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Hocnioxceno enaue  3minu onopy OiAHOK Mepedci Ha 3HAYeHHS MUCKY 6 MicYyi
niokmoyenHs 60006800i6 00 Mmepedxci. Busnaueni ¢axmopu, ki enauearomv Ha
2i0pasniuni Xxapakxmepucmuxu 6000NPOGIOHOI MepediCi Niciis peKOHCMPYKYii okpemux ii
oinanok. 3a pesynomamamu 00Cniodxcensb po3pobneHi pexomenoayii, AKi 00360.714mb
KOMYHATbHUM NIONPUEMCIBAM BUSHAYAMU 00 €MU MaA cnOcoOU BIOHOBNIEHHS NPONYCKHOL
30amHOCmi OKpeMux OLIIHOK Ma Mepexci 8 yiiomy.

During the reconstruction, the characteristics of individual sections of the network
change, which affect the performance of pumping stations. Therefore, the task of
predicting the impact of sections of the network to be reconstructed on changes in
pressure losses in the network and the piezometric mark at the point of connection of
water mains to the network is urgent. To date, there is no scientific approach that allows
you to reasonably choose methods of restoration or repair of water supply networks,
focusing on most parameters of its operation, there is no clear mechanism for choosing
effective trenchless methods of repairing underground communications. The research is
aimed at determining the factors that affect the hydraulic characteristics of the water
supply network after the reconstruction of some of its sections.

The aim of the work is to study the influence of changes in the resistance of
individual sections of the network during its reconstruction on the value of pressure at
the point of connection of water mains to the network. To determine the influence of the
resistance of individual sections of the network during its reconstruction on the pressure
value, methods of mathematical modeling of the resistance of sections of the network,
methods of hydraulic calculations of water supply networks were used.

Achieving the goal involves a number of tasks: modeling 31 options for the
reconstruction of the network by the number of individual sites; modeling of 15 variants
of change of resistance for each site; performing hydraulic calculations taking into
account the change in resistance of each of the sections; determination of pressures at
the point of connection of water mains to the network for different values of change of
resistance of sites.

The results of research have shown that with increasing the resistivity of the sites,
the required pressure at the point of connection of water mains to the network in most
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cases increases. As the resistivity of the sections that were on the shortest paths from the
point of connection of water mains to the unfavorable point increased, the pressure at the
node of water supply connection increased. This is due to the reverse direction of water
movement in these areas relative to the dictating node. The increase in resistivity in the
areas located on the shortest direction has the greatest effect on the value of the pressure
at the point of connection of water mains. (up to 6%).

The development of an operational method for assessing the impact of
reconstruction on the hydraulic performance of the network will allow utilities to
determine the volume and methods of restoring the capacity of individual sites and the
network as a whole.

Kniouoei cnosa: pexoncmpykyisis 8000npogioHoi Mepedici, pikmuenuil onip,
NAACMMACO8i mpy6onpoeoou, NUMoMutl Onip.

Keywords: reconstruction of water supply network, fictitious resistance, plastic
pipelines, resistivity.

Beryn. Ilim ac pexOHCTPYKINi 3MiHIOIOTBCS XapaKTEPUCTUKH OKPEMIX
JUITHOK Mepexi. BpaxoByrouu, 1o cucrema mnojadi Ta po3noilly BOJH SBIISIE
c000I0 KOMIUIEKC B3a€EMOYB’SI3aHHUX €JIEMEHTIB, TO 3MiHA MOKa3HUKIB OKPEMHUX
CJIEMEHTIB TMOTPeOye KOpEeryBaHHS IOKAa3HUKIB IHIIHMX, a CaMe HaCOCHHUX
CTaHIIIH.

OnTuMaiabHUM BapiaHTOM PEKOHCTPYKIIi € Taki yMoBHU ii BUKOHaHHS, 3a
SKMX T0Jjaya Ta Halip HACOCHUX CTaHUid He 3MiHIOIOThCSA. s 1poro
HEeoOXinHO, 100 He 3MIHWINCH CYMapHi BTpaTH HANopy Ha MNUIAXY BiX
MiAKITIOYCHAS BOJOBOJIB JO MEPEeXi J0 HAWOUIBII HECHPUATINBOTO BYy3Ja
(ueBurigHoi Toukn). CymMapHi BTpaTu Haropy Ha BKa3aHOMY IIUISIXY € OCHOBOIO
JUIST PO3POOKM METOXy OIIIHKH BIUIMBY PEKOHCTPYKIIi OKpeMHUX MIITHOK Ha
3HAYCHHS HAMOpPy B MICII IMiIKIIOYEHHS BOAOBONIB A0 Mepexi. s mporo
Tpeba BHW3HAYNTH BIUIMB IUISHKH, sIKa IIUIATA€ PEKOHCTPYKIIii, HA 3araibHUI
omip mepexi. Po3pobka onepaTiBHOr0 METOY OLHKH BIUIMBY PEKOHCTPYKIIT
Ha TipaBJiyHI MOKAa3HUKU POOOTH MeEpexi, SIKMH H03BOJHMTH KOMYHAIIBHUM
MiAMPUEMCTBAM BH3HA4aTH O0’€MHM Ta CIOCOOM BiJHOBJICHHS TPOIYCKHOT
3IaTHOCTI OKPEMHUX IUISHOK Ta MEPEXKI B IIIOMY, € aKTYaJIbHOIO 3a1a4eko.

AHani3 ocTaHHIX AocTiTKeHb. PEKOHCTPYKIISl BOJONPOBIAHUX MEpex
BHKOHYETBCS 3a pe3yJbTaTaMH MOHITOPHHTY iX craHy. Hampukianm, aBTopamu
[1] mpomoHy€eThCSI OIIHIOBATH CTaH MEPEX, BPAXOBYIOUH KUIBKICTh aBapii, Mo
TPAIUISIIOTECS HAa MUISHKAX i3 YaBYHHHX Ta CTaJeBHX TPyOONPOBOAIB, CTaH
aBapiiHOCTI BU3HAYATH 32 3HWKESHHSIM BUTPATH BOJW Ha AUISHII Ta PO3TISAATH
JIBI CTpaTerii BiAHOBIEHHS: PEKOHCTPYKIIIO MOLIKOHKEHOI IUIAHKH abo i
3aminy. SIk mokasye mocBin ¢axiBuiB [2], mis mBuAKOI Ta €PEeKTHBHOI OLIHKU
CTaHy BOJIONPOBOJY CJIiJl 3aCTOCOBYBATH TaKi TEXHIYHI MOKA3HUKH, SIK BIK 1 THII
MaTepiary TpyO, TifipaBlliyHa MOTYXHICTh, BIUIMB Ha SKICTh BOJHU, 3aXHCT Bij
rizpoynapiB, IMIBUAKICT PO3PHBY BOJOINPOBIAHOI Maricrpanmi, BTpaTd BOAU
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Tomo. Pe3ympTaTM  OIIHKM  €KOJIOTIYHOTO  aCHEKTy  BHKOPHCTaHHS
TpyOOIPOBOAIB i3 pi3HMX MartepianiB [3] mokaszamu, mo TpyOompoBoan 3
KOBKOTO YaBYHy Ta CTaJli HaJaBajdM OUIBIIMA BIUIMB Ha HABKOJIUIIHE
CepeNoBHUIIe, HX TPyOH 3 MOMIBIHIIXJIOPHUIY, TONIETIIeHY Ta (ibporeMenTy
Ha erami BUPOOHHUNTBA. 3a MaHWMH JOCHiKeHb [4] Hecyda 3HaTHICTP
MOJIBIHUIXJIOPUIOBUX TPYO MpH 3TUHI 301IBIIYETHCS 31 30UIBIICHHAM AiaMeTpa,
TOMy Taki TpyOONpOBOAM € HaWOUIBLII  peHTAa0eJIbHUM  CIIOCOOOM
TpaHCIIOpPTYyBaHHS Boau. Sk 3a3Hauwnu aBtopu [5], TpyOu Ta dituaru 3
MOJIETHIICHY BIAPI3HSAIOTHCS TPUBAIMM TEPMIHOM EKCIUTyaTarlil, a BUTpAaTH Ha
iX  OOCIyroByBaHHSI 3HWYIOTBCS, Ppe€3yJIbTaTH JOCHIPKCHHS  BIUIUBY
ne3ingikyrounx 3aco0iB Ha MeXaHIYHy Ta XIMIYHY CTidKicTh TpyO i3
MOJIETHIICHY HE TOKA3aJiM iX pyWHYBaHHS IIICJIs BHIPOOYBAHHS THUCKOM MU
mocTiiHIN Temmepartypi potsrom 2000 roauH.

TenneHmii OCTaHHIX POKIB CBig4aTh MPO Te, M0 KOMYHAIbHI CIyXOu
BITYM3HSHMAX 1 3aKOPJOHHHUX MICT BCe€ OUIBINE YBaru HPUAUISIOTH 3aKPUTHM
(6e3TpaHIIEiHUM) TEXHOJIOTIIM PEMOHTY Ta BiJIHOBJICHHS BOIOIPOBITHUX
TpyOOIPOBOIB, MOB'I3aHUM 13 3aMIHOIO 3a1i300€TOHHUX, YaBYHHUX 1 IHIIUX
BUJIIB TPYO Ha TPyOH i3 Cy4acHUX MaTepiaiiB:

= cioci0 «rpyba B TpyOi», TOOTO NPOTATYBaHHS y BHYTPIIIHIO
MOPOXKHUHY TPYOOIIPOBOAY, KUl BITHOBIIIOETHCS, HOBOT MOJIETHIICHOBOI TPYOH
i3 30BHIIIHIM JiaMeTpoM, SKWH € MEHIIMM 3a BHYTPIIIHIA giamMeTp
TTOIIIKOKSHOT JUITHKH [6];

® BiTHOBJICHHSA LITICHOCTI IOIIKO/KECHUX TPAHCIIOPTHUX TPYyOOTPOBOMIB
i3 3aCTOCYBAaHHSM IIOJIIMEPHO-KOMIIO3UTHUX OOOJIOHOK, apMOBAaHMX BOJOKHOM
[71;

" HAHECCHHS Ha BHYTPIIIHIO IOBEPXHIO BiJHOBIIOBAIBHOT IISTHKU
[IEMEHTHO-TIIIIAHOTO Iapy pi3Hoi ToBuMHu [8];

® croci0 «IaHYOUIHOD» TEXHOJIOTil, KON BCEPEIUHY BiJHOBIIIOBAILHOIO
TpyOONIPOBOAY TMpPOTATYETHCSI CHHTETUYHA MaH4YoXa, sKka (OpMyeThCsl B
pe3yabpTaTi mojliMepu3allii CepeIOBHUINA, IO MOJAETHCS il BUCOKUM THCKOM
[9];

= cnoci6 i3 BukopucrtaHHsM U-moniOHoro TpyOompoBody, — SIKHMH
NPOTATYETBCS BCEPEANHY MONEPEIHBO OYMINEHOI ITOMKOMKEHO! IIISHKU 3
NOAAIBINNM HOTO BUIPSAMIICHHSM 32 JOIOMOTOI0 TEIUIOHOCIS 13 3aIaHoIo
temmeparyporo [10];

= JOKaJBbHUHA PEMOHT TpyOm i3 3acTocyBaHHSAM 3D-pexoHCTpykmii Ta
ABTOHOMHOIO peMOHTHOro po6ora [11] Ta peMOHTHOI BCTaBKH, METOIM
OIIIHFOBAHHS MPOITYCKHOI 37aTHOCTI TPYOH 13 3aCTOCYBaHHIM Bimeokamepn [12].

Ha crorogni Hemae HAyKOBOTO MiIXOAy, SIKAH I03BOJISE OOIPYHTOBAHO
o0upaTu METOAM BIIHOBJIEHHS ab0 PEMOHTY AUISIHOK BOJOIPOBIIHOT MeEpexi,
OpIEHTYIOUMCh Ha OuIbINiCTh TapaMeTpiB 11 (YHKUIOHYBaHHS, BiJCYTHIH
OJHO3HAYHMH MeXaHi3M BHOOpY eQEeKTUBHHMX Oe3TpaHIIeHHUI MeToniB
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PEMOHTY Mig3eMHHUX KOMyHikariii. I[IpoBenmeHi AOCHiIKEHHS HampaBieHI Ha
BU3HA4YCHHS (PaKTOpiB, sKi BIDIMBAIOTh HA TiOPaBIiYHI XapaKTEPUCTHUKH
BOJIOTIPOBITHOT MEpeXi MiCII PEKOHCTPYKIii OKPEMUX i1 TIISTHOK.

IMocranoBka MeTH i 3aa4 gociigkeHb. MeToro poOOTH € JOCHIIPKEHHS
BIUIUBY 3MiHH OIOPY OKpPEMHUX JIUITHOK Mepexi npu ii peKkoHCTpyKuii Ha
3HAYEHHS TUCKY B MicCIi IiJKJIIOYEHHsI BOJOBOIB 0 Mepexi. /Iyt BU3HaueHHs
BIUIUBY OIIOPY OKPEMHUX JAUISHOK Mepexxi MpH ii PeKOHCTPYKIii Ha 3HAUYCHHS
THCKY OYJIM 3aCTOCOBaHiI METOAN MaTEeMaTHYHOTO MOJICIIIOBAHHS ONOPY AUISHOK
Mepexi, MeTOIH T1IPaBIiYHAX PO3PaXyHKIB BOJIOMPOBIIHAX MEPEK.

PosrnsHeM BWIIAZOK, KOMM HAMip y MiCHi MiAKITIOYCHHS BOJOBOMIB IO
Mepexi, AKAN 3aJIe)KUTh Bil HEOOXiMHMX HAIopiB y MEpexi i Ha KUK YNHUTH
BIUIMB PEKOHCTPYKIiA OKPEMHX ii AUISHOK, 3aIHIIA€THCS MOCTIHHUM. 3MiHH
HaJIXOJKEHHsI BOAM B MEPEXKY He OyJIU PO3IIISIHYTI, TOMY IO OyIb-aKi 11 3MiHH
MIPU3BOJISITH 10 HEOOXITHOCTI PEKOHCTPYKIIii HACOCHOT CTaHIil.

st Toro, 100 He 3MIHIOBABCsI HAIp y MICLI MiAKIIOYEHHS BOJOBO/IB JI0
Mepexi, HeoOXiZHO, 00 He 3MIHIOBAINMCH CYMapHi BTPaTH HANopy Ha IUIIXY
BiJl By3Ja MiIKIIOYCHHS BOJOBOJIB JO HEBUTiMHOTO By3na. CyMapHi BTpaTw
Harmopy Ha crTafii NpPOEKTYBaHHS MOXXHAa BH3HAYUTH 3a pe3yJibTaTaMu
TipaBIIYHOTO PO3PaxyHKY, B IPOLEC] EKCIUTyaTalil — SK PI3HUIIO BiAMOBIIHNX
MOKa3HUKIB MAaHOMETDIB.

CyMapHi BTpaTH Halopy Ha BKa3aHOMY HANpsIMKy MOXYTb OyTH OCHOBOIO
JUISL pO3POOKH METOJTY OIIHKH BIUTUBY PEKOHCTPYKIIIT MIJSTHOK MEepeXi Ha HaIip
y MiCIli MiIKIIOYCHHS] BOJOBOJIB. AJjie s IIbOr0 Tpeba BU3HAYUTH BIUINB
BiIHOBJTIOBAJIPHOI JIJITHKA Ha 3araJlbHUH OIp JUKTYIOYOTO HAMPSAMKY, IO
PO3IIISIAETHCSL.

Ilpn TtpaHcnopryBaHHI  (QikTHBHOI mHOCTiiiHOI BuTpatn Qg 1O
MaricTpajbHOMy HANpsMKY, L0 XapaKTepPU3YETbCS CYyMapHUM (IKTUBHHM
OIIOPOM Sy, BUHUKAIOTh BTPATH HAINOPY, SIKI BU3HAYAIOTHCS 32 (OPMYJIO0

Ah=Y. Sy xQpi. )
ne Sgi, Qgpi— BIIIOBIIHO NOBHMH OMip Ta BUTpaTa BOAY Ha i-TiM IUIAHII.
Toni cymapHuii GpIKTUBHHI OMIp CTAHOBHUTH

Sp=Ah/ Q2. 2

ITpu 3acrocyBaHHI CydacHHMX O€3TpaHIIEHHUX METOMIB PEKOHCTPYKIIii
MOUIKO/DKEHUX JUISTHOK MEpEeXi 3aCTOCOBYIOTHCS IJIACTMACOBI TPyOOIIPOBOM,
Omip SIKMX BIJIPI3HSETHCS BiJ ONOPY BiIHOBIIOBAJIBHUX IUISHOK. Tomy BTpatn
Haropy B Mepexi 3MiHIOIOThCs. [IpakTHuHe 3HaUeHHS Ma€ OL[IHKA BILUTUBY 3MIHU
ONOpiB OKPEeMHUX [IUITHOK Ha 3aralbHUi (IKTUBHUH OMIp JUKTYIOUOTO
HAaIpsMKY.
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Metoauka paociaimkedb. J[11 NOCHIIKCHHS BIUIMBY OIOPY OKPEMHX
JIIJISHOK HAa 3HAYEHHS THCKY Ta 3arajbHUN (IKTHUBHHH OImp Mepexi Oymna
BHOpaHa BOJOMPOBITHA Mepexka, cxema sIKoi Ckiamanach i3 18 kKoHTypiB, 66
TISTHOK Ta 49 By31iB. JIoOCATHEHHS METH ITepen0avyaio BAKOHAHHS HU3KU 33]1a4:
MOJENMIOBaHHS 31 BapiaHTy PEKOHCTPYKINI MeEpeki 3a KUIBKICTIO OKPEMHX
TIISTHOK; MOJICITIOBAHHS JJIs1 KOXKHOI MUISHKK 15 BapiaHTIB 3MiHH OIMOpPY: IS
IUISHKY 3 YaBYHHHX TPYO 3a MOYaTKOBHM OIOPOM OYyJIO PO3paxoBaHO JiaMeTp
ITACTMACOBOTO  TPYOOIPOBOAY, MJIs OLIHKA MOJKJIMBOCTI BHKOPHCTaHHS
IUIACTMACOBUX TPyO 13 MEHIIMM JiaMeTpoM JUIs KOXHOI JUITHKH OyJio
PO3MIISTHYTO 3 HaHOMMKYMX MEHIIUX JAiaMeTpHU 32 ICHYIOYMM COpPTaMEHTOM;
BUKOHAHHS TiPaBIiYHUX PO3PAXYHKIB 3 ypaXyBaHHAM 3MiHH OTIOPY KOXHOI i3
IUITHOK; BU3HAYCHHS HATIOPIB Y MICII MiAKITIOYCHHS BOJIOBOIIB 10 MEpPEeXi st
PI3HUX 3HAYEHB 3MIHH OTIOPY IUISHOK; aHaJi3 OTPUMAaHUX Pe3ylbTaTiB.

PesyabTaTH agociaigikeHb. 3a pe3ynbTaTaMH JOCTIDKEHHS Ha puc.l
MPECTaBIeH] JiarpaMu 3MiHH HANoOpy Yy BY3Ji MiAKIIOYEHHS BOIOBOMIB [0
Mepexi 3 ypaxyBaHHSIM 3MiHH IIUTOMOTO OTOPY MUISHOK Pi3HUX AiaMeTpiB. Sk
BUJIHO 3 Jiarpam, B pe3yJbTaTi 301IbLICHHS MUTOMOTO ONOpPY IUISTHOK MEpexi
HEeOoOXIHMK Hamip B Micli HiJKJIIOYEHHS BOJOBOIIB IO Mepexi B OLIBIIOCTI
BHUIAIKIB 30UIBIIYETHCS.

st nesikux iaMeTpiB JIiHii giarpaM noOy1oBaH HUKYE HYJILOBOT'O PiBHSI.

[Tpn 30UMBIIEHHI THTOMOrO ONOpPY JUISHOK, IO 3HAXOAWINCH Ha
HANOLIBII KOPOTKHX IIISXaX BiJl TOYKH IIIKIFOUYCHHS BOJIOBOJIIB IO HEBUT1IHOT
TOYKH, HAIip Yy BY3J IiJKIIOYESHHS BOJAOBOAIB 30IBIIYyBaBCs, IO MOSCHIOETHCS
3BOPOTHHM HANpsIMKOM pYyXy BOAM B IHUX AUISIHKAaX [0 BiJHOIICHHIO 10
JIUKTYIOUOTO BY3JIa.

30iIpIICHAS THUTOMOTO ONOPY Ha MOiNSHKAaX, O[O0 pO3TAIIOBaHI Ha
HAKOPOTIIOMY HAampaBlIeHHI, HaiiOiibIIe BIUTMBAIOTh HA 3HAYEHHS HAIOPY Yy
MicCIIi T IKTFOYSHHS BOAOBOIIB (110 6%).

3a OTpUMaHMMHU JaHUMU MUTOMHH (DIKTUBHUH OIip, SKMH XapaKTepu3ye
MUTOMUH OIIp HANPSMKY TPaHCIIOPTYBAHHS BOAM B I[IIOMY, OyJIO BU3HAUEHO 32
hopmyJ10t0

Souanp= LN X1*Q?), ©)
ne >h — anrebpaiuna cyma BTparT Hamopy 3a BHOpPaHHM HAMpPSIMKOM Y

Mepexi, M; Y| — cymMapHa JOBXHHA BCiX AUISHOK BHOPAHOTO HAMPSMKY, M;
Q — BUTpaTa BOAHU HA AUIAHII, MY/C.
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TPAHCIIOPTYBAHHS BOAM Y MEPEXI BiJl IUTOMOTO OIOPY IUISTHKA
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Sk BHOHO 3 JiarpaM, MNpPEACTAaBICHHX HAa pHC. 2, NPU CYTTEBOMY
30UIBIIEHHI TMTOMOTO ONOPY OKPEMHX JIUISHOK 3HAYHO MEHIIE 30UIbIIy€eThCs
nutoMuil QIKTUBHUE omip HanpsaMKy (y 3-4 pasn).

IHTeHCHBHICTh 3MIHM (DIKTUBHOTO MHUTOMOTO OINOPY ISl KOXKHOT AUISIHKA
BU3HAYAETHCS 11 JOBKUHOIO 1 BUTPATOIO BOJH B Hild. Ha 3HaYeHHS 3MiHU HAmopy
B MICIi HiIKIIOYCHHS BOJOBOIIB 0 MEPEXKi BIUIMBAE HE TUIBKH TUKTYIOUHMA
HaIpsSMOK, ajle ¥ HagBHICTh MapajelbHOr0 HAIpABJICHHS IMOTOKIB BiJ Micud
MiAKIIOYEHHS 10 HEBUT1MHOI TOYKH. 3MiHM (DIKTUBHOTO OTMOPY 33 JUKTYIOUHM
HaIpsIMKOM OyAyTh BIUIMBATH Ha 3HaYCHHs (IKTHBHHX OMOPIB Ha MapasieIbHUX
HampsMkax. ToMy CTyIiHb IIbOrO BIUIMBY IOBHHHA OyTH BpaxoOBaHa I Yac
OL[IHKM 3MiHH XapaKTePHCTHK IUITHKM 33 TUKTYIOYAM HanpsiMkoM. Lleii Bruis
3aJIeKHUTh Bl CIIBBIJIHOIIEHHS BHTPaT MOTOKIB MO HampsMKax, TOOTO, Bix
CHIBBITHOIIIEHHS BUTPAT Ha JUISTHKaX, SKi BUXOAATH 13 By3la IiAKIIOUEHHS
BOJIOBO/IIB IO MEPEKI.

BucHoBkH

1. PexoHCTpyKIis IUISAHOK, SIKi TPaHCHOPTYIOTh BOAY IO HEBUTiTHOTO
By3Ja 332 HAWKOPOTIIMM IUISXOM, YMHHTH HAWOUTBIINI BIUIMB HA 3HAYCHHS
HATIOPY B MICIIi MiJKITFOYCHHS BOJOBOJIB JIO0 MEPEXi y TMOPIBHAHHI 3 IHITNMH
TITHKaMH.

2. IluromMuii omip € OJHUM i3 KpUTEPieEM, 11O JI03BOJISIE BU3HAYUTH JliaMeTp
TUIACTMAcOBOTO TPyOOIIPOBOY.

3. TIlepepo3mopii TOTOKIB y KIJBIEBIA MEpeki J03BOJIIE CYTTEBO
3MEHIIKTH JiaMeTp IIaCTMAacOBHUX TPYO.

4. OuiHKa BIUIMBY [IUISHOK Ha pI3HUX HampsMKax pyxy BOIOH Y
BOJIOTIPOBIIHINA Mepeki MOXKHA 3IIMICHIOBATH 3a MOBHUM (DIKTHBHHM OIOPOM
BiJINIOBiTHOTO HAIIPSIMKY TPAHCIIOPTYBAaHHS BOJIH.
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