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rAPABJIIYHUA PO3PAXYHOK TA OBI'PYHTYBAHHSA MAPAMETPIB
CUCTEMU NOBEPXHEBOI'O OBIrPIBY 'PYHTY

NpoBepeHo rigpaBniyHUA PO3pPaxyHOK Ta BCTAHOBJIEHI OCHOBHi
napamMeTpuM BOJONPOBIAHOI Mepexi ANA rigpoTexHI4YHOI cucTtemMu 3
o6onoHKkaMu-pykaBsamMu gnsa mnouwi 1 ra, o6rpyHTOBaHi KOHCTPYKTUBHI
po3Mipu cknapoBux enemeHtiB (cekuin, moaynis) Towo. 3okpeMa,
PEKOMEHAO0BAHO CUCTEeMYy MnoBepxHeBoro ob6irpisy Ha nnowi 1 ra
CTBOPIOBAaTM 3a MOAY/NbHMM TMPUHUMMNOM, PO3MipuM OGnoK-ceKuii
npunmatu - 1,0x23 M, 6nok-moaynsa — 23,0x23,0 M, KinbKicTb 6n10K-
moaynie — 16, 6nok-cekuin — 160. NMpu uboMy MakcuManbHa notpeba
cucteMu y Tennin Bopai cknapatume 240 n/c, a HeobxigHuM
MaKCMManbHUM Hanip y ronoBi MarictpanbHoro Tpy6onpoBoay
cknapatuMme po 1,5 M. NMopavy Boan B Mepexy AOLUINIbHO 3AiNCHIOBATH 3
HeBeJINKOro perynw4voro 6aceiHy. EKoHoMiuHO BurigHi Aiametpm
po3nopainb4oi Ta 36uparyoi Mmepexi cknagarwTtb 110-140 MM, nigBigHOT
Ta BigBiAHOT — 160-180 MM, MarictpanbHoro Tpy6onpoBopgy — 280-
450 MM, ckuagHoro Tpy6onpoBsoay — 225-355 mMm.

KnwouoBi cnoBa: rippaBniYyHMW  pPO3pPaxyHOK; KOHCTPYKLUIs;
napaMeTpu; rigpoTexHiyHa cucteMa; noBepxHeBuM obirpis.

MepcneKTMBHMM HanNpsiIMOM BUKOPUCTAaHHA CKUAHOro Tennaa
NMPOMUCNOBUX Ta €EHepreTUYHUX OO'eKTIB, K 3acBigunnm po3pobku
BYEHMX PI3HUX KPATH € BUKOPUCTAHHS B Ci/IbCbKOMY rocrnoaapcTBi, a came
Ans noTpeb pocAuHHMUTBA i TBapuHHuuTtea [1; 2; 3; 4]. TexHonoril
BUKOPUCTAHHA  HU3bKOMOTEHUiaNbHOro  Tenna  MNPOMUCIOBUX  Ta
eHepreTMYHNUX OB'EKTIB KOHCTPYKTUMBHO peanisylwTbCca Yy BUrnagi
cneuianbHUX TiAPOTEXHIYHMX CUCTEM O06irpiBy rpyHTY, @ B SKOCTI
obirpiBayie B cMCTeEMax BUKOPUCTOBYIOTLCS Pi3HOMaHITHI MpucTpoi (NoTkw,
TPYOW, WAHTX, TOHKOCTIHHI 06010HKM Towwo) [5].

TexHonoria TennoBoi Meniopauil FPyHTIB NOBEPXHEBUM 06irpiBom
FHYYKUMU O0OONIOHKAMU-PYKaBaMM 3 BUKOPUCTAHHSAM CKUOHUX TEManX
BOO BMSIBUNA CBOK [OCTaTHbO BWUCOKY TenJoMeniopaTtuBHY Ta
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E€KOHOMiYHYy edeKTUBHIcTb [6; 7; 8], Wo CTUMYNIOE NodanbLIMA HAYKOBUN
MOWYK, a TaKOX [JeTaNbHy poO3pobKy TriAPOTEXHIYHMX CUCTEM
noesepxHeBoro o6irpiey rpyHTy (I'C MOl o6onoHKaMu-pykaBamu.

ToMy nuTaHHA Ppo3po6KK, OOGFPYHTYBaHHA Ta MAOCNIMKEHHSA
TexHonorii i TexHiYHUX 3acobiB NOBEpPXHEBOro 0birpiBy rPYHTY CKUAHOK
TEN/OK BOAOK 3 BUKOPUCTAHHAM THYYKUX TOHKOCTIHHMX O0OOMOHOK-
PYKaBiB, IK OQHOIO i3 HaNbiNbLW NepcneKTUBHUX HanpaMiB y cknagi EBK,
3a/IMWAETLCSA AKTYaNIbHUM i HA CbOrOAH.

PazoM 3 TUM, HeBUpIWIEHUMU 3aNULIATLCA YUMANO NUTaHb,
30KpeMa MWTAHHA O0OrpyHTYBaHHA pauiOHaNbHMX KOHCTPYKLUiM Ta
napaMeTpiB rigpoTEXHIYHUX CUCTEM.

MpoBepaeMo rigpaBniyHMA poO3paxyHOK Ta ninbip napametpis
TpybonposigHoi Mepexi ['C MOl Buxogsaum i3 HaCTynHUX YMOB:

-nnowa — 1 ra;

- KinbKicTb ceKkuin y 6nok-moayni — 10 (puc. 1);

- MaKcuUManbHa BuTpata cekuii — 1,5 n/c (3a gaHMMM rigpaBniyHUX
LOCTi)KeHb);

- CXeMa KOMMOHYBAHHA CeKUil — 3 po3noAintoBayeM MOTOKY Y
po3noainbyoMy KoneKTopi 6110K-ceKuUii.

lNpopaenivHnnm pospaxyHok C MOl nonsirae y nipbopi miametpis
TpybonpoBoAiB BiANOBIAHO A0 PO3PAaxXyHKOBUX BUTPAT BOAWU, BU3HAYEHHI
WNSXOBUX Ta MiCLEBMX BTPAT Hanopy Ans BCTAaHOBMEHHS HeobxigHoro
PO3pPaxyHKOBOFO Hamopy B rOJIOBi CUCTEMM | Ha AiINSHKAX CUCTEMU
noBepxHeBOro obirpisy.

ButpaTta ogHiel 6nok-cekuii npunHata go 1,5 n/c, wo BM3Ha4yeHo
HaTypHUM ekcnepuMeHToM. Cekuia [oBXMHOW 6,5 M Mana BuTpaTty
0,26 n/c, Topi cekuia poBxuHot 20 M 6yae Matu BUTpaTy:

20 M 026 we=0.8 nle. (1)

S M
MakcumanbHa BuTpaTa npunHaTa 1,5 n/c pna 6inblw piBHOMIPHOTO
006irpiBy LiNAHKW rPyHTY ONOK-CEeKUil Ta MOXNMBOCTI 30inbleHHs i
JoBXuHu oo 30 M.
MakcuMmanbHa BuTpaTa ogHoro 6nok-moaoyna 3 10 6nok-cekuin B
cKnagaTume:

QMO.D.=N'qceK=1O'1.5=15J'|/C, (2)
ae N — KinbKicTb 6110K-CeKLUin B ogHOMY 6110K-Moayni;
Jcex — BUTPATA OQHIET BNOK-CceKU,iT, N/cC.
3aranbHa MaKcMManbHa BUTpATa Tensoi BOAWU Ansa 06irpiBy rpyHTy
Ha naowi 1 ra 6yne OopiBHIOBATU:
Qi = Quon- N1 =16-15 =240 n/c, (3)
N — KiNbKiCTb 6/10K-MoAayniB Ha cucTeMi nnoweto 1 ra (KinbKicTb 650K-
MoAyniB NpunHATo 3a cxeMow [C MOl Ha puc. 1).
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Po3paxyHok BuWTpaT Tennaol BOAM Ha CUCTEMY MOBEPXHEBOrO
0birpiBy rpyHTYy 3B0AUMO B Tabn. 1.
Taébnuus 1
Po3paxyHOK MaKCMManbHOI BUTPATU BOOM HA CUCTEMY NOBEPXHEBOIO
0birpiBy rpyHTy, n/c

Ha 6nok-cekuito 3 5 Ha oauH 6nok- Ha nBa
. . . Ha 1 ra
PYyKaBiB-06010HOK moaynb 3 10 cekuin 6noKk-mopyni
1,5 15 30 240

Ha ocHOBI po3paxyHKOBMX BUTPAT | ONTUMANbHUX WBUAKOCTEN PYXY
Boou B TpybonpoBoaax 3a Tabnuusmu, cknageHumn @.0. LLleeenboBum,
nifaibpaHo eKOHOMIYHO HaMBUTIAHIWI piameTpu Tpyb cucteMm obirpisy.
[na po3paxyHKy BOOOMNPOBiAHOT MepexXi BUBMpAaeEMO niacTMacosi Tpyou
mMapku M3100 3rigHo FOCT 18599-2001 (Pocis), Wwo 3HaWWAWN LWIMPOKe
3aCTOCYBaHHS B Pi3HUX rany3sax eKOHOMiKM, 30KpeMa Mo3uTUBHO cebe
3apeKoMeHOyBann B CMCTEMax BOAOMNOCTAa4YaHHA Ta KaHanisauil. [ctoTHow
nepeBaro NaacTMacoBux TPyb € IXHA BUCOKa KOPO3iMHa CTIMKICTb, WO
$aKTUYHO He 3MIHIOETBLCS B NpOLEeCi TPMBANol eKcnayaTtauil.

B po3paxyHkax BTpaTM Hamopy Ha oguHuuUl [oBXuHK pgns 3100

BM3Ha4danucs 3a popmynoto:

2
14

2gd, '
pe | — poBXuHa p[inaHkuM TpybonpoBoady, M; d, — pO3paxyHKOBMWN
BHYTPIWHIN piameTp Tpyb, M; V — WBKUAOKICTb pyxy Boau B Tpybi, M/c; A —
KoeodilieHT rigpaBnivyHoro onopy.
KoediuieHT rigpaBniyHoro onopy A ANns ykasaHoro Tuny Tpyod
3HAxXoOMIM 32 3aNEXKHICTIO:

A=

i=A (4)

0,25
ReO,226 )

Btpatn Hanopy B 6nok-cekuii 'C MOl i3 5 pykaBiB-060/10HOK
poBxuHoto 20 M npu OoAaTKOBOMY ob6nawTyBaHHIi BXigHoOro naTtpybka
CeKuil po3noAinBayYeM MOTOKY 3 BPaXyBaHHAM [AaHUX OTPUMAHUX B
po3gini 3 Ta npu pobOTi B peXuMi NigTONNEHOro BUTIKAHHSA
cknagatnmyTb 0,07 m.

Po3paxyHKoBMI Hanip Ha nodaTtky TpybonpoBogy BM3HA4yeHUM 3a
dopmynoto:

(5)

H=H +Y h+Y h, +Hg,, (6)

56



23 m

20m

!

—

|

—

—

—

23 m
Puc. 1. KOHCTpYKTUBHI po3Mipun 6nok-cekuii Ta 6nok-mogynie 'C MOl Ta cxeMa opraHizauii iXHbOT 3eMeNIbHOT OiNSHKN

BicHuk
HYBIM

57



Cepist «TexHi4YHi Hayku»

Bunyck 1(105) 2024 p.

pe H: — reogesnyHa pi3HMUA Yy BiAMITKax Ha NOYaTKy | B KiHUI
po3paxyHKOBOI AiNsHKM Tpyb6onposody, M; Yh, — BTpaTM Hanopy Ha
PO3paxyHKOBIN AinAHUi No [OBXWHI Tpybonposoay, M; Yh, — BTpatu
Hanopy Ha NOAONIAHHA MiCLEeBMX OMOpPIiB NO OOBXMWHI Tpybonposoay, M;
(Micuesi BTpatM Hanopy B TpybonpoBomax cknagatTte 5-10% Big
wnsaxosux, 10670 ) hy = (0,05...0,1) Y hy); Hex — HEOOXiAHMI BiNbHWUI Hanip B
pPO3paxyHKOBIM TouLi TpybonpoBoay, M.

PospaxyHkoBun Hanip pgns [C T[OI BM3Hayanu no Tpaci
TpybonpoBogiB, AKi NigBoAATb BOAY A0 Hambinbll BigaaneHol TOYKK, Ta
SIKa Ma€ Hanbinbly BiAMITKY NOBepXHi 3eMAi. B po3paxyHKax npunmanu,
O OiNnsAHKa 3eMJli, Ha SIKiM BNALWITOBYETbCSA CUCTEMA 06irpiBy, PiBHUHHA i
HeMae yxuny. BrpaTu HanopiB BM3HA4Yanu OKPEMO OJ1S1 KOXHOI AiNSHKK
po3paxyHKoBOI Tpacu TpybonpoBoay 3 pi3HUMU BUTpPaATaMu i giaMeTpamu.
3aranbHi BTpaTM Hamopy MO pPO3paxyHKoOBIM Tpaci TpybonpoBoay
3HaxoguaM CyMyBaHHSIM BTPAT HA OKpPeMUX 1T AiNSAHKaX.

3a po3paxyHKOM BTpPATU Hanopy B PO3MNoAisibyoMy TpybonpoBoAi
cknagatoTtb 0,18 M, B nigBigHoMmy — 0,2 M, B MarictpanbHoMy — 0,57 M. 3
BpaxyBaHHSIM BTpaT Hanopy B 6nok-cekuii Ta 10% Ha MicueBi BTpaTu
Hanopy PoO3paxyHKOBWM Hanip B rofloBi MarictpanbHoro Tpybonposopy
cknapatume 1,1 M. Po3paxyHKOBi CxeMu po3noAisib4yoro, niaBigHOro ta
MaricTpanbHoro TpybonpoBoAiB HaBeAeHi Ha puc. 2, a pe3ynbTatu
rigpaBfivyHOro po3paxyHKy HaBeAeHi B Tabn. 2.

Pe3synbTataMu po3paxyHKiB nigTBepmxeHo pobouyy rinortesy npo
Te, wo po3pobneHa Hamu [C MOl € HU3bKOHANIPHOK, CaMOMIMBHOK
cuctemow. [na pobotn cuctemMnm Ha nnaowi 1 ra noTpibHi no4vaTkoBi
Hanopu B Mexax 1,0-1,1 M gna sutpatn 1,5 n/c Ha ogHy BnoK-cekKuito.
Mpn 3MeHLEeHHI OaHOI BUTPATU A0 HOMIiHaNbHOro, pobo4oro 3HaYeHHs
(0,8-1,0 n/c), noyaTkoBMIA Hanip B rofloBi MarictpanbHoro Tpy6onpoeoay
cknage 0,5-0,6 M. Lle po3Bonse no4YaTKOBMW Hanip CTBOpHOBATH
rOPMU3OHTOM BOAW B KaHani, NOTKY YW pPeryaonyoMy HEBESIMKOMY
b6acerHi, y €KMW Tenny BoAy [AOUINbHO 3aKavyyBaTU MNePECYBHUM
LMPKYNALINHAM HacocoM. 3a MeBHMX YMOB MOXHa BMKOPMUCTOBYBAaTU
OCTAaTOMHMM  HaNip CKMOHWUX Tenaux BOA CUCTEM  TEXHIYHOro
BOOONOCTAa4YaHHS NiANPMEMCTBA.
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Tabnuus 2
TexHiyHa xapaktepucTtuka C MOI
Ne Ha3Ba nokasHukKa OHMH.MU" KinbkicTb
3/n BUMipYy
1. |Mnowa ra 1
MarictpanbHum Tpybonposia; 87,0
@ 280 mm 25,0
2. @ 355 MM M 27,0
@ 400 mm 25,0
@ 450 mm 10,0
MNipBiaHa Ta BiABigHA Mepexa: 440,0
3. ? 160 mm M 400,0
? 180 mm 40,0
Po3noginbya Ta 36upatoya Mepexa: 739,0
4 ? 110 mm 310,0
' @ 125 mm M 231,0
@ 140 mm 198,0
CkupgHa Mepexa: 154,0
5 @ 225 mm 50,0
' @ 280 MM M 54,0
@ 355 MM 50,0
6. | KinbKicTb 3acyBoK wT 50
7. |Hanip y ronosi marictpanbHoro Tpybonposogy M 1,1
8. |HacocHa cTaHuisa (Tun, MakcMasnbHa NPOAYKTUBHICTb) nepecyBHa
m3/c 0,3
9. |NapameTpu peryntotoyoro 6acenHy:
15,0
[OBXMWHa " 15,0
- wupuHa 1,5
- BMCOTa
10. | MakcuMansHa BuTpara m3/c 0,24

1. bypoeHkoBa E. K. OnTumusaums napaMeTpoB U CXxeM TensocHabxxeHus
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ANALYSIS OF HEAT CONSUMPTION AND GENERAL ENERGY
EFFICIENCY OF THE HYDROTECHNICAL SYSTEM OF SURFACE HEATING
OF THE SOIL

The perspective direction for the use of waste heat from
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industrial and energy facilities is the use in agriculture, namely for the
needs of crop and animal husbandry. Technologies for using low-
potential heat of industrial and energy facilities are constructively
implemented in the form of special hydrotechnical systems for
heating the soil, and various devices (trays, pipes, hoses, thin-walled
shells, etc.) are used as heaters in the systems. The hydraulic
calculation was carried out and the main parameters of the water
supply network for the hydrotechnical system with casings-sleeves
for an area of 1 ha were established, the structural dimensions of the
constituent elements (sections, modules), etc. were substantiated. In
particular, it is recommended to create a surface heating system on
an area of 1 hectare according to the modular principle, the
dimensions of the block section should be 1.0x23 m, the block module
-~ 23.0x23.0 m, the number of block modules - 16, block sections -
160. For the operation of the system on an area of 1 hectare, initial
pressures in the range of 1.0-1.1 m are required for a consumption of
1.5 /s per block section. When this flow is reduced to the nominal,
working value (0.8-1.0 l/s), the initial pressure at the head of the main
pipeline will be 0.5-0.6 m. This allows the initial pressure to be
created by the water horizon in the channel, tray or a regulating small
pool, into which it is advisable to pump warm water with a mobile
circulation pump. Under certain conditions, it is possible to use the
final pressure of discharged hot water from the enterprise's technical
water supply system. At the same time, the system's maximum need
for hot water will be 240 l/s, and the required maximum pressure at
the head of the main pipeline will be up to 1.5 m. It is advisable to
supply water to the network from a small regulating basin.
Economically beneficial diameters of the distribution and collecting
network are 110-140 mm, supply and outlet - 160-180 mm, main
pipeline - 280-450 mm, discharge pipeline - 225-355 mm.

Keywords: hydraulic calculation; design; parameters;
hydrotechnical system; surface heating.
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