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3anpononosano necmayionapuy mamemamuyry mooeib pO3n06COONCEH s MENId 8 HABKOIUUHbOMY Cepedo-
UYL BI0 MENNI0B020 Oxcepesa 2a30npo8ody, HasedeHo pesyavmamiu Qizuunoeo moodemosanus. Kinexicmo menia,
sIKe AKyMYIIOEMbC 8 IDYHMI, MOJNCHA NPeOCmasumu PisHUYer0 MIidC KIIbKICIIO menia, wo euolsiemscst mpyooro 3a
NeHULl NPOMIJICOK 4acy , i empamamu menia 6 HABKOIUUIHE cepedosuiye 3 NOBEPXHI IPYHMY 3a yell dice udc.
Bmpamu menna 6 nagkonuwne cepedosuije BUHAYAIUCS 3d 3aKOHOM DYyp e 3a 8i00MUM PO3ZNOOLIOM MeMNepanyp
v pyumi. Ompumano 3aKOHOMIPHICHb (OPMYSAHHSI MEMNEPAmypPHO20 NOJSL HABKOJO HAZPIMO20 2a30Npo800Y.
Aoeksamuicmob mooeni 008e0eH0 NOPIGHAHHAM NPOSHOZHUX NAPAMEMPI6 3 PAKMUYHUMU OAHUMU, OMPUMAHUMU HA
Qizuunitt mooeni 2azonposooy.

KirouoBi crioBa: koedimieHT Teruionepeaai, ra30TpaHCIIOPTHA CUCTEMa, BTpaTa eHeprii

TIpeonodicena HecmayuoOHapHas MameMamuyeckas Mooeib PAcnpoOCmpaneHuss menia 6 oKpyjcaiuell cpeoe
OMm MENnN08o20 UCMOYHUKA 2d30NP0800d, NPUECOCHbL Pe3yibmamsl Guzuiecko2o mooeauposanus. Koruuecmeo
menua, AKKyMyIupyemoe 6 spyHme, MOJICHO npeocmasumy pasHOCMbIO MOy KOIUYECME0M Menid, 6b10e1eMo20
mpy6oll 3a HEKOMOPbILL OMPE3OK BPEMEHU, U NOMEPIMU MENd 8 OKPYHCAiowyio cpedy 3a 3mo dce epems. [lomepu
Mena 8 OKpyACarouyIo cpedy onpedeisiucCy CO2IACHO 3aKoHy Pypbe no U3eCmHOMY PACHPEOeNeHUI) MEMNEPAmyp
6 epynme. Ilonyuena 3aKOHOMEPHOCTNG DOPMUPOBAHUST MEMNEPAMYPHO2O NOJISL BOKPYS HASPEMO20 2a30NPo8oJd.
Aodexsamnocms Mooenu 00KA3aHA CPABHEHUEM NPOSHO3HBIX NAPAMEMPO8 C HaKMuUecKumMu OaHHbIMU, NOTYYEeHHbI-
MU HA PU3UYECKOU MOOETU 2A30NPOBOOA.

KiroueBsie cioBa: KO3 QUIMEHT TemTonepeayn, ra30TPaHCIIOPTHAS CUCTEMA, TTOTEPs SHEPTHU

The non-stationary mathematical model of distribution of heat from the thermal source of gas pipeline in an
environment is offered, the results of physical design are provided. Amount of heat which is accumulated in soil can
be defined as a difference between the heat, produced by a pipe in a given interval of time, and losses of heat in an
environment during that time. Losses of heat in an environment were determined by the law of Fur'e at the known
distribution of temperatures in soil. As a result conformity of forming of the temperature field is obtained round the
heated gas pipeline. Model adequacy is proven by comparing prognosis parameters to the fact sheets, obtained on

the physical model of gas pipeline.

Keywords: coefficient of heat-transfer, gas-transport system losses of energy

[loBHa eHepris pyxoMoro rasy sik cyma ioro
TNIOTEHUIaNbHOL, KIHETMYHOI Ta BHYTPIIIHBOI eHep-
Til BU3HAYAETHCS TAKMMH MAPAMETPAMH IIOTOKY,
K THCK, WBHJKICTH i TeMnepatypa. B nomirponiy-
HOMY IPOLECI POSIIMPEHHS rasy, XapakTepHOMY
JUISL MAariCTpajlbHUX TIa30lpPOBOJIB, IiJBHIICHHS
TEeMIIepaTypy ra3y 3yMOBIIIOE 3pOCTaHHs HOTro Mu-
TOMOro 00'eMy Ta 30LIBIICHHS JIIHIHHUX IIBHIKO-
cTedl MOTOKY. 3pOCTaHHs JIHIHHUX UIBUIKOCTEH
ra3y B TpyOOIPORBO/II 1 MIOB'SI3aHE 3 HUM 3POCTaHHS
TypOYJICHTHUX NYJIbCAIllli BUKJIMKA€E 30LIBIICHHS
T1IpaBIIYHUX BTPAT €HEPTii Ha BUKOHAHHS POOOTH
CHJIaMH BHYTPIIIHBOTO TEPTS MOTOKY 1 3pOCTaHHS
JMCUTIATUBHUX BTpaT eHeprii. Kpim Toro, migsu-
HICHHS TEMIepaTypu Tra3y BHUKIUKA€E 3pOCTAHHS
MIBHJIKOCTI PO3IMOBCIOJDKCHHSI Maiux 30ypeHb y
ra30BOMY TOTOIIi, 110 MPU3BOJUTH JI0 BHHUKHCHHS
1 3pocTaHHs 1HEPIIHHUX BTPAT CHEPrii B Ta30BOMY
HOTOHi BkakeMo Takok Ha 3pOCTaHHS ITUHAMIY-
HO[ B'S3KOCTI 3 TABHMUIECHHAM TEMIIEPATYPH rasy.
OpnHak npy pyci ra3oBoro MOTOKY B 30H1 JKOPCTKUX
Tpy6 TYpOYJIEHTHOTO PEKUMY BILIMB BHYTPILIHBO-
ro TepTs MK IIapaMy ra3y Ha 3arajibHi riapasiid-
Hi BTpaTH eHepril — Mi3epHH.

Takum dYnMHOM, 30UTBIIEHHS BHYTPINIHBOT
eHeprii rasy B rasoBoMy IOTOUI NPU3BOIUTE [0
3POCTAHHS 3arajibHUX TiIPaBIivHUX BTPAT €HEPTii,
TOX TPU CTaJlil BUTpaTi rasy BHHHUKAE HEOOXil-
HICTP y TiIBEJICHHI eHeprii 330BHi, TOOTO BinOyBa-
€TBCSl 3POCTaHHS CHEPreTUYHUX BUTPAT HA KOMII-
PECOPHMX CTaHIIISIX, 110 BUPAXKAETHCS y 30UIBIIICH-
Hi BUTPATH MaJMBHOTO Ta3y.

JIJIs OLIHKKM EHEPreTUYHOro CTaHy Ia30Ipo-
BOJAY SK CKJIQJHOI CHUCTEMH HEOOXITHO BCTAaHOBH-
TH, sIKa YaCTHWHA 3arajibHOI CHEeprii MepeTBOPIOETh-
csl y BHYTpIIIHIO B IPOIECi TPaHCIOPTYBaHHS 1
PO3CIFOETBCS Yy OBKIIA, 110 JTOMIOMOXKE BU3HAYH-
T KoedinienT kopucHoi aii (KK/) razomposony.

Hpu pobori pr60np0]30;[y, SIKUM TPaHCIIOp-
TY€ThCS HArpiTMA Ta3, B IPYHTI HABKOJIO TPyOH
aKyMYJTIOETBCSl 3HAYHA KUTBKICTH Tera. Jlo mboro
qyacy He OyJ0 METOJAWKH, 33 SKOI MOXHa Oyio 0
TOYHO BH3HAYUTH KUTBKICTh aKyMYJIbOBAHOTO TEll-
Ja HaBKoJo TpyOomposoay. B poborti [1] 3ampo-
MMOHOBAHO (opMYyJIy, sika 0a3yeThCs Ha peanizarii
MareMaTiuHuX mozenei. Cli 3ayBaKuTH, WO 1
dopmyna crpaBeIMBa JUIS KBa3iCTalliOHAPHOTO
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CcTay i € QyHKI€I0 XapaKTEPUCTHKH IPYHTY, TEM-
1epaTyp CTIHKH TPYOH i IPYHTY.

Tyr HaBOIUTHCS MOCITITOBHICTh PO3B’A3aHHA
3a1adi.

Temneparypa IpyHTY, ClIpUYMHEHA OCTIiHO-
JUIOYUM JIIHIHHEM JDKEPENOM Tellla MOTY>KHICTIO
g, BUBHAYAETHCS TAKUM BHPA30M
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KIJ'H)KICTB TCIj1a, sIKe aKYMy.]'IIOGTBCH B IPYHTI
MOXHa BU3HAYHUTH AK plSHI/IIIIO MK TCIIJIOM, SIKC
BHJILISIETHCS TPYOOIO 332 MaHMi Binpizok vacy O, 1
BTpaTaM¥ TeIula B HABKOJIHUIIHE CEPEIOBUIIE 3 T10-
BEpXHI I'PYHTY 3a 1eii ke gac Q,.

QaKK:QG_Qn B (2)

SKIO TerIoBimaava 3 MOBEPXHI OJMHMII J10-
B)KMHU TpyOU IMOCTIHHO piBHA ¢, TO 3a 4ac 7 Oyne
BHJILICHO IPYHTY KUIBKICTh TeILIa
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Brpatu Tenna B HaBKOJIMILIHE CEpENOBUILIE

MOJKHA 3HalTH 3a 3akoHOM Dyp’e 3a BIAOMHUM pO3-

MOJIUIOM TemmepaTyp y IpyHTL. CHOpsMOBYIOYH
BiCh Y TIIHOMHY MacUBY, OTPUMAEMO
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3HaiIeMo MOXiHY BiJ TEMIIepaTypH, sIKa BU-
3Ha4YaeThes 3a popmyroro (1)
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[poBonsun inTerpyBanHs Bupasy (5), OTpH-
Ma€EMO KUTBKICTh TEIUIA, SIKa BTPAYAETHCS Y TIOBITPI
3a yac poboTu pr6OHp0B0)ly
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BukopucroByroun orpumani Bupazu s O, i
0, BiTHOCHO (2), 3HAXOMMO KiTBKICTh TeIJa, sSKe
AKyMYJIFOETBCS 32 Yac PoOOTH TPyOOIIPOBOAY
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OcranHiM 4ieHOM BUpasy (8) MOXHA 3HEXTY-
BaTH, BPAXOBYIOUH, 110 JUIsl IIMPOKOT 001acTi 3Ha-
yeHb kputepito Fo ta Hh et unmen mpakTtuvHO
HaOJIMKAETHCS JI0 HYJIA.

BupaszuBmm Bupa3 (8) 0e3 octaHHBOI CKIIa-
JIOBOT B 0€3pO3MIpHOMY BUTJISIL, OTPUMAEMO
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TaHl Taki MO3HAYEHHS: p = ; ¢ — TemIoTa 3

OJIMHUIII TIOBEPXH1 JIOBXHHH TPYOH; T — 4ac pobo-

™™™ TpybompoBony; Hh=H -%; H — rnubuna 3a-

JSranHs TpyOonpoBoay 10 oci Tpy0; a — Koediwi-
€HT TEIUIOBIIAYi Bill MOBEPXHi IPYHTY Y MOBITPS
(mpu BuBe#eHHI (OPMYIM NMPUHMAETHCS MOCTIH-
HUM JUIs BCI€i MOBEPXHI IPYHTY; 3araioM MOXe
OyTu BU3HAuYeHH 3a (HOpMyJIaMU KOHBEKTHBHOI'O
TEIUIOOOMIHY Ui TOPU30HTAJIBHOI IUIONIMHM 3
ypaxyBaHHSM BHUITYCKaHHSI IPOMEHIB; B MpPaKTH4-
HUX PO3PAaXyHKaX MOXHA 3aCTOCOBYBATH 3HAYCHHS
a Bix 10 10 15 xkan/m>rox-°C); ®(z) — 3HaK iHTe-
rpaiy BipOTiTHOCTI; A — KOG]II[IEHT TEIUIONpPOBi-

HOCTI IpyHTY; F| :a_z — kputepiit dyp’e; a —
H

Koe(ili€HT TeMITepaTypONpOBiIHOCTI IPYHTY.

3 ananizy ¢opmynu (9) BUILUIMBAE, IO Kilb-
KIiCTh aKyMyJhOBAHOTO Teljia € (PYHKI€ TIuou-
HU 3aJIsITaHHsT TPYOOIPOBOMY, TEMIO(I3UIHHX Xa-
PaKTEPUCTHK IPYHTY, Yacy poboTH TpyGOOIpoBoIy
1 TeIJIOBiAa4yl 3 TOBEPXHI OJUHHUIL JIOBKUHH
TpyOHu.
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Ta6auus 1 — Pe3yabTaTu a0caigKeHHsI

Hiamerp [Iutoma TemaoBa I'mubuna Kinpkicts akymynboBaHoro Tera | Yac
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Pucynok 1 — Ilpouec akymyasamii Tensia

3a (b opmyI0r0 (9) Oyno o6uucieno (npu
h=10m"" ; a=0,002 m /rom — BEJIMYMHH, SIKI BiOIO-
BiZIAfOTh JJaHUM BHITPOOYBAILHOTO IMOJITOHY, 3MO-
HTOBAaHOIo Ha AUIAHII boropomuyanu — Xycr raszo-
npoBoay CONO3) KinbKicTh Temia, akyMyJIbOBaHO-
T'O HaBKOJIO TPYO B IpyHTI. Pe3ynbraT oOuncieHb
MOPIBHIOBAJIMCh 3 JaHMMH BUIIPOOOBYBaHb (Tal-
yung 1).

ExcniepuMenTH mpoBoAMIIKCS HAa BUIPOOYBa-
JTHLHOMY TIOJITOHI, CTBOpEHOMY Ha 0a3i JUISHKH
raszonpoBoay COIO3, 3arnuOieHoro Ha TIMOMHY
1,46 M 50 BepxHBOI TBIpHOI TPYOH JOBKHHOIO
1013 m. Harpisauust TpyO 31iliCHIOBAlOCH raso-
BUM II0TOKOM, TEMIICPATYpa SIKOr0 B Pi3Hi MOMEH-
TH Yacy eKcIutyatauii Oyia pisHOIO i 3anexana Bij
TeMIlepaTyps JIOBKULIA, cryneHs crtucky KC Ta
pexumy poborn AIIO. Temneparypu rpyHTy Ta
TpyO BUMIPSUIUCH XPOMENb-KOMENEBUMH TEPMO-
napamMu 3 eJIeKTPOHHHUMH TOTCHI[IOMETpaMH THITY
€III-09. TepmonapaMu OXOIUTIOBATIKCH TEpepizn
posMipoM 3x9 M. V 30HI TPOXOKEHHS TpPyOH
BcTaHoBieHo Onm3bko 100 Tepmomnap. Takum um-
HOM, Ha KO)KHHH MOMEHT 4Yacy BHUMIpIOBajoCh Te-
MIIepaTypHe Mojie IPYHTY, 110 JO3BOJIWIO OIIHUTH
30HY BIUTMBY TEIUIOBOTO JpKeperna (B MeKax Tod-

HOCTi moka3iB Tepmonap).KpiM 1mporo, B mporeci
BUIIPOOOBYBaHb (hiKCyBajach TeMIlepaTypa IpyHTY
B HEMOPYIIEHOMY TEIJIOBOMY CTaHi 3a JJOIOMOT OO
BUTSDKHUX IPYHTOBHX TEPMOMETPIB, BCTAHOBIICHUX
Ha rimbunax 0,2; 0.4; 0.8; 1,6 Ta 3,2 M, 1 TemIepa-
TYpH TOBITPSL.

Jnst BU3HaueHHs Koe(illieHTa TerIonpoBi-
HOCTI IPYHTY A, Oylla 3alpoeKTOBaHA 30HIOBA
YCTaHOBKA, sIKa JI03BOJISUIA BU3HAYUTH KOC(IIi€HT
TEMIIepPaTypOIPOBIIHOCTI @ TPYHTY. 30HIOBUM
METOJ/IOM BH3HAYaIMCh 0E3M0CEPEHbO BETHYNHA I
3a opmyIIor

2
r

a=—-, (10)
4- T max
Je: T — BIACTaHb BiJ OCi 30HIY 0 TEPMOIAPH;
Tmax — 9aC, Y€pe3 SIKHI IOCATaBCA MAaKCUMYM TEM-
MepaTypH B TOYIN YCTAHOBJICHHS TEPMOIIAPH.
3a BIZIOMHUM 3HAYEHHSAM a 3HAXOOUTBCA A 31

CITIBBIHOIIIEHHS
Amax =a-C-¥ .

(1)

VY pe3ynabTaTi TPOBENCHUX CKCIIEPUMEHTIB
OyJl0 BCTaHOBJICHO, IO BEMYMHA a Tepe0yBae B
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Mexax Big 0,0017 zo 0,0023 M*/rox npu 3miHi Bo-
norocti ® Big 10 mgo 20%.

KoedimieHT TEmIonpoBigHOCTI IPYHTY A
3MIHIOEThCA Bin 2,2 kkan/mToa-°C B 30HI TpyOH
npu HarpiBauHi g0 1,4 kkan/m-roa-°C BigmgajleHHX
BiJl TpyOM TOYKax IPYHTY, Ji¢ BIACYTHill BIUIHB
JDKepena.

ExcriepuMenTr 0O6po0IIsUIHCh y TaKHi CIocio:
3a JaHMMH BUMIpIB Oynu moOynoBaHi Tpadiku
3MIHU TEMIIEpaTypud B dHaci 3a pajiaJbHUMH Ha-
npssMKaMu (Yropy i BHH3 Bij TpyOHW), a TaKox IO
TOPU30HTATBHOMY pajiycy. TakuM 4MHOM, Ha KO-
JKHUM MOMEHT 4acy KUTBKICTh aKyMYJIIOIOUOTO Te-
IJla B I'PYHTI Ha OJMHHMIIIO JTOBXUHU TPyOH Oyne

piBHOIO
0 =xc[,(T-T, o, (12)

ne: y — TyCTHHA IPYHTY; ¢ — IATOMa MacoBa Tel-
JIOEMHICTh IPYHTY;  — €JIEMEHT IUIOIII MOmepey-
HOT'O Tepepi3y mnepepizy IPYHTY 3 TEeMIIepaTyporo
T; ©Q — nnoma monepevyHoro nepepizy rpyHry, Ha
AKIH BiI4yBaBCs BIUIMB JUKEPENa TEIa.

Ha BHyTpimHiil rpaHuLi miowi TemiepaTypa
piBHA TeMIIepaTypi MOBEPXHi TPYOH, Ha 30BHIIUHIA
TPaHHLi — TEMIEPATYpi IPyHTYy B HPUPOAHOMY
crani T.. 3a BiTOMHX Temmeparyp IPYHTY i 30HH
BIUIMBY JDKEpeNna NUISIXOM TpadiuyHOro iHTerpy-
BaHHS BU3HAYajach KUIBKICTh TEIUIa, aKyMyJIbOBa-
Ha TPYHTOM HaBKoIlo Tpyborposonay. I'padik mpo-
1eCy aKyMYyJISIll Temia mpeacTaBieHui Ha puc. 1 .
Ha meli sxe rpadik ToukamMu HaHECEHI 3HAYCHHS
Quxx, 00uHCIIEH 32 hopmysioto (6).

Ha puc. 1 npsima 1 xapakrepusye KiIbKICTb
Teria, sIke BUIUIAEThCS TPYOOIO 3a Yac eKcIiepu-
MEHTY; KpHBa 2- KUIbKICTh aKyMyJIbOBaHOTO IPYH-
TOM TeIUTa; KpuBa 3- BTPATH TeIlia B HABKOJIUIITHE
cepeztopuiie. 30ir pe3y/bTaTiB PO3PaxyHKIB 3 Ja-
HUMH EKCTIEPHUMEHTY IILJTKOM 3aJ0BUTEHUI.

Jimepamypa

1. Koamko M.II. TpyGonpoBimuuii Tpanc-
nopt razy / [M.II. KoBanko, B.4. I'pyn3, B.b. Mu-
xankiB Ta iH.]. — K.: ApenaEKO, 2002. — 600 c.

Cmamms naoitiuina 00 pedaxyilinoi Koneeii
04.02.11

Pexomendosana 0o opyky npoghecopom

. @. Tumxisum

U

® ISSN 1993—9868. HadpTorazoBa eHepretuka. 2011. Ne 1(14)



