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Abstract. As a result of the scientific and experimental studies carried out, it has been shown
that an important problem of efficient construction in permafrost regions and in the Arctic can
be solved by creating and using a highly efficient structural and thermal-insulation material
for strengthening and reliably protecting frozen soils on whose surface industrial and civil
facilities and transport routes are constructed. The basis for creating an innovative structural
and thermal-insulation material is the rational selection of a lightweight aggregate and the
development of a new complex chemical admixture that should provide an effective concrete
mixture with good workability on a complex soil surface; on this basis, lightweight concrete
with an average density class of D 800-1000 should be formed. It has been experimentally
established that the developed concrete has an effective combination of compressive strength
of 20-30 MPa and a uniquely low thermal-conductivity coefficient of 0,16-0,22 W/(m-°C).
The use of structural and thermal-insulation concrete should provide reliable protection of
frozen soil from possible uneven summer thawing.

Keywords: innovative concrete, high strength, frozen soil, protection against thawing,
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AHHOTauma. B cTatbe paccMaTpuBaeTcs BHYTpUTpyOHOe onefeHeHne BOA0BOAA
Ha[3eMHOM MPOKNaAKM B MeCTe YCTaHOBKWM OMOPHbIX KOHCTPYKuMi. [NpuBeneH
KpaTKui 0630p nuTepaTypbl N0 AAHHOM TeMe, NpeAcTaBaeHbl pe3ynbraThl Moae-
NIMPOBAHMS npoLecca npomep3aHus TpybonpoBoaa B MecTe YCTaHOBKM OMOpbI
C NOMOLLBID NporpamMmHoro komnnekca Matlab 2025. Mcnonb3oBaH MeTopq, Ko-
HeyYHbIX pa3HocTen. B paborte npuseneH pacuyet onopbl Ang Tpybel 219 x 6 MM
B usonsaumu MY, npeacraBneHo HarnagHoe CpaBHEHWE U30/IMPOBAHHOIO y4acT-
Ka Tpybbl M MecTa MHTeHcUdUKaumm Tennonotepb. [lokasaHo, YTo NpoMep3aHue
ceyeHus TpybonpoBoaa B MecTe YCTAaHOBKM OMOPHOM KOHCTPYKLMM MPOMCXOOMUT
HaMHOro 6bICTpee B CpaBHEHUM C 0ObIYHBIM Y4aCTKOM TpyObl.

TpaHcnopT: Npo6neMbl, uaeun, nepcnekTussbl | 13-22 anpensg 2026 roaa



120 IR Cekuma «MpoMblLLUNEHHOE U FPaXKaaHCKOe CTPOUTENbCTBOY

KnioueBble cnoBa: BogocHabxeHne Ha CeBepe, ONOpHbIE KOHCTPYKUMK Tpybo-
NpOBOLOB, BHYTPUTPYOHOE OneaeHeHWe, MecTHble Tennonotepu, Matlab 2025,
MeTOA, KOHEYHbIX Pa3HOCTeN

Beenenue

Jlnst GonbImoit yactu pernoHoB Poccuiickoi denepary B 3MMHUE TIEPHOJ TO/Ia Xapak-
TEPHBI HU3KUE TEMITEpaTypbl aTMOC(HEPHOTO Bo3ayXa. YacTh pernoHOB, pacroI0KEHHBIX
Ha Cesepe (oT Konbckoro momyoctpoBa 10 UyKOTKH), OTHOCAT K APKTUYECKOM 30HE.
JI71st pa3BUTHS STUX PETUOHOB, CTPOUTENLCTBA B 3TOM 30HE, PA3BUTHUS MIPEANPHUITHI HEOO-
XOJMMBI CHCTeMbI BojjocHaOkeHus. Criennduka BogocHabkenus Ha CeBepe 00ycaBiu-
BAETCS HU3KUMH TEMIIEpaTypaMu Hapy>KHOTO BO3yxa. B mureparype onucansl mpoOieMbl
BojlocHAOeHUs Ha CeBepe ¥ MeTo/bl uX pemeHus [ 1-4]. s kpernenus Haa3eMHOTO
TpyOOIPOBO/Ia B IPOEKTHOM MOJIOKEHUH HA CETU MPETYCMaTPUBAIOTCS OTOPHI PA3IUYHBIX
TunoB. Tak Kak oropa B OOJNBIIMHCTBE CIy4aeB HAPYIIAET IIETIOCTHOCTD TETUIOM30IISIINY,
MECTO YCTaHOBKH OTIOPHI SBJISETCS MECTOM HHTEHCU(DUKAIIUY TETIONOTEPh HAPSITY C TIO-
BpeXIeHUAMU n30Jsmuu [7]. B HayuHbIx padotax [5, 6, 11] mpeacraBiieHbl HCCIIETOBAHMS
110 UHTEHCU(DUTTMPYIOMIUM BO3JCUCTBHUAM OMOPHBIX KOHCTPYKIUI TPyOOIIPOBOIOB, pa3-
paboTaHbl MOJIENIN OOJICICHEHHUS ¢ YIeTOM BIUSHHA orop. B uccnenopanusax [8—10] omu-
CaHbl METOAUKU M PACUETHI PAa0OTHI BOJIOBOJIA B YCIOBUSIX BHYTPUTPYOHOTO OJICICHEHUSI.
ABTOpBI paboThI [12] mpUBOAAT UCCIEIOBAHUS 110 BPEMEHH KPUTUIECKOTO MIPOMEP3aHuUs
TpyOOIPOBO/IA, OMHAKO OHU HE YUUTHIBAIOT MECTHBIX TEIUIONOTEPD.

Llens manHOM pabOTHI — MOIETUPOBAHKE MTPOIIecca OJIECHEHUS TPyOOIIpOBOIA B Me-
CT€ MHTEHCU(HUKALUY TETUIONOTEPh (OMOPHI) ¢ TIOMOIILI0 porpamMbl Matlab 2025.

Metoabl

Jlns peanuzaiuu TaHHOTO pacueTa B mporpaMMHoM makete Matlab 2025 ucnonb3o-
BaHbI pacueTHbIC (POpMyIBI U PU3NIECKUE 3aBUCIMOCTH, TIPE/ICTABICHHbBIE HIDKE. Pacuer
NPECTAaBISAET COOO0M YMUCICHHOE PEIICHUE CUCTEMBI TU(PepeHITNaTbHBIX YPaBHEHUH
METOJIOM KOHEYHBIX PA3HOCTEH.

JInst pacueTa TerioBoro MOTOKA Yepe3 CTEHKY TPyOOoIpoBo/ia ¢ U30JISAIHUEH UCTIONb3Y-
ercs popMmyra, mpuBeieHHas B pabdore [2]:

(tB_tH)

T4, 1 ()
. + -In +
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a-nd,

r7ie t,— TeMIIepaTypa BHYTPU M30JIUPYEMOro 00beKTa (Temmneparypa Bojbl B TpyOOoIpo-
Boje), °C;
t,— TeMIieparypa HapyKHOro Bo3ayxa, °C;
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A, — koo punment remnonposoanocty Tpyosl, Br/(m-°C);

A, — KO3 PUITMEHT TernonpoBoAHOCTH u3oIsimu, B1/(m-°C);

d,— BHYTPEHHUI JTHaMeTp TPYOBI, M;

d, — BHEIIHUHN TuameTp TpyOsl, M;

d,, — nuaMeTp TpyOBI ¢ U3OJISIIHEH, M;

a — k03 HUIMEHT TeTIonepeaadd OT BHEIIHEH TTOBEPXHOCTH TPYOBI K BO3MIYXY.

B nporpamMHOM Kozie (hopMyIia pacUChIBAETCs Ye€pe3 pacueT TEPMUIECKUX COMPO-
THBJICHUI CTEHKH TPYObI U U3O0JISIIUH:

R} — nuHeiiHOe TepMHUYECKOE COMPOTUBIEHHE i-T0 ciosi, M- °C/BrT;

R} — nuHelHOE TepMHUYECKOE COTPOTHUBIICHUE TETUIOOTAAYH HAPYKHOU HM3OJISIIUH,

M-°C/BT.

HcxomHoe ypaBHEHHE TETIONMPOBOAHOCTH (10 3akoHY Dyphe) B JAHHOM CiTydae MpH-
oOpeTaeT cieMy oI TUCKPETHBIN BUJT TS 00JIACTH PeIIeHHUs, pa30UTOM Ha Y3JIbI C Ia-
roM Ax B IPOCTPAHCTBE U Af TI0 BpEMEHHU:

1 1

Qno ocu }\‘Tp ) Sceq sz

171€ O, ocu — TEIUIOBOM MOTOK 32 CYET MPOJOIBHON TEIIONPOBOJHOCTH TPYyObI, BT;
X — LIar CeTKH (47151 JAaHHOTO pacyeTa MPUHUMAETCS PABHBIM 5 MM);
S,es — IUIOIIAJTH TTOTIEPEYHOTO CEUCHHUS BOIBI B TPYOOIIPOBOJIE, M?;

ceu
T, — remmneparypa B ceuenud, °C.

C Touku 3peHust pU3MYECKUX MPOLECCOB PaCUeT ACIUTCA Ha pacyeT MpoLecca ox-
JaXJEHUS BOJIbI B TpyOe U mpoliiecc 00pa3oBaHus Jibja (KpUCTaIU3alus). YCIOBUEM
NpOBEPKU (KaKo MMEHHO MPOIECC B JaHHBIH MOMEHT MPOUCXOIUT) B pa3paboTaHHOM
pacyere ciy X uT npoBepka caenyromero: 7;> 0,1 °C. OxnaxaeHue BoJbl paCCUUTHIBACTCS

o ¢opmyie:

Tl"+1 — 2T, +T’—1 (2)

AT = (QB aTMOCd)Zpy. ano ocu ) ’ (3)

B B

/1€ ¢, — TEeTI0eMKOCTh BojbI, J[x/(kr-°C);
m,— Macca BOJbl, KT;
O, anvocepy — TEIUIOBOM MOTOK B aTmMocdepy, Br;
At — mar no BpemeHH (7151 TaHHOTO pacyeta npunumaercs 10 c).
Maccy o6pa3oBaBIerocs jbaa MOXHO pacCuuTaTh 1o cieayomeit Gopmyre:

_ (QB atmochepy Qno ocn) gAY (4)

m, y
riae A — yaenbHas Teriora (azoBoro nepexona, Jx/kr.

9
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Tonmumua np1a, 00pasyromierocsi B TpyOOIpoOBOIE, PACCUUTHIBAECTCS B TPOTPaMMe IO
(bu3rYeCcKoi 3aBUCUMOCTH:

mJ'I

Ah=——"——, 5
o 2nr L (5)
I7i€ p, — IUIOTHOCTb JIbJ1a, KI/M°;
¥ep— CPEIHUHI PAJMyC LUIUHAPHIECKOTO CJI0A JIbJa, HAPACTAIOLIETO B TPYOE:
d,—Ah
=520 (6)
2
Pe3yabrarhl
Jlns pacueta ObLIM BEIOpaHbI 3HAYEHHS MCXOTHBIX JaHHBIX AJIS OHOTO KOHKPETHOTO

cayydast (cM. Tabnuily), BBULY TOTO YTO ClIeNIaTh BCEOObEMITIOIINI pacyeT 3aTPYIHUTEIBHO
U3-3a MHOT00Opa3us mapameTpoB, Kak BUAHO 1o (Gopmye (1).

TABJIMIIA. UcxoaHble JaHHBbIE pacyeTa

ITapamerp O6o3navenne 3HaueHue nl;:ﬁ:;:[:;a
JlnuHa paccMaTpuBaeMoro y4acTka L 2 M
Tpy6a - 219x6 -
HauvanbHas Temneparypa BoJbl t 5 °C
Temneparypa okpy»aromiero Bo3ayxa ty 25 °C
Koa¢dunueHT TennonpoBogHoCTH TPpyObl J- 45 B1/(m:°C)
[TnotHOCTH BOMIBI Ps 1000 Kr/m*
ITmoTHOCTE NBIA Pu 916,8 Kr/M>
Tennora ¢a3zoBoro nepexosa jabaa A 3,34 - 105 JOx/Kr
TonmuHa TEII0U30ISIIHI ) 30 MM
Ezqu)flpﬂdgnem TETUIONPOBOHOCTH U30JIS- » 0,04 Br/(x-°C)
Koaddunuenr rennonepenadn or BHEIIHEH o
MOBEPXHOCTH TPYOBI K BO3IYXY @ 6.88 Br/(v*C)
TemnoeMKoCTh BOIBI Cy 4200 Jhx/(xr-°C)
[InpuHa xoMyTa ONOPHI - 5 cM
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Monenupyercs TpyOa ¢ 33 JaHHOM TeOMETPUEH U OTIOPO-XOMYTOM TOMIIHUHON 50 MM,
Ha puc l. 30Ha OmopsI BbIAETIEHA CEPBIM IIBETOM. B pe3ysbrare pacyera mnosyyeHsl clie-
aytomme rpaduku (puc. 1, 2).
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BruiBoabl

Buzyanu3anusi HarIsAHO TTOKA3bIBAET, YTO B 30HE OMOPbI 00pa30BaHUE JIbjia IPOKUC-
XOJIUT B pasbl ObICTpEE, YeM Ha U30JUPOBAHHOM CTEHKE BOZOBOAA. 11t TaHHOTO JraMeTpa
HAIJISHO TIOKA3aHO, YTO B MECTE MHTEHCU(HUKAIIUU TEIUIONOTEPh CEUCHUE TIepeMep3aeT
3HAUUTENHHO OBICTpEE, YeM TPYyOOIPOBO/L B TEILIIOU3OJISIIHH.

Jlnst pacueTa BpeMeHH IpoMep3aHus TPyOOpoOBOia MPU OCTAHOBKE JIBUYKEHUS BOJIBI
HEOOXOJMMO YUYUTHIBATh MECTA MHTCHCU(UKAIIMU TEIJIONOTEPh KaK KPUTHUECKHE, TaK
KaK OJICICHEHHE 3aIUIIEHHBIX TEIIOU30JAIUEeH yIacTKOB MPOUCXOJUT JTOCTATOUHO
Me€JIJICHHO.

[TonydeHHble pe3yibTaThl MaTE€MaTHYE€CKOTO MOJEJIMPOBAHUS B MpOrpamMme
Matlab 2025 HarnsgHO AEMOHCTPUPYIOT pa3HUILY B IMHAMUKE HapacTaHUS JbJa JIs
YUYacCTKOB TpyOOIpPOBOa B M3OJISIIIUU U MECT, IJIe U30JIALIUS He paboTaeT BBUIY OCOOCH-
HOCTEW KpEIUICHUsI OTIOPHON KOHCTPYKLIUU.
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Abstract. The article considers the process of internal icing of above-ground water pipe-
lines at the locations of support structures. A brief literature review on the research topic is
presented. The results of modeling the pipeline freezing process at the support installation
site using the Matlab 2025 software package are provided. The numerical simulation is
implemented based on the finite difference method. The paper includes the support calcu-
lation for a 219 x 6 mm pipeline with polyurethane foam insulation. A visual comparative
analysis between a standard insulated pipe section and a local zone of intensified heat
losses is carried out. The simulation results demonstrate that the pipeline cross-section
freezing at the support structure location occurs significantly faster compared to a stan-
dard insulated pipeline section.

Keywords: water supply in northern regions, pipeline supports, internal icing, local heat
losses, Matlab 2025, finite difference method
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