKpaIIaroT MOCie MOJHOTO CMbIBAa MarHUTHOW (pakuuu. [lomyueHHbIe
MPOAYKTHl OTCTAUBAIOT, BOAY ACKAHTUPYIOT, MPOAYKTHI BBICYHIIMBAIOT U
B3BELIMBAIOT.

JIABOPATOPHAS PABOTA Ne 7
NCCIIEAOBAHHUE CI'YIHEHUA I1YJIbIIBI 1 OCBETJIEHUSA
IMIJIAMOBBIX BO/JI I1IOJI BO3JAEHCTBUEM KOATYJISIHTOB U
OJIOKYJISAHTOB.
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Heab paGorel. OnpeneneHue BIUSHUS KOHLEHTPALUU TBEPIBIX
YaCcTHULl B MyJIbIIE, KOATYJISIHTOB U ()JIOKYJISTHTOB Ha MPOLIECC CTYLICHHS.
Onpenenenue yaeabHON MJIOMAAN CTYIEHUS, 3PPEKTUBHOCTH ACHCTBUSA
KOAryJIIHTOB U (DJIOKYJISTHTOB.

Kpatkue Tteopernueckue cpeneHusi. CrylieHHEM Ha3bIBaeTCs
MPOLECC OCAXKACHUS TBEpAOW (a3bl M BbLACTICHHS XKUIKOH (a3l u3
nyaensl. Ilpy cryimeHuu nody4aroT [Ba NpPOAYKTAa: CryLIEHHBIH, C
KOHIIEHTpalMel TBEPABIX YAaCTHIl BbIIIE, YEM B HCXOJHOM IUTAHHUH, U
ciuB. Ecnu OCHOBHas 1efib NOJYYEHHMs] CTYLIEHHOIO MpPOAYKTa C
MaKCHMaJIbHO BO3MOKHOW KOHIIEHTpaIueil TBepaoi (asbl, TO TaKOH

Puc. 5. Tlpornecc crymienus myabibl B MEPHOM IIMIIMHApPE:
| —-ipoMexyTOUHOE TIOJIOXKEHUE; Ik — KpUTHUECKask TOUKa

t" o t“

MPOIECC HA3bIBAIOT OOBIYHO CTYIICHHEM, €CIH OCHOBHAsl Iebh —
MOJIyYeHHE CJIMBa C MUHUMAJIbHOM KOHUEHTPALMEN TBEPIbIX YaCTHII, TO
Ha3bIBAIOT OCBETIICHUEM.

CrymieHre TyJiblbl M OCBETICHUE IIJIAMOBBIX BOJI SIBISIETCS
CIIO)KHOM omeparell BCIEICTBUE BBICOKOW JUCIIEPCHOCTH TBEPAOU
¢dazbl. [J1 yCKOpeHUST OCAKIEHUS TBEPABIX YACTHIL B MYJIbITY J00aBISIOT
crenyajbHbIe XUMHYECKHE BeIlleCTBa (peareHThI), KOTOpEBIE
CIOCOOCTBYIOT arperanydyd TBEPABIX YacTHI. ATPETHPOBAHHUE MOXKET
MPOUCXO/IUTD 32 CUET KOATYJISIIIUN — YKPYITHEHUS] YaCTHUII TTOJ1 IeHCTBUEM
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MOJIEKYJIIPHBIX CWJI CLEIUIEHHUS W YMEHBIIEHUS CWI OTTAJKHUBAHUSA U
bnokynauuu  —  yKpymHEHUsT B pe3yibTaTe  ruapodoOu3anuu
MIOBEPXHOCTH YaCTHULI.

B kauecTBe peareHTOB-KOAryJlsTOpOB IPUMEHSIOT: H3BECTb,
Kpaxmajl, €IKUi HaTp, XJOpHOEe jKene3o, KBacupl. s Quokynsuun
INPUMEHSIOT  BBICOKOMOJIEKYJIIPDHBIE  YIJICBOJOPOAHBIE  COEIMHEHHUS:
nosmakpmiamuy (ITAA), «Mertacy, «Komeray, ruman, moiu-¢GJIoKa U Jp.

OnHMM M3 METO/I0B U3YYEHHUs IIpoLecca CryLEHUs, ONPEIEICHUS
TpeOyeMol yAenbHOW TIOBEPXHOCTH CIYIICHHS — HaONIOJCHHE 3a
OCaXKJCHUEM TBEPJIBIX YaCTHII ITYJIBIIBI B CTCKIITHHOM IIHIHHAPE (pHC. 5).
B HauvanpHBI mepuoOa OCaKAEHHWSI YacTULl B LMIMHIAPE HAOIIOJArOTCS
YBEJIMYEHHE 30Hbl OCBETIEHHOW KUIKOCTH A M yMeHbIleHHEe o0bema
CTYILIEHHOM MyJbIIbl, COCTOSIILIETO U3 30H OCAXXJICHUS TBEPJBIX YacTHILl B,
nepexoaHoil C U HakoruleHus U ymioTHeHud ocaaka D. o ucreuenuro
HEKOTOPOro BpeMeHHU 30HbI B 1 C ncue3aroT, a 30Ha 4 CONpUKACAETCs ¢
30HOi D. IlonoxeHune moBEpXHOCTH paszjesia B 3TOT MOMEHT BpEMEHHU
Ha3bIBAlOT KPUTHYECKOM TOYKOW, a BpPEMsI OCaXKIE€HUS COOTBETCTBEHHO
kputndeckuM t,. [lanpHelimee nepemenienue pasnena 30H A u D Oyzer
3aMeIJICHHBIM U IIPOUCXOIUT B PE3yJIbTaTe YIUIOTHEHUS OCaIKa.

OoOopynoBanue u martepuaibl. Ha kaxmom paboyem Mecte
JOJDKHBI OBITh: MCXOIHBIA Marepuan (TOJIEBOW MINAT) WM YTOJIbHBIH
HIaM, pyZAa, XBOCThl (JIOTalMM PYAHBIX W YTOJbHBIX ITYJbII)
kpynHoctbto 70% kinacca—0,074 mm maccoir 600—800 1, KoaryasHTHI
(1%-e pacTBOpHI HM3BECTH, aJTIOMHHHEBBIX KBAaCIOB, JKEJIEC3HOTO
Kynopoca); ¢iokynsat (pactBop [TAA, xonnentpanueit 0,1%), MmepHbIe
mHApel o0beMom 250 (500) mim — 8 mT., TEXHMYECKHE BECHl U
pa3HoBecCHl, OropeTku (Ha 20—25 Mur)—3 mIT., CEKyHIAOMED.

Iopsinok npoBenenusi padorel. Kaxxnas noarpynmna cTyAaeHTOB
BBIMOJHSET NSATh ONBITOB OCAXKJIEHUS HAa OJHOM M3 MCXOJHBIX
MaTepUaioB ¢ 3aJaHHbIM pakmwxenuem R, (OK:T) 20:1, 10:1,. 5:1, 1:1,
1:2, Tpu ombITa OCaXJIE€HUS C MPUMEHEHUEM PEareHTOB JUIsl arperainuu
TIPU OJTHOM Pa3KMKCHHUH, TIPUHATOM B TIPEIBIAYIINX OMbITaX. BapuaHTs
NPUMEHEHUS peareHTOB MOTYT OBITh pPa3IHYHBbI.

PexomennyeMble BapuaHTBI UCCIIETOBAHNMN:
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KOAryJasiHT W3BeCTh (WJIM QJIIOMUHHEBBIE KBACIbl, KEJE3HBIN
Kynopoc) ¢ yaenbHbsiM pacxoaom 0, 75, 1500, 2500 r/r. @nokynsar [TAA
¢ yaensHbIM pacxogom 0, 40, 80, 120 r/t.

Koarynautel nzBectb—1500 (2500) r/T, anroMuHHEBbIE KBACLbI
1500 (2500) r/T, pnoxymnsuT [TAA 40 (80) r/T 1 Apyrue coyeTaHus.

Kaxnapiii onbIT | cepun BeoyT B CIEAYIOIICH IMOCIIEN0BATENb-
HocTh. I[To m3BecTHBIM R, M 00beMy IHIMHAPOB V,; OmpenemnsoT Maccy
UcXoaHbIX HaBecok Q () mo popmyie

Q=V, Jd/(R,+1) (5)
rie V, — o00beM HCXOOHOW IYJIbIIBI, cem®, & — morHOCTH 3epeH
MCXOJIHOTO MaTepHana, r/cm’,

HaBecky ncxoaHo# npoObl 3achIaloT B MEPHBIN LIWIMHAP, B KO-
TOpPBIA JOJIMBAIOT BOJY M0 3aJaHHOro oObeMma. [IpuroroBieHHYyIO
MyJabIy TIIATENBHO TMEPEeMENIMBAIOT, IIOCIIE Yero HAaYMHAIT BECTH
HaOJr0/IeHNe B TEUEHHE BPEMEHHU lj 3a HM)KHEH IpaHUIleld OCBETIIEHHOIO
pactBopa H;. [Ipumepusie nepuoas! Bpemenu 0,5; 1, 2, 4,. 8§ mun u T. /1.
JI0 TpeKpalleHusi OCaXIEHHUs TBepAOod (as3bl B mUIMHApE. B mpouecce
OMBbITa JKENaTeNbHO 3aUKCUPOBAaTH BpeMsl JOCTIDKEHHS YPOBHS
KPUTUYECKOH TOUKH. JlaHHbIE U3MEpEeHU 3aHOCAT B Ta0I. 7

st onbrtoB |l cepum (¢ mpuMeHEHHEM peareHTOB) OMPEACISIOT
Tpedyemble 00bEMBI PACTBOPOB MPUMEHSEMBIX PEareHToB 1o Gopmyie:

V, =Qg10“/C (6)

re § —YAeNbHBIM pacxoj peareHTa, r/T; C — KOHIEHTpAIUs pacTBopa
pearenTta, %; Q —Macca HCXOTHOW HAaBECKH, T.

B noaroroBneHHyr B LMIMHIAPE MYJIbIly, NEpeMelInBasi, BIIU-
BalOT C IMOMOLIbIO OIOpeTKH TpeOyemblii 00beM pacTBOpa peareHTa U
Jlaiee aHaJOrMYHO OINKMCAaHHOMY OMNBITY BeAyT HaOmojeHue. JlaHHble
u3MepeHuil 3aHocAT B Tabd. 8. B 3Ty ke TaOnuily mepeHOCsST IaHHbIE
HaOMIOIeHUI 13 Tab. 7 ISl ONbITAa C AHATOTMYHBIM Pa3KIKEHUEM, YTO
Y JIJIS1 OTIBITOB C TIPUMEHEHHEM PEareHTOB.
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Tabmuna 7
Pe3yabTaTsl crylienus myJiblibl 0e3 arperaiuy 94acTul (coctas myJabnbi: pyaa 70% kiaacca
—0,074 mm)

Bpewms ot Hagana
HaOmoeHMH t, MUH

Ne ompITa (ycnoBus OIBITA)

1(Rw=)

2(R,=)

H;, Vi
cM o’

H;,
oM

Vi
3
CM

0
05
1
2

nT. 1.

Bpewms ot Havana
HaOJIrofeHu t, MUH

Ne ompITa (yCnoBUS ONBITA)

3(R.=)

4(R,=)

5(R.=)

CM CM3

H;,
oM

Vi
oM’

CM

CM3

0,5

U T. I
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Oo0padoTka u_odopmjieHHe TOJYYEHHBIX Ppe3vabTaToB. Jlus
KOKIOW TOYKM HM3MEpPEHHs] B OIBITE PACCUUTHIBAIOT R B CrylmeHHOM
npoayKTe 1o popmyie:

Ri= (Vid — Q)/(09) (7)

rae Vi — o0beM 30HbBI CTYIIEHHS MYJbIbl, K JAHHOMY  MOMEHTY
BpEMEHU t;, oM,

Ha ocHoBanmm naHHBIX Tabna. 6 cTposT TpaduuecKkue 3aBH-
CUMOCTH HW3MEHEHHS TPAaHUIBl pasfesia OCBETICHHOW KHIKOCTU OT
Bpemenun H = f(t) (puc. 6, a), pa3KwKeHHUs CTYIIEHHOTO MPOIYKTa OT
Bpemenn R = f(t) (puc. 6, 6). AHajmormuyHbie 3aBUCHMOCTH CTPOST
OTJIENBHO U JJISi CEPUH  ONBITOB C IPUMEHEHUEM PEareHTOB (110 JaHHBIM
Tabi. 8).

Ha kaxmoil KpuUBOM CrymieHHMs OTMEYarT IIOJOXKECHHE
KpUTHUYECKOH Touku H,, tk (eciu ee monoxeHune yaanoch 3aduKCupoBaTh
B IIPOLECCE OINbITa) WIM ONPEACIAIOT €€ IOJIOKEHHE 110 METOay
Tenmemxa u ®durtua. [Ipumep onpeneneHus npuBeneH Ha puc. 6, a
(xpuBas 1). [Ipsimble, XapakTepHu3yIoIIKe 30HbI OcaxacHus AL 1 cxaTus
ocanka DC, mpoaneBaroTcst 10 B3aMMHOTO NE€PECeUEHHsI; U3 TOUKHU Tepe-
ceueHus B mnpoBoautcs Ouccektpuca BK yrma ABC 1o kpuBoi
ocaxnaeHus. Touka K sBIIsI€TCS KPUTHYECKOM.

HeoOxomumyto ynenpHyIO TUIOMIAb  CTYIIEHHUS JJISl YCIOBUH Ka)I0TO
OTIBITA OMPEIEIISIOT 10 opMyIIe:

f :(RH - RK)/DK (8)

rae f — ymenmbHas miomane  crymenms,  M2/(t¥cyr); Ru, Ry—
pPa3XMKEHNE COOTBETCTBEHHO  WCXOAHOW  MyJabIbl U B MOMEHT
OKOHYAHWS OCAX/ICHHS YACTHII, M/T; Uy - CPEIHSS CKOPOCTh CryIICHHS
(ocBeTneHMs1) MyNabObl IS KPUTHUECKOW TOYKH, M/CyT. CKOpOCTbH
OCaXJIEHUSI Iy IbITBI PACCUUTHIBAIOT 10 (hopmye:

v,=1440 H,/t, (9)
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Tabauma 8

Pe3yabTaTsl crylieHusi MyJblIbl ¢ IPUMEHEHHEM KOAryJasHTOB ((JUIOKYJISIHTOB)

(coctaB nyasnbl: pyaa 70% kia. — 0,074 mm)

Ne ompITa (yciaoBus OIBITA)

Bpems ot Havana 3(1,245)(g=0) 6(ITAA, g=)
HaOmoaeHu t, MUH Hi, V; Hi, V;
cM cM® Ri cM cM’ Ri
0
0,5
1,0
15
ut. J.
Ne omblTa (yca0BuUS OIBITA)
Bpems ot Hauana 7(TIAA, g =) 8(TTAA, g =)
HaOroaeHus t, MUH
H;, Vi H;, Vi
cM oM’ Ri cM oM’ Ri
0
0,5
1,0
15
UT. ]I
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Puc. 6. 3aBUCHUMOCTb U3MEHEHUS TPAHULIBI Pa3/ieia OCBETICHHOM
YKUJIKOCTH (@) ¥ pa3KMKeHHUs CTYIIEHHOTO MpoayKkTa (0) OT BpeMeHu

§
— R [
| |
A ,
:.: e Y Ry
RN Nl
E=3N1 )| | Ry P
R T R E‘ﬂ\y
| | N B .
‘ | ALK, S« 2 R JW | ,) {
SN | .. W 7 Y 3
ﬂ N\ \‘\"\x - { k’l\x l 1
\ o —— O T = |
" 4 | ¢ D | | | !
| 1 | | | |
t; t, t MUK t; t T, MUN
f,
#ifry) I o
f Puc. 7. 3aBucHMOCTH yIenbHON
P B S . IJIOIIAJIA CTYIIEHHS] OT UCXOJHOTO
}/j i Pa3KMKEHUS CYCIIEH3UU

roe Hp = H,—H — BBICOTa OCBETIIEHHOTO pacTBOpa, M; {k—Bpems
OCaXJIEHHsI 1O KPUTUIECKON TOUKH, MUH.

CrposT rpaduk 3aBUCUMOCTH YJIENbHON IUIOMAAN CTYIIEHUS OT
MCXOIHOTO Pa3KIKEHUs cycrieH3uu (puc. 7) (1Mo JaHHBIM TSTH OIBITOB |
cepun). MakcumanbHOE 3HAYCHHE YAENbHOM IUIOIIAAM, ONPEAEICHHOE
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1o rpa¢uKy, COOTBETCTBYET KOHIEHTPAIUU CYCIIEH3UH C MUHUMAaJIbHON
MPOIYCKHOW  CIOCOOHOCTBIO M TPEJACTABISIET CcOo00H  Tpebdyemyro
YAETBHYIO IUIOUIAAb JUIS CTYIICHUS JAaHHOTO COCTaBa MYJIbIIbL.

[To nansbiM |l cepum ombiTOB ompenensoT 3¢PEGEeKTUBHOCTD
JEHCTBUS KOATYJISTHTOB U (JIOKYJISIHTOB 1O (hopMyJie

o= (UK.dl_UK)/( VK g)l (10)

raie O — kputepuid 3G(HEKTHBHOCTH JCWUCTBUS KOArylsiHTOB U (io-
KYJSHTOB, T/T; Vg ,UK — CPEIHUE CKOPOCTH CTYIICHUS (OCBETIICHHS)
OyJbIbl Ui KPUTUYECKOH TOYKHM COOTBETCTBEHHO (IIOKYIMPOBAHHBIX
(KoaryaMpoBaHHBIX ) U HE(DIOKYTMPOBAHHBIX YaCTHUI, M/CYT; § — Pacxo[
(bIIOKYJISIHTA WIM KOATyJISIHTA, T/T.

3aBUCHUMOCTH W3MEHEHHS YyIEeNbHBIX IUIOMAACH CrymeHus, 3¢-
(EeKTUBHOCTH U pPa3phIXJIeHUs] ocaika Ry OT pexumoB (Groxymsauuu
(xoarymsimuu) — odopmisitorcss  rpaduuecku.  OOmUA  BUIO — TaKHUX
3aBucumocreit (s nmpumepa f = F(g); O = F (9); Rk = r(g)) npusenex
Ha puc. 8.

AT Puc. 8. Biusaue pacxoma ITAA
; r/a_ngf(x or)

| ] (mpumep) Ha pe3yNbTaThI
! LJ\ - CTYILCHHS:
L = 1- f = F(g), 2-D = P(g): 3-Rx =
A T TN F@)
4 /g ?

a 40 80 100 g,

Ha ocHOBaHMM COIOCTaBICHUS JaHHBIX OIIBITOB ACJIAIOT BbIBObI
110 3aKOHOMEPHOCTAM IIponecca AJid pa3JINIHbIX YCHOBI/Iﬁ CTYHICHHA.
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