


MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE

NATIONAL TECHNICAL UNIVERSITY
"KHARKIV POLYTECHNICAL INSTITUTE"

EDUCATIONAL AND SCIENTIFIC INSTITUTE
CHEMICAL TECHNOLOGY AND ENGINEERING

V.BILETSKYI, M. FYK

FUNDAMENTAL
OF NATURAL HYDROCARBONS
TRANSPORT

Written under the general editorship of Professor I. FYK

Kharkiv, 2019



MIHICTEPCTBO OCBITU | HAYKN YKPATHU

HALIOHANBHWUA TEXHIYHNW YHIBEPCUTET
«XAPKIBCbKW MOMITEXHIYHUNA IHCTUTY T»

HABYA/IbHO-HAYKOBWIA IHCTUTYT
XIMIYHUX TEXHOJIOTIA TA IHXKEHEPIT

B. C. BIIELbKIWW, M. I. dNK

OCHOBW
TPAHCIOPTY NMPNPOAHNX
BYI'JTEBOOHIB

3a 3aranbHOK pefakuieto 4.T.H., npodecopa |I. M. duka

PeKkOMEH0BaHO [0 BUAAHHS

pieHHAM BueHoi Pagun dakynbteTy
«TexHonorii opraHiyHnx peydosuH» HTY Xl
MpoTtokon Ne 5 Big 18 ciuHa 2018 p.

HaBuanbHWUIA NOCIGHMK NiArOTOBMNEHO
3a (hiHaHCOBOI Ta iH(hopMaLiHOT MigTPUMKM
rasly3eBoro BMpo6HNYOro nignprvemcTea
TOB "CEHCI" (M. Cymun, YKpaiHa)

Xapkis, 2019 p.



YK 389

PeueH3eHTK:

Kanyos I. I. - A.T.H., Npod)., XapKiBCbKNA HaliOHanbHWIA YHiBepCUTET
MicbKkoro rocrnogapctsa imeHi O. M. bekeToBa

Mipouwivenko A. B. - A.T.H., CT.H.C., HalioHanbHUiA TeXHIYHWIA YHiBep-
CUTET «XapKiBCbKWI NOMITEXHIYHUIA IHCTUTYT»

B61 bBineybknin B. C., ®uk M. |. OCHOBM TpPaHCMNOPTY MPUPOAHMX
BYrneBogHiB (noci6Huk) / 3a peg. |. M. duka. Xapkis: HTY
XIl, 2019. 274 c.

ISBN 978-617-7565-26-9

MoCi6HMK MICTWUTb OrNsg OCHOBHMX BWAIB TPaHCMOPTY BYI/NEBOAHIB B
YKpaiHi i cBiTi. OnucaHi TexHOMOriYHi Ta eKOHOMIYHi acnektn Tpyb6o-
MpoBigHOro, aBTOMOOGINILHOrO, 3ani3HWYHOr0, MOPCLKOIO Ta PiYKOBOro
TpaHcnopTy HagTW, rasy Ta KoHaeHcaty. logaHi MeTofosorivyHi 0CHOBU
po3paxyHKy TpybonpoBigHOro TPAHCMOPTY BYTNEBOAHIB, 30KPeMa, PO3paxyHKy
MaricTpanbHuUX Ta MiDKMPOMUC/IOBMX ra3onpoBoAis. OnmcaHo nNpuHUmMnu Ta
06M1afjHaHHA LNG | CNG TEXHOMOTIN «BipTya/slbHOro Tpy60npoBoay».

MocCiGHMK NpU3HaYeHWin 4na CTYAeHTIB cneljianbHocTi «HadTorasosa
iHXXeHepis Ta TEXHOMOTii».

YK 389
ISBN 978-617-7565-26-9

© bineupkuii B. C., duk M. I.



NMEPEAHE CNOBO

Jekuis 1.

BcTyn 4o Kypcy «0CHOBM Teopii TpaHCNopTy»

MeTa i 3aBgaHHa Kypcy. 3 icTopii Tpy6bonpoBigHOro TpaHcnopTy
B CBITi i B YKpaiHi. Micye TpybonpoBifHOro TpaHcnopTy BYrNeBoAHiB,
//0ro po3BMTOK Ta CTPYKTYypa Ha Cy4acHoMy eTari.
Haiibinblwi maricTpanbHi TpybonpoBoAM TPAHCNOPTYBAHHSA BYrNeBOAHIB.
CnucoK KpaiH 3a A0BXXWNHOK MaricTpanbHUX Tpy6bonpoBoais.
0Oco6MBOCTI CyyacHoro TpybonpoBifgHOro TpaHCNopTy HahTw,
Hath TONPOAYKTIB i NPMPOAHOTO rasy.

Nekuis 2.

Ornsig 0CHOBHUX BUAIB TPAHCMOPTY BYT/IEBOAHIB

TpaHcnopTyBaHHA Hath T i HaDToONpPoAYKTIiB Tpybonposogamu.
TpaHcnopTyBaHHA NPUPOAHOTO rasy Tpybonposogamu.
Cnuncok KpaiH 3a J0BXKUHOK MaricTpanbHUX Tpy6onpoBogis.
Miag3eMHi cxoBuLLa NPUPOAHOro rasy. 3anisHn4He TPAHCNOPTYBaHHA HA(TK,
HaTonpoAyKTIB Ta ckpanneHoro rasy. BogHe TpaHCnopTyBaHHA HaTU,
Hath TONPOAYKTIB i CKpanneHoro rasy. ABTOMOGiNbHe TpaHCnopTyBaHHA Ha T U,
HaTONpPoAYKTIiB Ta CKpanneHoro rasy.
HadTo6a3o0Be rocnogapcTBo.

Jlekuis 3.

KomMmnapaTumBicTcbKa i norictTmyHa 3agaui
B Teopil TpaHcnopTy

KomnapaTusHe NOPiBHAHHA BUAIB TpaHCcnopTy HaTK i rasy.
EKOHOMiKa pi3HMX BUAIB TpaHcnopTy. JloricTuyHa 3agaya TpaHcnopTy
HathTu i rasy. BukopucTaHHa Teopii rpais y TpaHCnopTi BYrneBOAHIB.
Mpuknagu po3s'asanHa 3agay. padu. Jepesa rpadis.
ExkcTpemanbHi 3agauvi Ha rpadax.



Jlekuis 4.
OCHOBU po3paxyHKy TPy6onpoBigHOro TpaHCNopTy
PiAKMX BYrneBofHiB. Pi3nyHi BNacTMBOCTI pPignH

@D i3nyHi BNacTUBOCTI PiANH: TYCTUHA, CTUCNUBICTb,
TennoBe pPo3LIMPEHHSN, NapoyTBOPEHHS, PO3YMHEHHSA rasiB, B'A3KICTb.
MOHAT TA NPO HbO TOHIBCHKI | HEHbIO TOHIBCLKI PignHA.
PeonoriyHi 3ane>KHOCTIi TeKy4oCTi B'A3KUX PIgUH, PeXKUMU Teuil piguH:
HbIO T OHIBCbKUIA, B'A3KONNACTNYHUIA (BiHramo-LBesiBCbKNiA),
nceBAONNACT UYHUIA, NCEBAONNACTMYHMNIA 3 MOYATKOBUM HaMpPy>KEHHSAM 3CyBY
funaTaHTHWUA, AannaTaHTHUIA 3 TOY4aTKOBUM HAaNPY>XEHHSAM 3CYBY.

Jlekuis 5.
OCHOBM po3paxyHKy Tpy60npoBigHOro TRAHCNOPTY.

T IAPOCTATUKA. c.cuiiviiciiiieiecie ettt sttt bbbt b e enn

OCHOBHi BU3HAUeHHs. MigpocTaTnuHuii TUcK. Cuna rigpocTaTuuHoro
TWUCKY Ha NNOCKi CTiHKM. Cuna TUCKY PiANHIM HA [HO NOCYANHM.
Cwna TUCKY PifMHU HA NNOCKY NPAMOKYTHY CTiHKY.
Cuna rifpocTaTHUYHOro TUCKY HA KPUBONIHIHY NOBEPXHIO.

Jlekuis 6.
OCHOBM po3paxyHKY HaJIMBHOIO TPaAHCMOPTY.

BigHOCHUIA CAOKIN PIANHM .. .cooiviiiiviieiesieictesiee et nene

HanueHunii TpaHcnopT. AHanis sunagkie: 1. PignHa
3aM0BHIOE NOCYAUHY, O PYXaeTbCA Y TOPUIOHT aNbHOMY HANPAMKY
i3 CTannM NPUCKOPEHHAM (Hanpuknag, pyxoma yucTepHa);

2. Cuna TUCKY PigUHN, WO 3HAXOANTbCA Y BIJHOCHOMY CMOKOT,
Ha KPUBOAiHiiHY NoBepxHt0. 3. PignHa, iKa 3anoBHIOE MOCYAUHY,
o 06epTaeThCA HABKONO CBOET BEpTUKANbHOT OCI.
MapameTpu napabonoifgis o6epTaHHA.



Nekuia 7.
OCHOBU po3paxyHKy Tpy60npoBigHOro TpaHCNopTy.
THAPOAMHAMIKA. ....c.eieiieeiieie ettt sttt es

OCHOBHi  BM3HAuYeHHA. PIBHAHHA HEPO3PUBHOCTI NOTOKy. JlamiHaphuii Ta
TypOYyneHTHNIA pe>xXum pyxy pignHn. Yucno PeiiHonbAca. PiBHAHHA  BepHynni.
BumiptoBaHHA LWBWAKOCTI i BUTpPaTW MNOTOKYy piguHn. Tpybka MMiTo. Bopomip
BeHTypi. BTpaTu Hanopy npu namiHapHomMy i Typ6yneHTHOMY pycCi piguHu.
Mpacpikn Hikypagse. Popmynu Myaseiins, bBnasiyca, LWwudpnHcona, Hikypagae,

AnbTwyns, LW e3si, MaBnoBcbKOro.

Jlekuis 8.
OCHOBM po3paxyHKy Tpy60onpoBigHOro TpaHcnopTy.

MICLLEBT OMTOPM ..ttt 143
MoHAT TA MicueBoro onopy. BusHaueHHsa KoedilieHTiB
MicLeBMx onopiB. 3miHa nepepisy NOTOKY: panToOBe PO3LWMNPEHHSA
Ta 3BY>KEHHs Tpy6onpoBoay, BXig y Tpyby 3 pesepsyapa,
nocTynoBe po3WMpeHHs Tpybonposoay (andy3op), nocTynose
3BY>KeHHs Tpybonposoay (KOH(y30p). 3BapHi CTUKM TpybonpoBoay.
3MiHa HanpAMy NOTOKY: Pi3Kuii NOBOPOT (KONiIHO), NnaBHWiA
noBopoT Tpyb6onposoAy. BTpaTu Hanopy, nos's3aHi
3i 3MiHOI nNepepi3y Ta HanpAMKY NOTOKY: 3aCyBKW, BEHT Ui, KnanaHu Ta iH.
Po3gineHHs i noegHaHHA NOTOKiB.
Nekuis 9.
OCHOBU po3paxyHKy MOPCbKOro Ta piYyKoBOro TpaHcnopTy.
BAKOH APXIMBIA. ...c.eeeeuieiieierieieite ettt sttt e bbb et sbesesbe e ebeseeneseeneane 155

MnaBaHHA Tin. 3aKoH Apximeaa. YMOBM CTIRKOCTI CyfeH.
CTilika, HecTillka Ta iHgudepeHTHa (baiigy>ka) pisHoBara cyfHa.
Bicb nnaBaHHs cyAHa. LleHTp BOAOTOHHaX>KHOC T CyAHa.
MeTaleHTp cyfHa. MeTaleHTpnuHa BUCoTa.
MeTaleHTpuUHuil pagiyc. EKCLEHTpUCUTeT cyaHa.
OCTIillHicTb cyaHa.



Nekuyis 10.

OCHOBM po3paxyHKy Tpy60npoBifgHOro TpaHcnopTy.
BuTikaHHSA piguHKU 3 0TBOPIB Ta HacafoK

BWTIiKaHHA piANHN 3 Manux 0TBOPIB Y TOHKIA CTiHLI.
BuTikaHHA pignHK Yepes BeNUKi 0TBOPW. BUTiKaHHA pignHu
3 0TBOPY NPM 3MiHHOMY Hanopi. TpMBanicTh 4aCTKOBOrO BUMOPOXKHEHHA
KPYrnoi uucTepHn. TpueanicThb BUTIKAHHA NPM 3MiHHOMY Hanopi
3 OAHOT NOCYAMHW A0 IHWOT NiJ MiIHAMBWUIA PiBEHb.
TpuBanicTh 4acTKOBOr0 BUNOPOXKHEHHS KPYrnoi LUCTepHu.
BuTikaHHs pifuHN Yyepes Hacagku. Mpuknaan pospaxyHkis.

Nekuis 11.

OCHOBM po3paxyHKY TPy6onpoBigHOro TpaHCMopTY.
FigpaBniuHnin yaap

BusHaueHHs rigpasniutoro yaapy. MpsmMuii Ta Henpamuii rigpasniunmii yaap.
OCHOBHi pO3paxyHKOBI PiBHAHHA rigpaBniyHOro yaapy: nigBULLEHHSA TUCKY B
Tpy6onpoBogi, WBUAKICTb NOWMPEHHA yaapHOT XBUAi. MigBULLEHHA TUCKY nNpu
noBiNbHOMY 3aKpUT Ti 3aCyBkW. Bnnue maTepiany Tpyb Ha napameTpu
rigpasniyHoro yaapy. NMpuknagu rigpasniuHnx yaapis. MeToaun 60poTh6m 3
rigpoyaapom. Po3paxyHok rigpoygapy.

Jekuia 12.
OCHOBWU po3paxyHKy Tpy6onpoBigHOro TpaHCNopTy.

CudoH (1) sk rigpaBniyHunii npucTpii y BUrAagi 3irdyToi Tpy6ku
3 KONiHaMu pi3HOT JOBXKUHN, AKOIO NepennBalo Tb PiANHY 3 OfHIET NOCYUHU B
iHWY. Po3paxyHOK MakcuManbHOT BUCOT U BCMOKT YBaHHS.
CundoH (2) SK NpUCTPili, Npu3HaveHunidi AN OAHOCT OPOHHLOTO BiACiKaHHA
rasis Bifj pesepsyapa a6o Tpy6onposoay.
BusHaueHHs. MpuHunn gii.



Jekuyia 13.
OCHOBU po3paxyHKy TPyb6onpoBigHOro TpaHCNopTY.

FigpaBnivyHNi po3paxyHOK TPYOOMPOBOLIB. .....cccveerveviereriirerieisieseaviaeas

FigpaBniuyHnii po3paxyHok Tpy6onposogy. Oco6n1MBOCTi AOBrUX i KOPOTKUX
TpybonpoBogiB. BusHaueHHs cymapHux BTpaT Hanopy. BusHayeHHs BuTpaT
pianHu. BusHayeHHsa giameTpa Tpybonposoay.

Jekuyia 14.
TpaHcnopT rasy i TeOPeTUYHi OCHOBU

MDKMPOMUCNIOBOIO TPAHCTIOPTY FA3Y.oviiieeeeieiirerersissssesessssesesesssssesssnns

OCHOBHI CKNaA0Bi ra3o TpaHCMNOPTHOT cUCTEMN.
OCHOBHI (hopmynu 414 po3paxyHKy napaMmeTpiB KBasicTalioHapHUX peXknMis
po60THN NMPOMUCIOBMX Fa3onpoBoAis. LLIBuAKicHWIA pe>kum poboTu rasonposogy.
Bu3HaueHHA NPOAYKTUBHOCTi ra3onposofy. BusHaueHHs rigpasnivnmx
onopis. BusHauyeHHa nepenafgy TWUCKY B NPOMWUCNOBOMY ra3onpoBOi.
TemnepaTypHUIA pe>K M po6oT ¥ rasonpoBogy.

Jekuisa 15.

TpybonpoBiAHNT TPAHCMOPT HAMDT...oovevereieeeiiririeieisisieie e

Cknaf, cucTemu MaricTpanbHoro HaTonpoBogy. F0NOBHNIA TepMmiHan.
Mpomi>kHi HathTonepekayyBanbHi cTaHuil. KiHueBuidA Tepminan.
JiHiiHi cnopyan. Cnocobu TpaHCNOpTYyBaHHA 3BMYANHMX | BUCOKOB'A3KNX Ta
BMCOKO 3acTurawyux HaT: 1) rigpoTpaHcnopT HadT:
2) nepekavyyBaHHA 3 PO3YMHHUKAMW: 3) NepekayyBaHHA TepMoobpobneHnx
HaT; 4) nepekayyBaHHa HathT 3 npucagkamu; 5) nepekayysaHHs nonepeaHbo
nigirpiTux HaT; 6) IHWi cnocobu.

Jlekuis 16.

CninbHWIA TPAHCNOPT PIAKMX | razonogibHNX ByrneBogHiIB................

AKTyanbHiCTb npo6nemu ABOGra3HOro TPaAHCNOPTY PiguHN i rasy.
CTpyKTYpHi (hopmMu ra3opignHHOro noToKy. KapTa cTpyKTypHUX hopm
rasopifMHHOro NOTOKy. XapakTepucTnKa NpOMUCAOBOro (h0TA0NPOBOAY Npu
pi3HOMY ra3oBmicTi B aoigy. BusHauyeHHS ONTUManbHOro pe>xkumy
nepekayyBaHHS rasopifguMHHOT cymiwi. MpMHLNNOBA TEXHONOTiYHA CXeMa

nepeKkayyBaHHS ra3oHacuyeHnx HadT.



Jekuia 17.
Oco06/MBOCTi TEXHONOT i1 TPAaHCNOPTYBaHHSA 3PigXXeHOro Ta
CcTUCHeHoro npupogHoro rasy (TexHonorii LNG Ta CNG).....c.occcveeiivicenenne 215

3pig>keHnit (ckpanneHuit) NpUPOLHUIA ra3: 0CHOBHA XapakTepucTuka,
cyuacHuii ctad LNG-TexHonorii B ¢cB8iTi. CKkpanneHuii ras 8 Ykpaii.
MepcnekTuBN 3pig>KeHHA rasis. Ocob6aMBOCTIi i 06nacTb BUKOPUCT aHHA
TexHonoriii LNG Ta CNG.

Nekuis 18.

Oco6nmMBOCTi po3paxyHKiB MarictpasbHuUX Ta

MD>KNPOMMCIOBUX ra3onpoBofiB.

METOANKA POZPAXYHKIB.....cueivinieieeinieteieie et seene e sesteseesesieseeneseesesaens 229

TexHONoriYHMit po3paxyHoK rasonposoay. BusHaueHHs onTuManbHux
napameTpis MaricTpanbHoOro rasonposogy. Bubip Tuny rasonepekauyysanbHux
arperaTis, BU3HAYEHHA YMCNa KOMNPECOPHNUX CTaHUili i BigcTaHi MidXK HUMK.
Bu3HaueHHs BiACTaHi Mi>K KOMNPECOPHUMMU CTaHLisMU. Y TOYHEHWI Tennosuii
rigpaBniyHNin po3paxyHoK fiNsAHKM rasonpoBoAy Mi>K [BOMa KOMNPECOPHUMMU

CTaHLifsMN. PO3paxyHOK pe>kKnMy po60THN KOMNPECOPHOT CTaHuii.
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