-3 Hacoc

YcioBue

3amada 10-3 Hacoc

J
N
o

[ToprrHeBoiT HACOC COCTOUT U3 IMUJIMHJIPUIECKOTO COCY/Ia C IMOJIBUKHBIM IOPIITHEM, COEJIMHEHHBIM C
9JIEKTPOMOTOPOM (Ha PUCYHKe He MoKa3aH). K muinHpy moK/iovYens! aBa Kiamnana 1 u 2. Kaxk-
JIBII KJTATIAH MOYKHO CIMTATh M/IeaIbHBIM: OH IIPOITYyCKaeT ra3 (6e3 COMPOTHBIICHNUS ) B OJJHY CTOPOHY
U TIOJTHOCTBIO ITEPEKPBIBACT MOTOK ITPU U3MEHEHUN ero Harpasenus. Hacoc mojk/modaioT K cocy/y,
00beM KOTOPOro paseH V. DJIEKTPOJIBUTATE/ b 3aCTAB/IIET MOPIIEHD MEPUOJINIECKH TIePEMeNIaThCs
OT HAYAJIBHOI'O MOJIOXKeHUs (KOoraa 00beM KaMepbl PABEH g ), 10 KOHEYHOT'O MOJIOXKEeHUsT (B KOTOPOM
06'beM KaMepbl PaBeH v1) U 0OPATHO.

YucieHHble 3HaYeHUs TapaMeTPOB YCTAHOBKH cjeaytomue: - oobem cocyaa V' = 20,00 Jr; - moJ-
HBII 00beM Kamepbl Hacoca vg = 1,00 Ji; - 0ObeM KaMmepbl IIPU BJIBUHYTOM IOPIIHE («MEpPTBOE»
npocrpanctio) vy = 0,20 J1; - armocdeproe gasnenne Py = 1,0arm = 1,0 - 10° ITa;

Hacoc paboraer MesieHHO, ITOTOMY BCE ITPOIECCHI CJIeIyeT CUATATh U30TepMUuYecKuMu. Tpenuem
U BA3KOCTBIO BO3/IyXa MOXKHO NpPEeHeOPEeYb.

Yacte 1. Hakauka.

-
2
g HakaumBaHUs BO3J/IyXa B COCYJ KJIAIlAHBI yCTa- 1
HaBJIMBAIOT TakK, YTOOBI KJIallaH 1 OTKPBIBAETCs, KO- < F
\

rja ra3 BXOJUT B COCYH (€CTeCTBEHHO, KOTJa JIaB-
JIeHHEe B KaMepe Hacoca He3HAYUTEJIbHO IIPEBBIIIACT
JIABJICHUE B COCYJI€) W 3aKPBIBAETCsI, HE JaBasl ra- 1
3y BBIXOJIUTH U3 cocyda. Kiamnan 1Ba coeinHsIeT Ka-
Mepy Hacoca ¢ armMocdepoil, OH He JIaeT BBIXOJIUTD
BO3/IyXy W3 KaMepbl HACOCA U OTKPBIBAETCS, KOTJIa
JIaBJIeHUEe B KaMepe HacoCa CTAaHOBUTHCS IyTh HUXKE aTMOCHDEPHOTO JIaBJICHUS.

Obosznauum Py - jaBjenne B cocye 1mocye k MUKJI0B PabOThl HAcoCa.

1.1 Tlocste coBepiienusi k NMUKJIOB PabOTHI HACOCA JIABJIEHUE B COCY/IE MOHSAIOCH 10 3HAYCHUA P .
[MocTpoiite cxemarnaeckuii rpaduk mporeccoB B KaMepe Hacoca Ha juarpamme (P,v), rme P, v -
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JaBaeHue u 00beM rasza B Kamepe. Haganom mukiia cuuraiite mo102KeHue IOIHOCTBIO BBLIBUHYTOIO
nopiiHst (Vo) U JgaBieHnst B Kamepe Py

BanummmTe ypaBHeHus Bcex mporeccoB P(V), ykaxkure HadasbHblE ¥ KOHEUHbIE 3HAYEHUsI TTapa-

MEeTPOB ra3a Ha KaxKJOM ydacTKe IMK/a. Bee pesyiabrarsl (B Buje hopMysi) 3aHecuTe B TabJIUILY
1.

Tab6muna 1. [uky HakavIKy.

IIporece | Hauanbaoe cocTosiHIe VYpasHeHue nporiecca | KoHevHOe COCTOsIHME

Ob6bem JlaBenne O6bem JlaBnenne
1—2
2—=3

1.2 Ilepen nadajom paboThl Hacoca JaBJIEHUE B cOocyjle paBHO arMocdepHomy jasienuio Fy. Ha
ostanke 1 mocTpoiiTe rpadukn JByX MepBbIX MUKJI0B. OmudpoBKY OCH JIaBJIEHUs ITPOBEJIUTE Ca-
MOCTOATEIbHO. B Tabymie yKaxKuTe duCACHHbIE 3HAUEHUS ITapaMeTPOB B BepIIMHAX NHUKJa. 1.3
[Iycts naBiienne B cocye nocsie k mukjaoB pasuo P, = 2,0 arm. Ha 6sanke 2 nocrpoiite rpaduk
OJTHOTO cJjeytorero mukiaa. OnndpoBKy OCU JaBIeHUs TPOBEIUTE CAMOCTOSTETLHO, OHA MOXKET
OTJIMYIATHCA OT OIU(POBKY TIPEIbILyIero rpaduka. B Tadmie yKaxKuTe 9uc/jIeHHbIe 3HAYEHUS T1a-
paMeTpoB B BepmmHax nukia. 1.4 [Tokaxkure, 9T0 JaBieHne B cocyje mociie k MUKIOB Py, MoxKeT
OBITH BbIpazKeHO uepe3 Jasjenue mnocie (k — 1) mukia Py_1 ¢ MOMOIIBIO PEKYPPEHTHOI (DOPMYJIbI

P, =P, +a, (1)

[ne 7, a - mocrosguuble BeJMuuHbL. Bblpasute 3HavYeHUs MapaMeTpPOB 7Y, a Yepe3 XapaKTepUCTUKH
YCTaHOBKU Vg, V1, V 1 armocdepnoe nasienue Fy. 1.5 Haiinure, 10 KAaKOro MakCUMAaJILHOTO JTaBJie-
Hust P MOXKHO NOIHATH jaBienue B cocyite. 1.6 O6o3naunm 0 = P — P, - OTKJIOHEHHUE [aBJICHUS
B COCyJIe TI0C/Ie Kk IMKJIOB OT MaKCHUMAJIbHO BO3MOXKHOTO. Beipasute Beqimanny 0y depes dp_1 U Ia-
pameTpsbl v, a u3 dopmyist (1). 1.7 Tlosyanre Gopmyity, OMUCHIBAIONLYIO B SIBHOM BUJIE JaBJI€HIE B
cocysie P, B 3aBHCHMOCTH OT YHCJIa COBEpIEHHBIX MUKJIOB k. [locTpoiiTe cxemarndecknii rpaduk
9TOoi 3aBucuMocTu. 1.8 PaccunraiiTe, CKOJILKO IUKJIOB JIOJIZKEH COBEPINUTEL HACOC, YTOOBI JIABJICHIE
B cocyiie JIocTHrIo 3uadeHns 0,95P.

Yacrtes 2. OTrkauka.

Hacoc moxkeT, Kak HaKa9mBaTh BO3/yX B COCY/I, TaK
U OTKAYUBAaThL €ro u3 cocyia. [ljadg 3Toro To/IbKo
HEOOXOIMMO M3MEHHUTDL HAIPABJIEHUE ITPOITYCKAHWS 2

KJIAITaHoB (CM. puc). 1 & A%E‘:
. J/

2.1 Ilycts mocsie k MUKJIOB JIaBJIEHUE B COCYIE OILy-

ctuioch 110 3Hadenns Pj. Ilocrpoiite cxemarude- N\ )
ckmit rpaduK NUK/Ia OTKAYKU BO3JAyXa M3 COCY/A 1
(P,v), tae P,v - naBiienne u oObeM rasa B Kamepe. L 2

Havayiom 1ukira cauraiite MmMoJI0XKeHUe MOJTHOCTHIO
3aJIBUHYTOrO MOPIIHs (V1) U JIaBIeHre B Kamepe Hacoca Fy. 3anuimre ypaBHEHUs BCEX MIPOIECCOB
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P(V), ykaknTe HadadbHbIC M KOHEUHBIC 3HAUYCHUS [APAMETPOB ra3a Ha KayK/IOM yJaCTKe IUKJIA.
Bce pesynbrater (B Buze dopmynn) 3anecure B Tabuuiy 2, anagornanyio Tabmure 1.

2.2 Tlonyaure dpopMysy, ONMUCHIBAIONLYIO JIAB/IEHUE B cocyje Pj B 3aBUCUMOCTU OT HYHCJIa COBEP-
[IEHHBIX ITUKJIOB k.

2.3 Paccuuraiite, 10 KaKoro 3HaveHUs MOHU3UTCS JlaBjeHune B cocyle mnocjie 50 MUKIOB pabOThI
nacoca. 2.4 JIo KaKoro MUHUMAaJILHOTO 3HAYEHUsT MOYKHO [MOHU3UTH JaBJIeHNE B cocyie?

Biaank k 3amaude 10-3 «Hacoc»

Hukaer 1, 2

Hakau4ka: Lll‘ll{.l'll:ll 1,2
B
g
@
=
I
)
2
=

0 0,2 0,4 0,6 0,8 1 1,2
Ob6wem (n)
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Tabnmna cocroguuii.

Touka | O6bem v (i) | Jasaenue P (aTMm.)
Hwko 1
Hwko 2
Hakauka: Uukn (k+1)
=
J
)
=
I
@
G
=
1]
(m
0 0,2 04 06 08 1.2
Ob6wem (n)

uka (k+ 1)**

Tabsuma cocroguuii.

| Touxa | O6bem v (1) | Jasnerne P (atm.) |

10 kiacc. Teoperudeckuit Typ.




Pemenune

3amada 10-3 Hacoc

Yacts 1. HakaunBanue Bo3ayxa.

1.1 B HagaibHOM COCTOSIHMU MOJIOKEHNH (TOUKa 1) HOPIIEeHb HAXOUTCA B KpajiHeM [PaBOM M0JIO-
JKeHnn, o0beM rasa - vy, JaBienne Fy.

[lopienb HauMHAET JBUTATHLCI BJIEBO, CKMMasd T'a3 B Ka-
Mepe. [loka maBienne raza B KaMepe HACOCa HE JOCTUTHET
JIaBJICHUd Ta3a B cocyjle, oba Kjamnana Oy/1yT 3aKPbIThI, 10-
TOMY IIPOIIECC C:KATHUS OYIET OMUCHIBATHCS YpPaBHEHUEM V

P
Pwo=Pv = P=-2° ¥ (1)
v

JlaBienue raza B Kamepe JIOCTUTHET 3HAYCHUS JIaBJICHUSA B cocyjie Py, roma 00beM YMEHBITUTCS JI0
sHavenus v’ (ToYKa 2), KOTOPOe ONPEJIEJISETCs BhIPDAYKEHHEM

_Povo ,_Povo
P. = o = v __Pk; . (2>

[Tocse aToro oTkpoeTcs KianaH 1 u ra3 HAYHET TOCTY-
aTh B COCY/L.

Ha sTom ydacCTKe IIPOUCXOJUT CKaTue rasa B obbeme V
CoCyda 1 KaM€pPbI HaCOCa, II0O3TOMY OIIMCbhIBaCTCA ypaB-

HeHuem

, V 4+
P(V+d)Y=PV+v) = P=PFP——. (3)
V+o
Takoe cxkarume OyJIeT MPOIOJIZKATHCS JI0 TeX IOpP, MOKa IOPIIeHb He JOCTUIHET KpailHero JeBoro
noJsioxkeHus: (Touka 3), B KOTOPOM 0ObeM ra3a B KaMepe Hacoca paBeH U1, JIABJIEHHEe JOCTUIHET
3HAYCHUA

V+o V P V U
= —P—— 4+ P
V +u kV+v1+V—i—v1 kv+1)1+

P =Py (4)

0 .
Vv —+ v
STO 2Ke JaBJICHHE 6y,ZLeT 1 B COCYylE, Ha OCTaJIbHBIX YYaCTKaX IMHUKJIa OHO U3MEHATHCA HE 6y,ueT.

Ha cnemyromem stamne mopiieHb HaduHAET OOpaTHOE
JIBUZKEHIE (BIIPaBO), IPU 3TOM 00a KJIalaHa OlsiTh OKa-
3BIBAIOTCST 3aKPBITHIMMI, TIOKa JABJIEHIE B KaMepe Haco-
ca He OIYCTHUTCH /10 aTMocdepHoro japienus. Ha sTom V ]z 2
y4aCTKe ypaBHEHHE IIPOIEecca MMeeT BT

VY B,
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P v
Povy =Py = p=-F11

()

Jlapnenne B KaMepe HACOCA CTAHET PABHBIM aTMOC(EPHOMY, KOIJa OObEeM ra3a yBeIUIUTCA J10
sHaveHns V", KoTopoe ompeensiercss (PopMyJIoi

v

_ Pean I D101

Fo N P,

(6)
[Ipu pasnbHeiiieM CMeIeHUr TOPITHS OTKPOeTCs
KJIallaH 2 1 aTMOC(EpHBI BO3/IyX OyJIeT TOCTYIATh B
KaMepy Hacoca, IIPU 9TOM JIaBJIeHUE BO3/yXa B KaMe-

pe Hacoca OyJIeT OCTaBaTbCsl PABHBIM aTMOChEpPHOMY V
P =F,.

ﬂﬂﬂ HaIlVIAJTHOCTHU BCE€ XapPaKTEPUCTUKHU IUKJIa CBEJIE-
HbI B Ta6J'II/IHy 1 IIOKa3aHbl Ha I‘paCbI/IKe.

Hnkna Hakagkwm.

IIpomecc | HauambHOe cocrosinme Ypasuenne nporecca | Konewanoe cocrosinne
O6bem Jlasrenne Obbem JlaBenne
1-2 o Py P = Lﬁ 2 v = L;,:” By
- ' =Py —p V4 Bwm
2-3 v Pk PiEkVJrv (%1 . Pk+17PkV+v1+V+v1
_ _ Tk+1v1 /o k4101
3-4 vy Pria P== i Py
4-1 v P() P = PO Vo Po
i
L]
1
i
1
|
1
|
]
1
i
Il ]
! |
1 L]
Il 1
! |
1 ]
i 1
! .
1 L]
i :
L ! :
0 | | . i
: ! i 1:
1 | ! 1
| I ! 1
i ' : 1
| : ! i
. " ' ' [
V) \% v Vo vV

1.2 — 1.3 Pacdernl mapameTpoB TpeOyeMbIX IIUKJIOB, IIPOBE/IEHHbBIE 110 (hopMysiaM TaOIuIbl 1 mpu-
BEJIEHBI B COOTBETCTBYIOIIMX TAaOIUIAX M Ha rpadukax.
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Hakadka: Unknbel 1,2
1,10
h'"‘"'lg._ a
iy L
__ 1,05 n= TR
E e
5
@ e
= i
I e W
k] -
: s
m o
EU[ P
1,00 MEEENERE,
0,95
0 0,2 0.4 0.6 0.8 1,2
Ob6bem (n)
Hukaer 1, 2

Tabmanma cocToaHmil.
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Touka O6bem v (1) | dasiaenue P (arm.)
Hwuka 1
1 1,00 1,00
2 1,00 1,00
3 0,20 1,04
4 0,21 1,00
ko 2
1 1,00 1,00
2 0,96 1,04
3 0,20 1,08
4 0,22 1,00
Hakauka: Uukn (k+1)
2,2
2 1 A
1.8 ) +
H t ‘
& 18 \ .
m b1
= 1}
T 1 N\
= ‘
g 14 3 N,
(] W,
I y
S
1,2
X
1
0.8
0 0,2 0.4 0,6 0.8 1,2
Ob6bem (n)

uka (k+ 1)**
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Tabnmna cocroguuii.

Touka | O6bem v (1) | Hasmenne P (aTm.)
1 1,00 1,00
2 0,50 2,00
3 0,20 2,03
4 0,41 1,00

1.4 ®akruvecku Tpebyemast (opmysia mosydena B myakre 1.1 — dopmyta (4):

% P Vo

Pii1 =P . 4
w1 = Py + Popr ()

U3 cpasrenus ¢ bopmyioit, mpuseieHHoil B yenosun (P, = vPy_1+a), ciieyer, 9To ee napaMeTphl
3a/1at0Tcd hopMyIaMu

(7)

Vo

s
“ OV+U1

(8)

1.5 IlpenenbHoe jtaBaeHne MOXKeT OBITH HAWJIEHO KAaK IyTEM YHCTO (PU3MIECKUX PACCYKJICHMUIT,
Tak 1 popMaJibHO MaTeMaTndecKu. Pusndeckne paccyxkjaeHus. MakcnmMabHO BOZMOXKHOE CXKATHE
BO3/IyXa B KaMepe Hacoca JOCTUTaeTcs, KOT/ia MOPIIeHb MPUXOIUT B KpaiiHee JieBoe TOJIOKEHNE, a
IIPU 9TOM KJIAIIAH COCY/Ia ellle He OTKpbIBaeTcst B aToM ciryvae u3 Beipakenusi (1) cieyer popmyiia
JIJIST MAKCUMAJILHOTO JTABJICHUS

P=p" 9)

U1

QopMaJIbHO MATEMATUIECKHA ITOT Ke PE3yJIbTAT MOXKHO IMOJIYYUTh U3 PEKYPPEHTHON (hOPMYJIbI,

roJjiaras B Hell, 9TO JIaBJICHHE [TePeCcTaso U3MeHAThCs, T.e. Py = P, = P. B sToM ciydae nosrydaeM

a

— P2 (9)

ﬁz’yﬁjta = P=
1—")/ (%1

1.6 U3 obosnauenust 0, = P — P, BblpasuM 3HadeHHe apieHus P, = P — 0, U HOJICTABUM B
PEKYPPEHTHYIO (bopMyITy

P—(;k :7(?—5k_1)+a. (10)

C yuerom Beipazkenusi (9’), moyrydaem, 4To

(Sk = ’}/(Skfl (11)

1.7 ®opmyiia (11), ykasbiBaeT, 4To BEJUUUHBI O), 0OPA3yIOT FeOMETPUIECKYIO IPOTPECCUIO, TIOITOMY
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8 = 607F (12)

C momorpio 00paTHO TOJACTaHOBKA Py, = P — §p moydamm

B,
k P
— Vo Vo \%
P.=P-6=P—-—-(P——-P ) —) . 13
k 07 0 o 0 " 0 V + 01 ( )
I'paduk 3T0it 3aBUCKMOCTH UMEET BUJI KPUBOI, MOHOTOHHO CTPe- P
MHHLGIL/'ICH K Hpe,ILeJIbHOMy 3HAYEHUIO. 0

1.8 g pacuera duc/ia IMUKJIOB yJI00HO BOCIIOJIB30BaThC (HOP-
myutoit (12). [TpoBeiem dmcIeHHBI pacdeT ee mapaMeTpoB: - 3Ha-

_ V2000 _ .
MeHaTe/Ib IPOrPECCH Y = (- = 5555 = 0,990; - makcuMaJTh-

HOe JaBJieHne P = POZ—T = 5,00F,; - nagaabHOoe oTKI0HEHNE 09 = P — Py = 4,00F,;

- KOHeuHoe oTKJoHeHue O = P — 0,95P = 0,25P,.

Tenepb u3 dopmyiint (12) Haiigem

" n
5 =0y = k= T = 276 = 280. (14)

Yactp 2. OTKauka.

2.1 Permrenne 3Toil 94acTH IOJTHOCTHIO aHAJIOIMTHO PEMIECHUIO HepBOfI JaCTU 3aJa4u, 1IO9TOMY IIPpH-
BeIEeM €ro KpaTko.

HI/IKJI OTKa4YKM TaK>Ke€ COCTOUT U3 YeThIpeX
sTanoB. B cooTBeTcTBUI C ycjaoBueM Ha4-
HEM C COCTOAHUA, KOI'Jla IIOPIIEHb HaXO/IUT-
Cd B KpaﬁHeM JIEBOM IIOJIOZKCHHNI (ﬂaBJIeHI/Ie

%, P
N/ 2
B 9TOM COCTOSIHUH PaBHO aTMOC(hHEpPHOMY ) V 1 % Id
U HAYMHAET JIBUTaThcd BIpaBo. llpm sTom
14

1)

oba KJjallaHa 3aKpBITHI: T'a3 B KaMepe Ha-

coca paclmpsieTcs, JaBjeHue Iajiaer. Ko- 2) ol
rJla JJaBJIEHUE B KaMepe CTAHOBUTCH PaBHBIM 1 PO
JaBJIEHUIO B COCYJle, OTKPbIBaeTcs KjamnaH 1

1 a3 9aCTU4YHO Ha4YMHaACT BLIXOJAUTH U3 CO- V
cyna. Ilopmenb cMemaercd B KpaitHee rpa-
BOE TIOJIOYKEHUE W HAYWHAECT BO3BPAIATbhCH '
00paTHO, IIPU ITOM KJallaH 1 3aKpbIBAETCH. 3)
JlaBjieHue B KaMepe pacTeT W KOTJia JIOCTHU-

raeT arMocepHOro OTKPhIBAETCA KJIalaH 2

Vv, PO
2
N—5—
U a3 YaCTUYHO BBIOPAChIBAETCS B aTMocde- V 1 LH}
py. DTH CTaJ MU MOKA3aHbl HA PUCYHKE, Ha-
v

YaJIbHbl€, KOHEYHbIC 3Ha4YCHUA IIapaMEeTpPOB
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rasa B KaMepe Hacoca U YpaBHEHUS ITPOIIEC-
coB mpuBeseHbl B Tabmuie 2. Cxemarmde-
CKag JirarpamMMa IuKJIa oKa3aHa Ha PUCyH-
Ke.

Tabsumia 2. IMuka oTkavukm.

Tlporiece | Hauauibioe cocTosmie Vpasnenne nponecca | KOHEUH0E coCTORHIE
O6bem TMasaenue O6bem TMasienue
1-2 vy Py P =D v =T Pr
2-3 v By Fry % P = Pih
34 v P p—Tam 7= T B

4-1 v By r=r v P

ﬂﬂarpaMMa IMKJIa OTKa4YKH.

2.2 YMeHbIIIeHHe JIaBJIEHUS B COCY/Ie ITPOUCXOUT Ha 3 dTalle IUKJIa OTKAUYKU, YPaBHEHHE IIPOIecca

Ha, 9TOM 3Talle MO3BOJIFET MOJTYUYNTh PEKyPPEHTHOE COOTHOIIEHNE, CBA3BIBAIOIIEE JTABJIEHUS 10 U
IIocJjie O9YepeaHoOro MUKJIa

V4
P41 =P — 15
k+1 kV+UO (15)

[MoncraBisis 3Havernst 1711 obbema v’ (IpH KOTOPOM HAUYMHAETCsT BBIXOJ, Ma3a U3 COCYJIa), MOy duM

Vo Vo v v
Pop1= P’ = B, L —p Py
T L TN T

(16)

DTO COOTHOIIEHNE TOJHOCTHIO AHAJIOTHYHO COOTHOIIEHUIO (4’), MpoaHaJIn3NPOBAHHOMY B HEPBOIl
JacTH 3a1a9u. [loaToMy MOXKHO TepenucaTh MOJTyUeHHbIE paHee PelleHnsl, TOJIbKO IPU 9TOM Ha/I0
MIOMEHATH MECTaMH 3HAUYeHUsl 00BbEMOB Uy U V1. Torja 3aBUCHMOCTD JIaBJIEHUS B KaMepe OT UHCJIa
IIPOBEJICHHBIX IUKJIOB omuIeTcs: hopMysioii, anasornanoit ¢popmyste (13):

1% k
P=pP2t_p (21
(¥

—_— 17
0 Vo \%4 + Vo ( )

2.3 IloacTranoBKa YMCIEHHBIX 3HAYEHU ITapaMeTPoOB B 9Ty (OPMYJIY U HOCTEYIONIII pacdyeT JaeT
3HavYeHne JTaBJeHnd B Kamepe 1mocye 50 IMUKI0B OTKAIKH:
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vy v v o\ 20\ *°
Po=FP|——-|—-1 =P [020+080 - — =027 )
50 0 (UO (U(] ) (V +’U0) ) 0 < ; + ) <21) ) ) aTM

2.4 IlpenesibHOE MUHIMAJILHOE 3HAYUEHHE JaB/ICHHUS BO3/lyXa B COCYJIE PaBHO.

P = Py2t = 0,20 am,
Vo
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