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1. O6Lwee Ha3Ha4YeHMe INIeKTPOHHOWN MoAerniu CUCTEeMbI

OneKkTpoHHas Modenb cUCTEMbl TennocHabxeHns BenoBckoro ropoackoro okpyra (aa-

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

p368TbIBaJ'IaCb B Lendx:

aau:

cO34aHus eguMHON MHAOPMALMOHHON NNaTgopMbl MO cUCTEMaM TeNNOCHabXeHns
ropoaa;

NoBbILEHNS 3PPEKTUBHOCTU MHGPOPMALMOHHOIo obecneyeHns NPoLLEeCCOB MPUHSI-
TVS pelleHnii B 06nactu Tekywero yHKLMOHNMPOBaHMSA U NEPCNEKTMBHOMO pasBmTUSA
CUCTEeMBbI TennocHabxeHnsa ropoaa;

npoBeAeHus e4MHON NONUTUKN B OpraHn3aunmn TekyLlen AeaTenbHoCTy npea-
NPUSTUIA U B NEPCNEKTUBHOM pPa3BUTUM BCEW CUCTEMbI TEMNNOCHAbXeHMS ropoaa;
obecneyeHnsa yCToM4YNBOro rpagoCcTpoMTENBHOMO pasBuUTUSA ropoaa;

pa3paboTku Mep AN NOBbILWEHWUS HAOEXHOCTU CUCTEMbI TENNOCHabXeHMsa ropoaa;

MUHUMM3aLMN BEPOATHOCTU BO3HUKHOBEHUS aBapUHbIX CUTyauuin B cUCTEMe Ten-
nocHabxeHus.

Paspa60TaHHaﬂ ANEKTPOHHaA MoAeslb npegHa3HavYeHa And peweHua cnegyrumnx 3a-

co34aHus 0bLLEeropoacKon NIEKTPOHHOM CXEMbI CYLLIECTBYHOLLMX U NEPCNEKTUBHBIX
TEeNnnoBbIX ceTen N 06BHLEKTOB CUCTEMbI TEMMOCHABXEHNA rOPOLCKOro OKpyra, NpuBs-
3aHHbIX K TONOOCHOBE ropoaa;

ONTMMU3aLMM CYLLECTBYIOLLEN CUCTEMbI TENTOCHABXEHMA (ONTUMU3aums rmapasnu-
YECKMX PEXMMOB, MOAENUPOBaHME nepepacnpeaeneHuns TenoBbIX HArpy3oK Mexay
NCTOYHUKaMWN, onpegeneHne onTuMarsbHbIX JMaMeTpoB NPOEKTUPYEMbIX N PEKOH-
CTPYMpPYEMbIX TEMMOBbLIX CETEN N TENSIOCETEBLIX OOBHLEKTOB U T.4.);

MOOENMPOBaHNA NEePCNEKTUBHbLIX BAPUAHTOB Pa3BUTUS CUCTEMbI TENNOCHAbXeHNs
(CTPOUTENBCTBO HOBbIX N PEKOHCTPYKLNSA CYLLIECTBYHOLLMX MCTOYHUKOB TEMIOBOW
3Hepruu, nepepacnpeneneHne TenoBbIX HArpy3oK Mexay UCTOYHUKaMu, onpegerne-
HMEe BO3MOXXHOCTM MNOAKMNIOYEHNSA HOBbIX NOTPebUTENEen TENNOBOW 3HEPTMX, onpeae-
NeHne onTUMarsbHbIX BapMaHTOB KA4ECTBEHHOMO U HaAEeXHOro obecneveHns Tenno-
BOW SHEpPrnen HoBbIX NoTpeduTenen u T1.4.);
onepaTuUBHOro MogennpoBaHnsa obecneyeHns TENSIOBOW SHepruen notpeburtenen
Nnpw aBapuUnHbIX CUTyaUUSX;
onepaTmMBHOrO NONyYeHUs1 MHPOPMAaLMOHHBLIX BbIDOPOK, CNpPaBokK, OTYETOB MO CUCTE-
M€ B LefIoM MO cucTeme TennocHabXeHnsa ropoaa v rno oTAenbHbIM €€ dfieMeHTamMm;
MOHUTOPWHI pa3BUTUSA CXEMbI TENNOCHAOXEHNSA rOPOLCKOro OKpyra;
obecnevyeHne exxerogHon akTyanusaumm cxembl TENNOCHABXeHWsS1 rOpOACKOro okpyra
B cooTtBeTCcTBUM ¢ P3-190 "O TennocHabxeHun" n NMoctaHoeneHnem NpaButenscrea
P® Ne154



2. AKTyanusaumsi 3JIeKTPOHHOW MOoAeNnn CUCTEMbI TENNOCHABXeHuUs.

B pamkax akTyanusaumm cxembl TEMMOCHaGXeHUs B 4acTu INEKTPOHHOW MOAenu Bbl-
nonHeHbl cnegyowme paboThbl:

e BblBEpKa 1 COOTBETCTBYIOLLAA KOPPEKTMPOBKA TPACCUPOBKM M XapaKTepUCTUK Tenso-

BbIX CETEeN N0 NpefoCTaBfeHHbIM AaHHbIM TENOCHabXatoLWmMx opraHn3auni;

e BbiBEPKA M COOTBETCTBYHOLLAA KOPPEKTUPOBKA NOAKITHOYEHHBIX NOTPebuTenemn B co-
OTBETCTBMU C NpeaocTaBfeHHbIMM 6a3ammn aboHEHTOB TennocHabXatoLmnx opraHm-
3auUunu;

AKTyannanpoBaHHas 3reKTpOHHasA MOAENb CUCTEMbI TEMNOCHABXEHNS FOPOACKOro OKpY-
ra obecneuymBaeT BbINONHEHME BCeX TpeboBaHUN, NpeabABNAEMbIX K ANIEKTPOHHBIM MOAENAM
B cooTBeTCcTBUM C NocTaHosneHnem lNpasutensctea PO Ne 154 ot 22.02.2012 r.:

a) rpadunyeckoe npeacraBrneHne 06BHEKTOB CUCTEMbI TENITOCHAGXEHNSA C NPUBA3-
KOW K Tonorpacdomyeckon 0CHOBE NOCENEeHUsl, FOPOACKOro OKpyra 1 € NOMHbIM TOMOMOrMYeCKNM

OnMcaHMeM CBSA3HOCTU OOBHEKTOB;

0) nacnopTm3aunio 00 bEKTOB CUCTEMbI TEMNOCHAOXEHUS;
B) nacrnopTmM3aunio U ornMcaHne pacHeTHbIX eQMHUL TEPPUTOPUANBHOrO AENEHNS;
r rmaopaBinyeCcKnin pacyeT TENSOBbIX CETEN N0OOM CTENEHN 3aKoNbLOBAHHOCTH, B

TOM 4mcCne rmapaBnnYecKkmin pacyeT Npy COBMECTHON paboTe HECKONbKMX MCTOYHMKOB TEMMO0-
BOW 3HEPrnmn Ha eaunHyr TENOBYIO CETb;

a) MOENMPOBaHNE BCEX BUOOB NEPEKIOYEHNIA, OCYLLECTBNAEMbIX B TEMMOBbLIX CE-
TAX, B TOM YMCIe NEePEKIOYEHNI TENSOBLIX HAarpy30K MEXAY UCTOYHMKaMM TEMMOBOW 3HEpP-
Tu;

e) pacyeT 6anaHcoB TENOBOW AHEPIUN MO NCTOYHUKAM TEMSIOBOW SHEPIUN N NO

TeppuTOopManbHOMy NpU3Haky;

X) pacyeT NnoTepb TEMNMOBOW SHEPINM YEPE3 U3ONALMIO U C yTeYKaMu TeNnmnoHocuTe-
ns;

3) pacyeT nokasartenei HageXXHOCTN TennocHaGXeHUs;

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

noTpebuTeneit) No 3agaHHbIM KpUTEPUSIM C LIeSNbo MOAENNPOBAHUS pasnnYHbIX Nepcnek-
TUBHbIX BAPMAHTOB CXEM TEMNNOCHabXeHus;

K) CpaBHUTENbHbIE Nbe30oMeTpUYeckne rpadukn ans paspaboTku 1 aHanmsa cue-
HapueB NepcnekTUBHOIO PasBUTUS TEMOBLIX CETEW.

B pamkax akTyanusaumm CXeMbl TEMNIOCHAOXEHUst B YacTW 3rIEKTPOHHOM MOOENWN Bbl-

NonHeHbl creayowmne paboTol:



e cosgaHue MmofernbHou 6a3sbl - "Tennocetu cywecTteytowme 2021" - akTyanusmpo-
BaHHas MogenbHas 6a3a no CyLecTBYHOLWEMY COCTOSHUIO CUCTEMbI TeNNocHabxe-
HUS;

e BbIBEpKa M COOTBETCTBYIOLLAS KOPPEKTUPOBKA TPACCUPOBKN N XapakTePUCTUK Tenno-
BbIX CeTel N0 NpeAoCTaBfeHHbIM AaHHbIM TenocHabXatloLWmxX opraHn3auni;

e BbIBEpKa M COOTBETCTBYIOLLAA KOPPEKTUPOBKA NOAKMIOYEHHbIX NOTpebuTenen B co-
OTBETCTBUM C NpefocTaBneHHbIMN 6azamn aboHEeHTOB TennocHabXaroLWmnx opraHu-
3auun;

e B COOTBETCTBUM C MAcTep-nnaHoOM co3aHue nepcnekTMBHoOM moaenbHon 6asbl Ha

nepuopg 2030 roga "Tennocetn nepcnektusHole 2030";

npoBegeHne rmapaBNyeckux pacyeToB A9 OLUEHKN NepcrnekTUBHOIo COCTOSIHUS CU-
CTeMbI TEeNSIOCHaABXeHWs1 Ha KOHeL, paccMaTpyBaemoro nepuoaa.
KannbpoBka aneKTpoHHOM MOoAeNny No hakTUYEeCKMM NapamMmeTpam BbIMNONIHEHA TOMBbKO MO

TENNOBbIM CETSAM UCTOYHUKOB, MMELLMX NPMOOopPLI y4eTa TENOBOW 3HEPTUN.



3. OnucaHme NporpamMMHOro KoMmnrekKca.

3.1. O6wme NonoxXeHusx.

B ka4yecTtBe 6a30BOro NnporpaMmHoOro obecneyeHns ons co3gaHnsa 3NeKTpOHHOM MoAenu
cUCTEMbI TENNOCHAbXeHMs ropoaa Ucnosb3oBancs NPorpaMMHO-pacyeTHbIM komnneke ZULU.

B naHHOM pasfgene npeactaBneHo KpaTtkoe onncaHne oyHKUNMOHaNbHbIX BO3SMOXHOCTEN
OCHOBHbIX MOAYNen NporpaMMHo-pacyeTHoro komnnekca ZULU, Heobxoanmbix ons akcnnya-
Taunmn OM:

e CcepBep reonHdopmMaumoHHon cuctemol Zulu;

e VHCTPYMeHTarnbHas reomHdgopmarmoHHas cuctema M'MC Zulu;

e MakeT pacyeToB ceTen TennocHabxeHnsa ZuluThermo;

3.2 CepBep reouHcpopmaLmoHHon cuctembl Zulu.

ZuluServer - cepsep TMC Zulu, npegoctasnsitowmMn BO3MOXHOCTb COBMECTHOW MHO-
ronosib3oBaTeNbCKOM paboThl C reofaHHbIMU B fnoKanbHOW ceTu n rnobanbHon cetn UHTep-
HeT.

HocTtyn Kk cepBepy ocyuiecTtensietcs yepes npotokon TCP/IP. Cepsep ZuluServer paet
BO3MOXXHOCTb UCKIOYMTL (PansioBbIN JOCTYN KNMEHTa K AaHHbIM Ha cepBepe. KnneHTy Hepo-
CTynHa mHopmaumsa o prnan4eckoM XpaHeHUM OaHHbIX U OTCYTCTBYET BO3MOXHOCTb UX He-
CaHKUMOHNUPOBAHHOIO M3MEHEHMUS.

Takke ecTb BO3MOXHOCTb pasrpaHnymMTb OOCTYN K AaHHbIM MeXay nofib3oBaTesisiMu.
Cuctema naponen u npas No3BoOSIiET NPeAOCTaBMATb pPa3HbIM MOMb30BaTENAM pPasfnUYHbIe
BO3MOXXHOCTM M OrpaHNYeHmnst ans gocTyna u paboTbl C AaHHbIMM.

MC Zulu, coxpaHsis Bce BO3MOXHOCTWU HacTonbHou Bepcun MMC, nmeeTt BCTPOEHHBbIN
KnueHT ZuluServer 1 MOXeT OTKpbIBaTb KapTbl, CIIOW, NPOEKTbl U Apyrne AaHHble Zulu Kak ¢
NoKanbHOW MalUMHbI, TaK U C y4aneHHoro KoMmnbloTepa, rae ycraHosneH ZuluServer.

[nsa Toro, 4tobbl nogknounMThbes K cepBepy ZuluServer goctatoyHo ykasaTb ero IP ag-
pec, NMBO MMA KOMNbIOTEPA B NOKANbHOW CETM UMK XE MMS JOMEHA, ecrnn cepBep pacnono-

XeH B CeTH MHTepHeT.

3.2.1 OcobeHHocTn ZuluServer.

Aapecauus gaHHbIX
MNC Zulu B cBoen paboTe ¢ faHHbIMU UCMOMb3YeT MNyTb K (pannam croes, KapT, Npo-
€KTOB M OpYrux, 3T AaHHble npeacTasnaowmm. [NyTb k dpanny MoxeT ObiTb NnokanbHbIM TUNa

"C:\Zulu\3gaHusa_6e3_Homepo.b00" nnu ceteBbiM BMAa



"Wserver\C\Zulu\3gaHuna_6e3_HomepoB.b00". [Ina goctyna ke K AaHHbIM Ha cepBepe,
Zulu nonb3yetca agpecom pecypca URL (uniform resource location) Buaa
"zulu://server/3naHnsa_6e3 Homepos.zl". MogobHo ToMy, kak Beb-6paysep mcnonbsyet URL
Ansa goctyna kK ctpaHvuam Beb-canta, MMC Zulu ncnoneayet 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 U HaknagblBaTb B OQHOW KapTe Crou C flokanbHOW MaLuMHbI U Crou C cepBepa apyr
Ha gpyra B NpOn3BOSIbHOM MOpPSiAKe.

Hanpumep, Ha kapTy MECTHOCTM B BUAE CIOEB, 3arpy>XeHHbIX C yAaneHHOro cepsepa
(monyctum, ns MIHTEepHeTa) MOXHO HanoOXWUTb NfaH NPeanpuaTust ¢ cepBepa 4aHHOro npea-
NpusTUS, a NOBEpPX PaCMnoONOXUTb CXEMY MHXEHEPHbIX KOMMYHUKALMIA, PACrONOXEHHYH Ha

KIMMEHTCKOW MaLUuHe.

MHorononb3oBaTenbCcKoe penakTnpoBaHue
ZuluServer gaet BO3MOXXHOCTb OQHOBPEMEHHOIo peaakTnupoBaHna OOHUX N TeX Xe rpa-
(bVI‘-IeCKVIX N TabNUYHbIX AAaHHbIX HECKOSTbKMMW NONb30BaTENSIMM. I'IpM 9TOM BeaeTCcA He3aBu-

CUMBIW NN KaXkaoro nosfib3oBaTens XypHasn oTkaTta.

ABTOMaTU4YecKkoe oOHOBMEHUe KapTbl
I'IpM M3MEHEHNUN OaHHbIX OOHUM U3 KITMEHTOB, CEPBEP ONnoBeLlaeT BCEX KITMEHTOB, NOJ1b-
3YHOLLNXCA B AaHHbIK MOMEHT 3TUMWN OAHHbIMU, YTO npmnBoanUT K aBTOMaTU4e€CKOMY obHoBne-

HUKO OaHHbIX Ha KapTe.

Mybnukauna paHHbIX

ZuluServer cnnaHMpoBaH Tak, 4TOOblI A4aTb BO3MOXHOCTb ObICTPO M NPOCTO Onyb6riMKo-
BaTb AaHHble, cOo34aHHble C NOMOLLUb HacTonbHon Bepcun MMC Zulu. dmnsunyecknin doopmat
AaHHbIX MPU 3TOM He MeHseTcd. [JoCTaTO4YHO C MOMOLbLIO YTUNUTBLI NOAFOTOBKM AHHbLIX UK
BPYYHYIO HaAcCTpOUTb CCbIfkM Ansa cepBepa ZuluServer n AaHHble CTAHOBATCS AOCTYMHbIMU B
ceTun. NogobHo Beb-cepBepy, cepsep Zulu N0 3anpocy C KIIMEHTCKOrO MeCTa HY>XHOro pecypca

npeaocTtaBuUT AaHHble, CONOCTaBJIEHHbIE C 3TUM PECYPCOM.

AAMUHUCTPUpPOBaHMUE AAHHbIX

ZuluServer npegocTaensieT BO3MOXHOCTb pa3rpaHnynTb OOCTYN K AaHHbIM U HAa3Ha4UTb
pasnuyHble Npasuna u npasa AOCTyna K HUM. MoXHO NPeaoCcTaBUTb Kak aHOHMMHbIA AocTyna
K AaHHbIM ONS LWMPOKOW MyGnuKK, Tak U OrpaHUYUTb ero Ans y3Koro Kpyra rnonb3oBaTtene,

onpepnenue And Kaxanoro n3 HUX Kakme onepaunmn ¢ gaHHbIMX eMy pa3peLUeHbl.



Web-cnyx6b1 WMS u WFS

ZuluServer nossonseT paboTaTb ¢ AaHHbIMK cepBepa no cneundpukaunam WMS

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

Web-cnykba WMS nosBonsieT otobpaxaTb Cnou n KapTbl cepBepa Ha KnMeHTax, noa-
aepxusarowmx cneumndpumkaumn WMS, B YactHocTh, Zulu, GoogleEarth, GoogleApi, OpenLay-
ers, YandexMap, Maplnfo, ArcGIS n gp.

Web-cnyxk6a WFS obecneunBaeT O4OCTYN K BEKTOPHOW U CEMAHTUYECKON MHGOpMaLmmn

cepBepa Ans KNMEHTOB, NOAAEPKUBAOLNX AAHHYO cneumdukaLmio.

MpocTpaHCcTBEHHbLIN PUNBLTP K AAHHLIM

lMpaBa gocTtyna K cepBepHbIM AaHHbIM 4115 NONb3oBaTensa Unun rpynnbl Nonb3oBaTenemn
MOXHO OrpaHn4nTbL 061acTbio, 3a4aHHON NPOCTbIM UM COCTaBHbLIM MOSIUTOHOM.

Ecnun BBegeHO Takoe orpaHu4eHne, To Nonb3oBaTeflb CMOXeT oTobpaxaTb Crnou u one-

pupoBaTb AaHHbIMU TOJIbKO B npeaerax yKa3aHHOIZ obnacTu.

ABTtopusauua Windows
Mpn coeamHeHnn ¢ ZuluServer BO3MOXHO MUCNOMb30BaTb ydeTHble cBefeHuss Windows
Ansi aBTopu3aumMn MNonib3oBaTesisl Ha cepBepe, Kak 3To genaet, Hanpumep, Microsoft SQL

Server. Nonb3oBaTento He HYXXHO NOCTOAHHO BBOAUTbL JTOTMH 1N NapOJib.

3.3 UHcTpyMeHTanbHaa reonHdopmaumoHHasa cuctema NC Zulu.

MC Zulu - MHCTpyMeHTanbHasi reonHopMaLmMoHHas cuctema asns co3qaHus aneKTpoH-
HbIX KapT, NNaHoOB U cXxeM, MHOOPMAaLMOHHO-CMPAaBOYHbIX CUCTEM, BKItOYas MogenupoBaHue
NHXXEHEPHbIX KOMMYHUKaLMA N TPAHCMOPTHbLIX CUCTEM.

"eonHdopmaumnoHHasa cuctema Zulu npegHasHaveHa ansa paspabotkm TMC npunoxe-
HURN, TpebyroLwmx BU3yanusawumm NpoCTPaHCTBEHHbIX AJaHHbIX B BEKTOPHOM M pacTpOBOM BUAE,
aHanusa nx Tonosiormm U X CBA3N C CEMaHTUYECKMMU Ba3aMmn OaHHbIX.

C nomoLubto Zulu MOXXHO co3gaBaTb BCEBO3MOXHbIE KapTbl B reorpaduyecknx npoekum-
SIX, UKW NNaH-CXeMbl, BKINOYasi KapTbl U CXEMbl MHXKEHEPHbIX CETEN C NOOAEPXKKON UX TOMOSIO-
rmn, paboTtaTtb ¢ 6OMbLWNM KONMYECTBOM PacTpPOB, NPOBOANTL COBMECTHbLIN CEMaHTUYECKUNA U
NPOCTPaAHCTBEHHbIA aHanuM3 rpaduyecknx n TabnnyHbIX OaHHbIX, CO34aBaTb pasfiMyHbie Te-
MaTun4eCcKmne KapTbl, OCYLLECTBNATb AKCMOPT M UMMOPT AAHHbIX.

MC Zulu nossonsetr uMMNoOpTMpPOBaTb AaHHble M3 Takux nporpamm kak Maplinfo,

AutoCAD, ArcView. B pesynbtate nmnopta 6yayT nosnyyeHbl BEKTOPHbIE CIOU C FOTOBbIMU



ob6beKkTamu, Npyn 3TOM BCE XapakTEPUCTUKN, TakMe Kak MacluTab, uBeT v npoyne ByayT coxpa-
HeHbl. Ecnn kK obbekTam B oOmeHHOM dhopmaTe Obina npukpenneHa 6asa gaHHbIX, TO OHa TakK
Xe umnopTtupyetca B Zulu.

Momnmo mmnopTta Zulu nmeeT BO3MOXHOCTb JKCMOPTa rpadpuYecKMx OaHHbIX B Takue
nporpammbl kak Maplinfo, AutoCAD un ArcView. 3KkcnopT ceMaHTUYEeCKUX AaHHbIX BO3MOXEH B
anekTpoHHyto Tabnuuy MicrosofExcel unu ctpannuy HTML. B cucteme Zulu Takke moryt 6e3
npeobpasoBaHnsa MCNONbL30BATLCA onucaTenu pacTpoBbiXx 06bekToB B popmaTtax Maplinfo u
OziExplorer.

'eomHpopmaumoHHaa cuctema Zulu nNo BHeELWHeMYy BUOY BeCbMa MoxoXa Ha LUMPOKO
pacnpocTpaHeHHble npoaykTbl cemenctBa MicrosoftOffice n nmeet cxoxee obopygoBaHue

MEHIO 1 NaHenewn MHCTPYMEHTOB.

3.3.1 BoamoxHoctu N’C Zulu.

Cuctema obnagaeT LWMPOKNMU BO3MOXXHOCTAMMU:

e CO34aBaTb KApTbl MECTHOCTU B pa3nnyHbIX reorpadnyecknx cuctemax koopanHar u
KapTorpaduyeckmnx npoekumnsax, otobpaxaTb BEKTOPHbIE rpadmnyeckme gaHHble Co
crnaxmBaHMeM n 6e3 CrnaxxmBaHus;

e oOcywecTBnATb 06paboTKy pacTpoBbix M30bpaxeHun opmaTtos BMP, TIFF, PCX,
JPG, GIF, PNG npu nomoLm BCTPOEHHOrO rpadhnyecKkoro peaakropa;

e NONb30BaTbCS AAHHBLIMU C CEpPBEpPOB, Noaaepmearwmx cneumndukaumo WMS
(WebMapService);

e C MNOMOLLbIO CO34aBaEeMbIX BEKTOPHbLIX CI0EB C COBCTBEHHBIM BUHapHbLIM hopmMaTomMm,
obecneunBatoLLMM BbICOKYHO CKOPOCTb paboTbl, BEKTOPU30OBaTbL pacTpoBble n3obpa-
XeHus;

e pV BEKTOPMU3ALMN NCNONBb30BaTb Kak NPUMUTUBHbLIE OOBHEKTLI (CUMBOSIbHbIE, TEK-
CTOBblE, NIMHENHbIE, NoLWaAHbIe) Tak U TUNOBblE 0OBbEKTLI, ONUCbIBAaEMbIe ca-
MOCTOSITENTbHO B CTPYKTYpE Crios;

e paboTaTb C CEMAHTUYECKMMWN OAHHLIMW, NOAKITHOYAEMbIMU K CINOK 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 ncrounmkos ODBC unu ADO);

e  BbINOSHATb 3anpockl kK 6a3am faHHbIX C 0OTOOpaXxeHneM pe3ynbTaToB Ha kapTe (no-
NCK onpeaeneHHon nHopmaumm, HaxoXxXageHne CyMmbl, MakCUManbHOro, Mu-
HUManbHOro 3HaA4YeHUA, N T.4.);

e  BbIMNOJIHATL NPOCTPAHCTBEHHbIE 3anNpPOoChl N0 06 bEKTaM KapTbl B COOTBETCTBUU CO

cneundumkauynamm OGC;
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co3gaBaTb Mogernb penbeda MECTHOCTU U CTPOUTb Ha €€ OCHOBE U30STIMHUK, 30HbI
3aTonneHusa Nnpodunu u pacTpbl penbeda, paccyntbiBaTb NAowWaam n o6bLemsl;
9KCMOPTMPOBaTb AaHHbIE U3 ceMaHTMYeckon 6asbl Unn pesynbTaThbl 3anpoca B 3rekK-
TpoHHyto Tabnuuy MicrosoftExcel nnu ctpannuy HTML;

NPOrpaMmMHO UM NO CEMaHTUYECKNUM AaHHbIM CO34aBaTb TEMaTUYECKME pacKpacku,
C NOMOLLbIO KOTOPbIX MEHSIETCS CTUNb OTOOpaXXeHnst O6BHEKTOB,

BbIBOOUTb AN BCEX OOBEKTOB CNOst HAAMUCU NN BUPKN, TEKCT HAZNUCKU MOXET Kak
BpaTbCca N3 cemaHTUYeckon 6asbl AaHHbIX, Tak U NepeonpenensitbCa NPorpamMmMHo;
oTobpaxaTb 06BbeKTbI crosi B opmaTe nceBgo-3D no3Bonsiolem BU3yannanpo-
BaTbCHA OTHOCUTENbHbIE BbICOTbI OOBEKTOB (HAaNpUMep, BbICOTbI 30aHUI);

cosgasaTb U UCNonb3oBaTb BUBNNOTEKY rpadMyecknux 3NeMeHTOB CUCTEM TeNSo-
CHabXeHUs N PEXMMOB X PYHKLIMOHMPOBAHUS;

co3faBaTb PacYeTHbIE CXEMbl MHXEHEPHbIX KOMMYHUKaLMA C aBTOMaTUY4ECKUM
opMMpOBaHNEM TONOMOMMN CETU U COOTBETCTBYIOLLNX 6a3 OaHHbIX;

N3MEHATb TONOMNOMNI0 CETEN N PEXUMBI PaboTbl €€ 3NIEMEHTOB;

pelwaTb Tononorndeckne 3agavm (M3MeHeHne CocTosiHMA 0O bEKTOB (Nepekntoye-
HWS), NOUCK OTKMOYAKLNX YCTPONCTB, MOUCK KpaTyHanLLmMX NyTemn, NOUCK CBA3aHHbIX
006BbEKTOB, NOUCK Konew);

Anga 6bICTPOro nepemMeLLeHns B HyXKHOe MecTOo KapTbl yCTaHaBNMBaTb 3aknagky (3a-
Knagka Ha TOYKYy Ha MEeCTHOCTM C onpeaeneHHbIM maclTabom oTobpaxkeHus n 3a-
Knagka Ha onpegerneHHbl 06bekT cnos (BecbmMa yaobHo, ecrnv 06bEKT - ABMXKYLLMIA-
Cs Mo KapTe));

C NOMOLLbIO MPOEKTOB pacKpbiBaTb CTPYKTYpPY TOrO UK MHOrO 06bekTa, n3o6-
pa)KeHHOro Ha KapTe CXeMaTU4Ho;

co3faBaTb MaKeThbl nevatu;

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

aKcnopTupoBaTb rpadmnyeckune gaHHole B Maplnfo (MIF/MID), AutoCADRelease 12
(DXF), ArcView (SHP) n WindowsBimmap (BMP);

co3gaBaTtb Makpochkl Ha a3blkax VB Script nnn JavaScript;

OCYLLECTBNATb NPOrpamMMHbIN OOCTYN K AaHHbIM Yepe3 0ObeKTHYO ModenNb Ans
HanMcaHnsa coOBCTBEHHbIX KOHBEPTEPOB;

co3fgaBaTb COBCTBEHHbIE NPUNOXEHUs, paboTaloLwwme noa ynpasneHmem Zulu.
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3.3.1.1 OpraHusauusa rpacmyecknx gaHHbIX.

padhmnyeckne AaHHble OpraHm3oBaHbl NOCMNONHO. Cnon ABNAETCA OCHOBHOW WHAOp-
MaLMOHHON eauHuLen cuctembl. Kaxabii 0ObEKT CNnost MMeeT YHUKanbHbIN naeHTUdmKaTop
(ID vnu "knroy"). MopaepxmBaemble TUMNbI CIIOEB:

e BEKTOPHble criou;

e pacTpOBblE CIOW;

cnou peneeda;
cnon WMS (Web Map Service).

BekTopHble cnou

BekTopHble crion MmeroT cOBCTBEHHLIM BUHAPHbBIN bopMaT AaHHbIX, YTO obecneynBaeT
BbICOKYKO CKOPOCTb paboTbl rpadpuyeckmx U TOMONOrm4eckux anroputmoB. Vimeetca BO3MOX-
HOCTb MPOrpaMMHOro AOCTyna K AaHHbIM 4Yepe3 OObEeKTHYH MoAenb ANns HanncaHusa cob-
CTBEHHbIX KOHBEPTEPOB.

O6beKTbl BEKTOPHOrO Criosi AensTtca Ha npocTble (MPUMUTMBLI) M TUNOBbIE (Knaccu-
duumpoBaHHble 0OBEKTHI).

MpUMUTMBLI MOTYT ObITb:

e TOYeuHble (MMKTOorpamMmmbl Unn "cumeons!");

e TEKCTOBbIE;

e  JMHEWNHbIE (NMUHUK, NONUNHUK);

nnowaaHble (KOHTYpbl, MONMKOHTYPbI).

TunoBble 06BLEKTLI ONUCbIBalOTCA B 6Mbnnoteke TMnoB o6bekToB. Kaxkabi Tvn onuckl-
BaeT NMOWaaHON, NMMHENHBIA U CUMBOJSbHBIA TUNOBOW rpadouyecknii 06bEKT, UMEET MNonb-
30BaTenbCckoe Ha3BaHME N MOXET OblTb cBsi3aH C COOCTBEHHOW cemaHTudeckon 6as3on gaH-
HbIX.

Kaxabih Tun ob6bekTa MOXEeT UMEeTb HECKOSTbKO PEXMMOB, KOTOPble MMEKT MNOoSib30Ba-
TEeNbCKOe Ha3BaHue, N 3a4al0T pasfiMyHble cnocobbl 0OTOBpaXXeHNss 4aHHOrO TUMOBOro OObEK-
Ta.

TunoBble 06BEKTLI MOTYT ObITh:

e TOYeYHble (NMMKTOrpaMmmbl Unn "cumMBonbl");

e JMHEWNHbIE (NMUHUK, NONUINHUK);

e nnowagHble (KOHTYpbl, MOMMKOHTYPbI).

ATpnGYTUBHbIE MMM CEMAHTUYECKME AaHHble BEKTOPHOro Cros XPaHATCA BO BHELUHEM
NCTOYHMKE AaHHbIX U NOAKIMOYAKTCA K CIIOK Yepe3 cOOCTBEHHbIN onucaTenb 6a3bl AaHHbIX. K
OLHOMY CITOK0 MOXET ObITb MOAKNIYEHO NONEPEMEHHO MPOU3BOSIBHOE YMCIIO CEMAHTUYECKMX

6a3 gaHHbIX. MpuMUTMBBLI NONBL3YyOTCA OOLLEN ceMaHTUYecKon 6a3on AaHHbIX, TUNOBblE 06b-
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eKTbl - COOCTBEHHOM ANs KaXaoro Tuna (ogHako Ans pasHbIX TUMNOB MOXHO NOAKMOYUTL OAHY

n Ty Xe 6aasy).

PacTtpoBbie crnoun

PactpoBbiM crnoem MoxeT 6biTb MO0 OTAENbHbIA pacTpoBbLIN 00bLEKT, NGO rpynna
pacTpoBblix 06beKTOB. PacTpoBas rpynna MoxeT cogepXaTb MPOU3BOSIbHOE YNCHO PacTPOBbIX
O0OGBHEKTOB UMM BOXEHHbBIX PAcTPOBbIX rpynn. Yncno pacTpoB B Croe OrpaHUYeHo Nvb Auc-
KOBbIM NpOCTpaHCTBOM (Zulu cnpaBnaeTca C NofiemM M3 HECKOSTbKMX ThICAY pacTpoB).

MoppepxnBaemble gopmathl pactpos - BMP, TIFF, PCX, JPEG, GIF, PNG.

3.3.1.2 PaboTa c cucremamu KoopauHaT U KapTorpacduyecKMmMm NpoeKLUAMM.

Mpadhmnyeckne paHHble MOryT XPaHUTbCS B Pa3fMyHbIX CUCTEMaX KoopauHaT n oTob-
paxaTbCs B pasnnyHbIX NPOEKUMNAX TPEXMEPHOWN NOBEPXHOCTN 3eMSIM Ha NNOCKOCTb.

Cuctema npegnaraet Habop npegonpeneneHHbiXx cuctem koopauHat. Kpome Toro nonb-
30BaTefb MOXeT 3aJaTb CBOK CUMCTEMY KOOpAWHAT C MHOMBUAYAlbHbIMK NapamMeTpamMmu A5s
noaaepXnBaemblX CUCTEMOU MPOEKLUN.

B yacTHOCTM 3Ta BO3MOXHOCTb NO3BOSIAT, MPU U3BECTHbLIX NapameTpax (Kn4vax nepexo-
Aa), NpuBAsbiBaTb AaHHble, XpaHsSWMecs B MECTHOM CUCTEME KOOpAWMHAT, K O4HOW U3 rro-
OanbHbIX CUCTEM KOOPAUHAT.

[laHHble MOXXHO NepenpoeumpoBaTb U3 O4HOM CUCTEMbI KOOPAUHAT B APYryHO.

3.3.1.3 OpraHnsaums CeMaHTU4YeCKUX AaHHbIX.

CemMaHTU4eckme [aHHble MOOK/IOYAKTCA K CMAOK M3  BHELWHUX  MCTOYHMKOB
BorlandDatabaseEngine (BDE), OpenDatabaseConnectivity (ODBC) unu ActiveXDataObjects
(ADO) yepes onuncatenu 6a3 gaHHbIX.

MonyyaTb OaHHbIE MOXHO W3:

e Tabnuy Paradox, dBase, FoxPro;

e MicrosoftAccess;

e Microsoft SQL Server,

e ORACLE;

e Apyrne nctoyHukm ODBC unn ADO.

MmnopT/aKkcnopT AaHHbIX
BoamMoxkeH MMNOPT/3KCMOPT AaHHbIX B crieayolme dopMaTsbi:

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

e  JKcnopT ceMaHTMyecknx gaHHblx (MicrosoftExcel, HTML, TekcTtoBbIn cbopmar).

3.3.1.4 NpeacTaBneHue gaHHbIX Ha KapTe.

Kapta MoXxeT cogepXaTb MPOM3BOSIbBHOE YMUCNO rpadouHEecKnx CNoeB - OAHU U Te Xe
rpacpmyeckme cnon mMoryT GbiTb MOMELLEHbI B pa3Hble KapTbl C pasHbIMW HAacTpoMkaMn OoTo6-
paxeHus. Kapta nmeeT BO3MOXHOCTb 33a[aHWs MOMb30BATENbCKOr0O UMEHK, uBeTa PoHa u
MacLUTabHON CeTKM.

[aHHble, XpaHAWKNXCA B pasHbiX CUCTEMax KOOpAMHAT, MOXHO oTobpaxaTb Ha OAHOW
KapTe, B OAHOW M3 KapTorpaduyeckmx npoekumn. MNpu aToM nepecyeT KoopauHaT (ecnm OH
TpebyeTcs) M3 ogHOro gatyma B APYror M M3 O4HOW NMPOEKUUU B APYryt0 NMPOM3BOAUTCS Mpu
oTobpaxeHuu "Ha neTty".

MpMMUTUBLI MOTYT UMETb NHANBMAYAlbHbIE CTUNM OTOOpaxeHus (LBET, CTUMb, TONLWMHA
NVHWIA; UBET U CTWUNb 3anuBKK; MUKTOrpamma; dopmaT TekcTa). TunoBble 06BLEKTbl UMEKT
CTWUNb B 3aBUCMMOCTW OT pexmnma (COCTOSIHUSA), KOTOPbIA onpeaensieTca B OMbnuoTtekn TMnos
o6bekToB crnosi. CTunb NPUMUTUBOB MOXET NepeonpenenaTe KapTon - Ans BCeX NPUMUTUBOB
MOXHO NPUHYAMUTENBbHO 3a4aTb OAWNH CTUSb.

CTnnb 006bEKTOB MOXHO MEHATb C MOMOLLbIO TEMATUYECKMX packpacok. [pu aTtom pac-
Kpacka MoXeT ObiTb cO34aHa No CEMAHTUYECKMM AaHHbIM U NPOrPaMMHO.

EcTb BO3MOXHOCTb BbIBOOUTH ANsl BCEX OOBLEKTOB cros Hagnucu wmnu oupkn. Tekct
HagnNMcK MOXeT BpaTbCsa M3 cemMaHTu4eckon 6asbl AaHHbIX. TEKCT HAaAMMCK Takke MOXET ne-
peonpeaenaTbCs NporpammMHO. BUpkn reHepupyroTcs aBTOMaTUYeCKuM, HO MOryT MOTOM pac-
CTaBNATLCH MOMb30BATENIEM B HY)KHOE PaCMOIOXKEHNE U B HY>KHOW OpUEHTaLMK.

[ns GbICTPOro NepemMeLleHNst B HY>KHOE MECTO KapTbl MOXHO YCTaHaBNMBATb 3aKNagKu.
3aknagka Ha TOYKYy Ha MECTHOCTM C onpeaerneHHbIM macTabom oTobpakeHus.

KapTy MOXHO neyaTaTb C pasfMyHbIMK ONUUAMM (HA OQHOW CTPaHMLIE U HECKOSTbKUX
CTpaHuuax, B 3agaHHOM macwTabe unm Bnucas B 3afaHHble rabapuTbl, Ha CTpaHWuax Ans

nocrneayoLlen CKNnenkn 1 T.4.).

3.3.1.5 OpraHusauus kapr.

MmeeTca BO3MOXHOCTb yOOOHO opraHu3oBaTb KapTbl, 00beAnHEHHbIE ObLWen TemaTu-
kon. COBOKYMHOCTb KapT, 06beaANHEHHbIX OBLLIMM NOMNb30BaTENBCKMM UMEHEM U, ecnn Tpeby-

eTcA, Ha60pOM nepapxmyeckmnx cBA3en mMexagy 3TMMn KaptamMu, npeacrtaBndeT cobon MPOEKT.
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B pamkax npoekta kapTbl MOXHO CBSA3blBaTb Mexay COOON C MOMOLLBIO MNEPCChINOK.
'Mnepccebinka onpegenseTca oT o0bekTa B OAHOW KapTe K APYron KapTe C yka3aHMeM MecTo-

pacnonoxeHus n macwrtaba.

3.3.1.6 PegaktupoBaHme 06HEKTOB.

[na pegaktnpoBaHusa 1 BBoga 06bHEKTOB NpeayCMOTPEHbI:
e - BO3MOXHOCTW BBOAA W pefakTUpOBaHMUS:
- BBOJ, C 9KpaHa MbILLKOW;
- BBOJ, NO KOOpAMHATaM C KnasuaTtypbl;
- TpaccupoBKa NNHUM;
- aBTO3aMblKaHNE KOHTYPOB;
- Bblpe3ka/konupoBaHue/BcTaBka - oybnvpoBaHue;
- NOBOPOT OObEKTA.
- onepaumn oTMmeHbl/Bo3BpaTta genctenda (Undo / Redo).
e - pefakTMpoBaHWe rpynmnbl O6GbLEKTOB:
- yoaneHue - nepemMeLleHue;
- pybnuposaHue;
- MOBOPOT - Bblpe3ka/konnpoBaHWe/BCTaBKa.
e - pefdaKkTMpoBaHWe 3rIeMeHTOB ObbekTa:
- nepemeLleHne/yaganeHme/BcTaBka y3nos;
- NepemeLLeHne/yganeHue pebep;
- pa3bneHne yyactka CMMBOJSIbHbIM OOHEKTOM.

- TpaHcd opmaums.

3.3.1.7 BekTOpHbIle oBeprieiHble onepauuu.

Osepnen - onepaunst HaNOXeHust 4pyr Ha Apyra AByX unu 6onee cnoes, B pesyrnbTaTe
KOoTopon obpasyeTcss OAWH NMPOM3BOAHbLIA CINON, coaepXallumii KOMMO3ULMIO NPOCTPAHCTBEH-
HbIX 0OBbEKTOB UCXOAHbIX CITIOEB, TOMOSIOMNIO 3TON KOMMO3MUMN U aTpubyThl, apnpmMeTnieckm
UIM NOrMYECKN NPOM3BOAHBIE OT 3HAYEHUN aTPUBYTOB MCXOAHBIX OOBLEKTOB.

MoppepxuBatoTcs criegyolime BEKTOPHbIE OBEPIIENHbIE OnepaLmm:

e -00beamHeHne 06bEKTOB ¢ HacnegoBaHnem ID (YHMKanbHOro naeHtTudukaTopa);

e pasbeanHeHne 0OBHLEKTOB;

e pasgeneHue 0gHoro o6bekTa rpynnon 06 bLEKTOB;

e Bblpe3ka U3 ogHoro obbekTa obnacTu rpynnbl 06HLEKTOB;

e OTpe3aHue obbekTa BHe 06nacTy rpynmnbl APYrMx 06 bEKTOB;
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e  y3rIOBaHWUeE;
e OydepHble 30HbI;

® [IOCTPOEHNE KOHTYPOB MO CETU.

3.3.1.8 KoppekTupoBKka pacTpoB.

B cucteme peannsoBaHa KOppPeKTUpOBKA pacTpoBbIX (pannosB, coaepXalmx CKaHUpo-
BaHHYIO C MMaHLEeTOB TOMOOCHOBY. KOPPEKTUPOBKA UCKaXKEHUI CKAHUPOBaAHUS NPOU3BOAUTCH
no TOYKaM pacTpa, KoopAuHaTbl KOTOPbIX M3BECTHbl. Kak MMHUMYM OOSMKHbI ObiTb U3BECTHDI
YyeTbIpe TOYKW, onpedenstoLwme yribl nraHweTa.

Mpoueaypa KOPPEKTUPOBKN CO3OaeT HOBbIN PacTp, Yribl KOTOPOro COBMNagaroT C yrinamu

nnaHweTa, T.e. npoLeaypa KOpPeKTUPOBKN 06pe3aeT OTCKaHMPOBaHHbIE, HO NMULLIHWE, NOSS.

3.3.1.9 MopgenupoBaHue ceTen U TONONOrn4yeckme 3aayum Ha ceTax.

Hapsagy ¢ obbldHbiM ana TMC pasgeneHnem oObLEKTOB Ha KOHTYpbl, flOMaHble, KOM-
OMHMPOBaHHbIE KOHTYpPbl, KOMOWHMPOBAHHbIE fOMaHble, Zulu nogaepXuBaeT JNUHENHO-
Y3NOBYK TOMOSIOMMIKO, 4YTO MO3BOMSET MOAenMpoBaTb WHXEHepHble ceTu WU apyrme ce-
Tn.Tononornyeckasa ceteBas Moaenb npeacrtaenseT cobon rpad cetn, yanamm KOTOPOro siB-
NATCHA TOYeYHble 06beKTbl (Konoaubl, MCTOYHUKN, 3aABUXKU, PYOUMBbHUKN, NepekpecTku, no-
Tpebutenu n 1.4.), a pebpamu rpaca aBnaTCS NUHenHble 06bekThbl (kabenu, Tpybonposoabl,
y4aCTKn JOPOXXHOW CeTn N T.4.).

TononorMyecknn pefakTtop cosgaeT MaTeMaTUYeCcKylo Mofenb rpada ceTu Henocpea-
CTBEHHO B npoLecce BBoAa (pncoBaHus) rpadmyeckon nHgopmauumn. Micnonbdyss Mogens ce-
TV MOXHO peluaTb psa TOMOMOrm4yecknx 3agad, NoOUCK KpaTyamwero nyTun, aHanua CBA3HOCTH,
aHanu3 koney, aHanua OTKIMOYEHUN, MOUCK OTKMYAKLWNX YCTPOUCTB U T.4. MOXHO MEHATb
COCTOSIHMSA OOBLEKTOB (NEPEKIIoYEHMs) C NocCneayLwmMmMm aBTOMaTM4eckum OBHOBIEHMEM CO-
CTOSHUA BCEN ceTu (Hanpumep, BKINKOYEHUE/BbIKMNIOYEHNE 3aOBUXKM TpybonpoBoaa) BbINosi-
HATb MOUCK OTKNYaKLWKNX YCTPOUCTB (hbopMupoBaHMe cnnucka o6bekToB, MMEKLWMX NPU3HaK
"oTKMOYaloLwee yCTPONCTBO", NPU OTKIOYEHNN KOTOPbLIX BblOpaHHbIA OOBLEKT Takke nepeBo-
ANTCA B COCTOSIHME "OTKMOYEeH"), KpaTyanwmx nyTen (HaxoauTb KpaTdyauivmn nyTb MO CeTu
MexXay BbIOpaHHbIMK y3namu ¢ y4eTOM HanpaBfeHU y4acTKOB), CBSA3aHHbIX OO6bEKTOB (Haxo-
ANTCS MHOXECTBO OOBLEKTOB CETU, OJOCTUXKMMbIX U3 BbIOPAHHOrO yarna ceTtu, AOCTMXUMOCTb
MOXeT onpefenstbcs 6e3 ydeTa HanpaBneHUsl y4acTkoB, C y4ETOM U NPOTUB HanpasfeHUs
Yy4acCTKOB), MCKaTb BCE KOMbLia CETU, B KOTOPbIE BXOAAT BCE BblOpaHHbIE OOBHEKTbI.

CeTb BBOOMTCS KaK COBOKYMHOCTb TUMOBbIX TOYEYHbIX OOBLEKTOB, COEOUHEHHbIX TU-
NOBbIMU JIMHENHBIMM 00BbEKTaMN, UMEKLLMMU NPU3HakK "yyactok". MHdopmauusa o Tononorum

dopMmnpyeTca aBToMaTUYECKM - ecnn "NOTsaHYTh" 3a y3en unu pebpo, cBA3aHHble 0OBLEKTHI
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Takke nepemewyatoTcs. O6beKTbl CETU MOXHO OTKPENSATb U 3aHOBO NPUKPENNATb APYr K ApY-
ry OOQHUM ABUMXEHUEM MbILLKK.
Mogenb cetn Zulu aBnsieTca OCHOBOW Ansa paboTbl MOOYNs pacvyeTOB UHXEHEPHbIX Ce-

Ten ZuluThermo.
3.4. UHcTpyMeHTanbHaa reonHdopmaumoHHasa cucrtema N'C Zulu.

Mogaynb ZuluThermo no3sonsieT co3gatb pacYeTHY MaTeMaTUYeCKylo MoAerb CeTw,
BbINOJSTHUTL NacnopT13aumio CeTu, U Ha OCHOBE CO3[4aHHOW MoAenu peluaTb UH(OopMaunoH-
Hble 3aJa4u, 3aJa4m TOMOMOrMYecKoro aHanu3a, 1 BblMOMHATL pasnuyHble Tennorngpasnmye-
CKMe pacyeTsbl.

PacueTy nognexaTt TynukoBble W KOmnbLEBble TennoBble CETU, B TOM 4YucCne C MOBbICU-
TeNbHbIMW HACOCHBLIMU CTAaHUMSMWU 1 OPOCCENUPYIOLWNMIN YyCTponcTBamu, paboTtatowme ot oa-
HOO NN HECKOSNBKMUX NCTOYHMKOB.

lMporpamma npegycmaTpmBaeT TennorngpaBnnuyecknii pacyeT ¢ NPUCOeaUHEHNEM K CETH
nHanBMayanbHbIX TennosbiX NyHKTOB (UTI1) n ueHTpanbHbIX TennoBbix nyHkToB (LTIT) no He-
CKOJTbKUM [eCATKaMM CXEMHbIX peLleHui, NpUMeHsieMbIX Ha TeppuTopun Poccun.

PacyeTt cuctem TennocHabxeHusi MOXeET NPOU3BOAUTLCA C YYETOM yTeyek 13 TennoBon
ceTu 1 cuctem TennonoTpebneHus, a Takke TennoBbIX NOTepb B TpybonpoBogax TennoBow
ceTw.

PacyeTt TennoBbix noTepb BegeTca Nnnbo nNo HopMaTUBHLIM NOTEPSM, MO0 No drakTnye-
CKOMY COCTOSIHUIO M30SISLUU.

PacueTbl ZuluThermo moryT paboTaTb Kak B TECHOW MHTErpaunmn ¢ reouHopMaLnoHHOM
cuctemon (B Buge moaynsa pacwmpenus M'MC), Tak u B Buge otaensHon 6ubnmnotekn komno-
HEHTOB, KOTOPbIE NO3BONAKT BbINONHATL pacyeTbl U3 MPUIOXEHU Norib3oBaTenen.

CocTaB 3agau:

e OCTPOEHNE pac4YeTHOM MOJEeNN TENNOBOW CETY;

e nacnoptmsaumsi OO LEKTOB CeTH;

e HanagouHbl pacyeT TENSIOBOW CETU;

e OBEPOYHbIV pacyeT TeNNoBOW ceTu;

e  KOHCTPYKTOPCKWM pacyeT TEMNSIOBOM CETY;

e pacyeT Tpebyemon TemnepaTypbl HA UCTOYHWKE;

e KOMMYTaUMOHHbIE 3aJa4u;

e OCTPOEHME NMbE3OMETPUYECKOrO rpadnka;

e pacyeT HOPMATUBHbLIX MOTEPbL Tenna 4yepes3 n3osaunto.
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3.4.1. NocTpoeHne pacyeTHON MOAENMN TENNOBOW CeTH.

I'Ipm pa60Te B FeOMH(bOpMaLlMOHHOVI cucreMe cetb JOCTaTO4YHO MPOCTO U 6bICTpO 3a-
HOCUTCA C NOMOLLUbIO MbILLKKX UIMX NO KOOpAUHaTaM. |_|pVI 9TOM Ccpasy CbOpMVIpyeTCFl pacyeTHada
moaenb. OcTaeTcsa nNuwb 3agaTb pac4yeTHble nNapamMmeTpbl 0OBbEKTOB N HaXaTb KHOMMKY BbIMNOJ1-
HEeHNA pacyeTa.

MaTtemaTnyeckaa moaenb cetn ans nposegeHNA TennornapaBiiM4ecknx pacyeToB
npeacraendeT cobon rpacb, roe aoyramum, coeanHALWLNMMN Y3Ibl, ABNAKOTCA Y4aCTKU pr6onpo-
BOOOB.

YyacTok M306pa>i<aeTc;| OOHOW NUHWEN, HO MOXET O3HadaTb HECKOSIbKO COCTOSIHUW, 3a-
JaBaeMbIX Ppa3HbIMU pEXNMaMU:

| e —— L
Pexana 2 OTRIDOYeH

Pexaoa3 et omamowen obpamrngt

Pexana 4 OTEIOYEH IT0AAM0 LI

Puc. 3.4.1. U306paxeHne HeCKONbKNX COCTOAHUIN Y4aCTKOB,3alaBaeMbIX Pa3HbIMU pexXxumamMmm

OT0 BHeLWHee NpefcTaBneHne cetu. lNepea Hayanom pacyeTa BHELLHee npeacTaBrneHme
CeTu, B 3aBUCUMOCTU OT TUMOB U PEXMMOB 3fIEMEHTOB, COCTaBNALMX CETb, NpeobpasyeTcs
(kogmpyeTcs) BO BHYTPEHHEE NpeAcTaBneHne, No KOTOPOMY M NPOBOANTCS pacyeT.

MpocTbimM y3nom B mMogenun cumutaeTcsa nobown ysen, YoM CBOMCTBA CheLMarnbHO He Oro-
BOpEHbI. [1pOCTON y3en CnyXuT TONbKO ANsi COeAUHEHUST YHaCTKOB. TakuMmu yanamm ans mo-
Aenn ABNSATCS TENSOBbIE KAMEPbI, OTBETBIIEHNS], CMEHbI AUAMETPOB, CMEHA TUMNa NPOKMNaAKu
Unu TMNa N3oNAuUMn N T.4.

Bo BHyTpeHHen KoaupoBke Takue y3nbl NpeBpallatoTcsa B ABa y3na, O4uMH B NOAALLEM
TpybonpoBoae, Apyrov B obpaTtHOM. B kakgom y3ne MoXHO 3agaTb CNvB BOAbI U3 NMOAAOLLENO
n/vnn n3 obpatHoro TpybonpoBoaOB.

MoTpebnTenb TENOBOW SHEPIMM XapakKTepuadyeTcsl pacyYeTHbIMW HarpyskaMmm Ha cucrte-
My OTOMSIEHUSI, CUCTEMY BEHTUMSALUMM N CUCTEMY FOpsi4Ero BOAOCHAGXEHMS M pacveTHbIMU
TemnepaTtypamMmn Ha BXOAe, BbixoAe noTtpebutens, n pacyeTHOM TemnepaTypon BHYTPEHHEro
BO3A4yXxa.

B ogHonunHenHoM npenctaBneHMnM NoTpeduTenb - 3TO Y3NOBOW 3M1EMEHT, KOTOPbIA MO-
XeT ObITb CBA3aH TOMbKO C O4HMM Y4aCTKOM.

BHyTpeHHss1 KoanpoBka NOTpebuTens CywecTBEHHO 3aBUCUT OT €ro CXembl npucoeau-
HeHus K TennoBomn ceTn. CxemMbl MOTyT ObITb 3MeBATOPHbIE, C HACOCHBIM CMELLEHNEM, C He3a-
BUCUMbIM NPUCOEOUHEHNEM, C OTKPbITLIM UK 3aKpbITbiM 0T6opoM Boabl Ha BC, ¢ perynarto-
pamu TemnepaTtypbl, OTONMEHUs, pacxoda u T.4. Ha aaHHbIN MOMEHT B pacrnopsiXeHUn nosb-

3oBaTensa 35 cxeM NpucoeanHeHns notpebutenen.
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Ecnn B 30aHMM HECKONbKO Y3r0B BBOAA, TO 06BLEKTOM "noTpedbuTtens” MOXHO onmcaTb
Kaxkabl BBOA. B Toxe Bpems kak OanH NoTpebuternib MOXHO onucaTb Lenblin KBapTan unm 3a-
BOA, 3a4aB Ang Takoro notpeburtens o6o6LeHHble TeNNoBbIe HAarpy3Ku.

O606LeHHbIN NOTpebUTenb - 3TO y3er, Ha KOTOPOM Harpy3ka 3agaetca nmbo notpebns-
eMblM pacxogom, Nnbo pacxon 06ycnoBneH 3agaHHbIM CONPOTUBIIEHNEM y3ana.

Takon 0b6bekT yaobHO ucnonb3oBaTb, KOrga BO3HMKAET HEOOXOOUMMOCTb paccyuTaTb
rmapaBnuky cetm 6e3 MHgopmauMm O TENNOBbIX Harpyskax M KOHKPETHbIX CXeMax Mpuco-
eanHeHnsa notpebutenen Kk TennoBon cetu. Hanpumep, npu pacdete mMaructpanbHbIX ceTen
MHOpPMaUUKM O KBapTasnbHbIX CETAX MOXET He ObiTb, @ ANs OLUEHKM NoTepb Hanopa B Maru-
cTpansax gocTaTouHO 3adaTb 0006LEHHbIE pacxodbl B TOYKaxX MPUCOEANHEHUS1 KBApTanoB K
MarmcTpanbHOn ceTu.

B ogHonuHenHom mnsobpaxeHun He TpebyeTcs nogkntodaTb 0606LWeHHbIN noTpedbuTens
Ha OTAENbHOM OTBOASALLEM Yy4vacTKe, Kak B crnyyae npoctoro notpebutens. To ecTb B 3TOT
y3en MOXEeT BXOAUTb U/Unun BbIXOAUTb N060E KONNMYECTBO Y4aCTKOB. OTO NO3BONSAET OBbICTPO U

y,El,O6HO, C MUHUMalibHbIM KOJTIN4YE€CTBOM UCXOOHbIX OAaHHbIX.

|
s & ®

MUCTOYHUK O6ocLeHHbIe NnoTpesuTenu

Puc. 3.4.2. O606L1eHHbIV NOTpebuTenb

LTI - 910 y3en OONOMHUTENBHOIO PerynmpoBaHnAa U pacnpeneneHus TenroBon SHep-
run. Hanuyme Takoro ysna nogpasymMeBaeT, YTO 3a HUM HaxoguTcsa TynuKoBasa CeTb, C MHAW-
BuayanbHboiMn notpedutenamu. B LITI moxeT BXxoANTb TONbKO OAMH y4aCcTOK U TONbKO OOMH
y4acCTOK MOXEeT BbIXoauTb. [puyem BXOASALWNA y4acTOK MAET CO CTOPOHbI Maructpanu, a Bbl-
XOOSWMNN y4acTOK BedeT K KOHeYHbIM noTpedbutenam. BHyTpeHHsas koguposka LITI 3aBucut
OT €ro CXxembl NPUCcoeMHEHUS K TENSTIOBON CeTU. DTO MOXET BbITb rpynnoBon anesaTop, rpyn-
NMOBOW HAacOC CMELLEHMUS, HE3aBUCMMOE MOAKMIOYEHNE rpynnbl NoTpebuTtenen, donnepsl Ha
MBC n 1.4. Ha gaHHbIN MOMEHT B pacnopsXeHun nonb3oBaTens 29 cxem npucoeanHeHus
LITTT.
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Puc. 3.4.3. LT

[Mepemblyka NO3BONSIET CMOAENUPOBATb YYaCTOK, COEAMHAIOLWNI nogarowmn n obpat-

HbIN pr6OI'IpOBO,D,bI. B atoTt y3eJl MOXeT BXOAUTb n/vnn BbIxoanTb Ntoboe KONNM4YeCcTBO y4qacT-

KOB.

Puc. 3.4.4. NepembIiyka

Tak Kkak nepemMbiyka B OAHOSIMHENHOM |/|306pa>KeH|/||/| npeacrtasnieHa y3riom, To and Mo-

aennpoBaHud coeanHeHna Mmexnay nogaromm pr6OI'IpOBOL|,OM OOHOIo y4acTtKa un O6paTHbIM

TpybonpoBO4OM OpPYyroro y4yactka OAHOro anemeHTa "nepemblyka" HegocTtaTtoyHo. oHapo-

0aTCA elle ABa y4acTKa: OQWH TOMbKO NOAALNIN, APYron - TONbKO 06paTHbIN.
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Puc. 3.4.5. CoeauHeHne Mexay nofarowmm Tpy6onpoBoaoM OQHOro y4acTka U o6paTHbIM TpyGonpo-
BOAOM APYroro yyacrtka

HacocHas ctaHumsi B O4HONMHENHOM |/|306pa>|<eH|/|M npeacrtasndeTca ogHUM Yy3JriOM. B

3aBNCMMOCTU OT TabnANYHbIX napamMeTpoB 3TOro y3fna HaCoC MOXeT ObITb YCTaHOBJIEH Ha MNO-

paroiiem nnm obpaTtHom Tpybonposoae, NMbo Ha oboux TpybonpoBogax ogHOBpeMeHHO. [ns

3agjaHna HanpaBlieHUA AEencTBus Hacoca B 3TOT y3eJ1 TOJIbKO OAUH Y4acCTOK obs13aTenBLHO

OOJ1KEeH BXOAUTb U TOJTIbKO OANH Y4aCTOK AOJDKEH BbIXOAUTb.

Ottt e Pt ettt D)

, S PO

O—o—{)—(&—-'}—.—{:
Puc. 3.4.6. HacocHasa ctaHuunA
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Hacoc moxHO MopenupoBaTtb ABYMsi crnocobamu: nmbo kak naeanbHoe YCTPOMCTBO, KO-
TOpPOE M3MEHSIET AaBlieHne B TpyOGonpoBoAe Ha 3afaHHyl BenuyuHy, Nnbo Kak yCTpoWCTBO,
paGoTaloLlee ¢ y4eTOM pearbHOW HanopHO-PacXxo4HONM XapaKTePUCTUKN KOHKPETHOrO Hacoca.

B nepBom cnyyae npocTo 3afaeTca 3HauYeHne Hanopa Hacoca Ha nogatolleM u/unm o6-
paTHOM TpyGonpoBoge. Ecnu 3HayeHne Hanopa Ha ogHOM U3 TPy6onNpoBOAOB PaBHO HyrO, TO
Hacoc Ha aToMm TpybonpoBoade oTcyTcTByeT. Ecnu 3HayeHMe Hanopa oTpuuaTtenibHo, TO 3TO

O3HavaeT, YTO Hacoc paboTaeT HaBCTPeYy BXOASLLEMY B HEFO y4acTKy.

H=10m H=-10n
Ot P Ot PO
H=-10mn H=10m
C)—ﬁ‘ e \:-—4—‘ e
50.I 404
a0 $ ——

Trerrrrerrrrerr Trrrrrrerrrrerr
o 0

Puc. 3.4.7. Nbe3omeTpuyeckue rpacpumkm

Ha pucyHke BUAHO, Kak pa3nuyHble HanpaBreHus y4acTKoB, BXOOALWMX U BbIXOOALLMX U3
Hacoca B coYeTaHuW C pasHbIMM 3HaKamy Hanopa, BNUAIT Ha pe3ynbTaT pacyeTta, oTobpa-
YXEHHbIN Ha Nbe30MeTPUYECKUX rpaduKax.

Korga 3agaetcs TONMbKO 3HaYeHWe Hamnopa Ha Hacoce, OHO OCTAeTCA HEU3MEHHbIM He
3aBMCMMO OT NPOXOASALLEro Yepes Hacoc pacxoaa.

Ecnn mogenupoBaTb paboTy Hacoca ¢ y4eToM ero QH xapakTepucTuku, To criegyeT 3a-

AaTb pacxobl U Hamnopbl Ha rpaHnLax paboyel 30HbI Hacoca.

s

 —

Hmax |

r
Hmin

Cmin Cmax
Puc. 3.4.8. HanopHo-pacxoaHas xapakTepucTmka Hacoca

Mo 3agaHHBIM ABYM TOYKaM onpenenseTcs napaborna ¢ MakCUMyMOM Ha OCY [JaBIEeHWA,
Mo KOTOPOW pacyeT 1 BydeT onpeaensaTb HaNop Hacoca B 3aBUCMMOCTM OT pacxoaa. Crieqyet

OTMEeTUTb, YTO XapaKTepuUCTuka, 3agaBaeMad Takum o6pa30M, MOXEeT OoTNin4aTbCA OT pealb-
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HOW XapaKTEPUCTMKM Hacoca, HO B npegenax paboyen obnactn obe xapakTepUCTUKN NPaKTU-
YecKkun coBnagaroT.

[na onvucaHns HECKONbKMX napannensHo paboTalrLlmx HAaCOCOB AOCTAaTOYHO 3a4aTb UX
KONMYeCTBO M pe3ynbTUpyroLasn xapakrepuctuka dyageT onpegeneHa npyu pacyeTe aBTomaTu-
YeCKu.

Tak kak Hanopbl Ha rpaHuuax padoyen obnacTn Hacoca 6epyTcsa M3 CnpaBoOYHUKA M BCe-
roa NonoXuTernbHbl, TO HanpaBneHne OEeNCTBUSA Takoro Hacoca byaeTt onpenensitbCa TONbKO
HanpaBneHMeM BXOAALLEro B y3en yyacTka.

[poccenupyrolime ycTtponctea B O4HONIMHENHOM MNpeacTaBneHun SBRAglTCA yanamum, HO
BO BHYTPEHHEWN KOAMPOBKE - 9TO AOMNOSTHUTESbHbIE YY4aCTKU C NOCTOAHHBIM UMK NepeMeHHbIM
conpoTtuBneHnem. B gpoccenupytowmn ysen obsisaTenbHO A0S/MPKEH BXOAUTb TOSNbKO OAMH

y4qacCTOK, 1 TOJTIbKO OAUH YHaCTOK M3 y3I1ia OOJTXEH BbIXOOUTb.

Ha nogawwem mpySonpoBoge ‘SregA

(
~ ~
< * o
(

Ha oSpamxon npySonpoBoge
e 0 ) T ,,

Sreq

Puc. 3.4.9. lpoccenupyowime yCcTponcTea

C ToukM 3peHus MoAenu ppoccenbHasa wanba 3To PUKCMPOBAHHOE COMPOTUBIEHME,
onpeaensieMoe gMameTpom Lwanbbl, KOTOPOE MOXHO YCTaHaBMMBATbL Kak Ha NoAatoLlleM, Tak u
Ha obpaTHOM TpybonpoBoae. Tak Kak aTO HeperynupyemMoe conpoTuBfeHne, To BeNn4mHa ra-
cumoro wanbon Hanopa 3aBUCUT OT KBaZpaTta, NpoxoasdLlero yepes wanby pacxoaa.

Ha pucyHke BMAOHO, Kak MEHSITCA NoTepu Ha wanbe, yCTaHOBIEHHOMW Ha nojarowem

TpyGonposoae, Npu yBenuyeHnm pacxoda Yepes Hee B [1Ba pasa.

G=6.25 G=12.5
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Puc. 3.4.10. lpoccenbHas wanba

PerynaTtop AaBneHusi - yCTPOMCTBO C NEPEMEeHHbIM COMpPOTMBIIEHMEM, KOTOPOE MO3BO-

ndeT nogaoepxumBatb 3agaHHOE OaBlieHNE B pr60|'lpOBOﬂ,e B onpepnerieHHoM guana3oHe n3-
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MEeHEHNA pacxoaa. PerynﬂTop OaBleHna MOXeT yCTaHaBIIMBaTbCA KaK Ha nogarowem, Tak u

Ha obpaTtHomMm TpybonpoBoae.

G=12.5 G=25.0
e e e
80 BT — |
507 [ 50|
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Puc. 3.4.11. PerynaTtop naBneHus

Ha pucyHke nokasaHo, 4TO Mpu YBENUYEHUW B OBa pasa pacxoga 4yepes3 perynsatop,
YCTaHOBIEHHbIV B 0obpaTHOM TpybonpoBoae, AaBfieHME B PErynmpyeMom yarne octaeTcs no-
CTOSIHHbIM.

BenvuunHa conpotmBneHnsa perynatopa MOXeT U3MEHATLCSA B npefenax oT 6eckoHeYyHo-
CTW OO COMPOTMBIIEHNSA MOSTHOCTBIO OTKPLITOro perynstopa. Ecnu ycnosusa paboTtbl ceTn 3a-
CTaBNAT PErynaTop NOMIHOCTbI OTKPbITLCA, TO OH HAYMHAET paboTaTb Kak Heperynmpyemblin
Apoccenupyowunn ysen.

PaboTta perynaTtopa pacrnonaraeMoro Harnopa aHanorndHa paboTte perynstopa gasne-
HUS, TONbKO B 3TOM Criy4ae perynatop crtapaeTcs AepxaTb NOCTOSHHOW 3afaHHYI0 BENUYUHY
pacrnonaraemMoro Hanopa.

Perynatop pacxoga - 3To y3en C nepeMeHHbIM CONpPOTUBIIEHMEM, KOTOPOE MO3BONSAET
nogaepXXuBaTb NOCTOSHHBLIM 3aaHHOE 3HaYeHne NPOXOoAsLLEro Yepes perynarop pacxoga.

Perynatop MOXHO ycTaHaBnuBaTb Kak Ha Nogarollem, Tak U Ha obpaTHOM TpybonpoBo-
ae. K pabote perynaropa pacxoga MOXHO OTHECTM BCE CKasaHHOE MpO perynsatopbl AaBre-

HUA.

3.4.2. Hanapo4HbIN pacyeT TensIoBOu CeTu.

Llenbto Hanago4Horo pacyeta siBnsieTca obecneyeHne notpebutenen pacyeTHbIM KO-
NMYEeCTBOM BOAbI M TENNOBOMW 3Hepruun. B pesynbTate pacyeta ocyllecTensieTca nogbop ane-
BaTOPOB M UX cCoMen, NPon3BOANTCA pacyeT CMEeCUTESbHbIX U OPOCCENUPYHOLNX YCTPOWCTB,
onpegenseTcs KONMYecTBO U MECTO YCTaHOBKM ApocceribHbIX Wwanb. PacyeT MoxeT npon3Bo-
ANTbCS NPY U3BECTHOM pacroflaraeMoM Hanope Ha UCTOYHWKE W ero aBTOMaTUYeCKOM Noa-
Gope B crnyyae, ecnu 3agaHHOro Hanopa He JOCTaTO4HO.

B pesynbTate pacyeta onpegensitotca pacxodbl M notepu Hamnopa B TpybonpoBoaax,

Hanopbl B y3rnax ceTu, B TOM YMCIe pacrnonaraemMble Hanopbl y notpeduTtenen, temnepaTypa

23



TENNOHOCUTENS B y3rax ceTu (Npu y4yeTe TennoBbIX NOTEPb), BENNYMHA N30bITOYHOrO Hanopa
y noTpebuTtenen, TemnepaTtypa BHyTPEHHEro Bo3ayxa.

[poccennpoBaHne n3bbITOYHbIX HANOPOB Ha abOHEHTCKMX BBOAAX MPOU3BOAAT C MOMO-
LLbIO comnen 3neBaTopoB M ApoccenbHbiX wanb. [poccenbHble WwWanbbl nepen aboOHEHTCKUMU
BBOZAaMW yCTaHaBNMBAKOTCA aBTOMaTMYECKN Ha nogatoLlem, obpatHom mnmn obomx Tpybonpo-
BOAax B 3aBMCUMOCTM OT HEOBX0AMMOro Ans CUCTeMbI rMapaBnmMyeckoro pexuma. Npu pado-
T€ HECKOSbKMX MCTOYHMKOB Ha OOHY CeTb onpeaensieTca pacnpeaeneHne Bogbl U TENNOBON
3Heprm mexay uctoyHukamu. MNogsoantca 6anaHc no Boge M OTNYLLEHHON TENIOBOW 3HEP-
rMen mexagy UCTOYHMKOM K notpebutensmn. OnpegenstoTca noTpedutenn n cooTBETCTBYHO-

LLMIA UM UCTOYHUK, OT KOTOPOrO AaHHble NOTPEOUTENN NOMyYatoT BOAY U TENIOBYIO SHEPIMIO.

3.4.3. MNoBepoO4HbIN pacyeT TENsI0BOU CeTU.

Llenblo noBepoYHOro pacyeta siBnsieTcs onpegeneHve akTU4eckux pacxodoB Temnso-
HOCUTENS Ha y4yacTKax TenrioBoM CeTU U y NoTpebuTenein, a Takke KONMYecTBe TEnroBOM
3HEeprum nony4yaemom notTpebutenem npu 3agaHHoON TemnepaTtype Boabl B nogatowem Tpybo-
NPoOBOAE W pacnosiaraemMoM Hamnope Ha UCTOYHMKeE.

CospaHHas maTteMaTuyeckas MMUTaUMOHHas MoAerb CUCTEeMbl TennocHabXeHus, cny-
Xallas Ans pelleHust NMoOBEepOoYHOM 3adayu, MO3BOMSIET aHanU3vMpoBaTb MMOPaBINYECKUA U
TENMOBOW peXuM paboTbl CUCTEMbI, @ Takke MPOrHO3MpoBaTb W3MEHEHWE TemnepaTtypbl
BHYTPEHHEro Bo3ayxa y notpebutenein. PacyeTbl MOryT NPOBOAMTLCSA NPU PasfnyHbIX UCXOA-
HbIX AAHHbIX, B TOM Y/CIe aBapUHbIX CUTYaUUsIX, HAanpuMep, OTKIIOYEHUM OTAENbHbIX y4acT-
KOB TEMNOBOWN ceTu, Nepeaayn Boabl M TENNOBOW SHEPTUN OT OAHOIO UCTOYHMKA K ApYromy no
oAHOMYy 13 Tpy6onpoBoaoB U T.4.

B pesynbTate pacuyeTa onpepensitoTcs pacxodbl M noTepu Hamopa B TpybonpoBogax,
Hanopbl B y3nax ceTu, B TOM Y1Cne pacrionaraemMble Hamnopbl y notpebutenein, Temnepartypa
TEeNnoHOCUTENs B y3nax ceTu (Mpu y4eTe TEMMOBLIX NOTEPb), TEMNepaTypbl BHYTPEHHEro BO3-
Ayxa y notpebuTenen, pacxoabl U TeMnepaTypbl BOAbI HA BXOAE M BbIXOAe B KaXaylo cuctemy
TennonotpebneHus. MNpu paboTe HECKONbKUX MCTOYHMKOB HA OAHY CeTb onpepensietcs pac-
npegeneHne BoAbl M TEMNMOBOW 3HEPTUM Mexay UcTouHukamu. MogeoanTtes 6anaHc no Boge u
OTMYLLUEHHOW TEMMOBOW 3HEpruen Mexay UCTOYHMKOM M noTpebutensmu. OnpenensitoTcs no-
TpebuTenn 1 CoOTBETCTBYHLLMIA UM UCTOYHMK, OT KOTOPOro AaHHble NOTPebuTenu nomnyyarT

BOAY W TENNOBYIO SHEPTUIO.
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3.4.4. KOHCTPYKTOPCKUM pacyeT TensioBon ceTu.

Llenblo KOHCTPYKTOPCKOrO pacyeTa ABMseTcsa onpegeneHme gmameTpos TpybonpoBoaos
TYNUKOBOW M KONbLIEBOW TEMSIOBOW CETU NPW MPOMycKe No HUM pacyeTHbIX pacxogoB Npw 3a-
AaHHOM (MM HEM3BECTHOM) pacnonaraeMomM Hanope Ha UCTOYHMKE.

[aHHas 3agada MOXeT ObITb MCNOMb30BaHa Npy Bbldaye paspeLleHns Ha NOAKMYeHne
notpebutenen K TENnOBON CETU, TaK Kak B Ka4eCTBE UCTOYHMKA MOXET BbICTynaTb 060N
y3esn CMCTeMbl TENNOCHaABXeHNd, Hanpumep TensnioBas kamepa. [na 6onee rmbkoro peLlueHns
AaHHOW 3ajayv NpefyCcMOTpeHa BO3MOXHOCTb WM3MEHEHUS CKOPOCTU OBWMXXEHUS BOAbl MO
yyacTkam TEMSIoBOM CETU, YTO NPMBOOUT K MU3BMEHEHUIO AnamMeTpoB TpybonpoBoaa, a 3HauuT n
pacnoniaraemMoro Hanopa B TOYKe MOAKITHOYEHNS.

B pesynbrarte pacuyeTa onpegensitotca agnameTpbl TpyOonpoBO4OB TEMNIOBOM CETU, pac-
nonaraemMblin HaMmop B TOYKE MOAKIIOYEHUS, PAacXOdbl, MOTEPU HAMopa U CKOPOCTU OBMKEHUS

BOAbl Ha y4aCTKax CeTun, pacnosiaraémMble Hanopbl Ha I'IOTpe6MTeJ'IFIX.

3.4.5. PacyeT TpebyemMon Temnepatypbl HA UICTOYHUKE.

Llej'lbIO 3ajayun Aasndetcd onpepneneHne MMHMMalibHO Heobxoanmon TeMmneparypbl Ten-
NOHOCUTENS Ha BbIXOAE U3 UCTOYHUKA Ans obecneyeHns Yy 3aJaHHOro ﬂOTpe6I/ITeJ'IF| TeMmnepa-

Typbl BHYTPEHHErO BO3yXa HE HMXE pacyYeTHOW.

3.4.6. KommyTauMOHHbIe 3aga4um.

AHanu3 OTKIIOYEHUIN, NEPEKITIOYEHNI, NOUCK BrivKanlen 3anopHOM apmaTypbl, OTKIHO-

yaroLlen y4acCTOK OT UCTOYHUKOB, UIN MNMOJTHOCTbIO Msonmpyromeﬁ y4acCToK 1 T.A4.

3.4.7. Nbe3omeTpnyeckum rpaduk.

Llenblo nocTpoeHnsa Nbe3oMeTpUYECcKOoro rpaduka sBnaeTca HarnggHas unnicrTpaums
pesynbTaToB rMapaBfMYeCcKoro pacyeta (Hanago4yHoro, NOBEPOYHOro, KOHCTPYKTOPCKOrO).

OTO OCHOBHOW aHaNUTUYECKNUA MHCTPYMEHT cneumanucta no rugpasnmyecknm pacyetam
TennoBbix ceTen. [Mbe3omeTp npeacTtaBnseTr cobon rpaduyeckMn OOKYMEHT, Ha KOTOPOM
n3obpakeHbl IMHUN AaBreHWi B nogatoLlen n obpaTtHom marmctpansx TenoBOM CeTu, a Tak-
Xe npodunbe penbeda MecTHOCTU - BOOMb OnpeAerieHHOro nyTn, COeQUHAIOLWEro Mexay co-
0o ABa NPOM3BOSbHLIX Y3Ma TEMIOBOW CETUM NO Hepas3pbiBHOMY MOTOKY TennoHocutens.Ha
Nbe3oMeTpMUYEeCcKoM rpadpuke HarnsggHo npeacTaBfeHbl BCE OCHOBHbIE XapaKTEPUCTUKU pe-
XuUMa, nosiydeHHble B pesynbTaTe rmapaBfivd4eckoro pacdera, Nno BCEM y3ram U ydacTkam

BAOOJ1b Bbl6paHHOI'O nyTn: MaHOMeTpUu4veCkmne gasrieHus, rnoriHble U yaeribHble NoTeEPU Harnopa
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Ha y4dacCTKax TENSIOBOM CETH, pacnofiaraemMmble OaBrieHNA B KaMepax, pacxodbl TenroHOCUTe-

4, nepenagbl, co3gaBaeMble Ha HAaCOCHbIX CTaHUMAX N UCTOYHUKAX, N30bITOYHbIE Hanopbl “

T.0.

Puc. 3.4.12. Nbe3omeTpuyecknm rpadumk

LiBeT n cTvnb NUHUKW 3agaeTcs nonb3oBaTenemM.

B tabnuue nopg rpamkom BbIBOAATCA AN KaXAOro y3na ceTu HaumeHoBaHue, reogesu-
yeckasi OTMeTKa, BbicoTa noTpebutens, Hanopbl B nogatwllem n obpatHoMm TpybonpoBoax,
BeNMYMHa gpoccenupyemMmoro Hanopa Ha wanbax y notpebutenen, notepun Hanopa no y4yacT-
Kam TenroBOW CEeTW, CKOPOCTU OBWXKEHWUS BOAbI Ha yyacTkax TennoBow cetu u T1.4. Konuye-

CTBO BbIBOAMMOW MO FpaCbI/IKOM I/IH(*)OpMaLI,I/II/I HaCTpanBaeTC4d Nosib3oBaTesieM.

3.4.8. PacuyeT HOpMaTMBHbLIX NOTEPb TEMNsa Yepes U3onsAaLmIo.

Llenbio gaHHOro pacdeTta siBnsieTcs onpeneneHne HOpMaTUBHBLIX TEMMOBbIX NOTEPb Ye-
pes3 m3onauuio TpybonpoBodoB. TennoBble NoTepu onpeaensoTca CyMMapHO 3a rod ¢ pas-
Buekon No mecqauam. NpocMoTpeTb pesynbTaThl pacyeTa MOXHO Kak CyMMapHO no Bceun Ten-
NOBOW CETU, TaK U NO KaXOOMYy OTAENbHO B3ATOMY MCTOYHWUKY TEMNSIOBOM SHEPTUN U KaXKOOMY
ueHTpanbHoMy TennoBoMy nyHkTy (LUTT1). PacyeT moxeT 6bITb BbINOMIHEH C y4eTOM nonpa-
BOYHbIX KO3I(hPULUMEHTOB HA HOPMbI TEMSOBbLIX NOTEPb. Pe3ynbTaThl BbINOMIHEHHbLIX Pac4eToB

MOXHO akcnopTupoaTb B MS Excel.
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4. neKTpoHHas MoAernb CYLEeCTBYHOLWEN CUCTEMbI TENNOCHAGXeHuUs.
JdTanbl aKTyanusauuu.

4.1 UuchbopmaumoHHo-rpadmyeckoe onncaHme o6bLeKToB CUCTEMbI TENJIOCHA0-

XeHwus.

Ha ocHoBe cyuwiecTBytowen OM gns uenen ee aktyanusauum Obinm co3gaHbl MoAeNb-
Hble 6a3bl - "CywecTteytowme cetn 2021", "lMepcnektuBHble cetn 2030" B KOTOPbLIX NPOBOAU-
nacb BbIBEpKa C nocnenyroLlen KoppekTMpoBKon NMHAPOPMAaLIMOHHO-rpanyeckoro onucaHus
CYyLLIECTBYIOLNX OOBEKTOB CUCTEMbI TENIOCHABGXEHMS FOPOACKOr0 OKpyra € y4eTOM U3MEHe-
HWUI, npousowealwmnx 3a nepuog 2021 roga, No AaHHbIM 3akasyunka (6asza aboHeHTOB; 6asbl
TENoBbIX CETEN; CXEMbI TEMNSOBLIX CETEN).

B aktyanunsanpoBaHHoOn 6a3e [aHHbIX 3NEKTPOHHOW MOAENW OnucaHbl U Npu Heobxo-
ANMOCTU O0MNOJSTHEHbI (CKOPPEKTUPOBAHBI) MAcnoOpPTHbIE XapaKTEPUCTUKN BCEX TUMOB OOBHEKTOB
cucteMbl TennocHabxeHus. MNMonHoTta 3anonHeHnsa 6asbl AaHHbLIX NO NapaMeTpam 3aBUCUT OT
HaNU4ns UCXOOHbIX AaHHbIX Y TENNOCHabXaloLWmMX KOMMNaHWUNA.

BuayanbHoe oToGpaxeHne CTPYKTypbl TENSOBLIX CETEN NPEACTaBNEHO Ha pucyHke 4.1.1.
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Puc. 4.1.1. BusyanbHoe oTo6pakeHne CTPYKTypbl TENJIOBbLIX CETEN OT UCTOYHUKOB TEMJSIOBOM 3HEPrumn
BenoBckoro N0
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4.2. OTnapka n KannbépoBKa 3NIeKTPOHHOW Mofenw.

B paMKax gaHHOro satana AOoJIKHbI ObITb BbIMNOMHEHBI:

¢ OTJlagKa pa6OTbI pac4eTHbIX MaTeMaTU4YECKNX Mop,yne|7| nyTem BblABJIEHUA ownbok

B UCXOAHbIX AaHHbIX;

* kanubpoBKa MOAENN C LIENbI0 JOCTMXKEHUS COOTBETCTBUS pacYeTHbIX NapamMeTpoB
MoZenn akTUYeckuM napameTpam B onpefeneHHbIX pernepHbIX y3rax CUCTEMbI
TennocHabxeHnsa (Npu Hanuuum nHdopMaunm No pacxodam, AaBneHUsM BOAbl B
nogaroLmx n obpaTtHbIX TpybonpoBogax cUCTEMbI TEMMOCHaAbXeHNa ana dakTnye-
CKOro pexunma).

Ha atane otnagkm a3nekTpoHHoOW moaenu Obin npoBeAeH aHanu3 MofHOThl U A0CTO-
BEPHOCTUN BHECEHHbIX UCXOOHbIX JAHHbIX.

KannbpoBka mogenu - npouecc naeHTumnkaumm n TOHKOM HaCTPOMKN HAbOPOB NUCXOLHbIX
AaHHbIX TakuMm obpasoMm, 4YTobbl obecrneynTb MakcumanbHoe npubnmxeHne pesynbTaToB rMa-
paBnMYECKOro pacyeTta K hakTu4eckum napameTpam B onpenesnieHHbIX penepHbiX y3nax cucre-
Mbl TennocHabxeHus. [na opraHnsauum npouecca kannbposkn OM BbIOMpatoTCa penepHble y3-
Nbl B KaXXOOW W3 CUCTEM TENNOCHabXeHnsa, Takue Kak: BbIBOOAHOW KOJINEKTOP Ha MCTOYHUKE
/MM HacocCHble CTaHUUN /U TENSOBbIE NYHKTbI U MPOYMe dNeMEHTbI TEMMOBOW CeTH, Mo Ko-
TOPbIM UMEIKTCA (PaKTUYEeCKNe AaHHble MO pacxodam TEnmoHOCUTENS U pacnosiaraeMbliM Hano-
pam 3a otonuTenbHbln Nnepuog 2020-2021 rr.

O4HVMM 13 He3aMEeHUMbIX UHCTPYMEHTOB Mpu KanvbpoBKe rMapaBriMyeckon mogenu Ten-
NIOBOWN CEeTU SBMSIETCA MNbe30MeTpUYeckun rpaduk, MOCKONbKY rpaduyeckas uHTepnpetaums
rapaBnMyecKkoro pexuma rno3sBonsieT O4HOBPEMEHHO KayeCTBEHHO U KOSIMYECTBEHHO OLEHUTb
nonpaBkn, KOTOpble HEOBXOOUMO BHECTU B pacyeTHY0 MoAenb, YTobbl OHa Hanbonee agekBaT-
HO noBTopsANa "rmgpaBnuyeckoe noBegeHne" peanbHOM TENMOBOW CETU B IKCMyaTaumu.

Takke AN BbIMNOMHEHNSA KannMbpoBKU MCNONb30BaNUCh pesynbTaThl rMapaBMyeckux pac-
4eTOB OS5 9NIEMEHTOB TEMSIOBOW CeTU, a Takke rpaduyeckoe npencraBneHne napameTpos
TennoHocuTens.

MapannensHo paboTe C BbIWEONUCAHHBIM WHCTPYMEHTapMeM npoBOAMNACh KOPPEK-
TUPOBKa M3HA4yanbHO BBEAEHHbIX AaHHbIX MO LIepoxoBaToCTU TpybonpoBoAOB, 3HAYEHUSM
MECTHbIX CONMPOTUBNEHUN U NP. C LENbIo NOyYEeHUS MaKkCUMarnbHOro COOTBETCTBUS NapamMeTpoB

pacyeTHOM  Mogenn ¢ (PakTUY4ecKMMM  napameTpamu  CUCTEM  TennocHaGXeHus:.
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5 . OneKkTpoHHasa MoAerib NepCNeKTUBHOW CUCTEMbI TENJIOCHa0XeHMUS.

MogenupoBaHve NepCnekTMBHOIO BapuvaHTa pasBUTUA CUCTEMbI TennocHabXeHus
(CTPOUTENBCTBO HOBLIX N PEKOHCTPYKLUMS CYLLECTBYIOLNX UCTOYHMKOB TEMNSIOBOW 3HEPIUN, ne-
pepacnpefeneHne TenmnoBblX Harpy3ok Mexay WCTOYHUKaMu, orpeferieHMe BO3MOXHOCTU
NOAKMIOYEHMS HOBbIX NOTpebuTenen TennoBon 3Hepruu, onpeaerieHne onTumaribHbIX Bapu-
aHTOB Ka4eCTBEHHOIo U HageXHOoro obecneyeHns TeNNOBOW 3HepPruemn HoBbIX NoTpebutenen n
T.[.) OCYLLEeCTBMSETCA Yepe3 MexaHn3M COo3aHusa N agMUHUCTPUPOBaHUS crieumnarbHbIX "MO-
AenbHbIX" 6a3 - HabopoB AaHHbIX, KIOHUPYEMbIX U3 OCHOBHOW (KOHTPOSbHOM) 6a3bl AaHHbIX
ONUCaHus TENMOBOW CEeTU, Ha KOTOPbIX MOXHO NPOn3BOAUTL Ntobble MaHunynaumm 6e3 pucka
NCKa3nTb U NOBPEaUTb KOHTPOSbHYO 6a3y.

B pesynbTaTte co3gaHusa nepcnekTMBHOMO BapuaHTa Ao KOHeYHbIX notpebutenen 8 M B
COOTBETCTBUWN C MacTep-nnaHoM Obiria co3faHa mogenbHasa 6asa, oTpaxaroLwas nepcnexkTmB-
HOe COCTOSIHME CMCTEMbI TENNOCHAbXeHNA Ha KOHeL, paccMaTpuBaemoro nepuoga

PesynbTtatel pacyeTa nNepCneKkTUBHbLIX MAPABANYECKUX PEXUMOB CUCTEMbl Tenso-
CHabXxeHus1 ToOpoACKOro okpyra npenctaBfeHbl B AoKyMeHTe "Cxema TennocHabxeHus be-
nosckoro ropoackoro okpyra ao 2030 r. Aktyanusauusa Ha 2023 r. O6ocHoBbIBalOLLME MaTe-
puanbl. [Naea 4. NepcnekTuBHble 6anaHcbl TEMOBON MOLLHOCTM MCTOYHUKOB TEMNOBOWN 3HEP-

rMu 1 TENNOBOW Harpysku".
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6 . [JoKyMeHTbI NO aKTyanmM3MpoBaHHOW 3NIEKTPOHHOW MoAenu.

Mo pesynbTatam akTyanmMsauuun 3feKTPOHHOW MOLENN CUCTEMbl TEenfocHabXeHus ro-
pOACKOro oKkpyra paspaboTaHbl cneayowme mogenbHble 6asbl:

- MogenbHas 6a3a "CyuwecTtBytowme cetn 2022" - akTyanusmpoBaHHas MmogenbHasa 6asa
Mo CYLLECTBYIOLLEMY COCTOSHNIO CUCTEMbI TEMNOCHabXeHUS;

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

- XapakTepuCTUKM TENMNOBBIX CETEN CUCTEM TENSIOCHaAbXeHNA ropoA4CKOro oKpyra npmee-
AeHbl B okymeHTe "Cxema TennocHabxeHua benosckoro ropogckoro okpyra go 2030 r. Ak-
Tyanusaumsa Ha 2023 r. O6ocHoBbIBatowme matepumansl. [nasa 1. CywecTBytoLiee nonoxeHme
B cthepe npomsBoAcTBa, nepenayn n notpebneHus TennoBOW 3Heprum Ona uenen tenno-

cHabxeHua".
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