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YV ceimositi npaxmuyi y npoyeci 0ypinHs enuboKux c6epoNio8uH 3acmocogyioms 6ypoei Hacocu 080NOPUIHESE
080CMOPOHKBOT Oil ma MpunopuiHesi 00OHOCMOPOHHLOI Oii. Hewjodasno 3a KOpOOHOM NOHANU GUKOPUCMOBY8AMU
YomupunoputHesi Gyposi Hacocu 0OHOCMOPOHKBOI Oil. Buxodsuu 3 npusnauenuss ma ymoe excniyamayii, 00 0ypo-
BUX HACOCIB BUCYBAEMbCS OOHA 3 OCHOBHUX GUMO2 — PIGHOMIPHICb UEUOKOCTI NPOMUBAILHOT PIOUHU HA 8UX00I 3
Hacoca OJisl YCYHeHHs. nyAbCayiil MUCKy [ nodawi ma iHepyiiuHux HasanmadiceHv. Tomy sunukae HeoOXiOHICMb V 6U-
SGNEHHT YUHHUKIG I OOCTIONCEHHL IX GNIUBY HA HEPIBHOMIPHICIb NOOAYT MPUNOPUIHESUX A YOMUPUNOPUIHEGUX -
POBUX HACOCI8 OOHOCMOPOHHBOL Oii. 3a nposedeHUMU OOCTIONCEHHAMU HEPIBHOMIPHOCIME NOOAYT MPUNOPUIHESUX Mda
YOMUPUROPULHEBUX DYPOBUX HACOCI8 OOHOCTOPOHHBOL Oii 3 donomozoio npocpamu «Mathcady nobyoosano epagiu-
HI 3a71€JICHOCTI, 30 AKUMU CHAHOBIEHO WIAXU i1 SHUNCEHHSL.

KirouoBi ciioBa: OypoOBHiA HACOC, TPUIIOPIIHEBUIM HACOC, YOTHPHITOPIIHEBUN HACOC, TOaYa, 9acTOTa XOJiB,
EKCIIEHTPUKOBHI BaJl, KJIallaH, THEBMOKOMIIEHCATOP.

B mupoeoti npaxmuxe 6 npoyecce OypeHus 2ny60KUX CKEANCUH NPUMEHSIIOM OYPOSble HACOCHL O8YXNOPUIHEGbLE
08YCIMOPOHHE20 OelicmeUsl U MmpexnopuiHesble 00HOCMOporHe2o Oeticmeus. Hedasno 3za pybesxcom cmanu npume-
HAMbCSL YemblPexnopuiHessie 0yposdvle HACOChl OOHOCMOPOHHe20 deticmeus. Ucxo0s uz HazHaweHus U YCAo8Ull IKC-
nayamayuu, Kk 6ypoebiM HACOCAM BbLOGUSACMCSl 0OHO U3 OCHOBHBIX MPebOBAHUI — PABHOMEPHOCIb CKOPOCHU BPO-
MBLBOUHOU JICUOKOCMU HA 8bIX00€ U3 HACOCA OISl YCMPAHEHUs. NYIbCAyuil OA6LeHUs U NOOAYU, a MaKice UHepYUOH-
HbIx Haepy3ok. [losmomy 8osHuKaem HeoOX0OUMOCTb 6 bIAGICHUL (YAKMOPOE U UCCICO0BAHUSA UX GIUAHUS HA He-
PABHOMEPHOCTIG NOOAYU MPEXNOPUIHESHIX U YeMbIPEXNOPUIHESbIX OYPOSbIX HACOCO8 OOHOCMOPOHHE20 OeliCMEUs.
Ilo npogedenHbiM UCCICO08AHUAM HEPAGHOMEPHOCIU NOOAYU MPEXNOPUHESHIX U YembIPEXNOPULHESbIX OVPOGbIX
HACOC08 0OHOCMOPOHHE20 Oelicmaust ¢ NOMOoWbio npoepammel «Mathcady nonyuenvi epaghuueckue 3asucumocmu,
1O KOMOPbIM YCMAHOGNEHbL NYMU €€ CHUNCEHUS.

KiroueBsie croBa: OypoBOil Hacoc, TPEXMOPIIHEBON HACOC, YETHIPEXMOPIIHEBOH HACOC, MOjaya, J4acToTa
XOJI0B, DKCIIEHTPUKOBBIH BaJl, KJIAlaH, THEBMOKOMIIEHCATOP.

In the world practice in the process of deep wells drilling two-piston double-acting and three-piston single-
acting mud pumps are used. Recently four-piston single-acting mud pumps have started to be used abroad. From its
designation and operational conditions one of the essential features required of drilling pumps is the uniformity of
drilling fluid velocity at the pump outlet in order to eliminate pressure and supply pulsation as well as the inertial
loads. Therefore, there is a need of revealing the factors and the investigation of their impact on the unevenness of
three-piston and four-piston single-acting mud pumps delivery. According to the conducted studies of the
unevenness of three-piston and four-piston single-acting mud pumps delivery graphical dependences have been
obtained from which the ways of its reduction have been determined using the “Mathcad” programme.

Keywords: mud pump; three-piston mud pump; four-piston mud pump; delivery; frequency of strokes; eccen-
tric shaft; valve; pneumatic compensator.

BypoBi Hacocu mpu3HAYeHi I HaTrHITaHHS B
CBEpPJJIOBUHY TIPOMHUBAJBHOI PIAMHU 3 METOI0
OYMINEHHSI BHOOIO 1 cTOBOypa Bijg BHOYpEHOI Io-
poau (uutaMy) Ta BUHECEHHS ii Ha JIEHHY MOBEpX-
HIO; OXOJIO/UKEHHS 1 3MallyBaHHS JO0JIOTA; CTBO-
PEHHS TiAPOMOHITOPHOrO e(eKTy 1pu OypiHHi J10-
JIOTaMH; TIPUBEICHHS B Jil0 BUOIMHUX TigpaBiiy-
HUX JABHTYHIB [1] TOMI0.

3a KOpZOHOM OJHOYACHO 3 JIBOIIOPUTHEBUMH
HACOCaMH JIBOCTOPOHHBOI Jii Ta TPHUITOPIIHEBUMH
OJTHOCTOPOHHBOI il TOYalM BUKOPHUCTOBYBATH
qOTHpHHopmHeBi OypoOBi HaCOCH OJIHOCTOPOHHBOT
aii. BUpOGHMKM apryMeHTYyIOTh IepeBary Takux
OypoBUX HACOCIB KPALIOH BUTPHUBAIICTIO iX IIpH-
BOJIHOI YaCTHHHU.

VY mopiBHSHHI 3 JBONOPITHEBHUMH HACOCAMH
JIBOCTOPOHHBOT JIii, TPHUIIOPIIHEBI HACOCH OJHO-
CTOPOHHBOT [Iii 3a0€3MeuyIOTh MaiKe y/Bidi MEH-
11y HEepiBHOMIPHICTh TIO/1aYi i MPH BUKOPHUCTAHHI 3
niagparMOBMMH  TTHEBMOKOMIIEHCATOpaMH  3a0€3-
MevyroTh OUTBII PIBHOMIPHY MoAady. MOXIUBICTD

MIBHJIKOT 3aMiHU TIOPIIHIB 1 BTYJIOK POOHUTH TpH-
MOPIITHEBI HACOCH OTHOCTOPOHHBOI Jii 3pyUHIIIH-
MU B oOciyroByBaHHi, a MeHma B 1,4...1,5 pasu
Bara 3a0e3reduye Kpaily 1X MOHTa)KO3JaTHICTH 1
TPaHCIOPTAOEIBHICTD, 110 TIY)KE BaXJIUBO JUIA I10-
TYXKHHUX HACOCIB.

[IpoGnema mpuBOAHOI YACTUHU TPHUIIOPIIHE-
BHUX OypOBHX HACOCIB MOJATAE B TOMY, IO ITiJIIIH-
IMHUKY PO3MIIIEHI Ha MPOTHUIICKHUX KIHISX €KCIle-
HTPHUKOBOTO Baja, IIEHTPajbHAa YaCTHHA SIKOTO, HE
Malouu MiATPUMKH, NPOruHaeThes. 1le HeraTMBHO
BIUIMBAE Ha 3y0YacTe KOJIECO, SKE BIIXHIIIETHCS
BiJl OCi, 110 IPU3BOIUTH O MPUCKOPEHOIO BUXOIY
3 many (4M HaBiTh TIOJIOMKH) EKCIEHTPHKOBOTO
BaJa.

Ha Bay 4oTHpHUIOpIIHEBOr'0 Hacoca IiOTh
MiHIMaJbHI 3THHAJIBHI MOMEHTH, TOMY IO i~
IIHUKH 3HAXOOATHCA OJIM3BKO BiJ HaBaHTAKEHUX
BY3JIIB (BEJIMKI TOJIOBKH IIATYHIB, 3y04acTe KOJIECO).

Ha puc. 1 300paskeHO 3arajJbHUM BUTIISA TPH-
MOPIIIHEBOI'O Ta YOTHUPHIIOPIIHEBOr0 OypOBUX Ha-
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a — TPUTIOPIIIHEBUI; 6 — YOTHPHUIIOPIIHEBHI

Pucynox 1 — Bypogi Hacocu oagHocTopoHHboi Aii komnanii WHITE STAR

cocis opnoctoponnboi aii komnaunii WHITE STAR,
i€ BUJIHO PO3MILIEHHs MiIIMITHAUKIB, [ATYHIB Ta
3yO4YacTHX KOJIIC EKCIICHTPHUKOBOI0 Baja [2].

Buxonsun 3 mpu3HaYeHHS Ta YMOB €KCILTya-
Talii, 10 OypOBHX HACOCIB BHUCYBA€ThCS OJHA 3
OCHOBHHX BHMOI — IIBHJKICTH MPOMHUBAJIBHOI pi-
JVHY Ha BUXOJIi 3 HACOCA MOBMHHA OyTH PIBHOMIp-
HOMO, 100 YCYHYTH Iylbcallii THCKY i mojadi ta
iHepLiiiHI HaBaHTaXeHHA. CaMe TOMY BHHHKAE
HEOOXI/HICTh TOPIBHATH TPHIIOPIIHEBHA Ta YOTH-
punopHeBnii OypoBi HACOCH Ha HEPIBHOMIPHICTH
MoJavi Ta BCTAHOBHUTH IIUISAXH il 3HIDKCHHS.

Jns mporo 3a JIOMOMOrOI KOMII FOTEPHOI
nporpamu «Mathcad» [3] Gymno moGymosano rpa-
(iK1 MUTTEBHX 1107124 OYPOBHX HACOCIB.

INogaua OGypoBoro Hacoca BH3HAYAETHCS ILJIO-
IO HOPMAJIBHOTO TIepepi3y MOPIIHS Ta IIBHIIKIC-
TI0 Horo pyxy. KiHemaTrnka KpWBOIIMITHO-IIATYH-
Horo mexaHismy (KIIIM) Hacoca Taka, 10 IIBU-
KICTb PYXy IOPIIHS HE € IOCTIMHOIO 33 BEJIUYH-
HOO Ta HaIPSIMKOM 1 3MIHIOETBCS 32 CHHYCOIiJallb-
HHUM 3aKOHOM B 3aJI&KHOCTI BiJl KyTa IOBOPOTY
Kpupormumna [4]:

v —reSn@tB) 0
cos
ne: V —mBHAKICTH pyXy NMOpIIHS;

7 — paaiyc KpHBOIIIMIIA;

@ — KyTOBa IIBUJKICTh EKCIICHTPUKOBOTO
Bana;

¢ — KyT IOBOPOTY KPHBOIIIKIIA;

S — KyT Haxuily matyHa J0 TOpH30HTaIbHOI
TUTOLIMHY TIEPEMIIIICHHS TIOPIIIHS;

Y dopmymi (1) 3Hak "+" 03HaUYAE XiJ MOPLIHS
BIIEpe, TOOTO HAONMIKESHHS MOPIIHS 0 SKCIICHT-
PHUKOBOI'0 Bajia, 3HaK (—) — XiJ{ y 3BOPOTHOMY Ha-
PSMKY.

KyroBa MIBHIKICTh EKCIEHTPUKOBOIO Basia
00YHCITIOETHCS 32 (POPMYIIOIO:

T-n

a)=¥, ()

e 71— Yactora OOEpTaHHS EKCIICHTPUKOBOTO
BaJia Hacoca.

Jlnist po3paxyHKiB KyTa HaXWIy IaTyHa JIo ro-
PHU3OHTAIILHOI TUIONIMHU TEpPEeMIllIeHHs] TOPIIHS
KOPHUCTYIOTBCS 3aJICXKHICTIO:

sinf3 = —s1nq0 , 3)

.
e —

[
JOBXHHH IIaTyHa, (/] = 0,225).

SanexHicTs (1) MOKHA 3aMMCaTH Y BUTJISL:
sin @ - cos B+ cos @ -sin

— BIIHOIICHHS pajiyca KPUBOLIMIA 0

V. =ro .(4)
cos
3 BpaxyBaHHAM 3a1exKHOCTI (3):
( 61
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cos B =+/l-sin’*f =

MuTtTeBa TeopeTuyHa MoJja4ya OTHOTO MOPIITHS
0araTonopIIHEeBOro Hacoca 3 BpaxyBaHHSAM 3alie-
xHocTei (3) Ta (5) cTaHOBUTHME:

Ori=F-V,=F-r-wx
. . ”'2 .2 .
x s1n(qo+(z—1)-(00) 1—1—281n ((0"'(1—1)‘(00)"‘
1’2
X 1——2s1n (go+(i—1)-(00)+ (6)
[

+§coS(€0+(i—l)'ﬁl’o)'sm(ﬁl’“'(i_l)'C"O)}X

1
2 2
re .2 .
>< _—— —_ .
1= ysin (0+-1-00); .
Je: F —mioma nopuHs;
i — MOPSIAKOBHMI HOMED MOPILHS;

(o — KyT 3MIlIEHHS MiX KPUBOIIMIIAMHU Ha-
coca BU3HAYAETHCS 32 (HOPMYIIOL0:

360
0y =—, (7
Z
€ Z — YHUCJio p060‘II/IX KaM€p Hacoca.
MI/ITTeBa Teope’TH‘IHa Imogaydya Hacoca.

=> 0. (8)

Cepenns TeopeTHdHa Mojava MOPIIHEBUX Ha-
COCIB OJJHOCTOPOHHBOI JI1i:
F-w-r

O =5 2. ©)

Cepennst (pakTU4HA T0Jada TOPIIHEBUX Ha-
cociB Oyjie MEHILOI Bl CEpPEeAHbOI TEOPETHYHOI
qepes:

— BTPaTH B KJIANaHHUX Ta IMJIIHAPOIOPIIHE-
BHX IMapax;

— YaCTKOBE CTUCHEHHS PIIMHU 1 11 pO3IIUpPEH-
HJ 13 HIKIJTMBOTO MIPOCTOPY POOOUHX KaMep;

— nedopmartii cTiHOK poOoUMX Kamep i BU-
COKHM THCKOM;

— HECBOEYACHE BIIKPHTTS 1 3aKPUTTS BXITHUX
1 BUXIJHHAX KJIAIIaHIB.

BigHomieHHst cepenHboi (aKTHYHOI IMojadi
Hacoca JI0 CepelHbOi TEOPETHYHOI HA3MBAETHCS
KOE(II[IEHTOM Moaui:

a — chpdj ‘

\4
chpT

PiBHsIHHS criIbHOT POOOTH TMOPIIHEBOTO Ha-
coca 3 IHEBMOKOMIIEHCATOPOM 3 BpaxyBaHHSIM
KoediIlieHTa 1Mo1ayi 3anMIIeTbCs y BUIIIAAL [5]:

a4, _|Or
do o

(10)

1-2m

K K >

A (11)

v

m
A 2-0-m-c ’ (12)
ay chpT Pcep
P+ P
cep — max 2 min , (13)
1
c=PRy-V", (14)
1
m=—, (15)
p

Ie: ¢, — BITHOCHA IMojla4ya Hacoca NpW CHUTbHIH
PpOOOTIi 3 MHEBMOKOMITEHCATOPOM;
P — TIOKa3HUK MOJITPOIH;

¢ — XapaKTEPUCTUKaA ITHEBMOKOMIIECHCATOPA,

P ep — CCPENHIN TUCK 38 LKL,

Prax » Pmin — MaKCUManbHUIN 1 MiHIManbHUHA
THUCKH 32 [IUKIT,

Fy — 1moyaTKOBUH THCK Ta3y B ITHEBMOKOMIIE-
HCaTopi;

V( — mo4yaTkoBuii 00’€M razoBoi MOPOKHUHU
MTHEBMOKOMIIEHCATOPA.

3aJIOKHOCTI TEOPETHYHOI MHMTTEBOI IOyl
HACOCIB BiJl KyTa TIOBOPOTY €KCIEHTPUKOBOI'O Baja
3a KoediienTa noxayi o =1 300paxeni Ha puc. 2.

[in xoediuieHTOM HEPIBHOMIPHOCTI Moxadvi
HAaCcOCa PO3YMIIOTh BIJHOLICHHS MAaKCHMAJbHOI
nojadi 10 ii cepeHbOro 3HA4YEHHS, TOOTO:

Qmax
chp

VY cknameHoOMy alToOpuUTMi PO3PaxyHKiB B
nporpami «Mathcad» koedimieHT HepiIBHOMIPHOCTI
nojjadui BU3HAYAETHCS 32 MAKCUMAIILHOIO TI0/Ia4et0
3 BpaxyBaHHSIM ITHEBMOKOMIIEHCATOPA.

AHamni3yroun pe3yiabTaTd JIOCTIDKCHb, BCTa-
HOBJICHO YMHHUKH, SKI BIUTUBAIOTh Ha KOE(DILli€HT
HepiBHOMIpHOCTI oaayi. Le:

— KpaTHICTh 1ii Hacoca [6];

— BIJIHOIIGHHS pajiyca KPUBOIIWIA 0 JOB-
KWHM 1IATYH,

— 3MiHa mojavi Hacoca (4epe3 3MiHy Jiamer-
piB LMIIIHAPOBHX BTYJIOK);

— HasBHICTh 1 XapaKTEpPUCTHKa ITHEBMOKOM-
MeHcaTopa:

— ra30BHI areHT B THEBMOKOMITIEHCATOPI;

— IOYATKOBUH 00’ €M Ia30BO1 IIOPOKHUHH;

— MMOYATKOBUI TUCK ra3y B THEBMOKOMIICHCA-
TOpi;

— KoeilieHT 1mozaui Hacoca (4epe3 HECBOE-
YacHe BIIKPHUTTS 1 3aKPUTTS BXIJHUX 1 BUXITHHX
KJIamaHiB).

Jnst TOpIBHSHHS PO3TISTHEMO BIUIMB 3MiHH
BIJIHOILICHHSA pajiyca KpPUBOIIMIIA 0 JIOBKUHH
maTyHa (r/ /) wa xoedimieHT HepiBHOMIPHOCTI
nojadi K OJHOYACHO ISl TPUIIOPIIHEBOTO Ta YO-
THPHUITOPITHEBOTO OYpOBUX HacociB (puc. 3).

Orxe, 31 30UIBIIEHHSAM CITIBBIIHOIICHHS r/ /
Koe(ilieHT HEepiBHOMIPHOCTI 1MOAayi 3pocTae, To-
MY JOMUTFHO BUKOPHCTOBYBATH HACOCH 3 SKOMOTa
MEHIIMM BiHOmenHsm 7/] .

K= (16)

v
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/ 1 2 3
Ny

e
=3
s

0.041

MutTeBa nogava Q, mfc

0.031

0.02r

0.011

0 0524 1047 1571 2094 2618 3.142 3.665 4180 4712 5236 576  6.283
KyT noBopoTy ekcLieHTpUKoBOro Bana f, pag

a)

MutTeBa nogava Q, m3/c

0 0.524 1.047 1.571 2.094 2,618 3.142 3.665 4189 4712 5236 5.76 6.283

Kyt noBopoTy ekcLeHTpukoBoro Bana f, pag

0)

a) mpunopuinesuli Hacoc,; 6) YoOMUPUROPUIHEBUL HACOC;
1 — 6e3 spaxysanns Oii komnencamopa, 2 — i3 8paxy8anHsam Oii Komnencamopa, 3 — cepeoHs nooaua

Pucynok 2 — 3ane:kHocTi TeopeTHYHOT MUTTEBOI MOJa4i HacoCiB
Bi/l KyTa MOBOPOTY eKCIeHTPMKOBOI0 Baja
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1.081

1.072f

1.0641

TpunopLWwHeBUIA Hacoc

1.0481

KoediyieHT HepiBHomipHOCTI nogadi k
—
=]
n
=]

1.04 T
YoTtupunopwHeenii Hacoc
1.0321r

1.0241

1.0161

0.4 0.5 0.6 0.7 0.8 0.9 1
BigHoweHHA pagiyca kpuBowmna A0 JOEKWHK WaTyHa i
Pucynok 3 — 3ane:xxknocri koedinieHTa HepiBHOMIpHOCTI mogayi
BiJl 3MiHM BilHOLIEHHH pajiyca KPUBONIIUIIA /10 TOBKUHM HIATyHA

=1
=N
b,
e
(]
=1
w

1.0121
1.0111

1.011
1.0091
qOTMpﬁnopLUHEBMﬁ Hacoc

1.008f

1.006[

KoedpiudieHT HepieHOMIpHOCTI nogaui k

1.0051
TpunopwHeBnii Hacoc
1.004r T

1.0031

1.0021

1.007 + } } + + |
0 0.02 0.04 0.06 0.08 0.1 0.12

CepegHa nogava Qc m/c

Pucynok 4 — 3anesxknocti koedinienra HepiBHOMipHOCTI moxayi Bix 3Minu mogayi Hacocis
(4epe3 3MiHy diamMeTpiB HMJIIHIAPOBUX BTYJIOK)

3a MamMx 3HaYCHb r/ [ xoediuieHT HepiBHO- BruiB 3miHn mozxadi Hacoca (4epe3 3MiHy Ai-
MipHOCTi MoJIa4i TPUMOPIIHEBOTO HAacoca MeHmmi, — SMCoIP1B UHIIHIPOBIX BTYIIOK) Ha KOC(illienT He-

Hi’)K YOTHPHIIOPLIHEBOTO, a TIPH BHCOKHMX — 6iJ'H)- PIBHOMIPHOCTI Imogau1 JJIst TpI/IHOleIHeBOI‘O Ta 40-
- ’ TUPHUIIOPIIHEBOr0 OYPOBHX HACOCIB 300payKeHO Ha

puc. 4.
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=
=]
=
=

1.012r

1.011

KoedpiyieHT HepiBHOMipHOCTI nogavi k

1.0081

1.006[

YoTnpunopluHeBnii Hacoc

TpunoplHeBWA Hacoc

1.004 ' Y
1.2 1.3 1.4

1.5 1.6 1.7
MokazHuk nonitponu p

Pucynok 5 — 3ane:xxnocri koedinieHTa HepiBHOMIpHOCTI mogayi
Bi/l 3MiHM MOKa3HUKA MOJITPONM CTHCHEHOTO ra3y B MHEBMOKOMIIEHCATOPi

1.081

1.07

1.06f

YoTuprnoplHeBUil Hacoc

1.05f

1.04F

KoediuieHT HepiBHoMipHOCTI nogaui k

1.03f

1011

TpunoplWwHeBUIl Hacoc

0 0.02 0.04 0.06 0.08

0.1 0.12 0.14 0.16 0.18 0.2

MoyvatkoBnil 06'€M razoBol NOPOYKHUHI
nHeBMokomneHcatopa Vo, m3

Pucynok 6 — 3ane:xxnocri koedinieHTa HepiBHOMIpHOCTI mogayi
Bi/l 3MiHHM TOYATKOBOI0 00’€MY ra30Boi MOPOKHMHHU MHEBMOKOMIIEHCATOPA

Omxe, koedilmi€eHT HEPIBHOMIPHOCTI Mojadi
IpY HU3BKMX T10/[a4aX i BUCOKMX THCKax (Manux
JUaMeTpax MOPIIHS) HIKYMH, HDK NPU BHCOKUX
nojadax i HHU3BKHX THUCKaX (BeJ'II/IKI/IX JiameTpax
MIOPIIIHA).

Bruine 3MiHM ra3oBOro areHTa B THEBMOKOM-
MeHcaTopi Ha Koe(ilieHT HepIBHOMIPHOCTI mojayi,
SK BKa3aHO Ha PUC. 5, MOSICHIOEThCS BUKOPUCTAH-
HSIM Ta3iB 3 PI3HOIO0 KUIBKICTIO aTOMIB, SIKi 3MiHIO-
I0Th TIOKa3HUK TTOJIITPOITH IMX ra3iB.

OTxe, BIAMOBITHO 0 MOJICKYJISIPHO-KIHETHY-
HOI Teopii MOKa3HWUK MOJITPOIH CTAHOBHUTH:

JUTSI OAHOATOMHUX Ta3iB — 1,667,

JUTSI IBOATOMHMX rasiB — 1,4;

JUIst GaraToaTOMHUX rasis — 1,29,

3 rpadikis BUAHO, WO I 3a0e€3MedeHHs
Kpauoi piBHOMIPHOCTI 1Moja4i HEOOXiTHO BUKOPH-
CTOBYBATH T'a30Bi ar€HTH B ITHEBMOKOMIICHCATOPI 3
MEHIIIO0 KIJIbKICTIO aTOMIB.
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1.091

1.08

1.07— F
YoTupnnopluHeBnii Hacoc

1.067

KoediyieHT HepiBHoMipHOCTI nogavi k

1.041

1.031

1.02r

Loir

TpunoplHeBwWit Hacoc

t t t i
3 4 5 6
MouvaTkoBWIA TUCK rasy B
nHeBmokomneHcaTopi Po, MMa

Pucynoxk 7 — 3ane:xxknocri koedinieHTa HepiBHOMIpHOCTI mogayi
Bi/l 3MiHM MOYAaTKOBOIr0 THCKY ra3y B IIHEBMOKOMIIEHCATOPi

e
j <<=
J:é <
) - . -
0 I e é‘ J 7
Dy '

Pucynok 8 — 3anexknicts mogaui Hacoca Bil KyTiB 3ani3HeHHS BiIKPUTTA i 3aKpPUTTH KJanaHiB

Briue 3MiHM MMOYaTKOBOIO 00’€My ra3oBOi
MMOPOYKHUHU ITHEBMOKOMIIEHCATOpa Ha KOe(DilieHT
HEpIBHOMIPHOCTI TIOAayi MOKa3aHO Ha pHC. 6, a
BILIUB 3MIiHHM IIOYaTKOBOTO THCKY Ta3y B ITHEBMO-
KOMIICHCATOpi — Ha puc. 7.

Omxe, koedilmi€eHT HEPIBHOMIPHOCTI Moadi
NP HE3HAYHOMY 30UIBIIEHH] IT0YaTKOBOTO 00’ €My
ra30BOi IIOPOKHUHHU ITHEBMOKOMITEHcaTopa (ImoJa-
TKOBOT'O THCKY I'a3y B THEBMOKOMIIEHCATOP1) PI3KO
3MEHIIYEThCS, aje 10 NeBHoi Mexi. [lomanbpiie
30UIBLIEHHS IHOTO 00’€My (THCKY) a€ HECYTTEBY
3MiHy Koe(illieHTa HepiBHOMIpHOCTI moza4i. Tomy
JOILTBHO 30UIBIIYBATH 1IeH 00’ €M (THCK) JIMIIE 10
MEBHOT MEXI.

Jst nocnimpkenns BIUIMBY KoedillienTa noja-
4l Hacoca Ha HEPIBHOMIPHICTH Mojadi HEOOXITHO

3’SCyBaTH BIUIMB HECBOEYACHOI'O BIIKPHUTTS 1 3a-
KPHUTTS BXiJTHUX 1 BUXIJJHUX KIIanaHiB (puc. 8).

3 puc. 8 BUAHO, IO MoJ[a4a 3aJHIIAEThCS PiB-
HOIO HYJIO JI0 TOYaTKy BIIKPUTTS BUXIJHOTO Kiia-
MaHa, MICIs YOro 3MIHIOEThCS CTPHOKOIOIIOHO.
Kyt moBopory kpusommmna npu upomy 0yne Qo —
KyT 3ali3HEHHS BIAKPUTTS Kiamana. Hanpukinmi
nporecy HATHITaHHS TapijiKka KianaHa He BCTHTAe

"cictn" Ha ciiyo, 1 IPU [OMY BTPAYAETHCS YACTH-
Ha piauH, o nepekaudyerbes. Kyt moBopory kpu-
BOIIHIIA TIPY [IBOMY Oyze (¢ — KyT 3alli3HeHHs 3a-
kputTs knanaHa (hyp — BUCOTa 3aBUCAHHS TapiIKH
KianaHa). BHacIiIok BTpaT piAMHU CepeaHs moja-
Ya Hacoca 3HHIKYETHCS MPOMOPLIAHO IO BTpaT,
K1, y CBOIO YepTy, 3aJeXaTh BiJ| KYTiB 3aITi3HEHHSI.
MakcuManbHa mojada 3ajiuiaeTbes 0e3 3MiH. Sk
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MuTTepa nogava Q, m3/c
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KyT noBopoTy eKkcLeHTpukoBoro Bana f, pag
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Mutreea nogaua Q, m3/c
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KyT noeopoTy ekcleHTpukoBoro eana f, pag

0)

a) mpunopuinesuli Hacoc,; 6) YoOMUPUNROPUIHEBUL HACOC;
1 — 6e3 spaxysanns Oii komnencamopa, 2 — 3 8paxy8aHHsm Ol KomneHcamopa, 3 — cepedHs nodaia

PucyHnox 9 — 3ajie;kHOCTi MUTTEBOI MOAaYi HACOCIB Bil KyTa MOBOPOTY €KCIIEHTPUKOBOI'0 BaJjia
3a koedinienTa nmogavi a < 1

BIIOMO, KOE(illIEHT HEPIBHOMIPHOCTI IOAa4yi  HECBOEYACHI BIAKPUTTS 1 3aKPUTTS BXITHUX 1 BUXi-
K=0,. / Q.., » TOMy IPH 3MEHIUEHHI cepepnpoi —AHUX KIAIAHIB. . L .

Bruime kyTiB 3ami3HEHHS MiAHOMY 1 MOCaIKH
TapijioK KianaHiB Ha KOe(il[ieHT HePiBHOMIPHOCTI
nojxayi 6aunmo Ha puc. 10: 30UIbIICHHS IUX KYTiB
MPU3BOIUTL 10 3MEHIICHHS Koe]illieHTa Moaadi.
Kyt 3ami3HeHHs 3aKpuTTs TapiloOK KJamnaHiB B
[IbOMY BUIIAAKY IPUHHATUH YABIUI MEHIIUM 33 KYT
3aIli3HeHHS BiJIKPUTTSL.

mojiavi 3a He3MIHHOT MaKCUMAaJIbHOI 1mojayi Koedi-
IIEHT HEPIBHOMIPHOCTI 1MoJiavi 301TbIIYETHCS.
3aJIeKHICTh MUTTEBOI MOJa4i Hacoca BiJ KyTa
MMOBOPOTY EKCIIEHTPUKOBOrO Bayia 3a KoedilieHTa
nmomadi o < 1 300pakena Ha puc. 9. KoedirieHTom
nojadi B I[bOMY BHIIJKy BPaxOBYBallUCh TLIbKH
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Pucynoxk 10 — 3ane:xxnocti koedinienta HepiBHOMipHOCTI moxayi
Bil 3MiHM KoedinienTa mogayi Hacoca

3 rpadikiB BUIHO, IO i3 3MEHIIEHHAM Koedi-
Ili€HTa TI0/1a4i HAacoca 30UIbLIYeThCs KOEdilieHT
HepiBHOMIpHOCTI mojavi. [Ipuaomy ans 4oTupu-
MOPIIIHEBOI'0 Hacoca MPH 3MEHIIEHH] KoedimieHTa
nojadi KoeillieHT HEepiBHOMIPHOCTI Mojadi 3poc-
Ta€ CIOYaTKy pi3Ko, a MOTIM moBuibHO. st Tpu-
TNOPLIHEBOrO HACOCA BiH CIIOYATKY 3alIUIIAETHCS
Malke CTalluM, a TIOTIM 3POCTa€ MPOIMOPIIIHO KO-
edimienTy monai.

Omke, KOehiUIEHT HEPIBHOMIPHOCTI mMonadi
3aJICKHO BiJl KoedillieHTa Mmojadi TPHIIOPIIHEBOrO
HACOCA HMKYMMH, HDK YOTUPUIIOPIIHEBOTO.

AHan13y}0q1/1 rpadiky, OTpUMaHi TpPU JTOCITi-
JDKEHHAX KoedillieHTa HepiBHOMIPHOCTI Iojadi,
MOXKHA 3pOOMTH BUCHOBOK, IIO ISt 3a0€3MECUEHH
OLIbIIOT PIBHOMIPHOCTI 1T0JIa4i HACOCIB HEOOX1THO
MOJIMIIATH XapaKTEPUCTUKH MHEBMOKOMIIEHCATO-
pa abo 3abe3neuntH Koe(illieHT Mmomayi Hacoca
SIKOMOra OJNIKYMM 0 OAMHMIN (UIUISXOM 3MEH-
IICHHS KYTIB 3alli3HEHHS MiTHOMY 1 MOCaJKH Tapi-
JIOK KJIaIaHiB).

Jlo XapaKkTeprCTHK IMTHEBMOKOMIIEHCATOpa Ha-
JIeKaTh: HAsIBHUM Tra30BUH areHT y ITHEBMOKOMIIE-
HCaTopi, MOYaTKOBUH 00’€M Ta30BOi MOPOKHUHH,
MOYATKOBHI THUCK Ta3y B THEBMOKOMIICHCATOPI.

OCKITBbKY TTOYaTKOBHI 00’€M ra3oBoi MOPOXK-
HUHH Ta TIOYaTKOBHH THCK Ta3y B MTHEBMOKOMIICH-
caropi JOIITBHO 30LTBIIYBATH JIMIIE IO TMEBHOI
MEXI, VISl BIUIMBY HA KOE(ILIEHT HEPIBHOMIPHOCTI
nojayi Ta HEONMYLIEHHs 30UIbIICHHS MaTepiaino-
MICTKOCTi 1 rabapuTiB ITHEBMOKOMIIEHCATOpa He-

00XiTHO 3aCTOCYBAaTH IHIIMH IUIAX 3MCHIICHHS
Koe(ilieHTa HEPIBHOMIPHOCTI.

3 puc. 5 BUIHO, 1O [Tt 3MEHIIICHHS HEPiBHO-
MIpHOCTI T0Zjaui HeoOXiIHO BUKOPHUCTOBYBATH Ta-
30Bi areHTH ITHEBMOKOMIIEHCATOpa 3 MEHIIO Ki-
JBKicTIO aToMiB. OCKITBKH B CEpPIMHUX TTHEBMOKO-
MIICHCATOpaX T'a30BUM arcHTOM € TMOBITPSI Y a30T
(ToOTO ABOATOMHI Ta3M), TO pallioHaJbHINIE BUKO-
pHUCTaTH OJHOATOMHHI Tra3 3 TMOKa3HUKOM IIOJi-
Tponu OUTBIIMM, HIX y JIBOATOMHHUX Ta3iB (Hampu-
KIIaJl, TeNif, HEOH, aproH, KPUITOH, KCEHOH). Ane
JUIL KOHKPETHOro BUOOpY rasis HeoOXiaHO Bpaxo-
BYBaTH iX BapTiCTh, BisuuHi Ta XiMiuHi Xapakre-
PUCTHKH, BIUIMB Ha KOHCTPYKLINHHI MaTtepiaiu
MTHEBMOKOMIIEHCATOPA.

3a pe3ynbTaTaMM MPOBEACHUX JOCIIUKEHD
MOJKHA 3pOOMTH TaKi BUCHOBKH:

— HEPIBHOMIpHICTh monadi 6ypoBMX HAcOCiB
31e0LTBIIOTO 3alISKUTh Bijl BIIHOIICHHS pajiyca
KPHUBOIIIUIIA JI0 JOBXKHUHU IIATYHA;

— ans 3a0e3redeHHs OLTBIIOi PIBHOMIPHOCTI
Mmojjadui HacociB HEOOXiHO MOIMIIUTH XapaKTepH-
CTHKH TTHEBMOKOMIIeHcaTopa abo 3abe3neunTH
Koe(biuieHT nomayi Hacoca SKOMOra OJMKYUM
OIMHAULI (IUTAXOM 3MEHLICHHS KyTiB 3alli3HEHHS
niAioMy i 10CaJKU TapUIOK KilalaHiB);

— JUTst 3a0e3MedeHHs] MEHII0T HepiIBHOMIPHOCTI
moja4yi HeoOXiqHO BUKOPUCTOBYBATH I'a30Bl1 arcH-
TH B IHEBMOKOMITEHCATOP 3 MEHIIOI KiUIBbKICTIO
aTOMIB.
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Honanbmi JOCITIIKEHHS TIOJISIraloTh y moury-
Ky LUIAXiB 30UIbIIeHHS KoedilienTa mogadi Haco-
ca (LUISIXOM 3MEHIIEHHs KyTiB 3alli3HEHHs Mo~
My i TOCAJIKM TapiloK KIanaHiB) Ta BHUSBJIECHH:
BIUIMBY PI3HUX KOHCTPYKTHBHHX CXEM KPHBOIIIHUII-
HO-IIATYHHOTO MEXaHi3My Ha HEpiBHOMIpPHICTb
nojadi.
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