OO0beMHBIN TUAPABIUYECKUIA IPUBOJ

B 00beMHOM THIPONPHUBOJE MOCTYyMaTeIbHOrO MABMKEeHHs (3amaun 9, 10)
CKOPOCTB JBIKCHHUS IITOKA IIPH BBIXOJIE U3 THAPOLMINHIPA ONpeaessieTcs 1Mo Gopmysie

_ Qum _ 4Ququ
I/BIDIX - SH]_LI - T[DZ ' (1)

rae Qu - PaCX0/1 KUIAKOCTH B HEIITOKOBYIO IMOJOCTh TUAPOLMINHAPA;
Sy - TUTOIAh CEUSHUS HEIITOKOBOM MOJIOCTH THAPOIMINHAPA.
[IpeneOperast yreykaMu KHUAKOCTH MOKHO MPUHATH Q= Qy
CKOpOCTh IBMXKCHHMS IIITOKA ITPU BXOJIE IITOKA B THIPOLMIIUHIIP
V _ Q]_H _ 4'QI_LI
BX St S T[(Dz_dz) ’
riae Qy, - pacxoJ )KUIKOCTH B IITOKOBYIO MOJIOCTh THAPOIMIIMHIPA;
Sum — Su - 9P dexTuBHAs IIOIIAIh ITOKOBOM MOJIOCTH.
be3 yuera yreuek Q,,=Q,.
YpaBHEHHE CHJI B ClTydae, KOTJa pabodnil X0 COBEPIAeTCs IIPH BBIXOJE ITOKA U3
THJIPOLIAINHIpA

()

Pum " Sum = P + PTp + pI_I_I(SHH_I - SH_I)' 3)
7€ Py - JABJIEHUE B HEIITOKOBOM ITOJI0CTH THAPOLMIMHAPA P pabodeM XOIE;
P - JABIEHUE B IITOKOBOM MOJOCTU THAPOLMINH/PA IIPH PAOOUEM XOJIE;
P - ycunMe Ha IITOKE MMIPOLAINH/PA;
P, - cuj1a TpEHHUs B YIJIOTHEHHUAX THAPOLMIMHIPA.
U3 rugpocxeMsl (IPUIIOKEHUE 2) CIELYET, YTO

Py = Py — AP, — AP,
(4)

P, = AP,

_w + AP, + APy + AP, _
rae Apy, APg, APups APpsms APp-ms APp-c COOTBETCTBEHHO MOTEPS TABICHUS B
acrpefenurene, (GUIbTpe, JMHUUM OT HACOCA [0 PACIPEAECIUTENS, JUHUM OT
eJIEIIUTENIE e eJIeIIUTE
acIpelenuTeas [0 HEIITOKOBOW IOJOCTH THAPOLWIMHAPA, JIMHHA  OT
eJIEIIUTE e
acrpelenuTeas [0  INTOKOBOM  IOJOCTH  THAPOLMIIMHAPA, JIMHUM — OT
eJIEIIUTE
pacnpenenurens 10 6aka.
Honcrasnss Py, Py, B ypaBaenue (4), momyduM naBieHHe HACOCA:

P+P; o
Pu = +App + Apy + Apyp + (Ap, + Apy + APy + Apy—) (1 - E) ©)

H

YpaBHeHue cuil B cilydae, Korja pabouyuid XoJ COBEpIINAeTCs MPH BBIXOJE INTOKA W3
TUAPOLIMIIMH]IPA

P * (S — Sin) :P+PTp+pLu'SHm- (6)

I[aBJICHI/IC HacocCa B 9TOM CJiy4dac



P+P; Sum
Py = - P 4 App + qu) + ApH—p + (App + Apd) + ApH—p + App—c) (7)

HIII SHLLI_S m’
HOTpC6JI}ICMaH TruaApoOIIpUBOI0OM MOIIIHOCTBb Ipu pa60qu X04e IITOKa
r'maponuiInHApa
N = PV, (8)

rae P — ycunue Ha mtoke;
V — ckopocTh ABMKEHUS IITOKa IIpH padouem xoje (V=V .y, mmu V=V, ).
[ToTpebnsiemMas TUAPONTPUBOIOM MOIITHOCTD TIPH pabOYeM XOJI€ IMITOKA

N =2l 9
0. 9)

KITJI runponpuBoaa mpu pabodeM X0/i€ MITOKA TUIPOIUINHAPA
n=-. (10)

IIpumep. B 00beMHOM TUIPONPUBOAE BO3BPATHO-TIOCTYMATEIBHOTO JIBH)KCHUS
3ajanbl: quametp ruapomanaapa D=100 mMm, auamerp mroka d=50 MM, pabounii X0
mToka Y= 1 M, CKOpOCTh IBIKECHHS INTOKAa NpH pabodyeM Xoje (Ha BBIXOJE M3
nunuHApa) V= 0,1 M/c, ycume Ha mToke P= 30 kH, cuia TpeHus: B yIIOTHEHUSAX
rugpounnunapa P.,=3 xH.

[ToTepu naBieHus:

- B rupopacnpenenurene Ap, = 0,2 Mlla;

- B Apoccene Ap,,= 0,15 MIla;

- B puibTpe Apgy, = 0,1 MIla;

- B TUJPOJIMHUHU OT Hacoca A0 ruapourmnHapa Ap, = 0,05 Mlla;

- OT THAPOLMIIMHPA 10 Tuapodaka Ap,. = 0,05 Mlla;

KIIJI nacoca n,=0,8.

Onpenenuts: momauy Hacoca - Q,, TaBIeHHE HAcoca - P,; CKOPOCTh ABUKEHUS
IITOKA TIPH BXOJE B TUAPOIMIUHID — V gy ; KIT THAPOTIPUBOIA — ).

Pemenne. Onpenennm mogady Hacoca mpu pabodeM xoze mrToka (6e3 ydera

yYTEUEK):
Vo "T-D? 0,1-3,14-0,12
Q, = =% 7 — 7 =785-10"*m3/c
CKOpOCTh IITOKA MPH BXOJI€ B TUAPOIMINHAD (0€3 yueTa yTeuek):
4Q, __  4785107*

Vox = m(D2—d2) ~ 3,14(0,12—0,052) =013 m/c

YpaBHeHue cui npu paboueM XoJ1e THAPOIMIIHHIPA:

Pum * Sgm = P + PTp + pI_I_I(SHH_I - Sm)l

[losTOoMy naBneHue Hacoca:

P+P, Sw
Dy = S + Ap, + Apy, + Apy—, + (Ap, + Apy + Apy—p, + Ap,—¢) (1 — ) =




_30-1073+3-1073
~ 0,785:1073

+0,2+ 0,05+ (0,2 + 0,15+ 0,1 4 0,05) - (1 — 0,25) = 4,8 MIla.

[Tone3nast MOIIHOCTH TUAPONPUBOA TPU pabOYEM X0/1€ TUIPOLIMIINHAPA:
Ny = P Vpux = 30-10%- 0,1 = 3000 Bt = 3 kBt
3anaquHa$[ THAPOIIPUBOAOM MOIIHOCTH IIPH pa6oqu X04€ r'uApourInHApa

p. 0, 48-10°-7,85-10"*

N = = = 4700 Bt = 4,7 kBT.
Ny 0,8
KoaddunmeHT noyie3noro aedcTBUs THAPONIPHUBO/IA ITPU paboueM XOoe IIToKa
Ny _ 3 0,64
N 47 7

B o0vemMHOM THIpOIIPHUBO/IE BpamateasHoro ABuxkeHus (3agaun 9, 10) BHauane

OIIpCACIIACTCA IICPCIIal AaBJICHUA HAa THAPOMOTOPC
21-M,,
— P

qv' M mex.m

rae My, — KpyTALIUii MOMEHT Ha Bally TUAPOMOTOPA;
Jy — pabouuii 00beM THAPOMOTOPA;
9\ — MEXaHUYECKHUH K] TUIPOMOTOPA.
YacToTa BparieHus Baja rujpoMOTOpa:
Qu—owAp
nM — <H M M ’ (12)
am
r7e G, — KO3 PUIMEeHT yreuek B THIPOMOTOPE.

JlaBneHue HarHeTaHWs HAacoca CKIAJbIBACTCS W3 Iepernajga JaBJICHHUS Ha
rugpomorope Ap,,, NOTeph AaBl€HHUA B TMAPOOOOpyHOBaHMU (pacmpenenutene Ap,,
¢GuibTpe Apg U T.1.) B THAPOIMHUAX Ap, (CM. CXEMY B IIPUIIOKECHUU 2):

Pu = Apy + 2 - Ap, + Apy, + Ap,,. (13)

[Tone3Hast MOIITHOCTH THAPONIPUBOAA

N = My, - 21 - ny, (14)

rae N, —4YacToTa BpallleHMs Bajla TUAPOMOTOPA.

[Totpebnsemas ™omuocte u  KIIJ[ ruaponpuBoia IMOACYUTHIBAOTCS 110
opmysam (34) u (35).
pMy.

Ilpumep. B 00beMHOM THIPONPUBOJIC BpalIATEILHOIO JBMXKCHHUS 3aJ1aHbl
o 3 o
XapaKTepUCTUKU TUIpoMoTOopa: pabouuit ooveM (, = 50 cm’, mexannueckuii KIIJ]

Naexn=0,98; KpyTaAmmii MOMEHT Ha Bany- M,,=86 Hm; koadduuueHnt yreuek Oy = 5
cm’/c-MITa. [IpoussoaurensHocTh Hacoca Q,= 70 1/mun; KIIJT Hacoca 1,=0,75.
[loTepu naBnenus:
- B ruzpopacnpenenutene Ap,=0,2 Mlla;
- B unbrpe Apy= 0,1 MIla;



- B rupoaunusx Ap, = 0,5 Mlla.

Omnpenenuth AaBJIEHWE HArHeTaHWsl Hacoca p,, Nepenaja AaBieHus Ap, U
4acTOTY BpallleHus Baja rugpomoropa N, KITJI ruaponpusona — 7.

Pemenue. [lepenan naBneHust Ha rTUAPOMOTOPE

_ 2mMyp 23,1486 _ 6 .
Apy = 2 = e = 11+ 10°Ma = 11,0 MIla

YacroTa BpamieHus Bajia TiApOMOTOPA

70 6

QM_UM.APM:m—S'lo 11
u 50-10-6

JlaBeHue HarHeTaHUs Hacoca

= 23,4c1

Dy = Apy + 2 Apy + Apg + Ap, =11+2-0,2+ 0,1 + 0,5 = 12,0 Mlla

[Tone3Hast MOIIIHOCTH TUAPOIIPUBOJIA

N, =My, 2m-n, =86-2-3,14- 23,4 = 12600 Bt = 12,6 kBT

[ToTpebisiemast TuPONPUBOIOM MOIIHOCTD

- 11-10°-1,17-1073
N = P O = = 17200 Bt = 17,2 kBT
Ny 0,75

KII/ rugponpuBoaa

N, 12,6
N N 17,2 0,73



3agaua 9.
B oObemMHOM ruaponpuBoAe BO3BPATHO-OCTYNATEIBLHOIO JBW)KCHHUS 3a/1aHbI:

auamerp TuaporumHapa D, mmamerp mrToka d, oOmas mmHa Tpyo |, ckopocTh
ABMKEHHA ITOKa V, Ipu paboyeM xoze (BbIX0Ja IITOKA U3 TUAPOLMIMHIPA), YCHIHE
Ha mroke P.

[lorepu naBneHus:

- B ruapopacnpeznenurene Ap,= 0,3 MIla;

- B 1poccente Ap,,=0,2 Mlla;

- B puiibTpe Apg = 0,1 MITa.

Cuity TpeHus B yIUIOTHEHHUAX TUAPOUMIMHAPA NpUuHATH P, =0,1-P.

[lotepu paBiaeHWs B THAPOJIMHHMSIX OT Hacoca 1O THAPOLMIMHIpPA U OT
TUAPOLMIIMHpPA 10 TuapoOaka oaumHakoBbl M cocrtaBisiior 0,1 Mlla. VTeukamu B
TUAPOCUCTEME TIpeHEeOpEYb.

Onpenenuts: nojgauy — Q, U maBieHue p, Hacoca nNpu pabodyeM xoje, CKOPOCTh
nBwkeHus mroka Vi mpu xonmoctoM xoze, KIIJ| rugponpuBoga mpu paboyem xoje.

KII/] nacoca npunsate n,=0,7.

I
Do

Hcxonnrnie BapuaHTsl
JTAHHEBIE 1 2 3 4 5 6 7 8 9 0

D, mm 50 53 70 80 90 100 | 125 |[140 |160 |200

d, Mmm 25 32 |40 |40 50 50 63 70 50 80

|, MM 03 |04 |045 |05 |0O55 |06 |07 |0/ |08 |01

V,, M/c 03 025|025 |0,2 |0,2 |05 |05 |01 |01 |01

P, xH 11 12 13 24 25 26 37 38 39 40




3agaua 10.

B o0bemMHOM THApPONpPHUBO/IEC BpaIIaTeIbHOTO JBIKCHUS 3aJIaHbl MapaMeTphI
ruapomMoTopa: paboumnit o6bem rugpomotopa (,, Mexanmdeckuit KIIJ[ Myexy =0,96,
KOd(DPUITMEHT yTedeK TUAPOMOTOpa G,, YAaCTOTAa BpalleHWs Bajia N, W KPYTAIIUI
MOMEHT M.

[Torepu naBnenus:

- B ruapopacnpezaenurene Ap,= 0,16 Mlla;

- B puibTpe Apgy, = 0,14 Mlla;

- B TUJAPOJUHUAX Ap,;.

KIIJI nacocan, = 0,8.

OnpenenuTs: 1aBlieHWE HATHETAHUA py; U Mojavy Hacoca Q,, nmepenaj JaBjaeHuUs
Ha rugpomorope Ap,, u KII/] rugponpuBona #.

IO

Hcxonnpie BapuanTsl
JaHHbIE 1 2 3 4 5 6 / 8 9 0

qQu, cM° 16 20 25 32 |40 50 63 71 90 100

om’® 1 2 3 4 3) 6 7 8 9 10

Oy
c-MIla
Ny, ¢ 36,1 30,5 |264 225 183 |16,1 (12,1 |98 |7,1 |6,2

Ap,, MIla | 0,11 |0,22 (0,13 |0,24 0,15 | 0,16 |0O,17 |0,18 [0,19 |0,2

Mg, Hm |21 28 34 42 52 66 86 103 | 112 |125




