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JOCIIZKEHHA TPOLUECY BUTIKAHHSA I'A3Y IIIJI THCKOM I1PH
HECTAIIIOHAPHOMY HPOLECI IEPEMIIIIEHHS MOI'O B
TPYBOITPOBO/I
NCCIIEJOBAHUME ITPOLECCA YTEYKHU I'A3A 11Ol JABJIEHUEM
IIPU HECTAIIMOHAPHOM INPOLHECCE IIEPEMEIIIEHUSA EI'O B
TPYBOIIPOBOJE
INVESTIGATION OF THE PROCESS OF GAS LEAKAGE UNDER
PRESSURE IN THE NON-STATIONARY PROCESS OF MOVING IT IN
THE PIPELINE

Anomauin. Ilposedeni obcmedicenHss nNi03eMHUX 2A30NPOB0AI8 NOKA3AU,
wo ix mepmin exkcnayamayii 20JM08HUM UYUHOM 3ANEHCUMb Bi0 KOPO3IUHOI
CMItKOCMI OCHOBHO20 Memany ma 38apHO20 3'€OHaHHA mMpyd, a MaKooHc
xapaxmepy DYUHY8AHHS NOBEPXHI Memany 8 MiCYsax 3 NOPYULeHUM [30AAYIUHUM
NOKPUMMSAM.

llonepeone e6usuenHs ymog excniayamayii RNiO3eMHUX 2a30Np0o800I8
003601UN0 3POOUMU BUCHOBOK NPO HEOOXIOHICMb KOMNIEKCHUX O0CII0JHCEHb
OoepopmisHoi cucmemu “mpydoa — IpyHmMoBuli mMacug” CyuacHuMu memooamu
MeXaHiKu NiO3eMHUX CHOPYO MA MEXAHIKU KOPO3IUHO20 PYUHYBAHHA 3 Memoio
nonepeodiceHHs po3eepmemusayii 2a3onposodis.

B npaxmuyi 6yoienuymea numarnns 83aemo0ii mpyoonpoeoois 3 IpyHmMom
sugueni Hedocmamuvo. Tomy wimkux i anpobosanux piuieHb wooo eubopy uu
BU3HAYEHHSI OCHOBHUX XAPAKMepUcCmuK OJisl PO3PAXYHKY ma anaiizy pobomu
nio3emMHUx mpyoonposooie HeMae.

Bpaxyeanus xopositinoi akmusHocmi tpyHmy, AKy NPUUHAMO OYIHIOBAMU
yacom 00 NOsABU HA HOBOM)Y 2A30NPOB00I Nepuioi KasepHu, ckiaody i ¢hizuxo-
MeXaHiuHux eracmueocmel IPYHmMi6 ma iXx OUHAMIKU 3HAYHO YCKIAOHIOE
PO3DAXYHKOBY CXeMy, OCKIIbKU 3'A61A€mbcsa 06azamo 000amKO8UX, 3MIHHUX 6

yaci napamempis, SIKI 8USHAYAIOMbCA eKcnepumenmanvHo. llepenix camux nuwe
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iICMOmMHUX hakxmopis, Wo GUHAYAIOMb KOPO3IUHY AKMUBHICMb [PYHMIG, AKUMU
€ Cmpykmypa ma 2paHyioMempuyHuli cK1ao, 60102iCMb, CKIA0 IPYHMOB020
eNeKmpoNimy, 3a2albHa KUCIOMHICMb YU JYHCHICMb IPYHMY, KOHYEHMpAayis
B00HEBUX UOHIB, NOBIMPONPOHUKHICb

3axonomipnocmi npoyecy 8UMIKAHHA PealbHUux 2d3i6 yepe3 omeopu ma
HACaoKu nid MUCKom 0a3yromuvcs Ha MamemMamudHomy mooentoearti. OCHOBHI
mamemamudti mooeni 6a3yiomvCs HA KIACUYHUX DIGHAHHAX, WO ONUCYIOMb
npoyec pyxy eazy 6 mpybonpogooi, a came pIBHAHHI pPYXY, PIGHAHHI
HepO3PUBHOCMI I PIBHAHHI eHep2il.

Piensannusa pyxy nobyooeane ma ocHO8I npunyuny cynepnosuyii cui, ujo
0ilomb HA eleMeHm pevdo8UHU 8 2a3080M)y nomoyi. B npoyeci excniyamayii
2a30npo6ooie BUHUKAIOMb NOPYUEHHS 2epMEeMUYHOCMI, SIKi NPOAGNAIMbCI
suUenA0l BUMIKAHL 2A3y PI3HOI [HMEHCUBHOCMI 8 HABKOIUWHbLOMY CepedosUulyi,
CMBOPIOIOMYb  3a2pO3y  3A0PYOHEHH  HABKOIUUIHBO2O  cepedosuuia i €
nomeHyiuHo Hebe3neuHuMu OJisl BUHUKHEHHS 8IOKA318 CUCTNEeMU.

Kniouoei cnoea: eumikanusa 2azy, muck, HeCMayioOHapHuili npoyec,

mpyo6onposio.

Annomauus. Ilposedennvlie 00cn1e006aHUSL NOO3EMHLIX 2A30NPOBOOOS
NOKA3anuU, 4mo UX CPOK JKCHIYAmayuu 2idéHbiM 00pazom 3a8ucum om
KOPPO3UOHHOU CMOUKOCMU OCHOBHO20 MEMAIIA U C8APHO20 COeOUHeHusr mpyo,
a makdxce Xxapakmepa paspyuleHus HNOBePXHOCMU Memaild 6 MeCmax ¢
HAPYULEHHBIM U30TSAYUOHHBIM NOKDLIMUEM.

IIpedsapumenvroe uzyuenue ycCiosuil — IKCHIYAMAYUU  NOO3IEMHbBIX
2a30npo60008 NO3B0IUN0 COeNAmb B8bl800 O HEeOOXOOUMOCMU KOMNIEKCHbIX
uccnedosanuti  degpopmupyemozo cucmemvl "mpyoa - epynmosviii maccug”
COBDEMEHHBIMU MEeMOOAMU MEXAHUKU NOO3EMHBIX COOPYHCEHUL U MeXAHUKU

KOPPO3UOHHO20 pA3PYWEHUsI C UYelblo NpedynpedcoeHus: paseepmemusayuu

2a30npoBo0os.
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B npakmuke cmpoumenbcmaa 80NpPOCHI 83aUMOOElCMBUS]
mpyoonposo0o8 ¢ MNoueol uzyyeHvl Hedocmamouuo. Illosmomy uemxux u
anpoobupoBanHvlx  peuieHull no  8blOOpY  UAU  ONpeoeneHUss  OCHOBHBIX
Xapaxkmepucmuk 05 paciema U aHaiusa pabomsi n0O3eMHuIX MpyOOnpo8o0oos
Hem.

Yuem koppo3uonmoini axmuenocmu  Nnou8bl, KOMOPYIO  NPUHAMO
OYyeHUusamsv 8peMs 00 NOAGNEHUS HA HOBOM 2A30NMpOoBo0e Nep8oll KA8epHbl,
cocmasa U  (QU3UKO-MEXAHUYEeCKUX CBOUCME 2PYHMO8 U UX OUHAMUKU
3HAYUUMENILHO YCIONCHAEM DPACUEMHYI0 CXeMy, NOCKOAbKY HNOABIAEMCS MHO20
OONOTHUMENLHLIX, ~ NEPEeMEHHbIX 80  BPEeMeHU  Napamempos,  KOmMopbie
onpedensomcsi  dKcnepumenmanvro.  Ilepeuenv — 0OHUX — CyujeCmeeHHbIX
paxkmopos, onpeodenaouux KOPPO3UOHHYIO AKMUBHOCMb NOY8, KAKOBbl
CMPYKMypa u 2paHyiomMempudeckuii cocmas, 1axiCHOCmb, COCMA8 NOY8EHHO20
INEKMPONUMA, 00Was KUCIOMHOCMb UTU WeELOYHOCb NOUY8bl, KOHYEHMPAayUsl
8000POOHBIX UOHOB, 8030VXONPOHULAEMOCTb

3akonomeprocmu  mpoyecca  uUCmedeHus — peaibHblX  2d308  uepes
omeepcmusi U HACAOKU NOO OdGleHUeM OAa3Upyromcs Ha MamemamuiecKom
mooenuposarnuu. OcCHOBHble Mamemamuyeckue Mmooleau Oa3upyiomcs Ha
KAACCUYeCKUX YPABHEHUSX, ONUCBHIBAIOWUX NPOYecC OBUNCEHUsT 2a3d 8
mpyoonposooe, a UMEHHO YPAGHEHUU OBUICEHUsl, YPABHEHUU HEPA3PLIBHOCMU U
VPasHeHUuu IHepul.

Vpasnenus osusicenus nocmpoernHoe Ha 0CHO8e NPUHYUNA CYNEPNno3UYUL
Cun, OeliCmeyIowux Ha J1eMeHm ewecmed 8 2a3080M nomokxe. B npoyecce
IKCHIYAmayuyu  2a30npo8o008  GO3HUKAIOM  HAPYWEHUS. 2ePMEeMmUYHOCU,
KOmopvle NposAGIAIOMCS 6 8Uude ymeuek 2a3a paziudHou UHMEHCUBHOCMU 8
OKpydHcarowell cpeoe, coO30ar0mM y2po3y 3A2pA3HEeHUs. OKpydcaoueu cpeovl U
HOMEHYUANbHO ONACHBIMU OJis 603HUKHOBEHUS OMKA308 CUCTHEMbL.

Knrwueegvie cnoea: ymeuxku eaza, oasieHnue, HeCMAYUOHAPHbIU Npoyecc,

mpyoonpoeoo.
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Summary. Surveys of underground gas pipelines have shown that their
service life mainly depends on the corrosion resistance of the base metal and
welded pipe joints, as well as the nature of the destruction of the metal surface
in places with damaged insulation.

Preliminary study of the operating conditions of underground gas
pipelines allowed to conclude the need for comprehensive studies of the
deformable system “pipe - soil mass" by modern methods of mechanics of
underground structures and mechanics of corrosion failure to prevent
depressurization of gas pipelines.

In the practice of construction, the issues of interaction of pipelines with
the soil are insufficiently studied. Therefore, there are no clear and proven
decisions on the selection or determination of the main characteristics for the
calculation and analysis of underground pipelines.

Taking into account the corrosion activity of the soil, which is estimated
from time to time on the new gas pipeline, the composition and physical and
mechanical properties of soils and their dynamics significantly complicates the
calculation scheme, as there are many additional, time-varying parameters that
are determined experimentally. The list of the most important factors that
determine the corrosion activity of soils, which are the structure and particle
size distribution, humidity, composition of the soil electrolyte, total acidity or
alkalinity of the soil, the concentration of hydrogen ions, air permeability

Regularities of the process of leakage of real gases through holes and
nozzles under pressure are based on mathematical modeling. Basic
mathematical models are based on classical equations that describe the process
of gas motion in a pipeline, namely the equations of motion, the equations of
continuity and the equations of energy.

The equation of motion is based on the principle of superposition of
forces acting on an element of matter in a gas stream. During the operation of

gas pipelines there are leaks, which manifest themselves in the form of gas leaks
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of varying intensity in the environment, pose a threat of environmental pollution
and are potentially dangerous for system failures.

Key words: gas leakage, pressure, non-stationary process, pipeline.

IlocranoBka mnpodiaemu. Po3risiHeMO MOTIK Tra3y 3 HEOPOHUKHOIO
O14YHOIO MOBEPXHEIO 1 BUAUIMMO JBa NEPEPI3U, MEPHEHIUKYISPHI OC1 MOTOKY.
Jlocnianmo npoiiec BUTIKaHHS rasy 3 TpyOonpoBoay B aTMocdepy.

AHaNi3 ocTaHHiX gociilKeHb i myOaikauniii. JlocmiKeHHs CKIaaloTh
npaili Takux (axiBIiB y raiy3i TpyOONpoBiIHOTO TpaHcHopTy, ik B.S. I'pyns,
S.B. I'pyaz, B.B [1], B.b. Muxankis [2], ®eiiuyk B.B. [3], . 1. Kanmos [4].

@opmyIIOBaHHA Wijeill cTaTTi (MOCTAHOBKA 3aBAaHHs). AHami3
pI3HOOIYHUX HAYKOBUX TMpalb Ta JOCHIIKEHb B JaHOMY HaNpsSMKY Ta
OTPUMAaHHS 3B'SI3Ky MIDXK MacoBOi BHUTpATy i€aJIbHOrO Ta3y Mpu OOOpOTHIN
aniabaTHIN Teuii yepe3 CoIuIo.

Buxiaa ocHoBHoro marepianay. Hexait Ha msixy Big mepepizy 1-1 1o
nepepizy 2-2 10 MOTOKY MiABOAUTHLCS TeIuioBa eHepriss Q 1 BUKOHY€EThCsI poOoTa

L (BoHa BBa)Ka€ThCsI MO3UTHBHOIO, SIKIIIO BUKOHYETHCS Ta30M):
E,=E,-Q L. (1)

CyMapHa eHeprisg razy B KOXKHOMY Iepepi3i Moxe OyTH IpeJcTaBicHa Y
BUTJISZI CYMH BHYTPINIHBOI, KIHETHYHOI 1 IOTEHIIMHOI €HEeprii, mpu4IoMy
OCTaHHS CKJIQJA€ThCs 3 TOTEHINIHHOT €Heprii MOJIOKEHHS TMepepidy Halu
YMOBHUM pIiBHEM 1 TOTEHIIMHOI €Heprii THUCKY (B3a€EMHOTO pPO3TallyBaHHS

MOJIEKYJI Ta3y).

2 2
U1+ml;Nl+mgh]_+PlQ:U2+m22W2+mgh2+P2Q_QTiL’ (2)

: . mw? . L
eV — BHYTPIIHA EHepris; ~ —- — KiHETHYHA eHepris; mgh+PQ —

noTeHIliHa eHepris [1, c. 44].

[To BiAHOIIIEHHIO IO OJMHUII MACH ra3y piBHSHHS €HEprii:
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2 2
U1+W—l+gh1+ﬂ:U2+W—2+gh2+i—q—l , (€))
2 Py 2 P2

@ _ nurome nigseneHe Temwo; 1= & — nuroma poGora.
m

A€ gq=—
m

P : . .
Benmunna —+U =i € eHTanemiero rasy (i=C,T ).
p

BBaskatouu TpyOOTpOBi TOPU30HTAIBHUM, OJIEPKUMO
- Wl - W2
h+—=i,+—=—-qzxl. 4
L+t =h T q ( )

SIKu10 3HEXTyBaTH TEIUIOOOMIHOM, TO ISl BUMAJKY, KOJM Ha HUIAXY ra3
HE BUKOHYE pOOOTY MOKHA 3alCcaTH:

2 2
Tl+l:T2+&. (5)
2C, 2C,

Hexaii ra3oBuii notik Habirae Ha HEPYXOMY CTIHKY, TOJ1

Cre
T _T+20p. (6)

[l TemmepaTypa HAa3WUBAETHCS TEMIIEPATypol0 TalbMyBaHHS. BoHa
3aBXIU OUIBINA 32 TEMIIEPATYPH B TA30BOMY IOTOIII.

PosrnmsiHeMo mporiec BHTIKaHHsS Ta3y 3 pecuBepa B arMocdepy duepes
MaJliid OTBIp.

BpaxoByroun eHTabIio a3y i, =C,T,=(C, +R)T, Ta PIBHAHHA CTaHy ra3y

RT, = Pyv ,0JICPKUMO

W, = \/ki_l(PoUo LAY (7)

JIE L — TATOMUI 00’ €M.

Bupaxatoun wmacoBy BUTpaTy razy y BUTIANI J0OyTKY JIHIHHOT

IIBUJIKOCTI1, TYCTHHH 1 ILIOIII TIEPEPi3y OTBOPY, OJACPKUMO
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2 [

- [l 4 2]

4 {lk-1 P, R,
ae k :g—”— NOKa3HUK ajaiadatu [2, ¢.56].
U

Otpumane HamMu pIBHSHHA 3B'A3ye MIK COOOI0 MacoBy BUTpaTy
1leallbHOr0 Ta3y NOpu OOOpOTHIM aniabaTHIA Teuii 4Yepe3 COIUIo, IUIOILY
BUXIJIHOTO TMepepidy 1 BEIMYMHH THUCKIB B CEpellMHI 1 30BHI €MHOCTI. 3a
JIOTIOMOTOI0 IIHOTO PIBHSHHS MOKHA BUPIIIMTH 1 3BOPOTHE 3aBJaHHS 3HAWTH,
K1 Mae OyTH TUIOIIA BUXIIHOTO MEpepi3y coIula, I TOro, 00 3a0e3neunTH
3aJjaHy BHTpaTy Trasy 4epe3 COIUIO MPH 3aJaHuX MapaMmerpax rasy Ha BXO[i B
COILIO 1 Ha BUXO/1 3 HBOIO.

AHani3 xapaxkTepy 3ajie’KHOCT1 BUTpATU M BiJl BIIHOIIEHHS THCKY rasy Ha
BUXO/I1 3 COILIa 10 TUCKY miepe coruioM p2 / pl. Jludepeniiiroroun pisHULS 10
1 MpUPIBHIOIOYHU(BIMOBIIHO /10 MPABUII BIAITYKYBAaHHS €KCTPEMYMY) OTPUMaHY
BEJIMYUHY HYJIIO, MAEMO:

2,2 k+1

k

OsHayarouu BEIMYUHY Y I M = M,,(1, OTKe, It P2 = P*) depes Yy,

1
Yk =0

OTPUMYEMO:

k

lp_(k+1>ﬁ
\ k

Ile cmiBBiAHOIICHHS TOKa3ye, IO 3HAYCHHS KPUTUYHOTO BiTHOIICHHS
TUCKIB ¥, = P*/pl 3anexuts Bix k, mpoTe us 3anexHicTh ciabka : Tak, I
k=14, v, =0,53,a s k=1,3 y,,, = 0,55, TakuM 4nuHOM, 3MiHA Y HE 3aHAJTO
Benuka. Jlyis pi3HOTO poOAYy OIIIHHUX pPO3PaxXyHKIB MOXHA B TEPHIOMY

HaOJIMKEHH] HeXTYBATH 3aJISKHICTIO W, BiX K 1 paxyBatu y,, = 0,5.
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G K
A
G.\{axc iﬁ P2
Ve
/
/
/
/ .
/ F /
/ 7 e
/\ 45°
0 (PQ\J I ¢ 0 Pe
Py lx
Puc. 1. 3anexnictb Puc. 2. Kpurnunmii Tuck
MAacoBOI BUTPATH BUTIKAHH{ BiJ nepenajay TUCKiB

Bupasz nns mBHAKOCTI BUTIKaHHS ra3zy 3 cOIJia IPU MaKCUMalbHIN
BUTpPATI , MO’KHA OTPUMATH Ha OCHOB1 3HAlCHOTO BUPA3y VIS Yy, -

k
w'= [2—pv
k+1 P11

BianoBigHo BUpa3 i MAaKCUMaJIBHOT BUTPATH Yepe3 COILIO

2
Gmakc = 2 ﬁ%(%)k_l * (10)

Sk BUIHO 3 TOPIBHSHHS OTPUMAHOTO HAMU BHUpaXeHHS Mid W* 3
piBHsSHHAM (9) BenmurHa W* JOPIBHIOE MICIICBIH IIIBUJIKOCT1 3BYKY Y BUXITHOMY
nepepisi cora :

w* =c.

BucHoBKM 3 JaHOro [AOCJHiI:KeHHSI |1 MNepPCNeKTHBH MOJAJIbIINX
po3Binok y nanomy Hampsimi. Came IIUM TIOSICHIOIOTHCS BiJIMIUCHI BHIIE
"IUBHOCTI" B XapakTepi 3aleKHOCTI m = f(y). SIKIIO B AESKUNA MOMEHT 4acy
TUCK Ta3y 3a COILIOM p; JICII0 3MEHIIUTH, TO XBHUJIS PO3PIIKEHHS MOMIUPUTHCS
Y37I0BXK TOTOKY B HampsiMi, MPOTHJIEKHOMY IO HampsiMy BHUTIKaHHS MOTOKY;
Y37I0BXK COTIJIa BCTAHOBUTHCSI HOBHM PO3IOILT TUCKIB(IPH TOMY 3K, IO 1 paHiIIe,
3HAYEHHI1 TUCKY Ta3y Mepe]] COTUIOM 1), 1 MIBUAKICTh BUTIKAHHS 3pOCTE.

Jloniep Kytounch HABEJIEHOTO aJITOPUTMY, MOKEMO BHU3HAYUTH THUCK JOTH,

MOKU BiH HE 3pIBHSETHCS 3 aTMOochepHruM. CyMyI0un BC1 PO3IIISIHYTI MPOMIXKKHU

4acy, MOXXHa BU3HAYHUTHU 4aC ITOBHOI'O CIIOPOXXHCHHA Ia30IIpOBOAY.
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