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AHHOmMayus1. AKMya/ibHOCMb UCCJIeJ0BAaHUs 3aKJ/II0YaeTcsl B HEO6X0JUMOCTU OIpe/iesIeHUs JOMYCTUMbIX MOTPELIHOCTeN
TU/ipaBJMYeCKUX PacueToB MOBEPXHOCTHBIX TPY6GONPOBOJOB CUCTEMBI MO/ Jiep>KaHUs MJIacTOBOTO JaBJjeHUsA. JTO He06X0-
JIUMO Jles1aTh B TOM 4MCJie BBUJY U3MEHEHHsI CBOMCTB MOMYTHO J06bIBaeMOW BoAbl. BeiencTBre nepexo/ia 60J/bIIMHCTBA
MeCTOpOX/AEeHUH Ha MO3/HUe CTaZUX pa3paboTKU NOBbILIAETCS 06BOJHEHHOCTD 406bIBa€MOM NMPOJYKIIUHM, U3MEHSETCS CO-
CTaB U CBOMCTBA IIJIaCTOBBIX BOJ, BCJ€JCTBUE NMPOpPbIBA 3aKauyMBaeMol BoJbl. JlaHHbIe 06CTOATENbCTBA MOTYT PUBECTH K
CylLIeCTBEHHOMY W3MeHEHUI0 MUHepau3aluy, coctaBa U Ph Bo/ibl, 4TO HEO6XOJUMO YYUTHIBATD MPH YUCJIEHHOM MOJIEH-
poBanuu. Leas: cozfaHre HOMOTPAMMBbI /ISl OLleHKHU MOTPELIHOCTH, BO3HUKAIOIEN BCIeACTBHME U3MEHEHUSI CBOWMCTB IO-
MyTHO A06bIBa€MOM BO/Ibl, HA YUCJIEHHOE MO/IeJINPOBaHKE PaboThl HAIOPHBIX TPYGOIPOBOJOB CUCTEMBI MOAAEPIKAHUS 1A~
CTOBOI'0 AaBjieHusi. Memodul: TUApaBINdecKrie PaciyéThl B IPOrPaMMHOM obecrnedyeHUr «MIHKeHepHbIA CUMYJISITOP TEXHO-
JIOTUYECKHUX MPOLeCCOB», aHAIM3 CBOKUCTB MPOG6 MOMYTHO A00bIBAEMOM BO/IbI B JTaOOPATOPHH, OLleHKA MJIOTHOCTH NMPO6 Mo-
IyTHO J00bIBaeMOM BOJbI B NMporpaMMHoOM npoaykre PVTSim 20. Pezyasmamul. UccnenoBaHus NpoBefieHbl Ha NMpobax
MONYTHO A00bIBAEMON BOJbI, B3ThIX C CEMU CKBKUH. 3HAY€HHE MHUHEpPa/JU3AlUU B CUCTEME MO/ JepKAHUSA TJIACTOBOIO
JlaBJIeHUs B TeueHUe rojja usMeHsietcs ot 247,85 no 327,79 r/am3. PacuéTHas JIOTHOCTh U3MeHsIeTCs B IpeJesax oT 1188
no 1255 kr/m3. [lnsg pacyéra AaBjieHUs] HA YCThe HArHETATeJbHOW CKBA)XKMHBI B XOJle 3aKaYKH BOJbI B3AThl MPOGHI C
HauOOoJIbIlIEeH, CpeIHEM U HAaUMEHbIIEeNH MJIOTHOCThIO. AHAJIM3UPYS MOJTYYEHHbIE JAHHbIE, MOXKHO OTMETHUTh CUJIbHOE BJIHS-
HHUe CBOMCTB BO/Ibl HAa 3HAYEHUsl YCTheBbIX JlaBjeHUN. Ha ocHOBe NMpoBeEHHBIX MCCIEL0BAaHMN CO3/jJaHa HOMOrpaMMa JiJist
onpefieJieHUs] CTeNeHU BJMUSHUSI U3MEHEHHUs CBOWCTB BOJbl B XO/le TH/PaBJUYECKOr0 pacyéTa C Yy4ETOM MPUEMHUCTOCTHU
HarHeTaTeJIbHbIX CKBAaXXKHH U JIJINHBI TPYOGOIIPOBOIOB HA paclipe/iesieHUe JJaBJeHus B cucTeMe. Bbigodsl B xo/ie ynucieHHOro
MO/IeJINPOBAaHUS [I0BOJIbHO 3aTPYAHUTENBHO YYECTb BCe MapaMeTphl, BAUAIME HA TOUHOCTb MOJy4aeMbIX pacuyéToB. s
3TOro NpeJjlaraeTcsl UCNO0JIb30BaTh CO3/JaHHYI0 HOMOTPaMMYy, 103BOJISIIOLIYIO OLeHUTDb JONyCTHMble OTPELIHOCTH THApaB-
JIMYECKOro pacyeTa yTeM y4yeTa BApUaTUBHOCTU CBOWCTB BO/ibl, HAPABJ/sIEMOU B CUCTEMY NOAJEPKaHUS IJIAaCTOBOIO /1aB-
JIeHUs.

KioueBble c/10Ba: CBOWCTBA BOJbI, NIONIYTHO I,E[O6I:IB¢’:IE!M¢':1${ BOJa, IOTEePU AaBJIEeHUdA, YHUCJI€HHOe MOJeJIMpOBaHUe, CUCTeMa
noajepxaHud I1JlacCTOBOI'O AaBJI€HUSA
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Abstract. Relevance. The need to determine the permissible errors of hydraulic calculations of surface pipelines of the
reservoir pressure maintenance system. This must be done, among other things, due to changes in the properties of produced
water. As a result of the transition of most fields to the late stages of development, the water content of the extracted
products increases, the composition and properties of reservoir waters change due to the breakthrough of the injected water.
These circumstances can lead to significant changes in the mineralization, composition and Ph of water, which must be taken
into account in numerical modeling. Aim. Creation of a nomogram for estimating the error in the course of changing the
properties of produced water for numerical modeling of the operation of pressure pipelines of the reservoir pressure
maintenance system. Methods. Hydraulic calculations in the engineering process simulator software, analysis of the
properties of produced water samples in the laboratory, assessment of the density of produced water samples in the PVTSim
20 software product. Results. The studies were carried out on samples of produced water taken from seven wells. The value
of salinity in the reservoir pressure maintenance system during the year varies from 247.85 to 327.79 g/dm3. The calculated
density varies from 1188 to 1255 kg/m3. To calculate the pressure at the mouth of the injection well during water injection,
samples with the highest, average and lowest density were taken. Analyzing the obtained data, a strong effect of water
properties on the values of wellhead pressures is noticeable. On the basis of the conducted studies, a nomogram was created
to determine the degree of influence of changes in water properties in the course of hydraulic calculation, taking into account
the specific-injectivity index of injection wells and the length of pipelines. Conclusion. In the course of numerical modeling, it
is quite difficult to take into account all the parameters that affect the accuracy of the calculations obtained. To do this, it is
proposed to use the created nomogram, which allows estimating the permissible errors of hydraulic calculation taking into
account the variability of the properties of water sent to the reservoir pressure maintenance system.
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BBeseHne CKBOKUH 3aKJIIOYACTCS B TOPSYEM WJIM XOJOJHOM OT-
B Hacrosiiee BpeMst OOJIBIIMHCTBO MECTOPOXKIEHUH  CTOE MPOIYKLUMH C J0OABJICHUEM XHMMHYCCKUX pearcH-
HepexosT Ha no3aHue craauu pazpadortku [1-3]. lanH-  TOB — neamynbratopoB. Pexe mpou3BoauTCs: GUibTpa-
HbIe OOCTOATENILCTBA MPUBOJAT K IOBBIIICHUIO OOBOI-  IHs BOJBI Yepe3 KUAKOCTHbIE THAPO(OOHBIE (DHIBTPHI.
HEHHOCTH JI0OBIBa€MOI MPOAYKIMHM, MOBBIIIEHHOMY  JIjist JOCTIKEHHSI HAUMEHBINCH KOHIIEHTpaluu HedTH B
BHMMAaHHIO K 3HEPreTHIecKor 3(p(heKTUBHOCTH pabOTBl  MOMYTHO JOOBIBACMON BOJC MPUMEHSIOT YIbTPA(UIIb-
MECTOPOXK/ICHHUS, a TAKKe K ONTHMH3AIMU €ro padOThl  TpALMIO, POIYCKas BOLY YEPE3 OUYMINAONIYI0 MEMOpa-
[4, 5]. BBuny yBenuyeHHs1 KOJIMYECTBA MOIMYTHO JOOBI-  Hy 1O/ BbICOKMM JaBienueM [10-12]. Kak ormeuasock
BAEMOIl BOJBI yXY[IIAETCS] KauecTBO €€ IMOATOTOBKH,  BBIIIE, Ha OONIBIIMHCTBE MECTOPOKICHHUN HAOIIOACTCSI
TaK KaK MpU MPOEKTUPOBAHUU IIPOMBIIUICHHBIX O0BEK-  yBEIMYEHHE OOBOAHEHHOCTH He(TH. DTO, B CBOIO Ove-
TOB HE BCErJa YUUTBIBAIOTCSA BCE BO3MOXKHBIE CLEHAPUUA  PEJlb, YBEJIMYMBACT BEPOSTHOCTh OOpa3oBaHMs Hepac-
Pa3BUTHSI TIporiecca pa3padOTKN MeCTOpOXKAeHH [6-9].  TBOpUMBIX Cynb(haTHBIX CONEH, TBEPABINA OCaTO0K KOTO-
IMoaroroBka MOMyTHO 10OBIBAEMOM BOJBI MOJpa3y-  PhIX KpaiHe TpyaHO ymamutk [13]. Bosbimoe comepxa-
MeBacT €€ OTYUCTKY OT OCTaTOYHBIX 3arps3HEHUN  HHE JaHHBIX COJICH 3HAYMTENILHO BIIMSCT Ha COCTaB, MH-
He(TH. 3auacTylo MpOLECC pasfeneHusl MPOAYKIMHM  Hepaimsanuio U pH nomytHo 106siBaeMoit Bos [14].

50



HW3BecTrsi TOMCKOTr0 NOJIUTEXHUYECKOTO YHUBepcUuTeTa. MHxKUHUPUHT reopecypcos. 2024. T. 335. Ne 8. C. 49-55
WmomnH I1.10., Batkun K.A., Kozsos A.B. KoMnyiekcHOe 060CHOBaHME JJOyCTUMON MOTPEIIHOCTH NPU BBIIOJHEHHH ...

Ha ceromusimHuii JI€Hb MOBCEMECTHO BHEIPSIOTCS
UM(POBbIE TEXHOJIOTUH JIJIsl aBTOMATHU3AllMU BCEX 3Ta-
MOB JIOOBIYM W TpaHCHOPTHPOBKH Hedtn [15, 16].
B wactHOCTH, co3maroTcs nudpoBbIe JBOWHUKHA MECTO-
poxnenuii [17-19]. BBuay yuéra peabHON KOHCTPYK-
IIUA CKBOKUH M HAa3eMHBIX TPYOOIPOBOIOB HaHHOE
nporpammuoe obecrieuenue (I10) mo3Bossier YncieH-
HO MOJIENMPOBaTh BCE JAMHAMUYECKHE IPOLECCHl Ha
HePTIHOM MecTOopokacHuH. OIHIM U3 MPeICTaBUTE-
Jel TakuxX mporpamM siBisietcst «HKeHepHBIH cruMy-
JSTOp TexHooruueckux mporeccoy («MCTIIy), pas-
paGoTtanHbli B HayuHo-00pa3oBaTeIbHOM IIEHTpE
«["eonorust u pa3paboTka HEPTIHBIX U Ta30BBIX MECTO-
poxaenuit» [20]. JanHoe 1O mo3Bossier Moaeaupo-
BaTh MPOIECCH JOOBIYH U TPAHCTIOPTA YIIIEBOI0PO/IOB,
MPEAYIPEKIATH O PANIUIHBIX OTKIOHCHUSIX U aBapHii-
HBIX CHUTyalUsAX B PabOTE CHUCTEMbI, MPOCKTHPOBATH
HHPPACTPYKTYPhI ¢ BO3MOXKHOCTBIO 3aJlaHHsI OTPaHH-
YeHHH, TaKMX KaK OCOOEHHOCTH penbeda, OXpaHHAs
30HAa U IpyTHE.

OnHOIi M3 BaXHBIX TIPOOJIeM NP padoTe ¢ MUPpPOo-
BBEIMH MOJICIISIMH SIBIISICTCSI BOIIPOC HACTPOHKU MOJe-
T Ha (QakTHYeCKHe aaHHBIe. Tak, BO BCeX Mpo-
IPAaMMHBIX TPOIYKTaxX PEalU30BaHbI [OMPABOYHBIC
KOX((UIHUEHTHI, MO3BOJSIIOIINE HACTPOUTH TEKYIITHE
maBieHuss Ha  (paktmyeckme.  HeoOxomumocThb
HAaCTPOWKHM BO3HHKAET BBUJY OKCIUIyaTallMH pealb-
HBIX, @ HE UJICATBHBIX TPYOOIPOBOIOB, KOTOPHIC MO-
TyT OBITH 3acopeHBl Win nedopmupoBansl. [Ipu aTom
B&XHO YYUTHIBATh, YTO MOJECIb MECTOPOIKIACHHSI
HACTPAMBACTCS HA KOHKPETHBIC 3HAYCHUS IJIOTHOCTH,
MUHEPAIBHOTO COCTaBa WM Bs3KocTH (hromnma. Bemen-
CTBHE ITOTO TOYHOCTH MOJEIHPOBAaHUS PabOTHI CH-
CTeMBI HOJJICP’KaHMs TIACTOBOTO MABJICHUS C Tede-
HUEM BPEMCHHU MOXET U3MeHAThbes. [lanHas paboTa
HaIpaBJCHA HA OLCHKY BIUSHHS M3MCHCHUS COCTaBa
MOTYTHO J0OBIBaEMOW BOABI Ha pabOTy CHCTEMBI
nojyiepkanust 1iactoporo jasienus (ITI11) u ompe-
NEJIEHUE JOMYCTHMOH TIOTPEIIHOCTH BBITOJHEHUS
THJIPABIMYECKHAX PACUCTOB.

MaTepHuabl U METOABI
IIpozpammHoe o6ecnevenue «HHICeHepHbIl
CUMYISAMOP MEXHO/102U4eCKUX NPOYeccos»
WmxeHepHBI CUMYISTOP TEXHOJIOTHYECKHUX IIPO-
neccoB — yHukanbHoe [1O st nuHaMuyeckoro Moje-
JTUPOBaHUs JOOBIYM YIIIeBOAOPOAOB (LU(pOBOH 1BOI-
HUK), OT€YeCTBEHHasi pa3paboTKa, MpeBOCXOIAIIast 10
cBoeMy (GyHKIHMOHamy MupoBble anHanorm OLGA
(Schlumberger) u IPM (Petroleum Experts) [21]. [an-
HOE MporpaMMHOe oOecrieueHre T03BOJISIET TPOBOIUTh
THAPABINYECKUE PAcUCThl B CTAaTHUCCKOM W JIMHAMH-
YECKOM PEKHUMeE, TOAOUpaTh MITyOMHHO-HACOCHOE 000-
pyaoBaHue, MozenupoBars obpasosanust ACIIO. Ile-
peuenb ¢ynknuid 1O «MCTII» mOCTOSHHO OOHOBIISI-
eTCs ¥ pacIIupsIeTCsL.

Memooduka 8bIno/IHeHUA 2udpas/Iu4ecKux
pacyemos 8 I10 «HCTII»

I'mppaBmmaeckue pacuerst B 110 «MCTII» B BoO-
Mpoce pacyeTa CUCTEMBI MOJACPKAHUS IJIACTOBOTO
JaBJICHUS BBITIONHSIOTCS TI0 KIIACCHIECKUM (popMyriam
ruapaBiIukd. J{aHabie GOpMyYITBI IPUBEACHBI B pa3ind-
HBIX MCTOYHMKAX, Hampumep B [22, 23]. B runpasmu-
YEeCKOM pacdere TpyOOnpoBoJia MPHUCYTCTBYIOT JBa
mapamMeTpa TPaHCIOPTUPYEMOTo (IIIONAa — ITIOTHOCTh
U BSI3KOCTh. Pacder BSI3KOCTH BOJIbI BBIMOJHSETCS MO
KOpPEJSILMOHHOW ~ 3aBUCUMOCTH, TPUBEJIECHHOM B
I'CCCH P-776-98 [24]. IImoTHOCT K€ MPUHUMAETCS
Kak peryJupyeMblil mapameTp.

Ilapamempsbi pa6omesl paccHumvi@aemMo20 yuacmkda
cucmeMsl N0ddepHcaHus N1acmogozo das/aeHus

B Tabxn. 1 mpuBeneHbl TEXHOJIOTHYECKUE TapameT-
pBI pabOTHI TAHHOW CHCTEMBI MOJIICPYKAHHS TUIACTOBO-
ro gaeneHus. JlapneHue Ha OJOYHOM KyCTOBOM Hacoc-
noit ctanimu (BKHC) paBho 21,3 Mlla.

Ta6auya 1. [lapamempsl pabomul cucmembvbl N0JOePHCAHUS
n/acmogozo 0as1eHus

Table 1. Parameters of reservoir pressure maintenance
system operation
é = CkBaxkuna/Well
[lapameTp £ @
o
Parameter g g 1 2 3 4 5 6 7
g a8
=9
[IpuemucTocTh 3
Mm3/cyT
CKBa’>XUHbI m3/da 80 60 200 | 100 | 60 45 90
Well injectivity y
JlsiiHa BoJ0-
poBoO/a 10
CKBa>XMHBI M/m (3071 3640 | 4349 |5049 5915 [6763 |6767
Water supply
length to the well
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Pe3ysmamui onpedesieHUs1 c8olicme 8006l cUucmeMbl
nodadepicaHus naacmoeo20 0as/1eHus

CBolicTBa TIONMYTHO JTOOBIBAEMON BOJIBI H3YYArOTCS
IyTEM TIPSIMOTo 0TOOpa TPOOBI BOIBI ¢ KyCTOBOW HACOC-
Hoit cranmmn (KHC) u rccnenoanmst odpasma B 1abopa-
Topur. ONpEnenstoTcss COCTaB BOJBI, MUHEPAIU3AIINS,
pH. pH Bomet ompenensuicss meromom  [TH/ID
14.1:2:3.4.121-97, copepxanune CO; u HCO; — o 'OCT
31957, metonom A, Cl — 1o FOCT 26449.1, SO4— 1o ®P
1.31.200200644, Ca — o [THT @ 14.1:2:3.95-97.

[lockonbky B paMKkax TECTUPOBaHMs IMPOOBI BOJIBI
TJIOTHOCTh HE OTNPEAEIISIETCS], TAHHBINA MapamMeTp OTpee-
JIH TIO0 pe3yjbTaraM MOJICTMPOBAHUS CBOWMCTB ITPOOBI
IUIACTOBOM BOJIbI B porpaMMHOM npoaykre PVTsim 20.
B cocraB Bojibl J00ABIISIIOCH PACUETHOE KOJIMYECTBO CO-
JIe ¥ BOJIbI, BBIUMCIICHUSI MPOUCXOIMIN TIPU JIABICHUN
18 MIlIa (ocpenHeHHOE JaBJICHUE B CHCTEME TOJIepkKa-
HUSI TJIACTOBOrO JaBjieHus) u temmeparype 10 °C.
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Puc. 1. /JluHamuKa usmeHeHus cgolicme nonymHo dobbisaemoli 800bl 8 meyeHue paccmampusaemozo nepuooa

Fig. 1.

Pe3ysibTaThl pacyera

B pesynbprare aHanuza npoO BOJIbI, HAMPABIISEMbIX
B CHCTEMY MOJJIEp)KaHUs IUIACTOBOTO JaBJIEHHUS, IO-
CTpoeHa jauarpamma, npuBefeHHas Ha puc. 1. Cpok
paccMOTpeHusi — OAMH KajleHaapHbli ron. Ha nua-
rpaMMe MPUBOJSATCS JIMIIb 3HAYSHHUS PACYETHOM IUIOT-
HOCTU ¥ U3MEPEHHON MUHEpaIU3alHH.

Ha ocHoBanuu mosy4eHHOTo rpaduka MOKHO Clie-
JaTh BBIBOJ, YTO MMHEpAJIM3alMsl BOJbI, HampasJise-
MOM B cUCTeMy MOJJEepKaHUs IUIACTOBOTO JaBJICHUS,
cocraBiger ot 247,85 no 327,79 F/IIM3. [Ipu sTom
cpenHee 3HaueHue cocranisier 280 r/am’. TInoTHOCT
K€ 3a paccMaTpuBaeMBbIi repuo u3Mensercs ot 1188
no 1255 KT/M npu cpenHeM 3HadeHun 1215 KT/M°.
JanpHelimee MoaenupoBaHue OyaeT NPOU3BOTUTHCS
JUTSL TPEX CBOMCTB IJIACTOBOM BOJIbI, KOTOPBIE XapaKTe-
pU3YIOTCS HAWMEHBIICH, cpeaHed © HauOOJbIIeH
IUIOTHOCTBIO.

MopnenupoBanue paboTHl pacCMaTPUBAEMON CHCTEMBI
MOJIEpKaHuUs TUIACTOBOTO JIaBlieHUs BeinouHseTcs B [10
«CTID» ¢ npuMeHeHHeM TpexX MOJEJEN IIacTOBOM BO-
b, OIIPE/ICNICHHBIX paHee. B pesynbraTe MoaenupoBaHus
OLICHMBAIOTCSl 3HAYEHUsI YCTHEBBIX JABJICHHMH Ha BCEX
HarHeTaTeNIbHBIX CKBXWHAX. Pe3ynbTaThl BHITOJIHEHHO-
T'O MOJICTIMPOBAHNS MIPEICTABIICHBI B TA0M. 2.

Ta6auya 2. Pe3ysbmamsl M00eaupo8aHusi ycmvegozo 0as-
JIeHUsI HA HAZHeMamesbHbIX CKBAXCUHAX hpu
DPA3/UYHbIX CBOLICMBAX HAZHEMAaemMo20 azeHma

Table 2. Results of wellhead pressure simulation on injec-
tion wells with different properties of the injected

agent

JlaByieHMe Ha YCThe HarHeTaTeJ bHOU
CKBa)kKMHbI, MIla
Pressure at the mouth of the injection well,

[1JI0THOCTDb HarHe-
TaeMoH BOJpl, Kr/M3
Injected water

. MPa

density, kg/m?3 1 2 3 4 B 6 7
1188 20,82(19,45|18,14|18,04|17,98|17,97|17,96
1215 20,81(19,40|18,07|17,96|17,90|17,89|17,88
1255 20,8 |119,34|17,94|17,84|17,78|17,77|17,76

[Ipn ananmm3e mMONYYEHHBIX 3HAYEHUU YCTHEBBIX
JABJICHUH 10 PAaCCMaTPUBACMBIM CKBaXMHAM OYCBH/I-
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Dynamics of changes in the properties of produced water during the period under review

HO, YTO B pe3yJibTaTeé H3MEHEHHUS CBOMCTB BOJBbI,
HampaBsieMON B CHCTEMY IMOJJEp)KaHUs IUIaCTOBOIO
JIABJICHUS, PACUETHBIC 3HAYEHUS YCTHEBBIX JABICHUI
3HAUUTENBHO M3MeHsoTes. Haubombliee u3MeHEHHE
HaOIrOaeTcsl Ha CKBa)KWHAX 3—7 BBUAY HAHOOIBIICH
MPOTSKEHHOCTH BBICOKOHANOPHON TMHUU. Ha maHHBIX
CKBKWHAX W3MEHEHHE YCThEBOTO JAaBIECHUS COCTABIIA-
et 0,2 MIla. [Ipu 3TOM, paccuuTaB cpenHee 3HaYCHUE
YCTBEBBIX JABJICHUH JJISi KaXKJIOTO M3 PaCCMOTPEHHBIX
BapUAHTOB, OTMETHUM, YTO pa3Iuyhe MEXAy ITUMHU
mapameTpamu coctasisiet 0,16 MITa.

[Ipn noapoOHOM aHanM3e MOJYYEHHBIX pe3yJibTa-
TOB, C YY4ETOM MPUEMHUCTOCTH HArHEeTaTeNbHBIX CKBa-
YKUH U JAJIMHBI BOJOIPOBO/IOB, aBTOPaMU Ipe/uiaraercs
HOMOIpamMMa, MO3BOJISIONIAs OLEHUTh BIMSHUE CTele-
HU U3MEHEHHUs CBOMCTB BObI, HAIIPABJISIEMON B CHCTE-
My TIOJUICpXKAHUS TUTACTOBOTO JIABJIICHHUS, HA TIOTpeIl-
HOCTb B IIPOBEACHUU TMJIPABINYECKUX PACUETOB. YUeT
JUIMHBl BOJOIPOBOJA M INPUEMUCTOCTH HATHETATENb-
HBIX CKB)XMHBI BBIPAXKACTCS B HMCIIOIB30BAHUM Tapa-
MeTpa MOTepb JIABJIECHUS OT UCTOYHHUKA O CKBAXKUHBI.
Jig yTouHEeHus JaHHOM HOMOI'PaMMBbI JOIOJHUTEIbHO
BBITIOJTHEHBI THIPABIMYECKHE PACUETHI JUIsl TPEX pas-
JIMYHBIX CUCTEM TMOJAEPIKaHUS TUIACTOBOTO JIaBJICHUS C
W3BECTHOM reoMeTpuel TpyO, TeXHOIOTMYECKUMHU Ia-
paMerpamMu UM CBOWCTBAMM BOJBI. 3aT€M IPOBOIMIICS
pacyeT NpU YBEJIMYEHWHM W YMEHBUICHWU IUIOTHOCTH,
OIICHUBAJIOCH HM3MCHCHHE JABJICHHUS B KOHIE TpPyOO-
mpoBofa. B pe3ynapraTe MOITydeHO, YTO HM3MEHCHHE
TJIOTHOCTH OKAa3bIBAET BIUSHHUE HA TIOTEPH JABJICHUS
Ha TpEHHe, 3TO JaHHbIE HAHECEHbl HA HOMOIpaMMy.
PesynpraTel 00paOOTKH TONYYCHHBIX MAHHBIX HpPEa-
CTaBIIEHBI Ha pHC. 2.

Ha HOMOrpammMe npuBesieH crocod paboThl ¢ HEi:
0 W3BECTHOMY MW3MEHEHHIO IIoTHOCTH (70 Kr/m’)
HEOOXOMMO TPOBECTH BEPTUKAIBHYIO JIMHUIO IO I10-
Tepb JaBJICHUS HA TPEHHUE B paccMaTpHUBaeMOM TpyOo-
MIPOBOJIE, MOCTIE Yero MOCTPOUTh T'OPU30HTAIbL BIIEBO
J0 ocu «Y» M ONPEeAeIUTh, YTO IOIPEIIHOCTh THIPaB-
mueckux ucneitanuil cocrasisier 0,141 MIla. ITomy-
YEeHHOE 3HAYEHHWE — IOTPEILIHOCTHU BBITIOJHEHUS THJ-
PaBIMYECKUX PACUETOB.
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Fig. 2. Nomogram for determining the error in hydraulic calculation with field data uncertainty

AHanmu3upysl JaHHYI0 HOMOTPaMMY, OTMETHM, YTO
M3MEHEeHNe TUIOTHOCTH JKHIKOCTH Ha PaccMaTpHBaeMON
CHCTeMe TPAaHCIOpTa COCTABIAeT 67 Kr/M', TIPH 5TOM
CpeHsIs MOTepsl JAaBJICHUSI Ha TPEHHE B paccMaTpHBac-
MBIX TpyOonpoBonax cocrasisieT 2,45 MIla. B pesynsra-
Te NMPUMEHEHWs JTaHHOH HOMOTPAaMMBI MOXKHO CHENaTh
3aKJIFOYEHHUE, YTO JOITYCTHMask OTPEIIHOCTb IIPY IPoBe-
JIEHUM TUZIpaBIndeckux pacueros cocrasur 0,15 MITa.

[lpumeHeHnne JaHHOM HOMOTpaMMBI  O3BOJHT
OBICTPO W 03 HEOOXOIUMOCTH TMPOBEICHUS MHOXE-
CTBa MCCIICAOBAHUN ONPEACTUTh, ¢ KAKOH TOYHOCTBHIO
MOTYT OBITh BBITIOJIHEHBI THAPABINYECKHE pPacUeTh
NpU HAJIMYMK TUHAMWYECKH M3MEHSIOIINXCS CBONCTB
HArHeTaeMoro arceHTa.
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