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1. IHACIHOPT
KOC no MJIK.01.01 Bogonoaroroka

(K00 u Hazeanue OUCYUNIUHDBL)

1.1. O01uMe moJIoKeHus

KontpoarsHo-onieHounbie cpencta (KOC) npeanasHayeHbl 411 KOHTPOJIS U OIIEHKH
o0Opa3oBaTeiIbHBIX JOCTHKEHUH oOywaromuxcsi, ocBouBmMX nporpammy MJIK.01.01

BojaomnoaroroBka.

KOC Bki1rouaroT KOHTPOJIBHBIC MAaTCPHUaAJIbl IJIA IIPOBCACHUA TCKYIICIO KOHTPOJIA U

MIPOMEKYTOUHOM aTTecTauu B popMe 3k3aMeHa (5 cemectp).
KOC pa3zpaboranbl B COOTBETCTBHH C:

o0Opa3zoBaTeIbHON

[IpOrpaMMOu

CIIO

I10 CIICOUAJIbHOCTH

TennocHaGXeHUE U TEIIOTEXHUYECKOE 000Py10BaHUE;

nporpammbl MJIK.01.01 BogonoaroroBka.

1.2. Pe3yabTaThl 0CBOEHHS JUCHUILINHBI, OJJIe:KALMe IPOBEPKe

Pe3y.]11>TaTbI HaumeHoBaHMe 3j1eMEHTA OcCHOBHBIE TOKA3aTEJIN OLICHKH
o0y4eHus YMeHU/3HAHU I pe3yabTaTOB

(ocBOEHHBIE
YMEHHUs,

YCBOEHHbIE
3HAHUA)

Vi BBITIOJIHATH 00CITYKUBaHUE U I'pamoTHOE IpUMEHEHUE
AKCIUTyaTalHIO ITOJIy4YEHHBIX HABBIKOB IIPH
TEIUIOTEXHUYECKOTO BBITIOJIHEHUHU MTPAKTUYECKUX
000pyIOBaHUS U CUCTEM 1 J1abOpaTOPHBIX pabOT
TEIUIOCHA0XKEHUSI

31 METOBI ITOATOTOBKH BOJIBI JUJIS ['pamoTHOE TONKOBaHUE
TEII03HEPTETUYECKOTO METOJIOB MPU PEIICHUN
000pyI0BaHUsI KOTEJIbHBIX U MOCTABJIEHHBIX 3a/1a4
TEIUIOBBIX CETEU

I101 0e30MacHOM IKCIUTyaTaIuu ['pamoTHOE BiaziEHUE U
TEIUIOTEXHUYECKOTO IIPUMEHEHHE TTOTYUYECHHBIX
000pyIOBaHUS U CUCTEM 3HAHUU U YMEHUH B IPOLIECCE
TEIJIOCHAOKEHH S, CUCTEM BBITIOJIHEHUS JTA00PATOPHBIX
ABTOMATHKU U 3aIIUThI U TIPAKTUIECKUX padOT
TEIIOTEXHUYECKOTO
000pyIOBaHUs U CUCTEM
TEIUIOCHA0XKEHUSI

1102 KOHTPOJIE COCTOSIHUS U paboThl | 'paMOTHOE BiajieHue U

pUOOPOB MO OTIYCKY TEIJIOBOM

OHCPTIUHU

MIPUMEHEHHE TTOTYUYEHHBIX
3HaHUW U YMECHUH B IIPOLIECCE
BBITIOJIHEHUS TA00PATOPHBIX
U IPAKTUYECKUX padOT

13.02.02




1.3. PacnipenesieHHe OLleHMBAHUS Pe3yJIbTATOB 00y4eHHS M0 BUIAM KOHTPOJIS

Kox u HauMeHOBaHHe »3JJIeMEHTAa YMEHHH WJIH Buasl arrecranumn
3HAHUM Texywuii Iipomesrcymounas
KOHmMpOJib ammecmayus

Vi BBITIOJIHSATD o0cy’)KUBaHHUE u Onenka Ok3ameH (5
AKCILTyaTalNI0 TEIJIOTeXHUYEeCKoro |  BRITOTHCHHA CEMECTp)
000pyOBaHKS U CHCTEM TEIIOCHAOKEHHUS MPAKTITIECIX 1

71a00paTOPHBIX

pabot

31 METOJbl  MOATOTOBKA  BOABI A Onpoc Dk3zameH (5
TEIUIOPHEPTETUUECKOTO o0opyoBaHUs ceMecTp)
KOTEJIbHBIX U TEIJIOBBIX CETEHl
I101 Oe3omacHOM IKCILTyaTaIiu Ouerka Dk3samen (5
TEIJIOTEXHUYECKOTO OO0OpYyJOBaHUS W CHUCTeM |  BPIIOTHCHHA ceMecTp)
TEIIOCHAOKEHUS, CHCTEM AaBTOMATHKH WM | | DaiMHCCKIXH

71a00paTOPHBIX
3alUThl TEMJIOTEXHUYECKOTO O0OpYyHOBaHUS U paBor
CUCTEM TEIIOCHA0KEHUSI
I1O2 xoHTpoJsie coCcTOSTHUS U PAabOTHI MPUOOPOB Ouenka Dk3amen (5
10 OTIYCKY TEIUIOBOM SHEPTUHU BBLIHOTHCHIS ceMecTp)

IMPAKTUYCCKUX U

71a00paTOPHBIX

pabor

1.4. PacnpenesieHue THIIOB OLEHOYHBIX CPEACTB IO JIeMEHTAM 3HAHMHA W YMEHHH TeKyllero

KOHTPOJISt
Conep:kanue yueOHOro MmaTepuaJia mo nporpaMmme Tun KOHTPOJILHOTO
YIA/MJK 3a/IaHNusA
Y1 31 | IO1 | ITO2

Tema 1. KayecTBO pupOaHBIX BOJ 18
Tema 2. O1105%k€HUS B KOTEJIbHBIX arperarax 17 3 17
Tewma 3. 3arpssHenust mapa u crnoco0bl 00psOBI C HUM 17
Tewma 4. Koppo3sust TemI0cuiaoBoro o0opyaoBaHus 18 17
Tema 5. Ynanenue u3 BOAbI TPyOOAMCIEPCHBIX M KOJUIOMAHBIX | 17 3 17
npuMecein
Tema 6. O6paboTKa BOJIBI METOJOM HOHHOTO OOMEHa 17 3 17




1.5. PacnipenesieHne THIOB OLCHOYHBIX CPeACTB MO JJIEMEHTAM 3HAHHM W YMEHHH
KOHTPOJIMPYeMbIX Ha POMEKYTOYHOM aTTecCTANMHI

Conep:xxanne y4eOHOIro MaTepuaJjia no nporpamme Tun
YA/MIK KOHTPOJILHOI'0
3alaHusA
Y1 31 | 101 | TO2

Tewma 1. KauecTBO IpUpOIHBIX BOJ 24 24 24 24
Tema 2. OT0K€HHS B KOTEIbHBIX arperarax 24 24 24 24
Tema 3. 3arpsi3HeHus mapa u crocoObl O0pHOBI ¢ HUM 24 | 24 24 24
Tema 4. Koppo3susi Tema0cuiaoBoro o0opyaoBaHus 24 24 24 24
Tema 5. Ynpanenue w3 Boabl TPYOOTUCIIEPCHBIX W KOJUIOMIHBIX | 24 24 24 24
IpuUMecen

Tema 6. OOpaboTKa BOIBI METOJIOM HOHHOTO OOMEHa 24 24 24 24

2. CIIEHM®UKAIIA OONEHOYHbIX CPEIACTB

2.1. Ha3nauenme

Crnenudukanueii ycTaHaBIMBAIOTCS TPeOOBAHUS K COJACPXKAHUIO M O(GOPMIICHHIO BapUAHTOB
OLICHOYHOT'O CPEJICTBA: IPAaKTHYECKHE PadoTHI, TabopaTopHbIe PabOTHI, OIPOC, FIK3aAMEH.

Omnpoc, mpakTUYECKue U J1abopaTopHbIe paOdOTHl MPEAHA3HAYEHBI JJIsl TEKYIIEr0 KOHTPOJI, 3K3aMeH (5
CeMecTp) - JUIS MPOMEXYTOUHOHW aTTECTAllMHM W OLECHKH 3HAaHHH M YMEHHH CTYJICHTOB IO IPOTPaMMe
MJIK.01.01 BopmomoaroroBka o0Opa3zoBarensHoii mporpammbl CIIO mo cnemmansHocTr 13.02.02
TerutocHabXeHne U TEIUIOTEXHUYECKOE 000py10BaHHE

2.2. KOHTHHIeHT aTTecTyeMbIX: CTYJICHTHI 3 Kypca.

2.3. @®opma u yCcJI0BUS ATTECTANUM:

ATttecranmst mpoBoauTcsi B (opme dK3aMeHa (5 ceMecTp) MO 3aBEpIICHUI0 OCBOCHHS Y4eOHOTO
MaTtepuana yueOHON JUCIMILTUHBL, MPH MOJOKUTENBHBIX Pe3yJbTaTaX TEKYIIEro KOHTpous. Texkyuui
KOHTPOJIb MPOXOJUT MOCTE KaXKI0H TeMbI Y4eOHOM TUCITUTUIHHEI.

2.4. Bpewmsi BbINOJIHEHUS:

Ha BrInoiHEHNE TEKYIIET0 KOHTPOJISI OTBOUTCSI:

npakTudeckas padora — 90 MuH.

tecT — 20 MuH.

Ha sk3amen 20 MuH.Ha yenoBeka

2.5.

2.6. Pexomenayemasi quTepaTypa Ajsi pa3paboTKH OLEHOYHBIX CPEACTB U NMOAT0TOBKH
00y4YaKIIUXCH K aTTeCTALMU.

Knuroo6ecneyeHHOCTH
Bbubanorpapuyeckoe onucaHue U3TaAHUSA OcHoBHas/ Ko.-Bo.
(aBTOp, 3arJ1aBHE, BUI, MECTO U T'OJl H3IAHUS, KOJI. JOMOJTHUTEJbHAsA IK3. B DJIeKTPOHH
crp.) JuTepatypa ono.I. bl¢ pecypcChl
CIIoIy
MJIK 01.01 BoaonoaroroBka
Anexcees, JI. C. OCH. https://
KonTposns kauectBa Bobl : yueOHuK 11t CITO / znanium.ru/
Anekcees JI. C. — 4-e u3z., nmepepad. u gor. - catalog/
Mocksa : UHOPA-M, 2024. - 159 c. - product/
Cpennee mpodeccnoHaIbHOE 00pa30BaHuE). 2104861



https://znanium.ru/catalog/product/2104861
https://znanium.ru/catalog/product/2104861
https://znanium.ru/catalog/product/2104861

Op:os, B. A. OCH. https://
Bonocuabxenue : yaeonuk /mist CI1O / Opios znanium.ru/
B. A. - Mocksa : UH®PA-M, 2024. - 443 c. - catalog/
Cpennee npodeccronanbHoe 00pa30BaHKE). product/
2157053
Kmakos, I'. H. Jon https://
DKCIUTyaTanusi 000pyA0BaHUS U CHCTEM znanium.ru/
BOJOCHA0XEHUS U BOJOOTBEICHUS | YICOHHUK catalog/
s CITO / XKmakos I'. H. — Mocksa : product/
MH®DPA-M, 2025. — 237 c. 2169483

ITepeyenns MmaTepnanos, 000pyA0BaHNA M HHPOPMANMOHHBIX HCTOYHHKOB.:
O6opynoBanue kKaOMHETa METPOJIOTMH, CTAHIAPTU3ALNN U CEPTUPUKALINHN:

J€EMOHCTPALMOHHBIE CTEH/IbI

IUIAKaTHI;

KOMITJIEKT Y9€OHO-METOIMYECKOMN JOKYMEHTAIINH;

METOJIMYECKHUE YKA3aHUS 10 BBIMOJHEHUIO TPAKTUYECKUX 3aHATHI

METOAUYECKHE PEKOMEHJAIUK T0 OpraHu3allid CaMOCTOSATEIbHOU palbOoThI
CTYJICHTOB;

TexHuyeckue cpeacTBa 00yUeHHUS:
KOMIIBIOTEP c JULEH3UOHHBIM MPOTrPaMMHBIM o0OecrnieueHuEM u
MYJIbTUMEIHANPOEKTOP.
O6opynoBanue 1a00OpaTOPUN IKCILTyaTallMd, HAJAJKA U UCIIBITAHUS TEIUIOTEXHUYECKOTO
000pyZIOBaHUS U CUCTEM TEIIO- U TOIIMBOCHAOKEHUS:

KOMILJIEKT y4€OHO-METOIMYECKON JOKYMEHTAIINH;
METOANYECKHUE YKA3aHU 110 BBIIIOJHEHUIO IPAKTUYECKUX 3aHATUN
METOJMYECKHE PEKOMEHJAlMU IO OpraHu3alli CaMOCTOSITEIbHON pabOThI

CTYJICHTOB;
JIEMOHCTPAIMOHHBIC W TAOOPATOPHBIE CTCH/IBI;

[JIAKATEI TEMJIOTEXHUYECKOE o0opyoBaHUE, CHCTEMBI TEIIo- u
TOILJIMBOCHAOKEHUS.

O6opynoBanue ciecapHO MacTePCKON U pabovInX MECT MAaCTEPCKOM:

CBEPJIMJIBHBIN CTAHOK;

TUCKH,

HAO0Op CJECapHBIX M COBPEMEHHBIX H3MEPUTENIbHBIX HWHCTPYMEHTOB 10
KOJIMYECTBY 00YUaIOIUXCS;

MIPUCTIOCOOJICHHMS 1711 TPABKHU U PUXTOBKH;

3arOTOBKH JUTsI BBITIOJTHEHUS CIIECAPHBIX PadoT;

HaOOp TUIAKATOB;

JIEMOHCTPAIIMOHHBIN HA0Op 000PYI0BaHUS PA3HYHBIX BUJOB CBAPKH, KOHTPOJISI
Y TIOITOTOBKU MaTepHaia;

3.BAPUAHTBI OHEHOYHBIX CPEJICTB

IIpumepnbiii nepedyens Bonpocos mo MIK.01.01 Bogonoaroroska (Texkyumuii KOHTPOJIb)


https://znanium.ru/catalog/product/2169483
https://znanium.ru/catalog/product/2169483
https://znanium.ru/catalog/product/2169483
https://znanium.ru/catalog/product/2157053
https://znanium.ru/catalog/product/2157053
https://znanium.ru/catalog/product/2157053

Paznen 1. KayecTBO NIpUPOIHBIX BOJ.

1.ITo kakuM NMOKA3aTEJSIM OMNpeae/IsieTCs JKeCTKOCTHI0 BOAbI?

BapwnaHTbl OTBETOB:

1- 1o cymMe KoHIeHTpaiuii karnonos Ca® u Mg>

2- o oO0uiemMy cozep)kaHre BEUIecTB, 00YyCIOBIMBAIOLINX IPHU JUCCOLMAILIMY WK B Pe3yJIbTaTe
TUAPOJIN3a MOBBILIEHHON KOHIIEHTpauuu noHoB OH"

3- mo 3arpsA3HEHHOCTH BOJIbI OPTaHUYECKUMH BELLIECTBAMU

4-110 CyMMapHOMY KOJIMYECTBY HEJIETYUHX BEILECTB, IPUCYTCTBYIOLIMX B BOJE B KOJUIOUAHOM U
MOJIEKYJIIPHO-TUCIIEPCHOM COCTOSIHUH

5 - IO KOHIIEHTpay KPEMHHUEBOM KUCIIOTHI B [IEPECUETE HA IBYOKHCHh KPEMHUS, HAXOAALIYIOCS B
HACXOJTHOH BOJE

2. lllesi04HOCTD BOABI ONpeeIsieTcs Mo:

BapwnaHTbI OTBETOB:

1- 1o cymMe KoHIeHTpaiuii kKarnonos Ca®™ u Mg>

2- 1o o01emMy coIep KaHUIO BEIECTB, 00YCIOBIMBAIOIINX MIPU AUCCOLMALINN WIH B PE3YJIbTAaTe
TUAPOJIN3a MOBBILIEHHON KOHIIEHTpauuu noHoB OH"

3-1mo 3arpsI3HEHHOCTHU BOJIbl OPraHUYECKUMHU BEIlleCTBAMU

4-mo cyMMapHOMY KOJIMYECTBY HEJIETyUUX BEIECTB, IPUCYTCTBYIOLIUX B BOAE B KOJUIOUJAHOM U
MOJIEKYJIIPHO-TUCIIEPCHOM COCTOSIHUH

5-110 KOHIEHTpalUu KPEMHHUEBOM KUCJIOTHI B IEPECUETE HA JBYOKHCHh KPEMHUS, HAXOASILYIOCS B
HACXOJTHOH BOJE

3. ITo corecogepkaHUIO MPUPOAHBIC BOAbI ObIBAIOT:

BapwnaHTbl OTBETOB:

1- rpyboaucnepcHble U KOJUTOUTHO-AUCTIEPCHBIE

2- MUHEpaJIbHbIE U OPraHUYECKUE

3- IIpecHBIE U COJICHbIE

4 - atMoc(epHbIe, TOBEPXHOCTHBIE

5— I'PYHTOBBIE U TEXHUYECKUE

4. Meroaom mipudTa U KpecTa onpeaejasioT nNoka3arejb BOAbI:

BapuaHTbl OTBETOB:

1- cyxoit ocTaTok

2- OKHUCIIIEMOCTh

3- MpO3pavyHOCTh

4 - pH Bogs!

5 — comepkaHue KUCI0poa

S.1lej104HbIe NPUPOIHDbIE BOAbI XapaKTEPU3YIOTCH:

BapuaHTbl OTBETOB:

1' >I<0>]—I—[0

2 - )K0<HI0

3- K=I,

4- Kk =XKo

5-pH<7,0

OTJ105keHUs] B KOTEJbHBIX YCTAHOBKAX

1. Hakunpb1o B KOTEJIbHbIX YCTAHOBKAX HA3BIBAIOT:

BapuaHTbl OTBETOB:

| — KOHIIEHTpaLHIO KPEMHUEBOM KHUCIOThI, HAXOIAIIEHCS B UCXOJHOM BOJIE

2- MJIOTHBIE OTJIOKEHUS, BOZHUKAIOLME HA TOBEPXHOCTH HArpeBa UM OXJIAXKICHUS

3- pBIXJIBIE OTJIOKEHUS

4 - KONMYECTBO BEIECTBA, COEpIKAIIeecs B ONpeAeIEHHOM 00beMe

5 - cyMMapHO€ KOJIMYECTBO HEJETYYUX BEUIECTB, MPUCYTCTBYIOIIMX B BOAE B KOJJIOMAHOM U
MOJIEKYJIIPHO-AUCIIEPCHOM COCTOSIHUHU



2. Kakue crioco0b1 ynajieHusi 00pa3oBaBIINXCS OTJIOKEHUH NPHMEHSAIOTCH B KOTEJIbHbBIX
ycTaHOBKax?

BapuaHTbl OTBETOB:

1- neasparust nUTATEIHHON BOJIBI

2- 11e71049€HNE KOTJIOBOM BOBI

3- MEXaHWYEeCKUE U XUMHUYECKHE

4 - 06paboTKa BOJIBI KOMILIEKCOHAMH

5 — xumuyeckoe 00eccoMBaHNe BOJIbI

3.00pa3oBaHue MeT09HO3eMeTbHbBIX OTJIOKEHHI B KOTEJbHOM arperare 00ycJI0BJICHO HAJIMYHEM B
Boje:

BapuanToB oTBeTa

|- BBICOKOYM KOHLIEHTpALUU TPYAHOPACTBOPUMBIX COETMHEHUI

2- OKHCJIOB KeJe3a Ui (pocdartos xenesa

3- coequHEHNH Mean

4 - arpecCUBHBIX I'a30B

5 - menoun

4. Crioco0bI1 ynajieHust 00pa30BaBIINXCH OTJIOKCHHI:

BapuaHTbl OTBETOB:

1- neaspanyst nUTATENBHON BOJBI

2- mieJioueHne KOTIOBOU BOIEI

3- MEXaHNYECKUE U XUMUYECKHE

4 - 06paboTKa BOJBI KOMIUIEKCOHAMH

5 — xuMuYeckoe 06eccoTuBaHUE BOJIBI

5. ''maBHBIM yc/10BHeM BO3HHKHOBEHUSI MEKKPUCTAJUIUTHON KOPPO3UH ABJISIETCS:
BapuanTts! 0TBETOB?

|- HaIM4Ke B KOTIIOBOW BOJIE KUCTIOPO1a

2- BOBHUKHOBEHHUE BBICOKHX PACTATMBAIOIIMX HANPSKEHUI B MeTajlIe

3- BBICOKOE coJiepKaHie HaKUIeoOpa3oBareiei

4 - mpucoCHl OXJIaXKJAIOLIEN BOJbI B KOHAECHCATOPE

5 — BBICOKasi TeMIeparypa

3arpsi3HeHUs Mapa U cNoco0bl 60PLOLI C HUM.

1. C xakoii HeJibI0 NPUMEHSIOT B KOTEJIbHBIX YCTAHOBKAX MEPHOAUYECKYI0 NMPOAYBKY:
BapuaHTbl OTBETOB:

1- st noaaepxanust ONpeAesIeHHON KOHIEHTPAUU KOTIOBOW BOJIbI
2- JUIA CHIDKEHUSA OOIIEeH JKECTKOCTH BOJIBI

3-171s1 yoaneHusl arpecCUBHBIX Ta30B

4 —nnist camxenust pH Boabl

S5—nis ynaneHus: U3 KOTEeJIbHOTO arperarTa 1uJiamMa

2. Kak Ha3bIBaeTcsi BLIBO/I M3 KOTEJIBHOI0 arperata 4acTv KOTJIOBOI BOAbI M 3aMeHAa ee
NMUATATEJIbHOM?

BapuaHTbl OTBETOB:

1- npoxyBKoOH

2- cenapauuei

3- ucnapenuem

4 - obeccolIMBaHUEM

5— pereHepanuen

3.Ilepuoaunyeckas NpPoaAyBKa MpeIHAZHAYEHA JJI:

BapuaHTbl 0TBETOB:

- mopaepxkaHust ONpeeTCHHON KOHIEHTPAIMU KOTIOBOM BOJIbI

2- CHHKEHHUS OOIIEH KeCTKOCTU

3- yIoaneHus arpecCUBHBIX Ia30B

4 - cumxenust pH Bozbl

5- ynaneHus U3 KOTEJIBHOrO arperara mnmJiamMa



4. BbIBO/ U3 KOTEJIBbHOI'0 arperaTa 4acTv KOTJI0BOM BOJbI U 3aMeHA ee MUTATeIbHOI HA3bIBACTCH:
BapunaHTbl OTBETOB:

1- npoxyBKOH

2- cenapauuei

3- ucnapenuem

4 - obecconuBaHueM

5— pereHepanuen

5.Pa3pyumieHue MeTaslia o BO3AeHCTBHEM OKPYKAKOIIe cpebl HA3bIBAETCH:
BapuaHTbl OTBETOB:

1- mponyBKO#

2- OKHCIIEHUEM

3- neaspanueit

4 - KAaTHOHUPOBAHUEM

5 - Koppo3uei

Koppo3ust TenjiocnioBoro 0600pya0BaHusi 1 MeTobI 00PLOBI ¢ Heil.

1. Jlsist nperoxpaHeHusi KOTEJIbHOI0 arperata 0T CTOSHOYHONH KOPPO3HHU NPOM3BOJSAT:
BapuaHTbl OTBETOB:

1- nepuoanUECKyIO IPOAYBKY

2- yMATr4eHue KOTJIIOBOM BOBI

3- neaspanuio

4 - KOHCEepBaIHUIO

5 - OIIPECCOBKY

2.Yem 00yc10BJIeHA IAPOBOASTHAS KOPPO3Usi?

BapuaHTsl OTBETOB:

|- BBICOKMM JJaBJIEHUEM U TEMITEPATYPOM TETUIOHOCUTEIIS

2- HaJIMYUEM B BOJIE PACTBOPEHHBIX I'a30B

3- HaJIM4YMEM B BOJIE B3BEILICHHBIX BEILIECTB

4 - BBICOKMX PACTATMBAIOLINX HAIPSKEHUHN B METAILIE

5 - pa3pylIeHHueM MeTaJula B pe3yJIbTaTe XUMUYECKOTO B3aUMOJICHCTBUS C BOJASHBIMU MTapaMu
3. Kak Ha3pIBaeTcsl BOAHO-XHMHYECKHH Pe:KUM, IPH KOTOPOM B BOJOKOHICHCATHBIN TPaKT
IHEProd/10Kka BBOAUTCS TOJIbKO ra3000pa3Hblii KHca0poa?

BapuaHTsl OTBETOB:

1 - BBICOKOIIIETIOYHOMN

2- KOMIUIEKCOHHBII

3- miesnoyHou

4- HEHTpaJbHBIN

5 - ra3oBbIil

4. Kak Ha3bpIBaeTcs yAaJleHHe U3 BOAbI PACTBOPEHHBIX aIPECCHBHBIX I'a30B?
BapuaHTbl OTBETOB:

1- ymsiruenuem

2- neasparnuen

3- N3BECTKOBAHUEM

4 - xoaryJsiuen

S—pereHeHpanuen

5. [IpM kakux napaMeTpax NpuMeHsieTCsl BAKYYMHasl Jea’panus BoAbI?
BapuaHTsl OTBETOB:

1- mpu t >373K

2- mpu t <373K

3-pH>9,0

4 - K< 10 MKr-3KB/KT

5 — npu J1100BIX YCIOBUSX

Ynanenue u3 BoAbI IPy00AMCIIEPCHBIX H KOJUIOMIHBIX TPUMeceii.



1.Kak Ha3bIBaeTcs1 Ipouecc OCBETJICHUsI BOAbI?

BapuaHTbI OTBETOB:

1- mpouecc yaaneHus U3 BoJbl IpyOOIUCTIEPCHBIX U KOJUTOMIHBIX ITpUMeceit
2- mpouecc YKpyHMHEHHsI KOJUIOUAHBIX YaCTHII

3- mporecc oOMeHa KaTHOHOB

4 - mporecc HENPEepPBIBHON NPOAYBKH UIaAMa

5 — mpouecc cenapanuu napa

2.Kak Ha3pIBaeTcs Npouecc YKPYNHEeHUs KOJIOUAHBIX YaCTHI, 3aBePIIAIOIINICH BbINA/leHUEeM
BEIECTBA B 0CAJ0K?

BapuaHTbl OTBETOB:

1- ocBeTneHuemM

2- Na-KaTHOHMPOBaHHUEM

3-00eCcKUCIOpOKUBAHHEM

4 - pocharupoBanrem

5 - KoaryJisinuen

3. Kakum cnoco6oM ocyiiecTBJIsieTcs yAajdeHne rpyooJucnepCcHbIX 3arpsa3HeHnii?
BapuaHTbl OTBETOB:

1- xumMHuueckuM 00eccoMBaHuEM

2- yMSTYEHUEM

3- KATHOHHPOBAHUEM

4 - aHNOHUPOBAHUEM

5 - ocax/ieHrneM U PUIbTPOBAHUEM

4. Kak nmo 1aBJIEeHHIO Pa3JIH4al0T 1ea3paTopbl?

Bapuantsl oTBeTOB?

1- neHouHbIE, CTPYHHBIE, KallEIbHbIE

2- CMENIMBAIOIIETO TUIIA U NEPErPeToro napa

3- HENPEpBIBHOTO U MEPUOINIECKOTO NEHCTBUS

4 - BakyyMHbI€, aTMOC(EPHbIE U MOBBIIIEHHOTO JTaBJICHUS

5 — BOAOCTpYWHBIE U IAPOCTPYHHBIE

5. ®unbTpOBaHHEM HA3BIBAIOT:

BapuanTts! 0TBETOB?

1- mporecc ocBeTIeHHs BOAbI yTEM MPOITyCKa €€ Yepe3 MOPUCThIN MaTepHra
2- IpoLECC YAJIEHUsI arPECCUBHBIX Ta30B

3- mporecc 00padOTKU BOJBI KOMIUIEKCOHAMH

4 - CHU)KEHHE KECTKOCTU UCXOAHOMN BOJIBI

5 — CHIKEHHE LIEITOYHOCTH UCXOIHOM BOJIBI

O0pabdoTka BoaAbl METOA0M HOHHOI0 00MeHa.

1.KosinyecTBO rpaMM-3KBHBAJIEHTOB KATHOHOB, IOIJIOMAaeMbIX 1 M’ KATHOHHTA, HA3LIBAETCS:
BapuaHTbl OTBETOB:

1- pabGoueii 0OMEHHOI eMKOCTbIO

2- koa¢punmeHTOM HabyXaHHsI KATHOHUTA

3- HacBITHOW Maccoil KAaTHOHUTA

4 — BIa)XHOCTBIO TOBAPHOT'O KATUOHUTA

5- TEpPMOCTOUKOCTBIO

2.Kakum o0pa3zoM npousBoauTcsi perenepanus Na-KkaTuoHura?

BapuaHTbl OTBETOB:

I-pacTBOpOM 1IETIOUN

2- pacTBOPOM ITOBapEHHOM CONH

3- cynbdaToM aMMOHHS

4 - pacTBOPOM CEPHOM KUCIIOTBI

5- BO3ayXOM

3. Kakoii mepBoi TeXHOJOTH4YeCKOMH onepanyei NpM pereHepanud HOHUTHBIX (PHIBTPOB
ABJIsieTCH?



BapuaHTbl 0TBETOB:

1- mpoMBIBKa KaTHOHUTA PACTBOPOM KHUCIIOTHI

2- npeHupoBaHue GpuiIbTpa

3- oTMbIBKa (hUIbTpa

4 - mpoIycK peareHra

5- B3pBIXJICHUE

4.Kakum 00pa3om ocyniecTBIsieTCH yAaJdeHne rPy0OAUCIePCHbIX 3arPsA3HeHN i ?
BapunaHTbI OTBETOB:

1- XumMuUecKuM 0b6eccoTuBaHUEM

2- yMAT4eHUEM

3- KaTHOHMPOBAHUEM

4 - aHMOHHMPOBaHUEM

5 - ocaxxieHneM U (UIBTPOBAHUEM

5. O6padoTka Boabl MeToaoM H-kaTHOHMpOBaHMA TNpeIHA3HAYeHA [JIf:
BapuaHTbl 0TBETOB:

1-m1s ynaneHust KAaTHOHOB U3 BOJIbI

2-1U1s1 yAaeHusl KATHOHOB U3 BOJBI C 3aMEHOM MX HA MOHBI BOJOPO/1a

3- 15 3aMeHBI KOaryJsiTopoB B BOJIE

4-1151 yMAT4EeHUs BOABI

5-nns ynanenns Ca* u Mg>*

Otsertsl 1o Tectam: pazaen 1(1,1,2,1,5) paznmen2 (2,3,1,3,1) pazmen 3 (5,5,5,5,5) pazmen 4 (5,5,5,,2,5)
pazmen 5 ( 1,5,5.4,1)

IIIxana oreHKn

[IpoueHT KauecTBeHHas olleHKa ypOBHS MOJITOTOBKU
pPe3yIbTaTUBHOCTH bann (otmeTka) BepbanbHblii ananor
(TIpaBUIILHBIX OTBETOB)
90 — 100% 5 OTnuaHO
80 —89% 4 Xopouio
70 —79% 3 YAOBJIETBOPUTEIBHO
Menee 70% 2 HEYIOBJICTBOPUTEIHHO

IIpumepHbIi IepeYeHb BONPOCOB I IK3aMeHa

1. ®usnyeckue U XMUMUYECKHE CBOMCTBA BOJIBI.

2. [IpupoHbIE BOABI M TOKA3aTENN Ka4yecTBa.

3. BemecTBa, 3arps3HAOIINE BOJBI, IPUMECH.

4 Buapl oTiIoKeHu. Buanl Hakumu.

5.MaruutHas 06paboTKa BOJIBI.

6. [TonaTHE O KauecTBe Mmapa, NPUMECH, PUMeECH Tapa. BeniecTsa, 3arpsa3Hsaronime nap
7.11lenoyHO3€eMENBHBIE OTIOKEHUS B KOTJIAX.

8. MeTroasl ynaneHus OTJIIOKEHUHN C IOBEPXHOCTH HarpeBa.

9.IlonsTHE O KayecTBe Mapa, IPUMECH, TPUMECH T1apa. BemecTsa, 3arpsa3Hsaomue nap.
10.DaxTopsl, onpeaensonme KauecTBO napa.

11..IlponyBka, BUIBI, LIENN.

12.Metoas! OIy4eHHUS YUCTOrO Mapa.

13.M3y4nTh NEepUOUYECKYIO YUCTKY KOTEIBHOIO 000PYAOBaHUS.

14.Koppo3ust TemIocuaoBoro o00pyI0BaHusI U METOIbI OOPHOBI C HEH.

15. Y nanenue u3 Boapl KOPO3MOHHO - arpeCUBHBIX Tra3oB. JleaspaTopsl.
16.AHanu3upoBaTh KOPPO3HUIO MAPOBBIX KOTJIOB, TPYOOIPOBOJIOB.



18.0mpenenuTs KOPPO3UIO MPHU CTOSTHKE 000PYT10BaHHUA.
19. Jleaspatopbl BAKYYMHOT'O THIIA.

20. [leaspatopsl aTMOC(hEpHOro TUIIA..

21. IIpouecc ynaneHus yrieKuciaoThl U3 BOJBL.
22.0CcHOBHBIE METO/IbI OCBETJIEHUS BOJBI.

23.CymHOCTh Tpoliecca KoaryJisiuH.

24.Bp100p cXeMbl XUMBOJIOOUHCTKH.

25.Hatpuii —kaTHOHHBIE YCTAaHOBKH.

IIpakTH4eckue u JadopaTopHbie padoThI

CocraBiieHHe ypaBHEHHUH JIEKTPOJMTHYECKON JMCCOLMALUN JJIsl PACTBOPOB, CoJlei,
KHCJIOT, IeJJ09ei

Lenb: 03HAKOMUTBCS ¢ 0OBEMHBIM METOJIOM ONPE/IeNICHUs] KOHIIEHTPALIUH PACTBOPOB U HAYUUTHCS
[IEPECUNTHIBATh KOHLEHTPALUU U3 OJHOH Pa3MEpPHOCTH B APYTYIO;3aKPENUTh NMPOWIEHHBIA MaTepual;
YCHEIIHO UCIIOJIb30BaTh IPUOOPETEHHBIE YMEHH B PealIbHOM KU3HU.

CTyneHT [OJDKeH YMEThb: KIacCH(HUIMPOBATH KAayeCTBO MPHUPOJHBIX BOJ, 3HATh:OCHOBHBIC
buznyecKkrue 1 XuMUYECKHe CBOMCTBA BOJIbI,0CHOBHBIE TIOKAa3aTeNIM KayecTBa MPUPOIHON BOJIBI.

B xummueckux mabopatopusx, KOTenbHBIX W TOIL[ wame Bcero oOBEMHBIH METOJ aHaIu3a
UCTIONB3YETCS ISl OTPECNICHUs] JKeCTKOCTH, MIEIOYHOCTH, KUCIOTHOCTH WM COJEPIKAaHUS XJIOPUIOB,
KOTOpBIE CIyXaT s KOHTpOJis paboThl BOAOIMOATOTOBKM U BOJHO-XMMHYECKOTO peXuMa KOTIOB
HU3KOTO M CPEIHEro JaBlieHUs. B kadecTBe TUTPOBAHHBIX PACTBOPOB MPHUMEHSIFOTCS HOPMaJbHBIC MU
KpaTHble UM (JAELIMHOPMAaJIbHBIE, CAHTUHOPMAJIbHBIE) PACTBOPHI TpHJIOHa b, KUCIOTHI, €AKOro HaTpa,
A30THOKHCIION pTyTH U Ap. MHauMKaTopaMu Ciay)aT XpOM TEeMHO-CHUHHMA, METUIOpaHX, (eHONI(TalIeHH,
mubenmnkap6a3u. [l npuroToBiaeHusl TATPOBAHHBIX PACTBOPOB CIy’KaT TaK Ha3blBaeMble (hMKCaHAJIbI
(3amasHHBIC CTEKIISTHHBIC aMITYJIbl, COJIEPKAIIUE OMPEeIEHHOE KOJIMYecTBO TUTpanTa). [Ipu orcyTcTBUM
¢uKcaHaIOB MOJKHO II0JIb30BAThCSl HABECKAMU COOTBETCTBYIOILIEIO BEIIECTBA, HO B 3TOM cllydyae
HEOOXOJIMMO YCTaHABIMBAThH TUTP MPUTOTOBIEHHOTO PAaCTBOPA, TaK KAaK HE KaXkJI0OE€ BEIIECTBO MOKET
ObITh TOYHO B3BEIICHO, TaK KaK MOXET M3MEHAThCS KOJMYECTBO IMPUMECEH, B TOM 4YHUCIE
KPUCTAJUIM3AaLUOHHOM BOJBI.

HaBecka, paBHas rpaMMOJIIOTHTPaHTa (WJIHM COJAEPKUMOE aMIyJibl (puKcaHaja), MOMEIIACTCS B
MEpPHYIO JINTPOBYIO KOJIOY, Ky/ia 10 METKU JOJIMBACTCSA AUCTUIIMPOBaHHas Boja. [Ipu sTom momyyaeTcs
HOpMaJbHBIA (MOJSIPHBIN) pacTBOp, B OJHOM JIUTPE KOTOPOIO COAEPKHUTCS OAUH TI'PamMMOJb
pacTBOpeHHOro THUTpaHTa. lIpuMeHeHHe [MeIUHOPMANBHBIX W CAHTHHOPMAIBHBIX PACTBOPOB JaeT
BO3MOXXHOCTh YIPOCTHTH pacueThl. B BOJONOATOTOBKE 4Yalle BCEro KOHIEHTpPAlusi pacTBOPOB
BbIpaxkaeTcs: MaccoBbiMu mporieHTamu (CMLIL., %), o6vemHol konuentpamuer (CO.K., mr/m, Mkr/m,
/1), KOTM4ecTBOM rpamMm-moJiekya (CM, r-mMoiib/J1, Mr-MOJIb/JT) Wik rpaMmM-3KBUBaIeHTOB (CD, r-3KkB/1I,
MT-9KB/JI, MKT-3KB/JT), COJEpKaIMMcst B 1 IUTpe pacTBopa.

KonuenTpanus B mpoueHTax onpezensercs no Gopmye:

Cvn=0,1g/(Vypp), %(1)

rae: V,— o0beM pacTBopa, J;¢— MaccoBOE KOJIMYECTBO BEILIECTBA, PACTBOPEHHOE B 00bEME, T';0,—
IUIOTHOCTh PAacTBOpA, KI/J.

OTOT cnocod MNPUMEHSETCs] TJIaBHBIM 00pa3oM il BBIPAXKEHHUS KOHUEHTpPALMU PacTBOPOB
peareHToB, ynoTpebasieMbIX Ha BOJOIIOATOTOBUTEIHHBIX YCTAHOBKAX.

OO6beMHas KOHIEHTpALUs ONIPEAEISETCS 10 COOTHOLICHUIO:

Cox=g/Vp.(2)
Momnsiprast (HopMasibHas) KOHIICHTPAIHS ONpeAeIsieTcs o hopmyiie:
Cu=Cox/M=g/(V,*M),(3)
rae M — monexyIspHasi Macca BEIEecTBa, I/T-MOJIb.



OkBuBaJieHTHass macca (O, TI/T-3KB, MI/MI-3KB) [aHHOTO BEIECTBA — 3TO €ro KOJHYECTBO,
COOTBETCTBYIOILIEE B JAHHOM pEaKUMM OJHOMY aTOMy BOAOpOAa (MM JPYyroro OJHOBAJIEHTHOIO
AIIEMEHTA) UJIH MEPEX0/y OJJHOTO 3JIEKTPOHA (B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUX).

2=M/n,(4)

I/I€ 1 — BaJECHTHOCTb BEILIECTBA B JAHHOMN PEAKIIHH.

BanenTHOCTh BeniecTBa 3aBUCUT OT TUIA peakiuu. Tak, HanpUMep, B peakuuu

2 NaOH + C02 — N3.2CO3 + HzO (5)

BaseHTHOCTh CO, paBHA 2, a SKBUBAJIEHT YIJIEKUCIOTHI paBeH (12+2%*16)/2=22 mr/Mr-3kBs.

B peakunn NaOH + CO, — NaHCO;Banentnocts CO, paBHa 1, a 5kBUBaneHT — 44 Mr/ Mr-aKB.

Jlns npoBeneHHs pacyeToB U OTBETOB IHiepen J1abopaTOpHbIMH paboTaMH U BO BpeMs
KOJJIOKBUyMa HEOOXOJIUMO 3allOMHHTh HaW3yCThb AaTOMHBIE MAacChl 4Yallle BCEro BCTPEYAIOIIUXCS
a11eMeHTOB (Tabu. 1).

Tabmuma 1 - ATOMHBIE MacChl SJIEMEHTOB, Yallle BCETO BCTPEUAIOIINUXCS B BEIIECTBAX,
HCITOJIB3YEMBIX B pacyeTax BOJOMOTOTOBUTEIbHBIX YCTAHOBOK(OKPYTJICHHBIC 3HAUCHHS )

Ne HanmenoBanmne ATomHas Ne HanmenoBanme ATomHas
n/a 2JIEMEHTA Macca n/m dJIEMEHTA Macca

1 Bomopon H 1 9 dochop P 31
2 Yraepon C 12 10 | Cepa S 32
3 Azor N 14 11 | Xmop CI 35,5
4 Kucnopon O 16 12 | Kamii K 39
5 Hatpwuii Na 23 13 Kanemnuii Ca 40
6 Maruuii Mg 24 14 | Keneso Fe 56
7 Amomunnii Al 27 15 | Meas Cu 64
8 KpemHunii Si 28 16 | Cepebpo Ag 107

Oxkpyrienue 1aeT BO3MOKHOCTh MPAKTHUYECKU ISl BCEX MPUBEIACHHBIX JIEMEHTOB MPOU3BOAUTH
BBIYHMCIICHHSI C OITMOKOH, He npeBbimatomniei 1 %.

THoka3aTeju BOJLI

enb pa®oThl: M3yUnTh TPEOOBAHUSA K KaU€CTBY BOJBI TEIUIOTEXHUYECKUX YCTAHOBOK, HAYUYUTHCSA
OTIPECIIATh KECTKOCT, MEJI0YHOCTh U COACpKAHUE XIOPHUIOB.

enb:3aKkpenuTh MPONACHHBIA MaTEepUal;yCHEIIHOE HCIOIb30BaHUE MPUOOPETEHHBIX YMEHHUM B
peabHOM KU3HU.

Crynent JTOJKEH YMEThOIPEACIATD TEXHOJIOTHYECKHUE MoKa3aTesn KadecTBa
BO/IbI,3HATHOCHOBHBIE [TOKA3aTEIHN KaueCTBa IPUPOTHOMN BOIBI.

Toxazamenu rkauecmea 600vi. Bomy, HaXOASUIYIOCS TMOCTOSSHHO B MPHUPOJHOM KpPYrOBOPOTE,
YCIIOBHO AENAT Ha aTMOC(EpHYI0, MOBEPXHOCTHYIO, MOA3EMHYIO (TPYHTOBYIO) U MOpckyro. Kaxmas u3
STUX BHJIOB BOJbl MMEET CBOM KAYECTBEHHBIC IIOKAa3aTElIH, OT KOTOPBIX 3aBHCHUT BO3MOXKHOCTH €€
UCIIONb30BAaHUsl B Te€X WIM HMHBIX Lensx. OnHako oObluHas mMpecHas Boja (MOBEPXHOCTHAs) BCeraa
COJICPXKUT IPUMECH COJICH U PACTBOPEHHBIE T'a3bl.

[To xumuueckoMy cOCTaBy TpHUMECH MPUPOAHBIX BOJ JENSIT Ha MHUHEpajbHbIE U
oprannueckne. MuHepaapbHbIe TPUMECH OOYCIOBIUBAIOTCS COJCPKAHUEM B BOJAC PA3IMYHBIX COJICH,
KHUCJIOT, OCHOBAaHMM, HAXOJSIIMXCS MPEUMYIIECTBEHHO B AMCCOIMUPOBAHHOW ¢opme, T.e. B BHUIE
KaTHOHOB M aHMOHOB. K 3TOH ke rpymnne npumeceil oTHOCITCS U pacTBOpeHHbIe ra3bl N,,O, CO,, NHs,
CH,4, H,S.Oprannyeckue npuMecu COCTOSIT U3 T'yMYCOBBIX BEIIECTB, BBIMBIBAEMBIX W3 IOUB, a TaKXKe
OpPraHMYECKUX  BEIIECTB  PA3JIMYHBIX  TUIIOB, IMOCTYMAIONIUX HM3  BCEBO3MOXXHBIX  CTOKOB
(CenmbCKOXO3AMCTBEHHBIX,  MPOMBINUICHHBIX). [Ipupogupie  BOABI  XapakTEpU3YIOTCS  BBICOKHM
conmepkanueM katroHoB Na+, K+, Ca+, Mg+ co ciemamu NH+, Fe,+, M+, Cuxt, Zny+, Nixt, Als+.
Cpenu aHnoHOB B coctaBe npumeceld ocHOBHbIME sBIsitoTcs HCOs5, Cl-, SO,.4, HsiO5, NOs, CO,.. Ilpu
STOM HATPUW M KaJIMM MPAKTUUECKH HE 00paszyloT TPYIHOPACTBOPUMBIX COCAMHEHUH, B TO BPEMS Kak
KaJIbIUil 1 MarHuil sSIBISIOTCA BaXXHEHIIMMU MPUMECSIMHU B MPOIECCE 3arpsi3HEHUS TEIUIONepeaaroInux



noBepxHocTel. OHM BCTYIAIOT B PEAKLUIO C aHKOHAMH ¥ 00pa3yloT COJIM C HU3KUMHU KO3 PUIIMEHTaMU
pactBopumocTu.KoT/ioBO BOMON Ha3bIBaeTcs BOJA, HaxoIsllasicss BHYTPH KOTJa (BO BCEX €ro
aneMeHTax).PaccMoTpeHHbIe BU/IBI BOJIBI CYIIECTBEHHO PA3IMYAOTCS 10 KauyeCTBY, KOTOPOE OLEHUBAIOT
[0 TaKUM I[OKAa3aTelsiM, KaK >KEeCTKOCTb, COJEp)KaHHWE XJIOPUIOB, IIENOYHOCTh, (hochaTHOE YHUCIO,
KOHIIEHTPALUsl BOJOPOAHBIX HOHOB, COAEp)KaHUE KHCIOPOZAa, Macia W JPYrHuX He(TenpoIyKTOB H
Pa3IMYHBIX TPUMECEN.

Kecmkocmsv - 5mo 00Ha U3 OCHOBHLIX Xapakmepucmuk Kadecmea 600vl. CaMbIM
pacrnpocTpaHEHHBIM IOKa3zaTesieM siBisieTcsa oomas xectkocTh KO - cymMMa Bcex pacTBOPUMBIX B BOJIE
cojeil KanblMA (KaJbLMeBas >KECTKOCTh) M MarHus (MarHueBas »KECTKOCTb), BBIPaKCHHas B
MUJUTHTPaMM-IKBUBAJICHTaX Ha JUTP (MT-3KB/1).

Jlnis mepecueTa BbIPQXKEHHBIX B €MHUIE MI/JI KOHIEHTPAIM KaJbIMs U MAarHUs B €UHULIE MT-
9KB/J MX 3HAYEHHs JESIT Ha SKBHUBAJEHTHBIE MAacChl 3TUX KAaTHOHOB, T.€. HCIOJIB3YIOT CJEIyIOIIHe
COOTHOILLIEHUS:

1 Mr-3kB/1 xxectkoctu = 20,04 mr/n Ca+2 ,

1 Mr-skB/n xecTroctu = 12,16 mr/n Mg2+,

rae 20,04 u 12,16 - sKkBUBaJICHTHBIC MACChI KAJTBIIMS M MarHUS.

Takum oOpa3om, o0Imas >KeCTKOCTh MOXET ObITh NpejacTaBieHa cymMmoil kapOonatHoi JKKu
HekapoonaTHoi XKHK cocrapnstomux ninn kansuueBoi JKCa u marauenoit 2KMg 5kecTKOCTbIO:

KO=XKK + XHK = XCa + XMg. (6)

C nosblileHreM oOIIe MUHEpanu3alldyd BOJbI BO3pacTaeT MarHueBas COCTaBjsgiomias, a
KajbliieBass yMeHblnaercs. KapOoHaTHas KeCTKOCTb OOYCJIOBIMBAETCS MPHUCYTCTBUEM B BOJE
oukapoonaroB kanbius 1 Maraus: Ca(HCOs), u Mg(HCO:s),.

KapOoHnaTHy1o ’eCTKOCTh MHOTJ]a Ha3bIBalOT BPEMEHHOM, TaK KakK B IpoLecce paboThl KOTIa OHA
YMEHBINAETCSA. DTO BBI3BIBAETCS TEM, YTO OMKAapOOHATHI MPU HArPEBE BOJBI Pa3JIaraloTcs U 0Opa3yroT
HEpacTBOPHMBbIE COJM, KOTOpbIE CKAIUIMBAIOTCS Ha IOBEPXHOCTH HarpeBa (Hakumb). Hampuwmep,
pacTBOpPEHHBIN B Bojie OMKapOOHAT KaJIbLiMs [IPU HArPEBaHUU U KUIIEHUHU BOJIbI pacnajaercs Ha KapOoHaT
kanpuga CaCO; u yroasHyto kucinory HCO;. KapGonaTt kanbius BeinagaeT B ocanok.HexapOoHaTHas
KECTKOCTh OO0YCJIOBIMBAETCS IOPYIMMH COJSIMH KaJlbLlMs M MarHus, KOTOpble IpU HarpeBe BOJbI
XVUMHUYECKH HE U3MEHSIOTCS M OCTAIOTCS PACTBOPEHHBIMU. DTH COJIM KECTKOCTH BBINAJAIOT JIMILIb B 30HE
HCIIapeHus, KOTla KOHIIEHTpAIUs UX MMPEBBICUT Mpeien pacTBOpuMocTH. K 3Toil rpyrine oTHOCSATCS coH,
oOpazyromiuecs: B pe3yibrare B3auMoaeiucTBus Ca 1 Mg ¢ CUIBHBIMHE KUCIOTaMHU (XJIOPUABI, CYIb(aTsl,
CUJIMKAThl, HUTpaThl). HekapOoHaTHYIO K€CTKOCTh MHOT'/Ia HAa3bIBAIOT MOCTOSIHHOMN (OCTATOYHOM).

Hpumep: Ha turposanue 100 M mpo6s1 Boas! nowio 12 mit tpunona b

2Kobmr. = 12x0,1 = 1,2 mr 3kB/11.

Omnpezenenne MEIT0YHOCTH BoAbI (110 (peHoadTarenHy). ITOT METO OCHOBAH Ha HEUTpaIU3alluu
KHCJIOTOM KOTJIOBOW BObI, KOTOPasi COAEPXKUT LIEJOUYH, OKpalluBaiomue (GpeHondrajiens B MaJHHOBO-
KpacHbIi 1BeT. Peakiusi KoH4YaeTcss B MOMEHT J00aBKU MOCJEIHEN Karld KUCIIOTHI, KOT/la MaJlMHOBAas
OKpacka Hcye3aeT M BOJa IPUHHUMAEeT CBOIO IIE€PBOHAYAIBHYIO OKpacKy (0 BBEIEHHS B Hee
dbenondranenna).

B k0:10y nHanusarot 100 M1 MCTIBITYEMOH BOJIBL, Ty/la K€ BBOJAT 2-3 Kariu (eHondranenHa, Boaa
OKpAILMBAETCsl B MAJIMHOBO-KPACHBIN IIBET. 3aTeM IO KaruiiM IpoOy BOJBI TUTPYIOT PacCTBOPOM CEPHOI
KHCJIOTBI 10 UCUYE3HOBEHUS OKPACKH.

[Ipumep: Ha tutpoBanue 100 M1 KOTII0BOW BOJBI MMONUIO S5 MJI KMCIJIOTHI.

[I1e0uHOCTH BOJBI PaBHA = 5 MT HKB/IL.

[IlenoyHOE YMCIIO KOTJIOBOM BOJIBI PABHSAETCS KOJIMYECTBY MUJUTHIIUTPOB KUCIOTHI, 3aTPAYEHHOMY
Ha TutpoBanue 100 MJI KOTJIOBOM BOJBI, YMHOKEHHOMY Ha 40.

[Ipumep: Ha tutpoBanne 100 M1 KOTI0BOW BOJBI MMONUIO S5 MJI KMCJIOTHI.

Ilenounoe yucao Boasl = 5x40 = 200 mr/m.

Omnpenenenue coiepaHus XJIOPUIOB B Boje. MeToJ OCHOBaH Ha CIHOCOOHOCTH COJIeH PTYTH
JlaBaTh ¢ XJop-uoHOMManoauccounupoBanHoe coeaunenue (HCL) u cBs3piBaHUM N30BITKA HOHOB PTYTH
(Hg2+) nudennnkap6a30HOM B KOMIUIEKCHbIE COETUHEHUS, OKPAIIEHHbIE B PO30BO-(HOJIETOBBIN IBET.



Konnenrpauuto xmop-uona or 0,1 mo 10 mr/n ompenenstor ¢ nmomomsio 0,0025H pactBopa
A30THOKHCIION PTYTH, a KOHLIEHTPALMU XJI0p-HUoHa OoT 10 MT U BBIIIE - C TOMOUIBIO €€ JEIUHOPMAJIbHOTO
pacTBopa.

Konnencar - B kon0y HanuBaroT 100 M koHAEHCAaTa U AOOABISAIOT MIEMOTKY WHAMKATOPA - BOJA
cuHeeT. [IoToM 1o KamisiM HalIMBarOT PACTBOP a30THOM KUCJIOTHI 10 IEPEX0Ia CUHEN OKPACKH B XKEITYIO
u eme 10 xamenb ATON KUCIOTHL.3aTeM MENJIEHHO, CUIbHO B30anTthiBasi, TUTpyoT 0,0025H pactBopom
A30THOKHUCIION PTYTH 10 Iepexoja XenToW OKpacku B po30BO-(puosieToblil.ComepikaHue XJIOpPHIIOB
YHUCJIEHHO PaBHO KOJIMYECTBY MUJUTMJIUTPOB PacTBOpa a30THOKUCIION PTYTH, MOLIEAIIEMY Ha TUTPOBaHHE
100 M1 ipo6s1, ymHO)keHHOMY Ha 0,08875 1 Ha 10.

IIpumep: Ha tutpoBanue 100 mun xkonaeHcara nouwio 0,25 Mi1 pacTBOpa a30THOKHUCIOW PTYTH.
CopepxaHue XJIOPUIOB PaBHO:

A =0,25x0,8875 = 0,22 mr/n XJ10p-HOHA.

Kotnosas Boga. B kon0y HanuBaroT 10 Ml KOTIOBOM BOABI U A00ABISIFOT 90 MII IUCTHILIIATA, K
npobe 100aBIAI0T MIETIOTKY UHIMKATOPHON CMECH, BOJIa OKPAIMBAETCS B CUHMM LIBET, 3aTEM I10 Karljie
N00aBIISAIOT: PACTBOP a30THOW KHCIIOTHI JI0 MEpexojia CUHEH OKpackH B XenTyro u eme 10 kamenb 3Toi
KHUCIIOTHI. 3aTeM MelieHHO TUTpYyIoT 0,1H pacTBopoM a30THOKMCIION PTYTH U CHUIIBHO B30AJNTHIBAIOT 10
nepexo/1a )KeaToH OKPack B PO30BO-(HOJIETOBYIO.

CopepxaHue XJIOPHUJIOB YHCICHHO DPABHO KOJIMYECTBY MJI pacTBOpa a30THOKHUCION pTYyTH,
nomeameMy Ha TuTpoBaHue 10 M1 KOTJIOBOM BOAbI, yMHOXEHHOMY Ha 3,55 m Ha 100. Ecou Ha
tATpoBaHue B3ATO 100 M1 HCIIBITYEMOM BOABI, TO PE3YIbTAT aHAIN3a YMHOXKAKOT Ha 10.

le0uHO03eMeIbHBIE OTJIOKEHHSI B KOTJIAX, TEMJI000MEeHHUKAX

Lenp:3akpenuTh NpOMAIEHHBIM MaTepHall;yCHEeIIHOe HCIOIb30BaHHE NMPUOOPETEHHBIX YMEHHUH B
peaJIbHOM JKU3HHU;03HAKOMUTBHCS MEXAHU3MOM OTJIOKEHUS I1EJI0UHO3EMENBHBIE OTIOXKEHHS B KOTJIaX.

CTyfeHT [JOJDKeH YyMEeTh:NpeAOoTBpallaTh o00pa3oBaHUE OTJIOKEHUS IIEJI0YHO3EMENbHbIE
OTJIO’KEHUS B KOTJIaX, 3HATh MEXaHU3M OTJIOKEHUS IEJI0YHO3EMENIBHBIX OTIOKEHUH B KOTJIAX.

IIpuuunvr 0b6pazoeanus OMaONHCeHULl 8 MENI00OMEHHbIX ANNAPaAMaXx.

Pa3znnunble npuMecH, colepikaliecs: B HarpeBaeMon U ucnapseMoi BOJIE, MOTYT BBIACIATHCS B
TBEpAYIO (pa3sy Ha BHYTPEHHUX MOBEPXHOCTIX MaporeHepaTopoB, HCIapUTeel, naponpeodpa3zoBaTeneit
U KOHJICHCATOPOB MAapOBBIX TypOMH B BHJE HAKWUIIM, a BHYTPH BOJSHON MacChl B BHJE B3BEIIEHHOTO
nutama. Henp3st, 0IHAKO, MPOBECTH YETKYIO I'PAHMIYY MEXAY HAKMIIbIO M IIIIAMOM, TaK KAaK BEIIECTBA,
OTJararomyecs: Ha IOBEPXHOCTH HarpeBa B (popMe HAKUIU, MOTYT C T€YEHHEM BPEMEHH NpeBpalaThcs B
[1IaM ¥ Ha00OpOT, IIaM MTPH HEKOTOPBIX YCIOBUSAX MOXET MPUKUIIATH K TIOBEPXHOCTH Harpesa, o0paszys
Hakumb.M3 3lIeMEHTOB MaporeHeparopa 3arpsA3HEHUI0 BHYTPEHHHMX IIOBEPXHOCTEH OOJIbIe BCEro
MOIBEPIKEHBI 000TpeBaeMbIe SKpaHHbIe TPyObl. OOpa3zoBaHNE OTIOKEHUN HAa BHYTPECHHUX MOBEPXHOCTIX
napoo0Opasymomux TpyO BieueT 3a coOoi yXyJIIeHHe TeIuloneperadd W KakK CIIeACTBUE OMAacHBIH
neperpes Metrajuia TpyO.PaanannoHHble MOBEPXHOCTH HAarpeBa COBPEMEHHBIX IapoOreHepaTopoB
MHTEHCUBHO 00O0rpeBaloTCs TOMOYHBIM (akesnoM. IIIOoTHOCTh TemIoBOro moToka B HUX gocturaer 600—
700 KBT/M’, a MECTHBIE TEIUIOBBIE MOTOKH MOTYT OBITH €lle Bhime. [109TOMy make KpaTKOBPEMEHHOE
yXyauienue ko3 duuuenTa TemiooTAaul OT CTEHKU K KUIIAIIEeH BO/Ie MPUBOAUT K CTOJIb 3HAYUTEITLHOMY
pocty Temneparypsl cteHKH TpyObl (500—600 °C u BbIIIE), YTO MPOYHOCTh METAIa MOXKET OKa3aThCs
HE/I0CTaTOYHOM, 4TOOBI BBIAEPXKAaTh BO3HUKIINE B HEM HampsokeHus. CHEACTBUEM ATOTO SBISIOTCS
MOBPEXACHUS MeTaljla, XapaKTepU3yIOLUecs MOsSBICHHUEM OTAYJIHMH, a HEpeAKO U pa3pbiBoM TpyO. [Ipu
PE3KUX TeMIIEpaTypHBIX KOJEOaHUSAX B CTEHKAX MapooOpasyromux TpyO, KOTOpbIE MOTYT UMETh MECTO B
IIpolecce HKCILTyaTal[uy IMapOreHepaTopa, HAKUIlb OTCIIAUBAETCS OT CTEHOK B BHJIE XPYNKUX U IUIOTHBIX
YellyeK, KOTOPbIE 3aHOCATCS IMOTOKOM LUPKYJIHUPYIOLIEH BOJBI B MECTa C 3aMEJICHHOM LUPKYJIALMEH.
Tam npoucxoauT ocakJeHHEe MX B BHUJE OECHOPSAOYHOIO CKOIUIEHHSI KyCOUKOB PA3JIMYHBIX BEJIUYUH U
GopMBI, CLEMEHTHPOBAaHHBIX LUIAMOM B Oojlee WIM MeHee IUIOTHhle oOpasoBanus. Eciu B
naporesepatope 0Oapa0aHHOTO THUIIA HMEIOTCS TOPU3OHTAJIbHbIE WM CIIa0OHAKIOHHBIE YYacTKU
napooOpasyromux TpyO ¢ BJIOH LUPKYJIALUEH, TO B HUX OOBIYHO NMPOUCXOAUT CKOIUICHHE OTJIOKEHHI
PBIXJIOrO IIJIaMa.

CysxeHue ceueHMs I IPOXoJa BOJBI MM TMOJIHAS 3aKyMOpKa MapooO0pa3yIonux TpyO IpUBOIST
K HapyLICHHUIO LHAPKYIAUMU. B Tak Ha3piBaeMOM NEpEXOIHOM 30HE MPSAMOTOYHOIO MaporeHeparopa 1o



KPUTUYECKOTO JIaBJICHUS, IJIe UCHAPSIOTCS MOCIEeIHUE OCTATKU BJIATM, M OCYIIECTBIIAETCS HEOOIbIION
neperpeB mapa, oOpasyercs OTJIOKEHHS COEIMHEHUM KajblUs, MarHus W MPOIYKTOB KOPPO3HHU.
[TockonbKy NpPSAMOTOUYHBIA TaporeHeparop sBiseTcs >(PQPEKTUBHON JOBYIIKOH TPYIHOPACTBOPUMBIX
COEJIMHEHUI KaJbIUsl, MarHus, *ejie3a U Meau. To Mpu MOBBIIIEHHOM COJAEP)KAHUU UX B MUTATEIbHOMN
BOJIC OHHM OBICTPO HAKAIUIMBAIOTCS B TPYOHOW YACTH, YTO 3HAUYUTENIHO COKpAILAET MPOAOIDKUTEIHHOCTD
paboueii kammaHuu maporeHeparopa. s Toro 4To0bl 00€CTeunTh MUHUMAJIBHBIE OTJIOKCHHS Kak B
30HaX MaKCHMaJbHbIX TEIJIOBBIX HArpy3oK mapooOpa3yromux TpyO, Kak U B MPOTOUYHOW YaCTH TypOHH,
HEOOXOJUMO CTPOTO MOJJEPKUBATh AKCIUTYyaTal[MOHHbIE HOPMBI JOIYCTUMOIO COJEp)KaHus B
NUTATENbHOM BOJE TeX WM UHBIX npuMmeceid. C 3Toil 1enpio 100aBOYHas NHUTATENbHAs BOAA
nojBepraercs riIyOOKOW XHMMHUYECKOM OYUCTKM JMOO JUCTWUISLMU Ha BOJOMOJATOTOBUTEIbHBIX
YCTaHOBKaXx.

VYiaydiieHue KkayecTBa KOHAEGHCATOB UM NUTATENbHOM BOJBI 3aMETHO OCJA0sieT Mpolecc
00pa30BaHUs 3KCIUTyaTallUOHHBIX OTJOXEHUH Ha TOBEPXHOCTH MApOCHIOBOIO OOOpYIOBaHUS, HO
MOJIHOCTBIO €ro He ycTpaHseT. CiieoBaTeabHO, B LEsIX 00ecnedyeHus JOKHON YUCTOThl TOBEPXHOCTH
HarpeBa HEOOXOIMMO HapsAy C OJHOPAa30BOM MpPEOIyCKOBOW OYHMCTKOM IpPOBOIUTH TaKxkKe
NePUOANYECKHE IKCILTYyaTallHOHHbIE OYMCTKH OCHOBHOTO M BCIIOMOTATEIbHOI0 000pyAOBaHUS U IPU TOM
HE TOJIBKO MPHU HAJTMYUHM CUCTEMAaTHUECKUX IPyObIX HAPYLIEHUH YCTAaHOBJIEHHOTO BOJHOTO peKUMa U MpU
HEJA0CTaTOYHOU 3P (PEeKTUBHOCTH MPOBOAUMBIX Ha TOC MPOTHBOKOPPO3UOHHBIX MEPOIPHUITHHA, HO U B
ycIoBHAX HOpManbHOHM skcrutyataumu TOC. IlpoBeneHue SKCIUTyaTallMOHHBIX OYHMCTOK OCOOEHHO
HEO0OXO0JMMO Ha SHEProOJIoKax ¢ MPsIMOTOUYHBIMH ITAPOTreHEPATOPaAMHU.

Kenezoconepxamue CHINKATHbIE OTJI0KEHUS

Henp:3akpenuTh NpOIIEHHBIM MaTepHal;yCHelHOEe HUCIIOJIb30BAHUE MPUOOPETEHHBIX YMEHUN B
peasbHOM JKU3HU;03HAKOMUTBCS ¢ 00pa30BaHUEM HKEJIe30COAEPKAIINX CUIIMKATHBIX OTJIOKEHHUH B KOTIIE.

CTyeHT [OJKeH YMeTh: MpeAoTBpallaTh o00pa3oBaHUE HKEJIE30COAEPKAIIUX CHIMKATHBIX
OTJIO’KEHUH B KOTJIE, 3HATh MEXAHU3M OTJIOKEHUS XKEJIE30COIEP/KALINX CHIIMKATHBIX OTJIOXKEHHUH B KOTIIE.

MeTtansl U CIUIaBbl, ynoTpeodssieMble JIsl U3TOTOBJIEHUS TEINIO3HEPTeTUYECKOro 000py10BaHMs,
00J1aJat0T CIIOCOOHOCTHIO BCTYIIATh BO B3aUMO/ICHCTBHE C COMPUKACAIOIIEHCS ¢ HUMH Ccpelloi (Boaa, map,
rasbl), cojepKallell Te WM MHbIe KOPPO3HMOHHOArPECCUBHBIE MpUMecH (KHUCIOPOJl, YroJibHas U JApyrue
KUCJIOTHI, Ienoud u Jap.).CyIIecTBEHHBIM MJIsi HapylleHHs HOPMalbHOM paboThl MapoBOro KOTIA
ABJISIETCS. B3aMMO/IEUCTBHE PACTBOPEHHBIX B BOJIE BEIIECTB C OOMBIBAHUEM €TI0 METAJUIOM, B Pe3yJibTaTe
4ero MPOMCXOAMT pa3pylIEHUE MeTallja, KOTOPOe NPH M3BECTHBIX pa3Mepax NPUBOAUT K aBapusM U
BBIXOAY W3 CTPOS OTHEIBHBIX 3JIEMEHTOB KOTjia. Takue pa3pylleHHs MeTajla OKPYKAWEH Cperoi
Ha3bpIBalOTCs Kopposued. Koppos3us Bcerna HauMHAeTCs € IOBEPXHOCTH MeETaula U IIOCTENEHHO
pacnpocTpaHnsieTcss B IiyOb.B Hacrosimiee Bpemsi pa3iMyaioT JBE OCHOBHBIE T'PYIIBI KOPPO3HMOHHBIX
ABJICHUN: XMMHYECKass U DJIEKTpoXUMHUYecKas Koppo3usa.K XuMHueckoil KOppo3MM OTHOCATCS
paspylleHusT MeTajljla B pe3ylbTare €ro HeMOCPEeICTBEHHOr0 XHMMHUYECKOTO B3aUMOJCHCTBHUS C
OKpyXarollel cpenoil. B TemmocuyioBoM Xo3siiCTBE NMpUMEpaMU XHMUYECKOW KOPpPO3UU SIBIISIOTCS:
OKHUCJICHHE HapyXKHOH TIOBEpPXHOCTHM HAarpeBa TOpSYMMH JbIMOBBIMHM Ta3aMu, KOpPPO3HMSl CTaju
HeperpeTbiM MapoM (Tak Ha3blBaeMasi MAapOBOASHAs KOPPO3HWs), pa3belaHHe MeTaula CMa30YHBIMU
MaTepuaigamMu U Ip.DJIeKTpOXUMHUYECKasi KOppO3Hsl, KaKk MOKa3bIBaeT €€ Ha3BaHME, CBA3aHA HE TOJBKO C
XUMHUYECKUMH IIPOLIECCAMU, HO U C NIEPEIBUKEHUEM JIEKTPOHOB BO B3aUMOJEHCTBYIOIIUX Cpelax, T.€. C
MOSIBJICHUEM 3JIEKTPUYECKOTO TOKa. OTH TMPOIECCHl MPOUCXOIAT NpPU B3aUMOJEHCTBUU MeTailjia C
pacTBOpaMH IEKTPOJIUTOB, YTO U MMEET MECTO B MAPOBOM KOTJIE, B KOTOPOM LIMPKYJIHPYET KOTIOBAas
BOJIa, MIPECTABIIAIONMAs cOO0H pacTBOP paclaBIIMXCsA HA MOHBI COJIEH M MeIoueld. DIeKTPOXUMUUIECKast
KOppO3Us MPOTEKAaeT TaKkKe MPU KOHTAKTHPOBAHUHM METallla ¢ BO3AYyXOM (IIpU OOBIYHON TemIieparype),
coJieprKalleM BCerja napbl Bo/bl, KOTOpble KOHACHCUPYSCh Ha TOBEPXHOCTU METaJlla B BUJI€ TOHUANIIIeH
IUIEHKH BJIaTH, CO3JAI0T YCJIOBHS IJIs MPOTEKaHUs 3JIEKTPOXUMHUYECKON Koppo3uu.Pa3zpymenne meranna
HA4YMHAETCS, [0 CYIIECTBY, C PACTBOPEHHUS JKelle3a, 3aKII0YAIOIIErocs B TOM, UYTO aTOMBI JKeje3a TEPSIOT
YaCTh CBOMX DJIEKTPOHOB, OCTABIISASA MX B METaJljle, M MPEBPAILAIOTCS, TAKUM 00pa3oM, B MOJIOKUTEIEHO
3apsOKEHHbIE MOHBI JKeJie3a, Iepexoisiiue B BOJHBIA pacTBOp. ODTOT Mpolecc HE MPOUCXOTUT
PaBHOMEPHO I10 BCEH MOBEPXHOCTH OMBIBAEMOTrO BOJOW MeTaa. J[e10 B TOM, YTO XUMHUYECKH UUCTBIE
MeTaJlJIbl OOBIYHO HEJOCTATOYHO IMPOYHBI U MOITOMY B TEXHHKE MPUMEHSIOT MPEUMYIIECTBEHHO HX



CIUIaBBI C IPYTMMH BEILIECTBAMU, KaK U3BECTHO, UyTYH U CTallb ABJIAIOTCA CIUIABaAMU JKEJ€3a C YIIIEPOAOM.
[TomMuMO 3TOro, K KOHCTPYKIMHM CTadd A00ABISIOT B HEOONBIIMX KOJMYECTBAX MJIs YJIyUIIEHHUS €€
KayecTBa KpEMHHH, Maprasen, XpoM, Hukeiab U 1p.Ilo ¢dopme mposiBieHus KOPPO3UHM PA3IUYaAIOT:
KOPPO3HUIO0 paBHOMEPHYIO, KOTJIa pa3pylLIeHHe MeTaula MPOUCXOIUT MPUMEPHO Ha OJUHAKOBYIO TITyOUHY
10 BCEW MMOBEPXHOCTH METaJljIa U KOPPO3HIO MECTHYI0. [locaenHss nMeeT Tpyu OCHOBHBIE Pa3HOBUAHOCTH:
1) s3BeHHass KOppo3usi, MPU KOTOPOM pa3beqaHHe MeTalsla pa3BUBAETCs B INIyOMHY Ha OTpaHHMYEHHOU
IUIOINAAM TOBEPXHOCTH, NPHOIMKAIOMIENHCS K TOYEYHBIM HU3BSBICHUSAM, UYTO OCOOCHHO OINACHO JUIS
KOTEJBHOTO 00OpyaoBaHusi (0oOpa3oBaHHE B peE3yibTaTe TaKOW KOPPO3WU CKBO3HBIX CBUIIEH); 2)
u30upaTenbHasi KOppo3us, KOrjia pa3pyliaeTcsl 0JlHa U3 COCTaBHBIX YacTel CIlIaBa; Hampumep, B TpyOax
KOHJICHCAaTOPOB TYypOWH, H3TOTOBJIEHHBIX W3 JAaTyHH (CIUIaB MEAM C LHMHKOM), MpPH OXJIaKIECHUU
OPOMCXOOUT yJAaJleHWe W3 JaTyHH LMHKA, B pe3yidbTaTe Yero JaTyHb JeJaeTcs XpyHkoil; 3)
MEXKPHUCTAJUIUTHAS KOPPO3Ms, BO3HMKAIOIIAs TPEUMYILIECTBEHHO B  HEJAOCTAaTOYHO IUIOTHBIX
3aKJICTIOYHBIX U BAJIBLOBOYHBIX COEIUHEHMSIX MApOBbIX KOTJIOB IPU arpeCCUBHBIX CBOMCTBaX KOTJIOBOM
BOJIbI C OJHOBPEMEHHBIMU YpPE3MEPHBIMU MEXaHMYECKHMHU HANpPsKEHUSIMU B 3THX Y4YacTKax MeTaia.
OTOT BUJI KOPPO3UHU XapaKTEPU3yETCs MOSBICHUEM TPEIINH, UAYIIUX 110 TPAaHNLIAM KPUCTAJIIIOB METaIa,
YTO JeJIaeT METAIUT XPYIKUM.

MeToabl YaiajieHust OTJIOKEHHUH ¢ MOBCPXHOCTH HArpesa

Henp: 3akpenuTh NpoNHeHHBIN MaTepuall; yCIEIHOE UCIIOIb30BaHne MPUOOPETEHHBIX YMEHHN B
peaJIbHOM JKU3HM;03HAKOMUTBCS C METOAAMM YAAJIEHUS OTJIOXKEHHUM C MOBEPXHOCTU Harpena.

CTyeHT NOJDKEeH: yMeTh KiacCU(PHUIMPOBATh METOIbl YJAJICHUS OTJIONKEHHH C MOBEPXHOCTH
HarpeBa, 3HaTbOCHOBHBIE (DPU3MYECKHE M XMMHUYECKHE IMPOLECCHl yIAIEHUS OTIOXKEHUN C MOBEPXHOCTH
Harpesa.

BHyTpeHHAs o4McTKa MOBEPXHOCTEW KOTJIOB MPOU3BOAUTCS Ul YAAJIEHUS COJIEH, BBINAJAOIINX
U3 BOJIbI M OTJIATalOIIMXCS HA CTEHKax OapabaHOB, KOJUIEKTOPOB U TpyO. Brimanenue coneit mpoucxoauT
IIPY Harpe€BaHUU U UCIAPEHUU BOJbI, NPUYEM B HEKOTOPBIX CIIydasX BBINAJAIOLINE COJIM PABHOMEPHO
MOKPHIBAIOT BHYTPEHHUE CTEHKU KOTJIa TUIOTHOM M TPYIHOOTAETUMOW KOPKOW, KOTOpasi Ha3bIBAETCS
Hakumblo. B KoTimax BcTpeuaeTcs TBepias, Bs3Kas M pbIxjas Hakumb. HaumOonee omacHoii sBiseTcs
BA3Kas Hakulb, 00OJajarolias HU3KOM TeIUIONpPOBOAHOCThIO. Hanmuyue cinos HakuOmu 3aTpynHseT
TEIUIoNEpeIady OT ra30B K BoJe. B HEKOTOPBIX ciayyasx ciod HaKUMM TONUHON 0,2 MM MOXET BBI3BaTh
HEJOIyCTUMBII MeperpeB CTEHOK TpyO M 00pa3oBaHueE BBIITYYH WU IEPEXKOT MeTaslIa.

Ha BHyTpeHHell MOBEpPXHOCTH 3KpaHHBIX TPYO KOTJIOB BBICOKOTO JABICHHS, OCOOCHHO B 30HE
MaKCHMaJbHBIX TEIUIOBBIX HANPSDKEHUHN, MOSIBISIOTCS OTJIOXKEHHUS HAKUIIM, KOTOPhIE MOTYT MPHUBECTH K
MOSIBJICHUIO CBUIIEHW U K Pa3BUTUIO MHTEHCUBHOM MOALUIAMOBOM KOPPO3UH, Yallle BCETO OKOJIO CBAPHBIX
coenuHeHuil. OTiIOKEeHUS O0pa3yloTCsl B pe3yibTaTe HapylIeHUs BOAHOro pexuma. s ycTpaHeHus
HAKUIH MUTATEIbHYIO BOAY MOABEPraloT XMMHUYECKol ouncTke. Eciiu mo kakuM-i110o mpuyuHaM B KOTJIE
MOSIBJISIFOTCSL  OTJIOXKEHWS] HAaKUMM, TO B TMEpPUOJ KamUTAIbHOIO pPEMOHTa, a JUIsi KOTJIOB
NapoNpOU3BOAUTENBHOCTEIO MeHee 0,7 T/4 — COrJacHO YTBEP)KICHHOMY TIpaduKy — TNPOU3BOAST
MEXaHUYECKYI0 WJIM XUMHUYECKYI0 OYMCTKY BHYTPEHHEH NOBEpXHOCTH OapabaHOB, TpyOd M Jpyrux
AJIEMEHTOB KOTJIA.

[lepen MexaHuueckoi ouncTKOil OapabaHa HEOOXOIMMO MPOBEPUTH TEMIIEPATyp BHYTPH HETO,
o0ecrnieynTh NPUTOK BO3/AyXa, CHATh M YNAIUTh CEMapalMOHHOE YCTpoWcTBO. YUTOOBI MpPUMEHUTH
Haubonee 3¢ eKTUBHBIA COCO0 OYMCTKH MOBEPXHOCTEH KOTIa, HEOOXOIMMO ONPENENIUTh XapaKTep
HaKHUIIY, €€ TONIIMHY U TBepAocTh. [locie Brlllycka BOJbI U3 KOTJIA CIEAYET YAAIUTH €UIE HE YCIEBIIMM
CIIEMEHTHUPOBATHCS PHIXJIBIA CIIOM HaKuUIK. B mpoliecce 0YMCTKH MHTEHCUBHO OXJIAXKIAIOT pabouee MeCcTo
B OapabaHax IpU MOMOIIM CIIELUAIBHONW MEPEeHOCHON BEHTHJIATOPHOM yCTaHOBKH. B mepByio ouepens
MIPOU3BOJUTCS OYMCTKA BHYTPEHHUX TIOBEPXHOCTEH CTEHOK 0apaOaHOB M KOJJIEKTOPOB OT OTJIOKCHHI
IpUCHOCOOTICHUSAMU — HAKUJAHBIMU TOJIOBKAMH, NMPUBOAMMBIMU B JieiicTBHE uepe3 I'MOKHe Basibl OT
AIIEKTPOJIBUraTelNsd WIM BO3AYLIIHOWTYpOUMHKHU. ['0JIOBKY HaKIaAbIBalOT Ha OYMINAEMYIO MMOBEPXHOCTb U
IUIABHO HaXHUMaloT Ha Hee. [Ipm 3TOM HEOOXOAMMO CTPOro CIEAUTh, YTOOBI OCh TOJOBKHM OblIa
napajuiesibHa oOpadaTeiBaeMON MOBEPXHOCTHU. 1'0JIOBKM JIsl OYMCTKH HAKUIIM MOJOUPAIOT B 3aBUCUMOCTH
OT JMaMeTPOB TPyO U CTeneHu 3arpsi3HeHus. JlnaMeTp rojJoBKH B CJIOXKEHHOM BHJIE JOJDKEH OBITh Ha 3—
4 MM MeHbIlIe CBOOOJHOTO OT OTJIOKEHUN nuameTrpa TpyObl U B cBeTy. [Ipu HEOONbIIUX OTIOKEHUSIX



OYHUCTKa TPyO MPOM3BOAUTCS PABHOMEPHOW Iojadell rMOKOro Bajia ¢ TOJIOBKOH BIepesd, a B ciydae
MIPOYHBIX OTJIOKEHUH — BO3BPATHO-NIOCTYIATEIBHOM MoAaden. /(s nmpeaoTBpamerus mojaoMOoK TOJI0BOK
U 0OpBIBOB TMOKUX BAJIOB HA OpOHE CTAaBUTCS KOHTPOJIbHAsE OTMETKa TPyOBbl, 1anee KOTOpoi TMOKHiA Basl
npornyckath He cieayeT. OuuMcTKy TpyO MIapolIKaMu BO BCEX Clydasx HEOOXOOUMO IPOU3BOIUTH C
OJTHOBPEMEHHOM 0OMBIBKOI BOI0I MecTa OUMCTKU. [Ipy 3TOM NpoU3BOIUTCS U OXJIAXKACHUE IAPOIIEK, U
CMBIB HaKuUIIM, 3a0MBAIOLIEH POCTPAHCTBO MEXy 3yObsiMH IIapouieK. [lepecTaBinsiTe roJoBKYy U3 OJAHON
TpyObl B JIpyryl0 HEOOXOAMMO TOJBKO NPH OCTAHOBJICHHOM OHIJIEKTPUYECKOM WM MHEBMAaTHYECKOM
MIPUBO/IE.

VYaaneHue Hakunu C TNPUMEHEHMEM pPYYHOIO MHCTPYMEHTa IPOM3BOAMTCA B MeCTax,
HEJOCTYTMHBIX JJI1 OYUCTKHM MEXaHMYECKHMM HWHCTPYMEHTOM (B yIJIax COEIMHEHHUS MEeperopojoK, BO3Je
BBICTYMAIOLINX KOHIIOB TPYO U T.1.)

XuMH4ecKuii cnocod 0YMCTKU MOBEPXHOCTH HArpeBa

Lenb: 3akpenuTh MPOWIEHHBIM MaTepUa;yCleuHoe UCO0Ib30BaHUEe MPUOOPETEHHBIX YMEHUN B
peaJTI)HOfI KU3HU,;03HAKOMUTHECA C XHUMHUUYCCKMMU MCETOAAMHU YyOAJICHUSA OTIOKEHHUH C MMOBEPXHOCTHU
Harpesa.

CTYI[eHT OOJDKCH: YMETb IPOBOIUTH XUMHYECKHH CII0OCOO OYMCTKHU IMOBEPXHOCTHU HArpcensa,
3HATHOCHOBHBIE XMMUYECKHE CIIOCOOBI OUMCTKH MTOBEPXHOCTH HArpeBa OT OTIOKEHUH.

Xumuueckue mexHono2uu, nomozarowue 6 YOaneHuu OMJIONCEeHUU KOma08020kamHs.OUnCTKa
HarpeBaTelbHON MOBEPXHOCTH OT OTJOXKEHUH B KOTJIE XUMHMYECKHUM CIIOCOOOM JOCTHraeTcs IyTeM
IMOJIHOI'0 paCTBOPCHUMA OTJIOKEHHUH JUO0 TOILKO HX pPasMATYCHHUEM U OTCIIOCHUEM OT IMOBEPXHOCTH, a
3aTeM yJaJeHUEM CWIIBHOM cTpyed Boabl. Ha mpakTuke, Kak IpaBWiIo, 3TH JIBa METOJAa IPUMEHSIOTCA B
KOMILJIEKCE, BHAYaJle UCIOJb3YIOT PACTBOPHI, KOTOPbIE MPeoOpa3yoT OTIOKEHUsS (€CIU HE MOJHOCTBIO,
TO, MO KpaiHEell Mepe, YaCTMYHO) B PACTBOPUMBIE COJM M BBI3BIBAIOT TEM CaMbIM HapyllIeHHE HX
CTPYKTYpbl U OTCIIOCGHHE OT IOBEPXHOCTU. 3aTeM OCTaBUIMECs, pa3IpOoO0JIeHHblE C HapyIIEHHOM
CTPYKTYPOH OTJIOXKEHUS OTPHIBAIOTCS ¢ TOMOIIBIO COIIElN, pPa0OTAIOMIMX MO/ JaBJIeHHeM (PEKOMEHIyeMoe
pabouee naBiieHME B HAaKOHEUHHKe coria coctasiisieT okono 1000 6ap). OcHOBHBIMU peareHTaMu Mpu
XUMUYECKOH OYHCTKE MOTYT OBITh MHHEpaJbHbIE KUCIOTHI, OPraHMYECKHE KHUCIOTbI, KOMIUIEKCOHBI,
11e104H, TU00 IpenapaTsl, IPeACTaBIsIoIUe cOO0H CMeCh BBIIIEYKa3aHHBIX BemecTB. COOTBETCTBEHHO,
BO3MOXXHBl METOJIbl OYMCTKM KOTJIOB: IIEJIIOYHBIE, KOMIUIEKCOHBI M KHCJIOTHBIE, IOCIEAHHE B CBOIO
ouepeabp MOryT OLITH C IMPUMCHCHUEM I/IHFI/I6I/IpOBaHHBIX OpPraHn4€CKuX KHCIIOT, I/IHFI/I6I/Ip0BaHHI)IX
HEOPraHMYECKUX KHUCIOT WM CMECH OPraHMYeCKUX M HEOPraHMYeCKHUX KHCIOT C HHIHOMTOpaMu
KOPPO3HUHU.

Texnuueckue u mexnono2udeckue MEPONPUAMUA NPU XUMUYECKOU OYUCMKE KOMIA

HenocpenctBeHHO caM HM30JMPOBAaHHBIM NPOLECC XMMHMUYECKOM OUYMCTKM KOTJA, YK€ II0CIIe
MoJTy4yeHus: (OpMaJIbHOTO pa3pellieHus] Ha MPOILeypy OYHUCTKH, COIJIACHO YTBEPIKIEHHOM TEXHOJIOTHH,
COCTOMT W3 CIEIYIOIMX IOCJIEI0BATENbHBIX CYLIECTBEHHBIX OIEpalyil: 3aluTa KOHTPOJBbHO-
HU3MEPUTENLHOTO 000pYAOBaHUS;BHIMBIBAHUE BOJHOM CTpyel OTJIOXKEHHH, c1abo CBSI3aHHBIX C
MIOBEPXHOCTBIO M UX YAAJIEHUE 3a Mpelesbl KoTia (HECKOJIbKOYacoBas OIepalysl);IPOMbIBAHUE
PacTBOPOM COJISTHOW KUCIJIOTHI C 100aBJIEHHEM UHITHOUTOpA KOPPO3HHU, C MOJOTPEBOM UM Oe3 Moaorpesa
BaHHBI, B 3aBUCUMOCTH OT TEXHOJOTHH (OT HECKOJIbKMX 4acOB M OOJIbIIE B 3aBUCUMOCTH OT TOJIIUHBI
OTJIO’)KEHUH); TIOBTOPHAsI MPOMBIBKA KOTJIA BOAOHM (/711 OCTAaHOBKM KHCJIOTHOM PEAKIUH U MOIYYEHHS
YUCTOM IMOBEPXHOCTH - MHMHHUMYM HECKOJIIBKO YacOB); YyJaJ€HHE OCTAaTKOB pAcCTBOPEHHBIX U
HEPACTBOPEHHBIX OTJIOKEHMH BOJHOM CTpyed 3a mpenensl Komia (MUHHUMYM  HECKOJBKO
YacoB);HEHUTpaNnMu3alus M T[acCHUBAalUi IOBEPXHOCTU KOTIa (OT HECKOJIbKUX YacoB M OOJbILE).
HenocpencTBeHHO Mpoliecc XMMHUYECKOH OYMCTKH C MPUMEHEHHUEM KHCIOTHOM BAaHHBI MPOU3BOJUTCS C
NPUHYIUTETbHON IMPKYJSALMEH TNPOMBIBHBIX pPAacCTBOPOB, 4YTO oOecredyrBaeT 0ojiee BBICOKYIO
3¢ (EeKTUBHOCTh U COKpAIAeT BpeMs mpolenypbl. BenomoratenbHoe ob6opyaoBaHHe, TaK Ha3bIBAEMBbII
HACOCHBIM arperaT Ajsi IPOMBIBKM COCTOMT M3 XHMHUYECKOIO HACOCAa, COOTBETCTBYIOUIEW MOIIHOCTH
(uenmecoobpa3HO B TEUYEHHME Yaca NATHUKPATHO HPOMBITH €MKOCTh KOTJa), BCIIOMOraTelbHOro Oaka
(emroctpio 0,2-2 M3), a Takke apMUPOBAaHHBIX PE3MHOBBIX IUIaHroB. HamopHslil mutaHr (oT Hacoca)
COEJIMHSETCS C CaMOM HM3KOM 4acThiO KOTJIA, HAllpUMEp C HIKHUM KOJIJIEKTOPOM, a Hacoc OOpaTHO



BOJIbI ¢ HanOoJiee BHICOKOM TOYKOM M MPOM3BOIUTCS BOAHBIA TECT, C LENbIO MIPOBEPKH FEPMETHYHOCTH.
YToObl HE JOMYCTUTH NTEHOOOPA30BaHUs B KOTJIE, BCIEACTBUE OBICTPO BBIAEISIEMOIO JUOKCH A YTIepoaa,
K pacTBOpY 100aBIIeTCs HE3HAYUTEIHHOE KOJMUECTBO TaK Ha3bIBAEMOI'0 IEHOTacuTeNs. DTO COThIE I0JIU
% ot oObemMa, a OKa3bIBAIOT KpailHE IM0JIe3HOE BO3ACHCTBHE B MPEIOTBPALICHUH XJIOIOTHOTO
NeHOOOPa30BaHMs M BHUIMBAHUS MEHBI HA HAPYKHBIE 3JIEMEHTHI KOTJIa M HACOCHBIN arperat. Llupkymsamus
pacTBOpa IPOU3BOJUTCS A0 T€X IMOp, MOKa KOHTPOJIbHBIM aHalu3 HE MOKAXKET, 4YTO KOHLEHTpaIus
pEeareHTOB NOJACPKUBAETCS Ha MOCTOSIHHOM ypoBHE. Eciii mapoBble KOTJIBI 3arpsA3HEHBI OTJIOKEHUSIMU
CHWJIMKATHOM, Cyib(paTHOW WJIM MarHeTUTOBOM MPHUPOABI, KOTOpbIE CJ1ab0 pacTBOPSIOTCS BCEPHOU
KHCJIOTE, JTMOO HE pAaCTBOPSIIOTCS B IIEJIOM, IIOCIIE MPOLETyphl yIAIEeHUs CTpYyei BOJbI Cl1ab0 CBSI3aHHBIX C
MMOBEPXHOCTHIO OTJIOKEHHM M TIepe]] HEeHTpaau3alueil U macCUBalue KoTiia HeOOXOJAMMO BBITIOTHUTH
npoluenypy uienoyHoi Bapku. Ilpomenypa ocymiecTBisieTcss ¢ NpUMEHEHHEM KapOoHaTa HaTpus U
nob6asnennemM (ocdara HaTpus, MpeoOpaszyroImero HEPaCTBOPHMBIC B COJSHOM KHCJIOTE COJU B
pacTBOpuMbIe B Hel kapOoHaTel U Qocdatsl. [Ipoueaypa menodHoil Bapku KoTia mpopospkaercs 2-3
CyTOK 0e3 moJyiydeHHs mapa ¢ 4acTeiMu, okojio 0,5 4, mpocrosimu. Ilocnme sToro srama KOTen BHOBB
nojBepraercss okuciaeHuto pactBopoM HCl ¢ mMHruOMTOpOM KOPPO3MH, COTJIACHO BBHIILICIPUBEICHHOM
CXeMe, U 3aKaH4YMBaeT I[pollecc IMpoleaypa HEWTpadu3aluud W [accuBauu KoTia. PactBop,
00pa30BaBLIMIACS TOCIIE OYUCTKH, T.€. CTOYHBIE BOJbI HEOOXOIMMO CIUTh B HECKOJBKO MPHUEMOB BO
BCIIOMOTaTeNbHbIM 0aK 1 MPOM3BECTU B HEM KOPPEKIMIO CTOYHBIX BoA 10 6,5<pH<9. Ilocnennum marom
ABJIIETCS BU3YyaJIbHOE MOATBEPKACHNE OUUCTKH KOTia. B mpolecce ocyliecTBiIeHUs MPOLENYphl BEAETCS
«Kypnan onepauuii», B KOTOpoM GUKCUPYIOTCS BCE TPOU3BEIEHHBIE JEHCTBUS U aHAIH3BI.

MeToasbl MOJYYCHHUHA YUCTOI0 1mapa

Henp:3akpenuTh NpONHAEHHBIN MaTepuai; yCIEUIHOE UCIOIb30BaHUE MPUOOPETEHHBIX YMEHUH B
peaJIbHOM JKU3HM;03HAKOMUTBCS C METOJaMH MOJIyYEHUsI YUCTOTO Mapa.

CTyAeHT NOKEeH yMeTh KJIacCHU(QHUIMPOBATh METObI MOJIYYEHUs YUCTOrO IMapa, 3HaTbOCHOBHbBIE
METO/IbI ITOJIy4E€HHs] YUCTOTO Iapa.

Xumuueckoe 0becKkuciopodicusanue.

CynbsdurupoBanue:2Na2S03+0272Na2S04.

JIOCTOMHCTBO:  XOpOILIO  pPacTBOpPUM B  Boje, Oe3BpeneH. Hemocratok- — yBenuueHue
COJIECOJIepKaHusl MUTATEIbHOM BOBI HA 12 Mr Ha 1 MI pacTBOPEHHOI'O KHCIOPO/Ia.

UroObl 3TO MOBBIIIEHHE HE OBUIO CIUIIKOM OOJBIIUM, CylIb(UTUPOBAHHE MUTATEIBLHOW BOJBI
NPUMEHSETCS JUIsl CBSI3bIBAHMS OCTaTKOB KHUCJIOpOJA IOCiIe TEPMUYECKUX [1€a’paTopoB, T.€.
J000ECKUCIIOpOXKMBaHUE BOJbl. B sToM ciywae mpu Ttemmneparype Boasl Bbime 100 °C peaxuus
OKHUCJIEHUS CyJIb(QUTa HATPUS MPOTEKAET C BBICOKOW CKOPOCTHIO MPU €ro MUHHUMAJIbHOM H30BbITKE HE
6onee 2 mr/n. Beox Na2SO310mkeH OCyIIEeCTBIATHCS HENPEPHIBHO M aBTOMATUYECKU B MHUTATENIBHYIO
MarucTpajib MPONOPLUOHAIBLHO PAaCXOQy BOJABI M KOHIEHTPALMM PACTBOPEHHOIO B HEW KHCIOpoJa ¢
MIOMOIIIBIO IaO0BOT0 MM MEMOPAHHOTO J103aTOpa.

Ilepnonnyeckas YUCTKA KOTEJIbHOr0 000py10BaHUS

Henp: 3akpenuTh NTPONHACHHBIN MaTepual;yCIENIHO HCIOJIb30BaTh MPHOOPETEHHBIE YMEHUS B
peasIbHOM JKU3HM;03HAKOMUTBCS C MEPUOINYECKON YUCTKOM KOTEIbHOI0 000pyA0BaHUS.

CTyleHT JOMKEH: yMETh OCYIIECTBISITh MEPHOJUYECKYI0 YUCTKY KOTEIHHOTO 000pYAOBaHUSA,
3HATh METOJIMKY MEPUOIUYECKON YUCTKUA KOTEITLHOTO 000PY/I0BAHUS.

Tpebosanus k mexHono2uu u cxeme OYUCMKU

[TosiBeHUsT HEIMJIOTHOCTEUIIPM XMMHUYECKOW OYMCTKe KoTia. (CXxema O4YHMCTKH JIOJDKHA
obecrneunBath (H(PEKTUBHOCTH OUMCTKU TOBEPXHOCTEH HArpeBa, MOJHOTY yIaJIeHHUs PaCTBOPOB, IIIaMa U
B3BeCH U3 KOTiIa. OYUCTKY KOTJIOB MO IUPKYJISIITUOHHOW CXEME CJEeAyeT MPOBOAUTH CO CKOPOCTSIMHU
JBUKEHHSI MOIOIIETO PacTBOpa W BOJBI, 00ECIIEUMBAIONIMMH YKa3aHHbIE ycloBHs. [Ipu 3TOM MOIKHBI
YUYUTHIBATHCS KOHCTPYKTHBHBIE OCOOCHHOCTHM KOTJIA, MECTOHAXOXICHHE KOHBEKTHBHBIX TAKETOB B
BOJSIHOM TpakTe KOTJa M Hajuuue OONBIIOr0 KOJMYECTBAa TOPU3OHTAIBHBIX TPYO Maloro auamerpa c
MHOTOKpaTHbIMU u30amu Ha 90 u 180°. BriGop moromiero pactBopa mMpouU3BOJUTCS B 3aBUCUMOCTU OT



CTEMNEHM 3arpsI3HEHHOCTU OYMILAEMBIX NTOBEPXHOCTEN HAarpeBa KOTia, XapakTepa U COCTaBa OTIIOKEHUM.
Jns pa3paboTKU TEXHOJOTMYECKOTO peXUMa OYUCTKM 00paslbl BBIPE3aHHBIX W3 KOTJIa TpyO
OTJIOXKEHUSMHU 00pabaThIBAIOTCS B JTAOOPATOPHBIX YCIOBHUSAX BBIOPAHHBIM PACTBOPOM C MOJEp’KaHHEM
ONTHUMAJIBHBIX TOKa3aTeleld MOIOUIEro pacTBopa. B kadecTBe MOIOIIEro peareHTa HUCHOJIb3yeTCs B
OCHOBHOM COJISTHasi KUCIIOTA. DTO OOBSACHIETCS €€ BBICOKUMH MOIOIIMMHU CBOMCTBAMH, MO3BOJISIOLIUMHU
OYHCTUTH OT JIOOOr0 THMA OTJIOKEHUH TOBEPXHOCTH HarpeBa Jake C BBICOKOM YIeIbHOMN
3arps3HEHHOCTHIO, a TaKXke He Ae(UIMTHOCTBIO peareHra. B 3aBHCHMOCTH OT KOJMYECTBA OTIIOXKEHHUN
OYHMCTKY BeAyT B onHy (mpu 3arpszHeHHOcTH 10 1500 1/M2) unm B aBe craguu (Tipu OOJNbIIEH
3arpsi3HEHHOCTH) PACTBOPOM € KOHIIeHTpauuei ot 4 1 0 7%. CepHast KUCIIOTa IPUMEHSIETCS U1l OUUCTKH
MMOBEPXHOCTEN HArpeBa OT JKEJIE300KHUCHBIXOTIOKEHUN C ColepKaHUEM B HUX Kaimblus He Ooisee 10%.
[Tpu 3TOM KOHIIEHTpaLUsi CEPHOM KHCIOTHI MO YCIOBUSAM Moroliue pacTBOPHI JOJDKHBI 00ecreyuBaTh
KaueCTBEHHYIO OYHCTKY IMOBEPXHOCTEH C YYETOM COCTaBa M KOJIMYECTBA OTJIOKEHUH, UMEIOUIUXCA B
9KpPaHHBIX TpyOax KOTJa U MOAJSKAIIMX yjaaneHuto. HeoOxoauMo oleHUBaTh KOPPO3UOHHBIE
MOBPEXACHUS MeTaslla TpyO MOBEPXHOCTEH HarpeBa U BHIOPATh YCIOBHSI OYMCTKH MOIOILIUM PacTBOPOM C
no6asiieHneM 3(p(PEeKTUBHBIX WHTMOUTOPOB IJIsi CHIXKEHUSIKOPPO3UU METajula TpyO B XOZ€ OYHMCTKU 10
JOTTYCTUMBIX 3HAYEHWH M OrpaHUYeHHs] OOeCleueHusl ee HaJeKHOI0 MHIMOWPOBAHUS MPU LUPKYJIALNUN
pacTBOpaB KOHTYpE OYUCTKU JIOJDKHA ObITh He Oonee 5%. Ipu komuuectBe oTinoxenuii menee 1000 r/m2
JIOCTaTOYHO OJHOW CTaAuM KHUCIOTHOM 00paboTKu, mpu 3arpsizdHeHHocTH 101500 r/mM2 Tpebyercs aBe
cranuu. Koryna ouncTke moaBepraroTcsi TOJIbKO BEpTHKAIbHBIE TPYObI (3KpaHHbIE ITOBEPXHOCTH HArpeBa),
JIOTTYCTUMO HCTIOJB30BaHUE METOAa TpaBiieHHus (0€3 HUPKYJSAIUU) PacTBOPOM CEPHOM KHCIOTHI C
koHuenTpauueit 10 10% I[pu xommuectBe otnoxenuit 10 1000 r/m2 TpeGyercst oHA KUCIOTHAS CTAIMS,
npu Oojblueld 3arpsA3HEHHOCTH [JB€ cTagud. B KkauecTBe MOIOLIEro pacTBopa [Uisl  yAajeHHUs
JKEJIE300KUCHBIX (B KOTOPHIX Kanblus MeHee 10%) oTioxkenuii B konmuectBe He Oonee 800- 1000 r/m2
MOKHO PEKOMEHJOBAaTh TaKXe CMECh pa30aBICHHOIO pacTBOpa CEPHOM KUCIOTHI (KOHIEHTpALUsl MEHee
2%) c¢ rugpodropuoMaMMOHUS (TakoW K€ KOHIEHTpauuu). Takas cMech XapakTepusyercs
MOBBILIEHHON IO CPABHEHUIO C CEPHOI KUCIIOTONW CKOPOCTBIO pacTBOPEHUs OTIOKeHUil. OCOOEHHOCThIO
ATOrOMETO/Ia OYMUCTKU SBISETCS HEOOXOJUMOCTh MEPUOJUUYECKH J00aBIISATh CEPHYIO KHUCIOTY JUIs
noanepxkanusi pHpactBopa Ha onTumansHOM ypoBHE 3,0-3,5 W nmns mpemoTBpamieHus oOpa3OBaHMS
COEIMHEHUI TMAPOOKUCH xene3a. K HegocTtaTkaM METOAOB C UCIOJIb30BAaHUEM CEPHOW KHCIOTHI MOYKHO
OoTHecTH oOpa3zoBaHHe OOJBIIOTO KOJMYECTBA B3BECH B MOIOIIEM pPAacTBOpPE B IPOLECCE OYUCTKU U
MEHBIIIYIO 10 CPABHEHUIO C COJITHOM KMCIIOTON CKOPOCTh pacTBOPEHUs OTI0KeHuH. [Ipu 3arpsa3sHeHHOCTH
MOBEPXHOCTEN HarpeBa OTIOKEHUSIMHI KapOOHATHO-KEJIe300KHUCHOTococTaBa B koinuectse A0 1000 r /M2
MOTYT HCHOJb30BaThCS CyJlb(paMHUHOBAas KUCIOTa B JBe CTaguM. [Ipy HMCIIONB30BaHMM BCEX KHUCIOT
HE0OXO0MMO BBEJIEHHE B pacTBOP MHTMOMTOPOB KOPPO3UH, 3ALIUIIAIOIINX METaJT KOTJa OT KOPPO3UU B
YCIOBHSAX MPUMEHEHMs JaHHOW KHCIOTHI (KOHIEHTpalus KHCIOTHI, TeMIepaTypa pacTBOpa, HaJIH4yue
JIBUKEHHUSI MOIOIIEro pacTBopa). JlIs XUMHUYECKMX OYHMCTOK HCIOJB3yeTcs, Kak IpPaBUIIO,
MHTUOMPOBAaHHAs COJISTHAsl KUCJIOTA, B KOTOPYIO Ha 3aBOJIE-TIOCTABIIMKE BBEAEH OAMH M3 MHTMOUTOPOB
koppo3uu IIb-5, KU-1, B-I (B-2). Ilpu npuroroBieHWH MOIOIIETO pacTBOpa 3TOH KHCIOTHI
JIOTIOJTHUTEIIBHO JI0JDKEH BBOAMTHCS MHTHOUTOp ypoTpornuH. Ilpu 3arpssnennoctu Boime 1500 r/m2unm
MIPU HAJTMYHMH B OTJIOKEHUAX KPEMHEKHCIIOTHI Wi cyibdaToB O6osee 10% pekoMeHIyeTcsl poBeACHUE
IIEJI0YEeHHUs TIepe]] KUCIOTHOM 00pabOTKON MIIM MEXIy KHCIOTHBIMU cTagusmu. lllenodyenue mpoBoasT
O0OBIYHO MEXIY KHUCIOTHBIMH CTaJAMSIMH PACTBOPOM €IKOT0 HAaTpa WM CMECH €0 C KaJbLIMHUPOBAHHOM
conoii. JIoOaBieHne Kk e1KkoMy HaTpy KalbLIMHUPOBaHHOM conbIB KoiuuecTBe 1-2% mosbimaeT 3¢ dexr
pa3phIXJieHUs U yaaleHus cyiabdatHpix oTioxkeHui. [Ipu Hanmnaum otinoxenuit B koauaectse 3000-4000
I/M204YUCTKa MOBEPXHOCTEH HarpeBa MOXeT MOTpeOoBaTh MOCIEA0BATEILHOIO YePETI0BaHU HECKOJIBKUX
KHUCJIOTHBIX M IIENOYHBIX 00paboToK. [[ns MHTEHCHUPUKAUUU yAaJeHUs TBEPABIX KEIE300KUCHBIX
OTJIOXKEHUH , KOTOpPBIE PACIIONIOKEHBbl B HIDKHEM CIIO€, U IpPU HAIMYMU B OTIOXKeHHAX Oosee 8-10%
KPEMHHUEBBIX COEJIMHEHUN 1eJIecoo0pa3Ho Jo0aBiIeHHE B KHUCIOTHBIM pacTBOp (TOpcoAepKaIIuX
peareHToB (PpTopua,ruaApo(TOPUI aMMOHUS WM HATPUs), 100aBISIEMbIX B paCTBOP KHCIIOTHI yepes 3-4 u
nociye Hayasia o6paboTku. Bo Bcex 3Tux ciiydasx mpeanoyTeHHe AOKHO OTAaBaThCs COJSTHOM KHCIOTE.
Jiis mocse MpOMBIBOYHOM IMacCUBaIMK KOTJIA B TEX CIIydasiX, KOrJa oHa HE0OXO0IuMa UCIIOIb3yeTCsl OJTHA
U3 CIEeNyIomux 00paboTok: 00padoTKa OYHMIICHHBIX MoBepxHocTer HarpeBa 0,3-0,5%-HbBIMpacTBOpOM
CHJIMKaTa HaTpus npu temuneparype pactsopa 50-60°C B teuenue 3-4 4 npu HUPKYISALUU PACTBOPA, YTO



00ecCrneunT 3amuTy OT KOPPO3UH MOBEPXHOCTEH KOTJa MOCJIE CIMBA PACTBOPA BO BIAXKHBIX YCIOBHUSAX B
teuenue 20-25 cyTok u B cyxoit atmocdepe B Teuenue 30-40 cyToxk.

Koppo3ust napoBbIX KOTJIOB U TPy0OOIPpOBOAOB

Lenp: 3akpenuTh MPOUICHHBIA MaTepUaIT; YCIEITHOE UCTIOIB30BaHNE MPUOOPETEHHBIX YMEHH B
peanbHOM KU3HU;03HAKOMHUTHCSI C KOPPO3UEH NapOBBIX KOTJIOB.

CTyleHT JOJDKEH: YMEeTh aHalM3UPOBATh KOPPO3UIO0 MApOBBIX KOTIOB, TPYOONMPOBOIOB, 3HATH
KOPPO3HIO NAapOBbIX KOTJIOB, TPYOOIIPOBOIOB.

Koppo3sus siBiisieTcst OqHUM U3 BUIOB pa3pylICHHs] METaJlJla TapOBbIX KOTJIOB. Pa3nuuaroT nBaBuaa
KOPPO3UOHHBIX MPOILIECCOB: XUMUUECKHE U 3JIEKTPOXUMHUUEcKHue. B mepBom citydae mpoucXoauT MmpoLecc
XMMHUYECKOTO B3aUMOAECUCTBHUS MeETallla COKPY)KAIOIIEH CpEeNoi, BO BTOPOM - KOPPO3UAABIAETCS
pe3yJIbTaTOM AEHCTBUS TaJIbBAaHUYECKUX (KOPPO3HOHHBIX) Map, BO3HUKAIOIIUX Ha MOBEPXHOCTU MeTasula
pU KOHTaKTe ero ¢ BOAHOHM cpemoi. Kopposus Meramna HOCHUT oOIIMN M JOKaNbHBIN xapaktep. [lpu
KOPPO3UH OOIIEH BCS COMPHUKACAIOMIASCS C arpeCCHBHOM Cpeoil TTOBEPXHOCTh HArpeBa ITOJIBEpraeTcs
pa3beIaHnI0,pAaBHOMEPHO YMEHBINAsICh C BHYTPEHHEW WM HapyKHOW CTOpOHBI TpyO. B ciydae
JIOKQJIbHON KOpPpO3UHpa3pyllIeHne MeTaljla HPOUCXOAMT Ha OTAEIbHBIX Y4YacTKaX MOBEPXHOCTH.
JlokanbHass KOppo3us B KOTJIAX MOXET ObITh S3BEHHOW, TOYEYHOH, MEXKKPUCTALTUTHOW U
TPaHCKPUCTAUTMTHOU. [Ip TpOTEeKaHWM JIOKAIBHOW KOPPO3WU OOOpYIOBaHWE 3HAYHMTEIIBLHO OBICTpee
BBIXOJUT U3 CTPOsI, YeM IpHU 0O0Iell paBHOMEPHOI KOPPO3MH, HECMOTPSI HA MEHBILUE 110 a0COITIOTHOMY
3HaueHuto notepu Meramwia. Kopposuu noasepxeHbl 00€ CTOPOHBI MOBEPXHOCTU: BHYTPEHHSSI — CO
CTOpPOHBI paboueiicpensl (BOABI, Mapa, BO3AyXa) W HapyXHas — COCTOPOHBI JIBIMOBBIX Ta30B
(rermmoHocutens). Tak KakBUIOB KOPPO3MH, HAOMIOAAEMbIX B OKCIUIyaTalldd, MHOXECTBO, TO
BMETOJUYECKUX LIETSAX CACIAHAMNOIBITKA UX CUCTeMaTu3aluu. [IpoayKThl KOPpO3UH KOHCTPYKIHMOHHBIX
MaTepuaiaoB (OKCUABI JKeJe3a, MeIM) YaCTUYHOOCTAIOTCS Ha NPOKOPPOJMPOBABILIEM MeTalljie, a
YaCTUYHOIEPEXOAT B BOJY U MPUOMNPEIEICHHBIXYCIOBHUIX OTKIAABbIBAIOTCA HA APYrHUX 3JIEMEHTaX
000pyA0BaHUs. DTHUOTIIOKEHUS 3a4acTyIONPEICTABISIOT 3HAUUTEIbHbIE TEPMHUECKHUE COMPOTHBIICHUS,
BCIIEJICTBUE YEro TeMIlepaTypa METauIanoJ] HUMU MOKET MOJHUMATHCS 10 HEJOMYyCTUMOTO ypoBHA.B
MPAKTHKE SKCIUTyaTallud TEIUIOCHIIOBOTO 0OOPYIOBaHMS 3JIEKTPOCTAHIIMM HauOOJee 4acTOBCTPEUYaeTCs
KOppO3Hsi, BbI3bIBa€Mas 3JEKTPOXMMHYECKUMHU MPOLIECCAMHU,COCTOSALIMMUA B TOM, YTO HAay4yacTKax,
WMEHYEMBbIMHU aHoJlaMH, MeTal Oyzner NEPEXOIUTh B pacTBop B BUJIE
nByxBaneHTHoronoHaFe.Ocraromuecss B MeTaie CBOOOAHBICANIEKTPOHBI «e» OyIyT MO MeTaury
nepeMenaTbCcsl HayyacTKu ¢ 0oJiee MOJIOKUTEIbHBIM MMOTEHIIMAIOM,KOTOpbIe Ha3bIBatOTCS KaToiabl. J{is
MPOTEKAHUSARIEKTPOXUMHUECKOTO nporuecca KOppo3uu HE00X0IMMO,4TOOBI
CBOOOIHBIE(HECKOMIIEHCUPOBAHHBIE) 3JIEKTPOHBI HENPEPHIBHO YNAISUIUCh CKAaTOAHBIX Y4YacTKOB. B
MPOTUBHOM CJlydyae MPOUCXOJAUTBHIPABHUBAHUEIIOTEHIIMAIOB 3JIEKTPOJIOB, M IMpPOIECC KOPPO3UU
npeKpaiaeTcs. Y MeHbLIeHHE HavyaJbHOU paszHocTH MOTEHIINAJIOB 3JIEKTPOJIOB
rajqbBaHUYECKONOKOPPO3UOHHOTO  BJIEMEHTa, NPHUBOJAAIIME K  YMEHBIIEHUIO  MHTEHCUBHOCTHU
KOppO3UH,Ha3bIBaCTCA MOJIApU3aluell. DJEeKTPOAHbIE IPOILECChl, YMEHBIIAOIUE MOISPU3ALUI0, TO
€CTBUHTECHCU(DUIIUPYIOIINE KOPPO3UI0, HA3bIBAIOTCS JENOJSpU3allMeil, a BellecTBa, CIOCOOCTBYIOIIHNE
JEeNospU3aliy, 1enospu3aTopaMu. Poib 1enoaspu3aTopoB MOTYT BBITOJHATHOKUCIUTENN PA3INYHOIO
poJa, TO €CTh BEIIECTBa, CIIOCOOHBIE MPUCOETUHSTD 3JIEKTPOH. B yCIOBUAXBOJHOTO peskuMa KOTEIbHBIX
YCTAaHOBOK  pOJIb JIEMOJIIPU3AaTOPOB Yallle BCEro BBIMOJHAIOT PACTBOPEHHBIE BBOJE KHCIOPOJ
(xucnopoaHasi IENoJsipu3aIs) UIM HOHBI BOJOpoJa (BOAOpOIHAs Aemoisipusanus).Uaiie Bcero STu
KaTO/HbIE MPOIIECCHl MPOTEKAIOT MapauieIbHO, €CJIU Ul 3TOr0 CYIIECTBYIOTHEOOXOIUMBIE YCIIOBUS
(ranpbBaHMYECKHUX DSJIEMEHTOB). B Takux cuctemax, Kak M B OOBIYHBIX TalbBaHMYECKHX SJIEMEHTAXU3
aHOJIa U KaTOJla BPACTBOPE AJIEKTPOJIUTA MPOUCXOIUT JBUKEHUEKATHOHOB K KaTOAy U aHHMOHOB K aHOY,
YTO JICNIACTANEKTPUUECKYI0 1elb 3JeMeHTa 3aMKHyToil. CrenoBaTenbHO, M MNPOTEKAHMS
AIIEKTPOXUMHUYECKOTO KOPPO3UOHHOTI'O Mpoliecca HE0OXOAMMO BOSHUKHOBEHHE T'aJIbBAHUYECKOW Mapbl,TO
€CTh JIBYX YYaCTKOB HAllOBEPXHOCTH METAIJIOB C Pa3IMYHBIMUIIOTEHIIMAIAMH, a TaK >KE3JEKTPOJIUTA, B
KOTOPBINA MOTPYKEHBI 3TH YYaCTKH MeTajla U Jenoyspu3aTopoB. Eciau HEBBINOIHEHO XOTA Obl OHO U3
TUX YCJIOBHH, TO BO3MOXHOCTb IIPOTEKaHMsI IPOLECCOB KOPPO3UUHUCKIIOUaeTcs.PesynbraTrom
ANEKTPOXUMUYECKOW  KOPPO3HMHM  C  KHUCJIOPOAHOW  Jemoyisipu3aliuedl  sBIseTCI00pa3oBaHue



runposakucmxkenesa Fe(OH)2, kotopast pacTBOPEHHBIM B BOJE KHCIOPOIOMIEPEBOIUTCS B THAPOOKHUCH
xerne3za. CKOpoCcTh KOPPO3UH MOKET OBITh BhIpa’K€HA Maccoil MeTallia, paspyueHHoro 3a 1 roa (8760 u)
Ha 1 M2 ero mnoBepxHocTH.Ee MOXHO Takke BBIpa3sUTh INIyOMHOW NPOHMKAHUSIKOPPO3HOHHBIX
MOBPSXKACHUA B TONILy MeTaia MM/Toa.Cpeny pa3audHbIX BUIOB AJIEKTPOXUMUYECKONW KOPPO3UH
HauOOJBIIYI0 OMAaCHOCTh JUIS MApOBBIX KOTJIOB MPEJCTABISET MEXKKPUCTAJUIUTHAs KOPpPO3us,
OTJINYUTENIFHON OCOOCHHOCTBIO KOTOPOW SIBIAETCS TO, YTO METal pas3pyliaeTcs II0 TpaHUIaM
KPUCTATUTOB (3€peH). DTH pa3pyLIeHHUs MPOSBIAIOTCS BHAayale B BHJIE BeCbMa MEJKUX HE BHIUMBIX
HEBOOPYKCHHBIM TIJIa30M TPCUIWH, HNPOXOAAIIUX II0 TpaHUIAM KpUCTAJJIIMTOB. Me)KKpI/ICTaJ'IJ'II/ITHaﬂ
KOppO3Us BO3HUKAET INPU OJHOBPEMEHHOM JIEHCTBHM CIEAYIOIIUX TpeX (PAKTOpOB: BBICOKUX
pacTAruBarOmmnux HaprI)KeHI/Iﬁ B MeTaHHe;HeHHOTHOCTeﬁ B 3aKJICIIOYHBIX IIBaX MW BaJIbIIOBOYHBLIX
COEJIMHEHUSX; arpecCUBHBIX CBOMCTB KOTJIOBOHM Bonbl. Ecian oauH u3 3TuX (aKTOPOB OTCYTCTBYET, TO
MEXKPUCTAJUTUTHAS. KOPPO3HS MAIIOBEPOSITHA.

Koppo3ust npu crosinke 000py10BaHUA

Henp:3akpenuTh NpONHAEHHBIN MaTepuai; yCIEUIHOE UCIOIb30BaHUE MPUOOPETEHHBIX YMEHUH B
peanbHOM JKU3HU, 03HAKOMUTBCS C KOPPO3HEH IPU CTOSTHKE 000PY10BaHMS..

CTyleHT NOJKEH: YMETh OIpeNessTh KOPPO3UI0 MPH CTOSIHKE 00OpYIOBaHMs, 3HaTh OCHOBHBIE
¢du3nueckre 1 XUMUYECKHE MPOLIeCChl KOPPO3UU MIPU CTOSTHKE 000PYAOBaHUS.

Koncepsayus naposwix komnos.

IIpu m00BIX OCTaHOBKaxX KOTJIOB CO CHMKEHHEM JaBJIE€HHsS CpeAbl 0 aTMOC(PEpHOro Hu
BO3MOXXHOCTBIO TOMNAJaHMsl B HEr0 KUCIOPOJa BO3IyXa M KOHJEHCAIIMM BJaru MpPOTEKAeT CTOSHOYHAs
koppo3usi. CpenHsis ckopocTs Kopposuu npu temmepatype 20°C coctasnser 0,05 r/(m2-4). [Ipu octaHoBe
KOTJIOB JIJIS 3aIlIUTHI OT CTOSSHOYHOM KOPPO3UHU MPOBOJIUTCS UX KOoHcepBalus. [Ipu ocTraHoBe Ha Cpok 10
15 4 npsAMOTOYHBIX KOTJIOB WiM 70 | cyTok OapabGaHHBIX KOTJIOB PEKOMEHIYETCsl MPOBOAMTH
KOHCEPBAILIMI0 METOJIOM M30BITOYHOTO JABJIEHMS, @ HA CPOK J0 5 CyTOK - ITyTeM CyXoro octaHoBKU. [Ipu
npoctoe oT 5 10 60 cyTOK peKOMEHIyeTcs TMApa3sMHHO-aMMHAauyHas KOHCEpBALUs WM MCIOJIb30BaHUE
KOHTaKTHBIX MHruoutopoB. Ilpu ocraHoBe Ha cpok Oosnee 60 CyTOK NPUMEHSIOTCS KOHTAKTHbBIE
uHruouropsl. M30eirounoe nasienue (0,15...0,20 MIla) B koTie mpu KpaTKOBPEMEHHOM OCTAaHOBE
co37aeTcs Aea’pupoBanHoi Bofou. st myumiero a¢dexra B Boay MOKHO 100aBuTh menoub (NaOHmo 2
kr/mM3). KoHcepBaiuio cyxuM crnocoOOM OCYIIECTBIISIOT, 3aMOJHsS KOTEI WHEPTHBIM Ta3oM (230TOM).
[Tpu 3TOM BO3yX JOJIKEH ObITh BBITECHEH MOJIHOCTHIO U3 KoTia. KoHcepBaliys KoTja Ipu OCTaHOBKE Ha
JUINTEIbHBIA CPOK MOXET IPOBOAUTHCA IIyTEM MPOKAYKH 10 3aMKHYTOMY KOHTYpY (BKJIO4as Jea’paTop
U NIUTaTeNbHbIe HaCOChl) pacTBOpa ruapasuna (1o 200 mr/kr) u ammuaka (pH = 0,5...11). B aToT KOHTYp
He Bikmouatorcs [IHJl u xoHnmeHcarop, cojepxkainue JiaTyHHble TpyOkH. KOHTaKkTHBbIE WHTHOMTOPHI
00pa3yloT Ha TMOBEPXHOCTH 3alUTHYIO IUICHKY, COXPAHSIOUIYIOCS NJIUTENbHOE BpEMsS B YCIOBHSIX
KallUTaJIbHBIX WM TEKYIIUX PEMOHTOB. 3alllUTHAs IJIEHKA CO3JA€TCs IyTEM IIPOKAUYMBaHUS B TeueHHeE |
2 4 gyepe3 KOTeN pacTBopa HHruOUTOpa npu temrepatype He Boime 100°C. 3atem 3TOT pacTBOpP CIMBAIOT
B CHELUANbHBIM 0aK JUIsl XpaHEHHUs 0 TOBTOPHOI'O MCHOJIb30BaHUs. [Ipy HEKOTOPBIX BOIHBIX pEXHUMax
Ha MOBEPXHOCTU MeETalljla CO3/1aeTCsl YCTOWYMBAs 3allUTHAs TJIEHKA, U B 3TOM ClIy4ae KOHCEpBalUsl He
tpebyercs. [Ipu nm000M BOIHOM peXHMe 3aIIUTHYIO TUIEHKY MOXKHO CO3/1aTh cpa3y e MOCJe OCTaHOBa
KOTJa MyTeM MOJaud B KOTEJI aMMHA4YHOro pacTBopa TpwioHa b meperpersim mapom (350...370°C,
nasienue 1,0...1,3 MIIa) oT mocTOpoHHEro MCTOYHHUKA (M3 JIMHUM COOCTBEHHBIX HYXKJ CTAHIUH) IO
crenuaibHbIM  TpyOompoBogam. [lapoBoii pacTBOp YacTHYHO OTMBIBAET TIOBEPXHOCTH KOTJIa C
0o0pa3oBaHMEM KOMIIJIEKCOHATOB JKE€Je3a, KOTOphIE IO/BEPraloTCcsl TEPMUYECKOMY pa3jIOKEHUIO Ha
noBepxHocTAX KoTia. KoHcepBaus 3akaHuMBaeTcs NpU yBeIU4eHuu 3HadueHus: pH B cOpocHoM mape 110
9, mociie yero Kotea odbecnapuBaeTcs, APEHUPYETCS] U BCKPBIBACTCSL.

JeaspaTopbl BAKYYMHOI'0 THIIA

enb: 3akpenuTh NpOMIEHHBIN MaTepHaj; yCIEIIHO HCIOJIb30BaTh NPUOOpPETEHHbIE YMEHUS B
peanbHOM JKU3HU;03HAKOMUTHCS C J1€adpaTOpPaMH BAKYYMHOTO THIIA.

CTyneHT JOJKeH: YMEThbOOCIYXKMBAaTh J€a’dpaTopbl BaKyyMHOIO THUIA, 3HaTh YCTPOWCTBO U
MIPUHIMI ACHCTBUSA J€a’paTopa BaKyyMHOTO THIIA.



Jeaspayus 600bi.

Jeadpanusi TUTATENHPHOM W TIOAMUATOYHOW BOJBI — OJHA W3 OO0s3aTENBHBIX CTaAMM Tpolecca
BOONOATrOTOBKU. CyIIHOCTH 3TOro mpolecca B TOM, YTOOBI CHU3UTh U JIOBECTU JIO JOMYCTHUMBIX
IIPEJIEIOB COJIepKaHue B BOJIE arpeCCUBHBIX I'a30B — KUCIOPOJA U YIJIEKUCIOThl. DTO CHIXKEHHUE MOXKET
OBITh JOCTUTHYTO KaK TEPMHUYECKUM, TaK U XUMHUECKUM myTeM. [llupokoe pacmpocTpaHeHue Moyryduia
TepMHuuecKas jaeadpauus. [ COBpeMEHHBIX KOTENbHBIX YCTAaHOBOK Jeapalusi IpHu TemrepaType BOIbI
6osbie 1000C sBrsieTCst OCHOBHBIM METOJIOM yJIaJIEHUS U3 BOJIbI KOPPO3HMOHHO-arpecCUBHBIX ra3zoB. s
noTpeduTesneit, KoTopbie TpeOyroT Boay ¢ temmeparypoi Hke 1000 C, uCrmonp3yoT aea’pariuio BOJIbI
noJ BakyyMoM. CyIIHOCTb 3TOro CIocoba COCTOMT B TOM, B J€a’3paTope CO3JAeTCs U IOCTOSHHO
MOJJIEP)KUBAETCS BakyyM. BennumHa 3aBUCHUT OT TeMmmepaTyphl Aea’pUpOBAaHHOM BOJABI, KOTOPYIO
KENaloT MOJYYHUTh; YeM HIDKE TeMIlepaTypa, TeM Oosblie BakyyM. bapOoTa)kHBIN 103aTOp COCTOUT U3
MajorabapuTHOW KOJOHKM W 0aka - aKKyMyJsITopa, CHaOKeHHOro 0apOOTakKHBIM yCTpOWCTBOM. B
KOJIOHKE pacIlOJIOKEHbl JB€ JplpyaTble Tapelku. Boga mocTymaeT Ha BEPXHIO Tapeliky,
IIPEIBApUTENLHO MEPEMEIINBASICH B CIIELMATBHOM YCTPOWCTBE € MIOJJaBa€MbIM KOHJIEHCATOM. M3 KOJIOHKH
BOJIa CIIMBaeTCs B 0ak, B KOTOPOM YpOBEHb €€ MOJAECP)KUBAETCs Ha ONpeeseHHO BbicoTe (Onaromaps
MIePEIMBHON TpyOe€) Il CO3MaHMs HaJ YPOBHEM BOJIbI TTOCTOSIHHOW MapoBoil moaymiku. HeoOxoaumerit
nap mojaercss uepe3 IUTyuep npu gasiaeHud 1,2 — 1,3 aTM 0OBIYHO M3 CemapaTopoB HEMPEPHIBHON
nponyBku. Ha pne Gaka B KOHIlE, MPOTHBOIOJIOKHOM IIO OTHOIICHHIO K J€a’paTOPHOM KOJIOHKE,
pacroyio’)keHo 0apOOTakHOE YCTPOMCTBO, C TOMOIIBI0 KOTOPOTO BOJAA IOABEPraeTcsi BTOPHUYHOMY
HarpeBy. bapOoTaxHoeycTpoiCTBO COCTOUT M3 MAapOBOI KOJOHKH, B KOTOPYIO MOJBOAUTCS Uepe3 Tpyoy
nap nasienueMm 1,5 — 1,7 atm. [lapoBas kopoOka cHaO)keHa AbIPYATOM KPBIIIKOM, yepe3 KOTOpyro map
O6apOoTupyeT B Boay. Uepes oTBepcTHe B KOPOOKE BOJA MOCTYIMAET B MIAXTY, OTPAHUYEHHYIO CTCHKAMU U
I/Ie U BCKUIAeT. Bckunmanne npoucxoauT U3-3a HEKOTOPOTO €€ MEPErpeBa o OTHOLIEHHIO K TEMIIEpaType
HaCBILIEHUsI, COOTBETCTBYIOIIEH JaBICHUIO Mapa B 0ake- akKyMYyJIATOpE.

B nurarensHyro ceTh BoJa mocrymaeT uepes mrynep. Ilap ke, mpoiins uepe3 GapboTakHOE
YCTPOICTBO U CIIOM BOJIBI B Oake, ABMXKETCS HAJl €€ MOBEPXHOCTHIO 10 HAMPABJICHUIO K KOJIOHKe. Brimap,
T. €. MaporazoBas CMEChb, yJaJlseTcs 4yepe3 IUTYyLep, NOABEpPraeTcsi BTOPUYHOMY HarpeBy. BakyymHas
Jlea’palliOHHAas yCTaHOBKA IPEJCTaBIsSIET cOO0OM BaKyyMHYIO KOJOHKY(Z€a’paTtop) U aKKyMyJISTOPHBIN
0ak, HaxosIuMiics Mo aTMOcepHbIM JaBieHueM. BakyyMmHasi, KOJIOHKa UMEET JB€ CTYIEHH Jera3aluu:
cTpyiiHylo u OapOotaxknytollomorperas ~ Boja MOCTymaeT Ha  BEPXHIOI Tapeliky, KOTopas
CEKIIMOHUPOBaHA C TaKUM pacuéToM, 4YTO MPH MHUHUMAJBHBIX Harpy3kax paboTaeT TOJbKO 4YacThb
OTBEpCTUH BOBHYTpeHHeM cekrope. [lpu yBenmnyeHuM Harpy3ku B paboTy  BKIIIOYAIOTCS
JIOTIOJTHUTEIIBHBIEPSAbl OTBEPCTUH, 3TO IMO3BOJISIET M30€XKaTh I'MIPABIMYECKUX IEPEKOCOB IO BOJAE U
napy npuxoiedanusx Harpysku. [lon 6apOoTakHblil TUCT mofaércs map wiu neperperast Boja (120—
140 °C), mpu BCKMIIAaHMM KOTOpoW oOpasyeTcst MmapoBas NOAYLIKA M IPOUCXOAUT MPOIECC
napoBoro6ap6oraxa.BakyyMHble 1easpaTopbl YKOMILIEKTOBaHbI OXJIQAUTEISIMU BbIlapa, BOJAOBOISIHBIMU
KEKTOpaMH, CHCTEMOM aBTOMAaTUYECKOTO PpEryJMpOBaHUS U KOHTPOISI M COOTBETCTBYIOIHMMU
perylupymoomuMy - kianaHaMmu. Jlerazanuss BOABI XUMHYECKHMM CIIOCOOOM OCYLIECTBISETCA MYTEM
CyIb(pUTUPOBaHUs, T. €. BBeAeHUs B Harperyio (10 80 °C) muTaTenbHyl0 BOJLY pacTBOpa CyJb(puTra
HaTpust Na2SO3. 10T crmocold Mo CpaBHEHUIO C TEPMUUYECKOM Jerazanuei 0ojee TOpOorol M MOITOMY
HEMoJIy4ns HIMPOKOTOo pacrpocTpaHeHus. Bce kotibl mapompousBoautensHocThio 0,7 T/4 um Oonee
JIOJDKHBI OBITH 00OpPYZIOBaHBI YCTAHOBKAMU ISl JJOKOTJIOBOHOOpaOOTKH BOJbl.Bakyym B HeM co3maeTcs
BOJOCTPYHHBIM 33KeKTOpoM. [ToannuTounas Bojga MocaeXuMBOJOOYUCTKH MOJIOTPEBAETCS B BOJLOBOASHOM
nojiorpeBaTesie ropsuei Bojgoi u3 mpsaMoiinHuu ¢ temneparypoil 130—150°C. Beinenusmumiics mnap
OapOoTHUpyeT MOTOK Jea’pupyeMOMBOJBI M HaNpaBisieTcs B OXJAaAUTeNb Bblapa. Temmeparypa
Bozabinocne geasparopa 70°C.JInst  oOecnedeHuss HEOOXOAMMOH BaKyyMMETPUYECKOW  BBICOTBI
BCAChIBaHMUs MOJMUTOYHBIX HAacOCOB (OOBIYHO MX YCTAHABIMBAIOT JBa) HHU3 0aka — aKKyMyJsTOpa
JIOJIKEH OBITh PaclojOXEH BBIIIE OCH HAcOCOB He MeHee yeM Ha 2 — 3 M. BopocTpyiiHble 3KEKTOpHI,
KOJIMYECTBO KOTOPBIX 3aBUCUT OT MPOM3BOAUTEIBHOCTH YCTAaHOBKH, paclojararmT Ha BeicoTe 4,5 — 5 M
OT Hu3a 6aKa —Ta300TAENINUTENs.

[easparopbl aTMOCEepPHOro THIIA



Lenb: 3akpenuTh NpOWICHHBIN MaTepHall, yCIEeUIHOe UCIIOIb30BaHNE MPUOOPETEHHBIX YMEHUH B
peayibHOM >KM3HHM, O3HAKOMUTBHCSA C YCTPOMCTBOM M MPHUHIMIIOM JEHCTBHS JAea’sparopa aTMOCHEpPHOro
THUIA.

CTyAeHT JOJDKEH: YMETh OOCIIyKHMBaTh Jl€a’paTopbl aTMOC(HEpPHOro THMA, 3HaTh YCTPOMCTBO U
NPUHIMI JeHCTBUS 1€a3paTOPOB aTMOC(HEPHOTO THIIA.

ATMOcQepHble aea’paTopbl paboTarOT ¢ HEOOJBIIMM H30BITKOM BHYTPEHHEro NaBJiCHHs Haj
atMocepubiM  (mpubnumsurensHo 0,02 Mlla), HeoOXoaAWMBIM AN  CaMOTEYHOM  3BaKyalllH
BbIAETSIONIMXCA Tra3oB B armocdepy. IIpenmymiectBom aTmochepHBIX [1€ad3paTopoB  SIBISETCS
MHUHHMMaJbHas TOJIIMHA CTEHKH KopIiyca (SKOHOMHS MeTaima). B Hacrosimiee Bpemsi aTMocgepHbIe
Jlea’dpaTopel MPUMEHSIIOTCA TJIaBHBIM oOpazoM st go0aBoyHOW Boabl TOC, TUTATENBHOW BOJIBI
UCIIapUTENe M NOANUTOYHOM BOJBI TEIUIOBBIX ceTeil. Jleadsparopbl MOBBIIIEHHOIO JaBJICHUS
NPUMEHSIOTCS A1 00pabOTKM MUTATENBHON BOJABI YHEPreTHUECKHUX KOTJIOB C HAaYaJbHBIM JIaBJIEHUEM
napa 10 MIla u Beiue. Ilpumenenue neasparopoB tuna /I va TOC mo3Bonser npu 6osee BBICOKON
TEMIIEpAaType PpPEreHepaTUBHOIO IOJ0rpeBa BOJbI OTPAaHUUYUTHCS B TEIUIOBOM cXeMe HeOOJbIINM
KOJINYECTBOM MocienoBareiabHo BKIoueHHbIX [IBJ] (He Gonee Tpex), 4To CrocoOCTBYET MOBBIIICHHIO
HAJIe)KHOCTU M YJAEUIEBICHUIO YCTAaHOBKHM M OJIArONPHUATHO CKAa3bIBACTCS MpPH AKCIUTyaTallid BBUIY
MEHbIIEro copoca Temmeparypbl nuTatenbHOM Boabl mpu oTkiatoueHuu I[IBJI. Ilo cnocoOy cosnmanus
MOBEPXHOCTU KOHTakTa (a3 J1ea’paropbl MOIAPA3AEISAIOTCS HACTpyHHBIE, IJICHOUYHbIE U OapOOTa)KHBIE.
[IpaBmiiaMn TEXHMUYECKON OJKCIUTyaTallMM »>JeKTpuueckux craHuuii u cereid (IITD) Hopmupyercs
CoJ/IepKaHue B BOJIE pPaCTBOPEHHOTO KHUCIOpoa (Tadmaura).

Tabmuma - CoxeprkaHue B BOJIE PACTBOPEHHOTO KHCJIOPO/Ia

Bona ConeprxaHue pacTBOPEHHOTO
KHCJIOPOJ1a, MKI/KT

[TutaTenbHas BoJa SHEPreTUUECKHX KOTJIOB Ha pabouee 20

nmasienne go 10 Mlla

To ke 6oneel0 MIla 10
[IntarenpHas BOJIA HcIapuTenein 51 20
napornpeoopaszoBareneit

ITognmuTouHas BOJA TEIUIOBBIX ceTel 50

CBoOojHas yrieKucioTa B BOJE MOCJE Jea’paropa JoJKHA OTCYTCTBOBaTh, a Mokasarenb pH
(mpu 25 °C) nuTaTenbHON BOJIBI JJOJKEH MOAAEpKHUBAThCs B peaenax 9,1 £0,1.

Ha pwuc. mokazana oOmass cxemMa JeadpalioHHOM YCTaHOBKH. (OCHOBHBIMU 3JIEMEHTAMH
Jiea’paTopa SBJSIOTCS €ro KOJIOHKA, IJIe IPOUCXOASAT OCHOBHOW IOJOTPEB W JAeadpalusi BOIbL, U
aKKyMYJISITOPHBIN Oak JJi1 XpaHEHHs 3amaca Jiea’dpUpoBaHHOM BOJbL. B BepxHel yacTu Jea’palilioOHHON
KOJIOHKH pacIojlaraercsi BOAOPACHpEAe/IUTENb [ CMEIIEHHs II0TOKOB IOCTYMAMOIENd BOABl U
PaBHOMEPHOTO pacIpesieeHHsl ee o ceueHuto. ['opsune moToku BoAbI, OJIBEP)KEHHbIE BCKUIIAHUIO MPU
BBOJIE B J€a’paTop, M MOINOJIHUTENbHBIA Iap MOJAKOTCS HA IMPOMEXYTOYHBIE CTYNEHM KOJIOHKH. B
HIOKHEM YacTh KOJIOHKM pa3MeIlaeTcsi MapopacupeleuTe]b Il PaBHOMEPHOTO  paclpeaeieHus
MIOCTYIIAIOLIETO B HEE I'PEIOLIETO Mapa.



o

Puc. Cxema neaspaliiOHHOM yCTaHOBKH:
1 -neaspupoBaHHas BoJia K MUTATEILHOMY HAcoCy; 2- XOJIOAUILHUK 0TOOpa Mpo0d MUTATEIbHON
BOJBI; 3 - aKKyMYJISTOPHBIN Oak Aea’dpaTopa; 4 - BOJOyKa3aTeIbHOE CTEKIIO; 5 - THIPABINYECKUHN 3aTBOP
Y TiepenuB (TpH Jea’paTrope arMoc(epHOro JaBiaeHus); 6 -peaoXpaHUTENIbHBIN KiIanaH (IIpy 1ea’spaTope
MOBBIIIIEHHOTO JaBJieHus); 7- ropsiaue Apenaxu u3 [IB/I; 8 - nobaBouHas Boaa; 9 - oXJaauTeNb BBIIAPA;
10 - perynsitop ypoBHs BoZibl Blieasparope; 11 - muuus Beimapa; 12 - kosnoHka geaspartopa; 13 -
BOJIOpACIIpEAEIUTEIND; 4 - OCHOBHOM KOHJIeHcaT; 15 - mapopacipenenurens; 16 - peryisatop JaBieHUs
napa B aea’parope; 17 -rperomuii map; 18 - perynstop nepenuBa (y Aea’paropa MmoBBIITIEHHOTO
nasieHus); 19 -xknananperynsropa nepenusa; 20 - cIUB BOJBI U3 1€adpaTopa.

KoncTpykuuu Bofo- W mapopacrpenenuTeNiel MoryT ObITh pasTudHble. MeEXAy HUMHU
pa3MelaeTcs aKkTUBHAs 30Ha KOJIOHKH, KOTOpasi B 3aBUCUMOCTH OT THUIIA J€a’paTOpa BBINOJIHAETCSA TAKKE
Mo-pa3HoMy. 3/1eCh MMPOUCXOIAT TOIOTPEB BOJBI U ee Aeadparus (MaccooOMeH). B camoli BepxHeil yacTu
KOJIOHKM MMeEEeTCs IITYIEep, K KOTOPOMY MPUCOEIUHSETCS JIMHUS Bbllapa. BelllapoMm Ha3bIBaeTCs CMeECh
BBIICTIUBIIINXCS U3 BOJBI Ta30B U HEOOIBIIIOTO KOJIMYECTBA Mapa, MOAJIeKaIlas IBaKyallu U3 1ea’dparopa.
Brimap oOecrieurBaeT BEHTUJISIMIO KOJIOHKU U JJIsi HOPMaJIbHOM paboThl Jlea’paropa ero pacxoj (1o
napy) JOJDKEH COCTaBlisAiTb He MeHee 1-2 Kr, a mpu HaJIUYMKM B HUCXOJHOM BOAE 3HAYUTEIHHOTO
KOJIMYECTBA CBOOOJTHOMN WJIM CBSI3AHHOW YTJIEKUCIOTHI - 2 - 3 Kr Ha | T neaspupyemord Bozsl. st
YMEHBIIEHUS TOTEePh TEIUIOTHl M TEIJIOHOCUTENS BBINAP Jlea’spaTopa MOCTyNaeT B OXJIAJUTENb BBINApa,
rae Oofbllas dYacTb COJEP)KaBIIErocs B HEM Iapa KOHICHCUPYETCS U BO3BpALlaeTCsl B LUK
TOC.Tennora KOHAEHCAMH BbIIIapa MCIIONB3YETCs Ul IOA0IPEBA OJHOTO M3 OTOKOB MOCTYNAIOIIEH B
Jlea’paTop BOJIbI, TEMIEpPATypa KOTOPOl HAa BXOJE B OXJIAJIMTENb BbIIapa HE J0KHA npeBbimaTth 60 - 70
°C. B npotuBHOM ciy4yae He Oyner obecnedeHa 3((eKkTuBHAS KOHJIECHCAIUS BBINIApa, IMOCKOJBKY €ro
OXJaJuTeNb HMMeeT CBOOOJHBIM BBIXOJ B arMmocdepy U JAaBlI€HHE B €ro KOpIyce JHIIb HEMHOTO
MPEBBIIIAET aTMOC(EepHOE.

Hpouecc YaajieHus YIJIEKUCJI0ThI U3 BOAbI

enb: 3akpenuTh NPONUICHHBIM MaTepHall; YCIEUHOE HCIIONb30BaHNe MPUOOPETEHHBIX YMEHUH B
pEaIbHOM JKU3HH; O3HAKOMUTBCS C IIPOLECCAMH YIAJIEHUS YITIEKUCIOTHI U3 BOJBI.

CTy#eHT [OJIKEH: YMETb OCYIIECTBIATh HPOLECC YNANEHHs YIVIEKMCIOTHI W3 BOJBI, 3HATh
OCHOBHBIE ITPOLIECCHI YAAIEHUS YIVIEKUCIOTHI U3 BOJBI

l'a3zamu, ynaneHue KOTOpPBIX yalle BCEro HEOOXOIMMO B MPOIECCE BOIOMOATOTOBKH, SIBISIOTCS;
YTIEKNCIO0Ta, KACIOPOX M cepoBoopon. Bce 3Tv Tpm rasza OTHOCATCA K KOPPO3MOHHO-arpeCCUBHBIM
razaMm, OOyCJIaBJIMBAIOIIUM WJINM YCHJIMBAIOIIUM IPOIECCHl KOPPO3UU METAJUIOB. YTJIEKHCIOTa, KpoMe
TOTO, arpecCUBHAa U MO0 OTHOMIEHUIO K OeToHy. KoMIiekc MeponpusTHii, CBS3aHHBIX C yJaJCHUEM U3
BOJBl PAacCTBOPEHHBIX B HEH Tra3oB, Ha3bIBaeTcs Jerasanueil Boabl. CylIeCTBYIOT XMMHUYECKUE U
¢u3ndeckne MeTonbl aerazauuu BoAbl. CyIIHOCTb MEPBBIX 3aKJIIOYAETCS B MPUMEHEHUH ONPEIEICHHbBIX
peareHToB, KOTOPBIE CBSA3BIBAIOT PACTBOPEHHBIE B BOAE ra3bl. CyIHOCTh (U3NUYECKUX METOJIOB YIaCHHS
U3 BOJBl PACTBOPEHHBIX Ta30B 3aKIKYAECTCA B CICAYIOLIEM: BOJAA, COAEpXKAllas yAAIAIeMbId Tas,



MIPUBOUTCS B COPUKOCHOBEHHE C BO3AYXOM, €CITH MaplHalbHOE JAaBlIEHUE YAAISIEMOTro ra3a B BO3IyXe
ONMM3KO K HYJIO; JHOO CO3JAF0TCS YCIIOBHSI, NMPH KOTOPHIX PACTBOPUMOCTH Ta30B B BOJIE CTAHOBHTCS
ONMU3KOU K HYIIIO.

[Ipm momomM TepBOro mpueMa, T.e. TPU IMOMOIIM adpalMd W3 BOJBI OOBIMHO YIAJISIETCS
CBOOOIHAS YTIIEKUCIIOTA, TTOCKOJIBKY MapIHabHOE IaBIEHUE 3TOTO ra3a B aTMOC(HEPHOM BO3AyXe OIH3KO
k Hymo.[lpu momomu mepBoro mpuema, T.€. NMPU IMOMOIIX a’3paliil W3 BOJBI OOBIYHO YAAIAETCS
CBOOOIHAS YTIIEKUCIIOTA, TOCKOJIBKY MapIHaIbHOE IaBIEHUE 3TOTO ra3a B aTMOC(HEPHOM BO3AyXe OIH3KO
K HYJTIO.

KoHcTpykuusi 1 npuHIMN padoThl KATHOHHOTO PUIbLTPA

ens: 3akpenuTh MPONUIEHHBIN MaTEpPHAIT;yCIICITHOE HUCIIOIH30BaHNE MPUOOPETCHHBIX YMEHUHN B
peabHOM JKU3HU;03HAKOMUTHCS ¢ KOHCTPYKLUEH U IPUHIUIIOM paboThl KATHOHHOTO (PUIIbTpa

CTyeHT JOJDKEH:YMETh OCYIIECTBISATh Ipolecc paboThl KaTMOHHOTO (UIbTpa; 3HATH
KOHCTPYKLHMIO ¥ IPUHLUI pabOThl KATHOHHOTO (PHIIBTPA.

[Io Teopum 3IEKTPOIIMTHUYECKOW AMCCOLMALMM MOJEKYJBl HEKOTOPBIX BEIIECTB HAXOIALIUXCS B
BOJHOM pacTBOPE pAaCMaJarOTCs Ha IMOJOKUTEIBHO U OTPULATENBHO 3apsKCHHBIE MOHBI — KaTHOHBI U
aHuoHbl. [Ipy MpoOXOoXXKIeHHM TaKOro pacTBopa uepe3 (QUIbTp, COJEp)KallUuil TPYIHO pPAacCTBOPUMBIN
MaTepuan (KaTHOHMT), CHOCOOHBIM K MOIJIOIIEHHIO KaTHMOHOB pacTBopa, B ToMm uuciae Ca u Mg, u
BBIJICJISIFOIIMI BMECTO HHUX M3 CBOETO cocTaBa KaTMOHBI Na minu H, mpoucxoaut Bomoymsirdenue. Boxa
MOYTH MOJTHOCTHIO 0cBoOOXKAaeTcs oT Ca u Mg, u ee *kecTKoCTh nmoHmxkaercs a0 0,1°.

Na— kamuonuposanue. 1lpu 3ToM criocode pacTBOPEHHBIE B BOJAE COJM KajbLMs U MarHus Impu
¢uIbTpanuy yepe3 KaTHOHUTOBBINA MaTepuan oOMeHuBaoT Ca u Mg Ha Na; B UTOre MOJIy4aroTCs TOIBKO
HaTpUEBbIE cOJIM, oOOsajarouIe OOJNBIION pacTBOPUMOCThIO. PopMysia KaTHOHMTOBOTO MaTrepuana
ycloBHO o0o3Havaercst OykBoii R. KaTHOHMTOBBIMU MaTepHuagaMu sBJSIOTCS: INIAYKOHUT, CYIb(POYToib U
CUHTeTHYecKre cMoJibl. HanbombimumM pacipocTpaHeHHEM B HACTOsIIIEE BPeMsl MOJIb3yeTcs CyJIb(Ooyroib,
KOTOPBbIM TOJyd4aercs mociie o0paboTKu Oyporo WJIM KaMEHHOTO YISl JbIMAIIEHCS CEpHOM KUCIOTHI.
EMKOCTBIO KaTHOHMTOBOTO MaTepHalia Ha3bIBAaeTCs Mpefiesl ero 0OMEHHOM CoCOOHOCTH, MOCTIE YEro B
pe3yJbTaTe H3pacXxoJ0BaHMs KaTHOHOB Na uX TpeOyercsi BOCCTaHABIMBATH IYTEM pereHeparuu.
EmKocTh u3MepsieTcss TOHHa — rpagycaMu (T-rpajl) HakurneoOpasoparesei, cuuras Ha M3 KaTHOHOBOTO
Marepuana. TOHHA — Ipaaychl MOJIYYarOTCS B PE3yJbTATe IEPEMHOXKEHUS pacxoja OYUIAEeMOM BOJBI,
BBIPA)KEHHOT'O B TOHHAX, HA JKECTKOCTh 3TOM BOJBI B Ipajycax K€CTKOCTH. Perenepanus npou3Boaurcs 5
— 10%-HBIM pacTBOPpOM TIOBAPEHHOW COJM, TPOIYCKAEMBIM 4YE€pe3 KAaTUOHWTOBBIM MaTepua.
XapaKTepuCTUKON 0COOEHHOCTHIO Na— KaTHOHUPOBAHMSI SIBIIIETCSI OTCYTCTBHUE COJIEH, BBITIAJAIONINX B
0CaZIoOK. AHHOHBI COJIEH >KECTKOCTH LIEJMKOM HAampaBiseTcsi B KOTENI. DTO OOCTOSTEIbCTBO BBI3HIBACT
HEOOXOJUMOCTh TIOBBIIIEHHUS KOJMYECTBA MPOAYBOYHOW BOJABI. YMsrueHue BoAbl mnpu Na-—
KaTHOHUPOBAHUM TMOJTYYaeTCs TOCTATOYHO IIyOOKOE, )KECTKOCTh MUTATEIbHOW BOJIBI MOXKET, JTOBOJUTCS
1o 0° (mpaktudecku 0,05-01°), menouHOCTh XK€ HE OTIWYAETCS OT KapOOHATHOM KECTKOCTH MCXOIHOMN
Boabl. K Henocratkam Na— KaTHOHMPOBAHUSA CIEAYET OTHECTH NOJIy4EHHE NOBBILIEHHOM IEI0YHOCTH B
TEX CIy4asx, KOI/la UMEETCSl 3HAYUTEIIbHOE KOJIMYECTBO COJIEH BPEMEHHOMN KECTKOCTH B MCXOJTHOM BOJIE.
OrpannumnBaercss oJHUM Na— KaTHOHUPOBAaHMEM BO3MOXKHO INPH KapOOHATHOM KECTKOCTH BOJIbI, HE
npeBblmaronel 3—6°. B IpoTHBHOM cilydae MNPUXOAUTCA 3HAYHUTEIBHO YBEJIWYMBATH KOJWYECTBO
IPOJYBOYHOM BOABI, uTO OyneT co3/laBaTh YK€ Ooiblue TersaoBble MOoTepu. OOBIYHO KOJUYECTBO
IPOAYBOYHOM BO/bI HE MpeBbimaeT 5—10% ot ol1iero ee pacxoa, UAYIIEro HAa TUTAHUE KOTJIA.

H — Na— xamuonuposanue. Ecin KaTHOHUTOBBIA (QUIBTP, HAMOJHEHHBIH CYJIb(QOYyTIEeM,
pereHepupoBaTh HE PACTBOPOM IIOBAPEHHOW COJIM, a PacTBOPOM CEPHOM KHUCIOTHI, TO OOMEeH Oyner
IIPOUCXOOUTh MEXIy KatnoHamu Ca m Mg, HaxoAsgmMMHCA B OuYMIIAeMOM BoJe, M KatnoHamu H
cynbdoyris. Bonma, moaroroBiieHHas TakuM 00pa3oM, TaKKe HMMes HHUYTOXKHO Mallyl0 >KECTKOCTb,
OJTHOBPEMEHHO MOJy4YaeT KHCIYI0 M TakuM oOpa3oM, HENpUroAHa JUIsl MUTAHUS MApOBBIX KOTJIOB,
IIpUYeM KHUCIOTHOCTh BOJIbl paBHA HEKapOOHATHOM »ecTKOoCTH BoJbl. KoMOuHMpys coBmecTHo Na u H —
KaTHOHUTOBOEBOJOYMATYEHUE, MOYKHO IIOJIyYUThb  XOpOIIME  pe3ynbTarbl. JKecTKoCTb  BOJBI,
npurotoBieHHOW H-Na — kaTHOHUTOBBIM criocoOoMm, He TipeBbImaet 0,1° npu meaounocTa 4—5°.

KoHcTpyknusi 1 npuHIuN padoThl AHHOHUTHOTO (PUIbTPA



Henp: 3akpenuTh NpoNHeHHBIN MaTepUall; yCIEIHOE UCIIOIb30BaHNe MPUOOPETEHHBIX YMEHHN B
pealbHOM JKU3HM;, 03HAKOMUTBCS KOHCTPYKIMEH W IPUHIIUIIOM pabOThl aHHOHUTHOTO (UIIBTPa

CTyneHT MODKEH: YMETh OCYIIECTBIISITh MPOIECC pabOThl aHMOHWUTHOTO  (GUIBTpA; 3HATH
KOHCTPYKIHUIO U IPUHIIUI PAaOOTHl aHHOHUTHOTO(PHUIIBTPA.

Konctpykuuss w npwHIOUN pabOThl AHUOHHWTHBIX (PWIBTPOB aHAJIOTHYHBI KATHOHWUTHBIM
¢unpTpam.B kauecTBe aHmoHHMTa ((QUIBTPYIOIIETO MaTepuana) B HACTOSIIEe BPEeMsl Ha COBPEMEHHBIX
BOJIOTIOITOTOBUTEIBHBIX YCTAHOBKAX MPUMEHSIOTCS: cHHTeTHYeckue cmosibl AH-31 AB-17



Koxudpuxkarop (mpuMepHbIii epevyeHb) OLEHOYHbIX CPEACTB AJIs1 OLeHKH 3HAHWH, YMEHU U
YpOBHSI ¢)OPMHUPOBAHHOCTH KOMITETEHINI

Ne n/n Tun oyenounozo Kpamxkasa xapaxmepucmuxa oyenouno2o Ilpeocmasnenue
Koo cpedcmea cpedcmea OYEHOUHO20 cpedcmed 6
OYEHOYHO20 gonoe
cpedcmea
1. Henosast w/unu | CoBMecTHasT  JIeATENBHOCTh Tpynmsl | Tema  (mpoliiema),
poJieBas urpa | oOy4aromMxcsi M TpernojaBaress IOJ | KOHIENLHUS, POIH U
YIPaBIEHUEM TNPENOJABATENS C LEIBIO | 0XKHMIaEMBbIi
pelieHus y4eOHBIX U | pe3ynbTaT
npodecCrOHATBLHO-OPUEHTHPOBAHHBIX
3aJa4 MyTeM UTPOBOTO MOJETUPOBAHUS
peasibHOM  TPOOJIEMHOM  CHUTYAIlHH.
[To3Bonsier OILICHUBATh yMeHHe
AHAM3MPOBATh W pEIIaTh TUITUIHBIC
npod)eCCHOHANIbHBIE 3a]1a4l
2. Keiic-3agaua YueOHsbIit Marepuanl nogaercs | 3agaHus JUTSt
CTyJICHTaM B BHUJE NMpoOeM (KEHCOB), B | peIICHUs  KeHc -
KOTOpBIX OOYy4aroUmIMMcsl IMpeajgaraercs | 3a1a4u
OCMBICIIUTh peasbHy10
npoeCCHOHATBHYIO ~ CHTYalUIO  JIJIs
peIeHusl JaHHOW TpoOJIeMbl. 3HAHUS
nproOpeTarTcs B pe3yabTare
aKTHBHOM W  TBOPYECKOW  pabOTHI:
CaMOCTOSITEJIBHOTO OCYIIECTBIICHUS
Henenonaranus, cbopa HEOOXOAMMOMN
uHpOpMAIlMK, €€ aHaliu3a C pPa3HbIX
TOYEK 3pEHUS, BBIABI)KEHUS TUIIOTE3BI,
BBIBOJIOB, 3aKJIIOUEHUS, CAMOKOHTPOJIS
mpolecca MONyYeHUs: 3HaHUM M €ro
pe3yJIbTaTOB.
3. Omnpoc CpenctBo KOHTPOJISt ycBoeHus | Bonpocsl o
y4eOHOro MaTepuana TeMbl, paszfena | TeMaM / pa3jienam
WIH pazzenos JTUCIMIUTAHBL, | TUCIUTUIAHBI WU
OpraHM30BaHHOE KaK yueOHOe 3aHATHE | MpodecCrOHAIBHOT
B BUJIE COOECENOBAaHUS MPENoJaBaTess | O MOIYJIIS
¢ 00yJaroITUMHUCH.
4. Kontponsnast | Cpeactso IIPOBEPKU yMmeHui | Komriekr
pabota NPUMEHSATH TIOJYYCHHbIE 3HAHUS JJS | KOHTPOJIBHBIX
pelleHuss 3ajay OINpeAeNIeHHOro THIIA | 3a/JaHui o
110 TEME WU pa3aeny BapHaHTaM
5. Kpyrasiit cron, | OueHounsle cpenacTBa, mno3possomue | [lepeuens
JUCKYCCHS, BKIIIOUUTh OOYYAIOMIMXCS B TMPOLECC | TUCKYCCHOHHBIX TEM
JUCIIYT, o0CyXJIleHHUsI ~ CIIOPHOTO  BOIpoOca, | IJid MIPOBECHUS
nebatobl npoOJieMbl U OLEHUTh MX YMEHHE | KpyTJoro cToa,
apryMeHTUpPOBaTh COOCTBEHHYIO TOYKY | JUCKYCCHH,
3peHus JUCIyTa, 1e0aToB
6. [Toptdonmo IleneBass mombopka pabor cryaeHTta, | CTpykTypa
packpbIBaroIias €ro HWHIWBUIYyadbHBIC | MOPTHOIHO

o0Opa3oBaTeNbHbIC JOCTIKEHHS B OJHOM
NI HECKOJIBbKHUX y‘-Ie6HI:IX JUCHUIIINH,
B MPOheCCHOHATHPHOM MOJIYJIC.




IIpoexr

KoHeuHbIl NpOayKT, MONIy4aeMbli B
pesyJipTare IUTAHUPOBAHHUS u
BBITIOJIHEHHUSI KOMIUIEKCA YYEOHBIX U
HCCIIEI0BATEIBCKUX 3aJaHuM.
ITo3Bossier OLICHUTH YMEHUS
o0yuaroImuxcs CaMOCTOSITEIIBHO
KOHCTPYUpOBaTb CBOM  3HAaHUA B
IIPOLECCE  PELICHHA  MPAKTHYECKHUX
3a7a4 ¥ Npo0seM, OPUEHTUPOBATHCS B
MH(POPMALIMOHHOM  TPOCTPAHCTBE U
YPOBEHb c(OPMHPOBAHHOCTH
AHAINTUYECKUX,  HCCIEI0BATEIBCKUX
HABBIKOB, HABBIKOB IPAaKTUYECKOIO U
TBOPYECKOTO  MBINUICHUSA.  MOXer
BBIIIOJHATECS B HHAUBUAYAIbHOM
HOPSIIKE WIM IPYNIION 00y4Yarommxcsl.

Tema rpynmnoBsix
u/nnu
HMHIMBUAYaJIbHbBIX
IIPOEKTOB

PaGouas
TeTpab

JAMIaKTHYECKUI KOMILJIEKC,
MpeIHa3HAYCHHbBIN TS
CaMOCTOSITEJILHOM PabOTHI
00y4Jaromerocs v Mo3BOJISIOIIHNA
OIICHUBATh YPOBEHb YCBOCHUS UM
y4eOHOTr0 MaTepuasa

Oo6paser paboueii
TeTpaIu

PasnoypoBHeB
bIe yueOHbBIC
3aauu 1
3aIaHus

Paznuuaror 3aga4n v 3a1aHus:

a) penpoAyKTUBHOT'O YPOBHS,
MO3BOJISIOIINE OLEHUBATh U
JTUarHOCTHPOBATh 3HAHHE
¢akxTrueckoro Matepuaia (6a3oBbie
MIOHSATHS, AITOPUTMBI, (DAKTHI) U
yYMEHHE MPaBUIIbHO UCIIOTIh30BATh
CrelalibHble TEPMHUHBI U TIOHSATHS,
y3HaBaHHE OOBEKTOB U3yUYCHHUS B
paMKax OIpe/IelIEHHOTO pasjieia
JUCIUIINHBL,

0) PEKOHCTPYKTHBHOT'O YPOBHS,
MO3BOJIAIOIINE OLICHUBATD U
JTUArHOCTHPOBATh YMEHUS
CHUHTE3UPOBATh, aHAJIM3UPOBATD,
000011aTh paKTHYECKUH U
TEOPETUYECKUI MaTepHal C
dbopMyIIpOBaHUEM KOHKPETHBIX
BBIBOJIOB, YCTAHOBJIEHUEM MPUUNHHO-
CIICACTBECHHBIX CBS3€ii;

B) TBOPYECKOTO YPOBHS, TIO3BOJISIOLINE
OIICHUBATh U JUATHOCTUPOBATH YMCHHSI,
MHTETPUPOBATH 3HAHUS PA3IUYHBIX
o0nacreil, apryMeHTHpPOBATh
COOCTBEHHYIO TOUKY 3pCHHUS

Kommniexr
pa3HOYPOBHEBBIX
3a7a4 U 3aJaHui

10.

PacueTHo-
rpadguveckas
paborta

CpencrtBo IIPOBEPKHU YMEHUH
MIPUMEHATh IIOJIyYEHHBbIE 3HAHUS 110
3apaHee ONPEAECICHHON METOJIUKE IS
pemieHuss 3axad  WIM  33JaHud 10
MOAYJIKO UJIN JUCHUIIIIMHE B IICJIOM.

Komriuiekt 3amganuii
VTS BBIIIOJTHEHUS

pacdeTHo-
rpadgpudecKoi
paboThI

11.

Pedepar

[TpoayKT camocTosITeNbHOM  paboThl

Tewmbl pedepaToB




CTYJCHTa, TPEACTaBIAIONUN  coO0i
KPaTKOE€ H3JI0)KCHHE B IHMCbMEHHOM
BHJIE IIOJIyYEHHBIX pe3yabTaToB
TEOPETUIECKOIO aHaJIn3a
OIPENEICHHOM  TEMBbI, IJE€  aBTOP
pacKpbIBaeT CyTb UCCIIEyeMO
npoOiaemMbl,  NPUBOJUT  pa3IM4YHbIC

TOYKH 3pCHHA, a TaK¥XKE COOCTBEHHEIE
B3I'JIs11bI HA HEC.

12.

Hoxkmnan,
cooO1ieHne

[IponykT caMoCTOSITeNbHOH pabOTHhI
CTyJIeHTa, TPEACTABJIAIOMUNA  CcOOOH
nyOandHOe BBICTYIUICHHE 1o
MPEACTaBICHUIO MOJTYYEHHBIX
pE3yJIbTaTOB DEILIEHUS ONpeesIeHHOM
TEMBI.

TeMel JIOKJIaiOB,
co0O0IIeHn

13.

CobeceoBanu
e

CpelcTBO KOHTPOJIS, OPraHU30BaHHOE
Kak crienuaibHas Oecena
npernoaasaresis ¢ 00yJarmuMes Ha
TEMBI, CBSI3aHHBIE C U3y4aeMOI
JMCLUIUIMHOM, U PACCYMTAHHOE HA
BLIICHEHHE 00BbEMA 3HAHUM
00y4aromEerocs Mo onpeaeaCHHOMY
pasJieny, TeMe, IpoOaeMe H T. II.

Bomnpocs o
TeMaM / paszenam
JTUCIUTUTAHBI

14.

TBopueckoe
3a/1aHue

YacTU4HO peraaMeHTHPOBAHHOE
3aJJaHu€e, UMEIOLIEE HECTaHAAPTHOE
pelLIeHNe U MO3BOJIAIONIEe
JUarHOCTHUPOBAaTh YMEHUS,
MHTETPUPOBATH 3HAHUS PA3IUYHBIX
oOnacreil, apryMeHTHpPOBATh
COOCTBEHHYIO TOUKY 3peHus. MoxeT
BBITOJIHATHCS B MHIUBUYy AJIbHOM
MOPSAJKE WIN IPyNnon o0ydaromuxcs

TeMbl rpynmoBbIx
u/unu
WHIUBUAYaIbHbBIX
TBOPUYECKUX
3aJaHuN

15.

Tect

CpencTBo KOHTPOJISI, HApaBJIEHHOE Ha
IIPOBEPKY YPOBHS OCBOCHUS
KOHTPOJIHMPYEMOTO TEOPETUIECKOTO U
IIPAaKTUYECKOI0 MaTepuaa mno
JUJIAKTUYECKUM eIMHUIIaM
JUCLUIUIMHBI WA TPOQECCHOHATIBHOIO
moayisi. Cucrema
CTaHJAPTU3UPOBAHHbIX 3aJJaHUH,
MO3BOJISIONIAs aBTOMATU3HPOBATh
IpOoLEelypy U3MEPEHUS YPOBHS 3HAHUN
U YMEHHHA 00yYaromuxcs

donn TECTOBBIX

3aJaHuN

16.

Occe

CpencTBo,  TO3BOJSIONICE  OIICHUTH
yMEeHHE 0Oydaromierocs MHCbMEHHO
u3JaraTh CYTh MOCTaBJICHHON
POOJIEMBI, CaMOCTOSITEJIbHO
POBOJIUTH aHAJIU3 ITON MPOOIIEMBI.

TemaTnka 3cce

17.

[IpakTueckue
paboThl
(mpakTHuyeckoe
3a/IaHKE)

OTO 3aJaHusl, C NOMOUIbIO KOTOPBIX Y
yUaIuxcs dopmupyrotes "
Pa3BUBAIOTCA MMpaBUJIbHLIC
NpaKTHYECKHE ICHCTBUSL.

Buner: Habmronenue,
U3MEPEHUE,  OIIBIT,
KOHCTPYHUPOBaHHE M
Ip. 3aJdaHus IS
NPaKTHICCKUX




pabot

18. JlaGopaTopHble | DTO  TpOBEACHUE yYAIIUMHCS IO | 3amaHus s
paboThI 3aJJaHUI0 TIPETOZABaTeNsl OIBITOB C | JJAOOPATOPHBIX
HCITOJIh30BaHUEM npuoopoB, | paboT
MIPUMEHEHUEM MHCTPYMEHTOB M JPYTHX
TEXHUUYECKUX MPUCTOCOOJICHUH.
19. Tpenaxep TexHnveckoe cpescTBO, KOTOPOE Komrmiekr 3ananuii
MO3KET OBITh UCTOIB30BAHO IS Uit paboThI HA
KOHTPOJIS IPHOOPETEHHBIX CTYAEHTOM | TPEHAXKEpe
npoecCHOHANBLHBIX HABBIKOB U
YMEHHH 110 YIIPaBJIEHHUIO KOHKPETHBIM
MaTepHabHBIM 00BEKTOM
20. OT4yeTErl no | CpeacTtBo  KOHTPOJIS,  TO3BOJIAIOIIAS Buasr pabor wu
MIPaKTUKaM oOyuyaromemMycss TpPOJAEMOHCTPUPOBATH | 3a/1aHUS Ha
0000IICHHBIC  3HAHUSA, YMEHUSA W | yUeOHYIO "
NPAaKTUYECKUN ONBIT, NPUOOPETEHHBIE | MPOU3BOIACTBEHHYIO
3a BpeMsl TPOXOXKICHHUS Y4eOHOM U | MPaKTHKY
MPOM3BOJICTBEHHON MpakTHK. OT4yeTbl
1o MpaKTHKaM MO3BOJISAIOT
KOHTPOJIMPOBATh B 11e510M ycBoeHue OK
u 11K o6o3nauennbix B [TIICC3.
21. Kontent- AHaJu3 1 OlIEHKa B COOTBETCTBUH C [Tepeuenn
aHaIn3 KPUTEPUAMHU JOKYMEHTOB (3KypHAJIOB JIOKYMEHTOB
JOKYMEHTAIIUH | TEOPETHYECKOTO U MPOU3BOJICTBEHHOTO | MOJIEKAIINX
00y4eHHs1, XapaKTePUCTUK, TBOPUYECKUX | aHATHU3Y, KpUTEPUU
paboT, THEBHUKOB U OTYETOB 110 OIICHKHU
npaktuke, BKP u np.),
CBUJIETEILCTBYIONINX 00 YPOBHE
KOMIIETEHTHOCTH 00YYaroIIerocs.
22. HuctpymenT c6opa nHbopMamu ais Lenb, 00beKTHI
HaOmronenune YCTaHOBJIEHHS (PAKTOB HaOJII0IeHN,
oOpaser Jucra Jist
(buxcupoBaHus
pe3yIbTaToB
HAOJIFOIEHUSI
23. 3ananue Ha | [lepeuenp OCHOBHBIX Bonpocos, | BKP o
BKP KOTOpBIE JIOJDKHBI OBITH PACKPBITHI B | CHEIUAIBHOCTH
(AMTIIIOMHBIH pabote, a Takke ykazaHus Ha ocHoBHbIe | CITO
MIPOEKT, nH(GOPMaIIMOHHBIE UICTOYHHUKH.
JUTITIOMHAs
pabota)
24. DKk3amMeH Cpenctso KOHTPOJISt ycBoeHus | Bompocsl o Temam
yuyeOHOro Marepuana aucuuiuinesl, | MJIK

OpTraHU30BaHHOC B BUAC CO6GC€}IOB3HI/I$I
npenoaaBaTeiisl € 06yqa101111/1M1/105{.
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