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Hopmamueni memoou npoeHo3yeanHs po3nooiny 2asy 6 CUCHEeMAaX 2a30N0CHMAYaH s HU3bKO20 Md CepeOHbo20
MUCKY 13 NOJeMUIEHO8UX MPYO He 00CMOBIPHO ONUCYIOMb HASIBHI 2A300UHAMIYHI npoyecu. 3anpononoeano memoo
VMOYHEHHSI Pe3yibmamie IOPAsIiNHUX PO3PAXYHKIE NOJIeMUICHO8UX 2a30NPo600L6, KUl OA3yEMbCs HA 66€0CHHI
Kopueyrouux Koe@iyicumis. /[ 6Cix pesjcumis pyxy 2azy ma 6cb020 0lanazoHy CNi6BIOHOUIeHb WISIX080I ma Mpam-
3UMHOI 8UMPAMU 2a3y HA OLISIHKAX 20308UX MEPEdNC 3 NOLIeMULEHO8UX MPYO 3anpONOHOBAHO NOJHOMIAbHI Mame-
MAMUYHi MOOEJi KOPUSYIOHUUX Koe@iyieHmie po3paxyHKkosoi eumpamu 2asy ma nepenady mucky, ki Xapakmepusy-
IOMbCsl GUCOKUM CchiyneHem 8ipocionocmi anpokcumayii. Lllnaxom komn tomepHozo mMoO0emosanHs O00CHiONHCeHO
BNIUB OAHUX MOOeell HA NPOEeKMHI ma eKCnayamayiini napamempu podomu noemuIeHO8Ux 2a30npo8odi6 Cuc-
mem 2a30n0CmavanHsl HaceieHux nyHkmis. /Joeedeno nHeobxionicme 3miHu olamempie O0esaKux OLLIHOK 2a308UX Me-
Dpedic 3 MEmMoIo NONEPedI’CeH s asapitinux percumie ix pobomu.

KirouoBi crioBa: ra3oBi Mepexi HacelleHNX MYHKTIB, HU3bKUH THCK, CEPEAHIH TUCK, pO3paxyHKOBa BUTpaTa, I'i-
JIpaBIiYHUN PO3PAXYHOK.

Hopmamusnvie memoovl npocHo3uposanus pacnpeoeiehus 2a3d 8 CUCIeMax 2a30CHAOICEHUsl HU3K020 U cpeo-
He20 0aslieHusi U3 NOAUIMULEHOBUX MPYD He 00CMOBEPHO ONUCLIBAIOM UMEIOWUECs 2A300UHAMUYECKUE NPOYECCh.
IIpeonosicen memoo ymounenus pe3yibmamos 2UOPAGIULECKUX pacienos NOJUIMUIEHOBbIX 2A30NPOBOA0E, KOMO-
Pblll OCHOBAH HA 86€0€HUU KOPPEKMUPYIOWUX KOIpduyuenmos. /s 6cex pesicumos 08udicenusi 2azd u 6ce2o ouand-
30HA COOMHOUWLEHUTI NYMeB020 U MPAH3UMHO20 PACX00ad 243d HA YYACMKAX 2a308bIX cemell ¢ NOAUIMULEHOBLIX
mpy6 npeoniodicerbl NOJUHOMUATbHBIE MAMEMAMUYECKUe MOOeNU KOPPEKMUPYIOUUX KodQhuyuenmos paciemuozo
pacxooa 2aza u nepenaoa OAeieHus:, Xapakxmepusupyrouuecs GblCOKOU CMenenvblo 00Cmo8epHOCHU AnnpOKCUMA-
yuu. Tlymem KOMRbIOMEPHO20 MOOETUPOBAHUSL UCCICO0BAHO GIUSHUE OAHHBIX MOOeNel Ha NPOeKMmHble U IKCHIYA-
MayuonHvle napamempsl pabomvl NOIUIMULIEHOBBIX 2A30NPOBOO0E CUCHEM 2A30CHADICEHUSI HACENEHHBIX NYHKIMOG.
Hoxazana neobxooumocms usmMeHeHuss OUAMEMPO8 HEKOMOPLIX YUACMKOS8 2A306biX Cemell ¢ Yelblo npedynpesicoe-
HUSL ABAPULIHBIX PENCUMOB UX pabombi.

KitroueBble ci0Ba: ra30BbIe CETU HACEJIEHHBIX IYHKTOB, HU3KOE JaBJI€HHE, CpeHee NaBJIeHNe, pacueTHbI pac-
X0/, TUIPABINYECKHN pacyer

Current regulatory methods for forecasting of gas distribution in the polyethylene gas supply systems of low
and medium pressure do not describe the existing gas-dynamic processes correctly. The method for clarifying the
results of polyethylene pipes hydraulic calculations, based on the corrective coefficients, was developed. The poly-
nomial mathematical models of the adjusting coefficients of the design gas flow rate and pressure differential, which
are characterized by a high degree of approximation probability, were suggested for all modes of gas motion, as
well as for the whole range of balances between travelling and transit gas flow rate on the polyethylene gas network
sections. The influence of these models on the design and operating parameters of the polyethylene gas pipelines of
settlement gas supplying systems was studied with the help of computer modelling. The necessity to change the
diameters of some polyethylene gas pipeline sections in order to prevent the emergency modes of their operation
was proved.

Key words: settlement gas networks, low pressure, design flow rate, hydraulic calculation.
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$iBukOo-TexHiUYHi nNpobjieMy TPaHCHIOPTY

Ta 36epir'aHHsS eHepr'oHociis

AkTyanbHicTh Temu. Ha Tepenax YkpaiHu,
OKpIM YHIKallbHOI CHCTEMH MAariCTpajibHUX Ta30-
MpoBOAIB, (YHKI[IOHYE Ha MOPSIOK OuTblma 3a
MPOTSHKHICTIO CHCTEMa Ta30BHX MEPEX HACEICHUX
nyHKTiB. BoHa ciyrye st mocradaHHS TIPUPOI-
HUM Ta30M MOOYTOBUX, KOMYHaJIbHHX Ta MPOMHC-
JIOBHX CITOKMBauiB. L[ cucTtema Mae ckiaaHy Treo-
METpPUYHY KOH(]Irypaiito, IpoXoJuTh B pi3HOMa-
HITHHX TOMOrpadiyHUX YMOBaX, XapaKTePU3Y€EThCS
PI3HUMH BEIIMYMHAMH POOOUYOro THCKY, rependa-
Yae BUKOPUCTaHHS TPYO 13 pizHOro marepiany. B
OCTaHHE JECATUPIYYS JUI Ta3udikallii HaceIeHUX
MYHKTIB YKpaiHH, OKpIM TpaguIiiHUX CTaJIeBUX
TpyO, MOYAIM MHPOKO 3aCTOCOBYBATH TOJETHIIE-
HOBI ra3oMpoBiIHI TPyOH.

[IpoekryBaHHS Ta eKCIUTyaTallisi CHCTEM Ta30-
MOCTaYaHH 13 MOJIIETHJICHOBUX TPYO Mae psiji 0Co-
OIMBOCTEH, SIKi HA CHOTOAHI I /10 KiHLSL HE BH-
BueHi. OCHOBHI BIZIMIHHOCTI CTaJ€BUX 1 TOMNiEeTH-
JICHOBHMX T'a30BUX MEPEX IMOJISATAIOTh B OCOOIUBOC-
TAX Ta30[AMHAMIYHHUX TIPOLECIB, 1O CYNPOBOIKY-
I0Th PyX rasy. BiiMiHHICTh rasofuHamMiyHKUX IIPO-
1IeciB BILTMBAE HA T1IPABIIYHY CHEPrOBUTPATHICTS,
a OTKE 1 MPOIMYCKHY 3JaTHICTh CHCTEMH Ta3oIlo-
CTayaHHsI.

HasiBHI Ha ChOTOAHI METOAM MPOTHO3YBAaHHS
TEXHOJIOTTYHUX Ta CHEPreTHYHUX MapaMeTpiB eKc-
IIyaTalil MOMIETUICHOBUX Ta30BHX MEpex 0aszy-
FOTBCSL HA BUKOPHCTAaHHI ra30{MHAMIYHHUX MaTeMa-
TUYHAX MOZIENEH, ONEPIKAHKUX JAOCITIAHMM LLIIXOM
y BUNAJKY PyXY PIMHH i ra3y B CTaleBUX TpyOax.
ABTOMAaTHYHE MEPEHECCHHS 3aKOHOMIPHOCTEH py-
Xy Ta3y B CTalleBUX TpyOaX Ha MOJIETUICHOBI TPY-
O TPU3BOMUTH JO CYTTEBUX MOXHOOK i HE Jae
MOXIIMBOCTI aJIeKBaTHO MPOTHO3YBATH PEKUM iX
poboru.

HanifiHicTh CHCTEMH Ta30IOCTAYaHHSA € OfI-
HUM 13 TOJIOBHUX MPIOPUTETIB IPU PO3pOoOIIi Ipoe-
KTiB Ta30BUX MEPEX HACEICHHUX IYHKTIB. 3 ypa-
XYBaHHSM BHIIC 3a3HAYCHOr0, PO3pPO0OKa JIOCTORI-
PHHUX METOMIB 1 aJlTOPUTMIB TipaBIiYHUX pPO3pa-
XYHKIB Ta30BHX MEPEX, a TaKOX YIOCKOHAJICHHS
ICHYIOUMX METOJIIB PO3PaXxyHKY CHCTEM Ta3ollo-
CTayaHHS € aKTyaJlbHHUM 3aBJaHHIM Ha CHOTOJIHI-
[IHIA JEHb.

Meronyku TiZpaBaiYHOTO PO3PaxyHKy raszo-
BUX MEPEXK (B TOMY 4HCII i MONIETHICHOBHX), SKi
PEKOMEH/I0BaHI YWHHMMHM HOPMATHBHUMH JIOKY-
menrtamu [1,2], 6asyroThcsi Ha HU3LI TIPHITYIIEHD,
OCHOBHUMH 3 SIKMX €: (DI3WYHI BJIACTUBOCTI Tazy
OepyTbesl 32 HOPMaJbHUX YMOB, BUTpaTa ra3y 3BO-
JIUTHCS 110 HOPMATILHUX YMOB, TEMIIEpATypa rasy
npuiiMaetses piaoro 0 °C, koedimieHTt rlz[paBJn-
YHOTO ONOpY TIpH Typ6yneHTH0My pexuMi Hesa-
JISKHO BIJl 30HH TepTA 1 MaTepiary TpyO 004HCITIO-
€Tbesl 3a popmynoro AJBTIIYIS, HE BPAXOBYIOTHCS
BTpaTH €HEprii Ha MOJOJAHHS PI3HHMII T'€OAC3HMY-
HUX TIO3HAYOK TOYOK TpacH. 3a3HauyeHi NpHIy-
HICHHS TIOTIPIIYIOTh TOYHICT MPOTHO3YBaHHS
MPOIYCKHOI 3[aTHOCTI Ta EHEProBUTPATHOCTI ra-
30BHX MEPEK, M0 3I0OPOKYE MPOSKTH Tazudikarrii
HACEJICHUX IyHKTIB, 3MEHIIIY€E CTYITiHb HAJXIHHOCTI
(YHKIIOHYBaHHS CHCTEM Ta30lOCTAYaHHs, a B Jie-
SKHX BUMAJKaX MOKE IIPU3BECTH i 10 BHHUKHEHHS
aBapiliHUX CUTYAITIM.

[IpoBeaeHi TeopeTHYHI JOCTIIKEHHS 3aKOHO-
MIPHOCTE! 3MEHIIEHHS TiAPaBIiYHOI ECHEPrOBHT-
PaTHOCTI PO3MOAINY rasy B CHCTEMax rasornocra-
YaHHs y pasi 3aMiHM CTajeBuX TPYO Ha momieThie-
HOBI CBIIYaTh, WO CTYIiHb 3MEHLICHHS TiIpaBi-
YHOi EHEPrOBUTPATHOCTI 3aJEKHUTH Bill PEKUMY
pyXy rasy Ta BHYTPIUIHBOIO JiaMeTpa ra3onposo-
Iy 1 KonuBaeThes B Mexkax Bin 0 1o 25 % [3].

[Ile oMM (akTOpOM, SIKUH CYTTEBO BILIUBAE
HA EHEeProBUTPATHICTh PO3MOJNY ra3y, € ToJo-
JIAHHS Ta30M PI3HUIl T'€OAC3MYHUX IO3HAYOK JIi-
JITHOK Ta30BUX Mepex. 3okpema y poborax [4, 5]
JIOBEJICHO HEOOXIJHICTh ypaxyBaHHS BIUIMBY IPO-
¢TI0 Tpacw Ha MPOITYCKHY 3JAaTHICTh 1 3aralibHy
CHEPTrOBUTPATHICTh Ta30BUX MEPEK HU3BKOTO THC-
Ky 3 HOJNIETHICHOBUX TPYO NOBUIBHOI CTPYKTYpH
Ta 3alpOIIOHOBAHO MaTeMaTHYHI MOJIENi JUIsl ypa-
XyBaHHS 3a3HadyeHoro uuHHHKA. Omepxkani pe-
3YJIBTATH CTOCYIOTHCS SIK CTaJICBUX, TaK 1 MOJIIETH-
JICHOBHX TA30BHX MEPEK.

Y poborax [6, 7] 3a pe3yabTaTaMH EKCIICPH-
MEHTAIBHUX JOCITIKEHb 3alpOIIOHOBAHO MaTeMa-
TAYHI Momemi s KoedillleHTa TiApaBIivyHOrO
OTOpPY TOTIETUIICHOBUX ra30BUX MEPEX HU3BKOTO 1
CEpemHbOr0 THUCKIB Uil PI3HUX PEKUMIB PyXy Y
IMOBHOMY Jialla30Hi 3MIHUA BUTPAT Tasy.

Ha ocHOBI IOCHIIHMX 3aJIGKHOCTEH PO3MO/Ii-
JIy Tasy 3alpONOHOBAHO METOJ KOPUTYBAHHS IIPO-
CKTHUX NAPAaMETPIB MOJICTUICHOBIX Ia30MPOBO/IIB
HU3BKOTO T4 CEPEHLOT0 TUCKIB 3 ypaxyBaHHSM iX
¢dakTuHOi eHeproButpatHocti [8]. B ocHOBY Me-
TOJy TIOKJIaJIEHO MOXIIUBICTD YKJIaJlaHHs TOCIiT0-
BHO TpyO pi3HOrO JiamMeTpa — YacTUHY JAUISHKH i3
TpyO 3 IPOCKTHUM BHYTPIIIHIM JiaMETpOM, pelll-
Ty — i3 TpyO 3 HAHOMMKYMM MEHIIUM CTaHAapT-
HUM JiaMETPOM 33 yMOBHU 3a0€3IICYCHHS HEOOXiJ-
HOI MPOITYCKHOT 31aTHOCTi CHCTEMH.

AHani3 JiTepaTypHUX JDKEpEN CBIIYUTD, WIO
nepeBakHa OUIBIIICTh POOIT, PUCBIYCHUX JOCTi-
JDKEHHSM PyXy Tra3y B Tra3oBHX Mepexax, CTOCY-
€TBCS OCOOIMBOCTEH Ta30[JMHAMIYHHUX TPOIIECIB B
Hux. [Ipy 1bOMy HE3Ha4YHA yBara NPUALISETHCS
MOJIETISIM  PO3MOJUTY Ta3y Ha AUISIHKaX Ta30BHX
MEpEeX HaCENeHUX IyHKTIB 3a HAsSBHOCTI IUISXO-
BHX Bi100piB ra3y. Tak, B HOpMATHUBHUX JJOKyMEH-
tax [1, 2], a Takox B poborax [9, 10, 11, 12] npu
TipaBIiuHOMY pO3paXyHKY CHCTEM Tra30IocTa-
YaHHs PEKOMCH/YEThCSI BAKOPUCTAHHS CIIPOLICHOT
MOJIEN PO3PAaXYHKOBOi BUTPATH rasy, sKa € 4act-
KOBUM BHIIQ/IKOM MOJENi PiBHOMIDHOTO BigOopy
rasy no noBxuHi tpybonposony. Ilposeneni no-

crimkenns [13] s craneBux ra3onpoBO/IiB 3acBi-

JUUJIH, 110 3a3HaYCHHI PeKOMEHIAIl TPU3BOIAThH
JI0 3aHWKEHHS (aKTHUYHOTO Tepenajy THCKY ra3y
Ha aursHi Bim 0% mo 22% 3anexHO BiJ 4acTKH
LUIIXOBOI BUTPAaTH Ta PEKUMY pyXy rasy. Bpaxo-
BYIOYHM BIIMIHHOCTi Ta30[MHAMIYHUX IIPOLECIB B
MOJIETUIIEHOBUX Ta30lpOBO/IaX, a TaKoXK TOMH
(akT, 110 Ha JaHHWH Yac MepeBakHa OUIBIIICTh CH-
CTEM Ta30M0CTavYaHHs MPOEKTYEThCS Ta CIIOpY-
JDKYETBCS 3 HEMETaJeBUX TPyO, po3poOka yTouHe-
HUX MOJIeel pO3MOALTY Ta3y B TaKUX ra30MpOBO-
JlaX € aKTyaJIbHUM ITUTaHHSIM.

Merta i 3aBaanHsi aocjigxenb. Merow po-
00TH € aHaji3 HasBHUX METOJIUK IPOTHO3YBAHHS
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pO3MOALTY Tasy B CHCTEMAx ra3ornoCTavyaHHs 3 mo-
JICTHIICHOBUX TPYO Ta pO3pOOKa PEeKoMeHAaLiil
II0JI0 METO/IIB iX YTOYHCHHSI.

JocsrHeHHS 1iel METH BHMarae po3poOKd
YTOYHEHMX MATEMaTHYHHX MOJENEH POo3paxyHKO-
BOI BUTpAaTW ra3y Ha JIUISHKaX MOJIETHICHOBUX
ra3oBHX MEPEeX HHM3bKOTO Ta CEPeJHbOrO THUCKIB
HACEJIEHUX MyHKTIB.

O0’eKkT HOCHIIKEHHS — IOJIETUIIEHOB] Tra-
30BI MEpeXi HM3BKOTO Ta CEPEIHBOr0 THCKI CHC-
TEM Ia30I10CTAaYaHHI HACCICHUX HYHKTiB.

IIpenmer nocaiTzKeHHs — 3aJICKHICTh 3HA-
YCHHS PO3PaxyHKOBOI BUTPATH ra3y BiJ YaCTKH
IUIIXOBOI BUTPATH HA IUISHII IOJICTUICHOBOTO
ra3onpoBoay.

MeToamn AocaiTzKeHHs: KOMIT IOTepHE Ta Ma-
TEMaTUYHE MOJICITIOBAHHS MPOIIECIB IMepeKavyBaH-
Hs1 Ta3y, KOMIIAPaTUBHHHN aHai3.

Cucremu razornocradyaHHs HACENICHUX ITyHKTIB
— 1€ CKJaJHa CHCTeMa ra3olpoBOJIiB, SKa MOJIAE
ra3 4YMCICHHHM CIOXXMBayaM, HAIPUKIA, KUTIO-
BUM OynuHKaM. BUTpatu ra3y crioxuBadaMu Mmpu-
ONMM3HO ONHAKOBI, CIIOKMBAYl PO3MIlllCHI HA TPH-
ONM3HO OJIHAKOBHX BiJICTaHAX. TOMY IpH MPOTHO-
3yBaHHI PO3MOJLTY Ta3y, 3a3BHYai, BUKOPHCTOBY-
I0TBCSL MOJIENb Ta30IPOBOJY 3 PIBHOMIPHUM i 6€3-
nepepBHUM BinGopoM rasy mo jopxuni. Tak, Ha
CHOTOJIHINIHIHN JIeHb TiIPaBIIiYHI PO3PAXyHKH Ta30-
BUX MEpEeX HHU3BKOTO, CEPEHHOI0 Ta BUCOKOTO
THUCKY MPOBOJISITHCS 38 YHHHOIO HOPMATHBHOIO Me-
TouKo0[ 1], 3rilHO sAKOI pO3paxyHKOBa BHUTpATa
ra3y BU3HAYa€ThCA 3a (HOPMYJIO0

Opn. = Om +0.50,, (1)
ne (Q, — UUISIXOBa BUTpaTa Tasy, sika BiIOMpacTh-
Csl PO3MIIIEHUMH T10 JOBXKHHI Ta30MpOBOIY IILIS-
XOBUMH CIIOXKMBAYaMH Ta3zy;

O, — TpaH3WTHa BUTpATa rasy, ska HE BUKO-
PHUCTOBYETHCS Ha JAHOMY Ta30MpOBOJI, a MPOXO-
JIMTH 10 HHOMY TPAH3UTOM JUIsSi BUKOPUCTAHHS Ha
BiJIaicHUX (3a pyXoM ra3y) AUISHKaX ra3zoBoi Me-
pexi.

3rigHo Mol piIBHOMIPHOTO Bi0Opy rasy Io
JIOBKUHI TPyOONPOBOIY PO3PaxyHKOBY BHTpATy
rasy Ha AUIHKaX ra30BUX MEPEXK HACETEHHX ITyH-
KTiB CjIil BU3Ha4aTu 3a ¢opmysioro [9,10,11,12]:

1

0 |0 —op" I
Y 3-m)Q,

Je m — MOKa3HUK PeKHMY PyXy raszy B ¢opmyri
Jleiiben3oHa.

I3 popmynu (2) BUAHO, IO PO3PAXYHKOBA BH-
Tpara rasy 3aJ1eKHuTb Bill p&KUMY pyXy rasy (koe-
(hinieHTa pexuMy /m ) i CHIBBIAHOLICHHS TPAH3UT-
HUX 1 NUISIXOBHX BUTPAT ra3dy Ha JUISHII Ta30IMpo-
BOZY.

®opmyna (1) € 4acTKOBMM BHIAaJAKOM MOJENI
(2), KoK peXUM PyXy Tasy € naminapaum (m = 1).
Amnani3 GpakTHUYHHX PESKUMIB pyXy razy B 30BHIII-
HIiX ra3omnpoBojax HU3BKOTO Ta CEPEAHbOTO THUCKIB
CBIIYHTH, II0 B CUCTEMaX ra3onocTadyaHHs Hace-
JICHMX MYHKTIB 13 MOJIIETHJICHOBHX TPYO JlaMiHap-

. (@

HUH pEKUM pyXy rasy BIJICYTHIH, a mepekadyBaH-
HS BEJIEThCSl BUKITFOUHO B TYPOYJICHTHOMY PEXKHMI;
30Ha TiAPaBIIYHO TIaJKHX TPYO.

PesynbraTi NOCIIDKEHD B CTAIEBUX Ia30MpPO-
Boztax [9,10,11,13] cBixuats, wo 3a TypOyneHTHO-
IO PEXHUMY PyXy Ta3y Ta Pi3HHX CIIBBIJAHOLICHHX
TPAaH3UTHHX 1 IUIIXOBUX BUTPAT Ha JUISHII Ta30-
MPOBOAY KOeQIIiEHT OUIA NUIIXOBOI BUTPATH Y
¢dopmyii (1) 3MIHIOETBCS Y BY3bKHX MEXKax — Bij
0,5 no 0,57.

3rigHO eKCIIepUMEHTANBHHUX JA0CIIDKEHb IIPO-
MyCKHO 3aTHOCT1 Ta TipaBIivyHOi eHeproBUTpPAT-
HOCTI NOJIETHJICHOBHX Ta30mpoBoiB [6,7,8] koe-
OIIiEHT peXuMy pyXy rady B 30HI TiIpaBIidyHO
riafkux Tpy6 cranouth m = 0,552. Jlana Binmin-
HICTb B ra30/IMHAMIYHKX TIPOLECAX IOIiETUIEHO-
BHX Ta30MPOBOJIIB BILUTUBAE 1 HA CTPYKTYPY PO3IIO-
Ty Ta3y B HUX.

[IpoBenemo nmocmijkeHHsT TOXUOKH oOuwC-
JICHHSI BUTPATH Ta3y 3a HOPMATHBHOIO MOJCILIIO
(1) BiZHOCHO 3araJbHONPHHHATOI MOJENI PiBHO-
MIpHOi BUTpAT rasy (2) /s IOJETUIEHOBHX Ta30-
MPOBOAIB 3 YpaxyBaHHSIM (aKTHUHHX HapaMeTpiB
PEXKUMY PYXY B HHX.

BusHaunMo koedillieHT 4acTKU NUISIXOBOI BU-
TpaTH BiJ 3arajibHOi BUTPATH Ta3y Ha JIUISHII 3a

(hopMyI010
Ou

=——. 3)
Qm + QT

[Tapamerp k& Moke 3MIHIOBATHCS B MEKax BiJ
0 mo 1. Tak, npu &k =0 HuIAIXOBa BUTpaTa rasy Ha
JUISHII BiZICYTHSI, OTXKE pPO3paxyHKOBa BHTpaTa
piBHa TpaH3WUTHIN. 3a BiICYyTHOCTI TPAH3UTHOI BU-
TpaTH rasy, KOl IUISIHKA € OCTAHHBOIO B CHCTEMI
JUISTHOK, k =1.

[IpoBenemMo po3paxyHOK MOXHOKH MPOTHO3Y-
BaHHs 3HAYCHHS DO3PaxyHKOBOI BUTpaTH rasy,
3YMOBJIEHOi BUKOPHCTAHHAM HOPMATHBHOI MOAENi
(1) BimHOCHO MOZENi piBHOMIpPHOTO BinGopy rasy
(2) U1 MOMieTHIICHOBUX T'a30POBOJIIB

5:@.100%‘ 4)

p-y.

3 ypaxyBanusaM dopmyiu (1), (2), (3) bopmy-
na (4) HaOyae BUTIIS LY

1— (1 _ k)3—m
(3 _ m) . k3—m
k

2—m
(1-0,5-k)-
5=|1-

-100% .(5)

Ha pucynky 1 HaBemeHo rpadidHy 3amex-
HICTh TIOXMOKHM OOYHCICHHS PO3pPaxyHKOBOi BH-
Tpati rasy (5) B MOJNICTHICHOBUX Ta3olpoBOAax
3aJICKHO BiJl 3HAUCHH [TapaMeTpa k 3a TypOyIeH-
THOTO PEKUMY PyXy Ta3y B 30HI TiIpaBJIiqHO TJia-
akux Tpy6 (m = 0,552). Sk BUAHO 3 pe3ysbTaTiB
PO3paxyHKy, OTPMMaHa HETOYHICTb KOJMBAETHCS B
mexax Bin 0% mo 7,8 % 3anexHO Bif 4acTKH
NUISIXOBOI BUTpATW razy Ha minsHmi. [Ipu npomy,
HaHOUIbIIIEe 3HAUCHHS MTOXWOKHU MpHUIIaJae Ha Jiis-
HKU 3 BIJICYTHBOIO TPAaH3UTHOIO BUTPATOIO ra3y, e
napamerp k =1
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=]

|

IToxm0Ka, %

5=14,197k" -

91145k + 2,6538k - 0,0906
6 R’ =10,9985

A

pd

P

0 0,2 0.4

0,6 0,8 1
YacTka IDIAXOBOI BHTPATH Irasy, k

Pucynok 1 — I'pagiuna 3anexnicTb NOXMOKU 004YHCIEHHS] PO3PAXYHKOBOI BUTPATH ra3y
B I0JIieTHJIECHOBOMY ra3onpoBoji 3a pekomenaosanow /IBH B.2.5-20:2001 moaenaio
BiTHOCHO MojeJi piBHOMipHOTrO BiI00OpYy ra3y mo 10B:KUHi ra30mpoBOIY

Jnst HiBEMOBAaHHS BHINE3a3HAUYEHOT HETOYHO-
CTi 3alpONOHOBAHO BBEIEHHA KoedillieHTa yTO4-
HEHHS PO3PaxXyHKOBOI BHTPATH ra3zy Ha JUISHKAX
ra30BUX MEpPEeK

Kq =22, ©)

BIJIMIOBI/IHO YTOYHEHE 3HAYEHHS PO3PaXyHKOBOI
BUTpPATH MOXe OyTH BU3HAYEHE SIK

Qbmy::l(Q'gbmm' (7)

dopmyna s obuncieHHs koedirienta (6) 3
ypaxyBanHsiMm mozeneit (1), (2), (3) orpumae BH-

IS
—-m
(1-0,5-k)- %
B-m)- k>
Ky = : . ®
300pa3umo rpadiuHO Ha PHCYHKY 2 3aJex-
HICTh Koe(illieHTa YTOYHEHHS PO3PaxyHKOBOI BH-
TpPaTH B MOJIETHIEHOBUX T'a30MpPOBOaX, o0UuCIe-
HOI 3a peKOMeHI[aHiHMI/I [1], 3anexxHO Biz[ 3HAYCH-
H3l YaCTKY LIISIXOBOI BUTPATH ra3y Ha AUIIHLI k& 3a
TypOYJIEHTHOrO PE&XMMY PyXy rasy B 30Hi rifpas-
JIYHO-TIAJIKUX TPYO.
BukopuctoBytour MaTeMaTHYHE MOJICIIOBaH-
HsI, OTPUMAHO MOJIIHOMIaJIbHy MOJEIbh KoedilieHTa
yTrouHeHHs (8), SKIIO rmepekadyyBaHHS Taszy BinOy-
BA€THCS B 30HI T'IPaBIIYHO-TIAAKHX TPYO

Kp=0142-k> = 0,0911- k* +0,0265-k +0,9991.(9)

OtpuMaHa MOJEIb Ma€ BHUCOKUN CTYIIHb Bi-
POTIAHOCTI anpoKCHUMAIlii, [0 CBIMYUTH MPO 11 J0-
CTOBIpPHICTb.

[IpoBeaemo mocimKeHHsT 3HAUYCHHS Koedilri-
eHTa OuT UDIIXOBOI BUTpatd B (opmymi (1) s
MOJIICTHJICHOBMX Ta30MpPOBOIB 3 ypaXyBaHHSAM

2—-m

ocoOIMBOCTE 1X Ta30AMHAMIYHUX MporeciB. B
3arajJbHOMY BHUIIAJKy PO3paXyHKOBY BHUTPATy rasy
Ha JISHKaX ra3oBUX MEpeX MO)KHA 3allicaTH B

BUIIISLI [5, 6, 7]
szQT+a'Qm: (10)

Ie o — KOe(illieHT, 3HAYCHHSI SIKOT'O 3aJICKUTh
BiJI pOKUMY PyXy ra3y Ta 4acTKH LIUISIXOBOI BUTpa-
TH Ta3y Ha AUISHII.

3rigHo HOpMaTMBHMX pekomenpauid [1,2],
HE3AJIGKHO BIL PEKMMY PYXy rasy Ta Marepiaiy
ra3onpoBoay, o ciin npuiimatu piauM 0,5. On-
Hak B pobOorax [9,10,11,13] 3a3Ha4aeThcs, 10 JUIS
CTaJICBUX Ta30MpPOBOJIIB KOC(DIIlIEHT & 3MIHIOETh-
cs B Mexax Bin 0,5 10 0,57 3a5exHO Biff peKUMY
pyxy rasy.

3rigHo 3 ¢opmyinow (10) koedimieHT o Mo-
’KHa BU3HAYUTH SIK:

_ Qp - QT

11
0. (11)

BpaxoByrouu Mojienb piBHOMIPHOTO PO3MOTi-
ny rasy (2), 3HadeHHs KoedillieHTy o HalyJe Bu-
TSy

1
[ 1=(1=kp™ J2m
o=l-—4+ ——— .
k |\ G=-m)-k>™
300pazuMo rpadiuHO 3aJCKHICTh 3HAUCHHS
Koe(ilieHTY @ Ui TONIETHIICHOBUX Ta30MpOBO-
JUB Bil 3HAYCHHS YAaCTKH LUIIXOBOI BUTPATH rasy
Ha AUISHUI K Ul TypOYJICHTHOTO PEXUMY PyXy
ra3y B 30Hi T'IPaBIivYHO-TIaIKUX TPYO (PUCYHOK 3).
MartemaTnine MOENIOBaHHS TPA(IUHOi 3aIEKHO-
CTi JJaJI0 3MOTy OTPUMATH IOJIHOMIaIbHY MOZEIb
Koe(buneHTaa 3 BHCOKHM CTYIIEHEM BipOTiJHOCTI
anpoKcHUMaIii:

(12)

J
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Pucynok 2 — 3anexHicTs KoedinieHTa yToUHeHHsI PO3paxXyHKOBOI BUTpaTH rasy K,

R®=0,9985

Kqy= 0,142k’ - 0,0911k* + 0,0265k + 0,9991

/

4

o

g

.-av——-r—""f/

0 0,2

0,4 0,6

YacTka IIIAXOBOI BHTPATH Ta3y, k

0,8

1

B I0J1ieTHJICHOBOMY I'a30NPOBOAi Bil YaCTKHU MIJIAX0BOI BUTPATH £k JISl TYPOYJIEHTHOTO PeXUMY,
30HA TiIpaBJIiYHO-TJIAAKHUX TPYO

0,545
0,540

0,535

Koeditmient,

0,530
0,525
0,520
0,515
0,510
0,505
0,500

0,495
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o = 0,0277k* + 0,0094k + 0,50

R*=10,9978

i

yd

e

T

——

0 0,1 0,2

0,3

0.4 0,5 0,6 0,7

0,8

0,9

1

YacTka NI AXOBOI BHTPATH Tazy, k

Pucynok 3 — I'pacdiuna 3ane:xHicTh 3HaYeHHS Koe(illieHTa ¢ Bil YaCTKU NIJISIXOBOI BUTPATH £
AJIS1 MOJieTUJIEHOBHMX ra30MpoBOo/IiB 32 pe;KMMY PyXy rasy B 30Hi riipaB/IiyHo-IJIagKuX TPYO

(m = 0,552)

[2)
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14

12

IToxm6Ka 8, %o

10 5 =21,348K" -

14,011k2 + 4,0545k - 0,1389 /
R%=0,9983

0 I 1

0 0,1 0,2 0,3 0.4

0,5 0,6 0,7 0,8 0,9 1

YacTka NI AXOBOI BHTPATH Ta3y, k

Pucynok 4 — I'pagiuna 3anexnicT NOXMOKU 004YHCIEHHS Nepenaay TUCKY ra3y Ha AlIsiHI|
NOJIieTHJIEHOBOT0 I'a30MPOBOAY Bill YACTKHU LIJIAXOBOI BUTPATH £

a =0,0277-k> +0,0094-k +0,50. (13)
Otpumane 3HaYCHHSI @ LIS MOJiETHICHOBOTO
ra30MpoBOY CHCTEM Ta30lOCTaYaHHS MOXKE 3Mi-
HIOBaTHCcs B Mexax Bij 0,5 (3a BigcyTHOCTI 1is-
X0BOro BifOopy rasy Ha misaaii) mo 0,539 (3a
YMOBH BiJICYTHOCTI TPaH3UTHOI BUTPATH Ta3y).
PosrisiHeMO CTyIiHb BIUIMBY HETOYHOCTI 00-
YHCIICHHS PO3PAaXyHKOBOI BUTPATH Ta3y 3a MOJEI-
mo (1) Ha eneprermyHi mapamerpu pobOTH MOIi-
CTUICHOBHX AULSIHOK Ta30BHX Mepek. 30Kpewma,
BTpPAaTH THUCKY BiJ] TepPTS 3a PO3pPaxyHKOBOI, IO-
CTIHHOI 1O JIOBXHHI BUTpAaTH ra3y MO)KHA BU3Ha-
YUTH 32 (HOPMYJI0F0

m 2—m
AvZp-LO, (13)
2F2—le+m ?

ne A — xoedillieHT MaTeMaTHYHOI MO, 3Ha-
YEHHS SIKOTO 3aJIEKHUTh Bill TIIPABIIYHOrO PEKUMY
PYXy rasy B ra3onpoBoii;

U — KiHEeMaTH4Ha B A3KiCTh rasy, m’/c;

[ — r'yCTHHa ra3y 3a po0o4YHX yMOB, KF/M

L — noBxxuHa )Z[IJBIHKI/I M;

F — nnomra nepe2p13y BHYTPIIIHBOT TOPOXK-
HUHU pr60np013011y, 5

D — BHYTpIlIHIH liaMeTp UISHKH, M.

PesynbTatn  IOCIIKEHHS ra30/IMHAMIYHAX
napamMerpiB poOOTH TMOJIETUIICHOBHUX JUISTHOK CHC-
TeM rasomnocradanss [6, 7, 8] 3acBiguniu, 1o mna-
pamerp A ciaix npuiMaTi

A=4.21. (15)

OO0uucnuMo MOXMOKY BHU3HAYCHHS IEpenamy
TUCKY rasy 3a (popMyIiow (17) B BMNanKy BHKOpH-
CTaHHsI MOJZIeNI po3paxyHKoBoi BuTpatH (1), BigHO-

‘L':

CHO Mozeni (2), A MOJMIeTHIICHOBOI JUISHKU ra-
30MPOBOY

AP —AP 2-m _ ~2-m
5=M.100%=W.100%.(16)
T.y. D.y.

3 ypaxyBauHsaM 3anexnocteit (1), (2), (3) Ta
IICNISE HU3KM MepeTBOpeHb, Gopmysia (18) HaOyBae
BHTJISIILY
(1-0,5-k)3—m)-k*™

_ (1 _ k)3—m
300pa3umo rpadiuHO Ha PHCYHKY 4 3alex-
HICTh MOXMOKH OOYMCICHHS Iepernagy THCKY Ha
JUISHIT TTOJIETHIICHOBUX Ta30BUX MEPEXK HU3bKOTO
THCKY BiJl 3HAYEHHS YaCTKH IUIIXOBOI BUTPATH
rasy 3a TypOYJICHTHOTO P&KHMY PyXy rasy B 30HI
TiIpaBIivyHO-TIaIKUX TPYO.

Ananiz oTpuMaHuX TpadidyHHX 3aIEKHOCTEH
CBIAYUTH MPO TE, II0 MOXHUOKA OOYMCIICHHS IIepe-
najay TUCKy rasy Ha JISHUI, B BUNIAJKy BUKOPHC-
TaHHA Moz[em (1), CyTTEBO 3aJCKUThH Bl YACTKU
IUIAXOBOI BUTpaTH ra3y. MakcuMajbHE 3HAYCHHS
JaHOI HETOYHOCTI MpUIajae Ha AUISHKA 3 BiICYT-
HBOIO TPAH3UTHOIO BUTpaToro 1 ckianae 11,5 %. I3
3pOCTaHHSAM YaCTKH TPAH3UTHOI BUTPATH Tasy IO-
xMOKa 3MEHINYeThCsl. BpaxoByrouu, IO B cydac-
HUX CHCTEMax Ta30MO0CTa4YaHHs MPUCYTHs BEIHKa
KUIBKICTH po3ranyKeHux KIHIIEBUX ):[in;[HOK e
TpaH3UTHA BUTpAaTa BiACYTHS, cymapHe BiJIXUIIEH~
Hsl NPOEKTHHUX Ta EKCIUTyaTAallliHAX Napamerpis
Oyae 3HaynuMm. lle cBimYMTH MPO HEOOXITHICTH
PO3pOOKH METOMIB YTOYHEHHS Ieperaay THCKY
ra3y B IOJIICTHJICHOBUX Ta30IPOBO/IAX.

o=|1-

-100% . (17)

v
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K, = 0,2135k’
RE=

1,08

- 0,1401K% + 0,0405k + 0,9986
0,9983

/

1,06

1,04

KoedimieHT yToUHeHHA THCKY Tazy, Kp

1,02

1 .
0 0,2 0,4

0,6 0,8 1
YacTka IIIAXOBOI BHTPATH Ta3y, k

PucyHnok S — 3anexHicTs koedilniceHTa yTOUHeHHS epenaay THCKY rasy K, Bif 4acTKHU HLISIXOBOI
BUTPATH k 1Ji51 TYPOYJEHTHOIO Pe;KUMY PYXY, 30HA iApaBIiYHO-TJIAAKUX TPYO

Jlnst HiBEMIOBaHHS BHIE3a3HAYEHOI MOXHOKH
3aIpONOHOBAHO BBEJCHHS Koe(illieHTa YyTOUHCHHS
nepenaay THCKY ra3y Ha AUISHKaX ra30BHX MEpexK

(18)
BignosigHo m0 3anexHocTi (18) yrouHeHuit
nepernaj THCKy MOKe OyTH BU3HaueHHH 3a hopmy-
JIOI0
AF“L'.y=I<P'ARL'.H.' (19)

dopmyna ais obuucieHHst KoedillieHTa yTo-
yHeHHA TUCKy (18) 3 ypaxyBanusMm mopeneit (1),
(2), (3) orpumae BUTIIAN

1— (1 _ k)3—m
(3 _ m) . k3—m ~
K -~ (20)

2-m
2-m

(1-05-k)
Kp=

K 2—-m

300pazumo rpa(bquo 3aJISKHICTh KoedilieH-
Ta yTouHeHHS THCKY (20) misi TONieTHIEHOBHX
ra3omnpoBOJIB BiJl 3HAYEHHS YaCTKH IUISIXOBOI BH-
TpaTW ra3zy Ha AUISHII k s TypOyJIeHTHOTO pe-
KUMY pyXy Tazy B 30HI TiIpaBIiuyHO-TIaJIKHX
TpYyoO.

BukopuctoBytour MaTeMaTHYHE MOJIEIIOBaH-
Hs, OTPMMAHO TOJIHOMIaJIbHI Mojeii KoedimieHTa
YTOYHEHHS Tepernajy THCKY rasy:

Kp=02135-k> —0,1401-k* +
+0,0405 - k +0,9986 .

21

OtpuMaHa MOJEIb Ma€ BHUCOKUN CTYIIHb Bi-
POTIAHOCTI anpoKCHUMAIlii, [0 CBIMYUTH MPO 11 J0-
CTOBIPHICTb.

JluHamika 3MiHU pO30DKHOCTEH OOYMCIICHHS
nepenay TUCKY razy CBiIYHTh MPO Te, MO MAKCH-
MajibHa HETOYHICTh MPHUIAJA€ Ha IOJIIETHIICHOBI
JUIISTHKY 3 BiJICYTHHOIO TPAH3UTHOIO BUTPATOIO Ta-
3y. Tak, 3a TypOyIEHTHOrO pekuMy PyXy rasy B
30HI T1IPaBIiYHO-TIAKAX TPYO MakcHMalbHa TO-
xnbka cxnamae 11,5 %.

Amnpobariiro po3p06neHHx METOIB yTOYHEHHS
MPOEKTHUX Ta EKCIUTyaTallifHUX MapaMerpiB po-
00TH cHCTEeM Ta30MO0CTavYaHHS MPOBEICHO IS
KOHKPETHOI ra30p03MO/iIbHOI CUCTEMH 3 MONTieTH-
neHoBUX TpyO. JloBemeHo, 110 BUKOPUCTaHHS 3a-
MPOMOHOBAaHNX KOe(illiEHTIB y TMpoIeci MPOeKT-
HUX PO3PaxyHKiB ra30BUX MEPEXK BKasye Ha HE0O-
XiIHICTb KOPUTYBaHHS 10 OUIbIIMX 3HAYEHDb Jia-
METPIB HU3KH AUISHOK 3 MCTO0 3aIlOOIraHHs BH-
HUKHEHHIO aBapiiiHUX pexuMiB ix poboru. 1o
CTOCYETBCSI EKCILTyaTaI[IHHAX PO3PaxXyHKIB CUCTEM
ra3onocTayaHHs, BUKOPUCTAHHS 3aIlpOITOHOBAHHUX
MoJieTied Jae 3MOry 3 OUIBIIOI JIOCTOBIPHICTIO
MPOTHO3YBATH MapaMeTpu PoOOTH TOJieTHIICHO-
BHX JUITHOK MEPEK.

[IpoBeaeH] qOCTIPKEHHS 3aCBiqUMIM, 10 Ha-
SIBHI Ha CBHOTOJIHI METOAM IPOTHO3YBaHHS BUTPAT
ra3y B ra3oBHX MepeKaxX HHU3BKOTO THCKY 3 IOJi-
€THIICHOBUX TPYO HE JI0CTOBIPHO ONHCYIOTh HAsIB-
Hi razoquHaMiyHi npouecu. Lle mpu3BogUTH /10
noxuOOK B OOYMCIICHHI MPOSKTHHUX Ta EKCIUTyaTa-
HiliHux mapamerpiB ix po6oru. ToMmy BBaxxaeMmo
JOIIIBHUM YBECTH KOPEKTUBU B JIEPXKaBHI Ta ra-
Jy3eBi HOpPMATHBHI JOKYMEHTH IIOJIO MPOTHO3Y-
BaHHS BEJTMYMHHU PO3PAXyHKOBOI BHTPATH Tra3y Ha
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MOJIICTHJICHOBHMX JIUISHKAX, MEePea0ayuBIIM 3aCTO-
CYBaHHS OJIepyKaHUX 3aJIKHOCTEH.

HaykoBa HOBH3HA PE3yJIbTATIB JOCTIIKESHHS
MOJIATA€ B OTPUMAaHHI MOJIIHOMIaJIbHUX MaTEeMaTH-
YHHUX MoJleNied KoeillieHTIB YyTOUHEHHS 3HAUYCHHS
PO3paxyHKOBOi BUTpATH, PO3PAXOBaHOi 3a PEKO-
MengamismMu ynaaoro JIBH B.2.5-20:2001, BigHo-
CHO 3araJIbHONMPHHHATOI MoJedi PIBHOMIPHOTO
BiIOOpyY rasy mo JOBXKHHI TPYyOOIpPOBOIY JUIsl CHC-
TEM Ta30loCTayaHHsI 3 MMOJiETHIICHOBUX TPYO.

IIpakTH4yHAa HiHHICTH
OTPUMAHMX pe3yabTaTIiB

BuKOpHCTaHHS  3aNPOIIOHOBAHOIO  METOMY
YTOYEHHS TEXHOJIOTIYHUX MapaMETPiB PO3MOILLY
razy B CHCTeMax ra3onpocTavyaHHs 3 TONieTHIIe-
HOBHX TPYyO IPU MPOEKTHUX PO3paxyHKax IUISTHOK
Mepexi 3MEHIIyE IMOBIpHICTh BUHUKHEHHS aBa-
piiiHEX pexuMiB ix podoru. Lo crocyerhes exc-
TUTyaTalifHUX PO3pPaxyHKIB CHUCTEM Tra30IocTa-
YaHHS, BUKOPUCTAHHS 3allPOIIOHOBAHUX MOJIEeIeH
Jla€ 3MOTY 3 OUTBIIOI0 JOCTOBIPHICTIO IPOTHO3YBa-
TH 3HAYEHHS CHEPreTUYHHUX IapaMeTpiB poOOTH
Mepexi.

MOXITUBUM HaNpsSMKOM TOAAIBIIUX JOCHi-
JOKEHDb CIIIJ BBa)KaTH z[ocni):pKeHHsI HETOYHOCTEH
IIPOTHO3YBAHHS PEKUMIB POOOTH IUISHOK MEPEXK,
IO 3YMOBJIEHI BUKOPHCTAHHSIM MOJENi PiBHOMIp-
HOTO BifI0OpY rasy IO JOBXHHI Ia3olpoBOY Ta
PO3pOOKY YTOYHEHOT'0 METOJY TiIpaBJIiYHOTO PO3-
paxyHKy CHUCTEM ra3olocTadyaHHsl 3 ypaxyBaHHSIM
TOYKOBHX IUITXOBUX BiZIOOPIB.
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