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JlaGopaTopuan paGora Nul
PA®PHUHUPOBAHUE AMIOMUHMEBLIX CHLAABOR

1. lfeas paboTei:
O3HAaKOMHTH CTYHAEHTOB C TEOPHEH M MPAKTUKONH JerasaumM wWHoMuHNeBaIX

CIIABOB ¥ KOHTPONEM HX ra30OHACHILIEHHOCTH.
2. O6mme moJoKeHHs

[TpuroronseHne KHAKONO Meraia CBF3aHO C MPOTEKAHUEM CHOXHBIX (HIHKO-
XMMHHYECKMX [POLECCOB MEXJy PAciUlaBOM W rasamu, MarepHanamu Turieii u
dyreposkoit  MIABKMIBHBIX neveid. Pe3yabTaToM  OTUX  POLECCOB  ABASETCA
JArPAIHEHHE KHIAKOTO META/UIa PamIMYHBIMH PACTBOPUMBIMH ¥ HEPAaCTBOPHMBIMH
MPUMECHMH. 3HAYMTENILHYIO JIOI0 COCTARNAIOT MNPHMECH FajoB, HAXOAAIMECS B
pacteope. ["asosoit cpesoi, B KOTOPOi OCYUIeCTBASCTCH [UIABKA, MOXeT ObITh
OOBIKHOBEHHBIH BO3AYX, HPOIYKTH CrOPAHUsA OPraHUYECKOro TOIUIHBA, COJIepIKaLiie
OKCHJIBI YIJIEpO/Ia, Naphl BOJbI, OKCHJB!I Cepbl, HecropeBuiHe yriesoaopoasl. Ilpu
BIAUMOACHCTBHH € JKHAKAM MET&UIOM a3 MOXET pacTBOPATBCH B HEi,
o6pazoBeIBaTh XHMHYECKHE coeuHenus Uy GbiTh HeliTpansibiM. pn obpasosanumy
YCTOMYHMBBIX XHMHYECKHX COE/JMHEHHI MEeTan-ra3 pacTBOPUMOCTL ra3a B MeTase
O4YeHb Mana M He MMEeT MPaKTUYecKoro 3Ha4deHusn. [IpumepaMu Takux COeiAHHEHHH
amrdrcx oxcm.m (Al O3, MgO) n Hurpuast, cyibhuart 1 T.4. OHE npeacTaBiasioT
coboii HeMeTalUIMHeCKHEe BIJIIOYCHHA M YJANSIOTCS M3 paciaBa pas/inyHbIMH
MerofiaMi paduHUpoBaHMA. B cucremax, rae MpoOHCXOJAMWT PACTBOPEHHE ra3oB, B
KOHEYHOM MTOore OyJZeT CyliecTBOBaTh HACKILIEHHBIH razamMu XUAKHK pacTBop U ra-
3oBas ¢asa.

B MeTaJUIMYeCKHX pacruiaBax rasbl MOIYT pacTBOPATLCH TOJNBKO B aTOMapHOM
COCTOSHMH, N03TOMY PACTBOPEHHIO MpE/IIECTBYeT JAHCCOMMAIMS MOMEKY/l rasa Ha
ardmm, Koropsie 3ateM auddynaupyior sBraybe pacnnasa. B rauybune pacrinasa
pacnpocrpaueﬁue aTOMOB ra3a OCYIIECTBAACTCH, IMaBHbIM 00pa3oM, KOHBEKTHBHBIM

MAaCCOITEPEHOCOM.
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PasHoBecHast PACTBOPHMOCThL  JIBYXaTOMHOTO rasa B METalie BbIPKAeTCA

3aBUCHMOCTEIO!
AH
= JIP.. |xA —_ |,
I o TN ) (1)

rae = AABJICHME ra3a Hajl paciulaBoM, [OCTOSSHHBIH MHOXHTEJIb,

AH- Tennora pacTBOPEHMs Ta3a, OTHECeHHas Kk [ MO0 pacTBOPEHHOIO rasa;
Ay - TOCTOSIHHEIH MHOMKHTENb;

R-razoBasi OCTOAHHAN;

7- Temnieparypa, rpai.

Tociie norapudmuposanus Beipaxenns (1) umeem
1 B
18[r1=5‘8[Pr,]+A'F - (2)

rae A u B - kosdpuimentst (ans Al pasHbl A=0,296; B=2760).
Eciu  AH<0 To pacTBOpEHHWE rasa NPOMCXOAHT C TOrMOUICHHEM Teria H ¢

yBE/IHYEHAEM TEMIEPaTypbl PaCTBOPHMOCTE pacTeT. Ecnu AH >0, T0 pacTBOpeHHE
CONPOBOXKAAETCH BLUIG/leHMEM Terna M NpH  [OBBIGHWM  TEMIEepaTypsl
PacTBOPUMOCTb CHHXKACTCH.

OCHOBHYIO [0 Tra3soB, OGHApYXMBaeMBEIX B PACTBOPCHHOM COCTOAHHH B
ANOMMHHUEBBIX cnﬁaaax, cocTaBnsieT BOXOPO/. Bo BpeMs 1IaBKi aJIOMHHHHA MOXKET
HackILATLCs Bojoposom jao 1-1,5 em’ ua 100 r meramia. OCHOBHBIM MCTOYHHKAMH
BOJIOPOA ABNSIOTCS [1aphl BOMIBI, IMApIHANbHOE NABICHHE KOTOPBIX B ra3’oBoi
armocdepe IaBMIBHLIX Neve JOXONMT 10 8-16 KIla, okcuanas MJieHKa, Binara Ha
HIMXTOBBIX MarepHanax, (yreposka neyd U Ap. HCTOTHHKH. PacTBOpeHHbIH BOJIOPOJ,
BEUIENSSACH [P KPHCTA/UIM3ALHH, BEI3BIBAET 0OpasoBaHue ra30BOH M Ia30ycajlouHOH
MOpPHCTOCTH B OTNHBKAx. B cBA3M ¢ JTHUM A TOMyHeHHA [UIOTHBIX OTJIIHBOK
HeobxomuMo puHAMaTh HpdEeKTHBHBIC MEpbI N0 YAANICHHIO W3 paciliaka BOIOPOJIA.
Iporece paduHUPOBAHMA KAAKMX METAINIOB OT pacTBOPEHHbIX ra3oB Ha3biBaeTCH
nerasanueii. HanGonee pacnpocTpaHeHHBIMU CrIocobaMu aerasainy AMOMHHUEBBIX
CHNABOB ABASIOTCS [POJAYBKAa WHEPTHHIMM M aKTHBHBIMH razaMH M oﬁpa661'lca
xnaopucTEIMU consiMa M dutocamu. [lpoayska paciurasa Hepac'rsopummm razaMu

OCHOBAHA Ha TOM, YTO B ITY3bIDbKE ra3a,



HaXOZAIIErocs B pacIuiase, MaplHalibHOE [ABICHHE PAcTBOPEHNOIOD il [1epBOHa-
YaJbHO PAaBHO HYII0 W OH MEPEeXOJMT W3 pacruiasa B nyssipek. JLm OGonpuiei
3 PeKTHBHOCTH HEOoOXOAMMAa MAKCHMANIbHAsS IMMOBEPXHOCTh NyIMPLKON rasa, T.e.
KenarelleH HAMMEHBIIHHI pasMep ny3bIpbKoB (00s14HO 1,5-2MM),

JUis npoAyBKH MCHONIB3YIOT aproH, a Takke a3oT ¢ nobaskoi xaopa, ¢noboanbie
or BnarM M Kuciaoposa. I'as B pacraB nojaercs 4epes MOPHETYIO NHCTABKY,
YCTAHOBJICHHYIO B JIHE KOBIIA WM I€4H, a Takke 4uepes TpyOKy, norpymaemyio s
sxuakuil cruias. [locne mponyBky crinaB Bhieprupaercs B Tevenne 10-30 Mun juis
yAaneHusi MeAbuaiiluX ra3soBbIX My3bIPLKOB BO u3bexanue oOpa3zoBaHMs Iaszonbix
nedpexro B ornupkax. IlpofyBka alOMMHHEBLIX CIUIABOB a30TOM MM aAproMoOM
NO3BOJACT CHHUINTEL colepkanne sogopoaa no 0,2-0,15 cM’ / 100r. Bemsisaioinme
NYSHPLKR rasa ysiexkaior 3a coGoll Takke MeIKHe HeMeTauiMyecKHe BKIIOYEHUs.
Juis  oGpaborkn  pactianon XJMOpPHAAMK  IPUMEHSIOT:  XinopuceTsiii  tuHk  ZnCly,
xnopua maprania MnCly | rekcaxnoparan CyClg uw stpyrue,

ITH BEWIECTBA MMIPOCKOMUYHLI, [OITOMY NEPest YHoTpebaeHHeM HX NoaBepraT
cymke (MnCl,, CoClg) mmu nepernnanke (ZnCly) w spojst B xonunyectse 0,05-0,2%
npu Temnepatype 700-730°, rexcaxnoparan - s kosmyecrse 0,3-0,7% npu 740-750°.

XNOpHkl BBOJAT B PaCiUIal NpPH [OMOLIKM  KOJOKONBYMKA W  HEMpephiBHO
(EPEMEIMBAIOT /IO NPEKPAILCHNS  BbIICNEHHA NPOAYKTOB peakuuu. Bricokoii
sdppexrunnocriio obaapaor Tabnerku npenapara "Jlerasep”, cocrosuiero w3 (C,Clg
u MnCl, (10%), ux BBomsar B konuuectBe 0,5% npu 720-750°C. Xnopuib
B3aUMOJICHCTBYIOT C QJIFOMHHHEM IO PeaKiiu:

3 Me Cl, +2 Al = 2AICI; + 3 Me

ITy3pippkn  XJ0OpuAa AaJIOMUHMSA, MOAHMUMAACE HA TOBEPXHOCTh pacrulasa,
YBJIEKAIOT B3BENICHHBIE HEMETA/IHYECKHE BKIIOYCHHA Bl{y:l'pb ny3pipbkon. B uux
takxke AHGPYHIUPYET PAacTBOPEHHBIH B paciuiaBe BOAOPOJ, M Takum obpazom
TIPOMUCXOJIUT OYMCTKA paciUiaBa OT rasoB W HeMeTajiHueckux piodennii. Ilocse
OKOHYaHHS NepeMelUBaHus paciuiaB BeiAepxkuBaercs B tedenue |10-30 muu npw
720-730°C, 3aTeM MPOU3BOMATCS 3aTHBKA GOPM.

OpnuM #3 HaubOonee JMOCTYNHBIX CHOCOOOB KOHTPOJIS TI'A30HACHIILEHHOCTH

pacriaBos ¥ 3Q(peKTHBHOCTH Jlerazaiuy ABISETCH aHanu3 Bakyymnpob. CymnocTs
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METONA 3aKMIOYAETC] B BBIACICHWM TNY3HIPHKOB PacTBOPEHHOro rasa B obneme
o6pasia B mponecce 3aTBEpAEBaHNs MPH MOHIKEHHOM JlaBineHnH (Bakyyme). Cxema
npubopa isi KOHTPONs Ta30HACHIIEHHOCTH AMOMHHHEBBIX CIUIaBOB MPEACTaBlIeHa

Ha puc.l.

BAKYYMMETP

Kl

Puc.1. CxeMa YCTAHOBKH JUISt KOHTPOIS MA30HACKIIEHHOCTH

PaciulapjieHHBIH B IUIABWIBHON I[e4Yd CIUIAaB 3aJIMBAeTCs B [MPEABApHTENILHO
HarpeThiil rpadUTOBEIN WM CTANBHOH TUIE/Ib H NOMENACTCH Ha [UTHTY npubopa. Ha
repMETH3UPYIOLIYIO  DPE3HHOBYIO TNPOKJIAJIKy YCTaHaBIHBAETCA  KOJOkol H
BKJIFOYAETCs BaKyyMHBIH Hacoc. BHYTpH Koiiokona cCO3/laeTcsd PpaspiKeHHe,
BeAMYMHA KOTOporo (Qukcupyercs BakyymmeTpoMm. OTkauka MNpOHU3BOJAMTCH B
TeyeHue 4-5 MHUH, T.€. B IEPUOJ TIOJIHOTO 3aTBEPACBAHMS XUAKOrO METalia B THIIIC.

3artem Mol KOJOKOJIOM CO3AaeTes aTMocepHoe JaBieHHe, KONOKOJI CHHMAETCs U
M3 TUTJISA M3BJIEKAETCA CIMTOK-00paselt. :

B npofo/ibHOM HAlpaBiCHHM 110 LUCHTPY MPOM3BOJMTICA paspe3ka obpasua u
npuroTosiienne wmakpouuda. Ouenka KauecTBa paciuiasa U 3(QeKTHBHOCTH
Jlerazaluy OCYHIECTRISETCS MyTeM BU3YalbHOTO CpaBHeHUs Makpolnda obpasia ¢

ITANCGHOM



llera3a1um paciuiaBa MOXET [POH3BOJUTECA HEOAHOKPATHO O HHOAYHCHHA

NMOJIOKHUTEJIRHOI'O pe3yJibTaTa.

3. llpuGopkl u obopyroBanue

——
.

© % NS YR W N

[Teus Juis NTaBKK aTIIOMHHUEBOTI'O CILIaBa.

Pa3nuBOYHBIA HHCTPYMEHT.

KosioKONBYHK JUISL BBOAA XJIOPHJIOB MM TPYOKa JUIA MPOAYBKH Ia30M.
[Npubop /U1t KOHTPOJIS ra30HACKIIEHHOCTH pacIuiaBsa.

BannoH ¢ azoroMm.

Xpomenp-ajomesieBas TepMonapa fnorpyKeHus ¢ nNoTeHIMOMETPOM.
Texuuueckue Bechl JUis B3BELIMBAHUA JIera3aTopos.

Turens.

MHCTPYMEHT JUISl HPUIrOTORICHUS MAKPOULIU(OR,

4. Mopsaok suinoanenns pabors

b et el o

S

(O3HAKOMUTLCS C HACTOAIIMM onucanueMm, npubopamu, obopynoBaHueM u
MHCTPYKIHEH 110 TeXHuKe 6€30MacHOCTH.

Pacruiasuth cruias u neperpets ero ao 800°C.

B3ath BakyyMITpoOy B 3aJIUTh B POIPeTsid THIrENs 3 mpobsi.

TIpUroTOBHTE HABECKH XJIOPHJIOB JUIA JIera3aiuu.

Beectd XJIOpMJIBI B pacijaB [pH NOMOILM TPEABAPHTENILHC HArpeToro
KOJIOKOJTbYMKA U J1aTh BelAepxkKy pacnnasy 10-30 muH.

Baste BakyymnpoOy u 3auth THrenb (3 npodst). '

[TpuroroBnTh MakpouLTH(pb! 06pa3iioB U OLEHHWTH KaYECTBO Paciliasa.

B ciny4ae HeyIOBIETBOPUTENBHOrO KayecTBa paciuiaBa (HalIHM4He MOpHCTOCTH
Ha oOpa3uax BHOBH HPOBECTH JIerasaliiio U MOBTOPUTE M1.5,6.

Uccnenosats MHKPO- MakpoOCTPYKTYpY o0OpasioB, 3alnuihiX B THIENb

(npunoxenue 1-5)



10. Uzrotosuts 00pa3sis! 1S UCCIeIOBAHHA MEXaHHYeCKNX CBOWCTB M IPOBECTH

"HCTIBITAH M.

5. Coaepxanne or4era

1. HaumenoBanue paGoThl.

2. llens pabotsl.

W

[Ipumensiemoe obopyjioBarue # UPUOOPHI (TPHBECTH CXEMY npubopa Ha
ra30HACKHIILEHHOCTB):

[opsinok BeINONHEHM paboThL.

PacueTsi KONW9ECTBa BBOJIMMBIX x_noppmos.

JcKu3b MaKpoOUUHQoB BaKyyMrpo6.

Pe3ynsTatsi UCCHEAOBAHNHH MEXaHUYECKHX CBOMCTB.

05,43 LN | I T

Beisojan.

6. KonurponsHbie BORPOCHI

1. HcroyniKu ra3os, pacTBOPEHHbBIX B paciuiase.

2. Mexauusm pacTBOPEHHA ra30B B KUJKHX MeTajlIax.

3.  Yro Takoe aerazanus. Cniocobel gerazanuu.

4. Mexanusm Aerazaluu XJIOPHJIAMH 1 IPOAYBKO#H razamu.

5. Kak KOHTPONMPYETCS ra30HaCHIIEHHOCTD XUAKHX criaBoB?

6. Bnussue ra3ocofepXKaHus paciuiaBoB Ha KauecTBO OTIHBOK.
Cngcok AuMTepaTyphbl

1. Kypmiomog, A.B. ITpou3BoJCTBO OTIHBOK H3 CIIABOB HBCTHBIX merauios/ A.B.
Kypmomos, M.B. Ilukynos, B.M. Yypcus, E.JI. Bubuxos M.: «Merannyprus»,
1986, - 416 c.

2. Maxapog, I".C. PapunupoBasue alloOMUHHEBBIX CTIIABOB raszamu/ I'.C. MakapoB

M.: «Merannyprus», 1989, - 523 c.



MHCTPYKILMS

no pa6o1e Ha npnﬁope JUTISA KOHTPOJIs ra3OHACKIICHHOCTH KHAKHX WHOMHHHEBBIX

CIljlaBOB

1. lMoaroroBka mnpubopa k pabore

3aKpHITh KpaH K2 [MOBOPOTOM PYKOSTKH.

OTKpHITH KpaH K3 BpallleHHEM NPOTUB YaCOBOH CTPEIKK JUIA CO3AaNUs BHYTPH
KOJIOKOJ1a aTMOC(hEpHOro JAaBineHus.

CHATH KOJOKON W TMOCTaBUTh €ro Ha croi npubopa Ha MNOBEPXHOCTL
YIUIOTHHTEJIBHOTO (hlaHIa He CTaBHTE.

3akpeITh KpaH K3 BpallleHHEM I10 YacOBOH CTpeikKe.

BKIIOYHTE KHONKY "Myck" BaKyyMHOI0 Hacoca.

Ilepesect KpaH k1l B nonoxenue | (AMMHHAA YacTh PyYKM KpaHa JOIKHA
cosnajgath ¢ Hdpoit 1) ¥ NpousBECTH OTKA¥yKy BaKyyMHOH CHMCTEMbI, 10

OTMETKH | MM PT. CT. TIO BaKyYMMETPY.

2. lIposenenne anain3a

Moporpers rpadUTOBLIH MM METAIAYECKUil Turens Ao TemiepaTypsl 250-
300 °C.

[TocTaBuTh WIMIIAMH THTeIb B KOJBIIO IUTUTEL.

3aiuTh MOJOIPETOH MEPHBIM KOBIUOM JKHAKWA METaul MpH Temreparype
740°C B THrelb W OBICTPO HAKPBITH THrE/lb KOJOKOAOM. YIIOTHUTEILHLIHN
duiaHeny KOJOKONA MOMKEH ObITh YCTAHOBJIEH NO LEHTPY pPe3NHOBON
MPOKJIAIKH.

BHICTPO OTKPBITH KpaH K2.

Ilo ucreyenun 3-4 MMH 3aKpbITh KpaH K2, a KpaH K3 OTKpbHITb, CO3/aB M0J
KOJIOKOJIOM aTMOoc(epHOE IaBJiCHHE.

CHATH KOJIOKOJ, LIMIMLAMH H3BJIEYb THIElb C 3aTBEPAEBIIMM MCETAIUIOM, H

[TOBOPOTOM THTJIA BBIHYTH CIIHTOK.



7. Kpan x| roBepHYTb B NOjiokeHWe 2 W TMPOHU3BECTH OTKA4KY BAKyyYMHO#M
cuctemsl 10 otMeTku 300 MM pT. CT. IO BAKYyMMETPY.
ITocne atoro kpaH k1 riepesectd B nojioxkeHue 1.

9. JIponOmKHTH [POBEACHHE aHANM3A, HaYHHAas C 1. 1.
3. Okonuane paborsi

1. YCTaHORUTH KOJIOKON HA PE3UHOBYIO NPOKIAMKY MUIATH TUIelb HE CTABUTE).
TTpu 3aKpbITOM KpaHe K3 OTKPBITH KpaH K2, CO3/]aB BaKyyM [0/ KOJIOKOJIOM.
HaxaTtb xHonKy "cron” myckatens 3JeKTpoMOTOpa-BaKyyMHOr0 Hacoca.

[lepesectu pykosTKy KpaHa xl B nonoxenue 3.

vos W

Jlna npoBejieHus TOCTENYIOLMX AHANW30B BaKyymHas CHCTEMa [0JDKHA
HAXOAMTHCA MO/ BAKYyMOM B npezenax He Mexnee 300 Mm pT.CT.
ITocne ocreizanus obpaser] cliejiyeT 3aMapKupoBaTh U MepeaatTh Ui paspesku U

NPUTOTOBIEHAS MaKpouutnda.
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Jiabopatopuan pabora Ne2
MOJHOHIITUPOBAHUE CUJIYMMHHOR

1. Ileas paGorei:
O3HakOMHTh CTY/JIEHTOB C TeopHell # NpaKTHKOM MOAM(HUIIMpOBaHUS -
CHJIIYMHMHOB M NPHBUTH MM NPAKTHYECKHE HaBbiki 0OpaboTKH paciiapon cuinymMuHa

pasIMYHBIMU MOAH(HKATOPAMH.
2. O6wne nosoxenus

OnHAM U3 [NEBHBIX HENOCTATKOB JIMTOTO META/UIa, B YaCTHOCTH CHIYMHHA,
ABJISAETCA KPYNMHO3EPHUCTOE CTpoeHHe, OCOOEHHO MNpOSBIAIONICECE HPH JIMTHE
TOJICTOCTEHHBIX OTJIMBOK B TieCHaHbiX Gpopmax. M3MensuuTs 3epHO MUTOrO CHIYMHHA
MOXHO JABYMs TYTAMH: CO3JlaHHEM BBICOKHX CKOpPOCTeH OXJakNeHHS W
MOJIMHIHPOBAHKHEM.

MoaudunmposanneM HaseiBaloT npouece obpaboTke pacruiaBa  ManbIMH
AobaBKaMH T€X MIIH MHBIX 3JIEMEHTOB, KOTOPIN MPHBOAKT K U3MEHEHKHIO (OPMEI H
pasmepa JIMTOro 3epHa.

Bee MopudHKaToOphl MOXKHO pasjiesuTh Ha JBE OCHOBHBIE TPYIIIEL,

B nepsyro rpynity BXOAST MOAM(UKATOPBI, KOTOpbie B paciuiaBe obpasyioT
BBICOKOAMCIEPCHYIO0 B3BeCh. OtTaenbHBIE YacTHIBI 9STOH  B3BECH ABISNIOTCH
3apo/blIIaMHK, BOKPYI KOTOPBIX pacTyT Kpuctawibl criasa. Moaudukarops: 31oii
rpynnel  YBEJIMYHBAIOT 4YHCIO LEHTPOB KpHCTaiusauuu. OHM  HE JIODKHBI
XHMHYCCKH B3aHMOJIEHCTBOBAThL € pacriaBoM, OBITH TYronmaaBKHMY M OTBEYaTh
MPUHIMIY CTPYKTYpHOro cootBercTBus. Hanpumep, TiAls, ZrAl;.

Bropyio rpymmy cocTaBisior  MOAM(DHUKATOpPBI, AEHCTBHE  KOTOPBIX
OCHOBBIBA€TCSl HAa TOM, YTO OT/E/NbHbIE aTOMBI X AJCOPOHPYIOT HA [OBEPXHOCTH
3apONIMBINETOCS KPHCTAJl/la OCHOBHONO paciuiaBa, OTAENHAIOT €ro OT OCTalbHOI
Maccel paciuiaBa M TEM CaMbIM TIPENATCTBYIOT ero pocty. B peiyibrate 310ro B
pacruiaBe BO3HHMKAIOT JIpyr'He 3apojbliuM. B (enoM 9Hucio KpUCTALIHTOB

YBEJIMYMBACTCS, TEM CAMBIM YMEHBIIAETCS X BENIHYHHA.
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INockonbky aacopbums Ha pa3HbIX rpawix BO3HHKAIOUIEro 3apoblilla MOXKET
ObITe paznuyHoii. MoaudukaTopsl BToporo poaa oOOBIMHO H3MEHSIOT HE TONBKO
pa3mep, HO H (opMy 3epHa.

MomudukaropamMn BTOPOro pona OOBMHO SABIAIOTCS BEUIECTBA C HH3KOH
TemIiepaTypoii nnapnesus, objsazaioniue MajiblM MOBEPXHOCTHBIM HATSXKEHHEM B
PacIUIaBIIEHHOM COCTOSHHUH.

Jina mMoauMUUIMPOBaHHUS CHIIYMHHOB B HacTosllee BpeMs HMCIOIb3YIOT LICHIbIHA
P MOAM(PHKATOPOB B 3aBHCHMOCTH OT TOT'O, KaKylOo CTPYKTYPHYIO COCTaBJISIOLIYIO
CIIaBa HEOOXOMMO U3MENBYHTE.

Taxue anementsl, kak B, Ti, Zr, moguduuupyor « - Gasy B N0IBTEKTHYECKHX
M OIBTEKTHYECKHMX CHIyMHHaX. Na sBisercs MoaupukaTopoM JUIs KpeMHHs,
BXOMSILIEre B IBTeKTHKY. [lepBHuHbie KPHCTA/LIBI KPEMHHA B 3a)BTEKTHHECKHX
cuiIyMHHaX Mogupuuupytotes hochopom.

Ha  npaxktuke  Haubonee  4acrTo  MPUXOAMTCS  CTANKMBATBRCA €
mosuduuEpoBanKeM cHiyMHHOB Na, KOTOPBIH BBOJMTCS B paciliaB B KOJHYECTBE
0,05 - 0,1 % no Becy B YHCTOM BujE (C NOMOILBIO KOJOKONBYHKOB), aubo B BUJE
JIBOMHBIX HJTH TPOMHEIX CONEH.

JBoiinoii Momaqué'rop COCTOMT U3 CMecH (propucml:o M XJIOPHCTOrO HaTpus
coctapa: 67 % NaF u 33 % NaCl . Ilpu BBojie Takoro Moaudukaropa B paciuias
MPOHCXOANT peakius Boi/ienenus Na no peakuuu

3 Na F +Al = AIF3 + 3 Na.

Brinensromuiics Na ¥ npousBoauT moauduumpyromee aeicTeie.
3. IlpuGopn! B obopyroBaune

[Meyn juisi IUIABKY CHITYMHHA.
Pa3nuBoYHbIi HHCTPYMEHT.
JIBe ¥3NOXKHMIIB! JUIs 3aIMBKH Npob.

Kosnoxonsuuk /it BBoJia Mo uKaTOpa.

T S

Xpomeib-alifoMelieBas  TepMomapa norpyxenus (auamerpoM 2-3MM ¢

BTOPUYHEIM ITPHOOpOM).
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YCeTpoHCTBO A1 MPUrOTOBNEHHs UUTH(OB.

Muxpockor.

4. Hopaaok BuinonneHus padors:

b B

1

5

R

. O3HaKOMUTBCS € HACTOAUIMM OlHMCaHWeM, npubopamu 06OpyAOBaHMEM H
uﬂcmykuneﬁ 110 TexHuKe 6e30nacHOCTH.

PacraBute crias, npoeectd ero paduHuposanue ZnCl; wm MnCl, n
neperpets o remneparypsi 800 °C.

. 3anuTh HeMOAM(DHUUMPOBAHHBIM CIUIABOM O/IHY M3 H3ANOXHHIL,

. PaccuMTaTh MCXO[s K3 Beca paciuiaBa KOJIMYeCTBO BBOJMMOro MOAM(HKATOpa
M €ro OTACIBHBIX COCTABISIOLINX.

[TpokaiuTh MPUrOTORJICHHBIH MOJMGHUKATOP, 3aBEPHYTH B SJIHOMUHHEBYIO
GoNbry M MOMECTUCEH B KOJIOKOJIBYHK.

Baectn MoudHKaTOp B paciias ¢ OMOIIBIO KOJTOKOIBYMKA.

3aMepuTh TEMIIepaTypy pacruiasa nocjie MoaupHuIUpoBaHu.

3anuTh BTOPYIO H3JIOKHUILY PACTLIABOM.

HccnenosBaTe Makpo- ¥ MUKPOCTPYKTYPY MOJIy4YeHHBIX NMpob (nmpunoxenue No
1-2).

0. CoctaBHTh OTYET.
. Copepxanue or4era

. Haumenosanue paboThl.

Llens paboThl.

[Tpumensiemoe obopynoBanne u npuOOpEI,

ITopsiiok BRINOMTHEHUS paboTHI.

PacyeTsl o KOJHMYECTBY BBOAMMOIo Mojudukaropa.
®ororpauu Makpo- ¥ MHKPOCTPYKTYP.

. BoiBozsl



6. Konrpoiinubie BONIPOCHI

Yro takoe MojudHIpoBanue?
MexanuimM MoaAHGULIMPOBaHHs NEPBOTO poaa.
MexaHu3m MCAXDHIMPOBAHUS BTOPOTO poJa.

OcHoBHBIE MOAH(PHKATOPB! CHITYMHHOB.

R

JIns Yero ¥ B KaXux Cliydasx npoBOAMTCH MOAM(HIIHPOBaHHE CHJIYMHHOB?

Cnucoxk AHTepaTypht

1. Kypmiomos, A.B. [Tpou3BoACTBO OTIIMBOK M3 CINIABOB IBETHBIX MeTaloB/ A.B.

Kypmomos, M.B. Ilukysos, B.M. Uypcun, EJI. bubuxos M.: «Metamtyprus»,

1986, - 416 c.

2. Llgersoe muree: cnpasounuk / mox pex. H. M. Tanauma. - M.

«MaumHroctpoenue», 1989. - 528 c.
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JlaGoparopuas padora Ne3
" PACKHUCJEHHE MEJIH

1. Hean paboTsl:

1. U3y4uTh TEXHONOTHIO MJIABKM H crioco0bl pacCKHCIIEHHs MEIN.

2. MccnenoBaTh W3NOMBI TEXHOJIOTHYECKUX P00 ¥ MUKPOCTPYKTYPY MEIH 10 H
nocJjie pacKUCJIeHUs. .

PaGora paccunTana Ha 4 vaca.
2. O6umue NOJONKEHUN

PackucieHue - 3T0 (PU3MKO-XMMHHCCKHI [POLECC BOCCTAHOBIICHMSA OKHCIOB,
CONEPKALMXCS B XKHAKOM MeTajle, nyTeM yAalCHusd M3 HMX KMCIOpOJa 3a CYeT
BLITECHEHUS ero ApYrHMH, 6ojlee aKTHBHBIMH 3/1EMEHTAMH. B obGuiem Buae rnpouece
pACKMCIIEHNs MOYKHO 3aMUCaTh CIICAYIOIIM ofbpazom:

MeO +P =PO+Me+Q, (1)
re P - 35ieMeHT-PacKUCIIUTENb;
PO - okuceN pacCKUCIUTENS,
Me - BOCCTAHOBJICHHBIH METAI;
Q - TerIoTa peakuuu pacKUCICHMA.
K pacKHC/IATENsM NPeABABIAIOTCA ONPEACICHIbIC TpeboBaHus, 8 UMEHHO!
1) ynpyrocTs AMCCOLMALHH OKMCIOB PaCKUCIHTENA poikHa OpITh HHXKE
YIpYrocTH JHCCOLHALIH OKHCIIOB PACKUCIAEMOTO MeTasua,
2) pacKucauTeNh JAOJDKeH 061agaTh CHOCOOHOCTBIO COCJMHATECH € OONbIINM
KOJIMYECTBOM KHCJIOPOAA;
3) OKHMCIIBI PACKMCIIHTEJIA HE J0/DKHBI pacTepaThCi B PACKHC/IAEMOM MeTalIe U, B
OCHOBHOM, naBa'i'b JKUJIKHE WK Napoodpa3Hble MPOAYKThI PACKHCICHHS;
4) Heu30OexHBIi OCTATOK pPacCKHCICHHA HC MOJDKeH yXy[Aumiars CBOWCTB
PACKHCIIAEMOro MeTajlia;
5) HEBHICOKasA CTOMMOCTD 2/1eMEHTa-PACKHCIHTEIA.

CyiecTByeT HECKOJIBKO crocobOB OYHCTKH PACTUIaBAseMOl MeA# OT KUCIIOpO/a.

16



"gpasHeHHe" B  BOCCTAHOBHTENBHOH  aTmocdepe, BaKyyMHbINl  Teperuvias,
pacKHClieHue, NMPOITYCKaHUe JKMIKOH MeaH uepes cloH pacxaneuﬁdr-o IPEBECHOTO
YIS,

Vnanenue Kucnopoaa "apasHeHneM” B BOCCTaHOBHTENbHOH aTMocdepe MHPOKO
[PUMEHACTCA NP PadHUHAPOBOYHOI MeperuiaBke MeM M3 HCXOUHBIX MaTEpHalos,
COAEpIKAIMX MHOTO IIPHMECEH.

[InaBka B Bakyyme, IIMPOKO NpHMEHseMas NpH MNOIyYeHUH OeCKHCIOpOIHOMH
MEJIH, TIO3BOJIAET CHU3UTH CO/IEP)KAHHE KUCIIOPOo/ia B ME/M J10 0,001%.

PacKuC/ieHHe BBEIEHMEM a3jeMeHTa, obusajaouero OoibIIAM CPOACTBOM K
KMCIOPO/LY 110 CPaBHEHMIO C MEMIbIO, IMPOKO MCTOJL3YETCs IMpH TUIaBKEe MU M
GonsUIMHCTBA MEAHBIX crasos. HaubGonee ynmpeﬁumsm PACKHCIATENIEM B 3TOM
ciryuae sapnsiercsa Gocdop, KOTOPHIA B BUJIE JIMIaTyphl mens-dpocdop conepkut ot 7
10 8.5 % P B konuuectse 0,1-0,2 % ot Beca pacnnasa.

Ipu pacKMCIECHUH 3aKMCH MEH (Cus0) docdhopom, BBOAHMBIM B BUJE JIUIATYDEI
CuP, moxer obpaszopatbes P2Os ap mo peakiuu

5Cu,0 + 2P - P,O5+ 10 Cu

P,05 (pocduanbii aHTHAPH/), KOTOPHIH BO3TOHAETCH NPH TEMIEPATYpe 347°C B
pacrapisieMoli Mean, OyJeT HaxXOAUThCH B mapoobpazHoM cocTosHuM. Ecmm
[y36IpbKH T1apa MPOXOJAT Yepe3 HE BIOJNHE PACKHCICHHYIO ME/b, TO UMEET MECTO
obpazoBanue GocHOPHOKHMCION COMH 3AKHCH MEIH:

P205 + CUzO - 2Cu PO3

Yacruyno cons Cu PO; obpasyercs B NMPAMBIM ITYTEM, T.€.

6 Cu,0O + 2P > 2Cu PO;3 + 10 Cu

docpopHOKHCAsA colb 3aKHCH MEH npu TeMIepaType
papUHHPOBAHASHAXOJMUTCS B KHIKOM COCTOAHMH.

[TapooGpa3snble ¥ KHUAKAE TPOXYKThI pacxucneﬂux nerko BeruipiBaioT B Gonee
TNIOTHOM pacrinage. M3BecTHO, 4TO H30BITOK docdopa CymECTBEHHO CHWXACT
3nexrponposonuocrb menu. TlosToMy packucieHue MeH, NMpHMEHAEeMON B
1eKTPOTEXHUYECKON MPOMBIILICHHOCTH, OCYIIECTBIACTCA JINTHEM WIH 6opm;1M
LIJIAKOM.

Xoj npoiecca PaCKHCIIEHHA MEJIH KOHTPOJHPYIOT 1O H3JIOMY TEXHOJOI'MYECKHUX
17



ﬂpOG, mbo HccleoBaHHEM Mmcpoummba. OKHCeHHAas Me/lb HMEeT B H3JIoMe

rpyOyio CTPYKTYPY TEMHO-KPAaCHOI'O WIH KMPIHYHOIC LBETa, MEJIKO3EPHHCTOCTE,

CBETJIO-PO3OBBIN M3JIOM JUIS BOCCTAHOBJIEHUS MEJIH.

Kucnopoy obpasyer ¢ Menpio XuMH4Yeckoe coeanHeHHe, 3akuck Mean (Cuy0),
KOTOpO€ pacneqaTaeTcs 10 paHMiliaM 3epeH Meau B Buae 3BTeKTHKH o (Cu)-Cu,O. .
[pu ManoM copepKaHuu KMCIOpO/AA IBTEKTHKA 00pa3zyeT TOHKYIO OTOPOYKY BOKPYT
3€peH MEIH, BBIABIAS KOHTYPHI nocnennuux Aaxe 6e3 tpasnenus [puc.la). [To mepe
YBETMYEHHS COJIEPKAHMS KHCIOPOJAa KOJMYECTBO IBTEKTHKH YBEIHUYMBACTCS U NPH
coaepxauuu kucnopoja 0,39% cruiaB UMeeT YUCTO 3BTEKTUYECKOE CTpoeHHe (puc.
1a). OBrextHKka o (Cu)-Cu,O ¥MeeT TOYEUHOE CTPOEHHUE, Ille OTAC/BHbIE TeMHbIE
TOYKHA ABOTCH HacTHUAMH 3akucH Meau (Cup0); 0CHOBY 3BTEKTHKH (CBETIIOE MoNe
mumda) cocTaBinseT o-TBEPABIH PacTBOpP KHUCIOpPOJa B MEIOH, PacTBOPUMOCTH
kucioposia B meau - 0,011%. Mox MHKpOCKONOM 3aKHCh MEAH Ha HETPABICHOM
nmude BeiABIAEeTCS B hopMe TeMHO-ronyObix Brmnouenuit. [lpu TpaBnenun cmecsio
3%FeCl; u 10% HCl 3akuce meau npuHoOperaer TemHYIO okpacky. [Ipub-
nusmrenbHoe coaepxanue Cu,O B MeuM MOXKHO ONpeeNuTh [10 KOJIUYECTBY

9BTexTHKHA 2 :

F, %100 -
A R @)

rje Fa,,-r - MIOWAAbL NMONs MHKpounuda, 3aHATAA IBTEKTHKOH, KBaJIPaTHOIro
ACHSHUS OKYNAPHOM IIKANbL,

F - unowane mosst 3peHns, KB €. OKYJ .IIKaJIbl;

€) - konuYecTBO IBTEKTUKH,%.

Torja npubAU3ATENHEHOE CO/IEpPKAHHUE 3aKUCH MEJIU:

g4 oo, (3)
rae 3,4 - conepxanue Cu,O B 9BTEKTHKE, %.
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3. Hopsaok BpinoJanenus padborn

Ilepen mauanom paGoThl CTYAEHTHI AOKHBI TIPOHTH HHCTPYKTAX I10 TEXHHUKE
fe30macHoOCTH, Kacalomencs npasul pa'ﬁonx Ha MHAYKIHOHHOI meYyd U Ha
unndoBanbHOM KpyTe.

Ha TexHH4YeCKMX Becax B3BEUIMBACTCS HABECKA HCXOJAHOW Meau. 3ateM clejyeT
onpejienuTh coaepkanne Cu,O B MCXONHON MEIH MO KOJIHYECTBY 3BTEKTUKH B Tojle
speuns numda npu ysenuvenuu (x 100) . Pacuern! nenecoobpasHo NpoBOJMTL MO
dopmynam (2) u (3). HaBecka HCXOAHOH MM PACILIABIACTCH B MEYH B IIAMOTHOM
Turne, neperpepaerca Ha 100°C Bylmie TeMrepaTypsl MIABNEHHS U BbUIEPKUBACTCS
npu Takoi Temneparype B Teuenue 10 muH. [locne storo paciuias 3anusaercs B
rpaUTOBYI0 M3NOKHULY Ans orbopa npod Ha usnom. Tlocne Kpncm:inmannu H
oxmaxneHus mnpoOsl NOCIeAHNA JIOMAeTcs, a €€ W3JIOM XapaKTepu3yercs
COOTBETCTBYIOLIEH 3anuchio B nabopaTropHoMm xypHane. ITo uznomy obpasina cnegyer
TIPUrOTOBHTE MHKPOUUTH( M ONPEAeNuTh MPONCHTHOE COACPXKAHHE 3aKHCH MEJH 110
KOJIMYMECTBY 3BTCKTHKM B Mone 3pedus uuvmmda. 3apucoBarh H3YYCHHYIO MOJ
MHKPOCKOIIOM CTPYKTYpPY OKHMCIEHHOH MeaM. 3areM HeoOXOIMMO OmnpenennTh

kosmuecTBo nuratyps! Cu-P juis cBA3bIBaHUS BCETO KHCIOPO/A.

a

Prc.2. MEKpOCTPYKTYpa JIHTOM MeH, CoAepXKaliel KHCIO0pOoL:

a - xucnopoga e menee 0,05%. [lo rpamuuam 3epeH Mea BHAHBL TOHKHE MPOCNOHKH
spTekTHEH (o (Cu)-Cuy0) x150,

6 - xucinopona 0,39%. Buanst KOJIOHMM IBTEKTHKH, COCTOsLLEH M3 O -TBEPAOrO pacTBopa

KHCJIOPOJIa B MEIH (CBETIIAst OCHOBA) ¥ 3aKNCH ME/H (TEMHBIC TO4KH) X 250.
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[Mpumep pacyera. Mcxoanas Meab COAepKana 0,1% CuO. Tlocne nepsoro
nepensiaBa COICPKAHHE 3AKMCH MEH ambocno no 0,2%. Ilonaraem, 4TO B TOM
ciydae, eciid B MCXOJHOH MeJM COJICPXKHTCH MEHee 0,1% Cu,O, 10 NMOCHEAHIOK
nenecoobpa3Ho BBECTH B BH/IE MOPOILIKA MPH NIEPBOM PaCILIaBICHHN HABCCKH.

B pesynsTare BTOpPOro Nepernasa (KOTOpBIH crielyeT MPOU3BOAKTE 0] CIOEM
JPEBECHOTO YITIf), COACPKAHKE 3aKHCH MEJIH BO3pacTaeT 10 0,25%. B srom ciryyae B
100 r memn Gymer comepxkatses 025 r CuO wm 16 x 0,25/143 = 0,028 r
kucnopona. Toraa Bo Bcel HaBecke (1Kr) KOJIHYECTBO KHCIOPOJAA COCTABHT. 0,028 x
x 10 = 0,28 r. Jlna Toro 4todsl CBA3aTH BECH KHCJIOPOA B P,Os, cnemyer 3aTpaTHTh
dochopa: 62 x 0,28/80 = 0,217 r. ArtoMHBIii Bec Kucnopoaa - 16, meam - 63.5,
docdopa - 31. MonekyspHbIH BeC 3aKUCH ME/IH — 143 r/mons.

Jins obecnedenys MNONHOTHI PACKHCICHUA ME/H docdop Gepercs B uzbpiTKE MO
cpaBHEHHMIO ¢ paccuuTanHbiM. [Tooromy notpebHoe KomuecTBo hocopa cOCTABAT:
0,217- 1,2 = 0,26r. Eciu conepxanne pocdopa B iuratype NPHHATL PABHEBIM 7%, 10
st BResenus B paciuias 0,26 r ocpopa norpebyercs 3,7 r MraTypel.

IMocne pacuera NOTPEGHOTO KONHYECTRA JIMFaTyphl TIOCICAHION CEAYET B3BECHTH
Ha TeXHUYCCKMX Becax. 3areMm, Mojl CJIoeM JIPEBECHOTO YIJIst pacilIaBisercs MEb,
OCTABINAACA MOCHE NEPBOro Nneperuiasa, H neperpesacTes Ha 100 °C ¢ nocnenysouien
BBIZIepKKOii B 1eyd B Tevende 10 MuH. [Tocne BBIJIEPKKHA BBECTH B XKHUJIKYIO MElb
HeGONBIIMMH  TIOPIMAME  TPE/IBADUTENBHO  B3BELICHHYIO JIMratypy CuP npn
THIATEIPHOM TCpEeMElINBaHUKM pacriiasa rpadpuToBON Mewankod. 3areM, Kak M
paHee, 3aMBAIOTCA MPOOBI Ha M3JIOM, H [0 H3NOMY Npe/IBAPHTENILHO ONpEeIISeTCs
MOJIHOTA packucieHus. JpeBecHs# yroib JOJDKEH OBITH [POCYileH B My(eabHOH
neyy npr Yemmeparype 150 °C. B THTesb TNIABHJIBHON MEYH CHAYaNA 3arpyKaeTcs
HeBoNbIIOe KOJMYECTBO MEIyM M paciurasisercs. Ha 3epkano MeTala 3achlacTcd
fpesecHbif yroib. OcraBuiyiocs Meab HeGONBUIMMYE TTOPLHAMHA NPHCAKHUBAIOT O
CJI0# APEBECHOI0 YTIIA.

OKOHYATENHLHYIO OLEHKY CTENCHH pacKMCIEHHs MEJM CIeyeT NPOM3BO/UTE TIO
pesyJisTaTaM MeTaLiorpaguyeckoro u3yucHus mukpouinuda, n'puromsneunoro u3

Mareppalia mpoOsl OT BTOPOrO Neperiasa. 3aTeM CleyeT 3apHCOBATH MOYUCHHYIO

MHUKPOCTPYKTYPY-

AN



4. Conepkanue oT4yeTA

1. OnycaHue TeXHONOTUY TUIABKK MEH B MHIYKIMOHHOMN NeYn.
Onucaiue METOJMKH ONPEJIeNeHHs COJICPXaHus KUCIopOoaa.
[Tonuslii pacyeT NOTPeOHOro KOIHYECTRA PACKUCIIATENIS.
OnucaHne U3IIOMOB TEXHONOTHYECKuX npob.

OnucaHie ¥ PUCYHKH MHKPOCTPYKTYP.

o LB W N

O6ume BHIBOABI MO TpojenanHoil pabore, kacaioumecs 3PHEKTHBHOCTH

packucienns e surarypoit CuP.

5. OGopyaoBaHie # MATEPHAIbI, HEODXOUMbIE AJIS MPOBEACHHS paborbi:
1. TlnaBka MM | 3a7MBKa Npod
1) neus uHAykunorHas MITTI-52.

2) UpPOMETPHUECKHI MILTHBOMLTMETP (KiI.1,5) ¢ MpeAenaMyu H3IMCPCHU

10 1200°C 1 xpomMenb-amomeneBas TepMonapa (XA).

3) rpaduToBas H3JNOXKHUIA VIS orbopa npob.
4) HaGop MHCTPYMEHTA JUlsl IUIABKH M 3aJIMBKH METAILIA.
5) mens mapku M | B kyckax.

6) nuratypa Melib-ochop B Kyckax.
7 rpaduToBas MeLIanka.

10)  apesecHeli yroms - 50-100r.

2. 3roToBneHue M UccreoBanue uupos

1) Pyqnble HOKOBKH MIIH MEXaHHYECKas MMHa.

2) CTaHOK ¢ HAKAAUHBIMU KPYTaMK JUIs 3a4KCTKH 00pasiios.
3) Ha6op umugoBaibHbIX IWKYPOK.

4) MpamopHBI€ IUIHTBI UL TIOAKJIAKH MO UIKYPKY .

21



5) [TonupoBajibHbIi CTAHOK C TOHKMM CYKHOM.

6) CycnieH3nst OKHMCH XpoMa B BOJIE.

7) 3% pactsop FeCl; ul0%pactsop HCIl B ckisiHkax.
8) Jlyanuku, ﬁa'ra, ¢unsTpoBaibHag Oymara.

9) Merannorpaduyeckuii MUKPOCKOII.
7. KonTpoabHble BONPOCHI

3. Jlist 4ero NpUMEHSETCS PACKHCICHHUE METAILTAYECKAX pacruiaBos?

4. B uem 3aKI09aeTCH PUIMKO-XHMHYECKas CYIHOCTB NPOLECCca PAKHCTICHHA?

5. Kak onpe,1e/uTh HeOOXOIMMOe KOIMUECTBO PACKHCIIHTEIs?

6. Uro TAKOE AKTHBHOCTH 3/IEMEHTA-PACKHCIUTESIS! [10 OTHOMICHHIO K KMCIOpOoay?

7. B 4eM 3akmovaeTcs TEXHONOTHYECKH npoliecc zipa:meuna menu?

8. MOXHO i YIATHTL KUCIOPo GochopucToli MeAbIO 13 NaTyHCH U opons?

9. Ha kakmx 3Tanax IUIaBKKU FMPOBOAAT ONEpaluio PaCcKHC/ICHHA: TIpW TUIABKE
YUCTOM MeIH, NaTyHH, OPOH3bI, JIErHPOBAHHBIX UWHKOM, CBHHLOM, OJIOBOM H

Jip. aneMeHTaMu?
CnHcoK JiaTepaTypbl

1. Kypmiomos, A.B. TIpou3Bo/IcTBO OTIHBOK U3 CTUIABOB LBETHBIX METAINIOB/ AB.
Kypmiomos, M.B. Tlukynos, B.M. Yypcum, E.JL. Bubukos M.: «Mertanayprus»,
1986, - 416 c.

2. Illgersoe nuthe: cmpaeoyuuk / mox pea. H. M. Fanguaa. - M.:

«MammnocTpoenue», 1989. - 528 c.

3. JlaGopatopHble paGOTHI - TIO TEXHOJOTWW  JIMTEHHOrO POU3BOACTBA/
ABXypmomos, AMMuxaiinos, - B.B.baymas, N.AKosnos. - M.
«MainunocTpoenue», 1970.



JlabopaTopnas paGora Ne 4
TEXHOJOIusi ®UWJibTPAIIMOHHOI'O
PAOUHUPOBAHHUSI METAJUVIMYECKHX PACITJIABOB

1. Hean paborbi:

O3HAKOMHTECS C Teopuei M MPaKTUKOH (HALTPALMOHHOrO pa(UHHUPOBAHUSA

MeTaANIHYECKMX PACcTIaBoB.
2. O6uue nonoKReHns

QuipTpaHOHHOE pahHUHUPOBAHHE METAILIHYECKIX PaciliaBOB MPOBOANTCS MPH
NPOITYCKAHMH JKHJIKOIO METaslia yepes (GpuibTpo3IeMeHT.

Pacyer GuiIbTpa 3aKIIOYAETCs B OMPE/IENEHUH ero reOMeTPUYECKUX pasMepoB,
TaKux, 910061 GUILTP Y/IOBIETBOPS CIEAYIOIIHM TpeOOBAHUAM: <

- obecrieuuBan HEOOXOMMBIH pacxoa (PUABTPYEMOro MEeTajlIa;

- sddexrusno ygansn HMB u3 ob6bema KHUIKOro MeTania.

[eoMeTpHUECKHE PasMephl CeTYATOro GUILTpa ONPEAC/AtOTCS HCXOAA M3 CXCeMBbI
ycTaHOBKM (unbTpa. Eciy ¢uiibTp NPAMEHSETCS TIPH TEXHONOTHYECKHX MepennBax
METana, TO ONPENENSEMBIM TE€OMETPHYECKHM pasMepoM HABIJETCA pasMep ero
AYEHKH.

TIpu ycraHoBKe QUILTPa B JIMTHUKOBOH CHCTEME HMECT MECTO YBEAHHCHHE
TH/IPABIHYECKOrO CONPOTHBICHHS, & 3HAYUT M CHIDKEHHE BECOBO#l CKOpOCTH
sanueky. JUI COXpaHEHHs BECOBOH CKOPOCTH 3aJIMBKM HEODXOAMMO YBEIHYMTH
ronepevyHoe ceYeHHue JIMTHUKOBOH CHCTEMbl B 30HE yCTAHOBKH (OUABTPYIOUIEH CETKH.
B HauanbHblii MOMEHT BpPeMeHH ceTKa 3ajiepxuBaeT Tonbko xpynueie HMB, pasmep
KOTOphIX Gonbie pasmepa UEHKH (UIBTPA, BIOCHE/ICTBAH obpa3oBaBLIMiics Ha
nopepxHocTH GuisTpa cioi n3 HMB 3anepxusaet foliee MEKUE BKIFOYCHUSA.

[pu pacyere ceryatoro QUABTpa HEOOXOMMO  ONPENeNTHTL  YBEIHYCHHE
JTHTHHKOBOM CHCTEMB! B MECTE YCTAHOBKH CETKM ¥ 06BeM WIIH BBICOTY HAJCETOYHOTO
NMPOCTPAHCTBA € YBEJINYEHHBIM NONepeyHbIM CEUCHHEM.

,HJDI HeOONBIINUX OTJHUBOK 'MIPaBIHYECCKHM CONpPOTUBJIICHHEM CKalTMBarOLMHXCA
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HMB Ha cerke MOXHO npeHeOpedb. YYHTHIBAETCA TOJILKO TI'MIpaBIHYECKOE
CONPOTHBIEHHE CETKU, KOTOPOE 3aBUCHT OT pa3Mepa AYCHKH, TONIUHBI HHTCH CEeTKH
M XapakTtepa MOBepXHOCTH HMTell. [lns manoro paspeca OTIMBOK Menee 50 kr
NPHHATO YBEJIHYEHHE TUIOMIAZN [ONEPEYHOro CeYEeHHs JINTHHKOBOH CHCTEMBI B

yeThipe pasa B MecTe ycTaHoBku (uubTpa. B ciyuae oTnusok maccoi bonee 50 kr

[pejuiaraeTcs cnejyromas GopmyJa:

g% *" \[R‘:”I r (1.1)

aan

rae V,, - 06beM OTIIUBKH, M
Ry — CONPOTHBJICHHE dbunsTpytowei cetku, 1/m;

1 —BA3KOCTH CILIaBa, MX civ’;
p - NaBleHUe, JeiicTRyioniee Ha QUIBTPyeMblil CrjiaB (MeTamIocTaTHYECKOE
JIaBJICHHE), Him;
1,,, — BpeMsi 3aIUBKH, C;
C — KOHIEHTpaUys TBEp/IbIX BK/IHOUEHHH B CIUiaBe, M/
K ~k03h(QUUHEHT  MPONOPUMOHANLHOCTH,  SBIAAIOMIMACK  Y/ICHbHBIM
COIIPOTUBICHHUEM OCANKA, 1/
S — nuomans GUILTPa, M’
Onpenenys miom@gs cedenus no Qopmyne (1), BBIYMCASIOT BBICOTY

HAJICETOYHOTO MPOCTPAHCTBA:

~
%)

- 2
huc S " ( )

JUis pacueTa 3epHUCTBIX QUIBTPOB PACCMATPHBAIOT (PHIBTPOINEMEHT KaK OJHH
U3 SNEMEHTOB JIHTHUKOBOM CHCTEMBI, IOCIE pacdyera KOTOPOro ONpeicsaor

MIOMIA/(b CeHeHus QUiIbLTpa:
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e Gm )
S=8,7C.C ,(.,;5;371-1., (3)

rje S - miomaas GuasTpa (MI0MWaAs 3achIlKK 3¢peH ), M7

C, - KO3(ppunpenHT, yIHTHIBAIOMWMI CMauYuBACMOCTL Matephana (uibTpa
meTauioM (1,00 < C, £1,23 nipu C, = 1,00 - necMaunBanue); 4

C, -xoabduuuent ¢Gopmel 3epua (1,00, <124 nopu  C, =100-1map,
C, =1,24 - yrnosatas (opma 3epen);

C, - k02hOUUHEHT, YHUTHIBAIONMA OOLEMHBIH (POLEHT 3arpA3HeHHOCTH
cruiasa,

G — METAJUTOEMKOCTh (DOPMBI, KT}

h ~ BBICOTA WM TOJIUMHA cos GuabTpa, M;

1 - BA3KOCTH CIUIaBa, r/cM C;

y — IUIOTHOCTE CIUJIaBa, Kr/m’ ! A -

T - BpPeMsi 3IUBKH, C;

d — nuametp (cpennnit) 3epua GUIBTpa, M;

H —BpicoTa cTonba pacniasa Haal GUIABTPOM, M.

3uauenue H onpezensiercs no gopmyiie

! 45c0s@ (4)

H >
_ vgd,

rfie ¢ - MOBEPXHOCTHOE HATsHKeHHe cnnasa, H/m;
- g ~ YCKOpPEHHE CHJIbl TAKECTH, m/c’;
d, - paaMetp mop GuibTpa, M;
cos® — yroji CMaunBaHus, rpaji.

Kosdduument C, Burducisercs no gopmyne

C, =1+05¥?, (5)

rie V - 06BeMHBII IPOLICHT 3arpsA3HEHHOCTH CIIIaBa.
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Pacuer BILSIM ¢unnstpa cBoanThCs K Clieayiomemy:

a) onipesiensieM NpeenbHO A0MYCTHMBIH Mepena JaBieHus Ha buneTpe Ui

ocaxieans HM® Ha punsrpe:

7l1ga’ApH*?
bp <=5 : : %)

IJie g —YCKOPEHHE CHITBI TSKECTH, M/C™:

a - amerp HMB, m;

Ap — pasnocTtk motaocreil HMB 1 pacninasa meranna, kr/m’;
H - JJTHHA KPYTOBOI'O OPOBOrO KaHANa, M;
d — JHaMETp KPYyroBoro nopoBoro KaHasa, M.

0) 3arem nnowas ceyenus GuIbTpa (IIpH 3a1aHHOM TONIHHEE):

Rd?
- (10)
T11ga"ApH

rie d, =d - pdamerp nopsl (sueikn) duisrpa, M;
S — TUIOLIA/b CeUeHHR DHIBTPa, M.
Bripaxenue (10) nossonser paccuntats BIIM dunstp (ero reomerpuyeckue

pa3Mephl) B 3aBHCHMOCTH OT pasmepa ynansemoro HMB, ee nnotHocTn # pacxoja

GUABTPYEMOTO CIUIABA NPUMEHHUTENLHO K TOH MHOM JINTEHHOH TeXHONOTHH.
3. lipubGopn u oGopynosanne

1: Ileus ans niaBKu CHIIYMMHA.

2. Pa3znuBOYHbIN HMHCTPYMEHT.

3. Kokmins, iBe pa3oBsie niecyanbie GOpMbI B JIMTHUKOBAS Yama.

4. Habop punbTposicMeHTOB (CeTIaThiil, NeHOKepAMUYECKHIi M 3ePHICTBIH).
5. Mydensnas reus.

6. Creknorkansb.

7. boi mamora, rpadura.



8. Xpomeun — anomesniepas TepMonapa norpykenus.
9. Yeranonka juis m3rotosnenus uuHgpos.

10.Mukpockon.
4. Mopsnok BuimoAReHAs padoTei

. O3HaKOMHMTBCS € HacTOAMMM oOnucannem, npuGopamu obopynoBaHuem u
HHCTPYKIHEH 1o Texuuke HesonacHocty,

2. PacruiaBuTh CHIYMHH W neperpers 1o Temreparyps: 800 'C.

3. 3amuth COABOM OJIHY M3 (popM.,

4. PaccuuTarth reoMeTpuYecKue pasMepsbl pHIbTPOIIEMEHTOB.

5. TloaroTosuTh  (QUALTPOIIEMEHTB  (3CPHUCTBIE — NyTeM HM3MenbYeHus
rpaUTOBOro UK MAMOTHOTO 60%).

6. BripesaTh M3 CTEKIOTKAHH MOMIOKKY IO 3ePHUCTBIH (UIBTP H YCTAHOBUTE
¢e Ha JIHO 3aJIMBOYHOI Yaluu.

7. 3acemars wm3Mennuennsiii 6ot rpaduTa WIM WAMOTA HAa AHO YAlUH (no

33JIaHMIO TIpenoaasaresns).

i

[poxanuts GpunsTposneMentsl B Mydensnoii neyn.

9. Iocne mpokanku ycTaHoBUTH QMILTPLI B juTeiinsie Gopmbl (N0 3ananmio
fpenojaBaTesns: NEHOKEPAMUYECKHH — B JIMTHUKOBYIO CHCTEMY, 3€PHHCTBIN
HaJl CTOSKOM).

10. IlpoussecTy 3aMBKY THTEHHBIX GOPM.

11. Beipe3ats npoGkl W3 NOMYHEHHBIX OTIHBOK (1O yKa3aHHIO NperotaBarens).

12. UccnepoBars Makpo- H MHKPOCTPYKTYPBI MOJIy4eHHBIX NP0 (MpHiIoxeHHs ).

13. CpaBruth  5(GeKTUBHOCTE pPasAM4HBIX THNOB (UIBTPOB ¥  BEIIBHTE

3aKOHOMEPHOCTHL  3pPEKTUBHOCTH  padUHUPOBAHMA  OT  OCHOBHBIX

TEXHOJIOMHYECKUX NapaMeTpoB QHIILTPOB.

14. CocTaBHTh OTHCT.
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5. Conepxkanune or4era

1. HanmeHnosauue paboThl.

Llens paboTsl.

Ipumensemoe obopyoBanue ¥ NpUOOPLI.
[Topsanok BeioIHEHUs paboThl.

Pacyertnbl (UALTPOIICMEHTOB.

DCcKH3bl MAKPO- H MMKPOCTPYKTYP HUIAGOB.

N o v oA W

Beisojibl.
6. KonrpoiabHbie BONPOCHI

Y10 Takoe QHIBTPAIMOHHOE PaGUHHPOBAHHE METAIMUECKAX PaCILTaBoB?
Mexanu3mbl (PUITETPALHH.
Knaccnduxanus GUALTPOIIEMEHTOB.

Jins xakux nesieii HeoOGXoaum npeiBapuTe/IbHBII Harpes dHIBTPOIIEMEHTOB?

i i A e

HMB, kraccudukaims ¥ X BAMsAHHAE Ha Ka4€CTBO METajllia.
CuHcoK JJHTEpaATyphbl

1. Kypmomos, A.B. ITpou3BoJcTBO OTIHBOK W3 CIUIABOB LIBeTHBIX MeTauios/ A.B.
Kypmomos, M.B. !'I_uxyuoé, B.M. Yypcun, E.JI. bubuxos M.: «Metannypras»,
1986, - 416 c.

2. llgetsoe nuthe: cnpasounuk / mon pea. H. M. lamaunma. - M.:

«Mamnnoc*rpoenue»; 1989. - 528 c.



Hpuiaoxenus

[Ipunoxense !

TEXHUKA MAKPO U MUKPOCKOITMYECKOI'O AHAJIA3A

.

TOYHOCTL M Pe3yibTaThl MAakpo MW MHKPOCKONHYCCKOr0o aHauM3a CTPyKTYpbl
METANIOB M CIUIABOB B 3HAYMTENLHON MEPe 3ABUCAT OT TEXHHKH W3rOTOBIEHMS
i os.

i. Bastue o6pasnos, X pasmMeps #  NpEABAPHTENbHAR WNOArOTOBKA
NOBEPXHOCTH

BuiGop mecra B3iTMs  00pazsloB JUix  M3rOTOBACHMS UUIQOB H3 KycKa
HCCIElyeMOI0  METAIA WM  OTIMBKM corjiacyercsi C nperojasatesieM . M
naGopanrom. B GonsiumucTBe ciydaes oOpasibl JUIs mn'mboa OTpe3aloT PYIHOH
HOXKOBKON WM Ha MmexaHudeckod muie. TBepiabie W XpyNKHE MAaTEepPHIbl MOXHO
OTAAMBIBATH YAPAMH MOJIOTKA MK KYBaJibl, [IPEABAPHTENHHO 3aKPETHB OTIUBKY B
THCKAX.

Haubonee yo6ubIMu pazmepamu 06pa3iloB JUIsi H3TOTOBJICHAS MUKPOITA(OB

SBJSHOTCS: TUIOIA/L OcHoBanus okono 12 x 12 MM u Beicota 10 MM; ecnu numg
LMIMHAPUHECKHIA, TO TIPH TOI e BLICOTE HaMETP OCHOBAHNA JAOJIKEH OBITH 12 MM.

[Ipu wu3rotoBieHuH OOpA3LUOB  MAJOr0  pasmepa  ClOeRyeT IMpUMEHSTH
CrielHaJIbHBIE 3KUMBI (THCKH ).

[nockocTh o6pasna mumda ONUIKBAIOT HAITMIBHUKOM, NMpUYEM MNOBEPXHOCTH
JOmKHA GBITH pOBHOM, 6e3 BMAMMBIX 3aBaNoB M 3akpyrieuuii. [lpn onumMBaHAY
HAJ0 YMEPEHHO HAXHMMATh HA HANMWILHMK, 4ToObl Ha uunide He 0OpazoBHIBANUCH
ype3MepHO riryOoKne HapanHHbl WK MIOCKOCTS mnuda npejABapUTeNbHO LUIHQYIOT
abpasMBHBIM KPYyI'OM.

2. Hlaudosanne, NONHPOBKA U TPaBJenne obpasuon

[lnndosanne W [ONMPOBKA HE JAOJKHBI JsedopMupoBaTh M HMCKaXaTb
CTPYKTYpY Ha [OBepxHOCTH 00pasua, paspymarh u BLIPHIBATE HETPOYHBIC JJIEMEHTEI
CTPYKTYPBbI.

[pu uumMoBannd NOTL3YIOTCA MUIHGOBANBHOMN MIKYPKO# € IOCTENEHHO
YMEHBIAIOUMMCS Pa3MepoM 3epHa (TIoCIe/iHNe Ba HOMEpa WKy pPKH COOTBETCTBYIOT
mapkam abpasusnoro marepuana M20 u Ml 4).

Bymary KjiajgyT Ha npomabpeHHyi0 HYTYHHYIO [UIHTY WIH TOJCTOE
uKGOBAHHOE CTEKIO pasMepOM He MEHbIIE JHCTa uuindosaneHoi wKypxu. [ipu
waroToneHuu Gonpioro xonudectsa LUHGoOB nuMdoBaHHE MOKHO NPOU3BOAUTH

Ha CTaHKax, NpH 9TOM HIKYPKY HAKJIEMBAKOT HA FOPU30HTAIbHbIC METAJUIHYCCKHE
' 29
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aucku auamerpoM 250 - 300 MM, Bpauiaemble SJICKTPOABHraTeNieM C HHCIOM
obopotos 600 - 700 B MHHYTY. .

[Ipn mymdosanuu HeobxoaumMo ocoboe BHUMAHHE obpaiath Ha TO, 4TOOBI
HaXuM Ha obpasent OblN IUIABHBIM, M 4TOObI BCA €ro IOBEPXHOCTEH MOJIHOCTHIO
comnpukacanach co mKypko#. ITiockocTs mnudpa pomkHa OBITh POBHOH, Ge3
3akpyrieHHbix ("3aBaneHHbIX") KpaeB. 3epHa abpa3siBa OHOIO HOMEpa IIKYPKH HU B
KOEM Cilydae He JIOJDKHBI NonajaTh Ha MKYPKY Apyroro HOMEpa.

Ha numgosansHo#l mWKypKe obpasen crieayetr mmdoBaTh B HANpaBliCHUM,
NepneHANKYJIIPHOM K IUITPHXaM, OCTaBIUMMCs nocie 00paboTKH €ro HanmMIbHHKOM
Wi abpasMBHBIM KPYTOM, A0 [OJHOTO HCYE3HOBEHHS OITHX LITPUXOB. 3areM Ha
HIKypKe  CNEAylomero  Homepa  obpaseil uwindyoT B HanpaBleHUH,
NepEeHAMKYISPHOM K NpeAsliylieMy, TaKKe [0 [MOAHOTO  yHHYTOKCHHA
npeAbIyIMX IITPHXOB U T. I

OruwmoBaHHbl W NPOMBITEIH 0oOpasell NONMPYIOT HA TJIOCKOM  KpPyre,
BPALIAIOLIEMCS OT JIEKTPOABHIATE sl € YHCIOM o6opoTtos He Bbime 600 B MUHYTY.

Kpyr MOMKEH ObiTh TOKPHIT TYro HATAHYTHIM, [UIOTHRIM H  MITKHM
BEICOKOKAYECTBEHHBIM, ¢ HeOONBINMM BOPCOM, CYKHOM WM aBHALIMOHHBIM
BOILTOKOM, TG0 KOPTHEIM (eTpoM, KOTOPEIH CMaTHBAIOT JUCTHILIMPOBAHHON BOJIOH
CO B3MYUEHHBIM MeJIbYail UM NTOPOLTKOM OKHCH JIIOMHHIS HIIA XpOMA.

[Np¥ MONMPOBKE MHKPOUUTHG Cllerka NPHKHMAIOT K TIOBEPXHOCTH KpyTa, 4TOOBI
OH Kacacsi ee BCeil CBOeil MIOCKOCTHIO, W MOCTENEHHO NMOBOpauMBalOT. PHCKH Ha
MOBEPXHOCTH MMKpOIUTH(A JOIKHBI CPe3aTLCs HacTHUAMM OKHUCH ATFOMHHUS HIIH
xpoma. Ilpu mnoNMpoBKE AQMIOMHHHS W €ro CIijlaBoB CyKHO PEKOMEH Ty eTCH
HamassiBaTh MeUIOM. I1poliece noAMpPOBKY IPOAOIDKACTCS HE Gonee 3-5 MUH.

[ToAroTORNIEHHBIE TAKMM 06pa3oM ULl TpassTes (HeobXxonumble peakTHBb
JUTSE OTUX Leneil TpUBEeHbI B IIPU/IOKEHUN 2).

Muorde W3 5STHX PEaKTHBOB TpPEeACTaBIAIOT CoOOH ciabble CHUPTOBBIC
PAacTBOPHI, YMEHBLIAIOLIHE CKOPOCTH TPABICHHA. Eciu B pesyibrare UuiupOBaHUs U
NOJNMPOBKH Ha NIOBEPXHOCTH MuKpourtHda obpaszoBasack TIeHKa
AeOPMHUPOBAHHOIO MeTajUIa, IUIOXO MOMIAIOLIANACH TPABICHUIO, TO B Hayase
peaKTMB JCHCTBYET MEUICHHO, a MO0 yHaICHHIO TOM MJIEHKM MHTEHCHBHOCTH
Tpasnenus ysenuuupaercd. IloBTOpHBIE NEpenojMpoBka u TpaBJieHHE [03BOJIAIOT
TI0JTY4HTh MAKPOHLTH(BI XOPOLIEro KauecTsa.

Jlns TpaBJieHMs PEeaKkTHB HAIMBAOT B dapdoposyio wamky, uuHd 6epyrt
MMOIAMHA W YUCTOH [POMBITOH [ONMPOBAHHON MOBEPXHOCTBIO MOTPYHKAT Ha
HECKOJIBKO CEKyH/J] WIH MUHYT B PEAKTHB. Hpononmmenwocu BBIJICP/KKH pasjiniHa
JUIsi pa3HBIX CTPYKTYP M cruiaBoB. [lociie TpaBiesys uUiM¢ TPOMBIBAIOT MO CHIIHOMH
crpyéii BOJiBI, OOMAKMBAIOT B qUCTHIA CHUPT M BLICYLIMBAIOT GunBETPOBaNLHOMN
Oymaroii, mocie 9ero, paccMaTpUBalOT IOA MHKPOCKONOM. Ecnau crpykrypa He
JIOCTATOMHO BhISIBJICHA, TO OMEPALHIO TPABJICHHUS MOBTOPAIOT. : :

[Ipu TpasneHud NUMGOB B OTACHLHBIX CIYHdidX NOBEPXHOCTH muKpouHda
IPOTHPAIOT BATKOH, CMOYCHHOH PeAKTHBOM, UL yAAICHUA IIPOIYKTOR TPABNEHHA,

3ArPA3HMIONIUX IIOBEPXHOCTD.
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Hnugpw wa maxpoananus. B pamkax mpepraraeMoro siabopatoproro kypea
MOBEpPXHOCTL 1iMda JOCTATOYHO OMHINTH HAMMILHHKOM, a 3aTeM obpaborats
rpy6oit mkyproit. Ha makpoumndax (QUKCHPYIOTCH KpyIHKIE HEMETATHYECKHe
BKIIOYEHMA, IA30Bas NOPHCTOCTh W yeauounsie jaedektsl. Mccaenosanms npoBoast
BU3YaIbHO, CpaBHuBas oOpasupl ApYr ¢ JIPyroMm. B HekoTopeIX ciyvasx aHaius

JIOBEPXHOCTH UUTH(OB MPOBOAKTCA € TOMOLILIO cnenuansioi nynet. ITosepxHocTs
uuMQOoB HE TPABATCH.

Mpunoxenue 2

Hazpanue | Cocran | Haswauenne # 0COGEHHOCTH UPAMCHCHHA
JUin cnunanon aNOMHHIA
0,5 % pacrtBop Inammxonoft kuenors | [lpuMensercs  Juid  TMTEHHBIX  CIUIABOB M
nnasukosoit knenorut | (HF) 0,5 em’, nosm JYPATIOMHHOB ITyTEM NPOTHPAHUS NOBEPXHOCTH
B BOJIC 100 em’ wnuda  parkoli, CMOYEHHON pPCAKTHBOM, B
o I O RN b . . . 15 cex.
1% pactnop Eaxoro warpa | v, i [pumensiercs  JUIR  JIyPATIOMHHA  TTYTEM
enKoro narpa b posxe | poaut 11 em norpysenus uumdga wa 10-60 cek. » peakTHs n

nocaeayIomel npoMuBKKR  ropstel  BOuoOH #
cymku noj sesriiaropoM. (Héawis ypaasars
NPOAYKTHI  TPABACHWS ¢ MOBEPXHOCTH
unga).

Jlns crijiaBoB MM

AmMuax u nepekucs | BoaHoro pacrsopa Nas narymeii u Opous ynortpebuserca B

BOAOpPONA ammuaka (ya. 8. 0,88) | cBeXENPHTOTORICHHOM BHIIC;
5 uacreil, MEPEKUCH PEKOMCHIYETCS MEIUIEHHOE NPOTHPAHAC BATKOMH,
sojioposa (8%) 2-5 CMOYCHHOH pPeakTHBOM.
yacTeil, BOIBI 5
yactei.
8% pactsop xnopHoit | X0pHOH Me/H 8r, Xopotunii peaKTHB JUIA MEJIH H €€ CIUIaBoB
MEJIH B AMMHAKE ammuaxa 100 cM’
5% pacTBOp Xnopuoro xenesa Sr, | Jlit Mend, JaTtyHH H OpOH3B  XOPOLUO
XJIOPHOTO JXenesa » consuol kuenorel 10 | sesmasercst aprexrons a + B 6ponse
10% pacrBope en’, Bostet 100 e’
CONAHON KMCIOTHI
JUts 6a66HTOB ¥ CIUIABOB MarHus
4% pacTBOp a30THON Aol kaoncisd [Tpumensercs nytem  TOrpyXeHus
KACHOTEHI B CITHPTE maupoB B peakTHs  H nocneayoueH
CM , 3THJIOBOTO
IIPOMBIBKH B CTPYC BOJKL.

crmpra 100 oM’

Tpumeuanue. Tlpu COCTABICHHH PacTBOPOB PCKOMCHAYCTCA [PUMEHATE XHMHYCCKH HHCThIC
PEaKTHBEL W JIACTHILIMPOBAKIYIO BOTY




