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1-Ma'ruza:

""Asosiy texnologik jarayon va qurilmaiar® faniga kirish. "Asosiy texnologik jarayon va
qurilmaiar" fanining mazmuni, kelib chigishi, rivojlanishi va jarayonlar klassifikatsiyalari.
Jarayonlarning nazariyasi, ushbu jarayonlarni amalga oshiradigan mashina va qurilmalarning tuzilishi
va ishlash prinsiplari va ularni hisoblash uslublari.

REJA:

1.1. “Jarayonlar va qurilmalary fanining mazmuni. «Jarayonlar va qurilmalary fanining kelib chiqishi
va rivojlanishi.

1.2. Asosiy jarayon turlari.
1.3. Modda va energiyaning saglanish gonunlarini balans shaklida ifodalanishi. Sistema muvozanat
gonunlari.

1.4. Modda va energiyaning o'tkazish qonunlari.
1.5. Mukammal qurilmalar yaratish asoslari. Kimyoviy qurilmalar tayyorlash uchun materiallar.

Tayanch iboralar: gidrodinamika, gidrostatika, diffuzion, absorblash, adsorblash, ekstrasiyalash,
balans, kondensasiya, kinetik, faza, gidromexanik, korroziya, ultratovush

Adabiyotlar: 2,3.

1.1. Jarayonlar va qurilmalar fanining mazmuni. «Jarayonlar va qurilmalary fanining kelib chiqishi va
rivojlanishi

Kimyoviy texnologiya fanining asosiy magsadi — tabiiy va sun'iy xom ashyolarning eng tejamli
va ekologik jihatdan toza kimyo usullari yordamida gayta ishlab, kerakli materiallar hamda mahsulotlar
olishdan iborat.

Kimyo sanoati korxonalarida turli texnologik jarayonlar amalga oshiriladi. Bu jarayonlar
davomida xom ashyo va materiallarning ichki tuzilishi, tarkibi, agregat holatlari o'zgaradi. Kimyoviy
texnologik jarayonlar kimyoviy reaksiyalar va turli fizik — kimyoviy jarayonlardan iborat; ya'ni suyuglik
va gattig materiallarni uzatish, gattiq moddalarni maydalash va saralash, gazlarni sigish va uzatish,
moddalarni isitish va sovitish, suyugliklarni aralashtirish, har xil jinsli aralashmalarni ajratish,
eritmalarni bug'latish, ho'l materiallarni quritish va boshgalar. Bu texnologik jarayonlar turli ishlab
chiqgarishlarda ishlash prinsiplari bir xil bo'lgan mashina va qurilmalarda olib boriladi.

Kimyo texnologiyasining turli tarmoglari uchun umumiy bo'lgan jarayon va qurilmalar asosiy
jarayonlar va qurilmalar deb yuritiladi.

«Jarayonlar va qurilmalar» kursida asosiy jarayonlarning nazariyasi, ushbu jarayonlar amalga
oshiriladigan mashina va qurilmalarning tuzilish prisiplari va ularni hisoblash uslublari o'rganiladi.

Kimyo sanoati XVIII asrning oxiri XIX asrning boshlarida paydo bo'ldi va xalg xo'jaligining
muhim tarmog'iga aylandi. «Jarayonlar va qurilmalar» fanining kelib chiqishi kimyo sanoatining
rivojlanishi bilan bog'lig.



Yangi kimyo ishlab chiqgarishlarini ilmiy asosda tuzib chigishda, yuqori unumli qurilmalar
yaratishda, texnologiya jarayonlarini jadallashtirishda «jarayonlar va qurilmalar» fanining ahamiyati
juda katta.

O'zbekistonda «Jarayonlar va qurilmalar» fanining rivojlanishida Toshkent kimyo—texnologiya
instituti qoshidagi «Kimyoviy texnologiya jarayonlari va qurilmalari» kafedrasining hissasi katta. Bu
kafedra 1940 vyilda tashkil etilgan bo'lib, kafedra xodimlari tomonidan changlarni tozalash,
pnevmotransport, absorblash, adsorblash, ekstraksiyalash va quritish jarayonlarini turli usullar bilan
jadallashtirishning (pulsasion va vibrasion tebranishlar, o'zgaruvchan elektromagnit maydoni,
harakatchan nasadkalar, mavhum gaynash holati, gattiq faza gatlamining geometrik shaklini o'zgartirish
yordamida) nazariy va amaliy asoslari yaratildi, sochiluvchan gattiq moddalarning gidromexanik,
issiglik — fizikaviy va diffuzion xossalari aniglandi, yugori samarali qurilmalar kashf etildi.

Kimyo sanoatida turli-tuman texnologiya jarayonlari ishlatiladi. Ayrim xususiyatlariga garab
bunday jarayonlar bir necha sinflarga bo'linadi.

1.2. Asosiy jarayon turlari
Asosiy jarayonlar texnologik jarayonlarni harakatlantiruvchi kuchiga garab 6 guruhga bo'linadi:

Mexanik jarayonlar;
Gidromexanik jarayonlar;
Issiglik almashinish jarayonlari;
Modda almashinish jarayonlari;
. Kimyoviy jarayonlar;

. Sovutish jarayonlari.

R O

Mexanik jarayonlar gattiq materiallarni mexanik kuch ta'sirida gayta ishlash bilan bog'lig.
Bunday jarayonlarga maydalash, saralash, uzatish, aralashtirish kabilar kiradi. Bu jarayonlarning tezligi
gattig jismlarning mexanik gonuniyatlari bilan ifodalanadi. Bunda harakatlantiruvchi kuch vazifasini
mexanik bosim kuchi va markazdan gochma kuch bajaradi.

Suyuqg va gazsimon sistemalardagi harakat (aralashtirish, filtrlash, cho'ktirish) bilan bog'liq
jarayonlar gidromexanik jarayonlarni tashkil etadi. Bunday jarayonlarning tezligi gidromexanika
gonunlari bilan aniglanadi.

Gidromexanik jarayonlarning harakatlantiruvchi kuchi—gidrostatik va gidrodinamik bosim
kuchidir.

Issiglik almashinish jarayoni—haroratlar fargi mavjud bo'lganda bir (harorati yugori) jismdan
ikkinchi (harorati past) jismga issiglikning o'tishidir. Bu guruhga isitish, sovutish, bug'latish,
kondenslash, suniy sovuq hosil qgilish jarayonlari kiradi. Jarayonning tezligi gidrodinamik rejimga
bog'liq holda, issiglik uzatish gonunlari bilan ifodalanadi. Issiglik jarayonlarining harakatlantiruvchi
kuchi sifatida issiq va sovugq muhitlar o'rtasidagi haroratlar fargi ishlatiladi.

Modda almashinish jarayonlari-bir yoki bir necha komponentlarning bir fazadan fazalarni
ajratuvchi yuza orqali ikkinchi fazaga o'tishdir. Komponentlar bir fazadan ikkinchi fazaga molekulyar
va turbulent diffuziyalar yordamida o'tadi. Shu sababli bu jarayonlar diffuzion jarayonlar deyiladi. Bu
guruhga absorblash, adsorblash, suyugliklarni haydash, ekstraksiyalash, kristallash, quritish jarayonlari
kiradi. Jarayonlarning tezligi fazalarning gidrodinamik harakatiga bog'liq bo'lib, modda o'tkazish
gonuniyatlari bilan ifodalanadi. Modda almashinish jarayonlarinng harakatlantiruvchi kuchi fazalardagi
konsentrasiyalarning farqgi bilan belgilanadi.

Kimyoviy jarayonlar moddalarning o'zaro ta'siri natijasida yangi birikmalarning hosil bo'lishidir.
Kimyoviy reaksiyalarda issiglik va modda almashinish jarayonlari ham sodir bo'ladi. Bu guruhdagi
jarayonlarning tezligi kimyoviy Kkinetika qonuniyatlari bilan ifodalanadi. Reaksiyalar tezligi
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moddalarning gidromexanik harakatiga, kimyoviy jarayonlarning harakatlantiruvchi kuchi esa
reaksiyaga kirishayotgan moddalarning konsentrasiyasiga bog'liq bo'ladi.

Jarayonlar vaqt davomida parametrlarning o'zgarishiga garab turg'un va turg'unmas bo'ladi.
Tezlik va konsentrasiya, harorat kabi parametrlar vaqt davomida o'zgarsa, jarayon turg'unmas, agar bu
parametrlar o'zgarmasa jarayon turg'un deyiladi.

1.3. Modda va energiyaning saglanish gonunlarini balans shaklida ifodalanishi. Sistema
muvozanat qonunlari

Kimyoviy texnologiyaning asosiy jarayonlari tezligi fizika, kimyo va fizik — kimyoning umumiy
gonunlariga tayanadi. Bu gqonunlarni ma‘'lum bir jarayonga tatbiq etish asosida jarayonning nazariyasi
yaratiladi. Jarayon nazariyasini o'rganishda modda va energiyaning saqlanish va o'tkazish, shuningdek
sistemaning muvozanat qonunlari katta ahamiyatga ega.

Modda va energiyaning saqglanish gonunlari moddiy va energetik balans shaklida ishlatiladi. Masalan,
qurilmada gandaydir jarayon sodir bo'layapti. Bu qurilmaga jarayonda gatnashayotgan A, B va C
komponentlar kiritilmogda (1.1-rasm).

&
—— -

£
=

il

1.1 —rasm. Moddiy balans sxemasi.

Ushbu komponentlar gaz, bug', suyuglik va qattig holatda bo'lishi mumkin. Qurilmada ro'y bergan
jarayon natijasida hosil bo'lgan moddalar D va E qurilmadan chigadi. Modda va energiyaning saglanish
gonuniga asosan qurilmaga kiritilayotgan moddalarning massaviy yig'indisi qurilmadan chigayotgan
moddalarning massaviy yig'indisiga teng bo'lishi kerak, ya'ni:

m, +mg +me. =mg +mg (1.2)
buerda: m,,mg,m.,my,m. — A B,C,D, E komponentlarning massasi.

Bu tenglama moddiy balans tenglamasi deyiladi.

Harakatdagi ogim uchun moddaning saglanish gonuni quyidagicha bo'ladi. Qurilmaning ikkita
kesimi F,va F,orgali @,va w,tezlik bilan o'tayotgan ogim uchun quyidagi tenglamani yozamiz:

Fio =F,0, (1.2)

(1.2.) tenglama uzluksizlik tenglamasi deyiladi.

SEa=

1.2 — rasm. Harakatdagi sistemalar uchun ogimning uzluksizligi.

Qurilmaga kiritilayotgan yoki undan chigayotgan modda o'zida ma'lum miqdorda energiya saqlaydi.
Qurilmaga tashgaridan go'shimcha energiya (masalan, elektr toki yordamida gizdirish) ham Kiritilishi
mumkin. Jarayon davomida energiyaning ma'lum bir gismi atrof muhitga targaladi (1.3-rasm).
Energiyaning saglanish gonuniga asosan quyidagi tenglikni yozamiz:
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QA+QB+QC+QK :QD+QE +Q1;, (13)

bu erda Q,,Q;z, Q. — A, B,C komponentlari bilan qurilmaga kirgan issiglik migdori; Q,,Q; —DvaE
komponentlari orgali qurilmadan chiggan issiqlik miqgdori; Q,— qurilmaga tashqaridan kiritilgan
go'shimcha issiqlik migdori; Q,; — atrof muhitga targalgan issiqlik migdori.
(1.3) tenglama energetik balansni ifodalaydi yoki xususiy holatda issiglik balansi ham deyiladi.
Moddiy va issiglik balans tenglamalari texnologiya jarayonlarini o'rganishda ishlatiladi.
to‘;
LN

S

Qe

fa

1.3-rasm. Energetik balans sxemasi.

Muvozanatda turgan sistemalarning holati vaqt davomida o'zgarmaydi. Bunday sistemalar
gatoriga bir jinsli sistemalar (gaz, suyuqglik) kiradi, ularning hamma gismlarida bosim va harorat bir xil
giymatga ega bo'ladi. Sistemani muvozanatdan chigarish uchun tashqgaridan biror kuch ta'sir etish kerak
(masalan, mexanik kuch yoki issiglik ta'siri).

1.4. Modda va energiyaning o'tkazish gonunlari

Hisoblash ishlarida sistema holatini tashgi kuch ta'sirida gaysi yo'nalishda o'zgarishini bilish katta
ahamiyatga ega. Bu borada Le-Shatele va Gibbs fazalar qoidasidan foydalaniladi.

Le-Shatele prinsipiga asosan sistema muvozanatdan chigarilganda unda hosil bo'lgan kuchlar
yo'nalishi sistemani muvozanatdan chigarayotgan kuchlar yo'nalishiga garama—garshi bo'ladi.

Gibbsning fazalar qoidasi sistema komponentlari, fazalar soni va erkinlik darajasi soni o'rtasidagi
bog'liglikni ifodalaydi:

C=K-®+2 (1.4)
bu erda: @ —fazalar soni; C —erkinlik darajasi soni; K — sistemadagi komponentlar soni.

Butun massa bo'yicha fizikaviy jihatdan bir jinsli bo'lgan ma'lum migdordagi modda faza deb
yuritiladi. Faza bir yoki bir necha komponentdan tashkil topadi. Komponent — toza kimyoviy birikma
bo'lib, bir fazadan ikkinchi fazaga o'tishi mumekin.

Sistemaning holati bosim, harorat, konsentrasiya, solishtirma hajm parametrlar birligi orgali
ifodalanadi.

Erkinlik darajasi—sistemaning hech narsaga bog'lig bo'lmagan parametrlar soni bo'lib, bu son
orgali boshga parametrlar giymatini topish mumkin.

Le-Shatele prinsipi va Gibbsning fazalar qoidasiga misol tarigasida suv bilan to'ldirilgan yuqori
gismida porshen bo'lgan yopiqg idishni olaylik (porshen pastga garab tushirilganda). Suvning ustki
gismidan porshengacha bo'lgan oraligda suv bug'i mavjud. Porshen pastga garab tushirilganda bosim
hosil bo'ladi. Le-Shatele gonuniga asosan, sistemada izotermik sharoit hosil bo'lganda, bosim ta'siriga
garama — garshi jarayon - bug'ning kondenslanishi boshlanadi.



Gibbsning fazalar qoidasi ko'p fazali sistemalarda muvozanat sharoitini aniglashga yordam
beradi. Masalan, etil spirtining suvdagi eritmasi bilan to'ldirilgan yopiq idish bor. Bu sistemada fazalar
soni 2 ta: bug' va suyuqlik. Komponentlar soni ham ikkita etil spirti va suv. U holda erkinlik darajasi 2
ga teng bo'ladi.

Kimyoviy texnologiya jarayonlarining asosini material ogimlar o'rtasidagi modda yoki energiya
almashinuvchi tashkil etadi. Bu jarayonlar gidrodinamika va termodinamika qonunlariga bo'ysunadi.
Jarayonlarni hisoblashda avval modda va energiyaning saglanish gonunlariga asosan material va
energetik ogimlarning miqgdori aniglanadi, so'ngra harakatlantiruvchi kuch aniglanadi.

Ishlab chiqgarishda har bir jarayonning tezligini oshirishga harakat gilinadi, bu esa qurilmalarning
ish unumini ko'paytiradi. Asosiy jarayonlar kinetikasi quyidagi qonuniyatga asoslanadi: jarayonlarning
o'tish tezligi harakatlantiruvchi kuchga to'g'ri va qarshilikka teskari proporsional. masalan, filtrlash
jarayoni uchun quyidagi kinetik tenglamani yozamiz:

dv. 1

—— = — AP=K,AP 15
Fdr R, ! (15)

bu erda V —filtrat miqdori; F —filtr yuzasining maydoni; z -vaqt; R, —filtrning garshiligi; K; :Ri -
1
filtrlovchi to'signing o'tkazuvchanligi; AP —bosimlar fargi (harakatlantiruvchi kuch).

Issiglik almashinish jarayonlari termodinamika gonunlariga asosan quyidagi kinetik tenglama
bilan ifodalanadi:

d—Q:iAt:KZAt (1.6)

Fdz R,
bu erda: Q —o'tkazilgan issiglik migdori; F —issiglik almashinish yuzasi; 7 - vaqt; R, —issiglik

o'tkazishga bo'lgan qarshilik; K2=Ri—issiqlik o'tkazish koeffisienti; At — haroratlar farqi
2
(harakatlantiruvchi kuch).

Modda almashinish jarayoni uchun kinetik tenglama quyidagicha bo'ladi.

M _ 1 sc-k,Ac (L.7)
Fdz R,

bu erda: M —o'tkazilgan modda miqdori; F —modda almashinish yuzasi; R, —modda o'tkazishga

bo'lgan  qarshilik; K3=Ri—modda o'tkazish  koeffisienti;  AC -konsentrasiyalar  farqi
3
(harakatlantiruvchi kuch).

Gidromexanik, issiglik va modda almashinish jarayonlari uchun quyidagi umumiy Kinetik
tenglamani yozamiz:

I =KXx (1.8)
bu tenglamada 3 -jarayonning tezligi; x —harakatlantiruvchi kuch; K — kinetik koeffisient.
(1.8.) tenglama ma'lum bir harakatlantiruvchi kuch ta'sirida boradigan jarayonga mos keladi.

Agar sistemada bir vaqtning o'zida kompleks jarayonlar sodir bo'lsa, ularning ichidan asosiy
jarayon ajratib olinadi. Asosiy jarayonning tezligi golgan jarayonlarning tezligiga nisbatan katta bo'ladi.
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1.5. Mukammal qurilmalar yaratish asoslari. Kimyoviy qurilmalar tayyorlash uchun materiallar

Kimyoviy texnologiyada ishlatiladigan qurilmalar gator talablarga (ishlatish sharoitlari,
konstruktiv, estetik, igtisodiy, texnika xavfsizligi) javob berishi kerak.

Birinchidan, qurilmada ma'lum bir jarayonni amalga oshirish uchun qulay shart sharoit mavjud
bo'lishi kerak. Bu sharoitlar jarayonning turiga, jarayonda gatnashayotgan massalarning agregat
holatiga, ularning kimyoviy tarkibi va fizik xossalariga bog'lig. Qurilmaning shakli texnologik jarayonni
amalga oshirish uchun mos bo'lishi kerak.

Qurilmaning muhim parametrlaridan biri ish unumi hisoblanadi. Ish unumi deb vagqt birligi ichida
qurilmada gayta ishlanadigan tayyor mahsulot migdoriga aytiladi. Yana bir parametrlaridan biri
qurilmaning samaradorligi. Qurilmaning samaradorligi deb qurilma ish unumini qurilmani
xarakterlaydigan biror kattalikka nisbatiga aytiladi. Masalan: bug'latish qurilmasining samaradorligi 1

soatda bug'latilgan suv migdorining 1x?isitish yuzasiga nisbati orgali xarakterlanadi.

Qurilmaning ish unumini oshirish uchun qurilma ishini tezlatish zarur. Tezlatish usullari
quyidagilar:

1) davriy jarayonlarni uzluksiz jarayon bilan almashtirish;
2) qurilma ish mexanizmlarining tezligini oshirish;

3) qurilmadagi gidravlik rejimlarni tezlatish;

4) yuqori harorat va katta bosimlarni qo'llash;

5) ultratovush, mexanik (pulsasion va vibrasion) tebranishlar, mavhum gaynash prinsipi, elektromagnit
maydon ta'sirlaridan foydalanish;

6) yangi texnologiyalarni qo'llash.

Qurilmaning materiali korroziyaga chidamli, energiya kam sarflanadigan, uni tekshirish,
tozalash, sozlash uchun qulay va mustahkam bo'lishi kerak.

Qurilmani loyihalash, tayyorlash, ishlatishda sarf-xarajati kamroq bo'lishi kerak.

Qurilma texnika xavfsizligi talabiga javob berishi, qurilmani xom-ashyo bilan to'ldirish va
tayyor mahsulotni qurilmadan chigarish boshgaruvchi xodim uchun qulay bo'lishi zarur.

Qurilma, mashina, asbob-uskunani tayyorlash uchun materiallar tanlashda undan
foydalanishning o'ziga xos tomonlari va ish muhiti, harorat, borayotgan jarayon tasirida material fizik—
kimyoviy xossalarining o'zgarishini bilish zarur. Standartlarga asoslangan holda material tanlanadi.

Material tanlashda dastlab jarayonning ish sharoitlari (haroirat, bosim, kontakt bo'layotgan
fazalarning konsentrasiyalari) aniglanadi.

Qurilma yoki mashina uchun material tanlanayotganda quyidagi faktorlar hisobga olinishi kerak:
materialning mexanik xosssalari- chidamlilik chegarasi, nisbiy uzayishi, qattiglik; tayyorlash
texnologiyasining qulayligi (masalan, payvandlash mumkinligi), emirilishga kimyoviy bargarorligi;
issiglik o'tkazuvchanligi.

Bargarorlik gruppasi Ball Metallning korroziya
tezligi, mm/yil
1. To'la bargarorlik 1 0,001 dan kam
2. Ancha barqarorlik 2 0,001 dan 0,005 gacha
3 0,005 dan 0,01 gacha
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3. Bargarorlik 4 0,01 dan 0,005 gacha
5 0,005 dan 0,1 gacha
4.Pasaygan bargarorlik 6 0,1 dan 0,5 gacha
7 0,5dan 1,0 gacha
5. Kam bargarorlik 8 dan 5 gacha
9 5 dan 10 gacha
6. Barqarorsiz 10 | 10dan ko'p

Kimyoviy qurilmaga ishlatiladigan material korroziyaga chidamli bo'lishi kerak, bu kattalik
qurilmaning uzoq vagt ishlashini belgilaydi. Metallarning korroziyaga barqarorlik koeffisienti
quyidagicha bo'ladi:

Kimyoviy qurilmalarni tayyorlash uchun korroziya tezligi 0,1+ 0,51/ ziurdan oshmaydigan
kontruksiya materialidan foydalanish kerak.

10 balli shkala bo'yicha metallarning korroziya tezligi korroziyani metall ichiga Kkirib borishi
bilan xarakterlanadi. Korroziya tezligi korroziya mahsulotlari olib tashlangandan keyin metall
massasining kamayish miqdori bilan aniglanadi va quyidagicha ifodalanadi:

K-1073
Yo,

= (1.9)

bu erda I7 —korroziya tezligi, am/iur, K —massa bo'yicha yo'qolishi, g/m?-vyil; p- metallning
zichligi g/sm®.

Kimyoviy qurilmalar tayyorlashda har xil navli po'latlar, cho'yanlar, rangli metallar, gotishmalar,
nometall va kompozision materiallar ishlatiladi.

Uglerodli po'latlar 3 ta guruhga bo'linadi:
A — mexanik xossalari bo'yicha etkazib beriladigan po'latlar;
B- kimyoviy tarkibi bo'yicha etkazib beriladigan po'latlar;
V — mexanik xossalari va kimyoviy tarkibi bo'yicha etkazib beriladigan po'latlar.

Hozirgi kunda kimyo sanoatida kam legirlangan, kremniy—marganesli po'lat navlari 16GC(3H)
va 097"2C (M) ko'p ishlatiladi, chunki bu material chidamli va mustahkam.

Korroziya muhitida ishlaydigan kimyoviy qurilmalarni ishlab chigarishda nometall materialdan
foydalaniladi, ya'ni plastmassa, shishali plastiklar, ko'mir grafitli material, keramika, farfor,
kompozision material va boshgalar.

Bir gator kimyoviy qurilmalarda texnologiya jarayonlari yugori yoki o'ta past haroratlarda olib
boriladi. Bu jarayonlarni amalga oshirish uchun yuqori haroratli issiglik tashuvchi yoki harorati 00S dan
kam bo'lgan sovituvchi agentlardan foydalaniladi.
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NAZORAT SAVOLLARI
1.1. «Jarayonlar va qurilmalary fanining ahamiyati nimadan iborat?
1.2. Asosiy jarayonning ifodalanishi va borishini tushuntiring.
1.3. Asosiy jarayonning turlari va ularga tushuncha bering.

1.4. Asosiy jarayonlar bir — biridan ganday farglanadi?
1.5. Modda va energiyaning saglanish gonunlarida balans tenglamalarini tushuntiring.
1.6. Sistemaning muvozanat gonunlari gaysi prinsiplar asosida tushuntiriladi?

1.7. Modda va energiyaning o'tkazish gonunlarini asosiy jarayonlarda qo'llang.
1.8. Mukammal qurilmalarni yaratishda ganday talablarga e'tibor berish zarur?
1.9. Kimyoviy qurilmalar tayyorlashda materiallarga go'yiladigan talablar nimadan iborat?

2-Ma'ruza:

Gidrodinamika. Ogimning uzluksizlik tenglamasi va energetik ma‘nosi. Suyuglik xarakatining
asosiy xarakteristikalari. Suyuqlik harakatini ifodalovchi kattaliklar. Suyuglikni massaviy va xajmiy
sarfi va tezlik. Ogimning uzluksizlik tenglamasi.

REJA:

1. Muvozanat holatining differensial tenglamasi.
2. Gidrostatikaning Kimyoviy tenglamasi.
3.Suyuglikning harakat rejimlari.

4. Suyuglikning massaviy va xajmiy sarfi, tezligi.

Nisbiy tinch holatdagi suyuqlikning muvozanatini ko’rib chigamiz. Bu holatda suyuglikka massaviy
kuchlar — og’irlik va enersiya kuchlari, hamda sirtiy kuchlar — gidrostatik bosim kuchi ta’sir etadi. Butun
suyuglik hajmidan elementar, cheksiz kichik dv parallepiped hajmini ajratib olamiz.

1-rasm. Muvozanat xolatning differensial
tenglamasini aniglashga doir sxema.

Parallepipedning dx, dy, dz girralari X, u, z 0’qlarga parallel joylashgan (1-rasm).

O’rtacha gidrostatik bosim kuchi, gidrostatik bosimning parallelepiped tomoni yuzasi ko’paytmasiga
teng. 1 —rasmdan ko’rinib turibdiki p=f(x,y,z). Ushbu funksional bog’liglik ko’rinishini aniglaymiz.
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Buning uchun elementar parallelepipedga ta’sir etuvchi xamma kuchlarning X, y, z o’glardagi
proeksiyalar yig’indisini topamiz. X, y, z o’qlardagi massaviy kuchlarni massa birligiga nisbatlarini X,
Y, Z deb belgilaymiz. Xajmiy kuchlarning x o’qidagi proeksiyasi dQ=Xdm bo’ladi, bu yerda
dm=pdxdydz yoki dQ = Xpdxdydz. Statikaning Kimyoviy qonuniga binoan, tinch xolatdagi suyuqglikka
ta’sir etuvchi xamma kuchlar proeksiyalari yig’indisi nolga teng. Shuning uchun, x o’qidagi kuchlar
proeksiyasi

0
pd.d, —(p—a—zdxjdydz +Xpd,d,d, =0 2.1)

bu yerda pdxdz — chap tomonga ta’sir etuvchi gidrostatik bosim kuchi; dp/dx-xo’qi biror nugtasidagi
gidrostatik bosimning 0’zgarishi; (dp/dx)dx-dx qgirra bo’ylab gidrostatik bosimning o0’zgarishi.

Qarama-garshi, 0’ng tomonga ta’sir etuvchi gidrostatik bosim p + (dp/dx)dx ga teng va uning X
0’giga proeksiyasi:

( p+ » axjdydz
OX

tenglamada qavsni ochib, tegishli qisqgartirishlarni amalga oshirsak, quyidagi ko’rinishdagi
tenglamani olamiz:

op
-—+pX=0
OX p

Xuddi shunday usul bilan y va z o’qlari uchun muvozanat tenglamalarini keltirib chigaramiz:

—E‘FPY:O (2)

Ushbu tenglamalar sistemasi Eylerning muvozanat xolatining differensial tenglamasi deb ataladi.

Gidrostatikaning Kimyoviy tenglamasi
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(2) ning xar bir tenglamasini dx, dy, dz larga ko’paytirib va xosil bo’lgan tenglamalar sistemasini
go’shib chigsak, ushbu ko’rinishga ega bo’lamiz:

a—sdx+@dy+Z—Sdz:p(de+ Ydy + Zdz) (3)

0 oy

Gidrostatik bosim fagat koordinatlar funksiyasi bo’lgani uchun, tenglamaning chap gismi bosimning
to’lig differensialini ifodalaydi, ya’ni:

dp = p(Xdx + Ydy + Zdz) (4)

Agar, suyuglik absolyut tinch xolatda bo’lsa, unda inersion va og’irlik kuchlar pastga garab yo’nalgan
bo’ladi, ya’ni Z=-g; X=0; Y=0. Unda

dp=—-pgdz (5)

Ushbu tenglama chap va 0’ng tomonlarini pg bo’lsak, quyidagi ko’rinishga erishamiz:

dz + L6p =0 (6)
rg
Agar, p =const bo’lsa,
dz + d(ij 0 0
A9
Oxirgitenglamaniintegrallasak, unda
2+ 2 = const (8)
rg

bu yerda z - geometrik napor yoki istalgan gorizontal yuzaga nisbatan olingan nugtaning nivelir
balandligi, m; p/ pg- statik napor yoki pezometrik bosim kuchi, m.

Bu tenglama gidrostatikaning Kimyoviy tenglamasi deb nomlanadi. Gidrostatikaning Kimyoviy
tenglamasiga binoan, tinch xolatdagi suyuglikning istalgan nugtasida geometrik va statik naporlar
yig’indisi 0’zgarmas migdorga teng.

Suyuglik xarakati rejimlari

14



Suyuglik xarakati rejimlarini birinchi bor tajriba qurilmasida 1883 yili ingliz olimi Reynolds tomonidan
o’rganilgan (2.-rasm).

Suyuglikning bak 1 dan ogib chigishi o’zgarmas
naporda sodir bo’ladi. Suyuqlik sarfi esa, kran 6
yordamida rostlanadi va o’lchov idishi 7 da uning
miqgdori aniglanadi. Truba 5 ning o’qgi bo’ylab
kapillyar trubka 4 o’rnatiladi va u orqgali rangli
suyuqlik uzatiladi.

Tajriba paytida truba 5 ga Kimyoviy suyuglik

2.-rasm. Reynolds qurilmasi. bilan birga rangli suyuglik yuboriladi. Truba 5 ichida

1-bak; 2-termometr; 3-rangli modda  tezliklar kichik bo’lganda, rangli suyuqlik ogimchasi

uchun idish; 4-kapillyar truba; 5-truba; 6- o4im 0°qji bo’ylab ingichka chizig bo’lib cho’ziladi va

kran; 7-yig‘gich. ] . ) .. . .

bir tekis xarakat gilayotganini ko’ramiz. Agar, turli

joylarda o’rnatilgan bir nechta turli kapillyar naychalardan Kimyoviy ogimga o’rnatilgan rangli suyuqlik

yuborsak, bir-biri bilan yo’nalishlari kesishmaydigan ogimchalarni kuzatamiz. Truba ichida suyuglik

ogimchalarining parallel yo’nalishbo’ylab, ya’ni texnikada laminar rejim deb nomlanuvchi,

suyuqlikning ogimchali xarakati sodir bo’ladi.

Ogimda tezliklar tagsimlanishi parabola shaklidagi chiziq bilan ifodalanadi. Bunda, maksimal tezlik

ogimning o’gida bo’ladi, minimal tezlik esa - truba devori yaqinidagi gatlamlarga tri keladi. Truba
devoriga yopishib turgan yupga suyuqlik gatlami- chegaraviy gatlam deb nomlanadi.

Agar, suyuglik tezligini yanada oshirsak, rangli suyuglik to’lginsimon xarakatlanib butun
suyuqlik ogimiga aralashib, ko’rinmay ketadi. Bunga sabab, ogimning ayrim zarrachalari nafagat truba
0’gi bo’ylab gorizontal, chizigli xarakat giladi, balki suyuqlik zarrachalari bir-biri bilan aralashib,
ko’ndalang yo’nalishda tartibsiz xarakatlanadi. Natijada butun suyuglik massasi indikator rangiga
bo’yaladi. Suyuglikning bunday to’lginsimon, tartibsiz xarakat turbulent rejimdeb ataladi. Ogimda
tezliklar tagsimlanish cho’qgisi keng, parabolasimon chiziq bilan ifodalanadi.

Ingliz fizik-olimi Reynolds tajribalarda suyuqglik tezligi, qovushoqgligi, zichligi va truba
diametrini o’zgartirdi. Tajribalar taxlili asosida olim quyidagicha xulosaga keldi: suyuglik ogimining
laminar rejimdan turbulent rejimga o’tishi suyuglik massaviy tezligi pw, truba diametriga to’g’ri va
suyuglik govushoqligi u ga teskari proporsionaldir. Olim tomonidan taklif etilgan 0’lchamsiz kompleks
Reynolds kriteriysi deb yuritiladi.

Karafizauiaca

Re=—£ == 9)

bu yerda v=up - kinematik qovushoglik, m?/s.

Reynolds kriteriysining son giymatlariga garab, suyuqlik xarakat rejimi aniglanadi. Undan
tashqari, ushbu kriteriy qovushoqlik va inersiya kuchlarining o’zaro nisbatini xarakterlaydi. Bir xil truba
diametri va suyuqlik tezligida, yuqori zichlik va kichik qovushoglikka ega suyugliklar turbulent rejimga
tezrog chigadi. Laminar rejimdan turbulent rejimga o’tish Reynolds kriteriysining kritik giymatlarida
sodir bo’ladi.

Tekis trubalarda suyuqlik ogimi xarakati uchun Rex= 2320. Agar, Re< 2320 bo’lsa, turg’un
laminar rejim bo’ladi. Agar, 2320 <Re< 10000 bo’lsa, suyuqglik xarakati o’tish rejimiga to’g’ri keladi.

Suyuglik ogimining noturg’un xarakatini o’tish rejimi xarakterlaydi. Bu rejimda ikki xarakat turi
bir vaqgtning o’zida sodir bo’lishi yoki biridan ikkinchisiga oson o’tishi mumkin.
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Re>10000 bo’lsa, turg’un turbulent rejimi bo’ladi.
Laminar va turbulent rejimlarda truba kesimida tezliklarning tagsimlanishi 3-rasmda

< W,
AL
3-rasm. Laminar (I) va turbulent (I1) xarakat rejimlarida
truba kesimida tezliklarning tagsimlanishi.

ko’rsatilgan.
Suyuglik sarfi va tezligi. O’zgarmas ko’ndalang kesimlitrubada suyuqlik xarakatini ko’rib chigamiz.

Vagqt birligida ko’ndalang kesim orgali ogib o’tayotgan suyuqlik migdoriga suyuqglik sarfideyiladi.
Agar suyuglik sarfi m®s, m%/soat 0’Ichov birliklarida o’lchansa - xajmiy sarf, kg/s, kg/soat larda
o’lchansa - massaviy sarf deb xisoblanadi.

Ogim ko’ndalang kesimining turli nugtalarida suyuqlik zarrachalarining tezligi bir xil bo’Imaydi.

Quyida keltirilgan 3 - rasmga binoan, truba o’qi atrofida suyuqglik tezligi maksimal, uning devoriga
yaginlashgan sari minimal giymatga teng bo’ladi. Lekin, ko’pchilik xollarda truba ko’ndalang kesimi
orgali ogib o’tayotgan suyuglik tezliklarining tagsimlanish gonuniyatlari noma’lum yoki uni aniglash
juda giyin. Suyugliklarning xaqiqiy tezligini o’lchash juda murakkab bo’lgani uchun, muxandislik
xisoblashlarda zarrachalar o’rtacha tezligi ishlatiladi. Suyuqglik xajmiy sarfi V (m%/s) ning truba
ko’ndalang kesim yuzasi F (m? ) nisbatiga o’rtacha tezlikw (m/s) deb nomlanadi:

w=— (10)

Bundan xajmiy sarf,
V=wF (11)

Massaviy sarf G (kg/s) esa, quyidagi formuladan aniglanadi:
G=p-w-F (12)
bu yerda p - suyuglik zichligi, kg/m?
Shuni aloxida ta’kidlash kerakki, yuqorida keltirilgan formulalar istalgan shakldagi ko’ndalang
kesimli kanallar uchun xam to’g’ri keladi.
Tekshirish uchun savollar:
1. Reynolds tajribalari. Reynolds kriteriysi va uning fizik ma’nosini tushuntirib bering.
2. Harakatdagi suyukliklar uchun Eylerning differensial tenglamasini ifodalab bering.

3. Suyuglik sarfi va tezligi hagida nimalarni bilasiz?
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3-Ma’ruza

Bernulli tenglamasi. Gidravlik qarshiliklar. Hagigiy suyuglik ogimi uchun, gidrodinamik va
energetik ma'nosi. Suyuglik xarakati rejimlari. Gidravlik garshiliklar. Ishgalanish va maxalliy garshilik
turlari, koeffitsientlari. Bernulli tenglamasining qo'llanilishi. Drossel ashoblar.

REJA:

Bernulli tenglamasi.

Truba quvurlarida gidravlik garshiliklar.
Bernulli tenglamasining qo’llanilishi.
Drossel ashoblar.

obhRE

Haqiqiy suyuqglik ogimi uchun Bernulli tenglamasi

Turg’un ogimlar uchun Eylerning differensial tenglamalar sistemasini yechish gidrodinamikada
katta axamiyatga ega va juda ko’p ishlatiladigan Bernulli tenglamasini olish imkonini beradi.

Agar, (14) tenglamalar sistemasining chap va o’ng tomonlarini dx, dy, dz larga ko’paytirib va
suyuqlik zichligi p ga bo’lsak, ushbu ifodalarni olamiz:

dX'W 1 op «

—-dw, =——-—d

dr p OX

dy 1 op

—.dw, =——-—. d 15
ar Ty W (15)
E.dwzz_qdz_l.a_p.dz
dr p oz

(15) tenglamalar sistemasidagi dx/dz, dy/dzva dz/dz nisbatlar tegishli koordinata o’glaridagi wx,
wy va w; tezliklarning o’zgarishini ifodalaydi. Ushbu nisbatlarni tezlik orgali ifodalab, 0’z o’rniga
go’ysak:

w, dw, +w, dw, +w,dw, :—gdz—l a—pdx+a—pdy+a—pdz (16)
P\ OX oy 0z

Tenglamaning chap tomonidagi qo’shiluvchilar quyidagi ko’rinishda ifodalanishi mumkin:

w? ) w2 w?
w, dw, = d(7j w, dw, = d(%} w,dw, = d[ 5 J (17)

Ularning yig’indisi esa,

2 w2 2 W2 + w2 +w? 2
dl W gl M g We o | MW W W (18)
2 2 2 2 2
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bu yerda w = |W| - tezlik vektorining kattaligi bo’lib, wy, wyva w; o’qglari uchun 0’z giymatiga ega.

Tenglamaning 0’ng tomonidagi ifoda bosimning to’la differensiali dr ga teng. Turg’un ogimlar
uchun bosim fazodagi nuqta xolatiga bog’liq bo’lib, istalgan nugta uchun vaqt birligida o’zgarmaydi.

Demak,
2
d(w—j:—%—gdz (19)
2 p

Ushbutenglamaningikkalatomoninierkintushishtezlanishiggabo’lsakva
xammaifodalarnichaptomonga o’tkazsak, quyidagiko’rinishgaegabo’lamiz:

w?) dp
d:-| —|[+—+dz=0 20
) @)

Birjinsli, sigilmaydigansuyugliklaruchunp=const.
Tenglamadagidifferensiallaryig’indisiniyig’indilardifferensialibilanalmashtirilishimumkin,
ya’ni:

2
d(z+£+W—J:O
P 29

bu yerda

2
Z+L+W— = const (21)
p9 29

2
Ushbu ko’rinishdagi ifoda ideal suyugliklar uchun Bernulli tenglamasi deyiladi. (z + % + \;V—g]
kattalikka to’liq gidrodinamik napor yoki gidrodinamik napor deb nomlanadi.
Bernulli tenglamasiga binoan, ideal suyugliklarning turg’un xarakatida geometrik, statik va
dinamik naporlar yig’indisi umumiy gidrodinamik naporga teng bo’lib, ogim bir trubadan ikkinchisiga
0’tganda xam 0’zgarmaydi.

2

2
21+&+W—1:22+&+& (22)
A3 29 P29

Bernulli tenglamasi energiya saglanish gonunining xususiy xoli bo’lib, ogimning energetik
balansini xarakterlaydi. z - nivelir balandlik yoki geometrik napor (hg, m) deb ataladi va nugta

xolatining solishtirma potensial energiyasini ifodalaydi. % - bosim napori yoki pezometrik napor (hc,

m) deb nomlanadi va bosimning solishtirma potensial energiyasini ifodalaydi.
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(z + %J yig’indi to’liq gidrostatik yoki statik napor (hs;, m) deyiladi va ushbu nugtadagi to’lig

solishtirma potensial energiyani ifodalaydi.
2
\;V— — tezlik yoki dinamik napor (hg, m) deb nomlanadi va u ushbu nugtadagi solishtirma kinetik
g

energiyani xarakterlaydi.
2

Demak, turg’un xarakterdagi suyuglik uchun potensial (z +%] va kinetik [\;V—g] energiyalar

yig’indisi ogimning istalgan ko’ndalang kesimida 0’zgarmas giymatga ega.

Ma’lumki, xaqiqiy (real) suyugqliklarda ichki ishqalanish kuchlari mavjud bo’lib, ular truba yoki
kanallarda xarakat gilganda, bir gism napor bu kuchni yengishga sarf etiladi.

Xaqigiy suyugliklar uchun Bernulli tenglamasi ushbu ko’rinishda yoziladi:

P W, P, W,

Z+—++-—L=z,+—2+—2+h (23)
M 29 A9 29
yoki
h,+h +h, +h, =H (24)

bu yerda h;j- ishgalanish kuchini yengish uchun sarflangan napor.

Agar, suyuqglik gorizontal trubada xarakat gilayotgan bo’lsa, unda geometrik napor nolga teng
bo’ladi, ya’ni hg=0. Unda

h.+h,+h =H (25)

Shunday qilib, Bernulli tenglamasi energiya saglanish gonunining xususiy xoli bo’lib, ogimning
energetik balansini ifodalaydi.

Amaliy gidrodinamikaning Kimyoviy masalalaridan biri bo’lib xaqigiy suyuglik xarakatidagi
gidravlik garshilikni aniglash xisoblanadi. Chunki, yo’qotilgan napor hyor (yoki Aryeq)ni bilmasdan
turib nasos, ventilator, gazoduvka va kompressorlar yordamida suyugliklarni uzatish uchun zarur
bo’lgan energiya sarfini aniq xisoblab bo’Imaydi. Undan tashgari hyo+q (YOki Aryeq) bilmasdan turib,
xaqiqiy suyugliklar uchun Bernulli tenglamasini qo’llab bo’Imaydi.

Truba quvurlarida napor (yoki bosim)ning yo’qotilishiga ishgalanish garshiligi va maxalliy
garshiliklar sababchi bo’ladi.
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Ishqgalanish qgarshiligi (yoki

U uzunlik bo’yicha garshilik) — trubadan
—1 - xaqiqiy suyuglik xarakat gilganda, ichki
ishgalanish garshiligi, uning butun
uzunligi bo’yicha mavjud.lchki
ishgalanish kuchining kattaligi suyuqlik
ogimining rejimi (laminar, turbulent,
turbulentlik darajasi)ga bog’lig.

W zJ.c _ _Mar_]a_lliy garshiliklar —_suyuqlik

LK. ogimi tezligi va xarakat yo’nalishi
giymatining istalgan o’zgarishidir.
5 R dy Ularga qo’yidagilar: keskin va asta-sekin

f2 | - f2 toraygan va kengaygan gismlar,
A tirsakdar, jo'mrak ni
n j U irsaklar, jo’mrak, yopuvchi va
‘-’%“* | rostlovchi uskuna (ventil, zadvijka,
' tiginli kran) va boshgalar kiradi (1-
rasm).

1-rasm. Maxalliy garshiliklar.

Darvoza, ventil va sharsimon klapanlar (zadvijka)

Klapanlar suyuglik ogimini to’xtatish, boshlash, chegaralash yoki yo’naltirish uchun ishlatiladi.
Darvoza, ventil va sharsimon klapanlar 2.17 rasmda ko’rsatilgan. Darvoza klapani quvurdagi ogim
yo’lida harakatlanuvchi elementni joylashtiradi. Darvoza klapanining Kimyoviy komponentlariga
tanasi, qopqog’i, dastagi, moxovik, darvoza, germetik material, sonik va gidravlik solnik kiradi. Darvoza
klapanlari 2 xil bo’ladi: ko’tariluvchi va ko’tarilmas dastagli. Darvoza klapanlari ogimini chegaralash
uchun emas, ochish va yopish uchun mo’ljallangan.

Ventil klapan Sharsimon klapan Darvoza klapan
2.17-rasm. Klapanlar.

Ventil klapanlar yo’lida harakatlanuvchi metall diskni joylashtiradi. Bu turdagi klapan ogimni
chegaralash uchun ishlatiladigan eng oddiy klapanlardandir. Disko’riniga qulay joylashishi va ogimni
to’xtashishi uchun mo’ljallangan. Suyuglik ventil klapanga kiradi va 90 gradusga aylanish orgali joyiga
va diskga yo’naladi. Suyuqlik disk orgali harakatlansa, bir xil targaladi. Blok klapanlari quyidagicha
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oddiy ventil sharli, tigin yoki kompozit diski bilan, ignali klapan va burchakli klapan ko’rinishlarida
bo’ladi. Ventil va darvoza klapanlarini juda o’xshash klapanlari mavjud.

Sharsimon klapanning markazida harakatlanuvchi elementning shaklidan olingan. Sharsimon
klapan darvoza, ventil klapanlarga o’xshab, ogimni nazorat giluvchi qurilmani ko’tarmaydi, buni
o’riniga bosh shar ochig-yopiq holatga aylanadi. Sharsimon klapanlar ogimni juda oz migdorda
chegaralaydi va klapan dastagi chorak gismiga aylantirilganda 100 % ga ochiladi. Yopiq holatda kanalga
suyuqlik kiritilmaydi. Ochiq holatda quvurning ichki diametri kanal ichki diametriga mos bo’ladi. Katta
klapanlarni ochish uchun moxovik va uzatmalar qutisi kerak bo’ladi, ammo buning uchun bor yo’g’i
dastakni chorak gismga aylantirish yetarli.

Klapanlar. Klapanlarning sanoatda eng keng targalgan turi darvozali bo’ladi. Darvoza klapan
quvur ichida ogim yo’liga joylashtiriladi. Darvoza, trubaning ichki diametriga mos o’lchamlarda bo’ladi
va ochiq xolatda juda oz farglanadi.

Klapanlar o’lchamlari bo’yicha farglanib, 0.125 dyuymdan bir necha futgacha bo’lishi mumkin.
Zadvijkalar odatda “keng ochiq” yoki “to’la ochiq” xolatlarda ishlaydi.
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2.18-rasm. Zadvijkaning tuzilishi.

Bu turdagi zadvijkalar ogim darajasi cheklanmaganda ishlatiladi. Klapanlar ogimni rostlagani
uchun ulardan keng ko’lamda foydalanish kerak.

Klapan orgali notturg’un ogim o’tishi sababli metall eroziyasi, egarning yedirilishi, shuningdek
ogim nazorati elementlarining shikastlagani sababli, ogimni to’lig to’sib go’yish oldini olish mumkin.

Egarlar ikki toifaga bo’linadi: maxkam o’rnatilgan va yechiladigan.

Kichik klapanlarda odatda quyma elementlari bo’lgani uchun egarlarni almashtirish igtisodiy
samara bermaydi va ularda klapanning ishchi elementini almatirish kerak.

Egarlarning qirralari disk yoki ponalar bilan parallel joylashadi.

Darvozali klapan quyigilardan iborat: korpus, darvoza, 0’qg, gapqoq, gistirma va maxovik (2.18-rasm).

Darvoza ponasimon yoki parallel disklardan iborat bo’lishi mumkin. Turli materiallardan
yasalishi mumkin. Darvoza ochiq bo’lsa ogim yo’lidan butunlay chetlashtiriladi va yopiq xolatda ogim
yo’lida bevosita joylashtiriladi.

Klapanning katta gismini gobiq tashkil etadi. Qobik texnologik quvurlarga uch yo’l bilan
ulangan bo’lishi mumkin: flyanesli, rezbali yoki payvandlangan. Klapan elementlari gobigga
maxkamlanadi.

Qobigdagi maydoncha ikki qo’zg’almas tekislik yoki klapan ichidagi xalgalar ko’rinishida
bo’ladi, ogimni to’sish vaqgtida bo’sh bo’ladi. Bunday maydoncha ikki toifaga bo’linadi:
almashtiriladigan yoki o’rnatilgan.

Egarlar darvoza bilan aniq ta’sirlanish yuzasini ta’minlashi kerak. Egarlar klapan chegarasida ishlanishi
yoki quyilishi mumkin. Ular presslanadigan, rezbali yoki joyiga payvandlangan bo’ladi. Yugori harorat
va yuqori bosim vaziyatlarida payvandlash va rezbali birlashma talab gilinishi mumkin.

O’q ingichka, uzun bo’lib, wunga darvoza yoki g’ildirak biriktirilgan bo’ladi. Maxovik
aylanganida uning energiyasini 0’qga uzatadi va o’gni ko’tarilish yoki tushishga olib keladi.

Qapgoq disk yoki darvoza uchun ko’tarilgan xoltda gobiq vazifasini bajaradi. U payvandlash
orgali yoki vagtincha boltlar yordamida klapan gobig’iga maxkamlanadi.
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Qistirma maxsus materialdan yasalib, qapqoq germetikligini ta’minlashga xizmat qiladi.
Qistirma 0’gning yugqoriga va pastga silliq harakat gilish imkonini berishi kerak.

Salnikli gistirma gapgogning 0’g o’tadigan joyida, maxsus ochilgan chugurchada bo’ladi va 0’q
atrofida gobiq montajida ishtirok etadi. Tigma moslama qutidagi materialni sigadi va materialning
joylashuvini ta’minlaydi. Salnikdagi gaykalar siqilish me’yorini ta’minlab, sizib chiqishni bartaraf
gilishga mo’ljallangan.

Maxovik klapan o’giga maxkamlanadi. Maxovik aylanma energiyani 0’qga uzatadi. Aylanma
energiya ogimni boshqarish elementini xarakatga keltiradi. Maxovik soat strelkasi bo’yicha
xarakatlanganida klapanni yopadi. Maxavik xarakati teskari tomonga yo’naltirilginida klapanni ochadi.

Darvozalar.Zadvijka darvozalari turli shakl va o’lchamlarda bo’ladi.

Eng keng targalgan konstruksiyalari gatoriga mustahkam pona, ikki gattiq darvozali va parallel
disklar (2.19-rasm) kiradi.

Yaxli mustaxkam ponali zadvijkalar ishonchli bo’lib, egarning mustaxkam materialiga
zichlashadi. Bunday ponali egarga zich joylashgani sababli, ortigcha kuchlanishni ko’tarmaydi.
Ortigcha kuchlanish ishchi joylarini shikastmasligi magsadida klapan to’lig yopilganidan so’ng ozgina
bo’shatilishi kerak.

IKki gattig darvozali turi egar bilan ishonchli zichlanish beradi. U mustaxkam pona kabi
vazifalarni bajarishi bilan birga 0’ziga xos elementlariga ega. Bu element uning ikkita disk sifatida
ishlashini xam ta’minlaydi. Ikki qattiq darvozali turi mustaxkam pona turiga nisbatan yuqori xaroratlarda
ishlatilishi imkonini beradi.Ogimning bosimidan bunday darvozalarning joylanishida foydalaniladi.

Parallel diskli darvozalar 0’qga o’rnatilgan ikki aloxida disklardan iborat. Ba’zi bir parallel
disklarda prujina bo’lishi mumkin. Prujina disklar orasida joylashtiriladi, golgan elementlar o0’qga
maxkamlanadi.

2.19-rasm. Zadvijka darvozalari turlari.

Parallel diskli zadvijkalar yuqori xaroratlarda qo’llanilishga mo’ljallangan. Ogim bunday
klapanga kirganida, disklardan birini itaradi, prujinani sigadi va garama-garshi diskni egarga zich
joylanishini boshqgaradi. Sistemadagi bosim darvozaning egardagi xolatini ta’minlaydi. Bosim qancha
katta bo’lsa disk shuncha egarga zichlashadi.

Zadvijka  materiallari. Zadvijkalar (2.20-rasm) turli jarayonlarda foydalanish uchun
mo’ljallangan. Ma’lum ekspluatatsiya sharoitlari zadvijka yasalish materiallarining o’ziga Xxosligini
belgilaydi.
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2.20-rasm. Zanglamaydigan po’latdan yasalgan zadvijka.

Misol uchun, zanglamas po’latdan yasalgan zadvijka korrozion, yugori va past haroratli
muxitlarda xizmat giladi. Maxsus qotishmali zadvijka esa yuqori harorat, yuqori bosim muxitida
ishlatiladigan. Bronzadan yasalgan zadvijka past haroratli, past bosimli muxitda xizmat giladi. Latun
zadvijka past harorat, past bosimli xizmat sharoitida qo’llaniladi. Cho’yan zadvijka suv uchun va ba’zi
bir past bosimli bug’lar uchun ishlitiladi.

Zadvijkalar uzlukli va o’zgaruvchan ogimli texnologik jarayonlarda qo’llanilidagan eng yaxshi
moslamalardan xisoblanadi. Ular uzoq yil xizmat giladi.

Ko’tarma shpindelli va ko’tarilmaydigan o’qglar.

Zadvijka o’qlari ikki xil turda bajarilgan bo’ladi: ko’tarma shpindelli va ko’tarilmaydigan o’qli.
Zatvorning yugori gismida shturval joylashgan. Maxovik vtulkaga maxkamlanadi, vtulka 0’z navbatida
0’qga rezba yordamida maxkamlanadi. Maxovik soat strelkasiga garama-garshi aylanganida maxovik
markazadagi 0’q ko’tariladi. O’gning ko’tarilishiga mos ravishda darvoza klapan qobig’idan ko’tariladi
va suyuglikning ogishiga yo’l beradi. O’gning xolatiga garab, kuzatuvchi klapan ochiq yoki yopigligini
ayta oladi.

Ko’tariluvchi o’gning boshga turida o’q asosi rezbali bo’ladi. Bunday tipdagi klapanlarda
maxovik 0’qga o’rnatilgan bo’lib, ochiq xolatda 0’q bilan birga ko’tariladi.

Ko’tarilmaydigan o’qlarda maxsus moslama o’qning ko’tarilishi yoki tushishiga yo’l qo’ymaydi.
Maxovik 0’qga mustaxkam biriktirilgan va maxovik o0’q vinti yoki darvoza aylanishi boshgaradi.
Bunday klapanlarga garab, ularning ochiq yoki yopigligini aytib bo’Imaydi.

Xizmat ko’rsatish.Uskunalar texnik xolatini ta’minlash operator ishining muhim gismidir.
Rezba o’qgli klapanlar atrof muxit ta’sirida qotib qolmasligi va ularni ish qobiliyatida ushlab turish uchun
moylanishni talab etadi. Qobig nazoratdan o’tkazilib, silgish topilganida salnik gaykalari me’yorida
tortilishi kerak.

Klapan o’gi bo’yalmaydi va uni chang va ifloslanishdan saglash kerak. Operator zadvijkani
yopayotganida klapan egarini shikastlamaslik choralarini ko’rishi lozim. Xarakat yo’nalishining
0’zgarishi, klapanning tez yopilishi va truba kengayishi klapanning buzilishiga olib kelishi mumkin.
Chunonchi, o’gning qgiyshayishi klapanning yopishib golishiga olib kelishi mumkin. Shuning uchun
klapanni yopish jarayoni sekin va bir tekisda bo’lishi kerak. Klapan darvozasi pastda bo’lganida aylanish
pastga bo’Imasligi shart. Ko’pgina klapanlar moylagichlar bilan ta’minlangan bo’ladi va ular yordamida
aylanuvchi gismlari moylanib boriladi.Texniklar vazifasi klapanlar tozaligi va moylanganligini nazorat
gilishdan iboratdir.

Sharli klapan.Ishlab chigarish sohasida ishlatiladigan ikkinchi eng keng targalgan klapan turi
o’tkazuvchi klapandir. Sharli klapanda xarakatchan metall disk ogim yo’liga qo’yiladi. Bu tipdagi
klapan asosan ogimni drossellashda ishlatiladi. Disk egarga tekis joylashib ogimni to’xtatishga
mo’ljallangan. O’tkazuvchi klapanga suyuglik kiradi va 0’z yo’nalishini egar va disk ostiga tomon 90°
ga o’zgartiradi. Suyuqglik diskdan o’tadi va tekis tagsimlanadi. O’tkazish klapanlari samarali ishlashi
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uchun o’g’ri o’rnatilishi kerak. Agar klapan teskari o’rnatilsa, ogqim boshgaruv elementini pastga bosadi
va uzatish me’yori buziladi.

Tipik egarli klapan quyidagilardan iborat: qobig, disk, bo’sh maydancha, 0’q, galpoq, gistirma,
salnik, egar va maxovik (2.21-rasm).

2.21-rasm. Sharli klapan.

Disk 0’qga uch usulda maxkamlanadi: xarakatchan, rezbali va yaxlit yasash bilan. Disk shteker,
koptok va igna shaklida sinflanishi mumkin. Turli materiallardan ishlanadi.

Disk yoki o’tkazuvchi boshgaruv elementi egarda joylashadi va yopiq xolatda ogim yo’lida
yotadi. Zadvijkalardan farglirog, shar klapan drossellashda ishlatishga mo’ljallangan. Ogim boshgaruv
elementaining ochiqlik darajasi orgali rostlanishi mumkin.

Klapanning asosini gobiq tashkil etadi. Qobik texnologik quvurlarga uch yo’l bilan ulangan
bo’lishi mumkin: flyanesli, rezbali yoki payvandlangan. Klapan elementlari gobigga maxkamlanadi.

Bo’sh maydoncha to’rt xil usulda bajarilishi mumkin: konussimon, giyshiq tekis yuzali,
zichlovchi xalgali yoki shayba va konusli yoki ignasimon konusli. Maydoncha almashtiriladigan yoki
o’rnatilgan bo’ladi.

Egar boshgaruv elementi bilan ta’sirlanish yuzasida to’g’ri birikib, zichlanishni ta’minlaydi.
Egarlar klapan chegarasida ishlanishi yoki quyilishi mumkin, presslanadigan, rezbali yoki joyiga
payvandlangan bo’ladi. Yuqori haroratda va yuqori bosim vaziyatlarida payvandlash va rezbali
birlashma talab gilinishi mumkin.

O’q ingichka, uzun bo’lib, disk yoki g’ildirakga biriktirilgan bo’ladi. Maxovik aylanganida
uning energiyasini 0’gqga uzatadi va o’gni ko’tarilish yoki tushishga olib keladi.

Qapgoq disk uchun ko’tarilgan xolatda qobiq vazifasini bajaradi. U payvandlash orgali yoki
vagtincha boltlar yordamida gobigga maxkamlanadi. Qobiq silgishlarni bartaraf etish uchun maxsus
loyixalangan bo’lib, 0’qning tekis aylanishini xam ta’minlaydi.

Salnikli gistirma gapgoqgning 0’g o’tadigan joyida, maxsus ochilgan chugurchada bo’ladi va 0’q
atrofida qobiq montajida ishtirok etadi. Tigma moslama qutidagi materialni sigadi va materialning
joylashuvini ta’minlaydi. Salnikdagi gaykalar siqilish me’yorini ta’minlab, sizib chigishni bartaraf
gilishga mo’ljallangan.

Maxovik klapan o’qiga maxkamlanadi. Maxovik allanma energiyani 0’qga uzatadi. Aylanma
energiya ogimni boshgarish elementini xarakatga keltiradi.

Orga egar gapgoq va o’q orasida zichlovchi va gobigni klapan ichidagi ortigcha bosimdan
saglovchi moslamadir. Bug’ sistemalari uchun go’llaniladi. O’gning bir gismi sifatida ishlanadi. O’q
to’la ochiq xolatda bo’lganida disksimon orga egar egar qapgog’i bilan ta’sirlashadi.

Disklar.Disklar turli shakl va o’lchamlarda bo’ladi. To’rt eng keng targalgan vilkali, sharli,
tarkibli va ignali disk turlari 2.22-rasmda keltirilgan.

Vilkali disklar drossellashda ishlatiladi. Ular konussimon birikish yuzali joyida almashtiriladigan
xalgalarga ega, ogim xarorati va bosimi keng oraliglarda o’zgaradigan xollarda drossellashga
mo’ljallangan.

Sharli disklar sharsimon yoki tekis yuzali bo’ladi. Ular drossellashni ochilgan yoki yopilgan xolatlarda
bajarishga mo’ljallangan.

Tarkibli disklar turli temperatura va ogimlarga moslashtirilgan bo’ladi. Tarkibli disklar gayta
tiklanishi mumkin. Yuzalarni birlashtirish uchun rezina xalga va shaybadan foydalaniladi.lgna disk
yugori aniqglik talab etilganda qo’llaniladi.
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O’tkazuvchi klapan materiallari.Sharli  klapanlar turli sharoitlarda foydalanish uchun
mo’ljallangan. Muxit turiga garab tegishli materiallardan yasaladi. Misol uchun, zanglamas po’latdan
yasalgan egarli klapan korrozion, past haroratda xizmat gilganida ishlatiladi. Maxsus qotishma esa
yuqori harorat va yuqori bosimda ishlatiladi. Ba’zi bir keng tarqalgan qotishmalar sifatida nikel-temir,
titan-po’lat ishlatilmogda. Bronzadan ishlangan egarli klapan past bosim va past xaroratlar uchun
mo’ljallangan. Cho’yan zadvijka suv uchun va ba’zi bir past bosimli bug’lar uchun ishlitiladi.

2.22-rasm. Disklar turlari.

Tiqinli klapanlarbilansolishtirganda(2.23-rasm) klapanlarda judakatta bosimtushishi mavjud.
O’tkazuvchi klapanlar yuqori yuklamali idishlarda o’rnatishga mo’ljallangan. Bunday klapan
foydalanishning engpasthududidao’rnatilganbo’lsa, 0’°z-0’zinitozalashturibo’lsaham, sharli klapanga
aylanadi,chunkishar 90° ga gaytadi vaunito’g’ridan-to’g’ritarmoqgdanuzishmumkinemas.

2.23-rasm. Tiqinli klapan.

Sharliklapanlar.Sharli klapanlaro’znominisharsimon, xarakatchanelementdanolgan (2.24-
rasm).Darvozavaegarli klapanlardan fargli, sharli klapanning boshqaruv moslamasi ogim ta’sirida
ko’tarilmaydi. Buning o’rniga ichi bo’sh shar ochig yoki yopiq xolatlarga aylanadi. Sharli klapanlar
ogimga juda kichik cheklovlar beradi va to’la ochig xolat ochig xolatning to’rtdan bir xolatida xam
kuzatiladi. Yopiq xolatda tizim to’liq uziladi va aksincha, to’lig ochiq xolatda trubaning ichki diametriga
teng xolatni beradi.

Sharli kranlar turli shakl va o’lchamda (2.24-rasm) bo’lib, katta klapanlarda maxovik va tishli
reduktor bo’lishini taqozo qgiladi. Sharli kranlardan drossellash uchun foydalanish mumkin emas.
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2.24-rasm. Sharli klapan.

Sharli kranlardan uzoq vaqt foydalanish ta’sirida shar va uning o’rnatilish joyi shikastlanishi
mumkin. Odatda, sharli kranlar yugori xaroratlarda qo’lanishga mo’ljallanmagan. Shar o’rnatiladigan
joy plastmassalardan yasalgan bo’lib, yuqori xarorat ta’sirida yemirilishga moyildir. Ishlatishdan avval
temperatera chegaralari bilan tanishish tavsiya etiladi. Sharli kranlar zichlanmagani uchun yuqori
bosimli kameralarda qo’llanmaydi. Ba’zi bir sharli kranlar bir necha oqimni to’xtatmasdan kerakli
yo’nalishlarga ayirboshlash uchun mo’ljallangan bo’lishi mumkin.

Qaytish klapani.Qaytish klapanlari ogimning qaytishini bartaraf etish uchun va uning ogibatida
qurilmalarning ifloslanishi va buzilishining oldini olish uchun mo’ljallangandir. Qaytish klapanlari
imkoniyatlari katta emas, lekin ogimni germetik to’xtatish imkonini beradi.

Qaytish klapanlari konstruksiyalari turlicha va go’llanilishi bilan farglanadi. Qaytish klapanining
tipik namoyondasi sifatida gaytarma diskni olish mumkin. Bunda ogim yo’nalishi o’zgarsa quvur
yopiladi (2.25-rasm). Ogim diskni ko’tarib, shu ogim to’xtagunicha o0’zgarmas tutadi. Qaytish
klapanining qobig’i galpogchali bo’lib, boshgaruv elementiga oson borish imkoniyatini beradi.

Qaytish klapanining boshga bir turi liftni ko’rib chigsak, unga o’rnatilgan disk ogim kutish
rejimida bo’lganida yopiq xolatda va ogim xarakati natijasi ko’tarilib ochiq xoldatda faol bo’ladi (2.26-
rasm). Maxsus yo’naltiruvchilar diskni joyida ushlab turadi. Shu bilan birga ogim o’zgarishlarini
yopish uchun mo’ljallangan teskari moslama qilib yaratilgan.

Lift tekshirish ideal ogim darajasi turlicha bo’lgan tizimlar uchun javob beradi. Lift tekshirish
tebranish tekshirishidan mukammalroq bo’ladi. Gorizontal yoki vertikal qurilmalarni tekshirishda
porshen yoki shar oqim ta’sirida egardan ko’tariladi.

Uchinchi ko’rinish sharli bo’lib, sharsimon disk giya sharsimon egarga joylashadi (2.27-rasm).
Shar  ogim kutish holatida bo’lganida pastki xolatda bo’ladi va gachon ogim faollashsa xolatini
0’zgartiradi. Maxsus yo’naltiruvchilar sharsimon diskni joyida ushlab turadi. Ogim yo’nalishi
0’zgarishi bilan arg’imchoq kabi tebranib ogimni berkitib go’yishga mo’ljallangan. Bunday tekshirishlar
0gim o’zgaruvchan bo’lganida yoki suyugligi birmuncha gattig moddalarni tutgan sistemalar uchun mos
keladi. Sharli tekshiruv lift tekshiruv kabi mukammal va uzoq muddatlidir.

To’rtinchi qurilma lift xususiyatlariga ega tormoz bo’lib, ko’tarish kuchi va shar klapanni (2.28-
rasm) nazorat gilishga asoslangan. Yopiqg holatda, to’xtatish klapani mahkam o’tirgan, ochiqg holatda,
ogim nazorati elementi qobiqdan ko’tariladi. Ochiq holatda, lift sinovida to’xtatishni tekshirish bo’lib,
ko’tarish darajasini rostlash mumkin.

26



L YY" Basdiarti
- Tan . —
\ : wape. -:: :-1']
4 :

—~— ! o pyie 1 é_ )A -y Ml '
b e s | 5 S—
4 Anew { ', Dmew

b - T TWparaHEs To
: i e i ,

4

‘ 8

2.25-rasm. Diskli gaytish klapani. 2.26-rasm. Liftli gaytish klapani.

Nerne fanr g — "
£ or1ame
'\-——-.—l— " |- -
TETRAMK (i ::
: £3 -

O =l
beie Mas 2
Meros —. v:v._.\k \ ——— e

2.27-rasm. Sharli gaytish klapani. 2.28-rasm. Liftli sharli gaytish klapani.

Qaytarish klapanlari og’irlik kuchi ta’sirida ishlaydi, shuning uchun to’g’ri o’rnatilishi kerak.
Konstruksiyalari gorizontal va vertikal bo’lishi mumkin. Turli texnologik sharoitlarda go’llanilishga
mo’ljallangan. Klapanlar materiali go’llanish soxasini aniglaydi. Misol uchun, zanglamas po’latdan
yasalgan klapan korrozion, past haroratda xizmat gilganida ishlatiladi. Maxsus qotishmalisi esa yuqori
harorat va yuqori bosimda ishlatiladi. Ba’zi bir keng tarqalgan qotishmalar sifatida nikel-temir, titan-
po’lat ishlatilmogda. Bronzadan ishlangan klapan past bosim va past xaroratlar uchun mo’ljallangan.
Latun klapanlar past bosim va xaroratlarda qo’llaniladi. Temir klapan suv uchun va ba’zi bir past
bosimli bug’lar uchun ishlitiladi.

Zatvorlar.Diskli aylanma zatvorlar odatda drossellash va ochig-yopiqg funksiyalarni bajarishda
go’llaniladi. Bunday klapanlar boshga turdagi klapanlardan kichikroq bo’lishi bilan farglanadi va shu
sababdan truba quvurlarda kam joy egallaydi.

Kapalak elementli zatvor yassi disk ko’rinishida bo’lib, disk markazidan metall 0’q o’tadi va
diskning chorak aylanishga burilishiga imkon beradi (2.29-rasm). Zatvorning chorak burilishi to’liq
ochish yoki yopish uchun yetarlidir.
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2.29-rasm. Kapalak elementli zatvor.

Texniklar bilishi kerakki, drossellash klapanlarini 100% ochish uchun klapan dastagi sakkizdan
bir ulushga ochilishi kifoyadir. Drossellash vaqgtida klapan dastagi yopiq xolatda maxkamlangan bo’lishi
shart. Agarda dastak maxkamlanmagan bo’lsa, ogim klapanga kirishi bilan zatvorni ochishga xarakat
giladi. Shunga garamasdan, diskli aylanma zatvorlar drossellashda turli xarakteristikali ogimlarda
qo’llaniladi. Zatvorni ellik foyizga ochish bilan maksimal ogimga erishish mumkin.

Diskli aylanma zatvorlar past xarorat va bosimda ishlatishga mo’ljallangan bo’lib, odatda gayta
ishlash korxonalarida suvni sovutish uchun mo’ljallangan issiglik almashinish qurilmalarida o’rnatiladi.

Drossel klapan egari tabiiy kauchuk yoki plastmassalardan yasalishi mumkin.

Tiqginli klapanlar.Qayta ishlash korxonalarida turtdan bir burilishda ochiladigan, tezkor ochish
uchun mo’ljallangan tiginli klapanlar keng targalgan. Tiginli kran 0’z nomini ogimni rostlovchi
elementi nomidan olgan (2.30-rasm). Dastagi to’rtdan bir burilishi natijasida 100 foyiz ochiq xolatni
ta’minlay oladi. Yopiq xolatda o’tkazish tirgishi ogqimga to’siq bo’lsa, ochiq xolatda truba ichki diametri
bilan bir xil bo’ladi.

2.30-rasm. Tiginli (plunjerli) klapan.

Plunjerli klapan.Tiginli kranlar turli shakl va o’lchamlarda bo’ladi. Klapan tigini yoqilg’i gaz
quvurlari uchun mo’ljallangan, past bosim vaziyatlarida, past xaroratlarda yopish va ochish amallarni
bajarish uchun mo’ljallangan. Kranlarni ochish va yopishda, xamda uzoq vaqt ishlatilishida ishchi
elementlari shikastlanishi mumkin. Past xaroratlarga mo’ljallangan platmassa qoplamali egarlar yuqori
xarorat ta’sirida yemirilishi mumkin.

Xizmat ko’rsatish.To’g’ri nazorat va texnik ko’riklar natijasida klapan plunjerining ishlashi
abadiy davom etishi mumkin. Plunjerli klapanni ishlatishda moylash katta axamiyatga ega. Tiginli
kranlarning xizmat muddati klapan gobig’i ichidagi moylovchi materialga bog’lig. Moylovchi material
klapanga sizib chigishni bartaraf etishda ko’maklashadi. Bunday klapanlar drossellash uchun
go’llanilmaydi.

Xaddan tashqari yemirilish klapan tiginining ishdan chigishidan dalolat beradi. Bundan tashqari
klapan germetikligi xam xavf ostida goladi. Tiginli klapanlarning ishlash xarorati 480°F (248,9 °S) dan
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oshmasligi kerak. Bu ko’rsatkichdan yugori xaroratlarda moy oqib ketadi va tirgishlarni yopish mumkin
bo’Imay qoladi.

Membranali klapanlar.Kimyo zavodlarida, turli suyuglik, agressiv yoki yopishqog moddalar
bir joydan boshga joyga ko’chiriladi. Standart klapanlarni bu vaqtda qo’llab bo’Imaydi. Bunday
mahsulot turi uchun membranali klapanlar maxsus ishlab chigilgan.

Membranali klapanlarda ogimni rostlashda gayishog membrana va egar qo’llaniladi. Maxovik
darvozali va sharli klapanlardagidek ishlaydi. O’q kompressor deb nomlangan qurilma elementiga
maxkamlanadi. Kompressor gayishoq membranaga bosim beradi. Klapanning ichki gismlari ogimdan
ximoyalangan. Membrana maxovik rostlanishiga bog’lig ravishda moslashgan. Membranali klapanlar
odatda past bosimlarda qo’llaniladi. Membrana egari kimyoviy turg’un platikdan yasaladi, rezana
bo’lishi xam mumkin. Bunday klapanlarning gobig’i bo’Imaydi.

Membranali klapanlar ikki turda bajariladi: suv o’tkazish va to’g’ri 0’tkazuvchi membranali. Suv
0’tkazish tipidagi membranali klapanning qobig’ida to’g’oni bo’ladi (2.31-rasm). Suyuqlik to’g’onning
yugori gismidan o’tib diafragmaga keladi. Klapanda katta bosimlar fargi kuzatiladi. Shuning uchun
ularda galin va pishig membralar ishlatiladi.

To’g’ri o’tkazuvchi membranali klapanlar gayishog membranaga ega (2.32-rasm). Bosim
pasayishi membrana xolatiga bog’lig.

n
i [»
)

]

-
:

;4

4 ,'.""J- o i

NN A Mestumssue rreguer
[ Maustgasees Juspurrsd
: {
|

¥

2
[
=2

. I—

n Y

\ l '

ol

4 | Bl
:

2.31-rasm. Suv o’tkazish membranali klapani. 2.32-rasm. To’g’ri 0’tkazish membranali klapani.
Membranali klapanlar (2.33-rasm) agressiv suyugliklar va o’ta toza suyugliklar xamda

minerallardan xolis qozon suvlariga mo’ljallangan. Mo’tadil past xarorat va bosim o’zgarishlari
bo’ladigan shariotlarda ishlatilishi kerak.

Boog Vet panieie

2.33-rasm. Membranali klapan.

Xavfsizlik klapanlari.Xavfsizlik klapanlari suyuglik bosimining  keskin o’zgarishlariga
avtomatik javob reaksiyalari uchun ishlab chiqilgan. Xavfsizlik klapani ma’lum bosimda ochilishga
mo’ljalanadi. Xavfsizlik klapanida disk 0’z joyida prujina yordamida ushlab turiladi. Bu prujina
klapanda ishchi bosim xosil bo’lmagunicha ochilmaydi (2.34-rasm). Katta bosim texnologik
qurilmaning ishlash vagtida hosil bo’lishi mumkin.
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Xavfsizlik klapani bosim ostidagi suyugliklar uchun mo’ljallangan. Ular gaz tizimlariga to’g’ri
kelmaydi. Xavfsizlik klapanlari sekin ochilish uchun mo’ljallangan. Bu gaz xizmati uchun yomon belgi
hisoblanadi.

Boshqga klapanlar yuqori gaz tezligi ta’sirida disk va egarning yemirilishi sababli gaz tizimlarida
ishlatilmaydi.

Xavfsizlik klapanlari dizayni va uslubi bilan farglanadi. Xavfsizlik klapanlari o’lchami
dyuymning bir necha ulushidan bir necha dyuymgacha bo’ladi. Xavfsizlik klapani ko’tararilgan bo’lsa,
uni "butunlay ochiq holatda™ deb ataladi. Dastlabki bosim va to’lig ochiq holatdagi bosim orasidagi farq,
yig’ish davri deyiladi.

Xavfsizlik klapanlari quyidagilardan iborat: himoya galpog’i, rostlovchi vint va kontrgayka,
qobig, prujina yoki prujina shayba, kirish va chigish tarmog’i, 0’q, disk va bo’sh joy.

2.34-rasm. Xavfsizlik klapani.

Ximoyalovchi galpoq rostlovchi vint va gaykani tashqi ta’sirdan saqlash uchun xizmat giladi.
Prujina yoki prujina shayba diskni doimo tarang xolatda ushlab turadi. O’q diskning vertikal
xarakatlanishi uchun rezbali ishlanadi.

Xavfsizlik klapanlari ochiq bo’lganida ulardan ogimning o’tayotganligini oson aniglash
mumkin. Klapanning giziganligini uning ikki tomoni giziganligidan aniglanadi. Qizish natijasida
xavfsizlik klapanlari ochilib, muxitning birdan o’zgarishini pasaytiradi. Bug’ sistemalaridagi xavfsizlik
klapanlari bug’ni atmosferaga chigaradi.

Ba’zi bir klapanlarning dastagi bo’ladi. Bu dastakning xolatiga garab klapan funksiyalarini
tekshirish mumkin. Nazoratchi klapanning bunday funksiyasini tekshirishda dastakdan foydalanmaydi.

Xavfsizlik klapanlarining ikki Kimyoviy afzalliklari bo’lib, ulardan biri bosim pasayishi bilanog
0’zgarishi va prujinalarlarning sozlanishidir.

Saglovchi klapanlar.Saglovchi klapanlar himoya jarayoni tizimining oxirgi gatori hisoblanadi.
Ular ortiqcha bug’ yoki gaz bosimiga tezkor javob berish uchun mo’ljallangan. Tizimda ortiqcha bosim
xosil bo’lganida saglovchi klapanlar ortigcha bosimni atmosferaga chigarib yuboradi. Chigarib
yuborilgan ortigcha bosim qurilmalarni ishdan chigishidan saglaydi va inson xavfsizligini ta’minlaydi.

Saqglovchi klapanlar tuzilishiga ko’ra xavfsizlik klapanlariga o’xshaydi. Saglovchi klapan va
xavfsizlik klapani orasida uchta farqg mavjud: saglovchi klapanlar ko’pincha suyuglik uchun yaratiladi;
bosimga ta’sir ko’rsatish vaqti kichik; chigarish tarmog’i kattarog. Bundan tashgari saglovchi klapanlar
tez ishlashga mo’ljallangan.

Saglovchi klapanlarning chigarish tarmog’i katta bo’lgani uchun kichik tezliklarda katta ogimlar
uchun xizmat gila olmaydi. Bu uni ishdan chigishdan saglaydi.

Saqglovchi  klapanlar xalgasining sozlanishi va ochilishiga garab farglanadi. Saglovchi
klapanlarning ba’zi birlari ta’mirlanishi mumkin. Boshqalari esa yangisiga almashtiriladi.
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2.35-rasm. Saglovchi klapan.

Saglovchi klapanlar quyidagi tarkibiy gismlardan iborat (2.35-rasm): sozlash vinti, gayka va
klapanning ichki elementlarini ximoyalovchi galpoq; sozlovchi prujina, gayka va kontrgayka; qobig;
xalgani doimo tarang xolatda ushlab turuvchi prujina va ikkita shayba; kirish va katta chigish tarmogqlari;
boshqgaruvchi disk yoki igna; diskning vertikal xarakatini ta’minlovchi shpindel yoki 0’q; egar; sozlovchi
va ta’sirlanuvchi xalqalar; ko’tarish richagi; sharnir.

Avtomatik Kklapanlar.Kimyo sanoatida jarayonlarni nazorat gqilish uchun murakkab
avtomatlashtirilgan kompleks tarmoqglaridan foydalaniladi. Tizimda eng kichik birlik sifatiga boshgaruv
konturi olingan.

Tizimni nazorot qilish bor qurilmani ajratib olish, ma’lumotlarni uzatish, nazorat qilish,
o’lchagich va avtomatik klapandan iborat (2.36-rasm). Avtomatik klapanlarning masofadan nazorat
gilinishi va boshqarilishi ularning eng katta afzalligidir.

Avtomatik Klapanning eng keng targalgan turi egarli klapan bo’lib, uning afzalliklari
universalligi, yoqish/o’chirish va drossellanishidadir. Avtomatik klapanlar suyuglik ogimini nazorat
gilish uchunqgo’llaniladi . Avtomatik klapanlardan bosim, harorat, ogimning sarfi yoki balandligini
nazorat gilish uchun foydalanish mumkin.

Avtomatik klapanlar rostlovchi va ta’minlovchi deb tavsiflanadi. Rostlovchi Kklapanlar
pnevmatik, elektr boshgaruvli yoki gidravlik boshqgaruvli bo’ladi.

2.36-rasm. Avtomatik klapan.

Ta’minlovchi klapanlar o’rnatilgan joylarda bosim yetarli darajada bo’lmagunicha klapan
elementi egardan ko’tarilmaydi. Bu bilan ular kaytish klapanlariga 0’xshab ketadi.

Bu bobdagi har ganday klapan avtomatlashtirishga boshgaruv tizimi orgali moslashtirilishi
mumkin. Klapan boshgaruv tizimining vazifasi klapan o’qgini xarakatga keltirish va klapan xolatini
nazorat qgilishdir. Boshqaruv tizimi uch xil ishlashi mumikin: pnevmatik (havo)yordamida, elektr toki
yordamida va gidravlik yuritma yordamida.

Pnevmatik yuritma.Pnevmatik yuritma avtomatik klapanlar bilan ishlaydigan yuritmalarning
eng keng targalgan turi hisoblanadi. Ular uch xil bo’ladi: diafragmali, porshenli va kurakchali. Har bir
yuritma konstruksiyasi xavo bosimini mexanik energiyaga aylantirishga imkon beradi.
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Diafragmali yuritma qayishoq diafragmasi bo’lgan qurilmadir (2.37-rasm). Odatda bunday
moslamalar klapan ustiga o’rnatilgan bo’ladi. Gumbazning diafragma markizi 0’qga maxkamlanagan.
Klapan xolati yoki klapanning yopiq xolati kuchli prujina bosim ostida bo’ladi.

Xavo gumbazning ichiga kirganida diafragmaning giysi tomonidan kirganiga garab klapanni
ochishi, yopishi va drossellashi mumkin. Yuritmaning porsheni 0’qga o’rnatilgan porshen va germetik
silindrdan iborat. Ular odatda zadvijkalarni avtomatlashtirishda o’gning xarakatlanishi uchun katta joy
bo’lganida ishlatiladi.

2.37-rasm. Pnevmatik diafragmali klapan. 2.38-rasm. Elektromagnitli klapan.

Plastinali yuritma to’rtdan bir gismga ishlaydigan klapanlarda o’rnatiladi.
Pnevmatik yuritma uchun umumiy shartlar quyidagilar:
* Xavoni ochish uchun. Klapan yopiq xolatda ishdan chiqishi mumkin emas.
Odatda tizimda xavo gumbazning pastki gismidan o’tadi.
» Xavoni yopish uchun. Klapan ochiqg xolatda ishdan chigishi mumkin emas.
Odatda tizimda xavo gumbazning yuqori gismidan o’tadi.
» Ikki tomonlama ishlaydigan prujinasiz xol. Xavo kanallari gumbazning har ikki tomonda joylashgan.

Elektr yuritgich.Elektr yuritgichlarda elektr energiyasi mexanik energiyaga aylantiriladi. Misol
uchun kondensatorli elektromagnit klapanini olaylik. Kondensatorli elektromagnit klapan tizimlarni
yogish va o’chirishga mo’ljallangan. Kondensatorning ichki tuzilishi sharli klapanni eslatadi (2.38-
rasm). Disk egarga tagaladi va ogimni to’xtatadi. O’q 0’z xolatida prujina yordamida ushlab turiladi.
G’altakning simi yuqori prujinaga ulangan. G’altak elektr manbasiga ulanganida magnit maydoni xosil
bo’lib o’qgni ko’taradi va prujinasi sigadi. Bu xolat elektr manba uzilmagunicha davom etadi.

Elektr yuritgichning boshqgaruv elementi 0’qga motor va tishli g’ildirak orgali bog’langan.
Xarakatlantiruvchi mexanizm o’gning xolatini nazorat giladi. Klapan ochilishi yoki yopilishini 0’q
dvigatelini to’xtatish yo’li bilan maxsus mexanik mexanizmlar yordamida cheklaydi.

Gidravlik kuchaytirgichlar.Gidravlik kuchaytirgichlar juda kuchli bo’ladi. Ular suyuglik
bosimini mexanik energiyaga aylantiradi. Gidravlik yuritgichda suyuqlikni o’tkazmaydigan silindr,
porshen va harakatlanuvchi o’qdan foydalaniladi. Odatda gidravlik kuchaytirgichlar avtomatlashtirilgan
klapanlar yoki klapanlar bilan birga ishlatiladi. Ular o’qi ko’p marotaba xarakatlanadigan xollarda
ishlatiladi.

Afzallik va kamchiliklari. Klapan suyuqlik ogimini nazorat (to’xtatish, cheklash yoki ochish)
gilish uchun ishlatiladigan qurilmadir. Klapanlar ogim nazorat elementiga garab (rostlovchi yoki
nazoroat giluvchi), vazifasi va ish sharoitlariga garab (bosim, ogim sarfi yoki harorat) tasniflanadi.

Zadvijkalarda xarakatchan metall darvoza quvurlardagi ogim yo’liga go’yiladi. Ushlaydigan va
texnologik tizimlarda kam ishlatiladigan ajoyib vositalardan hisoblanadi.

Sharli klapanda xarakatchan metall disk jarayon ogimi yo’liga to’g’onoq bo’ladi. Klapanlarning
bu turi drossellashda eng keng targalgani xisoblanadi.
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Sharli kran va tiginli klapanlarning markazida ichi bo’sh aylanuvchi gismi bo’lib, shu
elementning aylanishi natijasida klapan ochiq yoki yopiq xolatda bo’ladi. Bu klapanlar juda xam
cheklanganligi bilan va drossellashda go’llanilmasligi xamda yuqori xarorat va bosimda ishlatilmasligi
bilan tavsiflanadi.

Kapalak elementli zatvor yassi disk ko’rinishida bo’ladi, membranali klapanlar gayishoq
membranaga ega. Membranali klapanlar yopishqoqg, quyug va korrozion muxitlarda qo’llaniladi.

Saglovchi klapanlar bosim va muxit parametrlarining keskin o’zgarishiga avtomatik ravishda
javob gaytaradi. Saglovchi klapan va xavfsizlik klapani orasida uchta farqg mavjud: saglovchi klapanlar
ko’pincha suyugqlik uchun yaratiladi; bosimga ta’sir ko’rsatish vaqti kichik; chigarish tarmog’i kattaroqg.
Xavfsizlik klapanlari sekin ochishlish uchun mo’ljallangan.

Bajaruvchi mexanizmlar avtomatik ravishda klapan o’qini boshgaradigan boshgaruv konturidagi
moslamalardir.

Uskunalarning ish gobiliyatini saglash opreatorning Kimyoviy vazifalaridan xisoblanadi. Atrof
muxit ta’sirida klapan darvozalari va o’qini moylash kerak. Qobiq nazorat qilib turilishi va sizishlar
aniqlanganida salnik gaykalari me’yorida tortilishi talab etiladi. Klapant o’qglari bo’yalmasligi, xamda
0’qlarning chang va ifloslanmasligi ta’minlanishi zarur. Klapan darvozasi pastda bo’lganida aylanish
pastga bo’Imasligi shart.

Ayrim maxalliy garshiliklar uchun & ning o’rtacha giymatlari 1 jadvalda keltirilgan.

Trubadan xaqigiy suyuqlik xarakat gilganda, naporning yo’qotilishi quyidagiga teng bo’ladi:
hIZyK = huK + h,wc (1)

bu yerda hikva hmk - ishgalanish va maxalliy garshiliklarni yengish uchun yo’qotilgan napor.
1 jadval
Mabhalliy garshiliklar koeffitsientlari

6-rasmdagi Maxalliy garshilik turi Maxalliy garshilik
maxalliy garshilik o
koeffitsienti ,
tartibi o
1. Trubaga kirish 0,2...0,5
2. Trubadan chigish 1,0
3. 90° ga to’g’ri burchak 0,15
: b an0 1

o_stlda burilish a=90"li 11..13

tirsak
4,

Tiginli kran:
5. ) 0,05

Butunlay ochiq « =20...

Standart ventil 8

dsh=20mm 4...6
7. dsh=40mm va undan

ortiq 0,50
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To’satdan kengayish 0,40
f]_/f2:0,1 0.30
0.3 0,25
8. 0.4 0.45

05 0,40
To’satdan torayish 0.35
(Re>10%:

0,30
f1/f,=0,1

0,25
0,3
0,4
0,5

Bernulli tenglamasiga binoan gorizontal (z:=z2)va 0’zgarmaskesimli

(w1 = wo) truba quvurlarida ishgalanish garshiligini yengishga yo’qotilgan napor:

P — P,

a
m m UK

Agar, Ap=pgh ni (2) tenglamaga go’ysak va xajmiy sarf V ni tezlik w ko’ndalang kesim
yuzasiga ko’paytmasi bilan almashtirsak, quyidagi ko’rinishga ega bo’lamiz:

™ _ 7 pgh,

4 128w

bu yerda | va d — truba uzunligi va diametri; u va p - suyuglik govushoqligi va zichligi.

Qisgartirishdan so’ng yo’qotilgan naporni aniglash formulasi ushbu ko’rinishda bo’ladi:
_ 32wl
pgd*

h

ux

Tenglama 0’ng tomonining surati va maxrajini 2w ko’paytirsak:

C64u 1wt 64 1w

““wdp d 2g Re d 2g
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Shunday qilib, dumaloq ko’ndalang kesimli trubada suyuqlik laminar rejimda xarakat
gilganda yo’qotilgan napor:

64 | w?
N O
Re d 2¢g

ya’ni, ishqalanish garshiligini yengishda yo’qotilgan napor tezlik napori
ht= w?/2g orqali ifodalanadi.

Ishgalanish garshiligini yengishda yo’qotilgan napor tezlik naporidan ganchalik farg qgilish
kattaligi ishgalanish garshiligi koeffitsienti deb ataladi va &q xarf bilan belgilanadi.

64 [
= — 7
b= ¢

64
bu yerda Re gidravlik ishgalanish yoki ishgalanish koeffitsienti va u A deb belgilanadi.

Laminar (Re<2320) rejimda gidravlik ishgalanish koeffitsienti fagat Reynolds kriteriysining son

giymatiga bog’lig. Bularni xisobga olsak, (7) tenglamani quyidagi ko’rinishda yozsa bo’ladi:

W2

W2
hUK' = guk E P

|
:,15.29 (8)

Agar, Ariq = pghigligini xisobga olsak, ishgalanish garshiligini yengishda yo’qotilgan bosim

Arigquyidagi tenglamadan xisoblanishi mumkin:
| pw?
Ap,, =A—- 9
pllK d 2 ( )

bu yerda o- suyuglik zichligi.

Agar, trubaning ko’ndalang kesimi dumalog bo’Imasa, Reynolds kriteriysida d o’rniga
ekvivalent diametr de go’yiladi. Unda

A= (10)

bu yerda V — ko’ndalang kesim shakliga bog’lig koeffitsient, kvadrat kesim uchun V=57, dumaloq
kesim uchun V=96 va xokazo.

Gidravlik sillig trubalar uchun (2320<Re<10%) gidravlik garshilik koeffitsienti Blaziusning
empirik formulasidan:

21=0316-Re %% =222 (11)

0,316
4/Re
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yoki Konakov formulasidan aniglash mumkin:

1
A= 12
(1L8lgRe—1,5)’ (12

g’adir-budur trubalar uchun gidravlik garshilik koeffitsienti ushbu funksiya ko’rinishida
ifodalanadi:

A= f(Re,A/d) (13)

bu yerda e=4A41 — nisbiy g’adir-budurlik.

Gidravlik garshilik koeffitsienti A ni aniglash uchun quyida keltirilgan grafik tavsiya etiladi (2.17-
rasm). Undan ko’rinib turibdiki, tekis trubalar A sidan g’adir-budur trubalarniki ancha yugqori.

Grafikdan ko’rinib turibdiki, Re soni ortishi bilan 4 = f (Re) bog’liglik avval aralash ishgalanish
soxasiga, bu yerda 4= f(Re,A/d), so’ng esa avtomodel soxasi A= f(A/d)ga o’tadi. Turbulent

xarakat rejimlarining xamma soxalari uchun gidravlik gqarshilik koeffitsientini xisoblashning
umumlashtirilgan tenglamasi quyidagi ko’rinishga ega:

1 Ald  (681)° e (681)"]
== 2lgl == 4| === =2l — +| —= 14
JX g[ 37 { Rej } 9{3,7+[Rej | (14)
03
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008
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0,04 \) \‘j.l:~'*\""'~q
0,03 ’/ \v\, e T e - :
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100 1000 10000 100000 1000000
Re

2-rasm. Gidravlik garshilik koeffitsienti A ning Reynolds kriteriysiga bog¢ligligi.

1-tekis va g‘adir-budur trubalar(laminar rejim); 2-po‘lat, mis, shisha va latun tekis trubalar;
3-po‘lat va cho‘yan gadir-budur trubalar.

Drossel asboblar.

Kimyo va ozig-ovqat sanoatlarida suyuqgliklar tezligi, sarfi va teshiklardan oqib chigishini
aniglashda Bernulli tenglamasidan keng ko’lamda foydalaniladi.

Suyuglik tezligi va sarfini o’Ichash prinsiplari. Sanoatda va ilmiy tadgiqotlarda suyuglik tezligi
va sarfini 0’lchash uchun drossel asboblar va pnevmometrik trubalar ishlatiladi.
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Pito-Prandtl pnevmometrik trubkasining tuzilishi 3-rasmda ko’rsatilgan.

Trubkalarning xar bir ko’ndalang kesimida suyuglik satxlarining fargi, uning o’gidagi nugtaning
tezlik napori ht ni ifodalaydi. Trubkalardagi ishchi suyuglik satxlarini U-simon differensial manometr
yordamida o’Ichash qulay. U-simon difmanometr ichidagi suyuqlik ishchi suyuqglik bilan aralashmaydi
va uning zichligi ishchi suyugliknikidan ancha katta bo’ladi.

a g
o y o RGP AR |
I [| = e ey \ R
;’ = H 'y ——5 1 TS :ﬂl’

=t
AN

|

— S

4% ii,j
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J = J) “ 7 f r |
|
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3-rasm. Pnevrﬁometrik trubka 4-rasm. o‘Ichov diafragmasi
yordamida suyuqlik tezligini o‘lchash.

Agar, trubadagi suyuglik biror tezlikka ega bo’lsa, U-simon difmanometrda suyuglik h
balandlikka ko’tarilishi dinamik naporni ko’rsatadi, ya’ni

hy =2 (15)

Dinamik napor giymatidan tezlikni topish mumkin:
w=,/2gh (16)

Pito-Prandtl trubkasining ogimi yo’nalishida bo’lishi, suyuqlik tezligining umumiy
tagsimlanishiga ta’sir etadi. Shuning uchun formulaga tegishli tuzatish koeffitsienti kiritiladi:
W =a,/2gh (17)

Formuladagi « sarf koeffitsientining qiymati xar bir o’lchov asbobi va pnevmometrik trubkalar
uchun tajriba yo’li bilan aniglanadi. Uning giymati Reynolds kriteriysi va drossel asbobi diametri do
ning truba diametri dinisbatiga bog’liqdir:

a= f(Re,j—?j (18)

Suyuglik sarfi esa sekundli sarf tenglamasidan topiladi:
V =wF (29)

Bu usulda suyugqlik tezligi va sarfini aniglash oson, lekin pnevmometrik trubkani truba
quvurining o’qiga o’rnatish giyinligi uchun yuqori aniglikka erishib bo’Imaydi.
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Shuning uchun xalq xo’jaligining turli soxalarida suyuqglik va tezlikni o’Ichash uchun drossel
asboblar qo’llaniladi.
Bu asboblarning ishlash prinsipi trubalarning ko’ndalang kesimi o’zgarishi

bilan dinamik bosimlar fargining 0’zgarishiga asoslangan. Drossel asboblar sifatida 0’Ichov diafragmasi,
Fg'rﬁf

\ Iy L;::1

LT i e
NI — | B

- ’ﬁ | il " S
' 1§81 {

5-rasm O‘Ichov soplosi. 6-rasm. Venturi trubasi

Muaasuerpux

soplosi va Venturi trubalari ishlatilishi mumkin.

0’lchov diafragmasi yupga diskdan yasaladi va o’rtasida dumaloq ko’ndalang kesimli teshik
bo’ladi (4-rasm).

O’Ichov soplosi nasadka bo’lib, kirish gismi asta-sekin torayib boradigan qgayilishdan va chigish
gismi-silindrik shaklga ega. U-simon differensial manometr xalgasimon a yoki bkanallarga ulanadi (5-
rasm).

Venturi trubasida o’lchovchi diafragma va soplolarga nisbatan napor va bosimning yo’qotilishi
kam bo’ladi (6-rasm). Bunga sabab, Venturi trubasida diametr d asta-sekin torayib, keyin esa asta-sekin
kengayib, dastlabki xolati d o’lchamiga qgaytishdir. Lekin, bu asbobning kamchiligi shundaki, uning
uzunligi juda katta. Bu esa, uning sanoatda keng go’llanilishini ma’lum miqdorda cheklaydi.

Tekshirish uchun savollar.

Ishgalanish va maxalliy garshilik turlarini sanab o’ting.
Gidravlik garshilik koefitsienti ganday?

Drossel asboblari nima uchun ishlatiladi?

Drossel asboblari turlari ganday?

PopnPRE

4-Ma’ruza

O'xshashlik nazariyasining asoslari.
Kimyoviy texnologiya jarayonlarini o'rganish yo'llari. O'xshashlik teoremalari va shartlari.
Gidromexanik o'xshashlik kriteriylari.

REJA:
4.1. O'xshashlik nazariyasining ahamiyati.

4.2. O'xshashlik teoremalari.
4.3. O'xshashlik mezonlari.
Tayanch iboralar: mezon, kriterial, konvektiv, molekulyar

Adabiyotlar: 2,3.
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4.1. O'xshashlik nazariyasining ahamiyati

Yangi texnologiya jarayonini tashkil etish uchun avval laboratoriya va sinov qurilmalarida tajriba
olib boriladi. Sinov davomida tekshirilayotgan jarayonning texnikaviy jihatdan mukammal va igtisodiy
jihatdan tejamli ekanligi aniglanadi. Sinov nihoyasida butun jarayonlarning bir xillik shartlariga muvofiq
qurilmaning shakli va o'lchamlari, jarayonni olib borish sharoitlari, jarayonda gatnashayotgan
moddalarning eng muhim o'zgarmas Kkattaliklari, mahsulot chigishi, xom ashyo va energiyaning
solishtirma sarfi kabi asosiy hal giluvchi muammolar echimi topiladi.

Olingan tekshirish va sinov natijalarini sanoat qurilmalarida sinab ko'riladi. Yangi qurilmalarni
loyihalash va ishlatish uchun laboratoriya hamda tajriba sharoitlarida olingan hisoblash tenglamalar va
bir xillik shartlarining qonuniyatlari muhim ahamiyatga ega. Barcha jarayon uchun tegishli hisoblash
tenglamalarini matematik ifodalash orgali aniglik kiritish murakkabroqdir. Ba'zi texnologiya jarayonlari
fizika va kimyo gonunlari asosida differesial tenglamalar orqali ifodalanadi.

Differensial tenglamalarni o'xshashlik nazariyasi yordamida yechiladi. Yechimini topishda
tajribaga asoslangan holda jarayonni xarakterlovchi o'zgaruvchan faktorlar orasidagi bog'liglik
aniglanib, empirik tenglamalar tuziladi. bu tenglamalardan fagat aniq sharoitlarda foydalanish mumkin.
Murakkab jarayon uchun esa umumiy bo'lgan gonuniyat va tenglamalar topish kerak. Chunki bu
tenglama va gonuniyatlar yordamida biror xususiy tajriba natijalarini boshga ko'pchilik jarayonlarni
tekshirishga go'llash kerak bo'ladi. Bu masalani esa tajriba natijalarining o'xshashlik nazariyasi
yordamida, ularni gayta ishlash orqgali yechiladi.

4.2. O'xshashlik teoremalari

O'xshashlik shartlariga ko'ra hodisalar 4 guruhga bo'linadi: geometrik o'xshashlik, vaqt bo'yicha
o'xshashlik, fizik kattaliklarning o'xshashligi, boshlang'ich va chegara shartlarining o'xshashligi.

Agar sistemadagi jismlar tinch holatda turgan bo'lsa, geometrik bir xillikka asosan ikki o'xshash
jismning geometrik o'lchov kattaliklari o'zaro parallel bo'lib (2.1-rasm), ularning nisbati o'zgarmas
bo'ladi.

Cr 0y A

KI—HZE:E:Kf =cons (41)
bu yerda K —geometrik o'lchov Kattaliklari doimiyligi;  I;,15,15,1",1)' 15 -birinchi va iikinchi
idishlarning geometrik o'lchamlari;

"’

.

4.1 —rasm. Geometrik o'xshash idishlar

Geometrik o'xshashlik bo'lganda vaqt bo'yicha bir xillik hosil bo'ladi. Bu bir xillikka asosan
ikkita geometrik jismdagi nuqtalar o'xshash traektoriya bo'ylab vaqt birligida bir xil yo'l bosib o'tadi.
Ularning uzaro bir-biriga nisbati 0'zgarmas giymatga teng :

ﬂzﬂziz.."ﬂ:g = const, (4.2)
T, T T

n
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buyerda T,,T,,T,,T,,7,,7,, 75,7, —harakatdagi birinchi va ikkinchi jism vaqt intervalining o'zgarishi;
L, — vaqt birliklari doimiyligi.
Fizik kattaliklar birligiga asosan, fazoda joylashgan ikki sistema fizik xossalarining o'zaro nisbati
vaqt birligida o'zgarmas bo'ladi:
1 1 1 1
BB Ao B —const, (4.3)
H Hy Hs Hy
bu yerda g4, 145, 143, 14y, 14,, 11, — birinchi va iikinchi sistema xossalarining vaqt birligida o'zgarishi;
L, —fizik kattalik doimiyligi.

O'xshash fazoda joylashgan jismlarning fizik xossalari vaqt bo'yicha bir xillikka ega
bo'lishi uchun ularning boshlang'ich va chegara shartlari bir xil bo'lishi kerak.

O'xshashlik nazariyasi uchta teoremaga asoslanadi. Birinchi teoremani I.Nyuton kashf gilgan.
Bu teoremaga asosan o'xshash hodisalar bir xil giymatga ega bo'lgan o'xshashlik mezonlari bilan
xarakterlanadi. Masalan, ikkita o'xshash sistemadagi (original va modeldagi) zarrachalarning mexanik
harakati Nyuton o'xshashlik mezoni orgali quyidagicha ifodalanadi:

_fr
Mo

Ne (4.4)

bu yerda f —kuch; m —zarrachaning massasi, 7 - vaqt, @ - zarracha tezligi.

Ikkinchi teorema Bekingem, Federman va Afanaseva-Erenfest tomonidan asoslangan. Bu
teoremaga ko'ra, biror jarayonga tasir etuvchi o'zgaruvchan parametrlarning bog'lovchi differensial
tenglamalarining echimini o'xshashlik mezonlarining o'zaro bog'ligliklari orgali ifodalash mumkin.

Agar o'xshashlik mezonlari z,,r,,7,,..7, bilan belgilansa, u holda differensial tenglamaning
echimi umumiy tarzda quyidagicha bo'ladi:
f(my 7y mg,,) =0 (4.5)
yoki
w,=1(n,,75,..7,) (4.6)
Bunday tenglamalar kriterial tenglamalar deb yuritiladi.

Uchinchi teorema M.V.Kirpichev va A.A. Guxman tomonidan aniglangan. Bu teorema xulosasi
shundan iboratki, tajribada olingan hisoblash usullaridan amalda foydalanish mumkin degan go'llanma
ishlatiladi. Bu teoremaga asosan, son jihatdan teng aniglovchi mezonlarga ega bo'lgan hodisalar o'xshash
hisoblanadi. Masalan, (2.6) tenglamadagi 7, —aniglovchi mezondir.

2.3. O'xshashlik mezonlari

O'xshashlik mezonlari o'lchamsiz bo'lib, tekshirilayotgan jarayonni xarakterlaydigan fizik
kattaliklardan tuziladi. Bu mezonlarga asos solingan olimlar nomlari bilan yuritiladi. Asosan o'xshashlik
mezonlari uch guruhga bo'linadi:

1) gidromexanik
2) issiqlik
3) diffuzion o'xshashlik mezonlari.
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Birinchi guruhga Reynolds, Eyler, Frud, Galiley, Gomoxron, Arximed va boshga mezonlar
kiradi. Reynolds mezoni :

ad
Re = _'0’

y7]
bu erda @ - suyuglik yoki gaz ogimining tezligi, m/s; d —ogimning xarakterli o'lchami, m; p—

suyuglik yoki gazning zichligi, kg/m?®; x —muhitning dinamik qovushoqligi, Pa - s.

4.7

Reynolds mezoni o'xshash ogimlardagi inersiya kuchlarinng nisbatini va harakatning rejimini
xarakterlaydi.

Eyler mezoni:
AP

21!

yol00;
bu yerda AP - suyuglik ogimidagi bosimning yo'qgolishi, Pa.

Eu=

(4.8)

Bu mezon o'xshash ogimlardagi suyuglikning gidrostatik bosimi va inersiya kuchlari orasidagi
o'zaro bog'lanishni va trubalarda suyuqlik harakat gilganda o'lchamsiz bosimning yo'qolishini
ifodalaydi.

Frud mezoni :
Fr=—, (4.9

buyerda g — erkin tushish tezlanishi, m/s?.

Frud mezoni og'irlik kuchi ta'sirini xarakterlaydi va o'xshash ogimlardagi inersiya kuchining
og'irlik kuchiga nisbatini ifodalaydi.

Galiley mezoni :

(4.10)

bu yerda » — muhitning kinematik qovushogligi, m?/s.
Bu mezon o'xshash ogimlardagi ishgalanish kuchlarinng og'irlik kuchlariga nisbatini belgilaydi.
Gomoxron mezoni :

Ho=—, (4.11)

bu erda 7 —vagqt, s.
Gomoxron mezoni 0'xshash ogimlardagi harakatning turg'unmasligini aniglaydi.
Arximed mezoni :

3 —_
Ar :i.u’ (4.12)

2

v P
bu yerda p, va p, —ogimning ikki nugtasidagi suyuglikning zichligi, kg/m?.
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Arximed mezoni erkin konveksiyani ifodalab, muhitning ayrim nuqtalaridagi zichliklar fargi va
ishgalanish ta'sirida hosil bo'lgan kuchlarning o'zaro ta'sirini belgilaydi.

Ikkinchi guruhga Nusselt, Fure, Pekle, Prandtl, Bio, Grasgof, Kutateladze va boshga mezonlar
kiradi.

Nusselt mezoni :

a-l
Nu=——, 4.13
P (4.13)

bu yerda o —issiglik berish koeffisienti, Vt/m? - K'; A -muhitning issiglik o'tkazuvchanlik koeffisienti,
Vt/m- K.

Nusselt mezoni o'xshash ogimlarning chegara gatlamidagi issiglik berish tezligi va harorat
maydoni o'rtasidagi bog'liglikni ifodalaydi.

Fure mezoni:

Fo=97, (4.14)

bu yerda a — harorat o'tkazuvchanlik koeffisienti, m*/s.

Fure mezoni issiglik ogimlaridagi turg'unmas jarayonlarning o'xshashligini belgilab, jismning
temperatura maydoni, fizik xossalari va o'lchamlari orasidagi bog'liglikni ifodalaydi.

Pekle mezoni:

Pe = ﬂl, (4.15)
(94

Pekle mezoni jarayonning gidrodinamik sharoitini va muhitning issiglik xossalarini belgilaydi. Bu
mezon konvektiv issiglik berish paytida konveksiya va issiglik o'tkazuvchanlik usullari yordamida
o'tkazilgan migdorlar o'rtasidagi nisbatni xarakterlaydi.

Prandtl mezoni:

pr=? =%
a A

bu yerda ¢ — suyuglik yoki gazning issiqlik sig'imi, J /kg- K.

, (4.16)

Prandtl mezoni konvektiv issiglik berish jarayonidagi muhitning fizik xossalari o'xshashligini
xarakterlaydi.

Bio mezoni:

Y
Bi = —K, 4.17
) (4.17)

K

bu yerda ¢ —qattig jismning xarakterli o'lchami, m; A, —qattiq jismning issiglik o'tkazuvchanlik
koeffisienti, Vt/(m- K).
Bio mezoni ichki va tashqi termik garshiliklarning nisbatini, gattiq jism ichidagi harorat

maydoni va uning yuzasidagi issiglik berish shartlari o'rtasidagi bog'liglikni ifodalaydi. Hisoblashda
Bi < 0,1bo'lganda asosan tashqi termik garshiliklar, Bi >100bo'lganda esa ichki termik garshiliklar

hisobga olinadi.
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Grasgof mezoni:

Gr = g LAt (4.18)
yt o |
buerda g - suyuglikning hajm bo'yicha kengayish koeffisienti, 1/K; Az - gattig jism va undan ma'lum
masofadagi ogim temperaturalari orasidagi farq, K.

Grasgof mezoni erkin issiglik konveksiyasini xarakterlab, ishgalanish kuchlari va noizotermik
ogimning ayrim nuqtalaridagi turli zichliklar tasirida hosil bo'lgan ko'taruvchi kuch o'rtasidagi nisbatni
belgilaydi.

Kutateladze mezoni:
. r
CAt’

bu yerda r—faza o'zgarish issigligi (masalan, bug'ning kondenslanishi vaqtida ajralgan issiqlik
miqdori), J/kg; ¢ —suyuglikning (masalan, kondensatning ) issiglik sig'imi, J/kg; At—kondensat
yupga gatlami va devor ustidagi haroratlar farqi, K.

Ku (4.19)

Kutateladze mezoni fazaning o'zgarish issigligini birorta fazaning to'yinish haroratiga nisbatan
o'ta gizitish yoki o'ta sovitish issigligiga nisbatini ifodalaydi.

Nusselt, Prandtl, Fure, Bio, Pekle mezonlari uchinchi guruh, ya'ni diffuzion o'xshashlik
mezonlarini xarakterlaydi:

Nu' = %I (4.20)
Pr’ = % (4.21)
Fo' =4 (4.22)
Bi’ = fZIK , (4.23)
Pe/ — %‘ (4.24)

bu yerda B —modda berish koeffisienti, m/s; /7 — diffuziya koeffisienti, m*/s; /7. — gattiq jismdagi
diffuziya koeffisienti, m?/s;

Nusselt mezoni o'xshash sistemalardagi fazalar chegarasida modda berish jarayonining tezligini
ifodalaydi. Prandtl mezoni ogimning fagat fizik kattaliklarini 0'z ichiga oladi. Fure mezoni konsentrasiya
maydoni o'zgarish tezligi, jismning fizik xossalari va o'lchamlari oralig'idagi bog'liglikni ifodalaydi. Bu
mezondan turg'unmas jarayonlarni hisoblashda foydalaniladi. Bio mezoni ichki va tashqi diffuzion
garshiliklarning nisbatini belgilaydi. Pekle mezoni o'xshash sistemalarda konvektiv va molekulyar
diffuziyalar yordamida o'tkazilgan moddalar migdorining nisbatini belgilaydi.

NAZORAT SAVOLLARI
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4.1. O'xshash hodisalar necha guruhga bo'linadi?

4.2. O'xshashlik nazariyasi nechta teorema asosida tushuntiriladi?
4.3. O'xshashlik mezonlari nechta guruh asosida tushuntiriladi?
4.4. Birinchi guruh mezonlari asosida ganday holatlar aniglanadi?
4.5. Ikkinchi guruh mezonlari asosida ganday holatlar aniglanadi?
4.6. Uchinchi guruh mezonlari asosida ganday holatlar aniglanadi?

5>-MA’RUZA.

Suyuglikda gattiqg jism harakati.
Xarakat rejimlari. Cho’kish tezligi. Og‘irlik kuchi ta’sirida cho‘ktirish. Siqiq cho’kish tezligi

PEXA:
1. CyroKIMKIa )KUCM XapaKaTHra KapUIHiIuK.
2. XapakaT peKHMIIApH.

CylOKIHMK/AA KUCM XapakaTura Kapmuwidk. KuMmé Ba 03MK-OBKAT TeXHOJIOTHsIapuia Oup
KaTop JkapaCHiap KATTHK >KHCMJIQPHUHT CYIOKJIMK €KW Ta3jiapaa xapakatu OwinaH OOFnuK. bynmai
yKapaéHiapra KaTTHK 3appadajlapHy CYCIIEH3Hs Ba YaHIJIapIaH OFUPJIUK, HHEPIMOH Ky4ilap TabCUpUIa
YYKTUPUII Ba CYIOKIMK MYXUTJIApHJa MEXaHWK apalaliTUPUILIAp Kupagud. Yoy kapaéuiap
KOHYHUSATIAPUHU YPraHUIl TUAPOAMHAMUKAHUHT TAIKA MacaJacUuIup.

XKucmnap cyrokaukaa xapakaT KWITaH HaTuaa KapIIWIMKIap Xocua Oynaau. By KapmmnukiapHu
SHTUII Ba )KUCMHUHT TEKUC XapaKaTMHHM TabMUHJIAII YYyH MabIyM MHUKIOPJA dHEPrus capdiaHuIn
kepak. Xocus 0ynmaéTrad KapIImIuKIIap aCOCaH XapakaT PeKHUMH Ba )KUCM IIAKIUTa OOFITUKIUP.
JlamuHap pexumaa, SbHU CYIOKJIMK KOBYIIOKJIUIHM IOKOPU €KM YHUHI TE3JIUTH IMAcT Ba JKUCM
Vadamiapu KMUMK OYiTaHa, )KUCM aTpoduaa dyerapaBuil KatjiaM XOCHJI OVaau Ba CYIOKJIUK TEKHUC,
paBoH oku6 yranu (1 a-pacm).
XKucwm xapakar Te3nuru opTuiIMd OuiaH (TypOyJIeHT peXMMa) UHEpLUsl KyWIapUHUHI axaMHsITH Ba
poau optubd 6opanu. By Kyunap Tabcupua )KUCMHHU Ypad Typras yerapaBuil KaTjiam y3uia Oouuiaian
Ba HAaTMXaJla XapakaT KUJIa€TraH *UCM OpKa TOMOHMJA OOCHM macasau Ba ymOy »koiiia TapTuoOcus,
yropManu okumuanap xocui 6ynanau (1 6-pacm).
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1. pacm KarTuk JKHCMHUHT
CYHOKJIUKIATH XapaKaTH.
a - JaMHHAp OKHM,;
0, B — TypOyJIEHT OKHM.

JKucMHMHT CYIOKJIMK/IA XapaKaTH MaiTHa YHUHT OJI] Ba OpKa TOMOHJIapuaard bocumiap Gpapku
ycub G6opaay Ba JaMHMHAp PeKUMAArMIAH aHya Karra O0ynaau. PelHOIbAC KPUTEPUICHHUHT MabiyM
Oup KuitmaTuaH 60111120 0171 TOMOHMJIATY KapIIMIMKHHU XUCOOra 0JIMaciuK XxaM MyMKuH. TpyOanapna

CYIOKJIMK XapaKaTu HaﬁTHI{eK, 6YHI[8.I7I XoJu1apaa aBTOMOJCI pEKUM 6OIJ_IJIaHa,Z[I/I.

E 3TYBUM Ky4Jiap KypcaTUJraH.

G Bay nactra Kapab iyHanran Oynaau:

Cod
87,

1 3

r 6

2-pacm. Uykaérran 3appauara
TabLCUP ITYBYH Ky4Jiap. Apxumen KOHYHUTa OMHOAH KYyTapyBYH Ky4 A ymoy

TCHIJIaMaJaH TOIIUIaJgn:

ﬂd 3
A= —
6 A
6y epra p - CYIOKINK 3UUIATH, KI/M°.
3appaya uykumura cababuu Kyd 3ca, KyWnaarura TeHr:
7Zd 3
G—A=?(P3 -p)g

Yyku xapaéHuga KaTTUK )KUCMIa CYIOKJIMK KapIIWIMK KypcaTaau. Yoy Kapmuink R
KUAMaTH MyXUT KOBYIIOKJIUTH A4, 3UWIMTH p, 3appaya KYyHAaJaHT KecuM fo3acu F Ba maknura
45

2-pacMzia CYIOKJIMKJA YYKa€TraH IIapCHMOH 3appadara TabCup

A Juamerpu d Ba3UWIMIH p3 OYIJIraH 3appavyaHUHT OFUPIIUK Ky4d

d
G=|—1|p9 (1)

(3)



OOFJIHK.
MyxuT Kapmivk Kyan R HploTOH KOHyHHUra OMHOAH yiOy TeHrIaMaaaH TOMUIa Iu:

2

W uyK

@)

R=¢&F

Oy epaa & MyXHT KapmwinK KOXPPHUIHEHTH; Wyjx —KUCM XapaKaT TE3JIUTH, M/C.
Uykuni s)xapaéHUHU YpraHuil HATH>KACU1A KYITUYUIIMK OJIMMIIAp TOMOHMIAH KyWHIark peKUMIIap
aHMKJIAaHTaH Ba yJIapHU U(oJanoBun GopMyiaigap TaBCUs ITUITAH

1-skanBaj
Cyroxiuk Peiinonbac Apxumen ®opmyna MyXUTHUHT
Xapakar COHH COHH KapILIHJINK
peXUMHU k02 punmenTn
Jlamunap Re<2 Ar<36 Re=0,056-Ar £ = % 2.73)
% = = . = Ar0715 18,5
yunn Re=2...500 A3r (36...83)-1 | Re=0,15-Ar F==22 (274
0 Re™
TypOyneHt | Re>500 Re=1,74-Ar%5 & =0,44 = const (2.75)
Ar>83.10°

[Map maknuaa OyIMaraH »KUCMIIAPHUHT CYIOKIMKAA XapaKaTu MalTHAa MyXUTHUHT KapIIHIATH
[IApPCUMOH IIAKJUIN KUCMra HucOaTaH katTta 0ynuo, PeitHonbac conn Ba maki omuinura OOFIUK
Oynanu, IbHU:

¢ = f(Re, ) 5)

cp:i(e)

Oy epna F- xxucm ro3acu; F,- KUCM Xa)KMHTa TEHT MIAPHUHT FO3aCH.

Typnu maxnaaru sxucMiaapHuHr @ KodGGUIIMEHTH KUiMaTIapH.

2- JKaaBaj
3appaua Iakin [ap Ky6 LAJIMHID Huck
(h=10-1) (h=0,1-r)
Koadpduruent O 1 0,806 0,69 0,32
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PeitHonbic KpuUTepHiiCHHM XHCOOJaIIga map makiuaa OyiamaraH skucwiiap yuyH KuméEswmii
YM3UKIIM YT4aM cudatuaa 1y >KUCM XaKMUTa TEHT SKBUBAJICHT HIAPHUHT TUAMETPH KYIUTaHUIIA/IH.

Arap, )KUCMHHHT Xa&)KMHU V, YHMHT Maccacd MBa 3UWIMTH pOYIIca, yHIa SKBUBAJICHT TUAMETPH
d HuHT KuiiMaTH ynIOy TeHIJIaMa/iaH TOMHIHIIA MyMKHH:

v-—=-"0 (7)

TekmMpu y4yH caBoJjiap:

1.CyrokJMK/aa KaTTHK dKUCM KaHJlail XxapakaTiaHaau?

2.YHra Kanaai KapIivKiap TabCup KypcaTaau?

3. Xapakar pexumiapu KaHjaai?

6-Ma’ruza
Turli jinsli sistemalar, klassifikatsiyasi.
PEXKA:

1. VYmywmuii tynryHyanap.
2. Typnu >xuHCIHM cucTeManap KiacCu(PUKAIUSICH.
3. ApaTHi yCyJUIapH.
4. YyxTupuil kapacHu.

I'mapomexanuk >kapa€Hnapra KyWuJarwiap KUpaau:
CUCTeMaJlapHU TPAaBUTAIMOH (UYKTUPHII), MapKa3laH KouMa (meHTpudyranaii) EKu IeKTp MalgoHU
KyWIapy TabCUpHAa KaTTUK 3appavyaliap/iad To3ajiall; documiap Gpapku ocTula CYIOKIMK Ba razjaapHu
FOBAK TYCHKJIap OpKaIH YTKAa3UO (DUIIbTpIIAlll; CYIOKJIMK MYXUTIapU/Ia apajalliTUPHIIL, MaBXyM KalHaI

CYIOK Ba Ta3CUMOH TYypJHd KHUHCIU

Ba Oomkanap.
Kamuaa wkkura xap xun dazanapaad (CyOKIHK - KaTTHK JKACM, CYIOKJIMK - Ta3 Ba X. ) TapKuO

TYPJIM ’KNHCJIU CUCTEMA

/\

CYIOKJINK I'A3CUMOH
CUCTEMAUJIAP CUCTEMAUJIAP
Cycnen3sus: IOMyJIbCHA: Kynuk: Yamnr:ras Tyryn: Tyman:
CYIOKJIMK + CYIOKJIMK+ CYIOKJIHK + KaTTUK ra3+KarTu ras +
KaTTHK CYIOKJIMK + 3appaya K 3appayva CYIOKJINK
3appava ras TOMYHCH
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TONTaH apajalManap mypau MHcuHcau cucmemanapned HoMmIaHaau. 3appadainapu yTa MaluH
SHYWITAH Xonataard ¢asza oucnepc €ku uuku ¢paza ned aranagu. /lucnepc dasa 3appayanapunu ypad
OJITaH MYXHT 3ca - QUcnepcuon EKu mawiku gpazaned aranaau.

dazanapHuHT (GU3UK XojaTura Kapa® Typiau >KMHCIM CHCTEMalap KyWuaaru Trypyxjapra
OYynuHaaM: CyCIIeH3Us, SMYJIbCHSI, KYTIMK, YaHT, TYyTyH Ba TyMaHJIap.

1-pacm. TypJu :KUHCIH cUcTeMaJap KiaaccH(pUKaMsICH.

CyloKJIMK Ba KAaTTUK 3appadajiap/iaH TallKuil TONTaH TYpJIU >KUHCIH CUCTeMa cycnen3us J1e0
arananu. KaTTuk 3appadanap ynmuamura kapa® cycneH3usuiap MapTiId paBHILAA KyHuaarud Typriapra
oymunaau: naran (>100 mxm); maiiun (0,5...100 mxwm); nmoiika (0,1...0,5 MkM) cycrieH3usIap Ba KOJUIOU]
spurmanap (<0,1 Mkm).

bupu ukkumHuMcHIa SpUMaiiurad, AWCIEPC Ba JUCIEPCUOH (a3ajiapiaH TalIKWI TOMNraH
apajamiMa cucTeMacu 3myJbcusi 1e60 Hommananu. [ucnepc ¢asa 3appavajapuHUHT YI4aMU KEHT
opanukiaa y3rapuiid MyMKuH. Onataa, 3MyJbCUsl OFUPJIMK Ky4Hd TabCUpHUAA KaTiamiiapra axpaiaaiu.
Jlexun, mucnepc daza tomumnapu 0,4...0,5 MKM 1aH KH4MK Oyica €ku crabmin3aropiap KyIIUiIraH
XOJUTIap/a SMyJIbCcUsIap TYPFYH OYau Ba y30K MyAaT JaBOMHU/IA KaTiaamiiapra axxpanmanan. Jucnepc
(ha3a KOHIICHTpALMSCH OPTHILY OmiaH aucnepc (asza nucnepcron (azara YTUIIN Ba TECKapHCH OYITHIITN
MyMKHH. ByHai#i ¥3apo anMammHum xoaucacu ¢a3anap HHBEPCUsICH JICHIITaIH.

CyroKiIMK Ba yHJIa TAKCUMIIAHTaH ra3 myQaxJajapuaaH TAlIKHI TONTaH CUCTeMaliap KYNMUKJIap
ne6 aranagu. Kynukiap ¥3 xoccanapu 0yiinda sMmyibcusiapra ssKuH.

l'az Ba ynga Ttakcumuianrad 0,3...5 MKM ymyamid KaTTHK 3appadajapAaH TalIKW TOIraH
cucTeManap TyTyHjaap ne6 Homuanaau. TytyHnap Oyf (kU ra3) JapHUHT CYIOK €KHM KATTHUK XOJaTra
KOHJICHCAIIMSUIAHUII KapaéHU OpKadW YTHUIAa XOCHI OYnaau. YHAAaH TallKapu, KaTTUK EKUIFUIap
EHUINN HATHKAacUIa XaM Maiiio 0ynaau.

l'az3 Ba yHpa Takcumuianrad 3...70 MKM yia4yamiid KaTTHK 3appadajiapfaH TallKu TOIraH
cUcTeMajap YaHrjaapeod araigaiu.

Kynunya yanrnap KaTTUK MaTepUaaIHU Maiiajall, apaJallTHpUII Ba MabjyM Macodara y3aTHIi
MalTHUIa XOCUJI OYaau.

Hucnepcuon ra3 Ba yaaamu 0,3...5 MKkM Oyiran qucrepc CyroKIHK (a3angap/iad TallKWI TOMTaH
cucTeMmanapra TyMmanjaapaeiunaau. TymaHmap cyB OYFMHH COBHUTHIN >kapaéHHMIa, OYFHUHT
KOH/IEHCAllUsJIaHUIIHN HAaTHXKacK1a Xocui Oynaau.

TyTyH, yaHr Ba TyMaHjap - a3po30.1ap 1e0 I0pUTHIaIu.

AsKpaTHil yCy/IapH

Kumé Ba 03uMK-OBKAT caHoaTiapuja TypJid >KHHCIM CHCTEMaJapHH TaIlllKWJI 3TyBUYW dasamapra
aXpaTuira TYFpU Kenaad. MacajlaH, BUHO WIUIA0 YHKApPHUIIAA yYHU THHAUPHUIN, STBHH Myasllak
XOJIaTAard 3appavyajapHu, CyOK (azamaH akpaTuil. AKpaTHIN yCyJUIapWHU TaHJIAIIIa aucrepe dasza
ymyamura, (azanap 3udIHKIapy GapKura Ba AUCIEPCHOH da3a KOBYIIOKIUTUTa aXaMUsT OSpHIIl 3apyp.
Typnu KUHCIHM CHUCTEMallapHH XKPATUII YUYYH KyWHJArd ycyjuiap KYJIJIaHWIATu: a) YyKTUPHUIIL; O)
¢bubpTpaan:; B) HeHTpUQyranaii; T) CYIOKINK EpaMuia aXpaTHull.

Orupnuk Kyuu, nHepus (KymiiajgaH, MapKasJaH KouMa) EKH AJIEKTPOCTATUK Kydiap épaaMua
TYpJIU JKUHCIIM CHUCTeMallap TapKuOHMAaru KaTTUK €KUM CYIOKJIUK 3appadallapuHu aXpaTHIl KapaéHU
yyKTHPHUII 1¢0 HOMITaHaTu. Arap, )kapa€H pakat OFUPIIMK Ky4d TabCUPHIA OJTUO OOpHiica THHAMPHUII
ne0 roputwiamy. TUHAMPHIN onaTna TYpJd JKWHCIM CUCTEMAJIApDHHM JAacTiIa0Kd aXpaTHIl Y4yH
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MIUTATHIIAIN.

@uAbTPJAN - TYPIH KUHCIH CUCTEMaJapHU FOBAaKCUMOH TYCHUK - QHIBTP €pAaMuia aKpaTHIL
xapaCHuaup. byHaa, FOBaKCUMOH TYCHUK CYIOKJIMK €KUM Ta3HU YTKa3uO r00opaau, aMMO MYXHTIAard
KaTTHK 3appadanapHu ynuiad Konaau. CycreH3us, SMYyJIbCUs Ba YaHTJIApHU aKPATUII YUyH YYKTHPHIIT
apa€Hura Kaparasaa GuiIbTpIiall aHda camapam.

HenTpudyrasam - cycrieH3us Ba 3MyJbCUSUIAPHA MapKa3JaH KouMa Kyd TabCHUpPUIA aXKPATULL
xapaéuuaup. by xapaénnma sxiuT €K FOBAaKCHMMOH TYCHKIap xam uuuaTtwiagu. Llentpudyranam
)apa¢Huaa yyKMa Ba cyroK (aza (pyrar) xocun Oymaau.

Cymokink épaamMuga axkpaTum ycyiu ae0 - ra3 TapkuOugaru KaTTuK 3appadaiapHu Oupopra
CYIOKJIMK MINTHUPOKUAA yIUlad KOJMII >kapaéHura adTwiaau. by jkapa€H OFMpIMK KM MHEPIHS
Ky4Japu Tabcupuia oiauld Oopuiaay Ba ra3jiapHH To3alall yuyH unuiatuianu. bav3an, Oy ycynnaH
CYCHEH3MUIAPHU aXpaTuiiia xam (poiiasaHni MyMKHH.

OFupJuK Ky4Y TAbCHPHUAA YYKTHPHII

Uykum jxkapa€Huza KaTTUK KUCM TypJiau Kywiap TabCUPHUJA CYIOKIHMKAA XapakaT KUJalu.
OfupiuK Kyud TabCUPUJIAa YHUHT CYIOKJIMKJIATH XapakaTUHU Kypub unkamu3. byHa, KaTTUK 3appadara
OofFUpiMK Kyun G, kyTapyBuu (Apxumen) Kkyd A Ba MIIKaJaHULI Kywiapu 7T Tabcup 3Taju

(2-pacwm).

WxTtuépuil maxmiiaru 3appadyaHu KypuO yukamus. Y HUHT
X@KMHU YM3MKJIM YIYaMUHUHT YYUHYM Japakacura TYFpu
IIPONOPLUOHAIIIUD.

V=pl } 1)

Oy epaa | - 3appaua rabaput yauamu, AUaMETPH; (1 —IIaKIra
00FIHMK K03 (HUITHEHT.

Arap, 3appaya 3UWINTH p3 , CYIOKJIUKHUKH P OyIica,
2-pacM.Ofupiuk kyun G TabcHpUa yHIIa 3appavara ofupiuk Kyun G Ba KyTapyBuu Ky4 A Jap
sappauauyknmuHEAT NG GepeHimanTenr  TAbCHP 3TMOKAA. by WKkama Kyd Kapama-Kapum iyHairad

TJIAMACHHH KEITHPUOUUKAPHUIITA OWJ. oynanu.

G= (01'31039 . A=gl 3pcg 2)

Y1ly KyulapHUHT (papKu TabCUPU OCTH]IA 3appada CYIOKIUKIA XapaKkaT KWJIau Ba YHUHT TalllKy
1032 OMpJIMTUra MIIKaIaHu Kydu 7 TabCup HTaju.
Nmkananum kyuyn T Heroron-IleTpoB KOHyHHTa OMHOAH aHUKJIAHAIN:

ow
T=u—
ﬂan

Oy epa y- TMHAMHK KOBYIIOKIHK KOA(MGUIMEHTH; SNEN - TE3JHK TPaIieHTH.

ByTyH 3appauara tabcup 3TyBUM MYXMTHUHI KAapIIWIMK Ky4d YHUHT fo3acura Oofnuk. Jlemak,
MYXUTHUHT KapUIWINK K4l KyWHJ1arura TeHr:
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R :(0213#_ (3)

MexaHUMKaHUHT UKKWUHYY KOHYHHUIa OMHOAH, OFUPJIMK, KYTapyBUM Ba MIIKAIAHUII KYWIAPUHUHT
TEHI TabCHUP dTYBYUCH, 3appada MaCCACUHUHT SPKHH TYIIXII TE3JIAHUIINATA KyIIanTMacura TeHr. Jlemax:

oW dw
o.1°(p; — P, )o —(pzl?’u%wﬂspsa (4)

(4) TeHrIMK OFUPIIMK Ky4d TabCUPH/A UyyKaéTraH 3appadaHuHr quddepeHiuan TeHriamacu 1e0
HOMJIAHA/IH.

VXImauuuk Hasapuscu ycny6aapuan Kyia6, (4) 1aH OFMPINK KydH TabCUPHIA 3appavyaHHHT
YYKUII KapaéHUHU U(POJATIOBYH YXIIAIUTUK TEHTTIaMaTapUHU OJUII MyMKHUH.

d
Bynunr yayH (4) Tenrnamann @,0° o, d_w 6ynuo6:
T

At ps=p.  ps _ GHOWdT ps s
dw  py  p, pslondw p, p,

=0 (5)

OnuHraH HaTWXKaHU O pe KYyMaWTUpuO Ba TErHMILIM KUCKAPTHPHILIAPHK amajra OLIMPCAaK,
KyHuJara KypuHHUIITa ra 0yIamus:

@, HT @, u @, 1 6
DN E % (6)
o lp o pwl @ Re

@2/p1 - HACOAT 3appaya MIAKIATa OOFIHK Ba WAK KOIpuuyuenmu ned HOMITaHAIN:

r= ™
?,

ya4amMcu3 KOMILIEKC 3ca:

Peiinosac conn nelinnanu. by COH CylOKJIMK OKMMIIapU XapakKaTMHUHT THIPOJUHAMUK YXIIAIIIUTUHA
XapakTepiaiii, 3appayaHuHT YYKUII jKapaéHu/1a 3ca — CYIOKJIUKHUHT 3appada aTpouiaH OKUO YTHII
THJIPOAMHAMUK YXIIAIIIUTUHE UoIatain.

Xynau 11y iyn Ounad (5) HUHT OMPUHYM aipUITyBUMCHIaH KyHUAard KYpUHUIIra KeJamMmus3:

g7 ps—p. _ 9l p,—p. (®)

woop, W p,

(8) Tenrnamanu Re? ra kynaitupcak, Apxumeo KpUTEPUHCHUHH OJIAMHU3:
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272 _ 3 _
Ar:WZI iﬁ.’% ’OC:%M (9)
vew o v Pe

Ymly KpuTepuil OFMpIMK Ba KyTapyBuM Kywiap (apKHHMHT KYTapyBUM Kydra HHCOATHHU
XapaxkTepIIanu.

lynmai kKunub, YXmanuimk Ha3zapuscu ycryOonapunu Kynao, (9) TeHrinamanan 3appadaiapHHUHT
YYKUII JKapaéHUHU N(OJATIOBYH YXIIANUIMK TeHITIAMACHHU KEITHPUO YHKAPUII MyMKHH:

Re = a( fAr)" (10)

Uykumn xapaCHUHU TaXpUOABUW YpraHWII HATH)KACUAAa KyWHJard pEeKAMIIAp aHUKJIAHTaH:
namuHap (Re< 0,2), yrum (0,2 <Re<50) Ba typOynent (Re< 500). Amanuii xucoOnap yuyH KyHuaaru
dopmynanapaan ¢hoianaHuI MyMKHH:

Re< 1,85 &éku f-Ar<33 Oymranma

Re=/ 1 ;r = 0,056 - Ar (11)
1,85 <Re< 500 éxm 33 <f-Ar< 83-10° 6ynranna
Re = 0152 (f4r)"™ (12)
Re>500 éxu f-Ar>83-10° oynranna
Re =174 (f4r)® (13)

(11)...(13) hpopmymanap épaamuaa aHuKIaHTaH PeHHOIC COHM OPKAIA OFUPJINK Ky4Yd TabCUPHIA
CYIOKJIMK/Ia yyKaéTraH 3appaya Te3JTUTUHU TOMII MyMKHH:

w,o=o=—" (20)

JlamuHap XapakaT peXHMHUAA UYYKHII TE3UTHHH KyHUJa KEeATHPWIraH ycyjma Tormwiaad. d
auaMeTpiiu cepuK IaKIra 3ra 3appavanap yuyH Wayx (20) hopMmyniagan aHUKIAI MyMKHH:

W, dp 1 gd*(p, - p)
u 18  vPp

Arap, V=i SKaHIMTMHU XHcoOra oJicaK, YYKHII TE3JUrd Yoy KYpUHUIIIA E3UIIaIu:
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W = gdz(p3 _,0) (21)
. 18u
(21) hopmyina CTOKC KOHYHUHH, SHHH MIAPCUMOH 3appadyalIapHUHT JJAMAHAP PEKUMIATH Yy KHIIT

TE3JMIW, YyJlap JAWAMETPUHMHI KBaJpaTura, MyXUT Ba 3appaya 3UWIMKIapu (apkura Tyrpu
IIPONOPLMHAI Ba MyXHUT KOBYLIOKJIUIUIA TECKapU MPONOPLUOHATIIUTUHYU UDoaananu.

Hotyfpu maxngarn 3appaydanap y4yH UYKHUII TE3JIMIM I[IAPCUMOHHUKUAAH KaM O¥yiaiu.
3appavanapHUHT Ak K03 GUIUEHTH KuiiMaTiaapu Maxcyc ajabuériapia KeITUPUITraH.

CyroKiIMK/1a TOMYMHUHT YYKUII Kapa€HUa YHUHT IIAKIA Y3IyKCH3 paBuIla y3rapud Typaau.
Bynpaii xomnapaa CyroKIMK TOMYUCHHUHAT uyKui Te3urd mpod. Cmupraos H.U. dopmynacu épnamuma

XHUCOOJIaHAIN:
1,5 0,5

d2,5 _

o o Pr rg

Oy epaa d - TOMUHHMHT ypTaya AUaMeTpu; o - (asanap yerapacuaard CUpTHN TapaHIJIUK; Or - TOMYH

XOCHUJI KHJIYBYM CYIOKJIMK 3UYJINTU; P - MYXHUT 3UYJIMTU; U4 - MYXUT KOBYIIOKJIUI'U.

Crokc KOHyHUTa OMHOAaH, yyKa€TraH KaTTHK 3appayaHMHI MakcuMal ynryaMmu ymoy Gopmynanan
TONMJIA/N:

(23)

Uykum xapaHUHUHI KHUHETHK KOHYHHSTJIAPDUHU YPraHWII HATH)KACHAA KyHMUZarn yMyMHH
KOH/1a KeTno YuKaau: 3appaya yryaMu Ba Gaza 3UtIMKIapUHUHT (GapKu OPTUILIHN OUIIaH YYKUII T€3JTUTU
KyTasif, TeKUH MYXUTHUHT KOBYIIOKIUTY KYauIy OUiaH YyYKUII Te3TUTH KaMasi/id.

Kusi tycukiam, spum y3aykcu3 TuHAuprud. CycneHsus WTyHep OpKajdu KypuiMara
KUPUTHIIATU Ba KU YpHATWITAH TYCcWK 2 Jap €paaMuja rajama-Tajl IOKOpHAaH MacTra Ba MacTAaH
I0KOpHra Kapad iyHantupuiaau (3-pacm).

Kus tycuxmap Kypuimana CyCHEH3WSIHUHT XapakaT JaBOMHUIUIMTH Ba TUHAMPHIN FO3aCHHU
omupaau. Xocus Oyaaurad miam 3ca, OyHkep 3 napaa WUFuIaau Ba TYIUO YMKKAHIaH CYHT KpaHiiap
€paMuia YMKa3uo HOOopUIaIn.

Tozananran CyrOKJIUK THHAUPTHYHUHT TeNa KUCMUAA YPHATUITAH IITYIEp OPKAIU YUKApUIIaIH.

Kumé Ba 03uK - OBKaT caHOATIapHaa Y3JMYKCH3 HIUIAWIUraH TUHAWPTrUYIap KEHI Kylamjaa
KYJUJTAaHWJIMOK/A.
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Cyenenzus

o f

411”
T Tozanrancar
e —
CVIOK UK
i3
.7/ B
Tozanraueax CVIOKAUK Tyxma
3-pacm. Kwusi Tycukam  spum 4-pacM. DWIKAK AapaJalITHPIUWIM Y3JYKCH3
y3JyKeu3 THHAUpru4.l - Koouk; 2 - MULIARAMran  THHIEprHY. 1 - XaJKacMMOH
Kusl TYycuKIap; 3 - OyHkepiap. TApHOB; 2 - apalallTHPruy; 3 - JIIKaK; 4 - JIIOK;

5 - KOHYCCUMOH Ty0; 6 - TUIHHIIPUK KOOHK,

DUIKAK apajallTHPTHYId, Y3JIyKCU3 vuuiaiguran tuHauprud. Opatna OyHpail Typaaru
TUHAAPTUY KOHYCCHUMOH Ty0 5 Ba HMIMHAPHK KOOWK 6 IaH, XamJa KypHJIMaHHHT Terna KUCMHIATd
XaJIKaCUMOH TapHOB | maH Tapku6 Tonran OYymaam (4-pacm). Umkapumr Jitoku 4 Ta YyKMaHU y3aTHII
YUyH KUl MMappakiid apajaliTUpruy 2 jna Oup Heda 3IIKakiap YpHaTWiAraH Oynanu. ApanamiTuprad
0,02...0,5 mMun wacrora Gunan aiinanmagu. TpyOa épmamuna cycrneH3us MUIMHAPUK KOOUK YpTacura
y3JIyKCU3 paBullJa y3aTuiaau. To3ajaHraH CYIOKJIMK XaJKAaCUMOH TapHOBra KyWuiaaaum Ba CYHT
TUHAWPTUYJIaH YuKapuiaaau. Xocui Oyiaras nuiam auadparmaiy Hacoc épaaMuia KypruIMaHUHT TACTKU
KUCMUaH cypub onuHaau. Arap, nulaM TapkuOuaaru aucrepc ¢da3za KUMMATId €KU KeNrycu
TEXHOJIOTUK apacHiap yUyH sIpoKIu Oyiica, y KailTa uliaHumra rooopuiaim.

by Typharum TuHauprawiapaa 3UWIMd Oup Tekucaa OyiaraH uykmanapra Ba yHHM camapaiu
CYBCU3JIaHTUpHILTra JpHilica Oyiaand. ODUIKakId THHAUPTAWIAp KaMYWIUTH, Oy  yJIapHUHT
KYIOJITUTUJUD.

Kyn kaBatim tuHauprud. byHnmail Kypuinmanap
y3IyKCHU3 MIIaiian Ba Oup-Oupu ycTura YpHaTUITaH OUp
HeuTa 3IIKaKINM TUHIUpruwiapaad uoopat (5-pacm). Xap

Oup  KaBaTiap  opacuJa  KOHYCCUMOH  TYCHKJap

F xoWnamtupwirad. by Tycuxnap Tydaiiim TUHAMPrUY

O3aCu aH4ara KS"HaHI[I/I Ba HaTWKaJla KypujiMa UXYaMPOK

oymaau.
Tunaupruy ymymuii ykra sra 0ynu0, yHra

apajamTUPYBYM dIKaKIap koWnamtupuiaa. CycneH3us
5-pacm. Kyn KaBaTiam THHIAHPIHY. 3ca TAKCHMJIOBYH MOCIIaMaJIaH TpyOaap OpKaid xap Oup
1 — TakcumitOBUHM Mociiama; 2 - TpyOamap;
CTakaH; 4 - 3IIKaKJIW apaJaliTUPTHY; 5 — T
KOHYCH; 6 - KHPFHY; 7 - KOJUIEKTOP; 8 - poM.

KaBaT CTaKaHUTa y3aTuiaau. To3alaHraH CyroKIMK
XaJIKaCUMOH TapHOBJIAp/aH YTHO, KOJUIEKTOpAa HHFHUIIAIH.
Xap Oup sipyc HUTaMHH YMKapuO 1000pHIIl CTaKaHIapH
Ounan ynanrad. FOxopuna sxoifnamran xap Oup KaBat
CTaKaHWHUWHT TIACTKH Y4 Ky KaBaT NUTAMHHH HauTa Kupuob Typamu. Lllyrnait kumuo,
TUHIUPTUYHUHT KaBaTJIapy 1ulaM Oyiirua KeTMa-KeT yjaaHraH. Xocui Oynaérran nuiam ¢akart 3HT
MACTKHM KaBaTHUHT MYXa KUPFUY YPHATHITAH TYKUII KOHYCHIAH YHKAPUIIAIH.

TekIMPHUII YIyH CABOJUIAPH:
1. Typnu )xuHCIM cucTemManap Kiaccu(uKauscy Kanaai?
2. AXpaTHIl yCYJUIApHUHU CaHad YTHHT.
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3. Uykrtupumi KypuiMajiapy KaHJal Ty3wiIraH Va WIIIIail MPpUHIAIN KaHaan?

7-Ma’ruza
Turli jinsli sistemalarni ajratish.

PEXKA:
1. Mapkaznan KouMa Ky4 TabCUPUIA UYKTHUPHUILL.
2. Xapaéunu ndonasoBun KaTTaaukiap.
3. LenTpudyra KOHCTPYKIHIIAPH.

OMyJIbCHAIaTH CYIOKJIMK TOMYMWJIADMHHM Ba CYCHEH3UsAJArd KaTTHK 3appadajapHA MapKaslaH
KOuMa Kydjap MaiJoHHJa aXpaTull jkapa€Hura ueHTpudyramam neiiunaau. Llentpudyranam
Kapa€HUHU amalira OolIMpaJAural Kypuiama neHrpudgyra ned HoMmiIaHaU.

Mapkazgan Kouma Kyd TabCHpUJa CYCIIEH3Ms YyKMa Ba (pyrar 1e0 HOMIIAHYBYM CYHOKJIHUK
¢azamapra axpamagu. Onmatna 4ykMa KypuiMma pOTOpH HYWAa KoJamu, ¢yrar 3ca - TallKapura
YUKAPUIIAIU.

Lentpudyra umiam naiTuaa Xocus 6yaagurad MapkasiaH KouMma Kyd YYKTUPHIL KapaéHuIaru
OFUPJIMK Ba (pUIbTpiALIard THAPOCTATHK Kywiapra HucOaraH aH4a karrta Oynaau. IIyHuHr yuyH
TYpiAM SKMHCIM CHCTEMaJlapHU aXpaTUIl Y4YyH KYJUIAaHWJIAQJUraH 4YYKTUPUII Ba (UIIBTpIIALI
apa€Hapura Kaparaiza HeHTpudyraan xy1a caMmapaii XucobiaHau.

Hentpudyranuar KumEBuii KUCMHM TOpU3OHTaN EKM BEPTUKANT YKra YpHATWITaH Ba KaTTa
TE3JIMKJa allJlaHyBYM LWIMHIPUK POTOp OYnmO, y 3JeKTp IOpPUTKUY €pAaMulia aijaHMa Xapakarra
Kenrtupuinaad. MapkasgaH KouMma Kyd TabCUPHUAA TYPJIM KUHCIW CUCTEMAJaru KaTTHK 3appadajiap
yyKMmara Tylmuo0, CyIOKIUKIaH aXXpaiaan.

Adpatui npUHLMIWTa Kapad, neHtpudyraigap 2 xun O0ynanu: (GUIbTPIOBYM Ba YYKTUPYBUU
LEeHTpudyranap.

UYKTUpYBUM LEHTPU(PYraHUHT LWIMHAPUK POTOPU SXJIUT JAEBOPIU OYIub, >Mysbcus Ba
CYCIIEH3MsUIAapHM UYYKTUPUII NPUHLUIMN acocuia axparagu. by Kypuiamana aXpaTHII Kapa€HHIa
OFUPJIMK Ky4M YpHUIa Mapka3zJaH KouMma Kyd unulatwiaad. LMnuHapuk  poTop  aljnaHUIIN
HaTH)KacuJa XOCWJ OyianuraH MapkaszJaH KouMa Kyd TabCUPHJIA CYCHEH3Us €KUM AIMYJIbCHS pPOTOP
JeBopura Kapab xapakaT KWJaau. 3UYINTH IOKOpPH OYiraH KaTTHK 3appadaiap poTop AEBOPHAA,
3UWINTH KaMPOFHU 3ca - YK arpoduia HUFIIaIu.

OuIbTPIOBYN IEHTpU(Yra pOTOPH FOBAKCUMOH OYIMO, HMYJbCHs Ba CYCHEH3MsUIAPHU
(buIbTpIaI IPUHIUIIM acoCuaa axpaTanu. by Kypunmanap/a, axpaTui sxapaéuuaa 6ocumiiap papku
ypHUTa, Mapka3zJaH KouMa Kyd WUIUIATHIAIH.

By Typnaru nentpudyranapaa cycrneH3us EKM SMYJIbCUS POTOP AEBOpUTa Kapad Xapakatr KHjIaau
Ba (pazamapra axpanmanu. @azanapra axpaTHIl >kapaéHu KyHumaruuya pyi Oepagu: cywok ¢aza
POTOPHMHT TYcUFHIaH YTUO, Kypuima KOOWFUTra WUFUIAAN Ba IUTYyIep OpKaiu yukapuiaau. Kartuk
(daza aca, GUIBTPIOBUM TYCUK/IA YIIIAHUO KOJTaIM Ba YHIAH CYHT POTOP/AH TYIIHPUIIAIIH.

Nmnam npuxnunura kypa ueHtpudyramap maBpuil Ba y3mykcu3 Oymaau. Portop YKuHWHT
VpHaTtuiaumura kKapal, TOpHU30HTal Ba BepTUKan UeHTpudyramap Oymaau. [laBpuil unuiaiinuran
HeHTpudyranapaa uyykMa KyJI, OFMPIMK Kyud €KUM NHYOK EpAaMuaa TyIIUpUIaau. Y3IIyKCH3
HeHTpUdyranapJa 4ykMa MIHeK EpJaMu/ia HHEPLUOH Ba MyJIbCAlMOH Kywiap €plaMuia TYIIHPHIIa M.

QOuUIBTPIOBYM Ba UYKTUPHBYM LEHTpUdyranapaa akKpaTull >KapaSHIApUHUHT TaxXJIWIA LIYHU
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KypcaTaJluKd, YYKTHPHUII Ba (GWIBTpIAIl >kapaHiap OwiIaH HEHTpHQyTajam opacuaa YXIIaIIHK
KYII Ba XaMMa apa¢HJIapHUHT YMYMHMU KOHYHHATIAPU XaM YXIIALIIUD.

HenTpudyranapaa xocws 6ynaaurad MapkasJiaH KouMa Kyd ymoy TeHIIMK OuiaH udoaaiaHau:

mw®  Gw’

= = (1)

C =
r gr

Oy epa: M - ailaHyBYM KUCM MaccacH, Kr; G - aillaHyBYM XKHCM OFUpIUTU, H; W - pOTOpHUHT
alfJIaHUII Te3UTH, M/C; - PKUH TYIIMII Te3NaHUIIH, M7/C; I - ailIaHuII PagiyCH, M.

PoTopHuHT aiiaHu Te3IUry ymdy TEHITIMKIAH TOMNIA M

27n
W=@ F=—Tr 2
50 )
Oy epra: @ - Oypyak TE3JIUTH, paj/c; N - aillaHUII COHU, alJI/MUH.
(1) Ba (2) TeHrMKIapAaH MapKa3laH KouMa Ky4YHH aHUKJIaHMHM3:
2
G(2
:_(_ﬂ"r) @)
rg\ 60
€K
2
Cn Grn )
900

Hlynnait kunub, poTop AMAMETPUHM KYNalTHpHINra KaparaHjaa, YHUHT aiJIaHUII COHHUHHU
OLIMPHUIII, MapKa3JaH KOUMa Ky4YHUHT YCUIIMra oJnb Kenaau.

LlenTpudyrarapHUHT U YHYMJIOPJIUTH aXXpaTuill kodpduuuentura 6ormuk. Llentpudyranapaa
axparuil KodQPuImeHTn MapkazgaH Kouma Kydwiap MaiJoHHMJa XOCHJI OYyNraH KywIaHHIl OuiaH
xapakrtepiananau. Llentpudyrana xocun OynaéTran MapkazaH KouMa Ky4jap MUKIOPUHUHT OFUPIIUK
Ky4d TE3JIaHUIIKAAH Heya MapTa KYIUIMTHMHU KYpcaTyBUM KaTTAJIUK azKpaTuil KodpduuueHTu 1e6
HOMJIAHAN:

K = (5)

HenTpudyra poropu ailiaHuII YaCTOTACUHUHI OPTHUILN Ba YHUHT AMAMETPH KamMaluiu OwiiaH
Mapkas3gaH Kouma Ky4 MaiJOHMJa aXpaTHIl camMapaJopiurd opTagu. Arap, aljJaHWUII TE3JIUTHMHHU
aliaHWII yacToTacu OpKayd, Hdoaanmacak axparuil KOdPPUIMEHTHHM aHHUKIAl Y4yH ymoy
KYpUHUIIIAru GopMyJIaHu OJaMU3:

Asxpatuimn ko3 PUIUEeHTH UEeHTPUYTaTapHUHT MYXHM XapaKTEePUCTHKAcH OYiaud, yHHHT
QKpaTUII KOOWITUSTHHY aHUKJIOBUU KYPCATKHYIND.
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OMYJAbCHAJAPHU Y3JIYKCH3 a’KpaTHII THHAMPru4d Oup Heua KucMuaH uoopat (1l-pacm).
OMynbCHsI KypUJIMAHUHT Yarl KUCMUTa Oepuiiaiv Ba y epiaH ypTa cenapaiyoH Kamepara y3aTuiajm.

Yam Tycuk 2 apanammMa catxu OalaHITUTUHU pOCTiIall HIMKOHUHH Oepaan. CenapaiuoH Kucmaa
OolLTaHFUY apajaliMa OFUPIIMK Kyd Tabcupua ¢aszanapra axpaian. Earun ¢asa temara xyrapunanm
Ba THHIMPTUYHUHT FOKOPUCUIATH ITyIepaad okuo ynkaan. Orup dasa sca, YHr TycuK 3 octuaan yTud
macTra TyIajy Ba KypuiMa TyOHIary MTylnepaaH OKUO YUKaIH.

Cyenenzua

-——cm -1
EHzua

" p— V0K UK

bowinanFuy apasawima

Tyxma-

Tozanancan CVIOKAUK

1-pacm. OMyJbCcUsIapHU Y3IyKCH3 2-pacm. Y'ktupyBum uentpudyra. 1 — yk; 2 -
QXpaTUIl Y4yH THHIUprud 1 - KoOuk; 2 - potop; 3 — KOOHK.

Yar TYCHK; 3 - YHT TYCHK.

YykTupyBUH HeHTpU(Yyra. by Typaaru Kypuiamanap poTopu SxXJIMT MeTaJullaH Taiiépriananu (2-
pacM). YIapHUHT Ul TPUHIMIN XyAJd THHAMPIUWIApHUKUTa YXIamaup. bouuiansuy apanamma
Kypuima poTopura Tpy6a opkaiau y3aTwiaad. Potop 2 HUHT aiilaHUIIM HATHXKAcKJla MapKa3/JjaH KouMa
Kyd4 TabCHPHJIA 3UWINTH IOKOPH OYITraH 3appavajap pOTOPHHHT MYKH F03acCUTa TYTUIAHAIHU, 3UWIUTH
KaMpOFH 3Ca, alJIaHHII YKUTA SKMHPOK JKoi1a inrmnaan. To3ananran CyIOKIUK, SbHU Qyrart, KOOuK 3
Jard ITYyIEp OpKalIM TalllKapura YukKapwiaad. Potop meBopuaa xocun OYiraH yykma sca, xapacH
TyraralJiaH CYyHTI TYKHJIAIH.

®uabTpaoBum neHTpudyra. Yoy neHtpudyra KoOuK 3 nunja ypHaTHITaH aillaHyBYH pOTOp
4 nan tamkua tonrad. POTop aeBopu TEMIMK, TYPCUMOH OYaMO, YHHUHI WYKH 103acH  (DUIBTPIIOBUU
MaTepHal OuiaH KomiaHrat (3-pacm).

Potop snexTp ropuTkuy épaaMuia ainaHTUpuIaad. AiIaHMa xapakaT TyQaiian poTop 4 nuuaaru
CYIOKJIMKIa MapKa3/laH KouMa Ky4 Tabcup Kuia Oouutaiinu. Hatwxkama ruapoctatuk 00CHMM XOCHI
Oynanu Ba y »apa€HHU xapakaTra KeJITHPyBYM Kyuu 1e0 artanaaud. Ymoly Kyd TabCHUpHAa apajanima

Duaempam xma

4-pacM. Y3IIyKCU3 HUUIANAWTaH, YYKMaHU IIHEKAa
TYKyBUM TOPU30HTANT UYKTUPYBUM LEHTpudyra.l -
3-pacm. @uierpnoBun ueHtpudyra.l - goguk; 2 - potop; 3 - MIHEeKJIU Mocliama; 4 - FOBaK YK; 5

cycniensus  Oepumr TpyGacH; 2 — uYKMA  _ \anrasyii tpy6a; 6 — uykma kamepacu; 7 — dyrar
TYIIUPAINATaH TEIUK; 3 - KOOWK; 4 - potop; 5 YHMKApUII TATPYOKACH
- (hyraT YMKapuI mrynepu; 6 - KOHyc. '
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GUIBTPIOBUM MaTepHald Ba POTOP AEBOPUAA XOCWI OYIraH 4yykma KaTjaMHJaH YTUO To3alaHajiu.
Bynnait nenrpudyranapaa xapaén yu 60ckuyaa yTagu: a) 4yKMa XOCHJ KWIHMII Ba (QuiabTpiam; O)
gyKMa KaTJIAMUHUHT 3UWIAHUIIN; B) YYKMaJlaH CyroK (azanu axparuir. XKapaéuna xocun 6ynran ¢yrar
IITyIep 5 AaH Tamkapura dukapwiaan. JKapa€H TaMOMIIAaHTaHJAH CYHT, YyKMa CyB OMJIaH FOBUIIAIIH.
Xamma OocKu4Iap TyraraiiaH KeuH neHTpudyra TyXTaTuiaaau, CYHT 3ca KOHyC 6 Terara KyTapuiaan
Ba UYKMa TYKWJIAJIU.

V3iyKeu3 MIVIAHIUTaH, YYKMAHU HIHEKIA TYKYBYY FOPU30HTAJ YYKTUPYBYM HeHTpudyra
(HOI'). Ymoby xkypuiMa poTop 2 Ba KOOMK 1 &ma YpHATWITaH IIHEKIM Mociama 3 japaaH TapKuo
tonran (4-pacm). CycneH3ust Mapkasuii Tpyba 5 opkanu FoBak YK 4 ra y3atwiaau. Ymoy TpyOamaH
YUKHIIAA CyCIIeH3UsI MapKa3gaH KouMa Kyd TabCUpHa poTop Oyuumruaa tTakcumiuanaau. Koouknarun
roBak namndanapga porop 2 aimanuO typamu. llIHek sca, porop wumaard mamndanapaa aiiaHaad.
Mapka3znan KoumMa Kyd TabCHpHIA KATTHK 3appadaiap poTOp JAeBOpura Kapad Xapakar KHIIaH,
CYIOKJIMK 3Ca WYKH XaJIKa XOCHJI KWIau. By CYIOKIUK XaJKaCHHUHT KaJIMHIUTH POTOP €H TOMOHUIArH
TYKUII TENIUKJIAPUHUHT JKOMIAIIUIIY OWJIaH aHuKIaHa . Porop OViinad uykma xapakat KuiraHaa uyi
— iynakai 3uwianuO 0opaau. TexXHONIOTHK 3apypHsT Oyiica, YyKMa FOBHIUIIN XaM MyMKHH.

®yrar 3ca, TYKUII TSIUKIAP OPKaIH (yraT Kamepacura HUFUIaiy Ba naTpyoka 7 1aH TallKapura
YUKApUITAIIH.

HOI'l Tumuaaru nentpudyra KaTTa Uil YHyMIOPJIMKKA 9Ta Ba FOKOPU KOHIEHTPAIUSIN MaliyH,
IWCTIepC CYCHEH3USUIAPHA KpaTHUIl YYyH KYJUTaHWIaaud. ByHnail ueHTpudyrajapHUHT CyCHEH3US
Oyitnua v yHyMIOpJIMTH ymoy GpopMyagad TOMUIAIH:

_ 35D; - LT(ps - p)d2n2
r

V

Oy epna; Dr, Lr - TYKuIl UMIMHAPUHUHT IMaMETpU Ba Y3YHJIHUTU, M; 03, O - 3appaya Ba MYyXHT
3MUIUKIApH, KI/MS; d - 3appavyaHyHr SHT KMYMK AUAMETPH , M; N - pOTOPHHUHT aiIaHUIN YacTOTACH,
MuH ; 4 TUHAMUK KOBYIOKIUK K03 durmenty, [axc.

UykTupyBUM LEHTpUPyTajgap Uil YHYMIOPJIUTH 3ca ymoy ¢popMyiaiaH XucobiaHaau:

V=nkw, (7)

Oy epma: n - mponopuMoHAUIMK Koddduumentu; F = 2zRol- poropnarm cycneHsus Ky3rycu
MaiIoHMHUHT 103acu (Oy epaa Ro - cycneH3us XalkacMMOH KaTJaMUHUHT MYKM paguycu, M; L -
POTOP Y3YHIUTH, M) M?; Wy, = Way-K - MapKa3iaH KouMa Kyd TabCHPUIATH UyYKUII Te3TurH, M/c (Oy epra
Wayx — OFUPIIUK KyYd TaAbCUPHUIA UYKHUII TE3TUTH, M/C; K - axkpaTuil KO3 (PUIIUEHTH ).

(7) Tenrnama €paaMuaa YYKMaHW MHYOK OMIIaH KeCHO ONlaJuraH YyKTUPYBUYM LEHTpUQYyra HII
YHYMJIOPIUTUHH XHcoOam GopMyIacuHU KeNTHPUO YMKAPUIIT MyMKHH:

V =253-nLn’Riw,, -k (8)
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Oy epma: K - cycneHsus ¥3aTHill BAKTUHHHT HeHTpU(yra yMyMH HIIUIAII BAKTUTA HUCOATH.

TexmmMpuIn y4yH caBoJiap.
1. Lentpudyranam ned HUMara aituiaagu?
2. Axpatui Ko3()UIMEeHTH KaHai Tonuaan?
3. OuibTpaoBYM HEHTpU]YTa UILTANT TPUHIUITN KaH1ah?

8-MABPY3A
Gazlarini tozalash usullari.

PEXA:
1. Ta3mapHu TO3ajaI TypiapH.
2. YaHTr 9YYKTUPHII KAaMEPACH.
3. Huepumon Ba MapkaszgaH KOUMa Kywiap TabCHPHUIA Ta3JIapHU TO3aJall.

I'a3 apanammanap TapkuOugaru KaTTuK €K CyIOK 3appadaiapHu caHOaT MUKECUAA
@KpaTHUIIAH MaKcaa XaBo U(DIOCIUTHHYA KaMaWTUPHIL, KUMMAT 0ax0 MaxCyJIO0TIapHU aXXpaTHO OJUII
€K1 TEXHOJIOTHSIra callOnil TabCUp ITYBUH 3apapiiu, Xama KypruiMaiapHu Oy3uiuIra ojaud KemyBuu
MOJJaIapHU YUKApUO TaluIaliaup.

Kumé Ba 030K - OBKaT caHoaTIapHUHT KUMEBMI TEXHOJIOTHK kapagHiiapuaan oupu nudaociaHran
razinapHu to3anamgup. UIyHMHr y4yH, Typiu SKMHCIM ra3 CHCTEMaJapHU aXpaTHIl KUMEBUMN
TEXHOJIOTUSIHUHT J10713ap0 Ba HT KeHT TapkairaHn Kumésmil sxapaéunapuian Oupuamp.

Canoat Mukécuia YaHT XO0CHJI OYIUIIMHUHT MaHOAIapy: KaTTHK )KUCMIIApHU MEXaHHUK Maijaiarn
(vakui, 33uIl, appajall, eAUPHINII Ba yJIApHU y3aTHII), EKWIFWIAp EHUIIMAA (KyJa Xocui OYyium),
Oyfiap KOHJCHCALMSUIAHUIINAA, XaMja Ta3JapHUHT Y3apo KUMEBHM TabCUpHU HATHXKACKAA KATTUK
MaxcyJIoTaap X0Cui OYIuIl skapaéHuaa.

Opnataa, yanrnap tapku6uaa ymuamu 3...100 MkM OYnraH KaTTUK 3appadanap MaBxya Oynanu.
Byrnap konnencanusutanumu Hatmwkacuaa 0,001...1 Mkm ymgamnn Maiifa CyrOKJIMK TOMYMIIAPH XOCHIT
oymaau.

lNazmapHu Kyiiugaru To3anam yCcyJijlapu MablIyM:

1. OFUpPJIMK Ky4YH TabCUPHIA YYKTUPHUII (IPaBUTAL[MOH TO3aJIalIl);

2. MHEpIHMS Ky4WwIapu TabCUPHIa YYKTUPHIIL, SHHU MapKa3/laH KouMa Kywiap;

3. ¢unpTpnan;

4. cyroKJIUK OMIaH 10BHO TO3asaIl;

5. JIEKTPOCTATUK KyWwIap TabCUPHIA YYKTUPHUII (JIEKTP MalI0H TAbCUPUJIA).
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1-pacm.I'a3 okumMugaru 3appayajapHu a:xxpatud orumHuar Kumésuii ycyuapu.
a- OKMPJIMK Ky4YH TabCUpHIA YYKTUPUILL; O- HHEPLUMOH Ky4WIap TabCUPUAA TYKTHPHIL;
B- MapKa3/JaH KouMa Ky4 TabCUPUIA YYKTUPHUIL; T- HIEKTP MAWIOHU TAbCUPUAA YYKTUPHILL
I- ¢GuabTparr; e- 0BUO To3atamnr, 1- ra3 tapkubumaru 3appadva; 1'(1’)- razman axpatu® OJMHraH
3appaua; 2- 9YKTHUPHUII 103acH; 3- TYCHK; 4- QUIBTP-TYCUK; 5- CYFOKIMKHH ITypKaIl MOCIaMacH.

buprHun MKKUTAa yCyija, SbHH OFUPJIMK Ba MapKas3JaH KouMa Kydjgap TabCUPHUAA, TO3aJIALl
HaTH)KacuJa WHPHUK 3appadyallapHy, KOJIraH ycysuiapaa 3ca - 20 MKM Ba YHJaH yIuyaMu KUYMK OYyiraH
3appavajiapHu aXXpaTuO OJIUII MyMKHH.

Xap J0MM XaM OWTTa ra3 To3ajall KypuiaMacuia ra3jiapHU Kepakid IOKOpH Japaxasa To3aiad
o6ynmaiiau. LIyHuHT yuyH, aManuéraa MKKM Ba Ky OOCKUYIN To3alall KypuJIMalapy KyJJIaHUIau.

I"a3Hu ToO3anam gapaxacu HKyHUAard TEHIVIaMaJaH aHUKJIaHAIu:

n= G -G, 100% = Vix, —Vyx,
1 Vix,

-100% (1)
Oy epna G1 Ba Go— OonuTaHFUY Ba TO3AJIAHTaH Tra3/lark KaTTHK 3appadaiiap MaccacH, kr/coar; ViBa Vo—
GOLITAHFUY Ba TO3AJAHTAH Ta3MapHUHT XaKMHUi capdmapu, M°/coar; X1 Ba Xz— OONIUTAHFHMY Ba
TO3aJIaHTaH ra3/a KaTTHK 3appavanap KOHIEeHTPAIUICH, KI/M°.
OrupJMK Ky4M TabCUPH/IA Ta3J1apHH TO3aJall

YanrnapHu (J1arai To3ajlall yuyH) To3ajall yuyyH JaBpHil Ba y3yKCU3 UIIAiAUraH
KypuiamanapaaH ¢oiinananmiaayu. Yanr uyktupui kamepacu 0y typaaru Kumésuii Kypuimanapaan
oupuaup.

YaHr UyKTHpHUII KaMepacu H4YWja TOPU30HTAN TOKYajap >Koilamrtupuirad Oymul, TYFpu
TYpTOypuak makinaru Kumésuit kucmaan ubdopart (2-pacm).

Yanr, pocT/IOBUM KJIallaH 3 OpKajdu CYpHII KaHaIW 6 ra KMpaaud Ba FOPU3OHTaJI TOK4Yaiap 4
opacura Takcumiianaau. Tokganap opacugaru macoda 100...4000 mm 6Ymaam.
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Toxvamapuuar Kumésnii Bazudacu 4aHr 3appadanapu 9yKUIl MacopacCHHU KUCKAPTUPHUIIIUD.
VYHaaH Tamkapu, ToK4anap OOpJIUIH YyKUII I03aCUHM Kymaiuimra onub kenaau. Tokuyanap opacuna
YaHT XapakaT KWITaH/1a, YaHT OKUMUHUHT HYHAIMIIN Y3rapaau, Oy 5ca YHUHT Te3JIMTHHNA KaMaiummra
om0 xemaau. Hatnmxkana KaTTUK 3appavaiiap yJIapHUHT f03acuaa 4ykuo konaau. To3amaHran ras sca,
YUKW KaHAJIW OpKajdu TallKapura HyHanaau. KypujiMmMa KaMepacuJa YaHI ra3 OKUMUHUHI TE3JIUTU

Tozanameas i,

Oayn a1
P LaHe.au

[ ¢casz

- o=
LR AN AN
R T

e L '_,; T R R i e e

2-pacM. YaHr YYKTHPULI KaMepacH.
1 — ymkum kaHanu; 2 — WMFyBYM KaHai, 3 - Kiamaunap; 4 -
TOPU30HTAJ TOKYA; 5 - 3IIMKYaiap; 6 — CYpHIll KaHaH.

YYKHII BaKTHU OMJIaH yerapajaHa/u.

UykTupuil kaMepacuja 4aHT ra3 OKUMHHHUHI XapakaTh BaKTHAA KATTUK 3appadajiap TOKJaiap
103acura 4ykul yJarypHiiy Kepax.

Tokuanapra uFuiIMO KOJIraH 4aHIyiap BakKTU - BaKTHU OWJIaH Kypakdajap/a oju0 TalnuiaHagu €Ku
CyB OwiaH oBWiIaau. YaHT YYKTUPHIN Kamepacu HaBOaTMa-HaBOAT WIUIAWIWTAH WKKU OYIUMIaH
nbopar. bupunun 6y1uM daHT (KaTTHK 3appadaiap)iaH To3ajlaHca, MKKUHYMCHIA dca, [Ty BaKT/1a Ta3HU
To3aJIall xkapaéHu 60pa i Ba HATHKa/1a KypUJIMAaHUHT Y3JIyKCH3 MIIUIAIINATA SPULIHIIAIN.

Yanr gykTupuin kamepacuaa (akar raznapjiaH WUpHK 3appadaliapHU aXpaTUIl MYMKHH, sS’bHU
JaFajl To3ajJall y4yH Kyiiam Makcaara MyBodukaup. LyHuHr yuyH, Oy Typaaru Kypuiamaiap
nacTiabKy To3anall y4yyH, ’bHM KaTTHK 3appadanap yidamu 100 MKM gaH karta OYiaraH ra3acMMOH
TYpJU >KUCMJIM CHCTEMaJapHU aXpaTUIl Y4yH MYJDKaJUIaHTaH. KypUJIMaHMHT TO3aJlall Jlapa’kacu -
30...40%.

XO3UPru KyHJa yuiOy TypJaard KypuiMmajaap KYNOJUIMTH Ba CaMaJOpJUId MacT OYiraHu y4dyH
3aMOHaBUH Ba MyKaMMmall To3aJlall KypuiManapy OuiiaH aliMallTHPUIMOK/IA.

HNHepuuoH Ba MapKa3aH KOYMa KyWwiap TabCHPHIA ra3jIapHU TO3aJIall

WNHepuust kywiapu ocThja ra3japHu To3ajall KalTapyB4M TYCHUKJIM THUHIUPTUY Ba MapKas3/JaH
KOYMa KyuwIap TabCUpH/Ia UILIaiIUraH [MKIOHIAp KOHCTPYKLUSACH acocuaa ETHOIH.

KaiiTapyBun TYCHMKJM THHAUPruY MHUPUK JUCHEPCIM YaHTJIAPHU QXpATUIl YYYyH
Mmymkamanran (3-pacm).KaiitapyBun TYCHKIap ra3 OKMMUHHU YIOPMAaJaHUIIN YYyH XHU3MaT KHUJIaJH.
TYycuxiapaan yTuin maituga xocua OYiIaguraH MHEpUUs Kywiapy KaTTHUK 3appadajapHd MHTEHCHB
aykummra cababun 6ynamy. Murrua 2 ra TYIUIaHTaH KATTHK 3appadanap mubep 3 épaaMuna ankapuo
bopwranu. byHmail Kypuiamanap ra3 YTKa3ull cHCTeMallapuja ypHaTwiaan. VHeprus Kywiapu
acocuJa MIUIAHIUraH 4YaHr To3aJlalll KypUIMAaJapUHHMHI TY3WIMIIM COJAJa Ba ux4yaM. To3zanamt
napaxacu 60%, yykTupuaa€Trad 3appadanap yiauamu 25 MKM Ba YHJIaH IOKOPH.

60



T osaAaHcan
2as

3-pacm. KaiiTapyBum TYCUKIM THHAMPIrUY.
1 - xaiiTapyBuM TYCUKIAp; 2 - YAHT UMFTUY; 3 -
muoepiap.

IuxkJjonaap
Mapka3gaH Ko4yma Kywiap MaWJoHHJA YaHIJIapHU TO3aJall WMKOHUHM Oepaau. MammHaco3IuK
KopxoHanapuaa KoouruHuHr auametpu 100...1000 MM mu nukiIoHIap Taképnanaan. Y IapHUHT UIILJIAIl
camMapaJioOpJIury axpatuil KodPpuiueHTn OunaH xapakrepiaHaau. YaHTIapHHU To3ajall Japakacu
[UKIIOH KOHCTPYKIIUSACH, 3appada YIyaMu Ba 3UWIUTHTa OOFIIUK.

Macanan, 25 MKM 1 3appadaiap uyKTupuiaaérran 0yica, UMKIOHHUHT §.u.K. 95 % HU Tamkun
3Taju, JICKUH 3appada auamerpu 10 mxm 6yca, ¢.u.x. 70% raya kamasam.

[{MKIOH KMYMK THAPABIMK KapIIMJIMK Ba HUCOATaH IOKOPH TO3aJlalll Japakacura 3ra OyiraH
HUAJTUHIPUK Ba KOHYCCUMOH KHUCMJIapaaH ubopar Kypuiamaaup (4-pacm).

MOAANAHOOH 243

HOR2AU

a3

T =L50
g -

— 0y 5+ 080

WK Mo YaHnrnm ra3  TaHTEeHIMal

4-pacm. HUUOI'a3 nukionn. nynamumpaa 10..40 m/c Tesnukna

IUKJIOHHUHT KUPHII NaTpyOKacH OpKalu KUpUTHIaAW. TaHTeHIMad KUPHII Ba KypUJIMaHUHT MUK
MapKa3uii YMKapHI Tpyoacu OOpJIMTH yUyH ra3 OKMMH [1acTra CIUPAJICHMOH aifjlaHMa XapakaT KHJIa/Iu.
By aca ¥3 HaBOaTH1a MapKa3/iaH KouMa Ky4 XOcHuJl Oynummra oiaul kenaau. Yly Kyd TabCcUpuaa ra3
OKUMUJIATU KATTUK 3appaydajap HUKIOHHUHT UUKH JIEBOpPUTra yJIOKTUPHUO TallslaHaaH, IeBOpra ypuino
KMHETUK SHEPTUsCHHU HYKOTaAu Ba OFMPJIMK Kydd TabCcHpHIa KypuwiMma TyOura Kapad TYKUJIAIU.
[{MKIOHHHUHT MAaCTKM KOHYCCMMOH KHCMHUJA a3 OKUMHU HHEpUUs Ky4YHd TabCUPHUIA CIIMPATICUMOH
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XapakaT HYHAJTUIITUHU 1aBOM dTTUPAJIA Ba KOHYC TMaMETPpU Kamaiunb 6opuiu cabadiu roKopura Kapad
HyHanran oKuM mnaiao 6ymamu. by okuM To3anmaHraH ra3 0ynub, Mapkasuii TpyOa OpKalu IIUKJIOHIaH
TaIIKapUra YuKuO KeTasm.

[{ukIOHIApHUHT aHWUK XWUCOOM >KyJa Mypakkad OYnraHu y4yH THAPABIMK KAPIIWIUK Ap
napamerpu Oyiinda coaganamTupuiIrad Xucooaap KUIMHAIH.

[{UKJIOHHUHT IWIMHAPUK KUCMHUAATU Ta3HUHI COXTa Te3JUrd Wy (M/c) Kyhuaaru dopmyia
épaamMuia aHUKJIAHUIIN MYMKHH:

)

Oy epna Ap/p. - axparuin pakropu; & - THIPABIUK KapUIHIUK K0dQOUmeHTn.

4-pacM KeNTHPHIITaH MUKIOHIAp yayH Ap/E= 500...700 m?/c?.
Huknon nuametpu D (M) ymby dbopmynanan Tonuiagu:

D= )

[{MKJIOHHMHT LUMIMHAPUK KUCMHM auameTpu D aHuKiaHranjpan cyHr, KojraH yiadamiapu
XHCOOIaHa M, YyHKH XaMMa yirdamiap HUKIoH nuamerpu D HuHr QyHKIuscumup.

["a3znapHu To3anam gapaxaCuHU OMIMPUII YUYH LIUKJIOH AMAMETPUHU KaMaUTHUPUII €KY ra3 OKUMU
TE3JIMTMHU OIIMPUII 3apypP.

HNNOI'a3 nukiioHnia ra3cCiMOH TYPJIM SKUHCIIHM cHUcTeMasapHu To3anai gapaxkacu 30...85% ra
TeHr. JIekuH, ra3 TapkuOuaaru 3appavanap yidamu OpTULIM OMJIaH Ta3JIapHUHT TO3AJIaHUII Japa)kacu
90..95% rava ycuimm MyMKHUH.

Barapesisim  nMK/JI0H OMp KaHua napamien yinaHrad kuuuk jguamerpiad (150...250mm)
LUKJIOHJIap/IaH TalllKuj TonraH (5-pacm). LIUkiIoH a1eMeHTiIapyu 1naMeTpUHUHT KHYUKIIUTH, MapKa3/iaH
KOUMa Kyd Ba UYKMII TE3JIMTMHU OLIMPUII UMKOHMHM Oepaau. Kuuuk yiauamiam IUKIOHIAp
KypHJIMaJiaru MKKUTa TYCUKra MaxKaMiaHalu.

KypuJiMara KupHuil naTpyokacu opKaiu :00OpUIIraH YaHT ra3 TakCUMJall KaMepacura KUpaau Ba
y eplaH Oapya IMKJIOH 3JIeMeHTiIapra Oup xuiaa tapkanaau. CYHT, 3JeMeHTIapra ra3 TaHreHIuall
HyHanuaa smac, 6ajky yIapHHUHT TeTacH1aH UKIOH KOOUFU Ba MapKa3uil YMKHII TpyOacu opacuiaru
XAJKAaCUMOH OYIITMKKa ro0opmiagu. Yoy XalKacMMOH OYIITHMKIA OKMMIa CIMPAJCUMOH ailaHMa
XapakaT WYHaJIUIIUHA TAbMUHJIALI YUyH Yy epra BUHTIIH Nappakiap ypHaTuiaau (6-pacm).
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[{uknoH snemMeHTIapuaan YyTrO To3ajlaHTaH ra3jiap Mapkasuil Tpyoa 1 opkanm ymymuii kamepara
fIPIFPIJIElI[PI Ba YUKUII HITYHCPpHUAAH TalllKapura y3aTujiagau.
XaMMa IIUKJIOH AJIEMEHTIapu/1a YIUTAaHUO KOJMHIaH KAaTTHK 3appadanap OaTapesii HIUKJIOHHUHT
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5-pacm. barapesiin HUKJIOH.
1 - KoOWK; 2 - ra3 TaKCUMJIAIIl KAaMEPAaCH;
3 - mamxapa; 4 — IIUKJIOH JIEMEHTH; 5 - OyHKep.

6-pacm. BaTtapesiin HMKJIOH 3JIeMEHTH.
1 - mapkasuii yukuin Tpydacu; 2 — BUHTIIN
nappakniap; 3 - KoOuk; 4 - KOHyCCUMOH TYO.

MACTKX KUCMU 5 J1a TYTUTAHAIU Ba YHIAH CYHT TalIKapura TYKUIaIH.

Arap Oup HedTa KaTTa MUKJIOHIAPHU UKTUCOIUN )KUXAT/IaH KyJuTall Makcaara MyBo(duk Oyamaca,
rasnap capdu kaTTa xkapa€Hiap/a oatapesuii HuKiIonaap unuiatuinaau. [{uknonnapnaa yoaamu 10 Mkm
Ba YHJIaH KaM OyJraH KaTTHK 3appadyajapHyd YYKTUPHUII TaBCUS 3TUJIaaU. batapesin MUKIOHIapHUHT
To3aar gapaxacu 65...85% (d = 5 mxwm m 3appadanap yuayH), 85...90% (d = 10 mxMm au 3appayanap
yuyH) Ba 90...95% (d = 20 MM 3appayanap y4uyH).

I'aznapuu FoBaK/IM TYCHK/IapAa TO3a/1a1l

OUIBTPIOBYH TYCHUK TypHTra Kapad sTHiyBYaH, IPUM KATTUK, KATTUK FOBAK TYCUKIIHU Ba JIOHAI0D
KaTiaMmiu puiasTpiap 0ymanu.

OMmok GuabTPJIOBYM TYCHKJIN (PUIBbTPJIAPra eHIIM EKU KOIUTH (PUIIBTpIIap KUpaau Ba yjap
razjapHy To3aJall y4yH KEHT MHKEcaa Kysutanwiaad. OuiabTpiioBYM TYCHK cudaTtuma TaOuui,
CHUHTETHUK Ba MUHEpaJl Toslajap (TYKuMa MaTepuasuiap), FOBaK JUCTIN MaTepuauiap (FOBaKJIM pe3rHa,
MIEHOMOJIMYPETaH) Ba METAJU1 TYKUMajap UILIaTHIIa M.
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Barapesiim enrsim ¢uabTp. By Typaarum xKypuiaMmanapHUHT (DHUIBTPIOBYM DJIEMEHTH TYKUMa
MaTepuanial scainaau (7-pacm). PuIbTPIOBUM €HI Ba
Koriap 4 TypTOypuak MmaKiInaard KOOMK 3 HUHT YMyMHUN
pomu 1 ra ocwmb kyiwmamu. [lactman rokopura kKapad
XapakaT KWiaa€TraH YaHTIH ra3 (pUiabTpIOBYM SHITIAPHUHT

o YYHJArd OYMK TEIIMKIaH uuura kupaau. CYHI, OUIMHID
;: CHIJIADUHUHI €H TOMOH [03aCHJaH yTaéTraHuja ras
°: . TO3aJIaHMO YMKUO KeTa/lu, KATTUK 3appadaiap 3¢a €eHTHUHT
S;l :;i - MYKH JEBOPHIA YIUIAHHO KOJIAIH.
—\\' doiigananum xapaéHUAA YaHT KarTjiaMud OpTHO
XN Oopaau Ba GUIBTPHUHT KAPIIWIATH KaTTanamaan. GuibTp
'\,\ // A 2 CHIVIADMHM KalTa THKJIAll Y4yH BakTH — BaKTU OWJaH
$ &t‘i‘c‘dg" MexaHu3M 2 épramuaa cIkuTHO Typuin 3apyp. LlyHna,
Tane ZI(IH..T eHIVIap fo3acujia YTUpHO KOJIFaH 4YaHIyap TYKWIaIu Ba
7-pacm. Exrau ¢puabtp. mHeK 5 €épaaMuaa Tallkapura 4ymkapwiaav. bab3um Oup
1 - poMm; 2 — CHIIKUTYBUYU MEXaHU3M; XOJUlapla eHIJIapHU KalTa THUKJIAll Y4YyH (QUIBTP
3 - KOOUK; 4 - eHr; 5 - IIHEK. SJIEMEHTIIAp CUKWITaH XaBO €KMW ra3z épjaMmuja Kapama -

Kapimm WyHanmnia myduiad TozanaHaan. baw3u xomrapaa

CeKIMsUTM (MIIBTpIIAp XaM HMIuIaTwiaan. byHna xap cekius Y3MHUHT CHIIKUTYBYM MEXAaHHU3MHTA 3ra
Oynamu. By sca, GuIbTp CceKIMsUIApHM KETMa - KET To3ajalll MMKOHMHU Oepaau, SbHU (QUIBTP
KypWJIMaHHU TyXTaTMacaaH QIIBTP AJIEMEHTIAPUHYU KaiiTa THKJIAIN )KapaéHUHU aMara ommpca 0ymaam.

V3nyken3 MIaiiauras eHriu GuisTpnapHuHr dumbTpiam Tesmura 0,007...0,017m3/(M? ¢) ra
TeHr. JlekuH, GUIBTPIOBUM TYKMMAaNap y3IyKCH3 paBHIIa KaiTa TUKIAHWUIIW Tydaiinu umbTpiaml
tesmuru 0,05...0,08 M%/(m? ¢c) raua opTaam.

DHT KEHT TapKalraH eHTHI QUILTPIapHUHT THAPABIKMK Kapummury 1,5...2,5 kH/m?2 (150...250 M.
CYB YCT.).

Arap eHrnu QuibTpiapAaH TYFpH (QoijanaHuica, Ta3japHU MalMH, AMCIEPC YaHIJapJaH
To3asnami aapaxacu 98....99% Hu Tankui ATaau.

Enrnap tabumii, ciHTETHK Ba MUHEpaJ MaTepuaiiapaaH Tail€épnananu. Macanan, 80°C naH nact
TeMIeparypainapiaa naxra, 6ysman, 110°C man mact temneparypaiapaa xyHaad, 130 ... 140°C na
MOJIMaMU/[], TOJMATHIIEH, MOJUAKPUIHUTPUI TojanapuiaH, 275°C raua nmoauTeTpadTopITHIEH Ba
¢Toporutactaad, 400°C raya mmima TosadapuaaH sicajarad GUIbTPIOBYM €HIVIAp WIIaTUIIaH.

Kamuunnukmapu: eHriap Te3 HilaH YUKaIu Ba KaHaJUIapyu TYJIUO KOJaAH; FOKOPU TeMIlepaTypaiu
Ba HaM rasjlapHH TO3aJall MyMKHH 3Mac.

I'aznapHu cylOKJIMK OMJIaH OBUO To3aJ1a1l.

YaHrnu razinapHu To3allall yuyH YJIapHHU CyB €K OOIIKa CYIOKJIUKIap épaaMuaa I0BUO, KAaTTHK
3appavanapjiaH To3ajdaHaau. by yCyi raznapHu COBUTHII Ba HAMJIAII pyXcaT ATHITaH, Xam/1a KaTTUK
3appavanap KuMMaTH OyiMaraH xoJuiapaa KyJulaHuiaan. MabiyMKy, Ta3iap COByTHITaH A CYB
OyFIlapy KOHJIEHCAIMUIaHUO, 3appadaiap HaMJIaHaIu Ba YIApHUHT 3U4IUTH opTaau. Hatmxkana
KaTTHK 3appaydajiap rasiad ocoH axkpaiaau. byHa, 3appadanap KOHACHCALMSIIAHUII MapKa3iapu
BazudacuHu Oaxkapaau. Arap, 3appavaiap CylOKIUK OWIaH XyJulaHMaca, yuaa 0y TypJara
KypuiManap/a ra3jiapHy To3ajam camapacusaup. byHnai xomnap/ia ra3iaapHu To3ajiall JapakacuHU
OLIMPHUII YUYH CYIOKJIUK TapKUOUTa CIIUPT — CUPTU (haos Moaganap Kymuiaau, SbHA CYIOKIUKHUHT
XYJutam KOOUIUSTH OIIUPHIIAIH.
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Cyrokink OuiaH 10BUO TO3aJI0BUM KypHJIMaiapia, yIapHUHT KOHCTpYKIUscUra Kapal, ra3iapHu
to3anam papaxacu 60 man 85% raua O6ymamu. by Typnaru KypunmanapHuHr KumEsmii kamMumiuru
IIYH/IaKH, TO3aJalll )Kapa€Hu YTKA3WIMIIKA HAaTHKAacKJla OKaBa CyBjap XOCui Oymumuanp. MabiyMku,
OKaBa CyBJIap XaM ¥y3 HaBOaTH1a TO3AJIAHUIIN KEpPaK.

TekmMpui y4yH caBoJjjiap:

1. TazmapHu KaHmai To3ajam ycyymapu 6op?

2. Orupnuk Kyuu €paamuia To3ajlall KaHaail amanira omupuiaaan?

3. EHrnmm QuabTpHUHT aB3aJUTUTH Ba KAMUMJIUTA.
4

9-Maruza
Elektrostatik kuchlari ta’sirida cho‘ktirish.
PEXKA:
1.DnekTp MaiiioH TabcupHia ra3jiapHy To3ajall TYFpUCHIa TyLIyHYa
2.HypnanyBuu Ba YyYKTUPYBYH 3IEKTPOI.
3.0nexTpouiabTpaap Typiaapu Ba KOHCTPYKIMSIIApH.

KapaénHuHr pusuk acocaapu. DIEKTP MAIOH TabCUPUJIA Ta3JIapHU TO3aJalll AJIEKTP pa3psiiu
épramyia ra3 MoJieKyJIaJapUHUHT MOHU3alUsl KUJIMHUILNTA aCOCJIaHTaH.

Arap, Ta3 IOKOpY KyWIAaHHIIUTA y3rapMac TOKra yJaHTaH UKKU 3JEKTPOJI Opacuaa XOCui Oyiran
AJIEKTp MalJIoHWra ra3z r0opuiica, YHUHI MOJIEKYyJaJapy HMOHM3ALMsIra ydypanau, ssbHM MycOaT Ba
MaH(pUN 3apsUIaHrad 3appadainapra axpaiaun. Hatmkaga ynap Kyd 4u3uKiIap WYHATWIIHIA Xapakat
Kb Oouutaiau. 3apsUiaHraH 3appada TE3JIUTHHUHT BEKTOp HYHAIMIIM, YHUHT MycOaT &EKu
MaHuitmurura O60FmuK OYyiica, XapakaT TE3JMIM 3ca - DJEKTP MailoHM KydJaHTaHJIurd OuiaH
OenrviaHagu.

+ Arap oanektp MaiinoH KyunaHraniauruHu 10000B  nman
OLIMPCAK, MOH Ba JJIEKTPOHJIAD KUHETHK DJHEPIUsACH IIyHYAIUK
KaTTajallauKy, Xapakar Hyauaa ydparad Ta3HMHT Oapua HelTpain
MOJIEKyJaJJapyHi ~ MycOaT HMOH Ba JPKUH  3JIEKTpOHJIapra
napyanaiau. SHrugaH Xocuia OyiaraH 3apsjiap XaM V3 xapakar
WYHAIMIINAIA Ta3JIapHU WOHM3auusra aydop kKwiaau. Hartwxana
TYXTOBCM3 paBHIla HMOH XOocuia Oynmaad Ba Xamma ras
WOHM3auusnaHaau. byHnail >xapaeH 3ap0agm woHM3anusi 71e0
HOMJIAHAH.

I'a3 TYyIMK MOHM3anuAra yuparasa, 3JeKTpoyiap opacuaa
1-pacm. dnexrp Maiinon Ky AJIEKTP pa3psiIv Maia0 OVIIMIIK yUyH [IAPOUTIIAP SpaTUIaIu.

YU3HUKJAPUHUHT CXeMacCH o
Arap, 5JIeKTp MaiJI0H KyWIaHTaHJIUTH STHa/1a OIIMPHIICA, YUKYH
cakpal yTuim, KeHUH 3ca 3JEKTP YTUIIM Ba AIEKTPOAJIap KUCKa TyTallyBu OYiuiy MyMKUH. bByHait
XoJucanap OJJIMHU OJIUII YUyH TYpPJIM KUHCIU 3JIEKTP MalJIOHU XOCUJT KUJIMHATH.

Bynunr yuyH, Tpy0Oa yKumaH €KM MKKW Tapajuie] MIacTHHAAp opacuja TOPTHITaH MHTHUYKA
cuMJIap KYpUHHUILIKIA SJIEKTPOJ sicallaju.

CuM onuaa >MeKTp MaIOH Ky4JaHTaHJINTY Ky/1a I0KopHu 0Yiuo, Tpyba €ku miacTiHa TOMOHTA
SKUHJIAIITaH capu Kamaiu6 Oopamu. lllyHu amoxuaa TabKuajam Kepakku, TpyOa €k IiiacTHHA
OJITUJIATH MAWIOH KyWIAHTaHJIUTH ITyHAANKH, YUKYH Ba 3JIEKTP YTHIII X0AUCaIapy pyil OepMaiiiu.

TynuK vOHM3aLMATa OWJ MaWJOH KywIaHTaHJIUTHAA JIEKTPOIIap opacuia "ToxiIH" paspsin
xocws1 6Vmaau. byHaa OyTyHiail HOHU3aNMsTa ydparaH ra3 KaTJiaMH 4yFiIaHu0, Hyp Ba YapCHJIJIaHTaH
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oB03 unkapaau. "Tox" XoCHsI KWJIaaurad IeKTpoa ""Toxau'" 3jaekTpoa ne6 Homnanaau. Tpyba éku
IUIACTUHA KYPUHUIIMIATH Kapama - KapIiu 3apsJjiaHTaH dJICKTPOJ - YYKTHPYBYH JJIEKTPoa 1ebd
aTajajim.

"Toxmu" amexkTpoa MaH(hui, IYKTUPYBYH 3ca - MycOar Kyrora ynanaau. byHmait xonatiapaa
ANEKTPOAIApTra KyAa FKOpU KywiaHuI Oepuit MyMkuH. "Tox" Xocun OYnuimm OuiaH nKKaia
WIIIOPAJIM MOH Ba 3PKUH JIEKTPOHIAp Nai10 OVnanu. DIeKTp MalI0H KyWIaHTaHJIMTH TabCUPHUIA
HOHJIap "TOXKJIIK" AJMEKTPOJ TOMOH XapakaT KWIaJu Ba yHAa HEUTpaiaHaIu.

MaH}uii HOH Ba SpKUH 3IEKTPOHIAP YYKTHPYBYH SIEKTPOI TOMOH iyHananu. Myi-itynakaii yanr
Ba TOMYWJIap OMJIaH TYKHAIIMO, yjaapra ¥3 3apsIuHH YTKa3alud Ba YYKTUPYBUYM JIEKTPOA TOMOH OO
keraad. Hartmxkana dvanr €xku TyMmMaH 3appadanapd Iy OJJIeKTpoiana uykagu. [azmarm  4aHr
3appavagapuHuHr KuméBuil kucmm Manduil 3apsiaHad, YyHKM MycOaT HOHJIapra Kaparasjaa
XapakaTdyaH MaH(Ui 3JIEKTPOH Ba MOHJIAP YYKTHUPYBUYM AIEKTPOATa €TTyH4Ya Karta MacodaHu O6ocub
Yramu. LLlyHuHT y4ayH Xam, ra3gard 3appadaiap OwiaH yIapHUHT TYKHAIIUIIN YXTUMOJIH KarTa. Pakar
"Toxnu" NMEKTPoA aTpoduaaruy MycOaT 3apsyyUIaHraH MOHJIAp OWilaH TYKHALIraHAa, YaHr €Ku TyMaH
3appavajapuHUHT KWYUK OMp KUCMU "TOXIIM" JIeKTpoAia uyKaau. MaHuil 3aps/yiaHrad MOHJIap, YaHT
€KU TyMaH 3appadajapy YyKTHUPYBUH 3JIEKTPOJra eTraHjia, yHra y3 3apsJuHu 6epaiu Ba OFUPIIUK Kyuu
TabcUpHa uyKkaau. byHnail ayktupuin xapaéHu anekTpouiabTpaa oaud opunaau.

OnexkTpouiapra YTUpUO KOJIraH 4YaHI 3appaydajapuHUHT 3apapid TabCUPUHM KaMaWTHUPHUII
MaKca/an/a, BaKTH-BaKTH OWJIaH AJIEKTpOJIapra YTUpHO KOJraH 3appadanap CHIKATHO TyIIMpHIIaIn
€KU DIEKTPOPIIBTPra KUPUTHIHMILAAH aBBAJI YAaHIJIM Ta3 HaMiIaHaaW (YTKAa3yBUAHJIUTWHU OLIMPHIIT
ydayH). JIekuH, ra3HUHT TeMnepaTypacy IIyAPHHT HyKTaCHIaH Mmacailn0 KeTHIN MyMKHH 5Mac.

Yaurnu raznap TapkuOuiaru KaTTUK 3appadaiapHy 2JIEKTp MaiIoHH TabCUpUAA TO3a1all, OOIIKa
ycyJapra Kaparaiaa KynruHa ad3aummkiapra sra. YYKTupum KypuiaMainapuaa, ssbHU HUKIOH, €HIVIN
¢bunbTp, ckpyOOepiapia OFUPIIMK Ba MapKa3laH KouMa Kyd TabCUpUJa Malijia 3appadallapHu axpaTuo
Oymaiinu.

Typnu >kuHCIM ra3 apanamMajJapUHUA 3JEKTPp MaiIOH TabCUpUIA aXXpaTHII JIEKTpoAjIapia
amaJira ompuiaaau. Yanr Ba TyTyHJIapHH TO3ajlall Y4yH KypyK, TyMaHJIapHHU TO3ajlall Y4yH 3ca - Xy
ANEKTpOoGUIbTPIAP KYIJIaHUIIA M.

Oaauii 371eKTpodUIbTP - UKKUTA 3JIEKTpoAsaH mbopar Oynub, Ourracu - aHoA- Tpyba E€ku
IJIaCTHHA, UKKMHYUCH 3ca - KaToJ - CUM KypuHummuaa taiépnananu. Karon - cum tpy0a nunra €ku
IUIACTHHA aHOJUIap Opacura TOpTwiIaau. AHOUIap Xap JOMM epra yJaHaaHu.
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DnekTpoaiap y3rapMac TOK MaHOacura ymanrasja 4..6 kB/cMm ra TeHr moTeHImaiap ¢gapku
xocun Oynanau. by kuiiMat katonuuHT 1 M y3yrmuruaa 0,05...0,5 MA TOK 3HWINTHHU TAbMUHJIANIH.

o

2-pacm. Tpy6anu (a) Ba nmiiactunaam (0) daeKTpoaaap.
1-«TOXIINY DNEKTPO.; 2-9yYKTUPYBYH TPyOau 3JeKTpo; 3-Kyd HyHanuuiap,
4-9yKTHPYBYH, IIACTHHAJHM NEKTPo1. |-ganrnm ra3; |l-To3ananran ras.

laznu apanamma TpyOanmu-aiieKTpoJ HuuMra €K IUIACTUHANIAD Opacura  y3aTHJIaIf.
DNEKTPOIapaard FOKOPH MOTEHITHAIIIAp GapKH Ba 3JIEKTP MalJOHUHUHT TYPIJIH KUHCIWIATH Ty daiiim
MaH(pUN 3NEKTPOJ-KaTol aTpouaard ras Karjamuaa aHoAra kKapa® HyHanraH sJIeKTPOHJIAp OKUMHU
xocun O6ynanu. Hatuxkana raz HelTpan MoOJeKyJIaJapuHUHT 3JIEKTPOHIIap OujaH TYKHAIIYyBU Tydailiu
ra3 noHuszamnusra yupaiinu. Monusamus ¥3 HaBOaTuaa ra3Hu MycOaT Ba MaH(HUIl HOHIAp aKpaUIINTa
onu6 kenaau. Mycbar nonnap karoa, MaH(uilnapu sca KaTTa TE3IUKIa aHOJ TOMOH XapakaT KuJaJu.
Opnatma, yaHT Ba TYMaH 3appadajiapy aHO/ATa YyKaJau Ba YHH YyKMa KaTJIaMu OuJiaH KOTUIaiau. DJIeKTp
MalJIOHU TabCUPHUJIA UYKTUPHUII TE3JIUTU CEKyHIUra OWp Heua caHTUMETpAaH Oup Hewya YHIa0
CaHTUMETpraua opaiukaa Oymamu. UYKTUpHUIN Te3nMrd 3appada yidyaMd Ba Ta3HUHT THAPABIUK
KapIIUIUTUra OOFIIHK.

DneKkTp MalloHuWJa 3appavyajlapHUHT YYKUII TE3JUTMHU aHUKJAll y4yH jKapaéH JIaMUHAp
peXHUM/Ia amanra omaau Aed Kadyn Kujaamus.

DnexTp MaiiioHu 3apsjuiaHrad 3appadara F = neoEx(0y epma n - 3appaua onraH 3apsn; €o -
aneMeHTap 3apsija Kartanury; Ex- kaTton YKuaad x Mmacodagaru 31eKTp MailJOH MOTEHITHAIN TPATUEHTH )
Ky4 OWJIaH TabCUP JTAJIN.

DneKkTp MalI0H TabCUPHUA 3apPAdYaHUHT YYKHUII T€3JIUTH yIIOy TeHTJIaMajjaH aHUKJIaHA T

ne,E
w, =2 (1)

3ndu

3appayaHUHT YYKHIL JaBOMUNIUTHU:
R

d
T, =|—= 2
=] @

Oy epna: R - karox ykuman anop ykuraua Oynran macoda; I - KaToll paguycCH.
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DNeKTp MalJoH TMOTeHIWaau TpaaueHTn  Ex

EA

.'{':.,,\r karoarava Oynran macoda x ra 6ornuk. lllyHunr yuyH,

}:ELF“;““ 3appavyaj]apHUHT YYKHII BaKTH (2) TEHTrJaMaHu rpaduk
MHTErpajllall ycyJiu OUIaH aHUKJIaHAIH.

Tpybaum snexkrpoduiabtpiaap. Yanr Ba TyTyH

ra3jlapy KypWIMaHUHI TAaCTKM KHCMH  OYIMuII

ANIEKTPOAJIAp MaxKaMJIaHT'aH TELMKIW MaHxkapa (6)

7 Tarura ysaTwiagun Ba TpyOamu siekTtpon (aHom)map
nyura TakcumiaHaau (3-pacm).

Yo TpyOamu osnekrpomnmap wuwra "Tox" XOCHI
3-pacm. Tpy6ann >1eKTpodrIBTP. KUJTYBYH 3IIEKTPOJIap-KaToAJIap YpHATHIITaH.
1 - cHJIKUTYBYH MOCIIaMa; 2 — U30JIATOP; DJIeKTpoIap HU30JIATOPra TasHUO TypyBUHM yMYyMHA
3 - poMm; 4 - "TOXK" XOCUII KUITyBUH poM/a MaxKaMIaHaau. DIeKTp Mai0HK TabCUPU/IA Ia3

DIEKTPOLL;S — TPyOaH SNEKTPOA - aHOZL, 6 rapxkuGumarm sappauamap wykagu. AHoAra UyKuo,
- TCIIMKIM IAHXKApa; 7 - YaHT AUFT. KaTJIaM XOCWJI KHWJITaH 3appavajap BaKTHU-BaKTH OWJIaH
CHJIKHTHO TypHJIajy Ba KypHIMAHHMHI TaCTKH KMCMHIAr¥d KOHYCCHMOH TyOna imrmnamu. Murniran
YaHT 3appavajapiaH uoopaT 4yKMa MacTKU MITYIepAaH TYKWIAIH, TO3alaHraH ra3 3ca - GUIbTPHUHT
Terna KUCMUIArd MTyIepaaH aTpod) MyXUTra Yukapuo O00pHIIaIn.

XO03UprH KyHJa, OMp HeuTa KeTMa - KeT YJIaHTaH CeKIMsUIapAaH ra3 YTajJuraH CeKIHsUIH
ANIEKTPOUIBTPIIAD SAPATUIITAH.

Opnatpna, Tpy6anap quamerpu 150...300 mm Ba y3ynnuru 3...4 M kuimub6 sicanaau. Tpyoanap

WYuJia TOPTUWITaH cumiap auamerpu 1,5...2,0 mm.

I"aznapHuHTr To3anannm napaxacu 99%, aiipum xomnapaa 99,9% Hu Tamkwi sTanu.

IInacTuHaam 3jekTpoduiabTpiaapaa aHoA BasudacuHM IUIAaCTUHANAp, KaTOAHM 3ca -
IUTAaCTUHAJIAp opacura TOPTWIraH cuMiiap Oaxapaau. DIeKTpoMIbTpiapAa ra3jlapHU TO3aJaHMII
Japa)kacy, YaHTJIAPHUHT 3JIEKTP YTKAa3yBUaHIUTHra OOFIIHK.

Arap, 3appavaniap 3J€KTp TOKHMHHM SIXIIHM YTKa3ca, yHAa 3appadajiap 3apsauHu Oup 3ymaa 6epaau
Ba JIEKTPOH 3apsIuHu drajuiaau. bynna, oup - oupuman kounin Kynon kyuu xocu 6Yiu6, GpuiabTpaax
ra3 Ouiad 3appavanap yaubd KeTUIra om0 Kejlaau Ba To3aJaHUIl JapakKacCuHU KaMasi/iy.

Arap, 3appadanap 2JIEKTp TOKMHM €MOH YTKa3ca, YHJa d3JEKTpojaa MaH(uil 3apsajaHraH
3appaydajapAaH Hoopart 3ud KatiaM Xocui 0ynu6, Kumésuil anexTp MaiiJoHra Kapim TabCUp KUIau.

I'a3 tapkuOujaru 3appavanap KOHLEHTpALMsACH IOKOpH OYyiaraHaa xam, Ta3HMHT TO3aJlaHUII
napakacu nact 0ynanu. UyHKH, HOHJIApHUHT 3appadayiap/ia YyKUIIM, ou0 YTHITaH 3apsiajiap COHUHU
Kamainmura cababuu Oynaau. Jlemak, TOK Ky4d Xam racasiji.

I"a3 TapkuOuaru 3appavanap KOHUEHTPALUUICUHU TaCAUTUPHUII YUyH 3IEKTpodUIbTPAAH OJIUH
KyImumua ra3 QuibTpiap YpHaTUIaaU.

[InactuHamm 3neKTpoGUIBTP BJEKTPOJUIapUra UYyKraH dYaHriap TpyOanu (UIbTPHUKHUAAH
OCOHPOK TO3aJlaHaJIu Ba CUM Y3YHJUTH OUpPJIUIHra KaMpoK SHEprus MIUIaTagu. YHJaH Tallkapu, Oy
¢bunbTpiap uxyam, KaM MeTal capguiaiiin Ba HUFUIIAIIHN OCOH.

Arap, D9JeKTpoylap COHM Ba KypWIMaHUHI KYHJQJIaHT KECMMHU MablyM Oyica,
ANIEKTPOUIBTPIAPHU XUCOOAIl YHUHT "TOXIU" 3JEKTPOJMHHUHT y3yHIMTMHHM aHMKJAIIJaH uoopaT
oynanu.

DnexkrpodunbTpaaru Tok Mmukaopu | = iL ra Tenr 6ynu6, Oy epaa i - Tok 3uwnury; L - amexTpon
Y3YHJIUTH.

Kyluzia KeJITUPUIraH TeHIJIaMa jaH MOTEHUATHUHT KPUTUK I'Paiu€HTH TOUIIAIH:
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E, =31+ 9,54\/§ 3

Oy epma: 0 - 6ocum 0,1 MIla ga ymOy mapowtnaru XaBo 3uwMrHHUHT 25°C Temmeparypaiaru

3UYWINTUTA HUCOATH.

Arap, snekTpojiap opacuaaru macodaHu Ouiicak, dIEKTpouIapAard noreHuuamap GpapkuHu
TOMHII MyMKHH.
l"aznapuu To3zananu gapaxacu ymoy ymymuid opmysia EpaMuia aHUKJIAHUIIN MyMKHH:

X,

7, = =1-e 4)
Xy

Oy epaa: x1Ba X2 - 3NeKTpouIbTpaapra KupaéTrad Ba yHIaH YMKAETraH raznap/ia KaTTHK 3appaydasiap
KOHIIGHTPALMACH, KI/M°, W - 2JIEKTPOJ 03acHTa Kapab XapakaT KWIAéTraH 3apsJIaHTaH 3appada

Te3muru, M/c; f - comumrupma aykum r3acu, M%/(M%/c).

Tpy6anu snexkTpodunbTpiaap yuyH:

21
f== (5)
rw
[InactuHanm 3neKTpoPUIbTpIAp YUyH:
[
=— 6
f=a- ©)

Oy epna: | - TpyOa éku mtacTHHA Y3YHIUTH, M; I - YYKTHPHUII SJIEKTPOIH TPYOACHHUHT paauycH, M; h
— YYKTHPYBYH Ba «TOXJIM» JJICKTPOIJIAp opacuaaru macoda, M; W - 3JIEKTpOQIIBTpIIap/ia Ta3HUHT
TE3JIUTH, M/C.

Texkmmpu y4yH caBoJiap:
1. DnexTpomaiiioH TabCUpHUAA ra3iap KaHaal To3anaHau?
2. HypnanyBuu Ba YyKTHPYBUH JIEKTPOJ HUMA?
3. TpyOanu 31ekTpohUIbTp KaHIAlH HIILIai N ?

10-Ma’ruza
Filtrlash jarayoni.
PEXA:
1.YMymuii TynryHganap.
2. @unbTp TYCUK TypiapHu.
3. @uibTpIanl TE3JIUTH Ba TypiapHu.
4. GunpTpnap KOHCTPYKIUSIAPH.

Typnu >KMHCIM CHUCTEMalapHM FOBaK QMIBTp TYcukiaap &Eprammuaa (asanmapra axpaTHII
xapa€Hura puabTpJaam aeiinnaau. OUIbTp TYCUKIAP apaslalliIMaHUHT KaTTUK (aucrepc) (asacuHu
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yiurad Kojaau, CyIoK (IucrepcruoH) ¢a3acuHu YTKa3zno 100opuil KoOmHsITHTa ara. OUiabTp TYCUKIIap
€xu OyHnnan Oy€H dubTprap cudaruga FOBAKIM MaTepraliap KyJUTaHWIAIU (MacaiaH, TYp napaaiap,
KapTOH, ra3jamMaiap, COYMIyBYaH MaTepHajuiap, maraji, KyM, FOBaK MOJUMEp MaTepraiap, KepaMuka,
METaJUIOKEepaMHUKa Ba OoIIKanap).

—_—————————— QunbTpnam  kapaéHu  Oocummap  Qapku  Exu

— Cycnenzus = Mapka3ZgaH KoYMa Kywiap MaiJOHM TabCHUPHJA amajra
e o STt OIIMPHUIIAIH.
OubTpIaI MHTEHCUBIIUTH CYCIICH3Us CH(aTH, SbHA
Uik ma nucriepc  (aza YyKMacH KapIIWJIMTHHUHT MHKIOPHUTa,
KapTOH, IIWIMMILHAK Ba KOJUIOM MOJi1ajaap Oop-UyKiiurura
Pursmp PTOH, K AMozialiap bOp-uyk

mycux OOFJIMKIUD.

\ - Typnu >XMHCIM CHCTEMAJIApHM &XPAaTULI NAaNTHAA
Puasmpam

GUIBTP KOHCTPYKIMSICH €KUM (PYIIBTPIIOBYHM IEeHTpUdyTa,
DWIbTP TYCHK Ba YYKMAa KaTJIaMU

N bunbTp TYCHMK Ba (QUIBTpIAIl PEKUMIAPUHHU TaHIAII
OpKaJi CYOKJIUKHUHI YTHII CX€MAacCH.

3apypartH TYFUIA/IN.

Kumé, 031K - oBKaT Ba OolIIKa caHOaT/IapAa YyKMa XOCHUJ KUJIUII Wy OunaH  (uiIbTpiail KeHT
TapKaJIraH.

MacaiiaH, makaprasiukaa GuIbTpiIam KHEMIAPHU TO3aJlalll, YYKMaHU CaTypallioH mapoaTaaH
aKpaTUIl y49yH Kyutanmwiaad. [luBo mumupumga dca, ymoly skapaéH CyClIONaH Kammuk gazanu
@KpaTUIll Ba Ta€p MaxCyJOTHU TUHAMPUIN YUYH UIUIATHIIAIW. YHIAH TalllKapu, BUHOMA3IUK, TUKEP
— apok Ba mapbamiap WNUIad YMKApUIN CaHoaTIapuaa (GuibTpiam skapaCHHIAH KEHT MHUKECAa
ol nananmIaam.

Kumé€, HOH mummpuil, TETHPMOH Ba CIIUPT CaHOATIapH/Ia Ta3lapHHU TO3alall YIyH (UIbTpIall
XKapaCHH UILUIATUIAIH.

OunpTpnam kapaéHua CHKUIYBYM Ba CHKWJIMAWIUTaH dYykMmanap xocui Oynamu. CUKUITYBYU
gyKMa 3appadaiapi 00CUM OPTUILIY OWIIaH KaTiiaM aedopmanusra yapaiiiv Ba yHUHT YI9aMy KaMasiay.
Cuxkunmaiauran yykMana 00CUM KYTaiuim OuIaH KaTjiaM IIaKId Ba YI4aMu y3rapManiu.

Amanga ¢puiabTpiangadH KeHUH KyWHuIard Kymmya xxapa€Hnap KyUTaHuIaIu:

a) YYKMaHH FOBUIIT;

0) uyKMaHU XaBO KU MHEPT Ta3jiap OKUMH OWJIaH TO3aJIAllL;

B) UYKMaHU KypPHUTHUII;

OunpTpnall xKapa€HUHUHT YHYMIOPIUTH Ba OJMHTAH (PUIBTPATHUHT TO3ATUTH QUIBTP TYCUKIAP
xycycusitnapura 0ornuk. DOuiabTp TYCHUKIAp FOBaK, TEHIMKJIAPU KaTTa Ba TUAPABIUK KapIIUIUTU
KHYUK Oynunm kepak. OUIbTp TYCUKIAp TY3WIUIINTA Kapald ATUIyBUaH Ba dTUIMAc OYIaau.

OuIbTp TYCUKIAP TeMa Ba OCTKU KUCMHAArd OOCHMIIApHUHT (PapKu GuiIbTpIIaml skapaéHUHUHT
XapaKaTJIaHTUPYBUYH Ky4H 1e0 XrucoOIaHaIH.

XapakaTJIaHTUPYBYH Kyujap Typura kapaO (uiabTpail )kapa€Hu UKKH Iypyxra OynuHaau: a)
6ocumiap dapku TabCcupuaa axpaTuil (pribTpan);

0) MapkazJaH KouMa Kyd TabCUpHJIA aXKpaTHUIl (LIeHTpUyTrananm).

DuiabTpJall TypJaapu

Typnu )kUHCTN CUCTEMAaNIapHU aXKPaTHII MalTUaa GUIBTP TYCUK TYPH Ba CYCIIEH3Us XOccalapura
Kapab, GunpTp TYCHK fo3acuia YyKMa XOCHJI KWIHII, (UIBTP KOBAKIAPUHHU TYJIJIUPHII Ba XaM
OMpHHYM, XaM MKKHHYM XOJHcajap OMprajukaa KeiraH (Opajauk) xoJjaTiapiaa GuibTpiaiml KapaéHu
coup OYIUIITN MyMKHH.
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@OWIbTP TYCHUK 03aCHAAa YYKMAa XOCWJ KWiInd ¢uabTpaam >xapa€HU  KATTHK >KUCM
3appavajapuHuHT nuameTpu O, , koBak muamerpu d maH karra Oyiaranma pyi oepamu (1-pacm).

By ycyn cycnensusi tapkuOumaru KarTuk (asza koHueHntpanuscu 1% (Macc) 1aH opTHK
Oynrania KyJUTaHUIAAW, 9yHKH OyHa GUIBTP TYCUK KOBarura KUPHII >KOHuAa rymOazdanap XOCHI
OynuIIM yuyH KyJail mapouTiap sipatuiaay. ['ymbazdanap XOCHI OYIUIIH, YYKHII TE3UTH Ba
CYCII€H3UsI KOHLIEHTPALUACUHUHT OPTUILLINTa UMKOHUSAT TYFIUPAIH.

KoBaknapuu Tyagupuin ycyaujaa (bn.JILTp.Ham (1 paCM) GuIbTp TYCHUK KOBaKJIapUra KaTTHK

27 //‘} 3appavayiiap KUpuO TYIaupraHia
pyi Oepamu. lllynum amoxunma

TabKU 1Al KCPAKKU

bunbTpram Kapa&HUHUHT

OoluTaHFuy AaBpUAAEK, KATTHUK

.

DA /3 3appavaiap TYCUK KOBaKJIapUHH

Tynaupud Oomrnaiinu. by xoauca,
anbaTtTa GUIBTP KypHIManap Ul
YHYMJIOPJIUTUHU — [TACAUTHUPAJIH.
XKapaéuHu keparkiu mapaxkana

1-pacMm. PuabTpJaam cxeMacH.
1- uykma xocun Kwmb (uiabTpIanm;
2 - TYCUK KOBAaKJapWHU TYIAUPUO QHUIbTpIaml.

yuuiad Typul yayH GUIbTp TYCHKHA OMPUHYN XOJATHHU THKJIAML, SHHA (QMIIBTPIIAINTA SPOKITH KIITHIII
Kepak. ByHUHT yuyH TYCUKJIap CyIOKJINK OKMMU OnilaH I0BUIAAU €KU TYCHK METaJIAaH sicajraH Oyica,
KU3AUPUO KYHTUPHIIAIH.

Opaauk puabTpaam ycyinu OMp BaKTHHHT y3uja XaMm (QWIBTP TYCUK FO3acHIa TYKMa XOCHII
KHWJIUIII, XaM KOBAaKJIapHU TYIIupuO, GuiIbTpiail ycyiapy pyi 6eprania amanra omaiu.

Ymly ycynana KMYMK KOHIEHTPALMSUIM CYCHEH3MAJapHU (UIbTpiall >KapaéHU TE3JIUTMHU
OLIMPUII YUyH KYIIMMYa MOJJANap MIITHpokuaa oaud Gopunaau. XKapa€Hnan aBBaj GUIBTP TYCUK
103acu KymmM4a Mojja OwnaH KomiaHagu. KymmMua MopananapiaH KWIMHTAH KOIUlaMa TYCHK
KOBaKJIapuHM TYIUO KoMuIgaH cakiaau. Kymmmua mognanap cudaruaa yra MaiiuH KyMup, nepiur,
acoect, kuzenbsryp, Gpudpodiio, ackaHuT Ba OoIIKa MaTepraIap KyJJTaHUIUIIIN MyMKHH.

Xynoca KunuO aiTranjga, QuibTpiaml )apa€HU UHTEHCHBIWTH Ba QUIBTP KypPHJIMAaHUHT MII
YHYMJIOPAUTH (QUIIBTpIIAII TE3TUTUra OOFIUKIHP.

@OuabTpaam ;KapaéHHHUHT HA3apPUH aCOCJIapH

OuIbTp TYCUKHUHT IMACTKU Ba TeMa KUCMJapuaaru Oocumimap (apkura €ku mapkasziaH Kouma
Kydra GuibTpIiaml )kapaéHUHU XapakaTra KeITHPYBUU Ky4H J1e0 alTuiaau.

Bocumnap papkunu Typnu yeymnap: GuUiIbTp TYCUKHUHT Terna OYIIINFUIa OpTUKYa OocuM Oapro
TUII €KUM MAcTKM KUCMHHHU BakyyM TpyOara ymaml iynu OuiaH XOCHJI KMJIMII MYMKHH. byHnai
Xonariapjaa GuibTpiam y3rapmac 6ocumiap dapkuaa 6opaau Ba xkapaéH Te3nuru 6ocumiap hapkura
TYFpH Ba UyKMa KaTJIaMH KapIIWJIMTUra TECKapy MPONOPLUOHAIANP.

OunbTpram xapaéHu 3ca KyWuaard KHHETUK TeHr1ama OuiiaH udoaanaHam:

dav Ap
Fdz  u(R, +R,,)

(1)
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2

6y epna V - dunsTpar Xaxkmu, M° ; F - puasTpmam 03acu, M%; 7- GUIBTpIALT BAKTH, ¢; Ap - Gocummap

dapxu, H/M?; g - munamuk KoBymoknuk, ITac; Ry, Rgm — 4¥KMa Ba QUIBTP TYCHKIAP KAPIIMIMTH, M.

1 M pumbTpaT onMHraHma X, (M°) MUKIOpAA UyKMa X0ocH Oynaam ne6 kaOys Kkumamus. YH/a,
X,V =hF (2)

Oy epna h, — uykma KaTIamMu OaaHIJINIH, M.

By dbopmynanan:

Uykma KaTIaMUHUHT KApIIMIUTH YHUHT OaJIaHJIMTHra IPOIOPITMOHAN 1e0 (apas KIIaMu3.

ryxoV
Ry =rhy = F 3)
Oy epaa o — YYKMaHHUHT COJIMIIITHPMA KAPIIWINTH, M2,
Arap (3) au (1) ra x¥iicak, ymOy KypuHHUIITa 3ra 0yIaMus:
dv Ap
= 4)
Fdr rxV
u-|——+R,,
F
(4) Tenrnuk unpTpaam xapaéuuHuHr KumEmii TeHrIamMacu ae6 atanaau.
OuUIbTp TYCUK KapIIUIUTH XHUCOOTa oIMHMaca, KyWnuaru TeHriiama XoJlaTura KelaMus
A
r=— (5)
uh, - w

Oy epaa W - puiIbTpIaml Te3JIUrH.

@unprpnam xapaHUHUHT OonuIaHFU4 Gypcatu yuyH, 6HU V = 0 na, Rpm= Ap /(pw).
Ap = const GynraH xonat y4yH (4) tenrnamanu uHTerpaiacak ( 0 - V Ba 0 - 7 opanukaa), ymoy
TEHIJIaMa KeIUO YNKaIu:

2 g B £ ApFE
roxo ,urqxq

(6)

OunuHran ymly TeHrJ1aMa CUKUJIaIuTaH Ba CUKWIIMaiAMrad YyKManap yuyH Kyiiaca Oynaau Bay
GuIbTPAT XaXKMHU OPTUILY OUJIaH PUIIBTPIIANT T€3JIUTH KaMaluIIMHN Ky pcaTaau.

(6) Tenrnamanu GUIBTpNAII BaKTH 7 ra HUcOaTaH edcak, ymoy udomara spHiiiam:
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2 R,V
7= iy (Xj 2 (7)
2Ap \ F Ap-F
€xu (5) Hu xucobra oJyicak
R
r= M g2y Temy ®)
2ApX, ApX,

Hlynnait kw0, QuiabTpiam BakTH OJMHTaH (QUIBTPAT XaXMH KBaJpaTura TYFpU
IPOIOPLIMOHAIAND.

Oxwupru TeHriaaManu QUAbTPHUHT conuintipma uim yaymaopaurd (Vs = V/F) ra aucbaran eucax,
KyHujaru KypuHHUIITa sra 0yaamus:

20 Ry, ) Ry
vV, = \/ Y . +( ’ J S 9)
lLLxllr’-l mqrq lLLxllr’-l

Varapmac tesnuk W = const xomat yuyH (9) 1aH ymoy TeHIIaMaHH 0J1aMH3:

VZux,r, +R, VFu=AF*t (10)
E€KH
R, -F 2
vyl Ty _APFT L
rLlel /Llrllxll
6y TECHIJ1aMaJaH:
V)1 V)1
Ap=x.r, | —| —+uR, | —|— 11
p /’lq u(Fj r lLl d)m(FjT ( )

€Kn

Ap = ILDCL:FH WZ + IUR(me

Mynnait kuanbd, ¢GuIbTpian BaKTH OPTHIIN OuiiaH Oocumiiap GpapKu Kymasau:

2

X, R,

T:@(!j 42 v (12)
Ap \F Ap F

S’bHU OJIMHTaH (QUIbTPAT XaXMHU KBaJpaTHra TYFpU MPOMOpPLHUOHAIL.
OUILTPHUHT COMUINTHPMA I YHYMAOPIHTH (M /M?):

2
R R
v :\/ Ay r{ im j e (13)
S
X7, 2ux,r, 214, K,
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Amanaa yykMa XaXMUHUHT QUIBTPAT XaKMUTa HUCOATH Xy, UYKMa KATJIAMUHUHT COJIMIITHPMA
XQKMHUH KapIIWIATH Iy Ba QUIBTP TYCUK KapIIWINKIApU TaXpruOa Wynu Ounan aHUKJIaHAIH.

Arap, F =1 M? 6ynran xon yays (13) TenrnamManu yuby KYpHHULIAA E3UI1I MyMKHUH:
V? + 2CFV = 2KF’r (14)

6y epra C - GUIBTp TYCUK THAPABINK KAPIUTIIMTHHY XapaKTepIOBYH (HIBTPIALI KOHCTAHTACH, M /M2,
K - GuIbTpIam peXuMy Ba CYIOKIMKIArH YyKMAHUHT (U3HK-KHMEBHil XOCCATapHHH XHUCOOTa OTyBYH
(uibTpram KoHCTaHTACH, M2/C.

C=—2 (15)

2A
K =-2P (16)
Hr.X,
Arap, (14) Tenrnamara y3rapTUPHUII KHPUTCAK, YIIOY KYPUHUILTA dra OYIamMus:
2V 2C
o= (17)
V K K
Kypunu6 typubauku, (17) TeHrnuk adcuuccara @ Kus )
v, oMY

Oypuak OCTHJAA >KOMsamraH TYFpU YM3MK TEHIJIamacu. Yoy

Oypuak TanreHcu tQ a = 2/K TeHr Ba y oOpIuHara yKuga m = / '
2C/K xecmanHm axparanu (2-pacm).

Ymly Tyfpu 4YM3MKHU Kypull Y4YyH aOcuucca YKura , 2
Vmuanran Vi, V, ..., Vn KuliMatiapu, opJMHaTa yKura sca - n’] !
/V1, ©/V2, ... T/VnTapHUHT TETHIUTH KARMATIapH KYHUITaIH. ; 77y
2-pacm. @uiabTpJam
@OuIbTPJIAP KOHCTPYKIMAIAPH. KOHCTAHTACHHH AHUKJIAIITa

aoup
WNuutam npuHnunura xapad, guiasTpiap Kylugaruiapra
OynuHaau: y3rapmac 6ocumiiap (apku €ku y3rapmac GuIbTpIIAII TE3TUTHIAa UITUTAlIUTal QUIbTpIIap;
GbunbTp TYCHKIa XOCWUJ KujaauraHn oocumiap Qapkura kapad, BakyyM €KH OpTHKYa OOCHM OCTHIA
UIUIalUral KypuiManap; jkapa€HHU TallKWI ITHUINTA Kapad, Y3MyKIH €KH Y3IMyKCU3 WIUIAiUuraH
KypuiMaap.
Bocum octuaa nnmaiiiuran KypuiMa Oup Heda Typra, SbHU THAPOCTATHK 00CHM, HAcoc EKU
KoMIIpeccop €pJamuia XOCUJ KWIIMHTaH, BaKyyM Ba Mapka3laH KouMa Kyd TabCUpHUIa XOCHII OYran
6ocumitapaa unutaiurad guiasTpiaapra OyiuHaIu.

TexHonoruk Makcamjmapra Kapab, KypuiaMmaiaap HKKH Typra OYJIWHAAW: a) CYHOKJIWKIApHU
To3anamn GuILTpIapH; 0) razIapHu To3aiam GUILTPIIAPH.

OuIbTp TYCUKIAPHUHT Typura Kapal, JOHACUMOH MaTepuaijiap, TypJid Tra3jiaManap Ba KaTTHK
MaTtepuaiap (Kkepamuka, Typ) €paamuaa TypJid )KUHCIM CUCTEMAJIapHU To3ajaiiiurad GuiabTpJiapra
OynuHAIM.
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Kymau ¢puabtp. by KypriMa 1oHaCUMOH MaTepuaiin GuiabTpiap rypyxura oun (3-pacm).

By typnmarm dQuneTpnap cycmeH3us TapKuOHuaa
™~ 4 KaTTUK (aza MUKIOpH KaMm OynraH XoJyulapAa, SbHH O3MK-
OBKaT CcaHOATHAa CyBHM (UIbTpIAll Ba  JIHKEP-apoK
e i KOpXOHaJIapuaa KeHT KYyJaM/la UIUIaTUIIaIu.

OWIBTPHUHT UWIMHIPUK KOOMFUIA MKKHUTA TYPIU AUCK
Oynub, ynap KypuwiMaHu 3 KUCMra axparaigu: HOKOpH -
—4 cycreH3usi OKHO KUpYBUM, YpTa - GUIBTPIOBYM Ba KyilH -

nuryBun. Wkkana nuck opacuna GUIBTPIOBUM KyM KaTJIaMu

i

Sl I KoHmamrad 0ynu0, y Wiupuk Ba Maiiia ¢ppakuusiapaan noopar
Oynamu. Opakmusuiap QUIBTP TYKAMa OWIAH aXpaTUJITaH.
Oxkopn Ba Kyium Jguckimap xaMm QUIBTp TYKUMa Owiiax

3-pacv. Kymin pmabTp. Kortanran Oymamu. @unstprnanyBun  cyrokiank0,02....0,03

1 - Typau auckaap; 2 - Kym; 3 - KOOUK; MIla GocuMaa KypuiMa TenacuaaH r0opunaau, GuibTpar

4 - XaBo KYMparu; 5 — CyCreHsus 3Ca MACTKA KUCMIAH YUKAPUIIAH.

Kupu Tpydacu; 6 - maxra; 7 — 2

(DHTBTPIOBHH TYKHM; 8 - DUTBTpATHH @unbrpnam tezauru 250...750 kr/(M°- coar).

YHKAPHII TPYOacH. Ymoly ¢unpTp Tyswmmmu coxja, ¢uisTpiaam cudartu sca —
FOKOPH.

JlexuH, XakM Oupiuruna (GUIBTPIOBYM 1033 KaM Ba jKapa€H TE3NUTW MacT OYJIraHu ydyH,
(GUIBTPHUHT I YHYMJIOPJIWMTHY KyJ1a KUUUK. YHJAH TallKapu, QUIbTP - KyYMHU aIMallTHPUII KUAUH
Ba KYI BakKT Taial KUJIaau.

HyT4 - puiabTp Bakyym €k OpTUKYa OOCUM OCTH/IA HIIAIINA MYMKHH

(4-pacm). UykmaHu uuKapuOb Tanuam yayH GpuibTpra Oup mappakiu apaialiTHPTuy YPHATHITaH.

CycneH3usi Ba CUKWITaH XaBo ajloXyJa MTyLepiap opKaiu y3aTwiaau. OauHrad GuisTpar 3ca,
TYKUALI KymMpard 4 OpKalM YUKApWwiIaaud. YHJIaH Talkapu, (UIbTpra CakJIOBYM KYMpak Xam
YpHATHIITaH.

OUIBTPHUHT UII HUKJIA KyWHIard OOoCKUwWwIapJaH uOopar: CyCleH3us OWIaH TYJIIUPHUI; 00CUM
octya GuiabTpaam; GUIbTP TYCUKIAH YYKMaHU TYIIHMPHIL; GUIBTP TYCUKHU KaiiTa TUKiIam. byHnait
¢bubTpaapaa YYKMaHU FOBUII )KapaéHUHU XaM OMp BakTAa yTkazca Oynanu.

Cycnen3usiiapHu GUIBTpIIall MaiTuAa GUiIbTp TYCUK cudaTuia KapToH, OEIBTUHT Ba CHHTETHK
TOJIAJIApHU KYiutaml MyMKUH. CHHTETHK TOJaJapHUHT ad3ajulMId UIyHAAKH, yjap IOKOpH MEXaHUK
MYCTaxKaMJIMK, TEpPMUK Ba KUMEBUM ynaaMImINKKa 3ra. CHHTETHK Tojajlap/iaH, 3UWINTH acTa - CEKUH
Y3rapaguras, GUiIbTp TYCUKJIAp Tal€piiall MyMKHH.

bynnait dunbTp KaTTHK (paza MUKIOPU KaM OYIIraH CyCreH3UsIIapHu GUIbTpIIaIaa Kyaa Kyl
KeJlaJ iy, 9yHKH 3appadaiap yHUHT OyTyH OanaHymru 0yinad aykaau. OUiabTpHUHT TalTKHA
KaTIaMua HUpUK, MUK KaTJIaMJIapH/ia 3ca Maiiia 3appavaiap yuuianu6 koiaau. bynnait cenexTis
GbubTpam xapa€H TE3JIUTH FOKOPH OYIMIIN, KOBaKJajIap 03aCHHH TYIUO KOJIUII OJIJUHU OJIa/iu Ba
(GWIBTPHUHT XU3MAT MYJJIaTUHHU y3alTUPaIH.
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Cyenenzua [ 47 ¢ soF T

Cyenenzu : ,/2 f@r:?'u'r::'«.*sfﬁ_h A - 1/ lr
criok i ;i T
Aninmn
L f REEEE
2 s T pem pam
i 5 §
B

Punempant 5-pacm. Pomun puabTp-npece.
4-pacM. ApaTalITUPIHYIH HYTY - QHIBTP. 1 - TasiHy wimTa, 2 - poM; 3 -rumra; 4 -
1-y3arma; 2-¢punbTp KOOUFH; 3-apanamTuprad; 4- unbTp TYCUK; 5 - XapakaTyaH IIHTa; 6 -
TYKHII XKYMpar; S-QuisTp TyCuK; TOPU30HTAN HYHAITHPYBYH; 7 - BUHT;
6-hUALTPIOBUM TYKHUMA. Q - cranunac O - TANHOR

Pomau ¢puabTp - mpecc. bynmait dunsTpmap cycnensustiap (MacaiiaH: BUHO, IMHBO, CYT
MaxcCyJIOTJIap) HU TO3aJall y4yH KyJutaHmiaau (5-pacm).

QunbTpioBYn 070K opacuiga QUIBTP TYKMMa €K KapTOH JKOMJIAIIraH aJMallyB4d pOM Ba
TUTATAJIap/IaH TaIlKui Tonrad. Pom Ba mumtanap iyHanTupyBud 6 1a CHKyBYH BUHT 7 épamuia KHUcuO
kyiunanu. Onataa GUiabTp METallI CTaHWHA 8 a YpHATUIIAIH.

Xap Oup poM Ba IJIUTAAa CYCIIEH3USIHH KUPUTHIL Ba IOBUII CYIOKJIWTHHHU YMKAPUII KaHAIIapu

1' f'
S S
4 N

6-pacm. @PUIBLTP - mpecc pomu (a) %,

Ba muracu (0). .
1, 2 - cycnieH3us Ba FOBHII CYFOKJIUTH KAPHII {
KaHaJapy; 3 - IpeHax KaHau; 4 - HAFUII
KaHany; 5 - aiijlaHMa KaHall.

= 5N 8 S

— =
S OTENIUR '
e ]

7

JOu) svu 0K UK

o
ALY
“I v

P av pam ey v cronaux

P P

SN

a (7]
7-pacm. Pomuin puaIbTp — mpece HIIam cxema.

a - pwipTpnanr; 6 — yykma oBum; 1- pom; 2-mauTa.

6op (6-pacm).

[InuranapHUHT MKKaja TOMOHMJA HUFYyBUM KaHaJuiap 4 6Ynu0, I0KOpU KUCM JPEHaX Ba MAaCTKU
KHCMHU 3ca, ail;lanMa KaHayulap OMJIaH yJIaHTaH.

Cycnensust 60cuM OCTHIa KaHal OpKaJId pOMHUHT HUKapucura puisTp Matepuainaan yraau (7 a-
pacM), KEMHH 3ca 103acuark KaHaadanap OpKajiu MacTra TyIIa u.

OunbTpaT IIIMTAHUHT MACTKU KUCMHM/JIA )KOMIAIlraH KaHallya OpKaJld YMKUO, yMyMU TapHOBIa
Tymaad. POMHUHT HKKada TOMOHU YYKMa OWIJIaH TYAraHja, GuibTplianl kapa€Hu TYXTaTHIIaIu Ba
TecKapy HyHanumia Iokopu OOCHMIIU CYIOKJIUK 1000puian0, yykMa I0BUIIaIU Ba ailllaHMa KaHaJuiap
opkanu unkapuiaay. llyHaan keluH 10BHUII YUyH CyB 1000puiaau Ba jkapaH Tyrarady IUTUTa darra
cypunu0, uykma Tykunaam. (7 6-pacm)
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OuiIbTp - TPECCHUHT HII UKW ymIOy >kapaéHiapaan ubopar: wuimra Talépiant, GuibTpiial;
IOBHIN;, YyKMaHW Tykuml. JlaBpuil wmmaiiaurad QuiusTp KypuiManapia €paaMyd jxapaéHIapHU
Oaxxapuil yuyH um TUKITMHUHT 30% Ta SKUH BakTH capdiaHaay Ba 9YKMaHH TYKHUII KYTT MEXHAT Tanao
Kunanu. by typaarun ¢unstpnapna ¢uibTp TYKUManap capdu KaTTa Ba yJIapHU aIMAIITHPHII KUHHH.
VY3nykcu3 uWnuiadaurad KypwiManapaa ymly kKamuwiukiap Oaprtapad dTwiraH,  4YyHKH Oy
bunbTprapaa ¢uibTpAall, YYKMaHU KypUTHUII, IOBUII, aXpaTHIL >kapa¢Hiapu OuUp BakTIa COAUP
oymaay.

®uabTp - npecc (PIIAKM). Bynnaii hpunbTpaa 4yKMaHu TYKUIT MEXaHU3AIMsUIarad. Yoy
KypuJiMa Kamepaiu, aBToMaTiamTupuiran ¢puistp 6ynubd, temneparypacu 80°C, KOHIIEHTpaluscu
10...500 kr/m> 11 MaiiuH AUCTIEpC CyCHEeH3HAIApHH aKPATHII YUyH KyIIaHwiaau. by Typaaru GpuisTp
JaBpUM UIUIalIUrad oyiaau.

Kynunua 0y Qunbtp - mpeccmapaa Oup - Oupura 3ud skoiyamran Oup KaTop TYpTOypuak
maknara GrsTpiaapaan uoopar (8-pacm).

TyprOypuak QunpTprapHuHr OyHAAM >KOWIANIyBU COMUIITHPMA (UIBTpPIAl FO3aCHHHUHT
Kynaiummra oiauo Kemaau.

Arap ¢unbTp A xonataa 6yica, KOJJIEKTOp 8 1aH KaMepara aKpaTHlll Y9yH CYCHEH3HUs, FOBHIII
yUyH CYIOKJIMK Ba YYKMaHHM KUCMaH KYpPUTHII YYyH CUKWITaH XaBojap KeTMma - keT kemagu. CyHT
(GUIBTPAT, FOBUII CYIOKJIUTH Ba XaBO KaHauTap 12 opkanu kojutektop 10 ra unkapumany.

OwietpauHr B Xonaruna xkaHawiap 9 opkamu O6ynummk 11 ra 6ocum octuia CyB y3aTHIIAIIH.
Hatmwxkana srumyBuan snactuk quadparma G épnamuaa aykma

-‘1:17‘— —. -A,:.r‘-.‘—'.— o

S

bl ki

8-pacm. N'opusoHTa KamMepain
¢uiabTp - npecec (PIIKAM).

1-nmacTku muTa; 2-Tena IUIATa; 3-CyCIIeH3Hs Ba
yyKMa y4yH OYIUIMK; 4-TeMMKJIN JUCK; 5-
bwibTpar  yuyH ~OYUDIMK,  6-3rHiIyBYaH
madparma; 7, 9, 12-kaHamnap; 8-cycreH3Hs
yuyH KosiekTtop; 10-¢puiabTpaTHU YMKapuIl
kosekTopy; 11—cyB yuyH 6ynuuk; 13—¢punbtp
TYKUMA.

9-pacm. bapatanian Bakyym — puibTtp.
1-remmkin Gapaban;  2-punbTp TYKMMa; 3—
YYKMaHU KeCMO TypyBYH THYOK, 4-CeKuus; 5—
TOFOpa; 6-apamamTupruy; 7-tpy0a; 8—CYIOKIUK
nmypkarud; 9-0om Takcumiarud.

CUKWJIaIU. YHAAH KeinH, B XonaTaa miuTaiap Cypuiaay Ba XOCUI OYIraH TUPKUIILUIApAaH yyKMa
TYKUJIAIU.

Bapa6anan Bakyym - ¢uabTp. by Typaaru ¢uisTpmap KkonmeHTpamusach S50 ... 500 kr/m°
OynraH cyCcreH3UsUIapHU Y3ITyKCH3 PaBUIIIA )KPATHI YIyH uiiatuianu (9-pacm). Kartuk 3appadanap
KpUCTAJIJI, TOJAIM aMOpd Ba KOJUIOWJ TY3WJIMIITA 3ra OYaumu MyMKHH. OUIbTp HII YHYMIOPIUTH
KATTHUK 3appadayiap Ty3UIUIIMra OOFINK Ba FOKOpUIA KEITUPHUITAaH KeTMa - KETIUK/a macaiiub Gopamm.

QOunbTpHUHT KuMEBMiA KMcMuU ropusonTtan 6apadban 6ynub, y 31eKTp IOpUTKUY EpamMuia acTa -
cekuH aitmantupunaan. Omarna yausr 0,3...0,4 KucMH CyCTIeH3UsUTH ToFopara Tymuo Typaau. Toropa
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n4muaa

CWIKUHHUO TypyBYH apaJlAlITUPTHY CYCIICH3US TAPKUOWHH OUp XHJT OYIUIINHY TAbMUHIANIN, SHHU YHUHT
TapKUOUIaru 3appavyajapHy YyKMara TYIIUIINTa TYCKUHINK Kuiaau. bapaOaH MKKWTA MUIHHAPIAH
Ty3unaran Oymamu. Tamky MUIWHAP IAKCUMOH OO, YHUHT YCTUTA CUM TYP TOPTHIITAH.

Cum TypHHHT ycTH 3ca, (GuiubTp TyKMMa OuiaH KoIutaHraH. bapaOaHHUHT (QUIBTPIOBYU
TYCUKIapuZaH (QUIbTpaT BakyyM ocTuaa cypub onuHaau. OUIBTPHUHT YCTHAA CyCHEH3UsAIaru
KATTHK 3appadajiap 4ykMa KaTjJaMuHU Xocul Kwiaau. by uykma nuyok épnamua 6apabaHHUHT YCTKU
KHUCMUJIAaH y3JIyKCHU3 paBHIfa Kecub onuHaau. bapabGaHHUHT MUK KHUCMHU TYCHKJIap EpaaMuja
anoxuna cexkropiapra Oynunran. Kanammap sca ¢unpTpiam sxkapaHUHMHT XaMMa LMKJUIAPUHU
O6eBocuTa (UIBTP HMIUIAIIMHMA OOMKapyBud OOmI TakcuMmiiarmd OwiaH OupuKTHpHiraH. bom
TaKCHUMJIaTrMyJa MKKUTAa JUCK OYnuO, Oupw aillanMa xapakar KWjica, MKKHHYUCH - Ky3FaaMacaup.
K¥y3ranmac auckmaru Temukiap TpyOajiap OpKajlud BaKyyM — Hacoc, xamja (UIbTpaTHH axpaTHO
OJIyBYH Ba IOBYBYM CYIOKJIMK OWJIaH YYKMaHU aKPATUII Ba PYIIBTP TYKUMAHHU TO3aJIAIl YIyH CHKUJITAH
XaBo OepyBUM KOMIIpeccop OumaH yinaHraH Oymaau.

AWnaHyBYM AUCKHUHT Xap OUp TEWIUTH OUPUH-KETHH Ky3FajlMac AMCKHUHT TEUIMKIapu OuiaH
ynanagu. lllynunr yuyn OapabGan Oup MapTa ainanranuja, GuibTpiaml Xapa€HUHUHT  XaMMma
6ockuunapu Oaxapuianu. bupunun 0ockuuna O0apabaH cekuusIapyu BaKyyM — Hacoc OWIIaH yJaHaau
Ba GwibTpaT uaumra tymana. KeluHrm Oockmuna OapabaH CEKIHsUIapH FOBYBUM CYIOKJIMK OMIIaH
yJIaHa1 Ba gykMa roBuiaan. Oxupru 0ockudaa 6apabaH CeKIMsUIapu CUKWITaH XaBo TpyOanapu Ouinan
yIIaHUO, 9yKMa KypUTHIA N Ba (GUIIBTPIIAII F03aCH TO3aJaHAIH.

By Typaaru ¢puabTpIapHUHT UIrgy 1o3ack S...150 M3 6ymamu. Kamuuiuknapy: GUIbTpIant 103acu
KaTTa OyIraHu yuyH KYII )KOW drajuiaiiin; GUIBTPHUHT HApXH KUMMAT OynIaiu.

Texkmmpu y4yH caBoJjiap:
OunbTpram xapaéHu XaKu1a HUIMajgapHu Ounacu3?
@uibTpIall TypJlapy Ba TE3JIUTH KaHIah?
bapabannu BakyyMm ¢GunbsTp Kanaai unaian?

PowhdPRE

HyTtu ¢punsTp aB3ammuru Humana’?

11-Ma’ruza
Mavhum gaynash gatlami gidrodinamikasi.
PEXA:
1.Ymymuii TymryHyanap.
2.MaBxyM KaifHaI kapa€HH acocliapy Ba THAPOIMHAMHUKACH.
3.MaBxyM KaifHaIll KaTJIaMJTH KypriMaap.

Kumé Ba 03MK - OBKAaT TEXHOJOTHSCHU Kapa€HIapuaa alpuM sJIeMEHTIapJaH TapkKuO TONraH
Ky3famMac KaTjiaM MaTepuaulapy OpKajli TOMUMIN CYIOKJIUK €KY raziap okuO yTaau.

JloHa10p KaTyiaM 3JIEMEHTIApUHUHT MAKIM Ba YI4aMu TYpJIH - TyMaH KYpUHUILTA 3Tra: MacajaH,
¢bubTprap 4yKMa KaTIaMUHUHT Maiiia 3appaydanapy; rpaHyJia; TabjieTka, KaTaau3aTtop €Ku aJicopOeHT
6ynaknapu; abcopOLMOH Ba peKTU(UKAIIMOH KOJIOHHANIApIaru HUPUK HacaaKanap.

bupop katnmam 3appadanapuHUHT yidamMyd Oup Xuia €Ku Typiinya Oynumura kapad, JOHAIop
KaTJIamjap MOHOAUCTIEPC KU MOJUIAMCIIEPC OYIIHITT MyMKHH.
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JloHanop KaTiiaM OpKalM CYKOKJIMK XapakaTh JaBpUAa KariaM 3appadajapd opacuaaru
OyIuUIMKIIap CYROKIMK OwraH T1ynuO Typamu. byHma, CYIOKIMK KAaTJaMHHHT 3appadajlapyHu,
JJIEMEHTIApUHU [OBHO Ba HOTYFpU IIAK/UIM KaHAap opkKanu okuO Yyramu. Bbynnmait xapakar
TUIPOIMHAMUKAHUHT apaJlall MacaJaCUHU TAlIKWI 3Tau.

I"a3 sHeprusicu xucodura KaTTUK 3appadaiapHUHT Oup - Oupura HucOaTaH TapTUOCH3 XapaKaTura, s’bHU
KaTJIaM XyAIu KallHaéTraHaek 0yiau0 KYpUHMIINIa «KATTHK KHUCM — ra3» MKKH (a3ajy CUCTEMAaHUHT
MaBXyM KaiiHamu ne0 artamamu. Wmrdam SnTKUY TabcHpHa XOCHI OyiaraH MaBXyM KaiHamI
CHCTEMaCHHUHI MaBXyM KaiiHaml €ku KaiiHam KamiamMu [1e0 HOMJIAHMIIMHUHT KeJUO YHMKHII
cababmapuaan Oupy, ymoy KaTiaMmra TOMYMIN CYFOKINKIAP Ky XOCCATaPUHUHT MOCIUTUIUD.

Arap, KaTTUK MaTepuan KaTJIAMAUHUHT MaBXyM KailHaIll XOJaTHMHH TAbMHUHIIOBYH TE3JIUK OWIIaH
IOKOpHUTA Kapad HITYH ITKUY XapakaT KHJIca, MaBXyM KaifHaIll KaTjaaMu XOCHI OViiau.

Oxupru BakTaa KUME Ba O3UK - OBKAT CAHOATIAPUHHUHT Oapya KOpXOHAJIApUIa MaBXyM KalHaIll
xKapaCHlIapu KEHI KyJnamja KYJUITaHUIMOKIa. YOy jkapaéH apalalliTUPHUII, Y3aTHI, COYMITyBYaH
MaTepuaulapHu Kiaccu(UKaIysUIall, UCCUKIUK alIMAllUHUIL, KypUTHUII, ancopouwms, adcopOums,
rpaHyIiall, KpUCTAJIaHUII Ba OOIIKa >kapa€Hiap/ia IOKOpU HaTwxkanap Oepmoknaa. bynmaii mwxoOuii
HaTHXKallap MaBXyM KaifHalll >kapaéHUHUHT KyHuaard ag3aiivkiapy Ounan Oenruianaim:

1. Kartuk 3appavanap MHTEHCHB apajallMIld, KypuIMaHUHT OyTyH Xaxmu Oyilnad marepuai
TEMIIEpaTypacd Ba KOHLEHTPALUSUIAPUHUHI TEKUCIaHWIIura onub kenaau. by xon y3 HaBOatuaa
Kapa€HHU ONTHMAJI TAIIKHJI ATHINTA XaJaKUT OepyBUYH KAaTTHK 3appadallapHU JOKaJ yTa KH3UO KeTHII
OJIIHU OJIaJH;

2. MaBxyM KaliHalll KaTJJaMUHUHT FOKOpY OKYBUYaHJIUTH MaTepuaHU OETYXTOB y3aTyBuUHU Ba Tal€p
MaxCyJIOTHU TYKyBUM, SbHU Y3JIyKCH3 pPaBHIIAA HIUIAWIWTaH KypUIMAJIapHHU sSIpaTUIl UMKOHWHHU
Oepanu;

3. Kuunk ynuamiM, KaTra COJMIITHPMA O3aJId 3appadajap KaiTa WILIAaHTaHJa MCCHKJIMK Ba
Macca aJMalldHHII o3ajlapd KeCKMH OpTaiM, Xamjaa Au(Qy3uoH Kapumiuk kamasau. By xom ¥3
HaBOATHAA KypPUIMAHUHT Ul YHYMIOPJIMTHMHU OLIMPUIITa 0JIU0 Kenaau;

4. VccukiuK anMalMHUII >Kapa€HiIapy HMHTEHCHBIAIIaau, Oy 3ca HMCCUKIMK aJIMalldHUII
KypHJIMaiapy UIIYU XaXMJIApUHU KaMalTUpUII KIMKOHUHU SIpaTajy;

5. MaBxyMm KalHall KaTjamiid KypuiaMmajap THApaBIMK KapUIWIMTH KUYUK Oynaau Ba ras
OKUMUHHHT Te3JUrura OOFJINK IMac;

6. Kartuk 3appauanap Ba UIIYU JITKUWIAP XOCCAIAPH JKy1a KEHI OpAIMKAA y3rapagurad, Xxamaa
CYCIIEH3HMsI Ba TaCTaCUMOH MaTepuasiap XaM MaBXyM KaliHall kapa€Hua KaiTa UIUIAaHWIIN MyMKHH;

7. MaBxym KailHaml KaTiamiaud ~KypuwiMmanap Ty3WIMIIM COAJA, HX4YaM Ba OCOH
aBTOMATJIAIITHPHIIAIH.

IOxopuma kaiin sTwran ad3awukiap Owinad Oupra, MaBXyMm KalHaIl )apaCHUHUHT KyHugaru
KaMYHJIMKIJIapu Oop:

- Oup cekuMsia 3appaya Ba UITYM AITKUWIAPHUHT OYIIMII BAaKTH OUp XUJI 3Mac;

- MaBXyM KaillHalll KaTiiamuia 3appadaiap Oup - Oupura ypuInIIM HaTHXKACU A eIUPUIIaIu;

- 3appavajapHu eIUPWIMIIHN HATHXKACcH Ia XOCKJI OYJraH yaHr KypuiMajaad yuyuo keraau. by xom,
anbarTa KYIImMua YaHr ylularuuiap YpHaTHIUIIMHE TaK030 3Ta/Iu;

- JOUDJIEKTPUK MaTepuan 3appadajapd MaBXyM KaWHaIl KaTjaamid KypuiaMalapAa HIUIOB
Oepuiranjia, CTaTUK AJIEKTP 3apsaiap XoCui Kuiiaau. by sca, mopTnam XxaBpuHU TyFIUpam.

Kaiin sTriiran MaBXym KalHalll Kapa€HUHUHT KaMUYMJIMKJIApU CaJIMOKJIHM 3MAac Ba yJap KUCMaH

€xu OyTyHJai 6aprapad KWIMHUIIIA MyMKHH.
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CouwnyB4aH, IOHAIOp MaTepuaiiap KaTjlaMH THIPABIUK KaplIWIMK, 3appadaiap YiIdamu,
CONUIITHPMA F03a Ba OYIII Xa)KM YIIYIIH OWJIaH XapaKTepiaHaIu.

CoammTHpMa 1032 - a (M%/M%) KaTIaMHMHT Xa’kM OMpPIMIHIA SKOWIAITaH XaMMa 3appadanap
103acuHu udomananm.

JloHacuMOH 3appadanap opacuaard OVIUTNK Xa)KMUHHUHT KaTJIaM XaKMUTa HUCOATH OV XamM
EKHM FOBAKJINJIUK (£) neiiniany Ba y ¥I4aMCcu3 KaTTaTUKIND:

g=—l (1)

Oy epia V - IOHaCUMOH KaTjaMm Xaxmu, M°; Vo - KaTjiam 3appadajiapy Srajiaral XaxM, M.

Arap, Oupop Kypuimazaa JOHACUMOH Marepuaap 6anananuru H (M) KYHIalIaHT KECUM 103acu
F (M%) 6¥nca, yana katnam xaxmu V = FH Ba 3appauanap sramna6 typran xaxm Vo = FH (1-€) ra Tenr
oymamau. Terumum KataaMHUHT Oy xakmu Ve = FHe, 3appauanap ro3acu ca - FHa ra TeHT.

KarnaM kaHaJuIapMHUHT KYHJQJIAHT KecUMJIap MMFUHIMCH €KW KaTJaMHUHI OYII KYHJalaHr
KECUMHUHHM TONUII YUYH Vg HU KaHAJ y3yHJIUIUra OYium kepak. Arap, KaHaJUIApHUHT YpTaya y3yHIUrua
KaTiaM OalaHIJIMIUAAH @, MapTa OpTUK Oyica, KaHamjgap y3yHIMId axH Ba KaTJIaMHUHT Oy
kyuaananr kecumu FHe o, H = Fél a, (Oy epia o - kKaHa/UTapHUHT STPHITHK KO3 puineHTH).

by kyHAamaHr KeCUMHMHI XYJJaHTaH MEepUMETPU KaHaulap YMYMHUH FO3aCHHU yJapHUHT
ypraya y3ynnurura Oynuin iyau ounan tonwiaau, sehu I = FHa/oxH = Falax.

Arap, KaTTaMHUHT OY1II KYHIaIaHT KECUMHU Ba XYJUJIAHT'aH IEPUMETPU MabiayM OYiica, SKBUBAJIEHT
JaMeTpHU YOy TeHIJIaMaaH aHuKj1aca Oyinaau:

s [Fe
_4F ag )  Ade
ST TR @
aK

DkBUBaEHT AuameTp 0,KaTiaaM 3appavanapy yadamiapd opKain XaM u(oJalaHUII MyMKHH.
Arap, kKaTnam xaxmu 1 M3, 3appauanapu conu N Ta 6yica, ynapHueT xaxmu (1-£) Ba 103acH @ ra TeHT
neb xucobaiiMu3. YHAa, OMTTa 3appadaHuHT ypTada XaKMU :

l-¢ 7’
Vi = = 3)
n 6
F03aCH dca:
a md?
F = — = 4
== @

Oy epna d - 3appaya Xa)kKMUTa TEHT SKBUBAJICHT MApHUHT quametpu; f - makm kospduuuenty (map
yuyH f =1).

VYHpa, 3appaya I03aCHHUHT Xa)KMUTa HUCOATH yIOy KYpUHHIIAAH TOMHIAIN:
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l-¢ df
OyHIaH
P Q- ¢
fd
Arap, (5) au (6) Tenrnamara Kyncak, Kyduaara GOpMyJIaHU OJTaMuU3:
B 2 fed
3-(1-¢)

[Monuaucnepe 3appavanapiad Tapkud TONTaH KatiaM yuyH auamerp d ymoy Hucoataan
X1co0s1a0 TonmmIann:

2y

Oy epaa xi - di quameTpiu 3appadalapUHUAHT XKMHH EKM MacCaBUi YIIyIIIH.

()

(6)

(7)

(7)

HOHaCI/IMOH KaTJiaM 3appadaliapy opacuaari KaHajajiapaa xapaKaTnaHaéTraH OKMMHUHT XaKUKHH

Te37IUrd W HU aHMKJIAII )KyAa KuiiuH. LIlyHUHT ydyH, aBBaJI CYIOKJIMKHUHT MaBXyM Te3JIUTU Wo
TonuIa M. XakKUKUH Ba MaBXyM Te3JIMKIIap opacuja KyWuaaru OOFJINKINK Oop:

CyIOKJIMK TOHACHMOH KaTJlaMra XapakaT KWIranjaa, (MIUKaJaHUI KapIIMIUTH) THIPaBIUK

KapIIMWJIMKHUA, 00CUM HYKOTHIMIINHYI XUcoOa (opMyIacuaH TOMUII MyMKHH:

()
2 ("
AR, = 2B g N :
d, 2 2 fed 2
3-(1-¢)

éxn

28° f d 2

MasbayMKH, THAPABIHK KAPIIMIHK KOA(PGUIHESHTH A THAPOIMHAMUK PEeXUMIa OOFINK O0YiHoO,

PeitHonbIC KpUTEpUiicH KMiMaTH OMilaH OelruiaHaim.
Arap (8) nan W Ba (9) nan d,napHuHT KuiiMatiaapuau Re kyiicak, ymoy KyprHHUIIIaru
PeliHOnBAC KPUTEPUIICUHU OJIAMU3:
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_wd,p  wydep

Re
H aatt
éxu
4
au au

6y epna W - KypuiMaHuHT 1 M? KYHAQTaHT KECHMUTA TYFpH KENaUraH CYIOKIMKHHHT MAacCaBHii
Te3JHUTH, Kr/(M>c).

Onuaran Qopmynagard COJMINTHPMA 1032 @ YpHUTA TEHTIamaaard Kuiimatau €Exku Re
dopmynacura d, HUHT KHHMAaTUHH TYFPUIaH — TYFPU KyHCaK, KyWuaard KypruHUIITra sra 0yaaMus:

S
l-¢

Re=§- L wdp ‘Re, (1)

2,
1-¢ u 3

Oy epna:

d,
M

I'uapaBnuk Kapuiank KodGGUIUMeHTH A HU XucoOuiann yuyH oup Katop hopmyrianap KeaTupuo
yukapwirad. CyroKIHKIQPHUHT COYMITyBYaH, TOHAZ0P KaTiaaMylapAa XapakaT KIJIUIIHAard XaMmMa
peXUMIIAp YMYMUN THIPABIMK KapIIWIUK KOAPPUIMEHTUHN X1cobnam Kyiuaaru gpopmyna
épaaMua amanra OImupUIIaIu:

=13 034 (13)
Re

Y6y ¢popmynanaru Re xpurepuiicu (12) popmyia opkain aHUKJIAHTaH.

HlyHu anoxuaa Kaila STHII KEPAaKKH, Ta3 JOHAA0P KAaTJIaM OpKaJId XapakaT KMiIraHaa TypOyJIeHT
PEXUM, CYIOKIHMK TpyOa nuMaa xapakaT MalTHAaruiad, aBBaIpoK OoluiaHaau. JIekuH, JaMuHap Ba
TypOyJIEeHT pexxumMiap opacuia KeCKMH YTull xonatu Hyk. Jlamunap pexum Re < 50 nan kuiimatnapaa
amaJra omaau. Yoy pexxumMa JoHaa0p KatiaMm yuyH A =A4/Re.

Arap, Re <1 6ynranna (13) popmynanaru KymwiyB4r XxucoOra oTuHMaiu, sbHu A Kyiunaru
dbopmynanaH TonuIaaU:

133
A=— 14
Re (14)
Arap, Re >700 Gynranma, 1oHaIOp KaTjiama TypOyJICHT PEKUMHUHT aBTOMOJIETTh COXacH
Oonranaay, sHHA XKapa€H Te3MuKra O0FIHK Oynmaiinu. Yuna, (13) dopmynanaru OupuHIN
KYUIMITYBYMHU TYIIUPHUO KOJIUPHIL MyMKUH, SIbHU :
A ~2.34=const (15)

JloHanop KaTiiaM OY11 XaXMu €KY FOBAKIIMWIIUTH £ KypHJIMara MaTepHaliHu IOKJIall yciyoura
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OornuK. MacanaH, IapcUMOH MaTepraiap SpKUH TYKUO I0KIaHTaH/1a KATJIaMHHHT FOBAKITHIIUTH
Vpraua gx 0,4 ra Tenr. Jlekun, amanuérna enunr kuitmaru 0,35 nan 0,45 rava Oynaau.

VHJIaH Talkapy, JOHAI0p KaTJIaMHHUHT € KaTTAJIUTHU 3appaya auaMeTpu d Ba KypriMa JuaMeTpu
D opacuparu Hucbarra cornukaup. byrra cababum neBop onau 3pexTuaup, sbHU ASBOP SIKUHUIA
3appayvajap 3UWIaHHUIIN Xap J0uUM KaM O0ymanu. LIlyHuHT yayH, A€BOp OJH1a KATITaMHHHT
FOBAKJIMJIMTH KypHJIMa MapKa3u FOBAKIJIMTUIIAH Xap JOUM oKkopuaup. Yoy dapk d/D oprumm
Ounan kynaiin6 Gopaau.

Canoat 1oHaI0p KaTiIamMiIi KypHIMaIapUHU MOJICIUTAIITUPHILAA MOJIEN KypUiIMa JUaMeTpu
Marepual 3appadajapy JuaMeTpuiaH SHT kamuaa 8..10 mapra kaTta Oyaumm mapr.

Magxym KaiiHaIl ;KapaéHn acocjaapu Ba THAPOANHAMUKACH

CyroKIMK OKMMH HWCTalraH Te3NMKiIapaa, (akar macTnaH IOKOpWra XapakaT KWiraHJariHa,
JIOHAJ0p KaTjaM OpKaJu CYIOKIMK XapakaTh KOHYHHSTIApU YOy Xapa€H ydyH TaaJUTyKJIUIUD.
CyI0KJIMK OKUMUHUHT IOKOpH Yerapacu KaTjiaM Ky3frajamac XoJlaTu OusaH OenruiaHaiu.

1-pacMaa KaTTUK 3appadanap KaTJIaMUHHUHT IAcT/aH IOKOpPUIa KYTapuiayBUM OKUM TE3JIMIUIa
OOFJIMKIJIMK 3 XOJIaTH TACBUPJIAHTaH.

["a3 Takcumutam TYpu OpKalM MAcTIaH IOKOpUIa Kapad KUYMK TE3JUK OujaH ra3 €Ku CYIOKIUK
OKMMHU r00OpHIICa, JOHAAOP KaTiaM Ky3ranMac xosatuzaa kosaau (la-pacm). byHna okum Te3nuru
y3rapumm OwiaH KamiaM (COMUINTUPMA 1033, FOBAKIMIMK Ba XOKa30) HUHI XapaKTepUCTHUKalapu
y3rapmaiinu. Katinam opkanu yraérran ras (€Ku CyrOKIHK) OJIHHA, (GHIIBTPIAHUO XapaKaTIaHaIH.

JlexuH, ra3 (€ku CyIOKJIMK) OKUMUHUHT TE3JIMTU acTa - CEKUH omupuO Oopuiica, TE3IMKHUHT MablyM

OMp KpUTHK KMHMaTuAa KaTjlamard 3appadajap OFUpJIUTrd OWJIaH OKMUMHUHT THAPOJWHAMUK OOCHM Ky4H
TeHrnamaau. byHaa KaTmaMHUHT KY3FaaMac XojaaTh Oy3uiiay Ba YHUHT FOBAKJIWINTH, OalaHIJIMTH KyTaiino

6opamu. lly BakTna KariaMm 3appadanapd CWDKMO Oomnuiaiiim Ba KariaM OKYyBYaHJHMKKa sra OYmau0

6OH_IJ'IaI‘/’II[I/I. Arap ra3 OKHUMH TEC3JIMTHU sHaJda OLIHWPUIICA, KaTJlaM KCHIadH, 3appadajlap XapakKaTu

(baonnamazm, JICKUH T'MAPOANHAMUK MYBO3aHAT XaJIu XaM 6y31/IJ'IMaI‘/’II[I/I. By XOJI KaTJIaMHHUHI MaBXyM KaltHai

Kapa€HUra YTraHJIUTUHY KypcaTa iy, ’bHU OYTYH KaTiaM Xyaau KaitHaéTranaek 0yauo kypunaau (16-pacm).
KarnamMHuHr OyHaai xonatuaa KaTTUK 3appadajap MHTEHCUB, TapTHOCU3, TypiH HyHanunuiapja xapakar

KUJIaIu.
Arap ra3 OKUMHUHUHT
a o G
AN—— AN — AN TE3JIMTH  sHAajJa  OLIMPHIICA,
T T 1 f f f f f KaTiaam FOBaKJTHIIUTH Ba
:’_os:’c; U:’figi OanmaHUIMT KECKUH Kymnaiuo
or = u:"’ o
:g Li 5‘; o Oopanu. a3 Te3nuru Mabiaym
"i;’ié;oi‘;i:.’og Oup KpUTHK KUHMaTra eTrasjia
o5}20 0d MaBXyM  KaiiHam  Katiamu
"o., 0009 650
o 3.1’13. Di .,“io Oy3uinaau. bynna
ol © o .°
. THIPOJIMHAMUK OOCHM KydIapu
f f T T 1 T f f T KaTjaM 3appadajapu OFUPIIUK
a AN AN— Ky4ugaH omu0 KeTagd Ba
W< W MK W '-_‘"’H,\ W o~ ”;"\ yq o A
KAaTTUK 3appadanap ra3 OKUMHU
1-pacM. KaTTHK 3appadajap KaTJlaMd OpKajiM ra3 (CyIOKJIHMK) XapaKara-
KY3raaMmac KaTiam; 6-MaBXyM KalHalll KaTjaMH; B - KATTUK Ounman  Oupra yuub  4uka
3appadarapHUHT OKUM OWJIAH YMKUO KETHIIIN. oonutaiimu ~ (1B-pacm). T'a3
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OKMMH OMJIaH KaTTHK 3appadyalapHUHT EMMacura y9uo 9uKa OOoIam X0ucacu MHEBMOTPAHCIIOPT 11e0
HOMJIaHAIW Ba CaHOaTAa CO‘-II/IJ'IYB‘-IaH MaTepI/IaJIJIapI/IHI/I y3aTI/IH_I y‘-IYH HNHJIaTuJIaau.

2-pacMjia JOHAJ0P KaTiiaM OallaHIJIMTH Ba TUAPABINK KAPIIMIUTHHUHT OKUM COXTa (KypHuima
KYHJQJIaHT KECHM F03acura HUCOaTaH XMCOOJIaHTaH TE3JIMK) Te3JIMTIHAaH OOFIUKINK TpaduKiIapu
KEITUPUIITaH.

Karnawm ky3ranmacnuru Oy3unnd, MaBXyM

:Q ,‘//q EEI KalfHalll X0JIaTUra YTHUII NaWTUIArH TE3JIHK
‘% D c. ’/’,j,/’ = j MaBXyM KaiHAIIHHHT GOLLTAHMIN TE3JIUIH EKH
S [._7___.-——5’{ = OMpPMHYY KPUTHK Te3JIMK /1e0 HOMIIaHa! Ba
3 i | W, Xapdhu Omitan OenruiaHaiy.
s i : Arap, Ta3 OKUMU TE3JUTHHU W, TaYa
> : “‘/ LgWs  ommpu6 Gopuica TOHAAOP KATIaM MHAPABIHK
Wk = Kapumuru optub 6opanu (2 6-pacm). Jlekum,
e WoKHMIMAaTH OIIUIIY OMJIaH KaTJIaMHUHT
8 " OanaHuIMIK yMyMaH y3rapmaiiau (2a-pacm ABC
S ‘ : & YH3UK).
= - ! ! OKMMHUHT THAPOAWHAMUK OOCHM Ky4H
! ! KaTTHK 3appavaiap KaTJaMyd OFUPJIMK Kydura TeHT
z 1 L lgwp Oyiranza MaBXyMm KaifHaul xapadHu OOLUIAHAMM.
ngn Wy Jlexun, amanga B HyKragaru Terumuim
2- pac. JloHAZIOP 3appaYANAp KaTIAMIH O6ocumiap ¢Qapku OeBOoCHMTa MaBXyM KaiHaII
Oananuury (a) Ba THAPABINK KAPIIHIUTHHUHT Gouutanumura (C Hykra) oun AP naH, sbHH
(6) okuM Te3urura OOTIIMKIINTH. KaTJIaMHU MaBXyM KaWHaIl XoJaTujaa yIuiad

TypUIl y4YyH 3apyp THUAPOJUHAMHK OOCHM
Ky4MJlaH KYIpoK Oynaau.

Bynra ca6a0, ky3ranmac KatiaM XOJaTUJArdu 3appadajiap opacujaru TopTumui Kyuuaup. ['a3
OKUMH TE3IMIu W,k  Oyiranga, 3appadaigap opacujard TOPTUILIMII KywWwIapuHU €Hragd Ba
THIPOIMHAMHK 00cuM Kyuu (AP) KaTiaaM 3appadajapy OFUPJIMIHra THIJIAIIA M.

20-pacMiaH KYpUHUO TypUOIUKH, IOKOpUIa alTHIITaH 1IapTiiap MaBXyM KalHaml »apaéHUHUHT
xamma opanuruaa (C-E 4u3uk) OaxapuiMokaa. MaBxym KalHaml OONUIAHUIIM OWJIaH OKUMHUHT
TUIPOJIMHAMUK OOCHUM KydJlapy KaTjamaard KaTTHK 3appadajiap OFUPJIMTMHU MyBO3aHATJa YIUIANH M.

a3 oxumu Te3nuru opTUINM OWJIaH KaTiaM 3appadallapd OFUpIUTrU y3rapMaiau. Jlemak,
KaTJIaMHU MaBXyM KalHaIll XoJaTuja yuuiad Typull yayH 3apyp O0ynran AP xam Ooup xun 0ynamu. By
xonar 2 6-pacmiaa CE yu3usu Ownan udopanaHaau. Arap Te3IHK sHa OMIMPHIICA, MaBXyM KaifHaIn
MyBO3aHaTH Oy3winO, KypuiMaZaH ra3 OKMMH OmWiiaH 3appadanap €nmacura yuyud 4yuka Oonuiaiau.
Ym0y xonarra ouJ Te3MUK y4U0 YHKUII Te3JIUId €KUM HKKUHYM KPUTHK Te3JIMK /1€0 I0pUTUIIaAH Ba
Wy, Oenru Ounan udoaanaHaiy.

By xonatna KaTTaMHHHT FOBAKIIMIIMTH XKy/Ia KatTa Oynaan, SbHA € HU KUMaTu | SKWHIanmo
6opaau. Arap, UIIYM TE3THK Wo KUMMaTH Wy/IaH O3THHA OpTCa, 3appadyalapHUHT KypHIMaIaH
énmnacura yyud YUKUIIN OOIIIaHA M.

Arap, ra3 OKMMHU TE3JIUTH acTa - CeKUH KaMalTupub Gopuiica, kapaéH arpu un3uru ABC un3uk
amac, basiku CD umsurm Owmnan udonananamy (2 6-pacm). Yoy xoauca ructepe3nc J1ed HOMIIaHA !,
I'ucTepesuc xoaucacCMHUHT Tak0 Oynummra cabad, 3appadaiap ypTacuaaru y3apo TOPTUIIUII Ky4H,
STbHH YOy KyYHHM €HTHUINTa KyImumya sHeprus capd Oynumuaup. YHIaH Tamkapu, MaBXyM KaiHaIn
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apa€Hu TyraraiJiaH CyHT, Ky3FajaMac KaT/iaM FOBAKJIMJIMIY EKH OaaHAJIUTU MaBXyM KaifHallI xKapaéHu
OolIanaan aBBajITru KaTIIaMHUKUAAaH Oup o3 kyn 0ynanu. bynunr uc6oru pacmaaru CD 4u3uKHUHT
AB nan Tenajaa >KoinamraliIurup.

Arapna xapaéH siHa KaiitanaH OolutaHca, ShHU a3 OKUMU TE3JIUTH OPTHUINN OWJIaH KaTJIaMHHUHT
THJPAaBIUK Kapumru AB umsuru smac, 6anku CD umsuru Omnan udopananagu. Xynoca Kuiand
alTranaa, TUCTEPE3UC XOUCaACH HaMOEH OYiImaiau.

MaBxyM KaifHail >kapa€Hy STpH YM3UFUHUHT IIAKJIW KaTjiaM XoJaTHMHHU udonanaigu. MaBxym
KaifHa1 jkapaéHu WxBa Wy, TE3IHKIIAp OpAIUry OWjIaH yerapaiaHajy.

WNiruy Te3nuk W HUHT MaBXyM KaifHall OONIJTAaHUIIN TE3JIUTH W, Ta HUCOATH MaBXyM KaiiHAIl
conuKy, 1e6 arananu Ba y KyWnard KypHUHHIILTA 3Ta:

K, = (16)

MK

MagxyM KaiHaIll COHU 3appaydaJlapHUHT apalalliiil HHTEHCUBIIMIY Ba KaTjlaM XOJIaTUHU
ndoganaiam.

Kynunnuk xonarnapza 3appavyaiapHUHT HHTEHCHB apanamuimm Kyw=2 ga 6ynumm taxpuoda iymm
OuJaH aHUKJTaHTaH. AHUK TEXHOJIOTHK jkKapaéH yuyH KwHUHT ONTUMAaJl KHMAaTH KEHT OpaTuKIa
y3rapaau Ba y Taxpu0a Wyinu OusiiaH TOMHIIA N,

HIapcumon maknu (f 21), ropakiaunurun £20,4 OYaraH KaTJIaMHHHT MAaBXyM KailHAIIIHUHT
6ounanum te3nuru npod. O.M.Toaec dopmyrnacu Epaamua aHUKIAHUIIN MyMKHH:

Re = Ar (17)
1400+ 5,22+ Ar
Oy epna
d
Re,, = (18)
Y7,
MaBxyM KaiiHai1 OOIIJIaHUII TE3JTUTH:
R .
W, = ek (19)
) dp

(17) dopmynanaru Apxumen (Ar) kpurepuiicu ymoy GpopMmyiazaH TOMUIAIN:

d? -
4 = g; P P (20)

v p

6y epma: d, - 3appaya SKBUBANEHT AUAMETPH, M; V- MyXHT KHHEMATHK KOBYIIOKIUTH, M%/C; pBA Py —
MYXHT Ba 3appaya 3UdITHKIAPH, KI/M.

W0> W, OVIITaH XOJaTAa Te3JIMK OPTUIITN OWJIaH KaTjiaM KeHTasId Ba FOBAKIMIUTH (OYIII Xa)KMH )
Kynasiiy.
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MaBxyM KaT/iaM MyBO3aHAaTH Oy3WJIUIIN Ba 3appadajapHUHT ENnacura yuyud 4MKUII Te3TUTHHU

n(poNANOBYM MKKUHYM KPUTHUK Te3nuk xam mpod. O.M.Tomec TOMOHUAAH KENTHPUO YHMKAPHITAH
dopmyna épramuaa XxucoOam MyMKUH:

Ar
Re = 21
" 18+ 0,575V 4r D)
OyHa
Wy, dp
Re, =—— (22)
U
y‘lI/IG YUKUII TC3JIUI'U 23Ca.
Re - u
w, =—" 23
» dp (23)

Karnam roBakmuuru 0,4 <e<l opanukna 6ynranunga Re Hu xucoOnam yuyH Kyilujgaru
yMyMJIAIITUPUITaH popMyIia Takiug sTuinaau:

AI" . 84,75
Re

= (24)
Y 18406V Ar £t

Arap, W mawiayMm Oyica &an(25) popmyraaa TOMHIIT MyMKHH:

0,21
. [18 Re,+ 0,36 Re’ J

25
e (25)
Varapmac katnam Hy Ba MaBXyM KaitHam Kataamu 6anasmmukiapu H, ypracuna Kyiumara
OOFIIUKIIUK OOp.
H,(-¢,)=H0-¢) (26)
Oy epa & Ba &ux - KY3FaJIMac Ba MaBXyM KailHaIl KaTjJamMJIapUHUHT FOBAKIMIIUTH.
Karnamnaru 6ocumiap ¢gapku ymly TeHTrIaMaaaH aHUKJIaHAH:
Ap = gp(l — &)H (27)
g=1-L (28)
Ps

6y epra px - KaTaaM 3HUITHTH, KI/M°, p3 - KATTHK 3appadaiap 3UUINTH, KI/M

Ky3ranmac KaTiiaM FOBaKJIMJIMTH 3Ca:
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e (29)

Oy epia Py - MaTEPHATHUHT «TYKMay 3UUINTH, KI/M°,

KarTuk 3appavanap kariamugara 6ocumiap GpapKuHu XUcoOaml yuyH Jprad GopMyIacuHu
KYJIJIall MyMKHUH:

l1-¢, ) 1- 2
AP:BO@”-Z”HHJS—}%-’O"—WH (30)
o 5 &y d,

MaBxyMm KaiiHalll KATJIaMJId KypujiaMaJiap

XKapaéunap OOPHMILIMHUHI TEXHOJOTMK IIAPOWUTIAPUHHU, HIUIA0 YUKAPWIAETIaH MaxcysoT
cudarTura Kydwmagurad TtamabiapHH y3apo Tabcupja OyiraH MOJIATAPHUHT  y3Ura  XOC
XyCyCUSTIApUHM ~ XHMcOOra OJyBUM JKyJa KyOo MaBXyM KalHaIl KaTjiamjid KypuiMmaiap
KOHCTPYKIUSJIApH sSpaTWITaH. 3-pacMjia MaBXyM KalHAml KaTiamid KypHJIMAJIApHUHT adpum
KOHCTPYKLHUSTIAPU KYpPCATUIITaH.

WNmnam npuHnunura kapa®d OaBpuil Ba Y3JIyKCHU3 HIUIAWIUraH KypwiMmanap Oynaau. Y3imyKcus
KypuJIMaiapja ra3 OKMMHU Ba JOHAJ0p MaTepHal ¥3apo TabCUp KUIUO, YHra y3IIyKCHU3 PaBHUINA IOKIaHAIU
Ba KypuJIMaJaH TYKUJIA/IH.
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XKapaénna kaTHaIIyBUM KaTTUK MaTepHall Ba ra3 OKUMUHUHT XapakaT HYHaIuIm Oup Xui,
Kapama - KapIliyd Ba KECHIITaH YTy OYIUIIN MyMKUH.

Honadop mamepuan
-

Heoradaop Il
mamepuan

L

Honadop
Manepuan

e 40

-E_I &
Ly
9_'1
o) *_|
—_— - _;W

2as Tt i
=

3-pacM. MaBxyMm KaiiHa1lll KATJIaMJIM KypUJiMajiap cxeMajaapu.
a — MMUIWHAPUK Y3ITyKCU3 HIUIARINTaH, Kapama - Kapiu Wy, O -HyHanTHpUITad TUPKYJISIISIIN; B -
KOHYCCHMOH; T - apajaliTUPTHy MOCJIaMaJly; JI - THEBMOTPAHCIIOPT Mociamany: | - o3 Tamoa; 2 -
OyHKep; 3 - macT OOCHMHU XaBO KYBYpH; 4 - IUKIIOH; € — (a0l oKuMYaiu: 1- Kobuk; 2- Typ mapna; 3,5,7-

o3

ra

Y3nykceu3 MULUIAHAMIaH, KapaMa - Kapuy My NHIHHAPUK KypHiaMaJjapia ra3 OKUMHU
TaKCUMJIOBYM TEIIMKJIM TaH)Kapa OCTUIa y3aTWiICa, MAaTepuall dca KypWIMa-HHUHI Tela KUCMHUJAaH
fokJaHaau (3 a-pacm). ['a3 TakcHMMIIOBYUM TEUIMKIIM MAHXapa YCTUAA TOHAZ0p MaTepUaIHUHT OUp XU
CaTXMHM TabMUHJIAII Ba KypUJIMaJaH YMKapHUIll yuyH OKHO YTyBuUM marpyOkanap Xu3mar Kujiaau.

BepTukan quimHAPCHUMOH KypuiManap KarTa MUKJIOpJAaru I0OH — AyHJIapHU HUFUO KYHUII yayH
unutatiiana (3 6-pacm). 'a3 Takcumutam kamepacu siccd TyO Ba TEHIMKIIM IMaH)Kapajap opacuja
YKOWJIAIraH MKKUTA [MWIMHAPAAH noopar. by KOHCTpYKIUSIIM KaMepajap/ia KOHUEHTPUK TYCHUK YHHU
UKKUTa, SbHU WYKU Ba TallIKK Xajkajmapra Oymamau. Tamiku xajika OYIUIMFUra, MYKWra Kaparasjaa 2
Mapra Kym ra3z robopunaad. Typiau MuUKIopAa ra3 y3aTHJITraHuh cababiu, KypuiMmaga JOH Maxcy-
JIOTUHUHT HYHaNTHPHWITaH LUPKYJSAIMMSIN XapakaTu maigo Oynmaau. HaTwkaga marepuan MHTEHCUB
apayaiiagy Ba 3appadajap XxapakaTu KypuiaMma YKuIaH HUIMHIPUK 1€BOp TOMOHTA iiyHanran 0yinanu.

KonyccuMoH KypuJiMajapaa macTaaH IOKOpUTa Kapad TE3MUKHUHI Macailuiiy MONUIHCIIepe
MaTepHaJUTApHA MaBXyM KaifHaTUIII UMKOHHWHU sipataan (3B-pacm). ['a3 okuMu KaTTa Te3NMMKIa KypriMa
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TyOWaaru ImTynep oOpkKamu rbopwraad. Ymly XojaTaa
5 KypwiMara ra3 TakCUMJIOBYM TEUIMKIM [aHXapa Xam
.z YypHatunmaca Oynaau. Temukiu maHkapacw3 Kypuimalapiaa
R ENUIIKOK MaTepHAJUIAPHM XaM MaBXyM KalHaull jKapa€HHJaH
doitmanannd Kypurca O6ynamu. Arap, KOHYCIHK Oypdard Karrta

Oynca, Ta3 OKMMHUHMHI KypWiIMa JE€BOPU SKHMHUAA (AOJIUIH
KaMasiu Ba KOHYC YKU OViIad y3myKcu3 KaHai Oaprio OYiuim

MYMKMUH. YI_H6y KaHall OpKaJld KaTTa TE3JIMKAa «ra3 - KAaTTUK

3appava» apajaliMach XapakaT KWwinO, KaTiamjJaH OTHIHO

Honadop mamepuan 4yuKHO, KaTTHK 3appadanap (aBBOpATapuHH XOCHI KHIIAJM.

4-pacm. Y31ykeus muLiaiiuran Bynpaii Katnam ¢paseopacumon Kamaam 1e0 aranauu.

CEeKLUSJIM KypHJama.

1 - KOGHK, 2 - a3 TAKCHMIIOBUH Huametpu 25...40 MkM Ymyamiid EMUIIKOK Ba 3JIEKTPOJIA3AIUATA

TeLIMKIIH [TAHKapa; 3 — OKuO YTuu MOMUIJI Maija 3appadajlap MaBXyM KalHaml »xapac¢Huga SXIIH

apaJallMIIMHA TABMHUHJIAII Ba XapaKaTCU3 30HAJIApHU Oaprapad KHIUII MaKCaJau/Ia, XaM1a UCCUKITHK

Ba Macca aJMallMHMIN Kapa¢HIapUHU MHTECHCHBIIAII YUYyH ra30MEXaHMK MaBXyM KalHaIl yCYyJIUIaH

dovinananmnaau (3r,n-pacm). KarimaMra kymmmya 3HEprusi y3aTHII TYpJId XHJI apajlalliTAPraY Ba
TeOpaTruwiap épaamMuaa amaira omupuiaam (3 r-pacm).

ITHeBMOTpPaHCIOPT yCYJIH Ba MOCJaMAacH JIOHAZO0p MaTepHauIapHH TpyOa KyBypiapu OpKajH
MabJIyM Macodara €ku OallaHUIMKKa Y3aTHIN Y9yH MyJDpkautanrad (3x -pacm). [lonamop marepuan
HUTI037IM Tam0a €plaMu/ia XaBo y3aTUIll KyBypUra KaJoKJIaHuO Tymrypuiaan. MaBxym KaiHal KaTiaaMu
ra3 Ba KaTTHK (pa3anapra MHUK-JOHa aMalira OIIUPHIIa IH.

VY3iIyKcH3 WINUIARANTAH CeKIUsii Kypuiama. JKapaéHHUHT XapakaTra KEITUPYBYH KYYHHH
KaMaiuIira oJind KeJyBUM TECKapH apallalliuITHA KaMaUTHPUIIL Ba )KapaH TeMIIepaTypacuHu OUp XK
KHWJIMII MaKcau1a KapaMa - KapIiy HyJuii KypuiManapia CeKIusuian Kyanunany (4-pacm). ByHuHT
yU4yH KypwiMma OanaH/yiuru Oyinald TemUKIM MaHxapaiap €paamuia JOHAJI0p MaTephall KaTIiaMu
Oynmuuanu. JIoHaqOp MaTepUANHUHT IOKOPU CEKIHMsUIapJaH mactra Kapad XapakaTJaHWIIH, OFUPIHK
Ky4YHd TabCUPHUA amMara OIau.

Texkmmpu yuyH caBoJuiap.
1.MaBxyM KaliHall xapa€HH acociapy Ba TMIPOIMHAMHUKACH.
2.MapxyMm KalHaIll KaTJIaMJIM KypuiMaziap.

3. Kputuk Te3nukiap Xxakuja HUMajapHu ounacus?

12-Ma’ruza
Suyugliklarni uzatish. Nasoslar.
PE/XA:

1. VYmywmuii rymyHuanap

2. Hacocnap kiaccuduxanuscu.

3. Hacocmapauar Kumépwuii mapamerpiapu.
4. TlopuieHan HacoC KOHCTPYKLIHUSCH.

YMymuii TyuryH4yajaap
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Kypunmanapaa Ba KyByp uunia CyrOKJIMK YHUHT OOITH Ba oXxupuaaru documiap dhapku tydaiinm
xapakar Kuinaau. CYIOKIUKHUHT KyWM caTx/JaH IOKOpM caTXra y3aTHII Y4yH 3ca, HacociapiaH
¢oiinananmnaay. byHaa cyroKiIuKra 00CUMHUHT TOTEHIIMAI SHEPTHIACH TabCUP ATTUPUIIAIH.

Hacoc - mynpmail rufpaBiIMK MalIMHAK{A, YHAA JJIEKTP HOPUTKUYHUHI MEXAaHUK SHEPrUsCU
CYIOKJIMKHUHT XapakaTiaHuil (y3aTHII) YHEPTUsACUTa ailaHTUprO Oepuiiaau.
Hacocaap kiaaccnpuxkanusicu

XapakaTliaHull Typura Kapad XaXMUW, Kypakiu (MapkaszJaH KouMa), YIOpMaBHil Ba YKIU
Hacocyapra OyirHaIu.

XaKMHUH HACOCTApHUHI WIUIAIl HPUHOWNM EMUK XaXM HWYMJa CHKUO YHMKApHII YCyJHura
acocianran OynuO, wirapuiama-kaiiTMa Ba aillaHMa Xxapakamiap Ty(halid CyIOKIHK CHKHO
yuKapuiaa. XaXMHH Hacociapra HOPIICHIH, POTAIlMOH, BHHTIIM, MICCTEPHSJIM Ba IUIACTHHAIN
THIPAaBIUK MallMHAIAp KUpaad. MapkasigaH KoumMa Hacociapaa OOCHM MapKasz[gaH KouMa Kyd
TabCUPHU/IA, SHHH HACOC KOOMFU (AacOCH)ra >KOWJIAIIraH Kypakid FHJIMPAKHUHT aiiaHum Tydaiim
coqup Oynaau.

ViopmaBuii Hacoclapa YOpMa JHEpTusiCH XUcoOWra ysaTwiaaad. By WIIYM FUIIUpAKHHHT
aliJIaHWIINAA YIOPMaHHHT T€3/1a XOCUII OYIIMIIN Ba CYHUIIY OWJIaH amajra OIa/Iu.

A#Tn® yTuaraH HacoclapAaH TallKapd, SHAa OKMMYAIM HAcociap, XaMmaa ra3nudriap Ba
MOHTEXIO /1e0 HOMJIAHAIWTaH MallMHaIapaaH XxaMm ¢oigananwiaan. by Hacocnmapaa ras, cyB Ba
OyFJIapHUHT OocuMITapuaaH (o aamaHuIau.

Hacocaapuunr Kumésuii napamerpJiapu

Hacocmapauar KuméBuit mapamerpnapu 6Ynmub yHYMAOPIUK, HAIIOp Ba KyBBaTJIapH
XHUCOOIaHaIH.

Vaymaopmuk V(u3/c) — 6y CylOKIMKHUHT XaxMuii capdu 61u6, Xaiiaamm KyBypa opKaid HAcoC
épaaMua y3aTHITaH CYIOKJINK MUKIOPUHU OUIIMpPaIH.

Hacoc nanopu H(m) — Oy HACOCHUHT Macca OMpIUrHra sra OyJIraH CylOKJIMKKa OepraH CONMUIITHPMA
SHEPTUACUINDP.

®oiinanu KyBBat Ng (Bm) —Hanop H Ba cyloKJIMK MaccaBuii capdu pgV KynaiTmacura TeHT
MUKJIOpJAaru CyrOKJIUK NOTEHIUAJ SHEPTUACUTA alTUIIaIN:

N, = pgVH (1)

Hacoc yxunaru kyBBat Ne HM aHHMKIIAII yuyH (oiiian KyBBaTHU Hacoc (oiinanu umr
KodpduurenTrra OYIuII Kepak Ba y HACOCHUHT HYKOTTaH SHEPTUsCUHU XapaKTepaian:

N, VH
No=t=H = @)

Hacoc I\/'IS’/KOTI“aH 3HCpF UACU KOHCTp}IKLII/I}IHI/IHl" MyKaMMa.HJII/IF U, HIIJIaTHUIII CaMapaIIOpJ'II/IFH Ba
HACOCHUHT e,[[I/IpI/IJII/IIHI/I XI/ICOGI‘a OJIMHAOU:
My =T N e 3
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Oy epna 7p— y3aTuil ¢.1.K.; CYIOKIUKHUHT KJIanaH, CAIbHUK, Xap XWJI TUPKUILIApIaH OKHO YHMKUO
KETHUIIIUHU XUCOOTa 01, SbHU h=V/V a3 XaKUKUI YHYMIOPJIUKHUHT Ha3apUil YHYMIOPJIUKKA
HUCOATUHU XapaKTepianau; 7—TuapaBiuk §.u.x.;7.=H/Hyua; - XaXXMHI HaOpHU Ha3apuii Haropra
HUCOATHHU OMIIAUPANIHN; Tmex— MEXAHUK ().M.K.;IOALIIMITHUK, CAIbHUK Ba OOIIKA 3JIeMEHTIapa
WILKAJIaHUIITa HYKOTUIITaH KyBBaT.

Hacocuunr ¢oiinanu ui ko3dduirentu 7, nopuenian Hacocuap yuyH 0,8...09, mapka3gan kouma
Hacoc yuyH 0,7...0,95 Hu Tamkun staau.

Hacoc kypuiMacuHuHT TYIUK ¢oiigany um kodhGUiueHTH:
_ ¢ _
N=—" =1 Ny (4)

Oy epna N— IOPUTKHY UCTEBMOI KyBBATH; 7]y;— Y3aTHII (.H.K.; H— IOPAUTKAY (.1 K.

KOpuTKHYHUHT aHUK KyBBaTH, HACOCHU MILra TyIIUpHUII oHUja (BakTuaa)ru N,opTukua
IOKJIAHUILIMHY HHOOATTa OJIraH KOJ1J1a AaHUKJIaHA I},

N, =N 5)

aH L

Oy epna - KyBBaTHHUHT 3axupa Kod(hduiueHTr, Oy 3JIeKTp FPUTKUYHUHT KyBBaTHra Kapad 2,0 nax
1,1 raga onuHaIU.

DNeKTp IOPUTKUYHMHI KyBBaTH KaH4ya IOKOpU O¥yica, xoddduiumeHt F HUHI KuiiMaTu MHIyH4Ya
KUYHMKJIAIIA]H.

Cypumi oOananmpaiauru. Hacoc kxypmimacu Hacoc 1, macTtku 2 Ba OOCHMM XOCHJI KHUJIYBUM 3
uauiapaad, Manometp M, Bakyymmetp B, cypuin 4 Ba xaiigam S5 KyBypiiapuiaH TalIKWII TONTaH.

Hacocuunr Hanopuau anukiiam yuyH 1-1 Ba 0-0 kecumnapu yuyH bepHyin TeHIIaMacuHu Cypuil
pPeXUMHU yuyH €3amu3. Takkocian TeKUCIUTH J1e0 MacTKU WANIIIATH CYIOKIMK CAaTXUHU OJIaMU3:

J 2
a2 pl Wl _ N chp pcyp

E + + hcypﬁyx - (6)

5 e T oy P

_v —

Uy
g
‘ g‘ h

I i - h
-7~ Gl o
] o | OamaHmIUrU; Wejp — CYPHII KYBYPUAATH CYFOKIHMK TE3IHIH; Pejp —

| o o
HACOCHHHT CYPHII 00CUMHE; Nejp.ijx - CYPHUIL KYBYpUAATU

-

. Oy epaa p1— nactku uaumaara 6ocum; Wi — 1-1 kecumaaru

MACTKU XKMIAru CYROKJIHK Te3MUru; Hejp — cypur

T3

Us. (VRV}

o UYKOTHJINIIIIAP.
y

V4 - 2y |

2

1-pacm. Hacoc kypuamacu

[

Xainam pexxumu yuyH 0-0 Ba 2-2 kecuMiapy y4yH Ty3WITaH
bepnynnu TeHrmamacu (TaKKOCaIl TEKUCIUTH 1e0 Hacoc
cxemacu. VkuaaH yrrad 0-0 TeKUCIUTY OJMHAIN) Kylnaarnda E3unau:
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2 2
P, W, W
P Doy % Py

i 7
pg 29 » 29 pg V3UYK ( )

Oy epna, Pys— y3atuil (xaiiaam) 6ocuMu; Wy; — Xalaam KyBypuaara Te3nuk; Hy; — y3aTum
OamaHaIura; Wz — 2-2 — KeCUM/JIaTl FOKOPH MIUIIIATH CYIOKJIUK TE3JIUTH; P2 — Xahaanr
UAMIIHAATH 00CUM; Nys ik - Xalgal KyBypHIArd HYKOTHIIHIIL

Cypuin Ba xaiam KyBypiaapuIaru Te3IUKKa HUCOATaH MacTKU Ba IOKOPHUIATH HIAIIUIAPAArH
CYIOKJIMK TE3JIMTMHHUHT Y3rapuIlly )Ky1a KHIKK Oyranu y4ayH, yiaap Hoira tenr (Wi=0; wz=0).
(6) Ba (7) TenriiamanapHu XxucoOra oJau0 HACOCHUHT HATOPUHM KyWHaaruda €3uil MyMKHH:
2 2
H = PyB_Pcyp _ F, - R +Wc:vp T Wy

oy oy 2n

+ Hcyp + Hy3 + h + hymw (8)

ap iy

Cypum 6mnan xaiai KyBypHu y3apo TeHT Oyran/a, yiuoy TeHITTMKHI COAANAIITHPUII MyMKHAH
Oynanu, SbHU Wep = Wys. CYIOKITMKHE T€OMETPHK y3aTuil Oananymru 3ca, H. = Heyp + Hys, Oyanan
KyHuJara TeHriamMa KeJimb YuKau:

P - P
H=-2—"24+H+h, )
pg ik

Oy epaa Nipx=hejp+tNys.ip - OOCUMHUHT yMyMUiA HYKOTHIIHIIN.

Arapna IoKOpH/Iary Ba MacTKU WAMIIIAr OocuMiap TeHr oyica, sbHu Po=P1, y Xonza:
H=H,+ hﬁyK (10)

(9) Tenrnamara OMHOAH, HACOCHUHT OOCUMH, CYIOKJIMKHU I€OMETpHUK OanaH MK H.kyTapuiira,
pannuiapaarn 6ocumiap (apKuHH, CYpUIN Ba Xalgaml HIUNDIApAArd THAPABIMK KAPIIWIAKIAPHU
eHruira capg oymamau.

l'opusoHTan >xoWnamraH KyByp opkamu cyB y3atwiragaa (H.=0), nacoc Oocumu @akar
KapIIWJIMKIAPHU HTHII Y9yH cap(aHaau:

H=h, (11)

wK

Nmnaérran HacOCHUHT OOCHMUHM (HamopuHu) BakyymmeTrp H, Ba manomerp H, napHuHT
KYpcaTKU4Iapy acoOCHJIa aHUKJIAIl MyMKHH:

H=H_ +H,+h

Oy epana h — MmaHOMeTp Ba BakyyMMeTpiap opacuaa Macoda.

(9) Tenrnamanan cypuil OaTaHAJTUTHHU KYpHO YUKCaK:
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p,—p W
Hcyp = pg - zzp _hcypﬁyk (12)

W1 Te3ITUK KHUMaTH Wejp Ta HUCOATaH aHYa KUYUK OYIranu yayH, Wi=0 ne6 kaOys Kuicak 0ymam.

(12) Tenrnmamagan 1y Hapca KYpuHUO TYpUOIMKH, pPepKaMaluiim OwiaH cypuil OanaHIUTd
optamu. CyIOKIMK HAcOC MYWIa KallHa0 KETMACIHUTH YYyH, Pep KHAMATH CYIOKIIUK y3aTHIIaETraH
TeMIeparypajaru cyB Oyru TyduHuI 0ocumu P, maH kaTTa OYIMIIM Kepak , SbHU  Pejp>P.

[ynnait kKuauo, cypuIl 0adaH JIMTHHUHT YerapaBuii KHUMATHHU KyHuarnda aHuKIaiMu3;

2
< Pam — Py _chp _

op o9 n op ik

H

Oy epaa pam— aTMochepa O0CUMU; Pam=Pp1 -

Axc X072, CYIOKJIMK HacOC NUna KaitHa0 KeTa Iy, Ba HUHTEHCUB OyFXOCuII OyuIra oo Kenaau.
Bbyr mydakdamapu CyrokIuk OwiaH IOKOpH OOCMMIIM 30Hara KHpHO Koica, TOMYHra ainaHwuo,
OVIIIMKIAp XOCHUJ KWJIAIM, T'MJIPAaBIUK 3apba HIOKMH Oynumura oiau0d Kenaau, sS’bHU KaBUTALMs
XoaMcacH conup oynanu.

Kapuranust Oynuim Hacoc yHyMAOPJIMIMHU MacaTupanu, rUapaBiIuK 3apOa OWiIaH uILIaraH
Hacoc, Te3 Oy3uiau, KOppo3usra yupaiiu Ba yHUHT Te3 Oy3WIuIIura ojau0 Keaaau.

IHopensn Hacoc.

[Topennn Hacocnap IUTyHXep €KY NOPUIEHHU LWIMHPAA WirapujiaMa-KaiTMa XapakaTh
éplamMuia CyrOKJIMKHYA CUKUO YMKapuIl MPUHIMINTa acocianral (2-pacm). [lopiiennu YHr ToMoHra
KWJITaH XapaKaTUaaH KeHUH, IFITMHAPHUHT Yar KUCMU/Ia XaBOHHU CHHpPAKIaHUIIHN coaup Oy,
CYpHMII KJIallaHU OYMIJIa N Ba CYPHIL KyBYPH OPKAIH CYIOKIMK LMIMHAPra TopTuO onuHaau. [lopen
yarra CypwiIrasjia cypuul Kianaiu 0epkuino, y3aTHII KJIallaH| OYMIa i Ba CYIOKJIMK Xaiann
KyBYpH OpKaJli y3aTHiia OOIUTaiIu.

[TopieH kpUBOIIMI-IIATYHIN MEXaHU3M €plaMuia Xapakarra kentupunaau. [Topiien
LWIMHAPAA 3UYJIOBUM XanKanap épJaMuaa CMKUO TypuiaIu.

§ u Pl 2-pacMm. bup ToMoH/IaMa XapaKaTJIaHyB4YH, TOPU30OHTAJ

e

N MOpHIeHIH Hacoc cxemacu.1l- mopiiieH; 2- 3uWIoBYN Xankaiap; 3-
[ \\\\‘ 1 CYpUIII KIlanaHu; 4- MIMHIP KOMKOFH; 5- xaiijam (y3aTuI)
\ | KJIAIaHW; 6- MUWIMHAP; 7- KPUBOIIUII — IIATYH MEXaHU3MH.

[Topmiennu Hacocnap y3aTMacu Typura Kapa0, 0eBocuTa yJIaHyBYM Ba y3aTMalld OYiasu.

BbeBocuta ynanran Hacocnmap Oyf Hacociap €pAaammia xapakatiaHaau, OyHAa Hacoc MOpIIeH
OusiaH OMTTa MITOKJIA XKoWIamrad Oyiaau. Y3aTMalu Hacocaap JIeKTp IOpUTKAY EpaMuia Xxapakarra
kentupuiaan. Hacocmap kpuBommn aiijiaHUII YacToTacura Kapao, cekuH ainmanaaurad (N=45...60 MmuH"
b, ypraga

(n=60...120 muu’t) Ba Te3 aitnanaguran (N=120...180 mMun)napra 6ymmHaIN.

[Nopiennu Hacocap BepTUKa Ba TOPU3OHTAN OYIIUIIN MyMKHH.
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Oxopu OGocummm Hacocmap 100 MIla raua O6ynran OocuMHHM TabMUHIA0 Oepca, IOKOpHU
MaxCyJIIOPIMK HACOC 3¢a, coatura 60 M CyIOKIUK Xaiinab Gepau.

[Nopiiennu Hacocnap y4yH CYpHII Ba y3aTUII jkKapa€Hu JaBpuid OYIuO,CYIOKIMKHU y3aTHII OUp
TEKUC amMaJIira OlIMaiIu.

Texmupum y4yH caBoJuiap.
1.Hacocnapuunr Bazudacu.
2.Hacocnapauar KuméBnii mapamerpiapu.
3. Ilopiennu HacOC KaH1al UIutaam?
13-Ma’ruza

Markazdan gochma nasoslar.
PEXA:

1. Mapxka3an Kouma Hacoc.
2. Kasuranus.
3. IecTepHsun Ba MOHOHACOC KOHCTPYKITUSICH.

Mapka3zgan Kouma Hacocaap

Numnam npuHounmu. MapkasiaH KodMma Hacoclap OKMM KHHETHK JHEPTUSICHHH OOCHMHUHT
MOTEHIIMAJ SHEPTuAra aimaHTUpUO OepHIlnra acoCIaHuO UIILTAN U

(1- pacm). By Typmaru Hacociapaa CYIOKJIMKHHA CYPHUII Ba Y3aTHII MapKa3gaH KouMma Kyd
Tabcupuga OYynub, Oy Kyd HAcOC WIIYM FHIJUpArura >KOWJIAllraH CIUPAJICUMOH KypaKdalapHH
aiinmanumuaan xocun 0ynanu. Kypakdanap cyrokiIuK okMO YTaauran KaHaJIHU XOCHI KUJIaIH.

Cyrokuk, cypuill TpyOacu opKaJid, LTI FUIANPAK YKU OYiIad, Hacocra Kupaiu.

Nuram fungupak CyrOKJIMKKa ailaHMa xapakaT Oepamu. Mapka3gaH Kouma Kyd TabCHpHJIA
CYIOKJIMK Hacoc KOOWFM OWJIaH WII FUIIIMPArd opacujaard y3rapyBuaH KYHJaJaHT KECHMJIM KaHaira
kupub Oopaau. Kananga cyroKJIuK TE3IUTY y3aTHIL KyBypUIaru T€3IUK KUMaTUraya KaMasiam.

Harwxkana viram Fuiiuparura Kapumaara 00cuM macaiiu0, CyroKJIUK OeTYXTOB Hacocra cypud
6opunanu. MapkasiaH KouMa TypAarid HaCOCHH UINTa TYIIMPUIIIaH OJIMH HACOC MYM/1a CUHPAKIIaHHII
XOCHJI KWJIMII YYyH YHUHT WYMra CYIOKIMK Kyiunaau. Hacocnan cyroknuk opkara oKMO KeTMaciauru
yUyH, KalTapuIll KJIaaHu cypull Tpydacura ypHaTuiaran 6ynaau. ['uapaBnuk MamuHauap Oup Ba Kyn
OOCKMYJIM Hacocaapra OyiInHaau.
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AT —
Z == =
- — - 2-pacm. Kyn 60cKu4/M, MapKa3gaH KO4UMa HAacoc
Z cXeMacH.
1-pacm. Mapka3zian KoUMa HACOC CXeMAaCH. 1-unrum rungupak; 2-Ko6uk;3- yK; 4- aitlaHMa KaHail.

1,7- wianan; 2- cypumn KyBypu; 3- HIIYH
FUILIUpAK; 4- VK; 5- KOOUK; 6- Xaiifam KyBypHu;
8- 3anBMIKKA.

bup 6ockuunn HacocHUHr 6ocumu 50 M cyB ycTyHUAaH ommaiu. [IIlyHUHT yuyH 10KOpu 60CcuM
XOCHJI KWJIMII YYYH OMp YKHUHT y3ura KeTMa-KeT OMp Heva WIYd FUIIUpArd YpHATUIIAIH.
Ky 6ockuunm HacOCHUHT OOCUMU FUJIIMPAK COHUTA MPOTIOPIIMOHA.
Kynunua rungupaxiap conu Oemranan optMmaiiau (2- pacm)
IIponopuuonajimk KOHYHH. Mapka3iaH KouMa HaCOCIapHUHT HAllOPU Ba YHYMIOPJIUTH HACOC
WYY FUTAUPATHHUHT ailJIaH|II YacToTacu (COHM)ra 6orauk Oynanu. KOxopuaaru TeHriamara
MyBO(HK HAacOC HAlOpH ailjlaHMa TE3JIMK KBaJpaTura 0ofnuk, sbHu H ~ CoU2. ra TEHT.

Arap aiinanunuiap conu Ny 1a Harop H16ynca, Na~ H20ynaau ned Xyjoca KWJiICcaK, yHa:
H u,) (Y 2
H, U, n, H, \n,

(1) Tenrnamanan sca, HaCOC YHYMJIOPJIUTH CYIOKJIMK FUJIAUPAruAaH aXpaauigara abCoaoT

TE3JIMTUHU paJidall TAIKUII 3TYBUUCHUTA ITPOIMOPUIHOHAI, AbHU V~Cr2

I/J._Cér_u;_ﬂ-l)an_nl. V1_”1 )
v, Cy, u; 7D, n, n, v,

n,

Hacoc Tanab stajuran KyBBaT 3ca, YHYMIOPJIMK Ba HATOPHUHT KymaiT™Macura mporopiiroHan (1)
Ba (2) TeHrnaManapra OMHOaH KyHHuIaru KYpUHUIIHU XOCHUI KMJIaMU3:

3
N, n
N_l = (_1] (3)
2 n,
(1) - (3) Tenraamanap mpOMOPIHUOHAIUIUK KOHYHH TEHIIaMaaapu aeiuiaan. bupok Oy TeHrmamaaapHu
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TaXMHHHAH XHCOOJap y4yH HMIUIATHII MyMKHH. AHHMKXHCOONap ydyH 3ca, HAcOC WII FHIIAMPArdHA
aiimaHunuIap yacroracu Owian ¢oiaanu um koddduumentu uHobarra onuHUIM kepak. LlyHu Kaiin

3TUO YTHIN KepaKKH, MPOMOPIMOHAIUTMK KOHYHJIApH, alJlaHUILIAp COHU Oup-Oupuman 2 GapodapaaH
OpTHUK (hapKKIITaHIaTMHA KYJUIall MyMKHH.

MOHOHACOCHMHI KOHCTpyKHusicu3-pacMaa kentupuiarad. Hacoc kopmycn uysHzaH €ku
3aHTJIaMaiurad mynaraad taiépiaanaau. Cratop 3ca, TaOWHMil KaydyK, CHHTETHK, MaxcCyC pe3WHa,
MOJIMYPETaH, IUIACTUK MAcCa/aH, IOMIIOK MOJUBUHUWI XJIOPUJ, TE(UIOH, MOJIMAMUAJIAH, POTOp - 3ca

Y

2\

L | 2 1 Z 1 0 9 8 7 ]
3-pacm. Mononacoc KoHcTpykunusicu.l- portop; 2-craTop; 3-HCHUTHII
runou; 4-xaligan mTynepu;S-caabHuK; 6-YK; 7-MOIIHUITHUK KOOuFH; 8-
3UWIOBYM XaJKa;9-Konkok; 10-kobuk; 11-6upnamtupyBun yK;
12-tmapumup.
3aHIJIaMaiIMrad MeTaJll Ba IlacTMaccalad TauépaaHaau.

By macocnapuunr 6ocumu 2,4 Mlla Ba yuympopmuru 200 m®/coamrada GYIMIIM MyMKHH.
Hacocnapna coButum €xku uCUTHII yuyyH fFuiioduiap OYynumm MyMKUH. CTaTOpPHUHT HIIYU
temneparypaiap opanuru —30 gan +300 °C raua.

Kytok, 1oKkopy KOBYIIOKJIH CYIOKJIMKIAPHU y3aTHILA IECTEPHSIN HacocaapAaH (poigananuiaim
(4-pacm).Hacoc uysn koprycaan sicayiran 0yu0, yHra 2 Ta Oup-Oupu OWIaH WiialiauraH
mectepHsuiap ypHatuiarad 6ynaau. lllecrepHsinapian Oupu 371€KTp IOPUTKHUUTA yilaHrad 0yiuo,

4-pacm. LlecTepHsIN HACOC CXeMACH

1-xo0uK; 2,3-mecrepHsuiap; 4-xaigam mWTyuepH; S-Cypuil mWTyLuepy.

€TaKJIOBUM OYyJica, UKKMHYHUCH - €TaKJIaHyBYM XHCOOTaHAH.

[ectepHsiap y3apo WIAMIUIIIAH YUKKAHUA CHAPAKIIAHUII XOCHI OY1aaM Ba CYIOKIMK Hacocra
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cypunaau. [llectepHs THILIAPH CYIOKIUKHHN CYpUO KETaau Ba Y alJIaHUII MYHAUIITN TOMOH
xapakatnanaau. lllectepHs TuUIapy KaidTaaH uiamrania, CyloKIuk y3aruiaanu. Llectepusium
HacocIapHU TakcuMiiab Oeprud cudaTuaa KyJuiai XxaM MyMKUH. Y HaH TallKapy, KUK
YHYMAOPIHUK/IA, FOKOpU OOCHMHHU TabMUHIIA0 Oepajiu.

Tekmmpui y4yyH caBoJuiap.
1. MapkaznaHn KouMa HACOC MIIJIAII MPUHIIUITA KaHai?
2. TlpomoprmoHAIIMK KOHYHU KaH/Iai MapouT/Ia Kysuiai MyMKHH?
3. MoHoHacoc Ba IECTEPHSIN HACOC KaHai ap3ajiukiapra sra?

14-Ma’ruza
Aralashtirish.
PEXA:

1. Apanamrrupuni xapaéHy, yMyMui TylIyH4anap.
2. ApanamTupHin ycyJIapH.
3. ApanamTHprawiap KOHCTPYKIHSIIAPH.

Cycnensus Ba SMyJIbCUSTIAP XOCUIT KWITUII YUyH CYIOKJIUK MyXUTJIapUAa apalallTUPHII KapaéHu
Kynanuiany. [lnactuk Ba counmnyBYaH MaTepraJlyIapHUA KOPUILTUPUIIAAH MaKcal, TApKUOUa KaTTUK,
CYIOK Ba IUIACTUK KyIIMMua Moianu, oup sxuncian Kumésuii Mmacca onuuiaup.

Apanamtapuin manTHAa HMCCHUKIMK, Macca Ba OMOKMMEBUN kapaHJIap WHTCHCHUBIIAIIAJIN.
Apanamrtupuin xapaéHUHU amMalira OIIMPHUII YIYH TYPJIH yCYJUIap Ba apaslalliTUPT U4 KOHCTPYKIHSIIapU
KYJIJTAHWIA]IA.

Apanamtupuni cudaty dazaiapHd KOPUIITHPHUII Japakacl OMIIaH XapaKkTepJIaHaId.

Apanamtapuin  KypuJIMacHHUHT OyTyH XaXmujaard ¢aszajllapHd KOPUINTHPHIIL Japakacu

IKyitngaru TeHriiama épaamMuia aHUKIAHUIITH MyMKHH:

m Ax' n "
ZlOO—xap +Z w»
I=1- (1)

m+n

Oy epl1a M — TaxJIWJI Y4yH OJIMHTaH HamyHa, Ax >0; Ax’ - apanamTupruyaard Mycoat KOHIIEHTpalusIap
dapku Ba y ymoy dhopmynagan Tomminaad Ax’ =X - Xap, Xap - UACAT KOPUIITHPHIIIA apaslalliMagaria
3appavanap KOHIIEHTpalusacu 0ynuo, y Kyiunaru Gpopmynanan aHUKIaHAIHU:

100V - p,

_ Pr 2
V.e.+V.p, @

X

Oy epna V.- KumEBmii Maccana (CyHOKIMKIA) TaKCHMMJIAHTaH KATTUK 3appavajap XaxMH, Ok Oc
apayanMajard KaTTHK 3appada Ba CYIOKIUK 3UWIHKIAPH; Ve - CYIOKIHMK XaXMH; N — TaxJIWI Y4yH
OJTUHTaH HamyHaap conn, Ax” <0; Ax” - mandwuit konneHTparmsiap Gapku, Ax”= x-xo Gpopmynagan
Xnc00:1a0 TommIaaun.

@azanapHu KopuwThpum papaxkacu 0 naH 1 raga y3rapuimm MyMKUH. Arap, KOMIIOHEHTJIap
unean kopumrupuica, | =1 ra tenr 6ymamu.
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CYWOKJIHKHYU apaJIalITHPHIN YCYJLUIapu
CYIOKJII/IKJIapHI/I apajaliTUpyll IMHCBMATUK, HUPKYJIALNUAINA, CTATUK Ba MEXAaHHUK YCyJJlapuia
o6 OopuaIu.

ITHeBMaTHK apajalITHPUIN Y9yH CUKWITaH ra3 (KYMrHYa CUKWITAaH XaBO) CYIOKJIHK KaTJIaMU
OpKAJH YTKa3uII iy Ounad amainra omupuiaan. CYIOKIHK KaTiIaMu/a ra3Hu OMp TeKHC/1a TaKCUMITAIl
yuyH OapOorep wunutatuiaagd. bapOOTepHUHT TEMMKYaIM TpyOalapu apajlaliTUPTHY Tyowura
VpHatwinaau. By ycyn yprada koBymokiaukka (~-200 Ilac) sra CylOKIMKIApHU apajalliTUPHINT YIYH

unuiatuiaay. XKapa€ Te3Nury nact Ba sHeprust cappu Kyn Oynaiu.

AlipuM XoJuIap/a apalaliTUPUILITHI UHXKEKTopap EpaMuia xaM amaira omupuiaad. CUKUiIran

XaBo &plaMu/Ia apaTaITUPHIN YIYH SpIU(T IPUHIUITMHU XaM Kyiuiaca Oyiiamu.

ApanamTupruya CyroKJIMK SpKUH F03aCH OUPJIUTHIaH BaKT OMpiauruaa YTaéTrad ra3 MUKJIOpUTa

apaJlalITUPHII UHTEHCUBJIUTHY 110 aTanau.
Canoatna Kyingaru ra3 caphiaapy MIIUIATHIIAIH:

1- skanBaj
T/p ApanamTupuin UHTEHCUBIUTH I'a3 capdu, M>/(M>MHH)
1. ITact 0,4
2. | Vpraua 0,8
3. FOxopu 1,2

ITneBMaTHK apajaliTupull yCYJIUHHUHT KS'/J'IJ'IaHI/II_HI/I YCKJIaHI'aH 65'/.]'[21,[[1/[, YYHKH aﬁpHM XoJuiapaa

3apapJjin >KapaéHJ1ap, S'bHU OKCHUJIJIAHUIN KU MaxCyJIOTHHUHI 6YFJ'IaHI/IHJI/I 103 6ep1/mm MYMKHH. H_IyHI/IHF

yuyH, ym0y ycyq ra3 Ba cyrokK (azanap y3apo TYKHAIIyBU pyXcaT 3TWITaH XOJUIap/a WIUIATHIUIIN

Makcajra MyBOQHUKIHP.

1-pacMaa nHEBMATHK apajalliTUPTUWIAPHUHT alipiM KOHCTPYKUHUSATIApU KEATHPUIITaH.

[fl—
o

1-pacm.CuUKHJITa” XaBo épaamMuaa apajamTHPHIIL.
a - Mapkasuit GapOorepinu; 6 — raznmudt (3paudr) Tpydany;
B - Ta3IU(PT Ba MapKa3uil HUPKyJIsALUs TpyOanu KOOUK - TpyOanu
Kypuima.l - rasnudt TpyOanapu; 2 - nupkynsuus Tpyoacu; 3 -
TEUINKIN TpyOa MmaHkapajapu; ¢ — CYIOKJIUK;
T - ra3; U3 - HICCUKIIUK DITKUY

Arap, CUKWITaH XaBo
KypWIMaHUHT [MacTKA KHCMHTA
o0opwica, yHaa Hpaudt Xocui
Ooynanu

(1 a-pacm). XaBo
KypPUJIMaHUHT KaHYaJUK OKOPHU
KHUCMHUTa y3aTWica, [IyHYaIHK

CUKUII y4yH D3Heprusi capdu kam
oynmamu. IlIyHWHT y4yH, XaBOHH
OamaHIMTH  KaM  KaTJiamyapra
1000pUTI Kepak, SHHU ITHEBMATHK
apaJaliTAPHUIN  y9yH JIHAMETPH
KarTa, OamaHIJINTd KUYUK OYiraH
KypUJIMajdapHu KyJUTaml Makcaara
MYBOGUKIHUD.
[THeBMaTUK  apanamTHPUIIT
Kapa€HUHU WHTCHCUBIIAII yYyH
KypuiManapaa razaudt (3paudr)
TpyOanmapu ypHaTuiaau. Yoy

TpyOanap CyIOKJIMKHHM KyI MapTa

UPKYJSIIKS KWIMIIMHA TabMUHIaiau (1 6-pacMm). ByHUHT y4uyH, MKKH TOMOHHM OYMK Ta3nmudT TpyoOa
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KypwiMa Mapkasura skoinamrtupuwiaad. CHKWITaH XaBo Tra3nmudT TpyOacm Wumra ysaTHiIagy Ba
KYTapuIyBYM OKMM KaHYaJIMK KaTTa O0yIica, apajallnil IyHYa K caMapain Oyianu.

VccHKJIMKHY y3aTUII Ba aXpaTHO OJHMII y4yH ra3nudt Ba Mapkasuil LUPKYJISIHS TpyOaau
KypuiManiap sipatuirad (1 B-pacwm).

Hupkyassuusjiv apajJamITHPHUII, Hacoc EpAaMuIa amaira omupwiaai. bynna, «apanamruprug
— HacoC — apajTalITUPriy» €MUK CHCTEMACH/1a CYIOKIIMK Y3IIyKCU3 aiijlaHuO 10paju.

Apanamtupuin jxapaéHUHUHT HHTCHCUBIIUTH, HUPKYJISAIHS KappaJurura, SbHU BaKT OUPIUruia
HACOC UIIl YHYMAOPIMTHHUHT, KypUIMa HYHJIard CyIOKJINK Xa)KMU HUCOATUTra OOFIHNK. Afipum
X0JUTap/ia Hacocap YpHUTa OyF MHXKEKTOPIAPH KYJUIAHHUIIH XaM MyMKHH.

VHpaH Tamkapu, TYpAd coxauapiaa WYHanTHpyBud TpyOa (aud¢ys3op)aum  BUHTCHMOH
apaNalITUPTUYIap XaM HIIaTuiIagu (2-pacm).

By Typmarm Kypuimanapaa €nuK HUPKYISIMOH KOHTYp Xocwi KwimHaau. Hacoc Basmdacunau
oJIaT/ia Y4 Mappaxiv BUHTCUMOH apanamTuprud 6axapanu. LLlynunr yuyH, OyHaai apanamtupradiap
XHUCOOH YKJIM HACOC/Iap XUCOOHTa YXIIAIIAND.

2-pacm. Iu¢¢y3opin Ba BUHTCUMOH apAJAIITHPITUYWIN KypHiIMa.
1 - BUHTCHUMOH apalamTUpruy; 2 — UCCHKJIMK aJMaIllMHUII KaMmepaiu

MexaHUK apaJaliTHPHII «CYIOKIHK - CYIOKJIHK», «T'a3 - CYFOKIUK» Ba «Ta3-CyHOKIUK - KATTUK
KUCM» CHUCTEMalld THUIPOMEXaHHWK, HCCUKJIUMK Ba Macca, XamJa OHOKMMEBHH kapaéHiapHU
MHTEHCHUBIIALI TYPJIU XWJ apajlalliTUPUII MocjiaMa (apajlaliTUpruy) jJap €plaMujia aMaira OlupuiIaan.
Apanamtuprud, ailaHyBud YKra YpHaTWiIrad, Typiiy Xujl nappakiapJaH TapkuO TONraH Mociiama.

KumM€ Ba 03K - OBKAT CaHOATIApUAA KYJJIAHWIAJUTaH XaMMa apajalliTHPHUIN MOCIAMaIapUHA 2
rypyxra axxparca Oynaau: OUpHHUYM TypyXra nappaxiiv, TypOMHaIN Ba MPONeJUIepiin; UKKUHYHU IypyXra
- MaxcycC - BUHTJIH, IIHEKJIH, JICHTAJIM, POMIIH, SIKOPJIM, MUYOKIM Ba OOIIKAa MociaManap KHpaIu.
bupuHuM rypyX CyIOKIUKIAp yuyH Oyiica, MKKHHYMYM 3Ca - TUIACTHK Ba COYMIYBYaH MaTepHalIapHU
apajallTUPUILI YUyH XU3MaT KUJIaIu.

Nuray opraHuHUHT aiiflaHuII yacToTacura Kapal apaialiTHpUII MocliaMaiapy CEKHH Ba T€3 Iopap
rypyxJjapra 0yauHaau.

[Tappakiu, neHTaIN, SKOPJIX Ba IIHEKIN apalallTUPIAYIap CEKHH I0pap Mociaamaiap KaTopura
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kupagu (3a,6-pacm). ViapruHr aiinanma gactotack 30..90 MHH, KOBYHNIOK MyXHTIapjaa Happak
yuuard aijgaHnMa Te3Nuru - 2...3 m/c.
[Mappaxiu apanamrupruuiap ap3auTUKIapH: MOciama CoJiia Ba HApXu KUMMAT Mac.

4-pacm. ApanamTHprudaiu
¢ KOPHIITHPIUY.

1 - y3arma; 2 - y3aTma TasiHuy; 3 -
3uunarud; 4 - yK; 5 - KoOuK; 6 -
ruod; 7 - KalTapyBuM TYCHK; 8 -
apanamrupruy; 9 - TpyOa.

3-pacM. ApajalITHPTHYWIAP TypJapH.
a - y4 nappakiu; 0 - UKKU Iappakiiu;B - IPOIeUIepiiy;
I - TypOMH&IM OYMK; -KHUsS Nappakiv, TypOuWHaiH,
OYHK;e - TypOuHau ENnuK.

Kamunnukmapu - aiimanum Yku  Oyiina® CyrOKIMK OKUMH KHYMK OYnmaau, HaTIKajga
apaalITUPIHd XaKMHA CYIOKIMK TYINK apanamMaiind. YK 6yinad CyloKIMK OKMMH XapakaTHHH
XKaJaJUTalITHPUIT YIyH nappakiap orumn Oypdaru 30° ra TeHr OYIHIIN Kepak.

Sxopnu apanamTHprudiIap KypuimMa TyOMHUHT makiura moc 6ymanu. by Typaaru mocnamanap
KOBYIIOK Ba yTa KOBYIIOK CYIOKIMKJIAPHU apalaliTHPUII YUyH HILIATHIAAU. SKOpiau MociaManap
ULl JaBpyia Kypuiama JeBopH Ba TyOWHHU €MUIINO KOAraH UQIIOCIUKIIapiaH To3ajall KOOUIUsATUTa
ara.

[[THexmu apanamTupruwiap BAHTCUMOH MIAKJUTH 0YI10, KOBYIIOK CYHOKJIUKIAPHU KOPUIITHPHUIIT
Y4yH MYJDKaJUIaHTaH.

[Ipomnennep Ba TypOUHAIM apaallITHPrUYIap Te3 Iopap MociaManap KaTopura Kupaad. Y TapHUHT
aitnanum yacroracu 100...3000 mun, aitnanma tesmuru 3...20 m/c.

[Iponemnepnu apanamtupruwiap 2 €k 3 mappakian Kwiub scamaau  (3B-pacm). Ymly
MocaMaiapra Hacoc 3 pexTu xoc 0yaau Ba CYIOKITMKHUHT MHTEHCUB ITUPKYJISIITUSICHHN XOCUIT KHITHTIT
yuyH unuiatuiaaan. Kosymokuru 2 [1a'c 6ynran cyloKIHKIapHA apalallITHPUIL YIYH KYJIIAIl MyMKHH.

TypOunanu apanamrupruuiap TypOrMHa FUIAMpaKiIapy makiuga 6yiauo, mappakiapu sccu, Kus
Ba OTPH UYMBHKIN Oyaumm MyMmkuH (3 - T,1,e-pacMm). Ynap ounmk Ba &nuk Typau Oymamu. TypOuHa
FIIIMPATHHUHT WIIIAIl NPUHIUIM Mapkas[gaH KouMa Kydilap TabCHpHTa acoCaHTaH. Emuk
apayamTUPrud UKKUTa TUCKIaH noopat 0ynub, CyIOKIUK YTUIIN YI9yH Temuru 6op. XaMm paauan, xam
TypOuHa VK1 OY1inad oKuMIIap XOCHI KWJIHII YYyH KHsl appakiv, TypOWHAIN apalallTUpTUaiapaan
doitnananunaan. TypOwHamM Mociamanap KypHJIMaHUHT OyTyH XaXKMHJA CYIOKJIMKHH WHTEHCHB
apanamtupaau. CylOKJIMKHUHT aiiaHa OYiinad xapakaTHHU KaMaUTUPHII Ba KypHJIMaaa ypaMma XOCHIT
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OynmumuHU O6apTapad KWINII yUyH IIMIHHAPCUMOH KalTapyBYH TYCUKJIAp YpHATHIIAIH.

TypOunanu apanamtupruwiap Koymokmura 500 Ila'c raya 6ynran CyrOKIMKIApHU Ba AaFall
CYCIIEH3MsUIapHU apaJlaliTUPULI YUYH KYJJIaHWIAH.

Konkoxim KoOMK, y3aTMa Ba apajaliTUPrHWIapAaH TAIKWI TONTaH TUIUK KOPHUIITHPIruy 3.52-
pacMia KypcaTuiraH.

Nuran Fungupax 200...2000 aiin/mMuH yacToTa OWiaH aiylaHMa xapakariaHagd. 1ypOuHa
FUJAMpard Mapka3zJaH KouMa Kyd TabCHpHMJA CYIOKJIMKKAa TEeruuuid sHeprus Oepagu. CyroKiIMK
apanalITUPrud MapKa3uid TEMIMIUIaH KUpHO, y epia MapKa3jaH KouMa Kyd TabCUpH/1a Te3JaHUII OJIraH
XoJJia paguan yHanumuaa ynku6 keraau. TypOuHaga CyrOKINK BEpTUKAN HYHAINIIIaH TOPU30HTANITa
YTaau Ba yHJIaH KaTTa Te3NUKIa YUKUO KeTaau. by Typaaru KypuiIMaHUHT caMapaJopiIuru I0KOpH.

TypOunanu apanamTuprud auamerpu Kypuwima koouru nuamerpuHunr 0,15...0,35 ymymmaun
TalmKui 3Taau. by Kypunmanap koBymokiaur 1...700 ITac ra TeHr CyloKIMKIapHU apajlaliTUPULIT YUyH
MYJDKAJUIAHTaH.

IlnacTMaccajJapHu apajJalITHPUII

Kumé canoatuaa miacTMK MaccajapHHU apajalllTHPUINIA, O3MK-OBKAT CaHOATUAA HOH ENull,
MakapoH Ba KaHJOJAT MaxCyJOTJIapuHM HUIIa0 yumKapuiaa KyutaHwiagu. by skapaénna Ha Qakar
TypiIM KOMIIOHEHTJap KOPHUIUTHUPWIAAM, Oalku, Xamup 33M0 KOPHUIUTHUPWIAIM, XaBO OuiaH
TYUMHTHPUIIAIN Ba MabIyM OUp Xoccanapra sra Oymaim.

ApanamTapul xapaéHu JaBpuil Ba Y3IyKCH3 KOPHUIITHPTHWIAPAA OO OOPHUIUIIN MyMKHH. By
TypJaru KypuiMainap Huuia poMIId, ITHEKIU KU JICHTAIN apajalliTUpruwiap BepTUKail €KUM TOPU30HTAI
yKaa
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5-pacm. lllnexnu (a) Ba JeHTaau (0, B) apajaliTUPrUWwIap cXeMacH.

YpHaTunaau (5-pacm).
[IIHeknu apanamTUpPrud MCTEbMOJ KHUJIA€TraH KyBBaTHHM aHUKJIAIl YYyH YOy TeHrjaama
KYJUIAaHUIIA MYMKHH:

Fu, =L
’ Re
€K1
N=Ad, n’u 3
Oy epna d, - apanmamrtuprud guametpu; A -
apanamTupruy MOCJIAMaCHHHUHT TE€OMETPHK

6-pacm. Xamup TaiiépJam KypujiMacH.
1 - KOIIKOK; 2 - TasgHY; 3 - KOOHK,;
4 - KOPUIIITUPHUIIT MOCTIAMACH.

HucOatnapu (Qynkuuscu cudaruga TOMWIAIUTAH
KO3 PHUIIUEHT.
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Kam Ba rokopu KOBYIIOK/IM KaHAOJAT Maxcyiotiap (Badum, OMCKBUT Ba OOIIKAa XaMHUpJiap) HH,
XamJla KaHJojaT MacCaJlapuHU COYMJIYBYAH KOMIIOHEHTJIAp (KEKC XaMHpJIApUHU Maln3, OKCHII
MacCcacHHM E€HFOK) OuiaH KOPUIUTHPUII y4yH HMKKUTA CHUPAJICUMOH HIIYM OpPraHjid TOFAPAaCUMOH
LIaKJUIM apajalliTUpruwiap KyJUIaHUIaau.

ApanamTupuin Skapa€Hu [ONKa KamiaMaa onub Oopuiranu ca®abiu, IOKOpH Japakaaa
MHTEHCHUBJIAILTA SPUILUII MyMKHH.

Kypunma tyOom makimna sicasirad, 90° Oyp4ak ocTtuja YpHATHWITaH 4 Mappakiv KOPUIITHPHII
MocJIaMalli apallaliITUPrUy/ia IUPUHIIMKIAP XaMUpy Tallépraananu

(6-pacm).

ApanamTHprUYHUHT aiinaHum yactotacu 12 munl, KopumTupuim xapaéHu TyraraniaH CyHT,
KOOWK 3 aFjapuiiajiu, ssbHU KONKOK | OuMiIaay Ba XaMup TYKHJIAIH.

TexkmmMpuI y4yH caBoJsLiap:

1. Apanamrupwuir xxapaéHu HIMa?

2. Kanpaii apanamtupuin MociaMajgapuHu ounacuz?

3. Tlappaxnu apanamTupruuwiapHd KaMYWIMTH Ba aB3aJUTUTH KaH1ail?

15-Ma’ruza
Issiglik tarqalish turlari.
PEXA:

1. Hccuxiuk anMamuHuII Xkapa€Haapy Ba KypuiaMaiapy TYFpUCHIa YMYyMUH TyIIyHUYanap.
2. Hccuxnuk 6ajlaHcH Ba TeMIlepaTypa rpaJleHTH.

3. Hccuxnmmk yTKa3yBUaHIUK.

TemmnepaTypacu r0KOpH OYITaH KUCMIaH TEMIEPATypacH MacT KUCMIa UCCUKIUKHUHT V3 -
y3uaaH, KauTMac YTUII Kapa€HUra UCCUKINK AIMALLIMHUII JEHUTIAIN.

XKapaéHHu xapakarra KeITHPYBYM Ky4dHW, Oy Xap XWJiI TeMIeparypaid OYIraH >KHCMIIAPHUHT
temmieparypanap (apkumup. TepMoauHAMUKAHWUHT 2-KOHYHHWTa OWHOAH, HCCHUKJIMK Xap JIOUM
TEeMIIEpaTypacy I0OKOPH KUCMIaH TeMITepPaTypacH MacT KUCMTa YTaJIH.

Nccukmuk (MCCHKTMK MAKIOPH ) — Oy HCCHKJIMK aTMAIIAHUTI KapaéHUHUHT SHEPTEeTUK
XapakTepucTHKacH 0Yiuo, skapaéH MoOaliHUa y3aTUITaH EKH OJIMHTaH SHEPTUs MUKIOpU OUlaH
OenrmiaHagu.

Hccuknuk anMammHMII KapaéHUIa UIITUPOK ATYBUM JKUCMIIAD WCCUKIUK TAallyBUM OSATKUY EKU
HCCUKIUK DITKUY Ae0 HOMJIaHAIH.

Hccukmmk YTKa3uIn — UCCHKJIMK SHEPTUSICHHUHT TapKAJIHII Kapa&HiIapy TYKpUCUIArH (aH.

VccukuK aaMamHUII JKapaéHiIapura UCUTHIN, COBHTHIN, KOHICHCAIUSIIAINI, OYKJIaHUII Ba
OykJIaTuIUIap KApaan. YOy jkapaCHJIapHW aMaira ONIMPHUII Y9yH MYJDKaUIaHTaH KypriMaiap
VCCUKJIUK QJIMAITUHUII KypHJIMaTapH JIe0 aTajiain.

MabiiyMKH, HMCCHUKIWK alMallMHUIN >KapaéHiaapuaa Kamujaa 2 Ta Typiad TeMIeparypaiu
MyXUTJIap UIITHPOK JTAH. V3 nccukimk DHEPTrHUSCHHH Y3aTyBYH, IOKOPH TeMIlepaTypald MyXHUT -
MCCUKJIUK SATKUY Ae0 atanca, HCCUKIIMK YHEPTHACHHH KaOyJ KIITyBYH MAcT TEMIIepaTypalid MyXHT 3ca-
COBYKJIUK JJITKUY J1e0 aTanaiy.

HccukaMK Ba COBYKJIHMK OJJITKHWIAp KAMEBHHM OapJOonuId OYJIWMINN, KypHIMaJapHHH
EMHUPMACJIMTY Ba YHUHT JCBOPJIApHUIa KATTHK, KOBAK, KyWKa XOCHJ KHJIMacIuTr kepak. [IlyHuHT yuyH,
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UCCUKJIUK €KU COBYKJIMK MITKUYWIAPHU TAHJIAIIA )Kapa€H TeMIIepaTypacH, HapXH Ba yJIapHU KYJIJIaHWII
coxajiapu Kabu KypcaTruuiapra Karta axaMuaT OepHIl Kepak.

Temmeparypacu Typiu OYAraH MyXHUTJIap OpacHia MCCHUKIMK YTKA3WIl TYPKYH Ba HOTYpPKYH
HIapouTIapia amajira OUIMIIY MyMKHUH.

TypkyH kapaéHiiapia KypWIMaHUHT TeMIlepaTypa MaiJIOHH BaKT YTHINW OWIIaH Y3rapMmaiiam.
HotypkyH xapaHnapia 3ca, BakT YTUIIM OWJaH TemIleparypa y3rapaau. Y3JIyKCH3 HUUIAiAuraH
Kypuiamanapza skapa€Hiaap TypKyH Oopanau, y3nykiau (IaBpuil) MUUIAfiiMraH KypuiManapjaa 3ca —
XKapa€Hiaap HOTYPKYH Oynaau. YHAaH TalKapu, JaBpUid HILIalJuraH KypwIMalapHU HOPrU3UIl Ba
TYXTaTHLI, XaM/ia Ul PeKUMIIApU Y3raprad Xojulap/a HOTYpKYyH *apaéHiap coaup Oyiaam.

Hccuximk yTrasum xapaéHUHUHT KHMEBMI KMHETHK XapakTepucTHKanapu Oynmuo, ypraua
TeMreparypanap Gpapku, UCCHKINK YTKA3UIl KOAPGUIIMEHTH Ba y3aTUIAETTaH UCCUKINK MUKIOPIIApH
XHUCOOIaHaIH.

Hccukimk alnMalyHUII KypruiMajJapuHi XEcoOIanaa KyHuara napaMmeTpiap TOMHIaIu:

1. Uccuxknuk OKMMHU (KypWJIMaHHHI HCCHKJIMK IOKJIaMacH), SbHM HCCUKIMK MHUKaopu Q
xucobnaanaay. McCHKIMK OKMMUHYM aHUKJIAII YY4yH UCCUKJIUK OanaHcH Ty3uiaaau Ba 'y Q ra HucOGaran
eyn0 TomuIaIu;

2. bepunran BakT n4M1a 3apyp UCCUKIUK MUKIOPUHM Y3aTUIIHU TabMHUHIIOBYM KypPHUJIMA-HUHT
VCCUKJIMK QJIMAIINHUII F03aCH aHUKJIAHAHU.

ByHuHT yuyH uccukiuk yTKa3umHuHT Kumesuil TenrinamMacuaan oigananuiany.

Hccuknuk acocaH 3 ycynja y3aTWIUIIM MyMKUH. MICCHKIIMK YTKa3yBYaHJIMK, KOHBEKLIMs Ba
UCCUKJIMK HYpJIAHUIIH.

Hccukiauk 0ajJancu.

Temmeparypacu IOKOpH MCCUKIMK SJITKHYJIAH OepuiiaéTraH HCCHKIUK MHUKIOPU Q1
TeMIepaTypacu MacT MTKUYHU UCUTUII YuyH Q2Ba MabiyM OMp KUCMH KypHIIMaJaH aTpod MyXHUTra
HYKOTHIIAETraH UCCUKIMK YPHUHU TYIAupHIl yuyH Quye capd 6¥nmanu. Onatina, HCCHUKIMK KOIUTaMaln
Kypuiamanap yayH Qujx MUKJIOpH (oiiany HCCUKIMK MUKIOPUHUHT 3...5% HU Tamkui atagu. HlyHuHr
yuyH, Oy Typaaru KypuwiManapHu xucoOmamma Qup HEH 3bTHOOpra oinmaca Xam Oynamu. YHIa,
MCCUKJIMK OallaHCH KyWMJaru TeHIJIMK OmiiaH ugo1alaHuIId MyMKHUH:

Q:leQz (1)

Oy epaa Q - KypHJIMaHUHT UCCUKIUK FOKJIAaMAaCH.

Arap, ICCUKJTUK SITKHYHUHT MaccaBuid cappu Gi1, YHUHT KypHriiMara KHpHUII SHTaIbIusICH |75 Ba
YUKUIIAArUCcH 3ca |74, COBYKIMK SATKHUHUHT capdu Gz KypuiMara KUpHUIIIArd SHTaIbIUACH |25B
yukumgarucu l.0ynranaa (1) TeHrauKHN ymoy KYpuHHUIIAA E3UIT MyMKHH:

Q:Gl(|16 _Iq):GZ(Iq - Iza)(z)

Arap, UCCUKIIMK aJIMalIMHUII jKapaéHU1a UCCUKIMK SITKUYHUHI arperar Xojatu y3rapmaca,
YHJIa YHUHT SHTAJIBIUACH YIIOY KYpUHUIIAA HpoJaIaHaIu:

Ly = cuts L, = b,
(3)
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I, = ¢ty Loy = Cyslys

Oparma, TeXHHK XpcoOapaa MabjiIyM TeMIlepaTypa Y4yH SHTAlIbIUS KHMMAaTH jKaaBajl Ba
JararpaMmaliapiaH TOMHIa Iu.

Arap, WKKalla 3JITKHYHHHT COJIMINTHPMA HCCHKIUK cukumiapu (Ci1 Ba C2) Temmeparypara

O0KIHK IMac 1ed xucobianca, yH/1a UCCUKJIMK OalaHCHHUHT TeHTJIaMacH KyHUAard KYpUHUIIHYI OJIa/u:
0 = Glcl(tlﬁ - th) = G5 (tzq - t26) 4)

Temneparypa MaiiloHi Ba TpaiueHTH

MyxuTiapaa UCCUKINK OKHMH Ba TEMIIEPATyPAHUHT TAKCHMIIAHUIIIH YPTaCUAard OOKITHKIUKHA
aQHUWKJIAIl UCCUKJIMK aJIMAITMHUIN Ha3aprsiCHHUHT KuMéBnii Basudanapumaan OupuiIup.

Texmupunaérrad MyXUTHUHT XaMMa HyKTaJIapy YYyH HCTaJIraH OMpop BaKTAard TeMIeparypa
KUMaTiIapyu MaxXMyura memnepamypa Matioonu qeiuiaim.

OHr yMyMU# X0JaT[a MablyM Oup HyKTajgaru temmneparypa t iy HyKTaHUHT KOOpAuHaTalapu
(X, y, Z) 6oknMK Oymaau Ba BaKT 7 YTHINHM OwitaH y3rapamad. Jlemak, Temrepatypa MaiJJOHUHHU YOy
¢byHKumsa 6unan ndopanam MyMKUH:

r=1(x,vy,2,7) (5)

Ym0y OOKIUKIMK TYPKYH TeMIlepaTypa MailJOHUHU U(POIaTOBYN TEHITIAMAIUD.

Xycycnit Xonaraa (5) renriaMa gakar (ha3oBuil KoopAauHaTanap GyHKIUICH OYIaau, SbHU:
t="f(x,2) (6)
Ba yHTra TETUIILIM TYPKYH TeMIleparypa MailJJoHUHU udoaanaiim.

Arap, xucmaa OUpop TEKHCIUK YTKa3uica Ba ymiOy TEKUCIUKIArd OUp XU TeMIepaTypaiu
HyKTaJlapHU OWpJamTHpcak, y3rapMac TeMIlepaTypald 4Yu3MK (M30TepMa) ra ndra OyIamus.
Temmeparypacu OWp XWi HyKTajJapAaH TAlIKWJI TONTaH >KUCMHHUHT 03aCH HM30TEPMHUK 1032 J1e0
HOMJIaHAIH.

Wkkuta Oup-Oupura sSIKWH KOMJIAITaH M30TEPMUK IO3JIADHUHT Temmeparypaitap dapku At
O¥y1ca, ynap opacuaary >Hr Kucka macoda An 6ynaau (1-pacm). Arap, HKKajia H30TepMUK to3anap Oup-

A
Oupura sskuHIamuo 6opca An HucOat ymoly yerapara UHTUIAIH:

t_.__. 4,J ¥ A
Lty . t ot
P Ilm(—j = — =gradt (7
—— An An—0 an
\,_\~\ o~
e N3orepmuk 103ara HopMan OyiiMua WyHanraH TteMmepaTrypa
g &A XOCHJIaCH TeMIIepaTypa IpaJiueHTH 10 HOMIIaHaIH.

1-paem. Temmepatypa TemmepaTtypa rpalueHTH BEKTOP KATTAIUKIND.

Ipa/IHEHTHHH AHMKIAIITA OH/I. TemnepaTtypa rpaiMeHTH HOJIbI'a TEHT OyIMaran

(gradt=0) mapouTnarnHa HCCUKJINK OKAMH XOCHJI OYJTHIIA MYyMKHH.

MabayMKH, UCCHKIMK OKAMH Xap JOUM TeMIIepaTypa IpagiieHTH
4n3UKY 0Yitnad xapakat Kunaau. JISKUH, yHUHT Xapakat HyHaIuIIM TeMIepaTypa rpaueHTura kapama-
Kapimm Oymam.
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HNceeuknuk yTKazyBYaAHIUK

®ypbe KOHYHH. KaTTHK >KucMiapJa MCCHKIIMK TapKaIWII KapaHUHU TaXpUOaBUN YpraHHII
Hatmkacuga Oypre (1768-1830) uccukimk yTkazyBuaHIMKHUHT KuMEBnii KOHYHH Kamid dTau. Yoy
KOHYHra OMHO@H, UCCHKJIHMK YTKa3yBYaHJIMK OPKaJIH y3aTHIITaH MCCHKJIMK MHUKIopu 0Q Temmeparypa
rpagueHTu A/A, BakT 07 ra Ba HCCUKIMK OKUMHU HyHATHUIIKra MEPIeHIUKY/ISIp OYIraH MailIoH 103acH
dF ra mpomnopiinonan 0yiaau, sbHH:

a0 = -2 L ar . ar ®)

on

(8) dopmymamarm  mpPONMOPHUOHALIMK  KOIPGUIMEHTH A  HCCHUKIMK  YTKa3yBUAHIIUK
kodbdunuentn ae6 aramagu. by KOAPOUIUEHT >KUCMHUHT HMCCUKJIMK YTKA3UIl KOOWIMSTHUHU
XapakTepiiaii Ba KyHuIara yadoB Oupiurura sra:

- o] - [ ] <[]

Hccuknuk S'/TKaBYB‘laHJ'II/IK K03(1)(1)I/H_II/IGHTI/I HCCHUKJIMK aJIMallTMHHIII FO3a 6I/IpJ'II/IFI/I,Z[aH

(1 M?) BakT GUPIIHTH JABOMHUJA U30TEPMUK 103ara HOpMan GyiIran 1M y3yHJIHKKA TYKPH KelraH
temneparypaigapHuHr 1 K(°C) ra nacaiiumm BakTuAa y3aTUITaH UCCUKIMK MUKJIOPUHH Upoanaiy.

KucMnapHUHT HMCCUKIMK YTKa3yBUaHIUK KOd()PUIMEHTH YHMHT TapkuOu, (U3UK-KUMEBUN
xoccajap, TemIiiepaTypa, OocuM Ba OoOIIKa KaTTaitukiaapra OOKIWK. VCCHKIMK VTKa3yBUaHIIMK
KOX(QPUIMEHTH TypJId MaTepHajuiap yuyH KyHuaaru opaiukia Oynaau:

- raznap yuayH 0,005...0,5 B1/(m-K);

- cyroxukiap yuyHs 0,08...0,7 Bt/(m-K);

- HCCHKJIMK KOIUIaMa Ba KypuJuil Matepuauiapu yuys 0,22...3,0 Bt/(m-K);

- MeTajuiap yuyH 2,3...458,0 Br/(m-K).
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Kumé Ba 03uK-0BKaT caHoatiaapua KyulaHUJIaural aipuM MeTaijiap HCCUKIIMK YTKa3yBUaHIUK
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2- pacMm. AlipuM MeTAIAPHMHT MCCHKJIMK
VTKa3yBYaHJIMK K03 Ppuunentiapu.

1l-roza muc; 2-muc 99,9%; 3- amoMUHUN

99,7%; 4-amomunii 99,0%; 5-to3a mapraserr, :

6-mapranen 99,6% ; 7- pyx 99,8%; 8-1osa 3-pacm. 'l;yp.l‘lhn rasJapHHHT HCCHKJINK

mwiatuHa; 9-unkens 99%; 10-uukens 99,2%; YTKA3YBUARTHK K0 DHIHEHTIAPH.

11-remup 99,2%; 12-TeXHHK TO3a KYPFOLIMH. 7. cyB OyFu; 2- yIJIEKUCIIOTa; 3- XaBO; 4- aproH; 5- KHCIOPO,
a3oT; 7- BOJOPOI.

VE SRR 38 o
N POr 98 W

kod(ppurmenTy Kyinaaru KuiMariapra sra: Jerupjaanrad mynar - 14...23; kypkouus — 35; yriaepom
nynat — 45; Hukensb — 58; uyaH — 63; amromunwmii - 204; muc — 384; kymym - 458 B1/(Mm-K). Canoatna
SHT KYN KYJUIAHWJIaJIUTaH MeTajljlap Ba CYIOKIMKIAp UCCUKIIMK YTKa3yBYaHIUK KOdQPUIueHTaapu 2 Ba
3 —pacMiap/a KeITUPUITaH.

Texkmmpu y4yH caBoJiiap:

1. Hccuxiuk anMaIvHumI KapaéHUHU XapaKaTJIaHTUPYBYM Kydd HUMa?.

N

@Oypbe KOHYHHU Ba UCCUKJIMK YTKa3yBYaHJIUK KO3 PUIIMEHTH.
3. KucmimapHUHT UCCHKIIMK YTKa3yBYaHINK KOd()OUIIMEHTH Kaiich KaTTauKiIapra OOFIuK?
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Izohli lug'at

Apparat (lat.), asbob, texnik qurilma, moslama. Darslikda apparat termini o'rniga kurilma so'zi
ishlatiladi. Masalan, mexanik, gidromexanik ,issiglik yoki modda almashinish kurilmalari.

Barbotaj (frans.), aralashtirish, suyuglik gatlamidan gaz yoki bug'ni bosim bilan o'tkazish.

Barbotyor (frans.), idishning ichiga suv bug'i yoki gaz berishga mo'ljallangan turli shaklga
ega bo'lgan teshikli truba.

Vakuum (lat.), idishga gamalgan, bosimi atmosfera bosimidan anchagina past bo'lgan gaz
holati.

Vakuum-nasos (lat.,rus.), siyrak gazlar (vakuum) hosil gilish magsadida idishlardan gaz yoki
bug'larni so'rib oladigan qurilma.

Ventel (nem), trubada harakatlanuvchi suyuqglik, gaz yoki bug' berish migdorini zolotnik
yordamida rostlaydigan berkitish--ochish moslamasi.

Ventilyator (lat.), xonalarni shamollatish, aeroaralashmalarni trubalarda uzatishda havo yoki
boshga gazlarni haydash uchun kichik bosim) hosil giladigan qurilma.

Venturi trubasi (Italiya olimi J.Venturi nomidan), bosimlar tafovutiga ko'ra, suyuqglik, bug'
yoki gaz tezligi yoki sarfi o'lchanadigan qurilma.

Gazoduvka (rus.), havo yoki boshga gazlarni sigish va haydash uchun o'rtacha bosim) hosil
giladigan qurilma.

Gazlift (rus.), suyugliklar (neft, suv turli eritmalar va boshgalar) ni ularga aralashtirilgan gaz
energiyasi hisobiga ko'tarish qurilmasi. Agar qurilmada gaz o'rniga sigilgan havo ishlatilsa erlift deb
ataladi.

Gidravlika (yunon.), suyugliklarning harakati va muvozanat gonunlarini hamda bu gonunlarni
injenerlik masalalarini hal gilishda tatbiq etish usullarini o'rganuvchi fan.

Gidrodinamika (yunon.), gidromexanikaning sigilmaydigan suyuqgliklar harakatini va ularning
gattig jismlar bilan o'zaro tasirini o'rganadigan bo'limi.

Gidromexanika (yunon.), suyuglikning muvozanati va harakati, shuningdek, suyuglikning unga
botirilgan yoki unda harakatlanayotgan jism bilan o'zaro tasirini o'rganadi

Gidrostatika (yunon.), gidromexanikaning qo'yilgan kuchlar tasirida suyugliklarning ularga
botirilgan jismlarga va idish devorlariga tasirini o'rganadigan bo'limi.

Gidrosiklon (yunon.), bir-biridan massalari bilan farq giladigan mineral donachalarni suv
mubhitida ajratadigan qurilma.

Gorelka (rus.), gazsimon, suyuq yoki changsimon yoqilg'ilarning havo yoki kislorod bilan
aralashmasini hosil giladigan va uni yoqish joyiga uzatadigan qurilma.

Gradirnya (nem.), suvni atmosfera havosi bilan sovutish qurilmasi.

Granulalash (lat.), moddaga mayda bo'laklar (granulalar) shaklini berish jarayoni.

Dezintigrator (lat.), kam abraziv mo'rt materiallarini yanchish (dag'al maydalash) mashinasi.

Diafragma (yunon.), teshikli yoki teshiksiz plastinka (to'siq).

Dispergirlash (lat.), gattiq yoki suyuq jismlarni mayin qgilib maydalash.

Diffuziya (lat.), moddaning bir muhitdan konsentrasiyasi kamayish yo'nalishda targalishi.
Diffuziya ionlar, atomlar, molekulalar, shuningdek ancha vyirik zarralarning issiglik harakati tufayli yuz
beradi .

Zadvijka (rus.), truboprvoddagi ogim migdorini pona shakliga ega bo'lgan zatvor yordamida
rostlaydigan berkitish-ochish moslamasi.

Zaslonka (rus.), kanal (truba)ning kesim yuzini o'zgartiradigan hamda shu yo'l bilan undan
o'tadigan gaz yoki suyuqlik massasi va hajmini rostlaydigan moslama

Zolotnik (rus.), sirpanadigan sirtdagi teshiklarga nisbatan siljib, ish suyugligi yoki gaz ogimini
kerakli kanalga yo'naltiruvchi qo'zg'aluvchan element.

Zmeevik (rus.), issiglik almashinish qurilmalarida isituvchi yoki sovituvchi eltkich yuborish
uchun ishlatiladigan spiralsimon truba.

Klapan (nem.), mashinalar va truboprovodlarda gaz, bug' yoki suyuglik sarfini boshgaradigan
detal. Klapan bosimlar fargini hosil gilish (droselli klapanlar.), suyuglikning teskari ogimi paydo
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bo'lishiga yo'l go'ymaslik (teskari klapanlar.), gaz, bug' yoki suyuqglik bosimi belgilanganidan ortganda
ularni gisman chigarib yuborish ( saglash klapanlari.), bosimni pasaytirish va uni maromida tutib turish
(reduksion klapanlarda)da ishlatiladi.

Kompressor (lat.), havo yoki gazni yuqori bosim bilan sigadigan mashina.

Konveksiya (lat.), muhit (gaz, suyuqlik) makroskopik gismning siljishi, massa, issiglik va boshga
fizik migdorlarning ko'chishiga sabab bo'ladi .

Kondensat (lat.), gaz yoki bug'ni kondensasiyalashda hosil bo'ladigan suyuqlik.

Kondensator (lat.), moddalarni sovitish yo'li bilan gaz (bug') holatda suyuq holatga o'tkazadigan
issiglik almashtirgich.

Korpus (lat.), mashina detali, odatda, mashinaning barcha asosiy mexanizmlarini ko'taradigan
asosi, negizi hisoblanadi.

Laminar ogim (lat.), yopishqoq suyuglik yoki gazning tartibli ogimi suyuglik qo'shni
gatlamlarini o'zaro aralashib ketmasligi bilan xarakterlanadi.

Manometr (yunon.), suyuglik va gaz bosimini o'lchaydigan asbob. Atmosfera bosimini o'lchash
uchun barometrlar, nolga yaqgin bosimlarni o'lchash uchun vakuummetrlar ishlatiladi .

Modellash (rus.), murakkab obektlar, hodisalar yoki jarayonlarni, ularning modellarida yoki
haqigiy qurilmalarda tajriba o'tkazish va ishlashiga o'xshash modellarini go'llab tadgiq qilish usuli.

Mufta (nem.), val tortki, truba kanat, kabel va boshalar biriktiriladigan qurilma.

Napor (rus.), suyuqglik ogimining berilgan nugtada solishtirma energiyasini belgilovchi chizigli
kattalik.

Nasadka (rus.), ayrim qurilmalarning ichiga solib go'yiladigan har-xil shaklli gattiq jismlar.

Patrubok (rus.), asosiy truba, rezurvuar va qurilmalardan gaz, bug' yoki suyuglik olinadigan gisga
truba.

Prosess (lat.), hodisalarning izchil almashinib turishi, biror narsaning taragqiyot holati, jarayon.
Psixrometr (yunon.), havoning harorati va namligi aniglaydigan asbob.

Regenerasiya (lat.), ish bajargan jismning dastlabki sifatlarini tiklash ,masalan, adsorblash
jarayonida adsorbentlarning xossalarini tiklash.

Rekuperator (lat.), issiglik almashinish qurilmasi, unda issiglik eltuvchilarni ajratib turgan devor
orgali ular orasida issiglik almashib turadi.

Separasiya (lat.), suyuq yoki gattiq zarrachalarni gazlardan, gattiq zarralarni esa suyuqgliklardan
ajratish, gattiq yoki suyuq aralashmalarni tarkibiy gismlarga ajratish.

Skrubber (ingliz.), changli gazlarni yuvish yo'li bilan tozalaydigan qurilma.

Texnologiya (yunon.), mahsulot ishlab chigarish jarayonida xom ashyo, material yoki yarim
fabrikatga ishlov berish, tayyorlash, ularning holati, xossalari va shaklini o'zgartirish usullari majmui.

Turbina (frans.), berilayotgan ish jismi (bug', gaz, suv )ning Kinetik energiyasini mexanik ishga
aylantirib beradigan birlamchi dvigatel.

Turbulent ogim (lat.), zarrachalari murakkab traektoriyalar bo'yicha turg'unlashmagan tartibsiz
harakatlanadigan suyuglik (yoki gaz ,) ogimi . Bunday holatda suyuqglik tezligi va uning bosimi
ogimning har bir nuqgtasida tartibsiz o'zgaradi.

Flanes (nem.), truba, armatura, rezurvuar, vallar va boshgalarning birlashtiruvchi gismi, odatda,
boltlar yoki shpilkalar o'tkazish uchun bir tekisda joylashgan teshiklari bo'lgan yassi halga yoki
diskdan iborat.

Sapfa (nem.), o'q yoki valning podshipnikka tiralib turadigan gismi.

Shtuser (nem.) uchi rezbali biriktirish patrubkasi. Rezurvuarlar yoki qurilmalarning trubalariga
yoxud chigish patrubkalariga payvandlanadi, kavsharlanadi yoki burab qo'yiladi.

Elevator (lat.), yuklarni tik yoki giya yo'nalishlarda uzluksiz tashiydigan qurilma.

Kondensat (lat.), gaz eki bug'ni kondensasiyalashda hosil bo'ladigan suyuglik.

Konsentrasiya-suyuqlikda eritilgan yoki havoga targalgan moddaning shu suyuglik yoki havo
hajmiga nisbatan miqdori ko'p-ozligi, quyug-suyugligi.
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