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AHJIPEEB 1. A.
HanionanbHuii TexHiyHuii yHiBepcuTeT YKpaiHu
«KuiBcbknii moJitexniynuii incTutyT iMmeni Irops Cikopcbkoro»

YAOCKOHAJIEHHSA PO3PAXYHKY TEXHOJIOI'TYHUX
TPYBOIITPOBOAIB

Payionanvhe euxopucmanmsi pecypcié npu NpPOeKmy8aHHi MEXHOAOLIYHUX MPYOONpoeoodie ma 3abe3neueHHs ix
3pocmaiouux nomped euMazac GUKOHAHHS PO3PAXYHKIE HA MIYHICIb, Ki ROMPeOYIOmb GUKOPUCIAHHSL 8IONOGIOHUX
3HaueH» memnepamyphux koegiyicumie cmanei At. Memoro cmammi € yOOCKOHANEHHSL 3HAX0OHCEHHSL MEeMNEPaANYPHUX
Koeiyicnmie cmaneu, 3HAYEHHsL SIKUX BUSHAYAIOMbCSL YUHHUMU 6 YKPAiti HOpMAMUSHUMU OOKYMEHMAMU.

B pesynomami ecmanosneno, wjo sanexcuicmoe At = f(t) ona cmaneu Cm.3, 10, 20, 09I'2C, 10I2C1, 15I'C, 16IC,
171C, 17T'1C 6 dianazoni 3minu t io0 200 °C oo 300 °C onucyemvcs npocmoro keaopamuunoro peepecicio At = —
0,00001¢ + 0,0025t + 0,9, a npu 3mini t 6i0 300 °C 0o 450 °C — xybiunoio pezpecicio At = — 0,000000078 +
0,00006696t> — 0,02197070¢t + 3,29876905. V nasedenux gopmyrax memnepamypa t niocmaenena ¢ °C.
3anescnicme At = f(t) onsa cmani 15X5M 6 dianazoni sminu t 60 200 °C 0o 390 °C moowcna onucamu K8aopamuiHow0
pezpecicio At =— 0,00000794¢ + 0,00336599t + 0,64421053, a npu 3mini t 6i0 390 °C 0o 450 °C — keadpamuunoio
pezpecicio At =— 0,00007917F + 0,06266667t — 11,64875000.

3anescnocmi At = f(t) Ona imwux cmaneii anpoKCUMYIOMbCA COUHUMU MAMEMAMUYHUMY DIGHSAHHAMU HA BCbOMY
0iana3oni 3MiHI0BAHHSA MeMnepamyp.

3unauenns memnepamypnoco xoe@iyicuma At ona cmaneu 08XISHIOT, 08X22H6T, 12XI8HI2T, 12XI8HI10T,
45X14HI14B2M, 10XI7HI3M2T, 10XI7HI3M3T, O08XI7HISM3T onucyemovcs  Kybiunoo  peepecieio.
At = 0,000000028 — 0,00001870¢ + 0,00493000¢ + 0,61799999.

Banexcuicmo At = f{t) ona cmaneii 12XIM®, 15XIM® onucyemvcs keadpamuunoto pezpecieio At = — 0,00000128¢
—0,00016667t + 1,08461538.

3nauenns memnepamypuoeo koegpiyiecnma At ons cmani 20X3MB® onucyemvcs KeadpamuuHow pecpeciero
At=—0,00000453F + 0,00182667t + 0,8160.

Cepeone 3nauenHs noxXubKy 6UKOHAHUX anpoKcumMayii 3Haxooumscs 8 dianazoui 6io 0 % do 1,27 %, wo céiduums
npo UCOKUIL pigeHs 30i2y pieHsHb pecpecii 3 PaKkmuyHUMU 3HAYEHHAMU.

Buxopucmanusi 3anpononosanux opmyn 0ns po3paxymky memnepamypHoeo Koegiyienma cmanei 0ae 3Mocy
CNpoOCmMUmMu po3pPAxXyHOK MexXHOA0IUHUX MPYOONPOB0Oi8 Ha MiYyHICb.

Knrouosi cnosa: cmanuil pozeumox, mpyoonpogio, MiyHiCmb, pO3PAXYHOK, MeMRepamypHuil KoeQiyicnm

DOI: 10.20535/2617-9741.4.2025.348827

Corresponding author: andreiev(@ukr.net
Received 04 September 2025; Accepted 09 October 2025

IMocTanoBKka mpo6JieMu. [HHOBAIIITHI TIPOTIO3HIIIi B PO3paxyHKaX Ha MIIHICTh TEXHOJOTIYHUX TPYOOIPOBOIIB
MaloTh Ha MeTi YJOCKOHAJCHHS CTajil KOHCTPYIOBAaHHS, 3a0€3MeueHHs SKICHOI OCBITH, IO CHPHSE BHPIIICHHIO
po0JieM CTaJioTo po3BUTKY. HopMmaTuBHI JOKYMEHTH Ha CTalleBi TpyOompoBoaw [1—5] MICTITh XapaKTepUCTHKHU
MmirHocTi MarepianiB mpu 20 °C. OTpuMaHHs IOMYCTUMMX HAaIPyKeHb IIPH PO3PaxyHKOBiil Temmeparypi [o]
BHUKOHYETHCS BIIOBIHO OyiBeJIEHAM HOpMaM [6] mepepaxyHKoOM 3a (PopMyJIor:

[o] = [o]20A,

ne [o],, —momyctume HanpyxkeHHs npu Temmeparypi 20 °C, MIla; A, — TemneparypHuil Koe(illieHT, SKui
BM3HAYAECTHCS 3a TaOIHIErO 1.

Bennunnu A, y OyAiBenbHUX HOPMax IOJIAI0THCS 3aJISKHO BiJ TeMiieparypH ¢ 3 kpokoMm 10...150 °C. Ipu npomy
NPOMDXKHI 3HaYECHHS TEMIIEPAaTYPHUX KOe(ilieHTIB A, BU3HAYAIOTHCS 1HTEPIOJIALIEI0, O TOTpeOye 3BEPTaHHA /10
TaOJHIb 1 YCKJIATHIOE PO3POOKY KOMIT' IOTEPHHX IMporpaM po3paxyHkKy. ToMy BHHWKAe mMoTpebda y CHpoIeHi
METOJIMKH BHU3HAUCHHS TEMIIEpaTyYpHUX KOEQIIlieHTIB A;, a KOHKPETHO — Y BHUKOPHUCTaHHI MPOCTHX (OPMYJ IS
PO3paxyHKy BeIMUUH A; 6€3 BUKOPHCTAHHS JOBITKOBUX Ta0JIHIIb, IO 1 peai3yeThes y CTATTI.
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Tabuung 1 — TemnepaTtypHuii koedimient A,

Mapka crami tg, °C A;
Jo 200 1,00
250 0,90
300 0,75
Cr.3, 10, 20, 25, 09I"2C, 10I'2C1, 2(5)8 gzgg
15TC, 16I'C, 17T°C, 17T'1C 420 0.45
430 0,38
440 0,33
450 0,28
Jo 200 1,00
325 0,90
15X5M 390 0,75
430 0,66
450 0,52
08X18H10T, 08X22H6T, Jo 200 1,00
12X18H12T,12X18H10T, 300 0,90

45X14H14B2M, 10X17H13M2T, 400 0,75
10X17H13M3T, 08X17H15M3T 450 0,69

Jlo 200 | 1,00
12X1IM®, 15X 1M® 320 0,90
450 0,75

Jlo 200 | 1,00

20X3MB® 350 0,90
450 0,72

AHasi3 TomepeaHix dOCHiIKeHb. ABTOpPH TIOCIOHWKIB 3 PpO3PAaxXyHKY TEXHOJIOTIYHUX TPYyOOIpPOBOIiB
BHKOPUCTOBYIOTh CTAHIAPTHI METOOUKH 3HAXO/KEHHS 3HA4YCeHb TEMIIepaTypHUX KOeQiIlieHTIB A; IIIIXOM
iHTeproJsLii TabaMyHKUX BenuuuH [7, 8]. OcTaHHIM YacoM B oITy0JIiKOBaHUX HAYKOBHX Hpallix OyJia 3alporoHOBaHa
3aMiHa TaOJIMYHMX 3HAYCHB BEJIWYMH PIBHSAHHAMU perpecii Ipu BU3HAYECHHI MOJLYJIsl HO30BXKHBOI IPY>KHOCTI CTasei
1 IpH pO3paxyHKy TpYOHOI penriTku KoxKyxoTpyoHoro rerooOminnuka [9, 10]. HeBupimeHoro 4acTHHOIO HaAyKOBOT
MIPOOJIEMH € aIPOKCUMYBAHHSI 3aJIE)KHOCTI HOpPMaTUBHUX 3HAYCHD TEMIIEPATYPHUX KOSQIIlieHTIB A; BiJl TeMIIepaTypHu
¢ MPOCTAMU PIBHSAHHAMH, SIKi O OyJIM 3pYIHUMH SIK JIJIS iIHKEHEPHHUX PO3PAXYHKIB, TaK 1 U1 pO3pOOKH KOMIT' FOTEPHUX
Iporpam.

MeTo10 cTaTTi € ONUC 3aJEKHOCTEH 3HAUEHb TEMIIEPATYPHUX KOoedilieHTiB A, Bill TeMIepaTrypH ¢ IPOCTUMHU
MaTeMaTUYHHMH PIBHSHHIMH 3 CEPEIHbOI0 MOXMOKOIO arpokcuMmaii He O6imbmie 1,5 %.

Buxnax ocHoBHOro Marepiandy. 3anporoHOBAaHO Juls cTajied TpyOOIPOBOJIB alpOKCUMYBATH 3aJI€XKHOCTI
koe(imieHTiB A; BiJ TeMIeparypu ¢ HeckinamguuMu piBHsHHEIMH. s craneit Ct.3, 10, 20, 09T2C, 10I'2C1, 15TC,
16I°C, 17T°C, 17T'1C 6yno nobymoBaHo ToukoBuii rpadik A; = f(¢) (puc. 1) 3a qannmu Tadm. 1.

J71st GibII TOYHOTO ONKCY 3aJIEKHOCTI A, = f{f) MaTeMaTHYHUM PIBHSAHHSAM PO3IJITHEMO OKpPEMO 2 JIISIHKY: 1 — B
nianazoni 3miaroBaHH ¢ Big 200 °C mo 300 °C (puc. 2) 1 2 — B aianazoni 3mintoBanHs ¢ Bif 300 °C o 450 °C (puc. 3).

B pesysbrarti OyJi0 3aponoHOBaHO 3aCTOCYBATH ISl OIIMCY 3aleXHOCTI A, = f{f) B niama3oHi 3MiHIOBaHHS f BiJ
200 °C go 300 °C kBagpatuuny perpecio A, = — 0,00001# + 0,0025¢ + 0,9 (IOBHICTIO BiANOBiga€ HOPMATHBHUM
3HAa4eHHAM), a TIpH 3MiHBaHHi ¢ Big 300 °C mo 450 °C — ky6iuny perpecio A, = — 0,00000007# + 0,00006696°
—0,02197070¢ + 3,29876905 (cepemus moxubOka anpokcumaiii fopisaioe 1,27 %).

AHaJNorivHO TpoaHaizyemMo 3anexHictb A; = f(f) mia cram 15X5M. ToukoBuii Tpadik i€l 3aIeKHOCTI 3a
JaHuMU Tabnuii 1 HaBeIeHo Ha PUCYHKY 4.
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Puc. 1 — TouxoBuii rpadik 3ane:xnocti A, = f(7)
s craxeii Cr. 3, 10, 20, 091'2C, 10I'2C1, 15I'C, 16I'C, 17T°C, 17T'1C
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Puc. 2 — Banexnictb A; = f(¢) nas craneii Cr. 3, 10, Puc. 3 — Banexnicts A; = f(¢) nas cranei Cr. 3, 10,
20, 091'2C, 10I'2C1, 151C, 161C, 171C, 171'1C 20, 091'2C, 10I'2C1, 151C, 16I'C, 17IC, 17T'1C
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Puc. 4 — TouxoBuii rpadik 3anexnocti A, = () nas craxi 15X5M
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IIpoBenenuii aHami3 ToukoBoro rpadiky (puc. 4) HO3BOJIMB 3alpONOHYBATH JUISI OMHCY 3MiHIOBaHHS
TeMIIepaTypHoro koediuieHty A, Bixg Temmeparypu ¢ mia crami 15XSM Ttaki JUISHKM: Hepiry — B Jiana3oHi
3MmiHIoBaHHs Temneparypu ¢ Big 200 °C mo 390 °C Brimouno (puc. 5), ApyTY — B JAiana3oHi 3MiHoBaHHS ¢ Bix 390 °C

1o 450 °C BritogHO (puc. 6). .,

A
1 0,76
1.04 ° 0,744 =
0,724
0.954 0,704
0,68
0.90 a 0,66 °
0,644
7 -
0,85 062
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0,544
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Puc. 5 — 3anexuicts A; =f(¢) nna craai 15X5SM B Puc. 6 — 3anexnicts A; = f(¢) nas craai 15X5M
nianmasoni 3minroBann4 ¢ Big 200 °C mo 390 °C B aiama3oni 3minroBann1 ¢ Big 390 °C go 450 °C

3anpomnoHOBaHO 3aeXKHICTh A; = f(f) nns ctam 15X5M B nianasoni 3mintoBanHs ¢ Bix 200 °C go 390 °C onmcatu
KBaJpaTU4HOIO perpecicio A, = — 0,00000794£ + 0,00336599¢ + 0,64421053 (noBHUIA 30ir 3 HOPMATHBHHMM
3HAuCHHAMHM), a OpH 3MiHmoBaHHi ¢ Big 390 °C mo 450 °C — xBagpatuuHoro perpecicio A, = — 0,00007917¢# +
0,06266667¢ — 11,64875000 (cepenus moxubka anpokcumanii gopisaroe 0,00000001 %).

3anexHocti A; = f{f) Ui IHIIUX CcTaNel alpOKCUMYIOTHCS €MHUMHU MAaTCMAaTHYHUMH PIBHSHHSIMH Ha BCHOMY
Jiama3oHi 3MiHIOBaHHs TeMIiepaTyp. Todkamu Ha Tpadikax TO3HAauYeHi HOPMATHBHI BEIMYUHH TEMIIEPATYPHHX
KoedilieHTiB 3 Tabmui 1.

Hdus  craneir 08X18HI10T, O08X22H6T, 12X18HI2T, 12X18HI10T, 45X14H14B2M, 10X17H13M2T,
10X17H13M3T, 08X17HI5SM3T xpuBa 3amexHocTi A, = f(f) (puc. 7) ommCyeThcsl KyOidHOIO perpeciero
A, = 0,00000002# — 0,000018707 + 0,00493000¢ + 0,61799999 (cepenns moxubka ampOKCUMALii TOPIBHIOE
0,00000104 %).

0.954
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Puc. 7 - 3anexnicts A, =f(¢) nna craneii 08X18H10T, 08X22H6T, 12X18H12T, 12X18H10T,
45X14H14B2M, 10X17H13M2T, 10X17H13M3T, 08X17H1SM3T

Jus craneii 12X1M®, 15X1M® kpusa 3anexsocti A, = f{f) (puc. 8) onucyeTbesi KBaIpaTHYHOIO PETPECIEI0
A; =-0,000001287 — 0,00016667¢ + 1,08461538 (moBHMii 36ir 3 HOPMATUBHUMHU 3HAYEHHAMH).
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Puc. 8 — 3anexuicts A; =f(¢) nna cranei 12X1M®, 15SX1MD

Hnst crami 20X3MB® xpuBa 3anexHocti A; = A¢) (puc. 9) omHMCYEThCS KBagpaTHUIHOIO PETPECIEI0
A= —0,00000453# + 0,00182667¢ + 0,8160 (OBHMI1 36ir 3 HOPMATUBHUMH 3HAYECHHAMH).
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Puc. 9 — 3anexunicte =f{f) nas craui 20X3MB®

BucnoBku. Ortpumani

>t °C

¢dopmynu Ui po3paxyHKy 3HAueHb TEMIEPATYpHHX Koe(illieHTIB A, sKi

BUKOPHCTOBYIOTBCSI JUIsSl BU3HAUCHHS JIOITy CTUMUX HAIPYXXEHb CTaJIeH eJIeMEHTIB TpyOOIPOBO/IIB TP PO3PAaXyHKOBIH
Temmeparypi. MakcuManbHe 3HAYEHHS TOXUOKU ampoKcuMarlii npu npoMy jaopisaioe 1,27 %, mo CBiTYUTH MPO
BHCOKHI piBeHHb 30iry piBHSHBL perpecii 3 HOPMATHBHMMH BEJIMYWHAMU. BHUKOpPHCTaHHS HaBEICHOTO
YIOCKOHAJIEHHS CHpHs€E CIPOIIEHHIO PO3paXyHKY TEXHOJIOTTYHUX TPYOOTIPOBO/IiB HA MIilIHICTb.

IlepcnieKTUBH MOAANBIIUX AOCJiZKeHb. B ofanbIioMy IaHy€eThCS MIPOJOBXUTH POOOTY 3 YIOCKOHAJICHHS
PO3paxyHKIiB Ha MIIHICTb 1 CTIHKICTh €JIEMEHTIB MMOCYIMH Ta anapariB XiMidHUX 1 HAPTOepepOOHUX BUPOOHHIITB.
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Igor Andreiev
IMPROVEMENT OF CALCULATION OF TECHNOLOGICAL PIPELINES

Rational use of resources in the design of technological pipelines and ensuring their growing needs requires the
performance of strength calculations, which require the use of appropriate values of temperature coefficients of steels
A;. The purpose of the article is to improve the determination of temperature coefficients of steels, the values of which
are standardized by regulatory documents in force in Ukraine. Based on typical tables, dot plots of changes in
temperature coefficients of steels A, from which technological pipelines are made depending on the temperature t
have been constructed and analyzed. It is proposed to approximate these dependencies by simple mathematical
equations.

As a result, it was established that the dependence A; = f{t) for steels Cm.3, 10, 20, 09I2C, 10I'2C1, 15I'C, 16IC,
17I'C, 17T'1C in the range of t change from 200 °C to 300 °C is described by a simple quadratic regression Ay = —
0,00001¢ + 0,0025t + 0,9, and when t changes from 300 °C to 450 °C — by a cubic regression A, = — 0,00000007F
+ 0,000066961° — 0,02197070t + 3,29876905. In the above and proposed formulas, the temperature t is substituted
in °C.

The dependence A, = f(1) for steel 15X5M in the range of t change from 200 °C to 390 °C can be described by the
quadratic regression A, = — 0,00000794¢ + 0,00336599t + 0,64421053, and when t changes from 390 °C to 450 °C
— by the quadratic regression A, = — 0,00007917¢ + 0,06266667t — 11,64875000.

The dependencies Ay = f(t) for other steels are approximated by single mathematical equations over the entire range
of temperature changes.

The value of the temperature coefficient A, for steels 08XISHIOT, 08X22Ho6T, 12XI8HI2T, 12XI8HIO0T,
45X14HI14B2M, 10X17HI3M2T, 10XI17HI3M3T, O08XI7HISM3T is described by cubic regression
A, = 0,000000028 — 0,00001870F + 0,00493000t + 0,61799999.

The dependence A, = f(1) for steels 12XIM®, 15XIM® is described by quadratic regression A, = — 0,00000128¢
—0,00016667t + 1,08461538.

The value of the temperature coefficient A, for steel 20X3MB® is described by quadratic regression
A=~ 0,000004532 + 0,00182667t + 0,8160.
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The obtained formulas allow to abandon the use of standard tables and additional interpolation of intermediate values
of temperature coefficients of steels when performing calculations, which in turn simplifies both the calculation itself
and the development of appropriate computer programs.

The average error value of the performed approximations is in the range from 0% to 1.27%, which indicates a high
level of coincidence of the regression equations with the actual values.

The use of the proposed formulas for calculating the temperature coefficient of steels makes it possible to simplify the
calculation of technological pipelines for strength.

In the future, it is planned to continue work on improving calculations for the strength and stability of elements of
vessels and apparatus in chemical and oil refining industries.

Keywords: sustainable development, pipeline, strength, calculation, temperature coefficient
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