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3anponoHOBaHO METOJAWKY OIIHKH BIUIMBY TOYHOCTI BHMIPIOBaHHS BXIHUX JMaHUX Ha pPE3yJIbTaTH
MOJICTIIOBaHHS HAMpy>KEHO-Ie(POPMOBAHOTO CTaHy MIJISHKH MariCTpaabHOTO TPYOOIPOBOAY, MPOBEICHO
PO3paxyHOK HAIpYKEHb JJIs BiJOMOI 3aJadi HAaBAaHTAXXCHHS OAlKU 30CEPEKCHOI0 CHIIOI, TOPiBHSIHHS
Pe3yIbTATIB U MOYATKOBUX JaHUX BUMIPIOBAaHb Ta 3MVIA/KCHHUX MOYATKOBUX JAHUX, BHSBICHO J00pe
Y3TO/KCHHS pe3yibTaTiB. HaBeleHO BHCHOBKH 3a pe3yjibTaTaMH MOJCTIOBAHHS Ta MOXKJIMBI HANPSIMKH

IMMPOJAOBKCHHA ﬂOCﬂi,H)KeHI).
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3amada OI[HKH TEXHIYHOTO CTaHy MariCTpaJbHHUX
TpYOOIIPOBOIIB TICHO TOB’s3aHA 3 OIIHKOIO HAMpy>KEHO-
neOpMOBAHOTO  CTaHy  JIOCHIDKYBaHMX 00’ €KTIB.
Busnauenns nedopmariii Ta HanpyXeHb HMPOBOAUTHCS
JUISL LIUPOKOTO KIIACYy METO[IB, SIKi BUKOPUCTOBYIOTh ISt
KUTbKICHOT OIHKH JedopMalid Ta HampyXeHb e(exT
B3aemonii QizuyHMX mosiB pisHOoi mnpupomu [1]. B
CKJIaTHUX YMOBaX CKCIUTyaTamii 00’€KTiB NOLLIBHAM €
BUKOPHUCTAHHS METO/IB, sKi O , 3 OnHi€T cTOpoHH, Oynu O
NpOCTHMHU B peanizauii, a 3 iHmoi — po3Bomsu O
OLIIHIOBATH JeOopMallii Ta HaNpy>KEHHS 3 JOCTATHIM IS
NPaKTHYHUX  1MOTped piBHEM TOYHOCTI. BkazaHum
YMOBaM 33/I0BOJIbHSIE METOJMKA OLIHKH HAMpy>KeHO-
Je(hOpMOBAHOTO CTaHy MaricTpaJbHUX TPYyOOTPOBOIIB 3
BUKOPHCTAHHAM iH(pOpMAIlii Tpo TepeMillieHHs MeBHOT
MHOXXHHHU TOYOK IX TIOBEPXHI, SIKa JO3BOJISE OI[IHIOBATH
IIiCTh KOMITOHEHTIB TEeH30pa HampyxkeHb [2]. Jlani mpo
MEPEMIIIEHHS] TOYOK TOBEPXHI BH3HAYAIOTHCS PI3HUMH
criocobamu (BHYTPILIHBOTPYOHA i1HCIIEKIisl, TeoAe3UudH1
BUMIpIOBaHHS Tow0). BuHukae mnpoOiema OLIHKK
BIUIUBY IOXUOOK BHUMIPIOBAaHHS KOOPAWHAT TOYOK Ha
pe3yNbTaTH OLIHKHM HaNpyXeHO-Ie(opMOBaHOTO CTaHy
TpybonpoBosy.  Meroauka — OIHKM  Hampy>KeHO-
neopMoBaHOTO CTaHy 3a BIJOMHMHU IEPEMIIICHHSIMHA
TOYOK MOBEPXHi ba3yeTncs Ha ooy moBi
MapaMeTPUIHOTO TIOJIAHHS JIJITHKA  MaricTpaJibHOTO
TpYOOIIPOBOY Y BUTIISII:

1(s,¢,r,t) =1 —Ra, +p(s,¢,r,t)[cos(TW(s,,r,t)) O )
b, +sin(w(s, ¢.r, 1)) @, ] + W, ur, t) O,
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e S, ¢, r, t — KoopaMHATH TIOB’sI3aHi 3 TUIOM

JIOKaJIbHOT CUCTEMHU KOOPJAMHAT Ta MOMEHT 4acy, B KU
TIPOBOJUTHCS JTOCTIKSHHS HaTpyKeHO-
nedopmopanoro crany, 0<s< L, L- noexuna

pimsnkn; 0S Q<21 Ry <r<Ry, R, Ry -

BIJIMOBIIHO  30BHINIHIA Ta  BHYTPIIIHIA  paaiycu
TPYOOIIPOBOY;
7,;n,;b,;T, — paniyc-extop  BepxHbOI

TBIpHOI TpyOOIpoBOAY, HOpMaib, OiHOPMaJIb 1 TOTHYHA
IO TBipHOV;
p(S7 ¢7 r’ t)’ m(sﬁ ¢7 r’ t)’ LIJ(S7 ¢5 r’ t)
¢yHKLIT, O XapakTepu3yloTb paliajibHi, KyTOBI Ta
TIOB3JIOBXKHI NTEPEMILICHHSI TOYOK JISTHKH.
Bukopucranns noganHs (1) BuMarae 3acToCyBaHHS
IHTEPIOALIMHNX Ta anpoKCHUMALiHHUX IPOLENyp VIS

noOy0BH BEKTOpa F,, a TakoX Crnocoly 3aiaHHA abo

BU3HAYCHHs (YHKIH, IO XapaKTepu3yIOTh TPUBHUMIpHI
nedopmarii 06’exta. s BH3HaueHHS mHMX QYHKIIH
BUKOPHCTOBYIOThCSI METOAM PO3B’S3aHHS BapiaiiftHUX
3a1a4 Juid QYHKIIOHAIIB PI3HOTO THITY, K1 3BOASATHCS JI0
3aja4  MiHiMizamii ¢yHKmii Oarathox 3MiHHUX [3].

Te

H06yz[013a BCKTOpa HC BUMarae 3Ha4YHHUX

00YHCIIOBAIBLHAX 3yCHJIb, OCKIJIBKH METOIUKH
iHTeproyAmii (QyHKIIH 3a BY3JOBUMH 3HAYCHHSIMH €
BigoMumu [4], IpOTe BUHHUKAE MUTAHHS OI[IHKH BILTUBY
MoXMOOK  BHUMIPIOBAaHHS KOOPJMHAT HA  TOYHICTB
iHTEpIOJALil Ta, SK HACHIJOK, Ha OIIHKY HaIpy»XeHO-
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nedopmoBanoro crany. Jlist BUpilIEHHS! BKa3aHOi 3a1adi
NPOTIOHYETHCSL ~ AJITOPUTM,  SIKMA ~ 0a3yeTbcs  Ha
BUKOPHCTAaHHI  BIIOMHX TEOPETHYHHX PE3yJbTaTiB
OIIHKH HAIpyXeHO-Ie()opMOBaHOTO cTaHy. Jlms Oanku
Ha JIBOX OTOpaX, HaBAaHTAKEHOI 30CEPEIKEHOI0 CHIIOI0
P, ogHa 3 SKMX € INapHIpHO PYXOMOK, a iHmA -
mapHipHo Hepyxomowo [5], skmo L — popxwuHa
OPOJILOTY MDK omopamu; (— KOOPAMHATH TOYKH

HPHKIAJEHHs 30Cepekenoi cumu P ; Rl — peaxuis B

mapHipHO pyxoMiii omopi ipu X = L ; X — koopaunara
BIOBX Oajku, TO piBHSHHA aedopmoBaHOi oci Oayku
(K010 MOJETIOEThCS  TPYOOTIPOBIN) 3aMHUCYETHCS Y
BUTJISII:

EEIu(x) =&(x—L)3 —f(x—a)3 +Cx+C,, x<a,
: 6 6

R
%Elu(x) =?l(x—L)3 +Cyx+Cy, x>a,

2
ne E - wmomyms IOHra wmartepiany, 3 skoro
BUT'OTOBJICHO TPYOOTIPOBI;

1 — MOMEHT iHepuii CiueHHs.

BukopucToBytouM yMOBY HENEpepBHOCTI JIiHIT Ta ii
Hepoi MoxXifHOI MO KOOpAMHATI X, MOXKHA 3alucaTé

CUCTEMY piBHf{HL JUI BU3HAUYCHHS KOHCTAaHT
C,, i=1234:
[, =C;,
£ =Cy. 3)
= -

3a BimzoMumu koopamHatamu Qynkumii  #(X) B

BY3JIOBUX TOYKax xl- .

Vi =u(x;), 4

e X; — TOYKM PO3OUTTA IUIAHKM IO JOBKMHI, 3

BUKOPHUCTAHHSAM 1HTEPIOJSILIHHOTO KyOiYHOTO CIUIaliHy
ta momaHHsa (1) mms Oyab-sKOi TOYKH TpyOONPOBOIY

00YHMCITIOIOTHCS 3HAUEHHS HAaNpy)XeHb O i [3].

[MOXUOKHU
BU3HAYAIOTHCS

3 METOIO
CKCIICPUMCHTAILHIX
KOOpAWHATH

v, =y, —&(l-t)+et, )

MO/ICTFOBaHHS
BUMIPIOBaHb

ze y; — obuucmooTscs 3a popmynamu (2-4);
€ — piBeHb TOYHOCTI BUMIPIOBaHHS KOOPAMHAT;
t [J[0;1] — Bunanxosi uncna, o reHepyrOTHCS

na Bigpisky [0;1].

(x:,7)
PO3PaxoBYIOThCS KOMIIOHEHTH TeH30pa Hanpyxkerb O, .
byHKLIT (x is )N/i )

BUKOPHUCTOBYEThCSI ~ HpOLieAypa  3[VIAJDKyBaHHS — 3a
JIOTIOMOTOIO 3TJIaJIKYI0 YOTO CIUIAiHy, SIKUH Ha BiAPi3Ky

inteprionsauii [0; L] minimizye dynxiionan [4]:

3a BIIIOMHUMH KOOpIUHATAMHU

Hnst Ta0JIUYHO 3a1aHol
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L2y ¥ S 2
D) = [’ Pdv+ 3 plule,) =7, 12,
npuaomy, GyHkuis U,(X), sika minimisye QyHkuionan,

MOBHHHA OyTH JBiYi HEMepepBHO IU(EPEHINIHOBAHOIO
¢dbyHKIiEr0, iHTerpoBaHOO 3  KkBamparoM. CTymiHb
3NIQ/KYBaHHS ~ JaHUX  BH3HAYAETHCS  BEJIMYMHOIO

JoJaTHUX Koe(illieHTiB P, , AI1 BHU3HAYCHHA SAKHX

3aCTOCOBYETHCS iTepalliitHa rmpouenaypa:

) -5
) é]uj (x¢) J’k‘
pk pk s (7)

() —
€

SKa 3aCTOCOBYETbCS [0 THX Mip, HOKH HE IOYHHAE

BHKOHYBaTHCh YMOBa

) et
‘” P(x) =y k‘
€

npuuoMy BenmunHa € B dopmynax (5), (7) Ta (8) €

-1, ®)

oxnaxosoto. [licns Busnauenns Qymxuii u,(X), sxa
MiHIMi3ye (6), OOUMCITIOIOThCS 3HAYCHHA 1€l QyHKIT B
BY3JIOBHX TOYKax X!

Vi =ty (x;) ©)
miciast doro 3a koopauHatamu (9) Ta momanHsM (1)

BH3HAYAIOTECS KOMIIOHGHTH TEH30pa Hampyxerb O .

Hanpyxenns O Ta O BU3HAYAIOTLCA 3

ijn i3
BUKOPHUCTAHHAM MeTOMUKH [3]. 3 MeTOo BH3HAYCHHS
o o

CTyneHs Kopeysinii Mk BenuuuHamu O ijns Qs

ij»
BUKOPHUCTOBYETHCS (hopMyIta 1iist KoedillieHTa KOPeIsii

N N N
NZ%%‘Z%Z%
R - a= a= a=
v al 2 al 2
VS x2=(3 %))
a=l a=]

ITopiBHtotoun Benmuuan O j T (0)

(10)

jis» MOXHA

MpoaHami3yBaTH, B SKIH Mipi 3riapkeHi JaHi Tpo
MEPEeMIIIEHHsT TOYOK TOBEPXHI TPyOONMpPOBOMY MOXKHA
BUKOPUCTOBYBAaTH Ui  OLIHKA  HANPYXEHb, MIO
BUHHKAIOTh B MaTepiaii TpyOOIpoBOIY.

3a HaBENCHMM QITOPUTMOM OyiaM  HpPOBEICHI
PO3paxyHKH JUISL TUISHKU TPYOOIPOBOY 3 MapaMeTpaMu:
L=60m; a=40m; E=210000MIla;
1 =2102847,6cm? o1 3MIHHHEX

HaBaHTa)XeHHS P, 3a pesyibraraMu SKUX MOKHA
3pOOUTH HACTYITHI BUCHOBKH:

MeToauMka  OIIHKH  HANPYXCHO-Ie(POPMOBAHOTO
CTaHy TpPYOOIPOBOJIIB 3 BUKOPHUCTAaHHSIM JaHHUX TIPO
MEepeMIilleHHsT TEeBHOI MHOXXMHH TOYOK TITOBEPXHI,
3aCTOCOBaHa JJIS OIHKH HAaIPYXeHO-I1e()OpPMOBaHOTO
CTaHy  MOJENbHOT  AUBIHKA 3  HAaBaHTAXEHHSIM
30cepe/lKeHo0  cunor P josBonse
pe3ynbTaty, SKi CIIBIIA/IAI0Th 3
TEOPETHUIHUMHU pe3yabratamu (puc. 1).

3HA4YCHb

olepKaTu
BigoMUMH
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Puc. 1. Po3nozin noe3nopxHix Hanpyxkens (MIla, Bick OY), o0uucIeHHI TEOPETUUHO
(psin 1) Ta 3a pe3ynbTaTaMu MoJientoBanHs (psia 2) o qoBxuHi 6aiku (M, Bick OX).

Puc. 2. B3aemHe po3ranryBaHHs TEOPETHYHOI Ta CKCIEPUMEHTAIBHO BU3HAYCHOT
koHiryparii oci Oanku.

Puc. 3. Brumis noxubku BI/IMipIOBaHHSI Ha pe3yJIbTaTu MOJACIIIOBAHHA HAIPYKCHOT'O CTaHY
3a JaHUMHU IIPpO HepeMiIlIeHHSI 0e3 3rJ1IaJIPDKyBaHHS.
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BukopucTaHHsS JaHUX MPO MEPEMILICHHS TOYOK JIITHKH
TpyOONIIpPOBOAY 3a YMOB, KOJH BIJIOMHM € pPIiBCHb
TOYHOCTI BUMIpIOBaHHS € KOOpAHMHAT O€3 TOMepPeTHbBOTO
3IJIa/DKYBAHHS JAHUX MOXE TNPU3BECTH 10 (Hi3UYHO
HeaJleKBaTHUX Pe3yibTaTiB (puc. 2, 3).

[licns npoBeneHHS 3rIAJKYBaHHA JNaHUX PO
MEPEMIIICHHs] IIEBHOI MHOXHHH TOYOK IIOBCPXHI
pe3yIbTaTH PO3PaxXyHKy HAMpyKeHb 3a IUMH JaHUMU

O..  nmobpe

s Y3TOKYIOTBCA 3

TOYHUMH  JaHUMHU

AHATITHIHOTO PO3PaxXyHKY BiIMOBIAHUX HaNpyxeHb O i

Jnst mopiBHAHHS BHOMpaIKCh MOB3IOBXHI HANPYXEHHS,
OCKITBbKH Mozenb (2), (3) M03BOJISE OI[IHIOBATH TiIBKH
3aJJaHui Ki1ac HanpyxeHs (puc. 1).

BcranoBneHo piBeHb KoedimieHTa KOpemsmii Mix

TEOPETHYHUMHU 3HAYCHHSAMH HAIpyKeHb Ta
pPO3paxyHKOBHMMH  3HAUEHHSMH 32  PO3pOOJICHOI0
MOJICTLTIO Tporecy nehopMyBaHHS TUIISTHKA

TPYOOIIPOBOY, KM JO3BOJISIE BUKOPHCTOBYBATH 11 ISt
OIIHKU HAmpyXeHb B JII0YNX TpyOompoBomax. Bkazani

piBni cranosnaTs: R = 0,97 .

Ha TouHICTH oOJepKaHUX pE3yJIbTATIB BILIHBAE
TAKOXK MMOXUOKa OKPYTJICHHS MPU PO3PAXyHKY 3aaadi Ha
EOM, 3o0kxpema, mpu mOOyIOBI IHTEPHOJIAIIHHIX
KyOIYHUX CIUIAiHIB — PIBEHb OKPYIJICHHS Pe3yJbTaTiB
MOBHHEH  3a0e3meduyBaTH  BpaxyBaHHS  TOYHOCTI
BUMIPIOBaHHS PE3yJbTATIB Ta MOXIUBOI TOXHUOKH
BUMIPIOBaHHS — B TPOTHBHOMY BHUIIAJKy IOPYIIYETHCS
aZIcKBaTHICThP MOJIENi peanbHid (Di3udHIH  KapTHHI
nporecy.

IlepeBaroro po3poOiieHOI METOAMKH € Te, MO 3 ii
JIOTIOMOTOI0 MO>KHA OIIHFOBATH HE TUTBKH OCHOBI, aje
3CYBHI HANPy>KCHHSL.

Pobora Moxe HaOyTH CBOrO TMPOIOBXKEHHS B IUIaHi
aHaJi3y BIUIUBY TOYHOCTI BHUMIPIOBaHHS KOOPAWHAT Ha
BEIMYMHY BCiX KOMIIOHCHT TEH30pa HAIPYKEHb, UIA
4Oro HEOOXIHO PO3TISIHYTH OUTBINT CKJIATHI BHITAIKH
HABaHTA)XEHHS TUT, a TAaKOX PO3TISHYTH MOXIIUBICTB
3aCTOCYBaHHS METOAWKH IS aHallizy HaIpyXeHO-
ne(hOpMOBaHOTO CTaHy peaNbHIX TISTHOK
MaricTpajgbHHUX TPYOOIPOBO/IiB.
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A.P. Olijnyk, Kh.V. Martynyuk, I.M. Gural

The Surface Points Displacements Measuring Accuracy Influence Estimation on
the Pipeline’s Stress-Strained State Mathematical Modeling Results

Ivano-Frankivsk National Technical University of Oil and Gas,
15, Karpatska Str., Ivano-Frankivsk, 76019, Ukraine

The method of input data measuring accuracy influence estimation on the result of pipeline’s part
stress-stained state modeling is given, the calculation of the stresses for the well-known problem about
the concentrated force loaded beam stressed state is made, the comparison of the results for the input data
without smoothing and using one’s is presented, the good agreement of the results was showed. The
conclusions concerning the modeling results are stated, the possible directions of the future investigations

are defined.
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