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Hayionanvnuii ynisepcumem 6001020 cocnodapcmea ma npupoooxkopucmysannsi, Ykpaina

TEOITPOCTOPOBHI PO3NOLI MICHKOI IHOPACTPYKTYPH JIJISA
IMPAKTUYHOI'O 3ACTOCYBAHHS TEIIVIOBUX HACOCIB

Ilokazano, wo 3acmocCy6aHHs 2eonpocmoposux MexHono2cil 0ns noutyxKy MZ'CZ';b BCMAHOB/IEHHA MENI06UX

Hacocié 00360J5€  3a0Wa0ACY6AMU  MA  CHPUAE  eKOHOMIL

enepeopecypcie. ILle cnpuse enpogadicenio

EHePeoOUAOHUX NPOEKMI6 MA 3MEHWEHHS BUKUOIB 8Y21eKUCTIO20 2A3Y 8 AMMOCHepy Ul 3HUZUMU A6UUe NAPHUKOBO2O
epexmy. I[lowyx OiNssHOK pOo3MiWjeHHsT MENJI08UX HACOCIE GI0OYBABCS HA OCHOBL PO3MAULY8AHHS CHONCUBAUIS,

Odiamempie KoieKmopie ma ix eumpamu.

Knrwuosi cnosa: mennosuil Hacoc, eKOHOMIYHA eheKmMUSHICMb npoexkmis, nidiepie 600U, 2e0npPocmMoposull
NOWLYK, ANbMEPHAMUBHI 0cepend, CmiyHi 600U, MiCbKa IH(pacmpykmypa, 6mopuHHe menio.

ITocTanoBka npoodJiemMu

30epekeHHST HABKOJMIIHBOTO —CEpPEOBHINA Ta
OYHIIECHHS CTIYHMX BOZA A0 HOPMAaTHUBHOI iX SIKOCTI €
JIOCUTh BXXJIMBUM MHUTAaHHSAM HE TUIbKH B YKpaiHi, ale i
y cBiTi. 3 mpuiHATTAM BomHOi pamMKOBOi AMPEKTHBH
2000/60/€C €pporeiicbkoro  mapiaMeHTy Ta Pamm
«ITpo BcraHOBNEHHS paMOK AisuibHOCTI CriBTOBapUCTBa
B Trajmy3i BOJHOI MOJITUKW» — JAMPEKTUBA Bij 23
#oBTHS 2000 poKy, sika BCTAHOBIIFOE OCHOBHI (PaMKOBI)
MOJOXKEHHA Ui JOCSATHeHHS  Kpainamm  €C
HAJIe)KHOT SIKOCTI  BOIU B BOAHMX 00'ektax 1o 2015
POKy.

Yepes 6010BI i, 3a0pyJHEHHS TEPUTOPIii, BOTHUX
00’eKTiB, @ TakoX y 3B’3Ky 3 EKOJIOTIYHUM
CTaHOBHUILEM B YKpaiHi i EKOHOMIUHOIO CHUTYAIIi€I0, SKa
ckmamacs B 2022-2023 pokaX, MOXYTh BHUHHUKHYTH
robajabpHI  Haa3BUuaiiHI  cuTyawii.  3acTapilicTh
MPOIECIB Ta MEXaHI3MIB OYHUCTKH BOJH CIIOHYKA€E
JIIOJICTBO /0 TOIIYKY HOBHUX METONIB OYHCTKH Ta
YTHIII3aIil HarpoMaKeHUX 3a0pyaHeHb, 3a0e3neueHH
cTabIIBHOCTI POOOTH OYHCTKH CTIYHMX BOJ B PI3HUX
BOJHMX OaceiHax.

IcHylo4a MeToaMKa peryiroBaHHS IIPOLECAMH
OYUCTKM Ta JEsKi METOJAW, pO3pOo0JieHI Ha OCHOBI
MaTeMaTUYHUX MoJiesield, NoTpeOyIoTh yTOYHEHHS Ta
BIOCKOHaNeHHs . HoBi  TexHomorii Ta  Meronu
moTpeOyIOTh MOMEPEIHIX TOCTIKeHb Ta anpooarii npu
pi3HHX pexuMax poOOTH OYMCHHMX CHOpYyH Ta
KOHIICHTpAIlii 3a0py/THEHb B CTIYHHX BOJAX.

BripoBa/pkeHHST T€ONPOCTOPOBUX TEXHOJIOTIH IS
MOUIYKY MICIIb BCTaHOBJICHHS TEIUIOBUX HACOCIB
JI03BOJISIE 3a01IA/PKYBaTH Ta CHPHUSIE SKOHOMIT BHUTpAT.
Tomy BHKOpHCTaHHS TEIJIOBUX HAcOCiB B MICBKIH
iHQPACTPYKTypi B Cy4aCHOMY TEXHOJIOTiYHOMY CBiTi
MOXe OyTH JIOCHTh aKTyaJlbHUM Ta 3aOLIaJUTH SIK

E€HEepPropecypcH, TaK 1 BHPIMIUTH NHTAaHHS aBTOHOMIi
TEIJIOBOTO 3a0e3MeYeHHs! LIINX KBapTaliB.

AHaJIi3 0CTaHHIX J0C/Ti/ZKeHb Y myOJTiKamisix

YTumizaris Teria Ta OYUCTKA CTIYHUX BOJ| [IOCTA€E
OJTHIEIO 3 BAXKIIUBHX MPOOJeM B chepi BOJHHUX PecypciB,
cepel JIOKANBbHUX JDKEpeNl OYNCTKH, sKi HaOyBaroTh
BEJIMKOI MOMYJISIPHOCTI ¥ 0COOJMBOI MOTPEOH B HAIIIii
JepkaBi. BioJoriuHi MpoIecH OYMCTKHA BOAM 3aJICikKHI
Bix 3MiHE Temmeparyp. llIBuake mamiHHSA TeMIepaTypu
MIPOTATOM IEKUTBKOX TOIMH, TiApaBIiYHOTO
YTPUMYBaHHS CTIYHMX BOZA Ji€ 5K Oydep amus
TeMIepaTypu B pe3epByapax, IO IPHU3BOIUTH [0
crabimizanii 6ionoriuHoro mpoiecy [1]. Aropu y [2]
HOSICHIOIOTh BUKOPUCTaHHS pe3epByapa st 30epiraHus,
Teria B 0(hiCHUX OYAIBISIX 32 paXyHOK OYHCHHX CIOPY/
B Smowii. /[N mpuKIagy B TOTEISIX BIPOBAKYIOTHCS
CXEMHM  CIIOXKMBaHHS  €Heprii 3  BUKOPUCTaHHs
pe3epByapiB i 30epiraHHs Teria. B maHiil cxemi
BHKOPHCTAHHS TEIUIOBOTO HACOCY JJIS BOJH OyIO OLIBII
epexruaum (COP (coefficient of performance -
koedinieHT kopucHoi nii) = 4,5 - 5), HiXK 3BUYANHUIA
TEIJIOBHIA HACOC «IOBITpst — OBITPs» [3]. B [4] 3i6pano
JaHi TPO HASBHICTH €HEprii MICHKUX CTIYHHX BOJA B
pi3HMX 30HaX Ta BKa3aHO, IO OJHWUM 3 TOJIOBHUX
oOMEeXeHb IS BIIPOBA/DKEHHS CUCTEM peKymnepaii
TeTia 31 CTIYHUX BOJ, BPaXOBYIOYH BiJACYTHICTIO 3HAHb
Ta 3aI[iKaBJICHOCTI KIHI[EBUX CIIOKHBAYiB, MOTPEOy B
MOCTIHOMY JKEpedi Tera.

€BpOIEHCHKUIT JTOCBIJl BIIPOBADKEHHS TEIUIOBUX
HAacoCiB IIOKa3ye, M0 3a IIONEpeJHIMH OI[iHKaMH,
MTOTEHI[IMHNI BapiaHT BHKOPHUCTaHHS TEIlIa 31 CTIYHHX
BOJ Ha ONAJEHHS [03BOJUTH omnamoBatd 3%
nomorocnogapcte B Himewuwnni Tta IIseituapii [5].
BrigHo ganux [6] Ha mpUKIami JOCBiAY MPOBEICHUX
JociiKeHb B SmowHii, ne cHIr 3i0paHuWil Ha BYJIHIIX,
TPaHCIIOPTYEThCA IO CIOPYA 3 pe3epByapamMu JUIs
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BHpPIBHIOBaHHs TeMIIEpaTyp, IOIIOBa BOJa 3 JBOPIB.
OOG'emHaHWil TOTIK TIOBEPTAETHCS HA OYHCHY CTaHIIIO
JUISL OUHILICHHSI.

Criuni Bogu B Himewyunni (Hayingen) € mokepenom
TeIula JUIl CHCTEMH CYIUiHHS MYJy 3 BHKOPHCTAHHSIM
COHAYHHMX CYIIapOK Ta TeIuIoBHX HacociB. Cucrema
COHSIYHOI CyIIapKM He Morya OyTHW BCTaHOBJICHA, SIK
€IWHE JDKEpeNlo TeIula, dYepe3 3MiHHY HasBHICTB
COHAYHOI eHeprii mpoTsroM poky. Y 3BmyaitHux OC
aeparlisi € HAaBUMOTIMBINIO onepaiiieto. [IpoTsrom 35
nHiB [7] BunpoOyBanmu nuHamiune ynpasiinas OC, ne
aeparliss 3MIIIAHOTO PO3YMHY KOHTPOIIOBAjacs 3a
JOIIOMOTOI0  OH-JIAfH ~ MOHITOPHHTY  aMOHil0 B
pe3epByapi JUIs CTOKIB 3 OUHIIYBaviB.

DopMyJII0BAHHS METH CTATTI

Jnst koM(OPTHOTO TNPOXKMBAHHS Ta 3a0e3Me4eHHs
rapsyuM BOJOIIOCTAYaHHSIM JIOCHTb aKTyaJIbHUM €
BHUKOPHCTaHHS TEIUIOBUX HACOCIB i3 3aCTOCYBaHHSAM
TEXHOJIOTIH IO yTWmi3alii Temia 3 CTIYHHX BOA. 3
(dopMyBaHHAM 00’€THAHUX TEPUTOPIAIFHUX TPOMajI Ta
00’eHAHP CIIBBJIACHUKIB OaraTOKBapTHPHHUX OYIMHKIB
(OCBB) ocCHOBHI IOJIOXKEHHsI, SKi BHKIAICHI B JaHIH
CTaTTi, MAIOTh MICIIC T4 € OCUTh MPHUBAOIMBUMH IS
MaiOyTHIX KaIliTaJOBKIACHb.

Merow crarTi € aHali3 MOTEHLIMHUX MICUb I
BIAINTYBaHHS TEIJIOBHMX HAcOCIiB Ta HPOBEICHHS
30HYBaHHS O0’€KTIB CIOXXHBaHHS CHEPropecypciB 3a
MICBHAMH TPYIIaMH, 3aJEXHO BIX BIINAJCHOCTI Bif
JpKepena BHUPOOHMITBA Ta  PO3NOAUTY  TEIIOBOTO

pecypcy.
BukJiax ocHOBHOTro MaTtepiany

OmHUM 3 TepmuX KPOKiB Yy po3poOlri Mepex
nocrae norpeda y manux. Pobora 3 gaHUMH, MOXKe
3MIACHIOBATHCS [IBOMA IIISXaMH: Bi3yami3ailieo Ta
YIOPSIKYBAHHAM JaHUX HAa OCHOBI TaOJIMYHHX (OPM B
MOEJHAHHI 3 ICHYIOUMMH KapTaMu, a TaKoX 3
PO3pOOKOI0 MPOCTOPOBOTO BiMOOpakeHHS 00’€KTIB, B
MOEIHAHHI 3 aTpUOYTUBHUMH JaHWMH, MPOBEICHHSI
IHIIUX omepariii Ta B3aemonii cuctemu. Cruparoduch
HA JaHi, MOXXHAa BH3HAYUTH MiClle PpO3TallyBaHHS
KOTEJbHb,  ICHTPalbHI  TEIUIOBI  MyHKTH  Ta
IHAMBiMyaNbHI TEIUIOBI MYHKTH, a TAaKOX BiITANCHICTH
Bil HHX CIOXHBadiB. Bigcrane po3ranryBaHHS
OyIMHKIB MOXe OYTH FOJIOBHOIO XapaKTEPUCTUKOIO IS
PO3MOJIiTy CHOXKMBAuiB Ha 30HH, SIKI B CBOIO 4epry,
OyayThb  BimoOpakaTH  CHUTyallilo 3  SKICHUM
3a0e3MCUCHHSIM TapsiuuM BOJOIIOCTAYAHHS.

[HIIUM METOIOM YMOPSAAKYBaHHS, 30epEKECHHS Ta
3aCTOCYBaHHS  aTpUOYTUBHUX  JaHUX  SBIISETHCS
crBopenHs shape-gaitny. CepetoBUIIEM ISl CTBOPEHHSI
BiIMTOBITHUX (aiiniB CIIyTy€E OyIb-siKe
reoinopmarniitne nporpamue cepenosuiie (ArcGIS,
QGIS, Maplinfo Tompo). [ns peanizauii 30HOBOro
momity Oyna0 oOpaHO mporpamHmii mpomykt Quantum

GIS (QGIS) reorpadiuna inpopmariiina cucTeMa 3
BIIKpUTHM KOJIOM.

-

i

Puc. 1. Bukopucranss g0poxHix rpadiB B cepeqoBHII

QGIS

B skocti rpady MOKHA BHKOPHCTOBYBATH OyIIb-

BEKTOPHUM 1ap 3 IPUCBOEHUMHU HOMY
aTpuOyTHBHUMHM  JaHWUMH, 32  SKUMH  Oyz;e
pO3paxoByBaTHCs TOBKKHA pedpa, TOOTO TOBKKHA JIiHIT
[0 BIAXOIWTH BiA 3B’s3yrouoi Touku. [JlaHa ¢yHKIis

SIKUH

BUKOPHCTOBYETbCS 3 METOIO IIOIIYKY HAWKOPOTIINX
MapIHIPyTiB Ta PO3PaxyHKY BiJCTaHEH.

Binburicte 00’€KTIB, pO3TAIIOBYIOTBCS B MEXax
250 M BiZ KOTEJIbHb 4YM IEHTPAIBHHUX TEIUIOBUX
ITyHKTIB, IO IO3BOJISIE BiTHECTH IX A0 OJHI€I Tpymu Ta
OXapaKTepu3yBaTH IIEBHUM KoubopoM. OO’ekTH, sKi
BITHOCATBCS 10 JNAHOI IPYNH PO3MOALTY, BiIoOpasuTu
CHHIM KOJBOPOM, K | 30HY 3a0€3IeYCHOCTI TapsInM
BOJIOTIOCTaYaHHS 3 HaWKpamol 3a0e3NCUeHICTIO Ta
TeMIlepaTypHUMH YMOBH rapsiuuM BojonocradanHs. Lle

JI03BOJIUTH BUIUIMTH 00’ €KTH, SIKI HE OyIyTh BBaXKaTUCS
OCHOBHHMH (pHC. 2).

Puc. 2. Bino6paxenHss 1 3onu knacudikamii

BiJIHECEHO 00’ekTH

Ao npyroi  rpymw,
(coxuBadiB), sSIKi 3HAXOAATHCSA Ha BifcTaHi Bix 251 1o
500 M BiJ KOTEIBHB Ta EHTPATBHUX TEIUIOBHX ITYHKTIB.
Hani CIIOXMBAY1 3a0e3MmedyroThCs rapsiaum
BOJIONIOCTAYaHHIM 3 TIEBHUM 3MEHILEHHIM

TeMIlepaTypy HOPIBHSHO 31 clloXXWBayaMHu B 1-i 30Hi
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knacugikamii. Jias maHoi 30HM TPHCBOIOEMO YKOBTHH
KoJIBOpY (puc. 3).
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Puc. 3. BinoOpaxxenHs 2 30HH Kiacugikarii

Jlo 3 30nm kinacuikaii BiTHECCHI BC1 CIOKHBaYI,
SIKI PO3TAIIOBYIOTECSA Ha BigctaHi 500 M i Ourbime Bif
KOTEJbHb Ta LEHTPAJbHUX TEIUIOBHX MYyHKTIB. JlaHiit
Ipyni KOpUCTYBa4iB HaJaHUH YEPBOHHM KOJIip, IO
XapaKTepu3ye CYTTEBY BiAMANICHICTh CTIOKUBaviB. Jana
rpymna CHO)KMBadiB MOCTAE OCHOBHHMHU 00’€KTaMu JUIst
aHami3y (puc. 4).

3
]
H

Puc. 4. Bino6paxenHs 3 30HU Kiacudikamii

CriuHi  BOOM  TPOXOASYHM IO  JBOPOBIH
KaHaJli3aliiHIi MepeXi MaioThb HEBEIMKY BTpaTy

TeMIepaTypy, K B JITHIM Tak i B 3UMOBHH Tepiogu
poky. Brpatu temnosoi eneprii piBai 36,3 Ta 42,8 I'kan
TI0 BCiH JIOBKUHI MEPEKi.

[IposiBun psn EKCIIEpUMEHTIB Ta
MpOoaHaJi3yBaBIIN JdaHi, Oyl0 BHABICHO, IO JEAKi
OyAMHKA MICTATh JEKiTbKa MiAKITIOYEHbh MEepex

raps9oro BOJOMOCTAYaHHS.

Mepexi rapsiuoro BOAOMOCTAYaHHS € MEPEKEIo
B3a€MOIIOB’I3aHUX JIHIAHUX 00’€KTIB, 32 JOIIOMOTOIO
SIKAX MOKHA BU3HAYMUTH BilJaleHICTh 00’ €KTIB, a TAKOXK

BiJ10Opa3uTH pOo3MOIiN HaBaHTaKECHHS MiX
cnoxuBadamu.  Crmparodmch Ha  JIaHi, MOXKHA
BU3HAYUTHU Mmicie pO3TanIyBaHHs KOTEJIbHD,

LEHTPaIbHUX TEIUIOBHX IyHKTIB Ta IHAMBIAYyaJbHUX
TEIUIOBUX ITYHKTIB, a TaKOX BiINaNeHICTh BiX HHUX
cnoxwuBadviB. BincTanp po3ramryBaHHS OyIWHKIB MOXKE
CJIyT'yBaTH TOJIOBHOIO XapaKTEPHCTHKOIO JUIS PO3IOILTY
CIOXWBAaYiB Ha 30HH, SAKi B CBOIO dYepry, OymyTb
BiMOOpakaTH CHUTYaIlilo 3 SKICHAM 3a0e3NeUeHHIM
rapsue BogonocradaHHsa. s monaneimoi poGot 3
MepexxaMHu OyJIo 3arporloHOBAaHO CTBOPEHHS OKPeMoi
0as3u IaHuX.

BucHoBku

3a pe3yiabTaTaMu E€KCIEpUMEHTY OYJIO BHSBIICHO,
o0 TeMIleparypa CTIYHHX BOJ Ha OYHCHHX CIIOpyAax
BiAmOBiZae BCiM BHMOraM OYMCTKH, a TaKOX
TEMIIEpaTypHUM HOpMaM. Temreparypa CTIYHUX BO[,
sIKa HAaIXOAATh O OYHCHUX CIIOPYH, Ta TeMIIeparypa
BOAM 3 SKOI TPOBOIUTHCA CKUNAHHS CTIYHUX BOJ
BapiloeTbesi B Mexax + 0,5 oC. Bunyuenns temna 3i
CTIYHUX BOJ, B TCIUTHH MEPiOa POKY, MOXKE CKIaaTh 5-
7 °C. Ie n03BOJISIE TOBHOIIHHO 3aCTOCOBYBATH TEILIOBI
HAcoOCH MJsl MOCTIHHOTO BHKOpHUCTaHHA. B Xonoanuii
mepiog  pPOKy, JaHa TeMIeparypa MOXKe
HampaBJIeHA Ha MIAICPIB BIACTIHHUKIB, 3
MIATPUMKH O10JIOTIYHOTO TPOIECY OYHUIIEHHS BOAH Ta
HOpMaUiizawii Temmneparypu B Mexax +10 °C.

Januii MeTon € JOCHTh IIBHAKHM B peaizamii
IIOCTaBIEHUX 3a/Ja4, Ma€ MOKJIMBICTH JOCUTBL JICT'KO

Oyt
METOI0

30epiraTi JaHi Ta MOBHOIIIHHO peaiidye Bi3yali3allito
JAHWX Ha KapTi, BIJHOCHO peanbHOI cuTyarii. Jus
po0OTH 3 AaHMMH B IHIIMX HPOTPAMHUX HPOIYKTaXx,
NoTpiOHO PO3poOKa HOBOI 0a3u JaHuX (IMIOPT JTAHUX).

Iomepenuiii aHami3, IO OMHCAHO BHIIE, HAIAE
YiTKy KapTHHY PO3TallyBaHHA 00’€KTiB y HpOCTOpi, a
TaKOX IOKa3ye MEBHY 3aKOHOMIpPHICTh PO3TallyBaHHS.
Ie Hamae MOXKITUBICTD 3TPYITyBaTH 00’ €KTH 32 IEBHUMH
KIJIBKICHUMH ~ XapakTepUCTHKaMH  CIUpArOYich Ha
aTpuOyTHBHI JaHi, sIK OyJI0 OMHMCaHO BHUILE.

Binpmricte 00’€KTiB, PO3TAIIOBYIOTHCS B MeEXax
250 M BiIl KOTEJBbHb YW NEHTPAIHHOTO TEIMJIOBOTO
ITYHKTY, IO JJO3BOJISIE BiTHECTH iX 110 oxHi€l rpymu Ta
OXapaKkTepu3yBaTH NEBHUM KoJibopoM. JlaHuii meton
JIO3BOJISIE TIPOBOJUTH JOCHTIDKEHHS B MICHKIH 30HI i
MOCTIHHO BWSBIIATH HOBI  MICISL s YTHITI3AIii
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BTOPHHHOTO TeIlIa 31 CTIYHUX BOJM, & TaKOXX 3MEHIIUTH
HABAHTAXXCHHS Ha IICHTPATI30BaHy CHCTEMY Iapsdoro
BOJIOIIOCTAYaHHA.
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Use of water resources and wastewater treatment on a global scale. For various areas of use, appropriate
water quality and purification is required. But in connection with the ecological situation in various countries of the
world and the economic situation, which is developing in 2023 and beyond, it is worth noting that it leads to a
global emergency. Instability of wastewater treatment parameters in various regional and global basins. The
obsolescence of water purification processes and mechanisms prompts humanity to search for new methods of
purification and disposal of accumulated pollution.

The financial sector is experiencing a significant downturn and is pushing global stock exchanges into
economic depression and the possible collapse of currency charters in the system of central banks. The change in
the reserve currency and the value of currencies in the world financial sphere is already setting a new trend in the
distribution and redistribution of economic markets. The further development of technology and science in general
requires the search for new funding sectors, platforms for the use of financial niches and a globally accessible
calculation and earning sector for scientists.
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Byoienuymeo ma yuesinona inscenepisn

Heat recovery and wastewater treatment is becoming a key issue in the field of water resources. Among the
local sources of purification, which are gaining great popularity and special need in our country. Biological
processes of water purification are quite dependent on temperature changes. It has been observed that when there is
a rapid drop in temperature over a period of several hours, the hydraulic retention of the CB acts as a buffer for the
temperature in the tanks, resulting in the stabilization of the biological process.

In the research, the search for a project with a quick payback period and low cost with provision of hot water
supply appears. Implementation of technologies for utilization of heat from the environment and income for the
benefit of communities and condominiums. The further calculation of the project should have a tendency, regarding
the universality and practicality of its implementation, to be economically competitive and to bring improvements to
the public sector.

One of the first steps in the development of networks is the need for data. Work with data can be carried out in
two ways: visualization and arrangement of data based on tabular forms in combination with existing maps, as well
as with the development of a spatial display of objects, in combination with attributive data, for other operations
and system interaction. Based on the data, it is possible to determine the location of boiler houses, CTP and ITP, as
well as the distance of consumers from them. The distance between houses can serve as the main characteristic for
dividing consumers into zones, which, in turn, will reflect the situation with high-quality provision of domestic hot
water.

After analyzing the data, it was found that some houses contain several connections of DHW networks. HVP
networks are a network of interconnected linear objects, with the help of which it is possible to determine the
distance of objects, as well as to display the distribution of the load between consumers.

Keywords: heat pump, cost-effectiveness of projects, water heating, geospatial search, alternative sources,
waste water, urban infrastructure, secondary heat.
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