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|. AIIIYA JACTYP
. Kupum
Hactyp  VY306ekucron PecnyOmukacu — Ilpesupentununr 2015  iwun

12 wronparu “Onuii TabIUM MyaccacaJIJapuHUHT pax0ap Ba Ieaaror KajapjapuHu
KaiiTa Talépiam Ba MajlaKaCHHU OIIMUPHUII TU3UMHUHU SHaAJA TaKOMWJLIAIITHPHUII
qyopa-taaoupnapu Ttyrpucuna”’ ta [1D-4732-conmm, 2017 #wn 7 deBpangaru
“Y36eKxncToH Pecrny6nMKacHHM SHAja PHBOXKIAHTUPUIN Oyiimua Xapakatiap
ctparerusicu Tyrpucuaa’tu [1d-4947-counu, 2019 #un 27 asryctmaru “Onuit
TaBJIUM Myaccacanapu pax0ap Ba Menaror KaJpJapuHUHT Y3ITyKCH3 MallaKaCHHU
OIIMPHUIIl TUZUMHUHU >XOopuil dTumn Tyrpucuaa’tu [1d-5789-connmu  dapmonnapu,
myHuaraek 2017 #wun 20 anpengarm “Onuil TabauM  TU3UMHUHH  sTHAJA
pUBOMUIIAHTUPpHUIT 4opa-Tanoupiapu tyrpucuna’tu [1K-2909-connmu Kapopuna
OenruiiaHrad ycTyBOp Bazudanap Ma3sMyHUAaH KeIuO YMKKaH XO0Jijla TYy3WIraH
0ynu0, y 3aMoHaBUi Tanabiiap acocuaa KaWTa Tallépiaml Ba Majaka OIIMPHUII
Kapa€HJApUHUHI Ma3MyHMHM TAaKOMWUIAIITUPUII XaMJla OJUWA  TablIUM
MyaccacaJlapd IeNaror KaApJIApUHUHT KacOMH KOMIIETEHTIIMTMHU MYHTa3aM
omupu® OOpuITHKM Makcaa Kuhaau. Jlactyp MasMyHH OJMH  TabJIUMHHHT
HOPMAaTUB-XyKYKHIl acocliapu Ba KOHYHUYWJIMK HOpMaJlapu, WJIFOP TabJIUM
TEXHOJIOTUSJIADM Ba TEAArorMK Maxopar, TabiuM >KapaéHiapujia axOoopoT-
KOMMYHUKAIIUSI TEXHOJIOTHSJIADUHU KYIJIAlll, aMajluid XOPWXKUU THJ, TU3UMIH
TaxJIWJ Ba Kapop KaOyJl KWJIMII acociiapu, Maxcyc (aHjap Heru3uga WIMUNA Ba
aMainui TAaJAKUKOTJIAp, TEXHOJOTHK TapaKKUET Ba YKYB Xapa€HUHHU TalIKHUII
STULIHUHI 3aMOHaBHM ycnyOmapu OViiMuya CYHITH IOTYKJIap, NeJarorHUHT
KacOWil KOMNETEHTINTM Ba KpeaTuBIurd, Trioban HWHTepHET TapMorw,
MyJIbTUMEINA THU3UMJIApU Ba MacodanaH VKUTUII YCYJUIAPUHU Y3JIAlITHPHII
Oyitmya sHrM OWJIMM, KYHMKMa Ba MajaKaJlApUHM IIAKUIAHTUPHUIIHU Hazapja
TyTaau.

“MarepraiapHi TaAKUKOT KWIMIIHUHT WIFOP yCyJUIapu MOZYJIA WIIYU
VKyB JacTypu MaTepHAUIApHUHT WYKUA TY3WIMIIH, CTPYKTYpacu, XOCCacw,
MIUTATWIMIIY, MApKAJIAHUIIM Ba Oy KaTTAJUKIAPHUHT y3apo ajJOKAaCMHU Xam[a
yIIAPHUHT TYPJIM TahCUPJIAp HATIXKACHIA Y3rapuill KOHYHUSTIapU OusiaH OOFINK
Oynran OunumIIapHU Kampal oJiraH.

YKyB MOAYTHHHT MaKcaau Ba Basudaaapu
“MaTepuajijiapHi TAAKHKOT KHJIMITHUHT UJIFOP yCyJ1apu” MOAYJTUHUHT
MakKcaja Ba Basudaiapu:

MopynauHr makcaa Ba Basuacu - TUHIVIOBUMIIapa UiM-(paH coxacuaa
SHTY XyCycHUsTJIapra 3ra MaTepraUIapHH SIpaTUIL Ba TAAKUKOT KWIKIIAA, YIAPHU
amMajuii MaTemMaTuka MeToiuiapu €paamuna udojanam Ba TaxpuOama OIMHTAH



HaATIDKaJapHU Oaxonaml Ba YHUHT TU3UMHUWJIUTUHU OIIMPHILNTa OWUJ OHIINM,

KS'/HI/IKMa Ba MaJIaKaHHU IIAKJTaHTUPpUIIANUD.

Moay.a 0yiin4a THHIJIOBYMJIAPHUHT OMJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHIUSIJIAPUra Ky HWJIaaurad tajgadaap

Tunrnoumnap “MarepuaiyiapHi TaAKUKOT KWIHIIHUHT WIFOP yCyJUiapu’”

VKyB MOAYJIMHU Y3JalUTUPHUIN >Kapa€HWJa amaira OLIMPWIIAJUraH Macajajap

JIOUpacuIa:

Tunznoeuu:

cudaT aHaJIM3U acociapy,

reTEPOreH cucTeMallapaa MyBO3aHar;,

MUKJIOPUI aHAJIN3 Ba YHUHT yCYJUIAPH;

TAUTPUMETPUK aHAJIU3HUHT OKCUUIAHUII-KAUTAPHUINIL YCYJIN;
MHKIOPHM Ba YHUHT YCYJUIAPH;

ONTHK AHAJIN3 yCYJUIAPH;

(oTOMETpUS YCYJIMHUHT MOXUSITH;

IOTHJIMII CIIEKTPJIAPUHUHT TaOUaTH;

EPYFIMK HYpH IOTWIMIIWMHUHT KOHYHU;

($u3MK — KUMEBUH aHAIIN3 yCYJUIapu. AHAIU3 yCYJUITAPUHUHT TaBCU(H,
CE3TUPIIUTU XAKUA OUAUMAAP2aA 520 OYIUULU TO3UM.

Tunenosuu:

reTeporeH cucreMaiapia MyBO3aHaTHU aHUKJIal,
COJIMIUTUPMA OFUPJIMK, CONUIITHPMA XaKM Ba OOCUMHU METaTypruK
Xuco0Jiap OuIaH aHWKJIAIIT,
KaTTHK JKHCM Ba CYIOKJIMKJIAP COIUIITHPMA OFUPIIUTMHHA aHUKJIALLL;
¢u3uK Ba TeXHUK aTMocdepanap hapKuHu KUECUIN TaXJIU KUJIHIIL
MeTalljapJaru Koppo3us TypJiapuHH TacHU (AL,
MeTaJulap KOPPO3HUSICUHU OJAMHU OJIUIIJIa 3aMOHABHH yCyIapaaH
doitnananuu;
METaJUIApHU KOPPO3HsIIaH cakiamga Gu3MK ycysuiapaad Gpoigananum
KVHUKMA 64 MAAKAIAPUHY I2A1aWU 3apyp.

Tunznoeuu:
uMiI-paH coxacuaa SHTU XycycusTiapra sra MaTepuajulapHH spaTHIl Ba
TaJKUKOT KWJINLLL;
TaJKUKOTIAPHU aMaJIuii MaTeMaThKa MeToJiiapu €paamuaa udoianan,
TaAKUKOT TaXpUOACHJAH OJUHTaH HaTWKaJapHU Oaxonaml Ba YHHHT
TU3UMUIUINTY OUIUPHUILITA OWJ TakJIudiap KUPUTUII KOMIETEeHUHSJIAPUra
3ra Oy/IMIIH JO3UM.

Moay/THM TAIIKKHJI 3THII Ba yTKA3WII 0yiin4a TaBcusijiap



Mopyman yKuTMII Kapa€HuJa TaBIMMHUHI 3aMOHABUM METOIJIAPH,
NeJaroruk  TeXHoJoruslap Ba  axOOpOT-KOMMYHHUKAIMS — TEXHOJIOTHsIapy
KYJUIAaHWJIUIIN Ha3apa TyTUITaH:

— Mabpy3a Japciiapuiia 3aMOHABUKM KOMITBIOTED TEXHOJIOTHSIIApU €pramuia
MIPE3EHTALUOH Ba MIEKTPOH-IUAAKTUK TEXHOJIOTHSUIAPaH;

— VTKa3WjIaJWral amajauyd MallFyJIoTiapAa TEXHUK BOCUTAJIAPJIaH, SKCIpecC-
cYypoBiap, TEeCT CYpOBIapH, akiIud XyXyM, TypyxJid (GUKpJam, KHYHUK
rypyxJiap OWIaH WILIaIl, KOJJIOKBHYM VTkazuil, ‘“‘TylryHyanap Taxjiwim’”,
“Uucept”, “Xynocamam” Ba OOIIKa HWHTEPAKTUB TabJIUM YCYJUIAPUHH
KYJUIAIl Ha3ap1a TYTHIAAH.

Moay/JIHMHT YKYB peskagaru 00mKa MoayJ/uiap Onjiad OOFJIUKJINTHY Ba

Y3BHIJIUTH

“MarepraiiyiapHd TaAKUKOT KWJIWIIHUHT WJIFOP YCyJUIapu~ MOJYJIH YKYB

pexanaru Kyiungaru gannap oumian 6oriuk: , “Unrop GpyHKIIMOHANT MaTepuasuiap”.

MoayAHUHT OJIMH TABJIMMAATH YPHU
V36exucrton Pecrynukacupa nmi-GaH coxXacHua SHTH XyCyCHST/IAapra sra
MaTepUaUIapHU SPATHUIN Ba TAAKUKOT KWIHIIAA, yJapHU aMaluii MaTeMaTHKa
MeTojiapu Epaamuaa udoganaml Ba Taxpudaaa OJUHIaH HAaTWXKAJIapHU OaxoJiall
Ba YHUHI THU3MMHIUINTKM MallaKaCUHHM omupuiaa ‘“MaTtepraiapHid TaaKUKOT
KWIMITHUHT WIFOP ycyiuiapu ~ (paHu amoxuja axamusiTra ara.

MoayJ 0yiin4a coaTyiap TAaKCHMOTH

THHIJIOBYMHHMHT YKYB HyKJIaMacH,
coat
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1. Cudat ananusu acocnapu 4 4 | 2 2
2. ['eTeporen cucremManapa MyBO3aHaT 4 4 2 2
3. Muxnopuii ananus 4 4 2 2
4. | TUTpUMETPHUK aHATU3HUHT 3 8 9 6
OKCHJJIAHUII-KAUTapUIIHII YCYITU




OnTuk aHaau3 ycyjuiapu 2 2 2

Kamu: 22 | 22 | 8 8 6

HA3APUI MAIIFYJOTJAP MABMYHHU
1-maB3y: Cudat aHaJIU3U acocjaapu.

Kumésnit ananu3. Cudar ananuzu. Muknopuii ananus. AHaTUTHK, YMyMHI Ba
XyCyCHMM  peakuus. PeakuusnapHUHI  CE3TMpAMIM  Ba  y3Ura  XOCJIMIH.
Karnonnapauar aHamutuk rypyxJjapu. ['ypyx peareHtu. Cucremand aHaius.
Cudar aHanu3MHUHT ycymuapu. AHAIUTUK PEAKUMSJIAPHUHT  Oa)KapuIMII
yCyJUIapd. AHQIATHUK PEAKLUUSJIAPHU aMalra OLIMPUINHUHI HIapT-IIAPOUTIIAPH,
PEAKIMSUIAPHUHT CE3TUPJIMIU, Y3Ura XOCIAUTH. ODpuTMaHu OYynu0-0ynub Ba
CUCTEMAaTHK aHanmu3 Kwimil. ['ypyx peareHTd. KaTHOHIApHUHI aHAIUTHK
rypyxJjiapra OyJIuHUIIH.

2-maB3y: I'eTeporen cucremanapaa MyBo3aHaT

UykTtupum  KUMEBMW  aHAIW3  YCYJIW. OpPYBYAHIMK  KyNaWTMAcCH.
OpyBUYaHIMK. ODyBYaHJIMKKA TabCHpP KWIyBYM OMMIUIap. UyKMamapHUHT XOCHII
oymumm. Tyna yykumra tabcup KuiayBund omuiuiap. Ty3 adpdexru.

3-maB3y: Mukaopuii anaaus

Muxknopuii ananu3. MuKnopuil aHaiu3 ycyjuiapu. MUKIoOpui aHanv3aarud
xartoisap. I paBuMeTpuk ananus. [ paBUMETpUK aHATWM3HUHT Typaapu. [ paBUMeTpuK
aHaJIM3HM Oakapuil TapTuOu. UykTupunaaurad Ba TopTuiaaurad mwaki. Kpucramn
Ba amop(d uykma. Kpucramn uykmaHu UYKTUPHUIN MmapTiapu. AMopd dyKMaHU
YYKTUPUII [IApTIApU. UYKTUPYBUMHM TaHJAIl, TPABUMETPUK AHAIU3HUHT
ad3aury Ba KaMuwinrd. ['paBumeTpux aHanmuzgaru xucoOmnanuiap. Mukmopuii
aHaJIM3Jard xaToJap.

4-maB3y: TUTpUMETPUK AHAJTM3HMHT OKCUAJIAHUII-KANTAPMINII YCYJIH

OkcumaHum-Kautapunum  (OKCUMOUMETpUuK)  ycynu.  OKcHaJIaHMII-
KauTapwinil YCYNUHUHT Typaapu. OKCHIJIAaHUMI-KAaUTapUIUIIl WHAUKATOPIApPH.
IlepmanranatomeTpuk ycynu. KMnOs uIaM SpUTMACHHU Taul€piiaml Ba CakJjaml.
KMnQOy sputMacuHy TUTpUHU aHUKJIaml. [lepMaHraHaTOMETpUK TUTPJAUIHU OJUO
Ooopumi  maptaapu.  AtokatanuTuk  (IumoB  peakuumsicu) — peaxkuus.
[IepmanranaTomeTpuK TUTpIana SKBUBAJICHT HYKTaHU AHUKJIAII.
[lepmaHraHaTOMEeTpUK  yCyld OwilaH  MOJAaJap MUKIOPUHM  aHUKJIALL.
[lepmanranaToMeTpUK YCyIMHUHT ad3amuurd. [lepmMaHraHaTOMETPUK YCYTHHHT
KaMUYWJIMTH. XPOMaTOMETPUK YCyJI. XpOMATOMETPUK YCYJIHHMHT ad3aJuTUrH.
XpOMaTOMETPUK YCYTHUHT KAMUMIIMIH. EJIOMETPHK ycyil; E1OMETPUK YCYTHHUHT
ap3ammry. EjpoMerpux ycynuHUHr Kamuuaurd. OKCHMATAHMII-KalTapHidmiia
TUTPJIALL 3TPU YU3UKIIAPH.

AMAJIMA MAIIIFYJOT MABMYHHU
1-amaunit mamryJaot: Cudgart aHaaIu3M acoCJapH.
MerautapHuHr  yMyMUH OJMHMII  ycysuiapu. [lupomeramnypruk ycyil.

Mertamnapaun okcuIaHUIIM. [ajmoreHnap Ba xaukoreHjap. Metaap OusaH

8




KHCJIOTa 3pUTMalapyd OpacHIard TabCUpJallyBU. MeTaslapHUHT KUMEBUMI
Xoccajapy Ba yJjap acocuja MHUcOJUIap Oakapuii
2-amanuii MamryJaot: I'eTepored cucremajiapaa MyBo3aHaT
Mertamnypruk xapa€Hiapaa XOMAaIlEHUHT MUHEPAJIOTUK TapKuOu
SPUTHIN MalTUaa Xocus Oynamurad mrerH. lllnak Ba rasmapra gowp MHCON Ba
Macaiaiap. MeTtaimypruk xuco0oTiap yuyH MUCOJLIAP.
3-amaauii MmamryaotT: Mukaopuii anaamns
Karruk kucM Ba CYIOKIHMKIAp COJMILITAPMA OFUPIIATH. Xap XWI MoJJajiap
apanammacuia coludmTupMa XaxMm. DPu3nk Ba TeXHUK aTMmochepanap (apku.
Abcamor 60CMM-MOHOMETPUK Ba 0apoMeTpuK Oocumiap anreOpauk HUFUHINCH.
ConuitupMa OFUPINK, COMUIITHPMA XaKM Ba OOCUMHHU METAILTYpPIHK XHCOOJIap
OWJIaH aHWKJTAIIl
4-amanmnid MamFyJa0T: ONTHK aHAJIU3 yCyJUIapu
Meranmnapna koppo3us Typiapu. CyloK EKWIFWIap TabCUpUIA BYKyIra
KEJAJUraH KOppo3us. OJEKTPOKUMEBHNA Koppo3usa. Meramuiap KOpPpO3USCHUHU
OJITUHU OoJiuII. MeTaymn cupTuHU OollKa MeTaiulap OwiaH Korwiam. Mertamiapra
Typau Kymumuanap Kuputuil. Koppo3wmoH akTtuBaTop Ba HMHrHOUTOpIIAp.
Koppo3ust Typnapu. MeTamiapHu KOppo3HsiiaH CaKJIallL.
Kyuma MamryJior Ma3MyHH

Mag3y: TUTpUMETPUK aHAJU3HUHT OKCUIVIAHUII-KAUTAPUINII YCYJIM.

Kyuma mamrynotHu KOKopu TexHoJOTUsUIap Mapkasu jJaboparopusiiapuaa
YTKa3WJIWIIN Ky31a Ty THIJITaH.

TabJAMMHH TAIIKKJ YTHII IarJJjaapu

TabIMMHHA TalIKW J3THUII IIAKJJIApU aHUK YKYyB MATEpHAIM Ma3MYHH
ycTHAa UNUIa€TraHia YKUTYBUMHU TUHIJIOBUMIAp OWjiaH y3apo XapakaTUHU
TapTUOJAIITUPUILIHYI, HYJIra KYHUIIHA, TU3UMTa KEITUPUIITHU Ha3apaa TyTaau.

MoaynHu YKUTHII >Kapa€HUAa KyWHJAru TabJIMMHUHI TAalIKWAJ OSTHII
makapuaas GongaaaHuIaIu:

- Mabpy3a;

- aMaJIuii MaLIFyJIOT;

- MYCTaKWJI TABJIUM.

VKyB MIIMHY TAIIKHI 3TULI yCyJIHra Kypa:

- )KaMOaBU;

- TypyXJiu (KHYUK TypyxJjapaa, KypTiukaa);

- sSIKKa TapTUoOaa.

/KamoaBuii uniam — byana YKUTYBUM TypyXJapHUHT OMITAT (haoTHSITHTa
pax0apiuk KO, VYKyB Makcajura OJpUIIUIl Y4yH Y3u OelruiaiauraH
JTUAAKTAK Ba TapOWsABHI Basu(agapra SpUIIUIT YUIyH XHUIMa-XHJI METOJIapIaH
doiinananagy.

I'ypyxaapaa wnuiam — Oy YKyB TONIIMPUFUHU XAMKOPJIHKAA Oaxkapwiil
YVUyH TaIIKWJI 3TWITaH, YKyB kKapa¢Huma KUYUK TypyxJjapaa unamnaa (2 tTagaH



— 8 Taraya umtupokdu) Gaon ponb YHHaWAUraH UINTHPOKYHIIAPTa KapaTuiraH
TABIMMHM TAIIKMT 3TUII MAKIAAAD. YKUTHII METOANTra Kypa TYPYXHHM KHUHK
rypyxJjapra, KyQriaukiapra Ba Typyxjapopa LIakiara Oyauil MyMKHH. bup
mypoazu 2ypyxau uul YKyB rypyXJapy yuyH OUp TypJard TONIHUPUK OakapHUILIHU
Hazapnaa Tyragu. Tabaxanrawean 2ypyxau uwi TypyxJiapaa Typiau TONIIUPUKIApHU
Oa)kapHILHU Ha3ap/a TyTaaHu.

Slkka TapTHMOAArM IAKJAAa - Xap OWp TabJIUM OJIyBUHMIra ajloXujaa-
anoxuaa Mycrakwi Basudanap Oepwnany, BasudaHUHT OaKapWIMIIA Ha3opaT

KWJIMHAIH.

1. MOJIYJIHU VKUTHULIIA ®ONTATAHNUIAIMTAH
WHTEP®AOJI TABJIMM METO/UIAPH.

“TymyH4ajap TaxJIujan”’ MeTOau

MeroagHMHI  Makcaaum:  Ma3Kyp  MeToA  Tajalamap  €ku
KaTHalIuYWJIapHU MaB3y OyiiuMua TasHY TYyLIyHYAJIApHU Y3JIalITHUPULI
JapaKaCMHU aHUKJIAII, Y3 OMIMMIIApUHU MYCTaKWJI PAaBHUILIAA TEKIIHPHIL,
OaxoJyami, UIYHUHTICK, SHrU MaB3y Oyiimya mactinabku — Oummmiap
JapaXacuHU TAlIXUC KUK MaKCaaAnaa Ky TaHUIAH.

MeTOAHHMHT YKYB KapaéHUra TaToMK 3THJIMIIH

0ocku4JIap

daoauar

1-0ockny

UIITUPOKYIIIAP MAIIFYJIOT KOUJIaJapy OujiaH TAaHUIITHPUIIAIN.

2-00CKHY

TUHIJIOBUMJIapra Map3yra €ku 000ra Terunu OyiraH cysmiap,
TyIIyHYaJIap HOMU TYIIUPHUIITaH TapKarMaiap Oepuiiaan
( uHIUBHUAYaN €KU TYPYXJIM TapTHO/1a)

3-00cKu4

OeJITMIaHTaH BaKT SIKYHUTa €Trad YKUTYBYM OepuIiran
TYIIYHYaJAPHUHT TYTPU Ba TYIUK U30XUHHU YKUO SIIUTTUPAIU
€KUM CIIal]l OpPKAIM HAMOWMII Taau

4-00cKnY

Xap OWp WIITHUPOKYM OepuiraH TYFpU >KaBoOmap Ouad
Y3WUHUHT TIaXCUW MyHOCA0aTWMHM TaKKOCHauau, GhapKiapuHH
aHWKJIalIu Ba ¥3 OMIIMM Japa’kacWHU TEKIUPUO, Oaxoanu.

Mogaygara TasiH4 TYIIYHYAJIAP TAXJIHIH

Tymynyaaap

Cu3HuHr4ya 0y TymyH4a KaHgau Kymumua
MabHOHM aHIJIATagu? MabJIYMOT

Tuopodopmunz apoMaTHK YIJIEBOAOPOIap

pudOPMUHTHUHT OUp Typu OY1HO0,

MUKIOPUHU KYITAUTUPUILLI YIyH XU3MaT
KWJIAIH..
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T'uopocenuzamcus | BOAOPOA KY LIWJIALIH Xxucooura

TYWWHHUII PEAKIHSICH

T'uopomosanaw

OJITUHTYTYpPT, a30T Ba KHUCIOPOA
OMpUKManapuIaH TO3aJ1aI1a
KYJUTAHWJIAIU. by ycynma Oy
OupukManap BOJOpPOJ OuWiliaH KailTa
TUKJIAHUO, CyBlIa SXIIW OJpUHANTaH
OJITUHTYTYPT CyN(UId, aMMHUaK Ba CyB
XOCHJT KAJIAIH.

H3omepu3amcwmam

U30MEp CTPYKTYpaIH yIIeBOAOPOIIIAP
XOCHJI OYJIaiuTraH peaKkius.

Monexyna xoccanapura sra OyJiral SHT' KHYUK

OepriiraH MOJJITaHUHT KUMEBUIM

3appaya.

Amom

MycOat 3apsjaHrad aToM SIApOCH
OwsiaH MaH(Uil 3apsiasIaHTraH
AIIEKTPOHJIAp/IaH TAPKUO TONTaH
ANEKTP HEUTpAI 3appayagup

Kumésuii snemenm

SAJIPOCUHUHT MycOaT 3apsau 1 xui
Oynran aTOMJIAPHUHT MyausiH

TypUIUp.

HNucepr metoan

MeroaHuHr Makcaau: Maskyp METOJ TUHIIIOBYMIIApAA STHIH ax00poTiiap
TU3UMUHU KaOyJl KMJIAII Ba OMJIMJIAPHU Y3JIalITHPYITHILINHA
SHIMJUTAITUPUILLI MaKCaAnaa KylaHuIaau, IYHUHTIEK, Oy METOJ
TUHIJIOBYMJIAD YUYH XOTHpa MALIKW Ba3u(pacuHU XaM yTauu.

MeTOAHUHT YKYB KapaéHUra TaToMK TUJIHIIH

0ocKu4Iap daoauar

1-60cknd | YKUTYBUM MAIIFyJIOTTa Kajgap MaB3yHUHT aCOCHA
TyIIyHYaTapy Ma3MyHH EPUTHIITAaH UHITYyT-MaTHHU TapKaTMa
€KUM TaKIUMOT KYPUHUILINIA TauEpIanin

2-00CK1Y SIHTH MaB3y MOXMSTHHHU EPUTYBYM MATH TabJIUM OJyBUMJIapra
TapKaTUJIaAN €KU TaKIUMOT KYPUHUIINIA HAMOMUII ATHIIAIMN;

3-60cKuu TabJIUM OJIyBUMJIAP WHAMBHAYyaJ Tap3Aa MaTH OUJIaH TAHUILIUO

quKuO, Y3 MaXCUi KapallUlapuHU Maxcyc Oeiruiap opKaiu
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udonanaiiuaap. MatH OunaH wunulamga Tajgabanap €xku
KaTHaIIYuIapra Maxcyc OenruiapjaH (GoimaJaHuIl TaBCHS
STUIIAJIH.

4-0ockny | bearunmaHraH BakT SIKyHJIAaHTad, TabJIUM OJYBUWIAD YYYH
HOTAHUII Ba TYUIYHApCH3 OYIraH MabJIyMOTIap YKUTYBUU
TOMOHHMJAH TaxXJMi KWIMHHO, H30XJaHaIH, YIIAPHUHT
MoxusATH TYIMK €putmnanu. CaBosapra xaBoO Oepuiiagu Ba

MalryJoT AKYHJIaHAIH.

Bearunap 1 2 3
MATH MATH | MaTH

“V” — TaHUIl MabJIYMOT.

“?” — Ma3Kyp MabJIyMOTHH TYIIYHMAJIHM, H30X
Kepax.

“+” Oy MabIyMOT MEH yUyH STHTHIIUK.

(13

—” 0y (uKp €KUM Ma3Kyp MabJIyMOTIa KapluMaH?

1-maTH: AHamuTUK peakius "Kypyk" Ba "xyn" ycyminap OuiaH YTKa3WIUIIH
MyMKHUH. KypyK ycynna TeKmupuiaaurad MOJJia Ba peakTUBIAp KAaTTUK XOJaTaa
OJIMHAJIM Ba PEaKys KU3TUPUII WYIr OWjaH amara OIUpUIaIH. .

2-matH: KnmEBuii aHanmm3 KymuHYa SpUM MHKPO ycynmaa Oaxkapuianu, OyHAa
peakTUBIap KaMm capiaHaay, KAYUK XXKMIM WAMILIApAaH (olganaHuin Xam
MYMKHH. Arap aHaiu3 TYFpu Oaxkapuiran Oyica, SpUuM MHUKPO YCYJI KyJa aHHK
HaTmxkanap Oepagu. IlIyHMHr ydyH MonajanapHu cudar KuxaTaaH KUMEBUU
aHaJIM3 KWJIWIIra acocaH SpUM  MHUKpOAHAIW3  (CaHTUIpaMM)  YCYyJIJIaH
ol nananuIagm.

3-MaTH: AHOPTaHUK MOJJIaJIapHU aHAU3 KWIHIIA KYyTUHYa Ty3Jap, Kuciaoraiap,
ACOCIJIApHUHT CYBJIaryl dpUTMaJiapy OWJIaH Uil Kypuiaau. MabiyMku, Oy

Mo Iajap IEKTPOIUTIAAPAUD, IHHU YJIap CyBIArd 3puTMaiapuia MoHIapra
nuccocunanrad Oymamu. Ly cababnu "xyn" ycyn Omnan yTkazunaaurad
peakusuIap oataa, oaaui €Kku Mypakkad noniap ypracuaa 6opaau, OmHoOapuH
Oy peakiusanan Goiaianud, TYFpUAaH-TYFPU AJIEMEHTIApHU dMac, OaKu yiap
XOCHJT KWJITaH MOHJIApH TOTWJIAIA, TOTIMIITAaH MOHJIapTa Kapald TeKINPUIaIuTaH
MOJIIa/Ia TETHUIIUTHA JIEMEHTIIap OOPJIUTH XaKH/a XyJIoca YNKApUIIa Iu.
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“Xyaocanam” MeTOAH

Metoanunr maxkcaaum: by -~ Mmetog mypakkal, KyNTapMOKIW, MYMKHH
KaJlap, MyaMMOJIM XapakTEpHJard MaB3yJapHHU YpraHulira KapaTUJITaH.
MeTogHUHT MOXMSTH IMyHAAaH HOOpAaTKH, OyHAAa MaB3yHUHI TypJu
TapMOKJIapu Oyiiuda Oup Xwi ax0opoT Oepuiiaay Ba ailHH IMAWT/Ia, YIIAPHUHT
xap Oupu ajoxuja aclekTjapaa Myxokama 3Tuiaau. MacaiaH, MyaMMo
mxoOui Ba canOuii ToMOHJapH, ad3amivk, (asunar Ba KaMUMIMKIAPH,
doiina Ba 3apapiapu Oyiinya ypranunaau. by uatepdaon MeTon TaHKUIUH,
TaxJIUINH, aHUK MaHTHKUN (bUKpIIaIHA MyBadHaKuATIN
PUBOKIIAHTUPUIITAa MMKOH sparaau. XyJocajam  METOAWJIAaH Mabpy3a
MaUIFyJI0TIapuIa UHIMBUIYaAT Ba Ky TAUKIApAaru Uil MIaKauaa, aMaini
Ba CEMUHAp MAIIFyJOTIapua KUYUK TypyxJapjard Uil IIaKinaa MaB3y
103acuaH OWJMMIIApHA MyCTaxKamijall, TaxXJWiIu KWIMII Ba TaKKOCJaIl
Makcanauaa honganaHui MyMKUH.

MeTOAHUHT YKYB Kapa¢HUra TaTOMK 3 THJIHIIH

0ocKu4Iap DaousAT
1-0ockuy ['ypyxnaH KH4UK rypyxdaiap IaKUIAHTAPHUIILL
2-00CKHY MaiifyIOTHUHT MakcajJ, Ba Basudaliapu TYIIYHTUPUIIAIH.

Xap Oup rypyxra yMyMuid MyaMMOHMHT TaxjIWJl KWJIMHUIIU
3apyp ~ OynraH — KucMjapu — TYWIMPWITaH  TapKaTMa
MaTtepuaiap TapKaTUIaIu.

3-00ocKuu Xap Oup rypyx ¥y3ura OepuiraH MyaMMOHM aTpoduinya
TaxJIM  KWIKO, VY3 MyJoXa3aJlapuHu TaBCHUsl JTHIIAETraH
cxemara €3ma paBuliga 6aéH Kuiau.

4-6ocKkuu T'ypyXaap TakIuMOTH YTKa3HIaAd. YKHTYBYH TOMOHHMJAH
Ownaupwirad GUKpiaap yMyMIAIITUPUIAIW, TYIAUPUIAIA Ba

AHUKJIMKJIAP KUPUTHUIAIH.

JPUTMA KOHCEHTPAUMSICHHN AaHUKJIALI HYJJIapy

Pedpakromerpuk Moaspumerpux Onrux
ad3am | kamumidry | ad3amuira | KaMIrIdra ad3ITUTH | KaMYHUIT
™ UTH

XyJioca:

13




I11.LHASAPAI MATEPUAJLIAP

1-maB3y: Cudart ananusu acocaapu
Pexa:
1. Cudar aHAIM3UHUHT YCYJUIapy Ba aHAIMTHK PEAKIUSIIADHUHT Oa’KapyITHIIT
ycyiuiapu
2. AHaIUTHK peakUMsUIApHM aMalira OIIUPUIIHUHT  IHapT-IIapOUTIapH,
pEaKIUSTIAPHUHT CE3TUPIIUTH, Y3UTa XOCITUTH
3. DOputmanu Oynu0-6ynu0O Ba CHCTEMAaTHUK aHAIU3 KWIHUI, TYpyX pearcHTH,
KaTUOHJIADHUHT aHAJIUTUK TypyxJjapra OVJIMHUIIM, KaTHOHJIAp aHAJUTUK
knaccuukanuscuauar J1.11.MenneneeBHUHAT aBpHi CHCTEMacura OOFTUKIUTH

Tasinu cy3 Ba ubopaJap:

KuméBuii ananus, cudar aHaiu3u, MUKIOPUN aHAIN3, aHAJIIUTUK PEaKIus,
YMYMHI Ba XyCyCUU pEaKkUus, pEakUUsUIADHUHI CE3TUPJIMIM Ba Y3Ura XOCIUIH,
KaTUOHJIAPHUHT AHAJIUTHUK TypyXJapH, T'YpyX PEarcHTH, CUCTEMAIN aHAJIN3.

1.1 Cudar aHaTU3MHUHT yCYJJIapH
AHaNUTUK peakuusylapHu  Oakapuilja HWHUIATWIAIUTaH — MOJJIAHUHT

MUKJAOpUTa Kapad, cudar aHanu3uHUHT ycyiutapu 1955 #wnpan  Oonwtad,
Kyhuaaruiaapra OyauHaIu.

OnauHTH HOMJIAHHUIII SIHrM HOMJTAHUIT OnuHran Moaaa MUKJIOPH
r M
Makpoananus ['pamm — ycyn 1-10 10 - 100
SApuMMHKpoaHaIn3 Canrtu.rpamm-ycyn | 0,05 -0,5 1-107
MukpoaHanms Musurpamm-yeya | 10° —10° 0,1-10*
VY IbTPOMHUKPOAHAIIH3 Mukporpamm-ycyn | 10° - 107 10* - 10°
Cy6MuKpoaHanus Honorpamm-ycyn | 10°-10% | 1071070
Cy6ynsrpomukpoananus | [lukorpamM-ycyn | 10712 1010

KumEBuii ananmms KynuHYa SIpUM MHUKpPO ycynuaa Oaxapwiaau, OyHza
peakTuBiap KaMm capruaHagy, KAYUK XXMM WAMILIapAaH (ougamaHum xam
MYMKHH. Arap aHanu3 TYFpu Oakapuiran Oyica, SpuM MHUKPO YCYJI XKyJa aHHK
Hatmxkanap Oepamu. lyHuHT ydyH wmonpmanmapHu cudar xKuxaTnaH KUMEBUN
aHalIM3 KWIWIITa acocaH SpUM  MHUKpOaHaIW3 (CaHTUTpamMM)  YCyJJiaH
doligananunann. !

AHAJIMTHK PeaKUMSVIAPHUHT 0asKapUJIMII yCYyJUIapH
AHanuTuk peakius "Kypyk'" Ba "xyn" ycymiap OmiaH YTKa3uIUIIA MyMKHH.
Kypyk ycynna Texkmmpuinaaurad MOAJa Ba PEaKTUBIIAP KATTUK XOJIATAA OJMHAIN
Ba peakuus KU3IUPHIL WYIu OujaH amanra OlUpuiIaan:

ICallister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 800-pp
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Macanan: Mertann Ty3JMapuHUHT ajlaHTaHd OYsiiiv, HaTpui TeTpadopar
(6ypa) NaB4O7*10H,0 éku natpuit ammonuit runpodacdar NaNH,HPO, *4H,0
nap Oab3M METAUIAPHUHT Ty3jlapu OWJIaH KOPUILTUPTraHja paHIIud MapBapH]l
(mmma) xocun OynaguraH peaknusiap KypykK ycysl Owiad VTKa3uwiaJuraH
peakuusiiap Katopura KUpau.

Panrnu mmumima Xocwsl KWIMIN Ba ajaHTaHW Oyl ycysulapy MUPOKUMEBUIN
ycyJutap neb atanaju.

OpuTManapja yTKazuiaauraH MOAJIAHUHI aHAIU3U XY yCyJl OWJIaH aHaIu3
nevwnany. byHna TeKIMpUiIaaurad MOJAa OJIUHAAH 3PUTHITAH OYIUIIHN Kepak.
Opatna sputyBuM cudaTuaa CyB HILIATWIAAA. Arapja Mojja CyBAa 3puMaca,
KUCHoTamapaa sputwiaad. Kucnorama sputmiran mMoana KUMEBHHM y3rapuiira
y4pab CyB/ia OCOH dpUMAUran OupopTa Ty3ra aiiaHay. 2

Macanan:

CuO+H,S0O,4 — CuSO4+H,0

Fe(OH);+3HCI — FeCl;+H,0

CaCOs+2HNO; —»Ca(NOs;),+H,0+CO, 7

Ni(OH),+2HNO3; —Ni(NO3),+2H,0

Cudar ananuzna dakat Oupop Tamku 3QQPeKT, SbHU PEAKIUSTHUHT XaKUKaTAa
OOpaéTraHjIMruHd  KypcaTyBUM Xap XuWJ ¥y3rapunuiap OwiaH Oopaauran
peakuusuiapaaHTuHa QoiiaaaHuIaIu.

bynnaii kKuMEBHI peakuUsIapra aHAIMTUK PEAKUUsIap JTCUUIIaIN:

“Opnarna Oynmait Tamku dddexTiap :

1) I'a3 axkpanu® YUKUIIH

2) 3puT™Ma paHTUHUHT Y3rapuiliu

3) Uykma tymmumm (Eku 3pud KETUIN) 1aH noopat Oymaan»
AHOpraHvk MoOJJajapHU aHaIW3 KWIMIIAA KYMUHYA Ty3Jap, KUcloTaiap,
ACOCJIapHUHT CYBJard HpUTMalapu OWIaH Ml Kypuiaau. Mabiaymku, Oy
MoJanap JJICKTPOJUTIAPAUDP, SBHU YyJap CyBIard spuTMaliapujia MOHJapra
nuccocunanran OVmaau. Iy cabGabmu "xyn" ycyn OwiaH YTkasuiaguraH
peakusyiap ojatiaa, oJAui €ku  Mypakkad HoHJap Ypracuima Oopanw,
OouHoOapuH Oy peakuusigaH Qoigananud, TYFpUIaH-TYFPU dJIEMEHTIApHU dMac,
Oanky ynap XOCWJ KWITaH HWOHJIapW TOMWJIAIW, TOMWJITaH HWOHJapra Kapad
TEKIIUPUIAUTAaH MOJJaja TETHIILIH DJIEMEHTIap OOpauru Xakuja XyJioca
YUKAPUIIAJIN.

Macanan: HCl éxku XJTIOpUIAJTAPHUHT SPUTMACHAaH XJIOPHU TOIMUII YYyH
AgHO3 Tabcup srtupunaau. bynaa cysmacumon ok uykma AQCl xocun O0yaamu.
Uykmara kapab xjiop OOpIvry aHUKIAHAIH.

HCI + AgNO; — AgCI¥ + HNO;

CaCl, + 2AgNO; — 2AgCl¥ + Ca(NOs),

BaCl, + 2AgNOs — 2AgCl¥ + Ba(NOs3), (1)
Ba X0Ka30.

2 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 802-pp
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UykManaH TalmKapy TY3JIAPHUHI XaMMAacH JpUTMajapaa TEruuulM HOHJapra
akpajiraH xosja 0ynaau, ssbHU:

Ba?* + 2CI +2Ag* + 2NO; = J2AgCl + Ba?* + 2NO5 (2)
bup Xun WOHNApHM peaklys TEHIVIAMACHIAH TYWIUPHO KOJIUPHWICA, YHIA
peaKkuus TeHIJIaMacu KyMuaaru KypuHUIIAa E3WIAIHN

2CI" + 2Ag* = J2AgClI
TeurmamMaHMHI HWKKajJla TOMOHHHHU 6Hp XWJI COHTa KHUCKAPTHPpHUIIT MYMKHH
6}”/J1raH Xojuiapia  KMCKapTHUpWIaIH, MacaliaH, IOKOpUaaru  peaxkmnus
TCHI'JIaMAaCHMHHU UKKHUI'A KI/ICKapTI/IpI/I6 éSI/IJIaI[I/IZ

Cl+ Ag* = JAgCI (3)

(1)-peakuussHUHT MOJISKYJISIp TEHIJIaMacH, (2)-peakusHUHT MOJIEKYJIISp
MOHJIM  TeHrIamacH, (3)-peaklusHUHT  MOJCKYJSP-UOHIM  KUCKAPTUPHITaH
TeHrIamMacu.’

1.2 AHAJMTHK peaKkIUsVIAPHUA aMAJIra OIUIMPUIIHUHT IAPT-IIAPOUTIAPH,
PEeAKIUSIAPDHUHT Ce3TUPJIUIH, Y3UTa XOCTUTH

AHaNIUTUK peakUMsUIapHU YTKA3UILI YUyH MablyM OUp IIapT-IIapOUT OYIHUILIN
Kepak. MacanaH, KuciaoTajapia »>pUWIWraH 4YykKManap, 3pUTMaja dSpKHUH
XOJIaTAard KHUCJIOTa OPTUKYA OYNraHaa axpain0d 4MKManau, XyAJad LIyHHHTIEK,
WIIKOpAA DPUMAWIAH 4YyKMajap HIIKOPUM MyXHTAAa 4YyKMmauau. Arap 4ykma
KHCIIOTaJa XaM, UIIKOpAA XaM dpUca, YHHU (pakaT HEUTpaa MyXUTAA XOCUI KHJIUII
MYMKHH Ba X0Ka30. by Mucomiapaan KypuHuO TypuOJMKHU peaklUsIapHA aMmaira
OLLIMPHUIITHUHT SHT MyXHM LIAPT - MAPOUTIApHUIaH OUpH, 11y pEaKIUs YUyH 3apyp
MyXHT OY110, yHU Kepak Oyiran Takaup/a, dpuTMara KMCJIoTa, MIIKOop €KU OOoLIKa
OMpop peakTUBIAPAaH KYIIHO BYKyAra KeATHpUII MyMKUH. Macasnas:

K2Cu,07+2BaCl,+H,0=2BaCuyQ4¥+2KCl+2HCI
Cu,077+2Ba?*+H,0=2BaCuO,J+2H"
xocusn Oynran BaCrO, xywiun kucimotajiapaa SpHiaM, CHUpKa KHCIOTajga dca
spumaiiin. by spaa peakiusHUHT y3ua Ky@wIid KUCI0Ta XOCHI OViuim cabadiu
peakius oxupurada Oopmaiinu. Ammo osputmara KpCr,O; man  Ttamkapu
CH;3;COOHa xam kymwmica, Ba?* mu Tyma 9YKTUpMII MyMKHUH, IIyHAa Ky4Id
kucnoTa ypHura kyucus kuciaora CH3COOH xocun 6ynaau
CH3;COONa ¢«» CH;COO™ + Na*
CH3;COO+ H" — CH;COOH

NkxkrHun Oup MyXUM INIAPOUT DPUTMAHUHT XapOopaTUIup. XapopaTHUHT
KYTapWwINIA OWJIaH APYBUAHJIIUTH OPTHUO KETaauraH YYyKMaHU UCCUK XOJaTaaru
SpUTMANIapAaH XOCHJI KWJUII sipaMaiiu, OyHIail peakuusuiapHu "yl xapopaTuaa
O0ab3aH 95ca coBUTHO YTKaszum Kepak Oynanu. bab3u peaknusinap ¢akar,
Ku3aupuiranaa oopanu. Peakiys OOpHIIMHUHT MyXHM IIIapT-IIaApOUTIApUIAH SHA
OupwH, S3pUTMaJIa TOMJIAUTAaH HOHHUHT KOHCCHTPAIUSACH ETapii Japakaja Karra
OYJIUIIUINP; YHUHT KOHCEHTpAIMSCU XKyJa 03 Oyica, peakius YUKMal KOJIaJIu.

3 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 805-pp
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BynuHr cababu mryHmaku, Xap KaHaald MOJUIAHWHT 3PUTMAJard KOHCEHTPAIUsCH
YHUHT alHU IIApOUTAArd SPyBYAHIUTHAAH OPTUK OYyJIraHgaruHa, Iy MOJJia
yyKMara Tymaju. Arap Mojjia KMHUH 3puiauran 0yica, TOmuiIaguraH MOHHUHT
KOHCEHTpAIMACH HUXOSTAA 03 OYiaraHaa xaM 4ykma Tylica, OyHaal peakuusiap
Ce3MIIyBYaH peakuusuiap aeknnamy.

PeakuusHUHI  Ce3WJIyBUAaHIMIM  MHUKAOPUM  JKMXaTAaH  Oup-Oupura
OOfJIaHTaH MKKUTAa KYpCcaTKU4 — TONWJIMII MUHHUMYMHU Ba CYIOJTHUPHII 4Yerapacu
OunaH xapakTepiaHaaud. TOOWIMIT MUHUMYMH MOZJAa €KW MOHHUHT peaKIusra
MyaiisiH IapT-IIapouTIapaa YTKa3WIraHuaa TOMUIUIIA MyMKUH OYJraH SHT KaM
MUKAOpUANpP. Moana (MOH) HHHI Iy peakuusl €paaMuia TONWIUIIN MYMKHH
OyJran HT KaM KOHCEHTPAIUSCH CYIOITUPHUII Yerapacu ACHNIaIu.

PeakuusimapHuHr Cce3WSIyBUAHJIMTH OuiaH Oup KaTopAa yJIapHUHT Y3ura
XOCJIMTH XaM KyJa KaTTa aXaMmusTra ara.

bup mon Oomika monHnap OujiaH apajamrad XxoJjiatna OyiraHjga xam YHU
Taxpuba MapouTHIa axXpaTMaciaH TypuO TYFpUIaH- TYFPU aHUKJIAIITa WMKOH
OepaauraH peakiusi, yiia MOH yuyH Xoc (cneCuduk) peakuus nevinnaau. bynra
UIIKOp TabCUpHUAA KU3AUPWITAHIA, XUAM Ba OOIIKa XoccajlapuJiaH aMMHaK
axpanno yMKaETraHauru oconrnya omnmmnuaaurad NH,™ Hu aHUK a1 peakusaCHHA
MUCOJI KEJITUPUIIT MYMKHH.

NH;* + OH" — NH; 7'+ H,0

AMMOHUI Ty37apuruHa OyHaal mapouTaa aMMuak Xocuia Kuinaau. HyHuHT
y4yH HIIDKOp OwiaH onu0O Oopwiaran peakuus NH;" MOHMHM TOmUII y4yH XOC
peaKIusIIup.

AHanUTUK KUMENA TEKIUPWIAETraH UOH OUp Heua MOHJAp OWJIaH YXIIall
HaTWkKa OepajWraH peakuusiiap xaMm yupaiau. bynmait peaxnusnapra Ttaxiad
TabCUP ITYBYM EKU CEICKTUB peaKIUsIap ASHIIaIu.

Peakuust mxoOuit HaTmwka OepajiuraH HWOHJIAp COHM KaHYa Kam Oyica,
PEAKIMSIHUHT CEeNIEKTUBIIMK JIapakac IIyH4a I0KOpHU Oymaau

1.3 Jpurmanu 0y,116-0y,11M0 Ba cUCTEMATHK aHATU3 KUWIHII
AHMKJIAaHUIIIY Kepak OYiaraH MOHJapHU crieCudUK peakiusiiapaan ¢oiganaHuo
TEKIMUPUIAETTaH JIPUTMAHUHT aJoOXUaa yIylUiapuaaH OeBoCHTa aHHUKJIAII,
O0Ynn6-0Vnu0 aHanu3 KUaum aeinnaau. JIekuH xamma HOHJap yuyH creCuduk
peakumsuiap MyK. AWpUM HOHJIAp MKKUHYMCUHM TOMNMINra XajakuT Oepaju.
Macanan, Ba?* nonn Ca?" um tommmra xanan O6epamu. Bynnmaii xomnapaa xap

Oup ajoxuja MOHHU MabiIyM KeTMa KeTJIWKIa aHUKJAIl pPEaKIUsIapruHU
UnuIad YMKUINTA TYFPU KeNaauraH ycynuaaH Qoiinananwiaad. byamga xap oup
WOHHU TOTHINJAH OJITUH YHUHT TONWJIUIINTA XaJIaKuT Oepaauran OoIka XxaMma
MOHJIAp OJIMHJIAH TOMWJIAJAN Ba dpUTMaaaH axparuwianu. KOkopumaru MUCOIHH
oncak, arap spurmana Ba?* Ba Ca?" wonmapu 6yinca, Ba?* nmoHuMHM TYIIUK
uyKTHpUO, 9ykManu CeHTpudyranab axparu6 ramuianaad. byaunr yuyn Ba?*
nonura xoc peakuus, KoCr,O; Owian capuk 4YyKMaHd XOCWJ OYJIHIIMIaH

4 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 810-pp
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¢oiinananunaan. Yykmagan axpaTtud OJIMHIaH 3pUTMara siHa O3TMHA peareHT
Kymunaau. Arap 4yykMa KadTajgaH Xocwsl Oyimaca, 3puUTMaaa Ba?* wouu
KonMmarad Oynmagu Ba yHzpaH Ca?" monmHm (NH4),C,O, Tabcupupa Tomum
mymkuH. Ok CapCO,4 uykMaHuHT Xocun OYnumM, 5HAM sputMmana Ca®* wonu
OOpJUTHUHU OUJTUPAJIN.

Ca*? + (NH4)2C204 = ¢C&C204 + 2NH,*

Jlemak, cHCTEeMATHK aHauu3 KWIMIIAA aWpuM HOHJAPHHU  TOIHUII
peakiusymapy  OwiaH  Oup  KaTopja, yiaapHH  Oup-OMpuIaH  axpaTHII
peakIMsUIapuHU YTKa3UIIra TYFpU Kedaaud. AJKpaTUIl peakuusiiapuaa, KynuH4Ya
aXpaTuia€Trad UOHJIap XOCWI KWJIAIUraH, YXam OupuKMaaapHUHT 3pYBUAHIUTH
oup-oupuaan Qgapk kKumummmaad (Qoiigananunamy. Macanan, Ba?* nonunm Ca?'
wonuaan axpatui. BaCr,07 Ba CaCr,0Q; spysuanmuk (= 2,3*1071°, =2,3*102)
JIADUHUHT Xap XUIUIUTHIa aCOCIAHTaH Ba X0Kas30. °

I'ypyx pearenTu. KaTHOHIapHUHI AaHAJMTHK rypyxjapra 0y 1MHHIIN.

Cucremasii aHanu3 KWIMILJA WOHJIAp MYypakkald apanammaaaH aupum-
allpuM XoJJa 3Mac, TYpyX-TypyX KWin0O axpatuinaav. byHaa ynapHU Typyx
peareHTH 11€0, aTaiyBuu 0Oab3uW pEaKTUBIAP TabCHpUra OUp Xui MyHoOcadaTaa
oymumuaan Qovinananunanu. ['ypyx peareHTura Kyiugaru tanadiap Kyuuiaau:
1) y kaTHOHNapHU aMalja TYIUK YYKTHUPUILIW; 2) KEMMHIY aHAIU3IapHUA YTKA3HII
yUyH XOCWJI OYJIraH 4ykma KucjoTaldapAa OCOH 3puiauran Oymuimu; 3) opTUKYa
KYIIWITaH peareHT SpUTMaja KOJTraH HOHJApHU TONUIIra Xajiajl OepMaciuru
KEpax.

KarnonnapHUHT aHAIUTUK TypyXJapra OYJIWHUIIMHUHT OUp HeYa ycyJuiapu
6op. YiapaaH 2HT KyJiaiii Ba KYTIPOK TapKaJdTraHU BOJOPOJ CyIb(HIN Ba KUCIOTA
acociy ycyJuiap OujiaH TaHUILIAMU3.

Bogopon cynabpuanu yeyi;
by ycynnu 1871 iiunga H.A.MeHIIyTKUH TakJIn} KUIraH.

| rypyx: Na*, K*, NH;*, Mg?* katnonnapu, rypyk peareHTura sra sMac.

Il rypyx: Ba?*, Sr?*, Ca?* xatmonnapu, rypyx peareHTH aMMOHUI KapOOHAT
(NH4)2CO3, ammuakau 0ydep sputma (NH;OH + NH4Cl) umtupokuga, xapopat
70-80°C.

I rypyx: Fe?*, Fe**, Cr¥*, AP*, Mn?*, Zn?*, Co?*, Ni?* xatronnapu, Typyx
peareatn ammonui cyiabdua (NHi).S, ammuakmu Oydep sputma (NH,OH va
NH,Cl) mmrupoxuna, xapopar 70-80°C.

IV rypyx: Cu?*, Cd?*, Hg?", Bi**, Sn?*, Sn**, Sb3*, Sb®* katuonnapu, rypyx
peareHTH KUCJIO0TaIl MyXUuTAa BOIOpo cyiabdum HoS.

V rypyx: Ag, [Hg,]?*, Pb?" katnonnapu, rypyx peareHTH XJIOpH[ KUCJIOTA.

2. Bomopon cynedumcuz rypyxjapra kiaccuUKaCUSIANIHUHT OuUp Heda
yCcyJulapy, oKymiagaH —(KHCIOTa-UIIKOPJIM, aCeTaTiu-aMHUIM, aMMHUaKIIU-
docdharnu)  ycymmap  MaBxyn — OynuO,  miyJapiaH  KUCJIOTa-HIIKOPJIU
KJaccudukacusiian yCyJIuHA KYpuO YUKaINK.

5 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 820-pp
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Kucnora - acocnu ycyia — KaTHOHJIApHH KUCJIOTa acoC TabCUPUIA XOCHII
KWJIAJWTaH KAWNKMH 3pyBYaH XJIOpUAIap, Cyjibdariap, THAPOKCUIIAD Ba dpyBUYaH
aMMHUAKJIA KOMIUIEKC OMpHUKMaapyura acocjaanran 00, OTH aHAJTUTHK TypyXra
OynuHau:
| rypyx: Ag, [Hg.]?", Pb?" katnonnapu, rypyx pearentu 2n HCI.

Il rypyx: Ba?*, Sr?*, Ca®* xartuonnapu, rypyx peareata 2n H,SO,

I rypyx: APY, Sn?*, Sn*", Cr¥, Zn?* As*® As* xatuonnapu, Typyx peareHTa 2N
NaOH sputmacw.

IV rypyx: Mg#, Mn#*, Fe?*, Fe**, Bi*, Sb®, Sb®" xarmonnapu, rypyx pearentn
25% NH,OH.

V rypyx: Cu®, Cd*, Ni?*, Co**, Hg?* katuomnapmu, rypyx peareatu 2 n NaOH
o0ymu6, xocun Oynaran uykma optukda 25% NH;OH nma spuiinm (ammuakiu
KOMILIEKC OMpUKMAasap XOCuI Kuaaau).®

VI rypyx: K*, Na*, NH*" karuonmapu, rypyx peareHTura sra sMac.

JleMak, aHAJIUTUK KAMENA KaTHOHJAPHU KiacCH(UKACHSIIAII, YIap XOCHJI
KWJIaUuraH OMPUKMATApUHHUHT SPYBUYAHIMTH TypJiM4a OYJIMIIMra acociaHraH. by
sca OMp TYpyX MOHJIApHH OOIIKACHIaH aKpaTullra épaaM Oepau.

['ypyx peareHTiapuaan (GpoiaagaHHUIN aHATU3HA aHYa SHIHUTAIITHPAIN, YyHKA
yinapjaaH ¢oWgalaHWITaHIa aHaIW3a KWIMHUIIA Kepak OYyJIraH Mypakka0
uIuap Oup Heva coAapoK uiuiapra OYIMHUO KeTaau.

Katuoniap anaautuk kinaccupurkacusicuuur /L..MenaejieeBHUHT 1aBpUil
CUCTEMACUTa OOFJIMKIUTH

Katnonmnapaunr aHAJIUTUK TYpYXJIApUHUHT TapTUO pakamu
J.M.MeneneeBHUHT JIeMEHTIIAp JaBPUI CUCTEMAcUa IrypyxJjap TapTuOUra anya
SKMH. XaKUKaTaH XaM KaTHOHJAp XOCHWJI KWITaH Ty3Japu Ba TUIPOKCUIJIAPHUHT
APYBUAHJIUTH YJIAPHUHT OollKa xamma xycycusriapu kabu JI.M1.MenneneeBHUHT
JaBpUil cUCTeMacHuIa >KOWIalral YpHu OuiaH y3BUM OOFIIUK.

Kartnonnapau Bomopon cynbduumu kiaccupukaCusicn OWIaH dJIeMEHTIap
JaBpUi CHCTEMacH opacujiard OOFIMKIMKHU KYpUO YTalIuK. AHAIW3 JaBOMHIA
KapOOHATIap THAPOOKCHIJIAp Ba CylbGUIIap XOJHJA YYKaIUTaH KaTHOHIAP,
yIIapHUHT Oab3WiIapuHUd XucoOra oJiMaraHja JaBpUid CHCTEMaaa KOHYHUU
paBumina xoinammran. | Ba Il ananutuk rypyx katmonnapu Nat, K*, Mg?*, Ba?",
Sr?*, Ca®" paBpmii cucTeMazary yia rypyXHHMHT aCOCHi I'ypyXuacua KOWIamraH.
AMMOHUN CcynbduI TabcHpUIa TUAPOKCUAJAD XOJWJA YYKaauraH Y4YUHYU
ananuTuK rypyX kartuonmapu Al™ Cr®* naspmii cucremacununr Il Ba VI
rypyxJiapujia >KaJBaIHUHT 4Yall TOMOHHUJA KoiamraH. AMMOHUN Cynbhu
Tabcupuaa cynbdumiap xomuaa uykaguran |l ananuruk rypyx karuonnapu Fe?*,
Fe3*, Cré*, Ni?*, Co?", Mn?*, Zn?* sca, acocaH, TYpTUHYHM KaTTa JaBPHUHT YpTacuaa
xoinamrad. Kuitun spuiinurad cynbbupiap xocui KuiayBun 1V aHaTuTHK TypyX
xaruonmapu Cu?*, Cd?*, Bi*, Sn?*, maBpuii cHCTEMaHMHTI YHT TOMOHHA, KaTTa
JnaBpiapHUHT OupuHum spmuga VI rypyxgan Oommiad xoiymamagud Ba 1My
TYPYXHUHI MKKAHYM SIPMUAJA Tyrauav. XJjaopumiap XOCWI KuilyBud B aHanuTuk
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rypyx karuonmapu Ag*, [Hg.]**, Pb?* naspmii cucTeMaHMHr uam TOMOHMIA
KoWlamrad. Arap TErMIIM KaTHOHJIAD SJEKTPOH KaBAaTUHUHT TY3WJIWIIUTA
bTHOOp Oepcak, OMPUHYM Ba HMKKUHYM AQHAIUTUK TYPYXHUHI HaTHXKaJlapw,
myHuHTaeK, yudHun rypyxHuHr (NH),S Tabcupuma rHapoKCHI —XOJuaa
yyKaJUraH KaTUOHJIAp, MHEPT rasznap kabu, 2 €ku 8 3JEKTPOH JU TyrajulaHraH
TalIKA 3JICKTPOH KaBaTra sra 3KaHJIUTMHU KYpUIl MyMKUH. Kuilun spuitauraxn
cynbduanap XoCHJI KUIYyBYM YYMHYM Ba OCIIMHYM aHAIUTHUK TYpyX KaTHOHJIApH
3ca TyrajulaHraH TalllKu KaBaTra, €Ku 8 AJIEKTPOHJaH 18 3yekTpoHra YyTyBuUd
TyrajulaHMaraH 3JICKTPOH KaBaTra, €KM TAIIKA MKKUTA KaBaTujaa 18+2 sjexkTpoHra
sra Oynaau.

Tamku TyrannmanmaraH »SJEKTpOH KaBaTHUAAaH OJAMHTH KaBaTuaa &
AJIGKTPOHM OOp KaTHOHJap oxarna, kuciortamapaa (macanad, HCI) spuiinuran
cynbumamap XOCWUi KWiIaaW, SbHU YYMHUM aHAJUTUK TypyxXra Kupamd. Tamku
TyrajulaHMaral OJJIeKTPOH KaBaTUJaH OJJMHTA KaBaTaa 18 »siexkTpoHu Oop
KaTHOHJIAp dca KUCIIoTalapa KUAUH dpUHAUTral CyabQuaiap XOCUil KWIaau, ibHU
TYpTUHYM Ba OCMIMHYM AaHAIUTUK TypyxJjapra kupaau. babszan Oy
KOHYHUSATJIAPAH YeTra YUKUII X0JUIapy XaM yupaiiau. Macanan, Mg?* kaTHOHUHU
AJIIEMEHTJIap JaBpUil cucTeMaja TyTraH YpHHUra Kapad UKKUHYY TypyX KaTHOHJIApU
KaTopura KUpuTUII Kepak »au. Xakukataan xam CaCOs;, SrCO;, BaCO; map xadu
MarHuii kapOoHaT XaM CyBJa KUWWH dpuiinu. JIekuH y aMMOHUN Ty3napujia
spuiiim Ba myHWHT yayH Xam yHU (NH.);SOs; Tabcupuma TYIMK 4YYKTHPUO
oymmaiigu. lllynra xypa Mg?* monunau | rypyx Ouaan Gupra 3puTMaza KOIIHPHUII

makcamuaa, |-l rypyxam ammuakiau Oydep spurma (NH,OH va NH4CI)

MIITMPOKHU/IA YYKTUPHII Kepak MQ?* nonunm | rypyxra kuputuimimmura cabab xam,
7

aHa Iy.

Zn** xaTMOHM JaBpuUii cHCTeMasa Koiamrad ypHura xkapa6 |l anannTux
rypyxra sMac, 6anku |V aHanuTvk Typyxra KApUTHIMILKE Kepak 311, ZN>* KaTuoHK
Il ananmuTUk TYpyX KaTuoHiapuaaH (apk KuiuO, ypraya KUCIOTAIM MYXHUTHA,
H,S tascupuma IV rypyx katuonnapu OunaH uykrupunaau. Jlexkun IV rypyx
KaTHOHIapu Kywin kuciortamu wmyxutaa ([H+] =0,3g-ion/l)  uykrupumnam.
Iynunr yuyn xam Zn?* wonu |l rypyx xaruommapu OumaH 5puTMaza KOJalu Ba
X0Ka30, IIyHTa YXIIIail MACOJUIAP KEATHPUIIT MyMKHH.

Ha3zopar caBoJsiapu:
1. Cudar aHanTM3WHUHT yCYJUIapu KaHAai?
2. AHANMWTHK peakIUsIIApHUHT OaXKapHIIHII YCYIUTAPUHN U30XTaHT?
3. AHaJIUTHK peakIUsJIapHU aMajira OIMIMPUITHUHT MaPT-IIapOUTIIapH,
PEaKIUsIIApHUHT Ce3TUPIIUTH, Y3UTa XOCIUTY KaHIal amalira OIIMpuiIai?
4. DputManu 0ynu6-0YIrb Ba CHCTEMATUK aHAJM3 KWW KaHaail amanira

OIIMpHUIIANA?

5. I'ypyx pearentu. KaTHoHIapHUHT aHATUTUK rypyxJjapra OYJINHUIIH

KaHpgaii?

6. Katnonmap ananutuk kinaccudukanuscuauar J[.11.MenaeneeBHUHAT TaBpHid
cucteMacura OOFJIMKJIUTUHU U30XJIaHT?

7 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 840-pp
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2-maB3y: ['eTeporeHn cucremanapaa MyBo3aHaT
Pexa:
1. UykTupuiu — KUMEBUI aHAINU3 YCYIIH
2. DpyBYAHIIMK KYTaWTMacu
3. UykMmanapHUHT XOCHJI OYJIUIIN Ba ylapra TabCUp KWIyBYM OMUILIIAP

Taanu cy3 ea uoopanap:

YUykTupuil, KUMEBUN aHAJIU3 YCYJIU, SpYBUYAHJIMK KYNIaUTMAaCH, 3PYBUYAHJIMK,
APYBUAHJIUKKA TabCUP KWIYBYM OMUJUIAP, UYKMAJApHUHT XOCHJ OYJUIIM, TYia
YYKUIITa TAbCUP KWIYBYU OMIILIAP, Ty3 3P PeKTH.

2.1 YykTUpHII — KUMEBUI aHATU3 yCYJIU

OputManapaa OopaguraH KyNruHa aHaJUTHK peakuusuiap 4yKma XOCHII
OynmumM OuiaH TyrajiaHagu. MoJIaHUHT YyKMa KYPUHUIINAIA aXKpaaud YUKHILN
KUMEBUIM aHAJIUM3HUHT acocwil  ycyuiapuaad Oupupup. Opatna 4ykMa HOH
aNMAaIllMHUII PEAKIUSCH HaTHKAachaa XOocui Oynanu. DpuTManaH KartTuk (asa,
YyKMa aXpajullM YYKTUpUII Jedunaau. MacanaH; cyiabdar HOHUHM Oapuid
cynb(dar KypUHHIIUIA YYKTUPHUIIL:

B&(NOg)z + Na,SO, = l BaSO, + 2NaNO;
Ba?* + 2NO3z + 2Na* + SO, = |BaSO, + 2Na* + 2NO3
Ba?* + SO4* = | BaSO,

Mo TaHuHT X0CCacH Ba YYKTHPHIN IAapouTH (XapopaT, KOHCEHTpauus, pPn
MYXHT Ba OOIIIKasap) ra Kapabd 4ykManap xap Xuj KYpHHHIIIA OyJaau. mara-rnara
Al(OH)s, uBuk (H2SiO3), monamop (PbSO4), xpucramn (BaSO,), cy3smacumon
(AgCl) Ba Oomkaap.

Kpucrann Ty3ununuiy yykManap MabliyM KpUCTall akiauaa 0yiuo, XaxMmu
KWYHK, T€3 YYKau, OCOH (QUIbTpIaHa Iy Ba OBWIAAU. AMopd uyKMalap sca rnara-
nara (8KM MBHK) Xa)KMH KaTTa, CEKMH 9YKaau, KUMKMH (UIbTpIaHaIy Ba FoBHIann.

YUykTupuin yCcynuaad KUMEBUM aHAIM34a KyUUIaru Makcaaiapaa:

1) Texmumpunaaurad 3puTMagad TYFpUad TYFpU alpuM MOHJIApPHU OYHMIIIJIA,
Macanan: Fe**, Ba?*, Cl° wommapum apanammacura Ks[Fe(CN)s] tancup
ATTUPWITAH/AA, Y3Ura X0C OEpIIMH Ja3ypyu YYyKMAaCUHU XOCHJI OYITUIIIN Ba X0KAa30;

8 T.Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 222-pp
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4Fe3* + 3K4[Fe(CN)s] = Fes[Fe(CN)g]s + 12K*

2) KartvoH Ba aHMOHJApHU aXpaTHIIA; XajJaKuT OepaauraH HOHIAPHU
UYKOTHILIA;

3) ApanammMajian aipuM HOHJIApHU aKpaTUO KOHCEHTpJIAIIa;

4) ApanammMangaH apuM KOMIOHEHTJIAp MUKJIOPHUHU aHUKJaIga (TopTMa
aHanu3) (oimanaHuIaIm.

Tabuatna MyTIIOK dpuMaiauran Moaa Oynmainau. Uykma xocun Oy nuim
OunaH Kaiftap spui xapaéuu Oopaau. Uykma Ba TYHUHTaH 3puTMa Xap Xui (asa,
SHHU TETEPOTCH cucTeMagaH ubopar. [ereporeH cucremManuHr Oup-OupumaH
yerapa cUpTIap OwiaH axpalaJuradl alpum Kucmiapu (4ykma Ba TYWHUHTaH
spuTMa), (haza xed atanaam.

Arap kuiinH spuiiauran Ty3HM Macanan: AQCl onm6 nuctuiaHras -cyB
KyIIcak, uykMaHu xocua Kwiran Ag' Ba Cl° wWOHIapu SKHH TypraH CyB
JUTIOJUTApY TOMOHHUJIAaH TOPTHJIAAN Ba aKpajaud MOHIAp THAPATH XOJIMIa SpUTMara
yra Oonutaiiau. Dpuin sxkapaéuura teckapy Ag" Ba Cl°  woHapu 3puTMana
TykHammo6 AgCl MosekynanapruHu XOCHI KUIaJu Ba YyKMajla UKKUTa Oup Oupura
Kapama-Kapim JkapaéH coaup OViamO, MabiyM BakKTJaH KEWMH JUHAMUK
MyBO3aHaTra o6 kemaau. Yykma OusiaH TMHAMUK MYBO3aHaT/a OYJraH spurMara
TYWHHIaH 3pUTMa JCHUIIa .

AgCI]| > Agt + CI
KaTTUK (aza uykma Cy1oK ¢aza 3puTma
Maccanap TabCUpU KOHYHUTa MyBO(UK
[Ag "][CI ]

[AgCI ]
[Ag*'] Ba [Cl'] — MmyBO3aHaT/aru Kymymi Ba XJIOp MOHJIAPHHUHT KOHCEHTPAIHSICH
[AgCl] — karTuK (a3agara MOJIAHHHT KOHCCHTPAIUSICH
I'eTeporen cucremaga spural Ba KaTTHK MOJA 3appayajapMHUHT TYKHAIIWIINA
dazanap cuptuaa 6ynud, KaTTUK MOJIa MUKAOpUra OOFIMK OYiIMalau Ba YHUHT
KOHCEHTPAIUACH JOUMUN KOJIMO peaKIus Te3JIMTUra TabCUp KUJIMaiIu.
Kuiiua  spyBYaH  3JEKTPOJUTHUHI  TVMHHIAH _ 3pUTMAcHJIarM _ HMOHJIAp
KOHCEHTpALMSIJIApMHUHT KYIIAaWTMAcH y3rapMac xapoparna y3rapmMac MUKJIOPIMDP.
by muxmop spyBuanauk kynatmacu ae6 arananu (EK).
Okopunarn wmucon yuyn EKager = [AQT][CI] .. Ymymwmit xomma MmARN
KYPUHUILJATH AJICKTPOJIUT YUYH 3PYBUAHIIMK KYTTaWTMaCUHUHT U(OIaCH:
9K MmAn (M n+]m['6‘m_]n

TyiinaraH SprUT™Mana HOHIAPapo TaAbCUP KyUYHHU XUCOOTa OJIUII, YIyH HOHJIAp
KOHCEHTPAIMSICUHA  YJIAPHUHT aKTUBJIUTUTA aJIMaIllTUPUINTra TYFPU KeJaju.
HNonnap akTUBIMIMHUHT KUWUMATU JTUCCOCWIIAHUIN KAPAEHUIA UILITUPOK ATAETraH
MOHJIap COHMra TEHI MHUKIOp Japaxkara KyTapuwinO SpyBUaHJIUK KymalTmacu
udogacura KUpau.

AgCl —
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2.2 JpyBYAHJIMK KynaiiTMacu
WNonnap akTUBIWMIM YJIAPHUHT KOHCEHTpAlMsUIapu OWJlaH aKTUBIIUK
koebumeHTIapu KynaiTMacura TeHT OYraHu y4yH SpyBUYAHIUK KYTIaWTMacHHU
myHai é3um MyMKuH.®

DK =[MTIT[ATT xR f R

MnAn A

JlexuH, kaM »dpyBYaH OUPUKMAHUHI HOHJAP KOHCEHTPAIUSICU YHUHT
TYHUMHTaH SpUTMacHIa KyJa KaM OYITraHu ydyH HOHJIAp OpacHiard y3apo TabCup
Ky4d y Kajap axamusatiau sMac. llynwmnr yuyn xmcoOmammapaa f".esf |, HH

A
Oupra TeHr neb6 onuHca, xaro Oynmaiinu. byHman onatma, amanga
KYJUTaHUJIAJUTaH TAXMUHUN TEHTJIAaMaHU XOCHJT KWJIAMU3:
K =M IM[A™ T

OcoH spwuitnuran snektponumiapaa f HUHT KuiimMaTH OMpra TEHr 3Mac.
[IyHUHT yuyH yJaapaard MOHJIap aKTUBIMTMHUA KOHCEHTpaIus OUIaH aaMalTUpuo
Oynamaiinu. Arap OepwiraH KWWHWH »HpyBYaH OWPUKMAHUHI  3PYBUYAHIIMK
kymaiitmacu 5K < u * 107 6yuca, aktuBIMK kKoe@()HCHEHTHHU XUCOOra oiaMaca
xam Oymagu. Arap 5K > u * 107 6yica, akruBiauk KoepOUCUEHTUHN KMPUTHUIL
Kepak. bupok spyBUaHIMK KymalWTMacu KOHMJacura acocjlaHraH XucoOsamuiapia
KaTTa aHUKIWK Tanad KWIMHMAaWIu, NIYHUHT Y9yH Ky XoJulapAa aKTHUBIHKIAp
KOHCEHTpalusiiap OuiiaH alMalTHPUIA N,

Kuitnn »pyBuaH OMpPUKMAJApHUHT SpPYBYAHJIMK KYMalWTMAacH KUKWMATH
MabJIyMOTHOMAJIAp/Aa KEITUPUIITAH.

KuitnH 3pyBYaH 3J€KTPONUTIAPHUHT 3PYBUAHIIMK KYTAUTMaCHHU XUCOOJIaIn
y4yH, YHUHT OepuiraH XapopaTAard 3pyBUYAHIUTH aHUKJIAHAAW. DPYyBUAHINKHU
Owia TypuO, SpyBUAHJIMK KYITAaUTMAaCHHU XUCO0Ia0 TOMUII OCOH.

Macanan: CaCOj3; nunr spyBuaniuru 0,0069 /1. DpyBUaHiIuK KynmaiTMacu
XUCOOJIaHCHUH.

MnAn

Eunni: spyByaninkny Mosiapaa uonanaiiMus: M ., =100,69
6,9%10° .
caco. = ——————=16,85*10 " moaw [ n
? 100,69

Xap 6up CaCOs monekynacu sputmiragga ourragad Ca?t pa COs? nonm
xocui 6ynranu yayH Ca?* = COz? = 6,85 * 10 mMomb/m.
JHemak,
2K =[Ca®][COY1=6,9%*10°"*6,9*%10 ° =4,7*10"°

Caco ,
Mopnanapauar 3K kuiiMaTiHHA OMIIraH XoJjja KaM dSpyBYaH MOJIJTaHHHT
APYBUAHIUTHHH XHUCOOJIAI MyMKHH.
K

) — ma+n MmAn

MnAn m n

m -n
Macanan: CaCOs; cyBaaru 3pyBUaHJWTHHU T/ XUCOOJaHT. DpyBYAHIUK
KYMaUTMaCUHUHT KUMMaTh 2 KaJBajJaH OJUHAIM.
CaCO; —Ca** + COs*
[Ca?*] =[CO*] =X

° T.Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 232-pp
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2K =[Ca®J[COZ]=X*X =X?

caco ,

X =2=+/03K =+/3,8-10"° =6,16-10 >  mom /1

EpyBuannukuau /11 ga xucoOjam y4yH MOJISIp KOHCEHTPALMSHU MOJIaHUHT
MOJIEKYJISIP Maccacura KynanTupuil Kepak.

2 =6,16 -10° -100,69 = 6,20 - 103 2/z
Yykma Kyhugaru xoJuiapaa KUCMaH €KY TYJIUK SPUIIA MYMKHUH:
a) KOMILIEKC OMpHUKMa XOCHJI OYIIUIIN €K Ta3 aXpannbd YUKUIIIH;
0) éHaku >kapaéHuap OOpHIIIY ;
B) OKCHUJJIAHUII Japa)KaCUHUHT Y3TapuIi ;
r) [H'] nonmapu KOHCEHTPAIMSICUHUHT OIIHIIH ;
I) 9yKMara HoHJIapH OYJIraH OMpop Ky4Id SIEKTPOIMTHHU KYILIHII Ba X0Ka30..0

2.3 UykMajapHUHT X0CHJI OYJIMIIH Ba yJIapra TabCUpP KUJIYyBUYH
OMMJLIIAP

Arap KWiMH »pyBYaH »3JEKTPOJMTHUHI HOHJAP KOHCEHTPAIUsICUHUHT
KyIalTMacu yHUHT OSpYBUAHJIMK KymailTMacuaaH Kam  Oyica, 3puTMa
Tyitmamaranaup. DK - Koujgacura MyBOQUK OepuiraH, KUHWWUH SpUAWTraH
ANEKTPOJUT HOHJAPHU (AKTUBIMKIAPUHHUHT) KOHCEHTpaUUsUIApUHUHT KyNalTMacu
Oepuiirad xapopar/ia 3pyBYaHJIMK KyTmalTMacura TeHT OYJraH BaKTJaruHa puTMa
Iy JIEKTPOJIUTIa HUCOAaTaH TYWUUHTaH OYnaau, STbHU

[AG*][CI] < DKpgcI — TYiimHEMaras sputma

[AG*][CI] = DKagcI — TYiiMHTaH SpUTMa

[AG*][CI] > DKagcl — ¥Ta TyiinHran sput™Ma

Kam 3pyBUaH 3JIEKTPOJMTHUHT MOHJIAP KOHCEHTPALUSICUHUHT KyIauTMacu
Oepwiran xapopaTJard 5SpyBUYaHJIMK KymaWTMacu KuUWMaTWIaH OPTUK OYirax
XoJu1apaa 4ykma XoCH1 OYiaau.

Tyna yykuira TabCup KWIyBYA OMUJLIAP:

1. OpuT™Ma KOHCEHTPAIMICUHUHT TabCUPU

2.UVKTUpYBYM  MUKJIOPWHWHT __ TabCUPH. [yJga YYKTHPUIIT  YUYyH
YYKTUPYBUMHUHT MHUKAOpPH Oup spuMm OapoOapiaH OpTUKYA  OJIMHAJIU.
UyKTUPYBUYMHUHT  OPTMKYA KYIIWIMIIUWAAH OJPUTMANArd  4YyKTUPWIAJIWTaH
MOHJIAPHUHT KOHCEHTpalMsUIApUHU MOC PaBHUILA KaMaWWIIINATa, SbHH YYKMaHUHT
TYJa yyKuimmra oaubd 6opasu.

3.bup wicmiM WMOHHUHT TabcupH. TYHMHMAraH 3JEKTPOJIUT IPUTMACUTA
Oup MCMIIM MOHU OYNIraH 3JEKTPOJIUT KYIHO, TYWUHTAaH Ba yTa TYWHHTAaH SpUTMA
XOCHJI KUJTUII MyMKHH.

Xaxkukaran arap AQCIl Hunr tyinnran sputmacura 03-o31ad HCI éxu KCI
kymcak, nactnad AgQCl mummr oK xuitmatu (s 25°C ma 1,78*%1071%) nam kxam
OynraH WOHJIAp KYyMaWTMacHh acTa-CeKWH YHra TEHIJallaJd Ba HUXOST, YHIAH
optu6 kxeramgu. Illynra myBoduk TYilMHTraH spuTMara Ba OyHJaH KeWWH 3ca yTa
TYMUHraH dpuTMara ainanaau. '

10T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 242-pp
11 T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 272-pp
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JleMak, KMWHMH SpUUAUTaH DJIEKTPOJIUTIAPHUHI SPYBUYAHIIMIH, YJIAPHUHT
spUTMacUra TapkuOuja Iy SpUTMaZard HOHJIAPHUHT Ovpu OujaH OUp HCMITU
MOHH 00p OMpPOpTa KyUJIU AJIEKTPOIUT KUPUTHIIUILIN OUJIaH KaMasiay.

4. Ty3 sbdektu. Taxxpuba HaTXKaTapu IIYHW KypcaTaJauKd, OUp UCMIIU
MOHra 3ra OyIMaran Ty3jJap Xam 3JIEKTPOJUTIAPHUHT SPYBUYAHIIUTUTA TabCUP
sTaan. AMMo OyHAall xoJuiapia, ojaTAa »pyBUaHIMK opTaau. by xomuca «ty3
adhdexktn” ned aramamu. Macaman KpSOs Ba NapSO, myHra yxmamn Tysnap
kymmaranna AgCl wuHr ospyBuannurd optaad. Kymmmaérran Ty3napHHHT
KOHCEHTpAIUsCH KaH4ua I0KOpHU OYJIca, SpuIl IyHYa Ky OViaau.

KuiinH spyBuYaH 37eKTpoIUTra OUp MCMIIM MOHTa 3ra OyaMmaraH Ty3JapHU
KUPUTTaHAa SPUTMAHUHT UOH Ky4d OPTHUIIN ca0a0iu KUIUUH dPYBUYaH AJIEKTPOIUT
WOHJIADUHUHT aKTHBJIHMK KoeducueHTaapu kKamasan. byHma saputMa TyiiMHMAaraxn
O0Y10, >IEKTPOTUTHUHT SPYBUYAHIUTH OPTAIH.

5. XapopaTHHHI TabCHpHU. Y3rapmac xapopaTaa 5K y3rapmac MUKIOpPIMD.
XapopaTHUHT omuiKy Owiad »K kuiiMatu optud O6opaau. Yykmanu xapakTepura
(amop®, kpucTast) Kapad TypyH XapopaTaa YyKTUPUIAJIH.

Ha3zopar caBoJsiapu:

4. Yyktupuin — KUMEBUN aHATIN3 YCYJIUHU U30X1a0 OepUHT?

5. DpyBYAHJIMK KyTIa#TMacu KaHiai?

6. UykManmapHUHT XOCHJI OYIUIIM Ba yjapra TabCUP KUIYBUYM OMUILIAP
HUMajapaH noopar?

DoiifaTaHNITaH agaduériap:

4. Callister William D. Jr., Materials Science and Engineering, an Introduction.
Wiley and Sons. UK 2014

5. T.Fischer., Materials Science for Engineering Students, 1st Edition Elsevier
UK, 2008

6. Mikell P.Groover., Fundamentals of Modern Manufacturing Materials,
Processes, and Equipment John Wiley and Sons inc USA 2010

3-maB3y: MuKaopuii anaiu3

Pexa:

TopT™Ma (rpaBUMETPUK ) aHAJU3, MUKJIOPHUI aHAIU3Aaru XaToJap

2. I'paBUMETpPUK aHATM3HUHT OKAPHUIUII TAPTHOW, IYKTUPYBUH MOJIA
(peareHT)HM TaHIAII

3. I'paBUMETpUK MIAKJIHUA TOPTHUIL Ba aHAJIM3 HATHKATAPUHU XUCOOIaII

=

Tasinu ¢y3 Ba ubopaJap:

Muxknopuid aHanu3, MUKIOPUM aHaiW3 yCYyJUIApH, MUKIOPHUM aHaJIU3[aru
XaToJIap, TPABUMETPUK aHAJIU3, TPABUMETPUK AHAIM3HUHT TypJjapH, TPaBUMETPUK
aHAIM3HU OaXapuIll TapTUOHU, YYKTUPWIIAUTAH Ba TOPTUIIAJAUTAH MIAKII, KPUCTAILT
Ba amopd UYYKMa, KPUCTAUT UYYKMAHM UYKTHPHUII IMAPTIApH, aMmopd UYyKMaHU
YYKTUPUII IIAPTIAPU, UYKTUPYBUMHM TAaHJAIL, TPAaBUMETPUK aHAJTU3HHUHT

25



ad3auMry Ba KaMUYWIMTH, TPAaBUMETPUK aHAIM3JIard XpcoOsanuiap, MUKIOPUMA
aHaJIM3/aru XaToJap.

Texmmpunaérran Mojaa TapKUOMHU TAIIKWII 3TTaH AJIEMEHT EKU HOH
(éKM KOMIIOHEHT) Jlap MUKIOPMHHM aHUKJAIIra HMKOH OepyBuM yCyJuiap
TYIJIaMUTa MUKJIOpUH aHaJIU3 yCYJIH J1e0 aTajaiu.

Muknopuii aHanu3 ycymiapu Taxpuba MaIIFyJoTIapuHHU Oa)kapuiiaa
UILIaTHWIaUrad acoobapra kypa Kyiuaaruiapra OyInHaau:

1. T'paBumeTpHK aHAIHU3

2. TuTpuMeTpHK aHAIU3

3. T'a3 ananmusu

4. ®Ouzuk-kuMEBUN ( EKM MTHCTPYMEHTA) aHAIU3 YCYJIIapHu.

Ym0y KymianMana mrynapjaaH (aipumiiapu) rpaBUMETPUK, TUTPUMETPUK
Ba (QU3MK-KMMEBMI aHau3 yCyluapura Tyxranmub yramms.'?

3.1 TopTma (rpaBUMETPHUK ) aHAIN3
['paBuMeTpUK aHaU3 J1€0, MUKIOPUNA aHAJTU3HUHT aHUKJIAHAJUTaH MOJIA
MUKJIOPUHM, TEKIIUPWIAIUTaH HaMyHa MacCcaCMHU VYiuyam OwiaH — oJuo
OopuIauraH aHUKJIAII YCyJIUra auTuiIaam.

['paBUMETpUK aHAIIU3 Y4 Typra OyJIUHAIN:

1) axxpatuin , 2) yyKTUpuI, 3) xangat

1) Axpatumn ycyiuja aHHKJITaHAéTraH MoOJJia apajaliMajaH aXpaTuo
TO3aJlaHa/IM Ba Maccacu aHaJUMTUK Tapo3uja TopTwiaau. Macanan: Temup Ounax
OJITUHTYTYPTHHUHT apajaliMacujiaH TEMUPHU MarHura TOPTHIMIN XYyCYCHUSITUIAH
¢oiinanannb axxpaTuil MyMyHUH.

2) UyKkTHpuIl yCyJnaa aHUKIaHaIMTaH MOJIa KUMEBUH peakius EpaaMuia
TapKuOW aHMK OYJraH KUHUH spuilauradn OMpuKMa Xoyuja uyyktupuianud. bynna
gyKMa KU3IUPUINO TapKuOM aHUK OYnraH OOIKa MoJijiara aiIaHTUPHIIAIA Ba 1Ty
MOJIJIaHUHT Maccacy aHAJIMTUK Tapo3ua TOPTHINO MOJIa MUKIOPY aHUKJIAHATH.
Macanas:

0
2Fe® +60H —— 2Fe(OH ),——— Fe,0,+ 3H,0

AHUKJIAaHAAWUTAaH 4YYKTHpWJIaAUuraH TOPTHIIaAUTIaH
Moaaga HOI1aKJI HOI1aKJI

3) Xaiimam ycynmaa aHWKJIAHAJIWTaH MOJa y4dyBYaH OHMpHKMa XOJauaa
xaimananu. byHa aHukiaHagurad Moa KU3IupuI €Ky Ootika Moaa (peakTuB)
TabCUPHIA YYyBUAH OMPHKMA XOCWUJ KWUJQJAUTaH XOJMra YTKa3uill OwiiaH
axpaTwiaau. Xalaam ycyuiapu TYFpy Ba TeCKapu OYJIUIIN MyMKHH.

Tyrpu xaiimam ycymnapuaa aHUKIaHaJaraH Mojjaa Oupop y3ura Xoc
IOTYBUMTa IOTWIAAM Ba FOTYBYM MAaCCACMHUHT OINUIIUTAa Kapad aHWKJIaJAuraH
MOJIAHUHT MUKJIOPH XMCOOJIaHAIH.

12T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 285-pp
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0
CaCO , + 2HCl ——— CaCl , + H,0 +CO, 1

2NaOH +CO, —— Na,CO4; + H,0

Teckapm  aHuKiIam  ycy/ulapuja  aHUKJIAHAOUraH  MOAJA  TYJIHK
MapyYaJIAHTaHAAaH KEWHWH KOJITaH Maccacu yia4yaHaad. XaWJIalllaH OJIIMHTH Ba
KeWMHrn wmaccanap Qapku aHUKIaHaJAWraH MoJJa MUKIOPUHU XucoOJarl
MMKOHUHH Oepanu.

Mukaopuili aHAJIM3Aaru XaToJjap

Muknopui aHalu3Iaru XaTojap y3 Xxapakrepura Kypa:

1)  cucTemaruk xaroJyap

2)  Tacomuduii Xxatouap

3)  KymouI xaroiapra OyJIuHaIH.

1. CucremaTuk xaronap Ae0, KaTTalurd JOMMUHN OYiaran €K1 MabIyM KOHYH
Oyinua Yy3rapaguraH xaronapra antuinagu. CuUcTeMaTHK XaTOJIapHU OJIWHJAH
Hazapja TYTHUII Ba YJIApHU HYKOTUII, €KW TETUIUIM Ty3aTUIUIap KUPUTHUIL
MyMKHH. CUCTEMATUK XaTOJIAPHU KyHuAaru Typjaapu MaBxy/Il.

a) Ycuyouit xaronap. by xaromap KYyiulaHWiIa€TraH aHaiuu3  yCyJu
XycycusiTiapura OOFIMK. MacanaH: peakluMsiHA MUKJIOPUM JKMXATlaH Tylia
OopMaciaurd, 4YyKMaHM KHUCMaH 5JpYyBYAHJIMTH, YyKMa OujaH Oupra Kylmmmya
O0eroHa MOHJAPHUHT YYKHIIW, YYKMaHU MapyallaHUIIM, MOJIAHUHT THUTPOCKOTHK
AKAHJIUTH Ba X0Ka3o0.

0) Nmmatmnaérran acoo0 Ba peakTuBiapra O0FIMK Oynaran xaronap. Taposu
NIKATapUHU  TEHr  OMAC]Urd, XaXMU  aHUK  VJIUOBIAM  HMAUIUIAPHUHT
TEKIIUPUIMATaHIUTH, TEKITUPpWIAETraH »puTMara OeroHa KyIIUMYalapHUHT
TyIKO KOJIMUIIX Ba OOIIKanap.

B) HMumuBuayan xartonap. by xaromap aHaNMTHUKHUHT  [IAXCHM
Xycycusitiaapura OofiuK OynaraH xaronap. MacanaH: 3puTMa paHTMHHUHT Y3rapHIil
NMalTUHU aHUK ce3a OWIIMAaciIurd, Tapo3u €KUM OropeTKa IIKajdacuAaH TYFpU
pakaMHU OWIMO OJIMACIIMIU Ba X0Ka3o.

2. Tacomuduit xatomap. Kenu® yukuimm wmabiym OHp KOHYHUSTra
acocllaHMaid, KaTTaJIMTM Ba HIIOpAcCH HOMAbJIyM OyiraH xarojap Tacoguduid
xatonap ne6 antwinanu. Tacomuduil xarojmap aHAIMTUKHUHT Y3ura OOFIUK
OynmMaraH Talku OMIJIIAp TabCUpHUAA (XapOPATHUHT Y3TapuIli, XaBO HAMJIMTUHU
y3rapuiiiv, XaBOHUHT U(DIOCIUTH, XOHAHUHT 3Tapiu Japakana EpUTUIMaraHIury,
OMHOHMHT TeOpaHUIIM Ba XoKazonap) comup Oynmamu. CucTemMaTHK XOTOoJIapiaH
dapkiau paBuimiga taconuduii XaTosapHu OMpPOpP Ty3aTMa KUPHUTHIN Wynu Ouiad
nykotn6 OynMmaiimu. DakaT mapaien a”HWKIanUiap onmbd Oopumn  OwiaH
Tacomuduii XaToOHM KaMaWTUPUII MyMKHUH.

Kynon xaronap. byngai xaronap )ymjacura TOpo3uga HOTYFPU TOPTHIII,
OropeTka IKagacu Oyitnya HOTYFpHU XucoOall.

Muknopuii aHUKJIaNUIApAa WYJ KYWWITaH XaToJlapHU KyWuJaruda
udoaanam MyMKHUH.

13 T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 295-pp
14 T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 356-pp
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AOcomoT xaTo. AHUKIaHAETTaH KATTAIMKHUHT XAKUKAW MHUKJIOpPH OujIaH
OJIMHTaH HaTwka Vypracujard (GapKHUHT aOcoroT Oupiukiapaa udoaanaHraH
KuiiMaTu abconmoT xato aevmnaau. Macanan: BaCl, - 2H,O tapkubuma 14,75%
KpUCTAJUIM3AIUS CyBU OOpiuTH aHWKjIaHraH, xakukarina BaCl, - 2H,0 rapxubuma
14,70% kpucrtamiaHrad cyBu 6op. Jlemak, aHUKIAIIHUHT a0cotoT XaTtocH (/1)
J=14,70-14,75=-0,05%

HucOuii xato. AOCOJIOT XaTOHHMHI aHMKJIAHAETraH KaTTaJHMKKa HUCOATH,

HUCOUM xaTo aeiunaau Ba % na ndoaananaiu.

0,05
= -100 =0,34% TIa TCHI'
14,75

0

3.2 'paBUMeTPUK AHAJTUZHMHT 0AKAPUIMII TAPTUOU
Kynmuunuk xoiapaa oOKopuja, aWtu® YTwiraH ycysuiapjiaH Oupu-

YYKTUpUII YycynuaaH ¢oinananunaan. MoanagapHUHT MHUKIOPUHH TOpTMa
AHAIM3HUHT YYKTUPUII YCYIU OWJIaH aHMKIall Oyiindya Kyiuaaru O0CKU4JIapHu V3
WYUTa OJa/IN:

1)  aHaJW3 y4yH HAMyHa OJIMIII ;

2)  OJIMHT'aH HAMyHaHH SPUTHIII ;

3)  uYKTHpWIAIWraH MAKIHA TaHJIAII ;

4)  9YKTHUPYBYM MOJyIa (peareHT) HU TaHJIaIl ;

5)  YYKTHPUII MIAPOWUTHHU TAHJIAII ;

6)  uykmaHu axxkpartuil (HUIBTPIIAIT), FOBUIII ;

7)  YYKMaHU KypUTHII Ba TOPTUIAIUTaH MAKITa YTKA3UII ;

8)  aHanW3 HaTWKaJapUHHU XUCOOJIAII .

AHAJM3 YYYH HAMYHA OJIMII

AHanu3 ydyH OJMHTaH MOJJa MUKJIOPH HamyHa aevmianu. OnvHagura
HaMyHa MUKIOpPU aHUKIANl ycyiaura (Makpo-, SIPUMMHKPO-, MHUKpOAHAJIH3),
YYKMaHUHT XyCYCHUSITH Ba TY3WJIHIIUTA (KPUCTAILI, aMmop() OOFIIUK.

Taxpubanap HaTHXKAcU IIyHU KypcaTaJuKu XOCWJ Oyiaauran dYykma
KpUCTaul Ty3wmnuu 0yca, maccacu 0,5 r, amopd Ty3wmumnuim moaaa 6ynca, 0,1
- 03 r arpodpuma Oymumm Kepak. HamyHaHuHTr Maccacu UYKTUPHII
pEaKLMSICUHUHT TEHIJIaMacH acocujia Kyiuaaru gopmyiia Ouinan xucobaaHaau:

o a-M,-05
KpPHUCTAJUI YYKMa Yy4yH - m,, = —2——
b-M,
o a-M,-01
amMop( 4yKMa y4yH - m,, = —
'MB

M — aHWKIaHAAUTaH MOJTAHUHT MOJICKYJISIP MacCacH.
Mg — TOpTHIQUTaH MAKIHUHT MOJIEKYJISIp MaccacH.
a,B — PEaKIHs TCHIJIAMACHIaru CTEXHOMETPHK Koe(hHuCHueHTIap.
HamyHanuHr Mmaccacu aHamutuk Taposuzga 0,0001r, Typr xoma (107
AHUKJIMKIA TOPTHIaau. °

15T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 289-pp
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OJIMHraH HaMyHAHU PUTHI

Hamynanu sputuil yuyyH 3apyp OYnraH, TErulUId SPUTYBYM OJIUHAAH
TaHJlaHaad. Mojaa aBBaJl CyBlla SpUTWIAAU. JpuUMaca KUCIOTa EKM HILKOP.a,
0ap3aH KucioTa (WMIIKOpP) OWIaH OKCHIJIOBYM apajaliMacuHM KU3IUPHUO
sputuiaan. Moaia sputMara YTKa3uiIraHIaH KeWUH aHUKJIAIl JaBOM STTUPUIIAIN.

YyKTUPUIAAUTAaH IIAKIHU TAHJIALI

UYKMaHUHT TOPTWIAJAWIaH MIAKUIM KUMEBHM (Qopmyiacura Moc OYIuIIm
Kepak. UyHKM KH3AUPHUII BAaKTHAA KYyIMUYWIMK YyKMajlap KUMEBHW y3rapuuuiapra
yupauau. LlyHHHT ydyH TOpPTMa aHalW3[a YYKTUPWUIAIWTaH Ba TOPTHIAJAUTaH
IaKJd TyOIyHYajdapd WOUIATAAaAd. Terviuum 4yKTUPYyBUYHM (PEakTUB) TabCHUPUIA
SPUTMAJAH UYKTHPWITAaH OUpPHUKMA, UYKTUPWIAJUraH IIaKid  JeHUIaIu.
AHanM3HUHT OXUPTY HATWKACUHU OJIMII YYyH Tapo3Hjia TOPTHJIAJUraH OMpHUKMa
3ca TOPTWIAINTAH aKJI aevnnaau. Macanas:

0
BaSO , ——— BaSO ,

YyKTHpWIaAUuTaH TOpTHUIaauIraH
HOI1aKJI HIaKJI

t0

2Fe(OH ),

— Fe,0, + H,0

YyKTHpWIaAUuTaH TOPpTHUJIaauIraH
HOI1aKJI HIaKJI

UyKTupuIaaurad makira Kyiuiaaurad Tanaomiap:

a) aHUK KUMEBUH opMyIiara MOC KeJuIIIH;

0) kam 3pyBYaH OVJIHIIU, SHHU SPYBUAHIMK KymaiTMacu 1.10-8 maH Kuuuk
oy ;

B) KPUCTAJUI Ty3WUJIUIITa dTra OYIINIIN;

') OCOH FOBWJIMIIIH Ba PUIBTPIAHUIIIN,

1) TOPTHJIAJIMTaH II1aKJIra OCOH Ba TYJIMK YTHUIIN KEepPakK.
TopTunanuras makira Kyuwirad tanadmiap:

a) TOPTWJAJAWIaH IIAKIHUHT TapkuOou (aHUK Oupop) KUMEBHIA
dbopmynacura Moc KeJulIli ;

0) TopTUJIAUTaH MIaKJI KUMEBUN KuxaTAaH Oapkapop Oynuinu, sibHU O,
XaBo, okcumoBumiap, SO2, HaMm TabCUPHUAA Y3rapMaciury;

B) KaTTa MOJICKYJISIp Maccara sra OVJIUIIMN Kepak .

YykTupyBYH Mo4/1a (PeareHT)HH TAHJIAI
Uykma KypuUHHUIITAa KYWHHITaH Tajadjaap 4yKTUPYBUYM MOJIaHU (pEearecHTHH)
TYFPU TaHJIAIIHU Tajdad KUIau.
Macanan: Ba?* nu Gup Hewa XUl KMHAMH 3pyBYaH OMPUKMANap KYPUHULINAAA
yykTupuil MyMkuH. Kalicu Oup 4YYKTHpYyBUM aHHUKJIaHAETraH MOJJAHHU TYIa
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YYKUII MMKOHMHM Oepca, SIbHU XOCWJI OyjmaauraH 4YykMa 53pyBUaHIIHMK
KYTTaUTMACHHUHT KUWMATH 2HT KWYUK OYJica, 1y YYKTUPYBUYUAAH (DoMIanaHulil
Kepak. 1°

Macanan Ba?" MOHMHM YYKTUpMII ydyH UYKTHPYBYM MOJIA TaHJIAIIIA
OapuUMHMHT KyHuJaru Kam O3pyBUM Ty3Japd SPYBYAHIMK KyMalTManapuHu
COJIMIITUPUIICA:

BaSO,-EK=1,1-107
BaCrO,-EK =12 -10%
BaMnO, - EK =25 -101°

BaCO;-EK=38,1-10°

BaClO,-EK=1,6 -107

Bynapuunr munpga spyBYaHJIMK KymailTMacu 3HT Ku4uk Oynranu BaSO,..
Ilyauar yuyn Ba?* BaSO; xomuga 4YYKTHpUIMIIM Kepak »JKaH. JleMak,
uyktupyBun cudaruga HySO,; Na,SOy4, K,SO4, sbHM Tapkubuga SO4% - noHm
OynraH cyBa SXIIM SpUNIUTaH MOJIAJIApHU UIIIATUII KEpaK.

UykTupyBUuura KyMuiaaural acocuii Tajgabduap:

a) T€3 Ba OCOH KaM 3pyBYaH YyKMaHU (OUPHUKMA) XOCHJT KUJIHIIIH ;

0) cenextuB OVnuIU, SHHU dakaT 1y aHUKIaHAETTaH MOJ1a OuiIaH 4yykMa
XOCHJT KUITNO, OOIIIKA MOHIIap OWIaH peaklusara KUpUIIMAaCIUTH ;

B) OCOH XalJanuIm €K1 axpauiiy;

Mynra kypa cynbbartnapau uyktupuin yuyH HoSO4, ruapoxcumiapHu
gyktupum yayH - NH,OH, xnmopunnapuau uykrupum yuys - HCl, kapbonatnapau
gykrupuin yayH - (NH4)2,CO; wummnatuinranu Makcaara MyBoQUK Oy iaiu.

I) 3axapyiv OYVIMacIurH ;

1) OpTHMKYa MUKAOpAA OJUHTaHJa (KOMIUIEKC XOCHJI Oynuiu Tydaiiim)
YYKMaHU 3PUTMACIINIY, YYKTUPYBUMHUHT MUKJOPH peaklys TeHriamacu Oyitnya
xucobnaHranaa 1,5 Mapra Ky OJTMHUIIMN KEpax.

UYKTUpYyBYN XaKMH Kyinaaru ¢hopmyia OuiiaH XHUcoOIaHaIu:

a-M,-m, -100 -1,5

V. =

B

6-M,-Cc-p
M, — HAMyHaHUHT MaccacH, T
M — aHWKJIaHAUTaH MOJIAHUHT MOJICKYJISIp Maccacu, T
Mp — 9YKTUPYBUMHUHT MOJIEKYJISIP Maccacu, T
Bp — YYKTUPYBYM SPUTMACHHUHT XaKMH, CM 3, (M)
0 - 9YKTUPYBYH SPUTMACUHHUHT 3UUJIUTH, T/CM ® €K T/MII
¢ — YYKTUPYBUU IPUTMACUHUHT (JOM3 KOHCEHTPALIUSACH
a,B — peaKIys TeHrIaMaJaru CTeXUuOMEeTprK KoedhruCHeHTIap

3.3 I'paBuUMeTPUK HIAKJIHM TOPTHII Ba AHAJIU3 HATHKAJTAPUHHI
XHco0Iamn
YykTUpHII IIAPOUTHHHU TAHJIALL
Tyna yyxkTUpUIIra TabCup KWIyBYHM OMUJLIAP:

16 T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 272-pp
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a) sputmanusnr pH, , [H'],[OH];

0) xapopar;

B) OErOHa MOHJIAPHUHT 00p EKU MY KIIUTH.

[[lapoutra Kapab 2 XuiI:- KpUCTAILI EKM aMOp( YYKMa XOCHIT KAIUI MyMKuH.
Kpucramn yykMany YYKTUPHUIITHUHAT IapT-IIapOUuTIapu

1) 9yKTUPHUII CYHONTHUPWITAH dpUTMajapaa oiaud OOpuiMIIMd Kepak, OyHIa
HUpPUK KpUCTaIap X0oCuia Oyiaau;

2) YYKTUPYBYHM 3PUTMACHHHA TOMYWIA0 KYIIMII Ba JAOWMO apayialiTUPUO
TYPHII KepaK, aKC X0JI/1a Maiijia KpucTauiap XoCcui Oymanu;

3) YYKTHPHUII HCCUK dpUTManapaa oiaubd Oopwnumu mapt. Kuzgupuiaranga
Maia KpucTajiap SpHiiid Ba HUPUK KpUCTAIIIap XOCKI OYIIMIIN OCOHJIAIIA N,

Kpucrann uykmanap spuTMagaH oOCOH axpaTwiaau ((puiabTpiaHaan),
FOBWJIA/IA Ba HUXOST/AA TO3a OyIaau.

AmMopd yVKkMaTapHy YYKTUPHUIIL TAPT-IIAPOUTIAPH

1) yykTupuIIga aHUKIaHAETTaH MOJIa YYKTHPYBUMHHHT KAWHOK 3PUTMACH

épiamMuia YyKTUPUIIA]IN;
2) 4YYKTUPYBUM SPUTMACHUIAH TE3-T€3 KYIIMO 3pUTMa JOHMMO apajalTupuod
TYpPWIHILIM Kepak. ByH[a XaxMu kaTTa aMopd Ty3WIHILIIN YyKMa XOCHII OYaau;
3) uyktupum koarynstopiaap (NH4CL, ..... , KACIIOTaNap ....) UINTUPOKHUAA OJIUO
O6opuinanu, OyH1a YyKMa XOCHI OVIIUIIN Te3J1alaan
4) yyKTUpHIJIa KOHCEHTPJIAHTaH SpUTMAaNIap UIUIATUIIAIH.

AMopd uUykmanap, UYKTUPHUII Kapa€HUAA XOCWJI OYiIraH KOJUIOWJ
SPUTMAHUHI KOAryJUIAHWINK (YYKWIIM) HaTWwkacuiga xocun Oymanu Ba SHa
spuTMara yTuO KeTumu MyMKUH. By jkapaén nentuzacust ne0 aramagu. [lemak,
KOJUIOU]I DPUTMAIAPHHUHT KOAryJUIAHUIINTa MIMKOH Oepui kepak. '8

Komnoua nsputmanapna Oup XWJl SJEKTp 3apsIUHUHT OYiIuiu Ba Oy
3apsulap opacuja 3JEKTPOCTATHUK HMTApPHUII KywjlapH, KOJUIOWJ 3appayajlapHUHT
Oup-Oupu OunaH OWpUKHUININra TYCKUHIMK Kwiaau. By 3apsnnmap spuTmanaru
MOHJIAPHUHT 3appadajapra aJcopOWJIaHUIIM HaTWXKacuaa maigo Oynaau Ba
Kapama-Kapiid  MIIOpajd  HOHJAPHUHT  aJCcOpOMJIaHWIIM  HaTWXacuua
HehTparmanumu MmymkuH. [y ca6abnu xotoua spurMaiapra Oupop IEKTPOTUT
Koarynarop Kymuiaad. KoarynsTOpHUHT KapaMa-Kaplliy 3apsiijlaHraH MOHJIapu
KOJUIOU]T 3appayajiap cupTura aacopOcusiiaHuO, yJlapHHM 3apsICU3JIaHTHUpPaad Ba
y3apo Oupukummra uMKoH Oepanu. KoaryiasTOpHUHT MHUHHMAall KOHCEHTPAIHICH
KOJUTOMJI 3appada 3apsanra Kapama- Kapiid 3apsjii HOH BaJICHTIMTHHUHT
Kamaiinimm OunaH Te3 opTtuOd Oopanu. Macanan, 3appavanapu  MaHpui
3apannanran As2S3  301M  KaTUOHJIADHUHT  aicopOMNiaHMIIM  OwiiaH
Koarynscusmananu, yaga AP, Ba** va K unoHmapuHMHr KoarymioBdu
koHceHTpanusiiapu 1:20:1000 aucbatuna 6ynaau.

Konmoun cucremanap OapKapOpJAMTMHUHT UKKHHYM OMMIIM; KOJUIOU
3appavajiapHUHT CONbBATIAHUIIUIND, SSTbHU YIAPHUHT SPUTYBYH MOJIEKYyJIaJapuHU
aacopOmmamuaup. Xocwi Oyiaran cojibBaT KOOMKJIApH KOJUIOW 3appadaiapHUHT

17 T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 272-pp
18 T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 262-pp
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OupukuO uyKumMra TYCKUHIMK Kuwiaaud. ConpBaTiaHMIITa MOWHI OynraH
30JUTAPHUHT COJIbBAT KOOUFUHU OY3UIl YUYH KOHCEHTPALMICH aH4a IOKOpH OYiraxn
anekTpoiauTiap wunuiatuinaan. KoHceHTpauuscu 0OKOpU OYiIraH 3JIEKTPOJIUT
MOHJIapHU COJIbBATIIAHUO KOJIJIOH]I 3appavaiap/iaH SpUTYBUMHUHT MOJIEKYIalapuHU
TOPTUO OJIaJM Ba YJApHU 3apsACU3IaHTUPAIM, HATHKala 30J1b KoarysuiaHaau. by
YKapa€H Ty3JIaHUII ICUUIIaIN.

Enextponutiap KymuigaH TalIKapy, dpUTMa XapopaTHHU KYTapuIl Xam
KOAaryJUIaHWIIra HWMKOH Oepaau. XapopaTHUHI KYTapWIMIIM 3appadalapHu
3apsAUIOBYM  MOHJIAPHUHT  aJICOPOMJIAaHUIIMHU ~ KaMaWTUpajaud Ba  COJbBAT
KOOUKJTapUHUHT OYy3WIMIIINUTA 010 Keau.

Jlemak, KOJUTOWJ CUCTEMAJIapHUHI XOCHJI OYIMIIMra Mya KyWMaciuK y4yH
amMmopd YYKMajmapHM KAWHOK OJpUTMaJaH OUPOP BJIEKTPOJUT KOATYIATOP
UIITHPOKHIA TYKTHUPUIIAIH.

AWHM IIapouTAa HIUIATWIAETTaH peakTHUB OWiIaH 4Yykma Oepmaiigurad
OeroHa MoOJTaJapHUHT YYKTUPHIAETTaH OWpUKMa OWiIaH Ouprajgammd dykmara
TYIIMIIH, OUprajgammo dYKUII JeHIIIa .

bupranamu6 gykuin TopTMa aHaJau3/1a XaM caJIOnid, XaM MKOOUH axaMHsITra
sra. ABBaJIO y TOpPTMa aHalW3[Ja XaTOHUHI acocuil MaHOanapunaH Oupu
XucoOJaHaau, 4YYHKH TapkuOuaa OeroHa apanammanap Oyiaran yykma
(TopTHiamuraH makia) To3a OynMalauM Ba aHUK (Qopmylara aBoO Oepmaiiiu.
TopTunaguran MoAJaHWHT (QOPMYJIACHHM aHUK OWiIMal, YHHHI TapKHOWUJAru
AJIEMEHTHUHT MUKIOPUHU TYFPU XUCOOIAIl MyMKHH 3Mac.

JlekuH Oupra YYKUIIHUHT WXXKOOMM aXaMHUSTHHM  AHAJIWTUK aMalu€rna
KYpUIIM  MYMKHH. Arap aHUKJIaHAaéTraH KOMIIOHEHTHHUHI  3pUTMajaru
KOHCEHTpalUsACH >XKyAa KaMm OynuO, YHM UYYKTHpUIN KUHUH Oyiica, y3u OuiaH
yyKMara ojau0 TyIIyBUM MOJJIa KOJUIEKTOp OMJIaH Oupra YyKTUPHIL MyMKHH.

MuKpOKOMITIOHEHTJIAPHU KOJUIEKTOP OMJIaH OMpra 4yKTUPHIL, YCYIH TAPKOK
Ba CUHpaK dJeMEHTJIApHU YpraHuniaa (oiigaaaHuIaIu.

AHanuTuk KUME HYKTaW HazapuJaH 4YyKMa OWJlaH YyKKaH Kylumyanap
yyKMa 3appadajJapuHUHT CUPTHIA (CHUPTKU ajncopOcus) €ku muuaa (OKKIIO3Ms)
KOMIIAIMIIY MyMKUH. '

Karruk daza (ufkma) cupTyja MOHJIAPHU IOTWIUIIN a7CcopOCHs AeHuiaiu.
AncopOcuss  XaMMma 4YykMaiap ydyH, allHMKca CUPTH Karrta OynraH amopd
yyKmasapra xoc xapacHaup.

Uykma cupTura KpucTajul naHxapajaa OyiraH 3puTMazard OpTUKYa MOHIIAP
(Mommanap) agcopOwianaau. AjacopOuiianran Mojajaaiap €KW MOHJIApHU YYKMaHU
F0OBUO MYKOTHUII MYMKHH.

Oxxnro3ust cUpTKU ancopOcusiian dapkiv, yykMa OujaH Oupra 4ykkaH
OeroHa Kymmumuangap 4YyKMa 3appadyallapuHUHT CUPTHIA dMAc, WYua JKoilalrad
oynanu. IyHUHT y4yH OKKJIIO3MSJIAHTAH KYIIMMYaJapHU YYKMaHHU FOBUII OWUJIaH
nykotu6 OYynmaiau. YiapHu spuTMara yTKazull yuyH YYKMaHUHT XaMMAacHHU
SPUTHIL 3apyp.

9 T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 242-pp
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OKKJTIO3USTHUHT OJIIMHU OJIUII MaKcaauaa KyWuaaruiapra, 35Tuoop Oepuii
Kepak: OeroHa KaTHOHJIADHUHT WYKU aJCOPOCHUSUIAHUIIMHU KaMaWTUPHUII Y4YyH
YYKTUPUIIHA YYKMAHUHT KPUCTA/UIApU TapKUOWJa YyKMa KaTUOHJIApU OpPTHKYA
MUKJIOpa OYyiraH spUTMa/ia,aKCMH4Ya, OEroHa aHUOHJIAp OKKIIO3UsJIaHMaraH
yyKMa OJIMII Y4YyH,eca UYKTHUPUIIHU TapKUOWJA UYKTUPWIAETTaH OMPUKMAHUHT
AHUOHJIApU OPTUKYA MUKIOP/AA OYJIraH MyXUTJa 0JIM0 OOPHII KEpaK.

bupranamm6 uykuimga wuzoMopd XOAMCACMHM XaM Ky3aTHII MYMKHH.
Yykuin xapaéauaa Oupraiukia KpUCTaul MaHXapa X0CUI KUINO KpUCTaNTaHUIIH
MyMKHH OYnran momananap uzomopd mommanap med aramamu. by BakTma apanamr
KpucTayuiap Xxocus 0ynaau. byrmait Momanap (aqguk Tomnuiap) Oup Xui1 MaKjaara
Kpuctautap Xocwn Kwiagud. “M3omopd” Omp Xws mIaka JeraH  MabHOHU
Oowupamm.

Nzopopdusm xoaucacunu Oupunuu wmaprta (1924 i) B.I'.Xnonun Ba
keiimHpok (1926 i1) O.Xan ypranrad. XJIONWH KOWJACH: «Apalall KpucTawiap
XoCcuJl Oynuiuaa Oupra 4ykkaH KYIIMMYaHUHT MUKJOPH, dPUTMAJard KymmMmya
YYKTUPUIIAIUTaH MOHHUHT HUCOUM KOHCEHTpanusiapura OOFIuK”.

YykmaHu GUJIbTPJIALI BA IOBUIIL.

UykmaHu 3pUTMallaH aKpaTUIl YUyH, YyKMa Typura Kapad (uiabTpliaHaIu.
OunbTpnap TaW€piaHraH Marepuanura kypa (Ky/UiM, KyJICU3) 3U4YIMTUra Ba
Vayamura Kyp xap xuia Oymanau. 3uuiaurd karra Oysica, Maia 3appadaiiu
yyKMajgapHu (UIbTpiallga HOUIaTWIaaM (Ba akcuH4a). YYKMaHM a)KpaTHIl
(bunprpnam) ra OOCUM, SPUTMAHMHT ENUIIKOKIWUTH (XapopaT), (UIBTPHUHT
CUPTHU KaOu OMUJIIAp TAbCUP KUJIAIH.

OunpTpianiia GUIBTPHUHT KaTTa KUUUKIUTH KyJa MyXuMaup. OuiabTpHU
bunbTpIaHagUraH CYIOKJIUKHUHT XaXKMHTa Kapa®d »smac, Oallku YYKMaHUHT
MUKIOpUra Kapab tanmanaau. Yykma ¢uiabTpra COJIMHTAHNA, YHUHT SPMUJAH
OIIIMACIIUTH KepakK, akC X0JIJa YYKMaH! sIX1uiaad oBuO OYiamaiian.

Boponka yiauamu mryHjai TaHmaHaAuKd, QUIBTPHUHT Yekkanapu S5-10 mm
BOPOHKA YEKKAaCHIaH nacT 0yacun.?

OunbTp TYpT OyKiIaHaAW, TYPTAAH OWp KUCMM O4YWiIaaud Ba ojataaru 60°
Oypuakiaum BOpoHKa Kyhwranu. OuiabTp cyB OuiaH XyutanuO, BOpOHKaA
JIEBOpJIapUTa 314 KWINO EMUIITHPUTIAIH.

OunbpTpiaHaétranga QUIBTPHUHT TEIIUKYATApU YYKMa 3appadaiapu OusiaH
Te3 OCKWUIMO KOJIMACIUTH Y4YyH, AacTiad CYHOKJIUKHU (uibTpra Imumia Taékua
Oyit1a0, yyKMaHU YaiKaTMacaaH KyHuiaau.

[uma TaékyaHu (UABTP KOFO3HMHI Y4 KaBaTIM >KOMMHUHI Temacuia,
ypTaaa BepTUKaN yuuan kepak. TaéK4YaHUHT MAacTKU Y49 (DUIIBTPJIaru CYIOKIUKKA
TerMaciuru kepak. Taékua € crakania, € GuiIbTp Tenacujaa Typuim kepak. Taékua
CTONTa KyWHJIManIN.

Uykmanad yHIArd CYIOKIMKHMHT KYN KHUCMH (QUIbTpra KyHwimO, cTakaH
TyOu1a 4yKMa O3TMHA CYIOKJIUTH OWJIaH KOJITaH7a YyKMa JeKaHTaIus Wy Ouiian
FOBUJIA]IN.

2 T Fischer., Materials Science for Engineering Students, 1st Edition Elsevier UK, 2008 222-pp
33



UykmaHu IOBUIIIAH MaKcaj, IOKOPUIAru MaB3yla auTHO YTraHWMH3JCK,
YHUHT CUpTHUTra ajcopOcHsiianral 0eroHa KylmmMYallapHU Ba YyyKMara HIMMUJITaH
aCOCUU SpUTMAHU UYKOTUIIIHD.

IOByBuM cyrokimuknap cudartuga  UYKTUPYBUMHUHT  CYHOJITHUPUITaH
APUTMACH, DJIEKTPOJIUT SPUTMACH, TUCTUIJIAHTAH CYB WILIATUIAAU. ByHUHT y4yH
IOBIMY/JIaH CYIOKJIMK OKMMH IIYHJall WYHANTUPWIANAUKU, Y CTAKaH JEBOPJIAPUIAH
yHTa ENUIlraH dYykMa 3appadajapuHyd [oBUO TymupcuH. Yykma daitkatub
JOWKAIAHTUPUIIAJAN Ba CTaKaH TyOWra yykma WUFWIMIIM YYyH KYyHnO KyWuaau.
Tunran cyrokiauk ¢unbTpra conuHaau. by um 3-4 mapra takpopnanaau. Oxupuaa
YYKMaHU KOJITAH CYIOKJIMK OWijiaH dalkaTuO TYaukK (uiabTpra comuHamu. CTakaH
TyOuMga Ba JAEBOpJIapyAa KOJTaH YykMma 3appadajapuHU IOBTUYJArd IOBYBUU
CYIOKJIMK OKUMH OunaH ¢uibTpra Tymupwiagd. CrtakaH Ba muma Taékyara
MycTaxkaM Enumub TylmiMaid KoJraH 4YyKMa 3appadainapu Kyjicu3 QuibTp
Oynakuacu cyB OwiaH XyJiaHuO, aptud onuHaau. DuneTp OYnaru gykMmau
¢buIbTpra CoNMHAIM Ba sSiHA CTaKaH 2-3 MapTa IOBHUJIAJIH.

Uykma Tyna IOBWITAHJIUTHHU TEKIIUPHUII Y4yH, (PUIBTpAaH axpaiud
yraétran sputMma (GuiabTpar)gaH oJMO TETMIIIM HMOHTa XOC XYCYCHM peaxius
KWINO KYpUJaau.

YykMaHU KYPUTHII Ba TOPTHJIAAUIAH IIAKJITA YTKA3UII

IOBunran uykma kyputum neuuaa 90-105 1°C atpodunma mabiym BakT
JaBoMHIa KypuTwiaau. KypuTwiran KyKyHCUMOH MOJJIa Maccacu aHWK OYiraH
Oupop uaMil (TUreNb) Ja KU3OUpHII neuuga (MyQenb medb) IOKOPH Xapoparia
Kuznupunaau. Ku3gupwiranian cYHr XOHa XapopaTura KeJryH4a 3KCHUKaTopjia
CaKJIaHa/IM Ba KEMUH aHAJUTUK Tapo3ua TOPTUIIAIIH.

TopT™ma aHaNM3HUHT a(3aJTUTH - AHUKJIUTH KaTTa.

Kamunnury - anukiam kyn 60CKuwin Oyaranu yuyyH Oy aHUKJIAII KT BaKT
Tanad KuIaau, SbHH Te3Kop - "ekcnpecc" aHuKIam sMac.

TopT™Ma aHanu3 ycynuia MUKIOPY aHUKJIAHWINN KEpak OYJiraH MOJIJIaHUHT
Y3UHU dMac, OAKM yHTa SKBUBAJICHT OYJTaH MKKMHYMA MOJA TOPTHJIAUTaH IIaKII
Tapo3uaa TOPTUIIA]TIH.

TopTunaguran MIAKIHUHT TOMWJITAH MHUKIOPU (JIOMMHUN  OFUPIIMKKA
KeNTUPWITAaH YyKMalu TUTEIh Ba OYII TUTENb OFUPIUKIAPUHHUHT (hapKH)
aHUKJTaHAETraH MOJJAHUHT KaH4Ya MUKJIOPUTa TYFPU KETUIITU X1Uco0J1ad TOmuIaau.

AHMKJIaHAQJIMraH MOJJa Maccacu rpammiapia Kydugaru dopmynia OusiaH
xucobnanamu. K, = m; - @

M1 — TOPTUJIQUTAH MAKIHAHT Maccacu, T
@ — aHANUTHK KYMaTyBuM €KW KaiiTa XpcOOJall OMWJIM aHWKJIaHAETraH MOJJa
(371eMEHT)HUHT MOJICKYJISIp (aTOM) MacCaCMHU YyKMa (TOPTHJIAJAMTaH IIAKJT) HHHD
MoOJIeKyJslp Maccacura Hucbatu @ y3rapmac coH OYnuO, aHaaM3 ydyH KaHua
MOJIJ1a TOPTHO OJIMHTAHJIMTUTa OOFIIMK dMac.

a*M ,

b*M,
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M — aHMKJIaHAIUTaH MOJAAHUHT MOJIEKYJISIp Maccacu, T
M7 — TopTHUnaguraH MakJIHUHT MOJIEKYJISIP MaccacH, T
a,B — peaKIys TeHrJaMacuIaru CTeXuoMeTpuk koedducueHTiap.

AlipuM  MoJJanap y4YyH AQHAJIUTUK KYNAWTYBUYMHUHT  KUWMAaTIapu
"MabJiyMOTHOMA" JIap/ia OEpuIIraH.

AHUKIaHaIMraH Mojja maccacu % - japaa Kyiunaru Gopmyna épaamuaa
XUCcoOJIaHaIu:
m, - F -100

m

w =
H

My — HaMyHa Maccacy, T
Ha3sopar caBoJsiapu:

TopT™Ma (rpaBUMETPUK ) aHAJTU3HH TYLIYHTUPUO OepuHT?

Muknopuil aHanu3aaru xaTojaapHu n30xaad OepuHr?

['paBUMETPUK aHATU3HUHT OaKapUIIMIL TApTUOU KaHaan?

UykTupyBur Mojia (peareHT)HH TaHIall yCyJJIapUHU caHaO YTHHT?

['paBUMETpPUK IIAKJIHU TOPTUIL Ba aHAJIU3 HATHOXKAJIApUHU XMCOOIall KaHaai

amaJira omupuIaaun?

abrwnE
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4-maB3y: TUTpUMETPUK AHAJM3HUHT OKCU/JIAHUII-KARTAPUINII YCYJIH

Pexa:

1. Toprma OkcuaoBuu Ba KalTapyBUMIAPHUHT MOJISIP SKBUBAJICHT MacCaCUHU
XMCOOJIaII Ba TUTPJIAI STPU YU3UFUHUHT MOXUSATH

2. EXBHBaNICHT HYKTaHM aHUKJIAII Ba TEPMaHTaHATOMETPHUK YCYTHUHT
OakapyIHUIIH

3. XpoMaToMeTpHK Ba EOMETPHUKYCYI YCYII

Tasinu c¢y3 Ba ubopaJap:

OkcuTaHUII-KaUTapuiiin - (OKCUAUMETPUK) YCYJIU, OKCHIIaHUII-KauTapUIIHIILI
YCYJIMHUHT TypJiapu, OKCHU/JIJTAaHUII -Kal Tap WML WHJIMKaTOpJIapH,
MePMAHTaHATOMETPUK yCYJIH, MEPMAHTaHATOMETPUK TUTPJAIIHA OJUO Oopwii
mapmiapu, aBrokatamuTuk (IIunoB peakuusicu) peakuus, nepMaHraHaTOMETPHUK
TUTpJallla  JKBUBAJEHT  HYKTAHM  aHUKJAIL,  XpPOMAaTOMETPUK  YCYII,
XPOMAaTOMETPUK YCYJHHUHT ad3aJTUTH; XPOMATOMETPHUK YCYJIHUHT KaMUWJIUTH,
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€1oMeTpUK yCyJ; EIOMETPUK YCYIMHHUHT ad3amnuru, €IOMETPUK YCYIHMHHHT
KaMYWINTH, OKCUJIAHUILI-KaU TapUIUIIAA TUTPJIALL STPU YU3UKIIAPH .

4.1 OxcuVI0BYH Ba KAWTAPYBYHJIAPHUHT MOJISIP JKBUBAJIEHT
MAacCCaCHHH XUCO0/a1I

XaXMUN aHATM3HUHT OKCHJIAHUII-KaUTapUIINIL PeaKIUsIapura acociianuo
MOJJIajiap MUKJAOPUHU aHUKJIANl YCyJura OKCHIJAHUII — KauTapuiuil ycylu
(pemoKcuIUMETPUK EKM OKCHIOMETPHK) 1e0 alTHIIaIH.

XamMMa OKCUUIAHUII-KAWTAPUIIMILN  yCYyJUIapy HWIUIATUIAAUTAaH  acOCUM
TUTPAHTHUHT XOccacura Kkypa Oup Heua Typiapra OynuHamu. Macanan:
nepmanranat uoH (MnOs) Epmamuaa OKcHAJalra acocjiaHTraH —ycyJira
[IEPMaHTaHATOMETPUK, MOJIEKYJIAp €1 €plaMKia OKCHIJIAHUIITa EKU €1 HOHIapH J°
OwraH KaWTapuiira acocjaHTaH ycyira émomerpuk, xpom (VI) Oupukmamapu
(Cr,07%; CrO4*) épmammaa OKCHIUIANITA aCOCIAHIAaH YCYIra XPOMATOMETPHK,
ackopOMH  KucloTacu  EpJaMujia  KaWTapuiura acocjaHraH ycyjira —
ackopounometpuk, Tutan (III) Gupuxkmanapu €pramuaa KaTapuilnra acociiaHTaH
yCyJira TUTAHOMETPUK Ba OOIIKa ycyiuiapra OViInHaIu.

OKcuIaHUII-KaWUTapuiIMIll ~ yCyJIJIapd  XaM  KUCJIOTa-aCoCJIM  TUTPJIALI
ycyJutapu Kabu WIMUN TEKIIMPHUII Ba UILIA0 YUKapuill jJabopaTopusijapuia KeHT
KyJulaHuiaau. by ycymnap Typau XWJI aHOPraHMK Ba OpPraHUK MOJAJAAIap,
METaJUIOPTaHUK OWpUKMalIap, MOHOMEpJAp, MOJHUMEpap, MUHEpan YFutTiap,
JOPUBOP MOJJanap, O3MK-OBKAT MaxCyjloTiapu TapkuOujgaru y €ku Oy monana
MUKJIOPUHM aHUKJIAll WUMKOHMHM Oepaau. by ycymnapgan 0ab3u Oup KEHT
KYJUTaHUJIAIUTaH yCyJIapy OMJIaH KyiH1a TAHUIING YMKHIaIH. >

OkcuayioBYM Ba KaWTApyBYMJIADHUHT  MOJISAP JKBHBAJICHT MacCacH
peakimsiia Kabyn Kwiran €ku OepraH 3JIEKTpOHJIap COHUTa OOFIHK O0Ynuo, Moz
MOJICKYJIIp MAaCCaCMHMHI KaOyn KwiraH €ku OepraH »dJIEKTPOHJAp COHMra

HUCOaTHUra TEHT:
M

n
M - OKCUIIOBYM Ba KaUTapyB4YW MOJJIAHUHT MOJIIP MAaccacu;
N — KaOyn KuiaraH €ku 0epraH AJIEKTPOHIAp COHH ;
KaOyn kunran €xku OepraH 3JeKTPOHJIAP COHUHU OWJIMIN YYYH OKCHJIOBYH
Ba KalTapyBUMHU OOUUIaHFUY Ba OXMPIM OKCHUJUJIAHMII Japa)kaJlapuHu OWJIHIL
mIapr.

(2.3)('8) -

Turpaam 3rpu YU3UFU
OKCUIUMETpUK TUTpJAIJIa PEAKIUITa KUPUIIAETraH MoJJa €KW HOHJIap
KOHCEHTpAIUsICH Xap JouM Y3rapud Typaau. HepHer Tenriamacura kypa

2,3RT 0
E-E®+ jg Loceno ]

nF [katimap ]
TUTPJIALITHUHT TYPJIM HYKTaJapuaa OKCUIJIAHUII TOTCHCUAIN XaM Y3rapajiy.
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TuTpnam sipum peakuusi KypuHUIINAA
Kan, - € —> OKC 2
OKC1 + €—> Kail,
Tutpnam xapa€Huia CUCTEMaHUHT TOTEHCHANU OIIMO O0paau, SKBUBAJICHT
HYKTaJlard OKCHJUIall MOTEHCHANIX Kyiuaaru ¢popMyiia Ouial XxucoOaaHaau:

B ”1E10 +n, ES
- n, +nN,
OyHma: N1 Ba Ny — SpUM pEAKIUs TEHTJIamManaru OepraH €ku KaOyn KuiraH
AIIEKTPOHJIAP COHU
E:° Ba E,° — okcumioBun — KalitapyBun »xy()TJIapHUHT HOPMaJl IIOTEHCHAIIH.
Macaman: 100 mun 0,1 1 FeSO, spurmacunu kuciaoraam myxuraa [HT] = 0,1
Mouw/1, 100 Mt 0,1n crangapt KMnQO,4 sputmacu Ounad TUTpJIAII 3TPU YM3UFUHU
YU3UHT.
Tutpnam >xapaCHUHUHT alpuM HYyKTajdapujia OKCHIUIAHMII-KaHTapuiIuil
NOTeHCHAIIA KyHuarnda XxucoOaaHaau:
1. TuTpnanryHra Kajap NOTEHCHAIHA XUCOOJIaII:
0,058 [Fe®]

Iy
I:e2+

Fe’* wuoHM opuTmacuga 03 MuKgopaa Fe®* woHu Gymamu, yHH
KOHCCHTPAIUSCUHY aHUKJIAll KHIHWH, ITYHUHT YY9yH OKCHIUMETPUK THTpIamaa Oy
HyKTaJaru OTEHCHAJ X|Uco0ra oauHMaim. >

2. DKBUBAJEHT HyKTaraya OyiraH moTeHCHan KyWlujaaruya XucoOJiaHaIu.
®dapa3 kwraimuk, 100 M1 0,1 n FeSO,4 spurmacura 50 ma 0,1 n KMnOy4 kymmunam.
VYupa spurMaza yura uosn Fe?*, Fe** sa Mn?* 6ynanu. MnOg5ca xKyaa Kam.

E =077 +

] 292 _funo ). €
50 0.1 1 s
] 220 - 2
yHIA
2,1 100-01 [50-01 5
e ]- 150 {150 [Mn04]}_150

MyBosanarnaru [Fe?*] Ba [Fe®'] monmapu koHceHTpanusacH KUHMaTHHU
KYHHO KyWHIaruHu OJIMHAIN

5 150
E ». =0,77+0,069lg —-—=0,77B

Fe3* / Fe 150 5

Hemak, spurmanuHr 50 % THUTpiaHTaHIa CHCTEMAaHWHT OKCHITAHWIN —
KalTapujInII TOTCHCHAIIA aHUKJIaHAAUTaH OKCUIJIOBYM — KaWTapyBUd JKy(THHHHT
CTaHJapPT NOTCHCHAIUTa TCHT.

Arap 100 mi 0,1 n FeSO4 spurmacura 99,9 mn 0,1 n KMnO, xywuneanoa
spummaoa Fe?* nonmuaunr xaxxmu 0,1 MIJI Koau:
[Fe3+]: 99,9-01 [MnO _] 9,99

199 9 17 109 9
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,.1 100-01-99,9-01 1 0,01
[Fe ] - [MnO 4 ]—
199 ,9 199 ,9
99,9/199 ,9
s 2, =0,77 40,050 Iy —— "= =0,95B
Fe™ /Fe 0,01/199 ,9

3. DKBHBAJIEHT HyKTaJla MyBO3aHaT Kapop TONTaH/1a
5Fe?* + MnO4 +8H* <« 5Fe®* +Mn?* + 4H,0

E

[Fe®']
EFe3+/FeZ+ :0,77 +0,059 Ig )
[Fe "]
0,059  [MnO
E. =151 + Ig [ 4][ -]
MnO 4, +8H " /Mn“" +4H,0 5

Teurmamanu xagma — xaj KymcaK
[Mn 2" ][MnO ;] ik

6E =0,77 +5-1,51 + 0,059 Ig
2+][Mn 2+]

[Fe

EkBUBaNeHT HyKTana xap oup [MnO, ] nonura 5 [Fe**] nonu tyrpu xenanu.

5[Fe**] = [MnOy] 5[Fe3*] = [Mn?*]
NkxkuHYMCcuHU OupuHYMCUTa OyaraHaa
[Fe®"] [Mn?"] [Fe®"J[MnO ;]
= ed =

[Fe?'] [MnO ;] [Fe2*][Mn 2*]
lg 1 =0 ynna,
6E=0,77+5-151 EszlﬁQB

4. DKBMBAJICHT HYKTaJaH KEWHMHTH HyKTajapa MOTCHCHAIHH XHCOOJIAIIL.
100 mi 0,1 n FeSO,4 spurmacura 100,1 mn KMnO, kymmaranaa [MnO4] nonnapu

opruk4a 6ymu6 [Fe?*] nonnapu xyna kam 6yiranga 2
50y 100201 o 1001

[Fe
200 1 200 1
100,1-0,1 10,01
[Mn2+ _ T Fe2+]:
200 ,1 200 ,1
. 100,1-0,1-100 -0,1 ... 0,01
[MnO ,]= +[Fe" " ]=——
200 1 200 1
By HyKTagaru CUCTCMaHHUHI' IIOTCHCHU AN
0,059 0,01/200 1 0,059 _3
E _ . 24 =151+ lg =151+ =1,48B
MnO , +8H " /Mn“" +4H ,0 5 10701/200 1

Onunaran Hatwkanmap 17-kanBan KypuHUIUAa €E3uUau0, TUTPIAII STPH

yu3uFry yn3miaam (1-uusma).
100 ma 0,1000 FeSO4 spurmacunu 0,1000 N KMnO4 3putmacu

oumJiaHn

[H'] = 0,1000 r — mon/n 6yaranaa THTPJIANIAA OKCHIAHMIN — KAWTAPUAIHIII

NMOTEHCHAJIN KUMMATHUHMHI Y3rapHIlIu.

17-xanBan
5 S| Kymr | Oprukua, mo 3* .
g 9| Ky pPTHUKYA, [Fe” 1 | MO 4] | Xycobnammmap E,B
B ©O| aH XI/ICO6I/I)13 [Ea2t1 [Mn 2%
. 1 A—
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fg}:ﬁ ®eC | KMn
(M) O Os
2 |50 50 |- i0/5o= i E=077 0,77
91 9 ; 81/ =1, E=0,77+0,0591g10 | 0,829
%9 . ] 99/1=1 | E=0,77+0,059110 | ¢ oo
00 0
99,9/0, B
5.9 o1 |- 12100 |- E=0,77+0,0591g10 | 0,947
) 00 0
3 |100 ; ; ; ; g 077 H5 151 g7
5+1
0,059
0,1/100= | E =1,51 + ———1Ig 0,001
1001 |- 01 |- 0,001 5 1,475
_ B 0,059
101.,0 _ 1.0 i 1/100=0, | E =151+ lg 0,01 1486
01
110 i 0 |- (1)01’100: e 151+ 2% 01| 1498
200 : 100 |- i‘i‘)’ L "% g1 | 1510
[Torencuan cakpama 1,48 — 0,95 =0,53 B ra tenr.
E,B 4
1,6
1,4
1,2 4
1,0
0,8 4
0,6 +
0,4 | I

50

I
200

"V, KMnOs, cm®

1 - ynzma. pH = 1 6ynranna FeSO, auar KMnO,4 Ousnian TUTpIAI Srpy YU3HFU.

Yusmanan KYpuHUO TYypHOIMKH, OKCHAUMETPUK THUTPJAIl STPU UYU3HFH,
IAKJ KXUAXATHAAH HEUTpaulall yCyJIuJard TUTpJall 3TPU YW3UFUTa YXIIaWIu,
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SAbHA DOKBUBAIECHT HYyKTa SKHHUA [OTEHCHAd KEeCKHMH Yy3rapamd. JIekuH
SKBHMBAJICHT HyKTara SIKMH OYyJMaral HyKTalapla YM3HK OMp TEKHC Y3rapuo
Oopany, AbHM E HUHT KuiiMaT TMTpIall BakTUAA SKy[da CEKUH Y3rapaiu.
OKCHUIMMETPUK THTPJIAII OTPH YU3HMFUIA KECKHUH Y3TapuIll COXACH OOpPJIMIHAaH
(boiinananu6, SKBUBANEHT HYKTaHH aHUK OEIIMIAIl y9yH MaxCyC MHAMKATOpIAp
WILIATULI MYMKYH.

OKCHIMMETPUK TUTPJIALI 3TPU YU3HMKJIAPU SPUTMAHUHT CYHOJITHPUIMILHIA
OOFIMK 5Mac, YyHKd HepHCT TeHIJamMacura >pUTMa CYIOJITHPWITAHU OMIIaH
y3rapMaiiliraH OKCHJUIAHTaH Ba KaiiTapuiarad opMmanap KOHCEHTPalUsIapHHUHT
HuCOaTH KMpUTWIraH. OKCHAMMETPHK yCyNl THTPIAIl 3IPH YM3HFUHUHT SPHTMA
KOHCEHTpausAcura OOFIMK OSMAClMI¥ OWlIaH HeWTpawiam ycyiauaad adsan
Typagu. %

By yCyJHHMHI MKKMHYM a)3aUINTH INYHAAKH, PEAKIMs HATHKACHIA XOCHII
OyJIran HOHNapAaH OMPUHM KOMILIEKCTa OOFJIANT OWIaH TUTPIIAII STPH YM3HFUIard
MOTEHCHAIHUHT KECKUH Y3TapuIl COXACHHM OUp 03 KEHralTUpUII MyMKHH. By ca
AHAIUTHK KAME TaKpHOacHIa aXaMHUSTIIH.

4.2 JKBUBAJIEHT HYKTAHH aHUKJIAII

OKCcHIUMETPUK TUTpJAlla HKBUBAJEHT HYKTa UKKH YCyl OwiaH
AQHUKJIAHUIIY MYMKUH:

1. Mnaukatopcus ycyn. Turpnamjga WIIaTHIAIATAH 3pUTMaliapiaH Oupu
TYK paHriav 0yica, opTHKYa OMp TOMYM KYIIMII OWJIaH 3pUTMA PaHTH Yy3rapaju.
Macanan: nepMaHraHOMETPUK TUTPJIALL.

2. VlHaukatopau THUTpiall. Yap WIUIATAININNATA Kypa OKCHUAJAHUII —
KalTapuiauil Ba y3Ura xoc MHAMKaTopiapra Oy auHaau.

a) OkcuIaHUII — KaWTapUIIMIL UHIUKATOPH.

Oxcuutanuil — KauTapuiInil HHIUKATOpIapu cudaTuaa KaiTa OKCHIJIaHUII
€KM KaWTapuwiMIl XyCYCUSITUra 3ra OyiraH OpraHuK OuMpHKMalap WUUIaTUIaIU.
Vnapuusr okcuianrad (INd,.) €ku kaditapuiaran (IJnd,,;) ¢dopmanapu xap Xui
paHrra sra

Indowe — ne < Jndyu

OxkcummaHunl  —KaWTapwiMIl — cCHCTeMacu ydyH HepHCT TeHriamacu

KyWuarnya €3uiiaiy.

o, 0,058 [ond ]
n [Ind . ]

Okcumylanu  -KauTapuwivill  WHIAKATOPJIApU TOTCHCHATHUHT MabliyM
KMAMAaTUAA Y3 PAaHTMHHU Y3rapTUpUIIl Xoccacura j3ra. VHaukaTtop paHTHHUHT
y3raputm [INd,e] / [INdgu:] ©HucOatra Gormuk, N = 1 HucOar 10:1 €éxm 1:10
Oynranna, HANKATOPHUHT Y3rapuIill COXacu

E=ES, 0,059 (opmyna OuiaaH XucoOmaHa .

E=F

E Hunr xuiimMatu TUTpiiaHa€TraH SpUTMa TMOTEHCHAIWIa OOFJUK, YYHKH
pUTMAJIa UHIUKATOP Xyaa kaM OViaau. OKCHUAOMETPUK TUTpJAllga YKBUBAJICHT
HYKTaHU aHUKJIAll Yy4YyH PAHTMHUHT Y3rapuil COXaCH NOTEHCHal Cakparll
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OpAIUFUAA, SbHU DKBUBAICHT HYKTa SKUHHAA €TaAUraH HHAUKATOPJIAp
VIUIATUIaIu. byHal WMHAUMKATOPJIAPHUHT AHUKJIAHTAH E° xumitmatu i+ 0,76 B
oynanu. Macanan, qupenunamus (E° = + 0,76 B) ana myHgaii MHIUKaTOpIIap
TYpPUIAHINP.

@— NH —@’@—NH @: ®:NH—©+

Difenilamin Difenilbenzidin
(ranasiz) (kvk)

Hudennnamun 5 = + 0,73 B kuitmataa paarcus, 3 = + 0,79 B ga sca kyk
panrau nudeHnnOeH3uIuHra yTaan (XpoMaToMeTpUK TUTpIIAIIra KapaHr).

Hemak, + 0,73 B man +0,79 B opanuruna nudeHunamMuH Y3 paHTUHU
y3rapTupanu.

6) V3ura xoc nHmuKATOP.

V3ura xoc amcmepc KOMNIOMA MHAMKATOPTa KpaxMmaldl MHCOT OyIiajim.
Kpaxman €n Ounan TYK KYK paHr aacopOCHsUIaHTaH KOMILIEKC OMpHUKMa XOCHII
kuiagy (pH = 0) (éxomeTpuk TUTpamra Kapasr).2

IlepmaHraHaToMeTpHK yCyJI
by ycyn moaaanap MUKIOpUHU niepMaHraHaT MoH Mu(Os OuinaH OKCHAJIAII
peakuuscu €plaMHa aHMUKJIAINra acocjaHrad. llepmaHraHar MOHM KHUCIIOTalH,
MIIKOPHI Ba HEUTpall MyXUTAa KalTapyBumiap OWIaH peakiusra KUpUILaIu.
Kanuit nepmaHraHaTHA KUCIOTAIM MYXUTAA KaUTapUIIMILIN.

MacanaHn:

1OFGSO4+2KMHO4+8H2804:5F62(SO4)3+K2804+2MI’]SO4+8H20
KalTapyBuu Fe?* ——, Fe** 1] 10 oxcupnanui
OKCHUIUIOBYHU Mn™ 5%, Mn? 5 | 2 kalTapuaII

By peakiusna KMNO,s HUHT MOJISIP 9KBHBAJIEHT MACCACH M (0 ) =M/H'=

M(KMNQO4):5=158,04:5=31,61 2/exe6 ca meHe.
FeSO, nunr mossip skBuBajieHT mMaccacu M(FeSQO,):1=55,85 r/ekB ra TeHr.
Kanuii nepmanranatHy HeUTpan €KUM Ky4Cr3 UIIKOPUM MyXUTIa KAUTAPUIIUIIIN.

Macanan:

3FeSO4+KMnO4+5KOH + 2H,0 — 3Fe(OH)3+Mn0O,+3K,S0,4
KaluTapyBun Fe?* ——, Fe¥ 1| 3 okcumnanu
OKCHUTOBYH Mn™ =%, Mn* 3| 1 kalirapunui

By peakmusga KMnO, monsp skBuUBaJeHT Maccack M (KMnQO,):3 =
158,04:3 = 52,68 r-exB. FeSO4 momsp sxBuBaneHT maccacu M(FeS0O4):1=55,85 r-
CKB.

Kanuii nepmaneanamnu wwukoputi myxumoa Kaumapuiuuiu.
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Macasnan:
FeSO,+KMnO,+3KOH — Fe(OH);+K:MnO4+K;S0,4
KalTapyBuH Fe?* ——, Fe¥* 1|1 oxcuamanum
OKCHIUIOBYH Mn’t —_*¢ , Mn®* 1| 1 xaiitapummi
Enextpon tenrnamara xkypa FeSO4 Ba KMNO, MosIsip SKBHBAJIEHT MaccacH
MoJtekysip Maccamapura TeHr. M (FeS0,):1=55,85; M (KMnO,):1=158,04
Kanuit mepMaHraHaTHUHT KHCIOTAJM MYXUTAA OKCHJIOBUMIIUK XOCCACH
HEWTpall Ba MIIKOPUM MyXUTra Kaparahaa aHda Kywid. bupuHunngas,
OKCHAJIAaHUII-KAUTapUIIUII MOTeHCUAJUTAPU Opacuaaru GapKHUHT KHAMaTH
E =+15165, £ = +0,59 b karra.

MnO~+8H* /Mn2*+4H O MNO ~ +2H O/MnO _+ 40H —
4 2 4 2 2

Ukkurungan, MnO, MOHIApH KUCIOTald MYyXWUTAA paHrcus Mn?* monmapurada

Kailitapunaau, optukdya MNO, WOH 3ca 3pUTMAHU OY NYIITH paHrra OYsiinu.
OKBUBAJICHT HYKTaHU aHUKJIAII KyJa OCOH OYITaHW y4yH MEepMaHTaHATOMEPTHK
ycyn OwiaH Oofnuk OYynraH Oapua aHUKIANUIAP KUCIOTAIM MYXHUTIA OJIUO
oopunann. 2’

KMnO4 >pUTMAacCUHUHT TUTPUHHU AHUKJIAINl YYyH TYpJId XWJI AHUKIOBYU
Moanapaan Qoimananum MmymkuH. bymapman HyC,04-2H20, NayCyO4, AS;0Os,
Ks[Fe(CN)g] -3H,0, temup kykyHu Ba xokazosap. Kymummuk xommapaa NaxC,Og
¢ku  HC042H,O0 kabu  kaWTapyBUMJApHUHT  CTaHAAPT  JPUTMACUAH
dolinananuIagm.

llepmanecanamomempux mumpaau YCYAIUHUHS ULUAAIMUTULIY.
llepmancanamomempux — mumpaawi  yCyau  3a800JAPHUHE — AHATUMUK — KUME
nabopamopuanapuoq, UIMull MeKuwupuwl 6a YVKY8 aadopamopusiapuoa KeHe
KYILAHULAOUSAH OKCUOTIAHUU-KAUMAPUTULL VCYIapuoaH oupuoup.
llepmaneanamomempux  ycyn Ounaw mypau Xul Op2AHUK 684 AHOP2AHUK
MOO0anNapHu AHUKIAUL MYMKUH'

Macanan: kalitapysumnap:. Fe, Bi, Ag, Cd, Zn, Sh, As, P, Fe?*, Cr?*, Mn?",
Sn%*, Cu*, Ti**, CI,, Br, J, S%, SOs%* , Se0;%, S,0:%, SCN, CN", NO", anbaeru,
MOYEBHHA, ACKOPOUH KUCIIOTa, Mou(eHoIIIap, makap Ba Xo0Kas3o.

okcwmioBumiap: Fed*, Ce*™, V*° Mo*®, W*® Cr*® , MnO,, PbO,, NOs,
BrOs’, ClOs, JO3', Ba X0Ka3o0ap.

llepmanecanamomempux mumpaaul YCyIuHuHe aQ3aiiuu:

1) sxBuBaneHT HykKranu KMNQO, HUHT OpTHKYa | TOMYUCHMHU TOMH3HUO
SPUTMaHM MYLITH PAHITa KAPUIINTa Kapad OUIMI MyMKUH (TYFpH TUTpPJIAILIA)

2) TuTpnalHy KUCIOTAIN €KU UILKOPUN MYyXUTIA OJIMO OOPHUII MyMKHH.

3) KMnO, OKCHIUTAHWII  -KAWTApWIWII  I[OTCHCHAIWHUHT  FOKOPH
= +1,51 b) Oynaramnmru cababiu Kydcu3 OKCHJIOBUUTIAP

(EMno;+sH*/Mn“+4Hzo
épaamuna aHukiad OyiaMalauraH MoamajiapHu Xam Oy ycysn OujaH aHUKJIaIl
MYMKHH

4) KMnQOy ap30H Ba KyJiaii peaKTHB
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5) OxcuanaHUII-KaWTapUIMII XOccacura sra OyiMaraH MOJAJAlIapHU XaMm
AHUKJaIl MyMKHH.

[IepMaHraTOMETPUK TUTPIAII YCYJIMHUHT KAMYHIAKIAPU:

1) bounanruy KMnQO4 5puTMacHU OJUIIT KUWUH.

2) KMnOy4 BakT yTHIU OWIAaH Y3WHU TUTPUHH Y3rapTHpaau, IIYHUHT Y4yH
uuuiaTUAad onguH, KMnQOs HU TUTPU aHUKJIAHUIIH KEpak.

3) Ilepmanranatomerpuk ycyn CI° WoHjmapu OujgaH Ouprajukaa oJub
copunmaiinu, uynku 2C1° ——2, Cl,° oxcumnanagmy.

4) TlepMaHraHaTOMETPUK THUTPJAIIHM XOHA XapopaTuja ojaud OopwmiraHaa
peakuus CeKUH 0Opaau, IIyHUHT YUyH KHU3OUPHIL Tanad KWIHMHAIH.

4.3 XpoMaToMeTpHUK ycyJI

Xpomartomerpuk ycyn omxpom - CroO:% wonu mawcupuda 6Gopaduzan
OKCUONAHUWL peakyusacuea acocianean. buxpomam uoHuHuHZ OKCUOIOBUUTUK
xoccanapu, mapkubuoa onmu eéarenmau xpom 6ynean Cr,O-;* anmonununr Cr3t
MOHHTA YTHUII PEaKIMICH OUIaH TYITYHTUPUIIAIH.
Cr,0;% + 14H* + 6e = Cr** + 7H,0

by peaknusinan kypuHuO TypuOmuku, arap oxcujianum yuyH K>Cro.0O7
UIIIATUJICA, YHUHT MOJISIp SKBUBaJeHT Macca 294,2 : 6 = 49,03 r ra TeHr Oynaau.
Cr,0+% wonn Cr** wonura xagap Kalitapuiranga H* moHmapu MIITHpOK 3Taiu.
HIyHUHT y4yH XpOMaTOMETPUK TUTPJIALLIAP KACIOTAIN MyXUTAA OJIU0 OOpUIaIu.
CraHmapT OKCHJIaHUII-KaUTapWIAII TMOTEHCHATUHUHT KuiiMaTu [HY]=1 moms/n

oynranga
COrZO%MHWCr%”HZO ~ 133 T'a TEHT.
ExBuBaneHT HykTaHW aHuWKnamga oup tomun optukua KoCroO; sputmacu
OmiaH KYK paHITa KUpaJWTraH OKCHUTAaHUII-KaUTaprivil (pea-oKc) MHIUKATOpH

mudenmnamud unviatunaan. E =+ 0,76 B.

XpoMaTOMETPHUK TUTPJIA YCYJTUMHUHT ad3a/liIuru

1. K5Cr,O7 HM TO3a X0J/1a OJIMIIT OCOH. YHHUHI CTaHJIApPT SPUTMACH aHUK
yiuab OMHTaH HAMYHAJIaH TalnépiaHau.

2. KyCrO; »sputmacu >xyma Oapkapop, BakT YTUINM OWIaH THTPHU
y3rapmania.

3. JuctunmanraH CyBra TyIMO KOJITaH OpPTraHWK MOJJanap TabCcUpaa
K>Cr,0; xuiiuH KaiTtapuiaau.

4. K,Cr,0Oy Gunan TUTPJIAITHYU TIACT Xapopatia xaM o0 OOPUIIl MyMKHUH.

5. KaifrapyBunnapaan Tamkapy okcuuioBumiapau xam (Mn*’, Mo*®, Cu*?)
MUKJIOPUHU aHUKJIAII MYMKHH. Fe*? MOHIapu Tabcupua OKCHUIOBUMIAD OHPOP
Ty3M KYPUHUINKAA Kalitapuian0, oprukda Fe*? nonu K,Cr,O; Ounan TuTpiaHaiy.

XpoMaToMeTPHUK TUTPJIAL YCYJTHUHUHT KAMYHJIUKIIAPH
1. KoCr,07 KMnO4 ra HUCOaTaH Ky4ucH3 OKCHIJIOBYH.
2. Oxcumgnanum - Kaitapumuim peakiusicu K>CroO; Ttabcupuaa HucOaTaH
CEKHH 0OpaJIu.
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3. Uaaukaropcu3 spuTMa paHTHHH Y3rapuiura Kapad SKBUBAJIECHT HYKTaHH

aHUKJIall KUNUH.
Emxomerpuk ycya

Turpumerpuk ananu3 J (J2) HUHT OKCHUTOBYMINK (€M &1 MoHaapu (J7) HUHT
KalTapyBUWINK) XOccajapura acoCaHraH yCylnu EIOMETpUK YCyN JIeHHIIaIu.
EfoMeTpuK ycyaHMHT acocuia KyHHaard peakiuusiap:

Jo+2e — 2J (a) yoki 2J +2e — J, (6) éranu.

by ycyn 6unan (a) peaknus épaamuna Kartapysumiapau (H;SOs3, HzAsOs,
HSbO3 nunr ty3mapu, spkun H,S, SNCl, Ba Oorikanap) Ba (0) peakius EpaaMuia
oxcupnopunnapau (Cly, Bra, KMnQ4, KCIOs, H,0, , Cu™?, Fe™® pa Gomxkanap)
AHUKJIAIl MyMKHH. 28

Kartuk xommarm (kpuctamuk) €n cyBaa kam spwiinu. LyHWHT yayH
cTaHfapT spuT™Ma cudatuaa Exuuar KJ paru spuTMacu MILIaTHiagu. BEi xamuit
&aua spuTMacuaa spuranaa [Jz’| KOMIUIEKC HOHJIAPUHU XOCUIT KA.

o+ J e [Js]
Tpu€nan - €nun  OKCHUIJIAHUII-KAUTapWIUIL  KYQTUHUHT  HOpMAaJ
OKCHUJJIAHUII - KAUTAPWINII MOTCHCUAIIA E =+ 0,5355 B ra, E, =+

r 3,123 -
‘L

0,5345 B Tenr Oynaranum yuyH Jo/2)° Ba [J3]/3) okcmmmaHumm - KaHTapHIIUII

Ky(PTIIapUHUHT OKCHJIAHUII TTOTCHCHAJIJIAPWHH TECHT 1¢0 OJIMIIIMHA3 MyMKHH.

EnomeTpux aHuKTamga OOpaguraH peaKIUSHUHT acOCHH TEHTJIaMacHHH
Kyhugarnda udoganamn MyMKAH:
o+ 26 & 2]

By peakmusiga cUCTEeMaHWHT  OKCHJJIAHWIN  TOTEHCHAIW  BOJOPOT
MOHJIAPUHUHT KOHCEHTpAaIHsICUTa OOFIIUK dMac.

AMMO TapkuOuaa KHCIOpOJ TyTraH Mojaanap Jo €ku [2J7] Ounan Bomopos
MOHJIApYM HWIITHPOKHUJA peaKuusra KUPUIIUO HEUTpasd CyB MOJEKYJIACH XOCHII
Oynanu.

Macanaun: H,AsO4 + 2J + 3H* — HAsO, + 2H,0 + J,

bynpnait xommapia 3ca CUCTEMAaHUHT OKCHIJIAHUII-KAUTapUIIUII TOTEHCHUAIH
sputManaru [H*] nonnapura 60ruk Oymazm.

KaiitapyBumnapuu anukiam: Arap Hatpuii THOCYybdar (NaxS;0s)
APUTMACHUTA dPKUH E]] TAbCUP ATTUPUIICA, KyHHIard peakius Coaup Oymamu:
2Na,S,03 + J, = Na,S,06 + 2Nad

Peakums wHatwkacuma HaTpuil TerpatuoHaT ae0 artamaguraH NapSsOg
OupukMma Xocuia Oymamu. by peakius moJgoMeTpUuK YCYJHUHT MYXUM PEaKIUSICH
O0y10, MOHIM IIaKJAa KyHuaarnda €3uiajiu:

282032' +J,=2) + 84062_

Harpuii THocynbdaTHUHT MOJisip-ekBUBaieHTH 248,2 Y 2:2=248,2 r. ra TeHT
(NaS;03 - 5H,0 ¢opmynara myBodHK). EXHMHT MONSAp-eKBUBAJEHTH YHHHT
MoJisIp-Maccacura TeHr. Hap;CoO3 HUHT THTpJall YIyH OJMHTaH XaMMa dPUTMach
TUTPJAaHUO OYynraHaa, TUTPJIAHAETraH CYIOKJIMK OWp TOMYM &I HSpUTMacU

J 1|_/3J -
3]

28 Mikell P.Groover., Fundamentals of Modern Manufacturing Materials, Processes, and Equipment John Wiley and Sons inc USA 2010 387-pp
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KYITWINIIA OWIaH 04 capuK Tycra kwmpamu. Jlemak, Oy Xomma Xxam Xyanu
XPOMAaTOMETPUK Ba MEPMAHTaHATOMETPUKAArd KaOu MHAMKATOP UIUIATMali TypuO
TUTpJIAll MyMKHH. JIEKMH €IHMHI TUTpJAlll OXMpUJAa HaMaéH OYyiaauraH paHru
OmnuHap-OMmyIMHMac OYyiumu cababiu SKBUBAJICHT HYKTAHUHT aHUKJIAHUIITMHU
kuitnanamtupany. Llynusar yayn unaukarop cudarua €1 yayH HUXOSTIA CE3TUp
pEaKTUB-KpaxMall JpUTMAcCU MIUIATUIaAu. MabiyMKu, Kpaxman €n OwuliaH
OupUKUO, KYK Tyclu aicopOCHOH OUpPUKMa XOCHUJT KUJIaId, KpaxMall 3puTMacuIaH
doiimananunaTania, TATPJIANI OXUPUIA CYIOKJIUKKA €11 SpUTMacuaH OpTUKYA OWp
TOMYHM KYIIUII OWIaH y KYK Tycra KUpaaW, HaTWKaaa TUTPJIAINTHUHT OXUPTH
HyKTaCH aHMKJIaHau. 2
Enomerpuk Turpiaam ycy MHUHT ad3alIuKIapy
1. Enomerpuk ycyn 6unan kynrusa J, Ba J° OMIaH peakuuara KHpHIIMai uraH
MoJanapHu aHukjam MyMkuH: Macanan: HoO vu ®@uiiep ycynu Oumas.
2. bouika okcuIaHUII-KaUTapWInII yCyJulapura HucOaTaH aHUKJIUTY KaTTa.
3. J2 y3ura xoc padrra sra OynraHiaurd cababiii SKBUBAJEHT HYKTaHU
WHIMKATOPCHU3 XaM aHMKJalll MyMKHH.
4. J; cyBIM 3pUTMAJIaH TallIKapy OPTaHUK APUTYBUWIIApA SXIIA IPUNJHU, 1Ty
ca6abyu TUTPJIAITHU CYBCH3 dpUTMAIapa XaM 0JIM0 OOpHUIIT MyMKHH.

EnoMeTpuk THTpIaI YOy IMHHHT KAMYHIHKIAPH
1. J; yuyBuaH.
. J xaBo O; Tabcupuaa okcumianaau 4J° + O, + 4H" «» 2J, + 2H,0
3. EnomeTpuk TUTpNAIl yCYIMHH HITKOPUM MyXUTAa oMb GopuiMaiiiy,
YYHKHU AUCTPONOPCUSIIIAHUII PeaKIusicu Oopau.
. OKcuITaHUII-KaW TApUIIUIIL PEAKIUIACH CEKUH OOpaiu.
. Peakiust HaTmxacuaa xocun 0ynran uykma €Ky OOIIKa aKTHB
Moz aanapaa Jo aagcopocusiiaHaau.

N

o~

Ha3sopar caBoJsiapu:
1. Toptma OkcuUI0BYM Ba KaTapyBUMIAPHUHT MOJISIP SKBUBAJIEHT MacCaCUHU
xycoOam KaHaal amaira omupuianm?
TuTpnam 3rpu un3nry Kangam?
EKBHUBaNeHT HyKTaHU aHMUKJIAI KAH/1ail aMalra olmupuiaaan?
[IepmaHraHaTOMETPUK yCyJI KaHaai?
XpOMaTOMETPUK YCYJIHU TYITYHTUPUO OepuHT?
EnoMeTpuk ycyaHu TymyHTHpUO Gepunr?

ok wn

DoiigasaHnIran agaduéraap:
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Wiley and Sons. UK 2014
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IV.AMAJIMA MAIIFYJIOT MATEPUAJLIIAPU

1-amauunii MalIFyJIoT:
Cudar anaausu acocjaapmu

Mmpan makcaa:  MertautlapHUHT  yMyMHMM — OJMHUII  YCYJUIApH,
IIAPOMETAIUIYPIrUK  yCyJd, MeTtaulapHn  OKCUUIAHMINM, TajJOreHjiap  Ba
Xalkorennap,  Merammap  OujaH  KUCJIOTa  dpUTMajapud  Opacujaru
TabCUPJALTYBUHU YPraHUII Ba TaXJIMJI KUIITUIII.

Macananu Kyiuuauwiu: MetannapHuHT KUMEBHKM XOCCAJIapU Ba  yJap
acocujia MUcoiap Oakapuil.

Kepaknu xncuxosnap: KoMbroTep, IPOEKTOpP, KOMIIBIOTEPHUHI JACTypUid
TabMHHOTJIAPHU.

Hwinu 6asxccapuw yuyn namyna:

MertannapHUHT YMYMHI OJIMHUII YCYJUIapy

XanK XyKanuruaa MeTAUIapHU Ky  MUKAOpPAA OJUII  COXACHUHHU
memannypeus ned atanaau. by coxa TeXHaJIOrusicu MKKUTa KaTTa KUCMJIaH nbopar,
ylnapaaH OWpd TEeMHUp, OFUP paHIVIM MeETaulap Ba TapKOK >3JEMEHTIap
TEXHAJIOTHSCH Oyiica, MKKMHYM COXa TEXHOJOTUSICMHU €HTWJ, TapKOK
areMeHTIapra Oyl MyMKHH.

bupnHuM coxama MeTal pyxXJIApUIaH TYFPUIOAH-TYFPU IUPOMETAJULYPIUK
Ba TMIPOMETAIUTYPTUK yCyJiap/ia axpaTuO OJMHAIH.

[InpomMeTamnypruk ycyija 4ysiH, MyJiaT, MUC, KYpFOILIMH, HUKEJ, TUTAH Ba
Oomka MyxuM  MeTaulap  oiuHaaAu.  bab3aH = MeTaulapHU  OJMINA
NUPOMETAJUTYPTHsSl YCYJIU THUIAPO Ba DIEKTPOMETAUIYPTUs YCyJulapu OujiaH
OUpranvkaa KyJUIAaHUIMIIA MyMKUH., >0

MerannapHuHr  KMUMEBHM  XOCCAJIApUJAaH dSHI MYXMMH  YJAQPHUHT
OKCHJUTaHMIITa OyJIraH MyHOcabaTH >KyJa KeHr derapaaa ysrapaau. Kymuwmimk
MEeTajlap XaBO KHUCJIOpPOMJIM TabCHUpHUIA OAaTAarM YW TeMIleparypacuia
OKCHJTAHA]IU, JIGKUH Oy Kapa€H TE3JUTH Ba PEaKcus MaxCyJoTIapu XaM Typiihya
Oyaumy MymkuH. Mmkopuit meramiapaan ¢akar autuit ogamii okeupa Li,O Hu
XOCHWJI KWJICa, HAaTpUM OKCUJIJIaHTaHa cyonepokcuiap — Me,O4 xocun 0Vnaau.

MerannapHu OKCUJIAHUIIIAH CAKJIAWIUTaH OKCHJI MAPJAIApUHUHT XOCCACH
—  OKCHJIHUHT MOJIIp X@XMH METAIHUHT MOJISIp XaXKMHTa HUCOATH
B(okcun)/B(metann) 1 nan karra Oyica, yHUHT 3WWiIdry Tydailim okcuj mapaa
MyCTaxkaMm OYlanu, METaTHUHT OyHJall mapAacu SIXJIMT, FOBAKCU3 OYIUIIN
XUCOOWTa YHUHT WYKH KaTjaMjapuia KUCIOPOIHUHT nuddys3usicu 103 6epmaiiiu.
bynmaii xocca Al, Ti Ba XpoM MeTa/LITApUHUHT AKTHBIMIH SAXIIH OYIUIINTA
KapaMmaii ynap XaBojJa OapKapopJurd xammara MabiyMm. MeTaml OKCHIHHHT
MeTaJul t03acu OwiaH OOFIaHMO TYpHUINU SIXIMIA OYIMACIUTH IOKOpUIArd HHUCOAT

30 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 425-pp
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OupaaH KWYMK OYNraHjga MeTa/ulapHH OKCHJUIAaHMILIIAH cakjiall KUMuH Oymanu.
XaBo TapKUOMIark a30T OMJIaH JUTHH OCOH peakcusra Kupumuo Hutpua LisN Hu
XOCWJI Kwiaau. Maruuif, cupkoHui, rTadHMUI, TUTaHJIAp a30T OwWJaH
KU3AUPUIITaHIa PEaKCHsIra KUPHUILA OJIaJIu.

Kymunnuk Mmeraniap BOJIOPOJ, TaJIOreHNIap Ba XaJKOreHaap (OJTUHTYTYPT,
CeJIeH Ba TeJUTypiap) OWIaH peakcusiia KaTHallla oaauiap.

MertautapHUHT CTaHAAPT JCKTPOo ] NoTeHcuamiapu kuiimatu — 0,413 B nan
MaH(pHUIpOK OYiica, ymap CyB OuiaH TabCHpiAmMO BOJOPOJ AKPATHO UYMKAJIH.
Nmkopuil Ba UIIKOpHii-ep MeTaulapu CyB OWJIaH XKyJa OCOH peakcHsra
KUpHUIIAIU, JIGKUH pyX Ba TeMUp Kabu MeTaiap cyB OyF OwWwiaH [OKOpU
TeMIlepaTypajapaaruHa Ce3uaapiiva Japakaa peaKkcusra KUpUIIaIu.

Umkopnap spuTManapu Ounad rugpokcokommiaekcaap [Me(NO),J™-
XOCWJI KHJIaIUTaH, OKCHIapu amGoTep XycycusTra sra 6ynran metayap (Be, Zn,
Al, Ga, Sn) tabcupiamiaad Ba peakcHsaa BOAOPOA akpannd uukamu. Kpemumii
XaM IIyHJail XyCycusiTra ara.

Si+2NaOH+H,0=Na,SiO3+2H;

Mertamnap Ounad KMCIOTa dpUTMANIapU OpACHUJIard TahCUPJIAIIYB CTaHIAPT
ANIEKTPOJT MOTEHCHaIapu MaHduii OYnraH, SbHU SICKTPKUMEBUHN, KyWIaHMIII
KaTopuaa BOJAOPOJIAH OJIJIMH >KOWjamran metaap yuyH xocaup. Ly cababmu
OyHnail kapa€H OKCHIJIOBUM Xoccara dra Oynmaran (xjiopuna Ba cyndar)
KHCJIOTAIap TabCHpHIAa OCOH amanra omaan. OKCHIIAHWII Japakajapu IacT
Oynanuran Metayiap OyHJiail peakcusiapia KaTHOH X0ura yTaau (Macaliat, pyx),
arap MeTaJ MOHJIApU yUyH IOKOPH OKCHIJIAaHHIII XOJIATH TYFyH OYJIca, yH/Ia METaJlI
OKCHJJIOBYM KHCIIOTa/Ia SPUTAHIa aHWOH TapKUOWTa YTa IH.

3Re + THNO3 = 3HReO,4 + 7NO + 2H,0

CyronTupwirad HUTPAT KUCIOTa OCOH OKCHJTAM OJIa, IEKMH KOHCEHTPJI-
aHTaH KUCJIoTa 0ab3u METa/NIapHU NACCUBJIAIITHPATH.

CraHgapT SJ€KTpOJ TMOTEHCHUANM IOKOpU MycOaT Kuiimarra sra Oyirax
metaiap — Pt Ba AU spuTmara yTKasuil y4yH OKCHJIOBYM XOccara 3ra OyiraH
KUCIIOTaJIaH  Talllkapy NIy MeTaylap HWOHJapu OuilaH TypFyH aHUOH
KOOPJIMHATCUOH OMPUKMAa XOCHJI KUJUIIIIa KaTHAIIQUTaH JIUTaH1 MaHOau TyTra
MoJJIanap apajammacu — “mox aporu” (€ku “3ap cyBu”) koHceHnTpsianran HNO;
Ba HCI (mon nuc6arnapu 1:3) éxku HNO3 Ba HF apanammacu nimnarunagm.!

Mag3yra qoup macajajaap e4uil

1-mucon. Kpucramm pyx cyndaru ZnSOy - 7TH,O kypuruaranga 115°C na 6
mon cysaa Ba 225°C nma Oyryn cysma axkpanagu. Cyndartnapaard 3H HUHT
TapKUOWHU KypUTHINTauya Ba YHJAH KEHWWH 11y TemmepaTrypaiapiara ¢ous
MUKJIOPUHM aHMKJIAII Kepak.

Euuw: Kpuctannu cyndatHHHT KypUTHIN JaBpUIard aKpPaIWIIUHA KyWHJIarud
TEHIJIaMa OPKaJy TaCaBBYpP KUJIUII MYMKHH.

115°C da ZnSQOy4 * TH,O = ZnS0O, - H,0O + 6H,0

288 180 6-18

31 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 415-pp
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225°C da ZnS0O, - 7TH,0O = ZnS0O, + 7H,0

288 162  7-18
Pyxuunr 65 atrom OFMPJIMTU/IA PyXHUHT MUKJIOPH KyWUJariHU TallKWiI 3Taau.
ZnS0, - 7TH,0 da: 6;';;'“ = 22.75 %

ZnS0O, - H,0 da: Ei;L;D = 35,43 %

ZnS0O, da: =22 =405 %

162
Kyputni naBpuia OFMPIMKHUHT HYKOJIUIIN

115°C raua 22220 — 376 %

225°C raua —_—— =43,8%

2-mucon. Tagkukornmap OViimya Tabumii oxaktomma 46 v CaO  MaBxXyo.
AHUKJTaHCHH: a) Iy OXAaKTOIIHWHI 4YacToTajap Japaxacu; ©0) KU3IUPHIIL
HaTmwxkacuaa CO rasu Ba CaO HUHT YKMKUIIK; 1) KA3AUPUII HATHKACUIA OJIMHTaH
OXAKTOIITHUHT YacTOTaJIap Japa’kacu.

Euuw: a) CaSO;z; aunr monekynap orupauru 100 ra tenr, CaO nuku 56. Y
X0JI7Ia T03a OXAKTOITHUHT Tapkubuma 56 kr. CaO 6ynumm kepak. Oxakromiaa 46
kr. CaO Oynuim HaTHXKacuaa Kyiuaaruaad uoopat Oyinaau:

S56kr ------ 100%
46Kkr ----- X %

i =82% CaSO0O3

s ]

By pakamiap OXaKTOIIHUHT YacToTajgap Japa)KaCUHU XapaKTepJiaiiu.

0) CaSOs3 HU KU3IUpranuMuU3aa Kyingarunapra 6yauaanu:?

CaS0O3; = CaO + SO,

100 56 44

bynnan xypunu® TtypuOauku, 56 macca orup. CaO nma 44 macca orup. CO;
xocuJ1 Oynmaaun. Y xoinaa, Ku3nupuil Hatmwkacuaa xap 100 kr oxakrouiaa Oyianu:

e 36 kr CO,

56
XaxMui OUpIMKIap yayH ABarajpo KOHYHH OYyiinda KyWuJIaruHu Ty3aMu3:
22,4

B=n22=36222=184 v
M 44

[ynra kypa xku3gupranga 100 kr oxakromgan 36 kr CO, 4uku® KeTamgu, y
Xo0J1aa

100 - 36 = 64 xr CaO

n) 100 kr oxakromiian ku3gupui Hatuxkacuaa 46 kr CaO maxcynortra yraau, y
X0JIJ1a, OJIMHTaH OXAKTOIIHWHI YacToTaiap napaxacu, ssbHU yHiaaru CaQO HUHT
MUKJIOpH

46 -100
a4

=72 % ra TeHr.

32 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 325-pp
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Ha3zopar caBoJsiapu:
XO03Upru KyHja Tax IMWIHUHT KaHJal yCcyJiapyu MaBxyd?
Huma spurmMaHuHT HOp-MaJl KOHCEHTPACHSICH XUCcoOIaHau?
IIpoceHT KOHCEHTpacus HUMa?
Mosisap KOHCEeHTpacusi HUMa?
Pearent Huma?

abrwn e

DoigaJaHNITaH aa0duéTaap:

1. Callister William D. Jr., Materials Science and Engineering, an Introduction.
Wiley and Sons. UK 2014

2. T.Fischer., Materials Science for Engineering Students, 1st Edition Elsevier
UK, 2008

3. Mikell P.Groover., Fundamentals of Modern Manufacturing Materials,
Processes, and Equipment John Wiley and Sons inc USA 2010

2-aMaJInii MAIIFyJIoT:
I'eTeporen cucremanapaa MyBo3aHaT

Hwioan maxkcao: Metamnypruk >xkapa¢Hiap/ia XOMAalIEHUHT MHUHEPaJIOTUK
TapKUOU HPUTHIN TAWTHIA XOCWUJ OYyiIajauraH IITEHH, IUIAK Ba Tazjapra JOUp
MUCOJI Ba Macaiajiap, METALUTYPIUK XUCOOOTJIap yYyH MUCOJUUIAPHH €YU,

Macananu Kyuuauwu: Metaqmypruk XucoOoTJIap Y4yH MUCOJUTAPHH €YU

Kepaknu scuxoznap: Komnbiorep, NpPO3KTOpP, KOMIIBIOTEPHHHI AACTypUi
TabMHUHOTJIAPH.

Hwinu oasccapuwi yuyn Hamyna:

Mertannypruk sxkapaéHiapja XOMAIIEHUHT MHUHEPaJOTUK TapKUOU
OPUTHIN TAWTHIA XOCWJ OYiaauraH IMITEWH, NIJIaK Ba rasjap TapkuOura xyna
KaTTa TabCcUp Kypcatanu. bynapaan tamkapu, EKUIFU Ba dJIEKTpeHeprus capdura
XaM CalIMOKJIA TabCHP KypCaTaJin.

Nnvmuii TangkukoTIap HATHXKACUTa Kypa XO3UPIM 3aMOHOBHMM TEXHHUKaJap
MyTaxacUC Ba COHOAT XOJUMJIApUra XOMami€ MHUHEPATIOTUK TapKUOWHU
AQHUKJIATHUHT KEHI HMKOHHSTIApUHU ounb OepMokna. bymapgan Oupuuum
HaBOaTJAa aWTUINMMU3 VPUHIM OYynraH ycyn Oy MuKpockonusaup. byHuHr
HaTIWKacUaa JTapjidya UIIOHWIM Ba cU(aTiu  Xomamlé TapKUOWHM aHUKJIAII
UMKOHUHU  Oepaau. Xomam€HUHT  cudatu  TYFPUCHUAATH  MabIyMOTHU
peHTreHorauk Ba DJJIGKTpOHOrapuKk TagKUKOTIAp XaM OEpUIM MYMKHH.
MuHepaniapHUHT SpUTYBUMJIapra HucOaTaH Typiauua MyHocabatga Oyiuiu
HaTWKacuJa MUHEpaJl TapKUOUHM KUMEBUN ycyuiap €paamMuia aHUKJIAII
UMKOHUHU Oepaau. MacanaH OKCUJIaHTaH MHCIM MHHEpaJUIapHU, Ccyadar
KHCJIOTa Ba YHUHT apajaniManapuja dpUTHUIIl UMKOHHM MaBxkyn. byHna cyndumam
MuHepaiap Oy sputyBumwiapiaa spumaiinu. Iy ycymmap €épmamuma muHepan
TapkuOugaru Muc Ba OOIIKAa MOJJajiap MUKIOPWHH aHHWKJAIl MyMKHH. bormika
TypJard MUHEpauiap TapkKUOWHU aHUWKJIAIIAa CHAHWIJIAp XaM KyJaHwiaau Oy
yCcyJia MHUHEpal TapKuOWaa KaHda XaJKOMUPUT Ba XaJKO3WH MHUKIOPIApUHU
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Ownum WMMKOHWMHU Oepanu. By Typrnaru kuMmEBmii TaAKuUKOTIap (a3aBuil Eku
paTCHOHAI TaxJuia Aed atananm.s

Kyn xomnapna, rokopuaa Kaij STWITaH TaxjIWlap KyTWITaH HaTWXKaHU
OepMaciurda XaMm MYMKHUH, S’bHU PYJAaHUHT KUMEBHM TapKUOWHM Ouiicak-na
METAJUIHUHT KaHJal MUHepalliap, OupukMaiap TapkuOuaa My>KacCaMIIMTUHU EKU
aXpaTUO OJUIN Kepak OYJIraH METAUTHUHT (a3aiv TapKUOWMHU OWJIMII aloXuja
axamMusaT kacO ataau. Xomamé€ €KkM pyna TapkuOujard MUHEpaiap Xamja
OupukManapHu Ba (a3aBuil TApKUOMHM aHWK OWIMIIMMHU3 3Ca METaJUIyprus
*KapaCHUHU TYFpH TaHJAIMMU3ra Ba Kalcu ycya OWIaH yHU KaidTta wuiuiao,
ApUTHO, UKTUCOAMI camapa Oepa oJaauraH TEXHOJOTHSHHU KYJUTalTUMU3ra UMKOH
apataau. lllyHuHTIHEK METATYypruK XHCOO YHHHI paTCHOHAl TapKUOWHU
Xucobunani, ameénap TEHITUTMHA KeNTUPUO YUKapHUIga, pyAaHUHT (azanu Xamaa
MUHEpAIA TAPKUOMHU OWIITaH XOJIariHa aMajra OIIUpUIIaan.

1- mucon. Xankonuputauar CuFeS; dousnu TapkuOuHu aHUKIIAII.

Euuw: XankonuputHunr (opmynacunan CuFeS; kenub uukanauku, yHaa
UKKU aToM ONTHHTYTYpPT (32x2=64), 6up atom muc (64) Ba 6up atom temup (56)
ownan Oornanrad. CuFeS; vunr monexynap orupnuru 64+56+64=184 ra TeHr.

[Iponopcus Ty3aMH3 Ba YHU €4aMHU3:
184 CuFeS; - 64 Su

100 CuFeS; - X Cu X=2"2=346% Cu
184 CuFeS, - 56 Fe
100 CuFeS, - X Fe X = 5;14““' =30,4% Fe
184 CuFeS, - 64 S
100 CuFeS, - X S X=222=-350 S

154
2-mucon. 500 xr. Temup cynbumu FeS onum ydyH kaHdya Temup Ba

OJITUHTYTYPT Kepak Oynaau?
Evuwi: FeS nuHr X0CcHI1 OYInIl peakcusicuaH
FeS +S=FeS
56 32 88
Kypub typuobmuzku, 88 kr FeC yuyn 56 xr Fe Ba 32 kr S kepak Oynanu. ¥
xosiaa 500 Kr onuil yuyyH kepak Oynaau:
Fe == =317 kg

g

S==>=183kg

3-mucon. Tapkukornap Oyitmya muc pyaaitapuaa 0,40 % muc XOJIKOTUPUT
CuFeS; xypunuimaa 6ynaau. YHUHT pyJagard TapKUOWHU aHUKJIAHT.

Eyuw: Xankonuput dopmynacu 6yiimua CuFeS; wmacca orupauru 64 muc,
yHaa 184 macca orupnuruga mMuHepan xocua oOymamu, y xonma 0,40 % wmuc
KyWHIarMH] TalIKWI Kaaaau. >

33 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 125-pp
34 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 225-pp
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184- 0,40 o
Cu PP 1,15 %

1-mucon. 150 n. CO, razunm onui yuyH tapkuduga 90 % nmu CaCOj Oynran
oxakrour Ba 20 % 1M XJOpHUJ KUCIOTagaH KaHda capd 6ymumm anukaancus (0°C
na 1 atm.)

Euuw: Peaknusinan

CaCO3 + 2HCI = CaCl; + H,0 + CO,
M 100 2- 37 22,4 |

bynman xypuan6 Ttypubmmku, 22,4 1 CO; ma 100 r CaCOsz Ba 73 ¢ HCI

Kepak Oynaau.

150 1 CO; onu1n yuyH 3ca,

1) 10202- TD =670 T103a CaSO;3 Exn

2) ﬁ?c;:m = 744 T 0XaKTOIII

3) =489 r HCl ékn

4) A 2245 1 20% nm XJIOpU]T KUCIIOTa

20
2-mucon. Mapranecuur 47 % nu tapkubu MnO; kypunummga 6ymuo,

FeSO, nunr oxkcumnmanumm yuyH HpSO, 1 M3 nga mynmail mapoutna OVnumiug
Kepakku, Kaiicuku sputMmana Fe nunr (II)-Bamentnu Ttapxubu 2,7 r/m Oyica Ba
Hazapui >KMXaTgaH okcumiaHum caphu 2 mapra omraHga (Mn) mapraneciu
PYJlaHUHT cap(pUHU aHUKJIAII.

Euuw: ®eCO4 Hunr oxkcupnanumu HoCOs pa Kyiimparm peakcust Oyiimya

OKUO yTaau.
2 FeSO4+ MnO,+2 H,SO,= FG(SO4)3+ MnSQO,+2H,0
2:56 87

Peakcusinan kenu6 yukamuku 112 v FeSO4 na 87 r MnO; kepak 6ynaau. Y
xoiija MnO; HUHT Ha3zapuid MHUKIOPH 2,7 T HUHI OKCHUJJIAHUIIM YYYyH Kepak
oynran, 1 1 spuTMa TapKuOUIa KyHHarura TeHr:

112r -- 87r

27 r - Xr

X=222=21r MnO,

112
Ukku xappa optukamkaa 6y 1 i sputmana MnO, 2,1-2 =421 uu éku 1 M3
>putMana 4,2 kr MNO, HY Tamkui Kuaaam. >
Engn Mu nu pynanunr capbunu anukiaimmi, yaaa 47 % Mn Gop, MH
HUHT 55 aTOM OFUPJIUTH]IA

5727 — 74 % MnO; Gop.

P s |

4,2 kxr MnO; onumr yay H ME 1 pyzasunr capdu 1 M3 sputmana

35 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 325-pp
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4.2-100
74

= 5,6 KI.HH TaIIKWJI KWJIagu.

3-mucon. Muc cynduam pyaa O0pHUT, XaJIKOIUPHUT Ba KUHCAAH (TIopoja)aaH
noopar. Ananmuznap Oyinua yuma 16,2 % muc cynduau, 9,0 % oaTUHTYrypT
cyndunu topunrad. Pygamaru OOpHUT Ba XaJKOMUPUTHUHT TapKUOWMHU TOPHUII
Tajad dTUIAH.

Euyw: ABBan MHCOTHM yMyMUW KYpUHHUILIJIA €4aMU3. BOpHUTHUHT
patcuonan dopmynacu Fe Sz:3CuxS (M=686), xankopuputHuku FepSz - CusS
(M=367), spamn ukkana muaepai xam CuU,S Ba FepS3 man ubopar. Pymamaru Cu
HUHT TapKUOWHU OwWiraH xoJija, ukkaiga muHepanmaru  Cu,S (M=159) aunr
MUKJIOPUHHU XHCOOJalml MyMKHH. YHAArd ONTHHTYTYPT CYJAMUIUHU OWIraHd
xonna, ynapaaru Fe;Sz (M=208) HUHT MUKIOPUHU XUCOOJA0 TOMHII MYMKHH.
Xucob6mad tormmaran CupS mukmopwan A OwnaH, FepS; Muxnopuaun M Owmmas,
OOpHUT MUKAOPHMHM X OWJIaH Ba XaJIKONUPUTHU Y OuinaH Oenrunad, TeHriama
Ty3aMu3.

Nkkana munepangaru CuyS HUHT MUKI0OpU OYiinua

3:159X  159:Y
+ =A
686 367
1) Fe,S3 HuHT MUKI0pH OVitnua

208-X , 208-Y¥
+ =B
636 367
Tenrnamanap cucremacuau eund, FepSz:3CuU,S yuyn Genrunani onamus:

X=2,I5A-1,65b
Fe,S3-3CuS  MuKAOpH yuyH
Y=265b-1,15A
by BasusTuMusra kapal, pynagaru MHUCHHMHI TapkuOunu yHuaru CupC
MUKI0pH OYiinya aHUKIaiMu3:
387199 05 A
Ontunaryrypt CupS nma Oormanran 19,9 — 16,2 = 3,7 %, oaTUHTYTypT
cynpuauauar xKoaauru 9,0 — 3,7 =153 % Fe,S; xocun kumagu.
22 -114%5

3-32
Tenrnukka Oy OenruiamnHu Kynuo,
X=2,15-19,9-1,65-11,4= 24 % OGopHuUT
Y =2,65-114-1,15-19,9 = 7,3 % xankonupur ojaMus.
4-mucon. Cu mu mreHHn oK Mar CuS OmiaH XaBO MypKall OpPKaIH
KoHBepTpiamHuHr ukkuaun aaspuga 20 T Cu omumnrad. [lypkamina capduanran
OK MaT MUKJIOPU Ba Ha3apHil XaBOHMHT cap(PUHU aHMKJIAI Tajaad >Tunanu.
Euuw: KonBepTpiam HaTWkacuja OK MaT aBBajl XaBO OWJIAH OKCHJJIaHA[H,
KEWHH MHC OKCHJIM XOCHJI OYJIau, sS’bHU OUp BaKT/a UKKW PeaKcus OKUO yTau.
2CUu,S + 30, = 2Cu,0 + 2S00,
Cu,S + 2Cu,0 = 6Cu + SO,

36 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 455-pp
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by epnan kenu6 ynkanuku, 6 kr atom muc (Cu) onum yuyH (6:63,6) 3 kr Mo
Cu,0O (3:159) kepak Ba 3 mon kucaopoz (O2) (3:22,4 m®)
20 T Kopa MHC OJTUII YYyH Kepak.

3-159-20 _
ez = 25+ Cuz0O (ox mar) Ba

3-22.4- 20000
& B3 .6
Xaoma 21 % O, Oop, 25 T OK Marmard nypkKamiga XaBOHMHT capdu

KYWHJIATMHY TAIKWAJ KA1
35‘:;“{:' = 16771 M3 (0°C Ba 1 arm.) kM XaBOHMHT YpTaua

MOJIEKYJap OFUPIUIHAA, 29 1a TeHrnuruaa
16771 - 2% __
= 21712 kr xaBo

114

= 3522 M3 kucnopon

Ha3zopar caBosuiapu:
Kucnoranu — acociu TUTp-naniia KaHaka MHAMKA-TOpJIap HIUIaTHIIau?
AHanuTUK peakcusiiap Ae0 HuMara anTuiagu?
AHanuTuk peakcus OunaH OOpYBUM PEAKCUSHU KYpPCATUHL?
OKkcuIaHNII-KaU TAPUITAII -9y KTUPUII PEAKCHSICUHU KYpPCAaTHHT?
I'unpatnap ne6 Humara aiTuinaaun?

agbrwnE

DoiifaTaHNITaH agaduériap:
1. Callister William D. Jr., Materials Science and Engineering, an Introduction.
Wiley and Sons. UK 2014
2. T.Fischer., Materials Science for Engineering Students, 1st Edition Elsevier
UK, 2008
3. Mikell P.Groover., Fundamentals of Modern Manufacturing Materials,
Processes, and Equipment John Wiley and Sons inc USA 2010

3-amMaJjiuii MalIFyJIoT:
Muxkaopuii aHaJu3

Hwoan marcao: KaTTuK XKUCM Ba CYIOKJIUKIAP COJUIITUPMA OFUPIIUTH,
Xap XuJa MojJjajap apajaimmMacuia COJIUIITUPMA XaXM, (U3UK Ba TEXHUK
atMocepanap dapku, adcamoT O0OCMM-MOHOMETPUK Ba OapoMETpHUK Oocumiiap
anreOpauk WUFUHIUCH.

Macananu Kyuunuwu: CONUIITHPMA OFHUPIUK, COJMINTHPMA XaXM Ba
OOCUMHH METAJUTYPTHK XHcOoOIap OMIaH aHUKJIaIll

Kepaknu scuxoznap: KoMnproTep, IpO3KTOP, KOMIBIOTEPHUHT TAaCTYpPUN
TabMHUHOTJIAPHU.

Hwinu 6asicapuwi yuyn namyna:

ConumtupMa OFUPIMK €KW 3UYIUK A0, KUCM OFUPIUTHHHU (MacCacHuHU)
YHUHT X@)KMUTa HUCOATUTa alTUIIaIu.

hi| =m_ £
Vv vV

Ba 1 cm® mommama rammmappa mdopmananagu (éxu ln ma kxr, 1 M®  na)
[IlynuHraex 4°%C Ba 1 atm.nma CYBHUHI 3UWinrua 1 r/cM® HM TalKWI KWJTAJIu.
Kounara xypa, conumrupma OFUPIMK Ba 3UWIMK TyIIyHUaIapw ypracuaa ¢apk

3
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WYK, JEKWH KyNHHYa KaTTHK >KACMJapaa HUcOaTaH COJMIITHPMA OFHPIIUK
TEPMUHU, Ta3jap YYyH 3UWIMK, CYIOKJIHUKIAp YYyH 3ca XaMm y, XaMm Oy TepMUuH
UIIATUIIAIH.

Kartuk kucM Ba CyOKJIMKIAp CONMINTAPMA OFUPIUTH Xapopar Ba Oocumia
KyJa kKaM OOFNMK. AKCHMH4YA, Tra3jap 3WWIMIK KYN Japaxaja IOKOpUIArd IapT
mapoutiapaa (xapopar Ba OocuMmja) OOFIMK Ba HIN IMapouTiap HHoOATra
OJIMHUIIHN Kepak.®’

Xap xui Mojjanap apajaliMacuja, arap apajaimma XaxMH y3rapmaca,

OyHJa COMMINTUPMA OFUPIINK Kyiuaaru ¢hopmysa Oyiinda Xucooianau:
_ 100
i § az as

a,0,c — apajammMajarid xap XwiI KOMPOHEHTIAPHH OFUPJIMK  MPOTCEHTJIAp-
Jard MUKIOPH.

T11,/12,/13 — YJIAQPHUHT COJHMINTHPMA OFHPJIUTH.

Macanan, arap pyaa tapkubuna 65 % pupur (m11=5), 12% xaakonupur
(m2=4,2), 5% 2ZnC (13=4), 18% SiO; (1,=2,7) Oynca ymoOy pyaaHu COJUIITAPMA
OFMPJIMTU KyWuaarnya XucoOmaHau:

o= 100 — 47

&, 13 .5 18
S 47 4 .7

Comumrupma xaxum (B /1) — 0y 1 1. 1 kr €ku 1 T. Moja sramnaiurad Xaxm
XUco0IaHay Ba cM° Eki M° 1a n(oJanaHa 9.

ConumtupMa xaxm Oy COJMMIITHUPMA OFUPIIUKIIA TeCKapHu KaTTaIUK O0Yiu0
XucoOJIaHaIu.

bocum. (P, p) — neb Gupop 103ara TabCUp 3TYBUYM KYUHH HUII F03a MaJ0HKU]IA
HucOatuaa autunagu. Mexanukanga Oocum  Yia4oB  Oupnuru  atMmocdepa
XUCOOIaHa M, MM CUMOO yCTYHHU (MM.CHM.ycT.) éku 1 cM? XucoOaaHanu.

dusuk Ba TexHuk atmocdepanap papkaanagu. 760mm cananmmknan (°C na)
TabcUp dTaéTran (Tabcup) Oocum [ ¢uzux ammocghepa éxu nopman 6bGocum
neitmnagy Ba 1033,3 r/cM? GocuMra TYFpU KeJla .

Texuuk éxu atmocdepa 1 cm? ma 1 kr Gocumpma Tyrpu kemamu (kr/cm?) 1
¢usuk atmocdepa 760 mm cum.ycT. TeHr Oynranaa cumobouu 13,596 conmumrupma
OFMpJMKKA TeHr Oynranma, y 13,596 x 760 = 10333 mm cum.yct. (10,3 ™M) €ku
1,0333 m armocdepa éxu 1,0333 kr/cm? éxu 10333 kr/m? ra tenr.

MonHotepMuK 60CMM MOHOMETpJIapAa Yia4aHaau Ba atMocdepa OocuMuiaH
ypraua 60cuM, ShHU OapoMEeTpUK O0oCUMIaH YpTadya O0OCUMHH KypcaTaju.

Monometpuk €xu yprada 6ocum (I1 atm) Ba abcomyTt éxu xakukuii (I1a, atom)
6ocum (apkiiaHaau.

AOcamoT 00CHUM-MOHOMETPUK Ba OapoMeTpuk Oocumiiap —anredOpauk
WUFUHIUCH:

Ra=Rv + Rn (arap 6ocum atMm. 6ocumuaan 6anan 6yiica)

Ra = Rv — Rn (cuiipaknanran xoJataa)

37 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 425-pp
38 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 525-pp
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Macanan: Arap OGapomerpuk O6ocum 750 MM.cHM.yCT. OyiaraHma XaBo
YTkasruuga MaHomerp 1,83 kr/cm? GocMM KypcaTraHia XaBo YTKa3TU4Jaru
abcoyryT O60cuM Kyhujaaruda O0yasiu.

Ra=Rv+Rn=0,00136x750+1,83 = 2,85 kr/cm?

Xynou myHmaid  OapoMeTpwk Oocumaa Iy —ammaparaa  BaKyyMeTp
CUipakIaHUIIHHA 529 MM.CUM.yCT. KypcaTrania anaparjaara abcoiayT 60cuM:

Pa = Pv—Pn = 750-259 = 221 mm.cum.yct. = 1,00136-221=0,3 kr/cm?

Kymmaua MmoHOMeTpUK XucoOmam dopmynanapuaa adcomyTt 6ocum (Pa atm)
bTUOOPTa OJTMHATH.

Temnepamypa (T,m) — Texnukaga Temneparypa °C ymuananam, Gpakar UHIJINS
naenatnapuga depenpeyt mkanacugan GonganaHUIAIN.

Hazapus Ba xymumamk 1° xucoO-kuroomapaa Kensun (K) mxanacupan
¢oiinananunaau. by mkana 6yiinya olMHTaHIa XaJlKapo TemrepaTypa 0y adcoiryT
temneparypa T =273% + 1° C ra renr.

Uccuknux (K, x) — Meramnyprusiia UMCCUKIUK Kajopusiga (kai), KaTTa
Kanopus (KKaj) OujaH yirdaHaau.

Kam kanopus ne6, ™° C na 1 Kr cyBHM KallHaTHMII ydyH KETTaH HCCHKIIHK
mukgopuaa atwinaan. 1 kkan = 1000 kam MHIYHUHT y4YyH KaTTa KaJopus
KWJIOKAJIOpus JeHuIaau

Ha3sopar caBoJuiapu:

“Tamku 3¢ dextaa” HuMa Ky3aTuaaau?

Eputnm-okcuimaHu-KanTapyuInil pEaKCUsICHHU KypPCaTUHT?

3. EpuryBum, spuran Moj1a Ba yIapHHUHT y3ap0 TabCUPH MaxCyJIoTiIapuaaH
TapkuO ToNraH OUp >KUHCIU TOMOTEH cucTeMara HuMa Aed antunagun?

4. OxcuJIaHUII-KauTapuIuI-KUCI0TaIu-aCoCIU ¥3ap0o TabCUPJIaHUIL -
KOMIIJIEKC XOCHJI KMJIMII PEaKCUSIIIapUHU KYpPCATUHT?

5. dakat Oup iyHanumnaa Oopaaural Ba peakcusara KupumaéTran
OOLUIaHFUY MOJITAJIap OXUPIH MAaxCyJoTiapra TYJIHUK aillaHaaural
peakcusuiap KaHaan peakcusiaap?

N =

DoiigaJaHWITaH afaduéTaap:
1. Callister William D. Jr., Materials Science and Engineering, an
Introduction. Wiley and Sons. UK 2014
2. T.Fischer., Materials Science for Engineering Students, 1st Edition
Elsevier UK, 2008
3. Mikell P.Groover., Fundamentals of Modern Manufacturing Materials,
Processes, and Equipment John Wiley and Sons inc USA 2010

55



4-amaJInii MALIFYJIOT:
OnTuk anaaus ycy/uiapu

Hwoan maxcao: Metannapaa koppo3us Typiaapu, CyrokK EKWIFUIap
TabCUPUJA BYXKYAra KeJaJIuraH KOppo3usl, JIEKTPOKUMEBUNA KOPPO3Hs, METAILIIAP
KOPPO3USICHHY OJIZIMHYU OJIUII, METAJIJI CUPTUHU OOIlIKa MeTaJiap OWjiaH KOIUIAIL,
MeTajiapra TypJH KylIMMYauap KUPWUTHIL, KOPPO3UOH AaKTHUBATOp Ba
unrubuTopap.*

Macananu Kyiuunuwu:  MeTtaulapHu KOPPO3USANAH OJIIMHU OJUIIHU
TaxJIMJT KHIJTALI

Kepaxknu ncuxos3nap: KoMmnprorep, IPO3KTOP, KOMIBIOTEPHUHI JACTypPUI
TabMUHOTJIAPH.

Hwinu dasxcapuwt yuyn Hamyna:

Kynunnuk wetammap XaBo, CyB, KHCJIOTa, HIIKOP Ba Ty3JIapHUHT
spuUTManapu Tabcupuaa emupwiaau. by xomuca xopposus nevinnanu. Kopposus
CY3u JIOTUHYA «Coppodopey - emupuiuul JIeTaH MabHOHM aHriataau. Kopposus
Y3UHUHT (PU3UK-KUMEBHUM XapakTepH KUXATHIAH UKKU XWJ OYIamu: Kumésuil Ba
AIeKMpOKUMEBUUl Koppo3us. Metamnapaa KaHaall Typaard KOPpO3Usli COAHP
oYUM MEeTaJUTHU Kypinad TypraHn MyxuTra Oornuk Oyiaau. Mertamiapra Kypyk
raznap (KUcCiopojl, CyJpuT aHTHAPHUI, BOAOPOI CyI(ui, TajoreHnaap, kapooHat
AHTUIPU Ba X.K.), DJICKTPOJUT OYIMaraH CYIOKJIUKIAp TabCUP ITraHIa KUMEBUL
Koppo3us conup 0ynanu. by allHUKca FOKOpU XapopaTiy IMApOUTAa Ky yUpauiu,
IIYHUHI y4yH OyHJail EMUPWIMII METAJUIAPHUHT 2a3 Koppo3uscu Je0 Xam
atanagu. ['a3 kxoppos3usicm aWHHMKCA, METALUIyprusra KaTTa 3apap KEJITHPaJH.
Temup Ba mynar OyrOMJIapUHU ra3 KOPPO3USACUIAH CAKJAI YUYH YJIAPHUHT CUPTH
ATFOMUHUN OWJIaH KOIUTaHAIH.

CyoK EKWIFUiap TabCHUpUA BYXKYAra KeJlaJuraH KOppo3usi Xam KUMEBHUI
Kopposust xymiacura kupaau. CyrloK EKWIFUHUHT acOCUM TapKUOWi KHUCMIIapH
METa/VIapHU  KOPPO3HSUTAHTHPMAWIM, JIeKWH, He(pT Ba CypKOB MoOMIapu
TapKUOUJAru OJTHHTYTYPT, BOJIOPOJ CyJddua Ba ONTHHTYTYPTIIH OpTaHHUK
MOJJQIAPHUHT MeTaJlapra TabCUPU HATUXKACHUIAa KOPPO3Usl BYXKYJra KeaJu.
CyBcuz mapoutugaruHa Oy Tabcup HaMo€H OViaau. CyBla 3JIEKTpO-KUMEBUN
KOppo3usira aujiaHaau.

Enextponutinap Tabcupuaa OyiaaauraH KOpPpO3USl 31eKMPOKUMEBUL KOP-
posus nevnnaan. Kynruaa meramiap acocaH 3J1eKTPOKUMEBUN KOppo3us Tydaitiu
EMUPWIAIU. DIEKTPOKUMEBUN KOPPO3USI METall]a KUYHMK TajJBaHUK HJIEMEHTIIAp
XOoCWJ OVIuINM HaTWwKacuaa coaudp Oynanu. [agBaHMK dJIEMEHTIIap XOCHII
Oynumura ca6a6: 1) xym Meramnap TapkuOuga Kymumda cudaruaa OoIka
MeTaiap OViauim; 2) MeTajlll XaMMa BaKT CYB, XaBO HAMIIMTH Ba JIEKTPOJIUTIIAP
KyplIIOBHIa Typumuaup. MacanaH, HaM XaBoJa TEMUPra MHC METajau TeTuo
Typran OyicuH. byHJa rajBaHuK 3JeMEHT Xocuil Oynaau (TeMHp — aHOMA, MHUC —
xaron Basudacunu yraiiau). Temup oxcumnananu: Fe-2e- =Fe?

39 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 425-pp
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Fe?" nonnapu OH™ momnapu Ounan OGupuku6, Fe(OH), mm xocun kumanm;
Fe(OH), xaBo kucinopoau Ba Hamiuk tabcupuna Fe(OH)sra aiinananm;

4Fe(OH); + O, + 2H,0 = 4Fe(OH);

Hatmxkana Temup koppo3usira yupaiiau. Arap BoAOpO HOHIapU My OViica,
TEMHUPJAH YMKKAH DJICKTPOHJIAP XaBOJAru KUCIIOPOIHU KaWTapMacaaH BOIOPOJ
WOHJIapuHU KaWTtapanu; 2H*+2e” = H,; Temup kamaiira teru® Typca, KOpposus
TEeMHpP MHUCTA TeTHO TypraHjarura KaparaHjua CyCTpoK COIup Oyiaau, TEMHUp pyxra
Terud Typca 3aHTIaMaid, YyHKH TEMHp pyXra KaparaHaa acil MeTajup;
DNIEKTPOJUTIAD HWINTUPOKUAA pPyX OWIaH TEMHUP XOCWI KWITaH TaJBaHUK
3JIEMEHT/IA PyX — aHOJI, TEMUP — KaToJ Basuacuuu Oaxapanu. 0

MeTannap KOPpPO3USICUHU OJIIMHH OJTHII

MertannapHu KOppo3usiJlaH cakjiallydyyH Ovp Heua yopajap KYJUIaHWIAIU: a)
METaJIJ CUPTUHU OOlIKa MeTajuiap OwsiaH Koruiami; 0) MeTaul CUPTHHU MeTall
Oynmaran Mojnanap OwWiaH KOIUIAIL, J) MeTauiapra Typiu KyliuMyaiap
KUPUTHIIL; 3) METAJJI CHPTUHUA KUMEBUN OMpUKManap OuiaH KOIiall.

Memann cupmunu 6Oowka memaniap oOunran xoniawi. MeTalun CUPTUHU
Oollka MeTaiuiap OWJIaH KOIUIAIl YCyJIapuaaH Oupu aHoO Konjiaui XUCOOJIaHaIu.
by wmakcagnma wumatunagurad METAUTHUHT CTaHAApT AJIEKTPOJ MOTEHCHUAIN
METAJUIADHUHT aKTUBJIMK KaTOpUIa KOPPO3HUSAaH CaKJIaHUIIM Kepak OyiraH
METaJUTHUKUIa Kaparanja MaHgui KuiimMatra 3ra Oyiumu jgo3uM. Macanas,
TEMUPHU PyX OWJIaH KoIUiaml (aHOJ KOIUIalll) HUXO0ATAA KaTTa ¢doiiga KeaTupau,
YYHKH TEMHUp OYIOM YHHHI CUPTHMHHU KOIUIaraH PyXHUHT XaMMacH TyramaryHda
emupunMaiiu. TemupHu Kanail OWsiaH KOIUJIAHTAHJA Kamoo KOWlama OJIMHAIH,
YyHKA KOIUIOBUM METa/ll KOIUIAaHYBUM MeTauira HucOatran acipok. Karon
KOIUIAMaHUHT OMPOp KOWHM Kyduca, XUMOsI KMJIMHYBUM METaJUl, S’IbHU TEMHDP XKyJa
T€3 EeMUPUIAIN.

Memann cupmunu memann Oyamacan moooanrap OunaH — KONIAaud.
MeratapHUHT CUPTUHU JIaK, OYEK, pe3rHa, CypKOB MoOMIapu (COTUAON, TEXHUK
Ba3eIMH) OWJaH KOIUIAIll, 3MajUlalll Ba XOKa30Jiap METaJUIApHU KOPPO3UsIaH
cakJianau.

Memannapea mypau gywumuanrap xupumuwi. Onarnara mymarra 0,2-0,5%
MUC KYIIUIl OWjaH MYJIaTHUHT Koppo3usara OapaouutmauruHu 1,5-2 wmapra
OIIUPUII MYMKHH. 3aHTlIamaiiiuran mynat TapkuOumga 12% ra kamap Xpom
Oynmaau, Oy XpoM IaccuB XoJyarga Oynmbd, mynmarra MycTaxKaMiIMK Oepaju.
[[ynarra HUKEN Ba MONMOJEH KYIIWJITAaHWUIA, YHUHT KOPPO3UATa YHIAMITUINTH
sHaja optaau. bynaail nynartnap sesupranean nyramaap neviunangu.

Memann cupmunu xumésutl bupukmanap ounran Koniaw. Maxcyc KUMEBUMA
omeparcusiyiap YTKa3ub, MeTa/ll CUPTUHHM KOPpO3Msra 4YujaamiId OupHKMaiap
napgacu OwiaH KoIulall MyMKUH. ByHpail mappamap - okcumm, docdatim,
XpOMaTJIi Ba XOKa30 Mapaajiap HOMU OwuiaH IOpuTWiagu. MeTtamn cupTuia
KOppO3usAra 4YujaMiid OKCHJ MapjJa XOCWUJ KWIHII >KapaéHU oKCUOUpaaul
nevmnanu. Mertamn OyIOMHU OKCHIMPJAIIHUHT Y49 YCYJIHM MaBxXyd: 1) meramn

40 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 425-pp
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OyIOM CHpPTH IOKOpHM XapopaTaa OpPTraHuK MOJjanap OWJIaH OKCHUJIaHTHPHUIAIU
(KopaliTupuiaaau, KyKapTupuiaaau Ba xokas3o); 2) metamt oyrom (MnO;; NaNOs;
K2Cr,0O; kabu) OKCHAJIOBYM MOJAANIAp MINTHPOKUIA KOHCEHTPJIAHTaH MIIKOP
APUTMACH CYIOKJIMKHUHT KaifHAIl XapopaTurada KM3IUpIiIaay; 3) MeTamt OyIOMHA
OMpOp DJNEKTPOJIUT HPUTMACH HWYHIA aHOJ KyTOra Koumad dJIeKTposm3
YTKa3uaanu, Oy *KapaéH anooupaaw nevinnamy.

Kopposuon axmusamop 6a uneubumopaap. Kopposus skapaEHUHHHT
TE3JIUTUTA HpUTMaapaa Oynran wonmap, seHU HY Ba OH™  wmonmapwm
KOHCEHTpacusicu, 3putManuHr ( PpH u karra tascup kypcataam. H* monmapu
KOHCEHTPACHICH opTca, Koppo3us Kydasau, OH noHmapun KOHCEHTPaCHSICHHHHT
OPTHUIITN TEMUPHUHT KOPPO3WSIIAHUIIMHKN CyCalTUpanu. JIEKMH THIPOKCUIIapU
amdorep xoccara sra Oymranm meramwiap (Zn, Al, Pb) mmar xopposmscu OH
WOHJIApM KOHCEHTPACHsICH OpTraHaa Te3nmamanud. KopposusHu Te3naTyBYu
MOJJIAIap KOpPO3UoOH akmuseamopiap aevinnaau. bymapra ¢ropumniap, xmopuiap,
cyndariap, HUTpaT/Iap Ba XoKazojap kupaan. Koppo3noH MyxuTra KyIIuiranuaa
MeTauTap KOPPO3USACHHH CyCAUTHpAIUTaH MOIIANIAD KOPPO3UOH UHSUOUMOPAAD
ne6 aramagu. Macanad, amuHIap, MOYEBHMHA, aiJeruaiap, cyiaduaiap,
xpoMmatriap, Gocharnap, HUTpUTIAp, CUIIMKATIAp Ba XOKa3oJap KOPPO3HOH
UHTHOUTOPIIApAUD.

Mag3yra qoup Macajajaap e4uil
1-mucon: 1M? 103a1Mu OynaT JUCTHU KOPposusamaH cakiam ydyH 0,1mr pyx
capdnanca, 500 M? fo3anM XyAau LIyHAal IIyIaT JUCTHU I03aCHHH PyX OWIaH
KOILIall Y4yH capdiaaHaurad pyXHUHT MUKJOPUHHU (T') TOIUHT.
Euuw: 1mM?> - 0,1 mMr
500> - x =50mr =0,05T ’KaBo06: 0,05 Zn.
2-mucondFe(OH),; + Oyt 2H,0 = 4Fe(OH); peakcusiga 180 kr temup (UN)
TUAPOKCUIHU KaHYa XaxMaaru kuciopon (H.ur.aa) tyaa temup (II1) ruapokcuara

aitmantupann?
Euuw: 4 - 90=360 xkr Fe(OH);
360 kr - 22,4 m3 O,
180 kr - X=112m XKaso6: 11,2 m* O,.

3-mucon: 1200° C ma 15 Kr anyMuHUM TUAPOKCHIHYU Mapyajall HATHKACUIA
HeYa KT aATyMUHUN OKCUIU OJTUII MyMKHH?
Euuw: xapa€H peakcusicu Kyhugaruya:

2AI(OH); = Al,O3 + 3H,0
2 - 78 =156 kr - 102 kr
15 kr - x=9,8kr JKaBoO: 9,8 kr Al,Os.

41 Callister William D. Jr., Materials Science and Engineering, an Introduction. Wiley and Sons. UK 2014 525-pp
58



MycTakui eduin y4yH Macajajap
1. 1M? 103211 IIyIaT TMCTHHM KOppo3MsiaaH caknam yuyH 0,1Mr pyx capguaHca,
1600 M? 103anM Xyaau HIyHAAM [MyIaT JIMCTHY 103aCHHH PyX OMJIaH KOIUIAIl y4yH
capdiaHagural pyXHUHT MUKJIOPUHU (T) TOIIHHT.

2.4Fe(OH), + Oyt 2H,0 = 4Fe(OH); peakcusma 200 kr temmp (II)
THAPOKCUIHU KaH4Ya XaxMaard kuciopos (H.ur.aa) Tyaa temup (II1) ruppokcuara
alnanTupagu’?

3.1200° C na 60 xr amymMuHMI TMAPOKCHIHM Hapyanall HATHUKACHa Heda KT
ATYMUHHHA OKCHJIA OJIUII MyMKHH?

Ha30paT CaBOJLJIApH:

Kaiitap peakcusiap n1ed Humara aitunagu?

Kumépuit peakcusutapHUHT TE€3IUTH /10 HUMara auTuinaaun?

Kumésuii peakcusiap-HUHI TE3JIMTH KaHJal oMuIIIapra OOFiuK?
Peakcusira kupuina-érrad Moaiajiap CUCTe-MaCUHUHT TYFPU Ba TeCKapu
PEaKCUSJIApHUHT TE3JIUTHU Y3apo TEHT OYraH XoJjJaTu HUMa Jendunnanu?
5. Huma caGabnan MyBo-3aHAT Xapakaraaru ¢Ku JUHAMUK MyBO3aHAT
nermiaau’?

W e
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V.KEUCJIAP BAHKHA

“Keiic-ctaan” MeToau

«Keilic-ctagw» - wHM34Ya cy3 Oynmmb, («case» —aHUK Bas3usT, XOJHCA,
«stadi» — Ypranmok, TaxJiuj KWJIMOK) aHMK Ba3USTIAPHU YpraHWIl, TaxJIHI
KWJIMII acOCHIa YKUTHUIIHU amMajra OLIMpPHUINTra KapaTUiraH METOJ XHUCOOJIaHaIu.
Maskyp w™meton gactimad 1921 #imn  DapBapa  yHHMBepcUTeTHIIa aMaluid
Ba3UATIApAaH MKTUCOAUM OomkapyB (anmapunu Ypranumaa (oiiganaHuil
taptuOuaa Kymnanwirad. Keiicma  oumk axOoporiapiaaH €KUM aHHMK BOKea-
Xoaucanan Ba3waAT cudartuga Taxumna  yuyyH (Qoipananum MymkuH.  Ketic
XapakaTiapu ¥y3 wuura Kywmmaruiaapau kKampal omaau: Kum (Who), Kadon
(When), Kaepna (Where), Huma yuyn (Why), Kannaii/ Kanaka (How), Huma-
Hatmwka (What).

1-keiic
MaTtepua/LIapHH YY3UJIMIITAa BA CHKHJIMIITA MYCTAXKAMJIMTAHU AaHUKJIAIITA

MYJ/LKAJUIAHTAH KyPUJIMAJAard MyaMMoOJId Ba3usT

“MarepruajiiapHd  TAAKUKOT KWIMIIHUHT WJFOP yCyJulapu’ MOAYJIUIAH
nabopatopusiap “Y3KTXKM” AX Ounan KenummuiraHn ImaptHoma Oyitnda
WHCTUTYT JnabopaTopuscuaa YyTKazwiap »au. MarepuajulapHu UYy3WIWINTa Ba
CUKWIWIITa MYCTaXKaMJIUTHHU aHHUKJAIra MYJDKaJUIaHTaH KypwiMma OujaH
JEeTaJUIapHUHT MEXAHUK XOCCaJapy aHUKJIAHAETTaH d/IH.

DILOROM G'AYBULLAYEVA
1ZZAT. QORAXO'JAYEV, LaVHASI

Nmmab Typran KypwiMma Oupnanura TyxTad Oy3wnunb xoimu. Texmupuiiiap
HaTWXacuja KypujiMara OpTHKYa IOKJIaMa KYWWITQHIUTH Ba TAAKAKOT KHJIHII
xapaé¢anaa 'OCT ranabmapura aman KWJIMHMAraHjIuTd aHUKJIAHH.

Cason: Huma yuyH rokopuja KeATHPWITaH MaTepUauIapHU 4Yy3WIMILra Ba
CUKWIMILTAa MYCTaXKaMJIMIMHHA aHUKJIAIra MYJDKaJUIaHTaH Kypuiama Oy3uiau0
konau?  TagkukoT KuwiaMin skapaéHuaa ailHaH KaHnad Tanmabnapra amain
KWJIMHMarau?
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I TonmupuKIapHu KeTMa-KeTINKAA OaKapuHT Ba KeiC €4MMHUHU TOTTMHT

bockuuinap baxapuianium Ky3aa TYTHITaH TONIUPUKIAP
1-6ockuu Kelic OwiaH TaHUIIMHT MyaMMOHM KENTHPHO YHKapraH
cababapHu aHUKJIAHT.
2-00CKUY MarepuannapHu Yy3UIUIIra Ba CUKWINILITA
MYCTaXKaMJINTUHU aHUKJIAIIra MYyJDKaJUIAaHTaH KypuiMmara
KaHJ1ail FoKJIamMaap TabCUp KYPCATUIINHU TYUTyHTHUPUHL?
3-00cKnY Vyanaérran HaMyHaHHUHT MEXaHHK xoccanapu
KypUJIMaHUHT UMKOHHUSTIApH Opacujard OOFIMKINKHU
TYILIYHTUPWHT?
4-00CcKuY TaakukoT KuwiMil >kapaéHuJa ailHaH KaHjaail Tanabiiapura
amas KWIMHMaraHJIuruHy TYITYHTUPHUHT?
5-00cknu Coaup STHIraH XaTOJUKKa HUMa cabald OYIraHIUuruHA
auKJIaHT Ba MyaMMO €4UMHUHU TOTHHT.
6-60cKuu Keiic eunmura onsr GUKp-mysaoxa3alapHu OMIITUPHHT.
Kyiingaru pacmaa MarepuajylapHd  UYY3WIHIITA Ba  CHUKWIMINITA

MYCTaXKaMJIMTUHU aHUKJIAIITra MYyJDKaJUIAaHTaH KypuJiMa KypCaTUITraH.

1.1-pacm MaTepuauiapHy Yy3WINIITA Ba CHKWIUIITA MyCTaXKaMJIUTUHA

AHUKJIAIITra MYJDKAJJIAHTaH KypuiMa
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TexHUK KypcaTKH4Iapu
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1.1.-xanBan. MarepuamiapHy 4y3WIHILITA Ba CUKAJIUIITa MyCTaXKaMJIUTHHH
AHUKJIAIIra MyJDKaJUIAHTaH KyPWIMAHUHT TEXHUK KYpCaTKUYWIApH.

2-keiic “Spagetti competition” KOHKypcuIaru MyaMmoJiu Ba3usiT

«MarepuaniryHOCIMK Ba MaTepuauiap TeXHalorusacw» Kadenpacu
Kommzaru «Em Matepuanmynocnapy Tyraparu 15-16 MapT KyHIapu MeXaHUKa-
MalmHaco3IuK  (akynpreTuaa OakanaBp Tanabamapu Vypracuma “‘Spagetti
competition” KOHKypcuja Tajabamap MakapoH (cmareTrtd) €paamuga KYnpuK
Kypumn  Basudacm Ba  YHUHT  3apOWMid  KOBYIIKOKJIWUTHHH  aHHKJIAII
IOKJIATWIAN. TATKMKOT Kuiuil xapaéHuga “MasTHUKIM Kon€p” MaTepuauiapHu
3apOuit KOBYIIOKJINTUHYA  aHUKJANa  WIOUIATHIAOUTaH  KypHUIMaJaaH
doitnananunam. “Cparertn’ 1aH Ta€pJIaHTraH KYTIPUKHU 3apouit
KOBYIITKOKJIUTUHU aHUKJIAETraHaa KypWIMAHUHT Kan€pu KyJOUYHMIaH YUKHUO
o0 KeTTH. M3nmaHunuiap HaTHXkacuaa KamépHU KyJOYHJAH OTHINO YHKUO
KeTtumura cabad kanépHu HOTYFpH OypUak OCTUA KYTapUITAHIUTH aHUKJIAH U,

Capon: Kanpmait cababmapra kypa  “MasTHUKIM KOMEP HUHT Kan€pu
KyJIOUuJaH OTUIUMO 4yMKHO KeTuil >kapaéHu Ky3wiraH? Mznmanunuiap skapaénuna
KaH/Iail KypcaTkuujiap MHOOATra oOJIMHMaran?
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I TonmupuKIapHu KeTMa-KeTINKAA OaKapuHT Ba KeiC €4MMHUHU TOTTMHT

Bockuuaap Baskapuiauim Ky31a TYTHJITaH TONIIHPUKIAP
1-60ckuu Kelic OwnaH TaHUIIMHT MyaMMOHH KENTHpUO YHKapraH
cababmapHy aHUKJIAHT.
2-60CK1Y “MasTHUKIN Konép” MaTepuaIapHU 3apowuii
KOBYIIOKJIMTMHU aHUKJIAIIAA HWIUIATUIAJUraH KypriMaJiaH
dbolnanaHuIIa MyXUM X0CCAJIapHU TYITYHTUPUO OeprHT?
3-00cKuu Kypuima kan€puHUHT KyTapuiauin Oypyak OCTH Japa’kacuHU
Ba yHra TYIIUPWIAJAWraH IOKJIaMmallap opacujaru Y3apo
OOFJIMKJIMKHU U30XJIAHT?
4-060ocKu4 “Cparertn”’mad  TaW€piaHraH  KYNpUKHU  Tal€piam
KapaéHuia Ky3Ja TyTHWITaH I0KJIaMaJlapHd UHOOTra OJIUHT.
5-0ockuu Coaup 3TWITaH XaToJIMKKa HUMa cababd OyiIraHIuruHu
anKJIaHT Ba MyaMMO €YUMHUHU TOTIMHT.
6-60ckuu Keiic eunmura onsr Gukp-mysaoxa3aiapHu OUIITUPHHT.
Kyiiugaru  pacmaa  “MastHukin  kon€p”  maTepuaulapHd  3apOuid

KOBYIIOKJIMIMHHU aHHKJIAIga HWOUIATHIIAAUTaH KypHJIMada Ba YHHHI

MCXaHHK

KypcaTKAwiapyd TacBUPJIAHTaH.

2.1-pacm. MasTHHKIM KONIEP” MaTepHaUIapHU 3apOnil KOBYIIOKIUTHHU

AHUKJIaaa HIjIaTujaaaurad KyprujiMa

TexHUK KypcaTKU4wIapu
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VI.TJIOCCAPUI

HNurnnnms THJIRAArN

Tepmun V36ex THIHNAATH APXH
HIapxu
pU(GOPMUHTHUHT OUp TypH
0ynmu0, apoMaTuK
YIJIEBOAOPOIIAP
MHUKIOPWHHM Kynaitupuin | \World systems theory to
YIyH XU3MatT KHJIaaH. describe the theoretical
JKapaén Oomuranruy bases of mutual relations
Fudpoopmune anrenaru and mutual bog’ligliklarini
YTJI€BOAOPOAJIAPHHI sort of quality. The system
ACTUApJIall Ba 11y described in this concept a
BAaKTHHHT y3H/1a few they are conditionally
CUKIITAITUPUIIIaH divided into 3 groups.
uoopart. ['mapodopmunr
yuyH amé 0ynub orup
yTaeBoA0poa (ppakcusiiapu
XU3MaT KWJaau.
This whole concept of
bilateral relations,
1ed BOZ0poX | including mutual harmony,
Tuopozenuzamcus | KYIAIAIIHT xucooura depending on the
TYHHUHUIL peaxcusira | jnteraction of moving parts
auTUIIAIN. depending on the nature of
its system.
OJTHUHIYTI'YPT, a30T Ba
KUCJIOPOJ
OupUKMaiapuiaH
TO3aJalla KYJIaHUIAW. | jnput, output, process, or
Tuopomosanaw | by ycynna Oy onpuxmarnap influence, me zon and
BOZOpOA  OmmaH  Kaiita playback limitations
TI/IKJ'IaHI/I6, CyBIa AXTIN
OPUMIUTaH  OJITHHTYTYPT
cynduad, amMMuaK Ba CYB
XOCHJI Knjaaau.
IS0 M30MEp CTPYKTypaiu supply, obtrtga foreign
Hzomepuzamcusinaw YIICBOAOPOTIAP XOCHI facilities were affected by

OynmaauraH peakcusra
auTUIaIN.

the incident.
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Monekyna

Oepwirad MOJJITaHUHT
KUMEBUH XOccaaapura ara
OyJraH SHT KHYUK

3appavaup.

Configuring these two
basic working and is not
working out. Not working
out it does not work

Amom

Oy MycOart 3apsjIaHrad
aToM SIpOCH OUJIaH
MaH(Ui1 3apsaJIaHral
AIEKTPOHJIAPIaH TapKUO
TOITaH 3JICKTP HEUTpaII

3appadanup

This systematic approach to
management systems, ie a
comprehensive research
professionals through the
process of mutual dialogue,
on the other hand the
development of the general
theory of the system, and
automated management and
configuration issues.

Kumésuii snemenm

Oy SIAPOCUHUHI MycOaT
3apsiam 1 xunm OynraH
ATOMJIAPHUHT MyaisiH
TypUIUD.

This highly organized
trustmark to coincide with
the opening of the
components of the system
and analyze and manage
complex interaction

Moouguxamcust
(annamponus)

KUMEBUH DIICKTP TY3UITUIIH
Ba XOCcalapu Typinda
Oynran 1 Hewa onauit
MOJaap XOCHIT KAJTHIIN

Its segments (each system

independently of purpose)

represents the organization

of systems. Requested him

to achieve a common goal

to achieve than the system
as a whole.

Cmexuomempus

peakumsra KupumaeTran
MOJi1ajIap opacuaaru
Macca Ba XaKMUU
HucOatIap Kypuo
YUKWIAIN.

This system and its
elements interact with a
response time of the
external environment
changed. Speaker system,
reduction or may be
averted. The concept of
social peculiarities of the
system represents a number
of complex issues.

Exzomepmuk

(Pupuxuw peaxkiuscu)
WCCUKJIMK YUKHUIIH OWIaH

The reasons for the
development of these
systems tasavurlar
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Oopaauran peakuusiap

objective factors and the
analysis of the methods and

theories of development;

the learning process itself

Enoomepmux

(Askpanui peakimsICH)
VCCUKJIMK IOTUJIMIIY OWJIaH
Oopaauran peakmusiiap

reducing the possibility of

carrying out experiments to
determine the nature or
comments on the logical

structure and logic devices.

Tepmorkumé

KUMEHUHT TYPJIH
KapaCHJIapAaru UCCUKIINK
s dexTnapunu
ypraHajgurat OyJium

providing the original study
of the original features of
Deputy

Jlanvmonuonap

y3rapMac
OupuKManap

TapKuOIU

Its replacement with
another object, object,
object, information about
the nature of major
orginals. Thus, the
experiments were held on
the object model to get the
necessary information.

bepmonnuonap

y3rapyBUYaH TapKuOiauiap

trustworthiness of the
results of the experiment
confirmed the model and
gives the opportunity to
acknowledge the prophecy
of this process. Model
adequacy depending on the
model and the target
acceptance criteria

Hzomon (nyxnuo)

AIpojard TpPOTOH Ba
HEUTPOHJIAPHUHT COHU
y3rapmac OyiraH aToMaup.

Its Management Process;
the involvement of the
management operations,
ensuring the achievement
of the objectives of
operating the system in
accordance with an
algorithm and wrote it. U.S.
automatic control systems.
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as the direction of scientific
research processes and
events in the study of
mathematical modeling.

Ouprammran &k _
Kosanenm Gupramixia HIITHPOK Research and systematic
S method to use as part of a
systematic approach to
organizational learning to
make optimal decisions
instrument to achieve this
(atom GupuKManap) goal, the researchers
Toneononsp KOBAJICHT 6 OF AR concludeq the process of
GupHKMATap. mathematical expression.
For example, you can see
the black box model.
Is a Greek word, which are
Jlonop OyJIMHMaraH 5JIEKTPOHJIAP legally r_epresented by
Ky THEY Gepauras aTom elements linked to one o_f a
number of known integrity
burdensome elements that
have been an integral part
of what the model and
modeling structures.
Axmcenmop yHH OMpHKTHPHO onaaurad | Always under the mutual
aToOM influence of the elements of
the system depends on this
process between elements
of the system
objective is one of the most
ATOMJTAPHIHT important sybstance in the
qeKTAHIAH COHIArH world. Being due to the
TYUUHYSUAHIUK | ono ot GOFTAHIIT XOCHIT presence Qf world events
KUUTHIIT XYCYCHSITH. yeg indisi not randomly,
but in the process of legal
action.
ﬁgﬁ Zg;ﬁanapmm daxar All models of the content
Emnupux ukiopmii  Ba  cudar and ?tr#cture 01; a derlva}}lve
(monexynsp) Y TLHI of the model. Counci
OupuKMaapjaru commaon cause of .
mathematical research is
aTOMJIQpHUHI' Typd  Ba
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COHHMHH KypcaTaau

treated as a separate object.

PCaKIUAIIapHUHT

structural scheme of the

system of material and

structural scheme of the
system set sales all

Kamanuz TE3JIMTUHU y3rapTUpaauraf .
MOJUTA JIEKHH Y3H HITHPOK |mport§1nt Con_tacts and
STMaiiu communicate with some of
the elements of the
environment.
Good luck to communicate
with any elements of nature
Myc6am KATATH3 PEAKITHSTHH that are called Contacts
Te3NAITUPAH between j[he _bow an_d the
determination to find
content
Manduii KATAIN3 pEAKIHSTHH There may be a relationship

CCKHMHJIAIITUPAaIn

between the elements of his
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VIIl. POMJATTAHUJITAH ATABUETJIAP PYXATH

I. ¥36exucron Pecniy6imkacu IIpe3snaieHTHHHHT acapiapu
1. Kapumo M.A. Y36eKHMCTOH MyCTAKMJUIMKKA SPHIIMII OCTOHACHIA. -
T.:“V36ekucron”, 2011,
2. Mup3suée 11I.M. Bbyrok kenaxarduMH3HU Map] Ba OJMXKaHOO XaJKUMU3
6unan 6upra kypamus. — T.: “V36exucron”. 2017. — 488 6.
3. Mup3zuées LLI.M. Munnuit TapakkKu€T HyTMMHU3HN KaThbUAT OWJIaH JaBOM
>TTUpHUG, HrK Gockuura KyTapamus — T.: “Y36exnucton”. 2017. — 592 6.

II.HopMaTHB-XyKYKHMH XyXKKATIAP

4. V36exucton Pecry6mukacuamar Koucrurymuscn. — T.. V36ekucros,
2019.

5. V36ekucron Pecniy6nukacununr “Tabaum Tyrpucuaa’ra KoHyHu.

6. V36ekucron PecryGmukacuuuar  “Koppymmusra KapimiM — KypalHI
Tyrpucuaa’tu Konysu.
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16. V36exucron Pecry6mukacu Ipesunentununr 2017 iun 2 ¢eppanmaru
“Koppyniusara Kaplid KypaIluil TYFPUCHAATH Y30eKHCTOH Pecrmy6imkacu
KOoHyHUHUHT KOMalapuHu amaira olupuil yopa-taaodupiapu Tyrpucuaa’ru [1K-
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sAHa/la PUBOKIIAHTUPUIL Yopa-Taadupiapu Tyrpucuaa’ru 2017 iun 20 anpengaru
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Taii€pnaml  Ba  yJApHMHI  MajakacMHU  OLIMPHUII  TU3MMHMHU  siHaja
TaKOMUJUTAIIITUPHUIIT YOpa-Tagoupiapu Tyrpucuna’tu 278-connu Kapopu.
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