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Hagedeno npuuunu asapitinocmi mpyoonpogodie 01 mpancnopmyseants piokux emepeonociis. 3anpononosa-
HO MemoOUKYy 8U3HAYEHHs. AGAPIUHUX 6MPAM HADMU NpU NOUKOOICEHH MiNa mpyou po3eaiyiceHo20 Heiz0mepmii-
HO20 Hagmonpoeody. Pospobreno ancopumm eusnauenns po3nooiny eumpam HAGmMu no GiMKaAxX Po32aALYHCEHO20
Hagmonpogody 6 micyi niokmouenHs ayninea. Ilpogedeno bazamosapianmui po3paxyHKu agapiiiHux empam Hagmu
07151 ICHYI04020 HAMONPo6ody. Po3paxyHkoeum wiisxom 6CMaHO0BICHO 3ANEHCHICIb ABAPIUHUX 6UMOKIE Haghmu 6i0
nAOWE NOWKOOdICeHH mpyOOnpoeody. Bukonano nopisnsanvuuil ananiz empam wagpmu 6 pasi asapii 8 3a1eHcHocmi
8I0 cxemu pobomu po3eanylceHo2o  HeI30mepMiuHO20 Haghmonposooy.

KnrouoBi cioBa: po3raryKeHHid Hei30TepMivHHi HAQTOMPOBI, aBapiiiHi BTpaTH Ha)TH, IUTOIIA MOIIKOKCHHS.

Ipusedenvl npuuunvl asaputinocmu mpyobonpo8ooos Oisi MPAHCNOPMUPOSKU IHCUOKUX DIHEP2OHOCUmMENel.
Ilpeonosicena memoouxa onpedenenusi ABAPUIHbIX NOMePb Hehmu nPU NOBpeAHcOeHUU meia mpyovl pa3eemeneHHo-
20 Heuszomepmuueckoeo Hegpmenpogooa. Pazpaboman ancopumm onpedenenus pacnpedenenus pacxo0o8 Hegpmu no
BEMKAM PA3BEMBIECHHO20 HepmMenpogooa 6 mecme NOOKIIOUEHUs TYNUHed. Bblnonnenbl MHO208apUAHMHble pace-
Mbl ABAPULIHBLIX NOMEPL Hedmu Ol Cywecmayiowezo Hepmenpogooa. Pacuemnvim nymem yCmMaHOGIeHA 3A6UCU-
MOCMb a8apuiiHo20 UCMeYeHUss Heghmu om Naowaou noepexncoeHuss mpyoonpogooa. Buinoanen cpasnumenvhulil
amauz nomepsb Hemu 8 Cryuae asapuu 8 3a6UCUMOCIL OM CXeMbl paboOmbl pa36eMEICHHO20 HEUZOMEPMUYECKO20
Heghmenposooa.

KitoueBbie cioBa: pa3BETBICHHBIM HEW30TEPMHUYECKUN HEPTENPOBOJ, aBapUiHBIC MOTEpH HEPTH, IIOMIAIb
TIOBPEIKICHUS.

The resulted reasons of accident rate of pipelines are for transporting of liquid power mediums. The method of
determination of emergency losses of ail is offered at the damage of body of pipe of the ramified unisothermal oil
pipeline. The algorithm of determination of allocation of charges of cil is developed on the branches of the ramified
oil pipeline in the place of connecting of luping. The multiple calculations of emergency losses of ail are executed
for an existent oil pipeline. A calculation way is set dependence of emergency sources of oil on the area of damage
of pipeline. The comparative analysis of losses of oil is executed in the case of failure depending on the chart of

work of the ramified unisothermal oil pipeline.

Keywords: ramified unisothermal oil pipeline, ememgy losses of oil, area of damage.

HadrorpancmoptHa cucrema YkpaiHu 3Haxo-
muThes B excryatariii BAT "Ykprpancuadra” Ta
BKIItoUYae B cebe 18 HaTonpoBOIiB AiaMETPOM JI0
1220 MM BKIIOYHO, 3arajJbHOK IPOTSHKHICTIO
4569,4km B onHy HUTKY, 51 HadTonepekadyBaib-
Hy crannito (HIIC), 11 pe3epByapaux mapkis 3_80
pesepByapamu 3araiabHoo emuictio 1010trc. M°, a
TaKOK TIPOTHIIOKEXKHI CIOPY/H, CUCTEMH EIIEKT-
PONOCTA4aHHs!, 3aXHCTY Bifl KOPO3ii, TeleMexaHi-
K{, TexHoJoriunoro 3B's13ky. Poboty HIIC 3abes-
ne4dyroTh 176 HacCOCHHX arperaTiB 3arajibHOIO TO-
TY>KHICTIO eJIeKTpoaABUTYHIB 356,9THC. KBT.

Icayroua cuctema Ha(TOMPOBOIIB 3HAXO-
JIUTHCS B eKCILIyaTallil B cepenubomy Big 20 10 48
POKiB (3aJIe)KHO BiI TepMiHY BBEICHHS B Aif0 i
CKJIQJIOBHX). 3a 4ac eKcIuTyaTanii 3Ha4yHa YacTHHA
MaricTpaJbHUX Ha(TOMPOBOIIB 1 TEXHOJIOTIYHOIO
obmagHaHHs BHUEpIIajiga CBiil pecypc, HeoqHOpa3o-
BO Ii/UIsAraja MOTOYHOMY Ta KalliTallbHOMY PEMO-
HTaM i MopaiibHO 3acTapiia [1]. Ile npussoauts 10
BMHUKHCHHS PI3HOTO DOy aBapifiHMX CHTyauiH,
BKJIIOYAI0YM TOIIKO/UKEHHS JIHIHHOT YacTuHy, i
aBapifHUX BUTOKIB Ha()TH.

OCHOBHUMHU TIpUYMHAMH aBapiii Ha HadTO-
HpOBOJIAX €:

— 30BHIimHI ¢i3nuHi (cwioBi) nii Ha TpyOO-
MPOBOJIY, BKIFOYAIOYH BHITIAJIKH HECAHKIIIOHOBAHO-
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ro Bpi3aHHs, 10 MPU3BEIN O BUTOKIB BYTJICBOJ-
HiB — 34,7 %:;

— MOPYUICHHs HOPM 1 NPaBHII IPOBEJEHHS PO-
OiT npu OyAIBHUITBI I PEMOHTI, BIAXHJICHHS BiJ
MIPOEKTHUX puneHL — 24,7 %,

— KOpO3iiiHi HOMKOKEHHsS TpyO, 3amipHOi i
perymorouoi apmatypu — 23,5 %;

— MOPYWIEHHS TEXHIYHUX YMOB NPU BUTOTOB-
JICHH1 TPYO 1 yCTaTKyBaHHS — 12,4%;

— MMOMMJIKOBI [T1i €KCILTyaTalliifHOTo 1 peMOHT-
HOro niepcoHainy — 4,7%.

ExcrutyaTariist MaricTpajibHUX HaTOMPOBOIIB
XapaKTEePU3yEThCS HASBHICTIO TOPIOYOT PiAMHH I
BUCOKHM THCKOM 1 Y BEIIMKHUX KIJBKOCTSX, SIKa y
BUMAJIKy MOPYUICHHS TEPMETHYHOCTI MOXE PO3-
JUBATHCS, TOMIUPIOIOYNCH HAa BENUKIA TUIOIII.
Oco06mBo HEOE3NMEYHHMH TIPH IOMY € HadTo-
MIPOBOJTH, PO3TAIIOBAHI y BHIIHUX TOYKAX MIiCIIEBO-
cTi (icHye HeGesneKa BITbHOrO PO3TiKaHHS npozy-
KTy B HU3HMHHM), 8 TAKOX NMOOIM3Y PiK, BOJOM, 3a-
JI3HUIb, INOCEHHUX JOPIT Ta IHIIMX KOMYHIKaIiH,
SIKI MOXXYTh CTAaTH NUISXaMH BUTBHOTO PO3TiKAHHS

[2].

3HavHI TEpMiHHM EKCIUTyaTarlii HadTompoBo-
IiB Ta 00'€KkTiB HaQTOTPAHCIIOPTHOI CUCTEMHU BU-
MaraloTh BKJIQJCHHS 3HAYHMX KOIUTIB JUIS MiABHU-
IMEeHHS iX HamIHHOCTI 1 HMIATPUMKH B CIIPaBHOMY
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Pucynok 1 —Ilo3noB:kHiii po3puB Hadronposoay " Apyxoa-1" giamerpom 530mMm

TeXHIYHOMY cTaHi. Tak, HampuKiam, 2 TpyaHs
2009poky B CraHoBIsTHCBKOMY paiioHi JIumenpkoi
obnacti (Pocist) craBcst po3pus Tpyou (puc. 1) Ha
HadronpoBoxai "ZpyxOa-1", y pe3ynbpTari SKOro
pozmunocs 6mu3sko 200TouH HadTH [3].

3a mannMu ['0JOBHOTO YIpaBIIiHHS 3 TUTaHb
Ha/I3BUYAHUX CUTYyalill y 3akapnarchKiii o0nacTi
[4] vy Bepecni 200Poky Oyno 3adikcoBaHo apa-
piliHuii BUTIK HapTH HA MOBITPIHOMY IMEPEXO.i
232 kM mepioi yepru HadrompoBoay «JIpyxoa».
[Tnsma 3a0pyaHEHHsST cTaHOBHJIA OJU3bKO 7 KiJlo-
METpiB.

ABapiiiHi cuTyauii TpamsuMcs 1 Ha MaricTpa-
IpHUX HadTompoaykrompoBonax. Tak, 17 ciuHs
2009 poky, Ha 3akapratTi OyiM JIIKBiZOBaHI Hac-
JIAKA aBapii MaricTpajbHOro HaAQTOMPOAYKTOIPO-
Bony BAT «lIpukapnar3axigTpanc», mo cTagach
nobimmzy c. KocTpuHo wyepe3 po3repMeTH3aiiio
TpybonpoBonty [5]. B pesynbrari miei aBapii 3a-
opynueno 34300M° 3eMenbHUX peCypciB, 3 AKHX
7100 M — 3emii xuTOBOT 3a6ynoBH, 25200M° —
3eMJIl  CIIBCBKOTOCIIOAAPCHKOrO TMPH3HAYCHHS 1
2000 M° — 3eMJIi NPHPOTHO-3AIOBIAHOTO (OHIY
(YxaHChKMi HalliOHANBHUN MPUPOTHHUN Mapk). B
HABKOJIMITHE CEPEOBHUILE 3arajoM IOTPAIIIO
60 T HadTOMPOIYKTIB, YJIOBIEHO Ta 3i0paHo 51 T
HaJILHOTO.

AHasizyrour BUIlleHaBeIeH] (pakTH aBapiiHUX
MOUIKOPKEHb Ha()TOIIPOBOIIB, CIIOCTEPIraEMo iT-
Ky KapTHHY MPUYIUH aBapiHHOCTI TPyOOIpOBiIHO-
T'0 TPAHCIIOPTY PIIKUX CHEPTOHOCIIB, a came:

— yepe3 EKOHOMIYHI Herapazgu B pailoHax
NPOXOJKEHHS! HA(TOMPOBOIIB CTBOPUBCS BAKKHIMA
KPUMIHOT€HHUH CTaH. 3IOBMHUCHHKH DPYHHYIOTbH
JIHIAHI cCOpYau HaQTOIPOBOAIB Ta PO3KPaaalOTh
obnmamHanHsa. Haitbimpmoro 3arpo3oro st HadTo-
TPAHCHIOPTHOI CHUCTEMH € MOLIKOPKEHHS HagTO-
TIPOBOJIIB 3 METOKO PO3KpaJaHHs HA(TH;

— posrepmeTH3allis HaQTONPOBOIY BHACIIAOK
HAsBHUX JIe(eKTiB Tina TpyOu (TpilyH, CBHUILIB,
PHCOK), TOPYIICHHS TiIpOJHMHAMIYHHX AaCIIEKTiB
eKcIutyatanii HaQ TOTPaHCTIOPTHUX KOMYHIiKamil.

[ligBumieHHs: HaOiHHOCTI eKcIuTyaTallii 00'ek-
TiB HadTOMpOBONIB AJs 3a0€3MEUEHHST HOPMaJIb-
HOro Oe3aBapiiiHOro (YHKI[IOHYBaHHS Ha(TOMPO-
BiZIHOI CHCTEMH € JOCTaTHHO AKTyaJbHHM IHTaH-
HSIM JUIsl BUPOOHMYOI NpakTUKu. B mpomy KoH-
TEKCTI BKpail Ba)KJIMBOTO 3HA4YeHHs HaOyBae Tin-
pOOMHaMiYHA METOZOJIOTiSA BU3HAYCHHS aBapiiHIX
BTpaT HAPTH.

AHaji3 OCTaHHIX JOCTIHKEHh B HAIPSIMKY
TpyOONIPOBITHOTO TPAHCIOPTY BHCOKOB' SI3KHX 1

mBHAKO3acTUraounx Hadr [6, 7, 8, 9],a Takoxk B
HaNpsIMKY JOCHiKEHHA aBapiiiHocTi Hadrompo-
BoJiB [2, 10] BKa3aB Ha BiCYTHICTh METOJHK IIPO-
THO3YBaHHS BTPAaT BUCOKOB' A3KHMX, IIBHJIKO3aCTHU-
rar4ux Ha(T Npu iX TPaHCHOPTYBaHHI, OCOOIMBO
B PO3TaTy’KCHiH cuCcTeMi HAaTOTIPOBOIIB.

ABTOpaMH cTaTTi po3po0JIEHO METOAMKY TPO-
THO3YBaHHS aBapiiHUX BTpaT HapTH B pO3Taiyxe-
HUX HEI30TePMIUYHMX HaPTONpPOBOAAX, IO A€
3MOT'y OLIHHUTH OOCATH BHTOKIB Ha(TH IpH IIO-
ITKOPKCHHI JIiHIHHOT YacThHU. ToMy po3polbiieHa
METOAMKa MPOTHO3YBaHHS aBapiiHUX BUTOKIB Ha-
(TH pH MOLIKOHKEHH] pO3ralyKeHOro Hei3oTep-
MIYHOTO HA(QTONMPOBOAY € METOI0 HaBEeIEHHX B
CTaTTi 1OCIIAKEHb.

[Ipu aBapiiiHUX TIpollecax B CYYacHiIH MeTo-
JOJIOT1UHIHM mpakTHLi TPyOOIPOBiTHOTO TPAHCIIOP-
Ty Ba)XJIMBUM 3aBJAHHSIM € BH3HAYCHHS CyMapHO-
ro o0’ eMy BTpaT HaTH, [0 1 micisl 3aKPUTTA 3alli-
pHOI JTiHIAHOT apMaTypH Ha JiHIHHIN JacTHHI Had-
torposoxy [10]

V.=V, +V.. (1)

Iicast 3aKpHUTTS 3aCYBOK yCEPEAHCHI BTpaTH
Hadru piBHi ii 00’ emy, IO 3HAXOIUTHCA B Hadro-
MpOBOAI MK JBOMA JIHIHHHMH 3aCyBKaMH, IO
BIICIKAIOTh aBapiifHy JISHKY .

O0’eM HadTH, KU BUTIKAE MIiCHS 3aKPUTTA
3aCyBOK, BU3HAYAETHCS 32 (POPMYIIOI0

V, =0,08310° rp? 1, )
ne: D —BHyTpimHIN giaMeTp HaQTOMPOBOLY, M;

L p — JOBKHHA TUISTHKY Ha(TOMPOBOIY MiXK
ZIBOMa 3aCyBaMH, M

Jlo 3aKpuUTTS 3aCyBOK BTPATH MPOIYKTY IPO-
XOJIATh TIiJI TUCKOM, ONM3BKUM 10 pobodoro. Bin-
NOBiJHO aBapiiiHi BTpaTH HadTH OYAyTH IPOIOP-
HiiiHi BiApi3Ky Yacy Mi)K MOMEHTOM BHHUKHEHHS
aBapii i MOMEHTOM BHUSBJICHHS 11 UCTIETICPOM

Vv, =QM,, 3)

ne t — gac, mepenOayeHU HOPMAaMU TIPOEKTY-

y
BAaHHS Ha 3aKPUTT 3aCyBOK, ty =15xa.

00’ emHa BUTpaTa HAQTH KPi3b HOIIKOIKSHHS
B TpyOONPOBOIi OOYHCIIOETBCS 33 (POPMYJIIOI0 Ma-
KCHMAJIbHOTO BHTIKaHHS Pi/IMHU KPi3b OTBIp, €KBi-
BAJICHTHHH IO Ie(eKTy Y CTIHII TpyOH

Q=uBH2[gMH, (4)

ISSN 1993—9965. HaykoBum BicHuk IOHTYHI. 2012. Ne 1(31)



TpaHncnopr ta 36epiraHHa HagTH i razy

x=30 km, Az=-92 m

KN “Oporo6uy™

HMC “OonuHa”

D=514 mm,

[=35,2 km, M,

D=255 mm, L=58,6 km, AZ=-117 m, M,,

M=216,05 t/rog

H, =166,5m

x=30 km, Az=-92 m

Cxema 1

HMC “OonuHa” Y E=514 MM, KM “Oporoduy”
=32,0 km
D=255 wm, " -
L=58.6 km M,
M=211,60 1/rog
D=205 mm,
H,, =1893 m Cxema2  L[5180«ku
x=30 km, Az=-92 m
HNAC “OonuHa” KN “Oporoduy”
D=255 mwm, D=514 mm, e
[ =26.,6 km L=32,0 km
M=211,00 1/rog
H,,=192,3 u Cxema 3
HNC “Oonuna”  X=30 Km, Az=-92 m KN “Oporo6uy”
D=255 mwm, D=205 mm,
=406 km L=18,0 km
M=153,60 1/roq
H,, =443.2 m Cxema 4

Pucynok 2 —Po3paxyHkoBi cxemu HadgTonposoay Jdosmua — JIporoouy

ne. 4 — KoedilieHT BUTpaTH HadTH uepes3
nedekt y criHmi TpyOu (3 BpaxyBaHHSAM ONOPY

rpynty M= 019 [11];

S — mioma MomnepeyHoro nepepizy aedext-
HOT'O OTBOPY;

0 — IPUCKOPEHHS BUIBHOTO MaliHHS;

H — namip B HaTonpoBoIi Ha BijACTaHi X BiX
HOro Mmovyarky.

JInst po3paxyHKy BUTpaTé HaQTH depe3 Je-
¢exT B cTiHIl TpyOM HEoOXimHO 3HATH ii Hamip B
MicCL{ ITOIIKOKEHHS

H=H_,, —-h, (5)
ne h — Brpatn Hanopy Ha Z[IJ'I}IHLII HaTONPOBOAY
BiJl IOr0O MOYATKY /10 MiCLs aBapii.

Hnst i30TepMiuHUX Ha(TOMPOBOIIB BTPaTH
HArmopy Ha TepTS BU3HAYAIOTHCS MIISIXOM BHKO-
HaHHS T1ApaBIiYHOTO PO3pPaxyHKY MUISHKH TPyOo-
NPOBOAY A0 Micls aBapii. SKI0 X po3risIaloThCs
Hei30TepMiyHi HaQTOIPOBOIH, TO AJISl BU3HAUCHHS
3a3HaYCHOr0 MapaMeTpa BUKOHYIOTh TEIUIOTigpaB-
JTYHUN po3paxyHOK HA(QTOIIPOBOIY.

Posrisinemo Hagronposin «/lonmna — JIporo-
OWy» 3 BHUKOPUCTAHHSIM J[BOX JYHIHTIB 1 ABOX
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BCTaBOK 3T1IHO PO3PaxXyHKOBHX CXEM, IO 300pa-
JKEHI Ha PUCYHKY 2.

Ipumycrimo, wo B HadTonposoxi «/lonuHa —
Jlporobuu» mpu nepekadyBaHHi JTOIMHCHKOI Had-
TH 3 JESKOI0 MacOoBOIO BHUTpPATOI0 Ha BiJCTaHi
x = 30 kM Bix moyaTKy Ha(TOMPOBOAY CTajach
aBapiiiHa CHTYyaIlisl, IO CYIPOBOIKYETHCS aBapiii-
HUMHU BTpaTamu HadTH.

[Tpu po3paxyHKy HadTONMPOBOMY 3TiHO CXEM
1i 2 (puc. 2) BuHHKaE MoTpeda y BU3HAYEHH] BH-
TpaTu HaAQTH Yy JYITIHTY 1 MaricTpai.

Jlnist mapanenbHUX MITSTHOK HAPTONPOBOAY, 32
YMOBH, IO AiaMETPU MaricTpaii i JIymiHra ofHa-
KOBI, CITpaBE/JTUBA TaKa 3aJICKHICTh!

LU
M:MM+M,1=D,5m+Dﬂ2m (6)

ne: M,, M, —wmacoBa Burpara HAQTH B OCHOB-
Hill MaricTpali i B JIymiHTY BiATIOBiAHO;

M — MOKA3HUK, IO 3aJICKUTh BiJ] PEXKUMY PY-
xy Hadru [12].

BisbmeMo naHy 3ajexHicTh 3a 0a3oBy NpH
PO3paxyHKy pO3MOALTY BUTpAT.
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Bukonasimiu HeBHi MaTeMaTI/I‘lHi NEpETBOPCH-
Hd, OTpUMAEMO HACTYIIHY 3aJIC)KHICTH
5-m

D. )2-m
M:Mq( J vl @
i Dﬂ
Takum 9uHOM, BUTpaTa Ha(QTH B JTYIMHTY
_ M
M, = 5w T (8)
& 2-m +1
Dﬂ
BinmosiaHo, BuTpaTa Ha)TH B MaricTpaiii
M, =M-M,. )

Matoun po3mojin BUTpaT Ha(TH, MOKEMO
pO3MoYaTH TEIUIOTiAPABIIYHUN pO3paxyHOK Had-
TOMpoBOAY 3rigHo 3 [12]. Jmst 1bOro BU3HAYAEMO
3arInOIeHHS TPYOOIIPOBOLY A0 OCi TpyOH.

Hast Tpy6 piamerpom 10 1000mm,

h, =0,8+ % , (10)
ne D, —30BHIIIHINA AlaMeTp TpyOOIpOBOLY, M
Hus tpy0 aiamerpom noHan 1000mwm,
D
hy =1+ (11)

Koedimient Termnomepenawi mis IiA3EMHUX
TpyOOTIPOBOIIB 3 BpaxyBaHHAM ACSIKUX CIPOIICHB
pIBHHI 30BHINTHEOMY KOEQIII€HTY TEIUIOBiIIadi
(k =a5,), sxuii BU3HA4YA€THCS 32 HOPMYIIOIO

a, = . (12)

Ie /L,p —Koe(DIIiEHT TEIIONPOBIIHOCTI IPYHTY.
Po30uBaeMo meperiH MiX CTaHIISIMH Ha Tap-
HY KUIBKICTH (N) BiAPi3KiB JOBKHHOIO

(13)

KoxHnit i3 mux Bifpi3kiB po30uBaeMo Ha P
YacTUH

(14)

Jlnist 3HaXOIKEHHS 3HaueHb TeMIIepaTypu Ha-
(¢TH B KiHII KOXKHOTO 3 IUX P BiApi3KiB BU3HAYA-
€THCSI PO3PAXYHKOBHUI KOMITIIEKC

_knDI'
MC
q=e P
e Cp, —IHTOMa MacoBa TCIUIOEMHICTb HA(TH.

Temneparypa HapTH B KiHII i-TO HEpPETOHY
BH3HAYAETHCS 3a (popmyioro (16)

t, =t +(t, ~t,)q, (16)

ne: t,— temmepaTypa HadTH Ha MOYaTKy HaTO-
POBOLY;

(15)

t, — Temmeparypa HaBKOJMIIHBOTO CEpelo-
Buma (I mig3eMHoro TpyGOoIpoBOLy PO3paxyH-
KOBa TeMIleparypa IPpyHTY Ha TTUOWHI yKJIaJTaHHsI

TpyOu).
BusHauyaeTbesi KiHeMaTHuHa B’ s3KicTh HaTH

B KiHIII KOXHOTO BiJ[pi3Ka JOBKUHOO I".

V = Vlexp[—u(t —tl)] , a7
e U—xoedilieHT KPYTH3HH BiCKOTPaMH,
V.
u=—t ki : (18)
L=t V;

Jlis po3paxyHKy BTpaT Hamopy Ha Bipi3Ky
MOBXKUHOIO L HEoOXigHO 3HAWTH CepeaHbO-
IHTerpaJibHe 3HAYCHHS B’ sI3KOCTI HAQTH Ha BiApi3-
Kax IOBXXHUHOIO | .

Haii6inpm mpocTIM METOIOM BH3HAYCHHS

BEJIMYUHU Vcep ium. » IO BXOJUTH 110 HOpMynn ISt

BU3HAUEHHsSI BTpaT HANoOpy NpU MepeKayyBaHHI
HaTH 3 migirpiBoM, € rpadoanamiTHaHuAd. [ns
IIbOTO BUKOPHCTOBYETHCS (hopmyina CiMricoHa

_1 [Vn +4(V1 +Vg + . g 1)
P (19)

m
cep.iHm

+2(v2 +vg +. vl 2) m]

3a popmynamu (20), (21)i (22) BuzHauaeThCs
CepeHsl TeMIlepaTypa Ha BiJIpi3Ky JOBXHHOIO |
3HaxXoaMMO 3HAYCHHS OE3pO3MipHOT0 KOMILIEKCa
73a GopMyII010

(20)

OO6uncaI0EMO CepeHIO TeMIepaTypy HaQTH y
HaTONPOBOI 3a POPMyIaMH:
SIKIIO T < 2, TO

tep =0,5(t,+t, ), (21)
SAKIIO T > 2, TO
t —t
tp =t +——" (22)
Int

Hami pospaxoByetbesi ryctiHa HadTH. s
IIbOI'0 BUKOPHUCTOBYEMO TaKy MaTEMaTU4HY MOJIENb.

P = pa - E(t - 20), (23)
Poo —TryctrHa HadTH npu Temneparypi 20°C;
¢ —TeMriepaTypHa TMoMpaBKa IyCTUHU HadTH
¢§=1,825- 0,00131p, . (24)

Busnagaerbcst 00’ eMHa BUTpaTa HaApTH 3a Ta-
KO0 JOpMYIIOIO:

ae:

Mo Elo3
pcp

OOGUHCIIOIOTECS BTPATH HAIIOPY HA TEPTS MO
JIOBKMHI KOJKHOTO i3 Bi/Ipi3KiB JOBXKHMHOMW | i3 Bpa-
XYBaHHSM BTPar Hamopy B Micuesux omopax (2 %
BIJ] BTpAT HAMOPY Ha TEPTH)

2-m ,m
Qcpi ch IHmj |

D5m

Q, = (25)

h =1,020r B (26)

ne Ar — mompaBKa Ha HEI30TePMIYHICTH TIOTOKY B
pamianpHOMY HampsMKy. st 1HKEHEepHUX po3pa-
xyukie Ar =1,01..1,1.
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BusHa4atoThesl 3arajibHi BTpaTH HANopy Ha
TEPTs 10 JOBXKHHI NEPErOHy MDK CTAaHUISAMH I3
BpaxXyBaHHSM Pi3HHUII T€OAC3NYHUX TTO3HAYOK KiH-
115 1 TTIOYATKY TIEPETOHY

n
h=>h +Az
i=1

HaBenemo mpukian po3paxyHKy s HaTO-
nposojy «/lomuHa — J[poro6uy» npu BUKOPHCTaH-
Hi JymiHTa, MiJKITIOYeHOTo 3rigHo i3 cxemoro 1
(puc.2).

Busnaunmo 3arnmmbieHHs TpyOONPOBOAY OC-
HOBHOI MaricTpaii 0 oci TpyOu 3rimHO 3 dopMy-
no1o (10)

h, =0,8+

(27)

= 0,936Mm.

0,273
2

KoedirmienT Temmomepenadi At OCHOBHOT Ma-
rictpam HadTtonpoBoxy «JlommHa — J[porooma»
3rigHo popmyiu (12) craHoBUTH

Zﬂfm 535 3.37B1/ (v’ K).
0,2730In—F——
0,273
Po306uBaemo ainsgHKy HaQTONPOBOAY BiA HOro
HOYaTKy 10 TOYKH IIKIIOYCHHS Ha JBa OJHAKOBI
BIIPI3KH JOBXXHUHOIO
| =11700m.

Koxnunit i3 mux BiApi3kiB po3duBaemMo Ha 4
YaCTUHU

a, =

|"'=2925wm.

1 3HaXOIKEHHS 3HAYEHb TEMIepaTypH Ha-
(T B KiHIII KOXHOTO 3 IIUX YOTHPHOX BIJPI3KIB
BU3HAYAETHCS PO3PAXYHKOBHH KOMILIEKC 38 Maco-
Boi BuTpat Hadtu 216,05r/rox (60,0kr/c)

_3,37#t0,25512925
q=e 601984,5 — O, 936.

Temneparypa HaQTH B KiHII KOXHO{ i3 4OTH-
PBOX IUISHOK:

t, =3+(75- 300,936= 70,4C,
t,, =3+(75-3 0,936 = 66,1C,
t,, =3+(75- 3 0,938 = 62,0C,
t,, =3+(75-3 0,936 = 58,3C.

Busnavaemo kiHeMaTH4Hy B’ S3KicTh Ha)TH B
KiHIII KO’KHOTO Bifipizka joBxkuHO0 |’ !

V., =1,028ex __2255 ). 5,9&Cr,
1 70,4+ 58,6

V., =1,028ex __225 | 6,28Cr,
2 66,1+ 58,63

V., =1,028ex __2255 ). 6,6¢Cr,
3 62,0+ 58,63

V., =1,028ex __2255 ). 7,08Cr.
4 58,3+ 58,63

BiamnoBinHO B’ A3KICTH B cTEHEH] M
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v =5,6"2°=1,538cCr %%
=5,9P%°= 1,559¢Cr %%,
VKZ =6,28%=1,58%Cr %%
n=6,672°=1,607%Cr %

n =7, 09%°=1,63xCr %%

st pospaxyHKy BTpaT HAopy Ha BiAPI3KY
JIOBXXKUHOIO L HEeoOXigHO 3HAWTH CcepeaHBOIHTET-
paibHE 3HAYCHHS B SA3KOCTI HAQTH HA BiApi3Kax
JOBXXHUHOIO | .

s uporo Bukopuctaemo dopmyiny Cimrco-
Ha (19)

m —
Vi _3—[153& A1559-1607+201583-163]=
=1583cCr %2°,

mo Bixmosigae 0,0501 {1%/c)%>.

3a dpopmynamu (20) i (22) BusHagaemo cepe-
OHIO TeMmIlepaTypy HaQTH Ha BiApI3Ky JOBXKHU-
HOIO |.

75-3
5833
tep, =0,500 75+ 58,3= 66,6C.

3a 1i€l ceperHbOi TeMIlepaTypyd BH3HAYAEMO
rycTuny HadTH 3a popmyio (23)

P, =844-0,715( 66,6 2p= 810/m°.

i cepenHio 00’ €MHY BUTpaTy HaQTH 32 POPMYIIO0
(25)

=1,3083,

216,0916 3
= =266,5m°/ron,
Qv ="g10.7 8
111(0) BI,I[HOBI,I[aC CeKyHIHIH BUTpari HadTH
0,07403v%c.

BI/ISHa‘{aeMO BTpaTI/I Hanopy Ha TCpTH 10 O0-
BXHHI IEPIIOrO BiJPI3Ky TOBXKHHOIO | i3 Bpaxy-
BaHHSM BTpAT HANopy B MicueBux onopax (2 %Bixn
BTpaT HAIoOpy Ha TEPTH), BUKOPHUCTOBYIOUH (op-
myny (26),

-025
hy = 10201050, 0246 07403 Ogm 0501 1 706
0,255 025

=10688 M.

AHaJOTiuHI po3paxyHKHA BUKOHAHI IS IPYTO-
T0 Bifpi3Ka MaricTpaii, a TAKOK 00YHCIICHI BTpaTH
HAaIopy Ha TEPTS B JYIHTY TOBXUHOKO 6,6 KM.
Pesynbraru 3BeneHi 1o Tabmmmi 1.

TakuM 4YMHOM, BTpaTH HANoOpy B HaTOMpPO-
BOI 70 MicIls aBapii ckiramarots 220,1M. 3 Bpaxy-
BaHHSM PI3HUIIl TEONEC3UIHHX ITO3HAYOK MIiCIIS
apapii 1 movaTky Ha(pTOMPOBOAY BTPATH CTAHOBH-
TUMYTh

h=220,1- 92= 128,11.
OTtxe, Hammip HaTH B MiCIIi aBapii CTAHOBHTH
H =166,5- 128, 38, 4.

3naiizeMo 00’eMHy BuTpaTy HadTu uepes
MTONIKOJDKEHHST B TPyOOIIPOBOIi, TPUHHSBIIH, Jng
iora fedekTy y CTiHMi Tpyou craHoBuTh 8'10° M
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Taoauns 1— PesyapTaTn po3paxyHKy BTPAaT HANopy B OCHOBHIii AijsiHui HadronmpoBoay
«/louna — JIporoduy» 10 TOYKH MiAK/JII0YEHHS JyniHra Ta B gyminry A0 3040 km 3rigHo 3i cxemoro 1

Bincras, [TouaTkoBa Kinnesa Ceype,[[}.IBOiHTeraIIBHa Brpatu Brpatu Hanopy
TeMmreparypa, | TeMIepaTtypa, | B s3KicTb Had)TH Ha Halopy Ha | 3 HAPOCTAIOUUM

KM ¢ ¢ Binpisky |, (M%/c)*® | Bimpisky |, M | mizcymxom, M
11700 75,0 58,3 0,0501 106,88 106,88
23400 58,3 45,4 0,0532 110,94 217,82
30000 45,4 38,0 0,0559 2,32 220,14

(medexT exBiBaJIEHTHHIT OTBOPY IiaMETPOM OJIH3b-
ko 100Mm),

Q=0,1508M0° 0/ 219,81 38,4 0,033¢°/c.

Brpatu HadQTH 10 3aKpUTTS 3aCyBOK BH3HAYA-
€TBCS

V, =0,03311516G= 29,%"°.

Micme aBapii 3rimHo cxeMu 1 3HaxoawThCs Ha
ayminry mik 3acyBkamu 4071 408 nanoro Hadro-
mpoBoy. JlOBKHHA JIYIIHTY MK IIUMHA 3aCyBKaMH
ctaHoBuTh 8,2 kM. O0’'eM Ha(TH, SKHIl BUTIKAE
MICJIs 3aKPUTTS 3aCYBOK, —

V, =0,08310° 370,514 8208 5/6 16Mm°

Li BTpatu myxe Mani B MOPiBHSHHI 3 BTparta-
MU JI0 3aKPUTTSI 3aCYBOK, TOMY 3arajibHi aBapiiiHi
BTpaTH Ha(TH B pe3yibTaTi yTBOpeHHs aedekTy
miomero 810° M Ha 30-0My KM TpacH HadTOMIpo-
Boxay «/lommHaa — J[poroOuT» CTAHOBUTHMYTh

V, =V, =29,7v°.

AHaJOTIYHUM YMHOM BH3HAYEHO BTpaTH Had-
TH TIpU aBapii Ha TPHUAISTOMY KIJIOMETpPi Tpacu
HaQTONPOBOAY HpPH IUIONI Ae()EKTHOrO OTBOPY
810" m s pertu TpHOX cxeM (puc. 2).

Jis  mpoBeneHHS PO3PaxyHKY —aBapiifHUX
BTpar mnapadinuctoi HaQTH 10 HAPTOIPOBOAY
«lomuaa — JlporoOuu» HEOOXiHO BPaxoBYBaTH
TLIPOJIMHAMIYHI XapaKTEPUCTHKH HE130TEPMiTHOTO
HaTONPOBOAY 3 BpPaxyBaHHSAM TEMIIEPATYpPHOTO
pexumy Horo pobotu. ToMy 1y BU3HAUYEHHS 00-
CATIB BTpaT HA(TH MpHU aBapiiiHiil cuTyarii Ha Ha-
(dromporoai «JlonuHa — Iporodny» npu BUKOPHC-
TaHHI JIYIIHTIB Ta BCTABOK 3aCTOCOBYEMO IIpOTpa-
MHE CEpelIOBHIIE, SKE NO3BOJISIE OOUMCIUTH aBa-
piiiHi BTpatu HadTH NpU MOMIKOMKEHHI LiTiCHOC-
Ti, a0 TIOBHOMY pyHHYBaHHI OJIHI€i 13 MUISHOK
Hadronposony (cxemu 1-4,puc. 2).

Bxinni fgani i pe3ynbTaTn pO3paxyHKy st
Hagpronposony «/lommna — Jlporo6uu» 3rigHo 3
cxemoro 1 HaBeneHi B Tabaumi 2.

Bukopucrane mporpamHe 3a0e3lCUCHHS J1a€
3MOTr'y IIBHIKO OLIIHUTH BTpaTH Ha(TH mpH aBapii
B 3QJICKHOCTI BiJ IUIOINII PYWHYBaHHS CTiHKH TpPY-
0u, TOMY JTOCTaTHHO €(PEKTHUBHO MOXKE OYTH 3aCTO-
coBaHE Y BUPOOHHWUIN MpaKTHIl 3 METOI0 BH3HA-
YeHHs aBapiiiHUX BTpaT HaTH.

JIist  mocImipKeHHST 3aJeKHOCTI  aBapiiiHOTO
00’ eMy HadTH BiI TUIONII PYWHYBAHHS Tija TPyoOH
NpOBeJIeHO OaraToBapiaHTHI PO3PAaxXyHKH IS PO3-
[IISTHYTHX cXeM poOoTH HadrompoBony «/lommHa —
Hporobuu». Pe3ynpTaTi 1IuX po3paxyHKiB 3BEICHO
10 Tabmuii 3.

3a pesynpraTamMu TabnMii 3 M00YyI0BaHI rpa-
(dhiuHl 3aJNCKHOCTI aBapiHUX BTpaT Ha(TH BiJ
TUTONII TIOIIKOJKEHHSI TPyOH, 1m0 300pakeHi Ha
pucyHkax 3, 4, 5, 6.

Pe3ynbTaTé po3paxyHKiB CBiI4aTh, IO 00’ €M
aBapifiHMX BTpaT Ha(TH 3aje)KaTh BiA IUIOIII IO-
IITKOPKCHHSI TUIa TpyOH, BUTpaTH HaQTH B TpyOO-
MPOBOJIi, PEXKHUMY HMOrO POOOTH a TaKOK CXEMHU
poOoTH NiHIIHOI YaCcTUHM MaricTpalbHOrO HadTO-
MPOBOTY. 3AJICKHICTh aBapiHUX BTPAT Bij IUIOII
MOMIKO/DKEHHS TiJIa TPYOH € TpSMOIIPOTIOPITiH-
Hor. Tak, HaiiMeHIli BTpath HadTH crocrepira-
IOTBCSl TIPH BKJIIOYEHHI B cxeMy JymiHriB. Kpim
TOTO, Taka KOMOiHaIlis poOOTH CKJIaJHOI TiapaBii-
9HOI Mepeki 3a0e3rnedye BUCOKY HaMIHHICTH HOTo
poOOTH, OCKUIBKH TIOMIKOKCHA IiISHKAa B pasi
aBapii BITKIIIOUAETHCS 0€3 3yNMUHKH MPOIIeCy Iepe-
KauyBaHHS HAPTH.

3aBHaHHSAM HACTYIMHHUX JOCTI/DKEHb € BIOC-
KOHAJICHHST METOJMKH TPOTHO3YBaHHS aBapiitHUX
BTpaT HapTH TSI PO3PaxXyHKY OUIBII CKIATHUX
PO3rajIyKCHUX HEI30TepMIYHUX HA(PTONPOBOIIB, a
TaKOX MPOrPaMHOTO 3a0e3MeUCHHsS NI BUKOHAH-
HSI TAaKUX PO3PaxyHKIB.
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Taoauus 2 — Bxiani nani nJs po3paxyHky aBapiiinux BTpat HadpTH B HAQTONPOBOI|
«/losmmHa — Iporoduy» 3rigno 3i cxemoro 11i pe3yiabraTu po3paxyHkKy

ITo3nauenHs OZ[I/IHI/H_II
ITapameTp B aJIro- y po- | BEMIpIO- | 3HaYCHH:
puTMI rpami BaHHA
BxigHi gaHi anst po3paxyHKy
Bizncrans Bia movatky HaTONPOBOIY 10 MICIs aBapii X X 30000
Pi3HHUIS reoIe3MYHIX MO3HAYOK MICIIS aBapii i moYaTky Az delz y -92.0
HapTONPOBOAY
30BHIIIHI JiaMeTp MaricTpasi 0 MiAKIIOYCHHS JTyITi- D dz y 0273
Hra (BCTAaBKH) s
BHyTpiumHii niaMmeTp MaricTpani 10 iIKIF0YeHH s JTy- D d y 0,255
miHra (BCTaBKH)
I{[I;))B)KI/IHEI MaricTpaii 0 MiAKIYeHHs JymiHra (BcTas- L I y 23400
30BHILIHIHN JiaMeTp OCHOBHOI MaricTpaii (jyminra, D,s(Dys, dmz " 0.530
BCTAaBKH) IIICIIA TOUKM ITiAKITFOUEHHS » (diz, dvz) '
BryTpimHiit giamerp ocHOBHOI MaricTpaii (Iyrinra,
BCTAaBKH) IICIIA TOYKH I AKITFOUEHHS D.. (D, D.) dp M 0,514
JloBXMHA OCHOBHOT MaricTpaii (JTyrmiHra, BCTaBKH) ITic- L, (L, L) Ip " 6600
JIS1 TOYKY T IKITFOYEHHS
Macoga Butpara HaQTH B HAQTONPOBOAI M m t/ron 216,05
Hanip na noyatky HadTONPOBOAY H,, hs M 166,5
[T101112 TOTIEpEYHOTO TIEpePi3y AeheKTy S S M 0,0080
JloBxkHHA NiTSTHKE HATONPOBOAY MiK IBOMa 3acyBa- L Ir M 8200
MU, MK SKHMH 3HaXOJIUThCSI MiCIIe aBapii P
JliameTp TOITKOMKEHOT JUTSTHKH D, dpd M 0,514
Po3paxyHKOBI BETHUYMHN

Brpaty Hamopy B OCHOBHi MaricTpaii 10 TOYKH Tif- h hm y 217.6
KITIOYCHHS JIyTiHTa (BCTABKH) "'
Brpatu Hanopy B mMarictpani (JIymiHry, BCTaBII) MiCIs h h 23
TOYKH TTi IKITFOUCHHS " P '
BrpaTu Hamopy Ha TepTs 3 BpaxyBaHHAM AZ h ht M 128,0
Hamip madytu B Micrii aBapii H h M 38,5
Butpata HadTH Kpi3h nedexT Q q W& 0,0330
Brparu HadTH 10 3aKpPHUTTS 3aCyBOK Vy vn M 29,70
BrpaTtu Ha)TH MiCIIs 3aKPUTTS 3aCYBOK V; vz M 0,001
ABapiiidi BrpaTi Had)TH B MicCIli aBapii \ v M 29,70

Tadauus 3 —3ajekHicTh BTpaT HAQTH Bil IUIOIIi pyHHYBaHHS Tij1a TPYOH JUIS PO3IJISTHYTHX
pO3paxyHKOBHX cxeM Hadronposoay «/loanna — JIporooma»

PospaxynkoBa cxema 1
S, M° 0,001 | 0,002| 0,003 0,004 0,005 0,0p6 0,007 0,008090(®,010| 0,011 0,012
V,m® (371 |7,42 | 11,14 14,8%5 1856 22,27 25/08 29,70 333712 | 40,83| 44,54
Po3spaxyHkoBa cxema 2
S, M 0,001 | 0,002| 0,003 0,004 0,005 0,006 0,007 0,008090(®,010| 0,011 0,012
v,m® [1,78 |356 | 534 | 7,13| 8,91 1049 12,47 14[25 16,03811719,59| 21,37
PospaxyHkoBa cxema 3
S, M° 0,001 | 0,002] 0,003 0,004 0,005 0,0p6 0,007 0,008090(®,010| 0,011 0,012
V,m° (398 [795 | 11,93 1590 19,88 23,85 27,83 31,80 353875 | 43,73 47,7C
PospaxynkoBa cxema 4
S, M 0,001 | 0,002| 0,003 0,004 0,005 0,006 0,007 0,008090({®,010| 0,011 0,012
V,m® [11,60 | 23,20 34,81 46,41 58,01 69,61 81|21 9N18H 4:[116,0:[127,6 [139,2:
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Pucynok 3 —I'padiuna 3aekHicTh aBapiiiHUX BTPaT HAQTH BiJ NJIOLII MOIIKOXKEHHS
HaQTONMPOBOIY AJs PO3PaXyHKOBOI cxemu 1
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Mnowa nowKoaeHHsA, M2

Pucynok 4 —I'padiuna 3ajexuicTs apapiiiHux BTpaT HadTH Bil NJI0LIi MOMKOIKEHHS
HadTonpoBoay /151 PO3PaxXyHKOBOI cXeMH 2
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Pucynok 5 —I'padiuna 3ajexuicTs apapiiiHux BTpaTt HadTH Bil NJI0LIi MOIKOIKEHHS
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Pucynok 6 —I'padiuna 3aekHicTh aBapiiHUX BTPaT HAQTH BiJ IJIOLII MOIIKOXKEHHS

Ha¢TONPOBOAY /ISl PO3PAXYHKOBOI cxeMu 4
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