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1) Koppensiuusa Ansa TensioBOro notoka, npeanoxeHHas MocTtuHcku. ®opmyna (af

oopnyna |
hy, = 0.00341 - (PCZ'3) : (Tez'33) : (Pr0'566)
| Mpyumep ¢ Eauiinue |
110240.4213w/m?c = 0.00341 - (5.9pa 2'3) : ( 10 2'33) : (1.10'566)

2) KoadpcpmumeHT Tennootaaum npu npuHyANTENbLHON KOHBEKLMN NTIOKaNIbHOTO KUMNEHUA
BHYTPU BepTuKarnbHbIX Tpy6 ®opmyna (af

tDopmyna
- 3 p
h = (2.54- ((ATX) )-exp<m

3 0.00607 Mpa
29.0456wW/m2c = 2.54-((2.25°c) )~exp —Er

3) KoadchbuumeHT Tennonepenaum usnyyeHmem dopmyna @

4 4
[Stefan-BoltZ] - € - < < (TW) > - ( (TSat) ))
T

w TSat

5.7E-8- 0.95 - (((4051< )4) -((373K )4))

405k - 373k

12.7051w/m>»k =

- © formuladen.com BaxHblill kunsiyeHue ®opmyinsl PDF... 1/7



https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%80%D1%80%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D1%8F-%D0%B4%D0%BB%D1%8F-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B3%D0%BE-%D0%BF%D0%BE%D1%82%D0%BE%D0%BA%D0%B0-%D0%BF%D1%80%D0%B5%D0%B4%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F-%D0%BC%D0%BE%D1%81%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8d-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-33728
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%80%D1%80%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D1%8F-%D0%B4%D0%BB%D1%8F-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B3%D0%BE-%D0%BF%D0%BE%D1%82%D0%BE%D0%BA%D0%B0-%D0%BF%D1%80%D0%B5%D0%B4%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F-%D0%BC%D0%BE%D1%81%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8d-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-33728
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%BE%D1%82%D0%B4%D0%B0%D1%87%D0%B8-%D0%BF%D1%80%D0%B8-%D0%BF%D1%80%D0%B8%D0%BD%D1%83%D0%B4%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B8-%D0%BA%D0%BE%D0%BD%D0%B2%D0%B5%D0%BA%D1%86%D0%B8%D0%B8-%D0%BB%D0%BE%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE-%D0%BA%D0%B8%D0%BF%D0%B5%D0%BD%D0%B8%D1%8F-%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8-%D0%B2%D0%B5%D1%80%D1%82%D0%B8%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D1%85-%D1%82%D1%80%D1%83%D0%B1-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-35252
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%BE%D1%82%D0%B4%D0%B0%D1%87%D0%B8-%D0%BF%D1%80%D0%B8-%D0%BF%D1%80%D0%B8%D0%BD%D1%83%D0%B4%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B8-%D0%BA%D0%BE%D0%BD%D0%B2%D0%B5%D0%BA%D1%86%D0%B8%D0%B8-%D0%BB%D0%BE%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE-%D0%BA%D0%B8%D0%BF%D0%B5%D0%BD%D0%B8%D1%8F-%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8-%D0%B2%D0%B5%D1%80%D1%82%D0%B8%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D1%85-%D1%82%D1%80%D1%83%D0%B1-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-35252
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B8-%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%D0%BC-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-35212
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B8-%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%D0%BC-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-35212
https://www.formuladen.com/ru
https://www.formuladen.com/ru
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%80%D1%80%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D1%8F-%D0%B4%D0%BB%D1%8F-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B3%D0%BE-%D0%BF%D0%BE%D1%82%D0%BE%D0%BA%D0%B0-%D0%BF%D1%80%D0%B5%D0%B4%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F-%D0%BC%D0%BE%D1%81%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8d-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-33728
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%80%D1%80%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D1%8F-%D0%B4%D0%BB%D1%8F-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B3%D0%BE-%D0%BF%D0%BE%D1%82%D0%BE%D0%BA%D0%B0-%D0%BF%D1%80%D0%B5%D0%B4%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F-%D0%BC%D0%BE%D1%81%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8d-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-33728
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%BE%D1%82%D0%B4%D0%B0%D1%87%D0%B8-%D0%BF%D1%80%D0%B8-%D0%BF%D1%80%D0%B8%D0%BD%D1%83%D0%B4%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B8-%D0%BA%D0%BE%D0%BD%D0%B2%D0%B5%D0%BA%D1%86%D0%B8%D0%B8-%D0%BB%D0%BE%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE-%D0%BA%D0%B8%D0%BF%D0%B5%D0%BD%D0%B8%D1%8F-%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8-%D0%B2%D0%B5%D1%80%D1%82%D0%B8%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D1%85-%D1%82%D1%80%D1%83%D0%B1-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-35252
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%BE%D1%82%D0%B4%D0%B0%D1%87%D0%B8-%D0%BF%D1%80%D0%B8-%D0%BF%D1%80%D0%B8%D0%BD%D1%83%D0%B4%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B8-%D0%BA%D0%BE%D0%BD%D0%B2%D0%B5%D0%BA%D1%86%D0%B8%D0%B8-%D0%BB%D0%BE%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE-%D0%BA%D0%B8%D0%BF%D0%B5%D0%BD%D0%B8%D1%8F-%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8-%D0%B2%D0%B5%D1%80%D1%82%D0%B8%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D1%85-%D1%82%D1%80%D1%83%D0%B1-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-35252
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B8-%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%D0%BC-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-35212
https://www.formuladen.com/ru/%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82-%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B8-%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%D0%BC-%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0/Formula-35212
https://www.formuladen.com/ru/
https://www.formuladen.com/ru/
https://www.formuladen.com/ru/

4) KoadpcpuumeHT Tennonepeaaym c yuetom ymcna buo ®opmyna @

®opmyna TMpumep ¢ EAnHMLbI OueHmTb chopmyny [
h Bi- k 44678 2.19 - 10.18w/m*k)
= —_— i W/m#*K =
transfer 7 m 299

5) Kputnyeckun tennoson notok Zuber ®opmyna (af

i
(o-1g]) - (o~ pv)
AMax = (0-149‘Lv‘pv)- >
Py

72.75N/m - 9.8066m/s* ) - ( 1000 kg/m? - 0.5 kg/m’
58.1713w/m* = | (0.149- 19y/mol - 0.5kg/m® ) - ( /o me) - ( g )

2
0.5kg/m*

6) MogudmumpoBaHHasa Tennora napoo6paszoBaHusa Popmyna @

[ opwmyna | OuenuTb chopmyny [
Tw - TSat
A= hg+ () —
405k - 373k
26361k = | 22601k + (23.51/0¢ ) - —
7) MogundmumpoBaHHbI ko3cdduLmeHT Tennonepeaaym nop BNusAHMeM aasrneHus ®opmyna
(af
0.4 0.4
Ps 44.9539 (109wmer ) - [ [ —2
— . W/m**K = 9 wW/m?*K .
hy = (hy)- o " /m 0.101325 a
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https://www.formuladen.com/ru/
https://www.formuladen.com/ru/
https://www.formuladen.com/ru/

8) 06w koadpcpuumeHT Tennonepeaadn dopmyna (af

dJopmyna OuenuTs choopmyry (@
1
hpp
by = hpg | | + +h,
transfer
Mpumep ¢ EguHnupl

921 w/m*K

5449.994w/m*»*k = 921w/m*K - _—
4.476W/m>K

3
) + 12.70 w/m*K

9) MpeBbilWeHue TeMnepaTypbl kKuneHna ®opmyna (af

Mpumep ¢ EanmHuupl OueHnTb hopmyny (s

T =T 297k = 670k - 373k

excess surface ~ TSat

10) Paguyc napoBoro nysbipsi Npu MexaHU4eCKOM paBHOBECUU B NeperpeTon XuakocTu

®opmyna [
Mpuvep ¢ EavHMLLI Ouenvs opmyny (@

2-0-[R]- (Tsatz) 2-72.75N/m -8.3145 - (3731< 2)
r=——— | | 0.1415m =
P, L, - (T1 _ TSat) 200000Pa - 19j/mol - ( 686Kk - 373k )

11) TemnepaTtypa HacbIlWeHUs1 NpU 3agaHHON N3ObLITOYHOW TemnepaTtype ®Popmyna @

Mpumep ¢ Eannmnub OueHuTb chopmyny [

To =T T 373k = 670k - 297«

surface ~ *excess

12) TemnepaTtypa NOBEpPXHOCTU C y4eTOM U3ObLITOYHON TeMnepaTypbl Popmyna B

Mpumep ¢ EanHuLe! OuetuTb chopuyny (&

Tsurface = Tsat T Texcess 670k = 373k + 297k

13) TennoBoM NOTOK B NONMTHOCTbLIO pPa3sBUTOM COCTOAHUU KMNEHUA Npun 6onee BbICOKUX

AaBNeHnsax (Dopmyna @
d>op|v|yna

4
3

e =232-4-( (1)) (o)

Mpumep ¢ EanHMub

4
150.3508w = 283.2- 5m? - ((2.25°c )3) '<(3E-8MPa )§>
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®opmyna [
B ooy | Mpuuiep ¢ Eqyuio: Ouew. dbopwyry ©
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I'IepemeHHble, uncnornb3yemMmbie B
CnucKe Kunsa4yeHume ¢opmynb| Bbille

« A O6nactb (KeadpamHaiii memp)

« Bi Bro Homep

* Cpy YAenbHasi TeNNoemKoCTb BOASHOTO Napa
(Oxoynb Ha kunozpamm Ha K)

« h KoaddpuumenT Tennonepenaumn ans
NPVHYAUTENBHOW KOHBEKUMKN (Bamm Ha
kealdpamHabIli Memp Ha epadyc Llenbcusi)

. h1 KoadhduumeHT Tennonepenadu npu

aTMocdepHoM AaBneHunn (Bamm Ha keadpamHbiti
mMemp Ha Keslb8UH)

« hy, KoadbduumeHT Tennonepeaaiu npu

ny3bIpbKOBOM KuneHun (Bamm Ha keadpamHbll
memp Ha epadyc Lenbcus)

« hgg KoadduumeHnt Tennootgaun B obnactum

NAEHOYHOro KuneHus (Bamm Ha keadpamHbili
mMemp Ha Keslb8UH)

. hfg CkpblTast TennoTa napoobpasoBaHusi
(dxoynb Ha Kunozpamm)
. hp KoadhduumeHT Tennonepegaym npu

HekoTopoM AaBneHun P (Bamm Ha keaOpamHbil
Memp Ha Kerlb8UH)

. hr KoadhduumeHT Tennonepenayv nanyvyeHnem
(Bamm Ha keadpamHbili MeEMP Ha Kerlb8UH)

. h-|- O6wunii KoahPULUMEHT Tennonepeaadn
(Bamm Ha keaOpamHbIli MEMP Ha Kerlb8UH)

o N¢ransfer KoadduumeH Tennonepenaun (Bamm
Ha KeadpamHbIl Memp Ha KeJ/lb8UH)

« Kk TennonposogHocts (Bamm Ha memp Ha K)

o L, SuTanbnus ucnapenus xuakocty ([xoynb Ha
MOrTb)

« P JaeneHve B cucTeMe B BepTUKanbHbIX TpyGax
(Mezanackarb)

» P4 CraHgapTtHoe aTMocdepHoe AaBneHune
(nackarnb)

« P Kputueckoe nasnenne (nackars)
» PHT Aasnenve (Mezanackarb)

- P| Oaenetve neperpeToit xuakocTu (nackars)

- © formuladen.com

KoHcTaHTbI, (pyHKLMU N n3MepeHus,
ucnosnb3yeMble B CNIUCKe KunsveHue

dopmynbl Bhbile

KoHcTaHTa(bl): [g], 9.80665

pasumayuoHHoe yckopeHue Ha 3eme
KoHcTaHTa(bl): [Stefan-BoltZ], 5.670367E-8
CmedgbaH-bonbymaH KoHcmaHm

koHcTaHTa(bl): [R], 8.31446261815324
YHueepcarnbHas ea3oeasi MoCmMosiHHasi

®dyHkumm: exp, exp(Number)

B nokazamernbHoU ¢hyHKYUU 3HadeHuUe hyHKUUU
U3MeHsiemcs Ha ocmosiHHbIU KoaghguyueHm
rpu Kaxx0om usmMeHeHUU edUHUUbI He3asucumoU
rnepemMeHHou.

MamepeHune: AnuHa in meTp (m)

[nuHa lNpeobpa3osaHue edQuUHUL, UBMEPEHUST B
Mamepenue: Temnepartypa in Lienbcus (°C),
KenbsuH (K)

Temnepamypa [Npeobpa3osaHue eduHUL,

u3MepeHusi @
N3amepenue: O6nacTb in KBagpaTHbli MeTp (m?)
O6nacms Mpeobpa3osaHue eOUHUY U3MEPEHUST

(at

Mamepenune: AlaBneHue in nackans (Pa),
Meranackanb (MPa)

[Hasnerue lNMpeobpasosaHue eOUHUL, USMEPEHUS
(af

MamepeHnue: PasHuua Temneparyp in Mpagyc
Llenbcusa (°C)

PasHuuya memnepamyp lpeobpasosaHue eOuHUY
usmepeHus @

M3mepeHune: TennonpoBogHOCTL in BatT Ha
meTp Ha K (W/(m*K))

TennonpogodHocmb [NpeobpasosaHue eduHUL,

usmepeHus @

MamepeHune: YaenbHasi TeNnoemMKocTb in
xoynb Ha kunorpamm Ha K (J/(kg*K))
Y0lenbHasa mennoemkocms [Npeobpa3osaHue
e0UHUY U3MePEHUsI @

M3mepeHue: MnoTHOCTb TENSIOBOro noToka in

BatT Ha kBagpaTHbIi MmeTp (W/m?)
llnomHocme mennoeo2o nomoka

lNpeobpa3osaHue eOUHUY U3MEPEHUSsI @

BaxHbil kunsuyeHue @opmynsl PDF... 5/7
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P MoHwxeHHoe paenexmre
Ps OaeneHve B cucteme (rnackarib)

AMax Kputndeckuin Tennoson notok (Bamm Ha
KkealBpamHabilt Memp)

Qrate CKopocTs Tennonepenaun (Bamm)

r Paguyc napoBoro ny3bipsi (memp)

T V3GbiTouHas TemnepaTtypa npu ny3bipbkOBOM
kunenum (Llenbcusi)

Texcess MPeBbILIEHNE TeMNepaTypbl Npu
Tennonepegaye (Kesb8uH)

T| TemnepaTtypa neperperon xuakoctu (KenbeuH)
TSat Temnepatypa HacblweHus (Kesib8uH)
Tsurface Temnepatypa noBepxHocTu (KerbeuH)

T,y Temnepatypa noBepxHOCTM NNacTUHbI
(KenbsuH)

AT, V36biTouHas Temnepatypa (Ipadyc
Llenbcusi)

€ KoadhuumeHT nanydeHns

A MoandumumposaHHas TennoTa
napoobpa3soBaHus (xoynb Ha Kurnoepamm)

P MnotHocTk xuakoctu (Kunoepamm Ha
Kybuydeckutl memp)

Py MnotHocTb napa (Kumogpamm Ha KybuyecKut
memp)

O [NoBepxHOCTHOe HaTskeHue (HbomoH Ha
memp)

£ TonumHa cTeHbl (Memp)

. © formuladen.com

Mamepenue: KoadduumeHT Tennonepeaaum in
BatT Ha kBagpaTHbI MeTp Ha rpagyc Llenscusa
(W/m#*°C), BaTT Ha kBagpaTHbI METP Ha KenbBUH
(W/m#*K)

KoagpgpuyueHm mennonepedaqyu
lNpeobpa3zosaHue eOUHUY U3MEePEHUST @
M3amepeHue: MoBepxXHOCTHOE HaTskeHue in
HbtoToH Ha meTp (N/m)

lMosepxHocmHoe HamsixeHue [peobpa3osaHue
e0UHUY, U3MepeHUsI @

M3amepeHue: MnoTHocTb in Kunorpamm Ha
Kyouyeckuin metp (kg/m?3)

lMnomHocme lNMpeobpasosaHue eOUHUY
uamepeHusi @

M3mepeHnue: CkpbiTasa TennoTa in [xoynb Ha
kunorpamm (J/kg)

Ckpbimasi mennoma lNpeobpasosaHue eduHUL,
uamepeHusi @

M3mepeHune: QHeprusa Ha monb in [xoynb Ha
morb (J/mol)

OHepausi Ha morsb NpeobpasosaHue eOuHUY,
uamepeHusi @

M3mepeHune: CkopocTb Tennonepegauu in Batt
(W)

Ckopocmb mennonepedadyu NpeobpasosaHue
e0uHUY, usmMepeHusi @
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e BaxHbin kunsyeHne ®opmMynbl (af ko3adchuumeHTa Tennonepeaadm u
e BaxHbin KoHaeHcauus ®opmyrnbl (] TensnoBoro noroka ®opmynbli (af
e BaxHble hopMyrnbl Yncna

KOHOeHCcauuu, cpegHero

I'IonpoGyﬁTe HallN YHUKalNbHbI€ BU3yalibHble KalNbKynAaTOpPbI

° npoueHT ot unucna @ ° kanekynstop HOK @

 EZ npoctas ppo6s

Moxanywncta, NOOEJIMTECH atum PDF-cbannom c temn,
KOMY OH HyXeH!

9toT PDF-chainn MOXHO cKkayaTb Ha 3TUX A3bIKax
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