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MOBYJIOBA EKBIITUCTAHTH 10 IJIOCKOI JTAMAHOI Y ®OPMYBAHHI
CTPYKTYP KVIbIHEBUX BOAOITPOBIIHUX MEPE’K

Y cmammi nazonowyemocs, wo pieHOMIpHe pO3MAULYBAHHA JIHIU mMa 8Y3/i8
6000NP0OB0OI6 BUSHAYAE pPAYIOHANbHE IX po3mauilyéanus 6 cmpykmypi micma. ILle
HOACHIOEMbCA HeODOXIOHICMIO 8PAXYBANHA HEBUIHAYEHO20 NONONCEHHS 8Y31i8 8 MPAOUYIIHOMY
HOPSIOKY NPOKIAOKU MALICMPATbHUX 8000npo80odis. Posmauiysants 8y31ié 6000npo68ody Ha
Medxci micma He 0ONYCKAEMbCsl, OCKIIbKU HeOOXIOHO JHCUBUMU MepUmopito no oouosa OoKu,
wo 8ionosioac exkoHoMiuHocmi 6YOIGHUYMEA | eKCNIYAmayii Mepexci.

Ha ocnoei ananizy ocmawnuix oOocniodcenv i nyonixayiti 6yi0 6CMAHOBIEHO, U0
OOYIIbHO BUKOPUCMOBYBAMU ONOPHI JIiHII OISl PIBHOMIPHO20 pO3MiujeHHs mpyOoonpoeooia y
BYIUYHIL Mepedici micma 6 npoyeci OYOi8HUYMBA HOBUX I PEeKOHCMPYKYIL ICHYIOYUX cucmem
68000NOCMAYAHHA. 3a3HAYEHO, WO Yi JIHII NOBUHHI Oymu pieHOGIOOaANeHl 00OHA 8i0 0OHOI ma
8i0 nepumempa 3a0y008u Ha NAAHI Micma.

Memoto Oocniddcennuss € po3pobka Mmemooy GU3HAUEHHS ONOPHUX JNiHill O
PIBHOMIPHOCMI MPACY8aAHHA MPYOONPOBOOI8 MAICMPAlbHOI 80002IHHOI Mepexci micma. YV
00CNI0JHCEHHI PO32NIA0AEMbCSL OPIEHMOBAHUU 3AMKHEHUU 0a2amoKymHUK, AKUt YmeopeHull
MouKamu Ha NAowWUHi I 8i00Opadicac mexcy po3sumky micma. Buszmaueno opicnmayiio
eKgiouCmanmuy wooo BHYMPIWHLOI 3aMKHYymoi obnacmi niowunu. Brazyemwvcs, wo
NONONHCEHHS KONCHOI MOUKU eKGIOUCMAHMU NOBHICIO BUSHAYAEMbCA MPbOMA NOCNI008HUMU
MOYKAMU SPAHUYHO20 KOHMYPY, WO He Jledcamsb Ha 0OHIU npamitl ainii. Bukopucmosyiomuvcs
naowa i oiamemp MpPUKYMHUKA 3 8ePUUHAMU HA eKGIOUCNAHMI, a MAKOMC 3HAYEHHA il
3MIUJEHHAL.

YV cmammi posenadaemoca onykauii opienmosanuil KOonmyp i 3anucyemucs pigHAHHs
NPAMUX, WO NPOX00Amb uepe3 MmMouku Oacamoxkymuoi ninii. IlJob6 36epeemu pignicmb
giocmawnell i 3HAUMU KOOPOUHAMU MOYKU, 3ANUCYEMBCA CUCMEMA DIGHAHb 3 080MdA
Hegi0OMUMU [ OOUUCTIOEMBC OCHOBHULL BUSHAYHUK cucmemu. Piuwenns cucmemu ompumano
3a ¢hopmynamu Kpamepa. Biosnaueno, wo 6 3anexcHocmi 6i0 3HAYEHH OCHOBHO20
oemepMinanma cucmemu pi6HAHb cepeOHs MOYKA MOdce OVMu SUKIIOYEHA 3 pPO3215a0Y, U0
npu3e00ums 00 3MiHu gopmu 6azamoxymuuxa. LIJo6 ompumamu MHONCUHY eKGIOICMAaHmM HA
NIaHi Micma, NOmMpiOHO 6CMAHOBUMU 3HAYUEHHSL 3CY8Y, Ke 3ANeACUMb 8i0 cepeonboi 8i0cmani
MIJHC 8YTUYAMU.

Knrouosi  cnosa: ewympiwmsa  exsioucmanma, Ccmpykmypa Mmepexci, Kiibyesa
8000NPOBIOHA Mepedica.

N.C. YCEHKO

HaunonanbHblil yHUBEpCUTET
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IMOCTPOEHUE SKBUJINCTAHTHI K IIJIOCKOM IOMAHOM B
®OPMHUPOBAHUU CTPYKTYPHI KOJIBLEBBIX BOJOIPOBOJIHbIX CETEN

B cmamve ommeuaemcs, umo pasHomepHOe pAcnoNOdNceHue JUHUL U Y3108
8000NpP0B0V0E onpeodeisem pPAyYyUuOHANbHOE UX DPACNONOMNCEHUe & CmpyKkmype 20pood. Jmo
00vscHAemCs:  HeoOX00UMOCMbIO  YY4éma  HeonpeoesleHHO20  NOJIOJCeHUs Y3108 8
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MPAOUYUOHHOM NOPAOKE NPOKIAOKU MASUCHPATbHBIX 8000NP080008. Pacnonoicenue y3106
6000Np060OOA HA 2paHuye 20pooa He OONYCKAemcs, NOCKOIbKY HeobXo00umMo numamo
Meppumopuio ¢ 0beux CmopoH, 4mo COOMEemcmayem KOHOMUUHOCIU CMPOUMeNbCmea U
IKCHIYAMAYUU cemu.

Ha ocnose ananusa nocreonux ucciedosanuti u nyoauKayutl ObLio YyCmaHosieHo, 4mo
YenecooopasHo  UCNONBL306AMb  ONOpPHbIE  JUHUU  ONd  PABHOMEPHO20 — pa3MeujeHus
mpybonpoeooos 6 YIUYHOU cemu 20pooa 6 npoyecce CMpPOUMENIbCmed HOBbIX U
PEKOHCMPYKYUU CYUWeCMBYIOUUX CUCTIEM 8000NPOBOOd. YKA3aHO, YmMo 3mMu JUHUU OOAHCHYL
ObIMb pasHoOyOaienbl Medcoy coO0l U om nepumempa 3aCmpouKu Ha niane 20pood.

Llenvio uccredosanus aenisemcs pazpabomka memooa onpeoeieHusi ONOPHLIX JTUHULL
011 PABHOMEPHOCIU MPACCUPOSKU MPYOONPOBO008 MALUCIPATLHOU 8000NPOBOOHOU Cemu
eopooa. B uccnedosanuu paccmampugaemcs opueHmupo8aHHas 3aMKHYMblll MHO20Y200bHUK,
KOMOpblil 00pazo06an MoyKamu HA NIOCKOCMU U OMpaj3caem Zcpamuyy pazsumus 20pood.
Onpedenena opuenmayus 3K6UOUCMAHMbL OMHOCUMENbHO 8HYMPEHHel 3aMKHYmoll obiacmu
NAOCKOCMU. YKA3bl8aemcst, Ymo NOA0JNCeHUe KadCOOU MOUKU IKEUOUCTAHMbL NOJIHOCHbIO
onpeodensemcsi mpems nocie008amenbHbIMU MOYKAMU 2PAHUYHO20 KOHMYPA, KOMOpbvle He
nexcam Ha OOHOU NpAMOU auHuu. Mcnoaws3yromcs niowaosb u Ouamemp mpeyeoibHUKa
BEPULUHAMU HA IKEUOUCTAHMe, d MAKJCe 3HAYEHUe ee CMeUjeHUs.

B cmamve paccmampusaemcst  GubINYKablll  OPUECHMUPOBAHHLIL — KOHMYD U
3anUCHIBAeMcst YPAGHEHUe NPIAMbIX, NPOXOOAWUX UYepe3 MOUKU MHO20Y20NbHOU JUHUU.
Ymobuvl coxpanums paseHcmeo paccmosHull U HAmu KOOPOUHAMbL MOYKU, 3ANUCHIBAENCSL
cucmema yYpagHeHull ¢ O08YMs HEU3BECMHbIMU U BbIYUCIAEMCS OCHOBHOU Onpedelumend
cucmemvl. Pewenue cucmemvr nonyweno no gopmyram Kpamepa. Ommeyeno, umo 8
3a6UCUMOCU OM 3HAYEHUSI OCHOBHO20 0eMePMUHAHMA CUCMEMbl YPAGHEHUU CPEOHsIsl MOYKA
Modcem Oblmb UCKIIOYEHA U3 PACCMOMPEHUs, YMO NPUBOOUM K UBMEHeHUI0 (hopmbl
MHO20Y20bHUKA. YmOo6bl NOTYYUMb MHOMCECMEO IKEUOUCTNAHM HA NIAHe 20p00d, HYHCHO
YCMAHOBUMb 3HAYEHUE CMeWeHUsl, KOMOpoe 3a6UCUm OM CPEOHe20 PACCMOSHUSL MENCOY
yauyamu.

Kniouesvie cnosa: 6Hympenusas 9K8UOUCAHMA, CMPYKMYpa cemu, Kolblyesdsl
8000NPOBOOHASL CEMb.

1.S. USENKO
National University
"Yuri Kondratyuk Poltava Polytechnic'

THE CONSTRUCTION OF EQUIDISTANT TO A FLAT BROKEN LINE IN THE
FORMATION OF THE STRUCTURE OF RING WATER NETWORKS

The paper notes that the uniform arrangement of lines and nodes of the water
pipelines determines the rational laying of the water pipelines in the city structure. This is
explained as taking into account the lack of previous uncertainty in the position of the nodes
of the traditional order of laying the main water pipelines. The location of water pipeline
nodes on the city border is not allowed since it is necessary to feed the territory from both
sides, which corresponds to the economics of building and operating the network.

Based on the analysis of recent studies and publications, it was determined that it is
advisable to use support lines to evenly place pipelines in the city’s street network in the
process of constructing new and reconstructing existing water pipeline and distribution
systems. It is indicated that such lines should be taken equidistant on the city plan. They are
equidistant from each other and from the perimeter of the city.
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The research objective is presented as the development of a method for determining
reference lines for uniform tracing of pipelines of the city's main water pipeline network. The
study examines the oriented closed polyline, which is formed by points on the plane and
defines the boundary of urban development. The orientation of the equidistant relative to the
inner closed region of the plane is determined. It is indicated that the position of each point of
the equidistant is completely determined by three consecutive points of the limit contour; they
do not lie on one straight line. The area and diameter of the triangle with the vertices on the
equidistant are used, as well as the offset value of the equidistant.

The paper considers a convex oriented contour and writes down the equation of lines
passing through the points of the polygonal line. To maintain equality of distances and find
the coordinates of a point, a system of equations with two unknowns is written and the main
determinant of the system is calculated. The solution to the system is obtained by Cramer's
formulas. It is noted that, depending on the value of the main determinant of the system of
equations, the midpoint may be excluded from consideration, which changes the shape of the
polyline. To get a lot of equidistant on the urban plan, you need to set the offset values in
steps that depend on the average distance between the streets.

Keywords: internal equidistant, network structure, ring water supply network.

IMocTanoBKa MpodJeMu
[Ipu opHakoBiM IIIIBHOCTI HAaceJEHHS 1 piBHSA OJIAarOyCTpOIO KHUTJIOBOI 3a0yJ0BU
TpacyBaHHSA BOAOINpPOBiIIHUX Mepexx (BM) moBHHHO BUKOHYBaTHCsS PIBHOMIPHUM IO BCIH
TEPUTOPIi HAaceIeHOTO MyHKTY. SIKIIo po3ramryBatu JiHii Ta By3au BM piBHOMIpHO, TOI 11€
BU3HAYUTh JIEAKOI0 MIpPOI0  pallioHalIbHE MPOKIAACHHS MeEpexki TpyOOmpoBOAiB
BOJIOTIOCTAYaHHA y CTPYKTypl micTa. TakuM YWHOM, KOMIIEHCYETHCS HEIOJIK IMONEpeIHbOl
HEBU3HAUEHOCTI MICIICTIOJIOKEHHS BY3JIIB TPAIUIIIHOTO TOPSIKY TpacyBaHHs BM. Oxpim
IIbOTO, po3TamryBaHHs By3i1iB BM Ha mexi Hacenenoro wicig (HM) He momyckaerbest abo
JIOITyCKA€ThCS TUIBKU Y BUHATKOBUX BHUIAJKaX, OCKUIBKH TPYOOIpOBiJ, SIKUM mpoiine uepes
HUX, Ma€ KUBUTH TEPUTOPIIO 3 000X OOKIiB, 110 HEMOXJIHMBO Ha Mexi BM 1 € mopyuieHHIM

OJIHIET 13 CYTTEBUX BUMOT €KOHOMIYHOCTI TpacyBaHHs BM.

AHAaJII3 OCTAHHIX J0CTiIKeHb | myO aikaii

Y mitepatypHUX JpKepenax [3, 5] omparpoBaHI MHTaHHS PO3BUTKY, 3HIKCHHS
IIBUKOCTI PO3POCTaHHS MICT Ta 30UIBIIEHHS iX KOMITAKTHOCTI. KOHTpOJB po3pocTaHHS
TEPUTOPI MICT 0OMEXy€e MOCHICHHS HETaTUBHOTO BIUIMBY HAa OTOUYYIOYE CepenoBHINE. Y
0araTbOX BUIAJKAaX MIChKI TEpUTOPil BUKOPHUCTOBYIOTHCS HE JOCHTh €(PEKTHBHO 3aBISKU
HEBHUCOKIN MIUTFHOCTI 3a0yA0BU. CTpyKTypa iH)KEHEpPHUX MEPEX BH3HAUAETHCS TUTAHYBAHHAM
MiCTa OCKUIBKH BOHU MIPHUB’s3aH1 0 BYJUYHOI Mepexki. B paMkax mpakTHYHOTO 3aCTOCYBAaHHS
MPUHILIUAIY KOMIAKTHOCTI Y poOOTax HayKOBIIB PO3IIISAJAIOTHCS MUTAHHS, SIKI MOB’S3aHI 3
OCHOBHMMH HaIlpsIMKaMM BYJH4YHOI Mepexi wmicta [1, 2, 4]. MaricTpaibHa BOJONPOBIIHA
Mepeka MICTa CHUCTEMaTHh30BaHa A0 YOTHPbOX cxeMm [1, 2]. € nominpbHUM BU3HAYCHHS
OTIOPHUX JTiHIN (E€KBIAUCTAHT) IJIs1 PIBHOMIPHOTO PO3MIIIEHHS TPYyOONPOBOAIB y BYJIUYHIN
Mepeki MicTa MiJg 4yac MOOYyIOBM HOBHX Ta PEKOHCTPYKLII MIIOYMX CHUCTEM MOjadi Ta
po3noniny Boau. MHOXWHY €KBIAMCTAHT HA TUIaHI MicTa Ta HOTO YaCTHH MOKHA BBa)KaTH
OTIOPHUMH TS PO3TAIIyBaHHS JiHIH CTPYKTYpPH MaricTpaibHOI BOJOIPOBITHOT MEpEXKi.

Meta gocainkeHHs

Meta pociigxeHHsi — po3pOOJIEHHS CIOCOOY BH3HAYEHHS OINOPHUX JIHIN JUis
PIBHOMIPHOI'O TpacyBaHHS TPyOOIIPOBOAIB MaricTpajibHOI BOJOMPOBIAHOI MEPEkKI MICTA.
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BukianeHHsi 0CHOBHOI0 MaTepiajty X0CTiKeHHS

JIns TmiiaHyBaHHS DPIBHOMIPHO pO3TallOBaHUX TpyOomnpoBoaiB BM BHKopHCcTaEMO
MHOXHHY JIiHI{, 110 piBHOBiAANEH] o/1HA Bix oaHOI Ta Bix nepumetpy HM. Li miHii moBuHHI
MaTH JesiKe 3MIIIEHHS OJHa BiTHOCHO 0/1HOI. Po3risiHeMo iX moOymoBy.

Hexait M=[M; M, ... Mp], M,=M,; — opienTOoBaHa 3aMKHEHa JlaMaHa, YTBOpEHa
toukamu Mi(X;, ¥i), 1=1, 2, ..., N, sKi JexaTh Ha MonMHI. 1[g JamMaHa BU3HAYAE TPAHUIIIO
MicbKoi 3a0ymoBu. OpieHTarito JiHIT OyaeMo BBaXkKaTW JOJATHOO, SIKIIO HyMeparis ii
BEPIIUH 31HCHIOETHCS «IPOTH TOAUHHUKOBOI CTPUIKKW» (puc. 1) 1 BiA’ €MHOI00 — SIKIIO «3a
TOJMHHUKOBOIO CTPLIKOI0» BIIHOCHO BHYTPILIHBOI 3aMKHEHOI 00J1aCTi MIIOMKHY (puc. 2).

Ms Ma Ma Ms
M> Mi M M2
M1=Mp Mn-1 Mn-1 M1=M
Puc. 1. longaTHa opieHTanis JjamaHoi Puc. 2. Bin’emHa opienTanis 1amanoi

[Tnoma TpukyTHHKa 3 BepmuHaMu Mi.; M M, Bu3HauaeTscs 3a popmyiioro:

X1 Yia 1
1 L] X — X i~ Ji-
S=—|X y, 1 == v Ny 1, (D
2 2% =X Yi—Yig
Xi+1 yi+1 1

ne S — moma TPUKYTHUKA, Xi, Vi, Xi-1, Yi-1, Xi+1, Yi+1 — KoopauHata TO40K M., Mj, My,

Sxmo S>0, Toxi BepIIMHU TPUKYTHHUKA OPI€EHTOBAHI B AOAATHOMY HAmpsiMi, a SKIIO
S<0 —y Bix’eMHOMY.
Busznaunmo piametp O6aratokytHuka Mi:

p:max|MiMk|. ()

Hexait D<p — 3amaHe 3HaYeHHA 3MilCHHA. 3HAIIEMO BHYTPIIIHIO €KBITUCTAHTY IO

KoHTYpy M, To6T0 Taky nmamany N=[N; N, ... Ny], Ny=N;, Bci BepimHu K01 3HaX0IATHCS HA

Bifgcrani D>0 mo xouTypy M (puc. 3) y BHyTpinHii 9acTHHI 001acTi, 0OOMEKEHOI KOHTYPOM
M.
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¥ M;
D
A
Mn-l N|
Nn-l
N]_:Nn N4
M2 M3

Puc. 3. BuyTpiuHs ekBiaucTanTa mjiockoi JamMaHoi

[Monmoxxennss kokHOT TOukM N; EKBIJMCTAaHTH TIOBHICTIO BH3HAYAETHCS TPhOMA
nocnigoBaumu Toukamu Mi.q, M, Miy1 rpaHUYHOTO KOHTYpy, SKi HE JeXaTh Ha OJHIN
npamii, S (4 Mi.1 Mj Mi.1) =0.

PosrnsiHeMo crovaTky OMYyKJIME JOMAaTHBO OpieHTOBaHWM KOoHTYp M. 3anumemo
PIBHSIHHS MPSIMUX, IO MPOXOIATh Yepe3 Touku Mi1, Mj ta Mi, Mis1 (BiapizkiB [Mi.1, M; ] Ta
[Mi, Mis1 ]):

X y
[MiuMi]: Xy Vi =0 (3)
XI yi
<=>
i+ yi—
(yi—l_yi)x+(xi —Xi,l)y+ X,l yil =0;
X y
[M; M I | % Yi =0 (4)
Xi+1 yi+l
<=>
X; Yi
(yi _yi+1)x+(xi+l_xi)y+ =0.
i+1 yi+l

[To3uauumo 3minaumu X, Yi mykani koopauHata Touku Ni (puc. 4).

Toni Bincranb Dy Big Touku N mo npsmoi (Mi.1, M) nopiBHroe:

1 X i Yi
DFW X1 Yia 1 (5)
X Yi
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|Mi—l Mi| = \/(Xi - Xi-1)2 +(yi- yi—l)2 ;

a Bigcranb Dy 10 mpsmoi (Mi, Mi+1):

. X, Y,
Der—— | % ¥ 1 (6)
i |M| I\/|i+1| X'l y'l

|Mi Mi+1| = \/(Xi+1 - Xi)2 + (Vi yi)2 -

M;

Mi.1

N;

Puc. 4. BuzHauyeHHs TOYKH, IO 3HAXOUTHLCS HA OIHAKOBIIl BincraHi Bin [M;;, M;]
Ta [M; Mi.1]

HeoOxigHo, mo6 notpumyBanach piBHICTH BifacTaneii Di= Dy= D, Tomy nmns
3HAXODKEHHS KOOpAuHAT TOUKH N 0JIepKy€eEMO CUCTEMY PIBHSHB:

X, Y, 1
Xiy Yia 1=D '|Mi—1Mi|;
X Y1
i (7
Xi YI
X; Yi 1:D'|MiMi+1|;
Xi+1 yi+l 1
sIKa TIPEJICTABIIIETHCS IBOMA PIBHSIHHSIMU 3 IBOMA HEBIJIOMUMH:
- 1 X X. i
yl-l jxl +‘ I—lYi= D |MI_1 MI| _ i-1 yl—l;
Yi 1 X XY
(8
- 1 X X: :
4 jxi+ "IY=D M M| -| T 4
yi+1 1 i+l i+1 yi+1

OOYHCITUMO TONIOBHUI BU3HAYHUK A cuctemu (8):
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Yia =Y Xi=Xiq| 3 vVl —x Yy v
VooV, XX _(yi—l Yi )(Xi+1 Xi) (Xi Xl—l)(y| y|+1)- 9)

A‘

Hexait A0, Toni 3a popmynamu Kpamepa ogepxumo po3B’si30k cuctemu (8):

X. :
. D |Mi—1Mi|_ io1 Yia X~ X,
xei — Z ii yi :
! D|MiMi+1|_ i 4 X1 = X
i+1 yi+l
(10)
Xig Yi-
Yiii =i D|Mi1Mi|_‘ ' '
1 XY,
Yei = Z X y
I Yi = Yia D|MiMi+1_ I I
i+1 yi+l
a00 B 1HIIOMY BUTJISIL (ITICIIST CIIPOIICHHS ):
o i D |Mi—1Mi|_(Xi—lyi — X yi—l) Xi — X
° Ai D |MiMi+1| - (Xi Yia— Xi+1yi) X1 =X
(11)
o i Yia—-Y; D |Mi—1Mi| _(Xi—lyi = XYia
AN Y DIMM = 06y = %Y,
Sxmto Aij=0, to i3 piBHocTi (9) BUILUIHBAE, 110
Yia =¥ _ XX (12)

Yi=Yia Xa—X

T00T0 TO4ukH Mi.1, M, M+ nexars Ha onuii npsmii 1 Bektopu M, M, tTa M|M,,, -

KOJIIHEapHi.

B npoMmy Bumaaky BHYTPIIIHSA TOYKA BHKIIOYAETHCS 13 PO3IIISLY, a 3aMIiCTh JIAHOK
Mia, M, Mis1 yBomuThcs oamH Biapi3ok MM+, 3HalAeHI TOYKH IOCIITOBHO
CHOJIYYarThCs BiApi3KaMH NPSMUX, 110 CKIAJAI0Th eKBiAUCTaHTY. /i MO0y 10BH MHOXHHU
€KBIUCTAHT MOTPIOHO 3MiHIOBATH MapameTp D.

BucHoBku
OmnpamfoBadHs  Croco0y TOOYMIOBH CKBIAWCTAHTH IO JIAMAaHOI JIiHII pPO3BHUBAE
JOCIIPKEHHS 13 MaTeMaTHYHOTO MOJICNIOBaHHS B NPUKIAJHUX I1H)KCHEPHHX 33/1a4ax.
BukoHaHHs yMOBU PiBHOMIPHOCTI BOJOIPOBITHUX MEPEX B IJIaHYBaHHI MiCTa, COPSIMOBaHE
Ha 3a0e3nedyeHHs po3BUTKY ix Omaroyctporo. IToOynoBa Mepexi €KBIAMCTaHT JOMoOMarae
BUKOPUCTATH BAXJIMBY BIIACTHBICTH PIBHOMIPHOCTI, IO MOXX€ OyTH BHKOpHCTaHA IS
peaizarii CydacHUX TEHICHIIIN B yO0CKOHAJICHHI MIChKOi 1H(PACTPYKTYPH.
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