V3BEKUCTOH PECITYBJIMKACH XAJIK TABJIUM
BA3SUPJIUT'HU

HYKYC JABJIAT IIEJAT'OI'HKA HHCTUTYTH
TABUATIIYHOCJIUK ®AKYJIBTETU

«KUME BA DKOJIOI USI»
kadeapacu

KUMEBUU TEXHOJIOI'US
OAHUJIAH
JJABOPATOPUS MALITYJIOTJIAPH

OpassiMOeTtoBa K.
EpekeeBa.A

HYKYC - 2010i

©)
)
©
)
©)
)
©
©)
©)
)
©
©)
©)
)
©
©)
©)
)
©
©)
©)
)
©
©)
©)
)
©
©)
©)
)
©
©)
©)
)
©
©)
©)
)
©
)
©
)
©
)
©
)
©
)
®

CIACICACICACICACIOACICACICACIACIACIOACIACIACIACIACLUOFC)



Nel- LABORATORIYA ISHI
SUVNING QATTIQLIGI VA UNI YO'QOTISH USULLARI

Tarkibida ko’p migdorda Ca hamda Mg ionlari bo’lgan suv @ttig suv ayiladi. Qattig suv bug’
gozonlarida quyc hosil giladi. Bunchn tashaari, suvch bu ionlarning ko’p bo’lishi to’gimachilik sanoatida
sovunning ko’p arflanishica sabab bo’ladi & ichimlik suvlarini iste’mol gilishga yarogsiz giladi. Bulg va
yomg'ir suvhri yumsloq suv, @ngiz va okean suvhri esa gattig suv hisblanadi. Masalan: Qora dengiz
suvining attigligi 65,6 mg—ekv/l gcha, okean suvining @gttigligi esa 130 mg—ekv/l gcha boradi.

Suvning attigligi bir litrdagi tuzning milligamm ekvivalentlari (mg—ekv/l) bikn ifodalanadi. Bir
mg—ekv/l bir litr suvd 20,04 mg kisiy va 12,16 mg mgniy hamda 27,92 mgdmir borligini ko'rsatadi.

Suvning @gttigligi gattiglik darajasiad o’lchanadi. Masalan: suvning gttigligi 10 ga teng bo’ls, 1 litr
suvch kalsiy va magniy ionlarining yig'indisi 1 mg—ekv/l g tengdir. Tabiiy suvlar gattigligiga ko'ra
quyidagi guruhbrga bo’linadi: 1,5-3,0 gcha yumsthq, 3,0-5,4 gcha o'rta, 5,4-10,7 gcha dattiq, 10,7 dn
katta juda dattiq.

Suvning attigligi ikki xil — vaqgtincha va doimiy bo’ladi.

Suvning umumiy atigligi doimiy va vaqgtincha (karbonatli) gattiglikl ar yig'indisiga teng va 1 litr
suvchgi Ca*® va Mg* ionlarining mg—ekv/c dri sonining yig'indisi bilan ifodalanadi:

Bu yerda 20,04 v 12,16 klsiy va magniyning ekvialent giymati.

Suvning wagtincha aattigligi kalsiy, magniy hamda temir gidrokarbonatlarining suvd borligiga
bog’lig. Suvning aimiy gattigligini suvda Kkalsiy va magniy sulfatlari va xloridlari tashkil giladi. Suvning
gattigligi turli yo'll ar bilan yo’gotil adi.

Vagtincha aqattiglikni suvni caynatib yo'gotish mumkin, suv gisam yumshaydi. Distillanganda
suvning umumiy ggtigligi yo'qoladi, suv to’lig yumshydi. Bu usul fizikaviy usul hisblanadi.

Kimyoviy usullarga ishorlash, sdalash, fosfatlash \a ionitlar bilan ishksh kiradi. Bularning
barchasi suva erigan tuzhrni kimyoviy reaksiya rmatijasida suvch yomon eruvchi birikma holiga
o’tkazishg yoki ionitlar vositasida ion almashuvi tutyli suvli eritmadan chicarib yuborishga asoslangan.

Ishoorli usulda suvning gttigligini yo'qotishch suvag tegishli migcorda NaOH w Ca(OH)
go’shiladi. Bunch karbonatli gattiglik yo'qoladi:

Me(HCG;),+#20H™ — MeCO;+2H,0
(cho’kran)

Ishqorli usul bilan suvning gttigligini to’liq yo'q otib bo’lmaydi.

Sodali usulda suvg uning attigligi giymatidan kelib chiggan holda N&CO; yoki N&CO;-10H,0
go’shiladi.

Me(HCO;),+CO;*—MeCO;+HCO;™
(cho’km)
MeCl+CO;” —MeCO;+2CI
(cho’kma)
MeSQ+CO;” —MeCO;+SQO,*
(cho’kan

Ko'rinib turibdiki, sodali usulda suvning umumiy ggtigligini ancha (0,5 — 0,08 Mg-ekv/l) agha
kamaytirish mumkin.

Fosfatli usulda suvning gttigligini yo'qotishca suva tegishli miqdorda NaHPQ,, KHPQO,,
NaH,PO, yoki KH,PQO,, NasPOs, KsPO, tuzlari qo’shiladi. Bu usuld Mg?* va C&* ionlari fosfatlari holida
cho’kmaga tustadi.

3Me"?+2H,PO; - Mes(PQy), ¢ +4H'
3Me+2+2H2PO4_2 - Meg(PO4)2 ! +2H"
3Me+2H,PO;° = Mes(PQy), |
Fosfatli usulda suvning gttigligi 0,1-0,03'%*/, gacha kamaytiriladi. Keyingi vyillarda polimer
moddalar kimyosi keskin rivojlanishi bilan tarkibida Na', H" — kationlari, CI, OH™ — anionlari saglagan
polielektrolit moddalar sintez qgilingan. Ularning umumiy drmulasi R—H, R—Na ¥ R—CI, R—OH blida
belgilanib, suvg bu noddalar solinsa yoki ular bilan to'ldirilgan «kolonka»lar orgali suv 0'tkazilsa,
suvning gttigligini tashkil etuvchi C& va Mg* ionlari, SO, HCO;, CI ionlari H*(Na") va OH
(CI") ionlari bilan almashinib, suvning sttigligi yo'qoladi.
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R-H R\
+ Mé&'(Ccd’, Mg®) - Me+2H
R-H R’
kationit
R-H
+ S - N SQ+20H
R—H R
anionit
2H'+20H - H,0

lonitli usul keyingi vaqtda juda keng qgo’llanilayotgan kamxarj va ekologik jihatdan juda qulay
usuldir.

TAJRIBA QISMI
1. Magniy gidroksidning olinishi
Ikkita probirkaga magniyniig biror tuzi eritmasidan ozgina soling. Birinchi probirkaga o’yuvchi
natriy eritmasi, ikkinchisiga ammoniy gidroksid qo’shing. Hsil bo’lgan magniy gidroksidning angiga
e tibor bering. Reaksiya tnglamalarini yozing. Cho’kma erib ketgunchh ammoniy xlorid eritmasidan
go’shing. Magniy gidroksid va ammoniy xlorid orasida boradigan reaksiyaning ¢nglamasini molekulyar va
ionli formada yozing. Kuatilgan hodisani eruvchanlik ko’paytmasi asosida izohlab bering.

2. Magniyning asos tuzi
MgSO, eritmasiga soda eritmasidan quying.Oq cho’kma holidagi asos tuz — Mg(OH).CGO; hosil
bo’lishini kuzating. Reaksiya tnglamasini yozing.
Probirkaga ammoniy xlorid eritmasidan qo’shing. Cho’kmning erishini kuating. Mg,(OH),CO5
uchun eruvchnlik ko’paytmasi tengligini yozing. Cho’kmaning erish sbabini tushuntiring.

3. Magniy bikarb onatning hosil bo’lishi
Magniy tuzining suyultirilgn eritmasiga Na,COjz; erithasidan ozgina qo’shing. MNagniy
gidroksikarbonat hosil bo’lishini kuzting.
Cho’kmali eritmani Kipp apparatidan keladigan karbonat angidrid bilan to’yintiring. Yaxshi
eriydigan tuz - magniy bikarbonat hosil bo’lganligidan cho’kmaning kin — asta erishini kuating.
Reaksiya tnglamasini yozing.

4. Ishgoriy — yer metallarning gidr oksidlari

a) Probirkalarga CaC1,, SrS% va BaC1l, eritmalaridan bir xil hajmda solib, ularning ustigz NaOH
eritmasidan bir xil hajmda qo’shing. Hir bir probirkada hosil bo’lgan cho’kmaning miqcariga e tibor
bering. Reaksiya englamalarini yozing.

b) NaOH eritmasi o’rniga NH,OH ning rormalligi xuddi o’shanday eritmasini olib, yugoridagi
tajribani takrorlang. Pobirkalardagi cho’kmaning miqdri oldingi tajribadagiga garaganda ancha kam
bo’ladi.

Ishoprlarning fajribalar uchunolingan eritmalariga karbonatlar aralashmagan bo’lsagina, metallarning
hosil bo’lgan gidroksidlari cho’kmasi migdbrlarining niskati to’g’risida bir xulosaga kelish mumekin.

Na,CO; ning konsentrlangan eritmada erimasligiga asoslangan usul bihn NaOH ning karbonatsiz
eritmasini tayyorlash mumekin.

Sotiladigan o’yuvchi ratriy suvca eritiladi (0’yuvchi matriy og'irligi bil an suvningog'irligi b aravar
bo’lishi kerak).O’yuvchi matriy rezina probka bilan zich lerkitiigan baland silindrch eritiladi. Eritma bir
necha kun turgindan so’ng, tiniq eritm ohistalik bilan quyib olinadi. Na,CO3 esa cho’kma holida silindr
tubida goladi. Hosil bo’lgan konsentrlangan eritma distillangan suv bikn suyultiriladi.

NH,OH ning karbonatsiz eritmasini tayyorlash uchun, atiladigan ammoniy gidroksid ozgina
Ca(OH), bilan caynatiladi (bund: karbonatlar CaCOs; holida cho’kadi va toza ammiak hosil bo’ladi).
So’ngra ammiak CO,dan tozalangan suvd — distillangan suvd eritiladi.

Nima uchun shungy bo’ladi?

5. Ishgoriy — yer metallarning karb onatl ari



Probirkalardagi CaCl,, SrCL va BaCl, eritmalariga N&CO; eritmasidan oz—-ozdan qo’shing.
Hajmdor oq cho’kma hosil bo’lishini kuzting. Pobirkalarni isiting. Cho’kmalarning o’zgarishiga e tibor
bering. Isitilgandan so’ng krbonatlar mayda kristallar holida cho’kadi.

Probirkalarga HC1 ning suyultirilgn eritmasidan soling. Cho’kmalarning erishini kuating. Reaksiya
tenglamalarini yozing.

6. Ishgoriy — yer metallarning sulfatl ari

Kalsiy, stionsiy va bariy tuzlarining eritmalariga suyultiriigan H,SO, yoki Na,SO, solib, bu
elementlarning sulhtlarini hosil qiling. Hosil bo’lgan cho’kmular tusiga e tibor bering. Ularning xlorid va
nitrat kislotalarda erishini ekshiring.

7. Ishgoriy — yer metallar sulfatlarining eruvchanligini
bir—birig a taqqoslash

a) Uchta probirkadagi CaC1l,, SrSk va BaCl, eritmalariga CaSO,4 ning to'yingan eritmasidan (gipsli
suvcin) ozgimnadan qo’shing. BC1, va SrCk li probirkalarda loyga hosil bo’lishini kuzting; BaCl; li
probirkada gipsli suv quyilishi bidnoqg, SrC% li probirkada es bir ozdan so’ng byga hosil bo’ladi, BaC1,
li probirkada suyuglik tinigligicha goladi.

b) Ucht probirkadagi CaC1,, SrCZ% va BaCl, eritmalariga SrSQ ning to'yingan eritmasidan huddi
yudgoridagi kabi go’shing. Bund birdan emas, bir ozdan so’ng fgat BaCl, li probirkada loyga hosil
bo’ladi. Reaksiya englamalarini yozing.

Keyingi ikki tajribada kuztilgan hodisalarni CaSO, SrSQ va BaSO, larning eruvchnlik
ko’paytmasi asosida tushuntiring.

8. Suvning attigligi v a uni yo’qetish

Kolbachaga MgCO; va CaCO; dan ozgima soling. Kolbachaning yarmigicha suv quyib,
chayqgatingda, ikkala tuzni aralashtiring. Kipp apparatidan tuzhr erigunch karbonat angidrid yuloring.
Reaksiya tnglamalarini yozing.

Hosil bo’lgan cattig suvni keyingi tajribalar uchun aqglab quying.

Ikkita probirka oling; ularning biriga distillangan suvdn, ikkinchisica es oldingi tajribada olingan
gattiq suvdin soling.

Distillangan suvli pobirkaga sovun eritmasidan pipetka bilan tomizing; har tomchican so’ng
suyuglikni chwygatib turing. $vun eritmasini bargaror ko’pik hosil bo’lguncha qo’shing. Srflangan
tomchi snini yozib oring. Xuddi shu ishni gftig suvli probirka bilan ham takrorlang. Pobirka devorida
hosil bo’lgan cho’kmaga e'tibor bering. Qattiq suvg sovun eritmasi nima uchun ko'p ktganligini
tushuntirib lering.

Boshaq probirkadagi gattiq suvgr yo'qolmaydigan loyga hosil bo’lguncha ohakli suv tomizing
(ohakli suv tomizishda suyuglikni claygatib turing). So’'nga oldingi ikki probirkada qilingani kabi, ko’pik
hosil bo’lguncha, sovun eritmasidan sanab tomizing.

Uchinchi pobirkaga gattig suv slib gaynating. Qaynatilgandan so’ng bu suva ko’pik hosil bo'lishi
uchun rcha tomchi svun eritmasi ketishini aniglang.

Natijalarni quyidagidek qilib jadvalga yozing \a ularga asoslanib xulosa chicaring.

Yozish tartibi

Distill angan Qattiq suvli pobirkalar
suvli Ishlov  ohakli suv Qaynatilgandan
. . go’shilgandan ,
probirka berilmagan so'ng so’ng
Sovun
eritmasi
tomchilarning sni

9. Kalsiy, stronsiy va bariy tuzl arining alangani bo’yashi

Platina yoki nixrom simni xbrid kislotaga tiqib va gaz gorelkasida gizdirib tozalang. So’'nga kalsiy
tuzi eritmasiga tigib, gorelka alangasiga tuting. Alanga rangini kuzting (alanga qgizg'ish tusg kiradi).



Shu labi tajribani stronsiy tuzi @langani gizil rangg bo’yaydi) va bariy tuzi (alangani yashil angga
bo’yaydi) bilan ham qilib ko’ring.

Mashq va masalalar

1. So'ndirilgan ohak bilan ohak tosh kukunini bir — biridn canday farq gilish mumkin?

2. Kalsiy karbonatni havoda qizdirib, GO, va CaO ga batamom ajratish mumkin. Haroratni
0'zgartirmay turib, canday qilib Kkalsiy karbonatning parchalanishini to’xtatish va, hatto, hosil bo’lgan
kalsiy oksidni GO, bilan biriktirish mumkin?

3. Ichich Ca(HCO3),, Mg(N03),, MgSO, va CaSO, bor dattig suvg soda go’shilganda sodir
bo’ladigan reaksiyakrning tenglamalarini yozing.

4. MgC1, Ba(NOs), va NH,C1 eritmalariga soda qo’shilganda ganday moddalar cho’knma holida hosil

bo’ladi?

AMALIY M ASHG'ULOTL AR.

Amaliy mashg’ubot savollari:

1. Suv v uningahamiyati.

2. Maishiy ehtiyoj wa ishlab chicarish uchun go’liniladigan tabiiy suv.

3. Suvning stit ko'rsatkichlari.

4. Tabiiy suvni bzalash usulhri.

Yer yuzich eng ko'p argalgan birikma bu suvdir. Uning miqgeki yer yuzining 4/5 gismini eglaydi.
Yanma suv 0'zining ajoyib xossalari jilatidan yerning gologik tuzilishi tarixi, moddalarning bir-biriga
aylanishi, hayotning fiziologik va biologik shakllanishicha muhim ol o’ynaydi. Odamning suvg bo’lgan
fiziologik ehtiyoiji, iglim sharoitiga garab, sutksiga 3-6 litrni tashkil giladi. Hech bir ©ha yo’gki, suvsiz
0'z ishini bosharsa. O’z mavbatida kimyoviy ishkb chicarish ham suvdn juda keng va turli xil
maqsadlarda foydalanadi. Bir gator ishlab chicarishch suv omashyo \a reagent sifatida ishlatiladi. Yama
undan erituvchi, rytral yuvuvchi vosita sifatida foydalaniladi.

Texnik ishlab chicarish va maishiy ehtiyoj uchun dbiiy suv go’llaniladi. Tabiiy suv trkibida juda
ham turli-tuman dag’al dispers, kolloid, organik va noorganik zarrachalar, magniy, kalsiy, kaliy tuzlari va
erigan qazlar, bakteriyalar, viruslar mikroorganizmlar bordir. Bunduy tarkibli suvdan foydalanish albatta
inson organizmi uchun hvfli va zararlidir. Bundan tashari ishlab chicarish $halarida har xil oksidlanish-
gaytarilish reaksiyalariga, korroziya jarayoniga, idish wa truba devorlarida suvdh erimaydigan goldiglar
hosil bo’lishiga sabab bo’ladi.

Shu ababli tabiiy suvlar qo’llanilishidan avval turli xil tayyorlash bsgichbridan o’tkaziladi. Ana
shu mgsadda quyicagi o'quv netodik go’llanmada suvning yumshtish usulhri batafsil yoritilgan.
Talabalar laboratoriya sharoitida suvni yumshtishning shrt-sharoitlari, refaol va jihozlar, umumiy
gattiglik giymatini hisoblash yo’li bilan tanishadilar.

Kimyoviy ishlab chicurishch eng ko’p go’lhniladigan xomashyo turi suvdir. Zmonaviy kimyoviy
ishlab chicarishch suvning srflanishi sutlksiga 1min m2 ni ashkil giladi. Suvni har xil magsadlarda
go’llash mumkin. \bdorod va kislorod olishda, dattiq suyuq 4 gaz moddalarni eritishd, reaksion muhit
hosil qiluvchi, ekstagent, absorbent, nodda tashuvchi agent sifatida, apparatlarni sovitib-isitishda,
yuvishdh va hokazo.

Tabily suvlar ucht turga bo’linadi: atmosfera, sath va yer osti suvhri. Tabily suv farkibida
Mendeleyev davriy jadvalidagi deyarli barcha elmentlar mavjuddir. Shuning uchun abiiy suvlar
tarkibidagi tuzlarning miqgariga garab chuchuk suv (10 g/kgagha), o’rta sho'’r suv (1- 10 g/kg) avrsho’r
(10 g/kg @n ko'p bo’lsa) suvhrga bo’linadi. Tabily suviar go’llanish #hasiga garab is‘emol va
Sanoat suvhriga bo’linadi. Ikkala sohada suv 0'zig hos sifatlarga javob berishi kerak. Suvning siftiga
quyidagilar kiradi: gattigligi, umumiy tuz miqari, tinigligi, oksidlanishi va gqaytarilish eaksiyasi.

Suvning aattigligi — asosiy sifat ko'rsatgich bo’lib, vagtincha, doimiy va umumiy auttiglik turlariga
bo’linadi. Vaqgtinchalik suv aattigligini tarkibidagi kalsiy va magniyning bikarbonat tuzlari Mg (HCGy),, Ca
(HCOs), yuzga keltiradi. Doimiy suv aattigligini esa kalsiy va magniyning xbrid, sulfat, nitratli tuzlari
yuzaga Keltiradi. Umumiy suv gttigligi vagtinchalik va doimiy suv auttigligining yig'indisi hisoblanib, u 1
litr suvdagi tuzlarning milligramm ekviwalent miqcbri bilan o’lchanadi.

Umumiy tuz miqderi yoki qurug cho’km a — suvni bug'tib, golgan cho’kmani 105-110°C d
quritish ratijasida hosil bo’ladigan quruq mass, birligi - mgl/l.

Suvning tinigligi — suv gtlamining alinligi orgali o’lchanadi.
Bunda suvdigi biror bir jism sthaklining ko'rinishi orgali tiniglik t ekshiriladi.
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Suvning oksidlanishi — 1 | suvni 10 minut &/omida KMnO, bilan caynatib, sarflangan KMnO,
ning milligrammcagi soni orgali aniglanadi.

Suvning reaksiyasi — suvning wdorod ionlari yoki pH miqcbri bilan xarakterlanadi. pH = 6.5-
7.5 ch suv reytral, pH < 6.5 d kislotali, pH > 7.5 da

TABIIY SUVNI
Y y Y
Tindirish Yumsthutish Distillyatsiya
Y Y
ZARARSIZL Degazatsiye
\ Y A
Fizik usu Kimyoviy usul FIZIK-

ishgoriy bo’ladi. Suvni ist’mol va ishlab chicarish uchun dyyorlash quyicigi sxema orgali amalga
oshiriladi:

Tabiiy chuchuk suvrni sanoatda ko’pincha go’shimch tozalash usuldrisiz ishhtish mumkin.
(xomashyoni yuvishd, mahsubtni, apparatlarni sovitishda).

Suvning attigligini yo'gotish, ya'ni yumslitish suvni ®zalashning asosiy bosgichhridan
hisoblanadi. Yumshuatish usulkri 3 xil bo’ladi:

1. Fizikaviy.
2. Kimyoviy.
3. Fizik-kimyoviy

1.Fizikaviy usul.

Fizik usuld fagat vagtinchalik suv aattigligi yo'qotiladi. Fizik usul trmik gayta ishlash (quynatish)
va elektromagnitli gayta ishlash orgali amalga oshiriladi. Bu usul suvni 100°C agha qizdirishg
asoslangan. Qaynatish cavomida karbonat kislota ajralib, suvning lkarbonatli gattigligi yo’qoladi:

Ca(HCQ), - CaCQ! + H,0 + CO1

Mg(HCOs), - MgCOst + H,O + CO1

Hosil bo’lgan Ca?+ w4 Mg?+ karbonatlari suvch giyin eriydi.

Elektromagnitli suvni yumshtish usulid ishlov berilayotgan suv magnit maydondan o'tkaziladi.
Magnit maydon ta'sirida suvdigi Ca?+ \a Mg?+ tuzhri devorga yopishmascan quya holida idish tgiga
cho’ka boshlydi.

Hosil bo’lgan cho’kma ea maxsus neslamalar yordamida ajratib turiladi. Bu usulad idish cvoriga
yopishib @luvchi cho’kmaning hosil bo’lishini kamaytirish 16 din 54% @cha erishikdi.

2 Kimyoviy usul.
Kimyoviy usul bilan vaqgtinchalik va doimiy suv attigligi yo’qotil adi.
Suvni yumshtish uchun €agent yorcamida Ca2+ \a Mg2+ ionlari suvch erimaydigan moddalar hosil
giladi. Bu ucul go’lkniladigan reagentlar turiga garab quyichgilarga bo’linadi:
1)Ohakli usul — vaqgtinchalik va doimiy suv auttigligini yo’'qotadi:

Ca(HCQ), + Ca(OH) — 2CaCQ! +2H,0

Mg(HCGO;), + Ca(OH) -~ 2CaCQt + Mg(OH)t + 2H,0
Bu usul yaa temir

o MgS Casq ioni yo'gotishca va CO,

4 } + Ca(OH) —» Mg(OH)! + ni boglashch  ham
go’llaniladi:

Mg { MgCL. FeSQ + Ca(OH)

CL;
- Fe(OH}! + CaSQ



CO, + Ca(OH) — CaCQ! + H,0

2) $dali usul - suvning dimiy qatttigligini yo'qotishda ishlatil adi:

MgS -MgCQ;! + NaSQ,
O4
N Mg } + NaCO; ~ MgCO;! + 2NaCl
2
CaS - - CaCQ.! + NaSO,
O,

Bu ikkita usul anoatda birgalikda qo’llaniladi. Ohakli — soda usuli arzon va keng ko’lamda
go’llanilishiga garamay suvni figat 0,3 g — ekv/dm3arha yumstatadi.

3) Fosfatli usulda Ca2+ a Mg2+ ionlari to’l aroq cho’ktiriladi:
3Ca(HCQ); + 2NaPO, — 6NaHCQ + Ca(PQy),!

3C&CL + 2Nag,PO4 - 6NaCl + Ca(POA,)gl
Bu usulc vagtinchalik va doimiy suv auttigligi yo'qotilib, Ca2+ va Mg?+ ionlari 0,032 - ekv/dm3
gacha yo’'gotil adi.

4) Natr oynli usul suvni NaOH eritrasi bilan yumsfatishga asoslangan:
Ca(HCQ), + 2NaOH- CaCQ! + NaCO; + H,O
Mg(HCOs), + 4ANaOH - Mg(OH),! + NaCO; + 2H,0

MgSO, + 2NaOH - Mg(OH),! + N&SQ,
5) Bariyli usul:

Ba(N Ca(N
Sk } +casq-Basqr + O

BaCl, { caCl

2
3.  Fizik — kimyoviy usul.

Eng ko’p go’lkniladigan fizik-kimyoviy usullardan biri ion almashinish usulidir. Bu usul attiq
yoki tolasimon ionitlarning o’zidagi ionlarni suvchgi manfiy va muskat ionlar bilan teng ekvivalent
migdorda almashtirishg asoslangan. Mustat va manfiy ionlarning almashishig. garab kation va anion
usullariga bo’linadi.

Kation almashinuvich kationit sifatida alyumosilikatlar, sulfoko’'mir, yugori molekulyar birikmalar

ishlatiladi. Ko’p go’llaniladigan usul Na- ktionlash bo’lib, ratriy ionlari kalsiy va magniy ionlari bilan
almashimdi:

2Na[Kat] + Ca(HCQ), = CalKat], + 2NaHCQ
2Na[Kat] + CaSQ = Ca[Kat], + NaSOst
H- kationlari go’llaganda quyidagi jarayon ketadi:
H,[Kat] + CaSQ = CalKat] + H,SO,

H,[Kat] + Ca(HCQ), - CalKat] + 2H,0 + 2CQ
Anion almashinuv usulid murakkab tuzilishg eg bo’lgan sun’iy krbomid srolalari ishlatil adi.

[An]OH™ + Cl = [An] CI” + OH
2[AN] OH™ +S@~ = [An], SO~ +20H"

Vaqt o’tishi bilan kationit va anionitlar 0’z faolligini yo’'qotadilar. Ularni regeneratsiyalsh uchun
(faollash, ya'ni musft yoki manfiy almashinuvchi bnlarga boyitish) kationitlar NaCl ning 20-70 g/l li yoki
H,SO, ning 10-20 g/l li eritrasi bilan yuviladi, anionitlar es 4% li ishgr eritmasi bilan yuviladi.

Ishlab chicarishch ketma - ket keluvchi Na - lationli va OH —anionli yumshatish usulicin

foydalaniladi. (1-rasm). Kationitlardan o’tgan suv @¢gazabrda O, va CO, dan tozalanadi. Regeneratsiyakhsh
1 va 2 filtrlarda H,SOy va NaOH yordmida amalga oshiriladi.



lon almashinish usuli kimyoviy usulg niskatan, qgo’llaniladigan ashoblarning arzonligi, qulayligi,
tuzlardan tozalash eftkti yuqgoriligi bil an afzal hisoblanadi. Bu usul bikn yumshtilgan suvdgi Caz+ wa
Mg2+ tuzhrning migabri 0.02-0.03 mg-ekv/l boadi.
1- rasm. Snoatda suvni bn-almashinuv usuli bikn yumshtish sxmasi:
1- kation filtr; 2- anion
filtr; 3- degazator; 4- suvni

HO [;—‘—7’6010 yig'gich;  5-  ise'molga
| 1 |1| berish.

Tayanch so’'z a
iboralar:
H,0

A _;@_, Reaksion muhit,

ekstagent, absorbent, tabiiy
suvhr, ekvivalent miqabri,
reagent, \aqtinchalik va
doimiy suv aattigligi, sodali usul, ratronli usul, bn-almashinish,alyumosilikat.

Mavzu bo’yicha savollar:

Ichimlik suv siktining asosiy ko'rsatkichlari ganday?

Tabiiy suvni bzalash usulari.

Tabiiy suvni yumshtish usulhri.

Tabiiy suvni yumshtishning fizik-kimyoviy usulri.

Suvning @ttigligini yuzaga keltiruvchi omillarni ko'rsating.

Kimyoviy ishlab chicarishch suvchin canday magsadlar uchun bydalani- ladi?
Tabily suvlar ganday belgilariga garab sinflanadi?

Fizikaviy usul bilan suvning gttigligi ganday qilib yo’'qotiladi?

Kimyoviy usul bilan suvning gttigligini yo’qotishda ganday reagentlar qo’llaniladi?
0. Suvni yumshtishning bn-almashinish usulinaytib bering.

PBOo~NoOMwDE

SUVNING ASOSIY XOSSALARI

Amaliy mashg'ulot savoll ari:

1. Tabiiy suv kisbtaligini aniglash.

2. Tabiiy suvning ishqriyligini aniglash.
3. Suvni ararsizlantirish.

4. Suvningoksidlanishinianiglash.

Kislotali deb, suv arkibidagi kuchli asoslar bilan reaksiyag kirishadigan moddalar mavjudligiga
aytiladi. Bunchy moddalar turiga: 1) kuchli kisbtalar: HCI, HNGs;, 2) kuchsiz kisdtalar: CH;COOH,
H,S0;, H,CO;, 3) kuchsizsoslar kationlari: NH4+, Fed+, AL3+ organik asoslar va boshaalar kiradi.

Tabiiy suvning kisbtaliligiga asosan, bu suvd erigan erkin foldagi ko’mir kislotasi, hamda kuchli
kislota va kuchsizasoslardan hosil bo’lgan (NH,CL, FeCk, ALx(SQy)3 ) tuzlar bo’ladi.

Suvning kisbtaliligi — uning kuchli asos eritmasi bilan titrash orgali aniglanadi. pH = 8,3 gcha
(fenolftalein bo’yicha) sarflangan titrlangan eritma miqdori umumiy kisbtaliligiga to’g’ri keladi. Agar
tekshirilayotgan suvning pH > 8,3 bo'ls u holda kislotali nolga teng bo’ladi. Kislotali 1 litr suvni
neytrallash uchun &flangan asos miqari (ml. da.) bilan belgilanadi va mg-ekv/I birlikca if odalanadi.

Kislotalar bilan (yoki vodorod ionlari bilan) reaksiyag kiruvchi moddalarning suvadgi miqdoriga
ishooriylik deyiladi. Bu nmoddalarga quyidagilar kiradi: 1) suyultirilgan eritrmalarda gidroksid — bnlarga
(KOH, NaOH) to’lig disstsiatsiyahnadigan kuchliasoslar: 2) kuchsizasoslar (ammiak, anilin, piridin): 3)
kuchsiz kisbta anionlari (CO;2 , HCQ@ , HPO, ,HSQ , S& , HS, S? wboshailar).

Tabiiy suv ish@riyligi, asosan, kalsiy, magniy gidrokarbonatlari va karbonatlari bilan xarakterlanadi.
Bunday suvhrning pH 8,3 dn ortmaydi. Suvning umumiy isheriyligi, pH = 4,5 gicha kamaytirish uchun
sarf bo’ladigan kislota (mg-ekv/[) miqari bilan xarakterlanadi (metiloranj orgali). Eritmaning faol
ishopriyligi pOH ko'rsatkichi bo’yicha xarakterlanadi. Ortigcha ishepriylik, pH ni 8,3 qacha kamaytirish
uchun arflanadigan kuchli kisbta miqdori (mg-ekv/l) bilan belgilanadi (fenolftalein orgali).
Aniglanayotgan eritmaning pH < 8,3 dn kam bo’lsa, u tolda ortigcha ishopriylik nolga teng bo’ladi.



Xlor va uning trkibida bo’lgan noddalar bilan zararsizlantiriiganda suvdgi organik aralashmalar
parchalanadi. Masalan, gumin neddalar CO, gacha minerallanadi, temir (II) oksid, emir (ll)
oksidgacha oksidlanadi.

Mn (II) Mn (V) gacha, bargaror susgnziyalar, kimyoviy kolloidlar parchalanishi ratijasida begaror
susgnziyahkrga aylanadi va tiniglanish, filtrlanishica sharoit yaratiladi. Suvdh Xlor erishi ratijasida ikki
kislota- vodorod xlorid va gipoxlorid kislotalar hosil bo’ladi.

2CL; + 2H,0 =« 2HCLO + 2HCL
2HCLO - 2HCL + G,

Suvni ararsizlantirishca xlordan tashauri gipoxlorid kislota tuzlari ham ishhtiladi. Suvning
tarkibidagi xlorli moddalar gidrolizga uchiydi. Gipoxlorid Kislotaning oksidlanish — @ytarilish potensiali
giymati yudori bo’lganligi sababli (CL + H,O = HCLO + H+ + 2 ) = + 1,49 B, u suvniazarsizlantirishni
ta'minlaydi.

Oksidlanayotgan aralashrmalar bilan birikishga sarflanadigan xlorning umumiy migdri suvning xbr
sig’'imini (xlor yutilishini) ifodalaydi. Normal xlorlashch zararsizlantirish uchun srflanadigan xlor miqdori
— goldig xlor me“yori bilan belgilanadi.

Zararsizlantirilayotgan suv mmunasining tirkibida “faol” xlor borligiga etibor berish zrur. Ayni
birikmaning kisbtali muhitda kaliy yodidga niskatan oksidlovchi gobilyatiga javob beradigan nolekulyar
xlor miqdori faollik deb ataladi:

CL; + 2KJ + HSO, - % + K;SO, + 2HCL
NaCLO + 2KJ + HSQ, - b + K,SO, + NaCL + HO
Ca(CLO} + 4KJ + 2HSO, - CaCl, + 2K;SO, + 23 + 2H,0

Kalsiy gipoxloridtning har bir moliga 14 g “faol” xlor to'g'ri keladi, oksidlovchi gabul gilgan bir
elektron xlorning atom masssiga to’'g’ri keladi, (35,5). Suvni »rlagandan keyin 30 minut o’tgich,
suvchgi xlor me’yori goldiglari migdori 0,3 chn kam va 0,5 mg/l @n ortiq bo’Imasligi kerak.

Oksidlanmoq deb, kuchli oksidlovchilar bilan reaksiyag kirishuvchi  suv drkibidagi
gaytariluvchilarning umumiy migdriga aytiladi. Oksidlanmoq 1 | suvdgi aralashmalarning oksidlanishg
sarf bo’lgan kislorod milligramm sni bilan ifodalanadi. Tabiiy suvningoksidlanishiga gumin roddalar,
sulfitlar, temir (1) nitritlar, marganes (I) va boshalar mavjudligi sabab bo’ladi. Chigindi suvirda organik
aralashmalar mavjudligining ko'rsatkichlari (kislorodning kimyoviy arflanishi — KKS) bo’hdi. Organik
aralashmalar, konsentrlangan H,SQ, ishtirokida Kkaliy dixromat bilan oksidlanadi.

Bundh dixromat ioni quyidagi tenglama bo’yicha gaytariladi:

Cr2072- + 14H+ 6e-= 2Cr3+ + 7HO

Ushbu usul bidn KKC yoki umumiy oksidlanish aniglanadi. Qisman oksidlanish
permanganatometrik usul yorcimida aniglanadi.

Tayanch so’z ibralar:

Normallik, titr, kislotali, faol, ozod va umumiy ish@riylik, xl or, gipoxlorid, xlorlik ohak,
permanganatometrik usul, kisbrodning kimyoviy arflanishi, umumiyoksidlanish.

Mavzu bo’yicha savollar:

1. Suvningasosiy xarakteristikalari ganday?

2. Suvning kisbtaliligini tushuntiring.

3. Tabiiy suvning ishgriyligini tushuntiring.

4, Vodoprovod suvining ishgriyligini gandayaniglanadi?

5. Tabiiy suvni zirarsizlantirish.

6. Qanday usul bikn goldiq xlor, faol xlor va xlor sig’imini aniglash mumkin?

7. Suvningoksidlanishini aniglash.

8. Oksidlanmoqgni aniglashdh, stindart eritma sifatida ganday moddalar go’shiladi?
9. Permanganatometrik oksidlanishch indikator go’llaniladimi?

10. Suvningoksidlanmoqligining to’satdan ko'tarilishiga sabab nima?

Suvni ion —almashinish usuli bilan yumshatish

Ishdan magsad: lon -almashinish usuli bdn yumshatish.

Qo'llaniladigan refaol va jih ozlar: distillangan suv, 8-10% li NaCL

eritmasi, Na — ktionit, AgNG; eritmasi, shttiv, shisha kolonka, taqsimlovchi voronka, 250 ml
konussinon kolba.

Ishni bajarish tartibi:




O’zida qattiglikni yuzaga keltiruvchi tuzlar bo’lgan suv bn almashinish lklonkasidan o’tkaziladi.

Kolonka (1) shishli bo'lib, balandligi 60-70 sm, dimetri 2-3 sm ni ashkil etdi.
Kolonkaning mstki gismi shishli plastinka 2 bilan kerkitilgan bo’lib, krancha 3 bilan tugallangan. Trubla
balandligi 40-60 sm ni dshkil giluvchi Na ltionit bilan to’ldiriladi (4). Na ktionitni Na ionlari bilan
to’yintirish uchun undn 8-10% li 600-700 mbsh tuzi eritmasi o’kaziladi. So’'ng egeneratsiyalangan
kationit distillangan suv bihn xlor ionlari to’liq yo'qotilguncha yuvib tashlanadi va AgNQO; bilan sifat
reaksiyasi o’'tlkaziladi. Yuvish uchunaxminan 1000 ml distillangan suwkak bo’ladi.

Kationit yuvib bo’lingandan so’ng undn yumsthtilishi kerak bo’lgan suv 200-250 ml miggda
o'tkaziladi. Suvning o'tish ¢zligi 3,5 krmanlar yordamida bosharilib turadi. Filtrlanayotgan suvning
porsiyasicin 50-70 ml to’kib &shlknadi, golgan gismi es konussinon kolbaga yig'ib olinadi. So'nga
yumsthatilgan va tajriba uchunolingan suvning umumiy gftigligi aniglanadi. Undan yumshtilish darajasi
hisoblab topiladi.

Rasmch laboratoriya ishi
uchun mo'lpllangan  suvni
" yumshatuvchi noslama

LA 2

laboratoriya ishi

a) Suvning larbonatli gattigligini aniglash.

Ishdan magsad: Neytrallash usuli bikn suvning krbonatli gattigligini aniglash.

Qo'llanilayotgan refaollar_va jihozlar: 0,1 n HCI, 0,02% |i rtiloranj eritmalari, 250 ml
konussinon kolba, byurtka, pipetka.

Ishni bajarish tartibi:

Pipetka yordamida 100 ml tkshirilayotgan suvdn olib, konussimon kolbaga quyiladi va 2-3 tomchi
metiloranj indikatoridan go’shib 0,1 n HCI eritasi bilan titrlanadi. Eritmaning pushti angi to’q sriq
rangaa o'tadi. Karbonatli qattiglik quyidagi formula bilan aniglanadi:

CHCL - VHCL - K - 100 mg - ekv
Kkar = =
VHO I

VHCI — titrlashgr sarf bo’lgan 0,1 n HCI eritrasining miqabri;
CHCI — HCI eritmasining rormalligi, mg — ekv;

K — 0,1 H HCl eritrasi titrining to’g’irl ovchi koeffisenti;
VH,O — tahlil uchurolingan suvning kjmi, ml.

b) Suvning umumiy gftigligini aniglash.

Ishdan magsad: Kompleksonometrik usul bilan vodoprovod suvining umumiy attigligini aniglash.

Qo'llaniladigan refaol va jihozlar: 100 va 250 ml li kolbalar, byuretka, pipetka, 50 ml li stkan, 0,1
N Trilon B, ammiakli bufer eritma, erioxrom gora indikatori, distillangan suv.

Ishdan _magsad: Bu usulningasosida Trilon B ning klsiy va magniy ionlari bilan kompleks fosil
gilishga asoslangan. Trilon B etikndiamintetrasirka 2 ta natriy tuzidir (NaH,B dta):

NaOOC
CH
™\ N CHy— CHp—N e

HOOC —CH, "~ CH,-COOH

CH, -COONa

Trilon B ning mvlekulyar og'irligi 372,75 g teng. Ca?+ v Mg?+ ionlari bilan reaksiyasi bo'yicha
ekvivalent og'irligi -186,12. Tekshirilayotgan suva indikator bo’yoq — eroxrom gora qo’shiladi.
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Bo'yalgan suva Trilon B qo’shils, ekvivalent nugtda suvning o’zgrishi sodir bo’ladi. Sababi Trilon B
barcha CaZ va Mg?" ionlari bilan kompleks hosil giladi.

Ishni bajarish tartibi:

Hajmi 250 ml konussinon kolbaga suvning gttigligiga garab kerakli hajmda suv quyihdi va dis. suv
bilan 100 ml gcha suyultiriladi. Unga 5 ml ammiakli bufer eritmasidan (NH,Cl + NH,OH) va 5-8 bmchi
erioxrom gora indikatori go’shiladi. So’ngk tekshiralayotgan eritma sekin-asta 0,1 N Trilon B eritnasi
bilan titrlanadi. Titrlash prayoni eritmani to’xtovsiz aralashtirib turilgan holda olib boriladi va eritmaning
gizil rangi havo rangg o’tganda to’xtatiladi. Bu usuld umumiy suv gttigligi aniglanadi va u quyichgi
formula orgali hisoblab topiladi.

VINIK [1000_ mglekv
1

Kkum =
1
M — 0,1 H Tribn B eritmasining &rf bo’lgan miqdbri ml.
N — Trilon B eritmasining rormalligi.
K — 0,1 H Tribn B eritmasining titr uchun to’g’irbvchi koeffitsienti.
Vi- tahlil uchurolingan suvning ajmi, ml.

11



JlaGopaTopusi uim Ne2

CYJIb®UJI PYIAJAPUHU KYHJIUPUII BA CYJIb®AT KUCJIOTACH OJIMII

Nmpan makcan: Cyabdua pysajapuHu KyHAMpHII sKapa¢HuAa XOCHJ OyJraH medn
razugaru SO, HHMHI KOHUEHTPALUMSICHIAa PpyAa TAPKHOUAArH OJTHHIYTYPT MHKIOPH,
PYJAAHMHI [OHANAOPJHK JapaskacH, XapopaT, OpPTHKYa XaBO0 MHMKIOPHHHMHI TAbCHPHHH
yprauuu

Ha3zapwuii MmabaymoTtiap.

Cynpdat kucnoracu unuiad yukapumaa 3apyp O6ynran SO, ra3uHU ONMII YUyH CyIbGUI
pyAaiapy Kynaupuiaau.

ONTUHTYTYPT PYAACUHU KyHIUpPUIIIArd KOHYHUATIAp TapKUOUAA ONTUHIYTYpPT OYiraH xap
KaHal pynajapHu KyHaupranaa XxaMm MabKyJ1 Oyiau.

bapua 1okopu xapoparnu sxkapaéHiapaaru kabu cyiabGua pydaJapHd KyHIUpUII TE3JUTH
peaxius XyayJaura KucIopoa KUPUTHUII Ba Xocui 0ynran SO, ra3uHu YuKapuod OJUITra OOFIIHK.

Komuenanam kyiiaupuimn acocuja €TaguraH KUMEBUM PEAKIUSAHUHT YMYMUW KYpPUHHIIN
Kyluaarnya:

4FeS +11G =2Fe03+8SQ - Q

Komuenanuu Kyiaupuin okapaCHMgard Macca y3aTuil  KO3(QQHUIEHTHHUHT IOKOpU
JapakacCura Y4OKJard XapopaTHH Ba TUAPOJMHAMUK DPEKUMHUHI WHTCHCHUBIIUTMHM OILUMPHIL
OPKAaJIU SpULIMIIAAHN.

CynphaT KHUCIOTAaCH OJHMII Y4yH CyIbGUA aHTHAPUAWHU CyabdaT aHTUAPUAMrayda
okcuutaHaay. by xapa€H caHoarna TyTallyB KypuiaMacura BaHaJWM KaTaau3aTOpU UINTHPOKUA

XaBO KHUCIOPOAH FOOOPHII OPKAJIA aMajra ONINPHIIa IH.

2SO + 0, =2SQ

Mogens Kypunmacuga sca 0y xapaéH 50 mn 3% nu BOIOpOI MEPEOKCHIN KyHHITaH
abcopbuus xowtoHacu (7) ma amanra ommpuiaaan. MablyMKH BOJOPOJ MEPEOKCUAMN - OeKapop
Monna. Y EpyrIIMK HypU TabCHpHUJA CYB Ba KUCIOPO/ra rnapyaiaHau.

[Mapuananum gaBpuaa, CEKYHAHUHT I03/1aH OWp yNyIIUTa BaKT OPATUFHU]IA, KUCIOPOJ aTOM
xonaa Oymamu. by atom xonmaru kucimopon xkyaa daon xonataa 6ymanu Ba SO, Hu okeuiad SO;
ra aujJaHTUpaIH.

SO +0 =SQ

Cynpbar aHruapuau cyB OwiaH ¥y3apo peaknusra KUpUIINO cynbdar Kucimoracura

aliylaHazu.

SG; + HoO = H,SOy
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Xocun OynraH cyiabpar KUCIOTaCMHUHI MHKAOpMHU MaxcynoTHu 0,5 N wmmkop Ounan
TUTpIIAII OPKAJIM aHUKJIAHATH.
Taxxpuba yTka3uil yYyH KepakJju 0yiomMiap, )KuxXo3Jap Ba peaKkTUBJIap.
JlaGoapTopust KypUIMacH.
TeMup KoJlueIaHH.
Cormon Kaiinkya.
Harpwuii umkopu sputmacu,0,5N.
DOprneHmeinp kodacu.
Mertun KA3UI1 HHIUKATOPHU.

Won sputrmacu, 0,1N.

©® Nk D=

Bonopon nepeokcunu,2 %.
Nnn 6axapui TapTudn:

KonuenanHu KyHIUPHII YIyH dICKTP TOKH OMJIaH KU3IUPHIAIUraH neds (2) ra TOpH30HTal
xonga ypHartunaau. [ledp snektp Ttapmorura JIATP tummm maGoparopusi aBToTpanchopmaTopu
(10) Ba ammepmerp (9) opkamu ymanagu. Iledura OepuimaéTraH S3JCKTp TOKH J1aOOpaTOpHs
aBrotpancpopmaropu (10) opkanu OGorrkapuam.

Xapopar Tepmonapa (4) €paamuna yinyaHaau Ba KypcaTyBud MUILTHBOJIBTMETP (5) opkanu
Hazopar KuiuHaau. Komuenan €ku cynbGua pynalapuHi KYHIUPHUIIL YIyH 3apyp OYJIraH XaBo
(spHHE KHCTIOPOM) TIeYb Ba OYTYH KypHiaMa OpKaiu cyB Hacocu (8) épmamuma cypub yTKasuaaau.
XaBOHUHT XQKMHI TE3IUTHHU, XOHA [IAPOUTHIA OJIHHIAH IPaayHpOBKa KuiuHran peomerp (1)
Ounan ymuaHanu Ba pocnaHaau. Cynbduna pynagapu €KdM  KOJNYEAAHHU EHHMIN PEaKLUACH

ANIEKTPONeYb HYKUra YpHATHIITaH KBapll KyBYp HUHM/Ia aMara OIIUpUIaan.

vas 2 5
°  rrmmmmmimmmn, |
\ — s ! <.
1 /171111 /T T T T R
PaN e 11 ¢
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L
6B 10 ———— 220
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/

Pacm. Cynbdun pynanapunas cyibhaT KUCIOTACH OJMII KypUIMacu
KBap1r KyByp MKKH TOMOHHIAH XaM pe3uHa TUKWHIAp OwiiaH 3uunabd énunrad. bup TukuHara
tepmorapa (4) ypHaTuiraH, MKKHHYA THKAHTA 3¢a HKKHM XHIT AMaMETPIIM KBapil Haituanap (6) oup-

6upuHK wunra ypHarwirad. Xapopar kepakiaun napaxa (600PC) ra errau, mabaym muknopaa (1-2
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rp) TOPTUO OJNIMHTAH CyabpHI pyaacu €Ku KoiuenaH comoi Kainkya (3) ga peakrop (11) nuwmra
YKOMJTAIITUPUIIAIN.

XaBo peakTop MYHMra Karrta JdaMeTpiid KBapil Haiiya (6) OmiaH KMYMK JdaMeTpiid Haiua
(12) opanuruman yTub, peaknus Xyayaura eTud 6opasiu.

Peaknus Hatmxacuma xocwn Oynran rasmap, acocan SO, knumk auaMerpin Haida (12)
OpKaJIl TAacT KOHIEHTPALMSIM BOJOPOJA IEPEOKCUAM TYinupuiran abcopOepra Oopaau Ba

KylHaru peakuusuiap coaup Oynaau.

SO +0 =S
SG; + HoO = HaSOy
Xocun 6ynran cynbgat kucnoracuHuHr Mukgopuau 0,5 N NaOHspurmacu Guian Tutpiad
aHUWKJIaHCa OYnau.
I'p.akB. HSO4 =T'p.okB. NaOH =I1-0,0005-f
KodeaH TapkuOMIarn ONTHHIYTYPT MHKIOPHHH 5ca Arp komuemammu 500-606C 30

MUHYT JJaBOMHJA KYHAMPHUO, OJTMHTaH HATIKAIApHU Kyiunaru ¢popmynara KyHno Tonuaanu:

I110,005[ f [16[100
a

S=

11 - tutpnam yayn capdaanran 0,5 N NaOHvukmopu, mi.
f - 0,58 NaOHHuuHr dakropwu.

a - Tapo3uja TOpTUO ONMUHTaH cynbhu pyaacu €K1 KOTYeJaHHUHT MUKIOPH, TP.
0,0005 - 11 spuT™Magaru HaTpU UIIKOPUHUHT TPAMM SKBUBAJICHTIIAP COHH.
16 -cynbdat KUCTOTAaCUHUHT 1 rpaMM 3KBUBAJICHTUTA TYFPH KeJIaJUTaH OJITHHTYTYPT MUKIOPH.

Typau xapopariapia Ba XaXMUH Te3MUKIapAa KoiadenaH EKu cylbGua pyAaTapHHUHT
KyHMII TE3MUTMHU aHUKJAIl y4yH, JaObopaTopHsl KypHjiMacu TH3UMHIra siHa MKKHTa abcopOuus
KOJJIOHAaCMHM Oup-Oupura mapaien xojarjaa yial, yjgapra MabliyM MHKAOpAAa Yiauad OJNMHTaH,
KpaxMmai sputMmacu ownan Oysiiran (panr kuprusmiran) 0,1N #ox spurmacura Kyiunaau. ['a3au
HaBOaTMa-HaBOAT Xap Oup abcopOIMs KOIOHACUTA SPUTMAHUHT PAHTH WYKOJITYHYa F0OOpUIIaIH.

Xap Oup aOcopOuus KOJJIOHACHJATW OHPUTMAHUHT PAHTH WYKOJTyHYa KETTraH BaKT
AHUKJIAHAIH.

Taxpubanap MablyM XapopaT Ba XaBOHMHI XQKMHH TE3JMIHra KaThbUi pHOS KWIMHTAH
xona Gaxkapuaaa. Mo uuTHpokmuaa KyHuaary peakius Gopay:

SO + 2H,0 + 3 =H,SOy + 2HJ @)
Taxpuba HaTmkacuaa XUco6gad TOMWITAaH OJTUHTYTYPT €HTraH TYpiIH XapopaTiapHUHT

BaKTra OOFIMKJIUTUHUHT KHHETHK 3TPH YM3HUKIApH rpa@uk KypuHULaa ndoaanaHaau.

G; = 00016077 f
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Gs - €HraH ONTHHTYTYPTHUHT MUKIOPH, T.
0,0016-§) peakuusicuaaru Imn 0,1H ioara MOC KeJaauran EHraH OJITUHTYTYPTHHUHT MUKJIOPH, T.

f - fiox spuTMacHHUHT (HaKTOPH.

Ha3zopar caBosuiapu

Canoarna cynb(dar KUCI0TAaCcH OJIMII YIYyH KaH1ail XoM-aménapaan (oinananuinaam?
OJITHHTYTYPTIIN PyIATapHUHT CEPOBOJIOPOJIHUHT, OJITUHTYTYPTHUHT EHUII peaKIUsIapu ?
SOy Hu SO;ra OKCHAAITHUHT CAHOAT YCYJUIapH?
SO, uu SOsra maboparopust KypriiMacH1a OKCHIJIAI ?

SO, HuHT o1 OMITaH peaKIusIcu?

AN o

OnTHHTYTYPT pYAQIapUHUHT EHUII TE3JIUTH KaHIal aHWKIaHAIn?

Anaduérnap
Myxnenos U. I1. Ilpaktukym mo oduieit xumuyeckuit Texnonoruu. M. Bpimr. mkona.1973.
Awmenun A.I'. [IpousBoacto ceproii kucaoTel.M.JI. xumus.1967.

3. Tlosun M.T. PykoBOACTBO K IPaKTHYECKUM 3aHATHSAM IO TEXHOIOTMH HEOOPTaHHYECKUX

Bemects. JI.:. Xumus .1980.
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JlaGopaTopusi umm Ne 3

AMMMAKHU OKCHUJJIAIII BA HUTPAT KUCJIOTACH OJINII
Nmpan makcaa: Jlaboparopusi KypujiMacula aMMHAKHU KaTAJMTHK OKCHJIA0,
HUTPAT KUCJIOTACH OJTUIIIA OKCHJIAHUI KAPAEHUHUHT TYTALIyB Yerapacujaa xapoparra Ba
BAKTra GOFJIMKJIUTAHHA YPraHMUIIL
Hasapuii MabyMoT.Iap.

AMMHMAaKHHA a30T OKCHIWTavya OKCHIJIAIN CYIOJTUPWITAaH HUTpAT KUCIOTacw ojumaa |-
OOCKUYIHP.

lI-6ockuu azor okcuauau a3otr (ll) okcuamrava OkKcuyall Ba YHH CYB OWiaH
abcopOuusnamaan uoopar.

AMMMaKHHU a30T OKCHUIMTa4a OKCHJIIAIT KyWHHIard peakiusi KypUHHIINIa OOpaau.

4 NHz+ 502 =4NO + 6H.0 + Q @)

AMMHaKHH OKCHIJIAIIA YOy peakius xapaéHuaa, KyWuaard KymuMya peakiusiiap Xxam
OOpHUIIN MyMKHH.

4 NHz+ 40, = 2N,O + 6H,0 + Q  ©)
4 NH3+ 30, =2N, + 6H O+ Q  §)

By peakumsinap amanma oxupuraya 6opau.

Arappa Karajau3aTop KyJulaHMaca OKCHJIAHWII acocaH (B) peakiius KYpUHHIIUAa Oopaiu.
Canoarna ammuakau NO raua okcuaian y9yH KataauzaTop cudaTuia oJaraa TUIaTHHAHUHT Oup
03 NAJJIAUKA Ba pOJUNA KYIIMJITaH KOTUIIMACH CUAMPFA TYP KYPUHHIIKMAA UIIUIATHIAAU. By Typrap
peakTop WYMAa KaBaT-KaBaT jKoWjamrad Oynu0, yHUHT OpacHIaH aMMHAK Ba XaBO apajaiiMacu
Vrrazunaau. [InaTuHa kaTanuzaropiapua, )Kyaa 03 BaKT OUpIUTHIa, IOKOPH Japaxkana, ssbHu 95-
98% rava a30T OKCHAM OJIMII MyMKHH. AMMHAKHH a30T OKCHUJWTa4a OKCHJIAHUIIHN, CEKYHIHUHT
VH MUHT/IaH OUp yJIyIIUTa BaKT OpaJIMFU/A, ISApiIu oXxupurada 0opanu. byHmail katanuzaTopiap
Y30K My[IaT Y3UHUHT (PaoJUIUK XyCYCUSTIIAPUHY CaKJ1ad Typau.

Xo03upru KyHjapAa IUlaTMHAa OwiaH Oup KaTopia TeMHp OKCHAWJAH TaiépiaHra
KaTaJiM3aTopiap XaM UIUIATHIMOK/IA.

AMMMAKHUHT OKCHJIJIAHUII TE3JIUTH HUXOATAA KarTa OyimO, SHr Te3 OOpYBUM peaKIusiap
Karopura kupaau. [lnatmna karanusatopiapujga ontuman TtyrtamyB Baktu 0,00006 - 0,0003
CceKyHI, TeMup okcramaa sca 0,01 cexynany Tamkun Kimagn. OntiMan xapopar sca 700 - 900°C
aup. NO rasuHuHT XOCWJI OVIMINKM Y4yH MacTiaOKy ra3 apajlalliMAaCUHHHT TapKuOW XaM KarTa
axamusTra sra. bup Mojib aMMHaKHU a30T OKCHUIMTavYa OKCHIJIAHUIITN yIyH Ha3apui xuxarnan 1,2
MOJIb KHUCTIOPOJ Kepak Oymaaw. A30T OKCHIMHH XOCWJ OYIUIN Aapa)KaCHHHU OIIWPHII YIYH
KHCIIOPOJI MUKJIOPH KeparuaaH OpTUKpoK Oymumu, spHE 1 xakm NHs yuyr 1,2-2,0xaxm O,

oynmumm kepak. KoHTakT Kyprimacuaa katanu3arop umrupokuaa 800 - 90dC Xapopataa acocaH
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a30T OKCUAM XOcwII Oynanu. UyHKH IOKOPU Xapopatria a30THUHT KUCIOPO OWIIaH SHT MyCTaxKam
OMpUKMacH a30T OKCHAW XucoOyaHaau. KOHTakT KypuiIMacWJaH KEWHHTH OKCHAJAII WIUIINAIA
(12) ra3 xapoparu macasau Ba a30T okcuau a3ort (I1) okcuauraya okcuTaHaim.
2NO +02=2N0O2 ()
OxcuuianuIn peakuusick HaTmwxkacuaa oup karop Hutpo3 rasziaapu (N2Oz NO, N;O) xam
XOCHJI Oy masy.
HutpaTr kucnaTacHHUHT XOCHJ OYnuInu 3ca, xocui Oyiaran acocuir maxcyior asor (Il)
OKCHJIMHH CyB OWJIaH ¥3ap0O TabCUPUTA ACOCTAHAIM.
2NO,+ H20 =HNO3 + HNO2 + Q ©
KYIIuM4a NO4 + H,O =HNO3z+ HNO2+ Q ()
Xocun OYnran HUTPUT KUCIOTacu 6ekapop OYnranu yuyH KyWuaariuda napuaiaHasm.
3HNO; - HNO3 + 2NO +H,0 - Q )
PeakuustHUHT yMyMUI KYPUHUILIA 3¢,

3NO,+ H,0 — HNO3 + NO + Q )]

Kypunuimmaa 6ymaau. (x) peaknumscuga kypcarwiarad a3or (II) okcuawHM HUTpAT KUCIIOTacUra
aliJIaHUII Japakacd HUTPAT KUCIOTACMHUHT KOHIICHTPAIIMSCHTA, XapopaTra Ba ra3 TapKHOWmIaru
a30T (lI) OKCHIMHUHT MUKIOpUTA OOFITHK.

By wum - nmaGoparopust Monelb KypuUiMacula aMMHAKHH KaTaJUTHK OKCHIIA0, HUTpAT
KHCJIOTACH OJIHII JKapaSHUHH, HA30paT KUJIHII YCYJUTAPUHHU YPraHUIITra My DKaJUIaHTaH.

Takpuba yTKa3suul y4yH Kepakju 0Oylomiiap, sKuxo3/1ap Ba peakTHBJIAp.
1. JlaGopaTopust KypuiIMacHu.
2. Temup KaTanu3aTopH.
3. AmMmuax rasm.
4. Harpuit umxopu spurmacu, 0,5N.
5. Dpnenmeiiep kondacy.
6. MeTHIJI KM3UI UHIUKATOPH.

Nmam 6axkapuin TapTudu:

Kontakr (TyramyB) KypHiIMacH HYHra KaTalu3aTtop TYaaupuiarad ksapi KyBypra (9)
VpHATHIITaH, SJIEKTP WUCHUTKHYWINA, BEPTHKAJ >KOWJIAIIraH, KBapiyiaH Taiiépyianran mneds (8) man
uoopar. Kypunmanu onexTp OWIIaH HMCHTHII, DSJEKTP TapMOFUIa YJaHTraH Jaboparopus
aBrotpanchopmaropu (13) Ba ammepmerp (14) épmamuma Oomkapwiagu. Tyramrys
Kypuimacuaaru xapopar tepmonapa (11) épmamua yidaHaad Ba KYpcaTyBYM MHJLTHBOJIETMETD

épaamMuia Ha30paT KWJIUHAIU.
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KBapu kypBypuacura (9) remup okcuauaaH Taii€piiaHrad Katajiu3aTop KOMIamTHPHIa i Ba
ra3 apamammacu (NHs+O,) TyramyB derapacura OKOpUaaH mactra Kapad Oepmiamu. XOCHI
Oynran MaxcyJaoT KypHiMa OCTUIard OKCHIUIOBYH - Ta3 WuryBun umum (12)ra yramu.

AMMHaK Ba XaBoJaH ubopaT Oyiran ras apanammMacy Kylnaarnda Taiépianaiu:

<
a— 13 10 { 7
1 =
920~ e DATM. | (71-\ __'g
o L/ 7\ 3 '_'_.'i2
N ATALTE —NE
7 > — A
15 Z? 1° |:F
a\ 292 T
4
.Y u] il
1 0 :
12 7
W _

PacMm. AMMHaKHH OKCHJIJIAIN Ba HUTPAT KUCIOTACH OJIUII KypHIMacH

Ammuak OamnoH (4) man cumobmau peometp (5) opkanu apanamruprud (6) ra Oepuiau.
XaBo apanamtupruy (6) ra razometp (2) nan peometp (3) opKaiu y3aTHIIAIH.

["azomerpaaru 6ocuM FOKOpHTa skoimamran 6ocum Oaku (1) maH Tymaérrad cyB épaaMuaa
XOCHWIT KHJTHHAIH.

AMMHaK Ba XaBoJlaH nbopar ras apanammacu apanamrtuprud (6) nan Ba Oydep unumm (7)
JaH YTUO, TyTallyB KypWJIMacura y3aTHJIaJu. A30T OKCHAJApUHH IOTTHPHIN YYyH a3 TyTallyB
KypWIMacHAaH YWKHO, OKCHUIOBYM WAWII OpPKAIH YTHO, MKKUTAa KETMa-KeT YJaHTaH, CYB
Tyaaupriran abcoporus koswtonacu (15) ra kemagu. AGcopOusara yupamarad ras3 KOJAHKIApH
aTMocdepara YnKapuO TaluiaHaIu.

Taxpuba yTrazum yayH no3um Oynran 8-9 YoaMMuakin XaBo apajammMacy Tanépiam yqyH
OJMHIAaH rpaayupoBka KuiauHran peometp (3) Ba (5) map ypuarmiran. I'a3 apamaniMacHHUHT
YMYMUH XQKMHUH TE3JTUTH ZOO-GOOCM3/MI/IHyT ra TeHT OYJIMII Kepak.

['a3 apamamMacu Kepakim xapopaTraya KU3AMPWITaH TYTallyB KypHJIMacura MabiyM
XOKMHANW Te3NmuKaa robopmnanu. Taxpuba VTka3wiaéTraH naBpla TYTallyB KypHJIMacuIaru
XapopaT Ba ra3 OKHII TE3JUTHHU Y3rapTupMmail Oup XwJ ymnuiam 3apyp. AMMHAKHHA FOOOpHII
TYXTaTHIATaHAaH CYHT, OyTYH THU3MMHU a30T KU XaBO OMJIaH FOBHIII JIO3UM.

Taxxpubanap HaTHKACHIa OJMHTaH XyJ0canapAaH aMMHAKHUHT OKCHUIAHUIIIMHE XapopaTra
€K TyTalllyB BaKTUTa OOFJIMKIMIUHY KYpcaTyBud rpadukiiap YM3HIaAd Ba ONTUMAI APOUTIapU

aHUKJIaHaIH.
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HutpaTr xucinora Xxocun OYJIMIIMHUHT AAapakaCMHHM peakiusira KUpUIIaéTraH JacTiaOKu

aMMHaK MUKIOpUIaH Ba Xocui O0ynran HurpaT kucinotacuan NaOHOunan tutpinab aHUKIaHAIH.

_ 2p.axk6.HNQ, 100

ep.ox6.NH

by epna: ep.oxke. HNO3 =11 0,0005-f ,

I1=0,5 N NOH nHuHr TUTpnam y4yH capgianran MUKIOPH.

f = NaOH HUHr HOPpMa/UTMTHHA TYFUpIIait KodhpuieHTu-GpakTop.

Y s

okeNH, = — Mo
PO T, 122400

peaknus yuyH capdiaaHraH aMMHaK MUKIOPH, MJI.

no

o 0 bk~ w

1
2.
3.

Ha3sopar caBosiiapu
Hutpat xucimoTacu onun y4yH KaHAal XxoM-aménap Kepak?
AMMHMAaKHA OKCHIJIAIl Y4YyH caHoaTAa Ba Jabopartopusiga KaHIad KataaudzaTopiap
ALUIATAIAIU ?
AMMUaKHY OKCHJTAIN KaHAal peakiusiap opkamu 6opaau?
AMMMaKHU OKCHJJIAINIA TYTAIlYB XapopaTH Hevyara TeHT?
AMMMaKHH OKCHJIAIIIA JACTIa0Ku Ta3iap HUCOATH KaH/Iai?
Huma yuyH caHoaTna aMMHaKHU OKCHJJIAII )apaéHuaa rasziap Hucbartu crexuomerpuk 1,25

Vpuaura O, NH3= 1,8 - 2,Iraya kunu6b onuHanau?

Anabuéraap
Myxnenos W.I1. [Ipaktukym no obmieit xumuueckoii Texnonoruu. M:Briciias mkona, 1973.
Atpomenko B.U. Kypc Texnonoruu cszanHoro azora M:JI: Xumus 1968.

Atpomienko B.U. TexHnonorus cBazannoro azora.M-JI. 'ocxum. uz.

4. JI.C.beckos. OO11ass XuMHU4ecKasi TEXHOJIOTHS ¥ OCHOBBI IMMPOMBIIIUTEHHON 3komorun. M.: B/ILI.
1999.

5. A.A. HcmaroB Ba Oomkanap. Hoopranuk mommamap KUMEBUN TEXHOJOTHUSICH. TOIIKEHT.
V36ekucron, 2002, 336.
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JlabopaTopus mmm Ne/

I'IIIC ACOCUJA BOFJIOBUYUN MAXCYJOTJIAP OJIMIII .
Nmpan makcax: MuHepas Vrutrjgap YMKHHAUCH Oyiaran ¢ocdorumncaian O00FJI0BYH

MAaXCyJI0TJIap OJTUII TEXHOJIOTHUSICH KAPAEHUHHU VPraHUII.

Taxpuda yrka3uul ydyH Kepakju OyromJjiap, ;KuX03J1ap Ba peakTHBJIAp.
Kyputum mkadu.
UuHHM XOBOHYA.
NeOO8»smnaxk.
Kozonua €ku ToBaua.
Kymnu naboparopust XaMMOMH.

DJEeKTp MIUTKACH EKU a3 TOPEJIKACH.

N o gk~ wDbd R

Mertaiu ruib3aiu TEpMOMETD.
Nnn 6axapui TapTuodn.

JlaGopaTopus mapouTHa MUHEpAT YFUTIAp YMKUHIUCH OYiran ¢ocdoruncaan OOFI0BYH
MaxCyJIOT — KypUJIUII TUIICH OJIUII YYyH OJIUHAAH KypUTUII 1Kaduaa Oupo3 KypuTuO OJUHTaH
dbochoruncau maboparopust rerupmonuaa €ku ynHHN xoBoHYana ['OCT 125-70ranabmapura Mmoc
KenmaauraH papaxkarada wadgamanagu. Cynrpa Ne 008 smakman 15% xomauk KodryHda
yrrasmaamga. Cynrpa Kypurrm mkapura xoimamrupunné 50-95C xapoparaa 2-3 coar naBoMuzia
MyHTa3aM apajJaliTUpuiInO TypraH xoiaa Kyputwiaaud. KypuTui Ba3Hu TOMMHIM X0Ira Kearynya
naBoM >TTupmianu. Kyputui Hatmwxkacuga Gochorumnc rurpocKonuk HaMINKIaH KypUTHIaau Ba
OofnaHraH CyB MUKJIOpWHM aHMKIaitmu3. Hazapuii xuxatnan, 6ornanrad cyB 20,93%Hu tamkun
Kunaau, Oy oca ¥3 HaBOATHAa UKKU MOJIEKYJa CyBra TYFpU Kelaau. AManjaa Typlid apaiammManap
MaBxKyJ Oynrannuru cababimu OofIaHraH OOFJIaHTaH CyB MUKIOPU HUcOATaH KaM Oyiiaau.

Axmmnad maiganadnran Ba KypuTwiran Qocdoruric raz €ku dJeKTp IUITMTKAacH €paamuia
KU3JMpUIAIUTaH KO30HYa (TOBava)ra, CONMO KyMJIH JIaOOpaTOpusi XaMMOMUTa JKOMJIAIITUPUIIAIN
Ba acTa CEKMH KU3AUPHUO MUIITHPUIIAIIH.

[Mumupum gaBomuaa Gocorurc KyKyHH XapopaTu TepMoMeTp EpraMuia Yirdad Typusiaau.
Tepmomerp MeTayun Twib3ara YpHaTWIHO, YHHHT €paamuaa (ochorumnc Te3-Te3 apaamTupuo
TYypUJIAIN.

[ynnait kuub rusib3agard TePMOMETp OUp BAaKT/a apaslalliTUPYBUYM Ba XapOPaTHU YITUOBUU
BasupacuHu Oakapaau.

[Mumupum gaBpuaa xapopat 150-160C pan omm6 xermaciurura 9BTHOOP OEpuI Kepak.
ByHUHT y4yH ropenka alaHTaCHMHH Y3TapTHpUO TypHiIagu €KH DJIEKTP IUIUTKACH BAKTH — BaKTU
Ownan yumpub — kO Typmianu (Xxapopat aBToTpaHcGopMaTop €pAaMuaa 3JIEKTp IUIMTKAra

TErHIUTH KyWIaHUII Oepuin Ouaan Oomkapuo Typuiica xam Oynaau ).  [Tummpwumn 2 coaT qaBoM
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stagu. CyHrpa Oornanran (ruapar) CyBHU aHuKJIaHaau. Hazapuit sxuxatnan Oornanras cyB 6,21%

OynuIIH Kepak.

OnuHran HaTWKanap >kaaBajija KauJl KUJIUHAIU.

[Mumupuin BaKTUHUHT JaBOMUNIUTH 30 MuH 60 Mmuu 90 mun 120Mmun

MaxCyJIOTHUHT OFUPJIUTU

Xuco00T Ty3HIII.
Wiy 6axapui yqyyH TONIIAPHK.
TaxxpubaHuHT KuCKa4ya OagHu.

TagKUKOT UIITTAPUHUHT HAaTHXKAJIapH XUCOOH.

A

TanKuKOT HaTHMXKaJIapuIaH YUKKAH XyJIocanap.

Anaduértaap.
1. 1O. M. byrt, B.B. TumameB u apyrue «[IpakTUKyM MO XMMUYECKON TEXHOJOTUU BSIKYILIUX
MaTEpHUAJIOB».

2. T.A Orakysues , D.T Oraky3ueB «bornopun mogaanap». TomkenT-2002ii.

JladopaTopusi umm Ne9

METAJLJI BA HOMETAJLJTAPHUHT KOPPO3UST A YUAJIAMJIUTUHU YPT AHUIII

HMmpan wmaxkcan: Kumé ca”oaruaa TypaM KHCJIOTAJAp HILVIA0 YMKAPUIIAATH
kapaéninap OopaauraH ycKyHajgap (yTepOBKACMHMHMHI KOPPO3HUSIra YNAAMIWINK
XyCYCHATJIAPUHHU YPTraHMIII.

Ha3zapwuii MmabaymoTtiap.

CaHOaTHHUHT KYTI TapMOKJapuaa, OMpuHYM HaBOaTna KUME caHOATHAA MAaCTIA0KU XOM alié
Ba XocuJ Oynma€rraH MaxcynoTiap, alHMKca IOKOpH Xapopar Ba OocWMa, METAIIapHH €MHpa
oonutaiign. CanoaTHu Oy TapMOKJIapuIa aCOCAaH HOMETAJUT KOHCTPYKIHUSIAp Ba HOMETALT XUMOS
KoIUIaMajiapy KYJUTAaHWIMIIWHA Tanad kunaau. MacanaH, cynbdaT KACI0TaCH UIUTa0 YMKapHIIIa
nespiau  0apya acocWil ammapariiap Ba KypuiaManap TOF JKHUHCIApH, CHJIMKAT IUTHTKajap,
KHCIIOTajapra Yuamiid FUIIT €K OCTOHIaH Tal€piaHau.

Ty3, cupka, HUTpAT, YyMOJIH Ba OOIIKA KHCIOTaIap UILTA0 YUKAPHIIIA KHCIOTara Yu1aMIId
MaxcyJoTiIap, SbHU KepaMuka, 0€TOH, ItacTMacca, pe3uHa Ba O0ITKa MaTeprauiap KyJJIaHUIaau.
[enmnrono3a-Koro3 caHoaTUAa MUIIMPHUIN KO3OHJIApHHU (PyTEepoBKAacH ydyH KEpamMHK IUIHTKajap,

acOOBMHMJI TUIacTMacca Ba Oomikanap unuiatwiaan. Homerann marepuaniapiad 3JI€KTPOJIM3 Ba
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raibBaHOIUIACTUKA yYyH BaHHamap, auadparmanap, QuibTpiap, AUCTHIUISIHS Ba CyOIMMAIUs
y4yH KypuiMmanap sicanagu. CUivkaT MaTepruaiapAad METaulyprus, KOKC, IIXIIA SPUTUII Ba 11y
kabu >xapaéHiap/a KeHr (o JaTaHmIaIu.

Homeramn, xkuMéBuil uymaamimm MaTepHallap HUKKH Typyxra OYJIWHAIW: HOOPTaHHWK Ba
OpraHMK MaTepuaiap. ArpeccuB ra3 Ba 3pMTMa, SpUraH MeTajll, XaMJa FOKOpU Xapopariary,
nuiaKiap OwilaH WIIaiauraH KuMEBMM >kapaéHiapra OOFJIMK YCKyHanap, YJIapHUHI TabCHpHUTa
YuIaliTUTaH HOOPTaHWK MaTepuasuiap Ounad GyrepoBKa KUITHMHAH.

HomMeTaJ11 HOOpPraHMK MOJAAAJTAPHUHT KUMEBUIN YMAAMJIMJIMIH TYFPUCHAA MabJIyMOTJIAPp.

Kucnora, wmmkop Ba Oomika KHMEBHUH peareHTIap TacuUpHa HOMETaUl HOOPTaHHK
MaTepHAJUIADHUHT EMHUPWIIMII >Kapa€Hu Kyda Mypakka® Oynub, y mMaTepuaqHUHI KUMEBUN Ba
MUHEPAJIOTUK TapKUOM, FOBAKJIWIH, CTPYKTypacH, Xamaa TabCUp KHJIAETraH MIApOUTHUHT
arpecCcHUBIIMTHY Ba XapopaTura 6oriuK. by oMmumiap Typnu kKypuHHILIA TabCUP KWUINO, MaTepHaTHU
KHUCMaH eMUpHO, YHMHI MaccacH, MEXaHHK MYCTaxKaMJIMTMHU KaMaWTUpHIIKW OuiiaH Oopaiu.
KuméBuit unaaMIMIMKHUHT acocuil (pakTopu yHUHT KUMEBUHM TapkuOuaup. Tabumii €ku cyHbUi
TaliépiaHral MaTepUANIAPHUHT TapKHOWAAa KPEeMHHH KHUCIIOTacH Ty3Japu, TO3a KpEeMHE3eM,
AIOMOCWJIMKATIAp, KajblMi cuIuKaTiapu O0ab3u MaTepUaUIApHUHT OKCUIUIapu  Oynau.
KuméBnil unpaMaunukay 6axosamiia MUHEpaTHUHT aiipuM OMpHKMarTapuHU arpeccuB IIApOUTIA
SpUIIUAH KenuO 4yuKuiagu. TapkuOuia KucioTa okcuiapu (KpeMHe3emuiiap) KYNpok Oyiran
MaTepuajuiap KUCIOTara 4YMJamid XHucoOjJaHagu. AMMO UYWIAMIIMIIMK YYyH KpEeMHE3eM
MUKJIOpUTHMHA 5Mac OalKd YHUHT MHUHEpPAJOrMK TapKuOM XaM Myxumaup. Macanan oanuit
kypunuimn Fumtd  60-80% kpemuesemu Oynummra Kapamaid KHCIIOTara 4YuMiaMcu3, JEKUH Y
KyWaupuica Kucjorara yugaminniura opranud. KOxkopu Xxapoparna KyWaupuirasjia KUMEBUN
YUJAMIIMJIMKHUHT OpTUIIMra ca®ad, XoM apajaiiMa TapkuOura KUpYBYHM TIMHO3EM JSPKHUH EKU
OOFJIaHTaH KYpUHUIIA OYIUIINIAH KaThUI Ha3ap CYIOITUPUIITaH KUCI0Ta EKU UIITKOpIapia OCOH
spuitnu. FOKopu Xapopar Tabcupuia KyWraHzaa, sSSHTH OJIOB Oap[oll MHHEpajuiap: CHJITUMAHUT
A203:2SIQ Ba mymutr 3Al,032SI0, xocun Oynmaau. Ymap kuciorara 0apaoil OSpUITMHUHT
IOKOPWJIMTH Ba UIIKOPTa yTa YHIaMIHINTH OWtaH hapKIaHaIu.

TapkuOuga kanapliuid, MarHuii kKapOoHaTIapu OYATaH Marepuauiap KHUCIOTa TabCUpHUIA
KYWTAaru peakuusi KYpuHUILNIA OCOH MapyaiaHau.

CaCQ+2HCI=CaCy+H,0+CO,
MgCOs+2HCI=MgCL+H,0+CG;

Arap KaipIIMii Ba MarHuii MHUHEpaJl TapKuUOWJAa CUJIMKAT KypuHUIIWAa Oyica, OyHmai
OMpHKMaJIapHUHT KUCJIOTajap OMJIaH TabCUPU Japa)kacl aH4a cycTiamand. Mmkopra ungamnu
MaTepuauiapra 0Xak ToIuiap, MapMap, JOJOMHT Ba OoIIKalap KUpagu. YJIapHUHT TapKuOuUaa

UIIKOpJa 3puilauran OupukMaiap 6yica niuikopra YuJaMInINTY Nacasiiy.
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Homerann marepuaiiapHUHT CTPYKTYPAaCHMHUHT FOBAKJIMJIMTH Ba KPUCTALT TY3WJIMIIU XaM
YJIAPHUHT KUMEBUN YU AAMIIAIINTA CE3UIIAPIIN TabCUP KypCcaTaau.

FoBak marepuammap 3ud4 Marepuauiapra HucOaTaH KOppo3MsAra MOWWI, YyHKH arpeccuB
IIAPOUTHUHI MaTepuajjapra TabCUPU YHHHI 03acMra Ba CYIOKJIMKHUHI FOBaKJIapHaru
middysusacura O6ornuk. Kpucramn Ba amopd MarepuaUsIapHUHT KUMEBUN YMIAMITMIIMTHHU
COJMIUTHPHUIICA, KPUCTAIUT KYpPUHHUIIUAArUCH amopduiapra Kaparania yunamid oymaau. AmMopd
KYPUHUIIUJATH MaTepuasuiap KMUCI0Taaa OCOH SPUNIN.

K¥ypunaerran naboparopus unuiapuja KOHCTPYKLHMOH MaTe€pUAUIAPHUHI KUMEBUH, SBbHU
KHUCJIOTara 4YMJaMIIMIMK XYCyCUSTJIapu YpraHwiaav. bapda kucioTamap MabiiyM MHKIOpIA
HOOpPraHWK CHJIMKAT MaTepUaUIapHU Kopo3wsuiaiau (IUTaBUK KHCIOTa Oapya MaTepuaULIapHU
OapramoMm emupuO Tanuiaiau). Bomopox WOHNApM KOHIEHTpalMsCHAa MaKCHUMal OyiraH
KUCNOTaJap (3pUTMAZaru JUCCOLMSCH Ba KOHICHTpAUMWsCH OWIaH aHWKJIAaHAIW) HWHTCHCHUB
paBHILAA KOPPO3HSI YAKUPAIH.

Kyiinga 6ab3u KUCIOTATAPHUHT 3HT arpeCCUB KOHIICHTPALUSIApH KeNTHPUIITaH.

Kucnora KonnenTpanus
Cynbdar 33%
HuTtpat 30%
Xnopun 20%
®docpar 50%
Cupka 20%

Xapopar OWUpUIICa, KUCIOTAHUHI IUCCOLMSILMS Japa)kacH, XamJa YJIAPHUHI E€MUPHIL

XyCYCUATIAPH XaM OIIAJIH.

Taxxpuba YTKa3uIll YUYYH KepakJju 0yioMiap, sKMXo3Jap Ba peaKkTUBJIap.
Taru nymanok éku Dpnenmeiiep konbacu. 0,5-0,7m xaxmin.
JIuCTUILIaHraH CyB.
Cynbdar KucIoTacu, 3UdINTA 1,84F/CM3.
DJEeKTp MIUTKACH €K T'a3 TOPEJIKACH.

AHaJIUTHK Tapo3Hu.

o 0k 0w N PE

Vmaammapu 50x30x5 mm Gynran GpyrepoBKa HAMYHACH.
Nuran 6axxapum TapTHOM.

MoHOMUT KYpUHHIIIard HaMyHaJa KOPPO3USHU CHHAm Yy4yH Yymuamiapu S0x30x5 mm
OynraH rutactvHa Tai€prnaHu®, YaHT Ba TYpJM 3appadaiiaplaH To3ajlall Y9yH TUCTHILIAHTaH CYB
Oounan to3anab roBuwianu. [ImacTuHka Kyputuiaau Ba CMHOB Oonuranaau. CHHOB Taru TyMajloK
€xku Dprnenmeiriep kombacuaa OGaxapunaau. Kombara 100 cM® KuMEBHIL TO3a, 3UWINTH 1,84“/CM3

Oynran cynbhar KHCIOTacu coiluHaau. [macTuHKa KucioTara TymHUpuinb, 2 coar KailHaTUIIaIH.
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CuHoOB Tyrarad, IJIaCTMHKa CyBJa KaiiTa — KaiiTa Ba Oup Heua mapTana® KailHaTuO TO3a51a0
foBunanu. Cysaa KaiHaTum SOy MOHTIApU TyraruH4a JaBoM 3TTUPUIIaIH.
Kucrmorara 4mpamMiamiauK IUTaCMHKAaHM CHHOBrada OyiaraH Ba CHHOBJAH —KeHHHTa

MaccajJapuHUHT HUCOATUHH (PoU3 MUKIOPH OWJIaH aHUKJIaHA U

B:GZELOO
G

1

by epna:b- xucnorara yngammiuk, %;
G; —MarepuaTHUHT CHHOBraJa OyjiraH Maccacu;
G, —MarepuaTHUHT CHHOBJIaH KEHUH MaccacH.
MacCaHMHT KaMAWHMIIWHY [UIACTHHKAHUHT lcm? [o3acumard KamMaiumwura Ooriiaca Xxam

Oynaau. ByHUHT y4yH IUIaCTUHKAHUHT F03aCH YIT4aHAIIH.

Taxxpuba Ba xuco0/ap KyHHIAIH KaABAJITa KailJ KUJIUHAIN.

Mar.Hauar | Mart.HUHT

Cunos | Cunos Kucnora | K-tara
Ne Kuc- CuHoBraya | CUHOBIAH Hykonran
Oax. | oxmpw, T, °C KOHII- quIaM-
CUHOB | JIOTa OynraH KeHHH Macca
MHUH. MUH SICH JIUK
Macca Maccacu

Xuco0oT Ty3umI.
Winn 6axapuin yqyH TONIIAPHK.
TaxpubanuHT KHCKaya 6aéHH.

TaaKUKOT MIMMHUHT HATHKAIApU XUcoOu (KaaBasl KYpPUHUIIN/IA)

A A

TankuKOT HaTHXKATApPHUIaH YMKKAH XyJIocanap.

Anaduéraap.
1. Kiunnos U.A. «Koppo3us xumuueckuii annapaTypsl 1 KOPpO3UOHHO-CTOMKHUE MaTEpUaIbI».
WznarensctBo «MammHactpoenue» M., 196F

2. Myxnénon N.II. «dIpakTrkym 1o o01Ie XuMHIeCKOl TexHoIoruu», 1978r.
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JIABOPATOPUS UIIIU NelO

MOJIMBJEH KOHOEHTPATUHHA KYUJAPUII KAPAEHUHU YPT AHUIII

Nmnauar makcaan: Moum0aeH KOHIEHTPATHHH KYHAMPHII KAPpaéHH TEeXHOJIOTHSICH
OWIaH TAHMIOMII Ba Takpuba yTKasuml KYHUKMajdapuHu jdrauiaml. KoHueHTpaTHMHT
OKCHIJIAHUII IAPAKACHUHN KyHIUPUIITa GYyHKIUOHAJ OOFJIMKIMTHHA AHUKJIALLL.

Taxpuba yTka3uil yUYyH Kepakju Oylomjap, KUX03/ap Ba peaKkTHBJIAP.

Taxpuba yTKa3uIl yuyH 1a00paTopusi KypHUJIMacH.
Monub1eH KOHIICHTPATH.

Mydens neun.

Temup TOBaua.

Temup Taékyacu.

Kuckmu.

Tykuma mMaTepuaiym dakx.

© N o g M w D PRE

TexHuk Taposu.
Nnn 6axapui TapTuodmn.

Ky#igupum 0,1-0,2vMM rada maiinananran MoauOAeH KOHIIEHTpaTuHU S0r 1aH ydTa HaMyHa
TOPTHO ONIMHAIW Ba aJOXUIa-aoXuja TEeMUp Oyiakdacura OWp TEKHUC KWUIUO CenuiIaiu.
Konnenrpar Tapkubunaru iHupuk aoHamap Ba OYiakyalapHUHT OYIMaciaurura 3bTubop Oepui
3apyp. Mydens neunra 550-600C xapoparna kyiiampum yuys xoitmamrapunags. Kyigupam
2,5-3 coar naBomuaa onub Oopwianu. HamyHanu capuk-smmi tycra kupryHda xap 10-15vunyT
JaBOMHUJA TeMUp Taékdya OwiiaH apamamTupu® TypraH xoiga Kyugupwiagud. Kydaupun
xapoparuun 60F°C man opTH6 KeTHmmra Y KyiMaciuk Kepak. UyHKH PeaKIMsSHIHT HCCHKTHIH
xucobura xapa€H YTHO KeTHIIM MyMKHH. byHnai xonna kyHuHAMHUHT spuii Ba MoOs ra yTio
KETHUIIN XMCOOUTa HYKOTHIIMIIIMHM f03ara Kenrtupuiimra cabad 6yaamu. (MoO3) 700C nan IOKOPH
xapopaTtaa xxyna te3 yunb keraau. bynnan tamkapu ymoOy XosaTaa O0IIKa Kepakcu3 peakiusiiap
OOpHUIIN MyMKHH.

Taxpuda Ba xuco0aap Kyiuaar :kaaBajra KaJa KWInHaIu.

Ky#inupum naBomuiinury, coar | 2coar | 2,5coar | 3coar

Kyitunau orupnuru,

Xuco00T Ty3HIII.

Jlaboparopust uim Oyitrda Xuco00T KyHuaarmiapaad noopaTt OYVIuIm mapT.
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Ninun 6axapui yqyH TONIIAPHK.
TaxxpubaHuHT KucKaya OagHu.

TaaKkuKOT UIIUTApH HATHXKACHHUHT XUCcOoOU (3KaaBaj KYpPHHHUIIN/IA).

P w0 NP

TaakuKOT HaTWXKaTapuIaH Kenub YMKraH Xysiocanap.

JlabopaTopus MINIMHHU 0a’KapUIITra JOMP HA3apHil TalléprapJmk.

JlaGopatopus wummHM Oaxapuiura Joup Hazapuii Taiéprapnmuk «HoE€0 wmerammap
METAUIyprusicn»  gapcaurujad  «MonubaeH KOHLEHTPATIAPMHM  OKCHIJIOBUM  MYyXHUTHAA
KYHIUPUIII» MaB3yCHHH Y3JIAITUPUIIIAH HOOpaT.

WNmnn Gaxkapuin ydyH Tal€prapiMk AapakaCMHHM aHHMKJIANl Ba WMII XUCOOOTHHH XUMOS
KWJINII Y9yH Ha30paT CaBOJUIApH.

JlaGopaTopus KypuIMAaCHHUHT TY3WIMILIHM Ba YHJA MIUIAIIHUHT XaBQCHU3JIUK YOpajIapu.
Taxxpuba yTKa3uII yayH 3apyp Marepuamiap, acoo0 Ba KUMEBUNA UIUTILIAP.

Ninau 6axapui TapTuou.

Taxpuba yTKa3uII MIAPT-IIAPOUTIIAPH, )KAPAEHHUHT JABOMHUIIUTH.

MonubaeH KoHeHTpaTuHUHT TaBcubu (MuHeparToruk TapKuoH)

Ky#inupumm >xapaéauga 6opaauran KUMEBUIA peakiusiap.

Monu0eH UKKU OKCHIMHH XOCHII OYuin cababmapH.

Mertann cynbdariaapu xocuin 0yaui cabadbmapu.

© © N o g s~ wDdhPE

MonuOIeHUTHY TYIHUK KYHAUPHINTA TABCUP STYBYH OMUILIAP.
10.Huma yuyH KyWaupuin sxkapaéHUHH 550-608C XapopaTH OpajuFuaa OJU0 OOpHUII TaBCHUS

STUIAIH.

JIABOPATOPUSA UILLN
MOJIMBJIEH KYUHHIUJIAPAUJIAH AMMOHUWM TAPAMOJINBIATH OJIAIII
MAKCAJUJIA KAVTA UILIAILI

HNmpan makcagu: MouanbaeH KyWMHAWIAPWAAH YJapHH HMIIKOPJAall iyam OwjiaH
MOJIMOJEHHH QKPaTHO OJHUIN KAPACHUHMHI TeXHOJOorusicu OuwiaaH TtaHnumu. MoQOs3
PYBYAHJMIH Japaskacd JIPUTMAJard AaMMHUAKHHUHI KOHLEHTPAUMSCUIa IIYHMHIAEK
MOJINOIEHHUHT CYJAb(UIJIM KOHUEHTPATJIAPH KYHIMPHUII KapPaeHJAPUHUHI JABOMHUMIUTH
(pyHKIIHOHAT OOFIMKJINTUHA AHUKJIALIL.

Taxxpuba yrka3um y4yH KepakJu 0yromiiap, »KuXo3Jap Ba peakTHBJIap.

Jlaboparopust KypuimMacH.
MarauTim apaamTupruy.

Kytiunnan.

P w0 nh P

5,91 10%mm amumak spuTMaNIapu
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5. AMMOHU# cynb(UT 3pUTMACH
6. Muc cynbsdaT spuT™Macu
7. 200cMm xaxmiIy WA CTakaH, 3 JOHA
8. YwunHH Kocaua, 3 1oHA
9. Yunuu X0BOHYA, 3 IOHA
10. ®unbTp KOFO3
11. CyB xammomu
12. BroxHep BOpoOHKacH
Nmam 6a:kapuin TapTudu.

Cakku3uHYM JTabopaTopusl WIIUAAH cakjaad onmub KyHwiraH KyWHHIW YWHHU XOBOHYAra
CONMMHUO MaiaJaHuIagu Ba Tapo3uaa TOPTUO oNMHAIU. Maiinananrad KyWUHIM [IMIIA CTaKaHTa
comraanu Ba 100 1 Ky#imHgura aBBamjgaH xXucoOmanran xonma 9% amMMuak sSpuTMacu
(comumtupma orupiuru 0,97 F/CM3) kyitrnagn. (YKATYBIMHHHT KypcarMacura MyBobuk 5% éku
12% tm aMMHaK SpUTMACH XaM HIUIATHIUIIA MyMKUH).

Maruutiu apanamrtupruyaa  (KU3JupuiMaciaH) apanaimTupu0d TypraH xomma 1 coar
MoOaitHua WINKOpJaHaau. DpuTMaHu broxHep BopoHkacuma (QuibTpiad, dyykMaaaH axpaTho
onmuHanu. Yykmanu GuiabTpaa 30-40cm® CcyB OujiaH MKKM MapTa roBuianu. Komnbanaru ¢uisrpar
(spuTMa Ba OBHJITAH CYB)HHM BakyyM/a (pUIbTpIIAII YUyH CTAaKAHTa COJTMHAIH.

OpUTMAHU KYIIMMYAJAPAaH TO3aa1l

OunbTpiIaHral dpUTMara aMMOHHI Cylb(QUT dpUTMAcUaH MUIMETKaga OMu0 TOMYMIATHO,
KYHFUpP KOpa 4YykMa TymuO OYynryH4ya ToMu3wiaad. ABBan sputMara oup iyna 10 Tomuwm
aMMOHUU cynbQUI dpuTMacHIaH ToMu3uiaaau. by BakTaa sputma ¢punbTpiananu. OuibTpiaanral
SpUTMA XABOpPAHITA KHWPCA MHUCHUHT aMMHAKIH OUPHUKMACH SKAHIUTH MabiyM Oynamu. Arap
panrcu3 Oyiica, spuTMa KyHFHP KOpa 4yKMa XOCHJI OVJITryH4Ya aMMOHHM Cynb(aT 3pUTMACHIaH
KYIIMJIAIH.

OpTukya KYUIMJIraH aMMOHUH Cylnb(QUIMHM MYKOTHUII Y4yH CTaKaHra TOMYMIATHO MHC
cynbhaTaaH KyImuiaan. Xap Oup TOMYHM KYIIWITaHAa apajaliTHPUiInG, YHIaH 03THHA HAMYHAHU
npoOupkara OJIMHAAM, CapUK pPAaHr HYKOJATYHYa JaBOM OSTTUpWiIaAu. MoIWOAEHHH MHUKIOpU
SpUTMaJa KaMailMacluri y4yH IpoOHpKaIarucy siHa CTaKaHTa KyIInIau.

Orup MeTajutapaH >pUTMaHU TO3AJaHTaHJAH CYHI YHM BakyyM ¢(uibTpaan 2-3 mapra
YTKa3ub, yykmagaH TozajdaHagu. Arap uykma 1y xoiga xam (GuiabTpaaH YTHO KeTca SpUTMaHH
onauii BOpoHKana duiabTpiam 3apyp. KeiwHrum wmamrymomiap yuyH (akat ¢GuiabTpianran
PUTMaHU CaKJad OJU0 KYyHUII MyMKHH.

AMMOHUI apaMoJIN0IaTHHU KPHUCTAIN3AIUSICH
Orup MeTalmapiad To3ajJaHTaH aMMOHHMM MONMHOIATH SPUTMACHHU CYB XaMMOMHJIa YHHHH

Kocauara coJiraH xoJijla OyTKa XoJHra KeinryH4a Oyrmatuianu. byrmatuin BakTHaa aMMUAKHUHT
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O3TMHAa MHKIOPHHU Cakjiad Koiuira (XMauIaH OWIMII MYMKHUH) YbTHOOp O€pHIl, SpPUTMAHUHT
KallHamMra Myyn KyWMaclMK Kepak. byrimatuin TyraraHjaH CYHI YMHHU KOCAa4aHU COBYK CYBIIH
uaumra Kyuno coyrunaau. Opaman 1-2 coat yTkazub KpuctammapHu (GuibTpiaHaau, GUILTP
KOFO3JIM Opacura Kynno KypuTuiIaau Ba Tapo3uaa TOPTUIIAIH.

Kpucrannap cysna spumm kepak, OyHH TEeKIIHpUO Kypuiaaau. AKC Xojjaa, TapkuOuga o3
MUKJIOp/Ia aMMHUaK OyIraH yMmyMaH OOIIKa TApKUOIHU Ty3 XOCHJ OYaau.

CyHT KOHIIEHTpaT TapkuOugaH axpatu® onuHraH MO HUHT MHKIOPH XUCOOIaHAIH.
AMMOHMI TIapamMOIUOJATHHU TaxXMUHUK TapKUOWHM Kyhumarura moc Gopmyna Epmamuia
xucobmanaau: 3(NH;),0*7MoO3z*4H,0

Xuco0oT Ty3umI.
JlaGopatopus umm 6yiitnua Taiiépaanrad XucoOO0T KyHuaaruiapaad noopar OYIHIIHN J03UM:
UIIHU Oa)kapulll y4yH TONIIUPHK,
HUITHUHT KACKada 0aéHu
Ta)Xpuba HaTWKaJTAPUHU XUCOOIIAII

Taxpuda UIIKIaH KeIU0 YMKaIUTaH Xyaocanap

YV V. V V V

xap OWp UITHUHT OagHu
Momubnenan axxpatud onui qapaxkacu ymoy dhopmynagaH aHUKIaHATH.
E = 81,5(G*G3)/(a*G*Gy); 1)
By epna, G —KOHIEHTpaTHUHT KyiaupHIITrada 0yiaran OFUpIIUTH, T
(1 — KOHIIEHTPAaTHU KYWIUPHUIIIAH XOCHI OYJIraH KYHUHIUHUHT OFUPJIUTH, T
Gy —umkop OuiaH KaiTa uiIaHTaH KyWHHIUHUHT OFUPIIUTH, T
G3 —amMMmoHU TapaMONTMOJATHHUHT OFUPIIUTH, T
a- KOHIIEHTPATIAard MOJIUOACHHUHT MUKIOPH.
Arap xamma KyhWuHIMHH uiikopiaacak, yHaa (G1=Gp), svau (1) dopmyna Kyiummara

KYpHUHUIITA KeJaJIu:

E = 81.5G/a*G;

Taxpuba »apaéHuia OJMMHTaH HATHXKAJIAp KyHHUIary xaaBai KypuHuImaa €3u6 Oopuiaam.

No Nian Kyiinnpuin Amvmvuakausar | [lapamonuOpaTHUHT Konuenrparnapaan
Oakapuill | JaBOMHUUJIUTH, KOHIIL., % OTUPJIUTH, T MOJIMOJICHHH YMYMUH
TapTUOU coar QXpaTuO OJIMII

1 2 5
2 2,5 9
3 3 12

4 15

JlaGoparopusi MIIMHU 0a’KAPUIITa JOMP HA3aApUil TaléprapJmk.
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JlaGopatopus ummHM Oakapuiira aoup Taiéprapiuk. «Ho€0 MeTtamap MeTaurypruscu»
¢anu Oyiinya MONMOACH ONTH OKCHUAM KYHAMPHITAH <MOJHOACHUT KOHIICHTPATIAPHIAH

OJIUIIHUHT TUAPOMETAILTYPTUK YCYIu» OYIUMUIaru MeTajljlapHu Y3IallTHPUILIAaH noopart.

AJTABUETJIAP.
1. MyxnesoB W.II. u ngp. OcHoBel xumuyecko TexHomoruu. | wu Il 4gacts.
M.: Beicur. mkona, 1983.

2. CoxkomnoB P.C. Xumnueckas texgonorust. M.: Bnamoc, 2000.
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