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SO‘Z BOSHI

/iimonaviy sharoitda fanni o‘qitish muhandis kadrlami ilm- 
liin. ii-xnika va texnologiya sohalarida erishilayotgan ilg‘or yutuqlar, 
mimmmsoniy g‘oyalar, milliy qadriyatlarga tayangan holda tayyor- 
lirili, ularda pedagogik madaniyatni rivojlantirish, ijodiy tafakkurni 
luikil) toptirish, pedagogik jarayonlami to‘g‘ri tashkil etish bilan bir 
tjiiioida malakaviy amaliyotni hosil qilishga yo‘naltirilgan.

Mamlakatimizda inson manfaatlari oliy qadriyat deb qaralayot- 
r hi hir davrda ijtimoiy-iqtisodiy sohani taraqqiy ettirish, iqtisodi- 
yolni barqaror sur’atlar bilan rivojlantirish, bugungi kun talabla- 
i if.’a |avob bera oladigan ishlab chiqarish jarayonlarini tashkil etish, 
v >i<|in kclajakda barcha sohadagi amalga oshirilishi rejalashtirila- 
VKtgan islohotlar izchilligini ta’minlashda energetika tizimining 
■ > i ni va salmog‘i o‘ta muhim hisoblanadi.

Xususan, bu sohada rivojlangan mamlakatlar tajribalariga ta- 
s angan holda hayotga tatbiq etilayotgan istiqbolli loyihalar ishlab 
«liiqarishni rivojlantirish, aholi turmush farovonligini yuksaltirish- 
iiing muhim omili bo‘lmoqda.

Yoqilg‘i - energetika resurslaridan foydalanish samaradorli- 
X'lti tubdan oshirish, yangi energiya tejamkor energiya ta’minoti 
loxnologiyalami tatbiq etish evazidan respublikamiz iqtisodiyotini 
liaicha sohalarini hamda aholini energiya resurslar bilan barqa- 
ioi ta’minlash 0 ‘zbekiston energetika siyosatining bosh maqsadi 
hisoblanadi.

Ushbu o‘quv qo‘llanmada “Issiqlik ta’minoti va issiqlik 
u/imlari” fanini o‘zlashtirishga doir bo‘lib, talabalami fan 
viiAisidan olgan nazariy bilimlarini tajriba ishlarini bajarish orqali 
yanada mustahkamlashga, nazariya va amaliyot tushunchalarini 
vanada chuqurroq anglashlariga yordamlashadi.

0 ‘quv qo‘llanmada fanning eng muhim mavzulariga oid tajriba 
ishlarini bajarishga doir ma‘lumotlar keltirilgan. Talabalar bu tajriba
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ishlarini o‘rganib, bajarib o‘zlarining olgan bilimlarini ta‘lim 
yo‘nalishlari bo‘yicha qo‘llash uchun ko‘nikmalar hosil qilish 
imkoniga ega bo‘ladilar.

Talabalarni tajriba ishlarida rioya qilishlari lozim bo‘Igan 
xavfsizlik texnikasi qoidalari

Talabalar tajriba ishlarini bajarishda bir qancha muhim bo‘lgan 
qoidalarga amal qilishlari lozimdir. Tajriba ishlarini bajarish elektr 
uskunalari yordamida olib borilgani uchun ulami tok bilan 
jarohatlanish xavfi bo‘ladi. MaMumki 40-42 V kuchlanish xavfsiz 
bo‘lib, bu paytda odamdan 0,1-0,3 A gacha tok o‘tadi. Shuningdek, 
50 mA tok odamni jarohatlantirishga, 100 mA tok esa o‘limga olib 
keladi.

Umumiy holda talabalar tajriba ishlarini bajarishlari 
mobaynida lozim boUgan tartib qoidalarni:

1. Tajriba ishini bajarishdan oldin ish bilan chuqur tanishish 
kerak.

2. Berilgan sxemani va zanjimi yig‘ishdan oldin uzib ulagich 
uzilgan holdaligini tekshirish kerak.

3. Sxemani yig‘ishda har xil uzuq-yuliq simlardan, nosoz 
asboblardan foydalanmaslik kerak.

4. Sxemani diqqat bilan yig‘gandan so‘ng, sxemada qatnasha- 
yotgan asboblarda tok bo‘lmasligini, yerga ulanganlik darajasi 
yaxshiligini yana bir bor ko‘zdan kechirish kerak.

5. Sxemani manbaga ulashdan oldin undagi ochiq qismlarini 
to‘la himoyalanishga erishish.

6 . Tajriba ishlari suv bilan ta’minlanish kerak bo‘lganda suvni 
erkin oqish yo‘llarini tekshirib ko‘rish, shlanglami butunligiga 
ishonch hosil qilish kerak.

7. Elektr dvigatellari bilan ishlashda soch va kiyimlami 
aylanuvchi valdan ehtiyot qilish lozim.

8. Mustaqil tarzda hech qanday sxemaga tegmaslik, hamda 
uzib ulashni bajarmaslik kerak.
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9. Tajriba ishini boshlashdan oldin rahbarga bajarish tartibini 
aytib berish va ruxsat olish shart.

10. Agar ish bajarish davrida simlami uzilishi, asbobni to‘g‘ri 
ishlamayotganini, hamda noxush xidlar paydo bo‘lsa, birinchi 
navbatda sxemani uzish va tezda rahbarga xabar berish kerak.

11. Talabalar yuqoridagi qoidalarga rioya etishlari va rah- 
baming texnika xavfsizligi bo‘yicha to‘liq tushuntirishlarini diqqat 
bilan tinglab, unga amal qilishlari lozim, bu esa tajriba ishini 
samarali va sifatli bajarilishiga zamin yaratadi.

Ta‘kidlab o‘tilgan va rahbar tushuntirgan qoidalarni bilib 
olgandan so"ng talabalar «Xavfsizlik texnikasi» maxsus 
jurnaliga o‘z imzolarini qayd etishlari talab etiladi.
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1 -  TAJRIBA ISHI 
ISSIQLIK TA’MINOTINING ASOSLARI

Ishdan maqsad: Tajriba ishidan tarmoq uchastkasining 
issiqlik hisobini va issiqlik yo‘qotilishlarini hisoblab o‘rganishdan 
iborat.

Tayanch iboralar: issiqlik, issiqlik ta’minoti, issiqlik tar- 
moqlari, uchastka, issiqlik hisobi, issiqlik yo‘qotilishi, izolyatsiya, 
qozonxona.

Tajriba ishini bajarish uchun quyidagi adabiyotlar bilan 
tanishib chiqish kerak:

1. «Issiqlik ta’minoti va havoni maromlash tizimlari» Fani 
bo‘yicha tajriba ishlariga uslubiy ko‘rsatmalar, A.U. Alimboyev, 
R.P. Boboxodjaev va boshqalar, Toshkent 1997 y.

Ishning davomiyligi — 2 soat.

I. Uchastkaning issiqlik hisobi

Tarmoq uchastkasining issiqlik hisobini bajarish. Izolyatsiya 
materiali -  mineralli mato, issiqlik quvurdagi suvning harorati tsuv = 
90 °C. Hisobga kerak bo‘ladigan ma’lumotlami 1.1-jadvaldan olinsin.

1 .1 -jadval
Dastlabki ma’lumotlar

Shifrning
oxirgi

raqami

h — issiqlik 
quvurning 
yotqizish 

chuqurligi, m

Shifrning
oxirgidan

oldingi
raqami

t atr-atuk,
°c

A -
izolyatsiya
qalinligl,

mm
0 0,5 0 -10 40
1 0,6 1 -15 45
2 0,7 2 -20 47
3 0,8 3 -25 49
4 0,9 4 -30 51
5 1,0 5 -35 53
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1.1 -jadvalning davomi
6 1,1 6 -30 55
7 1,2 7 -20 56
8 1,3 8 -15 43
9 1,4 9 -25 42

II. Ma’Iumotlar
\

Qozonxonadan iste’molchigacha yetib borguncha, issiqlik ta- 
shuvchi atrof-muhit bilan issiqlik almashinuvi hisobidan energiyani 
qisman yo‘qotadi. Issiqlik yo‘qolishlami kamaytirish maqsadida 
issiqlik quvuri izolyatsiya qatlami bilan qoplanadi. Bunda izolyat­
siya materiali kichik issiqlik o‘tkazuvchanli va gigroskopik bo‘lishi 
kerak. Amaliyotda ko‘pincha issiqlik quvurini yer yuzasiga nisbatan 
tna'lum chuqurlikda o‘tkaziladi. ( 1 . 1-rasm.).

X? ? '* V. • J

1.1-rasm. Issiqlik quvurning joylashish sxemasL

Natijada qo‘shimcha tuproqli izolyatsiya qatlami sodir bo‘ladi.
Vt

Solishtirma issiqlik yo‘qoti!ish!ar

t  - t  ,___  suv atr.m.

R
tsuv -  issiqlik tashuvchining harorati, °C; 
tatr muh -  atrof-muhitning harorati, °C;



m ° C
R — termik qarshiligi, y. :

Berilgan holatda termik qarshiligi R issiqlik quvumi ichki 
yuiiasining issiqlikni berishiga qarshiligi R\, quvur materialining 
^ s h il ig i  R2, izolyatsiya Ri, tuproq Ra, tuproq yuzasining qarshi- 
liklar yig‘indisi R5 dan iborat bo‘ladi. Amaliyotda Ri va R2 lar miq- 
^orlari kichik bo‘lganligi uchun ular hisobga olinmaydi. Shuning 
uchun termik qarshiliklar yig‘indisi quyidagi ko‘rinishga ega

R = Ri + /?4 + Rs

bunda ------ - izolyatsiya qarshiligi;

X -izolyatsiyaning issiqlik o‘kkazuvchanligi (mineralli mato 

uchun A = 0.045,-^ );
m  C 

,n dtash

rfS-5: + 2A
(d̂sh + 2 A )2 J dlash

- tuproqning

qarshiligi;

a 1 Vt
A 'tup -tuproqningissiqliko‘kkazuvchanligi

, h  ̂ 0 
Quvur yotqizish chuqurligi kichik bo‘lganda ^  ^ 2 a ]

yu£aning qarshiligi R5 qalbaki yotqizish chuqurligi h orqali 
aniqlanadi:

h = h + h f = h + ̂ ~ ,
J a

bunda a  -  issiqlik berish koeffitsiyenti (qabul qilinadi 

™ Vta  =  50,— ---------
(m  ° C )  >
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qt aniqlangandan so‘ng issiqlik quvurini butun uchastka 
bo‘yicha issiqlik yo‘qotilishlari aniqianadi

F  = qe + I 
Issiqlik tashuvchi haroratining pasayishi

- 7 T -Q a
bunda Ct — isiqlik berish koeffitsiyenti suv uchun 

Vt
a  = 4 1 9 0 -----—-----

’ (m 2 0 C) ten8 deb qabm qilinadi.

n i. Issiq suvning differettsial grafigining hisobi

Berilgan kecha — kunduzii issiq suvni ist’emol qilish grafigiga 
isoslanib, issiq suvni saqlovchi (akkumulyator) idishining kerakli 
hajmi grafik usulida aniqlansin. (1.2-rasm.).

Dastlabki ma’lumot 1.2-jadvaldan olinsin.

< ---------------------------- — ------ ---—r— -- r ..................... — ____
t , ------------------------------------------------------ --------------------------------------------------------

11----------- —-— —-------------------------------------------------------------

o * s  & 16 20 2

1.2- rasm. Kecha -  kurtduz davomidu issiq suvni ist’emol qilish grajigi
(topshiriq b 0‘yicha)



Dastlabki ma’lumot
1.2-jadval

Shifrning
oxirgi

raqami

Ist’emol qilish 
a va b,

Shifrning
oxirgidan

oldingi
raqami

Ist’emollash
«c», «d» va «e»,

a b c d E
0 1 2 0 2 5 10
1 2 2 1 3 4 9
2 1,5 2 2 4 6 8
3 1,5 3 3 4 4 9
4 2 3 4 3 5 10
5 2,5 3 5 2 6 8,5
6 3 1 6 3 6 9,5
7 1 1 7 3 4 10,5
8 2 1 8 4 4 11
9 3 2 9 4 5 11,5

Issiq suvni berilgan kecha -  kunduzli grafigidan ko‘rinib 
turibdiki, kecha — kunduz davomida issiq suvni ist’emol qilinishi 
o‘zgaruvchan bo‘ladi. Ko‘pincha issiq suvning sarfi o‘zgarmas 
boiishi qulayroqdir. Issiq suv akkumulyatori quyidagicha ishlaydi: 
suv iste’mol qilinishi kichik bo‘lganda, uning ortiqchasi 
akkumulyatorga o‘tadi, iste’mol oshganda esa, tarmoqdan 
uzatiladigan suvning yetishmovchiligini akkumulyatordagi suv 
qoplaydi. Natijada tarmoq suvning sarfi o‘zgarmas bo‘lib, saqlanadi.

1-Masala. Issiq suvni saqlovchi (akkumulyator) idishining 
kerakli hajmi grafik usulida aniqlansin. (1.3-rasm.).

Kecha -  kunduzni turli davrlarida suv iste’mol qilinishi 
quyidagicha boiadi: ertalab soat 6 00 da: M = 1 ——• 6 soat = 6 t,

soat

ertalab soat 10 00 da: M =6 t + 4 — • 4 soat = 22 t, soat 18 00 da:
soat

M = 22 t + 3 -1— • 8 soat = 46t, soat 22 00 da: M = 46 t + 8 - 1— ■ 4
soat soat

soat = 7 8 t, kunning oxirida: M = 7 8 1 + 1 — • 2 soat = 801.
soat
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m/'t

8 ---- -------------------------------------------------------------------------
7 ----------------------------------------------------------------- L - ----------------------------
6 -----------------------------------  --------------------------

5 -----------------------------------------------------------------------------------
 1  --------------------------------------------------------------------------------------
3 ---------------------------- LI--------------- ---------------
 2  

1 -----------------------------------------------------------------------
0 i 8 12 16 20 21

1.3-rasm. Kecha -  kunduz davomida issiq suvni iste’mol qilish grafigi
(misol bo‘yicha)

Uzish natijali suvni iste’moli (integrirlangan grafik)
1.4-rasmda keltirilgan.

m
SO
7S 
70 
6S 
60 
SS 
SO 
IS  
w  
JS 
30 
25 
20 
e 
v 
s

0 4 8 12 16 20 24 soat
1.4- rasm. Kecha -  kunduz davomida issiq suvni ist’emollanishining

dinamikasi

1.5-rasmdan ko‘rinib turibdiki o‘rtacha va haqiqiy sarf 
chiziqlari orasidagi maksimal farq 14 t ga teng bo‘lib, kunning soat

9 -------- ,---------------------------------------------
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6 va 18 larga to‘g‘ri keladi. Akkumulyator hajmini 14 t ga teng deb 
qabul qilinadi.

Hisobotda oxirgi natijalami ko‘rsatib, tahlil qilib, umumiy 
xulosalar chiqarish kerak.

(hisob misoli)
0 ‘rtacha sarfhing grafigini quramiz (1.5-rasm).

0 4 8 12 16 20 24 soat
1.5- rasm. 0 ‘rtacha (punktir chizig‘i) va haqiqiy (uzluksiz 

chizigH) sarftar grafiklarini solishtirirsh chizmasi

IV. Ish bo‘yicha hisobot

Hisobot quyidagilardan iborat bo‘lishi kerak:
1. Ishning qisqacha tavsifi.
2. Ish tahlil natijasi va xulosasini bayon qilish.

V. Nazorat savollari
1. Issiqlik ta’minoti tizimlari haqida nima bilasiz?
2. Issiqlik tarmoqlar uchastkasi haqida nima bilasiz?
3. Tarmoq uchastkasida issiqlik yo‘qotilish sabablari nimada?
4. Issiqlik hisobi nima uchun hisoblanadi?
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2-TAJRIBAISHI 
ISSIQLIK TA’MINOTIDA OQIMCHAVIY NASOSLAR 

(ELEVATORNING) ARALASHMA KOEFFITSYENTINI VA 
FIKini ANIQLASH

Ishdan maqsad: Tajriba ishidan maqsad elevator 
qurilmasining konstruktiv tuzilishini chuqur o‘rganibchiqishlari va 
tarmoqni belgilangan o‘miga ega tugun qurilmasi eskizini chizish.

Tayanch iboralar: issiqlik, issiqlik ta’minoti, issiqlik 
tarmoqlari, elevator, nasos, oqimchaviy nasos, guruhli issiqlik 
maskani, aralashma koeffitsiyenti, FIK, injeksiya.

Kerakli jihozlar: Tajriba natijalarini aniqlash uchun tajriba 
qurilmasi, haroratni o‘lchash uchun termometrlar, bosim oichash 
asboblari, ratometr.

Tajriba ishini bajarish uchun quyidagi adabiyotlar bilan 
tanishib chiqish kerak:

1. «Issiqlik ta’minoti va havoni maromlash tizimlari» Fani 
bo‘yicha tajriba ishlariga uslubiy ko‘rsatmalar, A.U.Alimboyev, 
R.P. Boboxodjaev va boshqalar, Toshkent 1997 y.

Ishning davomiyligi — 4 soat.
I. Ma’lumotlar

Elevatorning tasnifl Keyingi yillarda yirik markazlashtirilgan 
issiqlik ta’minoti tizimlarida guruhli issiqlik maskan (punkt)lari 
(GIM yoki GIP) keng qo‘Haniladi (2.1.- rasm.).

Turar joy va ma’muriy binolaming issiqlik qurilmalari bunday 
issiqlik maskanlari yordamida issiqlik tarmog‘iga ulanadi. GIMni 
qoilash natijasida issiqlik ta’minotiga sarflanadigan mablag‘ 
kamayadi va uni ishlatish soddalashadi. Undan tashqari turar 
joylardagi shovqin kamayadi, chunki issiqlik ta’minotining nasoslari 
yashash binolaridan uzoqdagi GIM xonalarida joylashtiriladi.

Shunga qaramay GIMni qo‘llash ma’lum kamchiliklardan holi 
emas. Bu o‘rinda, masalan, GIM bilan ayrim binolar oralig‘idagi
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odatda ikki quvurli tarmoq o‘miga uch, to‘rt va ko‘p quvurli 
tarmoqlami qo‘llash lozimligini keltirish mumkin.

Isitish qurilmalarini issiqlik tarmog‘iga ulanishida elevator 
(purkovchi nasos) lar qo‘llaniladi.

Suv oqlmli elevatorning sxemasi

elevator soplosi aralashtiruvchl karaera

J k . qaytaruvchi quvur suvt

2.1-rasm. Elevatorning tuzulishi

Bu ulanish sxema 1929 yili prof. V.M.Chaplin tomonidan 
ishlab chiqilgan. Issiqlik tarmog‘ining uzatish quvuridan suv sarf 
rostlagichi 8 orqali elevator 12 ga kelib tushadi. Bir vaqtning o‘zida 
issiqlik tarmog‘ining qaytish quvuriga isitish qurilmalaridan 
qaytayotgan sovigan suv elevator tomonidan so‘rib olinadi. 
Aralashtirilgan suv elevator yordamida isitish tizimiga uzatiladi.

II. Elevatorning ishlash tartibi
Elevatorning yaxshi ishlashi uchun issiqlik tarmog‘ining uzatish 

va qaytish quvurlari orasidagi bosimlar farqi katta bo‘lishi kerak.
Bosimlar farqi qancha katta boisa, elevatorning soplosidan 

chiqayotgan suvning tezligi shunchalik katta boiadi va yuqori 
injektsiya (aralashtirish) koeffitsiyentiga erishiladi (2.2-rasmda 
elevatorning tuzulishi keltirilgan).

Elevatorning injektsiya koeffitsiyenti deb, so‘rib olinayotgan 
suv sarfi (G2) ni uning soplosidan o‘tayotgan suv sarfi (Gi) ga 
nisbatiga aytiladi. Injektsiya koeffitsienti talab qilinganidek 1,5- 
2,5 ga teng bo‘lishi uchun uzatish va qaytish quvurlaridagi bosimlar

14



2.2-rasm. Elevatorning tuzMshi:
1-karnay (soplo); 2-qabul qilish kamerasi; 3-aralashtirish kamerasi;

4-diffuzor.

farqi 0,8-1,5 atm. bo‘lishi kerak. Odatda elevator o‘zgarmas 
injeksiya koeffitsiyenti bilan ishlaydi.

Elevatorning afzalliklari uning soddaligi va ishonchli ishlashi- 
dan iborat. Elevatorning ishlashi issiqlik manbaidagi tarmoqqa 
berilayotgan suvning sarfi va parametrlari (ayniqsa, bosimi)ga 
bog‘liq bo‘ladi (2.3-rasmda elevator tugunining sxemasi keltirilgan).

2.3-rasm. Elevator tugunining sxemasi

Issiqlik tarmog‘ining asosiy nasosi ishdan chiqqan paytda suv­
ning harakati (sirkulyatsiyasi) to‘xtaydi va elevator o‘z vazifasini 
bajara olmaydi. Bu elevatorning asosiy kamchiligi hisoblanadi.
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Ko‘rsatilgan kamchilikni bartaraf qilish uchun suvning 
harakatlanilishini nasos yordamida amalga oshirish lozim. Nasos 
yordamida suvni aralashtirishning afzal tomoni shundan iboratki, 
tarmoqning asosiy nasosi ayrim sabablarga ko‘ra ishlamay qolgan 
paytda, aralashtiruvchi nasos mustaqil ravishda suvning sirkul- 
yatsiyasini ta’minlaydi va shu bilan uni muzlab qolishdan saqlaydi.

Masalaning eng yaxshi yechimi -  elevator bilan nasosni 
birgalikda o‘matishdan iborat. Bunday qilinganda elevator doimiy 
ravishda ishlab turadi nasos esa, ayrim zarur hollarda ishlatilishi 
mumkin.

III. Tajriba natijalarining hisobi
Ikkita aralashadigan sovutilgan Go va yuqori haroratli Gi, suv 

oqimilar massalaming nisbatiga aralashma koeffitsienti deyiladi,

bunda U — aralashma koeffitsiyenti;
Go -  isitish tisimiga, elevatordan uzatiladigan sovutilgan 

suvning massasi;
Gi —issiqlik tarmog‘idan uzatiladigan yuqori haroratli suvning 

massasi;
ti -  tashqi uzatuvchi quvurdagi suvning harorati, °C; 
tr -  isitish tisimiga uzatiladigan suvning harorati, °C; 
to -  isitish tizimidan qaytadigan sovutilgan suvning harorati, °C. 
Aralashma koeffitsiyenti U miqdori va suvning keltirilgan 

sarflari bo‘yicha elevator maxsus nomogrammadan

Gq Gg — Gi _  
Gi Gx

soat

tanlanadi.
Keltirilgan sarfi Gfc„-^—, quyidagi ifoda orqali aniqlanadi:



U fcrf----------
io ^/a^

Bunda, Gar — isitish tizimida aylanadigan suvning miqdori 
k g

(aralashma), ^ ;

Gar — Go + Gl
APtiz -  isitish tizimining gidravlik qarshiligi, elevatorga 

suvning kirish va chiqishdagi manometer ko‘rsatkichlaming farqi 
bo‘yicha aniqlanadi Pa.

Elevator ishini belgilovchi, elevatorga kirishda tarmoqdagi 
suvning bosimi quyidagicha aniqlanadi:

H = 1,4 APtiz (1-a)2
Elevatomi FIKti quyidagicha aniqlanadi:

G0&Piz 
— r 1— ^ — 100%
G jC /f - f lP i ,)

Tajriba natijalarini 2.1-jadvalga joylashtiramiz.

2.1-jadval

JVs

Tashqi
uzatuvchi

quvuridagi
suvning
harorati,

ti°C;

Isitish 
tisimiga 

uzatiladiga 
n suvning 
harorati, 

tr°C;

Isitish
tisimidan

qaytadigan
sovutilgan

suvning
harorati,

to°C;

Aralashma
koeffisiyent

i,
U

Eleva­
torning

FIK
n,%

1
2
3

IV. Ish bo‘yicha hisobot

Hisobot quyidagilardan iborat hoMishj kprak:....— ...—^  ,
1. Ishning qisqacha tavsifi.

•.ii.SURS MArtK
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2. Qurilmaning prinsipial sxemasi.
3. Elevatorning printsipial sxemasini chizish.

V. Nazorat savollari

1. Issiqlik ta’minoti tizimlari haqida nima bilasiz?
2. Issiqlik tarmoqlari haqida nima bilasiz?
3. Guruhli issiqlik ta’minoti tizimlari nima maqsadda 

qo‘llaniladi?
4. Elevator qanday qurilma?
5. Elevatomi issiqlik ta’minoti tizimida qoMlanilishining 

afzalliklari va kamchilliklari nimada?
6. Elevatorning aralashma koeffitsiyenti nimaga bogMiq?
7. Oqimchaviy nasoslaming FIKi qanday?

3 -  TAJRIBA ISHI 
TARMOQ ISITGICHINING ISSIQLIK 
KO RSATKICHLARINI ANIQLASH

(virtual tajriba sifatida amalga oshiriladi)

Ishdan maqsad: Talabalaming suv isitgichining tuzilishi va 
issiqlik sinovini o‘tkazish bo‘yicha bilimlarini chuqurlashtirishdir.

Tayanch iboralar: Issiqlik, issiqlik ta’minoti, issiqlik 
tarmoqlari, tarmoq isitgich, past bosimli isitgich, Issiqlik elektr 
stantsiyalari, quvurlar sistemasi, suv kamerasi, cho‘qichlangan, 
turbina kondensati.

Kerakli jihozlar: kompyuter qurilmasi, proektor va boshqa 
jihozlar.

Tajriba ishini bajarish uchun quyidagi adabiyotlar bilan 
tanishib chiqish kerak:
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1. «Issiqlik ta’minoti va havoni maromlash tizimlari» fani 
bo4yicha tajriba ishlariga uslubiy ko‘rsatmalar, A.U. Alimboyev, 
R.P. Boboxodjayev va boshqalar, Toshkent 1997 y.

2. “Issiqlik ta’minoti va issiqlik tarmoqlari” fanidan o‘quv 
qoMlanma, B.X.Yunusov, MAzimova, “Voris”, 2014 y.

Ishning davomiyligi — 2 soat

I. Ma’Iumotlar

Issiqlik elektr stantsiyalarida tik turdagi isitgichlar keng 
qo‘llaniladi. Past bosimli isitgichlarda (PSB) isitish yuzasini tez va 
zanglamaydigan po'latdan yasalgan quvurlar hosil qiladi: quvuming 
uchlari quvur taxtasiga cho‘qichlangan bo4ladi. Devoming qalinligi
0,75-1,0 mm bo‘lgan yupqa quvurlar qo‘llaniladi. Suv to‘siq bilan 
ajratilgan kameraga beriladi va undan quvurlarga o‘tadi. 
Quvurlardan o‘tib isib, suv kameraning boshqa yarmiga kelib 
tushadi, keyin chiqish quvurchasi orqali isitgichdan chiqib ketadi.

Quvurlar sistemasi suv kamerasi bilan ulangan payvand tana 
ichiga joylashgan, tana va kamerani birlashtiruvchi flanetslar 
orasidagi quvurlar taxtasiga mahkamlanadi. Quvurlar sistemasiga 
barqarorligi yengillik bag‘ishlaydi, unga bug‘ quvurlari ko‘ndalang 
qamrab o‘tishni ta’minlovchi to‘siqlar mahkamlanadi.

Qisqa quvur orqali isitgichga kirib kelgan bug4 qalqonga 
uriladi va isitgich tanasi ichida oqib tarqaladi.

Isitgichda sizilib chiqqan suvlar uning pastki qismida yig‘iladi 
va oqava quvuri orqali chiqarib tashlanadi. Isitgichdan faqat 
kondensat oqib chiqishi uchun uning pastki qismida suyuqlikning 
ma‘lum balandligi sozlagich yordamida ta’minlanishi kerak. Oqava 
quvurda joylashgan tartibga solish moslamasi elektron sozlagich 
bilan boshqariladi, u isitgich tanasidagi isitgichning isitish yuzasi 
va uning konstruktiv kattaliklari aniqlanadi (3.1-rasmda past bosimli 
isitgichning sxemasi keltirilgan.).
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1-yuqori suv kamerasi (bo'shlig'i);
2-yuqori quvurtaxtasi;
3-bug"ni kirish yo'K;
4-yo‘naltiruvchi to'siqlar,
5-pastki quvur laxtasi;
6-pastki osma suv kamerasi (bo'shlig'i);
7-qizigan kondensatni chiqaruvchi quvurcha;
8-isituvchi bug' kondensatmi oqizib yuborish;
9-kondcnsatning kirish quvurlari;
10-bug'ni qaytaruvchi varaqa;
11-isitgich quvurlari;
12- tayanch:

Yuqori tomondan ko'rinishi

Qizigan 7I  
kondensat I  Bug1 kondensat

3.1-rasm. Past bosimli isitgichning sxemasi

Past bosimli isitgich (PBI) lar turbina bug‘ holida yetkazib 
beriladi. Isitgichlaming belgilanishini misolda tushuntiramiz. PI- 
400-26-0,7-SH va PI-200-16-0,7 P. PI -  past bosimli isitgich, 
birinchi raqam isitish yuzasini (m2), ikkinchisuv tomondagi 
bosimini, uchinchisi esa isituvchi bug‘ning maksimal bosimini 
anglatadi. Oxirgi rim raqami nusxasini belgilaydi. (isitgichlar 
balandliklaridagi farq va hokazo).

II. Past bosimli isitgich (PBI)larni hisoblash
3.2-rasmda turbina kondensatoridan kelayotgan asosiy 

kondensat yo‘liga o‘matilgan PBI ko‘rsatilgan.
PBIning issiqlik balansi tenglamasidan issiqlikni qayta tiklash 

maqsadida turbinadan qaytarib olinayotgan bug‘ning sarfi quyidagi 
ifoda yordamida aniqlanadi:

D 151 (398-235) _ W6 5  kg
b (2760-402) 0,98 ’ soat
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Dk. -?

3.2 - rasm. Turbina kondensatoridan kelayotgan asosiy 
kondensat yo ‘liga o ‘rnatilgan PBI sxemasi

kg
bunda: Db -  PBI ga berilayotgan bug‘ning sarfi, ( ^ ^ ) ;

hk' va hk" - PBI ga kirish va chiqish asosiy kondensatning

0 .entalpiyalari, k g ;

h", hk" - PBI ga issiqlik berish uchun, turbinadagi qaytarib
kj

olingan bug‘ning kirish va chiqish entalpiyalari, ~ ;

rjj -  issiqlik almashinuv apparatining F.I.Ki 0l,=O,98).
Tajriba ish bo‘yicha hisobot PBI qurilmasining qisqacha 

tavsifi, tajriba o‘tkazish uslubi va issiqlik sinovning hisoblarini o‘z 
ichiga oladi (3,1-jadvaIda berilgan).

Tajriba
tartibi

JTs

Dk t h’ K t'u K h h\ Dh

%
soat

°C Jg_

kg

°C h i °C */_
kg

"C

kg
kg

soat

1 151 138 2760 96 402 55 235 94 398 10,65
2 170 120 2760 96 402 55 235 94 398 11,9
3 195 138 2760 96 402 55 235 94 398 13,75
4 208 138 2760 96 402 55 235 94 398 14,75

21



III. Ish bo‘yicha hisobot
Hisobot quyidagilardan iborat bo‘lishi kerak:
1. Ishning qisqacha tavsifi.
2. Qurilmaning prinsipial sxemasi.
3. Tajriba jadvali.
4. Olingan natijalaming tahlili.

IV. Nazorat savollari:
1. Tarmoq isitgichlari nima maqsadda qo‘llaniladi?
2. Tarmoq isitgichlari qanday materialiardan tayyorlanadi?
3. Tarmoq isitgichlarida issiqlik almashinish jarayoni qanday 

parametrlarga bog‘liq?
4. Tarmoq isitgichlari IES sxemasining qaysi qismida joy­

lashgan?
5. Tarmoq isitgichiga issiqlik tashuvchi qayerdan olinadi?

4-TAJRIBAISHI 
ISSIQLIK TA’MINOTI TIZIMIQUVURLARDAGI ISSIQLIK 

YO‘QOTILISHLARNI ANIQLASH
(virtual tajriba sifatida amalga oshiriladi)

Ishdan maqsad: Tajriba ishidan asosiy maqsad mintaqaviy 
isitish tizimlarining quvurlarini issiqlik izolatsiyasi orqali haqiqiy 
issiqlik yo‘qotishlarini aniqlashdan iborat.

Tayanch iboralar: Issiqlik, issiqlik ta’minoti, issiqlik tarmoq­
lari, quvurlar, armaturalar, issiqlik yo‘qotilishi, issiqlik manbai, 
issiqlik quvurlari.

Kerakli jihozlar: kompuyuter qurilmasi, proektor va boshqa 
jihozlar.

Tajriba ishini bajarish uchun quyidagi adabiyotlar bilan 
tanishib chiqish kerak:

1. «Issiqlik ta’minoti va havoni maromlash tizimlari» fani 
bo‘yicha tajriba ishlariga uslubiy ko‘rsatmalar, A.U. Alimboyev, 
R.P. Boboxodjaev va boshqalar, Toshkent 1997 y.

2. “Issiqlik ta’minoti va issiqlik tarmoqlari” fanidan o‘quv 
qoMlanma, B.X.Yunusov, MAzimova, “Voris”, 2014 y.
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3. www.uzerergy.uz 
Ishning davomiyligi — 2 soat
I. Ma’lumotlar
Issiqlik yo‘qotishlami hisoblash umumiy energiya manbasiga 

ulangan barcha issiqlik tarmoqlari uchun amalga oshiriladi. 
Tarmoqning ba'zi alohida bo‘limlarida issiqlik energiyasining 
haqiqiy yo‘qotishlami hisoblash amalga oshirilmaydi.

Issiqlik energiyasini yo‘qotish hisob-kitoblari issiqlik 
energiyasini iste'molchilar uchun va issiqlik energiyasi manbalari 
uchun sertifikatlangan issiqlik oMchash asboblari mavjudligini talab 
qiladi. Hisoblagich qurilmalari bo‘lgan iste'molchilar soni ushbu 
issiqlik tarmog‘i iste'molchilarining umumiy sonidan kamida 20% 
bo‘lishi kerak. Haqiqiy issiqlik yo‘qotish hisoblash harorat o‘lchov 
asboblarida amalga oshiriladi.

Haqiqiy issiqlik yo‘qotishlami hisoblash, issiqlik izolatsiyasi 
loyiha standartlariga muvofiq o‘tkaziladigan tarmoqlar uchun 
issiqlik energiyasining yo‘qotish normalari bo‘yicha aniqlanadigan 
(normalar dizayn va ijro hujjatlari bo‘yicha aniqlanishi kerak) 
zararlami standart qiymatlari yordamida amalga oshiriladi.

Me'yorlarga muvofiq, issiqlik quvurlari issiqlik izolyatsiya 
qilinishi kerak. Shuning uchun har qanday me’yoriy hujjatlarda bu 
ish uchun quvurlaming issiqlik yo‘qotishini hisoblash uslublari 
ko‘rsatilmagan (4.1-rasmda issiqlik ta’minoti tizimi ko‘rinishi 
keltirilgan).

4.1-rasm. Issiqlik ta’minoti tizimi ko‘rinishu
23
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II. Quvurlardan issiqlik yo‘qotilishini hisoblash
Quvur liniyasidan soatiga issiqlik yo‘qotishlaming miqdori 

quyidagi ifoda orqali aniqlanadi:
Q = b • 1 • q Vt,
b -  tayanch orqali issiqlik yo‘qotilishini hisobga oladigan 

koeffitsiyent, metall quvurlar uchun b=l,5 metalmas quvurlar 
uchun b=l,7 ga teng.

1 - bu uchastka uzunligi, m;
q - soatiga bir metr quvurdan issiqlik yo‘qotish, —,

tn

q - k  ■ 3.14 ' (ts~tm)
ts - quvurdagi suv harorati, ° C;
tm - quvuming atrof-muhit harorati, ° C;

Vt
k -  chiziqli issiqlik uzatish koeffitsiyenti, m0£*

1
k = 1 8m 1 

«  K
Quvuming tashqi yuzasi quyidagi ifoda orqali aniqlanadi:

F t =  7 tD t L ,

Bu yerda: n- o‘zgarmas kattalik, 3,141;
Dt-quvuming tashqi diametrik, m; L-quvuming uzunligi, m.
Izolyatsiya qilingan quvur liniyalari bo‘yicha issiqlik 

yo‘qotishlami hisoblash amaldagi me’yoriy hujjatlarda ko‘rsatilgan 
tartibda amalga oshirilishi kerak. Bu holatning tavsiflovchi 
xususiyati shundaki, issiqlik oqimi asosan issiqlik izolatsiyasining 
issiqlik qarshiligi bilan aniqlanadi. Shu bilan birga, qopqoq 
qatlamining tashqi yuzasida issiqlik uzatish koeffitsiyenti issiqlik 
yo‘qotishlarining qiymatiga juda kam ta'sir qiladi va shuning uchun 
o‘rtacha qiymatlardan olinishi mumkin.
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Quvurdagi issiqlik yo‘qotilishini hisoblash jadvali
Parameter Belgisi Qiymat
Quvuming tashqi diametri d [mm] = 30
Quvuming uzunligi L[m] = 10
Quvur ichidagi suvning harorati tich r°ci = 2
Tashqi muhit harorati tm [°C] = -30
Koeffitsiyent

k
'  Vt ' 
m°C_

= 1,2

Izolyatsion materialning issiqlik 
o‘tkazuvchanlik koeffitsiyenti X

r v t '
L/w°C.

= 0,04

Izolyatsion materialning qalinligi D [mm] = 30
Quvurdagi issiqlik yo‘qotilishi Q [vt] = 87,80

1 m quvurdagi issiqlik yo‘qotilishi
Vt
m

8,78

III. Ish bo‘yicha hisobot
Hisobot quyidagilardan iborat bo‘lishi kerak:
1. Ishning qisqacha tavsifi.
2. Qurilmaning prinsipial sxemasi.
3. Tajriba jadvali.
5. Olingan natijalaming tahlili.

V. Nazorat savollari
1. Issiqlik tarmoqlari konstruksiyalarining qanday turlari bor?
2. Issiqlik yo‘qotilishga sabab bo‘luvchi omillar?
3. Issiqlik yo‘qotilishini kamaytirish yoilari?
4. Quvur tarmog‘ida yo‘qotilgan issiqlikni hisoblash ifodalari?

5-TAJRIBAISHI 
IKKI QUVURLI YOPIQ ISSIQLIK TA’MINOTI TIZIMIDA 

BOSIMNEMG PYEZOMETRIK GRAFIGINIQURISH

Ishdan maqsad: Pyezometrik grafik tarmoqlaming sistema- 
larini va abonentlarini ulash sxemalarini, gidravlik rejimlami ishlab 
chiqish va avtomatika sistemalarini tanlash uchun zarur. Bu ishda
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tarmoq bo‘ylab bosimning umumiy taqsimlanishiga ayrim jihoz va 
uskunalaming (iste‘molchilami uzib qo‘yishlar) ta‘siri aniqlanadi.

Tayanch iboralar: Issiqlik, issiqlik ta’minoti, issiqlik tarmoq­
lari, quvurlar, armaturalar, bosim, bosim yo‘qotilishi, pyezometrik 
grafik.

Kerakli jihozlar: Tajriba qurilmasi, bosim o‘lchash asboblari.
Tajriba ishini bajarish uchun quyidagi adabiyotlar bilan 

tanishib chiqish kerak:
1 . «Issiqlik ta’minoti va havoni maromlash tizimlari» fani 

bo‘yicha tajriba ishlariga uslubiy ko‘rsatmalar, A.U. Alimboyev, 
R.P. Boboxodjayev va boshqalar, Toshkent 1997 y.

2. “Issiqlik ta’minoti va issiqlik tarmoqlari” fanidan o‘quv 
qo‘llanma, B.X.Yunusov, M.Azimova, “Voris”, 2014 y.

3. www.zivonet.uz
Ishning davomiyligi -  2 soat.

I. Ma’lumotlar
Issiqlik tarmoqlarini loyihalash va ulami ishlatishda pyezo- 

metik grafikdan keng foydalaniladi (5.1-rasm). Bu grafikda 
iste‘molchilaming joylashishi, binolaming balandliklari, tarmoqdagi 
siquv (bosim) ning qiymati va quvur o‘tkazilgan yer yuzasining 
tuzilishi (past -  balandligi) m aium  bir miqyosda ko‘rsatiladi. Bu 
grafikdan tarmoqning har bir nuqtasidagi siquvning qiymati oson 
aniqlanadi.

Agar quvur o‘qining hisoblash tekisligiga nisbatan joylashish 
balandligi Z3 ga teng bo‘lsa, uzatish quvurining 3 -  nuqtasidagi 
pyezometrik siquv Hy3- Z3 ga qaytish quvurdagisi esa, Hk3- Z3 ga 
teng bo‘ladi. Issiqlik tarmogining 3 -  nuqtasidagi berilgan ixtiyoriy 
siquv uzatish va qaytish quvurlarida qayd etilgan pyezometrik 
siquvlar farqiga yoki to‘la siquvlar farqiga teng: H3= Hy3- Hk3 

uzatish quvurida siquv (bosim) ning kamayishi 5Hyi- 4 = Hyi -  Hy4 
qaytish quvurida siquv (bosim) ning kamayishi esa, SHki- 4 = Hki -  
Hk4.
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5.1-rasm. Ikki quvurli issiqlik tarmog‘ining tasviri (a) va 
pezometrik grafigi (b)

bu yerda:
yi — y4 - tarmoqning uzatish quvuridagi siquvlar grafigi;
ki -  K» -  tarmoqning qaytish quvuridagi siquvlar grafigi;
Hid -issiqlik tarmog‘ining qaytish quvuridagi to‘la siquv;
H„ -  tarmoq nasosining siquvi;
Hst —statik siquv;
Hyi -  issiqlik tarmog‘ining uzatish quvuridagi to ia  siquv;
Hi — issiqlik manbai kollektorlaridagi tarmoq suvining siquvi;
Hy3 — uzatish quvurining 3 nuqtasidagi to‘la siquv;
Hk3 -  qaytish quvurining 3 nuqtasidagi to‘la siquv;
Suvli issiqlik tarmog‘ining ishonchli ishlashi uchun quyidagi 

talablar bajarilishi lozim:
1) issiqlik tarmog‘ining turli jihozlarida va iste‘molchining 

issiqlik qurilmalaridagi bosim belgilanganidan oshib ketmasligi. 
Issiqlik tarmog‘ining po‘lat quvurlari va armaturasidagi belgilangan 
ortiqcha bosimning qiymati odatda 1,6 -  2,5 MPa ni tashkil qiladi;
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2) tashqaridan havo surilmasligi uchun issiqlik tarmog‘ining 
barcha elementlarida ortiqcha bosimni ta’minlash. Bu talab 
bajarilmagan taqdirda jihozlaming zanglashi (korroziyasi) va 
suvning sirkulyatsiyasi buzilishi mumkin. Ortiqcha bosimning 
minimal qiymati sifatida 0,05 MPa (5 mm suv ustini) qabul qilinadi;

3) issiqlik tarmog‘ida suvning qaynab ketmasligini ta’minlash. 
Buning uchun issiqlik ta’minoti tizimining barcha nuqtalarida 
ma‘lum haroratda suv bug‘uning to‘yinish bosimidan yuqori 
bosimni saqlash lozim.

II. Vazifa
Berilgan gidravlik rejimlarda va quyida keltirilgan hollarda 

ikki quvurli suv tarmog‘i modelining pyezometrik grafigi tuzilsin:
A) bitta iste‘molchi ulanganda
B) bir guruh iste‘molchilar ulanganda

III. Tajriba qurilmasining tavsifi
Suv tarmog‘ining modeli uchta iste‘molchi ulangan yopiq 

konturli sistemadan iborat (5.2-rasm)

IV. T ajribani o‘tkazish tartibi.
Sistemaning suvga to‘lganligi va manometrlar ichidagi suyuq- 

likning nol holati tekshirilsin va ular ishga tushirilsin.
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Iste‘molchilar oldida o‘matilgan 1,2 va 3,4 jo ‘mraklar ochilsin. 
Sinov jadvali tuzilsin. Tajriba qurilmasining ishga tayyorligi 
o‘qituvchi tomonidan tekshirilgandan keyin u ishga tushiriladi.

Birinchi rejim.
A sta- sekin 1 — jo ‘mrak ochiladi (to‘la ochilgunga qadar). Shu 

bilan bir vaqtda manometrlardagi bosimlar farqi kuzatib boriladi. 
Barcha manometrlaming ko‘rsatishi hisoblanib, sinov jadvaliga 
yoziladi.

Ikkinchi rejim
Iste‘molchilar guruhi ulanadi. 1,2,3,4 jo ‘mraklar ochiladi. 

Manometrlaming ko‘rsatishi jadvalga yozib olinadi, shundan keyin
1,2 dan boshqa iste‘mo!chilar yopib qo‘yiladi.

V. Tajriba natijalariga ishlov berish
1. Bajarilgan oichashlar asosida suv sarfining bosimlar farqiga 

bog‘liqligini belgilovchi grafikdan suvning sarfi aniqlanadi.
2. Tarmoqning turli nuqtalaridagi bosimlar farqi quyidagi 

ifodadan aniqlanadi:

AP=h Tsuv;

bunda Ysuv -  suvning solishtirmaog‘irligi, 3 ’

h — manometrdagi suv ustunlarining farqi, m.
3. Shartli nol balandligidan (tajriba xonaning poli) boshlab 

sanaladigan qaytish magistralining A nuqtasidagi to‘liq napori 
quyidagi ifodadan aniqlanadi:

Ha=Hb+Hg, m;
bunda Hb — suvning yuqori sathidan quvuming «A» nuqtadagi 

o‘qigacha tik yo‘nalishda olingan masofa, m. Hg -  «A» nuqtasi- 
ning geodezik balandligi, m.

Shartli nol balandligiga nisbatan to‘g‘ri magistralning «B» 
nuqtasidagi to‘liq napor quyidagi ifodadan aniqlanadi:

HB=Ha+AH„ , m;
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APAH =— *- , m;
r

bunda: APn -  bosimli quvur va qaytish quvuri orasidagi bosim-
fcg kg 

lar farqi, —j ,  T - suvning solishtirma og‘irligi (Y = 1000 — ).
TYl ftl

4. P’yezometrik grafik tuziladi. Buning uchun o‘lchash 
nuqtalari ko‘rsatilgan holda uzatuvchi va qaytish magistrallarining 
yon ko‘rinish chizmasi chiziladi. Nuqtalar orasidagi masofa qurilma 
sxemasida ko‘rsatiladi. Quvurlaming pol sathiga nisbatan o‘tish 
balandligi (Hg) o‘lchanadi.

Issiqlik tarmog‘i uzatuvchi va qaytish quvurlarining ayrim 
qismlaridagi bosim kamayishlari turli qiymatga ega deb qabul 
qilinadi. P’yezometrik grafikni tuzish uchun ordinata o‘qiga Hn 
qiymati qo‘yiladi, u ikkiga bo‘linadi va hosil qilingan nuqta orqali 
gorizontal chiziq -  grafikning bosimlar farqini o‘tkazilgan o‘qqa 
nisbatan simmetrik holda qo‘yib chiqiladi.

Uzatuvchi magistraldagi naporlami xarakterlovchi bu nuqtalar 
to‘g‘ri chiziq bilan birlashtiriladi. Qaytish magistralining p’yezo­
metrik chizig‘i shunga o‘xshash tuziladi.

VI. Ayrim ishlash tartiblari xususida ko‘rsatmalar
Qisman yopilgan jo ‘mraklarda (3,4 rejimlar) napor daraja- 

sining kamayishi quyidagicha topiladi:
1. Jo‘mrak to‘la ochiq boigan holatda magistralning berilgan 

qismida bosimning kamayishi quyidagi ifodadan aniqlanadi:
AP0 = (hi-h2)Tsuv

2. Jo‘mrak to‘la ochiq bo‘lganda uning o‘zida bosimning 
yo‘qoti!ishi aniqlanadi:

V 2AP = e----- ------
156000 d'

bunda e = 9

bunda AHn -  napor, m
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il 0.0 1111 quvuming ichki diametri.
hi magistralning jo ‘mrakli qismi boshlanishida o‘matilgan 

111hii< >inote ichidigi suyuqlikning balandliklari farqi;
lij magistralning jo ‘mrakli qismi oxirida o‘matilgan 

......... ichidagi suyuqlik balandliklari farqi;

T',»y -  suvning solishtirma og‘irligi, —j',m
V„ jo ‘mrak to‘la ochiq bo‘lgan holaida magistralning

m3l» i iltfun qismidan o‘tgan  suvning sarfi,

V Jo‘mrak to ia  ochiq boigan holatda magistralning berilgan 
i|i .nndagi quvurlaming qarshiligi quyidagi ifodadan aniqlanadi:

4. Jo'mrak qisman yopiq bo‘lgan holatda esa, magistralning 
iM iilfiin qismida bosimning yo‘qotilishi APq.y0 differensial mano- 
iiu ii laming ko‘rsatishidan aniqlanadi.

V Qisman yopilgan jo ‘mrakning o‘zida bosimning yo‘qotilishi:
A P ^ A P .- S V ^

bunda Vq.yo — jo ‘mrak qisman yopiq bo‘lgan holatda
m3

magistralning berilgan qismidan o‘tgan suvning sarfi, .

Jo'mraklami qisman yopib o‘tkaziladigan tajribalar uchun 
|i v<-/ometrik grafikning simmetriya o‘qi magistralning jo ‘mrak 
n'liialilgan yeridan to tarmoqning oxirigacha jo‘mrak qisman 
vnpilgunda napoming yo‘qolishi miqdoriga teng qiymmatga siljiydi.

Ish natijalari asosida ikkita pyezometrik grafik tuziladi:
1. Bitta iste‘molchisi boigan tarmoqning hamma rejimlari 

in Inin pyezometrik grafik (1,3,4 rejimlar).
2. Iste‘molchilar guruhi ulangan tarmoq uchun pyezometrik 

guifik.

31



Ikki grafik o‘zaro taqqoslanadi.
VII. Ish bo‘yicha hisobot

Hisobot quyidagilardan iborat boiishi kerak:
1. Ishning qisqacha tavsifi.
2. Qurilmaning prinsipial sxemasi.
3. Tajriba jadvali.
4. Olingan natijalaming tahlili.

VIII. Nazorat savollari
1. Ikki quvurli ta’minot tizimi nima maqsadda qoilaniladi?
2. Bir va ikki quvurli ta’minot tizimida bosim yo‘qotilishi 

qanday?
3. Pyezometrik grafikga ta’rif bering.
4. Pyezometrik grafik qanday quriladi?

6-TAJRIBAISHI 
SUVLI ISSIQLIK TARMOG‘INING KO RSATKICHLARINI

ANIQLASH

Ishdan maqsad: Suvli issiqlik tarmog‘ining ko‘rsatkichlarini 
tajriba ishlarini amalga oshirish orqali aniqlash va olingan 
natijalami tahlil qilib o‘rganish.

Tayanch iboralar: Issiqlik, suvli issiqlik ta’minoti tizimi, 
issiqlik tarmoqlari, quvurlar, armaturalar, issiqlik ko‘rsatkichlari.

Kerakli jihozlar: Tajriba qurilmasi, bosim va harorat o‘lchash 
asboblari.

Tajriba ishini bajarish uchun quyidagi adabiyotlar bilan 
tanishib chiqish kerak:

1. «Issiqlik ta’minoti va havoni maromlash tizimlari» Fani 
bo‘yicha tajriba ishlariga uslubiy ko‘rsatmalar, A.U. Alimboyev, 
R.P. Boboxodjayev va boshqalar, Toshkent 1997 y.

2. “Issiqlik ta’minoti va issiqlik tarmoqlari” fanidan o‘quv 
qo'llanma, B.X.Yunusov, M.Azimova, “Voris”, 2014 y.



3. www.zivonet.uz
Ishning davomiyligi -  2 soat.

I. Ma’lumotlar
Suvli tizimlaming ikki turi qoilaniladi: yopiq va ochiq 

tizimlar. Yopiq tizimlarda issiqlik tarmog£idagi suvdan faqat 
issiqlikni tashuvchi muhit sifatida foydalaniladi va u issiqlik 
tarmog‘idan chetga olinmaydi.

1892 yili akad. L. A. Melentev va boshqalar tomonidan issiqlik 
ta’minotining bir quvuri tizimi ishlab chiqildi va amalda qoilash 
uchun taklif qilindi.

Suvli issiqlik ta’minoti tizimlari quvurlaming soni bo‘yicha 
bir, ikki, uch, to‘rt va ko‘p quvurli boiib, bu quvurlar ichida issiqlik 
tashuvchisi sifatida suv xizmat qiladi.

Issiqlik tarmoqlarining qarshiligi kvadrat qonuniyatiga bo‘ysu- 
nadi. Shuning uchun issiqlik tarmog‘ining xarakteristikasi quyidagi 
tenglama bilan ifodalanuvchi kvadratik parabola bilan ko‘rsatilishi 
mumkin.

AP=SV2
bunda: AP -  tarmoqda bosim yo‘ qotilishi, Pa,

V — tarmoqda suvning sarfi, ;
soat

S — tarmoq qarshiligi, Pa.
Ish natijasida tarmoq xarakteristikasining amaliy qiymatlari 

o‘zlashtirilishi lozim. Bundan tashqari issiqlik tarmog‘i xarakteris- 
tikasini belgilovchi asosiy parametr boMgan S, qarshiligiga ta‘sir 
qiluvchi turli faktorlar (tarmoqning shoxobchalanish darajasi, 
mahalliy qarshiliklar miqdori, quvurlar diametri va hokazo) 
aniqlanishi kerak (6.1 va 6.2-rasmlarda suvli issiqlik tarmog‘ining 
sxemasi va tajriba qurilmasi rasmi keltirilgan).
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n .  Vazifa
1. Bir va bir nechta iste‘molchilar ulangan holdagi suvli issiq­

lik tarmog‘ining xarakteristikalari olinsin va o‘zaro taqqoslansin.
Tarmoq xarakteristikasining ulangan iste‘molchilaming soni 

qanday ta‘sir qilishi aniqlansin.
2. Analitik usulda (P ning V ga bogiiqligi, ya‘ni (P=f(V) 

funksiyasining ko‘rinishi aniqlansin.
3. Bajarilgan ish bo‘yicha hisobot tayyorlansin.

7

i
—C*5'

6.1-rasm. Suvli issiqlik tarmog‘ining sxemasi

III. Tajriba qurilmasining tavsifi.
Suvli issiqlik tarmog‘ining xarakteristikasini olishga m oijal- 

langan tajriba qurilmasi (6.1-rasm) uchta iste‘molchisi (6) bo‘lgan 
shaxoblangan tarmoqdan, turli armatura va oichov asboblaridan 
iborat. Iste‘molchilar uch qavatli imoratning har qavatida joylashgan 
isitish radiatorlari ko‘rinishida qilingan. Tarmoqdagi suvning turli 
rejimlariga mos kelgan sarfi, bak (7) yordamida oichanadi. 
Tarmoqda bosimning kamayishi (Di ,D2 ,D3) manometrlar bilan 
oichanadi.
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6.2-rasnu Tajriba qurilmasining tuzilish chizmasi

IV. Tajribani o‘tkazish tartibi
1. Sistema suv bilan to‘lganligi tekshiriladi.
2. Hamma jo ‘mraklar ochiladi.
3. Manometrlaming nulb holati tekshiriladi.
4. Kuzatish natijalarini yozib borish uchun 6.1 - jadval tuziladi.

6.1-jadval
0 ‘lchash

JVs
h,

mm.suv.
ust.

G,
kg_

soat

«.3v
soat

AP,
Pa

lgV IgAP AP
hisob.

\ 2 3 4 5 6 7 8

5. Bitta iste‘molchi ulangan tarmoq xarakteristikasini olish 
uchun boshqa iste‘molchilami yopib qo‘yish kerak. Buning uchun 
yetkazib beruvchi va qaytaruvchi quvurlardagi jo ‘mrak!ar yopib 
qo‘yiladi. Faqat 2,4 jo ‘mraklar ochiladi, qolganlari yopilgan boiishi 
kerak.

6. D2 manometrining ish jo ‘mraklari ochiladi.
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7. Asta -  sekin 1 -  jo ‘mrak ochiladi. Suvning ma‘lum sarfi 
o‘matiladi. Di ning ko‘rsatishi bo‘yicha tarmoqda bosimning 
kamayishi qayd qilinadi. Kamida yetti marta oichash o‘tkazish 
tavsiya etiladi. Di manometridan olinadigan h ning qiymati sinovlar 
jadvalining 2 katagiga yoziladi.

8. Bir nechta iste‘molchi ulangan tarmoqning harakteristikasini 
olish uchun 1 jo ‘mrak yopiq boigan holatda qo‘shimcha 
iste‘molchilar ulanadi. Ishning bundan keyingi davom etish tartibi 
xuddi bir iste‘molchi ulangan holatidekdir.

V. Tajriba natijalariga ishlov berish tartibi
1. Birlamchi oichashlar asosida tarmoqdagi suvning sarfi va 

unga tegishli boigan bosim kamayishlari aniqlanadi.
2.Turli oichov birliklarida olingan kattaliklami o‘zaro 

muvofiqlashtirish grafikdan topilgan suvning sarfi (-^ -)  sinovlar
soat

jadvalining 3 chi katagiga kiritiladi.
3. Har bir ish rejimi uchun tarmoqdagi suvning hajmi sarfi

3

v=—, (p =999,7 ^  t = 10 °C), — - formulasidan aniqlanadi vap m soat n
sinovlar jadvalining 4 chi katagiga yoziladi.

4. Tekshirilayotgan tarmoqda bosim yo‘qotilishi formulasidan 
aniqlanadi.

AP = htar ' Tsuv, “ Tm
bunda htar — manometrdan bevosita oichab olingan tarmoqdagi 

bosimning yo‘qotilgan qiymati, mm, suv. ust.

Ysuv ~ manometrdagi suvning solishtirma ogirligi, — j .
sm

Yuqoridagi Tsuv ning qiymatlari manometrdagi suvning 
haroratiga qarab maiumotnoma jadvallaridan olinadi.

AP ni hisoblash natijalari sinovlar jadvalining 8 chi katagiga 
yoziladi.



5. Tajriba nuqtalari (P=f(V) fiinksiyasining grafigiga qo‘yib 
chiqiladi. Nuqtalami qo‘yib chiqish sinovlar jadvalining 4 va 5 
kataklarida berilganlar asosida bajariladi.

Bitta va bir nechta iste‘molchilari boigan tarmoqqa tegishli 
tajriba natijalari grafikka turli belgilar bilan qo‘yiladi.

6. Analitik y o i bilan (P ning V ga bogiiqligi xarakteri, ya‘ni 
(P=f^V) funksiyasi aniqlanadi. Shu maqsadda sinovlar jadvalida 
keltirilgan V va AP barcha qiymatlarining logarifmlari topiladi va 
6,7 kataklarga yozib qo‘yiladi. Logarifmik koordinatalarda AP=f(V) 
funksiyasining grafigi tuziladi.

Buning natijasida ordinata o‘qida «a» kesmasini ajratuvchi va 
abssissa o‘qi bilan a  burchagi hosil qiluvchi to‘g‘ri chiziqlar olinadi. 
Olingan chiziqlaming har bir nuqtasi quyidagi tenglamani 
qanoatlantirishi kerak:

lgAP=a+tgalgV
«a» kattaligi ham musbat, ham manfiy qiymatga ega boiishi 

mumkin, a=SV; tga = k deb belgilab, quyidagi tenglamaga ega 
boiamiz:

lgAP=lgS+klgV.
Buni potensirlash natijasida AP=SVk tenglamasi topiladi va 

uning grafigi tuziladi. AP ning qiymatlari esa jadvalning 8 katagiga 
kiritiladi.

VI. Ish bo‘yicha hisobot
Ish bo‘yicha hisobot quyidagilardan iborat boiishi kerak:
1. Ishning qisqacha tasnifi.
2. Moslamaning prinsipial sxemasi.
3. Sinovlar jadvali.
4. Ishlov berilgan tajriba natijalari.
5. Tarmoqqa bitta va bir nechta iste‘molchilami ulangandagi 

natijalar tahlili.
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7 - TAJRIBA ISHI 
QUVUR ARMATURASINING GIDRAVLIK 

QARSHILIGINI ANIQLASH

Ishdan maqsad: Ishni o‘tkazish natijasida issiqlik tarmog‘i 
armaturalarining gidravlik qarshiligini amaliy tadqiq qilish 
metodikasi o‘zlashtirilishi kerak.

Tarmoqdagi suv oqimini ish rejimini virtual shaklida 
o‘rganish.

Tayanch iboralar: Issiqlik, suvli issiqlik ta’minoti tizimi, 
issiqlik tarmoqlari, quvurlar, armaturalar, issiqlik ko‘rsatkichlari, 
gidravlik qarshilik.

Kerakli jihozlar: Tajriba qurilmasi, bosim va harorat oMchash 
asboblari.

Tajriba ishini bajarish uchun quyidagi adabiyotlar bilan 
tanishib chiqish kerak:

1. «Issiqlik ta’minoti va havoni maromlash tizimlari» Fani 
bo‘yicha tajriba ishlariga uslubiy ko‘rsatmalar, A.U., Alimboyev 
R.P. Boboxodjayev va boshqalar, Toshkent 1997 y.

2. “Issiqlik ta’minoti va issiqlik tarmoqlari” fanidan o‘quv 
qo‘llanma, B.X.Yunusov, MAzimova, “Voris”, 2014 y.

3. www.zivonet.uz
4. www.rosteplo
Ishning davomiyligi — 2 soat.

I. Ma’himotlar
Issiqlik tarmoqlarida gaz va elektr payvandlash usuli bilan 

ulanadigan po‘lat quvurlar qo‘llaniladi. Po‘lat quvurlardan, asosan, 
elektr payvandli to‘g‘ri va spiralsimon chokli va choksiz, issiqlikka 
va sovuqlikka deformatsiyalanib 3, 4, 5, 10, 20 markali va past 
legirlangan po‘latdan yasalgan quvurlardan foydalaniladi. Elektr 
payvandli quvurlar shartli diametri 1400 mm gacha, choksizligi esa 
400 mm gacha chiqariladi. Issiq suv ta’minoti tarmoqlarida,
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shuningdek, suv gaz o‘tkazuvchan po‘lat quvurlar qoilanilishi 
mumkin.

Issiqlik tarmoqlarida qollaniladigan armatura vazifasiga ko‘ra 
berkitish, rostlash, saqlash, drossellash (bosimni kamaytirish), 
kondensatni ajratish va nazorat o‘lchash turlarga bo‘linadi.

Biriktirish armaturalari asosiy armaturaga kiradi, chunki ular 
issiqlik tarmog‘ida keng ishlatiladi. Qolgan armaturalar asosan 
issiqlik punktlarida, nasos va drossel stansiyalarida o‘matiladL

Biriktirish armaturalaming asosiy turlariga ventil va zulfmlar 
(zadvijkalar) (7.1-rasm) kiradi. Zulfinlar, odatda, suvli tarmoqlarda, 
ventillar esa bug‘li tarmoqlarda qoilaniladi. Ular po‘lat va 
cho‘yandan flanesli va muftali ulash uchlari bilan shuningdek, 
bevosita quvurlarga payvandlash uchlari bilan turli xil shartli 
diametriga ega bo‘lgan holda ishlab chiqariladi.

7.1-rasm. Ventillar:
a—oddiy; b - «Kosva»turdagi; d - to‘g‘ri oqimli; 1—egar; 2— klapan;

3—korpus; 4—shpindel; 5—salnikli zichlagich.

II. Vazifa
1. Armaturaning ochilish darajasiga uning gidravlik qarshiligi 

Sa va mahalliy qarshilik koeffitsiyentining Sm bog‘liqligi amaliy yo‘l 
bilan aniqlansin.

2. Sm = f  (P) va Sa = (p (P) grafiklari tuzilsin. Olingan grafiklar 
adabiyotda berilganlar bilan taqqoslansin.

3. Suvning sarfming o‘zgarishi armaturaning ochilish 
darajasiga bog‘liqligi aniqlansin va V = f  (P) grafigi tuzilsin.
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III. Tajriba qurilmasining tavsifi
Qurilmaning prinsial sxemasi 7.2 -  rasmda keltirilgan. 

Ishlovchi muhit bo‘lib suv xizmat qiladi. Suv bak-memik orqali 
sinalayotgan A armuturaga keladi. Tekshirilayotgan armaturada 
bosimning yo‘qotilishi quvurlarga ikkita D2 va D3 manometrlarini 
ulash yo‘li bilan o‘lchanadi. Sistemada bosim yo‘qotilishi Di 
manometri bilan aniqlanadi.

IV. Tajribani o‘tkazish tartibi
1. Sistemaning suv bilan to‘lganligi tekshiriladi.
2. Jo‘mrakning «ochiq» holatidan to «yopiq» holatigacha 

bo‘lgan aylanish soni aniqlanadi.
3. 2 -  jo ‘mraklar yopiq boiishi kerak.
4. Manometrlar tarmoqqa ulanadi va ish suyuqligining nul 

holati tekshiriladi.
5. Tajribaning o‘tkazish paytida 3 jo ‘mragining turli ochilish 

darajalarini o‘zgarmas saqlangan holda uni asta -  sekin yopib 
boriladi. Kamida 8 - 1 0  marta o‘lchashlar o‘tkazish tavsiya etiladi, 
masalan, jo ‘mrakning ochilishi 0,25, 05, 0,75, 1, 1, 5, 3, 4, 6 
aylanishga mos bo‘lganda, va shuningdek uning to‘la ochiq bo‘lgan 
holatida. Keyin tajribani teskari tartibda tekshirib ko‘riladi; shular
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hi Ian bir vaqtda manometrlaming ko‘rsatishi kuzatib boriladi va u 
qiymatlami sinash jadvalining 4,5,7,8,11,12 kataklariga yozib 
boriladi.

V. Tajriba natijalariga ishlov berish
1. «A» jumragida bosimning yo‘qotilishi hM quyidagi 

aniqlanadi:
D2 manometrining ko‘rsatishi bo‘yicha quyidagicha kattalikni 

topish mumkin:
A P 2 = h ,+ h m = H 2 T s u v

shuningdek, D3 manometrining ko‘rsatishi bo‘yicha esa,
AP3=ahi+hm=H3TSuV; aniqlash mumkin.
Bu ikki tenglamani birgalikda yechib, quyidagini topamiz:

h (H, -aH 1)yc 
I - a

bunda: H3 va H2 — D3 va D2 manometrlari ko‘rsatishining 
o‘rtacha qiymatlari, mm. sm. ust.

Ytar - 12+16°C haroratidagi suvning solishtirma og‘irligi,
hi -  quvuming L uzunlikdagi qismida bosimning yo‘qotilishi 

«=^- bu yerda 1 va L ning qiymatlari sxemadan olinadi.

1. Shundan so‘ng hm ning hisoblab topilgan qiymatlari sinov 
jadvalining 10 -  katagiga yoziladi.

2. Suvning sarfi Gsuv bak-memik ko‘rsatishi bo‘yicha
soat

muvofiqlashtirish grafigi yordamida aniqlanadi va jadvalning 18 
katagiga yoziladi.

3. Sm koeffitsiyenti quyidagi tenglamadan aniqlanadi:

K  = S ~ y c 
2 g

bundan,
_ 2ghM

r ~ ^
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bunda: h -  bosimning mahalliy qarshilikda yo‘qotilishi, Pa 
yoki mm.suv.ust.

co - suyuqlikning harakat tezligi, — .

m
g -  og‘ irlik kuchining tezlanishi, ,

. . .  k g
Tsuv — suvning solishtirma og‘irligi, .

Oqimning ajralmasligi tenglamasidagi tezlikni uning sarfi 
orqali ifodalaymiz:

AGco - ----------------
3600 • yc ■ n d 2

d = 26,4 mm -  sinalayotgan armaturaning diametri, 
kg

G -suyuqhk sarfi, — ,

m
dq -  quvur diametri m, g = 9,81 ^yq iym atin i kiritib uzil-kesil 

quyidagini olamiz:
1,565 10% K - d ' - y c 

G1
Yuqorida keltirilgan tenglamadan topilgan SM ning qiymati 

jadvalning 20 -  katagida yoziladi.
6. Armaturaning gidravlik qarshiligini Sa quyidagi ifodadan 

topiladi:

S = ^ -y l

m
bunda V suvning hajmiy sarfi,

Qurilmaning qarshiligi:

s  = —-
‘ V1
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olingan qiymatlar asosida jo ‘mrakning ochilish darajasiga 
qarab suv sarfining o‘zgarishi quyidagi formuladan aniqlanadi:

r J L  I St /S l.+l
V i s k/ s l + s t /sl  

bunda V , S qur sinalayotgan armaturaning butunlay ochiq 
holatiga mos keluvchi suvning sarfi qurilmaning qarshiligi.

S'a - armatura butunlay ochiq paytdagi qarshiligi,
Sa -  armatura qisman ochiq paytdagi qarshiligi 
Hisoblab topilgan hqur, V' va V laming qiymatlari jadvalning 

17,19 va 32 kataklariga yozilib, quyidagi grafiklar tuziladi:
a) Sm qarshilik koeffitsientining armatura ochilish darajasiga 

bog‘liqligi;
b) Sa qarshiligining armatura ochilish darajasiga bog‘liqligi; 
d) Suv sarfi V ning armatura ochilish darajasiga bog‘liqligi.

VI. Ish bo‘yicha hisobot 
Ish bo‘yicha qilinadigan hisobotga quyidagilar kiritiladi:
1. Ishning qisqacha tavsifi.
2. Moslamaning prinsipial sxemasi.
3. Sinov jadvali.
4. Tajriba natijalarining ishlovi 7.1 jadvalga yoziladi.

7.1-jadval
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VII. Nazorat savollari
1. Gidravlik qarshiliklar haqida nima bilasiz?
2. Mahalliy qarshiliklarga nimalar kiradi?
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3. Quvur armaturasining gidravlik qarshiligi nimalarga bogiiq.

8 - LABORATORIYA ISHI 
n -  SIMON KOMPENSATOR HISOBI

Ishning maqsadi: FI- simon kompensator hisob uslubini 
o‘rganish.

I. Vazifasi:
1-Berilgan 11- simon kompensator o‘lchamlarini o‘lchash 

(o‘lchamli eskiz).
2-n- simon kompensatomi montaj sxemasini qurish.
3-Xulosa qilib, hisobotni rasmiylashtirish.

II. M a’lumotlar
Tarmoq quvurlari issiqlik uzatishi natijasida joyidan siljib 

ketmasligi uchun qo‘zg‘almas tayanchlardan foydalaniladi. Ammo 
qo‘zg‘almas tayanchlar orasida quvurlami issiqlik uzatishini qabul 
qiladigan qurilmalar bo‘lmasa, quvurlar katta kuchlanishlar ostida 
buzilishi mumkin. Quvurlaming issiqlik uzatishini kompensatsiya- 
lash (qoidasi) uchun turli xil qurilmalardan foydalaniladi (8.1-rasm).

8.1-rasm. Kompensator qurilmalarning turlari:

Ulami ishlash prinsipi bo‘yicha ikki guruhga bo‘lish mumkin: 
1) radial yoki egiluvchan qurilmalar, ya‘ni quvurlaming issiqlikdan 
uzayishini egilish yoki burilish (fazoviy) yo‘li bilan qabul 
qilinadigan; 2) o‘qli sirg‘anishli va elastik turdagi qurilmalar, ya’ni
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issiqlik uzayishini quvuming teleskopik siljishi orqali qabul qilina- 
digan.

a—tabiiy kompensatsiya; b-S-simon kompensator; 
v-uzaytirilgan P-simon kompensator; g-shunga o‘xshash teng 
tomonli (v=h); d— buklamali lirasimon kompensator; e-shunga 
o‘xshash silliq egilgan; j-w-simon; z-linzali kompensator.

Tabiiy kompensatsiya maxsus qurilmalami o‘matishni talab 
qilmaydi, shuning uchun undan birinchi navbatda foydalanish 
lozim. Radial kompensatorlar turli xil shakldagi issiqlik tarmoqlarda 
o‘qli va radial kucnlanishlami bartaraf etish uchun o‘matiladi. 0 ‘qli 
kompensatorlar tarmoqning to‘g‘ri chiziqli qismlariga o‘matiladi.

III.Dastlabki ma’lumot
II- simon kompensatoming sxemasi 8.2 -  rasmda keltirilgan.

8.2 - rasm. II- simon kompensatoming asosiy ko'rsatkichlari

- quvuming tashqi diametri Dtash, m;
- kompensatoming chiqishi H, m;
- normal elastiklik moduli E, Pa;
- kompensatoming eni B, m;
- quvur devorchaning qalinligi 5, m;
- issiqlik tashuvchining harorati t, °C;
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- qaytarish bo‘limning burchagi a, grad;
- qo‘zg‘olmas tayanchlar orasidagi masofa Ln, m;
- ruxsat etilgan kuchlanish a K, Pa.

IV. II- simon kompensatorni hisoblash uslubiyati
1 Egilish radiusi aniqlanadi R, m,
R =  1,5Dtash
2 m ,n ,p  koeffitsiyentlar aniqlanadi

H - 2 R
m  =  ------------

Lm —2 R — B
n  =

2 R 

B - 2 R
*» = A

3 Quvur ko‘ndalang kesimining radiusi aniqlanadi (quvur 
devorchasining o‘rtasida)

D - S__  H

rcp 2
4 h parametri aniqlanadi

h _  C1 +
r cp

5 Karman nazariyasiga asosan egilgan quvurlardagi bir miqdorli 
momentlar ta’sirida egilish kuchlanishi, to‘g‘ri uchastkalarga 
nisbatan bir necha marta katta bo‘ladi. Shuning uchun hisoblarga, h 
parametrga bog‘liq bo‘lgan, korektsiyesion koeffisienti ms kiritiladi. 
Payvandlangan qaytarish boMimlar uchun:

0,9
f t® * 7

6 Payvand choklar uchun Karman koeffitsiyenti

1,52
7 Quvuming ichki diametric aniqlanadi
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D,  =  D, -  I S

8 FI- simon kompensatoming kompensatsion qobiliyati aniq- 
lanadi

4 i t  =  i „ t l O - s

9 Kompensator o‘qining keltirilgan uzunligi aniqlanadi

L = 2n + 2m + p  + (  ̂’^ ) R 
p k

10 Elastikli markazning koordinatalari aniqlanadi. ri- simon 
kompensator simmetrik bo‘lganligi uchun, elastiklikli markazi 
(rasmda S  nuqta) Y o‘qida joylashgan, yani Xc =  0 m , y s esa ifoda 
orqali aniqlanadi

16,28 3,14 , ,  I* 2
y* = {—j— + ~ Y ~ m  + + 2m  + p(jn + V \ r

12. xc o‘qqa nisbatan kompensator o‘qini elastikli 
chizig‘ining inersiya momenti aniqlanadi.

/*.=
5,42 1C,28m 3,14m2 . . , ,  „ '
—— + — ;— + — ;— 4 0,67m3 + 2m2 +2lH+p(m+ 2)2 

k k k

12. Quvur yo‘lini qo‘nda!ang kesimining inersiya moment 
aniqlanadi

1 64
13. Kompensatomi elastic qaytarishining kuchi aniqlanadi

ME]
Px = T ~J x s

14. Quvur yo‘lini qarshilik momenti aniqlanadi
W  = n ^ - D t )

32 D„
15. Kompensatomi yuqori qismida (to‘g‘ri chiziqli uchastkada 

egilishning boshida) ta’sir etuvchi maksimal egilishni moment 
aniqlanadi
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M m ax =  P X{ H  -  y s )

16. Kompensatoming egilgan uchastkalardagi egilish 
kuchlanishi aniqlanadi

M m a x m 1
a  = -----------

W

17. Aniqlangan egilish kuchlanishi a  hisobiy kuchlanish a  K 
bilan solishtiriladi. Quyidagi shart bajarilishi kerak

(7k > 0

Aniqlangan hisob natijalari bo‘yicha 11- simon kompensatomi 
parametrlari yig‘ma jadvalga tushiriladi. Natijalami tahlili bajarilib, 
xulosa chiqariladi va hisobot rasmiylashtiriladi.

V. Nazorat savollari
1. Kompensatorlaming vazifasi nima?
2. Qo‘zg‘almas tayanchlardan foydalanishdan maqsad nima?
3. Kompensatorlaming qanday turlari bor?

IIpaB H Jia rexHHKH S e io n a c H o c iM  n e o 6 xo<iHM we 'm a n ,  

cry/jeHTa.M n p n  B u n o jin en H H  Jia6 o p a r o p m > ix  p a 6 oT.

C TyA eH T si npn B binojiH eH H H  jia G o p a T o p H b ix  pafkrr Heo6xo- 
A h m o  3H aTb np aB H Jia  t c x h h k h  6e3onacHocrH. llpH B b in o jin en H H  

j ia 6 o p a T o p H w x  HcnoJibayioTca 3 jie ic rp o n p H 6 o p b i n 0 3 T0 My 

Heoxo/iHMO coGjuoAaxt cooTBeTCTByromHe npaBHJia Tex6e3onac- 
h o c t h  n p n  p a 6 o T e  c araetcrponpH G opaM H . KaK H3BecTHO, 
H an p aaceH H e 40-42 B H e6 e 3 0 n a c H 0 , t . k .  n p «  s t o m  n e p e a  nejiOBeica 
npOXOAHT TOK CHJIOH flO 0,1-0,3 A. IlOOTOMy, COnpHKOCHOBeHHe c
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TOKOM CHJIOH B 5 0  m A  BbI3blBaeT paHeHHe, a B 1 0 0  m A  npHBOAHT K 

cMepTejibHOMy w c x o a y .

Cjie^OBaTejibHO npn BbinojiHeHHH JiaGopaTopHbix paGoT 
ciyfleirrbi aojkkhm co6jiH>AaTb cjitviyiomne npaBHJia tcxhh- 
>iecKOH GexoiiacnocTH:

1) IlpeMCAe neM  npH C iynnT b k  B b n io jm eiiH io  jiaG opaT opnoH  

p a G o n j  He0 6 x 0 A»M0 n oapoG H o 03HaK0MHTbc»i c  Hew.

2 ) C G op  3ajj,aH h o h  cxeMbi h  e e  3BCHbeB BbinojnweTCJi c
OTKJUOHeHHWM BKJHOHaTeJieM.

3) IIpH  c6ope OCHOBHOH cxeM bi Hejlb3H HCn0J1b30BaTb o6op- 
BaHHbie ripoBOAa, a  Taxxce iieHcnpaBHbie n p n 6 op b i.

4) IIocjTe cG o p a  3a;iannoH  cxeM b i, hcoGx o a h m o  npoBepH Tb  

pacroneHHOCTb ycraH aB jiH B aeM w x np n G op oB  h  KanecTBo B binoji- 

HeHHoro h x  3a3eMJieHH».

5 )  n p H  nO^KJllOHeHHH K HCTOHHHKy 3JieiCTp03HeprHH 

neoGxoAHMO npoBepH Tb KanecTBO h 30 j i» h h h .

6 )  E cjih  npH  Hcn0Jib30BaHHH BOflbi b  jia6oparopH O H  paGoTe, 

HeoGxo^HMO npoBepH Tb H cnpaB H ocrb  h  ueJi0CTH0CTb B o a o n o -  

A a io m n x  uuiaH roB .

7 ) ripn paGoTe c  3JieicrpoABHrarejieM h co G x o a h m o  co6jnoAaTb
OCTOpOJKHOCTb Jlflfl HpeflOTBpameHHfl 3aTHrHBaHHK BOJIOC H OAOKAbl 

bo BpamaK»mHHC» Ban.

8)  I lp H  caMOCTOjrrejibHOM BbinojiHeHHH JiaG opaTopH oii paG o- 

t u  He A o n y cK a ercx  h 3 m ch ch h h  o c h o b h o h  cxeM bi h  npHKacanHsi k 

Hen.

9) ripeJKae MeM HanaTb BbinojiHeHHe jiaGoparopHOH paGoTw  

iicoGxojuhmo, neoGxoAHMO nepecK a3aT b npeno/iaB axejiK ) nopsm oic  

BbinojiHeHHH p aG orb i h nojiynH Tb pa3pem eH H e Ha BbinojiHeHHe.

10 )  E c jih  n p n  BbinojiHeHHH p a 6 oTW np0H30HAeT oGpbiB 

npoBOAOB, HencnpaBHOcTb npH6o p o B , a  xaiOKe iio h b h tc h  He 

npHSTHbiH 3anax, b n ep B y io  o n e p e flb  H eo6 xo a n M 0 bhkjhohH Tb  

cxeM y h  c p o h h o  cooSm H T b npeno/taBaTejiio.
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B b iiio jiH c im e nocxaB JieH H bix xpe6oBaHHH xexHHKH 

6e3 o n a cH o cT H  h  npaBH JibH oe noHHMaHHe uejiH  jiaGopaxctpHOH 

paG orb i, co 3 ^ a cT  ^yH flaM eH T ju is i K anecTBeH H oro h  B ep H oro  

B binojiu en H fl paSoT b i.

I lo c j ie  BHHMaieJibHoro n:jy Meiina BbuueyKaianHbJx 

n p asH Ji h  HacraBJieHHH c o  cr o p o H b i n pen oA aB axejiH  cry /ieH T b i 

o fo x ta iib i p a c n w c a T b c s  b  a c y p n a jie  «T exH H ica 6 e 3 0 n acH 0 c n t » .

JIABOPATOPHAfl PABOTA -1  
OCHOBbI TEIUIOCHAB3KEHHM

l^ejib pa6oTbi: U,ejibio pa6oTbi hbjmctch 03H3K0MjieHHe c 
TeiuioBbiMH noxepjiMH Ha xeiuionpoBOAe h c nopsAKovi pacHexa 
TenjiOBbix norepb.

Onopiibie cjioBa: xeariOTa, xenjiocHaGaceHHe, TeruiOBbie cera, 
pacHCTHWH ynacTOK, xeruioaoH pacwex, xemiOBbie noxepH, 
H30J1HUHH TpySonpOBOAOB.

BbinojiHeHHH jia(>0paT0pH0H pa5oTbi hco6xo/ihmo 
H3yHHTb c j ie / iy io m y io  jm r e p a r y p y :

1. TenjiocHeTHHKH, chcxhhkh napa, boam, BbiHHCJiHxejm 

KOJiHHeci'Ba xeruioxbi, xeruiOHOCHxejifl ju w  KOMMepnecKoro ynexa. 

BbinycK -  3 . M ., M 3 H  -  2001  r.
2 . npaBHJia 3KcruiyaTauHH h npaBHJia 6e3onacHocxH npH 

3KciuiyaxauHH xeruionoxpe&jisiom H x ycxaHOBOK h xeiuioBbix cexefi 
noxpe6HxejieH. -  M ., 3HeprocepBHC -  2001  r.

IIpoAOJiacHTCJi bHocTb paGoTbi -  2 naca.
I. Tenjiosoil pacneT ynacnca
lIpoH3BecxH xeruiOBOH p acn ex ynacxica cexn. M axepHan  

h3ojih u h h  -  M HHepajibHax Baxa, xeiu n ep a iyp a bo a w  b xenjionpOBOAe 

teofl =  9 0  ° C .  HcxoAHbie AaHHbie AA« pacwexa B3HXb H3 xa6 ji.l
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TaSjiHua 1
HcxoAHbie ziaHHue TenjioTpaccbi

IloCJieflHHH
UH<{)pa
ILIHCjjpa

h - rJiy6HHa 
3ajio*eHHH 

TenjionpoBoaa, m

ripe/uiocjieAHa 
a UH(J)pa 
uiH<])pa

t OKp.Cp,

°c
A - TOJIIUHHa 
H30JIAUHH, MM

0 0,5 0 -10 40
1 0,6 1 -15 45
2 0,7 2 -20 47
3 0,8 3 -25 49
4 0,9 4 -30 51
5 1,0 5 -35 53
6 1,1 6 -30 55
7 1,2 7 -20 56
8 1,3 8 -15 43
9 1,4 9 -25 42

II. Hii<t>opMaiiiiH
ripeoAOJieBaH paccTOHHHe Me>KAy KOTejibHOH h norpeGHTejieM, 

TeiuioHocurejib TcpseT MacTb 3HeprMH b pc3yjibiare Tetuioo6MeHa c 
oKpy>KaiomeH cpe^OH. fljia yMeHbuieHHa TeiuiOBbix ncrrepb 
xpyGonpoBOA noKpuBaioT cjioeM Teiui0H30JumHH. MaxepHan 
Terui0H30Ji)iuHH AOJraceH HMerb Majiyio TetuionpoBOAHOCTb h 
rHrp0CK0nHMH0CTb. B 6ojibuinncTBe cjiynaeB TeruionpoBOA 
iipoKJia^biBaioT Ha HeKoropoft rjiy6HHe or noBepxHOCTH icmjih 
(pnc. 1.1). Ejiaro^apfl 3TOMy co3Aaerc» AonojiHurrejibHaji 
TenjioHsoaHHHfl rpynrroM.

Bm
YAejibHue TenjiOBbie norepH

ÔKp-Cp,
* = --------R--------

rae
Tboa -  TeMnepaxypa TeruioHOCHTejiH, °C;
toicp.cp. -  TeMneparypa oicpyHcaiomeH cpe^bi, °C;
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R -  TCpMHHecicoe conpoTHBJieH He,
M

Bm

Puc.1.1. Cxcmo npoKJiadKu mpy6onpoeoda.

B HMeioiueHCfl cmyaijHH xepMHHecKoe conpoTHBJieHHe R 
COCTOHT H3 COIipOTHBJieHHH TeiUIOOTAaMH Ha BHyTpCHHeM 
noBepxHocTH TenjionpoBo.ua R\, conporHBJieHHH MaTepnana TpyGu 
Ri, h30jmuhh Ri, rpynra R4, conpoTHBJieHHe noBepxHocTH rpynra 
Rs. Ha npaKTHKe H3-3a ManocTH conpoTHBJieHHH Ri h Ri hmh 
npeHe6peraioT, n03T0My cyMMapHoe TepMHHecKoe conpoTHBJieHHe 
mo3kho npeAcraBHTb b BH^e

R  = R3 + R4+Rs
rue

R

X, -TeruionpoBOflHOCTb h30jihuhh (ajw MHHepanbHOH BaTbi

r 4 = —-— in f: 
I
2 — - —  +  

<**ap+2A
1  4h* 1

l ^ + i a
[(<*.,+ZA)*J
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-  conpoTHBJieHHe r p y n r a ;

Xfp -T enj]0np0B 0A H 0C T b rp y w ra  (npHH»Tb paBHofi Xq, =  2
Bm  \

m °C

ConpoTHBJieHHe noB epxH ocT H  Rs ynHTbiBaioT b c j iy n a e  M ajion

rjiyGHHbi 'ianeraHHfl —— +2A  ̂ 2 c noMombio AonojiHHTejibHon

(Jjhkthbhoh rjiy6HHhi 'sajieraHHs h, onpe^ejiaeMOH no ^opMyne:

h = h + h*=A + ̂ - ,  
a  ’

TOe a  -  K03<f)<})HHHeHT TenjiooT^aHH (npHHSTb paBHbiM 50
Bm  \

Ilocjie Haxô KfleHHa qe o n p e a e ju n o T  TennoBbie n o T ep n  Ha bc£m 
ynacTKe T pySon p oB oaa

0  = qe + I
IlaAeHHe TeMneparypbi TenjiOHOcmejiH cocraBHT

<D

TAe C -  K03 (J)<J)MHHeHT TdlJIOOTAaHH, (AJW BOAbl npHHHTb C =

4190 -* ? -).
KZ- C

d -------------------- _ --------------------------------------------

c --------------------------------------------------------- -----------------------------------------
b ---------------------------- ----------------------------------------------------------------------
a ----------------_  — . ---------------- - — ----------------------------------------------------------------------------------------------------------------------------------------------------------

0 i 0 12 K 20 21

Puc.1.2. rpaipUK cymoHHOZo nompeCmenusi zopxneu eodu 
(3 ad aH ue)
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III. PacneT AH<]><]>epeHUHajibHoro rpa(j)HKa norpefLienHH 
ropHMeft BO/ibi

PaccHHTaTb Heo6xoAHMyio eMKOCTb aKKyMyjiaropa ropanen 
b o a w  rpa<|)HMecKHM MeTÔ OM hcxojw m  3aAaHHoro rpa<{)HKa 
c y r o M H o r o  noTpeSjieHHa ropaneH b o a w  ( p h c .  1 .2 ) .  HcxoAHbie 
AaHHbie asiH pacneTa B3«Tb m  xa6ji. 1 ,2 .

TaSjiHua 1.2. 
HcxoflHbie jaHHbie____________________

riocaeAHaa
UH<])pa
uiH(})pa

noTpeGaeHHa a 
h b, t/h

IIpeAnocjieA 
h aa uHtJjpa 

m»4)pa

rioTpe6jieHHa
«c», «d» h «e», t/h

A b c D e
0 1 2 0 2 5 10
1 2 2 1 3 4 9
2 1,5 2 2 4 6 8
3 1,5 3 3 4 4 9
4 2 3 4 3 5 10
5 2,5 3 5 2 6 8,5
6 3 1 6 3 6 9,5
7 1 1 7 3 4 10,5
8 2 1 8 4 4 11
9 3 2 9 4 5 11,5

IV. MeroflHHecKHe \KaiaiiHH k bmiiojihchhio iauiimw
KaK b h a h o  H3 rpa<jwica cyroMHoro pacxoAa, noTpe6jieHHe 

ropanefl bo  aw HepaBHOMepHO b  TeneHHe cyTOK. 3anacTyio GtiBaeT 
BbiroAHa CHTyauiw, KorAa noAana ropaneft b o a w  AOJiHCHa 6brrb 
nocTOHHHa. AKKyMyjiaTop ropanefi b o a w  pa6oTaeT cneAytomHM 
06pa30M: b  nepnoAW Majioro b o a o -  norpeGjieHHa H3JiHineic ropanen 
b o a w  nocrynaeT b  aKKyMyjurrop, a b  nepHOAbi 6ojibiiioro 
BC>AonoTpe6jieHHa HaKonJieHHaa ropanaa BOAa KOMneHcnpyeT 
HeAOCTaroK ceTeBoro pacxoAa. TaKHM 06pa30M, pacxoA ropaneM 
BOAbi b  c c t h  nocroaHeH.

IIpuMep 1. IlpoH3BecTH pacneT h c o 6 x o a h m o h  Sm k o c t h  

aKKyMyaaTopa ropaneH b o a w  rpacJm necK H M  m c t o a o m , wcxoAa H3
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3a^aHHoro rpa<j)HKa cyroHHoro noTpe6jieHH» ropaneH bo/jbj (pnc.
1.3).

0 I I S t  20 21 
Puc. 1.3. rpaipUK cymoHHOZO nompe6jienun zopnneu eodu 

(npuMep pacvema)
■t

BoAonoipe6jieHHe b  pa3JiHMHbie nepwoAbi cyroK cocraBJwer: 
k  6 nacaM yrpa: M =  1 — - 6 h =  6  t , k  10 nacaM yrpa: M =  6 t  +  4

— ■ 4  i  -  22 t ,  k  18 nacaM: M =  2 2 t  +  3 — • 8 h  =  4 6  t ,  k  22 nacaM:V H
M = 46 t + 8 —-4m = 78t, k KOHuycyroK: M = 78t + 1 —- 2 h = 80 t.H H

rioTpe6jieHHe boam napacraioinHM htotom (HHrcrpHpo- 
BaHHbiH rpa<J)HK) npeacraBjieH Ha pnc. 1.4.

Puc. 1.4. J.Juhomuko nompe6jieHUM zopxneu eodu e menenue cymoK 
(npuMep pacnera)
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CipoHM rpa<j)HK cpeAHero pacxo/ja (pwc. 1.5).

0 4 8 12 16 20 24h.
Puc. 1.5. ConocmaejieHue zpatpuKoe cpednezo (nyHKmupuoH 

jiuhum) u peajibHozo (cwiomhoh jiuhum) pacxodoe

Hi  pMC. 1.5. BHflHO, 4TO MaKCHM3JIbHaH pa3HHua MOKjiy 
jihiihch cpeAHero pacxo/ja h jthhhch peajibnoro pacxo^a 
COCTaBJIHeT 14 T B MOMeHTbl BpeMeHH 6.00 H 18.00. IlpHHHMaeM 
BenHHHHy aKKyMyjurropa, paBHoft 14 t.

B OTHere cjie^yeT oTpa3HTb HToroBbie pe3yjibTaxu, npoBecTH 
aHanH3, cfleJiaTb oSmne BWBOflbi.

JIABOPATOPHAH PABOTA - 2 
OIIPEflEJIEHHE K0300HDJIEHTA CMEIUEHHfl H Klty* 

3JIEBATOPA (CTPYHHOrO HACOCA)

I],ejib paSoTbi: LJejibio pa6oTbi aBJiaerca 03HaK0MJieHHe c 
KOHcrpyKUHeH 3JieBaTopa, HanepxnTb 3CKH3 y3Jia ycraHOBKH 
3JieBaTopa, onpeAenHTb kos^ huhcht CMemenK» 3JieBaxopa.

O nopnue cnosa: TeruioTa, TenjiocHa6»ceHHe, TemioBbie ccth, 
3JieBaTop, Hacoc, cTpyfiHbiH Hacoc, rpynnoBofl tciuioboh nyHicr, 
K03^4)HUHeHT CMemeHHH, KTI^ 3JieBaTOpa, HHHCeKIJHJI.
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Heo6xoflHMoe oSopynoBaiiHe: OnbiTHaa ycTaHOBKa ana 
npoBeAeHHs Jia6opaTOpHOH pa6(m>i, xepMOMeTpbi aha H3MepeHHH 
TeMnepaTypw, npnGopbi ju,jia H3MepeHH» AaBJieHHa, paTOMerp.

J^jia BbinojiHeHHH jiaSopaTopiioH pa6oTbi ucoGxc^hmo 
H3yHHTb cjie/iyiomyH) jiHTepaTypy:

1. TenjiocneTMHKH, chcthhrh napa, BOflbi, BbiHHCJiHTCJiH 
KOJiHnecTBa TenjioTbi, TemiOHOCHrejia jyvi KOMMepHecKoro ynera. 
BbinycK — 3. M., M3H — 2001 r.

2. npaBHJia 3KcnjiyaTauHH h npaBHJia 6e3onacHoc™ npn 
3KcnjiyaxauHH Tenjionorpe6ji«iomHx ycraHOBOK h TeiuioBbix cereH 
noTpe6HxejieH. -  M., SHeprocepBHc -  2001 r.

npoflO JiacH T ejibH ocT b  paG oT b i -  4  n a c a .

I. HH(J)OpMaHHH
X apaK T epH C T H K a a j ie s a T o p a .

B HacToamee BpeMa b cncreMax u,eHTpajiH30BaHHoro 
TeiuiocHa6*eHHa uinpoKo Hcn0Jib3yi0Tca rpynnoBbie TeruioBwe 
nymcTbi (rTn). TeroioBwe ycTaHOBKH jk h j iw x  h  oGmecisennbix 
3̂ aHHH k  TenjioBWM cerraM npHcoe^HHaioTca c noMombio 
xenjioBwx nyHKTOB. Hcn0Jib30BaHHe i m  yMeHbinaer pacxo^w Ha 
TenJiocHa6»ceHHe h  y n p o m a e T  o6cjiyxcHBaHHe cerefi. KpoMe aroro 
yMeHbiiiaiOTca myMOBbie noMexn b jk h j i h x  3^aHHax t . k .  Hacocw 
ycTaBJiHBaiOTca b TOI, KOTOpwe HaxoAarca Ha paccToaHHH or 
5KHJIHX 3AaHHH.

Hapa^y c 3thm Hcn0Jib30BaHHe xenjioBbix nyHKTOB HMeer 
cboh HeflOcraTKH. HanpHMep, bmccto npHHHMaeMbix o6mhho 
AByxTpySHwx chctcm, peKOMeHjjyerca npHHame xpex, neTbipex h 
MHoroTpy6Hbix chctcm.

r ip H  npHCOejIHHeHHH OTOnHTejIbHbIX CHCTCM K TCIUIOBblM

ceTaM npHMeHaerca ajieBarop (pnc.2.1.).
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c o n / ID  H i e n a ie p a  c u e u n a a t o H a n  * a u « p j

aoAi tu oOparHoro Tpyocnpoaocu

Puc.2.1. CxeMa eodocmpyuHOZO xieeamopa.

CxeMa npHcoeflHHemui CHCTeM OTOiuieHHa nepe3 3JieBaTop 
Gbijia npeAJioiKeHa b 1929 ro^y npo(J). B.M.HaruiHHbiM. Bo.ua H3 
noaaiom ero TpySonpoBo^a npoiw t nepe3 peryjuixop pacxoaa 8 
nocTynaeT b 3JieBaTop 12. B CBoe Bpcw« Bo^a, H3 o6paTHoro 
Tpy60np0B0Aa oTonHTejibHwx ycraHOBOK HarHeTaerca b sjiesaTop. 
CMeuiaHHaa b 3JieBaTope BOfla noflaeTcs b CHCTeMy oxonjiemui.

II. IlpHHUHn paSoTbi JJieBaropa.
JXfin xopom efi paGaru aneBaTopa pa3HOCTb AaBJieHHH b 

noAaiomeM h o6paTHOM xpy6onpoBOAax AOJDKHa 6bm> 
noBbiuieHHQH (pHC.2.2).

Puc.2.2. KoHcmpyKnun oneeamopa.
l-coruio; 2- npueMHan Kcuuepa; 3-CMecumejibnasi K O M e p a ; 4-du<p(py3op.
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HeM Gojibine pa3HocTb AaBJieHHH b noaaioineM h o6paTHOM 
rpyGonpoBOAax, tcm 6ojibiue Gynex CKopocTb Bbixo^a boaw H3 
conjia h Gojibiiie K03<})4>HijHeHX hhmcckuhh (cMeuieHHK). 
K03(J)(J)HUHeHT0M HH>KCKI(HH Ha3bIBaCTCH OTHOUieHHe KOJIHHCCTBa 
boaw HarHeTaeMOH b 3jieBaxop (G2) k KOJiHnecxBy boaw  
upoxoAHmefi nepe3 sjieBaxop (Gi). J in n  Toro mto6w K03<f)<|>HUHeHx 
HiDKeKUHM cooTBeTCTBOBan TpeSyeMOH bcjimmhhc 1,5-2,5, pa3HOCTb 
AaBjieHHH b no^aiomeM h ofipaxHOM TpyGonpoBO^ax AOJDKHa 6wxb
0.8-1,5 aT. OGbiMHo sjieBaxop pa6oxaex npn nocxbHHHOM 
K03(})<^HUHeHTe HHHCeKIJHH (pHC.2.3.).

Puc.2.3 CxeMa jjieeamopiwzo yjjia.

IlpeHMymecTBOM aneBaxopa aBJwexcH npocxoxa h naAe*:- 
HOCTb. Pa6oTa sjieBaxopa 33bhcht ot pacxoAa h napaMerpoB boaw 
(0C06eHH0 AaBJieHRa) noAaBaeMofi ox HcxoHHHica xeruioxw. npn  
BbixoAe H3 expos ocHOBHoro Hacoca, ocxaHaBJiHBaexca unpRyjisuHa 
boaw h HaHHHaex cboio pa6oxy 3JieBaxop. 3xo  HBJiaexcs ochobhwm 
iieAOcxaxKOM 3JieBaxopa. flna npeAOXBpameHHn sxoro HeAOCxaxxa, 
AJia noAaHH boaw ycxaHaBjiHBaexca ijHpicyjifluHOHHWH Hacoc, 
Koxopwfi yjiynmaex cmciiichhh boaw. CaMbiM JiynuiHM BapnaHXOM 
HBjiaexca ycxaHOBKa 3JieBaxopa BMecxe c HacocoM. flpH stom
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3jieBaTop pa6oTaeT nocTOSHHO, a Hacoc BKjnonaeTCfl no 
Heo6xOAHMOCTH.

III. P a c n e r  noJiyneiiHbix onbiTHbix pesyjibraTOB 
K 03(J)(j)HHHeHT0 M CMCIUCHHH Ha3fcIBaeTCH OTHOUieHHe 

Maccbi Go CMeuiaHHoro oxnaHCAeHHoro BOAflnoro noToxa k  Macce 

Gi BbicoKOTeMnepaTypHoro n o xoxa boaw,

U - - -  = g° ~ Cl - G° 2 -  t t ~ t° _  |  
f'i  <*i f,i  *r ~  fo

TAe U  -  K03 )̂<J)HUHeHT CMCHJeHHfl;

G o — M acca boaw  H3 3JieBaTopa nocrynaiom eH  b cwcTeMy

0T0njieHH5i;
Gi -  Macca boaw  nocrynaiomeH b 3JieBaTop H3 noAaiomero 

TpySonpoBOAa TermoBOH c c th ;

ti -  xeM nepaTypa boaw  b noAaiomeM x p y 6 0 np0 B0 Ae 

TenjiOBOH c c th , °C ;

tr — TeM nepaTypa boaw  nocrynaiom eH  b cHcreM y  

OTonjieHHs, °C ;

to -  TeMnepaTypa boaw  nocrynaiomeH H3 ch ctcm w  

OToruieHHs, °C.

K o34»4)HUHeHT CMeineHHH U  h npneeAeHHWH pacxoA  boaw  

Gnp — ,.onpeAejiaercH no cneunajibHWM HOMorpaMMaM.

FlpHBeAeHHWH pacxoA boaw onpejmeTca no crieAyiomeMy 
BwpaxeHHio:

C  —

TAe Gc„ — KOJIHHeCTBO BOAbI UHpKyjKHpyiOIHeH B CHCTeMe 

OTonjieHRa (cM ecb), — ;
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Gcm = Go + Gi
A P chc -  rH A paBJiHM ecKoe conpoT H B JieH H e c h c t c m  t i  

oT oru ieH H fl, n p H H H M aerc s  n o  pa3HOCTH n o K a ja re j ie H  M aHOM eTpoB 

H a B x o /ie  h  B bixoA e H3 3 JieB aT o p a , Pa.
f la B J ie H H e  b  c e r o  n e p e a  3 J ie B a T o p o M , o n p e f l e j u n o m e e  

H o p M a n b H y io  e r o  p a 6 o T y  o n p e ^ e j i s e T c a  :

H = 1,4APchc (1-a)2
Ko3<})(}) h u,He ht nojie3Horo aeficTBHa 3JieBaTopa:

n = 100%
G ^ H -A P ^

I lo j iy H e H H w e  o n u T H u e  p e 3 y jib T a T b i c b o a s t c h  b  T a 6 ; w u y  1.

Ta6jiutfa I

No

T eM nepary  
p a  BOAW B 
noAaiomeM 
rp y 6 o n p o -  

Boae
TeiUIOBOH 

ceTH, ti °C;

TeMnepa­
Typa BOflW 

nocry- 
naiomeH b
CHCTeMy

OTOIUieHlM,
tr,°C;

TeMnepaxyp 
a boaw 

nocrynaiom 
eft H3 

CHCTeMbI
OTonjieHHa,

to,°C;

Ko3^x})H-
HMeUT

CMemeHHx
9
u

Ko3<J)(})HUHeH 
t  nojie3Horo 

^eHCTBH*

n,%

1
2
3
4
5

IV. O th c t  no pa6oTe:
OrneT o npofleJiaHHOH pa6oTe coflepacHT:
1. KpaTicaa xapaKTepHCTHKa o pa6oTe.
2. npHHUHnHaubHaa cxeMa ycraHOBKH.
3. 3 ckh3 npHHunnnajibHOH cxeMbi 3JieBaTopa.
V. KoHTpojibHbie Bonpocbi:
1. KnaccH^HKauHH CHCTeM TenjTocHa6jKeHH»?
2. Pa3HOBHAHOCTH Tenjionorpe6jieHHji?
3. B HeM 0C06eHH0CTb rpynnoBbix TetuioBbix nyHKTOB?
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4 . B  M6M Ha3HaneHHe 3JieB axopa?

5. B  MeM npeHMymecTBa h HeflocrancH 3JieBaropa?
6. Ot nero 3aBHCHT K03(J)(J)HUHeHT CMeuieHHH 3JieBaropa?
7. KaK onpeA ejm excH  KTlfl CTpyiiHoro H aco ca?

JIAEOPATOPHAfl PABOTA - 3 
HCnBITAHHE nO ^O rP E B A T E JW  H H3K O rO

Aa b j ie h h h

(BHpTyajibHas JiaSopaTopHaa paGora)
U ,e jib  p a 6 o n > i :  03HaKOMJieHHe c KOH CTpyiajH eH  B O ^H H oro 

norpeBarejia h npHHunna ero pa6oTbi.
OnopHbie cjioea: TeruioTa, TeiuiocHa6*eHHe, TemioBbie cerw, 

cereBOH noflorpeBarejib, noAorpeBarejib HH3Koro AaBjieHHH, T 3 C , 
TypSwiiHbiH KOHjjeHcaT, BO/wnaji KaMepa.

Heo6xoAMMoe o6opyAOBaHne: KOMDbiOTep, npoefcrop h 
Apyroe oSopynoBaHHe.

BbinojiHeHHH JiaSopaTopHOH pa6ori>i neofixoflHMO 
H 3yH H Tb c j i e A y io m y io  j iH T e p a T y p y :

1. T en jiocneT H H icH , c h c t h h k h  n a p a ,  b o  a m , b w h h c j ih t c j i h  

KOJiHHecTBa T e ru io T b i, TexuiOHOCHrejM  jxnsi K O M M epnecK oro  y n e T a . 

BbinycK — 3. M., M 3H -  2001 r.
2. npaBHJia SKCimyarauHH h npaBHJia 6e30nacH0crH npH 

SKcnjiyarauHH TeruionoTpe6ji>nomHx ycraHOBOK h TennoBbix cexeft 
noTpe6HTejieH. — M., 3HeprocepBHC -  2001 r.

IIp0A0Ji3KHTejibH0CTb pa6oTbi -  2 naca.
I. Hn^opMannH
B  UHKJie cxaHUHH uiHpoKO H cno jib3y ioT ca BepTHKanbHbie 

noflorpeBaTejiH.
n o A orpeB aT ejiH  h h 3 k o to  AaBJieHiw npeA H asH aneH bi ^ jw  

noA orpeB a KOHAeHcaTa 3a cneT n a p a  h h 3 k o to  AaBJieHHH 

OTo6paHHoro H3 TypGHHbi. B  noAorpeBarejuix hh3koix> AaBJieHHH 

(TIHff) fljjx noB epxH ocTH  H arpeB a H cnojib3yiO T CTajibHbie T py6bi,
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H3rOTOBJTeHHMe H3 KOpp03HeyCT0HM HB0H cx a jiH . K o h iu .1 T p y 6  

3aKpenji5«OTCH njiOTHO b T py6H yK ) AOCKy. C t c h k h  x p y 6  h m c io t  

TOHKyK) TOJiiuHHy 0 ,7 5 - 1 ,0  m m . F IoA orpeB aeM W H  KOH/jeHcaT 

noflaeTCM b  K aM epy ( 1 )  p n c .3 .1  c  o rpa/iH T ejibH O H  c t c h k o h , a  3aTeM 

n o c T y n a e T  b  T pyG bi. r ip o H A »  n o  T p y 6 aM  h  H a rp e B u in c b , 

IT oA orpeB aeM biH  KOHAeHcax n o c T y n a e T  b  A p y ry io  K aM epy ( 6 )  h  

4 e p e 3  b w x o a h o h  n a T p y S o K  ( 7 )  b w x o a h t  H3 n o A o rp eB aT e .u a .

1-BCpXHHX BOAJWaX KIMqil,
2-BCpXHHfl ipyOHJH JOCK1,
3-noana mp>,
5 -hghhji Tpy 6hm aocica;
6-hhxhjdi nô BecHU bojjous Kawepa;
7-Bhrxoj Harprroro KomtHcaia,
8-bmxoj KOfuncan napa;
9-bxoa KOHaeucaTa,
10-oT6oHHbift jihct Bonpan napa:
11-HarpcsaTenbHue rpydbt
12-onopa

Baa ctepxy ^

v W V °
* iq°9

Harveiui

Puc. 3.1 CxeMa nodozpeeamejvt hwkozo daejiemui.

CHcreMa Tpy6 coeAHHeHa c  KaMepoft, nepe3 Tpy6Hyio AOCKy 
(2) KOTopaa pacnojiaraercs b Mecre (jwiamjeBoro coeAHHeHHH 
KaMepbi h CBapHoro KOpnyca no^orpeBaxejia. CncTeMa Tpy6 
njiOTHO 3aKpenjwercH h ajih KanecxBeHHoro o6orpeBa nap noAaeTCH 
Mcpe3 nonepeHHO pacnojioxceHHWH naTpy6oK ( 3 ) .  Jljisi cosflaHwa 
Me/yieHHoro nporpeBa no xoAy abhjrchhs napa ycTaHOBJieHM 
neperopoAKH (4)
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F la p , n o c T y n a io m H H  b  n o A o rp e B a T e jib  y /japaeT C H  o  n e p e -  

ro p o A K y  h  paBHOM epHO p a c n p o c x p a H a e r c H  n o  n o A o rp e B a re ju o .

K o H A e H c a T , n p o T e ic a s  n e p e 3  x p y 6 w ,  c o 6 H p a e T c a  b  h h j k h c h  

Ka M e p e  ( 6 )  h  H e p e 3  b m x o a h o h  n a r p y 6 o K  (7) b b ix o a h t  H3 

n o A o r p e B a T e ji f l .  JJjw T o r o  h t o 6 w  H a B b ix o A e  H3 n o A o r p e B a T e j ia  

6 b u i  K O H A eH caT , a  H e n a p  b  h h h c h c h  e r o  nacT H  n p H  n o M o m n  

p e r y jM T o p a  n o c r o a H H O  c o x p a H a e T c a  o n p e A e J ie H H o e  k o j ih h c c t b o  

b o a w - Ha n o A o rp e T W H  K o H A eH caT  B w x o A » m e M  n a T p y 6 ic e  y c T a -  

HaBJiHBaeTCH a n e ic rp o H H W H  p e r y j n r r o p ,  K o r o p w H  K O H T p o jiH p y eT  

c o c r o j iH H e  h  c r e n e H b  H arp eT O C T H  n o B e p x H O C T e n  H a r p e B a  

noAorpeBaTejia.
B n o A o rp e B a x e jib  HH3Koro AaBiieHKH (HH/l) aji« noAorpeBa 

KOHAeHcaTa nocTynaer nap HH3Koro AaBJieHHa H3 Typ6HHw. 
MapKHpyiOTCs noAorpeBarejm cjieAyiomHM 06pa30M: nH/1,-400- 
26-0,7 h nH fl-200-16-0,7. HH/l, — noAorpeBareJib HH3Koro 
AaBJieHH», nepaafl u,H(J)pa noBepxHocrb HarpeBa (m2), BTopaa 
AaBJieHHe HarpeBaeMOH b o a w ,  TpeTba MaKCHMajibHoe AaBJieHHe 
napa.

II. PacneT noAorpesaTejia h h 3 k o i  o  AasjieHHH.

A*-?

Puc.3.2 Pacuemnaji cxeMa nodozpeeameiui hu jkozo  dasjienun.
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Ha p H C .3 .2  noica3aH noAorpeBaxejib nH/1, ycranaBJiHBaeMbin 
Ha nyT H  abhmcchhh ocHOBHoro xypGnHHoro KOH/teHcaTa.

H3 y p a B H e m u i T e rw o B o ro  6 a a a H c a  ITH/], o n p e A e J ia e T c a  

KOJiHHecTBO n a p a  H e o S x o flH M o ro  w *  HarpeBa T ypG H H H oro:

151(398-235) _ 1Q65«*
(ha -hky\„ (2760 -  402)0,98 ’ c

ryje ^  -  pacxoa napa no^aBeMoro b  m m ,  ( — );
C

hk' h  hk" -  3HTanbnH« norpeBaeMoro KOH/jeHcaTa Ha b x o a c  h  

BblXOfle,
KZ

h", hk" -  3HTajibnH« napa oTfinpaeMoro H3 xypSnHbi napa Ha 

Bxo,zje h BbixoAe, jxjw  no^orpeBa KOHfleHcara b  I ltm ,
KZ

T|n -  KTIfl Temioo6MeHHoro annapara (KIXQ, =  0,98).

O T H e r  n o  p aC k rre  c o c t o h t  h s :

1. KpaTKaa xapaKTepncTHKa pa6oTbi.
2 .  ITpHHUHnHajibHas cxeMa ycraHOBKH.
3 .  Ta6jinna HcnbrraHHH.
4. OGpa6oTKa pe3yjibTaxoB onbiTa.

Tadjiuifa 1
HoMep
oiibira.

A t ti K hk h K Db

JVi KZ

C
°c KffMC

KZ
"C kJJo k

K2
”C kJJj k

KZ
°c kR o k

KZ

KZ

C

I 151 138 2760 96 402 55 235 94 398 10,65
2 170 120 2760 96 402 55 235 94 398 11,9
3 195 138 2760 96 402 55 235 94 398 13,75
4 208 138 2760 96 402 55 235 94 398 14,75
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K om  pojii,ni»ie Bonpocbi:
1. LJejib HHa3HaneHHe cereBoro noflorpeBaTejui?
2. H3 nero H3roTaBjiHBaioTC« ceTeBbie noAorpeBaTejiH?
3. KaKHe nepeMeTpbi xapaicrepH3yioT npouecc npcrreKaiomHH 

b ceTeBbix noAorpeBaTejiHx?
4. T im u  noAorpeBaxejieH ycTaHaBJiHBaeMux b uHKJie cTaH-

IIHH?

5. 3a cnex KaKoro Teruia npoTeKaer npou,ecc b noAorpe- 
BaTeJTHX HH3KOIX) AaBJieHHfl?

6. ycraHaBJiHBaerca noAorpeBaxejib HH3Koro AaBJie-
HHH?

JIAEOPATOPHAJI PAEOTA - 4 
OnPEAEJlEHHE TEIIJIOBbIX IIOTEPB B 

TPYBOnPOBOflAX CHCTEM TEIDIOCHAEHCEHHfl
(BnpryajibHaH Jia6opaTopHaj« pa6oTa)

ll,ejib pa(km>i: ochobhoh qejibio jia(5opaTOpHOH paGoTbi 
»BjiaeTc« onpeAejieHHe Teiuionorepb BH30JiHpc>BaHHbix Tpy6ax 
CHCTeM OTOIUieHHS.

O n o p H b ic  c j io e a :  TeruioBwe n o re p H , apMaxypa, 
xpy60np0B0Abi, hctohhhk Teruia, TenjiOBbie cern, h30jwuh» Tpy6.

Heo6xoAHMoe o6opyaoBaHHe: KOMnbKrrep, npoeicrop h 
Apyroe o6opyo,o BaH He.

/ p m  B binojiH eH H H  . la S o p a r o p i io H  p a 6 o T U  H eoC xoanM O  

H3yHHn> c.ic,iyK)in\K) JiHTepaTypy:
1. TeruiocHeTMHKH, chcthhkh napa, boah, BbiHHCJiHrejiH 

KOJiHnecTBa TeruiOTbi, TeiuioHOCHTejm aim KOMMepnecKoro ynera. 
BwnycK -  3. M., M 3 H  -  2001 r.

2. IlpaBHJia 3KcnjiyaTauHH h npaBHJia 6e3onacHoc™  npw 
3KcruiyaTau,HH TenjioncnpeSjiaiomHX ycTaHOBOK h xeruiOBbix cereH 
noTpeGHTejieii. -  M., 3HeprocepBHC -  2001 r.

II po/joji/Khtcji bhocri b pafxyrbi — 2 naca.
4
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I. Mll(j)OpMaUHH
PacHer TennoBbix onpeflejwercji B cex  TenjiOBbix cerefl 

MpHCOeiJHHeUHblX K o6meMy HCTOMHHKy 3HeprHH. Tojibko B 
HCKOTopwx OTAejibHG B3aTbix Hacxjix xeruioceTH He onpeflejiHiOTca 
AeiicTBHTejibHbie noTepn SHeprHH.

npoBe/ieHH« pacneroB no onpeaejieHHio TeruionoTepb jjjih 

rcnjionorpeSHTejieH h  juw hctohhhkob TennoTW, hcoSxoahmo 
liaJlHMHe CepTH(|)HKaTHbIX H3MepHTejlbHbIX npHSopOB.

Puc.4.1. CucmeMd laojiupoeaHHUX mpy6onpo*odo«

HajiHHHe p acH d  Hbix npH6opoB aojdkho 6 brn> He MeHee 20%  

o t  o6m ero KOJiHMecTBa Tenjionorpe6 HrejieH. .ZJeHCTBHTejibHbie 

TenjioBbie noTepn onpeAejunoTCH c noMombio TeMnepOH3Me- 

pHTenbHbix npH6opoB. H a  pnc.4 . 1. noKa3aH CHCTeMaH30Jinp0- 
BaHHbix rypy6onpoBOAOB.

OnpeAeJieHHe AeftcTBHTejibHbix TennoBbix noTepb aojdkhu 
cooTBercTBOBaxb npoeKTHbiM cxaHAapTaM TeiuioBofi h30ji«uhh h 
onpeAejurrcfl corjiacHo HopMaM noxepb xenjioBOH 3HeprHH (hopmm 
onpeAeJunoTCH no Tpe6oBaHHHM AH3afiHa h HcnojiHTejibHbiM 
AOKyMeHxaM), c yneroM cTaHAaprowx 3H3HeHHH npHHOCHMoro 
y6biT K a.

CorjiacHo HopMaxHBaM Tenii0Tp y60np0B0Abi aojdkhw noKpw- 

BaTbCfl H30JXHnH0 HHWM CJIOeM. H 03T 0My BO B cex  HOpMaTHBHbIX

AoxyMeHTax p jin  BianojiHenHJi 3thx pa6ox m ctoah pacHera
renjioBbix norepb He npeAJraraioTca.
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I I .  P a c n e T  T e ru io B b ix  n o T e p b  b  Tpyf>0n p 0B0,aax

KojiHnecTBo jiHHeHHbix TenjioBbix norepb b TeneHHH naca 

onpeAeJiHK)TCH no (J)opMyjie:
Q  =  b ■ 1 • q  B t ,

b -  K03(J)cJ)HuneHT ynHTbiBaiomHH TenJiOBbie noTepw nepe3 
onopy, jy v i  MeTajuiHnecKHX Tpy6 b= 1,5 HeMerajuiHHecKHx Tpy6 
b = l,7 .

1 — AJiHHa ynacTKa, m;

q -  TeiuionoTep» c 1m TpyGbi 3a 1 Mac, — .
M

cj — k ■ 3.14 ■ (ta — to.cp)
tB -  TCMnepaTypa bo^m b T p y 6e, ° C;
to.cp -  TeMnepaTypa cpeflbi OKpyjKatomeH Tpy6y, ° C;

Bm
k — JMHeHHbiH K034>4>HUHeHT nepeaaHH Teruia, o ^ ;

* = 1

rinomaAb BHcmneH noBepxHocTH Tpy6bi onpeflejwercji no 
(J)OpMy^e:

Fnap 71 Dijap L ,

r ^ e  7i= 3,141;
D Hap-  HapyjKHMH AnaMeTp Tpy6bi, m; L - AJiHHa Tpy6bi, m.
IIpH onpeAeJieHHH TennoBbix noTepb b H30jmp0BaHHbix 

TpyGonpoBO^ax pacMerbi Be^yrca corjiacHO nopa^Ra npHBe^eHHoro 
B HOpMaTHBHbIX AOKyMeHTax.

3 r a  0C06eHH0CTb xapaKTepH3yercji TeM, hto  TenjioBofi noTOK 
b ochobhom onpe,aeji>ieTca TeimoBbiM conpoTHBJieHHeM TeiuioBOH 
H30JMUHH. BMecre c TeM K03<J)(J)HLiHeHT Tenjionepe,n,aHH cjioh 
BHeiDHen noBepxHocTH noKpbrnw Marco BJinaeT Ha BejiHHHHy
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K(rxjxf>nnHema Tenjionorcpb h n03T0My ero mojkho npHHHMarb no 
Cpe^HMM 3HaMeHHSM.

O  i Me i n o  i ip o / ie j ia i i i io H  p a 5 o T e

1. KpaTKas xapaKTepHCTHKa pa6oTbi.
2. npHHUHnnaJibHax cxeMa ycxaHOBKH.
3. Ta6jrnua HcnbiTaHHH.
4. 06pa6oTKa pe3yjibxaroB onbixa.

T a 6 j in i i a  p H  p a c n e r a  re iu iO B b ix  n o r e p u  b  T pyG onpoB o/je

IlapaM eTp 0 6 o3HaneHHe 3 naHeHHe

HapyjKHbiii /jnaMeTp Tpy6 bi d  [mm] = 30

/ ĵiHHa Tpy6bi L [m = 10

TeMnepaTypa b o a m  B H yrpH  Tpy6u U„0C] = 2

TeMnepaTypa napyxcneM cpe^bi to K C p  l ° C ]  = -30

K o34»<J)HnHeHT
V —  Bm 

M 1 ’C 1 ,2

TenjionpoBOflHOCTb HJOJianHOHHoro 

MaTepnajia.
1=

M  C 0,04

TojimHHa H30Ji»UH0HH0r0  MaTepHajia D [mm] = 30

TenjionoTepH b Tpy6e Q [Bt] = 87,80

Tenjionorepw 1 m Tpy6w O r—
i 

,

II 8,78

K o H T p o Jib H b ie  B o n p o c u :

1. Kaicne MarepHajibi Hcn0Jib3yi0TCJi w in  TenjioBofi 
H30JIMUHH?

2. B neM npHHHHa 06pa30BanH« Teruionoxepb?
3. KaK mojkho yMeHbuiHTb BejiHHHHy TennonoTepb?
4. PacHeTHbie (J)opMyjibi w *  onpe^eJieHHfl TeiuiOBbix mrrepb?
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JLAEOPATOPHAH PABOTA - 5 
nO CTPOEHHE TPAOHKA AABJIEHHfl 

(n tE 3 0 M E T P H H E C K 0 r0  rPAOHKA) BOflflHOH 
ABYXTPYBHOH TEIIJIOBOH CETH

U,ejib pa6oTbi: FIbe30MeTpHHecKHH rpa(|)MK hcoGxo^hm ajia 
Bbi6opa cxeMbi npHcoejjHHeHHn a60HeHT0B, pa3pa6oTKH nmpaBJiH- 
HecKoro pexcHMa chctcmw h BbiGopa cncreMbi aBTOMaTHKH ajih 
ceTH.

B 3TOH paGore onpeAejiaercji Bjin»nne o6opyn,OBaHHH h 
npMcoeAHHeHHa KOJiHHecxsa noTpeSirrejieH Ha pacnpeflejieHHe 
AaBJienHH b ceTH.

O n o p H b ie  c n o B a : xeruiO Bw e ceTH, T py6onp0B 0A , apM aT ypa, 

THApaBJiHHecKHe n o T e p n , AaBjieHH, nbe30M eTpHnecKHH rpa^H K .

H eo6xoA H M oe o f jo p y a o B a u H e : onuruaa ycraHOBica, npnGopw 
JOflU H3MepeHHH âBJieHHH.

Jlfla BuiiojiHeiiHM j ia G o p a r o p n o H  paiGoTbi hcoGxo/ihmo 
H3yMHTb c jie /iy K H n y io  J iH T e p a ry p y :

1. TeOJlOCHeTHHKH, CMeTHHKH napa, BOAbI, BblHHCJIHTejIH 
KOJiHHecTBa renjioTw, TeiuioHocirrejis ajm KOMMepnecicoro ynera. 
BbinycK -  3. M., M3H -  2001 r.

2. UpaBHjia 3KcnjiyaTauHH h npaBHjia GesonacHOCTH npH 
3Kcnjiyaxau,HH xenjionorpe6juiiomHX ycTaHOBOK h TenjiOBbix cerew 
noxpeGHxejiefi. -  M., 3HeprocepBHc -  2001 r.

3. www.zivonet.uz
IlpoAOJiHCHTejibHOCTb paGorbi -  2  naca.

I. HH(J)OpiMaUHH
npH npoeKTHpoBanHH h 3KcnjiyaTauHH xenaoBbix cerew 

uinpoKO HcnoJib3yeTca nbe30MerpHHecKHH rpa<j)HK. (pHC.5.1). Ha 
rpa<J)HKe b  onpeAeJieHHOM MacurraGe oxMenaioxcH: pacnojio>KeHHe 
norpe6HrejieH, BbicoTa 3#aHHH, 3HaneHHa HanopoB Ha ynacTKax

70

http://www.zivonet.uz


T en /io ce rH  h npotfutnb TenjiO Tpaccbi; Ha rpa4>HKe mojkho 
onpe^ejiHTb Hanop b jiio6oh tohkc Tennorpaccbi.

Phc.5.1 PacHCTHan cxeMa (a) h nbe30MerpH<iecKHH rpa$MK (6) 
AByrrpyGiiciH boakhoh chctcmu TenjionpoBoaos.

E c jih  paccro jiH H e o c h  xpyG bi b tohkc 3 , HaxoflHTca Ha 

paCCTOHHHH Z3 OT paCMCTHOH njlOCKOCTH, TO IIbC30MCTpHHeCKHM 

H an o p  b noA aJom efi T p y 6 e  H y3-  Z3 , a  b o6paT H ofi T p y 6 e  6 y a e T  

paBCH H*3-  Z. Pa3HOCTb AaBJieHHH B TOHKe 3  MOKfly riOAajOlUHM H 

oGpaTHbiM HanopaMH, cocTaiuiaei nojiHbin Hanop: H 3=  H y3-

I IK3,noHH5KeHMe AaaneHHjr b noAaiomeM rpyfonpoBOAe 5Hyi-4 = Hyi

-  Hy4: a noHH»ceHHe AaBJieHHH b o6paxHOM xpyGonpoBOAe paeHO 

8Hk1-4- H k1-Hk4-
yi -  y4 - rpa(j)HK nanopoB b noaaioineM Tpy60np0B0Ae 

TenjioTpaccw;
ki — K4 — rpa<J)HK HanopoB b oSparaoM TpyGonpoBOAe 

TenjiOTpaccbi;
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ccth;
Hh -  H a n o p  b  ce rcB O M  H a c o c e ;

Her -  CTaTHHecKHH Hanop;
Hyi nojiHWH Hanop b noAaiomeM Tpy60np0B0Ae tciuioboh

ccth;
Hi — Hanop cereBOH boaw b Kojuieicrope TeiinoBoro 

HCTOHHHKa;

Hy3 -  nojibiH Hanop b tohkc 3 noAaiomero Tpy6onpoB0fla;
Hk3 -  nojiwH Hanop b toh k c 3 o6paTHoro Tpy60np0B0.ua;
JJflH o6ecneneHHJi HaaesKHOH paGoTbi bo am ho m TenjioBoii ccth 

AOJiJKHbi 6wTb coSjHOAeHH cjieAyiomHe ycjiOBna:
1) AaBJICHHC B p33JIHHHbIX o6opyAOBaHH»X TenJIOBOH CCTH H B 

ycTaHOBKax noTpeSHrejia He aojihchm npcBbiuiaTb AonycTHMOH 
BenHHHHW. /Vih CTaiibHbix Tpy6 h apMaTypw TemionpoBOAa 
BejIHHHHa H36bITOHHOrO A3BJ1CHHH COCTaBJIHeT o6whho B npeflCJiaX
1,6 - 2,5  M n a ;

2) AJia ripeAOTBpaiueHHH noAcoca B03Ayxa, b pawiHMX
HaCTHX CCTH AOJ15KHO COXpaHMTbCfl H36wTOHHOe AaBjieHHe. B  
npoTHBHOM cjiynae mohcct npoH3oitTH Koppo3HM o6opyA0Bam«i h 
HapyuieHHe unpicyjiauHH boam b ccth . MHHHManbHoe 3imeHHe 
H36brro4Horo AaBJieHHfl cocTaBJiflCT 0,05 Mila (5 mm boa-CT.);

3) ofiecneHHTb He BCiomaHHe boaw b TennonpoBO^ax ccth. 
n03T0My bo Bcex TOHKax CHCTeMbi TenjiocHa6>KeHHfl aojijkho 
coxpan»TbCH AaBJieHHe Bbiuie AaBJieHHH HacbimeHHa bo a h  
cooTBeTCTByjomeH TeMnepaTypbi.

II. 3a;ja*ia
nO CTpO H Tb nbe30MeTpHHeCKHH rpa<J)HK AJ1« AByXTpy6HOH 

BOAHHOH CCTH npH A3HHOM pOKHMe H npeAJIOHCeHHOH MOACJIH CCTH!
A) npH npncoeAHHeHHH oahoto noTpe6HTejia;
B) npH npncoeAHHeHHH HecKOJibiatx noTpefime^eH; 

(Phc.5.1).

H K1 —nojiHWH Hanop b o6parHOM Tpy60np0B0Ae tciuioboh
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III. O n n c a H H e  y c t u h o b k h .

Mo^ejib npeAcraBJiaeT co6oh BOAflHyK) 3aKpbrryio CHCTeMy k 
KOTopofi noAKJiiOHeHbi rpH norpe6HTej«i (Phc.5.2). b 3aKpbrroM 
Komype ycraHOBJieHHwe bchthjih npeAHaiHaneHbi aha co3A3hhji 
pa3JIHHHbIX peJKHMOB.

PacxoA boaw HHpKyjiHpyjOLueH b cHcreMe onpeAeJweTCJi
GaKOM-MepHHKOM. B pa3JTHHHbIX TOHKaX CHCTeMbI AaBJieHHe B CCTH 
H3MepaercH MaHOMerpaMH.

IV. IIopHAOK nposeAeHHH pafioTbi.
IIpOBepjITCH HanOJIHeHHOCTb CHCTeMbI BOAOH H COCTOHHHe 

Hyjis y MaHOMeipoB.
OrKpbiBaioTCH BeHTHJiH 1,2 h 3,4 ycraHOBjieHHbie nepeA 

noTpe6nTejiHMH. C<)CTaBji»eTCH pacneTHaH Ta6jiHL[a. Ilocjie 
npoBepKH npenoAaBaTejieM iotobhocth ycTaHOBKH HawHHaerca 
HcnbrraHHe

nepBblH pC/KHM.
MeAJieHHO OTKpbiBaeTCjj BeHTHJib 1 (ao nojiHoro OTKpbrrn»). B 

3TO ace BpeMH Ha6jiK>AaeTC» H3MeHeHHe pa3HOCTH AaBJieHHH. 
I~IoKa3aHHji MaHOMeTpoB o6pa6aTbiBaioTca h 3aHoc»Tcx b 
pacHCTHyfo Ta6jiHity.
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B 1892 ro f ly  aK a ^ emhkom JI.A .M ajieH TeB biM  h ^pyrH M H  6 b u ia  

p a 3 p a 6 o x aH a  h  npeAJio5KeHa k  BHe^peHHio OAHOTpy6Haa CHCTCMa 

TenjiocHa6>KeHHH.

n o  KOJiHHecxBy Tpy6 chctcmm TenjiocHa6>fceHHa jxesifnca Ha 
o a h o - ,  A »yx-, T p ex - h  M H oroxpySH bie , b  KanecTBe TeiuiOHOCHTejis b 

hhx Bpamaerca BOAa.
I .  C onpoTH BJieH H e TeiuiOBOH ccth  H 3M eH »erca n o  

KBa^paTHHHOH 3aKOHOMepHOCTH. ri03T 0M y xapaKrepHCTHKa 

T enjioB oft c e rH  rpacjm necK H  H3o6pa>KaeTca b BHjie KBa^paTHMHOH 

n ap a 6 o jib i:

AP=SV2
rffe
AP — noT epH  AaB;ieHH» b  c c th , I l a ,

V -  pacxoA b o  aw b c c t h ,  — ,
nac

S — co n p o ra B Jie H H e c c t h , I l a .

B pe3yjibTaTe BbinojiHeHHOH pa6o™, 6yjxyr onpeAeJieHbi 
ACHCTBHrejibHwe 3HaneHHS xapaKTepHCTHKH. K poM e a r o r o ,  

Aojdkhm onpeAenHTCH pa3JiHHHbie (creneHb paiBCTBJieHHOCTH c c th , 

3HaneHHe MecrHbix conpoTHBJieHHH, AwaMerp Tpy6 h ap ) Oaicropbi 
BJIHSIOmHe Ha OCHOBHOH napaMCTp xapaKTepHCTHKH S.

II. paooTbi.
1. CH»Tb XapaKTepHCTHKy CCTH C OAHHM H HeCKOJIbKHMH 

nOTpeGHTCJMMH H CpaBHHTb pe3yjibTaTW .

2. OnpeAejiHTb, KaK b jih h c t  kojihhcctbo  noTpe6HrejieH Ha 

xapaKTepHCTHKy c c t h .

3. AHaJIHTHHeCKHM MCTOAOM OnpeAeJIHTb 3aBHCHMOCTb P OT V 
T .e .paccM O T perb  4>yHKU,Hio P=f(V).

4 . C ocraB H T b o t h c t  n o  BbinojiHeHHOH p a 6 o r e .
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I I I .  O n n c a H H e  ycraH O B K H .

YcTaHOBKa, npeflHa3HaHeHHa*r nojiyqeHHH xapaKTepHCTHKH 
CCTH (PhC.6.1 H 6.2) COCTOHT H3 pa3BCTBJieHHOH CCTH C T peM fl 

norpeSHTejiHMH ( 6 ) ,  pa3JiHHHOH apM aiypu h  H3MepHTejibHbix 
npnGopoB. B pojiH noTpeGHTejia npHHjrrbi paAHaxopu oTonjieHH« 
pacnojioaceHHbie Ha TpH 3TajKa. PacxoA bo#m b ccth  npn 
pa3JTHMHbix pexcHMax co3AaCTca 6aKOM - MepHHKOM (7). H3MeHeHHe 
AaBJieHH» B CCTH H3Mep»CTCJI MaHOMCTpaMH (D l ,D2 ,D3).

Puc.6.2 CxeMa iiaoopamopnou ycntanosKU.
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IV. IIopimoK npoBe;ienHH pa6oTi>i.
1. FIpoBepaeTCH H anojm eH H O C T b c h c t c m u  b o a o h .

2 . OTKpMBaioTCH B ee K paHbi.
3. IIpoBepaerca cocT o aH H e Hyjia M aHOM eTpoB.

4 .  Pe3yjibT axbi Ha6jiK>aeHHM C H O carca b T aS nH ny 6.1 .
5. JlflU CHMTHfl xapaKTepHCTHKH c  oahhm noTpe6nTejieM 

Heo6xoAHMO OTKJiiOHHTb ocrajibHbix noTpe6HTejieH. JVth 3Toro 
3aKpbiBaioTC« KpaHbi Ha no^aromeM h o6paTHOM xpyfxmpoBOAe. 
T .e .  OCTaiOTCS OTKpblTblMH TOJIbKO 2 ,4  BeHTHJIH, OCTaJIbHbie 
3aKpbIBaK)TCa.

6. Pa6oMHH BCHTHJlb MaHOMCTpa D2 OTKpblBaeTCH.
7. Me^JieHHO OTKpHBaerca BeHTHJib 1. YcTaHaBJiHBaeTca 

onpeAeneHHbiH pacxoA boah. F lo  noKa3aHHio MaHOMerpa Di onpe- 
Aejiaerca norepa AaBJieHHa b ceTH. H3MepeHH« peKOMeHAyerca 
npoBOAHTb He MeHee 7 pa3. rioKa3aHHa MaHOMerpa Di 3anHCbi- 
BaioTca KaK 3HaneHHa h  b Ta6jTHuy, rpa<J)bi 1, 2 .

8. /Jjia CHaTHa xapaKTepHCTHKH c HecKOJibKHMH noTpe6H- 
TejiaMH 3aKpbiBaeTca BeHTHJib 1 a 3aTCM noAKJiioMaioTca ocTajibHbie 
n o T p e 6 H re jiH . I Io c jie A y io m H e  A encTB H a aH ajio rH H H bi ripeAHAyiAHM  

c oahhm norpeSHTejieM.
V. 06pa5oTKa noJiyneHHUX peiyjibTa roB 
l .O n p e f l e ju D o r c a  pacxoA boabi h n o T e p H  A aBJieHHa npw

nepBOM  H3M epeHHH.

2 .  JXnx yA o6 cTBa pacneroB npHBeAeHHbix p e3yjibTaTOB 

H3MepeHHH pacxoA boabi npHHaTbiH no rpa<f>HKy chochm b rpa^y 3 
Ta6jiHLibi 6.1.

3. fljw Ka*Aoro peacHMa onpeAeJiaeTca o6i>eMHbiH pacxoA 

BOAbi no d)opMyjieK=—, (p=999,7 -^ t  =  10°C), — h chochm b
p  m vac

rpa(J)y  4 .

4 .  r i o r e p H  AaBJieHHa b  H ccjieA yeM O H  c e m  o n p e A e J ia io T c a  n o  

<J>opMyjie:

AP =  hcem.-TB0fl. , 4
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rAe h c e n i-  noxepH  a s b jic h h h  B3»Tbie HenocpeACTBeHHo n o  

noK a3aHHAM MaHOMeTpa mm boa-C t.

T bo« — yAenbHbiH B ee b o a w  b  MaHOMerpe, 3HaneHHe
CM

KOToporo onpeAeJiaercM no Ta6jinnaM npn h3bccthoh TeMnepaxype 
bo  a w .

Pe3yjibTaTM pacweroB AP choc»tc» b r p a ^ y  8.
5. IIo onuTHW M pe3yjibTaTaM crpoHTCK rpa<J)HK 4>yHKi;HH 

P=f(V). Tpa(J)HK crpoHxcH no 3HaHeHHHM rpa<J) 4  h 5 TaGjiHuu 6.1.
Tpa^H K H  xapainepHCTHK c e n t  c  o a h h m  h jih  HecKOJibKHMH 

norpeSH TejiaM H  BbinepHHBaioTca a ji»  cpaBHeHHK p a 3HbiMH uBeroM .

6 . Jijvi onpeA eJieH H H  aaH ajiHTHnecK HM  m c to a o m  3aBHCHM0CTH 

P o t  V T.e. p a c c M o r p e r b  (jjyHKOHio P=f(V), B bW H C juuorca 

jiorapH(J)Mbi 3HaneHHH V h  AP, h  3anHCHBaiOTCJi b rpa<j)bi 6,7. B 
jio ra p H 4>MHHecKHX KOopAHHarax CTpoH rca rpa<|)HK (JiyHKiiHH

AP=f(V).
B p e 3yjibxaT e n p 0 B0A»TC« npaM bie: H epe3 TOHKy Ha 

OTAejisnoinyK) ceneH H e « a »  h  np sM y jo  o6 p a 3yK)iAyio y ro ji  a  c  o c b io  

a 6 cu ,n cc . KancAan TOHKa Ha 3t h x  npaM bix  AOJi*Ha c0 0 TBercTB0 BaTb 

Bbipa>KeHHK):

lgAP=a+tgalgV

BenHHHHa « a» momcct KaK nojiwKmrejibHOH x a x  h  

OTpHnaxejibHOH, a=SV; ecjiH  oTMeraTb, h t o  tga = k  t o  nojiyHHM: 

lgAP=lgS+klgV.
BbinojiHHB cooTBercTByiou;He MaTeMaTHHecKHe npeo6pa30B- 

annji nojiyMHM, AP= SVk h  nocTpOHM rpa<J>HK aroro BbipasKeHHa. 

3naHeHHa AP c h o c h m  b  rpa<j)y 8 TaG jiw ubi 6.1.
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Ta6jiutja - 6.1.
M3MepeHHH

Jfo
ph, 

MM.BOfl 
■ CT.

G,
K2

vac

V, —
vac

AP,
n a

lgV IgAP AP pacq-

1 2 3 4 5 6 7 8

O th ct no paSoTe coctoht H3:
1. KpaTKaa xapaKTepHCTHKa paGoTbi.
2. npHHUHimaJibHaji cxeMa ycraHOBKH.
3. Ta6;iHija HcnbrraHHH.
4. 06pa6oTKape3yjibTaTOBonwTa..
5. AHajiH3 pe3yjibTaTOB npH npHcoe/iHHeHHH oflHoro hjih 

HecKOJibKHx noTpeGHTejieii.

KoirrpojibHbie B onpocu:
I. Flo KaKOH 33KOHOMepHOCTH H3MeHfleTCfl COnpOTHBJieHHe 

TCIUIOBOH CCTH?
II. Hto Ha3bJBaercfl xapaKTepHCTHKOH ccth?
III.Ot KaKHx napaMCTpoB 3aBHCHT xapaKTepHCTHKa ccth?
IV. KaK b j i h j i c t  H a xapaK TepH C TH K y c c t h  k o j i h h c c tb o  

n o T p e 6 H T e jie ii?

V. B neM 0C06eHH0CTb aHauhthhcckh onpejejieHHOH 
xapaKTepHCTHKH CCTH?

JIAEOPATOPHAfl PABOTA - 7 
OIIPEAEJIEHHE IH/JPABJIHHECKOrO 

COIIPOTHBJIEHHfl APMATYPbl TPYEOnPOBO^A

U,ejib paSoTw: OcBoeHHe mcto^hkh npaKTHHecKoro onpeae- 
jieHHfl rnapaBJiHHecKoro conpoTHBJieHHfl apMaTypw Tpy6onpoBo^a. 
03HaKOMHTbc« c pe>KHMOM paG oTbi b  BHpTyajibHOM BapHaHTe.
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OnopHbie cjioea: TeiuioBbie ceTH, Tpy60np0B0A, apMaTypa, 
rH^paBJiHnecKHe noTepH AaBJieHHa.

H e o 6 x o /(H M o e  o f to p y /io B a n w e : o n b iT H a a  ycTaHO BKa, n p n G o p b i 

AJi« n 3MepeHH>i AaBJieHHa, KOMnbK)Tep, n p o e ic r o p .

B u i io j i  iieiiH H  jiaG opaxopH O H  p a 6 o T b i h c o G x o a h m o  

H3yHHTb c jie ;iy i« in y K ) jiHTepaTypy:
1. TenjiocHexHHKH, chcthhkh napa, boabi, bwhhcjihtcjih  

KOJiHMecTBa TennoTbi, TennoHOCHTejw ju w  KOMMepnecKoro ynera. 
BbinycK -  3. M ., M 3 H  -  2001 r.

2. IIp aB H Jia  3KcruiyaxauHH h npaBHJia 6e30nacH0CTH npn 
3KciuiyaTauHH TeiuionoTpe6junomHX ycxaHOBOK h TeiuiOBbix cerefi 
noTpe6HTejieii. -  M ., 3HeprocepBHC — 2001 r.

3. www.zivonet.uz
IIpoAOJixcHTejibHOCTb pa(k>Tbi — 2 Haca.

I .  M inJjopM auH H

ApMaTypa SHepreTHMecKHX Tpy6 no CBoeMy Ha3HaneHHK) 
AejiHTcn Ha aieAyiomne rpynnbi: 3anopHan, peryjiHpoBOHHan, 
npeAOxpaHHTe^bHan KOHTpojibHaa apMaTypa.

CorjiacHo cxeMe ynpaBJieHiot 3anopHa» apMaTypa mojkct 
ynpaBJWTbca BpyHHyio hjih nepe3 ajieicrponpHBOA Ha MecTe 
yCTaHOBKH HJIH AHCTaHHHOHHO.

PeryjiH poBO H H aa apMaTypa ynpaBJiaerca BpyHHyio hjih n e p e s  

3JieicrponpHBOA, rHAponpHBOA hjih n e p e s  nHeBMonpHBOA- 3 r a  

apM aT ypa y n p a B jia e rc a  BpyHHyio hjih corjiacH O  nojiyneH HO M y 

CepBOMOTOpOM HMnyjIbCy AHCTaHIJHOHHO H aBTOMaTHHeCKH 

p e ry iiH p y io T c a  Heo6 xoAHMBie n ap aM erp b i.

ripHHUHn pa6oTbi npeAOxpaHHTejibHOH apMarypBi —aBTOMa- 
THHeCKHH, OCHOBaH Ha 3eKTpHHeCKOM HJIH 3JieKTpOMarHHTHOM, 
napOBOM HJIH THApaBJIHHeCKOM npH BO A e.

T p y 6 Ha« apM aT ypa n o A S n p a e rc a  n o  ycjiOBHOMy AaBJieHHio 

Pycji hjih n o  ycjiOBHOMy npoxoAHOM y ArtaM eTpy DyCJi.
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Flo KOHcrpyKTHBHOMy npHHU,Hny apMaTypa AeJiHTca na: 
AHCKOBwe h  MeMGpanHbie. r i p H  AaBJieHHH He Bbiuie 1,3 MTIa h  

TeMnepaType He Bbime 300 °C AonycKaerca npHMeHeHHe jihtoh  
nyryHHOH apMarypbi. IIpH noBbimeHHbix napaMerpax Kopnyc 
apMarypbi raroTOBJiaeTca H3 yraepoAHCTOH h TepMoycTOHHHBOH 
CTariH hjih npHMeHfleTca cnennaiibHO pa3pa6oTaHHaa apMaTypa 
(Phc.7.1).

ripn noHHMceHHWx h cpeflHHX napaMerpax pa6owero Tejia 
apMaTypa KpemiTca k Tpy6aM h oSopyaoBaHHio c noMombio 
(JjjiamjeB. Ilpn  noBbimeHHbix h kphthhcckhx napaMerpax paSonero 
Tejia peKOMeHAyerca npHMeHeHHe CBapKH npH ycTaHOBKe 
apMarypbi Ha Tpy6onpoBO,aax.

Jia renji0H30jianHH apMarypbi Hcnojib3yioT MaTepHajibi 
Bxoflamne b KJiacc aycreHHTOB h o6ecneMHBaioLU,He *ecTKOCTb, 
3aiIIHmeHHOCTb OT 3p03H H  H K 0pp03H H  H nOBlblineHHyiO npOHHOCTb.

Puc 7.1. Benmwiu:
a—npocTaa; b  -  ran «KocBa» ; v - npaM OTOH Haa; 1—ce^Jio; 
2—  knanaH; 3— Kopnyc; 4— mnHH^ejib; 5— canbHHKOBHH 

ynjioTHHTejib.

H. 3a/ia*ia
I. IlpaKTHHecKoe onpe^ejieHHe 3HaneHHH nuApaBjiHHecKoro 

conpoTHBjieHHa Sa apMaTypw h  Kos^cJjHTUHeHTa MecTHbix
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COnpOTHBJieHHH Sm B 3aBHC HMOCTH OT CTCneHH OTKpMTOCTH 
apMaTypti.

2. nocipoeHHe rpa<})HKOB (jjyHKHHH Sm = f  (P) h Sa = <p (P). 
nojiyneHHwe rpacjjHKH cpaBHHTb c rpa<j)HKaMH npHBeAeHHbiMM b 

cneuHajibHOH jiHTeparype.
3. OnpeAejieHHe 3aBHCHMOCTH H3MeHeHHa pacxo^a boam o t 

cxeneHH otkputocth apMarypbi h noTpoeHHe rpa^raca (J)yHKU,HH V 
= f(P) .

1 . OnucaHHe y c ra H O B K H .

npHHUHnwajibHaa cxeMa ycraHOBKH npHBeAeHa Ha p h c .7 .2  h 
7 .3 .  Pa6oHHM TejioM HBJiaerca BOAa. BoAa, npoiiAa nepe3 6aK — 
MepHHK noABOAHTca k HcnbiTbiBaeMOH apMaType A.

IIoTepH AaaneHiM b  HcnbiTbiBaeMOH apMaType H3MepaioTca 
MaHOMeTpaMh D2 h D3 . rkrrepH AaBJieHHa b  cncreMe noKa3WBaeT 
MaHOMerp D i .
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J - RMnonwrb panerki MBMt 1

Puc.7.3 Cxcmu Jiadopamopnou ycttiaiiogKU.

III. IlopsiAOK iipoue/jenHH pa6on,i.
1. n p o B e p a e T c a  HanojmeHHOCTb CHCTeMti b o a o h .

2 . IlpoBepaeTCH k o jih h cctb o  o6 o p o to b  bchth jih  o t  

«OTKpwToro» a o  «3aKpMToro» nojio>KeKHa.

3. ^Ba BeHTHJIH AOJIMCHbl 6bITb 3aKpbITbI.
4 . M aH O M eTpu noAKJifonaKyrca k  c c t h  h  n p o B e p a e rc a  h x  

cocroHHHe Hyjia.
5 . ripn HcnbrraHHH 3  BeHTHJib nocjie ycTaHOBJienHa 

onpe^eJieHHoro peacHMa th x o h b k o  3aK pbiB aerca . HcnbiTanHe 

peKOMeHAyerca npoBOAHTb 8 - 1 0  p a3 , HanpHMep CTeneHb oncpbrm a  

BeHTHJia 0 ,2 5 , 0 5 , 0 ,7 5 , 1 , 1 , 5 , 3 , 4 , 6  ,a TaioKe n p n  nojiHOM

OTKpUTHH BeHTHJIH. 3 aTeM HCnblTaHHe npOBOAMT B 0 6 paTH0 M 

nopaAKe, n p n  stom  ^H KcnpyeTca h noKa3aHna MaHOMerpoB h  

3anHCMBaioTca b rpa<j>bi 4 ,5 ,7 ,8 , 1 1 , 1 2 .

IV. OGpafxmca n o jiy M e n n u x  p e a y .u /ra io B

1. IIo T ep H  AaBJieHHa b  apM aT ype «A», hm o npeA eJia ioT ca 

cjieAyiomHM 6 pa3 0 M:

n o  noK a3aH H io  M aH O M eipa D 2 o npeA eJiaeT ca  BejiHMHHa:
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AP2-h,+hm-H 2T Bofl.

a no MaHOMeTpy D 3 ,

A P 3= ochi+hm—H 3T  boa 

IlpH coBMecraoM pemeHHH 3thx ypaBHeHHH, nojiyHHM:

h _ (H 3 - a H 2)Yc 
l - a

rue: H3 h Hj -  h cpe^Hee 3HaqeHHe noKa3aTejien 
MaHOMerpoB mm. boa.ct.

T ta r -y A e n b H b iH  B ee  b o a m  n p H  T e M n e p a x y p e  12-s-16°C ;

hi — noTepa aaBJiemwi b Tpy6e Ha ynacTice auhhoh L; a  = ̂

3HaHeHHJI 1 H L npHHHMaiOTCK H3 CXeMbJ yCTaHOBKH.
2. PaccHHTaHHwe 3Ha4eHH» hm 3aHocaTca b rpacjjy 10 -  

pacnerHOH TaGjiHnbi.
3. PacxoA boaw Gboa onpeAeJiaeTcn no 6aKy -  MepHHKy h 

3anHCHBaeTC» b rpa<|)yl8.
4. 3HaneHHe K03<})<j)HuneHTa Sm onpeAeJweTCJi H3 cneAyiomero 

BbipaaceHHH:

O _  2 & m

r.
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r/je h -  noTepa AaBJieHHa npn mccthom conpoTH&rceHHH, Fla 
HJIH MM BOA.CT.

CO - CKOpOCTbABHHCeHHfl HCHAKOCTH, — .
ceK

g -  ycKopeHHe naaeHHa,
ceK

Yboa -  yAeJibHMH Bee boaw,
M

CorJiacHO ypaBHeHHio Hepa3pbiBHocTH noroKa . Bwpa3HM 
CKopocTb wepe3 pacxoA bo ah :

a 4G
3600 y, n<f

d = 26,4 mm -  AnaMeip HcnbiTbiBaeMOH apMaTypw,
G -  pacxoA bo aw, — ,

n a c

d ip  -  A H aM eip  T p y 6 b i m,
5.rioACTaBHB 3HaneHHe g = 9,81 ——rnoJiyMHM BbipasKeHHeceK

M ecT H oro  conpoTH B JieH H H  a p M a T y p w :
„ 1.565 I0* A, d* I,
S>
3HaneHHHa SM o n p eA eJ ieH H b ie  B b iu ie  3anH C B aeM  b rpa(J)y  20.
6. THApaBjiHHecKoe conpoTHBJieHHe apMaTypw Sa onpe- 

Aeji«erc» H3:

rAe V -  o&beMHWH pacxoA b o a w , —
HOC

ConpoTHBJieHHe ycTaHOBKH:

6. no  onpeAeJieHHWM 3HaweHHHM onpeAejiHM 3aBHCHMOCTi. 
pacxoAa b o a w  o t  creneHH o t k p w t o c t h  apMaTypw no <jx)pMyjie:
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v ^ L  I V f l  + i 
v y s k/ s l + s k/sl

i flfi V,  Sycr -  pacxoA boaw h conpoTHBJieHHe ycTanoBKH npn
.........KIM OTKpWTHH BeHTHJIfl.

-  conpoTHBJieHHe apMaTypw npn noJiHOM otkpwthh

IKIIIHJIH,
S„ -  conpoTHBJieHHe apMaTypw npn He nojiHOM otkpwthh 

IH'iriHJIH
O iip e /ie jieH H w e 3HaneHHS h yCT, V' h  V 3anncw B aeM  b rpa<|)w  

17 , 19  m 3 2  h  c ip oH M  c jie A y io m n e  rpa^HKH:

A ) 3aBHCHMOCTH K03<J)(})HUHeHTa COnpOTHBJieHHfl S m OT
• n iicim OTKpbiTOCTH apMaTypw;

li) 3aBHCHMOCTH K03(^4>HUHeHTa COnpOTHBJieHHS Sa OT 

. IfllCIIH OTKpbiTOCTH ap M aT y p w ;

B) 33BHCHMOCTH paCXO^a BOAW V OT CTeneHH OTKpbiTOCTH 
upM BTypw.

O thct n o  p a G o r e  coctoht H3:
1. KpaTKan xapaKTepHCTHKa pa6oTw.
2. npHHUHnnajibHaa cxeMa ycraHOBKH.
3. Ta6jinua HcnwraHHH.
4. 06pa6oTKa pe3yjibTaTOB onwTa.

KoHTpojibHbie eo n p o cu :
1. Hto onpeAeJiaer rH^paBJiHMecKoe conpoTHBJieHHe?
2 . Hto  othochtch  k m ccthw m  conpoTHBJieHHHM?

3. O t  n e r o  3aBHCHT rH A pasjiH H ecK oe conpoT H B JieH H e ap M a ­

ry p b i?

4. KaKHe napaMerpw onpeAeJiKiOT rHApaBJiHnecKoe conpo-
■ MBjieHHe apMaTypw?
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JIAEOPATOPHAH PABOTA - 8 
PACHET H-OBPA3HOrO KOMnEHCATOPA

U,eJib paSoTw: uejibio pa6oTbi hbjihctch 03H3K0MJieHHe c 
mctoahkoh pacneTa n-o6pa3Horo KOMneHcaTOpa.

O n o p H b ie  c j i o e a :  Tenjiora, xeiuiocHa6)KeHHe, TemiOBbie c c t h , 

pacMCTHbifi ynacTOK, KOMneHcaTOp, TenjioBbie noTepn, h30J1huhh 
xpyGonpoBOAOB.

/(jih  BbinoJiHeHHH jia60paT0pH0H paSoTbi h co6xoahmo 
H3yHHTi» cjie/iyiomyK) jiHTepaTypy:

1. TenJIOCHCTHHKH, CHCTHHKH napa, BOAW, BWHHCJIHTCJ1H 
KOJiHHecTBa TenjioTW, TeiuioHOCHxejia mix KOMMepnecKoro yHCTa. 
BwnycK -  3. M., M3H -  2001 r.

2. IlpaBHJia 3KcnjiyaTauHH h npaBHJia 6e3onacHocxH npH 
3KcnjiyarauHH TenjionoTpe6.njtoluhx ycraHOBOK h TenjioBwx ceTefi 
norpeSHTejieH. -  M.,3HeprocepBHC -  2001 r.

Ilp0A 0j»K H T ejibH 0C T b p a S o T b i — 2  n a c a .
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III. HH<t>opMamiH
/V™ tipeAOTBpamehmh cMemeHHfl xenjionpoBOAOB npn noAane 

iciuioTbi HcnoJib3yK)Tca HenoABHWHbie onopw. OAHaico np» 
<1 icy rcT B M H  noTpe6nTejieH TenjiOTbi m o k a y  HenoABHHCHbiMH 

ituopaMH, TenjionpoBOA HcnbiTbiBaex Gojibiime Hanpa>KeHH» 
i ip u iu v u iiU H e  k h x  A e 4 « p M a u H H . fljia komneHcau,HH T eru io n p o B O A O B

■ HIM lipCAOTBpameHHJI HX Ae^OpMaUHH HCnOJlb3yiOTCH pa3JIHHHbie 
ycipoficTBa. (pHC.8.1). no npHHijnny paSoTbi o h h  Aejnrrca Ha A»e 
ipymibi: 1) paAHajibHbie h j i h  mymHecs yCTpoHCTBa, T.e. TeiuiOBbie 
v m jih h c h h *  Tpy6 KOMneHcnpyiOTca H3ra6oM h j i h  h x  nporn6oM; 2) 
(R o u b le  KOJibueBwe h j i h  3JiacrHHHbie ycxpoficTBa, T.e. TeiuiOBbie 
. uiHMCHHa KOMneHCHpyiOTCH TejiecKonHHecKHM cMemeHHeM.

Puc. 8.1. Tunu KOMneHcauuoHHbix ycmanoeoK:

a—ecrecTBeHHaa KOMnencau,H»; b-S-o6pa3HMH KOMneHcaTop; 
v-yAJiHHHTejibHbiH IT -- o6pa3HHH KOMneHcaTop; g- eMy noAoSHbiH 
paBHocTopoHHHH KOMneHcaTop (v=h); d— iuGkhh jiHpoo6pa3Hbm 
KOMneHcaTop; e-eMy noAo6HbiH mjhtco myiiiHHCfl; j -w -  o6pa3HbiH 
KOMneHcarop; z-jihhsobbih KOMneHcaTop.

3adauu:
1- ripoH3BecTH 3aMep 3a/iaHHoro KOMneHcaTOpa (3aMepoHHbiH 

»CKH3 Phc. 8.2).



2- HanepTHTb MOHTa»CHyK> cxeMy KOMneHcaTOpa.
3- CflejiaTb bhboah, o<j)opMHTb otmct.
IV. HcxoAHbie AaHHue

OcuoeHbie napcwempbi II~o6pa3Hoao KOMneucamopa
•  HapyjKHWH AnaMexp xpy6onpoBOAa D h , m;
• BwjieT KOMneHcaTOpa H, m ;

•  MOAyjife H opM ajibH O H  y n p y r o c x H  E, Ila;
•  u in p H H a  K O M n eH caT O p a B ,  m ;

•  TOJiuiHHa creHKH TpySonpoBOAa 5, m;

• TeMnepaTypa TenjiOHOCHTejia t, °C;
• yroji ceicropa OTBOAa a , rpaA;
• paccroHHHe Me>KAy HenoABH»:HbiMH onopaMH L„, m;

•  A onycTH M oe H an p a ac e  H n e  H 3 rn 6 a  aK, Ila.

V. MeTOAHKa pacnexa II-o6pa3Horo KOMneHcaTOpa
1. OnpeAeiiaercH paAHyc mrnGa R, m,

R = 1,5Dh
2. PaCCMHTblBaiOTCH K03(})<J)HHHeHTbI m, n, p
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H - Z R
m -  -

— 2R — Bn =
ZR

B - 2 R
p = — j r -

3. HaxoAHTca paAHyc nonepeMHoro ceneHHH TpyGbi (nocepe-
AHHe TOJlIXtHHU CT6HKH)

r cp 2

4. Onpe/jeJifleTCH napaMexp /i
{1 -f c tga)S

h = ------------ :—
r cp

5. llo  TeopHH KapMaHa, HanpaHceHHe H3rn6a no# achcxbhcm 
H3rn6aK)mHX MOMeHXOB paBHOH BejIHHHHM B H30rHyTMX Tpy6ax B 
HecKOJibKO pa3 Gojibine, neM Ha npaMbix ynacxKax, no3xoMy b 
paCHCT BBOAHTCH KOppeKHHOHHblH K03<|)4>HUHeHX fflz, 3aBHCHIUHH OT 
napaMeipa h. Jinn CBapubix oxboaob

0 ,9
m l  7,0,67

6 . B b iH H C jia e rc a  K03(Jxj)HUHeHT K ap M aH a a j w  C B apH bix  u ib o b

h S/6
k  =  ——

1,52
7. OnpeAejmerca BHyxpeHHHH AnaMexp Tpy6onpoBOAa

D s =  De -  26
8. PaccHHTbiBaeTca KOMneHCHpyK>maa cnocofiHocxb n- 

o6pa3Horo KOMneHcaTOpa

A J, =  £ „ t l O - 5
9. OnpcAeJiflercH npHBeAeHHaa AJiHHa och KOMneHcaTOpa

LnP = (2 n  + 2m +  p  +
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10. Haxo^HTca KoopAHHaTbi ynpyroro uempa. nocmribKy 
ri-o6pa3HbiH KOMneHcaTop CHMMerpHneH, t o  ynpyrnfi uemp 
(TOHKa S  Ha pHcyHKe) j i o k h t  Ha o c h  Y, t o  ecTb Xc = 0 m, a ys 
BbiHHCJiaeTCM no <J>opMyjie

[6,28 3 ,14  _ 1R 2
y„ =  [—  + —  m +  m 2 +  2 m + p ( m  +  2)J —

11. BbiHHCJi«eTCH MOMeHT HHepu,HH )rnpyrofi JIHHHH OCH 
KOMneHcaTOpa 0TH0CHTejTbH0 och x c

hs =
9,42 10,28m 3,14m2 , „
—— i----------+— :------h 0,67m t  2m' + 2171 -fp(m 1 2)

12. PaccHHTbiBaeTCH m om cht hhcpuhh nonepenHoro ceneHHa 
Tpy6onpoBoaa

.  n ( D j - D t )
1 64

13 . H axoA H T ca c n j ia  y n p y r o r o  O T nopa KOMneHcaropa

P = ^ i  
x h i

14. OnpeAejiaeTca m om cht conpoTHBjieHHa Tpy6onpoBO.ua

" ( D i - o : :W =
32 Ds
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15. BbiHHcnaerca MaKCHMajibHbiH H3rH6aiomHH momcht,
AeficTByioutHH b BepxHefi nacTH KOMneHcaTOpa (Ha np»MOM 

ynacTKe b Mecxe Hanaiia H3rH6a)

= * « (» -? ,)
16. HaxoAHTcn HanpjDKeHHe H3rn6a Ha H3orHyrbix ynacTKax 

KOMneHcaTopoB

<T -------------------W
17. CpaBHHBaeTCs nojiyneHHoe HanpaaceHHe H3ra6a a  c 

pacneTHbiM HanpaaceHHeM a K. ,ZJojdkho BbinojiHaTbca ycjioBHe

ok > a
n o  pe3yjibTaTaM nojiyneHHbix pacneTOB cflejiaTb CBOflHyio 

xa6jiHuy c  napaMerpaiviH II-o6pa3Horo KOMneHcaTOpa. [IpoBecTH 
aHanH3 pe3yjibTaTOB, c/jejiarb bhboam, o<|)opMHTb OTHer

OTHer no paSo re:
O t h c t  o  npo#e jiaH H O H  paG oT e co flep K H T :

1. KpaTKaa xapaicrepH C T H K a o pa6oTe.
2. IIpHHHHnHajiibHaa cxeMa ycTaHOBKH.
3. 3 ckh3 npHHUHnnajibHOH cxeMbi KOMneHcaTOpa.

Safety rules necessary to know the students 
at performance of laboratory works.

Students are the performance o f  laboratory work need to know  
the rules o f  safety. When performing laboratory electrical 
appliances are used, therefore it is necessary to observe the relevant 
safety rules when working with electrical appliances. A s you know, 
the voltage o f  40-42 V  is unsafe, because w hile a current flow s  
through a person to 0.1-0.3 A. Therefore, contact with a current o f  
50 m A causes injury, and 100 mA leads to death.
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Therefore, when performing laboratory work, students must 
observe the following rules of technical safety:

1) Before proceeding with the laboratory work, it is necessary 
to familiarize yourself with it in detail.

2) The collection of the given circuit and its links is performed 
with the switch turned off.

3) When collecting the main circuit, you can not use dangling 
wires, as well as faulty instruments.

4) After the collection o f the specified circuit, it is necessary to 
check the ruggedness of the installed instruments and the quality o f 
their grounding.

5) When connecting to an electrical power source, it is 
necessary to check the insulation quality.

6) If, when using water in laboratory work, it is necessary to 
check the serviceability and integrity of the water supply hoses.

7) When working with an electric motor, care must be taken to 
prevent the hair and clothes from being pulled into the rotating 
shaft.

8) In case of independent performance of laboratory work, it is 
not allowed to change the main circuit and touch it.

9) Before starting the lab work, it is necessary to tell the 
teacher how to do the work and get permission to perform.

10) If the wire breaks, malfunctions of the devices occur 
during the work, and a pleasant smell does not appear, first turn off 
the circuit and immediately inform the instructor.

Fulfillment o f the safety requirements and proper 
understanding of the purpose of laboratory work, will create the 
foundation for a qualitative and correct performance of the work.

After careful study o f the above rules and instructions from the 
teacher, students are required to sign in the journal "Safety 
Engineering".
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1-LABORATORY WORK 
BASICS OF HEAT SUPPLY

Thermal calculation of the site.
Make a thermal calculation of the network section. The 

insulation material is mineral wool, the water temperature in the 
heat pipe is 90 ° C. The initial data for the calculation is taken from
Table 1.

Table- 1
________ The initial data of the heating main____________

The last 
digit of the 

cipher

h - depth of heat 
pipe laying, 

m

Penultimate
Cipher

Number

t en,
°c

A - thickness 
of insulation, 

mm
0 0,5 0 -10 40
1 0,6 1 -15 45
2 0,7 2 -20 47
3 0,8 3 -25 49
4 0,9 4 -30 51
5 1,0 5 -35 53
6 1,1 6 -30 55
7 1,2 7 -20 56
8 1,3 8 -15 43
9 1,4 9 -25 42

I. Informations

Overcoming the distance between the boiler room and the 
consumer, the heat carrier loses some of the energy as a result of 
heat exchange with the surrounding environment. To reduce heat 
losses, the pipeline is covered with a layer o f heat insulation. The 
material of thermal insulation must have low heat conductivity and 
hygroscopicity. In most cases, the heat pipe is laid at a certain depth 
from the surface of the earth (Figure 1.1). In addition, additional 
heat insulation is created by the soil.
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Specific heat losses qe, —,tn
n  __  ^ w a te r  ^ e n

R
twater - coolant temperature, °C; 
ten - ambient temperature, °C;

W
R - thermal resistance, — rTT;m ■ c

Fig. 1.1 Layout o f the pipeline.

In the present situation, the thermal resistance R  consists of the 
heat transfer resistance on the inner surface of the heat pipe R i, the 
resistance of the pipe material R2, the insulation R3, the soil R4, the 
resistance of the surface o f the soil R5. In practice, due to the 
smallness of resistances, Ri and R2 are neglected by them, so the 
total thermal resistance can be represented in the form

R = Rj + R* + Rj 
where 2nK insulation resistance;
A. - thermal conductivity o f insulation (for mineral wool A, =

0.045 m • c
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R 4 - ~ — In 2/rA,„ 2--- -----H
2A

1 4h2 <*«,+2A
(dM + 2 A ) \

-- soil resistance;

As,, - thermal conductivity of the soil (assumed equal to Aso = 2

" )•
m 1 C*

The resistance of the surface Rs is taken into account in the 
h

case of a small depth + 2A) ^  w't*1 ^e*P ° f  an additional 

fictitious depth h, determined by the formula:

h = h + hf = h + ^ -  
a  ’

where a  is the heat transfer coefficient (assumed equal to 50
wm'C'

After finding qe, the heat losses are determined throughout the 
entire pipeline section

F = qe + I 
The drop in the coolant temperature will be

Ft. = t -------
-  Q c

where c is the heat transfer coefficient, (for water, take C = 
W

4,90 * ? c >
II. Calculation of the differential schedule of hot water 

consumption

Calculate the required capacity of the hot water battery 
graphically based on the prescribed schedule of daily use o f hot 
water (Fig. 1.2). The initial data for the calculation is taken from 
Table. 1.2.
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0 t 8 2  16 20 21 

Figure 1.2 Schedule o f daily consumption of hot water (task)

Table 1.2.
Initial data

The last digit Consumption a 
and b, 
t / h

Penultimate
Cipher

Number

Consumption 
"c", "d" and "e", 

t / h
a B C d e

0 1 2 0 2 5 10
1 2 2 I 3 4 9
2 1,5 2 2 4 6 8
3 1,5 3 3 4 4 9
4 2 3 4 3 5 10
5 2,5 3 5 2 6 8,5
6 3 1 6 3 6 9,5
7 1 1 7 3 4 10,5
8 2 1 8 4 4 11
9 3 2 9 4 5 11,5

ELI. Methodical instructions for the assignment
As can be seen from the graph of daily consumption, the 

consumption of hot water is uneven during the day. Often, the 
situation is advantageous when the supply of hot water must be 
constant. The hot water accumulator works as follows: during
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periods of low water consumption, the excess hot water enters the 
accumulator, and in the periods of large water consumption, the 
accumulated hot water compensates for the lack of network flow. 
Thus, the hot water flow rate in the network is constant.

Example 1. Calculate the required capacity of the hot water 
battery graphically, based on the specified graph of daily hot water 
consumption (Figure 1.3).

tn/n
9

0 i B 1? 16 20 7i
Fig. 1.3 Schedule of daily hot water consumption 

(example calculation)

Water consumption in different periods o f the day is: to 6 

hours o f the morning: M = 1 • 6 h = 6 t, by 10 o‘clock in the

morning: M = 6 t + 4 • 4 h = 22 t, to 18 hours: M = 22 t + 3hour

• 8 h = 46 t, by 22 hours: M = 46 t + 8 77— • 4 h = 78 t, by thehour hour
ton

end of the day: M = 7 8 1 + 1 7 -----2 h = 8 0 1.J hour
The consumption of water by the cumulative total (integrated 

schedule) is shown in Figl.4.
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Fig. 1.4 Dynamics of consumption of hot water during the day 
(example calculation)

We plot the average flow rate (Fig. 1.5).

0 4 8 12 16 20 24 h
Fig. 1.5. Comparison o f the graphs o f the mean (dashed line) and real 

(solid line) o f  expenditures

From Fig. 1.5 that the maximum difference between the 
average flow line and the real flow line is 14 tons at the time 6.00 
and 18.00. We take the value of the battery, equal to 14 tons.

The report should reflect the final results, conduct an analysis, 
draw general conclusions.
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2 - LABORATORY WORK 
DETERMINATION OF THE MIXING RATIO AND 

EFFICIENCY ELEVATOR (JET PUMP)

Purpose of the work: The purpose of the work is to 
familiarize with the structure of the elevator, draw a sketch of the 
elevator installation unit and determine the mixing ratio of the 
elevator.

Support words: heat, heat supply, heat networks, elevator, 
pump, jet pump, group heat point, mixing ratio, elevator efficiency, 
and injector.

Necessary equipment: Experimental installation for 
laboratory work, thermometers for measuring temperature, pressure 
measuring devices and ratometer.

To carry out laboratory work it is necessary to study the 
following literature:

1. «Issiqiik ta’minoti va havoni maromlash tizimlari» Fani 
bo‘yicha tajriba ishlariga uslubiy ko‘rsatmalar, Alimboev A.U., 
Boboxodjaev R.P. va boshqalar, Toshkent 1997 y.

Duration of work - 4 hours.
I. Informations
Characteristics of the elevator. At present, district heating 

stations (GHS) are widely used in district heating systems. Thermal 
installations of residential and public buildings to heat networks are 
connected with the help of thermal points.

The use o f the GHS reduces the cost of heating and simplifies 
the maintenance of networks. In addition, noise interference in 
residential buildings is reduced pumps are settled in the GHS, which 
are located at a distance from residential buildings.

Along with this, the use o f thermal stations has its drawbacks. 
For example, instead of the generally accepted two-pipe systems, 
three, four and multi-pipe systems are recommended.
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When connecting heating systems to heat networks, an elevator 
is used (Fig.2.1).

gram elevator mixing chamber

k
water from the return pipehne

Fig.2.1 Scheme o f  water-jet elevator.

The scheme of connection of heating systems through the 
elevator was proposed in 1929 by prof. V.M.Chaplin. Water from 
the supply line passes through the flow controller 8 to the elevator
12. At one time, water, from the return pipeline o f the heating 
plants, is pumped into the elevator. Mixed in the elevator water is 
fed into the heating system.

II. The principle of the elevator.
For good operation of the elevator, the differential pressure in 

the supply and return pipelines must be increased (Fig.2.2).

Fig.2.2 Construction o f the elevator
1-nozzle; 2- the receiving chamber; 3-mixing chamber; 4-diffuser.
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The greater the difference in pressures in the supply and return 
pipelines, the greater the rate of water exit from the nozzle and the 
greater the injection (mixing) ratio. The injection ratio is the ratio of 
the amount of water pumped into the elevator (G2) to the amount of 
water passing through the elevator (Gi). In order for the injection 
ratio to correspond to the required value of 1.5-2.5, the difference in 
pressure in the supply and return pipelines should be 0.8-1.5 at. 
Usually the elevator operates at a constant injection ratio (Fig.2.3).

Fig.2.3 Scheme of the elevator assembly.

The advantage of the elevator is its simplicity and reliability. 
The operation of the elevator depends on the flow rate and the 
parameters of the water (especially the pressure) supplied from the 
heat source. If the main pump fails, the water circulation stops and 
the elevator begins its operation. This is the main drawback of the 
elevator. To prevent this drawback, a circulating pump is installed to 
supply water, which improves water mixing. The best option is to 
install an elevator with the pump. At the same time the elevator 
operates constantly, and the pump is switched on as needed.
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III. Calculation of the obtained experimental results.
The mixing ratio is the ratio of the mass Go of the mixed 

chilled water stream to the mass Gi of the high-temperature water 
flow,

U _ Go _ G* ~ Gi _ Go ^ j

Gi Gi tr -  to

t i - t rU = - —— 
tr — to

where U- is the mixing ratio;
Go - mass o f water from the elevator entering the heating 

system;
Gi - the mass o f water entering the elevator from the supply 

pipeline of the heat network;
ti - water temperature in the supply pipeline o f the heating 

network, °C;
t - temperature of water entering the heating system, °C;
to - water temperature coming from the heating system, °C.
The mixing ratio U and the reduced water flow Gcom are

h

determined by special nomograms.
The reduced water flow is determined by the following 

expression:

r  _  G m,x

where GmjX - the amount of water circulating in the heating
system (mixture), - ;

h

APsys - hydraulic resistance of the heating system, Pa.
The obtained experimental results are summarized in Table

2.1.
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IV. Report on work:
Table 2.1.

Water temperature in 
the supply pipeline of 

the heating 
network, ti

°C;

The temperature 
of the water 
entering the 

heating system, tr
°C;

The temperature of 
the water coming 
from the heating 

system, to 
°C;

Coefficient 
of mixing, 

U

2
3

The report on the accomplished work contains:
1. Brief description of the work.
2. Schematic diagram of the installation.
3. Sketch o f the concept of the elevator.

V. Control questions:
1. Classification of heat supply systems?
2. Types of heat consumption?
3. What is the peculiarity of group thermal points?
4. What is the purpose of the elevator?
5. What are the advantages and disadvantages o f the elevator?
6. What determines the mixing ratio of the elevator?
7. How is the efficiency of the jet pump determined?

3- LABORATORY WORK 
LOW PRESSURE HEATER TEST 

(Virtual laboratory work)

Purpose of work: Familiarization with the design of the 
water-heater and the principle o f its operation.

Support words: heat, heat supply, heat networks, network 
heater, low pressure heater, HPP, turbine condensate, water 
chamber.
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Necessary equipment: computer, projector and other 
equipment.

To carry out laboratory work it is necessary to study the 
following literature:

1. Heat meters, steam meters, water meters, heat quantity 
calculators, coolant for commercial accounting. Issue - 3. M., MEI - 
2001.

2. Operating rules and safety rules for the operation of heat­
consuming installations and consumers' heat networks. - M., 
Energoservice - 2001.

Duration of work - 2 hours.
I. Informations
Vertical heaters are widely used in the cycle o f the station.
Low-presSure heaters are designed to heat condensate due to 

low-pressure steam withdrawn from the turbine. Low-pressure 
heaters (LPH) for heating surfaces use steel pipes made of 
corrosion-resistant steel. The ends o f the pipes are fixed tightly into 
the tube board. The walls o f the pipes have a thin thickness of 0.75-
1.0 mm. The heated condensate is fed into the chamber (1) of Fig.
3.1 with a protective wall, and then it enters the pipes. After passing 
through the pipes and heated, the heated condensate enters another 
chamber (6) and exits the heater through the outlet pipe (7).

The pipe system is connected to the chamber, through the tube 
board (2), which is located at the place of the flange connection of 
the chamber and the welded heater housing. The pipe system is 
tightly fixed and for qualitative heating o f the steam is fed through 
the transversely located pipe (3). To create a slow warm-up along 
the motion of the steam, partitions (4).

The steam entering the heater strikes against the partition and 
spreads evenly over the heater.
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The condensate, flowing through the pipes, is collected in the 
lower chamber (6) and exits the preheater via the outlet pipe (7). To 
ensure that there is condensate at the outlet of the heater, rather than 
steam in the lower part, a certain amount of water is permanently 
stored with the regulator. An electronic regulator is installed on the 
heated condensate leaving the nozzle, which controls the state and 
degree o f heating o f the heating surfaces of the heater.

1- upper water chamber.
2- top tube plate,
3 - steam supply,
5- lower tube plate;
6- bottom outboard water chamber;
7 -  outlet heated condensate.
8- outlet steam condensate,
9 - inlet condensate;
10- steam return sheet,
11- heating pipe;
1 2 - support:

viev from above

Fig. 3.1 Low-pressure heater circuit.

Low pressure steam from the turbine enters the low pressure 
heater (LPH) to heat the condensate. Heaters are marked as follows: 
LPH-400-26-0.7 and LPH -200-16-0.7. LPH is a low pressure 
heater, the first figure is the heating surface (m2), the second 
pressure of the heated water, the third maximum vapor pressure.

II. Calculation of the low-pressure heater.
III.

109



D6-?

Fig.3.2 Calculation scheme o f the low pressure heater.

Figure 3.2 shows the LPH heater installed in the path o f the 
main turbine condensate. From the heat balance equation of LPH, 
the amount of steam necessary for heating the turbine is determined:

D _ Dyifrk ~h'c) _  151(398-235) =1Q65*g 
(h "-hcJn„ (2760 -  402)0,98 ’ h

where: Dv - steam consumption o f the person being fed into the 
LPH ,(fe);n

hk' and hk" the enthalpy o f the condensate at the input and 
output,

h", hk" is the enthalpy of the vapor of the steam withdrawn 
from the turbine

at the inlet and outlet, for heating the condensate in LPH, —;
kg

t|h - efficiency of the heat exchanger (efficiency = 0.98).
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Table 1.
JVo Dt t' h' K K

kg
hour

*c #
kg

°C a_
kg

*c a .
kg

"C kj
kg

kg
hour

1 151 138 2760 96 402 55 235 94 398 10,65
2 170 120 2760 96 402 55 235 94 398 11,9
3 195 138 2760 96 402 55 235 94 398 13,75
4 208 138 2760 96 402 55 235 94 398 14,75

III. The report on the work consists of:
1. Brief description of the work.
2. Schematic diagram of the installation.
3. Test table.
4. Processing the results of the experiment.
IV. Test questions:
1. Purpose and purpose of the network heater?
2. What are the network heaters made of?
3. What are the parameters that characterize the process in the 

network heaters?
4. Types o f heaters installed in the cycle o f the station?
5. Due to what heat does the process take place in low-pressure 

heaters?
6. Where is the low pressure heater installed?

4-LABORATORY WORK 
DETERMINATION OF HEAT LOSSES IN 

PIPELINES HEATING SYSTEMS 
(Virtual laboratory work)
Purpose of work: the main purpose of laboratory work is to 

determine the heat losses of the visolized pipes o f heating systems.
Support words: heat losses, fittings, pipelines, heat source, 

heat networks, pipe insulation.
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Necessary equipment: computer, projector and other 
equipment.

To carry out laboratory work it is necessary to study the 
following literature:

1. Heat meters, steam meters, water meters, heat quantity 
calculators, coolant for commercial accounting. Issue - 3. M., MEI - 
2001.

2. Operating rules and safety rules for the operation of heat­
consuming installations and consumers' heat networks. - M., 
Energoservice - 2001.

Duration of work - 2 hours.
I. Informations
Calculation o f thermal is determined for all heat networks 

connected to a common energy source. Only in some parts of the 
heat network are actual losses o f energy determined.

To carry out calculations to determine heat loss for heat 
consumers and for heat sources, it is necessary to have certified 
measuring instruments. Presence of calculation devices must be at 
least 20% of the total number of heat consumers. The actual heat 
losses are determined by means of temperature measuring 
instruments.

Determination o f actual heat losses must comply with the 
design standards o f thermal insulation and determined in accordance 
with the norms of heat energy losses (the norms are determined by 
the requirements of design and executive documents), taking into 
account the standard values of the losses incurred.

According to the standards, the heat pipes must be covered 
with an insulating layer. Therefore, in all normative documents for 
the implementation o f these works, methods for calculating heat 
losses are not offered. Figure 4.1 presented insulated piping system
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Fig. 4.1 Insulated P ip in g  System

II. Calculation of heat losses in pipelines
The number of linear heat losses in an hour is determined by 

the formula:
Q = b • 1 • q W,
b - factor that takes into account heat loss through the support, 

for metal pipes b = 1.5 non-metallic pipes b = 1.7.
1 -is the length of the section, m;
q - heat loss from 1 m of pipe per hour, —.

m
q = k • 3.14 • ( tw  —ten)

tw - water temperature in the pipe, ° C;
ten - temperature o f the environment surrounding the pipe, ° C;
k - linear heat transfer coefficient,—JL_;

*n ■ C

k =_____ I_____  w
(_L+A + JL }’
«i K  «„

The area of the outer surface o f the  pipe is determined by the 
formula:

Fout = 7t Dout L,
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where: n = 3,141;
Dout - outer diameter o f the pipe, m; L- pipe length, m.
When determining the heat losses in isolated pipelines, 

calculations are carried out according to the procedure given in the 
regulatory documents.

This feature is characterized by the fact that the heat flux is 
mainly determined by the thermal resistance o f thermal insulation. 
At the same time, the coefficient of heat transfer o f the layer of the 
outer surface of the coating has little effect on the value o f the heat 
loss coefficient and therefore it can be taken from the mean values.

Table for calculating the heat losses in the pipeline
Parameter Designation Meaning

Outer diameter of pipe d [mm] = 30
Pipe length L[m  = 10
Water temperature inside the 
pipe tick [°C] = 2

Ambient temperature tm PCI = -30
Coefficient k =  r

m2 ° C ’ 1,2

Thermal conductivity of 
insulating material.

1= W  . 

m ° C ’ 0,04

Thickness of insulating 
material D [mm] = 30

Heat loss in the pipe 0  [ W ]  = 87,80
Heat loss o f 1 m pipe Q [ - ]  =m 8,78

HI. Report on the work done
1. Brief description of the work.
2. Schematic diagram of the installation.
3. Test table.
4. Processing the results o f the experiment.
IV. Control questions:
1. What materials are used for thermal insulation?
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2. What is the cause of heat loss?
3. How can I reduce the amount o f heat loss?
4. Calculation formulas for determining heat losses?

5-LABORATORY WORK 
CONSTRUCTION OF A PRESSURE GRAPH

(PIEZOMETRIC CHART) OF A TWO-PIPE WATER 
HEATING NETWORK

Purpose of work: A piezometric graph is necessary for 
•.clccting a connection scheme for subscribers, developing a 
hydraulic system mode and selecting an automation system for the 
network.

In this work, the influence of equipment and the connection of 
(he number of consumers on the pressure distribution in the network 
is determined.

Support words: heat networks, pipeline, fittings, hydraulic 
losses, pressure, piezometric graph.

Required equipment: pilot plant, pressure measuring 
instruments.

To carry out laboratory work it is necessary to study the 
following literature:

1. Heat meters, steam meters, water meters, heat quantity 
calculators, coolant for commercial accounting. Issue - 3. M., MEI - 
2001.

2. Operating rules and safety rules for the operation of heat­
consuming installations and consumers' heat networks. - M., 
Energoservice - 2001.

3. www.ziyonet.uz
Duration of work - 2 hours.

115

http://www.ziyonet.uz


where: n ~  3,141;
Dout - outer diameter o f the pipe, m; L - pipe length, m.
When determining the heat losses in isolated pipelines, 

calculations are carried out according to the procedure given in the 
regulatory documents.

This feature is characterized by the fact that the heat flux is 
mainly determined by the thermal resistance o f thermal insulation. 
At the same time, the coefficient of heat transfer o f the layer of the 
outer surface o f the coating has little effect on the value o f the heat 
loss coefficient and therefore it can be taken from the mean values.

Table for calculating the heat losses in the pipeline
Parameter Designation Meaning

Outer diameter o f pipe d [mm] = 30
Pipe length L fm = 10
Water temperature inside the 
pipe tich [°C] = 2

Ambient temperature tm [°C1 = -30
Coefficient o 

St 
° s

II

1,2

Thermal conductivity of 
insulating material.

l=  W . 
ffl'C’ 0,04

Thickness of insulating 
material D [mm] = 30

Heat loss in the pipe QfW ] = 87,80
Heat loss of 1 m pipe Q [ ~ ] =m 8,78

III. Report on the work done
1. Brief description o f the work.
2. Schematic diagram o f the installation.
3. Test table.
4. Processing the results o f  the experiment.
IV. Control questions:
1. What materials are used for thermal insulation?
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2. What is the cause o f heat loss?
3. How can I reduce the amount of heat loss?
4. Calculation formulas for determining heat losses?

5-LABORATORY WORK 
CONSTRUCTION OF A PRESSURE GRAPH

(PIEZOMETRIC CHART) OF A TWO-PIPE WATER 
HEATING NETWORK

Purpose of work: A piezometric graph is necessaiy for 
selecting a connection scheme for subscribers, developing a 
hydraulic system mode and selecting an automation system for the 
network.

In this work, the influence of equipment and the connection of 
the number of consumers on the pressure distribution in the network 
is determined.

Support words: heat networks, pipeline, fittings, hydraulic 
losses, pressure, piezometric graph.

Required equipment: pilot plant, pressure measuring 
instruments.

To carry out laboratory work it is necessary to study the 
following literature:

1. Heat meters, steam meters, water meters, heat quantity 
calculators, coolant for commercial accounting. Issue - 3. M., MEI - 
2001.

2. Operating rules and safety rules for the operation o f heat­
consuming installations and consumers' heat networks. - M., 
Energoservice - 2001.

3. www.ziyonet.uz
Duration of work - 2 hours.
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I. Information
When designing and operating thermal networks, piezometric 

graph is widely used. (Fig. 5.1). The graph at a certain scale notes: 
the location o f consumers, the height o f buildings, the pressure 
values on the sections of the heating network and the profile of the 
heating main; on the graph you can determine the pressure at any 
point of the heating main.

Fig.5.1 The design scheme (a) and piezometric graph (b) of a two- 
pipe water system of heat pipes.

If the distance o f the pipe axis at point 3 is at a distance Z3 from 
the computational plane, then the piezometric head in flow pipe NU3
-  Z3, and in the return pipe will be equal to Hk -  z. The pressure 
difference at point 3 between the flow and return pressure is a full 
pressure: H3 = NU3-N0 , pressure drop in the flow line 5Hyi- 4 = 
Nui-Nu*: and the pressure drop in the return pipeline is 8Hki-4 = H -  
H|c4.

Y i -  y» - graph of pressure in the supply pipe of the heating 
main;

Ki -  K4 - graph o f pressure in the return pipeline heating;
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Hki -full pressure in the return pipe of the heat network;
Hn - pressure in the network pump;
Nst - static pressure;
Well 1 full pressure in the flow pipe of the heating network;
Hi - pressure o f network water in the collector of the heat 

source;
NU3 - hollow head at point 3 o f the supply pipeline;
Nk3 - hollow head at point 3 of the return pipeline;
To ensure reliable operation of the water heating network, the 

following conditions must be met:
1) the pressure in various equipment of the heat supply 

network and in the installations of the consumer must not exceed the 
permissible value. For steel pipes and fittings o f the heat pipe, the 
value of overpressure is usually within 1.6-2.5 MPa;

2) to prevent air leaks, overpressure should be maintained in 
various parts o f the network. Otherwise, corrosion of the equipment 
and water circulation in the network may occur. The minimum 
value of overpressure is 0.05 MPa (5 mm water column);

3) to ensure that water does not boil in the heating network. 
Therefore, at all points of the heat supply system, the pressure 
should remain above the saturation pressure of water o f the 
appropriate temperature.

II. Objective
Construct a piezometric graph for a two-pipe water network 

under this mode and the proposed network model:
A) at connection of one consumer;
B) when several consumers join; (Fig. 5.2).
III. Description of the installation.
The model is a closed water system to which three consumers 

are connected (Fig. 5.2). In a closed loop, the installed valves are 
designed to create different modes.

117



The water flow circulating in the system is determined by the 
tank-meter. At various points in the system, the pressure in the 
network is measured by pressure gauges.

Fig.5.2 Experimental installation scheme

IV. The order of work.
The system is filled with water and the zero state of the 

pressure gauges.
The valves 1,2 and 3,4 are installed in front of the consumers. 

A calculation table is compiled. After the teacher checks the 
readiness of the installation, the test begins

The first mode.
Slowly open valve 1 (until fully open). At the same time, a 

change in the pressure difference is observed. The readings o f the 
manometers are processed and entered in the calculation table.

The second mode.
Several consumers join and valves 1,2,3,4 open. The readings 

of pressure gauges are demolished in the table and all consumers 
except 1,2 are switched off.
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V. Processing the results
1. Determine the water flow according to the graph of the 

dependence of water flow on the pressure difference.
2. The pressure difference is determined at different points of 

the system:
AP=h Tw;

where Tw -water is the specific weight of water, m
h- is the pressure difference in the mercury manometer, m.
3. The full head of the point A of the return pipeline, is 

determined from the zero mark (the mark of the laboratory floor):
Ha=Hv+Hg, m

where Hv - is the vertical distance from the upper level to the 
point "A", m.

Hg - is the geodetic height of the point "A", m.
The total pressure o f point "B" of the supply pipeline is 

determined from the zero mark:
H=Ha+AHh , m

where AHh -head, m

, m
y

where: APh - pressure difference in the supply and return pipes,
kg_ 
m 2  9

T - is the specific weight of water (T= 1000 ~ ) .tn
4. For the construction of a piezometric graph, a cross section 

of the supply and return pipelines is constructed, indicating the 
experimental points. The distance between the points corresponds to 
the calculation scheme. The altitude Hr of the zero mark is marked.

The points of the supply and return pipelines with the 
corresponding values of pressure are marked. The vertical axis is 
marked on the ordinate axis and a horizontal line is drawn through
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the middle of this height. The marked pressure points on the supply 
and return lines are connected by a straight line.

VI. Separate notes when doing work.
The degree of lowering the head with a partial closed valve 

(modes 3,4) is defined as follows:
1. The loss of pressure in a particular section of the network 

when the valve is fully open is determined by:
AP o — (hi-h2)Tsuv

2. The loss of pressure in the valve when the valve is fully 
opened is determined by:

V1AP = e --------------r
156000

where e = 9
d = 0,03 m - internal diameter of the pipe;
hi - readings o f the manometer installed at the beginning of the 

network section with a manometer.
h2- readings of the manometer installed at the end of the 

network with a manometer.,
k g

Yw - specific weight o f water,

Vo - water flow at full opening of the valve in the rated 

section,---- .
hour

3. The resistance of the pipes in the calculated section when 
the valve is fully open is determined by the formula:

AP -A P
O  ___ O 6 .0

4. Pressure loss. In the design section, when the valve is 
partially closed, it is determined by the gauge reading.

5. Loss of pressure in the valve with partial closure:
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AP -A P  - S V 2« k. r «/o«

where Vch - water flow at partial closing of the valve in the 
rated section, .

hour

The piezometric schedule of the mode with partial closure of 
the valve is shifted by the amount of pressure loss in the valve from 
the symmetrical axis drawn from the valve installation site and to 
the end of the network.

As a result o f this work, two piezometric graphs are 
constructed:

1. At connection o f one consumer at all modes (1,2,3).
2. When all consumers join.
Two graphics are compared.

VII. The report on the work consists of:

1. Brief description of the work.
2.Principal scheme of the installation.
3. Table of tests.
4. Equipment of the results o f experience

VIII. Control questions:

1. What is the purpose of branched thermal networks?
2. How are pressure units measured? .
3. Why is a piezometric chart constructed?
4. What causes local pressure loss?
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6 - LABORATORY WORK 
DETERMINATION OF THE HYDRAULIC 

CHARACTERISTIC 
WATER HEAT NETWORK

The aim of the work is to determine the parameters o f the 
water heat network on the pilot plant and to make a comparative 
analysis of the results obtained.

To familiarize with a mode of work in the virtual variant.
Support words: heat networks, pipeline, fittings, hydraulic 

losses, pressure, piezometric graph.
Necessary equipment: pilot installation, pressure measuring 

devices, computer, projector.
To carry out laboratory work it is necessary to study the 

following literature:
1. Heat meters, steam meters, water meters, heat quantity 

calculators, coolant for commercial accounting. Issue - 3. M., MEI - 
2001.

2. Operating rules and safety rules for the operation of heat­
consuming installations and consumers' heat networks. - M., 
Energoservice - 2001.

3. www.ziyonet.uz
Duration of work - 2 hours.

I. Information
Water systems are divided into open and closed by the method 

of connection to the heating network. In closed systems, the heat 
carrier of heat networks is used only as a heating medium and is not 
supplied outside the heat networks.

In 1892, the academician L.A.Malentevym and others 
developed and proposed for the introduction of a one-pipe heating 
system.
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By the number of pipes, the heat supply systems are divided 
into one-, two-, three- and multi-tubular, and water rotates as a 
coolant.

I. The resistance of the heat network varies according to the 
quadratic regularity. Therefore, the characteristic of the heat 
network is graphically depicted in the form of a quadratic parabola:

AP=SV2
Where:
AP - pressure loss in the network, Pa,
V - water flow in the network, m3 / hour,
S - resistance of the network, Pa.
As a result of the work performed, the actual values of the 

characteristic will be determined. In addition, the various factors 
(the degree of branching of the network, the value of local 
resistances, the diameter of the pipes, etc.) should be determined, 
the factors affecting the main parameter o f the characteristic S.

II. The task of the work.
1. Remove the characteristics o f the network with one and 

several consumers and compare the results.
2. Determine how the number of consumers affects the 

characteristics of the network.
3. Analyze the dependence of P on V, ie, consider the function 

P = f(V).
4. Draw up a report on the work done.
III. Description of the installation.
The installation intended to obtain the network characteristics 

(Fig. 6.1 and 6.2) consists of a branched network with three 
consumers (6), various fittings and measuring devices. In the role o f 
the consumer, radiators are located on three floors. The flow of 
water in the network under various conditions is created by a tank- 
meter (7). The pressure variation in the network is measured by 
pressure gauges (Di, D2, D3).
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Fig.6.1 Scheme o f the laboratory installation.

Fig.6.2 Scheme o f the laboratory installation.

IV. The order of work.
1. The system is filled with water.
2. All the valves open.
3. The zero state o f the pressure gauges is checked.
4. The results of observations are summarized in Table 6.1.
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Table 6.1
Changes

Jfo
h,

H.mm.
water

G,
kg

how

v ,
tn

hour

AP,
Pa

LgV Lg AP

1 2 3 4 5 6 7 8

5. To remove the characteristic with one consumer, it is 
necessary to disconnect the remaining consumers. To do this, the 
valves on the supply and return lines are closed. Those. Only 2.4 
valves remain open, the rest are closed.

6. The working valve of pressure gauge D2 opens.
7. The valve 1 is slowly opened. A certain water flow is set. 

According to the pressure gauge Di, the pressure loss in the network 
is determined. It is recommended to carry out measurements at least 
7 times. The manometer reading Di is recorded as the values of h in 
the table, columns 1,2.

8. To remove the characteristic with several consumers, the 
valve 1 closes and then the other consumers are connected. 
Subsequent actions are similar to the previous ones with one 
consumer.

V. Processing the results
1. Determine the water flow and pressure loss in the first 

measurement.
2. For convenience of calculation o f the resulted results of 

measurements the water discharge accepted under the schedule is 
carried to the column 3 of the table 1.

3. For each mode, the volumetric water flow is determined by

the formula V (p = 9 9 9 .7 ^ , t = 10 0 C), — and carried to
p m how

graph 4.
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4. Pressure loss in the network under investigation is 
determined by the formula:

—AP = hsystem. ' ^water.?

where
hsystem - pressure loss taken directly from the readings of the 

manometer mm water.
n

Ywater- is the specific gravity of water in a manometer, — j ,sm
the value of which is determined from the tables at a known water 
temperature.

The results of the calculations of AP are deleted in column 8.
5. Based on the experimental results, a graph of the function P 

= f  (V) is constructed. The graph is constructed from the values of 
graphs 4 and 5 of Table 1.

Graphs of network characteristics with one or more consumers 
are drawn for comparison in different colors.

6. To determine the dependence of P on V by an analytical 
method, ie, consider the function P = f  (V), calculate the logarithms 
of the values of V and AP, and write them into columns 6.7. In 
logarithmic coordinates, a graph of the function AP = f  (V) in Fig. 2

As a result, straight lines are drawn: through the point to the 
separating section "a" and the straight line forming the angle a with 
the abscissa axis. Each point on these lines must correspond to the 
expression:

lgAP=a+tga-lgV
The value of "a" can be either positive or negative, a  = SV; if 

we note that tga = k , then we get:
lgAP=lgS+klgV
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Having completed the corresponding mathematical 
transformations, we obtain AP=SVk and construct the graph of this 
expression. The values of AP are reduced to column 8 of Table 6.1.

VII. The report on the work consists of:
1. Brief description of the work.
2 . Schematic diagram o f the installation.
3 . Test table.
4. Processing the results of the experiment..
5. Analysis of results when one or more consumers join.

VIII. Questions:
1. By what regularity does the resistance o f the heat network 

change?
2. What is the characteristic of the network?
3. On what parameters does the network characteristic depend?
4. How does the number of consumers influence the 

characteristics of the network?
5. What is the specificity of the analytically defined network 

characteristics?

7 - LABORATORY WORK. 
DETERMINATION OF THE HYDRAULIC RESISTANCE OF 

PIPELINE FITTINGS

Objective: To develop a methodology for the practical 
determination of hydraulic resistance of pipeline fittings. To 
familiarize with a mode of work in the virtual variant.

Support words: heat networks, pipeline, fittings, hydraulic 
pressure losses.

Necessary equipment: pilot installation, pressure measuring 
devices, computer, projector.
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To carry out laboratory work it is necessary to study the 
following literature:

1. Heat meters, steam meters, water meters, heat quantity 
calculators, coolant for commercial accounting. Issue - 3. M., MEI - 
2001.

2. Operating rules and safety rules for the operation of heat­
consuming installations and consumers' heat networks. - M., 
Energoservice - 2001.

3. www.zivonet.uz

Duration of work - 2 hours.

I. Informations
The armature of energy pipes is divided into the following 

groups according to its purpose: stop, control, safety control valves.
According to the control scheme, the valves can be controlled 

manually or via an electric drive at the installation site or remotely.
Adjusting valves are controlled manually or through an electric 

actuator, hydraulic actuator or pneumatic actuator. These valves are 
controlled manually or according to the impulse received by the 
servomotor remotely and the necessary parameters are automatically 
adjusted.

The principle of operation of safety valves is automatic, based 
on electric or electromagnetic, steam or hydraulic actuator.

Pipe fittings are selected according to the conditional pressure 
of the Rcond or according to the nominal bore diameter DCond.

According to the design principle, the valve is divided into: 
disk and membrane. With a pressure not exceeding 1.3 MPa and a 
temperature not exceeding 300 ° C, the use o f cast iron fittings is 
allowed. At elevated parameters, the valve body is made of carbon 
and heat-resistant steel, or specially designed valves are used.
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At low and medium parameters of the working fluid, the 
armature is attached to the pipes and equipment with the help of 
flanges. With elevated and critical parameters of the working fluid, 
it is recommended to use welding when installing fittings on 
pipelines.

For thermal insulation of reinforcement materials are used in 
the austenite class and provide rigidity, protection from erosion and 
corrosion, and increased strength.

II. Objective
1. Practical determination o f the values of the hydraulic 

resistance Sa of the valve and the coefficient of local resistance Sm, 
depending on the degree of openness o f the reinforcement.

2. The construction of graphs of the functions Sm = f  (P) HSa = 
9  (P). The obtained graphs are compared with the graphs given in 
the literature.

Determination o f the dependence of the change in water flow 
on the degree of openness o f the armature and the absorption of the 
graph of the function V = f  (P).

HI. Description of the installation.
Schematic diagram of the installation is shown in Fig. The 

working body is water. The water, passing through the tank - meter 
is fed to the test fixture A.

The pressure drop in the test fixture is measured by the 
manometers D2 and D3. The pressure drop in the system is shown by 
the manometer Di.

IV. The order of work.
1. The system is filled with water.
2. The number of valve turns from "open" to "closed" position 

is checked.
3. The two valves must be closed.
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4. Manometers are connected to the network and their zero 
state is checked.

5. During test 3, the valve closes quietly after setting a certain 
mode. The test is recommended to be carried out 8-10 times, for 
example the degree of opening of the valve 0.25, 05, 0.75, 1, 1, 5, 3,
4, 6, as well as when the valve is fully opened. Then the test is 
carried out in the reverse order, while the readings o f the 
manometers are recorded and recorded in columns 4,5,7,8,11,12.

IV. Processing the results
1. Pressure loss in the valve «A», hm is determined by the 

following braze:
According to the pressure gauge D2, the value is determined:
AP2=h|+hm-H2Ywater.

but according to the manometer D3,

AP3=ahi+hm=H3Y water.

If these equations are jointly solved, we get:

h _ ( H , - a H 2)yc 
1 - a

where: H3 and H2 -  D3 and D2 average value of indicators of 
manometers mm. of water.

Tsys - specific weight of water at a temperature of 12-^16°C;

Hi - loss o f pressure in the pipe on a section of length L;

the values o f 1 and L are taken from the installation diagram.
2. The calculated values o f hm are entered in column 10 of the 

calculation table.
3. Water flow Gwater is determined by the tank-meter and 

recorded in the column 18.
4. The value of Sm is determined from the following 

expression:
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w2
K S - - y .

where,
2Sh,S.. =
yc-wz

where: h - loss of pressure at local resistance, Pa or mm of 
water.

_ . , , m
to - fluid velocity, — .

S6C

g - acceleration of fall, —
°  s e c

Twater - is the specific weight of water,.
%
m

According to the equation of continuity o f the flow, we express 
the velocity through the flow of water:

4 G
(0  = -------------------------------= -

3600 y c P d 2
d = 26.4 mm - diameter of the test fixture,

kg
G - water flow,,

dp - pipe diameter m,

5. Substituting g = 9.81 — j", we obtain the expression for the
sec

local resistance of the reinforcement:
1,565 10* ■ h, d* yc

S> =- G 2
The values of S m defined above are written in column 20.
6. The hydraulic resistance of the reinforcement Sa is 

determined from:

s „ = %a  y l
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Where V is the volume flow of water, —
h

Installation resistance:

7. For certain values, we determine the dependence of water 
consumption on the degree o f openness of the reinforcement by the 
formula:

Where V , Sinst water flow and installation resistance when the 
valve is fully opened.

S '- resistance of the valve with full opening of the valve,
Sa - resistance of the valve when the valve is not fully opened
Specific values of hust, hinst, V' h V are written in columns 17, 

19 and 32 and build the following graphs:
A ) the dependence of the resistance coefficient Sm on the 

degree of openness of the reinforcement;
B) the dependence of the coefficient of resistance Sa on the 

degree of openness of the reinforcement;
V) the dependence o f the water discharge V on the degree of 

openness of the reinforcement.
V . The report on the work consists of:
1. Brief description of the work.
2. Schematic diagram of the installation.
3. Test table.
4 . Processing the results of the experiment.
V i. Control questions:
1. What determines the hydraulic resistance?
2 . What concerns local resistance?
3 . What determines the hydraulic resistance o f the 

reinforcement?
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4. What parameters determine the hydraulic resistance of the 
valve?

Table -7.1.
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8- LABORATORY WORK 
CALCULATION OF THE n-SHAPED COMPENSATOR

The purpose of the work: the purpose of the work is to 
familiarize with the method of calculating the U-shaped 
compensator.

Support words: heat, heat supply, heat network, settlement 
area, compensator, heat loss, insulation of pipelines.

To carry out laboratory work it is necessary to study the 
following literature:

1. Heat meters, steam meters, water meters, heat quantity 
calculators, coolant for commercial accounting. Issue - 3. M., MEI - 
2001.

2. Operating rules and safety rules for the operation o f heat­
consuming installations and consumers' heat networks. - M., 
Energoservice - 2001.

3. www.ziyonet.uz
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Duration of work - 2 hours.

I. Information
To prevent the displacement o f heat pipes when applying heat, 

fixed supports are used. However, in the absence of consumers of 
heat between the fixed supports, the heat pipe experiences large 
stresses leading to their deformation. Various devices are used to 
compensate for heat lines or prevent their deformation. (Fig. 8.1). 
according to the principle of operation, they are divided into two 
groups: 1) radial or bending devices, i.e. thermal lengthening of 
pipes is compensated by bending or deflection; 2) axial annular or 
elastic devices, i.e. thermal extensions are offset by telescopic 
displacement.

Fig.8.1. Types o f compensation installations:

a —  natural compensation; b-S-shaped compensator; v- 
extension P - shaped compensator; g-like equilateral compensator (v 
= h); d— flexible lyre-shaped compensator; e-like him gently 
bending; j-w— shaped compensator; z-lens compensator.

Tasks:
1. Measure the specified compensator (metering probe 

(Fig.8.2)).
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2. To draw the wiring diagram of the compensator.
3. Make conclusions, issue a report.
Initial data

H

Y  i

eJ L a

IKJ

KL

m-R

1 I
M

B

Fig. 8.2. The compensator circuit

Basic parameters of the U-shaped compensator
- Outer diameter o f the pipeline Dh m;
- compensator outreach H, m;
- modulus of normal elasticity E, Pa;
- width of the compensator B, m;
- wall thickness of the pipeline 5, m;
- coolant temperature t, °C;
- angle of the branch sector a, deg;
- distance between fixed supports Ln, m;
- allowable bending stress a*, Pa.

Method for calculating the II-shaped compensator
1.Determine the bending radius R, m,

R=1,5D„
2. The coefficients m, n, p
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m :
H  2  R  

R

Lk - 2 R - B  
2 R

B - 2 R

3. The radius of the cross-section of the pipe (in the middle of 
the wall thickness)

4. The parameter h

_  ( 1 - t - c t g a ) S

5. According to the theory o f Karman, the bending stress under 
the action of bending moments o f equal magnitude in the bent pipes 
is several times larger than in straight sections, so a correction 
coefficient mg, depending on the parameter h, is introduced into the 
calculation. For welded taps

0 , 9
h O,67

6. Calculate the coefficient of the pocket for welds

h s‘6 
« ~  — -—l r 52

7. Determine the internal diameter of the pipeline
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Ds =  Dh -  28
8. Compensating ability of the U-shaped compensator is 

calculated
Mk = L„tlQ~s

9. The specified length of the compensator axis
Ltp = (2n + 2m  +  p  +  (6.28/k))R

10. The coordinates of the elastic center are found. Since the 
U-shaped compensator is symmetric, the elastic center (point S in 
the figure) lies on the Y axis, that is, Xc = 0 m, and ys is calculated 
from the formula

R 26.28 3.14 2 .  ,  „
-------- 1-------- m + m  +  2m + p (m  +  2)

k  k -sp

11. The moment of inertia of the elastic line o f the axis of the 
compensator relative to the axis Xc

a , 1 4  m 3fxs =  -------- !----- ------ + ------,-------r 0 ,6 7 m  -r
y ,4 2 1 0 ,2 » m a , 1 4  m 3

k k k

— 2m - +  2rn T p ( m i  2 'f

12. The moment of inertia of the pipeline cross-section is 
calculated

. n ( D t - D j )
} 64

12. The force of the elastic restraint of the compensator

A lEj
Px =

J*
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13. The moment of resistance of the pipeline is determined

_ w(Oi -  Dj)
32 D,

14. The maximum bending moment acting in the upper part 
of the compensator (on the straight segment at the point where the 
bend starts) is calculated,

Mmax = Px (H -  y j

16. The bending stress is located on the curved sections of the 
expansion joints

The resulting bending stress a  is compared with the calculated 
stress a k.

The condition

o k >  a

Based on the results of the calculations, make a summary table 
with the parameters of the U-shaped compensator. Conduct an 
analysis of the results, draw conclusions, drawing a report.

The report on the work consists of:
1. Brief description of the work.
2. Schematic diagram of the installation.
3. Processing the results o f the experiment.
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ILOVALAR - UPHJIOXCEHHJI -  APPLICATIONS
1-ilova.

_____ Turli harorat shkalalari orasidagi nisbat___________

Shkalalar 
ning nomi

Selsiy 
shkaiasi, t,°C

Renkin
shkaiasi,

T,°Ra

Farangeyt
shkaiasi,

t,°cp

Reomyur 
shkaiasi, t,°R

Selsiy
shkaiasi,
°C

- - T ‘R a -273.15 9
<>-32

1,8 l,25t°R

Renkin
shkaiasi,
°Ra

l,8(t°C++273,
15)

- t°(fH-459,6
7

l,8(l,25t°R+
+273,15)

Farangeyt 
shkaiasi °cp 1,8t°C+32 t°Ra-459,67 - - I°R 

4

Reomyur
shkaiasi,
°R

0,8t°C
0M~T°Ra—273,1: 

9 £(/>-  32) -

11 pH JIO /K eH  MC-1 

3aB H C H M O C T H  M e ^ c n y  n o K a i a i e j i H M H  T e M n e p a T y p  H a  

____  paajiHHHbix micajiax H 3 M e p e m ia ___________

HaHMeHOBa 
HHe iKKajiw

UlKajia
IJejibCHfl,

t,°C

l l l K a n a

PeHKHHa,
T,°Ra

U lK a n a

t p a p a H r e n

Ta, t,°(p

UlKana
PeMiopa,

t,°R
LLlKajia 
IJejibCH», °C

- ~T°Ra - 273.15 9
»>-32

1,8 l,25t°R

UlKajia
PeHKHHa,
°Ra

l,8(t°C++27
3,15)

-
t°(p+459,6
7

l,8(l,25t°R 
+ +273,15)

IIlKajia
OapaHrenTa

°<P
l,8t°C+32 t°Ra-

459,67 - —t°R4

IIlKajia 
PeMiopa, °R 0,8t°C

0,8(-T°Ra—273 9 i(/>- 32) -
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1- application
Dependences between temperature indicators on different 

measurement scales

Scale
name

Celsius,
t,°C

The Rankine 
scale,0 
T,°Ra

The
Farangate

Scale
t,°<p

The scale 
of Remur, 

t,°R

Celsius,0
C - -Tr'Ra - 273.15 

9
(> -3 2

1,8 1,25t°R

The
Rankine 
scale,°Ra

l,8(t°C++273,
15)

- t°(p+459,6
7

l,8(l,25t°
R+

+273,15)
The
Farangate 
Scale °(p

l,8t°C+32 t°Ra-459,67 - - t° R
4

The scale 
of
Remur,°R

0,8t°C
0,8(~ T ° R a — 273,1 

9 £ (» > -3 2 ) -

2-ilova
Suvning fizik parametri ______________

t , ° c X.
m°C

v mL 
’ s

Pr

0 0,584 17,8910"7 13,47
20 0,595 10,06-1 O'7 7,03
40 0,622 6,59-lO'7 4,35
60 0,649 4,78-lO’7 3,02
80 0,666 3,65-lO7 2,225
100 0,684 2,95-lO'7 1,748
120 0,685 2,52-lO'7 1,472
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ripiiJiOyKeime - 2 
<l>H3HHecKHe napaiweTpM no/ibi_______________

t, °c
M C

y  *i—
’ S

Pr

0 0,584 17,8910'7 13,47

20 0,595 10,06-10'7 7,03

40 0,622 6,59-lO7 4,35

60 0,649 4,78-10‘7 3,02

80 0,666 3,65-lO'7 2,225

100 0,684 2,95-1 O'7 1,748

120 0,685 2,52*1 O'7 1,472

2- application
Physical parameters of water_____________

t,°C i  J L
^  m°C

m l
’ S

Pr

0 0,584 17,89-1 O'7 13,47

20 0,595 10,06-lO7 7,03

40 0,622 6,59-10’7 4,35

60 0,649 4,78-10‘7 3,02

80 0,666 3,65-10'7 2,225

100 0,684 2,95-1 O'7 1,748

120 0,685 2,52-1 O'7 1,472
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3 -  ilova
Turli kaloriyaga asoslangan issiqlik birliklarni MKGSS va SI 
____________  tizimlar orasidagi bogManishlar___________
Miqdor Bog‘lanishlar

MKGSS birliklari va SI 
tizimining birliklar a’ro

SI tizimining birliklari va 
MKGSS birliklar a’ro

Bosim 1 kgc/sm2 = 735,6 
mm.sim.ust = 1 tex.atm = 
0,981 bar = 98066,5 Pa = 
0,1 MPa (10 mm.suv.ust)

1 N/m2 = 1 Pa =
= 1,02-10'5 tex.atm =
= 10'5 bar = 7,5 mm.sim.ust 
= = 0,102 mm.suv.ust

Ish va energiya 1 kgcm = 9,81 DJ 1 
kVtsoat = 3,61 x 106 Dj 
1 kkal= 4,187 x 103Dj

1 Dj = lN M  = 0,102 kgkc 
= 2,78 x lO'7 kVtsoat =
= 2,39 x 10-4 kkal

Quwat 1 kgk/c = 9,81 Vt 1 
kkal/c = 4,19 x 103 Vt

1 Vt = Dj/s = 0,102 kgkm/s 
= = 0,86 kkal/soat 
1 MVt = 0,86 Gkal/soat

Issiqlik miqdori 1 kal = 4,19 Dj 1 
kVtsoat = 3,6 x 106 Dj 
1 Gkal/soat =1,163 MVt

1 Dj = 0,239 kal = 239 x 
10-4 kkal 1 kVt = 860 kkal

Solishtirma 
issiqlik sig‘imi

1 kkal/(Kr°C) = 4190 
Dj/(kg°C) ..........

1 Dj/(kg°C) =
= 0,239 x lO'3 kkal/(kg°C)

Issiqlik oqimi 1 kal/s = 4,187 Vt 1 
ckal/soat = 1,163 Vt

1 Vt = 0,239 kal/c = 0,86 
dcal/soat

Issiqlik berish, 
uzatish
koeffisientlari

1 kal/(sm2s°C) = = 
41900 Vt/(m2oC) 
lkkal/(m2soat°C)
1,163 Vt/(m2oC)

1 Vt/(m2oC) =
= 0,239 x 10-4 kkal/(sm2 
s°C) = =0,86 kkal/(m2 
soat°C)

Issiqlik
o‘tkazuvchanli 
< koeffisienti

1 kal/(scm°C) = 418,7 
Vt/(m2oC);
1 kkal/( soat m°C) = = 
1,163 Vt/(m°C)

1 Vt/(m°C) =
= 0,239-lO 2 kal/(ccm°C) = 
= 0,86 kal/( soat m°C)

Yoqilg‘ yonish 
issiqligi

1 kkla/kg = 4,187 kDj/kg 1 Dj/kg = 0,239 x lO3 
kkal/kg

Shartli
yoqilg‘ining
solishtirma
sarfi

1 kg/kkal = 4,187 kg/kGj 
1 kg/(kVtsoat) = 277,8 
g/MDj

1 kg/kDj = 0,239 kg/kkal 1 
g/MDj = 0,36 g/(kVtsoat)



IlpHJlOVKCHH 3

C oO T H O U ieH H e M e x ^ y  T enJIO B blM H  e^H H H U aM H , OCHOBaHHMMH 
H a  K a jio p H H , eA H H H iiaM H  CHCTCMbi MKrCC h  e / i im u u a M H

CHCTCMbl CH
BejiHHHHa CoOTHOUieHHe Mewcay

SflHHHUaMH CHCTCMbl
MKrCC h  cHCTeMoft CH

e^HHHUaMH CHCTCMbl CH H
cHCTeMOH MKrCC

/I,aBJ7enne 1 k ix /c m 2 - 735,6 mm pr. 
CT. = 1 aTM. TCXH. = 0,981 
Sap = = 98066,5 ria =
= 0,1 Mila (10 m B oa. c t . )

1 H /m 2 = 1 ITa =
= 1,02-10'5 aTM. TexH. =
= 10'5 6ap = 7,5 mm pr. c t  = 
= 0,102 MM BO fl. CT.

PaGora h 
jHepriM

1 k f c m  = 9,81 1 kB th 
= 3,61 x 106 1 KKan = 
4,187 x lO3^ *

1 = 1 Hm = 0,102 KrcM 
= = 2,78 x 10'7 k B t h  =
= 2,39 x 10"* KKan

MomHOCTb 1 k tc m /c  = 9,81 B t  1 
KKan/c = 4,19 x 103 B t

1 B t = J\)k/c = 0,102 k tcm /c  
= = 0,86 KKaii/n 
1 MBt = 0,86 T Kan/n

KojIHHeCTBO
re iu ioT b i

1 Kan = 4,19 Jlp: 1 kBth = 
3,6 x 106 flac 1 rican/H = 
1,163 MBt

1 = 0,239 Kan = = 239 x 
10"4 wean 1 kBt = 860 KKan

y /ie jib H aa
reiuioeMKOCTb

1 KKan/(KT°C) = 4190 
A5k/(kt°C)

1 fl*/(Kr°C) =
= 0,239 x 10'3 KKaji/(Kr°C)

TeiinoBOH
nOTOK

1 Kan/c = 4,187 Bt 1 
KKan/n = 1,163 Bt

1 Bt = 0,239 Kan/c = 0,86 
KKajl/H

Ko34«J)HUHeHT
reruiooTflaM H,
re iu io n ep e flaH H

1 Kaji/(cM2c°C ) = = 41900 
Bt/(mZoC)
1 KKan/(M2H°C) = = 1,163 
Bt/(m2oC)

1 Bt/(m2oC) =
= 0,239 x 10"4 KKan/(cM2c°C ) 
= = 0,86 kk3ji/(m2m ° C )

Ko3<j>(j>HUHeHT
TeruionpoBOAHO
CTH

1 Kaji/(ccM°C) = = 418,7 
Bt/(m2oC);
1 kk3ji/(hm0C) = = 1,163 
Bt/(m°C)

1 Bt/(m°C) =
= 0,239-1 O'2 K an/(ccM °C ) = = 
0,86 Kan/(HM °C)

TeruiO Ta
cropaHHJi
ro iu iH B a

1 Kicajl/KT = 4,187 K^Hc/kT 1 JJ^k/Kr = 0,239 x 10°
KKan/Kr

YflejibHUH

pacxoA
y an o B H o ro  Ton- 
jiHBa

1 K r/K K an  = 4,187 Kr/K#* 
1 k t /(k B tm )  = 277,8
r/M^])K

1 = 0,239 Kr/KKan 1 
r / M / t *  = 0,36 r/(KBTH)
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3-application
The relationship between thermal units based on calories, 
_______ ICGSS system units and SI units_________________

Value The relationship between
units of the ICGSS system 
and the SI system

units of the SI system and the 
ICSSC system

Pressure 1 kgf/cm2 
= 735.6 mm Hg. Art.
= 1 atm. tech. = 0.981 bar 
= 98066.5 Pa =  0.1 MPa 
10 mm of water. Art)

1 N /m 2 =  1 Pa =
= 1.02-10's atm. tech. =
= 10‘5 bar 
= 7.5 mm Hg. st 
= 0,102 mm of water. Art.

Work and 
energy

1 kgcm = 9.81 J 1 kWh = 
3.61 x 106 J 1 kcal = 4.187 x 
103 J

1 J = 1 Nm = 0.102 kgcm 
= 2.78 x 10-7 kWh =
= 2.39 x 10-4 kcal

Power 1 kgsm / s = 9.81 W 1 kcal / s 
= 4.19x103 W

1 W = J / s = 0.102 kg cm / s 
= 0.86 kcal / h 
1 MW = 0.86 Gcal / h

Quantity ol 
leat

1 cal = 4.19 J 1 kWh = 3.6 x 
106J lG c a l /h =  1.163 MW

1 J = 0.239 cal = 239 x 10"* 
kcal 1 kW = 860 kcal

Specific heat 1 kcal / (kg ° C) = 4190 J / 
[kg ° C)

1 J / (kg °C) =
= 0.239x lO 3 kcal/(kg°C )

Heat flow 1 cal / sec = 4.187 W 1 kcal / 
h= 1.163 W

1 W = 0.239 cal / s = 0.86 
kcal/h

Coefficient 
of heat 
transfer, 
tieat transfer

1 cal / (cm2 c°C ) = 
=41900 W /(m 2oC) 
1 kcal / (m2h ° C) = 
=1.163 W /(m 2oC)

1 W / (m2 °C) =
= 0.239 xlO-4 kcal / (cm2c ° 
C) =
= 0.86 kcal/(m2h °C )

Coefficient 
of thermal 
conductivity

1 cal / (cm ° C) = 
=418.7 W / (m2 ° C); 
1 kcal / (hm ° C) = 
=1.163 W /(m °C )

1 W /(m °C ) =
= 0.239-10'2 cal / (cm ° C) = 
0.86 cal /(h tn°C )

Heat of 
combustion 
of fuel

1 KKan/icr = 4,187 K^ac/icr 1 flac/Kr = 0,239 x 10 3 
KKan/icr

Specific 
consumption 
of reference 
fuel

1 kg / kcal = 4,187 kg / kJ 1 
leg / (kWh) = 277.8 g/M J

1 kg / kJ = 0.239 kg / kcal 1 
g / MJ = 0.36 g/(kWh)
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4 -  ilova
Yer to‘la va binolarning texnikaviy yer to‘lalarda 

joylashgan izolyatsiyalangan Issiqlik quvurlarning issiqlik
berilishi.

(izolyatsiyaning samaradorlik koeffitsiyenti 0,75 bo‘lgan holda)

'~‘o,

°C
Shartli o‘tish diametris, mm bog‘lik holdagi izolyatsiyalangan 1 m 
issiqlik quvurlarning issiqlik berilishi Vt/m (wcal/soat m)
15 20 25 32 40 50 65 80 100 125 150 200

50 13
11,2

16
13,8

20
17,2

24
20,6

27
23,2

33
28,4

40
34,4

45
38,7

53
45,6

65
55,9

76
65,4

105
90,3

55 15
12,9

18
15,5

22
18,9

27
23,2

30
25,8

36
31,0

45
38,7

51
43,9

60
51,6

73
62,8

86
74,0

118
101,5

60 16
13,8

20
17,2

24
20,6

30
25,8

34
29,2

41
35,3

50
43,0

57
49,0

67
57,6

88
75,7

96
82,6

132
113,5

65 18
15,5

22
18,9

27
23,2

34
29,2

37
31,8

45
38,7

55
47,3

63
54,2

75
64,6

91
78,3

106
91,2

146
125,6

70 20
17,2

24
20,6

i30
25,8

36
31,0

41
35,3

50
43,0

60
51,6

69
59,3

83
71,4

100
86,0

116
99,8

160
137,6

75 22
18,9

27
23,2

33
28,4

40
34,4

44
37,8

55
47,3

65
55,9

75
64,5

90
77,4

109
93,7

127
109,2

175
150,5

80 24
20,6

29
24,9

35
30,1

43
37,0

48
41,3

59
50,7

71
70,1

81
69,7

^8
84,3

119
102,3

137
117,8

189
162,5

85 26
22,4

r51
26,7

38
32,7

47
40,4

52
44,7

63
54,2

77
66,2

88
75,7

106
91,2

128
110,1

148
127,3

204
175,4

90 28
24,1

34
29,2

41
35,3

50
43,0

56
48,2

67
57,6

83
71,4

95
81,7

113
97,2

137
117,8

159
136,7

219
188,3

95 30
25,8

36
31,0

44
37,8

53
45,6

60
51,6

72
61,9

89
76,5

101
86,9

121
104,1

147
126,4

170
146,2

234
201,2

100 32
27,5

38
32,7

47
40,4

57
49,0

64
55,0

77
66,2

95
81,7

108
92,9

129
110,9

156
134,2

181
155,7

250
215,0
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IlpH JIO 'vK C IIH e -  4 
TenjiooTaana mojmpoBaHHbix ren.ionpoBo/iOB b 

r i o / i B a j i a x  h  re x iiH M e c K H X  i io / i r io j i i> n x  i/ ia H H H  ( n p H  

K03<J»4>HL(HeHTe 3<J)(J)eKTHBHOCTH H50.IHUHH 0,75)

,m,o.
°C

TeiuiooTflaHa 1 m H30JiHp0BaHH0il TpySu, Bt/m (KKaji/w m), npH 
anaMeTpe
ycjiQBHoro npoxo^a, m m

15 20 25 32 40 50 65 80 100 125 150 200
50 13

11,2
16
13,8

20
17,2

24
20,6

27
23,2

33
28,4

40
34,4

45
38,7

53
45,6

65
55,9

76
65,4

105
90,3

55 15
12,9

18
15,5

22
18,9

27
23,2

30
25,8

36
31,0

45
38,7

51
43,9

60
51,6

73
62,8

86
74,0

118
101,5

60 16
13,8

20
17,2

24
20,6

30
25,8

34
29,2

41
35,3

50
43,0

57
49,0

67
57,6

88
75,7

96
82,6

132
113,5

65 18
15,5

22
18,9

27
23,2

34
29,2

37
31,8

45
38,7

55
47,3

63
54,2

75
64,6

91
78,3

106
91,2

146
125,6

70 20
17,2

24
20,6

30
25,8

36
31,0

41
35,3

50
43,0

60
51,6

69
59,3

83
71,4

100
86,0

116
99,8

160
137,6

75 22
18,9

27
23,2

33
28,4

40
34,4

44
37,8

55
47,3

65
55,9

75
64,5

90
77,4

109
93,7

127
109,2

175
150,5

80 24
20,6

29
24,9

35
30,1

43
37,0

48
41,3

59
50,7

71
70,1

81
69,7

98
84,3

119
102,3

137
117,8

189
162,5

85 26
22,4

31
26,7

38
32,7

47
40,4

52
44,7

63
54,2

77
66,2

88
75,7

106
91,2

128
110,1

148
127,3

204
175,4

90 28
24,1

34
29,2

41
35,3

50
43,0

56
48,2

67
57,6

83
71,4

95
81,7

113
97,2

137
117,8

159
136,7

219
188,3

95 30
25,8

36
31,0

44
37,8

53
45,6

60
51,6

72
61,9

89
76,5

101
86,9

121
104,1

147
126,4

170
146,2

234
201,2

100 32
27,5

38
32,7

47
40,4

57
49,0

64
55,0

77
66,2

95
81,7

108
92,9

129
110,9

156
134,2

181
155,7

250
215,0

146



4- application
Heat transfer of isolated heat pipes in cellars and technical 
underground buildings (at an insulation efficiency factor of

0.75)

o ,

°C
Heat trans
diameter
conditiona

fer 1 m o f  insulated pipe, W / m (kcal /  h m), with a 

pass, mm
15 20 P 32 40 50 p5 80 100 125 150 200

50 13
11,2

16
13,8

20
17,2

24
20,6

27
23,2

33
28,4

40
34,4

45
38,7

53
45,6

65
55,9

76
65,4

105
90,3

55 15
12,9

18
15,5

22
18,9

27
23,2

30
25,8

36
31,0

45
38,7

51
43,9

60
51,6

73
62,8

86
74,0

118
101,5

60 16
13,8

20
17,2

24
20,6

30
25,8

34
29,2

41
35,3

50
43,0

57
49,0

67
57,6

88
75,7

96
82,6

132
113,5

65 18
15,5

22
18,9

27
23,2

34
29,2

37
31,8

45
38,7

55
47,3

63
54,2

75
64,6

91
78,3

106
91,2

146
125,6

70 20
17,2

24
20,6

30
25,8

36
31,0

41
35,3

50
43,0

60
51,6

69
59,3

83
71,4

100
86,0

116
99,8

160
137,6

75 22
18,9

27
23,2

33
28,4

40
34,4

44
37,8

55
47,3

65
55,9

75
64,5

90
77,4

109
93,7

127
109,2

175
150,5

80 24
20,6

29
24,9

35
30,1

43
37,0

48
41,3

59
50,7

71
70,1

81
69,7

98
84,3

119
102,3

137
117,8

189
162,5

85 26
22,4

31
26,7

38
32,7

47
40,4

52
44,7

63
54,2

77
66,2

88
75,7

106
91,2

128
110,1

148
127,3

204
175,4

90 28
24,1

34
29,2

41
35,3

50
43,0

56
48,2

67
57,6

83
71,4

95
81,7

113
97,2

137
117,8

159
136,7

219
188,3

95 30
25,8

36
31,0

44
37,8

53
45,6

60
51,6

72
61,9

89
76,5

101
86,9

121
104,1

147
126,4

170
146,2

234
201,2

100 32
27,5

38
32,7

47
40,4

57
49,0

64
55,0

77
66,2

95
81,7

108
92,9

129
110,9

156
134,2

181
155,7

250
215,0
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5-iliova
Turli fail binolarda ichki havoning o‘rtacha harorati.

Bino nomi Ichki 
havoning 
o‘rtacha 

harorati tick, 
°C

Mehmonxonalar, yotoqxonalar, ma’mutiy binolar. 
Bolalar bog‘chasi, shifoxonalar, dispanserlar,

Oily va o‘rta maxsus muasasalar, umumta’lim 
maktablar, maktab- intematlar, tajriba xonalari, umumiy 
oziq-ovqat korxonalari, klub va madaniyat markazlari. 
Teatrlar, magazinlar, kir juvish korxonalar, yong‘inga 
qarshi depolar.
Kinoteatrlar
Garajlar

18-20
20

16

15

14
10

l lp H J io w e H H e  5
C p eflH H H  T e M n e p a i y p a  B t t y T p e m ie r o  B0 3 / j y x a  a j i h  i i u h h h  

paiJlH M H O rO  H a SHaMCHHH

H a 3 B a H n e  3flaH H» CpeflHsiH 
T e M n e p a T y p a  
B H y rp e H H ero  

B 0 3 fly x a  t™, °C
r OCTHHHUW, o6m e*H T H 51, ajlMHHHCTpaTHBHMe 3flaHHH 

^eT C K H e caflbi, j ic j ih ,  i i o / i h k j i h h h k h ,  aM 6yjiaT opH H , 
6ojlbH H U bI

Bbiciime h cpe^HHe cneuHajibHbie 3aBefleHHH, 
06me06pa30BaTenbHbie uikojim, imcojibi-HHTepHaTbi, 
na6opaTopHH, npe/inpHhtha o 6 m e c T B e H H o ro  nHTaHHS, 
toiy6bi, flOMa KyjibTypbi
T e a T p b i, M ara3H H bi, n o a ca p H b ie  aeno, npaH eH H bie
KHHOTeaTpw
fapajKH

18-20
20

16

15
14
10
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5- application
Average temperature of indoor air for buildings of various

Building name Average 
temperature of 

indoor air tin, °C
Hotels, dormitories, office buildings 18-20
Kindergartens, nurseries, polyclinics, dispensaries, 20
dispensaries, hospitals
Higher and secondary special institutions, general 16
education schools, boarding schools, laboratories,
public catering establishments, clubs, cultural
centers
Theaters, shops, fire stations, laundry 15
Cinemas 14
Garages 10

6- ilova
Bino qurilishi joyini hisobga oluvch, a koeffitsienti

to,°C 0 -5 -10 -15 r20 -25 -30 -35 -40 r45 -50 -55
a 2,05 1,67 1,45 1,29 1,17 1,08 1,0 0,95 0,90 0,85 0,82 0,80

IIpH jioiKeH He 6 
IIonpaBOHHbiH KOJxJxJjHUHeiiT a, yHHTbiBaioiuHH paifOH

to, °c 0 -5 -10 -15 -20 -25 -30 -35 -40 45 -50 -55
a 2,05 1,67 1,45 1,29 1,17 1,08 1,0 0,95 0,90 0,85 0,82 0,80

6- application
Correction factor a, taking into account the area of construction

to,°C 0 r5 -10 -15 -20 -25 -30 -35 -40 45 -50 -55
a 2,05 1,67 1,45 1,29 1,17 1,08 1,0 0,95 0,90 0,85 0,82 0,80
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7 - ilova

Tashqi 
qurilish hajmi

V, m3

Solishtirma isitish 
xarakteristikasi qo, 
KKal/(soat*m3oC)

Tashqi 
qurilish 

hajmi V, m3

Solishtirma isitish 
xarakteristikasi go, 
Kical/(soat*m3oC))

1958 y. 
gacha 

qurilgan

1958 y. 
dan so‘ng 
qurilgan

1958 y. 
gacha 

qurilgan

1958 y. 
dan so‘ng 
qurilgan

1 2 3 4 5 6
100 0,74 0,92 4000 0,40 0,47
200 0,66 0,82 4500 0,39 045
300 0,62 0,78 5000 0,38 0,45
400 0,60 0,74 6000 0,37 0,43
500 0,58 0,71 7000 0,36 0,42
600 0,56 0, 69 8000 0,35 0,41
700 0,54 0,68 9000 0,34 0,40
800 0,53 0,67 10000 0,33 0,39
900 0,52 0,66 11000 0,32 0,38
1000 0,5 0,65 12000 0,31 0,38
1100 0,50 0,62 13000 0,30 0,37
1200 0,49 0,60 14000 0,30 0,37
1300 0,49 0,59 15000 0,29 0,37
1400 0,47 0,58 20000 0,28 0,37
1500 0,47 0,57 25000 0,28 0,37
1700 0,46 0,55 30000 0,28 0,36
2000 0,45 0,53 35000 0,28 0,35
2500 0,44 0,52 40000 0,27 0,35
3000 0 43 0,50 45000 0,27 0,34
3500 0,42 0,48 50000 0,26 0,34
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IIpH JioiiceH H e 7
Y f le j ib H a a  Q T o n H T ejib H aw  x a p a K T e p H C T H K a  MCH.nbix i/iaH H H

Hapy*HbiK 
CTpOHTeJIb- 
HblH o6beM

V,
3
M

YflejibHaa 
OTOnHTejibHaa 

xapaKTepHCTHKa q o, 
KKajl/(HM3°C)

HapyacHbifi 
CTpOHTeJIbH 
blH O&beM 

V, M3

yflejibHaa 
OTOnHTejibHaa 

xapaKTepHCTHKa qo, 
KKan/(HM3oC)

llOCTpOH- 
Kaflo 

1958 r.

IIOCTPOH 
Ka nocjie 
1958 r.

IIOCTpOH 
Ka no 

1958 r.

rfocrpoHKa 
nocne 
1958 r.

1 2 3 4 5 6
100 0,74 0,92 4000 0,40 0,47
200 0,66 0,82 4500 0,39 045
300 0,62 0,78 5000 0,38 0,45
400 0,60 0,74 6000 0,37 0,43
500 0,58 0,71 7000 0,36 0,42
600 0,56 0, 69 8000 0,35 0,41
700 0,54 0,68 9000 0,34 0,40
800 0,53 0,67 10000 0,33 0,39
900 0,52 0,66 11000 0,32 0,38
1000 0,5 0,65 12000 0,31 0,38
1100 0,50 0,62 13000 0,30 0,37
1200 0,49 0,60 14000 0,30 0,37
1300 0,49 0,59 15000 0,29 0,37
1400 0,47 0,58 20000 0,28 0,37
1500 0,47 0,57 25000 0,28 0,37
1700 0,46 0,55 30000 0,28 0,36
2000 0,45 0,53 35000 0,28 0,35
2500 0,44 0,52 40000 0,27 0,35
3000 0 43 0,50 45000 0,27 0,34
3500 0,42 0,48 50000 0,26 0,34
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7- application
Specific heating characteristic of residential building:s

External
building
volume

V, m3

Specific heating 
characteristic q o, 

kcal /(hm3oC)

Outdoor 
building 

volume V, 
m3

Specific hesating 
characteristic qo, 

kcal /(hm3‘°C)
Construe 

tion up to 
1958 year.

Construe 
tion after 

1958.

Construe 
tion up to 

1958.

ConStructi 
on after 
1958.

1 2 3 4 5 6
100 0,74 0,92 4000 0,40 0,47
200 0,66 0,82 4500 0,39 S045
300 0,62 0,78 5000 0,38 0,45
400 0,60 0,74 6000 0,37 0,43
500 0,58 0,71 7000 0,36 0,42
600 0,56 0, 69 8000 0,35 0,41
700 0,54 0,68 9000 0,34 0,40
800 0,53 0,67 10000 0,33 0,39
900 0,52 0,66 11000 0,32 0,38
1000 0,5 0,65 12000 0,31 0,38
1100 0,50 0,62 13000 0,30 CD,37
1200 0,49 0,60 14000 0,30 0,37
1300 0,49 0,59 15000 0,29 0,37
1400 0,47 0,58 20000 0,28 0,37
1500 0,47 0,57 25000 0,28 0,37
1700 0,46 0,55 30000 0,28 0,36
2000 0,45 0,53 35000 0,28 0,35
2500 0,44 0,52 40000 0,27 00,35
3000 0 43 0,50 45000 0,27 01,34
3500 0,42 0,48 50000 0,26 01,34
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8-ilova
Jamoa binolarini isitish qo va ventilyatsiyalashlning q v 
_______ solishtirma issiqlik xarakteristikalari.__________
Bino nomi Tashqi 

o‘lchov 
bo‘yicha 
binonig 

hajmi VH, 
ming. m3

Jamoa binolarning isitish bo‘yicha 
solishtirma issiqlik 
xarakteristikalari 

to= -30 °C Vt/(m3oC)
| kkal/(soatm3 °C))

isitish uchun qo ventilyatsiyalas 
h uchun qv

Teatrlar 10 gacha 
1. -15 
I. -20

I. -30
II. - 30 
30 dan oshiq

0,337 (0,29) 
0,314(0,27) 
0,256 (0,22) 
0,233 (0,20) 
0,209 (0,18)

0,447(0,41) 
0,465 (0,40) 
0,442 (0,38) 
0,419(0,36) 
0,395 (0,34)

Univermag,univer 
sam, magazinlar

5 gacha 
5,01-10 

lOdan oshiq

0,442 (0,38) 
0,384 (0,33) 
0,361 (0,31)

0,093 (0,08) 
0,314(0,27)

Maktablar 5 gacha 
5,01 - 10 

10 dan oshiq

0,454 (0,39) 
0,407 (0,35) 
0,384 (0,33)

0,105 (0,09) 
0,093 (0,08) 
0,08 (0,07)

Tajriba xonalari 5 gacha 
5,0-10 

Eojiee 10

0,430 (0,37) 
0,407 (0,35) 
0,384 (0,33)

1,163 (1,0) 
1,105 (0,95) 
1,047 (0,90)

Oily o‘quv
muassasalari,
kollejlar

10 gacha 
10,01 -1 5  
15,0-20 

20 dan oshiq

0,407 (0,35) 
0,384 (0,33) 
0,349 (0,30) 
0,279 (0,24)

0,116(0,10) 
0,093 (0,08) 
0,093 (0,08)
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lIpHjiOyKemie 8
Y fle ^ fc H b ie  r e n j iO B b ie  x ap aK T ep H C T H K H  / p a  oronjieHHH qo 

H BCHTHJ1HUHH q v flJM  oG m eC T B C H IIblX  X taH H H ________
HaHM eH OBaH He 0 6 b e M  

3/jaHHH n o  

HapyacHO M y 

o 6 M e p y  VH,
TbIC. M3

y ^ e j ib H a a  T e n jro B a a  
xapaKTepHCTHKa o6mecTBeHHbix 
3flaHHH npH to= -30 °C Bt/(m3oC) 

fKKaJl/(HM3oC)]
Ann oronjieHHH q0 ana BeHTHjiauHH

TeaTpbi flo lO  

2. - 15 

II. - 20 

III. -  30 

EoJiee 30

0,337 (0,29) 

0,314(0 ,27) 

0,256 (0,22) 

0,233 (0,20) 

0,209 (0,18)

0,447 (0,41) 

0,465 (0,40) 

0,442 (0,38) 

0,419(0,36) 

0,395 (0,34)

y  HHBepMarH, 

yH H B epcaM bi, 

Mara3HHbi

f lo 5

5,01 - 10 

Eojiee 10

0,442 (0,38) 

0,384 (0,33) 

0,361 (0,31)

0,093 (0,08) 

0,314(0,27)

UlKOJIbl o 5  

5,01 - 10 

Eojiee 10

0,454 (0,39) 

0,407 (0,35) 

0,384 (0,33)

0,105 (0,09) 

0,093 (0,08) 

0,08 (0,07)

Jla6opaTopHbie
Kopnyca

J\o5 
5 ,0 - 1 0  

Eojiee 10

0,430 (0,37) 

0,407 (0,35 

) 0,384 (0,33)

1,163(1,0) 

1,105(0,95) 

1,047 (0,90)

BbicuiHe yneGHbie 
jaBe^eHHs, 
rexHHKyMbi, 

KOJlJieflHCH

flolO 
10,01 - 15 

1 5 ,0 -2 0  

Eojiee 20

0,407 (0,35) 

0,384 (0,33) 

0,349 (0,30) 

0,279 (0,24)

0,116(0,10) 

0,093 (0,08) 

0,093 (0,08)

154



8- application 
Specific thermal characteristics for heating qo 

and q v ventilation for public buildings

Name
building

The volume of the 
building 

according to external 
measurement VH, 

thousand m3

Specific thermal characteristics of 
general buildings at tO = -30 ° C W / 

(m3 ° C) [kcal / (hm3 ° C)1
fo r  heating qo fo r

ventilation qv
Theaters Before 10 

3. -15 
III. -20 

IV. - 30 More 30

0,337 (0,29) 
0,314(0,27) 
0,256 (0,22) 
0,233 (0,20) 
0,209(0,18)

0,447 (0,41) 
0,465 (0,40) 
0,442 (0,38) 
0,419 (0,36) 
0,395 (0,34)

Departm
ent
Stores,
Supermar
kets,
Shops

Before 5 
5,01 - 10 More 10

0,442 (0,38) 
0,384 (0,33) 
0,361 (0,31)

0,093 (0,08) 
0,314(0,27)

Schools Before 5 
5,01 - 10 More 10

0,454 (0,39) 
0,407 (0,35) 
0,384 (0,33)

0,105 (0,09) 
0,093 (0,08) 
0,08(0,07)

Laborato 
ry corpus

Before 5
5,0-10 
More 10

0,430 (0,37) 
0,407 (0,35) 0,384 

(0,33)

1,163(1,0) 
1,105 (0,95) 
1,047(0,90)

Higher
education
al
institutio
ns,
technical
schools,
colleges

Before 10 
10,01 - 15 15,0-20 

More 20

0,407 (0,35) 
0,384 (0,33) 
0,349 (0,30) 
0,279 (0,24)

0,116(0,10) 
0,093 (0,08) 
0,093 (0,08)
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rJIOCCAPHH IZOHLI LUG‘AT GLOSSARIY

AHajIH3 -  
AHariorHH -

AHanorHMHWH -  
A6oHeHT -  
AMOpTH3aHHOHHbie 
OTMHCJieHHH -  
EaiiaHC -  
BapHaHT -  
Bo^OMep -  
Bofloc6poc -
B0fl0CJJHB -  

BoflocHa6>KeHHe -  
BofloonpecHeHHe -  
B o ^ a H a a  p y S a u iK a  -  

BoflOTpy6Hbm KOTeji -  
Btophhhmh -  
BeHTHJib -  
T pynna- 
r  HflpaBJIHHeCKHH
yaap- 
rpyHT- 
,HaBJieHHe — 
flo6aBKa -  
/JoG aB O H H aa B o /ia  -

ApeHajKHaa BOfla -  
3aTpaTa -  
3a^aHHe -  
3axjienKa -

tahlil
o‘xshashlik, 
muvofiqlik 
0‘xshash, bir xil 
obunachi 
eskirish, tuzish 
chegirmalari 
barobarlik, tenglik 
tur
suv o‘lchagich
suv tashlagich
suv tushirmasi
suv ta’minoti
suvni chuchuklantirish
suv g‘ilofi
suv -  quvurli qozon
ikkilamchi -
jo‘mrak -
Guruh
gidravlik zarba

tuproq, yer, zamin 
Bosim
qo‘shimcha, ustama 
qo‘shimcha 
qilinadigan suv, 
ustama suv 
sizot suv 
sarf, xarj 
vazifa, topshiriq 
parchin mix

Analysis
Analogy

Similar
Subscriber
Depreciation
deductions
Balance
Option
Water meter
Spillway
Weir
Water supply 
Water desalination 
Water jacket 
Water tube boiler 
Secondary 
The valve 
Group
Hydraulic shock 

Soil
Pressure 
Additive 
Additional water

Drainage water 
Cost 
The task 
Rivet
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3ar\riyiiiKa -  
HcnpaBHOCTb -  
H30JWUHH -

Kajiemiapb -  
KapKac- 
KoBKa- 
JO ian aH  -

KoMnjieicr - 
KojibueBas CHCTeMa - 
Kopnyc - 
JlaTyHb -  
JIhhhs -
JlH H eH H H e n o T e p a  -  

MarHCTpaiib -

MapKHpoBKa -  
Mecraoe 
conpoTHBJieHHe -  
MecTHHe noTepn -  
MaTepHajibHHH 
6anaHC -  

MaTepnajibHO -  
Hanop -  
HarHeTarejibHaa 
T py6a-
HenpepbiBHbiH -  
HaKOBajibHfl — 
Harpy3Ka -  
Harpy3HTb -  
HepaBHOMepHO -  
HopMa -  
O6opyfl0BaHHe -

Tiqin
Tuzuklik
ajratib qo‘yish,
yakkalab qo‘yish,
qoplama
taqvim
Sinch
bolg‘ash, cho‘kichlash
qo‘zg‘alasluvchan
qopqoq
b u t-
aylanma tizimi -
tana-
jez -
chiziq, yo‘1
chiziqli yo‘qotilishlar
asosiy yo‘l, asosiy
tarmoq
belgilash
mahalliy qarshilik

mahalliy yo‘qotilishlar 
moddiy barobarlik, 
muvozanatlik 
moddiy jihatdan 
siquv
bosim quvurlari

uzluksiz
sandon
yuk, yuklanish 
yuklash, yuk ortish 
notekis
me‘yor, marom 
jihoz, uskuna 
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Blanket
Serviceability
Isolation

The calendar 
Frame 
Forging 
Valve

Set
Ring system 
Housing 
Brass 
Line
Linear losses 
Highway

Marking 
Local resistance

Local losses 
Material balance

Material
Head
Pressure pipe

Continuous
Anvil
Load
Load
Unevenly
Norm
Equipment



OScjxyjKHBaHHe -  
OraeTBJieHHe -

OKOHHaTejIbHO -

OicpyrjiHTb -  
OTOimeHHe -  
OroriHTejibHbiH 
nepHO/i -  
Or6op -  
06pa6oTica -

OrMeTKa—
06paTHbiH 
Tpy60np0B0fl -  
OnHcaHHe -  
OnuiioHeHHe -  
O t c t o h h h k  -  

IlaporeHepaTop -

IIaTpy6oK -  
napooT6o0HbiH
UIHTOK -

IIoflorpeBaTejib -  
rioTpe6HTejib — 
rio/iBecHOH -  
ILiHTa- 
llHKOBblH 
noflorpeBaTeJib 
IIpou,ecc -
npOflOJiaCHTeJIbHOCTb

IlepejiHB -  
flpeAOXpaHHTejib -

xizmat ko‘rsatish
tarmoqlanish,
shaxobchalanish
oxirgi, uzil-kesil,
tamomila, qat‘iyan,
butunlay
yaxlitlamoq
isitish
isitish davri

qaytarib olish 
ishlov berish, 
ishlamoq 
belgi, balandlik 
qaytish quvuri

tavsiflash, ta‘riflash 
uzib qo‘yish 
tindirgich
bug‘ generatori /bug‘
qozoni/
qisqa quvur
bug‘ qaytaruvchi
qalqon
isitgich
iste‘molchi
osma
taxta
cho‘qqi isitgich

jarayon
-  davom etishlik, 

davomiylik 
qo‘yilish 
ehtiyotlagich

Service
Offshoot

Finally

Round 
Heating 
Heating period

Selection
Treatment

Mark
Reverse piping

Description
Disconnection
Sump
Steam generator

Branch pipe 
Steam seals

Heater
Consumer
Suspended
Stove
Peak heater

Process
Duration

Overflow
Fuse
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IIep(J)opauHs - teshiklik majmuasi Perforation
flpncnoco6jieHHe - moslama Fitting
rioHCHeHHe - izoh Explanation
IlpoeKT - loyiha, reja The project
IlpoeKTHpoBaHHe - loyiha tuzish, 

loyihalash
Designing

ripeflBapHTejibHMH - dastlabki, oldingi Preliminary
flpe^BapHTejitHO - oldindan, awaldan, 

oldinroq
Pre

IlonpaBKa - tuzatish, to‘ldirish Amendment
rioTepa - yo‘qotilish,

nobudgarchilik
A loss

IIpoflyBKa - puflab/ tozalash Purge
ripOH3BOflHTeJIbHOCTb- mahsuldorlik,

unumdorlik
Performance

IIOHCHeHHe - izoh Explanation
Pa6onaa KaMepa - ish bo‘shlig‘i Working chamber
PaSonee tcjio - ish jismi, ishlovchi 

muhit
Working body

PaBeHCTBO - baravarlik, bir xillik Equality
PaBHOMepHO - tekis, bir xil, bir 

maromda, bir 
me‘yorda

Evenly

PacTeKaTbca - oqib tarqalmoq Stretch out
Pacxoa - sarf, xarajat Consumption
PacmnpHTejib - kengaytirgich Expander
PeflCHM - tartib, ish tartibi Mode
PeMOHT- tuzatish Repair
PeryjiHpoBaHHe - sozlash, rostlash, 

tartibga solish
Regulation

PeryjiaTop - sozlagich Regulator
PereHepauHa - tiklanish Regeneration
PerjiaMeHT - ish tartibi, ishni olib 

borish tartibi
Regulation

PeryjiapHbifi -> inuntazam, bir tekis Regular
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C e r s -
Ce30H -  
CBapKa -

CBapHOH uiob  -  

CHa6aceHHe -  
CHaSacaxb -  
C jih b  -

CjiHBHaa Tpy6a -  
CoScTBeH Hbie

CMecHTejib -  
CM emaHHbiH -  

CwcTeMa —
CxeMa -  
CMeuiHBaromHH 
T en jioo6M eH H H K  -  

ConpHKOCHOBeHHe—

CenapaTop -  
CenapauHJi — 
CranaapT- 
TenjiOTa /Tenjio/ - 
Tenjioo6MeH -  
Tenjioo6MeHHHK -

TenjioBbie cera -  
TenjiooTAana -  
T en jionpoBo;iHocTb -

TenjioycTOHHHBOCTb — 
T en/io3JieicTpoueHTpaji
b /T 3 IV -
Tenno^HKauHa -

tarmoq, shaxobcha 
mavsum
payvand qilmoq, 
kavshar qilmoq 
payvand chok 
ta’minot 
ta’minlash 
oqizib yuborish 
oqava quvur 
xususiy ehtiyojlar

aralashtirgich, kor 
aralashtirgich, omuxta 
tartibot
tuzilish chizmasi
aralashtiruvchi issiqlik
almashgich
tegib turish, tutush
bo‘lish
Ajratgich
Ajratish
andaza, mezon
Issiqlik
issiqlik almashuvi 
issiqlik almashgich 
/almashtirgich/ 
issiqlik tarmoqlari 
issiqlik uzutish 
issiqlik
o‘tkazuvchanlik 
issiq barqarorlik 
issiqlik va elektr 
markazi /IEM/
Issiqlik bilan 
ta’minlash

Net
Season
Welding

Welded seam 
Supply 
Supply 
Drain
A drain pipe 
Own needs

Mixer
Mixed
System
Scheme
Mixing heat exchanger

Contact

Separator 
Separation 
Standard 
Heat / heat /
Heat transfer 
Heat exchanger

Heating network 
Heat transfer 
Thermal conductivity

Heat resistance 
Cogeneration plant

Heating
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TenjioBaa H30JUHjHa -  
TpOHHHK-
Thit —
Tapejnca -  
TepMHH -  
TeMnepaTypa -  
TynnK- 
y  craHOBKa -  
yKasaTejib -  
ypoBeHb - 
ynjioTHHTejib -  
yxeHKa -

yCTOHHHBOCTb -  
ynacTOK -  
<X>opMyjia - 
XapaKTepHCTHKa —

HacoBon -  
^epTe*-  
UJepoxoBaTocTb-

IIJh t-
3 T a n -
3KcnjiyaTauHH -

issiqlik qoplamasi
uch yo‘naltirgich
nusxa, xil, tur
tarelka, likopcha
atama
harorat
boshi berk
qurilma
ko‘rsatkich
balandlik, daraja
zichlagich
qisman oqib ketish
/yo‘qotish/
barqarorlik
qism, joy
ifoda
ta‘rif, tavsif, baho, 
xususiyat 
soatlik, soatga oid 
chizma -
dag‘allik, g‘adir- 
budirlik, notekislik 
qalqon 
bosqich
ishlatish, foydalanish

Thermal insulation
Tee
A type
Plate
The term
Temperature
Dead end
Installation
Index
Level
Sealant
A leak

Sustainability 
The plot 
Formula 
Characteristic

Sentry
Drawing
Roughness

Shield
Stage
Exploitation
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