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CocTaB AOKYMEHTOB

l:i HammeHoBaHMe AOKYyMeHTa
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1. OGwee Ha3Ha4YeHUEe IANTEKTPOHHON MoAenn CUCTEMbI

Cxema TennocHabxeHus (akTyanuaaumsi) paspabartbiBaeTca C Lenblo obecnevyeHns
HaOEeXHOro N Ka4eCTBEHHOIro TennocHabxxeHns notpedbuTtenen Npyu MUMHUManbHO BO3MOXHOM
HeraTMBHOM BO34ENCTBUN HA OKPY>KaIoLLYHO Cpeay C y4eTOM NMporHo3a rpagocTponTeNbHOro
pa3BuTusa 0o 2041 roga. Cxema TennocHabxeHns (akTyanusaums) paspabartbiBaetca ans
onpeerneHnsa cTpaternn n egUHON NONNMTUKM NEPCNEKTUBHOIO Pa3BUTUS CUCTEM TensiocHab-
XeHuns ropoaa.

Pa3paboTka aneKTpoHHOM MOAENN CUCTEMbI TENNOCHabXeHnsa MNMUHAYLLICKOro ropoacKkoro
rnoceneHns Npon3BoOAUTCS B COOTBETCTBUN N B 06beme TpeboBaHuii kK Cxemam TennocHab-
XeHus, yTBepxaeHHbIx MNoctaHoBneHnem lMNpasutensctea PO ot 22.02.2012 1. Ne 154,

B cootBeTcTtBUM ¢ n. 18 TpeboaHuin kK Cxemam TeNNOCHaAbXeHNS, yTBEPXKAEHHbIX [1o-
ctaHoBneHueM lNpasutenbctea PO ot 22.02.2012 r. Ne 154, "OnekTpoHHasa Moaenb CUCTEMBbI
TennocHabXeHns noceneHnsi, rOpoACKOro okpyra" sBNAeTCA HeOTbeMEMON YacTblo 0O0CHO-
BbIBalOLLMX MaTtepmanoB kK Cxeme TennocHabxeHus.

CopepxaHue pasgena ykasaHo B n. 38 TpeboBaHuii kK Cxemam TennocHabxeHus,
yTBepxaeHHbIX [NocTtaHoBneHuem lNpasutensctea PO ot 22.02.2012 r. Ne 154, a Takke Pas-
aenamu | n IV MeTtogmyecknx pekomeHgaumm no paspabotke cxem TensiocHabXeHust, KoTo-
pble AOMKHbI ObITb BBeAeHbl B cooTBeTCTBMM C M. 3 [N PO Ne 154,

B cootBeTcTBUM C TpeboBaHNAMM « DNEKTPOHHAA MOAESNb CUCTEMbI TEMMOCHAbXeHUsN
MuHayLwckoro ropoackoro noceneHna» paspabatbiBaetcs B [MC Zulu, paspabotaHHon OO0
«Monutepmy», r. CaHkT-lNeTepbypr, B 06beme nmetrowmuxca Ha 2021 r. moaynemn K JaHHOMY
nporpaMmmHomMy obecneveHuto anga N3IBM.

BasoBbiMM AaHHbIMU AN pa3paboTku HacTosLwero pasgena paboTbl ABNATCA cBefe-
HWA, NpeaoCTaBMEeHHbIE:

- OO0 «CeBep3aroToBka»,

- 000 «BbunoTak»,

- AAMnHUCTpaumen MeaBexxberopckoro MyHMUMNaneHOro pamoxa,

- YT PK «KapenKommyHOHepro».

KoHeuyHas uenb pa3paboTkm aNeKTPOHHOM MOAENN CUCTEMbI TENNOCHabXeHnsa nocene-
HWS, TOPOACKOro OKpyra - co3faHue MHCTPYMeHTa Ans:

- XpaHeHNa 1 akTyanusaumm AaHHbIX O TEMMOBbIX CETAX U COOPYXKEHUAX Ha HWUX, BKIOYas
TexXHM4Yeckme nacnopta o6beKTOB CUCTEMbI TENNOCHAOXEHMSA U rpadmyeckoe npeacraBrneHne
06BHEKTOB CUCTEMBI TEMMOCHABXEHNS C NPUBA3KOW K Tonorpacmnyeckon ocCHoBe NoceneHus,

ropoAcCKoro okpyra c noJiHbiM TOMOJIOrTM4eCKMM onnmcaHnem CBA3HOCTU 00ObeKTOB;



- TMApaBNNYECKoro pacyeTa TENMOBbIX ceTern Nobon cTeneHn 3akonbLOBaAHHOCTU, B TOM
yucrne rmapaBnMyecKkoro pacyeTa npu cOBMeCTHOM paboTe HECKONbKMX NCTOYHMKOB TEMSIOBOM
3HEeprnn Ha enHyo TEMMOBYIO CeTb;

- MOEenMpoBaHUA BCEX BUOOB MEPEKITIOYEHN, OCYLLECTBISEMbIX B TENMOBbLIX CETAX, B
TOM YUCre NepekntoYeHNn TENOBbLIX HArpy30K Mexay UCTOYHUKaMU TENSI0BOW SHEPIruu;

- pacyeTa 3HepreTUYeCKUX XxapakTepuCTUK TEMSOBbLIX CETEN MO NokasaTento «notepu
TENSIOBOM SHEPTUM» N «NOTEPU CETEBOW BOAbIY;

- FPyNMNOBOro U3MEeHEeHUs XxapakTepuCcTUK 06 bEKTOB (YH4acTKOB TEMNSOBbLIX CETeN, NoTpe-
GuTenen) No 3agaHHbIM KPUTEPUAM C LIENbI0 MOAENUPOBAHNS Pa3fMyHbIX NEPCNEKTUBHbIX Ba-
PUaHTOB CXeM TensocHabXeHus;

- pac4eTa 1 CpaBHEHUS Nbe30METPUYECKNX rpadnKoB Ans pa3paboTkn n aHanusa cue-
HapuveB NepcrnekTUBHOIO Pa3BUTUSA TENSOBLIX CETEWN,;

- aBTOMaTM3MPOBaAHHOIO (hopMMPOBaHUS MYTU OBUXKEHUS TEMNOHOCUTENSA OO0 NPOU3-
BOJIbHO Bbl6paHHOro NoTpedbntens ¢ Lenbio pacyeTta BeposTHOCTN 6e3oTkasHoW paboTbl
(HageXxHOCTUN) CUCTEMbI TENNOCHABXEHNA OTHOCUTENBHO 3TOro NoTpedbutens;

- aBTOMaTM3MPOBAHHOIO pacyeTa OTKIOYEHHbIX OT TennocHabxeHus noTpebutenen npu
NnoBpeXaeHNn NPON3BOSILHOMO (NOOro) y4acTka TeNNOBON cCeTy;

- onpefeneHuns CyLecTBoBaHUSA NyTU/nyTen ABMXEHNA TENNTOHOCUTENS 4O BbIOPaHHOIO
notpebutens npu NoBpexaeHnn NPomn3BOSIbHOMO y4acTKa TENOBON CeTy;

- pacyeTa a(pPEKTUBHOIO paguyca TeNNOCHabXeHNA B 30HaX AENCTBUS N30NMPOBAHHbLIX
cucteM TennocHabxeHust Ha 6ase eqUHCTBEHHOIO NCTOYHMKA TEMNMOBOW 3HEPTUMN.

Llenb pa3paboTku anekTpoHHOM MoAenn cucteMbl TennocHabxeHus MNuHaYLWCKoro ro-
poackoro nocenenunsa go 2041 rr. — Hanbonee nonHoe cobnogeHue n. 38 TpeboaHui k Cxe-
MaMm TennocHabXeHus, yTBepXaeHHbIx [NoctaHoBnennem Mpasutensctea PP ot 22.02.2012
r. Ne 154, a Takke Pasgenos | n IV MeTtogunyeckux pekomeHgauum no paspaboTtke cxem Ten-
NocHabXeHus1, KOTopble A0SMKHbI ObITb BBeAeHbI B cooTBeTCcTBUM C . 3 [ PP Ne 154, npu
ycnoBun paspaboTtkun mogenu B N'MC Zulu, paspaboTtanHon OO0 «[lMonutepmy, r. CaHkT-
MeTepbypr, ¢ yyueToM nmetowmxca Ha 2021 r. mogynen Kk gaHHOMy nporpammMmHomy obecneve-
Huto ansg NMN3OBM.

B cootBetctBUM ¢ Pasgenom IV MeTtoguyeckmnx pekomeHgauum no paspaboTke cxem
TennocHabXxeHns, KoTopble AOMKHbI ObITb BBeAeHbl B cooTBeTCTBUM € M. 3 M1 PP Ne 154:

- B cxeme TennocHabxeHus, paspabatbiBaeMon BnepBble, PEKOMEHAYETCS BbIMOMHATD
pa3paboTKy 9NeKTPOHHON MOAENM NEPBOro YpoBHA. B Mogenb nepBoro ypoBHsS peKOMeHayeT-
Csl BKIOYaTb BCe MarucTpasnbHble Tennosble cety Ao LTI n/unu TennoBbix Kamep Ha maru-
CTpanbHbIX TENSOBbLIX CETAX (40 OTBETBEHUS HA pacnpegenuTenbHble (KBapTarnbHble) Ten-

noBble CETN).



- Mogenb BTOPOro ypoBHs, C ONMCaHNeM pacnpenenurenbHblX (KBapTanbHbIX) TENNOBbIX
ceTeun, A0 KOHEYHbIX NOTpebuTenen pekomeHayeTCs BbINONHATbL B MpoLiecce nocneayroLlen
aKkTyanusaumm cxembl TeNNocHabxeHus. AKTyanmsaumsa cMcTem TensnocHabXxeHns Nponseo-
anTcs B cooTBeTcTBUM € Nn. 1, 22, 23, 24 TpeboBaHum k Cxemam TennocHabxeHus, yTeep-
XOeHHbIx MNoctaHoBneHnem lNpasutensctBa P® ot 22.02.2012 r. Ne 154.

- Tennosyto Harpy3ky Ha LITTT nnn kamepax marmctpanbHbIX TENNONPOBOLOB PEKOMEH-
AyeTcs 3afjaBaTb C UCMONb30BaHNMEM MHCTPYMEHTa MoAenMpoBaHusa notpebutenen nnu
0006LLEHHbIX NOTpebuTenen.

- MoTpebutenen n 060bLeHHbIX NOTPeBUTENEN cneayeT pasgenaTb No TMnam NpUco-
eMHeHns TennonoTpedbnsLwmx yCTaHOBOK B CUCTEMAX OTOMNSIEHUSA, BEHTUMALMM U rOpSYero
BOOOCHabxeHust noTpebutenen.

- B cocTtaB notpebutenen n o606LLEeHHbIX NOTpebuTenen cneayeT BKNOYaTb NOTEPH

TEN0BOM MOLLHOCTHU MO pacnpegenuteribHbiM TenjoBbiM CETAM U NMOTEPU TEMNJIOHOCUTENA



2. PacueTHble moaynu anekTPOHHOM Moaenu

2.1. O6wume nonoxeHun

"eonHdopMaumoHHasa cuctema Zulu npeaHasHadeHa ansa paspabotkm MC npunoxe-
HWUIA, TpebyroLwmnX BU3yanusaumm npocTpaHCTBEHHbIX JaHHbIX B BEKTOPHOM U pacTpoBOM BUAe,
aHanmsa ux TonosiorMm n ux CBA3n ¢ CeMaHTU4eCcKMMn 6asamm JaHHbIX.

C nomoLbio Zulu MOXHO co3faBaTb BCEBO3MOXHbIE KapTbl B reorpaduyecknx npoekuu-
SX, UKW MaH-CXeMbl, BKIOYAs KapTbl U CXEMbl MHXEHEPHbIX ceTeln C NogaepXKown ux Tonorso-
rn, pabotatb ¢ 60MNbLUNM KONIMYECTBOM PacTpoOB, MPOBOAUTL COBMECTHbIN CEMaHTUYECKUA U
NPOCTPAHCTBEHHbIN aHanNu3 rpauyeckmx 1 TabnnyHbiX JaHHbIX, CO34aBaTh pasfnnyHble Te-

MaTU4eCKmne KapTbl, OCYLLECTBIIATb 3KCMOPT N UMNOPT AaHHbIX.

2.2. Ba3oBbIY KOMNNeKc

padmyeckne gaHHble B Zulu opraHn3oBaHbl B Buge croes. Cuctema paboTtaet co crno-
AMU cnegyowmx TUNoB:

BekTopHble cnou

PacTtpoBble crion

Cnoun penbeda

Cnon WMS

Cnowu Tile-cepBepoB

Cnowu, otobpakaemble B OQHOMW KapTe, MOryT HaxoaMTbCsa NMMOO fNoKanbHO Ha KOMMbOTe-
pe, NMBo ABNATLCS CNOAMMN O4HOMO UM HECKONbKMX cepBepoB ZuluServer, nnbo, kak B Crny-
yae WMS n Tiles, Ha cepBepax gpyrnx npoussoanTenemn

Cuctema paboTaeT co crnegyrwmnmm rpadonuyecknmm TMnamm BEKTOPHbIX JAHHbIX: TOYKa
(cumBon), NUHKUSA, NONUNNHUSA, NONU-NONUNNHUSA, NOMUIOH, NOSIN-NOJIUIOH, TEKCTOBbLIN OOBEKT.

PepnakTopbl CUMBOSIOB, CTUMNEN NMIMHUIA N CTUNEN 3aNMBOK JalOT BO3MOXXHOCTbL 3ajaBaTb
nonb3oBaTenbCckne napameTpbl 0TOOpaxxeHMs1 OOBHEKTOB.

BeKTopHbIN crnon MoxeT coaepxaTb 06bEKTbI pa3HbIX rpadoMyeckmnx TUNoB.

[nsa opraHM3aumm aaHHbIX Crosi MOXHO CO3AaBaTh KnaccudukaTophbl, rpynnupytoLme
BEKTOPHbIE AAHHbIE MO TUNAM N PEXMMAM.

KaxkgbIn TMN gaHHbIX BHYTPU CIOSt MOXET MMETb COOCTBEHHYIO CEMaHTU4YeCKyto 6asy
AaHHbIX.

Zulu obecneunBaeT o4HOBPEMEHHYO paboTy ¢ 6OMbLWMM KONNMYECTBOM PacTpoBbIX 00b-

€KTOB (HECKOSIbKO ThICSAY).
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[MpuBA3Ka pacTpa K MECTHOCTWN NPOM3BOAMTCS NO TOYKaM NnBo BPy4Hyto, NMBO B OKHE
KapTbl. BoamoxeH nmnopt npmesasaHHbIx 06bekToB n3 Tab (Mapinfo) u Map (OziExplorer).

KoppekTupoBka pacTtpa, metogamm "pe3nHoBbIi nucT", adomnHHoe npeobpasoBaHme,
NOSIMHOMUANbHOE BTOPOM CTEMNEHM.

3apgaHve Buammon obnactu (oTcedeHne 3apaMoyHoro ocpopmneHus 6e3 npeobpasoBa-
HUA pacTtpa).

Mpn oToBpaxxeHne pacTpoBbIX OOBEKTOB B NPOEKLMU KapTbl, OTAINYHOW OT NPOEKL MM
NPUBSA3KM pacTpa, NPOUCXOaUT NepenpoeLmpoBaHne To4ek pactpa "Ha nety".

Zulu moxeT paboTaTb Kak B NlokanbHOW CUCTEME KOOpAUHAT (NnaH-cxema), Tak U B 04-
HOW 13 reorpauyeckmnx NpoeKkLmm.

Cuctema nogaepxumsaet 6onee 180 gatymos, B Tom yvuncne 13-90, CK-42, CK-95 no
FOCT P 51794-2001, WGS 84, WGS 72, , Nynkoeo 42, NAD27, NAD83, EUREF 89. Cnuncok
nogaepxmBaeMblx JaTymMoB OyaeT paclumpaTbCs.

Cuctema npeanaraet Habop npegonpedeneHHbiX cucTeM KoopanHat. Kpome Toro,
nosfib3oBaTeslb MOXET 3afaTb CBOK CUCTEMY KOOPAMHAT C UHAMBMAYaNbHbIMW NapaMmeTpamm
ANs nogaepXxmnBaeMbiX CUCTEMOWN NPOEKLUMNA.

B yacTHOCTK, 9Ta BO3MOXHOCTb MO3BOMUT, NPWY U3BECTHbLIX NapamMeTpax (Knwo4vax nepe-
xo[4a), NpuBA3bIBaTh AaHHbIE, XpaHALWMECH B MECTHOW CUCTEME KOOPAMUHAT, K OOHOM U3 rNo-
BanbHbIX CUCTEM KOOPAMHAT.

[aHHble, XpaHALWMECS B pa3HbIX CUCTEMAaX KOOpPANHAT, MOXXHO OToOpaxaTb Ha OQHOM
KapTe, B 04HOM 13 NpoeKkumin. Mpn aToM nepecyeT KoopanHaT (ecrnv oH TpebyeTtcsa) n3 ogHoro
aaTyma B ApYyron U u3 ogHOM NpoeKuun B ApYyryto Npon3BOANTCS Npu oToBpakeHun «Ha ne-
TY».

[laHHble MOXXHO NepenpoeLnpoBaTh U3 O4HOWM CUCTEMbI KOOPAMHAT B APYTYHO.

2.3. MNoacucrtema «FmapaBnuka»

MakeT ZuluThermo no3BonseT co3gaTb pacyeTHY0 MaTeMaTUYEeCKyo MOAENb CETU, Bbl-
NOMHUTL NacrnopTU3auunio CeTu, U Ha OCHOBE CO3[aHHOW MOAEeNN peLlaTb NHPOPMaLNOHHbIE
3agauu, 3aga4vv TONosIorM4ecKoro aHanuaa, v BbIMOMHATL pasnuyHbie Tennorngpasnnyeckme
pacyeThl.

PacyeTy nognexart TyrnvKoBbl€ U KOSbLEBbIE TENSOBbIE CETU, B TOM YUCHE C NOBbICU-
TeNbHbIMW HACOCHBIMW CTAHLMSAMWN U OPOCCENUPYIOLLMMM YCTpONCTBaMu, paboTaroLume oT oa-
HOrO NN HECKONBbKMUX NCTOYHMKOB.

[Mporpamma npegycmaTpmBaeT Tennorngpasnn4yecknii pacyeT ¢ NPUCOeaNHEHNEM K CeTU
nHanBMayanbHbIX TeNNoBblx NyHKTOB (ATIT) n ueHTpanbHbIX TennosBbix NyHKToB (LITM) no He-

CKOJIbKMM OEeCATKaM CXEMHbIX pemeHM|7|, NnpUMeHAEeMbIX Ha TeppUTopunn Poccumn.
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PacuyeTt cuctem TennocHabxXeHnsa MoxeT NPOM3BOAUTLCA C YYETOM yTeYek U3 TEMSI0BON
ceTu 1 cuctem TennonoTpebneHuns, a Takke TennoBbIX NOTEPb B TpybonpoBoaax TeNOBOM
ceTu.

PacyeT Tennosbix NoTepb BegeTcs NMbo N0 HOpMaTMBHBLIM NOTEpPsM, NGO No akTuye-
CKOMY COCTOSIHUIO N30NSALUMN.

PacuyeTtbl ZuluThermo moryT paboTtaTb Kak B TECHOW UHTErpaumm ¢ reonHopmMaLmoHHOM
cuctemon (B Buae moayns pacwmpenus M'MC), Tak n B Buae otaenbHon 6ubnmotekn komno-
HEHTOB, KOTOPbIE MO3BONAIT BbINOMHATE pacyeTbl U3 MPUMOXEHWI NoNb3oBaTenen.

B HacToAWwWmMI MOMEHT NPOAYKT CyLLeCTBYEeT B CreayoLwmnx BapyaHTax:

ZuluThermo - pacyeTsbl Tennosbix ceTen ana MNC Zulu

ZuluArcThermo - pacyeTbl TennoBbix ceten ana ESRI ArcGIS

ZuluNetTools - ActiveX-KOMNOHEHTbI AS151 pac4ETOB NHXEHEPHbIX CETEN
2.3.1. PacyeT HOMMHaNbHOro rMApPaBIINYECKOro pexuma

Hanaodo4HsbIli pacyem mensoeoli cemu

Llenbto Hanago4yHoro pacyeTta sBnsieTcst obecneyeHne noTpedunTenen pacyeTHbIM KOnn-
4eCTBOM BOAbl 1 TENNOBOWN aHepruun. B pesynbTaTe pacyeTa ocylwecTensieTcs nogbop anesa-
TOPOB M NX comnes, NPON3BOANTCS pacyeT CMECUTESbHbIX U APOCCENMPYIOLLMX YCTPOMCTB,
onpegenseTcs KONMYeCcTBO U MECTO YCTaHOBKN APOCCenbHbIX Wwanb. PacyeT moxeT nponsso-
ANTbCS NPU M3BECTHOM pacronaraéMoM Harnope Ha UCTOYHUKE 1 ero aBToMaTudeckom noabo-
pe B cryyae, ecnv 3agaHHOro Hanopa He 4OCTaTO4HO.

B pesynbTate pacyeTta onpegenarTcs pacxodbl U NoTepu Hanopa B Tpybonposogax,
Hanopbl B y3nax ceTn, B TOM YMChe pacnonaraemble Hanopbl y notpebutenen, TemnepaTtypa
TEeNnnoHOCUTENS B y3nax ceTu (Mpu yvyeTe TennoBbiX NOTEPb), BENMYMHA N30bITOMHOro Hanopa
y noTpebuTtenen, TemnepaTtypa BHyTPEHHEro Bo3ayxa.

[poccennpoBaHne n3bbITOYHbIX HANOPOB Ha abDOHEHTCKMX BBOAAX NPOM3BOAAT C NOMO-
LLIbIO conen aneBaTopoB K ApoccenbHbiX wanb. [JpoccenbHble Wanbdbl nepes aboOHEHTCKMMU
BBOAaMW yCTaHaBMMBAOTCA aBTOMATUYECKM Ha nogatoLlem, obpaTtHoOM unm obomx Tpybonpo-
BOJAX B 3aBMCUMOCTM OT HEO6XOAMMOro Ans CUCTEMbI rmapaBnmMyeckoro pexuma. lNMpu pabo-
T€ HEeCKOITbKMX UCTOYHMKOB Ha OHY CETb OnpeaensieTcsa pacnpeneneHne Boabl 1 TENOBON
3Heprum mexay nctovHmkamu. Nogsoantca GanaHc no Boge v OTNYLLEHHOW TENMOBON 3HEp-
rmen Mexagy UCTOYHMKOM M notpebutenamu. OnpegensoTca NoTpedruTenn n COOTBETCTBYHO-

LLIA UM UCTOYHUK, OT KOTOpOro AaHHbIe I'IOTpe6VITeJ'IVI nosy4vyarT BOOY U TEMJTOBYHO SHEPTUIO.
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lNoeepo4HbIl pacyem mensosol cemu

Llenbto noBepoyHOro pacyeTa sBnsieTca onpegeneHne aktnyecknx pacxogos Tensno-
HOCUTENS Ha y4yacTKax TEensioBOM CETU U Yy NOTpebuTenen, a Takke KonmyecTse TENOBOW
3Heprum nony4aemomn notTpedbutenem nNpu 3agaHHOM TemnepaTtype BoAbl B nogatoLiem Tpybo-
npoBoAe 1 pacnosiaraeMoM Harnope Ha UCTOYHUKE.

Cos3pgaHHas matemaTnyeckas UMMUTaLMOHHAsa MOAENb CUCTEMbI TEMMOCHABXEHUS, Cry-
Xallas Ang peLlleHnsa noBepoYHon 3aayn, No3BoNgeT aHanmsmpoBaTb rMapaBivyeckun n
TENIOBOWN pexum paboTbl CUCTEMBI, @ TakkKe NPOrHO3MpPoBaTb U3SMEHEHME TeMnepaTypbl BHYT-
peHHero Bo3ayxa y notpebutenen. PacyeTbl MOryT NPOBOANTLCS NPWU Pa3NNYHbIX MCXOLHbIX
AaHHbIX, B TOM YuCre aBapUnHbIX CUTyaLUsIX, HanpumMep, OTKIMIOYEHUN OTAENbHbIX Y4aCTKOB
TENnroBOWN ceTu, nepefayv BoAbl U TENSIOBOW 3HEPIUN OT OAHOrO UCTOYHUKA K APYromy no oj-
HOoMmy 13 TpybonpoBogoB U T.4.

B pesynbTate pacyeTa onpeagensaioTca pacxodbl U noTepu Hanopa B TpybonpoBogax,
Hanopsbl B y3rax ceTn, B TOM YUChe pacrnonaraemMble Hanopbl y noTpedbutenen, Temnepartypa
TENNOHOCUTENS B Y3Max ceTu (Npu yyeTe TennoBbIX NOTEPb), TeMNnepaTypbl BHYyTPEHHErO BO3-
ayxa y notpebutenen, pacxoabl U TemnepaTypbl BOAbl HA BXOAE M BbIXOAE B KaXaylo cuctemy
TennonotpebneHus. NMpu paboTe HECKONBbKMX NCTOYHMKOB Ha OAHY CeTb onpeaenseTca pac-
npegeneHne BoAbl U TEMNMOBOW 3HEPTMU MeXAY UCTOYHMKamu. [oasoantca GanaHc no soge u
OTNYLLEHHOW TEMSIOBOW 3HEPIrMen Mexay UCTOYHUKOM 1 noTpebutenamun. Onpegenstotca no-
TpebuTenu n COOTBETCTBYIOLMIA UM UCTOYHUK, OT KOTOPOro AaHHbIE NOTpebuTenu nony4atoT

BOAY U TENNOBYHKO 3HEPTUIO.

KoHcmpykmopckul pacyem mensioeolu cemu

Llenbio KOHCTPYKTOPCKOro pacyeTa siBNsAETCs onpeaerneHe guameTpoB TpybonpoBoaoB
TYNMKOBOW W KOMbLEBOW TENSIOBOW CETU MPUX NPOMNYCKe N0 HUM pacyeTHbIX pacxo4oB Npu 3a-
AAHHOM (MM HEM3BECTHOM) pacnofiaraeMoM Hamnope Ha UCTOYHUKE

[aHHasa 3agaya MoXeT ObITb UCNONb30BaHa NpY BblAaye paspeLleHns Ha NoaknoyeHne
noTpebuTenen K TEMNOBOW CETU, TaK KaK B KAYECTBE UCTOYHUKA MOXET BbICTYNaTb No0OoM
y3en cucTtembl TennocHabxeHus, Hanpumep Tennosas kamepa. [na 6onee rmbkoro peLleHus
AAHHOW 3a4a4yum NnpeagycMoTpeHa BO3MOXHOCTb M3MEHEHNSI CKOPOCTU ABMXXEHWST BOObI MO
yyacTKkaM TEnnoBOW CETU, YTO NPMBOLUT K U3MEHEHNIO AnamMeTpoB TpybonpoBoaa, a 3HaunT u
pacnonaraemMoro Hanopa B TOYKe MOAKITHYEHNS.

B pesynbTate pacyeta onpegensoTca guameTpbl Tpy6onNpoBoaoB TEMNOBOW CETH, pac-
rnonaraembln HANOpP B TOYKE NOAKINIOYEHWS, pacxobl, NOTEPM Hanopa 1 CKOPOCTU OBMKEHNS

BOAbl HA y4acCTKax CeTu, pacnosjiaraeémble Hanopbl Ha I'IOTpe6VITeJ'IFIX.
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2.3.2. Pacuert TekyLuero (¢paktmyeckoro) ruapaBnmyeckoro pexuma

CywectBeHHasa 0COBEHHOCTb TekyLero (hakTM4eckoro) rmapaBnmyeckoro pexmma co-
CTOMT B TOM, YTO r'MApaBMYECKUIN pacyeT TEKYLLEro pexmma oTkanmbpoBaH Nno AaHHbIM 13-
MEpPEHUIN PacxodoB M AaBMNEHU B KOHTPOSbHbIX TOYKax TENMoBon cetTu. Taknum obpasom rma-
paBnMyecKkMe CoONPOTMBIEHNST YH4aCTKOB TEMMOBOW CETM MakCMMarbHO NPUGNMmKeHbl K akTu-

YECKUM.

2.3.3. MogenupoBaHue nepeknr4eHnmn

AHann3 nepekryYeHnn, NoUcK Gnmxkanwien 3anopHoOn apmaTypbl, OTKMOYaOLWen yya-
CTOK OT UCTOYHMKOB, NN NONTHOCTBLIO N30NUPYHOLLEN YH4acTOK U T.4,.

lMo3BonseT paccunTaTb USMEHEHUS B CETU BCNEACTBME OTKIHOYEHUS MU U30NMPOBaHUSA
3aaHHbIX 06 bEKTOB ceTn (y4acTKoB, apMaTypbl 1 T.4). Takke Npon3BoauTCSa pacyeT o6bemoB
BHYTPEHHMX CUCTEM TeNNonoTpebneHnsa n Harpy3oKk Ha cucTemMbl TennonoTpebneHuns npu
AaHHbIX U3MEHEHNsIX B ceTW. Pe3ynbTaTthl pacyeTa oTobpaxatoTcs Ha kapTe B BUAe Tematu-
YeCKOW pacKpackn 1 BbIBOOAATCHA B OTYET.

AHanus nepeknto4YeHnin B CETU NPOU3BOANTCS C y4ETOM BblOPaHHbLIX NepeksitoyeHni ans
00BEKTOB U3 crncKa 1 BKNoYaeT B cedsi:

MOWCK NONaBLUMX MO OTKMOYEHNE OOBLEKTOB CeTy;

pacyeT 06bEMOB BHYTPEHHUX CUCTEM TennonoTpebneHnsa n Harpy3ok Ha CUCTEMBbI Ter-
nonotpebneHnsa Npyn gaHHbIX U3BMEHEHUSIX B CETMU;

oTobOpaxeHue pe3ynbLTaToB pacyeTa Ha KapTe B BUAE TEMATMYECKOM pacKkpacku 1 BbIBOS,
TabnuyHbIX 4aHHbIX B OTYET, C NOcneaylLwen BO3MOXHOCTLIO UX aKcnopTa B popmat MS
Excel unn HTML

2.3.4. MopenbHble 6a3bl

CemaHTMyeckas MHopMaLms MOXET XPaHUTCS Kak B fiokanbHbIX Tabnuuax (Paradox,
dBase), Tak n B 6a3ax gaHHblx Microsoft Access, Microsoft SQL Server, Oracle, MySQL,
Sybase n gpyrnx ncroudmkos ODBC wunu ADO.

[nsa ynobcTtBa gocTtyna K ceMaHTMYeCcknm gaHHbiM Zulu npegnaraeT CBOU «MCTOYHMKM
JaHHbIX». NMogobHo nctoyHmkam gaHHbix ODBC DSN nnu ceasam ¢ aadHHbimm OLEDB UDL
3TU UCTOYHMKM AAHHbIX MOXHO MCMNONb30BaTh Npu AobasneHun Tabnuuy B 6a3y gaHHbIX Unn

BblbOpe Tabnuy ona gpyrnx onepaumn.
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NCTOYHMKN JaHHBIX MOTYT MCMOSb30BaThCA Kak NOKanbHO B O4HOMNOMNb30BaTENbCKOW
Bepcun Zulu, Tak n Ha cepBepe ZuluServer. B cnyyae cepsepa oHM MOryT 6bITb onybnnkoBa-

Hbl M Ucnonb3oBaTbcHa Nonb3oBaTenamm ZuluServer.

2.3.5. Nbe3omeTpuyeckue rpadpukm

Llenbto NOCTpoeHnss Nbe3oMeTpUYECKoro rpacmka ABnseTca HarnsgHast UnncTpauus
pes3ynbTaToB rMAPaBMYECcKOro pacyeTta (Hanago4YHoro, MOBEPOYHOIO, KOHCTPYKTOPCKOrO).
[Mpn 3TOM Ha 3KpaH BbIBOAATCS:

NVHUA aaBneHus B nogarowem Tpybonposoae

NHUA faBneHns B obpaTHoM Tpybonposoae

NMHWSI NOBEPXHOCTUN 3eMMN

NNHWA NOTepb Hamnopa Ha wanbe

BblCOTa 34aHus

NVHUSA BCKUMNAHMWSA

JINHNA CTaTU4eCKOro Hanopa

Paiin v|-c::|100% v[|§@|}g|g|MaﬁnoH3 vl§@<
M0 = — = -]
100 & & o R @ - = o -
_-‘—_-—I—ﬂ—l—ﬂ—_-— o o =1

an - £
a0
70

Hanop, m

A

HamEHD B aHKME y3na TE-8 TE-10  TE-11 TE-12 HC-1 TE-13 TE-14 TE-15 T - 2
MeonesMHEcka A BRICOTE, W 13 14 15 16 25 3 29 18 11
Hanop & ofpaTtHoM TpyGonpoeoae, m 26.235 26.748 27.062 27413 42709 43257 44 131 45494 46.102
Pacnonarasmeli HaNop, i E9.712 E5.246 E7.377 EE.395 93.264 45.999 45.518 42 655 4097
DniHE yHRCTES, I 34.93 2491 3667 32.65 72.54 5516 325 76.52
JuameTp yHacTra, o1 041 041 041 o1 0.ov 0.05 0.0s
MoTepi Hanop: B Nogan wem TpySonpoeoge, m 0852 0557 0631 0.544 1.009 1.607 2.469 1105
MoTep HaNopRS B oBpaTHOM TRYDONpoEORE, M 0513 0#3 0.3 0.296 0543 0.574 1.363 050G
CROpOGTE EMKEEHMA BOAEl B NOL. TR-4&, Mic 1062 04953 0834 0.752 0752 0916 119 0525 7
CROROCTE EMAEHMA BEOgEl B OOp.TR-g8, Mic 078 -7 -0613 -0.554 -0.554 -0.675 -0875 -0.38
¥AENEHEE NMHEMHEIE NOTERH B TTC, MM _I 23231 18.711 14.354 11.649 11 649 270 E£9.453 13,663 | _ILI

4 3

LiBeT 1 cTUNb NMHUIA 3agaeTca Nofb3oBaTenemMm.
B Tabnuue noa rpacmkom BbIBOAATCSA ANSA KaXO0ro yana ceT HauMeHoBaHue, reogesmn-
yeckasi OTMeTKa, BblCcOoTa NoTpebuTtensd, Hanopbl B nogatoLwem n obpatHom Tpybonposoaax,

BenuYMHa ApOoCcCenupyemoro Hanopa Ha wwaibax y notpebuTenei, notepy Hamnopa no y4acT-
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KaM TensioBon ceTy, CKOPOCTU OBMXEHNA BOObI HA y4aCTKax Tennosoun cetn n T.4. Konnyectso

BbIBOAUMOW Mo rpadoukomM MHpopMaLmmn HacTpamBaeTCa Nofnb3oBaTenem.

2.3.6. NpynnoBble N3MEeHeHUs XapakTepPUCTUK Harpy3oKk abOHeHTOB TensIoBOM ceTu no
3afjaHHbIM KpUTEepusam

B nogcucrteme rmgpaBnnyecknx pacHeToB MMeeTcH cneumanbHbli MHCTPYMEHT ANns
OCYLLIECTBMEHNSI MACCOBbIX U3BMEHEHUI XapakTEPUCTUK Harpy3oK noTpebutenen ¢ Lenbko Mo-
AenMpoBaHus - TakuMm obpasom, YTOObl MPY 3TOM HE MEHSTbL NACMOPTHbIE 3HAYEHMUST Harpy3okK
aboHeHTOB TensI0BOW CETH.

OTOT MHCTPYMEHT NO3BONSAET NPUMEHUTb 0bLLIEE NPaBUIIO M3MEHEHUS XapaKTEPUCTUK
TENMOBOW Harpy3kn OAHOBPEMEHHO ANA HEKOTOPOW COBOKYMHOCTW NoTpebuTtenen, onpegens-
€eMOW 3afaHHbIM Kputepnem otbopa, B HaCTHOCTH:

no Bcen 6ase gaHHbIX ONUCaHUSA TEMNOBOW CETU;

Nno OL4HOW N3 CBA3HbIX KOMMOHEHT (TEMS0BOM 30HE UCTOYHMKA);

no HekoTopon rpadumyeckon obnacTn, 3agaHHOM NPON3BOSIbHBIM MHOMOYrOfIbHUKOM;

no Tuny o6bEKTOB TEMNOCHAOXEHNSA (XKnIbe, aAMUHUCTPATUBHbBIE 34aHUS, NPOMbILLSIEH-
HOCTb U T.4);

no NPu3Haky BeAOMCTBEHHOM NOAYNHEHHOCTMU;

no NPU3HaKky agMUHUCTPATUBHOIO AeNeHUs; 1 T.0.

Kputepumn otbopa moryT GbiTb NoObIMKU, EANHCTBEHHOE CYLLECTBEHHOE TpeboBaHMe: Co-
OTBETCTBYOLAA MHOPMaLUS, HA OCHOBAHUN KOTOPOW CTPOUTCS KpUTepuarnbHbIn 0TOOp,
AOJKHa B IBHOM BMAe NpUCYyTCTBOBaTh B 6a3e AaHHbIX onucaHnsa notpebutenen tenna.

[nsa notpebutenen, oTobpaHHbIX NO 3a4aHHOMY KPUTEPUIO, MOXXHO BbIMOMNHUTL Ntoboe
N3 cnefyoLmnx N3MEeHEHNI XapakTEPUCTUK HarpysKku:

BKIMIOYEHNE/OTKITIOYEHMNE OAHOMO UM HECKOSTbKUX BUAOB TEMSIOBOW HArpy3Ku;

orpaHuyeHne OAHOro UM HECKOSTbKMX BUAOB TEMmoBon Harpy3ku (B % OT NacnopTHOW, B
T.4. n 6onee 100%);

N3MEHEHNE TeMnepaTypHOro rpadmka n/vnmn yaenbHbIX pacxodoB TEMNNOHOCUTENS NO
BUAAM TENSIOBOWN HarpysKku;

n3aMeHeHwune crnocoba 3agaHnsa TENNOBOW HArpy3kM N3 CNuUcka, MMeKLLEerocs B nacnopre
(npoekTHasi/goroBopHas/akTnyeckas/...)

Mocne npoBeneHNsa cepnmn U3MEHEHNIN XapakTEPUCTUK Harpy30K aBToMaTUYeCKN Npouns-
BOOUTCS rmapaBnuUyYeCcKnin pacyeT TENSIOBOW CETU, pe3yNibTaTbl KOTOPOro cpasy e OOCTYMHbI

anda Bu3yanun3aunn Ha cxeme un aHarin3a.
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MocKonbKy NPy M3MEHEHUW XapaKTePUCTMK Harpy3ku nacropTa notpebutenen He MeHs-
OTCSl, O4EHb NMPOCTO BEPHYTLCS K UCXOAHOMY COCTOSIHUIO pacyeTHOWN rMapaBrnmMyeckon Moae-

1, onpependaeMomMy nacnopTHbIMMU 3HA4YEHUAMU TENNOBbLIX HArpy30K n0Tpe6V|Tene17|.

2.3.7. FpynnoBble N3MeHEeHUA XapaKTepPUCTUK YHACTKOB TeNNOBON CeTU NO 3aAaHHbIM
KpUTEpUAM

[aHHbIN MHCTPYMEHT NPUMEHUM AN pasfIMYHbIX Lenen u 3agay rugpassimyeckoro Mo-
AenupoBaHus, OHaKo ero OCHOBHOE NpefHa3HavyeHue - KanubpoBka pacyeTHOW rmapasnuye-
CKOW Mogenu Tennosoun ceTu. TpybonpoBoabl peanbHON TENNOBOW CETU BCeraa uMetoT pmsn-
YecKkne XxapakTepuCTUKK, OTNNYaoLWmnecs OT NPOEKTHbIX, B CUIY NPOUCXO4SALLMX BO BPEMEHU
N3MEHEHWNI - KOPPO3UN N BbINagEHUS OTMOXEHUIN, OTPaXkatoLUXCa Ha U3BMEHEHUN SKBUBa-
NEHTHOW LIePOXOBATOCTU N YMEHbLLEHNN BHYTPEHHErO AnameTpa BCneacTBMe 3apacTaHus.
O4yeBMAHO, YTO 3TU U3MEHEHMUS BNUSAIOT Ha rMApaBnMyeckme ConpoTUBNEHNSA y4acTKOB TpyOo-
npoBoAOB, M B MaclwTabax ceTu B LLefioM 3TO NPUBOAMUT K BECbMa 3HAYUTENbHbIM pacxoxie-
HMeM pe3ynbTaToB rMApaBANYECcKOro pacyeTa rno "MpoekTHbIM" 3HaYEeHUSIM C pearnbHbIM rna-
paBfIMYECKMM PEXMMOM, HabntogaemMbiM B 3KCnyaTMpyemMmon tennoson cetn. C gpyron cto-
POHbI, UISMEPUTb LENCTBUTESNbHbIE 3HAYEHNS LLEPOXOBATOCTEN U BHYTPEHHUX OUaMeTPOB
y4acTKOB eNCTBYIOLLEN TEMSOBOWN CETU He NpeacTaBnsieTcs BO3MOXHbIM, MOCKOSbKY 3TO No-
TpeboBano 6bl MaccoBOro BCKpbITUA TPyOONPOBOAOB, YTO BPSA N peannsyemo. Noatomy atu
3Ha4YeHMs MOXHO NLLb KOCBEHHbIM 06pa3oM OLIEHUTbL HA OCHOBAHWUW CPaBHEHUS pearibHOro
(HabnrogaemMoro) rmapaBNNMYECKOro pexnma ¢ pesynbTataMn pacyeToB Ha rMapaBNyeCKOn
MOZJEeNn, 1 BHECTU B pacyYeTHY0 MOoAeslb COOTBETCTBYHOLME nonpasku. B aTom, B nepsom
NPUBAMXKEHUN, U COCTOUT MPOLLECC KannMbpOBKH.

WHCTpYyMEHT rpynnoBbiX onepawmi No3BONSAET BbINOMHUTE MUBMEHEHME XapaKTEPUCTUK
ANA NOAMHOXECTBa Y4acTKOB TEMMOBOW CETU, ONpeaenseMoro 3agaHHbIM Kputepmnem otbopa,
B YaCTHOCTU:

no Bcen 6a3e JaHHbIX ONUcaHUs TENNOBOW CETU;

Nno O4HOW N3 CBA3HbIX KOMMOHEHT TEMOBON CETU (TEMSIOBOM 30HE NCTOYHMKA);

no HekoTopon rpaduyeckon obnactn, 3agaHHOM NPON3BOSIbHLIM MHOTOYrOSTbHUKOM;

BOOSb BbIOPaAHHOro NyTy;

Mpn aTOM Ha N6ON 13 BbILLENEPEYNCIIEHHBIN "MPOCTPAHCTBEHHLIN" KPUTEPUIA MOXET
ObITb HanNoXeHa cynepno3nunsa Kputepues oTbopa no KnaccuuUMpyoLWmnMM NpU3HaKkam:

no nogaroLwmm unu obpaTHbIM TpybonpoBogam TENSIOBOW CETU, IMBO CUMMETPUYHO;

no BMAy TennoBbIX CETEN (MarncTpanbHble, KBapTasnbHbIE);

no yyacTkam TensioBon CeTU onpeaeneHHoro yCroBHOro AnameTpa;

no y4dyacTtkam TENSI0BOU CETU C onpegeneHHbIM TUMOM MPOKNagku, 1 T.n.
17



Kputepun otbopa moryT 6bITb NPON3BOSIbHLIMK NPU cOBNoAEHNN OCHOBHOrO TpeboBa-
HWUA: NHPOPMaLMS, Ha OCHOBAHUN KOTOPOW CTPOUTCA OTOOP, AO/MKHA B IBHOM BUAE NPUCYT-
CTBOBATb B NACMNOPTHbLIX OMUCAHUSIX y4aCTKOB TEMNOBOW CETH.

[nsa yyacTkoB TENOBbIX ceTeun, 0TOBpaHHbIX MO onpeaeneHHON COBOKYMHOCTU KpUTepu-
€B, MOXXHO NPON3BECTM NOBYIO M3 cnegyLwmx onepaumi:

N3MEeHEeHne SKBMBArEHTHOWN LLEPOXOBATOCTY;

N3MeHeHue cTeneHn sapactaHus TpybonpoBoaos;

N3MeHeHne KoapdpuumneHTa MecTHbIX NOTepb;

n3meHeHue cnocoba pacyeTa CONPOTUBIEHUS.

lMocne npoBeaeHWs cepum U3BMEHEHWI XapakTEPUCTUK y4acTKOB TpybonpoBoaoB Tenso-
BOW CeTn aBTOMaTMYeCcKn Npon3BOAMTCH rMApaBMyeckuin pacyeT, pesynbTaTbl KOTOPOro cpa-
3y Xe AOCTYMHbI A8 BU3yanu3auum Ha cxeme 1 aHanusa.

lMockonbKy NPy N3MEHEHUN XapakTEPUCTUK yHaCTKOB TEMSIOBOW CETU UX Nacnopta He
MoandumumpytoTcs, B NMto6ON MOMEHT MOXXHO BEPHYTLCSA K MICXOAHOMY COCTOSIHUIO pacyeTHON
rmgpasnu4eckor Mmoaenu, onpegenseMomMy nacnopTHbIMU 3HAYEHUAMUN XapakTePUCTUK y4acT-

KOB TENroBOW CeTw.

2.3.8. TabnuyHble U rpacpuyeckne aHanUTUYECKNE MHCTPYMEHTbI

Hapsagy ¢ cambiM BOCTpeboOBaHHbLIM MHCTPYMEHTOM, - Mbe30MeTPUYECKUMU rpacpmkamu, -
nogcmucrtema rmapaBnnyecknx pacyeToB TEMSOBbLIX ceTen cHabXeHa 6oMbLIUM KONMYECTBOM
yOobHbIX cpeacTB aHanusa. B yactHocTu, cnegytowme:

"rmgpasnunyeckas” packpacka ceTu: pasHbIMU LBETaMU BblAENSATCH BKIOYEHHbIE, OT-
KNKOYEHHbIE U TYMUKOBLIE Y4aCTKN TENSIOBLIX CETEN;

crneunarnbHble packpackmy TeNSI0BOM CETU NO 3HAYEHUAM PasNNYHbIX XapaKTepUCTUK rma-
paBfiMYECcKoro pexuma (No CKOpoCTK, No 30HaM aBMEHUA B Nogarowen nnnm obpaTtHom maru-
cTpanu, No yaenbHbIM NOTEPAM Hanopa Ha ydacTkax u T.n.);

rpagouyeckue BblaeneHns (BbligeneHnsa uBeToMm Unu MHbIM cnocobom y3nos nu/mnm yyact-
KOB TEMSIOBOW CETU MO HEKOTOPOMY KPUTEPUIO), Hanpumep: NnoTpebutenu ¢ npesbIlEHNEM
AaBrneHnst B obpaTHOM Marnctpanu, TensoBble KaMepsbl ¢ "npukaTbiMn" 3aaBUMXKKaMu, y3nbl C
pacrnonaraeMbiM HanopoM HWXe 3alaHHOro, y4acTKuM C NpeBbIleHMEM 3a4aHHON CKOPOCTU
noToka, u T.n.

paccTaHOBKa Ha CxeMe TENsIoBOW CETU 3HAYKOB-CTPENOK, YKasblBaOLWMX HanpasrneHme
ABWXXEHWSI TENNTOHOCUTENS NO nogaroLlen nnu obpaTHoOW maructpanu;

noAannCb Ha CxeMe TeMnnoBOW CEeTU 3HAYEHUM PacXo4oB MO yYyacTkaM U AaBfEHUN B Y3-

nax cetu;
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NPOu3BONbHblE TabNNYHbIE aHANUTUYECKNE AOKYMEHTbI, MOCTPOEHHbIE MO UCXOAHbLIM
AaHHbIM 1 pe3ynbTaTaM rmapaBnnyecKkoro pacyeTa TenoBbIX CETEMN;

rmgpasnuyeckne cnpasku No OTAENbHbLIM y3naMm, y4acTkamM, UICTOYHUKAM, HACOCHbIM
CTaHUMaM 1 NoTpebuTensam TEennoBOn ceTu;

NPOn3BObHbIE 3anpockl U BbIGOPKM M3 Ba3bl AaHHbIX, coaepXalime nodble onnMcaHHble
YHKUMN OT NapaMeTpoB peXxuma, NoNyYeHHbIX B pe3yrbTaTe rMapaBnnyeckoro pacyera.

Habop packpacok, rpadpnyeckux BblAeNeHn n aHannmTUYeCckux JOKYMEHTOB HUYEM HEe
opraHu4eH, kpome noTpebHocTen nonb3oBaTensa n cobnoaeHns obuiero npuHUMNa: rpynnu-
poBaTb, (pUNbLTPOBATb M aHANM3MPOBaTb MOXHO TOSBbKO Te AaHHble, KOTOpble B SBHOM BUAeE

NPUCYTCTBYIOT B 6ase gaHHbIX NpPoeEKTa, M0 BbIYMCITMMBI U3 NOCINEOHUX.

2.4. NMoacuctema «Hanagka»

[aHHas nogcuctema npencraBnseT cobom MHCTPYMEHTapuin Ans pacyeTa HanagodHbIX
YCTPOWNCTB, YCTaHOBKa KOTOPbIX NO3BONSET cbanaHcMpoBaTb rmapaBiIndecknin pexnv B Ten-
nosow ceTtun, obecneunB paBHOMEPHOE TennocHabxxeHne noTpebutenen n rmgpaBnMyeckyto
YCTONYMBOCTb TEMSIOBOW CETU N CUCTEMbI TEMNNOCHAGXEHMSA B LIENIOM.

PacueT cyxaroLwwmx yCTpoMCTB (Apoccenupyowmx wand n conen anesaTtopos) No sugam
NOAKNIOYEHHOW TENSTOBOWM HArpy3ku Ha noTpebutenax npegnonaraeT 3Ha4yMTenbHO 6onee no-
ApobHoe onncaHne aboHEHTCKMX BBOLOB, YEM Npy MPOCTOM rmapaBnnyeckoM pacyeTte u Mo-
AenupoBaHun TennoBon cetu. NoaTtoMy noacuctema BkoYaeT B cebsi COOTBETCTBYHOLLME
pacwmpeHnsa 6asbl JaHHbIX nacnopTusauumn notpebutenen, a Takke HeobxoanMble JONOSNHU-
TenbHble Npoueaypbl BBOAA.

PacyeT Hanago4HbIX YCTPONCTB NPOM3BOAMTCS Ha OTKanNnnMbpoBaHHOW B HOMUHATbHOM
pexvme rmapaBnuyeckon Mogenu TennoBon cetu. B pesynbtate Hanago4yHOro pacyeTa reHe-
PUPYIOTCS aHaNMTMYECKNE OOKYMEHTbI, coaepxalime Bce Heobxoammble AaHHbIe O rmapaBnu-
4YeCKMx xapakTepuctukax notpebutenein n napameTpax rmapasnnyeckoro pexuma, a Takke
pe3ynbTUPYIOLWNIN OKYMEHT C paCCYMTaHHBbIMU KOHCTPYKTUBHBIMU NapameTpammn Cy>KaroLmx
YCTPOWNCTB - rOMOBHbIX U NOAMNOPHbLIX Anadparm, a Takke conen anesaTopoB 1 Wanb no Bu-

Oam I'IpI/ICOG,D,I/IHeHHOIZ TEennoBoun Harpy3Ku.
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3. Bba3a gaHHbIX 35IeKTPOHHOW MoAesnn CUCTeMbI TensIocCHabXeHus

Zulu nogaepxvBaeT paboTy ¢ pensumoHHbIMM B6aszamn AaHHbIX, UCNONb3YSA CEPBUC
Borland Database Engine (BDE) komnaHuu Inprise. OCHOBHON 061HEKTOM, C KOTOPbIM Onepu-
pyeT BDE, saBnaetca 6a3a aaHHbIX. ATO MOXET ObiTb AencTButTenoHaa 6asa gaHHbIX, Hanpu-
mep Microsoft SQL Server unu 6a3a gaHHbix Microsoft Access, a MoxeT 6biTb COBOKYMHOCTb
Tabnuy Paradox unn dBase. Zulu Takke onepupyeT noHATMeM 6asa gaHHbIX, 04HaKo, 34ecb
nog 9TMM TEPMUHOM NogpasyMeBaeTCsi COBOKYNHOCTb Tabnuy n cBasen Mexay HUMK, 06b-
€[VHEHHbIX 4Ns BbINOSIHEHMS 3anpoca K peanbHon 6ase AaHHbIX C LeNblo NoAy4nTb 3agaH-
HbI Nosib3oBaTernieMm cpes nHpopmaumn. basa gaHHbIx Zulu 3agaeTtcsa pannom-onucarenem
0a3bl AaHHbIX, UMeLWKUN paclwmperne ZB, umeHyeMbl B ganbHenweM zb-gannom.

®usunyeckn hannel Tabnmu MoryT pacnonaratbCcsa B ygobHOM And nonb3oBaTensd mecre
(Ha cepBepe, Ha nNokanbHOW MalLMHE B OTAENbHOM KaTariore, B TOM Xe Katanore, 4To u dan-
nbl rpaduyeckon 6asbl JaHHbIX). XKenaTenbHo 4ToObLI harn onncatens 6asbl JaHHbIX Xpa-
HUIICA B TOM Xe KaTtanore, 4to n dpann rpacduyeckon 6asbl gaHHbIX. Onucatens 6a3bl JaHHbIX
Zulu xpaHuT creyoLlyto MHopmaumio:

Cnuncok Tabnuu, y4acTByHOLLMX B 3anpoce;

Ecnu Heobxoamnmo - Habop CnpaBoOYHUKOB;

Habop 3anpocos, 3agatowimx npasuna Bolbopa 3Ha4eHun n3 Tabnuuy n cogepkaumx
CCbISIKM Ha Tabnuubl, U3 KOTOPLIX BbINOMHAETCSA BblIbOpKa, CBA3M Mexay Tabnuuamum, Habop

nonemn ons BbiBo4a C NOfb30BaTENbCKUMUN HA3BaHUSIMU.
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4. CTpyKTypa 1 coctaB 35IeKTPOHHOM MoAesin CUCTEeMbl TeNJIOCHabXeHusA
4.1. CTpYKTypa 3/51IeKTPOHHOM MOAeNun CUCTEMbI TENNOCHA0XeHUA

CTpyKTypa 3neKTPOHHOW MoAenu cucteMbl TennocHabxeHus MNnHAYLWCKOro ropoackoro
nocenenus cootsetcteyeT N'MC Zulu, paspabotaHHon OO0 «lNonutepm», r. CaHkT-
MeTepbypr, ¢ yyeToMm nmetowmxeca Ha 2015 r. mogynen Kk gaHHOMy nporpammMmHomy obecneve-
Huto ansa NMNOBM.

PykoBoacTtso nonb3oBatento npu pabote ¢ NC Zulu, paspabotaHHon OO0 «[Nonu-
Tepm», . CaHkT-lNeTepbypr, npeactasneHo B KHure 3 Cxembl TennocHabxeHnsa MNMuHaywckoro
ropogckoro nocenenunsa MpunoxerHne 1 «MHCTpyKUMA nonb3oBaTensy.

PykoBoacTtBo nonb3osartento npu pabote ¢ NMC ZuluThermo (gns pacyeTa TeNSIOBOro U
rMOpaBAnN4ecKoro pexxmmoB paboTbl TENSIOBLIX ceTen, U T.4.), paspabotaHHon OO0 «[lMonu-
Tepmy», r. CaHkT-lNeTepbypr, npeactasneHo B KHure 3 Cxembl TensiocHabxeHus MNMuHayLwckoro

ropogckoro nocenenus MNMpunoxexHune 2 «PykoBoacTBO orepartopa»
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5. MogenupoBaHue y4acTKOB TeMnfoBbIX ceTen

Y4acToK 3TO NIMHENHbIN OOBEKT, HA KOTOPOM HE MEHSIOTCA:

HOunameTtp TpybonpoBoaa;

Tun npoknagkw;

Bua nsonauuu;

Pacxop TennoHocuTens.

AByxTpybHas TennoBasa ceTb U3obpaxaeTcs B O4HY NMUHUIO N MOXET, B 3aBUCUMOCTM OT
XenaHusa nonb3oBaTtens, COOTBETCTBOBaTb UM HE COOTBETCTBOBATbL CTaHAapTHOMY u3obpa-
xeHuto cetn no NOCT 21-605-82.

Kak ntobon o6bLekT ceTu, y4acTOK MMEET pasHble PexnMbl paboThbl, HANPUMeEpP, KOTKIIO-
YeH NoJaoLLMny U «OTKOYEH OBpaTHbLINY.

Y4acToK KaK TUM MHXEHEPHOM CETU MOXET BbICTyNaTb B KAYECTBE OTCEKAlOLLEro yCTpon-
cTBa. T.e. B 3TOM criydae ero MOXHO MCMNonb30oBaTh AN OTKOYEeHNA 06 beKTOB, HaNnpUMep,
noTpedutenen.

Mpadhmnyecknn Tmn obbekTa - NIMHENHbBIA, OTHOCUTCA K OO bEKTAM UHXEHEPHbLIX CETEN U
KnaccuguumpyeTcs Kak y4acToK, oTcekarowmin. YHukanbeHbln Homep (ID) B cTpykType crnos
Tennosown cetn — ID 6.

YyacTtok 065a3aTenbHO JOMKEH HAYMHATBLCS M 3aKkaH4YMBaTbCA OAHMM U3 TUNOBLIX Y310B
(o6bekTom ceTn).

YcnoBus 3aBepLUEHUS y4acTKa:

PasBeTBneHne — meHsieTcs pacxos;

M3meHeHne anameTpa — MEHAETCS CONPOTUBIEHUE;

CmeHa Tvna npoknagku (kaHanbHas, 6eckaHanbHasi, BO3ayLlHas) — MEHSOTCS Tenno-
Bble NoTepu;

CwmeHa Bnaa nsonaumm (MmHeparbHas Bata, NeHONONNMypUTaH U T.4.) — MEeHSATCA Ten-
noBble NOTEPU;

CmeHa cocTosiHMs nsonauum (paspyLueHne, yBnaxHeHne, o6BucaHmne) — MEHSIOTCA Ten-
noBble NOTEpPMW.

lMonb3oBaTenb MOXeT pa3buTtb TpyOboNpoBOA Ha pa3sHble y4acTkM B ntobom mecTe no
CBOEMY XefaHuIo Jaxe TaMm, rae Tennosble N rmapasnMyeckne CBoncTea Tpybonposoaa He
MeHsTCA. Hanprumep, TpybonpoBoa MoXeT ObITb pa3fgeneH Ha y4yacTku 3a4BUXKKOW, CMOTPO-

BOW KaMepoW Ha MarmcTpanu unu ysnom, pasrpaHnymsatoLMmMm 6anaHcoByo NPUHAANIEXHOCTb.
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6. MogenupoBaHue TennoBbIX Kamep

Y3en - 3TO CUMBOJIbHbIN OOBLEKT TENIOBOK CETU. B TennoBon ceTn y3namm ABnsatoTCs
BCe 0OBLEKTHI CeTU, KPOME UCTOYHMKA, NoTpebutensa n ydactkos. B matemaTtnyeckon mogenm
BHYTPEHHee npeacTaBneHne 06bekToB (KpOMe NCTOYHMKA, noTpebutensa, nepemblykn, LITI v
perynsaTopoB) MoAenupyeTcst ABYMS y3namu, yCTaHOBMEHHbIMW Ha nogatowem n obpaTtHoM
Tpybonposoaax.

lMpocTon y3en — 3T0 CMMBOJSIbHbIN OOBHLEKT TENSIOBOW CETU, HANPUMEpP, pa3BETBNEHNE
TpybonpoBoga, CMeHa NpOoKnaak1, Buaa u3onsauumn unm Todka KOHTponsa Ansa perynstopa.

YcnoBHoe 0603HavYeHme y3noBbiXx OObEKTOB B 3aBUCMMOCTU OT pexnma paboThbl:

Tennosas kamepa

PasBseTBneHue

CmeHa gnameTpa

Mpadmnyecknn TMN oObEKTa - CUMBOJSIbHBIN, OTHOCUTCA K OObeKTaM MHXEHEPHbIX CETEN U

KnaccuduumpyeTcs Kak y3en. YHukansHbeln Homep (ID) B cTpykType cnosi Tennosoun cety — ID 2.
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7. MogenupoBaHMe HAaCOCHbIX CTaHLUWU

HacocHasa ctaHumst — CUMBOSbHbIM OOBEKT TEMMOBOW CETU, XapakTepU3yoLNNCa 3agaH-
HbIM HaNMOPOM WUNN HAaNOPHO-PACXOOHOW XapaKTePUCTUKOM YCTaHOBMEHHOrO Hacoca.

HacocHas cTaHuusa B OAHONMMHENHOM N306paXeHnn NnpeacTaBnAeTca OQHUM Y3r1I0M, HO
BO BHYTPEHHEM NpeaCTaBfeHnn B 3aBUCUMMOCTU OT 3aJaHHbIX MapamMeTpoB B CEMaHTUYECKOM
0ase gaHHbIX, MOXET ObITb YCTaHOBMEHA Ha 0b6oux Tpybonposoaax.

[nsa 3agaHna HanpaBneHnsa JencTBUA Hacoca HanpasrneHne y4acTKoB, BXOOSALWNX B HErO
AOJMPKHO coBnagaTb C HanpaeneHMeM paboTbl Hacoca.

B HacocHyto cTaHuuio 06a3aTenbHO AOMKEH BXOAUTD U BbIXOAUTL TOSNbKO OAMH Y4aCTOK.

Mpu nocnegoBaTenbHON YCTAHOBKE BCE HACOChl HEOBXOANMO N306pasnTb Ha Cxeme.

Ecnu Hacocbl ycTaHOBMNEHbI Ha CTaHUMW NapannenbHo, HO UMEIOT pasHble Mapku unu
XapaKkTepPUCTUKMN, Kaxabln HeobxoamMmo n3obpasntb Ha Cxeme.

Ecnu ke Hacocbl yCcTaHOBIEHbI NapansiensHO N UMEKT OQUHAKOBbIE XapaKTePUCTUKN, TO
Ha cxemMe NX MOXXHO 0603Ha4YMTb OAHNM 0OBLEKTOM, 3a4aB KONMYecTBO paboTatoLmnx HacoCOoB.

Mpadhmnyeckunin TMn obbEKTA - CUMBOSIbHbBIN, OTHOCUTCS K 06bEKTaM MHXEHEPHbIX CETEN U

KnaccudguumpyeTcsa Kak y3en. YHukanbHbin Homep (ID) B cTpykType cnos TennioBon cetn — ID 4.
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8. MogenupoBaHue NUCTOYHUKOB

MCTOYHMK — 3TO CUMBOSbHLIM OOBEKT TEMMOBOM CETU, MOLENUPYIOLLMIA PEXMUM paboThbI
KoTenbHon unn TOL. B maTtemaTnyeckon Moaenu NCTOYHUK NpeacTaBnaeTcs CeTEBbIM HaAco-
COM, CcO3JaloLLnMM pacnosfiaraemMbli Hanop, 1 NOAMUTOYHBIM HACOCOM, ONpeaensarLLMM Hanop
B obpaTtHOM TpybGonpoBoae.

YcnoBHoe 0603Ha4YeHE NCTOYHUKA B 3aBUCUMOCTM OT pexnma paboTbl:

BKIIOYEH

BbIKITHOYEH.

Mpn paboTe HECKONMbKNX NCTOYHUKOB Ha CETb OAMH N3 HUX MOXET BbICTyNaTb B KA4eCcTBe
NMUKOBOW KOTESTbHOMN.

Mpadhmnyecknn Tmn obbEKTA - CUMBOSIbHBIN, OTHOCUTCSA K OObEeKTaM MHXEHEPHbIX CETEN U

KnaccuuumpyeTcs Kak UCTOYHUK. YHMKanbHbIN HOMep (ID) B CTpyKType cnosi TennoBow ceTu
- 1D 1.
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9. MopenupoBaHue abOHEHTOB

MoTpebuTtenb — 3TO CMMBOJSILHON OOBLEKT TENNIOBOW CETU, XapaKTepPU3yHLLMIACA NoTpeb-
NeHneM TensnoBOn 3HEPrun U CeTeBOon BOAbl.

B mogenu cywecTteyeT ABa Buga notpebutenen: «lMotpedbutens» n «O600LLEHHbIN NO-
TpebuTtenby.

MoTpebuTtenb — 3TO KOHEYHbIV OOBEKT y4YacTka, B KOTOPbIN BXOAUT OOUH NOAAIOLLNA U
BbIXOAMT 0auH 0BpaTHbIA Tpybonposoa TennoBon cetu. Nog noTpebutenem noHMmaeTcs
abOHEHTCKUIN BBOA B 30aHME.

YcnoBHoe 0603HaveHme noTpebuTens B 3aBMCMMOCTU OT pexnma paboTbl:

BKIIOYEH

OTKITHOYEH

BHYyTpeHHss koanpoBka NoTpebuTensi 3aBMCUT OT CXEMbI NPUCOEAMHEHMNS TEMMOBbIX
Harpy3ok K TensioBon cetn. Cxembl MOryT ObiTb 3r1I€BaTOPHbIE, C HACOCHBIM CMELLEHMEM, C HE-
3aBMCUMbIM NPUCOEANHEHNEM, C OTKPbITLIM UK 3aKpbITbiIM 0T60pPOM Boabl Ha MBC. Cxemsbl
NPUCOEONHEHMSI UMEIOT pa3Hyto CTeNeHb aBToMaTn3auum NOAKMHOYEHHON Harpy3Kku, KoTopas
onpeaensieTcss HaNUYMEM perynatopa TemnepaTypbl, Hanpuvep Ha BC, perynatopom pac-
X0o[a UNKn Harpy3kn Ha CUCTEMY OTOMSEHUS, PErYNNPYIOLLMM KflanaHOM Ha CUCTEMY BEHTUNSA-
Lun.

Ha gaHHbIN MOMEHT B pacnops)XeHun nonb3oBartesns 32 cxeMbl NPUCoeaNHEHNS NoTpe-
outenen.

"padomyeckn TMn o6bEKTA - CUMBOSIbHBIA, OTHOCUTCA K 0O bEeKTaM MHXXEHEPHbIX CETEN U
KnaccuduumpyeTcs kak notpebutens. YHukansHblin Homep (ID) B CTpyKkType cnos Tennosown
cetn—1D 3

O606LWeHHbIN NOTPEOUTENDL — CUMBOSIbHBIN OOBHLEKT TENIOBOM CETU, XapaKTEPU3YHOLLMIA-
cq noTpebnsiemMbiM pacxogoM CeTEBOW BOAbI UM 3a4aHHbIM CONPOTUBIIEHNEM. Takum noTpe-
ouTenemMm MOXHO MoLenupoBaTb, Hanpumep, obLLYy Harpy3ky KkBapTana.

YcnoBHoe 0603HavyeHne 0606LweHHOro noTpebutens B 3aBUCMMOCTHM OT pexnma paboThbi:

- BKIHOYEH

- OTKNIOYEH

Takon o0bekT yaobHO MCnonb3oBaTh, KOraa BO3HUKAET HEOBXOOMMOCTb paccymnTaTb
rmopaBnuky cetn 6e3 nHdopmMauum o TEMMOBLIX HArpy3kax U KOHKPETHbLIX CXeMax npucoeam-
HeHns noTpebuTenen K TennoBon ceTn. Hanpumep, npu pacdete MarncTpanbHbIX CETEN UH-
dopmaumm 0 KBapTanbHbIX CETAX MOXET He ObITb, a ANl OLIEHKM NOTEPb Hanopa B Marnctpa-
NAX AoCTaTOYHO 3aa4aTh 0600LEHHbIE pacxoabl B TOYKax NPMCOeANHEHNSA KBapTanoB K Maru-

CTpanbHOW CeTH.
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O606wWeHHbIN NOTPebUTENb HE BCeraa ABNAeTCs KOHEYHbIM 00 bEKTOM ceTu. B cBsA3u ¢
3TNM, 0606LLEHHbIV NOTPEBUTENb MOXET ObITh YCTAHOBMNEH HA TPAH3UTHOM y4yacTke.

"padmyeckuit TMn o6bEKTA - CUMBOSbHbLIA, OTHOCUTCA K 00O beKTaM MHXXEHEPHbIX CETEN U
KnaccuguumpyeTca kak notpedbutens. YHukanosHbii Homep (ID) B CTPYKTYpe crnosa TennoBown
cetn —ID 12.
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10. OnucaHue ToNosIorM4YecKkom CBA3HOCTU OO BLEKTOB CUCTEMbI
TensnocHabXxeHusa

TennoByto ceTb MOXHO U3obpaxkaTb Ha KapTe, C NPUBSA3KON K MECTHOCTM (MO KoopauHa-
TaMm, C NPUBA3KON K OKpY>KatoLwnmM obbekTam), 4To NO3BOMUT B JanbHENLEM He TONbKO Npo-
BOAWUTb TENNOrMApaBAnYecKne pacyeTbl, HO 1 peLllaTb ApYrme UHXeHEpPHble 3a4ayn, 3Has
TOYHOE MECTOHaXOXAEHWNe TENMOBbIX CETEN.

Tennosas ceTb MOXET ObITb M306paXkeHa cxeMaTU4HO, NPU 3TOM HEBaXHO, ByayT nn Ko-
opAanHaTbl y3roB (06HLEKTOB TEMNSIOBOW CETU) M YIIbl NOBOPOTOB (TOYKM Nepernioma y4acTKoB)
BBeAEHbI N0 KOOpAMHATaM C reo4e3n4yeckon TOYHOCTbIO N ob6pmncoBaHbl NO NOAOXKe. Bax-
HO, YTOObI HY)XXHble 0OBbEKTLI TENNOBOW CeTU (Y3nbl) BbINN CoeaMHEHbI yHacTkamu (gyramu).
CxemaTunyHoe nsobpaxeHve Mogenu TensioBon ceTn No3sBonseT BbICTPO NPOBECTU Tennorua-
paBnuyeckne pacyeTbl, HO He AaéT BO3MOXHOCTU onpeaennTb MeCTOHaXoXAeHe CBOMX Ce-
Ten.

CrteneHb geTtanuaauumn B 060mx crnydasx: npy n3odbpaxeHum TENSIOBOW CETU Ha KapTe C
NPUBSA3KON K MECTHOCTU U NPU CXEMATUYHOM M300paxeHnn MoXeT BbiTb pasnuyHa. Hanpu-
Mep, Ha YNpoLleHHoe n3obpaxeHune cetn [letanbHoe nsobpaxeHne cetun. nsaobpaxeHol ABe
9KBMBasEHTHbIE cXeMbl TennoBon ceTn. OgHako Ha YnpoleHHoe nsobpaxeHune cetn Jetanb-
Hoe n3obpaxeHue ceTun. aetanbHoe n3obpaxeHue - ¢ npopucoskon NM-o6pasHbIX KOMMeHca-
TOPOB M 3aMNOPHbLIX YCTPONCTB B TEMNMOBLIX KamMmepax.

[eomeTpuryeckme anvHbl y4acTKOB Ha YNpOoLLEHHOe n3obpaxeHune cetn n [letanoHoe
n3obpakeHne ceTu. pasnuyHbl, HO A5l MHXEHEPHbIX pacyeToB 3Ha4YeHUs1 ANVHbI 3a4alTCa B
6ase faHHbIX NOo yyacTkam. Hannumne koMneHcaTopoB M 3anOpHbIX YCTPONCTB, BNUSIET Ha rna-
paBnuyeckMe noTepun B TENNOBON ceTU. Bce MeCTHble CONPOTUBNEHUS LOMKHbI OblTb 3aHece-
Hbl B a3y AaHHbIX, 418 agekBaTHOro MOAENMpPOBaHUS rmapaBnnYeckux noTepb.

B cBA3M C 9TMM TOYHOCTb 1 AeTanbHOCTb OTOOPAXXEHMSA CETU Ha KapTe Ha pe3ynbTaThbl
pacyeToB HE BNUAIOT.

[ns npoBepkn NpaBuibHOCTM CO34aHNs MaTeMaTU4eCKon MoAeNn TENNOBOW CETU HEOO-
XOOUMO NPOU3BECTN NPOBEPKY CBA3HOCTN BCEX OOBHEKTOB CeTU Mexay cobon. MNpoBepKy MOX-

HO NMpon3BoOunTb KaK AnA NoJIHOCTbIO HaHeCEeHHOW CeTu, Tak N ANda ee YyacTeun.
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