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OnauH U3 rI1aBHBIX BbI30BOB, CTOAIIUX NEpPel0 MHOTUMHU BOAHBIMH YyTHJIMTAMU
BO BCEM MHPe€ - BLICOKMid YPOBEeHb BOJAHBIX NIOTEPb UJIN Yepe3 peajibHble
norepu (yreuka) Wi O4eBHIHbIE OTEePHU (IPU-PETHCTPALIMH METP, BOPOBCTBO
BO/IbI). JTO pa3jinvyue MeK1y KOJIUYeCTBOM BOAbI, IOMEIEHHO B CHCTEMY
pacnpeaesieHusi M KOJUYECTBO BO/Ibl, 00bABJIEHHOM NMOTPEOUTEIAM U3BECTHO
kak “Boga Hemoxona” (NRW). CorsnacHo HegaBHel Oymare o0CyKIeHu s
MeskayHApOaHOT O 6anKka' 06Iast CTOMMOCTD K BOAHBIM YTIWJIATAM,
BbI3BaHHBIM NRW B0 BceM Mupe MoxkeT ObITh KOHCEPBATHUBHO OLICHEHA B
MuJIMapae/rony 3a 15 §.

He nonuMasi BeJIMYUHY, UCTOYHUKH, U cTOUBIIMA NRW - oaqHa U3 riiaBHbIX
NPUYHH ISl HEIOCTATOYHBIX YCHJIM 0 cokpamennio NRW Bo Bcem mupe.
Toabko onpenessia koaudectB0 NRW u ero KOMIoHeHTOB, BHIYM CJISAS
BO/IHbIE HHIUKATOPHI pa00ThI MOTEPHU, U NPeBPalIas 00beMbl NOTEPSIHHOM
BOJIbI B JICHEKHO-KPEAUTHbIEC IEHHOCTH MOKeT cutyanusa NRW ObITh
TOJKHBIM 00pa30M MOHATHIM U He00X0AMMOe MPeANPUHSATOE 1eliCTBHE.

B Teyenue npounibix gecsatu Jger Boanas Lenesas rpynna [lorepu (WLTF)
I'pynnsl Cnenuanucra IWA Ha "IppextuBnoit Onepanum u YnpasjieHHH
I'opoackumu BoaubiMu Cuctemamu' pa3zBuBaeT U 3alIMINAET HOBbIE
MOHSITUSI M METOA0JI0THH, KOTOPbIE MOTYT IOMO4Yb BOJAHBIM YTHJIMTAM
YMEHbIIATH BOJHBbIC MOTEpPH OoJ1ee 3¢ PeKTUBHO.

Yacre yeniuit WLTF - opranusanus cnenuaJu3supoBaHHBIX KOH(pepeHu, u
camoi 00Jib110M MoKa ObLIa "YTeuka 2005", cinyqyail, KOTOPbIH HMeJ MECTO B
l'anundgaxce, Kanaga B cenrsiope 2005. boabie yeM 50 BbICOKOKaYeCTBEHHBIX
Oymar ObLIM MPe/ACTABJICHBI B TeYEeHHE CIy4asi ITHX TpeX JAHeH.

/IBa roga mpouuin, ¢ Tex mop M riaodajabHasi BOAHASA MPOMBIILIEHHOCTH
NoKa3bIBaeT aaxe 0osbiie nuHTepeca B padore WLTF — u 0ocodeHHo Ha
koH(pepenunu 2007 WLTF: “Boanas Iloteps 2007” B Byxapecrte, Pymbinus,
rae npudau3urteabHo 90 Gymar co Bcero csera OyayT npeacraBJjieHbl,
00JIbIIMHCTBO UX BKJIIOYEHHbIH B 3TH CJOYIIAHHS.

S 1100.110 BOCIIO0/1b30BAThCSI BO3MOKHOCTBIO, YTOOBI 0J1ar01apUTh YJIEHOB
Hay4ynoro Komurera (®pancucko Kyouiabo, npodgeccop AHTOH AHTOH,
Bambos Charalambous, Tum Boaapon, Mapu Jun Iukaitncon, Majgkom
®dapaeit, Mapko ®anrToccu u Arou Poxxepc) Ajist TOro, 4To0b1 paccMOTpeTh
01u3K0 K 120 pe3rome 1 moMorarb, MHe NOMelIATh NporpamMmy 3a “Boanyro
IHoTepro 2007” BMmecTe.

Onnako, He ObL10 ObI BO3MOKHO Oprann3oBarts “Boanyio Ilotepro 2007 n
U3aTh 3TH CJIylIaHus 0e3 orpoMHbIX ycuiuii ARA, pymbinckoil BoaHoi
Accouuanuu. S xores 0b1 Os1arogaputs Ynpasiaenue u Lltat ARA ns Beeit
TBepAoi padoTsl, B cnennpuyeckoii Kpucrune lonecky, FOxxuaun
Hemetpecky, Silviu Lacatusu, [pnuesne 3axapun u Bazua Caiiomoce.

B urone 2007 st mumeJ1 BO3MOKHOCTD noceTuTh SABESP, BogHas moJjie3HoCTh S
a o Ilayuo, bpasuianu. OQuH U3 UX CHIENMATMCTOB M0 O0HAPYKEHHIO YTEUYKH



noxkaszaJj MHe caymanus 2005 Yreuku — 3arpy:keHHbiid u3 UaTepHera u
NPUSTHO HANEYaTaJ U cBsA3bIBAJ. OH HMEHOBAJ ITO Kak "JIydyilasi BogHasi
nyoJuKkanus ynpapJjeHus norepu'. S uiCkpeHHe Ha/eHCh, YTO “BoaHble
caymanus” 2007 [lorepu OyayT cUMTATH OJJMHAKOBO MOJIE3HBIM IOKYMEHTOM
CCBUIKH VIS BOAHBIX NPodeccHoHAIOB yIIPpaBJIeHHUs OTEPH BO BCeM MHUpe.

Crya Poaanaa Jlumobepakepa, Hayunbiii Komurer

! Bezos Coxpamenus Boasl Hegoxona (NRW) B PazBuBaonmuxcsi cTpaHax -
Kak YacTabiii cekTop Mosker [lomoub: B3risa Ha 3aK/04YeHHe KOHTPAKTa
O0cay:xxuBaHus Ha 0CHOBe padoTbl, bymara Oocyxaenus [IpaBienus
CexkTopa WSS #8, Mexaynapoanslii 6ank, 2006, Yuabsaimom /I. KopoJieBcTBoO,
Poaana JIumoOepaxep, u

Philippe Marin - _
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BO/IbI IVIAHA JeliCTBUS
Liviu Litescu

2. Mepsbl, 4TOOBI
YBEJNYNTH
HA/IeXKHOCTh
pacnpenesieHust
NnUuTHLEeBOM BOAbI 13

cetu Calin Neamtu

3. BonHoe ynpasJjienune
MoTEepPU B CUCTEMe pacnpeaeaenus ropoaa bpasosa ,; Teodor POPA, /I3n
I'anea

Ceccusn A2
32

4. Beuepunii Anajau3 Iloroka JKkcnepuMeHTANbHBIX MPSIMbIX 10CTYNIOB K
namatu B OrraBe Osama Hunaidi, bparesax Kena

47

1. Koraa npsimoii 10CTyll K NAMATH He NPSIMOM AOCTYN K MaMATH? S
I'amuabTOH

2. OntuManbHbii Pazmep Paiiona H3mepennbie O6aactu >’ Osama
Hunaidi, Bparbsa Kena

3. KusznecnocoOubiii Paiion, U3mepsrommuii 68 J E Morrison, S
Onycromaer, 3an I'



Ceccun A3
1. AabrepHaTtuBHble Ilogxoasl k Yperyauposanuro Leneit Yreukn 75

Crwoapt Tpoy
2. Bbl 3HaeTe, CKOJILKO M3 BallIMX KOJLJIer NPUOyAeT B BAlllU MOXOPOHBI?

86
D Pearson
10. JeiicrBue, Iliianupys Moaeib, 4To0b1 Ynpasiasathb 1t Boast Hegoxona
94
Munnas Bepmep, Ajsiexkce Paiizzo
Ceccua A4
1. T'opon Bena — Cucrema Undopmanun Cern — Kak cnenatb
3anmnch
2. ycioBHe BOAHBIX CHCTEM pacrpeaeieHust 1% Michaela Hladej

2. Ynpasaenue “PemonTom niu 3amensier” quiieMmy Ha BoaHbix
Yr1eukax 115

S. Christodoulou, C. Charalambous, A. Adamou

a. 13 . "Inliner-" u TexHnosoruu "bauskoro coorsercrBus' -
Iorenumnans u [lpenmymecrsa aiast Boonnoro BoccranoBienust Tpyobi

126
b. Rabmer-Koller

Ceccua Bl

14. Ilpuemuemslii Yposenb Boaubix Iloteps B /Kenese
138

H. Guibentif, H.P. Rufenacht, P. Rapillard, M. Riietschi
Ceccun B2

148

a. 15. Boanbsie Unaukaropsl Padors! IloTepu
b. Liemberger, K. Bparbs, A. Jlaméept, R McKenzie, Rizzo, T Waldron

16. DTanoHHOE TECTUPOBAHME NOTEPH OT MPUTOIHOM JJIs1 MUTHS BOJAbI
reticulation

161



cucrembl — caeayot u3 Komananl 3agauu IWA R S Mckenzie, C Seago’ R
Liemberger

a

17. Cobsitus ¢ Bogusimu [1U ITotepu B aBcTpuiickom IIpoekre DtanoHHOro
TECTUPOBAHMS

J. Kolbl, H. Theuretzbacher-nencnpaBuocts, R. Neunteufel, R. Perfler, I'. Gangl,
H. Kainz, R. Haberl

18. Ananu3 Yteuku Jlongona — Coosituit OnsitHoro Ceugaerens x [Tapkepa
Ceccua B3

1. Coumonoruueckue uccienoBanus B npumenenn IWA WLTF
npUOIUKAIOTCS B
2. 3amamgHas OamkaHCKas 001acTe: ynpasienue [laBmenns Jurica Kovac
2. PabGotbl Ynpasnenus [laBnenus ... ... u He nenaror!

P. V. Bentunsarop
21. IIpoekr u Yupexaenue Ouenbp Kpynnoro macmrada Husko

[psimoit moctyn k namsiti nasienus [Ipoektupyer V Anuvongnukroh, U
Makmaitree, T Chuenchom, S Sethaputra, T Waldron

Ceccus B4

1. Monynsuus Jasnenus B Kacabnanke - LYDEC Elhassane Benahmed,
Hwero JIYCEHTEa, I'abpuans Jloppaiina

2. DddextuBnoe Ynpasnenue Jlasnenus Paitonom M3mepennsie Obnactu B
Charalambous

Ceccusn C1

1. Bxitouenue 3¢ (eKToB ynpaBieHUs JaBICHUS B BEIUUCICHUAX
2. u3 KopoTko-ymnpaBiisieMbIX DKOHOMUUYECKUX Y POBHEN Y TEUKHU
Fantozzi, loxtop M., JlamOeprT, A.
2. Boansiit Kontpons [Torepu B CeBepHoii Amepuke: bonee DddekTuBHbIil B
3atparax Yem Coxpanenue Croponsl Knuenrta — [louemy Brl He cnenanu
661 JTOr0?!

R. byps, J. TopuTOH

26. ITogxon k Onpenenennto Mctunnoit [lennoctu [lotepsaanoit Boasl: Monenb
Croumoctu Kanudopuuu, Kotopoit uzderaior,

M. A. Dickinson



Ceccusa C2

1. Bognsie ctpareruu ynpasnenus [lorepu B Kaiicepu, Typuus Vedat Uyak,
Oktay Ozkan, Ozgur Ozdemir, ®atux Mexwmert Jlepmaccenedu

2. Ymupasneane UFW B Upane Sattar Mahmoodi

3. Bonnoe Ymnpasnenue [lotepu B TpyAHBIX ONEPAMOHHBIX CUTYaLIHIX

OmpiT ¢ cokpameaneM NRW O6mactu Jlarmroamepukanku (Mrtamus) Hébel P.
Ceccua C3

30. IIponenypa, ocHoBanHas Ha Maaukaropax Pabotel B Bomapix Cuctemax
pacnpeneneHus 1 uaeHTudukanuu CrieHapueB B TEPMUHAX BOJIHBIX IMOTEPh

COKpallleHHE U CTPYKTypHbIe ycoBepiueHcTBoBaHus Cristiana Bragalli, Tonino
Liserra, Mapko MarnuoHuko

31. Investigarea pierderilor de apa in retelele de distributie. Studiu de caz AnToH
AHTOH, Jlaknan CAH/1Y, Sorin PERJU

a. 32 .Ilpencka3zanrie HOpM yTEUKH Y€pe3 BTOPOCTEIIEHHBIE TOTEPU U
HECOOOIIEHHOE MOJIEIMPOBAHNE B3pbIBa
b. Chesneau, B. Bremond, Y. PeBonbep Le.

176 188
199
214 226
237 241
256
268 281
286 290
296
307
318325
II

Ceccua C4

a. 33 . AKTUBHBIN IPOEKT KOHTPOJISL YyTEUKH; CHEUPUUECKUN TPSIMOM TOCTYTI
K rmamsaTy B ropoge Cxonbe. MakenoHus



b. Ristovski, S. Spirovska

c. 34 . Boansie [lorepu B Cucteme Bonocnabxenust Manyty Kparkuii 0630p
Crparernueckoro [Inana orHocutenbHo CokparieHus: Y TeUKu

d. V. Q. Langa; J. Quessouji

OBBEM 2

Ceccus A5

4.

. 35 . OtHomienus mexny Boaueivu [TotepsiMmu n @UHAHCOBBIMU

DIiieMeHTaMu

Cnyuait MccnenoBanus - pymbinckuit Bonnsiit Cextop Oractun boep
36 . Mepsl 7151 COKpalIeHUs BOJIHBIX IOTEPh OT PaCHpeAeIUTEeIIbHBIX
ceren

okpectHOcTH 0T CTpanbl Koncranipsl. Aurel [TIPEJICYPA, Nicolae
PITU

b. 37. JlocTuxkeHne ONTUMAIBLHOTO YPOBHS l00Ses B pacrpeeiuTeNbHOM CeTH
— OayaHce MeX/1y BOCCTAaHOBIIEHHEM HMEET pa3Mephl U supportability
consummers

["aGpuane PakoBu! lunHy, Sandu Marin

Ceccun A6
a. 38 . Cnyxosoiil annapat CTEKJIA, Hanocsiuuii Ha kapty B OtraBe Kenner
JIx. bparss, I1.
1. 39 . Ucnonwszys Cucremy AMR, uto0s1 [lomous B Ouienke BomHbrx
[Toteps:
2. Manenbkoe CoIuoaornueckoe UCCiaeqOBaHUE PSIMOTO JOCTYyMa K
naMmsiTi B Bocrounom 3anmBe Mynununanessiii CepBucHbii PaiioH,
CIIA Dnapro Yactaiin-Xoynei, Jssua Bomiencrenn
3. 40 . Yopasnenue Yrteukoil JIongona — Kak npyras Boaa Jlongona
4. xommaHus nocturaet ee nenei yreuku J Parker

b. 41 . Mectononoxenue Yteuku u [lpumeuanus PykoBoactsa PemonTa u .

Hukorna 3akanunBasi BOWHY poTUB Y Teuku Puuapna [Tuiikap

Ceccus A7

42 . Bognoe Ynpasnenue [lorepu qns Yruut B Huzkux Crpanax Jloxona:
Conuonoruyueckue ucciaeaoBanus oT Yetbipex appukanckux Boaubix Y Tuaur

S.M. Kayaga, [.K. Smout

43. Coumosiornaeckoe uccieaoBanue Ymnpanienus YTeuku B ['opone Menenbuna,
Konym6us F Garzon-Contreras, C Palacio-Creeppa

44 . Cokpamenne Boast Henoxona Muaonesuu

Bri3oB u [Tyt [lepenosoit Kpuc Muarpam, Ahmad Hayat



Ceccusn B5

45. Pesusus 29 Boanbix Pacnipenenurensubix ceteit Pymbauu J Valverde, V
Ciomos

338 351

363 370 380
389
394 404
412
423 434 444
454
46. N3zmepenue u 3nauenue Boanbix [Toteps B Typuuun
M. Cakmake 1, V. Uyak, I. Oztiirk, A. F. Aydin, E. Soyer, L. Ak¢a
G. Gangl, J. Kolbl, I'. Haas, E. Hassler, D. Fuchs-Hanusch, P. Kauch
Ceccus B6

1. JleCTBUTENBHOCTh COBEPIICHUS OOJIBIIOTO KOHTPOJIS YTEUKU MPOCKTUPYET

Dewi1 Rogers, Koppano Poccu
2. XuzHecnnocoOHOE COKpallleHHE BOJHOM MOTEPH B TOPOACKUX BOJIHBIX

cucteMax pacrpezaeneHus DpsuH Kobep
3. boii c Bonoit Hegoxona B 601b1110¥1 MHOTO()YHKITHOHATEHON KOMIIAHUY;

Conmonoruueckoe uccienosanre EPAL; HanOoabImi BOTHBIA IOCTaBIUK
[Topryranuu Donnelly

Ceccus B7

51. YnopagneHue gaBiaeHus paclIupsIeT )KU3Hb UHPPACTPYKTYPbl M1 YMEHbILIAET
HEHY’KHBIE 3aTpaThl SHEPTUU

J. TopuToHn, A.O. JlambepT

cocrosiaus Wojciech KORAL

53. bonee GM3KuMii B3I/ HA B3BEIICHHYIO HOUb TeueT B sectorised cetsix R P
Yoppen

Ceccusa C5



54. IlepenoBoe Ynparnenue JlaBiaenus uepes Moaymsiuuto [Totoka;
Hentpansreiii Kapi 1. Sitec PMA Dartmouth, I'pam JI. Makgorana
55.

3aBHCUMOE rupaBinyeckoe mojaenuposanue S Onycromaet, N Tansley, 3enensbiit
I[BET

Ceccusn C6

1. Quatification ommOOK MaTepy BHYTPEHHUX MOJIb30BATENEH:
conmonoruyeckoe uccienoBanue Arregui F.J.” Pardo M.A., [1apa J.C.,
Soriano J.

2. HeMmHoro omnbITa B COKpalieHu noteps B benrpaackoit Boge

cucTema noctaBku Stevo Savi ¢

58 . Korna Knuenter He mnatat: [Ipo6iiema Heommauernnoro bumica P X Jones
Ceccua C7

59 . PykoBogsmias yreuka skoHomHO D Rogers, M. Gastaldi, Figliolini

C PKOHOMHUYECKOH To4ukH 3peHust Aji. Manescu, B. Manescu

ynpasiienue notepu B Yenickoii pecniyonuke Zden€k Svitak, EBa Pankoscka, Iva
Cihakova

464 474
485 493
501
511
522 531
541 549
554 566 576
587595 601
OBbEM 3

Ceccusa A8



1. CooTBeTCTBYIOIINE MaTepUalIbl, YTOOBI UCTIOIB30BATH IS PUTOIHBIX IS
MIUTHSI BOJHBIX CBsI3el oOcmykuBanust Haitmkena Dinnana

2. IlpoekTt BOONIPOBOAA: MTHHOBALIMOHHOE C BHICOKOW pa3peliaroniei
criocobHOoCThIO [IpoHnKHOBeHNE OcHOBaHMs, OToOpakaromiee Pamap
(GPIR) nnst Toro, yToObl OOHAPYKUBATH BOJHBIE TPYOBI U JIJIs1 TOT'O, YTOOBI
oOHapyxuBath yTeuku u Cucremy nojanaepxxkku-perenus (DSS) ans
yIpaBJICHUS BOCCTAHOBJICHUS BOJHBIMU TPYOOIIPOBOIaAMH

G. Iouenyii, K. Koncz, C. Melinte

1. BcecroponHnee pemienne BogHOTO cokpamenus notepu Kolovrat Oldiich,
ISvitdk Zden¢k Ceccus A9

2. CKpbIThIE BBITOJIBI MEJIKOMACIITA0OHOM paboThI 0a3MpOBau OOIIECTBEHHBIC
yacTHbIe ToBapuiiecTBa R S Mckenzie, W Wegelin, P Mohajane, S
Shabalala

66 . PabGota 6a3uposana Konrpakrel Cokpamenust Bonst Hemoxona R Liemberger,
W D KoponesctBo, P Marin

Ceccusn B8

67. [lonumanne komroHneHnToB Bamiero Munekca (IL1) Yreuku UadpacTtpykTypsl
HEO0OXOIMMO Pa3BUThH YCHEIIHYIO CTPATETUI0 YMEHbIINTG TosiHbie [LI nienHocTeit —
0Cc00eHHO B cucTeMax ¢ HU3kuM ILI

S. J. IIpecton, R. byps
68. MccrnemoBanus CChUIKH OIEHUBAIOT 3a JIMHEHHBIA WHICKC MOTEPh B Clydae

CeNbCKHUE BOAHBIE cucTeMbl pacnpenenenus Buxpe RENAUD, BREMOND
bepnapa, POULTON Mbs1bio

Ceccus B9

69. Beruucnenue, Onenka u Heysepennocts B OueBugnom Oobveme [loteps B
Cucreme Bonocnabxenus Kanana de M3a6ens 1.

E. H. Sanchez

1. Ucnsitanus, uyroosl OnpenenuTb KOJIMUeCTBO U Y MEHbIIATh Ha MecTe MeTp
[Ipu-peructpanuu Anekc Paitzzo, Maiikn bonenno, Ctusen I'anea C-. J[xon

2. UFR — uHHOBalIMOHHOE pelIEHUE ISl BOAHOTO BOIIPOCA MPH PErUCTpaluy —
ciaydae

uccanenoanue B Mepycanume, Omupe Uspania JaBuaecko

72 . U3meputs IIpu-perucrpannu Bei3BanHbli [llapoBeiMu k1ananamu B
PeszepByapax Kpsimu B Charalambous, S Charalambous, st loannou

Ceccusn C8



73. Cuumok ILI - KPI-6a3upyromuiics ”HCTPYMEHT, YTOOBI CITY>KUTb
JIOTIOJTHEHUEM JIOCTHKEHHIO IEJTH

S. Riolo
74. IlpakTdeckue cOOBITHS B MPOIICHUH MEPEOBBIX PEIICHUMN AJI BHIYUCICHUS

U3 4aCTOThI BMeIIATeNbCcTBa ¢ AKTUBHBIM KOHTposieM YTeuku: pe3yJibTaTsl
nosyuniau Benvenuti, D

75 . OtnaneHusiil npsimoit noctyn k namsitu, Kourponupyrommii Kak ITone3nsrit
HNucrpyment B Bognom Konrpomne [Torepn Wojciech KORAL, Slawomir
KEDZIERSKI M.

612
621 631
642
654
664
674
684 695 704 710
720
727 736
\Y
Ceccun C9

76. Obnapyxenne YTeuku - O1ieHKa YeThIpeX Pa3IuYHbIX YT€UEK yIpPaBIseT
METOIaMU

E. Algaard, P. Campbel, J. Picarel

77. Oxonomuueckass AkruHas [lonutuka Konrpons Yreuku 6e3 Unaukaropa
PaGotsl He Mud

S. 'amunbpTOH

1. HoBumiecTBa B MCIIBITAHUM IlIara, UCIIOJIb3Ysl KJIaaH BOJIOBO/IA, U3MEPSIOIIHI
Arscott



2. PazButne Cucremsl [Ipennpusarus MaterpupoBanHbix BonHbIx 3asBieHuid
VYupasnenust Yteuku (2 WLMA) mist Cronumunoit Binactu BogonpoBoaHoi
cTanouu baHrkoka

B Chuenkul, P Singhaprink, T Chuenchom, J Pingclasai, R S Mckenzie
OMBJIEMA

80.Reabilty 1 ananu3 npurogHOCTH Jisl BOJAHOM paclpeeuTeNbHON CeTH

C. GAVRILA

81. CroumocTb 3¢ (peKTUBHOE YIIpaBICHUE YTEUKU B CUCTEMaxX BOJIOCHAOKEHHUSI
M. Hammerer

82. Unrerpuposannas [logaepxka Pemenust Boqnomy Ynpasnenuto [lorepu B
Bone

Pacnpenenurensubie cetu B Pa3BuBarommxcs crpanax npumepom [lepy Ana
Kanrayana Xanamma, ['opoackoit Wilhelm

83 . Kontponps Cuctemsl 11t O1M3KOM MoiiMaHHOM B ceTu ceTu BogonpoBoaa k
I'opony

CRAILSHEIM - CAKCO®OH xpuctuanuna I'epmanuu, Markus Schreitmiiller 84
Vreuku TpyOonpoBOIOB — HEOCTAOIIAS YACTh MO3AHKH

Ob6s3aTenscTBO, D Marshallsay.

86. Cucrema Iloanepxkku Pemenus (DSS) nist Bognoro Cokpaienus [otepu:
[Toaxon, OcHoBanublil HAa Moaensix MoaenupoBaHust

T. Liserra, S. Artina, C. Bragalli, C. Lenzi

87. O1eHKa HAJACKHOCTHU M KIacCU(PUKAINS TaHHBIX, UCTIOJIb3Ysl TUCKPUMHUHAHT
GYyHKIMOHUPYIOT U aHaiIu3 (akTopa

V. Kanakoudis, S. Tsitsifli
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752762
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COOTBeTCTBYIOIIII/Ie MaTepHuaJibl, 9T00BI HCI0JIH30BAThH JJISI MPUTOAHBIX I
NUThs BOAHBIX CBA3el 06c.11y>1anaHlm



Agtop: Jlyr. Haimxea Jaiadn. nigel.ellul@wsc.com.mt

KarwueBble cjioBa: HpI/IFOHHI)Ie JJIA INThA BOAHbBIC CBA3HU OﬁcJ'[y}I(l/IBaﬂl/lﬂ;
KOHTPOJb YTE‘IKI/I; prﬁbl HO.]II/I3TI/IJICH3; CTaH)]apTLI 41 cneumbmcamm;
OmjieTka ¥ MCNLITAHHE BOCCTAHOBJIEHHUS.

Beenenue

IIpo6aemoii yredek OT BOAHBIX CBsi3eil 00CIy:KMBaHHS Bceraa ObLIa O4HA U3
rJIABHBIX NPpUYMH OecniokoiicTBa At Boanoii Kopnopauuu Ycayr B ee
MOMCKAX, YTOObI YIIPABJISATH YTEUKOH. ArpecCHBHASI POrpaMMa KOHTPOJIsI
yTe4uKH ObLI1a cjIe0BaTeJbHO OCyllecTB/IeHA. B cepenHe 1eBAHOCTHIX,
NMPOBOAMJIOCH HCCaeA0BaHue, 1 Kopnopauus peminia npekpaTurhb
HCNO0JIb30BaTh rAJIbBAHU3UPOBABIINE TPYObI M PUCIIOCO0JIEHUS U
MOBOPAYMBATHCH K MaTepuaiaM NOJUITWIeHA. BbL10 CKOPO 04eBHIHO, YTO,
XOTSl HOBBIMl MaTepHaJl He pa3beAas KaK ero npeamecTBeHHUK, yTe4Ka cTajaa
0oJiee BUHOI B TPyOe 00CIy;KMBAHMS.

HUcropus

TpyOsI MoJIMAITHIICHA U IPUCTIOCO0JIEHUS KYIUICHBI NPEAJIOKEeHUEM B
ciaeayromux pazmepax: 20mm, 25mm, 32mm, S0mm u 63mm. Bognasn
Kopnopauus Ycayr kynuijia Tpyosl HOJIHITHICHA M IpUcnocodaenus ¢ 1997.
C 1997 no nacrosimero BpeMenu, 30 KOHTPAKTOB ObLIN BbINMYIIEHbI, YTOObI
KYIIUTHh TPYObl MOJMITHIICHA BbIIIEYIIOMAHYTBIX Pa3MepoB.

Yepes 3tu gecars (10) jer, Boanas Kopnopanus Y ciayr kynuiaa Tpyobl
NMOJIMITHIIEHA 0T ceMH (7) pa3IMYHBIX MOCTABIIUKOB. LleHHOCTB 3THX
KOHTPaKTOB cocTtanjsiiia Lm 342 717 (&euro; 800 000), u B 00111€H CI0KHOCTH
1918 kM TpyOBI MOJMITHIIEHA ObLJI KYIUIEH 32 BbILIEYNIOMSIHYThIE pa3Mepbl.

B Teyenne nponuibix Tpex (3) Jer, npoBepka u3MepeHnid TpyObl U MCIILITAHUS
JAaBJICHUS HAYAJIa ONPelessiTb, KAKOMY IOCTABIUMKY NMPeA0CTABJIAIA
KOHTPAaKT.

Ouenka cymecTBYOIIel CUTYallMd OTHOCUTEIbHO 0TKA30B

Ouenka ObL1a BBINOJIHEHA, YTOOBI ONIPEAEJIUTh CYIIECTBYIOIIYI0O CUTYaI[HI0
OTHOCHTEJILHO 0TKAa30B. /[aHHbIe 0TKa3a ObLJIU cOOpaHbl U 1Jisi MaJbThI U 1J14
I'oo B TeueHue mecsineB CeHTAOPS, OKTAOPs: U HOAOPs 2006 Kak MOKa3aHO B
croJie 1. MiutrocTpupoBanHoe cpaBHeHHe MOKa3bIBAKOT B purype 1. leranu
BCeX YOBITKOB, HAMICHHBIX M VISl 'aKTUBHBIX' M VISl 'MAaCCUBHBIX' yTeueK
ObLIM KATErOpU3HPOBAHBI CJIECAYIOIIMM 00pa3oMm:

o IlnacrmaccoBas TpyOa

o IlnacrmaccoBoe npucnocodJieHue

o Metaya (BKJIKOYAS MarucTpajib, raJibBAHU3MPOBaBIINE TPYObI M
NnpucnocodJienus, tappings, 6aHmIKo,



stopcocks, stfs) Ctoua 1: nannbsie OTKa3a

Hedexrsl B Teuenne Cent-OKT- Oo0mmue
Hosa 2006 HenTpanbubiii I'omo CeBep IOr koJuamyecrBa
IlnacTmaccoBbie TPYOBI 679 123 510 1211 2523
IlnacTmaccoBbie MPUCTOCOOJIEHUS 594 80 136 493 1303
Meraun 304 51 309 227 891
OO0mue Kou4ecTBa 1577 254 955 1931 4717

IIpouenTt ne3eprupyer B Teuenne Cent-Oxr-HoBa 2006

Hpyrue, 19 %

IlnacrmaccoBbie TPYOBI, 53 %
IInacTtmaccoBblie npucnocodaenus, 28 %
Namoctpanus 1: nannbsie OTKa3a

JTH JaHHBbIE SICHO MOKA3AJIH, YTO TPYObI U NPHCIOCOOJIEHUS, HCII0JIb3yeMble
JJISI IPUTOHOM JIJIl IUThS BO/bI, CBA3U 00C/IY:KUBAHMS - [JIABHbIE
BKJIATYUKH K NMOPOKIEHUIO yTeueK. PakTuueckue TpyObl U HaliJleHHbIE
NpUCnocofieHns: ObLIM TaKKe 3a0paHbl, YTO0ObI C(hOPMHUPOBATH
pernpe3eHTATUBHYI0 MPO0Y U3 HaiileHHbIX AedekToB. Hajinennblie nedeKTbl
ObLIM cJieaylolme:

o IlnacTtmaccoBbie e eKThI TPYOBI NPOUCXOAUIN H3-32 BHEIIHEI 0
NMOBPeXKACHUS B C10C00€e, KOTOPbIM OHU ObLJIM BOCCTAHOBJIEHBI,
MOCKOJbKY YaCTh JOPOTH pacTeT, TPy0a, pacKajbIBAKOIIASCA 110 ee
AJIMHE TPYObI U AedeKTaM KPOLIEYHOI0 OTBEPCTHS. ITO YKA3bIBaeT,
YTO NPUKA3AHHOE KAYeCTBO TPYObI ObLI0 He BCeraa 0 He0OX0AUMBbIX
Ka4eCTBEHHbIX CTAHAAPTOB.

o IlnacTtmaccoBble fedeKThI NPUCTIOCO0IECHUS IPOUCXOANIN U U3-32
MaTepPHAJBHOI0 KAa4eCTBEHHOI0 M M3-32 BHELIIHEr0 MOBPEKICHHUS B
crocode, KOTOPbIM OHM OBLIIM BOCCTAHOBJICHBI, IOCKOJIbKY 4aCTh
JAOPOIH pacrer.

o Mertannuyeckue gedeKThbl NPOUCXOININ U3-32 KOPPO3UHN MaTepuaJia, u
BHEIIIHE U BHYTPEeHHeE, U3-32 BpeMeHH, OHU ObLJIM B OCHOBAHMHU. JTa
KOpPPO3Ms NMPOMCXOAMJIA TAKKe M3-32 Ka4eCTBA BOJbI M OJIMKaIIero
MaTeprajia OCHOBAHMS.

Tak kak ¢purypa 1 ykaszasna, 4To TpyObI - rJiaBHOe 0€CIOKOICTBO 1JIA
nedeKToB 00CY:KUBAHMS, MPUBOASANINX K yTeukaM (53 %), BoaHasi
KOpHopanus ycjayr, CKOHHEHTPHPOBAHHASI HA 0TKAa3axX TPYOblI.

CpaBHenue npuka3zanubix TPyO [HoamdTHiaeHa



ITostHy!0 AJTMHY KM TPYOBI OJIMITHJICHA, 3aKA3aHHON B pa3Mep NMOKa3bIBaOT
B ¢purype 2. Tak kak 00JbIIMHCTBO MPUTOAHBIX JJISI MUThS BOAHBIX CBAA3CH
00CJIy’)KUBAHUS YCTAHOBJICHO, HCNO0Jb3Yys 20mm Tpy0a, 3T0 - HauboJIee
HCIO0JIb3yeMbli pa3Mep. MiutrocTpanus 2 Takxke 1aeT MJIIOCTPUPOBAHHOE
CPaBHEHHE PA3JIMYHBIX Pa3MepOB NPUKA3aHHOH TPYObI MOJIMITHICHA.

Tpy0a 3aka3biBana

Pazmep KM
20MM 1269.7
25MM 248.2
32MMm 174
50mMm 65.4
63MM 160.5

OO0mee

KOJINYECTBO 1917.8

IIpoueHT OT MOJIHOr0 KM NPUKA3AHHOH TPYObI
63MM, 8 % S0mm, 3 % 32mm, 9 %

25mMm, 13 % 20mm, 67 %

Nnumoctpanus 2: Tpy0a IonmaTuinena, 3akasanHasi B pazmep

Koppeasinusi Tpy0bl OCTABIIMKY TPYObI CHA0:KEHHOMY KOJIHY€eCTBY M
BpeMeHH

Ilepuoa codupasics cooparh AedekTHbIE TPYObl, KOTOPbIE NPUBEJIU K BOJIHBIM
yreukam. /lepexkTHbie TPyObI ObLiIN 3a0panbl U M3 MaabThl 1 U3 ['omo. Mexay
15" STuapp u 15" ®eppanan 2007, 311 KedexTHBIE TPYOLI GHLIN 320paHbI U
NpoaHaJIu3upoBaHbl. B 001ueii ciiosxkHocTH 189 nepekTHBHIX TPYO ObLIM
3a0paHbl, 1 OHM NPOM30LLIM OT IECTH (6) pa3IMYHBIX NOCTABUIUKOB. /[0
HACTOAILLEI0 BpeMeHH, ceMb (7) pa3jIM4HbIX IOCTABIUMKOB HCII0Jb30BAJINCH
Boanoii Kopnopanueii ¥Yciayr B nokynke ee Tpyo. B atom oopa3sue, 8.5 %
AeeKTHBIX TPYO UMeJIN Hepa300PYNBYI0 UJIH HENOJHYIO0 Ne4YaTh U He MOTJIU
ObITH Ha3HAYEeHbl HH HA KAKOI'0 MOCTABIIUKA.

Crou 2 nokasza gedexrbl U AeQeKThI B KM, 3aKa3aHHbIN 0T 3TOr0 o0pas3ua
TPYObI. ledexkTHbIe TPYOBI OBLIIM COPTHPOBAHBI COTJIACHO HAHIEHHBIM
pa3mepam. TpyOsbl 0e3 nHpopMan UM, HANIEYATAHHOM HA TPyOax He
paccmaTpuBaau. LiuilocTpupoBaHHoe CpaBHEHHE NMOKA3bIBAKOT B (purype 3.



Numoctpanus 3 nokasbiBaeT, 4T0 00JbIIUHCTBO 1e(eKTOB TPYObI ObLJIO OT
20mm pa3Mmep. OgHako, paccMaTpuBas NPUKA3ZaHHBIA KM, 25mm u 32mm
pa3Mepbl BHOCAT CBOM BKJIAJA B 00Jiblliee KOJIN4eCTBO AedekToB 4yeM 20mm
pa3mep.

Croua 2: [lepexTnl 0T 00pasua TpyoObI

Tpy6a HdedexTs! oT 00pasna JedexTnl B
Paszmep .
3aka3biBasia Km TPYOBI NMPUKA3AHHBIN KM
20Mm 1269.7 108 0.09
25mMm 248.2 37 0.15
32mm 174 22 0.13
Obuue 1691.9 167
KOJIHYeCTBA

IIpoueHT ne3eprupyer ot 06pa3ua TPyoObI
32mm, 13 %
25mMm, 22 %

20mmM, 65
%

013 Defects per km ordered

015

0.09
013

0.09

Nnmocrpanus 3: negexrtol Ilpouenra or AT 27 2
oOpa3ua TpyosI (ocTaBUJIN) U 1eeKThI B
KM 3aKa3aHHbIM (IPaBo)

JedexTHble TPYOBI OBLJIM MPOAHAJIU3MPOBAHBI PA3MEPOM COIJIACHO:

e KM NPHUKA3AHHOU TPYObI

e THUINOBBIE 1e(EeKTHI

e Je(deKThI B KM, 3aKa3aHHbIN B IOCTABIIMKA U

o nedeKThbl B KM, 3aKa3aHHbII B NOCTABIIUKA, €KEr0/IHO C 1aThl
KOHTPAaKTAa

JTH pe3yJbTATHI CBe/IeHbI B Ta0JMLy B cTojIe 3 ciaeayrommum oopazom: Crou
3: ananus JlepexkTa mocraBIIMKOM

Pa3zmep Km Tunosbie Hedextol B ledeKThbl B KM, 3aKa3aHHBIH
NMPUKA3aHHON JedeKThI NMPUKA3AHHBIN €5KeroHO ¢ AaThl
TPYOBI KM KOHTpPaKTa

20mMm  IlocraBmuk 1 IlocTaBimuk 2 IToctaBmuk 2 IlocTaBiiuk 2




25mMMm  TlocraBmuk 2 IlocTaBImuk 2 TToctaBmuk 2 IlocTaBiiuk 2
32mMMm  IToctaBmmk 1 IToctaBimuk 2 IToctaBmuk 2 IlocTaBiiuk 2

Croa 3 BbIlIE MOKA3AJ, YTO MOCTABINMK 2 MMeJI 00JbIIUHCTBO AeeKToB. ITO
SICHO YKa3bIBaeT, YTO KAa4€CTBO 3TOI NPUKA3aHHOU TPYObl ObLIIO He BCeraa /10
He00XO0AUMBbIX Ka4eCTBEHHbIX CTAaHAApPTOB. Tpyda nmpocoun/iach He TOJBKO U3-
3a BHEIIIHEr 0 MOBPEXKACHUA B CI0C00€, KOTOPbIM OHHM ObLJIM BOCCTAHOBJIEHDI,
NMOCKOJbKY YaCTh JIOPOTH pacTeT. ITO TaK:Ke MPOCOYNIOCH U3-32 KaYeCcTBa
TPYObI, TAK KaK BOCCTAHOBJIEHHE ObLJIO MOCTOSTHHO VISl BCEX NMOCTABIINKOB.

IIpenJio:xkeHusi, HCNOJAb3yeMble, YTOObI KYIIMTh 3TH TPYObI ObLIN
MPOAHAJTHU3MPOBAHbI, H JIUTEPATYPa, NOCTABJIAEMAS ITUMH MOCTABIIMKAMH
yumnjach. B aToil imTepaType, KaxAblii MOCTABIIUK JAJ HAM CIIOC00, KOTOPBIM
UX TPy0a 10/1kHa OBITH BOCCTAHOBJICHA, IOCKOJIbKY YaCTh JOPOT'H pacTeT.

Tpyba 00cy:KUBaHUA MOJMITHIEHA He ObLJIa YCTAHOBJIECHA M BOCCTAHOBJICHA
COIJIACHO PEKOMEHIANMAM NOCTABIIMKA. ITO 03HA4YaeT, YTO 00bsACHEHHE OT
HAIIMX MOCTABIIMKOB HEe MOKeT ObITh MOTPEOOBAHO 0TKA3bI TPYObI, C
KOTOPBIMH CTAJIKHBAIOTCS M3-3a KayecTBa TPYObl. Eciin 061 pekoMeHaanmnu
NOCTABIINKA NMPUAEP:KUBATUCH K, Bognass Kopnopauus Yciayr 6yaer ceroans
HMeTh BO3MOKHOCTH TPeOOBATH 00bSICHEHHS W NOAAaBATh B CyJ KaK
Tpedyercsi.

Cranaaprsl u Cieunpuxanuu

EBponeiickuii cTaHaapT AJ1s1 JACTMACCOBBIX CHCTEM TPYOONpoBoaa AJisi
BoaocHaOkeHust — [loamdTiiien - B 12201:2003 u pa3zaeseH ciaeayomum
odopazom:

« B 12201 —Yacrs 1: renepan

o« B 12201 —Yacts 2: Tpyos!

« B 12201 —Yacts 3: Ilpucnocodaenust

o« B 12201 — Yacts 4: Kinanansl

o« B 12201 —Yacrs 5: [IpurogHocTs pagu cucTeMbl

o B 12201 —Yacrts 7: PykoBOACTBO IJisl OLEHKU COOTBETCTBHUSA

B 12201 — YacTtb 6: PekoMeHI0BaAaHHAS NPAKTUKA VIS YCTAHOBKH He ObL1a
U3/1aHA, U CYLIECTBYIOLIHE HAIIMOHAJIbHbIE MeTOAbI OyAyT NPpUMEeHUMBbI. B
MECTHOM MacuTade, 310 - opuandeckoe ysegomiuenue LN 364 u3 2003 —
Jopoxubie Padorsl (IIpoekt u CTtpontenbubie Ctanaaprsl) UHCTpYyKIMH
2003.

ITOT CTAHAAPT - TAKKEe MECTHBII, HAIIMOHAJIbHBIN cTaHAapT. MaabTHiicKas
Baacts CranpaproB (MSA) omo0puiia u moATBEPANJIA 3TOT CTAHAAPT MO
NMOKPOBUTEJIbCTBOM eBpomneiickoro Komurera nmo craniaprusanum.

ITH CTAHAAPTHI ATAJIM3HPOBAHBI U BCeCTOPOHHUE. UTO0BI 3aKa3bIBATH
TPYObI NOJTUITUHIIEHA, HE BO3MOKHO MOATBEPAUTDH 3TH CTAHIAPTHI, HUTUPYS UX
KAaK 4aCTh HeKHOM npoueaypbl. Bo-nepBbIX, HEBO3MOKHO CPABHUTH



NOCTABIIUKOB, CIIPALIMBASA YACTU cTaHAapTa. Bo-BTOpBHIX, HITHOpUpPOBaHUE
JI1000# YacTH cTaHAapTa cnpocuyio 0bl HU3MuUi npoaykT. [loaTomy, Bee
NMOCTABIIUKYU NPUOIU3UIUCH /Il 3aKYNIKH pe TPYO, M NpucnocodIeHus
JOJIKHBI:

o CootBercrByiiTe B 12201

o IlpousBoacTBeHHbIE MOIIHOCTH J0JKHBI COOTBETCTBOBATH
Mesxknynapoanoii Opranmzanuu no Crangapruzanuu 9001 s
Ka4eCTBEHHBIX CHCTEM

o IlpousBeaure CBUAETEIBCTBO TPETHEro JIMIA, KOTOPOMY NPOAYKTHI
¢pakTuyecku coorsercTByoT B 12201.

o byabTe Ha3HAYEH HE3aBUCUMbIMHU OPraHU3AUMAMU, [PYNIIAMH,
accouualusiMH, PeryJupys Teja u/mian ¢geaepanum.

IIpencraBbpTe TeXHNYECKHE CIeNU(PUKANNH, YTOOBI KYIUTh TPYObI
NMOJTUITHJIEHA

Boanasi Kopnopauusi Yciyr tenepb 3aKka3biBaeT TPyObl OJMITHICHA B
COOTBETCTBUM C HEKHOU NMPOLEAYPOI.

Yto Boanas Kopnopauusi Yciayr 3aka3biBaeT ceroaHs?

o Adpoamepukanen, Tpyoa HDPE nyst npuroassIix 1151 NMThs BOAHBIX
COOPYKEeHHH

o« HomunanbHoe patouee naBienue 20bar (PN20)

o Homunanbnbiidi nuametp 20, 25, 32, 50 1 63mm

o Marepuanasubiii kiaacc PE100

o Mpbul onpenesisiem ctangaptbl EN12201

OTHocuTeIbHO Yero He cnpamuBaeT Bognas Kopnopamus Yceayr ceroaus?

o IIunpoxo-npoussenennasi pyoa PE100 BMmecTo PN20 ogun

o MeToa pekoMeHIAMHU MOCTABIIUKOB YCTAHOBKH JJIsl TOM TPYObI,
4TO0OBI LJINTHCH OoJiee yeM 50 JieT 0e3 yTeuku

o CBHAETENBCTBO TPETHErO JHMIA, TAPAHTHPYIOLEE, YTO U3TOTOBJICHHE
BbinosHsier EN12201

o IlpucoennneHue U3roTOBUTEJISI C HE3ABUCMMBIMHU OPTraHU3ALMAMHU,
rpynmnaMu, aCCOUANMSIMH, PeryTupys Teaa u/uiau geaepanum.

ITO Ucc/ielOBaHUe MPUBEJIO K TOMY, YTOObI OHU ObLJIIM BKJIKYEHHBIM B HOBbIE
cnenqupukanmm.

Teopus

[MosmdTH/IEH MMeeT AJTUHHBINH, JOKA3aHHBIN 0TYET cJie/a AJIsl BOAHOT0

pacnpenesenus. Beenenue PE100 paciiupuio iuana3on 3asiBJIeHH TPYObI
naxe najnee. Marepuanbnoe o6o3navenne PE100 naet 10Jrocpoynyo cuiy
Marepuasa. IT0 - MUHUMAJIbHAasA HeoOxoauMas cuiia 10MPa (Hanpsiskenue



0o0py4a) ¥ MOJIYyYEHO OT AHAJIHU3A perpecca Ha UCNbITATEIbHBIX JAHHBIX OT
A0JITOCPOYHOI0 MCNIBITAHUS AABJICHMS.

CranaapTHoe pa3MepHoOe OTHOIIEeHHUE (CenrajibHbIe IPaBa 3aMMCTBOBAHUSA)
o0pamaercss K reoMeTpuM TPyObl. ITO ONpeaesIeHO KAK OTHOLLICHUE
HOMMHAJILHOI'0 BHEIIIHEr 0 IUaMeTPa K HOMUHAJIbHON CTEHHOM TOJIIINHeE.
IHo3ToMy, OoJs1ee BbICOKHE ClIeNMATbHBIE IPABA 3aMMCTBOBAHUS YKa3bIBAKOT
00J1ee TOHKYI0 OKPYKEHHYI0 CTeHOH TPYyOy B JIl00OM JaHHOM JMaMeTpe.
SDR11 u SDR9 00bI14YHO HCIIO/IB3YIOTCH IS IPUTOJAHBIX JJIA MUThA BOJAHbBIX
cBsi3eil 00C/Iy)KMBaAHMS.

BricokokayecTBeHHbIE MJIACTMACCOBbIE MaTepPHAJIbI 00ecIeYeHbl,
HeIPEePbIBHO KOHTPOJIHUPYS TPH PyHIaMEHTAIBHbIX CBOMCTBA:

o IlouasaiiTe cuna paspsiBa (ISO1167 u EN921) — BuyTpennnii tect
AaBJICHUSA

o Conporusiienue Tpemnubl Hanpsxenus (ISO13479) — rect MeTku
TpyOsI

o ConporusiieHue ObICTPOMY NEPBOKJIACCHOMY PACPOCTPAHECHUIO
(ISO13477) — S4 nposepsier Crou1 4: UcnibiTanue 00pa3uoB TPyObI

CoOCTBEHHOCTE Hcnerrarensasii Meton TpebGoBanus Ctangapra .
HEHTPA/MEXJIYHAPO/JHOU
OPTAHU3ALMUA ITO
CTAHIAPTU3ALINU

ITon3aiite cuna paspsiBa Tect nasnenus B 200C 1 >100h

12.4MPa

Conporusienue Mertka TpyOs! nposepsietr B 800C >165h

TpELIMHbI HanpsDKeHUd  © 9.2bar

ConpoTtuieHue S4 nposepsitot B 00C PC>IIIBABPA 132418

ObICTpOMY

MIEPBOKIACCHOMY

pacrpocTpaHeHUIO

YT10o0bI rapaHTHPOBATh, YTO BbICLIEE KAYECTBO NPUIEPKUBACTCH K,
He3aBHCHMbIe, HHTEPHAIMOHAJIBLHO YBaKaeMble J1a00pATOPUHU BHINOJHSAIOT
TeCThbl, ONIMCAHHBIE B €cTOJIe 4 BbIlIe. TecTbl NOBTOPEHBI NEPUOANYECKH,
YT00bI TAPAHTUPOBATDH, YTO U3TOTOBUTEIH OTBEYAIOT 3TUM CTPOTUM
TPeOOBaHUAM.

Hesnast 5kM3Hb CBSA3HM 00CIYKMBAHNUS 3ABUCHUT OT ISATH (DAKTOPOB:

o JKCIUIyaTALMOHHBbIE Pe:KUMbI TPYObI TeMIIEPaTypPbl U AABJICHHUS

o Hcnouabs3yemblii MaTepuaJl TPyObI

o Buemmnuss Tpy0a, 3arpy:kamomasi u3-3a TPAaHCIOPTHON MOTPY3KH, THI
JAOPOTrH PacTeT U BOCCTAHOBJICHHUE

o Oxpyxamouias cpeaa, OKpyKawias Tpyoy (XuMu4ecKasi IOrpy3ka B
3arpsi3HEHHOM MMo4Be)

o MHMHcTaasiNUOHHBIE YCJIOBHUS U METOBI



YBaxkaemblil IOCTABIIMK Oy/IeT MOCTABJIATH HE00X0AMMbIe TPYObI U
NpHUCnocodeHns B 3aBUCUMOCTH OT 3asiBJIeHUs1, Tpedyemoro Boanoii
Kopnopaumueii Ycayr u Bectu Bognyro Kopnopanuio Yciayr o Tom, kak
YCTAHOBHUTB 3TO. ITO, BMECTE ¢ MECTHBIMHU CTAH/IAPTAMM M HA y4acTKe,
KOHTPOJIMPYIOIIEM J0JIKHO HAYATH MPOLecC HAJTMYHSA CBA3el 00Cc1y:KUBAHNS,
MJISIIUXCS B Te€YeHHeE J0J1roro BpeMeHu.

HcnbiTanue OMJIETKH

JBa Ipyrux npoexkTa, CBi3aHHbIE C 3TUM ObLIIM UCIIBITAHUSIMHA
BOCCTAHOBJICHUS M OIUIETKOM. VicTIbITAHME OIJIETKH COCTOSIIO U3
MPOXO0kKAeHUS TPYOBI 00CAYKMBAHNUS Yepe3 MOJMBHUHUIXJIOpUAHOE, SOmm
PYKaB, IOXOPOHEHHbIH B CKYIHOM COeIMHEHHUHU. JTO NMPOOOBAJIM KAK YACTh
Pa3IM4YHOI TPYObI, KJIaaylleid BbINOJHAEMbIE IPOEKTHI.

IIpeumyiecTBO 3TOr0 pyKaBa CoCTOslJIO B TOM, YTO B CJIy4ae Jil00Oro orkasa,
YyacThb TPYObl, KoTOpas ObL1a sleeved, MOr/ia NPOHU3BIBATHLCS Yepe3 CHOBA.
OnHako, 00J1aCTh BOKPYT KPYTHIIEr0 JUCK METANINYECKOr0 0001Ka 1
stopcock He ObL1a sleeved. KpyTturs quck u stopcock odsacts Bee emre
JAO0JIKHBI ObLIIN ObI ObITH BeKONMaHbl. CyliecTBYOLIME MPUCIIOCO0IEHUS TAKIKE
TpedoBaH ycTanoBKH 90° H3rud, ToJbKO mocje GaHIKo, B KPYTSIIeH JHCK
obJiacTH.

Namocrpanus 4: Kpyrsimasi AucK 00J1aCTh ¢ HI3rud0M M HA4aJI0M PyKaBa
(yexajia) ¥ pyKaB OT KpyTsLIeld AUCK 00J1aCTH K TPOTyapy

Joarocpoynblii 3pPekT omIeTKH HA 3BYYANIHX METOAAX OOHAPYKEHUS ellle
He M3BeCTEeH, HO HYK/IaeTcsl B JajibHeHIuX uccjaearosannsax. Kpome toro,
PYKaB MOXkKeT ObITh YCTAHOBJICH TAK ’Ke, KaK NMpeAylpeIuTebHAs Mepa 1 He
HOJI7KEH CJIYKMTh MOAYIIKOH, YTO0ObI CKPBITH IJI0X0€ MACTEPCTBO.

HcnbiTaHue BOCCTAHOBJIEHHUS

HcnbiTaHue BOCCTAHOBJICHHUS ObLJIO BBINOJIHEHO, YTOOBI MCIILITATH MOHSTHE
OJIHO¥ MOJUTHKH MOCEHIeHNsI OCTAHOBKH, YTOObI BHIIIOJHUTH PadoTy, ¢
He00X0AMMBIM 000PYI0BAHNEM U HACTPOUTH TpeOyeMblii. BkiitoueH B
npejesax 3TOro MCNbITAHUS ObLI HCCJIeJ0BAHUEM BpeMeHH, TpedyeMoro
BBINIOJIHAUTH CTAH/IAPTHYIO padoTy BMecTe ¢ 3¢ deKTOM Ha KauyecTBO CO



BpemeHneM. CTangapTHasi padoTa 7m HOBasi yCTAHOBKA 00CIy’KMBAHUSA WJIH
IKBHMBAJIEHTHA.

HNimoctpanus S: I'py30BuUK, 3arpy:KeHHbIH 000PyI0BAHHEM U MAaTepPHAJIaAMH
JJISl BOCCTAHOBJIeHH (yeXaJI) M NepBas MONbITKA, HOBOE 00C/IyKMBaHHWE B
Marsascala (mpaBo)

Tpu pyprona, BKiIovawmue noabeM XBocTa ObLIN CIaHbI B ApEH1Y, TAK KaK
3TOT THI TPAHCIIOPTHOIO CPeICTBA He ObLI J0CTyNeH B 1oMe. Bee
Heo0XoauMoe 00opya0BaHNe ObLIO0 3arpy:KeHo. ITo BKiIw4Yaa10 H&S
00opyI0BaHMeEe U MaTePHAJIbI, TPedyeMble BLINOJIHUTH padoty. CokpamnieHue
OBLJIO CIeJIaHO C TYIPOHMPOBAHHBIM 1IOCCE, BU/AE], 1 BOCCTAHOBJIeHHE ObLIO0
caeyaHo ¢ vibro, BMemmuBawTcs. X0JI04HOe coeJHHEHHEe UCI0JIb30BAT0CH IJIs1
nepeBCILIBITHS.

JTO UCNBITAHNE MOKA32JI0 Pa3/iuyie, CPABHIBASI HOPMAJILHYIO TPAKTHKY
padoThI C 3TUM HCHBITAHUEM. JTO MOKA32JI0, YTO MHBECTHULUH B
000py10BaHUH 3AILIATHT, OCKOJBKY BpeMs, IPOBeeHHOe HA PadoTy
HenocpeacTBEHHO MPONOPUHOHATBHO Ka4eCcTBY. JTO HCNbITAHHME MOKA32J10,
YTO KAaYeCTBO - HACTOSATEJIHLHO (PYHKIUSI BpeMeHH, U padoTa, XOpo1Iio
caejiaHHasi 0oJjiee 1elIeBa B KOHEYHOM cUeTe.

Co0J1101eHHMe CTAaHAAPTOB U BbI/IEPAKUBas K 100aBJISIIOIIEMY MEPCOHAJLY -
KJII0Y€BOil BONIPOC B HE OTCTABAHHUM OT YMCJIA e:KeITHEBHBIX Pa004uX MeCT,
KOTOPbIE J0JIKHbI OBITH clieianbl. JI000e 3aKkiInYeHue cyonoapsaIHOrO
A0roBopa Oyaer TpedoBaTh CTPOroro U A0POroro KOHTPOJIs.

IIyTh Briepea B NIpUroaHOM ISl MATHSA BOJI€, CBA3AX 00CIYKUBAHUS

[oausrTHIIeH ObLI BBeJAeH B KOHIE 1950-bIX U MOABEPICSl OTPOMHOMY
Pa3BUTHIO, YTOOBI IOCTUTHYTh MEKIYHAPOIHOTO MOJIOKEH NI, KOTOPBIM 3T0
o0sagaet ceroans. [lo cpaBHeHHIO ¢ TPAAMIMOHHBIMU MAaTEPUAJIAMH,
coopy:kenusi Tpyonl PE siBisiloTCsl caMbIMM KOHKYPEHTOCIOCOOHBIMM,
KOMOMHHUPYH cJIeAyolue KJIYeBble MPeUMYyIIecTBa:



o HenpunyxaeHHOCTh 00pa0OTKHN U3-32 THOKOCTH M JIETKOI0 Beca

o T'epMeTnyHasi yCTAaHOBKA H3-32 MPEBOCXO/HOI0 CILIABA CBAPOYHbIE
BO3MOKHOCTH

o JlNIMHHAA KU3HBb ¢ HU3KUMH IKCILIyaTAMOHHBIMHU 3aTPaTaMH

o CnocodHOCTH K TOMY, YTOOBI IOBTOPHO BHIPABHUBATH CylIeCTBYIOIIHE
TPYOONIPOBOBI

o Bo03M0KXHOCTB /1JI51 HA BBITECHEHHH YUACTKA, ATbTEePHATUBHBIX
COOPY:KEHHUSX

o XuMHYECKOEe CONPOTUBJIEHUE

Beiaawimeecs kauyecTso TPyObl PE 3apeructpupoBano MeKaAyHAPOAHBIMH
TesaMu cranaaprusauuu. PE nmeer 1uinHHBINA, 10Ka3aHHBIA OTYET cJIe1a B
BOJHBIX 1eJIAX pacnpenenenns. Beenenne marepuana PE100 pacuumpusio
AMANA30H 3asiBJICHUI Jaxe Jajiee. ITO COO0LIeHNEe PEKOMEHAYeT, YTOObI
Boanast Kopnopanust Yciyr ObL1a 10/KHA COXPAHUTH MATEPHAJI IJIACTMACCHI
NOJMITHJICHA I TPYO, MOKa KayecTBeHHbIe TPYObl KYIVIEHbI U YCTAHOBJICHBI
KAK PEKOMEH/I0BAHO MOCTABIIUKOM.

AJILTepHaTl/IBHbIe pemieHus

Tpu ajdbTepHATHBHBIX pellieHUs ObLIN HIEHTH(PUIHPOBAHBI, KACASIChH
crnocoda, KOTOPbIM TPy0a yCTaAHOBJIEHA, NOCKOJIbKY YaCTh IOPOT'H PACTeT.
Oun:

Pemienue 1: pekomenayercsi, 4To0b1 TPyObI pacnpeaeieHus MarucTpaJm
ObLIM MepeMelleHbl K TPOTYapy, 1aJeKO 0T MOBTOPHO BCIUIBIBIIMX J0POT
TYAPOHMPOBAHHOrO mocce. Kpail moa orpaHuyeHuemM TpOTyapa MoKeT
HCIO0JIb30BaThes. Jlake ecjiM Kax/Aasi yCTAHOBKA HACTOJIBKO NIPEKPACHA
HACKO0JIbKO BO3MOKHO, TOPOTY THOKH, M CETh MOl NOBEPXHOCTHIO
ryJAPOHHPOBAHHOI0 HIOCCE 00513aHA OBITH MOBPEKACHHOMH OUH /I€Hb.

JT0 moApasyMeBaeT YCTAHOBKY ABOMHOM MAruCTPaJId, M 3TO 03HAYAET
ABOHHOM TpeOyeMble HHBecTHIIUN. OTHAKO, HCIIOJIL3YS MATEPHAJIbI XOPOIIEro
Ka4yecTBAa U MeTO/Ibl BOCCTAHOBJICHHS, 100aBUJI, YTO 3aTPAThl BO3MeEIIEHbI ¢
YTe4KOil U 00CayKMBaHHEM CBOOOAHBIE CHCTEMbI. JTO M03TOMY 0oJiee 1eleBo
B KOHEYHOM cUeTe.

Pemienue 2: peKOMeHAYeTCs, YTO0ObI BOJAONPOBOAHbIC MATHCTPAJIN ObLIH
YCTAHOBJICHbI B KPal0 HA OIHOW CTOPOHE JOPOTrH U CBsi3eH 00C/Iy;KNBAHMS,
nepece4eHHbIX nonepek goporu. Tpyosl monepexk 1oporu Moryr ObITh sleeved
KaK 100aBJICHHAasl TapaHTHSI.

Pemienne 3: BMecTO pyKaBoB, MOT'YT MCIIOJIB30BATHCH CI0KHbIE TPYObI. ITO -
MOKPBITasi TPYOA MOJMITHIICHA KOKH, KOTOPasi pa3peliaeT, 4To0bl yCTAHOBKA
noj 3emJieil 0e3 moTpedHOCTH B 0COOCHHO 0TOOPAHHOM 3aChINIKE BBIEMKH
OKpYy:kuJia. Jlanee ucciae10BaHUA T0JKHBI ObITH BBINIOJHEHBI € 3TOM CJI0KHOH
TPYy0Oii, 4TOOBI AHAJIM3MPOBATH €¢ NPUIOHOCTh B HAILIEM MECTHOM CLIEeHAPHH.
Oo0pa3zen 3Toro Tuna TPyobI ObLJI TOJIBKO YTO MOJY4YeH AJI51 YCTAHOBKH.



XO0Tsl UCTIBITAHNS, BHINIOJHEHHbIE H AJIbTePHATHBHbIE PellleHUsI IPUBOAAT K
ycoBepiieHcTBOBaHUNAM, Boanas Kopnopauus Y ciyr, He 10/2KHbI TOBTOPHO
H300peCcTH K0JIeCo, YTO KacaeTCsl K NPUTOHBIM /ISl IUThSI BOAHBIM CBA3AM
o0cary:kuBaHus. 3a rpaHuileii, 3Ta padoTa BCA BbINOJHEHA MMEIIIMMHA
JMUEH3UI0 MOAPSAIYMKAMHU U BOJAONPOBOIYMKAMEU, KOTOpPbIE
MO/I3aKOHTPAKTOBAHBI COOTBETCTBYIOIIMMHU BOJAHBIMHM YTHJINTAMH.
ITos1e3HOCTH KOHTPOIUPYET Pa00Ty U MPUHUMAET ITO B 3aBUCMMOCTH OT
KayeCTBEHHbIX TpeOyeMbIX cTaHAapToB. [loTpedHOCTH MOcemaTs 3Ty padory,
BBINOJIHSIEMYIO0 32 I'PaHuLeil U MOTPeOHOCTH CBA3BIBATHCH C HAIIUMH
KONMSIMH B BOAHBIX yTHIUTaX B EBpomne u Touke oTcueTra ¢ HUMH
o0s13aTesbHA.

B 310ii manepe, Bonnast Kopnopauust Ycayr 0yaer uMeTh BO3MOKHOCTh
HAYMHATH HOBYIO 3Py OTHOCHTE/IbHO IPUTOJAHBIX Uil MMThs BOJAHBIX CBs3ell
o0cay:kuBanus. I PeKT NPouUIbLIX AECATH JIET MOHTAXKA TPYO MOJIUITHIICHA H
npucnocodieHnii moTpedoBaJ Ype3MePHbBI BX0I KOHTPOJISI YTEUKHU. Y clex,
AOCTUTHYTbIH B KOHTPOJIE YTEYKH - 110 l[eHe. BbInmoiHeHHe BbIIEeYyIIOMSIHYThIX
PEeKOMEHAALM 10/ZKHO PUBECTH K MOJHOMY, 000paYMBaIOTC K
HCIOJIb30BAHUIO U3/1eJIHI BHICOKOI0 KA4eCTBA B HAIIUX JI0POrax,
YCTAHOBJICHHBIX Ka4eCTBEHHBIM CIIOC000M. JTO OyaeT 0oJiee JelIeBbIM B
KOHEYHOM cueTe, yJay4luT u3odpaxenue Boanoi Kopnopauum Yeayr u
3apaloTaeT yBa:keHHe 0T KJIHEHTOB.

3akioueHus u PE¢KOMEHIAIUH

o CoxpannTe MaTepHaJ JIACTMACCHI OJUITHJIEHA /ISl TPYO.

o Kynure T0/IbK0 BICOKOKAYECTBEHHbIE TPYObI (M MPUCTIOCOOTeHMS)
COIJIACHO MEeKAYHAPOAHBIM CTAHIAPTAM.

o Co3znaiiTe padoune OTHONICHHUS C MOCTABUIUKAMU TPYO U
NMPUCIOCO0IeHH .

o MHcnoab3yiiTe KaueCTBEHHBIX MOCTABIIUKOB KAK 0003HAYEHO
NPU3HAHHBIMH ACCONMAIUSIMH.

o Crnenudukanum npeaio:KeHusi MOJEPHU3ANUN KAK NMPeIJI0KeHO BbIIIIe.

o CranpaprusuposBarb TPyObI K 20mm, 32mm 1 63mm.

o IlpaBMIbHBINH HOPMAJIbHBIN, YCTAHOBKA CBSA3H 00C/IyKUBAHHUS.
YcraHoBuTeE CBA3M 00CTY:KUBAHUS COTJIACHO PEKOMEHIAIUSIM
NOCTABIIMKA U MECTHBIM JI0PO:KHBIM padoTam, CTAaHAAPThI
BocctanoByeHus (LN 364 u3 2003).

o BpbiOepurte MeTo BOCCTAHOBJICHUS H 00eclieuybTe COOTBETCTBYIOIYIO
TPYOY, WK HA000POT.

o YiyuylmuTe peKOMeHJAlUH MOCTABIIMKA, YCTAHABJIUBASA IJIABHbIHA B
KPAalo Ha OAHOM CTOPOHE M PyKaBe He00X0MMbIe YCJIYT'H NoIepeK
JIOPOTH.

o Co3znaiiTe cucTeMy YCTAHOBKH OTCJICKUBAEMOCTH TPYOBI.

o Ilocemenue 1 TOUKa 0TCYETA C BOAHBIMH YTHJINTAMH 32 I'PaHULIEH.

o YrnpapisiiTe HHCTAISINUOHHBIMH MPOLEAYPAMH, BHITIOJIHIEMbIMH
TPeTBUMH JHIAMH, YCTAHABJIUBAA PEKOMEH/I0BAHHBIH TPYObI H
NPUCIOCO0IeHHS.



o BrbinosHuTe 1as1€€ UCCIEAOBAHUS OTHOCHUTEIBLHO TPYO U
NMPUCIOCO0/IeHU i : BLIIBUHbTE MPUTOIHbIE NPUCTOCO0IeHHS,
NMPHUCIOCO0JIEHHSI C:KATHSA, CIJIAB M CBAPKY TOPLA, CJI0KHbIE TPYObI.
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CnocooHocTh Jkoaornueckuil Texanueckuii Otaen
1. lIpoexkTHOE OnUcaHue:

MHuoro ropoaos EC uCNIBITHIBAIOT YBEJIUYHUBAKIINECH MPO0JIEeMbI ¢ X
BOJHOW MH(PpacTPYKTYpOii TpydonpoBoga. CTOMMOCTb 3aMeHbI 3THX CTApPbIX,
CTapbIX CUCTEM, €CJIM OCTABJIEHO, YTOOBI YXYAIIUTHLCA BHE PEMOHTA, SIBJIAAETCS
ACTPOHOMMYECKOI U ICHO BHE PeCYPCOB MHOTHX CO00I1IECTB. 3aMeHa, 0IHAKO,
He eINHCTBEHHbIH BHIOOP, TAK MHOTHE U3 ITHX CUCTEM MOTIYT ObITh
peadbuanTupoBanbl 1o 30 - 70 mpoueHTaAaM CTOMMOCTH 3aMeEHBbI.
Co0TBeTCTBEHHO, peCypcChl Tenepb Bee 0oJiee U 0oJiee ACCUTHYIOTCS, YTOOBbI



o0paTuThcs K npodJjieMaM ynpaBJjieHHsl BOCCTAHOBJIeHUs TpyOonpoBoaa. U3-
32 aKLEHTA HA KU3HECNOCOOHOM YNPABJIEHHUH, 10/LKHBI OBITH PA3BUTHI
MOIXO0/IbI HA OCHOBE PUCKA /1JIsl YIIPABJIEHUSI BOCCTAHOBJICHHS CEThIO
BOJOCHA0KeHHs. PelieHHs1 BOCCTAaHOBJIEHHS 10JZKHbI 0a3MpOBaThCs, Cpeau
Npoyvero, HA OCMOTPeE U OLlEHKe yCJa0BUil TpyOonpoBoaa. Bee ke, yTHIMTBI He
MOTYT ONlpee/INTh MEeCTOHAXO0KIeHUe MHOKeCTBA UX CTAPbIX TPYO, U
TeKyllHe MHCIIeKIIHOHHbIE TEXHOJIOTUM THITHYHO He 00eCeYHBaI0T
HEe00X0IUMYI0 MOAPOOHYI0 HH(GOPMAIIUI0 OTHOCUTEIbHO NMOBPEXKIACHUS
TPyOOmpoBoaa.

1.1. Ilenu
Lesu 3T0M padoTHI:

o Pa3BuBaTh poMaH, BbICOKasi pa3pelialiuias cCnoco0HOCTb,
oTo0paskawuiasi 0CHOBaHMe, IPOHUKAIOIIee Yepe3 pagap s
oOHapy:keHHsI TPYO, yTeueK U YOBITKOB M 0TOOPaKeHUs1 MOBPEKIEHHOI
00J1aCTH ¥ OLIEHHMBATH 3TO HA UCIIBITATEJILHOM Y4acCTKe.

o IIpou3BoAUTH HHTEIPUPOBAHHYIO CHCTEMY, KOTOpPasi OyeT CoAepPkKaATh
odopyaoBanue B ‘1’ u Cucremy noaaep:xkku-pemennst (DSS) nus
ylpaBJieHUs] BOCCTAHOBJIEHUS MO3¢MHbIMH BOAHBIMHU
TPyOOnpoBOIaMHU, KOTOPbIE OYAYT HCIOJIB30BATH BX0/J OT OCMOTPOB,
4T00BI OLIEHUTD, probabilistically, 3aBucumoii BpemeHeM yTe4uKkH U
CTPYKTYPHOM HAJIe5KHOCTH TPYOONPOBOIOB U METOH0JI0TMH HA OCHOBE
PHCKa ISl pellieHNH BOCCTAHOBJIEHHS, KOTOPasi pacCMaTpUBaeT
NOJIHBIN PHUCK, BKJIOYasi GUHAHCOBBIE, CONMAJIbHbIE H IKOJIOTHYeCKHe
KpHUTEpPHH.

o K ob6aacTu nposepsitor od0opynoBanue u DSS.

1.2. Oopawennvie Ilpoodnemot:

Boxonposoa odopamaercsa k nmpodaemam moa reMoii, Bropsie 3.3 .’Advanced
Texnouaorum nias Pacnonoxenus, lHoxnep:;kanusa u Peabuiuranun
IHoxopoHnennbix UH(ppacTpyKTYyp, pa3BUBasi HOBbIE, HAJEKHbIE TEXHOJIOT UM
JJISL BOJHOT0 pacinpe/e/eHus - BKIYAKIIMHA TaK:Ke padoTy M pUCK
0a3upoBaJIM MOAXOABI - IJIsl TOT0, YTOOBI ONIPEAEIUTH MECTOHAX0K/ACHHE
AKTUBOB, HIeHTUGUUHNPYS AeeKThbl, HAeHTUUUHUPYSH YTEYKH, KOHTPOJIUPYH
U peaduJIuTHPYs IOXOPOHEHHbIe HHPpacTPYKTYpPbl. IPPEKTUBHOCTH
PA3BUTHIX TEXHOJOIMH U HHCTPYMEHTOB Oy/aeT oueHeHa. ['s1aBHas meJb
COCTOHMT B TOM, YTOOBI YJYYIIUTH ONEPALHI0, BOCCTAHOBJICHHME,
IKCILIYATAIHOHHYI0 HA1EKHOCTh, PEAOTBPALLCHUE 3aTPA3HEHUS U
0€e30IacHOCTh U TAKMM 00pa30M MUHMMU3UPYOLIUNA NPAMbIE U KOCBEHHbIE
3aTPaThl, BKJIKYasA YJKOJIOrHYeCKHUe H COLMATbHO-)KOHOMHYECKHE.
BkJ1104eHbI B YYACTHHKOB OTPACJIM NPOMBIIIJICHHOCTH, KOHEYHbIE
noJb3oBareau u SMEs.

2. BeIroanl

YTuanrsl moJgayvdart CymeCTB€HHbIC BbIT'OAbI:



o Campblii KOHCEPBATUBHBIH METO/ VIS BOAHBIX YTHJIUT, YTOOBI
OLIEHUTH IKOHOMUYECKUM 3P PeKT, NOJYyYeHHBIH U3 YIyYIICHHON
YTe4YKHU U O0OHAPY:KeHMS MOBPEKACHUS U POrPaAMMBbI
BOCCTAHOBJICHUS, MPeAJIAraeMoii B 3Toil padoTe 10JI2KeH
10JIaraTh, YTO HEHHOCTh BOAbI, CIIACEHHOM IIIOC 3JIEKTPUYECTBO
uMeJsia 00bIKHOBEHHE Ka4aTh, U XMMHKAJIUN UMeJIH 00bIKHOBEHHE
paccMaTpuBaThb TOT 00beM. J[pyro MeToj, J0NMOJHUTEIbHO,
paccMaTpuBaeT YyMEHbIIEHHYI0 CTOUMOCTh OCMOTPA H
BOCCTAHOBJICHUS, KOTOpPOe OyJAeT JOCTUTHYTO Yepe3
NMpeNJI0KeHHbIN

o packagel. B TpeTrbem MeTO/1€, KOTOPBI SIBJISIETCS BO3MOKHO
CaMbIM COOTBETCTBYIOLIUM, IOJIHbIE MIePEMEHHbIE 3aTPATHI
MO0JIE3HOCTH ILUTIOC 3HAYUTEIbHbIC 3aTPATHI HEMOABHUKHOTO
KANUTAJT0BJIOKEHUS B TeYEHHE JAHHOI0 IIEPHOJa pa3ie/IeHbl Ha
o0beM npogaHHoi Boabl. /laxke ¢ caMbIMM KOHCEPBATHUBHBIMHU M3
BbILICYNIOMSIHYTBHIX OLICHOK, TEM He MeHee, BOAHbIe YTHIUThI
MOJIy4YaT CyllleCTBEHHbIe cOepesKeHusl.

JonoiHuTEIbHBIE BBITO/JIbI K YTHJIMTAM, NIpelJiaraeMbIM
NPEAJI0KEHHBIM MMaKEeTOM BKJIIYAKT PaCIIMpPEeHue ;KU3HHU UX CEeTH,
YMeHbIIECHHE YPEe3BbIYAHHOI0 CBEPXYPOYHOI0 BPEMEHH /ISl CJY KaLHX,
COKpalleHne MPOHMKHOBEHUS B CHCTeMe KOJJIEKTOPA U TAKUM
o0pa3oM, COKpalleHHEe KOJIMYECTBA CTOYHBIX BO/I, KOTOPbIE HYKIAKTCH
B 00padoTKe, COKpalleHne BEPOATHOCTH Cy1eOHbIX IIPOLECCOB,
COKpalleHne BePOITHOCTH BOJHOI0 3arpsi3HEHM I, COKPallleHue
BEPOSITHOCTH YJIMII M COCEIHEr0 pa3pylieHus YTUJINT U
YCOBEpPIICHCTBOBAHUSA 001eCTBEHHBIX OTHOLIEHHUIT (00J1ee HaleKHOe
o0cIry:KUBaHUe, MEHbIIIE YBeJIUYeHUd HOPMBbI).

Kpome T0ro, yrujmrel npuoOpeTyT HHCTPYMEHT, KOTOPbIi pa3peuT
UM NPUHUMATh BO BHUMaHHe, HHTETPUPOBAHHBIM CIIOCO00M,
3aTparaMu, BbIroAamMu, 3¢ PeKTHBHOCTHIO, COUAIbHBIC U
IKOJIOTHYeCKHMEe 3HAYCHUSA PeLIeHU OTHOCUTEJIbHO BOCCTAHOBJICHUS U
XapakTepu3yeT U3MepeHue YCTOMYMBOCTH UX pPelleHui
BOCCTAHOBJICHUS TAK, YTOOBI OHM MOIJIM YIIPABJIATH UX CUCTEMOI
BOJOCHAOKeHHMs B KOHTeKcTe ocyumecTBaeHus J{upekTtuBpl CTPyKTYpbI
Boabt EC. KpoMme T0ro, 310T HHCTPYMEHT NPEAJIOKUT HEOLICHUMY IO
MOMOIIb JJISl TOT0, YTOOBI MPEACTABUTH MX CIY4Yau UX Peryasiropam.

3. O:xxugaemMble pe3yJabTaThl:
3.1. Ilponuxnoeenue Ocnosanus, Omoopascarowee Paoap (GPIR)

Poman, Bricokas pazpemarmomasi cnocooHocts, GPIR Oyaer pazpabdoran u
MOCTPOEH JIfA TOr0, YTO0ObI 00HAPYKUTH MOXOPOHEHHbIE BOHbIE
TPYOONPOBOABI, AJIs1 TOT0, YTOOBI O0HAPYKUTH YTEYKY U OBPEKICHHUE B
BOJHBIX TPYOOIIPOBOAAX M YTOOBI 0TOOPA3HTH MOBPEKICHHYIO 00/1aCTh.

IIporpamMmHoe o0ecnieuenne 0yaeT pa3BUToO, YTO Mpeodpasyer
HHCIIEKIIHOHHBbIE Pe3YJIbTATHI B KOJIMYECTBA, He00X0AUMBbIe J1JIs1
KOJINYeCTBEHHOM OLIEHKHU CTPYKTYPHOTI'0 YCJIOBHS TPYOONIPOBOAa. JTH



KOJIMYECTBA BKJIKYAIOT MECTONMOJI0KEeHHE MOBPEKIEHUs 110 TPYOONPOBOIY,
MeCTOI0JI0KeHH e MOBPEKAEeHNsI B MOBPEKIEHHOM MONePeYHOM CeUYeHU M, THII
noBppe:xaenus (nedopmanusi, TpenUHbI, OTKPbITOE COeJUHEHUE) H Pa3Mep
nospe:xaenns. Kpome Toro, omudka B ONUCAHNU BBIIEYNIOMSIHYTOI0 Oy/a1eT
TaKKe 00ecreYyuBaThLCs.

3.2. Cucmema Ilodoepsricku Peutenus 0151 600H020 60CCHAHOBICHUSA
mpy6onpoeooa (DSS)

DSS Oyaer BKiII0YaTh:

3.2.1. Bvinoinenue npozpammno2o odecneueHus, Komopoe onpeoeiun Hopmol
YymeuKu u 6epoAmHOCMb HAAUYUA IMUX HOPM YMEUKU 6 meueHue 00712020
épemeHuU.

MeTonosorus 0Oyaer passura ocHoBaHHas Ha Bxogax ot GPIR na pa3mepe
OTKPBITHH U OCHOBAHHASI HA MaTepuaJie TPyObl, 1MaMeTpP M JaBJICHHUE
onpeaeJsT pacxo] yTe4KH BO BpeMs 0CMOTpA.

'V, UCNO0Jb3ys DSS yMeHbIIAT CTOMMOCTH OCMOTPA YTEYKH Yepe3
ONTUMAJILHBIN NePpenHCIeKIMOHHbIA BHIOOP BpeMeHH. /lonmoiHuTEe IbHO, OHI
noJry4ar c0epe:keHusl B CTOMMOCTH HHKEHePa, KOTOPbIii OLleHUBAeT yCJI0BHe
TPYOONpPoOBOAa U BHIOMPaeT KOPppeKTUBHbIC Mepbl. Kpome Toro, onu moJsyyar
cOepekeHHus U3-32 ONTUMH3ALNH BOCCTAHOBJICHUS.

MeTtonosaorus 0yaer Tak:ke pa3BuTa, YTOObI OLIEHUTH, probabilistically,
Pa3BUTHE PACX0/]a YTEYKH B Te4YeHHe 0JIroro BpeMenu. st 3Toii oueHku,
OyayT paccMaTpUBATh BJUSIHME KOJIMYECTBA MPONMYLHIEHHON BOAbI (KOTOPbIi
YBEJIUYHMBAETCS CO BpeMeHeM) Ha 3po3uu nouBbl U1 MoayJuie Peakuuu IlouBbl
yepe3 HUX Ha pa3Mepe OTKPbITHI (M3rud NPUYMH 3PO3MHU MOYBBI TPYObI U
OTKPBITHS AePeKTOB B 00PATHOM CBOJE, B TO BpeMsl KAK YMeHbIICHHbII
Moayab Peakuuu IlouBbI NPOABUTraeT COKPYIIMTENbHBIN U3 TPYObI U
OTKPBITHSI TOPU30HTAJIbHBIX TPEIIIUH B KOPOHE, 00PaTHOM CBOJIe M
springlines). Pe3yJbTaToOM OyAyT OLIEHKH PAaCX0/A0B TaK Ke KaK BePOATHOCTH
HAJMYMS ITHX PACXOA0B B TedeHue 10Jroro Bpemenu. Ilpoueaypa Bayesian
OyaeT pa3BuTa, YTOObI OOHOBHUTH BHIIIEYNIOMSIHYThIe PACX0/Ibl, KOI1a HOBbIE
UHCIIEKIIHOHHbIE Pe3YJIbTAThI CTAHOBATCS JOCTYIIHBIMHU

3.2.2. Bvinoinenue npozpammno2o odecneuenus, Komopoe onpeoeiunt,
probabilistically, ypoeens 3azpaznumeneii Kak pyHKuus epemenu

Metonoaorus 0yaer pa3sBura AJisi BepOATHOCTHON OLIEHKH KOHIEHTPALUi
00J1e3HETBOPHBIX MUKPOOPTraHU3MOB M IPYIHX 3arpsi3HUTe/ el B
TPYOONpPOBO/e B TeUeHHE 10JITOr0 BpeMeHH U3-3a MoTepH (pusuveckoi
LHEJOCTHOCTH. DTH KOHUEHTPauM OyaAyT GyHKIHEil MeCTOMOI0KEHUS
TPyOOnpoBoaa (Hanmpumep 0JU30CTh K KOJLUIEKTOPAaM) M MOJIOKUTEIBHO
CBsI3aHbI ¢ pa3Mmepom oTKpbITHil. [Iponenypa Bayesian Oyaer passura, 4T0o0bI
O0OHOBHUTH OLICHKH KOHLEHTPALMii, KOI1a HOBbIe HHCIIEKIIMOHHbIE Pe3yIbTaThl
Ha pa3mepe 1e(P)eKTOB CTAHOBATCH A0CTYITHBIMH.



3.2.3. Botnoinenue npozpammuozo obecneuenus, Komopoe onpeoeaum
6EPOANHOCIb COKPYUUMETbHBIX, CCUOAACH U COCOUHUM OMKA3 8 MeYeHUe
0012020 8peMeHU.

MeTononorus 0yaer passura ocHOBaHHas Ha Bxoaax oT GPIR na
MECTOIO0/I0KEHNH, TeYaTaTh U pa3Mep NOBPeKIeHHUs U OCHOBAHHBIN HA
MaTepuaJje TPyOONpoBoaa, THUII MOYBbI, OKPY:KaouIei TpyOonpoBo,
NOIPY3KY, TOPHU30HT PYHTOBBIX BOJ U BO3PACT TPYOOIIPOBOAA, KOTOPbIii
ONpeIeJIUT CTPYKTYPHYIO aIeKBATHOCTH TPYOOIIPOBOAa BO BpeMsl 0CMOTPA.
MeToaos10rusi Oy1€T TaK:Ke pa3BUTa, YTOObI OLleHUTh, probabilistically,
pa3BUTHE CTPYKTYPHOM aIeKBATHOCTH TPYObI. JTO Oy/1eT OCHOBAHO Ha (a)
Pa3BUTHE CHCTEMBbI OTPY3KH, (b) yxXyauieHue CBOiCTB MaTEPHATIOB
TPYOONpoBoaa U (C) pa3BUTHE B3aUMOAEHCTBHS CTPYKTYPbI OYBbBI.
Ipouenypa Bayesian Oyaer pa3BuTa, 4T00bI OOHOBMTH BBILIECYIIOMSIHYTOEC,
KOI'1a HOBbI€ MHCIICKIIMOHHBIE Pe3yJIbTATHI CTAHOBATCH A0CTYITHBIMH.

3.2.4. Bvinoinenue npozpammnozo odecneuenus, Komopoe pa3peutum 600HbIM
CePBUCHBIM MEHeOMHcepam peuams KoOmopulii mpyoonpoeoosl
peadunumuposams, K020a u KaK u K020a HOGMOPHO OCMOMpPeEnts
UHOUBUOYAIbHBIE MPYOONPOEOObL.

MeTon010rusi HA OCHOBE pHCKa OyaeT pa3BUTa Uil yIIPaBJICHUS
BOCCTAHOBJICHHS BOJONPOBOAHBIMH MATUCTPAJISIMH pacnpeaeIeHus U
CTBOJIOM. JTO NMONBITAECTCH 0TBETUTH HA Bonpochkl: Kakoii Tpydonposojg
noJikeH ObITh peadmnutTupoBan? Kak? Korga? Koraa nosxken tam ObITh
CJeAYIIIMA 0CMOTP JJIA onpeaeieHHbIX TpyOonpoBoaoB? IlepBbiii mar
JH0JIKeH OyaeT BbIOpaTh 0a3upyeMble MepPbl IKCIIYATAIIMOHHONH HAIE:KHOCTH
padoThI (WK CIOCO0BI 0TKA32), KOTOPBIA MOT 0bl BKJIYUTH B3PbIBbI,
NpepbIBaHuUsl, YTOObI NOCTABJIATH, BOJHOE KA4eCTBO, YTe4Ka U J1aBJICHHE.
YTo0bI OLIECHMBATH PUCK VISl KAKIOT0 IYHKTA B NMEPUOJ KAKI0I0
TPyOONpPoOBOJAa, BCE MOCTAEACTBUS 0TKA3a B3PbIBA, 0TKA3 YTEYKH, BOJAHbIH
Ka4eCTBEHHbIH 0TKA3, U T.J. Oy/1eT HAeHTU(PUIIHUPOBAH 1 OLICHEH
KOJIMYECTBEHHO UJIM, €CJIM 3TO OyJeT He BO3MOKHO, KAUeCTBEHHO.
BeposiTHOCTH BOBHMKHOBEHMS Ka:KI0I0 U3 3TUX MOCJeACTBUI OyIyT TaKxKe
oleHeHbI. /[Mana3oH cxeM BOCCTAHOBJICHUSA OyAeT MICHTU(PULUUPOBAH U
oneHeH. [1ockoJIbKY HX BHITOAbI MOA00HBI (YMeHbIIMTE YTeUKYy, u/Wan
YBeJNYbTE CTPYKTYPHYIO HAJIE:KHOCTB), AJISl ONPeAe/IeHHbIX TPYOOIIpPOBOAOB,
OHM OYAYT 0TOOPaHBbI MpesKIe BCero 0OCHOBAHHbIE HA 3aTpaTax. BKiIroyeHHbIi
OyzaeT Bce CBSI3aH NPsIMble U KOCBEHHbIE 3aTPAaThI, B TO BpeMsl KAK YHCThIe
CYLIEeCTBYIOIIHME HEHHOCTH 3aTPAT OyAYT MCIOJIb30BATHCH KOIAa BO3MOKHO. C
JAPYIOM CTOPOHBI, YPOBEHb PUCKA KAK (PYHKIMSA BPEMEHHU AJIS PA3JIUYHBIX
TPYOONpPOBOIOB Oy/AeT BeCTH NMPOEKTHOE YCTAHOBJICHUE IPUOPHUTETOB.
JIONOJIHUTEIbHO, METOA0JI0TUA OyJAeT pa3BUTA B TeUECHUE
MePeHHCIEeKIIMOHHBIX BPeMeH /ISl ONpe/ie/IeHHbIX TPYOOIpPOBOI0B,
OCHOBAHHBIX HA UX YPOBHE PUCKA.

3.2.5. Mooyav CTEKJIA, 6a3a oannwlx u meneoxcep 0annvlx (cm. puc. 1).



Bba3a nanHbIX OyaeT CIy»KUTh CKJIAJI0M BCeX CBA3AHHBIX IPOECKTOM JAaHHBIX,
THIIA, JAHHbIEe OTHOCHTEJIHLHO MaTepHUaJia TPYObl, JaHHbIE OTHOCUTEJIbHO
MECTOI0JIOKEHHU S YTe4YeK, JAaHHbI¢ OTHOCHUTEIbHO OPUEHTALUM TPELIHH
(ropu30HTANbHBIN, BEPTUKAJBHbIH, H T.1.), IJIMHA TPELIHH, OTKPbITHE
TPELIUH U U3MEHEHNH B BEPTUKAJIBHBIX M TOPU30HTAJILHBIX IMAMETPaX U
pe3ybTaTax BHIYMCJICHUIN U JAaHHBIX cleHapus ('Kakoil - ecid' aHAIU3
3aKaH4YMBaeTcs). ITH JaHHbIEe OyAYT A0CTYIHBI AJIA APYTUX MOAYJIel yepe3
MEeHeIKepa JaHHbIX, P NOANPOrPaMM, KOTOPbIe CKPOIT OT BCeX APYrux
MoJyJieil 1eTa/ii BbINOJHeHHus 0a3bl JaHHbIX. MeHeaKep JaHHbIX OyaeT
¢IMHCTBEHHBIM IIYHKTOM J0CTYyIIa K 0a3e JaHHBIX, U 3TO 00eCIIeYuT
HACTPOECHHOE NPeICTaBJIeHHE LI KAaXKI0ro crenuGpuieckoro MoayJis,
o0ecneYnBaOIIEro MeXaHU3Mbl KOHTPOJISI JOCTYIIA M YBePSIOLIEero
LeJIOCTHOCTh JAHHBIX B 0a3e JaHHbIX. OnpeaeeHHOe peIcTaB/IeHHe
MEeHe/IKepa JaHHBIX 0yJIeT COCTOSITH B TOM, YTOObI MOJIYYHUTh J0CTYI K
NPOCTPAHCTBEHHBIM JAHHBIM BOJAHOM ceTH TPYObl, KOTOpas OyJAeT COXpaHeHA
B MoayJie CTEKJIA. O0benunenune moayasa CTEKJIA o6aeruur
N0JIb30BaTeJIsl, YTOOBI MCCIEA0BATH ONPe/IesIeHHYI0 00J1acTh TPYO HiIn
onpeeJIeHHONH TPYObI M OLIEHUTH Pe3yJibTaThl B BU3YaJbHOI MaHepe.
Oo0beaunenune moaysa CTEKJIA Takike m03BOJMT PaccMOTpeThb (paKkTOpHI,
THNA 0JIU30CTH K APYIMM YTHINTAM, CTENEeHb ABHKCHUS, U T. 1.

3.2.6. Ikcnepmuasn cucmema co 3HaHuUemM 06a3UPyemc U MeHeoHcep 60npoca

JKcnepTHAasl CUCTEMA CKOOPAMHHMPYeT pa3judHbie Moayau DSS,
o0ecneynBaTh CBOOOJAHBIN NMPOXOJ K cHCTeMe Yepe3 JerKuil B HCI0JIb30BAHU U
uHTepdeic u 32a00TUTHCH 00 00CTYKMBAHMHU 3HAHUSA 00J1ACTH U YMECTHOM
0a3bl nanHbIX. UHTerpupoBannbiii DSS npu3oBer Bce MOay/IM Kak Tpedyercst
U MOKAXeT, Yepe3 M0JIb30BaTeIbCKUil HHTepdeiic, Bce He00X0AUMBbIE JaHHbIE
10 KOHIIA MoJib30BaTe b, [losib30BaTes b OyAeT B COCTOSSHUM OLEHUTh
CYLIECTBYHIIMH CTATYC BOAHOM ceTH TPYObI WJIH ONpeIeSIeHHON TPYObl, HIH
OH Oy/JeT B COCTOSIHUM IKCIIEPMMEHTHPOBATH CO CLIEHAPUSIMU, YTOObI OLIEHUTH
BO3MOKHBIN CTAaTyC BOJHOM ceTH TPYObI B 3aBUCUMOCTH OT KeJIaTeJIbHbIX
BXO0J0B cueHapus. UHTepnperauus moJib30BaTeIbCKUX BOIPOCOB, NPOCHh0a
COOTBETCTBYIOLIEr0 MOAYJIsl (€if) K onpeeIeHHOMY IOABONPOCY TAK Ke KaK
COCTABY OTBETOB I0JIb30BaTeJI0 BCA OyAeT (PYHKIUAMHA MEHe/I:Kepa BoIpoca.
BkJ1ro4eHbI B BONPOCHI, KOTOPBIE MOJIb30BaTE/Ib MOT ObI OBITH B COCTOSIHUM
CIIPOCHUTH, BONPOCHI CJIEAYIOIEero THIIA:

Korna onpenesennblii TpyOONpPoOBOJ CerMEHTHPYET, JAHHOTO 1MaMeTpa,
CTEHHOH TOJIIIMHBbI, MATEPUAJTIbHON, 00beINHEHHOT 0 THIIA, BO3PaCTAa,
TUIA MOYBbI, [NIyOMHA MOKPBITUS, U T.J1. C ONIPeIeJIeHHON YTeYKOi U
CTPYKTYPHBIM MOBPeEXKAEHUEM KOI1a 0CMOTPeHo 3 rojaa Ha3aj,
JOCTUTATh IYHKTA, YTO BEPOATHOCTHh COKPYUIUTEJIbHOI0 0TKAa3a OyaeT
80 %?

Yro OyaeT Jy4IIUM METOAOM, YTOOBI peadMJIMTHPOBATH TPYOONIPOBO B
3TOM IyHKTe?



Yro OyaeT npsAMOii CTOMMOCTHI0, YTOObI Pea0WJINTHPOBATH
TpPyOONpoOBOJ B 3TOM NMyHKTE?

Yro OyaeT KOCBEHHOH CTOUMOCTHI0, YTOObI PeadMJINTHPOBATH
TPYOONPOBOJ B 3TOM IIyHKTE?

Yro Oyaer BO3AeCTBMEM HA PUCK PeadMJIMTHPOBATH TPYOONIpoBOa B
3TOM IyHKTe?

Yro OyaeT BOAHBIM Ka4eCTBEHHBIM PHCKOM B 3TOM IyHKTe?

Yto OyaeT pacxooM yTeUKH B ITOM MyHKTe?

-UTo OyaeT BOAHBIM Ka4eCTBEHHBIM PUCKOM B TOM Ke caMOM TpyOonpoBoe,
KOI'12 BEPOSTHOCTb COKPYIIUTEJbHOIr0 0TKa3a - 50 %?

- YUto Oymer BO31eiICTBHEM HA PHUCK, €CJIM TPYOOnpoBoa Oyaer
peadMIMTHPOBAH NATH JIET CIYCTH?

4. CTpyKTypa nj1ana padorsl
Pabora passiomana Buu3 B 8 workpackages ciaenyromum odpasom:

o WPI1 - PazButne Boicokoii paspemaromeii cnocoonoctu GPIR

o WP2 - Ouenka O6opynoBanust OnbiTHOro oopasua u Illporpammuoro
o0ecneuenus, Ilpoussenennoro B WP1 na Tpyb6ax U3BecTHoit PaGoThI
(B Tepmunax Mecronosoxenus, [loppexaenue)

o WP3 - Pazutue Merogosoruii Ajisi 3aBUCHMOI0 BpeMeHeM,
BepositHocTHBIH, Oulenka Hopmbl YTeukn, CtpykrypHoit HagesknocTn
u Konuentpauuu 3arpsizaureseid B Boaubix TpyoonpoBogax

o« WP4 — Pazgurue Meroaosorum st Ynpasienusi BoccranoBiieHust Ha
ocHoBe pucka Cerblo BogocHadxeHus

o WPS - Pazpurue MoayJeit DSS Ha YTeuke, CtpykrypHoii HagesxxnocTun
u Konuentpauuu 3arpszHuresiei

o WP6 — Pazpurue Moay.usi DSS Ha Ynpasiaenun BoccranoBiieHus: Ha
ocHoBe pucka Cerblo BogocHadxeHus

o« WP7 - Pa3Burne JKkcnepTHoOil cucrembl, ba3bl 1anHbIx, MeHemxxepa
Jannbix 1 Moayiass CTEKJIA B DSS. UaTerpanus CucreMsbl 1
HNurerpanus Ilakera.

o« WPS8 —IloseBas Ouenka GPIR u DSS

I'padpuueckoe npeacrasiaenune workpackages mokas ux B3auM03aBUCMMOCTEH
npejacTaBjieHo B purype 2.

5. lIponuxknoBenue OcHoBanus, Orodpaxkawinee Pagap - ®ynnamMmeHTajbHble
Crneundukanmnu

I'naBuble ciennpukannu odopynosanus GPIR - followings:



Maxkcumanabnas I'imyouna Oro0paskeHusi: 2 MeTpa OT 3eMHOI
MOBEPXHOCTH.

IIpocTpaHcTBeHHO 0TOOpakaK0IIee pelieHue B TPEeXMEePHOM: JIy4YIie
yeMm 5 cm.

Bpemsi npuoGpeTenus noazeMHoro nzoopasxkennsi 1X1 m.” B Menbine
yeMm 10 cekynmax.

Pagap noJkeH ObITH YCTAHOBJIEH HA TPY30BHKe /1J1sl HENIPEePbIBHBIX
pa3mepos.

TpeOoBanus pacxona 3Hepruu: Mmenbuie yem 500 Barr.

Onepauus 10/5KHA ObITH MOJHOCTHI) ABTOMATH3MPOBAHA - HUKAKOE
M0JIb30BaTeJIbCKOE BMEIIATEJIbCTBO - TOJbKO, YTOObI HAXOAUTHCS HA
YPOBHE HA0/110/IeHUsl, YTOObI IPUHATH MePbl, €CJIM KOe-4TO UIeT He TaK,
KaK HaJ0.

GPIR poskeH ObITh CIOCOOHBIM K paccMoTpeHuI0 1km yepe3 MeHbIe
yem 2.8 yaca.

Ommemovme: gviuieynomanymoe specifications - indicative u 00nx#cHo Ovimop
considered kak minimum padoma, umoowsl 6vime achieved in waterpipe HayuHo-
uccieoosamenvckas paboma. design gpir 1s OmKpwvlearom K itmprove
6blULEYNOMAHYHIbIE NAPAMEMPDbL.

6. Oomee IlpeacraBiaenne S.C. COMPANIA AQUASERYV S.A.

S.C.

S.C.

COMPANIA AQUASERY S.A., ¢ ero riaaBasiM mradom B Tirgu
3aTo4yaer B TIOPbMY - B NIOIaPKe OJHA U3 HanboJiee OLeHEHHbIX
KOMIIAHMH B 00J1aCTH 001IeCTBEHHO MOCTABKY NMUTHLEBOM BOJbI M YCJIYT
KaHajau3auuu B Pymbinnu. Komnanus - npeeMHUK NpexHero
ABTOHOMHOrO0 Regia Aquaserv, KOTOpbI MOCTABJIAJ NUTHEBYIO BOLY, U
o0cay:kuBaHue KaHajau3anum B ropojae Tirgu 3aToyaer B THOPbMY.

COMPANIA AQUASERY S.A. - pe3yabTaTt accouuanuu ropoaa Tirgu,
3aTouyaert B TIOpPbMY ¢, 3aTo4yaeT B TIOpbMY CoBeT rpaj)cTrBa u ¢
okpecTHocTsiMu Sighisoara, Reghin, Ludu §, Tarnaveni, lernut u
Cristuru Secuiesc, 3TH OKPECTHOCTH, IIPEACTABJIAIOLINE AKIIMOHEPOB
koMnanuu. Komnanus Jep:KuT JULIEH3UIO Ollepaluy MepBoro Kjiacca
NJIs1 00LeCTBEHHOM MOCTABKHM NMTHEBOM BOABI H YCJIYI KAHAJTU3ALUH.
Crapr Ha 15" u3 saBaps 2007 koMnanus paGoraer B
MYHHIIHTIAJMTETAX, KoTOpbie Tirgu 3aTouaer B TIOpHbMY, Sighisoara,
Tarnaveni, Ludu s, lernut u Cristuru Secuiesc.

HopTtdenb 00cay:KUBaHUA KOMIIAHUM BKJIKYAET:

IIpousBoaACTBO M pacnpeneieHue NUTHEBOI BOIbI
C00p 1 00padOTKA rOPOACKUX CTOYHBIX BOJ
COop u ynpasJjieHue IITOPMOBOI BOJAOH

Kurouesbie purypsor:



o AKIMOHEpPHBbI KanuTaa: 2.1 MIWIJIMOHA €BPO

o Exeroaunlii ToBapoo6opoT: 7.0 MIIJIMOHOB €BPO

o Texymas Bbipyuka: 1.8 MuInoHa eBpo

o MHuBecTnumm: npudausurTenbHo 1.0 MUJIMOHA eBPO / 1O
o Yucao cayxamux: 800

TexHNYeCKHE-IKOHOMHUYECKHE JaHHbIE:

o IlpousBoaurtesbHOCTH NUTHEeBOH BOAbL: 230.000 m3/day
o IlonHasi nyiMHA BOAHOM pacnpeaeauTeabHoi ceTu: 600 km
o Ilosnas nuiuHA ceTH KoJLIeKTOpPa: 600 kKM

IIpenycMOTpEeHHBbIN PHIHOK:

e TMOCTABKAa NMUTHEBOH BOABI: HAacejJeHHe 00Jb1Ie yeM 250 000 xurtenei
e KaHaJMHU3ANMA: HAceeHHne 0oJabie ueMm 204 000 :xxuresaei

7. AQUASERYV s poas B BOAOITPOBOJAE

Bkiiag komnanum Aquaserv B pa3sutuu workpackages - followings:
7.1. WPI — Pazeumue Buvicokoit pazpewaruwieii cnocoonocmu GPIR

* YciaoBue TPpeOOBAHUI KOHEYHOT 0 MOJIb30BaTeJIs

7.2. Pazeumue WP3—-Memoodonoz2uii 015 3a8ucumozo epemenem,
Bepoamnocmmuutit, Ouenka Hopmur Ymeuxku, Cmpyxkmypnou Haoesccnocmu u
Konyenmpayuu 3azpaznumeneii 6 Boonvix Tpyoonposooax

* YcioBue TPeOOBAHUI KOHEYHOT 0 MOJIb30BaTeJIs

7.3. WP4 — Pazeumue Memooonozuu o1sa Ynpaeinenusa Boccmanosenenusn na
ocnoge pucka Cemwto Booocnaovicenusn

o YciaoBue TpedoBaHMIi

o MHaenTH(UKANMA M OLIEHKA NPAMBIX 3aTPAT K ITOH MMOJE3HOCTH KpoMe
3aTpaT BOCCTAHOBJICHHU S

o OueHka JIMHBI IPEePbIBAHUN MOCTABKY U X OTHOLICHUH K yTe4Ke,
CTPYKTYPHOMY NOBPEKICHUIO U METOAAM BOCCTAHOBJICHUSA

o MHnenTudukauus v MoaeJJUPOBAHNE OTHOLICHUN MEKAY YTEYKOU U
CTPYKTYPHBIM MOBPEKACHUEM U HU3KHUM JaBJIeHUEM

7.4. WP5 — Pazeumue Mooyneii DSS na Ymeuxke, Cmpykmypnou Haoescnocmu
u Konuyenmpayuu 3azpaznumeneit

o YciaoBue TpedoBaHMI
o Ycio0BHE JAHHBIX TAK, YTO0bI DSS MOr OBITH HACTPOEH /ISl €r0 CeTH

7.5. WP6 — Pazeumue Mooyneit DSS na Ynpaenenuu Boccmanosenenusn na
ocnoge pucka Cemwto Booocnaovicenusn



YcaoBue TpeGoBanmid

YciaoBue oieHOK NPAMBIX 3aTpaT K ITOM MOJIE3HOCTH KpoMe 3aTpart

BOCCTAHOBJICHUS

YciaoBue 1aHHBIX TaK, YTO0bI DSS MOr OBITH HACTPOECH /ISl €I0 CeTH

7.6. WP7 — Pazeumue Ixcnepmmnoii cucmemul, bazvl oannvix, Meneosrcepa

Hannvix u Mooyna CTEKJIA ¢ DSS. Humezpayua Cucmemot u Hnmezpayus
Ilakema

YciaoBue JaHHBIX TaK, 4yT00BbI 3TO MOIJIO OBITH HaCTPOCHO JJIsA ITOM

MOJIE3HOCTH

YciaoBue mo/ib30BaTeIbCKUX TPeOOBaAHMH

7.7. WP8 — Ilonesasa Ouyenxka GPIR u DSS

Br10op TpyO ero cetu, koropasi 0yeT nmpoBepeHa (3aKpbIThbie

AeryCTauum).
Onenka DSS

Ouenka 3¢ppeKTHBHOCTH N3/IEPKEK MAKeTa

8. Croubl M wiLTIOcTpauus 1 wiutrocTpanuii.
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2. Evaluation at the Test Sie of

1. Development of the GPIR the MEOLICCS

k4
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5. Dewvelopment of the DSS
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4. Development of Methodology 6. Development of the DSS
for the Risk-Based Reliabilty —»—— Module on the Risk-Based 8. Field evaluation
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9. KOHTaKTBI
Ilpoexmmnuwtit Koopounamop:

MuxpoBoJiHoBas neub U JlabopaTopHbIii HHCTUTYT BOJIOKOHHO ONITHKH
Kommynukauunii 1 Komnsrorepusix cucrem, MEFOL-ICCS, I'penun, Anpec
Huxkomaaca Y3anol liny: MukpoBoJ/iHOBasi neyb U JIaGopaTopHbIil HHCTUTYT
Bosokonnon ontuku Kommynukauuii 1 Komnbrorepabix cucrem, I'pennst
Tenedon: 00-30-2107723556 daxcon: 00-30-210-7723557 DyIeKTPOHHBIX MOYT:
nuzu@cc.ece.ntua.gr

Hccneoosamenu:

I'pynna Amga, Hukosaa banuyppo, Nicola.bazzurro@amgaspa.it, ®axkc:
0039-0105586865 Compania Aquaserv, Kalman Koncz, kkoncz@aquaserv.ro,
daxkc: 0040-265-208881 PipeHawk plc, I'opaon Yorr, gwatt@pipehawk.com,
daxkc: 0044-1420-590920 Huberg S.a.s., Xa0ep I'yenTap,
Huberg@huberg.com, ®@akc: 0039-0471205037 Hydrosave UK Ltd, Ctoapt
Xamaiaron, shamilton@hydrosave.co.uk, ®akc: 00441536515119
acconuanuii usgaresaei nporpaMmmusix npoaykroB TECNIC, Koppano Canna,
c.sanna@tecnic-spa.it, @akc: 0039-0685355096 RISA Sicherheitsanalysen
GmbH, Guenter Becker, Guenter.becker@risa.de, ®@akc: 0049-1737074671
Advanced Microwave Systems Ltd, AMS, Yorgos Stratakos,

y.stratakos@ AMS-MW.com, ®akc: 0030-2104838442 JTaboparopuu
Ipukaagnoro @usznyeckoro paxkyiabtera Electrodynamics rocyrapcrBeHHbI
yauBepcuret Tounucu, LAE-TSU, Revaz S. Zaridze,
Rzaridze@]lae.ictsu.tsu.edu.ge, @akc: 0099-532290845 CramOyabcKkuX
Texnuvyeckux YHuBepcurerckux Cnocodnocreit I'paxaanckoro
crpouteabcTBa Jkonornyecknit Texunuecknit Otaen, ITU-EED, Seval Sozen,
Sozen@itu.edu.tr, ®axc: 0090-212-2853336

BCCCTOpOHHee PE€II€HUE BOAHOTO COKPpaAIlCHUS MMOTEPH

JIyr. Kolovrat Oldfich, JIyr. Svitak Zdenék



DHI a.s., Na VrSich 1490/5, 100 00 Praha 10, o.kolovrat@dhi.cz,
z.svitak@dhi.cz

Kuarwuesble cjioBa: cokpamieHue Y Te4Kn
Beenenne

YTeuku - TOAbKO OMH U3 PYHIAMEHTAIbHBIX MPU3HAKOB MYHUIIUNIAJIbHBIX
cereil TpyoonpoBoaa. OTHOCHTENbHO (PaKTa, KOTOPbI YBETUYWI YTEUKH,
MOKeT MMeTh MHOKeCTBO NPUYMH, HE00X0AMMO HCCJIe0BATH JUANIA30H
BJMSAHUI U MPUHATH BO BHUMAHNE UX B MPOUCTEKAIOIIEM 10JITOCPOYHOM
pemieHuu. CJ10KHBIH MOAX0/] B pellIeHUH NMPeIJI0KeHHBIX Mep CyllleCTBeHEeH
JJISl TOTO, YTOObI MUHUMHM3HPOBATH M HHBECTHULMHU H IKCILIyaTALIMOHHbIE
3aTpaThl. Bes mpodieMa TakuM 00pa3oM onuMcaHa oT 3TOoil (oJiee IIMPOKOI
nepcrneKTUBHI.

I'1aBHBbIE IP00JIeMbI MYHHIIUNIAJTBHBIX CeTeil

YcioBue ¥ rJIaBHbIe MP00JIeMbl MyHHIIUNIAJIbHBIX ceTeil B LleHTpabHOI 1
Bocrounoii EBpone narorcest npeskae Bcero MCTOPU4ECKUM Pa3BUTHEM, B
KaKMX 3aTPaTax AJs 00CIY;KUBAHMS U MPeK/Ie BCero BO300HOBJICHHUE
HHQPACTPYKTYPHI ObLIH NMOAAEPKAHBI HA MUHMMAJILHOM YPOBHE.
BoaonpoBoaHbie MATUCTPAJIN M TPYOBI 00CTYKMBAHUA B IEHTPAJIbHbBIX
00J1aCTSIX UMEIOT 3HAYHUTEJIbHBII BO3PacT B 00JIbIINHCTBE FOPOI0B, KOTOPOe
NPUBOIUT K 3HAYNTEJbHBIM MP00J1eMaM OT MePCHEeKTUBBI BOAHBIX YTeUeK,
BBICOKOW aBapUilHONA HOPMBbI, KOPKa ceTei (“4pe3MepHO ObICTPbI POCT
MarucTpain’) M CBSI3AaHHOI0 COKPAIlleHUus] BMECTUMOCTH, U BO MHOTHX
cJIydasix Tak:Ke mpodJjeMbl ¢ KAa4eCTBOM MOCTaBJsieMoil BoAbl. boJiee HU3KuMii
BO3PACT CeTH BOAONPOBOAHBIX MArUCTpAaJieil 00bIYHO YKAa3bIBaeT pa3BUTHE
paiioHa KUJI0M 3aCTPOMKH, I'/le BOJAONPOBOAHbIC MATHUCTPAJIN ObLIN
npeodJagamine NOCTPOEHbI B NpeiesiaX 04eHb KOPOTKOro nepuoja. 3aechb
CJMIIKOM OHAKO €CTh 3HAYUTEJbHbIE MP00JIEeMBbI C PACCTPOICTBAMM U
yTe4yKaMH, BO MHOTHX CJIy4YasiX, KAaK 3TO HH MapaJ0KcaJbLHO 00JibIlIe YeM B
HAMHOI'0 CTapIIeil MATHCTPAJIM B EHTPAJbHBIX 00JIaCTAX. ITO JT0JKHO
Npexae BCero K HU3KOMy Ka4ecTBy MaTepuaJia BOAHBIX TPYOONIPOBOIOB U
CTPOUTEJIbHBIX PA00T, TAK K€ KAK BHICOKO U YaCTO KOJIEOJIOIINXCH TaBJICHUN
B Mpeaesax ceTH.

B npouioM npoekT A/ U3MepeHr BOAONPOBOIHBIX MAarucTpaJieil 4acTo
CJIe0BAJI U3 NMPeABAPUTEbHBIX YCJI0BHH, KOTOPbIE OTJINYAJIUCH 3AMETHO OT
CeroHsIIIHeH NeHcTBUTEIbHOCTH. IIpesxkae Bcero 0THOCUTEILHO CHUKEHHS B
BOJIHOM MOTPed/IeHNH 32 npouuibie 15 jget 6oJbas 4acTh cereil Oblia
IMOBTOPHO MPOCTAaBJIeHA pa3Mepbl. ITO HMeeT OTPULATEIbHbIE MOCJIeICTBHS,
Mpexae BCEro Ha KayecTBe BO/bI, C TeX MOP XOTH o0ecneyeHHOe BOAHOe
KA4eCTBO J0CTATOYHO I0CJIe Pa3rpy3Ku OT 3aBo/ia 00padoTKH, 3TO Ka4eCTBO
YXyALIaeTcsi B Mpeesiax ceTH BOAONPOBOAHBIX MaructpaJeii. Heod0xoanmo
3HATh YTO B HAIIIUX YCJIOBHSAX MOI'YT ObITH NP00JIeMbI HE TOJBKO B IpeaeIax
001IIeCTBEHHBIX ceTed BOAONPOBOJIHBIX MATHCTPAJIE, HO TAKAKe U BO
BHYTPEHHHMX CHCTEeMaX pacnpeaeieHUs 31aHUI, KOTOPbIe YACTO HEJI0CTATOYHO



NMO/IeP’KUBAIOTCH, CTAPEHHE U KAPJIUKOBbIE. JTO YBeJIHYUBAET TPeOOBAHUS
JJISI Ype3MEPHO BBICOKOIO 1aBJIeHHSI B MpeiesiaX ceTH BOJONPOBOAHBIX
MarmcTpaJei.

IIpuMmepsl pacnpeaesieHUs 10 BO3PACTY CEeTH U ee OTHOLIEHHMI K aBapUilHOMI
HOpMe MAarucTpPa/y WIJIIOCTPUPOBAHBI B cieAyOINX ABYX rpadax. Ilepsoe
(Puc. 1.1) npeacraBJ/isieT HEHTPAJbHYIO 00J1aCTh TOPO/a, I/le BOJIONPOBOAHbIE
MarucTpaju ObLIM NOCTPOeHbI B OBOpOTe 18-biX 1 19-bIX cTOJICTHI M B 1940-
bIX. OTHOCHTEJBLHO MHTEHCUBHASI PEKOHCTPYKIUS CeTH TaKKe MMeJia MeCTo ¢
koHIA 1970-p1x. CpenHsisi apapuiiHasi HOpMAa MarucTpaJn 0JIM3K0 CBA3aHA C
BO3pacToM 310oro. Bropoii rpag (puc. 1.2) noka3piBaer 00IIMPHYIO CeTh
Pa3BUTHS PAOHA JKUJIOH 3aCTPOMKH, B KOTOPOM Ipe0d iagaiinas 4acTh
ObL1a mocTpoeHa B nepuoja 1985-1990. Ot rpada oueBUaAHO, YTO aBapUiiHAA
HOPMA MarucTpaJu siBJIAETCS OYeHb epeMEeHHOM 1 YKa3bIiBaeT NPodJieMbl
CTPOUTEJBHBIX PA00T M MaTepHaja TPyOONpPoBoaa, HCIOJIb3yeMOr0 B
CTPOUTEJILCTBE PailoHA KUJI0M 3acTpoiiku B roaax 1970-75. 1o - nHTEpecHbI
(axT, YTO AJIs1 MATHCTPAJIU, MOCTPOeHHOM 10 1990 aBapuiiHasi HopMa 10 ABYX
pa3 Bblllle YeM aBapuiiHasi HOPpMa cTapuieidl MAarucTPajau B LEHTPAJIbHOM
Pa3BUTHH.
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Figure 1. 1 Example of age distribution of network and dependence

of breakdown rate on age — central municipal development
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Nnmrocrpanus 1. 2 Ilpumepa pacnpenesieHus 110 BO3PACTy CETH H
3aBHCHMOCTH aBAPUHHOU HOPMBI HA BO3PacTe — PA3BUTHH PAMOHA KUJIOHN
3aCTPOMKHU

IHoutu Bcerna npoodJieMbl B CeTH BOJONIPOBOIHBIX MATHCTPAJIC HE HMEIOT
XapakTep Bceil ceTH, HO I0BOJIbHO MeCTHBIE, NPexK/ae BCero 0THOCUTEIbHO
HHM3KO0Il BMECTUMOCTH, YTeUeK U aBapuilHOi HOpMBbI. COOBITHSI OT MHOKECTBA
NMPOEKTOB, NOCBAIIEHHBIX HCCJIEIOBAHUIO YyTeYeK B Mpeaeiax ceTh
BOJONPOBOJIHBIX MATUCTPAJIeH MOTYT CJIYKUTH IPUMEPOM, B KOTOPOM
npeood/Iaaninas 4acTh yTe4Kd BceX BOJAONPOBOJAHBIX Marucrpaljei 0Oblia
UIeHTU(PUIIMPOBAHA B NPeAeaX OTHOCUTEIbHO MAJIEHbKOM CeKIIMU CeTH:



o Daruvar (XopBarTus) - ngentTupuxanus cetu ¢ aaunou 21 % ¢ 80 %
YTEe4YKH.

o Ganovce (caoBaukas Pecnmy0inka) — ugeHTugukanms cetu ¢ AauHoi 16
% ¢ 97 % yreuxmn.

o Plzen - Litice (Yemckas pecny0/uka) — naeHTUGUKALMA
UHAUBHUAYAJNbHOH yTeukH 4.8 1/s B 960 M. ceTH, 0OcTAaTOK OT APYIroOM
HCCJIECAOBAHHOM CEeTH ¢ AJMHON NPUOIM3UTEIBHO 29 KM ¢ OTHOCUTEJIBHO
HU3KOH YTEYKOH.

« Ustinad Labem (Yemckas pecny0JuKa) — HAeHTUQUKALMS CeTH C
ayHoi 36 % ¢ 90 % yreukm.

IIpeobaanarome HemoaXxoAsIIIee TEXHUYECKOE YCJI0BHE CETH BOJIONPOBOIHBIX
MArHCTpAaJieil COeJUHSAETCH TAKKe ¢ OTHOCUTEJIBbHO OrPAHMYECHHBIMH
BO3MOKHOCTSIMHU IJIS U3MEPEHUsI IOTOKOB M 1aBJCHUI U HU3KOI0 00beMa
JAHHBIX, KOTOPbIE ABJSIOTCHA FOAHBIMHU K YIIOTPEOJICHHIO I OLCHKH
TEXHUYECKOro ycJoBHs ceTeil. OT 3TOM nepcneKTUBbI HEOOX0UMO MOCBATHTH
3HAYMTe1bHOe BHUMAHHUE TaK/Ke TEXHMYECKMM 0TYEeTAM B CBA3M € OLCHKOMH
TEeXHHYECKOro ycjoBus Tpyoonposoaa, Tuna CTEKJIA, oTtuersl paccTpoiicTB
U IPUYMH 3TOT0 M K MPOrpecCHBHOMY 100aBJICHHIO 1I12010HOB.

CeroaHsiliHUe TOPOJICKUE TEHACHIIUN PA3BUTHA OTJIHYAIOTCH 3AMETHO OT
IUIAHOB, KOTOpPbIe ObLIN AeHCTBUTEIbHBI BO BpeMsl CTPOUTEILCTBA
BOJONPOBOJIHBIX Marucrpasei. MoxkeT roBOpuThCs, YTO CErOAHA Pa3BUTHE
KHJIOTO CTPONTEIbCTBA 3HAYUTEILHO 0oJiee Oecriopsinouno. Kaxnoe
€0001IeCTBO MJIM MYHUIIMIIAJIbHBINA PailOH NBITAITCA PAa3BUTHCS, U HE BCe
NpeycrneBarT B TOM, YTO OCYlLIeCTBHIM MX IUIaHbl. IIpexae Bcero or
NepPCHeKTUBBI TPeOOBAHMS IS BOAbI, Pa3BUTHE HHAYCTPHAJIbHBIX 30H
siBJIsieTCS Bee emie 0oJiee ""HenmocTHKUMBbIM'' . TIouTH Bce MyHMIMIIAJIUTETHI
NBITAIOTCH CTUMYJMPOBATH HHTEpPec OT UHBecTOPOB. Ilpensioxkenue
BO3MO’KHBIX MHAYCTPHAJIBHBIX 30H YaCTO NMpeBbIlIaeT TpedoBaHue, U
(pakTHUecKkoe BHITIOJIHEHHE 3ABUCUT OT HeCKOJIbKUX akTopoB. Bee emme GoJiee
TPYAHO OLICHUTH TPeOOBaHUeE AJIsl BOAbI, KOTOPas 10/:KHA ObITH
OCyLIECTBJICHA B OyAYIIMX HHAYCTPHAJIbHBIX 30HaX. [Ipumep 0osb1IOrO
pa3au4us B CpelHEM BOJHOM TPeOOBAHUM B IeKTap MHAYCTPUAIbHOI 3eMJIU B
3aBHCHUMOCTH OT HUCNOJIb30BAHUSA 3TOT0 WJLUIKCTPUPOBAH CJIeAYHOIIUM rpadom.

IIpuHUMIBI CJI0KHOTO MOAX0AA K NJIAHUPOBAHUIO PA3BUTUA MYHULMIIAJIbHBIX
ceren

Kak nmocsieqnuii mokas co0bITHil, IP00JieMbl B MyHMIHUIIAJTbHBIX CETAX
BOJONPOBOHBIX MAarucTpasieil KOMOMHMPYIOT LeJIbIi IMaNa30H B3AaHMHO
CBSI3aHHBIX GaKTOPOB. JIJIs1 CJIOKHOTO pelIeHus ITUX MP00JieM, MUHUMU3UPYH
Y MHBECTHLHMH U IKCILUIyaTALIMOHHBIE 32aTPAThl, BO3MOKHO CAeJIaTh yCIICIIHOe
HCI0JIb30BAHUE COBPEMEHHOI TEeXHOJOITHHN OLEHKHU M MPeJI0KEeHUs Mep B
ceTAX BOAONPOBOAHBIX MATHCTPAJIe, KOTOPbIE ABJISKTCH CHCTEMAaTHYECKHU
OCHOBAHHBIMH HA 3asiBJICHMU KOMIBIOTEPHOH TeXHOJIOrnu. MaTeMaTu4ecKas
Moje/b, KaTHOpOBaHHAasi HA OCHOBE Pa3MepoB B JIaHAmA(Te, 3asBJICHUE

M (pPoBOi TEXHOJOTMH U PEJAKTHPOBAHMS K BHEIIHMM MCTOYHUKAM JAHHBIX
M03BOJIsIeT OLEHKY CYLIeCTBYIOIIeil CHCTeMbl BOJOCHAOKeHUS U



NpPeJIOKEHHOH KOHLEeNMHU er0 Pa3BUTHS HA OCHOBE MO/IeJIMPOBAHUS
MOBEJACHUSI CHCTEMbI pacipe/ieseHisl U OeHKH THAPaBJIUYeCKUX U
Ka4eCTBEHHBIX IapaMeTPOB BOAOCHAOkeHus. B T0 ke camoe BpeMst 3TOT
MOAXO0/ MO3BOJIsSIET CTPOUTEIBCTBO MHCTPYMEHTA I CHCTEMATHYeCKOT 0
pelIeHus 1eJIOr0 AUANA30HA KOHUENTYAJbHBIX U IKCIUIyaTAIIMOHHBIX 32124,
OCHOBAHHBIX HA OLlCHKE IKCILNIYaTAIIMOHHBIX H HHBECTUIHOHHBIX
BO3ACHCTBUH M ONITUMM3ALUM NPENT0KEHHBIX Mep. TpedoBanue 11
KOHUENTYAJbHOI0 HHCTPYMEHTA, KOTOPbIM BO3MOKHOE CHCTEMATHYECKH
Pa3BUTh U ONPEACJUTH NMPeIJI0KEeHHbIe MePbl HA OCHOBE ONpeAe/JIeHUs
BXO/10B, fIBJISICTCH YMECTHBIM IPeEKIAe BCEro 0T NEePCHeKTUBbI 3HAYNTEIbHOI
HEYBEPEHHOCTH U JMHAMUKH FOPOJICKOr0 pa3BUTHSs B Ipeeax TeppUTOPUM
MYHHIMIIAJIUTETA KaK 1aHO U B COOTBETCTBUM C IMOCTEINEHHO
U3MEHAIMMHUCH TPeOOBAHUAMH MYHHMIMIIAJTUTETA U NIePEMEHHbIMU
TpeOOBaHUAMH HHBecTOPOB. IIpenycMoTpeHHas M 0100peHHAasi KOHICTIIHSA
PA3BUTHSA CETH BOJAONPOBOJAHBIX MATMCTPAJICH B PeAAKTUPOBAHUY K
TEPPUTOPHAIBLHOMY IIAHY JA0JIKHA CTATh OCHOBAHUEM /JIsl TEPPUTOPHATILHOM
JAOKYMEHTAUMY IVIAHUPOBAHKMS U OCHOBAHHUA 1JIs1 00pa00TKH MJIaHA
A0JTOCPOYHBIX HHBeCTUIHI. DYyHAAMEHTAJIbHAS 1eJIb CJI0KHOI0 MOAX0/A -
rapMoOHM3aLus TPeOOBAHMN MYHMIUIIAJTUTETA OT MEePCIEKTUBBI Oy 1yLIero
Pa3BUTHSA U KOHUENTYAJbHBIX IIJIAHOB B CHCTeMe BOIOCHA0KEHHS €
IKCILIYATAIIMOHHBIMH TPeOOBAHUSIMH, IJIAHAMM U JAeicTBUSIMU. B 3TOM
MaHepe BO3MOKHO JOCTUTHYTH 3HAYUTEJIBbHOI0 yBeIMYeHUs 3PPEeKTUBHOCTH
NPUHATBIX Mep U NMpeae Bcero coepeskeHusi Ha IKCIIYaTAMOHHBIX
HHBECTHIMOHHBIX pecypcax. Ciienyromee MoxkeT ObITh 0003HAYEHHBIMH
NPUMepPaMH IKCIIYATAMOHHBIX [1efiCTBUIl, KOTOPbIE SABJIAITCS TECHO
CBSI3AHHBIMH € KOHIENIHEH Pa3BUTHS CHCTEMBbI:

o OnrumMmu3anus OTHOLIECHUH JABJICHHSA H IPAHHUL 30H NIOCTABKH.

o OnrumMmu3anus onepanuv HACOCHBIX CTAHIUIA.

o Onrummu3anus MMewIeil pa3Mepbl CUCTEMbI U KOHTPOJISI YTeYeK,
Npexae BCero pasjieieHue CeTH B CeKIUM U3MEpPeHHUsl.

o OneHka TeXHMYECKOI0 YCJIOBUS U IVIAHUPOBAHMUS PEKOHCTPYKIMHU CeTH
BOJONPOBOJIHBIX MAaruCTPaJeil.

o CoxpalieHue yreuek U yAaJaeHus ONpeAeeHHbIX IKCILNIYyATaAllHOHHBIX
npodJeM npeskae Bcero B CBSI3U ¢ yBeJIHYEHHOI BMECTUMOCTBIO
CylLIeCTBYHOIEH ceTH BOJAONPOBOAHBIX MarucTpaJei.

3HaveHue penieHUs NPO0JeMbl BOJAHBIX YTEYEK He 3aBUCUT TOJbKO HA HX
TeKYyLeM YPOBHE, HO HA MOJIHOM OLleHKEe UX BO3JeiicTBUI Ha PodaeMy
BOJOCHA0KeHHA OT IKOHOMHYECKOI0, TAK e KAK TeXHOJOTH4eCKOoi U
IKOJIOTHYECKOH NMepCHeKTHBbI. B CBA3M NPH 3TOM, 4aCTO YIIOMHHAETCS
"BBINOJHUMOCTD ' MHBECTHLMH, IPEBPAILICHHBIX B HCIIPABJICHUE YTEYECK, B
KOTOPOM He00X0AuMOe NIPUHATH BO BHUMAaHHe OTpULaTe/bHble GaKTopbI
yTe4dek, THIAa:

e YBeJIMYEHHE IKCILUIYaTAUMOHHBIX 3aTPAT JIsl MIPOU3BO/CTBA,
TPAaHCNIOPTUPYHTE U pacnpe/ieieHne BOAbI,

o INPOU3BeJACHHbIC MHBECTUIIUM CTOAT AJISI TOT0, YTOOBI YCHINTH
BMECTHUMOCTH CHCTEMBI MOCTABJISATH BOAY, U MPHU YKPeNnJeHuu



TPYOONPOBO/I0B BOJONPOBOAHBIX MATHCTPAJICH M HA CTPOUTEJILCTBE
HOBBIX HCTOYHUKOB,

e HCTOLIEHME BMECTUMOCTH KAa4eCTBEHHBIX M JIeleBbIX
HNCTOYHHMKOB BO/JbI U NOTPEOHOCTH 3aMEeHBI ITOI0 ¢ 0osiee
0eHbIMHU Ka4eCTBEHHbIMHU M 00JIee JOPOrMMHU UCTOYHUKAMU,

o °Ieperpy3kKa TeXHOJOIrMH BOJAHBIX 3aBOA0B 00padOTKH 1
COKpAaLleHHs Ka4eCTBA IPOM3BeIeHHON BObI,

e HEYJIOBJIETBOPEHHOCTb KJIHMEHTA M3-32 HEJOCTATOYHOI0 CTAHAAPTA
BO/IOCHA0:KeHMsl (YMEHbIIEHHbIE 1aBJICHUS, IPUOCTAHOBKHU
BOJIOCHA0KeHH ) U MOTCHUHAIBHBIX (PMHAHCOBBIX MOTEPH CO CTOPOHBbI
KJIMEHTOB,

o YOBITKH, BbI3BAHHbBIE, IPOMYCKAs BOAY B MHPPACTPYKTYpY H
HeIBHKMMOE MMYILIECTBO,

e YBeJHMYEeHHOe O0peMeHeHHe CHCTeMbl KAHAJIU3AIUM U 3aBO/10B
00padOTKH CTOYHBIX BO/,

e TECHO CBSI3aHHBIE 3aTPATHI AJIs1 PEMOHTA.

PuHaHCOBbIC TPEOOBAHUA U TPEOOBAHUA BPEMEHH, IIOMELICHHbIEC
o0OHapyKeHHeM yTedeK, HCI0JIb3ysl MeTO/Ibl, KOTOpPbIe SIBJSAIOTCS CeroIHs
Tenepb CTAHAAPTHBIMM, THIIA UCIIOJIb30BAHNS KOPPEJIATOPAa U OCHOBBIBAKOT
MHUKPO(]OHBI, ABJIAIOTCH 0YeHb cylecTBeHHbIMHU. I1o 31O npuynne
CYLIECTBEHHO MPOBECTH TAKYIO ONEPALMIO He BCIOAY 110 BCEH cucreMe
BOJIONPOBOJIHBIX MATUCTPAJICH, HO TOJBKO B 00JI1aCTSX, I/le eCTh 00JbIIAA
yreuka. UneHTu(puKanusa Takux odjiacTeid BO3MOKHA NMOCPEICTBOM
HCCJIEJOBAHUSA CeTH BOJAONPOBOAHBIX MATHCTPAJIeil B KOMOMHAIIMM U3MepPeHUs
1 MaTeMaTu4yeckoii Moaeau. Ha ocHoBe pe3yJibTaTOB 3TOr0 METOAA 3TO
BO3MO’KHO He TOJBKO YBEJIUYUTH IPPEKTUBHOCTH AESITEJIbHOCTH TPy
HCCJIEe0BAHNS, HO B PEAJTMCTHYECKHX YCITOBUAX IKCILNIYATAIMOHHBIX
KOMIIAHUI 3HAYMTEIbHO YMEHbIIUTH YTEYKH B CETAX BOJAONMPOBOIHBIX
MarucTpaJjeil B mpeaejax OTHOCHMTEIbHO KOPOTKOro BpeMenu. Ot
MEePCIEeKTUBBI J0JTOCPOYHOM CTPATErMH COKPALLCHHUS BOAHBIX YyTEeYeK
CTPOUTEJLCTBO CUCTEMbI H3MEPEHHS U OLIEHKHU NPUTOKOB B OT/IeJI€HHbIE
CEeKIMU M3MepeHus umeeT pyHaaMmeHTaabHOe 3HaYeHue. JlaabHeilmas
BAaKHaAsl CTPaTernyecKas Mepa JJisl 10JIT0CPOYHOI0 YBeJIHYCHU S
NPOAO/ZKUTEIBbHOCTH KH3HU CeTH, COKpPaLleHHe yTeyeK U aBapuiHOM HOPMBI -
ONTUMH3ALNS OTHOLIEHHU I 1aBJEHUS B C€TH BOJONPOBOJIHBIX MATUCTPAJICH.

IIpoekT *“2 30HBI MOCTABKHU CETH BOAONMPOBOJAHBIX MATHCTPAaJIed B
myHununaautere Usti nad Labem — maremaTnueckasi Moaesip”

IIpoueaypa u pe3yJbTaThI CJ10KHOI0 MOAX0A K PEIIEHHI0 MyYHHIMIIAJIbHBIX
ceTeil BOAONPOBOIHBIX MarucTpaJieil npeacraBjieHbl Ha 00padoTaHHOM
npoeKTe “2 30HbI MOCTABKH Watermains cetn B mynnmunaautere Usti nad
Labem - MmaTeMaTH4yecKas MOAeJIb”. ITOT NPOEKT ObLJI 00padoTaH
kommnanueii, DHI T'mapocoo6maror a.s. B 2006. IlpoekT 3aka3biBasicst
kommnauusmu SVS a.s. u SCVK a.s, ¢ IeJIbI0 HCCJIe0BAHMSA BBIT0/1 CJI0KHOU
OlleHKH MYHUIIUNIAJIbHOM CeTH BOJONPOBOJAHBIX MArUCTPaJIell U 3asiBJICHUSA
MATeMAaTH4YeCKOr0 MOAeTUPOBAHNS ISl IBYX OTOOPAHHBIX 30H MOCTABKH —



Predlice u Kolonka B Usti nad Labem. B 3ToM npoekTe 0CHOBHBbIE Pe3YJIbTAThI
MATeMaTH4YeCKOH MO/IeJIM HCI0/Ib30BATUCH JJIS1 CJIeYIOIIUX 32/1a4:

o Ilpenso:keHue o pemieHUH KOHIENIIUN PA3BUTHSA CETH BOJAONPOBOIHBIX
MArucTpaJieil Ha onpeieIeHHON TePPUTOPHH.

o OnTuMu3anusi OTHOLIECHUI JAaBJIEHHUS U TPAHNUL 30H TOCTABKH.

o MoaenupoBaHue BOJHOI0 KauecTBa — BO3PacTa BO/bl.

o JleranbHoe ucciiel0BaHHE CETH BOJAONPOBOAHBIX MATHCTPAJIeH B
NpodJIeMAaTHYHBIX OKPECTHOCTSIX.

o Pacnpenenenne yreuek B ceTH BOJAONPOBOAHBIX MATHCTPAJIEH.

o PeureHne KOHTPOJISI CHCTEMBI OT MEPCIEKTHUBBI PellIeHUs] BOAHBIX
norepb.

IIpoexT 0611 3akoH4YeH B moBopoTe 2006/2007, 1 Ha OCHOBE €ro O4eHb
MOJIOKUTEJIBLHBIX Pa00T pe3yJibTaTOB 3aKka3biBajiuch HA 2007 u 2008 Ha muiane
Biageablia OTHOCHTEILHO BOJOCHAOKEHH A Usti nad Labem. B npeaeJjax
CTPYKTYPHI 3TOr0 11aHa Biageabna pemieHHasi TEPPUTOPHUA I0JKHA OBITH
pacuiupeHa Ha BeCb MyHHIMNIAIuTeT. B TO ke camoe Bpems peleHHas
npoodJieMa pacliupeHa 0T NePCHeKTHBbI OLEHKH TEXHUYECKOI0 YCJI0BHS
CHCTEMBbI pacnpeaejeHus, KOMIMJISALMA IVIAHA OTHOCHTEIbLHO BO300OHOBJICHUSA
CeTH U J0JTOCPOYHOIO IVIAHA HHBECTUIMI B CHCTEMY BOAOCHAOKEHUS.

MaTteMmaTudeckas MoJaeJb

IlepBuyHas 1eATEJbHOCTD, KAKOE HCIOJIb30BAHNE YCJIOBUN MOJECIN KAK
(pyHIaMeHTAILHBIN HHCTPYMEHT /ISl PelIeHUsI ONpeaeJIeHHbIX 3a/1a4
SIBJISIETCH €CTeCTBEHHO (DAKTHYECKUM CTPOUTEJIbCTBOM U KAJINOPOBKOM
Moaesn. Bee perieHue npoxknBaeT B MAKCHMAJIbHOM MCIOJIb30BAHUM BBO/J0B
AAHHBIX M O0IIMPHOM KAMIIAHUH U3MepPeHNsl, TPOBOAMMOI MPOILECCOPOM B
TECHOM COTPYIHUYECTBE C ONEPATOPOM CETH BOAOINPOBOAHBIX MarucTpaJe
(puc. 1.3).

Camble cOBpeMeHHbIE IaHHbIE UCIOJIB3YIOTCS IS CO3IaHUA MO/ EJIH, IIPeKae
Bcero rpaguyeckasi unpopmaunonnas cucrema (CTEKJIO), nannbie ot
BbicTaBjeHus cyera Boabl (CHI'), nanHbIe cucTembl ynpasJeHnusi, uugposast
MoeJb JanamadTa u 1.4. B npenesax crpykrypsl npoekTa 00Jib110e
KOJIN4€eCTBO pa3MepoB NMPOBOAUIMCH B Npeiesiax pelieHHOl TeppUuTOpHH B
npeaeIax HeCKOJAbKUX KaMIaHuil usMepenusi. Kamnanus nusmepenuss M1 u
M2 cay:xuiia 1Jiss OCHOBHOM HH(popMaUuU O JaBJIEHHHU U OTHOILICHUAX MIOTOKA
B CeTH, ISl KAJIMOPOBKM MO/IeJIH, VISl IeTAJTIbHOI0 UCCJIeJ0BAHUS B
NMOBeJeHUEe CeTH U /ISl IPOBEPKH MOBEACHUS CETH U YTOOBI IPOBEPUTH
BMECTUMOCTD ceTH TpyOonpoBoaa. Bee neiicTBusi, THIIA MOATOTOBKH

KaMIIAaHUM U3MEPEHHs, YCTAHOBKA HHCTPYMEHTOB, Heo0xoauMasi 00padoTka B
CeTH M OLICHKE JAHHBIX IPOBOAWINCH B TECHOM COTPYIHUYECTBE €
oneparopoM. Boicokasi cTeneHb peJaKTHPOBAHUSA U KOOPAMHALMHU JeHCTBUI
ObLJIa JOCTUTHYTA B NMpeAeax CTPYKTYPbl KOMaH/ U3MepeHUsl.

Boanasi YTeuKka B C€TH BOAOINIPOBOAHBIX MaFHCTpaﬂeﬁ



Buvioop cnaborcaem 3016l cyuiecmeeHHOU ymeuKkoul

JJ1s1 TOrO, 4TOOBI NPEAYCMATPUBATH CYLIECTBEHHYIO IOCTABKY 30HUPYET OT
NepCneKTHBBI YTEYKH, ITO SIBJISETCS HEOOXOAUMBIM MperK/ie BCero NpoBecTH
CJI0’KHYI0 OLIEHKY BCeX 30H NMOCTABKH OT MePCHeKTUBBI 0aJI1aHCa BOHOIO
NOTPedJIeHUS M NOCTABJISLVIO BOAY. B 3TOM He00X01MMO BKJIIOYUTH BCIO
AOCTYNHYI0 HH(popManuio. Pe3ybTat - KpaTkuii 0630p He TOJBKO Pa3BUTHSA
yTeudeK, HO M MOJIHOTO NMPeICTABJIeHHsS] KOMIIOHEHTOB IPUTOKA B
HHIMBHIYAJIbHbIE 30HbI OCTABKU. JTO KacaeTcs MpeKIe BCero caeaymmnx
HCTOYHHMKOB JAHHBIX:

o OTt4ernl pa3BUTHS BOAHOIO TPeOOBaHUA 32 NMpouLIbie roabl X (B
KOMIIOHEHTAX: BOAA, IOCTABJIsAEMas, KOTOPOHl BHICTABJISAIOT CYeT, He
BbICTABJICHHBIN CUET U YTe4YKa).

o ba3a nannbix n3 CHI' (cucrema nHopManum KJIHEeHTA).

o ba3za 1aHHBIX YMECTHBIX MeCTONOJI0KeHHH.

o Ilorpedsenne 00abMINX NOTPEOUTEEH (IKCIIyaTAIIHOHHOE M3MEpPeHHe
KOHEYHO NOTpedJIeHHUs1, Mpesk/ie BCero B Te4YeHNe BeYePHUX YaCOB).

o ApxuB aaHHbIX cucTeMbl SCADA B neHTpe ynpasJieHHs.

o /laHHbBIE MOTOKOB OT NMPOBOJAUMbIX KAMIIAHUN M3MepeHus (Kypc
MOTOKOB 00Jiee yeM 24 yaca, HejpeJis ).

o OTt4eTnl cTAaTyCA HHAUBUAYAJIbHBIX BOAHBIX METPOB.

o« CTEKJIO cetu Tpy0ONpoOBOAa, THAPAHTOB U METYXOB.

Ha ocHOBe NpOBOAMMOI0 aHAJIN3Aa U MOCIEAYIOIIEro 00CyKIeHUs C onepanuei
TOI'1a BO3MO’KHO BBINOJIHUTh, BLIOOP CHA0KAKOT 30HbI CyIIIeCTBEHHOM
YTEUKOil U MOCAeAYIONIUM NMpPeIJI0KeHueM 0 KAaMIIAHUU U3MepeHust
(pa3nesieHne 0OTOOPAHHBIX 30H MOCTABKH B CEKIIMU U3MePeHHs, pa3MellleHue
ma0JJ0HOB ¥ 00PA0OTKH PeryJIMpPOBAHUSA KJIANIAHOB).

Beuepnaa kamnanus uzmepenus, KORYUEHMPUPYIOWAACA HA TOKATUZAYUU
ymeuKu

N3mepeHnue pacnpeneneHus yreuek B CeTH BOJAONPOBOIHBIX MarucTpaJiei
OCHOBAHO HA BpeMEHHOM pa3/ie/IeHHH ceTH TPYyOOonpoBoAa B CEKUMH
n3Mmepenusi. CeKiuu n3MepeHus OTHAeJIeHbl 3aKPbITHEM PeryasipHbIX HIH
30HMPYIOT KJIANAHBI B KOMOMHALMY ¢ M3MepPeHHeM Be4epHHUX NPHUTOKOB



(YTeuKH) B CEKIINM U3MepPeHusi, 100aBJIeHHbIe H3MePEeHUeM OTHOLEHU I
JAaBJIeHUA. YTe4Ka OLleHeHA B MHAMBH/IYAJbHbIX CEKIUAX U3MepeHU s
OTHOCHTEJILHO 00JILIINX BeYepHUX nmorpedureseii. Pabora kaMmnanuu
U3MepeHHs cieayeT OT IKCIUIyaTAlMOHHBIX YCI0BHH, MPexk/ie BCero
NPUTOAHOCTH YCTAHOBKH NMOPTATHBHBIX HIA0JIOHOB MOTOKA M BO3MOXKHOCTEH
OT/eJICHUS YacTell CeTH, COrJIamasch ¢ PyHKIMOHAIbHBIMH METYXaMH.

Ouenka ymeuxu

Ouenka pacnpeaejieHusl yre4eK B CeTH BOJAONPOBOIHbIX MATUCTPAJICH
cJIeyeT OT OLCHKHM U3MEHECHUI B3BCIIEHHOI0 IPUTOKA B CeTh B TeYCHHE
KaMnaHum usMmepenus (puc. 1.4). Kamnanusi u3amepeHusi NpoBoAMTCH B
TeYeHHe BeYEPHHUX YaCOB, B KOTOPbIe BMEHIATEIbCTBA CACJAHBI C LEJIbI0
MPOrPeCCUBHOIO NMEPEKIIYCHHUA/3aKPbITUA HHANBUAYAJIbHBIX CEKIM
U3MeEpeHUs. YTeYKa B CeKIIMM U3MEePEHHUs TOI/1a OLleHEHA OTHOCUTEIbHO
BeYepHero norpedeHnst 001bIMIUX KIUEHTOB U €CJIM MPUMEHUMBbIi
BOILIOIICHHBbIN BeYePHUH NPUTOK. B 10M0/IHEHHE K HATYPAJIbHOM BeJMYNHE
yreuku [I/s| 370 umeeT o4YeHb PyHIAAMEHTAIBHOE 3HAYEHHE, YTOObI OLICHUThH
TaKKe Apyrue HHAUKATOPbI YTEeYKH, THIIA YTeYKHU eAuHHUUbI [I/s/km],
KOTOPBIH NPUHMMAaEeT BO BHUMAaHMeE [UVIMHY CeTH TPYOONPOBOAa M YKa3bIBAET
MECTOII0JIOKEHHS CeTH, I/Ie MocaeaAyouee 00HAPYKEeHHEe YTeYKH H PEMOHTA
CKPBITHIX yTe4eK OyaeT caMbIM 3P eKTUBHBIM.

I/I.]IJ'IIOCTpa]_[I/Iﬂ 1. 4 Ilnana kKaMNaHUHU H3MEPECHUA TJIsA OMCHKH YTCUYCK CETH
BOJIOIIPOBOIHBIX MaFHCTpaHeﬁ H WVTIOCTPAIHUMA PCHINTECIBHBIX YTCUECK B CETH

Pewiumenwvhoie pe3yismambl cyuiecmeyrouiezo pacnpedeﬂenml 6OOHBIX ymeuek

3ona nocraBku Kolonka - pakruuecku 0e3 yreuek. C Apyroi cTopoHsl
0oJIbIIIMeE YTeYKH BOJbI ObLJIM HAeHTH(UIIMPOBaHbI B 30He mocTtaBku Predlice,
KOTOPbIE NMPEIACTABIAIT [NIABHYI0 TEKYIIYI0 IKCIIYATAMOHHYIO IPOo0IeMy
30HbI 1 OTPAHUYMBAKT BMECTUMOCTh CETH OT NEPCHEKTUBbI ONTUMH3ALMH €e
onepamnum, pa3BUTHE CETH U oOecrevYeHnsi JOCTATOYHOM BMECTUMOCTH ISt
TEPPUTOPUM PA3BUTHA B 3TOi 30He. Ha ocHOBe mepBoro uamMepeHus yreuexk B
90 % 30nb1 Predlice mosHoi yreuku 6611 naeHTHGUIUPOBAH B 36 Y% NJIMHBI
cetn. [locsie 0OHApYKeHUSI M1 BOCCTAHOBJIEHUS CKPBITHIX PACCTPOIiCTB
omepaunueil B 3TUX 00J1acTsX cOKpanieHue yreyku 16.8 I/s 06110 npoBepeHo B




uaeHTuguuupoBanHoi ooaactu (C+F) B mpenesiax cTpyKTypbl BTOPOii
KaMIIAaHUM u3MepeHus. Ecjim 3ToT cTaTtyc ObLJI NOCTOSIHHO KM3HEC0CO0eH,
3TOT pe3yJbTaT NMPeACTABJIACT IKCIVIYATALMOHHYI0 JKOHOMUIO
npudau3uTeabHo. CZK 2.4 MIWILJIMOHA B TO/1.

KanunopoBka 00pa3noBoro u 3KCILIyaTAlHOHHOTO HCCJIeI0BAHUS CeTH
BOJONPOBOIHBIX MArucTpaJiei

Heab pakTHUECKOH KAJITUOPOBKHU MO COCTOSIJIA B TOM, YTOObI IPUBECTH B
MOPAIOK MOJAEJIb, YTOObI TAPAHTHPOBATH, YTO 3TO (PYHKIMOHUPYET B TOM ke
caMoOH MaHepe Kak (pakTu4ecKasi ceTb BOJAONPOBOAHBIX MAaruCTPaJei.
JanbHeHIIas mesb J0J’KHA ONPeAeJUTh YaCTH CEeTH, IIe HeCTAHIaAPTHOe
NoBeJeHUe MPOMCXOAUT OT NEePCHEeKTUBbI OTHOLIEeHUI faBaeHusi. Ha ocHoBe
pe3yJIbTaTOB NPOBOAMMOro0 u3Mepenusi M2, koraa cerb ObLIa 00peMeHeHA
noTpedieHHeM OT THAPAHTA B MHOKeCTBe 0TOOPAHHBIX MeCTOIOJI0KEeH Ui,
NYHKTbI, ObLUIM MICHTU(PULUUPOBAHBI B CETH, I/Ie OTPAHUYCHHUE ee
BMECTUMOCTH NPOUCXOAUT. MHOKECTBO IYHKTOB ObLII0 ONpeaesIeHO, I/1e
(pakTHYeCcKass BMECTUMOCTD CETH - MEHbIIIe YeM TeopeTHYeCKas
BMECTUMOCTb. ['J1aBHbIe NIPUYMHBI 3TOT0 COKPALEHUA TYIIWIN U3 CETH B
MECTOIOI0KEHUSIX U3MEPEHUS MOTOKA M 3aAyIIHJIH WIH MOJHOCTHIO 3aKPbLJIX
neryxu. Camasi cepbe3Hasi IKCILIyaTallHOHHAA NP0OIeMa BMECTUMOCTH CeTH
Obu1a naeHTH(PUIUPOBaHA B 30He nocTaBku Kolonka. 31ech ecThb
3HAYMTEIbHOE CHHKCHHE JABJICHUA B TCYEHHE YBEJIMYCHHOI O MOTpPeldIeHus
BOJbI OT ceTH. [Ipuunna ObL1a naeHTHGUUMPOBaAHA Moeb inthe kak
3aKpbITOE OTJIMYHMTEIbHOEe uMA TpyOonposoaa 100 na yauune Ckpoanosbl. ITa
IKCILIyATAllHOHHAS MP00JIeMa YMEHbIIACT HAIEKHOCTb CyLIeCTBYIOLIei
CHCTeMBbI BOJOCHA0KeHHsI U HauloJ1ee Ba)KHO CyIIeCTBEHHO OIPAHUYHBAET
JajibHellIee CTPOUTEIbHOE PA3BUTHE M COCIMHEHHE NOTPeldJIeHUsl B 30He.

KonuenryajibHOe pelieHne cCHCTeMbl BOAOCHAOKEeHHUS, BKIKOYas
ONTHUMU3ALMIO OTHOIIEHUI J1aBJIEHUS U CUCTEMbI U3MEPEHUs

HpeIUIO)KeHHLIe MEPbI, KOTOPbIC MOCJI€A0BA/IA 0T BBINNOJHCHHBIX
I/ICCJIeIIOBaHHﬁ, KOHTPOJUPYHOT HECKOJIBKO B3aUMHO CBSI3AHHBIX 3aJaY4.

e YiaajeHue CylIeCTBYWIINX OTPAHUYECHHUI ONlEPAIMU CETH
BOJONPOBOJHBIX MATUCTPAaJIei.

o OOecneyeHue XOpOIIMX COCTOSTHUM /IJI51 BOJOCHA0XKEHUS J1JI51
CYLIECTBYHILEr0 CTPOUTEJIbHOI0 PA3BUTHS M IJISI MPEAIN0JIaraeMbIX
MOBEPXHOCTEN pa3BUTHA.

e OnTuMmu3anusi OTHOILIEHUH JaBJIEHUS.

o JloOaBJieHMEe KOHTPOJISI CHCTEMbI OT MEePCNEKTUBbLI KOHTPOJISI BOAHBIX
NMOTEePb U MPeIJI0KEeHNsI Pa3MePOB ISl TOT0, YTOOBI YJIYy4IIATH
IKCIUIyaTAIMOHHbIE YCJIOBHUSA B Npeaeiax pelieHHOH TEPPUTOPHH.

Ouenka cywgecmeyroueii cucmemvl 6000CHADIHCEHU

IIpennoxkenHass Mepa 10/KHA OBbITH MOJIEPKAHA 1€TAJIbHON OLEHKOH
cyliecTBywIei cucreMbl BogocHa0:kenusi. Heod0xonumo B3aTH



HHAMBHAYAJIbHBIH NOAX0 K HIEHTH(PUIMPOBAHHBIM NPolJIeMaM co
CJI0OKHBIMH MEPaMH, TO €CTh MePbl J0J’KHbI PeIIUTh TAK MHOI0 NPodJieM
HACKO0JbKO BO3MOKHO OJJHOBPeMEHHO. I JIaBHBIMHU Mpo01eMaMy pelieHHOM
TEPPUTOPHUH OBLIO CieayolIee:

Kolonka nmocraBasiror 300y

o Boanble yTeYkn MUHUMAJIbHBI.

e 3axpbIThIil TPYOONIPOBOA HA yiaune CKpoanoBbl OrpAHUYHBAET
BMECTUMOCTb CeTH BOAONPOBOIHBIX MATUCTPAJICH OT NMEePCIeKTUBbI
HCKJIIOYUTEJbHBIX TOCYAAPCTB B HACTOSILIEE BpeMsl M IOYTH
MOJIHOCTBIO MPeA0TBPALIAET JaJIbHelee J0N0JHeHHe NoTpeduTe el B
npejaesaax 30Hbl.

o JlaxKe mocJie MCHPAaBJICHHUS BbIICYNOMAHYTOM IKCILIYATALIHOHHOM
npoodJjieMbl BMECTUMOCTh CeTH BOAONPOBOIHBIX MarucrpaJieii - B ee
npengeJe.

o OTHOLIEHMS JaBJICHUS B CYLLECTBYIOLIEH CETH BOAONPOBOIHBIX
MArHCTpaJieil COOTBETCTBYIOT THKEJI0 MOCTABJISIEMOMY CTPOUTEJIBLHOMY
Pa3BUTHIO.

o He B03M0kHO 00ecrIeYUTH JOCTATOYHbIC OTHOLICHMS 1aBJICHUS
CylIeCTBYHIOIE CHCTeMO B 00/1aCTH 3allJIAHUPOBAHHOM
UHAYCTPHAJIbHOU 30HbI.

Predlice mocTaBasitoT 30Hy

o boJubmme BoaHble yTedKkd ObLIM HACHTH(PUIUPOBAHBI B 30He NOCTABKH,
KOTOpBbIe ABJIAIOTCH U IVIABHOM TeKYLIEeH IKCIUIYaTALMOHHOM
Npo0/1eMOii 30HbI U TAKKE OTPAHUYHBAIOT BMECTUMOCTD CeTH OT
MepCneKTUBbI ONTUMU3ANMHU OyaylIeld onepaunu, pa3BuTHE CETH U
o0ecrneyeHHsl 10CTATOYHOH BMECTUMOCTH JAJI TEPPUTOPHUIA CBA3AHHBIX €
pa3BUTHEM.

o CymecTByoumue BO3MOKHOCTH JJIS1 TOT0, YTOOBI H3MEPSATH MOTOKH U
OLICHMBATH YTEYKHU 3HAYMTEIbHO OrPAHUYEHBbI.

o JKCIUIyaTALMOHHBbIC YCJIOBHS B 30HE U3MEHSIIOTCSH 3aMETHO HA OCHOBE
A0CTATOYHOI BOAbI B ucTouHMKe Telnice. Bo Bpemsi He10CTATOYHOM
BO/bI B 3TOM HCTOYHHMKE 30HA MOCTABJIAETCH TOJALKO U3 OJTHOI'0
HCTOYHUKA. ITO YepeI0BAHUE IKCILNIYATALIMOHHBIX I'OCYAapCTB
OrPAHMYMBACT JJI PALMOHAJBHOM ONITUMU3ALMHU ONIEPALMH.

o CymecTByoumue OTHOLICHHS JaBJICHUS B Ipeodaiaiouieil 4acTu cerei
BOJONPOBOIHBIX MArMCTPaJIeil 3HAYMTEJIbHO MPEBbIMIAIOT TPeOOBAHUS,
CJIeAyIolIHe OT BbICOTHI IOCTABJIAEMOI0 CTPOUTEIBHOI0 PAa3BUTHS.
Heo0xonmmo npeayioxkuTb Mepbl, YTO0ObI YMEHBIIUTH H
CTA0WIU3UPOBATH OTHOLLCHUSA JaBJICHHS.

Obecneuenue emecmumocmu cemu 0Jis C853uU HOGbIX noeepxuocmeﬁ paseumus

OT nepcneKTUBBI pellleHUs] HeAOCTATOYHBIX OTHOIIEHUI 1aBJICHUS B CAMBIX
BBICOKHX PACIHOJI0KEHHBIX 00JI1aCTAX HOBBIX NOBEPXHOCTEH Pa3BUTHA
cJIeayrolee 0KHIAKTCH:



o CBSI3b IOBEPXHOCTElH Pa3BUTHS K CYLIeCTBYIOIINM BOJIHBIM facceiiHamM
U 3aBeplIeHHI0 KPyroodopora ceTu,

¢ CTPOMTEJbCTBO YCHJIUBAKIIMUXCSH CTAHLMI JaBJIeHHs, Yepe3 KOTopbIe
J0JI2KHA NMOCTABJIATHCH YACTh TEPPUTOPHHN PA3BUTHSI.

3aBepuieHne KPyroo6opora ceTv ¢ HOBBIMH I'PABUTALIMOHHBIMH
TPYOONPOBOIAMH Yepe3 TEPPUTOPUH PA3BUTHUS J0JKHO 00eCIeYnTh He
TOJIbKO BOJAOCHA0KEHUE B HEIABHO CBA3AHHBIX NIOBEPXHOCTAX PA3BUTHS, HO U
TaKKe 0YeHb BA’KHO OT MEPCHEeKTHUBbI PyHAAMEHTAIbHOI0 YKPEIJICHHUSs
BMECTHMOCTH CeTH U YBeJIUYeHHS HAeKHOCTH BOTOCHA0KEHHSI K 30He.
IIpexne Bcero B 30He nocraBku Kolonka 310 - pynaamenranbHoe
NpeABapPUTEIbHOE YCJI0BHE YTO0bI 00eceYuTh OyAylee HaJe:KHOe
(GyHKIHOHUPOBaHHUE CETH BOAONPOBOAHBIX MarucrpaJei. Pazaenenue
TEPPUTOPUH I PYHKIMH HOBBIX JONOJHUTEIbHBIX HACOCHBIX CTAHIMI
NMPOBOIMJIOCH HA OCHOBE MO/IeJIMPOBAHMS OTHOLCHUI JaBJICHUS B MOJIEJIH.

Onmumu3zayus oMmHOUIEHUT 0AG/1ICHUA

OnrumMu3anusi OTHOLIECHU JaBJICHHS - Mepa, KOTOPasl ABJIACTCH BAKHOM
Mpe:KIe BCero oT MepCrneKTUBBI J0JIT0CPOYHOIr0 BO3ACHCTBUS HA COKpAallleHue
BO/JHBIX yTeYeK U AaBAPUiHOIl HOPMBI M YBeJIUYEHHUS MPOIOKHTETbHOCTH
sKM3HU ceTH. CoriacHo COOBITUSIM U3-32 TPAHUIBI COKPAIIleHNE IaBJICHUS HA
10 % BbI3BIBaeT COKpalleHNe aBApUIiHOI HOPMBI Ha 25 %. OnTuMu3anus
OTHOIIICHUI 1aBJIeHUS] TAKMM 00pPa30M BaKHa MpeK/e BCero 3a coepexeHus
HA IKCIUTyaTAllHOHHBIX M HHBECTHUIMOHHBIX cpeacTBax. Ilociie onenkn
ONTUMAJIHBIX OTHOLICHU I JaBJIEHUS B CETH HEO0X0AMMO OTIPABUTHLCS
npex/ae BCero 0T BbICOTHI MOCTABJIAEMOI0 CTPOUTEIbHOI0 Pa3BUTHA (PHC.
1.5). JaBienust 40 M. w.c. MOI'YT ObITb HUI3KMMH B Pa3BUTHH BbICOTHOI'O
30aHMS, HO CJIMIIKOM BBICOKO /ISl CeMEHbIX 3JaHUI BKJIIOYEHUS Pa3BUTHS.
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HNamocrpanus 1. S IIpuHIUNOB NPUHATHA BO BHUMaHHUE BbICOThI
CTPOUTEJIBLHOI0 PA3BUTHS B OLlCHKE OTHOLICHUI 1aBJICHUS B CETH
BOJIONIPOBOIHBIX MarucTpaJei



Namoctpanus 1. 6 MiuiocTpanuii olleHKY OTHOIIEHU 1aBJIEHUS B CeTH U B
MOBEPXHOCTAX Pa3BUTHA (HEI0CTATOYHBIC JaBJICHMS AJIs1 IOBEPXHOCTEH
Pa3BUTHS U BBICOKOIO JAaBJjieHus B 30He Predlice B cymecTByromem
rocyIapcrae), WIJIIOCTPALMS MPOJXOJbHOI0 NPOQUJIs C U3MEePEeHNSIMH
OTMEYEeHHBIMM HA KapTe JIMHUM JAaBJICHUS — YKA3bIBaeT NpoldJieMaTUYHbIe
NYHKTBI

Yepe3 Moae1MpoBaHue B MOAe/JIH BO3MOKHO OLICHUTH OTHOLICHHS 1aBJICHHSA
BbILlIe BHICOTHI CTPOMTEIBLHOTO PAa3BUTHS OTHOCUTEJIbHO TOYHO (puc. 1.6). B
TO Ke caMoe BpeMsl BO3MOKHO OLIEHUTh IPUYMHBbI IJIABHBIX MIP00JieM,
KOTOpbIE NPeI0TBPALIAIOT ONTUMH3ALMIO AaBjaeHni. Cienywomas
WLTIOCTPANHs MOKA3bIBAET OLIEHKY OTHOIIEHUI 1aB/IeHUs HA TEPPUTOPHUHU
JJIS1 CyLeCTBYIOLIel ceTH U IJIsl TEPPUTOPUM MOBepXHOCTell pa3Butus. Kpome
TOI'0 NPOAOJIbHBINA MPO(PHJIbL MOKA3bIBAET MYHKTHI YPEe3BbIYAWHOI0 CHUKECHHU S
B JIMHUM IaBJIEHUS, TO €CTh MeCTaXx, I/le MOIIITHOCTH TPYOONPoOBo/a COCTOAIT B
TOM, YTOOBI ObITH PACIIMPEHHBIMH, 1ABJIEHUS, HCKA’KEHHbIE B MIOBEPXHOCTAX
Pa3BUTHSA U OKA3BIBAIOT NMPO0JIeMbl cylecTByromei cucremsl. Ha ocHoBe
TOYHOI0 onpe/eeHnsi MPodaeM U TPpeOOBaHUI ObLTIO BO3MOKHO
MHHHMU3HPOBATH NMpPelIo:KeHue 00 MHBECTUIUSIX, YTOObI ONTUMH3HPOBATH
OTHOLIEHUSI JaBJEeHHS. JTO MPOKUBAJIO NIPeK/Ie BCEro B CiaeAyI0LIeM:

o MHcnpaBiieHue pemiuTeIbHBIX IKCILTYATAIIMOHHBIX MPOOJIeM.

o CTpouTeJIbCTBO OHOM IIAXTHI € KJIANAHOM COKPALLCHUS HA yJIHIe
Jatecni.

o YKpemnieHHe BMECTHMOCTH CeTH — PaclIMPeHUs1 BOAHOIO MOJHOI0
OTJIMYNTEILHOr0 MMenn Tpydonposoaa 100, 150 ¢ 1952 na yaune
JateCni B ceKIIMM OT HOBOT0 KJIANaHA COKPAIIEHNs B 3aMaJHOM
PYKOBOJCTBe MOCJIe Nepexo/ia, YTOObI NPeACTABUTH OTJIMYHMTEIbHOE
ums 200 ¢ qaunoi 204 m.

Pe3yabTaThl MOAEIMPOBAHNS OTHOLIEHU I JaBJIEHUSA MOCJIe ONTUMU3ALNA
NMOKA3bIBAIOT 3HAYUTEIbHOE COKPallleHHe OTHOIIEHU I JaBJIeHUS B CeTH
BOJIONPOBOHBIX MATUCTPAJIell K IEHHOCTSAM, KOTOPbIe COOTBETCTBYIOT JIy4llle
NPWIOKEHHOMY CTPOUTEJIbHOMY pa3BUTHIO. [1o cpaBHeHMIO ¢ CylIeCTBYHOIIMM
CTaTycoM, B KOTOPOM cpeHee gaBjieHue B 30He Predlice siBasiercst 50.1 m.
W.C., 0bLJI0 cOKpamieHue Ha 14.3 m. w.c. k nennoctu 35.8 m. w.c. B Kolonka
30HA MOCTABKHU He TPedyeTcsi HUKaKoe pyH1aMeHTaIbHOe U3MEeHeHne
OTHOLLICHWH 1aBJICHUS.



ﬂoﬁaeﬂenue KOHmMpOJisa Cucmembsl Om nepCcneKmueobl KORmMpoJia 600HBIX nomepo

IIpensno:xkeHHoOe TEXHMYECKOE PellIeHHE TPEAN0JIAraeMoro craTryca ceT
BOJIONPOBOIHBIX MATHCTPAJICH 3HAYHUTEIHHO YBEJIHYUBAET BO3MOKHOCTH JIJIsI
IKCIJIYATAHOHHBIX BAPHAHTOB, KOTOPBIil B CBSI3H ¢ ONTUMH3AIHEH
OTHOILIIEHMIi 1aBJIeHNs YBEJTUYHBAET BO3MOKHOCTH JIJISA TOTO, YTOOBI
KOHTPOJIMPOBATH MPUTOKH B YACTH CETH U OI[EHKH yTedeK U BO/bI, KOTOPOid
HEBBICTABJISIOT c4eT. OT mepcneKTUBbI 100aBIeHH KOHTPOJIbHON CHCTEMBI
NpeaJi0KeHbl cJIeayolne Mepbl:

o MW3mepeHne 10/12kHO OBITH 00€eCIeYeHO JJIA BCeX YacrTeil ceTH,
MOCTABJISIEMOH He3aBMCHUMO OT MHAMBHUIYAJIbHBIX 0aCCeHHOB, yCHJINBAs
HACOCHBIE CTAHIMHU MJIM KJIaNaHbl cokpameHus. Hukakoe
CTPOMTEIHCTBO HOBBIX BOJHBIX LIAXT METPA KAK OTeJbHbIE
HHBECTUIMHU He MPeTyCMOTPEHO.

o Cucrema usMepeHHs J0JIKHA OLCHUTh M B LeJISIX CPAaBHeHHs OajiaHca
NPUTOKOB B 00/1aCTH U B LEJAX KOHTPOJIMPOBATH MUHUMAJIbHBIN
BeyepHuid nputok. Ilo 3Toi npuyuHe 000pyA0OBaHUe Mepeaayy JaHHbIX
OT LIEHTPA ynpaBJjeHus (MAIIMHONMCHAS KONMS) MPEIATI0KEHO IJIA BCeX
30H U OKPYKHBIX IIa0,10HOB B ceTH. IIpocToe u penTadesbHOe pelienne
KOHTPOJIA BOAHBIX METPOB ONITHYECKUM MJIH APYTUM AaTYMKOM H
nepenaydeit GSM npegycMmorpeno. Takoe TexHuyeckoe pelieHue He
TpedyeT CBA3H C JJIEKTPUYECKOI JHEePruei Win CJI0KHON CHCTeMOH
CBSI3U JaHHBIX. Kpome TOro ypoBeHb 3KCINIyaTAIMOHHBIX 3aTPAT MOKeT
ObITb MUHUMM3HPOBAH CEroJHs Yepe3 BbIOOP IKOJIOTHYeCKH
1eJ1eco00pa3Hoil TEXHOJIOTHH.

o Cucrema usmepeHus, CBsi3e M NeTYX0B B CeTH J0JI’KHA M03BOJIMTH
aJIbTePHATHBHOE MEPEeKJIYEHHE YacTell ceTH K HHANBUAY AJIbHBIM
Ia0JIOHAM /10 10CTATOYHOM CTENEeHH.

o B 1onosiHeHHe K BBINOJHEHHIO HOBBIX IIA0JI0HOB M 100aBJICHUA
CYILIEeCTBYHOIIMX MA0JOHOB ¢ OTAAJEHHOI Nepeaayveii, npeajioKeHa
onepanusi MHOKECTBA KJII0YeBbIX NIETYX0B B C€TH BOJAONPOBOAHBIX
marucrpaJjei. Ilpeanoxkenue o mpoexkTe pemaer TakkKe
IKCIUIYATALMOHHBINA CLEHAPU, KOTOPbIH MO3BOJISET MEPEeKJIIYeHHe
yacTei ceTH HHAMBHUAYAJIBHBIX IIA0JI0HOB IPUTOKA M TAKUM 00pa3oM
I03BOJIIeT HAMHOIO 00Jiee 1eTaJbHOe HCCIE0BAHUE CTATYCA YyTeYeK U
BO/Ibl, KOTOPO# HEBBICTABJISIOT CYET.
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Nanmoctpanus 1. 7 CpaBHeHMid MHAMBHUYAJbHO B3BELIEHHBIX YacTeH CeTH —
CYLIECTBYHOIIHI rocyaapcTBo (3 4acTu) U mocje Boinoanenust mep (13 gacreit)



Ha ocHoBe npenio:keHHbIX MepP, BO3MOKHOE pa3ieIeHue CeTH
BOJOINPOBOIHBIX MATHCTPAJIEll YBeJIUYEHO C MEePCNeKTUBbI U3MepPeHUs
NPUTOKOB OT cylecTBYIOMUX 3 o0J1acTeil co cpeaHeil AIuMHON TPyOonpoBoaa
8.5 kM Kk 13 obs1acTsiM €O cpeaHeii JJIMHOM CeTH 2 KM, MUHUMHU3HPYS
He00X0UMble HHBECTUIIHOHHBIE 3aTPaThl. JTO 00ecIeYuBaeT
npeaBapuTeJbHbIE YCJIOBHA 1Sl 04eHb 3P PeKTHBHOT0 KOHTPOJIA CETH,
Npe:Kae Bcero B 00J1aCTsIX, I/le 4YacThie pacCTPOiicTBa U BOAHbIE YTEUKHU
MPONCXOIAT.

3akjIouYeHue

IIpo6s1eMbl HHAMBUIYAJIBHBIX CeTE BOJONPOBOAHBIX MAarUCTPaJIeil U YacTei
OTPAXKAIOT LEJbIHA AMana3oH (pakTopoB. U3 HUX caMble CyLleCTBEHHbIE -
YBEJIHYHBAKIINICS BO3PACT ceTeil BOAONPOBOIHBIX MATHCTPAJIEH U
CBSI3AHHOI'0 YXVAILEHHS MX TEXHUYECKOI0 VCJI0BMSI, ABADUMHOM HOPMBI M
BOJIHBIX YTe4YeK. 3/1eCh 3TO NOAYEPKHYTO MpPekK/ie BCero HCTOPUIECKUM
J0JITOM, KOTOPbIA MBI JI0JI2KHbI B BO300OHOBJICHUU CeTeil BOAONMPOBOAHBIX
MarucrpaJseil. Bo MHOrux mecrax Kpyroe ropoackoe pa3puTve noMenaer
0osibIIMe TPEOOBAHUSA B THOKOCTh TEXHHYECKUX MEP B CeTH BOJONPOBOAHBIX
MAarucTpaJjen oT nepcrneKTUBLI 00eceYeHUs YCIA0BHUM VIl KA4eCTBEHHOI 0
BOJ0OCHA0KEHUSI B HOBBIX 00J1aCTsIX.

Kak noka3piBaeTcs ¢ yBeJHYMBAKOLIEHCH YaCTOTOM, ONTUMAJILHOE PelleHne
OT TeXHUYECKOIl U HHBECTUIHOHHOH NMEePCHEeKTHBbI 0YEeHb YACTO NPOKUBAET B
KOMOMHAIMH IKCIUIyaTAMOHHBIX M HHBECTHIIMOHHBIX Mep. Hanmpumep
olecreyeHme JO0CTATOYHONH BMECTUMOCTH /IVISl HOBBIX NOTpPe0UTeIeH MOXKeT
OBITH pelleHo Mo KpaiiHeil Mepe YaCTUYHO, YMEHbIIASl OTPOMHbIE YTEYKHU
paccMaTpuBaeMoOi CeTH, TOI/Ia KaK He00X0auMoe YKpenjieHue BMeCTUMOCTH
MOKeT ObITh CBSI3AHO C 3aMEHOM TPYOONPOBOAA B Xy/IlIeM TeXHUYECKOM
ycjaoBud. OT 3TOro TaM nosiBJIseTC HEO0OX0AMMOe U3 pellleHUs KOHIeNINHU
PA3BUTHSA CETH BOJONPOBOJAHBIX MATMCTPAJICl B TAPMOHMH C pellieHUeM
NP00JIeMbI BOAHBIX YT€YEK U APYIrMX TEKYIIMX IKCIUIYATALMOHHBIX MP00JjaeM
B ceTH. /Ipyroi o4eHb CylieCTBEHHbIH KOMIIOHEHT KOHLENTYaJIbHOI0
pelIeHus - ONTUMM3alUs OTHOIICHUI JaBJICHHS] U ONTHMHU3ALMU Pa3MEPOB U
KOHTPOJIS CeTH BOAONPOBOJAHBIX MAarucTpaJieil Kak CpeACTBO I TOr0, YTOObI
IKOHOMMTH HA IKCIUIYATAMOHHBIX Pecypcax v yBeJM4YnBaTh
NMPOJO0JIKUTEIbHOCTD KU3HU TPYOONPOBO/1a BOAONPOBOAHBIX MarucTpaJjei u
cBs3eil. [Ipeaio:xkeHne TAKOro ONTUMAJIBHOIO PelICHUs 0JKHO IPOKUBATH B
JAeTAJBLHOM aHa/Iu3e NPo0JaeM CYHIeCTBYIONIEH CHCTeMbl BOAOCHA0KEHUS U
MOCJIeYI0LIero MOAeJMPOBAHNS NPEAIOJIAraeMoro craryca B
MaTeMaTHYeCKON Mo/1e/Ii, KAaJIHOPOBAHHOM HA OCHOBE Pa3MepoOB B

naHg!maggTe.

CyumecTByomee KpyToe pa3BuTHe BOJAHON TE€XHOJIOIMH YIIPABJICHUS -
(pyHIaMeHTAJIbHOE NIPeABAPUTEIbLHOE YCIA0BHE ISl 3asiBJICHUS CJIOKHOM
OLICHKH ceTel BOAONPOBOAHBIX MAarucTpaJieil Kak (pyHaaMeHTaabHbII
HHCTPYMEHT JUISl TOT0, YTOObI PEIINTH CJIOKHbIE TP00JIeMbl BOIHBIX CHCTEM
YIPaBJEeHUA U YTOObI ONITUMHU3UPOBATH PACX0/bl HHBECTULMOHHBIX U
IKCILIYATALHOHHBIX PeCypcoB. 31ech mpeskae Bcero uCroJIb30BaHue




HU(PPOBBIX TEXHOJIOI Ui, MOIeTMPOBAHHUE CUCTEM BOJIONPOBOIHBIX
MArMcTpaJjieil M COBPEMEHHbIX NPOLeAYP U3MepeHus npuMeHeHo. s atux
TEXHOJIOTHI, YTOObI OBITH HCKPeHHE 3(P(PeKTUBHBIM HEOOXOTUMO 00bETUHUTH
riiy0okoe 3HaHHEe KOHCYJIbTAHTOB M MPOEKTHPOBIIMKOB 0 CYIECTBYIOLIUX
TeXHUYECKUX BO3MOKHOCTSX € MPAKTUYECKUM MOJAX0A0M K NpodJjeMaM 1
npexae Bcero 3PppeKTuBHOMY COTPYAHUUYECTBY C OIIEPATOPOM,
aIMMHUCTPATOPOM M MECTHBIM OPraHom BjacTtu. IIpeacraBiieHHbIN POEKT
CJIOYKHOI'O pelIeHUs ABYX 30H IIOCTABKH B Usti nad Labem BbITOJHII 3TH
npeaBapuTe/bHbIEC YCIOBUS.

CKPBITHIE BBITOJIbl MEJJKOMACIHITABHOM PABOTHI
BA3BUPOBAJIN OBINECTBEHHBIE YACTHBIE TOBAPULIECTBA

R S Mckenzie *, W Wegelin *, P Mohajane ** u S Shabalala **

*WRP Pty Ltd, IOUTOBBIA AIIUK 1522, Bpykauuncknii Ksaapar, IOxnas
Adpuxa 0075, ronniem@wrp.co.za ** Emfuleni MecTHblii MyHHIUTIAIMTET

PE3IOME

MHoro BoaHbIX cucteM pacnpeneiaeHus B FO:xxnoi A¢ppuke yxyamawTcs u3-
3a MHOTHMX JIeT NpeHe0pe:KeHusl, IPUBOASIIIEI0 K CePbe3HOMY OTCTABAHUIO
o0cay:xkuBanusi. HenaBHee npaBuTeIbCTBEHHOE 3aKOHOAATEIHCTBO BBEJIO
cB00OIHYI0 OCHOBHYI0 Boay BceM Kurtensim FQxkHoi Appuxu 10 npenena 6
Kl/month B c00CTBEHHOCTb, KOTOPas B CBOIO 04Yepeib BbI3bIBAET
omnpee/ieHHbIN 0eCOPSIA0K OTHOCUTEIbHO OIJIATHI CPed MHOTHUX KHUTeJIei.
ITH KJII0YeBble BONPOCHI M IPyrue NPpUBeJIM K cepbe3HbIM NMpodJjieMaMm ¢
NMOCTABKOM 00C/Y;KMBAHUS ONPe/IeJIeHHO B HU3KHX 00J1acTAX 10X0/4, r/e
00cayKMBaHUEM MpeHedperu B TeueHue 0osbiie 4yeM 30 jieT B HEKOTOPbIX
cayuyasx. [lorenumnan aist moaaep:kku oT YacTHOro cekTopa ObL1 BHIIBUHYT
HA NMePBbIH IJIAH HA CAMbIX BBICOKHX YPOBHSIX B Mpeae/iax NpaBuTeIbCTBA
KAaK BO3MOKHOE pellleHUe aJpecaluy K CYIeCTBYOIUM 0TCTABAHUAM
HECMOTPSI HA TO, YTO €CTh OTHOCHTEJIHLHO HEMHOTI'0 YCIIEIIIHBIX MPOEKTOB
MOJ/IEPKATH 3TO NMpeCTABJICHHE.

JTa Oymara npeacraBJsieT pe3yJbTaThl MOCJIE 2 JIeT onepanuu
MEJIKOMACIITA0OHOT0 001IeCTBEHHOI0 YaCTHOI0 TOBAPHILECTBA B OTHOM M3
HauOOJBIIMX HU3KHUX o0saacTeit noxona B IQxuHoi Adpuxe, rae IIpoext
Yunpasiaenus daBiaenus Sebokeng/Evaton 0611 ynosanomouen B uroJie 2005.
Coepexennsi 1 B TepMUHAX 00beMa BOJAbI CIaceHHbIe U GUHAHCOBBIE
cOepesxkeHMs] K MyHUIIUNAJIUTETY BHYIIMTEJIbHbI U NPEBBIIAIOT BCeE
HavYaJbHbIe 0OknaaHusA. CaMblii HHTEPECHBIN aACNEeKT MPOEeKTA, 0IHAKO, He
cOepeskeHHs, JOCTUTHYThIE OT YCTAHOBKH, HO MHOTOYHCJICHHOI0 IPyrue
AOMOJHHUTEJbHbIE BHIT0/bl, KOTOPbIe OCYLIECTBUINCH, KOTOpPbIE
NMEPBOHAYAIBHO HE 0KNAATUCH, KOT/IA MPOEKT ObLT yNoJHOMO4YeH. Takue
BBIT0/Ibl, BKJIIOYMTE HIEHTH(PUKAIMIO MHOTUX MP00JIEM CeTH, YTO ObLIO
HEOOHAPYKeHO B TeYeHHUe 00JIbIIe YeM 9 JieT Takke BHe3aNHbII HHTEpeC B
MOMOIIM KUTEJISIM HECKOJIbLKHUMM NMPABUTEILCTBEHHBIMH U
NOJIYyNPAaBUTEJIbCTBEHHBIMHU OPraHU3aIUAMM. ITH OPTraHU3alUN ObLIN



HECIOCOOHBI I HECKJIOHHBI 00eCIeYnTh JH0YI0 MOJIEPKKY 00J1aCTH 10
ycnemHoro OomecreenHoro Yacruoro ToBapumecrsa.

IIpoekT mpeacTapsieT cynecTBeHHOe NMPoaABU:KeHne B Q01ecTBEHHO-
yacTtHbIX ToBapumecrBax (PPP’s) u sicHo nemoHcTpHpYET, YTO
MeskomacmrTadubie O0mecTBeHHble YacTHble ToBapumecTBa MOryT ObITH
JKM3HECIIOCOOHBIMM HECMOTPS HAa o0l1ee NMpeacTaB/eHue, YTO ITOT THII
MPOEKTA ABJISIETCH OrPAHUYCHHBIM KPYITHOMACINTA0OHBIMH HHUIHATHBAMH
U3-32 YCWIUA M pacxoaa B pa3sutuu tuna PPP kontpakra. bymara
o0ecnevynBaeT J1eTaJIM NMPoOLECcCOB, BOBJIEYECHHbIX B HACTPAUBAHUE U
OCyLIeCTBJICHHE TAKOI0 MPOEKTA U BbIABUIAaeT HA NEPBbIil VIaH, YTO MOJAEJIb,
ucnojb3yemas IIpoexrnoin Komangoii, 4To0b1 00paTUTHCH K yTEUKE B
Sebokeng n Evaton Mo:keT ObITH NPHCIIOCO0/IEHA K UCIIOJIB30BAHUIO B IPYTUX
00J1aCTSIX U APYTUX 3aSIBJCHUSAX, YTOOBI YIYYIIUTh OCTABKY 00CYyKHUBAHUS
Bcroay no FOkHoi Appuke Tak ’xe Kak B IPyromM MecTe B MUpe, Iie YCJI0BHUS

pa3pelnaor.

Bymara npeacrasisieT cjieICTBUS IIPOEKTA OcJIe 2 J1eT onepanuy U NoABOAUT
UTOI HEKOTOPBIX U3 MHOTHX JOMOJHUTEJIbHBIX BBIT0/l, KOTOPbIE SIBUJIUCH

pe3yJbTaTOM MPOEKTA.

BBEJIEHHUE Emfuleni MecTHblii MyHHIIUNIAJIUTET MOKA3BIBAKOT B
wuIcTpannu 1 u pacnosioxen Ha r MorannecOypra B MHIYCTPHAJIBbHOM
nentpe FOQ:xnoii Appuxku. OtaesbHasi BOJHAS M0Je€3HOCTH 0 uMeHHn Metsi-a-
Lekoa 0b11a ycTaHOBJIEHA HECKOJIBKO JIET HA3a/l, YTOObI YIIPABJIATH
MOCTABKOM NMPHUTOHOM /IVIsl MUTHSA BOABI NPUOJIM3UTEIbHO 1.2 MIILJIMOHAM
skuteseid Mynuuunaaurera, koroporo 450 000 pacnoJio:xxenbl B Sebokeng u
obsnactax Evaton. Boaa nocraBiasierca Metsi-a-Lekoa oT MecTHOTO ONITOBOTO
BO/IHOT'0 MOCTABUINKA, KOTOPbIH SIBJISIETCHA OJJHUM U3 HAM0O0JIbIIINX
MOCTABIIMKOB IPUIOJHOM /ISl MUTHS ONITOBOH BOJBI B MUPeE.

SOUTH AFRICA
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Nimoctpanus 1: Ilinan MecronoJioskeHust

ObsacTu - npeodsaaaome Kujable 00J1aCTH ¢ HU3KHM J0X010M
npudan3uTebHO ¢ 70 000 romamHKUX cBsA3eil, KaKaasi U3 KOTOPbIX CHA0XKeHa
HHAUBHUAYAJTbHBIM BOAOCHA0KEHHEM TAK K€ KAK BOJ0H NepeHeCeHHbIe
cTo4YHble BoAbl. KoMOMHAaMsA HU3KOIO0 10X01a BMeCTe C BBICOKMM YPOBHEM
0e3padoTHIbI MpHBeJIa K 001eMy YXy/AIIEHHI0 BHYTPEHHUX NMPUCTOCO0IeHU I
CJIECAPHOIO J1eJ1a B TeYeHHe MHOTHX JIeT, BbI3bIBAasl BbICOKHE YPOBHH YTECYKH.
YTeuka B HayaJle MPOEKTAa, KAK U3BECTHO, ObL1a YPEe3BbIYailHO BHICOKO KaK
0003HaYeHA MUHUMAJIbHBIM BeuepHuM noTokoMm (VMINF) B 3akaze 2 800

M. /uac kak nokazano B muLTIOCTPanUK 2. TO - OJIMH H3 CAMOT0 BHICOKOI'0
MNF’s, 3aperucTpupoBaHHOro rae-HM0yab B MUPe U NPeACTABJIsCT MOYTH
aBa QOIMMIHIICKHX pa3MePHBIX IJIaBaTeJbHbIX 0acceiiHa BOAbI KAKIbIH Yac B
TeYeHue Nepuoaa, Koraa TpedoBaHue Ha BOAY JA0JIKHO ObITh MUHMMAJIbHBIM.
JL0J15KHO OBITH OTMEYEHO, YTO HET (PAKTHYECKH HUKAKOI0 XPAHEHHS B
Sebokeng u o6saactsax Evaton, nim B 60s1b110i yactu reticulation yposenn
WM BHYTPEHHEM ypoBHe co0cTBeHHOCTH. Bhicokuit MNF nmpoucxoaur
M03TOMY IOYTH MOJHOCTHIO U3-32 YTEYKH, 00JIBIIMHCTBO KOTOPOM
NMPOMCXOUT B CBOMCTBAX U MI03TOMY He 04€BH/IHO OT HOPMAJIBbHOIO
BHU3YAJIBHOI0 0CMOTPA. J[0JI2kHO Tak:Ke ObITb 0TMEYEHO, YTO, TAK KaK
00JILIIMHCTBO YTEYKH NMPOUCXOIUT B JOMAIIHUX XO3SMCTBAX,
NPOCAYHUBAIOIIAACH BOJA BO3BPAILAETCH K 3aBOy 00pa00TKH CTOYHBIX BOJ
yepe3 ceTh KOJJIEKTOPA, KOTOPAsi YacToO NeperpyKaercH 10 TAKOH CTerneHH,
4YTO Pa3pbIBbI CHIPBIX CTOYHBIX BOJ B MECTHbIEC peYHbIe KypChl - o011ee
BO3HUKHOBEHHE B 00J1aCTH.

B,000 _
Proa] Moo e enf e i L e el | | e e e R e e e
4,000
E :
H"--
E :
J000 ([reofreererunnannnas FERY S — H ST (AR, TR SS———
.E I ------‘ Meaauredmlnimumﬂw-zaunm’mF—------—,-------
m r T T -
E : : : : :
=] 2,000 "............-....1..1:..1......-......-.......:....1....1-."...-...-‘:-............-.......-.:............--...-...-._:.........-...-...-.-...
Rl o ;‘;'é‘.".“;: e .:] Expected minimum fiow = 800m T H;".".";'; e e
a | I | | I ]
Thu Fri Sal Sun Mon Tue Wed

Namocrpanus 2: Iloanummre MNF Bxoa B Sebokeng u Evaton (s 2003)

BbL10 o1leHeHO0, YTO YOBITOK B 00J1aCTH Nepel MPOeKTOM ObLJI YIIOJHOMOYEH,
0bL1 B 3aKa3e 80 % Boabl, MOCTaBJIsIEMOI 00/1aCTH, KOTOPasi B CBOIO O4epe/lb



NMPeACTABJIAJA eKeroAHbIN BOAHBIN cueT Npudan3nuTebH0 R120 Muiinon

exxeroHo (£$20 MUJJINOHOB).

B 2004, Myauuunaautet HazHauua WRP Pty Ltd, 4To0b1 npoekTupoBath u
YIOJITHOMOYHUTH TO, YTO, KAK NOHMMAIOT, IBJISIETCH OAHMM U3 HAUOOJIbIIHNX
NepeaoBbIX COOPYKeHHUIl yIIpaBJIeHNs JaBJIeHUs B MHpPe Kak nepsas ¢aza
AOJITOCPOYHOM CTPaTerud YMEeHbIIUTH YOBITOK B 00JiacTu. IIpoexkT He
BOBJIEKAJI HUKAKOI0 (PMHAHCOBOI0 BX0Aa 0T MyHUIIUIIAJIMTETA, U JaXKe
HavaJIbHbIE 3aTPAThl KANKTAJIA nepeHocuu Beero Ilpoextnoit Komannoii.
IIpoexT 0bL1, 3pPexTHBHO, MesIKOMacmITA0HOe O0ecTBeHHOEe YacTHOE
ToBapuuecTBo, BOBJIEKAKOLEEe MPOCTYI0 MOJeJIb HATPAAbl PUCKA U
OPUIrHHAJIbHOE MOHsATHE 00cyKAeHo moapodHo Mckenzie m Wegelin (2005).
JTO0 B OCHOBHOM YMeHbIIaeT BOJHOE JAaBJieHHe B 00/1aCTH B TeYECHHE NMUKA
NEePUOJ0B, U B 3TOIl MaHepe YMEHbIAET BOY, IOTEPSIHHYIO Yepe3 YTeUKy.

BbIT'OAbI ITPOEKTA

Camble 04YeBHAHBIE BBITObI OT IPOEKTA - SICHO c0epesKeHus B BOAHBIX
3aKynkax MyHHMIMIIAJTUTETOM OT ONITOBOI'0 BOJHOI0 MOCTABIIMKA M3-32
yMeHblIeHHOH yTeuku B Sebokeng u o0sactsax Evaton. HauanbHble
CIIPOEKTHPOBaHHbIe cOepexeHus: npudausuTeabHo R20, musuinon (£$3.3
MUWLIINOHA) exxerogHo (Mckenzie m Wegelin, 2005) 0bu1u (pakTHYECKH
NpeBbIIEHbI U MOCJIe TEPBOro MOJHOI0 rojia onepaunu GpakTudecKue
JNOCTUTHYTHhIE cOepeskeHnsl, ObLIN OJiMKe K MILIIMOHY R27 (£$4.5 Mmuisinona)
KaK BbIIBUHYTO Ha NEPBbIH IUIaH B nocJjaenymomei oymare Mckenzie u

Wegelin (2006). Bo BpeMsi mucbMa 3T0H OyMaru, nNpoexkT ObLI

IKCILIYATAIMOHHBIM B TeYeHHUe 2 JieT, i HA4aJIbHbIH YPOBEeHb cOepesKeHu i
ObLI moAIepPKaH Kak nmoka3zano B Crojie 1 u cHoBa rpapuyecku B

wocrpanuu 3.

Crou 1: Pe3rome cOepe:keHNH B Te4eHHE NEPBbIX 2 JIET ONepauuu

Mecsan Boanoe Ucnoab3oBanne

(m3)

OsKHIaeMblil dakTUIEeCKUM

WRP
05 mroaist 3 074 241 2,438,310
05 aBrycra 3,083,840 2,460,620
Sep-05 3,093,130 2,459,070
05 okraops 3,102,729 2,406,260
05 Hosiopsn 3,112,018 2,421,960
05 nexadops 3,121,618 2,427,780
06 smBaps 3 131 217 2,337,020
06 deBpans 3 139 887 1,997,250
06 mapTa 3 149486 2,200,560
06 anpeass 3,158,776 2,118,830
06 masi 3168 375 2,055,280
06 mronst 3177 664 2,076,990

(m3)

635,931
623,220
634,060
696,469
690,058
693,838

794,197

1,142,637

948,926

1,039,946
1,113,095
1,100,674

Coepexenus

PaH1BI US$

1,755,170 292,528
1,720,088 286,681
1,750,005 291,668
1,922,254 320,376
1,904,561 317,427
1,914,992 319,165
2,191,983 365,331
3,153,678 525,613
2,619,036 436,506
2,870,250 478,375
3,072,142 512,024
3,037,861 506,310



06 uroas 3 187 263
3,196,863
3,206,152
3,215,751
3,225,041
06 nexadps 3,234,640

07 suBaps 3 244 239

07 deBpans 3 252 909

07 mapra 3 262 508
07 anpeas 3,271,798

07 masn 3 281 397

07 urons 3 290 687

76,382,228

06 aBrycra
Sep-06

06 oxTsI0pst
06 HOsIOps

Oo1ree
KOJHNYECTBO

2,149,000
2,296,197
2,393,860
2,545,230
2,107,670
2,384,830
2,387,810
2,212,620
2,411,900
2,067,000
2,393,900
2,500,000

55,249,947

1,038,263
900,666
812,292
670,521

1,117,371
849,810
856,429
1,040,289
850,608
1,204,798
887,497
790,687
21,132,281

3,010,964 501,827
2,611,930 435,322
2,355,647 392,608
1,944,511 324,085
3,240,375 540,063
2,464,449 410,741
2,483,644 413,941
3,016,839 502,806
2,466,764 411,127
3,493,914 582,319
2,573,741 428,957
2,292,991 382,165

59,867,789 9,977,965

Coepexennsi, TOCTUTHYTHIE 32 MePBbIE IBA I0/1a ONePAIMN YCTAHOBKH
npeBbicuiu Bee oxkuaanus u [lpoextroit Komanapl 1 MyHuIMnmaanuTera u -
camble OYeBHUIHbIE BBIT0/IbI, YTOOBI HAKONUTHCS OT MpoekTa. [locie neiicTBus
1 yIIpaBJCHUSA yCTaHOBKOﬁ B TCUCHHUE IBYX JICT, HCCKOJILKO APYI'UX BbIT'0/
TaK’Ke CTAJIH 0YeBUIHBIMHU, KOTOPbI€ MEPBOHAYAIbHO HE O:KHAATUCH. B
0COOEHHOCTH CJIeYIOIIUEe BHIT0Abl ObLIU JOCTUTHYThI, KAKIBIH U3 KOTOPBIX
Oyaer 00CyXk/JIeH B CBOIO O4epe/b:

o OrcpoubTe MOIEepHU3AUI0 HHPPACTPYKTYPBI
o MHpenTupuraums y3Kux MecT B CHCTEME;

o MHnentupuxkauus nuHPppacTpykTyphl NpodJieMbl;

o MHNnentudukanus onToBbIX OIIMOOK METPA;

o Karaauszarop aist MHAHCMPOBaHMS;

o Yayuymennbiii Cratyc MyHuuunajaurera
o Co3nanne HaumonanasHoro ¢ponga WDM;

o Karanuszarop pias apyrux smemareabcrs WDM;

e YCTOHYHUBOCTL

Coepexenus.

SEBOKENG / HCTOPUS ITOTPEBJIEHUSA EVATON

Coepesxenns 6o.1ee yem 2 roga = 21 muuanon M.’ = R60 Muiinon

4,000,000
3,500,000
3,000,000

2,500,000



2,000,000

1,500,000

IlepenoBoe naBiieHue
1,000,000

ynpaBjieHHe HAYAJI0Ch
500,000

0 AAuBaps 95 suBapei 96 suBapeii 97 suBapeii 98 ssuBapeii 99 ssuBapeii 00 01
ssuBaps 02 suBaps 03 suBaps 04 suBaps 05 ssuBaps 06 suBaps 07 suBaps 08
sIHBaps

®akTuyeckoe nojaHoe IlpoexkTupoBanue TpedoBanus

Namocrpanus 3: Ucropudeckoe BogHoe nmorpedenne B Sebokeng u odnacrsax
Evaton

OTtcpoubTe MOepPHU3ALNI0 HHPPACTPYKTYPHI

C BbINOJIHEHHEM TIepe0BOii CHCTEeMbI YIIPABJIEHUS JaBJICHUS BOJHOE
TpeOoBaHMe ObLIO YMeHbIIeHO 10 puryp 1997, kak Mo:keT ObITH 3aMeY€eH B
WLIIOCTpanuu 3. YMeHbLIEHHOE BOJHOE TpeOoBaHHe TaKKe MMeJIo
CylIeCTBEHHOE BO3/1eliCTBHE HA MOTOKHU KOJLUIEKTOPA, BXOASIINE B 3aBO/
06paGoTKH, KOTOPBIii yMeHbLIaT oT 2500m’/h (ui0.1b 2003) k 1800m*/h (11016
2005) kak moka3zaHo B wJuiocTpanum 4. B pesyibrare npoekTa nNpoexT
KJIMEHT MOJIyYMJI OTCPOUKY IO KpaiiHeil Mepe JecsiTH JieT Ha MOJIePHU3ALMHU
HH(PPACTPYKTYPHI OYMCTKH M BOAOCHAOKEHUsI. Y MEHbIICHHbIE 1aBJICHUS
TaK:Ke MPUBeJIH K CylIeCTBEHHOMY COKPAIIeHHI0 YHCJIa B3PHIBOB,
HCHBITAHHBIX B 00J1aCTH, KOTOPasi B CBOIO o4epeab OyaeT NpoasieBasi :KU3Hb

HH(PACTPYKTYPBbI.

TpeGoranue (M.’ /mecsin)
NnenTudgukanus y3kux MecT B CHCTeMe

IIpu HOpMAIBHBIX 00CTOATEIBCTBAX ¢ KPYNHOMACIITAOHBIMHU MPOEKTAMHU
yIPaBJIeHUS 1aABJICHHS, 1aBJICHUSI CUCTEMbI IIOCTENIEHHO YMEHbIIIEHbI B
TeYeHUe HeMUKOBBIX NIEPHOI0B, YTOOBI FAPAHTHPOBATDH, YTO HEKOTOPbIN
MHUHUMAJIbHBIH YPOBEHb 00C/IYKUBAHUA JOCTUTHYT B KPUTHYECKOM IIYHKTE B
cUCTeMe, KOTOpPas ABJISIeTCH MYHKTOM, HCIIBITHIBAIOIIUM CaMOe HU3KOe
AaBJIeHHE B TO BpeMsi. KpUTHYECKHI MYHKT MOKET 00bIYHO
HACHTH(GUIHMPOBATHCA OT reticulation puCyHKOB pacIoJIOKeHUs HIH OT
THAPABJMYECKON MO/IeJIH CUCTEMBbI, €CJIM TAKasi MOJeJIb ¢ TOTOBHOCTBIO
pocrynHa. Kpurudecknii NyHKT TOr/Aa NPOBepeH HeNpepbIBHO, NOCKOJIbKY
ACMCTBUS YNIPABJICHUSA 1ABJICHUS HAYUHAIOTCS.
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Nimoctpanus 4: YMeHbIIEHHbIE IPUTOKH KOJLUIEKTOPA

B cayuae npoekra Sebokeng/Evaton, BbIlIeyIOMAHYThIH IIPOLECC HE
NPOAO0JIAKAN IJIAHUPOBATH, U MHOTOYHCJICHHBIE COO0ILIECTBA KAJOBAJHMCH HA
HHM3KHe BOJHbIC 1aBJCHUSA B 00/1aCTAX, KOTOPbIe TEOPETUYECKH He J0JIKHbI
OBLIM MMeTh HUKAKHUX npodJiem. [Ipu OiuakaiimeM paccCMOTpeHUH
HEOKUIAHHBIX 00J1acTell MpodaeMbl, HAX0AUJI0Ch, YTO MHOTHE U3 POdJIeM
ObLIIM BBI3BAHBI O€JHBIM 00CJIYKMBAHMEM WJIM HECOOTBETCTBYIOLIEH
onepanueil pa3IMYHbIX IPAHMYHBIX KJIAaNIaHOB U/ WJIN KIanmaHOB KOHTPOJIA.
Bo MHOrux ciayyasix, rpaHM4YHbIe KJIAMAHBI OCTABJISJIN B MOJYOTKPBITOM
M0JIO’KEHUH BCJIEJACTBHE TOI0, YTO IITAT ONEPAlMid He 3HAJL, I0JIKHBI JIU OHU
OBITh OTKPBITHIMHU HJIH 3aKPBIThIMU. IIITAaT Omepanuii Takxe umes
NPUBBIYKY K 3aKJIIOYUTEIbHBIM CEKIMAM TPYObI B cIy4asix, Iie B3pbIB
Npou301Ie] BMECTO TOr0, YTO0ObI BOCCTAHOBUTH B3PbIB H IOBTOPHO
OTKPBIBATH TPYOONPOBOA. ITO BHI3BAJIO CePbe3HbIE Y3KHE MeCTa B CHCTeMe,
KOTOPAasi TOJBbKO CTAJIa 04EeBH/IHOM, KOI1a 1aBJieHUs1 ObLIM NOHUKeHbI. B
KAKJI0M CJIydyae MPOeKTHAsl KOMAH/A J0JI2KHA ObLJIa IPEKPATUTH BCe
JAajibHelIIHe JefiCTBUSA COKpALleHUs] JABJICHUA U NPEANPUHATD MOJHOe
HCCJIeJ0BaHHe, BOBJICKaKOIee CYIeCTBEHHYIO M0JIeBYI0 padoTy, 4TOObI
HAeHTH(GUIMPOBATH U HCIIPABUTH BCe KJanaHbl npodemsbl u/Wim cexuuun
TpyOonpoBoaa B cneunduueckoit ooaactu. [locie koppekTUpyOIUX Mep,
00BbIYHO HAXOAMJIOCH, YTO MOJHbIH YPOBEHb 00CIY:KUBAHUA K OIIPeIeICHHOMY
C000IIeCTBY YJIY4YIIHJICH 3HAYUTEIBHO, KOT/IA cHcTeMa ObLJIa BOCCTAHOBJICHA
K €e OPUTHHAJIBbHON KOHQUIrypanuu.

Nnentudukanusa nHPpacTpyKTypbl NPodJieMbl

B nonosiHeHune K nAeHTU(PUKALNH Y3KHX MECT KaK 00CYKIeHO
NpeABAPUTEIbHO, ObLIM MHOTOYMCJIEHHBbIE CIIY4aH, IJie cepbe3Hble MP00JIeMbl
ObLIM HalieHbl B OCHOBHOI reticulation madpacrpykrype. Ogna u3 cambix
001X HAEHTU(PUIIMPOBAHHBIX MP0o0JIeM ObLIa 0MHOM U3 ""HenocTaOIUX"
TPYO Win cBsi3eil. B HECKOJIBKMX CJIy4asiX HAXOAWIOCh, UTO CBSI3HM OT



MeHbIIHUX TPYO (200 MM WJIKM MeHbIIE) He ObLIU CeJIAHbl HA ONITOBYIO
MarucTpajb, npoderawumyo cneunduieckyro o0daactb. B oqnom ciryyae, 310
OBbLI0 HANIEHO YTO U3 ITUX 4 CBA3El, MOKA3aAHHBIX HA “KaK - IOCTPOEHHbIE”
IUIAHBI, TOJBKO KAKAbIH ObLI (paKTHYECKH y0JIHOMOYeH. CoxXxpaHeHue Tpex
cBsi3eil ObILJIO 3aeYaTaHO C IVIACTUHOM IIyXoro ¢guiaHna Kak pas nepej
IIYHKTOM CBsi3M. B 3TOM cirydae, coodmecTBo npudausureabHo 3 000 sxxurenei
HCNBITAJI0 HEYCTOMYMBYIO OCTABKY (BOAA, JOCTYIHAS TOJbKO B TeUEHHUE
HOYHBIX NEPUO/IOB) B TeYeHHE MOYTH 9 JieT U NMPEKPATHIIO KATOBATHCS MHOT0
JIeT Ha3a/l, TAK KaK HUYTO KOrAa-J1u00 He 1eJI1aJI0Ch, YTOObI 00JIerYuTh
npodaemy. Ilpu packonkax Tpex cBsizeil TAWHBI M 100aBJICHUA HEO0OXOTUMBIX
T-gacrei (cM. LUIIOCTPALUIO S5), 00J1aCTH ObLJIA BOCCTAHOBJIEHA K IOJTHOMY
JAABJICHHIO CHCTEMbI HA 24-4acoBoe OCHOBAHME BIlepPBbIe.

XoTs1 10NMOJTHUTEIbHbIE CBA3H PAKTHYECKU YBEJIHUYNJIN BOJHOE
KCI0JIb30BaHME B OIHOI 00,1aCTH NMP00J1eMbl, ITO MO3BOJIHUJIO JaBJICHHE BCEMY
Sebokeng n Evaton ObITh NOHU:KEHHBIM B Te€4eHHE HENMMMKOBBIX EPUOI0B
KOTOPBIii 00J1ee YeM BOCIOJIHEHHBIN JII000€e MaJIeHbKOE MECTHOE YBeJIUYeHHue
HCI0JIb30BAHMS B TeYEeHHE OCTAKIIUXCH MEPUO/I0B.

Nuamocrpanus S: YcranoBka Hepocrawmen "T-yactu" B Sebokeng

Jlpyroii kjilo4eBoi mpoo61eMoii, ua1eHTUGUUMPOBAHHON ¢ MHPPACTPYKTYpPOH
ObL1a naeHTHUKANUSA ""HeZOCTAIINX' KJIANAHOB, KOTOPbIE He MOKA3bIBAJIMN
HM Ha KakuXx reticulation pucynkax, Ho ObLI

MBICJIb, YTOOBI CYLIECTBOBATH NMPOEKTHOM KOMAaH/A0# U3-3a MaHepPbl, B
KOTOPO# CHCTEMa 0TBe4aJ/ia HAa BOJAHOE JaBJICHUE.



Namoctpanus 6: UneHTuuKanus HeJ0CTAKINEr0 KJIANAHA U NAJATHI NOCJIe
OYHCTKH

HNumocrpanus 7: YaajneHue Tejia KianaHa

Kaxk Mo:xeT ObITh 3aMe4YeH B WLIIOCTPAIMU 6 M WILIIOCTpanuu 7, majaara
KJIAMaHa ObLJIa MOXOPOHEHA ¢ e0HeM U MYCOPOM B Te4eHHre NPUOJIN3UTEIbHO
30 jeT M KOrAa KJIanaH ObLI B KOHEYHOM CYeTe PACKOIaH, 3TO 3aXBATHJIO
MOJIHOCTHI0. BO MHOTHX ciiy4asix, KJIanaHsbl - 0osbie 4yeM 60 JjieT u 10/KHbI
OBbITH y/1aJIeHbI MNOJHOCTHIO U OTPECTABPUPOBAHBbI, YTOObI BOCCTAHOBUTDH
reticulation cucreMy K ee HOpMAJIBLHOMY IKCILIYATAIIHOHHOMY PeKUMY. ITOT
THII TPO0JIeMBbI ObLJT 00IMM BO3HUKHOBEHUEM, M 0KUIAETCH, YTO 00JIbIIIE YeM
100 6obIIMX KJIATIAHOB, MOA00HBIX, KOTOPOE MOKA3LIBAIOT B MJLUIKOCTPALIUM 7
JAOJKHBI OyAyT ObITH OTPECTABPUPOBAaHbI. TPYIHO 3aMEHUTH TAKHE KIANAHBI
HOBBIMH KJIANIAHAMY H3-32 Pa3JIMYHOI0 rpedHs, CBepJsIIero oopasubl u



U3MepPEeHHUs, TAK KAK BCe HOBbIE KJIANAHbI HCIOJIb3YIOT MeTPUYECKHUe
cneunuKanuu, B TO BpeMsi KaK Te B CCTeMe BCe OCHOBAHbI HA cTapiuei
uMIepckoi cucreme. Pecrappanus KjianaHoB NPUBOJINT K OY€Hb
CylIeCTBEHHBIM cOepe:KeHUuSIM CTOMMOCTH 110 CPABHEHHMIO C HOPMAJIbHOM
NOJIMTHKON 3aMeHBbI.

Nnentudukauusa Omudoxk Metpa

OnToBblii BOAHBbII NOCTABIINK, 0TBETCTBEHHBIH 32 BoJ0cHAOKeHHe K Metsi-a-
Lekoa - o1MH U3 HEMHOTHX ONTOBBIX BOJAHBIX MOCTABIIMKOB B FOkHOM
Adpuxe, KOTOpasi He UCI0JIb3YeT METPbI YeKA BO MHOTHX U3 €r0 COOPY:KEeHH I
nocraBku. Boja, nocraBiasiemasi B Sebokeng u Evaton u3amepena nsa 600mm
AUAMETP MeXaHM4YeCKNe MeTPbI — OJJMH HA Ka:K10il TpyOe mocraBku. Hukakue
NMpo0JIeMbl OTHOCHTEJIbHO KOJIMYECTBA CHA0KEHHOH BOJIbI KOTAa-J11M00 He
NMOJHNMAJIUCH, IOKA HOBAasl YCTAHOBKA He Obli1a ynoJHoMo4eHa. I[locie Toro,
KAaK HOBafl yCTAHOBKA ObLIA YIIOJHOMOY€EHA, 0ITHAKO, ObLJIO ICHO, YTO ObLIO
HECOOTBETCTBHE MEKIAY ONTOBBIMHU BOJHBIMH YTCHUAAMHU METPa U YTCHUSIMHU
MeTpa B ycTaHoBKe. K cokajieHNI0 BeJIMUMHA HECOOTBETCTBUS Obljia
npudIn3uTebH0 4 % B M0J1b3y ONITOBOI0 BOJAHOIO MOCTABIIMKA.
IIpuemiemblii AMANIA30H TOYHOCTH MeTPOB ObLI B 3aKka3e 3 %, U TAKUM
00pa3oM ObLJI0 TEXHUYECKH BO3MOKHO C/1€J1aTh 3alMCh 6%-0r0 pa3anuus u
Bce emle ObITh B Npeesiax nprueMJeMbIX Mpeie10B TOYHOCTH AJIs1 000MX
Ha0OpPOB MeTPOB.

K cuacrtbio 1u1s MyHMuunaaurera, O1MH U3 IJIABHBIX METPOB, KOTOPbIMH
yIpaBJisieT ONTOBbIH BOAHBINH MOCTABIIMK HA4YaJ padoTaTh co c00siIMH B
mapte 2006, koTopblii ObLJ1 HeMeIJIeHHO COOPaH NMPOEKTHOH KOMaH/10i
HAYMHAS ¢ Pa3JMYUA MeKAYy AByMs1 Ha0opaMu YTeHUil, i3MeHeHHbIX oT 4 % B
10J1b3y ONITOBOI0 MOCTABIIMKA TOJBKO 0oJ1ee yeM 2 %. B ciexyomem mecsine
pa3iuuue, I3MEHEHHOE 3HAYNTEIbLHO Ha 0oJiee yeM 12 % B mosb3y
MyHuuMnajauTera. 1a CUTYaluus MPoA0JIKAJIACHh B TeYeHHE HECKOJIbKHX
MecsilieB KaK MOKA3aHO B WLTIOCTPAalMu 8 nmpexae, 4eM 3T0 0bL10 (hopMaJIbHO
HACHTH(UIHMPOBAHO ONTOBBIM MOCTABUIUKOM, M METPbI ObLJIN U3MEHEHBI.
Haxoaunoch, 4T0 OIMH U3 ABYX ONITOBBIX METPOB TepIies HeyAauy, U APyroiu,
KaK HAXO0AHUJIH, ObLT NpuOan3uTeabHo 5%-oii cBepxperucrpanueii. [locie
3aMeHbI IBYX ONITOBBIX METPOB, Pa3Jin4yue MeK1y AByMs Ha0opaMu MeTpPOB
ObLII0 HE3HAYMTEJIBLHO CPOKOM HA NPUOJIM3UTEIBHO 6 MecsileB mocJie,
KOTOpPbIE PA3JIHYUA CHOBA HAYAJIHM HAKAIUIMBATHCH B M10JIb3Y OIITOBOIO
NOCTABIIUKA.

JTO - BeCbMa HHTEPEeCHbIH MPUMeEP U TOT, KOTOPbI MMeeT CylleCTBeHHbIEe
(puHaHCOBBIE 3HAYEHHS U OITOBOMY BOJAHOMY NMOCTABIIUKY H
Myuuuunaaurery. llorepsaHHBINA 10X01 B TeYeHUE NIEPHOA, B KOTOPbIH
padoTaJ co c60sIMU ONTOBBII MeTp, ObLJI B 3aka3e MussimoHa R3 (£$0.5), u
0YeBM/IHO ONITOBBIN BOJAHBIN MOCTABIIMK X0TeJ BO3BPATHTH 3TO OT
Mynununaaurera. /[pyras cropoHa aprymeHra - T0, 4YT0 COXpaHeHuUe,
(pyHKIMOHMpYIOLIIEe MeTP, KAaK HAXOAUJIHU, CBepX/1e/aJl 3anuch Ha 0osiee yeM S
%, KOTOPBIii ABJISAETCA BHE IPHUEMJIEMOI0 IMANAa30Ha TOYHOCTH, U MeTP ObLI B
onepauuu B Te4eHHe HeCKOJIbKHUX JeT. Eciiu npusHaercs, 4To Takue



MeXaHHYeCKHe MeTPbl YHHAT He CKOPOCTh, NOCKOJbKY OHM CTAHOBSATCH
crapuie, TO MOKeT 0JIaronoJy4YHo Npeanojararbcsi, YTo ONTOBbIE MeTPbI
CBepXCAeJIAJIN 3allUCh M0 KpaiiHeil Mepe Ha 5 %, Tak KaKk OHH ObLIN
ycTaHoBJieHbI. I'py0asi oneHka (PpMHAHCOBBIX 3HAYEHUH )1 TAKOMI
CBepPXperucTpanuy noMeunaaa noJHy0 JONOJHUTEIbHY0 CTOUMOCTD BOJbI K
MyHuuunajautery B npuoausurebHo R15 muiuinon (£2.5 MuLinoHa).

HoBasi ycTaHOBKA - SICHO OYeHb IEeHHbIH aKTUB K MYHHIIUNIAJTUTETY, TAK KaK
3TO Tenepb 00ecneYnBaeT HEKOTOPYIO (popMy NMPOBEPKH ONTOBBIX BOJAHBIX
METPOB, KOTOPbIE MPeABAPUTEIbHO BCer1a MPUHUMAJIN KaK TOYHbIH 0e3
(¢opmMbI yeka. ITO - elle 0OIHA HEOKUAAHHAS BbIT01a OT MPOEKTA.

‘.’i‘-;‘-‘::“%i‘f..-_ SEBOKENG / EVATON CONSUMPTION HISTORY A

Rand Water versus Pressure Manager Total Supply wl T

3 000 000 45.0%

2500000 +

T 30.0%

2000000

T 15.0%

1500000 1~ T 0.0%

Demand (ma.'month)
% Difference

1000000 - — T-150%

500000 5 T -30.0%

0 T T T T T T -450%
Sep-05 Dec-05 M ar-08 Jul-08 Oct-06 Jan-07 Apr-07 Aun17

Lz,
—&— W Total —@—PM| Total @ % Difference ,,l \/

Niumocrpanus 8: ommOku MeTpa Mexkay ONTOBBIMH METPAMHU MOCTABIIMKA U
MeTpamMu MyHUIIUIIAJIMTETA

KaTa.]m3aT0p AJIA (I)I/IHaHCI/lpOBaHI/Iﬂ

/1o BbINOJIHEeHUs MPoeKTa, MYHUIMIIAJIUTET ObLJ HECIIOCO0EH MOJIYYHUTh
AOCTYI K JII000oMY puHAHCUPOBaHUIO 151 AeicTBUiE WDM j11000ii npupoabl, u
JAa’ke pa3jinuHble 0aHKM '"'pa3sBuTHA' He KeJiaju o0ecneYnBaTh
(puHaHcupoBaHue AJs MPpoeKTa. Kak ToJbKO MPOEKT ObLT 3aKOHY€H, 0JHAKO,
U pe3yJabTaThl ObLIN M31aHbl, CATYAallUs1, U3MECHEHHAsl IPAMATHYHO H
BHE3AMHO ObLI0 HECKOJIbKO OPraHu3anuil (BKJIK0Yast ONTOBOr0 BOJHOI0
NMOCTABIIMKA) MOKeJTaHNe, YTOObI MHBECTUPOBATH (PMHAHCUPOBAHUE B
Sebokeng u Evaton. OauH 13 ri1aBHBIX CTOPOHHUKOB IPOEKTa - Teneps Otaedn
Boanbix Jlea u JlecoBoacra (DWAF), koTopblii ABJISIETCH HAMOHAJIbHBIM
XpaHHUTeJeM BCeH ChIPOil BOABI B CTPaHe U TaK:Ke BHINOJHAET POJib
peryJasitopa mo Bceii crpane. Ilocsie onenku coOepeskeHr 0T MHUIIUATHB
ynpasjenus a1asjenust Sebokeng/Evaton, DWAF noHsi1 HEeHHOCTb TaKUX
NPOEKTOB U C03[1aJ1 HOBBI 0X0/1:KeT, YTOOBI MOMOYb MPE0I0JIeBATH TPYIAHOCTH
(puHAHCHMPOBAaHMS, YTO MEPBOHAYAJIBHO YIPOKAJI0 OCTAHOBHUTH IPOCKT.



Ipubdausureabno R50, musinon (= 8 MuwiinonoB $) 0bl1 accuruoBan Ha 2007
U B CJIy4ae ycnexa, 010/1uKeT, Oyaer yBejnueH B OyayuieM, YTOObI NOOIIPUTH
aeiicreust WDM Bcroay no IOxuoi Agpuxe. U3 muiiimona R50 (= 8
MHWLTHOHOB $) accurHoBanHbli geiicteusim WDM IlpaBurtenbcTBoM, 00Jibine
yeM MUJLIMOH R10 (% 1.7 Mmusinona $) ObLJIM ACCHTHOBAHbI, YTOObI
noaaepxath aeiicreusa WDM B Sebokeng u Osmskaiinmux o0J1acTsx.

B nonosiHenue k vHbekuMU puHancuposanuss DWAF, cam myHuumnaaurer
HAXOAMTCH Tenepb B MOJ0KEHUH, YTO 3TO MMeeT H30bITOYHBINH KaluTAJI
BIIepBbIe B pe3yjbTarTe MULIHOHA R30 (£ 5 MmuasimonoB $) coepexenus,
clleJIaHHbIE B TeYEeHUE NepBOro roaa onepauuu. Ipudan3nrebHO MUJJINOH
R10 (£ 1.7 munsmona $) ot cOepe:keHuii ObLJI BO3BPAIlEH K BOAHOMH
M0JIE3HOCTH, YTOObI COOTBETCTBOBATH (puHancupoBannio DWAF, koTopoe
NPUHOCHUT NOJIHOE (pUHAHCHMPOBAHME, JOCTYIIHOE, YTOObI MOACPHU3MPOBATH
cuctemy Ha 2007 k 0oabe yem MuLIHOHY R20 (£ 3.4 munimona §). /o
npoexkTa, MyHHIMIIAJTUTET He MMel (PAKTHYEeCKH HUKAKOI0 OK0/uKeTa 1A
00CJIy’)KUBAHUS CHCTEMBI, TAK KaK BeCh KallUTAJI MCI0JIb30BAJICSH, YTOObI
NMOA/IePKaTh BOJAHBINA CYET OT ONTOBOI0 MOCTABIIUKA.

Yayuymennsbiii Ctatyc MyHMIMIIATHATETA

/1o mpoekTa, eIMHCTBEHHAS ITIACHOCTD, MOJIy4YeHHass MyHUIMIIAIUTETOM
ObL1a 00OBIYHO OTHOCHTEJIbHO MPOJUTHI HeBbLIIEYEHHBIX CTOYHBIX BOJ B
Baanbckoii Pexe. Takue nposutusi ObLJIM JOJKHBI YACTHYHO K OeqHOM
HHQPACTPYKTYpPe MHOTOKPATHBIX CTOYHBIX BOJ HACOCHbIE CTAHIIUM U
YaCTUYHO K OTPOMHBIM IIPUTOKAM CTOYHBIX BOJ, KOTOpPbIE B CBOIO 04Yepeab
ObLIM BBI3BAHBI B 00JILIION CTENEHH BHICOKOI BHYTPEHHeEH JoMAalIHel
yreukoil. Tak kak npoekT 0bLJI 3aKOHYEH, 3TO CO3/1aJ10 CYIECTBEHHYIO
MOJIOKUTEILHYIO IJIACHOCTD )i MyHUIIUIIAJIMTETA U cOOPaJio He MeHee YeM 4
HALMOHAJIbHBIX BO3HATPAXK/ICHUS 32 TEXHUYECKOE TEXHUYECKOe
NMPeBOCX0ACTBO. ['1aCHOCTD, OKpYXKAKOIIAS MPOEKT CO3/1aJ1a IOHUMAHKE HA
CaMBbIX BBICOKHX YPOBHSIX B IPABUTEJIbCTBE, H MPOEKT ObLJI NPU3HAH B
Hapaamente Boagubim Komurerom Iloprdens kak mogesab, KOTopasi 10JIKHA
ObITH MOBTOPeHa Beoay no FOxuoii Adpuke Be3ae, rje ycJa0BUS pa3peliaoT.

[Mos10:kMTEIbHOE MOABEPraHUEe OT MPOEKTA TAK:Ke CO3/1aJ10 001YI0 aTMochepy
ycnexa B npeaesnax MyHUIMNAJINTETa 1 MYHUIMIIAJbHBIX MEHEIKEPOB,
KOTOpbIE NMOJAEePKUBAIM NIPOEKT, TAKKe ObLUIN B COCTOSTHUHU NPOABUHYTH UX
COOCTBEHHBII MEePCOHAJI Yepe3 pa3IiudHble PaI0-U TeJIeBU3MOHHbIE
HHTEPBbIO OTHOCUTEJIBHO MPOEKTa. B 1eliCTBUTEIBLHOCTH, IPOEKT CO34aJ
MOBOPOTHBIM MOMEHT B npeaenax MyHununajinrera, 1 oduee BOCIpusiTHe
MyHUIMNIAJINTETA H3MEHIJIOCH OT OTPUIIATEILHOTO 10 MOJI0KHTETbHOTO.

Karaauzarop aaa Ipyrux Bmemareascrs WDM

Bo03M0:KHO 0/1HA U3 CaMBbIX BaKHBIX BBIT0/1, YTOObI SBUTHCH Pe3yJIbTATOM
NPOEKTAa - PaKT, YTO ITO AEMOHCTPUPOBAJIO TO, YTO MOKET ObITh JOCTUTHYTO C
OTHOCHTEJIbHO He0O0JIbIIUM (MHAHCHPOBAHMEM U 00bEAUHNIIO OAAEPKKY U
OT YACTHBIX U OT 00IIEeCTBEHHBIX CeKTOPOB. Ilociie yenemHoro 3aBepiieHus



npoexkta, MyHMIunajJbHbIe MEHeIKePbI ¢ TeX NOP ObLIIM B COCTOSTHUH
MOTHBHMPOBATH JIJI1 U 0100peHHe BbITO/bI JJI HECKOJIbKHUX JONMOJHUTEIbHBIX
TeXHUYECKUX U COUMAIbHBIX BMewaTeabcTB WDM. U3 cienuduyeckoro
NMpUMEYaHus - cJeayrouee:

o Sectorisation, 4To0bI MO3BOJIUTH HAJJIEXKAILee yIpaBJieHue reticulation
CUCTEMOIi-

o MH3mepenne norpeduTeSIA U COCTABJICHUE CYETOB KAK NEePBbIM 1IAT K
HaJJIeKAIEMY COCTABJICHHIO CYETOB;

o Ilonumanue coobuiecTBa cO cnenU(PUIECKON CCHIJIKOM HA MOJHUB €A/1a;
o YmnpasiieHue 1aBJeHUS HA OKPYkHOM ypoBHe (<3000 cBoiicTB), 4TO0BI
MOJIYYUTh JajibHelue coepexeHusi B HU3KHUX JIeKaLUX 001aCTAX;

o HenpepbiBHBIII KOHTPOJIb KOHTPOJIbHBIX IYHKTOB, YTO0ObI IOMOYb €
yIIpaBJeHUEM CHCTEeMbI

o Pa3BuTHE aKTHBA PEeruCTPUPYETCH KAaK CHAYAJIA 1IAT K MOJHON cucTeMe
YIIPaBJICHUA AaKTHBA.

YcroituuBocts COepexeHni

OnHa u3 KJIYeBbIX NPo0JeM KO MHOTUM BMemaTejbcTBaM WDM -
npoodJieMa nojjiep:;KaHusl HAYAJbHbIX cOepekeHuil mocJje Toro, Kak nNpoeKT
ObLJI 3AKOHYEH, U IPOEKTHOI KOMaH/e 3allJIATWIH 3a ee ycuiaus. B ciyyae
Sebokeng/Evaton PPP, IIpoexTHas KomaHnna oTBeTcTBeHHA 3a Bce
00CJIy’KMBAaHUE U OTEPAIMI0 CPOKOM Ha MO KpaiiHeill mepe 5 jert. Tak kak
IIpoexkTHas Komanaa mosy4aer oniaty B COOTBETCTBUM € NPOU3BEACHHBIMU
cOepe:xeHUIMH (10 COIVIACOBAHHOIO Npe/eJia nocJe, koropsuiii 100 %
BO3Bpamaercd K MyHMIMIIAJIUTETY), CYIIECTBEHHO, KOTOPBIM MPOEKT
NMPOJA0JIKAET YIPABJIATH J0JIKHBIM 00Pa30M 10 TAKOT0 BPEMEHH, YTO
MyHuUMIAJIUTET BCTYNaeT BO BJIAJiCHHE WM paclIupsieT epuo] KOHTPAaKTa.
IIpoueHT 0T MOJIHBIX cOepeskeHuii, coxpaHeHHbIX IIpoexTHOI Komannoii
npudan3uTebHO HA 15 % ocHOBaH B mepBbIe ABA roJa onepanumn 1 -
AOCTATOYHOE MOOYKACHHUE NJIs1 KOMAaH/AbI, YTOObI TAPAHTUPOBATDH, YTO MPOCKT
NOJIHOCTHI0 QYHKIMOHAJIeH Bceraa. B aToil manepe, coepexxeHus,
NEePBOHAYAJIBHO JOCTUTHYThIE BCe ellle JOCTUTAITCH CILYCTS ABA roJa mocJje
TOI'0, KaK MPOEKT ObLJI 32aKOHYEH. ITO - OAUH U3 OTHOCUTEIHLHO HEMHOIHX
npoektoB WDM, rae coepeskeHUs peBU3YIOTCH THIATEJIbHO HA HENPEPbIBHOM
OCHOBAHMH, M 3TO CYMTAIOT OJHUM U3 KJIKYEBBIX 3JICMEHTOB YCIIELIHOI0
npoexkra WDM.

3aKJII0YeHus

B 1o Bpemst kak Sebokeng u O0mecrsennoe Yacruoe ToBapumecrso Evaton -
SICHO O/IMH U3 CAMOI'0 yCNEemHOro Meaxkomacmradnoro PPP’s, koropsiit 0Oyaer
3akoH4YeH B IOkHOH Apuke, peajibHble BHITOAbI IPOEKTA TOJbKO Tellepb
OCYLIECTBJISIIOTCS CIIyCTS ABA I0Ja MOCJe TOro, KaK MPOeKT ObLI
ynosiHomo4eH. U IIpoexkTHas Komanaa 1 MyHuMnaJaureTr o4eHb CH4ACTIMBBI
pe3yJbTAaTOM MPOEKTA U NMPOAOJIKAIT COTPYAHNYATH, YTOObI 0CHOBBIBATHCS
Ha HAa4YaJIbHOM ycmnexe. B To Bpemsi Kak (puHaHCOBbIEC IPOU3BEACHHbIE
cOepeskeHNsl MPEBBIMIAIT BCe HAYAJIbHbIE 0’KUIaHUS, CKPBITBIH, U 4aCTO



MECHEEC MATCPUAJIbHBIC BbITO/IbI OYCHDb IEPECBCHINMBAIOT OYCBH/IHBIC H
MaTE€pHAJIbHBIEC BbIT'O/IbI.
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BBenenue

OnuH 13 rJ1aBHBIX BbI30BOB, CTOSIIIUX Nepel BOAHbIMA YTHJIMTAMH B
Pa3BUBAKOIEMCS] MHP€ - BLICOKM YPOBEeHb BOJAHBIX IOTEPh WJIN Yepe3
(puznveckue morepu (yreuka) ujid BOPOBCTBO BOJbI OT CHCTEMbI, HJIM OT
BOJHBIX M0JIb30BaTeJIeil, He JO/LKHBIM 00pa3oM 00bABJIsIEMbIX. JTO pa3jinyue
MeKIAY KOJIUYeCTBOM BO/Ibl, IOMEIEHHOH B CUCTEMY pacrpeaejeHus: U
KOJIMYECTBO BO/Ibl, 00bABJIEHHOH NMOTPEONTEJAM U3BECTHO KaK “Bo/a
Hegoxoaa” (NRW).

O01masi CcTouMOCTh K BOAHBIM YyTHJINTAM
KopoOxka 1:

BbI3BaHHBbIIE NRW B0 BceM Mupe MoxeT ObITh KOHCEPBATHUBHO OLleHeH B 15 $
TPHU KOMIIOHEHTA HEA0X0/a

Muutaapa/roa. boabie yeM ogHa TpeTh Boabl: Pusnyeckue (peajbHble)
MOTEPH COCTOSAT M3 YTEYKH OT CHCTEMbI

3TO MPOUCXOAUT B PA3BUBAIOLLIEMCH MHpe,

U BBIXOJUT 32 Npejiesibl B pe3epByapax XpaHeHusi moj1e3H0cTH. OHM BbI3BAHbI
rjae npudJIM3nTeIbHO0 45 MIIMOHOB M3 NMOTEPSIHbI

0eTHBIMHM ONEePANUAMHU U 00CTYKUBAHHEM, HEAJeKBATHON YTEUKOU
e’Ke/ITHeBHO Yepe3 BOJHYI0 YTEeUKY B

KOHTPOJIb, 1 HU3K0€ Ka4eCTBO M0/I3¢eMHbIX AKTUBOB. CETH I0CTATOYHO
pacnpenesiennsi K KommepueckuM (04eBHIHBIM) MOTEPSAM BbI3BAHbI HA NPH-
perucTpanuy Mo4YTH IBECTH MUJUIMOHOB METPOB NMOJAYM KJIHEHTA  OIIMOKH
U3-32 HENPABUJIBLHOIO 00palnieHnsi JAHHBIX, TAKKE

KAaK BOPOBCTBO BOJbI B Pa3JIHYHbIX (popMax.

Joau. TouHo Tak ke 0amu3ko k 30

YnoiaHomouyeHHoe MOTpedaeHrne YHOMIIE] BKIKYAET BOAY, HCI0/Ib3yeMYI0
MHJLJIMOHBI M3 MOCTABJISAIOT KaK/IAbIi 1eHb

MOJIE3HOCTH B IKCILUIYaTAIMOHHBIX LeJIfAX, BOJa, HCNOJIb3yeMast [IJIf OTHS
KJINEHTaM, HO He BBICTABJIAIOT CUeT, DOPSChH, M BO/IA, OOecieYeHHAs
CBOOOIHYI0 ONpee/IeHHOMY NMOTPeONTE 10 U3-32 (PAKTOPOB KAK XHUIlleHHeE,
rpynnbl. KOPPYNUHS CIYKAIUX, U OeTHOe u3MepeHne. JTH BbI30BbI CEPbe3HO
3aTParuBalT (PUHAHCOBYIO )KU3HECTIOCOOHOCTH BOJHBIX YTHJIUT Yepe3
NMOTEePsSIHHBIE 10X0/Ibl, IOTEPSIHHbIE BOJIHbIE PECYPCHI, H YBEJIUYEHHYIO
IKCIJIYAaTAIIHOHHYIO CTOMMOCTD, TAKAM 00Pa30M YMEHBIIIAsi ©X BMECTHMOCTD



(puHAHCHPOBATH HEOOXOAMMBbIE PACIIMPEHUsT 00CTY:KHBAHUS, CIIENHATBHO
ISl O€HBIX.

Boicokuii ypoenb NRW 00b14HO yKa3bIBaeT BOAHYIO N10JIE3HOCTh, KOTOPOil
IUI0XO0 YIPABJISAIOT, KOTOPAsl MCIIBITHIBAET HEOCTATOK B YIIPABJICHHH,
ABTOHOMHUM, 0OTBETCTBEHHOCTH, U TEXHMYECKHUX M OPraHU3aTOPCKUX HABBIKAX,
He00X0UMBIX 00eCIeYUuTh Ha/lexkHOe 00caykuBaHue. YacTHBIN ceKTOp, Yepe3
XOpOoLIO-yNpaBJigieMoe 3aKJIIYeHNEe KOHTPAKTA 00CJIy;KUBAHUS HA OCHOBE
padoThI, MOKET MOMOYb BOAHBIM YTHJIMTAM ¢ TEXHUYECKUMH U
OPraHM3aTOPCKUMH HABbIKaMH HeCTH 3¢ PeKTHBHBbIE IPOTPAMMbI
cokpamenuss NRW.,

Cayu4aii 11 T0Oro, 4ro061 yMeHbmiatb NRW

Croa 2: OueHKH MexKIYHAPOAHBIX 00beMoB NRW (Muisimapabl KyOu4eckux
MeTpoB/roaa)

OIIEHKHA NRW
Cuaoxenn Bxox NRW  Ornomenue (%) O6bem, muumHapa m3/year
oe Cucrem Kax
HaceJleHHe, bl AOJA  Physic Commerc Homte
MIULIHOHBI |/capita/d SYSt®  al ial Ousnueck Kommepueck i
(2002) ay M IoTep HE IOTEPU W€ MOTEPHU
BBOIU 5 OTEpU NRW
1 (%)
Pa3zBur 744.8 300 15 80 20 9.8 24 12.2
ble
CTPaHbI
EBpazus 178.0 500 30 70 30 6.8 2.9 9.7
(CHI)
Crpansl
' . 83722 250 35 60 40 16.1 10.6 26.7
Developi
n
OBLIEE
KOJNYECTB
(0] 32.7 15.9 48.6

Hcrounnk: MupoBast Opranuszanus 3noposbs, Cers IB, u onienkn aBTopos.

HcciienoBanue MeKIyHAPOAHBIMH YUpPeKIeHUSIMUA IIOMOTaeT HAM MOHUMATh
HCTHHHYIO BeJInunHy morepb oT NRW, Tak Kak yTHIMTBI, OTBETCTBEHHbIE 32
MOTEPH 0KA3AJINCHh UM HECKJIOHHBIMH WM HECTIOCOOHBIMHU 00eCcTeYuTh
Takyo uHpopmannw. baza 1anabIx MekayHapoaHOro 0aHKa M0 BOAHOI
cepBUCHOI padote, n3BecTHOM Kak Cetb IB (Www.ib-net.org), Bkirouaer
AaHHbIe 0T OosbIe YeM 900 yruaut B 44 passuBawmuxcs crpadax. Cpeanss
¢urypa nis ypoBass NRW B yruiiurax pa3BuBaomiuxcsi CTpaH, MOKPbITHIX
Cetbio IB - npudau3urtesbHo 35 npoueHToB (cToJ 1) - mpeacraBjieHne
HeHHocTH 5.8 mussinapaos $ (crod 2).



Croa 3: IIpeanosiaraemast ueHHocto NRW u ero koMmnoHeHToB

Kpaiinsas Croumoctsn Horepstnmmit Oo0mas
. J0X0[ U3-32
croumocth Hacuuraiite (pusnyecKn CTOMMOCT
KOMMep4ecKH
BOJbI Tapud X HoTephb X IIOTEDL b NRW
(US$/m[13; (US$/m[3;) P
) [Tpenmosnaraemas neHHoctsh (US$S
MUJUTAAPIBI/TOM)
Pa3BuTbIe CTPAHbI
Espazus (CHI')
PaszBuBaromueca  0.30 0.30
CTPaHbI 0.20 1.00 0.50 0.25 292032 241526 533558
OBILIEE
KOJIMYECTB
(0] 8.1 6.5 14.6

HUcTounuk: BoIYMC/IeHUSE ABTOPOB.

? OcHoBaHHBIIi HA TIOJTHOM HACEJEHHH, HMEIOIIEeM A0CTYI K 6e30MacHOMY
BOA0CHAOKeHHI0 1 902.7 MMJUIMOHOB YeJIOBEK, ¢ 44 MPOLEHTAMHU U3 HUX
MOJIy4aIoLIUil BOAY Yepe3 MHAMBHUAYAJbHbIC JOMALIHHUE CBS3H.

- 655

KakoBbl ncrounnku u 3arpatbl NRW? OCHOBHBIE KOMIIOHEHTHI - YTE€YKHU H
HeoObsSIBJICHHOE MOTpelJIeHune.

Boonwvie ymeuku. Kaxnplii rox 33 Mmuwjuinapaa Kyou4ecKux MeTpoB
pPaccMOTPEeHHOM BOABI (PM3NYECKH NMMPOCAYUBAIOTCS OT FOPOJACKHX CHCTEM
BOJOCHA0KeHHS BO BCEM MHpe, B TO BpeMs Kak 16 MIJLIMapioB KyOM4eCKHX
MeTPOB MOCTABJISIIOT KJIHEHTaM 3a HyJ1eBo# Aoxo. [TosioBuHA 3THX nOTEph
HAXOAMTCH B PAa3BUBAKIIMXCS CTPAHAX, I'/le NPEeANPUATH KOMMYHAJbHOTO
00CTyKNBAHUSA
JKaKIAHNE JOMOJHUTEIbHBIX 10X0I0B K

KopooOka 2:
pacuiupenue GUHAHCOB YCJIYT, U
SlcHble BbITOAbI OT cokpamenuss NRW
rae 00JbIIMHCTBO CBSI3AHHBIX KJIMEHTOB
Coxpamenne NRW K T0JIbKO 0JIOBHHE TEKYIer0 YPOBHA B

NMOCTPaJalTe OT HEYCTONYUBOI NOCTABKH H

Pa3BUTHE MMPA MOCTABIWIIO ObI CJIeYIOLIHME BHITOAbI: 0eHOe BOJAHOE
Ka4eCTBO. JTO OLIEHEHO * KAaXAbIi roj, 8§ MuuinapaoB m3 paccMOTPEHHOM



BOABI O0b1iIM ObI TO, 4TO MuJIMApA USS$1S norepsn kaxablid rox A0CTYIHBII,
4TOOBI 00CTYKUTH KJIMEHTOB.

BOAHBIMH YTHW/IIMTAMHA BO BCEM MHUPE,

* 90 MUIIITMOH JII0/Aei 00JIbIIIEe MOT MOJIYYHTh JOCTYN K BojJe 00JIblle YeM OIHA
TPeTh U3 ITOr0 BOJAHOM MOCTABKOIi, He YBeJIMYUBasi TPeOOBaHHE HA
MO/IBEPTrHYTOM ONACHOCTH

YTHWJIMTHI B Pa3BHBAKOIIMXCA cTpaHax. Boanbie pecypcebl. MacuTad npoodsemMbl
O4YeBH/ICH H

* Boanble yTHINTBI U3BJIEKIH ObI MOJb3Y, T10CTYI K IOMOJHUTEILHOMY He
MOskeT urHopupoBatbes. US$2.9 munsimapa B caMonpou3BeAeHHOM MOTOKeE
HAJIMYHOCTH, IKBUBAJICHTHOM 00JIblIIe YeM YeTBePTh KOJIN4YeCTBa, B
HacTosillee Bpems siBiasiomierocsi Kommepueckumu nomepamu. llennocts
BKJI/IbIBAJIA KAMUTAJ B BOAHYI0 MHHPPACTPYKTYPY B Pa3BUTUH

n3 BOAbI, HOTepﬂHHOﬁ KaKIbIA IoJ1 B MHPE, 1 ITOM, HEC 3aTparuBas HA B
KaKou MaHepe n0Jrosasg BMECTUMOCTD TEX CTPaH.

Pas’BUBaAOIIINECHA CTPAHBI Y€pPE3

KOMMepuecKasi BoAa norepb pakruyecku * CrpaBeyiuBOCTb Cpeau
noJib30BaTeJieil Obljia ObI MPOABUHYTA, 1eHCTBYS OCTABJIEHHbINH, HO HEe
BbICTABJICHHBIH CYET — SIBJIAETCH NMPOTUB HE3AKOHHBIX CBsI3eil M TeX, KTO
Y4YacTBYeT B MCIIOPYEHHBIX METOAAX YTCHUSI METPOB.

oueHeHHblii B USS 2.6 Mmuiiinapaa. 3to

0 YeTBePTH 0011ero KouvecTna exxeroaHo * Illorpeduresnn yay4mmns Obl
o0cJry:kuBaHue 0T 00JIbIIEr0 KOJIUYeCTBA HHBECTULMI B PUTOAHBIX 1JIs1
NUTHS BOAHBIX 3(P(PEKTUBHBIX M KU3HECIMOCOOHBIX YTHJIMTAX.
HHQPACTPYKTYpPa B pa3BUTHHU

* HoBble 1e/I0BbIe BO3MOKHOCTH ObLJIM ObI CO3IaHBI 1JI51
MHp. JTO - Takxke 0osbiIe yeM Mup

HeiictBusi cokpamenuss NRW, ¢ teicsuamu banka padounx mect, camblii
00/1b110M BOAHBIN (UHAHCHUCT CO31aJI, YTOOBI MO/IEPKATH TPYAOEMKOE
COKpAaILlleHHEe YTEYKH CPeIr MeKIYHAPOAHOTr0 (PMHAHCOBBIU

NefCTBUSA. YUPEKICHUS, IPEI0CTABJISACT KAK/AbIA 0l B COBOKYIIHOCTH JIJIf1
BO/JHBIX MPOEKTOB B Pa3BUBAKIIUXCH CTPAHAaX.

XoTs 00JIb1Ie AHAJIN32 HE00X0AUMO, YiKe ICHO, YTO 00JIbIIAS YACTh ITOM
KOMMep4YeCKOM MOTepH, BEPOATHO, NPUOYAET OT MOLICHHUYECKUX ACUCTBUHA 1
KOpPpPYNIUH—, THIIA HE3AKOHHBIX CBfi3eil, MOIIEHHUYECKOI0 YTEHUsI MeTpa,
WIH BMEHIaTeJbCTBA METPa. ITO J0JKHO ObITh NPUYMHOM 0eClIOKOMCTBA 1151



NPAaBUTEJIbCTB 00€UX Pa3BHBAIOIIMXCS CTPAH U cO001IeCTBA JapUTeIs
noao0Ho. Boiroaws! cokpamenuss NRW sicHblI (cM. KOpoOKYy 2).

IHouyemy yruiuthbl 6oprorcsi ¢ NRW-n, Kak 4acTHBII CEKTOP MOKeT IOMOYb

Coxpamenne NRW He npocToii Bompoc, 4To0bl 0Cyl1eCTBUTh, KOTOPBIH
00BbSICHSAICT, IOYEMY 0OY€Hb MHOT'0 BOAHBIX YTHJIMT He B COCTOSIHUU
oOpaTuThes K 3ToMy 3ppekTnBHO. HOBBIE TeXHHUYECKHE MOAXO0AbI T0/KHBI
OBITh NPUHATHI, U 3P PeKTUBHBIE MEePbI YCTAHOBJIEHbI B OPTaHU3ATOPCKOM H
YCTAaHOBJICHHOM OKPY KaKoIeil cpee — 4acTo TpeOOBaHUe BHUMAHUA K
He0O0JIBLIIOMY KOJINYeCTBY (PYHIAMEHTAJBHBIX BHI30BOB B M0JIE3HOCTH.

He nmonnmasi BeJIMUMHY, HCTOYHUKH, U cTOMBIIMA NRW - 01HA U3 riIaBHBIX
NPUYMH IS HEAOCTATOYHBIX YCHIMH 10 cokpamenuo NRW Bo Bcem mupe.
Toabko onpenessas koauuectBo NRW u ero KOMIoHeHTOB, BHIYUC/IAS
COOTBETCTBYIOLIHE HHIAMKATOPHI pad0Thl, U NpeBpamias 00beMbl MOTEPIHHOM
BOJIbI B JIeHEKHO-KPeAUTHbIEe HEHHOCTH, MOkeT cutyanuss NRW ObITh
AOJIKHBIM 00pa30M MOHATHIM M HE00X0AMMOe MPEeANPUHSATOE JeiicTBHe.
JApyrue npo6eMbl KacalOTCHA BPOKIEHHbBIX ¢JI1a00CTeH BOAHBIX YTHIHT B
Pa3BUBAIONIUXCH CTPAHAX. YTHWJINTHI B Pa3BUBAIONIUXCH CTPAHAX:

o Yacro paboraiiTe moa ciadbIM ynpasjenneM U GUHAHCOBOI
CTPYKTYPOIi, ¢ CEPBUCHBIMHI MeHe/sKepaMu, UMEI0IUMH
HEO00X0AMMOCTb CTOAATH Nepe] MHOTOKPATHBIMH NMOJUTHYECKUMHU U
IKOHOMHMYECKUMH OTrPAHHYCHUAMMU.

o JlosxeHn o0ecniedynTh 00CTYKMBAHUE KJIMEHTAM HA €:KeJHEBHOM
OCHOBAHMH, UCIIOJIb3YSl YXYALIEHHYI0O HHPPACTPYKTYPY.

o YacTo ucnbITaliTe HEIOCTATOK B HAUVIEKALUX CTUMYJIAX M
CHeHAJTU3UPOBAHHOM YIIPABJICHUM U TEXHUYECKOM IKCIIepTH3e,
He00X0AMMOil BBINOJIHUTH 3¢ PeKTHBHYI0 mporpaMmmy NRW.

o PaloraiiTe moa HeaieKBAaTHOM MO0y AMTENbHON CTPYKTYPOil.

IHocko/IbKY BOAHBIE YTHIUTHI B PAa3BUBAIOLIUXCH CTPAHAX THIIUYHO
HUCIBITHIBAIOT HEAO0CTATOK BO BMECTUMOCTH, CTUMYJIAX UJIM YIIPABJICHUH,
4TOOBI MOJ0KUTH HA MeCTO MporpamMmbl cokpaumenust NRW, ouu Hykparwres
BO BHEIIHEH OMOILM.

Ilomenyuan 0na npuuacmuocmu 4acmuoz20 ceKmopa

IHoreHuMaIbHBIA HCTOYHUK IIOMOIIH - YACTHBIN CEKTOP, I/le IPUYACTHOCTH
MOKeT NPUHATH MHOTO (popM, B npeaeJiax oT JIMHHON My0JIMKH CPOKa
yacTHble ToBapuiecTtsa (PPP), yTo0bI 00C1y>KMTH KOHTPAKTHI HJIH
3aK/JII04YeHHne CyOnoaApsAHOro 10roBopa onpeaeaeHHbIX 3a1a4. B 3apucumocTu
OT BLIOPAHHOT0 BHIOOPA, MOKET IPUHECTH YACTHBIN CEKTOP:

o HoBas TexHoJI0rus1 M HOY-Xay, YTOObI HCIOJIb30BATH 3TO 3P PeKTUBHO
o Jly4mme cTuMYyJIbI AJ1s1 IPOEKTHOM PadOThI

o TBopueckue pemieHHs AJIs1 IPOEKTA U BbINOJHEHHUS POrPaMMBbI

o KommnereHTHBIE Ye10BeYecKHe pecypehl



o I'mOkocTh 1151 10JIEBOIT PA0OTHI (HAIPUMeEP BedepHUe KOMAH/IbI)
o MWHBecTHIMU, IPH ONIPeeIeHHBIX YCJIOBUSX.

KuroueBoe coo01enne, 0MH CJAUIIKOM 4YacTO MPOIyCKAaeMblii, - TO, 4T0 NRW
HeJIb35l PACCMOTPeTh B BAKYYMe, HO B Ipeesax 0ojiee MIMPOKOro KOHTEKCTAa
cepBucHOil pedopmbl. IIpoekT 1100011 mporpammbl NRW 10/15keH IPUHATH BO
BHUMAaHUE CTUMYJIbI, OTKPBITHIE AJI MEHEKEPOB U LITATA IPOIPAMMBI, TAK
’Ke KaK APYrux BOBJICYEHHBIX CTOPOH. JIro0as nmporpaMmma 10/xHa
rapaHTHPOBaTh, B MAKCMMAJIbHO BO3MOKHOM CTENEHH, YTO CTUMY.JIbI
AOJIKHBIM 00pa30M COKO3HUK Heu pa3Butus 3¢ dexTuBHoil U 3¢ PeKTHBHOIM
N0JIE3HOCTH, KOTOpPasi BCTpeYaeT MOTPeOHOCTH ee noTpeduTeIei.

BymaskHbIe BbIIEPKKH 3/1eCh HMEIOT [1eJI0 C 00CAYHCUBAHUEM HA OCHOGE
pabomul, 3akniovas (PBSC), 0THOCHTEIBbHO HOBBI M THOKMHA MOAX0/I K BbI3OBY
NRW. Ilox PBSC, yacTHasi gupMa 3aKOHTPAKTOBAHA, YTOOBI OCYIIECTBUTH
nporpammy cokpameHuss NRW. 1o niiaTurcs 3a mocraBJjieHHbIE YCJIYTU U
o0ecrneyeHHbIE CTUMYJIbI BCTPETUTH M0 KOHTPAKTY NPEANUCAHHbIC
IKCILIyATAIlMOHHbIE KPUTEPUHN KavyecTBa padoThl. C HaqIeKaAuUM 0aJIaHCcOM
NMPABUTEJbCTBEHHOH OMJIOIIHOCTH M HHUIMATUBBI YaCTHOI0 cekTopa, PBSC
MO’KeT 00eCIIeYUTh OKPYKAKIIYI0 Cpeay NPeA0CTABJICHUS BO3MOKHOCTH U
CTHUMYJIbI, cCIOCOOCTBYIOIIME cokpamenuio NRW, ¢ HemocpeacTBeHHbIMU
IKCILIYATAIMOHHBIMU U (UHAHCOBBIMU BbIrogamMu. Ho 310 He 3aMeHa 4YTO0bI
BbINOJIHUTH 00JIee HIUPOKHE YCTAHOBJICHHBbIE pe()OpMbl, HEOOXOIUMBbIE
MPOABMHYTH YCTOHYHUBOCTH CEKTOPA.

IpakTuyecku, npumenunmMocts PBSC k nporpamme coxkpamenuss NRW
3aBHCHT OT YPOBHSI PHCKA, YTO YACTHBIN CEKTOP KeJIaeT UM CIIOCOOHBIH
B3:iTh. X0TsA PBSC - 0oTHOCHTE/IbHO HOBOE MOHSITHE VISl BOHOI'0 CEKTOPA B
pa3BUBaIOLIEMCH MHpe, 3TO Bce 0oJiee  0oJ1ee pacCMOTPEHO B IPYrUX
CEKTOPaX KaK crnocod yay4muTb 3¢ PeKTUBHOCTH U OTBETCTBEHHOCTh
KOHTPAKTOB € YACTHBIMH MOCTABIIMKAMH. ITO - IePBOE MOJIHOE
ucciaenoBanue 00abm0ro cokpamenuss NRW KOHTpakThI 00C/Iy;KMBAHUS HA
OCHOBe PadoThI, H 3TO CYUTAET KJII04YeBble BONPOCHI B IPOEKTEe KOHTPAKTA,
MeTOAaX YIPaBJIeHUS, IPUBJICKAIIIMX TPEThbHUX JIUI ISl BHINIOJHEHUS padoT
BApHAHTAaX, TEXHUYECKOM IMOMOIIH, YIIPABJICHUH PUCKA, M IPYTHX YPOKAX
U3y4YECHHBIMH.

COIII/IOJIOFI/I‘ICCKI/IC HCCJICA0BAHUA: COKPAIICHUE HOTepﬂHHOﬁ BOJAbI
YBCIUICHHSA J0X0dAa

/1o HacTOSIIIer0 BpeMeHH TOJbKO He00IbIIOMY KOJIUYECTBY 00/1bIINX
KOHTPAKTOB MO3BOJINJIN, U HEMHOT0 HHGOPMALMHU BCE JKe CTAJIO Iy0JIUYHO
AOCTYNmHbIM. OIHAKO, ABTOPbI ObLJIM B COCTOSIHUM U3YUYHUTh YeThIpe
CYLIECTBEHHBIX U Pa3HO00pa3HbIX npoekTa. B Selangor, MaJiaiiznu, 001b11UM
KOHTPAKTOM /ISl TOr0, YTOOBI YMEHBIIATH (PpU3HYECKHE U KOMMepUYecKue
norepu ObL1 B MecTe ¢ 1998 Mexay BoaHOI 10JI€3HOCTHIO (TOT1a HUMeBIIee
rocyaapctpo) cay:xamuii Kyana-Jlymnyp u ero cpeaa, 1 KOHCOpPUMYM BO
rjaase ¢ majasuiickoii komnanue. B Tannange, Croauunas Biaacth
Bogonposoanou cranuuu (MWA), kotopsiil nocraBiaser baHrkok,



NPHUBJIEKAJIA TPETHUX JIUI VI BBINOJHEHUs padoT pu3nyeckoe COKpaleHue
norepu YacTHbIM noapsiguukam ¢ 2000 xo 2004. B bpazuiaun, SABESP,
BOJHAS M0JIE3HOCTh, KOTOPas cJaYy:KUT S 4 0 O6saacTs [layno Merponosurana,
IKCHEPHUMEHTHPOBAJIA C PA3JIHYHBIMH J0T0BOPHBIMH MOAX0AAMHU C YACTHBIM
CEKTOPOM /IJIl TOT'0, YTOOBI YMEHBIIUTH KOMMepYeckue norepu. U B
Hpaanaumn, Bognoe Paznenenne lydoauHckoro MyHMIMIIAJIUTETA,
3aKOHTPAKTOBAHHOIO B 1997 MesKayHapOAHBIN YaCTHBIN ONepaTop, YTOObI
OCYIIEeCTBHUTH ABYXJIETHU KOHTPAKT AJIsl TOT0, YTOObl yMEHbIIATH
(pusuyeckue norepu.

CJ'IC}IYIO]J_II/IC IIEeCTh KII04Y€BbIX (l)aKTOPOB HCIIOJIB30BAJINCD, 4YTOOBI OIICHUTD
ITH KOHTPAKTbI:

o 0030p. Kakosa poJib yacTHoro noapsaaunka? Kakossl neiau
cokpamennst NRW?

o CrumyJsl. Kak - 3jileMeHT Ha 0CHOBe Pad0Thl CTPYKTYPUPOBAHHOI'O
KOHTpPaKTa?

o I'mOkocTh. /10 KaKkoii cTeneHH KOHTPAKT MO3BOJISIET YACTHOMY CEKTOPY
OBITh TBOPYECKHUM B IIPOCKTE M BbINOJHEHUH AeHCTBUH COKPALLICHUS
NRW?

o MHuauxaropsl padotsl 1 n3mepenue. Kak - usmepeHHoe cokpaiieHue
NRW?

o IIpuoOperenue/Bbioop. Kak yacTHbIM NOAPSAAYNK ObLI 0TOOpaH?

e  YcTor4uBOCTh. UTO CIYyYHJIOCH NOCJIE TOT0, KAK KOHTPAKT
00CIy’KMBAHUS HA OCHOBe pPadoThl ObLT 3akoHYeH? KoHTpakT
BKJIIOYAET ONpeAe/ieHHbIe MYHKThI, YTO0ObI TAPAHTHPOBATH Nepeaavy
HOY-Xay K NPeANPUATHIO KOMMYHAJIbHOI0 00C/IyKUBAHUA?

Selangor, Manaiizua: naubonvuiee cokpaujenue NRW 3aknwuaem konmpaxkm
00 HACMOAWE20 8PeMEHU

B 1997 nacenenune masna3uiickoro rocyaapcra Selangor (u @enepajbHasi
Teppurtopust Kyana-/Ilymnypa) ucnbiTano cepbe3Hblil BOAHbIH KPU3HC,
BbI3BaHHBIH 3J1b NOT0AHBIM siBJeHHeM Nifio. Kpusuc odecneuns cnyckoBoi
MEXaHU3M /ISl IPABUTEIbCTBA, YTOOBI HAYATh UMETh /1€JI0 ¢ BBICOKMM
ypoBHeM NRW, KoTOpBIi 3aTPOHYJI BOAHYIO I0JIE3HOCTH MHOI'O JIET.
Hpudansurensbno 40 npoueHTaM NMPpoU3BeIEHHON BOAbI HE BHICTABJISIIIN CYET,
C YTeYKOii, OLlECHEHHOH B 25 MpoueHTax, Wi NpuOJIU3UTeIbHO MOJYMUJJINOHE
M. /nens. Jlenenne Ha 1Ba KoJMdecTBa GU3MYECKHX NOTEPh 00€CIeunIo 6bl
AOCTATOYHYIO BOAY, YTOOBI CIYKUTH IKBUBAJIEHTY 1.5 MUJINIHOHOB Y€JIOBEK H
TaKUM 00pa3oM npeaoTBpamarsh BOAHYI0O HexBaTKy B Kyana-Jlymmype.

CraakuBasich ¢ 3TUM KPU3HUCOM, rocyaapcrBeHnblii Otaea BoxonpoBoanoii
CTAHUMHU NPHHAJ He3aNpaluBaeMoe npeajioKeHue 0T KOHCOPUUYMa BO IJiaBe
¢ MeCTHO# (pupMoOii, B COBMECTHOM NPEANPUATHH C MEKAYHAPOAHBIM
oneparopom. Ilogpsaxunk nepegan ymenbmars NRW ykazanHbIM
KOJIN4Y€CTBOM, COIJIACOBAHHBIM 3apaHee, B JaHHoe BpeMs. [loapsaxuuk umesn
MOJIHYI0 OTBETCTBEHHOCTDb 32 TO, YTOOBI IPOCKTHPOBATH U OCYIECTBJIATH



neiicTBus cokpamenuss NRW ¢ ero co0CTBeHHbIM IITATOM, B 00MeH Ha
COrJIACOBAHHYIO OILIATY €IMHOBPEMEHHO BbIIJIAYUBAEMOH CYMMBI.

CTuMmMyJibl UTOOBI IOCTUTATH LeJieil BKIw4Yasu (i) mrpados 3a HecoOJ101eHue
J10 5 MPOLEHTOB MOJHO eJMHOBPEMEHHO BbIILIAYNBAEMOI CyMMBbI, 1 (ii)
rapantus patorsl 10 NpoueHTOB IEHHOCTH KOHTpaKTa. EnnHoBpeMeHHO
BbIIJIAYMBaeMasi CyMMa BKJIIOYAJIa Bce He00X0UMBbIe 1eliCTBUSl KAK
yUYpesKIeHne u3MepPeHHbIX 00JiacTeil paiioHa (MpsAAMbIe J0CTYNbI K AMSITH),
yIpaBJieHUE 1aBJICHUA, 00HAPY/KEeHHE YTeYKH U PEMOHT, HIeHTHuKaAIus
HE3AKOHHBIX CBsI3€il M 3aMeHbl MeTPa KJIMEHTA TAK JKe KaK MOCTABKH BCEro
000py10BaHUS U MATEPUAJIOB, NOAPATUYMK ObLT CBOOO/IEH BHIOPATH 30HbI B
npeaeax ceTu, YTo0bI MPOBECTH ee JelcTBUA cokpamennss NRW.,

®a3a 1 KOHTPAKTAa IEMOHCTPUPOBAJIA, YTO MOHATHE PA0OTAJIO: YACTHAS
(pupma MoxkeT ObITH 3AaKOHTPAKTOBAHA, YTOOBI 3(P(PeKTHBHO YMEHbIIUTH
ypoBeHb NRW 10 onipeieiIeHHBIX 11eJIel, €CJIM 3TO UMeeT TM0KOCTh, YTOObI
nposectH aAerictBus NRW, 1 10roBOpeHHOCTH OIJIATHI OKPBIBAET BCIO
Heo0XoauMYyI0 padory u MatepuaJibl. OTHO M3 TEXHUYECKHX HOBIIECTB B 3TOM
ciy4yae ObLJI0 YHUBEPCAJbHBIM HCI0Ib30BAHUEM YMEHbIIAKIIMX AABJICHHE
KJIANIAHOB (JaKe B 0YEHb CUTYallUAX HU3KOI'0 JaBJICHUA) HE TOJIbKO, YTOObI
YMEHbIINTB YTEYKY Yepe3 COKpalleHne Ype3MePHbIX JaBJICHUI, HO TaKKe
3alllUTUTH Y’Ke BOCCTAHOBJICHHbIE NPSAMbBIE JOCTYNbI K NAMATH OT BBEpPX 110
TeYCHUI0 KosieOaHuil naBiaeHus.. Pabora ®da3pl 1 pakTnyeckun npesbicuia
uean (18 540 m.’/d), nocTuras céepexxennii 20 898 m.%/d (mpuGIM3HTENBEHO
OJAMHAKOBO MKy KOMMep4YeCKMMU U (pU3N4ecKMMHU norepsamn). JIsaauars
JAEBATH NPAMBIX J0CTYNOB K MAMATH ObLJIM YCTAHOBJIEHBI CO CPeIHUMH
coepexxenusamu 400 KyOMYeCKHUX METPOB B JIeHb B KA:K/IOM NPSMOM J0CTYyIIe K
namMsaTu, 1 npudausurTeabHo 15 000 merpos 0b1i1M 3aMeHeHbl. CTOMMOCTB K
rocyarapcreeHaomy Otaeny BogonpoBoaHoii craHuuu ObLIa IKBUBAJIEHTHA
USS$ 215 B m.%/d.

KontpaxkTt ®a3bl 2 uMeJ MHOKECTBO HEAOCTATKOB, HO ObLJI CYLLIECTBEHEH B €0
pa3Mepe — NMOJAPSIAYHUK MepeaaBa 4ecToaI0NBYIO 1ejb NPUubau3uTeabHo 200
000 m.’/d NRW cokpalienne, Koe-4To, 4T0O HUKOI/IA He JeJaJ0Ch COTIACHO
aorosopennoctu PPP.

Joarocpoynasi ycroiiunBocTh npoekTa He sicHa. Konrpakr ®a3sbl 1 BRiIo4asn
o0yueHne mrara KineHta. O0yueHue caMoOCTOSATEIbHO, OJHAKO, 0KA32J10Ch
HE0CTATOYHBIM ISl KJIMEHTA, YTOOBbI MOJAePKATh YCOBEPUICHCTBOBAHUSA,
30HbI Pa3bl 1 ObLJIM BO3BpalleHb] NOAPAAYUKY, YTOObI padoTars B Ma3e 2.
OueBuaHo, a06as crpaterusa NRW goskHa o0paTuThes K npodJieme T0ro,
YTO C1eJIATh OJHAKAbl KOHIbI KOHTPAKTA.

banzkok: exnrouenue ymeuek

Boanrbie ycayru B Banrkoke obecrnequBaroTcs npeanpusitueM
KOMMYHAJILHOT0 00cay;kuBanus, Ctoinuynas Biaacte Bogonposoanoi
cranunu (MWA). Kak 60JIbIIMHCTBO BOAHBIX YTHJIUT, pAa00TAIOIIMX B
ropoaax - ruranrax IOro-Bocrounoii Azun, MWA u30 Bcex CHJI NBITAJICA B



Te4eHHe MHOTHX JIeT CIIPABUTHCS € TPeOOBAHMEM OT ObICTPOPACTYILET 0
HaceJieHusi. [J1aBHbIe MHBECTUIIUM ObIJIM CIeJIAHBI YBEJIUYUTH
NMPOU3BOAUTEIbHOCTD, ¢ IPOU3BOJICTBOM, MOAHATHIM OT 1.7 10 3 MUJLJINOHOB
M. /mens mexay 1980 u 1990. Kazanoch, uro NRW GbLT TaKiKe yMEHbILEH OT
50 mpouenToB B 1980 BHU3 npubau3uTesbHo k 30 npouentam B 1990. Oxnako,
COKpallleHHe CPOKOB NMPOLEeHTa ObLI0 IVIABHBIM 00pa30oM pe3yJibTaTOM
CyIIeCTBEHHOI'0 YBeJIMYeHUs1 Npou3BoauTebHocTu. HecmoTpst Ha
cyliecTBeHHbIEe ycuiius, 00beM NRW ocraBaJjicsi ycTOMYUBBIM B TeUeHHE
3TOro MepHo/a, B BLICOKHX NpuoIm3uTe bHo u3 900 000 M. /nens.

B Teuenue 1990-b1x, MOCKOJBKY MOCTABKA cHUCTeMbI pa3ayJach ot 3.0 1o 4.5
MUJIJIHOHOB M.3/IleHb, NRW noBbicuics IpaMaTU4HO, M B IIPOLICHTE U B
00beMHBIX CPOKaX, J0cTHrasi muKa B 1997 (1.9 musiinona m.”/ienn. win 42
NPOIIEHTA), MO-BUAUMOMY BbI3BAHHBII YCOBEPIIEHCTBOBAHUSIMHU MOCTABKHU H
yBeJIM4eHUAMHU J1aBjieHHus. BXoj cucTtemMbl ObLI € APYroil CTOPOHBI YMEHbIICH
110 HIKe 4 MIULIHOHOB M.>/1eHb, 1 NRW ciie10BaTe1bHO YMEHbIIWIH U
cradunusupoBanau B 1999, xorsi B 10B0JIbHO BHICOKOM YPOBHe 1.5 MIIIIIMOHOB
M. /nens.

Hocaenywommue ycuaus npuseau K cokpamenuo NRW na 200 000 M. /nens (x
1.3 MmuiiHoHaM M.Y/ieHb, win 30 NPOLEHTOB), KAK Pa3 KOrjaa cHcTeMa
BBOJINJIA YBeJMYEHHBIH K 4.2 MHJUIMOHAM M.’ /1eHb. CylecTBeHHAsI YaCTh
cokpamenusi NRW Mo:xeT ObITh NPOCIEKEHA K KOHTPAKTaM padoThl,
KoTopble MWA pemins npeaocTaBuTh 4acTHbIM noapsauunkam B 2000. Lean
ITUX KOHTPAKTOB COCTOSLIIM B TOM, YTOObI YMEHbIIUTH (pU3HYECKHE MOTEPH B
TpeX U3 YeThIPHAAUATH BeTBeil 00cayxuBanusi banrkoka (kaxmoe
npeacrasiaenne npuodan3urebHo 100 000 kiuenToB). [IpogoTKNTEIBLHOCTH
KOHTPAaKTOB ObliIa YeTbIpbMs rogaMmu. OHu ObLIN COPEBHOBATEIbHO
Npeaio:KeHbl, HO TOJIBKO JBe KOMIIAHMHU ObLIH NMPeAKBAIU(PHUIMPOBAHBI
nojaseprapume npeajioxenus. 00a noay4eHHbIX KOHTPAKTA.

IIpoeKT 3THX KOHTPAKTOB 3HAYUTEIBHO OTJIMYAJICH OT ciay4yas Selangor. He
ObLII0 HUKAKOI HENMOJABUKHOM 1eJIN /ISl COKPAllleHusl YTe4YKH, U OIIaTa
0a3upoBaIACh YACTHYHO HA (PAKTHYECKUX BOJHBIX cOepeKeHUsIX,
AOCTHUTHYTBIX Yepe3 COKpallleHue YTeUKU. B To Bpemsi Kak Ka:RIbIi
NMOAPAIYHK ObLT CBOOOAEH BHINOJHUTDH AeHCTBUS COKPAILIEHUS YTEYKH (, TUIIA
00HapYyKEeHUsI, PEMOHTA TPYObI, IVIABHON 3aMeHbl, yCTAHOBKA
THAPABJIMYECKOr0 000pPy10BaHUs), KAK OHM CYMTAJHM LeJ1ec000pPa3HbIM, ITO
OBLIIO ClIeJIAHO € OMOIIbLI0 MECTHBIX (PDMPM, OCHOBAHHBIX HA reimbursables
(Ha OCHOBaHMU M3JEePKEK IIIC GUKCHPOBAHHASA NPUOBLIL). BMecTO Omu1aTbl
¢IMHOBPEMEHHO BbIIVIAYMBAEMOH CYyMMbI, KaK MCIoJb3yeTcs B Selangor,
BO3HArpa/JieHune MoAPAIYUKA BKJIKYAJIO0 TPHU dJieMeHTa: (i) miiara
YIPaBJICHUS HA OCHOBE Pad0Thl, YTOObI NOKPBITH HABEPXY, NPUOBLIb, H
WHOCTPAHHBIN IITAT CHEIMAJIUCTOB, (ii) HEMOABMKHAS IJIaTA, MOKPbIBAKOIIAS
MO CyLIeCTBY CTOMMOCTH MECTHOIO TPY/a, u (iii), HanboabIIas 4aCTh
CTOMMOCTH NPOEKTa, reimbursables 11 Bcex MpUBJIe4YeHHBIX TPEThUX JIUIL
JJIS1 BBINIOJIHEHUS paldoT ycJayr, padoThl, H MATEPHAJIOB BBINIOJHUJIA B
o0JiacTH.



B TepMuHaxX TeXHUYECKOH padoThl, KOHTPAKTHI MOKHO CYECTh YCIIeXOM — HO
3(pPEeKTUBHOCTHIO CTOUMOCTH TPeX KOHTPAKTOB, PA3JIUYHBIX HIUPOKO (MEXKTY
USS$ 246 — 518 B m.’/d BomHOe cokpamenne norepu). Pu3nuecKne NoTepy B
ITHX TpPeX 06.1acTAX GbLIH YMeHbIIeHbl Ha 165 000 M.’ /1ennb. UTo6bI 1aBATH
HEKOTOPBIil CMBICJI MEPCNIEKTHBbI, KOJIUYECTBO CIIACEHHOI BObI
IKBUBAJIEHTHO 00beMY, J0JI5KeH ObLI CJIYKUTh J0MOJTHUTEIbHOMY
NOJYMHMJLINOHY JKUTeJIeH.

HNurtepecHo cpaBHUTH TPU BaHTKOKCKHX KOHTPAaKTa ¢ KOHTpPakToM Selangor:

Ilpeumywecmea no cpasnenuio ¢ Selangor. He 0b1710 HU IPOM3BOJILHBIX HeJIei,
HM BO3HATrPa/JAeHNUsl eAMHOBPEMEHHO BbIJIAYMBAEMOIi CYMMBbI, HO BMECTO
3TOr0 UCTUHHBIH 3JIEMEHT HA OCHOBE PadoThbl, OCHOBAHHBbIN HA (PaKTHYECKOM
o0beme cnacenHoro NRW. Kpome Toro, pakr, 4To 1Ba pasjiMm4HbIX
NMOAPAIYHKA ObLIM B MeCTe OJTHOBPEMEHHO, YYUTHIBAJI HEKOTOPOE MOJIe3HOe
3TAJIOHHOE TeCTHPOBAHUE.

Heyooocmea no cpasnenuro ¢ Selangor. Boicokasi nponopumst reimbursables
nepeaaer CyleCTBEHHOE KOJINYEeCTBO PUCKA OT YACTHOIO 10 001eCTBEHHOT 0
naptHepa. OCHOBHbIE BU/bI J1eSIT€JILHOCTH, TUNIA O0HAPYKEHUSI YTEUKH,
A0JIZKHBI ObLIA OBITH BKJIKYEHBI B IJIATy pa0oThl.

B TepMuHaxX yCTOHYHBOCTH, HE KAKETCSl, YTO MOAPSAAYNKH MOJT0KHUIH HA
MeCTO HAJJIeKALMI KOHTPOJIb U CHCTEMBI YIIpaBJIeHHus, KOTopbie mrat MWA
MOTI" TOI/1a MPOAOJIKUTH MCN0JIb30BaTh. OaqHako, MWA 3HaeT 0 npodJsemMe u
HeABHO NMPeIJIOKIJI POEKT NepeI0BOi KOHTPOJIb CeTH, YUPeKIeHne
NPSAMOro A0CTYNA K MaMATH, M TAK JaJjiee.

Can Ilayno: nnamesxcu u coopanus

SABESP, nojsie3noctb, koTopas cayxut S a 0 Odsacts Ilaysio
MeTtponosaurana, ABJAsieTCH OAHOH U3 HAMOOJbIINX 00IIECTBEHHBIX BOJAHBIX
YTHJINT B MHUpe (CHa0KeHHOoe HaceJIeHHe: 25 MUJUIHOHOB). JTO MOJI0KUI0 HA
MeCTO MPEeBEHTUBHBIN MOX0/ K BOAHOMY COKPAILIEHUIO OTEPH ¢ MOMOIIbIO
MECTHOI'0 YaCTHOTr0 cekTopa. CokpaimeHue yre4ku 00bIYHO BbINIOJTHACTCS
PSA0OM NOAPSAAYMKOB 00HAPYKEHUSI YTEUYKH, KOTOPbIE MJIATIATCS B JJIMHY
paccMoOTpeHHO# pacnipeneanTeabHoil ceTu. [IpudausuresbHo 40 npoueHToB
26 000-xny10MeTPOBOM CETH PACCMOTPEHbI KAK/IbIHA T0/I.

OaHako, U3MepeHHe KJIMEHTA U COCTABJICHHE CYETOB, BKIIOYast
HACHTH(PUKANMIO M 3aMEHY NOJA-perucTpanueid MeTpoB, TPAAHIIHOHHO
OCTABWJIH K BHYTPpeHHUM KoMaHaaMm. B 2004, 66110 oneneno, uro SABESP
NoTepIes esKeJHeBHbIe YOBITKH 10X0/12, JKBUBAJIEHTHbIE OJHOMY MHJLIHOHY
KyOH4YeCKHUX MeTPOB B JIeHb. CTaJIKNBasCh ¢ 3TOil cutyanueii, SABESP
pelInyI IKCIePUMEHTHPOBATh C MEPaMH HA OCHOBE PA00ThI ¢ YACTHBIM
ceKTOpoM. OJUH U3 KOHTPAKTOB 00CYK1aJ1 HUKe MMEBIIUI [1eJ10 C
COKpalleHneM 0e3HaJe:KHbIX 10JIr0B (KOTOPbIi He, CTPOro roBOps, 4acTh
NRW, Ho umeeT nmogo0HOe oTpULIaTe/IbHOE BO3AeHCcTBIE HA GUHAHCOBOE
PaBHOBeCHE MOJIE3HOCTH); APYroi COCPeI0TOYCHHBIM 3aMeHa MeTpa.



IToHsiTHE MEPBOr0 KOHTPAKTA JA0JI’KHO OBLJIO NPOCTO 3aK/JIIYUTH MECTHbIE
yacTHbIe GUPMBbI, YTOObI JOTOBOPUTHCS 0 HEOIIAYEHHBIX CYeTaX U co0paTh
COIJIACOBAHHOE KOJIMYeCTBO. BO3MOKHOCTH KOHTPAKTOB ObLJIM OrPAHUYEHbI
BHYTPEHHHMMH U KOMMep4YecKuMu Kianentamu; SABESP Bce eme nmed geso
HENOCPeACTBEHHO ¢ 001eCTBeHHBIMU YupexaeHusivu. Heckoibko
KOHTPAKTOB NPeI0CTaABJISJINCH, NOKPbIBasi Bce BeTBU SABESP. HauanbHbie
KOHTPAaKTHI, Ha4YaTbIe B 1999 nis1 aByxserHero cpoka. Ilogpsiaunku 0Ob1im
BO3HAIPaKJAEHbI, COXPAHSAA NPOLEHT 0T 3a0paHHOro 10Jra. Tor npoueHT ObLI
NPeAJI0KeH HA MOAPAIYNKAMM; NIPeIoKeHre modeAbl B KasK10i BETBH
NPEIT0KHUI0 CAMYI0 HU3KYI0 (UTypy NPOLEHTA.

S 4 0 O0aactse Ilayino MeTponosurana - HHAYCTPUAJIbHBIH HeHTP bpa3uiun
U MHAYCTPHAJIbHBbIE U 00JIbIIIHE KOMMepUYeCKHue KJIUEeHThI H 00/1bII0H cYeT
3aHUI COBJIAJICHUS HA IVIABHYIO 4acTh 10X010B SABESP. ®akTuyeckn, 28
NPOLEHTOB MOJHOI0 00bSIBJIECHHOI0 U3MEPEHHOI0 NOTpedaeHus u 34
NPOLIEHTOB BCeEX I0X010B NPUOBIBAIOT TOJIBKO OT 2 IPOLEHTOB KJINEHTOB
SABESP. IlockoabKy MeTpPbI I0OA03PEBAJUCH B OI-perucrpanueil MCTHHHbIX
YPOBHSAX MOTPeO/ICHUsI, CTPATErUsi BTOPOr0 KOHTPAKTA COCTOS1/Ia B TOM,
4TO00bI MOJICPHU3UPOBATH U ONITUMHU3UPOBATH CUCTEMY U3MEPEHUS.

SABESP npuaymaJj HTHHOBAIMOHHOE pPelieHne 3TOH nNpodJieMbl, npeasiaras
PSil KOHTPAKTOB MO/ KJIIY Ui 3aMeHbl MeTpa. [IpoekTHas 1eJb 10/KHA
ObL1a 3aMeHuTh MeTpbl 27 000 001bIIKX CYETOB, HACHTH(UIMPOBAHHBIX
SABESP. IIsaTh 36-MecsiYHBIX KOHTPAKTOB ObLJIN M0JI02KE€HbI HA MeCTO,
NOAPSAAYUK ObLJI OTBETCTBEHEH 32 AaHAJIN3, IPOCKTHPYS U MPOEKT, MOCTABKY U
YCTaHOBKY HOBBIX MeTPOB. He 0b1/10 HUKaKOH NPeA0OIVIAThI, U NOAPATIMK
H0JI2KeH ObLT npeaduHaHCHPOBaTh Bee uHBecTuuU. [logpaxunk umes npasBo
Ha oILIaTy, 0a3MpyeMYyl0, B Cpe/lHeM YBeJIMUYMBAKTCH B 00bSIBJIEHHOM 00beMe,
yepes CJI0:KHYI0 popmyury.

IHousiTue miiaTexeit paboTbl, BMECTO TOI'0, YTOOBI TOJIbKO IVIATUTH 32
MOCTABKY U YCTAHOBKY, ObLI10 BLIOPAHO, IOTOMY YTO M3MEHEHHE Pa3MepoB U
NMOTOK, KONMMPOBAJbHBIH U3 METPOB ObLJIM CAMBIMH KPUTHYECKUMU
AEeHCTBUSIMH B KOHTPaKTe. YYHUTHIBAsl BLICOKOE CYTOYHOE NMOoTpedieHne
00JIBIIMX 3AaUHTEPECOBAHHBIX KJIMEHTOB, HAJIeKAIell KAJUOPOBKU MOT
3HAYMTEIbHO YBEJIUYUTh U3MEPEHHbIE IOTOKHU U COCTABJIEHHE CYETOB.
Cas3bIBasi IVIATEKU YIYYIICHHBIM 00bSBJICHHBIM 00beMaM, SABESP
rapaHTHPOBAJI, YTO NOAPAAYMK COCPEIOTOYUTCH HA ITUX KPUTHYECKHUX
npoodJiemax.

Pe3yabTaThl KOHTPaKTa ObLIM 3aMedaTebHbl. [10HbIA 00beM U3MEPEHHOT 0
noTpesIeHNsl YBeJINUHIICS IPUGIN3NTEILHO Ha 45 MIJLIHOHOB M.” 32 TpH
roJia KOHTPAKTa, B TO BpeMs KaK 10X0/bl, yBeJIu4eHHbIe Ha MWLTHOH US$72.
N3 310oro, US$18 MUILIIMOH MIATHJICH MOAPSAAYMKAM, C YUCTOH NPUOBLIBLIO K

SABESP muiiinona US$54.

B TepMuHax yCTOHYHBOCTH, KOHTPAKTHI /ISl COKPAIlleHUs1 0e3HaesKHOI0
J0JIra Tenepb CTAJIM CTAHAAPTHON MpakTUKOM 1A SABESP. C HOBBIM,
JAOJIKHBIM 00pa30M M3MepeHHbIe, KOMMepYecKHe MeTPbI KJIMEHTA



YCTAaHABJMBAJIHM 3TO, I0JKEH Tenepb ObITh JierkuM st SABESP nognep:karb
TOYHOCTb ITHX METPOB M TAKHUM 00pa3oM MOJAePKaTh Bblllle 00bSIBJICHHbIE
00beMbI OT 3TOH KATeropuM KJIHEHTA..

Jlybaun: mooepnuzayus o4env cmapoi cucmemol

B siuBape 1994 I'opoa ly0.imH 1012k€H ObLJI MMETh 1€JI0 ¢ Cepbe3HOM BOAHOM
HeXBaTKOM, BLI3BAHHOM JecaATHIeTUAMHA underinvestment B
pacnpeaeuTebHOI ceTH, 00beJUHEHHOH C OTCYTCTBHEM CHCTEMATHYECKOI0
KOHTPOJISl YTEeYKH, KOTOPbIA M03BOJINJI GU3MYECKHUM BOAHBIM NOTEPAM
AOCTHUIATh O4YeHb BbICOKUX ypoBHeil. Heckoubko obsacreit [lydmHa umenu
TOJILKO HEYCTONH4YNBOE BOAOCHAOKEHHE.

IlepBasi peakumsi COCTOS1JIa B TOM, YTOOBbI CIIPOCUTH KANMUTAJI, YTOObI CTPOUTH
HOBbIE 3aB0/IbI 00PA00TKH U PACHIUPATH cyuiecTByOIMe. OQHAKO
(puHaHCHMpOBaHMe He ObLJIO CACJIAHO JOCTYIHbIN U3-32 BLICOKOI'0 YPOBHS
yreyku. BececTtoponHee ucciieloBaHue TOrAa HIeHTH(PUIMPOBAJIO, BIIEPBbIE,
00beM MOTEPSIHHOM BOJbI: KAK/AbIH IeHb NPUOJIU3UTEIbHO 175 MIILIIMOHOB
JIUTPOB BOJbI, 00/b1Ie YeM 4() MPOLEHTOB CYyLIEeCTBYIOIIEH BMECTUMOCTH
00padoTKH, KaK OLIEHMBAJIH, IPOCAYMBAIUCH OT pacnpeneauTeabHol cetu. K
eBponeiickoii Komuccun npudImkajanch,  3anpoc 0 TOM, YT0ObI COBMECTHO
(puHaHcupoBaTh M3 3amIaHUPOBaHHOTO /{y0munckoro Ilpoexkra Coxpanenus
Boabl O6s1acT 6611 0100p€eH, C HEHTPOM MPHU COKPaleHnu Gu3nyecKux
BOJHBIX N10TEPb.

IIpoexkTHas Heib ObLJIA OYEHDb YeCTOJIO0MBA: YMEHBILATH YTEUKY 3a
AByxJeTHUH nepuox ot 40 mpoueHToB 10 20 MPOLEHTOB (B 00beMHBIX CPOKAX
ot 175 000 10 87 000 M.%/1eHDb). YUHTHIBASI ATPecCHBHYIO MPHPOLY
NMPOrpaMMbl COKpPallleHHus, He ObLJI0 HUKAKO0# aJIbTEPHATHBBI, KPOMe KaK
HAHUMATH ONBITHOTO NOAPSAAYMKA, YTOOBI IOMOYb I'OPOAY.

B Hos10pe 1996 BoceMb KOHCOPUUYMOB ObLIIM NPHUIJIALIEHBI IPEACTABUTH
npeniokeHusi. KoHTpakT mMes1 orpaHu4eHHbIe 1BA I0Aa TOJbKO 1JIA
NPOAOIAKUTEIBHOCTH — M COCPEI0TOYMIICH HA (PU3NYECKOM COKPALLICHUH
norepu. Ilogpsiiuuk ObLT OTBETCTBEHEH 32 TO, YTO YCTAHOBWJI NIPSAMbIE
AOCTYNBI K IAMATH BCIOAY 110 CETH, ONpeessisi MeCTOHAXO0KICHUE U
BOCCTAHABJIMBAS YyTeYKH, YCTAHABJIMBAS YMEHbUIAKOIIHE JABJIeHNE KJIANAHBI,
peaduIuTHPYS YacTH ceTH, M 00y4yasi ly0iMHCKUIT BOXHBIH CEPBUCHBIN ITAT.
JT0 O0bLJIO Pa3padOTAHO IO CYLIECTBY KaK LeJeBOH KOHTPAKT CTOMMOCTH,
BbIPA’KEHHBII B ICHE/KHO-KPEIUTHBIX CPOKAX. ITO BKJIIOYAJIO0 MEXaAHU3M
npeMuM-u-WTpagoB, YTOOHI 00eCeYUTh HEKOTOPBIA CTUMYJI AJIs1 Pa0OThI,
OCHOBAHHOM HA CJI0KHOM METOX0JIOTUH, KOMOMHUPYIOLIeH paKkTHYIEeCKUe
NMPOEKTHBbIE PACX0AbI C KpaliHe#ll CTOMMOCTbIO (PU3HYECKHUX NOTEPb.

KonTpakT 0b1J1 BINTPaH OPUTAHCKOM M0J1€3HOCTHIO BOJAbI HA OCHOBAHUH
kavecTBa/cTouMocT. CyniecTBeHHbIE 1€TAJIH OCTABJISIJIN, YTOObI ObITH
pellIeHHBIM B Te4YeHHe MePeroBopoB KOHTpPaKkTa. BozHarpa:xknenue
NMOAPSAIYMKA B o0e1e Mpeaiarajio eHy, NoOKpbIBaJ IJIATy ynpaBJieHus,
TeXHHUYECKHUIl TPy, U Bce 000pyA0BaHHe O0HAPYKEHHUsI YTeYKHU. JTO He



BKJII0YAJI0 CTOUMOCTh PEMOHTA YTE€YKH, MATEPHAI0B PEMOHTA, HJIN
BOCCTAHOBJIEHHSI C€TH, KOTOPbIe ObLJIM BbINOJHEHbI Yepe3 MeCTHBIX
CcyOnoaApsiIYMKOB U MOKPBITHI 0TAEJIbHO Kak reimbursables mox Tem, uto
OBbLJI0 N3BECTHO KAK “COOBITHS KOMIIEHCAIUN.” BbINOJIHEHUA KOHTPAKTA
ObLIM CYyIIeCTBEHHbI:

Yupe:xxknenue B o0miei cioxaocTa 500 MajieHbKUX NPAMBIX J0CTYIIOB K
namMaTu (Menbure 4eMm 1 000 cBsizell KaxkAblii), MOKPbIBAas LEJIYIO
pacnpeaeanTeabHy0 ceTb. [Ipubdausureasno 15 000 yreyek 0Ob11u
BOCCTAHOBJIEHbI, M MPUOJIN3UTEJbHO 20 KM MarucTpaau 3ameHeHbl. [losHas
yTeuka ObLi1a yMenbuiena ot 175 000 m.*/nens npuéamsurensto k 125 000
M. /1enn, u xors 20-npoueHTHAs Heab YTEYKH He ObljIa JOCTUTHYTA, IPOCKT,
cuuTaau ycnexom. (bbli1o mmpokoe corJiacue, YTo OpuruHaabHas 20-
NPOLEHTHAA LeJIb He ObLIa peajJMcTHYecKasi JAHHbIH KOPOTKYIO
MPOAOJIKUTEJBHOCTh KOHTPAaKTa). CaeaHHbIe cOepekeHUus1 ObLIN
AOCTATOYHBI, YTOOBI 3AKOHYUTH BOJAHBIN KPU3HUC.

B TepMuHax ycToiiuMBOCTH, 00y4asiCh U IOJHOI0 31aHUS ObLIIN KOMIIOHEHTBI
KOHTPAKTa U OTHOCHJIMCh Cepbe3H0 00eumu cTopoHamMu. CylecTBeHHast
nepeaavya TEXHOJIOIMHM MMeJIa MeCTO NMPaKTU4YecKu, u ly0imHckas BoaHas
MOJIE3HOCTH Telepb YIPAaBJIsieT YTeUYKOl KaK peryJsipHas 4acTh ee
e’KeITHeBHBbIX ONepalui.

Ypoku y3nanu

He BpimosinuMo ycrpanuth Becb NRW B BOAHOM M10J1€3HOCTH, HO
YMEHbHIAIINH HAMIOJOBUHY TeKYIIUIl YPOBEHb IOTEPh B PA3BUBAIOIIMXCS
CTPaHaXx - peaJucTHYecKas neiab. MiocTpanuu TaKkoil BeJIMYMHBI, 1aKe PH
TOM, YTO OCHOBAHHBIIl HA OI[EHKAX, JOJIKHBI ObITh J0CTATOYHO, YTOOBI
3aXBAaTUTh BHUMAHHUE NMPABUTEJIbCTB PA3BUBAIONICHCS CTPAHbI M IapUTEJIeH.
IIpakTH4ecku, Xopoune OKynaeMOCTH BO3MOKHbBI ¢ XOPOLIIO-
pa3padoTaHHbIMHU NporpamMMmamu coxkpamenuss NRW; nmoaromy, ecjim HU4TO
uHoe, cokpamieHue NRW He uMmeeT 1e10BOi CMBICJI, XOTH KaXK/Aasi
BO3MOKHOCTH J0J/IKHA OBITH OLICHEHA B TEPMHHAX ee crneunuueckoro
OTHOLLICHUS 3aTPAT - BBITO/.

KoHTpaxkThl 00C/1yKMBAaHUS HA OCHOBE Pa00ThI NOABJISIOTCS
JKU3HECNOCOOHBIN cmoco0 yMeHbIIUTH MoTepu NRW. Onnako, ycnemsoe
MPOEKTHOE BBINMOJHEHHE TPeOyeT ABYX CYLIeCTBEHHBIX M CBA3aHHBIX
3JIEMEHTOB: MOJAT0TOBKA XOPOLIUX KOHTPAKTOB U YPeryJupoBaHus
peaimcTu4eCKUX OCHOBAHUM.

HccaenoBanus ciryqyasi NOKa3bIBalT Pa3jiHYHbICe YPOBHH KAa4eCTBA B
NMOAr0TOBKE KOHTPAKTA, YPeryJJMPOBAHUM OCHOBAHMS, H KaK NIPOECKTHOMN
nociaeacreuemM 3¢ ekruBHoCcTH. [IpoeKT KOHTPAKTA J0JIKEH COIIACUTHCH €
TeM, YTO MOJIE3HOCTh 0KMAAET OT MOAPAAYMKA U KAaK 3TO NPEANoaaraer ycmex.
Bce konTpakThl cokpameduss NRW 10/2KHBI BKIIOYUTH OCHOBHBIE
PYKOBOAsSIIME NPUHIMIIBI OTHOCUTEJIBHO Iepeladyd PUCKa, HHAMKATOP JJIs
YTeYKHU, U YCJI0BUH /15 3P PeKTUBHOM ONJIOUMIHOCTH CEPBUCHBIMU



MECHCIKEpPpaMH. KOHTpaKTLI A0JI'KHBI YCTAHOBMTD JKH3HECIIOCOOHBIE meJan u
Y4€eCTh T'HOKOCTh B OTBEYAaHHUH HA BbHI30BbBI U BO3MOKHOCTH.

Yro0bI OBITH yCHEIIHBIM, 0JJHAKO, HCCJIEI0BAHUE MTOKA3BIBAET, YTO XOPOLIAs
npeaBapureabHast padora Tpedyercsi. OTnpaBHasi TOYKA 10JKHA Pa3BUTh
CTPaTeruio, 0CHOBAHHYI0 HA 3BYKOBOM OLICHKE OCHOBAHHMS UCTOYHHUKOB U
BesnuuH NRW., Takas crparerust 10/1:kHa pacCCMOTPETh U KOPOTKOE U J10JITHE
CPOKHM (Hampumep, 10CTH:KEHHE KPATKOCPOYHBIX COKPALleHUil POTUB TOIO,
Kak nmoaaepxarhb 0osiee Huskue ypoBHu NRW 1o gosaromy cpoky). Umenno B
TeYeHHe Pa3BUTHS CTPATErud BO3MOKHOCTH YTOObI MOAXOAUTH K YACTHOMY
CEKTOPY MOI'YT ObITh HAeHTHGUUHMPOBAaHbI. Kak TOJILKO Te BO3MOKHOCTH
HU3BECTHBI, TAKTUKHU A0/KHBI CO31aTh MOOYAUTEJIbHYIO CTPYKTYPY, KOTOpast
MOOLIPHUT YACTHBIN CEKTOP NMOCTABJATH COKPAILIEHUSA CaMOil peHTa0e1bHOI
MaHepbl, ACCUTHYS PUCK COOTBETCTBEHHO MKy CTOPOHAMM.
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Pe3rome

HNunpexc (ILI) Yreukn UndpacTpykTyphbl HOoJIy4aeT HIMPOKO
PACpOCTPAHEHHOE MPUHATHE KAK HHAMKATOP 3TAJOHHOI0 TECTUPOBAHMS J1JIs1
MHULMATHB YIPABJIECHUS YTEYKH U MCIOJIb3YETCH BO MHOTHX CTPAHAX BO BCEM
mupe. Boruncienue 3tux ILI Tpedyer 3a1paBoii BOAHOI peBU3UM, HCIOJIb3YH
CTaHJAAPTHBIE ONPeAe/IeHUs] KaK U3J10:keHo MexayHapoaHou Boanoi
Accounanueii. Oqnako, oqHaxkabl 3tu ILI ObL1 BhIYHCIIEH, CJIeXyIONMA [Aar
JJIS BOJHOW MO0JIE3HOCTH JI0JI7KE€H CIIPOCHTD, ''KaK HU3KO0 MOKeT Mbl HATH”.
JTa Oymara odcy:kaaer pasanunbie koMmnoHneHTbl UARL/ILI u ux
Bo3JericTBus HA noJHblie ILI.

IHouarue ILI

It ILI - 6e3pa3MepHbIii HHAUKATOP Pad0Thl, BBIYUCICHHbIH, 1€/ 00beM
Texymero Exeronnnka Peansubix [loreps (KAPJI) 00bemom Henszoexubix
Exeroanbix Peanbubix [Toteps (UARL). O0bem KAPJIA noJydyen uepe3
pe3yabTaThl CTAHAAPTU3HPOBAHHOIO BOJIHOI0 0aJIaHCA, MCIIOJIb3YS
TepMUHOJI0THIO IWA, 1 00beM UARL onpeaesieH, mpocst HHAUBUAYAJIbHbBIE
LIEHHOCTH NapaMeTpa 0 TPeX KOMIIOHEHTAaX MOTepPb HA TPeX KOMIIOHEHTAX
cucTeMbl BogocHa0xeHust (cM. Ctoua 4).

ILI = KAPJI/ UARL



ITO - U3BeCTHBIN (aKT cpea NPAKTHKOB YTEYKH, YTO peajibHbIe IOTEPH He
MOT'YT ObITh YCTPaHEHBbI OJHOCTHIO, U 1a2Ke B HEJABHO YIIOJTHOMOYEHHBIX
pacnpeaeJuTeIbHbIX CeTAX, €CTh MUHMMAJIbHBIN YPOBeHb YTeuKu. O0bem
UARL - caM0ro HM3KOro TeXHH4YEeCKH JOCTHKIMOI0 €KeroiHoro oobeMa
peaJIbHbIX MOTEPb JJIsl XOPOLIO-NOAAePKAHHOM U XOPOIIO-yIIPABJIAEeMOil
CHCTEeMbI B TEKYyLeM JAAaBJICHUH — MPeJCTABJIeH MEHbIIIMM BHYTPEHHUM
NPSAMOYIOJbHHUKOM B WLIIOCTPAUMHU 9. BoJIb 1Ml NPSIMOYT01bHUK
npencrapiisieT 00bem KAPJIA u oTHOLIEHUS MexKAY 00J1bIIUM
NPSAMOYTOJbHUKOM, U MAJICHbKUI NPAMOYI0JbHUK npeacrasaser ILI.

YpaBHeHus 1s1 TOro, YTo0b1 BHIYUCAATH UARL 1J151 MHAUBHYAJTbHBIX
cucreM ObLIM pa3BUTHI M nIpoBepeHbl Boanoi esaesoii rpynnoii Iloreps IWA
(JIamOepT u ap. 1999), yunrbiBas:

o BropocTrenenHas yreuka — MajJieHbKHeE YTEYKH € PACX0JaMH CJAMIIKOM
HHM3KO JJIs1 3BYKOBOI'0 O0OHapy:KeHHs ecJId HeBUAMMO. OHU BKJIIOYAKOT
MaJIeHbKHE KPOlIeYHbIe¢ OTBEPCTHS, IPOIYCKAs COeAMHEHUE, H T./.
IHockobKYy OHU '""HeOOHAPYKMMBI'', UX PUCYTCTBHE, 3TO MOKET ObITH
00CyK/1eHO, He B pe3yJibTaTe HeXBATKH /IeATeIbHOCTH O0OHAPYKeHU S
yredku. OHM - pyHKIHA THIIA HHPPACTPYKTYPbI, OCHOBBIBAIOT
YCJIOBHSI M BO3PACT CHCTEMBI.

e YTe4KkH, 0 KOTOPBIX COO0IIAIOT, U NePePbIBbI — 0CHOBAHHBIN HA
4acToTaxX, THMMYHBIX Pacxoaax, NPeIHAZHAYAITCH IS CPeAHUX
NnpoaoJLKuTebHOCTEN. [lepepbIBbl, 0 KOTOPBIX COOOIAIOT, M YTEYKH -
Te COOBITHSI, 0 KOTOPBIX COOOIIAIOT KJIMEHTHI U HIHPOKasA My0JuKa,
IOTOMY YTO OHU MMEIOT LEHHOCTh HEeNPUATHOCTH. OHHU - THIIUYHO
KaTacTpoguyecKne 0TKAa3bl, KOTOPble HMEIOT BbICOKHE PACX0/bl, HO
KOPOTKME NMPOJ0/LKUTEIbHOCTH. ITH COOBITUS BOSHUKHYT, BHINIOJIHEHO
JIN 00HApYKEeHUEe YTeYKHU UJIH HeT.

o Hecoo0umeHnHble yTeuky U nepepbiBbl — OCHOBAHHBINH HA YaCTOTAX,
THIHYHBIX Pacxoaax, NpeIHa3HAYAKTCH AJIA CPeIHUX
NPOAOJLKUTEJbHOCTE. OHM - Te yTe4KH, KOTOPbIe MOI'YT ObITh
00Hapy’KeHBbI, HO CJIUIIKOM MAJICeHbKHE WJIH B MECTOIMOJIOKEHUMH,
KOTOpPOE He BbI3bIBAET HENPUATHOCTH KJIMEHTAM M IIMPOKOi my0JimKe.
OHu MOryT 0€:KaTh HeOOHAPY:KEeHHbIH 32 JIIMHHBIMH MPOMEKYTKAMHU
BPEMEHHU, H UX NPOAO/KUTEIBHOCTD - yHKIMSA METOAA U
WHTEHCUBHOCTH JIeiiCTBUII 00HAPYKEeHUS YTEUKHU. YBeJIHYEeHUE
NAeSITeJIbHOCTH O0HAPY/KEHUS] YTeYKH YMEHbIIHUT MOJHYI0
MPOAOJKUTEJIBbHOCTh HECOOOIEHHBIX B3PbIBOB U TAK YMEHBIIUT
€KeroHblii 00beM BO/IbI, KOTOpasi IOTePSHA Yepe3 3TH TUIIbI yTeYeK.

o OTHOIIEHHS 1aBJIeHUs YTeYKH (JIMHeilHbIe OTHOLIEHHSI, IPUHUMAaeMble
JJIs1 00JIBIIMHCTBA 0OJIBIIUX CUCTEM).

Ynpasaenne JlaBjieHus

Pressure
Management

=




[HorenuuansHo BoccranaBiaunBaemblie Peasibabie [loTepu

Ynpasiaenune UnppacTrpykrypsl

Infrastructure

Management
Unavoidable
Annual Real
Losses
Improved Leak UARL Proactive Leak
Repair Time Detection
Current Annual Real Losses
CARL
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Nimroctpanus 9 UARL u yeTbipe 0CHOBHBIX METO/1a YIIPABJICHUSA
peaJIbHbIMHU NOTEPAMU

UARL omnpeaeJsieH, npocsi HHAUBUYAJIbHbIE IECHHOCTH MapaMeTpa 0 Tpex
KOMIIOHEHTAX MOTePb HA TPEeX KOMIIOHEHTAX CUCTEMbI BOJIOCHAOKEHMSI.
JleBATH COCTABJISIIONIMX IEHHOCTEH, CTOJIb ke n3gaHHbIX IWA kak
npeacrasJensl B Crode 4.

Crou 4 Crangaptabix Hennoctu Ennnunnel, Ucnoab3yemsie 1
Boruucienus Henszoe:xxubix Exxeronubix Peanbubix [Hoteps, UARL

B3priBbI,
KommnonenT ] O0mee
Bropocrenenn Hecoo6menn
Hudpacrpykry Koropsix KoJguyecT EnxmHuubl
as YTeuka ble B3pbIBbI
pbl coo01marn B0 UARL
T’
JUTPBI/KM
Marwuctpanb 9.6 5.8 2.6 18 MarucTpanu/IHs/Me
Tpa JaBJICHUS
Casi3u CBSI3b/ICHB/METP
o0cCTyKUBaHUS, JUTPOB/0OCTYKUBA
TJIaBHbBIE 0.6 0.04 0.016 0.80  HHA naBIeHUS
00y31bIBaTh
OCTaHOBKY
Casi3u JUTPBI/KM
00CITyKUBaHUS CBsI3H/IHA/METpa
00y31bIBatOT 16 1.9 7.1 25 00CIyKUBaHUS
OCTaHOBKY, JIaBIICHUS

YTOOBI U3MEPUTH
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J017kHO0 OBITH 0OTMEYEHO, YTO HUKAKOE N0c00He He C/1eJIaHO HU 32 KaKue
NoTepH OT 6acceHHOB 00C/IyKUBAHNS, pe3ePBYapoB JaBJICHUs lepepbIBA WJIH
Apyrux ()opM BOJHOI0 XPAaHEHHUs B Mpeesaax cucremMbl BogocHa0xenust. ILI
CTPOro OrpaHu4eH TPy0amMM TOJIBKO.

YpaBHeHHe, HCIOJIb3yeMoe ISl TOr0, YTOObI BhIYucasATh UARL ocHOBaHO Ha
SICHO YcTaHOBJIeHHBIX auditable nmpeamno/iosxkeHusX 3a BTOPOCTENEHHbIE
MOTEPH, 32 YACTOTHI U MPOJAOIKUTEIbHOCTH Pa3JIMYHbIX THIIOB YTe4YeK, U UX
THIIUYHBIX PACX00B, CBA3aHHBIX C AaBJjieHHeM. YpaBHeHue UARL Tpedyer
JAHHBIX OTHOCHTEJIbHO YeThIpeX KJIKYeBbIX ONpeleIeHHbIX JJIsl CHCTEMbI
¢akrTopos:

o Jloiuna marucrpasm (Lm)

o Yucao caseii o0cay:kuBanus (Nc)

o MecTonosoxkeHue KJIMEHTAa U3MepsieT HA CBA3H 00CIYKMBAHUS
(0OTHOCHTE/IbHO JINHUM COOCTBEHHOCTH, HJIM OCTAHOBKHU OTPaHUYEHUSI B
CeBepnoii AMepuke) (osrourparmas njiacTHHKA)

o CpenHee onepanuoHHOE JaBJIEHHE, KOT/IA CHCTEMa 0KA3aHA HAKUM Ha

(P)

YpaBuenue UARL kak nokazaHo HUKe NIPUHUMAET JJUHEHHbIE OTHOLICHUS
JAABJICHUS YTEYKH M ITH PA0OThI NPEATOJIOKEHH JyUllle BCero AJasi 00abIuX
CHCTEM €O CMEIIAHHBIM MeTAJIJIOM U padoToil TPyObI HeMeTaJLIa.

UARL = (18xLm + 0.8xNc¢ + 25xLp) x P
Hcnoab3osanue ILI pas [eaeBoro YperyaupoBaHus

OObIYHBIN MOAX0] K HCN0Jb30BaHuI0 ILI cocTouT B TOM, 4T00BI cuecTh ILI
KaK ¢JMHCTBEHHAs LIEHHOCTD /JJI1 CUCTeMbI U cpaBHUBaTh 310 ¢ ILI
HEHHOCTSAMH /ISl CUCTEM JPYTMX WIH NPOTHB Psiia PYKOBOAAIIUX
NMPUHIMIIOB. X0POLIO yIPaBJjsieMble CUCTEMbI, KAK 0:KHIAI0T, OyAyT HMETh
HU3KO0 HeHHocTH ILI — 0u1M3K0 K

1.0 — B TO BpeMsl KaK CHCTEMbI ¢ HEKOTOPbIMH J1eUIUTAMH B YIIPABJICHUHU
HHPPACTPYKTYpPHI OyAyT MMeTh (0Jiee BbICOKHE IIEHHOCTH.

IIpumep pykoBoAsAIIMX NPUHIMIIOB, KOTOPbIe pa3BUBaOTCs, Hcnoab3ys ILI, -
MOJAr0TOBJIEHHbIE aMepukaHckoii Boanoit Acconuanueit Pador (AWWA)
Komurter KontpoJs [lorepu Boabl u npeacraBjieHHbIA B X COOOIIEHUN
komurtera “IIpumenenue Bo Bcem mupe BMPs B BoIHOM KOHTpOJIe moTepu”
(Komurtetr Kontpous Ilorepu Boast AWWA, 2003) (cm. Ctoa 5).

ITOT MOAX0A padoTaeT XOPOUIO U MPEAOCTABJIACT M0JIb30BATEJII0 SICHO
onpeaeJeHHbIH HHAMKATOP PAa00Thl, KOTOPBIN MOKET MCIO0JIb30BATHCH KaK
o01Mii KoMIIapaTop AJIsi IPUHATHS PelIeHHUs.

Kak Bce nHankaropbl padoTsl, 0AHAKO, 3TH ILI 1elicTBUTEIbHO HNMEKOT
HEeKOTOpble orpanuvenusi. Camoe n3BecTHOE OrPaAaHUYEHHE - OTHOCHTEIbHO



OJHOM U3 caMbIX 3(P(PeKTUBHBIX CTPATErud YIPABJICHUSA YTEYKH, 2 HUMEHHO,
ylpasJjieHue AaBJjieHus. JInMHellHbIe OTHOLIEHHS 1aBJICHUS YTEUKH,
HCIOJIb3yeMble B 3TOM YPABHECHHUHM - BaKHASI 0COOCHHOCTh, KOTOpPasi 4aCTO
npomnyckaercs. Bkirodenue ¢pakropa gaBjieHus yTeUKH pa3padoTaHo, YTOObI
NPUHATH BO BHUMaHue (aKT, YTO CUCTEMbI, KOTOPbIMH YIIPABJISAIOT B 00s1ee
BbICOKOM JIaBJICHUH OYAYT CBOMCTBEHHO MMeTh 00Jiee BLICOKHE HOPMBI
YTE4YKH YeM Te, KOTOPBIMH YIPABJIAIOT HA 00Jiee HU3KUX YPOBHAX yTeuku. be3
BKJIIOYEHUS JABJICHUS KaK (PaKTOp, CHCTeMBbI ¢ 00Jiee BLICOKUM JaBJIeHUEM
uMeJsd 0bl TeHJAeHIHI0 MMeTh Bbilne ILI yeM Te ¢ 0os1ee HUZKMM JaBJIeHHEM.
OaHako, 3aKJII0YeHHe ITOr0 - TO, YTO U3MEHEHHE ONEePAIMOHHOI0 ABJICHUSA B
J1000i 1anHoi cucteme nocraBku 3aTpoHeT 1 UARL u KAPJIA oannakoBo, u
nodtomy 31H ILIL, Oynyun orHomenuem UARL KAPJIY, ocranyres
HEe3aTPOHYTHIMHU. /IpyrumMu ciioBamu, nNpeamnosioKeHue - To, YTO yrpasJeHHe
naBJjieHus He Oynet Bo3aeiictBoBath Ha ILI. Ecam ILI ucnoab3yercst
HCKJIIOYHUTEJIbHO KAK eJIeBOl HHAUKATOP AJIA YIPABJIEHUS YTEYKH, TO €CTh
He0O0/IbIION MYHKT, YTOOBI CMOTPETH K YIPABJICHHUIO 1aBJICHUSA KaK
HHCTPYMEHT YTOOBI JOCTUTHYTH 00J1ee Hu3Koro ILI.

Croa 5 PykoBoasimux npuHuunoB AWWA uro0sb! ycTanaBauBaTth Hesb ILI

IIpexnasnavaiitechb
nas ILI
JAnana3oHoB

1.0-3.0

3.0-5.0

PaccmoTpenust
BoaHbIx pecypcoB

JloctynHble
pecypchl O4eHb
OTpPaHUYEHBI U
OYEHb TPYIHBI
u/Wnn
AKOJIOTHYECKU
HEOOOCHOBAHBI,
YTOOBI pa3BUTHCS.

Bonnbie pecypchl,
KaK MoJararor,
SBIIAIOTCA
JOCTaTOYHBIMH,
YTOOBI BCTPETHUTH
JOITOCPOYHBIE
MOTPEeOHOCTH, HO
BMcEIIAaTECIIbCTBA
yIpaBIICHUS
TpeboBaHUs
(ympaBnenue
YTEUKH, BOJHOE
COXpaHEHHe)
BKJIFOYCHELI B
JOJITOCPOYHOE
IJIaHUPOBAHUC.

IKenyaTauoHHbie UHAHCOBBIE

Paccmorpenns

JleicTBHE ¢ yTEUKOU
CHCTEMBI BBIILIE 3TOTO

ypPOBHS TpeOOBaIo
OBbI, YTOOBI
pacumpeHue
CYIIECTBYIOIICH
UHPPACTPYKTYPHI
u/Wnu
JOTIOJTHUTEIBHBIX
BOJIHBIX PECYPCOB
yIIOBJIETBOPHIIO
crpoc.

CyiectBytomas
CIIOCOOHOCTh
HH(PpaCTPyKTypHI
BOJIOCHAOKEHUS
JIOCTATOYHA, YTOOBI
BCTPCTUTH JJIMHHOC
TpeboBaHue, TOKa
pazymHoOe
aJIMMHUCTPATUBHOE

YIIPABJICHUE YTEUKH

HaXoauTCsa B MECTC.

Paccmorpenns

BonxHsie pecypcsl
SABIISIFOTCS
JOPOTOCTOSIIIMH, YTOOBI
Pa3BUTh WIH KyTIUTh;
CIIOCOOHOCTh
YBEJIMYUBATH JOXOMbI
yepe3 BOAHBIE HOPMBI
OYEHb OIPAHUYECHA M3-32
YCTaHOBJICHHOM WU
HU3KOU IOMYCTUMOCTH
IiaTelNblIMKa HaJIOTOB.

Bonnbie pecypchbl MOTYT
OBITH Pa3BUTHI WU
KYIUICHBI 32 pa3yMHBIN
pacxoji; HIepuoIUIecKre
BOJTHBIC YBEITHMUCHHUS
HOPMBI MOT'YT OBITh
OCYIIIECTBUMO HAJIOKCHBI
U JIOITy CKaIOTCS
HaceJIeHNEeM KIINCHTA.



5.0-8.0 Boansie pecypcbl  [IpeBocxomsimias CTOMMOCTB, YTOOBI

OOWIIHHBI, HAJICKHBI HAJICKHOCTb, KyIUTh WA

U JIETKO BMECTUMOCTD U MOJTyYUTh/paccMaTpuBaTh

W3BJICUYCHBI. LEJIOCTHOCTh BOJIy HU3Ka, KaK -
UHGPACTPYKTYPHI HOPMBI, KOTOpbIE
BOJOCHAOKEHUS 3apsDKAIOT KJIMEHTaM.
JeNaoT
OTHOCHUTEJIBLHO

CBOOOIHBIM, YTOOBI
IIOCTABJISITh HCXBATKMH.

bonbiie yem 8.0 XOTs 3KCIUTyaTallMOHHBIE U (PUHAHCOBBIE PACCMOTPEHUS MOTYT
MO3BOJUTH Aodrocpounblid ILI, Gonbiie yem 8.0, Takoil ypoBeHb
yTEUKHU He H3PPEKTUBHOE HCIIOIB30BaHUE BOJIBI KaK pecypc.
YperyaupoBaHHIo 11eJI€BOTO YPOBHS, Oobie 4yem 8.0 — kpoMe Kak
BO3pacTarollas Uejb K MEHBIIEH TOJITOCPOYHON LETU —
MPENSATCTBYIOT.

Hcmounuxk: Illpucnocodiennbiii ot Boxnoro Komurera Kourpous Ilorepu
AWWA

IToaxox Ha ocHOBe KOMIIOHEHTA K HcnoJib3oBaHuio ILI

Boruuciaus 31u ILIL, 60J1bIIMHCTBO YTHJINMT 321aCT BONPOCHI, ''KAK HU3KO 51
MOTy NOMTH?” WiIH, '"KaKue MIaru f 10J’KeH B3SITh, YTOObI JOCTUTHYTh
AUPEKTHUBBI, peaHasHavawTes ILI?”.

B oTBeTe HAa 3TH BONPOCHI, BA’)KHO OTCTPAHUTBLCH U CMOTPETh HA Pa3/IMYHbIEe
KOMIIOHEHTHI, KOTOpbIe BKIAKYAKT U ieHHOcTH KAPJIA u UARL. Ot Crosa 4
MBI BU/I€JIM, YTO €CTh 110 CYLIEeCTBY AeBATH KOMIOHEHTOB K HeHHocTH UARL,
BKJIIOYAKOIIEH TPU TUIA YTeYKH (BTOPOCTENEHHAS] YTEYKa, COOOIIMJI B3PbIBbI
U HeCOOOIIeHHbIE B3PbIBbI) HA TPeX KJjaccax HHPpacTpyKTypsbl (MArMCTPAJIb,
CBSI3U 00CJIY’KMBAHMS OT IVIABHOIO /10 OCTAHOBKM OTPAHMYEeHHs U CBA3eil
00CJIy’KUBAHUSA OT OCTAHOBKH OTPaHUYEHUS 10 MeTpa KaueHTa). Ciaeaywoumuii
LIar A0J5KeH TOrAa paccMOTPeTh, KaKHe (PAKTOPBI 3aTPOHYT KaKAbIM U3 ITHX
KOMIIOHEHTOB U KaKHe [1efiCTBHS MOI'YT ObITh NPeANPUHATHI, YTOObI
YMEHBIIUTh YPOBEHDb MOTEPh OT KAKIA0I0 KOMIIOHeHTA. B messix 3Toit Oymaru,
MbI HTHOPHUPOBAJIM YIIPABJICHUE AABJICHHUS KAK BHIOOP AJIfA TOr0, YTOObI
yMeHbIIUTH ILI Ha 0oCHOBe NPUYHH, 00bSICHEHHBIX B 00JIee PAHHEH CEKLUH.

Kaxoevt Bausem na ILI?

BropocTenenHnbie moTepu BKJINYAIOT ''"He0OOHAPY:KUMBbIE'" yTeUKH; MajieHbKHe
KpolIeYHbIe 0TBEPCTHUS, IPOILYCKas coeqrHeHune U T.1. [IockoJIbKY OHM
"HeoOHAapYKMMBI'', UX PUCYTCTBHE, ITO MOKET ObITH 00CYKIACHO, HE B
pe3yJIbTaTe HEXBATKH JAeATeJIbHOCTH O0HApYKeHUs yTeuKu. OHM - pyHKIUA
TUNIA HH(PPACTPYKTYPHI, OCHOBHIBAIOT YCJIOBHUS M BO3PACT CUCTEMBbI.
IlepBUYHBIH HHCTPYMEHT JJIA TOI'0, YTOObI YMEHbIIATH BTOPOCTECNCHHY IO
YTEe4KYy, KpoMe yIpaBJieHUs JaBJIeHUs (KOTOPBIH yKe MOKAa3aJIM, YTOObI He
HMeTh HUKaKo| nmoMomu B cokpaumenuu ILI), saBasiercs 3amMenon

HHPPACTPYKTYPBHI.



B3pbIBbI, 0 KOTOPBIX COO0LIAIOT, - T€ YTEYKH, 0 KOTOPBIX COOOIIAIT KJIMEHTHI
U IHPOKAS My0JMKA, IOTOMY YTO OHH MMEKT BHICOKYI0O LIECHHOCTh
HeNnpUATHOCTH. OHM - THNIMYHO KaTacTpouYecKue 0TKA3bl, KOTOPble HMEIT
BbICOKHE PACX0/bl, HO KOPOTKYIO IPOJ0JIKUTEJIbHOCTD, THUIIA
nepudepuvecKoro nepepobiBa Ha KeJe3HOM IJIABHOM MJIM MOJIHOM OTKAa3e
cBsI3U 00cayxkuBaHus. OHM MOT'YT TaK:Ke ObITh BbI3BaHbI MOBPEKIACHUEM
TPEThero JUIA, TUIIA OAPAIYUKOB, IPOU3BOASIIUX 3eMIIsIHbIe pa00ThI 11
APYIrMX CEPBHCHBIX KOMIIaHUil. B 00/IbIIMHCTBE c/Iy4yaeB, B3PbIBbI, 0 KOTOPBIX
C000IIAI0T, BBI3BIBAKOT MOTEPIO MOCTABKHU OTHOMY MJIM 00Jiee KJIMEHTaM U
MOI'YT OBbITh XapaKTepPHU30BaHbI KaK ‘BHE3AaINHbIC H HEA0JITHe’ COOBITHS.
MoaxeT Tak:Ke YTBEP:KIAThCHA, YTO MHOTHE U3 3TUX COOBITHH TaKKe
BO3HUKAIOT, BBINOJHEHO JIU O0HApYKeHHe yTeukH nin HeT. Hanpumep,
KOJIN4€eCTBO 00HAPY/KEHUH YTEYKH, BHINIOJTHEHHOI0 BOHOM I0JIe3HOCTBHIO
Oy/aeT UMeTh, He 3aTPAruBalT HA KOJINYeCTBe HMEKIIEro OTHOLIEHHEe K
TPeTheil CTOPOHE MOBPEKICHUS, BBI3BAHHOIO IPYTHMH CEPBHCHBIMM
KOMIIAHUSIMM U MX NOAPAAYMKAMH. AHAJIOTHYHO, YUCJI0 KATACTPOPHIECKUX
O0TKA30B, BBI3BAHHBIX COOBITUSIMU BOJIHBI 1aBJICHHUS He Oy1eT 3aTPOHYTO
KOJIMYeCTBOM O0OHAPYKEHUSI YTEUYKH, KOTOpPOe HMeeT MeCTo.

Hecoo0uieHHbIe B3PbIBBI - T€ YTEUKH, KOTOPbIe MOTYT ObITh 00HAPYKEHbI, HO
CJMIIKOM MaJIeHbKHE UM B MECTOIO0JI0KEHHH, KOTOPOE He BHI3bIBACT
HENPUATHOCTH KJIMEHTAM U IHPOKOH mylanke. OHM MOryT 0eKaTh
HeOOHapPYKeHHbI 32 JIMHHBIMH NPOMEKYTKAMHU BPEeMeHH, U UX
NPOAOJ/LKUTEIBbHOCTD - YHKIMSA METOAA U MHHTEHCUBHOCTH JIeliCTBUI

oOHapy KeHUsl YTeYKH. YBeJIu4YeHHe JesiTeIbHOCTH O0HAPY/KeHUsSI YTeYKH
YMEHBUIUT MOJHYI0 NPOA0KUTEIbHOCTh HeCOOOIEHHBIX B3PbIBOB U TaK
YMEHBIIHUT €KeroAHbIH 00beM BOAbI, KOTOPasi MOTEPAHA Yepe3 3TH TUIIbI
yTedek.

YacroTa, ¢ KOTOPOH YTe4YKH NPOUCXOAST HA BOAONPOBOIHBIX MATMCTPAJIAX H
CBSI3SIX 00CIy:KMBaHUA, 32aTPOHYTAa MHOTUMHU pakTopamMu. OHHM MOTYT
BKJIIOYUTH MaTepuaj TPyObl, cienu(puKANNU TPYObl, HHCTAJISIIIUOHHOE
MAacTepPCTBO, ONlePALMOHHbIE 1aBJICHHS, YCJIOBUSI OCHOBAHUS, TUIIbI IOYBbI
TaK JaJjee.

HccnenoBanue Ilpombimsiennoctu Boasl Betukoopurannu (UKWIR) npoekr
(MacKellar u Pearson, 2003) 3a0paHHble JaHHbIE 0TKa3a MATHCTPAJIH OT
BOJHBbIX KOMIIaHU B BestukoOpurannu. Habop naHHBIX ABJIAETCA
BCECTOPOHHHUM H - XOPOIIMA MCTOYHHUK KOMIIAPATOPOB, 0COOEHHO YYNUTHIBAS
Opuranckyo Boay, IIpoMbIIIVIEHHOCTH COCPeI0TAYUBAETCH HA TOM, YTOOBI
ONTHMM3MPOBATH YPOBHH YTeUKU. bpuTaHCKHE HOPMBI 0TKAa3a MarucTpajIn
cpeanero yucja [IpombinuienHoctu Boabl A/ pa3jiM4HbIX MAaTEepUAJIOB
TPYObI B TeueHue nepuoaos 1998 - 2001 npexacrasiiensl B Ctosie 6. IT0 sICHO
MOKa3bIBAET, YTO PA3JTHYHBbIC MATEPHAJIbI TPYObI HMEIOT OTIHMYAIOLIHECS
HOpMBI 0TKa3a. CToJ1 7 TakiKe 1eMOHCTPHPYET, YTO HOPMa 0TKAa3a TaKkKe
3aTpoHYTa pa3MepoM TpyObl. Tak kak J100asi JaHHAas ceTh Oy/JeT UMeTh
YHUKAJIbHYI0 KOMOMHAIMIO MATePHAJIOB TPYOBI M pa3MepoB TPYyObl, IOHATHO,
YTO YaCTOTA B3PbIBA U3MEHUTCH OT CETH 0 CETH.



CT0J1 6 OpUTAHCKOI NPOMBIIIJIEHHOCTH BOAbI COCTABJIAAET B CPeIHEM HOPMBbI
0TKAa3a MarucTpasu AJs pa3jJHYHbIX MaTepPHaI0B TPYObI

Hopma Ortka3za Marucrpanu B 100 kM exeroaHo

Marepuan

1998 1999 2000 2001
IemenT AcbecTa 16.4 17.1 15.1 15.8
PE 3.5 2.9 33 3.1
MNOJIMBUHUJIXJIOPU ] 9.6 9.1 7.2 7.4
Honatausoe Kemne3o 5.0 53 4.8 4.8
Yyryn 23.7 23.7 19.1 21.7

Hcmounuk: NOCTPOCHHBIN M3 TaHHBIX, coaepkaBiunxcs B HannmonaabHoi
Bbasze nannpix UKWIR Crosa OTka30B Mmarucrpajiu 7 OpuTaHcKoi
NMPOMBILIJICHHOCTH BOAbI COCTABJAIOT B CPelHEM HOPMbI 0TKA3a MarucTpaaIn
Ha 2001 pu1s ABYX pa3jiMYHbIX MATEPUAJIOB TPYObI

Hopma Ortka3za Marucrpanu B 100km
€/Kero/iHo

HoMmunnanabHbIH Bpuranckoe bpuranckoe

averp - Cpemnee wero ORI
TPYOBI (MM)  [IpoMBINLJIEHHOCTH P
Boawbi Ha 2001 gas
Boanl na 2001 pas
IlemenTa Acbecta Hoparusoro
Keneza
200 8.0 3.9
150 16.7 6.8
100 23.8 7.4
80 26.0 26.3

Hcmounuk: NOCTPOCHHBIN U3 TaHHBIX, cojepxkaBinxcs B HanuonaabHoi
base nannbix UKWIR OTka3oB marucrpajm

Hennoctu UARL ni1s1 B3pbIBOB MAruCTPAJId OCHOBAHBI HA NMPEANOJI0KEHUH O
13 B3pbiBax B 100 KH10MeTPOB €:keroHO ¢ 95 % B3pbHIBOB, 0 KOTOPBIX
coodmart (12.35 bursts/100km/year) u S %, o koropbix HecoodaT (0.65
bursts/100km/year) (Jlamoept u McKenzie, 2002). Eciiu ceTb, KOTOPYIO
paccMaTpUBAIOT - MpeodJagamie TpyObl HeMeHTa ac6ecTa HOMHUHAJIBLHOIO
auaMerpa 150mm UM MeHbIIIe, TO MOIJIO OKMIATHCSH, YTO €CTeCTBEeHHAasI
4acToTa B3pbiBa OyAeT Bblllle YyeM NpuHaAToe B BbluncjeHun UARL u uto
ceTh, NP NMPOYMX PABHBIX YCJI0BUSX, Oy1eT ecrecTBeHHO nMeTh ILI BbIlIe
yem 1.0.

ITO 1eMOHCTPUPYET, YTO CYIIECTBEHHO, YTO0bI cMOTpeTh BHe ILI kak
¢IMHCTBEHHAs LHEHHOCTh, paccMaTpuBas, kKakoil Auana3on ILI moxker ObITH
AOCTUTHYT JJIs1 JIIOOOH NaHHOW BOAHOM noJie3HocTH. Kak npumep Mbl MOrJiu



0bI paccMOTpPeTh BOJAHYI0 10J1e3HOCTDh ¢ moJHbIMU ILI u3 2.0. KostnvecTBO
BO/IbI OTEPAJIH OT KAKA0r0 U3 PeanbHbIX KOMNOHeHTOB IloTepu
(BTOpOCTENEHHbIE MOTEPH, COOOIINJI B3PbIBbI M HECOOOIIEHHbIE B3PbIBBI), H
HA Ka’KI0M U3 KOMIIOHEHTOB HH(}pacTpyKTyphI ABa:xaAbl 00beM UARL nust
KaKa0ro kKoMmnoHenra? Vlju 1elicTBUTEIbHO JIH BO3MOXKHO, YTO 00beM
KAPJIA Ha BTOpOCTeIEHHOM KOMIIOHEHTE NOTePh SIBJISETCH PABHBIM
neHHoctu UARL (ILI=1.0) u HekOTOPBI# APYIrOM MHOKUTE/Ib HA APYTHX
koMmnoHeHnTax? U kakoii Bo3aeiicTBue 310 OyeT MMeTh MPH PelIeHNH, KaK
HHM3KO0 MbI MOKeM MouTu?

Ilpeoopazoseanue UARL ouenusaem ¢ cmanoapmu3uposanHovie eOUHUUbL

Iepsbiii ar B cMorpenur ILI Ha cocTaB/isioneM 0CHOBAHUM 10JIZKEH
npeodpazosarb UARL B cTaHAapTU3MPOBAaHHbIE ¢IMHUIBI VISl BCEX AEBATH
KOMIIOHEHTOB TaK, YTO0bI OHU MOIJIM OBITH C TOTOBHOCTHI0 CPABHEHBI € IPYT
APYroM. 10 MoxkeT ObITh 3amMeveHo o Croay 4, uro UARL ams Tpex
KOMIIOHEHTOB HH(PACTPYKTYPbl HAXOAATCH B Pa3JIMYHbIX ¢IMHULIAX.
IIpeoOpa3zoBbiBaTh HeHHOCTH UARL B cTaHAapTU3HPOBAHHBbIE €IMHUIIBI
TpedyeT MIIOTHOCTH CBSI3U CeTH (YHUCJI0 CBsI3ell 00CayKUBAHUSA B KHJIOMETP
IJIABHBIX) M IPUHATYIO CPEAHION0 AJMHY CBSA3H 00CJIYKHUBAHUSA OT OCTAHOBKH
OrPAHMYCHHS 10 METPA KJIMEHTA, BLIPAKEHHOI'0 B KM.

Caenyrommii npuMep - 1Jisi BOAHOM nmoJjie3HocTH ¢ 100 cBA3AMM 00C/Ty:KUBAHUSA
B KMJIOMETP IJIABHBIX U Cpe/lHee YN CJI0 4 MEeTPOB AJMHBI CBA3H
00CJIy’KUBAHUSA MEKIY METPOM KJIMEHTA H OCTAHOBKOI OrpaHHYCeHHUS.
Ennannbl UARL noist mosie3HocTi BOABI MpuMepa npeacrabiiensl B CTosie 8 u
ObLIM IPeo0pa30BaHbI B CBSA3b/IeHb/METP JUTPOB/00CTYyKMBAHUS 1aBJICHUS,
HCIOJIB3YS CIEAYIOIYI0O METON0JI0THIO:

s maructpaiaun, UARL (AuTpbI/KM IJ1aBHOT0/IHA/MeTpAa J1aBJICHNS)
pa3ieleHHbIH HA IVIOTHOCTH CBSI3H 00CIYKMBAHUS (CBSI3H 00CIYKMBAHHS B
KM rj1aBHbIX) paBHsieTcsi UARL (cBsi3b/1eHBb/MeTp JIUTPOB/00CTYKMBAHUS
AAaBJIEHHS);

Jluis cBsizeil 00C1y:KUBAHHS, OCTAHOBKA OTPAHUYCHUSI, YTOObI H3MEPHUTbD,
UARL (1uTpbl/KM cBSI3H/IHSI/MeTpa 00CayKUBAHMS 1aBJICHUS, Pa3/ieJIeHHOI0
HA NPUHATYIO CPEIHIOK0 JJIMHY

CBSI3b 00CIY’KUBAHUSA OT OCTAHOBKH OTPAaHUYEHUS 10 MeTPa KJIHEHTA (KM)
paBHsieTrcst UARL (cBSI3b/IeHb/MeTP JIUTPOB/00CTY:KUBAHUSA TABJICHHS).

Croa 8 CrannaprusupoBannbix UARL ounennBaer 3a onpeaejieHHbI BOJIHbII
CePBUCHBIN NpUMep

B3pbiBbI,
Kommnonenr 0 Oo0mree
Bropocrenenn Hecoo0menn
HNuppacrpykry EauHunsi Koropsix KOJIN4ecT

as Yreuka
pbI coodmar

T,

ble B3phIBEI 80 UARL



CBSI3b/1eHb/METP
Marucrpanbs  JUTPOB/00CTYyKMBA 0.096 0.058 0.026 0.180
HHS JaBJIeHUSA

Casi3zun
00CIy’KMBAHMsl, CBSA3b/I€eHb/MeETP
rJIaBHbIE JIMTPOB/00CIYyKUBA 0.600 0.040 0.016 0.800
00y31bIBATH HHA JaBJIeHHSA
OCTAHOBKY
Caszn
00CayKMBAHUS
oy IBIBAIOT CBSI3b/IeHb/MeTP
JINTPOB/00CIyKUBA 0.064 0.008 0.028 0.100
OCTAHOBKY,
HHS TaBJIeHUS
4TOOBbI
H3MEpPHUTH
OBIIEE CBSI3b/IeHb/MeTp
KO/IMYECTB nautpos/o0ciy:KxnBa 0.760 0.106 0.214 1.080
0] HMS 1aBJICHHUS

CranaapTuznpys napaMeTrp OLEHUBAET TeM e CAMbIM eIMHHIAM J1JIs1
KaK10r0 KOMIIOHEHTAa TAKUM 00pa3oM, Tenepb 04eHb JErK0 CPABHUTH
OTHOCHUTEJIbHbIA BKJIAJ, KOTOPbIH KaKAbIii KOMIIOHEHT JeJIaeT K NOJTHOMY
o0memy koanuectsy UARL. B npumepe, 1aHHOM MOKeT ObITh 3aMe4€HO, YTO
BTOPOCTENEHHbIE MOTEPH HA CBA3AX YCJAYT JIOMHUHMPYIOT HA/l HEHHOCTHIO
UARL. UARL 3a BTOpOCTenEeHHBbIC OTEPH HA CBA3AX 00cay:kuBaHus - 0.664
JIMTPa B CBA3b 00C/IYy)KHUBAHMS B IeHb B MeTP JaBJICHUS U3 MOJHOI LIEeHHOCTH
UARL 1.080 1uTpoB B CBSI3b 00CJY;KHBAHUS B 1¢Hb B METP AaBJICHUS —
noutH 70 % uenHoctu UARL cBsI3aHBI C €IMHCTBEHHBIM KOMIIOHEHTOM
BTOPOCTENEHHBIX MOTEPb HA CBA3AX 00CTY:KUBaAHUA! ITO HY>KHO IOMHHUTb,
4To cTaHaapTusanus KoMnoHeHToB UARL B mogo0HbIe eIMHUIbI SBJISIETCH
onpeaeJeHHONH CMCTEMOM U YTO NMOKAa3aHHbIA PpUMep SBJIACTCH IS
TOPOACKOM CUTYallMU ¢ OTHOCHTEJBHO BbICOKOM IVIOTHOCTHIO CBSI3U
00CayKMBAHUA.

Ilpumenenue pacuemnwix ILI yennocmeii k yennocmam UARL

Caenywmui mar J0J:KeH paccCMOTpeTh, Kak eanHcTBeHHbIe ILI nennocrei
HMEKT OTHOUICHHUE ¢ KAKIbIM KOMIIOHeHTOM 00mero koaudecrsa UARL. B
Hallel MoJIe3HOCTH nMpuMepa, HeHHocTh KAPJIA ObL1a BbIYHMCIIEHA OT
€sKeroJJHoro BogHoro 0aiaanca, u ILI u3 3.0 6b1i1 BeruuciiedH. Kak 3tu ILI
JMOJIKHBI OLIEHUTH ObITH NPUMEHEHHBIMU NoMNepPeK Bcex KoMNOHeHTOB UARL
U 4TO 3TO 03HAYAET JJI BO3MOKHBIX CTPaTeruil ynpaBJeHus: yTe4Kku?

B Croue 9, ILI u3 3.0, kak npeAnoJiaraiT, IBJISIIOTCS MOCTOAHHBIMU MONEpPeK
Bcex KOMIOHeHTOB UARL. Eciin cTaHaapTHYI0 cTpaTeruio ynpapjieHus
YTe4YKH YBeJIMYCHUS KOJMYECTBA AKTUBHOM 1eITEJIbHOCTH KOHTPOJISI YTEUKH,
KOTOPas BHINOJHEHA, I10JIaral0T, TAKOH, YTO MPOAOIKHTEIbHOCTh
HEeCOOOIEHHBIX B3PbIBOB YMEHbIIECHA, TO MOKET MPeANnoJaraTbCcs, 4To
MOTEPH OT BTOPOCTENEHHOM YTEeYKHU M COOOIIMJIN, YTO B3PBHIBBI OyAyT
He3aTpoHyThl. MintocTpanus 10 npeacraBisieTr akTHBHYI0 KPUBYIO
CTOMMOCTH KOHTPOJISI yTEUKH, KOTOpPas cjaeA0BaJia Obl U3 3asiBJCHUA



0TOOpPaHHON cTpaTeruu ynpapJieHUsl YTeUYKH COKPaIleHUsl
MPOJ0IKUTEILHOCTH HECOOOIIEeHHBIX B3PbIBOB, YBEJIMYHUBASI AKTUBHYIO
AeATeJIbHOCTh KOHTPOJIs yTeuku 1 ILI u3 3.0 npunaTHS, 3TO OAHOPOIHO
NPUMEHEeHO nonepek Bcex KOMNMOHeHTOB UARL. 310 MoxkeT ObITH 3aMeYeHO
10 KPUBOIl KOHTPOJISI 32 YPOBHEM HU3/IePiKeK, YTO ObLJI0 ObI HE0OX0AUMO
YBeJHMYUTHCS, PACX0/bI HA AKTHBHYIO YTEUKY YIPABJSIIOT HIeCTUKPATHBII,
yT00bI YMeHbIINTH MosHbIe ILI o1 3.0 10 2.5.

B Crouae 10, ILI u3 3.0, kak npeamoJiaraiT, ABJISIOTCH NOCTOSSHHbIMHU
nomnepek Bcex KoMnoHeHTOB UARL. I1ojie3HOCTH BeAeT OCTOPOKHBIA y4eT
YKcJIa U THIIA B3PbIBOB, KOTOPbIE HMEKT MECTO M OTPE30K BPEMEHH, KOTOPbIH
B3fIT, YTOOBI ONIPEACJIUTh MECTOHAXO0K/ACHHE U BOCCTAHOBHUTH T€ B3PbIBbI, U
uHauBuAyaabHble IL] neHHOCTEH M1 KAKI0T0 U3 0 KOTOPBIX COO0IIAIOT 1
HEeCOOOIEHHBIX KOMIIOHEHTOB B3pPbIBa ObLJIM BbIYMCJIeHbl. BropocTeneHHbIit
KOMIIOHEHT yTeykH accurHoBaH ILI u3 1.0 u BbIBeieH U3 pa3au4yus MexXIy
APYrUMHM KOMIIOHEHTAMHU M 001IUM KoudecTBoM noscroay ILI u3

3.0.

OTmeTbTe, YTO 002 MpPUMeEpPa UMEIOT Te ke camble moJiHbie ILI, Ho ¢ BecbMma
3aMeTHO pa3jn4HbIMU HeHHOCTAMU KAPJIA nuis1 kaxa0ro u3 3Tux aAeBsTH
KOMITIOHEHTOB.

Croa 9 CranpaprusupoBanubix UARL ouenusaer 3a ILI u3 3.0 3asBienunii
yHugopmbl npunaTus (Ilpumep 1)

B3pbiBbI,
Komnonenr 0 Obmee
Bropocrenen Hecoo0uenn
Hudpacrpykry EnnHunb1 s Vreuka Kotopsix b1e B3phIBbI KOJIM4ecT
pbl coo0maro BO
T,
Cas3b/n1eHb/MeTp
JIUTPOB/00CTy:KUBA
wist UARL 0.096 0.058 0.026 0.180
JAaBJIEHUS
Marucrpanb KomnonenT ILI 3.0 3.0 3.0 3.0
Cesa3b/neHb/meTp
JINTPOB/00C/TyKHBA
st KAPJIA 0.288 0.174 0.078 0.540
JAaBJIEHUSI
CBs3b/n1eHb/MeTp
auTpos/obeaykuba ) ¢ 0.040 0.016 0.800
Hus UARL ' ' ' '
Ces3u
AaBJICHUS
00CTy:KUBaAHMS,
rJIaBHbIE KomnonenT ILI 3.0 3.0 3.0 3.0
00y31bIBaTH
B
st KAPJIA 1.800 0.120 0.480 2.400

JAABJICHUA



CBsi3b/n1eHb/MeTp
JIUTPOB/00CTy:KUBA
Husst UARL
AaBJIEHUS

0.064 0.008 0.028 0.100
Ces3u

00CTy:KUBaAHUS
00y3abIBAIOT Kommnonent ILI 3.0 3.0 3.0 3.0
OCTaHOBKY,

Cassb/neHb/Mer
4T00bI H3MEPUTH A p

JINTPOB/00CIyKUBA
Hust KAPJIA
JAaBJIEHUA

0.192 0.023 0.085 0.300

Cas3b/1eHb/MeTp
JIUTPOB/00CTyKUBA
Huss UARL
AaBJICHUSA

Kommnounenr ILI 3.0 3.0 3.0 3.0

0.760 0.106 0.214 1.080

OBLIEE

KOJIMYECTBO
Cas3b/1eHb/MeTP
JIMTPOB/00CIyKUBA
Hust KAPJIA
JAaBJIEHUA

2.280 0.317 0.643 3.240

Croua 10 CranpaprusupoBanubix UARL ouenuBaer 3a ILI u3 3.0
NPUHUMAKIIMX HEOAHOPOAHBIX 3asiBjaeHuil (Ilpumep 2)

B3psiBbI,
Kommnonenr 0 Ob6uree
Bropocrenen Hecoo0menn
NudpacTpykry EnuHunsl nast Vreaka Kotopnbix bie B3phiBbI KOJIH4ecT
BbI coo01Ial BO
P
T’
Casi3b/1eHb/MeTp
JINTPOB/00CIyKUBA
st UARL 0.096 0.058 0.026 0.180
AaBJIEHUS
Marucrpaib Kommnonent ILI 1.0 3.0 11.0 3.11
Cas3b/neHb/MeTp
JIMTPOB/00CIyKUBA
st KAPJIA 0.096 0.174 0.286 0.559
JAaBJICHUS
Casi3b/1eHb/MeTp
mirTpos/odeaykusa - ) 0040 0016 0.800
nuss UARL ' ' ' '
Casizn
AaBJIEHUS
00CayKMBAHMS,
rJIaBHbIE Kommnonent ILI 1.0 3.0 11.0 3.12
00y31bIBATH
I
st KAPJIA 0.600 0.120 1.760 2.496
JAaBJIEHUSs!
Cas3u Cesa3b/1eHb/MeTp
00CcIy’)KHBAHHUAL  JINTPOB/00CIYKHBA 0.064 0.008 0.028 0.100
00y31bIBAIOT nuss UARL ' ' ’ ’

O0CTAaHOBKY, JaBJICHUSA



4TOOBI UBMEPUTD [eovmonent ILI

OBIIEE
KOJIMYECTBO

1.0

- 671

Casi3b/1eHb/MeTP
JIUTPOB/00CyKMBAHUS
KAPJIA naBiaenus
CBsi3b/1eHb/MeTp

JIUTPOB/00CTy:KUBAHUS
UARL naBienust

Komnonent ILI

CBsi3b/1eHb/MeTp
JIMTPOB/00CIyKUBAHUA
KAPJIA naBjenus

0.064

0.760

1.0

0.076

3.0

0.023

0.106

3.0

0.317

3.5

0.099

0.214

10.1

2.164

1.86

0.186

1.080

3.0

3.241



ACTIVE LEAKAGE CONTROL COST CURVE
BASED ON STANDARD UARL VALUES
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Figure 10 Active leakage control cost curve for example 1 with ILI = 3.0

ACTIVE LEAKAGE CONTROL COST CURVE
BASED ON STANDARD UARL VALUES
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HNanrocTpanus 3 npeacTaBisieT AKTUBHYI0 KPMBYI0 CTOUMOCTH KOHTPOJISA
YTEUKH, KOTOPasi Pa3BUTA HANPUMeEP 2 MCIO0Jb30BAHUS TOH Ke CAaMOU
CTpaTervu ynpapJjieHUs YTe4YKH KaK MCIoJb3yeTcs B mpumepe 1. Paznuvue
Mexay npuMepoM 1 U mpuMepoM 2 HeMelUICHHO 04eBHIHO. X0Tsl 00a mpuMepa
umerot crapt ILI u3 3.0, sicHo, 4T0 B mpumepe 2, HaMHOro 0ojiee Huskuit ILI
MOKeT ObITh JOCTUTHYT JJIs1 JIIO0OOr0 JAaHHOTO YBeJIMYeHHs 1eATeJTbHOCTH
ynpasjeHus yreuku. Hanpumep, B npuMepe 2, eCTUKpPaTHOE YBeJIUYeHHE
NAeATeJbHOCTH YIIPABJICHUS YTEYKHU NPUBeJI0 0bI K MoJaHbIM ILI 13 1.3 mo
cpaBHeHU IO ¢ noJaHbIMH ILI u3 2.5 B npumepe 1.



AJIbTEPHATHBHO, M0JIE3HOCTH B MpuMepe 2 morJa Aocturunythb ILI u3 2.5 nas
OTHOCHUTEJIBHO CKPOMHOI0 50%-0r0 yBe/IMUeHUsI AKTHBHOI'0 KOHTPOJISI
YTEYKH [0 CPABHECHUIO ¢ IIECTUKPATHBIM YBeJIHYEeHHEM, TPedyeMbIM
M0JIE3HOCTBIO B npumepe 1.

Pe3iome u 3akiaoueHns

Bymara o0cyaniia pa3inuHble KOMIIOHEHTbI, KOTOpbIe BKIKWYalOT UARL u
neHHocTu KAPJIA m kak ILI, otHomenne KAPJIA k UARL, Tenepnb
HCIO0JIb3YeTCH KAK 1eJIeBOil HHCTPYMEHT yperyJiupoBaHMs JAJIsl BOAHBIX
yruauT. [lokasano, 4yro rinaBHoe orpanudenue ILI kak neseBoit HHCTPyMEHT
yPeryJIMpoBaHus 1Jisl yIIPABJIEHUS YTEYKH - TO, YTO YIIPABJIeHUE 1aABJICHUS,
OMH M3 caMbIX 3 PEeKTHBHBIX METOI0B COKPALLICHUS YTEYKH, KAK U3BECTHO,
He yMeHnbliaer ILI.

Taxoxe nmokasano, 4to 3a J100y10 1aHHYI0 HeHHOCTh ILI, nennocrs KAPJIA
MOKeT ObITh COCTABJICHA M3 MHOTHX PA3JIMYHbIX M3MEHEHUH B COCTABJISAIOIINX
ILI ueHHOCTAX MJIS 1€BATH YCTAHOBJICHHBIX KOMIIOHEHTOB PeaJIbHbIX MOTEPb.
ITO IeMOHCTpHUpYeT, 4T0, X0Ts1 ILI - mose3nslilt HHAUKATOP padoThI, BCE emie
He00X0AMMO Pa3BHUTh IOJHOE MIOHUMAHHE 00beMa peaibHbIX IOTEPh
KOMIIOHEHTOM VISl KAKA0M onpeae/ieHHO BOJHOM M0JIe3HOCTH TaK, YTOObI
camMasi COOTBETCTBYIOIIAS CTPAaTerusi YIPaBJeHUs YTeYKH ObljIa 0TOOpaHa.
Boanas nosiesnocts ¢ nojHbivu ILI 3 3 u rae nennocru KAPJIA kaxaoro u3
3THUX /IeBATH KOMIIOHEHTOB, KaK NMPeANoJaraiT, IBJISI0TCcA 3 pa3aMmu
neHHoctu UARL, Oyaer nMeTs 00JILIIMHCTBO peajibHbIX IOTEPb,
ABJISIOIMXCH Pe3y1bTaTOM BTOPOCTENEHHOM yreukH. B 3Tom ciryyae gamxe
O0YeHb 00JIbIINE YBeJIUYECHUS PACX0A0B HA AKTUBHBIH KOHTPOJIb YTEYKH HJIH
NMPOAOJ/LKUTEJBbHOCTh PEMOHTA OyYyT HMETh O4YeHb He0OJIbIIOe BO3IeiiCTBUE
Ha noJsHblie ILI. B cpaBHennn, BogHas nojie3noctsb ¢ ILI u3 3 u rae neHHocTn
KAPJIA ka:x10ro KOMIOHEHTA - TAKOI, YTO BTOPOCTENeHHAS yTeYKa
siasiercs 1 pasom UARL u HecooOumeHHbIe B3pbIBbl HA MATHCTPAJIN U CBA3AX
00c/1y:KHBaHUA HA yauue, - 11 pa3 uennocts UARL, Oyaer B cocTrossHumn
AOCTUTHYTH HAMHOT0 0oJiee HU3Koro ILI ¢ Toii ke camoii cTpaTeruei
YIPaBJIeHUS YTEUYKH U TeM Ke CaMbIM YBeJIHYEeHNUEM PacXxo/10B.

MoskeT m03TOMY 3aKJIHYATHCS, YTO BOJAHbIE YTHINTHI ¢ N0A00HbIM ILI He
00s13aTeIbHO UMEKT MOA00HbIE OTHOIIEHHS PeabHbIX NOTEPh NMoNepeK Bcex
AEBATH HICHTH(PUIMPOBAHHBIX KOMIIOHEHTOB HCII0JIb3yeMbIMH B
Bbluuciaennd UARL. 1o Takxke cieayer, Te BOJAHbIE YTHJINTHI € MOA00HBIMU
KOJIMYeCcTBAMU HHPPACTPYKTYPbI, BO3MOKHO, 10/LKHBI IPUMEHUTH BeCbMa
pa3jInYHbIe CTPATErMH YNIPaBJIeHHUS YTEYKH U MOTPATUTH BeCbMa
OTJIMYAIOLIUECS JeHeKHbIe CYMMBbI, YTOObI JOCTUTHYTH TeX Ke CaMbIX MOJHBIX
ILIL

ToJbKO BBINOJIHAA AeTATbHBIA KOMIIOHEHT 023MPOBAJICSH, AHAJINU3 PeaJIbHbIX
NOTePbh - ITO BO3MOKHBIN ONpeae/uTh, OyAeT JIM KaKkasgs-HuOyAb
cneuuduyecKas crpaTerus ynpasJjeHus YTeukd 3¢ GeKTuBHA B JOCTHKEHUHN
nesaesoro yposus ILI.
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KaroueBsble cioBa: UARL; BoaHasi 3kOHOMMKA; HHAEKC Y TEYKH
KonTekcT uccaenoBanmii
Junennwiit Hnoexc (LLI) Ilomeps, ucnonvsyemostii 60 Opanyuu

Bo ®paHuuu, riiaBHbIA HHAUKATOP, HCII0JIb3yeMblii, YTOObI ONPeAeIUTh
KOJIMYECTBO PAa3BUTHSI YPOBHEH YTeYKH B BOAHBIX CHCTEMAaX pacinpe/ieeHus -
Jluneiinbiii Uugexc (LLI) IloTepb, KOTOpPBIi ObLJ onpeiejieH 1 PeKOMEH/10BaH
NPABUTEJbCTBEHHBIMM areHTCTBAMM OKpYy:Kawuei cpeasl (Dumont u ap.,
2005).

LLI = (IlpotuB — V¢) / (365 x M) M.} /xm/nenn

I'ne: IIpoTuB - exxeroanblil 00beM MOCTABJIsSIEMOl BOABI; V¢ exxeroaHoe
00bsIBJICHHOE NIPsiMoe moTpedaeHne u M. MoJTHOH nmepexavu U JJIHHbI
MAruCTPaJIM pacnpenejieHus.

Hcnmoab3ysi cTaHAAPTHYIO TepMHUHOJIOTHIO 1J1st Bonnoro bananca (Alegre u
ap., 2000) 1 mosiarasi To, YTO CUCTEMA BBOAMJIA 00beM, - Bxo nepenauu: LLI =
A26/ (365 x C3)

Ct1o04 1 CooTBercTrBHE ¢ KOMNOHeHTaMu Boanoro bainanca



Ve
Exported Treated
Water
vp (A9)
Produced
Water
Vc
(A7) . .
Billed Direct
Vs Consumption
Supplied Bla-A%
Vi Water vi
Imported Treated AT "Losses”
Water Nonv\l}evenue
A8) ater
(A26)

Ccviika ouenusaem 3a Jlunennwvtit Unoexc Illomepo

EcTh HeCK0JIbKO HCTOYHUKOB HeHHOCTeill cebliiku LLI, Bce onu GepyT B
PAaCCMOTPEHMH CeIbCKUI WIH IOPOACKOM xapakrep cetu. OnHako, 1Ba
crocoda onpenessitb TOT XapaKrep NMpPeII0KeHbl:

f 151 0011eCTBEHHBIX AaTeHTCTB, TOPOICKOH/CeJIbCKHUI XapaKTep onpeaesieH
COIJIACHO MJIOTHOCTH KJIUEHTOB D = kianenTol N/M B kusiometp, rae N - o0iee
KOJINY€eCTBO 3apPeruCTPUPOBAHHBIX KIMEHTOB (Agence de I’eau Adour
I'aponna, 2005) (Laboratoire GEA, 2006)

O0bem Bxoga Cucremsl (A10) (Transmision u pacnpeneienue)

f st BOAHBIX KOMIIAHUI TOPOICKOM/CeJIbCKUI XapaKTep onpeaesieH
COIJIACHO

JIuneiinbiii Uuaexc Ilorpedaenus LCI = Ve / (365 x M) m3/km/day.

LLi{m?/km/day)

i
|
L=
|

RS —

——fpence de |'eau Adour Garonne
=+Laboratoire GEA
—LL=0150

o 10 20 30 40 50 60 70 a0

D (customers/km)

Namocrpanus 1 cebliiku aredTeTB Ilyosmmkn npuemuiembix LLI corinacuo D
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Niumoctpanus 2 cebuiikn komnanuii Boast npuemiiembix LLI cornacno LCI

N3-3a u3MeHEeHHUs B CCBLIKAX, TY JKe CAMYI0 BOJHYIO CHCTEMY paclpeae/eHust
MOKHO PACCMOTPETh KAaK rOPOACKAasi B OJHOM CHCTEMe CChIJIKH M
MPOMEKYTOYHOM 3BeHe B Apyrom. LLI neHHOCTEeH MOXKHO TaKKe C4eCTh
NpUEeMJIeMbIMH B HEKOTOPBIX CHCTEMAX CCHIJIKH M He IpHeMJieMble B IPyTrHUX.

B 3TOM KOHTEKCTE, IJIaBHAS LeJIb Hallel padoThl COCTOUT B TOM, YTOObI
MPOBEPHUTH U CPABHUTH 3aKOHHOCTb Pa3JIMYHBIX CHCTEM CCHLIKH, HCIOJIb3YH
AaHHbIE, COOpPaHHBIE JCHEHTPAJIN30BAHHBIMH YCIAyraMm (ppaHIy3CKOro
MuHuCTEpCTBA CEJIBCKOT0 X03MCTBA. JTH JIaHHbIE IVIABHBIM 00pa3oM
KACAKTCH CeJIbCKUX BOJHBIX MOCTABIIMKOB.

CoOpanue TaHHBIX

®panny3ckoe MUHHCTEPCTBO CEJILCKOT0 X03M1HiCTBA 00eceYuBaeT JOCTYI K
AEeEeHTPAJN30BAHHBIM YCJIYraM ISl YIPaBJIeHUs 00eCTBEHHbIMU BOJIHBIMH
CHCTEMaMM pacnpejesieHusi B ceJIbCKUX pailoHax. /laHHbIe, COOpaHHbIE I TUMH
OpPraHu3aNUusMHU YTBEPKAEHbI OCPEJICTBOM NOCTPOCHHOI 1eJIbI0
KOMIIBIOTEPHOH cucTtembl. UccienoBanue ObLI0 BHINOJIHEHO CO BCEMH
ynpasJienusimu 101 ¢ppannysckoro okpyra. 86 orBeToB ObLIM MOJIy4YeHBI, 69
M3 HUX MOTJIM UCNOJIb30BATHCS € JAHHBIMU NPUOJIN3UTENbHO 0T 2 000 BogHbIX
NMOCTABUIUKOB.

/laHHbIE IOKPBIBAJIM Pa3jJid4HbIe neproabl BpeMenu 2004 sapisiromuiicst
HOBBIM I'0/IOM JOCTYIHBIX JaHHBIX. [JIaBHbIe 3a0paHHbIe TaHHbIE ObLIN: f
E:xeronnbiii 00beM, NPpOU3BeAeHHbII, IMIIOPTUPOBAHHBIA M IKCIOPTUPYEMBI
(Vp, Vi, Ve) f Exeroanbiii 00bem nmorpedsii (Ve) f Uncao norpeduteseii (N)
f nmunbl Cetu (M) Beero, 15 296, LLI nennocreil MOrjiv 0bI1Th BLIYHCIEHBI.
IHocJjie ouncTkM (yaajieHue OTKJIOHSIOMIUXCA TaHHBIX), 0232 JTaHHBIX HAKOHeI]
coxep:kana 14 987 psinos.



Data Unit Min Max Mean Std Dev

N customers 22 59 231 2,164 3.690
M km 11 37340 1319 2183
\s m- 1,876 36,958 908 439 68T 1,116,078
Ve m° 1,627 22410202 312267 746,624
Vi m’ 28 13548706 127 4 398,094

Croa 3 Hopmbl

Rate Unit Min Max Global
D customers/km 1.21 217 27 16.41
LCI m*/km/day 046 104 45 6 49
LLI m*/km/day 0.03 5064 2.65

Ype3BblyaiiHble HEHHOCTH MOKA3bIBAIOT, YTO JAHHbIEC KACAKTCH COBCEM
apyrux cereii. OqHAKO, HEHHOCTH CPEACTB MOKA3bIBAKT, YTO 00JIBIIUHCTBO
UX SBJISETCH CeJIbLCKHUM.

IHepepacnpenesienue m1oTHOCTH U LLI neHHoCTE# MOATBEPKAAET IOCHOACTBO
ceJbCKHX CeTeH:

f IL110THOCTD - MeHbIIE YeM 25 KJIHEHTOB B KMJIOMeTP Npuoau3uTeabHo 3a 70
% ueHHoCTeMH

f LCI - menbire uem 10 m.>/km/nens npuéiansutennsno 3a 75 % neHHocTei
HccnenoBanus cBsizeil Me:K1y JAaHHBIMHM WJIM HHIAMKATOPaAMU
Koppenauuu meiicdy ucxoonvimu 0aHHbIMuU

Crtoa 4 Koppeasinuu Me:KIxy MCXOAHBIMU JAHHBIMH

Vi M N Vs Ve

Vi 1 0.45072 0.71425 0.95296 0.89145
<.0001 <.0001 <.0001 <.0001

M 0.45072 1 0.7591 0.53679 0.56217
<.0001 <.0001 <.0001 <.0001

N 0.71425 0.7591 1 0.82003 0.84508
<.0001 <.0001 <.0001 <.0001

Vs 0.95296 0.53679 0.82003 1 0.98685
<.0001 <.0001 <.0001 <.0001

Ve 0.89145 0.56217 0.84508 0.98685 1

<.0001 <.0001 <.0001 <.0001

Bce naHHbBIe JaHHBIE KOPPEJTUPOBAHBI.

BoJiee cunbHasi koppeasiuusi ¢ 00beMoM BoabI Hexoxoaa (V1) - Tor ¢
NMOCTaBJsIeMbIM BOJAHbIM 00beMoM (IIpoTuB).
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Namocrpanus 3 He Boaa 10x0/1a Kak (PyHKUIUS MOCTABJIAEMO BO/bI

JInnelHbIH perpecc 0e3 TOYKH MepecevyeHus MOKa3bIBaeT, YTO BOAA HEA0X0Aa
cooTBeTcTBYET 0 1/3 mocTaBJ/isieMOH BOJAbI. DTOT Pe3yJbTAT - OJM3KO0 K
NOPTYraJIbCKOil HeHHocTH, 34.9 % (Kanxa Mapkec u 2003 Monteiro).

DaKkTHYeCKH, HeCMOTPS HA 00JIbLIOE KOJUYECTBO MCCJIeI0BAHUI, Pe3yJIbTAThI
MOKa3aJIM, YTO 00beM BOJAbI HEA0X04Aa KAK NPOLEHT 0T 00beMa BX0JAa CHCTEMbI
- HEMOAXOAAIMH NHIANKATOP PadoThl YTO0ObI OLeHUTH 3P PEeKTHBHOCTH
ynpasjeHusi cucremamu pacnpeneienus (Jlamoepr u 2000 Hirner; IlnoTHuk
u apyrue 2003). O0bemM BOABI HEA0X04A KAK MPOLEHT OT MOCTABJISIEMOI0
BOJHOI'0 00beMa MOKeT ObITh M0JIE3HBIM HHAMKATOPOM pPadoThl, YTOObI
HACHTH(PUIHMPOBATH CETH, ONIPABAbIBAs JONMOJHUTEIbHbIC HCCJIEI0BAHUA.

Ananusz kraccamu

J_IaHHLIe - MHOI'ue, HO pacceﬂHHMﬁ, TAKUM 06pa30M MbI AaHAJU3UPYEM JaHHBIC
KJIACCAMM IJIOTHOCTH WJIM JIMHEHHOI0 NMH/AEKCA HOTpeﬁJleHI/IH.

JlaHHBIE CTPYNIUPOBAHBI KJIACCOM IUIOTHOCTH, (MHTEPBAJI S KJINEHTOB/KM)
uiam kiaaccom LCI, (maTepBaa 5 M.3/KM/IleHb).

N3-3a HeXBAaTKH HEHHOCTEM, yAeIbHbIe Beca Bblle 45 kaneHToB/km U LCI
Beime 30 M.*/KkM/1eHb He NPUHAT BO BHUMAaHHE.

Jli1s Ka:kao# rpynnbl, HEHHOCTH HHAUKATOPOB He CPeHMEe U3 HEHHOCTel, HO
LIEHHOCTH, COOTBETCTBYIOLIEil TeopeTH4eCcKOM 00JIbIION CeTH, CJIeays U3

CJMSIHHUS BCeX ceTel rpynmnbi:

nnn
ZN" 3 Ve, 3 Vi,
i=1i=1i=1

D=LCI=LLI=
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Céa3b mexcoy Ilnomnocmoio kocmwmepos u Jluneiinozo Huoekca
Ilompeonenusn

I'opoackoii/cesibCKM XapaKTep CeTH onpeaeseH Kak GyHKuus MI0THOCTH
001eCTBEHHBIMHU AreHTCTBAMHU M KaK QpyHknus LCI BoOHbIMU KOMIIAHUAMHU.
Yr1o0bI NPOBEPATH NOCACA0BATEIbHOCTb 3THX ABYX IyTel, MbI
paccmarpuBaem LCI kak pynxuus D.

LCI{m*/kmiday)
18.00 4

16 00

14.00 o

1200

y = 0305 i
|R= = 0.988 2
10.00 =

8.00 e

6.00

4.00

e =0 418x - 0653
~%7 | R=0002

200

0.00 v - -
o.oo 500 10.00 1500 2000 2500 3000 35 00 40 00 45.00
D {customersikm)

Nimoctpanus 4 JInHeHHBbIM HHAEKC OTPedIeHHs KaK (PyHKIMSA IVIOTHOCTH
JIMHEHHBIN perpecc NOKa3pbIBaeT CHJIbHYI0 CBSI3b MY ITUMH IByMS
uHAUKaTopaMu. be3 Touku nepeceyenus (HeT HUKAKOro norpedjaeHus: oe3
KJIHeHTOB), ynkuusi: LCI = 0.395 x D

ITH OTHOIIEHUS MO3BOJISIIOT HAM CPABHUBATH PAa3JINYHbIe TOYKH 3pEeHHs
rOPOJCKOT0/CeIbCKOr0 XapaKTepa COrJIacHO TOMY 7K€ CAMOMY MAacIITaly.

Croua 5 I'opoackux/ceibCKMX XapaKTepoB

D (cutomers/km) Laboratoire GEA Agence de ’eau  Boaubie

AT KOMIIAHUH
Cenbckuit 0k 20 0k 25 0Ok 25
[Ipomexytounoe 20 k 40 25k 50 25k 76
3BE€HO
I'oponckoii Brime 40 Brime 50 Brite 76

dakTHYEeCKH, BOAHbIe kKOMNaHUU U Agence de I’eau Adour 'aponna umeroT
COrJIACyIOIIHMeCs ONpeleseHIs CeJIbCKOM CUCTEMbI pacipeieeHus, HO
OTKJIOHSIIOTCS 0 TOPOACKOM xapakTepe (1.5 00/b1IMX HEHHOCTH IIOTHOCTH
JJIsl BOJHBIX KOMIIAHUM).



Jluneiinwtii unoexc nomeps Kaxk QyHKYUA NA1OMHOCMU KIUEHM 08

JIuHelHbIe perpecchbl MOATBEP:KRAAT Ou3kue oTHoIeHus mexay LLI u D.
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Nnmrocrpanus S JInHelHHbIA HHACKC MOTEPb KaK GyHKUIMSA IVIOTHOCTH
OTPULATEIbHAS TOUYKA NepeceYeHus JUHEHHOI0 perpecca ¢ TOYKou
nepecevyenus yausurenabHa. Actualy, pyuxums LLI = (0.156 x D) — 0.167
MO:KeT ObITh HanmucaHa: V1 =365 x (0.156 x N—0.167 x M)

(V1 exxeronnbiii 00beM BOAbI He0X04a; N 4YMCJI0 KIMEeHTOB; M. TJIMHBI
MarucTpaJim)

Ha nepBblii B31J15111, 3T0 OTHOLIEHHE 03HAYAET, YTO He 00beM BOJbI 10X01a
YMEHBIIIAeTCHA, KOT/Ia JJIMHA MATUCTPAJIH YBEJIUIUBAETCS.

M1 npeanoJiaraemM, 4To 3Ta aHOMAJIMS MPOUCXOAUT U3-32 MOJIOKUTETbHOM
Koppeasinuu Mmexxay M. u N, BeC KJIMEHTOB B 00bSICHEHUH NMOTEPb BKJIIOYAET
JJIMHY TJIABHBIX CBA3aHHBIH € KAKIBIM.

N3-3a 31010, MBI MPEANOYNUTAEM JJUHEHHBIH perpecc 6€e3 TOYKM NnepecevyeHms:
LLI=0.150x D

U3 3TOro CJICAYET, YTO JJIMHA MATHCTPAJJIH HEMOCPECACTBCHHO HE B3dATa B
cuere, 4yTOOBbI 00bSICHUTDH YPOBE€Hb BOALI HEA0XO0AA.

Juneinwtit unoexc nomepv Kak Qpyukuus Jluneitnozo Hnuoexkca Iompeonenus
MbI1 Mo:keM Tak:ke Ha0awaaTh Ouuskue oTHomeHus mexay LLI u LCI.

MpblI 1e/1aeM TO ke caMoe 00HApY KeHHe OTPULATEILHOI TOYKM NepecedyeHust
(c Tem ke caMbIM 3HAYEHHEM).

DyHKIMS, BbIYMTAeMasi JIMHEHOro perpecca 0e3 Touku nepecevyenusi: LLI =
0.400 x

LCI



R? u3 T0ro mueiinoro perpecca (0.994) nemuoro Jy4ine yem R HaiieHnbIii
aast LLI coraacno D (0.986)

dakTH4YeCKH, NOC/Ie YIPOILIeHUs YPABHEHUS JJIMHONH MarucTpaJiu, 3Ta
(pyHKuMsA BbIpaxkaeT 00beM BOAbI HEA0X01a KaK (PYHKIHUSA 00bABJICHHOI0
NPAMOro o0bemMa norpedIeHus :

VIi=0.400 x Vc
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Naumoctpanus 6 JinHelHbIH HHIEKC MOTEePb KaK QyHKIMS JIUHEHHOT0
HHIEKCA MoTpedIeHust

Cpaenenue C cyuiecmeyroniumu Ccoliikamu

Bce cebliiku 0oJ1ee HM MeHee MOC/1e10BATeIbHbI € JIMHEHHBIMH perpeccamu
0e3 TOUKH NepeceyeHus JJs UX ANAaNa30Ha 3aKOHHOCTH (y/AebHblIe Beca MoJ
45 u LCI nox 30). OnHako, TeHJAeHIHS NepPeoleHKH sl OOIIMPHBIX ceTeil
MOKeT ObITh CO0/II0AeHA.

OTHOCHTEILHO HALIIUX PE3YJbTATOB MBI MO7KEM 3a/1aTh BOIIPOCHI O
NPEHUMYIIECTBE MOCTCIICHHDBIX CCBIJIOK.

LUl [ fkmy/ day)
14

: > &
- H
| _// i : = = =Company 1

== Company2

— —Cempany 3

—llP=015D

For water companies references, conversion : LCI=0.395 D

] 10 20 30 a0 50 60 s 80 90 100
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HNumoctpanus 7 Cpasaenue: Bee cebliiku / munus Perpecca LLI kak
¢ynkuus D



CpaBnenne mexay JinneitnpiMm ungexkcom (LLI) IToreps u Henz0e:xxubivu
Exeronabivu Peanbubivu IoTepsivmu (UARL)

Heun3z0e:xnbie cpennue peanbable morepu (UARL) MoryT ObITH OLleHEHBI CO
ciaenyromum ypapHenuem (Jlamoept u 2000 Hirner; Alegre u apyrue 2000):

Lm
UARL = (18% + 0.8 + 0.025Lp) x P
Nc

CBs13b/1€Hb JTUTPOB/00CTYKUBAHUS, KOTIAa CHCTEMA 0KA3aHA HAKUM HA rje:
Lm - pmuna marucrpasnau (km); Nc 4ucia0 cBsi3eil 00CayKUBaHUSA;
Joarourpawinas mjiacTUHKa CpeaHsisi JJUHA cBsA3eil 00cay:kuBanus (m) u P
cpeaHee oNepanUoOHHOeE AaBjeHue (m).

CoOpaHHbIe 1aHHbIE He I0CTATOYHbI, YTOObI BLIYUCJIUTH TOYHYI0 IIEHHOCTH
UARL. OgHako, oleHKa MOKeT ObITh C/IeJIaHA COTJIACHO CJIeTYyIoIeMy
NMPEeANOJI0KEHHIO:

f Nc =N (s ceJbCKHUX ceTeil, YNCJI0 CBA3H - 0JIU3KO0 K YHUCJIY KJIMEHTOB),
f doarourpamoumas mjiacTUHKa = 8 m.
fP=50

IHocsie npeoOpa3oBanus eAMHUI, COTJIACHO ITHM I'MIIOTE3aM, OLIEHKA
Hen30eKHBIX €KeroIHbIX peajbHbIX MOTePh MOKET ObITh CHIENUATILHON B
MeTpe/KrujioMeTpe Ky0a MarucTpasiu/IHs:

UARL =0.9 + 0.05x D

I10 BeIpaxenne UARL kak QyHKIUS NJIOTHOCTH KJIMEHTOB TOMOT€HHO C
LLI, whitch mo3BoJisier cpaBHeHuUs.

Texymmue exxkeroannie peajsbHbie morepu (KAPJI) moryrt Takxke ObITh
CIelUATbHBIMHU KaK peajbHbIH MeTp/KHJIoMeTp Ky0a norepb
marucrtpaju/nus. ITo onpeaesieHu1o, peajbHblid 00beM IOTEPh BKIKYEH B
00beM BoabI Hepoxona tak, KAPJI <LLI.

HNunexc (ILI) yreukn nuagpacrpykrypsl onpeneneH kak CARL/UARL (Alegre
u apyrue 2000). s kaxngoi cetu Mmbl Boiuncaniau soay Henoxona
oTHomeHusi volume/UARL <ILI
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MBI MO3KeM 3aMETUTD, YTO 3a HU3KHe HeHHocTH D, LLI - menbine yem UARL,
no3tomy KAPJI - menbiie yem UARL. ITo Habar01eHne 00ecnevniio
CBU/IETEJbCTBO HENPUTOAHOCTH BhIyucaeHus1 IWA koraa ucnoJib3yercs
onpeneaurs UARL B ciy4yae oOIIMPHBIX ceTei.

Kone4yHo u3-3a npuOIHKEHHsI, HCII0JIb3YEMOI'0 MbI 10JI’KHBI ObITH
OCTOPOKHBIMU € pe3yjabTaTamu oueHkH neHHocred UARL. HecmoTps Ha Bce,
SICHO, YTO HAIIIH MPeANO0J0KEeHUS SABJISIIOTCH HE3AaBUCUMbIMHU OT IJIOTHOCTH
ceTH, Takum o0pa3oMm cBs3b Mexay VI/UARL u D peanbHa. IT0 03HaYaeT, 4TO
LHEHHOCTb 3TOI0 MHAMKATOPA JIfl CETH He MOKeT HHTEPNPETHPOBATHCS
HE3aBHCUMO OT IUIOTHOCTH KJIMEHTOB.

3akjoueHue

Ha ocHoBe 1aHHBIX, COOPAHHBIX IeHEHTPATU30BAHHBIMHU YCJIYTaMHU
MHHHCTEPCTBA (GPAHIY3CKOIO CeJIbLCKOr0 X031liCTBA, Mbl MOIJIM CTPOUTH 0a3y
aaHHbIX 15 000 ps10B ¢ OCHOBHBIMHM €5KerOAHbIMH 00beMaMM, YHCJI0
KJIMEHTOB M JIJIMHBI NlepeJayM U HeHHOCTell MarucTpan pacnpenaejeHus.



IlepBblii aHATHU3 KOPPeISLMN MeKAY HCXOAHBIMHU JAHHBIMU N10KAa3aJ1, YTO
00beMbI BOJbI HEJ0XO0/1a U MOCTABJISJIN BOAY, HACTOSITEILHO KOPPEJIUPOBAHBI:
VI =IIporus/3

CiuBasi 1aHHbIE KJIACCAMU, JUHEHHbIE perpecchbl 0€3 TOUYKH NepecevyeHust
JAaJIM caeaywimne csa3u, koraa D naxogurcsa nox 45 u LCI nox 30:

fLCI=0.395xD
fLLI=0.150 x D
£ LLI = 0.400 x LCI

I'ne: LCI npeacrasasier JIMHeHHbIN HHAEKC NOTPedIeHUs (m.}/km/nens); D
NpeACTABJAET IVIOTHOCTh KJIMEHTOB (KJaneHTbl/KM), 1 LLI npeacraBasier
JIMHEHHBbIN UHAEKC MOTePh (M.3/KM/)16HL).

OTpunarejibHAs TOYKA NepecevyeHns JMHelHbIX perpeccoB LLI kak pyHkuus
D u LLI kak ¢pynkuus LCI nokasaia, 4To, 10 CPABHEHHIO C YUCTIOM
KJIMEHTOB HJIM K 00beMy IOCTABJIsIEeMO# BO/IbI, VIHHA NepeAavu U
MarucTpaJjy pacnpenejeHus He UMeeT CYyLIeCTBEHHOI 0 3)eKTa HA YPOBHE
NnoTepkb.

HUcnoan3ys orHomenus mexay LLI, LCI u D Mbl MOkeM 3aMeTUTDb, YTO
pPa3iuYHbIe HEHHOCTH CChUIKH, HCNO0JIb3yeMble BO @paHIIUM BOAHBIMH
KOMITAHUSIMM U 001IeCTBEHHBIMHM areHTCTBAMM, YTOOBI CYAUTH NMPHeMJIeMblii
YPOBEHb YyTE€YKHM IOCJIeI0BATEIbHBI C HAIIMMHU Pe3yJIbTATAMH HECMOTPS Ha
TEeHACHUIMIO MePeoleHKH ISl 00IHMPHBIX ceTeil. CucTeMbI CCHLIIOK CKOOKAMM
He MOKAa3bIBAIOT HUKAKOI0 MPEeUMYIIeCTBA, NPONOPIHOHAIbHbIE CCHLIKH
ObLIM OBI JTyulle.

IIpu ynpoueHnu npeanoaoKeHuii Mbl OLIEHMBaeM Hen30eKHbIe esKeroAHbIe
peanbnbie morepu (UARL) cornacno D ucnosib30BaHue HEHHOCTEH CCHIJIKHA
IWA. JI151 ceTH ¢ HU3KOM IMJIOTHOCTHIO KJIUEHTOB, eHHOCTH UARL - BbINIIE
o0beMa BOABbI HEI0X0/1a, o0ecneYnBasi CBU/IETEJIbCTBO HENPUTOAHOCTH
HeHHocTel ceblIkM [WA Korga ucnoJib3yercs onpeejimTh Hen30eKHbIe
e’KeroJHble peajibHble MOTEPH B CJIydae CeJIbCKUX ceTeil.

IIpakTHyeckoe 3asiBJIeHHE Pe3y/IbTATOB, MOJY4YeHHbIX B HCCJIEI0OBAHUM OyaeT
oco3HaHo B Département ’Kuponabs! Ha FOro-3anane ®@pannun. I'naBubii
BOJHBIH pecypc B 3TO# 00JIaCTH - OT IVIyOOKHX PeCypCcOB I'PYHTOBOM BO/BI.
OnHu BoOOIIE CBEPXIKCILIYaTHPYIOTCS, U 0011lee YMEHbIIIEHUE B I0JI0Be
piezometric co0ar01eH0. UTOOBI NPOTUBOCTOATH ITOM CUTYallUH,
0011eCTBEHHbIC ATEHTCTBA OCYLIECTBUIIN CXEMY YIIPABJIATH HUKJIOM
pacnpeesieHHsl C COKpaleHueM a0CTPAKIUM OT 3THX INIyOOKHX PecypcoB,
SIBJISIOIIMXCS NMePBUYHON Heabl0. OIMH U3 Ba)KHbIX IIAT0B B BOJAHOM
IKOHOMMKE - COKPAIllCHUE MOTePb B BOJAHBIX CHCTEMAaX pacnpeaeJeHus.
SMEGREG, o0mecTBeHHasi CTPYKTYPa, 0TBe4Yaloliasi 32 ynpaBJjieHue BOJIHOM
IKOHOMMEM, Oy/IeT UCI0JIb30BaTh CBA3M MeKIAy 00beMOM BO/IbI HEI0X0/1a U



APYTHMH JAHHBIMHM M HHIAMKATOPAMH, CJICAYOIMMH U3 3TOr0 UCCICAOBAHNS,
cleJIaTh ycIeXH B ONpe/ieIeHNU KOJIMYeCTBA MOTEHIIHAJBHBIX COKpalleH Uit
BO/IHOI MOTEPH U PACHOJIAraTh MO MPUOPUTETAM CpPaKeHHe MPOTHB yTe4YeK B
HepapXuy BOJHOI0 YIIPABJICHUS pacinpe/ieeHus.
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IIpakTu4yHOCTH, BOBJIeUeHHasA B Boaubiii basianc qoka3aHa onbIToM
MHOKeCTBA KOMIIAHHUI YTHJIUT U BOJHBIX NPeJCTABUTE /el YIIPaBJIeHUA BO
BceM mupe. U cocraBiienne 3Toro 60ajnanca, i BBIYUCICHUSI MHAMKATOPOB
padoThI, MOJY4YEHHBIX M3 TOI0 K€ CAMOI0, OPUEHTUPYeET YCUJINS,
NOCBSILIICHHBbIE MOJYYCHUI0 YBeJTMYeHHOU I(P(PEeKTUBHOCTH B BOJHOH
pacnpeaeJuTeIbLHOI CeTH U B €ro onepamnum.



IWA pacnpoctpanusa ¢popmar AJisi TOro, 4T00bI PeIAKTHPOBATH U3 ITOT0
0asianca B (popMe UTOrOBOI IMArPaAMMBbI, KOTOPasi 0TBe4YaeT HA THIIMYHbIE
NMOTPEeOHOCTH OIPOMHOI0 00JILIIUHCTBA MOCTABIIMKOB, MEHEI:KEePOB U
aIMHUHHMCTPALMH, CBA3AHHBIX C BOAOCHAOKEHUEM M pacipeieIeHueM.

Kanaa de U3a6ean 11 oTBeTcTBeHEH 3a ynpaBjieHue O0J1acThIO 1EJI0T0
BOAHOTr0 nukjia Maapuaa. OTHOCUTEIbHO OCTABKH, 3TO MPEACTABJISAET
neiicteue 14 namdamu, 12 3aBogamu 00padoTKHU, 77 KoJOAUAMH U OJU3KO K 15
000 kM marucrpayu. 1o paccuntoiBaer ¢ 1 110 000 konTpakToB
BOIOCHA0KEHM 1, KAXK/AbIH € €ero COOCTBEHHOI MHAMBUAYAJILHON BOI0M,
U3MepSIoNIed YCTPOUCTBO. DTH MOJIb30BATEIN CBA3AaHbI C CETHIO MOCPEICTBOM
600 000 cBsizeit BomocHaOkeHus. IlocraBka nocturaer nacejaenus 6 000 000,
AeJuBIINA Mexay 177 MyHHOMIIAIUTETAMM.

Kanaa de U3a6enn 11 BecbMa 3HaeT 0 peuMyLecTBaxX, KOTOpPbIe OajlaHC
o0ecneunBaeT, KAK AHAJIN3 KOPPECTOHICHIUN MEKAY NOCTABKAMM U
noTpedjIeHueM M, He HAall[PACHO 3TO MPOCHJI0 KOHTPOJIbHbIE METOAbI B TEYCHUE
0oJibie yeM 15 JieT, 4TO0BI YHPABJIATH U YIYYIIUTH 3P PeKTUBHOCTH B
00CJIy’>KUBAHUM NOCTABKH, 32 KOTOPOE 3TO ABJIAAETCH OTBETCTBEHHbIM. Psij
U3MEeHEeHUI M 0cO0eHHOCTel ObLT BBECH 110 ITOMY IPOMEKYTKY BPEMEHH TaK,
4yT00bI BOJHASI AUATPAMMA pe3loMe 0a1aHCa TOYHO OTBETHJIA HA Pa3/IMYHbIe
(paxkThI, KOTOpPBIE COCTABAAT O0JIACTH BOJHOI0 YIIPABJEHUSA HUKJIA
Maapunaa.

Kak T0JIbKO BbIYNC/IeHHE H OLIEHKA PA3JIMYHBIX IVIaB, KOTOPbIe COCTABJISIIOT
BOJHBII 0aJIaHC, K KOTOPOMY MbI 00paiaeMcsi, ObLJIM NPUHATHI, IOTPEOHOCTH
BO3HHMKAET, YTOOBI OLIEHUTH TOYHOCTH PA3JTUYHBIX 00EMOB, KOTOPbIE
Ha3HAYeHbI HA ITH IVIaBbI MJIM BOJAHOe npeaHa3Havyenue. [lorpemnocrn,
KOTOpPbIe CONMPOBOKAAIOT KAMK/IBIH 3TUX YACTHYHBIX pPe3yJIbTaTOB,
NpeBPATATCHA B HEYBEPEHHOCTDb, KOI1a 3TO NPUOBLIBAET BpeMsl, YTOObI
OPUEHTHPOBATH 32/1a4M, HAalleJICHHbIE HA UX COKPAllleHUEe U ONpele/IuTh
peajibHbIl 00beM MOTePb, BOBJIEYEHHBIX B CKPBHIThIE YTEUKH.

MeTtoabl 115l BHIYUCJICHHS U OLEHKH 04YeBU/IHBIX KOMIIOHEHTOB MOTEPH
O0amanca B Kanajie de cucrema nocrasku M3abeasn Il npeacraBiienbl B 3TOM
cTaThe, BbIIeJsisl NYHKThI HEYBEPEHHOCTH, B KOTOPBIX MbI IIOIBEpPraeMcs v
HEePEeLIUTEeIbHOCTD, IPEACTABJICHHAS TEM Ke CaMbIM, BBUAY OLICHKH 00beMa
peaJIbHbIX NOTEPb.

O KanaJue de 6adanc U3zaoean I1.

Kanaa de U3abenn 11 pazpabaTbiBaeT BOJAHbIE 0aJIaHCHI 10 BCEM
BO3MOKHOCTSIM €r0 KOMIIETEeHTHOCTH, 0 I PepeHPOBAHHBIM 00J1aCTAM
MOCTABKH U MO ceKTopam ceTH. Kpome 31010, paccmMorpeHbl pa3jin4Hble
NEePHOAbI AHAJIN3A: eKEeMEeCIYHO, eKEKBAPTAJIbHO, OJIYT010BOM U
exxerognblii. Camasi cymecTBeHHasi padoTa BbINOJHEHA JJIA IJ100aJIbHbIX
BO3MOKHOCTEH BJIMSIHUS M €5KeroHOro nepuoga. C 3Toro BpeMeHH 310 -
0ajlaHC, K KOTOPOMY MbI 00paTHUMCH K.



IIpenMyuiecTBO B 3TOM CTPYKTYpe ONEpanu COCTOUT B TOM, YTO MbI
paccuYuThIBaeM CO Bceil HeoOxoauMoil nHdpopMaueii, YToObI pa3padoTaTh
BOJHBbIH 0aJIaHC B pAMKAaX OTBETCTBEHHOCTH, KOTOpPasi cjleAyeT U3 pa3jiMYHbIX
OT/eJIOB TOM Ke caMOoii KOMIIAHUHU, KOTOPbIA 00Jier4aer noJy4eHue
uHopmanuu, KoTopas Oyaer odpadorana.

I'naBHbIi BOJAHBII 00beM (110 KpaiiHeil Mepe 77 % MOJHOT0 BX0/1a) 10CTUTaeT
YACTHBIX M0JIb30BaTe el M 3aperucTPMPOBAaH HHAMBUAYAJIbHBIMH BOJAHBIMH
MeTpaMH. ITOT 00beM JAeJTUTCH MEK1Y H3MEPEHHbIM 00bsABJICHHBI, U
U3MepPEeHHbIl He0ObABJIEHHBIN (M3MepHJI He0ObSIBJIEHHbIE Pe3yJIbTAThI
npudan3uTesbHo 1 % 001mero KoJan4ecTBa, N3MEPEHHOI0 B MOJIb30BaTeJIsAX).

O0beM nmocraBjisieMoi BO/Jbl, KOTOpass HE UBMEPEHA B MMOJbB30BaTECIAX,
pa3ac/i€cH Ha IBA BA’KHBIX NOHATHUA: OYCBU/IHBIC IIOTCPU U P€aJIbLHBIC IIOTCPU.

OueBnaHbIC NOTEPHU BCEra BKIKYAKOT NPeAHA3HAYEHHE BOAbI, KOTOpasi 0e3
TOT0, YTOOBI OBITH H3MEPEHHBIM HCIOJb3YETCH TAK WIN HHAYE B ONlepaluu
CETH M ee 3JIEMEeHTAaX, UM B YIIOJTHOMOYEHHOM MJIH HEeYIOJHOMOYHBAJIA
peajibHOe HeM3MepeHHoe norpedenue. B ciayyae Kanana de U3abeas 11,
BBH/Y Ba’KHOCTH, JAHHOM, YTOOBI OTACJIUTH AHAJIHU3 NOTPeOJIeHNsI U3MEPUJI B
M0JIb30BaTeJIIX, 00beM 00bABJIEHHON BO/IbI, KOTOPAsl He 3aperuCTPUPOBAHA
MeTpaMHM, TAK:Ke BKJIIOYEH B 04eBHIHbIe noTepH. IIpoucxoxaenune
CKA3aHHOI'0 COCTABJICHUS CYETOB - Pe3yJIbTAT COIJIALICHHUS C ONpee/IeHHbIMHU
MYHUIMIAJIATETAMA OTHOCHUTEJIbHO OYMCTKH YJINI, 1 COOPAHUIi, CAJTAHHBIX
OT TPETHHUX JIML, KOT/Ia OH! BbI3IBAIOT B3PbIBbI ¢ BOAHBIMHU MOTEPAMMU.

Kpome HensmMepeHHOI 00bABJICHHOI BOAbI, 04eBUAHBIC TOTEPH COCTABJICHBI
TPYOOil Hccymaouuii U youpawouuii 00beM, MOIIIeHHUYECKOe
HCIO0JIb30BAHME, MOAN3MePeHe MHAMBUIYAJIbHO BOAbI, M3MePSIOLIei
YCTPOIiCTBA M HEeU3MePEeHHbIe BHEIIHME MYHUIMIIAJIbHbIE HCII0JIb30BAHMS.

Bce, 4T0 onMcaHHBIH NMpeaCTABJIEHO B JMarpaMMe pe3oMme 0ajnaHca,
BEPTHKAJBHO YUTAJIO0, B KOTOPOM pa3beIMHEeHbI IVIaBbl, I0KA 1eTAJH, MbI
KOMMEHTHpPYeM, (paKTHYeCKH He JOCTUTHYThl. HakoHeln psia cepBUCHBIX
NneperpynnupoBoOK 100aBJIeH IS AHAJIM3a BOAbI 1 KOPIIOPATUBHBIX
pe3yJIbTaToB.
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JMuarpamma bananca wunocrpanuu 1 ¢ Kananom de U3adeasn I1 @opmar.
OueBuansbie norepu B Kanase de 6ananc Uzadeas I1.

ITO - 00beM HecUUTaBIIEH BOAbI B MHAUBUAYAJIbHBIX KOHTPAKTAX, XOTH 3TO
He MpeCTABJseT PeabHYI0 OTEPIO0, IPH YCJIOBHH, YTO ITO HMeeT CBOEro
Po/ia HHANBHUAYAJIbHOE, KOJJIEKTUBHBIH /M CeTh IKCIUIyaTallHOHHOE
HCI0JIb30BaHUe, UM MIOTOMY YTO €ro IeHHOCTh IKOHOMHO BbI3/10pOBeJIaCh,
JasKe ecJIM ero npeJHa3HavyeHHe He MOJIe3HbIIi.

ITO0 BKJIIOYAeT HeU3MepPEeHHbIe 00beMbl M3-3a OAU3MEepPeHHs B MeTPaXx,
Heu3MepeHHoe norpedieHue (BKJIKNYAET HEU3MEPEHHYI0 00bSBJICHHYIO BOAY B
Croauny Maapuaa), BO3MOKHbIE MOIIIEHHUYECKHE CBSI3M U ONepanus
BOBJICYEHH S MCII0JIb30BAHUI M NPOLECCHI pacpeAe/JuTeIbHON CeTH, ITKC
BO/Ia, KOTOPas MOTEePsAHA (XOTS 00bSABJIEHO) B CJIy4ae B3PbIBOB, BHI3BAHHBIX
TpeThbuMHu JunaMu. [lo1HbIN eskeroaHbIi 00beM OUeBHAHBIX NOTeph B Kanase
de U3ab6ean Il npeacraBui npudau3uTebHO 12 % MOJTHOrO eKeroIHoro
BX0/1a CHCTEMBl.

O4eBuHBIE IOTEPH - B HACTOSIIIIEe BpeMsi MPUYUHA /ISl cieu(puIecKoro
OecnokoiicTBa 1is Kanana de U3adeas 11, koTopasi BbINOJIHSIET BaKHbIE
YCWINS YIAYYIIUTH Pe3yabTaThl B TEPMUHAX MOJTHOH M3MEPEHHOMH BOIbI. JTO
JeJiaeT BbIYMCJICHHUE IJ1aB, COCTABJISIONIUX TO e caMoe M TOYHOe 3HAHHMe
OomMOOYHBIX KpPaeB, KOTOpPbIe 00padaThIBAKOTCSI HAMHOI0 00Jiee BaskHbIe. JTO
TOJIBKO 3aKAHYMBAET TO Ke CaM0e, YTO HCTOYHUKHU, BHI3BIBAKOIIHE
OYeBH/IHbIC NMOTEPH (U ero 0COOEHHOCTH) B CHCTeMe MOTYT ObITh
UAeHTH(UIMPOBAHBI TAK, YTOOBI padoTa MOIJIa TOr/Aa ObITH BHINOJHEHA HA ee
COKpAIlleHUH WM YCTPAHECHHUH.

Kaxablii npegHasHavYeHus JJI BO/Jbl, KOTOPOEe PACCMOTPEJH KaK O4YeBU/IHbIE
MOTEPH, ONMKUCAH HA 3eMJIe.

Bunewnee mynuyunanvnoe ucnonv3zosanue: nyoauKka yCmpaueaemcs u
uppuzayus caoa.



JTa riiaBa npeacTasJisieT Heu3MepeHHbI 00beM, HCI0JIb3YeMbli
MYHUIUIIAJIUTETAMA B MPPUTALIMH 3€JIeHbIX MeCT, 001eCTBEHHbIX
IUIABATEJbHBIX 0ACCEITHOB M ONEePAllUM IEeKOPATUBHBIX (DOHTAHOB.

Psiaq MppuranMoHHbIX BbIX0A0B, KOTOPBLIM He YCTAHABJIUBAJIM BOAY,
U3MepPSIOLIYI0 YCTPOCTBA, CYylIeCTBYET BO MHOTMX MYHHUIIUIIATUTETAX,
BKiIOYeHHBIX B Kanaa de Bo3moxnocTu U3a6ens I1 orBeTrcTBeHHOCTH. JTA
KOH(Urypauus - HacJaeACTBO MPOLLIOr0, B TeYeHHEe KOTOPbIA COrIalleHUs ¢
KPUTEPUSMH, KOTOPbIH ObLJI OTJIMYEH K 3TOMY B HACTOsILLIee BpeMs
NPUMEHEeHHbIH, ObLIN popMau3oBaHbl. MyHHIMIIAJbHBIE CJIYyKallHEe TAKKE
HMEIOT J0CTYI K FTHAPAHTAM, OT KOTOPBIX 001eCTBEHHbIE JOPOrd HII3YHTCS
U OYHUILEHBI.

O0bemM, KOTOPBIHA COOTBETCTBYET BOAHBIM NMOTPEOHOCTAM, BOBJICYEHHBIM B
3TH 0011leCTBEHHBbIE 3eJIeHble MeCTa, (POHTAHBI U MJIaBaTeJIbHbIe 0acCeilHbI,
BbIYUCJIEH, IPUMEHAS] YHUTAPHYI0 BOJHYIO 103MPOBKY 10 MOBEPXHOCTAM
COIJIACHO 0COOCHHOCTAM U Mecsly roga. O0beM, H3MepPEeHHbIH B
MYHHMIUNIAJBHOM BOJE, H3MEPSAIOLIEH YCTPONCTBA ¢ MPPUTALMOHHBIM
TapudoM, 1 1J11 OIJIAYMBAEMbIX U VISl HEOILUIAYMBAEMbIX KOHTPAKTOB,
o0ecueHeH 0T 3TOro0 He00X0AMMOr0 KOJIHYeCTBA, Pa3beAUHEHHOT0 B
MYHHUIMIIAJIUTET.

Yuumapnas e0dnasn 0o3upoexa Obli1a onpeesieHa B arpOHOMUY€CKOM
HCCJIeJOBAHUM 110 3eJIeHbIM 3arosopam 3emuid B Coo0mecrBe Maapuaa, B
KOTOPOM MeCTa JJIsi HPPUraluy ObLIM CTPYNIIIMPOBAHBI B TPH KATErOPUM:
JAepeBbsi, KYCTADHUKHU U TPaBa. Bognasi imarpamma 103MpoBKH, B
KYOM4eCcKHX MeTpax B MecCSIl M FeKTap IJIA KaXKA0i KaTeropuu, ObLia
BbIYMCJICHA B COOTBETCTBUH C PeajbHbIMH IUVIAHTAMAMHA U UX
NpeaCcTaBUTEeJIbHBIM YPOBHEM B 3eJIeHbIX FOPOACKHX o0J1acTax. B mogo6Hoit
MaHepe B cJy4ae IUIaBaTeIbHbIX 0aCCEHHOB M BOJHBIX CJI0€B B
AEeKOpPaTUBHBIX (pOHTAHAX BOAHAS J03MPOBKA, KOTOPYIO PACCMaTPUBAIOT, -
TOT, MPEeACTABJAIMIUN rIyOuHy dj1eMenTa. Takum o0pa3oM Ta xe camasi
METO/10JIOTUsI IPMMEHEHA 10 MOBEPXHOCTHAM M 10 HPPUTALMOHHBIM 00J1aCTAM.
BoaHble 103UPOBKH BKJIKYAKT KIUMATHYeCKHEe (PaKTOPbI, YTOObI
NMPUCIOCOOMTHCH K peajibHbIM YCJIOBHSAM MEPUOAA NIPH UCCIAEAOBAHUM.

Ilybauuno naxooauiuecs 6 COOCMEEHHOCHU 3€1eHble 20PO0OCKUE NOBEPXHOCHLU,
10 KOTOPbIM HMeeT MeCTO UPPUTranus, onpeejeHbl Ha 00J1aCTH, KOTOPbIe
OBbLIIM JIOKAJIM30BAaHbI OCPEACTBOM 3cTakaabl B roay 2004, ¢ koropoi
HHBEHTAPb MAPKOB, CA/10B, IIABATEJbHbIX 02CCEIIHOB, ObLIIM 00HOBJICHBI
(oHTAHBI 1 001IECTBEHHBIE BOI0EMBI B NPeAeaX MOJTHbIX BO3MOXKHOCTE.

To4HOCTH pa3MepoB 3e/ieHbIX MOBEPXHOCTEl, MJIaBaTeJIbHbIX 0acCeiiHOB H
0011eCTBEHHBIX (POHTAHOB - BHYTPUKaaacTp. Besa undopmanus,
NPOU3BEACHHAs B HCCIEA0BAHUY ObLIa CBAJICHA B reorpapuueckyro
KOPIMOPATUBHYI0 HHPOPMAIMOHHYI0 CHCTEMY, YTOObI 00J1erYMTh KOHTPOJIb
BOBJICYCHMS 3a7a4u ero npuroaHoctu. Iloaxoasimee cpaBHenne ObLI0
BBINOJIHEHO ¢ KAPTAMHM 3eMeJIbHOI0 PerucTpa, aHaI0rH4HO 00beAMHEHHBIMH



B KanaJie de cucrema cnenuaabnoii rpynnsl U3a6ens 11, Torna Haznauath
00111eCTBEHHYI0 WJIM YACTHYIO COOCTBEHHOCTb.

B HacTosiiee Bpemsi BJIMsIHME H3MEHEHHS, IOPOKIEHHOI0 CePbe3HbIM
MePUOAOM 3aCyXH, nepeHeceHHbIM O0sacTei0 Manpuaa (cenrsiops 2005 1o
Mmasi 2006) B uppuraumoHHoii HHGPACTPYKType B TOM MMEHUHU OTHOILIIEHHE K
HOBO# YHUTAPHOI1 BOJHOM 103MPOBKe, CBA3aHHOM ¢ 0oJiee 3¢ PeKTHBHBIMHI
MeTOAAMM HAXOJMTCH MO/ UCCJIe0BAHUEM. AHAJTOTHYHO
YCOBEPIICHCTBOBAHUS 110 MCCJICIOBAHUIO IOBEPXHOCTE, 00ecIeYeHHbIX
CILyTHUKOBBIMH CHCTeMaMH (POTOMHTEPIPETAIUN U300PAKEHUS TAKKe
OLICHUBAIOTCA. ITA CHCTEMa MOIJIa 00ecreYuTh 00JIblle NPOBOPCTBA U
YBEJIMYNJIA TOYHOCTh B BIYMCJICHHH YeM (POTOrpaMMeTpHYeCKHe M0JIeThI, Ha
TPaHM Ja’e YCTPAHEHHUs OIIMOOK, KOTOPbIe IPOU3Be/IeHbl B OLICHKE
CBEPXMPPHUTALMH, IPH YCIOBHH, YTO U3JIMIIEK UIH Je(eKThbl, NIPOU3BeICHHbIE
B HPPUTallMU PACTUTEIbHBIX PA3HOBUIHOCTEH (M MX 3ar0BOPbI CCHUIKHU) ObLIN
ObI HENMOCPEeACTBEHHO NPOAHAJIN3UPOBAHBI.

OWNERSHIP

FRIVATE

-

BuemHocTh muLTIocTpanuu 2 ucnojb3yer B Kanane de kopnopatusHoe
CTEKJIO U3abeas 11 (I'eorpadpuyeckass Mudopmannonnas Cucrema),
GAMBA.

IoBeneHue pa3IHYHBIX 3eJ1eHbIX 00J1acTeil M MAPKOB, KOTOPbIE
NEHCTBUTEIBHO PACCYMTHIBAIOT C BOAOH, H3MEPAOLIECH YCTPOMCTBA AJIs1 MX
KOHTPOJIsl, 0bLJI0 NPOAHAJIU3UPOBAHO NMOAPOOHO, YTOOBI ONIPeIeTUTH
CBEPXMPPHUTALUIO, IKCTPANOJIUPYH 3aAKIHYCHUS, KOTOPbIe ObLIH MOJIYy4Y€eHbI.
JTO - onepanms, KOTOpPasi 0TAAJIA CAMYI0 00/1bIIYI0 HEYBEPEHHOCTh B
BBIYHCJIEHUH, XOTHA MeTOA0/10TUsl (aKTHUECKH He 3aBHCUT OT 3TOro paxkra, T0
€CTh 30HMPYET, 1 /1a’Kke MeCTHbIe CBePXHUPPUTAlMOHHBbIE (paKTOPBI OYAYT
NPUMEHEHBbI B 0yayuieM, TAaKMM 00pa3oM 1oJy4asi TOYHOCTh, KOTOpasi Oblji1a
NOTepsiHA.

PdakTHYECKH, KOHTPOJIb H3MEPEHHOI0 BOAHOI0 MOBeIeHUsI NOTPedIeHus 1S
HPPUTranuu 001eCTBEHHBIX 3eJIeHbIX 00J1acTell GyHIaMeHTAIeH, YTOO0bI
onpeaeJUuTh J03MPOBKH MOJUBHON BOAbI, MOCKOJbKY 00001ICHHOE H3MEHEHHUE



B HPPUTALMOHHBIX METOAAX U PYKOBOASIIMX NPHHIHUIIAX B 00/1bIINX
O0IIMPHBIX MYHUIIUNIAJIUTETAX HMeeT peliaoilee BJAUsTHIE HA BHIYUCIEHUE
o0bema U151 3TOM rj1aBbl. B TeueHHe mocjieTHUX HEMHOTHX KaMIIaHWii padoTa
ObLJIa BBINOJIHEHA 10 JIUHUM BOJHOI0 BOCCTAHOBJICHHS VIS ITHX
HCMO0JIb30BaHMIi. ITO MOHATHE yKe BKJIIOYEHO B MPOIeCChl BLIYUCIEHUs 151
3TOM IJ1aBbl, BLIYUTAsA 00beM 0T HEM3MEPEHHO MOTPEeOHOCTH B TOM Ke CaMOM
HCNOJIb30BAHUM.

Ouiudounsblii Kpaii B HEU3MEPEHHOM 00111eCTBEHHOW MPPUTallui NPUBOAUT K
15 %, 1 B 00JbI1IECH Mepe 3aBHCUT OT OLIEHKHU CBePXHMPPHUTalliM, 2 He Ha
BOJHBIX [I03UPOBKAaX, M B MEHbIIEH Mepe HA MOBEPXHOCTH B THII
HUCNOJIb30BAHMSA:

Heuszmepennaa mynuyunanvnaa uppucayuonnan owuoka (%) =f
(ceéepxuppuzayus; 003upoeka; nogepxunocms) =15 %

Taxkum o0pa3om, B ronoBom 0asnance Kanana de Kanaa de U3ab6ean 11,
HeU3MepPeHHbIl 00beM, HCIOJIb3yeMbli MYHUIUNIAJINTETAMM /IJI1 UPPUT AU
3akaHuMBaercs 2,9 % moJaHoro oobema Bxojaa, ¢ MUHYTO 1 Makcom Mexay
2,4 % u 3,3 %.

Bhewnue mynuyunaivHvle ucnonb306anusA: Winl0306anue u 04UCmKa
00uwecmeeHHnvIX 00poe.

MeTo010/10THs1 B 3TOM CJ1y4ae HICHTHYHA ONIMCAHHOMY /JIs1 3eJIeHbIX 00J1acTei,
Aa’e B POUCXOKACHUM JAaHHBIX U ero 00padoTku. IloBepxHoOCTD, YUTCHHAS
Tenepb COOTBETCTBYET 001ECTBEHHOM IOPOKHOM CHCTEeMe, KOTOPas SBJISAETCS
BOCIIPMUMYMBOI1, YTOOBI HLTH30BaATHCS.

Boanbie AO3UPOBKHA HA3HAYECHDBI B OTHOIIICHUH HCI0JIb30BAHUM U TaMOKHH,
BOBJIEKAIOILIEH TroOpoaACKHE YCIYI', KOTOPbIC Oﬁoﬁmeﬂbl AJIF BCEX
MYHHIHIIAJIUTETOB.

To, koraa 3To NpuObLIBaeT BpeMsi, YTOObI 00eCHeHUTh 00beMbl, H3MEPEHHbIE C
3TOM LEJbI0 B KaXKJA0M MYHUUIMIIAJIUTETE OT HEOOX0AMMOM BO/IbI, 3TO ONKMCAJIO
B BOJTHOM IOHATHH, KOTOPOEe 00bSBJICHO HEM3MEPEHHOEe B MYHMIMIIAJIUTETAX,
HMeeT Ne4YajaibHO U3BECTHOE BJMAHUE. JTAa HEeH3MepPeHHAasi 00bsIBJICHHASI BO/AA
(pakTHYECKH PACIIOJIOKeHA B MyHHIMIIaJauTeTe Maapuaa, MecTONo0KeHne,
rae KOJM4ecTBO 00eceHeHo, YTO0ObI n30e:KaTh 1y0JJMpPOBAHUS B BHIYUCICHUM.
O0beauHeHNE BOCCTAHOBJICHHBIX BOAHBIX PECYpPCOB VISl YJIUIbI, IVTIO3YIOLIel
B Maapuae Takxke 0C00EHHO AKTHUBHO.

Ouwiubounslii Kpaii B HeM3MEPEHHOM HCI0JIb30BAHUH VISl YJIUYHOIO
HLTI030BaHus NPUBOANUT K 20 %, 3aBUCS M HA BOJAHOM J03UPOBKe U HA
MOBEPXHOCTH, 0 KOTOPOii (paKTHUECKHU ITO UMEET MeCTO:

Heuszmepennaa mynuyunanvnan winioyrwouwias omuoka (%) = f (éoonasn
o0o0a3annocmu; nogepxunocms) =20 %



B rogoBom 0anance Kanana de U3za6eas II, 310 mpeacrasasier 0,23 %
NMoJIHOT0 00beMa Bxona. Munyra u Makc - toraa 0,18 % u 0,28 %.

Heusmepennutii 00va671eHHbLIE MYHUWURATUMEMAM.

CoraacHo coryameHnnio, noanucanaiomy mexay Kananom de U3zab6ens 11 n
Crosamua Maapuaa, cocTaBjieHHe CYETOB - B OLICHKY OIpe/IeJIeHHOI0
€KeroJHOr0 BOJHOI0 00beMa, MMEI0IIero OTHOIIEHUE K MOHSTHIO
HCIO0JIb30BAHUSA 00IIECTBEHHBIX T0POKHBIX THAPAHTOB, KOTOPbIEe HE UMEKT
BO/Ibl, M3MEPAOIIEH YCTPOMCTBO AJIsl TOr0, YTOOBI 1e/1aTh 3alMCh U3
BOJOCHA0KeHHs. ITO OBLIIO IPOBEPEHO, YTO BOOOPaKaeMoe KOJIMIECTBO
npucnocadmBaeTcs NPaBWIbHO K HE00X0AUMOMY 00beMYy /LISl YU,
LUTIO3YIOLIel B KalluTaJjie, X0Ts 3TO He I0OCTUIaeT IMOJHOI0 eKeroAHOro
00beMa, KOTOPbIil BLIYMCJIEH B COOTBETCTBMH C METO/10JI0THel, ONMUCAHHOM
BbillIe. Bo BCAKOM cjlydyae HeyBePEHHOCTD IepelaHa rjiase JJsi TOro, YTo0bl
LUTI030BaTh U3 001ECTBEHHBIX J0POT, B KOTOPBIX 3TO ACPKUT JUCKOHTHYIO
POJIb OTHOCHTEJIbHO BOJAHBIX NOTPEOHOCTEH B ITHX 321a4aX OYUCTKH.
Y4utbiBasi, UTO OI[EHKA C/1eJIAHA B TeUEeHHE MOJTHOI0 NMePpuoia, NPeuMyIecTBO
pacnpeae/ieHusi TOr0 COrJIACHO Ce30HHOM MpPUPoe NOTPEOHOCTH, KOTOPas
o0OHapy:KeHa NJIfl J10POrH, HLII3Y0LIel 3a1a4y, IPUHAT.

ITO0 03HAaYaeT, YTO OIIUOKA MOIJIa CYLIeCTBOBATH B pacnpeieleHNU
KOJIMYECTB MKy 3TUMHU ABYMS I[NIABAMH, HO YTO €ro CyMMa He 00513aTeJIbHO
noapasymMmeBaet 00Jibllie HEYBEPEHHOCTH YeM TOT, COOTBETCTBY IO
MeTO/0JI0TUH, KOTOPAsi MPUHSATA J1JIsl BLIYMCICHUS BOJIHBIX MOTPeOHOCTEH B
3THUX MYHHIIUNIAJIbHBIX 3a/1a4ax.

Onna u3 pa6or, koTopas siBjasiercsi 1opoxHoil B Kanase de U3abens 11,
COCpPeI0TOYEeHA HA YCTAHOBKE HHAUBUAYAJIbHON BO/AbI, U3MEPHIOLICH
YCTPOICTBA B THAPAHTAX U MPPUTALMOHHOM psiAy B ropoae Maapuae u
APYTrUX MYHUIMINIAJINTETAaX. 3aperucTpUPOBaHHOE H3MeEpPeHue BcexX onepanmii,
BOBJIEKAKOIIHUX 001IECTBEHHYIO IOPOKHYI0 CHCTeMY OyAeT JOCTYIHO 3a
CpeIHUM CPOK.

KpOMe TOTO, Oﬁ'be}:[HHeHl/le HCHpaBJIeHHOﬁ BOJBbI ﬁy}IeT npumMevdaTeJbHO TOYHO
B 3THX HUIIIO3YIOIIUX 3ada4Yax, IPOUCXO0KACHUEC KOTOPBIX 6yI[eT B TpeTHqHOﬁ
OﬁpﬂﬁOTKe CTOYHBIX BOJ1, OYNIIAKOIIHNX 3aBO/bI.

Jrta raasa npeacrasiaser 1,7 % 1moJIHOro eskerogHoro 00bemMa BXojaa CHCTEMBbI.
Hccywenue.

Hccymenne BKIKOYAET Te 00beMbl, HCII0Jb3yeMble B ONIEPALUIO CETH,
NMOKPHIBasi U 3aNIPOrpaMMHPOBAaHHOE HUCCYILIEHUE U UCCYylIeHne,
BBINIOJIHEHHOE, YTOObI MOKPBITH HEOKUIAHHBIE MOTPEOHOCTH.

JdaHHble 17151 BbIYUCIAeHus moay4deHbl oT Ilpexynpexnaenns u CucreMsl
Yupasiaenuss Unuugeato (GAYTA), B koTOpOM 1aTa, HA4aJ10 U BpemMs
KOHIA IeHCTBHS 3apPerucTPUPOBAHbBI, 3JIEMEHT, KOTOPHIM BBIIIOJHEHO TO Ke



camoe (HCCylIeHe JUuaMeTpa Wi u3MepeHusi KpaHa Hadopa, ecyiu ciaydai
J0JIKeH ObL1 ObITHh TaK:Ke), HAPAAY € MOAXOAAIMMH KoMMeHTapusiMu. O0bem
KAK/10T0 UCCYIIEHUS], BHINMOJHEHHOT0 HA CeTH B T€UEHHE €5Kero{HOr0 nepuoaa
aHAJIM3a TAKUM 00PAa30M MOJIy4YeH ¢ YIIOMSHYThIMH JAHHBIMH, TO 7K€ caMoe
MOCPeICTBOM TPAAMIMOHHBIX BOAHBIX GOpMY.I.

Koraa nepuoa onepauuu uim 1uaMeTpa He 3aperucTPUPOBaH, TOI1a CPpeIHre
U3 JIAHHBIX, KOTOPbIE ABJISIOTCS JOCTYNIHbIMHU VISl IKBUBAJIEHTHBIX OIlepaluid,
NPUMEHEHbI, Pa3JIn4as [JIABHBIM 00Pa30M IPEHAK B BbIXO/ U IPCHANK,
BbIINOJIHEHHBIA BO BCEM U3MEPEHHMH MMOJb30BaTe el (04eBUIHO ¢ MEHbIIUMHU
nuamerpamu). BoaHoe 1aBJjieHne, KoTopoe 0yJaeT pacCMOTPEHO OLIEHEHO B
KAKAYI0 30HY MJIM CEKTOP, UCNO0JIb3yH 60 MeTpOB 1aBJIeHUS 110 YMOJIYAHHIO,
KOTOpOeE fAABJISIETCH CPeHUM AaBJjieHueM B y3iaax Kanamna de ceru U3abeas II.

Takum 06pa3omM B 3TOii MaHepe HEYBEPEHHOCTH MPOKNBAET B 3aM0JTHEHUH
He00XO0UMBIX TAHHBIX /IJIsl BBIYUCJIEHHS MOTOKA U 3P (PeKTUBHOr0 Mepuoaa
uccymenusi. CkazaHHasi HeyBePeHHOCTh ONpe/iesieHa KOJIUYeCTBEHHO HA
YHCJIO MPEIN0JIAraeMoii JaHHO BeJJHYNHbI, H YYUTHIBAas THCIEPCHIO
MOJIEBBIX TAHHBIX, ¢ KOTOPBIMH Pad0oTa BHINOJHEHA, YTOObI 32/1€J1aTh JIAr'yHBI.

Owiudounslii Kpaii 1Jisi 00beMa IPeHaka B pacnpeae/uTe/JbHON ceTH
npuBoauT K 15 %, riiaBHbIM 00pa3oM B 3aBUCUMOCTH OT 3¢ (peKTUBHOTO
AUAMETPA 3J1eMEHTOB JAPEHAKA U BOJHOI0 1aBJICHUS:

Hccywmenue omuoku (%) = f (Ouamemp; oasnenue; epems) =15 %

Hcnoab3oBanus onepanuu AJsi KaHaau3anui cetu npeacrasiasior 0,10 %
MOJIHOT0 00beMa, ¢ MuHyToi — Makc 0,09 % - 0,11 % nosaHoro oonema.

Ouucmka u oe3ungpexyusn Hoevix mpyo.

BorunciieHne 3T0ro NOHATHS BBINIOJHEHO, IPUHMMAS MIPOTOKOJIbI, KOTOPbIE
onucanbl B Kanase de cranmaprsl U3ades 11, oopamajics Kk kakaomy
MPOMEKYTKY HEIaBHO YCTAHOBJICHHOI0 TPYOOIIPOBO/Ja, COOTBETCTBYIOILET 0
PacCIIMPEHMIO CeTH, B CPEACTBO KBUTAHIUH, COOTBETCTBYIOILEe HOBOMY
FOPOACKOMY Pa3BUTHIO WJIH M3-32 PEKOHCTPYKUMUH CYLECTBYIOLIEH CeTH.
NuauBuayaiM3MpoBaHHOE 3asiBJICHUE KAKI0M TPYObl 0XBATHIBAET rapaHTHH
NPAaBUJIbHAS OLIEHKA JJIMH, PACCMATPUBAEMbIX € HX COOTBETCTBYOIIIUMH
AUAMeETPaMM.

C 4uC/I10M KHJIOMETPOB HOBOI'0 TPYOOINIPOBO/AA, HCIOJIB3YEMOI0 B
BbIYMCJICHUU KOHCYJIbTUPYIOTCH B reorpagpuyeckoii ”HGOPMAUMOHHOM
cucTemMe, B COOTBETCTBHHM € 00/1aCThI0, B KOTOPOi 3aperuCTPMPOBaHA 1aTa
YCTAHOBKH TPYObI. YYUTBHIBAS, YTO HCIOJIb30BAHNUS, BOBJIEKAKOIIHE
Ae3UH(EeKIHI0 HCKIIYHUTEJIbHbI HA HOBbIH TPYOONIPOBOJA KBUTAHIMH, OHU
n0JKHBI ObITH TU( depennupoBanbl. UHcTpyMenTsl CTEKJIA ncnosb3yrorcs
JJIS1 3TOT0, HA3HAYAasl POMEKYTKH, olpeessieMble Kak ''"HOBbIe' B
COOTBETCTBHUHM C IIEPUOAOM NPH aHATH3e, 00bEAMHEHHOM I'OPOJACKOM LIEHTpe
WJIH HOBBIX FOPOACKHUX COOBITHAX.
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Namoctpanus 3. Ilepuox odcay:xuBanus Tpyo B Kanasae de CTEKJIO
HN3a6eas 11, GAMBA.

O0beM BOIbI, HCIOJIb3YEMOM /Il OUMCTKU COOTBETCTBYET 00palleHHI0
NMOTOKOB Ha ONpe/ieeHHBIX CKOPOCTSIX B TeUeHHe Mepuoi0B, KOTOpbIe
JAOCTATOYHBI JJISl TOr0, YTOOBI yOpaTh U3 TPYO U COOMPATH U3 OTJI0KEHUIA.

it 00bennHenus HOBBIX ceTeil kK Kanany de cucrema nocraBku U3adeas 11,
Ae3uH(eKI U NpeICcTABJIsAET BOAHOE UCIIO0JIb30BaHNE, KOTOPOE BHIYHUCICHO
KOJIMYECTBOM pPa3, CMCTeMa SIBJISIETCS 3all0JTHEHHON U 0CBO0OKICHHOM, ¢
Ae3uH(eKI e, BHINOJHEHHOU MOCPEACTBOM XUMHYECKHX NMPOAYKTOB
Ae3uH(peKInH.

HeyBepeHHOCTH B 3TOi ri1aBe 001b1Ie, IOCKOJbKY 3TO 3aBHCHT OT
AeSITeJJbHOCTH HA MECTaX, BOBJICKAIOIIEH ApeHas. JTa 3aa4a He Bcerjaa
BBINOJIHACTCS MIEPCOHATIOM KOMIIAHUH, HO (PAKTHYECKH BHINIOJHEHA B
COOTBETCTBUM C CTPOUTEIbHBIMH KOHTPAKTAMM, HMEKOIIMMHU OTHOLIEHHE K
HOBBIM I'OPOJACKHM COOBITHSIM, €CJIM CJIYy4ail 10JIKeH ObLI ObITh TAKKE, TAKUM
00pa30M HeT HUKAKOI0 0T4YeTa JOCTYNHBIX onepanuid. OnsIT yKkasbiBaer
CylLIeCTBOBaHMeE 00JIbLION IMCIIEPCHH B TEPMHUHAX UCCYLIEHHS MIEPHOI0B sl
OYHCTKH, B 0COOCHHOCTH K NOBbIICHUIO. IIpoeKT u3MepeHus moKpbITHE
00bEeMOB, HCIOJIb3YEMbIX B OUMCTKE U Ae3MH(EKIMU ceTell NJI HOBBIX
cOoObITHII ObLT AKTUBU3UPOBaH. Pe3yJibTaThl OYAYT IO0CTYNIHBI HA BTOPYIO
yerBepTh roga 2007, xorst BecbMa BeposATHO 3T0 He Oyaer 10 BecHbI 2008,
KOr/a AoctaroyHasi uHpopmanus OyaeT J0CTYyIIHA, YTOObI IEPeCMOTPETh
BO3MOKHOCTH, KOTOpPbI€ CYIIECTBYIOT, YTOObI YJIYYIIUTh 3(P(PEeKTUBHOCTH
3THUX 3a/1a4.

Ouiubounslii Kpaii B BbIMUCJIEHUN 00beMa, HCII0JIb3yeMOr0 B OUUCTKE H
Ae3nH(peKunu HOBBIX TPYO - 60 %, n npexae Bcero 310 3aBUCUT OT
NMPOMEKYTKA BpeMeHHU, HCI0JIb3yeMOro B 0OYHCTKe:

Ouucmka u owuoka oezungexuuu (%) = f (6pemsa; oasnenue u InemeHmol
openaxica; oauna mpyowvt u ouamemp) = 60 %



ITOT 00BbEM HCIIOJIH30BAHMI ONEPANMH I TOT0, YTOObI YUCTUTH HOBYIO
MarucrpaJjsb npeacrasiaset 1,34 % exerognoro o0bemMa BXoga CUCTEMbI, C
munyToi 0,54 % n Makc 2,14 % Toro oonsema.

Ouenxa MOUIeHHU4Yecmed.

IT0 - Oﬁ'beM, KOTOpBIﬁ HOTpeﬁ.]IHeTCH B MOIICHHUYCCKHUX CBA3fX U B
CBOﬁCTBﬂX, KOTOPbI€ HMEKOT CBOCI0 PoaAa HEUCIIPABHOCTb, KOTOPadA MMO3BOJIACT
BJa1€JIbIly U3BJICKATDH 00JIbIIIE BOJbI U3 pacnpene.mne.nbﬂoﬁ CE€TH YEM
3aPErmCcTpUpPoOBaHHOC B UBMEPECHHUHN KOHTPAKTa BCEIr0 CKa3aHHOI'0 BJajJc/ablla.
YuurbiBas ero nmpupoay H¢ BO3MOKHO BBIMUCIUTD 3TOT Oﬁ’beM, HnmMes
He00X0AMMOCTh OLIEeHUBATH 3TO.

O0beMbl, NOABJAAOIIMECH B 0a1aHCAX, COOTBETCTBYKOIIMX MPOULJIBIM
HECKOJIbKHM I'0aM MOJY4YeHbl U3 IKCTPANOJIS UM Pe3yJIbTATOB, MOJYYEeHHBIX
B COOOLIICHMH OTHOCHTEJIHHO 00HAPYKEHHUSI MOLLICHHUYECTBA B ONpPeAeJIeHHbIX
MmyHununagurerax Oosactu Maapuaa, KOTopbliid ObLJI MPOEKTHPOBAH B
TeyeHue roga 2005. Ixkcrpanossinus KO Bceil CeTH BbINOJIHEHA B
COOTBETCTBUM C THIIOJIOTHEH MYHUIIUIIAJIMTETOB, VIMHA CETH U YUCJIA CBs3eil.

MoneHHHM4YeCTBO Tenepb HAYUHAET ObITh U3BECTHBIM 0J1aroAaps nmporpeccy,
HCNBITAHHOMY B Pa00Tax CeKTOpPa, BKJIKYAS ero nocjaeacTeue s
He3aperuCTPUPOBAHHOIO BOAHOI0 00beMa, KOTOPbIil NepeaaeT K NOHATHIO
3aperuCTPUPOBAHHBIX B M0JIb30BATE/IAX, KAK TOJbKO MOLIEHHUYECKOE
norpedJjieHue peryJaupyercs.

Bo BcsikOM ciiydae cTeneHb HEYBEPEHHOCTH BasKHA, KAK XapaKTepU30BaHue
BO3/1eHCTBUSI MOLIEHHUY€CTBA B MyHHMIMIIAJUTETAX ¢ PA3HOOOPA3HBIMH
pacIIMpPeHUSIMHU, IOCEJTCHUSIMH, THIIOJIOTUSIMH NOTPeOIeHUs, IPOUCXOKACHUE
pacnpeneJnTeILHON CeTH, U T.I. COBceM He Jierko. [IpoueHT ot omubok B
OTHOCHTEJILHBIX CPOKAX BBICOK, XOTS BO31eHCTBHE B BLIYUCJICHNH B
pa3au4Ms B peajJibHOM 00beMe MOTEePH M3-32 CKPBITHIX YTEUYeK - He COBCEM
KaK BBICOKO.

Ouiudounsvlit Kpaii B OeHKe MOLIEHHUYECTBA NPUBOAUT K 25 %, purypa,
KOTOpAasi IJIAaBHBIM 00Pa30M 3aBUCHT OT YMCJIA PeaIbHBIX CJIy4yaeB
MOIIIEHHMY€ECTBA, KOTOPbIE CYIIECTBYIOT B MEHbIIIUX MYHUIIUNIAJINTETAX:

Owuoka mowmennuuecmea (%) = f (wucino; nepuod; éoonasn ooazannocms) =25
%
(/]

ITO HempaBoOMO4YHOe NMoTpedeHue npeacrasiser 1,6 % exerognoro ooema
BX0/1a CHCTEMbI, ¢ HeyBepeHHOCThI0 Mexay 1,2 % u 2,0 % exkerognoro ooema
BX0/1a CHCTEMBI.

OuwiuoKu mempoe.

ITO NmoHsITHE OTPaxkaeT (PaKT, UYTO BOJAA, U3MEPHAIOIIAA YyCTPOiCTBA
(akTHUeCKH He MOKA3BIBAET TOYHOE CYUTHIBAHHME BOJHOI0 00beMa, KOTOPbIi



npoxoauT yepe3 Hux. U3BecTHO, 4TO MOAU3MepPeHHEe B HU3KMX CKOPOCTAX
MO’KeT BbI3BATh ONpeAe/IeHHYI0 OIIMO0YHYI0 HOPMY B HAKOIJIEHHOM
U3MepeHUH B TeYeHHe MePHoA0B CUUTHIBAHUS.

Iloka pe3yabTarhl, COOTBETCTBYIOLIME BO/AE, H3MepPSAIOLIeil OIIM00YHYI0
KPUBYIO ycTpoiicTB 1 QO0aactu Maapuaa He J0CTYIIHBI, HCCIEI0BAHUE,
KOTOpOe HAXOAUTCS B HACTOsIIIee BpeMsl O/l pa3padoTKoii, BbIYMCIeHHe
U3MePEeHUs OIIHO0K MCKIYUTEIbHO BbINIOJHEHO B COOTBETCTBUH €
BO3PAaCTOM YCTPOMCTBA U3MEpPEeHHUS.

IHorpemHocTh onpeaeaeHa AJsi KaxKA0ro yCTpoiicTBa usMepeHusi B % 1o ero
CYMTBHIBAHUIO, OCHOBAHHOMY HAa BO3pPacTe YCTPOMCTBA, CYNTAEMOr0 HAYMHAS C
AAThI ero ycTaHOBKHM. O1IMO0YHbINA NPOLEHT, KOTOPbIN TOIIa YMHOKEH
3aperucTPUPOBAHHBIM KOJIHYECTBOM (M3MEPEHHBIN 00bABICHHBIM U/ WJIH
U3MepPEeHHbI He0ObSIBJIEHHBbIN B IEPHO/l AHAJIN3Aa), HA3HAYEH HA MeTPbI B
JIMHEHHOoe pacnpeiejeHue, MeK1y MUHUMAJIBHON U MAKCUMAJILHON OIIMOKOH,
YUYTEHHOM, B 3ABUCMMOCTH OT YMCJIa JHEH, YTO YCTPOMCTBO HAXOAUTCSH IO/
onepanueii. B ciiyyae nsMepeHusi ycTpoucTB, KOTOPbie ObLIH
OTPEMOHTHPOBAHbI B TeYEHHE I0J1a AaHAJIN3a, HAA0aBKA BbINOJHEHA C
NMPOMEKYTKOM BPEeMEHH, YTO KaK/IbIil YCTPOMCTB ObLJI YCTAHOBJICH
(3aMeHeHHbI U HOBBII).

Bce KOHTPaKTBHI PACCYUTHIBAIOT € HA/IEKHON MH(OPMaLMell OTHOCUTEIbHO UX
YCTPOIiCTBA U3MEPEHHUS M ero 1aThl YCTAHOBKH, BKJIIOYasi JJIOObIe 3aMeHbl,
KOTOpPbIE¢ HMEKT MeCTO.

O4eBHIHO HEYBEPEHHOCTDH, KOTOPasi IPUHATA B 3TOM CJIy4ae, OCHOBAHA HA
YIPOILIEHUH K OIIMO0YHOMY TAHT€HCY NMPOLEHTA, HA KOTOPOM KaxkK/10e
YCTPOICTBO H3MePEeHHUs MOABEPraeTcs, AaHAJIOTMYHO, He PUHUMAS BO
BHUMAaHME THCTOIPaMMYy peajibHbIX NOTOKOB TpeOoBaHus. ByjaeT BO3MO:KHO
TOYHO ONPeeJTUTh KOJIHYeCTBO OIIMOKY B BHINIOJTHEHHOM U3MEpPEeHHUH, U KPalo
HA/1e’KHOCTH, KOTOPYIO HOBOE BHIYHCJIEHHE MOKET NPENJI0KUTh, KAK TOJIbKO
BbILIEYIIOMSAHYTOE MCCJIeJ0BAHNE JOCTYITHO U MOCJe ero CPABHEHMS ¢
AUPEKTHUBON MOTPedIeHHs, KOHTPOJIUPYIOLIEH UCCIAeI0BAHUSA I PA3JIHYHBIX
Kareropuii morpedsenus B Oosacru Manpuna.

OmnpeneneHHbIH KOJIMYECTBEHHO, IOCKOJIbKY KPaid, CBA3aHHbIN C M0JIeBOil
CUCTEMON CYUTBHIBAHUA - (PAKT, UTO ONpPeAeIeHHOE YUCI0 0TYETOB
CYLIECTBYET, KOTOPbIe (PAKTHYECKHU 3aN0JHEHBI B OLICHKY B TEYECHUE KAXKI0M
KAMIIAHUM CYMTHIBAHUA NOTPelJIeHUs MeTPOB, KpoMe (pakTa, 4TO eCTh BCeraa
psia TpedoBaHMil OT MOTpeduTE e, KOTOPbIe He COTJIAIAITCS €O
CYMTBIBAaHUEM, KOTOpOe caenano. Omundka, BOBJICKAOIIA MAHUITYISILIHIO
JAHHBIX, IPOU3BEACHHBIX B €KEMECAYHOM OTHOLICHUM CYMTHIBAHUM
BbIXOAALIUX ABAKIBI B MECHI| TaKKe yYTEHa.

Quiudounsvlit Kpaii B BLIMUCIEHNH TOYHOCTH YCTPOMCTB U3MePEeHUs1 IPUBOIUT
K 40 %. /lanHbIe, KOTOPBbIE HCNOJIB3YIOTCH, UMEIOT 00JIbIIOE KAYeCTBO;
HEYBEPEHHOCTH MPOKUBACT B YIPOLEHHON METOA0JI0THH:




H3zmepenue owudbxu mounocmu uzmepenus yempoiicmea (%) = f (ynpoujenue K
6o3pacmy — OuUOOUHOMY MAHZEHCY, OUEHKE, eHCEMECAUHOMY OMHOUIEHUIO,
eo3pacm) =40 %

B rogoBom 0anance Kanagna de U3adeas II 3To mpeacrasasier 2,4 % mosHoro
o0beMa, ¢ OIIM00YHBIM KpaeM Me:kay MUuHyTou 1,5 % u Makc 3,4 %.

Heu3smepennntit 00va671eHHbLIL 60 83DbIEAX.

YacTtb BOABI, KOTOPAs MOTEPSIHA U3-32 B3PbIBOB, KOTOPbIE 3aPeriCTPUPOBAHbI
¥ BOCCTAHOBJICHbI B T€UECHHE MEPHOIA AHAJIN3A, BKJIIOYEHA B OYeBHIHbIC
NOTepH, KaK yxke 00bsicHuICSA. OHM - B3pbIBbI, BI3BAHHbIE TPETbUMH
JIMLIAMH, TO €CTh HecJay4aiinbie B3pbIBbl. Koraa cropona, koropasi siBisiercst
OTBETCTBEHHOH 32 B3PbIB, HACHTU(PUIMPOBAHA, COCTABJICHUE CUECTOB
BbIYMCJEHHOI0 00beMa, MOCKOJIbKY NOTePsi B MHIMICHTE MPOA0JIKeHA.
Taxkum 00pa3oM B 3TOM MaHepe, XOTH ITOT 00beM BOAbI He IPOU3BOAUT
HUKAKOH BBITOJbI KAK IPUPOIHBIH Pecypc, 0 KpailHel Mepe ero
IKOHOMMYECKAS HEHHOCTh (JaKTHYECKHU BbI3I0OPABIUBACTCH, TAKMM 00pa3oM
B HEKOTOPOM poje, OyAy4d CONMOCTABUMOM HeOpPEe:KHOMY MCII0JIb30BAHUIO
BO/IbI ONPe/AeJICHHBIMHU 10JIb30BATeISIMHU.

BorunciieHne Kaxxaoro 3TuxX B3pbIBOB C/1€JIaHO MOCPEACTBOM BOJHBIX (hopmy.i,
B KOTOPBIX NIePUOAbI MOTEPH 00Jiee TOUHBI, YeM OHU HAXOAATCH B CJAyYalHBIX
HHI[U/IEHTAX, MOCKOJIbKY B3PbIBbI IPOU3BE/ICHbI B ONPe/IeJIECHHOM U
HU3BECTHOM JeicTBUM. DakTHYeCKN MH(POPMALKS IPOUCXOKACHUS, KOTOpPOe
HCIOJIb3YeTCHA KOMAH/10ii, BLINOJIHSIONIEH BHLIYUCIEHUS, IPOKUBAET B 0a3e
nanHbIX [Ipexynpexaenus u Cucrembl Yupasiaenusa UuunaentoB (GAYTA),
B KOTOPOM SIBHO AHHOTHPYETCH YCJI0BHE, BOBJIEKAKOIee B3PbIB, BLI3BAHHBIH
TPeTLUMHU JIMLAMH, B TO BpeMsi KAK 3TO He 3aperucTPMpPoOBaHO B
KOMMeEpPYEeCKHX CHCTeMAaX.

Takum 00pa3oM HeyBepeHHOCThb (aKTHYECKU OCHOBAHA HA HA3HAYCHUM
MapaMeTpPoB VISl BOJAHOI0 BHIYHCJICHHUS OTEPSIHHOI0 MOTOKA, THIIA
CJIOMAHHOI MOBEPXHOCTHU TPYObl, BOAHOE JaBJI€HUE B MECTOIOJIOKEHUHU H
MOMeEHTe B3pbIBa. TUIIHYHO 3TH B3PbIBbI HMEIOT MECTO HA TOPOACKHUX
YYaCTKAX CPeACTB 00cay:;KuBaHus o0cayxuBanus. Hexoropoie
(¢ororpaduyeckue oT4eThHI, BHINOJHEHHbIE HHCIIEKTOPAMHU KOMIIAHUHU
(pakTHYECKH CYIIECTBYIOT, KOTOPbIE SIBJISKOTCH MOJIe3HBIMH HA3HAYMTH
BO/IHOE COOTBETCTBHE MOBEPXHOCTH YTEYKH paccMaTpuBaemoi Tpyde. B atom
HMEKOIIHIl OTHOLIEHHE K JABJEHUIO MPOAYKIMH, B TeX 00J1aCTAX, I/le HUKAKas
uHopManus He JOCTYIIHA, CPeAHUE U3 Pa3MePOB 0 CEKTOPaM CeTH
NOIOJIHEHHUS IPUMEHEeHbI, IPUBO/S K JaBjeHnI0 60 meTpos.

Kpaii omun0xu B BbIYHMCJIEHUN 00beMa, KOTOPbIil 00bSIBJICH B BHI3BAHHbIC
B3PBIBBIL, - 15 %, 1 npe:kae Bcero 310 3aBUCHT OT NPOMEKYTKA, KOTOPBIH
npou3sBe/eH B TPyOe U Ha JaBJIeHUHU BOJbI:

Buizeannan omuoka e3puviea (%) = f (cnomannan nogepxuocmop mpyooi;
oaenenue; epems) =15 %



ITOT BUJ HEM3MEPEHHOI0 00bSIBJIEHHOT0 UCII0JIb30BAHNS, OUEeBUIHbIE IOTEPH
B rogoBoM Oasance Kanana de U3a6ens 11, npeacrasiasier 0,58 % esxkeromnoro
00beMa BX0/1a CHCTEMbI. JTO HMeeT OIUuO0YHbIN Kpail Mexay MunyToi 0,49
% un Makc 0,67 % noJHOro e;kerogHoro o0LeMa cuCTeMbl.

HeyBepennocts B Kanase de 0amanc U3zabens I1.

Caenyrommii oIIMOOYHBIN pe3yIbTAT KpaeB, IPUMEHss 3TO ONHUCAJ BbIle
exkerogHbIM minocrtpanusam Ha Kanane de cucrema nocrasku U3abens 11:

Ilonamue Oovem (%) Ouwiubounsviii Kpai
IlonHEbIN BXO 100 1.0 %

CUCTEMBI

H3mepenHslii B 776 i

MIOJIB30BATEIAX

OueBunHbIE IOTEPU 11.6 20,6 % (mexny 9,2 u 14,1)
Peanbnble noTepu 10.8 15,9 % (mexnay 9,1 u 12,5)
Bona nHegoxona 21.1 4,7 % (mexnay 20,1 u 22,1)

Crtoa 1 HeyBepennocts B Bbruncjiennn Kanana de 6ananc U3zab6enn 11
3akioueHnus.

Becbma y100HO pa3beIMHUTL MHPOPMALNIO, JOCTYIIHYI0 HA MPOUCXO0KICHUMN
JAHHBIX, 3TO, YTOObI ONpPeIeJTUTh COMHECHHUS, IOHECEHHbIE HA C Pa3padoTKOM
0ajlaHca cUCTeMbl, TAKMM 00pa30M CYIIEeCTBEHHO:

o OT4YeT NOTOKOB ¥ IABJIECHUSA CETH, BKJIKYAs TOYHOE MECTOIO0JI0KEHNE U
yCJIOBHE YCTAHOBJICHHBIX YCTPOMCTB U3MepPEeHUsl.

o OT4er MOJIB30BATEIBCKOIO NOTPEOJICHUSA, C MH(pOPMALHEH
OTHOCHUTEJBHO YCTAHOBJICHHBIX METPOB.

o OTt4er onepauuii ceT U PeMOHTA, ¢ 1aTaAMH U BpeMEHAMH, IOKPbHIBas
Kaxx/10e 1eicTBue.

ba3bl 1aHHBIX, KOTOPBbIE KOPMAT HEOOXOAUMbIEC BLIYUCICHHS AJIs1 pa3padoTKu
0ajiaHca, 10JKHbI PACCYUTATDH C JAHHBIMH, CTPYKTYPHPYIOT TAKOH, YTO
UHAUBHUAYAJIbHOE FOCYIapPCTBO OlNlepaluii, KOTOPbIe NPeACTABIEHbI, MOXKET
ObITH OLleHeHOo. TakuM 00pa3oM B ITOM MaHepe, B CKOIICHUE e u(puIeCKuX
cjIy4aeB, OyeT BO3MOKHO JIETKO AHAJIM3HPOBATH HEYBEPEHHOCTh. JTO MMeeT
TaKKe 00J1b1110€ UCIO0JIb30BAHUE, KOI'Ia IIyCTOTHI B MH(OPMALNH 10/KHbI
OBITh MOKPBITHI, KOI/AA Te 5Ke caMble 10XO0/bl.

B ciyuae co0bITHII, KOTOpPBIE ABJISAIOTCH TPYAHBIMHU CAEJIATH 3alIUCh, 10JZKEH
OBITH YCTAHOBJICH PSiJl ICHBIX ¥ BBINOJHUMBIX IIPOTOKOJIOB 1eHCTBUS,
1oJieBbie ONEePATOPHI J0/KHBI MMETh JOCTATOYHYI0 YYBCTBUTEJIbHOCTD,
4TO0ObI NPUHATH TO K€ camoe.



IIpouecce BbIYHMCIeHUS KOMIIOHEHTOB, KOTOPbIE COCTABJSAIOT 0AJAHC, 10JIKEH
OTBETUTH Ha pu3nyecKkue PaKkThl, KOTOPbIe OHU NMPEACTABJIAT, TAKUM
CIocooom, 4To 0yaeT BO3MOKHO SICHO COBIIACTh, B TeYCHHUE KOTOPOI0 JT0JIKHA
pakTnyeckn umMeTh MecTO (pasa coOBLITHIN NPHU AeHCTBUH NCCJIeI0BAHUS.
Taxoxe OyaeT BO3MOKHO AHAJIM3UPOBATH YYBCTBUTEJIbHOCTh K KA4€CTBY
JAHHBIX, KOTOPbIE UCIOJIb3YIOTCH M JUCIEPCHsl, KOTOPas NPOU3BeAeHA
KAKIAbIM 00bSICHUTEJIbHBIX ITEPEMEHHBIX, MMEIOIUX OTHOLICHHE K CJIYy4al0
IpPH aHaJIU3e.

Kanaa de U3a6eas 11 moJiaraer, 4To cCOKpameHue HeyBepeHHOCTH B
BbIYMCJICHUU KOMIIOHEHTOB, KOTOPbIE COCTABJISIOT OYeBUAHbIEC TOTEPH,
JAOJIKHO OBITH CTPATErMYeCKOM HeJIbI0O, H B 3TOM CMbICJIE 3TO Pa3BUBAET P
HUccnenoBanusi, Passutus u npoekroB HoBmecrBa, KOTOpbIe COOTBETCTBYIOT
Pa3Iu4HOI npupoe. 3aKIIYUTEIbHAS HeJIb COCTOUT B TOM, YTOOBI
YMEHBIIHUTH €5KeroAHbIi 00beM B MOHATHUAX, BOBJICKAIOIINX O4YeBU/IHbIC
NOTepH, 32 KOTOPbIE 10/2KHA ObITH OIpe/iesieHAa PABANBOCTD €5Ker0AHOr0
0aJlaHCca MOCTABKH U NMOTPeldJieHHs, B TO BpeMsl Kak cJia0ble IIyHKThI B
onepanuM U YNpaBJeHUU CUCTEeMOH MOCTABKHU A0/KHbI ObITh 00HAPY/KEHbI.

CJIeIlle]llee HOJIZKHO ObITh BBIIBUHYTO Ha HepBbIﬁ IJiaH:

o IIpoexkT Ha MCIOJIB30BAHNM CIIYTHUKOBBIX H300PaKEHUH IS
BBIYHCJIEHHS BOJHOI0 00beMa, HCII0JIb3yeMOro B 001eCTBEHHOM
3eJIeHOM UppUramumn 06JacTe.

o MHccaenoBanue TOYHOCTH NAPKA HHAUBUAYAJIbHBIX BOAHBIX METPOB,
ycTanoBJeHHbIX B QO0anacTu Magpujaa.

o IlpoexT Ha aHa/m3e 3¢ PeKTUBHOCTH B 0UMCTKE BOBJICYCHHUS METOI0B U

nAe3nH(eKIusA HOBOT0 TPyOONpoBo/a B CETH.
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BBenenue

Bymara o/kHa ¢CMOTpeTh HAa TPH NOCJIe10BATeIbHbIX Po0JieMbl: 1) Teopus
no3aau OveBuIHbIX BOAHBIX OTEPh; 2) COBpEeMEHHbIE METOABI Il TOIO,
4yT00bI N3MepsAThL OueBuaHbIe [loTepn U MeTpPBI BOABI 10X01a; U 3) 1Ba
aJIbTEPHATUBHBIX PelIeHUs AJISl TOr0, YTOObI YIPABJIATH NPH-PErHCTPALNH
MeTpoM norpeduresas. PaccmarpuBaemasi TeOpUs HMeeT OTHOLICHUE €
MetoaoJiorueii Me:xxayHapoanou Boanoit Accounanyuu nejieHuss O4eBHIHBIX
IHoTeps B YeThIpe KOMIIOHEHTA, YYUTHIBASI CHCTEMATHYECKOE pPellleHue
npoodJiembl. MeToabl 115l TOT0, YTOOBI M3MEPATH YTEHHUS METPa A0JZKHbI
CMOTpPeTh Ha 0a3upPyeMyI0 aBTOMATHYECKYI0 CHCTEMY CUMTBHIBAHHUSA METPa
UHHOBaUMOHHOTO ZigBee. HakoHen, Oymara q0/:KkHA CMOTPETh HA IBA
NMOTEHIHAJIA HA MeCTe PellIeHUs] M3MEPUTh NPU-PErucTPalui; MATHUTHBIN
BOJHBIN KJIANIaH BXOJAHOI0 OTBEPCTHS U HeB3BeLICHHBIN Mpeodpa3oBareb
JAHHBIX MOTOKAa. O0a pelieHUus KU3HECIOCOOHBbI, COTJIACHO ONpeAe/IeHHOI
CUTYallMH, Nlepe] KOTOPOil BOJHAS M0JIE3HOCTH CTOUT.

Teopust nozaau Ouesugnoro Boanoro Kourpoast Ilorepu

IHorepu Boabl rpynn IWA B nBa tuna; Peanbnsbie IloTepu, koTopbie
SABJAIOTCH GU3nYecKUMHU norepsivu (uam yreuka) 1 Quesuansoie Iorepu,
KOTOpPbIe BHI3BAaHbI METPOM /10X0/1a IPU-PErUCTPALIMA, BOJHOE BOPOBCTBO U
OlIMOKH COCTaBJIeHUA c4eToB. PeasbHblie [loTepu - pacxoa K BOAHOM
MOJIE3HOCTH MO PSAAY NPUYMH: MPOCAYMBAIOMIASICA BOAA CTOUT AeHBIH, YTOOBI
NPOM3BECTH; NMOA/AePKaHUe BOAHOM ceTH, YTOObI H30eKATh JaJbHelInX
N0TepPb A0POro; U J0MOJHUTEIbHOE KANMTAJIOBJI0KEHUE MOKET TPeOOBATHCH
B (popMe HOBOIO 32B0Ja, U B pe3yJbTaTe norepb. Ouesuansie [lorepu He Tak
Pacxo/1 K BOJHOM M0JIe3HOCTH, NOCKOJIbKY OHH - IOTEPS MOTEHUHAJTBHOI0
noxoaa. Ouesuanbie IloTrepu KacarTCsa BOAbI, KOTOPas NOTPedIsieTCs, HO He
3alJIaTUTh 3a. Takum 00pa3oM U1 KaKA0ro KyOH4ecKoro MeTpa BoAbl,
HeoObsABJIEHHOI B pe3yiabTaTe QueBuanoi Ilorepu, BoagHas M0JI€3HOCTH
TepsieT BO3MOKHOCTb COOMPAIOIIMXCSH JeHer IS TOro KyOu4ecKkoro merpa
Boabl. [loka nousaTue PeasnbHbix IloTepb 10BOJIBHO JIErKO /151 OTHOI'O MOHATD,
Ta u3 OueBuanbIX [loTepsb GoJiee ciaoxHa mo psay npuunn: [lpexae Bcero
OueBuanbie [loTepu sABIASIIOTCH HECKOJIBKO 00Jiee TOHKUMH WJIH
HeOoCs13aeMBbIMHM, KOI/Aa 1o cpaBHeHHI0 ¢ Peanbnbivu IloTepsimu. BooOpasure
CPpaBHUBATH NpocauynBammiics kianan (Peanbnas Ioreps) ¢ 00bABIEHHBIM
norpedJieHueM JJIsl JIOMAIIHEro X03AiCTBAa, KOTOPOe HeJ00IeHNBACTCS U3-3a
MOTPEIIHOCTH B CUCTEME COCTABJICHHUS CYETOB BOAHOM IMOJIE3HOCTH
(OueBuanas Ioreps). Kak BTOpOii npumep, cpaBHuTE MJIa4 (HeHGoAbIIAS



yreuka) Tpyoa oocay:xuBanus (Peaabnas Iloreps) kK Xopouio CKPbITOMY
He3aKOHHOMY 00C/1y’KHBaHUIO, KOTOPOe MCIO0Jb3yeTcsl ePHOANYECKH 1
pa3ymuo (OueBugnas Iloreps).

Bropasi npuyuHa HAX0AMTCHA B MHOroMmepHoii npupoae Ouesuanbix [loreps.
Yeroipe Tuna OueBuanbix IloTeps cymecTByOT, Kak NOKa3aHO B
wunocTpauuu 1 nmo ciaenymouleit crpanuiie. llepBasi morepsi, BogHoe
BOPOBCTBO, MO’KET NIPOM30MTH B pa3HOoOpa3um myrteii: Boaga MoxkeT ObITH
YKpPaJeHa 0T He3aKOHHOM CBfI3H, OT 000LIeIIero BOAHOI0 MeTpPa, OT
MOBPEKAEHHOT0 BOJHOI0 METPAa, WJIHM IMPOCTO 0T CUCTEMBbI CJIECAPHOIO /IeJ1a
cocena! Bropasi morepsi, npu-perucTpauu MeTp, COCTOMT U3 CUTYALllH, I'1e
MeTP NOTPeduTE Is1 HECIOCOOEH K H3MEPEHUI0 BCeX MMOTOKOB, MPOXOASINX
yepe3 3710. IIoTOKM HUKE TOYHOI0 CTAPTOBOI0 MOTOKA MeTpAa -
cnenupuyeckasi npodsaema. Tperbu U JajblIe NOTEPH, OIIUOKH 0TCYETA
MeTpa M OIIHOKHU COCTABJICHUS CYETOB MAYT B3ABIIKCH 32 PyKH. MeTpbI
MOI'YT HENIPABUJILHO YUTATHCH WJIN AJIbTEPHATHBHO HENPAaBUJIbHO
BbIYMCJIEHbI B CHCTEMe COCTABJICHHS C4eTOB MmoJie3HocTH. Kpome Toro,
onpenegeHHblie OueBnaHbIe KOMIOHEHTHI [loTepu MoryT ObITH 002
YBEPEHHBIMH WJIH OTPULATEILHBIMM, 1aKe HASA BIUIOTH 10 YPABHOBEIIMBAHUS
3¢ ¢exTa APyrux KOMINOHEHTOB. Kak npuMep BogHAS M0JIE3HOCTH MOXKET
CBEPX00BABJIATH CYLIECTBEHHO M3-32 MOJTUTHKH OLCHKH HeNPaBUJIbHbIX
‘3aKPBITHIX OMEIICHUI, IOKA B TO e caMO0e BpeMs CyLIeCTBEeHHBIH MeTp,
NPHU-PErucTPaAlii B MECTONOI0KEHUH CyLIeCTBYeT.
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Numocrpanus 1: OueBnanas Boanasa Merogosnorust Konrpoast llorepu IWA

Takum 00pa3oM, U3-3a CJI0KHOCTH NPOOJIEMBI M0/ PYKOil, ’KU3HEHHO BAKHO,
4TOOBI KaK/1asi BOAHAS KOMIIAHMSA MMeJIA CTPATEruio 1JI TOro, YTo0bI
3aHAThCA OueBnanbiMu [loTepsimu. MimocTpanus 2 HuKe onucbIBaeT
CTPaTeruio, 3alMIIEHHYI0 ABTOPAMM /ISl TOT0, YTOOBI YIIPABJIATH
OueBnanbiMu [loTepsivu HHTErpaIbLHBIM CIOCO00M. MyJIbTHPA3MEPHOCTH
MO/IeJIH - Pe3yJbTAT Pa3JIUYHbIX YPOBHEH, B KOTOPbIX OueBuanbie [loTrepu
BO3/ICMCTBYIOT HA BOAHYIO M0JIe3HOCTh. [loka 10 HeKOTOPOH cTeneHu
Peanbubie IloTepu MOryT ynpaBJsATbCH ¢IMHCTBEHHBIM, QYHKIMOHAJIbHO
OPraHu30BAHHON CeKIHei, TO ke caMoe He MOKeT ObITh CKa3aHO 3a
OueBuanbie [lorepu. Pemennsi moJTUTHKA OTHOCHTEIBLHO BOAHBIX TAPU(HBIX
CTPYKTYP MOI'YT BO31eiCTBOBATH HA KOJM4Y€CTBO BOAHOI0 BOPOBCTBA,



umerouero mecro. IlokynareinbHasi IOTMTHKA MOKET BO3/1eliCTBOBATh HA
KA4eCTBO U PUTOAHOCTH BOJHbIX MeTPOB. @UHAHCHI U PeLICHUS
COCTaBJIeHHs 0I0JKeTa MOT'YT BO3/1eiCTBOBATH HA CPEACTBA, HCIOJIb3yeMble,
4YT00bI MPOYUTATH UJIH OLEHUTHh YTEHHS METPA. AT€HTCTBA OIVIOLIHOCTH WJIH
YUpexaeHus MOTYT OTPe00BATh YMEHbIIIEHHOE BMEIIATEJIbCTBO HA
onpeJeJeHHbIX KJI4YeBbIX NOTPeduTeIei, u T.4, u T.4. I1o 3T0il npu4uHe
OueBuaHast crpaTerusi KOHTpoJisA IloTepu 10/KHA KOCHYTBCH Pa3JIMYHBIX
HepapxXui ¥ YPOBHel NPUHATHUS PELICHUA B NpeaesaX BOJAHOM MOJIe3HOCTH.
ITO J0JKHO OBITh IPUMEHEHO KAaK LHEeHTPAJIN30BaHHASI HHULUATUBA,
npuHUMas GopMy NPOEKTAa, KOTOPBIA MOKET OAHAKIbI Pa3BUTHCH B
onepaunmio, NpM ynpaspJjeHUM 10cTATOYHO 3pPpexkTBHO. Kak BO Bcex
MPOEKTaX, BCe M3MEHEHMS HYKIAITCHA B YeMnuoHe! I'1aBHbIe BbI30BBI JIeKAT
B YIIPaBJICHHH; YIIPABJISIA YeJIOBEYECKUMHU pecypcaMu (cJryskamue),
¢pusuveckue pecypcbl (MHCTPYMEHTOBKA M 000pyA0BaHKe) U
OpPraHM3alUOHHbIE Pecypchl (, THIIA KAYeCTBEHHBIX MPOLeayp).
CaenoBarenbHo, 1Js1 3¢ GekTHBHOr0 O4eBUAHOr0 KOHTPOJIs IloTepu, HyKHO
HMeTh COCPEA0TOYECHHBIN, OCBAIICHHBIN U XOPOLIO BeI0Masi KOMaH/Aa
yIIPaBJICHUS.

Moves to relate the
organization’s general
strategic direction to the
more specific and
functional Apparent
Loss strategy.

Actions to develop, purchase and standardize upon quality instrumentation, information systems, tools and techniques.

Actions taken to adapt to changing environmental, legislative and economic oo oo
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Nnmocrpanus 2: Crparerndyecknii Kourposas OueBuanbix Boaubix Iloreps

HN3mepenne Boabl U3mepsier Utenus u Boruncisia Ouesuansie [orepu

ABTOPBI 3aKOHYWJIN ONBIT PA3BUTHSA U YCIICIIHO BBO/JA B /IeliCTBHE IBYX
aBTOMATHYECKHUX MeTPOB, unTasi (AMR) cucremsl Ha OcTpoBe MaJIbThI.
Bymara O0yaer cMoTpeTh Ha nepexo/ ot 0ojiee paHHeil paguo4acTorsl (PD)
cucrema K 0oJiee coppemeHHol ZigBee-0a3upyromercsi TUIIOJIOTMH.
Pa3inyHble OPraHu3anuu M yTHIMTHI BO BCeM MHUPe NOBOPAYMBAIOTCH K
ZigBee mocyae o0Hapy:xeHusi, uTO cucremMbl AMR, THIIA ‘Kypbepa nunuu
anekmponepeoauu (PLC)’ nam ‘AMR na ocnoee GSM’ npudbIBaOT B
OrPOMHBIH PACX0/ U MOCTABJICHHBIE MO YIPO3y (PyHKIMOHAIbHbIE
BO3MOKHOCTH. /{anbHelnas mpodaeMa - 01HA U3 THOKOCTH: HAeaIbHasA
CHCTEMA MO3BOJIUT I0JIB30BATENI0 ObITH B COCTOSIHUM NPHOOPECTH JaHHbIE
MOJIHOCTHI0 ABTOMATH3HPOBAHHBIM CIIOCO00M, €CJIM NOTpedyeTcs, WiIH
AJIbTEPHATUBHO 3arpy:KaTh JaHHbIE OTHOCHTEILHO YuacTka. Kpome Toro
CHCTEMA 0JKHA YYeCTh Mepexo] 0T YTEHUS 10 3ar0TOBKH Jieca JaHHBIX, 3TO
TpeOOBaHMe YBEJIMYMBAJIO NAMATH M 00Jiee pa3jinvHble KAaHAJIbI BBOAA
JAHHBIX.

Pagnouacrora AMR

Paauouyacrora, niau P®, aBTomaTuyeckoe YTeHHE - BO3MOKHO OJ1HA U3
00BIYHO NCIOJIb3YeMbIX U onyJasipHbIX cuctem AMR Bokpyr. [lonyasipHocTh
- pe3yJbTAT HU3KOH LEeHbI U HA/IEXKHOCTH, C COTHAMH ThICAY €AMHUII,
NMPOJXAHHBIX €KEeroJJHO KOMNaHusiMM, Tuna Ramar, Itron u Schlumberger Bo
BceM mupe. Equnnnbl P® - 00b14HO HU3KAasl BJIaCTh, B HUKe 8w, padoTa Haj



CTAHJIAPTHBIMH YaCTOTAMU TejieMeTpuu (00b19HO B npeaenax 400MHz), u
NMeIOT JINTHEBbIE 0aTaped, KOTOPbIe 00ecneYnBaIOT S-JIETHIOIO LeJIYI0 KU3Hb.
EauHunbl 3ane4aTanbl, BMeHI-10Ka3aTeJIbCTBO, H 10CTyNHbIe. OCHOBaHHBbIN B
P® AMR B MauabTte 0b111 BOKPYT ¢ 2003, yaoB/ieTBOpSisi €ro meju npuodpecTu
AaHHbIe U nepeaatsb 1 100-meTpoBOro Auanazona, KOTOpblid cucremMa
no3BoJisieT. KoHeUHOo peTpaHCaAATOPbLI MOTYT HCIOJIb30BAThCS, YTOOBI COOPATH
U MOBBICUTH IaHHbIE K JaJIbHelIlIeMy IIyHKTY, HO 32 PacXo/.

TunoJgorus ZigBee

HNMeHHO 3TOT OrpaHMYeHHbIH JUATIA30H CTAHAAPTHBIX cucTeM P® BbI3BaJ
nousitue Zighee. ZigBee ""0ecnpoBoanasi Jn4Has 00J1acTh, nepeaaomas"
(WPAN) TexHoJiorusi Ob1J1 pa3padoTaH OT OCHOBAHHUS € OJ{HMM 3asiBJIECHHEM B
NaMATH; HU3KAs CKOPOCTh, HU3KHE JaTYMKN HOPMBI JaHHBIX. Co103 ZigBee
onpenenaua pouja ZigBee corsiacno 0ecnpoBoanomy crangaptaomy IEEE
802.15.4, koTopblii onipeaessieT u oopamaercs ¢ paauo-cekuueit (PHY n
MAKHMHTOII) Texnosnoruu ZigBee.

Yro nenaer creny ZigBee nis, Tak nian uHave? Hazpanue Ob1710 BBIIYMAHO OT
3Ur3aroo0pasHoro TaHa KOTOPbIA oNpeaeeHHoe a)pUKAHCKOe
HCIO0JIb30BAaHME MYeJI MeIOHOCHBIX NepeaaTbh HHPOPMALHNIO, CBA3AHHYIO €
MECTOIOJI0KEHUEM U PACCTOSIHUEM UCTOYHHMKOB HEKTapa, K IPYruM ImyeJjiam.
AHasioru4Ho, cnennukanus ZigBee mo3BoJiseT NaKeTaM JaHHbIX
PA3MHOKUTBCSA Yepe3 y3JIbl B NOAPAKATEIbHOM U3 TAHUA IMYeJI MEAOHOCHBIX.

JdaT4yuKky paano HU3KOH BJIACTH TUINIMYHO UCTOYHHUK UX BJACTHh WIH OT
Oatapeu wim parasitically. Ilocieqnuii ucnosab3yer crapble NPUHUMIIBI,
OCHOBAaHHbIC HA MATHUTHOM H 3JICKTPHUYECKOM CHEIVICHUH IHEPruu. ITO
MOZKeT NPUHATH (GOpMY KATYLIKH NPOBOAHOI PAHBI BOKPYI TEKYLIEro
NPOBOJHUKA MEPEHOCA, KOTOPbIH BbI3biBaeT KpoueuHbin E.M.F. B 3TOM
KaTylIKe. JHEPrusi, TAKUM 00pa3oM noadupaemasi coOpaHa B
CYNEPKOHACHCATOPAX IS IOCJeAYIOLIero HCI0Ab30BaHUA B TCYCHHE
nepexavu 1aHHbIX P® u npuema. B npexneM ciaydae, 6aTapes 10J1KHA
HCIO0JIb30BATHCS HACTOJBKO IKOHOMHO, YTO €€ LeJas )KU3Hb J0JKHA
PABHATHCS NMEPEYUCICHHOMY CPOKY I'OTHOCTH. ITO MOKeET ObITh CTOJIb Ke
BbICOKHUM KaK JIeCATH JieT (1mejouHble 0aTtapen). ExuHcTBeHHBbIN c1IOCO0
AOCTUIATh TAKOM padoThI COCTOUT B TOM, YTOOBI HMeTh y3eJ ZigBee B cmocode
cHa 171 99 % ero ueJsioi AKU3HU.

JanbHelas 0COOCHHOCTb TeXHOI0ruM ZigBee, koTopas 1mo3BoJser
MOCJYIIHBIM y3JIaM JOCTUTHYTh TaKO# 3aBUAHOI padoThl, - HCNOJIb30BAHHNE
2.4GHz noJsioca yactorsl kKak npexycmorpeno B IEEE 802.15.4 crangapToB u
KOTOPBIi MO3BOJIsIET y3J1aM 00MEHUBATh JaHHbIe B MakcumyMe 250kbps.
Takasi BbICOKAasi HOPMA IaHHBIX TAPAHTUPYET, YTO y3J1bI 00APCTBYIOT JJIsI
HECKOJbKHUX MIIJIMCEKYH/I TOJBKO.

Cetp ZigBee MokeT HMETH JIIO0YIO CJIeAYIONUIYI0 TONMOJIOTHIO;
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Numwocrpauus 3: Paznuunas Tonosiorus ZigBee

Tomosorust 3Be31bl BOBJIEKAET TOJAbKO YCTPOHCTBA KOHIA (IaTYMKH, KOTOPbIE
HAXOIATCH IVIABHBIM 00pPa30M B CI0c00e CHA U NPeACTABJICHHbIN
YMEHbIIECHHBIMH YCTPOMCTBAMH (PYHKIMHU), © KOOPAUHATOP, KOTOPbIi
yupasJjsieT ceTblo. /lepeBo BOBJIeKaeT APyroe yCTpoOiCTBO, HA3BaAHHOE
MapumpyTu3aTopom (IIOKa3aHHbIA KaK IMOJHOE YCTPOHCTBO (PyHKIMH).
MapumpyTH3aTopoM THIHYHO YIIPABJISIOT OT MYHKTA IEPEMEHHOI0 TOKA U
AeMCTBYeT KaK peJie, NOChLIbHBIN, IAKEeTOB JAHHBIX MEKIY Y3J1aMH, KOTOpbIe
SIBJISIIOTCH BHE KAKI0T0 AUANA30HA PAUO APYTUX. ITO - 0COOEHHOCTD, 1aeT
TexHoJI0ruM ZigBee ee 04eHb MPEBO3HECEHHYIO 0COOCHHOCTDH MPBHITAIOUIAX
JAHHBIX, Ile MPOCTPAHCTBEHHO OTAAJIEHHBbIE Y3JIbl MOI'YT 00IIATHCH APYT C
APYIOM Yepe3 Takoe npbiranue. Tomoyiorusi neT/iu mo3BoJisieT MOJIHYI0
KOMMYHHMKAIMIO coelMHeHnsI paBHONPaBHbIX y3J10B JIBC. TexHosiorus 6p11a
pa3BepHyTa B MECTHOM MaculITade B IKCIIePUMEHTAJIbHOM npoekTe AMR st
Boanoiit Kopnopauuu Yciayr. B 00oux ciayuasix, cnocoOHocTs cetu ZigBee,
4TO00BbI YIIPABJIATH PACNIPOCTPAHEHUEM JAHHBIX M0 CAMO COOTBETCTBYHOLIIEH
JAOPOXKKe rapAHTHPOBAJIA HA/IEXKHOCTh CeTH. ABTOMaTH4eckoe uyreHue ZigBee
- M0 CYLIEeCTBY HAEAJbHbIH KOMIIPOMHUCC MeK1Yy 00bIYHOM cucTtemoii P®D,
KoTopas nepenaer k 100 merpam, HJIM TaK, PACCTOSIHUIO, H MTOJTHOCTBIO
aBTOMATH3MPOBAHHOM cCHCTEMe YTO JaHHbIe peJie Ha ocHOBHOM PC. C
cucremoii ZigBee naHHble MOI'YT ObITh NlepeaHbl K MYHKTY MOTPY3KH, 3TO
MOZKeT ObITH 3arPYKEHO 0KO0JI0 IPUEMOOTBETYMKA, HJIH 3TO MOKET
AJIbTEPHATUBHO OBITH MePeAaHO0 NMOJHOCTHI0 HA 0CHOBHOM PC. ®dakT, uTo
cucrema Zigbee cTpouT ee COOCTBEHHYIO CeTh, MOCKOJIbKY 3TO Pa3MHOKAET
AAHHbIE, YYUTHIBACT YMEHBbIICHHBIC 32aTPAThI U YBEJIUYECHHYI0 THOKOCTb.
IIpueMOOTBEeTYNKH TAK:Ke HMEIOT HA/Ie:KHOCTh, U IPOYHOCTH 00JIee paHHEeH
P® 6azupoBaJjia MO1YJIH, H CAMOBKJIIOYEHA M IOCTYIIHA (B ciy4ae
HeoOxoaumocTH). [IoHATHO, YTO IJIaBHbIE BOJAHbIC YTHJIMTHI BO BCEM MUpe
Tenepb NOBOPAYUBAIOTCH K Zighee, 4T00bI HAUTH pelieHHEe UX TPeOOBAHM I
AMR. AMR no cymectBy pemaet ABa O4eBUIHbIX KOMIIOHeHTa IloTepu;
OLIMOKH O0TCYEeTAa MeTPa U OIIUOKH COCTABJICHUS CYETOB. JTO TAKKe
1no3B0JisieT 3PPEeKTUBHYIO BOAY CUMTATH YIIPaKHEHHUS, KOTOpPbIe OyAyT
ocyuiecTB/JIeHbl. BbIOMpas ruipaBIn4ecKu CKPBITYIO 30HY, KOHTPOJIUPYS
summated BogHoe moTpedaenue yepe3d AVMR, u cpaBHUBasi 3TH LHEHHOCTH C
BOJHBIM NOTpPedJIeHHeM B 30HY, MOKHO TOYHO BHIYUCJIUTH U PeajibHbIe 1
OueBuanbie BogHbIe moTepu. Yepe3 AMR, cpaBHeHHUsI MOTYT ObITH C/IeJIaHbI



KaKABIMHA HECKOJIBKUMHA MUHYTAMH, 1 TOYHOC BBIMTUCJICHUEC MOKET ObITH
CA€JJAHO OTHOCHUTCJ/IBHO ME€TPA 30HBI IIPU-PErMcrpanuu H€HHOCTHIO.

Nimocrpanus 4: ZigBee AMR IlpuemoorBerunk 3anupaJics Ha Boaubii
Metp

JABa AuibTepHaTUBHBIX PelieHus nist Toro, 4rodsl Yunpasiasats Boausiv Ipu-
perucrtpauuun Merpom

IHocnennss cekuus OymMaru 10/KHA CMOTPeTh HA 1BA YHUKAJIBHBIX CIIOC00a
YMEHBIIUTH METP, MPU-PErUCTPALUH VISl METPOB BO/JbI 10X0/1a, KOTOPbIE yiKe
YCTaHOBJIEHbI U QYHKIMOHMPOBAHUE. ABTOPbI HMEIOT MHEHHUE, YTO TPHU
BAPHUAHTA JOJKHbI ObITh (paKTHYECKHU JOCTYIIHBIMH, 2 He ABa. IlepBbIii
BbIOOP - MCIIOJIB30BAHME HICAJIBHOI0 BOJHOI0 MEeTPa, KOTOPBIH PerucTpupyer
BCe MOTOKH, MpoxoAsue yepe3 310, U B 100%-0ii ToOUHOCTH. ITOT BOAHBIM
MeTp ellle He CYyILIeCTBYeT, M U3MepsIoLIue IKCIePThl MMEKT cepbe3Hble
COMHEHHS, YTO BOJAHbIC METPHI OYAYT KOIraa-a11u00 u3MepsATh NOTOKU BHU3 K
HYJIEBBIM JIUTPaM B Yac. BTopoii BbIOOP, 1OCTYNHBbIN JJI KOCBEHHBIX CHCTEM
CJIECAPHOIO [1eJ1a, COCTOMT B TOM, YTOObI HCIO0JIb30BaTh KJIANIAH pe3epByapa
KPBILIH, KOTOPBI HMeeT HeloCpeACTBeHHOe 3aKkpbITHe. Tperuii BbIOOP, U AJ1s
NPSAMBIX M VIS KOCBEHHBIX CHCTEM CJIECAPHOIO JeJia, COCTOMT B TOM, YTOOBI
HCIOJIb30BaTh KJIANIAH MAHUINYJISALUH NT0TOKA.

Ilepen mouckoM pelieHusi, Hy?KHO CHA4aJ1a MOHATH Npodaemy. Bee BoaHbIe
MeTPbI HMEIT CTAPTOBBIN NOTOK (QQS), B KOTOPOM MeTP HAYMHAET
PerucTpUupPoOBaTHCS, XOTSA HeTOYHO. B miutiocrpanun S Huxe, 310 ObLJ10 ObI B
npenaeaax 3.75 aurpoB B yac. MeTp Takxke UMeeT MUHUMAJIbHYI0 TOYHYIO
LEHHOCTb MOTOKAa Qmin, B KOTOPOM MeTp HAYMHAaeT HMeTh pa3Mepbl
crpaBeIuBO TOYHO (5%-ast morpemrHocTh). B npenenax 150 % Qmin BogHbIM
MeTp nepeMeniaeTcs B TOUYHbIA IMANA30H U3MePEeHUs, HA3BAHHbIH
TPAH3UTHBIM NOTOKOM, WK CnokoiHbIi. LleHHOCTH 17151 MeTpa,
U300paxkeHHOro Huxe - 11.5 1t/Hr, B KOTOPBIX METP JO0CTUTHET
MAaKCHUMAJbHOH TOYHOCTH HUKeE 2%-0ii OIIMOKH. ITO 00BIYHO COXPAHSIETCS 10
Qmax, KoTopbIil yIBauBaeT HOMMHAJI, MJIM CEPeIMHY MOTOKA HeHHocTH Qn.
IHockoabKy MeTp cTapeeT, ero KpMBasi TOYHOCTH YXYALIAETCS, 1 0COOCHHO
TedeT HUKe TPAH3UTHOI0 MOTOKA, O0y1eT U3MepPeH ¢ TPYAHOCThIO, €CJIH
BooOuIe. BbI130B 002 n3MepsieT NPU-pPerucTpaluy pemeHnst, J0J1KeH TAKUM
00pa3oM BbI3BATH OTOKHU Yepe3 MeTP NMOoTpeduTe s, KOTOPbIe ABJIAIOTCS
BbIIIIE 3TOT0 TPAH3UTHOIO NMOTOKA. KoCBeHHBbIE CHCTEMBbI CJIECAPHOTO J1eJ1a,



KOTOPBIi sIBJIsIeTCSl MOTPeOUTEISIMU C pe3epByapaMu KPbIIH, BHI3bIBAIOT
JAOMOJIHUTEbHBbIN problemdue K HU3KMM OTOKAM, IPOU3BEACHHBIM
tank’sball ki1ananom.

Yolumetric Class D

Q=1 gr/HN Meter Accuracy

5% over recording

2% over recording

75LHr 11.5LuHr TrBHr 2rfsHr ., . Flow

2% under recording

5% under recording

Wimoctpamus 5: Tounocts npeacrapisier 41 Qn = 1.0m*/Merp Boasl Yaca

IHepsbiit MeTp Ilpu-perucrpaunu Pemenue: Marautnblii Boausiii Kinanan
BxoaHoro orsepcrus.

HNamocTpanus 6 n300pakaeT MArHUTHBIN BOJAHBIM KJIANIaH BXOJIHOIO
orBepcTus. s moTpeduTe el ¢ KOCBEHHOM CHCTEMOII CJIECAPHOIO /1ejia
(pe3epByapbl KPbILIN), 3TOT KJIANAH - HAeaJlbHOEe TEXHUYECKOe pelleHune.
Kuanan ycranosJiieH B npeaenax rooftank BMecTo cTaHAapTHOrO IIAapOBOI0
kiaanana. Kilanan noxkaspiBaer MUHH-IVIABAHKE € BJIOKEHHBIM MAarHUTOM,
KOTOPBIi ynpasJjisieT AuagparmMoii B KJanaHe, MaJio 4eM OTJIMYASCH OT TOTO
U3 JaBJICHUS THIA uadparmMpl, yMeHbIIAKOIIEr0 KianaH. Iloplmarpmmiics
BOJHbIM YPOBEHb CHUMAET IJIABAHUE KJIANAHA, U MATHUT 3TOI'0 IIABAHUSA
nepeMeniaeT NUJIOTA HeP:KaBeKIIEH CTAJN HBIPSJIbIIMK. JTOT HbIPAJIbIIUK,
B CBOI0 O04epenb, inducesthe nnadpparma, 4To0bI 3aKPHITHCHA (MM OTKPBITHII,
eCJIM BOAHBIA YPOBEHb 0TCTYNAaeT). OTK/II0YeHNEe KJIAalaHa I0YTH MTHOBEHHO,
yuuTbiBasi 11000ii morok ceepx 100 1t/Hr, korga oTKpbITO, K HYJIEBBIM JIUTPAM
B 4ac, KOraa 3akpbiTo. Het mpocTo HUKAKOro mMpoMe:KyTO4HOIr0 MOTOKA.
Kianan takum 00pa3oM rapaHTHpPyeT, YTO BCe OTOKH, KOTOPbIe POXOAAT
yepe3 MeTp JA0X0/1a, - wayin excessof Tpan3uTHbIi noTok. Themainlimitation,
KOTOPBIH J0JI7KeH ObITh PEO0A0JICH C KJIANAHOM, HAXOAUTCH B JOCTYITHOCTH
pe3epByapoB KpbIlM moTpeduresis. /[Ba pemenust cymecrBymor; 1)
3aKOHO/JATEJbCTBO, KOTOPOE NMPeANUChIBACT UCII0JIb30BAHNE KJIANIAHA, H 2)
CTUMYJIbl BOAHBIMHU yTHJMTamMHu thatsubsidize ki1anan u npoaBuraer ero
NpeuMyLIecTBa (, TUIIA ero 0YeHb HU3K0H HOPMBbI 0TKAa3a).



Namocrpanus 6: JIBa Pemnenuss U3mepsits [lpu-perucrpanuu: MarnuTHbIH
Boanbiii (Ocraiennblil) Kinanan Bxoanoro orBepcrust u Ilpeodpa3oBarennb
nanubix UnmeasuredFlow (IlpaBo)

Bo03M0:KHO caMblil HHTEPEeCHBIN ACMEKT 0 MATHUTHOM BOJHOM KJ/IallaHe
BXO/IHOT'0 OTBEPCTHS HAXOAUTCH B IKOHOMHYeCKOM n3Mepenun. Kianan
HeJ0por, B npeaeaax &euro;S B kiaanaH. CTOUMOCTH KJIaNaHA ILUIKC TOT U3
¢[INHCTBEHHOI0 PEAKTHUBHOI0 MeTpa NPUMEPHO PaBHAETCH CTOMMOCTH 0o0Jiee
TOYHOI0 00beMHOI0 MeTpa. Moaeupys IKOHOMHKY KJiamnaHa s Ocrposa
ManbThl (IPUMEPHO MOJMUIJIHOHA KUTeJIel), ec/ii Obl KJIANaH JT0JKeH ObLI
OBbITH YCTAHOBJICH HA BCEX pe3epByapax moTpeduTeisi, MeCTHASI BOAHAS
M0JIE3HOCTHh MMeJ1a ObI IIAHC HA TO, YTOOBI U3BJIeYb I0JIB3Y B 00J1aCTH
&euro;1.4M exerogHo, HM 3a KAKOM HAYaJIbHBIN PacXo/

(TO ecTh MOKyNAas KJIANaH IUIIOC PEAKTUBHBINA MeTP BMeCTO 00beMHOI0
MeTpa). ITO NPOU301LI0 ObI U3-32 COKPALIEHUSI METPA, NPU-PETUCTPALMHU OT
KOHCEPBATUBHOM HEHHOCTH 6 % K 0.1M3K0 K 0 %. JKOHOMHYECKHUI NMOKa3
OIPOMHBIN MOTEHIMAJI KJIANAHA VISl CHCTEM ¢ KOCBEHHBIM CJIECAPHBIM JeJI0OM.
Kianan siBasiercss MaJleHbKHMM, JIETKUM YCTAHOBUTD, M CBOOOHOE
00CayKNBaHHUe.

Bropoii Metp Ilpu-perucrpanuu Pemenne: HeB3BemeHHbI
IIpeobOpa3zoBartesanb nannbix [loroka (UFR).

Jloist mpo0JieMbl 10CTyNA K pe3epByapaM KpbIlIU, WK 1JIS OTpeduTe e,
KOTOpbIe HMEIOT NPSAMbIe CUCTEMBbI CJIECAPHOIO0 /1eJIa, CYHIeCTBYeT pa3jiMyHoe
peumrenue. JIo:Kb pemieHus B ynpaBJieHUH 00pa3oM MOTOKA BOJbI Yepe3 MeTp
TaK, YTOObI BCE IOTOKH, KOTOPHIE 3aPeriCTPUPOBAHbI, HAXOAWJINCH B
M30bITKEe K MUHMMAJIbHOMY TOYHOMY MOTOKY MeTpa. JTO pelieHue -
HeB3BelICHHbI peodpa3oBare/ib JaHHBIX 0TOKA, MM UFR. B Hu3kux
norokax UFR 3acTraBiasier Boay myJibCHPOBATh Yepe3 MeTP B OTOKAX BbILIe
MHHHUMYMa TOYHO U3MEPEeHHbIN MOTOK JIs1 TOro MeTpa. B 0ojiee BbICOKHX
norokax UFR oTkpbiBaercs, mo3BoJisist BOAy nNpoiTu cBo0oaAHbIi. Kitanan
padoTaer 4yepe3 OTJIMYUTEIbHOE MOHATHE NaBjaeHus. Kiianan octanercs
3aKPBITBIM, I0KA BOHOE JaBJICHHE BHU3 110 TEYCHHUIO KJIANIAHA He 110
Kpaiineii mepe 0.4 Opycka MeHbIIe YeM BOJHOE IaBJIeHUE BBePX M0 TeYEeHUI0
KJIaNaHa. JTO CJIYYHUTCH, MOCKOJIbKY MOTPeOUTEIb TAHET BOAY B Ipeaesiax
JAOMAIIHero xo3sificTea. B ToM myHKTE BOBpeMsl KJIallaH OTKPOETCs, PUBOAS
K He3HAUMTeAbHBIM (.1 moTepsaM rosioBol Opycka. OqHa:KIbl BHyTPEeHHUE
OCTAHOBKH MOTPeOICHUs], HCUE3HET OTIIHYUTEIbHOE JaBJICHUEe, U KJIANaH
3aKpoeT CHOBA. JTO 3aKPbITHE M OTKPbITHE KJIANIAHA IPOUCXOIAT BO
B3pbIBax, WM NapTusax. Takum o0pa3om, B 1eliCTBUTEIbHOCTH, KJIAIAH
no0y:x1aer BOAY NPOXOAUTH Yepe3 BOAHbINA MeTpP B IYJbCe, KOTOPbIX
siBJsieTcs Bbie Qmin BogHoro Mmerpa. Mimoctpanus 7 o cieayrwounei
crpanuue nokasbiBaer 3¢pdexr UFR nHa Tounoctu Bognoro merpa. UFR
MO’KeT ObITh YCTAHOBJICH HEMOCPEACTBEHHO BBEPX M0 TEYEHHUIO HJIM BHU3 110
TEYECHUI0 METPAa MOTPeOduTeJIsl.



B npensioxkennu npoBepsath dpPpexkTuBHocTh Ki1anana UFR, HanuonanbHas
BO/JIHAS 110JIE3HOCTH B MasibTe HAeHTU(PUIUPOBAJIA MAJIEHbKYIO 30HY B IeJIAX
NpeABAPUTEIBHOI0 HCCAeA0BAHMSA. 30HA ObL/Ia BbIOPaHA B COOTBETCTBHU C
BO3PACTAMM BOJHBIX METPOB B 30He, YYUThIBAasi HOPMAJILHOE pacipe/ieieHne
BO3PAaCTOB MeTPa €O CPeTHUM YHCJIOM IISITH JIeT B Bo3pacre.

WATER METER ACCURCY
WITH & WITHOUT UFR

24
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With UFR
é 18 Qn 1.5 Water meter without UFR
o Qn 2.5 Water meter without UFR /
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Namocrpanus 7: Idgdext Her3pemennoro Ilpeodpa3oBareisi JaHHBIX
IoTroka Ha Boanoit TounocTu Metpa

Ycranasausas yerpoiictea UFR nocienoBaresbHO ¢ KaKIbIM METPOM
NnoTpeduTeIs, BOAHAS MOJE3HOCTh MOIJIA M3YYUTh METP NPHU-PerucTPalul
HeHHOCTh J1J191 30HbI 0e3 UFR’s (TO ecTh OTKpBIBasi MX KJANaH 00X01a) U
3arem ¢ UFR’s. B skcnepuMeHTaIbHONM paccMaTpuBaeMoi 30He, 3asiBJICHUE
exnann UFR yBennuniio usmMmepeHHbIi 00beM BOABI Ha cyllecTBeHHbIE 5.5 Y%
K 6 % BoAbI, mocTaBasseMoii 30He (Ctou 1 Huike). Ecim pe3yabrathl
npumMeHennsi UFR Ha 3kcniepuMeHTAIbHOM 30He IKCTPANOJUPYOTCH 110
MOJIHOM HPUCAUKIIMUA YMECTHON BOJHOM MOJIE3HOCTH, YBeJIMUYCHHE €5Ker0HOI0
n0xoaa K Mejoaun &euro;1.3M Ob110 ObI OJTYUYEHO.

0,
Test Global % Under-registration |m’f§r§)\)’§§ﬁé'nt

vs. Master Meter

UFR Active
UFR
Bypassed
1 18.1 T2.1 6.0
2 267 21.2 85
3 28.0 227 58

Croa 1: I¢pdpext UFR’s Ha Boanom Ilpu-perucrpaunu Metpe

CcbLIKM:



ALEGRE, H., HIRNIR, W., BAPTISTA, J.M., U PARENA, R., 2000.
Hnuouxkamopwt Pabomul ona Ycaye Booocnaoocenus. Jlongon: Ilydnmkanus
IWA. ARLOSOROFF, S., 1999, Bona Tpeoyer YnpasJenne. B: L.Kazanosa,
penaxkrop Mesxcoynapoouwtii Cumnosuym no Ipgexmuenomy Boonomy
Hcnonvzosanuro ¢ I'opoockux Oonacmax. Ocaka, IETC, 237-272 IAMBEPTA,
A.O., KOPUYHEBBIH IIBET, T.G., TAKIZAWA, M., 1 WEIMER, D., 1999.
00630p Unguxatopos Padorsl 3a Peanbubie Ilorepu or Cuctem
Bonocuaoxenusi. Booa, ZKypnan Boonozo Hccneoosanus Ycnyz u Texnonozuu,
45 (2), 227-237 MAJIBTHMCKAX BOJHBIX KOPIIOPAITMM YCJIVT,
2005. I'ooosoii omuem 2004/2005. Manbra

MARGETA, J., IACOVIDES, 5., AZZOPARDI, E., 1997. Humezpupoeannutii
Io0x00 k Pazeumuio, Ynpaenenuio u Hcnonwvzosanuro Boonwvix pecypcos.
Packoui: IIporpamma JleiicrBuii [lpuopurera. McHUGH, M., 1997.
Pa3npo0biennoe Crparernyeckoe Msmenenue B nmpenesax
IIpaBureabcTBeHHOro AreHrcrBa. Meowcoynapoonuwiit /Kypnan Ynpaenenus
Oowecmeennozo cekmopa, 10 (6), 433-443 MORRISEY, G.L., 1996. I'uo oaa
Takmuueckozo Ilnanuposanusn. Cozoanue Bawux Kpamkocpounwvix
Pe3ynomamos. Kanndopuus: Jossey-0acosbie U3nareaun. RIZZO, A., 2006.
Ouesuonwtit Boonwitiit Konmpons Ilomepu. Mexnynapoasas Bognas
Kongepenuus Accounanuu: @eppapa, Uranusa. RIZZO, A., 2001.
Cmpamezuueckuii Ilnan Ynpaenenusn ¢ Boonoii Kopnopayuu Ycaye. Cnyuaii
ona Hayuonanvnoit Boonoit Ilpozpammer Konmpona Ymeuxku. Tezuc. MBA:
Yuusepcurer Maabthl. RIZZO, A., 2000, Boausiii le¢punur u Boga
HUcenoandywr IdpdextuBHoctsb. B: A. Hamdy, penaxrop Ilepedosoii Kopomxkuii
Kypc 06 Ynpaenenuu Booocnaovocenusn u Tpeoosanusn. bapu, Tecnomack, 187-
204 TOPHTOHA, J., u A. RIZZO., 2002. OueBuansnie [Torepu. Kak Huzko
Bui moxere Iloiitu? Mexaynapoanas Boanasa Kondepenuus Accoumnanuu.
Lemesos, Kump.

UFR — nHHOBaLMOHHOE pelieHne AJIs BOAHOI0 MeTPa NPHU PEerucTpanum —
Counosnoruvyeckom uccienosannu B Uepycanume, U3paniie

Imup JaBugecko — Mn:xenep - paspadoruuk, Ucciaenopanue Aran u
Pa3zButue, Lle3apesi, U3pauin.

amird@aran-rd.com

Pe3rome:

Bbymara nacr kparkuii 003op Toro, kak UFR padoraer, u onuuer uCnbITaHU,
KOTOpbIe nposesauch B Uepycaanme, npexae, 4em pemnieHne ObLJI0 JOCTUTHYTO,
yT00bI YyecTaHOBUTH UFRS B ropoae. OaHa npuunHa AJ1s1 BOAHOI0 MeTpa NpHU
PEerucTpanyy - HeCIOCOOHOCTh U3MEPHUTh HU3KHUE pacxoabl. UHHOBALIMOHHBIH
IIpeoopa3oBaTtenn fannbix HeB3BemenHoro noroka (UFR) ymenbmaer
KOJIN4€eCTBO BOJbI, KOTOpPasi Te4eT HUKe MOPOora u3MepeHus (CTapToBbIii
pacxoa) MOCPeACTBOM U3MEHEHHS PEeKMMA MOTOKA Yepe3 BOJAHbIH MeTp B
Hu3kux pacxogax. UFR ¢akTnyecku nsmMeHsieT pe:kuM NMOTOKA Yepe3 BOAHBIN
MeTpP TAKUM CIOCO00M, YTO 0oJiblIee KOJIMYECTBO BOABI IPOXOAUT Yepes



BOJHBIN MeTp Bbile nopora usmepenusi. UFR He 3aTrparuBaer ¢gakTnieckoe
KOJIMYECTBO BOAbI, TeKyLIel yepe3 BOAHBINA MeTp. YcTtaHoBka UFR, niun
BBEpPX 110 TEYEHUI0 UJIM BHU3 10 TEYEHUIO K BOAHOMY METpPY, BepOATHO,
YJIYYIIUT U3MEpPeHne BOJHOI0 NOTOKA B TOM HU3KOH 00/1aCTH pacxoaa
U3MepeHHus, KOTOpoe, 10 HACTOSIIIEer0o BpeMeHHU, BOJAHbIe MeTPbI ObLIIH He B
COCTOSIHUM U3MEPHUTH (HUKe MOPOra u3MepeHus).

Unmeasured-Flow Reducer (UFR)

Kevwords: UFR, water meter, under registration, apparent losses, measurement threshold.

BoaHble MeTpbI B HUI3KOM pacxoje

Bce BogHbIe MeTPBI MMEKOT TPYJAHOCTh B MI3MEPEHHH O4YeHb HU3KHUX PACXO0I0B.
Cranpapt Mexkaynapoanoit Opranusanuu no Crangaprusauuu
(Mexnynapoanas Opranmzanus no Crangapruzauuu 4064-1, Bropoii
BbINYCK, 1993) onpenensier Qmin, Cnokoiinblii, Qn, Qmax, HO 3TO He
YIIOMHHAET HUYTO OTHOCHTEJIbHO IOPOra u3MepeHHus WM CTAPTOBOIO
pacxoaa, HMKe KOTOPOro BOAHBIN MeTP He perucTpupyer noroxk. B mociaeqnux
roax, HEKOTOpPbie U3 BOJAHBIX U3rOTOBHUTE/ICl MeTPa HAYAJIH MOCTABJISATDH 3TH
AaHHbIE, HO TEM He MeHee, 3TO MMeeT OTHOLIEHHE TOJIBKO ¢ BOAHBIMU
MeTPaMH, KOI1a OHU HOBbI, U He IPMHUMAaeT BO BHUMAaHHE BOAHOE CTApeHHUe
MeTpa. Boanbie MmeTpsbl yeranaBauBaau B Ein Karem (Mepycanum, U3paniib)
OKPY:KHasl 00J1aCTh MeTpa (MPSAMOM I0CTYN K NAMATH), ABJISIIOTCH MHOI'0
peaKTUBHBIM THIIOM, Qn 2.5, kiaacc B. HoBblii MHOT0 peakTHUBHBIH camoJieT,
Qn 2.5, kaacc B BoaHbII MeTp, TOr0 2Ke caMOro TUIAa, UCNoJib3yemMoro B Ein
Karem, 0b1:1 IpoBepeH B J1a00paTopuu Aran: pe3yJbTaThl NOKA3bIBAIOT B
rpade Hu:ke. Bonublii MeTp He uMeeT pa3mepsbl Bo Becex 12 I/h, Takum oOpazom
uMemwas pasmepsl omnoka - 100 %. B 26 1/h omuboynas kpuBas 1ocTuraer
Auana3zoHa Ha €5 %, onpenejieHHOr0 1Mo BbIIECYIIOMSHYTOMY CTAHAAPTY
Mexknynapoanoit Opranuzanuu no CtTaHaapTu3anny Kak J0NyCcTHMAs
ommdka mexay Qmin u CnokoiiHplii. CorjiacHo 3 ToMy CTaHAAPTY, sl 3TOr0
cnenu(uIecKoro TMMa BOAHOro Mmerpa, Qmin - 50 I/h u Tak Huxke ITOM
LIEHHOCTH, HUKAKas OIIH0Ka u3MepeHus He onpeneieHa. MHHOBanuoOHHOE
peuieHue NpoodJaeMbl PU U3MEPEHNH MOTOKA B 0Y€Hb HU3KHMX PACX0JaX -
IIpeoGpazoBarennb nanHbix HeB3Bemennoro noroka (UFR), mpoaykrt A.R.I.
Kounrtpous IloToka, B KOTOPOM €ro riaBHas 1ejJb COCTOUT B TOM, YTOOBbI



YMCHBIIIUTH HeB3BellIeHHbIH MOTOK qepes BO/IHbIH METP A CJI€A0BATECJIBHO
YMECHBIIUTH OY€BU/IHBIC ITIOTCPH.

MyabTupeakTuBHbIA Qn 2.5, HU3KuUil ommO04HbIM Pacxox kpuBoii pacxoaa
[I/h]

051015202530

Water meter error
= = = +5% range

-100

Heab uccaenosanus B Ein Karem, Uepycamnme

I'maBHas neab HCCAEI0BAHUS COCTOSJIA B TOM, UYTOOBI OTBETHTDH HA
cJeyIole BOMPOCHI:

1 EcTb Jin pakTHYECKH BOAHBIN MOTOK, B NpeAe/ ax NPAMOro A0CTyna K
NaMATH, KOTOPbIH MHOI'0 peakTUBHbIH Qn 2.5, ki1acc B Boaubie MeTpbI, KaK
ONMCAHO BbIlIe, He Mo:KeT u3Meputhb? 2 UFR mMoxkeT yMeHbIINTH
HeB3BelleHHbI moTok? 3 - BKiIaax UFR k perucrpanum noTroka BOJIHOro
MeTpa

CyILleCTBEHHbI?

HeB3BeneHHbIN MOTOK Yepe3 MHOI0 PeaKTUBHBIN camoJieT, Qn 2.5, knace B
BOJHbIE¢ METPbI NPAMBIX A0cTYNOB K namMaTu B Ein Karem, Uepycainme

YT00bI y3HABATH, €CTh JIM HEB3BEIlIEHHbI MOTOK, MPOX0/s Yepe3 MHOT0
peaKkTUBHBIN camoJieT, Qn 2.5,

KJacc B BogHble METPLI Ein Karem, B HU3KHX pacxojaax, CTATUCTHYECKHH
TECT IMIPOBOAMUJICH.

HcnpiTaTebHast mpoleaypa cieayomme:

1 IIpoBepute, 4TO BOAHBII JaTYUK YyTEUYKU METPA MOCTOSIHEH.



2 3akpoiiTe OTK/JIIOYEHHbIN KJIANaH, Mpex/ae Win mocjie BoaHoro merpa. (Eciaun
KJIANAH CTap WM Je(eKTeH, 3TO He MOIJI0 Obl 3ae4aTrarb, B TOM cJIy4ae,
KOTOPBIi 3Ta MpoLeypa He J0CTATOYHO HA/IEKHA, YTOOBI ONpPENAe/JNTh, eCTh
JIA HEB3BEILIEHHBIN MOTOK WJIM He).

3 XKnure B TeueHue npudaIu3uTeIbHO 60 ceKyH (B 3TO BpeMsl, BOJAA HCCYHIAJIA
ObI OT IOMaIIHell TPYOONPOBOAKH, WM KAK YTe4YKa WM KaK HU3KHUI MOTOK
pacxoja, HanpUuMep Yepe3 KJIanaH IJIaBaHUs B BOJAHBI pe3epByap).

OTkpoiiTe OTKIIYEHHBIH KJIANIAH, HA0JI01asl JATYMK YyTEYKHU THIATEJIbHO.
Ecau Oyner yreuka B JoMaliHeM X031 CTBE, TO 00beM, PABHbIH TOH U3
BbICYIIEHHOH BO/bI, 0yJI€T TeYb € J0CTATOYHBIM KOJIHYECTBOM SHEPrUum
AKTHUBHU3MPOBATH BOJAHBIH METP, U 3TO Oy/IeT 3aMeUY€eHO HA JaTUYNKe YTeUKH.
Ecan He 0yieT HUKAKO#H YTeYKH, TO JATYUK YTEYKH OCTAHETCH MOCTOSIHHBIM.

3ameyanue: ITOT TECT BO3MOKEH TOJIbKO 1JI BOAHBIX METPOB € COCTABHBIMU
AATYUKAMH YTEYKH. ITOT TECT MOKA3aJl, YTO 00J1bII0E KOJIHUYECTBO JOMALIHUX
X031ICTB MMeeT HeB3BelICHHbIEC BOJAHbIC IOTOKM B HU3KMX pacxoaax. ABTOp
3TON OyMaru peKoMeHayeT, YTOObI Ka:K/1asi BOJAHAS MOJIE3HOCTD C/1eJ1aJIa 3TOT
MPOCTOM TeCT, YTOObI MOHATH, UMEIOT JIM OHHU TAKYIO P00JieMy HJIH HeT.
Bo3Mo:KHbIe IPUYMHBI /IS HU3KHX YTe4yeK pacxoaoB oT: CUrHaJbl,
TyaJIeTHbIE IIeYaTH pe3epByapa, AeeKTHas TPyOONnpoBoAKa. 3anoaHeHue (B
HHM3KOM pacxoje): Boansie pesepByapsbl XpaHeHHsl, TyaJleTHbIE pe3epByaphbl.

IIpeoOpa3zoBartenn nannbix He3pemennoro noroka — (UFR), Yto
¢paxkTnuecku nenaer UFR? UFR paGoraer, u3mMeHsIsl MyTh, KOTOPHIM BO/A
Te4yeT yepe3 BOAHBIIN MeTp B HU3KHUX pacxogax. O0ObIYHO eCTh HEAOCTATOYHO
JHEPIrMHU B OTOKE, YTOObI AKTUBM3HUPOBATH BOJHBIN PErucTP MeTPAa B HU3KHMX
pacxoaax. C UFR ycTaHaBJIMBAaJI TOT 7Ke CaMblil IOTOK, pa3/JeJieH Ha
H3MepHMbIe KOJMYeCTBA BO/IbI, KOTOPbIE MPOXOASAT Yepe3 BOAHbII MeTp B
ompeeeHHbIX HHTEPBAJIAX, 3TH KOJIMYECTBA BOJbI MMEIOT 10CTATOYHO
JHEPIruH AKTHBU3HPOBATH BOJHBIN PErMCTP MeTPa, H CJIeI0BATEJIbHO IOTOK
HAKOHeELl H3MepPeH.



Without UFR With UFR

Water Meter Threshold

Flow Rate [I/h]

Flow Rate [I/h]

Time Time

C ycranoBiennbiM UFR, BoaHblil MeTp paGoTaeT B IMKJIaX B HU3KHUX
pacxoaax, rae BOAHbINH pacxoaoMep MeTpa (IaTYMK YTEYKH) - OCTOSTHHOE
00JILIIMHCTBO BPEMEHH U 3aTeM Bpaliaercsi paBHOMepHO. B 0oJiee BBICOKHX
pacxoaax (rae BOAHBIN MeTp pa0doTaeT yA0BJIEeTBOPUTEIbHbIN (€3 MOMOIIHN
UFR), UFR o0napyxuBaet 00Jiee BHICOKM PACX0 1 ABTOMATHYECKU BXOAUT
B OTBEPraIMics crnocod (To ecTb BOAHBIN MMOTOK Mep METPa, KaK eCJIu Obl
UFR He 0bL11 ycTaHOBJIEH B BOJHOI1 cucTeme). B oTBepramomemcs cnocooe
UFR (kak B HU3KOM CII0co0e pacxoja) TaKxe AeiicTByeT KaK KJanaH
HEBO3BPallleHHUsI, TO €CTh 3TO 3aAKPbIBAETCs, KOI1a BHU3 110 TEYCHUIO
AaBJICHHE MPeBbIIACT BBEPX M0 TEYCHHUIO AaBJICHHE.

Kak UFR pa06oraer?

UFR - oTIn4uTeIbHBIH KJIANAH HEBO3BPAIIlCHUS, Pa3pa00TAHHBIA TAKUM
croco0oM, 4To pa3jiuvue JaBJeHUs TPeO0BaI0, YTOObI OTKPBHITHCS, 3TO -
0oJibLIIe YeM TpedyeMoe 1epaKaTh 3TO OTKPBITHIM. Pasjinune JaBjaeHUs1, YTOObI
oTKpbITH UFR - 0.4 6pycka, noka paszjinune JaBJIeHUsA, YTOObI 1ePKATH ITO
OTKPBITHIN

UFR closed; downstream pressure
decreases because of leakage

Korna BHM3 10 TeueHUI0 CHIKeHUs 1aBjaeHus Huke (0.4 OpycKkoB TOro us
BBEpPX 110 TeyeHu1o AaBjieHne, UFR oTKpeIBaeTcsd M yYUTHIBAET Pacxo/] BhILe
TOI'0 U3 NIOPOra U3MepeHHsl.



UFR opens; downstream pressure
equals that of upstream

CBoOoanbiii noTok Boabl Yepe3 UFR ypaBuuBaer naiaenue nonepexk UFR u
M03BOJIsieT ITOMY 3aKpbIBaThCs. [Ipogosrkaomasics yreuka BHI3 110 TeYEHUI0
Kk UFR caenaer 310 noBTOpeHHe Onepany HENMoCpPeACTBEHHO MHOI'0 pas3.

Kaxkasiii paz UFR oTkpbIBaeTcsi, KOJIUYECTBO BOJAbI POXOAUT Yepe3 BOAHBINM
METP B pacxoje BbILIe OPOra u3MepeHHus BOAHOI0 MeTpa U TAKMM o0pa3om
MOTOK U3MeEpeH.

Ycranoska UFRs B Ein Karem, Hepycanume

B mapte 2005, 120 UFRs u 360 UFRs 0b171M ycTaHOBJIEHBI B IBYX OT€JIbHbBIX
npsaMbIx gocrynax k namMaTu B Ein Karem, Uepycaiume. Boaubie MeTpbl B
3TUX NPAMBIX J0CTYNAX K NAMATH - MHOT'0 PeaKTUBHBIH camoJieT, Qn 2.5
kJjacca B.

ITox perucTpanMOHHBIM NPOLEHTOM ObLJI 3aPeruCTPUPOBAH 10 H IOCJIe
ycranoBku UFRSs u - cpaBHeHHe cyMMbl BHYTPEHHHUX BOJAHBIX YTEHHIl MeTpa K
TOMY M3 IVIABHOT'O BOJHOI'0 MeTpa NPAMOro gocryna Kk namatu. Cros Huxe
CYMMHUPpYeT pe3yJbTaThl.

[TpomexxyTok [Tpu-

MecTononoxenue n Hoév[ P CumiBes UFR  BDEMEHH  DETHCTpAIyu
oTpedutTencn [MecsbI] [mpoueHT]
Ein Karem IlepBbrii 120 besz UFR 8 16%

NPAMOM J0CTYH K C UFR 6 6.1 %



nmaMATH Bkaag UFR 9.9 %

Ein Karem bes UFR 8 26%
Bropoii npsamoit 360 C UFR 6 18.8 %
AOCTYN K MaMsiTH Bkaag UFR 7.2 %
Cpennuit Bknag UFR
8.50 %

OTHOCHTEILHO BBIYUCIEHHUH 10X0/1a, OYeHb BA’KHO y4ecTh cieayloinee: B
JIUTP, COKpallleHHe 0YEeBUAHBIX NMOTEPb, MOCJIe BOJHOT0 MEeTPa, IBJIACTCS
0oJiee 3¢ deKTUBHBIM B 3aTPATAX YeM COKpPAllleHHe peaibHbIX OTEePh Nepe
BOJAHBIM MeTpoM. IIpuumHBI 1J1s1 3TOrO:

0
IHoreps noxoxa u3-3a OAHOIO JIUTPA BOAbI, ABJISAIOLICHCS
He3aperucTPUPOBAHHBIM BOAHBIM METPOM CYILIECTBEHHO BbILIE YeM
CTOMMOCTH IOCTABKH YTO TOT K€ CAMBbIH JIUTP BOAbI B CHCTEMY.

Ecau Bona 00bsiBJICHA COTJIACHO CHCTEMe Psiia, TO OTEPs B 10X0/1e U3-
32 BOJIHOTO MPU-PErUCTPALMH MeTPa OyeT COrJIaCHO CaMOMYy
BBICOKOMY O00bSIBJICHHOMY PSY.

3aKJII0YeHu:

YTeukH U Apyrue HeB3BelICHHbIC BOAHbIC IOTOKU B HU3KUX PacxoAax ObLIn
HallJIeHbl BO MHOTHX U3 NPOBepPeHHBIX AoMamHuX xo3sicTB. UFR npeycnea B
COKpAalleHNH HeB3BEeIIEHHOI0 MOTOKA M ObLJI HAH/IEH 0YeHb 3(P(PeKTUBHBIM B
coxkpameHnu o4eBuIHbIX NoTepb B Ein Karem, Uepycamume. Bkiaaxg UFR k
perucTpanuy NOTOKa BOJHOI0 MeTpa OblI 04eHb cylecTtBeHeH (8.5 %). B
OTBET HA JTO MCCJIe0BaHNe, BOAHAaA KomnaHnusa Uepycanuma pemuia
ycranoButb UFRs B ropoae.
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F Arregui, E Cabrera Maagmuii, R Cobacho., mapt 2006. UnTerpupoBannoe
Boanoe Yupasiaenue Metpa. Jlongon: Ilyonukanus IWA.
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KuroueBsle ciioBa: TouHocTs MeTpa, pe3epByapsbl KpbIIIU, 04YeBHIHbIE
noTepH.

Pe3rome

Boanbie Ilorepu cocraBiiennl n3 OueBuaHbIX U Peanbubix [loTeps. Boanoe
IIpaBienue Lemesos mojaraer, 4ro cokpamenue Ouyesuanbix Iloreps cToub
’Ke 0JUHAKOBO BAaKHO KakK cokpauuenue Peaabubix IloTeps. ITa Oymara
o0ecneuynBaeT JeTaJbHbIN CYeT ABYX HCCJIeI0BAHUI, KOTOPbIE ObLIN
BbINoOJIHeHbI B Bognowm IlpaBiiennu Lemesos, 4To0ObI onpeaeuTh KOJIMYECTBO
MeTpa, NPU-PErucTPalUui BbI3BAHHBIN NPHU MOMOIH LIAPOBbIX KJIANAHOB B
pe3epByapax KpbIlIM KJIMEHTA U MOJYYEHHBIX Pe3y/bTaTax, U cAeJaHHbIe
BbIBO/IbI IIpeACTaBJIeHbI U 00Ccy:KaeHbl. [lepBoe uccie 0BaHMe HALICTUIIOCH HA
JA0KA3aTeJbCTBO BHE JTI000I0 pa3yMHOr0 COMHEHHMS, YTO LIAPOBbI¢ KJIANAHDI,
HCIOJIb3yeMble B pe3epByapax KpbIIIU KJIHEHTA NPUBOAAT K MeTpY, NPH-
perucTpanum 0CO0EHHO B 0YeHb HU3KHUX MOTOKAaX. Bropoe ucciaenosanue
BOBJICKAJIO HCNIBITAHHE YCTPOHCTBA MAHUIYJ/ISIMHU MIOTOKA, KOTOPOE IMOMOKET
B COKpPAallleHNH HeB3BELICHHOI0 IOTOKA Yepe3 MeTPbl KJIHEHTOB B HU3KHUX
MOTOKAX.

BBenenune

Boanas eaeBas rpynna Ilorepu (WLTF) Mexknynapoanoii Bognoi
Accounamun (IWA) ycranosuina Crangaprabiii Bogubiii basanc, koropoii
NMPOCJICKUBACT BOAY M3 €¢ HCTOYHUKA NMPAMO Yepe3 CUCTeMY M MoJy4yaeT B
KOHIIe KOMIIOHEHT /10X0/1a U Hexoxo4a. Boaubiii kommnoneHT Iloreps Boanoro
BanaHca oT ropoaCKuX CUCTEM pacnpeae/ieHus1 cCocTaBjaeH U3 O4eBUIHBIX
IHoteps u Peanbubix [loTepb. ITH notepu BMecTe ¢ HeoObsiBIIeHHBIM
YnoanomouenubiM IloTpedsienuem BriouaoT Bogy Hexgoxona
(mnmoctpanus 1).
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Losses Storage Tanks
Leakage on Service Connections
up to point of Customer Meter




HNamrocrpanus 1. banance Boabl Cranaapra Hesesoit rpynnst [lorepu Boabl
IWA

OueBuansie [loTepu MM KOMMepUYecKHe MOTEPH KAK HHOIIa YIIOMUHAKTCS,
OLICHEHBbI B PO3HMYHBIX PacleHKaXx, Toraa kak Peaabnsie I[loTepu oneHeHbl 1o
NepeMeHHON CTOUMOCTH BOJAHOI0 POM3BOACTBA U pacnpeaeaenus (Thiemann,
R. u Henessy, S. 2005). OueBuanbie [loTepu cocTOAT U3 BOABI, KOTOPasi OblJjIa
Npou3Be/ieHa, pacnpeaeeHa 1 B KOHEYHOM cYeTe MoTped siiiach, HO ObliIa He
3amiayeHa 3a noJbs3oaresneM. Yiensl WLTF mocBaTHIN 3HAYUTEIBHOE
BpeMsl, B IOCJIeIHMEe HECKOJIBKO JIeT BO3/AelCTBYIOLIEee HA 3Ty podJieMy,
KOTOpasi, KaK M0JIaralT, HMeeT IpelelbHoe 3HAYeHHe sl 000 BOAHOI
noJie3HocTH. I'1aBHOe 00HaApysKeHHe COCTOSJIO B TOM, YT0 OveBuanbie IloTepu
BKJIIOYAKT YeThIpe KOMIIOHEHTA, 3 HMEHHO:

 BoaHoe BOpoBCTBO

o Ommubkm orcyera MmeTpa

o byxraarepckuii yuer omndO0K

o Ilpu-perucrpauuu MeTp KJIHEHTA
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ater Accounting Apparent Loss Meter Reading
Errors

Errors

Existing Apparent
Loss

Hayl Jalem

Source: Rizzo and Cilia, 2005

NnmocTpanus 2. Yersipe Komnonenra OueBuansbix Iloreps

ITH YeThbIpe KOMIIOHEHTA MOI'YT 1eliCTBOBATh HE3aBHCHUMO, HO B TO JKe camoe
BpeMs B3aUMO/JEICTBOBATH APYT APYIOM € KaK IOKA3aHO B HJIIOCTPAIMH 2
WIN B COKPAILlEeHUW UJIH B YBeJIHYCHUH MOJHON HeHHOCTH QUYeBHIHBIX
IHoreps. Ilpu-perucrpanuu MeTp - pe3yabTaT MeTPA BOJAbI KJIHEHTA, He
PerucTpHpYyOLIero NPaBWJIbHO NOTOKH, KOTOPbIE IPOXOAAT MeTP 0COOCHHO B
0YeHb HU3KHX NMoTOKax. KpoMe T0ro, nockoJbKy MeTp CTAHOBUTCS CTaplle,
CIOCOOHOCTH PerucTpUpoBaThesi ToUHO yxyamaerces (Rizzo u npyrue, 2007).

Boanoe HpaBJ'leHI/Ie Pa3BUJI0 NOJUTHKY JJIsI BOAHOI'O YIIPpaBJI€CHUA ME€TPa,
KOoTOopada BKJIAKYACT Cjeayrumec:

o IepuoaMYecKasi IPOBEPKA U 3aMeHAa B CJIy4yae He00X0AUMOCTH BCero
HCTOYHHUKA, XPAHEHUS] U METPOB MPSIMOT0 I0CTYNA K NaMSTH,



e HCIOJIB30BAHHE BHICOKOW TOYHOCTH MOJI0KUTEIbHOE CMEleHne
BHYTPEHHHE METPHI.

BHyTpeHHMe MeTPbI 0CMOTPEHBI KaK/ble YeThbIpPe Mecsila, KOrjaa OHI
NPOYUTAHBI YUTATEISIMU MeTPA, U 0 padoTe co cOOAMM WM NMOBPEKIAEHHbBIX
MeTpax coo0IaT U 3aMeHsieTcss HoBbIMU. KpoMe Toro nporpamma 3ameHbl
JJISl CTApelouX BHYTPEHHUX METPOB MPOU3BeleHA KaK/IbIH roj ¢ 1eJIbI0
3aMEHUTb MeTPbI, KOTOpPbIe ABJIAOTCH 0osiee yem 10 rogamu. IT0 03HAYaET,
YTO Ka:KAbli roa npudan3nteabHo 6000 MeTpoB 3aMeHeHbI, HO 3HAYUTEJIbHOE
4HCJI0 METPOB, 0oJiee yeM 10 JieT HAXOAATCSA BCe elle B MCIO0JIb30BAHNM.

Buyrpennue Pe3epByapbi Kpbimmu

B Kunpe 1 Boo011e B 3acylJIMBBIX M MOJY3aCyHIJIMBBIX 00J1aCTAX, I/1€e
HeyCTOHYMBOEe WIN HEeHa/lesKHOe BOJOCHADKeHe U3-32 BOHOM HeXBATKH
MO:KeT NMPOU30IiTH, BCe TOMALIIHIE X035l CTBAa HMEIOT pe3epByapbl XpaHeHHUs
NPUOIM3ATETLHO MeHSI M. BMecTHMOCTh. KpoMe Toro npenmyimecrso B3siTo

U3 U300MJIMS COJIHLA, YTOOBI 00ecreYuTh rOPAYYI0 BOAY K JOMALIHEMY
X03M1/iCTBY € MOMOIIBIO COJIHEYHBIX rpynn (Wiaocrpanus 3).

Nimoctpanus 3. Tunuvynas YcranoBka Buyrpennux PesepByapos Kpbiiu B
3nanusax

IITupokoe UCNOJIb30BAHNE Pe3ePBYapOB XPAHEHHS KPbIIIUA BCEMHU KJIHEHTAMHU,
Ka)KeTcsl, IIaBHAs IPUYUHA MeTPa, MPU-PErHCTPAIUN 0COOEHHO B HU3KHUX
noTokax. MesKayHapoaHbIil ONBIT B ITOM 00J1aCTH YKA3bIBAET, UTO Ja:Ke C
CaMbIMM TOYHBIMHU U3 BHYTPEHHUX BOJAHBIX METPOB MPOLEHT OT MPH-
perucTpanuy B HU3KMX MOTOKaX cylllecCTBeHeH. JTo coodman Rizzo u
Pecaunamm, 2005, uro “cpednee uucno, npu-pecucmpayuu u3 6HympeHHux
Mmempos, knacc “D”, ciedyrowuit HuU3K0 meuem 6bl36AHHBLIL ULAPOBHIM
K1ananom peszepeyapa, KaKk Haxoouau, ovin ¢ npedenax 6 % noanozo oomauinezo
nompeonenun’”. JlajbHeiilee CBUAETEIbCTBO, 0o0ecniedennoe Cobacho, n



apyrue, 2007 moka3aJ, 4To B CJiydae CUCTEMbI, HCIIOJIb3YSl pe3epByapbl
Kpbimu 1 ucnojb3dys Kiace “B” BogHble MeTpPbI MOJHbIN NPU-PerucTPaluu
ObL1 0.1M3K0 K 20 % B TeyeHHe HAYAJIBHBIX JIeT, CTAHOBACH HAMHOI'0 XY:Ke
nocJie 6-8 jer ¢ npu-perucrpanuu gocrtuzkenueMm 30 % u 6oJibie.

IIpoGJiema npu-perucTpanuu MeTpa 00bIYHO BHI3BIBACTCH B Ype3BbIYaiiHO
HHU3KHUX MOTOKAX Yepe3 MeTPhl, MOTOKU, KOTOPbIEe HIKE YeM MUHUMAJIbHbIH
MOTOK, KOTOPBIil MOKeT TOYHO ObITH 32aperucTpUpPoOBaH MeTpoM. s
METPOJIOTHYEeCKOro Kiaacca “D” MUHUMAJIBHBIA OTOK, KOTOPbIA MOKeT
TOYHO (+/-2 %) ObITH 3aperucTPUPOBAHHBIM METPOM, - 7,51t/hr.

Pe3epByap KpbIlIN HCIIOJIB3YETCH, YTOObI XPAHUTH BOAY, KOTOpasi
BIIOCJIC/ICTBUM HUCNOJb3YyeTCsl AJISl TYAJEeTHOI0 CMbIBaHMS, 3a0pacbIBaHMS,
KYJHHAPHUH, OACKIbI U MBbIThsl 0J11012, 0YMCTKH I0MA U JJIsl JUYHOM T'HTMEeHbI.
JlJ1s1 00JIBIIMHCTBA 3TUX UCIOJIb30BAHUI HCIOJIb3yeMOe KOJIUYeCTBO -
OTHOCHUTEJILHO MAJICHbKOE MOPOKACHUEe MUHYTBI, 3arJISIABIBAIOT PyKe
LIAPOBOI0 KJIANAHA B pe3epByape KPbILIH, TAKMM 00pa3oM M03BOJIAIOLIEM
BOJly KanaTh B pe3epByap B MOTOKAX HUKe YeM MUHUMAJIbHbIA MOTOK,
KOTOPbIil MOkKeT ObITH 3aperucTpUpoBaH MeTpoM. /[Be ¢popmMbI pe3epByapoB
KPBILIH HAXOJATCH B MCNOJIb30BaHuM; KBaApaT (1m x 1m x 1m), koTopsIit
c/IeJIaH M3 raJibBAHU3MPOBAHHOM MATKOM cTaIM M WIHHAPHYecKuM (0,8m
auamMeTp X 1,5m 10J1ro), KOTOPbIii cAeJIaH U3 noJunponusieHa. s
KBaJPaTHBIX pe3epByapoB CHUKeHHe 1mm B ypOBHe BOJABI B pe3epByape
3kBHBaJIeHTHO 101t ncnosab3yemoii Boabl. TOYHO Tak ke cHUAKeHHe 1mm B
HMJIMHIPUYECKOM pe3epByape 3KBUBaJIeHTHO Slt. IlockoabKy 00JBIIHHCTBO
AOMAIIHMX XO03AMCTB MCIOJIb3YeT KOJIMYECTBO UCIOJIb3yeMOM BObI - MEHbIIIE
yem 101t nam xazxke Slt, 1 103TOMY CHMKEHHE B PyKe IIAPOBOI0 KJIANAHA He
AOCTATOYHO, YTOOBI MO3BOJINTH YCJIOBHUS NOTOKA Yepe3 MeTP, KOTOPbI MOKeT
OBITH 3apPerucTPUPOBAH.

l'anbBaHU3MpPOBaHHBbIE pe3ePBYaphbl MATKOI CTAJIM 0KA3AJIHNCH
Npo0JIeMATHYHBIMH B 3TOM, OHH MOKA3bIBAJIN NPU3HAKHA KOPPO3UH BCKOpeE
1nocJje Toro, KAk OHM ObLJIM YCTAHOBJIEHBI H O4Y€Hb OTPAHUYHJIIN
NMPOJOJIKUTEbHOCTD KU3HHU. ['aIbBaHU3MPOBAHHBIE pe3ePBYapbl MATKOM
cTasm 00JIblIIe He MPOU3BeIeHbI M MOCTENEHHO 3AMEHSAIOTCS pe3epByapamMu
noJIMnponujieHa (Wurocrpanus 4).

Namoctpanus 4. Pezepsyap Kpbimuu Iosmmnponniena



UccaenoBanns, npeanpuHsatbie B Bognom IlpaBienuun Lemesos ObLin
B/IOXHOBJIEHbI PA00TOM, BHINOJTHEHHOH B 3TOi 00J1acTu OueBuanoii Komanaoi
Horeps WLTF n Haneaunuchb Ha onpeaeieHue KOJU4ecTBa MeTpa, NpH-
perucTpanyy BbI3BAHHBIN IIAPOBLIMU KJIANIAHAMH B pe3epByapax KpbILIH.
Onu ObLIH:

o HccaenoBanune A: HenpepbIBHBIN KOHTPOJIb NIPUTOKOB U OTTOKOB OT
pe3epByapoB KPbILIH.

o MHccaenoBanue B: MoHTak IOTOKA ynpaBJsieT yCTPOUCTBAMHU
(HeB3BelLIEHHBbIE MPe00OPa30BaTe I JAHHBIX IOTOKA).

HccaenoBanue A: HenpepbiBHbIH KoHTposs IIpuTokoB/OTTOKOB OT
Pe3zepByapoB Kpbimu

Heab ncciaenoBaHusa ObLa:

e YcTaHoBHTE, YTO HCIOJb30BaHNeE IAPOBBIX KJIANAHOB B pe3epByapax
XpaHeHUsl KPBIIIH BbI3bIBAET NPHU-PErucTPauni MeTp, 0CO0EHHO B
O0YeHb HU3KHX NOTOKAX.

o Omnpeneaure KOJIUYECTBO METPA, MPU-PETUCTPANMH MO HECKOJIbKUMU
peKUMAMHU MOCTABKH.

o Omnpeaenure NoTepro 10X0/a, 10JZKHOT0 H3MEPUTH NPU-PErUCTPALIMH.

IT0 Hccje1oBaHue ObLJIO BbINOJHEHO OCHOBAHHOE HA MEeTOH0JIOTHH U
NPUHIIAIAX MO00HOT0 UCCIeI0BAHUSA, BbINOJIHeHHOT0 Rizzo u Cilla, 2005, B
MaubTe, rae pesepByapbl KpbIIIH TaAK:Ke UCIOJIb3YIOTCS MOYTH TAKUM Ke
cnocooom kak B Kunpe. Rizzo u Cilla, 2005, B ux ucc/jie[0BaHNM 10KA3aJIH,
YTO MPHU UCIOJIH30BAHMHA HHHOBAIIMOHHO COJIEHOUAAJILHOI CHCTEMBI, YTOObI
3aMeHUTh TPAAMINOHHBIN IIAPOBO KJIAaNaH, Bce MOTOKHU B pe3epByap KpbIlIH
ObLIM TOYHO 3aPerUCTPUPOBAHBI BHYyTPEHHUM MeTPOM 0e3 J1l000ro Npu3HaKa
npu-perucrpamuu. IlloaTomy, 3TOT acnekT He ObLI Hccaea0BaH B Bognom
ucciaenosanuu [lpapiienus, Tak Kak pe3yJbTaThbl MAJIbTUHIICKOT0
HCCJIeOBAHUS CUMTAIOT YHUBEPCAJIBLHO NIPUMEHNMBIMHI. JTO MO3TOMY CUMTAJ
Ba)KHBIM MCCJIEIOBATH M ONPeessiTh KOJIMYECTBO METPa, NPU-PerucTpaluu
JJIs1 TAMMYHBIX COOPY’KEeHUil pe3epByapa KPbIIH, ¢ KOTOPbIMH CTAJIKHBAKTCSA
B Kunpe u ocod0enno B ropoae Lemesos, KOTOpbIe SIBIASIOTCH MOA00HBIMH
HAHJIEHHBIM B JIPYTMX CTPaHaXx.

Bri6op CTpouTeIbHOM MJIOMIAIKH

ITO CYHUTAJ BAXKHBIM HCCJIE0BATH METP, NPH-PErMcTPALMH JJIS1 PA3JIHYHBIX
THIIOB KJIMEHTOB, YTOObI YCTAHOBUThH, CBA3aHBI JIM Pa3JINuHble 00pa3ubl
HCMO0JIb30BAHUSA KJIMEHTA ¢ PA3JINYHbIMH CTENeHSIMU NPU-PEruCcTPALUN
meTpa. K atomy konny Maraszun, Kuiaas Ksaprupa u Office Bce
PACIOJIOKEHHOE B TOM 7K€ CAMOM MHOIO0 31aHUM AAPyca ObLIU BHIOPAHBI
(maumoctpanus 5).



Class “D" i
Meter ‘A’ & ‘B’ | Q=1 m¥hr Telemetry Station
Specification | Q=75 Itihr El:ll:ialrit:v;:l
Qg,=3,4 Ithr

Flow of water ZD

Average
roof tank
size: 1m?

Meter B
s 1)

Niumoctpanus S. MiutocTpanus 6 cTpouTeIbHOMH MJIOMIAIKH.
HUcnbiTaTreibHOE PACIOJIOKEHHE

HcneiTaTeabHag MeToaos10rus

IIpunsTast METO10JI0THS T0J)KHA ObLJIA YCTAHOBUTH COBEPLIEHHO HOBBIN
KJacc ’D”, Qn=1m3/qac, 00beMHbI€ MeTPbI BO BXOJJTHOM OTBEPCTHHU M BbIX0/1€
Ha pe3epByap Kak MOKA3aHO CXeMATH4YHO B WLIIOCTPALIMHU 6, 4TOOBI H3MEPATH
NMPUTOKH U OTTOKH OT pe3epByapa. [IpuTroku u 0TTOKHU ObLIN
3aperucTPUPOBAHBI B HHTEPBAJIAX KAK/IBIX S MUHYT U JAHHBIX, COXPAHEHHBIX
B IPOrpaMMHPYeMOM JHcCIieTYePe, KOTOPbIH ObIJI HACTPOEH HA YYACTKE Ha
Kpblllle MHOTO 3JaHUA SApyca. JTa JO0rOBOPEHHOCTh ObLJIa MPUHSATA JJIsI
KA)K/10T0 THIIA KJIHEHTA NMPHU UCCIACJOBAHUN, 23 UMEHHO: Mara3uH, sKujias
KBapTHpa u oduc.

Pe3yabTaTsl

Pe3ybTaThl, I0JIy4eHHBIE OT HENPEPHIBHOTO0 KOHTPOJISI IPUTOKOB U OTTOKOB
noka3biBalT B Crosie 1 Huxke. Pa3mepsl ObLiIM B3AITHI B TeUeHHE NEPUOAA
20/11/2006 u 02.04.2007, 1 3TO 0YEBUAHO OT Pe3yJIbTATOB, KOTOPbIE CTENEHb
NPH-PErHCTPANMH MeTPa U3MeHsIeT COIVIACHO THUILY KMJIbsl, KOTOPOe KOHEYHO
HEIMOCPEeJACTBEHHO CBSI3aHO ¢ 00pa3uoM noTpedaeHus KianeHta. Camblii
BBICOKHUI IPU-PEerHCTPALMHU MPOUEHT ObLI MPOLEHTOM OT BOJAHOI0 MeTPa,
nocrasJsomero Office.

Croua 1. Pe3yabTaThl NPUTOKA M YTEHUI OTTOKA

Kpsbima Tun Ilepuon pazmepos: 20/11/2006 — 02.04.2007
PezepByap Kunbe Ilputok  Otrok (m3) Pasmuune 0% Pasnuie
(m3) (m3)
1 Office —2-0it ) 5575 1,2080 0,2555 21,15
T10J1
2 Marasun - 7.2800 7,5276 0,2476 3,29

MIEPBBINA 3TAXK
3 Mecto 20,7740 21,0990 0,3250 1,54



JKATENLCTBA - 1-
BIN IT1OJI

J0/15KHO OBITH 0TME4YEHO, YTO (paKTHUYeCKoe BOJAHOe noTpedaenue aiasa Office
ObLJI0 Ype3BbIYAHO MAJIEHBKUM 10 CPABHEHHUIO C APYTHUMH ABYMSI, KOTOpPbIE
NMOKA3bIBAKOT HAMHOI0 00Jiee HU3KHUIl MPOLEHT OT NMPU-PEruCcTPAIlUN MeTpAa.
Huskoe norpeduaenne aias Office cocTosisio B ToM BeieACTBHE TOT0, YTO BO/a B
Office B 0CHOBHOM HCIOJIB30BAJIACH VISl CMbIBAHMSA TyaJjieTa u/WMim MbIThbA
PYKH, KOTOPO€E 03HA4aJ10, YTO KOJIUYECTBO BO/bI, HCIO0JIb3yeMOM B Ji1000e
BpeMs ObLJIO MaJIEHbKMM MOPOKICHHEM TOJIbKO MeJIKOe IBHKEeHNEe PYKH
LIAPOBOr0 KJIaNaHa TAKMM 00pa3oM, BO/1a, NPOXOAAIIas OblIa HHKe
MHHHMAJIBHOT0 00beMa, YTO MeTP ObLJ1 c10CO0EeH K TOYHOI peructpaunu. B
OTJIMYHeE OT APYTrHX JABYX CJIy4aeB, Ile BOJAa HCIO0JIb30BAIACH B 00JIbIINX
KOJIMYeCTBAX U MO/ Pa3IMYHBIMU 00pa3uaMu noTpedeHusi, NPUBOASIIINMEU K
HAMHOT0 00Jiee HU3KUM (UTrypaM Uil IPU-PerucTpaumnu.

BblimeynomMsiHyThie TeCThI I0KA3aJ4, YTO UCNI0JIb30BAHNE IIAPOBBIX
KJIANIAHOB B pe3epBYyapax XpaHeHHs KPbIIIU BbI3bIBAET PH-PEruCTPALIUT
MeTp, 0CO0eHHO B 04YeHb HU3KHUX MOTOKAX, M YTO CTeNeHb NMPU-PerucTpanuu
0J1M3K0 cBsi3aHa ¢ o0pa3uoM norpedaenus kianenta. Ha ocuose
BbILIEYNIOMSAHYTBIX TECTOB CPeAHAsA (PUrypPa, BbIYMCICHHAS 1JIS IPH-
perucrpanuu ObuL1a 2.8 %.

HUccnenoBanue B: Monraxk YcrpouictB Konrpous Iloroka (HeB3BemenHnsbie
IIpeoOpa3oBartesnn nannbix [loToka)

Iean 3TOrO HCCIae0BaAHUS ObLIA:

e YCTaHOBHTE M NPOBEPbTE HHHOBALIMOHHBIC YCTPOMCTBA KOHTPOJISA
noroka, Hes3pemennsie Ilpeodpazosaresn nannbix [loroka (UFR),
OCHOBAHHBI HA COIJIACOBAHHOM METOX0JIOTUH, YTOObI YCTAHOBUTDH MX
(GyHKUMOHAIbLHBIE BO3MOKHOCTH IIPHU MOJIEBBIX YCJIOBUAX.

o MHccaenyiite, eciiu ucnosb3oBanue UFRs co3paer mepexoanbie
JABJICHUS B CETH.

o Ilorpebsenue mepbl npe:xae u nocje ycranopku UFRs.

o Omnpenennre KOJUYECTBO 00bEMa M CTOUTE U3 METPA, NPU-PErUCTPALUM
BbI3BAHHbIN HU3KUMH MMOTOKAMU, BLI3BAHHBIMHU IIAPOBBIMU
KJIANIAHAMH B pe3epByapax XpaHeHHsl KPbIIIY U BLIYUCJISNTE BBITOAY,
ucnoan3ys UFR.

Y1001 MMETH 00LYI0 OCHOBY /IJISl TOT'0, YTOOBI CPABHUTH CJIEACTBUS
PA3THYHBIX COLMOJIOTMYECKUX MCCICI0BAHMN CTAHAAPTHASA MCIIBITATEIbHASA
METO0JIOT U, YCTAHOBJIEHHAs AJyiekcoM Paii330, tuaep O4eBUIHON KOMAH/BI
IHoreps WLTF conpoBo:xaasics. ITo BOBJIeKAJIO0 B 0011el C10kHOCTH 4
MOCJIeA0BATEJbHBIX LIAra:

1. BbI0Op cTPOUTEJBLHOM NJIOIIAAKH M PEBU3HH MOTPEOUTEJIS.
2. DKCcHepuMeHTAJbHbINA 30HAJBHBIH IIABHBIN MeTP.
3. Ycrpanenue Bcex Apyrux OveBuIHbIX KOMIIOHeHTOB IloTepu.



4. YcranoBka UFRs.

BoimeynomMsiHyThie Iard NPOAHAJIM3MPOBAHbI HUKE COO0IICHHA
noaApoOHocTei padoThl, KOTOPasi ObL1a BHINOJIHEHA, U Pe3yJbTATHI OJIy4YeHbl.

Br10op PeBuszuu CrpountesnbHoii miiomanaku u I[lorpeduresis

30Ha ucnbITAHUA ¢ 69 U3MepeHHBIMH KJIHEeHTaMHu ObliIa BbIOpaHa. JTa
00J1acTh ObLJIa THAPABINYECKH 3aKJ/JII0YEHA B KAICYJIy € eIMHCTBEHHbIM
IIYHKTOM BXO0/1a B 30HY, KOTOpasi ObLj1a u3mMepeHa. O0J1acTb BKIOYAJIA
IJIABHBIM 00pa3oM 00JIbIIIHE OCOOHSIKU CO CPEeIHUM CYTOUYHBIM NMOTpedIeHneM
npuéamutensto 1 M.} B jomammuee xo3siicrso.

JKcnepuMeHTANbHBIN 30HaAbHBINH I'1aBHBI MeTp

IoTOoK B 3KCIIEPUMEHTAJIBbHYIO 30HY OblLJI IEPBOHAYAIbHO M3MepeH KenTom
50mm kaace Tunma Waltmann metp ‘B’. YTo0bI rapaHTHPOBATH, YTO IVIABHBIH
MeTp ObLI NPABUJIBHO U3MeEpPeH, MeTp ObLJI 3aperuCTPMPOBAaH CPOKOM Ha
BpeMsl M IPOAHAJIU3UPOBAHHBIE JaHHbIEe MOTOKA. [I0CKOIBKY 3TO MOKeT OBITH
3aMe4YeHO N0 WILJIIOCTPANH 7, MeTp ObLJI HeradapuTeH, U B pe3yJibTaTe MeTp
PErucTpPUpPOBAJ HOJIb IVISI MUHMMAJIBHBIX BeYePHHUX MOTOKOB.
IIpuroroBJieHus ObLIM CAEJAHbI, U [JIABHBIN MeTp OblLJI 3aMeHeH KeHToM
25mm kiaace PSM metp ‘C’. I1oTOKH ObLJIM 3aperucTPUPOBAHBI B TCYEHHE
N0/100HOT0 O0TPe3Ka BPeMEeHH! HeMeAJIeHHO MOCJIe YCTAHOBKH U NOCKOJIBKY 3TO
MOsKeT ObITh 3aMe4Y€eHO 110 HJLUTICTPalun 8, MeTp uMeJ pa3Mepbl NPABUJILHO,
B IIpe/ieiax MUHMMAJIBbHBIX M MAKCHMAJIBHBIX NpeaeaoB merpa. Ot Hux
U3MepeHHe TAKKe 3aKIHYaJ10Ch, YTO He OblJI0 HUKAKHMX YyTe4YeK, KOTOpbIe
HOJIKHBI ObLIH OBITH YAaJeHbl KAK MUHMMAJIbHBIN B3BELICHHbIH BedepHUil
notok 0,2 M.>/4ac 6bL1 0YeHb GIM3K0 K MUHHMAJILHOMY HEJIeBOMY IOTOKY
HOYH JJIf1 3TOM cnenrpu4ecKoil 30HbI HCIBITAHUS.

0.00

o A bt M- et o 27110/08 28/10/06 28/10/06 30110708 3171006 s 211706

HNimoctpanus 7. Kent SOmm waltmann neyaraer nwiutrocrpauuio 8 'B' tuna.
KenT 25mm kaacc PSM ‘C°

Ycrpanenne Beex [pyrux OueBuanbix KomnonenTos norepu

BbL10 Ype3BbIYaiiHO BAYKHO YAAJIUTH BCE APYrve 0YeBHAHbIE KOMIIOHEHThI
MOTEepPH, 2 MMEHHO: BOJAHOE BOPOBCTBO, 00BbSABJIAA OLIMOKH M OIIMOKH 0TCYETA
MeTpa 10 BbinoJiHeHus Tecta. [lepen yeranoskoit UFRs ObliIn mpoBepeHbl Bee



MeTPbI, U Te HaliJileHHbIe padoToi co c0ossMu OblIM 3aMeHeHbl. Kpome TorO,
ObLI0 MOATBEPKAEHO, YTO He ObLII0 HUKAKUX HE3aKOHHBIX cBsi3eil. UToObI
u30erathb JIIOObIX OIIHOOK COCTABJIEHUS CYETOB, ObLIO PElIeHO0, YTO OTAeJIbHAasA
CHCTeMA perucTpanuu 0yaeT ucnoJib30BaThbCs, KOTOPbI OyAeT He3aBUCHM OT
IJIABHOM cHCTeMbI cocTaByieHust c4eToB. K coxajieHu1o He ObLI10 BO3MOKHO
YCTAHOBUTHh AaBTOMATHYECKYI0 CHCTEMY CYUTHIBAHMS METPA TaK, YTOOBI BCe
MeETPBbI KJIMEHTA, KOTOPbIe OyAyT NPOYMTAHBI BPYUHYI0. UT00BI H30erath
OIIMOOK 0TCYETA MeTPa, MeTPbI ObLIN NPOYMTAHBI OJHOBPEMEHHO IBYMS
KpecTaMH JIK/Jieil IPOBepPKa UX 0TYETOB IO0CJIe TOr0, KaK KaxKIAbIii MeTp ObLI
MPOYHUTAH.

YcranoBka UFRs

BoJsb1I0i aKIeHT Tenepsb NOMENIeH B YMEHbIIEHHE BOJIH B CHCTEMax
pacnpeejieHus1, TAKUM 00pa30M 3T0 AyMaJl BaKHOe HMeETh He3aBHCHMbIe
pa3Mepsbl JaBJICHUSI HA MATHUCTPAJIU pacnpeleseHlsl, YTOObI ONpeAe/JUTh
pa3Mep (eciu U3MEPHUMBbIii) U YACTOTY JIIOObIX BOJIH, KOTOPbIe MOTYT ObITh
BbI3BaHbl UFRs. CooTBeTCTBYI0IIIEE MECTOIOJI0KEHHE MOKAPHOI0 HACOCA B
00J1aCTH 30HbI HCTIBITAHUSA OBLI0 BHIOPAHO, U pa3Mepsbl HaBjaenus B 0,1
BTOPBIX MHTEpPBaJIaxX ObLIM B3ATHI Mpeskae u mocjie ycranobku UFR.
Nanmoctpanus 9 nokassiBaeT pa3mepsl nocjie toro, kak UFRs 0b11n
YCTAHOBJICHBI M NMOCKOJIbKY MOXKET ObITh 3aMe4Y€eHO0, YTO HUKAKHE BOJHBI
AaBJIeHUs He ObLiIM 3aperucTpupoBansbl. [1o3TOMY, MOXKET 0JIATOMOTYYHO
NPeanoJiaraTbCsi, YT0 HUKAKHe BOJHbI He BHI3BAHbI B C€TH IIPH MOMOLIH
UFRs.

Nomoctpanus 9. Pa3mepsl 1aBJjieHHs 10CJI€ YCTAHOBKH HWJLTIOCTpanuun 10
UFR. UFR installetion

UFRs 0bL1M ycTaHOBJIEHBI HEME/JIEHHO BHU3 110 TeY€HUI0 BOJHBIX METPOB
Kak noxka3ano B wnocrpauuu 10. B reuenue ycranosku UFRs ¢ HeOo1b1IMM
KOJIMYECTBOM TPYAHOCTEH ¢ OrPAaHUYEHHBIM MECTOM CTAJIKHBAJINCH 0COOEHHO
B CJIy4asix, Ijie BXO/IHOe OTBepcTHe U TPYOONPOBOAKA BHIX0a ObLIH
YCTAHOBJICHbI B KOHKPETHBIX IJIMTaxX MolleHusi. Koneuno npoodJiemoii mecra
He OyaeTr mpodjeMa ¢ HOBbIMHU COOPY/KEHUSIMH.

Pe3yabTaTsl

IToToku 4epe3 riaBHbII MeTP OBLIN 3apPerHCTPUPOBAHBI ABTOMATHYECKH,
COXpaHeHbI B MIPOrpaMMHPYEMOM JAUCIeTYEPe HA YYACTKE U Nepeaatu



KOoMNbIOTEPY B 0CHOBHOM O¢ucel Bognoro IlpaBiienns B 3a1aHHbIe BpeMeHa
WIH HA 3anpoce. BHyTpeHHUe MeTPbI ObLJIM BPYYHYIO IPOYUTAHBI TPH pPa3a B
HeJleJI10, B IOHeleJIbHUK, B CPpelly U B IATHHUILY, B TEYeHHE IBYX
nociaeaoBarebHbIX Heaesb ¢ UFRs U B TeueHue emie AByX nocjaea0BaTe/IbHbIX
Hexeab 0e3 UFRs. Pazninune mexay npurokamu u orrokamu 0e3 u ¢ UFRs
MOKA3bIBAKT cXeMaTH4YeCckH B mutocTpanuax 11 u 12 coorBeTcTBeHHO. JTO
04YeBHUIHO OT rpados, 6€3 KOTOPHIX pa3jauume - HaMHOro Menbie ¢ UFR yem.

ifference between inflows and outflows without and with UFRs are shown
iagrammatically in Figures 11 and 12 respectively. It is evident from the graphs that
1e difference is a lot less with UFR than without.

Consumption Without UFR Consumption With UFR

Consumption - m*
Consumption - m*

BoimeynomsinyThie pe3yabTaThl IOKA3bIBAIOT B Ta0n4uHOi (popme B CToste 2
nmke. be3 UFRs npu-perucrpanun metp 0611 6,79 %, Torna kak ¢ UFRs 3Ta
¢purypa o6b11a ymenbena 10 2,12 %. Ucnoab3oBanue UFRs yBeanumniio
00beM BO/IbI, KOTOpasi ObLJIa 3aperucTPUPOBAHA BOJAHBIMM MeTpamu Ha 4,67
%.

KoHe4yHO BbIIEyNIOMSIHYThI MPOWEHT MOKET M3MEHUThCSI COTJIACHO THILY H
BO3pPacTy MeTPOB, KOTOpPbIe YCTaHOBJeHbI. C HU3KUMHU MPOLEHTAMH 00bIYHO
CTAJKHUBAKTCS € NMOJI0KUTEJILHBIMH METPAMH CMeEIlleHUsI YeM ¢ MHOI0
PEAKTHBHBIMM WJIH eIMHCTBEHHBIMH peaKTUBHbIMH MeTpaMmu. [lono6Ho npu-
perucTpanuy NpoueHT HUkKe ¢ 0ojiee HOBLIMU MeTPaMU 10 CPABHEHUIO C
CTAPUIUMHU.

AHaJIM3 METPOB 30HbI HCNIBITAHNS ObLJI BLINOJIHEH, KOTOPbIA MOKAa3aJl, 4YTO
Bce 69 MeTpOB ObLIIN MOJIOKUTEIbHBIMU MeTPaMu cMenieHus, 43 (62%-bIx)
Kuaacca ‘D’ u 26 (38%-b1x) Kitaccos ‘C’. Tak:ke BoO3pacT MeTpOB ObLI
NMPOAHAJU3MPOBAH U MOKAa3aJ, 4T0 26 (38 %) O0b110 1-3 Troxa, 7 (10 %) 6bL10 4-
7 net, 16 (23 %) obL10 8-11 €T, u 20 (29 %) 661710 O0sbIIE YeM 11 JteT.

Cto4 2. Pe3yibTaThl IPUTOKA M YTEHUI OTTOKA

I'naBnoe Hcmoan3oBanue Ipu-perucrpanuu
Ilepuon notpeiaenue kiuentos (m3) O
Mertpa (m3) (m3) %
Bbe3 UFR 21/3/2007-
04.02.2007 296,93 556,43 40,50 6,79
C 03.05.2007 UFR —
19/3/2007 341,60 530,13 11,47 2,12
JlononHuTenbHas 467

Perucrpanus ¢ UFR



IHo3TOMY, NpUHMMAasi BO BHUMAHHE BHILIECYIIOMAHYTYIO QUIYpPYy IS MeTpa,
npu-perucrpanum 6e3 UFRs Mo:keT 0/1aronoryq4Ho npeanoJaratbes, 4ro
OueBuanas ¢urypa Iloreps aiast Boanoro Ilpasienus Lemesos umeer 3aka3 7
% B3BelIEHHBIX IPUTOKOB B CeTh. JTAa (pUrypa - Upe3BbIYAHHO Ype3BbIYAITHO
BaKHO B Bbiuucjaennu Cranaaptaoro Boanoro bajnanca u B TouHOM
BbluncjeHun Peasbubix IloTeps, HCMo/Ib3ys ‘BepIIMHY BHU3’ MOAXOI.

Buiroani

Crou1 3 moka3a 10NOJHUTEIbHBIH 00beM BOAbI, KOTOpas Oyaer
3aperucTPUPOBAHA B 30HE MCNBITAHUSA B NIePHOJ 1-TeTHMX OCHOBAHHBIN HA
JAONMOJHUTENbHO peructpanum 4,67 %, ucnoab3zysa UFRs Tak ke kak
JAOIOJIHUTEJIbHBIN 10X0/1, OCHOBAHHBbII HA Tapude nmorpedieHus,
NPUMEHUMOM K KaKI0MY KJIMEHTY Ha OCHOBe 4 e;KeMeCIYHbIX CYeTOB,
BbINyleHHbIX B roay 2006. CToMMOCTh NOCTABKM U YCTAHOBKH 69 uuce,
UFRs 0b11 outeHeH B &euro;1400 1 BbIroga u3-3a J0M0JHUTEIbHOIO J0X0/1a,
ObL1a oneHeHa B &euro;2100 exxerogno. [1o3Tomy, 1J1s1 30HBI MCTIBITAHUS
MepuojA OKynaeMocTH ObL1 Ob1 8 Mecsiiamu.

Croua 3. CTOUMOCTD - MPUHOCHUT MOJIb3Y AHAJIM3Y AJISl 30HbI HCTIBITAHUS

Onucanue enHoctb
JlomoTHUTE TLHBIT 950 m3
€XKETOTHBIN 00BEM BOIBI
OITOJIHUTEIbHBIN

A N €2100
TI'omoBou noxon
ITocraBka u ycTaHOBKa

Y € 1400
UFR
3aruiaturte nepuos 8 MecCsIIBI

I[IpumeHeHue BBILIEYIOMSIHYTOI'0 MIOHAITUS Nonepek Bcero Boanoro
TIpaBJieHusi, HCIOJIL3YIONIEro cpeHee noTpedenue 25 M.”/Mecsi o cpeHeii
Hopme 0,60 &euro;/m(13; 310 1aeT Mepuoa OKynaeMocTu 28 mecsinieB B
kianenTa. Kpome toro Ha ocuose 70.000 kiiuenroB IIpaBiienue 0yaer uMeTh
JAOMOJHUTEIbHBINA 10X0] 3aKka3a &euro;600.000 exxeroaHo.
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Cuumok ILI - KPI-0a3upyrommiicss HHCTPYMEHT, YTOObI CIIYKUTh
JONOJTHEHUEM J0CTHKEHUIO L eJIH

S. Kopnopauus Ycayr Boabl Riolo, Pezepdopa Qormi Luga LQAOS, ManbTa

stefan.riolo@wsc.com.mt

Pe3iome:

YcnemHoe 10CTHKeHHE e B IIpeAesiax onpeesieHHbIX epHo10B
HECOMHEHHO OCTAHeTCsl HACTOATEeNbHO (YHKIHEeH KauecTBa MHOKeCTBA
pelIeHui, IPUHATHIX B TEYCHUE )KU3HH NPOEKTA. YUYHUTHIBAasl Cepbe3HbIe
JAEHEKHO-KPeAUTHBIE INTPAa(bl, KOTOPbIE BIICISIOTCS MOCJIe 0TKAa3a
NPUAEPKUBATHCH LeJIel, 00513aTeJIbHO, YTOObI IEHHOCTh KAXK/I0I0 pelleHus
ObL/1a CIIOCOOHA K TOMY, YTOObI OBITh OLICHEHHOM B PesKMMe PeaibHOI0
BpeMeHHU. JTO OyeT CJAYKUTh He0OXOAUMBbIM PYKOBOJACTBOM, YTOObI Y4eCTh
HAJIAJKY TAKTHKH M PeryJIMPOBAHUA YCUJIMS K YCIIEIIHOMY JOCTHKEHHUIO LeJIH
B Ipeaesiax npeayCcMOTPEeHHbIX Neproa0B. BaxkHOCTH TaKo# cTpaTernu
BO3HHKAaeT B MHOI'0 Pa3MePHBIX CLHEHAPHUSAX, TPeOYIOIIMX CYKACHHUS U ajiee
yBeJM4YeHAa, KOI/1a KAK BbICOKAS HHePUUs / MeJIeHHbIe CHTyalluu 0TBeTa
3aHUMAaeTCs B cJIy4ae BOAHOM NPOMbINLIIEHHOCTH. Bymara nonbitaercs
Pa3bsACHUTD, YTO TPeOOBAHNSA YTEUKH YIIPABJAIOT U 3aTeM CTPOAT 110,
00CTOATEIbHO O0BSICHSIIOT IPO0JIeMbI YIIPABJICHUS, KOTOPble BO3SHUKAIOT,
NbITA5ICh BU/IETh MPOEKT K 3aBepuIeHuI0. PelieHue Kak NpUHATO
MaJIbTHHCKUM BOJHBIM IOPUANYECKUM JUIOM, Ha3bIBaJ CHuMOK ILI, ObL1
nocrpoeH BOKpyr nousatus Unaexkca Yreuku UndpacTpykTypsl Kak
onpeznegeHo Asianom Jlamoeprom. bymara npeaHasHadyeHna, 4ToObl IPOJIUTH
CBET HA BO3MO’KHbIE PeLIeHH s, KOTOPbIE MO3BOJISIOT ONEPATHBHBIN AHAJIN3
LHEHHOCTH HEAABHO PUHSATHIX pelIeHus.

KaroueBnble ciioBa:

JocTuxenue neau. OnepaTuBHbIi KOHTPOJIb. KoHTpOb yTeuku. UHaekc
(ILI) Yteuku Unppacrpykrypbl. Caumok ILI.

IHonumanue Ilpodaembi:

N3BecTHOE ‘YyeThIpe CHIIBI’ METOI0JIOTHs MoKa3biBaeTcs B Puc. 1 Ha oGopore,
yA00HO B3pbIBaeTCsl B BOCEMb OTAEJBHO yIpaBjsgeMbIx ciJl. KoHneHTpanueu



YCWJIMi B 3THX OTAEJbHBIX CHJIAX HY’KHO HelPePbIBHO MAHMITYJIMPOBATH
BOJHBIM MEHeIKEePOM KOHTPOJISI B MONBITKE HAKOHEI] IOCTUTHYTH 3aJTaHHOT0
rocyaapcrsa ypoBHeii yreuku. CHibl, KOTOPbIe ABJISIOTCH YYBCTBUTEIbHBIM
BpeMeHeM, TaKsKe MOKa3bIBalT B (HO0JIeTOBOM, IOCKOJIbKY 3TO SIBJICHUE
A00aBJISAET K CJIOKHOCTH 3a1auu. O4eBHIHO, YTO JII000e penieHne B3sToe
JKeJIaHUe MOJIOKUTEIbHO UM OTPUIATEILHO 3aTPAruBaeT pe3yabTaT YTeUKH
B KOHEYHOM cueTe. Tpu KI0ueBbIX apaMeTpa Il JOCTHKEHUS LeJiei -
YCTAHOBKA CTPYKTYPbI, ‘KOHTPOJIb 3aAMKHYTOI0 KOHTYPa’, # HHCTPYMEHTBI
o0JieryeHus Kak MoOsKeT ObITh 3amMeueH B Puc. 2. DTu Tpu napameTpa q0/1KHbI
NPUCYTCTBOBATh, YTOOBI MO3BOJIMTHL Bornomy Menemxepy 3ppexkTuBHO
OCYHIECTBJISITh TAKTHKY, KOTOPYI0 OH CYMTAET COOTBETCTBYIOIIUM B
AOCTHKEHUM KeJIATEJbHOro OyAylero rocyiapcraa yreuku.

JI1o0ble OPraHu3aTopCcKue pelieHus MPUHATHI C IEPBUYHOH LEIbI0
AOCTUTHYTh KOPINOPATUBHBIX 1leJieil. ITH pelleHusi 04YeBUIHO YIIPABJSIIOTCS
OrPaHMYEHUSAMU KaK HANPABJIEHO NMOJMTUKON U 3TUKOH BOIHOI0
wpuandeckoro Juna. Cunsas Junud B figure2 npeacrasisier mpouecc
BbINOJTHEHUS ¥ J0JI’KHA Y4eCTh 'Jlerkoe' BbINOJHEeHNE TAKTUKH KaK
YCTAHOBJICHO BOJHBIM MeHeaKepoM. ['o1oBbIe 0TYETHI A1 MaJIbTHICKOU
Boanoii Kopnopamuu Ycayr 2003/04/05/06 konarotcesi XOpouio B CTpaTeruu,
OCYIIeCTBJIEHHO, YTOObI TAPAHTUPOBATH, YTO NMPEIT0KEHHYI0 TAKTHKY
COOTBETCTBEHHO MOCTABJISOT ¢ MUHUMAJIbHBIMU BO3MOKHBIMHU MPOOJIeMaMMu.
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Namoctpanus 1 3Tu BoceMb KOMIIOHEHTOB, OTHOCSIIIIUXCSI K COKPAIIeHU IO
yTEe4KH

Pa30upasich B IMHMH BBINIOJHEHHS, BOAHOE OPUINYECKOE JIMIO CTATKUBACTCS
¢ npodJieMoii 00paTHOM CBA3M 3aMKHYTOI0 KOHTypa. JIro0oii oneparop,
0€30THOCUTEJILHO pa3Mepa, pacCMAaTPUBAIOT KAK CXOJACTBO MeAJICHHOI 0
0TBETa, BLICOKOM Moaeau nHepunu. Ckasas, 4T0, pe3yJbTaThl,
MPOMCXOASIIIHE OT OCYLIECTBJICHHON TAKTHKH PeIKO OTPAKAKT LeJIb TOro
pelieHus u3-3a PYHKIUU BpeMeHH. JTO NPOUCXOAUT B pe3yJibTaTe CJI0KHOCTH



¥ B3aMMO/IeHiCTBUSI MHOTOYHMCJICHHBIX MP00JieM, KOTOpPbIe SBJISIIOTCSH
CHHOHMMHUYHBIMH C JIIOOBIM BOJAHBIM HOPUAMYECKHM JUIOM. BoaHbIi
MEeHeIKep MOKeT HallpuMep COCPeA0TOYUTHCS HA YCIEIHOM COKPALleHU U
YTE€4KH B crienu(pruuecKoil 30He, HO TeM BpeMeHeM HUCIBITATh MOJIHOe
yBeJIMYeHHe YTeYKH 10 1esoii 00,1acTi noj ero opucaukuueii. On moxer
TaKKe PelIUTh OCYIECTBUTH IIMPOKYI0 IPOrPpaMMy 3aMeHbI CeTH B
creupuIecKou 00,1aCTH, MOCPEACTBOM Yero IpHANYECKoe JULO0 MOKHUHAJIO
ObI JIyYIIYI0 IPUOBLIbL OT MOAO00OHBIX MHBECTHLINH, OCYLIECTBJICHHBIX HA
pa3au4Hoii o0sactu. Takum o0pa3om 0053aTeIbHO, YTOOBI HEHHOCTH
pelIeHui, B3ATBIX ¢ CO00M paccMaTpHBaeMBblil IEPUO OB JIETKO OLICHEH,
4TO0BI YYEeCTh PeryJasiTopbl B TAKTHKE 10 Mepe He00X0AUMOCTH 1JIf
YCIICLIHOT0 JOCTHKeHHs Lesieid Ha0dopa mpekae, YeM 3TO - CJAMIIKOM MO3HO.
IIpynuMasi BO BHUMAaHUe, 4YTO neT/idA 1 3a00THTCA 0 MocaeaHel mpodieme,
nerJif 2 Kak nokasano B Figure2 crparernuecku pa3padorana, 4To0bl
o0paTuThCcs K npodJieMe 0TBETCTBEHHOCTH U CAM HANPABJICHHbIE KOMAH/IbI.
JlJ1s1 Teopuid HeJIM BCTYNATh B CHJLY, IITAT, OTBETCTBEHHBIH 32 JIIO0YI0 4acTh
HA CeTH J0JI’KeH 3HATH NPOLLIoe, NOAAPOK M 0:KuAaeMoe Oyayiiee BOAHOM
CeTH KaK NMPOAMKTOBAHO JiepKaTessiMu 10J11. be3 3Toro, xesarejibHOe
rocy1apcTBo, TpedyemMoe ObITh JOCTUTHYT OCTAJI0CH ObI HEM3BECTHBIM,
HHMKAaKHe YAUBHTEJIbHbIC Pe3yJIbTAThl He MOI'YT 0KMIATHCSHA. JTO - POJib
BOJIHOT0 MEHeIKepa, YTOObI NPOEKTUPOBATH U NMOCTABJIATH HE00X0AMMbIe
HHCTPYMEHTHI 00JIerYeHusi PyKaM Ha IITAT, OCPEACTBOM Yero Lesu
YCTAHOBMJIU JISl KasKA0M 30HBI M PAa3JIMYMA MEKIY NOJAPKOM U
’KeJIaTeJIbHBIM FOCy1apCTBOM YT€YKH ObITh CAJTAHHBIMUA MATEPUAJIbHBIMH.
Bropasi meTyiss TAKUM 00pPa30M BXOAUT B UTPY U peryjaupyer yCHIUs,
BBINIOJIHEHHBbIE HA 00Jiee HU3KMX YPOBHSAX CTPYKTYPbI IOPHANYECKOI0 JIMLA.
CeTb 1a’ke HAUMEHbIIEr0 BOAHOI0 IOPUINYECKOI0 JIMIA OTPOMHA U CJI0KHA, H
3TO - TO, I/ie MNOTPEeOHOCTH B KOMIIOHEHTE HA00pa HHCTPYMEHTOB 00JIerYeHus1
BXxoauT. Boruncienue ILI U3 BOAHOr0O IOPHAMYECKOrO JIUIA MOKET ObITh
H1eaJIbHbIM, YTOObI CPABHUTHCS ¢ MEKAYHAPOAHBIMH CTAHIAPTAMHU, UJIH
BbIYMCJIUTH NPUOBLIbL B COKPALICHUN YTEYKH 32 pacCMaTPUBaeMbli NEPUO/.
Onnako exxkerognoe BpryuciaeHue ILI MokeT TOJIbKO 1eHCTBOBATH KaK
NMOXBAJIA 32 pellleHUsi, XOPOLIO MPUHATHIE WIH 3eMJIeTPsiCeHHne, KOrjaa
LEHHOCTH YTEYKH He CJIeAYIOT 32 JKeJIaTeJIbHON HUCXOASIIeH TeHIeHIUeH.
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Nnaroctpanus 2 cpeacTBo BoinoiHeHHs U ycJI0BHe KOHTPOJISI — KJIK4YeBbIe
napaMeTpbl.

KouTpoJub u koHTpoab — CTparerus

A. llonsitue Jlamo6epra ILI Ob1s10 paciiupeHo B MaHepe 1eiicTBOBATh KaK
HHCTPYMEHT, KOTOPbIil 00J1er4aeTt CJI0KHOCTh pa3Mepa ceTH IPUINYECKOro
JIMIA M TAKKe U300pakaTh NPOLLI0e, CyHIeCTBYIOLIee FOCyIapcTBO U
HECOOTBETCTBHE MEKAY MOAAPKOM U KeJIaTeJbHBIM IOCyIapCTBOM YTECYKH.
CJ105KHOCTD, Mepe] KOTOPO# CTOUT JK000H BOJHBIN ONEePaTOP NPOUCXOTUT
rJIAaBHBIM 00pa30M U3 pa3Mepa ceTH, TAKUM 00pa3oM JIOMAasl CJIOKHYIO
npodaemy B 0oJiee ynpapJjsieMble YaCTH - HEO0OX0AMMOCTb, €CJIM BOAHbIH
MEeHeIKep J0JIKEH AeCTBUTEIbHO YIPABJIATH CEThIO IPOAKTHBHO.
B03M0:KHOCTH 3TOr0 HHCTPYMEHTA - TO, YTO BHIYUCIUTH MTHOBEHHOE
(c1epoBareJ;bHO CHUMOK 10 npo3Buiny) ILI Ha 30HaIbHOM OCHOBaHUM.
I'nodanbubie ILI OyayT Takum 00pa3omM BKJIIOYATH CYMMHPOBAHNE BCET0
30HaJbHOr0 cHuMka UJIN. B ciiyyae MauabThl, LeJbliH OCTPOB ObLI pa3jieieH
Ha 300 30H, KaKAbIH MMEIOIIHMHA UX COOCTBEHHBIN COOTBETCTBYIOLIUI CHUMOK
ILI BpuucasieMblii Ha exxeHeaeabHOe ocHOBaHue. Hapsiny ¢ aTtum,
KejareJbHbll MunumaabHblil Beyepuuii IToroxk (MNF) B 300y u
cJIeI0BaTeJIbHO KeaTeabHoe rocyaapcrso ILI siBisiercst Takke 10CTYNHBIM
KaK, MOxeT ObITh 3ame4deH B FigS. B 3Toil MaHepe 1e/iM TOJBKO He
YCTAHOBJICHBI U1l LEJIOM BOAHOM CeTH, HO AJIA KaKA0W MHANBUAYAJIbHOU
30HBbI. B 1om0/IHEHHME K 3TOMY, ecTh HenpepbIBHBIN 3arosop MINF kaxnon
30HBI HA esKeHe/leIbHOM OCHOBAHMHU, TAKHM 00pa3oM u300pa:kasi
HCTOPUYECKYI0 TEHACHIUIO, CYIIeCTBYOINYI0 HeHHOocTh MNF, n
skesnareabHblii MNF, TpeOyembiii nocturaytsh ILI, 1151 KOTOpBIX
npeaHasHavyamrcs. M300paxxeH HUKe U3BJIeYeHUE HHCTPYMEHTA,
HCI0JIb3yEMOI0 B MAJIbTHIICKOM BOJHOM omnepartope. 30Hbl, 00J1ee 00bIYHO
HU3BECTHBIE, IOCKOJIbKY PAOH U3MepPHJI 00J1acTH (IPAMOM J0CTYN K NIAMATH),
KOTOpbIe TPeOYIT, YTOObI IJIABHOE BHUMAHHE MOIJIO OBITH JIETKO
HICHTH(PUIHMPOBAHO U MOKET HCIOJIb30BATHCH KAK TAKTHYECKHH



HHCTPYMEHT, YTO0OBbI HIeHTH(PUIUPOBATH 00,IaCTH PUOPHUTETA M YCHJIUSA 110
LHEeHTPY MOMOIIIH, I/le caMasi BbICOKasi NPUObLIb, HanboJiee BEPOSITHO, OyaAeT
JOCTUTHYTA.
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Nnumocrpanus 3 BeicTphlii BU3yaibHbIN HHCTPYMEHT BbIJIBUTAaeT HA NEePBbIii
IUIAH 30HbI B IOTPEOHOCTH CPOYHOT0 BHUMAHMS

Camoe o011ee HenmpaBWIbHOE NMPEACTABJICHUE CPeId BOAHbIX MEHEIKEPOB - TO,
4TO 30HAMH, KOTOpPbIE HecyT camble BbicOKHe nHeHHocTu MNF, HykHO
(paKkTHYECKH 3aHATHCS € IPHOPUTETOM, MOCKOJBKY 3TO - TO, I/ie HAaN00JIbIIAs
NPUOBLIb MOXKET ObITh JOCTUTHYTA. YYUTHIBAS 'MOCOOUA' 3aKOHHOT0
BeUYepHero noTpedjeHnss M Hem30eKHbIX peajbHbIX noreps B ILI
BbIYMCJICHUAX, TAM YAUBWIH CJIYy4aH, IOCPEICTBOM Yero 30HbI, Hecyluue
BBICOKYI0 BEYEPHIOK JTHUHHMIO ObLIIM (PAKTHYECKH yiKe 0YeHb OJIU3KO K
HeoOxoauMbIM ILI neasm. 1o - TO, rae mogAep:;KaHHbIC YCUIUSA B TAKUX
30HAX CTAHOBATCH TPATOH BPEMEHHU H PECYPCOB, KaK IBUKeHHE 1AJIeK0 HUKe
ILI u3 1.5 cranoBuTCH caM 1o cebe GpuU3nIeCKOl HEBO3MOKHOCTHIO.
IHonumanue caumka, ILI U3 KaKa0# 30HbI TAKMM 00pa30M UMEIOT 00JIbIIIE
CMBbICJIA B peLlICHUH, KOTOPOMY 30HAa MOsKeT IPHMHECTH M0JIb3y 00J1b1Ie BCero ¢
HAMMEHBIIUM KOJIHYECTBOM YCH/IHA.

Crparternyecku JioMas CJI10KHYIO Po0JieMy B ynpasJisieMble 312491
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The area under Jurisdiction diwvided

iNnto 4 separately monitored clusters, each
Ffalling under the responsibility of

one team leader and comprises a number
) of hydraulically metered zones

kL eneBast IuHUA
s ILT u3 1.5 nzo0paxkaer 3aJIaHUPOBAHHYIO 1EJIb

Obaacts moa FOpucaukumen, pasaejieHHol HA 4 OTAEIBLHO IPOBEPEHHBIX
rpyIbl, KazKa0e MOANaJaHue M0 OTBETCTBEHHOCTH OJJHOT0 PYKOBOMTEJIA
TPYNIbI M BKJIKYAaeT MHOKECTBO IMIPABJINYECKH U3MEPEHHbIX 30H

3aroBop TeHJAeHIMHU YN CJIA U3MEPEHHBIX 30H (MPAMO# JOCTYI K MaMSATH) MO/
OTBETCTBEHHOCTHIO O/JTHOI0 PYKOBOAUTEJIA IPpynnbl. BMecre OHM COCTABJIAIOT
ILI u3 ogHoM rpynmnbl

Namoctpanus 4 paspylieHue cJa0KHON
npoodJieMbl B 00Jiee ynpasJjisieMble KyCKH

Overall IL| trend of area under Jurisdiction

Zom Zone1 Zone?

Central Region Snapshot ILI Trend - 1.9 @ Week 24
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1.5
MNF, Tpedyemblii ObITH YMEHbIIEH, YTO0bI 1OCTUTHYTh ILI nennocrei
1.5 B 3101 rpynme
NnumrocTpanus S BX0Abl HHCTPYMEHTA U NPOAYKIUH
- 725
Co3panmne HHCTPpYMEHTA

Hcnoab3ys KiroueBoit HHAUKATOP padoThl A.J1aM0epTa 1JI yTeUYKH
ILI = KAPJI / UARL,

Yaanass (MOCKOJBKY 3TO noaAep:kuBaeT E:keroanplii), 4T00b1 JOCTUTHYTh
LHEeHHOCTH CHUMKA MbI 100MpaemMcst

ILI = CRL / URL

I'me CRL = (MNF — (Cuera x 3akonnoe Beuepnee [lorped.ienune)) x @akrop
YrTeukn

N URL = ((18 x KM Marucrtpauan) + (0.8 x Css3u)) x Cpeanee 4ucJjio
3onupyer /laBaenue / 2400

Taxkum odopaszom, MNF, Tpedyemblii 1octurarsb cneurguieckoro ILI moxer
OBbITH BHIYMCJICH AJIs1 KAKA0# 30HbI, HCIOJIb3YH CJeayloliee YPABHEHHE:

MNF (ILIa) = (ILIa x ((18 x KM) + (0.8 x C)) x AZP / (2400 X LF)) — (ACC X
LNC)

I'ne

MNF (ILIa) - HeoOxomumblii MNF nus cnenuduyeckux ILI ILIa - neas ILI
Kak ycraHoBJieHO Bogusim KM oneparopa/Biaactu - qyimaa B Km marucrpanu
B Toii 30He C - cBs13M B TOM 30HAJIBbHOM AZP - cpeHee 30HAJIbHOE 1aBJICHHE,
LF saBasiercs ¢pakropoM yreuku, ACC gBiasgercs YuCJI0M CYETOB B TOM
3onanbHoM LNC - 3akoHHOE BeuepHee moTpedieHne.

OrpannyeHue U 3aKJIIOYCHUSA

TpeboBanusi, He0OX0AUMBbIE OCYIIECTBJIATH TAKOH HHCTPYMEHT, 0KA3aJICS,
rJIaBHbIE Y3KHE MeCTa B TeYeHHe CTPOUTEIbHOM cTtaanu. Haxnexamas
cucrema CTEKJIA Heo0X0anMMa HAXOAUTHCS B MeCTe allPHOPHO, IOCPEACTBOM
Yyero Bce JOMAaIIHUeE X035iCTBA U cYeTa TOYHO re0-3aK0AUPOBAHBI HA
OCHOBHOI1 kapTe. /[00aB/ICHHbIH HA 3TOM KapTe A0JZKEeH JIraTh TPaHUIbI 30H
BMecCTe ¢ HH(PPACTPYKTYPOH CeTH BOJAHOIO ONepaTopa. ITO B KOHEYHOM cuyeTe
pa3peminio ObI TOUHBIN aHaau3 B BoiuucjaeHnu Caumka ILI TpeGoBanmii



(popMyJibl, BBINOJHSAS MPOCTOH BONPOC. ITH 30HAJIbHbIE JaHHbIEC BBEJIECHbI B
HHCTPYMEHT, U MocJie exxeHeaeabHbIX 3anuced VINF, caumok, ILI
BbIYMCJICHUN CUTYaAllMH YTEYKH B KAXK/I0M 30HE B TCUCHHUE KAKI0M
cneunuyecKoil Helxe M JOCTUTHYThI. X0TH BbluuciaeHus Lamberts
CTAHOBATCH HECKOJbKO COMHHUTEJIbHBIMH JIJISl 30H, BKJIIOYAIOIIUX CUETA HUIKE,
4t0 5000, 3TOT MHCTPYMEHT 0KA3aJICH U/1eAJTbHbIM, YTOObI BECTH BOJHOTO
MeHenxepa B BbINOJHEHUN 1IeJieil Hadopa.
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Pe3rome

N3-3a geitcreuit Bognoii Lenesoi rpynnsl Ilorepu, Y THIUTBI CTAHOBATCH BCe
0oJiee 1 00J1ee MOOMIPEHHBIMH U3MEPUTH MPUTOKHU K MAJIEHBKUM CHCTEMaM
pacnpe/ejieHusl, U PaCKaJbIBaTh 00JbIINEe CUCTEMBbI B 30HBI CO
B3BellleHHbIMM npuToKamMu. MHoraa, pasmepsl 1aBJjieHUs: Oy1yT TaKKe B3SIThI
B 30Hax.

OnHako, B onbiTe ABTOPOB, €CTh JIBe 001IIUX NMP00OaeMbl. Bo-nepBbIX, HOBBHIM
MOTEHIMAJIbHBIM I0JIb30BATE/ISIM YaCTO NPENSITCTBYET BbICOKAS HAYAJIbHAS



CTOMMOCTDb MOCTOAHHOI'0O UIBMCPCHHUA U NIEPEAAYIH TaHHBIX, X l'[pOﬁ.]'leM, qT1o0
BOJAHBIC BOSMOKHOCTH YIIPABJICHHUSA IMMOTECPHU, BOZMOXKHO, HE OIIPaABALIBAIOT
BBICOKHC HAYAJIbHBIC 3aTPaThI. BO-BTOpLIX, HOBBbIE 110JIb30BaTEJIH 00bIYHO
SHAKOT, YTO padMepbl 1aBJICHUA B HECKOJIbKHX TIHATECJIbHO OTOﬁpaHHI)IX
MECTOIMOJIOKCHUAX, B3ATBIX BMECTEC C JAaHHBIMHU ITOTOKA, ITO3BOJHAIOT 6LICTpOG
onpeacjcHue KoJanuecrea BOAHbIX BO3MOKHOCTEM YapaBJI€HHuA MMOTEPHA 0e3
HOTpEﬁHOCTI/I B TOM, 4TO0BI HACTPOUTD ACTAJIU3UPOBAHHBIC MOAC/IN aHAJIH3A
CeTH.

Bymara o0bsicHsieT, Iar 3a IAaroM, THII IIUPOKUX 3aKJIIYEHH I, KOTOpPbIe
MOTYT OBITH NOJYY€HBbI OT CJAYYAHHBIX HAJEKHBIX Pa3MepoB 30HAJIbHBIX
NMPUTOKOB € MOPTATHBHBIM 000Py10BaHMEM, 00J1ee YeM HeCKOJbKO THel B
TIIATEJIbHO 0TOOPaHHbIE BPeMeHa roja, 6e3 JJI0bIX pa3MepoB 1aBJICHHS.
Toraa, nonoJHUTE/IbHbIE 3aAKJII0YEHUS U NIPEeACKA3aHUs, KOTOPbIe MOI'YT ObITh
MOJIYYeHbI OT Pa3MepoB JAaBJIeHUS B HECKOJbKUX OTOOPAHHBIX ONpeae/IeHHbIX
MectonoJio:xkeHusx (Ilynkr Bxoanoro orsepcerusi, Kpurnueckuii Ilynkr,
Cpeanuii 3oHanbHbIi IIyHKT) OnucaHbl, BMeCTe ¢ MPOCTBIM TECTOM, YTOObI
OLICHUTH OTHOIIEHHUS MEKIY IaBJIeHUEM U PACX0JA0M yYTEeYKHU AJs1 30HBI.
Bymara rak:ke onmuchbIBaeT JelIeBYI0 Nepeaavy JaHHbBIX OT Y4aCTKOB
HU3MepPEeHHUs M0 3JIeKTPOHHOM Mo4Te JII000MY BLIOPAHHOMY IOJIy4aTe 10, U
NPOrpaMMHOMY o0ecre4eHHI0, KOTOpOe MO03BOJIsIeT NM0JIb30BaTe M ObICTPO
UAeHTH(PUIHPOBATH BO3MOKHOCTH BOJHOIO YIIPABJIEHHUS MOTEPH KOHTPOJIEM
JAABJICHUS U/MJIM AKTUBHBIM KOHTPOJIEM YTEYKH B IKOHOMHUYECKOI YyacToTe
BMeLIATE/IbCTBA.

Beenenue

Boxa negoxoga (NRW) - o0mias npo0dJiema Ko BceM YTHJIMTAM BO BCeM MHUpe.
B Utanuun nuana3on ypoBHeid NRW ot 15-60 % mosHoii cucreMbl BBOAWI
00beMbI, cpeHee unciio, sapiastoieecs 42 % (ISTAT 2003). Hexkoropbie
eBporneiickue cTpaHbl — 0c00eHHO BesmukoOputanus u ManbTa — nMeOT
NMOJIHOCTHIO sectorised pacnpenesuTe/ibHbIE CETH, C HENMPEPbIBHBIMU
BeYEePHUMHU pa3MepamMu NOTOKA, U YACTHIMHU BMEIIATEJIbCTBAMU, YTOObI
onpeaeJuTh MECTOHAXO0XK/IeHHEe HecO00eHHbIX yTeuek. B Utanmu onqHako,
TOJbKO BOCCTAHABJIUBAKT 00JbIIMHCTBO BOAHBIX YTHIHT, 'COO0IIUT' YTEUKH,
U He MPAKTHKOBATh HUKAKOM peryjsipHoii ¢popMbl AKTUBHOT0 KOHTPOJIsI
YTeYKHU UJIH YIPaBJIeHUs TaBJIeHNsl, KpOMe BO3MOKHO KAK Ype3BblYaiiHbIi
OTBeT B TeYCHHUE 3aCyXH.

Minimisation moTepb B CeTH - KJI04eBoe TpeOOBaHUE, B 0COOEHHOCTH B TeX
CTPaHax, e BOAHbIC YPOBHHU NOTEPH 0YECHb BHICOKH.

OTnpaBHasi TOUKa

Yro0bI Jyyllie yIPABJIAKT BOJAHOM MOTEpei OT ceTeil, peryjJsiropbl CMOTPAT
HA HOBbIE 32AKOHOJATeJIbHbIE Mepbl, YTO0bI TPeOOBATDH, YTOObI BOJAHbIE
YTHJIMTHI COO0IMJIN 00 MX BOAHOM norepe. C 3TUMM 1IAraMHu B CTAAMH
peau3anmu, eCTh CPOYHASI NOTPEOHOCTH B BOJAHBIX MEHeIKepax, YTo0bI



co0paTh MHGOPMALMIO M UCIIOJIB30BATH HHCTPYMEHTHI JIsl TOTO0, YTOOBI
OCYLIECTBUTh TAKHe TPeOOBaHHUA.

HexBaTka nH(pOpMauM OTHOCHTEIHHO MPEMMYIIIECTB U IKOHOMUYECKOT0

3¢ PexTa, NPAaBUIBLHOI0 MOAX0A2 K BOAHOMY YIIPABJIEHUIO MOTEPH, UCTOJb3YH
caMmble COBpeMEHHbI€e MOHSTHSA, TEXHOJOTHH U POrpaMMHOe obecneyeHue,
4acTo nmpeacTaBisieT 6apbep AJIs1 MEHeIKEePOB Y THJINT U 3a1eP:KUBaeT
Heo0X0auMBbI€ AeliCTBHA.

ITo 3T0M MpUYMHE 3TO BAKHO [JIA:

f YBeaunubTe NOHMMaHHe BOJAHBIX YTWINT IKCIIYaTAIIHOHHOIO U
IKOHOMHYECKOro 3¢ ¢exra

YIAYYHICHHOC YIIPABJICHUEC 1aBJICHHSA, 4TOOBI YMCHBIIUTH HOBBIC YaCTOTbBI
B3pPbIBA U MOTOK YTCYKHA

HOPMBbI;

f PacnpocTpaHuTe NpakTU4YecKni moaxoja, pa3suthbiii Boanoii LeneBoii
rpynnoi ITorepu IWA Kk umpokomMy 4Mc/1y MOTEHIHATbHBIX KOHEYHbIX
M0JIb30BaTeJ e, MOOIPATH  MOTUBHMPOBATH;

f Coobmure 1 nepegaiTe 10CTyNHbIE METOA0JIOTMHA ¥ MHHOBAIIMOHHbIE
TeXHOJIOTHH JJ1s1 3(P(PEeKTUBHOr0 BOHOTO YNIPaBJeHHs NMOTEPH, pa3penias
KOHEYHBIM M0JIb30BaTeJAM BCTYNUTh B KOHTAKT JAPYT ¢ APYroM U
00MEeHHBbIMHU HAeSIMU U COOBLITUSIMH

f IloMoruTe BOAHBIM YTHJIAMTAM HIEHTH(PUIUPOBATH U KOPOTKYIO H
JA0JITOCPOYHYI0 IKOHOMHYECKYI) MHBECTUIIHOHHYIO MOJUTHKY, HCIIOJIb3YH
NpaKkTH4YeCKHe MeTO0JI0THH ¥ TOYHbIe H3MepHUTeJlbHbIe IPHOOPHI.

IroHomMu4yeckass Yacrora AKTuBHOro Kourposs Yreuxkun

YcraHoB/eHHas KiI04YeBas Helb cylmecrsyomei Boanoi Llesesoit rpynnsi
IMorepu (Liemberger n ®apueit, 2004) noxeH ‘pa3BuTh ObICTPBINA U
NPAKTHYECKUI METO/I IJISl TOT0, YTOObI BBIYMCIUTH IKOHOMHYECKOE
BMeELIATEJbCTBO (VIS AKTUBHOI0 KOHTPOJIS YTEYKH, YTOObI OIpeleIUTh
MECTOHAXO0K/ACHNE HECOOOIEHHBIX YTeUeK U B3PbIBOB), H KOPOTKO-
yIPaBJIAeMOro JKOHOMUYeCKOro ypoBHs yreuku (SRELL).

ScHo, ecTh HEDOJIbIION MYHKT B MONBITKE BHIYMCIUTD, MM JOCTUTATh,
IKOHOMHYECKOM YPOBHE WIH peajbHBIX MOTepAX AJIsl crneupuyecKon
cucreMsbl, eciu Ilos1e3HOCTH He MepeaaeT coBeplIeHHe (K COOTBETCTBYIOLIEMY
MPOCTHPAKTCH), BCE YeThIpe KOMIIOHEHTA PeajbHOI0 YIIPABJICHUA OTEPb
(Cxopoctb u KayecTBennbiii PemonT, Yrnpasienue /laBieHusi, AKTUBHBIH
Kontpoab YTeuku u Boccranosiienue). (Miutrocrpanus 1.1).



O:xuaasi pa3BuTHE METO/AA AJISl TOT0, YTOOBI BBIYMCJISATH IKOHOMHYECKHUE
YPOBHH YT€YKH, MPAKTHYECKUH MOAXO0/, YCIEUIHO UCII0JIb3YyeMbIil
Yrunuramu, Tuna Maastuiickoid Boanoit Kopnopauuu O0cay:kuBaHusi 1
IN'amugakckoro Pernonaabsnoro Bognoro Cosera (Kanaga) Ob111 BBe/leH,
4T00bI MIEHTU(PUIUPOBATH U OCYLIECTBUTH CMeCh MHUIUATUB B NpeaeJaax 4
KOMIIOHEHTOB, KOTOPbI¢ HHAUBUAYAJIbHO HMEKT CAMYI0 BHICOKYIO BBITOAY:
OTHOILIICHUE CTOMMOCTH WJIM CaMbIii KOPOTKHUI nepuoa okynaemoctu. Koraa
HUKaKHe JaJbHeHIe JKOHOMHYECKH )KU3HECIIOCOOHbIe HHMIMATHBBI He
MOr'YT OBbITh HACHTU(UUMPOBAHBI, MOKET PA3YMHO NPEAINOJIAraTbecs, YTO
IKOHOMMYECKHIH YPOBEHb YTEYKH ObLJI JOCTUTHYT — XOTH 3TO AOJKHO ObITH
NPU3HAHO, YTO IKOHOMHMYECKH YPOBEHb YTEYKH U3MEHHUTCH CO BpeMEeHEeM.

Hcnoab3ys mpeanoJio:xkenune, nog00Hoe IKOHOMUYECKON TEOPUM KOHTPOJIS
3anaca, Fantozzi u Jlamoept (2005) moka3zanu, 4To, 1151 OCHOBHOW AKTUBHOM
NMOJJUTHKHU KOHTPOJISI YTeYKH, OCHOBAHHOI HA peryJsipHoM 0030pe,
IKOHOMMYECKAS YACTOTA BMEIIATEIbCTBA MPOMCXOAHUT, KOIIa CTOMMOCTh
‘IOJIHOM CUCTEMBbI’ BMEIIATEIbCTBO (MCKJII0YAas 3aTPaThl PEMOHTA)
PaBHAETCH HEHHOCTH HECOOOIEeHHOT0 00beMa yTeukn. Takum oOpaszom
IKOHOMHUYECKHMH Mepuo Me:kay BMemareabcTBaMu (Te B q1HsX) 1
HE00X0UMOM IKCILIYATAIIMOHHOM 010/I2KeTe MOKeT ObITh BbIUYMCJIEH
COOTBETCTBEHHO.
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Counosioruueckoe uccjiej0BaHue

ITO COLMOJIOTHYECKOE UCCIeJOBAHNE UMeeT OTHOLLIEHUE C MAJIeHbKOM
cucremoii B CesepHnoit Utanuu ¢ 1300 cBsi3simu 00CaykuBaHus, 23,2 KM
MarucTpajm u 0e3 mocTosiHHoro usmMmepenus npuroka (Fantozzi u Jlamoept
20006).



Caenymwomiee onucaHue siCHO JeMOHCTPHPYeET, YTO Yepe3 MPAKTHYeCKoe
3asiBJIeHHUE MepPea0BbIX MEeTO0JIOTMH 1 UCIO0JIb30BAHUS CAMOI HOBOM
HHCTPYMEHTOBKH /1JIsl MPUOOPETEeHHUs U NepeJadyu JAHHBIX 0T 00J1aCTH,
'cKpbITHIE' TPOOJIEeMbl YTEYKH MOTYT ObITH OBICTPO MIEHTH(UUNPOBAHBI,
CyLIeCTBEHHOE YCOBEePIICHCTBOBaHUE 3(PPEeKTUBHOCTH ITON CUCTEMbI
pacnpeegeHus MOKeT ObITh ObICTPO HocTUTHYTO. Hageercs, 4To 310
COIIMOJIOTHYEeCKOe HCC/IeJOBAHUE MOOIIPHUT Y THUIMTHI B IPYTIUX CTPaHAX
YJAY4YIIATh UX JeiiCTBUSA, MCIOJIb3Ysl OJA00HBII ObICTPbI, 3(PPeKTUBHBINA 1
AelieBbId MOAXO0.

Namoctpanus 2.1 nokasbiBaet ceTb Montirone u BoiIOpaHHbIE ONpe/ieleHHbIE
KOHTPOJIbHbIE IIYHKThI, Ky/1a BpeMeHHbIe MeTPbI IOTOKA 1 MAHOMETPbI ObLIU
NOMelleHbl.

\
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Critical Point, | /75~

Ilpeumywiecmea ucnonib3yemoil mexHoa02uu

YTo0bI NpeaoCTABIATH MOJb30BATEII0 HA/IEKHBIN aHAJIN3, JaAHHbIE,
NpUOBIBAKOIIHE OT 00J1ACTH JT0LUKHBI MMETh a1eKBATHYIO TOYHOCTD B I€JIH.

Pa3iuuHbIi B pacxoi0MepoB MOKeT UCIIOJIb30BATHCS, KAaKAbIA U3 HUX
XapaKTePU30BAHHBIN Pa3JMYHBIM KJIACCOM TOYHOCTH U HeHamu. Cieaymomee
- HCII0JIb3yeMble KOMIIOHEHThI:

f 1 0aTapesi BKJIIOYMIIA 3JIEKTPOMATHUTHBIN pacxoaoMep, cieJJaHHbIH U3
HCCJIeIOBAHUA BCTABKH M KOHBEPTEPa ¢ HHTErPMPOBAHHBIM JIeCOPYyOOM
JIaHHBIX JJI TOT0, YTOOBI COOPATH JAHHbIEC IOTOKA U JABJICHUA U
o0opyaoBasia BHyTpeHHUM MoayJjeM GPRS, koTopbie N03BOJISIIOT MOCHLIKY
PaJAuo JAHHBIX Yepe3 JIeKTPOHHYIO NMOUYTY HeNOCPEeACTBEHHO HA 0TAAJIEHHbII



NEePCOHAIBbHBIH KOMIILIOTEP. ITOT MeTP Mar 0611 ycTaHoBJIeH B IlyHKkTe
Bxoanoro orBepcTust (MiocTpanus 2.2);

f 2 GaTapest BKJIIOYHJIA 3JIeKTPOMATHUTHBIE KOHBEPTEPbl BMecTe C 2
npeodpa3oBare/isiMH JaBJieHusl. J[aHHbIe TaBJIeHUS OCHLIAIT KOHBEPTEPDI
yepe3 ux BHyTpeHHHe MogeMbl GPRS. 9T 2 MHCTpyMeHTA J0J1KHBI ObITH
ycranoBJieHbl B CpeaneM 3oHanbHoM Ilynkre u Kputnueckom Ilynkre;

f nporpammuoe odecieuenue Flowiz _Interface Service, cmocoOHbIe
U3BJIEKATDH JaHHbIE MPEBOCXOAAT (ailJibl, NPUJIOKEHHbIE K MOCTYNAIOIINM
3J1eKTPOHHBIM MMUCHbMAaM U OPraHM3YKT UX B Pa3jiIMYHbIe NANKH,
HAEeHTH(PUUMPOBAHHBIE PErHCTPAIIMOHHBIMI HOMEPAMM HHCTPYMEHTA;

f nporpammuoe odecieuenue Flowiz Interface, yToObl npeacTaBuTh noJieBbie
JaHHbIE KaK CTOJbI U TPadbl, U NIeHTH(PUIIUPOBATH KJIK0YeBbIe NAPaAMETPbI
AJISl CJIeAYIONIero IKOHOMHUYeCKOr0 HHTEPBEHIIMOHHOI0 aHAJIN3a
(mumroctpanus 2.3);

f nporpammuoe odecnieuenue WIZCalcs, koTopoe HCIIOJIb3YeT CIydaiiHble
BeUYepHHe pa3Mephl MOTOKA, 320paHHbIE B COOTBETCTBUHM C MOJIEBHIMH
HHCTPYMEHTAMM, YTOObI PeIIUTh, KOI1a IKOHOMHYECKOE BHINIOJHUTH
ocyuecTBjieHue oOHapy:keHus yreuku. WIZCalcs ucnmosb3yer meToabl
BbIYHCJIEeHUS, onncanHble B Fantozzi u Jlamoepre (2005) u JlambGepTe u
Lalonde (2005).

Figure 2.2 Electromagnetic flow-meter with GPRS modem and insertion probe.
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Bb100p ncnoJib30BaHus 3JEKTPOMATHUTHBIX PACX0I0MEPOB 0TPakKaeT
BBICOKO€ YMCJIO IPeMMYLIeCTB, 00ece4YeHHbIX TAKUM 000py10BaAHHUEM:

f BbIcOKasi Ha/IEXKHOCTb, NPeI0CTABJIEHHAS] OTCYTCTBHEM JIIO00M
MEXaHUYeCKOM IBUKYIICHCH YaCTH B MHCTPYMEHTAX, KOTopasi u3deraer
BO3MOKHOI'0 U3HOCA;

f Bbicokasi TOUHOCTD TaK:Ke B HU3KHX pacxogax, 0CHOBaA ISl HAAC/KHBIX
pasME€poOB MUHHMAJIbHBIX IOTOKOB.

f Hukakoe cymecTBeHHOe aBJIeHIe He BO3IJIaBJIsieT MOTEPH, U3-3a
OTCYTCTBHSI epeMelAI0INXCsl YacTell U OTCYTCTBHS OTPAHUYEHUs B
npeaesaax Tpyosl.

HoBble 0c00eHHOCTH, KOTOpPBIEe ObLIN 00beINHEHbI B 3TUX HHCTPYMEHTAX,
Aajiee yBeJUYNJIM UX IPeMMYIecTBa:

f IlpeoOpa3oBaTesiu 1aBJIeHHS ¢ pa3MepaMu, KOTOPbIE Be3yT, COXPAHEHHbIH U
pa3paboTaHHBIN HENMOCPEJICTBEHHO B COOTBETCTBHHU ¢ HHCTPYMEHTOM;

f UnterpuposBannbie JlecopyOsnl [aHHBIX, cOOMpaloIue NOTOK 1
UHGOpPMALMIO JABJICHHS 110 PA3JIMYHBIM 0TOOPAHHBIM HOPMaM
OCYLIECTBJICHUS BHIOOPKH;

f lIporoxkoa Pagnocssizu GPRS, no3BoJisis nepenavy J1aHHBIX OT OTAAJEHHBIX
YYACTKOB HENOCPEJICTBEHHO K CYETY JIEKTPOHHOM MOYTHI 0e3 MOTPeOHOCTH
PYYHOIo0 cO0pa JaHHBIX MOJb30BATEISIMH HA YYACTKAX, I/le HHCTPYMEHTBI
YCTAHOBJICHBI.

HaKOHEII, TAKKE 94TO NNPEABAPUTEC/IBbHO MOJIArajii, 4T0 CaMbI€ BBICOKHE
OrpaHUH4Y€HUd UCII0JIb30BaHUA METPOB Mb»3r HA BOJTHOM PbIHKE ObLIN
NpPeoaAO0JECHDBI: JJICKTPONIUTAHUE ﬁaTapen NnpeaoCcTraBJadA€CT HE3ABUCUMOCTD
HHCTPYMEHTOB B€3/11€, I'1€ 3TO YCTAHOBJICHO.

Ho B03MOKHO peanibHbIM KJIKYEBOH (AKTOP B ONTUMHU3ALUM ITOM
npoueaypbl B TepMUHAX cOepekeHNil BpeMeHHU M JIeHer - CIoco0, KOTOPbIM
JAHHbIE YIPABJIAKTCH M MPOAHAJTU3UPOBAHbI KAK HHTErPUPOBAHHAA YACTh
npouecca.
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HNimocTpanus 2.4 nokasbiBaeT 10PO0KKY, CONPOBOKAAEMYI0 JAHHBIMH OT
NpuoOpeTeHNsl HA YYACTKe 10 UX MOIrPY3KH B 3aKJIIOYUTEIbHOM
nporpammioM obecnieuenuu WIZCalcs. O0opynoBaHue yCTAaHOBJIEHO B TPeX
omnpeae/ieHHbIX MecTonoa0keHusx (Bxognoe oreeperue, Kpurtnueckune U
Cpennne 3onanbablie [IyHKTBI), cOOUpasi JaHHbIE JaBJieHNUs (BCe TPHU) U MOTOK
(Toabko B Ilynkre Bxognoro orsepcrust). JlaHHbie 320paHbl B
HHTerpupoBaHHoM JlecopyOe /[aHHBIX B Ka:KA0M HHCTPYMEHTE U HAKOHeEI]
MOCJIAHBI aJipecy JIEKTPOHHOH MOYTHI HEMOCPEACTBEHHO BHYTPEHHUM
MOJEMOM O/IUH Pa3 B I€Hb.

IIpsamas nochbLIKA TaHHBIX 0€3 JII000i MPOMEXKYTOUYHOI cTaauu (TO eCTh
nepeaaya nyJjbca BHENIHeMY Jiecopy0y U MOCJIeAYI0IeMy NPONCX0KAEHUIO
pacxoja u nmepeaave) rapaHTHPyeT cOXpaHeHUe TOYHOCTH pacxoaomepa oe3
BBe/IeHHS IONMOJTHUTEIbHBIX OIIHOOK.

GPRS (o0mas Cucrema IlakeTHOH paanocBsi3u) NPOTOKOJI MPeACTABJIsIET
04eHb 3P PeKTUBHBINA CIIOCO0 nepeaaTh AaHHbIe. CnoJb3ys cuCTeMy 3aMeHbI
IHakera, GPRS coOupaer naHHbIe B MaKeTaxX, CIeJAHHBIX U3 aJpeca
OTNPABUTeEJIA, HHPOpPMaNUM U ajpeca npueMHUKA. Kak To1bKO makeT
MOCJIAJIN Yepe3 CeTh, HeT HUKAKOH BO3MOKHOCTH NOTepu MHPOPMALMH.

JJIeKTPOHHBIEe MUCbMa coxepkat gpaia popmara CSV (3ansaras OraeneHHas
LeHHOCTH), KOTOPBI ABJISIETCS ABTOMATHYECKH PAa3rpykaeMbIM B JIIO00OM
NMPOrpaMMHOM o0ecriedyeHU peJaKkTHpPoBaHus, Hanpumep. Excel). Kaxabii
0TYeT NpeACTaBJsIeT MOoJHOe npuodperenne AaHHbIX ([laTa, Bpems,
Ionoxureabnsiii 1 OTpunarensubiii Totalizers, Pacxoa, Ckopocthb U
laBjienmne).

Cxopoctb B nocblike 1aHHbIX (Kb/cexkynaa). iBjisieTcsi 04eHb BHICOKUM,
0J1arogaps UCMOJb30BAHUIO JIYUYIINX JOCTYIHBIX KAHAJI0B KOMMYHUKAIIUMA B
CeTH U K ONTHMM3ANUM CeTH HEMOCPEICTBEHHO (IaHHbIe, 3a0MpaeMble B



NaKeTaxX B OTHOLICHUH OTIPABUTEIS U IPUEMHHMKA, C CeThI0, CBOOOAHOM
OPraHu30BaTh COIJIACHO TEKYLIMM TPAHCIOPTHBIM YCJIOBHSM)

CroumocTthb AJIA ITOJIB30BaTe/JId HU3KA, IIOCKOJ/JIBKY OHH OCHOBAHbI HAa
(l)aKTI/l‘-IeCKOM KOJIHY€CTBE MOCJTAaHHBIX JTAaHHBIX 4 HEC HA BPEMECHU CBHA3H.

BeinosiHeHHe MPOrpaMMHOIo odecnevyeHusi, pa3BUTOE JJI ITOr0 3asiBJICHUS
HAYMHACTCH ¢ U3BJICYCHHUS KAPTOTEK AaHHBIX OT CYeTa JJIEKTPOHHOM NMOYTHI.
Bce ¢aitsibl, npudbIBaOIIMe U3 TOTO Ke CAMOr0 HHCTPYMEHTA B TeYeHHUe
nepuoaa pasmMepoB (TUNUYHO 3 - 4 1Hs1) 3a0paHbl B TOM Ke CaMOM Manke,
aBTOMATHYECKHU CO3AHHOM NMPOIrPAMMHBIM 00ecre4YeHueM B BbIOpAHHOM
cnpaBoyHnke. Kak T0JIbKO 1aHHBIE HAXOAATCS B MalKe, IPOrpaMMHOe
o0ecrneyeHue MO3BOJISIET BUSYATU3ALMIO M Pa3padoTKYy TOr0 sKe camMoro epes
CTOJIBI M Tpadbl, 1 eAUHCTBEHHbIX HHCTPYMEHTOB MJIM B CPABHEHHH
HECKOJIbKO, 1JIf1 OAHOI eIUHCTBEHHON Mepbl

(TO €CThb HOTOK), HJIM U C ITIOTOK U JaBJICHUE OICHUBAKOT B TOM kK€ CaAMOM
JIUCTE.

ITO TaK:Ke CTOMT YIIOMUHATD, YTO KOMILIEKT HHCTPYMEHTOB BbIIIIe
ONMCAHHBIN, COCTOSI U3 KOHBEPTEPOB, Npeodpa3oBareJieil JaBJICHUA U
AAaTYMKA BCTABKH, HMeeT MPeuMYIIeCTBO U3 TOr0, YTOObI ObITH NMOJHOCTHIO
NMOPTATUBHBIM M FOHBIM K YIOTPeOJEHHI0O MHOT0 Pa3 B Pa3JIHYHBIX
MECTOIO0JI0KEHUSAX, YTOOBI KOHTPOJIMPOBATH MHOKECTBO MPAMBbIX I0CTYIOB K
NaMSATH UM BOJHBIX CeTei.

O0mast cToMMOCTH BMEHIATEIbCTBA, KOTOPOE MOCTUTAET 1eJI0e
00opyaoBaHue, YTOObI BHINOJHUTH AHAJIN3, YCTAHOBKY M POrPpaMMHOe
o0ecneyeHue I OLeHKN JKOHOMHUYecKoil NHTepBeHIIMOHHOI YacTOThI,
siBjasieTcda THnu4Ho Huxke yem 10.000,00 eBpo. Ananus oannvix

NanrocTpanus 2.5 noka3biBaeT JIyYIIdi JOCTUTHYTbIM MUHUMAaIbHBIN
Beuepnuii [1oTok nmocjie aKTHBHOI0 BMEIATEIbCTBA KOHTPOJISA YTEYKH,
caesaanHoro B 2003 u HexapHero MunnmanbHoro Beuepnero Iloroka B anpeJie
2006. Bo3M0kHO BHAETD, YTO, 0€3 JajIbHeHIIeH aAKTUBHON YTeYKH YIIPaBJIASIOT
¢ 2003, BeuepHUii MOTOK B cMCTeMe pacipe/ieeHusl, IOCTENEeHHO
YBeJHMYEHHOI cO BpeMeHeM, U3-32 '"HeCOO0IIeHHbIX' yTeYeK U B3PbIBOB, 1a:Ke
IPU TOM, YTO BCE YTEYKH, '0 KOTOPBIX COO0LIAIOT', U B3PbIBbI ObLIIM OBICTPO
BOCCTAHOBJICHbI. DaKTHYECKHH BEYEPHHUH MTOTOK NPOBEPEH NMPOTUB OLCHOK
HCNOJIb30BAHUSA HOYM KJIHEHTA U BTOPOCTENIEHHOM YTE€YKH, BHIYUCIATH
NMOTEHIHAJIbHO BOCCTAHABJIMBaeMble MOTEPH.

Cpeansisi HopMa NOBBILIEHUS, KOTOPOE MPOU30LILI0, SIBJISIETCS ONPeAeIeHHOM
JJISl CHCTEeMbl, Oyy4H M0/ BJMSTHMEM HECKOJbKUX MeCTHBIX (pakTopos. U,
JJIS1 HaJIe:KHBIX pe3ybTaToB B WIZCalcs, ciryyaiiHble BeuepHHe pa3Mepsbl
NMOTOKA J0JIKHbI ObITh B3SIThl BpeMsi OT BpEMEHH Io/1a, Koraa
HHAYCTPHAJIBHOE U HPPUTALMOHHOE UCI0/b30BAHNE HOYbIO, KAK 110J1araiT,
SIBJISICTCH MUHUMAJIBHBIM (THIIMYHO B HA4YaJIe BECEHHEr0 U B KOHLIE OCeHH)



Flow Graph Mav 2003 after ALC Flow Graph April 2006 (Actual flow)
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Nnmoctpanus 2.6 mokasbiBaeT pe3yJibTaThl, MOJy4YeHHbIE OT IPOrPaMMHOI0
odecnieuenuss WIZCalcs. IlpuknaaHoil MeTOd, IPeACTABJIEHHbINA B 3TOM
Oymare, TpedyeT TOJbKO TPeX NapaMeTpoB:

f cpeansdad HOPpMa NMOBbINICHUS Hec006]_l[eHHbIX YTCUCK;
f nepeMeHHass CTOUMMOCTDb BOJbI;
f CTOMMOCTDb BMeIIATC/JIbCTBA.

OHH 10CTATOYHO, YTOOBI ONPEACTUTH IKOHOMUYECKYI0 NHTEepBEHIIMOHHY 10
Yacrory ¢ AKTUBHBIM KoHTpoJsiem YTeukn, E:xeroanbii bromxker nis
BmemarenbcTBa 1 JkoHoMu4eckoro Oorema HecooOmeHHbIX YTeuek.

B Montirone pacyeTHasi HOpMa MOBBIINIEHUS HECOOOIIEHHBIX yTeYeK 0UYeHb
BbICOKA, U MpeAbIAylllee BMEIIATEJIbCTBO ¢ AKTUBHBIM KOHTPOJIEM yYTEeYKH
0bL10 32 34 mecsia 10 3Toro, WIZCalcs ObICTpO moka3bIBaeT, 4TO
BMeNIaTeIbLCTBO ObLJIO0 3a1031aJ1bIM B anipeJie 2006. Exkeroanblii 0r01:xeT 114
BMEIIATEILCTBA U AIKOHOMHUYECKOT0 00beMa HeCOOOIeHHBIX yTeueK ObLI
TaKiKe BbIYUCJICH U COO0IIEeH B WLIIOCTpanuu 2.6.

Data entry | Calculated values Data from anather Worksheet
Utility |Anytown Country ltaly Conf.
System [Montirone Currency|  Euro  |limits+/-

Length of mains 23,2 |km 1.0%
Number of service connections 1300 2,0%

232 |m’/day in a year

Natural Rate of Rise of unreported

leakage RR 178,8 |litres/conn/day per year 20,0%
10.0  |m°/km mains/day/year
This is cateqorised as being Very High
Variable cost of water CV 0,114 Euro/m3 10.0%
Full system intervention cost Cl 5000 Euro 5,0%
Economic Intervention every 12 months 2
LAST INTERVENTION WAS | 3.5 MpNTHS AGO. ANINTERVENTION IS OYERDUE
Annual Budget for Intervention 4,9 Thousand Eure 0.8
43 Thousand m®/year 7
Economic Unreported Leakage 9 litres/service conn./day 15

5,09 m’/km of mains/day 0,83

3aknrouenus



3akil04yeHus 3TO Oymaru - cjeayouiee:

f Crapr cTpaTternu B BOAHOM KOHTpOJIe HoTepu 1 B AKTUBHOM KoHTpo.e
YTeuku He 10J5KeH ObITh JOPOTrHM, HJIH TPEOOBATH MOCTOSIHHBIX COOPYKEHUI

f cOop 1aHHBIX 0T 00J1ACTH, K AHAJIM3Y U PelIeHUSIM YIIPaBJICHHUS, MOXKET
OBITh 3AKOHYEH B Te4YeHHE TOJIbKO HECKOJIbKHUX JIHelH, H 000py10BaHUE MOKET
TOrAAa ObITH NepeMenieHo B IpPyrue y4acTKH

f IKOHOMHMYHAA YACTOTAa BMEIIATEJIbCTBA, ONPEICICHHOI0 /sl KAaXKI0i YacTH
CeTH, MOKeT ObITh ObICTPO HACHTH(UIHMPOBAHA ¢ HEOOIBLITUMH
UHBECTUIMAMHU BpeMEeHH U MHCTPYMEHTOBKH;

f TEKHTC U HCHHOCTHU JABJICHUA HYKHO PAaCCMOTPETb, BMECTE 4yTOOBI HaJd€KHO
I/I}IeHTI/I(l)I/IIIl/II)OBaTL COOTBECTCTBYIOIIINC AeHCTBUSA

f nanHbIe, 3a0paHHbIE 1)1 IKOHOMHYECKOI0 BMEIIATeIbCTBA MOI'YT
HCIO0JIb30BAThC ABTOHOMHO C APYTHM IPOTrPaMMHBIM o0ecne4yeHueM
(PreMOCalcs), 4To0bl HACHTH(GUUHMPOBATH BAPHUAHTHI YIIPABJICHUS
AaBJICHUS, M NPEACKA3aTh BHITOAbI U MEPHOAbI OKYIIAEMOCTH JJIsl Pa3JIMYHbIX
THIIOB YIIPABJICHUS 1aBJICHUS

f cucrema nepenavu JaHHBIX, 00bSICHEHHAS] B 3TOIl Oymare - ONTUMAJIbLHOE
pelleHue YIPABJATH JaHHBIMH ceTH: nepeaayda paano GPRS 6e3onacha,
ObICTpa M Jeuliesa.

bnazooapnocmu

BaaronapHblie 6J1aro1apHOCTH cAeJaHbI K Y THJIMTAM, KOTOpPbIe 00ecreynsiu
JaHHBbIE 1JISl D’TOH CTATHH.
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B03MOKHOCTH HENPEPHIBHOI0 KOHTPOJISA AaBJICHUS M HOYHOI'O IOTOKA - OAUH
U3 KJIYEeBbIX METOA0B BOJHOI0 KOHTPOJIsI noTepu. biaroaapsi o0be1nHeHN 10
HOBBIX TEXHOJIOTHII epeAaYH JAaHHBIX U BO3MOKHOCTH Aoctyna WWW B MS
Biatel (KonTposbs CucremMbl) 3T0 BO3MOKHO OT JIO00r0 MeCTa B MHpe.

JTa cucTeMa MO3BOJISIeT CO31ABATh OHJIANWH 0AJAHCHI VIS IPAMBIX J0CTYIIOB K
NaMSITH, IOCTABJISIEMbIX U3 HECKOJbKHUX HCTOYHMKOB. ABTOIMATHOCTHYECKHUE
Moay.Ju (Hanpumep MunuMmaabHblil Beuepuuii moayJis IloToka) mo3soJsior,
4TOOBI NPOC/IEANTHh U3MEHECHUS IAPAMETPOB MOCIe
BBO/IHBIX/3aKJ/JII0YNTEIbHbBIX KJIANAHOB B 00s1acTu. U3-3a ero MoayjibHOCTH
CHCTEeMA MOKeT ObITh pacliupeHa cBOOOIHO COIIACHO MOTPEOHOCTAM.
Hcnoab3yst KOHTPOJIb OHJIAH, Mbl MOKEM CJI€A0BATh U CYAUTh, YTO

3} (PeKTUBHOCTH YTEYKH BOCCTAHABIUBAECT PA004YHUX.

Bymara noka3piBaeT npuMepsbl BbINOJHEHNS KOHTPOJIbHBIX CHCTEM OHJIAIH
nJi BoaAHbIX cereil B [loabue u ee 3ppexros.

Omnunaiin koHTpoIupysi — Biatel-kouTpoab CucreMbl

Cranaaprel IWA coriiacHo BoaHOMY ynpasjeHulo norepu (Jlamoepr B aJte.,
2000), yka3pIBalOT NPEUMYLIECTBA 3AKPHITOr0 MPAMOIO A0CTYIIA K MAMATH
(Paiton U3mepennbie Q061acTH) C OAHOBPEMEHHBIM BeYePHUM M3MepPeHNeM
MOTOKA U KOHTPOJIEM.

HenaBHo He 0b1J1I0 HUKAKOH BO3MOKHOCTH HCIIOJIb30BATH pellieHHe OHJIAHH
JJIS1 OTAAJICHHOT0 YTeHMS, U3-32 OTPAHNYCHHBIX MCTOYHMKOB BJIACTH.
boicTpeiiit GSM u pa3Butue TexHoaorum I'T nmo3Boauiau pemars 3Ty
npoodJieMy NMpHU MCIOJIb30BAHNH YHEPTUH, CIIACAKOIIEH PerncTpaTopoB
CellBOX ¢ mogemamu GSM/GPRS n MoOMIbHBbIMEU OaTapesiMu.
Perucrparopsl nepeaarwt ux gaHubie yepes GSM/GPRS Ha 3ammn¢poBaHHbIH
yuactok WWW, 0114 cpeacTBa ynpaJienusi cucteMmbl SCADA siMbl
u3MepeHus. JTo pemeHune Ha3biBalT MS Biatel, koTopas saBiasiercs
OCHOBAaHHOM Ha 3asBJjieHuH Mo uMenn HydraNET.

IIpumep 000pyaoBaHMsA MAJATHI H3MEPEHUS CO BCTPOCHHOM
UH(OPMAIIMOHHOM CHCTEMOIl TPEBOT, KOMMYHHMKALIUM U COOOIIEHUIT
NMOKa3bIBAKT B WLIIOCTPpanuu 12.
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CranaapTHoe 000py10BaHUE MO3BOJIAET U3MEPSATH BOJAHBIN MOTOK B ABYX
yka3aHusx, 1asjgenue (B ciayuae [IPEJIBIITYIHIEI'O — npe:xae u nocJie
COKpAallleHUs1); TeMIiepaTypa, ypoBeHb 6aTapeH, 1 OTKPbITHE SIMbI/MIAJIATHI U
HaBOJHeHHe. MoayJibHOe cTponTeabeTBO yeTpoiicTB CellBOX no3Boaser,
4TOOBbI COCTUHUTH IONOJHUTEIbHbIE cUrHAJbI HanpuMep PWIK Gliwice
(MynuununansHas Bognas Cers B Cuile31n) HCIOJIB3YKOT UX JJISI MYTHOCTH,
KOHTPOJIUPYHOILEN; H eCTh IVIAHBI OCYIIeCTBJICHUSA MPOBOAUMOCTH,
KOHTPOJIUPYIIEi (4TO0bI ONPeaeJUTh AUANA30H BOJHbIX HCTOYHHKOB B
ceTH, 0aszupywieil n3MepeHue NPOBOAUMOCTH).

opening and flooding. | he modular construction of CellBUX devices enable 10 ¢o
additional signals e.g. PWiK Gliwice (Municipal VWater Network in Silesia) use the
turbidity monitoring; and there are plans of implementing conductivity moenitoring (in
to define the range of water sources in network basing conductivity measurement).
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Koraga Her HMKaKO0#i BO3MOKHOCTH CTPOUTH/MPUCIIOCAOIUBATHCS IMY/NIAJIATy
HU3MepeHHsl, eCTh NPOCTOoe pelleHne — IOXOPOHEeHHasi oA3eMHasi OaTapes
MOCTABJISVIA JJIEKTPOMATHUTHBIE METPbI OTOKA, KOTOPbIe CBA3AHBI C



PerucTpoM B MOJA3eMHOM MOKAPHOM HAacocCe WM TeJIeKOMMYHUKAIIMOHHOI
KOJIOHKe. O0pa310BY0 YCTAHOBKY MOKA3bIBAIOT B WJLTIOCTpanuu 13.

IHocaennee pemenue, ncnojb3ys TexHoaorurw GSM/GPRS -

IPEJBILY WA KOHTPOJIb OTAAJIECHHOM 0aTapen, KOTOPbIM YIIPABJISIOT.
JTO0 pelnieHue MO3BOJIsIET yIIPaBJIeHNE JaBJIEHUEM COIJIACHO BpeMeH HJIH
NPpoQuJII0 MOTOKA — M NMO3BOJISIeT TAKKE TUCTAHIIMOHHOE YIIPaBJIeHUe, KOraa
3TO He00X0AMMO B Ype3BblYaiiHbIX cuTtyanusax (yepes WWW u GSM).
Oneparop Mo:KeT H3MEHUTH CIIOCO0 OJTHUM LIETYKOM.

Tunosoii nyasT ynpasiaenust IPEJIBIJIYHIEI'O nucTtaHunoHHOr0
yIPaBJeHUs MOKA3BIBAIOT HA WIIOCTPpauuu 14.
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Mooynu cooouwenusn u Aeémoouaznocmuka

Ho4Hoi1 MOTOK, KOHTPOJIUPYOLIUI U HAOJIIOICHUS ero TeHIeHIUI - OAUH U3
rJIAaBHBIX HHCTPYMEHTOB JHMATHOCTHKHU IPAMOI0 JO0CTYIA K NaMATH.

Io3TOMY, O1MH U3 IJIaBHBIX KOMIIOHEHTOB MS Biatel - Mmogy,1u coo01enust —
exkeITHeBHO U coolOmenue mecsinia, MMINR (Munumasabnbie Hounble IloToxkn) u
OBBSIBJIEHUSA (ABTOAMATHOCTHKA).

Moayu coo01eHus1 MOKA3bIBAIOT YeTKUM CIIOCO0O0M M3MEHEHUSI KAKI0r0
B3BCLLICHHOI'0 MapaMeTpa B 0TOOPAHHOM HIKaJIe BpEeMEHH, Ha rpade, Ui B
npexoAsieM CToJie u3MepeHus / cToJle U3MepeHus Yaca (murocrpanus 15).
Ho peanbHoe nmpeuMyiiecTBo - 0aJaHCMPOBAHUE OHJIAIH 30H, IOCTABJISIEMbIX
U3 HECKOJIbKHX HCTOYHMKOB, TAK:Ke CYMMHMPOBaHUEM WJIN BbIYMTAHHEM B
cJIy4dae BOJAHOI0 KCIIOPTA OT 30HbI. JTO MO3BOJIsIeT, YTO0ObI YMEHbIINTH
AUANA30H MONCKA (HACTOJBKO COKpAIIAIOIIMIiCS ero BpeMs) 1Jis1 0030pa



yTeUKH U TOYHOro onpeneienus. [Ipumep 3Toro Buaa 6ajianca noka3piBaloT B
winocrtpannu 16.
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i 2006-08-26 00:00:00 56,00 = = =
Qﬂjﬂﬁ glgl 2006-08-26 00:01:13 = 0,58 0,z0 3
I @ 2006-08-26 00:05:13 = 0,55 0,20 3
200 200e-08-26 00:07:13 - 0,58 0,20 3
2006-08-26 00:08:13 = 0,58 0,20 3
2006-08-26 00:13:13 = 0,58 0,21 3
180 2006-08-26 00:15:13 s 0,56 0,21 3
2006-08-26 00:17:13 = 0,58 0,20 3
2006-08-26 00:20:30 = 0,58 0,21 3
150 2006-08-26 00:21:13 s 0,56 0,21 3
2006-08-26 00:23:13 = 0,58 0,21 3
140 2006-08-26 00:27:13 = 0,58 0,21 3
o 2006-08-26 00:29:13 = 0,58 0,21 3
@ 2006-08-26 00:31:13 = 0,58 0,21 3
O o e e o M e o S e e W 2006-08-26 00:35:13 g 0,58 0.z21 3
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] B L Be e v
100f---Aft- B -- -- B T
8 ziadowane akum. zewn. <22V
= - farm gornego cisn. Pl = VPa
larm dolnego cisn. P1 < [0,50 MPa
& larm gonego cisn. P2> [ 0,25 MPa
larm dolnego cisn. P2 < [0,10 MPa
a0 larm nochego rozhioru wody [ 30,0
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’7‘ Raport dobowy I ‘ Raport miesigezny I Diaghostyka I

| 09-10-2006 17:54 |

Raport dobowy z danych archiwalnych - za dzien: 01062007
Bilans - strefa Chetm Slaski
CHS-1 CHS-2 CHS-3 Bilans Strefy
Godz. Prze phya (21) Free phyn (021 P rze phaw (22) 21+ 02+ 03

[z [r3ih] [rm=h] [rri3h]

0:00+=1:00 0,00 3,43 18,99 22,42
1:00=2:00 1,00 318 17.80 21,98
2:00=3:00 0,00 3,07 17,24 20,31
2:00+4:00 0,00 3,02 17,29 20,31
4:00=5:00 1,00 3,40 19,148 23,589
5:00=6:00 2,00 4,78 21,47 28,25
E:00+7:00 6,00 6,03 23,67 35,70
7:00=8:00 8,00 6,70 26,25 40,95
2:00=9:00 6,00 6,90 28,97 41,87
9:00=10:00 4,00 6,71 29,73 40,44
10:00+11:00 3,00 6,55 30,40 39,95
11:00+12:00 2,00 617 28,25 36,42
12:00+13:00 3,00 612 27,53 36,65
13:00+14:00 10,00 6,50 24,29 40,79
14:00+15:00 14,00 6,49 23,44 43,93
15:00+16:00 12,00 6,65 24,22 42,87
16:00+17:00 12,00 6,51 24,04 42,55
17:00+18:00 15,00 716 25,83 47,99
18:00+19:00 15,00 7.29 24,14 46,39
19:00+20:00 13,00 7.99 26,04 47,03

& Telwlin Web (C)Tel-Ster sp. 2 0.0,

i Startl | [@ TelWinWeb - Microsof...

Caenyrwmmii moaysab - MNR: B3BelIeHHbIe HOUHbIE IOTOKHU MPOLLION Heleu
NMOKAa3bIBAKT YeTKUM CI0COo00M K onepatopy. Koraa onpenensiembliid
aBapUilHbIN YPOBEHb HOYHOI'0 OTOKA NMPEBbIIIECH, ABTOMATHYECKUH
CUTHAJIBHBINA CUTHAJI BKJIIOYAeET.



IJTH HEHHOCTH MOTYT ObITh TaK:Ke MOKA3aHbI HA 00beJUMHEHHOM rpade 1ist
JII000r0o BpeMeHHOT0 HHTEPBaJIa, TAKUM 00pa30M MbI MOKeM YKa3aTh
TeHJAEHIIUH KOPOTKHUX M I0JITOCPOYHBIX U3MEHEHMIA.

My - 5 x

Q- HNREA®G Pr@® 2% g 3 i
T, ADS CHS-2 (2006.06-07)

U= <D 101237 X|
s Automatyczna diagnostyka sieci (ADS)

Komora pomiarowa CHS-3 Imielin Chetm - Wiadukt

Okres 1 tygodnia - Analiza minimalnych nocnych rozbiordw (MNR) Analiza z godzin od 1:00 do 4:00
Dets 01.06-2006 02-06-2006 03-06-2006 04-06-2006 05-06-2006 06-06-2006 07-06-2006
G 12 [23 [ 54 |12 [23 [ 34 |12 [23 [ 34 [12 [ 23 [ 54 |12 [23 [ 34 [12 [23 [ 34 [12 [ 23 [ 34
aeece mar | 198 | 193] 19,1 [ 200 | 197 | 197 | 202 198 196 | 211 [19.4 [ 190 | 202 | 200 | 198 257 | 216 | 213 247 | 244 | 244
asrmos ] 194 198 199 199 200 228 245

Odcezyt bieacy —

Sygnalizacja —

. Alarm MNR

180 - prog alarmu

Raporty —

- —
""" e : : : [ Dobowy ADS_|
------------------------------------------------------- i ‘ Missigozny MR |

P chwilowe ]
0,37 MPa |

&] Telwin web (C)Tel-Ster sp. 20,0, =) S @ nternet

09:54 10:04 10:14)

I ADs B Rejestraca w trybie on-line

Q chwifowe ‘ Wiyt ADS ‘

3,7 m3h ‘ Wiacz. ADS ‘

C npakTu4ecKoi TOYKH 3peHHs, CAMbIH NepeI0BOH MOAYJIb -
OBBSBJIEHUS (ABTOAMATHOCTHKA). ITOT MOAYJIb KOHTPOJHPYET CeTh
aBTOMATH3MPOBAHHBIM CIIOCOO0M. COOTBETCTBEHHO K BBEI€HHBIM
napaMeTpam JJIl IPAMOro A0CTyIIa K NAMATH, KOTAa HOYHOM MOTOK
NpeBbIIACT ABAPUITHBIN YPOBEHB (Jae B JHEBHOM BPEMEHH - B CJIyyae
IJIABHOTO NepepbiBa BaTEPJIHHUN) AaBTOMaTH4YeCcKoe coodmenne SMS
NMOCHLIAKOT oneparopy, u peructp CellBOX BriI0o4aeT 11 NOCTOSIHHOM
nepeAavyy JAHHbIX OHJIAMH.

ITO - 0YeHb BAKHAA (PYHKIHSA, €CJIH MbI J0JKHbI YIIPABJIATH CEThIO,
pa3ie/ieHHOM HA MHOI'He NPsAMbIe JOCTYNbI K namMaATH. biarogaps arou
(pyHKUMHU OnIepPaTOpP, OTBETCTBEHHBII 32 MOAJAEpPKaHUe CHCTEMBbI, MOMKET
HEMEIJICHHO NIPOBEPUTH CUTYALMIO HA YYAaCTKe C HA4aJ1a TPEBOI'M U KaKOBBI
TeKylue napaMerpsl. B ciayyae 00J1bIIMX HHAYCTPUAJIBHBIX MOJIb30BATEJICH,
CBSI3AHHBIX C CEThI0, 3TO MOKeT OBITh MPOBEPEHO, eCJIU 00/Ib1I0€ MOTPedIeHUE
BbI3BAHO HHYCTPHAJIbHBIMH NOTPEOHOCTAMHU MJIM HET.

Cucrema Takxke Briawdaetr UcnbiTareabHbIA MOAYJ/Ib (MCIIBITAHKWE IIATA),
KOTOPBIii cTporo cBsizan ¢ moayidem OB bSABJIEHUI. DTo no3Bosier, 4To0bI
cesiaTh ObICTPBIA AMATHO3 MPSIMOIO I0CTYNIA K NAMATH, I/Ie BBICOKOE
norpedieHue moka3zano. UcnbiTaTe/ibHbIA MOAYJIb 1€J1a€eT peryasipHbIi 1Iar,
NPOBEPAOIINH eCJIM HY’KHO (HAIIPUMeEP MOocJIe KasKI0ro pacTH U3 HOYHOI 0
NMoToKa) B BeuepHue Yachl (2:00-3:00 yrpa) oTaajieHHbIM 3aKpbITHEM U
OTKPBITHEM ABTOMATH3MPOBAHHBIX KJIANAHOB, KOTOPbIE AeJIST NPAMOil
IOCTYN K NAMSATH Ha MeHbIIHe 06acTu. Moayas OB bSIBJEHUM nenaer
3allUCh BCeX M3MEHEHUI U CO3/1aeT MOJIHOe COO0IeH e ISl onepaTropa



cuctembl. Coo01IeHne J0CTYITHO HeNPEePbIBHO B CHCTEME MJIM YTPOM KAaK
neyaTHoe coodmenue. basupysicb Ha 3TOM c0001IIeHNH ONlePaTOP
HHCTPYKTHPYET KOMaHy 0030pa yTeUKH.

B nacrosinmee Bpemsi pa0oThbl CHCTEMBbI B OJIOBUHE aBTOMATHY€ECKOI0 CIocoda
(kJ1anmaHbl 3aKPBHITHI BPYYHYI0), HO POEKTA O0CYHIECTBJICHUS MOJHOCTHIO
ABTOMATU3MPOBAHHBIX KJIANIAHOB HAXOAATCH B MEPeI0BOM NMPOJABUKEHUHU B
O/THOM 13 BOAONPOBOAHOM cTaHuuu B [losbiie.

HcenbiTtaTensubiii Moayab cucteMbl HydraNET 3amensier npexxnui mar,
MPOBEPSIOLINI TEXHOJIOTHIO, I/1e YCTPOMCTBA M3MepeHHsl ObLIIM OCHOBAHBbI HA
®dypronax Tecra Yreukn.

TunoBoe BbINOJHEHHE OTAAJTEHHOI 0 KOHTPOJIsA

IToMuMoO HOYHOTO TMATrHO3Aa NMOTOKA, OT/JAAJIEeHHbII KOHTPOJIb HCIIOJB3YETCH B
APYIrux 3asiBJICHUAX. HEKOTOpre HHTEPECHDbIC IPUMEPDLI OTAAJCHHOI'0
KOHTPOJA MOKA3bIBAIOT HUZKE:

Ha peryjiumpoBaHuu ceTH JUHUHU

KoHTpoJib OHJIANH - 0YeHb M0JIe3HbIN HHCTPYMEHT B NpoBepKe 3¢ ¢eKkToB
HHCTPYKIUI T1aBJIeHUs1, CAeJAHHBIX HA BOJAHBIX CETAX, TO €CTh
OTKPBITHH/3aKPbITHH KJIANIAHOB, YTOOBI YJIYYIIUTH CUTYAIHIO 1ABJECHUSA B
OT/AeJbHOM 00J1aCTH.

HpnMep ITOro Buja 3asiBJICHUA NMOKA3bIBAKOT HA UJIJIIOCTPAllMU 18.
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JlaBienue IloToka

Namoctpanus 18. PeryjimpoBanue ceTH — OTKPbITHE KJIanaHa (MpAMoi
poctyn K namsatu '[-CH')

I'pad mokaspiBaeT CUTYyalHIO OC/IE OTKPBHITUS €IMHCTBEHHOI'0 KJIANAHA HA
NMOCTABJIsIEeMOM 00J1aCTH, KOTOPas BbI3BAJIA POCT /1aBJICHUS BO BpeMsl
MAaKCHUMAJbHOTro norpedjaeHus mnoutu 1.0 opyckamu. K coxaieHur0, HOYHOM
MHHUMAJILHBIN IOTOK TaK:Ke POC, HECMOTPS HA 00JIbIIE POCTA 1aBJICHUS.



OmunJiaiiH TecT mIara

ABTOMaTHYECKHH “TeCcT mara” onucaHHbIA BbIIIEe MOKET ObITh BBINOJIHEH
CIENNANCTOM OT JIOOT0 MeCTa ¢ MHTEPHET-CBSA3bI0. DTOT BH/I TECTA HIAara
NMOKAa3bIBAT HA WLIIOcTpanuu 19, rae Biatel SA BogHbINA IMATHOCTHYECKUT
CIENHAJUCT B TeUeHHe 0030pa YTeUKH ¢/1eJ1aJ1 TeCT IIara OJJHUM JTHEM,
3aKJII0YNTEILHBIMY KJIaNlAHAMU B Te4eHne S MuHyT B o0J1acTsax. He
HCMOJIb3YS HUKAKOTO JO0NOJHUTEJIbHOT0 000pY10BaAHUS OH CyMeJ Cy3UTh
00J1aCTh MOUCKA OBICTPO ¥ TOYHO.

; https://telemetria.biatel.com.pl - Tel¥inWeb - dane archiwalne - Microsoft Internet Explorer |8 x|
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OxHO M3 caMbIX BaKHBIX 3a8IBJICHUIN OTJAJIEHHON KOHTPOJbHOM CUCTEMBI -
KOHTPOJIb 3P PeKTUBHOCTH 0030pa YTEUKH U KOMAH/] PEMOHTA YTeYKH. ITO
BO3MOKHO, cpaBHuBast MNR u nannbie OBBSBJEHUM ¢ coobuienusiMu o
PEeMOHTE YTeYKH. ITOT BUJ KOHTPOJIS MOKA3BIBAKOT HA miutocTpanuu 20 (S —
BO/JIHBI NepepbIB ceTH, P — mepepbIB NPUII0KEHNST).
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HACYHUTAUTE MOTOK [M. 3/h]
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Namoctpanus 20. CoennHenne BHe3aMHO TeYeT ¢ COO0IEHUSIMU O PEMOHTe
yreukn ('"KOPOTKOBOJIHOBBIN' npsiMoii 1ocTyn K NaMsATH)

BJaaronaps 3Toii CBsI3u BO3MOKHO MTOKA3aTh TOYHO, KOJIMYECTBO CIIACEHHOM
BO/Jbl B HOYHOM MOTOKE, U YeKe, eCJIH POCT JABJICHUS MOCJIe PEMOHTA YTEeYKH
He BbI3bIBAJI IPYT'YI0 YT€UKY B CKOPOM BpPeMeHH.

Kone4Ho ecTh BO3MOKHOCTH NPOAHAJIM3MPOBATH KOPOTKHE U J0JIT0OCPOYHbIE
U3MeHEeHHs NMOTPedIeHus

HaNpuMep exxeHelelbHAas TEHIeHIUs - WIocTpanus 21
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——Be4YepHee (7-1HeBHOE) CpeHee YUCJIO0 MOTOKA
HNimoctpanus 21. Jloaruii Cpox BHE3aIHO Te4eT TeHASHUus (MPAMOM JOCTYII
K namaTtu ‘S’) Pe3rome: UCnoJib30BaHMe KOHTPOJISI OHJIAIH, OajIaHCHPYS H

aBTOMATHYECKOI'0 JHATHO3A IOMOraeT YBEJNYUBATh 3PPEeKTUBHOCTD
ynpasJienusi Bognoii Ilosiesnocreio.

CcpLIKH

JlamOepr A. O., Hirner W. (2000): ,,ITorepu ot cucTeM BOAOCHAOKEHUS.
CranaapTHasi TEPMHHOJIOTHSI U PEKOMEH/I0BAHHbIEe KPUTEPHH Ka4yecTBa
padortsl. I'onyobie crpanuubl IWA, www.iwahq.org nokymenranus CellBOX -
www.cellbox.pl

Oo0napyxenue Yreuku - OeHKa YyeTbipeX Pa3jaHuYHbIX YTeYeK YIPABJIfACT
MeTOAAMHM

E. Algaard*, P. Kamnoena **, J. Picarel ***

*Tpu Boasl losaun, Tpu Joauns! Ilyrs, Bushey, WD23 2LG,
BenauxoOpuranus, Eliane.algaard@veoliawater.co.uk

** Tpu Boabl Joaun, Tpu Joaunsl Ilyts, Bushey, WD23 2LG,
Benaukoopuranus, Patrick.campbell@veoliawater.co.uk

*** Tpu Boabt Lonun, Tpu Joamusl Iy, Bushey, WD23 2LG,
Beaunkoopuranus, Julie.picarel@3valleys.co.uk

KuiroueBbie cjioBa: AKTUBHBIN KOHTPOJIb YTEYKH; O0HAPYKEHHE YTeYKH
BBenenue

Tpu Boasl Joaun (TVW) - Boga To/1bK0 KOMIIaHKS, TPpUHA/Iexkamas Boxe
Veolia, yactb Veolia Environnement rpynna komnanuii, padoraromux B FOro-

BocTOoKe AHriimu. TVW o0ecneunBaeT NUTHEBYIO BOAY NpUOn3uTENbHO 3.1
MHJTHOHAM KJIHMEHTOB ¢ TOBapoodopoToM 213 musiiinonos £. B mosanbix 850



MHJLUTHOHAX M.’ U3 BOJbI IPOU3BE/ICH B JeHb, 144 U3 KOTOPBIX
3aperucTpupoBaHbl Kak yreuka. Cerb uMeeT AJMHY NpuOau3uTebHo 14 500
kM. CeTb10 ynnpaBJjsioT kak 6 3ou BoaHoro pecypca, pazaejeHHbix Ha 33
I'mapaBianyeckux 3ounl TpedoBanust (HDZ). It 33 HDZs cHoBa
noapasaeaennbl HA 855 Okpy:xubix Ob6aacTeilt Merpa (mpsiMoii J0CcTyN K
namsaTu) U 175 naccuBHBIX 00J1acTel KaKk nMoka3aHo B ¢purype 1 Huxe.

Namocrpanus 22: Tpu o6aactu Boast oamn: 6 3on Pecypca, 33
I'mapaBianyeckux 3oubl TpedoBanus u 0osiee yeM 800 OKpyKkHbIX 00J1acTel
MeTtpa.

OnnH 13 KJI04YeBbIX (PAKTOPOB K 3(P(PEeKTUBHOMY YIIPABJICHUIO YTEYKOH B
npenenax Okpyxsbix O0sacteid MeTpa 10/12KeH HMETh SICHOE IOHUMAHH e
padoTsI ceTu. ECTh MHOKECTBO METO10B 00HAPYKEHUS YTEYKH, JOCTYIHBIX
JJISl IPAKTHKOB, YTOOBI ONpe/IeIUTh MECTOHAXO0XK/IeHHE YTeYeK B Mpejiesax
pacnpeae/JuTeIbHON ceTH, BOOOIIEe MaJaolleil B YeTbIpe Mmocje KaTeropuii:
HCNbITAHUE 11ATra, MPOCThIE 3By4Yalue 0030pbl, HIyMOBasi 3ar0TOBKA Jieca U
KOppeJsius IyMa YTeYKH.

Br100op MeToaa 00HAPY:KEHNSI 3ABUCHUT IVIABHBIM 00Pa30M OT KOH(pUrypanuu
U 0COOEHHOCTel ceTH, COOCTBEHHOI MOJTUTHKH BOAHOH KOMIIAHMHU, H PECYPCOB
U 10CTYIHOIr0 000pyAoBaHus. OQHAKO, CPABHUTEIbLHAA HH(popManus
OTHOCHUTEJIBHO 3aTPAT U 3Q)(PeKTHBHOCTH Pa3IHYHBIX METOA0B C TOTOBHOCTHIO
He MOHATA.

HccnenoBanue 06110 MO3TOMY pa3padoTaHo, YTOObI 00€eCIeYNTh
NPAKTUYECKHH — KOMIIAHUSA ONpe/ieJIeHHble JaHHbIEe, 0T KOTOPbIX Obli1a
BbINIOJIHEHA J1eTAIbHAS OllEHKA PA3JIUYHBIX METOA0B O0OHAPY:KEHUS YTEUKH.

Hean AxTuBHoro Konrpouas Yreuku (ALC) ucciienoBanmne 0bLu
cieaywime:

o Yt00bI M3MePATH 3P PEeKTUBHOCTH YeThIpeX Pa3jIMYHbIX METOI0B
KOHTPOJISl YTeYKH (IPOCTOe 30HAMPOBAHUE, PONYCTUTE KOPPEJIALMIO
IyMa, IIYMOBYIO0 3arOTOBKY JieCa U HCNIBITAHUE LIATa NIPH YCI0BUAX,
KOTOPBIMH YIIPABJISAIOT.

o YcranaBauBaTh OT HHGOPMaLHMHU cOOPAJIOCH, 00eCTIeYUBAIOT JIU
cnenupuyecKkre MeToAbl WM KOMOMHALMSA METOAO0B JIy4llle BCero
pe3yabTarhl 1js cnennpuyeckux Oxpy:xubix O6aacreit Merpa.

Jta Oymara onuchbIiBaeT Mpoiecc, CONPoBOKIAAEMbIi, YTOObI BHIOPaTh
NPeICTABUTENbHYIO IPYNILY OKPY/KHBIX 00J1acTeil MeTPOB, U3JIaraeT MeTOAbI
KOHTPOJISl YTeYKH MM KOMOMHAIIUIO MEeTO0B, HCNI0JIb3yeMbIX B
Hcc/IeI0BAHUM, PA3BUTHE IKCIIYATALIMOHHBIX MPOLECCOB H HHCTPYMEHTOB,
4yTOObI C1eJIaTh 3aNMCh U U3MEPUTH NPH YCJIOBHAX, KOTOPHIMHU YIIPABJIIOT,
3 PeKTUBHOCTDH PA3TUYHBIX METOJ0B KOHTPOJISl yTeUYKHU U NPEACTABUTH
npeaBapuTe/bHbIe Pe3yJbTaThl.

Metona



Buvioop npamozo oocmyna Kk namamu

UccaenoBanne 00HApPYKeHUS YTeUYKH ObIJIO OCHOBAHO HA 00pa3ie NPSMbIX
JAOCTYNOB K NaMATH, npeacTaBuTe b TVW. Bee mocTynnble npsimMble 10CTYNbI
K MaMATH B NpeJejiax KOMIAHUM ObLIM NPOAHAJIM3MPOBAHBI, HCIIOJIb3YSl Ha
MaTpuie:

- UX pacuyeTHbIe Hen30e:KHbIe exkeroanbie peajabubie norepu UARL (JlamOepr,
2003),

- 30HA pecypca, r1e OHU OBLJIH PACHOJI0KEeHBI,

Mo4Ba COrrosivity uujaexc,
UH/IEKC IBUKEHUSA OCHOBAHHUSI.

ITOT HAYAJIBHBIN aHAJIN3 MO3BOJIHJ NPAMBIM J0CTYNIAM K NAMATH ObITH
pa3iesleHHbIMHU HA YeThIpe OTJIUYHBIX rpynnsbl. Bropas Mbiciib mponecca
BbIOOPA, YTOOBI BJIMATH HA O0HAPYKEHHE YTEYKH TOI1a HCIO0JIb30BAJIACh,
HCIOJIB3YH Apyrue GaKkTopkl:

YK CJI0 MPUCTIOCOOJIEHNH B KM,
JJINHA MATHCTPAJIM pacnpe/eseHus,

CpeaHeE 30HAJTBHOC BEUECPHEE 1aBJICHUC.

Yerbipe NPSAMBIX A0CTYNIA K NAMATH ObLIM TOIrAa 0eCNOPSA0YHO BLIOPAHBI B
KAKI0# M3 3THX YeThIpex rpynm. OT 3Toro anaau3a, 15 okpy:kHbIX odjaacrei
MeTpa ObLIM 0TOOpPaHBI JJIM Uccie10BaHus. JlonoJHuTeIbHAS
IKCILIyaTallHOHHAsI MHPOpPMALKs B IpeAeiaX 0TOOPAHHBIX OKPYKHBIX
o0Js1acTeil MeTpa OblIa TaKxKe 3a0paHa, YTOObI HeNMPEePHIBHO C/1€J1ATh 3aNNCH
MHHHUMAJBLHOT0 BeYePHero noToKa, CpeHero 30HAJbHOI0 JaBJICHUS U
AHEBHBIX H3MECHEHHUH B JaBJIEHHH, YTOOBI MO3BOJUTH Yac ¢pakTopaM AHSA ObITH
PacCMOTPEHHBIM U 0OHOBJICH.

Caenyrommid CT0J1 YCTAHABJIMBACT [VIABHBbIE 0COOEHHOCTH OKPY/KHBIX
o0J1acTeil meTpa.

Cromn 11: mpsaMo#t AOCTyN K TaMSATH OTOOPAaHHBIE U TTIaBHBIE OCOOCHHOCTH:
UACHTU(PUKALINS, YUCIO CBOMCTB, CpeaHee unciao 30HUPYET BeUepHeEe AaBICHUE,
tun Soil (HearpeccuBHbIi, HEMHOTO arpeccuBHBIN, O4YeHb arpecCUBHBIN), [[nrHa
Maructpanu pacnpeneneHus (kM) u CocTaBiisieT B CpeIHEM BO3PACT MaruCcTpaiu

pacrapeneaeHus
YanocroBep N  Yao6erBo AZ Tun JIauna Cpeax % % %
eHue CBOHl MCIOJIB30B ITou marucrp Huil xejgesH miactm IIEPEMEH

JIUYHOCTH CTB aHus Bbl aJu (m) BO3pa bl acca HBIN TOK



o0JiacTH cT

TPYO
797Non—
0421 346 B JIAS 7762 1959 0912 0074 0013
A
237, .
110 460 A o7 UHe' 3300 1968 0917 0083 0.000
9205 547 A 407 "He" 3442 1958 1.000 0.000  0.000
3804 571 A 602'5 SA 11146 1972 0768 0232  0.000
Non-
6710 607 A 379 A/S 5723 1936 0880 0.120  0.000
A
5022 628 A 3%6 XA 4121 1946 0.835 0.165  0.000
48.5 .
3402 753 A VY UHe' 10.697 1965 0773 0227 0.000
376Non—
7008 1167 A O AS 9116 1989 0192 0808 0000
A
Non-
4201 1268 A 50 A/S 13.889 1969 0.631 0031 0338
A
2012 1410 A 33 XA 11459 1958 0.946 0054  0.000
9110 1568 A 6%0 XA 9182 1947 0852 0128  0.020
325 Non-
8201 1663 A 72 AIS 15468 1965 0935 0065 0.0
A
109 1934 A 101'7 "He' 13.664 1972 0.856 0.144  0.000
375Non—
2550 3349 A [2 AS 30582 1950 0892 0076 0033
A
7812 6522 A Ol when 30234 1954 0728 0272 0.000

1

Buvioop Texnuxku Oonapyncenuna Ymeuxku
YeTbipe MeTO1a O0HAPYKEHUS YTEUKH HAEHTH(PUIIUPOBAHBI, KAK CJeayiiTe:

- IIpocToe 30HaMpOBaHuUE: COYHIAIONIME MAJTKHA HMeJIH 00bIKHOBECHHUE
paccMaTpuBaTh 00JIaCTH MOA03PEBAEMOM YTEUKH.

- [IponmycTUTE KOPPEISIMIO IIyMa B criocode 0030pa: KOppesiTOPbl HMeTH
00BIKHOBEHHE TOYHO ONMPeEIeJIATH MEeCTONOJI0KEeHHE YTEUKH

- [llyMoBasi 3aroToBKa Jieca: HAMATHUYEHHbIE ¢JUHHUIbI YCTAHOBJICHBI HA
rpynie CMeKHbIX MPUCIOCO0JICHHI M 1e1a10T 3allUCh MOCTOSIHHOI'O IIyMa,
NMPOU3BEICHHOI0 YTEYKOH. AHAJIU3 YTEHUH CIeJIaH B CPABHEHHH 3BYKOBOI'0



YPOBHS ¥ 3BYKOBOI'0 PACIIPOCTPAHEHNS, 32APErHCTPMPOBAHHOIO B KAKA0OM
Jecopyoe.

- Tect lllara: TexHnka, KOTopbie TPEOYIOT NMPOrPECCUBHOI U30JISIIUN CEKIUT
TPYObI 3aKJIIOYUTEIbHBIMU KJIANIAHAMY JIUHUU, HAYNHAIIMMHUCS B TPydax
AAJIbIIe BCEro AaJieKO 0T MeTPAa U 3aKAaHYUBAKIIMMUCH B TPy0ax, caMbIX
0JIM3KHX OT MeTpa.

Ilpoekmnaa Opzanuzayusn

IIporpamMmMma nocjen0BaTeJIbHOCTH, KOTOPO YIIPABJISIIOT, 0030POB YTEUYKH,
HCIOJIB3YH BCe YeThipe MeTo1a ObLIa YCTAHOBJIEHA JJIsl 3TUX 15 mpsiMbIx
JAOCTYIIOB K NAMATH, YTOOBI MUHMMHU3UPOBATH BO3/1eiiCTBHE HABBIKOB
UHAUBUAYAJIbHBIX TEXHUKOB WJIH 3HAHUSA WIN JPYIrHX IApaMeTpoB He
MOAAAIOIIUXCH KOHTPOJIIO, TUIIA MOTOAbI.

Cucremsbl, THIIa TPO(OPMBI OOHAPYKEHHUS UCCACA0BAHUSA U 0a3bI JaHHBIX
JlocTtyna (cpaBHH (purypa 2) 0OblJIM TaKKe I0JI0KeHbI HA MeCTO0, YTOObI
c/1eJIaTh 3alMCh MOAPOOHO 3aTPAT M NMPOAOKUTEJIbHOCTH KAXKI0M
HHTEPBEHUMOHHON TeXHUKH 00HAPY/KEHUS YTEUKH, TUIIA U YHCJIa
PaCIOJI0KEHHOI0 PEMOHTA, IPOAOJIKUTEIbHOCTh PEMOHTA U U3MEPHUTH 00beM
CIIACEHHOM BOJBI.

DMA Study detection report form
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®opma O0Hapyxkenus MccienoBanus WJIIOCTPAUMH 2

BmemarenbcTBa 00HApYKeHHMs YTeYKH (HA3BaHHBIN Takke '"HecyTcs'') ObLIH
MOBTOPEHBI B MpeAesiax Kaskaoro u3 3Tux 15 npsiMbIxX J0CTYNOB K NAMATH €
4eThIpbMsl 0TOOPAHHBIMH MeTOIaMH O0OHAPY:KeHHUS TPH pa3a, MIOKAa YPOBEHb
YT€4YKH B MPAMBbIX I0CTYNAaX K MAMATH He ObLI ''0K0JI0" pacyeTHbIX
Hen30e/KHBIX eXKeroAHbIX peaJbHbIX 0TePhb, HJIH ITO CYMTAIN HEBO3MOKHBIM
Jajiee YMEHBIIUTH YPOBEHb YTEUKH.

TexHukam, MIYIIUM YTE€YKH C PA3JIMYHBIMHA METOAAMHU Pa3peniajiv NpoBecTH
OJMH JAeHb B 250 cBolicTB. OQHH J0NOJTHUTEIbHBIN AeHb ObLI J00aBJIEH K



001eMy KOJIM4eCTBY JHEeH, B ciiydyae yCJI0BHIl IJI0X0H MOroabl, 00J1e3H1 U
HenpeackasyeMbIx co0bITHii. Ciucok ObL1 nepenan Komanae O0Hapy:xeHust
YTeukn HA exkeMeCTYHOM OCHOBaHMHU. IIpumep moka3pIBalOT B CTOJIE HUIKE.

Croua 12: Ilpumep padoThl IVIAHUPYET MATPUYHYIO IlepeIavdy Ha KOMaHIy
OoOnapy:xeHusi Y Te4kun

IHocoOue Bpemenu
Ha3saHue npsiMoro 10ctTyna K namMsiTu

Texuuka + TexHuk

2 npsAMOi 10CTYN K MaMATH JHel 1

LCT1 - CEKPETHASA CJYXBA

LCT2 - ClI
LCT3 - KOMIIBIOTEPHASA CETb
LCT4 - C-
2 npsAMOM 0CTYN K NAMSATH JHEH 2
LCT1-ClI
LCT2 - KOMIIBIOTEPHASA CETbH
LCT3 -C-

LCT4 - CEKPETHASA CJOYXBA
2 THU
2 THU
NPSIMOM JOCTYI K TAMSATH 3
MNPSIMOM JOCTYII K IIAMSATH 4
LCT1 - KOMIIBIOTEPHAS CETbH
LCT1-C-
LCT2 - C-
LCT2 - CEKPETHASA CJIY/XKBA

LCT3 - CEKPETHASA CJIY/XKBA



LCT3 -Cll
LCT4 - CllI
LCT4 - KOMIIBIOTEPHAS CETb

LCT = Cekpernas ciay:xk0a Texnuka Konrpoas Yreukn = [Ipocras 3Byuamasn
koMnblOTepHas ceTb = Koppeasinus Illymosoii CILI = Hlym,
Perucrpupyromuii C-= Tect Ilara

Memoo, ucnonbzyemblii 011 00bEMHO20 6LIMUCTICHUA IKOHOMUU

O0bem, ciaceHHbINH HA KAXKIAbIA PEMOHT ObLJI BHIYMCJIEH, HCIOJIb3YS IOTOK U
nannbie padoTsl oT Tpex Cucrem Coodmennst Yreuxku Boabt Joann (TVLR).

Itu Tpu cucremsl Penoprepa Yreuku /[oa1uH 00ecrieqyuBalOT CPpeACTBA AJI
TOr'0, YTOOBI COOPATH M NMPEACTABJIATH JaHHbIEe Pa00Thl. YT00BI pelmIuTH
npodJieMy HeXBaTKH BHYTPEHHEr0 U3MepeHusi, ceTh ObLIa pa3jejieHa Ha
HECKO0JIbKO coTeH u3 Okpy:kHoi Q0sactu Merpa (MpAMOM 10CTYNl K MAMATH).
IToToku, BXoasimue B PsIMbIE 10CTYNbI K MAMATH 3aPeriCTPUPOBAHBI C
Jecopydoamu (kaxkabie 15 MUHYT U 3arpyKeHbl KaXKIAyI0 HOYb).

TVLR - npeacraB/jisieMbli HHCTPYMEHT, KOTOPbIH CBA3BLIBAETCH CO
CTEKJIOM u cucremoit Unpopmaunun Yupasiaenust Padorsr TVW (WMIS).
Ero tematnyeckue cnocoOHOCTH KapTorpagum MoryT ObITh ¢ TOTOBHOCTBHIO
MoOMelleHbl, YTOObI UCII0JIb30BATh, YTOOBI HACHTU(PUIUPOBATH OTHOLIEHUSA
MEXKAY AeSITeJIbHOCTBHIO M ycnexoMm. Ero rekyuee ucnoJib3oBanue:

- Beigaouuecs padoyue MecTa yTe4KH B KaKA0M NPSAMOM J0CTYyIe K NAMATH
(mpoaykuus ot WMIS),

- 3akOHYeHHbIe pa0o4yne MecTa YTeYKH B KasKA0M MPSIMOM J0CTyIe K NAMATH
(mpoaykuusi or WMIS)

ITO MOKAa3bIBAET CPAaBHUTEJIbHbIE BeYepPHHE JaHHbIE MOTOKA JJIsl MPSAMbIX
AOCTYIOB K MAMSATH, YTOOBI YJIYYIIUTH IJIAHUPOBAHUE O0OHAPYKEHHUS YTEUKH.

st 3Toro mpoekra, TVLR ucnoab3oBasics, 4To0bl HMeTh pa3Mepbl, YTOObI
BBIYMCJINTDH, 00beM, CIIACEHHbIN HA KAXK/AbIi PEMOHT BHIYUCIEH, BHIYUTAS
MOTOK MepeJ PEMOHTOM K MOTOKY IOCJIe pEMOHTA.

PesyabTaTsl
Cpasnenue mexncoy memooamu

Pe3yabTaThl, NOKa3aHHbIE ISl KAXKI0H TEXHUKH MOJYy4YeHbI B HTOTE B CTOJIE 3,
u ¢purypupyer 2 - 4. Hukakue cynmecTBeHHbI€ CTATUCTHYECKUE PA3JIUYHS He
ObLIM HaMIeHbI MeKAY YeThIPbMS Pa3JIMYHBIMU METOXAMM, HO HEKOTOPOe
HaYajbHOe HAOMI0/IeHNe ObLIIA OTTAHYTHI:



BoJbIIMHCTBO yTedyeK B IeHb ObLJI0 HAaliIeHO Yepe3 NMPocToe
30HIMPOBaHUE, HO IIABHBIM 00pPa30M B TPYy0aX KOMMYHUKAIMHU H
CUTHAJIaX OCTAHOBKH.

Camasi 00beMHasi 3KOHOMHUSA B JIeHb ObLJ1a JIOCTUTHYTA Yepe3 3ar0TOBKY
Jieca myma ¢ yre4kamMmu, IeHTU(PMIUPOBAHHBIMHY IJIABHBIM 00pa30M B
TPy0axX KOMMYHUKAIIUHM, OCTAHABJINBATH CUTHAJIbI U MOKAPHbIE
Hacocsl. lllym, Perucrpupyrommii Tak:ke uaeHTuGuuupoBa HaundoJiee
rJIaBHbIE B3PbIBBI.

o IIpocounTech MIyMOBasi KOppPeJSIIUA a1, Jy4llle BCero NpuBOAUT K
CeJIbCKUM paiioHaM, I/ie JJIMHHbIC JJINHbI [JIABHBIX 0€3 CBsA3ell MOryT
ObITH HAM/IEHBI U I'/le IBUKEeHNE MeHee HHTEHCUBHO Y€M B TOPOJACKHUX

o0JIacTaX.

Pe3yabTaThl VI TEXHUKH TECTA LIAra He BKJIKYEHbI B 3TOT HTOTOBBIN CTOJ,
MOCKOJIbKY 3Ta TEXHMKA ObL1Aa OCYLIECTBJICHA HA 3 MPSAMBIX J0CTYNAX K
namMsaTu Toibko. Texnuka Tecra lllara Obu1a ocTaB/IeHA J0/KHAS NepeaaTh
1po0JieMbl IJIABHBIM 00pPa30M BOJHOE Ka4eCTBO, CPOKM U YCJIOBHS (Be4epHAS
padora), u TPyA0€MKOeE 310POBbE U NMPOLEeIyPbl 0€30IIACHOCTH, TUIIA
TPe0OOBaHUSA, YTOObI HAMKUCATH YTBEPKIACHUS METOAA.

Crou 13: Pe3rome pe3yabTaToB

Yucao Ymciao

O0bem Bpems

Yuciao

CnaceHHbII/TeHb

Texuuka  O030p cmac npoBeJio
yredek MB (m3/h)  (h) yTreuek/IHs o0bem
H"i‘ep 100 3 4978 567.50 1.41 0.70
3 Hpocroe — Homep ., 3 1272 56875  1.01 0.18
OH/MPOBAHME 2
H"g‘ep 78 1 1231 29025  2.15 0.34
H“;‘ep 53 4 48.50 647.50 0.65 0.60
IIponycTure
IllymoByio H";‘el’ 26 4 390 45825 045 0.07
Koppeasinuio
H";‘ep 23 2 897 29575  0.62 0.24
IllymoBast  Homep ., 5 56.57 566.00  0.85 0.80
3aroroBka 1
Jeca
H";‘ep 30 2 344 45525  0.53 0.06
Homep 10 2 329 25375 032 0.10

3



Simple Sounding results
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Figure 23: Simple Sounding Results

Leak Noise Correlating resuilts
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Figure 24. Leak Noise Correlating Results

Noise Logiging results

o

JJ1s1 Bcex MeTo10B, CTATUCTHYECKHUE HCCJIeI0BAHMA MTOKA3AJIH, YTO YHUCJI0
HAMICHHBIX YTeYeK, 00 beMHBbIX cOepeKeHUuil U1K NPOBEeIeHHOT0 BpeMeHH!
CBSI32HO C 0COOCHHOCTAMM NMPSAMOr0 A0CTYNA K NaMATH, THIIA ero pasmMepa
(4HCJI0 CBOMCTB, IJIMHA MArUCTPAJIN) WIN YPOBHA aaBjennsi. CTo1 HIKe
MOABOJAUT UTOT PA3JIUYHBIX KOPPEJALMA, HAJEHHBIX MEXKAY Pa3JIMYHbIMU
NMepeMEeHHbIMHU AJISl KAXKA0N TeXHUKH.




OaHako, aHAIU3 CTATHCTHKH VIS 3TOr0 00pa3ua JaHHbIX He BBIABUIAJ HA
NepBbIii MJIAH HUKAKOI KOPpeJIsiuU MeKIy 0030paMu M MOYBOH corrosivity,
MaTepuaJIoM TPyObl U BO3PACTOM MArucTpaJIn.

Croua 14: Koppeasinusi Me:K1y HAllICHHbIMU YTeYKAMHU U 0COOCHHOCTAMU
NPAMOro 10CTyNa K NaMATH

N N \Y% \Y% T T N
HpOC&‘-II/IBa HpOCﬁqHBa CIIaCCHH CIIaCCHH HpOBe,Z[eH HpOBeILCH
o o o o npocan/IBa
063 CTCA CTCA bIN bIN HBbBIN HBIN
TexHuka ercs
Op HpOTI/IB HpOTI/IB HpOTI/IB HpOTI/IB HpOTI/IB HpOTI/IB HpOTI/IB

cBOMCTB N Maructpajl CBOMCTB MarucTp CBOWCTB Marucrpa

ul N amulL N mu L AZNP

Hom perpecc

ep 1 R2=0.76
IIpocroe Hom KOPPEJSIN KOPPeIsi KOppelsi KOPPEeJsl] KOPPesl KOPPEsu
3onaupoB ep 2 S s 11564 usa s s
aHne Hon PETPECC  perpecc  perpecc perpecc perpecc — perpece

ep 3 R2=0.95 R2=0.92 R2= R2 = R2=0.92 R2=0.82

P 0.97  0.93

Hom koppernsiin Koppelsii Koppeliss KOppelisi perpecc  KOppesisil
Hponycru epl = S U U R2=0.75 ua
Te

Howm perpecc  KOppessi]
I]?yM"By“’ ep 2 R2=0.81 us

oppeJisii

HIio Hom koppernsu perpecc KOPpEJISILl perpecc

ep3 s R2=10.7 ust R2=0.72

Howm perpecc  perpecc

ep 1 R2=0.78 R2=0.74
IlymoBas Howm perpecc  KOppessi
3aroroBka ep 2 R2=0.81 usa
Jeca Hom koppensiu Koppemnsiu perpecc  KoppeJsil

ep3 A R2=0.73 us

Cpasnenue meiicoy 0630pamu

Camoe 00s1b1110€ YHCJI0 YTeYEK U 00beMHBIX cOepekeHni ObLII0 HAliIeHO B
TeueHue nepBoii 3auncTkn. O0beMHbIe cOepe:keHnsl B TeUeHHe MepPpBoOro
0030pa ObLIM NPUOJIU3UTEIBHO B 7 pa3 00J1bIIe YeM B TeYEHHE BTOPBIX U
TPeTbHUX HcCae0BaHNii. MeHbllIe BpeMeH! ObL10 TaKkKe NPOBeAeHO, YTOObI
HCKATh YTEYKH B TeYeHHE BTOPOI0 U TPeTbUX 0030pPOB. YMEHbIIIeHHE,
BOBpeMsI IPOBEACHHOE MEKAY NEPBBIM H BTOPBLIM 0030POM MOKHO ObLJI0 OBI
O00BSICHUTD /ISl IIYMOBO# 3arOTOBKH Jieca U IIIyMa YTe4KH, KOPPeJHpPYoLero
YacTUYHO paKkTOM

paccTosIHUE MEeKAY MPUCIOCOOIeHUIMH /1JIs1 0030pa Koppesium,
BO3MOKHO, ObLJIO 3aPeruCTPUPOBAHO HA HAYAJILHOM 0030pe;

MeCTONOJI0KeHHe KJIANAHOB, IPOBAJIOB U MOKAPHBIX HACOCOB BHIOPAJIO
ot CTEKJIA, kyna jiecopy0bl MOryT ObITH pa3MelieHbl B, BO3MOKHO, He



OKa3bIBAETCsl, MOJAXOsIIIIee MECTOMOJI0KEHNE, YTOOBI Pa3MeCTUTD
Jecopyoa uwiu koppeast ot. Kak ToJibko HOBbIE IOAXOAsIIIIE
MECTOIOJI0KeHN s ObIJIM YCTAHOBJIEHbI, OHH Oy1YT BO3MOKHO
3aperucTPUPOBAHBI U OyIYyT HCMOJIb30BATHCS JIs1 MOCJIETYHOIIHX
0030poB.

NPOM3BOAUTC/IBHOCTh TEXHUKOB YJIYYHINJIACH ¢ HX 3HAHHEM o0J1acreii.

B Teyenune BTOporo 0030pa 00HApyKEHUS YTEUKHU, TEXHUKH yTeukn TVW
HOJIKHBI ObLIM OBITH 3aMeHeHbl TeXHUKaMu yTeuku [oapsaauuka. Bonpocsl
ObLIM TOr/Aa mocTaBJjieHbl MeHea1:KepoM YTe4KH, 0TBETCTBEHHBIM B
OTHOIICHHUAX K TEXHUYECKOM KOMIIETEHTHOCTH MOAPSAIYUKOB, IPHHECEHHbIX
HA MPOEKT. ITO, BO3MOKHO, HMeJ10 3¢ ¢eKkT Ha Ha0/II0JaeMoe YMEHbIIICHNE B
HalJICeHHBIX pa00unX MecTaxX U 00beMHBIX cOepesKeHUAX MeK1Y NepPpBbIM U
BTOPBHIM 0030poOM.

3akJIroueHue

HecmoTpsi Ha HeOKOHYATeIbHbIE CTATUCTUYECKHE HCCIeJ0BAHUS
OTHOCUTEJIBHO 3((PeKTHBHOCTH ITHX 4 METO10B, KOTOPbIE PACCMATPUBAIOT,
ITO UCCJIeJ0BAHHE MPUBEJI0 K HEKOTOPHIM HHTEPECHBIM HAYAJIbHBIM
pe3yJibTaTam:

e BoJBIMIMHCTBO yTe4eK B IeHb ObLI0 HAIEHO Yepe3 MPocToe
30HAMPOBaHHUE, HO IVIABHBIM 00pa30M B TPY0aX KOMMYHHUKAIMU U
CUIHAJIaX OCTAHOBKH.

o Camas 00beMHasi IKOHOMHUS B JIeHb ObLJIa JOCTUTHYTA Yepe3 3ar0TOBKY
Jieca myMma ¢ yre4kamMu, IeHTH(PpUIPOBaAHHBIMHM IVIABHBIM 00pa3oM B
TPy0axX KOMMYHHUKALMH, OCTAHABJIMBATH CHTHAJIBI U MOKAPHbIE
Hacocsl. lHlym, Perucrpupyrommuii Tak:ke uaeHTuGuuupoBasa HaundoJiee
rJIAaBHbIE B3PBIBBI.

o IlpocouuTech HIyMOBasi KOppeJsLUA 1414, Jy4lle BCero NpuBOAMT K
CeJIbCKUM pailoHaM, Iie JJIMHHAS AJMHA [JIABHbIX 0e3 CBsA3eH MOkKeT
ObITH Hal/ICHA U I'le OPraHU3auMs JOPOKHOI0 ABHKCHUSI MEHee
HHTEHCHMBHA YeM B rOPOJCKHUX 00J1aCTAX.

o Texnuka Tecra mara ObL1a camasi TPYAHAs IPUMEHUTHCH M3-32 BOAHBIX
Ka4eCTBEHHBIX MP00JieM U ObljIa 03TOMY TOJIbKO NPUMEHEHA OHAKIAbI
K TPeM NpsSIMbIM J0CTYIIaM K IaMATH.

o Metoabl 00HAPYKEHUSI YTEYKH YBEPEeHbI B TEXHUKAX, HCIOJb3YOLIUX
UX, X 3TO MOITOMY (PYHAAMEHTAJIBHO ISl BCeX TEXHUKOB YTEYKH, YTOObI
o0y4yaTbCs 10JKHBIM 00pa3oM.

CcplLIKH

Bentuasitop P., 2004, OueHuBas peajibHble BOJHbIE OTEPH: MPAKTHYECKHU I
noaxon, crarbsi oT Water21 Boanou Llenesoii rpynmou Ilorepu IWA.



JlamOepTt A., 2003, OnnennBasi BOAy He10X0/1a M €€ KOMIIOHEHThI:
NpaKkTHYeCKNil Moaxoa, cratbsi oT Water21 Boanoii IlesieBoii rpynmoii
MoTepu IWA.
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Kuarwuesblie CiioBa: ALC; Huaukatopsl PaboTsi; ILI
Pe3rome

I'opon Kaarapu - Bognble Yciayru noacrpexaiu uccjiael0BaHue YTeUKH
onpeaeJeHHbIX YacTeil ropoa, YTo0bl OLEHUTh, YTO NMEPUOI BpeMeHHU
KOHKYpupyet 0030p Kanrapu. Ita 6ymara o0bsiCHSIET MCIIOJIb3YEeMYIO
TEXHUKY U MOJIyYeHHbIE JaHHbIEe OT HUCCJIeI0BAHMSI.

Bymara noka3biBaeT, YTO He3aBUCHUMO OT YPOBHS BOAHBIX IOTEPb COOOLIMJI,
BCE elle BO3MOKHO BbINOJIHUTH AKTUBHBIN KoHTpous YTeuku (ALC) n
Pa3BUTbh HOBBIE METO/bI, YTOOBI YBEJIUYUTH BOJAHbIC cOepe:KeHHs MOTEPH.

HGKOTOpI)Ie U3 MOJYYCHHBIX JAHHBIX OT 3TOI'0 HCCJICAOBAHUA CIICAYIOIIHNE:

o EcTtb KOppeasinus MeK1y aKyCTHYECKON YHCI0BOH LIEHHOCTHIO,
3aperucTpPMpPOBAHHON HA MUKPO()OHE OCHOBAHMS U pa3Mepe/THIIe
BOJHOM YyTe4YKH; pa3Mep U THI YTEYKH MOT'YT ObITh OLCHEHbI AHAJIN30M
HA0OPOB JaHHBIX U OT NOATBEP:KICHHBIX yTeueK. B onenke
BO31eHCTBUS YTeYeK HA 00CTAaHOBKAaX HHPPACTPYKTYPbI, IPU3HAKH B
npeaeaax cucreMsl pacnpenenenus Kajarapu - To, 4To yucjaoBas
HEeHHOCTH 45 (ucnosb3oBanue Bodmo:knocreii Boabl Gutermann 3 -
AS3) u BbILIE SABJIsSIETCS 'MHTEPBEHIIMOHHBIM' YPOBHEM LISl TOT'0, YTOOBI
MPOBECTH JAONOJHUTEIbHOE HCCIEA0BAHUE HA METAJVINYECKOI
MAarucTpajay U OKPYKaTh HHPPACTPYKTYPY. L01KHO OBITH OTMEUYECHO,
4YTO BCAKHUI pa3, Korjaa 0030p, THIIA 3TOr0 HY?KHO PacCMOTPETh,
aKyCTH4YeCKOe OCYlIeCTB/IeHHE KAJUOPOBKHU J0JKHO ObITH 3aKOHYEHO.

o Pacnpocrpanenne 3ByKOBbIX HEHHOCTEH (MCIIOJB3YIOINMH AS3) Ha
HEMEeTAJIMYECKOM MATEePHAJIbHOM MATHCTPAJIM U HHPPACTPYKTYpe
NOSIBJISIETCH K HAMHOI'0O MEHbIIE K TOMY U3 METAJIMYECKUX, I0ITOMY
0e3 10I0JIHEHUS A0NOJIHUTEIbHBIX HA00POB JaHHBIX, B3ATHIX OT
NOATBEPKACHHBIX THIIOB YTEYKH HA ITOM THIIEe MaTepHaJia,
YCTAHOBJICHHASI METOA0JIOTMS He MOXKeT ObITh MO/AAepPKaHa.

o IJTa TEXHUKA 0KA32JIaCh YCIICIIHOM, U 00/b11IE HCCAEAOBAHUA 00513aHO
N0JIY4YaTh POAOBOM cJiejl AJIsl He MeTaJUIn4ecKas Tpy0onpoBoaka. 1o
NMOKa3bIBaeT, YTO HekoTOpas popma ALC Mo:keT ObITH BHINIOJIHEHA C



yciexoM OT onepaTopa HU3KOH KBATH(UKAIUH ¢ MUHUMAJIbHBIM
o0yueHHueM.

BBenenue

I'mapocnacure 0b11 ynossHomodeHn I'oponom Kanrapu - Boansbie Yciyru,
4TO0OBI NOMOYb C PAa3BUTHEM C/ICJIAHHON HA 32aKAa3 METOJ0JIOTMH O0HAPY KEeHH S
YT€4YKH, 0KUIAEMOM CJIYKUTH J0MOJTHEHHEM CYLIEeCTBYIOLIUM pecypcam
o0Hapy KeHHus ¢ 0NOJIHEHHEM 31PaBoil poueaypbl, KOTOPAas eCJIU A0Ka3aHO
YCIEIIHbIA MOTJIa ObI MCIO0JIb30BATHCS AeHCTBYOIIMM HU3KOM
KBAJIH(PHUKALNUH, YTOOBI YCIEIIHO HACHTU(PHUIUPOBATH MOTEHIHAIbHbIEC
00J1aCTH MOTEPH OT HH(PPACTPYKTYPHI MO 3eMJI€il.

ITH noTeHHUAJbHBbIE ‘00s1acTu nHTEepeca’ (AOI) moryum Toraa ObITH
3aperucTpPUPOBAHbBI U NMepeaHbl KBAIM(PUUNPOBAHHOMY ONlePaATOPY HAJIs
AaJIbHeNIIero uccJieI0BaAHNS M MOATBEPKACHUS MOJT0KEHUS YTEUKH,
BBINOJITHEHHOT'0 ¢ IOMOIIbLIO 000PYA0BAHMS CJIYX0BOI'0 anmapara
CIeHAJTUCTA.

Jra Oymara npeacrasJsieT IOJy4YeHHbIE JaHHbIE 0030pa, IPEeANPUHATOrO,
I'maposkonomsar B corpyanuydecrse ¢ I'opoanom Kanrapu - Boauslie Ycayru B
teuenue 1 — 5 Maii u 9™ — 23PP*°P* fiour, 2006.

PeanbHble moTepu, B HACTOsIIIee BpeMsi OLlCHUBAEMble OT ero aKTHBOB 110/
3emuieil B Kasirapu 3aperncTpupoBaHbl Kak MPOUEHT 0T 00beMHOr0 BX0/4a, 3TO
B HACTOsIIIIee BPeMsl OLICHUBAETCS KAaK SABJIAIOIIMNACA NPUOIM3UTETHHO 12
NMPOLEHTAMH MOJHOM BOJBI B NOCTaBKy. Hukakoe Borunciaenue 3tux ILI He
ObLJIO 32aKOHYEHO /IJIsl FOPOJA B 1[EJIOM, HO ObLI0 1JIsi MEHBIIET0 BPEMEHHOI0
NPAMOro A0CTYNA K NAaMATH, H 3TH Pe3yJIbTATHI 00eCeYnBalOTCs MO3Ke B
3TOM Oymare.

XoT4 ‘mpoLEeHT 0T BXo/Aa 00beMa’ ABJISIETCH METO0M, B HACTOsIIIIee BpeMs
Oyay4u ucnoiabzyembiM I'opoaom Kasrapu - Boansie Yciayru, 4To0nl
H3MEPHUTH peajibHbIe IOTePH, BA’KHO OTMETUTD, YTO aBTOPHI He
NMOJACPKUBAIOT UCIMOJIb30BaHHE ‘TIPOLIEHTA 0T BX0Aa 00beMa’ KakK
ennHcTBeHHOe IIU 3a peaibHbIE IOTEPH a CKOPee KaK 0JJHO M3 HECKOJIbKHX
IIM, xoTopbIe 10IAKHBI HCIOJIb30BATHCS BCE BMECTE

I'opox Kanrapmu - Boanslie Yciayru tak:ke He cOrJIalialTces ''c NPOLEHTOM OT
BOJAHOTr0 Bxoaa'" ObITh equHCcTBeHHBbIM [IU 32 BoaHYI0 oTEpIO, M1 OyayT
NnoABeprarbes NoaHoM BoaHou pesusun IWA B konue 2007 u 2008.

Caenywmmue IIU npennararrcs Kak siBasilomuiics 0osee Hagaexxabim [TA:
o JIeHb CBSI3M JUTPOB/00cayxuBanus win L/km/day (eciiu njioTHOCTH
cBsi3eil o0caykuBanusa-> 20);

o ILI

Bo3moxknocTu O0630pa



Bo3Mo:xHOCTH 0030pa T0JIKHBI OBLJIN PA3BUTH 3IPABYI0 METO10JI0THIO,
HCMOJIbL3YIONIYI0 CJIYXOBOM anmapar, CJIylaliiuid yCTPOHCTBO, 0CHOBAHHOE
HA MEHHOCTH IIyMa YTeYKH, MPeACTABJIEHHOH YHCJIOBbIM YTEHHEM U TI/1e
TOJIbKO BO3MOKHO MOJYYUTh AKyCTHYECKHUil ""caen' s 00J1aCTH MOCTABKH.
ObGopynoBanue BbI00Opa, BLIOPAHHOIO € 3TOii 1eJIbI0 06110 Bo3MoKHOCTAMU
Boabl, 3 AS3, n3rorosBjieHHbIe M OCTaBJAsAeMble Gutermann OrpaHu4YHuIN
NMPUYUHY, ABJSIONIYIOCHA ITUM, IOKA3bIBAET YMCJIOBOE YTEHHUE 1JI
AKyCTHYeCKOro IIyMa, KOTOPbIii ycablmar. JlanHble, 3aXBaueHHbIE B TeYeHH e
npouecca ObLIH NPOAHAJIU3ZUPOBAHDBI, YTOOLI HAEHTU(PUUHPOBATH
KOPPeJSIUI0 MeKIY YMCJI0BOH IIEHHOCTHI0 M MaTepHAaJIbLHbIM THIIOM H, T/
TOJbKO BO3MOKHO, 000CHOBAHBI C 3aPeruCTPUPOBAHHBIMH IEHHOCTSIMH,
B3SITBIMM OT U3BECTHBIX M0JI0KeHNH yTeuKu. Bpemena 0030pa ObL1M TaKk:Ke
NMPOBePEeHbI U UMEJIH Pa3Mepbl TaK, YTOObI MPUOJIU3UTEIbHASI OLIEHKA
TPYAOBBIX PECYPCOB, CIPOCKTHPOBAHHON HIKAJIbI BpEMEHHU H
reorpa¢guyeckoro oxpara MorJjia ObITh yCTAHOBJIEHA.

MeTono0rusi 0030pa HEMOCPEACTBEHHO M MOCJAeTYIOIIU cCOOp JaHHBIX U
oueHKa Obl1a coro3HuK MeskayHapoanoit Boanoit Accounanuu (IWA) n
amepukaHckas Bonnas Accounanus Pador (AWWA) npuHIunsI 1 MeTOabI

Komannga O030pa

IIpoexkTHass KOMaHaa 0030pa cOCTOsIIA U3 NepcoHaNa M oT I'mapocnacT u
I'opox Kanrapu

-BoaHble Y ciyru, HAaBbIKH KOTOPBIX ObLJIM J0NMOJHUTEIbHbI B CyLIECTBEHHO
HICHTU(PUKANUM MPOECKTHBIX Pe3yJIbTaTOB.

Ob6aactu O630pa

OxBar ceTr BOIOCHA0KeHHsI B MpeAeiax BbIOPAHHBIX 00J1acTel NJI pa3BUTHUS
METOM0JIOTHH - MPUOIN3NTENbHO 120 KBAAPATHBIX KHJIOMETPOB. ITH 00J1aCTH
nojapa3esieHbl HA FOPOJACKHE PailOHbI, KOTOPbIE NMPEACTABJIEHbI
pa3HooOpa3ueM TonorpaguuecKux u geMorpagpuyecKux THIIOB
co0cTtBeHHOCTH. KasKablil palioH BKJIOYaeT NPpUOIU3UTENbHO 30 KBaPaTHBIX
KHMJIOMETPOB CeTH BOJOCHA0KeHNS U 00beIMHSAET NPONOPUHOHAIbHOE
coelMHEeHMe U TUIIOB 00CTAaHOBKHU M MaTepuasa. CeTb BOOOLIE MOCTPOUTCH HA
POAOBOM MPOEKTE HA OCHOBE CETKHU ¢ MCKJIIYUTEJIbHOH CTPaTern4ecKom
IJIABHOM NMOCTABKOM. B HEKOTOPBIX ciyyasix 00J1aCTH HE3ABHCUMO OCHAIIEHbI
JIOKAJIM30BAHHBIMHU CPeICTBAMHU 00C/IYKMBAHMS YIIPABJICHUS JaBJICHHS.

Yerbipe paiioHa Bcero 0b11M BbIOPAHbI, KOTOPbI CKOHIEHTPHPOBAJICH
MPEeUMYLIECTBEHHO HA KUJIBIX 00J1aCTAX:

o IIpeacraBiaenue O3epa;
o TI'nen-Mop;

o Bowness;

o Hlnuon Xwuj.



PeanbHble moTepu 1J1s 3TUX 00J1acTell 0030pa ObLIIM HEM3BECTHDI, MOCKOJIbKY
NMOTOK, KOHTPOJIMPYIOIIHIi 00J1aCTHI0O B HACTOsIIIIee BpeMsi OTPaHUYHBAaETCH,
0/THAKO Te4Yb, JaHHbIE ObLJIN coOOpaHbI 12 MecsileB 10 0030pa.

OO0cTaHOBKH, TPYOONPOBOAKA M KJIANAHBI 00CIY:KMBAHUS B IpeAeax 3TUX
o0JiacTeil rJIaBHBIM 00Pa30M JOCTYNIHbI M B HEKOTOPBIX CJIYYASX,
PACIoJIOKEeHHBIX B Mpejieiax elle He CAeJaHHbIX MAPIIPYTOB A0CTYIA,
PAcCHoJIOKEHHBIX K ThLIYy cBoiicTB. HazeMHbIe mokapHbIe HACOCHI BOOOIIIE
NMOMeIAKTCS B Mpeaeiax mpoe3:;keil 4aCTH M ICHO BUAUMBI € 00C/Iy:KUBAHHEM
YCTAHOBJICHHOI'0 YIIPABJICHHUS KJIANAHOB MOKAPHBIMH HACOCAMM.

AHnanau3 NMPAMBIX JOCTYIIOB K IIAaMATH

OnHa U3 rJIaBHBIX HeJieil YCTAHOBJICHUS NPSIMOI0 J0CTYNA K NAMATH COCTOUT
B TOM, YTOObI OTBETHTH HA 3TH ABA BA’KHBIX U IJIABHBIX BOIPOCA BOJHOI0
ynpasJjeHnus, "', I'ne Boga npuodsiBaer or?" u, "Kyna 3to nger B?" Kak
TOJIbKO NPAMOM I0CTYII K NAMATH U30JJUPOBAH, 1 MeTP (bI) MOTOKA
YCTaHOBJICH, 1-0My BONPOCY MOKHO OTBETUTD. 2-0MY OTBEYAKT, KOHTPOJHPYS
NMOCTYNAKINMHA MOTOK ¥ BBIYUCJIASA MOTEPH.

Cuumok ILI 1 aHa/ M3 nepBoHAYAJIbHON CTOUMOCTH B Bowness

C 30H0i1, 3aKpBITOI B CJIeAYIOLIEM ObLIH OTEPH, ObLJI 3aPeruCTPUPOBAH
UARL = 12m*/4ac KAPJI =50m’/uac, Ec.iu Bce yTedKH pacio/10:kKeHbl TOIa
38m’/4ac MoxeT GBITH CIIACeH, IPUPABHUBAs K €:KeroaHoii morepe 332.8

MUJI ¢ noasiapoBoii meHHocThI0 29 880 $ (ocHoBanHubIi Ha 90 $/MUJI).
OcHOBaHHBIH HA 3TOM MH(POPMALUH, 0030pP YTEUYKH A0JI:KeH ObITh
3¢ deKTUBHBIM B 3aTPAaTaX OAHAKO, APpyrue GaKkTopbl TAKKe HYKHO
paccMoOTpeThb.

CARL/UARL =1LI 50/12 = 4.1 Boynecca ILI = 4.1

Cuumok ILI n anaan3 nepBoHavyaabHoi ctoumocT B Lakeview

C 30H0i1, 3aKpBITOI B cjIeayI0IIeM ObLIH MOTEPH, ObLJI 3aPeruCTPUPOBAH
UARL = 1.5m*/uac

KAPJI = 10m*/uac

EcJii Bce yTeYKH PacioJiosKeHbl TOra 8.5m°/4ac MoxkeT GbITh CraceH,
NPUPABHUBAA K e:keroaHoi morepe 74.5 MJI ¢ nosuiapoBoii neHHoCcTHI0 6 700
$ (ocHoBanHbIi Ha 90 $/MJI). OcHOBaHHBII Ha ITOH MHpOPMaLNH, 0030P
yTeuKH He ObL1 Obl 3¢ (pekTHBEH B 3aTPaTax 0HAKO, APyrue (pakTopbl TAKKe
10JkHBI ObITE. CARL/UARL =1LI 10/1.5 = 6.3 JleiikBus ILI = 6.6

JTa 00J1aCcTh, KAK MOJIAraJIM, K MajeHbKkoMY 1Jid ILI Berunciaennii Oblia
AefCTBUTEIbHBIM.



OcHoBaHHBIH HA 3TON MH(POPMAaLK, BO3MOKHO, HE HMeeT CMBICJI B 3TO BpeMs
BBINIOJIHATH 0030p yreuku o0acTtu. CpeaHsis CTOMMOCTD isl peMoHTa - 8 000
$. Ecin 061 370 ObLJIa €AUHCTBEHHAS YTEYKAa, TO 3TO 3aIUIaTHJIO0 ObI 32 celst
yepe3 HeMHOTMM 0oJiee, YeM roji, 0IHAKO eCJId oTepu NPUObLIBAIOT OT
MHOTOKPATHBIX MAJIEHbKHMX YTe4YeK, CTOMMOCTb MOKeT ObITh
NpenATCTBYIIeil. ITa 00J1acTh UMeeT 0oJiee BICOKHE peaibHble MOTEPH YeM
JKeJIaTeJIbHBIN JJIS TAKOM MaJleHbKOM 00J1aCTH, HO CTOMMOCTD J1JIsI
MHOI'OKPATHOI'0 PEMOHTA He MOsKeT ObITh 3KOHOMHO OIIPAB/JIAHA.

Oo6opynoBanue

AKycTHYecKoe 000py10BaHue, HCII0JIb3yeMoe B TedeHHne 003opa (Gutermann
AS3) 06110 0TOOpano I'opoxom Kaarapu - Bogubie Yciyru u MeToa0/10rust
JAOJIKHBI ObLIU OBITH PA3BUTHI, HCIOJIL3YH 3Ty MapKy 000py/10BaHHUS.

Memooonozus - oowguii IHlpunyun

IlepBuuHas MeT01010THA 0030pPa J0KHA ObLJIa BKJIKYUTH 30HIUPOBAHUE
BCeX JIOCTYNMHBIX 00CTAHOBOK. Bropu4HbIii BLIOOP 0030pa ObLI TaKk:Ke
UAeHTH(UIMPOBAH, KOTOPbI CKOHIIEHTPUPOBAJICS HA HUCIOJIb30BAHUU
MOKAPHBIX HACOCOB M MOKAPHOI0 HACOCA, YIIPABJISIIONIEr0 KJIANAHAMHU
TOJbKO.

Kaxabiii BbIOOP 0030pa ObLJ1 3aKOHYEH MPH COMOCTABUMBIX 00CTOATEIHCTBAX
KOMAaH/10#i ¢ IBYMH JIKOIbMH, BKJIKYAK0IIeH PYKOBOAUTE/IS TPYIIbI U
MOMOIIHUKA C MpoueccoM c00pa TaHHBIX, ONPeIeJTeHHBIM CJIeAYIOIIMMU
KATerOpusiMm:

o Tum akTHBa;

e UYmucjo akTHBA;

o YmucisoBoe uTeHue;

o« MarepuajabHblii THII;

o T'eorpadmueckas ccbliIKa.

IlepBuuHBIi BHIOOP 0030pa ObLJI 3aKOHYEH 30HIUPOBAHUEM KaXKI0H
AOCTYIHOM 00cTaHOBKH ¢ AS3. B HeKoTOpOM 0cTYyMNE ciIy4yaeB K
00CJIy’>KUBAHUIO MO/ 3eMJIel KIANaHbl ObLUIM YaCTUYHO 32aTPYAHEHbI M MOIJIH
TOJIbKO OBITH CACJAHbI JOMKOW M yaJIleHHeM YIVIOTHEHHbIX Pa3BaJIUH BOKPYT
0JIM30CTH MAJATHI KJIANAHA U NOKPBHITHS.

Bropuunbiii BIOOP 0030pa COCTOSJI B TOM, YTOObI CKOHIIECHTPUPOBATHCH HA
30HAMPOBAHUM MOKAPHOT0 HACOCA M MOKAPHOI0 HACOCA, YIIPABJIAIOLIET 0
KJIANIAHOM, YTOOBbI OIIpeleIUTh, MOIJIA JIU KOPPeJIsilUs MeK1Yy dTUMHU ABYMS
MeToaMM OBITH MOJIy4eHA U €CJIM BHIOOP 0030pa ObLI yclelleH B
COBIAIAIONIUX MOTEPAX 00JBIIOT0 00beMa.

B 00oux cayuyasix o00opyaosanue 003opa ¢popMHpPOBaIOCH ¢ PUIBTPAMHU
Npo4b, yperyjaupoBanue oobema 75 % 001ero KoJu4ecTsa v 1epxajaoch
HENOCPEeACTBEHHO K MOBEPXHOCTH 00CTAHOBKH B Te4eHHE MUHUMAJIBLHOIO



nepuoaa no kpaiineid mepe 20 cexkyna. Hukakue HaylliHMKHU He
HCIO0JIb30BAJIUCH U YN CJI0BbIe HEHHOCTH, B3SIThI€ TOJIbKO, 3TO He ObLJI0 TaK
HMKAKOH 3BYKOBOIl HHTepHnpeTanueii, ObLJ1 NPUHAT BO BHUMAHHE OT
ONBITHOT0 HHKEHEPA YTe4YKH.

YmncsioBOE npeAcTaBIeHNE IPOU3BEAEHHOI0 IIyMa CHCTEeMbI ObLJIO 3aXBA4€HO
oT HU(PPOBOro MHAUKATOPA HA AS3 M TO/KHBIM 00pa30M 3aperucTpUpPoOBaHO.
Bo Bcex ciiyuyasix HCIOJIB30BAJI0OCH CAMOE HU3KO0€E YHUCJI0BOE YTEHHE,
3aXBa4eHHOe 000pyI10BaAHUEM.

YucsaoBoe O0beauHeHHE B KJIACTEPbI

Ha 3aBepuieHnn Ka}a0ro noapasaesieHus, MpeacTaBuTe1bHbIe YUCI0BbIE
JaHHbIE, 3aXBaYeHHbIE JJIfl KAXK/A0i pacCCMOTPEHHOH 00CTAHOBKH ObLIIU ObI
CBEPXI0JI0KEHBbI HA IJIAH CXEMHOI'0 PeLIeHUs CeTH, AeTAJTU3UPY IO
M0JIOKeHHE aKTHBA, pa3Mep, Ne4aTaTb U OTJIMYHbIA KOJEKC cChLIKH. OT
3TOr0 npouecca ObLJI MOJIy4YeH YHCJI0BOMH cile/l MoApa3iesieHusl, U CBA3AHHAA
OLICHKA 3aKOHY€eHA. JTO BbIIBUHYJI0 HA MEePBbIi IJIAH JIO0bIe 0UeBUIHbIE
YHMCJIOBbIC HEHHOCTH B HEMOCPEACTBEHHOM 0JIM30CTH ONpeIeJeHHOI0
“MHTEPBEHIIMOHHOI0 3HAMEHATEJIs1” CBA3AHHBIA BOKPYI HCKJIIOYUTEIHHOIO
reorpapu4eckoro myHKra.

Jlo nanbHeliero aHajau3a, KaKablid BBICOKUI MMYHKT YTeHUs1 ObLI OLleHEeH
NMPOTHUB MECTONMOJIOKEHUSI AKTHBA. JTO ObLIO CIeJIAHO0, MOCKOJIbKY AKTHB
MOKeT ObITh B MECTOIOJIOKEHUH U3BECTHOT0 IIIyMa, HANIpuMep JaBJIeHue,
yMeHbIIaKIIee KJIANAH WIN INIABHBIH MOCTYNAINIHI KIANAaH NOCTABKH.

Kaxabiii AOI nepBoHa4YaJIbHO BOBJIEK ObI BO3BpallleHHEe YMCJIOBOM HEHHOCTH,
3aperucTpMpOBAHHOM HA 00CTAaHOBKe IO KpaiiHeil Mepe 2 yaca CIyCTs WJIN Ha
CJIeAYIOIIMI 1eHb B PA3JINYHOE BpeMsl B TeUeHHe IHS B cJIy4ae, ecJIn
LHEHHOCTh ObLJIa HEHHOCTHI0 BHYTPEHHE HUYbH - NPo4b. Eciin unciioBbie
LHEHHOCTH, ObITH CONOCTABMMBIM C MEPBOHAYAIbHO 3aXBA4Y€HHBIMH TOI' 1A
0oJiee 3apaBbIil IPOLECC MECTONOJIOKEHUS YTEUYKHU JOJKHBI ObITH
CIIPOBOIMPOBAHBI ¢ UCIIOJIb30BAHMEM CTAHIAPTHBIX POLECCOB KOPPeasiliun
IyMa YTeYKH M HA3eMHOI'0 CJIyX0BOI'0 alnapara, CJIylapuero MeToasbl.

AOI’Ss MO:KeT TOJBKO TOr/Aa ObITh YAaJIeH U3 CIIMCKA MOATBEPKIeHUEM
MOJIOKEHUS YTEeYKH WU ONpe/ieJIeHUs KOJUYEeCTBA YUCI0BOM HEHHOCTH KAK
3aKOHHOe MoTpedJIeHne.

IHHoHbIi YMCJI0BOM AMATIA30H JAHHBIX HEHHOCTH, 3aXBA4Y€HHbII BCIOAY 110
NMPOEKTY NMpeacTaBJIeH 32 cToJioM 1

Croua 1: Bece PesyabTaTsl O030pa O0cTaHOBOK

IepBu4HbIii 0030p — Bee npucnocodiennst 3By4asiu

IHonHb1i MarepuanbHbIil THII
YHCJI0BOM
AMANAa30H



25-43 [TOJIMBUHUJIXJIOPU/]
26-70 Uyryn

27 - 60 ITonatnusoe XKenes3o

I/IHTepBeHHHOHHbIe 3HaMeHaTeIH

YucsoBble 3aXBaUyeHHbIE TaHHbIE, KAK BOOOIEe HAXOAUIH, ObLIU
NPONOPIHOHAJIEH NOINePeK BCero MaTepuasia v COOTBETCTBYOIIMX THIIOB
0CcO00€eHHO, I/le HUKAKHe YTeYKH He MPUCYTCTBOBaIN. B MecTax, rie HecCKoJIbKO
yTedek ObLIN PAaCnoJiOKeHbl, ObLI0 3aPernCTPUPOBAHO CylIeCTBEHHOE
yBeJIM4eHHe YHCI0BOM HEHHOCTH. JTO yBeJU4YeHHe YMCJI0BOH LIECHHOCTH He
MOKeT YKa3aTh pa3Mep yTeUKH, 3aperucTPUPOBAHHOM 1JI H3BECTHOI0 THIA
MaTepuaJja Tpyobl 0e3 JajibHelllleil OlleHKHU JaHHbIX, 3AXBAYEHHBIX OT
U3BECTHBIX MOTEPb.

B nonbITKe YTBEpAKAaTh YHCJI0BbIEe 3aXBAYeHHbIE HEHHOCTH M YCTAHABJIUBATH
MOPOT LIyMa YTeYKU MATEPHAJIbHBIM THIIOM, MO/I€JTUPOBAHNE U3BECTHOI
NOTepPH KONMMPOBAJIOCH OT ONEPAUH MOKAPHOr0 HACOCA U BO3/1elicTBUSA
OKPYKHBIIHMX YHMCJIOBbIX IEHHOCTEM, 3aperncCTPHPOBAHHBIX HA BCeX THIAX
KJIANIAHA, PACIIOJIO’KEHHBIX B HENOCPEACTBEHHOM 0JIM30CTH.

Bo-nepBbIX MoAeIMPOBaHNE U3BECTHON NMOTEPH KONMMPOBAJIOCH OT ONepanuu
MOKAPHOI'0 HACOCA ¥ U3MePeHMs MOCJIeAYI0Iero BO3AeCTBUA ITOr0 NocJjie
OKPY’KeHHS YHMCJI0BbIX HEHHOCTEH, 3aPerHCTPUPOBAHHBIX HA BCeX JOCTYIHBIX
THIIAX KJANAHA, PACHOJI0KEHHBIX B Npe/iesiax HelloCpeACTBeHHO 0JIM30CTH,
pe3yJIbTaThl KOTOPOil MPeACTABJIEHBI B NPeAeaax croJia 2.

Crou 2: UncaoBbie IHECHHOCTH, MOJYIYCHHBIC B TCUHCHHUE TECTA

- 756
Tun Marepuajabnbliii Tun Paccrosinne Yncaosas Yucinoas UYmuciosas
AKTHBA s Hennocrs IlennocTs IleHHOCTH
HUcrounuka €)) 2) 3)
(m)
Kiaanaun Yyryn 57 34 35 39
Boaxosoaa
Kaanaun Yyryn 57 31 37 39
Boposoaa
Kiaanaun YyryH 51 31 37 49
BopoBona
Moxapubiii.  Yyryn 0 42 78 82
Hacoc
Kaanan Yyryun 38 31 39 61
BonoBona
Kaanaun Yyryn 43 35 38 69

BonoBsoaa



Kiaanan MNOJIMBUHUJIXJIOPU 43 36 32 38
Bonosoaa

(1)

Yrenue 3aXBa4E€HHOI0 10 TeCTa
2

YreHue 3aXBa4E€HHOI0 B TeyeHHne TecTa B (.2 IMTpax B CEKYHAY
Q)

YrteHne 3aXBaYE€HHOT0 B TeueHue tecra B 1.0 JUTPaAX B CECKYHAY

OT BBIIEYIOMSHYTOT0 HAXOAUJIOCh, YTO KOJIHYECTBO BHI3BAHHBIX N0TEPH
HMeJI0 He00J1b110e BO3/IeliCTBHEe HA YMCJIOBbIe HEHHOCTH,
3aperucTPUpPOBAaHHBbIE HA 00CTAHOBKAX, HENOCPEACTBEHHO PACIIOJI0KEHHbIX
HA He MeTaJllInYecKoil Tpyde. ToIbKO Te 00CTAHOBKHU, PACIIOJIOKEHHbIE HA
MeTAJLUINYeCKOi TpyOe caeiaju 3anuch J100ro "'moabemMa' B YMCJI0BOM
NAeATeJIbHOCTH, KOTOPasi, KAK HAX0AWJIH, ObLJIA U PACCTOSIHUEM U
NPONOPIHOHAIBHBIM IIOTOKOM.

Huzke - ynci0Bble HEHHOCTH, 3APerUCTPUPOBAHHBIE B TEYeHHE ITOT0
OCYLIECTBJICHUSA, M JII000i1 HCKIIOYUTEIbHbIH MYHKT, HICHTH(PHUIUPOBAHHBII
YHCJI0BbIM 00beINHEHUEM B KJIACTePbl, 00sb11e yeM 40 (mocJie T0ro, Kak
KAJIHOPOBKA aKyCTHY€CKOIr0 IIIYMOBOT0 PacpPoCTPaHEeHMsI B 3TOM 00J1acTH)
ObLJI NEPBOHAYAJILHO BBIIBUHYT HA MePBbIil I1aH Kak AOI u 10/KHBIM
o0pa3om HamMeTHJICH AJIA JAJIbHEHIIero uccjieI0BaHus, pe3yabTaT KOTOPOro
ObLJI IOJIy4YeH B UTOTe HUIKE B CTOJIEe 3

Croua 3: O0s1acTh pe3roMe HHTEpeca

CcebLIKa YucaoBoii JIro0o3HaTenbHbli Pe3yabTaT
Obaacru Aunanason
IIpoduas

Boynecc 40 - 59 IMPEJABIAVIIEE MecTomnonoxeHne HUKaKue
HaWJICHHBIC YTEYKH

boynecc 37 -57 [Tocrynaromas nocraBka HUKaKue HalJEeHHbIE
YTEUKHU

boynecc 46 - 60 Tpy06a oOcmykxruBaHUS B3PHIBA IIPHU CBS3H

METAJUINYECKOro 0001Ka

I'nmen-Mop 56 & 69 & 70 3HMKaKKe HAalIEHHbIE KIIAMlaHbI
00CITy’)KHUBaHUS YTCUKH

3aBepueHue J10003HATEJIbHBIX Pe3y/IbTATOB HIAEHTH(PHLIMPOBAIO MHOKECTBO
yTeuek, npeodaagaoiiee CymecTBo 0T YHCJI0BOI0 00beJUHEHUS B KJIACTEPbI
Mexay 46-60 u mo 200m paccrosiHue. ITH YyTeYKH ABHJIUCH Pe3yJIbTaTOM
00beIMHEHHOI'0 0TKA3a MEAHON TPYObI 00C1y:KMBAHMSA U CBA3AJIM CBA3b
MEeTANINYeCcKOro 000/1Ka, pacnoJio;KeHHYI0 B IJIaBHOM uyryHe. Ciienyiomme
PACKONKH M BU3YaJIbHOE MOATBeP K/AeHUE 10 PEMOHTA, NOTeps ObLJIa OlleHeHA
NPpuOIU3UTE]BHO B 3 JIUTPAX B CEKYHIY.



Ocrawmmecs: NICHTU(PUIUPOBAHHbIE YTEUKH, KAK HAXOAUJIH, ObLIN 001MMU
NMOTEPAMHU OT KJIANAHOB 00CJIy:KUBAHMSI, IPeodJiagaronie OT NPUOJIU3UTEILHO
omnepanMOHHOM KeJie3bl WK 0011eil KOppo3uu K Ha0opam 00.1Ta U Teay. ITH
yTe4KH, MoKa3aHHble uTeHus: 56-70, korna ASA3 ObL1 MOMelleH B
NMPUCIIOCO0JIeHNSs, HO ObLIA He0OIbIIAS UM HUKAKAsA Mepeaadya 3Toro myma
yTeuek OJm:Kaiinue 00CTAHOBKH.

K coxasieHuro Bo3aeiicTBHe HA YMCJI0BbIE¢ IECHHOCTH, MOJIy4YeHHbIE OT
NMOATBEPKIACHHOI0 MOJI0KEHUSI YTEYKH He BKJIYAJI0 MPONOPUHOHAIbHOE HIIH
NpeICcTABUTEIbHOE KOJUYECTBO MJIACTMACCOBOI0 MaTepraJjia Tpyosl B
npeaesax HemocpeacTBeHHoi nepudepuiinoii 6m3octu. IloaTromy
JAOIOJHUTEJIbHAS MHPOPMALMS J0JKHA OBbITH MOJYYeHA MPexKae, YeM
onpeaeJeHHbIA BHIBOJ MOKET ObITH ClIeJIaH.

B paccMoTpeHMH OTHOIIEHMI MEXKAY YMCJI0BOI EHHOCTHI0 U MAaTePHAIbHBIM
THUIIOM NPEAJIOKEHO YTO CJeAylie HHTePBeHIIHOHHbIE 3HAMEHATEeJIN 32
CTO0JIOM 4 paccMOTpeThCS.

Cmon 4: Hucnosovle UHMEPBEHUUOHHbBLIE 3HAMenamelu

Marepuan Tpyobt Yucnosasa UarepBenunonHas Llennocts
3nameHaTes
I[MOJIMBUHWJIXJIOPU/, 40
YyryHn 45
TTogatnusoe JKeneso 45
Huka O630pa

HukJs 0630pa ObLJ1 3aKOHYEH B COOTBETCTBUM € IBYMSI METO/10JIOTUSIMH,
BblJIeJIECHHBIMHU B CeKIIMM BbIle. Kak npeaBapuTe/ibHO YIIOMSIHYTO, 00J1aCTH
0030pa BKJIIOYAJIM pa3Hoo0pa3ue ToNorpapuieckKux, COUaIbLHO-
IKOHOMMYECKHX THUIIOB COOCTBEHHOCTH, TAKMM 00Pa30M MO3BOJISIIONIUX
peaucTHYeCKOe OTHOIIEHHE MPON3BOAUTEILHOCTH ObITh YCTAHOBJIEHHBIMH.
OT TaHHBIX MOJIYYHJI ITO, MOKET OBITH PA3yMHO 3aK/JI0Y€EH YTO:-

o B BbInoJiHeHNHU Bcero 0030pa 00CTAHOBKHU, MOKET 0:KHAAThCS CPeIHsIs
LIKAJIa BpeMEeHU MeKAy 00CTaHOBKaMH S.51 MUHYT;

o B BbINOJIHEHUH MOKAPHOI0 HACOCA U YIIPaBJIeHHUA 0030POM KJIanaHa
TOJIBKO MOKET 0KHIATHCS CPeIHss 1IKAJIa BpeMeHH MEXKIY
o0ctanoBkamu 5.0 MUHYT.

o CpenHee exelHEeBHOE PACCTOSTHHE, CIyHIAIOLIEE HA BCEX
npucnocodeHnsx o010 5.8km/xHemM

o HacumnTaiiTe exxeHeBHOE PacCTOSIHUE, CAYLIAIONIEE HA MOKAPHBIX
Hacocax, ToabKo 0bL1 14.2km/day

o Jl0/zKHO OBITH OTMEYEHO, YTO 0XBAT JVIMHBI MATUCTPAJIH, CJAYIIAIIEH
HAa MOKAPHBIX HACOCAX TOJBbKO ObLI HA 230 % 0oJib1Ie YeM
BbINIOJIHEHHE TOT0 U3 BCeX MPHUCIOCOOJIeHUIA.



(IIkajia BpeMeHH MOKET U3MEHUTh MKIMBEHIA HA MECTHbIEC KIMMAaTHYeCKHUe
YCJIOBHUA),

Yucaosbie Ciieabl

B ananmn3e yncioBbIX HA00OPOB JAHHBIX C/1€J1aJ1 3aANUCH B TeueHue 0030pa,
BO3MOKHOE CTPOUTH rpauueckoe npeacTaBjieHne KaK/I0i OKPYKHOI
ob0sactu metpa. Kaxaoe npeacraBjieHue MOKHO TOT/Ia PACCMOTPETh KaK
YHCJI0BOM cjie]] 0COOEeHHOCTel BOOCHAOKEHHSI M UCII0JIb30BATHCH KaK
KOHTPOJIbHASI TOYKA, BLINOJIHSAA J000# Oyaymmnii 0030p, 0COOEHHO eCiIu
KaKo-HUOY/Ib CylleCTBEHHbII MepHo/l BpeMeHH MPOTEK.

I'pad 1: Yucaosoii caex — Hlnunon Xusua

Numetic Footprint - Spy Hill
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I'pad 2: YUucnonoii ciaen — I'pad Ipeacrapaenus O3epa 3: UucsaoBoii cien —
boynecc



1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 65 53 61 B4 67 70 73 76 79 B2 85 B3 91 94 57 100 103 106

Graph 2: Numeric footprint — Lake View

Numeric Footprint - Lake View
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Graph 4: Numeric footprint — Glenmore
Numeric Footprint - Glenmore
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B nesom Haxoama0Ch, 4TO CJIe AJs 00JbIIMHCTBA MUTAIOIINX Kadeei,
PacnoJIO:KeHHbIX B Mpeaesiax odjacreid 0030pa U CTPOWII U3 METAJLINYECKOr0
coenuHeHus, Tuna bpocka, nan [logarnusoe Kesne3o caesnalio 3anuch
COMOCTABMMOI YMCJIOBOM HEHHOCTH. JTO MMEJI0 MeCTO U JIi HOPMAJIbHBIX
ONEePALMOHHBIX 00CTOATEILCTB U JJIA I/le IIyM YTe4KHU ObLJI MPOU3BEIEH.
OnHako cjie, MoJy4eHHbIH /151 HeMeTA/UIHYEeCKUX COeIUHEeHU I, THIa
NOJMBUHWIXJIOPHUAA ObLJI 3aPernCTPUPOBAH MO MOCJIEeA0BATEIbHO HUKE
YHNCJI0BOM IEHHOCTH; 3TO MOKET 0KUAATHCS M3-32 BPOKIEHHOT0 HU3KOI0
pacceuBaHusl 3ByKa Yepe3 HeMeTa/LIndeCKue COeTUHEHMS.

I'pag S: Yuciaosou ciaex — Uyryun



Material Footprint - Cast Iron
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Numerical Reading
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I'pad 6: Yucnosoii cien — lHogatnuseii ZKene3nsiit Matepuanbusbiii Cien -
IHoxaTrausoe Keie3o
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11223344556 677889 100 111 122 133 144 155166 177 188 199 210 221

B3psis
ITocrynaromas I[TocraBka

I'pa¢ 7: YUucaosoi cien — He Merajuinyeckuu

L8 0t R R L R R R R L R S LR L L R LR R L S s B I R L R sy
1 12 23 34 45 56 67 78 89 100 111 122 133 144 155 166 177 188 199 210 221

Graph 7: Numeric footprint — Non Metallic
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Conclusions



Yucnosas LleHHOCTH

o OcymecTBiieHHE KAJINOPOBKH J0JI5KHO ObITh BBINIOJHEHO B KAXK/10H
00J1aCTH, YTOOBI YCTAHOBUTH AKYCTHYECKHE IIYMOBbIE CBOIICTBA
nepeAavyd ¥ HHTEPBEHUMOHHOE YHCJIO.

o Pacnpocrpanenne 3ByKOBbIX IeHHOCTeH (MCIOJIb3YIOIIMA AS3) Ha
HEMEeTAJIMYECKOM MAaTePHAJIbHOM MATUCTPAJIM U HHPPACTPYKTYpeE,
Ka’KeTCsl, HAMHOI'0 MEHbIIe K TOH U3 MeTAUINYeCKOl MarucTpaJim.
ITo3TOMy 0€3 101OTHEHUSA JOMOJTHUTEIHLHBIX HA00POB JaAHHBIX, B3ITHIX
OT MOATBEP:KICHHBIX TUIIOB YTEYKH HA ITOM MaTepHaIbLHOM THIIE,
YCTAHOBJICHHASI METOA0JIOTHS He MOXKeT ObITh CyLIeCTBEHHO
No/iep KaHa.

o XoOTH BTOPUYHBbIH BHIOOP 0030pa MOKeT ObITh MOJIE3HBIM B
HICHTUPUKANNH KATACTPOPHUYECKOro 0TKA3a B Mpeae/iax HUKJIa
0030pa, nepBUYHbIH BHIOOP 0030pa BKJIKYATH BCe 00CTAHOBKHU
npeIaraeTcsi Kak BO3MOKHO 0oJiee 31paBblii MeTO/ 1JIsl BKIKOYCHHUSA B
O0OBIYHBII NPeBEeHTUBHBIH MJIAH KOHTPOJIS.

o HasemHbIe mokapHbIe HACOCHI, KAK HAXOAUJIH, ObLJIM BOOOLIIE
BOCHPMMMYHB K JIONOJHUTEIBHBIM OKPYKAIOIIUM U OKPYKMBIIUM
LIYMOBBIM YPOBHSIM.

o H3meHeHHe B MECTHBIX KJIMMATHYECKHX YCJIOBUSX MOIJIO B HEKOTOPOM
BO3/1efiCTBUHM CJIy4YaeB Ha YMCJIOBYIO NOJYYEHHYIO perucTpanui. B
cjiyyae BbICOKOro (poHOBOIO 1IyMa, YHCJI0BOE MOraleHue YTeHust
NOJIZKHO OBbITH MIPUMEHEHO, YTO0bI 1aTh KOMIIEHCALMIO 32 "'mogbeM' B
OKPYKAIOIIMX YCJIOBHAX BOKPYT 000py/10BAHMS.

o IloxkapHble HacOCHI, Ile BOJAA 3aMeHEeHAa BO3AYIIHBIM IIyTeM, 1aJu 0ojee
HHU3KYI0 YHCJI0BYI0 HEHHOCTD, IOCKOJILKY LIYMOBasi nepeaaya 0bLia
yBepeHa MOJHOCTHI0 B CTEHHOM MaTepuaJjie 0CHOBHOro. Iloaromy
noJiaraercs, Yro myM transferral oueHb yBeJiu4eH, KOria OCHOBHOE
OKa3aHO HA’KUM Ha C BOAOW U YTO 30HAUPOBAHHE 10JZKHO TOJbKO ObITH
BbBINOJIHEHO HA MPUCIOCO0JICHUAX, KOTOPbIe CBA3AHBI C 0Ka3aHHBIM
HAKMM HA OCHOBHBIM.

o BpinosHsAs Bce 00CTAHOBKH PACCMaTPUBAKOT BbIOOP, CPEAHASA LIKAJIA
BpPeMEHH MeK1y 00CTAaHOBKaMHM 5.51 MHHYT B IPUCIIOCO0IeHUE NJI
KAXKA0il KOMaHIBbI ¢ IBYMS JIIOJABMHU MOKET 0KUAATHCS NPU CPEeTHUX
yCJIOBHSX.

o Cpennee eskeJHEeBHOE PACCTOSIHUE, COAYLIAKOIIECEe HA BCEX
npucnocodennsx o010 5.8km/day

o HacuuTraiiTe e;keJHEBHOE PACCTOSIHUE, COAYLIAK0IIEe HA MOKAPHBIX
Hacocax, ToabKo 0bL1 14.2km/day

o IJTa TEXHHUKA 0KA32JIACh YCIEIIHOM, U 00JIbIIIe HCCIeJ0BAHUA 00513aHO
MOJIy4aTh POJAOBOIl cJiel AJIsl He MeTa/uInYecKasi Tpy0onpoBoaka. ITo
MOKa3bIBAET, YTO HekoTOpas popma ALC Mo:keT ObITH BHINIOJIHEHA C
yYCIIEXOM OT OIIEePATOPAa HU3KOM KBATH(PUKANMU ¢ MUHUMAJIbHBIM
o0yueHueM

CcbLIKH
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Kpartkmuii 0030p

OauH U3 IJIaBHBIX BHI30BOB B KOHTPOJIE YTEYKH M0J1y4aeT TOUYHYI0
HH(OPMALHMIO OTHOCUTEJIHbHO MECTONOJIOKEHUS YTeUeK MonepeK ceTu
TPyOOnpoBoaa. BeinmojiHeHne TeCTOB MIara odecrneyusao Jy4luii cnocod
onpeaeuTh MECTOHAXOKAeHHe 00/1acTeil BHICOKOI yTeUKH IeMOHCTPAMU
pe3yJIbTATOB NOcJe peMOHTa yTedyeK. OHaKo, 10 HACTOSIIEr0 BpeMeHH!, ITO
TPe00BAJI0 HACTPANBAHNS KOHTPOJISI 00J1acTel M IOPOTrOH YCTAHOBKH
U3MepeHHsl MYHKTOB MOMNepeK pacnpenaeuTe/bHOI ceTH.

Jta Oymara onucbiBaeT padoTy, KOTOpasi NPUBOAUJIA K Pa3BUTHIO HOBOI0
NMOPTATHBHOI'0 METPA MOTOKA KJIANIAHA, KOTOPBIH M03B0JIsIeT 00BIYHOMY
KJIANIaHy BOJA0BO/1a ObITH NPe00OPa30BAHHBIM BO BPEMEHHbIH MMYHKT
usMmepenus. Accuflow ™ mMeTp moToKa KJIAaNaHa OTKPbLI HOBBIH 1IAT,
NMPOBEPAIOLINI METOIbI, KOTOPbIEe 00ecIeYnBalOT 0oJiee aeleBblid U 0oJiee
3¢ PexTHBHBII cTOCO0 TOYHO onpeaeJuTh yTeuku. C KJIanaHOM BOJIOBOJAA HA
MOYTH KAXKIA0M YIJIy, U3MepeHHe MOTOKOB MONePeK CeTH HAKOHel CTAJI0
peaincTHYeCKUM BbIOOpPOM 1Jis1 MHKeHepa YTeukH. DTH HOBbIE METOAbI
OyAyT uMeTh crieu(pUYecKyI0 BHITOAY B CTPAHAX, I/ie BBICOKHE 3aTPaThl
YCTAHOBKM UMEIOT NpeAbIAYIIHii, MPeA0TBPATHI UCIIO0JIb30BaAHHE 00BIYHOTO
HCNbITAHUA LIATA.

Kakmne YCOBEPIICHCTBOBAHUS UCIILITAHUSA 1Iara HGOﬁXOI[I/IMI)I?

HcTopusi cucteMbl, KOHTPOJMPYIOLIEH A5l KOHTPOJISI YTeYKHU A0Jr0
10JIArAJIaCh HA COOPYKEHUS MeTPa B HEMOABHKHBIX MECTONOI0KEHUAX
nomnepexK BOJHOM cucTemMbl pacnpeneaenuss. OHM HACTPOEHBI TAK, YTOObI BECh
BXO/l IOTOKA WJIH 0The3] onpeaegaeHHol Okpyxnoit O6aacTu Merpa (mpsiMoi
AOCTYI K MaMATH), 00bIYHO MOKPbIBasi npudau3uTeabHo 1 500 cBoiicTB, ObL1H
HU3MepeHbl. ITOT MOAX0A MMeeT IJIAaBHOe NPenMYyIIeCTBO ONpeae/JeHus:
KOJIMYeCTBAa YTEYKH, BMECTE €O CIIOCOOHOCTBHIO TOYHO ONPee/INTh
MECTOIO0JI0KEeHNEe YTeYKH, HCI0JIb3YH NpoueaAypy Tecta mara. Mcnmosb3yembie
MeETPHI - 00bIYHO BUHTOBbIE€ METPHI JIONACTH B HENMOABHKHBIX COOPYKEHUSIX
najarbl. B HEKOTOPBIX CJIy4asiX BpEeMEHHbIH MeTP MOTOKA BCTABKH
HCIOJIb3YeTCsl, KOTOPbIe TPEOYIOT, YTOObI HENOABUKHBIN MYHKT BCTABKH U
naJjara ObLJI YCTAHOBJICH HA BOAOINPOBOAHON MAarucTpaJsI.



OxHako, 00bIYHBIN OJAX0 CTYNIATh, IPOBEPSAS HCIOJIb30BAHUE
HEINOJABUKHBIX IYHKTOB U3MeEPEHUsI HMeeT MHOKeCTBO Heyxo0cTB. OHu
BKJIIOYAIOT:

o CronMocTh M ycuine, TpedyemMoe K MOHTAKY IIYHKTOB MeTpa, U
HEXBATKH HOKOCTH B H3MEHEHMH MX KOI1a-TO YCTAHOBMJIH.

o IloTpedGHOCTH BO BpeMEHHOM OTKJIIOYEHHbIH OCTABOK KJIMEHTOB B
TeYeHHe MHOTUX MEePHOA0B Yaca WM 00JibIe. ITO MOXKET BbI3BATh
NPo0JIeMBbI 1JI1 HEKOTOPBIX KJIHEHTOB M NPUBECTH K 0eCLiBETHOM BOJeE.

o I'me oTK/II0YEHHBIE IIATH POBEPEHBI METPOM (I METPbI)
PACIOJI0KEHHbI B TPaHMLIE IPSIMOIO I0CTYIIA K NAMATH, MOKeT 4acTo
OBbITH TPYHO OTAECJUTH 3AKOHHOE UCI0JIb30BAHHE OT YTEYKH.

B nocJsienHue roapl, KaKk aJbTePHATHBHBIN MOIX0/1, HCI0J1b30BAJIACH
aKyCcTHYecKasi 3aroTOBKA Jieca NoToka. MHO0KecTBO Jiecopy0oB 00bLIYHO
pa3BepTHIBAETCSl B TeUeHHe NMepHo/a MonepeK onpeaeaeHHoi 00J1acTH ceTH.
AHauu3 00pa3na MoCTOSIHHOIO IyMa, NPOU3BEAeHHOI0 YTeYKAMH
o0ecneyHBaeT MPU3HAK MECTOMNOJI0KEHUs YTeUKH. ITOT NMOIAX0] UMeeT
NperuMyIlIecTBO, YTO ITO He TPedyeT HUKAKOI MOCTOSIHHON YCTAHOBKH, TaK
0oJiee nemeBo padoTaTh, NOCKOJIBLKY 000py10BaHHE MOKET OBbITh NepeMeLeHO
oT o6s1acTH 10 o01acTu. OgHAKO, YPOBEHDb 3apPerucTPHUPOBAHHOIO IIIyMa He
BCerjia HMeeT CHJIbLHOE OTHOIIIeHHE K pa3Mepy yTeUKH; HanpuMmep, 00J1bII0MH
00beM yTeYKH OT MOJHOI0 NepepbiBa TPYObl, BEPOSITHO, IPOU3BEAET ropas3io
MeHbIIIe IIyMa YeM MajleHbKHii 00beM yTeuKH Yepe3 MaleHbKYI0 TPelluHY.
YpoBeHb 00HAPYKEHHOT0 IIIyMA TAKKe 3aBUCUT OT PACCTOSIHUSA OT JaTYMKA U
THIIA MaTepuajia TPyObl.

3akiIl04eHns1 U3 BbIICYNIOMSHYTHIX PACCMOTPEHU MOKA3bIBAIOT, YTO
JKeJIaTeJIbHbIN M0AX0/ 00beAMHIII ObI THOKOCTH U CTOMJI ObI MPEeMMYIIIECTBA
aKyCTH4€eCKOH 3ar0TOBKH Jieca, ¢ BUAOM MH(OPMALMH IOTOKA YTEYKH,
o0ecrne4yeHHO 00bIYHBIM UCIIBITAHMEM 1Iara. JIro0bie Takue
YCOBEPUICHCTBOBAHUS HYKIAJIUCH ObI:

o MH3mepbTe pakTHUECKHE MOTOKHU B pacnpeaeJuTeJbHON CeTH, a He
IIYMOBBIX YPOBHSIX.

o MHM30ernre 10pOruxX HEMOABHKHBIX COOPYKEHHUIA.

e YcTpaHurte NOTPeOHOCTH BO BPEMEHHOM OTKJIIOYEHHbIN MOCTABOK
KJIMEHTOB, HJIM 110 KpaliHell Mepe YMEHBbIIUTE X /10 0YeHb KOPOTKHUX
MepHoOI0B.

o OolecneybTe N3MepPeHNE KAaK 0JIM3K0 HACKOJBKO BO3MOKHO K KAKIAOMY
1Iary, yMeHb1Iasi BO3/1eliCTBHE UCIIOIb30BAHNS KJIMEHTA HAa pa3Mepax
YTEe4YKH.

Pa3ButHe HOBBIX aJbTCPHATHUB Oﬁbl'—lHOMy HCIIBITAHUIO IIIara

Kak onucano Bblile, HM 00bIYHOE UCIIBITAHME IIATA, HU AKYCTHYEeCKAs
3aroTOBKA Jieca He 00ecneYrBaloT MOJHOCTHIO YA0OBJICTBOPUTEIbHOE PellIecHue
KOHTPOJISl YTEYKH, ¢ KAXK/AbIM IMOAX0A0M, HMEIOIIUM €ro NpeuMylecTsa u
Heyp00cTBa. OOIIMPHBII ONBIT KCHOJIb30BAHUA 000UX METOA0B NPUHYIUJI



Boay RPS paccmarpuBath BapuaHThI /151 OJIHOCTHIO HOBOI'0 MOAX0a K
KOHTpo.JII0 yTeuku. MccnenoBanue, BoinojHeHHoe Dwr Cymru yajbcckas
Boaa yka3biBaeT, UTO 0/IHA TPeTh BOCCTAHOBJIEHHBIX YTe4eK He uMeJia
HMKAKOI'0 3HAYMMOI'0 BO3/1eliCTBUS HAa COKPALlleHHe B3BCIICHHBIX YPOBHeM
yTe4KH. ITOT ABJISIOUIUIICH UMEIOIIUM MeCTO, METO/bl, KOTOPbIE, €CJIH
H3MepPUMas OLleHKA YTeYKH ObL1a 3aMeYeHa KaK CaMblil IJI00TBOPHbIN
MOAXO0/1, TAK, ObLJIM MCCIe0BAHbI HOBbIE BADHAHTHI IJIS H3MEPEeHHs CHCTEeMBbl.
IpakTyeckuii onbIT KOMaHAbI B RPS caesan riaBHblii BKJIAA B npouece
Pa3BUTHS, HATIOMUHASL, YTO KBAJIN(PUIIUPOBAHHbIE HHCIIEKTOPHI YTEUKH
MOTLJIM OLEHUTh pa3Mep YTe4KH, 3AKPbIBasi KJIANAH OCTAHOBKHU H CJIyHIAs
00beM myma. BooOmie, yem rpomMmue mym, TeM 00JiblIe 00bEeM YTEYKH,
KOTOpas ObLIa HalileHa. JTO IMNUpUYecKoe Hal/I0leHue PUBOAUT K
BOIIPOCAM OTHOCHTEJIBbHO TOr0, MOT JIM 3TOT PUHUMI ObITH YBeJIUYeH NPHU
TOMOIIIY JIEKTPOHHOI0 AKYCTHYECKOI0 U3MepPeHHUsl U HACHTH(PUKANNHU
OTHOIIEHHI MeXKIAYy PAcX0JA0M M aKyCTHYeCKHM npoduiem.

JTH UAeH HAYAJIHM HAYAJIbHOe ucciaegoBanue RPS B BO3MOKHbBIE CBSI3H MEKIY
PacxoaoM U aKyCTHYeCKO# noanucs1o. Pasnoodpasue cymecTByrOuMxX
Y4YaCTKOB MeTpa ¢ KJIallaHaMH BOJA0BO/AAa 00ecneYn/I0 naeajlbHble
MeCTOIO0JI0KEeHNSI YTOObI IPOBEPUTH TEOPHUI0. PerucTpupyst YTeHust MeTpa, u
BBIIOJIHAA AKYCTHYECKHE Pa3Mepbl, IOCKOJIbKY KJIANaH BOAOBOAA MEIJICHHO
3aKkpbiBajicd, RPS ycTaHOBHII, UTO €CTh MOJI0KUTEIbHASL KOPPEJIALUA MEKAY
aKyCTH4€eCKMM IIYMOBBIM YPOBHEM M MOJHBIM 00b€MOM IMOTOKA CKYKH.
Yupe:xkaeHue 3TOro NPpUHUMIA ONPaBAaI0 HacTpanuBanue Hay4Ho-
HCCJIeI0BATE]bCKOI MPOrpaMMbl HA H3MEPEHMH NMOTOKA KIanaHa. UToosl
IOMOraTh MOCTABJATH 3TOMY, RPS corsiacoBaj 00beMHEHHBbI POEKT
pa3Butus ¢ DWr Cymru ysabcckast Boaa u Technolog. Dwr Cymru yajabcckast
Boaa BHeC 3KCIUIyaTaMOHHOE MCIIBITAHNE M MOAJEPKKY Pa3BUTHIO IIPOLEAyYP,
KOTOpbIe 1eaal0T 3¢ peKTHBHOE UCII0Ib30BAHNE HOBOI TEXHOJIOTHH.
Technolog o0ecrieuns 60raTcTBO ONBITA B pa3BUBaIOLIEMCH ''Tocy1apcTBe
XYA0KECTBEHHBIX” 3JIEKTPOHHBIX YCTPOMCTB sl 3aT0TOBKH Jieca U
U3MepeHHusi, KOTOPbIe SIBJISIIOTCH J0CTATOYHO 31PABBIMHU JJISl I0JIEBOT0
HCII0JIb30BAHHUS.

Havanbubiii R&D — Onpenesnenne 0CHOBHBIX NPUHIMIIOB H3MEPEHHS MOTOKA
KJIalaHa

HN3mepenne noToka KJIanaHa - HOBasi TEXHUKA, XOTH €€ MPUHUMIIBI 0CHOBAHbI
HA TPaAMIUOHHOM pa3padoTrke hydraulics. Ucnosib3yeMblii MeTO M3MepeHUs
B0OOIIIE OCHOBAH HA YpaBHeHNH bepHy/M MOTOKA KUIAKOCTH, B IPUMEHEHHH K
MeTpaM MOTOKA OTBEePCTHS. 3/1eCh eCTh OTHOLICHHUS MEXKAY PAcXoA0M, pa3Mep
TPYObI, pa3Mep 0TBEPCTHS, BBEPX 10 TEUYCHUIO JABJIEHHE U BHU3 110 TEYCHHUIO
JAaBJIeHHE HEMeJICHHO IocJIe c:kaTusi. B pesrome, umest pazMepbl BBepX 110
TEYCHUI0 U BHU3 AaBJICHHUS IOTOKA ISl IaHHOM TPYObI U OTBEPCTHH,
YPABHEHHE MOKeT UCIO0JIb30BaThCs, YTOObI BBIYMCJINTH pacxol. {uarpammy,
WTIOCTPUPYIOLIYI0 MEeTP MOTOKA OTBEPCTHA MOKA3BIBAIOT HUKE
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HopmanbHblii KJIanaH BOA0BO/AA o0ecnieYnBaeT CPeACTBO H3MEHEHHS pa3Mepa
OTBEPCTHS, XOTH CAMO OTBEPCTHE - Y OCHOBAHMS TPYObl, a2 HEe B LIECHTPe, KaK B
TPAAULHOHHOM IJIACTUHE OTBEPCTHUS. ITO MMeeT TEHACHUHI0O BBOAUTH
AONOJIHUTEIbHbIE (PAKTOPBI B IIpoOLecce M3MEPEeHHsl, BKJIIOYasi TPYIHOCTH B
U3MepPEeHUM IaBJICHUS] HeMeIJICeHHO BHU3 0 TeYeHUIo cxkatusi. Oanaxo,
MOCKOJIbKY KJIAIIaH BOJ0BO/a 3aKPBbIT, 3TO TAKKe BbI3bIBACT YBEJIUYCHHbIN
LIYMOBOM M3-32 MPOU3BEACHHON 0ypH, MOCKOJIbKY MOTOK NMPOXOIMUT Yepes
cxaTne. boJiblee NoToOK, AJ1s1 JAHHOIO JaBJIEHHSI BX0a, TPYObI U
KOMOMHAIMYU KJIANaHa, 00JblIee aKyCTHYeCKH NPOQUIb. ITOT NPUHIMIT
copMHpPOBaJI OCHOBaHME [JIS1 Pa3BUTHUSI MeTPa MOTOKA KJIanaHa. B pazsuruu
3TOM TEXHOJOTHH, 3HAYUTEJIbHOI0 UCCIEAOBAHUS U UCTILITAHUS ObLT
BBIINOJIHEH, YTOObI YCTAHOBUTH OTHOLICHUSI MEKAY PACX0A0M U
NOJIYYAIIIUMCS AKyCTHYeCKHM HIYMOBBIM NPOM3BeIeHHBIM Npoduiiem,
MOCKOJIbKY KJIANAH 3aKPBIT, AJI51 Pa3JJMYHOr0 pa3Mepa TPyObl U Ppe;KMMOB
JAaBJICHHS.

HauanbHoe ucciaenoBanue Hayajaochb B 2004 u 061710 0CHOBAHO Ha 0oJiee YeM
300 uHAMBUAYAJBHBIX M0JIeBBIX TecTax nmonepek Dwr Cymru, a He Ha
JadopaTopuu 6a3upoBaJ KOHPUTypauuu TpyObl. ITOT SIMIUPUIECKHUIA MOIXO/
03HA4aeT, YTO Pa3BUTHIC OTHOUICHHUSI O0PAIAKOTCH K PeaJIbHbIM CUTYyallUAM,
He MCKYCCTBEHHBIM. AJITOPUTMBI H3MEPEHUS IOTOKA, Pa3BUThIE OT ACHCTBUH
HCCJIeJOBAHUSA OTKPBLJIM MYTh /ISl PA3BUTHS 3JIEKTPOHHOI0 0J10Ka
yupasjeHusi. B HacTosilee BpeMsi MeTp NOTOKA KJIANaHA ObLJI KATHOPOBaH
JJIS1 HCIIOJIb30BAaHUs HA TPyOax 200 MM M HUIKe, TOCKOJIBKY 3TOT AMANAa30H
pa3Mepa BKJIYaeT 001bIMUHCTBO MECTHOM MATMCTPAJIH pPaclipeeseHusl.

Pa3BuTHe KJIanaHa ONbITHOIO 06[)33113 TEe4E€T METP

OaHakabl NPUHIUNBI, TOYHOCTH M AJITOPUTMbI ObLIN YCTAHOBJICHBI,
NpoeKTHbIE AeiicTBUs focussed HA pa3BUTHH YCTPOIiCTBAa MeTpa MOTOKA
KJIANIAHA HEMOCPeACTBeHHO. BbI30BbI ObLIIN, 00€eCIIeYHBAIOT 31PaBoe
YCTPOIiCTBO, KOTOPOE BBIMOJHUT Pa3Hoo0pa3ue TpedyeMbIX PyHKIMIA;
onepanus KaKk O0bIYHBIN KJII0Y KJIAMIaHA, AaKYCTHYECKOe U3MepeHue,
BpalaTre/JibHOE U3MEpPEeHUe, BBeIeHHOE JAHHbIX, MPOAYKIUSA
IKCILIYATAIMOHHBIX HHCTPYKIMI, BMecTe ¢ 00padoTKOil, MpeAcTABJIeHHEeM U
3aroTOBKOM Jieca pe3yJibTaTOB. JTOT CJIOKHbIH HA00p TpeOGoBaHMil TpedoBAJI



pPaCIIMPEHHOI0 OBTOPSIONIErocs MOAX0/1a, HCIOJIb3Ysl PAKTHYECKHUe
noJieBble HCIBITAHUS, YTOObI TAPAHTUPOBATH, UTO YCTPOIICTBO OHLIO
3ApaBbIM M TOYHBIM. MH0KeCTBO ONIBITHBIX 00Pa310B ObLJIO PA3BUTO U
IKCTEHCHBHO 10JIeBO€ NIPOBEPEHHbII; KAPTHHA OHOI0 U3 PAHHUX ONBITHBIX
00pa3uoB 1aeTCA HUAKE.

Pa3ButHe ycTpPOCTBA ONBITHOIO 00pa31a U MOJIEBBIX HCIILITAHNH OBLIO
BBINOJIHEHO B TeueHHne 2005, 1 maTeHTHI OBLIM YCHELIHO MOJIy4YeHbI AJIs MeTpa
MOTOKA KJanaHa. JoCTynmHbIA NPUKJIATHOH MPOLECC MOATBEPKAA
YHUKAJBbHYIO IPUPOAY ycTpoiicTBa. bosiee nmepenoBbie mojieBble UCNILITAHUA U
pa3BUTHE M U3rOTOBJICHUE NEPBOM MO/IeJIM IPON3BOACTBA, HA3BAHHOM
Accuflow ™, op1711 3aKkoHYeHBI B Teuenue 2006. PazButue 10 HacTOAIIETO
BpeMeHH BOBJIEKJI0 0osiee yem 1000 mosieBbIX TECTOB, KOTOPbIe UMEIOT,
nokasaj, yro Accuflow mocrasJjisier mojiHbie YpOBHU ToOYHOCTH +/-10 % B
pacxoaax B npenenax ot (0.3 TMTPOB/CeKYH K 3 JTUTpaM/CeKyHIaM.
OTHOCHTEILHO PAa00THI KOHTPOJISI YTeYKH, TOYHOCTh B HU3KHUX MOTOKAX -
BakHas 0c00eHHOCTh Accuflow. B cpaBHeHM, MUHUMAJIbLHBIH MOTOK,
onpeeJeHHbIH JJI TANNYHOT0 BUHTOBOI0 MeTpa jionactu Ha 100 mm,
HCIO0JIb3yeMOr0 IJIsl MPSIMOIO0 J0CTYNA K NAMATH, KOHTpPoJMpyomero - 0.5
JIUTPA/CEKYH/bI.

YcerpoiictBo Accuflow HCIOIb3yeT NEepeAOBYI0 TEXHOJIOTHIO VI JATYHKOB,
3JIEKTPOHHOT'0 KOHTPOJISl, rpa@uueCcKuX M0J1b30BaTeIbCKUX HHTEP(eiicoB U
3aroTOBKHM Jieca JaHHBIX M N300pakeH0 HUKe. ITO MOCTABJIAET YHUKAJIbHYIO
KOMOMHAIMIO TEXHOJIOTHIA, 00beJMHEHHBIX B OIHO YCTPOIiCTBO, 00ecreYeHue,



BIIEpBbIE, CIIOCO0 U3MEPHUTH UCII0JIb30BaHUE MOTOKA, CylLIleCTBYIOIIIee
KJIANAHbI BOAOBO/IA. JTO BKJIIOYAET cieaylomue PyHKIHMN:

o TpaaunUOHHBIN KJIOY KJIANAHA, YTOObI OTKPHITHCSH U 3aKPbIBATH
CTaH/JAAaPTHbIE KJIANMAHBI BOA0OBOAA pacnpeaejeHus.

o IlaTeHTOBaHHAs cHCTEMA JATYHUKA, YTOObI perHCTPHMPOBATH BpallleHUE
YCTPOiicTBa, OTKPbIBAs WIH 3aKPbIBasi KJIAMaH, YTOObI B3ATh
U3MepeHue MOTOKA.

o AKYCTHYeCKHUil Ipeodpa3oBaTe/ib, pACHOJI0KEeHHbII B OCHOBAHUH
Accuflow, KOTOpBIii ONIMPaeTCH HA FOJIOBY KJIANAHA, YTOObI TOYHO
c/1eJIaTh 3aNMCh U3MEHEHMI B aKyCTHYEeCKOM npoguuie.

o Jucnaeiinblii 6510k AKUJIKOKPUCTAJIVIMYECKOI'O MOHUTOPA
U BCIIOMOraTe/ibHasi KJIaBHATYypPa IS 0J1b30BaTEJIbCKOI0 BX01a
KJII0YEBbIX IaHHBIX, KOTOPbIe 00eCIeYNBAKT BU3yaJbHbIC U
CJBIIIUMbIEC CUTHAJIBI, JAI0IIHE OCTENEeHHbIe HHCTPYKIUHU 0 TOM, KaK
3aKPBITh KJIANaH C0c000M, KOTOPBIM YNIPABJISIOT, B3ITh pa3Mephbl.

o EaumHuuna muxkpomnpoueccopa, KOTopasi aejiaer 3alluch 1 00padaTpiBaer
BXO/I M JaTYMK, MOJYYHJIA JaHHbIE, YTOObI 00ecneYuTh OLEHKY MOTOKA.

Pa3BuTHe 10 HacTOSIIEr0 BpeMeH! HACHTH(PHUIHMPOBAJIO ClIeayloLee
TpeboBanme 1 Metpa [loroka Kinanana, 4To0b1 padorars 3pPeKTUBHO:

o JInametp TpyOompoBoaa Mexay SOmm u 200mm, ¢ KJanaHoM BoJ0BOAa
TOT Ke caMblii InamMeTp Kak Tpy6a

o Kuanax BogoBoja B pa3yMHO XOpOLIEeM COCTOSTHUM, C 3AKPbITHEM
A0Ka3aTeJIbCTBA YTEUYKHU

o YucThlii KIanaH BO3IJIABJIAET, YTOObI NPEJOCTABUTH XOPOILEMY
KOHTAKTY aKyCTHYECKHH JaTYNK

o CpeacrBo, 4TO0BI B3MTh JaBJICHUE, YUTAIOLIEe BBEPX 10 TEYCHHUIO O
Kkianane (00b14HO B mpeaeaax 10 m)

e Cnoco0HOCTH HA MOJHOCTBIO 0JIM3KO KJIANAH B TeYeHUE KOPOTKOI0
Mepuoaa, X0TH 3TO TOJHKO 00bLIYHO TpedyeTcs B TeueHue 10 cexkyHna uimn
0K0JI0 3TOr0.



o Pacxoa u 1aBjieHHe BXOJHOI0 OTBEPCTHUA B TEUCHHUC IIEPUOIa
H3MEPCHUSA T10/I’KHbI OBITH JOBOJIBHO MNOCTOAHHBIMMU.

Kak B3ATh H3MepeHune noToka, ucnoJb3ys Accuflow

Metpom noroka kinanana Accuflow MOKHO J1erko ynpaBJjsiTb OTHUM
TEXHHUKOM, Pa3pad0TaHHBIM JJI IPOCTOTHI UCNOJbL30BaHusA. OqHaKO,
CUTYaIlUH, I/1e ITO, BEPOSITHO, Oy/1eT UMeTh 0O0JIbIIMHCTBO MPUMEHEHHUs1, TUIIA
U3MepPEeHHUs BeUyepHero NoToKa Mnomnepexk CUHCTeMbl pacnpenaejeHus, OyayT
TpeOyeMblil IITAT ¢ BLICOKMM CTAHJAAPTOM 00Y4YeHHSI M UCTIBITHIBATh, YTOObI
MOJIYYHMTh JIy4llIHe pPe3yJabTaThbl U3 yCTPoicTBa. OCHOBHBIE IIATH B
HCI0JIb30BAHMH MeTPa NoToka kjaanana Accuflow BbiaesieHbl HuxKe. OHH
NMPeANnoJaralT, YTO KJIANAH ObLT OCYLIECTBJIEH M MPOBEPEH /10 NPUObITUA B
Y4YaCTOK, KaK UMeiiTe JIIo0ble KJIanaHbl, He00X0AMMble H30JIUPOBATH MOTOK HA
KJIANaH, HCIO0JIb3yeMbIi KaAK MYHKT U3MepPeHUu .

1. BoinosHuTe J100Yy10 U30JSIIIHIO, J0J7KEH ObLI TAPAHTHPOBATH, YTO BeCh
NOTOK MPOXOAHUT Yepe3 KJIAaNaH, 0TOOPAHHbIN, YTOObI AeCTBOBATH KAK
MYHKT MeTpa.

2. IlomectuTe Accuflow B KJIanlaH BO0OB0O/1a, KOTOPBHIA MCINOJIb3YETCH KaK
IYHKT U3MepeHusl.

3. IlpoBepbTe, YTO KJIANAH MOJHOCTHIO OTKPBIT.

4. NmeiiTe pa3Mepbl BBEPX 110 TEYEHHUIO TaABJICHHE.

5. Bxurouurte Accuflow 1 BXoa MeCcTONOJI0OKEHHE YYACTKA, BBEPX 10
TEYCHUIO JAaBJICHUE, AUAMEeTP TPYObI M PYKOBOACTBO 3aBePUICHUS 1JIs
KJIalaHa.

6. Ha:xxMuTe Hayay10 M 3aKPoOiiTe KJIANAH KAK IPOUHCTPYKTHPOBAHO
MOKAa30M, M CJIBIIIUMBIHA BbI3bIBAET, OCTAHABJIUBASICH U IOBTOPHO
HAYMHASA 3AKPBbITHE KJIANAHA KAK IPOMHCTPYKTHPOBAHO.

7. IloJiHOe 3aKpbITHE KJIANAHA U K/IeT, IOTOK MOKAa3aH nepes
NPUCTAJIBHBIM, YTOObI IOBTOPHO OTKPBITH KJIAINAH.

8. IloBTOpHO OTKpOIiTE, KIANAH B COOTBETCTBMU C HOPMAJIbHBIMU
IKCILIYATAIHOHHBIMHU MpoUexypamMu (0TMETbTE, YTO, KAK TOJbKO
Accuflow yka3zaJji, 4T0O KJIANIaH FOTOB ObITH NOBTOPHO OTKPBITHIM,
Accuflow Mo:KeT ObITh BHIKJIYEH U yIAJIeH VISl UCI0JIb30BAHNS B
APYTOM MECTOIOJIOKEHNH, M KJIANIAH MOXKeT ObITh OBTOPHO OTKPBIT,
HCIOJIb3YS O0BIYHBIH KJII0Y KJIANAHA €CJIM KeJIATeJIbHO).

Bpemsi, Tpedyemoe 1J1sl onepaliui U3MepeHHus MOTOKA OyAeT 3aBHCETh OT
pa3Mepa kiaanana. Kiianan Mo:keT ObITh 3aKPBIT B 00JIbIIKX IArax CHA4aJ1a,
HO TOI/1a B HAMHOI'0 MEHBIIUX CTAAUSAX OT 3aKPBITHIX 75 %, Kak
NPOUHCTPYKTUPOBaHO mMoka3om Accuflow. IlosiHas onepauus 3aiimer
NPUOJIU3UTEIBHO AecATh MUHYT i 100mm Tpy6a. Eciin HenpaBuibHbII
pa3mep TpyObI KjianaHa Obl1 BBeJleH, yCTPOMCTBO HIEeHTU(UUHPYET I3TO U
yKaKeT, Heo0XoauM Jiu neperect. JIrod6oe riiaBHoe KoJiebaHue B IOTOKeE B
TeYeHHUe ONePANMH H3MePEeHHs TAKKe BbI30BET HeY/IaYHbIi HCIBITATE/IbHBIH
NPU3HAK HA NMoKka3e. THNHYHBIH NMOKA3 NOKA3bIBAIOT HUKE.
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Pa3Butue HOBOIO 1Iara, MPOBEPSIOLIEr0 MEeTOAbI, HCN0JbL3Ys Accuflow

C Hos10ps1 2006 MHO:KecTBO BOJHBIX KOMaH/ KOHTPOJIA yTeuku RPS
o0y4asioch B ncnojib3oBanumn Accuflow ™, padoraiu ¢ NATbI0 BOJAHBIMHU
KJIMEHTAMHM IPOMBILIJICHHOCTH Nomnepek BeiqnkoOpuTanuu. ITOT MOIAXO0N
MO03BOJIMJI YCTPOMCTBY HCIO0/1b30BAaThCA B IIHPOKOM AHANA30He
IKCILIyaTallMOHHBIX cuTyauuid. lIlar, nposepsiommii npouexypy o0bI4YHO
BBIINIOJIHSIETCS HOYbIO M MOA00€H 3TOMY TPAAMIMOHHO MCIOJIb3yeMbIH IS
HCNBITAHUA LIAra, HO C HEKOTOPBLIMH BAa’KHBIMHU pasaunyusiMu. UM MoxHO
00BbSICHUTHh B OTHOILLIEHUM CXeMAaTHYeCKOI IuarpaMMbl HHKe.
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IlepBbIii I1Ar 0JI5KeH U30JIMPOBATH NPSAMOM J0CTYN K NAMSATH, 3AKPbIBas
rPaHUYHbIE KJIAMAHbl U 32AKPbIBATh BCe HUPKYJIMPYIOLIHE KIANAHBI, YTOObI



rapaHTHPOBATh, YTO KAXKAbIN LIAT HMeeT eIMHCTBEHHYI0 nogayy. UcnbiTanue
TOI'1a BBINOJHEHO NPHU UCN0JIb30BaHUU Accuflow, 4T00bI H3MEPUTH NMOTOK B
nyHkre 1, kak 00bsiCHeHO MoJ, "'Kak B3ATh H3MepeHne MOTOKA, HCIOJIb3YH
Accuflow”. Kak Toibk0 Accuflow BBIYHCIHI IEHHOCTD MOTOKA, KJIANaH B
nyHkKTe 1 MoxkeT, 4TO0bI OBITh IOBTOPHO OTKPBHITHIM € 00BIYHBIM KJIKY0M
KJIallaHa, B TO BpeMs Kak Accuflow mepeMenieH, 4To0bl yKa3aTh 2, 4YT00bI
Ha4YaTh OpaTh cjeaymouiee yrenue noroka. Iipouecc npogosmxaercsa B
OCTAKIIMXCH NMYHKTAX mara, 3 yepes3 Kk 9. '1e MeTp BXOJHOIr0 0TBEpCTUA
NPAMOro A0CTYNAa K NAMSATH MPHUCIOCO0eH, PEKOMEHIYeTCs, YTOObI OTOK
ObLJI 3aPerucTPMPOBAH B TEYEHHE 1IAra, MPOBEPSIOLIEro OCymecTBICHUE,
4T00BI 00€eCTIeYUTh JONMOJHUTEIbHbIH B3AMMHbIH Y€K IOTOKOB B IPAMOM
poctyn K namatu. Kak Tosbko Bee maru 1 - 9 0b1d M3MepeHbl, HCIO0JIb3YS
Accuflow, BO3M0O:KHO paccMOTpeTh Pe3yJibTaThl BUAETH, BLITOAHBI JIH KaKHe-
HUOY/Ab J1ONOJHUTEIbHbIC YTEHHUS B MpeAeax NPSIMOro A0CTyNa K NaMsATH.
Hanpumep, eciin 0b1 ObLJI HEOOBSICHEHHBII BBICOKMI IOTOK B 1Iare S, T0 310
MOMOIJIO ObI TOYHO ONPEAEIATh MECTONOM0KEHUE YTEYKH, eCJIM ObI JaJjiee
yreHus Accuflow ObLIM B3SITHI B TPeX KJIANAHAX BOAOBOJAA BHU3 10 TeYEHUIO
NMYHKTA mara S (moxka3zanHbii kak SA, 5B u 5C).

CToMMOCTH M CpaBHEeHHE PA00ThI 00BIYHOT0 HCIBITAHHUS 1IAra MPOTUB
Accuflow

Pa3nuyHble yC10BHsl, HCIIBITAHHBIE NMONEPEeK BOAHBIX KOMIIAHUHM,
BOBJICYCHHBIX B HCIIBITAHUS HMEIOT 0O0ecleyeHne IEeHHOT0 ONbITAa B 04YMCTKE
NPUHIUNOB UCTIBITAHUS MIATA, YTOObI MAKCUMHM3MPOBATH NMPEeMMYIIIECTBA
ucnoab3oBanus Accuflow. 3aTpaTsl BbINOJHEHHS UCTIBITAHUS 1IAra,
ucnouab3ys Accuflow B cymecTByomeM NpsiMOM JI0CTyIe K NaMATH MOX00HBI
CBSI3AHHOMY 000PY/10BAHMIO PA/INO0 HCIIO0JIH30BAHNUS UCIBITAHUS 00BIYHOTO
mara. ['1e npaAMoii 70CTyNl K NaMSITH He yKe YCTAHOBKA, HCNIBITAHUE 1Iara
MOKeT ObITh OCYIIECTBJIEHO, HCN0JIb3yH Accuflow, He moaBeprasich 3aTparam
YCTAHOBKH KANMTAJIA, CBA3AHHBIM C NPAMBIM J0CTYIIOM K aMSTH.

B nonoJsiHeHHe K MpeuMylIecTBAM CTOMMOCTH, ar Accuflow, npoBepsirommii
NPoUEeAYPY, BbIICJCHHYIO BbIllIe MMeeT IVIaBHbIe PEeuMYyIIeCTBA Pa00ThI
nepea 0O0bIYHBIM UCHBITAHUEM LIara. Bo-nepBbIx, COCOOHOCTH UCIOIb30BATH
KJIAIlaH BOAOBO/A B KAK/IOM OTK/IHYAJIA IIAT KAK (PAKTHYECKHHA MYHKT
U3MEpPEHHUs1, a He OTAAJEHHbIH MeTP BO BXOJHOM OTBEPCTHH K NIPAMOMY
AOCTYNY K NaMATH. I(PPeKT B3ATh pa3Mepbl HA MECTHOM YJIUYHOM YPOBHeE
ycrpansieT 3¢ ekt J1000ro 3aKOHHOI0 Be4epHero ucnoJb30BaHus BBepX 110
TeYECHHUI0 MMYHKTA TecTa mara. Bo-BTopbIx, 101X01 HAMHOI0 00Jiee rudoK,
MOCKOJIbKY JOMOJHUTEIbHbIC pa3Mepbl MOI'YT JIETKO ObITH B3fIThI B JIDOOM
KJIallaHe BOA0BO/a, YTOObI IOMOYb, JIy4Illle TOYHO ONPeJesS 0T YTeUKY AJIsi
AajibHeero ucciaegopanus. JIroooe ycopepuieHCTBOBaHUE U3MEPEHUS U
TOYHOI'0 OIpeIesICHUsI YTeYeK HMeeT CyleCTBEHHbIN MOTEHIHAJ, YTOObI
YMEHBIIHUTH YUCJI0 HENPOU3BOAUTEIBHBIX YTEYEK, KOTOpPbIE
HACHTH(UIMPOBAHBI AJI51 PEMOHTA.

OTHOCHTEJILHO paﬁoTu B OIIPECACJICHHHA KOJIUIECCTBA 1 TOYHOM ONIPEACICHNH
YTE€UYEK, BECH OIIBIT 10 HACTOAIIECTIO BPpEMEHM YKa3aJjl, YTO HCIIBITAHUE IIara,



UCNoJib3ys Accuflow NpoU3BOAUT 3HAYMTEBHO JIyqllINe Pe3yJibTAThl YeM
00bIYHOE UCNIBITAHUE IIATA. DTO HMeeT crenupruiecKoe 3HaUeHue, JTaHHOe
BBICOKYIO CTOUMOCTH peMoOHTa yTeuku. UcciienoBanue, BbinoaneHnoe Dwr
Cymru ysabcckasi Bona yka3piBaert, 4to 0ojiee 4eM OJHA TPeThb
BOCCTAHOBJICHHBIX yTe4YeK He HMeeT HUKAKOro0 3Ha4YUMOro BO31eHCTBHUS HA
COKpallleHUe B3BeIICHHBIX YPOBHel yreukd. CTOMMOCTb PEMOHTA 3THX
HeINPOM3BOAMTEIbHBIX yTedYeK K Opuranckoi IIpombimiennoctu Boasbl, kak
oueHnBAaJIH, ObLIa cBepx 100 MmuyinoHOB £ exkerogno. UcnbiTaHus moka
yYKa3aJid, 4YTO BeCbMa PeajucTHYeCKOe 0:KUIATh, YTO YHCJI0
HEINPOM3BOAMTEIbHBIX YTEYEK MOIJIO ObITh YMEHBILECHO HA OJHY TPeTh NPH
HCNO0JIb30BAHUM yJIyullleHHOro Accuflow 0a3upyemoe ucnbiTaHue mara. JTo
o0ecneynsio Obl MOTEHIHAJIBbHYI0 IKOHOMHIO OoJsiee yeM 11 muiinonos £
KaXKAbIH roJ nonepexk Beaukodpuranum.

BapuaHThI AJ151 TOr0, 4TOOBI 3AMEHATH NPAMBbIE T0CTYIIbI K maMATH Accuflow
KOHTPOJIMPOBAIHU 00J1aCTH

CTOMMOCTB peryJMpoBKH, KOHTPOJIUPYS H NOAAEPKUBasi NPSIMOii 10CTyNl K
NaMSATH MMeeT BbICOKYI0 NMPOJ0J/IKAIIIYIOCH CTOUMOCTb, U TUNTHYHbIE
neHHoctH aaresa B Croue 1 Huike. Accuflow nmpeaiaraer BO3M0KHOCTh
BBINOJIHEHUSA 00/1aCTH, KOHTPOJHMPYIOLIEH 110 HAMHOI'0 HUKe CTOUMOCTH,
KOTOPpasi, MOKeT 0Ka3aThCsl, YA0BJIETBOPUTEIbHbIH U 3()(PeKTUBHBIN B
3aTpaTax MOAX0/J K yTe4Ke, KOHTPOJIUPYOIIeH 11 MHOTHX CUTY AL Ui,
CrouMocTh HcnoJib30BaHus Accuflow Ha KJIanaH B OCTOPOKHOM 00J1acTH
HOYbIO YeThIpe pa3a B rojl, 4To0bl 00ecneYnTh YTeUYKY, KOHTPOJIMPYIOLILYIO
uHdopmanuio gaercsa B CroJie 2 HUKe

Cr1011 1 - CTOMMOCTD peryjiMpoBKH, KOHTPOJIUPYH U NMOJAEPKUBAS PSAMOM
JAOCTYI K NAMATH

Croumocts Ctoute 00J1ee yem 10

JlesiTeILHOCTH €KeroaHo JIeT
£ € £ €

HauanbHble 3aTpaThl YCTAHOBKHU

MPSIMOI0 10CTYIA K NAMATH (TUIIMYHO 1,500 2,175 15,000 21,500

£5 Kb k £50 Kb, npumute £15 KB),

IMoanep:xkanne rpaHUYHOIN 1EJTOCTHOCTH 400 580 4,000 5,800

3aroroBka Jeca u nepeaava JaHHbIX 300 435 3,000 4,350

CMbIBaHHE MAarUCTPAJIH TyNHKA 400 580 4,000 5,800

3amMeHa rpaHUYHBIX METPOB 300 435 3,000 4,350

Oo01masi croumMocThb B PSIMOM 0CTYH K

namMsaTH (coctaBasoT B cpeanem 1 500 2,900 4,205 29,000 42,050

CBOIICTB),

Crommocrs st nosesnoctn ¢ 300 000 50 060 841,000 5,800,000 8,410,000
CBONCTB

Cro0.1 2 - CTtonmocTh KOHTPOJIs 00J1acTH 1 500 cBoiicTB, HCIOJIB3YSI HCIIBITAHUE
Accuflow, npuHUMas YeTbIpe KOHTPOJHPYIOIINX NOCEIIEHUsI e:Ker0HO



CTouMoOCTh Croure 0oJiee ueMm 10

JleATeJIbHOCTD €KEroaHO JIET
£ € £ €

Croumocthb KanuTajia 000pya10BaHus

(NATH-JIETHSIA KU3Hb, 40 >8 400 >80

npunsaTue 200 od1acreil, MpoBepeHHbIX
KaKIbIii TO/1)

Jleiibopucrckasi mapTHs CTOUT IS
TOr0, YTOObI MPOBEPUTH (4 MOCeIEeHH ST
€’KeroJHo B TeyeHue 3 yacos B 50
£/4yacax)

Oo0mas croumocts B 1 500 cBolicTB 640 928 6400 9280

Croumocth 114 nmouaesnoctu ¢ 300 000
CBOMCTB

600 870 6,000 8,700

128,000 185,600 1,280,000 1,856,000

I1H GUTrypbI CTOMMOCTH YKa3bIBAIOT, YTO UCHOJIb30BaHue Accuflow moxkeT
0KUIATHCH, YTOObI CTOMTH XOPOLIO M0/l TPeMsl YeTBEPTAMM CTOMMOCTH
MOAX0/a, UCNO0JIb3YyHl O0BIYHbIA KOHTPOJIb PSIMOIO0 10CTYyNA K namatu. Jaxe
ecJii ObI KOHTPOJIb Accuflow ObL1 HEO0XO0AUM KaKIABIN MeCsL, TO 3TO BCe eLie
yaaBajoch 0bl 0oJiee AeleBblid YeM HellpepbIBHbINH KOHTPOJIb MPSIMOI0
A0CTyNa K naMATH. JJ1s1 yTHJIUT 0e3 peryJupyrouero TpedoBaHus 1Jis
HeNpPepPbIBHOI0 KOHTPOJISl YTEYKH, YCTAHABIUBAA YTEUKY, KOHTPOJIHMPYIOLLYIO
o0sacTu, ncnoab3ysi Accuflow obecnneunBaeT HOBbIH 3(P(PEeKTUBHBIN B
3aTpaTax MyTh K COBNAJAKIIMM 00JIaCTAM € CAMBIMHU 00JILIIUMH YPOBHAMHM
YTE4KH.

B pesome ....

NunoBaumonHas TexHosorust Accuflow u moroka KjianaHa, H3MepsoIIEro
NMPeAJI0KEeHUs CylleCTBEHHAS] CTOMMOCTh M Pa00oTa U3BJIEeKAEeT BHITOAY NPH
CPaBHEHHMH C APYTMMHU YCTAHOBJEHHBIMH METOaMH, THIIA AKYCTUYECKOH
3aroTOBKH Jieca, NPSAMOil J0CTYII K NAMSATH, KOHTPOJUPYIOIIHIA U 00bIYHOE
ucnbiTanue mara. Mcno/sib30BaHne pacClIMPEeHHOT0 HCNIBITAHMUS 1ATA,
HCIOJIb3YS METPhI MOTOKA KJIAMAHA MOKA3AJIU, YTO0OBI YJIYYIIHTH
HICHTU(QUKANUIO TOT0 BOCCTAHOBJICHUS IEHHOCTH YTeYeK U TAK 3HAYMTEIbHO
YIy4muTh 3¢ PeKTUHBHOCTD 1eliCTBMH 00HAPY/KEHUSI 1 PEMOHTA YTEYKH.
IIpenmyuiecTBa BKJINYAKOT:

e JTO He TPedyeT HUKAKUX HENMOJABUKHBIX COOPYKEHUI M TAK YMEHbIIAeT
3aTpaThbl KANUTAJA.

o IloTok B J1100YI0 30HY MOKET ObITH 3aMe4Y€eH, KAK TOJbKO KJIANAH
3aKPbIT, BMECTO TOI0, YTOOBI MOJIOKUTHCS HA 3ar0TOBKY Jieca WIH
JAOMOJHUTEJbHBIN IITAT B OTAAJIEHHOM MeTpe BX0/a.

e IJTO0 00ecneYnBaEeT BLICOKOKAYECTBEHHbIE KOJINYECTBEHHbIE JJaHHbIE HA
YPOBHSIX YTE€UKH M MO3BOJIsIeT Jy4lllee NJIAHNPOBAHNE BOCCTAHOBJIEHUSA
LHEHHOCTH yTe4YeK.

o B oTiinume 0T aKyCTHYECKOM 3ar0TOBKH Jieca, 3TO He nepeaaeT Ha
IyMe, YT00bI YKa3aTh pa3Mep yTe4KH, KOTOpasi MOKeT KOrjaa-Hu0yab



AaTh BBOASILIUE B 320/1yK/IeHUEe Pe3y/bTAThl, IPUBOASALIUE K
HEHY>KHOMY PEMOHTY.

o IIyHKTBI H3MepeHHst MOTYT OBITH OJIM3KO0 K MPOBEpPsieMOH 00J1acTH,
yMeHbIIasi BO3/IeiicTBHE HCIOJIL30BAHMSA KJIMEHTAa HA pa3Mepax yTeuKH.

o Ilpupoaa, koTopoii ynpasjisoT, onepanun KJIanaHa yMeHbIIAeT
BEPOSITHOCTH NMOPOkKAeHUS MAJeHbKHUX B3PbIBOB Ha ¢J1a00il Marucrpajiu
WIN 0eClBETHBIX OCTABOK.

o KopoTkuii nepuoa noiHOro 3aKpbITUs KjianaHa TpedoBaJ CpeIcTB
MHHHMAJIbHOE Pa3pylleHne K MOCTABKAM KJIHEHTOB.

o JTO MO3BOJISAET NPOJ0JIZKEHHE, KOHTPOJMpYIoulee onpeaeasaTs 3¢ dext
PEMOHTA yTeUYKH.

“Caaras Yama I'paans” KOHTPOJISl YTeUKH Beerja 0bljia CliOCOOHOCTBIO
TOYHO TOYHO ONpeAeJTuTh MECTOMNOJIOKEeHHE U 00beM yTedeK, €3 CTOUMOCTH
JAOPOruX HEMOABMKHBIX COOpPYKeHuii akTuBa. Accuflow ™ obecneunBaer
CylIeCTBEHHBIH 1IAar Bnepea K 3TOH 1eJIu.

JManabHeiimas uHGopManus OTHOCUTEIHLHO METO10B, ONIMCAHHBIX B
TeXHUYECKOii Oymare Mo:keT OBITH MOJy4€eHa, CBA3BIBAsSICh C APTYPOM
ApckorToM B Bone RPS: uepe3 3j1eKkTpoHHYI0 MOUTY: arscotta@rpsgroup.com
wiu tejiegon: +44 (0) 1392 680 712

Passutne Cucremsl Ilpennpusitusa UarerpupoBanubix Boanbix 3asiBiieHui
Yupasienns Yreuku (2 WLMA) nas Cronuunoi Biaactu Bogonposoanoi
cranuuu banrkoka

B Chuenkul *, P Singhaprink *, T Chuenchom **, J Pingclasai ***, R S
Mckenzie ****

* Crosmuunas Biaacts BogonpoBoaHoii cranunu, banrkok, Tannauna,
regdrec3@mwa.co.th, spirom@mwa.co.th, compdept@mwa.co.th




** QocayxuBanue Texnonoruu u Koncyabranus ¢ 1656 Co ., Ltd., Banrkok,
Taunana, thatchai@tsc1656.com *** SSC Solutions Co., Ltd., BaHrkok,
Taunang, jaroonrat@sscs.co.th **** WRP Pty Ltd., bpykaunckuii KBagpar,
IOxnas Appuka, ronniem@wrp.co.za

KiroueBbie ciioBa: Boanblie 3asiBiiennsi Ynpasienusi Yreukn (WLMA);
Cucrema SCADA ; Ckiaan 3nanus

Pe3rome

Croanunast Baacts BogonpoBoanoii crannuu banrkoka (MWA)1 MOCTABJISACT
NPUTOAHYIO JJIsl MUThS BOAY HACEJEHHUIO NPUOJIU3UTEIbHO 12 MUIJINOHOB
Bcroay o croauue Tanaanaa. YTtoObl HenpepbIBHO YJIy4YIATh YPOBHH
o0cay:kuBaHus KianeHram, MWA He1aBHO npeanpuHAI [JIABHYIO
NPOrpaMmy, YTo0bI BBECTH MOCJIEIHIOK HH(POPMALUIO U TEXHOJIOTHI0
KOMMYHUKauuu. [Ipoekt Hameuaercs auis 3aBepuieHus B Tedenue 2007 u
pa3esieH HAa YeThIpe KOHTPAKTA — OAUH VIS KasKI0H M3 YeThIpeX IIAaBHBIX
obsacreil. Ka:kaplil KOHTPAKT BOBJIEKaeT HACTPAMBAHHME COOTBETCTBYIOLIETO
Paiiona U3mepennbie O0aacTu (mpsaMoii xoctyn K namaTu) u Odjactu
Ynpasaenns daBiaenus (PMA’s), ka:xkaplii U3 KOTOPbIX pa3padoTaH
NMPOEKTHOH KOMaH/I0il U BKJIIOYAET COOPYKeHUs1 MeTpa, OTAaIeHHbIe
Hpeneasubie Exunnnbl (RTUs) u coopy:kennss SCADA. PazBurne
NMPOrpaMMHOro odecredeHusi, Ha3BaHHOr0 “UHTerpupoBannbie Bognbie
3asiBiienust Ynpanienuss Yreuku (iWLMA),” umes 00bIKHOBeHHE YIIPABJIATH
omepaumueit BoablI reticulation cucrema (0THeCeHHbIH B 3TO# Oymare Kak
npocto “IIporpammuoe odecnieuenue Cucrembl”’) GopMUpPYeET OCHOBAHUE
cucTeMbl HH(pOPMALMU YIIPABJICHUS, KOTOPAas CO3aeT BCe YeKHU U 0AJIaHChl,
Tpedyemble moaaep:xarb 3¢ PexTuBnyro onepanuro. [loHass mHTErpanus
CHCTeMBI Beex o0s1acTel Oy1eT CKOOPAMHMPOBAHA B IEHTPAJIbHOM CKJIA/Ie
AAHHBIX, KOTOPbIl BOBJIeYeT coOOpaHne U 00padOTKY JAHHBIX OT CUCTEMbI
SCADA u na RTUs npsimoro gocryna Kk namatu 1 Ha Tpydonposoaa,
00bsBJsAsA JaHHbIe 0T Cucrembl Mupopmanun Kimnenra (CHI') u punancoBas
uHdopmanus oT pecypcoB npeanpusatus, miaanupys (ERP) cucrema (SAP) k
IIporpammHuomy oOecnieueHur0 CucremMbl.

Jra Oymara cocpenorayuBaercs Ha npoexkre IlporpammHoro obecneyeHust
CucremMbl 4 pa3sBUTHH, KOTOPOE ObLTI0 OJHOM M3 KJIKYEBbIX 0COOCHHOCTEH
aMEepPHKAHCKOro npoexkra 3a 70 muamonos $. Ucnoab3yst MoaesIb 3pe1oCTH
CIIOCOOHOCTH M MO/eJIb, KOTOPYIO Be3yT MOAX0AAMH APXUTEKTYPbI B POEKTE
U Pa3BUTHH, YTOOBI TAPAHTHPOBATH HAAJIE/KALLYIO CTAHAAPTU3ALMIO M
MPOBEPKY Ka4ecTBA, MNPOECKTHASI KOMAaH/a C03/1aJ1a CJIOKHbIE 3asiBJICHUS
MPOrPaMMHOr0 o0ecrne4eHusi, KOTOpbie MOIYT JIerKO ObITh MOJAePHU3HPOBAHBI
U M3MEHEHBbI Kak Tpeldyercsl B OyayuieM, He TpeOys HUKAKOM IJIaBHOM
MoaepHu3annu. Komanna pazsurus BoBJjekasna 0ojiee yeM S50 nepcoHajioB B
J1000i MmoMeHT u BbI0Op J2EE, n muiar¢popma Windows rapanruposaJia, 4tTo
ObLII0 BO3MOKHO CKOOPAMHMPOBATH PA3JIMYHbIC ACHCTBHS B SICHOU H
CHCTEeMATHYECKOIl MaHepe ¢ J0KA3aHHBIMM U HU3KHMHM 3aTpaTaMu
co0cTBeHHOCTH. Bymara onucbiBaeT HEKOTOPbIE U3 KJIKYEBbIX 0COOCHHOCTEN
apxurtektypbl lIporpammuoro odecneyenuss Cucremsl U MOAYJIeH, BKJIIOYAs



BO/JHBIN 0ajIaHC, IKOHOMUYECKHIi YPOBEHb YTEUKH, BeUepHero aHaIu3a
NMOTOKA, NM0JIEBOT0 YNIPaBJIeHHUs 00CYKUBAHUS, yIIPABJIeHUE IaBJIeHHA),
ynpasJieHue uHGopManuu HHQPaCTPYKTYPbl, COOOIIEHNE YIIPABJICHUS H
ckJiaj 3HaHus. Ka:kabiii 31eMeHT OblJ1 0CHOBAH HA NPUHATHIX JIYYIIHX
METO/IbI BO BCEM MHUpe I/1e TOJbKO BO3MOKHO, XOTS1 Ollpe/ie/ieHHbIe
MoaupuKanuu ObLIN 00513aHbI MPUCNIOCA0JIMBATH HEKOTOPbIE U3 YHHUKAJBHBIX
oco0eHHOCTeH cucTeMbl BogocHa0kenuss MWA, koropasi Oyaer o0cy:Kk1eHa B
Oymare.

1 http://www.mwa.co.th

MWA perpocneKTUBHO

Ycranosiaennsiid 13 urouas 1910, Croaumunas Biaacts BogonposoaHoii
cranuuu (MWA) nocraBJisieT NPUrOAHYIO VIS IMThS BOAY NPUOJIU3UTEIHHO
1.77 MuIJINOHAM KJIHEHTOB, CIYKAIUMX NPUOIM3UTEIBHO 12 MIJLTHOHAM
desoBek B Banrkokckux Ctoamanpix O61acTsix, mokpbiBamoimux 2 000 km’.
HCIOJIB3YH ee YyeThbIpe 3aB0Aa 00padoTKu M 14 HACOCHBIX CTAHIMI € MOJHBIM
npoussoacreom 1 700 Mil.m*/rox yepe3 22 000 kv iuHMH TPYObI, BKJIKOYAs
nepeaady, Tpyoonposoj, pacnpeaeaeHue ¥ TpyObl 00Cay:KUBaHHUSA.

IHporpamma MWA na Boanoit Texnonorun Ynpasiaenus Ilorepu

B Teuenue npomuibix 10 set, MWA nonsiTascsi yYMeHbIIUTH BOJAHYIO NOTEPIO,
yBeJIMYUBAasi OI0KeT U JIeiicTBUSI B AKTHBHOM KOHTPOJIe YTeUKHU, BKJIIOYasi
30HIMPOBAaHUE BCeil MATHCTPAJIM pacnpeaeeHus ABa pa3a B rof.
Nnmoctpanus 1. nokassiBaer pe3yabraTtbl % UFW cokpamenns 3a nepnon
3THX 10 JIeT NPOTHB CTOMMOCTH AKTHBHOI'0 KOHTPOJISI YTEYKH.

62.5
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12.5

Namoctpanus 1. Croumocts MWA KonTpoas Yreuku Ilporus.
Heo0bsicuumpblii 1is Boabl (UFW)

Onnaxo, MWA mnpeackasaj, 4To B OJmsKaiiemM OyayuemM, OHH CTOJIKHYTCH €
npodJjieMaMu MOTEPH BOABI Jiarepa ¢ CMHCTeMOi BHICOKO eCTeCTBEHHAasi HOpMa
noBbieHus 8.18 % (NESDB, 1999), u3-3a crapenusi cucremMbl BMeCTe C
MOJIMTUKOM OT NPaBJICHHUs, YTOObI YBEJIMYUTH YPOBEHb 00CTyKUBAHHUS,
YBeJIM4YNBAsi Cpe/ilHee JaBJIeHUue BCell CMCTeMbI 0T NPUOIM3uTEeIbHO Sm K 6.00
M. K KOHIY 2007. UT00BI CIPaBAATHCS ¢ TAKAM 00J1bIIUM
IKCILIYATALMOHHBIM YCHJIHEM H YPOBHEM 00CJIY:KHUBAHUSA TAK Ke KAK
BBICOKOI Tekymieii BoaHoii morepeii (30%-b1iit UFW), MWA nosepny.Jicst K
nocjenHed uHgopmanumu u TexHojorun kommynukanum (ICT), pasBuBas
pemienue ICT 1y BOOAHOr0 NPOEKTA YIIPABJICHUA OTEPH C MOJTHBIM
oroxxerom CIHIA 3a 70 muiiinonoB $. IIpoekT HameyaeTcs U1 3aBepIICHHUSA B
TeueHnne 2007 u pa3jesieH HA YeThIpe KOHTPAKTA — OJUH JIJIf KAKI0H U3
yeTbipex rNIaBHbIX o0JiacTel. Kakablii KOHTPAKT BOBJIEKaeT HACTPAUBAHME
cootBeTcTByIOIIEero Paiiona U3mepennbie ObaacTu (MpsiMOH 10CTYyN K
namsatu) 1 OoaacTu Yupasienus JaBaenus (PMA’S), kaxablid 3 KOTOPbIX
pa3padoTaH MPOEKTHOM KOMAH/I0# U BKJIIO4YaeT MeTp, laTtunk JlaBiaenus,
[MaBaenune, YMenbmamwuee Knanan (ITPEABIJAYIIUE) coopyxenus,
Otnanennnle Ilpeneabnbie Ennnunst (RTUs) u coopyxenuss SCADA, Tak ke
Kak 15 coopy:keHni HeHTPa KOHTPOJIsi. Kaskablili HeHTP KOHTPOJIs
o0opynosan IIporpammubim o0ecnieuennem CucreMbl 1 KOMIIBIOTEPHOM
CHCTEeMO, KOTOpPasi 00beNHSAJIA K HEeHTPAJIU30BAHHBIM 0a3aM IaHHBIX H
apyrou cucreme Haciaeacrsa B MWA headquarter.

VWater Loss Management Technology

MWA's Program on '/ -ter Loss Management Technology ss Mar
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Nanrwocrpanus 2. [Iporpamma Yupasienus [lorepu Boast MWA (neasimuiicst
Ha 4YeThIpe MPoeKTa) ucnojb3oBanue Unpopmaunonnou TexHosiorum
KommyHnukanun

Boimeynomsinyrasi purypa miLUIlOCTpUpYeT MPOEKTHbIE BO3MOKHOCTH, U
HHTErpanusi K OCHOBHOMY 3aMpoCy TeXHOJIOIMH 00beINHAJIA BOJAHbIE
3asiBJIeHUs ynpaBJjieHus yreuku (To ecth “IIporpammHuoe ob6ecnieuenue



Cucrembi”). Ito formsthe ocHoBanue ynpasiaenusi informationsystem,
KOTOPBIii co3naet Bce Oananckl checksand, Tpedyemblie moaaep:kaTh
3¢pPpexTuBHyI0 onepanuro. Ucnosn3ys 6asupyemyro uanpopmaunuw CTEKJIA,
NMOBCIOY systemintegration Bcero regionswill, 0bITh CKOOPAMHMPOBAH B
LHEHTPAJIbHOM CKJIA/Ie JAaHHBIX KAXK/10i BeTBH, KOTOPLIil willinvolve coOpanne
1 00padoTKa JaHHBIX OT NPSIMOr0 A0CTyNAa K namMATH U TpybonpoBoaa Tak ke
KaK JaHHBbIX cocTaBjieHus c4eToB 0T Cucremsl Undopmanun Knuenra B
mrabe MWA, koropslii nepeaan B 10 Mbps.

“ITonsiTue IlpoexTa” Ilporpammuoro odecneyenusi Cucrembl 1 MeTog0/10rust

designof, koropslii “IIporpammuoe odecnneyenne CucreMbl” NOPOAUIIO U3
KOPIOPATHBHOI0 PYKOBOACTBA U HeJieilt MWA, KoTopblii B CBOIO 04Yepelb
onpeaeaun ueaun ofthe Boxa lossmanagement nporpamma asoutlined B
ciaenyromux cekuusax. Kinrouesnie Llesin Boanoii Ilporpammsbl Ynpasiaenus
Horepu

* YcTaHaBIMBAaTh BOAHYIO nporpamMmmy nmorepu MWA B TeueHHe CIeqyHOLIMX
10 jer

e PazpuBaTh CTPYKTYPY JYUYIIHX METOAbI K Minimizecost moJIHON BOAHOH
nporpamMmsl ynpasjenusi norepu MWA;

* K capacitatekey MWA personnelin o0sacts Boabl lossmanagement

Honanasa llonumuka, Ocnosannas na Ilpuknaonom Ilonnom Ynpaenenuu
Tpeoosanusa u He Booa /loxooa (NRW)

™ JTpucnocodobrech Oo1ee koaudectBo TpedyroT Ynpasienue (IlIupoxas
Bopaa 3anusa, 2002), noHsiTHe K BOAHOMY YIIPABJICHHIO IOTEPH, YTOOBI
yay4muTs npuobuib MWA ™ Y iyuyiiaer BogHbIE NPOTrHO3bI OTEPH,
npuMeHsiss MeToabl cokpamienusi NRW u cranaapthblii 6ananc Boasl IWA, ™
Pa3zBuBaoT 3HaHHMe U KBAJTU(PUIUPOBAHHBIN nepcoHas B MWA st JJIMHHBIX
BbIroJ cpoka k Ilosiesnocru

IIpoexT Methodolog

JIisl AMPEKTUBBI U MOJUTHKH, 00ecrie4eHHOH IIaBHBIMHM PYKOBOAMTEISIMH
MWA, npoekrt “IIporpammHoro odecneueHusi Cucrembl” ObLJI OCHOBAaH Ha
CTAHAPTHOM IOJAXO0/€e 10 UMECHH YBAKEHUE™ (Cucrema TpedoBanus u
IIpoexT, [IpoexTupys CoBmecTHyo TexHuky) Kak NoKa3aHO B WILIIOCTPAIIUU
3. 2TOT MOAX0/1 0YEeHb CJIOKEH U MOIIEH U CI0C00eH K 00beINHEHN IO
Npo1eccoB U TPeOOBAHUI OT MHOTMX Pa3JIHYHBIX ACNIEKTOB BOJIHOI0 OU3Heca
MWA. IIpoeKT ¥ TeXHOJIOTUsI, 0TOOPAHHASI B 3TOM NPOEKTE TAKKe 0YeHb
NpucnocaduBaeMbl, YTO0ObI CIPABUTHLCA ¢ OyXyIIUMHM U3MEHEHUSIMU
0CO00EeHHO B BOJAHBIX Npoueccax ynpasjaenus morepu MWA.

Jiis1 ero xejatebHO cmoco0HoOCTH, “IIporpammuoe obecnieuenne Cucremnbr”
0bL10 pa3padoTaHo, YTOOBI MMETh:



e ABTOMATH3MPOBAHHAS TPEBOra U COOOIEHUE O CHCTEMAX VIS AKTUBHOM
yTreuku ynpapJisaioT geiictBusamMu (ACL) ¢ cuctemamu SCADA,

e ONEpPaTHUBHAS KOHTPOJIbHASI CUCTEMA U ISl TPYOONPOBOAA U JJI TPYO
pacnpenesieHus (MPSIMOM JOCTYN K MAMSITH) YPOBHH,

e OIlepaTHBHOE U MOJIEBOE YIIPABJICHUE OHJIAWH MOAePKUBAET CHCTEMY
JJISE OOHAPYKEHHUS YTEYKHU U YCJIYT PEMOHTA YTEUKH,

e CHCTEMA CKJIA/[1A 3HAHUA U ABEePH NPEeANPUATHSA, U

o wuHrerpanus k CTEKJIY, CHI', 1125 lenTpam 3anpoca, ERP/SAP,
Boanomy Ananu3y CeTu U CylIeCTBYIOIIHMM JIeCOPYyOaM JTaHHBIX
NMPSIMOT0 A0CTYNA K MAMATH.

RESPECT™ - Requirements System and Project Engineering Collaborative Technique

People + Process + Know How +
Technology = SUCCESS!!!

i L | Process
Requirements

.
O
-

Nomocrpanus 3. “Ilonsitue Ilpoexra” IlporpaMmMHOro odecneyeHus
Cucremsbl 1 MeTon0J10r1sl, HCIOJb3yeMasi 1 passutus “IIporpammuoro
ob0ecnieyenuss Cucremnr”

“Apxurextypa” IIlporpammuoro odecneuenuss Cucrembl, TexHosorust u
HNHcTpyMeHTHI

NamocTpanus 4. WJUIIOCTPUPYET PeAAKTUPOBAHUS MY Pa3THuIHBIMU
otaesiamu MWA, HenmocpeICTBEHHO BOBJICHEHHBIMH B BOJIHOE yYIIPABJIeHUE
norepu, ucnob3ys “IIporpammuoe obecnevenne Cucremnl.” Cucrema -
0asupyemasi CeTb M IOMOTaeT EHTPAJIbHOMY LEHTPY KOHTPOJIA
pacnpe/e/ieHus1 KOHTPOJIMPOBATH U YIIPABJIATH HOPMaMM MPOU3BOICTBA U
pacnpeejieHHeM BOJbI COIJIACHO TPeOOBAHUSM OT KaK/10H BETBH XOPOILIO
paHble cpoka., Kpome T0ro, ¢ UHTErpupoOBaHHBIMHU ONEPATUBHBIMH
KOHTPOJIbHBIMHU CIIOCOOHOCTSIMU CHCTEMbI, TUPEKTOPHI puiiuaia u
pacnpeejieHue YIpaBJIsiOT MeHeKepaMu, MOT'yT COTPYIHHYATh U pemaTh
npo0JieMbl B ONpeaeSieHHbIX 00,1acTAX ObICTPO U 3P PekTUBHO.

B exxeqHeBHOM onepauuu, MMEKOUUNA pa3Mepbl OTOK U JaHHbIE JABJICHUA OT
NPAMOro AocTyna K naMaTu 1 PMA’s MOryT ObITh IPOAHATU3MPOBAHBI
aBTOMATHYECKH, U esKeJHEBHbIE COOOIIEeHUSI MOTYT ObITH NPOU3BEACHBI €
CUTHAJILHBIMHU COOOIIEHUSIMH, MOCJTAHHBIMHA HEMEAJIEHHO COOTBETCTBYOIIUM



JoasaM yepe3 SMS u 3jiekTpoHHble icbMa. Koraa, TpeBora yreuku
Npou3Be/ieHa, MPOrPpaMMHoOe o0ecreyeHue TaK:Ke MPOU3BOAUT KAPThI padoThl
1Jis1 0030poOB yTeuku U peMoHTa. [Ipexae u mocje Kaxxa0ro peMoHTa,
“IIporpammuoe odecnieueHue Cucrembl”’, ¢ ero csizsimu K LlenTpy 3anpoca
MWA, Takxe Npou3BOAUT YBeIOMJICHUS KJIUEHTAM COOTBETCTBYIOLIEIO
MWA B03MOKHBIX IIPEpPbIBAHUI K MIOCTAaBKe.

-DMA Monttoring
-RT Dist. Montoring

-DMA Servica/Repalr

-Data Mart for Executive -Damand Foracast
-Overall Water Loss Data Analysis -~ stasmer Faadbhack

-Decision Suppart Information -RT Control v RCV

-Annual Audit and Report Wetar Loas Menagament

VDo Conf, /AYOIP
Integrated Water Loss . Branch Office VDO Conf/VOIP
Management Department NINGMWA Executive -Knowlxige Sharing
-Policy and Strategic Plark B Hepeﬂa‘{a
~nmmmar./ VOIP DMWater
WLM Operation Room -Consolidate information
and Data Analysis of 15 branches 1125 Call Center

- Collaborative Center

aer ."
A*  Online Sendes Rerport

iWLMA

-Feal Time ZFT, ST, PST -Online Repeir, Serdces Raports



External

-GPS, GIS, GPRS, NTP basad PDA,

System

Tabiat pe: Intemst, Extranet through Databases; GIS Wab-basad Infagrated Solutlon CIS, ERP/SAP, Etc.

Nimwoctpanus 4. Kparkuii 0630p “Me:xkonepanun” Ilporpammuoro
obecnieyenust Cucremnl cpeau Ornenos MWA, HenocpeacTrBeHHO
Bosieyennsix B Bognoe Ynpasiaenue Ilorepu

Field Endineers _

Konuenryansnbiii IIpoekT “IIporpammuoro obecneyennss Cucremnbr”

Kak ynomMsiHyTO nnpeABapuTe/ibHO, B pAaHHUX (a3ax pa3BUTHS,
“IIporpammHoe o0ecnieyeHue CucreMbl” ObLJIO PAIIMOHAJIU3ZUPOBAHO,
HCNOJIb3YHl CTPYKTYPY Heneil Tpe0oBaHusA, YTOObI 3aXBATUTh KOPINOPATHBHbIE
TPeOOBAaHUA BMeCTe C MEKAYHAPOAHBIMH JIYYIIMMH METOAbI, MOJYYAI0LIHeCs
CTPYKTYPHI TOr/1a 00beIMHEHBI ¢ 0a3MPyeMOil CTPYKTYPOii pellieHus1 3HAHU,
Ha3BaHHOil “/IBepb 3HaHus Ilpexnpusitusa wian EKP”, uyrodsl cpopmupoBaTh
OCHOBHYI0 cTPYKTYpY “IIporpammuoro odecnieyenust CucreMsbr”.
Naumocrpanus 5. wunoctpupyet “IIporpammuoe ob6ecnieuenne Cucrembr”
KOHUENTYAJbHbIH NPOEeKT, KoMOuMHUpPYWIMid 3Hanue TDM, MAJIBIIIA, u
PA3THYHBIX TEXHOJOTMYECKHUX TUCHMILUINH, THIIA MHCTPYMEHTOBKH, SCADA,
CTEKJIA, MOOMJIbHBIX BLIYHCJIEHUH H CHCTEMbI 0a3bl JaHHBIX.

“Apxurexrypa” IIlporpammuoro odecneuenuss Cucrembl

JUJI1 KOHIENTYAaJIbHOI0 IPOEKTA, APXUTEKTOP NMPOrPaAaMMHOI0 o0ecrneyeHus
NPeIJI0KUT OTKPBITYI0 APXUTEKTYPY, OCHOBAHHYIO Ha BeO-Cayk0ax
“IIporpammHoro obecrnedyeHusi CucreMbl” Kak MOKA3aHO B MJLIIOCTpauuu 6.
ApXHTEKTYypa YTOYHSAET HA yCJIYyrax, 00ecine4eHHbIX KO BCeM 3asiBJCHUAM U
MOJYJISIM, CBSI3aHHBIM ¢ “IIporpamMmubiM o0ecniedueHueM Cucrembl”. I'J1aBHbIE
YCIYIH cJieayoime:

Yeayeu @onoa — Cnyxat 0OCHOBHBIMH YCJIYTaMU AJIs1 MH(POPMALMOHHOM
cucrembl. Ero ¢cnmoco0HOCTH BKJIIOYAIOT yIIPaBJIeHHE, KOHTPOJIb H HACTPOHMKY
AJITOPUTMOB, IAPaMeTPOB, IEPEMEHHBIX, ¢IMHNL, A3bIKA, TPEBOT U CIMCKOB B
MHOTOKPATHBIX M3MEpPEeHUsIX U BOBpeMs U MecTe.



IWA Best Practices

BABE + TDM Concept

‘ Opened Architecture and Enterprise Solution
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TDM: Total Demand Management KR: Knowledge Repository

Nimoctpanus S. “IIporpammuoe odecnneyenune Cucremnr” RTU
Konuenryanbubiii [IpoexT ¥ % e
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Buewnuiit Meneoswcep Hnmepgeiica — O6ecneunBaet ycuayru unrepdeiica
APYTMM CHCTEeMaM JJIfl llepeJaYvu JAHHBIX. Y CJIyTrd ObLJIM pa3padoTaHbl TAK,
4yT00BbI OHM 00€eCIeYnJIN CTAHJAPTHBIE IPOTOKOJIbI /I Nepeaay JaHHbIX,
tHna OLE - Coenunenusst O0nekta u Biao:xkenusi, OPC - Coequnenne O0beKkra
u Bioxenue (OLE) nis YnpapJieHusi Ipou3BOACTBEHHBIM Mpoueccom, Bed-
cayx6, IPOTPAMMA IEPEJAYN ®ANJIOB - Iepenaua ®aiina
Protocol/SFTP

— be3onacubiii [Iporoko [epenaun @aiisia u SQL - CTpyKTYpHpOBaHHBIH
S3bik Bomnpoca.

Cayscovt 6e3onacnocmu — Ciry:xat 6€30MacHON OKpPY:KAKOLIEH cpeao nist
N0JIb30BaTeJIel K I0CTYILY K CHCTeMe U OpraHu3auuu cetu. OCHOBHBbIE YCJIYTH
BOBJICKAIOT i) YCcTaHOBJICHHE NTOAJTMHHOCTH; IIPOBEPATH YEJI0BEKA, YTOObI
HCI0JIb30BaTh cucTemy (padora cuctembl ¢ LDAP — Jlerkuii /IlupekTuBHBIN
Ipotokoa ocryna, u SSO — EnuncrBennbiii [Ipusnax Ha), BTopoii)
Pa3pemenue; 1aBaTh NPaBo HA 3aBEPEHHOI0 Y€JIOBEKA, YTOObI HCI0JIb30BATH
cucremy (cucTeMa MCIOJIb3YeT YPOBHH KOHTPOJIA 10CTYNA, YTOObI YIIPABJISATH
MHOTIOKPATHBIM M0JIb30BaTEJIbCKUM J0CTYIIOM K HECKOJBKHUM YCJIyraM U
MOJYJISIM B YCTAHOBJICHHBIH CPOK), M iii), Byxranrepckuii yuer;
PerucTpupoBaTh COOBITHS MCNIOJIb30BAHNH CHCTEMBI, 0JIb30BATEJIHCKOT0
AOCTYNA, U MAHUNYJISIUM JAaHHBIX BCeMH WIHN cniennpuIecKuMHu
N0JIb30BATEJISIMH.

Ilonv3zoeamensckue Ycayzu Humepgheiica — OdecnieduBaOT ynpasJjeHue u
(GyHKIMU KOHTPOJIS 1JIM MOKa30B, Tuna rpagos, CTEKJIA Ha ocHoBe ceTn,
MYJbTUTOTOBSI QYHKIUH, TOKYMEHT U Npeodpa3oBanus ¢GailjioB, BKIOYas
.pdf ¢popmar.
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Namoctpanus 6. “Ilporpammuoe odecniedyenue CucreMmbr”

Apxutexktypa O0cay:xkuBanus Ilpexnpusitus

“Texunosorust Pazputusa” IIporpammHoro odecrnevyeHus
Cucrembl 1 UHCTpYyMeHTBI

B pasBuTnu cucteMbl NpeanpUsTHSA, 10JTOBEYHOCTH
CHCTEMbI - OJIHH U3 CAMBIX BA)KHBIX ACIMIEKTOB, YTOObI
rapaHTHPOBATH TAKYI0 00JILIIYI0 HHBECTHIIHOHHYIO
3aIUTY AJ8 JJIHHHOr0 npodera. CeroaHs, xopomas
CHCTEeMA NMpeanpusATUs 10/KHA HThCA 10 — 20 1eT ¢ MUHMMAIBHOM
CTOMMOCTBIO COOCTBEHHOCTH M 00cay:kuBaHus1. Ucnoib3ysi KOMIIOHEHTHI
0a3upyeMblil MPOEKT OPUEHTUPOBAJI MOIX0/1, KOMAH/Ia Pa3BUTHUS CYMTAJIA
OTKPBITYI0 APXUTEKTYPY U TEXHOJIOTHIO TPOEKTA ¢ HE3ABUCUMOM CTPYKTYPOI
Ha3BaHHOI MoJeabI0 BeloMblil apxuTekTypoii (MDA) ot I'pynnsl
Ynpasaennss Oobexktra (OMG) (Dsouza, 2001) u (Soley, R. u mratr OMG
2000).

Kpowme Toro, komanaa ucnosib3opana SAckuii Boeinyck lpennpusitus (J2EE)
Ha miargopme Windows u moaesnu 3pesioctu cnocodonoctu (CMM) cTrpykrypa,
4YT00bI TAPAHTHPOBATH HAVIEKAIYI0 CTAHIAPTU3ALUIO U MIPOBEPKY KauecTBa
B TedeHue pa3putus lifecycle, 4To00bI CTPOUTH CJI0KHBIE 3aiBJICHUS, KOTOpPbIE



MOI'YT JIETKO ObITh MOJACPHU3NPOBAHbI U H3MEHEHBI KaK TpedyeTcsi B
Oyayuem, He TpeOysi HUKAKO# I1aBHOM MoaepHu3aunu. Komanaa pa3zsurus
BOBJIeKaJ1a 0oJiee yeM S0 nmepcoHa 0B B JII000H MOMEHT U BHIOOP OTKPBITHIX
CTaHIAPTHBIX MHTepPeiicoB, BkiawdYasgs OPC, XML, CTEKJIO Ha ocHoBe ceTH,
U TaK Jajiee TapaHTHPOBAJL, YTO ObLII0 BO3MOKHO BKJIKYHUTH PAa3JIMYHYI0
MOACHCTEMY U TaKsKe HACJIeACTBO B SICHOM U CHCTEMATHY€eCKO MaHepe ¢
AOKA3aHHBIMM U HU3KHMMH 32aTPaTaMi COOCTBEHHOCTH.

JJ1s aJiropuTMOB, KOMaH/AA Pa3BUTHS MMeeT YeCTh IPUCIIOCOOUTH (popmy.ry,
AJITOPUTMBbI, U CXeMbI AaHAJIHM3A U3 PA3JTUYHBIX HEHHbIX HCTOYHNUKOB, BKJIIOYas
Oymaru koHdepenuun IWA u cood1eHus, Tak ke KaK MeKIYHAPOAHOe
o01IecTBEHHOE NMPOrPaMMHOe o0ecneyeHue pa3sBuBaI0Ch OCHOBAHHBIH HA
B3pbise u Bropocrenennon Ouenke (MAJIBIL) B nocinexnue roansi. Kpome
TOI'0, HECKOJIbKO KJIIOYEBbIX AJITOPUTMOB ObLIIM BBE/IEHbI H PA3bSCHEHBI C
OrPOMHOM MOMOLIBIO OT COABTOPA, 10KTOPA PoHHN MaKkKeH3H, 0CO0EHHO ero
PYKOBO/JCTBO Ha BOJAHOM 0aJjiaHce, YIIPABJICHUH AaBJIeHHUS, 1 IKOHOMHYECKUM
ypoBeHb yreuku (JJIb) B Teuenne passutus 3toro “IIporpammuoro
o0ecnneuenuss Cucrembl” 00beAUHSII 3asiBJICHHE NIPEANIPUSITHSA.

Moayan u KnroueBbie Ocodennoctu “IIporpaMmHoro odecneyeHus
Cucrembr”

Iocko0IbKY KOMIIOHEHT 0a3MPOBAJI TEXHOJIOTHIO, “IIporpammuoe
o0ecnieueHue CucreMbl” ObLIIO pa3padoTaHo, YTOOBI MO3BOJUTH HECKOJIbBKO
MOAYJIeil MPOrPaMMHOI0 PAaCIIMPEHU ero ycJayraMm (poHaa, npeaABapuTe1bHO
YIHOMSAHYTbIM. B BOAHBIX LeJISIX yIpaBJeHUus norepu, “Ilporpammuoe
o0ecnneuenue Cucrembl” B HACTOsIIIIee BpeMs o0ecnie4nBaeT BOCEMb MOLYyJIeH,
KOTOpbIe 0e3 Ba B3aUMOJAEHCTBYIOT ¢ KaXKIbIM JAPpyrue HAa MHOITMX YPOBHSX,
HANMpHUMep, 0T 00beKTAa 10 YCJIYI. ITH BoceMb MoayJei - Exxeronnniii Boanbiii
Bbananc (AWB), Jxonomuueckuii YpoBenb YTeuku (3J1b), Beuepunii Ananau3
IHoroka (NFA), IToneBsie Ycayru u llogaep:xxusaror Yupasiaenue (FSM),
Yupasaenue JlaBiaenus (Ilpembep-munuctp), Ynpasienue Uudopmauuu
Nudpacrpykrypsi (I1IM), Coodmienue 06 Ynpapiaenun (I'.), u Cxanaa 3nanus
(KR).

KawueBbie Ocodennoctu “IIporpammuoro obecneuenusi Cucremnbl”

O61mme ocodennoctu “IIporpammuoro odecneuenuss CucreMbl” BKJIOYAIOT,
HO He OrPaHMYCHHbIC HACTPOIKOH (pOPMYJIbI, IPUBOIAT B TOTOBHOCTH
areHToB 0T AKTUBHOTO0 KonTpous Yreukn (ALC), AIropurMsl, HHTErpanus
0e3 mBa c onepanueit Bekropa CTEKJIA u n1pyrumu 0CoO0€HHOCTAMM, THIIA
3arpyKalnT/3arpyKaiT Kak - IOCTPOCHHbIH, M3MEHEHHe MACIITA0
n300paxkeHus, 1eTajau TPyOONpoBoia, KOAMPOBAHHE I[BETA VISl CTAPEHUs!
TPYOBbI, THII TPYO, U T.1. KOHTpOIHpPYIO1IHE 0COOEHHOCTH BKIKYAKT YTEUKY,
JAaBJICHHE, IOJIEBYIO 1eATeJIbHOCTb, HHPPACTPYKTYPY CHCTEMbI, HHANKATOPbI
padoThI, eJIb, YCTAHABJIUBAIOLIAA U TaK JaJiee.

IHoneBoe Yupasienue Ycayr u lHoaaep:xkn (FSM) moayiab obecneunBaet
HHGOPMAITMOHHBIE YCJIYT'H JJIsl YIPABJEHUSA KOMaH/Abl, YIIPABJIeHHUSA



KOHTPAKTA, 1eATeJbHOCTh HAa MeCTax JAJ1s1i MOOMJIBbHOrO0 ycTpoiicTBa ¢ GP u
ynpasjenueMm padorsl u GPRS. I'maBuble pynkuuu FSM BK/II0O4a0T
o0OHapy:KeHHe YTeYKH, PEMOHT YTe4YKH, yCTAHOBKY 000pPy10BaHUS U
o0cJry’KMBaHUe, PEBU3MIO KJIANIaHA, HYJIEeBO#l TeCT JaBJICHUsI, TECT 1Iara, TecT
1Iara JaBJeHusi, U BeuepHuid 0030p noTpedieHnsl.

Annual

Knowledge
Water

& Repository

* Economic Level }

of Leakage

4
Night' Flow

Analysis

Nnmocrpanus 7. “IIporpammuoe odecnieuenne Cucremsr” I'itapabsie Moayiiu

IMaker anaau3za MAJIBILIA BoB/ieKaeT HECKOJBKO MOYJIeil 1 0COOEHHOCTEN,
Tuna Exeronnoro Boanoro bananca (AWB) niis1 BoaHoOM peBu3uu u
HEKOTOPOro usMepeHus padoorsl, Ynpasiaenue Jasiaenus (Ilpembep-MuHucTp)
s ananuza/monenupoBanus nasjaenns u [IPEJABIAYIIEI'O kouTpoJis,
Beuepuuii Anaau3 [Toroka (NFA) 111 HeCOOOIIEHHOT0 KOHTPOJIS B3pbIBA U
MHHUMAJIBHOI0 BeYepHero noroka u anaausa ESPB, u JxkonHomnuyeckoro
YpoBus YTeuku (IJIb) 1yt MHTEPBEHIIUOHHON YaCTOTHI.

Coobmenne 00 Ynpasiaennu (I'.) odecieunBaetr nuHGOPMALMOHHBIE YCIYTH
JJISl LITATA yIPaBJeHUs ¢ HH(pOpMalHeil ynpaB/IeH!s] U HHAUKATOPAMH
paborsl (IIN) nist npuHATHS pelieHUus B popmax rpados, 1uarpamm,
HUTOTOBBIX COO0IEHUII, U T.1., Toraa kak Crkiaan 3uanns (KR) npennaraer Bce
YPOBHHM I0J1b30BaTeJIeil ¢ COOTBETCTBYIOIIMM 3HAHMEM M COAEPKAHMEM,
KOTOpOe SIBJIsieTCs MOJAXOISIIIUM /ISl IOTPeOHOCTeN JIIo/ell B HX eKeTHEeBHbIX
onepanMsAXx TakK ’Ke KaK B NpeaMeTe, epepbiBalOIIeM aBTOMaTHYeCKHe
CHCTeMBbI IOCTHKEHHUS M CeTH.

3akJI04YeHusa

Jrta Oymara npejacraJjisieT ()OH BOAHOM NPOrpaMMbl YIIPABJICHHUS NOTePH
MWA u ux pa3Butusi UHGOPMALUOHHON CHCTEMbI IPEeANPUATHS, HA3BAHHOM
“unrerpupoBannbie Boansbie 3asiBiieHust YnpasieHus Y TeYKH WIN
“IIporpammHoe o0ecnieuenue Cucrembl”. bymara Tak:ake yrouHsier Ha

IMMOHATHH IMPOCKTA U METOA0J0T'UA, 4TO0BI PA3BUTHh OTKPBLITYIO AaPXUTCKTYPY



JJISl IPOrPaMMHOI0 o0ecnieyeHus npeanpusitusi. Hakonen, pesrome
NOKAa3bIBaeT, U MOAYJIM IPOrPAMMHOI0 00ecneyeHusi yHOMSIHY ThI.

C >TuM 3asiBJIeHMEM NPeANPUSITUA - BBOJ B JeiicTBue B cepeaune 2007, MWA
0KUJAAI0T MOJIY4YAaTh BBITOAbI B HX IKCILIYaTAllHOHHOM yYCOBEPIIEHCTBOBAHUH
U BOJIHOM COKPAILLEHWH MOTEPHU U OT ONEPATUBHON COBMECTHOM
UH(POPMAIMOHHOM ¥ OT AHAJIUTHYECKOI CIIOCOOHOCTH OT MPOTPAMMHOI0
o0ecrneyeHHsi BMecTe C aBTOMATU3UPOBAHHBIMHM 0COOCHHOCTAMHU TPEBOT
cjay4yasi B CJiy4ae Ype3MepHO yTe4KH, HU3KOI0 1aBJICHH s, BHE3alHAS
3aKpbITas cucrema, u 1.4. Cieayromas (pa3a npoexkra 10/1KHA pa3BepHYTh
“IIporpammHuoe o0ecnieueHue CucreMbl” KO BCeM OTAEJIAM U YJIYYIIHTH
padoTy nmporpaMMHoOro odoecrne4eHusi B coodueHun 06 odaacrax. Ciaenyromas
¢aza npoexra g0/:xkHa 00benMHUTH [Iporpammuoe odecneuenne Cucrembl K
BO/IHOM cHcTeMe NPOBEePKH Ka4yecTBa U NPOM3BOACTBY, YCTAHABJMBAsA 00JIbILIE
AaBJieHus, yMeHbmawmero kiaanad kiaanan (IIPEABIAYHIEI'O) n
AUCTAHUMOHHOTO ynpasjeHus (RCV), 4To0bl 3aKOHYUTH IVIAH BJIaJebLA.

Cceplakn

NESDB? (1999) Coo6menne 06 Anajause 0THOCHTEIbHO BoaHoro
Yupasienns [lorepu Croamunoii Biaactsio BononpoBoanoi cranunu
(MWA), banrkok, Tannana, crpanuna 13. Hllupokas Boxa 3aiamusa (2002)
Yunpasienne u Coxkpamenue Iloreps or Boaubix Cucrem pacnpeaesieHus;
Psan PykoBoacrs, lHlInpoxoii Kopnopaunu Boasl 3aauBa, ABcTpasnuu,
Pyunoro 1 Beenenus, ninirocrpanuu 4., crpanuna 16-17. ISONET (2005)
Boanwlii [Ipouece Ynpaienuss Yteuku, Konrpakr CS-WL-2, 21 urons 2005,
Croanunas Baacts Bononposoanoii crannun (MWA), banrkok, Taunaunn.
Dsouza, D. (2001) O0pa3uoBo-ynpasiasiemass Apxutekrypa u Unrerpanus:
Bo3mo:xxnocTu u Bepcus 1.1 Bbi130BOB, JOKYMEHT, 10CTYIIHbI B
www.kinetiuym.com, ¢espasn 2001. Soley, R. u mrat OMG (2000)
Oo0pasuoBo-ynpasiasiemas Apxutektypa. beimas Kuura, IIpoexr 3.2,
AOKYMEHT, JOCTYIIHbI B WWW.0mg.org, Hoss0pb 2000.

T NESDB - Office HanmoHaJabHOro JKoHoMu4eckoro u CouuajabHOro
IIpaBaenus PazBurus

HAJIEKHOCTDb U AHAJIN3 ITPUT'OJHOCTH JJIS1 BOAHBIX
PACIIPEJEJIMTEJBHBIX CETEA

C. GAVRILA*
* Texunueckuii YHuBepcuter I'pa:knanckoro crpourtenbcrsa byxapecr,

KommyTranuonnas gocka Lacul Tei 124, cexkra. 2, RO 020396 byxapectoB 38
Pymbinuii, JinexkTpoHHas moura: cgavrila2003@yahoo.com.

KiarwueBble cj10Ba: HAACKHOCTDb; CETH; METOQ Haﬁopa COKpamecHust

BBenenue



Camoe Ba:kHOe paccMOTpeHMe B IVIAHUPOBAHUHU U ONIePALIMHU BOJHOM CHCTEMBI
pacnpe/ejieHUus 10JIKHO yI0BJIETBOPUTH MOTPeOUTEIbCKUE CIPOCKI. Takum
o0pa3oM, 00513aTeJIbHO PEJOCTABUTH BCEM MO0JIL30BATEISIM BOAY XOPOUIEro
Ka4YecTBA B 2/IeKBATHBIX KOJMY€CTBAX B Pa3yMHOM /IaBJIEHHH BCeraa, YTo0bl
rapaHTHPOBATH HAJE/KHYI0 BOJHYI0 CHCTEeMY paclnpe/iejieHus.

BooOuie, Ha1e:KHOCTD ONpe/ieieHa KaK BEPOSITHOCTh, YTO CHCTEMA BbINOJIHSIET
ee MUCCHIO B Ipe/iesiax YKa3aHHbIX NMpe/IesioB JJIM JaHHOT0 POMEXKYTKA
BPEMEHHU B YKa3aHHOM oKkpy:Kawouei cpene. HagexxnocTs BOAHOM cUCTEMBI
pacnpenesenus onpeaeaena Kaufmann u ap. (1977) kak BeposiTHOCTb, UTO
CHCTEMA BBINOJHUT ee YKa3aHHbIE 32/1a4M NPH YKA3aHHBIX YCJIOBHUIX U B
TeueHne yka3anHoro spemenu. Goulter (1995) u Cullinane u ap. (1992)
onpeaeJeHHAsi HAAEKHOCTh BOJAHOM CHCTEMbI pacnpe/ie/ieHUs1 KaK
CIMOCOOHOCTH CHUCTEMBI, YTOOBI YA0BJIETBOPUTH CIIPOC, KOTOPbIii MOMEIEH B
3T10. TpeboBanus onpeaeeHbl B TEPMUHAX MOTOKA, KOTOPbI MOCTABJISIETCH U
AUATNA30H JABJICHUS, B KOTOPOM HYKHO 00€CIeYnTh 3T PACX0/bI

J{nana3zoH KOMOMHANWIA MyTel, KOTOPHIMHU 0TKA3 MOKeT NMPOU30iTH B BOJTHOM
CHCTeMe pacnpeae/ieHusl, COCTaBJIsIeT OAUH, U BO3MOKHO MAHOP, HCTOYHUK
MHOTHX TEOPEeTHYECKHX U MPAKTHYECKUX TPYAHOCTEi, ¢ KOTOPBIMH
CTOJIKHYJIMCh B YCTAHOBJICHUM MOJXOJSIIUX (BCECTOPOHHUH U B
BbIYMCJIMTEIbHOM OTHOLIEHUH MOCTYIIHbINH) MepPbl HAAEKHOCTH, KOTOPas
MO’KeT MCII0JIb30BATHCH B IPAKTHYECKOM IPOEKTe U ONepPaluu BOAHBIX
cucreM pacnpenesnenus. Eciam Mbl onpenesisieM HaIe2KHOCTh CHCTEMbI KaK
“BepOSITHOCTD, YTO MOTOK MOKET JOCTUTHYTh BCeX MIYHKTOB TPeOOBAHMS B
ceTn”, cpeau HICHTH(PUIUPOBAHHBIX METOA0B HAIEKHOCTH, MUHUMAJIbHBIN
MeTOo/l Ha0opa COKpalleHMs, ONPedeJIeHHbIN B 3TOH Oymare, KaxeTcs,

3¢ G eKTUBHBII, U JIerK0 3alIPOrPAMMHUPOBAH HA KOMIIbIOTEpe.

Hagexunocts CucremMspl

I'mapaBinyeckasi NPUTOAHOCTH ONpPe/ieieHA KaK ClIOCOOHOCTH BOTHOM
CHCTEeMbI pacrnpeaejieHus MpeIoCTABUTH 00CTyKUBAHUIO PUeMJIeMbIil
YPOBEHb NPEePbIBAHNS HECMOTPA HA HenpaBuJibHbIe ycaoBus (Cullinane u ap.,
1992). IIpuroJHOCTH OLleHEHA B TEPMHHAX PA3BUTHSA HEOOXOAUMOI 0
MHHHMAJIbHOTO AaBiaenus. Japiaenus mexay 137.9 kN/m” u 551.6 kN/m?
(Shinstine u gp., 2002), kak M0JararT, SBJSIOTCH KeJIATeJbHbIMHA
AABJCHUSAAMHM 0] HOPMAJIbHBIMH €:KeIHEBHBIMHU TPeOOBAHUAMMU.

I'mapaBiimyeckasi IPUTOAHOCTH ONpe/iesieHa KaK CIIOCOOHOCTh BOAHOM
CHCTEeMbI pacrnpee/ieHusl MPeI0CTABUTH 00CTY:KUBAHUIO MPUEMJIeMbIii
YPOBEHb NPePbIBAHNS HECMOTPA HA HenpaBuJibHbIe ycaoBud (Cullinane u gp.,
1992). IIpuroaHoCTh OLIEHEHA B TEPMUHAX PA3BUTHS HEO0X0AMMOIO
MHUHUMAJIBHOTO0 aaBJjieHus. JlaBiaenus mexay 20 psi u 80 psi (Shinstine u ap.,
2002), kak moJIaralT, ABJSIIOTCS KeJIaTeJbHbIMU 1aBJeHUSIMU MO/
HOPMAJIbHBIMU €KeIHEBHBIMHU TPeOOBAHUAMM.

Goulter u Yraum (1986) npeasioxuain ucnoib30BaHue TUCKPETHBIX OTHOIIEHUH
Me:KIy NPUTOJHOCTHIO M JaBJIEHMEM KAK MOKA3aHO B WLIIOcTpauuu 1.



IIpurogHocTs B Te4eHHeE MEPHOJA BpeMeHH t MOKeT ObITH BbIPasKeHa
CJIeAYIOIMMHA MATEeMATHYECKUMHU OTHOIICHUSIMU:

1, 012 P> cea3b ¢ 06uiecmeeHHOCHMbIO
L

XA;=[1 (1)

10, onsa P <cea3wb c obuiecmeeHHOCMbIO
L

I'ne XA;= ruapasjuyecKkasi NPUroAHOCTD y3Ja j; Pi= oaenenue ¢ y3ne j;

0.8

0.4

Hydraulic Availabili

O T T T T T 1
9] 20 40 60 80 100 120

Pressure (psi)
Nnumroctpanus 1: I'mapaBinyecKuil mar BpeMeHU NPUTOIHOCTH

Cullinane u ap. (1992) cdopmyaupoBas noaxo/, KOTOPbId ONMUCHIBAET HHIAEKC
NPUTOIHOCTH KaK HenpepbiBHasA ""HeueTkas" ¢pyHkuusa. Ucnosb3ys 310
NOHAITHE, CYLIECTBEHHAS] IIEHHOCTh HH/IEKCA MOKeT ObITh HA3HAYeHA 0KA3aTh
JAaBJIeHHE HA HEHHOCTH HEMHOI'0 MEHbIIIe YeM NPOU3BOJIbHAA HA3HAYCHHASA
Heo0XoaMMasi MUHMMAJIbHASI HEHHOCTD JaBJICHHS, CBA3b C 00IIECTBEHHOCTHIO.
CooTBeTCTBEHHO, KPUBasl, NOA00HAS WIJIIOCTPALMHU 2 MOKeT ObITH Pa3BHUTA,
KOTOPBbI HAIOMHMHAET KPUBYI0 HOPMAJILHOI0 pacnpenenenus. Takum
o0pa3oM, ruapaBjanyeckass GQyHKUUsSI MPUTOJHOCTH MOKeT ObITh ONIHCAHA
MaTeMaTHYeCKH KaK:

(H > uH)
5
o Ht

1-0HYuy
2(2)



XA;=P (CBA3b C OBLHIECTBEHHOCTBIO < P;) = JVamedt=P
jooe
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I'ne: P/= 11eHHOCTh LIEHTPAJbHOI'0 AABJICHHUS;

Ly= noApa3yMeBaiiTe EeHTPAJbHOE 1aBJIeHNE;

6 = CTAHAAPTHOC OTKJIOHCHUE TaBJICHUSA
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Namwoctpanus 2: HenpepbiBHAs THApaBiInYecKasi (PYHKIIUS MPUTOTHOCTH
Bepoamnocmu Omkaza Tpyow

BepositHocTh 0TKa3a TPYOBI i, ITu. onpesesieH, HCNOJIb3Ys pacnpe/e/ieHue
BeposiTHocTH Ilyaccona:

A
P,=1-¢*(@3)
up=rL 4)

A 6mMopou

I'ne: B /= osxuaaemMoe YUCI0 OTKA30B €3KErOAHO s TPYOI i5 r,= 0KHIaeMoe
YK CJI0 0TKA30B €5KeroHO HA eIMHUILY JJIMHBbI TPYObI i; 6 ;= AJUHA TPYObI i.



Y100bI NPMMEHATH PA3BUTYI0 METO/10JIOTHIO B BBIYMCICHUHU IOJIHOM
BEPOSAITHOCTH 0TKAa3a TPYObl, pACCMOTPUTE THNOTETHYECKYIO BOJHYIO CUCTEMY
pacnpeiesieHUsl KaK MOKA3aHO B MJLIIOCTpanum 3.
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Nnnoctpanus 3: pacnpeaeaunteabHble ceTd Boabl [Ipumepa

MaremaTHyecku, BEPOSITHOCTHI0 BO3SHUKHOBEHUS /IBYX He3aBUCUMBIX
co0bITuH A U B naror

P(NB)=P(A) - P(B) (5

IIpeamosioxure, yTo TPyda B BOAHOM cHCTeMe pacnpeae/ieHUsl HeCIocoOHa
YAOBJIETBOPUTH LIEHTPAJIbHOE TpeboBanue. Toraa, 0Tkas, Kak nNpeanoJarart,
NMPOUCXONT, KOT/Ia NOTOK B TPyOe npeBbIlIaeT BMECTUMOCTh TPYOBI.
Coraacno ypasaennio Hazen-Williams, pacxox B Tpyoe QP, B cucreme
CHUIL3AHA, naercsa (Viessman u ap., 1998):

0.63 0.54

0,=0.849CyyIlVIOLLJAJIB S (6)

I'me CHW = ko3¢ punuent Hazen-Williams, = Tpy6a nonepeuynasi yactuasi
o0sacTh (M2), R = ruipaBjudecKuid paanyc = nepumMetp odaactu/cm (m), S =

HAKJIOH FHI[paBJIH‘leCKOﬁ JJUHHUHU COPTa.

T



Ecau Tpy0y cUMTAIOT, TEKYIIUIi NMOJHbIH, TO MONEPEYHON YACTHOI 00J1aCTHIO
=d ¥ CMOYCHHBIM

4

nepumetp P = nd, 3amensist neHHoctsimu A u R B YpaBHennu (6)
2.63 0.54

0,=0.27842Cppd S (7)

Pacxon, HanpaBJieHHBbII B TPYOy OyaeT paBeH (pakTopy pacnpeaeieHust
TPYObl, YMHOKEHHOMY TpPe0OBaHMEM B coelMHeHnN. MaTteMaTHYeCKH, ITUM
AAK0T

Op=DpQJ, (8)

I'ne Paznocms nomenyuanoe = paxkrop pacnpeaesienusi Tpyosi, QJi = BogHoe
TpeOOBaHUE B COCTUHECHUH .

HHosTomy, pyHkumst padoTsl, Z, TpyObl MOKET ObITH ONPeEAEIeHA KAK

Z=0p—0p09)

Paccmotpute TpyOy P-1 u coequnenue J-2, Kak MOKa3aHO B MJLIIOCTpanum 4.
YT100bI BEIYUCIAATH BEPOSITHOCTH 0TKa3a [P (4)] TpyObl, YTOOBI BHINIOJHUTH
TpedoBaHue, NapaMeTpbl BX0/a YpaBHeHU I

(7) u (8) paccMaTpUBaKTCH KaK CJIydaliHble mepeMeHHble. Pacnipenenenns
BEPOSITHOCTH NMPHUHATHI JJIsl IePpeMEHHBIX BX0/1a, U UX CPeJACTBA U

k03¢ puHeHT U3MeHEeHU il BLIYUCIeHbI Kak moka3ano B CroJe 1.

Croa 1: CtaTucTuKka nNepeMeHHbIX BX0/1a (BepOSITHOCTH 0TKa3a TpeGoBaHus),

Tpyoa P-1
Ilepemennasi  Cpennuit  YCJIOBHAS Pacnipenenenne
BX0/1a HOEHA
CHW 100 0.1 HopmasbHbiii
PA3HOCTD .
TOTEHIHAJIOB 2.0348 0.0692 HopmabHbiii
QJ 0.16712475 0.0133 HopmanbHslit

IIpunuMasi HopMasibHOE pacnpeneaeHue AJsi Z, BepOsATHOCTb 0TKa3a P (A)
BbIYHCJICHA, UCIIOJIB3YH CleAYIolee YypaBHEHUE:

"X 0y 0.0182 [

P(A4)=P(Z<0)=P (Z) owsncuna=P [ z<1 =P ] z<[]=0.3582=35.82 %
(10)



[z
1ol 0.0502 [
—00
To4yHO Tak ke BEPOSATHOCTH APYIHMX TPYO MOIyT OBITh BHIYHMCJICHBI.

IIpuaumasi HOpMaJIbHOE pacnpeaeaeHue 1s Z, BepOITHOCTb 3aMeHbI TPYObI
P (B) BbIYHCJICHA, HCTI0JIb3YH Y PaBHEHHE

In(1+R)Fya¢-1)

Z=Y N (ty)e’ (11)

C

n+1

I'ne R = yyeTHasi cTaBKa,

Fn = croumocTh 3aMeHbI BO Bpemsi tn, Cn+1 = ctrouMocTh pemonTa (n+1) th
nepepsbIB. = BpeMsl B roAax, 0 = 0a3uCHbIN roJ AJIA aHAIU3A, =
k03¢ puuuent temna pocra (1/rox) N (1) = uncjio nepeprIBOB

"OXYp 00y 23639 [

P(B)=P(Z<0)=P,(Z) orwncuna=P [ z<[0=P [ z<[1=0.17537=17.53 %
(12)

"l ol 2.533 []
—00

IHo3TOMY, MO/THOI BEPOATHOCTBLIO 0TKa3a, Pcom, a0t

Poow=P(A) - P(B)=0.3582 % 0.17537 = 0.0628 (13)
Henmpanvuwtit u Haoexcnocmos Cucmemol

MuHuMAJbHBIH OXX0] HA00Pa COKPALlEHUS NPUHSAT, YTOObI BBIYMCIUTH
LHEHTPAJBLHYI0 HA/IE:KHOCTh U HAJIe:KHOCTDH cucTeMbl, Rnode n PTC. CornacHo
Su u ap. (1987), MUHUMAJILHBIA HA00P COKPALLEHHUs MOKeT ObITh ONpeaeIeH
KaK “psi/i KOMIIOHEHTOB CUCTeMbI (HAapuMep, TPyObI), KOTOPbI, KOT/Aa
MOJABEACHO, BbI3bIBAET 0TKA3 cMcTeMbl”. OIHAKO, KOIa JII000il KOMIIOHEHT
Ha0opa He TepmeJ Heyaa4dy, 3TO He BbI3bIBaeT 0TKa3 cucteMbl (Billinton u
Anan, 1983).

IIpeamnonarasi, 4To nepepsiB TPYObI MOKET ObITH H30JTHUPOBAH OT OCTAJIBHOM
YaCTH CUCTEMbI, MUHMMAJIbHbIEe HA00PbI COKPAallleHUsl ONpe/eJieHbl,



3aKkpbIBasi TPyOy WjiM KOMOMHALMIO TPYO B BOJHOM cucTeMe pacinpeaeeHus1 1
HUCNOJIb3YHl THAPABINYECKYI0 MO/eJIb MOAEJIMPOBAHNS, YTOOBI ONpPeEAeJUTh
LIEHHOCTH T0JIOBBI 1aBJIEeHHS B KaXK/AO0OM y3Jie TpeOoBaHus cucTeMbl. B 3TOM
ucciaenosanun, EPANET ucnoJsb3oBasics (Rossman, 2000). CpaBHuBasi 371
roJIOBbI IaBJIeHUs] C MUHUMAJILHBIMU TPeOOBAHUSIMU r0JI0BBI 1aBJICHHS,
Mo/1eJIb HA/1eKHOCTH MOKET ONpe/ieIUTh, JeHCTBUTEJIbHO JIU 3Ta TPy0a uiu
KOMOMHAIMSA TPYO - MUHUMAJILHBINA HA00P COKpPALeHUs CUCTEMbI WJIH
UHAUBHAYAJIBHOIO y3Ja TpeOoBaHus. MUHUMAJIbLHBIA HA00P COKPAIEHUS IS
y3Jia - TOT, KOTOPbIi BbI3bIBA€T YMEHbIIEHHYIO THAPABJIMYECKYI0
NPUTOIHOCTH B TOM Y3J1€, B TO BpeMsi KAK MUHMMAJIbHbIN HA0Op COKpalieHust
JJISL CUCTEMBbI - HA00p COKpAallleHusl, KOTOPbIii yMEHbIIAeT IMAPABJINYECKYI0
NPUTOIHOCTD K JIIO00MY Y3,y B cucTeme. UTo0bl BBIUYMC/ISATH YHCII0
KOMOMHALME /151 3aKPBITHA TPYOBI AJIsl CAMOT0 CUMIIATHYHOI0 ONpeae/IeHusl,
Ha0J/110/1a€eTCs1, YTO 0TKA3 JABYX MJIM TpeX TPYO - mpocTto "ciay4yaiiHoe' siBjieHue.
IMo3TOoMy, 4TOOBI ONIpeaeJsiTH KOMOMHALMYU TPYObI JI1 CAMOI0 CUMIIATUYHOT O
omnpeeeHusl, IOAMHOKECTBA KOMOMHAUMH TPYObI J0JIKHBI ObITH
omnpeaeJieHbl, IPUMeHsd ciay4aiiHbii noaxoa. Hampumep, ecam ects ynciaa K
TPYO B BOJAHOII cucTeMe pacnpenejenus, 1o u3 tex Tpyo K, T mogmHoxkecTtBa
J0JI7KeH ObITh 0ecops1049HO MPOU3BEACH, U Ka’K10€e MOAMHOKECTBO MOIJIO0
HMeTh TOJbKO OJIHY TPYOy Wi KOMOMHALMIO IBYX WIH TpeX TPYyO. biok-
cXeMy NpoueAypbl NOKa3bIBAT B HJIIOCTPanuu 4.

Coraacuno Shinstine u ap. (2002), qjsi n koMnoHeHTOB (TPYOBI) B ith
MHUHMMAJLHOM Ha00Ope COKpalleHusi BOAHOM CHCTeMbl pacipeaeieHusl,
BEPOATHOCTH 0TKAa3a ith MmunnmanbHoro (MCi) Habopa cCoOKpaleHust

n P (METAT'EPI],)=pP=P,- P - ...- P (14)
a2na=1

HUcnouab3yst QyHKIUIO HIATA AJIA THAPABJINYECKON MPUTOJHOCTH U
npeanoJiarasi, YTo BO3GHUKHOBEHHE 0TKa3a KOMIIOHEHTOB B Ipe/esax
MHHUMAJIBHOT0 HA00pa COKPAILCHUSA ABJISICTCH CTATHCTUYECKH
HE3aBHCUMBIM, VISl BOJAHOM pacipeleJuTeIbHOM CeTH ¢ YeThIPbMS
MHUHUMAJbHBIMU Ha00opamMu cokpameHus (MCi) ¢ HaIe’KHOCTBIO CHCTEMBI,
PTC, BeposiTHOCTH O0TKa3a [locTckpunTyMa cucTeMbl TOr/Aa ONpeAeeHa
(Billinton u Anuan, 1983) kak

4

P,= P (METATEPII, )+ P (METATEPII, )+ P (METATEPI]; )+ P
(METATEPI[,)=S P (METATEPII,) (15)i =1

B o01eii popme
M. P;=Y P(MEI'AT'EPI],) (16)i=1

Hane:xnocthb cucrembl, PTC, BbIpakeHa KaK



M. Ry=1- P,=1-Y P (METATEPIL,) (17) i =1

rae M. = 4Mcj10 MUHUMAJIbLHOTO COKpalecHus YCTAHABJINBAECT B CUCTEME.

| START I

X
Compute pipe failure probability

A
Apply 1% combination of pipe closure

Does failure
Record
cut-set

Run hydraulic analysis

Is pressure
<minimum?

Record
cut-set

No

-

Y
Repeat with 2" combination

A

Calculate failure probability
for each node and the system

A
| STOP I
I/IJIJIIOCTpaIII/Iﬂ 4: MuHuMaJIbHOE COKpameHue yCraHaB/JINBaJI0 6J10K-CXCMy
HAJEKHOCTHU

Bo03M0:KHO BeCHTH IIeHTPAJIbHbIE CPOKH KAK QYHKIUS HEHTPAJIbHOTO
TpebdoBaHud. LleHTpanbHbIE MepeoJird MOryT ObITh BHIYHCJIEHBI C TEMU Ke
CaMbIMH OTHOLIECHUSIMH, BKJIIOYAaSl TOJBKO 0TKa3bl, KOTOpPbIe 3aTParuBal0T
UHAUBHUAYAJIbHBIN y3eJl.

Hcnosb3ys HenpepbIBHOE IHAPABINYECKOE MOHSITHE IPUTOHOCTH, HE
CylIeCTBYeT MCTUHHBII MUHUMAJIbHBIA HA00p cokpameHus. BeposiTHoCTh
NOsIBJICHUSI HA00pa COKpPaICHUs MOCIeA0BATEIbHA; 0JHAKO, HA/IEKHOCTh
omnpeae/ieHa KaK HA/IeKHOCTh TPYObI U ruapaBanyeckoe orcyrcreue (1 — XA).
Hane:xxHocTh cCTEMBI TOT/1A BHIPAXKEHA KaK

M. i



R,=1- P,=1-Y(1- XA,,,, )P (METATEPIL,) (18)
i=1
A

rae XA .,,= ceTb ruapaBandeckas npurogocts (Fujivara u DeSilva, 1990) J
XAcem, =11 XA j(19)j =1

rae XA ;= ruapaBiad4yecKasi IPUroJHOCTD y3J1a j.

Eciau XA paBHsieTcs1 OUH, BEPOSITHOCTh 0TKA3a HA00OpPA COKpPAaLlleHUsI He
BKJIIOYeHa B YpaBHeHue (18); Takum 00pa3om, 3T0 HAEHTHYHO Y PAaBHEHHU IO
(17) pns pyHKUMH MIATa THAPABINYECKUH CIIyYaild NPUroaHOCTH. UTOOBI
BBIYHMCJIATH HAAECKHOCTH CHCTEMBI C HENPEPbIBHOM IMAPABJINYECKOM
NPUTOAHOCTHIO, BCe HA0OPHI COKPAIIIEHUS BKJIIOYEHBI.

YTo0bI BBIYUCIAATH HEHTPAJIbHYI0 HAJIeKHOCTh U HAEKHOCTh CHCTEMbI
BOJHOM CHCTEeMBI pacnpe/e/eHNsl, HeHTPaJbHble TPeOOBAHUSA U

k03¢ ¢unueHTsI rpydocTn Yesai aist Tpyd paccMaTpuBaIOT KaK CJIyYalHbIE
LEHHOCTH.

KomOnnanum orkasa Tpyosl, Tpedyemble AJIs1 CAMbIX CUMIIATHYHBIX
BbIYMCJICHUI ONpeieIeHbl, IPUHUMAS Xa0THYHOCTH B OJHOBPEMEHHOM 0TKAa3e
ABYX WM Tpex Tpy0. Toraa, ycroiiunBbIi 3asiBJIAIOT, YTO THAPABIUYCCKUI
AHAJIN3 BBINOJIHEH, HCII0JIb3YH IHIPaBInYecKoe MPOrpaMMHoe obecrievyeHue
MoaeaupoBanusi EPANET, n ueHTpajibHble 1aBJIeHUS] BLIYUCICHBI 1JIA
Pa3IMYHBIX KOMOMHALIMH 3aKPBITHH TPYObI. LleHTpaibHbIE IEpenoru u
nepesoJir CHCTeMbl BBIYHCJIEHbI, HCII0JIb3Y MUHUMAJIbHBIN MeTo Ha0opa
coxkpameHusi. Biaok-cxemMy MeT0/10/I0TMHM MOKA3BIBAIOT B WJIIOCTPALMHU 4 U
Pac4YeTHOM HEHTPAJIBbHOM, U NMEPEA0JIIrH CUCTEMbI NOJIy4eHbI B uTOre B CroJie
2.

Croua 2: IleHTpaJIbHBIN U HAEKHOCTH CUCTEMBI

Ynocrosepenue
JIMYHOCTH y3JIa
J-1 1

HentpanbHas HanexxHocth

J-2 0.99971
J-3 0.99923
J-4 0.99817
J-5 0.97075
J-6 0.98278
J-7 0.99972
J-8 0.99991
J-9 0.99971

J-10 0.99971



Hapexuocts CucTeMsbl 0.956
3akJIroYeHus

OT pe3yJIbTATOB 3TOr0 MCCJIEAOBAHNS, NOJTYYEHHOT0, IPUMEHSS PA3BUTYIO
METO010JI0THI0, HAIeKHOCTh CHCTEMbI, 0Ka3aJ10Ch, ObLi1a 95.6 %, u
LHEeHTPAJIbHAsl HA/IE’KHOCTh BCeX y3JI0B BLIXOAAT B Auana3one ot 97.0 % mo 100
%. IT0 03HAYAET, YTO BEPOATHOCTDH, KOTOPAsi MO/1eJIMPOBAJIAa BOAHYIO
cUCTeMy pacrnpeneseHus, OyaeT UMeTh HE00X0AUMOe MUHUMAJIbHOE JaBJIeHUe
35 psi BO Bcex coelMHEHUAX

95.6 %, 1 BEPOSITHOCTD, YTO Kax/J0€e coeJMHeHHe Oy1eT NMeTh He00X0uMoe
MHHUMAJIbHOE J1aBJjeHnune 35 psi, usmensawres ot 97.0 % xo 100 % B
3aBMCUMOCTH OT MHAUBHUAYAJBHOI0 COeIMHEHNSI KAK MOJYy4€eHO B UTOre B
Croue 2.

HauyunHasi ¢ NPUHATOr0 MUHUMAJIBHOI0 MOAX0/1a HA00PAa COKpaILeHUS J1JIA
TOT0, YTOObI BHIYMCJISATH HEHTPAJIbHbINA U HAIEKHOCTH CUCTEMbI TPedyeT
CpeIHUX U CTAHJTAPTHBIX OTKJIOHEHNH HEHTPAJbHBIX JaBJICHUN NI
TUIPABJIUYECKUX BbIYMCJICHUN IPUTOAHOCTH, II03TOMY 03HAYATH, U
CTAHJIAPTHOE OTKJIOHECHHE HEHTPAJIbHBIX JABJCHUH 3HAYUTEIHbHO
3aTPAruBalOT HEHTPAJbHYIO HAJIE:KHOCTh M HA/IE:KHOCTh cucrembl. [lodTomy,
0oJ1ee BbICOKHME IEHHOCTH CPeHEro M CTAHJIAPTHOT0 OTKJIOHEHUS
HEHTPAJbHBIX JABJCHUU MPUBEAYT YMEHbIIEHHbIN HEeHTPAJIbHbINA 1
HAaJeKHOCTh CHCTEMBbI.

Kpome Toro, pasButbiidi MeToj 00Jiee BHINOJHUM 151 00JIbIINX BOAHBIX
pacnpeneJuTeIbLHbIX ceTeil. B 001bIINX ceTAX, TAKKe BO3MOKHO PACCMOTPETh
MHOI'0 CJIyYailHbIX KOMOUHALUI 3aKkpbITHl TPYOBI. [l03TOMY, pexoMeHayIOT
HCI0JIb30BATh PA3BUTYI0 METOA0JIOTHIO B 00JILIINX BOAHBIX
pacnpeae/JnuTeJbHbIX CeTHAX.
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KitoueBble cj10Ba: 00HApY:KeHHE YTE€UKH; CTATHCTHYECKHI 0TKA3;
BO300HOBJICHHE TPYOBbI

1. BBenenue

KoMmnanum 11 0011eCTBEHHOI0 BOJOCHAOKEHH S JOJKHbBI YIIPABJIATH ABYMS
OCHOBHBIMM 33/1a4aMu:

o BbINOJIHEHHE 00IIECTBEHHOI0 MAaHATa (YI0BJIETBOPEHNE KIHEHTA,
NPUTOAHOCTh, KOPIOPATHBHOE N300pakeHNe, U COKPAILleHUe 1
COXpaHEeHHe MOTepPb CeTH TPYOONPOBOAA, HU3KHUX M MMEIOIIHMX HU3KO
PUCKYHOT OT BHEUIHMX BJIUSIHMH),

e 3¢ dexkTUBHOE 1€J10BOE YIPABJIeHHE (CTOMMOCTDH NOCTABKH,
KOPIOPATHBHOIO YCIeXa M 10JIr0OCPOYHOIN CTPYKTYPbl CTOMMOCTH M
HOPMBI)



CreneHnn, 10 KOTOPOi KOMIIaHUS NPeycleBaeT B TOM, YTO yAapuJa dajlaHc
MeEKIy 3THMH JBYMS 3a]a4aMM U YCIIeNIHO yNpaBJjsieT MU, onpeaesieHa
KA4eCTBOM YNPABJIEHUS U 0JTOCPOYHOM IIEHHOCTH CUCTEM MOCTABKH.

Hoarocpoynas neHHocrts cetu (LNV)

BoauTesnu 3a 10JroCpOYHYI0 HEHHOCTH CUCTEMbI TPYObI

Public Mission for Number of damages

Drivers Pipe age
Water Supply Pipe material

Ground type

+ Supply security
+ Customer satisfaction Water quality

+ Corporate image Drivers:  Rust particles
+ Risk reduction Mud particles
Microbiology

R Operational costs
Economical Drivers:  Water losses

Management Water treatment
Hydraulic system
+ Cost efficiency ———
+ Financial result Maintenance & repair costs
+ Long-term cost and Drivers:  Inspection

tariff development Repairs
Replacement

Long-term network value (LNV)

Namoctpanus 1: @akropsl, BJAUAKOINNE HA yIIPaBJIeHHEe CUCTEMOM
BO/IOCHAOKEeHUA

YcioBue cucteMbl TPY0OONIPOBO/Aa ONpe/ieieHO YPOBHEM €Ker0AHbIX MOTePh
ceTH TPYOONPOBOAa M KOJIUYECTBA NMOBPEKIEHNUS WU ATbTEPHATHBHO
BoCcCcTaHaBJauBaeT. /[Jis1 onpenesieHUs KOJIUYECTBA MOBPEKACHHS, 3TO BA5KHO
AJISl UCTIBITAHUS YTE€YKH ObITh BBINOJHEHHBIM HENPEPbIBHO TAK, YTOOBI 3TH
¢urypsnl 00paTHINCh K CyHIeCTBYIOIIEMY a He K (110 COBIIAICHUI0)
00HApPYKEeHHOMY NOBPEKIACHUIO.

2. Peructpanus YcaoBusi Cuctem TpyboonpoBoaa

Cucrembl TPyOONIPOBOIA COCTOAT U3 TPYOONPOBOI0B (JIMHUM MOJAYH,
rJaBHbIE JTUHUHU, IOCTABJIANTE JTUHUH, U COETMHAIONINECS JIMHIH),
BHYTpPeHHUE YacTH (KJaNnaHbl U T.J.), U npucnocodaenns. B pamkax
COBPEMEHHOI0 YNPaBJIeHHs KOMIIAHUH, CCTeMA TPyOONIpoBoaa ynpaBJjsieTcs
B CTEKVJIE. /Inst vHAuBUAYaJbHBIX 00bEKTOB, €CTh ONPeAeJIeHHbIE
npoueAypbl 1l 0CMOTPA WIH AJbTEPHATHBHO ONpeAe/eHUs YCIA0BUA U
¢pynkumnoHaabHoii padorsl. Corsacio IITYMY 31501, crexyromme cpoku
NPUMEHSIIOTCS KaK 3JIeMEeHThI 00C/yKMBAHUS:

o OcMoTp: B TepMHHAX 32IIAHMPOBAHHOI0 KOHTPOJIA
IKCIIYAaTALHOHHOI0 PesKMMAa U PeryJisipHoOi NpoBepKHu (pakTHUeCKOro
YCJIOBHSI KOMIIOHEHTOB CHCTEMbI U ONIEPALMOHHOT0 000PYy/10BAHUS.

o O0cayxuBaHHMe: B TePMHHAX IOCTOSHHBIX Mep 00CIy:KUBAHUSA, YTOOBI
NO/JIePKaTh KeJIaTeJbHOe YCJI0BHE, KOTOPOe MOKeT HMeTh MeCTO U Ha
peryJisipHOM OCHOBAHUM H YIIPABJIsieMblil CJIy4aeM.

o PeMoOHT: Kak HenpeABUICHHBIE MePbI KaK CJeICTBHEe c00eB (PEMOHT)
TaK ke Kak 0003puMble Mepbl (YCOBEpPLIEHCTBOBAHNE, BO30OHOBIICHHE),
4TO00bI BOCCTAHOBHUTH JKeJlaTeJIbHOE YCJI0BHE



2.1. Opuenmupyemoe yenvro Qocaysyncusanue

B pamMkax opHeHTHPYEMOI0 LeJIbI0 00CIYKMBAHUA, IKCILJIYATALMOHHBIH
peskuM ceTeil TPyOONPOBO/Ia NMTHEBOM BOABI 10J5KeH ObITH MPOBEPEH
PeryJsipHo, M UX BHYTPeHHHE YACTH J0JKHbI ObITH POBEPEHbI KPOMe TOT0
M3-32 CHEeNHATbHBIX 00CTOATENbCTB, YTOObI Y10CTOBEPUTHCS, YTO OHH MOTYT
ObITH Hali/IeHbl, YTO OHU He NMEIOT HUKAKHUX yTe4eK, U YTO OHM PadoTaloT.

OcMOTPBI KOMIIOHEHTOB CHCTEMBI J0J3KHbI ObITh 3aPerHCTPHUPOBAHBI B
MOAXO/sIIHE CIIMCKU U CTATHCTUKY, COAEPKAILYIO IeHb, CUCTEMbI,
HCIO0JIb3yeMble, 1 COOTBETCTBYIONIUE Pe3yJbTaThl. Pe3yiabTaThl 0CMOTPOB
TOJIKHBI YIIPABJISATHCSA B CTATHCTHKE MoBpeskaeHus. Kpome Toro,
pa3HooOpa3ue nHPOPMAIUN OTHOCUTEIBLHO COOBLITHI, pA00THI 00CTY:KUBAHUS,
3aTpPaT, M OIEHOK OCMOTPEHHBIX MYHKTOB 10JI2KHO ObITh 3aperucCTPUPOBAHO.

2.2, Ilpuuuna ona Hncnexkyuonnoit Pavomuor

e MOTEPH NMABOJKA B pe3yJIbTaTe e€5KeroJHOro BOJHOro 0ajaaHca

e BBICOKO €Kero/lHble HOPMbI MOBPeKIACHUS

e KOJEOJIOINECH U3MEHEHUS K HOPME KOJIM4YeCTBA WIH MOBPeEKICHUS
nojaavm

e H3MEHEHMNH JABJICHUS UJIH BOJIH JaBJEHUA

e OINACHOE CTPOUTEJIbCTBO HMEET pa3Mepbl 0JIM3K0 K TPYyOONpoBoIaM

e H3MEHEHMS K MOBEPXHOCTH MAPIIPYTOB

e JKAJIOOBI KJIHEHTA

2.3. Ocmomp 0na Ymeuex 6 Jlunusax

Tun, crenenb, 1 BpeMeHHbIE HHTEPBAJIbI 0CMOTPOB JIMHHUHU IVIABHBIM 00pa3oM
omnpe/eJeHbl YPOBHEM BOJHOM MOTEPH COTJIACHO CO3IaHUIO IO10BOr0 0asaHca,
COTJIACHO OTKJIOHEHHMIO MEKY 3apPeruCTPMPOBAHHBIM KOJUYECTBOM MOJAAYH U
CPABHUTEJbHBIMHU IIEHHOCTAMM, COTJIACHO YAaCTOTE MOBPEKIEHUS, U COIJIACHO
MeCTHBIM YCJI0BHSIM (IIOANOYBA, MATEpHAaJ TPYOONIPoBOAa, 1aBJIeHUe
MOCTABKH, U Tak JaJjiee). MoH 1J151 TOTr0, YTOObI TOTOBUTH €KEeTrOAHbIH 0aJIaHC
NMoTepu Tpedyer 00CHAY:KUBAHMS M AHAJIN3A BCell MOJa4Y4 U KOJIHYECTB
MOCTABKHM MOCPEACTBOM MOAXOASIEro 00opyaoBanusi udmepenus. Tak
Ha3bIBaeMoe “BHyYTPeHHee MoTpedaeHue* u Apyrue BoJAHbIe NIOCTABKMH,
KOTOpbIe He 00bSABJICHbBI, 10JIKHO ObITh 3aPEruHCTPUPOBAHO TOYHO U
3apeructpupoBano. DVGW pa3Bui kiodeBbie GUrypbl, KOTopbie
o0ecrneynBAOT NPUOIU3UTEIHLHYI0 IEHHOCTD /IJIsl YPOBHA MOTEPh
TpyOonpoBoaa. OnHako, siBJsieTcs, ObLJ1 YCTAHOBJICH, YTO KJIOYEBbIC
LEHHOCTH [IJISl YPOBHS BOJHBIX OTEPb MOI'YT TOJILKO OBbITH CBSI3aHbI €
MEeCTHBIMH YCJIOBUSAMHU, KOTOPbIE 3aTPOHYThl MHOrUMHM (pakTopamu. Kaxnas
KOMIIAHUA J10JI2KHA ¢pOpMHUPOBATH €€ COOCTBEHHbIE KJII04YeBble ICHHOCTH U
MOJIYYHMTh 3aKJII0YEHUA U3 HUX JJI TEXHHYECKNX U IKOHOMUYHBIX Mep.

ot 2003 1o 2003

OmnpenesienHbie BoAHbIE MOoTepu OnpeesieHHbIE BOAHbIE OTEPH
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Namoctpanus 2: KinoveBbie neanoctu ot DVGW (W 392) ¢ pazanyHbiMu
MOJAX0AaMM

O0e KiII0YEeBbIX HEHHOCTH UMEKOT X ONPABJAAHMS, HO KAKETCH, YTO
KJII04YeBas HeHHOCTh 10 2003 mestaer 3aTparuBaHue moano4Bbl 0oJiee
NOCTHKUMBIM LISl IPAKTUKA

Range of water losses big supply recommendes

(in m3kmxh) systems  Urban SUPPIIET  ryral SUPPIYET ingpection periods

low water losses < 0,10 < 0,07 < 0,05 inspection latestin 6 years
medium water losses 0,10-0,20 0,07-0,15 0,05-0,10 inspection all 3 years

high water losses =02 > 0,15 > 0,10 inspection all years

Crou 1: UHCnIeKUMOHHBbIE NIEPUOAbLI BpeMeHH i fuarpamMmsel Ha 2003
(DVGW W 392)

IToMHMO CTATHCTHYECKHUX KJIKYEBBIX IEHHOCTEH BCEH CEeTH MOCTABKH,
TOJIKHBI OBITH ONpe/eseHbl KIK4YeBble IEHHOCTH ISl HHAUBUAYAJbHBIX 30H
NMOCTABKM WJIN 30H U3MEPEeHHUsA. ITAa CTPYKTYPa JAHHBIX JIETKa K YCTAHOBKE B
CTEKUJIE B cBsI3U ¢ MPOrpaMMoii 0TKasa.

3. Boaubie IHoTepu B Cersix TpyGonpoBoaa IIutseBoii BoabI



BoaHble noTepu yMeHbIIECHBI 10 THTHEHUYECKHM, CBSI3AHHBIM C IOCTaBKOI,
IKOJIOTHYECKUM, H IKOHOMUYHBIM npuunHaM. Huzkue BogHbIe NOTEPH -
BA)KHBI MHAUKATOP XOPOLIEro yCJI0BHs ceTH TPyOONpoBoaa U NPUBOIAT K
NPUTOIHOCTH M YMEHBbIICHHBIM 3aTpaTaM JJs o0cay:kuBanus. Camoe To4HOe
U BCECTOPOHHee U3MepeHHne, BO3MOKHOE /ISl BOJHBIX 00b€MOB, MUTAEMbIX B
ceTh TPYOONPOBOIa U 0CBOOOKIEHHBIH OT 0013aTEJILCTB OT ITOT'0 - BAYKHBII
3JIeMEHT OMpe/iesieHUs BOAHOM MoTepH. 31ech, MO/ie]b, YCTAHOBKA, U pa3Mep
BO/JHBIX METPOB /I0/ZKHbI ObITH 0TOOPAHBI COTJIACHO TEXHUYECKOMY
CTaHAAPTY.

3.1. Boiuucnenue Boonwvix Ilomepo

KoauvecTBO NPUTOKA M KOJIHYECTBO NOTPeOIeHUS MPUBOIST K PA3JINUYHIO,
KOTOpPOe HHOT1a YIIOMHUHAETCS 32 NOTePI OpyTTO. ITO pasjinume BKJIKNYAET *
peajibHbIE MOTEPU CeTH TPYOONpoOBOaA U

* OYeBHU/HBbIEC MOTEPH, THIIA:

OTKJIOHCHUS MeTpa

1oJi3aire nNoTrepu

BO/IHO€ BOPOBCTBO

KO0JINYeCTBa 00eCneYnJif, HO He 00bSABJISJIN

KOJIMYeCTBA JJIA 0T/eJIa MOKAPHOI OXPAHBI

BHYTPEHHHMH WIH NOTPeld/IeHne KOMIIAHUY

Apyrue He3apuKCMpPOBaHHbIE KOJIMYECTBA 1[eJ1eCO00PA3HO JOKYMEHTHPOBATH

BCe HeB3BCILICHHbIC KOJMYECTBA OTPedJIeHHUs], 1a7Ke OLleHEHHbIE KOJIN4YeCTBa,
AJs1 Oyayuied onTUHMHM3anKu ""HeXBaToK'".

Calculation of water losses

Total 3
p fa
water inflow "

Y F Yy
Total R
water 05ses wiater inflow water [osses (failures)

Difference

F\tlut‘rEa\ lllegal consurne
water [055e5
' Cperational use

Billed
wiater
consumption

Fips washing

Billed
water
consumption

I/IJI.]'IIOCTpaIII/IH 3: KonuecTBeHHOE BbIYMCJIEHHE BOJAHBIX IIOTEPb B CUCTEME
IMMOCTABKH

3.2. Paunee Oonapysicenue Ilomeps Cemu Tpyoonposooa



Pannee o0Hapy:keHHe BOAHBIX IOTEPb BOBJIEKAET UCIOJIb30BaHUE IOCTOSIHHO
YCTAaHABJIMBAaEMbIX BOJAHBIX METPOB, KOTOPbI€ Pa3rPAHUYHUBAIOT BCI 30HY
NMOCTABKH WJIH MOJ30HY (IaBJeHUE, HIH MOCTABJISANTE 30HbI), TAK Ke KaK
JIMHMHU MOAA4YU. DTH HEHHOCTH KOJIUYeCTBA J0/KHbI ObIThH
3aperucTpUpoOBaHbI THIATEJIHHO U MOT'YT 00€CTIeYUTh SICHbI IPU3HAK
PA3BUTHA U CYLIECTBOBAHUS BOAHBIX MOTEPb, 0CHOBAHHBIX Ha UX YPOBHAX. C
OIHO# CTOPOHBI, ITO MOIJIO OBITH €KEeHeAeIbHBIMU KOJIUYECTBAMH,
e’KeJHEBHbIMH KOJIMYeCTBAMHU, UM BeYePHUMHU EHHOCTAMA MUHUMYMA
BpPEeMEHHU, KOTOPbIE J0JKHbI ObITh 00pa00TaHbI OCHOBAHHBIE HA CTPYKTYype
norpedieHus. 31ech, AaKTHYECKH HEBO3MOKHO MOJYYHTH JI00bIe 001He
KJII0YeBble HeHHOCTH. TeHaeHus noTpedjIeHus1 MOKeT TaKxKe ObITh
NMPOYUTAHA OT JOJTOCPOYHOI0 CPABHEHHS KOJIUYECTB NPUTOKA.
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I/IJIJIIOCTpaIII/IH 4: HpnMep KOJIH4Y€CTBA IPUTOKA, KOHTPOJIUPYIOIIETo €
€/KEHECACJIbHBIM MUHUMYMOM OLCHUBACT 0oJ1ee yem 2 roaa 3a Tpu 30HbI
NMNOCTAaBKHU, JINHUIO ITIOCTABKHU, H BCEI0

| Qmin (m2/h) between 3 and 4 am
,/"\\
o \
il D\
X \ "
= N .3
S * B
\..\\F_. = 3;?:5?’ sapar:n_ton
Failure on @ main pipe Failures on service pipes l I days

HNanmoctpanus S: IlpuMepsl KoJIM4YeCcTBa NOJAA4YH, KOHTPOJIUPYIOLIEro ¢
M0YACOBBIMHU LIEHHOCTAMHM

IIpaBuibHasi KApTUHA: BeyepHee NOTpPedeHne MUHUMYMA BpeMeHU
OLICHMBAET ¢ STHBAPS 10 MIOHS C BOCCTAHOBJIEHHBIMH 0TKA3aMH U Pa3BUTHEM
KOJIMYeCTB yTeuek kapTuHy Leftt: exxeHeBHO 3arpy3urte rpag mo4acoBbIMH
LHeHHOCTSIMH Oos1ee yeM 1 HeaeJisl, Mpexk/ae U M0cJie PEeMOHTA IIYHKTA YTeYKH

3.3. @axkmoput, Bauawwue na Yposenv Boonvix Ilomepo

YpoBeHb BOAHBIX NOTEPH - MO BJIANSIHUEM MHOTUX (AKTOPOB, HA KOTOpPbIE
YACTHYHO HeJIb3Sl BIMSATH. 31eCh, MbI IJIABHBIM 00pa30M oOpaiiaemMcs K
YCTAHOBJICHHOH cHCTeMe TPYOONpPoBO/Ia U e¢ MHCTAJIANNOHHOMY Ka4eCTBY,
KOTOpPOe ObLJIO 0TOOPAHO M YCTAHABJIUBAJIO MHOI0 JIET HA3a/l COTJIACHO



CTAaHAAPTY TOraa (MaTepuaJbl TPyOONPOBOAA, yCTAHOBJICHHbIE YaCTH,
CHCTEeMBI CBSI3H, HHCTAJISIHMOHHAS TEXHOJIOT U, U T.[.).

IHo3TOMYy, 0CO0EHHO Ba)KHO Y3HATH Te GaKTOPbI, KOTOPbIE Pa3pelaT
IKOHOMHO M TeXHUYECKHU BbINOJHUMAS NPoueAypa 3(P(PeKTUBHO YMEHbIIATh
norepu ceTu Tpydonposoga. O01MpHOE 3HAHUE CUCTEMbI IOCTABKH B 1€JIOM
Heo0XO0AMMO /1JIsl 3TOTr0 PelieHHs, TAK JKe KAK ONpeAe/IeHHOI0 3HAHUS
CHCTeMbI TPYOONPOBOAA U BCeX BHYTPEHHUX YacTel U UX YCJIOBHS.
I'eorpadgmueckas Undgopmannonnas Cucrema (CTEKJIO) kak rpagpuueckas
U aJ1(paBUTHO-IM(PPOBAS JOKYMEHTAIUA TPYOONIPOBOAA, Pe3yJIbTATHI
HPUCHHOCABJINBAHUSA CTEKJIA noBpe:xaamoT ¢aiij, U pe3yJbTaThl
HPUCHOCABJIMBAIOHIEI'O CTEKJIY anaim3a ceTtu Tpy0OnpoBojaa
CIOCOOCTBYIOT /IJIfl 3TOTO.

EcTrecTBeHHO pe3yJibTaThl aHAIN32 YOBITKOB /10JKHbI ObITH BBECHBI OT
CHCTEMATHYECKOI0 U PEryJIAPHOT0 0CMOTPA CeTH TPYOONPOBOAA TAK, YTOObI
BJHMSAHHUSA HA KOMIIOHEHTHI TPYOONPOBOAA U CJ1a00CTH He MOKA3AJIHN
OCHOBAHHBIMH HA IOMUHHUPYIOIIHUX COOBITUSIX U CUTyalUsIX.

Pressure in the pipes Number of failures Size ofthe leaks Failure dynamic Outflow duration
Inﬂuence {bar) (pipes and fittings) autflow quantity (m*/h) ofthe leaks
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Difference at the Failure- Low pressure Inflow into External Street- Consumer-

Reasons water balance rate Pressure changing the network CU”‘fftDrergU” COVEr complaints

I/IJI.]'IIOCTpaIlI/Iﬂ 6: B.J'II/IHHI/IH, 3aTparuBaromue ypoBeHb BOJAHBIX IOTEPD
Hpmmna AJIdA OCMOTPAa U HCTOYHHUKOB TaHHBIX

JAuddepenuupoBanue pakTopoB BIAMAHUA HA YPOBHE IOTEPb CETH
TPYyOOnpoBoaa TpedyeTcsi TaK, YTOObI C MECTHBIMH MPOOJIeMaAMU MOKHO
HMeETh /1eJ10 BBIOOPOYHO, U KeJIaTeJIbHbII ycleX MOHUKeHHS MOTEePb CeTH
TPYOONpPoOBOAa MOKeT ObITh H0CTUTHYT. UHAMBHAYaIbHBbIE (PaKTOPHI
BJIMSAHUA A0JKHBI ObITh HICHTH(UIMPOBAHBI H OLICHEHBI OT CYIIECTBYIOLIEIO,
AOJTOCPOYHOI0 aHAIHN3A ONEePALMOHHBIX JaAHHBIX.

®akTopbl BIUSIHUA JIs1 YPOBHS BOAHBIX IOTEPh



2ak detection

AusfluRmenge ()
+repair

Failure dynamifc

Outflowe quantity (m3

Time

Mo, ottalures

Influence factors

Influence

Measure

Size of the leaks

not influencahle

Failure dynamic

not influencable

Iumber of failures

not influencahle

Water pressure

partly influencable

Pressure reducer

Running time of leaks

short influencable

Selective lealk detection

Fipe rehabilitation long

long term influencable

Rehabilitation works

and pipe replacement

Nimroctpanus 7: OT00pHBbIE BIMSHUSA, 3aTPArMBAIOIIHME YPOBEHDb IOTEPh CETH
TPyOOnmpoBoaa

IToMuMO OTOOPHBIX BJIAMSHHUA, 3aTPArNBAIOIIUX YPOBEHb NOTEPH CETH
TPYOONpPoOBOAA, ¢ IPUYUHAMM YOBITKOB HYKHO HMETh /1€J10, KOTOpbIe
SIBJISIFOTCH TAK Ke 1O/ BJAMSIHUEM MECTHBIX YCJI0BHIA. 31eCh TaKk:Ke, HY?KHO
y4ecTh, UYTO Mbl HM€eM /1€J10 € CYIIEeCTBYIOIIUMH CHTYalMsIMH, HA KOTOPbIe
MbI 00JIbIlIe HE MO2KeM BJINATH BrocjaeacTeuu aAas 30, 50 u 0ouable Jiet.

IHo3ToMy, commaapusupyiitech U aeicTByiiTe!
3.4. IIpoueodypa, umoowvr Coenams 3anuce u Ymenoutamo Boouvie Ilomepu

IHouck yreuek (MeTox onpeaeeHus U JOKATU3ANUN NYHKTOB YTEYKH)
Pa3J/iOMaH BHU3 B 2 NPOLEIYPHBIX 1IAra:

o IIpeamecTomosioxkenue (Mpoueaypa Cy:KeHusi BEepOATHON YTeUKHU
YKa3bIBaeT HAa HAMMEHbIIYI0 00/1aCTh WM CEKIUIO CETH C M3MEepPeHNeM
MPUTOKA WIH AKYCTHYECKON CHCTeMOM),

o Jlokanu3anusd (AKyCTHYECKasi IPOLEAYPa, YTOObI T0KATU30BATh YTEUYKY
YKa3bIBA€T BHU3 HA IIYHKT

KAaK OCHOBaHMe /Il PACKOIIOK U PEMOHTA), IPUYMHBI YTOObI HAYHMHATH OUCK
yTe4eK MOIJIN ObITh:

* HANPABJICHUE WJIM PeryJIAPHbIA 0OCMOTP CHMCTEMbI TPYOOIIPOBOAA NIPH
PEeKOMEHIALMHU NPABUJIA

rPyNnbl UK IKCILUIyaTALMOHHBIE PYKOBO/SIIIIME MPUHLIMIIBI ® IPyTrHe
NPUYUHBI corjiacHo Cexkuum 2.2

4. Craructuka IlloBpexnenus

CratucTuyecKkue JaHHbIE OBPEKIACHUA BBeAeHbI B nporpammy PC nuis Beero
PEMOHTA, CIeJIAHHOI0 K cCUCTeMe BO10CHAa0keHusi. PeMOHT BBe/ieH B
NnpeAcaeJaHHYI0 (OpMY NMOBPEKIAEHHS € ICHO ONpeAeJJeHHBIMM HA3BAHUAMHU U
CPOKaMH TaK, YTOOBI BCe KPUTEPHHU ObLJIM TOCTYIIHbI, YTOObI OBITH



NpoaHaaIu3upoBaHHbIMU. B ero pexomenaamuu W 395, DVGW naer
HH(POPMALMIO 0 HEOOXOIMMOM HCIO0JIL30BAHUH JAHHBIX MOBPEKIeHHA.

Failure statistic

3 ¥ ¥ ¥ ¥

Calculation of the Calculation of the Reducing the Failure analysing and Documentation of
rehabilitation rate asset value water losses condition defining failures in the map

Nuanrocrpanus 8: Biausinus, 3aTparuBapiuue pe3yabTaThl JAHHBIX
MOBPeKIAeHUS

| Difference = water losses
used water

Network inflow quantity

Ka:xercsi, 4T0, YTOOBI OLIEHUTH YCJI0BHE CHCTEMbI IOCTABKH M C/1€JIaTh Apyrue
yTBep:KIeHus1 Ha Oyaylue Mepbl, JaHHbIE OBPeKACHUS He00X0AMMBI 110
paclIMPpeHHOMY NPOMEKYTKY BpeMeHH TaK, YTOObI TeHIeHUMHU MOBPEKIEHUs
MOIJIM OBITH MPU3HAHBI M Oll€eHEHBI.

Y4pe:kaeHue CTAaTUCTUKH MOBPeXIeHHS - 00s13aTe/IbHOE TPeOOBaHue
OIepaTopoB CHCTEM TPYOONPOBOAA AJIsl JOKYMEHTAUMH U OLCHKHU YCJI0BHS
cucremsl. Ciieqyromue JaHHbIE - necessay 1JIsl TOro, YTO0bI ONPeAeTUTh U
aHaJu3upoBaTh oTKkasel: Mecrto [deexra orkaza Ha Tune Jdatsl Mepbl
negexra Yciaosus Uupopmanun MecTononoxeHusi peMOHTA TPYObI
coaep:kaHue (paiia yObITKOB NOKPBIBaeT BCe BCTPOCHHbIE KOMIIOHEHTHI
CHCTEMbI IOCTABKH.

HccnenoBanus U OlleHKN TPeOYIOT ONbITA U 3HAHUS OLEHKH CJIa0bIX MYHKTOB,
MOTOMY YTO MOMHUMO MPOU3BOJACTBA CTATUCTUKH, 3TH Pe3yJIbTATHI
HCHOJIb3YIOTCS, YTOObI OLIEHUTH OyAylIMe HHBECTULNH M CTPATernH
YMEHBIIUTH BOAHBIE NoTepu. lanHble ¢ 0oJibiie yem 10 j1eT He0OX0AUMBI 1151
OCTOPOKHOM OLIEHKH YCJIOBHS TPYOonpoBoaa. UieHTUHYHBIN JaHHBIM
NOBPEKICHNS, JaHHbIC HHBEHTAPS TPYOONPOBOAA J0/IKHBI YIIPABJIATHCS
CHHXPOHHO, YTOOBI ONpeIeJIUTh eKeroAHble KJIYeBble IEHHOCTH ISl
U3MeHeHMH K nJnHamuke nosppexaeHus. Coppemennoe CTEKJIO
NO/AJIePKUBACT APXUB JJIsl HHBEHTAPS CUCTEMBbI M JAHHBIX NOBpexIeHus1. Tem
nyTeM, IMHAMHUKA MOBPeKIeHUs MOKeT ObITh HA3HAYEHA HA
COOTBETCTBYIOUIUI TEKYIMH NHBEHTAPb TPYOONPOBOAA MPOLILIONO.

4.1. Ananus /lanunwix Ilospescoenusn
Ba:kHo 3HATB, I/1e cjadble MYHKTHI B CETH PACIOJI0KEHbI:

e BO YTO KOMIIOHCHTBI CUCTEMBbI
e BO 4YTO YJHMIbI HJIH 30HbI



e THII NOBPEXIAEHUS U NPUYMHBI NOBPEKIEHUSA

e TMPUYUHA JJISI PEMOHTA (MPONMYCKAKT JIOKAJTU3AMNIO WU
CaMOOYEeBMIHBIN),

e KOIJA c/eJ1aJ1 MOBPeKIeHHue MPOUCXOAUT UM AJIbTEPHATHBHO KOTAa
Ob1JI0O BOCCTAHOBJICHHOE

* IONOJIHMTEIbHASA HH(pOopMaLus 0 TPYOONPOBO/Ie, NOCTEJNbHbIX
NMPUHAIEKHOCTAX, U Mepax C 3Toil uHGopManueid BO3MOKHO IPOBECTH
He00XOAMMBIIl AaHAJIN3, YTOObI OLEHUTH YCJI0BHE CHCTEMBI.

Pe3yabTaThl MOTYT OBITH CTATHCTHYECKH NPOAHAIM3MPOBAHBI 1JIs1 BCEH CeTH
WJIM UHIMBUHIYAJIbHBIX 30H MOCTABKH, HO TaAK:Ke U BLIOOPOYHO /11
UHIMBUAYAJbHBIX YJIMI WIH CeKIUI JUHUN. AHAIN3 (aiiia yObITKOB
pa3J/inyeH U BbINOJHEH B COOTBETCTBHH € MPOOJIeMaMH TaK, YTOObI
TeXHU4YeCKHE/IKOHOMHUYHBIE PellleHHs] MOTJIM ObITH NPUHSTHI.

OTMmeTbTeE: 0TKA3bI B CHCTEME MOCTABKH OJJHOPOHO He pacnpeaejeHbl B HX
MOJIOKEHU U !

Hopma nospe:xxknenus Ha Hopme IloBpexnenuss Ha HopMme [loBpexaenunst Ha
Hopme IloBpexaeHus Ha TVIABHBIX MaTepHaaax TPyObl 1MaMeTPOB TPYObI
TPYO 00CayKMBaHHUSA TPYO

] skont
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NnmocTpanus 9: HasHayeHue [loBpexaeHust COrJIaCHO TUILY JIMHHMH,
U3MeEpeHNi, U MaTepuaJjia

PR

4.2. Knwueevie Ilennocmu 3a Hopmot Ilospesxncoenun ¢ Cemsax Ilocmaeku

B neasnx opuentauuu, DVGW co001aeT 0 ieHHOCTSIX TH/1a 32 HOPMBI
noBpe:xaenusi. O HUX co001IAIOT B PA00YHX JMCTAX U B €2KeroHOMH



CTATUCTHUKE KaK ONICPANNUOHHBIC KJIIOY€BbIC HCHHOCTH. I[aHHI)Ie B CJICAYOLIIEM
CTOJIC - CPCAHHUE HEHHOCTH B TCYCHHUE OJTHOI'O Ioaa.

Kaxnass kOMIaHUusl MOCTABKH J0J/ZKHA NMOAEPKATh IKBHBAJIEHTHYIO
CTATHCTHKY U MCIIOJIb30BATH UX, YTOObI YCTAHOBUTH TEHACHIUIO IIEPHOIA
BpPEeMEHH 10 KpaiiHeil Mepe 5 j1eT, 4TOObI OLIEHUTH YCJI0BHE CHCTEMbI
TPyOOnmpoBoaa.

Kaknasa koMmnaHusi 10/J2KHA YCTAaHOBUTD €€ COOCTBEHHbIE KJIIOYeBbIE
HEHHOCTH, YYUTHIBAIOIIINE MECTHBIC YCJIOBUA H PA3BUTH CTPATECIUI0 AJIH
yYupaBJi€eHud onepanum, OCHOBaAaHHOI'O Ha HUX.

Ranges for Failure rates Failure rates

failure rates in the in the in the

supply network PlpEnstwark  plpe network Failure rates on fittings
Mains- and Valveg butterfly
supply- pipes ValveE

Service- Pipes Hydrants

Failuresikm*a Failures/1000HS*a Failures/1000pc*a Failures/1000pc*a

Low failure rate < 0,1 <5 <2 25
Medium failure rate >0,1bis<05 >5his <10 >2bhis<5 > 5 bis < 10
High failure rate >0,5 =10 =5 =10

Croua 2: KiitoueBble IEHHOCTH /IVISl OLIEHKHU CeTH TPYOONPOBOAA MOBPEKIAIOT
Hopmy (DVGW)

4.3. Ceazv Meixncoy Tenoenyuamu Illomepu u Tenoenyuamu Ilospesricoenusn

TenaeHU MU MOTEPH U TEHIACHLUH MOBPEKACHUS He 00513aTEJIbHO CBSI3aHbI.
Pe3yabTaThl MHOTHX HCCIICI0BAHMI ceTell TPyOONIPoBoaa NMOKa3aJIH, YTO
COKpallleHHe KOJIMYeCTBA MOBPEKICHHUS 110 CYLeCTBY 3ABHCHUT OT
BO300HOBJIEHHS] KOMIIOHEHTOB TPYOONpPOBOAA.

C apyroii cTopoHbI, COKpalleHne MOTepb ceTH TPYOONMPOBO/IA MO CYIIECTBY
3aBHCHT OT COKPAILEHNs 3aKOHYEHHOT0 BpeMEeHH /IJIs1 MHANBUIYAJIbHOTO0
MOBPEKIEHHS.

IMo3ToMmy, couaapu3upyiiTech MOTEPH KAaK MOKHO ObICTpee U 3aTeM
JIOKAJIN3Yi#iTe, 1 BOCCTAHOBUTE HX HEMEIJIEHHO.

IT0 oOpalaeTcsa K BelecTBY U NPUTOAHOCTHU, IOTOMY UYTO CTapas ceTh
TPYOONPOBOJA ¢ 0YEeHb JMHAMHMYECKHUM MOBPEKICHUEM He MOKeT ObITh
coXpaHeHa QPYHKIMOHAJIbHON B J0JT0OCPOYHOM NMEPCHEKTHUBE Yepe3 PEMOHT.
I[Mo3Tomy, cucTeMaTnyecKkue BO300OHOBJICHHUS A0COJIOTHO HEOOXOAMMBI.



Failure dynamic and water loss development Failure dynamic and water loss development

(no.)

rlosses (Mio ml/a)

los=es (Mio m3/a)

ber of failures (noj

ser of failures

I

Honnep:xanue BemecrBa Cucrem TpyGonposoaa

Cucrembl TPyOONIPOBOAa U CPEACTBA 00CIYKMBAHMS - IOCTOSIHHO CTAPpEHUE U
MO3TOMY TaK:Ke 0ojiee BOCIPUUMYMBBI, YTOOBI NIOBPEAUTH U BOJHbIE IOTEPH.
IIpUroaHOCTH CTAHOBMJIACH MEHEE YBEPEHHOM M 3aTPaThI AJIs1 YBeJIUYeHUs
o0c/y:kKuBaHusl U 0cMOTPOB. Kak co BceMy KOMIIOHEHTAMH CHCTEMbI B HAIIUX
JKM3HSAX, KOTOPbIe HAXOAATCSH B MOCTOSTHHOM HCI0JIb30BAHMHU U MOAYMHEHHBIH
00J1bIIIOMY Pa3HO00PAa3MI0 IPY30B, €CTh BCErjaa U3HOC. 3/1eCh, Mbl TOBOPUM 0
CpPOKe CJy:KObI TUHMI M CPEACTB 00CIY:KUBAHUA. JTO - CPOK CIAYKOBI MOCJIE,
KOTOPBIH TPYOONIPOBOABI 1 KOMIIOHEHTBI CHCTEMBbI H0JKHbI OBITH
B0300HOBJIEHBbI, YTOObI TAPAHTHPOBATH HA/IEKHOCTH M dPPekTUBHOCTH
MOCTABKM.

e w miim mmm e 2w e om w e tEismay o s m g

i.e.rg,'ir;f.e.:_é.r'e. falking about the service life of the lines and faé:‘i
iter which the pipelines and system components have to be
he reliability and efficiency of the supply.

e ———

Existing pipe data Failure analyse

usfallavahrscheinlichkeit
E
=

CylIeCTBYIOIIHME JaHHbIE TPYOONPOBOAA — MOBPEKAAIOT AHAJIN3 — CPOK
CJIYKO0bI CYyIIECTBYHOIIMX TPYOONIPOBOA0B — HEOOX0AMMAasi HOPMA
B0300HOBJIEHHS1, COOTBETCTBYIOLEI0 AHAJM3Y IPOTHO3a — IKOHOMHUYECKAs
3(pPeKTUBHOCTH BO300OHOBJIEHNSI — IPOEKTHI BO300OHOBJIEHUSI, IOKA3aHHbIE
rpa¢uyecku B CTEKJIE

BemecTBo cucteMsbl TPYObI - 10/ BJMSHMEM YPOBHSI BOJAHBIX IOTEPb U YHCeJ
0TKa30B Ha TpyOonposoaax. O6a ¢akropa 10/:KHbl YMEHBIIUTH B IPAKTHKE.

e YMeHbLINTE U3 BOJHBIX IOTEPb, KOHTPOJHUPYSi, 00HAPYKEHUSA YTEUYKH U
pEeMOHTA

e YMeEHbIIMTE U3 YHCeJ 0TKA30B 3aMEeHOH TPYOOINIPOBO/I0B HA OCHOBAHMU
CTATUCTHYECKUH 0TKA3 H CTPATEIMI0 BOCCTAHOBJICHHSA



water losses

water losses

6. B 3akaouenuu

KoHTpoJb 32 cOCTOSIHUEM 3aMIACOB M PerucTpanus yCJa0Busl CHUCTEM MOCTABKH
o0s13aTesibHBL. PykoBoasimye NpUHIUNBI JI BO3MOKHOCTEH 0CMOTPOB H
HHCIIEKIMOHHBIX UKJIOB 3aPeruCTPHPOBAHbI B YMECTHBIX PYKOBOJSAIIHNX
NPUHIHUIAX TOPrOBbIX aCCONMAIUIA.

Kaxnas koMInaHus 10/5KHA YCTAHOBUTD €€ COOCTBEHHbIE KIKYeBbIe
LEHHOCTH TAK, YTOObI MECTHbIE YCJI0BUA ObLJIN YUTeHbl. OCHOBAHHBII HA ITHX
KJIIOYEBbIX HEHHOCTSX, KAXK/AbIil 0IIepaTOp CHCTEM MOCTABKH J0JIKEH Pa3BUTh
ee COOCTBEHHYIO CTPATErMI0 YTOObI NMOA/IEPKaTh MOCTABKY U MpeK/ie BCero
4TO0BI NOJAEPKATH BeIIECTBO HEHHOCTH AKTHBA TAK, YTOObI ONlepanust
rapaHTHPOBAJIACH B 10JIIOCPOYHOM NMEPCNEKTUBE U TEXHUYECKH M IKOHOMHO.
C onucaHHOIl Mpoueaypoii, MOKA3aJIM IyTH, C KOTOPBIM ONTHMAJIbLHOE
yIpaBJIeHHE ONepauuridi MoKeT ObITh JOCTUTHYTO IS 3(P(PeKTUBHOTO
COKpAalleHHus OTeph TPYOOIIPoBOAa B rapMOHUH ¢ puitocopueiis KOMIIAHUH,
MECTHBIX BJIUSIHHI, TeKylIee yCJI0BHe CHCTeM, 1 JKOHOMUYECKHUX
BO3MOKHOCTEH.

7. JIuteparypa u UcrouHuKu

Pa6oumnii tuct DVGW W 392, maii 2003 Beimycka (0ocMOTP ceTH
TpyOonpoBoaa u BOJAHBIE IOTEPH — MEPbl, METOAbI, U OLIEHKH)

Pa6oumnii muct DVGW W 400-3, centsiops 2006 Boinycka (Texnnueckue
npasuia 1 Boasbl distibution cucrembl — TRWV; Uacts 3: Onepanus n
Oo6cay:xuBaHue)

Pa6ouuii 1uct DVGW W 395, nrab 1998 Beinycka (cTtaTtucruka
IToBpeskaeHus A1 BOAHBIX ceTeil TpyOonpoBoaa)

Ipaktuka Boabl Jueprun DVGW, centsaops 2006 (ctaTucTuka
IHoBpexkaenus nis BoaocHad:kenus 1997-2004)

OENORM B 2539, Boinyck 01.12.2005 (TexHu4yeckuii KOHTPOJIb NUThEBOI
BOJbI OCTABJAIOT rpynmy npasuwia cucrem OEVGW),
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Pe3rome

Jta pabora BHOcUT [loanepxky pemenuss UHTerpupoBanHoii onenke BogHbix
npoexkToB YnpasJjenus llorepu nias PazsuBawomuxcs crpand. Ucnosb3oBanue
NMOJ/IEPKKH PeLIeHHs OMOraeT BoIOMpaTh BoaHble NpoeKkThl YpaB/ieHUus
IHorepu 1 agekBaTHbIE Mepbl, yJIy4YlIaeT NPO3PAa4HOCTh NPoLecca pelieHus
CpeAH UIPOKOB U BCTPeYaeT JIy4IIyI0 NPHeMJIeMOCTh IIOBCIOAY.

IlpuroaHas 1jist MUTHS BOJAHAS MOTEPH OT CUCTEM pacipeae/ieHus BbI3bIBaeT
OJHY U3 I'IABHBIX HEPeLICHHBIX NMP0o0JieM /51 0€30IACHOI0 J0CTYIA K
BOJIHOMY H 'KH3HECTIOCOOHOMY Pa3BHTHIO M OYHCTKE ISl JIIOJAel, 0COOEHHO B
pa3BuBawomuxcs crpanax. IIpoekT BoAHOro ynpapJjieHUs IOTEPH YACTO
BOBJICKAeT 32124y HICHTU(PUKANUM ONTUMAJIBLHON aJ1bTEPHATHBHI U3
MHO’KeCTBA PA3JIMYHbIX IOHATHH, 1 MePbl, BCTPEYaK0LIHe BHICOKO M3BJIEKAET
BbIT0/ly pacCCMOTpeHHeM '"MHOro anaausza kpurepueB''. Kpurepun anaausa
CYMTAIOT METOJbl, COUMOKYJbTYPHbIE H IKOJOTHYECKHUE ACIEKTHI MOCJIe
npucnocaduBaHus 1 100aBJIeHUs MO/ eJIell pellIeHUs1 OCHOBAHHBIMH HA
COBOKYINHBIX MeTOaxX HaA0aBKu U npeBocxoasimem meroge PROMETHEE.
IIpouecc npuHATHS pelieHUs ObLJI MPOBEPEH COLUOJIOTHYECKUM
ucciaenosanueM B Ilepy u I'epmanum, Toraa kak pasjin4yHbie 00UUe YCJIOBUS
U YPOBHH IOCyAapCcTBa HCKYCCTBA PACCMOTPeJIH.

BBenenune

Boanble pecypchl B pa3BUBAIOIIMXCS CTPAHAX YACTO HE TOJIbKO
HEJ0CTATOYHBI, HO 1 BO MHOTHX CJIy4asiX, TAKKe Y:KaCHO ynpaBJjseMbix. C
OJHOI CTOPOHBI, 3TO MMeeT cepbe3Hble MOCIeACTBHS 1JIf 310POBbSI HACEJICHUS
U, C APYIoii CTOPOHBbI, MOKET 3HAYHUTEIbHO YXYAIIUTH OTPAHUYEHHYI0



NMPUTOAHOCTD JAaJI€€ BCE €. YacTo ecTh CYmECTBCHHBIC HEXBATKH B
OpFaHI/IBaHI/IOHHOﬁ CTPYKTYpE, B TEXHHYECKOH MOCTABKE U TPAHCIIOPTE U B
YHpaBJICHUH KOMIIAHUAMHA IMOCTAaBKH.

Ha Bcem cBeTe, KJIMEHTBI 0KUIAK0T, YTO KOMIIAHUM BOAOCHAOKEHUSA
MOCTABJISIIOT BHICOKOKAYECTBEHHYI0 MUTHEBYI0 BOY, KOTOpasi sIBJIsIeTCS
AOCTYIHOM JII000€ MecTo JII00€e BpeMsi B IPABUJILHOM /IaBJIEHUHU U B
A0CTATOYHBIX 00beMax. [locTaBka J0/I:KHA NOKPBITH MHANBUAYAJIbHbIE
NMOTPEOHOCTH KJIHMEHTA, U I[eHA JI0JI2KHA ObITh BO3MOXKHOM 11 KiaueHTa. [lo
IKOJIOTMYECKNUM H IKOHOMUYECKUM NMPUYHHAM, OCTABJISISA IUTHEBYIO BOAY
CUTHAJTY I0JI’KEH MPeANOUYTUTEILHO ObITh NPOU3BEIeH 0e3 CyleCTBEHHbIX
norepb. Bo MHOrux 00J1acTsix MUpPa MbI 1aJI€KH OT ONPABALIBAHUS ITUX
Hajgexa. Kommepueckasi-noJuTu4eckasi M €Co-moJUTHYECKAs OTPeOHOCTH B
NMOCTABKEe HU3KOW MOTEPH NUTHEeBOI BOAbI HE, 0JHAKO, HA B KOEM CJIydyae
OrpaHUYeHa pa3BUBaAIIUMHUCH cTpaHaMu. [1o IxoHOMHYEeCKHM,
IKOJOTMYECKUM H JeMorpaguuecKuM NpUYMHAM (IPHUPOCT HACEJIEHHS), ITO
TpeOoBaHUe oOpalaeTcsi KO BceM 00J1acTSIM M HAIlMSIM BO BceM Mupe 0e3
OrpaHUYeHHUS.

Leab HAYYHO-HCCIEA0BATEIbCKOM PA00THI COCTOUT B TOM, YTOObI
HCIO0Jb30BaTh 4acTo HenocraTtounnsie Boaubie pecypenl B PazBuBarommxcs
cTpaHax 0oJiee pauoHaJbLHO U 0oJiee dpdexTuBHO. Eciin HUKaKkue
CTPYKTYPHBbIE M TEXHHYECKHE YCOBEPIICHCTBOBAHUS OTHOCUTEJIbHO BOJAHOI0
ucnosab3oBanus B [lepy He ocyniecTB/IeHbI B TeUeHHE CJIeTYIHOIIUX
HECKOJIBKHUX JIET, CATyalllsl MOIJIA CTATh 0YeHb cepbe3Hoi. Ilepy -
eMHCTBeHHas cTpaHa B FO:xxHoil AMepuke, riae Oyaymasi BOAHAsA HEXBATKA
0’KN/1aeTCs; OCHOBAHHBIN HA HAIMOHAJIBHOM CPe/IHeM 4YucJie, TOJbKO B Ilepy -
TaM HalpsizKeHHbIe THIPOJIOTHYeCKre OTHOIICHH.

JTO0, KaAK 0:KHIANOT, ABJAsseTca 980m [ 13; Ha nymy k 2025, nogpazymeBeHue,
uyrto Ilepy mocrpagaer or BoagHOI HexBaTKH. Ci1e10BATEIBbHO 3TOT MPOEKT
J0JI’KE€H BKIIOYHUTH YCJI0BHE YeTKOH OLEHKH M MOJE/IU MOAAEPKKHU pelleHusd,
4T00bI 00JIETYUTH OLEHKY PA3JINYHBIX ATbTEPHATHBHBIX IPOECKTOB COIJIACHO
acneKTaMm MyJbTHKpPHUTEPHEB, IPMHUMAs BO BHUMAaHHeE Pa3JIMYHbIe HHTEPeChI
U LeJIM BOBJICYEHHBIX CTOPOH U II03TOMY 3aCTABJIAA YaCTO CYObEKTUBHOE
penieHue 00padoTaTH MPO3PAYHBII U B 3HAYUTEJIbHOM CTENEHH MOAAAI0IIUIiCs
NpoBepKe. ITO AEMOHCTPHPYETCsl, HCIO/b3Ysl PUMepP BOJHOI0 YIIPABJICHUS
MOTEePH B BOAHBIX CHCTEMAaX pacnpeneJeHusl U NOABEPrHyTO NPAKTHYECKOMY
TeCTy, CPABHUBAs IBa COLMOJIOTHYeCKHUX HccaenoBanus B 'epmanun u Ilepy.

Martepuanasl 1 MeToabl

YT00bI OCTUIATH LeJIel ITOr0 MPOEKTA, MPOUEAYPHI OLEHKH U METOAbI
MOA/IEPKKHU PelieHUsI MyJIbTHKPUTEPHEB ObLJIM PUMEHEHBbI K IBYM
coumogoruyeckum ucciaenopanusM B Ilepy u I'epmanun. O6pasuoByro
CTPYKTYPY NOKA3BIBAKT B WLIKOCTpauuu 1.

Y100bI MOTYyYATH JyYlIee IOHUMAHME IPUHATHSA PELICHUS B BOAHBIX
NoTepsAx, minimisation MPOEKThI, Pa3JIHYHbIC IKOHOMUYECKHE, COUAIbHbIE,



TeXHHUYECKHE W IKOJIOrnYecKre OrpaHnYeHHs] MOCTABKM BOAbI B 'epMaHum u
Ilepy ObLIH KpaTKO cpaBHeHbI. CaMble BajKHbIE Pa3JIMuMsl B CTPATErHYeCKUX
H paKTHYECKHUX MEeTO0/aX MOTJIM ObITh ONMMCAHBI CJIeAYIONIHM 00pa3oM:

f T'epmanus umeet Ipopunakrnueckyro CTpareruio cpaxarbcsi ¢ BOAHbIMH
NOTepPsIMHU, KOTOPBIii M0 CyleCTBY NPUBEJ K HU3KUM YPOBHSIM BOJAHOI
norepu. Hanporus, Ilepy mosaaraercst Ha Ctparerunio OTka3a cpaxaTbCcs C
BOJHBIMHU MOTEPSIMHU.

f OueBnanbie Boanbie ITorepu B 'epManun uMeOT HU3K0€, MOYTH
He3HA4YuTeJbHOE Bo3aeiicTBue. QueBUIHBbIE BOAHbIe MOTepH B [lepy nmerot
cpeay K 00J1bIIOMY BO31CHCTBHIO.

f HeT HUKAKHMX IOPUAHYECKH YKA3AHHBIX LeJIeil OTHOCUTEJIBLHO 0TePb
NAaBOJAKA B BOJAHBIX cUcTeMax pacnpenesaenust B [lepy, u kpome T0ro 3t
1oTepu He yuTeHbl B Tapudax. B 'epmanuun ectb koOMMep4yeckue,
TeXHUYEeCKHe U IKOHOMHYECKHEe CTUMYJIbI VISl TOI0, YTOObI MUHUMHU3UPOBATH
BO/IHbIE NIOTEPH.

Boanwblii 0ananc odecrie4uBaeT OCHOBAHHUeE AJIsI TOT0, YTOObI AaHAJIM3UMPOBATH
BOJHbIC IOTEPH B BOJAHBIX CHCTEMAX pacnpene/JieHus, pa3jin4HbIe
KOMIIOHEHTBI BOJHOI'0 0aJIaHCa pacipe/e/ieHbl U OlpeeeHbl 0-APpyroMy B
pa3an4Hbix crpaHax. [loaromy cnenndukanuu padodero gucra W392 DVGW
(memenkas Texunuyeckasa u Hayynas Accouuanus ais I'aza u Boasl) 0b11H
NPUHATHI I 3TOH padoThl. ITOT PA00YHil JIMCT COAEPKUT crienuPuKAUU
4yT00BI COOPATH BOAHBIN 0ajaHc. JTa npeaonpeaeJeHHAas MOJeJIb BOOOLIe
coorBercTByeT “Tepmunonorum Jlyuymux meroasr” IWA (Me:xayHapoaHas
Boanas Accounanus).

JKOHOMHYECKAA YCTONYMBOCTH KOMIIAHMHU BOIOCHA0XKeHNs ObliIa 0TOOpaHa
KaK NepBUYHAS LeJIb AJIs1 AHAJM3Aa BOAHBIX oTeph. Cienywiue KpUTepuu
HCIO0JIB30BATUCH, YTOOBI OCYIIECTBUTH JTY 1eJIb: JKOHOMHYECKas
dddexTuBHOCTD, IKOHOMUYecKAA DPPeKTUBHOCTD; TexHnueckast

P PeKTHBHOCTH; JKoJOornueckas IPpPekTuBHOCTH COUOKYIbTYPHAS

P PeKTUBHOCTD.

Pazin4Hbie MeTOAbI OLICHKHU ObLJIM MPOBEPEHbI I PUTOAHOCTH B TEPMHHAX
OCYILIEeCTBJICHUS YCTOMYHUBOCTH B BOJHBIX CHCTeMaXx ynpasJjeHus. B atom
OTHOIIICHUM, BEKTOPHAS IMAarpaMMa MCIoJIb30BaJIacCh, YTOObI AHAJIN3UPOBATH
3¢ PexThI BOAHBIX NOTEPb Minimisation Mepbl. ITOT aHAJIU3 BOBJIEKAJI
pa3BUTHE KPUTEPHEB, KOTOPHIE 00/1er4aT YCTAHOBJICHHE IPHOPUTETOB ITHX
Mep B mpejae/iax BOAHOM morepu minimisation npoekt. [Ipouexypy
PROMETHEE cunTaJu BO3MOKHO JYYIIUM BbIOOPOM 4YTOObI BBINOJHHUTH
aHaJIH3.

Marpuna Pemienusi 1 npuBujieruposanuasi QyHkuus, Tpedyemasi 1Jis
3asaBJienus npoueaypsl PROMETHEE B BogHo# moTepe minimisation
NMPOEKTHI ObLIIN ONpeieIeHbl HA 0CHOBE 0TOOPAHHBIX HHANKATOPOB U
BexkTopHOro Ananusa BOAHOM mMOTepu minimisation Mepbl.



MeTtoa 11l peaincTHYeCKOro U pAalMOHAJBLHOI0 HA3HAYEeHUS HAI0ABKHU
(axkTOpOB 1)1 0TOOPAHHBIX MHAMKATOPOB npemiaraics. [lpouenypa s
AaJibHeH el OLEHKU Mep 32 KPYIJVIbIM CTOJIOM Npeaiarajiach.

MeTtoa ajs TOro, YTOObI AHAJIU3UPOBATH U OLEHUBATH 3P PEeKTHI BOAHOMI
norepu minimisation Mmepbl ObLJ1 ycTaHOBJIEH. B 3TOM OTHOMIEHNH, CileayloNIee
ObLJIM BHIYHCJICHBI:

f IddexThI KaxkI0ii Mepbl HA 0TOOPAHHBIX HHAUKATOPAX.

f 3aTpaTthl U BBITOAbI KaKI0H MepbI U, IO3TOMY, HX 3(P(PEKT HA exKerogHbIe
IKCILUIYaTAlMOHHBbIE PACXOAbI IOCTABKHA BOJBI.

CJ'leIlleH.[I/Ie KOMIIOHCHTBI MOAC/IN MOAACPKKH PCIICHUA ObLIH
ABTOMATU3UPOBAHLI B TOKYMCHTC Excel:

f Hpouenypa PROMETHEE ¢ maTpuuei pe3yJibTaTa U NPMBUJICTHPOBAHHOM
(yHkuMei 32 BOAHYIO IOTEPI0 Minimisation MpoeKTsklI.

f HazHayeHnune Hag0aBKH (PAKTOPOB AJIfl PA3JIMYHBIX HHAUKATOPOB.
f AHanu3, oleHKAa U PaHKMPOBAHUE BOAHOM MOTepH minimisation mepsl,

f Ouenka 3a KpyrJibIM CTOJIOM M PAHKHPOBaHHE mMinimisation umMeroT
pa3Mepbl MOCPEACTBOM MOAXOAsIIEH MPOLEAYPHI I0JI0COBAHUS.

AHaJIM3 YyBCTBUTEJIbHOCTH ObLI BbINOJIHEH B ciaydae Epsel S.A. (komnanus
BOI0CHa0:keHus B Ynknaiio-Ilepy), 4T0o0b1 IpOBEPUTH CTAOMIBLHOCTH
pelIeHus, KOT/1a OrPaHuYeHus M (paKTOphI HAI0ABKH M3MEHEHBI B Ipeaesaax
ompeeIeHHbIX IpeIesoB.

MeTo1010TH, YCTAHOBJIEHHAS, YTOObI AHAJIM3MPOBATH U OLIECHUBAThH
3¢ PexThl BOAHON MoTepu minimisation Mepsbl o0ecniequBaet GoHa st
OyayLiero aHajJu3a Apyrux Mep. Ita MeToA0J10rusi Obljia rpagpuyecKu
WJIIOCTPUMPOBAaHA B OIIPeieICHHBIX PUMepax.

IIpouecc MOJHOCTHIO ABTOMATH3MPOBAH U NMOCTABJIsieT HU(POBbIE YUCIOBbIE
pe3yJIbTaThl, TUIA JUATPAMM, 3TO SICHO MJLJIIOCTPUPYET NMPolecc pelieHus 1, B
YaCTHOCTH pe3yabTarthl. [Iponeccom ynpasJisiloT BOB/Ie4YeHHbIE CTOPOHBI,
KOTOpPbIe MOTYT HATPY3UTh MX Pa3/iIMUHbIe HHTEPeCchl KAK JKeJIaTeJbHO
(mpouecc nmeperoBopoB) u AeaoT 3P eKT HA TOCTHKEHUE Leseid, HIu
CTeNeHH ITOr0, MOJHOCTHI0 MPO3PAYHbIM.

KoMmnuinpoBanue u nporpaMmmMupoBanue nHcTpymenTa Excel o0seryaror aiis
M0J1b30BaTeJIs HCIOJIB30BATh PelieHue, MOACIUPYIOT H AHAJTU3UPYIOT
pe3yabTarhbl. X0Ts He Besi BO3MO:kHast Bognasi Ilorepst Mepsl Minimisation u
MeTOAbI BOAHOI MoTepH minimisation BKJIKYEeHbI TaM, C IPEeACTABJICHHOM
METOJ0JI0THel, POCTHPASICh U MPHUCIOCA0IMBAas HHCTPYMEHT He Tpeldyer



0oJib1I0T0 yensms. To ke camoe KacaeTcsi IPUHATHS BO BHUMAHMeE IPYTrUX
HHIMKATOPOB U HOBBIX Mep.

Objektsystem value system Process flow
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B nesom, ucnosibzosanue npoueayp oueHku 1 Meronos Ioanepxku Pemenus
B 0TOOpE NMPO0EKTOB MMHUMHU3HPOBATH BOAHBIE IOTEPH B BOAHBIX CHCTEMAX
pacnpeae/ieHusi, 0Ka3aJ0Ch, ObLII0 BHITOJHBIM U B 3HAYMTEIbHON CTENEeHH
BOILJIOLIEHHBIM 110 CPABHEHMIO ¢ 00Jiee MM MeHee HHTYUTHBHOM WJIH
CyObeKTHMBHOI OLIEHKOH CIJI M ¢J1adocTeil onpeeleHHbIX aJIbTePHATHUBHBIX
NpoeKToB. LleHHOCTHh NPUMEeHEeHNsI TAKOM JIZKH MeTOI0B, B YACTHOCTH B
(paxTe, YTO OHM PA3IOMAJIN CJIOKHBIC POOJIEMBbI PELICHHS BHU3 HA LIaru.
ITUM IyTeM, JULO0, IPUHUMAKOLIEe pelieHue 00JiblIe He 00513aH0 pelaTh
KOMILIEKC, YaCTO ""TPYAHBIH NOHATH'' MOJHYI0 IPOOIEeMY, HO MOKET BMECTO
3TOr0 MePerTH HA MOCTENEHHOM OCHOBAHUH, KOTOPOE ABJISICTCH JETKUM
ciaenoBarb. Kpome Toro, 3¢ppexkrbl MHIUBUAYAJTBLHOM HEJH (JI€HEKHO-
KpeIUuTHbIe HHAMKATOPHI) U CY0ObeKTHBHBIE IAapaMeTPhI (HeJAeHeKHbIe
HHAUKATOPBI, THNA “He3akonHbix Boaubix CBs3ei*) MoKeT ObITh IOKA3aH B
npeaesiax Mo/ie/u MOAAeP KK pelieHus. ITO IPUHUMAaeT pelieHue
o0padoraTh 0oJiee MpoO3payHbIi U 00J1ee I(PPEeKTUBHBIH, IOCPEACTBOM 4€ro,
Aaxe AJIsl Pa3BUBAIUIUXCH CTPAH CO 3HAYUTEIBHBIM MOJIUTHYECKUM
BJMSIHMEM Ha JIMLA, IPUMHUMAKIIHE PellleHne B KOMIIAHUAX BOIOCHADKeHHs,
Ta padoTa MoXkKeT, B 1eJIOM, BHeCTH CBOM BKJIaja B objectification, k
YBEJIHUYEHHUIO XOPOLIHUX (PALUMOHAJBHBIX) BOAHBIX METOA0B U MO3TOMY K HOBOH
BOJIHOM KyJbType (MI3MeHEeHHEe B IEHHOCTAX).

B pe3yJsbTaTe cTpaTernu 0TKa3a, HCMOJb3yeMOil BILIOTH 10 CUX MOP, YTOOBI
CPa’XKAThCHA C BOJHBIMH MOTEPSIMH, KOMIIAHUsA BogocHa0dxkeHusi: EPSEL S.A-
(Lambayeque - Ilepy) npoeKTHPYIOT BHICTABKH 00J1aCTH OY€Hb NOTEPHU
naBojaka. Cjie0BaTe1bHO ObLJI0 OTHOCUTEIBHO JeTKO HAeHTH(PUIIUPOBATH
MOTEHUHUAJ VISl TOT0, YTOOBI YMEHBIIUTH BOJHbIE OTEPH, UCIIOJIb3YH
U3BeCTHbIE Mepbl. TOYHO TaK Ke KOJIMYECTBO OYEeBUIHBIX BOJHbBIX NOTEPh
NMOKA3bIBAJIH, YTOOBI OBITH CyllIeCTBEHHbIM. BO3MO0KHO, UTO 1aj1ee bITACTCH B
00J1aCcTH YNIPpAaBJIeHUS JaBJIE€HUS, MOKeT MPUBECTH K JOCTUKEHUIO IPYroro
IKOHOMHUYECKOro 3¢ dexra.

B pe3yabTaTe npo@uIaKTHYECKON CTPATEruM, HCIOJIb3yeMOH BILUIOTH 10 CHX
1op, YTOOBI CPAKATHCHA C BOAHBIMH noTepsimu, Langenselbold-I'epmanus
NMOKa3bIBaeT TOJbKO HU3KHE YPOBHHU BOJAHOM norepu. B Hemenkom ciy4yae, B
KOTOPOM YPOBEHb BOJHOM MOTEPH SABJIACTCH HU3KUM, HY’KHO TIHATEJIbHO
paccMOTpeTh APYyrve NONbITKA YMEHbIIATH BOJAHBIC OoTepu. OnpenesieHue
3¢ ¢exTOB BOAHOI MOTEepH minimisation Mepsbl - TPYAHAA 3a4a4a, IOTOMY YTO
X 3P PexThl cTAHOBATCA Bee 00Jiee U 00/1ee HE3HAYUTEIbHBIMHU U - HHKE
OLIMOOYHBIX NpeaesIoB usMepeHusa. OnrumMusanus Mep, yxe
OCYILIECTBJICHHBIX, THIIA, HATIPUMeEP, ONTUMHU3ALUS THHAMHYECKOT 0
yIpaBJeHUs AaBJIEHHUS, MOKeT Bce elle MPeACTABIATh IKOHOMUYECKYI0
AJIbTEPHATUBY YTOOBI JOCTUTHYTH JAJIbHEHIIIEr0 COKPAILCHUS BOAHBIX
1oTephb.

CokpaleHue BOAHBIX IOTEPb B BOJHBIX CHCTEMAX pacinpeaeJeHusi BbITOJIHO ¢
TEXHUYECKON M IKOHOMUYECKOM TOYKH 3PEHUS TOJIbKO IPHU ONpeaeTeHHbIX
o0crosiTeibecTBaxX. B ciiyuyae, npoaHau3upoOBaHHOM, BOBJIEKAsl CHCTEMY B
Pa3BUBAIOLIYIOCH CTPaHYy, ObLJI0 MOATBEPKIACHO, YTO YMEHbIIIEHHE BOAHBIX
NOTEePb UMeeT MOJIOKUTEIbHBINA 3PPEeKT HA IKOHOMHYECKYI0 3PPEeKTUBHOCTH



cucTtemMbl BogocHa0xxenus. B ciayuae Ilepy, 3ToT moTeHuuaJs ajis Toro, 4Todbl
yay4maTh 3G PeKTHBHOCTD He IKCIIYaTUPYeTCS U3-3a HEXBATKU MHCTPYKIMI
OTHOCHTEJIbLHO BOAHBIX MOTepb. Ciie10BaTe/IbHO, MOJUTHKA HOJKHA ObLIA ObI
OBITH HCNPaBJIeHA, YTOOBI CO34aTh CTUMY.JI JJIsl TOT0, YTOObI YMEHbIIUTH
BOJHBbIe MOTepHu. OnpeaesieHre HHAUKATOPOB M 1LeJieil OTHOCUTEJIbHO BOJXHBIX
MOTEPb A0JKHO OBbITH MPUCIOCO0JIEHO, YTOOBI YIOBJIECTBOPUTH KAKIOMY
HHAUBUAYAIBHOMY CIy4al0.

3akiaoueHus u Pexomenpanuu

a) OuneHkKa M noj/Aeps;KKa pelieHs 3a BOAHYIO IOTEPI0 minimisation Mepbl
MOT'YT ObITh POM3BeE/AEHbI, IPUMEHSS Pa3JINYHble METOAbI OLEHKH
MYJbTHKPUTEPHEB U MOJIEPKKH pPeleHus.

Caenymwomue Mepbl 10JKHbI ObITH IPUHATHI:

f Ucnoyib3yst HHAUKATOPBI Onpeaeans uejau (JKOHOMU4ecKne,
Ikosornvyeckue, Texnnueckue u CounoKyJIbTYPHbIE L€M) BOAHOM MOTEPH
minimisation Mepbl, WJIN MPOEKTHI J0JKHbI ObITH OIpeeseHbI.

f JIuno, npuHUMAaoLIee peleHue J0JKHO HAeHTUPUIHPOBATH YMECTHOCTh
Pa3JMYHbIX LeJeil mocpeacTBOM Hag0aBKH (PaKTOPOB.

f Boanblii bajianc 1oyxeH ObITH cOOpaH (B Te4eHHe OTHOTO roJa) 1JIsl BOXHbIX
paccMaTpuBaeMbIX ceTeil, KOTOpbIe T0JKHbI IPUHATH BO BHUMAaHUE
pa3jiM4YHbIe KOMIIOHEHTHI YNOJHOMO4YeHHOT0 [loTped/ienust 1 BOAHBIX
NnoTephb.

f HloTeHUMANBbHBIE MEPBI VIS TOT0, YTOOBI YMEHBIIATH BOAHBIE IOTEPH
AOJIKHBI ObITH HIeHTUGUUHMPOBAaHbI. Pa3in4yHbIe Mepbl J0JKHBI OBITH
3aJyMaHbl IKCIIEPTOM, KOTOPBIii ABJIsIETCS B COCTOSTHUHN cO0paTh
Heo0XoauMYI0 HH(OPMALMIO, TIPU3HATH BAPHUAHTHI 32 BOJAHYIO IOTEPIO
minimisation ¥ NpeAJIOKUTH Pa3JINYHbIe MepPbl COOTBETCTBeHHO. BogHasi
noTreps minimisation MPoOEKT JI0JI2KHA, I0ITOMY, COCTOSITh U3 MepP, KOTOPbIe
NMPHUCIOCO0JIEHBI K COOTBETCTBYHOIIEH AeiiCTBUTEIbHOCTH.

f I¢pdexTHI NPOEKTOB UM MeP HA KOPIOPATUBHBIX HHAMKATOPAX TaK Ke KaK
ux 3¢ PexTe Ha e:keroHbIE 3aTPATHI HOJKHbI OBITH OLIEHEHBI.

f BasKHO NpOBEPUTH IKCIIYATAIHOHHYIO I0X0THOCTh HA OCHOBE OPUEHTAILMHU
K 9JKOHOMHUYECKHM YPOBHAM yTeuKHu. Mepbl, YTOObI YMEHBIIUTH YTEYKHU CETH,
€ NMPOCTO IKCIIYyaTAMOHHON TOYKHU 3PEHMsI, TOJIBKO 3aMEeTHOM 10
onpeaeJeHHOro MyHKTA.

f PazinuHble aJibTEPHATHBHBIE MPOEKTHI /IJIsl TOI0, YTOOBI MUHUMU3UPOBATH
BO/IHbIE MOTEPH COOPAHBbI U MPOAHAJIM3UPOBAHBI HA OCHOBE U3Y4Y€HHBIX
MeTo10B onenkn (U3nep:xkku u Boiroasl 1 PROMETHEE).



Hpouexypa PROMETHEE n npuBuniiernpoBannas onpejaejeHHas GyHKuus
HCIOJIb3YIOTCS, YTOObI YCTAHOBUTH PAHXKUPOBaHUE Mep. DTO PaHKMPOBAHH e
OTIpPaBJIeHO BOBJe4YeHHOMY ""Kpyriiomy croiy' cropon (Hanmpumep
o01IeCTBeHHbIE BJIACTH, IOTPeOUTEIH, 3aKOHOAATeJIbHbIE TeJIa, OPraHbI
3APaBOOXPaHEeHUs); 1eJieBasi IPyIa BbIOMPAeT HOBbIH CIIMCOK MPUOPUTETOB
(Mcmob3y 0N PoUeAYPY PelieHHs IPYIIIbI ¢ ONpeleTeHHbIMHU
U30UpaTeJbHBIMHU NIPABUJIAMH) COTJIACHO MX HHTepecaM perneHus. O4eHb
YIPOLIEHHYIO0 0JIOK-CXeMY Npolecca NOKa3bIBalT B MJLIKOCTpanuu 2. B
TeYeHHe MOUCKA MOAXOAS e MPoLeypPhl r0JIOCOBAHNUS, KOTOPas 00Jer4miia
OBI CTOJIb 5Ke CIIpaBeJINBOe, JEMOKPATHYECKOE H IIPO3PAYHOE pelIeHne
HACKOJIBKO BO3MO’KHO B r0JI0COBAHMH, HECKOJIBKO I'0JIOCYIOLIUX METO10B
ObLIIM CPABHEHBbI:

a. 0 Condorcet MeTox

b. o Borda rpa¢

¢. 0 Pemienne 001bIIMHCTBOM I'0JI0COB

d. o Exnncreennoe IlepenaBaemoe I'osiocoBanue

Br16op uzmepsier 3a Bognsblie Ilorepu Minimisation (2) mepsl BoiGopa

@ Decision Matrix
and

Ranking Matrix (2

for Water Losses Minimisation (1)

Decision Matrix and
L Ranking Matrix
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Ba3a JAHHBIX
Figur 2: Kypc pemienust 00padaTsiBaeT NPaKTHYECKHU

Metox Condorcet u merox Borda - camble u3BecTHbIE H30MpaTeIbHbIE
MeToAbl. OHH 3alyMaHbI TAKHM CIIOCO0O0M, YTO KAKIbIi 1aeT KOMIIEHCALIUIO
3a caadoctu apyroro. Meroa Condorcet uMeeT NpeuMyIecTBo, KOTOpPoe
HU3MEHSAeTCH Ha COOCTBEHHBIH 3aKa3 NpeaNoYTeHNsl, He BJUSIOT Ha
rosiocyrouuii pesyjasrar. OqHako, MeTox MMeeT HeyA00CTBO, YTO pa3InYHbIe



NPUBUJICTHPOBAHHDbIC HAI0ABKHM He PUHATHI BO BHUMAHHME H YTO 3TO MOKeT
OBICTPO COCTABUTH HEMOCJIeA0BaTeIbHbIE Pe3yJbTAThI, HJIH “IHUKINYECKOe
00JILIIMHCTBO”, MOCKOJIbKY UX Ha3bIBAKOT. Tak, 4T00bI 002 MeTOA HE
NPOU3BEJIM HECOTJIACOBAHHOCTH, JaKe MAJeHbKHeE IPYNIIbI HYKIAI0TCH B
3HAYUTEJIbHOM O0JILIIMHCTBE. ITU TPEOOBAHUS AAIOT MHANBUAYAJIbLHBIM
YYACTHUKAM NPOUEAYPbI I0JI0COBAHMSA 00JIbINYIO BJIACTb, IOTOMY YTO OHH
MOI'YT IefiCTBOBATh KAK HTPOKH BETO M 3aCTABJATH U30HPaTEJIbHBIN Ipouecce
paspymiatbcesi. Tak Kak NPOTHBOpPeYUBbIE HHTEPEChl COCTOST B TOM, YTOObI
0’KUJAATHCH B F0JI0COBAHUHU, MAJIOBEPOSITHO, YTO SICHOE 00JILIIMHCTBO Oyaer
NMpeACTOSNMM B EPBOM H30MpaTeibHOM OroJuieTeHe. ['ojiocoBanue B
HECKOJILKUX CTAAMSAX MO3TOMY PEKOMEHIYeTCsl, TAK KaK MocJeylme
NeperoBopbl OTHOCUTEILHO HHTEPecOB Hen30e:KHbI. B 3TOM OTHOLIEHMH,
MOJIHbIE 3aKa3bl MPEANOYTCHUA AJIbTEPHATUBAM, JOCTYIIHBIM B I'0JIOCOBAHUM
HOJIKHBI OBITH MPeEACTABJIECHBI M30MPAaTEJIIMU B KaXKA0M U30MPaTEeIbHOM
Orosterene. Tem myrem, Jil000e H3MeHEHHE B JTHYHBIX MHTEpPecax MoKeT ObITh
OTCJICKEHO B TeYeHHe U30uparTebHOro npouecca. Takum odpazom, Mbl
HaJ/ieeMCsl, pellleHUs], OCHOBAHHbIE HA JIMYHBIX MHTEPecaxX MOryT ObITh
NPU3HAHBI, 10JZKeH H30UpaTesib PelIUTEIbHO H3MEHATH ero/ee MoJI0KeHue
OTHOCHUTEJILHO X HHTEPECOB.

f B KoHIIe mpoiecca, YeK 3aKOHHOCTH BBINOJIHEH, YTOOBI TIIATEIBHO
HCCJIe0BATH MPOCTO JIOTHYECKU-MATEMATHYECKUH aHAJIN3, IPOBEPATH JJIsl
OIIMOOK B TAaHHBIX BX0/J1a CTPYKTYPbI JaHHBIX WJIH HHIAUKATOPOB U
NMpoBepsiTh, COBMECTHUMBI JIK MOJTyYeHHbIE Pe3YJbTAThI C ONBITHBIM 3HAHUEM.

b) lonoJIHUTEJIbHO BBITOABI JIZKM METO0B MOIEPKKHU pellieHus1 B 0oJiee Ui
MeHee 00beKTHBHOM pelieHHH 00padaThIiBalOT CONOCTABUMbIA HHTYUTHBHBIM
/WK Cy0ObeKTUBHBIM HAJI0aBKaM CHJI M ¢J1a00CTeill MHAMBUIYAJIbHBIX
NMPOEKTHBIX AJIbTEPHATHB JIJIsl YCOBEPIIEHCTBOBAHMSI MPOLECCa MPUHATHS
pelieHusl.

HpeunmymecrBa PROMETHEE - oTaesibHbII aHAIU3 CHJI M ¢JIA00CTEH TaK ke
KaK BO3MOKHOCTH MO3BOJIMTH BOOOIIE U ONPeleTUTh Pa3jinuHbIe
NpUBUJIETHPOBaHHbIE YPOBHU. OIHAKO, T€ CBOMCTBA MOTYT BECTH, YTOObI
OLICHUTH AHHYJIMPOBAHUSA W 3aBUCAT OT YTBEPAUTEJIbHOCTH CYLIECTBEHHbIX
ApryMeHTOB U CepPbe3HOM JUCHUIIUHBI B MPOJABUKEHUH CePbe3HbIX
o0cy:xnenuii. g mara HagdaBku Obli1a pa3BUTAa MParMaTH4YecKas
npoueaypa BpIMrpsima. /lajiee, 4yBCTBUTEIbHOCTH AHAJIM3A NPeIJI0OKeHA,
KOTOPBbIH NOKA3bIBAET BJIAMSHNE YACTHYHO CYyObeKTHBHBIX (PAKTOPOB
Ha/10aBKM Ha pe3yJbTaTtax. B nmpeaenax kamaoro couuoJI0ru4eckoro
HCCJIEIOBAHUSA KATAJIOT HeCKOJBKUX KpUTepUeB OLeHKH ObLJI Pa3BUT
OTHOCHUTEJBHO QyHAAMEHTAIbHBIX U MEKIYHAPOAHBIX NPUHATHIX LeJeil
BoaHOM nmorepu. Iloaromy nemokparudeckuii Bbioop B ""Kpyriom crose'
Oyaer uccienoBaH B 3ToOH padore. OnpeaeeHHeM KOJIMYECTBA
HCKJIIYUTEIbHbIE BBITOABI LeJ1asl HJIM MAKCMMAJIbHAA CTENeHb 10CTHKEHUH
1eJIM MOKeT ObITh MOJIy4eHA NP TEKYIIUX 00CTOSATEIbCTBAX U BPEMEHHM.
TaxkuM 06pa3om 3TO cOCTABJISIET TAMOKEHHbIN HHCTPYMEHT /ISl PA3JIMYHbIX
AJIbTEPHATHB PelIeHUs U YKA3bIBAeT Pa3IuYHbIe BO31eHCTBUA SICHO.



Jeno3urapuu CHOPHOro MMYILIECTBA B J1I000€¢ BpeMsl B COCTOSIHUH
NPeICTABUTh UX BKJIAJ MAacIITA00M B MX OpraHu3anusx.

¢) Ycuiiusl yMeHbIIATh BOJHbIE IOTEPH, OJAHAKO, TOJLKO OYAYT yCHEIIHbI B
JA0JTOCPOYHOM MEPCHEeKTHBE, eCJIM BCe COUAIBHO YMECTHbIE IPYIIbI OLEHAT
JKoJI0rnYecKue, IJKoHoMu4eckre 1 ConuajabHbie M3MEepeHHs P00JIeMBbl.

d) Cokpamenue norepb 0T CUCTEM NMOCTABKH NUTHEBOM BOABI -
Honutnyeckas, PuHaHcoBasA, JKojgorudyeckas 1 Coumoky/JbTypHas
npodJiema. B npegesax KOMIaHUU BOAOCHAOKEHUSI IPUYMHBI IOTEPhb OT
CHCTEeMbI BOJOCHAOKEHHS Yalle HAWIeHbl B OPraHM3allMOHHBIX,
aIMHUHHMCTPATHUBHBIX H IKCIUIYATALMOHHBIX 00JIaCTAX YeM B TEXHHYECKHUX
o0J1acTsIX.

¢) UnTeHcnpukanusa MexkAyHAPOAHOT0 cOTpyaAHUYecTBa (Hanpumep IlosHoe
3nanmne, Xopouiee YnpasjaeHue, JKOJOTHYCCKH Le1eco00pa3HbIe TEXHOJIOT M)
B IeJISIX IOCTH/KEHUs] HU3KOM NOTepu CHA0XaeT BbICOKOKAYeCTBEHHOM
NUTHEBOM BOAOI, 10JI7KEH NPece0BaThCHA NPH JaHHBIX 001MX YCJIOBHAX
(Hanpumep KJIUMAaT, NOJUTUKA, Bognas KyabTypa, kopnoparuBHas
KYyJbTYpa, IPABUTEJIbCTBEHHAA KYJAbTYpa, Boanas Ilpuroanocrs,
KOJIN4€eCTBO, Ka4ecTBO). BaskHO, 4TO BCA 1OCTYNMHASI IKCIIEPTU3A
CHCTEMATHYECKH pPaclipe/iesieHa CJOYKAIIMM KOMIIAHMH BOAOCHAOKEHUSA
OTHOCHUTEJILHO YIIPABJICHUS, OPTAHU3ALMH, ONIEPALMH U 00CTyKUBAHUSA
cucTeM BOJOCHaO:keHHs. Takxke ObLI10 ObI M0JI€3HO AKTHUBHO NMPOAO/KUTH
MEKAYHAPOAHYI0 CTAHAAPTH3ALMIO TEPMUHOJIOTHH U METOI0B, METOAOB U
000py10BaHUS OTHOCUTEJIbHO NOCTABKYU NMTHEBOH BO/BI.
AJIMHUHHMCTPATHBHbIE M TEXHUYECKHUE MPOLEYPbI AJIs1 OOHAPYKeHUS,
PaCIoJI0KEeH!sI M BOCCTAHOBJICHHUS YTe4YeK J0JIKHbI ObITH Jajiee Pa3BUTHI B
MEKIYHApPOAHOM MacuTade.
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IIpoucxoasimue BOAHbIE MOTEPH - YBEJIMYNBAIIMUCSH BbI30B JJIA KOMIIAHUH
noctaBku. UYTo0bl yMEHbIIATH 3TH MOTEPH IP(PEeKTUBHO AeTATNZUPOBAJI
3HaHue 00J1acTel ¢ rIIaBHbIMHU Aepuunramu, Tpedyercsi. Huxke
NMpeACTABJICHHOM BOAHOM cucTeMbl ynpasJjenus norepu (WLM) no3Bossier
NMOCTABIIMKAM Ha0JI0AaTh AeSITeJIbHOCTH B MIpeJeJiax ceTu TPyObl 1
UIeHTUPUIHMPOBATH YTEUKH PaHO.

HN3MepeHne uccie10BaHNH, PACCESTHHBIX HA BCEM NMPOTIKEHUU CETH TPYObI, U
HEHTPAJTbHON eIMHUIIbI, YTOObI AHAJTU3MPOBATH 32a0PaHHbIE JAHHBIE CO31a€eT
cucremy. UccinenoBanus aeicTByoT aBToHOMHO. [loTok mapamerpa,
JaBJIEHUE U LIIyM 3aPerucTPUPOBaHbl. J[aHHbIe COXpaAaHEHbI BPEMEHHO U Yepe3
GSM (ceTtb MOOWIBHOTO Tesle)OHA) MEePeIAHHbIN K IIEHTPAJIbLHOU eIUHUIIE.

TouyHocTh M3MepeHHst 0UeHb BbicOKa. [1o3TOMY 1ake 04eHDb 3aMelVTUTEeCh,
JABHKeHHUE BOABI K 1 cM B CEKYHy MO:KeT ObITh 00Hapy:keHo. Takum oOpa3zom,
MOCTABIIMK MOXKET yJIYYIIUTh YCTAHOBJICHHYI0 OKPYKHYI0 CHCTEMY
U3MepPEeHHUs1 — MJIM €034aTh TOT. IIpsiMo B MOMEHT, TO, KOIr1a HOBasl yTe4Ka
NPOMCXO/INT, U MIePBOe NMpeAcKaZaHue JOKAJIN3alUH B3PbIBA H TYCKJI0€
onpeaeeHne KOJIMYeCTBa, BO3MOKHO. Yepes rpy0y1o JT0KaIH3a1HI0 PACXOAbI
NJIS1 JaJIbHEHIero 00HAPYKeHUs YTeYKH (KOPPeJsTop ...) MOI'YT ObITh
YMEHbIIEHBI CYIIeCTBEHHO. BOIHBIN MOCTABIIMK MOXKET KjJaccu(PpuuUupoBaTh
CJIy4ai COIJIACHO ero YKOHOMHUYECKOM 0e30T/1araTeJIbHOCTH.

Knrwuesvie cnosa: EnBW, KOHTPOJIb Beeil ceTu, pemienue 1mm/sec., WLM-
cucrema, AQUALYS, lll.1ro3Hb1e BOpOTa, onpeaessisi KOJIU4eCTBO KOJIHUYEeCTBA
YTeuku, N0TOKA, 1aBJeHHS, IIyMa, TPOJAOKUTEIbHOCTH YTEUKH

BBenenue
Bonocnao:xenune Yruaurt Crailsheim

Crailsheim - neHTpajJbHasi TOYKAa B CEBEPO-BOCTOYHOM YACTH rOCy1apcTBa
Banena-Wiirttemberg. 1o HaxoauTcs B npeaesax rpadcraa 3ana
Schwiibisch. Bacceiin pexu coaep:xut npudansureasbHo 80 000 yesnoBek, B TO
Bpems Kak caMm Crailsheim umeer npudausurensno 17 000 :xureJieii.

C 20 000 padbouux MecT, MHOTHE B HHAYCTPHAJIBHOM CEKTOpe, FOPOJ UMeeT
XOPOILIYI0 IKOHOMHYECKYI0 CTPYKTYPY, YBEJIMUYCHHYIO YIO00OHBIM J0CTYIIOM K
HeMelKo cucreme mocce (A6 u A7).

I'opoa Crailsheim - exuncTBeHHBbINH yuyacTHUK Crailsheim Utilities Ltd. (STW).
JTa MOJIE3HOCTH o0ecneYnBaeT BJIACTh, a3 U BOAY K ropoay. [Apyrue yciayru
AOCTYIIHBI, TUNA NOCTABKHU TermoueHTpaau. STW umesa 114 cayxamux B 2004
U npoussena &euro; 34 MUILJIMOHA B 10X0/1€.

BonocHao:xkenue Hecer 121 kusnomertp cetu Tpydoonposoaa. B 2003 3ra cern
nocrasJsiia 2.34 MUILJIMOHA KyOUYeCKHUX METPOB MUTHeBO BOAbI. I1o
kpaiiHeii mepe 70 % TOro KoJM4YecTBa c/AeJaHbI JOCTYIHbIN ¢ COCETHUX BeCeH
yepe3 Koonepatus BogocHat:xxenus I'pynnbl Jagst. OcraTok, 0os1ee yem 700



000 kyonuecknx meTpoB B 2006, 66171 0TTAHYT 0T CeBepo-BOCTOYHOI0
Kooneparusa Bonocnat:xxkenuss Wiirttemberg.

3ona neiictBus STW npocrupaercst mo npocrpanctsy Ha 401 meTp BbIle
MOPCKOI0 YPOBHsI Ha 466 MeTpPOB BbIlIe MOPCKOTro ypoBHs. Cpennee
BO3BbIIIIEHHE MMeeT pa3Mepbl HA NPUOJIN3UTEIHbHO 420 MeTPOB BhIIIIEe
MOpPCKOro ypoBHs. B 3T0ii 30He AelicTBMS HOpMaIbHOE BOHOE 1aBJIeHHe
pacnoJiaraercsi Mme;xkay 6.47 opyckamu u

1.67 OpyckoB.

BoJbiast 4yacTh ceTH, MOCTPOEHHOMH € 00JIbIIMM HOMUHAJIbHBIM
TpyOOonpoBoaom auamerpa. Pazmep Tpydonposoaa ucnosib308a najgeHue
mexay DN40 u DN300. IIpuBusiernpoBaHHbIH MaTEPHAJI - HOJTUBUHHIXJIOPU
(mpubau3uTeNBHO % Beero Tpydonposoaa). Tpyda PE Takke IKCTEeHCMBHO
HCnoJb3yercs (mpudausureabHo. &fracl4; us Bcero Tpydoonposoaa).
OcTajbHble MOKPBITHI MeTANINYecKOi TPyOoii. CpexHuii BO3pacT ceTH
TPyOONpoOBOIa MUHUMAJIEH.

Boanasi moreps pocJia ycroitunso B rogax 10 2003. OTHOCHTEILHYI0O HOPMY
norepu 7 - 8§ % CYUTAIOT HE3HAYUTEJILHOU. ITO, OTHAKO, YACTUYHO A€JAKT K
NOTpedIeHUeeMKUM MHAYCTPUAJIbHBIM onepauusam. Eciau Bol pacemaTpuBaam
onpeeJieHHbIE BOJAHbIE MOTEPH, KAXKAbIH HalaeT notepro 130 1uTpoB B
KHJIOMETP, KOJIMYEeCTBO, KOTOPOEe HAXOAUTCH B 00/1aCTH MEKAY CpeAHel U
BbICOKOH morepeii. OnpeaeseHHbIe BOJAHbIE HOPMbI IOTEPH MPEACTABJIAIOT
HAMHOTO0 0o0Jiee SICHYI0 KapTHHY YCJIOBHS CeTH TPyOONPOBOAa YeM
OTHOCHTEJIbHbIe HOPMbI NOTEPH.

CTpyKTypa 30HBI AeHCTBUSA SICHO pa3aeaeHa. Q0JacTh OPraHu3oBaHa B B
0011eil CJI0KHOCTH NMATH 30H, IBE U3 KOTOPBIX CYIIECTBYIOT M3-32
reorpapu4ecKux NpUYUH: 1Ba PAHOHA CTPYKTYPUPOBAHbI KaK UX
coOcTBeHHbIE 30HbI 00caykuBaHus. Ocrarok ot Crailsheim pa3nesnen cpeau
JAPYruX Tpex 30H. 30HbI 1 (MHAYCTPHAJBbHAS 00,1aCTh) M 3 (LIEHTP ropojaa)
¢popma riiaBubie Pokychbl NOTPedICHNS.

30HbI OTACJCHDBI OT APYI JIpyra YBJIAKHUTECJIAMUA U BCIIOMOTIraTe¢/JIbHBIMHA
KIalIaHAMHU JaBJCHUA.

BoaHble MeTpbI yCTAHOBJIEHBI HA MOJHATHIX YBOJLHEHUSAX Pe3epByapa Tak ke
KaK HEKOTOPbIX U3 30HAJIbHBIX TO4YeK nepecedeHus. OTaajieHHasi nepeaada
JAHHBIX He J0CTYNHA. ToJbKO TaHHbIE OTHOCUTEJIHHO NMOAHATHIX pe3epByapoB
nepeaaHbl K AMCHeTYEePCKOM.
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Figure 1: Conduit network overview
IoOyxnenue niast Konrposast Boanoii Illorepu

@®okyc 30HBI AelCTBUSA pa3esieH MeK1Y AByMsl HAUOOIbIIMMH 30HAMU B CETH.
OHu ye COCTOAT CeroIHs B 3HAYNTEIbHOM CTeNEeH! U3 IIaCTMACCOBBIX
TPyOoOonpoBoaoB. Eciiu yTeuka o0Hapy:KeHAa U MAeHTH(PUIIUPOBAHA
30HAJILHBIM H3MepPeHHeM, BCECTOPOHHHUM M YCJIOKHIJIA PadoTy
pacnoJioxKeHus, He00X0AMMO, YTOObI HAWTH MYHKT YT€YKH U BOCCTAHOBUTD
3TO.

Texunousorus narunka WLM, nponannas B 'epmanun Bosnoun RBS Litd,
¢unuan EnBW (Energy Baden-Wiirttemberg AG), o0emanublii uMeTh
HEKOTOpOe CPeICTBO 3/1eCh. TeXHOJI0rus JaTYNKA OCHOBAHA HA U3MePEeHUM
HCCJIeA0BAHMI, KOTOPbIE YCTAHOBJICHBI HEIMOCPEACTBEHHO B CeTh
TPpyOonpoBoaa u KOHTPoaupymoT flowthrough, naBienue, u myMoBble YPOBHH
B TeYeHHUE HENMMKOBBIX BPeMeH HCI0JIb30BaHUS (HOYHbIE YaChl).

TexHoJIOruA 1aTYNKA 00HAPY:KUBAET YTEYKH OYeHb paHo. Jlaxe
MHHHMMAJIbHbIE CKOPOCTH NMOTOKA HUKe 1 ¢cm/s MOTYT OBITh HA/1€5KHO
3aperucTpupoBaHbl. TeXHOJI0THs MO3BOJIAECT KOHTPOJIb C BHICOKOM
paspeniauieil CnocOOHOCTBLIO BCEHl CeTH NMOCTABKH, (PU3UYECKHU He
pa3beIuHsAA 30HbI, IPOLECC, KOTOPbIH ABJISETCH F'HIPABJINYECKH
HEBBITOJHBIM. JTO 0YeHb YMEHbIIIAET YCUJIHE, BOBJIEYEHHOE B PACIIOJIOKEHUE
yTeuek.

Kpome 1010, TeXHOJI0THS TaTYUKA MO3BOJIsSIeT ONpe/ie/ieHne KOJNYecTBa
KOJHMYECTBA YTEUYKH MOCae HICHTH(PUKAIUU YTEUYKH, TAK, YTOObI HaJe:KHASA
OIICEHKA DKOHOMHMYECKOH 0€e30T/I1araTeJJbHOCTH MOIJIa OLITH OIlEHEHA.




C pacnpocrpansiiomeiicsi yctaHoBkoil 1atunkoB WLM, STW, xkesarejibHbIe
C OJIHOI CTOPOHBI, YTOOBI OBITH HH(POPMHPOBAH PAHO 0 BOSHUKHOBEHHH
yTe4eK M, ¢ IPYroii CTopoHsbl, K sustainably moHuxkaw0T CTOMMOCTH
PACIOJI0KEHHUS YTEYeK.

Ipencrasaenue Texnonorum Jarauka WLM
HNmeromme pasmepsl Uccaenosanus u ux Oynkuus

J{aTYUKH NPUHECEHbI B IPSIMOM KOHTAKT C YIPABJIEeHHEM MUTHEBOI BOI0M
yepe3 OypoBYI0 ckBaxxuHy B [lune. OHu MMeIOT pa3MellieHNe HepKaBelouei
CTAaJIM, KOTOPOE MOKeT NPOTHUBOCTOSATH IaBJIEHHUIO 10 35 OpPYCKOB, M OHH -
3amuieHHbli [P68. Pazmelmenue naTuuka coiepkuT Bce H3MepPUTEIbHbIE
NpUOOPHI TAK ke KaK jJecopyda naHHbIX A1 38 000 1uHMi JTaHHBIX.

Ywuc10 MCnoJIb3yeMbIX JATYUKOB U MX MOJI0OKEHUS B CETH 3aBUCHT OT
CTPYKTYPHBI CE€TH M KeJIATeJIbHOM TOYHOCTH MOJYyYAKIIUXCHA JAHHBIX. JTO
pacnoJio:KeHue J0JKHO ObITh OCHOBAHHBIM HA JIEHICTBUTEIbHON MO/IeJIN CeTH
TPYOONPOBOa, KOTOPAs NMO3BOJIsIeT TOYHOMY NPeABbIYNCIEHU IO
THAPABJIUYECKHX (DAKTOPOB 0KMAATHCS B KAXKIOM KeJIATeJIbHOM
HHCTAJSAMOHHOM IyHKTe.

Kaxabiii 1aTYMK MCII0JIB3YeT MATHUTHOC-MHAYKTHBHOE M3MEpeHue,
3JIEKTPOHHOE, YTOOBbI H3MEPUTH CKOPOCTh, NPOMCXOASINYIO B
HHCTAJISIMUOHHOM NMYHKTe. MMHMMAJIBbHBIN NMpeae u3MepeHus -
npudan3uTesbHo 1 cm/s. CKOpocTh NOTOKA NepeaaHa ¢ pemieHuem 1 mm/s.

Hanee, 3¢ pexTBHOE JaBJICHHE TOTOKA B MIYHKTE YTEHUS MOKET ObITH TOYHO
onpeneseno k 0.01 opyckam. Kpome Toro, 1aT4uKku 3aXBaTbiBalOT HIYM
MOTOKA BO/bI, HCII0JIb3YH TUaApoTeedonbl. U3MepeHue myma B Tpydax
YMeEHbIIAeT 3aBHCHUMOCTH OT MaTepuaJia Tpy0oonpoBoaa, Tak Kak cama BOJA -
JIYYIIHil MPOBOJHHUK 3BYKA YeM IJIACTMACCA, HCIOJIb3yeMasi B M3r0TOBJICHHBIX
TpyOonpoBoaax Tpyobl. Takum 00pa3zomM IyM yTeUKH, KOTOPbIH OTJIMYAKOT
¢pu3nyeckue 0COOEHHOCTH Mepeaavdu, MOKeT ObITh 3aPeruCTPUPOBAH U JIETKO
NPU3HAH HA KOHTPACTe, YTOObI TeYb LIYM.

Muxponpoueccop ynpapJisieT IPOLECCOM U3MEPEHHUs U MOXKeET IMPOU3BECTH
HeNoCpPeACTBEHHbIE UCCIeJOBAHNS YTCHUS JAHHBIX HA MecTe. JTO TaKkKe
peryJupyer nepeaaqy JaHHbIX 110 MOOMJIBLHON TeJIeKOMMYHMKAIIMOHHOM CETH.
Kpome Toro, uiiu BpeMs - WM ynpasjsieMbIH CJ1y4aeM ONEePALUOHHBIH CIIOC00
MO2KeT OBITh 0TOOPAaHo.

Ilepenannbie JaHHBIEC MOJIY4Y€HbI, 32aPXMBUPOBAHbI U 00pPa00TaHbI B IJIABHOM
oguce MOCPeICTBOM 0COOCHHO PA3BUTOM OKPYKAKOUIEH CpeAbl IPOrPAMMHOIO
o0ecnneyenus nmo umeHu AQUALYS. CoxkpameHue HAKOIJICHHBIX JAHHbBIX
YTeHHUs K YMECTHBIM €:KeJTHeBHbIM IEHHOCTSIM U MOPOr0BOMY BbIYHCJICHHIO
LEHHOCTH, OCHOBAHHOMY HA HMX - nepBU4YHbIe GyHKuuu. [lporpamma rakxe
MOKa3bIBaeT JaHHbIE TPa@UUYECKU U NO03BOJIsIeT POCTOE CPABHEHHE
PA3JIMYHBIX BPEeMEH CYUTHIBAHUS HHANBHUYAJIbHBIX JATYUKOB HJIH



CPaBHEHMS PA3JIHMYHBIX JATYUKOB JAPYT € APyrom. B qonoiHeHue K UMIOPTY
nanubix, AQUALYS Tak:ke o0ecniednBaeT IKCMOPTHYIO (PYHKIUIO, C KOTOPOii
AaHHbIE MOT'YT ABTOMATHYE€CKH MCI0JIb30BATHCH B COOTBETCTBUM € IPYTHUMH
nporpammamu. Tak:ke BO3MOKHO COeIMHUTHCS Yepe3 MOPT ¢ CyllecTBYIOIIeil
cucremMoii ynpasJienusi (Hanpumep. SCADA).

Yepes peasibHOe BpeMsi, KOHTPOJIUPYIOIee U OUYUIIIEHHYI0 00padoTKY JaHHBIX
YTeHHs, 3TO BO3MOKHO K 0YeHb, ObICTPO HACHTH(PUUHMPYIOT MaJIeHbKHE
U3MEHEHHS B 0COOEHHOCTSAX OTOKA B MMEIOLIeM pa3Mephbl yHKTe. JTO
MO3B0JIsIeT PU3HATH NMOsIBJIEHHE YTe4YeK B CBOEBPEeMEHHO MaHepe U ObITh B
COCTOSIHUM OL[€HMTh KOJINYECTBO MOTEPH TAK Ke KAK HeMe/JIEHHO onpeaeJuTh
0JIM3KYI0 00J1aCTh, Ile MYHKT YTEYKH PACIOJ0KEeH.

IpoaoKuTEeIbHOCTH MPOCAYMBAIOLIET0CSI BpEMEHU TAKUM 00pa3oM
3HAYUTEJbHO COKPALLIEHA, M PACXO0/l PACIIOJIOKEHUS YTEYKH TAKKe 3aMeTHO
yMEHbIIIEH.

Monrtaxk Umeromux pazmepst UcciaenoBanui

N3mepuresibHbIe MPUOOPHI NOMENIEHbI HENOCPEACTBEHHO B TPYOONIPOBOa
NUTHEBOM BOABI Yepe3 40mm OypoBasi cKkBa:kuHA. ['0J10Ba 1aT4MKa BCTaBJIeHA
npudausurebHo B 11 % oTkpbiTOro imamerpa tpyosl. B 3Toii rinyoune
HAHMeEHbIIIee KOJNYeCTBO KOJIUYECTBA 05KMAAeTCS IHApaBInyecKast
3aBHCUMOCTH PO UJIA CKOPOCTH HA YCJIOBHUSAX NMOTOKA (MJIACTUHYATHIN WJIN
OypHbIii). OT nepexaHHOl CKOPOCTH ONpeaeieHO o01Iee KOJIN1eCTBO
flowthrough B myHkTe YreHus.

B npomsioM Jy4muii onbIT ObLI """""‘"
c/leJIaH ¢ YHHBEPCAILHBIM CeIIoM
TPYOBbI OTKJIIOYEHHSI OT g
usrorosutensi Hawle Fittings Ltd &
B Freilassing, 'epmanumn.
Onepanus 04eHb MPOCTA, U
JJINTEJbHOCTD Nevarei
rapaHTHupyeTcsi U3rOTOBUTEJIEM.
Cengia TpyObI IOCTABJIAIOT
npeapaspadoTaHHbIMHU, YTOObI
COOTBETCTBOBATH MaTepuay TPyObl U BHellIHeMY auamMeTpy. C UX MOMOIIbIO
BO3MO’KHO CBEPJIUTH OTBEPCTHE, B TO BpeMs KaK BOJHAsl CHCTeMAa HAXOANTCH
noa oociay:;kusanueM. IlimacTuHa Hep:xkaBeOUeH CTAaJIH MO3BOJISIET K
OTKJIIOYEeHUI0 O0ypoBasi CKBa:KMHA B JII000€ BpeMmsl.

JIaT4uK MO:KeT ObITh YCTAHOBJICEH B CYLECTBYIOLLEM MJIM HEJABHO
MOCTPOEHHBIX TPYOouKax. UTo0bI caesaThb 3T0, TOJBKO POCTOE
YHHMBepcajJbHOe cei10 TPYObl He00X0auMo. /[aTUMK BBEPHYT Yepe3 OTTOK
3a’KMMAa U BIPOBHEH K JIMHE TPYOBbI.

Ecau HeT HUKAKHX JOCTYNHBIX TPY0OUY€eK, 1 HUKAKHE HOBbIE He OyAyT
MOCTPOEHBI, CIIeHATBHOE PellleHHe AJIs BOJA0BOAA NMPelJIaraer npocryo u



PeHTa0eIbHYI0 aJIbTEPHATHBY. BcTpoeHHbIe BOPOTA BOI0BO/1A,
NMPHUCIOCO0IeHHbIE JIsl MOKPHITHS TPYObl B MHCTAJISIIUOHHOM MYHKTE,
BBEPHYTHI HA CeIV10 TPYObI, MO3BOJIsIS JATYUK — a’Ke B TeUEHHUE
00CIy’)KUBAaHUS

— OBITH IOMELIEHHBIM B KeJIATeJIbHOM I10JI0’KEHUH U yIaJIeH CHOBa B Jil00oe
BpeMs.

HNuamocrpanus 2: BerpoeHHbie BOpOTa BOA0BOAA

KopobOka moaema, tak:ke IP68-3amnmennoe pasmenieHue, Tenepb CBA3aHa ¢
U3MePHUTEJbHBIM MPUOOPOM. ITA KOPOOKA COEPKUT pPe3epPBHYI0 OaTapero TaK
’Ke Kak MoJeM. B coopy:keHusx Tpy00YKH KOPOOKa MOKeT OBITH CBSI3aHA
HEMOCPEeACTBEHHO ¢ M3MepuTeJbHbIM npudopom; ¢ UHCTAJIJIALIUAMUA
CUCTEMBbI ITYMA pa3pemaercs ka0eabHasi CBA3b C MAKCUMAJIbHOMN
NJIMHOM 7 METpOB.

Moaem noskeH ObITh cHa0KeH 000pyAoBaHHeM ¢ aHTeHHOH GSM, uaeanbHO
YCTAHOBJICHHO# B BHICTABJICHHOM MeCTON010:KkeHuH. TouHbIe TpeOoBaHMS
JJISL TTOJIOKEHUS] AHTEHHBI onpeae/ieHbl MOOMJIBLHBIM 0XBATOM CETH.

3aTeM 3JIEKTPONUTAHUE JI0JIKHO ObITh CBSI3aHO. ECTh HECKOJIbKO
AJIbTEPHATHUB, IOCTYIHbIX 3/1€Ch, KOTOPBIN MOKeT NOAXOAUTH JIJIsl MECTHBIX
ycjaoBHid. CBAI3b € CETKOI BJIACTH HYKHO CY€CTh ONTUMAJIbHBIM pellleHueM.
ITOT BbBIOOP, OTHAKO, SABJISIETCS YACTO He PeaTMCTHYEeCKUM U3-3a
paccMmoTpennii croumoctu. Heoporas anbrepHaTuBa, KOTOPasi BO3HUKJIA, -
CBSI3b HA YJIHIY, OCBEIIAKINYIO djeKkTponuTanue. [lepe3apskaromyrocst
0aTapero 3apsKAIOT Yepe3 JIeKTPONUTAHNE B TeYeHUE YIUYHBIX JerKNX
OonepauMoHHbIX ¢a3.

AJIbTEPHATHBHO, MOCTABKA YJHEPTHU MOKeT ObITH o0ecrneueHa yepes
(dororanbBannveckne siYeiKu UM OaTapero rejisi BbICOKOi
NMPOU3BOAUTEIBLHOCTH, YTO KOI/1a 0CBO0OKIEHO OT 00513aTeJILCTB J0JIKHO
OBITH yIaJICHO U Mepe3apsiAuThCsl.

MonTax Okpy:kawomei cpenst [Iporpammuoro obecnieyennst AQUALYS

IIporpammuoe obecnieyenne AQUALYS o6opynoBano (paiijiom nporpaMmmasl
YCTAHOBKH, YTOObI YIIPOCTUTH YCTaHOBKY. IIporpammHoe odecnieuenue
AQUALYS mas cucrtembl WLM oprannsyer HHAUBUAYAJIbHBIN 3a1poc
AAHHBIX JATYHKA OT HEHTPAJBHOI0 MPOLECCOPA HA OJAHOI CTOPOHE U
rpagu4ecKoM M YMCJI0BOM aHAJIU3E ITHX JAHHBIX € IPYroi cropoHsl. Jlerkoe
B HCII0JIb30BAHUM NIPOrPaMMHoOe oOecreueHue JaeT pa3pelieHHOMY ONepaTopy
BCI0 HH(OPMALIMIO OTHOCUTEJIbHO TEKYILEro CTaTyca yre4kH Uil CEKTopa
nposepsieMoii ceTu Tpydonposoaa.

JKpaH HAYAJIa OKA3bIBAET CTPYKTYPHBbIA KPaTKUH 0030p, MOKA3bIBAIOIIHUIA,
€CJIM M I/le YTeYKH npousounin. /lerajbpHoe npeacraBjieHue 30HbI YTEUKH
TOI'1a MOKA3bIBAET YHCJIOBbIe IEHHOCTH U JUATPAMMY BbIOOpa BpeMeHH ISt



WHAMBHUAYAJIbHOIO (IBYHANIPABJIECHHOI'0) IOTOKA LIEHHOCTEH, 1ABJICHUA U
myma.

IToaeBoii OnbiT oT YTHAUT Crailsheim
YcranoBka J[aTunkoB

B o01ueii cjio:kHOCTH 2(0) JATYHKOB B IBYX MOCTABKaX ObLIM YCTAHOBJIEHbI B
30He AedcTBus STW. MHCTAISINMOHHBIN ONIBIT ObLI 04YeHb Xopoul. HecmoTpst
HA TPYAHOCTb, YTO MOKPbITHE TPYObI BO MHOTMX HHCTAJSLMOHHBIX MYHKTAaX
ObLJI0 HEM3BECTHO BO BpeMsl 3aKa3a, COOPYKeHHsI MOIJIM BCe elle
NPeANPUHUAMATHCH ObICTPO. OC00EHHO HACTPOCHHBbIE NIepeMEeHHbIe
BCTPOEHHbIE BOPOTA BOAOBOAA C/1eJIAJIH 3TO BO3MOKHBIM.

PeanbHbIN OCHOBHON MOMEHT PA3BMTOI0 PELICHUSA - CHCTEMA Nepeaaqyu
JHepruu. TUNHNYHO MCII0JIb3yeMoe IPOBEeTPUBAHNE, KOTOPOE MOIJIO TOJIbKO
OBITH CACJAHO HA 32aBO/Ie M NPENATCTBOBAJIO MOCJIeYI0IEeMY COKPAILLICHUI0
KOMIIOHEHTOB BO/10B0/1a, ObLJIO OTKJIOHEHO. BMecTO 3TOro cucrema 3axkuma
HCII0JIb30BAJACh, 4TO [Ipucnocodsennss Hawle y:xe ucnosib3oBanam B Apyrux
3asiBJICHUSIX, C XOPOIIUMHM pe3yJibTaTaMM.

Yepe3s 3TOT 32:KUM MOCTABJIIEMBIX BOPOT BOA0BO/Ia MOT ObITh COKPallleH
COIJIACHO MECTHBIM YCJIOBHSAM, KOTOPbIe ObLIIM HAH/IEHBI, KOT/1a TPYOOIPOBO/I
ObLJI pacKkpbIT. BKiIIOUeHHe YHHBEPCAJIBbHOIO celJia TPYObl M 3aTeM CBepJIs
O0TBepPCTHE K CTeHe TPYObI MOIJI0 ObITH BBINOJHEHO NMapaJulejibHOe
YAJIMHEHUI0 BCTPOCHHOI0 BOPoTa BoA0BoAA. Eciin HeoOxoauMmast mycrast Tpyda
MO0JIOKEHA, KAHABA MOKeT ObITh CHOBA HANIOJIHEHA M 3aKpbITa. TUNNYHOE
NOKpbITHE 10ocTyna (MMeromuii pazmeps! 40 x 40 cm) moka3swbl, rae 3aKpbiTHE
SIBJISIETCS U MO3BOJIAET AOCTYI B JII000€e BpeMsi K BOPOTaM BOA0OBOJA, JaTYHKY
H KOpoOKe Moema.

3anmyck Bceeit Cucrembl

ITepen 3amyckomM cHCTEMBI, 10JIKHA OBITH YCTAHOBJIEHA OKPYKAIOLIasi Cpeaa
nporpaMmMHoOro odecneueHuss AQUALYS. AQUALYS ocHoBaH Ha
apXUTeKType KJIHEeHTA cepBepa U TAKUM 00pa3oM Mo3B0JIseT 0e3aBapuiiHbII
AOCTYI IJISi MHOTOKPATHBIX Nojab3oBareJieil cetu. Cepsep AQUALYS
yhpasJjsieT CBSI3aHHOI 02301 JaAHHBIX M COOMPAaeT BCH) KOMMYHUKAIIMIO U3
HCCIeA0BAHMI. JTO 00padaThIBaeT MOJyYeHHbIE JaHHbIE U 1eJIaeT OCHOBaHHMe
JJIS BU3YAJIU3AUMH JOCTYIHBIM JJIs1 KJIMEHTOB.

IIporpamma HacTpanBaeMa Jisi MECTHBIX ycJioBuil. JlaTuuku ¢popmupyrorces,
U ONepalMOHHbIe MapaMeTpbl ycTaHoBJIeHbI. [lociie HeckoIbKHUX THeH cOopa
AAHHBIX, MOKeT ObITH POU3Be/AeHA MepBasi yMecTHas rpaduka.

HcnbiTaTensubiii [Ipoder

Hocie mocraBku M 3amycka nepsbix 10 1aTunkoB, cucTemMa ObLIA
NMOABEPrHyTA MOJHOM 10JIeBOi IKcnepTH3e. Onpene/ieHHbIE 0COOCHHOCTH



NOTOKA ObLJIM YCTAHOBJICHBI B Pa3HOOOPA3HBIX IOJIOKEHUSIX Yepe3
nepecejieHusi 1 0TOOPHbIe 00pa3ubl OT HAMOPHBIX TPYO. OOpa3ubI ObLIM
HU3MepeHbl, HCNO0Jb3ysl MOOWIbHBIN Teaedon flowthrough merp. 3T
LEHHOCTH CJIYKAT TOUYKOI oTcUYeTa /sl AJaTYMKA, YUTasA JaHHbIe. [0J1:KHO
ObITh 0TME4Y€HO, YTO 3TH IEHHOCTH He COCTABJISIIOT a0COIIOTHbIE IEHHOCTH
CCBLJIKH, TAK KaK U3MepPHUTeJbHbII NPUOOp He ObLI KAJIMOPOBaH.

Pe3yabTaTthl Obl71M YyBepeHHBbI OBcIOAy. UTteHue ot Bergwerkstrasse
HCMOJIb3YeTCsl HUKE KaK mpuMep.

Orpannyenmus:

B 0011eii CJIOKHOCTH YeThIpe YPOBHS CKOPOCTH NMOTOKA ObLJIN U3MepPeHbI B
TedeHHe HeCKOJIbKUX MUHYT. Toraa npousBoasiiee miyM NOKpbITHE ObLIO
NMOMellleHO B OTTOK HanopHoi Tpyosl. [loJio:keHue 1aTunka Ob1I10
wtoctpanuei 3: anaan3 Jlannbix ot Bergwerkstrasse, nu3mMepsiionmero nyHKT

about 40 metres away from the standpipe. The sensor was installed in a DN200 cast iron
pipe.
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Ouenka Ot4yera Flowthrough:

YpoBuu noroka 110 I/min, 135 I/min, 60 I/min u 30 I/min npoBoanJIuCH OAMH
3a IPyrum (3T0 COOTBETCTBYET CPeAHEd CKOPOCTH MOTOKA 5.8 cm/s, 7.2 cm/s,
3.2 cm/s u 1.6 cm/s).

B o0s1actu Tounoctu u replicability pe3yabTaroB, 1aTUMK NOKAa3bIBaeT
Xopouiee BbIpaBHUBaHHeE C CEPEJIUHOM nenHocreii ccpliakn. OTKIOHeHHS,
onHako, Huxke 30 % CEPE/IMHDBI neHHocTe ¥ NOYTH MOJHOCTHIO COO3HUK B
cpeannem uuciae flowthrough nmanasomn.

Huxe flowthrough nnanma3on coorBeTcTByeT TeKyIleil CKOPOCTH
npudan3uTebHo 1.6 cm/s. IlogaBiieHne o0beMa MOTOKA yTeYKH ObLIO
ycTaHoBJIeHO B 2.0 cm/s B TeyeHue yreHus. I1o 3Toi npuynHe HECKOJIBKO
HYJIEBBIX HEHHOCTEH BKJIIOYEHBI B CPe/lHee BbIYNCIeHHEe IEHHOCTH. JTO
MHMHHMMH3HPYET 3aKOHHOCTH M IPUBOAUT K 00JIbIIMM K0JIe0AHUAM MOKa3a.



OTk/I0HEeHHe YBeJIMYMBAETCHA B 3TOH 00/1aCTH COOTBETCTBEHHO, U replicability
najeHuil pe3yibTaTOB YTeHUsA. AOCOIOTHBIE OTKJIOHeHud B 1.3 cm/s
(cooTBeTcTBYEeT MpuMepHO 50 I/min) - B mpeaesax npueMyieMoro Juana3oHa.

3akjoueHue:

B Texymem nuana3zone> 3.0 cm/s JaTYMK YMTAJI CKOPOCTH NOTOKA O4Y€Hb
TO4HO. Boiie flowthroughs nmesn renaeHIMI0 OBITH 3aHMKEHHBIM CBEICHMS.

B 0oj1ee HU3KOM AUANa30He YTEHUA JATYMK BCe ellle YNTaeT CKOPOCTh IMOTOKA,
HO 3TO He MOJKeT MO0KA3aTh pa3Mep TAK TOYHO ¢ 0TOOPAHHBIMHU NapaMeTPaMHu
HACTPOMKHU B 3TOM JHUANA30HE.

Ounenka Llymosoro Oryera YpoBHs:

lym, Aenaoniuii 3anuch NOKA30B LIYM MOTOKA HEMOCPEeACTBEHHO HA aTUYNKe
BO3IJIaBJIsIeT 04eHb scHO. LIlym nmoToka yBeJmuMBaeTcs WM yMeHbIIECHUS,
NnpsiMble B MPONOPIUM K CKOpocTH NOoTOoKAa. LIlymMbI, KOTOpBIE IIyMOBOE
MOKPBITHE MPOU3BOIUT, He MOKA3HIBAKOT B KPUBOW UTeHMUS.

3akJoueHue:

I[aT‘-II/IK YKa3bIBaA€T OYCHDb SACHO IIYMBI OT J1aBHOM Bojbl. Ilociie BcTaBku
IIYMOBOI'0 IOKPLITHSA 3TO HE MOIJIO CO31aTh THNHYHBIA IIYM YTCYKH B
BOI[HOﬁ KOJIOHKE, JATYHUK HE MOI' C1¢/J1aTh 3allUCh 3TOr0.

HenpepsiBaas Onepauus

Best cuctema Obli1a 3anymiena B anpese 2007, mocJie nocTaBKA BTOPOro
HaOopa 10 natunkos. [lepBbie 10 TaTYNKOB ObLJIM YCTAHOBJIEHBI H B
HCIOJIb30BAHUU YoKe NMPeAIecTBYOUMA o1,

C Tex mop He 0bLJI0 HUKAKHUX MP00JIeM, OTHOCSIIUXCH K TEXHOJIOTHHU
HeIMoOCPeACTBeHHO. JaTunku pyHKUNOHUPYIOT HA/IEKHO U He TPeOYyIoT
HUKAKOI0 00CTy’KUBAHUS.

Hecko0y1bK0O HE3HAYHUTEJIbHBIX TPYIHOCTEH B TeYeHHE 3al1yCKa ObLJIM BHI3BAHBI
YHMCJIOM TeXHUYECKHUX CBsi3eil BHEe OKPY:Kaouleid cpeabl IPOrPaAMMHOI0
obecnieuenuss AQUALYS. Cucrema ObL1a CBSI3aHA C AUCHIETYEPCKOM' §
o0IIMpHAasi CUTHAJIbHASI CHCTEMa. JTO He00X0AuMoe creliaJlbHOe BHUMAHUE
U IPUBOJNJIO K YBEJIHYEHHOMY 00beMy PadoThl.

ITocpeacTBOM YTeHUI JATYMKA, MOTJIO ObITh 3HAYMTEJbHO PACHINPEHO
3HaHHeE JesiTeIbHOCTH N0TOKA B ceTH TpyOonpoBoaa. M3-3a yBeJM4eHHOT0
YHCJIa U3MepPHUTEJbHBIX NPUOOPOB B CeTH, Telepb BO3MOKHO c/1eJiaTh 0oJiee
TOYHBbIE POTrHO3bI OTHOCHTEJILHO Ba:KHBIX 0eperoB ceTH. JTO yBeJINYMBaET
IKCILUIYATAIHOHHYI0 0€30N1aCHOCTh BOJAOCHAOKEHHUSI.

Yixke nmocJjie HeCKOJbKHUX Heledb ucnoab3oBanus, STW mor
UIEHTU(PUIIMPOBATH HEUCNIPABHOCTH U NMPU3HAKHU YTEUYKH.



IlepcnexkTuBa

YTeuka, KOHTPOJIUPYIOIIAA YiKe MOCTABJIEHHbIH NPU3HAKN HEOObIYHOM
AeSITeJIbHOCTH CeTH B TeYeHHe HeYaCOB MUK, MPUBOAS K MOJI03PEHUI0 B
yreuke. Ucnmosb3ys 0TOOpaHHBIE HACTPONKH KJIANAHA K MEKIOMMAHHOI B
CeTH CeTH, MeCTOI0JIOKECHHSI MOBPEKICHUsSI MOT'YT ObITH 00J1ee TOYHO
orpannyeHbl. Toraga MecTomnoJio:keHne yre4ku MoKeT IPOBECTUCH, UCIIOJIb3YS
TPAAULHOHHBbIE METOAbI (LIYyMOBas KOppeasiuus ...). O4eHb yMeHbIIasi PUCK,
He00X0AMMOe KOJIHYECTBO TPYAA MOKeT TaKxKe ObITh NOHMKEHO. B TO xe
caMmoe BpeMsi, 3aMeTHO 00/1ee KOPOTKHE BpEeMEHA 0TBETAa TAK/Ke YMEHbIIAKT
CPEAHIOI0 MPOJO/IKUTEIbHOCTD YTEYKH. JTO NPUBOJUT K MEHbILIEMY
KOJINYeCTBY BOJAHOI MOTEPH.

BricTpo anpecanus K pacnoyioKeHHbIM IYHKTAM MOTEPU B MOPHAIKe
NPUOPHUTETA, COIJIACHO KOJIMYECTBAM NOTEPH, MoKa3aHHbIM AQUALYS,
COIO3HHK K.

Yreuka TpyOoonpoBoaoB — HeIOCTAIONIAS YACTH MO3aUKHU
Oobs3aTenbcTBO *, D Marshallsay **,

*Ocmotp Tpyodonposoaa Ilycrsinn Caxapa, WRe ple, lopora Frankland,
Blagrove Cyunaon, SNS 8YF BesukoOpuranmusi.
anthony.bond@wrcsahara.com

** YnpasJsenue TpedoBanusi, WRc plc, lopora Frankland, Blagrove
Cyunaon, SN5 8YF Benukoopuranusi. dene.marshallsay@wrcplc.co.uk

KuroueBbie ciioBa: cTBoJI; yreuka; Ilycreinsa Caxapa
Pe3rome

ABaHCBhI B TEXHOJIOTHH 03HAYAIOT, YTO €CTh Telepb MeTOAbI, JOCTYIHbIE,
4T00bI 00HAPYKUTH, ONPEACIUTH KOJIMYECTBO U TOYHO ONPeEAe/UTh
MeCTOHAXO0/AeHHe YTeYKH 0T 00/IbIIOH MATHCTPAIH IUaMeTpa. YTeuka
TPYOONPOBOIOB MMeJIa TEHACHIHMIO ObITH 32a0bITOM B ABUIraTe/I€e, YTOObI
YMEHbIIUTH yTeuKy. HexBaTka moaxoasimmx HHCTPYMEHTOB, YTOObI
O0HAPY/KUTH U ONPEAEJIATH MECTOHAXO0KICHHE YTEeUeK MPUBeIa K HEHTPY,
0CTaIoLIeMYCsl HA yTe4YKe 30Hbl pacipe/ae/ieHusl.

Bba3za nannbix WRC caeacrBuii 0030poB Ha TpyOONIpoOBOAaX, HCIOJIB3Ys 00Jiee
HOBbI€ MeTO/Ibl NOKA3BIBAET, YTO €CTh CylleCTBEHHAs] YTeYKA B 3TUX TPyOax.
Boabuiue 00beMbl, KOTOpPbIE HECeT 3TA MATHCTPAJIb 03HAYAKOT, YTO JaKe
MaJIeHbKHI MPOLEHT OT MOJHOI0 00beMa - CJAMIIKOM MaJIeHbKHUl ObITH
00HapY:KeH, U3MePSA - MOT ObITh CYIIIeCTBEHHBIM 00bEMOM yYTEUKH.

CpaBHeHI/Ie 3aTpaT BbINNOJHCHUA AaKTHUBHOI'O 06HapymeHml YTECUYKH Ha
PACIPEACIUTEC/IbHBIX CETAX € 3aTPpaTaMiU IVIAHUPOBAHHUA H BOCCTAHOBJICHUSA



yTedeK Ha TPYOONPOBOAAX MOKA3BIBAET, UTO COKPALEHHE YTEYKH B
TpyOonpoBoaax - 3ppeKTHBHOE B 3aTpaTax pelieHne COKPAIEeHNsT YTeYKH.

don

OrpomHoe ycuiiue U pacxo/bl c1eJIaHbI PU 3AHATUM YTEUKOH B BOJHBIX
ceTsaX BO BceM mupe. IlepBu4HbIii eHTP ObLT HA yTeYKe OT
pacnpeaeJuTeIbLHbIX CeTel, I/le eCTh XOPOII0 Pa3BUThIe CTPATErMH ISl TOTO,
4YTO0bI KOHTPOJHUPOBATH YTEYKY M IVIAHUPOBATH COKPAILIEHUS YTE€UKH.
MeTpbl MOTYT OBITh YCTAHOBJIEHBI JIETKO, I HHCTPYMEHTBI, TPeOyeMble
(usnyeckn onpeaeasiTb MECTOHAXO0KACHHUE YTEYEK HA 3TOH MATUCTPAJIU ObLIH
AOCTYIHbI MHOT0 JIeT. DJTH HHCTPYMEHTHI PacHoJIaraloTcsi OT MPOCToi
CJYHIAKIIEN MAJIKH 10, YTOObI NPONMYCTUTH HIYMOBbIE€ KOPPEJISATOPHI U
IIYMOBBIX Jiecopy00B. CeTb MOAEJHPYS MAKEThl XOPOLIO PAa3BUTA, YTOOBI
NMOMOYb B IVIAHMPOBAHNH 00J1aCTel, 10103peBaeMbIX MMETh BHICOKHE YPOBHH
YTEUKH.

Kaxercst, YTO HeXBaTKa 00HAPYKEHHSI M TEXHOJOTUH MECTOIOJIOKEHUS U
TPYAHOCTEH B TOYHOM U3MEPEHHUH MOTOKOB B 00/1bIIOI MarucTpaiun
AUAMeTpa NMpHUBeJIa K yTedke OT TPyOOnpoBoI0B U MarucTpaJiu nepeaaym,
Oepyuieil BTOpoe MeCTO B CTPATErusIX YMEHBbIIUTD MOJHYI0 YTEUKY.

HycThInn Caxapa® Cucrema MecTonosioxxenusi Yreuku — passutbiii WRe ple
B BesiukoOpuTaHuu — onpeeeHHO pa3padoTaHa, YTO0bI OOHAPYKUTH U
onpeaeJuTh MECTOHAXOKACHHE YyTeUeK B 00/1b1Ieil MATHCTPAJIM JMaMeTpa,
TUNUYHO 0 250mm B quamerpe. CucreMa ucnoJib30Bajgach B TeueHue 10 jger
B BestukoOpuTanum u riiodaabHo ¢ 0osiee yeM 2500 3aKkOHYEeHHBIMH 0030paMHu.
Pe3yabTaThl 0030p0B JAI0T HAMHOIO JIy4lllee IOHMMAHNE YPOBHEH YTeYKH B
TPYOONPOBOAAX OT HECKOJIBKO.

Mycroins Caxapa® Cucrema MecTonoso:keHusi Y Tedxu

Cucrema Ilycroinu Caxapa no3BoJisieT 0CMOTP TPYOONPOBO/IA B TO BpeMsl KaK
NoJ JaBJieHHeM U B o0ciykuBanuu. CucremMa ucnoJib3yercs, YTo0bl
00HAPYKMTH H ONPeIeJTUTh MECTOHAXO0K/IEHHEe TOYHOI0 MOJ0KeHHUS yTeYeK Ha
BOJAOINPOBOIHBIX MATUCTPAJISAX.

Cucrema Ilyctbinn Caxapa co0eper NPU3HAKH YTEYKH, 03BOJIAIONICH
00cay:xkuBaHue ObITH BBINOJHEHHOH Mpex/e, 4eM BOJa, IPOCAYUBAIOIIASICH OT
TpPYOBI cTaHOBHUTCA NpodJemoi. IIpeabiaymme 0030pbl U TECT MOKA3ATH, YTO
CHCTEeMa CIIOCOOHA K 00HApYKeHuI0 yredyek Bcero 1litre/hour mon
HOPMAJIbHBIMH 3KCILTyaTAUMOHHBIMH pe:kuMamMu. CucreMma MoKeT
HCIO0JIb30BATHCH I TOI0, YTOOBI HACHTU(UUHMPOBATH ONpeEAeJIeHHbIe
YTE€YKH, CyIIeCTBOBAHNE KOTOPBIX H3BECTHO OT APYrUX NPU3HAKOB, TAKAsA
HOBasi TPyOa, MOABOJASA TECT JABJCHUSA, TAK Ke KaK JAJIsl TOr0, YTO0bI
O0HAPYKHUTH M PACIIOJIATraTh M0 MPUOPUTETAM YTEYKH B CETH KaK YaCTh
KPYNHOMACIITA0HOM NPOrpaMMbl COKPALICHUS YTEYKH.



Cucrema Ilycteinn Caxapa padoraet, pa3BepTbiBasi rupoTesiedoH B
TPYyOONpPOBOA, KOTOPBI OyaeT ocMoTpeH. 'maporenedoH cBsA3aH ¢
00paldoTKOM CUITHAJIA M JUCIJICHHBIM 0JIOKOM 4Yepe3 Kadeb IyNOBUHBI.
JlaTunK myTemecTByeT 10 BHYTPEHHEH YacTH 10 Tpy0e, KOTOPYIO TAHET
IOTOK BOJBbI, I1eHCTBYIOLIEH HA IKOPb, NPUWIOKEHHBIA K QPOHTY JaTYHKA.
IHocko/IbKY HaTYMK Mepeaaet J0yI yTeuKy TPyOonpoBoay, 3TO 00HAPYKUT
LIYyM, IPOM3BOAMMBII BO/10I1, yOerawomei yepe3 yreuky. B atom nmynkre
onepaTrop B COCTOSIHUM OCTAHOBUTH Pa3BepThIBAHHE JATUYMKA (OCTAHABIUBASA
pa3BepTbhIBAHNME MYNIOBUHBbI) U 3aT€M IIOMECTUTH JATYMK B MOJI0KEHUE
YTe4KH, YXOAS WIH pa3BepThiBasi MyNNOBUHY 110 Mepe He00X0AMMOCTH.

IpubausuTeabHOE OnpeeIeHue KOJTHYEeCTBAa pa3Mepa YTe4KH CAeJIaHo B
TedeHHue 0030pa, pa3pemiasi onepaTopy TpyoonpoBoaa pacnos0KuTh Mo
NPUOPHUTETAM JK000I PEMOHT U OLICHMBATH MOJHBII YPOBEHb YTEYKH B TOM
TPyOOmpoBoe.

Kak T0/1bK0 1aTYMK PacnosiokKeH B yTeuKe, M0JI0KeHHe JaTYNKA MOKeT ObITh
ornpeaeaeHo, HCIO0JIb3YHl CHCTEMY PacloJI0KeHHsl, YCTAHOBJIEHHYIO B I'0J10B€
aaTyuka. Bropoi oneparop MoxkeT OTCIACAUTH MOJIOKEHHUE IOJI0OBbI 1aTYUKA B
Te4YeHHe Pa3BePThIBAHUSA, HCIOJIb3YSl 3TO YCTPOUCTBO PACIIOJI0XKEHHUS,
JAalee TOYHbIN MPU3HAK MECTONOJI0KEeHUS JaTYUKA U cJjieaa Tpyobl. TouHo
onpeae/IUB MOJI0KEHUE TaTYNKA, TOYHOE MECTONOJI0KeHe JII00il yTeuKH
MO2KeT ObITh OTME4Y€HO HA OCHOBAHUU 1O TPYOe.

urate indication of the sensor Io;ationrar;d pipe traci. Having pin-Eointed th; po;itic

1e sensor, the exact location of any leak can be marked on the ground over the pipe.

Cucrema Ilycrbinn Caxapa Jryqiie Bcero moaxoaur AJsi padorTsl B
OTHOCHUTEJILHO NPAMBIX TPYOONPOBOAAX, I'/le Pa3BepThIBAHUE 10 2 KM OT
¢IMHCTBEHHOI0 IYHKTA BCTABKH BO3MOKHO; APYIrue OrpaHMYeHHust MOI'YyT
OrPAHUYHUTH JUIMHY, KOTOPAasi MOKeT ObITh PACCMOTPEHA OT KasKA0r0 IyHKTA
BcTaBKH. OCTOPOXKHOE IJIAHUPOBaHUE PA00THI MAKCUMHU3HPYET PACCTOSIHUE,
KOTOpPOEe MOKeT ObITh PACCMOTPEHO.

Cucrema Ilycrbinn Caxapa pasBepHyTa 4epe3 TO, YTOObI KPYTHTh AUCK
npeBpanieHHbIH B TPyO0y. TUNMYHO 3TH NYHKTHI BCTABKUA MOTYT ObITH



CBAI3SIMHM BO3YIIHOT0 KJAaNaHa, MeTP MOTOKA BCTABKH tappings WJIM 0CO0eHHO
YCTAHOBJIEHHbIE MYHKTBI.

BoJabmast 3a00Ta B3siTa 10 CTEPUJIN3allUU 000PYA0BAHMS U, B YACTHOCTH
KaleJib, YTOOBI NPEAOTBPATUTH JIH000€ 3arpsazHeHne. CucreMa MOXKeT
HCNO0JIb30BATHCS HA JKUBBIX BOJONPOBOAHBIX MArUCTPAJISAX 0e3 pa3pyuieHust
KJHEHTaM.

3aaeénenusn

XO0TS NepBOHAYAJBHO PA3BUTO KAK METO/ JJIsl TOT0, YTOObI 00HAPYKUBATh
yTe4KH B 00JIbIINX BOJAONPOBOJIHBIX MATUCTPAJISX JHAMETPA B LEJIAX
COKpAaLeHUs YTeYKH, YYBCTBUTEJIbHOCTh CHCTEMbI, KAK HAXOAUJIH, CACIAJIA
3TO HAJEeKHBIM METOOM JJIsl TOT0, YTOOBI I0KA3aTh, YTO TPYObI He
NMPOCAYUBAIOTCH — €CJIM HUKAKasl yTeYKa He HailieHa B TedeHue 0030pa,
OCMOTPEHHAS CEKLIMS MOKHO I10JI1araTh, YTOObI ObITH CBOOOHOM YTEUYKOI.
JTO paclIMPHJIO AUANA30H 3asiBJICHUI, KOTOPBIN SAABJISETCS TeNephb:

o CokpaleHue yTeukd 4epe3 KpynHoMacmradHbie MporpaMmMbl 003opa.

o PacnoJio:keHue onpeaeieHHbIX YTe4YeK, ePBOHAYAIBHO
UACHTH(GUIHMPOBAHHBIX APYTMMHU CPEACTBAMH

o Jloxa3aTeJbCTBO HEJOCTHOCTH KPUTHYECKON MATUCTPAJIM — He
AeMOHCTPUPYIOIIMH HUKAKUX yTe4YeK NMPUCYTCTBYET

o Onenka ycJIOBMSI MATHCTPAJIH B 00/1aCTHX, I/Ie 0TKa3 HMeJ Obl BBICOKOE
nocJjieACTBUE

o PacnoJio:keHne yreuek B HOBbIX TPYOONIPOBOaxX, KOTOPbIE MOABOISAT
TeCT AABJICHUSA

o Pacnosio:keHne yreuek MEHbIIMNA JMAMETP, HE METAJJINYECKAS
MArHCTPAaJib, I/ie Apyrue MeToAbl TepineaIn Heyaauy.

BoJbIIMHCTBO BBINOJHEHHBIX 0030POB ObLJI0, YMEHbIIAIOT YTEYKY B CETHAX
TPYOONPOBOIOB /IS MHOKecTBa BesmmkoOpuTanuu, esponeiickux 1 CeBepHbIX
a¢pukaHCKUX BOAHBIX yTHJIUT. Il03:ke cucTema ncnoJib3oBajiach
3kcTeHCHuBHO B CeBepHOiIl AMepuKe.

Coop oannwvix
B TeyeHue 0030pa pa3iuuHble MapaMeTPbl 3aperucTPUPOBAHbI, BKIKOYAS:

o Jluametp TPYOBI,

o Marepuasa Tpyosl,

o OnepaunoHHOe 1aBJIeHHE B IIyHKTE BXO0/a,

o CkopocTb IoTOKA (B HAa4aJse 0030pa),

o PaccmoTpeHHOe paccTosiHMe, PacCTOSIHUE JIIOOBIX YTe4eK OT MYHKTA
BCTABKH,

o Onenka pasMepa yTeuKkH.

AHaJu3 pe3yJbTaToB 0030pa



Pe3rome

BoJiee yem 2500 0030poB ObLJIM BbINOJIHEHBI. Pe3yjbTaThI 3THX 0030pOB
noJrydyensnl B utore B CroJie 15.

Cro4 15 - O0mee Ko1u4ecTBO 0030POB U OOHAPYKEHHBIX YTEUEK

3axkonuyennple HHoanas J{nuna, Yucsio Cpennee YTeuku B
00630pbI Pacecmorpennas HaiiieHHbIX paccrosinue KM
(MmeTpbI) Yreuek MEXKAY yTedKaMu
(MeTpbI)
2510 1265 080 1702 743 1.35

Ananusz pazmepom ymeuxku

B Teuenue 0030poB oleHeH pa3Mep yTeuKu. TeXHUKa UCMOJb3YyeT NATh
CTAH/IAPTHBIX KATErOpUii, 0CHOBAHHBIX HA AKYCTHYECKO#i MOANMUCH
o0Hapy:KeHHOro myma yreuku. HeckoJibko nepeMeHHbIX 3aperucTPMPOBAHBI
AJIs1 OlleHKM pa3Mepa yreuku. OHU BKIIOYAIOT:

o a0COJIIOTHBI YPOBEHDb IIIYMa B MOJ0KEHUM YTEUYKH,
e paccTOsiHME OT IOJIOKEHHUS YTEYKH, I/le 3TO CHA4YaJ1a 00HapyKeHo,
e OTHOCHUTEJBbHASl BEJIMYUHA YACTOT B CIIEKTPE LIyMA YTEUYKH.

YacTo 04eHb TPYAHO NMOJYYUTh TOYHYIO OLIEHKY (PAKTHYECKOr0 pazmepa
yreuku. OIHAKO, KOI1a OCHOBHOE - BOCCTAHOBJICHHbIE YCHJIHS, ObLIN
C/IeJIaHbI KOPPEJUPOBATh NpeamnojaraeMblid pasmep ¢ pakTu4eckoil HOpMoOu
yreuku. Boga Tem3bl BBINIOJIHUIA OLIEHKY, OCHOBAHHYIO Ha 0030pax,
BBINIOJTHEHHBIX I HUX HCHOJIb3YIOIIHI 3TY TEXHUKY C pe3y/JbTaTaMH,
nokasaHHbiMu B CtoJte 16

Crou 16 - Koppeasiuust MeKay NMpeanoiaraeMbiM M B3BeLIEHHBIM pa3MepoM

YTE€4YKH

Onucanue HycTeInst  [IpuGansuTenbHbIIl B3BEIIEHHBIH pa3Mep
IyCTHIHH Caxapa )
Caxapa m3mepsier MHUHYTa Makc  MeaMaHa cpeMHHBbII

kareropuio m3/hr  m3/hr m3/hr Mild
Epa 1 0 0.4 0 0.005
CIBIIIUMBIF
Ouens 2 0.4 4 2 0.06
MaJIeHbKHii
ManeHbKH# 3 4 17 10 0.25
Cpena 4 17 29 23 0.55

Boaburoit 5 29 42 35 0.85



HUcnoan3ys 3ToT MeTox 647 yreuek OblJIM OLlEeHEHbI, YTOObI OLIEHUTh UX
pa3mep. CtoJ1 17 noka3oB 4YHCJI0, NaAa0NIee B KAKIYI0 KATErOPHUIo.
Cto04 17 - Hucno yredek, 0OHapyKEHHBIX pa3MepoM

Kareropus pazmepa
Yucso yreuek

YTe4KH

EnBa capmmmeril 198
OueHp MaJeHbKUM 229
Manenpkuit 125
Cpena 62
Bonbmioit 33

KomOunupyst Ctou 16 u Ctou 17, B3BelIeHHbIH CpelHUiA pa3Mep HallIeHHOM
yTeukH - 6.9m’/uac (0.16Mld). Jlnst Betnko6puTanum cpeHuii pasmMep yTeuKkn
MATHCTPAJIM pacnpeneieHusi, KAK OeHUBAIOT, HAXOAUTCH B Auanasone 3 - 5

3
M.”/4ac.

Yucno ymeuxku u pazmep mamepuaiom

@Ourypsl Bblllle JA0T KPAaTKUH 0030p 00111er0 YPOBHS YTe€YKH, HAllJIeHHOH BO
BCeH MAarucTPaJad ¥ MOI'yT HCIOJIb30BaThCsl, YTOOBI YKa3aTh Cpe/iHee
paccrosiHue MexAy yreukamu. OaqHako 0oJiee 1oJie3Hasi TEXHUKA J0JIKHA
ObL1a ObI CYECTh YHCJI0 M Pa3Mep yTedeK HallIeHHbIM B Pa3JIHYHBIX
MaTepuajax Tpyobl U JuaMeTpax Tpyobl. B 001ux BOAHBIX KOMIIAHUAX OyaeT
B COCTOSIHUM 00ecne4YuTh HH(POPMALMI0 OTHOCUTEJIBHO pa3Mepa U MaTepuasa
ux maructpaju. Koppeasinus 1aHHbIX, 00eClIe4eHHBIX 31eCh HX MATUCTPAJILIO
JHOJIKHA YKA3aTh TY MATUCTPAJb ¢ 00Jiee BLICOKOH BEPOSATHOCTHI0 YTEUKH.
/laHHbIe, 320paHHbIE 10 HACTOSLIEr0 BpeMEHHU ObLIIM MPOAHAJTU3UPOBAHBI
MaTepuajIoM, YTOObI 1aTh Pe3yJabTaThl HUAKe. J[0J17KHO ObITH 0TMEYEHO, YTO
ecTtb 157 yTeuek, 111 KOTOPBIX ObLJ OllEHEH pa3Mep, HO ISl KOTOPOro
MaTepuas TPyObl He ObLI 32PeruCTPUPOBAH — Pe3yJabTaThl VISl HUX NOKA3aJIH
kak ""HeussectHbie"



it there are 157 leaks for which a size was estimated but for which th
vas not recorded — the results for these have been shown as “Unknown”
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Ecau ¢purypsl, nokazaHHble BbIlIe HOPMAJIU30BAHBI, YTOObI IOKA3aTh
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Cpeonee paccmoanue medxncoy ymeukamu

Y1006l 1aBATH T'H1A HOPMBI BOSHUKHOBEHUSI yTEe4eK, CPe/iHee PACCTOSIHHE
MEK1y HalIeHHbIMM yTeYKaMHU ObL10 NPOAHAJIU3UPOBAHO.

AHaJauzupys 0030pbl, rj1e MaTepuas TPyoonpoBoaa ObLI 3aperucTPUPOBaH H
rje ecTh CyllleCTBEHHAs UIMHA, Pe3yJbTAThl HAXOASITCS KaK MOKa3aHO B
Croue 18

Croa 18 - Cpennee paccTosiHne Me:KIy yreukamMu (MaTepuaiom)

Martepuan Jlnuna, Huxakue n3 Cpennee YTeuku B
paccMoOTpeHHAasi HalIeHHBIX paccTosiHue KM
(MeTpbI) yTedeKk MexAy yreuKkaMu

(MeTpbI)



Uyryn 167734 443 379 2.6

Honaramsoe 11110 12 926 11
Keaeszo

Crann 105485 136 776 13
Beron 305827 224 1365 0.7

JJaHHBIC MOTYT TaKkKe ObITh IPOAHAJIM3UPOBAHBI 00JIACTHI0 KAK IIOKA32aHO B
CroJe 19.

Ctoa 19 - Cpeanee paccTosiHUE MEXy YTEUKOH (001aCThIO)

Oobaacthb Jamna, Hukakue u3 Cpennee YTeuku B
paccMOTpeHHasi HAaWJAeHHBIX paccTosiHue KM

(MeTpbI) yTeYeK MexXAy YTeUKaMu

(MeTpbI)
BEJIMKOBPUTAHUASA 167734 443 373 2.7
Mapoxkko 11110 12 1336 0.75
IopTryranus 105485 136 767 1.3
ABcTpausn 305827 224 817 1.2

Beruncienue CcTOMMOCTH

CTouMOCTh MCII0JIL30BAHUS CHCTEMBI HyCTLIHH Caxapa H3MCHHUTCA OT
MECTOIIOJIO0KECHHUA 10 MECTOIIOJO0KCHUA U 6yIleT 3aBHCCTH OT IICPCMCHHDBIX,
THIIA:

e 3aTpaThl MOOMJIM3ALIMH,

e CTOMMOCTBH NPEJIOCTABJIEHUSA BO3MOKHOCTH PadoT,
e CeJIbCKOE/TOPOICKOE MECTONOJIOKEHNE,

e MECTHbIE HAJIOTH WIH CTPAXOBAHMS.

Yro0s1 oeHnBaTh 3P PeKTUBHOCTH M3Aep:xkeK IlycToinn Caxapa, cienyrommi
cueHapuii ObLT pa3BUT, KOTOPBIH HCIIO0JIb3YeT CPpeAHee YMCJI0 YyTeUeK B KM H
CPeAHUI pa3Mep YTeUKH OT JaHHBIX, 00CyK/AeHHbIX paHee. CueHapuii
MO03BOJIsIeT 10JITOCPOYHBIE 3aTPATHI M U3BJIEKAET BHITOY, YTOObI OBITH
OLICHEHHBbIM.

st 3TOrO cueHapus, npeamnoJiaraercs, 4ro 10 km Tpyoonposoaa
pPaccMoOTpeHbI Kax/blil roj B TeueHue 3 jieT. Bce HaliieHHbIe yTEeUKH
BIIOCJIC[ICTBHHM BOCCTAHOBJICHBI, M YTEYKH He IOBTOPHO NMPOMCXOASAT B
Tedenue 10 jeT. ITO 03HAYAET, YTO BO/JA, CIIACEHHAS] B YTEYKY HAKOIUTCS,
MOCKOJIbKY BCe YTE€YKH BOCCTAHOBJIEHBI H 3aTeM ObITh MPOBEJAEH HA 3TOM
YPOBHE B TedyeHHe o KpaiiHed mepe 10 jier. B qajibHedux npeanoa0xeHusix
NMOKAa3bIBAOT HUKE:



Cpennuii pazmep o0HapyKeHHOH YTeUKH: 0.141 Ml/d

Cpennsist mrHa 0630pa 500 m.
JlnuHa TpyOoIpoBoOAa, pACCMOTPEHHOTO €KET0/THO: 10 xm
Uucno yreuek, HalJICHHBIX B KM: 1.35
[Tonnas nmyuHa TpyOONPOBOIA, pACCMOTPEHHOTO Yepes3 3 roaa 30 km
WHucTansmuoHHas ¥ MHCIIEKIIMOHHAS CTOUMOCTD B TajaTy 11000 £
BCTaBKH:

[Ipenmonoxxkure, 4To HOBas Majnara BCTAaBKH HEOOXoauMa AJis

BCceX 0030pOB.

CpenHsist CTOMMOCTb PEMOHTA B YTEUKY: 7500 £
YdeTHas cTaBka 5.75%

Jnunnabiid npoder kpaiinsasa croumMoctb (LRMC) cnaceHHO# BOABI MOKeET
Toraa ObITh BbiuucaeH. LMRC BbIlYMC/ICH, IOCKOJIbKY YHCTAS
CYLIECTBYIOIIASA IEHHOCTh 3aTPAT BHINOJHEHUA, Pa3/ieJICHHbIX HA YUCTYIO
CYLIEeCTBYHIIYI0 HEHHOCTh CIIACEHHOM BO/bI, IPEJACTABUJIA KaK CTOMMOCTh B
KyOH4ecKuil MeTp.

Ctoa 20 noka3oB nuennoctu LRMC.

Cto. 20 - Beruucienne LRMC (BesukoOpuranus)

Ilycmuina Caxapa nponyckaem NPV Loawr
MECHIONO0104CeHUe

Ennaunel 1 2 3 4x10
£ Capex 0 0

YcranoBka u 0030p CTOSAT £ 590,793 220,000 220,000 220,000 0
Pemont Crour £ 271,072 100,942 100,942 100,942 0
Bona cnacna yepes BoccTaHOBIIEHUE 15,034 413 1,238 2,063 2,476

M yreuek (Meraautpsbl)

HoJro kpaifHsisi CTOMMOCTD,
KkoTopoii ynpasiasaiot (LRMC) 5.7 p/m3 (6onee uem 10 net)

Hox 3tum cuenapuem LRMC qiist Toro, 4To0b1 HCnoJib30BaTh IIycThIHIO
Caxapa - 5.7 HeHcoB/M.’ (THCKOHTHPOBAHHe 3aTPAT M BHIT0J B Teuenue 30 jer
naer LRMC 2.7p/m’), KOTOPBIA MOKeT ObITH 110 CPABHEHHIO C JVIMHHBIM
npoderom KpaiiHeil CTOUMOCTHIO BO/bI.

ConuoJiornyeckme uccjieJ0BaHUusA
Booa Tem3wvl — Jlonoon, Bearukoopumanus

Bona BoapocHat:xenust Tem3bl 13 MUJIMOHAM KJIHEHTOB nonepek JIoHaoHa u
0ro-BocToKy Anriuu. Boga Tem3sl ucnonb3oBana cucremy IlycTsinm
Caxapa, 4T00bI 0CMOTpPETH UX CeTh TPYOONPOBOAOB B JIoHA0HE B TeueHue 10
Jet. Muorum u3 Tpyo B Jlongone 6oJiee yem 100 Jjiet, u Boga Tem3bl nmeer



aKTHMBHYI0 IPOrpamMMy, 4YTO0ObI 3aMEeHUTh MHOTHE U3 3TOro Bukropnanckas
MAarucTpajb pacnpeaejeHus YyryHa.

Bona Tem3bl 00s13aHa ymMeHbIIaTh yTeuky Bogubim Peryisitopom
ITpoMBIIVIEHHOCTH U TAKKEe MMETh OTPAHUYEHUS pecypca, KOTOpbIe
NMOMeLIAIH JaJIbHeHIIee JaBJIeHHe HA KOMIIAHUI0, YTOObI YMEHbIIUTH BOAHYIO
NOTEPIO Be3je, r1e BO3MOKHO.

Hauunasi ¢ ocymecTB/IeHUsI HHCIIEKIIMOHHOI MPOrpaMmMbl ObLIN 3aKOHYEHbI
noutu 1500 0030poB, u 6oJiee yem 1250 yreuek HaiiieHbl. BOJBIIMHCTBO HX
paccMaTpuBaeT, ObLIU BBINOJHEHbI B MATMCTPAJIN YYT'YHA € BeyLIUM
coelMHEeHHEeM, KOTOPbIM ynpaBisioT. Ocraouuecs 0030pbl ObLIN
BbINOJIHEHBI B CTAJIbHOM MarucTpaiau. CpeaHee paccTOsSIHUE MeKAY YTeUKaAMH
(a1 Beex BBINOJIHEHHBIX 0030poB) - S0Sm. Eciu T0/1bK0 nepBblil 0030p Ha
Ka’KI0M Y4aCTKe [0JIaraiT, YTO CPpeAHee paccTosiHue - 373m.

B Teyenue nmepBbIX ABYX JIeT MHCIIEKIIMOHHOM MPOrPaMMBbI C0001IIAJIOCH, YTO
Boaa TeM3bl ObL1a B COCTOSIHUM YMEHBIIUTH €€ BOJAHYI0 IOTEPIO OT ee CeTH
TpyOonpoBoaoB 65MId yepe3 oOHapy:keHue yreuek ¢ cucremou IlycTeinm
Caxapa. YTeuku 00HApPY:KWIN, pacnoJiarajcs B padmepe u3-3a 0.5 Mld k
OlLleHEeHHbIM, YTO0bI UMeTh 3aKa3 10 JuTpoB B yac.

B Teuenune panHuX ctaauii BoAbl TemM3bl mporpaMmmsl 0030pa yCTAHOBHJIL, YTO
YYBCTBHUTEJIbHOCTh CUCTEMbI ObLIIa TAKMM, YTO 3TO MOIJIO MCII0JIb30BAThHCH,
4TO0BbI JEMOHCTPUPOBATH, YTO TPYObI HEe MPOCAYUBAIHUCH (€CJIH HUKAKHE
YT€UKH He ObLIIM HAH/ICHBI).

Lydec — Kacaonanka, Mapoxko

Lyonnaise des Eaux de Kacabnanka (LYDEC), saBasiercsa ¢puiuanom Cysna
Environnement (rpynna Cy3na KoMnaHuii) 4 KOHIECCHOHEPa BOJAHOI0
pacnpenesieHusi, 00pa0OTKH CTOYHBIX BO/J M pacipeiejieHus JJIEKTPU4ecTBA B
Kacabinanke, Mapokko. 31o umeet 710 000 kJIMeHTOB AJ151 BOJAbI U
nocraisier 170Mm’ u3 BoabI €:KerogHo. Lydec no/zxeH Kynurb BCIO BOAY,
KOTOPYIO 3TO MOCTABJIACT KJINEHTAM OT ONTOBBIX KOMIIAHUNA BOAOCHAOKEHUSI.

OcmoTpeHHasi ceTh nepeAavu BooO1e NOCTPOUTCH U3 KOHKPETHBIX TPYO U
ObLIa MOJI0KeHA MpuOau3uTeIbHO 50 JeT Ha3a.

C 2000 60s1ee yem 400 0030poB ObLiIN BhINOTHEeHBI A1 Lydec B Kacabianke ¢
0ouiee yem 200 HaitneHHbIMHU yTeukaMmu. [losiHas 1UIMHA paccMOTPEHHOI
MarucTpajm - noutu 300km, KOTopbIil BK/JIIOYAET epepaccMOTPeHne
00JIBIHIMHCTBA MArUCTPaJH B ropojae. CpeHee pacCTOSTHME MEKIY KaxKI0H
yTreukoi - 1336m. /[0/12kHO OBITH 0TMEYEeHO, YTO BOOOIIE KAXKAASA CEKIIUS
TPYObI ObLJIa pACCMOTPEHA IBAKAbI C PEMOHTOM, CIeJIAHHBIM MEKIY
0030pamMu, KOTOPBIMH Cpe/lHee PAcCTOsTHUE ObLI0 Obl 3HAYMTEIbHO MEHbIIIE,
ecJii ObI TOJIBKO NEPBbIil 0030p HA KAKI0OM y4acTKe paccMaTPUBAJIN.



B nepgBoii ¢paze 0630poB, cokpanieHne BOAHOM MOTEPH, NPUNIMCAHHOM
yTedKaM, PacioJio:KeHHbIM, Hcnoib3ys cuctemy Ilycreinu Caxapa u
BIIOCJIC/ICTBUM BOCCTAHOBJICHHBIM MPUPABHUBAJIO K IOJHOMY COKPALLICHHUIO
BO/JbI B IOCTABKY 3 %. JT0 cOKpaleHue MOKHO II0OKA3aTh, YTOObI HMETh
HeINOCPEeACTBEHHBbIN 1 NpsAMoil 3¢ ¢eKT Ha puHAHCOBOE MOJT0KEHHE
KOMIIAaHUM.

EPAL - JIuccaoon, Ilopmyzanus

EPAL (Empresa Portuguesa de A guas JIuBpsbI) 3200TUTCSH 0 BOXOCHADKEHUH
0oJiee yeM 3 MHJIUIMOHAM NOTPeOUTEIel M B M BOKPYT ropoaa Jluccabdona,
Hopryramuu. B 2007 EPAL ynosaHoMo4ua 0030pbl 22km Mmarucrpaamn
nepeaaqu B Jluccadbone u 0smzkaiimei ods1actu. PaccMoTpeHHasi MarucTpaJib
ObL1a rI1aBHBIM 00pa3oM (20km) npeanoayepKHyTass KOHKpeTHas Tpy0a.

O030pbI HeC/IH U3 MMYHKTOB J0CTYNAa, CO3AAHHBIX B CyIIECTBYIOIIMX paHee
najarax Ha Tpyoonposojaax. Ilagarel Ob/IM MK BO3AYIIHBIMH NAJIATAMH
KJANaHa WK KJanaHa.

IIporpamma 0030pa Hamwia 29 yreuek Ha OCMOTPEHHBIX CEKLIMSAX - CPeHee
yncao 1 mpomyckaer Kaxabiil 767m. Xors padora, 4T00bI OLIEHUTH
(pakTHYeCKOE KOJMYECTBO BO/JbI, CIIACCHHON Yepe3 PeMOHT yTe4eK
MPOJ0JIKAETCS, PAHHHE MPU3HAKH - TO, YTO CIIACEHHBIN 00beM SIBJIAETCH
npuéam3HTeAbHOo 5000m’/1eHs.

Cuoneit, Menwvoypn, I'opoockoii 3anao u Booa /[onunwt Yarra — Aecmpanusn

B Tteuenne 2006 nporpamma 0030pa ObljIa yCTPOeHA Il TPYNIIbI
aBCTPAJHIICKUX BOAHbIX koMnanuil — Cujneiickas Boagnass u Meab0ypHckas
Bona, I'opoackas Boga 3anana u Bona Jdoaunsl Yarra uz Meas0ypHa.

40 0030pbI ObLIIM BHINOJHEHbI HA PA3HOO0OPa3uN MATUCTPAJIN ¢ MaTepHATIAMHU,
BKJIIOUYAsl YYT'YH H CBapo4Hoe keJie30. [lonHas paccMoTpeHHas JJIMHA ObLIa
0oJiee yeM 26 kM, 1 32 yreuku ObLIM HaliieHbl. JTO Ja€eT U CpeHee YU CJI0
OTHOM YTEeYKH s KaxKaAbIX 817 m.

3akJIroYeHus

Pe3yabTaThl, 3aperucTpupoOBaHHbIE 31eCh ObLIH cO31aHbl U3-3a 2500 0030pos,
KOTOpbIe ObLIM BHINOJHEHbI HA TPYOONPOBOAAX PAa3HOO0Pa3usl MATEPUATOB U
B MHO:KeCTBe 00JiacTeil BO BceM MHpe.

Cpennee paccTosiHHE MeXKAY yTedKaMu uMeeT 3aKka3 750m nonepex
AMANIA30HA MATEPHUAJIOB, ¢ GUTYPOil AJ MATHCTPAIH YYT'YHA MEHbIIIE YeM
400m me:kny yredukamu.

Cpennmnii pazmep yreuku ObL1 OLlEeHEH U MPOBEPEH, YTOObI ObITH 6.9m’/uac
(0.16M1d).



Boruucisisi JJIMHHBIA Npoder KpaiHsAsi CTOUMOCTD JI1 O0HAPYKeHUS] YTeUKH
¥ PEeMOHTA B TPYGONpPOBOAaX NPHBOAUT K durype 5.7pence (Crepaunr)/m’.

Durypbl NpeACTABUJIN MOKA3, KOTOPbIA He TOJBKO SIBJISIETCH YTEYKON 0T
TPYOONPOBOOB CYLIECTBEHHAS NMPOo0JieMa Ha MOJHOM KAPTUHE BOAHOM
MOTEPH, HO ITUM MOKHO 3aHATHCA B 3 PEeKTHBHOI B 3aTpaTax MaHepe.

Cucrema Ioanep:xxku Pemenusi (DSS) nast Bonnoro Coxkpamenus Ilorepu:
Hoaxoa, OcnoBanublii Ha Moaeasx MoaeanpoBanus

T. Liserra *, S. Artina *, C. Bragalli *, C. Lenzi*

* DISTART, YuuBepcuretr bosionbu, viale Risorgimento 2 — 40136
BOJIOHBU (UTanus)

Tes. +39 051 2093363, gaxc. +39 051 331446, tonino.liserra@mail.ing.unibo.it,
sandro.artina@unibo.it, cristiana.bragalli@mail.ing.unibo.it,
chiara.lenzi@mail.ing.unibo.it

KarueBble cj1oBa: cucrema NOAACPKKHU PECIICHUA; BOJHOC COKPAIIICHUC
moTepMu; BOAHOC MOAC/IMPOBAHHUE CCTH.

Beenenue

Cucrtemsbl HHognep:xkku Pemenus (DSS) 1151 cokpanieHusi BOAHbIX OTEPh
HMEIOT 1eJIb 00ecneYnTh NPU3HAKHM HA CAMO NMOAXOASIIIEH CTpaTeruu,
KOTOPasi CONPOBOKAACTCH WIN ¢ TEXHUYECKON HJIM IKOHOMUYECKOM TOYKH
3peHusi. TeMa cTPOro cBsi3aHa ¢ BOCCTAHOBJIEHHEM BCell HHPPACTPYKTYyPbI
BOJHBIX pacnpeneauTeabHbIX ceTeil (WDNS), moa CTpyKTypHBIM H
IKCILIYyaTAIMOHHBIM npoduiiem. [lpenBapure/bHbIH aHAJIU3 HEOOX0IUM
nocpeacrteoM DSS kak HayajibHasA (pa3a v, BIIOCJIEICTBHH, Yepe3 NPOBEPKY
BO3MOKHBIX BbIOOPOB, B TepMUHAX 3P (PEeKTUBHOCTH U CTOMTCH U B IOUCKE
JIy4llleid MHTerpanum A0CTYIHBIX TEXHOJIOTHii. DTO TAKKe 04eBUAHO U3-32
cj10:kHOCTH WDN M orpaHu4eHHBIX IKOHOMHYECKHUX pecypcoB. Ero
3aKJ/JIIYUTEIbHAA LeJb J0JIKHA M03TOMY COCTOSTh B TOM, YTOObI IOMOYb
JAEMO3UTAPUAM CIIOPHOI0 MMYLIIECTBA ONITUMHU3MPOBATH MCII0JIB30BAHKE
AOCTYNNHOM nHGopMauM.

Bymara o0ecneunBaeT Npu3HAKM 0 3asiBJIeHMH ABYX THIIOB DSSs,
NOAYEePKUBAsl, HACKOJIbKO BbIOOpP DSS, N/In 0CHOBAHHOT0 HA CHHTETUYECKHX
MOJEJIAX HJIM OCHOBAHHBIA HA YHCJIOBbIX MOAE/ISIX MOACJIUPOBAHUSA, 10/ZKEH
ObITH coBMecTUMBIM €0 3HAaHUEeM WDN u ¢ oxxu1aeMbIM BbIOOPOM BpeMeHH,
YT00bI 3AKOHYUTH BOJHbIE MPOEKThI COKPALIeHHUSI NIOTEPb.

HakoHen, HeKOTOpPBIE Pe3yJIbTATHI JOCTUIIIH ¢ 3aaBjeHueM Sanflow, HDF,
Econoleak u Presmac, pazsuroro WRC (Boaa FO:xHnoit A¢puxu Uccaenyror
Komuccui), u ¢ puzudeckun d0asupyrommumucs mojaesasivu, kak HyNet®,
passurtbiii EHS S.r.l., npeacrasaensl. UcciienoBanue ciaydas - 4acTh CeTH
BOOCHA0OkeHust MoaeHbl.



Cucrembl MOAACP/KKH PCIICHUA U BOAHOC COKPAIICHUE IOTEPb

Yposens aeraJieii, npuMeHeHHbIX B onucanuu WDN u Tuna moaxoxaa,
O0TOOPAHHOIO AJISl THAPABJINYECKOI0 AHAJIN3A - IEePBUYHbIE KPUTEPHUH, YTOOBI
Pa3IM4YMTh pa3jiMuHble BUAbI DSSs, HCI0JIb3yeMOro B BOJAHbIX MOJEJISIX
cokpamenusi morepu. Bo Bcem DSSs 3HaHMe rUAPaBIMYECKOr0 rocy1apcraa,
[0 CYyLIEeCTBY JaBJIeHUE U NOTOK B HEKOTOPBIX MyHKTaX WDN, MoxkeT ObITH
MOJIy4€eHO U3 NPAMOii Mepbl THAPABJIMYECKUX NepeMeHHbIX (lumped-
napamemp DSSs), WJIN OT YMCJIOBOr0 aHAJIN3A 10 MO MOJACJIUPOBAHMS
(pacnpeoen-napamemp DSSs). B nocieqHux B3BelIEHHbIX TaAHHBIX
HCIOJIL3YIOTCH AJIS1 KaTMOPOBKH, M03B0JIsAsI B HU(POBOii popme
O0asupymouieecs: MPOCTPAHCTBEHHOE 3HAHME TMAPABJIMYECKOr0 YCJI0BHS,
KOTOpPO€ OTCYTCTBYET B IIPEKHEM.

Lumped-napamerp DSSs ABJIAIOTCH 0OCHOBAHHBIMH HA YIIPOLLIEHHOM
MaTeMaTH4YeCKOM MOAX0/1e, YIIPOLIEHHOM OTHOCUTEJIbHO (pu3nvecKoi
KOH(UTYypaluM CUCTEMbI, (PAKTHYECKH NPOCTPAHCTBEHHO pPacipeieIeHHbIe
NepeMeHHbIe, MPeACTABJICH KAK eJUHHCTBEHHBbI CKAaJISP BMECTO 3TOro. 10
YIPOIeHHE KAKETCH Pa3yMHBIM, KOIIa CHCTEMA I0CTATOYHO rOMOT€eHHAa

Pacnpenen-napamerp DSSs umeer 3aMevyaTe/ibHYI0 NOTEHIIHAIBHY IO
BO3MO’KHOCTb JIOBJIM MPOCTPAHCTBEHHOI'0 pacnpeie/ieHUs1 BOAHBIX IOTEPb, 0
KpaiiHeii Mepe KadecTBeHHO. Takum 00pa3om, 0c000e BHUMAHNE HY’KHO 1aTh
NPOCTPAHCTBEHHOMY pacnpeaeJeHuI0 (U3n4ecKuX KOMIIOHEHTOB BOIHbIX
N0TePb, MIOTOMY 4YTO 3TO MPUBOAUT K YHCJIOBOH OLlEHKE THAPABIHYECKUX
MOCJIeICTBUI PAa3JIMYHBIX 1efiCTBUI, KAK BOJHbIe KAMIIAHUM O0HAPYKEHUS U
PEMOHTA yTe4YeK, IaBJeHUe AKTUBHbII KOHTPOJIb U TPY0a M BOCCTAHOBJICHHE
KOMIIOHEHTOB MJIM BO300HOBJ/ICHHE, 00beIMNHEHHOEe B BO3MOKHbIE
TeXHUYECKHE CLEHAPHUH.

Coumosnoruyeckoe uccjieoBanue: npsamMoii focryn Kk namatu Ganaceto

Ipsimoii noctyn k namsatu (Paiion U3mepennas O06,1acTh) cUCTEMbI
BO0CHAOkeHUs1 MoaeHbl ObLI 0TOOPaH, YTOObI BHINOJIHUTDH, HA PeajbHOM
COLMOJIOTHYECKOM HCCJIEA0BAHMHU, CPABHEHUE MeKAY AByMs Buaamu DSSs
JJIS BOJHOI0 COKpameHus norepb. OrodpanHas cucrema ynpasJaserca JPA
C.m. A.

IIpsiMoii focTyn K mnamMsATH BKJIOYaeT AepeBHn Ganaceto, Lesignana u
Buss1aHOBBI, 1 3TO HMeeT, KaK ecTeCTBEHHasi TPaHuLIa, peka Secchia.
OTo0paHHOE CONMOJIOTNYECKOe HCCIeI0OBaHue uMeeT 00JacTh 2.4 KM’ 1 3T0
cayxut 2925 sxxurtensim. [logcucrema Ganaceto pacnosioxkena B JI0CKOM

o0J1acTH, cO cpeTHUM ypoBHeM 32.86 M. 10 MOPCKOMY YPOBHIO.

Cucrema pacnpeesieHus1 NOKPbIBaeT MOJHYIO JUIHHY TPYObI 35.4 kM ¢ 540
cBsi3siMu. TpyObl HaXOAATCS IVIABHBIM 00Pa30M B IleMeHTe acdecTa u
nojamdITHIeHe. [IpsiMoii 1ocTyn K maMsITH MMeeT TOJbKO OIMH IIYHKT BXO0/a,
pacnoJiokeHHbId B 41 MeTpe M0 MOPCKOMY YPOBHIO Ha MOCTY pekn Secchia.



Modena (Ttaly)

Hpsamoii goctyn k namsatu wutrocrpauuu 1 Ganaceto (Moaena, Uranus).

IMose3nocTh, IPA, KOHTPOIUPOBAJIA NPSAMOM JOCTYN K MAMSATH €
KOHTPOJIMPYIOIIAM BPEMEHHBIM MHTEPBAJIOM 3 MUHYT, HCIOJIbL3ys METP
NMOTOKA (B MYHKTE BX0/1a) M ABYX MeTpPax JaBjieHus (0OJUH PacnoJio:KeHHbI B
MYHKTE BX0/1a, 0/JHA BHYTPEHHSS YacTh MPSAMOM J0CTYN K namsaTu). /laHHbIe,
HCIOJIb3yeMble B 3TOi Oymare ObLiM 3a0paHbl MPSIMO MOCJIE peaTu3aunu
NPSAMOro J0CTyNa K NaMsATH.

HccaenoBanne Ob1710 BHINIOJHEHO, IPUMEHSIA CaeAyOlHe aru: (a) coopanue
M aHAJIN3 IaHHBIX, o6ecniedeHHbIX JPOM: 1aHHbIC OTHOCHTEILHO AKTHBA,
OTHOCHUTEJBHO BOJHOI0 TPeOOBAHMS U NMOTPeOIeHNs, JaBJIEHUS H JAaHHBIX
NMOTOKA uMeJin pa3mepsl; (b) oeHKa NPsAMOro A0CTyNna K NaMATH
esKe/IHeBHbII MOTOK YTeYKH, C MUHUMAJIbHBIM BEYEPHUM METOI0M MOTOKA; (C)
onpejaeeHne BO3MOKHBIX CIIeHAPHEB COKPAIlCHUS YTEYKH, ¢ yIIPaBJIeHHEM
naBJyeHusi, AKTuBHbIH KonTpoas Yreuku (ALC) nu BocctanoBienue
HEKOTOPBIX TPYO.

Eyceoneeno Peanvnas oyenka nomeps yepe3 Munumanvhulit Beuepnuii memoo
Ilomoxka, ucnonvzya SANFLOW u HDF

MunnmanbHblii Beuepuuii [Torok (MNF) no3BoJsisier BbIruuc/ieHMe BOAHBIX
NoTepb B 4aC MUHUMAJIbHOT0 norpedsenus QMNF, Boiuuranmem
HNcnoan3oBanusa Houu Kiauenta (CNU) ot B3BellIEHHOT0 MUHUMAJIBHOTO
BeYEePHero nNoToKas

Tak kak BedepHUIl NOTOK MOKeT ObITH NPUIIMCAH )KUJIOMY M He KHJI0€e
HCNO0JIb30BaHUE, NPEe:KHUI ObLIT BbIYUCIeH ¢ Moaeabio SANFLOW,
paccMaTpUBasi YMCJI0 KJIMEHTOB, KOTOPBHIM CJIYKAT, U 3TO ObLJIO OLIEHEHO
paBHoe 2.64 M. /uac. Beuepuee norpedaenne 107 He Kuible KIHEHTHI ObLIO
OLICHEHO € 0030poM, caeaHHBIM B HOsIOpe 2004. /leTajibHbIE JaHHBIE
OTHOCHTEJILHO NOTPedJIeHNsl, yIOMAHYJ BeuepHuid nepuox mexkay 1.00 k 5.00
yacaM, ObLJIM 3a0paHbI I KAXKA0I0 KJIMEHTAa B TeYeHue Toro od3opa.

JelicTBusi padoThl 00J1aCTH BKJIKYAIOT HIECTh CEJIbCKUX X031iCTB KOPOBBI U
OJIMH MHAYCTPHUAJIbHBII 3aB0. Ly mocjieaHero 61710 BO3MOKHO OLIEHUTh, OT
JAHHBIX, 00ecIeYeHHBIX KJIHEHTOM, BeuepHee notrpedaenue 0.9 m.’/h.
BeuepHee moTpedsieHue 1J11 CeJILCKOT0 X031 CTBA OCHOBAHO HA PUHATOM
noTpedJIeHun Kaxa0i Kopossl (41/h) u Ha 001IeM KoOJIHYECTBE KOPOB.



B 3aKiIl04eHue He Kui0e BeuepHee morpedaenne 4.86 M. /h GbL1 oLeHen;
CYMMHUPYS 7KUJI0€ U He KUJ10€e NoTpediieHne, MOJTHOE BeuepHee MoTpedieHue
7.50 m.*/h 6b11 oneHeH.

Croua 1 lTostnas PeanbHasi ouneHka Ilorepu MunnManbHbIM Beuepaum
IHoTroxkom (MNF) meton.

Measuraed MNF Total J‘i’en‘sff3 Loss
{m’/h) Quus {M°fh)

230004 | 240AM 33.48 7.50 25.98

Date MNF Time CNU (m/h)

HUcnoan3ys pesyiabrarsl, moaydyeHHbie MeToaoM MNF, noJiHblii 00beM 0bLI
BbIYMCJIEH U3 BO/bI, NIOTEPAHHON B IPSIMOM JOCTYIle K NAMATH B TeYeHHUE THA
23 centsopa™ 2004, u3-3a B3pbIBA H BTOpPOCTeNeHHBIX noTeph (Crou 1).

LleHHOCTH MOJIHBIX €:KeIHeBHBIX NOTeph Qd Obli1a BhIUNC/IeHA, Oepsi BpeMeHa
QMNF ®axrop Ansa Yaca (HDF). 3ToT pakTOop ObLJI BHIYHUCICH, HCIIOIb3YS
npoduinb naBJjennsi B Cpeanem 3onanbHoM JlaBiennu (AZP) nyHKT,
onpeae/JeHHbIH MYHKT CeTH, 1aBJeHNE KOTOPOIro B3SITO KaK NMpPeACTABUTEIb
nesaoro npsamoro aocryna k namatu. HDF ortHocuTensno yaca MNF (2:40)
paBen 21.63 uacam/musM u npuBoaut K nennocti Qd 562 m.*/nenn, Torna
WRI1 - 43 % (Alegre u ap. 2006).

Lumped-napamerp DSS Ha conmoiornyeckom uccjaea0BaHuN

Onpeoenienue 603MOHCHBIX CUEHAPUEE8 018 600HO20 COKPAWEHU NOmePb npu
ucnonvzoeanuu ECONOLEAK u PRESMAC

IIpouecc crapeHus ceTH NPOU3BOIANT, KaK MPsSIMOE MOCJIeICTBHE, YBeIHYCHUE
PeaJbHOr0 BOJHOTO SIBJIEHUS MOTEPb, KOTOPOE MOKET ObITh YMEHbIIIEHO H
YIPABJIATHCS HHTETPUPOBAHHBIM 3asiBJICHHEM Pa3JIMYHbIX CTpaTerui,
KOTOpbIe MOT'YT ObITh MOJY4Y€HbI B HTOTe B: AKTUBHbII KOHTPOJb YTeukH,
4TO0ObI O0HAPYKUTH MYHKTHI YTEUYEK. 3TO BKJIKYAET Pa3jNniHble BO3MOKHbIE
MeTO/bl, KOTOpPbIe OyIyT NPUMEHEHbI O0T/IeJIbHO UJIH BMecTe. YIIpaBJeHne
/laBJieHU, OAUH U3 CAMBIX 3 PeKTHBHBIX METOA0B K BOAHOMY COKPAaIllCHUIO
NMOTepPH 0COOEHHO €CJIM MPUMEHEHO BMeCTe ¢ aAKTUBHBIM KOHTPOJIEM YTEUKH;
BbICOKOKA4YeCTBEHHbIE Pe3yJibTaThl ObLIM 32apXMBHUPOBAHbI YCTAHOBKOM
KJIANIAHOB COKPAIeHHs IaBJICHUS B IYHKTAX BXOAHOI0 oTBepcTusi. CKOPOCTh
u KauecTBo PeMoHTa nmeroT 3¢ eKT HA NPOAOTKUTEIbHOCTD AeATEIbHOCTH
YTEe4YKH, U HA JaJibHel el Tpyde BOCCTAHABJIMBAET YaCTOTY. YIIpaBJeHHUE
AKTHBOB MO03B0JIsIeT YMEHbIIATH YTE€YKHU, 3aMEHAS, peadWIIUTHPYH WIH
BO300HOBJIAAS AKTUBBI.

Peanvnoe ynpasnenue nomeps ¢ Akmugnvim Konmponem Ymeuku ¢ npamom
oocmyne Kk namamu Ganaceto

Moaeas ECONOLEAK no3Bosuia onpeneasiTb ONTHMAJIbHYIO YACTOTY ISl
KOHTPOJIAl yTeYKH. Pe3yJIbTaT 0CHOBAH HAa OLlEHKeE PeajIbHbIX e:KeroJHbIX
NOTEePb, CACJAHHBIX, HCNOJb3YH B3pbiB M BropocTenennyro OueHky - MmeTox
MAJIBIIIA-, cBAI3aHHBIH ¢ IKOHOMUYECKUM aHaan3oM (JlamOept, 1994).



Buviuucnenue peanvnoii excezoonoii ymeuku, ucnonwvzya MAJIBIIIA

Jlns kaxaoro kKoMmmnoHenra cucrembl, MeTogoJiorusi MAJIBIIIIA Bbruuciisier
peajibHbIe MOTEPU HA 0CHOBe UX MpUpPoAbI (PoH, 0 KoTopbIX c0001IAIOT U
Hecoo0mennbie Ilorepu B3pbiBoB) 1/ pa3in4yHbIX KOMIIOHeHTOB WDN.

Jlns kaxxaoro komnonenra cucrembl Bropocrenennnlie Ilorepu (CToJ1 2) Ob1IHM
BbIYMCJIEHbI KAK MPOAYKT pacxoaa, oTHeceHHOro ¢ @akropom Ucnpasiennst
Nasaenus (PCF = (AZP/SO)NI) K cpeaHeMy aaBjeHu10 (AZP=33.5 m) npsimoro
JA0CTYyNA K MaMATH, BpeMeHa 0CO0eHHOCTh NMapaMeTPa B KOMIIOHEHTHI
CHCTEMBbI. ITOT NapaMeTp - JJIUHA IJI IJIABHOM CUCTEMbI, M YMCJIA CBSA3EH ISl
TPYO 00CTy’KMBAHUSA U CBSA3CH.

Ctoua 2 Ounenku BropocTreneHHbIX MOTEPh B MPSIMOM JA0CTYIE K MaMSITH
Ganaceto.

Bropocrenennbie Ilorepu

Bropocrenennslii Ilorok nmoreps rate@S0m Enqumnannbr N1

(m.*/nenn) mazucmpans Pacnpedenenusn 51.3 /km/h 1.5 23.83 Cesasu 3.2 1.5
I/conn/h

22.78 Tpyo Ilocmaexu 1.3 1.5 9.11

Oo6uree kostnuecTBo I/conn/h 56.72

IHoTepu B3pbiBoB, 0 KoTopbix coo0mamwT (Ctoa 3) ObLIM OllEeHEHbI B
KOMIIOHEHTBI CUCTEMbI KaK MPOAYKT pacxoaa (ucnpasiennbii ¢ PCF),
BpeMeHA 4YaCcTOTA B3PbIBA (OLEHEHHBbIH OT YMCJIA PEMOHTA, CACJIAHHOI0
IHos1e3HOCTHI0 MOCJIE TOT0, KAK KJIUEHTBHI )KAJTYIOTCH), U POJAOIKUTEIbHOCTh
yYTEe4YKH.

Croa 3 Ouenku ExenneBubix [loreps B3pbiBoB, 0 KoTOpbIX c0001Ia10T, B
npsMom aocryne k namsatu Ganaceto.

Coo01eHHbIi

IHoTok aesiteqibHOCTH rate@S0m N ©

Horepu Ennnun YacToThl NOTEPH B3PbIBOB, 0 KOTOPBIX CO00IIAIOT,

(1eHb) (M.3 /h) B3pbIB (M.3/I[eHb)

Mazucmpans pacnpedenenusn 4 0.310 B 10.9

12 km/roa, koropsliii 34.0 Ceazu 50 1.6 30.359 B 1000 Bexyt/ron 16.4 67.8 Tpyo

Ilocmaesxu 60 1.6 20.386 B 1000, Bener/rox 11.0 54.6 Ilorepu, o0 Kotopbix
coodmamoT, 156.4



Cymma ®@ona u [loreps B3psiBa, 0 KoTopbix co001manoT, - TeopeTnieckoe,
HMKe OrpaHn4nBaloT (OCHOBHOI YPOBEHBb), 10CTHKUMBIH TOJIbKO C 04eHb
YaCcThIMH JAeHCTBUSIMHU O0OHAPY/KEHHUS YTEUYKH, CIOCOOHBIMHU YAAJIUTH (WIH

MuHuMH3MpoBaTh) Hecoodmennsie norepu B3prisa.

Hecoo0mennbie morepu B3pbiBa (C1ou1 4) ObLIM OlleHEHBI KAK MPOAYKT
pacxoaa (ucnpasjieHnblii ¢ PCF) BpemeHna yactora B3pbiBa U
NPOAOIKUTEIBLHOCTD JeSITeIbHOCTH YTeUYKH, CYMMA MOJIYyIIePHOAA MEeKAY
ABYMS MocJieoBaTebHbIMH 0030paMu ALC 1 BpeMeHeM peMOHTA.

B 3Ttom caydae 3¢ ¢ekt S pazimunbix yacTor ALC ObLJI NpOaHAJIN3HPOBAH.
Ouenka HecOOOLIEHHBIX B3PHIBOB OCHOBAHA HA HA0JII0/1aeMbIX TaHHBIX
OTHOCHUTEJIbHO B3PHIBOB, 00HAPYKEHHBIX B TeUeHHeE MOCJIeJHeH KAMIIAHNH
o0OHapy:KeHHsl YTeYKHU B MPAMOM 10ocTyn K mamaTtu B 2002.

Cto041 4 OeHKH HEeCOOOLIEHHOI0 eKeAHEBHO IOTEPH B3PbIBA IS PA3JTUYHOI
yactorbl ALC (* B MarucTpasas/roa km, ** B 1000conn/year).

Pacxox Hecoobmennnbie IHorepu ¢ ALC
B3pbiBbl HacTOThI

Hecoo0mennbie morepu B3pbIBOB @S0m kaxkabie 6 ka:kabix 1 kaxabie 2
KaKIBIX 4 Ka:KabIX 6 (M.>/h) N °/year roipl JeT J1eT roaa Mecsiien

Maeucmpans 6 0.0078*%0.274 8.1 159 314624 935
pacnpeoeneHus
Ces3u 1.6 4.0681 **2.197 24.6 41.2 743 140.7 207.0
Tpyowvr [locmasku 1.6 3.0375 **1.640 19.7 32.0 56.9 106.4 155.9 162.6
O6mmx konmmuectsa (m3/day) 52.4 89.1 309.5456.4

Jus nsitu yactor ALC exeroanasi peajibHasi noreps ObLIa BLIYUCIIEHA,
CYMMHPY$ OCHOBHOI1 ypoBeHb yTeuKH ¢ Hecoo01eHHoi yTeukoii B3pbIBa, Kak
noka3zaHo B ¢gurype 3.

IKonomuyeckuii Ananuz, umoowvl noayyames onmumanvuyro wacmomy ALC ona
nPAMO20 00CHmyna K namamu

IKOHOMHUYECKHUI aHAIN3 ObLJI BbINOJHEH, CPABHUBAA 3aTPAThI U3-32 BOAHBIX
NMOTEPb K €KEeroAHbIM IKCILUIyaTAIlMOHHBIM 3aTpaTam JJisi AKTHBHOI'0
KOHTPOJIA € 3aIVIAHMPOBAHHBIMU KOHTPOJbHBIMU AeHCTBUSAMH. CTOUMOCTH
BOJHBIX NIOTEPb BHIYMCJIEHA, YMHOKASl IOTEePSHHbIH 00beM, BpeMeHa
croumocTh eauHunbl 0.06 &euro;/m’ MOCKOILKY HePrusi TpeGyIOT 1Ist
NMPoLECcCoB nepexayku u ae3nHdexuun well.

JJ11 pa3JIn4HBIX AKTHBHBIX METO10B KOHTPOJIsI, IPUHATHIC 3aTPATHI
nepevynciieHsbl Ha caenyomeM croje (Ctoa 5) BMecTe ¢ IKCIIYyaTAIIHOHHBIMHU



3aTpaTaMu, He0OXOAUMBIMH JIJISl YU CJIA 3aNPOCOB ONMEPATOPOB O
BMeEIIATEILCTBAX H 3aTPATaX BMEIIATEIbCTB HEMOCPEICTBEHHO.

Croa 5: ALC u 3aTparbl KOMIIEHCAIIUN TPYObI.

| Costs to detect and repair leaks
| C 480 . €km
: 480 ;. €/km
3000 : €fyear
1600 €
900 €
900 . €

NnmocTpanus 2 noka3biBaeT 3aTPaThl AKTHBHOT0 KOHTPOJIS YTEYKHU H
KOHTPOJIA VISl PAa3JIMYHBIX YaCTOT O0OHAPYKEeHHUsl YTe4YKH, U Nepeaadya
norepsjia Boanble 3aTtparhbl. [losiHas e:kerognasi KpuBas 3aTpart TOrjaa
N0JIy4YeHa BCTABKOI 3aTPaT BOJHOI0 NPOM3BOACTBA U 3aTPAT 00HAPY/KeHUsI
YTEYKH JJIsl S KJIACCOB YaCTOThI.

CroumocThb (&euro;/anno)

60000 50000 40000 30000 20000 10000 0

6 MecHLbI
21-
6
JIeTHHE roabl rojabl
roabl

050000 100000 150000 200000 250000

Real Losses (nivear)
—fe CO5TALC == Total Cost
== 051 Of ISt water = = = Base Leval (incl. Reported Bursts)

3arparsl wnocTpauuu 2 ALC 4 noTepsiHHON BOABI ISl PA3JIHYHBIX YaCTOT
0030pa.

MuHUMYM NOJIHOM e5KeroAHOM KPUBOH 3aTPaT HAEHTH(PULIUPYeT
ONTUMAJILHYI0 YaCTOTY AJIsl 0O0HAPYKeHUs yTeuKH. Pe3yabTar 1J1s1 Halero
COLMOJIOTUYECKOIr0 UCCIEeI0BAHUSA - OJIU3KO0 K 4 TogaM Mexay AByMS
NOCJIe0BaTeIbHBIMUA KAMIIAHUSIMU O0HAPY:KEeHUS YTeYKH (32 BOAHYIO
croumocth 0.1 &euro;/m’ onTuMasIbHOE BpeMst MKy AByMs 0630pavu ALC
CTAHOBHUTCS 0JIM3KO K 2 rogam).

Peanvnoe cokpawenue Illomeps c ynpasnenuem 0asnenus 011 nPpamozo
docmyna K namsamu

ITO MOATBEPKACHO MPAKTUKOM, YTO YPOBEHb JABJICHUS CUCTEMbI MUTHEBOU
BO/IbI 10JI5KeH ObITh MOCTOSIHHBIM BOBpPeMsl M 0JIN3KO K YPOBHIO, TpedyeMomMy
rapaHTUPOBATH 00CAy:KMBaHUE KJINeHTaM. BoccranaBainBaeMblil BOJAHBIN
00beM uepe3 cokpamnleHue naBjaeHus 0bL1 oneneH PRESMAC.



OO0pa3uoBblii BX0/ - NOTOK, BXOASIIIUI B MPSIMOM JOCTYI K aMSITH U
JAaBJieHUe B IyHKTe AZP ¥ B KPUTHYECKOM IIYHKTE B YeM, 1aBJIeHUE
HUCNBITHIBAET CAMYI0 HU3KYI0 IEHHOCTb.

OcHOBaHHBIH HA OLIEHKE BOJHBIX MOTEPh B TeUeHHE HOYH U HA MPOPUISX
nasjeHusi, PRESMAC no3BoJisieT oT1eJITh NPUTOK B IBA KOMIIOHEHTA,
OTHOI'0 MKAMBEHIIA JABJIEeHMsI M OJHO He3aBHCHUMOe J1aBJjieHHe (KaK MOKa3aHo
B WJLIKOCTpauuu 3).

J/{Be runoTe3pl KOHTPOJISI AABJICHHUS NMPEAIArajauch 1Js HCCIAeA0BAHMUS CIy4asi.
IlepBblii cueHapuii BBOAMT KJIANAH COKPALICHHUS AaBJICHUSA
(ITPEABIAYIINH) B nyHKTE BX0AA NPAMOI0 J0CTYNA K NAMSATH.

Bropoii cuenapuii BBoaut IIPEJABIITYIHIEE, 00beanHenHoe ¢ qucneT4epom,
KOTOPBI peryaupyer Kjaanad Boppems (¢purypa 4 — npaso): 60Jiee BbICOKAsI
LEHHOCTh 1aBJICHUS] YCTAHOBJIEHA B 28 MeTpax Mexay

5.00 ssBasirorest 1 10.00 momosiyxHu u B 25 merpax B TeyeHne Houu. Kak
MOKA3aHO B CTOJIe 8, esKeITHEBHBIN MOTOK YMEHbIIaeTCHa Kak dPpdexT
COKpAlLlCeHHUs er0 KOMIIOHEHTOB W KAMBEHIA 1aBJICHUS. IPEJIBIAY WA
HEMOABUKHbIN BbIX0J ObLII PaBeH 28 M. KaK MOKAa3aHO B (OCTABJIEHHOM)

¢purype 4.
80

DakTH4YecKoe rocyaapcreo
70 60

Motox (M.}/h)

0 2 4 6 810121416182022 0

IHoTox IMotox  JlaBaenue
BXOJHOI'0 W/KIUBEHIIA He3aBUCHUMBI
oTBepCcTHUd JAaBJICHUSA IToTok

I/I.]'IJ'HOCTpa]_[I/Iﬂ 3: ®akTH4YeCcKUd MOTOK BXOAHOI'0O OTBEPCTHUA OTACIUI B
HIKAUBCHIIC JAaBJICHHUA U JaBJICHHUHN HE3AaBUCHUMbIC KOMIIOHCHTBI.

35.0 35.0



32.5 32.5
30.0 30.0

JaBiaenune (m)
27.5
25.0
22.5

JlaBjenue (m)

27.5
25.0
22.5
20.0 20.0
17.5 17.5
15.0 15.0
02 4 6810121416 182022 0 0 2 4 681012 14161820 220
Aapjenue HlaBaenne AZP ¢ /laBJeHue Hasaenne AZP ¢
BXOJHOIO NPEALIAYLUIUM BXOXHOIO NPEABIAYLHIUM
OTBEpCTHHA AaBJIeHUEM OTBEpCTHUSA JAaBJIeHHEM
Kpuruueckoe Bxozanoro Kpuruueckoe Bxozxnoro
JaBJIEHHE C OTBEPCTHUA C JaBJICHHE C OTBEPCTHUA C

NPEJABIAY M HPEABIAYIIUM - rypg npqymum HPEABIAY M

Nanmoctpanus 4: I'maBHble mpouiin JaBJIeHUs IS EPBOro CUeHAPUSA
(yexaJyin) u BO BTOpPOM cueHapuii (mpaso).

O0BeKT NpPSIMOro AOCTYNAa K NAMATH UCCICI0BAHUSA YiKe NPeACTaABJIseT
YPOBEHb J1aBJieHHsl 0JIM3K0 K MUHUMYMY, TpeOyeMOMY rapaHTHPOBATh
o0cJIy:KUBaHUe; U3-32 esKeJTHEBHOI0 00pa3ua MoToKa, 1aBJIeHHe HMeeT
TeHJICHIUI0 YMEHbIIATHCS 3HAYUTEIbHO Yepe3 HECKOJIbKO YaCOB B TeUeHH e
JHS, CJIEA0BATEIbHO He BO3MOKHO NPOM3BeCTH 00J1ee BHICOKHE COKPALLCHUS
JaBJICHUS.

Croa

6: BoccTaHOBJIEHHBIN €:KeIHEBHBIN BOJAHBIA 00H€M ¢ HENMOABUKHBIM
HPEABIAYHINUM BbIxoaom u Bpemenem cmoayJauposai IIPEABITY HIUN.

E:xxenHeBHO 00beM BX0/12 B TeKyIleil CUTYallMU (M. /nenn) Cuenapuii 1
Cuenapmuii 2



Indipendent om oagnenusa 711.6 711.6 711.6 Dipendent om oasnenus 583.4
550.1 535.7 O6ugux konuvecme 1295.0 1261.6 1247.3 Bo3BpanieHHbIX 00b€MOB
(m.%/mens) 33.3 47.7

OnHako, 0bLJ10 BO3MOKHO ciacTu 0oJiee uJu MeHee 9405 m.>/rox kak
OCJIeCTBHE COKPALIEHHS JABJIeHHs IPe:KHero cuenapus u 13545 m.’/roa B
nocjaenHem cuenapuu (Croa 6).

Pacnpenen-napamerp DSS Ha coumo10ru4eckom uccjieJ0BAaHNH
Hucnoewvie mooenu mooenuposanus

IlpexBapuTebHO ONIMCAHHBIE MO/IEJIA B COCTOSHMU AHAJITU3UPOBATH BOJAHBII
O0aslaHc B MacuiTade cuCTeMbl. Y POBeHb AeTajield 3TUX Mo/iesiell OrpaHUuYeH
HeXBATKOM MH(POPMAIIUN OTHOCUTEJIBHO ceTH (pu3nueckne 0COOEHHOCTH.
DuU3NYeCKUl AKTUB CeTH IeHCTBUTEIbHO CHHTE3MPYeTCH HEMHOTMMHU
napaMeTpamMu, o3TOMY Tepsisi peajibHYI0 KAPTHHY B3aMMOACCTBUS MEKIY
ceTbi0 M 3aBoiaMu WDN, Kora 310 CTAHOBHUTCH CIHUIIKOM CJIOKHBIM..

DaKkTHYECKH, OLICHKA MAPAMETPOB CHCTEMbI CTAHOBUTCH 0o0J1ee CJI0KHON KaK
YHCJI0 KOMIIOHEHTOB CHCTEeMbl, IYHKTOB BX0/1a HJIU YBeJIMYeHN 3aBO/10B.
O4enb nepeMeHHbIe TPOPUIN ATBTUMETPUU MOTYT OBITH JOMOJHUTEIbHBIM
NpensiTcTBueM Mcnob30Banuio Lumped DSSs. B nogo0HbIX yc10BUsSIX TaKue
MHCTPYMEHTHI J0JIKHBI CKOpee ObITh IPUMEHEHbI, YTO0, Jaxe ecIu 0osee
CJIOKHBIH, SIBJISIKOTCHA B COCTOSIHUM PACCMOTPETh peajibHOe H3MepPeHue
CHCTEeMbI U MOJCJTHPOBATH €ro peajibHble AeiicTBUA. Kpome TOro, npumenss
3TH HHCTPYMEHTBI, BO3MOKHO HA0JII01aTh N0OBe/IeHHE CHCTeMbl B TeKyLIeM
COCTOSIHUM U B BO3MOKHBIX YCJIOBHUSAX, CJIEIYIOIIMX U3 3aBJICHUS Pa3IHYHbIX
HHTEPBEHUMOHHBIX CTPaTeruii, Kak ynpasJjieHHe JaBJICHUS U yIIPaBJICHHE
aKTHBA.

Mooenv cemu 0na npamozo oocmyna Kk namamu Ganaceto

Mopeib cucTeMbl AJIs1 MPSAMOTo aoctyna K namsatu Ganaceto Oblia
MOCTPOEHA, HCII0JIb3YS I0CTYIIHbIE IaHHbIE OTHOCUTEJIbHO MOTpPeldIeHu s
KJIMEHTOB M TPYO. YTEUKH, KaK M10J1arajau, ObIJIM CKOHIEHTPUPOBAHbI B y3J1aX
Kak onucaHo B (1). Ouenka ko3¢ ¢uumenTa o 11 KaKI0r0 y3Jja ceTH
NPUBOJAUT K pacrpeieIeHUI0 YTeYKH B Npeaesiax NpsiMoro J0CcTyna K naMsaTH.

n
g=aP(l)
A 6mopou

rae I1u - naBJjenue B i-th y3ie. Ouenka o k03¢ puumneHToB ObLIA CEIaHA
3asiBJICHHEM I'eHEeTHYeCKOro aJIropuTMa BMecTe ¢ ruApaBJInYecKuM solver
CIIOCOOHBIM HAMTH KOH(PUTYpaALUIO 0. KOI(PPUIUEHTOB YTEYKH IYHKTOB,
MUHUMH3HUPYS ONpeieIeHHYI0 (DYHKIIUIO IPUTOAHOCTH. ITa PyHKIMSA (2)



OCHOBAHA HA OTKJIOHEHHH MeKAYy B3BELICHHBIM 1aBJICHUEM U LEHHOCTSIMH
MOTOKA U MO/JeJIUPYEeMbIMH: NIepeMEeHHbIE - 0. KO3(PPUUNEHThI
HemnocpeacTBeHHo. O0pasen # ObLI NIPUHAT YHU(POPMA B IPAMOM A0CTyIIE K
NaMsITH U olleHeH paBHbIA (.75 B cOOTBETCTBUY ¢ OIIMOOYHOM NPoOUEAYPOii U
MONBITKOM.

OO0uree BhIpakeHHe UCMOJIb3yeMOM (PYHKIIMU MPUTOAHOCTH - (Artina u ap.,
2006):
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LiUJIN - Bnazouecmuentii m. D”jDIT o ‘Qim 270
HiN

rae ITu v Pim MoaeJMpylOTCS U B3BellIeHHbIE LICHHOCTH J1aBJieHus B i-th y3je
u Qis, u Qim MOACJMPYIOTCH U U3MEPHJIN NOTOK B j-th TpyOe. K1 u K2 - nBa
napaMeTrpa HaJ0aBKH, 0TOOpaHHbIe KaK GyHKIMSI COMHEHUIT 000py10BaHUS
pa3mepoB. KainbpoBka Obliia ciesiaHa ¢ JaHHBIMU, I0OCTYITHBIMU BO BpeMsl
MNF.

Yro0bI BECTH reHETHYECKHUI AJTOPUTM B TeueHHe (pa3bl KAJINOPOBKH,
npouexypa, 4To0bl onpeaeuTh BOCIPUUMYUBOCTD K yTeUKe Ka:K10i TPyObl
Obu1a pa3BuTa. JTAa NPOLEAYyPAa NIPUHUMAET BO BHUMaHUe: IPU3HAKH TPYO
(maTepuaJ, 1uamMerp..), TpyObl, YKJIaAbIBAIOIIHME YCIOBUA CIIATH
(YKJaaapIBaOIMii MaTepuaJ cnaTh, MPUCYTCTBHE TPYHTOBOI BOBL..), TPYObI
JKCIIyaTAllHOHHbIE YCJIOBHS (COCTABJAIOT B CPeIHEM JaBJICHHE 110
CPABHEHHMIO ¢ HOMHHAJIBHBIM), TPYObI, 3arpyKa0IIHe YCI0BUA
(IMHAMHUYeCKHI M CTATHYECKHUN IPy3) M BCS A0CTyNNHAst HHpopManus o
KAKI0# MCTOPUM TPYOBbI (0TKA3bI, HHCTAJSNUOHHBIH rof..). Kak
3aKJ/JII0YUTEIbHBIN Pe3yJbTaT, IPJbIK NPUIIUCAH KAXKA0M TPYOe,
yKa3bIBamollei ee ypoBeHb BOCIIPUUMYMBOCTH YTEUKH.

Bropoii mar xo/xeH 0bLJI 32CTABUTH AJITOPUTM HCCIEA0BATH, BO-IIEPBHIX,
KOH(pUTrypaunum, npeackaspipamiiue 0ojee BbICOKHH YPOBeHb YTEUKH J1JIs1
CaMbIX CKJIOHHBIX K yTeuke Tpy0. KapTuHa S noka3oB 4yBCTBUTEJIbHOCTH
CeTH K yTeuKe U KapTe o K03 (PuIHeHTOB, HEHHOCTh KOTOPHIX CBA3aHAa ¢
rJ00a1bHBIM KOJIUYECTBOM YTEUKH AJIS KAXKA0I0 y3.a.
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Noumoctpanus S:Pipes susceptiblyto yreuka (ocTtaBuiia) u onenunsia o
coefficientsdistribution (mpaBo)

NunocTpanus 6 nokaspiBaeT NoToK themeasured, Bxoasimuii B cucremy u
B3BEIIICHHOE IaBJIeHHE B MIYHKTE B MPSIMOM JI0CTYIlEe K MAMATH U
MoJIeJIMpYyeMbIX. ITO A0JKeH ObITh noticedthat, 0oJiee BbIcOKHIT BeC ObLI
HA3HA4YeH HA BOJAHbII KOMIIOHEHT 0aJIaHCA YeM K KOMIIOHEHTY JaBJICHHS.
DaKTUYECKH BCTYNAKIIMNA NPOPMIb OTOKA - veryclose K B3BeILIECHHOMY, B TO
BpeMsl Kak NPo(QuJib 1aBJIeHUs CKopee HeaooueHeH. OTKIOHEeHUe MeKIAy
B3BCHICHHBIM M MOJIeJIMPYEeMbIM JaBJICHHEM BbIllIe B TeUeHHE YaCOB
MAaKCHUMAJIbHOT0 TPEOOBAHMS, BEPOSATHO KAK CJIeACTBHE UCIIOJIb30BAHMS
K03((PpUIHEHTOB rpy0OCTH, B3ATHIX OT JJUTEPATYPbI, WJIH, BLIPAKAACH JIy4llIe,
He KaJuOpoBaHHoOe.

ITorox mas Link167 ¥Y3ea Pressurefor J252
25.0 40.0
22.5 35.0
20.0 30.0
17.5
IHoTox (I/s)

JdaBnenue (m)
15.0
12.5
10.0 25.0
20.0
15.0
7.510.0

5.0
2.5 5.0
0.0 0.0



0 6 12 18 24 0 6 12 18 24

Bpewms Bpewms
(dachr) (dacer)

Borunciaennsiii Haomogaembiii ObservedComputed

Ninmrocrpanus 6:Flow, Bxoasimas thesystem (ocTaBJ/ieHHbIN) U 1aBJIeHHE
atj252node (mynkT manomerpa) meteredinDMA u BbIYHMCJIeHHbIE valuesas
3akanuuBaercsd ofcalibrationactivity.

IHocne onucannoii kanuOpoBkHu, themodel, allowsto moxenupyrot behaviourof
CeTh /IJIfl PA3JIMYHbIX HHTEPBEHIMOHHBIX clleHapueB. KanubpoBka
YpaBHOBemMBaeT pu3nvecKue yreuKk, BBIYHCJICHHbIE ¢ BOAHOI0 0ajJlanca u
hydrauliccharacteristics cucTeMbl U B3BelIEHHBIX JJAHHbIX. JTO 03HAYAET, YTO
3TO He tobe, MPOYUTAHHBIA KAK HHCTPYMEHT, YTOObI TOUHO ONPeAe/UTh
MOJIOKEeHHE YTeYKH, HO onlyan o koHuUrypamus, nocjiegoBarejbHas ¢
JAaBJICHHEM M MepPaMHM MOTOKA, ¢ (PU3NYECKHUM NMPAMBIM JOCTYIIOM K NAMATH
characteristicsand ¢ peaJbHOH OLIEHKOH MOTEPb. ITUM Pe3yJbTATOM MOKET
OBITH MOAXOAAIAN OTHIPABHAS TOYKA VISl JAJbHENIIINX NeHCTBUH KaK
MnoJieBble KAMIIAHUU.

KannOpoBannasi Moge/ib, KOTOPasi ONMCHIBAET 04Y€Hb XOPOIIO PadoTy
CHCTEeMbI OTHOCUTEJILHO YTeUeK U noTpedienns, isable, 4To0b1 MOgeIUPOBATH
pa3IMYHOe BMeIIaTe beTBO activitieseffects. IpunsiTie 23 cenTadpa’e> PP
2004 xak ccplIKa, OB NMPEIJIOKEHbI 1BA HHTEPBEHUMOHHBIX CLEHAPHUSI.

Cuenapuii A
CoracHo Toii ke camoii runoTe3e, KOTOPYI0 PACCMATPUBAKOT B aHAJIU3E C

PRESMAC, npeaJiarajicl clieHaApuii COKpalleHus JaBJeHUs, MOJyUYeHHbIH,
HCMOJIb3ysl HHCTPYMEHT MOAeJIMPOBAHMS.

IMotok s Cesazu 986 JlaBJjieHue 1
OToO0paHHBIX Y3/10B
25.0 30.0
22.5
20.0 27.5
17.5 25.0
IHotoxk (I/s)
12.5
10.0
7.5

5.0



JdaBnenue (m)

22.5
20.0
17.5
2.5
0.0 15.0
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Bpems (4achl) Bpewms
(dacwr)
BoruuncieHablii PakTuyeckuit VY3ea Vien
PRV2 J132

Nanrocrpanus 7: IloTok B myHKTE BXOAHOT0 OTBEPCTHSA MPSAMOIO JOCTYINA K
NaMATH JJI5 (PAKTHYECKOIr0 rocyapcrsa (mMeJs1 pasMepbl) U AJIs
MO/IeJIMPYeMOro (0cTaBjIeHHOro0) cueHapus. Ilpodpuan 1aBjennst Bo BXOAHOM
OTBEPCTHH M B KPUTHYECKOM IIYHKTE MPSAMO €O BpeMeHeM CMOAYJIHPOBaJI
IPEJABITY LU

XoTs pacyeTHbIN NPOPUIb JaBJICHUS B KPUTHYECKOM NYHKTe (MJLJIIOCTPALUSs
7 — MpaBo) NOATBEPKAAET, YTO TOJBKO OIPAHMYCHHOE COKPALLCHUE 1ABJICHHUS
SIBJISIETCS PeaJIMCTHYECKUM, BCe 7Ke BO3MOKHO CIIACTH BOAHBII 00beM 8800
m.’/roa (¢ HemoxBmxubivM ITPEJIBIIY UM Boixogom) u 12750 m.*/rox (co
Bpemenem cmoayauposai ITPEABIIYIIIUN).

Cuenapui B

st Tpy0, npeamnosiaraeMbIx ObITH 00Jiee YyBCTBUTEIBHBIM K yTe4Ke, IJIAH
BOCCTAHOBJICHUS, K KOTOPOMY NPHUCOCAMHAIOTCH € TOM 7Ke CAMOIl TMIOTe301
COKpalleHNsl JaBJIEHUs, KOTOPYIO paccMaTpuBaT B CueHapum A,
paccmaTpuBajau B cueHapuu B. YTo0sl npeacraBasaTh 3ppext
BOCCTAHOBJICHHS, cOKpaieHue 60 % ko3¢ dpuunenra o Ob1J10 NPUHATO (M3-32
COMHEHHH B ¢ onpeneneHnn). /[Be kongurypauuu 1aBjieHus cueHapus A
ObL1M moaaepxanbl B cueHapuu B. Hexoropbie rpaduyeckue pe3ybrarThl
MOKa3bIBAKT B purype

8.

JaBsenue 1y OTo0paHHBIX Y3710B
Hotok nis CBs3u 986

30.0

25.0



22.5

27.5

20.0
17.5

JdaBnenue (m)

25.0
22.5
20.0

IoToxk (I/5))
15.0
12.5
10.0
7.5
5.0
17.5

2.5
0.0 15.0
0o 4 8 12 16 20 24 0 4 8 12 16 20 24

Bpems (4achl) Bpewms
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Boerunciaennbiid Pakrnyeckuit V3ea Vien
PRV2  J132

Wamocrpanus 8: Cuenapuii Bpems Bwith emoayanposan ITPEJIBIY U :
IloToKk B MyHKTE BXOAHOI0 OTBEPCTHUSI PSIMOIO J0CTYNA K NAMATH IS
(pakTHYecKOro rocysapcrea (MU3MepuJI) U MOJAEIMPOBAJ (OCTABJICHHBIH).
Mopneaunpyemblii npoguib /laBaeHuss BO BXOAHOM OTBEPCTHH U B
KPUTHYECKOM IyHKTe (IIPaBo).

Mogeas pacnpenen-napamerpa Mo:keT MoaeaupoBartb ALC Takum ke
00pa3oM BOCCTAHOBJICHHS, HO ¢ PA3JIMYHON OLEHKOH 00beMa, KOTOPbIA MOKET
ObITh ciaceH. PaKTHYECKH MO/ie/Ib B COCTOSIHUM OLIEHUTh, 00beM, CIIaCeHHbIH
B TeYeHHE MOIeJTUPYeMOro MPOMeKyTKAa BpeMeHH, HCKJII04asi, B IEPBOM



ciayyae, 00beM, KOTOPbIii HEe BO3MOKEH K 10X01Y (CUMTAIOMIUI HUXKE O
YMeEHbIIICHHE).

O0beM, ciaceHHbI B cueHapuu B, U1 IByX npeaJioskeHHbIX KOHurypauuii
naBlieHust, 6b11 oeHeH B 30425 u 31325 m.%/rox coorBercTBEHHO.

KanuOpoBaHnHasi Mo/ieJIb CeTH B COCTOSTHMYU OLIEHUTH BOJAHBIH 00beM,
CIIACEHHBII ¢ onpeAeIeHHbIM BMEIIATEIbCTBOM JaKe HA YACTH CHCTEeMbI, M0/
npeae/ioM HEyBEPEeHHOCTH MeTO/1a pacnpeieieHls MYHKTOB yTreuku. Eciu
pe3yJIbTaT, NpeICKa3aHHbII MO1e/IbI0 Oy1eT NOATBePKAeH
3aIVIAHUPOBAHHBIMHM KAMIIAHUSAMM O0OHAPYKEHHUS YTeUYKH, OyAeT BO3MOKHO
NpeIJIOKUTH Pa3JInYHble KOHTPOJIbHbIE YACTOTHI AJIsl PA3JIHYHbIX YacTeil
CeTH.

3aK/I0o4YeHus

Ipsamoii noctyn k namsaTu Ganaceto - cnequpuyeckoe CONMOI0rHIecKoe
HCCiIel0BaHHEe, KOTOPOe MO3BOJIsieT 3asiBJIeHUue U cpaBHeHune lumped-
napaMeTpoB pacnpeae-napamerpoB u DSSs. O6a Buga DSSs TpeOyror
OlleHKHU BedepHero norpedieHus, YTo0bl OEHUTDH PeaIbHbIi KOMIIOHEHT
NOTEPH BOAHOM yTeuKH. YT00bI yMEHBIIATH €:KeIHEBHYIO BOAHYI0 HOPMY
YTe4YKH NMPSIMOro J0CTyNa K NaMATH, OLIEHEHHOT0 MPpuOJIu3uTeabHO B 40-50
%, BO3MOKHBbIE aJ1IbTEPHATHBHbIC CTPATeruy ObLJIM MPOAHAIM3MPOBAHBI.

Lumped-napamerp DSSs noka3piBaeT HEeMHOI0 NPUKJIATHBIX TPYIHOCTEH A5l
PaiOHOB ¢ 00JIbLIIE YeM OJAHMM MYHKTOM BXOJHOI'0 OTBEPCTHS; KPOMeE TOr0
Mepbl NPo¢ /I TaBJIeHUs TPeOYIOTCH A cneunPuuecKuX MyHKTOB CeTH
(AZP u kpuTHYECKHE MYHKThI), KOTOPbIe He HACTOJIBLKO MPOCThI COBNACTh
nepea OKpPYKHO# peanusaunmei uiam 6e3 moaeau cetu. Kpome Toro, onenka
BO3BPAILlECHHOI0 00beMa, HalpuMep COKpalleHHeM AaBJICHN S, BHICOKO
3aTPOHYTA MmoJjoxkeHuem AZP u Bb100poM neHHoctu oopasua N1.
Nudopmanuio o coObITUAX B3PbIBA (COOOIINII M HECOOOIIEHHBIN) B
COCJUHECHHMHU ¢ HEKOTOPBIMH PAaCcX0/IaMH Tak:ke TpeOyoT. B yacTHocTH pacxox
B3PbIBa 00BIYHO He 3a0MPAKOTCS; OHM C/IeJTAHHOE OTPAHMYEeHHEe, B HEKOTOPbIX
cIy4dasx, 3asiBjieHue 3Toro Buaa DSS, He Jjierkoro BbINOJIHATb.

HeMHOro npensitctBuii yiajeHbl B pacnpeaeJeHHOM — mapametrpsl DSSs.
Hukakyro npeaBapuTejbHYI0 HICHTHPUKANUIO clieu(PUYIECKHX IYHKTOB B
WDN neiicTBUTEIbHO He TPEOYIOT, M HUKAKO0E OTPAHUYEeHUE HA YHUCJI0
IIYHKTOB BX0/a NPAMOIro J0CTYINa K NaMATH He HeoOxoaumo. /lasiee Ha,
oOpasen N1 MmoxkeT ObITH OLICHEH KAaK TOT, KOTOPBIi M03B0JIsIeT ONTHMAJIbHYIO
MOATOHKY MEKIY MOJeTHPYEMbIMH U B3BCIICHHBIMHU JAHHBIMH, TAK, YTOObI
HH 3TO He ObLIIO IPUHATO ANPUOPHO, HU ITO OLIEHEHO MOCPEACTBOM CJI0KHBIX
npoueayp Mepol. Pacnipenesiennbiii — mapametrpbl DSSs sIBJISIIOTCA HAMHOTO
0oJiee MOAXOAAIMMH /ISl IPEICKA3aHUs YTEUKH Jaxe Npex/e, YeM Npsmble
AOCTYNbI K MaMATH onpeaeedbl. Hakonen, Takue Moe1d peKOMEHIYIOTCH B
cJiy4yae HeXBAaTKHU JOCTATOYHOI'0 YHMCJIa pa3MepoOB KAMIIAHUM.



HccaenoBanue, npeacraBjieHHoOe B 3TOH Oymare noKa3piBaeT, 4To JBe
TunoJiornu DSSs o0ecrieduBaOT CONMOCTABUMBIE U 3/IpaBble Pe3yJbTaThl, €CJIH
Tpedyemble JaHHbIE JOCTYIIHbI M PABUJIbHO BBeleHbl. BbI0OOp OoJ1ee
NMOAXOASIEro HHCTPyMeHTa 1A aHaau3a WDN Mo:keT mo3tomy ObITh CaeJIaH
HA OCHOBE NMPUIOJHOCTH JaHHBIX U LEJU aHAJIN3A.
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KiroueBbie ciioBa: cetn Tpyobi; AHanu3 @akropa; ouenka Haxgexnocru
Pe3ome

bymara umeer /10 ¢ aHAJIM30M HA/IEKHOCTH 0 PIIOPHBIX ceTell TPYObI B
CeBeprom mope (HE YTOYHEHO) u B Mekcukanckom 3aiause (GoM),
HCIOJIb3YSl JMCKPUMMHHAHTHBIN aHaau3/Kiaaccupukanmuio (DAC) meron,
OCHOBAHHBIH HA 0CO0eHHOCTAX TPYObI. TpyObl He pa3esieHbl HA IBe FPYNIbI,



"oTka3bl" (MOABeAEeHHBbIN N0 KpaiiHeld Mepe ogHaKAbI) U "ycnexu' (HUKOraa
noaBeaeHHbli). Hecko/ibko cieHapueB, 0OCHOBAHHBIX HA Pa3JIMYHBIX
KOMOMHAUMSAX MepeMeHHbIX, IPOAHATU3UPOBAHBI. AHAJIN3
YYBCTBUTEJIbHOCTH, OTHOCUTEIbHO I0CTYIIHBIX JAHHBIX, HMEET MeCTO, YTOObI
HCCJIe0BATh CTA0MJIBHOCTD pPe3y bTaToB. Ilesn nccjie10BaHusI COCTOSAT B
TOM, YTOOBI Pa3BUTH MO/1€JIb, KOTOPasi MOKeT MPABUJILHO
kjaaccuguuupoBaTs TpyObI ceTH K "'ycnexam' u ""orkazam''; onpenesasTs
0CO0CHHOCTH TPYObI, HMMEIOLIHE IJIABHOE BO3/IeliCTBHE HA NOBeeHUue TPYObI;
OlIeHMBATH HA/IEXKHOCTH TPYObI; H NPOBEPATH, MOMKET JIU METO/A ObITh TAKKe
LHIMPOKO NPUMEHEH.

BBenenue

Bymara cpaBHMBaeT pe3yJibTaThl JIMCKPUMUHAHTHOTO
ana;m3a/kiaaccupukanuu (DAC) meron (Tatsuoka u ap., 1954),
UCIOJIb3YyeMBbIH /ISl OLIEeHKH HA/IE:KHOCTH TPYObI, B IBYX 0 PIIOPHBIX CeTAX
TpYyOsI (B CeBepHom Mope - HE-YTOUYHEHO - u B MeKCHKaHCKOM 3a/1MBe—
GoM-) nocraBka HedTu 1 raza. [lockoabky MCKpUMUHAHTHBIA AHAIN3
(DA) oTnesnisieT OTJMYHBIE TPYNIBbI eOunuy (00beKThHI/HADII0eHHS), TPYObI
CeTH pa3ieseHbl Ha ""0TKa3bl" (ec/IM MOABEACHO M0 KPpallHel Mepe OTHAK/bI)
win "ycnexu'" (ecsiM HUKOI/IA He MOJABEEH0), HCIIO0JIb3Ys 0TYeThI JAHHbIX
orkaza. Meroa DAC ucnosib3yer 0c00eHHOCTH TPYObl, THIIA AJIMHBI,
AUAMETPA, CTEHHOM TOJIIHHBI, IKCILIyaTAMOHHOTO 1ABJICHUS, MPOAYKT (THII
CHA0KEeHHOM KUJIKOCTH, HAIPUMeEP BoJa, He(Th, ra3), COPT U LeJasA )KU3Hb,
KaK nepeMeHHble. YT00bI aHAIU3, YTOOBI 0a3MPOBATHCSA IVIABHBIM 00pa30M Ha
0e3pa3MepHbBIX epeMeHHbIX, 00beJUHEHHBbIX NepeMEeHHbIX, CJe1ys U3
NPOCTHIX, BBeAeH. MHoromepusie Metoanl (Hanpumep. DAC), oka3biBaercs,
o4eHb 3((eKTUBHBIC HA OLIEHKe Ha/le:KHOCTH TPYObI (Bakouros, 1988). Meron
DAC noka3piBaeT KOpPpeJsiiiM cCpeaud 0CO0eHHOCTell TPYObI Te HOPMbI 0TKAa3a
BaussHMUA. Kpome TOro, 00be1uHeHHbIE IepeMEHHbIE 04eHb BaKHbI,
MOCKOJIbKY OHM ""HecyT' OoJiblie HHGOPMALMHU, YeM MIPOCThIE NepeMeHHbIe.
IHockoabky meTtox DAC BBICOKO 3aBHCHT OT KOJIMYECTBA/Ka4ecTBa TPYObI,
YCTAHABJIMBAIOT PeKOPAbI, NP00JieMbl IPUTOJIHOCTH JJIsl TPYO,
NMOCTABJISIIOIIUX PA3JTHYHBIE )KUAKOCTH MOTJIA O0bl BOBHUKHYTb, €CJIM UX
0TYeThl JAHHBIX 0TKA3a He BCTPEYaloT MpeionpeaeTeHHble CTAHAAPTHI
(o0b1yHO cayuait B Boaubix YTuiurax). Kinaccuguxkanust BogHbIX TPYO B
rpyninsl - trigging, NOCKOJbKY 3Ha4YeHHe ''0TKa3a" J0/KHO ObITH ONpPeIesieHo.
IIpoBay NONBITKU U BbIKMBAHHUE TPYO MOKHO OTJIMYUTH OCHOBAHHBIN HA
BOJIHOM HOpPMe 1O0Tepb (TPYObl, HCNBITHIBAIOLINE YTEUYKH HJIH IePePbIBbI
COOTBETCTBEHHO) WJIM HA MOJHOM BOJIHOM NOTEPSAHHOM 00beme (TpyObI,
HCNBITHIBAIOIINE TIePePbIBbI MJIH YTEYKH COOTBETCTBEHHO).

MeTtomoJiorust
Juckpumunanmmustii ananus

HccaenoBaresn NoJHOCTHIO H3YYAIOT 0TKA3bI TPYObI B TEYE€HHE MHOTHX
AECATUJICTHI Tenepb, NPo0ys BHIACHUTH MIYTh, KOTOPbIM OTKAa3bl MPOMUCXOAAT
U TAKUM 00pa30oM ObITh B COCTOSTHUHU NMPEAJI0KUTH 3 (PeKTUBHbIE B 3aTPATAX



ycoBepuieHcTBOBaHUs Hae:kHOCTH (De la KoObl1a u ap., 1980). O0b14HO 3TH
HCCJIeA0BAHMS KJIACCUPUUMPYIOT 0TKA3bl, 0CHOBAHHbIE HA UX CPeOHell HopMe
603HUKHOBEHUA B TEPMHUHAX UHUYUOCHMOE8 8 KUIOMEMP eMHce200HO.
HccaenoBannus noka3ajm, 4YT0 HOPMbI 0TKA3a 10JZKHbI HCIIOJIB30BAThHCH,
NMOCKOJIbKY KPUTEPUU MPUHATHS PellieHUusI CO CKeNTUIM3MOM HHAaYe MOTYT
NPUBECTH K TYMAHHBIM NPeJI0KEHUSIM U 0YeHb OTPAHNYHNTEIbHBIM MO/IEJIAM
JJI51 OEHKH BEPOSITHOCTH 0TKAa3a TPyObl B Mpeae/iax onpeieeHHOro
NMPOMEKYTKA BpeMeHH, IOCKOJIbKY OHM He YOMPaIoT, Kakasi 0CO0eHHOCTh
TPYOBI siBjsieTcs caMbIM cylecTBeHHbIM (Kanakoudis, 1998). DA mmupoxo
HCII0JIb30BAJICS HAYMHASA C ero BBeJAeHHs, IPUOJIN3UTEIbHO NATHAECAT JIeT
Ha3zan (Bakouros, 1992). Sayles ucnosab3zoBaja Metoabl @yHKIumn
JuckpuMuHAIUH (IMCKPeTHOE npeodpa3oBanue @ypbe), 4TOObI
KJIaccuGpuuMpoBaTh MH(POPMALIUIO HAAEKHOCTH B 3Havaweil ¢popme (Sayles,
1980). DA - MHOroMepHasi TeXHHKA, HCII0JIb3yeMasi, YTOObI OTAEJIUTH
OTJIMYHbIE TPYNINbl 00beKTOB/HAOJ/IIOIEHUIT U HCCJIeI0BATH HalJ/II01aeMble
pa3Jn4us, KOraa cJiy4yaiHbie OTHOILIEHHUS X0poumo He moHATHI. Heas DA
COCTOUT B TOM, YTO00bI rpaduuecku win B iudposoii popme onucars,
OTJIMYMTEIbHbIE 0CO0EHHOCTH 00bEeKTOB/HAOII0/1eHUIi, MPUOBIBAIOIIUX OT
HECKOJIbKUX M3BECTHBIX MocejeHuii. DA nmpodyer yCTAHOBUTH
"IMCKPUMMHAHTBI'", HEHHOCTH KOTOPBIX MOMOTAIOT OTAEJIATH MOCeJeHNs B
MAKCHMAJIbHO BO3MO’KHOM CTEIeHH.

Ecan n - 1anHoe HaceJieHNe 00beKTOB/HAD/II0IeHU i (C HECKOJILKMMHU U3 UX
0COOCHHOCTEH, yake Ha0JII0JaeMbIX), Hes OTHOCHUTEJIbHO KIacCu(PUKaAuN
JAOJIZKHA PACKOJI0Mb UX B [IBe TPYIIbI HA OCHOBE UX BHYTPEHHHUX N0A00HIA.
OcHoBHasA njest OTHOCUTEJIbHO TUCKPUMHHAIMY OTHAKO CYLLIECTBEHHO
OTJIMYHA: YYUTHIBAs CyLLIeCTBOBAHNE IBYX MOJHBIX U B3aMMHO
HCKJIIOYUTEeIbHBIX ocesieHuii P1 u P2; u aBe ciy4ailHbIX BLIOOPKH JI10/1€i
npousonyiv u3 P1 u P2 coOTBETCTBEHHO; 11€JIb COCTOUT B TOM, YTOOBbI
YCTAHOBUTH MPABUJIO ACCUTHOBATH JII0/Ieii, HEYBEePEHHOI0 MPONCXO0KICHHS, K
NPAaBUJIBHOMY HACEJCHUIO. JTO MOKET ObITh JOCTUTHYTO MPH HEKOTOPOM
onpeeJeHHOM ycJaoBuM optimality, HampuMep Wi JAeJaA0INA KAK HEMHOT0
OIIMOOK HACKOJIbKO BO3MOKHO HJIM 00Jiee pealJMCTUYHO HA OCHOBAHUH
CTOMMOCTH, MUHMMHU3UPYH o01Iee kKoJanyecTBO misclassification crouMocCTb.
EcTb HecK0JbKO THIOB "' TUCKPUMHUHAHTHBIX' (QyHKIUI (JTMHEHHBI,
KBa/IPaTHBII, MOKa3aTeJIbHbIH, JJOTHCTUYECKH), 00beIUHSSI B3BellIEHHbIE
oco0eHHOCcTH 00pa3ua. CymecTByilee ucciaeJ0BAaHUe UCIOJIb3YeT JUHEeHHbIN
THII, IOCKOJIbKY 3TO MHTEPNPETHPYET XOPOILIO BKJIA KAKA0il NepeMeHHOH K
AMCKPUMHUHAHTHOW BJIACTH:

Z=U+UX+UX+..+tUX (1)
M. 011m 22m iim

rae: Zm - HeHHOCTD (CYeT) HA KAHOHUYECKOH TMCKPUMUHAHTHOU (PyHKUIUH
IJIA cjiydas M.; Xim - neHHocTh “ith” ocobennocTu odpa3ua (Hanmpumep
NJIMHA, 1uaMeTp,); u Ul - Iyq4munil JUCKPUMHHAHTHBIA KOG QUIUEHT WiIH
"Bec", UTOOBI OBITH CBOIICTBEHHBIH TOH HEHHOCTH, YTOOBI MOJYYHUTh JIyYIIYIO
AUCKPUMHHALMIO.



Heas DA cocTouT B TOM, YTO0BI ONIPEIeJIUTH ONpPeAe/ieHHbIE TepeMeHHbIe
"Cumzsan'" u ux ko3ppunuents! “Ui”, koTopbie 3PPeKTUBHO OTAEISIIOT
o0pa3ubl B 0TYETJIMBO Pa3jinyHbie HA00PbI, Yepe3 cieAyolIHe IAru:

1) Onpenenure penpe3eHTATUBHbIE MPOOBI OT OTJIMYHBIX MOCEJIEHNIH;
2) Onpenenaurte ux xapakrepublie nennoctu (X1, X2, ..., Xn);

3) Onpeneaure 0COOCHHOCTH, PEAIOJI0KEHHbIE 1aTh JIYYIIYIO
AUCKPUMHHALMIO;

4) Boruucianre nepenavy Z v HEeHHOCTH Y H, KOTOPbIe 00eCeYnBaIOT JIy4llee
pa3jaejieHre, OCHOBAHHOE HA BHIOOPE 0COOCHHOCTEH

5) HoBTopute maru 3, 4 UCMOJIb30BAHUS IPYTrUX KOMOUHALMA 0COOEHHOCTEI,
MOKAa ONTHMAJIbHOE pa3/iejieHue 00pa3uoB B UX OTJIHYHbIE HA00PbI He
JAOCTUTHYTO.

EcTh onpenesieHHbIe NPUHATHS HA ce0sl OTBETCTBEHHOCTH, MOAKPEIJISIOIHe
3asaBJjieHne DA: a) Ilo kpaiiHell mepe ABe rPyNIbI M ABA CJIy4as B IPYIILY
He00X0AMMBI; b) YHCJI0 AMCKPUMHMHAHTHBIX NIEPeMEHHBIX SIBJISCTCS
HEOrPAaHUYCHHBIM, €CJIM 3TO YHMCJIO CJIYy4YaeB MPEeBbILIACT 3TO YUCJI0 HA
0oJible YeM ABa; ¢), Ecian 00beiuHeHHAsI TepeMeHHas], cJIeyIolnas u3
JIMHEHHOW KOMOMHALMH IPYTUX He COAEPKUT HUKAKON JONMOJTHUTEIbHOM
uHopManuu, Hy:KHO U30exaTh; d), n3 kKoroporo Kaxaas rpynmna siBJjisiercs
00pa3noM HaceJIeHHUs 10CJIe MHOTOMEPHOI0 HOPMAJILHOIO pacipe/iesieHus
OTJIMYNTEJILHBIX IIEPEMEHHBIX, KaK TOYHOCTh DA, He HACTOJILKO
YYBCTBHUTEJICH K HE3HAYUTEJIbHBIM HCKAKEHUSIM HA 3TOM NPEANO0JI0KEHUH
HopmajbHocTH (Lachenbruch, 1975); e) ninmueiinasa npoueaypa
AUCKPUMHUHALMH ABJISIETCH ONTUMAJIbHOM, €CJIM PA3HUIbI HE3aABUCUMBbIX
NepeMeHHbIX B OHOM I'PYIIIE - TO ’Ke caMoe KaK B APYTUX U eCJIM KOppeJalnu
CpeaH He3aBHCHMMBIX NIEPEMEHHBIX B OJHOM I'PYIIIIe - TO JKe caMoe KaK B
apyrux (kosapuanusi matrices paBsubl) (Krwanowski, 1977; Madria u ap.,
1979); f) lanHble 10KHBI ObITH NPABUJIBLHO KJIACCH(PUUMPOBAHBI B ABA WIH
00JIb1IIE MOCETICHUS, KAK MPOBAJ NMONBITKH CAeJaTh 3TO IPUBeEJI ObI K
HeNpPaBUJIbLHBIM BEPOSITHOCTAM YJIEHCTB IPYIIbl, U M03TOMY JIl000€
HUCNOJIb30BAHUE JMCKPUMMHAHTHON QYHKINH, OCHOBAHHOI HA TAKUX
noceJieHusIx Oyaer BBOAMTH B 3a0ay:xnenue (Poidoak, 1936).

JIMCKPUMUHAHTHBIN nepeMeHHbIH CHIBAH CYUTAIOT YCTOHYHMBBIM, €CJIU
NMPU3HAK €ro HeCTAHAAPTU3UPOBAHHOTO0 KO3 ¢uumnenta Ui coryiamaercs ¢
MPU3HAKOM COOTBETCTBYIOILEr0 pa3jauyus MexAy CpeIHMMHU HeHHocTsaMu Mig
nepeMeHHbIX I 11 ciiydaeB B I rpynnbl (HAanpumep 1JIs ABYX NPU3HAKOB
rpynmn (Ui) *sign (Mil-Mi2)> 0). HenocTosiHHbI€ JTMCKPUMHHAHTHbIE
1epeMeHHbIe HCKJIIOYEeHbI U3 AHAJIN3A HHA4Ye, OHU, KaK IyMAKT, ABJISAKTC
pe3yJIbTAaTOM O4YeHb HEPABHOI KoBapuauuu pasHuubl matrices (Bakouros,
1988). K coxanenuio 3¢ ekt HEyCTOHIUBOCTH, KAXKETCSH, NMOJIYy4aeT 0YeHb
He0O0JIbIII0e BHUMAHME 10 HACTOSIero BpeMenn. CTaHAaPTU3HPOBAaHHbIE



k03P PpuumenTbl C MOTyT OBITH BHIYHCJIEHBI OT HECTAHAAPTU3UPOBAHHBIX
K03 PUIHEHTOB YpPaBHEHHUE 2 UCNOJIb30BAHUA Ya:

“emopoit (2)

nY g

J W,
i
(n—g)

rae: wii - cyMma mJiomaje AJsi HepeMeHHbIX i; n o01ee KOJIH4ecTBO CJIy4aeB;
r yucJjio rpyni. HUcciienysi a0COMIOTHYIO BeJIHYUHY CTAHIAPTH3MPOBAHHBIX
k03¢ puumeHToB (00JiblICE BEJIUYUHA, TEPKA BKJIA/I IEPEeMEHHOIi-), caMble
Ba)KHbIE NlepeMeHHbIe onpeaeeHbl. JPppekTuBHO DA nbiTaercs
MAaKCHUMM3HPOBATH PACCTOSIHUE MEKIY CPeTHUMH TOYKAMU Z-cueTa, U 3TO
pa3auvaeT Me:K1y HOBbIMH 00pa3uaMu, UCIOJIb3Ys KPUTEPHUid, TaHHBIN:

Z+7Z

Cp@dl—l}l}l yacmoma cocnooca

Z (kpumuueckuit) = ®)

2

rae: Zmf u Zms - cpeaHee Z-MHOKeCTBO 11 ''1MoABeIeHHOH" TPYObI U
rpynnsl ""BokuBanus'’ coorsercrBeHHo. Ucnoan3ys “Teopemy Bayes”
BO3MO?KHO BHIYUCJIUTH BEPOSITHOCTD 4TO J100asi Tpy0a ¢ M3BeCTHBIM Z-
CYEeTOM, YTOOBbI NPUHA/JIEKATH JIIO00H rpynmne (npeacKa3anue BePOSITHOCTH
oTka3za) (Bakouros, 1992).

Ilposepka ycnexa Ouckpumunanmuvlx QyHKyuil

JIrb0as npouenypa 1MCKPUMHUHAIIAN MOKeET ObITH OLICHEHA, HCI0JIb3YH /IBA
Pa3JMYHBIX CTATUCTHYECKUX METO/1a:

a) IlepBbie MepbI pa3anyue MeK1y rpyninaMu Mo JTMCKPUMHHAHTHBIM
nepeMeHHbIM, IPOBEPSAS MYCTYI0 TMIIOTE3y PABEHCTBA CPEAHUX TOYEK KaKI0H
rpynins! 4 061710 chopmyaupoBano Wilks (Bakouros, 1988) kak orHomenue
NeTePMUHAHTOB, 0003HaYMJIN Kak JIamoaa (A):



T

rae: W, T - nerepmunantsl Cymm Ilnomaneit u B3aumnoii MaTpunbl
IpoaykroB (SSCP) u nosnbiii oopasen SSCP matrices coorBercTrBeHHo. Kak
(A) neHHOCTH cTaHOBHUTCH OJimiKe K (), cpelHNEe TOUKH IPYNIbI OTAEJIEHbI
Jy4lle, ¥ JMcKpuMrHanusa Bbie. Ucnonb3oBanue A 00Jib1Ie MOXOAUT HA
ar 4To0bl MPOBEPUTH CTATHUCTHYECKOE 3HAYEHHE PACCTOSTHUSI MeXKITY
CpeHUMH TOYKAMM IPYNIIbI 4YeM KOHEYHbIH MPOAYKT, 00ecneunBaA0 N
Mepy IMCKPUMMHAIUH.

b) Bropsie Mepbl KoppeJasuus MeKAy rpylnnaMu U IMCKPUMHHAHTHBIMU
(GYyHKIMAMEI MM KOJIMYECTBOM IMCKPUMHUHAIMYU Ka:K1asi QyHKIUA HeCyT.
IHHockobKy pakTHUecKHe COOCTBEHHbIE 3HAYEHHUS HE MOTYT
HHTEPIPETHPOBATHCS HEMOCPEACTBEHHO, OHM MOT'YT MCII0JIb30BAThCS, YTOObI
CPABHHUTH OTHOCUTEJIbHbIC BeJITUHYMHBI KAKI0M GyHKIIUU, YTOObI BUACTD,
CKOJIBKO U3 IOJHON OTIMYMTEJIbHOM BJIACTH KaxKAbli nMeeT. EcTh apyras
LEHHOCTh, KOTOPAas MOKA3bIBAeT OTHOLICHHUS MEXKAY IPyNIIaMH U
AUCKPUMHMHAHTHOM GyHKIHeill, Ha3BaHHOII COBeTOM 110 TAMOKEHHOMY
COTPYAHUYECTBY (KaHOHMYeCKUil Ko3pduumneHT koppeasunu) (Bakouros,
1988), cBsi3aHHBII ¢ COOCTBEHHBIM 3HAYeHHEM (popMyJIoi (UeM OJIuIKe
neHHocTh CoBeTa 10 TAMOKEeHHOMY COTPYIHHYeCTBY J100upaercs 10 1, Ttem
0oJiee CHJIbHBIN 3TH OTHOILIEHUSI CTAHOBSITCS):

M (5)
Ri=

1+M

1+2

Knaccuguxayusn

OO0muii cnocod HHTEPNPETUPOBATH pe3yabTaThl DA mocie pa3Burus
NoaXoasilell JUCKPUMUHAHTHONH QYHKIMYN 3aKAHYUBAET MATPHUILY
KJIaccupuKaAnuM (YUCI0 NPABUJIBHBIX U HENPAaBUWIBHBIX KJIacCHPUKALMIT,
ClIeJIAHHBIX 10 OTHOCUTEIbHBIM NPABHJIAM, OCHOBAHHBIM Ha clieM(pHIeCKOil
AMcKpUMUHAHTHOU PpyHknun). Eciam Nij o003HayaeT 4UC/I0 eIUHMII,
(pakTHYeCKH NPUHAAJIEKAIMUX B IPyIIe i, HO KJIacCUPUIHUPOBAHHBbIN B
rpyIie j, T0 MAaTpUIa KJIacCu(PUKAIUU OnpeiesieHa, YTo0bl ObITh 2X2
MaTpuua:

Ipenckasannas I'pynna 1 2 I'pynnsr 1

NI N12
N21 N22

N1j



daxkTnueckas I'pynmna 2
N2j
Nil Ni2 N

DJIEMEHThI IJIABHOM IUATOHAJIN 0003HAYAIOT YHMCJI0 NPABUJIBHBIX
KJIaccupuKaAnUil 1 HeIUATOHAJIBHBIX 3JIEMEHTOB YMCJIO HENMPABUIbHBIX
kiaaccupuxkanuii (omuOKu). BelmeynomMsinyrasgs MaTpuua MoxkeT ObITh
HCTOYHUKOM ISl CJIeAYIOIIMX HHAMKATOPOB KJIAaCCHPUKANMH:

dddexTuBHocTs 1 (EF1) = N11/Nil * 100 %
ddpdexTuBHocTs 2 (EF2) = N22/Ni2 * 100 %

Oob1mee xkoauvectBo IdpdexTuBnoctu (Tpuron) = (N11+N22)/N * 100 %

EF1 u EF2 a0t 1MCKPUMHHANMOHHYIO CIIOCOOHOCTH, CBA3AHHYIO C OJJHUM U3
3THUX ABYX MOCeJIeHUIl, B TO BpeMsl Kak TpUTOH yka3bIBaeT 3Ty ClIOCOOHOCTH
CBbIIIIE 000UX MOCeJIeHNH (-COOTBETCTBYIOIIUI MHIANKATOP, KOTIA LeJIb
COCTOUT B TOM, YTOObI MAKCUMHM3MPOBATH MOJIHBII NPOLEHT OT HACEJIeHUS,
NpPaBUJIbHO KJIaccu(PUUMPOBAHHOIO0). B ceTsix TpyObl, r/1e CTONMOCTH
misclassification ouenb Bbicoka, 00s1ee BaxkHo makcumusupoBatb EF1 nin
EF2.

HE YTOUYHEHO u cetu Tpyos1 GoM
Cpasnenue memooonozuii

Otuersl oTka3a ajass HE YTOUHEHO cetb TpyObI OKa3aJjia, YTO MOJIHASA
exxeroaHasi Hopma orkasza - 1,3 incidents/1000Km. bosbmuHacTBO TPYO,
MO/IBe/ICHHBIX B TeUEeHNE UX YCTAHOBKH U 0OJILIIMHCTBA 0TKA30B NPOU301ILIO0
B OTKPBITOM MOp€, NOKa3bIBasi NPOCTPAHCTBEHHOE 00beINHEHNE B KJIAaCTePhl.
Slkops M TpeThe JUI0 ObUIM IVIABHBIMH NPUYMHAMM 0TKa3a, 1 He()TEeMPOBOAbI
ObLIM camble ysa3BUMbIe. OT4YeThI 0TKa3a Ajs ceTd TPyObl GoM nokasaJim,
4YTO MOJIHAA exkerogHasi Hopma orka3za - 0,67 incidents/1000Km. ITouTn Bce
TPYOBbI Tepne/jn HeyAauy B Te4eHHe UX ONePaAlMOHHOI0 ePHoIa, MOKa3bIBas
TaKKe IPOCTPAHCTBEHHOE 00beAMHEHUE B KJIacTepPhbl (0KO0JI0 I1aT(OPMBbI).
Koppo3us 0bL1a ri1aBHOM NPUYMHON 0TKAa3a, U He(PTENPOBOAbI ObLJIN cCaMble
yA3BHMBbIE.

“CpeaHue HOPMbI 0TKa3a” J0KA3aJI1, YTO BEPOSITHOCTH 0TKAa3a He
YBEJIUYUBAETCS ¢ BO3PACTOM (M3-32 KOPPO3UM, IPO3MHU U YCTAJIOCTH).
/lonmoTHUTEIbHO, OLIEHKA BEPOSITHOCTH 0TKAa3a TPYObI ObLJIa OCHOBAHA HA
HOpPMAaX 0TKa3a, KOTOpPbIe ObLJIM BbIYMCIEHbI OTAEJIbHO /IVIsl MapaMeTPoB, THUIA
NPOAYKTA, IIMHbI Win guaMeTpa. [loaTomy MexkKkoppesiuus cpeau BcexX 3THX
napaMeTpoB NMOJHOCTHI0O UTHOPUPOBaJIach. boJlee cjI0:KHbIE cTATHCTHYECKHE
MeTo/bl anau3a (, Tuna Koppeasiuuu u Perpecca 6asupoBaJ MeToabl)



A0JIZKHBI OBITH IPUMEHEHbI YTOObI BCe 3TU MapaMeTpPbl, KOTOPbIe OyayT
MOJIHOCTBIO ucciieqoBanbl. Koppessinusa u metoasl Perpecca oco6enHo
N0JIe3HBI B ONpe/Ae/ieHNH KOJIUYeCTBA OTHOLIEHUI MeK1y eIMHCTBEeHHOI
3aBMCHMOM IepeMEeHHON U OAUH UJIH 00Jiee He3aBHCUMBIMH IepeMEeHHbIMU.
Ho 4T00b1 Npoanaiu3upoBaTh HOPMbI 0TKa3a TPYObI, Bce NepeMeHHbIe HYKHO
paccMoTpeTh 01HOBpeMeHHO. [loaTomy, AHan3 dakTopa UCHOIb30BAJICS,
KOTOPBIi SIBJISIETC MHOTOMEPHOM CTATUCTHYECKON TEXHUKOM, KOTOpasi
oOpaiaercsi K B3AUMOCBSI3SIM Cpe/iu MOJHOr0 Ha0opa Ha0/IK01aeMbIX
nepeMeHHbIX. AHa/In3 DakTopa a1 nepBbie KJIWWYH, YTO UCI0JIb30BaAHHE
CTATUCTHYECKUX METO0B, OCHOBAHHBIX HA MEKKOPPeJISNU BCex
nepeMeHHbIX, MOKET MPUBECTH K JIy4llleMy OHUMAHHUIO TOT0, KaK Tpy0a
BeneT cedsi. [lockonbky Anann3 @akropa He ObLI B COCTOSIHUM 00eCTIeYnTh
MpeICKA3aHUI0 HAIeKHOCTH TPYOOonpoBoaa '"mojaesib'", 0CHOBaHHYI0 Ha BCexX
0CO0EeHHOCTAX TPYObI, 3aTPAruBaOIINX BOBHUKHOBEHHE 0TKA3a,
AUCKPUMMHAHTHBIH aHAJIN3 ObLI CJIeAYIOIINM METO0M, KOTOPBLI MpoodyeT.

Cemu Couuo10cuvUecKo2o UCC1e006aAHUSA

OcHoBaHHBII HA TOM, CTOS1J1A JIU TPYOA MO KpaiiHeil Mepe nepex OTHUM
O0TKA30M WJIM Mpe:K/Ie UIH MOcJIe ero onepaumnu, 3Ty Tpy0y paccMaTpuBaloT
KaK ycrex (He TepreJ Heyaa4dy), HJIM 0TKa3 (1edCTBUTEIbHO TepIies Heyaavy),
¢hopmupys aBe rpynnbl Tpy6. ®aiiji HHBEHTAPs CeTH UCCJIeJ0BAHUSA CJIy4Yasi B
HE YTOUHEHO cocrosiit u3 138 HeTAHBIX M ra30BbIX TPY0, OT KOTOPBIX
TOJIbKO 29 nmoaBes 3aMe4yaHue 59 HHUMJAEHTOB 0TKa3a, B TO Bpemsi Kak B GoM
cocToss1 M3 133 HeQTAHBIX U ra30BbIX TPYOD, OT KOTOPHIX 42 MOABEJI 3aMeYaHHue
54 unuuaenTos orkasza [Tsitsifli u xp., 2006]. UuBenTaps u paitibi
uHuuaAeHTa obuiu Toraa cozaanbl s HE YTOUHEHO u cetu tpyost GoM,
cojepskale HOMepa KoJaa TpyObl, IPOAYKT B TPyOe, JVIMHE, IMaMeTpe,
COOBITHSIX M IPUYMHAX 0TKA30B, 1aThl 0TKa3a u T.1. B CtoJe 1 cpennss
LHEHHOCTh, CTAHIAPTHbIE OTKJIOHEHHUS, MUHUMAJIbHbIEe © MAKCUMAJIbHbIE
LHEHHOCTH 3THX JIBYX JAHHBIX COLMOJIOTMYECKUX HCCJIeJ0BAHUI NTOKA3BIBAIOT.

Croua 1. Cpennsisi HeHHOCTD, CTAaHAAPTHOE O0TKJIOHeHue, MUHYTA un
neHHocTH MAKCA ucnoJib3yeMbIX lepeMeHHbIX.

Cranpapr Cranpapr
Ilepemen CpenH HOE MHWHY MA Cpenn HOE MHUHY MA
Has nii  OTKIIOHE TA KC i OTKIIOHE TA KC
HHE HHUE
JnuHa 50,430 65,585 13 452 12,05 19,91 0,1212 114
(xm) 22,365 8,807 0,079 361 8,00 4,57 1 30
Juametp 0,610 0,165 18 253 255 89,55 41,13 330
(mroriMBI) 112,55 32,645 0 480 109,93 82,13 386
Tosmmna HE 6 41,52 221 Cer
(mroiiMbl) YTOYHE 411,41 52.36 b
HaBneane HO cern | Go
(6pycoxk) 64,72 M
Copt
(N/mm?2)

Ilenas



JKU3Hb
(Mecsib

)

Buioop ouckpumunanmuvix nepemenHvIxX

Jlyymmii Ha0op He3aBUCHMMBIX NlePeMEHHbIX MOKeT ObITh ONnpeae/ieH
HEeMOCPeACTBEHHO WJIH MOIIATOBbIM c11oc000M. CorjiacHO nepBoMy, Bce
He3aBHCHMbIE NePEeMEHHbIC BXOAAT B AHAJIM3 OJHOBPEMEHHO, CO3/1aBasi
AUCKPUMHUHAHTHBIE (DYHKIIUHM, HE3ABUCUMO OT UX JUCKPUMHUHAHTHOM BJIACTH.
B nomarosom meroje He3aBUCHMMBbIE IepeMeHHbIe 0TOOPaHbI COTJIACHO MX
AUCKPUMHUHAHTHOM BJjacTU. MHOI1a MOJIHBIM HA00P MOKET COePKATH
HEMHOr0 JIuIIHed nHGPOPMALMH 0 Pa3JIMYMHU IPYNIbI, UM HEKOTOPbIE U3
nepeMeHHbIX, BO3MOKHO, He M0JIe3Hbl B pa3jiu4eHuu rpymm. Beioupas
"caeaylOmUi-IyYInHi'" JMCKPUMHHATOP B Ka:KI0M LIare, yMeHbIICHHbII
HA0O0p NMepeMeHHBbIX IOCTUTHYT, KOTOPbIH JIy4llle 4YeM MOJHbIH Ha0op, n3-3a
BO3MO’KHOI'0 MPUCYTCTBUA HEMOCTOSIHHBIX TUCKPMMHUHATOPOB B 3TOM.
IHockoJbKYy epeMeHHbIE 0TOOPAHBI AJIs1 BKJIKYEHHUS B BO3pacTalolee
OCHOBaHMUe, Ipyrue NpeIBapuTeJbHO 0TOOPAHHBIE IePeMEeHHbIe MOT'YT
NOTEPATHh UX JUCKPMMHUHAHTHYIO BJIACTb. JTO MPOMCXOAHUT, MOCKOJIbKY
"Hecmias" uHGOPMALKMA OTHOCUTEIBHO PA3JIHYUil TPYNIIbI TeNePhb J0CTYIIHA
B HEKOTOPOIl KOMOMHAIIMHU APYrUX BKJIKYECHHBIX NepeMeHHbIX. Takue
nepeMeHHble U30BITOYHBI U 10JKHbI ObITH YCTPaHeHbl. B uccienoBanuu
NMOAApPKa NPSIMOM MYTh CONMPOBOKAAETCH B HaYaJje, CO31aBasi BCe BO3MOKHbIE
KOMOMHALMY JOCTYIHBIX NePeMEHHbIX M 3aTeM OCHOBAHHbIN Ha MOIIAT0BOM
MeTojie 22 Bo3MO:xHbIX cueHapusi 00 HE YTOUYHEHO, cets u 11 cuenapues o
cetd GoM aHAIM3UPYIOTCS, BCe OHM MMeKIe HU3K0 eHHOcTH A Buika.

Basichocmb ucnonv3osanus 00be0uUHEHHbIX NEPEMEHHBIX 8 RPEOCKA3AHUU
HaodelcHoCcmu.

B metone DAC BbI00Op nepeMeHHBIX CIUIIIKOM BaKeH, TAK KaAK 0CO0EHHOCTH
Ka’X/10il eIMHUIBI HecyT ee MHGopmannio. CylmecTByomiee HecjaeJ0BaHue
BBOJIIJIO 00beIMHEHHBbIE IlepeMeHHbIe, KOTOpPbIe, 0KA3aJ10Ch, ObLJIM 0Y€Hb
BAa’KHBIMHM ¥ MHOTOCTOPOHHHUMM, HECSI CYLIECTBEHHYI0 HH(OPMALUIO I
eINHUII, TOCKOJIbKY OHM 00beIMHIUIU NIPOCThIE IepeMeHHbIe, KOTOpPbIe OUH
He cocTaBJsiIn P eKTUBHBIE JMCKPUMHHAHTHI (Stourm, 1997). OnbIT
MoKa3aJj, 4To 00Jib1I0E (B TEPMHHAX JAJMHBI) TPYOa ¢ MaJIeHbKOM CTaperomei
HOPMOM MMeeT Pa3JIn4HOe OTHOLLIEHHE YeM TPy0a MaJieHbKO JAJMHBI C TOH ke
camoii craperomeii Hopmoii. KoMOMHNpYyst AJMHY TPYOBI M LIEJYI0 )KM3Hb
HOBasi 0COOCHHOCTH CO3/1aHA, ONMCHIBas ee oTHomeHue. [Ipucyrcreue
0CO00eHHOCTH B 00be/INHEHHbIE NepeMeHHbIe MOKeT NMPeanucaTh Hin
0CJI20UTh JMCKPUMHHAHTHYIO BJIACTh (P)YHKIUH, B 3aBUCUMOCTH OT AKIEHTA,
KOTOPBIN J2€TCH HA ero BJACTH MM HA (paKTe, YTO Heciiasi MH(pOpMaLus
ABJsieTCH N30bITOYHOM. DAKT, YTO 00bEeIMHECHHBIE NIEPEMEHHbIE MOTYT
BbIPA3UTh (pM3NYECKOE 3HAUYEHHE ABJIEHUS, CJIUIIKOM BaKeH, MOCKOJIbKY 3TO
3aTparuBaeT noBeieHHe TPYObI M HA/IEXKHOCTh. be3pasmepHbie 00beIMHEHHbIE
nepeMeHHbIe NPEeNnITCTBYIOT aHAJINU3Y 3aBHCETh OT Pa3MepPHbIX pa3Iuduid



oco0eHHocTeil. HakoHen, 3TH nepeMeHHbIEe HMEIOT KOCBEHHOE OTHOILIEHHE CO
3HAYEHNEM Pa3JIUYHBIX SBJIEHNI, KOTOPbIEe MOI'YT HUMETh MECTO B 00JIaCTH
uccijenosanus. CroJ 2 mogapka v mpocTblie U 00beUHEHHbIE IIEpeMEHHbIE
aass HE YTOUHEHO u cetu GoM c0O0TBETCTBEHHO, I'/le KOMOMHAITHH
nepeMeHHbIX, (POPMUPYIOIINX PA3JIMYHbIE CLHEHAPUM /1JIs1 00enX ceTei
npeacTaBJieHbl B cTos1ax 3 U 4.

Croua 2. "IIpoctbie'" u "o0benuneHnHble' nepemennbie s HE YTOUYHEHO
u cetu GOM, ucnosab3yemMblie B CYIIECTBYIOLIEM HCCJIEI0BAHUMN

IIpocroii Ennnann HE Go Coenunen Ilonaep:xkuBae HE Go
pi YTOYUHEH M ne T YTOYHEH M
(0] (0]
Jnuna-L Km DIM1  [CopT/0,1
x x (JaBnenue)| x
Huametp-D JTIOUMBI DIM2  [100(Hymna)] /
X X [2,54 X X
(Muamerp)]
Crennas IOMMBI DIM3  [1000(Tonmux
tonuuHa-TH X a)/ X
(uamerp)]
OnepanronHoe [100(cL) (cE)
nasjienue-OP Opycok X X DIM4  (0,12)/ X
(Copr) 2]
2,54 10-5
(duametp)
Copt-GR N/mm?2 X DIM5  (JlnuHa) X X
(Ienas
YKU3HD )
CBs3b €
00IIeCTBEHHOCT X X

BIO MIPOJYKTA

Ienas-xu3Hb-

LT Mecsnpr X X

Croa 3. 22 cuenapust HE YTOUHEHO Crou cetu 4. Cuenapumu (11) u3 cetu
GoM123456789101112131415161718192021221234567891011

L XXXX L
XX X X XXXXXXXX
XXXX X X X
X
X
XX XX
D D
XXXX XXX XX XX X X
X X X X X
X
XX XX
TH OP
XXXX XXX XX XX X X

X X X X X X



CBSI3b C X

OP X XXX OBILECTBEHHOC
XXXX XXX TBIO XXXX X X
X X X X X X
X
LT XxXxx LT
XXXX XXX XXXX X X
X X X X X X X
XX XX
GR XX XX XXXX00Ma X Xxxx oOma DIM2 X X X XX X
X H X H X X
CBs3b C
XX XX
OBHIECTBEHHOC DIM5
TBIO XX XX XXXX00Ma X Xxx oOma X XX XX
X H X H X X
X XXXXX X XXX
DIM1 x X « «
DIM? x XXXX X XXX
X X X X X
X XXX X XXX
DIM3 x < x X N X
DIM4 x X X X X XXX
XX X X X
X
X XX X X XXX
DIMS x X X X

Pe3yabTaTel 1 O6cy:kaenue
HE YTOYHEHO cemp

Juass HE YTOYHEHO nepenanT npaBujibHbIE NPOLEHTHI Kiaccupurkanmum,
ObLIH yaoBJaeTBOPUTEIAbHBIMHU (71.2 %-98.3 Y% nus orkaszoB; 63.3 %-90.8 %
JIA ycnexoB; 67.3 %-92.9 % Bcero). lleanocTu A Buiika pacnosiaraauchb
¢popma 0.38 u 0.83, B To Bpems kak neHHOCTH CoBeTa M0 TAMOKEHHOMY
COTpyAHU4YeCTBY pacnojaraiauch popma 0.409 k 0.788, noka3piBasi XOpoUIyI0
AUCKPUMHUHALMIO U1 00JILIIMHCTBA cjIydaeB (mutocTpauus 1). Pesyabrarsl
NMOKAa3aJI4, YTO 11eJIasl KU3Hb TPYObI - camMasi KpuTU4ecKasi 0codeHHocThb (15/22
CLleHApHUH), B TO BpeMsl KaK MeHee BAaKHbII - MOCTABJISIOIIAS KUAKOCTh
(mpoaykr) (16/22 cuenapum). Ucnosb3ys ‘KpuTu4ecKkui Z-cyer’ TpyObI MOTYT
OBITH NpeAKJIACCH(PUIMPOBAHBI KAK 0TKAa3bl MJIM YCIIEXH, He 3Hasl, TePIeJIn JIH
OHM HeyJa4dy B NpPouLioM win HeT. JIrwdas Tpyda ¢ 6osbiie Z-cueTom (M
MEHbIIIE) YeM COOTBETCTBYIOUIUI ‘KPUTHYECKUN Z-cYeT’, KaK 0:KUAAI0T,
BbIKMBeT (MM OyaeT TepneTh Heyaady). [IpaBuiibHasi BepOSITHOCTH
NpeAcKa3aHus pacnojaraaach oT 79.6 % 10 96.6 % (Tepnsimas Heyaauy
rpynmna) u ot 57.8 % no 88.1 % (BbIxuBaomas rpynmna) (puc. 1). Anaaus
YYBCTBUTEJIbHOCTH JOCTYIHBIX JAHHBIX HMeJ MeCTO, IPOBEPSATH
CcTa0MJIBHOCTB Pe3yJbTATOB, I0KA3bIBAsl, YTO BA)KHOCTb 0COOCHHOCTEN H
NPaBWIBHBIX ponopuuii kiaaccupuxkanum "ycranosiaena'. Homep 1
Cuenapus - ayumuii oTHocUTeJIbHO A Buiika, CoBeTa 10 TaM0KeHHOMY



corpyaunuectBy, JOO®EKTUBHOCTMU, B TOo Bpems kak Homep 15 - xynmmuii
oTHOoCcHTEeIbHO A Buiika u CoBera 1o TaMOKeHHOMY COTPYAHUYECTBY.
Cuenapuii Homep 16 siBiisieTcss Xy IIMM OTHOCUTEIBHO
IPOEKTUBHOCTMU, PaccmarpuBawomein TPUTOHA 'panskupoBanue’,
oTsin4eH. OHAKO 3TO cUMTAJ 00JIee BaKHBIM NPABUJIBLHO KJIaccupUuUMpoOBaTh
TPYObI, 0O’KHIaEeMbI€e TEPIETh HEYyIa4y BMeCTO TeX, 05KHUAAJ BbI)KMBATD,
oTHocuTeIbHO misclassify Tpyda B rpynmy F, koraa 3to pakruyecku
NPUHAJIEKHUT Ipynmne S, uMeeT MeHee IKOHOMUYECKMd M 3HAYEeHU A
O0e3omacHocTH YeM K misclassify Tpyda B rpynmny S, koraa 31o pakrtuvecku
npuHagiexut rpynmne F. Cogeiicreyromue Ui Hcnonb30Bajauch, 4To0bI
BBIYMCJIUTH Z-MHOKECTBO JJIsl ABYX Pyl TPyO, HO MOCKOJIbKY OHU
NPUHAIEKAT IEPEeMEHHBbIM ¢ Pa3JIMYHbIMH U3MEPEHUAMU, OHH He
CONOCTABMMBI, IOKA OHH HEe CTAHOBATCH CTAHAAPTU3UPOBAHHBIMH. Ecin
HeHHOCTh K03 duunenta Ui mepemMeHHOH YBepeHHA, HATIPUMeEP 1eJIasi }KU3Hb
(wsim orpunareabHa, Hanpumep. DIM4) Toraa 0oe yBejamueHue 3THX
NepeMEeHHbIX YBeJHYCHUH (MJIM YMEHbIICHHS) ero Z-c4eT ¥ TAKUM 00pa3oM
maHc TpyosI 'mepe:kuBath' (puc. 2).

Cemwb GoMl.

Jast cetn GoM npaBuiIbHbIE NPOLEHTHI KjaccupuKanum He ObLJIM TO, YTO
xopomu (51.9%61.1 % nas otkazos; 76.9 %-86.8 % nas ycnexos; 70.3 % k
75.2 % Bcero). Llennoctu A Buiika pacnoJiaraaucs ¢gopma 0.780 k 0.804, B TO
BpeMs Kak nHeHHOcTH CoBeTa 10 TAMOKEHHOMY COTPY/IHUYECTBY
pacnoJiaranuch gpopma 0.443 k 0.469, noxkaspiBasi HU3KUI MOTEHIUA
auckpumuHanum (Puc. 1). DIM2 - camas kputnuyeckas nepemennas (7/11
CLIleHAPHH), B TO BpeMs KaK ONepanoOHHOE JaBJieHHe - MeHee BaxHbIi (8/11
cuenapumn). ‘Kpurnueckne Z-MHOKeCTBa ObLIIM TAKKE BbIYMCJIEHBI VISl CETH
GoM. IIpaBuiibHasi BePpOATHOCTD NMpeacKa3aHus pacnosaaraiach oT 51.85 %
10 70.37 % (Tepnsimas Heyaauy rpynmna) u ot 52.74 % no 69.23 %
(BbIxuBaromas rpynmna) (Puc. 1). AHaIM3 4yBCTBUTEIbHOCTH, 000 HBII
TOoMY, BbInnoJIHeHHOMY B HE YTOUYHEHO cetb Takxke g10Ka3aJia, 4To
BA’KHOCTbh 0COOCHHOCTEH M NMPABWIbHbIEC IPONOPLUHMHU KJIACCH(PUKALMU
‘ycranoBjienbl’. Homep 1 Cuenapus - qyq4muii oTHOCUTeIbHO A Buiika,
Cosera nmo tamoxkeHHomy coTpyaundectsy, JOOEKTUBHOCTMN, B TO
Bpems Kak cuenapuii Homep 11 - xyaummii orHocuresibHO A Buiika, CoBera no
TamoxkeHHoMY coTpyaundecTsy, TPUTOHA. Cuenapuii Homep 6 - Xyammid
otHOCHTENIbHO DODEKTUBHOCTMH. OtHocuTenanHo Ui aaa cetu GoM,
OTPHULATEJIbHBIN HECTAHAAPTU3UPOBAHHBIN KO3 ¢uunenT (Ui) 03Ha4YaeT, 4YTO
JI000€e yBeJIMUeHHe H3MEePEeHUSA COOTBETCTBYIOIICH MepeMeHHOU TPYyObI
yMeHbIIaeT ee Z-cueT U HIAHC HA ee NPUHALJIEKHOCTh ""HeyaBmeiics"
rpynmne (HampuMep AJMHA TPYObl, AUAMETP, NPOAYKT, Heaas xku3Hb, DIM2 u
DIMS) (Puc. 2). 910 - T0o, moromy uro B HE YTOUHEHO nepenaior Z-
MHOeCTBO ''mepekuBmux' Tpyo, 00Jib1Ie B IEHHOCTH YeM "'HeynaBmuecs',
B TO BpeMs Kak B ceTu GoM, Z-MHO:KecTBO ''mepe:xxuBmnx' Tpyo siBiasiercs
MEeHBbIIUM B IIeHHOCTH 4eM ""Heynasmmuecs' (Puc. 3).



IODOEKTUBHOCTD, smurrtepubie nopropuren 1 TPUTOH nas HE
YTOYHEHO u cetu GoM A Buika u CoBeT 10 TaMOKEeHHOMY
corpyauunuectBy U 1js1 HE YTOUHEHO u cetu GoM
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Nanroctpanus 3. Z-MHOXKeCTBO /1M cueHapust Homep 1 1Jisa o0eux cereit



Boonwie cemu Tpyowo

Henas monbiTky 3YBPUTD (Strengths/Weaknesses/Opportunities/Threats)
Anamu3 Metoaa DAC (miutocTpanus 4), BoAHAs pacnpeaenTe/bHas CeTh
CanoHuKoOB ObL1a B3iTa KaK conuoJiorndeckoe ucciaenopanue (Kanakoudis n
Tolikas, 2001). Metox DAC, oka3ajioch, ObLJ1 peajJibHbIM U OBICTPBIM B
NpeICcKA3aHuM HAMEKHOCTH ceTeil TPyObl OT ee TeKyulero 3asijaeHusi. Meton
DAC ucnoas3yercsi, 4T00bI ONPeAEJIUTH 0COOEHHOCTH TPYObI,
3aTparuBamoiue HandoJiee noBeeHne TpyoObl H TAKAM 00pa3om
kiaaccuguuupoBaTsh TPYObI B "'ycnexu' wiu "orkasbl'. IT0 TaKKe
HCIO0JIb3YeTCHA, YTOObI PA3BUTH JHHEHHYI0 MOJEJIb, YTO, KOIAa 3TO OyaeT
HCIO0JIb30BaThCsl, TPYOBI OyAyT KJIacCH(PUUMPOBAHBI K ""HeyaaBmumces' win
"nmepexuBIINM' ¢ BLICOKIMH BEPOSATHOCTAMU. Pe3ysibTaThl, B3SIThIE OT
3asiBjieHus1 MeToga DAC 10B0/IbHO XOPOLIM U MOTYT HAMHOIO JIy4lIIIe
3aBHCETH OT JOCTYNMHBIX JaHHBIX. UT00bI MeTOg DAC, 4T00BI OBITH
yCHEIIHBbIM B MIPEJACKA3AHNH HAJEKHOCTH CETH, 1I0CTATOYHbIC U HAe/KHbIE
O0TYeThI JAHHBIX I0/LKHBI OBITH JOCTYNHbIMH. Takue oT4eTHI CylIECTBYIOT
NJis1 HeTAHBIX U Ira30BbIX ceTe TPYObl, MOTOMY YTO KOMIIAHHMH,
OTBETCTBEHHbIE 32 HUX XOPOIIO 3HAIOT HENMOCPeACTBEeHHbII
KOMIIEHCAIMOHHBIH XapakTep "mpoaykTa' ¥ NpuMeHUIH MPOUeayPhI
MOJIHOTO O0OHAPY:KeHHMS U HAOII0IeHHUS NPOM30IIEAIINX 0TKA30B.
OTHOCHTEJBHO BOAHBIX CeTell CylIecTBYOLINE JaHHbIe U UX /10 CHX IOp
aHAJIM3 He JaJI 03KUAaeMble Pe3yJIbTAThI IVIABHBIM 00Pa30M BCJIeCTBHE TOIO,
4YTO TOJBKO NMPOLLIbIe HECKOJIBKO JieT pakTudeckas ''lleHHOCTh "
(0OTHOCHTEIBHO €€ IKOJOTHYeCKOil NMePCneKTUBbI), IOTEPSTHHOI BOIbI ObLJIN
npu3HaHbl. OTYeTHI JAHHBIX HHOTA MOTYT ObITh HEHA/eKHbI H3-3a
Hed(p(peKTUBHOrO NMyTH cOOpPA JTAHHBIX (3asiBJIEeHHE JOCTYNHBIX 0TYETOB
JAHHBIX MepepbIBOB/yTedeK TPYObl BOAHOM ceTH TPYObl Cajl0HMKOB)
(Kanakoudis u Tolikas, 2001; amepuxanckuii Apmeiickuii Kopnyc Un:xenepa,
1980).

Kpome Toro meroaq DAC Tpedyer aBe rpynnsl TpyO, HOABEICHHBIX U
nepexuBIInX. /s BOAHBIX ceTeil TPYObI HET HUKAKUX JAHHBIX I
nepexuBmux Tpyo. [loaromy, pasauume 10/1:kHO 0a3MPOBATHCA OO0 HA
BOJIHOM HOpPMe NOTepH (BLLKUBAIOLIUI TPYObI - Te, KOTOPbIE¢ HCIBITHIBAIOT
YTEe4KH, MOABOJS - T¢, KOTOPbIE CTOAT Iepe nepepbiBaMu); WK HA BOAHOM
o0beMe noTepu (BLLKUBAKOIINH TPYObI - Te, KOTOPbIe HCIIBITHIBAIOT
nepepsbIBbI, MOABOAS - T€, KOTOPbIE CTOAT Nepen yreukamu). Waterloss-o0bem
0asupoBaJics, pa3jau4ue Jy4lle, TAK KaK YTe4YKH OTBETCTBEHHBI 32 00Jib1IMe
BOJIHbIE MOTepPH B (5:1 10 cpaBHEHUIO ¢ NepepbIBAMHU). AHAIU3 ObLIT
OrpaHM4eH, KJaccu(puuupyst TPyObI TOJIBKO B ABYX I'PYIIIAX, 0CHOBAHHBIX HA
TOM, HCIIBITAJIA JIK TPYOa NepepbiB WK HET. ITO TAKMM 00pa3oM ObLIO He B
COCTOSIHMM 3aXBAaTUTh Pa3BUTHE 00Pa3LOB 0TKAa3a HA MHAUBHAYAJIbHOM
MarvucTpaJjm, KOTopasi MOIJIa HA4aThCHA C 04eHb HEMHOITMX HEYACThIX
NepepbIBOB U MPOABUHYTHCS B MHOTOKPATHYIO CTAIMIO 0TKA3a, C YaCThIMHU
nepepbsiBaMu. TakuM 00pa3oM, 0T4ETHI JAHHBIX NlepePbIBA HE HCIOJIb3YIOTCS,
4yT00BbI MpeACKa3aTh OyaylIue MHIHIEHTHI 0TKA3a, OCHOBAHHbIE HA padoTe
TPYObl. HuKakme moJie3Hble KOJIN4YeCTBEHHbIE ONUCAHUA OTHOCHTEIbHO



BO3/1€iiCTBUS CTApeHUs TPYObl He ObIJIM BO3MOKHBI OBbITH C/IeJIAHHBIMU, U
TaKUM 00pPa30M NMPOTHO3UPYIOIIAs BJIACTH NMOJYYEHHBIX MojieJieil Oyaer
orpaHuyveHa 6oJiee JJIMHHBIMU MEPUOAAMHU BPEMEHH.

Komanjaa ucciieoBanusi noMeumiaeT yCuJIus: a), YT00bI pa3BUTh
MeTO0JI0THI0, YTOOBI MOJIYy4YUTH 00J1ee KaueCTBEHHbIE U HA/Ie/KHbIE
pe3yJbTaThbl, OCHOBAHHbIE HA CYLIECTBYIOLIUX 0TYETAX JAHHBIX 0TKa3a; b),
4T00BI NOAOHTH ""K TBepAbIM'' NpelI0KeHUAM 0 IyTH, KOTOPBIM Y4eT
AAHHBIX 0TKA32 HY’KHO BeCTH BOAHBIMM Y TWJIMTAMH U HH(pOpMaLuei,
KOTOPYI0 OHM J0JIKHBI o0ecnieynTh 4T00bI MeToa DAC, KoTOpBIi OyaeT

YCeuHo NMpuMEeHEeH B BOAHBIX CETHX.

Practicable & Quick method
Develop linear prediction model
Correct classification with
high probabilities

Good results

Strengths
- Weaknesses

Threats

on-linear methods describing better
the phenomenon but very difficult

to implement

nreliable data due to the ineffective
ay of data collection

Some pipe networks (e.g. water) dg
ot have data for survived pipes

Bcoccurate & extended failure data
ecords
Failure data records must meet
specific standards
Discrimination criterion must
be defined

Opportunities
Successfully used in oil & gas pipes
Define the variables affecting
the most the pipe's behavior

Namocrpanus 4: 3YBPUTE ananu3 meroga DAC
3akiroueHust

OTHOCHTEJBLHO AHAJIN3A HAIEXKHOCTH TPYObI, MpeAbIyIHe HCCIeT0BAHUS
HCCJIeI0BAJIH CPeIHe HOPMbI 0TKA3a WJIN UCNO0JIb30BAJIH Apyrue
cratucTuyeckue meroanl (Bakouros, 1988), He Oyayum B cocToOstHUM
KOPpeJIMpPoOBATh NapaMeTpPhbl UJIM MPOU3BeCcTH '"Moj1e/b'', KoTOpasi OLleHnBaeT
HAAEKHOCTh TPYObI, 0CHOBAHHYIO HA 0COOCHHOCTAX TPYObI. Pe3yiibTaThI
HCCJIe0BAHUS 10Ka3a/M, 4T0 MeTol DAC Mo:KeT ycnenHo ucmnoib30BaTbCes,
YTOOBbI MPEACKA3aTh HA/IEXKHOCTH HeTAHBIX M Ta30BbIX ceTeil TPyObI,
NMOCKOJIBKY 3TO paccMaTpuBaeT 00/IbII0e KOJMYECTBO PA3IUYHBIX U CJI0KHBIX
0co0eHHOCTel TPYObI, YTOObI OTHOBPEMEHHO U3YUYHMTh PA3JIN4Msi ABYX Pyl
TPYOBI (ycnexu/0TKa3bl), HCNOJb3yq UHAeKC Z-cueTta. MeTton DAC B
COCTOSTHMY HCCJIeIOBATH ACNEKTHI MOBeJAeHUs 0TKAa3a TPYObI M IPOU3BECTH
Mo/eJIb NMPeICKa3aHusA HAIe;KHOCTH TPYObl, OCHOBAHHYI0 HA 0CO0OEHHOCTSIX
TpyObI (Bakouros, 1988). Z-MH0:keCTBO cJ1e10BAJI0 U3 KAHOHUYECKOI
AUCKPUMMHAHTHOUH QyHKUIMU (JTUHEHHAA KOMOUHAIUA TUCKPUMHHAHTHBIX
nepemeHHbIiX). BBenenne The 00beqnHeHHBIX MepeMEeHHbIX, BBEICHHbIX



Apyrue napaMeTpsbl, KOTOpble MOI'YT HMeTh KOCBEHHOE BO3/leiicTBHE HA
HA/1eKHOCTh TPYObl, YBeJINYNBAsS TOYHOCTh aHaau3a. Llenas :u3Hb TPyObI
0bL12 0CO0EHHOCTBIO, KOTOPas o0ecnevynia Jy4inyro guckpumunanuo B HE
YTOYHEHO cetb, B TO BpeMsi kak nepeMmeHHbiii DIM2 o6ecniequ jiy4nnyro
auckpumuHanuo B cetu GoM. [liis HE YTOYHEHO nesasi ;ku3nb TpyObI
CeTH UMeJIa MOJ0KUTeIbHbIe KO3(PPUUHEHTHI (IOCKOJIbKY HEHHOCTH
OmpeeIeHHOM NePeMEeHHO YBeJIMYNIACh, BEPOSTHOCTDH NMPOBAJIA MONBITKH
yMeHbIuiIach). s numunsl Tpyosl cetn GoM, 1uamerp, NPOAYKT, U LeJast
’KM3Hb HMEJIH OTPHLATEIbHbIe KOI(P(PUIHEHTHI (I0CKOJIbKY HEHHOCTh
ompeeIeHHOM NePeMEeHHOM YBeJIMYHIACh, BEPOSTHOCTDH NPOBAJIA MONBITKH
yMeHbIIwiach). [loaromy, aisi cern GoM aiiMHHBIE TPYObI, Ka32J10Ch, ObLIH
0oJiee 0€30MaCHBIMU, KAK MOKAa3aHO pe3yJbTaTaMi HOPM 0TKAa3a, U 00Jib1IHe
TPYOBI AMaMeTpa ObLIM 0oJ1ee 0e30MacHbI YeM MaJIeHbKHe JUaMeTpa
HECMOTPSI HA HA YTO0. ITOMY MOKHO 00BSICHUTH, IOCKOJILKY 00JIbIlINe TPYObI
AMaMeTPa UMEK0T 0oJiee TOJICThIe CTEHbI 110 CPABHEHUIO ¢ MAJIEHbKUMM
auamMeTrpa. XoTs HEOKHIAHHO, VIS 00erX ceTeil BepOsITHOCTH IMPOBaJjia
NONBITKHM TPYOBI MOIVIa YMEHbIINTHCH CO BpeMeHeM, IOCKOJIbKY TeKylHe
CIOCOOBbI HANIPSAKEHUSI HUKE B HHTEHCUBHOCTH. JMcCKpUMUHALHA,
pocturayrasg B HE YTOUHEHO cetb, cpaBHuBaomascs ¢ cerbio GoM 0bL1a
HAMHOTI'0 JIy4llle, U3-3a 00JIbIIero Yucjaa 0co0eHHocTel TPyObl, JOCTYIIHBIX B
HE YTOUYHEHO ceTtb 110 cpaBHeHHIO ¢ ceTbi0 GOM. YBemunBasi 310 YnCJI0,
MO/ eJIb OLICHKH HA/IEKHOCTH TPYObl CTAHOBUTCSH JIy4lle U Jy4uiel (Stourm,
1997) (B TepMUHAX JUCKPUMHUHALIMH M NPABWIbHBIX MPOLEHTOB
kiaaccupukanumn). OTHOCHTENIBHO 3¢ PEeKTUBHOI0 UCIIO0JIH30BAHUS METOAA
DAC ny1st BOIHOM OLIEHKH HA/IEKHOCTH TPYObI, OCJIE MEPBbIX HEYAAYHbIX
NONBITOK, JeJIaeTCHA JajIbHelilee HCCaeJ0BAaHNEe B 3TO BpeMs TO, YTOObI OBITh,
oTHOCUTEILHO MoJHOT0 3YBPAT ananu3, KoTopblii IOMOKET KOMAaH/1e
HCCJICAOBAHUS COCPEAOTAYMBATHCH HA CHIIbHBIX IYHKTAX U YCTPAHATH
ciaalble.
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ASOCIATIA ROMANA A APEI
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Pymbinckas Bognas Acconuanus (RWA) - HanumoHaJibHas ceTh BOJAHBIX
npodeccuoHa 0B, 0XBATHIBAsA KOHTUHYYM MEKAY UCCJIeI0BAHUEM U
NMPAKTUKOI U MOKPbIBas BCE ACNEKTHI BOJHOI0 IUKJIA.

Yepe3 RWA, 4iieHbI COTPYAHMYAIOT, YTOOBI BeCTH pa3BuTHe 3P PEeKTUBHBIX U
sKM3HECIOCOOHBIX MOIX0/10B K YIIPAaBJICHUIO BOJAHbIX PECYPCOB, NUTHEBOM
BO/e, CTOYHBIM BOJaM M IITYPMOBATh BOJHOE YIIPaBJIeHHE B 00J1aCTAX Yepe3
CTPaHy, NPUAAIOLIYI0 HEHHOCTHh U ABHKEHHE MPOABHKEHUSA U HAYKU U
JYYIIUX METOAbI BOAHOI'O YIIPABJICHUS.

OxoHuaTeabHast cujia u noreHuuaa RWA HaxoasaTcs B npogecCHOHAJIBHOM U
reorpa¢guyeckomM pasHooOpPa3uu ero YWieHcTBa - ''Mo3auka' coodurecT
YIEHOB, BKJIIOYasi aKaJeMHYeCKUX UCCIeA0BaTe/Ieill M Hccie10BaTe/IbCKue
LHEeHTPbI, YTHJIUTHI, KOHCYJIbTAHTOB, MHAYCTPHAJbHBIX BOJAHBIX
NoJib30BaTeJieil 1 BOAHBIX H3roToBuTesei o0opynoBanus. Yinenot RWA ot



KA/JI0r0 U3 3TUX COO0IIECTB MPeACTABJIAIOT NlepeHUl Kpail B X 00J1acTAX
CIEeHAJIbHOCTH, M BMeCTe CTPOSIT HOBbIE I'PAHUIIbI B HAIIHOHAJIbHOM BOJHOM
YIPaBJICHUM Yepe3 MeKIMCUUIIMHAPHbIA 00MeH U COTPYAHNUYECTBO.

B oxpyxarweii cpeae, RWA u ero 4wieHbsl NOCBAMIAIT ce0s COAeiiCTBUIO
JKM3HECTIOCOOHOMY M LeJIOCTHOMY YCJIOBHMIO YIIPaBJIeHHUS W 00CIY)KMBAHUSA
pecypca, OCHOBBIBAJICS HA MOHSITUM BOJHOIO IHKJIA.
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