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1. O6Lwee Ha3Ha4YeHMe INIeKTPOHHOWN MoAerniu CUCTEeMbI

OneKkTpoHHas Moenb cucTeMbl TennocHabxeHna benoBckoro ropoackoro okpyra (ga-

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

pabaTtbiBanach B LieNsX:

aav:

co3aHus eanHon MHPOPMaLMOHHON NNaTOpPMbl NO CUCTEMaM TeNOCHabXeHNs
ropoaa;

NoBbIWeHWs 3P PEKTUBHOCTN NHPOPMALIMOHHOIO o6ecneyeHns NpoLeCccoB NPUHS-
TUS peLleHnin B 06nacTu TekyLero yHKUNOHNPOBaHMSA U NePCNeKTUBHOIO pasBUTUS
CUCTEMbI TENMoCHabXeHnsa ropoaa;

nNpoBeaeHnst eANHON NOSIMTUKM B OpraHM3aummn Tekyemn AeaTenibHOCTY npea-
NPUATUN U B NEPCMNEKTUBHOM pasBUTUN BCEN CUCTEMBI TENNOCHabXeHWs ropoaa;
obecnevyeHns yCTONYMBOro rpagoCcTpoONTESTIbHOIO pa3BUTUS ropoaa;

pa3paboTkn Mep AN NOBbILWEHUS HAAEXHOCTU CUCTEMbI TENSTOCHabXeHWs ropoaa;

MUHMMU3aLMN BEPOSATHOCTU BO3HUKHOBEHUS aBapUNHbLIX CUTyaunin B cUCTeMeE Ten-
nocHabxeHwus.

PaspaboTaHHas anekTpoHHas MoAdenb npeaHasHayeHa Ans pelleHust creaylowmux 3a-

co3aHus o0LLEeropoackomn ANEKTPOHHOM CXEMbI CYLLIECTBYHOLLMX U NEPCNEKTUBHBIX
TENMNOBbIX CETEN N OOBEKTOB CUCTEMbI TEMMOCHABXEHNSA rOPOLCKOro OKpyra, NpuBs-
3aHHbIX K TOMOOCHOBE ropoaa;

OnTMMMU3aLMmM CyLLEeCTBYIOLEN CUCTEMBI TENNOCHABXeHUs (oNnTUMM3auuns rmgpasnm-
YECKMX PEXMMOB, MOAENMPOBAHME NepepacnpeaeneHns TENMOBbIX HArpy30K Mexay
NCTOYHUKaMK, onpegeneHne onTuMarnbHbIX AMaMeTpoB NPOEKTUPYEMbIX U PEKOH-
CTPYMPYEMBbIX TEMSOBbLIX CETEN N TENNOCETEBLIX OOBHLEKTOB U T.4.);

MOLENMPOBAaHUSA NEPCMNEKTUBHbBIX BapMaHTOB pas3BUTUS CUCTEMbI TEMMOCHABXeHNs
(CTPOUTENBCTBO HOBbIX N PEKOHCTPYKLNSA CYLLLECTBYIOLLMX MCTOYHUKOB TEMSI0BOW
3Hepruu, nepepacnpeneneHne TenIOBbIX HArpPy30K Mexay NCTOYHUKaMu, onpegerne-
HWEe BO3MOXXHOCTM MOAKMIOYEHNSA HOBbBIX NOTpPedbuTenen TennoBon aHepruun, onpeae-
neHne onTuMarsbHbIX BapuaHTOB KAa4eCTBEHHOMO U HadeXXHoro obecneyeHus Tenno-
BOW 3HEprnemn HoBbIX NoTpebutenen n 1.4.);
onepaTMBHOIO MOAENNPOBaHUsS obecneyeHnsa TennoBON aHeprmen notpebutenen
Npwv aBapuUnHbIX CUTYaLUSX;
onepaTmMBHOro NONyYeHUs MHPOPMAaLMOHHBLIX BbIDOPOK, CNpaBoOK, OTYETOB MO CUCTE-
Me B LieSsIoM Mo cucteme TennocHabXeHnsi ropoga u no oTAerbHbIM €€ AfieMeHTaM;
MOHUTOPUHT Pa3BUTUSA CXEMbI TEMNOCHABXEHNS rOPOACKOro OKpyra;
obecneyeHne exerogHom akTyanusaunm cxembl TENNOCHabXXeHNA roOpOACKOro okpyra
B cootBeTcTBMM ¢ P3-190 "O TennocHabxennn" n NoctaHosneHnem NpaButenscTea
P® Nel154



2. AKTyanusaumsi 3JIeKTPOHHOW MOoAeNnn CUCTEMbI TENNOCHABXeHuUs.

B pamkax akTyanuMsaumm cxembl TenrocHabXeHUs B 4acTu 3NEKTPOHHOW MoAenu Bbl-
NnonHeHbl cnegyowme paboThbl:

e BblBEpKa 1 COOTBETCTBYIOLLAA KOPPEKTMPOBKA TPACCUPOBKM U XapakTePUCTUK Tenso-

BblX CETEN N0 NpefoCTaBfeHHbIM AaHHbIM TENOCHabXatoLWmMx opraHn3auni;

e BbiBEPKA M COOTBETCTBYHOLLAA KOPPEKTMPOBKA NOAKITOYEHHbBIX NOTpedbuTenen B co-
OTBETCTBMU C NpeaocTaBfeHHbIMM 6asammn aboHEHTOB TennocHabXatoLwmnx opraHm-
3auUunu;

AKTyannanpoBaHHas 3MNeKTPOHHas MOAENb CUCTEMbI TENNOCHAGXEHNS rOPOLCKOro OKpY-
ra obecneuymBaeT BbINONHEHME BCeX TpeboBaHUN, NpeabABNAEMbIX K 3NIEKTPOHHBIM MOAENAM
B cooTBeTCcTBUM C NocTaHoBneHnem lNpasutensctea PO Ne 154 ot 22.02.2012 r.:

a) rpadudeckoe npeacrtaBreHme 06bEKTOB CUCTEMbI TEMNOCHABXEHMS C NPUBA3-
KOW K Tonorpacmnyeckon ocCHOBe NOCeNeHnsl, rOpoACKOro OKpyra 1 ¢ NOMHbIM TOMOMOrMYeCKNUM

OnMcaHMEM CBSABHOCTU OOBHEKTOB;

0) nacnopTm3aunio 00 bEKTOB CUCTEMbI TEMNOCHADXEHUS;
B) nacrnopTM3aunio U ONMcaHne pacyeTHbIX EOUHUL TEPPUTOPUANBHOIO AENEHNS;
r) rmapaBinYeCcKnin pacyeT TENNOBbLIX CETEN NOOM CTENEHN 3aKOMbLIOBAHHOCTH, B

TOM 4YuUCre rmapaBnMyYecKknin pacyeT Npu COBMECTHOM paboTe HECKONbKUX NCTOYHMKOB TENo-
BOW 3HEPrnmn Ha eanHyr TENMOBYIO CETb;

a) MOAENMpoBaHMe BCeX BUOOB NEPEKNOYEHUI, OCYLLLECTBNSIEMbIX B TEMOBbLIX Ce-
TAX, B TOM YUCIE NepeknioYeHnii TENMOBbIX HAarpy3oK Mexay NCTOYHMKaMK TENOBON 3Hep-
rmu;

e) pac4yeT banaHCoB TEMMOBOW 3HEPINN NO UCTOYHMKAM TEMSOBOW 3HEPIUN U MO

TeppuTOpManbHOMy NpU3HaKy;

X) pacyeT NoTepb TEMNMOBOW SHEPIUN YePE3 U3ONSALMIO U C yTedkaMu TeNSIoOHOCUTe-
ns;

3) pacyeT nokasarternen HageXXHOCTU TennocHabXeHus:;

n) rpynnoBble U3MEHEHNs XapakTepUCTUK 06 bEKTOB (y4acTKOB TEMNOBbIX CeTEW,

noTpebuTeneit) No 3agaHHbIM KpUTEPUSIM C LIefNbo MOAENNPOBAHUS pasnmnyHbIX Nepcnek-
TUBHbIX BAPMAHTOB CXEM TEMNNOCHaGXeHWs;

K) CpaBHUTENbHbIE Nbe30MeTpUYecKkne rpadukm Ans paspaboTkn 1 aHanmsa cue-
HapueB NepcneKkTUBHOIO PasBUTUS TEMOBbLIX CETEW.

B pamkax akTyanusaumm cxembl TennocHabXeHWst B YacTu 3NEKTPOHHOW MOAENN Bbl-

NosfHeHbI cneayoLme padoTbl:



e cosgaHue MmofernbHou 6a3sbl - "Tennocetu cywecTtaylowme 2025" - aktyanusmpo-
BaHHas MogenbHas 6a3a no CyLecTBYHOLEMY COCTOSHUIO CUCTEMbI TeNNocHabxe-
HUS;

e BbIBEpKa M COOTBETCTBYIOLLAA KOPPEKTUPOBKA TPACCUPOBKN 1 XapaKTepuUCTUK TENIo-
BbIX CeTel N0 NpeAoCTaBeHHbIM AaHHbIM TennocHabXaloLWmx opraHn3auni;

e BbIBEpKa M COOTBETCTBYIOLLAA KOPPEKTUPOBKA NOAKIMIOYEHHbIX NOTpebuTtenen B co-
OTBETCTBUM C NpefocTaBneHHbIMN 6a3amn aboHEeHTOB TennocHabXaroLWmnx opraHu-
3auun;

e B COOTBETCTBUM C MAcTep-nnaHoOM co3faHue nepcnekTMBHon moaenbHon 6asbl Ha

nepuopg 2030 roga "TennoceTtn nepcnektnBHble 2030";

npoBegeHne rmapaBNyeckmux pacyeToB AN OUEHKN NepcrnekTUBHOIO COCTOSIHUS CH-
CTeMbI TENSIOCHaAbXeHWs1 Ha KOHeL, paccMaTpyvBaemMoro nepuoaa.
KannbpoBka aneKTpoHHOM MOoAeNny No hakTUYeCKMM napameTpam BbINOSIHEHA TOMbKO MO

TenrnoBbiM CcETAM UCTOYHUKOB, UMEKLLINX |'|p|/|60pb| ydyeTa TEennoBoun QHEepPrun.



3. OnucaHme NporpamMMHOro KoMrsekKca.

3.1. O6wme NONoOXeHus.

B kayecTtBe 6a30BOro nporpamMmHoro obecneyeHnsa gnsi co3gaHus 3NEeKTPOHHOW Moaenu
CcUCTEMbI TENNOCHabXeHNs ropoaa Ucnosb3oBancs NPorpaMMHO-pacyeTHbIM komnneke ZULU.

B naHHOM pasgene npeactaBneHo KpaTkoe onncaHne yHKUMOHarbHbIX BO3MOXHOCTEN
OCHOBHbIX MOAynen nporpaMMHo-pacyeTHoro komnnekca ZULU, HeobGxoammblx Ans akcnnya-
Tauumn OM:

e CcepBep reonHdopmMaumoHHon cuctemol Zulu;

e VHCTPYMeHTarnbHas reomHdgopmaumoHHas cuctema M'MC Zulu;

e [akeT pacyeToB ceTeun TennocHabxeHna ZuluThermo;

3.2 CepBep reouHchopmaumoHHon cuctembl Zulu.

ZuluServer - cepsep TMC Zulu, npegoctasnsiowmin BO3MOXHOCTb COBMECTHOW MHO-
ronosib3oBaTeNbCKOM paboTbl C reogaHHbIMU B floKarbHOW ceTu n rnobanbHon cetn UHTep-
HeT.

HocTtyn K cepBepy ocyuiecTtensietcsa vyepes npotokon TCP/IP. Cepep ZuluServer faet
BO3MOXHOCTb MCKMNOYMTb (parnoBbIN JOCTYN KNMEHTa K AaHHbIM Ha cepBepe. KnneHTty Hepo-
CTynHa MHpopmaumsa o puU3nN4eckoM XpaHEHUN OaHHbIX U OTCYTCTBYET BO3MOXHOCTb UX He-
CaHKLMOHNPOBAHHOIO M3MEHEHMUS.

Takke eCTb BO3MOXHOCTb pasrpaHnymMTb SOCTYMN K AAHHbIM MexAay Mnonb3oBaTensMu.
Cuctema naponen u npasB No3BONSAET NPeAoCTaBnsATb pasHbiM MOfb30BaTENAM pa3fMyHble
BO3MOXXHOCTM M OrpaHnyeHunst ansa goctyna n paboTbl ¢ AaHHbIMUN.

MC Zulu, coxpaHsas BCce BO3MOXHOCTM HacTonbHon Bepcun MMC, nmeeT BCTPOEHHLIN
KnneHT ZuluServer 1 MOXeT OTKPbIBaTb KapTbl, CNOW, NPOEKTbl U Apyrne AaHHble Zulu Kak C
NOKanbHOW MalUWHbI, TaK U C yaaneHHoro koMnbloTepa, rae yctaHosneH ZuluServer.

Onsa Toro, 4tobbl nogknounMThes K cepBepy ZuluServer goctaTtodHo ykasatb ero IP ag-
pec, nMbo MMs KOMNbIOTEPA B NTIOKANbHOM CETU UMK XXe UMSA AOMEHA, eCnn cepBep pacnosno-

XeH B CeTH MHTepHeT.

3.2.1 OcobeHHocTn ZuluServer.

Aapecauus gaHHbIX
MNC Zulu B cBoen paboTte ¢ gaHHbIMW UCMONb3YeT MyTb K (pannam croes, KapT, Npo-
€KTOB W OpYrux, 9T AaHHble npeacTtaBnaowmm. MNyTb K danny MoxeT ObiTb NTOKanbHbIM TUNA

"C:\Zulu\3gaHusa_6e3_HomepoB.b00" nnun cetesBbiM Bnaa



"Wserver\C\Zulu\3gaHuna_6e3_HomepoB.b00". [Ina goctyna xe K AaHHbIM Ha cepBepe,
Zulu nonb3yetca agpecom pecypca URL (uniform resource location) Buaa
"zulu://server/3aaHna_6e3 HomepoB.zl". NogobHo Tomy, kak BebG-6paysep mcnonb3yet URL
ANnsa goctyna K ctpaHuuam Beb-canta, MMC Zulu ucnoneayet ceon Tun URL gns agpecauun K
AaHHbIM Ha cepBepe ZuluServer.

HanoxeHue cnoeB ¢ pa3HbIX cepBepoB

MC Zulu paeT BO3MOXHOCTb paboTaTb OAHOBPEMEHHO C KapTaMu U CrOSIMU C pPasHbIX
CepBepoB W HaknagblBaTb B OQHOW KapTe Crou C flokanbHOW MaLuMHbI U Crou ¢ cepBepa Apyr
Ha gpyra B Npon3BOSIbHOM MOpsiaKe.

Hanpumep, Ha kapTy MECTHOCTM B BMAE CIOEB, 3arpy>XeHHbIX C yAaneHHOro cepeepa
(monyctum, n3s NHTepHeTa) MOXHO HanoXuTb NNaH NpPegnpuaTUS C cepBepa AaHHOro npea-
NpusaTUS, a NOBEpPX PaCMnONOXUTb CXEMY MHXEHEPHbIX KOMMYHMKALMIA, PaCroOfiOXEeHHYH Ha

KIMMEHTCKOW MaLUuHe.

MHorononb3oBaTenbCcKoe penaakTnpoBaHue
ZuluServer paet BO3MOXXHOCTb OQHOBpPEeMEHHOro peagaktnpoBaHund oaHUX U TEX XKe rpa-
(bVIL-IeCKVIX N TabnNUYHbIX AAHHbIX HECKONTbKMMW NONb30BaTENSIMM. rlpl/l 9TOM BeaeTcA He3aBu-

CUMBIW ONSA KaXaoro nosfib3oBaTens XypHarn oTkaTta.

ABTOMaTM4YecKoe OOHOBMNEHUe KapTbl
I'IpM M3MEHEHNUN OaHHbIX OOHUM U3 KITMEHTOB, CEPBEP OnoBeLllaeT BCeX KITMEHTOB, MOJIb-
3YIOLLINXCA B OaHHbIK MOMEHT 3TUMWU AaHHbIMU, YTO npmnBoanT K aBTOMaTU4€CKOMY obHoBne-

HUKO OaHHbIX Ha KapTe.

Mybnunkauna paHHbIX

ZuluServer cnnaHMpoBaH Tak, 4TOObl AaTb BO3MOXHOCTb ObICTPO M NPOCTO OonyGnmKo-
BaTb AaHHble, CO34aHHble C MOMOLLb HacTonbHou Bepcumn MMC Zulu. dusmyecknn popmat
AaHHbIX MpU 3TOM He MeHsieTcd. [JOCTaTOYHO C MOMOLLbIO YTUNUTBLI MOAFOTOBKM OAHHbLIX UK
BPYYHYK HacCTPOWUTb CCbINKM ansa cepBepa ZuluServer n gaHHble CTAHOBATCA AOCTYMHbLIMU B
ceTtun. NogobHo Beb-cepBepy, cepsep Zulu NO 3anpocy C KIIMEHTCKOro MecTa HY>XHOro pecypca

npeaoctaBuUT AaHHble, CONOCTaBJIEHHbIE C 3TUM PECYPCOM.

AaMnHUCTpUpOBaHUE JaHHbIX

ZuluServer npegoctaBngeT BO3MOXHOCTb pasrpaHnynTb A0CTYN K AJaHHBIM U HA3HauYnTb
pasnu4yHbie NpaBuna u npaesa AocTtyna Kk HUM. MoXHO NpeaocTaBuTb Kak aHOHUMHbIA 4OCTYyna
K JaHHbIM ON1S1 LWMPOKOW NyGnuKK, Tak M OrpaHnUYMTb €ro Ans y3Koro Kpyra rnonb3oBaTenen,

onpepnenue And Kaxnoro n3 HUX Kakme onepaunm ¢ gaHHbIMU eMy pa3peLUeHbl.



Web-cnyx6b1 WMS u WFS

ZuluServer no3sonsieT pabotatb ¢ AaHHbIMK cepBepa no cneundpukaumam WMS

WMS 1.3.0 (WebMapService) 1 WFS 1.0.0 (WebFeatureService) paspaboTaHHbIMU
OGC (OpenGeospatialConsortium).

Web-cnykba WMS nosBonsieT otobpaxaTb CNon 1 KapTbl cepBepa Ha KrveHTax, noa-
aepxusarwowmx cneumdpumkaummn WMS, B yactHocTn, Zulu, GoogleEarth, GoogleApi, OpenLay-
ers, YandexMap, Maplnfo, ArcGIS n gp.

Web-cnyx6a WFS obecneunBaeT 4OCTYN K BEKTOPHOM U CEMAHTUYECKON MHGOpMaLmn

cepBepa Ans KNMEHTOB, NoAAePKUBAOLNX AAaHHYIO cneumdukaumio.

MpocTpaHCTBEHHbLIN (PUNBTP K AaHHbLIM

lMpaBa goctyna K cepBepHbIM AaHHbIM Af1s NONb3oBaTensa Unu rpynnbl Nonb3oBaTenemn
MOXHO OrpaHn4nTbL 061acTbio, 3a4aHHON NPOCTbIM USIM COCTABHbLIM NMOSIUTOHOM.

Ecnun BBegeHO Takoe orpaHuveHue, TO Nonb3oBaTesflb CMOXeET oTobpaxaTb Croun n one-

pupoBaTb AaHHbIMU TOJ1IbKO B npegenax yKa3aHHOl71 obnactu.

ABTtopusauua Windows
Mpn coeamHeHun ¢ ZuluServer BO3MOXHO MUCNOMb30oBaTb ydeTHble cBegeHust Windows
Ans aBTopu3aummn nonb3oBaTeniss Ha cepBepe, Kak 3To Aenaet, Hanpumep, Microsoft SQL

Server. Nonb3oBartento He HY>XXHO NOCTOAHHO BBOOWUTbL JIOTUH U NapOsib.

3.3 UHcTpymMeHTanbHasa reonHdopmaumoHHasa cuctema N'C Zulu.

MMC Zulu - nHcTpyMeHTanbHasi reonHopMaLmMoHHas cuctema asisi Co3gaHns SNeKTpOoH-
HbIX KapT, MaHOB U CXeM, MH(POPMALIMOHHO-CNPAaBOYHbIX CUCTEM, BKMNOYas MoaenvpoBaHue
NHXXEHEPHbIX KOMMYHUKaLMA N TPAHCMOPTHBIX CUCTEM.

"eonHdopmaumoHHaa cuctema Zulu npegHasHadeHa anga paspabotkm MTMC npunoxe-
HWUI, TPebyroLWKnX BU3yanusaunm NnpoCTPaHCTBEHHbIX AaHHbIX B BEKTOPHOM U pacTpOBOM BUAE,
aHanmsa ux TOMOMOrMn 1 UX CBA3N C ceMaHTu4ecknmm 6asamm gaHHbIX.

C nomoubto Zulu MOXHO co3aBaTb BCEBO3MOXHbIE KapThl B reorpacmnyecknx npoekum-
SX, UMK NSiaH-CXeMbl, BKIOYas KapTbl U CXEMbl UHXEHEPHbIX CeTEeN C NOAAEPXKKOM UX TOMOMo-
rn, pabotatb ¢ 6ONbLUIMM KONMYECTBOM PacTpoOB, NPOBOANTL COBMECTHbIN CEMAHTUYECKUIA U
NPOCTPAHCTBEHHbIN aHanM3 rpaguyecknx M TabrMyHbIX OaHHbIX, CO34aBaTh pasfnyHble Te-
MaTU4ecKne KapTbl, OCYLLECTBMNATbL SKCNOPT N UMMNOPT AaHHbIX.

N’MC Zulu nossonsieT mmMnopTMpoBaTh [AaHHble M3 Takux nporpamm kKak Maplnfo,

AutoCAD, ArcView. B pesynbtate umnopta 6yayT nornyyYeHbl BEKTOPHblE CMOW C rOTOBbIMU
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obbeKkTamu, Npyn 3TOM BCE XapakTEpPUCTUKN, Takme Kak macluTab, useT u npodne byayt coxpa-
HeHbl. Ecnn kK o6bekTtam B obmeHHOM dhopmaTe Obina npukpenneHa 6asa AaHHbIX, TO OHa Tak
Xe umnopTtmpyetca B Zulu.

Momnmo mmnopTta Zulu nmeeT BO3MOXHOCTb JKCMOPTA rpadPu4ecKkmx OaHHbIX B Takue
nporpammbl kak Maplinfo, AutoCAD un ArcView. QkcnopT ceMaHTUYEeCKUX AaHHbIX BO3MOXEH B
anekTpoHHyto Tabnuuy MicrosofExcel unu ctpannuy HTML. B cucteme Zulu Takke moryt 6e3
npeobpa3oBaHMsa MCMOMb30BaTLCA onMcaTenn pacTpoBbiXx 06bekToB B hopmatax Maplinfo u
OziExplorer.

'eonHpopmaumoHHaa cuctema Zulu nNo BHeELWHeMYy BMOY BeCbMa MoxoXa Ha LUMPOKO
pacnpocTpaHeHHble npoaykTbl cemenctea MicrosoftOffice n nmeeT cxoxee obopygoBaHue

MEHIO 1 NaHenen MHCTPYMEHTOB.

3.3.1 BoamoxHoctu N’C Zulu.

Cuctema obnagaeT LWMPOKNMU BO3ZMOXKHOCTSIMMN:

e CO34aBaTb KApTbl MECTHOCTU B Pa3nn4HbIX reorpadnyecknx cuctemax koopanHar u
KapTorpadunyeckmnx npoekumnsax, otobpaxaTb BEKTOPHbIE rpadmnyeckme gaHHble Co
crnaxmBaHMeM n 6e3 crnaXxmBaHus;

e OcywecTBnATb 06paboTKy pacTpoBbix M30bpaxeHun oopmatos BMP, TIFF, PCX,
JPG, GIF, PNG npu nomoLim BCTPOEHHOIO rpadhnyecKkoro peaakropa;

e NONb30BaTbCS AAHHBLIMU C CEpPBEpOB, Noaaepuearwmx cneumndmkaumno WMS
(WebMapService);

e C MNOMOLLbIO CO34aBaEMbIX BEKTOPHbIX CI0EB C COBCTBEHHLIM BUHAPHLIM hopmaTomMm,
obecneunBatoLLMM BbICOKYH CKOPOCTb paboTbl, BEKTOPM30BaTbL pacTpoBble n3obpa-
XeHus;

e pV BEKTOPU3ALNN NCNONb30BaTb Kak NPUMUTUBHBLIE 06BHEKTLI (CUMBOSIbHBLIE, TEK-
CTOBblE, NIMHENHbIE, NoLWaAHbIe) Tak U TUNOBblE 0OBbEKTLI, ONUCbIBAaeMbIe ca-
MOCTOSITENTbHO B CTPYKTYpE Crios;

e paboTaTb C CEMAHTUYECKMMWN OAHHLIMW, NOAKITIOYAEMbIMM K CNOK U3 BHELUHUX UC-
ToyHukos BDE, ODBC unu ADO yepes onucatenu 6a3 gaHHbIX (nonyyaTb AaHHbIE
MOXHO 13 Tabnuy Paradox, dBase, FoxPro; MicrosoftAccess; Microsoft SQL Server;
ORACLE v gpyrux ncrousmkos ODBC nnun ADO);

e  BbIMNOSIHATbL 3anpockbl kK 6asam gaHHbIX C OTObpakeHneM pesdynbTaToB Ha KapTe (no-
NCK onpeaeneHHon NHopMaunn, HaxoxXaeHne CyMMbl, MakCMMasibHOro, Mu-
HUMarbHOro 3Ha4YeHunsd, n T.4.);

e  BbIMNOJHATL NPOCTPAHCTBEHHbIE 3aNPOChl N0 0ObEKTaM KapTbl B COOTBETCTBUM CO

cneumndukauymsamm OGC;
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co3gaBaTb Mogernb penbeda MECTHOCTU U CTPOUTb Ha €€ OCHOBE M30SIMHUK, 30HbI
3aTonneHusa Nnpodunu u pacTpbl penbeda, paccyntbiBaTb NAOWaamM 1 06bemsl;
9KCMOPTMPOBaTb AaHHblE U3 ceMaHTMYeckon 6asbl Mnn pesynbTaTthl 3anpoca B dekK-
TpoHHyto Tabnuuy MicrosoftExcel nnu ctpannuy HTML;

NPOrpaMmMHO UM NO CeMaHTUYeCKUM AaHHbIM CO34aBaTb TEMaTUYECKME pacKpacky,
C NOMOLLbIO KOTOPbIX MEHSIETCS CTUNb OTOOpaXXeHnst O6BHEKTOB,

BbIBOOUTb AN BCEX OOBHEKTOB CNOst HAAMUCU NN BUPKN, TEKCT HAZNUCK MOXET Kak
BpaTbCca N3 cemaHTUYeckon 6asbl JaHHbIX, Tak U NepeonpenensTbCa NporpaMmMHo;
oTobpaxaTb 06BbeKTbI crosi B opmaTe nceBgo-3D no3Bonsiolem BU3yannanpo-
BaTbCHA OTHOCUTENbHbIE BbICOTbI OOBEKTOB (HanNnpuUMep, BbICOTbI 30aHuI);

co3gasaTb U UCNonb3oBaTb BUBNNOTEKY rpacmMyeckux 3NeMeHTOB CUCTEM TEMMOo-
CHabXeHWs N PEXMMOB X PYHKLIMOHMPOBAHWUS;

co3faBaTb PacYeTHbIE CXEMbl MHXEHEPHbLIX KOMMYHUKALMA C aBTOMaTUYECKUM
opMMpOBaHNEM TONOMNOMMN CETU U COOTBETCTBYIOLLMX 6a3 OaHHbIX;

N3MEHATb TONOMNOMNI0 CETEN N PEXUMBI PaboTbl €€ 3NIEMEHTOB;

peLwlaTb Tononorndeckne 3agavm (M3MeHeHne CoCcTosHMA 0O bEKTOB (Nepekntoye-
HWS), NOUCK OTKMOYAOLWMNX YCTPONCTB, MOUCK KpaTyanLLmX NyTemn, NOUCK CBA3AaHHbIX
00bEeKTOB, NOMCK KoMeL);

Anga 6bICTPOro nepemMeLLeHns B Hy>KHOe MeCTO KapTbl yCTaHaBNUBaTb 3aknagku (3a-
Knagka Ha TOYKYy Ha MEeCTHOCTM C onpeaeneHHbIM macluTabom oTobpaxeHus u 3a-
Knagka Ha onpegerneHHbl 06beKT crnos (BecbMa yaobHO, ecnv 06BLEKT - ABUXKYLLMIA-
Cs Mo KapTe));

C NOMOLLbIO MPOEKTOB pacKpbiBaTb CTPYKTYpPY TOrO UK MHOrO o6bekTa, n3o6-
pa)KeHHOro Ha KapTe CXeMaTU4Ho;

co3gaBaTb MakeTbl NevaTu;

nmnopTnpoBaTb rpacdumyeckune gaHHole n3 Maplinfo (MIF/MID),AutoCADRelease 12
(DXF) n ArcView (SHP);

akcnopTupoBaTh rpaguydeckme gaHHble B Maplinfo (MIF/MID), AutoCADRelease 12
(DXF), ArcView (SHP) n WindowsBimmap (BMP);

co3gaBaTtb Makpochkl Ha sa3blkax VB Script unu JavaScript;

OCYLLECTBNATb NPOrpamMMHbIN AOCTYN K AaHHLIM Yepe3 06beKTHY0 Mogenb s
HanMcaHnsa cobCTBEHHbIX KOHBEPTEPOB;

co3gaBaTb COOCTBEHHbIE NPUNOXEHUs, paboTaloLwwme noa ynpasnexHmem Zulu.
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3.3.1.1 OpraHusaumsa rpachmyecknx gaHHbIX.

padmnyeckne AaHHble OpraHm3oBaHbl NOCNONHO. Cron sBNSeTCS OCHOBHOW WHEOpP-
MaLMOHHON eauHuLen cnuctembl. Kaxabii 06BHEKT Crosi UMeEeT YHUKanbHbI naeHTudunkaTop
(ID vnu "knroy"). MopaepxmBaemble TUMNbI CIIOEB:

e BEKTOPHble criou;

e pacTpOBblE CIOW;

cnou peneeda;
cnon WMS (Web Map Service).

BekTopHble cnou

BekTopHble crion nmeroT cOBCTBEHHLIM BUHAPHbBIN bopMaT AaHHbIX, YTO obecneymBaeT
BbICOKYKO CKOPOCTb paboTbl rpadouyeckmx U TOMOMorm4yecknx anroputMmoB. VimeeTca BO3MOX-
HOCTb MPOrpaMMHOro AOCTyna K AaHHbIM 4Yyepe3 OObEKTHYH MOoAenb ANns HanucaHusa cob-
CTBEHHbIX KOHBEPTEPOB.

O6beKTbl BEKTOPHOrO Crosa Oendarcs Ha npocTble (MPUMUTMBBLI) U TUMOBbIE (Knaccu-
uumMpoBaHHbIe 0OBEKTHI).

MpUMUTMBLI MOTYT ObITb:

e TOYeYHble (MMKTOorpamMmmbl Unn "cumeons!");

e TEKCTOBbIE;

e JMHEWHbIE (NMUHUK, NONUNNHUK);

nnowaaHble (KOHTYpPbl, MONMKOHTYPbI).

TunoBble 06bLEKTLI ONUCbIBaOTCA B 6Mbnnoteke TMnoB o6bekToB. Kaxkabi TMn onuckl-
BaeT NNowagHoOn, NMMHENHBIN UM CUMBOJSIbHBIA TUNOBOW rpadonyeckmii 06BHEKT, UMEET MNOSib-
30BaTENbCKOE Ha3BaHME U MOXET ObiTb CBA3aH C COOCTBEHHOW cemMaHTu4yeckon 6as3on aax-
HbIX.

Kaxgbin Tun obbekta MOXeT UMETb HECKOSIbKO PEXMMOB, KOTOPbIE MMEKT MOofb30Ba-
TEeNbCKOe Ha3BaHue, N 3a4al0T pasnmyHble cnocobbl 0TOBpaXXeHNss 4aHHOro TUMNOBOro OObEkK-
Ta.

TunoBble 06BEKTLI MOTYT ObITh:

e TOYeYHble (NMUKTOrpaMmmbl Unn "cumMBonb!");

e  JMHEWNHbIE (NMUHUK, NONUITUHUK);

e nnowagHble (KOHTYpbI, MOSIUKOHTYPbI).

ATPUBYTUBHbIE NN CEMaHTUYECKNE OaHHble BEKTOPHOIO CIOSi XPaHATCA BO BHELUHEM
NCTOYHUKE AaHHbIX U NOAKMNIYAKTCS K CNOK Yepe3 coOCTBEHHbIN onucaTenb 6asbl AaHHbIX. K
OLHOMY CIIOH0 MOXET ObITb NOAKMIOYEHO NONEPEMEHHO MPOM3BOSIBHOE YNCIIO CEMAHTUYECKNX

6a3 gaHHbIX. MpMUTMBBLI NONb3YyOTCA Ob6LLEN cemMaHTUYecKko 6a3on faHHbIX, TUNOBbIE 06b-
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eKTbl - COOCTBEHHOM ANs KaXaoro Tuna (ogHako ANns pasHbIX TUMNOB MOXHO NOAKMOYUTL OAHY

n Ty Xe 6aasy).

PacTtpoBbie crnoun

PactpoBbiM crnoem MoxeT 6biTb MO0 OTAEnbHbIA pacTpoBbLIN 00bLEKT, NGO rpynna
pacTpoBblx 06beKTOB. PacTpoBasd rpynna MoxeT cogepXaTb NMPOU3BOSIbHOE YUCIO PacTPOBbIX
06GBHEKTOB UMM BIOXEHHbBIX PACTPOBbLIX rpynn. Yncno pacTpoB B Croe OrpaHnYeHo Nullb guc-
KOBbIM NpocTpaHcTBOM (Zulu cnpaBnaeTca C NonemM M3 HECKOSTbKMX ThICAY pacTpoB).

MoppepxnsaemMble dopmathl pactpos - BMP, TIFF, PCX, JPEG, GIF, PNG.

3.3.1.2 PaboTa c cuctemamum KoopAamMHaT U KapTorpacgpu4eckumMm npoeKUusamMu.

Mpadhmnyeckne paHHbIe MOrNyT XpPaHUTbCA B Pas3nMyHbIX CUCTEMaxX KoopauHaT M OTob-
paxaTbCs B pasnnyHbIX NPOEKUNAX TPEXMEPHOWN NOBEPXHOCTN 3eMSIM Ha NNOCKOCTb.

Cuctema npegnaraet Habop npegonpeneneHHbiXx cucteM koopauHat. Kpome Toro nosb-
30BaTenb MOXeT 3aJaTb CBOK CUCTEMY KOOpAWHAT C MHOMBUAYASbHLIMU NapamMeTpamMu Ans
noaaepXnBaembiX CUCTEMOUN MPOEKLMUN.

B yacTHOCTM 3Ta BO3MOXHOCTb NO3BOSIAT, MPU M3BECTHbLIX NapameTpax (Krn4vax nepexo-
Aa), NpuBA3biBaTb AaHHble, XpaHsSLWMecs B MECTHOM CUCTEME KOOpAWHAT, K OOAHOW U3 rno-
OanbHbIX CUCTEM KOOPAUHAT.

[laHHble MOXXHO NepenpoeumpoBaTb U3 O4HOM CUCTEMbI KOOPAUHAT B APYryHO.

3.3.1.3 OpraHnsaums ceMaHTU4YeCKUX AaHHbIX.

CemMaHTU4eckMe [aHHble MOAKMIYAKTCA K CMAOK M3  BHELWHUX  MCTOYHMKOB
BorlandDatabaseEngine (BDE), OpenDatabaseConnectivity (ODBC) unu ActiveXDataObjects
(ADO) yepes onuncatenu 6a3 gaHHbIX.

MonyyaTb OaHHbIE MOXHO U3:

e Tabnuy Paradox, dBase, FoxPro;

e MicrosoftAccess;

e Microsoft SQL Server,

e ORACLE;

e Apyrne uctoyHukm ODBC unn ADO.

MMnopT/akcnopT AaHHbIX
Bo3amoxxeH MMNOPT/3KCNOPT AaHHbIX B crieaylowme popmartsi:

e Maplinfo MIF/MID;
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e AutoCAD DXF,
e Shape SHP;
e Jkcnopt kapTbl (WindowsBitmap (BMP));

e  JKcnopT ceMaHTMyecknx aaHHbIx (MicrosoftExcel, HTML, TekcTtoBbIn dhopmar).

3.3.1.4 NpeacTaBneHue gaHHbIX Ha KapTe.

Kapta MoXeT cogepXaTb MPOM3BOSIbHOE YUCNO rpadpuyecKnx CNoeB - OAHU U Te Xe
rpacmyeckme cnoun mMoryT GbiTb NOMELLEHbI B pa3Hble KapTbl C pasHbiIMW HacTporkaMm OTO0-
paxeHusa. KapTa nmeet BO3MOXHOCTb 3aaHUSA MOMb30BATENbCKOrO UMEHW, uBeTa oHa u
MacLUTabHON CeTKM.

[aHHble, XpaHAWMNXCA B pasHbiX CUCTEMax KOOpPAMHAT, MOXHO oTobpaxkaTb Ha OAHOM
KapTe, B OAHOW M3 KapTorpaduyeckmx npoekumn. Npu aToM nepecyeT KoopauHaT (ecnv OH
TpebyeTcs) M3 ogHOro gatyma B APYror M M3 O4HOW MPOEKUMU B APYryt0 NPOM3BOAUTCH Mpu
oTobpaxeHuu "Ha neTty".

MpMMUTUBLI MOTYT UMETb MHAUBMAYAlbHbIE CTUNM OTODOpaxeHus (UBET, CTUMb, TONLWMHA
NVHWIA; UBET U CTWUNb 3anuBKK; MUKTOrpamma; dopmaT TekcTa). TunoBble 06BLEKTbl UMEKT
CTUNb B 3aBUCMMOCTW OT pexuma (COCTOSIHUS), KOTOPbIA onpeaenseTcs B GubnnoTekn Tmnos
o6bekToB crosi. CTub NPUMUTUBOB MOXET NEpPeonpeaenaTh KapTon - Ansg BCEX NPUMUTUBOB
MOXHO NPUHYAMUTENBbHO 3a4aTb OANH CTUSb.

CTnnb 00BbEKTOB MOXHO MEHATb C NMOMOLLbIO TEMaTUYECKMX packpacok. Mpu aTtom pac-
Kpacka MOXeT ObiTb CO34aHa No CEMAHTMYECKMM AaHHBbIM UM MPOrPaMMHO.

EcTb BO3MOXHOCTb BbIBOOUTbL ANsi BCEX OOBLEKTOB Cros Hagnucu wmnun ovpku. Tekct
HagnNMcK MOXeT GpaTbCsa M3 cemaHTnyeckon 6asbl AaHHbIX. TEKCT Ha4MUCK TakkKe MOXET ne-
peonpeaenaTbCs NporpammMHO. BUpkn reHepupyroTcsi aBTOMaTUYECKM, HO MOTYyT MOTOM pac-
CTaBMATLCA NOMb30BaTENEM B HY)XKHOE PACMOSIOXKEHME U B HYXXHOM OpUeHTauuu.

[nsa 6bICTPOro nepemMeLleHns B HY>XXHOE€ MECTO KapTbl MOXHO yCTaHaBNUBATb 3aKnagku.
3aknagka Ha TOYKY Ha MECTHOCTM C onpeaeneHHbIM MmacluTabom oTobpakeHus.

KapTy MOXHO neyaTaTb C pasfMyHbIMU ONUUAMKM (HA OQHOW CTPaHMLE WU HECKOSbKUX
CTpaHuuax, B 3agaHHOM macwTabe nnm Bnucas B 3agaHHble rabapuTbl, Ha CTpaHUuax Ans

nocrneayoLlen CKNnemkn 1 T.4.).

3.3.1.5 OpraHunsauusa KaprT.

MmeeTca BO3MOXHOCTb yAOOHO opraHn3oBaTb KapTbl, 00beanHeHHble obLien Tematu-
kKon. COBOKYMHOCTb KapT, 06 beANHEHHbIX OBLIMM NOMb30BaTENBbCKMM UMEHEM U, ecnn Tpeby-

eTcsl, HabopOM MepapxXmMYECKNX CBA3EN Mexay 3TUMM KapTaMu, NpeacTaBnsieT cobon NpoekKT.
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B pamkax npoekta kapTbl MOXHO CBS3blBaTb Mexay COOON C MOMOLLBIO MNEPCChINOK.
'Mnepccbinka onpegenseTca oT o6bekTa B O4HOM KapTe K ApYron KapTe C yka3aHMeM MeCTo-

pacrnofoXeHna n maclutaba.

3.3.1.6 PegaktupoBaHme 06HEKTOB.

[na pegaktnpoBaHusa 1 BBoga 06bHEKTOB NPeayCMOTPEHbI:
e - BO3MOXHOCTW BBOAA W pefakTUpOBaHMUS:
- BBOJ, C 3KpaHa MbILLKOW;
- BBOJ, NO KOOpAMHATaM C KnasmaTtypbl;
- TpaccupoBKa NNHUM;
- aBTO3aMblKaHWE KOHTYpPOB;
- Bblpe3ka/konupoBaHue/BCcTaBka - AybnmpoBaHue;
- NOBOPOT OObEKTA.
- onepaumm oTMmeHbl/Bo3BpaTta genctena (Undo / Redo).
e - pefakTMpoBaHue rpynmnbl O6BLEKTOB:
- yoaneHue - nepemMeLleHue;
- pybnupoBaHue;
- MOBOPOT - Bblpe3ka/konnpoBaHue/BCTaBKa.
e - peJaKkTMpoBaHWE 3NIeMeHTOB ObObekTa:
- nepemMeLleHne/yganeHne/BcTaBka y3nos;
- NepemeLLeHne/yganeHue pebep;
- pa3bneHne yyactka CMMBOJSIbHbIM OOHEKTOM.

- TpaHcd opmaums.

3.3.1.7 BeKkTOopHble oBeprielHblIe onepauuu.

Osepnen - onepauus HanoXeHus gpyr Ha gpyra osyx unu 6onee crnoes, B pesynbtate
KoTopon obpasyeTcs OAWH MPOM3BOAHbLIA CIMON, coAepXallimMii KOMMO3ULMIO NPOCTPAHCTBEH-
HbIX O6GBEKTOB UCXOAHbIX CNOEB, TOMOMOrMIO 3TON KOMMNO3MUMK U aTpUByYThl, apudmMeTnyeckm
NN NTIOrMYECKN NPOU3BOAHbIE OT 3HAaYEeHUNn aTpnbyTOB NCXOLHbLIX OO BHEKTOB.

MopoepxuBaroTcs criegyolime BEKTOPHbIE OBEPIIeNHbIE OonepaLumm:

e -00beamHeHne o6bEKTOB ¢ HacnegoBaHneMm ID (yHMKanbHOro naeHtTudgukaTopa);

e pasbeanHeHne 0OBHLEKTOB;

e pasgeneHue ogHoro obbekTa rpynnon 06bEKTOB;

e Bblpe3ka 13 ogHoro obvekTa obnactu rpynnbl 0O6bEKTOB;

e OTpe3aHne obbekTa BHe 06riacTu rpynnbl 4pyrnx OO bEKTOB;
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e  y3rIOBaHWUeE;
e OydepHble 30HbI;

® [IOCTPOEHNE KOHTYPOB MO CETUN.

3.3.1.8 KoppekTupoBKka pacTpoB.

B cucteme peanunsoBaHa KOpPpPEKTUPOBKA pacTpoBbiX (bansioB, cofepXalimx CKaHUpo-
BaHHYIO C MMNaHLETOB TOMOOCHOBY. KOpPEKTUPOBKA UCKaXKEHUI CKAHNMPOBaHUS NPOU3BOAUTCH
no TOYKaM pacTpa, KoopAuHaTbl KOTOPbIX M3BECTHbl. Kak MUMHMMYM OO0SMKHbI ObiTb U3BECTHbI
YyeTbIpe TOYKW, onpegenstowme yribl nnaHweTa.

Mpoueaypa KOPPEKTUPOBKU CO3OaeT HOBbIN PacTp, yribl KOTOPOro COBMagatoT C yrinamu

nnaHweTa, T.e. NpoLeaypa KOPPeKTUPOBKN 0Ope3aeT OTCKaHMPOBaHHbIE, HO NULLHWE, NOSS.

3.3.1.9 MopgenupoBaHue ceTen U TONONOrn4yeckme 3aayum Ha ceTax.

Hapsagy ¢ obbldHbiM ana TMC pasgeneHnem oObLEKTOB Ha KOHTYpbl, flOMaHble, KOM-
OMHMPOBAHHbIE KOHTYPbl, KOMOWHMPOBaHHblE JloMaHble, Zulu nogaepXuvBaeT NMHENHO-
Y3NOBYK TOMOSIOMMIO, YTO MO3BOSISIET MOOENMpOoBaTb WHXEHEepHble ceTu W gpyrme ce-
Tn.Tononornyeckasa ceteBas Mogenb npeacrtasnseTt cobon rpad cetun, yanamm KOTOPOro sie-
NATCHA TOYeYHble 06beKTbl (Konoaubl, UCTOYHUKN, 3aABWMXKKU, PYyOUITbHUKK, NepeKkpecTkn, no-
Tpebutenu n 1.4.), a pebpamu rpaca aBnaTCs NUHenHble 06beKkThbl (kabenn, Tpybonposoabl,
y4acCTKn JOPOXHOW ceTn N 1.4.).

Tononornyecknn pefakTop cosfaeT mMaTemMaTUdecKyto Modesb rpada ceTn Henocpea-
CTBEHHO B npoLlecce BBoAa (pMcoBaHus) rpagumyeckon nHgopmauuun. Mcnonbdys mogens ce-
TM MOXHO pellaTb psig TOMONOrMYecKnX 3agad, NOUCK KpaTyamwero nyTn, aHanum3 CBA3HOCTH,
aHanu3 koney, aHanua OTKIMOYEHNN, MOUCK OTKMAYAKLWNX YCTPOUCTB U T.4. MOXHO MEHATb
COCTOSHUS OOBEKTOB (NEPEKMOYEHUS) C NOCneayWwmMMm aBToMaTMyeckum obHOBNEHNEM CO-
CTOSIHUA BCEW ceTu (Hanpumep, BKNOYEHME/BbIKMOYEeHNe 3aaBukkM Tpybonposoaa) Bbinos-
HATb MOUCK OTKNHYaKLWKNX YCTPOUCTB (hopmMmpoBaHme cnnucka o6bekToB, MMEKLMX NPU3HaK
"oTKIYalLwee yCTPONCTBO", NPU OTKIOYEHNN KOTOPbIX BbIOpaHHbIM OOBLEKT Takke nepesBo-
ANTCA B COCTOSIHME "OTKMOYEeH"), kpaTyanwmx nyten (HaxoguTb KpaTyaulivi NyTb MO CeTu
MexXay BbIOpaHHbIMW y3namu C y4eTOM HanpaBfeHU y4acTKOB), CBSA3aHHbIX OObEKTOB (Haxo-
ANTCA MHOXECTBO OOBLEKTOB CETU, JOCTMXMMbIX U3 BbIOPaAHHOrO y3na ceTtu, JOCTUXUMOCTb
MOXeT onpeaenaTbcs 6e3 yyeTa HanpasfieHUs y4acTKOB, C Y4€TOM U MPOTUB HanpasreHus
Yy4acTKOB), UCKaTb BCE KOSbLia CETU, B KOTOPbIE BXOAAT BCE BblOpaHHbIE OOBHEKTHI.

CeTb BBOAMTCHA KaK COBOKYMHOCTb TMMOBbIX TOYEYHbIX OOBEKTOB, COEOUHEHHbIX TU-
NOBbIMU JIMHENHBIMX 0OBbEKTaMN, UMEKLLMMIN NPU3HaK "yyactok". MHdopmauusa o Tononorum

dopmMunpyeTca aBToMaTUYECKM - ecnn "NOTsaHYTh" 3a y3en unu pebpo, cBA3aHHble 0OBLEKTHI
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Takke nepemellatoTcs. O6bEKTbI CETU MOXHO OTKPENnsATb U 3aHOBO NPUKPENnATb APYr K ApY-
ry O4HUM OBVMXXEHUEM MbILLIKU.
Mopenb cet Zulu siBNsieTcs 0OCHOBOMW ANs paboTbl MOAYNS pac4eToOB MHXKEHEPHbIX ce-

Ten ZuluThermo.
3.4. UHcTpyMeHTanbHaa reonHdopmauumoHHasa cuctema N'MC Zulu.

Mogyne ZuluThermo nossongeT co3gaTb pacHeTHYH MaTeMaTUdecKyro MoAesib CeTw,
BbINOJSTHUTL MacnopTU3aumnio CeTU, N Ha OCHOBE CO3[4aHHOW MoAenu pellaTb MH(opMaunoH-
Hble 3aa4u, 3aa4yum TOMONOrMYecKoro aHanmaa, 1 BbiNOSHATL pasnuyHblie Tennoruapasnmye-
CKue pacyeThl.

PacyeTy nognexaTt TynukoBble W KOmnbLEBble TennoBble CeTU, B TOM 4Yucne C MoBbICU-
TeNbHbIMW HACOCHBLIMU CTaHUMSMWU 1 OPOCCENUPYIOLWMMIU YyCTponcTBamu, paboTtaioLme ot oa-
HOro UM HECKOSTbKUX NCTOYHUKOB.

[Mporpamma npegycmatpuBaeT TensorMapasnuyecku pacyeT ¢ NpucoeguHeHneM K cetu
nHanBMAyanbHbIX TennosBbiX NyHKTOB (UTI1) n ueHTpanbHbiX TennoBbix nyHkToB (LTIT) no He-
CKOJTbKUM [eCsiTKaMU CXEMHbIX peLleHUi, NPUMeEHsIEMbIX Ha TeppuTopun Poccun.

PacyeTt cuctem TennocHabXeHnss MOXeT NPoU3BOAUTLCA C YHETOM yTeyek 13 TEennoBou
ceTu n cuctem TennonoTpebneHus, a Takke TEennoBbIX NOTeEpPb B TpybonpoBogax TennoBow
ceTu.

PacuyeTt Tennosbix noTepb BegeTcs Nnnbo No HoOpmMaTUBHBIM NOTEPSIM, NGO NO hakTuye-
CKOMY COCTOSIHUIO N30NSALUMN.

PacueTbl ZuluThermo moryT paboTaTb Kak B TECHOW MHTErpauumn ¢ reouHopMaLnoHHOM
cuctemon (B Buge moaynsa pacwmperus M'MC), Tak n B Buge otaensHon 6ubnuoTtekn Kommno-
HEHTOB, KOTOPbIE NO3BOMAKT BbINOMHATL pacyeTbl U3 MPUIOXEHWU Norib3oBaTenen.

CoctaB 3agau:

e OCTPOEHNE pac4HeTHOM MOeNn TeNNOBOW CeTH;

e nacnopTusaums 0ObEKTOB CETU;

e HanagouyHbIW pacyeT TENSI0BOW CeTy;

e OBEPOYHbIV pacyeT TeNNoBOW ceTu;

e  KOHCTPYKTOPCKWM pacyeT TENSIOBOM CETY;

e pacyet Tpebyemon TemnepaTypbl HA UCTOYHUKE;

e KOMMYTaUMOHHbIE 3aJa4u;

e [OCTPOEHME NbE3OMETPUYECKOrO rpadunka;

e pacyeT HOpMaTUBHbLIX NOTEPb TEMNSA Yepes N3oNALUIO.

18



3.4.1. NocTpoeHne pacyeTHON MOAENMN TENNOBOW CeTH.

MNpun paboTe B reoMHopMaLMOHHON cUCTEME CeTb AOCTaTOYHO NPOCTO U BbICTPO 3a-
HOCKTCS C MOMOLLIbIO MbILIKK UK No koopauHaTam. Mpu aTom cpasy hopMupyeTcs pacdeTHas
mogenb. OcTaeTcs NULWb 3a4aTb pacyeTHble NapaMeTpbl OOBLEKTOB M HaXaTb KHOMKY BbINOS-
HeHus pacyeTa.

MaTemaTtuyeckass mModenb ceTu ANs MNPOBEeAeHUs TennornapaBriMyeckux pacyeToB
npeacTaBnseT cobon rpad, rae gyramu, COEAMHSOLWNMN y3rbl, ABASIOTCS y4acTku Tpybonpo-
BOJOB.

YyacTok nsobpaxaeTcsi 0OAHON NUHMEN, HO MOXET O3Ha4YaTb HECKOSIbKO COCTOSIHUN, 3a-

AJaBaeMbIX pa3HbIMU peEXNMaMU:

Puc. 3.4.1. Uso6paxeHne HECKOJNIbKMX COCTOSIHMIA Y4acTKOB,3afiaBaeMbiX pasHbIMU pexxuMamMu

OT0 BHelLHee npeacTaBneHve cetu. lNepea Hayanom pacyeTa BHELLHee NpeacTaBrneHne
CeTu, B 3aBUCUMOCTUN OT TUIMOB U PEXMMOB 3NIEMEHTOB, COCTaBNAOLMX CETb, NpeobpasyeTcs
(kooupyeTcsl) BO BHyTpeHHee NpeAcTaBeHne, No KOTOPoOMYy U MPOBOANTCH pacyeT.

MpocTbiM y3rioM B MoAeNn cuymMtaeTcs Nobow y3en, YbM CBOMCTBA CrneumanbHO He Oro-
BOpeHbl. [1pocTol y3en CnyXuT TONbKO Ans COeAMHEHUsI y4acTKOB. Takumu yanamu ans Mo-
Aenv SBNSOTCS TENNOBbIE KaMepbl, OTBETBNEHUS, CMEHbl AMaMeTPoB, CMeHa TUMa NPOoKaaKku
UnNu TMNa NU3oNaAUUN N T.A4.

Bo BHyTpeHHel kogMpoBKe Takue y3rbl NpeBpaLlalTcs B ABa y3na, OAMH B NodatoLlemM
TpybonpoBoae, apyrov B obpaTHOM. B kaxgom y3ne MOXHO 3agaTtb CNUB BOAbI U3 NOAAIOLLETO
n/vnn n3 obpartHoro TpybonpoBoaOB.

MoTpebuTenb TENNOBOW 3HEPrUM XapakTepuayeTcsl pacyYeTHbIMU Harpyskamm Ha cucte-
My OTOMNEHUS,, CUCTEMY BEHTUNSAUMM U CUCTEMY ropsiyero BOAOCHAOXeHMS1 U pacyeTHbIMU
TemnepaTtypaMmn Ha BXOAe, Bbixode NoTpebutensi, n pacyeTHOM TemnepaTypoinl BHyTPEHHEro
BO34yxa.

B ogHonuHeliHoM npencTaBneHuy NoTpebutenb - 3TO Y3NOBOW 3NIEMEHT, KOTOPbIA MO-
XeT ObITb CBSI3a@H TOJIbKO C OAHMM Yy4acTKOM.

BHyTpeHHsAs1 kogMpoBka NOTPeOUTENsT CYLLECTBEHHO 3aBUCUT OT €ro CXeMbl MpUcoenu-
HeHus K TennoBon ceTn. Cxembl MOryT ObiTb 311€BaTOPHbIE, C HACOCHBLIM CMELLEHNEM, C HE3a-
BMCUMbIM NPUCOEAMHEHNEM, C OTKPbITLIM UIK 3aKpbiTbiM 0T6OpOoM Boabl Ha BC, ¢ perynsaTo-
pamu TemnepaTtypbl, OTOMNMNEHUs, pacxoaa U T.4. Ha gaHHbI MOMEHT B pacrnopsiKeHWUM Mnonb-

3oBaTensa 35 cxeM NpucoeanHeHns notpebutenen.
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Ecnn B 30aHMM HECKONbKO y3r0B BBOAA, TO 06BLEKTOM "noTpebutens” MOXHO onucaTb
Kaxxabin BBOA. B ToXXe BpeMs Kak oguH noTpebutenb MOXHO onmncaTtbh Lenbl KBapTan unm 3a-
BOA, 3aaB AN Takoro notpebutens o606LeHHbIe TeNOBbIE HArpy3Ku.

O606LeHHbIN NOTpebUTenb - 3TO y3er, Ha KOTOPOM Harpy3ka 3agaeTca nmbo notpebns-
eMbIM pacxogom, nnbo pacxon o6ycnoBneH 3agaHHbIM CONPOTUBIEHNEM Yy3na.

Takon 06bekT yaobHO mcnonb3oBaTb, KOrga BO3HWKAET HeEobXo4MMOCTb paccyuTaTth
rmapaBnuky cetm 6e3 MHdopmauMmM O TENNOBbIX Harpy3kax M KOHKPETHbIX CXemMax Mpuco-
eanHeHnsa notpebutenen kK TennoBon ceTu. Hanpumep, npu pacdete mMaructpanbHbIX ceTen
MHdOpMaUUK O KBapTasnbHbIX CETAX MOXET He OblTb, a ANs1 OLEHKM NoTepb Hanopa B Maru-
CcTpansax OOCTaTOYHO 3adaTb 0006LEHHbIE pacxodbl B TOYKaX NMPUCOEANHEHUS1 KBapTanoB K
MarmcTpanbHOn ceTu.

B ogHonuHenHom mnsobpaxeHun He TpebyeTcs nogkntodaTb 0606LWeHHbIN noTpedbuTens
Ha OTAENbHOM OTBOASALLEM y4vacTKke, Kak B crniydae npoctoro notpebutens. To ecTb B 3TOT
y3en MOXEeT BXOAUTb U/Unu BbIXoauTb Nto60e KONMYeCcTBO y4acTKOB. JTO NO3BONSAET OLICTPO U

yD,O6HO, C MMHUMalibHbIM KOJINYECTBOM UCXOOHbIX OaHHbIX.

Puc. 3.4.2. O6006LeHHbIN NoTpebuTenb

LTI - aTo y3en OOMOMAHUTENBLHOIO perynvpoBaHnda U pacnpenerneHusi TennoBon SHep-
rmn. Hannyme Takoro ysna nogpasymeBaeT, YTO 3a HUM HaxOAMUTCA TynMkoBas CeTb, C MHAU-
BuayanbHbiMn notpebutensmn. B LTI MoXeT BXOAWUTb TOMNbKO OOUH Y4aCTOK M TOSNbKO OA4MH
Yy4aCTOK MOXET BbIXOAuTb. [Mprnyem BXOOAWNA y4aCTOK MAET CO CTOPOHbI MarnucTpanu, a Bbl-
XOASALWMI y4acToK BedeT K KOHeYHbIM noTpebuTtensam. BHyTpeHHsAs koguposka LTI 3aBucut
OT ero cxembl NPUCOEMHEHUS K TENNOBOM CETU. ATO MOXET ObITb rPyNMNOBON aneBaTop, rpyn-
NMoBOM HACcOC CMELUEHWsl, HE3aBUCMMOE MOAKMoYeHMe rpynnbl noTpebutenen, Gonnepbl Ha
MBC n 1.4. Ha gaHHbIN MOMEHT B pacnopsXeHun nonb3oBaTtens 29 cxem npucoeanHeHus
LT,

20



Puc. 3.4.3. UTN

[Mepemblyka NO3BONSIET CMOAENUPOBATb YYaCTOK, COEAMHAIOLWINI nogarowmn n obpat-
HbI TpybonpoBoabl. B 3TOT y3en MoxeT BXOAUTb WU/Unn BbIXOAUTb N0GOE KONMMYeCcTBO y4acT-

KOB.

Puc. 3.4.4. NMepemMbluka

Tak Kak nepemMblyka B OAHOMIMHENHOM M300paXkeHUW npeacTtaBrieHa y3rnom, To A4S Mo-
AenMpoBaHns CoeMHEHNA Mexay nogarwum TpybonpoBogoM OOHOro yvacTka u obpaTHbIM
TpybonpoBO4OM OpPYroro y4yacTtka OAHOro anemeHTa "nepemblyka" HegocTtaTtoyHo. [MoHapo-

0aTCA elle ABa y4acTKa: OauH TOMbKO NOAALNN, APYron - TONbKO 06paTHbIN.

Puc. 3.4.5. CoeauHeHue Mexay noaarolmm Tpy6onpoBoAOM OQHOMO y4acTka U o6paTHbIM TpybGonpo-
BOAOM ApPYroro yvyacrtka

HacocHas ctaHums B OOHOMMHENHOM M300paXKeHUn nNpeacTaBnsieTcs ogHUM y3nom. B
3aBMCUMOCTU OT TabNUYHbLIX NapaMeTPOoB 3TOrO y3ria HacoCc MOXeT ObiTb YCTAHOBMNEH Ha Mo-
parollem nnm obpatHom Tpybonposoae, NMbo Ha oboux TpybonpoBogax ogHOBpeMeHHO. [ns
3aJjaHnsi HanpaBfieHUs OENCTBMA Hacoca B 3TOT y3en TOSMbKO OAMH y4acToK 06si3aTenbHO

OOJKEeH BXOAUTb N TOJTIbKO OANH Y4aCTOK AOJDKEH BbIXOAUTb.

Puc. 3.4.6. HacocHasa cTtaHuus
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Hacoc moxHO mMopenupoBaTtb AByMsi cnocobamu: nubo kak maeanbHoe YCTPOMCTBO, KO-
TOpPOE M3MEHSIET AaBlieHne B TpybONpoBoAe Ha 3afaHHyl BenuuuHy, Nnbo Kak yCTpoWCTBO,
paGoTatoLlee ¢ y4eTOM pearbHO HanopHO-PacXo4HONM XapaKTePUCTUKN KOHKPETHOro Hacoca.

B nepBom criydae NpocTo 3afaeTcsa 3HauyeHne Hanopa Hacoca Ha nogatolem w/unm ob-
paTHOM Tpy6onpoBoge. Ecnu 3HayeHne Hanopa Ha ogHOM U3 Tpy6onpoBOAOB PaBHO Hyro, TO
Hacoc Ha aTom TpybonpoBode oTcyTcTByeT. Ecnu 3HayeHue Hanopa oTpuuaTtenibHo, TO 3TO

O3HayaeT, YTO Hacoc paboTaeT HaBCTPeYy BXOASLLEMY B HEFO y4acTKy.

Puc. 3.4.7. NMbe3omeTpuyeckme rpacpmku

Ha pucyHke BUAOHO, Kak pa3nuyHble HanpaBneHUs y4acTKoB, BXOAALLMX U BbIXOOALLMX U3
Hacoca B COYETaHWM C pasHbiMM 3HAKaMW Hanopa, BRUSIOT Ha pes3ynbTaT pacyeTa, oTobpa-
)KEHHbIV Ha Nbe30MEeTPUYECKUX rpadpuKax.

Korga 3agaetcs TONMbKO 3HaYeHWe Hamnopa Ha Hacoce, OHO OCTAeTCA HEeU3MEHHbIM He
3aBUCUMO OT NPOXOASLLEro Yepes HacoC pacxoaa.

Ecnn mogenvnpoBaTh paboTy Hacoca ¢ y4eToM ero QH xapakTtepucTuku, To cneayeT 3a-

AaTb pacxoAbl M Hanopbl Ha rpaHuLax paboyeit 30HbI Hacoca.

r
Hmin

Hmax

Gmin Cmax
Puc. 3.4.8. HanopHo-pacxoagHas xapakTepucTmka Hacoca

Mo 3agaHHLIM ABYM TOYKaM onpeaenseTca napabona ¢ MakcMMyMOM Ha OCU AaBNEHUN,
Mo KOTOpoW pacyeT u ByaeT onpeaenaTb HaNop Hacoca B 3aBUCMMOCTY OT pacxoda. CneayeT

OTMEeTUTb, YTO XapaKTepuUCTuKa, 3aaBaeMad Takum o6pasoM, MOXEeT OoTNInM4aTbCA OT pealb-
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HOW XapaKTEPUCTMKM Hacoca, HO B Npeaenax paboyen obnactn obe xapakTepucTuku nNpakTu-
YecKun coBnagaroT.

[na onvcaHns HECKOMNbKMX NapannenbHo paboTarLmnx HACOCOB JOCTAaTOYHO 3a4aTb MX
KONMYeCTBO M pe3ynbTUpyroLasa xapakrepuctuka dyaet onpegeneHa npu pacyeTe aBTomaTu-
YecKu.

Tak kak Hanopbl Ha rpaHuuax padoyen obnacTn Hacoca 6epyTcsa U3 CnpaBoOYHMKA U BCe-
roa NonoXuTernbHbl, TO HanpaBneHne OeNCTBUSA Takoro Hacoca byaeTt onpefensitbCa TONbKO
HanpaBneHMeM BXOAALLEro B y3en yyacTka.

[poccenupylome ycTtpomncTea B OOHONMHENHOM MNpeaCcTaBreHnmn SBnsTCs y3namu, HO
BO BHYTPEHHEN KOAMPOBKE - 3TO AOMOSMHUTESNbHbIE YY4ACTKU C NOCTOSAHHBIM UM NepeMeHHbIM
conpoTtuBneHnem. B gpoccenupyowmn ysen obsisaTenbHO OOSMKEH BXOAWUTb TOSbKO OAMH

y4acCTOK, U TOJTIbKO OAUH YHaCTOK M3 y3I1ia OOJTXEH BbIXOOUTb.

Puc. 3.4.9. lpoccenupytolime yCTponcTea

C TOuKkM 3peHuss Moaenu ApoccernbHas wWwarnba 3T0 (PUKCUPOBAHHOE COMPOTUBMEHUE,
onpeaensieMoe AMamMeTpoM Lanbbl, KOTOPOEe MOXHO YCTaHaBNMBaTb Kak Ha NodaloLLEM, Tak U
Ha obpaTHOM TpyGonpoBoae. Tak kak 3TO Heperynmpyemoe conpoTUBIEHME, TO BENMYMHA ra-
CMMOrO LIanbon Hanopa 3aBUCUT OT KBagpaTa, NpoxoasLero Yyepes wanby pacxoaa.

Ha pucyHke BMAOHO, Kak MEHSIOTCA NoTepu Ha wwaibe, ycTaHOBMNEHHOW Ha NoAatolleM

TpybonpoBoae, Npy yBeNUYEeHUN pacxoa Yepes Hee B ABa pasa.

Puc. 3.4.10. lpoccenbHas wanba

PerynaTtop AaBneHust - yCTPOMCTBO C NEPEMEHHbIM COMPOTMBIIEHMEM, KOTOPOE MO3BO-

ndeT nognoepXxumBatb 3agaHHOE OaBlieHUE B pr6OI'IpOBO£I,e B onpepgerneHHomMm gnana3oHe U3-
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MEeHEHNA pacxoaa. PerynﬂTop AaBJliEHNA MOXET yCTaHaBJIMBaATbCA KaK Ha nogarollem, TakKk U

Ha obpaTtHomMm TpybonpoBoae.

Puc. 3.4.11. PerynaTtop gaBneHus

Ha pucyHke nokasaHo, YTO Mpu yBENMYEHUW B [Ba pasa pacxoda 4epes3 perynsatop,
yCTaHOBMEHHbIV B 06paTHOM TpybonpoBoae, AaBreHve B perynvpyeMomM yarne octaeTcs no-
CTOSIHHbIM.

BenvunHa conpoTuBneHns perynstopa MOXeT U3MEHSITbCSl B Npeaenax oT 6eCkoHeYHo-
CTU OO COMPOTMBIIEHNS MOSTHOCTBLIO OTKPLITOrO perynsTopa. Ecnv ycnoBusi paboTbl cetu 3a-
CTaBNSAOT PErynsaTop NosfiHOCTbI0 OTKPbITLCS, TO OH HAYMHAET paboTaTb kak Heperynmpyembii
APOCCEenupYLWNA y3ern.

PaboTa perynsaTopa pacnofiaraemoro Haropa aHanormyHa pabote perynsitopa gasre-
HWS, TONMbKO B 9TOM CIly4ae perynstop ctapaeTcsl AepKaTb NOCTOSAHHOW 3afaHHYl0 BENTUYUHY
pacrnonaraemoro Haropa.

Perynatop pacxoga - 370 y3en ¢ nepeMeHHbIM COMpPOTUBIIEHMEM, KOTOPOE MO3BOMSET
noaAepXmnBaTb NOCTOSIHHLIM 3a4aHHOE 3HaYeHUE NPOXOASILLEro Yepes perynaTop pacxoaa.

Perynstop MoXHO yCcTaHaBnvMBaTb Kak Ha nogaloweM, Tak U Ha oGpaTHOM TpyGonpoBo-
ae. K paboTte perynsitopa pacxoga MOXHO OTHECTM BCE CKa3aHHOe Mpo perynsitopbl gaBne-

HUA.

3.4.2. Hanapo4HbIN pacyeT TensI0OBOM CeTU.

Llenbto Hanago4Horo pacyeta siBnsietca obecneyeHne notpedbutenen pacyeTHbIM KO-
NMYEeCTBOM BOAbI M TENNOBON aHepruun. B pesynbTate pacyeTta ocywlecTensetca nogbop ane-
BaTOPOB M UX COMen, NPoOM3BOANTCA pacyeT CMECUTENbHbLIX U OPOCCENUPYOLMX YCTPOUCTB,
onpenenseTcs KONMMYecTBO U MECTO YCTaHOBKM ApOcCenbHbIX Wwanb. PacyeT MoxeT npon3sBo-
ANTBbCS NPU U3BECTHOM pacrnofnaraeMoM Hanope Ha UCTOYHWKE M ero aBTOMaTUYeCKOM nog-
Gope B cny4yae, ecnu 3agaHHOro Hanopa He 4OCTaTO4HO.

B pesynbTate pacyeta onpegensitoTca pacxogbl M notepu Hamnopa B TpybonpoBogax,

Hanopbl B y3rax ceTu, B TOM Y1Crie pacrnoraraemMble Hamnopbl y notpeburtenei, Temneparypa
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TENNOHOCUTENS B y3nax ceTu (Npu yyeTe TEMNSOBbIX NOTEPb), BENIMYMHA N30bITOYHOrO Hamnopa
y notpebutenen, TemnepaTypa BHyTPEHHEro BO3ayxa.

[poccenupoBaHne N36bITOYHbIX HAaNopoB Ha aGOHEHTCKMX BBOAAX MPOU3BOAST C NOMO-
b0 COMen 3r1eBaTopoB U ApoccernbHbIX Wwaib. [poccenbHble wanbbl nepen aboHEHTCKMMM
BBOJAMM yCTaHaBNMBalOTCS aBTOMaTUYeCKU Ha nogatowieM, obpatHomM unm obomx Tpybonpo-
BOAAX B 3aBMCMMOCTW OT HEOOXOAUMOro Ansi CUCTEMbI rMapaBnnyeckoro pexuma. MNpu pado-
Te HECKONbKMX UCTOMHMKOB Ha OAHY CeTb onpeaensieTcs pacnpeaeneHve BoAbl U TENNOBOM
aHeprum mexay ncrtodHmkamu. Mopsoantcs 6anaHc No Boae WM OTMYLEHHOW TenroBoW aHep-
rMen Mexay MCTOYHUKOM K notpebutensmn. OnpenensitoTcs NoTpedbuteny u CooTBETCTBYHO-

LLMIA UM UCTOYHUK, OT KOTOPOrO AaHHble NOTPEOUTENN NOMyYaoT BOAY U TEMNIOBYHO SHEPTUIO.

3.4.3. NoBepoOYHbIN pacyeT TENsI0BOU CeTU.

Llenblo noBepoYHOro pacyeta siBfsieTcs onpegeneHve akTU4eckMx pacxodoB Tenslo-
HOCUTENS Ha y4yacTkax TensioBoM CETU U y NOoTpebuTenen, a Takke KONUYEcTBe TEMNoBOK
3Heprum nony4yaemon notTpebutenem npu 3agaHHoON TemnepaTtype BoAbl B nogatowem Tpybo-
NpoBOAE U pacnosiaraemMoM Hamnope Ha UCTOYHMKeE.

CospaHHas maTeMaTuyeckas MMUTaUMOHHas MOAeNb CUCTEMbl TenrlocHabXeHus, crny-
Xallas Ans pelueHusl NoBepOoYHONM 3adayu, Mo3BONsieT aHanu3npoBaTb FMApaBrMYecKUn U
TENMOBOW pexum paboTbl CUCTEMbI, @ Takke MPOrHO3NPOBaATb M3MEHEHWEe TemnepaTtypbl
BHYTPEHHEro Bo3ayxa y notpebuteneit. PacyeTbl MOryT NPOBOAMTLCS MPU PasnMYHbIX UCXOA-
HbIX AaHHbIX, B TOM Y/CIe aBapUHbIX CUTYaUUsIX, HanpuMep, OTKIIOYEHUM OTAENbHbIX y4acT-
KOB TEMIOBOWN ceTu, Nepeaayn Boabl 1 TENNOBOW SHEPTUN OT OAHOIO UCTOYHMKA K APYromy no
oaHoOMy 13 Tpy6onpoBoaos v T.4.

B pesynbTate pacuyeta onpepensitoTcs pacxodbl M notepu Hamopa B TpybonpoBogax,
Hanopkl B y3rax ceTu, B TOM YuCrie pacrnoriaraeMble Hamnopbl y notpebutenen, Temnepartypa
TEennoHoCcUTenNs B y3nax cetu (Mpu y4eTe TENMOBbIX NOTEPb), TeEMNepaTypbl BHYTPEHHEro BO3-
ayxa 'y noTpebuTenen, pacxoabl U TeMnepaTypbl BOAbI HA BXOAE W BbIXOAE B KaXOyl CUCTEMY
TennonotpebneHus. MNpu paboTe HECKONMbKUX UCTOMHMKOB HA OAHY CeTb OonpedensietTcs pac-
npeneneHne BoAbl M TEMNMOBOW 3HEPTUM MeXay UCToYHUKamu. MoasoanTcs GanaHc no Boge u
OTMYLLEHHOW TEMMOBOW SHEpruen Mexay UCTOYHMKOM M noTpebuTtensmu. OnpenensoTcs no-
TPebUTenn 1 COOTBETCTBYHLLMIA UM UCTOYHMK, OT KOTOPOro AaHHble NOTPebuTenu nonyyarT

BOAY Y TEMIOBYH 3HEPTUHO.
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3.4.4. KOHCTPYKTOPCKNM pac4yeT TensioBon CeTu.

Llenbto KOHCTPYKTOPCKOrO pacyeTa ABnAsieTCs onpeaeneHne gnameTtpos Tpybonposoaos
TYNUKOBOW M KONbLIEBOW TEMSIOBOW CETW NPV NPOMycKe No HUM pacyeTHbIX pacxodoB npu 3a-
AaHHOM (MM HEM3BECTHOM) pacnonaraemMomM Hanope Ha UCTOYHMKE.

[aHHas 3agada MOXeT ObITb MCNONb30BaHa NpuY BblAdaye paspeLleHnsa Ha NOAKMYeHne
notpebutenen K TEnnOBON CETU, TaK Kak B Ka4eCTBE WMCTOYHMKA MOXET BbICTynaTb ftobon
y3es CMCTeMbl TENNOCHaABXeHNS, Hanpumep TensnoBas kamepa. [na 6onee rmbkoro peLleHns
AaHHOW 3ajayvM NpefyCMOTpeHa BO3MOXHOCTb M3MEHEHWS CKOPOCTM ABMXKEHWS BOAbl NO
yyacTkaM TENsI0BOM CETU, YTO NPMBOAMUT K UBMEHEHMIO AnameTpoB TpybonpoBoaa, a 3Ha4mT m
pacnonaraemMoro Hanopa B TOYKe MOAKIMYEHUS.

B pesynbrarte pacuyeTa onpegensoTca gnameTpbl TpyObonpoBO4OB TEMNMOBOW CETH, pac-
nonaraemMblin HaMnop B TOYKE MOAKIIOYEHUs, PACXOAbl, MOTEPU HAMOPa U CKOPOCTU ABUKEHUS

BObl Ha y4aCTKax CeTU, pacnosjiaraeémMble Harnopbl Ha I'IOTpe6l/1TeJ'IFIX.

3.4.5. PacyeT TpebyemMon Temnepatypbl HA UICTOYHUKE.

Llel'lbIO 3ajayn AasndeTtcd onpepneneHne MMHMMalribHO Heobxoanmon TemMmneparypbl Ten-
NOHOCUTENS Ha BbIXOAE U3 UCTOYHUKA Ans obecneyeHns Yy 3agaHHOro n0Tpe6|/|Ter|;| TemMmnepa-

TYpbl BHYTPEHHEro BO3AyXa He HMKe pacyeTHOMN.

3.4.6. KommyTauMOHHbIe 3aga4um.

AHanu3 oTKIIIOYEHUIN, NEePEKITIOYEHNI, NOUCK BrivKanwen 3anopHOM apmaTypbl, OTKHO-

yaroLlen y4acCTOK OT NUCTOYHUKOB, UITN NOJIHOCTbIO M3OJ'IVIpy}OLLI,eIZ y4yacTtoKk n 1.4.

3.4.7. NMbe3omeTpuyecKum rpaduk.

Llenblo NocTpoeHnsa Nbe3oMeTPUYECKOro rpaduka sBnaeTca HarnggHas unnicrtpaums
pes3ynbTaToB rMAPaBMYECcKOro pacyeTta (HanagoyYHoro, NOBEPOYHOIO, KOHCTPYKTOPCKOrO).

OTO OCHOBHOW aHanNUTUYECKNA MHCTPYMEHT cneuuanucta no rmgpasnmyecknm pacyetam
TennoBbix ceTen. [Mbe3omeTp npeacTasnseTr cobon rpaduyeckMn OOKYMEHT, Ha KOTOPOM
n3obpakeHbl NIMHUN AaBneHW B nogatoLlen n obpatHom marmctpansix TeNOBOW CETU, a Tak-
Xe npodunbe penbeda MecTHOCTU - BOOMb ONpeaesieHHOro nyTn, COeAUHSAIOLWEro Mexay co-
0o ABa NPoOM3BOSbHbLIX Y3Ma TEMNMOBOW CETM NO Hepas3pbiBHOMY MOTOKY TennoHocutens.Ha
NbE30METPMUYECKOM rpaduke HarnggHoO nNpeacTaBfieHbl BCE OCHOBHbIE XapaKTEPUCTUKU pe-
XnMa, NosflydYeHHble B pesynbTaTte rmapaBnuMyecKkoro pacyerta, No BCEM Yy3naM WU ydacTkam

BOOIJb Bbl6paHHOFO nyTn: MaHoOMeTpu4veckmne gaslieHusa, noJiHble U yaenbHble NoTepn Hanopa
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Ha y4dacTKax TENSIOBOU CETH, pacnofiaraemMble OaBlieHNA B KaMepax, pacxoabl TenroHoCUTe-

4, nepenabl, co3gaBaeMble Ha HAaCOCHbIX CTaHLUMAX N UCTOYHUKAX, N30bITOYHbIE Hanopbl n

T.0.

Puc. 3.4.12. Nbe3omeTpurUieckum rpadmk

LiBeT 1 cTUnb NMHUI 3agaeTcs Nonb3oBaTenem.

B Tabnuue nopg rpadmkom BbIBOAATCA ANA KaXXA0Oro y3na ceTu HaumeHoBaHue, reogesu-
yeckasi OTMeTKa, BbicOoTa noTpebutens, Hanopbl B nogatwllem n obpatHoMm TpybonpoBoax,
BENMYMHA OPOCCENNPYEMOro Hanopa Ha wwanbax y notpebutenen, notepm Hanopa no yyact-
KaM TennoBOM CETU, CKOPOCTU ABWXKEHUS BOAbl Ha ydYacTkax Tennosou cetn un T1.4. Konude-

CTBO BbIBOANMOW Noj FpaCbI/IKOM MHd)OpMaLI,I/II/I HacCTpanBaeTCd Nosib3oBaTerieM.

3.4.8. PacyeT HOpMaTUBHLIX NOTEPb TeNsia Yepes3 U3onsLUIO.

Llenbio gaHHoro pacyeta sAABNsieTcs onpeaerneHve HOpMaTUBHBLIX TEMMOBbLIX MOTEPb Ye-
pe3 nsonsumio TpybonpoBoaoB. Tennosble NOTepn onpeaenstoTca CyMMapHoO 3a rof c pas-
6uBkon no mecsuam. NpocMoTpeTb pesynbTaThl pacHeTa MOXHO Kak CyMMapHO no BCeu Ten-
NIOBOWN CETU, TaK U Mo KaXgoMy OTAENbHO B3ATOMY UCTOYHWUKY TEMMOBOW SHEPTUU U KaXaomy
ueHTpanbHoMy TennosoMy nyHkTy (LITIT). PacyeT moxeT 6biTb BbINOMHEH C y4eTOM nornpa-
BOYHbIX KO3(PPULMEHTOB Ha HOPMbI TEMSMOBLIX NOTEPb. Pe3dynbTaThl BbIMNOSIHEHHbLIX Pac4eToB

MO>XHO 3KkcnopTupoBaTb B MS Excel.
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4. neKTpoHHas MoAernb CYLEeCTBYHOLWEN CUCTEMbI TENNOCHAGXeHuUs.
JTanbl aKTyanusauuu.
4.1 NudbopmaumoHHo-rpachmnyeckoe onncaHne o6 bLEKTOB CUCTEMbI TENJTIOCHA0-

XKeHwuns.

Ha ocHoBe cyuiectBytowen OM gns uenen ee aktyanusaumm Obiniv co3gaHbl MOAENb-
Hble 6a3bl - "CywecTteytowme cetn 2025", "lMepcnektuBHble cetn 2030" B KOTOPLIX NPOBOAN-
nacb BbIBepKa C nocneayroLlen KoppekTMpoBKoM NMHGOPMAaLIMOHHO-rpanyeckoro onucaHus
CYLLIECTBYIOLLMX OOBEKTOB CUCTEMbI TEMNSIOCHAOXEHMS FOPOACKOrO OKpyra C y4eTOM U3MEHe-
HUKW, Npomnsowenwmnx 3a nepuopg 2024 roga, No gaHHbIM 3aka3dunka (basa aboHeHTOB; 6asbl
TENsOBbIX CETEN; CXEMbI TEMNSOBLIX CETEN).

B aktyanunsanpoBaHHon 6a3e [aHHbIX 3NEKTPOHHOW MOAENW OnucaHbl U nNpu Heobxo-
ANMOCTU OOMNOJSTHEHbI (CKOPPEKTUPOBAHBI) MACNOPTHbIE XapaKTEPUCTUKM BCEX TUNOB OOBHEKTOB
cucteMbl TennocHabxeHus. MNonHoTta 3anonHeHna 6a3bl 4aHHbLIX NO NapameTpam 3aBUCUT OT
HaNU4ns UCXOOHbIX AaHHbIX Y TEMNOCHAGXaLMX KOMNAHWUA.

BuayanbHoe oToGpaxeHne CTPYKTypbl TENSOBLIX CETEN NPEeACTaBMeHO Ha pucyHke 4.1.1.
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Puc. 4.1.1. BusyanbHoe oTobpaxeHue CTPYKTYpPbl TeNNOBbIX CEeTEN OT ICTOYHUKOB TEMJIOBOMN IHEpPrum
BenoBckoro N0
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4.2. OTnagka u KanubpoBKa 3NEeKTPOHHOU Moaenu.

B paMKax OaHHOro atana gOoJTKHbI ObITb BbIMOSHEHBI:

* oTnagka paboTbl pacyeTHbIX MaTEMaTUYECKNX MOAYIeN NyTEM BbISIBIIEHMST OLUMOOK

B UCXOOHbIX OaHHbIX;

* kanubpoBKka MOAENN C LEeNb JOCTMXEHUS COOTBETCTBUS pacyeTHbIX napamMeTpoB
MoZenn akTUYeckuM napameTpam B onpefeneHHbIX pernepHbIX y3rax CUCTEMbI
TennocHabXxeHnsa (Npu Hanuuum MHopMaumm No pacxodam, OaBNeHUsSM BOAbl B
nogatoLwmx n obpaTtHbIX TpybonpoBogax cucTeMbl TeNOCHabXeHNa Ana dakTnye-
CKOro pexunma).

Ha aTtane oTnagkv anekTpoHHOM Mogenn 6bin NpoBedeH aHanu3 MOMHOTbl U AOCTO-
BEPHOCTW BHECEHHbIX UCXOOHbIX JAHHbIX.

KannbpoBka mogenu - npouecc naeHTumnkaumm n TOHKOM HaCTPOMKN HAbOPOB NUCXOLHbIX
AaHHbIX TakuM obpasoM, 4yTobbl obecneunTb MakcumanbHoe NpubnmXxeHue pesynbTaToB rna-
paBnMYEeCcKoro pacyeTta K pakTu4eckumM napameTpam B onpenesnieHHbIX penepHbiX y3nax cucre-
Mbl TennocHabxeHus. [na opraHnsaumm npouecca kannbposkn 3M BbIOMpaloTCs penepHble y3-
Nbl B KaXXOOW U3 CUCTEM TEeNnroCHabXeHWns, Takme Kak: BbIBOAHOW KOMNSEKTOP Ha WUCTOYHMKE
N/MNN HaCOCHbIE CTaHLUMWN W/MN TENSOBbIE NYHKTbI U NPOYME 3fIEMEHTLI TENNOBOW CETU, NO KO-
TOPbIM UMEITCA (PaKTUYECKNE AaHHble MO pacxodaM TENfoHOCUTENd U pacnosiaraemMbiM Hano-
pam 3a 2024 roga.

OaHVM 13 He3aMEeHUMbIX UHCTPYMEHTOB MNpW KanvbpoBKe rMapaBfiMyeckon mMoaenu Ten-
NIOBOM CEeTU SABNSIETCA Nbe30MEeTPUYEcKun rpadomk, NOCKONbKY rpaduyeckas MHTepnpetaumns
rapaBnMyecKkoro pexuma rno3sBonsieT O4HOBPEMEHHO KayeCTBEHHO U KOSIMYECTBEHHO OLEHUTb
nonpaBkn, KOTOpble HEO6XOOUMO BHECTU B pacyeTHY0 MoAenb, YToObl OHa Hanbonee agekeaT-
HO noBToOpANa "rmgpaBnuyeckoe noseaeHne" peanbHOM TENMOBOW CETU B IKCMyaTauumu.

Takke Ansa BbIMNOMHEHNSA KanMOpPOBKM MCMONb30BaNuChb pesynbTaThl MMapaBiMyeCcknx pac-
4YeTOB OS5 ANIEMEHTOB TEMSIOBOW CETU, a Takke rpaduyeckoe npencraBneHne napameTpos
TennoHocuTens.

MapannenbHo paboTe C BbIWEONUCAHHBIM WHCTPYMEHTApMEM MNpPOBOAUNIACh KOppPeK-
TMPOBKA WM3Ha4anbHO BBEAEHHbIX [OaHHbIX MO LEepPOXoBaTOCTM TpybonpoBOAOB, 3HAYEHUAM
MECTHbIX CONPOTUBNEHUN U MP. C LENbto NOyYEeHUS MaKkCUManbHOro COOTBETCTBUS NapamMeTpoB
pacyeTHOM Moenun ¢ PakTUYECKMMM NapaMmeTpaMmm CUCTEM TENNOCHabXeHUS.

PesynbTaTbl BbINOMHEHHOW KanMBpPOBKN B 3NIEKTPOHHOM MOAENN NpeacTaBreHbl B CPaBHU-
TenbHon Tabnuue 4.2.1. ona 6a3oBoro nepuoaa paspaboTku cxemMbl TennocHabxeHus (otonm-

TenbHoro nepuoga 2024/2025 rr.).
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Tabnuua 4.2.1

MapameTpbl ruApaBIUYECKUX PEXXUMOB PaboThbl o g
=
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no AaHHbIM paKTU4eCKoro < T F
HOW KannubpoOBKN 3NEKTPOH- I s~
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N HOM Mogenun cucTeMbl Tenso- T
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AO "KysbaccaHepro”
Benosckas NP3C -/ - 3914 /3833,8 -/ - 3965,6 / 3549 -3,1
B TOM 4YuChe:
Benosckas TP3C (TM-1) 69 /22 722,21704,6 69 /22 739,1/678,2 -0,7
Benosckas POC (TM-2) 66 /31 433,3/408,5 66 /31 447,11/ 420,9 3,0
Benosckas TP3C (TM-3) 170/ 15 2758,5/2720,7 170/ 15 2779,4 1 2449,9 -4,8
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5 . OneKkTpoHHasa MoAerib NepCNeKTUBHOW CUCTEMbI TENJIOCHa0XeHMUS.

MogenupoBaHue MNepCcnekTMBHOIO BapuvaHTa pasBUTUA CUCTEMbI TennocHabXeHus
(CTPOUTENBCTBO HOBLIX N PEKOHCTPYKLUMS CYLLECTBYIOLNX UCTOYHUKOB TEMSIOBOW 3HEPIUN, ne-
pepacnpeferneHne TenmnoBblIX Harpy3ok Mexay WCTOYHUKaMW, orpeferieHMe BO3MOXHOCTU
NOAKMIOYEHMS HOBbIX NOTpebuTenen TennoBon 3Hepruu, onpenerieHne onTumarnbHbIX Bapu-
aHTOB Ka4yeCTBEHHOro 1 HageXHoro obecneyeHns TenNNoOBON 3HepPruemn HoBbIX NoTpebutenen n
T.A.) OCYLLEeCTBMAEeTCA Yepe3 MexaHn3M COo3aHusa N agMUHUCTPUPOBaHUS crieumnasbHbIX "MO-
AenbHblX" 6a3 - HabopoB AaHHbIX, KNOHUPYEMbIX U3 OCHOBHOW (KOHTPOMbHOW) 6a3bl AaHHbIX
ONUCaHus TENMOBOW CETU, Ha KOTOPbIX MOXHO NPOU3BOANUTL NoOble MaHunynauun 6e3 pucka
NCKa3nTb UM NOBPEeaUTb KOHTPOSbHYIO 6a3y.

B pesynbTtaTte co3gaHus nepcnekTMBHOrO BapuaHTa 4o KOHeYHbIX notpebutenen 8 M B
COOTBETCTBUMN C MacTep-nnaHoM Obina co3gaHa moaensHasa 6asa, oTpaxaroLlas nepcnexkTmBe-
HOe COCTOSIHME CMCTEMbI TENNOCHABXeHNA Ha KOHeL, paccMaTpmBaeMoro nepuoga

PesynbTatel pacyeTa nNepcneKkTMBHbLIX MOPABANYECKUX PEXMMOB CUCTEMbI Tenso-
CHabXxeHus1 ToOpoACKOro okpyra npefcraBfneHbl B AokyMeHTe "Cxema TennocHabxeHus be-
nosckoro ropogckoro okpyra ao 2030 r. Aktyanusauusa Ha 2026 r. O6ocHoBbIBalOLWME MaTe-
puanbl. [Naea 4. NepcnekTuBHble 6anaHcbl TENTOBON MOLLHOCTU MCTOYHUKOB TEMNJTIOBOKW 3HEP-

MM N TENNOBOW Harpysku".
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6 . [JOKyMeHTbI Mo aKTyanmM3npoBaHHOMN 3NIEKTPOHHOWN MoAenW.

Mo pesynbTatamMm akTyanuMsauumn SfeKTPOHHOW MOLENW CUCTEMbI TenmnocHabXeHus ro-
pOACKOro oKkpyra paspaboTaHbl cneayowme mogenbHble 6asbl:

- MogenbHas 6a3a "CyuwecTtBytowme cetn 2025" - akTyanusmpoBaHHas mogensHas 6asa
Mo CYLLECTBYIOLLEMY COCTOSAHWNIO CUCTEMbI TEMSOCHAbXEeHUS;

- MogenbHasa 6a3sa "lMepcnektuBHble cetn 2030" - MmogenbHasa 6asa No NepcnekTMBHOMY
pas3BUTUIO cucTemMbl TennocHabxeHms Ha 2030 roa.

- XapakTepuCTUKM TENMOBLIX CETEN CUCTEM TEMMOCHaABXeHNA ropoacKoro okpyra npuee-
AeHbl B okymeHTe "Cxema TennocHabxeHus benosckoro ropoackoro okpyra go 2030 r. Ak-
Tyanuaaumsa Ha 2026 r. O6ocHoBbIBatowme matepumansl. [nasa 1. CywecTByoLliee nonoxeHme
B cdepe Npou3BoACTBa, nepegayn u notpebrneHuss TennoBOM SHeprun Ansa uenen Tensno-

cHabxeHua".
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