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CocTaB AOKYMEHTOB

Ne

nin HaumeHoBaHue fokymeHTa

1 Cxewma TennocHabxeHns benosckoro ropoackoro okpyra oo 2030 roga. Aktyanu3aums Ha 2022 rog.
' YTBEpPXKOaeMas YacTb

5 naBa 1. CyliecTByloLLee NornoxeHne B chepe NPOM3BOACTBA, Nepedaym u noTpedneHns TennoBom
' 3HEPrnn Ans Lenen TennocHabxeHns

3 naBa 2. CyuiecTByloLLee 1 NepcrekTMBHOE NoTpebrieHre TennoBON SHEPTMN Ha Lenu TennocHabxe-
' HUSA

4, naBa 2. NpunoxeHune 1. CylecTBytowasa 3acTporika

5. naBa 3. AnekTpoHHas MoAenb CUCTEMbI TEMNOCHAbXeHMS

6 naBa 4. CyuiecTByloLLME W NEPCTNEeKTMBHbIE BanaHCbl TENNOBOW MOLLHOCTY UCTOYHUKOB TEMIOBOWA
' 3HEPrnM 1 TEMNOBOW Harpy3kn noTpeduTenemn

7. naBa 5. MacTtep-nnaH pa3sutus cuctem TennocHabxeHus BenoBckoro ropoAckoro okpyra

naBa 6. CyLecTByloLLME 1 NEPCTNEKTMBHbIE BanaHCbl NPON3BOAMTENbHOCT BOAOMNOATOTOBUTENbHbIX
8. YCTaHOBOK 1 MaKCMMarbHOro NoTpebneHns TEMNOHOCUTENS TENNoNoTpeonsaLWMMM yCTaHOBKaMM No-
Tpebutenen, B TOM YMCre B aBapUMHLIX peXxmnmax

9 naBa 7. NpeanoXeHns No CTPOUTENLCTBY, PEKOHCTPYKLUN, TEXHUYECKOMY NEPEBOOPYKEHMIO U (MNK)
' MO EepPHM3aLMM UCTOYHUKOB TEMNTOBON 3HEPTUN

10. naBsa 8. NpeanoxeHns No CTPOMTENbCTBY, PEKOHCTPYKLUNUM 1 (M) MOAEPHU3aLIMN TENSOBBIX CETeN

11 naga 9. NpeanoxeHus No NepeBoAy OTKPbITbIX CUCTEM TENNOCHAOXEHUA (ropsvero BOAOCHabXeHns1) B
' 3aKpbITble CUCTEMBI rOpsYero BOAOCHabXeHNS

12. naea 10. NepcnekTuBHbIE TONNNBHbIE GanaHChbl

13. maea 11. OueHka HageXXHOCTU TeNNOCHabXeHns!

14 masa 12. O60cHOBaHME UHBECTULIMIA B CTPOUTENBCTBO, PEKOHCTPYKLINIO, TEXHNYECKOE NEPEBOOPYIKE-
) HWe n (M) MogepHU3aLNo

15. maea 13. MHgumkaTopbl pa3BuTUa cucTemM TennocHabxeHnsa BenoBckoro ropoackoro okpyra

16. naBa 14. LleHoBble (TapudHble) nocrnencTeuns

17. [naBa 15. PeecTp eanHbIX TENNOCHabXaoLWMX opraHM3aumnn

18. maBa 16. PeecTp MeponpusiTUiA CXeMbl TEMNOCHaAOXEHUS

19. [maBa 17. 3amevaHnsa n NpeanoXeHnst K NPOeKTy CXeMbl TEMNOCHAbXeHNsI

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

nnocHabXeHus




1. O6LWwee Ha3Ha4YeHNEe INEKTPOHHON MOoAeNnun CUCTEeMbI

OneKkTpoHHas Mogenb cUcTeMbl TennocHabxeHus BenoBckoro ropoackoro okpyra (aa-

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

pa6aTb|BaJ'IaCb B Lendx:

aauv:

co3faHust eANHOM NMHAOPMaLIMOHHOM NaTtgopMbl MO CUCTEMAM TenmocHabXeHUs
ropoaa;

noBblweHnsa 3 dEKTUBHOCTN MHPOPMALMOHHOIO o6ecneyeHns NPoLLEeCCOB NPUHS-
TUS pelleHnin B obractu Tekywero yHKUMOHNPOBAHNA N NEPCNEKTUBHOIO pasBUTUA
cucTeMbl TENNOCHabXXeHnsa ropoaa;

nposefeHUs1 €ANHOWN NOSIUTUKM B OpraHn3auumn TekyLen aesaTenbHOCTU Npes-
NPUSATUA U B NEPCNEKTUBHOM Pa3BUTUM BCEN CUCTEMbI TENNTIOCHABXeHNSA ropoaa;
obecneyeHnsa yCTONYMBOro rpagoCTPOUTENBHOMO pa3BUTUS ropoaa;

pa3paboTkn Mep AN NOBbILWEHUS HAOEXHOCTU CUCTEMbI TEMNOCHAOXEHUs ropoaa;
MUHMMU3aLMN BEPOSTHOCTU BO3HUKHOBEHNSA aBapUNHbBIX CUTyaL M B cUcCTeMe Ten-
NocHabXeHus.

Pa3pa60TaHHaﬂ ANEeKTPpOHHadA mMoAesb npegHasHadeHa AOnd peweHuna cnegyrunx 3a-

co3faHns obLLeropocKomn 3NEKTPOHHON CXEMbI CYLLECTBYIOLLMX U MEPCNEKTUBHbIX
TENOBbIX CeTeN N 0OBLEKTOB CUCTEMbI TEMNOCHABXEHUSA rOpOACKOro OKpyra, npuBs-
3aHHbIX K TOMOOCHOBE ropoaa;

ONTUMU3aLMM CYLLECTBYIOLLEN CUCTEMBI TENOCHabXeHns (onTUMn3aunsa ruapasnu-
YeCKNX pexxuMoB, MOAEeNMpoBaHWe nepepacnpeneneHms TennoBbIX HAarpy3oK Mexay
NCTOYHWKaMW, onpeaeneHne onTuMarnbHbIX AMaMeTpoB NPOEKTUPYEMbIX U PEKOHCT-
pyMpyeMbIX TEMSOBbIX CETEN U TEMNOCeTEBLIX 0OBLEKTOB U T.4.);

MoOenMpoBaHUs NepCrneKkTUBHbLIX BapuaHTOB pPas3BUTUSA CUCTEMbI TENSTIOCHabXeHUs
(CTPOUTENBCTBO HOBbLIX N PEKOHCTPYKLUNA CYLLECTBYIOLLMX MCTOYHUKOB TEMMOBOM
3Heprun, nepepacnpeneneHe TenoBbIX HAarpy30K Mexay UCTOYHMKaMK, onpeagerne-
HMe BO3MOXXHOCTU NOAKNIOYEHMS HOBbIX MOTpebuTenen TennoBon aHepruun, onpeae-
neHne onTUMarbHbIX BapuUaHTOB Ka4eCTBEHHOIO N HadexXHoro obecnevyeHuns Tensno-
BOW SHEPrnen HoBbIX NoTpedbutenen n 1.4.);
onepaTMBHOro MoAenNMpoBaHusa obecnevyeHms TENNOBOW aHepruen notpebutenen
npyv aBapuHbIX CUTYaUNSX;
onepaTMBHOIO NOSTyYeHNs NHPOPMALIMOHHBIX BbIBOPOK, CNPaBOoK, OTYETOB MO CUCTE-
Me B LieSIOM Mo cucteme TennocHabxeHmsa ropoda n no oTaeNbHbIM ee afieMeHTaM;
MOHUTOPUHT PasBUTUS CXEMbl TEMNOCHABXEHNSI TOPOLCKOro OKpyra;
obecneyeHne exerogHon akTyanusaumm cxeMbl TennocHabXXeHnss ropoaCcKoro okpyra
B cootBeTcTBUM ¢ P3-190 "O TennocHabxeHun" n NoctaHoBneHunem Npasutenscrea
P® Ne154



2. AKTyanusaumsa 3fIeKTPOHHON MoAenun CUCTeMbI TeNOCHabXeHuUs.

B pamkax akTyanusaumm cxembl TEMMOCHAGXEHWA B 4acTW AMEKTPOHHOW MOLEenu Bbl-
NMonHeHbI criegytowwme paboThbi:

e BbiBEPKa M COOTBETCTBYHOLLAS KOPPEKTUPOBKA TPACCUPOBKN N XapaKTEPUCTUK TEN0-

BbIX CETEN No NpeaoCcTaBNeHHbIM AaHHbLIM TEMMOoCHabXarLWwmx opraHm3aummn;

e BbiBEPKa M COOTBETCTBYHOLLAS KOPPEKTUPOBKA NOAKIHOYEHHBIX NOTpebuTenemn B co-
OTBETCTBMU C NpeaoCTaBMeHHbIMN Ba3aMy abOHEHTOB TEMNTOCHabXaloLWmMX opraHu-
3aunn;

AKTyanusnpoBaHHas 3N1EeKTPOHHas Mogerb CUCTEMbI TENNOCHA0XEHNSA rOPOACKOrO OKpY-
ra obecne4mBaeT BbINOMHEHNE BCeX TpeboBaHUM, NpeabaBnsaeMbIX K 3NIEKTPOHHBbIM MOAENAM
B cooTBeTCTBUM C NocTaHoBneHnem Npasutenbctea PP Ne 154 ot 22.02.2012 r.:

a) rpacduyeckoe npeacTtaBreHne 06BHEKTOB CUCTEMbI TEMTOCHAbXEHNS ¢ NpUBA3-
KOW K Tonorpadnyeckon oCHOBE NOCENEHNs, OPOLCKOro OKpyra 1 € NOSIHbIM TOMOSOMMYECKAM

OonMcaHMeM CBSI3BHOCTU OO BHEKTOB;

0) nacnopTu3auunio 06bLEKTOB CUCTEMbI TEMNTOCHAOXEHUS;
B) nacnopTU3auuio N ONUCaHne pacyeTHbIX eANHUL TEPPUTOPUANbHOIO AeNeHUs;
r rmaopaBnMYEeCKUI pacyeT TENMOBLIX ceTen Nobor cTeneHn 3aKonbLOBaHHOCTYU, B

TOM ymucrie rMapaBnMyecKUn pacyeT Npu COBMECTHOM paboTe HECKOSbKMX MCTOYHWUKOB TEMMo-
BOW SHEPIUWN Ha eaVHYI0 TEMOBYHO CETb;

a) MOZENMpoBaHNe BCEX BUAOB NEPEKOYEHUIA, OCYLLECTBISEMbIX B TEMMOBbIX Ce-
TSIX, B TOM YMCre NEPEKITIIOYEHNI TEMNIOBbIX HAarpy30K MeXay MCTOYHMKaMM TEMNOBON 3Hep-
ru;

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

TeppuTOpranbHOMY NpPU3HaKy;

X) pacyeT NnoTepb TEMNIOBOM IHEPTUM YepPE3 UIONSALMIO U C yTeYKaMmn TeNSIOHOCUTE-
ns;

3) pacyeT nokasaTtenen HageXHOCTU TENSOCHAbXeHNS;

n) rpynnoBble NUBMEHEHNSA XapakTEPUCTUK OOBEKTOB (Y4aCTKOB TEMMOBbLIX CETEMN,

noTpebuTtenei) No 3agaHHbIM KPUTEPUSIM C LIeNbo MOAENNPOBaHMS Pas3fnNYHbIX Nepcnek-
TUBHbIX BApMaHTOB CXEM TenyioCHabXeHus;

K) CpaBHUTENbHbIE Mbe3oMeTpUudeckne rpadvkun ansi paspaboTku 1 aHanusa cue-
HapueB NepPCrneKkTUBHOIO Pa3BUTUS TEMIOBbLIX CETEN.

B pamkax akTyanu3aumm cxemMbl TENNOCHabXeHUst B YacTu 3NEKTPOHHOW MOoAENW Bbl-

nosHeHbI criegyowmne paboTbl:



e co3gaHue mofernbHou 6a3sbl - "Tennocetu cywectsytowme 2021" - akTyanmsmpo-
BaHHasa MogenbHasa 6a3a no cylecTByoLWweMy COCTOSHUIO CUCTEMbI TennocHabxe-
HUS;

e BbIBEpKa M COOTBETCTBYHOLLAS KOPPEKTUPOBKA TPACCUPOBKN U XapaKTepUCTUK Teno-
BbIX CETeln No NpeaoCcTaBfeHHbIM AaHHbIM TENOCHabXaloLWmX OpraHn3auni;

e BbIBEpKa M COOTBETCTBYHOLLAS KOPPEKTUPOBKA NOAKIYEHHbIX NOTpebuTtenen B co-
OTBETCTBUM C NpeocTaBneHHbIMU 6a3amyn aboHEHTOB TennocHabXatloLWmx opraHu-
3aunn;

e B COOTBETCTBUM C MAcTep-nnaHoOM co3gaHue NepcrnekTMBHOM MoaenbHon 6a3bl Ha

nepuopg 2030 roga "TennoceTtn nepcnektneHble 2030";

npoeeneHune rmapaBiindeCcknx pacy4eToB A5 OUEHKU NepCrnekKTMBHOIro COCToOAHUA
CUCTEMbI TENNTIOCHABXEHNA Ha KOHeL, paccmaTpmnBaemMoro nepumoaa.
KaJ'II/I6pOBKa C-)J'IeKTpOHHOIZ mogenun no (*)aKTI/I‘-IeCKI/IM napamMmeTpam BblMNoJIHEHa TOJIbKO MO

TennoBbiM CETAM MCTOYHUKOB, UMEKLLINX |'|p|/|6opb| yyeTa Tennosoun QHeprun.



3. OnucaHmne nporpaMMHOro Kommnrnekca.

3.1. O6wume NonoXxXeHus.

B kauectBe 6a30Boro nporpaMmHoro obecnedyeHns ans co3naHus aNeKTPOHHOW Modenu
cucTeMbl TeNNOCHabXeHns ropoaa Ucnosnb3oBarncs NPorpaMmMHoO-pacyeTHbIN komnneke ZULU.

B oaHHOM pasgene npeacTaBrieHO KpaTKoe onvcaHue YHKUMOHASTbHbIX BO3MOXHOCTEN
OCHOBHbIX MoAyfien nporpammMmHo-pacyeTHoro komnsiekca ZULU, Heobxoaumblx Anst akcnsya-
Tauum OM:

e cepBep reoMHgopmaymMoHHON cuctemol Zulu;

e VHCTPYMeHTanbHas reomHcopmauymoHHas cuctema M'MC Zulu;

e [akeT pacyeToB ceTeun TennocHabxeHna ZuluThermo;

3.2 CepBep reouHcpopmaymoHHou cuctemsol Zulu.

ZuluServer - cepsep 'MC Zulu, npegoctaBnsAOWMA BO3MOXHOCTb COBMECTHON MHO-
rononb3oBaTenbCckon paboTbl C reogaHHbIMWU B FIOKanbHOMW ceTu U rnobanbHon cetn UHTep-
HeT.

HocTtyn k cepBepy ocyuiectensetca vyepes npotokon TCP/IP. Cepsep ZuluServer faet
BO3MOXXHOCTb UCKMIOUYNTL (0ansioBbi JOCTYN KIIMEHTA K JaHHbIM Ha cepBepe. KnueHTy Heoc-
TynHa UHGOpMauna 0 PU3MYECKOM XPaAHEHUM AAHHbLIX U OTCYTCTBYET BO3MOXHOCTb WX He-
CaHKLNOHNPOBAHHOIO M3MEHEHUS.

Takke ecTb BO3MOXHOCTb pasrpaHnyMTb OOCTYN K AAHHbIM MeXAy Mofb3oBaTensMu.
Cuctema naponen n npas MNoO3BOSSIET NPELOCTaBMATbL Pa3HbIM MOMb30BaTENSAM pa3fnyHble
BO3MOXXHOCTM M OrpaHNYeHns ans gocTtyna n paboTbl C AaHHbIMMU.

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

[nsa Toro, 4Tobbl NnoaknunTLCA K cepepy ZuluServer goctatouHo ykasaTb ero IP ag-
pec, NMBO MMSA KOMNbIOTEPA B NOKANbHON CETU UMK Xe UMSA AOMEHA, eCnn CcepBep pacnosno-

XeH B ceTn VIHTepHer.

3.2.1 Ocob6eHHocTN ZuluServer.

Aapecauusa aaHHbIX
MNC Zulu B cBoen paboTte ¢ gaHHbIMM UCMONb3YET MyTb K phannam crnoes, KapT, Npo-
€KTOB U OpYrux, 3TW AaHHble npeactaBngaowmm. MNyTb K dpanny MoXeT BbITb SloKanbHbIM TUNa

"C:\Zulu\3gaHus_6e3_Homepos.b00" nnu ceteBbiM BUAa



"\server\C\Zulu\3gaHusa_6e3_HomepoB.b00". [Ina goctyna e K AaHHbIM Ha cepBepe,
Zulu nonb3yetca agpecom pecypca URL (uniform resource location) Buga
"zulu://server/3paHuna_6e3_Homepos.zl". MNogo6Ho Tomy, kKak BebG-OGpaysep mcnonb3dyet URL
Ansa goctyna K ctpaHvuam Beb-canta, T'MC Zulu ucnonbayet ceor Tmun URL ana agpecauum k
AaHHbIM Ha cepBepe ZuluServer.

HanoxeHue cnoeB ¢ pa3HbIX CepBepPoOB

M'MC Zulu paet BO3MOXHOCTb paboTaTtb OQHOBPEMEHHO C KapTaMu U CrOSIMU C PasHbIX
CepBEepOB M HaknaabiBaTb B OQHOW KapTe Criov C flokanbHOW MalluHbI U CRou ¢ cepBepa apyr
Ha gpyra B NPOM3BOSIbHOM NopsiaKe.

Hanpumep, Ha kapTy MEeCTHOCTW B BUAE CIlIOEB, 3arpyXeHHbIX C yAaneHHoro cepsepa
(oonyctum, n3s NHTepHeTa) MOXHO HanoOXuTb NiaH NPeanpuATUA C cepBepa AaHHOro npea-
NpusaTUS, a NoBepX PacrnofoXUTb CXEMY MHXEHEPHbIX KOMMYHMKALMIA, PacnoOfiOXKEHHYH Ha

KITMEHTCKOWN MalUUHe.

MHoronosnb3oBaTenbLCKoe peaakTmpoBaHue
ZuluServer naet BO3MOXHOCTb OAHOBPEMEHHOIO peaakTupoBaHA OOHUX N TeX XKe rpa-
Cbl/l‘-IeCKI/IX N TabnMYHbIX OAHHbIX HECKOSbKMMU NOfb30BaTENAMM. |_|pl/l 9TOM BeeTCcA He3aBu-

CUMBIN N4 Kaxgoro nosb3oBaTens XypHarsn oTkaTta.

ABTOMaTHM4YecKoe OGHOBIEHME KapThbl
Mpy N3MEHEHUMN OaHHbIX OOHMM M3 KNMMEHTOB, CepBEpP OMOBELLaeT BCeX KMMEHTOB, NoMb-
3YIOLUXCA B A@HHbIA MOMEHT 3TUMWU [AaHHBLIMK, YTO NPUBOAUT K aBTOMATUYEeCKOMY OBHOBIE-

HUIO OaHHbIX Ha KapTe.

Mybnukauma paHHbIX

ZuluServer cnnaHnpoBaH Tak, YToObl AaTb BO3MOXHOCTb ObICTPO M NPOCTO ONyonmnKko-
BaTb [aHHble, CO34aHHble C NomMoLbio HacTtonbHon Bepcun TUC Zulu. ®duamyeckun opmaTt
AAHHbBIX MPU 3TOM He MeHsaeTcd. [JoCTaTOYHO C NMOMOLLbBK YTUNUTBI NOATOTOBKU AaHHbIX UMx
BPYYHYIO HAcTpOMUTb CCbIfkM Ana cepBepa ZuluServer n AaHHble CTAHOBATCA AOCTYMHbIMA B
ceTun. NogobHo Beb-cepBepy, cepsep Zulu NoO 3anpocy C KIIMEHTCKOro MecTa HY>XHOro pecypca

npegocTaBUT AaHHble, CONOCTaBMEHHbIE C 3TUM PECYPCOM.

ALMUHUCTPUPOBaHUE AAaHHbIX

ZuluServer npegoctaBnsieT BO3MOXHOCTb pa3rpaHnynMTb AOCTYN K AAaHHLIM U HAa3HaYUTb
pasnu4yHble NpaBuna u npasa goctyna Kk HUM. MoXHO NpeaocTaBuTb Kak aHOHMMHbI JocTyna
K AaHHbIM ONs LWMPOKOW Ny6rvKkn, Tak U OrpaHUYUTbL €ro Ans y3Koro kpyra nonb3oBaTenen,

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



Web-cnyx6b1 WMS u WFS

ZuluServer no3sonsieT paboTaTb ¢ AaHHbIMK cepBepa no cneumdpukaunam WMS

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

Web-cnyxba WMS nossonsieT otobpaxaTb Crloun U KapTbl cepBepa Ha KnueHTax, noa-
aepxusawowmx cneundpukaumm WMS, B yactHoctu, Zulu, GoogleEarth, GoogleApi,
OpenLayers, YandexMap, Maplnfo, ArcGIS n gp.

Web-cnyx6a WFS obecneunBaeT JOCTYyN K BEKTOPHOM M CEMAHTMYECKOM MHGOopMauum

cepBepa Ans KNMeHTOB, NoAAEPKMBAIOLLMX AaHHY0 crieuudurkaumio.

MpocTpaHCTBEHHbLIN PUNBLTP K AAHHbIM

lMpaBa goctyna K cepBepPHbIM AaHHbIM AN Nosib30BaTensa unu rpynnsl nonb3oBaTtenemn
MOXHO OrpaHnyYnTb 0611acTbio, 3a4aHHOM NPOCTLIM U COCTaBHbLIM MOSTIMIOHOM.

Ecnu BBegeHo Takoe orpaHuyeHne, To nonb3oBaTerlb CMOXET oTobpaxaTb crnoun n one-

pypoBaThb AaHHLIMU TOMbLKO B Npeaenax ykasaHHon obnacTu.

ABTtopusauusa Windows
Mpn coeamHeHnn ¢ ZuluServer BO3MOXHO MCNoNb3oBaTb ydeTHble cBegeHna Windows
AnNs aBTopu3aumn nonb3oBaTens Ha cepBepe, Kak 3To genaeT, Hanpumep, Microsoft SQL

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

3.3 UHcTpyMeHTanbHas reonHdopmaumoHHasa cuctema NcC Zulu.

MNC Zulu - nHcTpymMeHTanbHasi reonHopMaLnoHHas cucTtemMa anisi Co3gaHns neKTpoH-
HbIX KapT, MNAaHoB M CXeM, MHPOPMALMOHHO-CNPABOYHbIX CUCTEM, BKIOYas MoAenupoBaHue
NHXXEHEPHbIX KOMMYHMKaLMIA U TPAHCNOPTHBIX CUCTEM.

"eonHdopmaumnoHHaa cuctema Zulu npegHasHadeHa ans paspabotkm TMC npunoxe-
HUI, TpebyoLLMX BU3yanusaunumn NnpoCcTpaHCTBEHHbIX AAaHHbIX B BEKTOPHOM M pacTpOBOM BUAE,
aHarnusa nux TonosiorMn n nx CBs3n ¢ cCeMaHTU4eckMMn 6asamm gaHHbIX.

C nomoubto Zulu MOXHO co3gaBaTb BCEBO3MOXHbIE KapThl B reorpadomMyeckmx npoekuu-
AX, UNKN NaH-CXeMbl, BKOYasa KapTbl U CXEMbl UHXXEHEPHbIX CeTen C NOAAEPKKOW X TOMoso-
rmn, pabotatb ¢ 60NbLUMM KONIMYECTBOM PacTpoOB, NPOBOANTL COBMECTHbIN CEMaHTUYECKUIA U
NPOCTPAHCTBEHHbIN aHanu3 rpauyecknx U TabnuyHbiX OaHHbIX, CO30aBaTb pa3fuyHble Te-
MaTUYeCKME KapTbl, OCYLLLECTBASATb AKCMOPT U UMMNOPT AAHHbIX.

MC Zulu nossonget MMMNOPTMPOBaTb [AaHHble M3 Takux nporpamm kak Maplnfo,

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

Momumo umnopTta Zulu nmeeT BO3MOXHOCTb 3KCMopTa rpadpuyeckux aHHbIX B Takue
nporpammbl kak Maplinfo, AutoCAD n ArcView. 3kcnopT ceMaHTUYEeCKUX OAaHHbIX BO3MOXEH B
anekTpoHHyto Tabnuuy MicrosofExcel unn ctpanuygy HTML. B cucteme Zulu Takke moryT 6e3
npeobpa3oBaHMsl UCMONb30BaTbLCS ONUCATENN pacTpoBbIX 06BbEKTOB B hopmaTtax Mapinfo u
OziExplorer.

"eonHdopMaunoHHasa cuctema Zulu no BHeEWHeEMY BuOy BecbMa MoxoXa Ha LUMPOKO
pacnpocTpaHeHHble npoaykTbl cemenctea MicrosoftOffice n nmeeT cxoxee obopygoBaHue

MEHIO 1 NaHenewn MHCTPYMEHTOB.

3.3.1 BoamoxHoctu N’C Zulu.

Cuctema obnagaeT LWMPOKMMM BO3ZMOXKHOCTSIMM:

e CcoO34aBaTb KApTbl MECTHOCTU B Pa3nMYHbIX reorpacmnyecknx cucteMax KoopamHaT U
KapTorpaduyeckmx Npoekuusx, otobpaxaTb BEKTOPHbIE rpadnyeckme aaHHbIe CO
crnaxxvBaHmMem u 6e3 crnaxmnBaHus;

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

e MONb30BaTbCHA AAaHHbLIMU C CEPBEPOB, Nogaepxmeamwmx cneundukaumo WMS
(WebMapService);

e C MNOMOLLbIO CO34aBaEMbIX BEKTOPHbLIX CIO0EB C COBCTBEHHLIM BUHAPHBLIM hopMaTOM,
obecneuvnBaloLLMM BbICOKYIO CKOPOCTb paboTbl, BEKTOPM30BaTb pacTpoBble n3obpa-
XEeHns;

e NpW BEKTOPU3aLMM NCNOMb30BaTb Kak MPUMUTUBHbIE O6BHEKTBI (CUMBOSIbHLIE, TEK-
CTOBbI€, NIMHENHbIE, NIOWAaAHbIE) TaK U TUMOBbIE OOBLEKTLI, ONUCLIBAEMbIE Ca-
MOCTOATENbHO B CTPYKTYpeE CNnosi;

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

e  BbIMNOSHATbL 3anNpPockl K 6aszam gaHHbIX C 0TOOpaXeHneM pesynbTaTtoB Ha kapTe (no-
WCK onpeaeneHHon nHpopmaumm, HaxoxageHne CyMmbl, MakCMManbHOro, Mu-
HUManbHOrO 3HaYEeHUNA, U T.4.);

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

cneundukauymsamm OGC;
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co3gaBaTtb Mofernb penbeda MECTHOCTM U CTPOUTb Ha €€ OCHOBE M30STIMHUM, 30HbI
3aTonneHunsa npodunm 1 pacTpbl penbeda, paccyntbiBaTb Nowaam n obbemsl;
9KCNOpTUPOBaTb AaHHbIE N3 CEMaHTUYeckon 6asbl NN pesynbTaThl 3anpoca B Anek-
TpoHHYyto Tabnuuy MicrosoftExcel nnu ctpannuy HTML;

NPOrpamMMHO Ui NO CEMAHTUYECKUM AaHHBbIM CO34aBaTh TEMaTUYECKNE pacKpaCKu,
C MOMOLLbIO KOTOPbIX MEHAETCHA CTUIb 0TOOpakeHnst 0O bEKTOB;

BbIBOAMTb 41151 BCEX 0OBHEKTOB CNos HaaNMCKH Nnmn BUPKN, TEKCT HAAMUCU MOXET Kak
OpaTbca U3 ceMaHTMyeckon 6asbl AaHHbIX, Tak U NepeonpeaensiTtbCa NPOrpamMmmMHo;
oToGpaxaTb 06bekTbl cros B hopmarte ncergo-3D nossonsiowem Bu3yanmanpo-
BaTbCsl OTHOCUTENbHbIE BbICOTbI 0OBEKTOB (HAanpumep, BbICOTbI 34aHNN);

co3gaBaTb U UCNonNb3oBaTb GMBNMOTEKY rpadomyecknx aNemMeHToB CUCTEM TENSI0-
CHabXeHNs N pexxmMMoB MX (OYHKLMOHUPOBAHUS;

co3aaBaTb pacyeTHbIE CXEMbl MHXEHEPHbIX KOMMYHUKALUA C aBTOMaTUYECKUM
dhopMMpOBaHNEM TOMOMNOMMN CETU U COOTBETCTBYIOLLNX 6a3 AaHHbIX;

N3MEHATb TOMOSIOTNI0 CETEN M PEXMMbI PaboTbl €€ 3N1EMEHTOB;

peliaTtb Tornonornyeckme 3agayn (M3MeHeHme CoCToAHNS 06HLEKTOB (Nepekntoye-
HWS), NOUCK OTKMOYAKLLNX YCTPONCTB, MOMUCK KpaTyanLwmnx nyTen, NoOUCK CBA3aHHbIX
00bEeKTOB, NOMCK KONew,);

ANsA 6bICTPOro NepemeLLeHns B HY)XXHOEe MeCTO KapTbl yCTaHaBnMBaTb 3aknagku (3a-
Knagka Ha TOYKy Ha MECTHOCTHU C onpeaeneHHbIM MacluTabom oTobpaxeHus n 3a-
Knagka Ha onpefeneHHbli 06beKT crnosi (BecbMa yaobHO, ecnmn 06bHeKT - ABUXKYLLINIA-
cs Mo KapTe));

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

co3faBaTb MakeTbl NevaTu;

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

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

co3gaBaTb Makpochl Ha A3bikax VB Script nnm JavaScript;

OCYLLECTBNATb NPOrpamMMHbIN JOCTYN K AaHHbIM Yepe3 OO beKTHYH MOAeNb ANs Ha-
NMcaHna COBCTBEHHbIX KOHBEPTEPOB;

co3gaBaTb COOCTBEHHbIE NPUNOXeEHUS, paboTatoLme nog ynpasneHnem Zulu.
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3.3.1.1 OpraHusaums rpacpuyeckux AaHHbIX.

padhmnyeckne gaHHble OpraHM3oBaHbl NOCNOWHO. Cron sBASeTC OCHOBHOW WMHQOP-
MaLMOHHON eanHULEN cucTembl. Kaxabih 06beKT Cros MMeeT YHUKamnbHbIA naeHTUudgukaTop
(ID nnu "knoy"). MopaepxmnBaemble TUMbI CHOEB:

e BEKTOPHbIE CIOU;

e pacTpoBble CIOW;

cnov peneeda;
cnon WMS (Web Map Service).

BekTopHble crnoum

BekTopHble crion MmeroT cOBCTBEHHLIN BUHapHbIN ddbopMaT AaHHbIX, YTO obecnevnBaeT
BbICOKYIO CKOPOCTb paboTbl rpadouyeckmx U TOMONOrM4Yeckux anroputmoB. MimMeeTcs BO3MOX-
HOCTb MPOrpPaMMHOro 4OCTyna K AaHHbIM Yyepe3 OObeKkTHY Mohenb AN HanucaHust cobeT-
BEHHbIX KOHBEPTEPOB.

OOGbeKkTbl BEKTOPHOrO Crosi AensiTca Ha npocTble (MPUMUTMBLI) U TUMOBbIE (KNaccu-
ULMpoBaHHbIE OOBHEKTHI).

MpMUTMBLI MOTYT ObIThb:

e TOYe4Hble (MMKTOrpaMmmbl Unu "cumeonsl");

e TEKCTOBblE,;

e JMHEWHbIE (NMUHUK, NONUINHUK);

nnowaaHble (KOHTYPbl, MONMKOHTYPbI).

TunoBble 06BEKTLI ONUCbLIBAOTCA B OMONnoteke TMNOB 00beKkToB. KaXkablh TUM ONUCbI-
BaeT NMoWaaHoON, NMMHENHBIN UM CUMBOJSIbHBIA TUNOBOW rpadouyecknii 06bEKT, MeeT Nofb-
30BaTeNbCKOe Ha3BaHWE N MOXET OblTb CBsA3aH C COOCTBEHHOW cemMaHTu4yeckon Gas3on aaH-
HbIX.

Kaxabih TMn ob6bekta MOXET MMETb HECKOSIbKO PEXMMOB, KOTOPblE MMEKT MNOoSib30Ba-
TEenNbCKoe HasBaHWe, N 3aJaloT pasfmyHble cnocobbl 0OTOBpaxeHUss 4aHHOro TUMOBOro O0bLEK-
Ta.

TunoBble 06BHEKTHI MOTYT BbITh:

e TO4YeuHble (MMKTOrpaMmmbl Unu "cumeonsl");

e JMHEWNHbIE (NMUHUK, NONUNNHUN);

e nnowagHble (KOHTYPbI, NONIMKOHTYPbI).

ATpUGYTUBHbBIE NN CEMAHTUYECKNE OaHHbIE BEKTOPHOIO CIiOSi XPAHATCA BO BHELUHEM
NCTOYHMKE OaHHbIX M MOOKITYAKTCA K CNOK Yepe3 COOCTBEHHbIN onucaTenb 6a3bl AaHHbIX. K
OAHOMY CIOK MOXET ObITb NOAKMHOYEHO NONEPEMEHHO MPOU3BOSIBHOE YMCINO CEMAHTUYECKNX

6a3 gaHHbIX. [pUMNTUBBI NONBL3YOTCS 00LLEN ceMaHTU4eckon 6a3on AaHHbIX, TUNOBblE 06 b-
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€KTbl - COOCTBEHHOWN ANs KaXgoro Tuna (Oﬂ,HaKO 014 pasHbIX TUNOB MOXHO NMOAKIMKOYNTL OOHY

n Ty xe 6asy).

PacTtpoBble crnou

PacTtpoBbiM crnoem MoOXeT 6bITb MO0 OTAENbHBIN pacTpoBbI 06bEKT, NMbO rpynna pac-
TpOBbIX 0OBLEKTOB. PacTpoBas rpynna MOXeT cofepXaTb NPOU3BOSIbHOE YMCIO PacTPOBbIX
0OBEKTOB UIM BIIOXKEHHbIX PacTPOBbIX rpynn. Y1Cno pacTpoB B Croe OrpaHMYeHo NyLb auc-
KOBbIM nNpocTpaHcTBOM (Zulu cnpaBnsieTcst ¢ NosieM N3 HECKOSMbKUX ThICAY pacTpoB).

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

3.3.1.2 PaboTa c cuctemamm KoopAamMHaT U KapTorpacuieckMumm nNnpoeKkLusMu.

Mpadunyeckne OaHHble MOTYT XpaHWUTbCA B PasNMYHbIX CUMCTEeMax KoopauHaT U oTob-
paXaTbCA B pasnuUyHbIX MPOEKLMUAX TPEXMEPHOWN NOBEPXHOCTM 3eMIN Ha NIOCKOCTb.

Cuctema npegnaraeT Habop npegonpeaeneHHbIX CMCTeM KoopauHaT. Kpome Toro nonb-
3oBaTenb MOXeT 3adaTb CBOK CUCTEMY KOOPAMHAT C MHOMBWUAYyarnbHbIMW NapameTpamMu Ons
noaaepKnBaeMblX CUCTEMON NPOEKLIUA.

B 4yacTHOCTM 3Ta BO3MOXHOCTb MO3BOMAT, NPU U3BECTHLIX NapameTpax (Knodax nepexo-
Aa), NpuBA3bIBaTb AaHHblE, XpaHSLMECS B MECTHOW CUCTeMe KOopAauHaT, K OOHOW W3 rmno-
GanbHbIX CUCTEM KOOpAUHAT.

[laHHble MOXHO NepenpoeunpoBaTh U3 OAHOM CUCTEMbI KOOPAMHAT B APYrYHO.

3.3.1.3 OpraHu3aumsa ceMaHTU4YECKUX AaHHbIX.

CemaHTMYeCckMe [aHHble MOAKMIYalTCSs K  CMOK M3 BHELWHUX  WUCTOYHMKOB
BorlandDatabaseEngine (BDE), OpenDatabaseConnectivity (ODBC) nnun ActiveXDataObjects
(ADO) 4epes onucatenun 6a3 gaHHbIX.

Mony4aTb AaHHbIE MOXHO U3:

e Tabnuy Paradox, dBase, FoxPro;

e MicrosoftAccess;

e Microsoft SQL Server;

e ORACLE;

e papyrue uctovHmkn ODBC mnn ADO.

MmMnopTt/akcnopTt fgaHHbIX
Bo3mokeH MNOPT/aKCNOPT AaHHbIX B crieayowme hopmarhbi:
e Maplinfo MIF/MID;
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e AutoCAD DXF;
e Shape SHP;
e  3kcrnopt kapTel (WindowsBitmap (BMP));

e  JKcnopT ceMaHTU4Yecknx aaHHbIX (MicrosoftExcel, HTML, TekcTtoBbIn dhopmar).

3.3.1.4 MNpeactaBneHne AaHHbIX Ha KapTe.

Kapta MOXeT cogepxaTb NPOU3BOSIbHOE YMCNO rpaduyeckux CroeB - OOHU U Te Xe
rpadpuyeckme cron MoryT ObiTb MOMELLEHbl B pasHble KapTbl C pasHbIMU HacTponkamu oTo-
OpaxeHusi. Kapta nMeeT BO3MOXHOCTb 3afaHusl Nofb30BaTENbCKOrO0 MMEHU, LBeTa (poHa u
MaclTabHon ceTKu.

[aHHble, XpaHAWNXCA B pasHbIX CUCTEMAX KOOpAWHAT, MOXHO OTobpakaTb Ha OAHOW
KapTe, B OOAHOW M3 KapTorpaduyecknx npoekuunn. MNMpu aToMm nepecyeT koopauHat (ecnm OH
TpebyeTcsa) n3 ogHoro gatyma B ApYrov U M3 OOHOM NPOEKUMM B APYryto Npou3BOLAMTCS Npu
oTobpaxeHuun "Ha neTty".

MpMMUTUBLI MOTYT UMETb MHOVBMAOYANbHbIE CTUNK OTOOpaxeHus (UBET, CTUNb, TONLWMHA
NVHWIA; UBET U CTUNb 3anuBKK; NUKTOrpamma; dopmaT TekcTa). TunoBble O6BLEKTbl UMEKT
CTUNb B 3aBMCUMOCTU OT pexmnma (COCTOSIHUSA), KOTOpPLIN onpeaenseTcs B GubnnoTekn Tmnos
ob6bekToB cnosi. CTunb NPUMUTMBOB MOXET NepeonpenensiTb KapTon - AN BCeX NPMMUTUBOB
MOXXHO NPUHYANTENBbHO 3a4aTb OAWNH CTUIb.

CTunb 0OBLEKTOB MOXHO MEHATH C MOMOLLBIO TEMaTUYECKNX packpacok. [pu aTom pac-
Kpacka MoXeT ObITb cO34aHa No CEMaHTMYECKMM OaHHbIM UM NPOrpamMMHO.

EcTb BO3MOXHOCTb BbIBOAUTb AN BCEX OOBEKTOB Crosi HAANUCK Unn Bupkn. TeKCT Haa-
nMcKM MOXeT BpaTbCsl N3 cemaHTMyYeckon 6asbl JaHHbIX. TEKCT HagNUCK Takke MOXET nepeorn-
penenaTbCca NporpaMMHoO. BUpkM reHepupyloTcsl aBTOMaTUYECKM, HO MOTyT NMOTOM paccTaBs-
NATbCA NONb30BATESNIEM B HY>XHOE PACMOSIOXKEHNE U B HY)KHON OpUeHTaLNN.

[ns ObICTPOro NnepemMeLLeHNs B HY)XXHOE MECTO KapTbl MOXHO YCTaHaBnMBaTb 3aKnagku.
3aknagka Ha TOYKy Ha MECTHOCTM C onpegeneHHbIM MaclTabom oTobpaxxeHus.

KapTy MOXHO nevaTtaTb C pasfMYHbIMKA ONUUAMKM (HA OOHOW CTPaHMLIE UNN HECKOSbKUX
CTpaHuuax, B 3agaHHOM maclitabe unu BnNucaB B 3adaHHble rabapuTbl, Ha CTpaHuuax Ans

nocrnenyLen CKNenkn n 1.4a.).

3.3.1.5 OpraHunsauus Kapr.

MmeeTcss BO3MOXHOCTb yOOOHO opraHm3oBaTb KapTbl, 00beanHEHHblE obwen TemaTu-
kon. COBOKYMHOCTb KapT, 06beaANHEHHbIX OBLWMM NOMNb30BaTENLCKUM UMEHEM W, ecnn Tpeby-

eTcs, HabopoM MepapxmMYECKNX CBS3EN Mexay 3TMMU KapTamu, NpeacTaBnsieT CoGoMN NPOoekT.
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B pamkax npoekta kapTbl MOXHO CBSi3blBaTb Mexay cOOOWM C MOMOLLbIO MMNepPCChIoK.
Mnepcchinka onpeaensieTcs oT o6bekTa B OAHON KapTe K ApYyroi kapTe ¢ ykasaHMemM MecTo-

pacnofioXeHna n MacLutaba.

3.3.1.6 PepaktnpoBaHne o6HLEKTOB.

[na pegaktnpoBaHus n BBoga 06bEKTOB NpeayCMOTPEHbI:
e - BO3MOXHOCTM BBOAA M peaaKTUpOBaHUS:
- BBOJ C 3KpaHa MbILLKOW;
- BBOZ, N0 KOOpAUHATaM C KrnaBuaTtypbl;
- TpaccupoBKa JIMHUM;
- aBTO3aMblKaHNE KOHTYpPOB;
- Bblpe3ka/konMpoBaHue/BCcTaBka - AyonuposaHue;
- NOBOPOT 0ObeEKTA.
- onepauuu oTMeHbl/Bo3BpaTta gencrtend (Undo / Redo).
e - pegakTMpoBaHue rpynnbl 0ObEKTOB:
- yoaneHue - nepemMeLleHune;
- oybnvpoBaHue;
- NOBOPOT - Bblpe3ka/konupoBaHne/BCTaBka.
e - pefaKTMpOBaHME 3NEMEHTOB ObOBbEKTA:
- nepemMelleHne/yaganeHme/scTaBka y3nos;
- nepemMelleHne/yganeHme pebep;
- pa3bueHne yyactka CUMBOSIbHbIM OO BHEKTOM.

- TpaHcopmauus.

3.3.1.7 BekTOpHbIe OBeprieMHbIe onepaLluu.

Osepnen - onepauns HanoXeHust Apyr Ha Apyra AByX unu 6onee cnoes, B pesynbTaTe
KoTopon obpasyeTcs OAUH NPOU3BOAHLINA CIION, COoAEpXKalLUMi KOMMO3MLMIO NPOCTPAHCTBEH-
HbIX OO BEKTOB UCXOLHbIX CIOEB, TOMOMOrMI 3TON KOMMNO3MUMK U aTpubyTbl, apudMeTUyecKn
NN NTIOrMYECKN NPON3BOAHbIE OT 3HAYEHUN aTpNBYTOB NCXOLAHBLIX OO BHEKTOB.

MoppepxuBaroTcsa crneayoLmne BEKTOPHbIE OBEPIIENHbIE OnepaLmm:

e -06BbeamHeHne 06bEKTOB ¢ HacnegoBaHmeM ID (yHukanbHoro ngeHtudpukatopa);

e pasbeauHeHne 06BLEKTOB;

e pasgeneHue 0gHoro obbekTa rpynnon 06 bLEKTOB;

e Bblpe3ka 13 ogHoro ob6bekTa obnacTu rpynnbl 06BHLEKTOB;

e OTpe3aHne obbekTa BHE 06nacTu rpynnbl ApYrnx 0O bEKTOB;
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e  Y3IIOBaHMUE;
e OydepHble 30HbI;

® [IOCTPOEHME KOHTYPOB MO CEeTU.

3.3.1.8 KoppekTupoBKa pacTpoB.

B cucteme peanusoBaHa KOPPEKTUPOBKa pPacTpOBbIX (halinoB, coaepXallmx CKaHupo-
BaHHYI0 C NNaHLIETOB TOMNOOCHOBY. KOppeKkTMpoBKa UCKaXXEHU CKaHMPOBaHMS NPOU3BOAUTCS
Mo ToYkam pacTtpa, KoopAMHaTbl KOTOPbIX M3BECTHbI. Kak MUHUMYM OOMKHbl ObiTb M3BECTHbI
YyeTblpe TOYKM, onpeaensatoLLme yribl nraHweTa.

Mpoueaypa KOPPEKTUPOBKM CcO34aeT HOBbI PacTp, Yribl KOTOPOro CoBMagaloT C yrinamu

nnaHweTa, T.e. npouenypa KoppekTnpoBKu O6p€38€T OTCKaHMpoOBaHHbIE, HO JTINLWLIHUE, NMONA.

3.3.1.9 MopgenupoBaHue ceTen U TONONOrM4Yeckue 3agadum Ha ceTax.

Hapsagy ¢ obbidHbiM ans TMC pasgeneHnem oB6bekTOB Ha KOHTYPbI, JIOMaHble, KOM-
OVHUPOBAHHbIE KOHTYpPbl, KOMOWHMPOBAHHbIE JIOMaHble, Zulu nNoAepXMBaET JfMHENHO-
Y3M0BYI0 TOMOJSIOMMIO, YTO MO3BOMISIET MOLENMpPOBaTb WHXEHEepHble ceTu W apyrme ce-
Tn.Tononornyeckas ceteBas MmoAenb npencrasnseT cobon rpad ceTun, yanamm KOTOPOro siB-
NATCA TOYeYHble 06beKTbl (Konoaubl, MICTOYHUKN, 3aABWXKKN, PYOUITbHUKN, NepeKpecTkn, no-
Tpebutenu n 1.4.), a pebpamu rpaca saBnaTCs NMHenHble 06bekThl (Kabenu, TpybonpoBoabl,
y4acTKM JOPOXHOM CeT U T.4.).

Tononornyecknn pefakTop cos3gaetT MaTeMaTUYECKy0 Moaenb rpada cetTu HenocpeacT-
BEHHO B npouecce BBoga (pucoBaHnd) rpadudeckon nHgopmaumm. Mcnonb3ys Moaens cetu
MOXHO pellaTb psag TOMONOrMYeckMx 3agad, MOUCK KpaTyauwero nyTWu, aHanua CBA3HOCTW,
aHanu3 Konew, aHanu3 OTKITHYEHUA, NOUCK OTKNIYaLWmNX YCTPONCTB U T.4. MOXHO MeHATb
COCTOSIHMSI OOBHEKTOB (NEepekniiyeHuns) ¢ nocneayrwmm aBTomaTuyeckum obHOBNEHNEM CO-
CTOSHNSA BCEN ceTu (Hanpumep, BKIHOYEHME/BbIKNIOYEHNE 3aOBUXKKM TpybonpoBoaa) BbINosi-
HATb NMOWUCK OTKMOYaLWMX YCTPONCTB (hOpMMPOBaHNE Cnncka 0OBHEKTOB, UMEIOLLMX NPU3HaK
"oTKMOYaKLee yCTPoOMCTBO", NPU OTKIMIOYEHNN KOTOPbIX BblOpaHHbIN OOBLEKT TakkKe nepeBo-
ANTCS B COCTOsIHME "OTKMNtOYEH"), KpaTyanwmx nyten (HaxoguTb KpaTdyanwunin nyTb NO CETH
Mexay BblbpaHHbIMK y3fiaMn C Y4E€TOM HanpaBeHW y4acTKoB), CBA3aHHbIX 0O bEKTOB (Haxo-
ANTCA MHOXECTBO OOBLEKTOB CETU, OOCTMXMUMbIX U3 BbIOPAHHOro y3na cetu, AOCTUXKUMOCTb
MOXET onpeaendatbcs 6e3 yyeta HanpaBneHus y4acTKoOB, C Y4€TOM U NMPOTUB HanpaBreHus
y4acCTKOB), UCKaTb BCE KOfbLia CeTU, B KOTOpble BXOOAT BCE BblOpaHHble OO bEKTHI.

CeTb BBOAMTCA KaK COBOKYMHOCTb TMMOBbIX TOYEYHbIX OOBEKTOB, COEOUHEHHbIX TU-
NoBbIMU NIMHEVHBIMKU O00BbEKTaMK, NMeLUMM NpusHak "yyactok". MIHdopmaums o Tononorum

dhopmMupyeTca aBTOMaTUYECKN - ecnn "noTaHyTh" 3a y3en unu pebpo, cBsizaHHble O0ObEeKTbI
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Takke nepemeltaroTcs. O6bEKTbI CETU MOXKHO OTKPENNSATb M 3aHOBO MPUKPENnsATb APYr K ApY-
ry OAHUM OBWXXEHUEM MbILLKW.
Mopgenb ceTn Zulu siBNsieTcs 0CHOBOM ANnst paboTbl MOAYNS pac4eToOB UHXEHEPHbIX ce-

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

Mogynb ZuluThermo nosBonsieT co3gaTb pPacHETHY MaTeMaTUYecKyl Moferb CeTwu,
BbIMNOMHUTbL MacnopTu3auuio CeTu, N Ha OCHOBE CO3[aHHOM MOAENU peluatb UHPOPMaLMOH-
Hble 3aJa4n, 3aa4vm TOMNOSIOrMYEeCKOro aHanmaa, 1 BblMOMHATbL pasfMyHble Tennorngpasnuye-
CKMe pacyeTbl.

PacueTy nognexart TynMKOBblE W KONbLEBbIE TEMMOBbIE CETU, B TOM YuCfle C NOBbICK-
TeNbHbIMW HACOCHBIMW CTAHUMSMU U OPOCCENVPYOLWMMIN YCTpOUCTBaMU, paboTatowme oT oa-
HOrO MMM HECKOSbKUX MCTOYHWUKOB.

lMporpamma npegycmatpuBaeT TENSOrMAPABINYECKUI pacyeT C NPUCOEOVNHEHMNEM K CETU
nHOnBMAYyanbHbIX TennosbiX NyHKTOB (UTI1) n ueHTpanbHbIX Tennosblx NyHKTOB (L TIT) no He-
CKOSBbKMM OECATKaMUN CXEMHbIX PELLEHN, NPUMEHSAEMbIX Ha TeppuTopumn Poccun.

Pac4yeTt cuctem TennocHabXeHusi MOXeT NPON3BOAUTLCA C YYETOM yTeyeK U3 TenroBou
ceTu 1 cuctem TennonoTpebneHns, a Takke TennoBbIX NOTepb B TpybonpoBogax TensnoBow
cetu.

Pac4yeTt TennosbIx noTepb BegeTcs NnMbo nNo HoOpMaTUBHBIM NOTEPAM, MMBO no dakTuye-
CKOMY COCTOSIHUIO M30MALnN.

PacueTbl ZuluThermo moryT paboTaTb Kak B TECHOW MHTErpauumn ¢ reomHdopmarMoHHON
cuctemon (B Buae moaynsa pacwmpenunsa MNAC), Tak n B Buge otaenbHon 6ubnmnoTtekn Komno-
HEeHTOB, KOTOPble NO3BONAIOT BbINONHATL pacyeTbl U3 NPUMOXEHUIN Norb3oBaTenen.

CocTaB 3agau:

e [OCTPOEHME pacyeTHON MOLENN TENSOBOWU CeTH;

nacnopTmusauns 06 bLEKTOB CETU;

e Hanagou4HbIM pacyeT TENSIOBON CETU;

e [OBEPOYHbLIN pacyeT TEMNSIOBOM CETU;

e  KOHCTPYKTOPCKWM pacyeT TENSIOBOM CETU;

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

e OCTPOEHMNE NMbE3OMETPUYECKOIO rpadunka;

e pacyeT HOPMaTMBHbIX MOTEPb TeMnsa Yyepes U3oNSaLmIo.
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3.4.1. NocTpoeHne pacyeTHON MOAENN TEeNNoOBOWN CETH.

Mpn paboTte B reomHpopmaLMOHHON CUCTEME CETb AOCTAaTO4YHO MPOCTO U BLICTPO 3a-
HOCMUTCSI C MOMOLLIbIO MbILLKW UIM NO KoopauHatam. [pu atom cpasdy hopmmpyetcsa pacyeTHas
mogenb. OcTtaeTca nNuwb 3adaTbh pacyeTHble NapamMeTpbl O6GBHEKTOB N HaXaTb KHOMKY BbIMOM-
HeHus pacueTa.

MatemaTtmnyeckas Moaenb ceTu Ans NpoBeAeHUs TennorngpaBfiMMEecKMX pacyeToB
npeacrasnseT cobon rpad, rae gyramu, COeauMHAIOLNMM Y3nbl, ABASKOTCA ydacTku Tpybonpo-
BO/OB.

YyacTok nsobpakaetcsi 0gHOM JIMHUEN, HO MOXET O3HadaTb HEeCKOSIbKO COCTOSIHUW, 3a-
AaBaeMbIX pa3HbIMU PeXUMaMU:

Pexant |~ BpXImOYEH
Pexana 2 OTIIDOYEH

Pexaoa3 wt  omamowen obpamrgt

Pexana 4 OTEIOYEH 10 AA0 LI

Puc. 3.4.1. U3o6paxeHne HECKONbKMX COCTOSHUM Y4YacTKOB,3afaBaeMbIX pa3HbIMA peXxnmMamm

OTO BHeLHee npeacTasrieHne ceTu. [Nepe Hadanom pacyeTa BHELLHeEE NpeacTaBneHme
ceTu, B 3aBUCMMOCTM OT TUMOB N PEXMMOB 3NIEMEHTOB, COCTaBnALWMX CeTb, NpeobpasyeTtcd
(kogmpyeTcs) BO BHyTpPeHHee npeacTaBneHne, no KoTopomy v NpoBOAUTCS pacyeT.

MpocTbIM y3riOM B MOAENM cumTaeTcs nobon y3en, Ybu CBOMCTBA CreunanbHO He Oro-
BOpeHbI. [1poCcToNn y3en CnyXuT TOMNbKO Af COeAMHEHMUS Yy4acTKOB. TakMMmu y3namm ans mo-
AenNu ABNSAOTCA TENMOBbIE KaMepbl, OTBETBNEHNS, CMEHbI JMaMeTpoB, CMEHa Tuna Npoknagku
UnNu TMNa N3oNAUUN 1 T.4.

Bo BHyTpeHHelN KoaupoBKe Takue y3nbl NpeBpallatoTca B ABa y3na, OAWH B nojaroLlem
Tpybonposoae, Apyron B obpaTtHOM. B kKaxxaom y3ne MOXHO 3aaTtb CNMB BOAbl U3 NoJaroLLero
n/vnn n3 obparHoro TpybonpoBoAOB.

MoTpebutenb TENnOBOW SHEPrMM XapakTepuayeTcsa pacdeTHbIMU Harpy3kaMmym Ha cucTe-
My OTOMSIEHUHA, CUCTEMY BEHTUNAUUN U CUCTEMY ropAYero BoOOCHabXeHUst U pacdeTHbIMU
TemnepaTtypamn Ha BXofe, Bbixofe notpebutens, n pacyeTHOW TemnepaTypon BHYTPEHHEro
BO34yXxa.

B ogHonvHenHOM npencTaBneHMnM noTpedbuTtenb - 3TO y3rOBOW 3NIEMEHT, KOTOPbIN MO-
XeT BbITb CBA3aH TOMbKO C O4HUM Y4aCTKOM.

BHyTpeHHAa kKogupoBka noTpebuTtens CyeCTBEeHHO 3aBUCUT OT ero Cxembl npucoeaun-
HeHUd K TennoBoun ceTn. CxemMbl MOryT ObITb 31€BaTOPHbIE, C HACOCHBIM CMELLEHMEM, C HEe3a-
BUCUMbIM NPUCOEOUHEHNEM, C OTKPbITBIM MK 3aKpbliTbiM 0T6OpOM Boabl Ha MBC, ¢ perynaro-
paMmn TemnepaTypsbl, OTOMNNEHUs, pacxoga v T.4. Ha AaHHbI MOMEHT B pacrnopsiXXeHuu norib-

3oBatensa 35 cxeM NpuUcoeanHeHns noTpebutenen.
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Ecnn B 30aHMM HecKonbko y3rnoB BBoAa, TO 06bekToM "notpebutens” MOXHO onucaTtb
Kaxkabli BBOA. B TOXE Bpems kak oauH NoTpebutens MOXHO onncaTh LENbIN KBapTan unm 3a-
BOZ, 3a4aB ANsA Takoro notpebutens o606LeHHbIe TENOBLIE HArpy3Kku.

O606LeHHbIN NOTpebuTenb - 3TO y3er, Ha KOTOPOM Harpyska 3agaetca nmbo noTpeb-
nsieMbIM pacxofoMm, Nnbo pacxoq obycnoBneH sagaHHbIM CONPOTUBIIEHNEM Y3na.

Takon 06bekT yaobHO ucnosib3oBaTb, Korga BO3HUMKAeT HeobXoOUMMOCTb paccyuTaTb
rmgpaenuky cetu 6e3 mHdopmaumMm O TensoBbIX Harpys3kax M KOHKPETHbIX cxemMax Mpuco-
eanHeHnsa noTpebuTenen K TensioBon cetun. Hanpumep, npu pacyeTe MarncTparnbHbIX ceTen
nHdopMaLumM O KBapTarbHbIX CETSAX MOXET He ObiTb, a ANs OLUEHKN NOTEPb Hanopa B MarncT-
pansax gocTaTovHO 3aaaThb 00600LLEHHbIE pacxoabl B TOYKax NPpUCOeaUHEHUST KBapTanoB K Ma-
rMcTpanbHON CeTu.

B ogHonuHenHoM mnsobpaxeHnn He TpebyeTcs noaknodaTb 0606LWEeHHbIN NOTpeduTesb
Ha oTAenbHOM OTBOAALEM Yy4acTKe, Kak B criyyae npoctoro notpebutens. To ecTb B 3TOT
y3es MOXeT BXOAUTb U/Un BbIXOAUTb Nto60e KONMYECTBO y4acTKOB. OTO NO3BONSAET ObICTPO U

y,D,06HO, C MUMHUMaArnbHbLIM KOJTIM4ECTBOM UCXOOHbIX OAaHHbIX.

|
s * 4

MUCTOYHUK O6o6LUeHHBIe NoTpesuTenu

Puc. 3.4.2. O606LWeHHbIN NnoTpeduTenb

LTI - aT0 y3en JOMNONHUTENBLHOrO perynmpoBaHns U pacnpegeneHns TensioBon aHep-
rmn. Hannyue Takoro ysna nogpasymeBaeT, YTO 3a HUM HaxoguTcs TynukoBas ceTb, C UHAK-
BuayanbHbiMu notpedutenamu. B LITI MOXeT BXOAUTb TONbKO OAWH Y4acTOK U TONbKO OAMH
Yy4acCTOK MOXET BbIXoauTb. [puyem BXoAdALMIA y4aCcTOK MAET CO CTOPOHbI MarnucTpanu, a Bbl-
XOOSLWNMIA y4acToOK BeAEeT K KOHEYHbIM noTpebutenam. BHyTpeHHaa koampoBka LTI 3aBucut
OT ero CXembl NPUCOeMHEHMNS K TENNIOBOWN CeTU. OTO MOXET ObITb rpynnoBoK anesaTop, rpyn-
NOBOW HacoC CMELLEHUS, HE3ABUCMMOE MOAKMOYEHNEe rpynnbl NnoTpebutenen, donnepsl Ha
MBC n 1.4. Ha gaHHbIN MOMEHT B pacrnopshkeHuu nonb3oBaTtenia 29 cxem npucoenuHeHus
L.
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Puc. 3.4.3. UTN

MNMepeMbluka MO3BONSIET CMOAENMPOBaTbL Y4YacTOK, COEAMHSOLWNIA nodarwmin u obpat-

HbIN pr6OI'IpOBOD,bI. B atoTt y3€ell MOXeT BXOAUTb n/vnun BbIxoanTb Ntoboe KONMMYecTBo y4yacT-
KOB.

Puc. 3.4.4. NMepembluka

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

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

)
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Puc. 3.4.5. CoeguHeHne mexay nogarowmm TpyobonpoBogOM OAHOro yyacTka U o6paTHbIM TpyoGonpo-
BOAOM Apyroro y4acTtka

HacocHasa cTaHuusi B OQHONMMHENHOM M300pakeHun npeacTaBnseTca OaHUM y3nom. B
3aBMCUMOCTM OT TabnM4HbIX NapamMeTpoB 3TOrO y3ra HacoC MOXET ObITb YCTAaHOBMEH Ha Mo-
pawowem nnn obpatHom Tpybonposoae, nnbo Ha obomx TpybonpoBogax ogHOBpEMEHHO. [Ans
3ajaHnsa HanpaeneHns OENCTBUSA Hacoca B 3TOT Y3eN TONbKO OO4MH Y4acTOK 06s3aTenbHO
AOJDKEH BXOAMTb M TONbKO OAWMH YY4aCTOK AOIDKEH BbIXOAUTD.

et P
O - ’ - O

e e e ——
Puc. 3.4.6. HacocHasa ctaHuus
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Hacoc MoxHO MogenupoBaTtb ABYMsi cnocobamMu: nMbo Kak uaeanbHoe YCTPOMCTBO, KO-
TOpoe M3MEHSIET AaBneHne B TpyGonpoBoAe Ha 3afaHHyl BEeNUYUHY, NMBOo Kak YCTPOWCTBO,
paboTatoLLee ¢ y4eTOM pearnbHON HaNnoPHO-PaCXOAHON XapaKTEPUCTMKM KOHKPETHOO Hacoca.

B nepBoMm cryyae npocTo 3afaeTcsi 3Ha4YeHVe Haropa Hacoca Ha nogatowem w/vnm o6-
paTHOM Tpy6onpoBoae. Ecnu 3HayeHne Hanopa Ha 0gHOM U3 TPyOONPOBOAOB PaBHO HYIO, TO
Hacoc Ha 3ToMm TpybGonpoBoge oTcyTcTByeT. Ecnu 3HayeHue Hanopa oTpuuaTtenisHo, TO 3TO

O3HayaeT, YTO Hacoc paboTaeT HaBCTPeYy BXOASLLEMY B HEMO y4acTKy.

H=10m H=-10n
el Ot P20
H=-10mn H=10m
L ‘ e - ‘ e
%0 4 I - |
a0 ' ! ——

Trerrrrerrrerr Trrrrrrerrrere
o 0

Puc. 3.4.7. NMbe3omeTpunyeckune rpadmkm

Ha pucyHke BMAHO, Kak pasnnyHble HanpaBfeHUs y4acTKoB, BXOOALWMX U BbIXOASALMNX N3
Hacoca B COYETaHMM C pas3HbiMM 3HaKamMu Hanopa, BNUAT Ha pe3ynbTaT pacyeTta, otobpa-
XXEHHbIN Ha Nbe30MeTPUYECKNX rpadonKax.

Korga 3agaeTcs TONbKO 3HaYeHWe Hamnopa Ha Hacoce, OHO OCTaeTCA HEU3MEHHbLIM He
3aBMCUMO OT NPOXOAALLEro Yepes3 Hacoc pacxoaa.

Ecnn mogennpoBaTtb paboTy Hacoca ¢ y4etom ero QH xapakrepuctuku, To crneayet 3a-

AaTb pacxodbl ¥ Hanopbl Ha rpaHuLax paboyeli 30HbI Hacoca.

s

 —

Hmax |

r
Hmin

Gmin Cmax
Puc. 3.4.8. HanopHo-pacxoaHas xapaktepucTuka Hacoca

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

OTMETUTb, YTO XapaKTepUCTUKa, 3agJaBaemMasd Takum O6p830M, MOXEeT OoTnn4yaTbCA OT pealib-
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HOWM XapaKTEPUCTUKN Hacoca, HO B npeaenax paboyen obnactn obe xapakTepPUCTUKM MpaKTu-
4Yeckun coBnagatoT.

[na onucaHnst HECKOMNbKMX NapannensHo paboTalrLmnx HAaCOCOB AOCTATOYHO 3a4aTb MX
KONM4YeCTBO 1 pe3ynbTUpYyoLLas Xxapaktepuctuka dyaeT onpegeneHa npu pacyeTe asTomaTu-
YeCcKu.

Tak kak Hanopbl Ha rpaHuuax paboyen obnactn Hacoca 6epyTcs N3 cnpaBoYHUKA U BCe-
roa NonoXuTernbHbl, TO HanpaBfeHne OeNCcTBUS Takoro Hacoca byaeT onpenenaTbCsa TONbKO
HanpaBfieHMeM BXOAALLEro B y3en yyacTka.

[poccenupyolmne ycTponctea B OOHONIMHENHOM NPeACTaBNEHUN SABMAKOTCA y3naMu, HO
BO BHYTPEHHEWN KOAMPOBKE - 3TO AOMOSHUTENbHbIE Y4ACTKM C NOCTOSAHHBIM UMW NEPEMEHHbLIM
conpoTtuBrneHnem. B gpoccenuvpyowmii ysen obs3atenbHO OOMMKEH BXOAUTb TOSbKO OAMH

Y4acCTOK, 1N TOJIbKO OANH Y4HaCTOK U3 y35a AOJDKEH BbIXOOUTb.

Ha nogawwem npySonpoBoge .Sregk

o e 0

Ha oSpamxon npySonpoBoge
o—e—Y—— ) ' ;

Sreq

Puc. 3.4.9. [ipoccenupylowme ycTtponcrea

C To4kM 3peHuns moaenu gpoccenbHasa warnbda 3To pukcMpoBaHHOE COMNPOTMBIIEHME, OM-
pegensemMoe gMamMeTpoM LWanbbl, KOTOPOE MOXHO YCTaHaBNMBaATb Kak Ha noaroLlem, Tak U
Ha obpaTHOM TpybonpoBoae. Tak Kak 3TO HeperynupyemMoe conpoTuBfEHNe, TO BENNYMHA ra-
cumoro wandon Hanopa 3aBUCUT OT KBapaTa, NpoxoasLuero yepes wanby pacxoaa.

Ha pucyHke BMOHO, Kak MEHSTCA NOTepu Ha wanbe, yCTaHOBMEHHOMW Ha ModaloLeM

TpyGonpoBoae, Npu yBeNMYeHn pacxoda Yepes Hee B [1Ba pasa.

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

Perynatop AaBneHust - yCTPOMUCTBO C NEPEMEHHbIM COMPOTUBIIEHMEM, KOTOPOE MO3BO-

ndeT nogaepxmBatb 3agaHHOE OaBrieHNe B pr6OI'IpOBO,D,e B onpepnerneHHoM anmana3oHe U3-

23



MEeHEHUNA pacxoaa. PerJ'IFITOp OaBrieHnd MOXET yCTaHaBJIMBaATbCA KaK Ha nogarwuwem, Tak 1

Ha obpaTHOM TpybGonpoBoae.

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

Ha pucyHke nokasaHo, 4TO MpW yBenuMYeHUM B ABa pasa pacxoda 4Yepes perynarop, yc-
TaHOBNEHHbLIV B 06paTHOM Tpybonposoae, AaBNeHue B perynMpyemMoM y3ne octaeTcs NocTo-
AHHBIM.

BenuunHa conpoTMBNeHNs perynatopa MoXeT U3MEHATbLCA B nNpeaenax oT 6eckoHeyYHo-
CTU [0 COMPOTMBIEHUS MOMHOCTLIO OTKPLITOro perynatopa. Ecnu ycnosusa pa6oTsl ceTu 3a-
CTaBnNAT Perynsatop MonHOCTbI0 OTKPbITLCS, TO OH HAYMHaeT paboTaTb Kak Heperynupyembii
ApOoCCenVpYIOLLNIA y3en.

PaGoTa perynstopa pacnonaraemoro Harnopa aHarnoruyHa paboTte perynstopa naene-
HWS, TONBKO B 3TOM Crlydae perynstop crtapaeTcs AepXaTb NOCTOSHHOW 3a[jaHHY0 BENTUYMHY
pacrnonaraemMoro Hanopa.

Perynatop pacxoga - 3TO y3en C NepemMeHHbIM COMpPOTUBMEHNEM, KOTOPOE NO3BONSeT
noaaepXunBaTb NOCTOSAHHBIM 3aJaHHOE 3HaYeHne NPOXOASALLEro Yepes perynsatop pacxoaa.

PerynaTtop MOXHO ycTaHaBNMBaTh Kak Ha noaatollem, Tak U Ha obpaTHOM TpybGonpoBo-
ne. K pabote perynstopa pacxona MOXHO OTHECTU BCE CKa3aHHOE NMpo perynsatopbl Aasrne-

HUA.

3.4.2. Hanapo4HbIN pacyeT TENNIOBOWN CeTW.

Llenbio Hanago4Horo pacyeTta siBNsieTcs obecnevyeHne noTpeduTenelt pacyeTHbIM Ko-
NMYECTBOM BOAbI M TEMOBOW 3Hepruun. B pesynbTaTe pacyeTa ocyllecTBnseTcs nogdop ane-
BaTOPOB M UX COMes, Npou3BOOAUTCA pacyeT CMECUTENbHbLIX U APOCCENUPYIOLLNX YCTPOIACTB,
onpeaensieTcs KONMYECTBO Y MECTO YCTaHOBKM APOCCENbHbIX Waib. PacyeT MoXeT Npon3Bo-
ANTbCS NMPU U3BECTHOM pacroriaraeémMoM Hanope Ha UCTOYHWKE U ero aBToOMaTM4eckoM Mnop-
Gope B criyyae, ecnv 3ajaHHoOro Hafnopa He JOCTaTOYHO.

B pesynbTaTte pacuyeTa onpegensitoTcs pacxodbl M NoTepu Hamnopa B Tpybonposoaax,

Hanopbl B y3nax ceTu, B TOM Yucne pacroriaraeMble Hanopbl y NoTpedbuTtenen, temnepartypa
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TENNOHOCUTENS B y3nax ceTu (Npu yyeTe TeNnrnoBblX NOTePb), BENNYMHA M3ObLITOYHOrO Hamnopa
y noTpebutenen, TemnepaTtypa BHyTPEHHEro Bo3ayxa.

[poccenupoBaHne N30bITOYHbIX HAaNopoB HAa aGOHEHTCKMX BBOAAX NPOM3BOAAT C NOMO-
b0 COMNen aneBaTopoB U ApoccenbHbIX Wwainb. [poccenbHble Wwanbbl nepes aboHEHTCKUMM
BBOJAMM yCTaHaBNMBAOTCS aBTOMaTUYECKM Ha nogatoliem, obpaTHoM unm oboux Tpybonpo-
BOAaX B 3aBMCMMOCTU OT HEOOXOAUMOrO Ansi CUCTEMbI rnapaBnuyeckoro pexuma. MNpu pabo-
T€ HECKOSIbKMX MCTOYHMKOB Ha OAHY CETb OMpeaensieTcsl pacnpegeneHve BoAbl U TENNoBON
3HeprnM mexay uctouHukamu. MNMoasoamTcsa GanaHc No Boae M OTNYLLEHHOW TEMNTIOBOW SHEp-
rMen mexay MCTOYHUKOM K noTpebutensmn. OnpenensitoTcs NoTpeduTenu U CoOOTBETCTBYO-

LA UM UCTOYHMK, OT KOTOpPOro AaHHble I'IOTpeﬁl/ITeJ'II/I nosiy4aloT BOAY M TENIOBYIKO SHEPIUIO.

3.4.3. NloBepoOYHbIN pacyeT TENSIOBON CEeTU.

Llenblo noBepoyYHOro pacyeTta siBnsieTcs onpeneneHve akTUYeckux pacxofoB Tenso-
HOCUTENS Ha y4dacTkax TenroBOW CEeTU U y MoTpebuTenen, a Takke KONMYecTBe TEnnoBOM
3Heprum nony4yaemMon notpebutenem npu 3agaHHoON TemnepaTtype BoAbl B nogatolem Tpybo-
NpoBOAe U pacnoriaraemMoM Harnope Ha UCTOYHMKE.

CosgaHHas MmaTeMaTnyeckast MMUTaUMOHHas MoAeNb CUCTEMbl TEeMNNoCcHabXeHusl, cry-
Kalas ons pelleHnsi NoOBepoYHo 3agayn, No3BonseT aHannaMpoBaTh rMapaBnnyeckni u Te-
NOBOW pexum paboTbl CUCTEMBI, @ Takke NPOrHO3MpoBaTb M3MEHEHUE TeEMNepaTypbl BHYT-
pPeHHero Bo3gyxa y notpebutenei. PacyeTbl MOryT NPOBOAMTLCS NMPU Pa3NIUYHbIX UCXOAHbIX
AaHHbIX, B TOM YuCre aBapuiHbIX CUTyauusiX, HanpumMmep, OTKIMKYEHUN OTAENbHbIX Yy4acTKoOB
TENMOBOW CETU, Nepeaayn BoAbl U TEMSIOBOM 3HEPTUM OT OQHOTO UCTOYHMKA K ApYroMy Mo oj-
HoMy 13 Tpy6onpoBOAOB U T.4.

B pesynbTtate pacuyeTa onpefensitoTcs pacxodbl M NoTepu Hanopa B Tpybonposoaax,
Hanopbl B y3nax ceTu, B TOM Yucrie pacronaraemMble Hanopbl y notpebutenen, Temnepartypa
TENNOHOCUTENSNA B y3rax ceTu (Npu yvyeTe TENNOBbIX NOTepb), TeMnepaTypbl BHYyTPEHHEro BO3-
Ayxa y notpebuTenen, pacxoabl U TemnepaTypbl BOAbl Ha BXOAE U BbIXOAE B KaXAY CUCTeEMY
TennonotpebneHus. Mpu paboTe HECKONMbKUX UCTOYHMKOB Ha OAHY CeTb onpepensieTcs pac-
npegeneHve BoAbl 1 TENSOBOW 3HEPTUM Mexay UCToYHUKamu. MoasoanTcs 6anaHc no Boge u
OTNYLLEHHOWN TENNOBOW 3HEPIrMen Mexay UCTOMHMKOM M noTpebutensmu. OnpepensioTcs no-
TpebuTenn n cooTBETCTBYIOLUMIA UM UCTOYHMK, OT KOTOPOro AaHHble NoTpebutenu nonyyarT

BOAY W TEMIOBY SHEPIWIO.
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3.4.4. KOHCTPYKTOPCKMUIN pacyeT TENSI0OBOMU CeTH.

Llej'lblO KOHCTPYKTOPCKOIo pacyeTa ABndeTcAa onpenerieHne anameTpos pr60|'|pOBO,D,OB
TyHMKOBOﬁ N KOSbLIEBOW TEMNOBOW CETU npu nponycke rno HAM pacHeTHbIX pacxodoB MNnpn 3a-
AJaHHOM (VIJ'IVI HeVISBeCTHOM) pacnonaraemom Hanope Ha NCTOYHUKE.

D,aHHaFI 3agaya MoOXeT ObITb UCnosib3oBaHa npun Bblga4ve pa3pelleHnd Ha nogkrnrvyeHne
n0Tpe6MTene|7| K TENnoBOW CeTU, TaK Kak B Ka4eCTBE UCTOYHMKA MOXET BbICTYNaTb noodon
y3€eJ1 CUCTEMDbI TennocHabxeHus, Hanpumep TenrnoBad KamMmepa. ,D,J'IFI bonee rnbkoro peweHnA
AaHHOW 3agayun npegycmMmoTpeHa BO3MOXHOCTb USMEHEHUA CKOPOCTU ABUXEHUA BOObI MO y4a-
CTKaM TEennoBOW CEeTu, 4To npmBoanT K NSAMEHEHUIO ONaMEeTPOB pr6OI'IpOBOD,a, a 3HAYnUT "
pacnonaraemMmoro Hariopa B TO4Ke nogkro4eHus.

B pesylnbTate pacyeTa onpenenarnTca AnamMmeTpbl pr60I'IpOBOD,OB TENMIOBON CeTH, pac-
nonaraembin Harnop B TOYKE MOAKIHYEHUA, pacxXodbl, MOTEPU Hanopa U CKOPOCTU OBUXEHUA

BOAbl HA y4acCTKax CeTu, pacnosiaraemMble Hanopbl Ha n0Tpe6|/|Ter|;|x.

3.4.5. PacueT Tpebyemon TemnepaTtypbl Ha UCTOYHUKE.

LleﬂbPO 3ajayn asndeTtcd onpepneneHne MMHMMarbHoO Heobxoanumown TemMmneparypbl Ten-
NOHOCUTENS Ha BbIXOAE M3 UCTOYHUKA Ansa obecneyeHns Yy 3agaHHOro I'IOTpe6VITeJ'I$I Temnepa-

Typbl BHYTPEHHEro BO3ayXa He HWXe pacyeTHOMN.

3.4.6. KommyTaumoHHbIe 3apayun.

AHanu3 OTKIYEHUIN, NEPEKIIOYEHNIN, NOUCK BrivKanMLLIen 3anopHOM apmaTypbl, OTKMHO-

YatoLLler y4acToK OT MCTOYHUKOB, MUITM MOSTHOCTLIO M30NNPYIOLLEN YHaCTOK U T.4.

3.4.7. NNbe3omMeTpUYECKMM rpadumk.

Llenbto nocTpoeHnsi Nbe3oOMeTPUYECKOro rpaduka sBnseTca HarnsagHas unncTpauus
pes3ynbTaToB rMApaBMyeckoro pacyeTta (HanagoyHoro, NOBEPOYHOro, KOHCTPYKTOPCKOrO).

OTO OCHOBHOW aHaNUTUYECKUN MHCTPYMEHT cneyunanucta no ruapasnmyeckum pacyetam
TennoBbIX ceTen. Nbe3omeTp npeacTaBnseT cobon rpadomyecknii JOKYMEHT, HA KOTOPOM M30-
OpaxkeHbl NMHUN OaBnEeHUA B NogaroLlen n obpaTtHOM MarmcTpansax TENNIOBON CETU, a Takke
npodunb penbeda MECTHOCTW - BAOMNb ONPEAENEHHOro NyTu, COEANHSAIOLEro Mexay cobon
ABa NpPOM3BOSIbHbIX Y3ra TENSIOBOM CETU MO HepaspbIBHOMY MOTOKY TennoHocutens.Ha nbe-
30MeTPUYECKOM rpadmke HarnsaHO NpeacTaBrieHbl BCE OCHOBHbIE XapaKTEPUCTUKU PEXMMA,
nosilyyeHHble B pesynbTaTe rmapaBnnyeckoro pacyeTta, no BCeM y3ram 1 ydyacTkam BOOSIb Bbl-

GpaHHOro NyTN: MaHOMETPUYECKNE AaBMNEHMS, MOSHbIE U yAeNbHble NOTEPU HAMopa Ha y4yacT-
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Kax TensioBon ceTw, pacnonaraemble gaBneHnAa B KaMepax, pacxodbl TenoHOCUTENA, nepe-

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

kL

Puc. 3.4.12. Nbe3omeTpuyecknm rpacpumk

LiBeT 1 cTUnb NMHUIA 3agaeTca nonb3oBaTerieMm.

B tabnuue nog rpadmkom BbIBOOATCA AN KaXK4O0ro ysna ceTu HaumeHoBaHue, reonesu-
yeckasi OTMETKa, BbiCOTa NoTpebuTtens, Hanopbl B nogawwem n obpaTtHoMm TpybonpoBoaax,
BENIMYMHA OPOCCENUPYEMOro Hanopa Ha wanbax y notpedbutenen, notTepu Hanopa no yyacT-
Kam TensioBOW CETWU, CKOPOCTU OBMXKEHUSA BOAbI HA y4YacTKkax TennoBon cetn u 1.4. Konnyect-

BO BbIBOANMOW Nof rpadoMkom MHopMauum HacTpanBaeTCs nonb3oBaTenem.

3.4.8. PacyeT HOpMaTUBHbIX NOTEPb TeMsa Yepes N3onsALUIo.

Llenbto gaHHOro pacyeta sBnsieTcs onpeaeneHne HOpMaTUBHBLIX TEMMOBLIX NOTEpPb Ye-
pes3 m3onsaumio TpybonpoBodoB. TennoBble NoTepu onpeaensoTca CyMMapHO 3a rof ¢ pas-
6uBkor no mecdauam. NpocMoTpeTb pesyrnbTaThl pacyeTa MOXHO Kak CyMMapHO no BCen Ten-
NOBOM CEeTU, TaK U MO KaXaoMy OTAENbHO B3ATOMY UCTOYHWKY TEMFIOBON SHEPTMM U KaXaomy
ueHTpanbHomy TennoBomy nyHkTy (LITIT). PacyeT moxeT ObiTb BbIMNOMHEH C y4ETOM nonpa-
BOYHbIX KOI(PULNEHTOB HA HOPMbI TENSTOBLIX NOTEPb. Pe3ynbTaThl BbIMOMHEHHbLIX pacyeToB

MOXHO akcnopTuposaTb B MS Excel.
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4. dneKTpoHHasi Mmoaesib CyLWeCcTBYHOLWEN CUCTEMbI TENNTOCHAOGXEeHUS.
dTanbl aKkTyanmsauyum.
4.1 UuchbopmaumoHHo-rpacdhmyeckoe onncaHme o6 LeKToB CUCTEMbI TeNSI0CHao-

XeHwus.

Ha ocHoBe cywecTteyowen M gnga uenen ee aktyanusauum 6einm cosgaHbl Mogerib-
Hble 6a3bl - "CywecTtBytowme cetn 2020", "lMepcnektneHble cetn 2030" B KOTOPLIX NPOBOAU-
nacb BblBEpKa C nocnefywwen KOppekTMpoBKoM MH(OPMaLMOHHO-rpamnyeckoro onncaHus
CYLLECTBYIOLMX OOBbEKTOB CUCTEMBbI TEMMNOCHAbXEeHUs ropogCcKoro okpyra ¢ y4eToM MU3MeHe-
HUK, npomsoweawmnx 3a nepuog 2019-2020 rogos, No gaHHbIM 3aka3yuka (basa abOHEHTOB;
0asbl TENNOBbIX CETEN; CXEMbI TEMSOBLIX CETEN).

B aktyanusnpoBaHHOM 6a3e AaHHbIX 3NEKTPOHHOW MOAENM onucaHbl U npu Heobxo-
ANMOCTU OO0MNOJSTHEHbI (CKOPPEKTUPOBAHbLI) MACNOPTHLIE XapaKTEPUCTUKM BCEX TUNOB OOBLEKTOB
cuctembl TennocHabxeHus. MNMonHoTa 3anonHeHus 6asbl AaHHbIX NO NapamMeTpam 3aBUCUT OT
HaNM4ns NCXOOHbIX AAHHbIX Y TENNOCHAOXaLMX KOMMAHWUNA.

BusyanbHoe oTobpaxeHne CTPYKTYpbl TENMOBbLIX CETEl NpeacTaBreHo Ha pucyHke 4.1.1.
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Puc. 4.1.1. BusayanbHoe oTo6paxeHne CTPYKTypbl TENNOBbIX CeTEN OT ICTOYHMUKOB TEMJIOBOWN 3HEpPrum
BenoBckoro N0

29



4.2. OTnagka v KanmbépoBKa 3NIeKTPOHHOW MmoAenw.

B paMKax gaHHOro atara AoJIKHbI ObITb BbIMNOMHEHbI:

¢* OTlagka pa6OTbI pacHeTHbIX MaTeMaTU4YE€CKNX Mop,yne|7| nyTemM BblABNEHUA owmnbok

B NCXOAHbIX OaHHbIX;,

* KanubpoBKa MOOENU C Lenblo AOCTUXKEHUA COOTBETCTBUS pacyeTHbIX NapameTpoB
MoZenn hakTM4ecKMM napameTpam B onpefernieHHbIX penepHbIX y3nax cUcTeMbl
TennocHabxeHus (NpU HanMuMM MHOPMaUMM No pacxodam, AaBNeHUsM BOAbl B
nogarowmx n obpaTHbIX TpybonpoBogax cUCTEMbI TENNOCHabXeHNa Onsa gakTnye-
CKOro pexuma).

Ha atane oTnagkM 3nekTpoHHOM Mogenu Obin npoBedeH aHanma MNoSHOTbl U OOCTO-
BEPHOCTU BHECEHHbIX UCXOAHbIX AaHHbIX.

KannbpoBka moagenu - npouecc naeHTudumnkaumm n TOHKOM HacTPOMKM HabopoB MCXOOHbIX
AaHHbIX TakuMm obpasom, 4Tobbl obecneynTb MakcumarnbHoe NpubnmxkeHwe pesynbTaTtoB rma-
paBIIMYECKOro pacyeTa K (pakTM4yeckum napameTpam B onpeaeneHHbIX penepHbIX y3nax cucre-
Mbl TennocHabxeHus. [ns opraHnsaumm npouecca kannbposkn OM BbIOMpalOTCa penepHble y3-
Nbl B Ka)XOOW M3 CUCTEM TENNOCHabXeHUsi, TakMe Kak. BbIBOOAHOW KOMSIEKTOP Ha WMCTOYHUKE
n/Mnn HacocHble CTaHUUM W/unn TennoBble NYHKTbl U MPOYMe ANIEMEHTbLI TEMIOBOW CETU, MO KO-
TOPbIM MMEKTCA (baKkTUYEeCKMe AaHHble MO pacxodam TENSIOHOCUTENS U pacnonaraemMbiM Hano-
pam 3a otonutenbHbin nepmog 2018-2019 n 2019-2020 rr.

OaHUM M3 HE3aMEHUMbIX MHCTPYMEHTOB Mpu KanubpoBKe rmapaBnnyeckon Moaenu Ten-
NOBOM CETU ABNSAETCA Nbe3OMEeTPUHECKUr rpaduk, MOCKOmMbKY rpaduyeckas MHTepnpeTtauus
rmaopaBin4ecKoro pexmnma no3sonsdeT OAHOBPEMEHHO Ka4eCTBEHHO U KONMYECTBEHHO OLEHUTb
nonpaskn, KOTOpble HEOOXOANMO BHECTM B pacyeTHY0 MoAernb, YTobbl oHa Hanbonee ageksaT-
HO noBTopsAna "rmapasnuyeckoe noseaeHne" peanbHOW TENNOBOW CETU B IKCMNyaTaumu.

Takke Ansa BbIMNOSIHEHUS KanMbOpOBKM MCMNONb30BaNUChb pesynbTaTbl rMapaBinyecknx pac-
4eTOB A4S151 9NEMEHTOB TEMSIOBOW CETU, a Takke rpadmyeckoe npeacTaBrneHme napameTpoB Te-
nioHocuTens.

MapannenbHo paboTe C BbIWEONUCAHHBIM WHCTPYMEHTApPUEM NPOBOAMMIACL KOPpPEK-
TMPOBKa M3Ha4yanbHO BBEAEHHbIX AAHHbIX MO LLEPOXOBATOCTN TpyboONpoBOAOB, 3HAYEHNAM Me-
CTHbIX CONPOTUBIIEHUA U MNpP. C LENbI MOSyYEHNA MaKCMMarnbHOMo COOTBETCTBUS MapamMeTpoB

pacyeTHOM Mogenu Cc  akTU4YeckumMyu  napameTpamMmuM  CUCTEM  TenslocHabXeHus.
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5 . OneKkTpoHHasaA MoAenb NepPCnekKTMBHOU CUCTEMbI TENNTOCHA0XeHUs.

MogenupoBaHne MNEPCNEKTUBHOINO BapuvaHTa pasBUTUS CUCTEMbI TennocHabXeHus
(CTPOMTENBLCTBO HOBLIX N PEKOHCTPYKUNA CYLLECTBYHOLLMX UCTOYHUKOB TEMIOBOW 3HEPTUN, Nne-
pepacnpegeneHne TennoBbIX Harpy3ok Mexay WCTOYHMKaMW, ornpegerieHMe BO3MOXHOCTU
NOAKIMOYEHNS HOBLIX NOTpebutenen TennoBon 3Hepruu, onpeaeneHne onTumarsibHbIX Bapu-
aHTOB Ka4YeCTBEHHOro 1 HagexHoro obecrneyeHns TensI0BOM 3Hepruen HoBbIX NoTpebuTtenen u
T.A.) OCYLLeCTBNAETCS Yepe3 MexaHn3M CO34aHusa N agMUHUCTPUPOBaHUS crieunarbHbIX "MO-
AenbHblX" 6a3 - HabopoB OaHHbLIX, KINOHUPYEMbIX U3 OCHOBHOW (KOHTPOJSIbHOW) 6a3bl AaHHbLIX
ONUCaHUSA TEMSIOBOW CETU, HA KOTOPbIX MOXHO NPOM3BOANUTL Nobble MaHunynaumMm 6e3 pucka
NCKa3nTb UM NOBPeAUTb KOHTPOSbHYH 6asy.

B pesynbTaTe co3gaHus nepcnekTUBHOMO BapuaHTa 4o KOHeYHbIX notpebutenen 8 OM B
COOTBETCTBUM C MacTep-nnaHoM Oblna co3gaHa moaenbHasa 6asa, oTpaxaroLwas nepcnekTms-
HOEe COCTOSsIHME CUCTEMBbI TEMNOCHABXEeHMs1 Ha KOHEL, paccMaTpMBaeMoro nepuoga

Pesynbtatbl pacyeta nNepCnekTUBHbIX TMAPABIMYECKUX PEXMMOB CUCTEMbI TEnso-
CHabXxeHns1 ropoACKOro okpyra npefcrtaBneHbl B AoKyMeHTe "Cxema TennocHabxeHus be-
nosckoro ropoackoro okpyra go 2030 r. Aktyanmsauusa Ha 2022 r. O6ocHoBbIBalOWME MaTe-
puanel. [nasa 4. NepcnekTuBHble BanaHchl TENOBON MOLHOCTM MCTOYHUKOB TEMNSTIOBOW 3HEP-

rMu 1 TENNOBOW Harpysku".
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6 . [JOKyMeHTbl N0 aKTyaniM3anpoBaHHOMN 3NIEKTPOHHON MoAenu.

Mo pesynbTatam akTyanu3aumm SfEeKTPOHHOW MOLENWN CUCTEMbl TEMNOCHAOXeHUs ro-
pOACKOro okpyra paspaboTtaHbl cneagyrowme mogenbHble 6a3sbl:

- MogenbHaga 6a3a "CywecTBytowme cetn 2020" - aktyannsanpoBaHHasa mogenbHas 6asa
Mo CyLLECTBYIOLLIEMY COCTOSIHUIO CUCTEMbI TEMFIOCHAGXEHMS;

- MogenbHasa 6a3a "lNepcnekTnBHble cetn 2030" - mogensHas 6a3a no nepcrnekTMBHOMY
pasBuUTUO cucTemMbl TenniocHabxxeHna Ha 2030 rog.

- XapakTepucTukmn TeNOBbIX CETEN CUCTEM TEMNNOCHAGXeHMA rOPOLCKOro OKpyra npmBe-
AeHbl B JoKymMeHTe "Cxema TennocHabxeHua benosckoro ropoackoro okpyra go 2030 r. Ak-
Tyanusauma Ha 2021 r. O6ocHoBbIBalowme maTepuansl. [naea 1. CylwecTBytloLLee NonoxeHme
B cchepe npom3BoACcTBa, nepedayn n notpebneHns TennoBOW SHEpruvM Ans uenen Tenno-

cHabxeHua".
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