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CocTaB AOKYMEHTOB

Ne

n/n HaumeHoBaHue fokymeHTa

1 Cxewma TennocHabxeHns benosckoro ropoackoro okpyra o 2030 roga. Aktyanusaums Ha 2023 rog.
' YTBEpPXKOaeMas YacTb

> naBa 1. CyliecTByloLLee NornoxeHne B chepe NPoM3BOACTBA, Nepedaym u noTpedneHns TennoBom
' 3Hepruv Ans uenemn tennocHabxeHus

3 naBa 2. CyuiecTByloLLee 1 NepCrekTMBHOE NoTpebreHme TennoBON S3HEPTMN Ha Lenu TennocHabxe-
' HUS

4, naBa 2. NpunoxeHue 1. CywecTBytoLasn 3acTpoika

5. naBa 3. AnekTpoHHast Mogenb CUCTEMbI TEMNOCHAGXKEHNS

6 naBa 4. CyuiecTByloLLME W NEPCTEKTMBHbIE BanaHChbl TENTOBON MOLLHOCTA UCTOYHMKOB TEMOBON
' 3HEeprum 1 TENNOBOW Harpy3ku noTpebutenen

7. naBa 5. MacTtep-nnaH pa3sutus cuctem TennocHabxeHns BEenoBckoro ropoackoro okpyra

naBa 6. CyLecTByloLLME 1 NEPCTNEKTMBHbIE BanaHChbl NPON3BOAMTENBbHOCT BOAOMNOATOTOBUTENbHbIX
8. YCTaHOBOK 1 MaKCMMarbHOro NoTpebneHns TEMNOHOCUTENS TENNONOTPeONALWNMM YCTaHOBKaMM No-
TpebuTenen, B TOM YMcne B aBapUiHbIX pexmnMax

9 naBa 7. NpeonoxeHusi N0 CTPOUTENbCTBY, PEKOHCTPYKLIMU, TEXHNHECKOMY MEPEBOOPYXKEHNIO U (UNK)
' MOZEPHM3ALIMN NCTOYHWNKOB TEMNJIOBOW SHEPIUM

10. [naBsa 8. NpeanoxeHns No CTPOMTENBCTBY, PEKOHCTPYKLUUM 1 (MNN) MOAEPHU3aLIMN TENSOBBIX CETeN

11 naga 9. MNpeanoxeHusa No NepeBoAy OTKPbITbIX CUCTEM TEMNNOCHaAbXEHUA (ropsvero BOAOCHabXeHns) B
' 3aKpbITble CUCTEMBI rOpSYero BOAOCHabXeHNS

12. naea 10. NepcnekTuBHbIE TONNNBHBIE GanaHChbl

13. maea 11. OueHka HageXXHOCTU TeNOCHabXeHns!

14 masa 12. O6ocHOBaHME UHBECTULIUIA B CTPOUTENBCTBO, PEKOHCTPYKLIMIO, TEXHNYECKOE NEPEBOOPYKE-
) HWe n (M) MogepHU3aLNIo

15. maea 13. MHgumkaTopbl pa3BuTna cuctemM TennocHabxeHns benoBckoro ropoackoro okpyra

16. maBa 14. LieHoBble (TapudHble) nocneacTaus

17. [maBa 15. PeecTp eanHbIX TENNOCHabXaoLWMX opraHM3aumnn

18. [maBa 16. PeecTp MmeponpuaTuii cxembl TEMNOCHAGXEHWS

19. [maBa 17. 3amevaHnsa u NpeanoXeHnst K NPOeKTy CXeMbl TEMMNOCHabXeHNsI

20 masa 18. CBOAHbIA TOM M3MEHEHWUI, BbINOTHEHHbLIX B 4OPAabOTaHHOM M aKTyanu3npoBaHHOW CXeMe Te-

nnocHabXxeHus




1. O6wWwee Ha3Ha4YeHNEe INEKTPOHHOU MOoAernun CUCTEeMbI

OneKkTpoHHas Mogenb cUcTeMbl TennocHabxeHus BenoBckoro ropoackoro okpyra (aa-

nee bBlrO) Ha 6a3e nporpammHo-pacyeTHoro komnnekca "ZULU" (ganee no tekcty OM) pas-

pa6aTb|BaJ'IaCb B Lendax:

aav:

co3gaHust eANHOM NHAOPMaLMOHHOM NNaTtgopMbl MO CMCTEMAM TeNnmnocHabXeHUs
ropoaa;

noBbiweHnsa 3 dEKTUBHOCTN MHOPMALMOHHOIO o6ecnevyeHnst NPoLLEeCCOB NPUHS-
TUS pelleHnin B obractn Tekywero yHKLUNOHNPOBAHUA U NEPCNEKTUBHOIO PasBUTUS
cucTeMbl TeNNOCHabxeHna ropoaa;

nposefeHUs1 €ANHOWN NOSIUTUKM B OpraHmn3auum TekyLemn aeaTenibHoCTy npea-
NPUSATUA U B NEPCNEKTUBHOM Pa3BUTUM BCEN CUCTEMbI TENNTOCHABXeHNS ropoaa;
obecnevyeHnsa yCTONYMBOro rpagoCTPOUTENBHOMO pa3BUTUS ropoaa;

pa3paboTkmn Mep AN NOBbILEHUS HAOEXHOCTN CUCTEMbI TENNOCHABXEHUs ropoaa;
MUHMMU3aL MU BEPOSTHOCTU BO3HUKHOBEHNSA aBapUNHbBIX CUTyaL M B cUcTeMe Ten-
NocHabXeHus.

Pa3pa60TaHHaﬂ ANEeKTPpOHHadA mMoAesib npegHasHadeHa AOnd peweHuna cnegyrumnx 3a-

co3aaHns obLLeropoCcKkomn 3NEKTPOHHOW CXEMbl CYLLECTBYHOLLMX U NEePCNEKTUBHbIX
TENOBbIX CeTeN N OOBLEKTOB CUCTEMbI TEMNOCHABXEHUSA rOPOACKOro OKpyra, npuBs-
3aHHbIX K TOMOOCHOBE ropoaa;

ONTUMU3aLMM CyLLECTBYIOLLEN CUCTEMbI TENOCHabXeHns (onTMMmn3aunsa ruapasnu-
YeCKNX pexxuMoB, MOAENMpPoBaHWe nepepacnpeneneHms TennoBbIX HAarpy3oKk Mexay
NCTOYHUKaMW, onpeaeneHne onTuMarnbHbIX AMaMeTpoB NPOEKTUPYEMbIX U PEKOHCT-
pyMpyeMbIX TEMSOBbIX CETEN U TEMNOCeTEBLIX 0OBHLEKTOB U T.4.);

MoOenMpoBaHUS NepCrneKkTUBHbLIX BapuaHTOB pPa3BUTUSA CUCTEMbI TENSTOCHabXeHUs
(CTPOUTENBCTBO HOBbLIX N PEKOHCTPYKLUMA CYLLECTBYHOLLMX MCTOYHUKOB TEMMOBOM
3Heprnn, nepepacnpeneneHne TenoBbIX HAarpy30K Mexay UCTOYHMKaMu, onpeaerne-
HMe BO3MOXXHOCTU NOAKMNIOYEHMS HOBbIX MOTpebuTenen TennoBon aHepruun, onpeae-
neHne onTUMarbHbIX BapUaHTOB Ka4eCTBEHHOIO N HaJexXHoro obecnevyeHuns Tensno-
BOW SHEPrnen HoBbIX NoTpedbutenen n 1.4.);
onepaTMBHOroO MoAenNnMpoBaHusa obecnevyeHms TENNOBOW aHepruen notpebutenen
npyv aBapuHbIX CUTYaLUNSX;
onepaTMBHOIO NOSTyYeHNs NHPOPMALMOHHBIX BbIBOPOK, CNpaBOK, OTYETOB MO CUCTE-
Me B LiesIOM Mo cucteme TennocHabxeHmsa ropoda u no oTaeNbHbIM €€ 3fieMeHTaM;

MOHUTOPUHT PasBUTUS CXEMbl TEMNOCHABXEHNSI TOPOLCKOro OKpyra;
obecneyeHne exerogHon akTyanusaunm cxeMbl TennocHabXXeHns ropoacKoro okpyra
B cootBeTcTBUM ¢ P3-190 "O TennocHabxeHun" n NoctaHoBneHnem NpasutenscTea
P® Ne154



2. AKTyanusaumsi aN1IeKTPOHHOW Moaenu CUCTeMbl TENNTOCHAGXeHUs.

B pamkax akTyanusaumm cxembl TEMMOCHAGXEeHWA B 4acTW IMEKTPOHHOW MOLEenu Bbl-
NMonHeHbl criegytowme paboThbi:

e BbiBEpPKa M COOTBETCTBYHOLLAA KOPPEKTUPOBKA TPACCUPOBKN N XapaKTEPUCTUK TENSO-

BbIX CETeN No NpeaoCcTaBNeHHbIM AaHHbLIM TEMMOoCHabXarLWmMxX opraHn3aummn;

e BbiBEpPKa M COOTBETCTBYHOLLAS KOPPEKTUPOBKA NOAKIHOYEHHbIX NOTpebuTenemn B co-
OTBETCTBMU C NpeaoCTaBMNeHHbIMN BazaMn abOHEHTOB TEMNTOCHabXaloLWmMX OpraHu-
3aunn;

AKTyanusnpoBaHHas 3M1eKTPOHHas Mogernb CUCTEMbI TENNOCHA0XEHNSA ropOACKOrO OKpY-
ra obecneumBaeT BbINOMHEHNE BCeX TpeboBaHWIA, NPeabaBSEMbIX K 3IEKTPOHHBIM MOAENAM
B cooTBeTCcTBUM C NocTaHoBneHnem lNpasutenbctea PP Ne 154 ot 22.02.2012 r.:

a) rpacduyeckoe npeacrtaBreHne 06BHLEKTOB CUCTEMbI TEMTOCHABXEeHNS ¢ NpUBA3-
KOW K Tonorpadnyeckon oCHOBE NOCENEHNS, FOPOACKOro OKpyra U € NOSIHbIM TOMNONOrMYECKUM

OnMcaHMeM CBSI3BHOCTU OO BHEKTOB;

0) nacrnopTmsaumio 06EKTOB CUCTEMbI TENNOCHABXEHUS;
B) nacrnopTM3aumio U onMcaHne pacyeTHbIX eAUHUL TEPPUTOPUAnbHOIO AeNeHus;
r rMAapaBNYEeCKUiA pacyeT TENSIOBbIX ceTen Nobon cTeneHn 3aKonbLOBaHHOCTH, B

TOM ymucre rMapaBnMyeckUin pacyeT Npyu COBMECTHOM paboTe HECKONbKMX MCTOYHUKOB TeNo-
BOW SHEPIUWN Ha eaVHYI0 TEMMOBYHO CETb;

a) MOZENMpoBaHNe BCEX BUAOB NEPEKTOYEHUIA, OCYLLECTBISIEMbIX B TEMMOBbIX Ce-
TSIX, B TOM YMCIe NepPEKItOYEHNIN TENOBbIX HAarpy30K MeXay MCTOYHMKaMM TEMNOBOWN 3Hep-
ru;

e) pacyeT 6anaHCcoB TENOBOW 3HEPTM NO UCTOYHUKAM TEMMOBOW 3HEPTUN U NO

TeppuTOpranbHOMY NPU3HaKy;

X) pacyeT noTepb TEMNIOBOW IHEPTUM YePE3 UIONSALMIO U C YyTeYKaMmn TeNSIOHOCUTE-
ns;

3) pacyeT nokasaTtenen HageXHOCTU TENSOCHAOXeHNS;

n) rpynnoBbl€ N3MEHEHMSA XapaKTEPUCTUK OOBEKTOB (Y4aCcTKOB TEMMOBLIX CETEN,

noTpebuTenei) No 3agaHHbIM KPUTEPUSIM C LIeSNb0 MOAENNPOBaHUS PasNnNYHbIX Nepcrnex-
TUBHbIX BApMaHTOB CXEM TensiocHabXeHus;

K) CpaBHUTENbHbIE Mbe3oMeTpudeckne rpadvkun ansi pa3paboTku 1 aHanmaa cue-
HapueB NepPCrnekTUBHOIO Pa3BUTKS TEMSOBbIX CETEW.

B pamkax akTyanu3aumm cxembl TENSOCHabXeHUs1 B YacTW 3MEKTPOHHOW MOAENU Bbl-

nosHeHbI criegyowmne paboTbl:



e co3adaHue MofernbHou 6a3sbl - "Tennocetu cywecteytowme 2021" - akTyannsmpo-
BaHHasA MogenbHasa 6a3a no cylecTByoLWweMy COCTOSHUIO CUCTEMbI TennocHabxe-
HUS;

e BbIBEpKa M COOTBETCTBYHOLLASA KOPPEKTUPOBKA TPACCUPOBKN U XapaKTepuUCTUK Tenso-
BblX CETeln No NpeaoCcTaBneHHbIM AaHHbIM TENOCHabXaloLWmX OpraHn3aunii;

e BbIBEpKa M COOTBETCTBYHOLLAS KOPPEKTMPOBKA NOAKIYEHHbIX NOTpebutenen B co-
OTBETCTBUM C NpefocTaBneHHbIMU 6a3amn aboHEHTOB TennocHabXatloLWmx opraHu-
3aunn;

e B COOTBETCTBUM C MAcTep-nnaHoOM co3gaHne NepcrneKkTMBHOM MoaenbHon 6a3bl Ha

nepuopg 2030 roga "Tennocetn nepcnektneHoble 2030";

npoeeneHune rmapaBrindeCknx pac4eToB Ajd OUEHKN NepCnekTMBHOro COCToAHUA
CUCTEMbI TENNTOCHAbXEeHNSA Ha KOoHeL paccMmaTpmnBaemMoro nepuoga.
KaJ'II/I6pOBKa C-)J'IeKTpOHHOIZ mogenun no (*)aKTI/I‘-IeCKI/IM napamMmeTpam BblMNoJIHEHa TOJIbKO MO

TennoBbiM CETAM MCTOYHUKOB, UMEKLLNX |'|p|/|6opb| yyeTa Tennosoun QHEeprun.



3. OnucaHue NporpamMMHOro Komnrekca.

3.1. O6wume nonoxeHus.

B kauectBe 6a30BOro nporpaMmHoro obecnedeHns ans co3naHus aNeKTPOHHOW Modenu
cUcTeMbl TeNNocHabXxeHns ropoaa Ucnosnb3oBarncs NPorpaMmMHO-pacyeTHbIN komnneke ZULU.

B oaHHOM pasgerne npeacTtaBrieHO KpaTKoe onvcaHue gOYHKUMOHASTbHbIX BO3MOXHOCTEN
OCHOBHbIX MoAyren nporpammMmHo-pacyeTHoro komnsiekca ZULU, Heobxoaumblx Anst aKcnsya-
Tauum OM:

e cepBep reoMHgopmaymMoHHoON cuctemol Zulu;

e VHCTpPYMeHTanbHas reomHcopmaumoHHas cuctema M'MC Zulu;

e [akeT pacyeToB ceTeun TennocHabxeHna ZuluThermo;

3.2 CepBep reouHcpopmaymoHHon cuctembl Zulu.

ZuluServer - cepeep T'MC Zulu, npegocrtaensowmnm BO3MOXHOCTb COBMECTHOW MHO-
rononb3oBaTenbCckon paboTbl C reogaHHbIMKU B FIOKanbHOW ceTu u rnobanbHon cetn UHTep-
HeT.

HocTtyn k cepBepy ocyuiectensetca vyepes npotokon TCP/IP. Cepsep ZuluServer paet
BO3MOXHOCTb UCKMIOYNTb (pansioBbIi SOCTYN KIMEHTa K JaHHbIM Ha cepBepe. KnueHTy HeJoc-
TynHa WHGOpMauna 0 PU3MYECKOM XPaAHEHUM AAHHbLIX U OTCYTCTBYET BO3MOXHOCTb MX He-
CaHKLNOHNPOBAHHOIO M3MEHEHUS.

Takke ecTb BO3MOXHOCTb pPasrpaHuynTb LOCTYN K AaHHbIM MeXay nofib3oBaTensiMu.
Cuctema naponen n npas MNoO3BOSSIET NPELOCTaBMATb Pa3HbIM MOMb30BaTENSAM pa3fnyHbie
BO3MOXXHOCTM M OrpaHNYeHns Ans gocTtyna n paboTbl C AaHHbIMM.

MNC Zulu, coxpaHsis Bce BO3MOXHOCTWU HacTonbHou Bepcun MMC, nmeeT BCTPOEHHbIN
KNueHT ZuluServer 1 MOXeT OTKpbIBaTb KapTbl, CIOWN, NPOEKTbl U ApyrMe gaHHble Zulu Kak C
NoKanbHOW MalUMHbI, TaK U C yAaneHHoro KoMnbloTepa, rae ycraHosneH ZuluServer.

[nsa Toro, 4Tobbl NnoaknunTLCA K cepepy ZuluServer gocraTtouHo ykasaTb ero IP ag-
pec, NMBO MMSA KOMNbIOTEPA B NOKANbHON CETU UMW Xe UMSA AOMEHA, eCrlN CepBep pacnosno-

XeH B ceTn VHTepHer.

3.2.1 Ocob6eHHocTn ZuluServer.

Anpecauusa aaHHbIX
MNC Zulu B cBoen paboTte ¢ gaHHbIMW UCMONb3YeT NyTb K dhannam Croes, KapT, Npo-
€KTOB U OpYrux, 3TW AaHHble npeactaBngaowmm. MyTb K dpanny MoXeT ObITb fOKanbHbIM TUNa

"C:\Zulu\3gaHusa_6e3_Homepo.b00" nnn ceteBbiM BUaa



"Wserver\C\Zulu\3gaHusa_6e3_HomepoB.b00". [Ina goctyna e K AaHHbIM Ha cepBepe,
Zulu nonb3yetca agpecom pecypca URL (uniform resource location) Buaa
"zulu://server/3paHua_6e3_Homepos.zl". ogobHo ToMy, kak Beb-OGpaysep mcnonbdyet URL
Ansa goctyna K ctpaHvuam Beb-canta, T'MC Zulu ucnonbayet ceon Tmun URL ana agpecauum kK
AaHHbIM Ha cepBepe ZuluServer.

HanoxeHue cnoeB ¢ pa3HbIX CepBeEpPoOB

M'MC Zulu paet BO3MOXHOCTb paboTaTtb OQHOBPEMEHHO C KapTaMu U CIIOSAMU C Pa3HbIX
CepBepOB M HaknaabiBaTb B OQHOW KapTe Crou C NlokanbHOW MalluHbI U CRoW ¢ cepBepa Apyr
Ha gpyra B NpOn3BOSIbHOM Nopsiake.

Hanpumep, Ha kapTy MEeCTHOCTW B BWAE CIlOEB, 3arpyXeHHbIX C yAaneHHoro cepsepa
(oonyctum, n3s MHTepHeTa) MOXHO HanNoOXuTb NiaH NPeanpuATUs C cepBepa AaHHOro npea-
NpusTUS, a NoBepPX PacrnofiOXUTb CXEMY MHXEHEPHbIX KOMMYHMKALMIA, PacnoOfioXKEeHHYH Ha

KITMEHTCKOWN MalLUHe.

MHorononb3oBaTenbLCKoe peaakTmpoBaHue
ZuluServer naet BO3MOXHOCTb OQHOBPEMEHHOIO peaakTupoBaHA OOHUX N TeX Xe rpa-
Cbl/l‘-IeCKI/IX N TabNUYHbIX AaHHbIX HECKOSIbKMMU NOMb30BaTENAMM. an/I 3TOM BeaeTcA He3aBU-

CUMBIN N4 Kaxgoro nosb3oBaTens XypHasn oTkaTta.

ABTOMaTHn4YecKkoe OGHOBIEHME KapThbl
Mpy N3MEHEHUMN OaHHbIX OOHMM M3 KMMEHTOB, CepBEpP OMNOBELLaeT BCeX KMMEHTOB, NoMb-
3YIOLUXCA B AA@HHbIA MOMEHT 3TUMWU [@aHHLIMU, YTO MPUMBOOUT K aBTOMAaTM4eCcKoMy OoBHOBIe-

HUIKO JaHHbIX Ha KapTe.

Mybnukauma aaHHbIX

ZuluServer cnnaHnpoBaH Tak, YTOObl AaTb BO3MOXHOCTb ObICTPO M NPOCTO Onyonunko-
BaTb [aHHble, CO34aHHble C NOMOLb0 HacTonbHon Bepcun TUC Zulu. duamyeckun opmaTt
AAHHbBIX MpU 3TOM He MeHsieTcs. [JoCTaTOYHO C NOMOLLBK YTUNUTBLI NOATOTOBKM AaHHbIX Un
BPYYHYIO HAcTpOMUTb CCbIfkM Ansa cepBepa ZuluServer n AaHHble CTAHOBATCA AOCTYMHbIMA B
ceTun. NogobHo Beb-cepBepy, cepsep Zulu NO 3anpocy C KIIMEHTCKOro MecTa HY>XHOro pecypca

npenocTaBUT AaHHble, CONOCTaBMNEHHbIE C 3TUM PECYPCOM.

ALMUHUCTPUPOBaAHUE AAaHHbIX

ZuluServer npegoctaBnsieT BO3MOXHOCTb pa3rpaHnynMTb AOCTYN K AAHHLIM U HAa3Ha4UTb
pasnuyHble NpaBuna u npasa goctyna Kk HUM. MoXHO NpeAocTaBUTb kak aHOHMMHbIA JocTyna
K AaHHbIM ONs LWMPOKOWN Ny6rvKn, Tak U OrpaHNYnTbL ero Ans y3Koro Kpyra nonb3oBaTernen,

onpepnenne AnAa Kaxgoro n3 HMX Kakme oriepauum ¢ AaHHbIMU eMy pa3peLleHbl.



Web-cnyx661 WMS nu WFS

ZuluServer no3sonseT paboTaTb ¢ AaHHbIMK cepBepa no cneumdpukaunam WMS

WMS 1.3.0 (WebMapService) n WFS 1.0.0 (WebFeatureService) paspaboTaHHbIMK
OGC (OpenGeospatialConsortium).

Web-cnyx6a WMS nossonseT otobpaxaTb Crou 1 KapTbl CeEpBepa Ha KnNueHTax, noa-
aepxusawowmx cneundpukaumm WMS, B 4yactHoctu, Zulu, GoogleEarth, GoogleApi,
OpenLayers, YandexMap, Maplnfo, ArcGIS n gp.

Web-cnyx6a WFS obecneunBaeT 4OCTYN K BEKTOPHOW U CeEMaHTU4eCcKon mHdopmaumm

cepBepa Ans KNMeHTOB, NoAAEPKMBAIOLLMX AaHHY0 crieundukaumio.

NMpocTpaHCTBEHHbLIN PUNBLTP K AAHHbIM

MpaBa goctyna K cepBepHbIM AaHHbIM AN Nosib3oBaTensa unu rpynnsl nonb3oBaTtenemn
MOXHO OrpaHnynTb 0611acTbio, 3a4aHHOM NPOCTBIM UM COCTaBHbLIM MOSIMTOHOM.

Ecnu BBegeHo Takoe orpaHuyeHune, To Nonb3oBaTerlb CMOXET oTobpaxaTb crnoun n one-

puvpoBaTb AaHHLIMU TOMbLKO B Npeaenax ykasaHHon obracTu.

ABTtopusauusa Windows
Mpn coeamHeHnn ¢ ZuluServer BO3MOXHO MCNoNb3oBaTb ydeTHble cBeaeHus Windows
AnNs aBTopu3auum nonb3oBaTens Ha cepBepe, Kak 310 AenaeT, Hanpumep, Microsoft SQL

Server. [Nonb3oBaTento He HY>XHO NMOCTOAHHO BBOAUTbL JTOTMH U NapOJib.

3.3 UHcTpyMeHTanbHas reonHdopmaumoHHasa cuctema NcC Zulu.

MNC Zulu - nHcTpymMeHTanbHasi reonHopMaLMoHHas cuctema ans co3gaHns aNeKTPoH-
HbIX KapT, MNNaHoB M CXeM, MHPOPMALMOHHO-CNPABOYHbIX CUCTEM, BKIOYas MoAenupoBaHue
NHXXEHEPHbIX KOMMYHMKaLMIA U TPAHCNOPTHBIX CUCTEM.

"eonHdopmaumnoHHaa cuctema Zulu npegHasHadeHa ans paspabotkm TMC npunoxe-
HUI, TPebyoLMX BU3yanu3aunm NpoCTPaHCTBEHHbIX AAaHHbIX B BEKTOPHOM M pacTpoOBOM BUAE,
aHarnusa nux TonosiorMm n nx CBs3n ¢ CeMaHTU4eCckMMn 6asamm SaHHbIX.

C nomoulpbto Zulu MOXHO co3gaBaTb BCEBO3MOXHbIE KapThbl B reorpadomuyeckmx npoekuu-
AX, UNW NaH-CXeMbl, BKMOYasa KapTbl U CXEMbl UHXEHEPHbIX CeTeln C NOAAEPXKKOM UX TONOJIO-
rmn, pabotatb ¢ 60NbLUMM KONIMYECTBOM PacTpoOB, NPOBOANTL COBMECTHbIN CEMaHTUYECKUN U
NPOCTPAHCTBEHHbIN aHanu3 rpadmyecknx n TabnuuHbiX OaHHbIX, CO30aBaTb pa3fuyHble Te-
MaTUYeCKME KapTbl, OCYLLLECTBMASATb AKCMOPT U UMMNOPT AAHHbIX.

MNC Zulu nosBonseTr MMNOPTMPOBATbL AaHHble M3 Takux nporpamm kak Maplinfo,

AutoCAD, ArcView. B pesynbtate mmnopta OyayT nonyyeHbl BEKTOPHbIE CMOM C rOTOBbIMU
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ob6beKkTamn, Npu 3TOM BCE XapakTEPUCTUKN, TakMe Kak Maclitabd, uBeT u npoyne 6yayT coxpa-
HeHbl. Ecnn k o6bektam B 06MeHHOM dhopmaTe Bbina npukpenneHa 6a3a gaHHbIX, TO OHa Tak
Xe umnopTtmpyetca B Zulu.

Momumo umnopTta Zulu nmeeT BO3MOXHOCTb 3KCMopTa rpadpuyeckux aHHbIX B Takue
nporpammbl kak Maplinfo, AutoCAD n ArcView. 3KCnopT ceMaHTUYEeCKUX OAaHHbIX BO3MOXEH B
anekTpoHHyto Tabnuuy MicrosofExcel unu ctpannuy HTML. B cucteme Zulu Takke moryT 6e3
npeobpa3oBaHMsl UCMONb30BaTbLCS ONUcaTENN pacTpoBbIX 06beKToB B hopmaTtax Mapinfo u
OziExplorer.

"eonHdopMaumnoHHasa cuctema Zulu no BHeEWHeEMY BuOy BecbMa MoxoXa Ha LUMPOKO
pacnpocTpaHeHHble npoaykTbl cemenctea MicrosoftOffice u umeet cxoxee obopyposaHue

MEHIO 1 NaHenemn MHCTPYMEHTOB.

3.3.1 BoamoxHoctu N’NC Zulu.

Cuctema obnagaeT LWMPOKMMM BO3ZMOXKHOCTSIMM:

e CcoO34aBaTb KApTbl MECTHOCTU B Pa3fMYHbIX reorpacmnyecknx cucteMax KoopamHaT U
KapTorpaduyeckmx NpoekLunsx, oTobpakaTb BEKTOPHbIe rpadpnyeckme aaHHbIe CO
crnaxxvBaHmem u 6e3 crnaxmnBaHus;

e ocywecTBnATb 06paboTKy pacTpoBbix n3obpaxeHun gopmatos BMP, TIFF, PCX,
JPG, GIF, PNG npu nomoLum BCTPOEHHOro rpadhnmyecKkoro peaakropa;

e ONb30BaTbCA AaHHbIMU C CEPBEPOB, Nogaepxmatowmx cneumdbukauymo WMS
(WebMapService);

e C NOMOLLbIO CO34aBaEMbIX BEKTOPHbLIX CII0EB C COBCTBEHHLIM BUHAPHBLIM hopMaTOM,
obecneunBaloLLMM BbICOKYIO CKOPOCTb paboTbl, BEKTOPM30BaTb pacTpoBble n3obpa-
XeHus:;

e NPV BEKTOPU3aLMM NCNOMb30BaTb Kak MPUMUTUBHbIE 06BHEKTbI (CUMBOSIbHLIE, TEK-
CTOBbI€, NIMHENHbIE, NNOLAAHbIE) TaK N TUNOBLIE OOBEKTLI, ONUCbIBAEMbIE Ca-
MOCTOSATENbHO B CTPYKTYpeE CNnosi;

e paboTaTb C CEMAHTUYECKUMN OAHHLIMW, NOAKNHYAEMbBIMU K CIIOK U3 BHELUHUX MC-
TouyHukoB BDE, ODBC unu ADO 4vepes onucatenu 6a3 gaHHbIX (Nonyvyatb AaHHbIE
MOXHO 13 Tabnuu Paradox, dBase, FoxPro; MicrosoftAccess; Microsoft SQL Server;
ORACLE wn gpyrnx ncrouydmnkos ODBC unn ADO);

e BbIMNOJHATbL 3anpockl K 6aszam gaHHbIX C 0TOOpaXeHneM pesynbTaTtoB Ha kapTe (no-
WCK onpeaeneHHon nHpopmaumm, HaxoxgeHne CyMmbl, MakCMMarnbHOro, Mu-
HUManbHOrO 3HAYEHUN, U T.4.);

e  BbIMNOJIHATbL NPOCTPAHCTBEHHbIE 3AMNPOChl N0 06bLEKTaM KapTbl B COOTBETCTBUN CO

cneundukaumsamm OGC;
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co3gaBaTtb Moenb penbeda MECTHOCTM U CTPOUTb Ha €€ OCHOBE M30STIMHUM, 30HbI
3aTonneHusa Nnpodunm 1 pacTpbl penbeda, paccyntbiBaTb Nowaam n od6bemsl;
9KCNOpTUPOBATb AaHHbIE N3 CEMaHTUYeCKoN 6asbl NNn pesynbTaThl 3aNpoca B dfek-
TpoHHYyto Tabnuuy MicrosoftExcel nnu ctpannuy HTML;

NPOrpaMMHO UMM NO CEMAHTUYECKUM AaHHbIM CO34aBaTh TEMaTUYECKME paCKPaCKH,
C MOMOLLbIO KOTOPbIX MEHAETCHA CTUIb OTOOpakeHnst 0O bEKTOB;

BbIBOAMTb A1151 BCEX OOBHEKTOB Crosi HAANMCK N BGUPKKU, TEKCT HAAMUCU MOXET Kak
OpaTbca U3 ceMaHTmyeckon 6asbl AaHHbIX, TaK U NepeonpeaensiTtbCa NPOrpamMmmMHo;
oToGpaxaTb 06bekTbl crosi B popmarte nceBgo-3D nossonsawoem BU3yanmsmpo-
BaTbCsl OTHOCUTESNbHbIE BbICOTbI 0OBHEKTOB (HAanpumep, BbICOTbI 34aHUN);

co3faBaTb U UCnonb3oBaTh BMBNMOTEKY rpaddMyecKknx 3f1IeMEeHTOB CUCTEM Tenso-
CHabXeHns N pexmMmoB X (OYHKLMOHUPOBAHUS;

co3gaBaTb pacyETHbIE CXEMbl MHXXEHEPHbIX KOMMYHUKALUA C aBTOMaTUYECKUM
dhopMMpOBaHNEM TOMOMNOMMN CETU U COOTBETCTBYIOLLMX 6a3 AaHHbIX;

N3MEHATb TOMOSOIMIO CETEN U PeXMMbl paboTbl ee 31IEMEHTOB;

peliaTtb Tononornyeckme 3agayn (M3MeHeHme CoCToAHNS 06 BHLEKTOB (Nepekntoye-
HUS), NONCK OTKMNOYAKOLLMX YCTPONCTB, NOUCK KpaTYanLLMX NyTEN, MOUCK CBA3aHHbIX
00bEeKTOB, NOUCK KOnew,);

ANsA 6bICTPOro NepemeLLeHns B Hy>XHOe MECTO KapThbl YCTaHaBnMBaTb 3aknagku (3a-
Knagka Ha TOYKy Ha MECTHOCTHU C onpeaeneHHbIM MacTabom oTobpaxeHus un 3a-
Knagka Ha onpefeneHHbli 06beKT crnosi (BecbMa yaobHO, ecnmn 06BHEeKT - ABUXKYLLINIA-
cs No KapTe));

C MOMOLLbIO NPOEKTOB pacKpbliBaTb CTPYKTYPY TOro UM MHOro obbekTa, n3ob-
pa)KeHHOro Ha KapTe CXeMaTU4Ho;

co3faBaTb MakeTbl NevaTu;

nmMmnopTmnpoBaTthb rpacuyeckmne gaHHble 3 Maplinfo (MIF/MID),AutoCADRelease 12
(DXF) n ArcView (SHP);

akcnopTmpoBath rpadudeckme gaHHole B Mapinfo (MIF/MID), AutoCADRelease 12
(DXF), ArcView (SHP) n WindowsBimmap (BMP);

co3gaBaTb Makpochl Ha a3blikax VB Script nnm JavaScript;

OCYLLECTBNATb NPOrpamMMHbIN JOCTYN K AaHHbIM Yepe3 OO beKTHYH MOAeNb ANs Ha-
nMcaHnsa cOBCTBEHHbIX KOHBEPTEPOB;

co3gaBaTb COOCTBEHHbIE NPUNOXEHUS, paboTatoLmne nog ynpasneHem Zulu.
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3.3.1.1 OpraHu3sauusa rpacuyeckux gaHHbIX.

padhmnyeckne gaHHble OpraHM3oBaHbl NOCMNOWHO. Crnon ABNAeTCS OCHOBHOW WHOp-
MaLMOHHON eanHULEN cucTembl. Kaxabii 06beKkT Cros MMeeT YHUKamnbHbI naeHTudgukaTop
(ID nnu "knoy"). MopaepxmnBaemslie TUMbI CNOEB:

e BEKTOPHbIE CIOU;

e pacTpoBble Crou;

cnov peneeda;
cnon WMS (Web Map Service).

BekTopHble crnoum

BekTopHble crion meroT cOBCTBEHHLIN BUHapHbIN dbopMaT AaHHbIX, YTO obecnevnBaeT
BbICOKYI0 CKOPOCTb paboTbl rpadouyeckmx U TOMONOrM4eckux anroputmoB. MiMeeTcs BO3MOX-
HOCTb MPOrpaMMHOro 4ocTyna K gaHHbIM vyepe3 OObeKTHY Modenb And HanucaHust cobcT-
BEHHbIX KOHBEPTEPOB.

OOGbeKkTbl BEKTOPHOrO Crosi OensiTcAd Ha npocTble (MPUMUTMBLI) M TUNoBble (Knaccu-
ULMpoBaHHbIE OOBHEKTHI).

MpMUTMBLI MOTYT ObIThb:

e TOYeuHble (MMKTOrpaMmmbl Unu "cumeonbl");

e TEKCTOBbIE,;

e JMHEWHbIE (NMUHUK, NOSTUITNHUK);

nnowaaHble (KOHTYpPbl, MONMKOHTYPbI).

TunoBble 06BEKTLI ONUCbLIBAOTCA B OMbNnoteke TMNoB 00bekToB. KaXkablh TUM ONUChbI-
BaeT NMoWaaHoON, NMMHENHBIN UM CUMBOJSIbHBIA TUNOBOW rpadouyecknii 06bEKT, MeeT Nofb-
30BaTeNbCKOEe Ha3BaHWE N MOXET OblTb CBsA3aH C COOCTBEHHOW ceMaHTu4eckon Gas3on aaH-
HbIX.

Kaxabih Tun o6bekta MOXET MMETb HECKOSIbKO PEXMMOB, KOTOPblE MMEKT NOSib30Ba-
TeNbCKoe HasBaHWe, N 3a4aloT pasfnmyHble cnocobbl 0TOBpaxeHUss 4aHHOro TUMOBOro O0bLEK-
Ta.

TunoBble 06BHEKTLI MOTYT BbITh:

e TO4Ye4Hble (MMKTOrpaMmmbl Unu "cumeonsbl");

e IMHEWHbIE (NMNUHUK, NONUITNHUK);

e nnowagHble (KOHTYPbI, NONIMKOHTYPbI).

ATpUGYTUBHbBIE NN CEMAHTMYECKNE OaHHblE BEKTOPHOrO CIIOSi XPAHATCA BO BHELUHEM
NCTOYHMKE OaHHbIX M MOOKITYAKTCA K CNOK Yepe3 COOCTBEHHbIN onucaTenb 6a3bl AaHHbIX. K
OAHOMY CIOK0 MOXET ObITb NOAKMIOYEHO NONEPEMEHHO NMPOU3BOSIBHOE YMCINO CEMAHTUYECKMX

6a3 gaHHbIX. [pUMNTUBLI NONBL3YOTCA 0OLLEN ceMaHTU4eckon 6a3on AaHHbIX, TUNOBblE 06b-
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€KTbl - COOCTBEHHON AN KaXgoro Tuna (Oﬂ,HaKO 014 pasHbIX TUNOB MOXHO NMOAKIMKOYNTL OOHY

n Ty xe 6asy).

PacTtpoBble crnou

PacTtpoBbiM crnoem MOXeT 6bITb MO0 OTAENbHbIN pacTpoBbIi 06bEKT, NMMBO rpynna pac-
TpOBbIX 00BLEKTOB. PacTpoBas rpynna MOXeT cofepXaTb NPOU3BOSIbHOE YMCIO PacTpOBbIX
0OBEKTOB UIM BIIOXKEHHbIX PacTpOBbIX rpynn. Y1Cno pacTpoB B Croe OrpaHMYeHo NuLb auc-
KOBbIM nNpocTpaHcTBOM (Zulu cnpaBnsieTcsi C NoNeM N3 HECKOSNBbKUX ThICAY pacTpoB).

MoppepxmnBaemble doopmathl pactpos - BMP, TIFF, PCX, JPEG, GIF, PNG.

3.3.1.2 PaboTa c cuctemamm KoopAamHaTt U KaptorpadpuyeckKMMmm NpoeKLUsMu.

Mpadunyeckne OaHHble MOTYT XpaHWUTbCA B pPasnuYHbIX CUCTeMax KoopauHaT U OTob-
paXaTbCA B pasnuyHbIX MPOEKLMAX TPEXMEPHON MOBEPXHOCTU 3eMMM Ha NOCKOCTb.

Cuctema npegnaraeT Habop npegonpeaeneHHbIX CMCTeM KoopauHaT. Kpome Toro nonb-
3oBaTenb MOXeT 3adaTb CBOK CUCTEMY KOOPAMHAT C MHOMBWUAYarnbHbIMW NapameTpamMu Ans
noaaepKnBaemMblX CUCTEMON NPOEKLIUA.

B 4acTHOCTM 3Ta BO3MOXHOCTb MO3BONAT, MPU U3BECTHLIX NapameTpax (Knodax nepexo-
Aa), NpuBA3bIBaTb AaHHblE, XpaHSLMECS B MECTHOW CUCTeMe KOopauHaT, K OOHOW W3 rmno-
GanbHbIX CUCTEM KOOpAUHAT.

[aHHble MOXHO NepenpoeLnpoBaTh U3 OAHOM CUCTEMbI KOOPAMHAT B APYrYyHO.

3.3.1.3 OpraHu3aumsa ceMaHTUYeCKUX AaHHbIX.

CemaHTU4YeCKMEe [OaHHble NOAKMNIYalTCA K CMoK M3 BHELWHUX  UCTOYHUKOB
BorlandDatabaseEngine (BDE), OpenDatabaseConnectivity (ODBC) nnn ActiveXDataObjects
(ADO) 4epes onucatenun 6a3 gaHHbIX.

Mony4aTb JaHHbIE MOXHO U3:

e Tabnuy Paradox, dBase, FoxPro;

e MicrosoftAccess;

e Microsoft SQL Server;

e ORACLE;

e apyrme nctodHukn ODBC nnn ADO.

MMnopTt/akcnopTt fgaHHbIX
Bo3mokeH MNopT/aKkCcnopT AaHHbIX B creayowme hopmarhbi:
¢ Mapinfo MIF/MID;
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e AutoCAD DXF;
e Shape SHP;
e 3kcrnopt kapTol (WindowsBitmap (BMP));

e JKcnopT ceMaHTn4Yecknx aaHHbIx (MicrosoftExcel, HTML, TekcToBbIn dhopmar).

3.3.1.4 NpeacTaBneHne AaHHbIX Ha KapTe.

Kapta moxeT cogepXaTb MPOM3BOSIbHOE YUCNO rpadduyecKMx CNoeB - OOHW U Te Xe
rpacmyeckme crom mMoryT ObiTb MOMELLEHbl B pa3Hble KapTbl C pa3HbIMW HACTPOMKaMu OTO-
OpaxeHus. Kapta nmeeT BO3MOXHOCTb 3a4aHusi NONb30BaTENbCKOrO MMEHU, LuBeTa ooHa U
MaclTabHomn ceTKu.

[laHHble, XpaHALWMUXCS B pasHblX CUCTEMAX KOOpPAMHAT, MOXHO oTobpaxaTb Ha OAHOWM
KapTe, B OAHOM M3 KapTorpaduyeckmx npoekumn. MNpu aToM nepecdeT KoopauHaT (ecnm OH
TpebyeTcs) N3 ogHoOro gatyma B ApYron M M3 O4HOW MPOEKUMM B APYryr Npou3BOAUTCS Npu
oTobpaxeHuun "Ha neTy".

MpMMUTMBLI MOTYT UMETb MHOMBUAOYANbHbIE CTUNKW OTOOpaxeHus (UBET, CTUNb, TONLWMHA
NVHWUIA; UBET U CTUNb 3anuBKK; NUKTOrpamma; dopmaT TekcTa). TunoBble 06BHEKTbl UMEKT
CTWIb B 3aBMCMMOCTU OT pexumma (COCTOsIHMS), KOTOpbIA onpegensieTca B OnMbnnotekn Tunos
06bekToB cros. CTunb NPUMUTUBOB MOXET nepeonpenensTb kKapTon - A4S BCeX NPUMUTUBOB
MOXHO NPUHYANTENBbHO 3a4aTb OOAUH CTUSb.

CTnnb 06bEKTOB MOXHO MEHATb C NMOMOLLBID TEMATUYECKUX packpacok. Mpun aTom pac-
Kpacka MoxeT BbITb co34aHa Mo CEMaHTUYECKUM AaHHbBIM U NPOrpaMMHO.

ECTb BO3MOXHOCTb BbIBOAUTL ANSA BCeX OOBEKTOB CNOA HaaNucu unmn 6upkn. TekcT Haa-
nmcu MoxeT BpaTbCa U3 ceMaHTUYeckon 6asbl aHHbIX. TeKCT HaANUCK Takke MoXeT nepeorn-
penenaTbca NporpaMmHoO. BUpku reHepupyloTcs aBToMaTUYECKU, HO MOryT MOTOM paccTas-
NATLCA NONb30BaTENEM B HY)XHOE PacrofioXXeHNe 1 B HY>XHON OpUEeHTaLunW.

[nsa 6bICTPOro nepemMeLLeHns B Hy)XXHOe MeCTO KapTbl MOXHO yCTaHaBnMBaTb 3aKragku.
3aknagka Ha TOYKy Ha MECTHOCTU C onpeaeneHHbIM MacluTabom oTobpaxeHus.

KapTy MOXHO nevataTb C pasfMyHbIMU ONUUAMW (HA OLHOM CTPaHULE UIIN HECKOSbKUX
CcTpaHuuax, B 3agaHHOM macwTabe mnu Bnucas B 3aJaHHble rabapuTbl, Ha CTpaHWuax Ans

nocrnenyoLwen CKNenkn n 1.4a.).

3.3.1.5 OpraHusauus kapT.

MmeeTcs BO3MOXHOCTb yAOOHO opraHmM3oBaTb KapTbl, 06beanHEHHble obwen TemaTu-
kon. COBOKYMHOCTb KapT, 06beaANHEHHbIX OBLWMM NOMb30BaTENLCKUM UMEHEM W, ecnn Tpeby-

eTcs, HabopoM MepapxmMYEeCcKNX CBS3EN Mexay 3TMMU KapTamu, NpeacTaBnsieT CoGoN NPOekT.
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B pamkax npoekTa kapTbl MOXHO CBSi3blBaTb MeXay COGOWM C MOMOLLbIO MMNEepPCChINOK.
Mnepcchinka onpegensieTcs oT o6bekTa B OAHON KapTe K ApYyroi kapTe ¢ ykasaHMem MecTo-

pacrnofioXeHna n MacLutaba.

3.3.1.6 PepaktnpoBaHne o6HEKTOB.

[nsa pegaktnpoBaHusa n BBoga 00bEKTOB NpeayCMOTPEHbI:
e - BO3MOXHOCTM BBOAA M peaakTUpPOBaHUS:
- BBOJ C 3KpaHa MbILLKOW;
- BBOZ, N0 KOOpAUHATaM C KrnaBuaTtypbl;
- TpaccupoBKa JSIMHUM;
- aBTO3aMblKaHWE KOHTYpPOB;
- Bblpe3ka/konvpoBaHue/BCcTaBka - AyonuposaHue;
- NOBOPOT 0ObeKTA.
- onepauuu oTMeHbl/Bo3BpaTa genctansa (Undo / Redo).
e - pegakTMpoBaHue rpynnbl 0ObEKTOB:
- yoaneHue - nepemMeLleHune;
- oybnvpoBaHue;
- NOBOPOT - Bblpe3ka/konupoBaHne/BCTaBka.
e - pefaKTMpOBaHME 3NEMEHTOB OO6BbEKTA:
- nepemMelLeHne/yaganeHme/scTaBka y3nos;
- nepemMelleHne/yganeHue pebep;
- pa3bueHne yyactka CUMBOSIbHbIM OO BHEKTOM.

- TpaHccopmauus.

3.3.1.7 BekTOpHbIe OBeprieMHbIe onepaLluu.

Osepnen - onepauns HanoXeHWs Apyr Ha Apyra AByX unu 6onee cnoes, B pesynbTaTe
KoTopon obpasyeTcsa OOAUH NPOM3BOLHLINA CIION, COAEpXKaLLUMN KOMMO3MLMIO NPOCTPAHCTBEH-
HbIX OO BEKTOB UCXOAHbIX CIOEB, TOMNOMOMMIO 3TON KOMMO3MUMK U aTpubyThbl, apudMeTnyecKkn
NN NTIOrMYECKN NPOUN3BOAHbIE OT 3HAYEHUN aTpNBYTOB NCXOLAHbLIX OO BHEKTOB.

MoppepxuBaroTcsa crneayoLmne BEKTOPHbIE OBEPIIENHbIE OonepaLmm:

e -06beamHeHne 06bEKTOB ¢ HacnegoBaHmeM ID (yHukanbHoro ngeHtudpumkatopa);

e pasbeanHeHne 0ObEKTOB;

e pasgeneHue 0gHoro obbekTa rpynnon 06 bEKTOB;

e Bblpe3ka 13 ogHoro obbekTa obnacTu rpynnsl 06BHLEKTOB;

e OTpe3aHne obbekTa BHe 06nacTu rpynnbl ApYrnx 0O bEKTOB;
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e  Y3IOBaHMUE;
e OydepHble 30HbI;

® [IOCTPOEHME KOHTYPOB MO CEeTU.

3.3.1.8 KoppekTupoBKa pacTpoB.

B cucteme peanusoBaHa KOpPpPeKTUPOBKa pPacTpPOBbIX (halinoB, coaepXallmx CKaHupo-
BaHHY0 C NNaHLIETOB TOMNOOCHOBY. KOppeKkTMpoBKa UCKaXXEHUN CKaHMPOBaHMS NMPOU3BOAUTCS
Mo ToYkam pacTtpa, KoopAMHaTbl KOTOPbIX M3BECTHbI. Kak MUHUMYM OOMKHbl ObiTb M3BECTHbI
YyeTblpe TOYKM, onpeaensioLme yribl nnaHweTa.

Mpoueaypa KOPPEKTUPOBKM cOo34aeT HOBbI PacTp, Yribl KOTOPOro CoBMagalT C yriamMu

nnaHweTa, T.e. npouenypa KoOppekTnpoBKu O6p€38€T OTCKaHMpoOBaHHbIE, HO JTINLWWHKE, NMOoNA.

3.3.1.9 MopgenupoBaHue ceTen U TONONOrM4yeckue 3agadum Ha ceTax.

Hapagy ¢ obbidHbiM ansa TMC pasgeneHnem o6bHLeKTOB Ha KOHTYPbI, flIOMaHble, KOM-
OVHMPOBaAHHbIE KOHTYPbl, KOMOWHMPOBAHHbIE JIOMaHble, Zulu nogAepXuBaeT JfMNHENHO-
Y3M0BYI0 TOMOJSIOMMIO, YTO MO3BOSISIET MOLENMpPOBaTb WHXEHEpHble ceTu W apyrme ce-
Tn.Tononornyeckasa ceteBass MoAesnb npencraBnseT cobon rpadc ceTun, yanamm KOTOpPOro siB-
NATCA TOYeYHble 06beKTbl (Konoaubl, MICTOYHUKN, 3aABWXKKN, PYOUITbHUKN, NepeKpecTkn, no-
Tpebutenu n 1.4.), a pebpamu rpaca aBnaTCs NMHenHble 06bekThbl (Kabenu, TpybonpoBoabl,
y4acTKM JOPOXHOM CeTn U T.4.).

Tononornyecknn pegakTop cosgaetT MaTeMaTUYeCcKyr0 Mogenb rpada cetTu HenocpeacT-
BEHHO B npouecce BBoga (pucoBaHnd) rpadudeckon nHgopmaumm. cnonb3ys Mogens ceTu
MOXHO pellaTb psag TOMONOrMYecKkMx 3agad, MOUCK KpaTyauwero nyTW, aHanua CBA3HOCTW,
aHanu3 Konew, aHanu3 OTKITHYEHUA, NOUCK OTKITYaloLWMX YCTPONCTB U T.4. MOXHO MeHATb
COCTOSIHMS OOBHEKTOB (NEepekniiyeHuns) ¢ nocneayrLwmMm aBTomaTuyeckum obHOBNEHNEM Co-
CTOSHUSA BCEN ceTu (Hanpumep, BKIHOYEHME/BbIKNIOYEHNE 3aOBUKKM TpybonpoBoaa) BbINosi-
HATb NMOWCK OTKMOYaLWMX YCTPONCTB (hOpMMPOBaHNE Cnncka OOBHEKTOB, UMEIOLLMX NPU3HAK
"oTKMOYaKLwee yCTpoMCcTBO", NpU OTKMIOYEHNN KOTOPbIX BblOpaHHbIN OOBLEKT TakkKe nepeBo-
ANTCS B COCTOsIHME "OTKMNtOYEH"), KpaTyanwmx nyten (HaxoguTb KpaTdyanwunin nyTb NO CETH
Mexay BblbpaHHbIMK y3fiaMn C Y4€TOM HanpaBneHu y4acTKoB), CBA3aHHbIX 0O bEKTOB (Haxo-
ANTCA MHOXECTBO OOBLEKTOB CETU, OOCTMXMUMbIX U3 BbIOPaAHHOro y3na cetu, AOCTUXKUMOCTb
MOXeT onpeaendatbcs 6e3 yyeta HanpaBneHus y4acTKoOB, C Y4€TOM U NMPOTUB HanpaBreHus
y4acCTKOB), UCKaTb BCE KOfbLia CETU, B KOTOPble BXOOAT BCE BblOpaHHblE OO bEKTHI.

CeTb BBOAMTCA KaK COBOKYMHOCTb TUMOBbIX TOYEYHbIX OOBEKTOB, COEOUHEHHbIX TU-
NoBbIMW NMMHEVHBIMKM 00bEKTaMK, NMeLnMM NpusHak "yyactok". IHdopmaums o Tononorum

dhopmupyeTca aBTOMaTUYECKN - ecnn "noTaHyTh" 3a y3en unu pebpo, cBsizaHHble O0ObEeKTbI
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Takke nepemeltaroTcs. O6bEKTbI CETU MOXKHO OTKPENNSTb U 3aHOBO MPUKPENnnsATb APYr K ApY-
ry OAHUM OBWKEHUEM MbILLKM.
Mopgenb ceTn Zulu siBNsieTcs 0CHOBOM ANnst paboTbl MOAYNS pac4eToB UHXEHEPHbIX ce-

Ten ZuluThermo.
3.4. UHcTpyMeHTanbHas reonHdopmaumoHHasa cuctema N'cC Zulu.

Mogynb ZuluThermo nosBonsieT co3faTb pacyYEeTHY MaTemMaTU4ecKyl Moferb CeTwu,
BbIMNOMHUTbL MacnopTU3auuio CeTu, N Ha OCHOBE CO3[aHHOM MOAENU peluatb UHPOPMaLMOH-
Hble 3aJa4n, 3aa4ym TOMNOSIOrMYEeCKOro aHanmaa, 1 BblMOMHATL pasfnyHble Tennorngpasnuye-
CKMe pacyeTbl.

PacueTy nognexart TynuKOBble U KONbLEBbIE TEMSOBblE CETU, B TOM YUCEe C MNOBbICU-
TeNbHbIMW HACOCHBIMW CTAHUMSMU U OPOCCENVPYOLWMMIN YyCTpoUCTBamMu, paboTatowme oT oa-
HOrO MMM HECKOSTbKUX MCTOYHWUKOB.

lMporpamma npegycmatpuBaeT TENSIOrMAPABINYECKUI pacyeT C NPUCOEOUHEHMEM K CETH
nHOuBMAYyanbHbIX TennosbiX NyHKTOB (UTI1) n ueHTpanbHbIX Tennosbix nyHkToB (LITT1) no He-
CKOSNbKMM OECATKaMUN CXEMHbIX PELLEHN, NPUMEHSAEMbIX Ha TeppuTopumn Poccun.

Pac4yeTt cuctem TennocHabXeHuss MOXeT NPON3BOAUTBLCA C YYETOM yTeyeK U3 TEenroBou
ceTu 1 cuctem TennonoTpedbneHns, a Takke TennoBbIX NOTepb B TpybonposBogax TensoBow
cetu.

Pac4yeTt TennosbIx noTepb BegeTcs NnMbo No HOpMaTUBHBIM NOTEPAM, MMBO no akTuye-
CKOMY COCTOSIHUIO M30MALnN.

PacueTbl ZuluThermo moryT paboTaTb Kak B TECHOW MHTErpauumn ¢ reomHdopmaLrMoOHHON
cuctemon (B Buae moaynsa pacwmpenunsa MNAC), Tak n B Buge otaenbHon 6ubnmnortekn Komno-
HEeHTOB, KOTOPble NO3BONAIOT BbINONHATL pacyeTbl U3 NPUMOXEHUN Nonb3oBaTenen.

CocTaB 3agau:

e [OCTPOEHME pacyeTHON MOAENN TENSOBOWU CeTH;

nacnopTusaunsa o6bekToB ceTu;

e Hanagou4HbIM pacyeT TensIoBON CeTH;

e [OBEPOYHbLIN pacyeT TEMNSIOBOMN CETH;

e  KOHCTPYKTOPCKWW pacyeT TENIOBOMN CETU;

e pacyet Tpebyemon TemnepaTypbl HA UCTOYHUKE;
e KOMMYyTaUMOHHbIE 3a4a4u;

e OCTPOEHMNE MbE3OMETPUYECKOIO rpadunka;

e pacyeT HOPMaTMBHbIX MOTEPb TeMnsa Yyepes U3oNsaLmio.

18



3.4.1. MocTpoeHme pacyeTHON Moaenu TeNy0OBOM CeTH.

Mpn paboTte B reoMHdOpMaLMOHHON CUCTEME CETb AOCTAaTOYHO MPOCTO U OLICTPO 3a-
HOCUTCS C MOMOLLIbIO MbILLKW UIM NO KoopauHatam. [Npu atom cpasdy hopmmpyetcsa pacyeTHas
mogenb. OcTtaeTca nNuwb 3adaTbh pacyeTHble NapamMeTpbl O6GBHEKTOB M HaXKaTb KHOMKY BbINO-
HeHus pacyeTa.

Matematnyeckas Mogenb CeTu ANs NpoBedAeHUs TennorngpaBliMYecKMx pacveToB
npeacrtasnseT cobon rpad, rae gyramu, COeauMHSAIOLNMM Y3nbl, ABASKOTCA ydacTku Tpybonpo-
BO/OB.

YyacTok nsobpaxkaetcsi 0gHOM JIMHUEN, HO MOXET O3HadaTb HECKOSIbKO COCTOSIHUW, 3a-
AaBaeMbIX pa3HbIMU PeXUMaMM:

Pexant |~ BIIOYEH
Pexana 2 OTIIDOY N

Pexaoa3 s omamowen obpamingt

Pexana 4 OTEIOYEH 10 AAR0 LI

Puc. 3.4.1. U306paxxeHne HECKONbKMX COCTOSHUM Y4YacTKOB,3afaBaeMbIX pa3HbIMA peXxXnmMamm

OTO BHeLHee npeacTasrneHne ceTu. [Nepe Hadanom pacyeTa BHELLHeE npeacTaBneHme
ceTu, B 3aBUCMMOCTM OT TUMOB N PEXMMOB 3MIEMEHTOB, COCTaBNALWMX CeTb, NpeobpasyeTcd
(kogmpyeTcs) BO BHYTpPeHHee npeacTaBreHme, no KoTopomy 1 NpoBOAUTCS pacyeT.

MpocTbIM y3rioOM B MOAENM cunTaeTcs nobon y3en, Ybu CBOMCTBA CreunanbHO He Oro-
BOpeHbI. [1poCcTon y3en CnyXuT TOMNbKO Af COeAMHEHMUS Yy4acTKOB. TakMMmu y3namun ans Mo-
AeNu ABNAOTCA TENMOBbIE KaMepbl, OTBETBNEHNSA, CMEHbI JUaMeTPOB, CMeHa Tuna NPoKnaaku
Unu TMNa N3oNAUUN 1 T.4.

Bo BHyTpeHHeln KoaupoBKe Takue y3nbl NpeBpallatoTca B ABa y3na, OAWH B nojaroLlem
Tpybonposoae, Apyron B 0bpaTtHOM. B kaxxaoM y3ne MOXHO 3afaTb CYB BOAbI U3 NOAaloLEro
n/vnn n3 obparHoro TpybonpoBoOAOB.

MoTpebuTtenb TENNOBOW SHEPIrMM XapakTepudyeTcsa pacyeTHbIMU Harpy3kaMmym Ha cucTe-
My OTOMSIEHUHA, CUCTEMY BEHTUNAUUN U CUCTEMY ropAYero BOOOCHabXeHUst U pacyeTHbIMU
TemnepaTtypaMmn Ha BXxofe, Bbixofe notpebutens, n pacdeTHON TemnepaTypon BHYTPEHHEro
BO34yXxa.

B ogHonvHenHOM npencrtaBneHun noTpeduTtens - 3TO y3rOBOW 3NIEMEHT, KOTOPbIN MO-
XeT BbITb CBA3aH TOMbKO C O4HMUM Y4aCTKOM.

BHyTpeHHAa KogupoBka noTpebuTens CyleCTBEHHO 3aBUCUT OT ero CxXembl npucoeamn-
HeHud K TennoBoun ceTn. CxemMbl MOryT ObITb 9N1€BaTOPHbIE, C HACOCHLIM CMELLUEHNEM, C He3a-
BUCUMbIM NPUCOEOUHEHNEM, C OTKPbITBIM UK 3aKkpbiTbiM 0T6OpOM Boabl Ha MBC, ¢ perynaro-
paMmn TemnepaTypsbl, OTOMNEHUs, pacxoga v T.4. Ha AaHHbI MOMEHT B pacrnopsiXXeHUu norib-

3oBatensa 35 cxeM NpuUcoeanHeHns noTpebutenen.
19



Ecnn B 30aHMM HecKonbko y3rnoB BBoAa, TO 06bekToM "notpebutens" MOXHO onucaTtb
Kaxkabli BBOA. B TOXE Bpems kak oguH NOTpebutens MOXHO onncaTh LiENbIN KBapTan unm 3a-
BOZ, 3a4aB ANsa Takoro notpebutens o606LeHHbIe TENOBbIE HArpy3Ku.

O606LeHHbIN NOTpebuTenb - 3TO y3er, Ha KOTOPOM Harpyska 3agaetca nmbo noTpeb-
nsieMbiM pacxofom, nnbo pacxoa obycnoBneH 3agaHHbIM CONPOTUBEHMEM y3na.

Takon 06bekT yaobHO ucnosib3oBaTb, Korga BO3HUMKAeT HeobXoOUMOCTb paccyuTaTb
rmapaenuky cetu 6e3 mHdopmaumMm O TensioBbIX Harpyskax M KOHKPETHbIX cxemax npuco-
eanHeHnsa notTpebuTenen K TensioBon cetn. Hanpumep, npu pacdyeTe MarnctparnbHbIX ceTen
nHdopMaLmmM O KBapTarbHbIX CETSAX MOXET He ObiTb, a ANs OLEHKN NOTEPb Hanopa B MarncT-
pansax gocTaTo4vHO 3agaTb 00600LLEHHbIE pacxoabl B TOYKax NPUCOeaUHEHUSI KBapTanoB K Ma-
rMcTpanbHON CeTu.

B ogHonnHenHoM mnsobpaxeHnn He TpebyeTcs noaknodaTb 0606LWEeHHbIN NOTpeduTesb
Ha oTAenbHOM OTBOAALEM Yy4acTKe, Kak B criyyae npoctoro notpebutens. To ecTb B 3TOT
y3en MOXeT BXOAUTb U/Un BbIXOAUTb No60e KONMYECTBO y4acTKOB. OTO NO3BONSAET ObICTPO U

y,D,06HO, C MUMHMUMaArbHbIM KOJIMY4ECTBOM UCXOOHbIX OAaHHbIX.

|
= * ¢

MUCTOYHUK O6o6LUeHHBIe NoTpesuTenu

Puc. 3.4.2. O606LWeHHbIN NnoTpeduTenb

LTI - aT0 y3en JOMNONHUTENBLHOrO perynmpoBaHus U pacnpegeneHns TensioBon aHep-
rmn. Hannyue Takoro ysna nogpasymeBaeT, YTO 3a HUM HaxoguTcs TynukoBas ceTb, C UHAU-
BuayanoHbiMu notpedutenamu. B LTI MoXeT BXOOUTb TOMbKO OAWH Y4acCTOK M TOMbKO OOWH
Yy4acCTOK MOXET BbIXOAUTb. [puyem BXoAALMIA Yy4aCcTOK MAOET CO CTOPOHbI MarncTpanu, a Bbl-
XOOSLWNIN y4acToOK BeAEeT K KOHEYHbIM noTpebutenam. BHyTpeHHaa koamposka LTI 3aBucut
OT €ero CXembl NPUCOEMHEHMNS K TENSTIOBON CeTU. ITO MOXeT BbITb rpyrnnoBoOn anesaTop, rpyn-
NOBOW HacoC CMELLEHUS, HE3aBUCMMOE MOAKMOYEHNE rpynnbl NnoTpebutenen, donnepsl Ha
MBC n 1.4. Ha gaHHbIN MOMEHT B pacrnopshkeHun nonb3oBaTtenia 29 cxem npucoenvHeHus
L.
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Puc. 3.4.3. UTN

MNMepeMblyka NO3BONSIET CMOAENUPOBATL Y4YaCTOK, COEAMHSLWNIA nodarwmin u obpat-

HbIN pr6OI'IpOBOD,bI. B atoTt y3ell MOXeT BXOAUTb n/vnun BbIxoanTb NtoBoe KONMMYeCcTBO y4yacT-
KOB.

Puc. 3.4.4. NMepemblyka

Tak Kak nepemMblyka B O4HOMMMHENHOM U300paXkeHUn npeacTaBrieHa y3rnom, To Ans Mo-
AenMpoBaHnda CoeMHEHNA Mexay nogarwmm TpybonpoBogoM OOHOro yvacTtka u obpaTHbIM
TpybonpoBoAOM OpPYyroro yvacTka OAHOro anemeHTta "nepemblyka” HegocTtaTtouvHo. [loHago-

0ATCA elle ABa yvacTKa: O4MH TOMbKO NOAALWNIN, PYron - TONbKO 06paTHbIN.

O - - )

\/ U e - —

O - 0 O O o '\<\ o)
( O
Puc. 3.4.5. CoeguMHeHne Mmexay nogarowmm TpybonpoBogoOM O4HOro yyactka U o6paTHbIM Tpyo6onpo-

BOAOM Apyroro y4yacTtka

)

y O

HacocHasa cTaHuusi B OQHONMMHENHOM M300pakeHUn npeacTaBnseTca OAHUM y3nom. B
3aBMCUMOCTM OT TabnM4HbIX NapamMeTpoB 3TOrO y3ra HacoC MOXET ObiTb YCTAaHOBMEH Ha Mo-
pawouwem unmn obpaTtHom TpybonpoBoae, NMbo Ha obomnx TpybonpoBogax 0gHOBPEMEHHO. [1ns
3a4aHusa HanpaefieHUs1 OENCTBUS HAcoca B 3TOT Yy3eNl TOMbKO OAMH y4acToK 0bsizaTeribHO
AOJDKEH BXOAMTb M TONbKO OAWMH YY4aCTOK AOIDKEH BbIXOAUTD.

———— P ———
o - » - O

C— e ——————
Puc. 3.4.6. HacocHasa ctaHuus
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Hacoc MoxHO MogenupoBaTtb AByMsi criocob6amu: nubo Kak uaearnbHoe YCTPOWCTBO, KO-
TOpoe M3MEHSIET AaBrneHne B TpyGonpoBoAe Ha 3adaHHY BENUYUHY, NMBO Kak YCTPOWCTBO,
paboTatoLLee ¢ y4eTOM pearnbHON HaNoOPHO-PaCXOAHON XapaKTEPUCTMKM KOHKPETHOrO Hacoca.

B nepBoM cnyyae npocTo 3afjaeTcsi 3Ha4YeHVe Hanopa Hacoca Ha nofarowem u/unm o6-
paTHOM Tpy6onpoBoae. Ecnu 3HayeHne Hanopa Ha ogHOM U3 TPybonNpoBOAOB PaBHO HyIiO, TO
Hacoc Ha 3aToMm TpyGonpoBoge oTcyTcTByeT. Ecnu 3HayeHne Hanopa oTpuuaTtesisHo, TO 3TO

O3HayaeT, YTO Hacoc paboTaeT HaBCTPeYy BXOASLLEMY B HEFO y4acTky.

H=10m H=-10n
S ’ — Ot ’ e
H=-10mn H=10m
e ‘ e e ‘ e
%0 4 I - |
40 4 ' ——

Trerrrrerrrrrr Trrrrrrerrrerr
o 0

Puc. 3.4.7. NMbe3omeTpuyeckune rpadmkm

Ha pucyHke BMAHO, Kak pasnuyHble HanpaBfieHns y4acTKoB, BXOOALWMX U BbIXOASALNX N3
Hacoca B COYETaHMM C pasHbiMM 3HaKamMu Hanopa, BNUAT Ha pes3ynbTaT pacyeTta, otobpa-
XEHHbIN Ha Nbe30MeTPUYECKNX rpadonKax.

Korga 3agaeTcst TONbKO 3HAYeHMEe Hanopa Ha Hacoce, OHO OCTaeTCA HEU3MEHHbIM He
3aBMCUMO OT NPOXOAALLEro Yepesd Hacoc pacxoaa.

Ecnn mogennpoBaTtb paboTy Hacoca ¢ y4eTom ero QH xapakrepuctuku, To crneagyet 3a-

[aTb pacxodbl 1 Hanopbl Ha rpaHuLax paboyeli 30HbI Hacoca.

s

 —

Hmax |

r
Hmin

Gmin Cmax
Puc. 3.4.8. HanopHo-pacxogHas xapakTepucTuka Hacoca

Mo 3agaHHBIM ABYM TOYKaM onpeaensieTcsa napabona ¢ MakCMMyMOM Ha OCU AaBreHui,
Mo KOTOPOW pacyeT 1 OydeT onpenensaTb Harnop Hacoca B 3aBUCMMOCTM OT pacxoda. Crneayet

OTMETUTb, YTO XapaKTepUCTUKa, 3adaBaemMasd TakuMm O6p830M,IWOWET OTNn4YaTbCA OT pearb-
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HOWM XapaKTEPUCTUKN Hacoca, HO B npeaenax paboyen obnactn obe xapakTepUCTUKM NMpakTu-
4YecKkun coBnagatoT.

[na onucaHnst HECKONbKMX NapannenbHo paboTalrLmnx HAaCOCOB AOCTATOYHO 3a4aTb MX
KONMYeCTBO 1 pe3ynbTUpyoLas xapakrepuctuka dyageT onpegeneHa npu pacyeTe asTomaTu-
YecKu.

Tak kak Hanopbl Ha rpaHuuax paboyen obrnactn Hacoca 6epyTcsa U3 cnpaBoOYHUKA N BCe-
roa NonoXuTerbHbl, TO HanpaBfeHne OeNCcTBUS Takoro Hacoca byaeT onpenenaTbCsa TONbKO
HanpaBfieHMeM BXOAALLEro B y3en yyacTka.

[poccenupyome ycTponctea B O4HONMHENHOM NPEACTaBEHUN ABASKOTCA Y3namu, HO
BO BHYTPEHHEWN KOANPOBKE - 3TO AOMOSHUTENbHbIE Y4aCTKM C NOCTOSAHHBIM U NEPEMEHHbLIM
conpoTtuBneHnem. B gpoccenuvpyowmii ysen obs3atenbHO OOMMKEH BXOAUTb TOSbKO OAMH

Y4acCTOK, N TOJIbKO OAUH Y4aCTOK U3 y3I1a OOJTKEH BbIXOOUTb.

Ha nogawwem npySonpoBoge _Sregﬁ

o ¥4 o

Ha oSpamxom npySonpoBoge
Me—— ) v

Sreq

Puc. 3.4.9. ipoccenupylowme ycTtpomncrea

C To4KkM 3peHns moaenu gpoccenbHas warnda 310 hnkcMpoBaHHOE CONPOTUBIEHME, OM-
pegensgemMoe gMamMeTpoM LWanbbl, KOTOPOE MOXHO YyCTaHaBNMBaTb Kak Ha noatroLeM, Tak U
Ha obpaTHOM TpybonpoBoae. Tak Kak 3TO HeperynumpyemMoe conpoTuBeHne, To BENNYMHa ra-
cumoro wandon Hanopa 3aBUCUT OT KBagpaTa, NpoXoasLuero yepes wanby pacxoaa.

Ha pucyHke BMOHO, KaKk MEHSTCA NOTeEpU Ha wanbe, yCTaHOBMEHHOW Ha MoaroLlem

TpyGonpoBoae, Npu yBENMYEHNM pacxoda Yepes Hee B [1Ba pasa.
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Puc. 3.4.10. OpoccenbHan wanba

Perynatop AaBneHust - yCTPOMUCTBO C NEPEMEHHbIM COMPOTMBIIEHMEM, KOTOPOE MO3BO-

ndeT nogaepXxmBatb 3agaHHOE OaBlieHne B pr6OI'IpOBO,D,e B onpepnerneHHoM anmana3oHe U3-
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MEeHEHUNA pacxoaa. PerJ'IFITOp OaBleHNnd MOXET yCTaHaBJIMBATbCA KaK Ha nogarwuwem, Tak 1

Ha obpaTHOM TpybGonpoBoae.

G=12.5 G=25.0
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Puc. 3.4.11. Perynsatop aaBneHus

Ha pucyHke nokasaHo, 4TO MpW YBENUYEHUM B [Ba pas3a pacxoda Yepes perynsarop, yc-
TaHOBNEHHbLIV B 06paTHOM Tpybonposoae, AaBNeHne B perynMpyemMoM y3ne octaeTcs NocTo-
AHHBIM.

BenuunHa conpoTMBNeHNs perynatopa MoXeT U3MeHATLCA B npedenax ot 6eckoHeyYHo-
CTU [0 COMPOTMBIEHUS MOMHOCTLIO OTKPLITOrO perynatopa. Ecnu ycrnosus paboTsl ceTu 3a-
CTaBnNAT Perynsatop NoNHOCTbI0 OTKPbITLCS, TO OH HAYMHaeT paboTaTb Kak Heperynupyembii
ApOCCENUPYIOLLNIA y3en.

PaGoTa perynstopa pacrnonaraemoro Hanopa aHanormyHa patoTte perynstopa fasre-
HWS, TONBKO B 3TOM Crly4ae perynstop crapaeTcs AepXaTb NOCTOSHHOW 3a[aHHY0 BENTUYMHY
pacrnonaraemMoro Hanopa.

Perynatop pacxoga - 3TO y3en C nepemMeHHbIM COMNpPOTUBMEHNEM, KOTOPOE NO3BONseT
noaaepXmnBaTb NOCTOSAHHBLIM 3ajaHHOE 3HaYeHMe NPOXOASALLEro Yepes perynsaTop pacxoaa.

PerynaTtop MOXHO ycTaHaBNMBaTh Kak Ha Nnofatrollem, Tak U Ha obpaTHOM TpybGonpoBo-
ne. K pabote perynstopa pacxoga MOXHO OTHECTU BCE CKa3aHHOE NMpOo perynsatopbl Aasrne-

HUA.

3.4.2. Hanapo4HbIN pacyeT TeENNIOBOWN CeTH.

Llenbio Hanago4Horo pacyeTta siBNsieTcs obecrneyvyeHne noTpebuTenelt pacyeTHbIM KO-
NMYECTBOM BOAbI M TEMOBOW 3Hepruun. B pesynbTaTe pacyeTa ocyllecTBnseTcs nogdop ane-
BaTOPOB M UX COMes, Npou3BOOAUTCA pPacyeT CMECUTENbHbIX U APOCCENUPYIOLLNX YCTPOICTB,
onpeaensieTcs KONMYECTBO U MECTO YCTaHOBKM APOCCENbHbIX LWaiib. PacyeT MoxeT nponsBo-
ANTbCS NMPU U3BECTHOM pacnofilaraeMoM Hanope Ha UCTOYHWMKE U ero aBTOMaTM4eckoM Mnop-
Gope B criyyae, ecnv 3ajaHHoro Hafnopa He JOCTaTOYHO.

B pesynbTaTe pacuyeTa onpegensitotTcs pacxogbl M noTtepu Hamopa B Tpybonposopax,

Hanopbl B y3nax ceTu, B TOM Yucne pacrnoriaraemMble Hanopbl Y NoTpedbuTtenen, temnepartypa
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TENNOHOCUTENS B y3nax ceTu (Npu yyeTe TeNnnoBblX NOTEPb), BENNYMHA M3ObITOYHOrO Hamnopa
y notpebutenen, TemnepaTypa BHyTPEHHEro Bo3ayxa.

[poccenupoBaHne N30bITOYHbIX HAaNoOpoB Ha aBOHEHTCKMX BBOAAX MPOU3BOASIT C NOMO-
b0 COMen aneBaTopoB U ApoccenbHbIX Wwainb. [poccenbHble Wwanbbl nepen aboHEHTCKUMM
BBOJAMM YCTaHaBNMBAOTCS aBTOMaTUYECKM Ha nogatoLiemM, ob6paTHOM Unm oboux TpyGonpo-
BOAaxX B 3aBMCMMOCTU OT HEOOXOAUMOrO Ansi CUCTEMbI rMapaBnuyeckoro pexuma. Mpu pabo-
T€ HECKOSbKMX MCTOYHMKOB Ha OAHY CETb OMpeaensieTcsi pacrnpegeneHve BoAbl U TENNOBON
3Heprumn mexay UctouHukamu. MNMoasoamTcsa GanaHc No Boae M OTNYLLEHHOW TENSIOBOW SHEp-
rMen mMexay UCTOYHUKOM W noTpebutensmn. OnpenenstoTcs NoTpedGuTenyt U CooTBETCTBYHO-

LA UM UCTOYHMK, OT KOTOpPOro AaHHble I'IOTpeﬁl/ITeJ'II/I nosiy4aroT BOAY M TENJOBYIKO SHEPIUIO.

3.4.3. NNoBepoYHbIN pacyeT TENSIOBON CEeTU.

Llenblo noBepoyHoOro pacyeTta siBnsieTcs onpeneneHve akTUYeckux pacxodoB Temnso-
HOCUTENS Ha y4acTkax TenroBOW CEeTU U y MoTpebuTenen, a Takke KONM4ecTBe TEnnoBOM
3Heprum nonyyaemMon notpebutenem npu 3agaHHoON TemnepaTtype BoAbl B nogatolem Tpybo-
NpoBOAe U pacnoriaraemMoM Harnope Ha UCTOYHMKE.

CosgaHHasi MmaTeMaTnyeckasl MMUTaUMOHHas MOAErNb CUCTEMbl TEMNOCHABXeHUs, cry-
Kalas Ans pelleHnsi NoOBepoYHoM 3agayu, No3BossieT aHanM3npoBaTb rMapaBINYecKni u Te-
NIOBOW pexum paboTbl CUCTEMBI, @ Takke NPOrHO3MpoBaTb M3MEHEHUE TeEMNepPaTypbl BHYT-
pPeHHero Bo3gyxa y notpebutenei. PacyeTbl MOryT NPOBOAMTLCS NPU Pa3NIUYHbIX UCXOAHbIX
AaHHbIX, B TOM YMCrie aBapuiHbIX CUTyauusiX, HanpumMmep, OTKIMYEHUN OTAENbHbIX Yy4acTKOB
TENNOBOW CETU, Nepeaayvn BoAbl U TEMSIOBOM 3HEPTUM OT OQHOMO UCTOYHMKA K APYroMy Mo oj-
HoMy 13 TpybonpoBodoB U T.4.

B pesynbTaTte pacuyeTa onpegensitoTcs pacxodbl M NoTepu Hamnopa B Tpybonposoaax,
Hanopbl B y3nax ceTu, B TOM Yucrie pacnonaraemble Hanopbl y notpebutenen, Temnepartypa
TENOHOCUTENSA B y3rax ceTu (Npu yvyeTe TENNOBbIX NOTepb), TeMnepaTypbl BHyTPEHHEro BO3-
Ayxa y notpebuTenen, pacxoabl 1 TemnepaTypbl BOAbl HA BXOAE M BbIXOE B KaXXAyH CUCTEMY
TennonotpebneHusi. Mpu paboTe HECKONMbKUX UCTOYHUKOB Ha OAHY CEeTb ONpeaensieTcsi pac-
npegeneHve BoAbl M TENSOBOW 3HEPTUM Mexay UCTovHuKamu. MoagsoanTcs 6anaHc no Boae u
OTNYLLEHHOWN TENMOBOW 3HEPIrMen Mexay UCTOYHMKOM M noTpebutensmu. OnpepensioTcs no-
TpebuTenn n CooTBETCTBYIOLUMIA UM UCTOYHMK, OT KOTOPOro AaHHble NOTpebuTenu nonyyatT

BOAY W TEMIOBY SHEPIMIO.
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3.4.4. KOHCTPYKTOPCKMUI pacyeT TENSI0BOMU CeTH.

Llenbio KOHCTPYKTOPCKOro pacyeTa fBnsieTcs onpeaerieHne anamMeTpoB TpyGonpoBoaoB
TYMNMKOBOW W KOMNbLIEBOWN TEMMOBOW CETM MPU NPONycKe Mo HUM pacyYeTHbIX PacxodoB Npuv 3a-
[AaHHOM (MNN HEU3BECTHOM) pacroraraeMom Hanope Ha UCTOYHUKE.

[laHHas 3agava MOXeT ObiTb UCMOMb30BaHa Npu Bblaaye paspelleHns Ha NoaKnYeHne
noTpebutenei K TENMOBOW CETW, Tak Kak B KayecTBe UCTOYHMKA MOXET BbICTynaTb oGO
y3en cucTeMbl TENocHabXeHns, HanpuMep Tennosas kamepa. [ns 6onee rubkoro pelleHus
[laHHOW 3afayun npeaycMoTpeHa BO3MOXXHOCTb U3MEHEHUSI CKOPOCTU ABUXEHUSA BOAbI MO y4a-
CTKaM TEnnoBOW CeTW, YTO MPUBOOUT K M3MEHEHMIO OMaMeTpoB TpyGonpoBoaa, a 3HauuT U
pacrnonaraemMoro Harnopa B TOYKe NMOAKIoYEHNS.

B pesynbTaTte pacuyeTa onpeaensioTcs AvameTpbl TpPyboNpoBOAOB TENMOBOW CeTu, pac-
nonaraeMblil Hanop B TOYKe MOAKIIOYEHUS, pacxodbl, MOTEPU Hamopa 1 CKOPOCTU ABUXEHUS

BOObl HA y4acCTKax CeTu, pacnojiaraemMble Hanopbl Ha I'IOTpe6l/ITeJ'I$IX.

3.4.5. PacueT TpeGyemon TeMnepaTypbl Ha UCTOYHMKE.

LleﬂbPO 3ajayn asndeTtcd onpepneneHne MMHMMarbHoO Heobxoanmown TemMmneparypbl Ten-
NOHOCUTENS Ha BbIXOAE M3 UCTOYHUKA Ansa obecneyeHnsd Yy 3agaHHOro I'IOTpe6VITeJ'Iﬂ Temnepa-

Typbl BHYTPEHHEro BO3[lyXa He HMKe pacHeTHOW.

3.4.6. KommyTaumoHHbIe 3apayn.

AHanu3 OTKIIOYEHUIN, NEPEKITIOYEHNI, NOUCK BrivKanLLen 3anopHOM apmaTypbl, OTKIIO-

YatoLLlelr y4acToK OT MCTOYHUKOB, MUIM MOSTHOCTLIO M30NNPYIOLLEN YHaCTOK U T.4.

3.4.7. NNbe3omMeTpnYeCKMMN rpadumk.

Llenbto nocTpoeHns Nbe3oMeTpUYeckoro rpaduka saBnseTca HarnagHas unncTpauus
pes3ynbTaToB rMApaBAMYeckoro pacdeTta (HanagoyYHoro, MOBEPOYHOIO, KOHCTPYKTOPCKOrO).

OTO OCHOBHOW aHaNUTUYECKUN MHCTPYMEHT cneyunanucta no ruapaBnmyeckum pacyetam
TennoBbIX ceTen. Nbe3omeTp npeacTaBnseT cobon rpadmyecknii LOKYMEHT, HA KOTOPOM M30-
OpaxkeHbl NMHUN OaBneHUA B Nodatollen n obpaTHOM MarucTpansx TENIOBON CETU, a Takke
npodune penbeda MECTHOCTW - BAOMNb ONPEAENEHHOro NyTU, COEANHSAIOLWEro Mexay cobon
ABa MPOU3BOSIbHbBIX Y3ra TENSIOBOM CETU MO Hepas3pbiBHOMY MOTOKY TennoHocutens.Ha nbe-
30MEeTPUYECKOM rpadmke HarnsaHO NpeacTaBrieHbl BCE OCHOBHbBIE XapaKTEPUCTUKU PEXMMA,
nosilyyeHHble B pesynbTaTe rmapaBnnuyeckoro pacyeTta, no BCeM y3rnam 1 yyacTtkam BOOSIb Bbl-

GpaHHOro NyTN: MaHOMETPUYECKNE AaBMNEHMS, MOSHbIE U yAeNbHble NOTEPU HAMopa Ha y4acT-

26



Kax TensioBon ceTw, pacnonaraemble gaBneHnAa B KaMepax, pacxodbl TEMNIOHOCUTENA, Nepe-

nagbl, CoO34aBaeMble Ha HACOCHbIX CTAHLMNAX U UICTOYHUKAX, N3ObITOYHLIE Harnopbl N T.4.

A

Puc. 3.4.12. Nbe3omeTpuyeckum rpacpumk

LiBeT 1 cTUnb NMHUIA 3agaeTca nonb3oBaTerieMm.

B Tabnuue nopg rpadmkom BbIBOOATCA A5 KaXAO0ro ysna ceTu HaumeHoBaHue, reogesu-
yeckasi OTMETKa, BbiCOTa NoTpebuTtens, Hanopbl B nogatowemMm n obpaTtHoMm TpybonpoBogax,
BENIMYMHA OPOCCENUPYEMOro Hanopa Ha wwanbax y notpedbutenen, notTepu Hanopa no yyacT-
Kam TensioBOM CETWU, CKOPOCTU ABMXKEHNSA BOAblI HA y4YacTkax TennoBon cetn n 1.4. KonnyecT-

BO BbIBOANUMOW Nof rpadoMkoM MHopMaL M HacTpamBaeTCs nosfb3oBaTenem.

3.4.8. PacyeT HOpMaTUBHbIX NOTEPb TeMsa Yepes N3oNALMUIO.

Llenbto gaHHOro pacyeta sBnsieTcs onpeaeneHne HOpMaTUBHBLIX TEMMOBLIX NOTEpPb Ye-
pes3 u3onauuio TpybonpoBodoB. Tennosble NoTepu onpenenstoTca CyMMapHO 3a rof ¢ pas-
6uBkor no mecdauam. NpocMoTpeTb pesyrnbTaThl pacyeTa MOXHO Kak CyMMapHO no BCen Ten-
NOBOM CETU, TaK M MO KaXXgoMy OTAENbHO B3ATOMY UCTOYHWKY TEMSIOBOW SHEPTMM U KaXaomy
ueHTpanbHomy TennoBomy nyHkTy (LTI). Pacyet moxeT ObiTb BLINOMHEH C y4eTOM nonpa-
BOYHbIX KOI(PULNEHTOB HA HOPMbI TENSOBLIX NOTEPb. Pe3ynbTaThl BbIMOMHEHHbLIX pacyeToB

MOXHO akcnopTuposaTb B MS Excel.
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4. neKTpoHHas moaesib CyLWeCcTBYHOLWEN CUCTEMbI TENNTOCHA0XeHUS.
dTanbl aKkTyanusauyum.
4.1 UuchbopmaumoHHo-rpacdmyeckoe onncaHme o6 LeKToB CUCTEMbI TeNJSI0CHao-

XeHwus.

Ha ocHoBe cywecTtBytowen M gnga uenen ee aktyanusauyum 6einm cosgaHbl Moaerib-
Hble 6a3bl - "CywecTtByowme cetn 2021", "lMepcnektusHole cetn 2030" B KOTOPLIX NPOBOAU-
nacb BblBEpKa C nocnefywwen KoppekTMpoBKON MHOPMaLMOHHO-rpamnieckoro onncaHus
CYLLECTBYIOLMX OOBEKTOB CUCTEMbI TEMSIOCHABXEHUS rOPOLCKOro OKpyra C y4eTOM U3MEHe-
HUK, nNpousowenwmnx 3a nepmog 2021 roga, no gaHHbIM 3akas3dnka (basa aboHeHTOB; 6a3bl
TENnoBbIX CETEN; CXEMbI TEMNSOBLIX CETEN).

B aktyanusnpoBaHHoOW 6a3e AaHHbIX 3MEKTPOHHOW MOAENU OonucaHbl U Npu HeobXxo-
ANMOCTU OOMNOJSTHEHbI (CKOPPEKTUPOBAHbI) NAaCNOPTHLIE XapaKTEPUCTUKM BCEX TUNOB OOBLEKTOB
cucTtemMbl TennocHabxeHus. MNMonHoTa 3anonHeHus 6asbl AaHHbIX NO NapamMeTpam 3aBUCUT OT
HanMuyns UCXOAHbIX OAaHHbIX Y TENSIOCHaGXatloLWmMX KOMMNaHun.

BusyanbHoe oTobpaxeHne CTPYKTYpbl TENMOBbLIX CETEN NPeacTaBneHo Ha pucyHke 4.1.1.
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Puc. 4.1.1. BusayanbHoe oTob6paxeHne CTPYKTYypbl TeNNOBbIX CeTEN OT NCTOYHUKOB TEMJIOBOW 3HEpPruu
BenoBckoro N0
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4.2. OTnagka n KanubpoBKa 3NIeKTPOHHON MoAenu.

B paMKax gaHHOro atara AoJIKHbI ObITb BbINOMHEHbI:

¢* OTlagka pa6OTbI pacHeTHbIX MaTeMaTUN4YECKNX Mop,yne|7| nyTem BbliABNEHUA ownbok

B NCXOAHbIX OaHHbIX;,

* KanubpoBKa MoOenu C Lenblo AOCTUXKEHUA COOTBETCTBUSI pacyeTHbIX NapameTpoB
MoZenn pakTU4ecKMM napameTpam B OonpefernieHHbIX penepHbIX y3fax CUCTEMbI
TennocHabxeHusa (Npu HanMuMM MHGOPMaUMM No pacxodam, AaBNeHusM BOAbl B
nogarowmx n obpaTHbIX TpybonpoBodax cUCTEMbI TENNOCHaAbXeHNa Onsa gakTnye-
CKOro pexuma).

Ha atane oTnagkM 3neKTpoHHOM Mogenu Obin npoBeaeH aHanmM3 MOSIHOTbl U AOCTO-
BEPHOCTU BHECEHHbIX UCXOAHbIX JAHHbIX.

Kannbposka moagenu - npouecc naeHTudumnkaumm n TOHKOM HaCTPOMKM HabopoB UCXOOHbIX
AaHHbIX TakuMm obpasom, 4ToObl obecneynTb MakcumaribHoe NpubnmxkeHwe pesynbTaToB rma-
paBiMYECKOro pacyeTta K pakTM4yeckum napameTpam B onpeneneHHbIX penepHbIX y3nax cucre-
Mbl TennocHabxeHus. [ns opraHnsaumm npouecca kannbposkn 3M BbibupatoTcst penepHble y3-
Nbl B Ka)XOOW M3 CUCTEM TENNOCHabXEeHUsi, TakMe Kak. BbIBOAHOMW KOSMSIEKTOP Ha WMCTOYHUKE
n/Mnn HacocHble CTaHUUKM U/unn TennoBble NYHKTbl U NPoYMe ANIEMEHTLI TEMMOBOW CETU, MO KO-
TOPbIM UMEKTCA (baKTUYEeCKMe AaHHble MO pacxodam TENnnOHOCUTENS U pacnofnaraeMbiM Hano-
pam 3a otonuTenbHbIn nepuog 2020-2021 rr.

OAQHUM M3 HE3aMEHUMbIX MHCTPYMEHTOB Mpu KanubpoBKe ryapaBnnyeckon Moaenu Ten-
NOBOM CETU ABMISAETCA Nbe3OMEeTPUYECKUM rpadunk, MOCKOMbKY rpaduyeckas MHTepnpeTtauus
rmaopaBinN4ecKoro pexmnma no3sonseT OAHOBPEMEHHO Ka4yeCTBEHHO U KOMMMYECTBEHHO OLEHUTb
nonpaskn, KOTOpble HEOOXOANMMO BHECTM B pacyeTHY0 Moaernb, YTobbl oHa Hanbonee ageksaT-
HO noBTopsAna "rmapasnuyeckoe noseeHne" peansHOW TENMOBOW CETU B IKCMyaTaumu.

Takke Ansa BbIMNOSIHEHUS KanMbpOBKM MCMOMb30BaNMCh pe3ynbTaThl MMApaBANYECKNX pac-
4eTOB 4S151 ANEMEHTOB TEMSIOBOM CETU, a Takke rpadmyeckoe npeacraBrneHme napameTpoB Te-
nioHocUTens.

MapannenbHo paboTe C BbIWEONUCAHHLIM WMHCTPYMEHTaApMEM MpOBOAUNIACh KOppek-
TMPOBKa M3Ha4yanbHO BBEAEHHbIX AaHHbIX MO LWEPOXOBaToOCTN TpybonpoBOaOB, 3HAYEHUAM Me-
CTHbIX CONPOTUBIIEHUA U MNpP. C LENbI MOSyYEHNS MaKCMMarnbHOro COOTBETCTBUS MapamMeTpoB

pacyeTHOM Mogenu Cc  akTU4eckKuMuM  napameTpamum  CUCTeM  TEMnocHabXeHus.
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5 . OneKkTpoHHaaA MoAenb NepPCcnekKTMBHOU CUCTEMbI TeNSIOCHabXeHus.

MopgenupoBaHne MNEPCNEKTUBHOINO BapuvaHTa pasBUTUS CUCTEMbl TennocHabXeHus
(CTPOMTENBLCTBO HOBLIX N PEKOHCTPYKUNA CYLLECTBYIOLLMX UCTOYHUKOB TEMIOBOW 3HEPIUN, Nne-
pepacnpegeneHne TenmnoBbIX Harpy3ok MeXay WCTOYHMKaMW, onpegerieHMe BO3MOXXHOCTU
NOAKIMIOYEHNS HOBLIX NOTpebutenen TennoBon 3Hepruu, onpeaeneHne onTumarsibHbIX Bapu-
aHTOB Ka4yeCTBEHHOro 1 HagexHoro obecrneyeHns TensI0BOM 3Hepruen HoBbIX NoTpebuTtenen u
T.A.) OCyLLEeCTBNAETCS Yepe3 MexaHn3M CO34aHusa N agMUHUCTPUPOBaHUS creunarbHbIX "MO-
AenbHblX" 6a3 - HabopoB OaHHbLIX, KNOHUPYEMbIX N3 OCHOBHOW (KOHTPOISibHOWM) 6a3bl AaHHbIX
ONUCaHUSA TEMSIOBOW CETU, HA KOTOPbIX MOXHO NPOM3BOANUTL Nobble MaHunynsaumMm 6e3 pucka
NCKa3nTb UM NOBPeAUTb KOHTPOSbHYHO 6a3y.

B pesynbTaTe co3gaHus NepcnekTMBHOMO BapuaHTa A0 KOHeYHbIX noTpebutenen 8 M B
COOTBETCTBUM C MacTep-nnaHoM Oblna co3gaHa moaesnibHasa 6a3a, oTpaxaroLwlas nepcnekTmB-
HOEe COCTOSsIHME CUCTEMBbI TEMNOCHABXEeHMs1 Ha KOHEL, paccMaTpMBaEeMoro nepuoga

Pesynbtatbl pacyeta nNepCrneKkTUBHbIX TMAPABIMYECKMX PEXUMOB CUCTEMbI TEnso-
CHabXxeHns1 ropoACKOro okpyra npefcrtaBneHbl B JoKymeHTe "Cxema TennocHabxeHust be-
nosckoro ropoackoro okpyra go 2030 r. Aktyanmsauusa Ha 2023 r. O6ocHoBbIBaOWME MaTe-
puanbl. [nasa 4. NepcnekTuBHblIe BanaHcbl TEMNOBOWN MOLHOCTM MCTOYHUKOB TEMNSTOBOW 3HEP-

M 1 TENNOBOW Harpysku".
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6 . [JOKyMeHTbl N0 aKTyanM3npoBaHHOMN 3NIEKTPOHHOM MoAenu.

Mo pesynbTatam akTyanu3aumm 3fEeKTPOHHOW MOLENWN CUCTEMbl TEMNOCHAOXeHUs ro-
pOACKOro okpyra paspaboTtaHbl cneayrowme mogenbHble 6asbl:

- MogenbHas 6a3a "Cywectsytowme cetn 2022" - akTyanusampoBaHHas mogenoHas 6asa
Mo CyLECTBYIOLLIEMY COCTOSIHUIO CUCTEMbI TEMNSNIOCHAOXEHMS;

- MogenbHas 6a3sa "lNepcnektBHble ceTn 2030" - MogenbHasa 6a3a No NnepcnekTMBHOMY
pasBuUTUO cuctemMbl TenniocHabxeHna Ha 2030 rog.

- XapakTepucTukmn TeNNOBbIX CETEN CUCTEM TEMSIOCHABXEeHMA ropoACKOro OKpyra npmee-
AeHbl B JokymMeHTe "Cxema TennocHabxeHua benosckoro ropoackoro okpyra go 2030 r. Ak-
Tyanusauma Ha 2023 r. O6ocHoBbIBatowme maTepuansl. [nasa 1. CylwecTByloLLee NonoxeHue
B cdepe npom3BoACTBa, nepenayn n notpedneHus TENNOBON 3HepruM Ona uenen tenno-

cHabxeHua".
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