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(57) M3o00perenne oTHOCHTCS K HE(PTEN00bIBAIOLICH IPOMBILIICHHOCTH, B YaCTHOCTH K TEXHHUKE YIIPABICHHUS,
Y MOJKET OBITh HCIIOJIb30BaHO B CHCTEMaX LIEHTPAIM30BaHHOTO YIIPaBIIeHHs 100bIYel He(QTSHBIX CKBaXKHH.
CymHOCTh U300pETEHHs COCTOUT B CIIOCO0E YIIPABJIEHHS MIPOLECCOM MOJaYH HACOCA, 3aAKITFOYAIOIIIMCS
B aBTOMAaTHUYECKOM DPEryJIMpOBAHWH YacTOTHI KadaHWs OajaHCHpa CTaHKA-KadaJIKd, TP OINPEAeIeHHOM
Je0HTe MIIACTOBOM KUIKOCTH, CTAOMIILHOCTH MOAAYH NITyOHMHHOTO HAacoca ¢ MOAAep KaHHEM IIOCTOSIHHOTO
JVMHAMHYECKOTO YPOBHS JKHAKOCTH B O3KCIUTyaTallMOHHOW KojoHHE. Croco0 BKIIIOYaeT W3MEPEHHE
JIaBJICHUS] Ha BBIKMIHOHM JIMHWM CKBaKHHBI, yCThe HacocHO-koMmnpeccopHoi TpyOs! (HKT) u B Touxke,
pacnionoxenHod Huxe ycThbst HKT Ha paccTossHMM, paBHOM IIONOBMHE AJIHMHBI IIMJIMHIpa Hacoca,
TEMIIEpaTypsl U BA3KOCTH (IIIOMJa Ha BBIKMIHOHN JMHWM CKBa)XKHH, a MOJa4y HACOCA OMPENEISIOT I10
3asBIIIEMOMY aITOPUTMY. 3asiBIsieMOe H300peTeHNE 03BOJISIET OIIEPATHBHO M HAJIEKHO KOHTPOJINPOBATH
U YIIPaBJIATh 3KCIUTyaTallued CKBAYKUH.
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MIIK E21B47/10
CI1IOCOBb YIIPABJIEHUSI ITPOUECCOM IOJJAYM I'N'TYBUHHOI'O HACOCA

M3obperenne oTHocUTCs K He(TeqoOBIBaIOMIEH INPOMBIIIIEHHOCTH, B
HaCTHOCTH, K TEXHHUKE YIPABJIEHUs, U MOXET OBbITh, HUCIIOIH30BAHO B CUCTEMAX
LIeHTPAJIM30BaHHOTO yIIpaBeHUs J00bIYel HeQTAHBIX CKBAXKHH.

M3Becten cmoco® (1) aBTOMaTHYeCKOro pEryJHUpOBAHHMS CTaGHIBHOCTH
nojaayd TIyOMHHOrO Hacoca ¢ MOAJEPKaHUEM TMOCTOSIHHOTO JTHHAMUYECKOTO
YPOBHS JKMJIIKOCTH B OKCIUTyaTallMOHHOW KOJOHHE TyTEM HU3MEHEHHUs Yucia
KauaHHi OanaHcupa cTaHKa-kayankd. CHocob BKIOYAeT U3MepeHHe YCHIUS Ha
Ca/lbHUKOBOM LITOKE W JMHAMHYECKOTO YPOBHS B IKCIUTYaTAlIMOHHON KOJIOHHE.
Jlist 3TOr0 HavanbHyI0 CKOPOCTh OTKAYKH IIACTOBOM KMAKOCTH MOAOHPAIOT Tak,
4TOObI MPU  3aaHHOM JeOHTe CKBKWHBI, JMHAMOIpaMMa yKa3blBana 6bl Ha
He3HauuTespHoe (mopsaaka 5-7%) HesamoNHeHWe LWIMHApA HAcoca, Tak
Ha3bIBAEMOI0 «XBOCTHKA He3amnojHeHHs». [Ipu 3ToMm mpuem riyOuHHOro Hacoca
pacnojaraloT HEerNnocCpeACTBEHHO y NTMHAMHYECKOTO YPOBHS, COOTBETCTBYIOIETO
3a1aHHOMY ~ JeOUTY  CKBaXKHHBI. Konebannus nMHaAMUYeCKOro ypoBH,
PEruCTpUpyEMble NaTUMKOM, Yepe3 OJI0K yNnpaBleHUs NEpeaarTcs CepBONPUBOLY
BapHaTOpa, MW3MEHSIOUIEr0 YMUCIO KadaHUU OanaHcupa  CTaHKa-KayallKy.
CrabribHOCTH Mpolecca KOHTPOIUPYIOT 110 [MOKA3aHUSAM JaTYMKa YCHIHS U
JlaTYMKa YPOBHS, KOTOpbIE OJIHOBPEMEHHO JO/DKHBI COOTBETCTBOBAThH 3apaHee
3aJlaHHOMY JIeOWTY CKBaXKMHBI. [IpH MOBBIIEHUH ypPOBHS, BCIEACTBHE CHHKEHMUS
MPOM3BOJAUTEIBHOCTH HAcoCa, B JAMHAMOTpPaMMe «XBOCTMK HE3arOJTHEHHSD
HCYE3aeT, YTO CJIYXXUT CHIHAJIOM JUIS YBEJIMYEHHS CKOPOCTH OTKauku. Ilpu
CHW)XEHUH JMHAMHYECKOI'0 YPOBHS M3-3a MaJCHMUS TIIJACTOBOrO ABJIECHUS WM
obpa3oBaHusi TmecyaHoi nNpobku Ha 3ab60e, He3aloJHEeHHe LUUIIHH]pa
YBEJIMYUBAETCS, U CKOPOCTh OTKAYKH aBTOMATHUYECKH CHUYXKAETCS.

Henocrarkom naHHOrO criocofa sBAseTCS TO, YTO CTaGUIBHOCTH TOLAYM
Hacoca He Bcerga obOecrieuMBaeT CTaOWIBHOCTH YPOBHS B 3KCIUTYyaTallMOHHOM

KOJIOHHE, TaK KaK IIpH ITOCTOSHHOM YPOBHE BO3MOXHO H3MEHEHUE ACIIpECCUHN



MjlacTa, CBSI3aHHOE C HW3MEHEHHMEM I[UIaCTOBOrO M 3a00WHOro [NaBieHWs, UTO
NPUBOJMT K M3MEHEHHIO KO3 (HULIMEHTA 3aMONHEHHs M MOflauk Hacoca. Jpyrum
HEJIOCTaTKOM JIaHHOTO crocoba sgBjsieTcss TO, YTO Ha BEJIMYMHY MOJAYd Hacoca
HE YYHUTBIBACTCS BJIMSIHWE YTEYKHM B HarHETaTEbHOM M BCACBIBAIOLIEM KiamaHax
M MEXIy TUIyHXEpOM H BTY/IKAMH LMJIMHApA, a Takxke % H3HOCA Hacoca BO
BPEMEHH, YTO TAKXKE BIIMSCT Ha KAY€CTBO YyNPaBIEHUS (TOYHOCTH U HAJIEXKHOCTH).

Hanbonee 6au3kum K 3asBiseMoMy H300pETEHHIO SIBJISETCS W3BECTHBIH (2)
Croco0  ynpasjieHHs IpOLECCOM IOfa4YM HACOCa, KOTOPBI COCTOUT B
ABTOMAaTHYECKOM  peryJiMpOBaHHMM IpoLecca MpH ONpelesleHHOM jaebuTe
MIacTOBOM  JKMAKOCTH, CTaOMJIBHOCTH MoJdayu INIyOGMHHONO  Hacoca ¢
noaaepKaHHeM  MOCTOSHHOTO  JMHAMUYECKOI'0  YPOBHS  JKHUAKOCTH B
dKCIUTyaTallHOHHOW KojioHHe.  Cnoco® BKIIOYaeT H3MEPEHHe JaBJIeHUs Ha
BBIKMJJHOH JINHUH CKB&)XXMHBI B YCTh€ HACOCHO KoMmIpeccoproi Tpy6sl (HKT) u B
TouKe, pacrionoxeHHoW Hike ycThbs HKT Ha paccTosHMM paBHOM TOJIOBHHE
JUIMHBI LIMIMHJpa Hacoca, ‘a MOJavy Hacoca ONpeAeNsSIOT IO  3asBIAEMOMY
alrOPUTMY. YPOBEHb XUAKOCTU PEryJUPYIOT HM3MEHEHHEM YacTOTHl KauaHus
OanaHcHpa cTaHKa-Kayalku

YkazaHHOe  M300peTeHHe  [O3BOJSET  ONEepaTUBHO U HAJEeXHO
KOHTPOJINPOBATh M YNPABJIATh dKCIUTyaTaldeld ckBaxxuH. O HAKO HeJOCTATKOM
YKa3aHHOTO cr1ocoba ABJISETCS TO, YTO OH HE YUHTHIBAET BIMAHHUS TEMIEpaTyphl 1
BSI3KOCTH TUIACTOBOM XUAKOCTH Ha NOJauy Hacoca.

3anaya n306peTeHNs COCTOHUT B [IOBBILIEHWH TOYHOCTH YIIPABICHHS.
CyIHOCTE M300peTeHHs COCTOUT B CIOCOGE yNpaBIeHHUs IPOLECCOM M0jadyu

Hacoca, 3aKIOYAlOLMMCs B aBTOMATHYECKOM peTyJIMpPOBAHMM CTaOMIBHOCTH
rojiauu riiyOMHHOTO Hacoca IMpHU ONpeIeNIeHHOM 1eOUTe [IaCTOBOM )KHUAKOCTH U
C NOANCPXAHHEM  TMOCTOSHHOIO  JIMHAMHMYECKOrO YpPOBHS  KHMIKOCTH B
OKCILTyaTalMOHHOH KoJIoHHE. Croco6 BKITIOYaeT U3MEPEHHE YPOBHS KUIKOCTH B
OKCIITyaTalHOHHOH KOJIOHHE, /IaBJIeHUs! Ha BBIKUIHOMN JIMHUM CKBOKHHBI B YCThE
HacocHo-KommpeccopHoit Tpyosl (HKT) n B Touke, pacnosioxxeHHON HUXE yCThbs

HKT na pacCTOsIHMHU paBHOM IIOJIOBHHE JJIMHEI HHIIMHApa HacocCa, JOMOJHUTEIILHO



H3MEPSOT  TEMIIEPATYPY Ha BBIKMJIHOW  JINHHUH CKBa>XHHBHI, U ONpCAcistoT
BSI3KOCTH I1J1aCTOBOM KHMIKOCTH, a 1oJjavy Hacoca OIpeAe/saloT Mo ClIEAyOIeMY

aNTOPUTMY::

(P1=P;) |
Qp, = 3,52 x ¢F f————pf 2.

o= a + b(1 — exp (Re))

R¥
4
R, = Qpr
nDu
t+t,
M= pUmexp(— —t_)
X
AP
Pr = gh
Qg
F =22
A

rie: t,- TeMneparypa BeIOpaHHas B pabo4yeM HHTepBaJle;

€ — KOO(QGHUUMEHT, YUMTHIBAIOIMI pacluMpeHHe BEelIeCTBA TPU MPOXOXKACHHH
uepes cyxeHue (U1 HeC)KHMaeMOU KUIKOCTH &€ = 1 );

a, b — smmnpuyeckue Ko3QGUIIMEHTBI, ONpenenseMble SKCIePHMEHTATBHO;
R.-4ucno PeiiHonbca;

RZ xapakTepHCTHUeCKOe 3HaYeHHE R, ONpesieNnsieMoe ¢ UCIIONB30BaHUEM METO/A
KacaTesIbHOW K KPUBON M3MEHEHHUs 3HAUCHHUs X OT 3Ha4eHHs R, ;

D- jnaMeTp rnonepevyHoro ceyeHus o6paTHOro KiarnaHa, M

U- IMHAMUYeCcKas BA3KOCTh IJIACTOBOM >KMAKOCTH, [la.c;

Um-MaKCUMaJIbHOE 3HaUEHHE, M.

(¢ — U3MepeHHbIH haKTHUeCKUii JeOUT CKBaXHH, M3/CyT.;



t- remneparypa ¢mounna, °C;

tx- XapaKTepUCTUYECKOe 3HaYeHue t (ompeenseMast TaKUM e 00pa3oM,

Q- noaauwm Hacoca (1eOUT MIACTOBOMN KHUAKOCTH), M>/4;

F — nnowans nonepevHoro ceueHust o6paTHOro Kiamnana, M2

X - KOdhQHUIMEHT pacxo/ia, KOTOPBIH YYHTHIBAET HEPABHOMEPHOE PacTpeieNieH e
ckopocted mactoBod xuakoctd (IDK) mo ceuenuro mortoka, o6ycroBieHHOe
BA3KOCTBIO W TPEHHEM €€ O CTEHKHM BBIKMIHOTO TPyOONpOBOAa M HACOCHO-
komrpeccopHoit TpyOsl (HKT) ckBaxuHsl;

P - JIOTHOCTH JOOBIBAEMOM KUAKOCTH, KI/M>;
g - YCKOpEHHUE CUIIBI TAKECTH, M/CEK’;

h - paccTosHMe MeXIy JaT4nKamy, aasieHus B ycTbe HKT U B TOuke, HuXKe
yctbst HKT Ha paccTosinuy paBHOM HOJIOBHHE JUTMHBI IMJTHHPA HACOCA, M;
AP — mnepenaj naBieHus MeXIy JaTyikamMi aasiaeHus B yctbe HKT u B Touke,
Hike ycrbs HK'T Ha paccrosnun paBHOM NoioBUHE [UIMHBI LUJIMHAPA HACOCA,
Py u P,, - naBnenue B yctbe HKT U BBIKUAHOM THHUH CKBAXHHBI,
3asBisieMoe U300peTeHHe OTIHYAETCS OT U3BECTHOIO H3MEPEHHEM TEMIIepaTyphbl
Ha BBIKW/IHOW JIMHUM CKBAXXHHBI, ONpeIe/IEHUEM JUHAMUUYECKON BI3KOCTH
YIIACTOBOM XXMJIKOCTH W HOBBIM aJIFOPHTMOM pacyeTa IoJaul Hacoca. M3sectHo,
4TO BA3KOCTb (a0COJIOTHAS, AIMHAMUYECKAsT) XaPAKTEPU3YIOILAS CUITy TPEHHS
(BHYTPEHHETO COMPOTUBICHHS ), BOSHHKAIOLLYIO MEXIY 2 CMEXHBIMU CIIOSAMU
BHYTPH JKHJIKOCTH UM ra3a Ha eAMHULLY MOBEPXHOCTH MPH UX B3aHMHOM
MEPEMELUEHUH - BaXKHElLIee TEXHOJIOIHYeCcKoe CBOMCTBO He(TH, onpeiesrolee
€€ MOJIBUKHOCTb B IJIACTOBBIX YCIOBUSAX AJIS 100OLIUU. BellMunHa BA3KOCTH
BIIMACT HA  CKOPOCTb (DMIBTPALMM [IACTOBOM JKHAKOCTH B MJ1aCTe, KOTOPYIO
HEOOXOMMO YUHTBIBATL MPU  pacyeTe MOLIHOCTH (MoJaua Hacoca) Hacoca
n00b14uu Hedyri. TToaToMy ni1s Gostee TOYHOTO W HANEXKHOTO ONpesieleHus AebuTa
MJ1aCTOBOH YKUJIKOCTH M, ClIe/I0BaTeIbHO, YIIpaBleHHeM M0Jauy Hacoca,
JIOTIOTHUTEJIbHO HU3MEPSIOT TEMIIEPATYPY MIaCTOBOM JKMIKOCTH HA BBIKHIHON

JIMHUH CKBa>XWHBI.



CymHocTs H300peTeHus MPOUIUTIOCTPUPOBaHa Ha ¢ur.1, rie npuBeaeHa
MPUHUKITHAIBHAS CXeMa YCTPONCTBA yIIPABJICHUS IIPOLIECCOM 00BN HedTH,
KOTOpas COAEPXKMUT: | - {a1unK. PACNO10KCHIbIH B YCThe HACOCHO-
komnpeccoprort Tpy6sl (HKT); 2 - natunk, pactionoxennsiii na (HKT) Huke
aardvka 1, na paccrosuum s BLICOTHI HWIMHAPA, MCMOAL3YEMOTO Hacoca, M
Angyanonmerp — 3; 4 - BLIKHAHAS JIHHAS CKBOKMHDBI, 5 - 1aTUMK AaBAEHUS HA
BRI O T CKBAKRMOLE W IHOMaHOMeTp -- 6 1 7 - J1aT4UK YPOBHS
ARIIKOCTH B OKCILTYaTalHOHHOM (00caiHoli) KoJloHHe | npeolpasosatelib - 8; 9

OJAOK pacucta v vipasaceHus; 10 = noanpoBAHHBIA 1THTOK KOJOHHBL TaHr: 11 —
IRCIAVATAMOHHAs KOJIOHHA cKkBakuHbl, 12 - HKT.

CHOCol OCNHICCTRISICTCS CACAYIONIM 00pa3oM.

Flsvepsietest nepenal JlaBiacHus  MeuTY  JlaTuukamMe  asienus 1 ou 2,
soranoaeniibix B overse HK'T na paccrodnii HOJ0OBHHBL JUTHHBL [ UWIHHAPA,
HPHMCHSCMOTO Ha JIAHHOW CKBakuHe Hacoca: h = 1/2 [ Jlatyukom S usmepsieTcs
JABIIEHHE  HA  BBIKWJIHOM JIMHUM 4 CKBaKMHbI. BbIXOAbl NATYMKOB JaBJIEHUS
Cov e bl ¢ kavepant ugdepenainuoro manomerpa 3 1 6, tuna CATIDUP,
BHINOJIbI KOTOPLIX COCJMHCHBI ¢ OJIOKOM 9 —  pacuera W ynpasienus. [Ipruem
HUAKHIA JIQTUMK 2 COeIMHEH ¢ TOJIOKUTEILHOW KaMepol audmarnomerpa 3, a
BepXHH | - ¢ oTpuuareisbHol kamepoli audmanoMeTpa 3 W [MONOKHUTENBHOMN
Kavepoli Stdyanomerpa 6. BLINOABI IATUMKA S COC/IMHEHbI ¢ COOTBETCTBYIOILUMH
vaviepantit cpigyanoaserpa 6. Tesrieparypa  usmepsercs  JlatdMkoM 13w
npeotpasosateaes 14

JIaTUHKH, yCTaHOBIIEHHBIE B CUCTEME, SIBJISIOTCS U3BECTHBIMH YCTPOHCTBAMH:
JaTYMK YpoBHSA — oXomMep - Remote Fire Gaz Run, natuuku nasnenus. B nmamsatu
OBM Gnoka ynpaBnenus 9 BBoAsTCs AaHHblE O (akTHueckom nebure IDK:
n3mepsiembrd I3V (rpynnoBoit 3amMepHON yCTAHOBKOW M OTIPENENSIOT YUCIEHHOE
3HaueHWe X mopadn Hacoca (nedburta IDK). IlonyuenHnoe pacueTHoe 3HaueHME
CPaBHMBAIOT C 3aJaHHBIM 3HA4Y€HUEM JeOMTa U NpPH OTKIOHEHHH B CTOPOHY
yBeJu4yeHusi, B OJIOKe yrnpaBieHUss & BbIpabaThIBAeTCSI COOTBETCTBYIOLIMIMA

yﬂpaBﬂﬂ}OLLII/Iﬁ CHUI'HaJl U BapuaTop IO 3TOMY CHUIHaJly YMEHBUIACT YUCIIO KavyaHUs



GanaHcupa M HaoboOpoT. B cBolo ouepenp napaiensHo B GIOKe yIpaBieHHs
OCYIIECTBIISICTCS CpaBHEHHE (aKTUYECKUX (M3MEpeHHbIX) 3HaueHuid Q, meOura

I'DK ¢ ero pacyeTHbIM 3HaueHHEM Q,, OMpeiesisseMbIM 110 opMyJIe:

Q=675 o ¢+ F_[La=r2),
p

AQ = Qg — Qp

B MOMEHT BpeMeHH . Ecnn 3Hadenne AQ HaXOAUTCS B HOMYCTUMEBIX MpefieaX, To
3Ha4YeHHe KO3(QHULHMEHTA X HE M3MEHseTCs, T.e. X= const. Eciu 3HaueHHe AQ,
HaXOOUTCS 3a JOMYCTUMbIM MpPEAEIOM, OTPAKAIOIUM aHOMAJIbHBIE rIyOHHHbIE
IIPOLIECChI, TPOMCXOMSLINE B HACOCHOM 00OpY/A0BaHUH (yTEUKH, U3HOC U T.1.) U
rnnacte (MecKonposBieHUe, W3MEHEHHE BI3KOCTH U IIPOHMIAEMOCTH KOLTEKTOpa |
T.1.), TO HEOOXONMMO pacCUMTaTh HOBOE 3HaYeHHe Kod(hGUIHeHTa (.
CnenoBarenbHo, AQ ABISETCH HHAMKATOPOM COCTOSHUS HACOCHOTO 000Dy I0BAHHS
M racra, a QakTvyeckas IoJada Hacoca OINpeNeNsieTcss He YHUCIOM KayaHWi
CTaHKa-Ka4YajK¥ M XOJIOM TOJHMPOBAaHHOIO IUTOKA, & JaBJIE€HHEM, KOTOPHIA OH
coznaet Ha ycerbe HKT.

FEIpHMEP KOHKPCTHOTO BITOJIHCHHS CTIocoda.

Dou=1,5; Fo=n Do?/4=1,77 cm?; P=2,65¢10° ITa; P»=2,5+10° Tla; pr= 0,968
rlem’; Qy=15 M¥/cyr.=173,6 cM¥/c; £,=20°C; t,=60°C; un=7,610"TTa.c.; a= 0,2;
b=0,2; Ry=200; t=40°C; e=1

i = Hmexp(—2)=2,8+10" IMa.c

_4Qp; 1274-173,6-0,968

v, = 200 e = 5906
«=a+b(1~exp(2)) = 02 +0.2(1 — exp (- 22) = 04

(Py~Py) 15000 cm3
Qp = 3,52 « eF ok f71f—2 =341-04-1-1,77- 5,968 = 180,67 = 15,6 M3/cyT;



Op — Qb 15,6 — 15
A = —— 0, ——— 1 o 0,
Q op +100% = 156 00 =3,85%

OtknoHeHHUE HaxXOIMTCs B JOITYCKAaEMOM IIpeaerie.

3asBaseMoe I/l306peT6HI/I€ ITIO3BOJIAET ONIEPATHBHO U HAJACXKHO KOHTPOJIMPOBATh

M YNIpaBJIATh JKCILJTyaTalluedl CKBaXXHH

ABTOpBI: C% P3aeB AG.T.
% Acapnosa P.111.

Kyp6aHOB 3.I.

['enepanbneiii aupextop UHCcTHTYTA

CucreM Yrnpasienus HAHA,

aKajaeMHuK A.M.AGGacos



8

JUTEPATYPA

1.b.b.Kpyman. IlpakTuka skcruryaTanuu 1 UCciie10BaHus
rinyOMHHOHACOCHbIX CKBaXKUH, M., Henpa, 1964, 204 c.
2. Fupasuitcxuii Harenr Ne 038583, «Crniocob yripaBiieHHs MPOLECCOM

nojaauu riayOMHHOro Hacocay, 2021.09.17



OOPMVIJIA U3OBPETEHUA

Crnocob aBTOMaTHYECKOro MoAAep KaHUsl MTOCTOSTHHBIM IUHAMHYECKOTO YPOBHS
)KMIIKOCTH B 3KCILIyaTalldOHHOW KOJIOHHE C IOMOIIbI0 Hacoca MpH 3aJaHHOM
NeduTe MIacTOBOW J>KMIKOCTH, B KOTOPOM H3MEPSIOT YPOBEHb JXHUAKOCTH B
IKCIIIyaTalliOHHON KOJIOHHE, JaBj€HUE Ha BBIKUIHOW JIMHUM CKBaXXHHBI B YCThE
HACOCHO-KOMIIPECCOPHON TpyObl M B TOUKe, pacniosioxeHHoM Huxe ycThs HKT nHa
pPacCTOSHUHU PABHOM TOJIOBUHE JJTMHBI anHHﬂpa Hacoca, U peryjiupyroT 4acToTy
KayaHus OajlaHCUpa CTaHKa-Kadajkd, OTJIMYAIOIIUACS TeM, YTO JOIOJIHHUTENILHO
M3MEPSIOT TEMIIEPATYPY Ha BBIKUIHOW JIMHUHU CKBAaXXHUHBI U OMPEACIISIOT BSI3KOCTh
MJacTOBOW JKMJIKOCTH, a I10Ja4y Hacoca CTaHKa-Kayallkh PacCYUTHIBAIOT I10

CJIICAYIOLIEMY aJITOPUTMY

Q, = 3,52 o ¢F %‘—‘-DZ—); o=a+b(1-exp(32));
Re = Aﬁf; K= [y €XP (— t?:”); pr = 2—2 F = %;
A=675a-¢-
rae: ty- TeMneparypa BelOpaHHas B pabouyeM HHTepBae;

€ — KOO(Q(UUMEHT, YYUTHIBAIOIMK pacUIMpEeHHe BELIECTBA TPH IPOXOXKIECHUH
uepes CyKeHHe (A1 HEC)KUMAEMOH KHUIKOCTU € = 1 );

a, b — smMnpuueckne KO3(QOULHEHTE, ONpeAesieMble 3KCIIEPUMEHTANBHO;
R,-uucno PeliHonbmaca;

R? xapakrepucrudeckoe 3HayeHue R,, onpeaenseMoe ¢ HCIOIB30BAHHEM METO/A
kacarelbHOH K KPHBOK M3MEHEHHS 3HaYeHUs X OT 3Ha4eHus R, ;

D- nuameTp nornepeyHoOro ceueHus 0OPaTHOro KJanaHa, M;

U- TMHaMUYecKas BSI3KOCTh (ironaa (racToBoi xuakoctu), [a.c;

Uy ~-MAKCUMAJIBHOE 3HAYCHUE, M.
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Q¢ - M3MepeHHbIH QaKTHUECKUi 1eOUT CKBAXHUH, M/CYT.;

t- Temniepatypa (uonaa, °C;

Ly~ XapaKTepUCTUYECKOE 3HaYeHHe t (ompeeiseMast METO0M KacaTesbHOI
PACCMATPUBACMOM IKCITOHCHIMATBHOR KPHBOH )

Q- moxauu Hacoca (1eGUT MIaCTOBOM XUAKOCTH), M>/4;

F — nnowmane nonepeuHoro ceveHus o6paTHOro KianaHa, M2;

X - KOIQPUUMEHT pacxoa, KOTOPBIH yYUTHIBACT HEPABHOMEPHOE paclpe/ieleHne
cKopocTeit niactoBoi xxuaxkoctu (IDK) no ceuenuto notoka, 00ycioBiIeHHOE
BSI3KOCTBIO J100BIBAEMOM KUIKOCTH W TPEHHEM €€ O CTEHKH BBIKMIHOTO
TpyOOINpoBOaa U HacocHO-koMmIpeccopHoi TpyOsl (HKT) ckBakKUHBI;

p - MIIOTHOCTb A0OBIBAEMOM KUIKOCTH, KI/M>;
g - YCKOPEHHUE CUJIBI TAXKECTH, M/CeK>;

h — paccTosiHie MeXAy NaTdukaMu, nasjieHus B yctbe HKT u B Touke, Hrxe
ycrbs HKT Ha paccTosHuM paBHOM NOJTOBUHE [UTHHBI HMJIMHAPA HACOCA, M;
AP — nepenaj naBjleHUst MeXAy JaTynkamu jaasineHus B ycrbe HKT U B Touke,
Huke ycThst HK'T Ha paccTosHuM paBHOM ITONOBHHE JUTHHBI HMJIMHAPA HACOCA,

°1 u Py, - naBnenue B ycrbe HKT 1 BHIKMIHON JTMHUU CKBa)KUHBL.

ABTOpBI: %X P3aeB AG.T.

A
% g Acanosa P.111.
% Kyp6a#n

["enepanpnelii qupexrop MucTtutyTa
Cucrem Ynpasnenus HAHA,

aKaJgeMHK A.M.A6b6Gacos
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CIIOCOB YIIPABJIEHHUS NTPOLIECCOM
IMOJAYU I''TYBHUHHOI'O HACOCA

dur. 1

ABtopsl: P3aeB AG.I'.
Acanogsa P.I11.

Kyp6anos 3.T".



OTYET O IATEHTHOM ITOMCKE  [floMep epasuiickoli 3aaBKu:

(crarssa 15(3) EATIK u npasuno 42 ITaTeHTHOH HHCTPYKUMH K
EAIIK) , 202200138

A. KTACCUOUKALIUA ITPEIMETA U30BPETEHMS:
E2IB 47/10 (2012.01)
E21B 47/04 (2012.01)

CornacHo MexaynapoaHoi natentHoi knaccuduxaiun (MITK)

b. OBJIACTh ITOUCKA:

[IpocMoTpeHHas A0KyMEHTaLHA (cucTeMa KnaccHdukauun u naaekcsl MIIK)
E21B 47/00, 47/04, 47/009, 47/10, 47/117; E21B 43/00, 43/12

DnekTpoHHAd 6a3a JaHHBIX, UCTIOJIB30BABILASCS NIPH NOKCKE (HasBaHHE Ga3bl M, €CJTH, BO3MOXKHO, HCIIOTB3yEMbIE [IOUCKOBEIC TEPMHHBI)
EANIATHUC, Google patent, Espacenet, PATENTSCOPE

B. IOKYMEHTbBI, CAUTAIOINHECS PEJIEBAHTHBIMH

Kareropus* CCHIIKH Ha IOKYMEHTHI ¢ YKa3aHHEM, IJIE 3TO BO3MOXHO, PEJIEBAHTHBIX 4acTei OtHocHTCA K IMyHKTY Ne
D,A |EA 038583 Bl (MHCTUTYT CHUCTEM VIIPABJIEHUSI HALIMOHAJILHOH 1
AKAZIEMHU HAVK A3EPBAMJDKAHCKON PECITYBJIMKH) 2021-09-17; Bech
[TOKYMEHT.
A EA 019848 B1 (MHCTUTYT KUBEPHETUKH HALIMOHAJIbHOM AKAJIEMUH 1

HAYK A3EPBAMDKAHCKOM PECITYBJIMKH) 2014-06-30; BeCh IOKYMEHT.
A RU 2236563 Cl1 (YOUMCKUI TI'OCYJAPCTBEHHBIM ABUALMOHHBIN 1
TEXHUYECKHUM YHUBEPCHUTET) 2004-09-20; BeCh IOKYMEHT.

A US 10145230 B2 (HENRY RESEARCH AND DEVELOPMENT, LLC) 2018-12-04; 1

BECb NOKYMCHT.

I:] NOCACAYIOIME NOKYMCHTRI YKa3aHbl B [TPOAOJDKCHUH

«T» - Gonee no3aHuit AOKYMEHT, ONYONHKOBaHHEIH TOCIE AaTh HTETa
* Ocobble KaTErOPHH CCHUIOMHBIX JOKYMEHTOB: AHHE Boky »ony C/16 ZIATS TIPHOP "

«A» - IOKYMEHT, OTpeAeomyi 06muii ypoBEHb TEXHHKH MpHBECHHEIA 15t NOHUMAHHA H306peTeHNs

D» - oKyMeHT, NpuBEEHHE B eBpaskiickol 3atBKe «X» - IOKyMEHT, HMeIomIH# HauGonee GTM3KOE OTHOLICHHE K MPEAMETY NOMCKA,
(E» - Gonee paHHuit JOKYMEHT, HO ONyGIMKOBAKHBIH HA AATY MOAAUH NopoYaNKi HOBU3HY W/IH H300PETATENECKUI YPOBEHD, BIATEIH B OTACLHO-
eBpasHiicKol 3ajdBKH WK NIOCTE Hee crH

O - IOKYMEHT, OTHOCAIIHHCS K YCTHOMY PACKPHITHIO, KCIoHMpo-  [€Y”  IOKYMCHT, uMciotlui HauGonce GIH3KOS OTHOIICHHE K MIPCAMCTY NOHCKa,
BAHHIO ¥ T.IL nopovalHit H30GPETATENECKHH YPOBEHD B COUETAHHH C APYTHMH IOKYMEH-

"P" - nOKyMEHT, ONTyGIMKOBAHHBIH 10 JaThi NOAA4H eBpasHiickol TaMH T0H e KITCTOpHH

3asBKH, HO 110C/I€ aThl HCTIPAIIMBAEMOTrO NPUOpHTETa" («&c» - ROKYMEHT, ABIAOLINIACA MATCHTOM-HATOTOM
«L» - TOKYMEHT, TIPUBEACHHBII B APYTHX LEAX

Jlara nposenenns narentHoro moucka: 23/01/2023

VY 0/IHOMOYEHHOE JIULIO:
HauvancHuk oTaena MEXaHHKH,
(HM3UKH ¥ FNEKTPOTEXHHKH

¢ J1.®. Kprinos
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