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Beryn

AkTyanbHicTh TemMu. OHIEIO 3 OCHOBHUX CKIQIOBUX pehOpMyBaHHS
KUTJIOBO-KOMYHAJIBHOTO  TOCHOAApCTBa  YKpaiHMU € TEpPEeOCHAleHHs  Horo
MaTepianbHOi 0a3u, sika 3a OCTaHHI POKH MOPaibHO Ta ¢i3udHo 3actapina. [locriitHe
Heo(IHAHCYBaHHS PO3BUTKY MaTepialibHOI 0a3u rajy3i CIIPUYMHUIIO HEBUIIPABIAHE
30UIBIIICHHSI €HEPrOEMHOCTI Ta 3arajlbHOi BUTPATHOCTI TEXHOJOTIYHHUX IPOIIECIB
KUTIOBO-KOMYHAIHFHOTO TOCTIOIAPCTBA HACETICHUX MMYHKTIB JICPKABH.

Ck1aioBOI0O  YaCTUHOKO  I[HOTO  PO3TaIYyKEHOTrO  TOCMojapcTBa €
BOJIONIOCTAYaHHs Ta BOJOBIABEACHHS [1].

BonoBiiBeneHHs, 3Bakaloud Ha HOTO BUpIIAIBHY pOJIb Yy MpodiemMax
JOJICPKAHHS CAaHITAPHOT'O CTaHy MICT, € KIIFOUOBOIO IIpodiiemMoro [2].

Excrutyararis  cucTeM  BOJOBIIBENGHHS y  JCAKHX  BHUMAJKaX €
po0IEeMaTUYHOIO Yepes:

® 3HOIIICHICTh KaHATI3alIMHUX MEPEK;

® 3acTapijie TEXHOJOT1YHE OOJIaJHAaHHS KaHaTI3allliHUX HACOCHMX CTaHIIN
(KHC), y ToMy unciii HacOCHE;

® HCBIJIMOBIIHICT, ~ €KCIUTyaTaIliiHUX TIiAPaBIIYHUX IIOKA3HUKIB  MEPEkK
(KITTBKICTh CTOKIB, 1110 IEPEKAYYETHCS) TUM TTOKAa3HUKAM, 110 OyJiM 3aMpOeKTOBaHI;

® HU3bKHUI KBaTI(PIKALIMHUI piBEHb MEPCOHAIY, IO IUIaHYE Tpadiku pexumy
po0OOTH 00JIaIHAHHS KaHATI3AIMHIX MEPEK.

[IpakTUyHO y BCiX MiCTax JEp>KaBH CKJIAJAE€THCS JIOBOJI TsDKKA CUTYAIllsl IPH
eKCIUTyaTallli 3a3HadyeHUX Mepek Ta oOnagaHaHHA. Jleski mepexi, a HaBiTh 1 LI
KOMITJIEKCH, TIEPEBUIIIIN CBIA HOPMAaTUBHHUM TEPMIH €KCIUTyaTallii, 1o € TPUIUHOIO
4acTUX TIOPHMBIB, a SK HACHIJOK 1 €KOJOoriuHux Herapas3aiB. OCHOBHa Maca
KaHAII3aIHHUX MEPEX Ta CUCTEM MOTPeOyIOTh 3aMiHM a00 HEraliHOTO KamiTaJIbHOTO
PEMOHTY, 110 Y TOBHOMY 00CS31, PY CHOTOAHINIHIX MOXKIIUBOCTAX (hiHAHCYBAHHS, €

HEMOXXJIUBUM. TOMy HarajgbHOI HEOOXIJTHICTIO CHOTOJICHHS € MPOBEACHHS POOIT 3



JIarHOCTYBAaHHS CTaHy KaHaNi3aI[liHUX MEpex, iX OKPeMHX JIAaHOK Ta OOJiaTHaHHS.
OnHi€l0 3 OCHOBHHMX 3aJa4 IMPH BUKOHAHHI TaKUX POOIT € po3poOKa MPOEKTHUX
MPOTO3UIIIM PEKOHCTPYKINT MEpek, iX MOJepHI3aIli 3 OJHOYACHUM IABUILIECHHIM
eHeproeeKTUBHOCTI pOOOTH HACOCHOTO O0JIaTHAHHS.

Meta po00TM — BU3HAUEHHS MapaMeTpiB poOOTH HACOCHMX CTaHIlH, IO
MpaIol0Th HA HAMIPHUNA KaHATI3alIMHUM KOJEKTOp 3 METOI iX Y3rOJKEHHS Ta
T1IBUIIEHHS eHEePTroe(EeKTUBHOCTI.

Jl1s1 BUpiIIeHHs] METH B poOOTI IMOCTABJICHI Taki 3aJa4i:

- TpPOBECTU 00 €KTHO-OPIEHTOBAHE  MOJEIIOBAHHS  pPOOOTH  CHCTEMH
HaIIPHOT'O KOJIEKTOPA,;

- BHU3HAYUTHU aJICKBaTHICTh MOJIEII peaJIbHIN MEpexi;

- BHU3HAUYUTU TIIPaBIIYHI Ta C€HEPreTUYHI mapameTpu poOOoYOoro Mporecy
HACOCHHMX arperaTtiB HACOCHUX CTaHIIIH;

- BU3HAUUTU €HEProePeKTUBHICTH POOOTH HACOCHUX arperariB Mpu Pi3HUX
KOMO1HaIigX poOOTH HACOCHUX CTaHIIN HA MEPEXKY.

O06’€eKT A0CHiTKEHHSI — HACOCHI arperaTd HaCOCHHUX CTaHIIM Ta TilpaBiiyHa
Mepeka KOJIEKTOPY.

Ipeamer nociigzkeHHsi — poOOYMI MpOIEC HACOCHUX arperariB, IO
MPAITIOIOTh Ha 3a3HAUEHY MEPEKY.

MeTtoau a0caigKeHHs.

OCHOBHUMHU METOJaMH JIOCHIIPKEHb € METOJM MAaTeMaTUYHOTO MOJIEIIOBaHHS,
3a IOMOMOTOI0 SIKUX OyJu o0y 0BaHI MaTeMaTU4YH1 MOEN poOoUoro mpoiiecy, 1o
BUKOPHCTOBYBAJIMCS JIJI1 BU3HAUCHHS €HEPTETHUYHUX IMapaMeTpiB poOOTH HACOCHUX
arperaris.

HaykoBa HOBM3HA TIONSTaE y TOMY, IO OOIPYHTOBAaHO 3aCTOCYBaHHS
00’€KTHO-OPIEHTOBAHOTO MOJICIIOBAHHA POOOTH KaHAJI3allifHOTO KOJEKTOpPY MpU
pi3HMX  KOMOIHamisiX pPOOOTH HACOCHHMX  CTaHINM; OTPUMAHO TOKA3HUKH
eHeproe(eKTUBHOCTI POOOTH HACOCHUX arperaTtiB MpH pi3HUX KOMOIHAIISIX poOOTU

HACOCHUX CTaHI[IM; BU3HAYEHO MIAXIJ 7O aHalidy eHeproeeKTHBHOCTI poOOTU
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TiApaBIIYHOT MEpeXi KOJEKTOpY 31 3MIHHMM Yy 4acli OMNOpOM, 3MIHHHUMH Yy 4aci
KOMOiHAIisIMH pOOOTH HACOCHUX CTAHIIIN MPOTATOM J00H.

IIpakTuyHe 3HAYeHHsI OJCP)KAHUX pE3YJbTATIB IMOJIATAE y PO3POOJICHHI
00’ €KTHO-OPIEHTOBAHOT MOJIENII POOOYOTO MPOLIECY T1APABIIYHOT MEpexi 31 3MIHHUM
y dYaci OmopoM Ta BHU3HAYCHHI ii €HEPreTUYHUX ITOKAa3HUKIB y 3aJIeKHOCTI Bif
KOMO1HaIlli poOOTH HACOCHUX CTaHIIIH, 110 103BOJIsiE BUOpATH palliOHAIbLHUN BapiaHT
rpadixy poOOTH HACOCHUX CTaHIIIN Ta MapaMeTPiB HACOCHUX arperaris.

Oco0ucTnii BHECOK aBTOpA.

ABTOpOM pPO3p0o0JIeHO 00’ €KTHO-OPIEHTOBAHY MOJEIh POOOTH HAMIPHOTO
KOJIEKTOpa, O0OpaxoBaHl MOMUIMBI KOMOIHaIli poOOTHM HACOCHUX CTaHLIM Ta
BHU3HAYCHI €HEPreTUYHI MOKA3HUKH 1X POOOTH.

PobGoTta ckmamaeTbes 31 BCTYITy, 3 pO3MiIiB, BUCHOBKIB, CIHCKY JKepen 3 6

HalilMeHyBaHb, 26 CTOPIHOK MAIIMHOIKUCHOTO TEKCTY, 3 MAJIIOHKIB, 3 TaOJIHUIIb.



1 Po3poOxa moaeJti rigpaB/iiuHol Mepe:xi

1.1 MeToau MoaeJl0BAaHHS POOOTH IiIPaBJIiYHUX MepPeK

OCHOBHUMMHU CHOXXMBauyaMM €JIEKTpoeHeprii B YkpaiHl € BUPOOHUYI
nignpuemcTBa Ta 00'ext JXKKI', y IKHX YacTKa €HepreTHYHUX BUTPAT y COOIBAPTOCTI
HaJlaHUX TocayT Moxe gocsarata 50-80%.

Bucokuii piBeHb €HEProeMHOCTI MOCAYr, W0 HAAAIOTHCA MICBKHUMHU
BOJIONIOCTAYJIbHUMHU ~ TJMPUEMCTBAMU, OOYMOBIIIOETHCS 30BCIM  HEe()EKTUBHUM
BUKOPHUCTAHHSM €HEPrii B TEXHOJIOTTYHUX BUPOOHUYMX IpoLecax.

ToMy €IMHMM MOXIJIMBUM HampsAMKoM mnondinmeHHs crany cepu XKI' e
nepexii Ha SKICHO HOBUM pIBEHb HAJAHHS JKUTIOBO-KOMYHAJbHUX MOCIYr 3a
PaxyHOK 3HM)KEHHS €HEPrOEMHOCTI MPOAYKLII Ta HOCIYT BOJONOCTAYaHHS.

Oco06MBO BENMKI TPYIHOII BUHUKAIOTh TMPU EKCIUTyaTallli CKJIQJHHUX
BOJIOPO3NOAUIBHUX MEpPEeX BEIMKUX MICT. 3aHeq0aHUd CTaH CHCTEM MICHKOTO
BOJONIOCTaYaHHsI Hece B coO1 Oararo mpoOiem 1 TpyaHouliB. B ocHoBHOMY 1ii
npoOJieMH MOB's13aH1 HacaMmmepes 13:

e HasBHICTIO JEKUIBKOX T1IPaBIIYHO B3a€EMO3AICKHUX 30H, 1110 IMepeOyBarOTh
Ha PI3HUX Ie0JC3MYHUX BIIMITKAX;

e KutnoBumu mMikpopaiioHamMu 1 OyJMHKaMH P13HOI MIOBEPXOBOCTI;

e OpnouacHoro pobororo pAckiibkox BHC (BomonacocHux cTaHIlNA) 3
PI3HMMH HACOCHUMHM arperaTaMi Ha po3Tally’KeHY TiJpaBiIiuHy MEPEXY 1 MOB'sI3aHUM
3 MM HEKOHTPOJIbOBAHUM IMEPETIKAHHSIM BOJM NPH 3MiHI peKUMy poboTH Xoya O
oxuiei 3 BHC;

e HenocrarHpboro mojavero BOJAM Ha BEpPXHI MOBEpPXU OYAMHKIB y TOJUHU

MaKCHMAaJIbHOTO BOJ0PO300pY;



e [IlepeButrparoro enektpoeneprii Big 15 mo 50%, mo BukiIuKaHa
HEOOXITHICTIO BCTAHOBJICHHS OOJIaTHAHHSA  HAJUIMIIKOBOI  TMOTYXKHOCTI  JUISI
3a0€e3MeUYeHHs] MaKCUMaJIbHOT BUTPATH BOJIU.

[lpuitHATTS oOmepaTUBHUX pIlIEHb I YCYHEHHS 3raJlaHuxX MpoOJeM,
MOB'SI3aHUX 3 HECTAYCI0 HAIMOpPy BOAM B PI3HUX pailoHaX 1 OKpeMHUX OyIMHKAaX, 4acTO
MPOBOJUTHCA EMITIPUYHUM CIOCOOOM 1 CYIMPOBOJIKYETHCS 3HAYHOIO COILIATIBHOIO
HaIPYKEHICTIO.

[Ipu excrmyarariii BOJOMPOBIAHUX MEPEX EKCILUTyaTyIOUMM OpraHi3alilisM, siK
IpPaBWJIO, JIOBOJAWUTHCS BHUKOPUCTOBYBATH BEJIMKY KUIBKICTh  PI3HOMAaHITHOI
1H(popMmarlli, sika 3a3BU4ail BAKOHaHA HA TUIAHIIETAaX PI3HUX MaclTadiB, a JOBIAKOBA
iH(dopMaIllis po3MillleHa Ha COTHSAX CTOPIHOK PI3HUX >KypHamiB abo kapTok. Tomy
OJTHAM 13 CYYaCHUX METOJIB MiJABUIICHHS €()EKTUBHOCTI YNPaBIIHHS Ta PO3BUTKY
BOJOTIPOBIJTHUX MEPEXK MICT € MOJEIIOBAHHS 1H)KEHEPHUX MEPEK.

PO3BUTOK 4YHCENbHHX METOAIB 1 MOTY)XKHOCTEH OOYMCIIOBAIBHOI TEXHIKH
JI03BOJIIE BUKOPUCTOBYBATH JI BUPIMICHHS LMUX 3aBJaHb BCE OUIBII CKJIAAHI Ta
TOYHI MaTeMaTHYHI MOJEdl, sKI JIe)KaTb B OCHOBI BIJOMHMX B JIaHWH dac
KOMIT'FOTEPHUX CUCTEM MIPOCKTYBAHHS T1IPaBIIYHUX MEPEK.

CyvacHuil piBE€Hb PO3BUTKY KOMM'IOTEPHUX TEXHOJIOTIH 1 MpPOrpamMHOro
3a0€3MeYeHHs JI03BOJISIE JIOCUTH IIBUAKO 3IHCHIOBATH HEOOXIJHI MaTeMaTH4HI
pPO3paxyHKH 1 HaJaBaTH pe3yJbTaTH MOJICTIOBAHHS SIK B TaOJIMYHUX, TaK 1 B
rpadiyHUX BUJAX.

B ocHOBI Takux creriagizoBaHUX PO3PaXyHKOBUX KOMILIEKCIB € peaizarlis
YUCEIbHUMHU METOAAMH PIIIEHHS MAaTeMaTH4YHOI 3aJadl T1IPaBIidYHOTO PO3PAXYHKY,
MOCTAHOBKY $IKOi MPOBOAMJIM OaraTo JOCHTIHHUKIB Y CBOIX po0OOTaxX, MPUCBSIYCHUX
Teopii TiApaBIIYHUX JIAHITIOTIB.

B pesynbTaTi 1MX AOCHIKEHb B JaHWM Yac CTBOPEHI 1 JOCTYIHI HAa PUHKY
CHeIiai3oBaHi KOMEpIIIHHI MporpamMHi TPOAYKTH, IO O3BOJSIOTh MOJCITIOBATH

riIpaBiiyHl PeXUMH B PO3MOJUIBHUX Mepexkax, Hanpukiaa, Taki, ssk: MIKE NET



(DHI Water & Environment, Himeuunna), TUC «['ugpo I'pad» (MBI «Ilotox»,
Poccus), IMCKC (HBILI «3komnacy, Ykpaina) Ta iH.

[Toni6H1 criemianizoBaHi MporpamMHi KOMIUIEKCH MPU3HAYECHI HacaMIiepes JJis
MOJICITIOBAHHSI PI3HUX TIAPABIIYHUAX TMPOIECIB B CHCTEMaxX BOJOMOCTAYaHHS 1
JTIO3BOJIAIOTH BUPIITYBaTH 0arato mpooJieM eKCIuTyaTtallii Mepex, poOUTH PO3paxyHOK
MEpeXi K B CTATUYHOMY PEKHUMi (MUTTEBUM PO3MOJILI), TaK 1 B KBa3iCTATUUHOMY
pexxumi (posnoain Boau B yaci). Hanpuknan, nporpamunii komruiekc MIKE NET nae
MOXJIMBICTh OLIIHUTH SIKICTh BOJH, @ caMe€ PO3IOILI XIMIYHUX PEUYOBUH B MEPEXKIi,
3aCTii BOJM 1 BIICTEKUTH PO3MOJILT BOJU B MEPEK1 3 KOHKPETHOTO JKEpEa.

BukopuctanHs NoAiOHMX OPOrpaMHUX NAKETIB, 3 TOYKM 30pYy Opraizaiii
eHeproeeKTUBHOI eKCIUTyaTalli Mepex, € JyKe NEPCHEKTUBHUM HAMPSIMKOM Y
cdepi XKKI', ockinbky BCi 1l MpOrpaMHi KOMIUIEKCH JOMOMAaratoTh BUPILIIYBaTH TpU
OCHOBHI B3a€MOTIOB'SI3aH1 3aBJIaHHS, [II0 BUHUKAIOTh MPU €KCILTyaTallii Mepex:

1) BUKOHYBaTH TiApaBIiyHI PO3paXyHKH MEPEXKI B JEIKOMY PO3PAXYHKOBOMY
pEeXUMI;

2) Ha MIACTaBl TIAPaBIIYHUX PO3PaXyHKIB B I[bOMY PEKHMI PO3paxOBYBaTH
JTlaMeTpu TPOXIAHUX TMepepi3iB y APOCENbHUX MPUCTPOSX, SKI MOBUHHI OyTH
BCTAHOBJICHI Ha JIHIAX;

3) BHUKOHYBAaTH CHUTYyallliHE MOJEIIOBAaHHSA, TOOTO MPOBOAUTH PO3PAXYHKH

T1IpaBIIYHAX PEKUMIB MEPEXKi B yMOBaX, IO BIAPI3HAIOTHCS Bijl po3paxyHKoBHX [3].

1.2 MaremaTu4yHe MO/IeJIOBaHHSI MpoleciB B TiapaBJidyHUX

cucremMmax

MareMaTiyHe MOJENIOBAHHS HECTAllOHAPHUX TPOLECIB B TIAPABIIYHUX
CUCTEMaxX € OJIHIEK0 3 OCHOB TPOEKTYBAaHHsS PI3HUX TIAPABIIYHUX CHUCTEM

[EHTPaJII30BaHOTO BOJIONOCTAYaHHS.



PesynbraTroMm  Oyap-SIKOTO  TIAPABIIYHOTO  PO3PAXyHKYy  3aBXKIH €
NOTOKOpO3noAUTeHHs. [1o KOXHIN AUISHII MEpeki 3HAXOAUTHCA BUTpaTa MPOAYKTY,
10 TPAHCIOPTYETHCS, A MO KOKHOMY BY3JIy MEpeXi - THCK. Y TOW e Yac crnocoou
3aBJaHHS BHUXIJHUX JaHUX MOXYTh JOCUTh CHUJBHO BIAPIZHATHUCA MK COOOI0.
Hanpuknan, skmo Mepexa HE MICTUTh peryiasaropiB (THUCKY, BHUTpaTH abo
TEeMIIepaTypu), TO 3aBIaHHS TIAPABIIYHOTO PO3PAXYHKY 3BOJUTHCA JO CHUCTEMH
HENHIMHUX PIBHSIHb BENIMKOiI pO3MipHOCTI. HasBHICTH perynaropiB 3HAYHO
YCKJIAJHIOE 3aBJIaHHS PO3PAaXyHKY, OCKUIbKH B I[bOMY BHUIIAJIKy JO CUCTEMHU PiBHSHb
JOJIAI0ThCA 1Ie W HepiBHOCTI. ToMy KilacHYHa MaTeMaTWYHa MOJIEJb, IO JEKUThH B
OCHOBI MOJIETIIOBaHHSI CHCTEM BOJIOTIOCTAYaHHS, B 3arajbHOMY BUIIAJIKY SBIIsIE€ COOOIO
CUCTEMY pIBHSHb 3 ypaxXyBaHHSAM HENIHIMHMX 3B'S3KIB MDXK IepernagaMu THCKY 1
BUTpaTaMHl CEPEIOBUINA, IO TPAHCIOPTYEThCA B MUISTHKAX cHUCTeMHU. JlimsHKA
Mepexi 3'€IHYIOThCS Mik cO0010 y By3nax. I[Ipu 1mpboMy BUPIIIYETHCS TaK 3BaHa
CTalllOHapHa 3a/aya MOTOKOPO3MOJLIY, IO CKIAJA€ThCA y BU3HAYEHHI BUJATKIB B
KO>KHOMY BY3JIL.

[ToBHicTIO 11 3amada MoKe OyTH BUpINIEHA TIIBKM TPH BHUKOHAHHI JIBOX
OCHOBHUX YMOB:

mepiie 1 TOJIOBHE - BIAMOBIAHICTh (DAKTHUYHUX BUTPAT BOJU KOMXKHOTO
CHOXKMBaya BUTpaTaM, BBEJICHUM B MOJIEJb Yepe3 MOro OIuUC;

JApyre - HasABHICTh TEXHIYHUX XapaKTEPUCTUK JUISTHOK TpyOONpPOBOIIB
MOJICJIbOBAHOT MeEpEeXi (IlaMeTpiB, TOBIIMHU CTIHKA 1 HIOPCTKOCTI BHYTPIIIHBOI
MOBEPXHI TPyOONPOBO/IB), OTPUMAHUX Ha MIACTaBl BUMIPIB BUTpAT 1 THUCKIB BOJIU B
XapakTEepHUX Toukax Mepexi. Ha migcraBl mux naHux (opMmyeTbes OMHMC IUX
JUJISTHOK Y MOJIETI.

[NpapaBaiyHi  omopu  AUISHOK — TpyOONpPOBOAIB  BOJOMPOBITHOT  MEpexi
BU3HAYAIOTHCA 1X JOBXHHOIO, BHYTPINIHIM J1aME€TpOM, MaTepiajioM, CYMOIO
MICIIEBUX OTIOPIB, KOSPIIIEHTOM MOPCTKOCTI, CTYIIEHEM 3apOCTaHHS.

JUist  TiApaBIIYHUX PO3PAXYHKIB BHKOPUCTOBYIOThCA (Gopmynau  Xas3eH-

Binbsimca, Jlapci-BaiicOpaxa abo Uesi-Menninra [4,5,6].



1.3 Oco0auBOCTI KOMII’IOTEPHOTO0 MOJEJIBAHHA Po0OTH

rigpaBJivHOI CHCTEeMH

VY cydacHHX TpOrpaMHUX KOMIUIEKCAX PO3PAXyHOK TiIPaBIIYHOTO PEKUAMY
TiApaBIigYHOT Mepeki Oyb-gKOi CKIaIHOCTI peali30BaHHM Yy BHIJIS/I KJIACHYHOTO
PO3paxyHKy OTOKOPO3MOAUTY B OTHOTPYOHUX MEpekax 3 TePMiHATBHIUMH BY3JIaMH -
JDKepesiaMH 1 CroXuBauaMu. SIK TMpaBWio, MO BY3JIax-CIIOKKMBayaxX (aOOHEHTax)
3aJ1al0ThCSl HABAaHTAXXEHHS (JIMITH), 3a JPKepeJaMu - HallopH, MO0 HACOCHUX CTaHIIISX
JIPYroro miiioMy - BUTPaTHO-HAIIPHI XapaKTEPUCTUKH arperarTis, a TAKOX T€OMETPIs
Ta PiBHI pe3epByapiB YUCTOI BOJH, 1 MAPAMETPHU PETYISATOPIB Y PErYIIOIUNX By3Jax
BOJIOTIPOBIHOT MEPEXKI.

VY Takiii MoJenl HacoCHI arperatu abo rpynu HAacoCIB HAa CTaHLISX JPYroro
MiAOMY ONHCYIOThCS TOBHOIO MOJEIUIIO, 10 BKIIOYAE€ BUTPATHO-HAIIPHY
XapaKTEPUCTUKY TPYMH HACOCHHWX arperariB, sSika MoXke OyTH 3ajaHa TpPaHWYHAMH
napamMu "BUTpara-Hamip", IO OMNHCYIOTh poOOYy 30HY, ab0 NacCHOPTHUMU
XapaKTepUCTUKAMH BCTAHOBJICHHX HACOCHMX arperartis (BUOIp 3 1OBIIHMKA HACOCIB) 1
KOMO1IHAI[I€10 TX BKIIOUCHHS.

[HCTpyMEHTapiit mifcUCTeMH BKIIOYae B ceOe TabmmuHi 1 rpadiuHi 3acoou
aHaii3y peXuUMy BOJOIOCTAYaHHS, OTPUMAHOTO B PE3yJbTaTl TIAPABIIYHOIO
PO3paxyHKY, BKIIFOUAIOUH IT'€30METPHYIHI Tpadikm.

Pe3ynbraToM TiApaBIiYHOTO PO3PAXYHKY € TOBHE IMOTOKOPO3MOIIICHHS Y
BOJOIPOBIIHIA Mepexi Ta TUCKY Y BCIX 1 TOYKAaX 13 3a3HAYEHHSIM BEKTOPIB
HAIMpPSIMKY PYXy BOJIU B CUCTEMI.

[NpapaBaiyHui pO3paxyHOK € IHCTPYMEHTOM IMITAlliiHOTO MOJIENIOBaHHS
BOJIONIPOBITHUX MEPEXK. 3 HOTO JTOMOMOIOK MOKJIMBO BIJIMOBICTH Ha 3alUTAHHS, IO
CTaHEThCS 3 TIAPABIIYHUM DPEKUMOM MPU THX UM IHIIMX IITATHUX YU aBapiHHUX
BIJTMBAaX HA MEPEKY, a TAKOXK MPH PI3HUX YMOBAX BOJOCIIOKWBAHHS B CHITY JI0OOBOi

a00 HeperyIsIPHOI HEPIBHOMIPHOCTI.
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[Ipo  cutyariiiHe  MOJENIOBaHHS 32  JOTIOMOTOK)  IHCTPYMEHTapiro
TAPABIIYHOTO PO3PAXyHKY BOJOIPOBITHOI MEpeki MOXKHA TOBOPUTH TIIBKU Y
BUMAAKy, KOJM TipaBiiyHa MOJCIb BijkamiOpoBaHa, ToOTO 3abe3reuye
MaKCUMajbHe HAOJIMKEHHS pe3yJbTaTiB TiAPaBIIYHOTO PO3PAaXyHKY 0 JaHHUX
HATYpHUX BUMIpIOBaHb. TakuM YHHOM, MOJENb JO3BOJISIE JOCUTh TOYHO
MPOTHO3YBaTH PEXKUM POOOTH MOJEIBOBAHOI MeEpeXi MpU BBEICHUX BUXIJIHHUX
JaHUX, 3 SKUMU O 3aCTEPEKCHHSMU BOHUM HE Oylu OTpuUMaHi. Y LbOMY BHUMIAJKY
3'SIBIISIETHCS.  MOJKJIMBICTh TMPOBECTU TEOPETUYHUN aHami3 poOOTH MOJEIbOBAHOI
MepexXi, BUSBUTH il HEJOJIIKM YW IEpEeBaru, MOOAYWTH SIKIIO HE KUIBKICHY, TO,
NpUHANMHI, SIKICHY PEaKkLiio MEPEXI Ha L1 3MIHU PEKUMY.

BukopuctoBytoun MOJENb MICBKUX MEPEX, MOXJIMBO aHATI3yBaTH pi3HI
CUTYyallli, AKl cTaJucsd ab0 MOXYTb CTaTUCA 3 OTPUMAHHSIM MHTTEBOIO AHAII3Y
HACJI/IKIB TaHOT cuTyallii (eeKT MaTeMaTUYHOTO MOJICITFOBAHHS ).

MatemaTuuHe MOJIETIOBAHHSA TPaBIIYHOI CHCTEMHU MiICTa JJO3BOJISIE HA0UHO, 3
BUCOKHM CTYIIEHEM TOYHOCTI MMOOAYUTH TNPUYMHHO-HACIIIKOBI 3B'SI3KM POOOTH
CHCTEMH, TOOTO IMOOAYUTH T€, III0 MOKE CTATHCSA B THUX YW IHIIAX BUIIQAKaxX 1 IO
G13uyHO 3M1MCHUTH 1 MO0auuTH Bakko. Lle m03Bossie omepatuBHO MpoOaHali3yBaTh
CUTYAIlII0 1 HACTIIKA MPUAHATTSA THUX YM 1HIIUX PIlIEeHb 3 METOIO iX onTuMmi3arlii, a
came JI03BOJISIE:

e MogenoBaT BOJOMPOBIAHI MEpeXi MicTa OyIb-SIKOTO pPO3MIpY 3
MPUB'SI3KOI0 X JO KOOPAUHAT MicTa (BYJIUIIl, paiiOHy, 10Ma TOIIO);

e Po3paxoByBaTu BTpaTH HANopy JJisl KOJIiH, (PITHHTIB, 3aCYBOK TOIIIO;

e Po3paxoByBaTu BTpaTy HAMopy B CUCTEMI B pe3yibTaTi TEPTS;

e [lpocrexyBaTu BUTpara BOJM B KOXKHINA TpyOl CUCTEMHU;

e Po3paxoByBaTu KUIbKICTh €JIEKTPOCHEPrii, HEOOXIAHOI JUIsl epeKauyBaHHs
BOJIU;

e MoaenoBaTH SKICTh BOH, 110 3HAXOAUTHCS B CUCTEMI B PI3HUX i1 TOUKAX;
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e Po3paxoByBaTu pi3HI Kareropii BY3JOBHX BTpaT 3 YypaxyBaHHSIM ix
ocobucToro rpadika KoIMBaHb BTpaT y 4aci;

e MojentoBaTi peakiii CUCTEMH Ha pPI3HI TUIU 3aCyBOK, MOBOPOTHUX
KJIaMlaHiB TOIIO, IO 3MEHIIYIOTh TUCK 1 PETYJIIOIOTh BTPATH HAIOPY;

® MOJENIOBaTH POOOTY CHUCTEMU SIK 3a pPIBHEM BOJAM B pe3epByapi, Tak 1 3a
3aJlaHuM rpadikoM 1Moaadi BOIH;

e MoaenoBaTH pi3Hi CUTYyallll TUITY, 1110 Oy/1e, SKIIO:

- BigxmounTty (BKIIOYNTH) Hacoc?
- BigkmtounTtu (3aKpuTH) 3aCYBKY?
- IlocTraButu n01aTKOBY TPYOY?

- 3MIHATH THO Hacoca? 1 T.1.

[lopanpmmii aHami3 TiAPABIIYHOI CUCTEMH Ha MIACTaBl JAHUX PO3PAXYHKY
MOJIeJI1 AO3BOJISIE MIBUIKO 3HAMTU BY3bKI MICLS B CUCTEMI 3 METOIO iX ONTUMAaJIBLHOTO
yCyHEHHs. Marouu JaHi Ipo OCHOBHI TMapaMeTpyd HACOCHUX CTaHIIli, TOMOJIOTiIO
Mepexi, XapakTep aOOHEHTIB 1 pPEXUMH BOJOCIOXHMBAHHI, 3a JONOMOIOIO
MOJICTIIOBaHHS MOXXHA BHU3HAYUTH, M0 OyJe ONTHMAJbHIIIE - PEKOHCTPYIOBATU
Mepexy a00 3MIHUTH 30HY JAli HACOCHOI CTaHIlli; BU3HAUYUTH HEOOXIJAHI MapameTpu
HACOCHOI CTaHIlil, MOPIBHABIIM iX 3 ICHYHOUMMH. TOOTO MOJETIOBaHHS Ha eTarli
MIPOEKTYBaHHS JO3BOJISE€ MPUMUHATHA TEXHIYHO T4 EKOHOMIYHO OOTPYHTOBAHI PIILICHHS,
MOJICTIIYE aHali3 MOKJIMBUX CHUTYyalllil Ta 3a0e3neuye MPUUHATTS ONTHUMAaIbHHUX
pillIeHb, a TAKOXK J03BOJISIE BUSIBUTU (DAKTOPU €KOHOMIT €JIeKTPOCHEPTii.

Y BHCHOBKY MOXHA BIJ3HAYUTH, 10 CYYaCHUH WIAX1J M0 eKCIUTyaTarii
BOJIOPO3MOAUIBHUAX MEPEXK 13 3aCTOCYBAHHAM KOMIT'FOTEPHHUX TEXHOJIOTIH MPUXOBYE B
co0l YMManuii eKOHOMIYHUN €(EeKT 1 € MEePIIMM KPOKOM J0 aBTOMAaTHU3allil MPOIECIB
BOJIONIOCTAYaHHS Ta BOJIOBIIBEJICHSIS i3 3aCTOCYBaHHSIM Cy4acHHUX
eHeproe)eKTUBHUX TEXHOJIOTIM 1 € BAXKIMBHM €TallOM TPU MPOBEICHHI SKICHOTO

€HEProayIuTy riapaBiIidyHUX MEPEXK.
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OcHOBHI TepeBard BUKOPHCTAHHS KOMIT'IOTEPHUX MOJENel TiApaBIidyHUX
MEpPEXK MOJSATAIOTh B HACTYITHOMY:

1. CrtBopeHHs Mofeni JO03BOJIMTh MPOBECTH MACMOPTHU3AIII0 1HXKEHEPHOI
MepexXi, ycTaTKyBaHHS 1 crokuBadiB (aOoHeHTiB). HemocToBipHa Ta cymepewsinBa
iHopMalriss po Mepexi, HasBHA "Ha marepi" y pi3HUX CIy)0ax MiIIpHEMCTBA,
0e3rmocepeIHbO CTOCYEThCSI OCHOBHUX (DOH/IIB Ta aMOPTHU3AIIMHUX BiJpaxyBaHb.

[TacnopTu3aliis Mepexi Ja€ K HempsMUN pe3yabTaT 3HIKSHHS aBapiifHOCTI Ha
15-20%.

2. Ha oCHOBI JOCTOBIpHHX J[JaHUX KOMITIOTepHA iHQOpMaIliiiHa cuctema
[UIAXOM MOJIEJIIOBaHHSl 1HKEHEPHOI MEpexl Ta peXuUMIB i1 poOOTH, TO3BOJISIE
BUPIITYBATH PAJl BAKIMBUX EKCIUTyaTallliHUX 3aBaHb, a CaMe:

e 3JIMCHIOBAaTH TIJpaBiIiyHl pPO3paxyHKH, I[OB'SI3aHI 3 MOJEIIOBAHHAM
EpPEeMUKaHb;

® BH3HAYATH 1 IJIAHYBAaTH ONTHMAJIbHI TiPaBIIYHI PEKUMHU MPU ICHYIOUUX
HABaHTa)XKCHHAX CIOXKUBAYIB Ta MPOJYKTUBHOCTI PKEPET;

® [POrHO3YBAaTH pe3ybTaT OyAb-sIKUX «BIPTyaJlbHUX» BILIUBIB HA CUCTEMY 1
MpUITMATH TEXHIYHO OOTPYHTOBAHE PIMICHHS Y KOKHIN KOHKPETHIN CUTYaIIii;

e 30epiratu SKICTh HAJaHHS TIOCHYT, 3a0e3medyyBaTH 3HUWIKEHHS BTparT,
aBapiiHOCTI MepeX, ITPaGHUX CAHKIIIH;

3. Jlo3Boisie TMPOBOAWTH aHANI3 pEXUMIB pPOOOTH Ta  ONTHUMIZAIIIO
3aBAHTAXEHHS HACOCHMX CTaHLIA Ta JpKepen BOAM. A 1€ O3HAYa€e MOXKIIMBICTb
ONTUMAJIBHOTO YIPaBIIHHS 3amacaMd BOAM B pe3epByapax Ta 3aBaHTAKECHHAM
HAaCOCHUX CTaHIN 1 3BEJEHHS 0 MIHIMyMY HENPOAYKTHBHHX IMepeKauyBaHb. 3
ypaxyBaHHSM XapaKTEPUCTHK HACOCHUX arperariB, HASBHUX CIIOCOOIB peryIiOBaHHS
1 MaHUX TPO MEPEeXy, 3'IBISETHCS MOMIHMBICTH TMEPEBOJUTH TPYNMH HACOCHUX
arperaTiB B Taki pPEXHUMH, TMPU SIKAX BOHM OyAyTh TMpaIOBaTH B YyMOBax

MakcuManbHoTro KKJ/I.
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Takum ymHOM, cywyacHW miaxin 3 BukopucTanHsM EOM mpu ekcrutyaTariii
TIpaBIIYHUX MEPEeX Hece B cOO1 MOTEHIal 3HIKEHHS eKCIUTyaTalliiHUX BUTpAT
eHeproHociiB 10 50% 3aeKHo BiJ CTaHy MEPEX 1 € IEPCIEKTUBHUM HAIIPSIMKOM JIJIs

XKKT Vkpaini [3].

2 JIocBia 3acTOCYBAHHSI 00’€KTHO-OPiEHTOBAHOTO0 MOAEJTIOBAHHS

riipaBJaidYHUX Mepex

3Bakatouu Ha Te, o MicTo CyMH 3a KUIBKICTIO HAacEJIEHHS Ta CTPYKTYpPOIO
CIIO’KUBAHHS BOJIHUX PECYpPCIB € THUIOBUM OOJIACHUM LIEHTPOM YKpaiHu (KUIbKICTh
MEMIKAHIIB -275 THC.90JIOBIK, 00’€éM JT000BOI MOAa4Yl BOAM Y MICHKY BOJOIPOBITHY
MEpPEKy Y CepemHbOMy CTaHOBHTH 60-65 Trc.M/mo0y, KHC 3a KOHCTpYKLi€o €
TUINOBUMHM 3 HACOCHMM Ta IHIIMM OOJaJHaHHAM, SKE Mpalooe y Oaratbox
KaHAII3aIMHUX CHCTEMAaX MICT JIepKaBH), PE3yJlbTaTH MPOBEACHUX OOCTEKEHb
KaHAII3aIIHHUX MEPEX, PO3PaxyHKiB, TEXHIYHI MPOMO3UIlli Ta BUCHOBKH € IIKABUMHU
1 MOKYTh OYTH BUKOPUCTaHI JUIsl 1HIIIMX CUCTEM BOJIOBI/IBE/ICHHS.

3a pe3ynpTaTaMy OOCTEXKEHb TEXHIYHOIO CTaHy TPYOONpPOBOIIB, OCHOBHUX
OyniBenb, pesepByapiB, oOmamHanHs KHC Oyno po3pobiieHO cxemy peaibHO
ICHYIOUOT'O HAaIIPHOI0 KaHaTi3aliitHOro KkoyiekTopa Micta. OJIHIE0 3 OCHOBHHX
npoOsemM OyJio OJiep’KaHHsS pealbHUX T1APaBIIYHUX MOKAa3HUKIB pOOOTH HACOCHOTO
obonagnanas KHC, daktuuynux miomr Ta popM nepeTuHiB TpyOOIPOBOIIB, 3BAXKAIOUN
Ha PI3HOMAHITHICTh IIBUJAKOCTEH Tedii pIAMHU y HHUX Ta HEPIBHOMIPHOCTI
nepekadyBaHHS 32 00’ €MOM.

30ip NEpBUHHUX [JaHUX, iX aHali3 Ta YCEepPEOHEHHS Jalld MOXKIJIHUBICTh
po3poOUTH 00’ €KTHO-OPIEHTOBAHY MOJI€NIb POOOTH HAIMIPHOTO KaHaII3aliiiHOTO
KOJIeKTOpa. Mojenb ypaxoBye reorpadiduHe po3TallyBaHHS MEpexl y MexaxX MICTa,

reorpagiyHi BHUCOTHI MO3HAYKU PO3TAIIyBaHHS TPyOONpPOBOJIB, HACOCHOIO
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oOnaHaHHS T’ SITH HACOCHUX CTAHIIIH, 1110 MPAITIOI0Th HA TPAKTUYHO OJTMH OCHOBHUMN
TpyOOIIPOBiJ, 10 Ma€ TyOII0I0Y1 HUTKU HA JESKUX BlApI3KaX.

CxeMa peasibHO ICHYIOYOTO HamipHOro KaHami3aliiHoro kojekropa M. Cymu
npejacTaBlieHa Ha puc. 1.

OcHoBHa MeTa T100Y/IOBH 00’ €KTHO-OPIEHTOBAHOI MOl  HAIIPHOTO
KOJIEKTOPY — 11€ CTBOPEHHS MOKJIMBOCTI MO/ISTIOBAaHHS MMOBIPHUX BapiaHTIB poOOTH
MepeKi Ta HACOCHOTO 00JIaJHAHHS Ha HEl 3 METOIO:

® JiarHOCTYBaHHS T1JIpaBJIIYHUX MTapaMeTpiB TPYOOIPOBO/IIB;

® BHU3HAUCHHS IMapaMeTpiB  €HEepProe(EeKTUBHOCTI PpOOOTH  HACOCHOTO
0013/ THAaHHS;

® aHaNI3y PEXKHUMIB pOOOTH TPyN HACOCHOTO OOJIaQJHAHHS, IO MPaIOIOTh
OJTHOYACHO.

JUIst TpaHCHIOPTYBaHHS CTOKIB 3 TEPUTOPli MICTa A0 OYHMCHHX CIOPYA
BUKOPUCTOBYETHCS 3/1€OUIBIIOTO OJHA TIKa TpyOormpoBoay. Bona siBisie coboro, B
OCHOBHOMY, 3a/11300€TOHHY TpyOy aiameTpom 900 mMm.

3araiibHa JOBXHHA TPYOONpoBOAYy CTaHOBUTH Oim3bko 8000 M 3 mepemnagom
re0JIe3MYHUX BIIMITOK 0113bK0 31 M.

OCHOBHI XapaKTEPUCTUKN HACOCHOTO 00JIaITHAHHS MPEJCTaBICHO B Ta0. 1.
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Puc.1 — Cxema peanbHO iICHYIOUOTO HaIIpHOTO KaHaji3aiiiHoro kojgekropa M. Cymu

Tabmuug 1 - OCHOBHI TEXHIYHI XapaKTEPUCTUKH HACOCHOTO OOJagHaHHS

Bcra”HoBieHoro Ha KHC m. Cymu

HaiimenyBanns | HalimenyBanns | .. . PeauibHi T1pasiiiKi napamerpy
00’exTa oOJiaTHaHHS Kibkicts HO%aqa Q. Hamip H, m
M /ront

ITH 800-50 3 700 50
KHCA CJ1 450-56 1 450 56

CJ1 450-56 1 450 56
KHC b CM 200-150 1 200 80

ITH 800-50 1 700 50

RITZ 1 640 56
KHC B @I 540-95/2 2 450 95

CJ1 450-56 2 450 56

CJ 450-56 2 450 56
KHCT @I" 540-95/2 1 450 95

FLYGT 3231 1 900 48

CJ1 450-56 1 450 56
KHCA Tors40-0572 1 450 95
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3Bakaroun Ha J000BMH Tpadik HAAXOMKEHHS CTOKIB HAa OYHUCHI CHOPYIU
(puc. 2), MOCHITOBHICTH pPOOOTH HACOCHOTO OOJaJHAaHHS Ha CTaHIAX Ta
MOCJIIJIOBHICTh POOOTH CaMHUX CTAHINM € XaOTUYHUMH 1 HEPETYJIbOBAaHUMHU 3 TOUYKHU
30py  MiHIMI3alli  CHOKMBaHHS  €JIEKTPOCHEPrii, 110  BUKOPHUCTOBYETHCS
€JICKTPOJIBUTYHAMH HACOCHUX arperaris.

3a KkpuTepii eHeproePeKTUBHOCTI POOOTHM CHUCTEMU HAIMIPHOTO KOJEKTOpa
6y/no MPUHHATO MHTOMI BHTPATH EICKTPHUYHOI CHeprii Ha mepekadyBaHHS | M°
CTOKIB.

Po3paxyHOK mpOBOJIMBCS BUXOAYH 3 KUIBKOCTI MepeKayaHuX CTOKIB 32 MICSAIIb
(SIK PO3PaxyHKOBHI mpHitHsATO Bepecens 2009 poky) - 1295235 M>. 3rizno mokasaHb
mpwiIaaiB OOJIKY 3a 1eil mepiojl /Il BUKOHAHHS 3a3HAY€HOI poOOTH OyJIO CIIOXKHUTO
HacocHUMHU arperatamu 523494 kBt roa enekTpuyHOi eHeprii. TaKuM YHHOM MUTOMI
BUTPATH €JIEKTPpUUHOI eHeprii cranoBuiu 0,404 kBt rom/m’.

AHani3 koyiBaHb 00’€MYy HAJIXO/KEHHS CTOKIB YIPOJOBXK J00U MOKa3aB, 1110
TSl pi3HUX A10 11 rpadiky ACIIO BIAPIZHAIOTHCA, ajle HE CYTTeBO. Tomy 3a3HauYeHUI
rpadik OyB TpPUUHATHNA SK PO3PAXyHKOBHM 0O€3 OCEpeqHEHHS CTAaTUCTHYHOTO

Matepiany rpadikiB HAIXOIKEHHS CTOKIB.
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Puc. 2 — Ipuknaz rpadika HAAXOMKEHHS CTOKIB HAa OYMCHI CIIOPYAH MPOTITOM 100U

17



Pesynbratn 00 ’€KTHO-OPIEHTOBAHOTO  MOJETIOBAHHA POOOTH  pPEaTbHO
icHytouoro cporogi B M. CyMH KOJIEKTOpa JAalOTh 3HAYEHHS MHTOMHUX BHUTpAT
CJIEKTPOEHEPTii OJIM3bKE /0 PO3paxOBaHOTO 3a (PAKTUYHUMHU JAHUMU 3HAYCHHS
0,404 kBr-rom/m. Came TOMY y MHONANBIIOMY pE3yJIbTATH MOJCIIOBAHHS OYIH
NPUHAHATI K 0a30Bl IPHU PO3pPOOJICHHI TMPOEKTHUX MPOIO3UINNA MoJepHi3alii
HaripHOro kKonekropa M. CyMu 3 3aMiHOIO TPyOOIPOBO/IiB Ta HACOCHOTO 00JIaTHAHHS
KHC.

[IpoekTHi pimeHHs MOTpeOyBadM iX OOTPyHTYBaHHS Ha OCHOBI IPOBEICHHS
TIIPaBIIYHOTO PO3paxXyHKY Ta TMOAAJBIIOT0 aHalli3y pe3yjbTaTiB. 3a3HadeHl
pO3paxyHKU Oyiu ojepkKaHl INUIAXOM MOOYAOBH 0O0’€KTHO-OPIEHTOBAHOI MOl
MOJIEPHI30BAaHOI'O KOJIEKTOpa Ta aHalli3y pe3yibTaTiB pO3PAXYHKIB MOKIMBHUX
BaplaHTIB HOro poOOTH.

[Ipu dhopmyBaHHI MOJIE1 BpaXOBYBAJIHUCS:

1. HasBHuii mapk HACOCHOTO OOJIaJIHAHHS 3 WOT0 peajbHUMH TiAPaBIIYHUMU
Ta CHEPTeTUYHUMH XaPAKTEPUCTUKAMH.

2. ®aktnyHa KOHIrypamis Ta TEOMETPUYHI TapamMeTpu  BiAPI3KIB
TpyOONPOBO/IIB, IO MPOECKTYIOTHCA.

3. Omip TpyOOMmpoOBOAIB, BHU3HAYCHHN 3 ypaxyBaHHSAM JIOBXKWHHU BIIPI3KIB
TpyOOTIPOBO/IiB Ta MIOPCTKOCTI BHYTPINIHbOT TOBEPXHI TPYOH.

4. HasaBHICTh Ta mapameTpu (PaKTUYHOTO CTaHYy €MHOCTEHW HACOCHUX CTaHIIN
JUTSl HAKOMTUYEHHS CTOKIB 3 CAMOILJTUBHUX KOJIEKTOPIB.

5. T'eoge3nyHl BHUCOTHI BIJMITKM PO3TAlllyBaHHA HACOCHOTO OOJaJAHaHHS,
pe3epByapiB HAaCOCHUX CTaHIM, TpyOONmpOBOIB, MPUHAMAIbHUX JIOTKIB OYUCHUX
CHOPY/I.

CxeMa HalipHOTO KaHaJi3alifHOTO KOJIEKTOpa, IO MPOEKTYEThCA IS
M. Cymu, pesicTaBieHa Ha puc. 3.

OCHOBHI  XapaKTEpUCTHUKU TPyOONpOBOAY Ta HACOCHOTO OOJaJHaHHS,

nepeadayeHuX MPOeKTOM, MPEICTaBICHO B Ta0JI. 2.
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Puc.3 — Cxema HamipHOTO KaHaJ3aI[IfHOTO KOJIEKTOPa,

0 MPOEKTYy€eThCA 11 M. Cymu
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Tabmuus 2 - OCHOBHI XapaKTepUCTUKH TPyOONPOBOAY Ta HACOCHOTO

oOaHaHHS 32 IPOEKTOM HaIipHOTO KaHaJi3aliiHOTo KoyiekTopa s M. Cymu

JlinsHKa o Tpaci BigmiTka 3emuti Ha O .E
p ITsHI T s 2 © w 2
= =) L = 2 =i
= | E &g S 2 =
8 = = F X B 2 c
= 2 |E a = 5 T F
< N ‘= 9 E o a0 =X
. . = < 5 o o & E m
IIOYaTOK | K1HEIb IIOYaTOK | K1HELb < g = g g B o A
% oS < 2 5
= % S T o 2
= g8 | 2 g 5 5 2
= H |m * a = E
m S <
>
IIH 800-50 1
KHC A Touxka 1 129,0 129,0 119,5 | 1200 | 555 CI1 450x56 1
KHC B Touxa 1 129,0 129,0 119,1 |50 555 | IIH 800-50 1
Touka 1 | Touxka 2 129,0 130,0 1350 | 555
KHC B Touxa 2 129,0 130,0 117,7 | 1100 | 555 | RITZ SW200-46 1
Touka 2 | Touxka 3 129,0 130,0 1500 | 626
KHCT Touxka 3 128,0 130,0 118,7 | 120 |555 | FLYGT 3231 1
Touka 3 | Touka 4 130,0 128,0 1950 | 626
KHC [ Touxka 4 129,1 128,0 120,5 | 450 |555 | CJI450x56 1
Touka 4 | [IPHHMATE | 400 o 160,6 1500 | 719
Ha Kamepa

3 BUKOPUCTaHHSM  MAaTeMaTHYHOTO  amapary KOMOIHATOpUKu  OyJo
pPO3paxoBaHO KUIBKICTh WMOBIpHMX BapiaHTiB (KoMOiHaIliil) poOOTH HACOCHOTO
oOJaiHaHHS HAIIPHOT'O KaHAM3allIiHOTO KOJIEKTOPa, 10 NPOEKTYEThCs it M. CyMH.
st iboro OyJio BUKOPUCTAHO (POPMYJIHM JIJIsi CIOJY4eHb 13 6 eneMeHTIB (ToOTo 6
HacociB, BctaHoBieHUX Ha KHC, mo MoXyTh mpamoBaTi B pi3HUX KOMOIHAIIAX, SIK
OKpEMO, TaK 1 MO JiBa, TPHU, YOTUPH, I1’ATh 1 BCl pa3oM). 3riHO PO3PAXYHKIB JIHIILIN
BHUCHOBKY, 1110 BChOTO iCHY€E 63 WMOBIpHUX BapiaHTH pOOOTH HACOCHOTO O0JIaTHAHHS
B PI3HUX KOMOIHAIIISX.

[Ticns  y3ropkeHHS KIJTBKOCTI WMOBIPHHX BapilaHTIB pOOOTH HAMipHOTO
KaHAII3aIHHOTO KOJEKTOpa OyJI0 BUKOHAHO TIAPABIIYHUANA PO3PAXYHOK IS KOKHOTO
3 BapiaHTIB 1 BU3HAUCHO: M10/1a4uy, HAMIp 1 MOTYKHICTh HACOCHUX arperaTiB; BUTPATY,

IHBI/II[KOCTi Ta BTPATH HAIIOPY I10 BOAOBOJAAX; HAIIOPHU B KOHTPOJIBHUX TOYKAX CXCMMH.
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Jlaini 6yn0 BUKOHAHO €HEPreTHYHUN PO3paxyHOK WMOBIPHHUX BapiaHTIB poOOTH

HAMIPHOTO KaHaJI3al[IfHOTO KOJIEKTOpa 1 BHU3HAUYEHO EHEPrOEMHICTH KOXKHOTO 3

BapiaHTIB, SK pe3yJbTAaT JUJICHHS CYMapHOi IMOTY)KHOCTI HAaCOCHHUX arperarib, IIO

MPaIfio0Th B JAHOMY BapiaHTi, HA CyMapHy Mojadvy.

JUist aHamizy OTpUMaHUX pE3yJNbTAaTiB Ta OOpaHHS KpalluX 3 MOXJIMBUX

BapiaHTIB OyJI0O TPOBEJACHO paHXXyBaHHS BCiX WMOBIPHUX BapiaHTIB pPOOOTH

HAMIPHOTO KaHaTI3aIl[ifHOTO KOJEKTOpa.

PesynbpTaTn  po3paxyHKIB JESKMX WMOBIPHHUX BapiaHTiB poOoTH (IMicis

pamKyBaHHS B OPSAKY 30UTBIIICHHS] €HEPTOEMHOCTI) MPUBEIECHO B Ta0II. 3.

Tabmuusa 3 - Pe3ynbratu po3paxyHKIB JIEIKUX WMOBIPHUX BapiaHTIB POOOTH

(micist paHXyBaHHS B MOPSIIKY 301IBIIEHHSI €EHEPTOEMHOCTI)

Po3paxyHKoBi 3HaUEHHS

W R 2
cElEgE| g2
2SS 588 <EcE
Sl 2 g% 9 K = ,
2 s Eom S = .8 Q, H, N, Qeyms | Neyw, | Eneproemsicrs,
=g 2HEz ZEE 3 B 3 B Br-rom/m®
g 3 )Sdg :%m m°/ron M kBt | m°/ron | kBt kBT Tron/m
2§ =T & £8
A = m =
1 |KHC A | CJ450-56 950,0 | 43,49 | 133,58 950 133,58 0,14
2 | KHCTI | FLYGT 3231 995,0 | 48,98 | 159,40 995 159,40 0,16
3 | KHCB | IIH 800-50 870,0 | 54,11 | 151,44 870 151,44 0,17
KHC A | I1H 800-50 719,1 | 56,19 | 136,06
4 1599 | 268,52 0,17
KHC JT | CJ1 450-56 8799 | 46,23 | 132,46
KHC b | IIH 800-50 801,4 | 56,13 | 145,36
5 1670 | 277,48 0,17
KHC ]I | CJ 450-56 868,6 | 46,66 | 132,12
KHC A | I1H 800-50 406,1 | 61,88 | 85,21
6 | KHCB | IIH 800-50 573,9 | 61,41 | 115,07 | 1830 | 331,74 0,18
KHC I | CJ1 450-56 850,0 | 47,37 | 131,47
KHC A | IT1H 800-50 4339 | 61,53 | 90,48
7 | KHCB EGITZ SW200- 723,6 | 63,72 | 145,01 | 1980 | 365,78 0,18
KHC I | CJI 450-56 8225 | 48,40 | 130,30
KHC A | IT1H 800-50 586,2 | 59,08 | 117,04
1 262 1
8 KHCT | FLYGT 3231 803,8 | 54,83 | 145,81 390 62,85 0.19
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KHC A | 1IH 800-50 3039 | 62,94 | 64.93
9 |KHCB | L[H 800-50 4887 | 62.85 | 10054 | 1520 | 30374 0,20
KHCT | FLYGT 3231 | 7274 | 57.24 | 138.27
KHC A | LIH 800-50 383 | 6400 | 833
KHAC B | 1IH 800-50 3589 | 6452 | 76,00
10 kHe B fngZ SW200- | 5270 | 66,96 | 135,13 | 1070 | 347,08 0.21
KHCT | FLYGT 3231 | 6358 | 60.17 | 127.62
KHC A | 11H 800-50 200 | 6458 | 90,00
KHAC B | LIH 800-50 307.6 | 6501 | 6568
11 | KHC B fféTZ SW200- | 6166 | 6772 | 13251 | 2300 | 536,59 0,23
KHCT | FLYGT 3231 | 585.6 | 6181 | 121,03
KHC J1 | CJ1450-56 7702 | 5033 | 127.38
KHC A | IIH 800-50 10 | 6587 | 95,00
KHC A | CJ1450-56 2199 | 6587 | 49.33
KHC B | LIH 800-50 1433 | 6598 | 3109
12 kHe B Z%TZ SW200- | co93 | gg3g | 13020 | 2500 | 95168 0.24
KHCT | FLYGT 3231 | 570.7 | 62,30 | 118,96
KHC J1 | CJ1450-56 765.8 | 5048 | 127.10
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3 Hanpsimu po3BUTKY po00OTH

[Tomanpmmii PO3BUTOK BHUPIMICHHS TPOOIEMH, PO3TIISIHYTO1 y poOOTi, TOJIATAE
y BU3HAUYCHH1 (PYHKIIIT 3aJI€KHOCTI MK CITOKMBAHHSIM BOJM Y BOJIOIIPOBO/I1 IUTHOTO
BOJIOIIOCTAYaHHSI Ta HANOBHEHHSAM €MHOCTEH KaHai3alllMHUX CTaHIlH, SKI
MIJKJII0YEH] JI0 HAMMPHOrO KoJeKTopa. Bu3HadueHHs 1€l 3aJeXHOCTI J03BOJISE Y
MOAAJIBIIIOMY PO3POOUTH METOJIUKY BUOOPY HACOCHOTO 00JIaIHAHHS KaHATI3allIMHIX

HACOCHUX CTaHIII{, METOAY Ta aJTOPUTMY IX PETyJIIOBaHHS.
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BucHoBxu

CydacHui TiAXiJ A0 MOJENIOBAaHHS pPOOOTH TIAPaBIIYHUX MEPEeX 3
BukopuctanusiM EOM nHece B co0l MOTEHIa)l 3HWKEHHS €KCIUTyaTallliHUX BUTpPAT
eHeproHociiB 10 50% 3asie’HOo BiJ| CTAaHY MEPEXK 1 € MEPCIEKTUBHUM HAIIPSIMKOM JIJIs
XKKT Vkpaini

PamxyBanHsd WMOBIpHHUX BapiaHTIB POOOTH HAIMIPHOrO0 KaHaJI3alllHHOTO
KOJICKTOpa B TOPSAIKY 3pPOCTaHHS IMOKa3HWKA €HEPrOEMHOCTI J1ajo 3MOTY 3pOOHTH
HACTYITHI BUCHOBKHU:

e HaiiMeHIIUM MOKa3HUK EHEPro€MHOCTI € i1 BCIX IIECTH HMOBIPHHUX
BapIaHTIB, KOJIM JIUIIE OJIMH 3 HACOCHUX arperariB Mpaifloe€ Ha BOJIOBO/I.

e Jlpyrowo 3a NMOKa3HHUKOM EHEPrOEMHOCTI € Tpyla BapiaHTiB, KOJU HAacoC
octaHHboi nepes ouncHuMM cnopynamu KHC npaittoe B mapi 3 HacocoM OyJib-KOi
o1 KHC.

e TperiMm 3a 3HAUMMICTIO € TOKa3HUK Yy TpPYyNH BapiaHTIB, KOJU HAcoC
octaHHboi nepea ouncHumu cropynamu KHC mpatitoe 3 Hacocamu 1BOX OyJib-SIKMX
iHmux KHC.

e Haii0inblily eHeproeMHICTh MalOTh BapiaHTH pOOOTH, KOJIH:

- TMpamoTh B mapi JaBa HacocHUX arperatu Oyab-skux KHC (xpim
ocTaHHbO1 niepe; ouncHumu cropyaamu KHC);

- mpauoioTh Tpu Hacocu Oynb-skux KHC (kpim ocTaHHBOI mepen
ouncHumu criopynamu KHC);

- MpalioTh YOTUPH abo 1’ sTh HacociB Oyab-skux KHC;

- MPAIIOIOTh BCI MIICTh HACOCIB.

[Toka3HUK EHEProeEMHOCTI PO3paXxOBaHMX 3TIIHO TMPOEKTY MOJepHizalii
KOJIEKTOpa WUMOBIPHUX BapiaHTIB PoOOTH 3alIPOCKTOBAHOTO OOJIaHAHHS KOJIMBAETHCS
B Mexax Bizg 0,14 10 0,24 kBt rom/M>, 1110 € MEHIIUM 3a (baKTUIHUH IMOKA3HUK, SIKUH

6yB mpuitHsTHIA s Gasosmii (0,404 kBT rom/m®).
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Opnepkani pe3yabTaTu MOSICHIOIOTHCS PI3HUMH riApaBIiYHAMUA
XapaKTepUCTHUKAaMU HAacOCHOro oOjamHaHHs, mo € y HasBHocTi Ha KHC, micuem
pO3TalllyBaHHS HACOCHOTO OOJaJHAHHSA Yy TUAPABIIYHIA CHCTEMI HaIlipHOIO
KOJIGKTOpA Ta, SIK HACJ1JI0OK, B3aEMHUM BIUTMBOM IIPH KOTO MapajenbHii poOoTi.

Tomy, npu TpOEKTyBaHHI TakUX OO0’€KTIB, SK HaIIpHI KaHaJi3ariiHi
KOJIEKTOPH, 110 MPAIIOI0Th Yy CYKYIHOCTI 3 HacocHuM obnaaHanHsM KHC, HeoOxi1aHO
BpaxoByBaTH B3aemMHHIl BrumB pobOotn KHC Ta ix HacocHoro o06igagHaHHS.
VYpaxyBaHHs 111€1 0COOIMBOCTI HEOOX1JIHE IPHU PO3poO0Ill PEKUMIB POOOTH CHCTEM
HanipHux koJsiekTopiB (KHC Ta TpyOonpoBoaiB) s MiHIMI3alli 00’ €MiB CIIOKUBAHO1
enexkTpoeHeprii HacocHumu arperatamu KHC.

[IpoBeneHHsT Takux pO3paxyHKIB 3 3aCTOCYBaHHSIM 00’ €KTHO-OPIEHTOBAHOI
MOJIeJIl € MPUIUHATHUM 3 TOYKU 30pY HNPOAYKTUBHOCTI MPOBEAEHHS pOOOTH Ta SKOCTI

pe3yibTaTiB.
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