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MeToanka n3bbITOYHbIX MPOEeKTHbIX CXeéM U MeTo ﬂOKOHTypHOﬁ MUHUMMUN3auunn
cuctem rpynnoBoro BOAOCHabXeHUsA U BOOAOOTBEAEeHUA

© M.B. Mopos
VpKyTCKUI HaunoHanbHbIN nccneaoBaTenbCKUN TEXHUYECKUI yHUBEpCUTET, r. MpkyTck, Poccua

Pe3rome: 3-3a HepaBHOMEPHOCTU pacnpeferneHns BOAHbIX PecypcoB MO TEppPUTOPWUM Haluei
CTpaHbl MHOTME HacemneHHble MYHKTbl U Aaxe ropoga He MMeKT CBOUX UCTOYHMKOB BOOOCHaGXEeHUS
1 BOOOEMOB, KyAa MOXHO Obino 6bl cOpacbiBaTb OUYULLEHHbIE CTOYHbIE BOAbl. [N pelueHus aToi
npo6rnemMbl NPOEKTUPYIOTCH, CTPOSATCA U Pa3BUBaIOTCA rPYNMNoOBble U pakioHHbIE CUCTEMbl BOAOCHAa6-
XEHUS 1 BOAOOTBEAEHUS, NPOTSXKEHHOCTb KOTOPbIX HACYMTLIBAET COTHM U AaXe TbiCAYM KUITOMET-
poB. Ha cTpoMTenbCTBO M 3KCNNyaTaumio Takux COOPYXEHUI eXeroaHo TpebyloTcs 3HaunTeNbHbIe
¢pvHaHcoBble BrnoxeHus. [MoaTomMy Bonpockl BbiGopa Tpacc, cocTaBa COOPYXEHU, U 0COBEHHO
cnoco6oB TPaHCMOPTUPOBKM BOAbI M CTOYHbIX BOA, 06OCHOBaHWA MeCT pacrnofioxeHus Bogo3abo-
POB, OYMCTHBIX COOPYXXEHUIA ABMNSATCA aKTyalbHbIMU U TPEBYOT 0COGOro BHUMaHUS U paspaboTku
KOMMIIEKCHON METOAMKM ONTUMM3aLMK CTPYKTYpPbl U NapaMeTpoB CUCTEM BOAOCHaGXEHUs U BOOO-
oTBedeHuss. B paboTe npegnaraetca Ha OCHOBe NpeaBapUTENbHO MOCTPOEHHOrO M36bITOYHOro
rpada MeTod MOKOHTYPHON MUHMMM3ALUUU CTPYKTYPbl COOPYXXEHWUI U CrocoBoB nodayv BoAbl No-
TpebuTenam, TPaHCNOPTUPOBKN CTOYHbIX BOA Ha OYMCTHbIE COOPYXXEHUs TPyGONpoBOAHLIM U aBTO-
MOGUIbHBIM TPaHCNOPTOM. M36bITOYHBIN rpad BKOYaAeT BCEBO3MOXHbIe CBA3M (pebpa, ayru), Ko-
Topble MoAenupyoT TPYGONPOBOAHbIN U aBTOMOGUIBHbIN TPaHCMOPT, MeXAy BepLuMHaMM, KOTopble
MOZENUPYIOT CyLLEeCTBYIOLME U HOBblIE UCTOYHMKM BOObl U cOpoca CTOKOB, KaHanM3auMOHHbIE O4YU-
CTHblE€ COOPYXXEHMUS1, HACOCHbIe CTaHLUMK, perynupyloLine pesepByapbl U notpebutenein. Metoq Bbi-
AensieT Haunydwme (C TOYKM 3peHns MUHMMYMa 3aTpaT XU3HEeHHOro umkna) pebpa, oyrm u Bepiu-
Hbl rpacha M HaxoguT UM COOTBETCTBYHOLLME NapameTpbl TPY6ONPOBOAHLIX U aBTOMOBUIbHBIX yya-
CTKOB CETM 1 COOpYXeHui. [JaHHbIi MeTod OCHOBaH Ha npoueaype o6xoda KOHTYPOB U nocrnenosa-
TENbHOM 3aMeHbl BETBENW AepeBa Xxodamu, Npu 3TOM Ny4yliuiA BapuaHT B BUOE OCTOBHOrO AepeBa
3anomuHaetcs. Mo pesynbTatam NPOBEAEHHbLIX YNCIIEHHbIX 9KCMEPUMEHTOB NoKasaHo, YTo npume-
HeHne KOMGUHMPOBAHHbLIX (TPYGONPOBOAHBLIX M aBTOMOGUIIbHLIX) CUCTEM TPAHCMOPTUPOBKM BOAbI
Mo 3aTpaTaM XW3HEHHOro UMKna SBNSeTcs onTUManbHbIM.

Knroyeeble cnoea: cucTeMbl rpynnoBoro BOAOCHAaGXeHUs1 1 BOOOOTBEAEHUS, METOAMKA NOCTpoe-
HUSi N36bITOYHOrO rpadha, MeTos NOKOHTYPHOW MUHUMM3aUUN CUCTEM BOOOCHABXEHUS U BOAOOTBE-
neHus
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The method of redundant desigh schemes and the method of contour
minimization of group water supply and sewerage systems
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Abstract: Due to the uneven distribution of water resources across the territory of Russia, many
settlements and even cities do not have own sources of water supply and reservoirs, where treated
wastewater could be discharged. To solve this problem, group and district water supply and sewer-
age systems are designed, built, and developed, hundreds and even thousands of kilometers long.
The construction and operation of such facilities require significant financial investments every
year. Therefore, the issues of the choice of routes, the structure of facilities, and particularly the
methods of transporting water and wastewater, justifying the locations of water intakes and treat-
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ment facilities are relevant and require special attention and development of a comprehensive
methodology for optimizing the structure and parameters of water supply and sewerage systems.
The paper proposes, on the basis of a previously constructed redundant graph, the method of con-
tour minimization of the structure of facilities and ways of supplying water to end users, transporting
wastewater to treatment plants by pipelines and trucks. The redundant graph includes all kinds of
connections (edges, arcs) that simulate pipelines and trucks, between vertices that simulate exist-
ing and new sources of water and wastewater discharges, sewage treatment plants, pumping sta-
tions, control tanks, and end users. The method selects the best (from the point of view of minimal
life cycle costs) edges, arcs, and vertices of the graph and determines the corresponding parame-
ters of pipeline and road sections of the network and facilities. This method is based on the proce-
dure of traversing the contours and sequentially replacing the branches of the tree with moves,
while the best option is remembered in the form of a spanning tree. Based on the results of the per-
formed numerical experiments, it was shown that the use of combined (pipeline and truck) systems
for transporting water in terms of life cycle costs is optimal.

Keywords: group water supply and sanitation systems, methods of constructing an excess graph,
the method of contour-by-contour minimization of water supply and sanitation systems
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BBeaeHue

Kak nokasana npakTuka MpOeKTMpPOBaHMWSA
WHXXEHEPHbIX CUCTEM pPasfIMYHOro TEXHOMOrU-
Yeckoro HasHayeHus [1-7], HambonbLKA 3KO-
HOMWYECKU 3PP EKT JOCTUraeTcs npu peLue-
HUM  CXEMHO-CTPYKTYPHbIX M CXEMHO-
napamMmeTpuyecknx 3agad ontummsauuu. MNpu-
MEHUTENbHO K CUCTEMAM BOOOCHAGXeHus u
BOJOOTBEAEHMS K 3TUM 3ajadyaM OTHOCATCA
[8-14]:

— 0bOOCHOBaHME MEeCTOMONOXEHUA U na-
pamMeTpoB UCTOYHUKOB BogoCcHabxeHusa (UB);

— BbIOOp MECTONONOXEHNS BOAONPOBOA-
HbiX (BOC) n kaHanM3aumoOHHbIX OYMCTHBLIX
coopyxeHun (KOC), Bknoyaa mecta cbpoca
OYMLLEHHBIX CTOYHbIX BO4 B €CTECTBEHHbIE U
NCKYCCTBEHHbIE BOLOEMDbI;

— onTuMM3aumsa Tpaccbl M MapameTpoB
TpybonpoBoaoOB, MECT pas3MeLLeHUsl, HanopoB
N Npou3BOAUTENBHOCTU BOAOMPOBOAHLIX W
KaHanM3auMOHHbIX HACOCHbLIX CTaHLWN;

— 000CHOBaHWA BMAa TpaHCNOPTUPOBAHUA
BOAbl M CTOKOB (TpyOOMpOBOAHLIA, aBTOMO-
OUNbHbLIN, KENe3HOL0POXKHbIN, BOAHbIN
TpaHCNopT);

— obocHoBaHUA cnocoboB NpoKnagkM Tpy-
GonpoBoaoOB (HaseMHasa, nog3emMHas, C Ha-
rpeBOM BOAbI U B TEMOM30MSAUUN, C OpraHu-
3aumen umpkynauum n 6es Hee);

— onTumMmM3aumsa Tpaccbl M MapameTpoB
HanopHbIX TpPybONPOBOAOB, YKIIOHOB CaMoO-
TEYHbIX KOJINEKTOPOB, MECT pasMeLleHunsl, Ha-

CTaHUUN, napameTpoB COMPAratLnX COOpyxKe-
HUN;

— KOMIMMEeKCHasa OonTMMmM3auum CUCTeM BOAO-
CHabXXeHna n BOOOOTBEAEHUS, BKITOYalOLaa Bce
nepeyvncreHsl 3agaydn.

VIMEHHO 3TM BOMpPOCHI U 3ajadn ABMAKTCA
npegMeTom nccrefoBaHns HacTosaLwen paboThbl.

Ocoboro BHMMaHMA 3acnyxumBaeT 3ajadva
Bbl6Opa BMAA TPAHCNOPTUPOBKM NMUTLEBOW BOAbI,
NCXOOHbIX M OYULLEHHBbIX CTOKOB. Llenecoobpas-
HOCTb Ha3Ha4yeHUs KaKoro-To onpeaeneHHoro
BMOa TpaHcnopTa 3aBUCUT OT MHOIMMX (PakTOpOB
N KOHKpeTHOM cuTyauuu. [Npu aTom cregyeTt oT-
MEeTUTb, YTO Ana obecneyeHnsa BOAOW U OTBO3a
CTOYHbIX BOA OT OTAEMNbHbLIX NoTpebutenen ya-
CTHOrO CeKTopa, KOTopble HE MOAKMIOYEHBI K LieH-
Tpanu3oBaHHbIM CUCTEMaM BOAOCHAOXeHUs 1
BOJOOTBEAEHUS, YXE WCMOMNb3yeTcss aBTOMO-
OunbHbIM - TpaHcnopT. OpHako BbIGOp BMAa
TpaHcnopTa NPOM3BOAMTCA HA MHTYUTUBHOW OC-
HoBe 6e3 KakuMx-NMMBO TEXHUKO-3KOHOMUYECKNX
obocHoBaHuin. BmecTe ¢ Tem BO3HMKaAeT BOMpoOC,
npu Kakom Npou3BoaAUTENBHOCTU M NOTPEeBHOCTU
B BOAE M OTBEAEHUN CTOKOB 3KOHOMMUYECKU Bbl-
rogHoO Mcnonb3oBaTb TOT WU MHOW BWUA TpaHC-
nopta M Kakve npu 3ToM OyayT pacCTosHWS,
CTPYKTypa COOpyXeHun un Tpaccel. B paboTtax
[15, 16] nccnenoBaHbl M NOMy4YEeHbl SKOHOMUYE-
CKM BbIrOAHblE AMana3oHbl UCNOMb30BaHUA aB-
TOMOOWMBHOrO TpaHcnopTa B 3aBUCUMOCTU OT
00bemMoB M 0anbHOCTU TPaHCNOPTUPOBAHUA BO-
Obl N CTOKOB. OTW 3aBUCUMOCTU UCMNOMb3YHTCS B
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3aunMn CTPYKTYpbl U NapameTpoB CUCTEM BO-
OOCHabXeHns n BOOOOTBEAEHUS.

MeTtoabl

3apaya BbIOOpa onNTUManbHbIX TPacCChbl U
napamMeTpoOB COOPYXEHUIN, BUAa TPaAHCMNOPTU-
POBKM BOAbl MU CTOKOB B CMCTEMax BOOOCHab-
XEeHMs N BOOOOTBEOEHUSA pPa3BETBIIEHHON
CTPYKTYpbl hopmynupyeTca cnegyowmm 06-
pasom.

MycTb NOCTPOEH M3OLITOYHLIN rpad, Mo-
OEenvpyoLWwnin BceBo3MOXHble cBA3n (pebpa,
ayrun) B Buage aBToMobunbHOro u Tpybonpo-
BOOHOrO TpaHCNopTa Mexay BepluMHamu,
mogenupyrowmmmn MB n mecta cbpoca cTo-
koB, KOC, HacocHble CcTaHuuu, perynupyto-
Wwne pesepByapbl U notpebutenen. TpebyeT-
ca onpegenuTb noarpad B BuAe AepeBa U
HaNTW Haunyywmne (C TOYKA 3PEHUSS MUHUMY-
Ma 3aTtpar XuaHeHHoro uukna [17, 18]) napa-
MeTpbl BOA03abOPHbLIX, OYMCTHBIX COOpYXe-
HUN, TPyOOMpPOBOAHBIX W aBTOMOOUNBLHbLIX
yyacTtkoB ceTtu [19, 20].

[na peweHnsa aTon 3agadun npegnaraetca
HOBbIM nogxod [21], kOTOpbIA CBOAMTCA K
CNOXHOMY M MHOrFOypOBHEBOMY MTEpPaATUBHO-
My npoLeccy, rae peanusauus Kaxaon u3
BHELHMX (6onblINX) UTepaunin ocyLlecTBnd-
eTcsa B ABa 9Tana.

Ha nepBom atane CTpouTCs OOHO M3 BO3-
MOXHbIX AEPEBbEB HAa4YanbHOro NpUbNMKeHNs
N BbIMUCNATCA 3aTpaTbl XU3HEHHOro uukna
ANs COOTBETCTBYHLLErO €My BapMaHTa CXeMmbl
cucTemM BoAOCHabXeHUs 1 BOOOOTBEAEHNS.

Ha BTOpoM 93Tane [aHHoOe pelleHne
ynydwaetca nytem nocrnegoBaTenibHON 3a-
MEHbl BETBEN MOSTY4EHHOro AepeBa xopAamu
(xopaa — aTO y4yacTOK, He BOLUEALWNA B aepe-
BO). NMocne aToro ocyliecTBnaeTcs nepexoq K
cnepywouwen utepaumm, Onst KOTOPOU yxe B
KayecTBe HauvanbHOro MNpUONAMXKXEHUA NPUHU-
MaeTca NyylWin BapuaHT gepeBa, NOMy4veH-
HbI Ha Npedblaywen ntepaumn, n 1.4. Ecnu
Ha BHelWHeW wuTepauum He OyoeT HangeHo
ny4yuwero peweHusa (No OTHOLIEHUIO K npeabl-
aywen wutepauum), BbIYUCAUTENbHBIA NPO-
LECC CUMTaeTCsl 3aKOHYEHHbIM.

Ecnn ogHOBpeMeEHHO C 3agadent onTUMU-
3aumm Tpacchl pellaeTca BOnNpoc o Bblibope
MECT pPacnosyioXXEeHUs UCTOYHUKOB BOAbl WK
cbpoca CTOKOB M UX MPOM3BOAUTENBHOCTEN,
TO B U3ObLITOYHYIO CXemy BBOOATCSA (PUKTUB-
Hble BETBU, CBA3bIBAKOLLME BO3MOXHbIE MECTA
NX PacnonoXeHusi ¢ o6LWMM y3nom. OTu uk-
TMBHblIE BETBM OyayT MoaenupoBaTb MpPous-
BOOUTENBHOCTM U CTOMMOCTU BO3MOXHbIX MB.
B pesynbTate onTtMmmu3aumm 4acTb QUKTUB-
HbiIX BeTBen OypeT oTOpakoBaHa, a Ha OC-
TaBLUMXCHA BENMYMHbI pacxonoB OyayT oTse-

YaTb ONTUMAarbHOMY pacnpegeneHuto cymmap-
Hon Harpysku mexay VB n mectammn yctaHoBku
BOC un KOC.

B npepgnaraemon meTtoguke B kadecTBe Ha-
YanbHOro NpPMBnMXeHna NPUHUMaETCA OCTOBHOE
AepeBO MUHUMaribHOW CTOMMOCTN OTHOCUTENbHO
yaenbHeIX (Ha 1 M%/c Bogbl M CTOKOB) 3aTpaT
XW3HEHHOro uukna. 3TO AepeBO CTPOUTCA Ha
ocHoBe anroputma [Jenkctpbl [22, 23].

Mpn dukcMpoBaHHOM OCTOBHOM [AdepeBe Ha
NcxoaHoM n3bbiTouHOM rpadhe Bce BeTBM rpada
MOXHO pasgenuTb Ha ABa noagmHoxecTsa: (m-1)
BeTBeW gepesa M (C) y4acTKoB, He BowelnX B
AepeBo U HasblBaeMbIx xopgamu. [lobasneHue Kk
AepeBy HekoTopown xopAbl (r::r=1, ..., ¢) obpasy-
eT yHAaMeHTanbHbI KOHTYp (Mnu umkn). Cne-
AoBaTenbHO, KaXxgoMy OCTOBHOMY AepeBYy ceTu
OyneT oTBevaTb e€AMHCTBEHHas yHOaMeHTanb-
Has (xopaoBas) cuctema KOHTypoB. B cooTserT-
CTBUM C 9TUM, pasbuBasd mMaTpuLbl CMEXHOCTM
y4acTKoB U y3noB (A), y4aCTKOB 1 KOHTYpoB (B) u
BEKTOPbI pacxofos (X) ceTn Ha MaTpuubl U Bek-
Topbl xop4 (Ax, Bx, Xx) n BeTBen gepesa (As, Bo,
Xp), 3anuwiem 3agady onTMMmnsauum cnegyowmm
obpasom:

n C n
P(x)=2 @, x) =20 (x)+ X,(x), g

i=l i=l i=c+1
npu A Xy + Az X;=Q. (2)
3pecb @(x) — kputepmanbHaa yHKUMA 3a-
TpaT XU3HEHHOrO LMKNa cucteM BOAOCHabXeH s
n BogooTBeAeHus. (2) — ypaBHeHMe matepuanb-
Horo 6anaHca MNOTOKOB B Yy3nax W36bLITOYHON
cxembl. Q — BEKTOp Y3MnoBblX NPUTOKOB U OT6O-
poB BOAbl M CTOKOB (N — KOMNMYECTBO Y4acCTKOB, C
— KONUYEeCTBO KOHTYPOB M3BbLITOYHOW CXEMbI).
Ycnosua matepuanbHoro 6anaHca npeobpasyem

cnegylowmm obpasom:

-1 .
xd :Ad '(Q_Ax 'xx)’
-1 -1
x()=A() 'Q_A() 'Ax'xx-

N3 Teopun rpacoB [16] WM3BECTHO, 4TO
— Aa_l ‘A = BT, a—Aa_l = ROT €CTb TPaHCMOHU-
poBaHHaa maTpuua nyTen.

C ydeTom maTpuubl nyten [16] pacxopg Ha
BEeTBAX [AepeBa MOXHO NpeacTaBuUTb Kak (PyHK-
LM pacxoa Ha xopaax:

T T
X,=By -x,—R, -0,
nnm

c m—1
X =D 65 Xy — 2,0, Q; i=1,..,m—1. (3)
r=1 Jj=1

C yuvetom (3) chopmyna (1) npumeT cnegyto-
Wwnn BuA;

c n c m—1
min Z(Di(xi)+ Z(Di ngr Xy T Za;‘/ -0,
il =+l \ =l = (4)
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CornacHo BbipaxeHuto (4), ¢ U3MeHeHnem
XOpAOBOW nepeMeHHon Xy B KOHTYpE r MeHs-
eTcs BeNnMYnHa Xy TONbKO Ha BETBAX Aepesa,
npuHagnexawmx [aHHOMY KOHTYpy, a Ha-
rPY3KM OCTarbHbIX Y4aCTKOB OCTAlOTCS HEU3s-
MEHHbLIMW.

CnepoBaTtenbHO, MOXHO OpraHu3oBaTb
npoLecc NOKOHTYPHOM (NOKOOPAMHATHOW OT-
HOCUTENBHO KOHTYPHbIX PacxodoB) MUHUMU-
3auum KputepuanbHOW YHKUMU, UKcmpys
Ha Ka)KOOM Luare 3Ha4yeHus OCTanbHbIX He3a-
BUCMMbIX NepeMeHHbIX. [pn 3TOM MUHUMK3a-
LUMS MO KaxJon oyepedHOn KOHTYPHOMW nepe-
MEHHOM OCYLLECTBMSAETCA ANSA ONTMManbHbIX
3HAYEHMIN KOHTYPHbIX PacXOA4oB, NMOMYYEHHbIX
Ha npegbigywmx warax (To ectb bopmupyeT-
cs npouenypa Tuna metoaa 3engens).

PesynbTaTthl 1 UX 06cyxaeHune

Taknm obpasom, npeanaraeTca Ha OCHOBE
METOANKN NOCTPOEHUS U3OLITOYHOrO rpada
METOA NMOKOHTYPHOW MUHUMM3ALUN CTPYKTYPbI
COOpYXXeHM n cnocoboB nogadn BoAbl MO-
Tpebutenam, TpaHCNOPTUPOBKN CTOYHBLIX BOA
Ha OYMCTHbIE COOPYXeHUss TPyOGonpoBOAHLIM
N aBTOMOOMMBbHLIM TPaHCNOPTOM. M30bITOY-
Hbln rpady BKMOYaeT BCEBO3MOXHblE CBSA3N
MeXay CYLLeCTBYHLMMA U HOBBIMA MCTOYHU-
Kamun BOAbl M cbpoca CTOKOB, KaHaNM3aLMoH-
HbIMWU OYUCTHLIMWU COOPYXEHUSAMMWU, HACOCHbI-
MU CTaHUUAMM, perynupylowmmMmm pesepsya-
pamu n noTpebutensamu.

MeTon MOKOHTYPHOW MWHMMU3ALMK Bblae-
nseT Ha aToM rpade noarpad B BMAE OCTOB-
HOro gepeBa W onpegenseTr Haunydwue (c
TOYKN 3PEHUS MUHMMYMa 3aTpaT XM3HEHHOro
umkna) napameTpbl TPyOONPOBOAHbBIX U aBTO-
MOOUNBbHBIX Y4aCTKOB CETU U COOPYXKEHUN.
MeTon OCHOBaH Ha LUeneHanpaBfeHHOM W
orpaHn4yeHHoM nepebope BapuaHTOB [Ae-
peBbEB M3OLITOYHOro rpadga no cxeme obxo-
Aa KOHTYpOB W MnocrnefoBaTeslbHOW 3aMeHbI
BeTBeW AepeBa xopgamu. [pu 3TOM nyyuumin
BapuaHT 3anoMunHaeTcs.

Mpounnoctpupyem 3TOT Nogxon Ha npu-
mMepe M30ObITOYHON CXEMbl CUCTEMbI BOAO-
cHabxeHus, cocTosaLen 13 12 y4acTkoB (n) u
9 yanoB (m), 0ogHOro YUKCMPOBAHHOIO UCTOY-
Huka Bogbl B y3ne 1 u 8 noTtpebutenen
(cTpenkammn OT y3roB yKasaHbl OO6bembl Mo-
Tpebnsaemon Boabl B f/C B HAaCEMNEHHbIX MyHK-
Tax, Hag ydvacTkamu NoKas3aHbl UX ANWHbI B
Km). OTa cxema npeacrtaeneHa Ha puc. 1. Ha
puc. 2 nokasaH BapuwaHT HayanbHOro npu-
OnmxeHua B BUAe AepeBa KpaTyauluMx pac-

CTOSIHUM (3aTpaTbl XM3HEHHOro LUuKna 3TOoro Ba-
puaHTa coctaBnatoT 35 779 698 TbIC. py6.).

lNepBbln LMKN MTepaunn nokasaH Ha puc. 1-
6. Ha puc. 3a—d npencrasneHbl atanbl onTMMn-
3auUnMn OTHOCUTENBHO NEPBOro KOHTypa (Mny4dwmm
SABMNAETCA BapuaHT, NPUBEOEHHbIN Ha puc. 3c,
ero 3atpartbl coctaBnaT 35 546 298 Thic. pyo.,
KpacHbIM LIBETOM YyKasaHbl Yy4aCcTKM C aBTOMO-
OMNBbHLIM TPAHCMOPTOM).

lMocne onTuMM3aumm BTOPOro KOHTypa (puc.
4a—d) onTuManbHbIM CTan BapuaHT, NOKa3aHHbIN
Ha puc. 4c (3aTpaTbl XU3HEHHOro LuKna cocTa-
Bunn 35 086 086 Tbic. py6.). Nocne onTumnaa-
UMM TpeTbero KoHTypa (puc. 5a—d) ontumanb-
HbIM CTan BapwaHT, NpeacTaBfeHHbIA Ha puUc. 5¢
(3aTpaTbl  KM3HEHHOrO  LUMKNa  COCTaBunu
34 992 726 TbIC. pY6.).

lMocne onTuMM3auun YeTBEPTOro KOHTypa
(puc. 6a—d) onTMmankeHLIM CTan BapuaHT, Npu-
BEJEHHbIN Ha puc. 6a (3aTpaTbl XWM3HEHHOrO
uukna coctasunu 34 992 726 Teic. py6.).

Btopon uMkn wuTepaumn ocyLecTBnseTcs
CHOBa, HayMHas C MepBOro KOHTypa, nocne on-
TMMM3aumm Kotoporo (puc. 7a—f) onTumanbHbIM
BbiGpancs BapuaHT, NPeACTaBNEHHbIN Ha puc. 7f
(3aTpaTbl  XM3HEHHOrO  LUMKNa  COCTaBunu
34 501 212 TbIC. py6.). [Nocne onTumMmM3saLmm
BTOPOro KoHTypa (puc. 8a—d) onTumarnbHbIM cTan
BapWaHT, NoKa3aHHbIN Ha puc. 8a (3aTpaTbl XKuU3-
HeHHoro umkna — 34 501 212 teic. py6.). MNocne
onTMMKU3aLmMmn TpeTbero KoHtypa (puc. 9a—d) on-
TUMarnbHbIM CTan BapuaHT, NPeaCTaBNeHHbIN Ha
puc. 9a (3aTpaTtbl XM3HEHHOrO UMKNa cOCTaBuu
34 501 212 Tic. py6.). [locme onTMMM3aumm
nepBoro KoHTypa TpeTbero umkna (puc. 10a—f)
ONTMManbHbIM CTan BapuWaHT, MoOKasaHHbIA Ha
puc. 10a (3aTpaTbl XU3HEHHOro LMKNa COoCTaBu-
nn 34 501 212 Tbic. py6.). Takum obpasom, Ha
BTOPOM BHeLHeNW uTepauMm He npounsoLuno
yNyJlleHna BapuaHTa ontTuMmsauuu.

PacueT cunTaeTca 3aKOHYEHHbIM W OKOH4Ya-
TeNbHbIA OMNTMMArbHbLI BapwaHT NpeacTaBneH
Ha puc. 11.

Ecnun ontummsauuio Nnpon3BoaMTh TONBKO AN
Tpy6onpoBogHOro TpaHcnopTa, TO OnTUMarnbHoe
peweHne O6yaeT COOTBETCTBOBATb BapuaHTy,
npencraBneHHoMy Ha puc. 12, n ero 3artpatbl
XW3HEHHOTO uukna oyaoyT CcoCTaBnATb
46 977 708 TbIC. pYo.

Ecnun ontummsauunio npon3BogmTh TONBKO ANA
aBTOMOBGUNBHOrO TpaHcnopTa, TO ONTUManbHOe

pewieHne 6y/:|,eT TakKxe COOTBETCTBOBATb
BapunaHTy, npeancrtaslieHHOMY Ha pUC. 12, ero
3aTtpaTbl XN3HEHHOro UunkKna COCTaBAT

43 101 698 ThIC. pYy6.

Tom 11 Ne 1 2021
c. 60-73
Vol. 11 No. 1 2021

ISSN 2227-2917

WN3BecTus By3oB. MHBecTUuMn. CTpoutenbcTBO. HeagBmxmmocTb (print) 63
Proceedings of Universities. Investment. Construction. Real estate

ISSN 2500-154X

pp. 60-73 (online)



TexHuyeckune Hayku. CtpoutenbctBo / Technical Sciences. Construction
15

10
10 15 L=10km /( L=15km
2 3

L=10km f.( L=15km
0, ) \’.?{ 0, b d
2 3 2 = s
3t o & 2 L
" " " Y Y
- 1 12 9 13 12
L=14Kkm _ L=11«km
(4 (g ’SJ L=11«m ,\f (4{ (5
4 N/ N L=11«km
s = s E E L=11km
2 = 8 T I
n 1] 1 o o
| 0 | 20 1 10 0 /
L L=15wm f L =20 km ey L-20km
d aQ C 7
o/
Puc. 1. N36bITOYHAA cxeMa cucTeMbl BOAOCHabXeHUst Puc. 2. lepeBo kpaTyanLmMx pacCToOAHNM
Fig. 1. Redundant water supply system diagram Fig. 2. The tree of shortest distances
~ 9
N 9%
10 15 S
S 77 -(( 15 mc\ 25
*\ 1
0 2} d
' 71

19 52

|
10

10 0 7
0 7
--- @ © d)’
a) b)
~ 96 N 9%
10 15 10 15
h 0 15 » 96 -('( 15 d
- --- ho 0! s
|
96 25 | 0 71
|
9 13 12 9 13 12
d{ ( 12 d e ) ¢ 12 d
4 5 S G
7 77 ( 4 19 N
10 27 10 27
10 0 7 10 0 7
7 . 7
& G o B o o
c) d)
Puc. 3. OTtan onTmMum3aumnm OTHOCMTENBHO NEPBOro KOHTYpa
Fig. 3. Optimization stage relative to the first contour
ISSN 2227-2917 Tom 11 Ne 1 2021
64 (print) M3BecTus By3oB. MuBecTUuMK. CTpoutenbctBo. HeaBmknmocTb c. 60-73
ISSN 2500-154X Proceedings of Universities. Investment. Construction. Real estate Vol. 11 No. 1 2021
online . 60-73




Mopo3 M.B. MeToamnka M36bITOYHBIX MPOEKTHBLIX CXEM Y MeTOL NMOKOHTYPHOW MUHUMMU3ALUKN CUCTEM ...
Moroz M.V. The method of redundant design schemes and the method of contour minimization of group water supply ...

N8 10 15 > 10 15
S 15 > 0
L 0) k2 o) - = = o0
96 25 Vo 96 10 15
|
9 13 : 12 9 13 12
;(' 12 .6' C"’ ‘f 27
4 5 4 S
d/ 77 ( " 4 77 ( 4 @
10 27 10 27
10 0 7 10 0 7
7 7
7 (s} (53 (&) O
a)
N 96 ~
~
0
96
Y
G
- 77
10 10 27
10 10 0 7
& ’
(&) O
c) d)
Puc. 4. OTtan onTmMum3aumnm OTHOCUTENBLHO BTOPOro KOHTypa
Fig. 4. Optimization stage relative to the second circuit
N~ 96 N 96
~ ~
.1 ’ .1 ’
96 96
'9 9
4
7 <4 f
77 o 50
|
10 37 I 0
|
10 10 o 7
27
’ f- : Yol
a) b)
Tom 11 Ne 1 2021 ISSN 2227-2917
c. 60-73 M3BecTus By3oB. MuBecTULuMK. CTpoutenbcTBo. HeaBmknmocTb (print) 65
Vol. 11 No. 1 2021 Proceedings of Universities. Investment. Construction. Real estate ISSN 2500-154X

. 60-73 online




TexHuyeckune Hayku. CtpoutenbctBo / Technical Sciences. Construction

~ 096 N 96
~ 10 .15 ~
0
96 25 96
9 12 9
0 87
4 - e 4
|
87 019 37
|
10 7 10 0 7
. & ’@
c) o)

Puc. 5. O9Ttan onTmum3aumnm oTHOCUTENBHO TPETLETO KOHTYpa
Fig. 5. Optimization stage relative to the third circuit

S 10 15
S 10
96 25
9 13 12
87 37
4 5 (6
|
37 0
|
10 0 7
10 7 5
7 @) 9
a) b)
N 96 N~ 9
10 15
~ 10 10 15 N 10
3
9% 24 96 2
9 13 12 12
87 74 { 44 f
of¢ of¢
4 'q/z (& "
0 : 27 7
10 ! 0 7
0 7
10 ){2 30 0
& - = = =0
c) d)
Puc. 6. OTtan onTmMum3aumnm OTHOCUTENBHO YETBEPTOrO KOHTYpa
Fig. 6. The optimization step with respect to the fourth circuit
ISSN 2227-2917 Tom 11 Ne 1 2021
66 (print) M3BecTus By3oB. MuBecTUuMK. CTpoutenbctBo. HeaBmknmocTb c. 60-73
ISSN 2500-154X Proceedings of Universities. Investment. Construction. Real estate Vol. 11 No. 1 2021

online . 60-73




Mopo3 M.B. MeToamnka M36bITOYHBIX MPOEKTHBLIX CXEM Y MeTOL NMOKOHTYPHOW MUHUMMU3ALUKN CUCTEM ...
Moroz M.V. The method of redundant design schemes and the method of contour minimization of group water supply ...

~ 96 N 9

~ 10 15 ~ 10 15

0 10 0 e
96 25 86 15
9 12 9 13 12

87 77 27
4 4 5 ()
37 37

e) f)

Puc. 7. OTtan onTmMum3aumnm OTHOCMTENBHO NEPBOro KOHTYpa BTOPOro LuKna urepaumm
Fig. 7. Optimization stage relative to the first contour of the second iteration cycle

Tom 11 Ne 1 2021 ISSN 2227-2917
c. 60-73 M3BecTus By3oB. MuBecTULuMK. CTpoutenbcTBo. HeaBmknmocTb (print) 67
Vol. 11 No. 1 2021 Proceedings of Universities. Investment. Construction. Real estate ISSN 2500-154X

. 60-73 online




TexHuyeckune Hayku. CtpoutenbctBo / Technical Sciences. Construction

< 9%
~ 10 15
96 86
Qﬂ 2 3
71
9 13 12
9 59
5 6
|0
| 37
|
10 20 7
o e
&
a)
N %
~ 10 15
96 86
ﬁc 2
71
9 13 12
48 59
5 3
|
37 | 0
|
10 0 7
27 7
7 8 9

Puc. 8. OTan onTMum3aLMm oTHOCUTESILHO BTOPOrO KOHTYpa BTOPOro LiMKna utepawmm

96

o

10

15

NS

7

d)

Fig. 8. Optimization stage relative to the second contour of the second iteration cycle

N 96
~ 10 15
A: 96 86
1 2 3
71
9 13 12
9 59
5 6
|
37 0
|
10 0 7
— —
G S
3)

~

96

10

86

15

To!

el

ISSN 2227-2917

(print)
68 ISSN 2500-154X

online

M3BecTus By3oB. MuBecTUuMK. CTpoutenbctBo. HeaBmknmocTb
Proceedings of Universities. Investment. Construction. Real estate

Tom 11 Ne 1 2021
c. 60-73
Vol. 11 No. 1 2021

. 60-73




Mopo3 M.B. MeToamnka M36bITOYHBIX MPOEKTHBLIX CXEM Y MeTOL NMOKOHTYPHOW MUHUMMU3ALUKN CUCTEM ...
Moroz M.V. The method of redundant design schemes and the method of contour minimization of group water supply ...

~ 9
~ 10 15
96 86
QG 2 3
71
9 13 12
& ) 22
4 5 (¢
I0 37
|
|
10 20 7
10 30
8 9

c)

N 9%

~ 10
96 86
0 z

52 ;{
\6

I '

d)

Puc. 9. OTan onTmMum3aumnm OTHOCUTENBLHO TPETLETO KOHTYpa BTOPOro LMKna utrepaumm
Fig. 9. Optimization stage relative to the third loop of the second iteration cycle

N 96 N 96
~ 10 15 ~ 10 15
o= - v
1 2 ! a
|
' 0
| [ 9
! 9
13 12 9 12
9 59 0
5 6 ==
37
10 7
10
7 \E.;J 9
b)
N~ 96
~ 10 15
25 15
1 2 3
|
71 | 0
l
9 13 12
62 12
4 5
37
10 0 7
— —d
7 \E.i/ 9
c) a)
Tom 11 Ne 1 2021 ISSN 2227-2917
c. 60-73 M3BecTus By3oB. MuBecTULuMK. CTpoutenbcTBo. HeaBmknmocTb (print) 69
Vol. 11 No. 1 2021 Proceedings of Universities. Investment. Construction. Real estate ISSN 2500-154X
. 60-73 online




TexHuyeckune Hayku. CtpoutenbctBo / Technical Sciences. Construction

37

10 0 s

Puc. 10. 3tan onTMmm3aLmm OTHOCUTENBHO NEPBOro KOHTYpa TPETbEro UMKna ntepauum
Fig. 10. Optimization stage relative to the first loop of the third iteration cycle

N 9%
~ 10
10 0
86
9 13
77 27
4 5
37
10 0 7
F— I
7 ©®
e)
~ 9%
~ 10 15
96 86
Q1> 2
71
9 13 12
9 59
5 6
37
10 0 7

10 7
d O,
Puc. 11. OnTumanbHbIn BapuaHT
Fig. 11. The best option

Taknm obpasom, onTUMM3aums
KOMOMHMPOBAHHOW  CUCTEMbI  TPaHCMOPTU-
POBKM BOAbI OKa3biBaeTcsa Gornee BbIrOAHON Ha
12 476 496 TbIC. PpY6. U 8 600 486 ThiCc. pYoO.
COOTBETCTBEHHO OTHOCUTENBHO TpybonpoBoa-
HOro N aBTOMOOMMBLHOrO TPaHCNopTa BOAbI.

3akn4eHune

Ha ocHoBaHuu onbiTa NpUMEHEHUsa paspa-
GOTaHHON MEeTOAUKN NMOKOHTYPHOW MUHUMMK3A-
UMM NPUMEHUTENBHO K CUCTEMaM rpynnoBoro
BOAOCHabXeHNst MOXHO caenaTtb criegylowmne
BbIBOZbI:

1. DddeKkT oT BHeapeHMa npegraraemon
METOAMKM MO CPABHEHMIO C MHOrOBapUaHTHbIM
Noaxo4oM, KOTOPbIA MCMNOMb3YT MNPOEKTU-
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Puc. 12. OntumanbHoe pelleHne ans aeBToMobunsHoro
1 TpybonpoBOaHOro TpaHcnopTa
Fig. 12. Optimal solution for road and pipeline transport

POBLLUNKKN, cocTaBnsieT Ao 25% no 3arpaTam Xus-
HEHHOro uukna.

2. Y4yeT aBTOMOGUNBLHOrO TpaHcnopTa B 3aga-
yax onTMMM3aLMM CUCTEM BOAOCHAOXeHUs N BO-
O00TBEAEHNS CYLLLeCTBEHHO BNUAET Ha NOrMCTUKY
N CTPYKTYPY COOPY>KEHUN.

3. lNoBblWeHne Tapuda Ha SNEeKTPOIHEPruto
NM3MeHdAeT CTeneHb LeHTpanusauun u yBenundm-
BaeT KONMYECTBO YYacTKOB C aBTOMOOWUNbHBLIM
TpaHCNoOpTOM BOAbI.

4. YyeT HagexHOCTM WU CENCMOCTOMKOCTU B
TpybGONPOBOAHBIX CUCTEMAxX TakkKe BNUAET Ha
CTOMMOCTb TPyOONPOBOAHON YacTn 1 NPUBOAMUT K
pacLMpeHnt0 BO3MOXHOCTEN UCMONb30BaHUSA aB-
TOMOOMNbLHOrO TpaHcnopTa.

ISSN 2227-2917

N3BecTusa BY30B. WHBecTULMM. CTpOMTeﬂbCTBO. HepBuxumoctb

Tom 11 Ne 1 2021
c. 60-73
Vol. 11 No. 1 2021

70 (print)
ISSN 2500-154X Proceedings of Universities. Investment. Construction. Real estate

(online) pp. 60-73




Mopo3 M.B. MeToamnka M36bITOYHBIX MPOEKTHBLIX CXEM Y MeTOL NMOKOHTYPHOW MUHUMMU3ALUKN CUCTEM ...
Moroz M.V. The method of redundant design schemes and the method of contour minimization of group water supply ...

CMNUCOK JINTEPATYPbI

1. MepeHkoB A.l1,,
rnapaesnuyecknx uenen. M.:
278 c.

2. Cnagnep B.I'., CeHHoBa E.B. MaTematuye-
CKOe MOAenupoBaHMe N ONTUMM3auMsa passu-
BalOLLUMXCA TennocHabxawwmux cucteM. Ho-
Bocubupck: Hayka, Cubupckoe oTtaeneHue.
1987. 121 c.

3. CyxapeB M.I"., CtaBpoBckui b.P. OnTumun-
3auma cuctem TpadcnopTa rasa. M.: Hepgpa,
1975. 277 c.

4. Kapambupos C.H., bypkoBa [O.I'. AHanun3 n
CUHTE3 CMOXHBIX UHXEHEPHbIX CUCTEM C NpuU-
MEHEHMEM COBPEMEHHBIX MaTemMaTU4eCKUx
meTogoB. M.: W3g-eo PrAY-MCXA, 2015.
193 c.

5. ABepbsiHoB B.K., CeHHoBa E.B., Kapace-
B4 A.M., CrteHHukoB B.A., Epenesa O.A.,
Ho6poonbckaa T.B. [n gp.]. Tpybonposoa-
Hbleé CUCTEMbl JHEPreTUKU: MaTemMaTuyeckoe
mMoaenuposaHne u onTumusauusa. Hosocu-
6upck: Hayka, 2010. 418 c.

6. AtaBuH A.A., HoBuukun HH., Cyxapes M.I".,
YnoHos A.M., OByuHHMKOBa T.3., Emenbs-
HoB B.A. [n gp.]. TpybonpoBoaHblE CUCTEMBI
3HEepreTMKN: mMaTeMaTuyeckne nU KOMMblTep-
Hble TeXHOMormM uHTennektyanusauuum. Ho-
Bocubupck: Hayka, 2017. 384 c.

7. HoBuukun H.H., Cyxapes M.[., Tess-
wes A.0., CmupHosa B.C., Pyasik B.A., Tapa-
cesny B.B. [u gp.]. TpybonpoBoaHble cucTe-
Mbl aHepreTukn: MeTogudeckne u npuknag-
Hble NpobnemMbl MatremMaTU4ecKoro Moaenmpo-
BaHus. Hosocmbupck: Hayka, 2015. 476 c.

8. AbpamoB H.H., Tocnenosa M.M., Co-
moB M.A., Bapanaes B.H., Kepumosa [.X.
Pacuet BogonpoBogHbix ceten. M.: Ctpoins-
nart, 1983. 273 c.

9. Wesenes ®.A., Opnoe [I.A. BopgocHab-
XeHne 6onbLIMX ropoaoB 3apybexHbIX CTpaH.
M.: Ctponnsgat, 1987. 357 c.

Xacunes B.A. Teopusa
Hayka, 1985.

10. Yynun P.B., Menexos E.C. PasBsutue
TEopuM U TMPaKTUKW  MOAENUPOBAHUA U
onTMMu3aumMm CUCTEM BOAOCHabXeHus U
BogootBeaeHus: Wpkytck: Wsg-so UplTY,
2011. 323 c.

11.4ynun  P.B. Ontummusauma passuBato-

Lwuxcsa cuctem sBogooTrseaeHus. Npkytck: N3a-
Bo UPI'TY, 2015. 418 c.

12.4Yynnn P.B., dam H.M. Ontummnsauus
CTPYKTYPbl W napameTpoB pasBMBaKLLNXCA

CUCTEM TpynnoBoro BoAocHabxeHus // Bopo-
cHabxeHne n caHuTapHasa TexHuka. 2019. Ne 1.
C. 30-36.

13.Yynun P.B. Ontumusaumsa nepcneKkTUBHbIX
CXEM pasBUTUA CUCTEM BOAOOTBEAEHUSI B YCIO-
BUSIX OrpaHuWYeHHoro guHaHcupoBaHusa // Bopo-
CHabxeHne n caHuTapHasa TexHuka. 2018. Ne 2.
C. 44-54.

14. Yynun P.B., ®am H.M., T'opbkos E.A., Mo-
po3 M.B. HoukaTBHOEe 1 aganTuBHOe ynpasne-
HUe pasBUTUEM cucTeMbl BogooTeBeneHus // Ns-
BecTus By30B. MIHBecTuummn. Ctpontenscteo. He-
asmxkumocTtb. 2018. T. 8. Ne2. C. 94-108.
http://dx.doi.org/10.21285/2227-2917-2018-2-94-
107

15. Chupin V.R., Pham N.M., Chupin R.V. Opti-
mization of developing district water supply sys-
tems taking into account variability of perspective
water consumption» // IOP Conf. Series: Materi-
als Science and Engineering. Vol. 667. 2019.
https://doi.org/10.1088/1757-899X/667/1/012018
16. Chupin V.R., Pham N.M., Chupin R.V. Opti-
mization of the sewerage systems scheme of cit-
ies and populated areas // IOP Conf. Series: Ma-
terials Science and Engineering. Vol. 667. 2019.
https://doi.org/10.1088/1757-899X/667/1/012017
17.TormHa E.C., T'ypmHoBmy A.[. lpumeHeHune
metoaukn LCC pana oueHkn 9ddekTMBHOCTM
NMPOEKTOB COOPY>XEHUN OYUCTKM CTOuYHbIX Bog //
BopgocHabxeHne u caHuTapHas TexHuka. 2016.
Ne 9. C. 36-41.

18. baxeHos B.W., TlynbipeB E.N., Cambyp-
ckmn [.A., bepesnH C.E. PaspaboTka meToguku
pacyeTa CTOMMOCTU XM3HEHHOro uukna obopy-
AOBaHNSI CUCTEM M COOPYXEHMI ONns BOLOCHAb-
XeHns n BoaooTeBedeHus // BogocHabxeHne wu
caHuTapHas TexHuka. 2018. Ne 2. C. 10-19.

19. Typesckun N.C. SkoHOMMKa oTpacnu. ABTO-

MOOMNbHLIN  TpaHcnopT. M.: WO  «dopym»:
NMHO®PA-M, 2011. 288 c.
20. Tosank A.A. JKOHOMMKA aBTOMOOMUIBLHOIO

TpaHcnopta. MuHck: YT «TexHonpuHT», 2005.
140 c.

21. Taxa X.A. BBegeHne B nccrniegoBaHue onepa-
umin: nep. ¢ aHrn. 7-e usg. M.: N «Bunbamcy,
2007.912 c.

22. ®opg J1.P., d®ankepcoH [.P. lNoTokn B ceTsx.
M.: Munp, 1963. 216 c.

23. Xy T. UenouucneHHoe nporpaMmmmpoBaHue u
noTtoku B ceTax. M.: Mup, 1974. 520 c.

Tom 11 Ne 1 2021
c. 60-73
Vol. 11 No. 1 2021

ISSN 2227-2917

M3BecTus By3oB. MuBecTULuMK. CTpoutenbcTBo. HeaBmknmocTb (print) 71
Proceedings of Universities. Investment. Construction. Real estate

ISSN 2500-154X

pp. 60-73 (online)




TexHuyeckune Hayku. CtpoutenbctBo / Technical Sciences. Construction

REFERENCES

1. Merenkov AP, Khasilev VYa. Theory of hy-
draulic circuits. Moscow: Nauka; 1985. 278 p.
(In Russ.)

2. Sidler VG, Sennova EV. Mathematical
modeling and optimization of developing heat
supply systems. Novosibirsk: Nauka; 1987.
121 p. (In Russ.)

3. Sukharev MG, Stavrovskiy BR. Optimiza-
tion of systems of transport of gas. Moscow:
Nedra; 1975. 277 p. (In Russ.)

4. Karambirov SN, Burkova YG. Analysis and
synthesis of complex engineering systems
using modern mathematical methods: mono-
graph. Moscow: Russian State Agrarian Uni-
versity — Moscow Timiryazev Agricultural
Academy, 2015. 193 p. (In Russ.)

5. Aver'yanov VK, Sennova EV,
Karasevich AM, Stennikov VA, Edeleva OA,
Dobrovol'skaya TV, et al. Pipeline energy sys-
tems: Mathematical modeling and optimiza-
tion. Novosibirsk: Nauka; 2010. 418 p. (In
Russ.)

6. Atavin AA, Novitskii NN, Sukharev MG,
Chionov AM, Ovchinnikova TE, Emel'yanov
VA, et al. Pipeline systems of power engineer-
ing: Mathematical and computer technologies
of intellectualization. Novosibirsk: Nauka;
2017. 384 p. (In Russ.)

7. Novitskii NN, Sukharev MG, Tevyashev AD,
Smirnova VS, Rudyak VYa, Tarasevich VV, et
al. Pipeline systems of power engineering:
Methodological and applied problems of
mathematical modeling. Novosibirsk: Nauka;
2015. 476 p. (In Russ.)

8. Abramov NN, Pospelova MM, Somov MA,
Varapaev VN, Kerimova DX. Calculation of
water supply networks. Moscow: Stroyizdat;
1983. 273 p. (In Russ.)

9. Shevelev FA, Orlov GA. Water supply of
large cities of foreign countries. Moscow:
Stroyizdat; 1987. 357 p. (In Russ.)

10. Chupin RV, Melekhov ES. Development of
theory and practice of modeling and optimiza-
tion of water supply and sanitation systems:
Irkutsk: Irkutsk state technical university;
2011. 323 p. (In Russ.)

11. Chupin RV. Optimization of developing
water disposal systems. Irkutsk: Irkutsk state
technical university; 2015. 418 p. (In Russ.)
12. Chupin RV, Fam NM. Optimization of the
structure and parameters of the developing

group water supply systems. Vodosnabzhenie i
sanitarnaya tekhnika = Water Supply and Sani-
tary Technique. 2019;1:30-36(In Russ.)

13. Chupin RV. Optimization of the prospective
plans of water supply system development under
the tight financing conditions. Vodosnabzhenie |
sanitarnaya tekhnika = Water Supply and Sani-
tary Technique. 2018;2:44-54 (In Russ.)

14. Chupin RV, Pham NM, Gorkov EA,
Moroz MV. Indicative and adaptive management
of wastewater system improvement. /zvestiya vu-
zov. Investitsii. Stroitel'stvo. Nedvizhimost' = Pro-
ceedings of Universities. Investment. Construc-
tion. Real estate. 2018;8(2):94-108. (In Russ.)
http://dx.doi.org/10.21285/2227-2917-2018-2-94-
107

15. Chupin RV, Pham NM, Chupin VR. Optimiza-
tion of developing district water supply systems
taking into account variability of perspective wa-
ter consumption. IOP Conf. Series: Materials Sci-
ence and Engineering. Vol. 667; 2019.
https://doi.org/10.1088/1757-899X/667/1/012018
16. Chupin VR, Pham NM, Chupin RV. Optimiza-
tion of the sewerage systems scheme of cities
and populated areas. IOP Conf. Series: Materials
Science and Engineering. Vol. 667; 2019.
https://doi.org/10.1088/1757-899X/667/1/012017
17. Gogina ES, Gurinovich AD. The use of LCC
method in evaluating the efficiency of investment
projects of wastewater ftreatment facilities.
Vodosnabzhenie i sanitarnaya tekhnika = Water
Supply and Sanitary Technique. 2016;9:36—41.
(In Russ.)

18. Bazhenov VI, Pupyrev El, Samburskii GA,
Berezin SE. Development of a methodology for
calculating the life cycle cost of equipment for
systems and structures for water supply and sani-
tation. Vodosnabzhenie | sanitarnaya tekhnika =
Water Supply and  Sanitary  Technique.
2018;2:10-19. (In Russ.)

19. Turevsky IS. Economics of the industry.
Automobile transport. Moscow: Forum: INFRA-M;
2011. 288 p. (In Russ.)

20. Tozik AA. Economics of automobile transport.
Minsk: Technoprint, 2005; 140 p. (In Russ.)

21. Taha HA. Operations Research: An Introduc-
tion. Moscow: Vil'yams, 2007. 912 c. (In Russ.)
22. Ford LR, Fulkerson DR. Flows in networks.
Moscow: Mir; 1963. 216 p. (In Russ.)

23. Hu T. Integer programming and network
flows. Moscow: Mir, 1974. 520 p. (In Russ.)

ISSN 2227-2917

Tom 11 Ne 1 2021

72 (print) M3BecTus By3oB. MuBecTUuMK. CTpoutenbctBo. HeaBmknmocTb c. 60-73
ISSN 2500-154X Proceedings of Universities. Investment. Construction. Real estate Vol. 11 No. 1 2021
(online) pp. 60-73



Mopo3 M.B. MeToamnka M36bITOYHBIX MPOEKTHBLIX CXEM Y MeTOL NMOKOHTYPHOW MUHUMMU3ALUKN CUCTEM ...
Moroz M.V. The method of redundant design schemes and the method of contour minimization of group water supply ...

CBepeHus o6 aBTOpe

Mopo3 Mapusa BukrtopoBHa,

acnupaHT Kadepbl FOpoaCKOro CTpouTenbCcTBa
N X039NCTBa, CTapLInin npenogaBaTternb
Kadpeapbl MHXEHEPHbIX KOMMYHUKaLUA 1
cUCTeM »n3HeobecneyeHus,

VpKyTCKNin HaUMOHanbHbIN nccnegoBaTenbCKuUn
TEXHUYECKNI YHUBEPCUTET,

664074, r. pkyTck, yn. JlepmoHTOBa, 83,
Poccus,

e-mail: morozmariyav@gmail.com

ORCID: http://orcid.org/0000-0003-4255-619X

3asaBneHHbIN BKNag aBTopa
ABTOp BbINOMHWI MUCCreaoBaTeNbCKylo paboTy,
Ha OCHOBaHMWM MOSYYEHHbIX PE3YNbTAaTOB NPOBEN
0606LLeHne, MOArOTOBMI PYKOMUCH K NevaTu.

KoHdnuKT nHTepecos

ABTOp 3aaBnsaetr o6 OTCyTCTBUU
MHTEepEeCOB.

KOH(bNUKTa

ABTOp npounTan u opobpun OKoHYaTenbHbI
BapWaHT PYKOMUCH.

Cratbsa noctynuna B pegakumio 21.12.2020.
OpobpeHa nocne peueHanpoBanns 14.01.2021.
MpuHaTa k nybnunkaummn 19.01.2021.

Information about the author

Mariya V. Moroz,

Postgraduate student of the Department of
Urban Construction and Economy,

Senior Lecturer of the Department of
Engineering Communications and Systems
Life Support,

Irkutsk National Research Technical University,
83 Lermontov St., Irkutsk, 664074, Russia,
e-mail: morozmariyav@gmail.com

ORCID: http://orcid.org/0000-0003-4255-619X

Contribution of the author

The author performed the research, made
generalization based on the results obtained and
prepared the copyright for publication.

Conflict of interests

The author declares no conflict of interests re-
garding the publication of this article.
The final manuscript has been read and
approved by the author.

The article was submitted 21.12.2020.
Approved after reviewing 14.01.2021.
Accepted for publication 19.01.2021.

Tom 11 Ne 1 2021
c. 60-73
Vol. 11 No. 1 2021

ISSN 2227-2917

M3BecTus By3oB. MuBecTULuMK. CTpoutenbcTBo. HeaBmknmocTb (print) 73
Proceedings of Universities. Investment. Construction. Real estate

ISSN 2500-154X

pp. 60-73 (online)



