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ONPEJEJIEHUS, OBO3HAYEHUS U COKPAILLEHUA
B nacrosimem oTuéTe 0 MPUMEHSIOT CIEIyIOIUe TEPMUHBI, 0003HAUEHUSI U COKPAILEHHS C COOT-

BCTCTBYHOIIUMH ONPCACICHUAMU

AO — aKIIMOHEPHOE OOIIECTBO

OTOK — O0benMHEHHAS TEIUIOPHEPTETUYECKAsT KOMIIAHUS

3ATO — 3aKPBITHIA aIMMHUCTPATUBHBIN TEPPUTOPUATIBHBIA OKPYT

OI'AOY BOHU TIIY  — denepalibHOE TOCYIapCTBEHHOE aBTOHOMHOE 00Opa3oBaTEIbHOE YUPEKICHUE

BBICIIETO 00Opa3oBaHus «HarmoHaIBHBIA UCCIEeN0BaTEILCKHN TOMCKHIA TTOJIH-
TEXHUYECKUA YHUBEPCUTET»
CXK — Cubupckuii XUMUYEeCKH KOMOUHAT

PUP — Pycarom uH@pacTpyKTypHbIE pelIeHUs



BBenenue

OnexTpoHHas Mozenb cucteMbl TerocHa0keHuss 3ATO CeBepck BKIIIOUEHA B COCTAB HACTOSAIIEH
CXEMBbI TEIUIOCHA0KEHHUSI B COOTBETCTBUH ¢ TpeboBanusmMu DenepanbHoro 3akona Ne @3-190 «O Temo-
cHaOxeHuM» 1 moctaHoBeHUs Ne 154 «TpeboBaHui K cXeMaM TEIUIOCHA0KEHUS, IIOPSAIKY UX pa3pabOTKH
W yTBepXKIAeHUs» (B penakiuu nocranosienus [IpaButensctBa Poccniickoit deneparuu ot 16 mapra 2019
r. Ne 276).

[Tox 37eKTPOHHON MOJENBI0 CUCTEMbI TEIUIOCHAO0KEHUs MOHMMAETCs MaTeMaTH4ecKas MOJIEINb
ATOM CHUCTEMBI, MPUBsI3aHHAs K Tonorpaduueckoir ocHoBe 3ATO CeBepck, npeaHa3HauYCHHAS 711 UMHUTA-
LMOHHOT'O MOJIEJIMPOBAHUS BCEX MPOIIECCOB, MPOTEKAIOIINX B CUCTEME TeIIoCHa0)keHus. MoJenp peanu-
30BaHa B reonHpopmannonuoii cucreme (nanee 'MC) Zulu, conep Ut HHPOPMALIUIO 1O IEMEHTaM CH-
CTEMBI TEIUIOCHAOKEHHSI U MpeIHa3HaueHa JJIsi BHIIOJHEHUS TeIUIOBBIX, THAPABIMYECKUX PAacueTOB, MO-
JeNIMPOBAHUS MTEPEKITIOYCHUN, TOCTPOSHUS ThbE30METPUUECKIX I'PadUKOB.

I'MC Zulu npeanasHaueHa yisi BU3yalnu3alii IPOCTPaHCTBEHHBIX IaHHBIX B BEKTOPHOM BHUJIE, aHA-
JIM3a UX TOTIOJIOTHU U UX CBSI3M C CEeMaHTH4YeCKUMU 0azamu naHHbIX. [ IC 35eKTpOHHON MOJIeNT CHCTEMBI
terutocHaOxkeHust 3ATO CeBepck COEpKUT TpaguuecKoe MpeICcTaBIeHHe 00BEKTOB CUCTEMBI TETIOCHA0-
KEHHSI C MIPUBA3KON K Tomorpapuieckoi OCHOBE ropo/ia, FPaHUIIbl MyHHUIIMIIATFHOTO 00pa3oBaHus, Ipa-
HUIIBI KaIACTPOBBIX KBApTAJIOB, a/IMUHUCTPATUBHBIX PAalOHOB rOPO/a.

B coctaB nopaGoTaHHO#N aKTyaqTu3UpPOBAHHOW DJIEKTPOHHON MOJEIM CHUCTEMBI TEIJIOCHAOKEHUS
3ATO CeBepck BXOAAT Bce HEOOXOIMMBbIE JaHHBIE, OMKCHIBAIOIIME CYILIECTBYIOLIEE MOJI0KEHHE CHCTEMBI
TEIUIOCHA0)KEHUS Ha MOMEHT aKTyalHu3allii CXeMbI TeIUIOCHA0KEHUS U JaHHbIE, ONMCHIBAIOIINE ITEPCIIEK-
TUBHOE Pa3BUTHUS CHCTEMBI TerocHabxkenus 10 2035 roga.

DnekTpoHHas Mojelb cucteMbl TeruiocHa0xkeHuss 3ATO CeBepck o0ecrieunBaeT:

1) rpaduueckoe npeacTaBieHue 00BEKTOB CUCTEMBI TEIJIOCHA0KEHHS C IPUBSI3KON K Tomorpadu-
YeCKOI OCHOBE C MOJIHBIM TOMOJOTHYECKUM OMMCAHUEM CBA3HOCTH OOBEKTOB;

2) XpaHEHHE U aKTyalIU3alUI0 JAHHBIX O TEIUIOBBIX CETSX M COOPYKCHUSIX Ha HUX;

3) BBINOJIHEHHE THAPABIUUSCKUX PACYCTOB TEIJIOBBIX CETEH;

4) MojieNMpOBaHKE BCEX BUIOB MEPEKIFOUCHHN, OCYILIECTBISIEMBIX B TEIIOBBIX CETAX;

5) rpynmoBoe M3MEHEHUE XapaKTEPHUCTUK O0BEKTOB (Y4aCTKOB TEIUIOBBIX CETEH, MOTpeOuTesei)
0 33/IaHHBIM KPUTEPHSIM C LIEIbI0 MOJEITUPOBAHMS PA3IMUHBIX MEPCIIEKTUBHBIX BAPUAHTOB CXEM TEILIO-
CHAOXKEHHS;

6) pacueT U CpaBHEHHE MTbE30METPHUCCKUX IPaUKOB IS pa3pabOTKK U aHAIN3a CIICHAPHEB IIep-
CIIEKTUBHOTO Pa3BUTHS TEIUIOBBIX CETE;

7) aBTOMaTH3MPOBAHHOE ONPEJIENICHHE YTH JBIKCHUS TEIUIOHOCHTEIIS 10 IPOU3BOJILHO BHIOpaH-
HOTO MOTPeOUTENIS C LEeNbI0 pacyeTa BEPOSITHOCTU 0€30TKa3HOW paboThl (HAJIEKHOCTH) CUCTEMBI TEILIO-

CHA0>KEHUSI OTHOCUTENIBHO 3TOT0 MOTPEOUTEIS;



8) ompeneneHue CyleCTBOBAHHS MYTH JBHKCHHS TCIUIOHOCUTENS JI0 BBIOPAHHOTO MOTPEOUTEIs
IIPU NOBPEXKIEHUH IPOU3BOJIBHOTO Y4acTKa TEIJIOBOM CETH;

9) aBTOMaTH3MPOBAHHBIH PACUYET OTKIIOYCHHBIX OT TEIUIOCHAOXKECHUSI MOTPEOUTENCH MpHU MOBpe-
KJIEHUH [TPOU3BOJILHOTO (JIF0OOI0) y4acTKa TEIIOBOM CeTH;

Pacuer cuctem TennocHaOkKeHHsI IPOM3BOIUTCS C yUETOM YT€UEK U3 TEIUIOBOW CETH U CUCTEM Tell-
nonoTpeOIeHus, a TakXkKe TEIJIOBBIX MMOTEPh B TPYOOIPOBOAX TEIUIOBOW ceTH. PacueT TemaoBbIX MoTeph
BEZETCS JINOO TI0 HOPMATUBHBIM HOTEPSM, JINOO MO PAKTHUECKOMY COCTOSTHHIO W30JIALIUH.

ba30BbIil KOMIUIEKC 3JIEKTPOHHOM MOJIEIIN COCTOUT U3 CIEAYIOIIHUX PACYETHBIX MOIYJICH:

— MOJyJIb HAaJIaJI04YHOIO PACYETA;

— MOJyJIb [IOBEPOYHOI'O PACYETA;

— MOJyJIb KOHCTPYKTOPCKOI'O pacyera;

— MOJyJIb pacueTa TeMIepaTypHOro rpaduxka;

— MOJyJIb IOCTPOEHUS MbE30METPUUECKOT0 rpaduka;

— MOZYJb PELICHUss KOMMYTAllMOHHBIX 3a7a4;

— MOAYJb pacyeTa HOPMaTUBHBIX NOTEPH TEIIOTHI U TEIJIOHOCUTETIS.

MonyJib TOBEPOYHOI0 pacyeTa NEKTPOHHOW MOJIEIH M03BOJISET AaHATU3UPOBATh T'MIPABIMYECKUN
U TEIUIOBOM peXUM pabOThl CUCTEMBI TEIJIOCHA0XKEHHUSI, a TaK)XKE MMPOTHO3UPOBATh U3MEHEHHUE TEMIIEpa-
TYpBI BO3yXa B 3IaHUSX MOTpeOuTeneil. Pexxumbl paboThI CHCTEMBI aHATU3UPYIOTCS € YUETOM MTOTEPh TETI-
JIOTHI U TEIUIOHOCHUTENS W3 TEIUIOBOM CETH M CUCTEM TeIUIOoNoTpeOaeHus! (PaKTUYECKHU YCTaHOBJIEHHOTO
000pyZI0BaHUS HAa aOOHEHTCKHUX BBOJAAX U TEIUIOBBIX CETAX. PacueTbl MpOBOJATCS € pa3IMYHBIMH HUCXOI-
HbIMM JAHHBIMH, B TOM YHCJI€ B aBapUMHBIX CUTyalUsAX: OTKIFOYEHHUH OTAEIBHBIX Y4aCTKOB TEIJIOBOU
CeTH, Nepesiaye TEMJIOHOCUTENI U TEIJIOBOM SHEPTHH OT OJIHOTO MCTOYHMKA K JIpyroMy M T.I. B kauecTBe
TEIJIOHOCUTENSE MOKET MCIIOIb30BaThCs: BOJIA, AHTU(PU3 WIIM STHUIICHIJIUKOJb.

Pe3ynpTaThl pacueToB NpeACTaBIAIOTCS B TAOIMYHOM U Ipa)uuecKOM BHJIE U MOTYT OBITh 3KCIIOP-
tupoBansl B MS Excel.

B nporecce paboThl ¢ akTyanu3upoBaHHO 35eKTpoHHON Mozenbio 3ATO CeBepck ObLIN BBINOI-
HEHbl HEOOXOUMbIE pacyeThl U CHOPMUPOBAHBI MEPOTIPUATHUS 10 CTPOUTEILCTBY M PEKOHCTPYKIIUU HC-

TOYHHUKOB TEILJIOBOM OHCPTHUU U TCIIJIOBBIX ceTel.



1 I'padpuueckoe npeacTaBjieHue 00bEeKTOB CHCTEMbI TEMJIOCHAOKEHHUsI ¢ MPUBA3KOIl K TOMO-
rpaduyeckoii 0CHOBe MOcCeJIeHNsl, TOPOACKOI0 OKPYra, ropojaa (peaepajbHOro 3Ha4eHus U ¢ NOJHBIM
TOMOJOTHYECKHM ONMCAHUEM CBA3HOCTH 00bEKTOB

B snextponHoit Mogenu cucrema teriocHabkenus 3ATO CeBepck mpecraBiieHa CleayoIMUMA
OCHOBHBIMHM 00BEKTaMU: UCTOYHUK, YUACTOK, TOTPEOUTEND, Y37Ibl: LIEHTpasIbHbIN TeraoBoi myHKT (L[TII),
HACcOCHAasi CTaHIUsA, 3alOPHO-PETYIUPYIONIasl apMarypa U JAPYrue 3J1€MEHThl CUCTEMbl TEIJIOCHA0XKEHUS.
Bce a1eMeHTBI CUCTEMBI SBIISIOTCS Y3JIaMU, @ YYaCTKU TEIUIOBOM CETH - AYraMH CBSI3aHHOTO Tpada Mate-
MaTuueckord mozenu. Kaxapiii 00beKT MaTeMaTH4eCKOH MOJETH OTHOCUTCS K OINpENeICHHOMY THIY U
HUMEET PeKUMbI Pa0OThI, COOTBETCTBYIOIINE €r0 (PYHKIMOHAIBHOMY HAa3HAYCHHUIO.

1.1 I'padnueckoe npeacrabjieHne 00bEKTOB CHCTEMbI TeIJIOCHAOKeHH

HcTOYHUK — CHMBOJILHBIA OOBEKT TEIUIOBOH CETH, MOJICITHPYIOIIHNA PEXUM PabOThI KOTEILHOHN WITH
TOL. B marematuueckoil MOAeNM UCTOYHHK MPEACTABIISETCS CETEBBIM HACOCOM (CO3AIOIINUM pacroiara-
€MBIi Harop) U MOJMUTOYHBIM HACOCOM (OMPEENIIOIIUM HAarop B 00paTHOM TpyOorpoBoje). Bueninee u

BHYTPCHHEC IMPEACTABIICHUC UCTOYHUKA ITOKAa3aHO HAa PUCYHKE 1.
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Pucynok 1 — OgHonuHeitHOe n300pakeHne NCTOYHUKA (ClieBa) U BHYTPEHHEE IpeCTaBIeHue (CpaBa)

Y4acTok — TUHEIHBIH 00BEKT, HA KOTOPOM HE U3MEHSIOTCS:

JIMaMeTp TpyooIpoBoOa;

THUIT TPOKJIAAKH,

BU/1 U30JISILIUN;

pacxo/l TEMIOHOCUTENS.

JIByXTpyOHast TETUIOBAas CETh M300pa)KaeTCs B OJIHY JIMHUIO M COOTBETCTBYET CTAaHIAPTHOMY M300-
paxenuto cetu o 'OCT 21.605-82. YaacTok uMeeT pazInyHbIe PEKUMBI pabOThI: «OTKJIIOYEH T0J1at0-
U, «OTKJIFOYEeH OOpaTHBIN» U T.1II.

VYyactok 00s3aTeNbHO HAYMHACTCS U 3aKAaHUYMBACTCS OJTHUM U3 THUIOBBIX Y3J10B (0OBEKTOM CETH).

HamnpaBnenue nBrmXeHUS TETUIOHOCHUTEIS B MOJIAOIIEM TPYOOIIPOBOIE BBISBIISETCS TOJBKO MOCIE

BBIITOJTHCHHA T'HAPABIMYCCKOTO pacycTa. Ilocie BEITIOIHEHUS pacdue€Ta 3HAYCHUEC pacxoda B IMOAAr0IIeM



TpyOOINPOBO/IE Ha HEKOTOPHIX YYaCTKaX MOKET ObITh OTpULIATeIbHBIM. OTpULIaTeIbHOE 3HAaU€HHE pacxoaa
O3HAYaeT, YTO HAIPaBJICHHUE JIBUKCHHUS TEIUIOHOCHUTENS B MOAAONIEM TPyOOIpoBOe HAa y4acTKe HE COB-
[a/1aeT C HAIlpaBJICHHEM N300paKEHHS yIacTKOB TEIUIONPOBO/a. PacueTHbII MOyb IPH YCTAaHOBICHHOM
(braxxke «aBTOMaTHYECKH U3MEHATH HANPaBJICHHE YYacCTKOBY, MO3BOJISIET MOCJE BHIIOJHEHHUS PacueToB
(HanmaO4YHbBIN, TOBEPOYHBIN) U3MEHUTh HAIpPaBIEHUE CTPEJIKU HAa COOTBETCTBYIOIIEE HAMPABICHUIO JIBH-
KEHHUS TETJIOHOCUTEJIS TI0 TIOJJaroIeMy TpyOonpoBoay (3Ha4eHHE pacxoja B MOAAIOLIEM TPYOOIpoBOe

pu 3TOM OyJeT BCerjia MmoJI0KUTEIbHO, PUCYHOK 2).

1.55 n/9 L ~1.55 m/4q
—-1.55 m/4g 1.55 m/q

Pucynok 2 — HanipaBiieHne ABM>KEHUS TEIIIOHOCUTENS
[ToTpebuTens — CUMBOJIBHBII 0OBEKT TEIUIOBOI CETH, XapaKTePU3YIOLIHICS MOTpeOIeHUEM TETLIO0-
BOI DHEPTHH U CETEBOM BOJBI. B Mozienu cymiecTByeT ABa BUa MOTpeOuTeNeii: «moTpedurens» u «0000-
[ICHHBIA TOTPEOUTEIH.
«[ToTpeduTeIb» — 3T0 KOHEYHBIH 0OBEKT YUaCcTKa, B KOTOPBIM BXOIUT OMH MOIAIONIUN U BEIXOIUT

OJIMH O0paTHBI TpyOonpoBo TemoBoii ceTu. [loa moTpedurenem noHumaeTcsi aOOHEHTCKH BBOJI B 371a-

HHUE.
YcnoBHOE 0003HAaYEHUE TOTPEOUTENS B 3aBUCUMOCTH OT PEKUMa PaOOTHI:
BIJIIOUCH .
OTKJIIOYCH
[Ipucoeannenne noTpedUTENs K TEIJIOBOM CETH U €r0 BHYTPEHHEE MPECTaBIeHNE N300pakeHO Ha
pHUCYHKeE 3.
Moaatowym TpyGonpogoa,
[Ba 1py6onpoBoja .
ObpaTHbin TpyGonpoBoa,

Pucynox 3 — [IpucoeauHenne noTpeOUTENs K TEIUIOBOW CETH (CJIeBa) M €T0 BHYTPEHHEE MPEACTaBICHUE
(cmipaBa)
BHyTpeHHsS KOIUPOBKA MOTPEOUTENS 3aBUCUT OT CXEMBbI MPUCOSANHEHHSI TETJIOBBIX HATPY30K K
TEIIOBOM ceTH. MICnob3y0TCsl CXEMBI 3JIEBAaTOPHBIE, ¢ HACOCHBIM CMEIIEHUEM, C HE3aBUCUMBIM ITPUCO-

€IMHEHUEM, C OTKPBITHIM WJIH 3aKpbITHIM 0TO00poM Bosibl Ha ' BC. Cxembl prucoeIMHEHNs UMEIOT Pa3HYyI0



CTETeHb aBTOMATU3AIUH TIOKITFOYEHHON HArPy3KH, KOTOPAast ONPENENSIeTCs] HATMYUEM PETyIsTopa TeMIIe-
patypsl, Haripumep, Ha [ BC, perynastopoM pacxoja Wi Harpy3Ku Ha CUCTEMY OTOILICHUS, PETYIUPYIO-
MM KJIAITAHOM Ha CUCTEMY BEHTHUJISIIIHH.

Ha maHHBII MOMEHT B MOZIEIIH MPEIyCMOTPEHO MCIIOJIb30BaHKUE 32-X CXEM MPUCOSAUHEHHS TOTPE-
oureneii.

«O000IICHHBIN TOTPEOUTEIHY» — CUMBOJIBHBIA 00BEKT TEIUIOBOM CETH, XapaKTEPU3YIOMIUICS T0-
TpeOIIEMBIM PACXOJIOM CETEBOW BOJIBI WM 33JJaHHBIM COIPOTUBICHUEM. TakuM MOTpEeOUTEIeM MOACIH-

pyeTtcst o01ias Harpy3ka KBaprajia (pUCyHOK 4).
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Pucynok 4 — IIpumep 060011eHHOTO TOTpeOUTENS

VY3en — CUMBOJIBHBIM OOBEKT TEIIOBOM ceTH. B TeruioBoil ceTu y3maMu sBISIOTCS BCe OOBEKTHI
CeTH, KpOME MCTOYHUKA, IIOTPEOUTENSI M y4acTKOB. B MaTeMaTn4eckoil MoieTi BHYTpEHHEe MpeIcTaBIIe-
HUE 00BbEKTOB (KpOME UCTOYHUKA, ToTpeduTens, nepeMbruku, LITII u perynstopoB) Mmoaenupyercs AByMs
y3J1aMH, YCTaHOBJIEHHBIMHU Ha MOJIAIOIIEM M 00paTHOM TPpyOONpOBOJAX.

IIpocToiil y3en — CUMBOJIbHBIM OOBEKT TEMJIOBOM CeTH, HampuMep, pa3BeTBICHUE TPyOOIpoBoa,
CMEHa TMPOKJIAJIKH, BU/Ia U30JISIIUU WM TOUYKA KOHTPOJIS IS PETYIISTOpA.

B MaTemarudeckoil Mosieni 0OBEKT MPEACTABISIETCS IBYMSI Y3JIaMH, YCTaHOBIICHHBIMH Ha TI0JIaf0-
IIeM U 00paTHOM TPYyOOIIpOBOIaX.
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Pucynox 5 — OnHonuHeHOE n300pakeHue y3ia (CieBa) ¥ BHyTPEHHEE MPEICTaBICHHE (CIIpaBa)
Ha pucynke 6 mpencraBieH BapraHT MOAKIIOYECHUS OAHOTO TPyOOonpoBoa (TOJaroIIero) K AByX-

TpYOHOI1 TEIIOBOM CEeTH.



OaHonuHenHoe uiobpaxeHue BHyTpeHHee npeacTaBNeHHE CEeTH
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Pucynok 6 — [loaxirodeHre moJaomero TpyoomnpoBo/ia K TEIIOBOM ceTh
HacocHas craHiust — CHMBOJIbHBIN OOBEKT TEIJIOBOM CETH, XapaKTePU3YIOIIMIiCS 3a/laHHbIM HaIlo-

POM HUIIU HanopHo-pacxoleoﬁ XapaKTepHCTHKOﬁ YCTAHOBJICHHOI'O HACOCA. VcnoBHOe 0003HaUeHHE HACOC-

HOU CTaHLIUU:

HacocHast ctaHnust B OTHOTMHEWHOM HM300pakKeHUH MPEICTABISETCS OJHUM Y3J0M, HO BO BHYT-
PEHHEM IIPEJICTaBICHNUH, B 3aBUCUMOCTH OT 33JJaHHBIX [1aAPAMETPOB B CEMaHTUYECKON 0a3e JaHHbBIX, MOXKET

OBITh yCTAaHOBIIEHA Ha 000UX TPYOOMIpoBOAaxX (PUCYHOK 7).

OsaTtpybonpoeoga ‘ }

O6paTtHeIi TpyGonpoBos 4

Moparowwmm TpyGonpoeoa }

Pucynoxk 7 — OnHonuHeitHOe n300pakeHre (BBEpXy) U BHYTPEHHEE MPEICTaBICHUE (BHU3Y) CETH C
HAaCOCHBIMH CTAHIIUSIMU
[locnenoBarenvHas U MmapajuiesibHasi YCTAHOBKA HAaCOCOB HA CTAHIIMHM B MOJENIU CXEMaTUYECKU
M300paxkaroTcs Tak, Kak Moka3aHo Ha pucyHke 8. Eciu ycTaHOBIE€HHBIE HACOCHI UMEIOT OJIMHAKOBBIE Xa-

PAKTCPUCTUKH, TO HA CXEME OHU 0003HaYaroTCA OJHUM 00BEKTOM C YKa3aHHuEM KOJINYCCTBa pa60TaIOH_[I/IX

HaCcoOCOB.



HACOCHASA
CTAHLIMA Ne1

A500-65

Pucynok 8 — Hacocsl, paboTatoiue mociaeoBaTelIbHO (CIeBa) U apauieIbHO, Pa3HBIX MapOK (CrpaBa)
3aIBUKKAa — CHMBOJIBHBI OOBEKT TETUIOBOM CETH, SBJISIFOITUNCS OTCEKAIOIIUM YCTPOHCTBOM. 3a-
JIBIDKKA, KPOME JIByX PEKUMOB PabOThI (OTKPBITA, 3aKPHITA), MOKET HAXOIUTHCS B IPOMEKYTOUYHOM CO-
CTOSIHUU, KOTOPOE OMPEAEIAETCS CTENEHbIO €€ 3aKphITHs. [[poMexyTouHOE COCTOSTHUE 3aIBUKKH JTOJKHO

OTIPENIeNIATHCS TIpH €€ pekuMe padoThl «OTKPHITO». YCIOBHOE 0003HAUYEHHUE 3alTOPHO-PETYIHPYIOIIETO

YCTpOﬁCTBa B 3aBUCHUMOCTH OT PpCKHUMaA pa6OTLIZ

OTKpBLITa

3aKpbITa

P4

3amBUKKa B OAHOJMHEHHOM H300paXCHWU MPEACTABISIETCS OJHUM Y3JIOM, HO BO BHYTPEHHEM

npeacCTaBjICHUA, B 3aBUCUMOCTHU OT 3alaHHBIX IIapaMCTPOB B CEeMaHTHYECKOH 0aze JaHHBIX, MOXXCT OBITE

yCTaHOBJIEHA Ha 060uX TpyOOonpoBoaax (PUCYHOK 9).

Pucynok 9 — OnHonuHeliHoe n3o0pakeHue (BBEpXy) U BHyTpEHHEE MpeicTaBleHue (BHU3Y) CETH C 3a-
JBUKKaMU
3aBKKa B pexXHUMe «3aKpbITO» BO BHYTPEHHEM IPEJCTaBICHUHM MOJEIUPYETCS ABYMsI 3aKpbl-

ThIMH 3aJIBU’)KKAaMH Ha obomx prﬁOHpOBOI{&X. I/I306pa)KCHI/Ie 3aIBUKCK, PACIIOJIOKCHHBIX BHYTPH TCILIO-

BOM KaMmephbl, MOKa3aHo Ha pucyHke 10.

..iz,

Pucynok 10 — JletanupoBka TEmI0BOM KaMephI
JlpoccenbHas maiiba — CHMBOJIBHBIA OOBEKT TEIJIOBOH CeTH, XapaKTepU3yeMblil (PUKCHPOBAHHBIM

COIPOTHBIIEHUEM, 3aBUCSIINUM OT JuameTpa maiosl. JpoccenbHas maiiba UMeeT ABa pexxuma padboThl:
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Boiyucnaeman wanba

YeraHasnueaeman waiba

s o0bexTa «Bpruncisemas maiida» B pe3ysibTaTe HajlaJ0O4YHOIO pacyeTa OnpeAesseTcs Konuye-
CTBO ILIAHO U MX AUAMETP.

Jnst o0bexTa «Y craHaBiMBaeMast maiida» 3aHocuTcs HH(OPMAIs O KOJIUYECTBE ITUX YCTPOMCTB
U UX JUaMeTpe.

JlpoccenbHas 1maiiba B OJHOIMHENHHOM N300paKeHUH MIPEICTABISACTCA OJHUM y3JIOM, HO BO BHYT-
PEHHEM IPEJICTABICHUH, B 3aBUCMOCTH OT 3a/IJaHHbIX [1apaMETPOB B CEMaHTUYECKOM 0a3e NaHHBIX, MOXKET
OBITh YCTAaHOBJIEHA Ha 000UX TpyOompoBoax (pUCyHOK 11).

O6parnsin TpyGonposog

Aea rpySonposons

MNogaoumn TpySonposoa

Pucynox 11 — OgHonuueiinoe n3o0pakeHue (CaeBa) U BHyTPEHHEE MpeCTaBlIeHue (CIpaBa) CETH ¢
JPOCCEIbHBIMHU IIali0amMu
Perynsarop pacnosiaraeMoro Haropa — CHMBOJIBHBIN OOBEKT TEIUIOBOM CETH, TIOICPKUBAIOIIHIA 3a-

JAHHBIN pacIiojiaraeMbIi HAIOP MMocie ceos:
E — peryJsTOp pacIoiaraeMoro Haropa Ha IMoIaroIIeM TPyOOoIIpoBo/IE;

E— PETYISATOP pacroyiaraeMoro Haropa Ha 00OpaTHOM TPyOOIIpoOBoOIE.
PerynsTop pacmnosiaraeMoro Haropa yCTaHaBJIMBACTCS, B 3aBUCIMOCTH OT BEIOPAHHOTO PEKMMA, Ha

OJTHOM M3 TPYOOMPOBOIOB: TOIAIOIIEM UM 0OpaTHOM (PUCYHOK 12).

Pucynox 12 — OgHonuHelHOe n300pakeHne (BBEpXy) U BHYTPEHHEE TIpeicTaBlIeHne (BHU3Y) CETH C pe-
TYJISTOPAMH pacriojaraeMoro Hamopa
PerynsTop pacxona — CUMBOJBEHBIN OOBEKT TEILIOBOW CETH, OJACPKUBAIOIIHI 3aJaHHBIN PAcX0]l

TCIIJIOHOCHUTCIIA:

“ — PeryisITop pacxo/a Ha MOJaloIIeM TPyOOIIpOBO/IE;

11



ﬁ — PETyJIATOp pacxojaa Ha 00paTHOM TPYOOIPOBO/IE.

YcranaBiMBaeTcs, B 3aBUCMMOCTH OT BBIOPAHHOTO PEXKMMA, HA OTHOM U3 TPYyOOIIPOBOIOB: MOAAI0-
IeM WJIA 0OOPaTHOM.

Perynsarop naBieHus — 3T0 CHMBOJIbHBIN OOBEKT TEIUIOBOM CETH, TTOIICPKUBAIONIHIA 32IaHHOE JIaB-

JIEHHE B TPYOOIIPOBO/IE «JI0 CEOSI» UITH «ITOCTE CeOsI»:
ﬁ — peryJsTop IaBJICHHUS Ha MOJAIOIIEM TPYOOIIpPOBOE;

ﬁ — peryssTOp NaBleHUs Ha 0OpaTHOM TPYOOIIPOBO/IE.

yCTaHaBHI/IBaeTCH, B 3aBUCUMOCTH OT BI)I6paHHOFO pExuMa, Ha OJHOM U3 TPY6OHp0BO,I[OBZ 1moaaro-

=

eM Wk 00paTHOM (pUCYHOK 13).

X

L]

: . e .

Pucynok 13 — OnHonunelinoe n3o0pakeHue (BBEpXy) U BHyTPEHHEE MpeIcTaBlIeHe (BHU3Y) CETH C pe-
ryjJsiTopamMu JaBJICHHA
Perynarop naBneHusi, yCTAaHOBJICEHHBIN Ha TMOAAIOIIEM WM 0OpaTHOM TPyOOINpPOBOJE, KOHTPOJIU-
pYyeT AaBJICHHUE «10 ceOs» Uin «rocie ceos» (pucyHok 14). Jlyis ykazanust paboThl peryisiTopa yCTaHaB-

JIMBACTCA Y3€JI KOHTPOJIA (HpOCTOfI y3eJ1) 1 BBIMIOJIHACTCA COCAUHCHUEC UX BCIIOMOTaTCJIIbHBIM YUaCTKOM.

Perynarop aasneHus B nogalowem "ao cebs” Perynarop aasnexma 8 oGparHom “‘nocne ceba”
o—.—o—-ﬁ - ° ° ° ﬁ 3
Perynsarop gasnexdnsa 8 nogaouwem ‘nocne cebs” Perynarop naenexus 8 oSparHom "o ceba"”

[ 2 - i’ - < o ﬁ L 2 L ]

Pucynok 14 — M300pakeHus peryasTOpoB AaBICHUS «I0 ce0s» U «IocTe ceOs»
Ha pucynke 15 mokaszan y4acTok TpyOOmpoOBOJa, HA KOTOPOM YCTAaHOBJICH PETYJISATOP JaBICHUS

«rocie ceds» Ha noaaroem prﬁOHpOBOI{C, peFYJ'II/Ip}/IOH_IHﬁ JaBJICHUC Ha BCAChIBAIOIICM HanyﬁKe

HAaCOCHOM CTaHIIUH.

12



Benomoraremk e yHaCcTOK

0 T}T—‘

Vaen kourpons Perynarop naenesns

Pucynok 15 — Perymsitop naBneHust «1o ceds» Ha MmojaroneM TpyoomnpoBoe

1.2 IlpuBsizka 00beKTOB CHCTEMbI TEIJIOCHAOKEHHUsI K TOnorpaguyeckoii ocCHOBe

Temnosas cetb 3ATO CeBepck n3o00paxkaercsi Ha KapTe ¢ MPUBSI3KOM K MECTHOCTH (110 KOOPIUHA-
TaMm, C MPHUBSI3KOH K OKPY>KAIOMIUM 00bEKTaM), 4TO MO3BOJISET IPOBOJUTD TETIJIOTHIPABINYECKUE PACUETHI
U peliaTh Apyrue 3ajayu, NCXO0As U3 TOUHOIO MECTOHAXO0X/IEHHS TEIUIOBBIX CETEH.

TemnnoBas ceTh n300paXkaeTcs CXeMaTUYHO, IIPU 3TOM BaXKHO, YTO OOBEKTHI TEIUIOBOU ceTH (y3JIbl)
COEUHSIOTCA ydyacTKaMH (qyramu). CTeneHb AeTanu3aluy Ipyu n300paKeHUH TEIIOBOM CETH Ha KapTe C
MPUBSI3KOM K MECTHOCTH HJIM MPH CXEMAaTHYHOM M300pa’keHUH MOKET OBITh paznuuHoi. Hammume kom-
IIEHCATOPOB M 3alIOPHBIX YCTPOMCTB BIMSAET Ha TUAPABIMUYECKHE MOTEPU B TEIIOBOM cetu. Bee MecTHbIe
COIIPOTHBIICHUS 3aHOCATCA B 0a3y JaHHBIX JUIA a€KBAaTHOTO MOJAEIMPOBAHUS I'UAPABINYECKUX NTOTEPh. B
CBSI3U C 9THM, TOYHOCTb U JIETATbHOCTh OTOOPAKEHHUS CETH HA KapTe Ha PE3yJIbTaThl PACYETOB HE BIIUSIOT.

1.3 Tonosioruueckoe onucaHue CBI3HOCTH 00bHEKTOB

Tononoruueckoe onucanue TenaoBoit cetn 3ATO CeBepck HaxonuTcs B ¢aitiax onucatens, Gop-
MHUpPYEMbIX aBTOMaTHYECKH B Ipoliecce pa3pabOTKH 3JIEKTPOHHOM Mojenu. Tak, Hampumep, OonHcaHUe
PacTpOBOr0 U300pAKEHUSI COJIEPKUTCS B TEKCTOBOM (haiinie ¢ pacimuperrem ZRS. daiin cocTouT u3 cie-
JTYOIINX OJIOKOB:

3aroJjiIoBOK;

napamMeTpbl IPUBS3KY;

TOUYKU MPUBS3KHY;

00acTh OTOOpaKEHUS.

Onucanue (aitIo0Boil CTPYKTYpBhI MTAKETa, a TAK)XKE 0COOEHHOCTEHN (POpMHpPOBaHUS CXEM TEIIOCHA0-
KEHHUS PA3TIUYHOM CTENEHU CII0KHOCTH, IIPUBE/IECHBI B PYKOBOJCTBAX M MHCTPYKIMIX mpousBoautess [TK

«ZuluTermo» (OO0 «ITonurepm» www.politerm.com).
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2 ITacnopTu3anusi 00beKTOB CUCTEMbI TENJIOCHAOKEHU I

OnextponHas Mozaenb 3ATO Cepepck obecrnieunBaeT NacCHOPTH3ALUI0 TEXHUUYECKUX XapaKTepu-
CTHK DJIEMEHTOB CHUCTEMBI TEIJIOCHA0XKEHHUS, KOTOPast TO3BOJISIET YUUTHIBATh UHIAMBHyaIbHbIC TEXHIYC-
CKHE XapaKTEPUCTHKHU peaIbHbIX OOBEKTOB IIPH BHINOJIHEHUH PACUETHBIX 3a7au.

Cucrtema nacrnopTU3aliy BKIIOYAET OMUCaHMS CIEIYIOLUINX OCHOBHBIX OOBEKTOB!

— HcTtounwk;

— VYyacTok;

— TlotpebuTtens;

— OO0001IeHHBII TOTPEOUTEND;

— LTI,

— ¥Y3emn;

— Hacocnas cranuus;

— 3aaBHKKa.

[Ipu onucaHuy MHIMBUAYAIBHBIX TEXHUYECKUX XapAaKTEPUCTHK YKa3aHHBIX OOBEKTOB HCIOJb3Y-
I0TCA CJIEIYIOIINE TUIIBI JaHHBIX:

- JaHHBIE NTACIIOpTa TEIJIOCETEBOr0 0OBEKTA;

- JaHHbIE IPOU3BEJCHHOI0 pacyeTa 3JIEKTPOHHON MOJEIIBIO.

IIpencraBneHHOe HaOJIHEHUE MACIOPTa 00BEKTA TEIJIOBOM CETH sIBIIsieTCs 6a30BbIM, IPU HEOOXO-
JUMOCTH 3JIEMEHTHI 0a3bl JaHHBIX MAcIOPTa MOTYT OBITh 3aMEHEHbI, yOpaHbl, J00aBIEHBI U MEPErpyIIu-

POBaHBI.
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3 [MacnmopTH3anusi U ONMCAHUE PACYETHBIX eIMHHI] TEPPUTOPHAIBLHOIO U AAMUHUCTPATHB-
HOT'0 JIeJIeHHSs

B snexrponHoit Mogenu cucremsl TeriocHaOxkenus 3ATO Cesepck paiioHBI TEMJIOCHAOXKEHHUs
MIPEICTaBJISIOTCS KaK 00BEKThI, CTPYIITUPOBAHHBIE TI0 TEPPUTOPUATILHOMY (aIMUHUCTPATUBHOMY UITU JIPY-
roMY) MPU3HAKY. DIEKTPOHHAS MOJIENIb CXEMBbI TEINTIOCHA0KEHHsI 00ECIIeUHBAET MOTYUCHHE TAHHBIX O eH-
Hute (enuuunax) aenenus B Gopme 3anpocos. [lopsmok popmuposanus 3ampocoB B [1IK «ZuluTermo»
CHEAYIOUIUI:

1. AxktuBHpyercs ciioi, B 6a3e JaHHBIX KOTOPOTO HaXOJATCs TpeOyemble AJisi BbIBOJA JaHHBIE (B

CIIMCKE CJIOEB & y YKa3aHHOTO CJIOS aKTHBHpPYyeTcs Komanga & ).

2. AxTuBHupyetcs komanaa «Beiienuts obnacteio» i manenu «Hasurarusy.

3. Ucnonb3ys Alt, yka3zaTe pacueTHYIO €IUHUILY, 10 KOTOPOU 3alpaiimBaroTcs JaHHbIe. [Ipu aToM

B IpYIIy 00bEIHHAIOTCS BCe OOBEKTHI CIIOSI U aKTUBHPYETCs KoMaHaa «OTMeHUTh rpymmy» €' maHenn
«Kapra». Eciu 00beKTbl, KOTOpPBIE HAJI0 BBIIETUTH OKaXKYTCS HA IEPECEUEHUN KOHTYPOB O0BEKTOB IPYTHX
CJIOEB, TO B AMAJIOrOBOM OKHe «IlepeceueHne ¢ KOHTYpPOM U3 CII0s1» HEOOXO0IMMO BBIOpATh CJI0M, B KOTOPBIH

BXOJIUT OOBEKT U B Mpeesax KOTOPOTo CO3/1aeTcs rpyIia (pUcyHok 16).

MNepeceueHre ¢ KOHT

I 0K I Ormena l Cnpasxa I

PI/ICYHOK 16 — I[I/IaJ'IOFOBOG OKHO «HepecequI/Ie C KOHTYPOM U3 CJIOS»

4. AktuBupyercs komanja «Mudopmanus» @ wa nanenn «Hasuranms».

5. Yka3bIBaeTcs 00bEKT aKTUBHOT'O CJI051 B BBIJIEIEHHOM rpymne. B pe3ynbrare 3TOr0 NeiicTBUS BbI-
BOAMTCS TabJI0 MHPOPMAIIMH 110 BEIOpPAaHHOMY O0BEKTY C aKTUBHOM BKJIafKoM «Texyias 3amnucey.

6. Ha BrIBeIeHHOM Ta0JI0 aKTUBUPYETCS BKJIAJIKa «3ampocy.

B pesynbTare 3TOr0 AeHCTBUS MPOUCXOIUT MEpPEXo] Ha BKIAIKY «3ampoc» Toro ke tadno. Ha

BCpXHCﬁ [aHEJIH KHOIKA (&) OTO6pa)KaeTCH B aKTUBHOM COCTOSHHMU.

7. AKTHBHpYyeTCcs KOMaHza «3ampocy» ~ , pacroIoKeHHAas Ha BepXHeil MaHemH Toro e Tabmo. B
pe3yJbTaTe 3TOro ASUCTBUS MPOUCXOAMT MEpexo]] Ha BKIAAKy «OTBET» TOTO ke Tablio, Iie B TAOJIUYHOM
(bopMe IpeICTaBICHBI ITaHHBIE 110 PaHEE CO3/aHHON IPyIIe OOBEKTOB.

8. Ilpu HE0OXOAMMOCTH BBIBOIA JAHHBIX UCIIOJIb3YIOTCS COOTBETCTBYIOIINE KOMaH/Ibl BEpXHEH ma-

Henu Tad10 o & 5 & .

HOJ’IY‘{CHI/IC JaHHBIX 11O BCEM UJIM HCCKOJIBKUM paCYCTHBIM CIMHUILIAM

15



[Tpu HEOOXOAMMOCTH TTOTYYSHHSI TAHHBIX 110 BCEM HJIM HECKOJIBKUM PACUETHBIM €IWHHUIIAM H3 UX
00I1IET0 KOJTMYECTBA CIIEYET BOCIIONB30BATHCS peKOMEHAaIMsIMu paszena 8.5.1.8 PykoBojcTBa noib30Ba-

tenst TUC Zulu u ZuluXTools (http://www.politerm.com.ru/docs.htm).
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4 T'uapaBiMyecKHil pacyeT TeMJIOBBIX ceTeil J1000il CTeneHH 3aKOJbIOBAHHOCTH, B TOM
yuc/ie rIpaBIMYecKii pacyeT MPU COBMECTHOI padoTe HECKOJIbKHX HCTOYHMKOB TEIIOBOM 3Hep-
THM HA eINHYI0 TEeNJIOBYIO CETh

B anekTponHo# Moaenu cuctembl TeriocHadxkeHuss 3ATO CeBepck mpeaycMaTpruBaeTCs BECh KOM-
IJIEKC TUAPABINYECKUX PacyeTOB TEIIOBBIX ceTed. Hurke mpuBOASTCS OCHOBHBIE pacueTHbIE 3aBUCHMO-
CTH, HAa OCHOBE KOTOPBIX JIEKTPOHHAsI MOJEJIb MPOU3BOIUT THIPABINYECKUE PACUETHI.

Pacuetnslit pacxon cereBoit Bojbl Ha cucteMy otoruieHus (CO), npucoeAMHEHHYIO TI0 3aBUCUMOMN

cxeme, ornpeaensercs no popMmyie:

-1000
Gep. = Cop, T/4

- c (Tl.p. - Tz.p.) ,

rae Q,p. — PacY€THAs Harpy3Ka Ha CUCTEMY OTOILICHHs, ['kan/4;

T1p. — TEMIEPATypa BOIbI B MOJAIOIIEM TPYOONPOBOJAE TEIUIOBOW CETH IIPU PAaCYETHOM TeMIEpaType
Hapy»KHOI'0 BO3yXa JJIsl IPOEKTUPOBaHus oToruieHus, °C;

T,.p. — TEMIIEPATypa BOJBI B 00OPaTHOM TPyOOIPOBOJE CUCTEMBI OTOIIEHHUS IIPH PACYETHOM TeMIeparype
Hapy»KHOI'0 BO3JyXa JJIsl IPOEKTUPOBaHus oTorieHus, °C.

PacueTHbrit pacxod BOAbI B CUCTEME OTOINNICHHA OIMPCACIIACTCA U3 BBIPAKCHUA:

Qo.p.-1000

¢ (T3.p.~T2.p.) ’

Geop. = T/4
TI€ T3y, — TEMIIEPATYPA BOJBI B MOJAKOIIEM TPYOOIPOBOJIE CHCTEMBI OTOIJIEHHS TIPU PACYETHOM TEMITE-
paType Hapy»KHOTO BO3/1yXa JJis POEeKTUpOBaHUsl oTorieHus, °C.
OTHOCHUTENBHBII pacxoj| ceTeBoi BObl G, HA CHCTEMY OTOIICHMSL:
Ge

Ge. = —=,

Gep.

rae G, — Tekyliee 3HauYeHne CeTEBOTO Pacxo/ia Ha CUCTEMY OTOTUICHHSI, T/4.

OTHOCUTENBHBIN pacxo[ Teijia QO. Ha CUCTCMY OTOIIJICHUA:

rae Q, — TeKkyliee 3Ha4YeHHe pacxo/a TeIIOThl HA CUCTEMY OTOIICHHUS.
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PacueTHbIil pacxoj TEIJIOHOCHUTENS B CUCTEME OTOIUIEHUS MPUCOCIMHEHHOW MO HE3aBUCUMOU

CXEMC!:

Qo.p. - 1000

c (tl.p. - tz.p.) ’

C.0. T/lI

oae ty ., typ, — pacyeTHAs TEMIIEPATYPA HArPEBAEMOTO TEIIOHOCHUTESIS (BTOPOU KOHTYP) COOTBETCTBEHHO

Ha BBIXOJIC ¥ BXOJI¢ B TeIJIOOOMEHHBIN anmapar, °C.

PacueTHprit pacxod TEIJIOHOCUTEIA B CUCTEME BEHTUIIALUN OIIPEACTIACTCA 110 (bOpMy.]'IC:

G - Qsp.* 1000

= T/4
c: (Tl.p. - TZ.B.p.) ,

rae Qg p, — pacueTHas Harpy3Ka Ha CUCTEMY BEHTHJIALMM ['Kan/4;
Ty.pp. — PACUETHAS TEMIIEPATYPa CETEBOM BOJIBI IOCIE KaTOpU(epa CUCTEMBI BeHTHIIAIUH, °C.

PacuetHblil pacxoa TemioHOCUTENs HA cucTeMy ropsiuero BogocHabxkeHus (I'BC) miast oTKpBITHIX

CUCTEM TEIUIOCHA0XKEHUS OTpeiesieTcs 1o hopMyIie:

P 1000

I'BC.

Grep, = —2o—
ep c: (tI‘B. - tXB.)

Pacxon BosibI Ha TOpsiuee BOAOCHAOKEHUE U3 TIOIAIONIET0 TPYyOOpoBOIa TEIIOBOM CeTH:
Gurse. =B Gch.p. ,T/4
rjae f — noas oTOopa BOJIBI U3 MOAAOIIETO TPYOOIIPOBO/Ia, OTpeesieMas 1Mo Gpopmyse:

’B _trg.— T2
4= Tz

Pacxon Bonbl Ha ropsiuee BoiocHAOKEHHE U3 00paTHOTO TPYOOIPOBO/IA TETNIOBOM CETH:

Gorpe. = 1- ﬁ) ' G[‘BC.p. ’ T/4.

PacueTHbIi pacxo TCIJIOHOCUTCIIA (rpelomeﬁ BOJIBI) Ha CUCTCMY I'BC JUJIS 3aKPBITBIX CUCTEM TCII-

JIOCHAOKEHUS:
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MIpH NapauIeNIbHOM cXeMe BKIIIOUEHUS MOJ0rpeBaTesieii Ha CUCTEMY ropsSiuero BOJOCHA0KEHUS BbI-

qHCIIseTCs 1o hopMyIie:

Qch.p. 1000

c (Tl.u. - TZ.T.H.) '

Gch.p. = T/ 4

rne: T,, — TeMIlepaTypa CeTeBOil BOJBI B MOJAIOUIEM TPYOOIPOBOJE B TOYKE H3JIOMa TEMIEPATypPHOTO
rpaduxka, °C;

Ty — TEMIEpATypa CETEeBOM BOJBI IOCIE MOAOTPEBATENsl B TOUKE M3JI0Ma TEMIIEPaTypHOro rpaduka
(mpuaEMaeTcs T, ., = 30 °C).

ITpu Hanmuuy 6aKOB aKKyMYJISITOPOB:

Qescp. = Qrac., TKaN/4 (1)
IIpu orcyTcTBUM 0AKOB AKKYMYJISITOPOB:

Qrscp. = Qruc”» Tkan/a (2)

C vy v
rie Qrb. — BenMUMHA CpelHel TemnoBol Harpysku Ha I'BC, MpH OTCYTCTBHH JAHHBIX ONpEAENseTcs 10

bopmyre:
TaX _ peMuYMHA MaKCUMAJIbHOW TeII0BOM Harpy3ku Ha ['BC, mpu OTCYTCTBUHM JAaHHBIX OMPEICIICTCS

o ¢opmyre:
_ cp
X =k Qe , I'kan/u

rae k — ko3¢ dunueHT 4acoBoit HEPaBHOMEPHOCTH.
Jlnist cMemaHHO#M cXeMbl BKITIOYCHUS MTOJIOTPEBATENIeH Ha CUCTEMY TOPSYETo BOAOCHA0KEHHUS, TIPU
PEryJIupOBaHUU OTITYCKA TEIUIOTHI IO OTONMHUTENBHONW Harpyske, pacueTHBIA pacxo] rperolield BOAbI Ha

BCPXHIOIO CTYIICHB TOAOIPEBATCIIA OIIPEACIIACTCA 110 (I)OpMyJ'IC:

Qil.-1000

GII —
BEP-: ¢ (Trn—T21m) ’

T/4

1 _ max,tFB_

ty
rBC. — I'BC ) l—‘Ica')-l/‘-l

trg — Uxp
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rae t; — TeMeparypa XoJ0JHON BOJOIPOBOIHON BOJBI IOCIIE TEIUIOOOMEHHOTO anmnapaTa HUKHEH cTy-
neHu, npuauMaemMas Ha 5-10 °C Hipke TeMIiepaTypsl CeTeBOi BOABI B 00paTHOM TpyOOIpoBOI€e MOCe Cu-
CTEMBI OTOTUICHHUS B TOUKE U3JIOMa TEMIIEPATypPHOTO Tpaduka;
Ty.ru. — TEMIIEPATYpa CETEBOM BOBI IOCIE TEIJIOOOMEHHOTO aliapaTa BEpXHEW CTYNEHH, IPUHUMAaeMast
paBHOM TeMIlepaType CeTe€BOW BOABI MOCJIE CUCTEMBbl OTOIUIEHUS B TOYKE M3JIOMa TEMIIEpaTypHOro rpa-
¢uka, °C.

Jnist mocnieoBaTeNnbHON CXEMBI BKIIIOUSHHSI TTOJIOTpeBaTelNieii Ha CUCTEMY Topsiuero BoJocHalxe-
HUS IIPU PErYIMPOBAHUM OTIIyCKa TEILIOTHI 11O OTOIMTEIBHON HArpy3Ke, pacueTHBIM pacxoj Iperolen

BOJIbl HA BEPXHIOIO CTYIIEHb MOJIOTpEBaTENIs ONpeesnsercs no Gopmye:

Q! -1000

GII —
BEP: C'(Tl.n._TZ.T.n.) ’

T/4

TJI€ Ty ., — TEMIIEpPATypa CETEBOM BOJBI MTOCIIE TEITIOOOMEHHOTO arnapaTa BepxHeu crynenu, °C;

I _ p6an, tre~tn

rBC. T XrBC T FKaﬂ/‘I , 'kan/4a

tXB

C
rae Q%7 = y - Q-F — GamancoBas Harpyska Ha ropsraee BojocHabkenue, Ikan/d, mpu y = 1,2.
Pacxon cereBoii BOJbI Ha MEPBYIO (HMXKHIOK) CTYNEHb TEIUIOOOMEHHOTO armapara onpeaessercs

no opmyie:
G!Bc.p. = Ga6.p = Gc.p + GrIéc.p. , /4

7€ Gasp — PACYETHBINM PACXOJ CETEBOM BOJIbI Ha A0OHEHTCKUI BBOJ, T/4;
Grléclp. — pacueTHBIN PAcXO0J CETEBOM BOJIBI Ha BTOPYIO (BEPXHIOI) CTYNEHb TEIJIOOOMEHHOTO arapara,
T/4.

CyMMapHBIil pacXxo]l CETeBOM BOJBI HA A0OHEHTCKHI BBOJI paBE€H CyMME pacUeTHBIX PAcXOJ0B Ha

oTtomieHue, BeaTuisuio u I'BC:
— 1
Ga6.B.p - Gco.p + Gch.p. + GCB.p > /4.

PacueTHBIi pacXxoa BOBI B IBYXTPYOHBIX TEIUIOBBIX CETSAX B HEOTOMHUTEIBHBIN TEPHO/ OMPEAEIs-
eTcs o hopMmyIe:
— . max
Qch.p =a Q[‘BC > T/Y-I
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r7ie o — KO3(QPUIUEHT, YUUTHIBAIOIINIA U3MEHEHHUS CPEHETO pacXoia BObI HA ropsiuee BOJOCHA0KCHHE B
HEOTONMUTEIILHBIN MEePUOJI M0 OTHOIICHUIO K OTONMUTEIILHOMY MEPHOJy, MPUHUMACMbBIN MIPH OTCYTCTBUU
JaHHBIX JUTS KUJIHITHO-KOMMYHAJILHOTO cekTopa paBHbM 0,8 (1t kKypopToB o = 1,2 — 1,5), u1s npeanpu-
stun — 1,0.

[Tpu 5TOM MakCHMaIbHBIN PACXO] BOABI HA TOPSYEE BOIOCHAOKECHHE OMPEICIISICTCS 111 OTKPBITHIX

CUCTEM TeIUIOCHAOKeHus 1o hopmyrie:

_ QMax.1000
rBcp c(trg—txs) ’

G /4

IIPU TEMIIEPATYPE XOJI0IHOU BOJIbI B HEOTOIMUTEIbHBIN TEPUO/.
Jj1g 3aKpBITOM CUCTEMBI IIPU BCEX CXEMaX MPUCOECTUHEHUS BOAOIOI0IpEBATENIEN ropsYero BOAo-

cHaOxkeHus — 1o Gopmyse:

MAx.1000

C'(Tl.n_TZ.T.M) ’

Grgcp = T/4.

Pacxon Boabl B 00paTHOM TpyOONpOBO/E IBYXTPYOHBIX BOJSHBIX TEIUIOBBIX CETEH OTKPBITBIX CH-
CTEM TeIUTOCHAOXKeHUs TpuHUMaeTcs B pazmepe 10 % oT pacyeTHOro pacxojia BOJbI, ONPEIEIECHHOTO 110
npensIaymen popmye.
OmnpeneneHne CONPOTUBICHUH y4aCTKOB TEIJIOBOM CETH U MOTpeOuTeNneit
[ToTepu Hanopa npu ABUKEHUU TETJIOHOCUTEIS 110 TPYyOOIpoBOiaM, OIpeAesoTes o popmye:
G

AHgy, = Sy, - (%)2

1€ Gyy — pacxo]] TEMIOHOCUTEINS Ha Y9aCTKe TEIUIOBOU CETH, T/4ac;
Syy — IPUBEJIEHHOE CONPOTHBIICHUE YYaCTKa TpyOONIPOBO/Ia, M/(T/4ac)?;
P - INIOTHOCTH TCIIJIOHOCUTCJIA, KF/MS.
[IpuBeeHHOE COMPOTUBIICHHE YUacTKa TPYOOIIPOBOa ONpenesieTcs no popmyre:

Ar'(lyll"'laKB) 2
Syl{ = .d525 M9/M
g'ayy

6

rae A, — koahduLneHT.

lyy — nvHa ydacTka TpyOONpPOBO/IA MO IIaHY, M;

I,z — PKBUBAJICHTHAs JUITMHA Y4acTKa TpyOONpoBoja, M;
dy« — BHYTpEHHHI THAMETp y4acTKa TpyOOmpoBoa, M;

g — YCKOpeHHe CBOOOIHOTO TajieH s, M/c?,

21



4.1 KoHCTPYKTOPCKHI rHIpaBJIMYeCKUil pacyeT TPyOONPOBOI0B TENJI0BOI ceTH

[enbt0 KOHCTPYKTOPCKOTO THAPABIMYECKOTO pacyeTa SBIISETCS ONpENeIeHUEe TUaMeTpoB TpyOo-
MIPOBOJIOB U MOTEPH JAaBJICHUS B TEIUIOBOM CETH IIPHU U3BECTHBIX PACXOAaX U MapaMerpax TeTIOHOCUTEIIA.
KoHcTpykTOopCcKuil pacdeT BBIMOJIHAETCA JIJIs TYMKOBOM M KOJIBIICBOM TEIJIOBOM CETH.

HcxoaapiMu JaHHBIMU 17151 TPOBEACHHSI KOHCTPYKTOPCKOTO THAPABINYECKOTO pacyeTa sBISIOTCS:

cxeMa TeILIOBOM CeTH;

JUTMHBI Y9aCTKOB TEIUIOBOM CETH, KOJIMYECTBO M MECTa YCTAHOBKHU 3a/IBUXKEK, KOMIIEHCATOPOB U
YTJIOB IOBOPOTA;

pacueTHbIe HArpy3KH MOTpeOUTENeH;

pacueTHbIC TapaMeTPhl TEIUIOHOCUTENSI HA UCTOYHUKE U TIOTPEOUTEISIX;

reo/Ie3N4EeCKUe OTMETKH y3J10B TEIUIOBOM CETH U BBICOTHI 3JaHUM.

KoncTtpykropckuii pacuer TpyOOIpOBOJOB TEIIOBOM CETH OTKPBITON CHCTEMBI TEIIOCHAOKEHUS
JUIS 3UIMHETO MEePHO/ia BBIOIHSIOT ISl IBYX PEKUMOB:

IIpU OTCYTCTBHH BOJ0pa30opa Ha ropsiuee BOJ0CHA0KEHUE, KOI/1a PACUETHBIN pacXo/] TEMJIOHOCH-
TeJA, a, CIIE0BATENBHO, ¥ TIOTEPU JABJICHUS B MOAONIEM H 00paTHOM TpyOOnpoBogax OyayT paBHBIMHU
(ZIramMeTphl MOJAIOIIET0 U 0OpAaTHOTO TPYOOIIPOBOIA OJMHAKOBBIE);

py MaKCUMaJIbHOM BOIOpa3bope Ha ropsiuee BOJAOCHAOKEHUE U3 00paTHOrO TPYOOIpoBoa (aua-
METPBI MOJAIOIIEr0 U 00PaTHOTO TPYOOPOBO/IA PA3HBIE).

KoHcTpyKTOpCKUH pacyeT TEeIUIOBOM CETH 3aKPBITON CHUCTEMBI TETUIOCHA0KEHUS BBITIOTHSACTCS U3
YCIIOBUS, UTO TUAMETPHI MOAAIOIIETO U 00PaTHOTO TPYOOIIPOBOIOB OJIMHAKOBEIE.

Pacxoapl TemioHOCHUTEN HA YYacTKaX TEIJIOBOM CETH OMPENENsIOTCS B 3aBUCHMOCTH OT CXEMBI
MIPUCOEANHEHUS TOTpeOUTENEH U criocoda peryiupoBaHus OTIIyCKa TEIJIOTHI.

KoHcTpyKkTopckuii pacuer TEmI0BOM CeTH MOXKET ObITh BBIIIOJHEH JABYMS CLIOCOOAMH:

10 U3BECTHOM Pa3HOCTU PaACIOIAra€MbIX HAllOPOB B Hauaje U KOHLE paccuuThiBaeMoil cetu. [lpu
ATOM 332 OCHOBHYIO MarucTpalb MpU pacueTe pa3BeTBICHHON TEIIOBOM CeTH BHIOUPAIOT BETBh C HAUMEHbB-
IIUMU yIeTBHBIMU TTOTEPSMH HATopa;

10 33/1aBa€MBIM YCIIbHBIM TTOTEPSM JaBJICHUS HA OCHOBHOM MarucTpajii U OTBETBJICHUX. B aTOM
cllydae 3a OCHOBHYIO MarucTpalib IpUHUMAETCSl HanboJiee MpoTsSKEHHAasi BETBb. Y JelIbHbIE TIOTEPH HA Ma-
THCTPaJIH BRIOUPAIOT TaK, YTOOBI JABJICHHSI B y3J1aX OTBETBICHHI 00eCreunBaio HOPMAIbHYIO paboTy BCeX
notpeduTene.

B nepBoM ciydae pemieHue 3aiaddl CBOAMTCS K OINPEAENICHUIO PACUETHBIX YIIEIbHBIX IOTEPh
Hamopa M MoAdOpYy TaKUX TUAMETPOB TPYOOTPOBOAOB, MPU KOTOPHIX (haKTHUECKUE YIENbHBIE TOTEPH
Harmopa He MPEBBIIIAIOT pacueTHBIX. [1o/1 pacdeTHBIM y4acTKOM pPa3BETBICHHON CeTH OyJeM NMOHMMATh
TpyOOIPOBOJI, B KOTOPOM PacxXo TEIJIOHOCUTENS He u3MeHseTcsl. PacyeTHbIN yuacTok pacronaraercs, Kak

ImpaBHJIo, MEXKIAY COCCAHNUMU OTBCTBJICHUAMU. PacueTHbrit Y4aCTOK JACIIMTCA Ha ABAa UJIM HCCKOJIBKO, €CIIN
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B €ro npejenax Tpedyercss U3MEHUTh AUaMeTphl TPyO W1 BUJ MIPOKIAIKH.

IIpy 3TOM KOHCTPYKTOPCKHUI pacyeT TEIIOBOM CETH paclajaeTcs Ha JABa 3Tala: peJBapUuTeIbHbIA
Y ITIOBEPOYHBIN.

4.1.1 IlpenBapuTeabHBII pacyeT

OnpenensroTcss pacueTHbIE PAacXobl TEIUIOHOCHUTENSI HAa BCEX y4acTKaxX PACYETHOM MarucTpaiu
TEIIOBOM CETH IYTEM I10CIIE0BATEILHOIO CYMMHPOBAHUS PACX00B TEMIOHOCUTES 110 BCEM OTpeduTe-
JISIM U OTBETBJICHUSIM.

Omnpenensiercss pac4eTHBINA pacnojaraeMblii Harop Ha KaxaoM norpedurene AH ..

OHpeI[eJ'IHeTCH OPHUCHTHPOBOYHAA O0JIA ITOTECPh AABJICHHA B MECTHBIX COITPOTHUBIICHUAX 10 (bopMyﬂe

b.JI. lIudpuncona:

ai=Z'\/Ei’

rae G; — pacxo] TeTUIOHOCUTENS Ha yJacTKe, KI/c;
Z — k03 urmenT, 3aBUCSIIUI OT BUa TeIUIOHOCUTEN, Uit Boasl Z = 0,03 — 0,05.
Ormpezensiercsi MpeABapUTEIbHOE YACIbHOE JIMHEIHOE MajIieHHEe TaBJICHUsS HAa PacyeTHOH Maru-

cTpaiu no popmyie:

_ (AHycr—AHpor) Yep _ (AHycr—AHpor)'g Pep
YA A+a) 231y (1+a)-2-371;

R

, Tla/m

rae 2 - )1 l;- inHa nojaronero 1 00paTHOro TpyooIpoBO/ia pacyeTHOI MarucTpay, m;

l; — nnuHa i-ro yJacTka moJaromuero TpyoonpoBoa, M;

N — KOJIMYECTBO YYacTKOB MOAAIOIIEr0 TPYOOIpOBO/ia Ha pacueTHOW MarucTpay;

AH .. — pacrionaraeMblii HaIlOp Ha UCTOYHUKE, M;

AH,,; — pacniolaraeMblii Harmop Ha MOTpeduTene, M;

Yep — YZICTBHBIN BEC TCIIOHOCUTEIIS, kr/m>. TIpH cpeTHero0Boif TeMIepaType TeIIOHOCUTEIS, PAaBHOMH 75
°C, yaenbHbIi BEC BOMBI Ve = 9555 H/m? Pep =975 (xkr/ve).

JuameTp TpyOOIIpoBOIa MPEABAPUTEIHHO ONpeaesieTcs mo hopmysie:

rac AZ - KOE)(b(i)I/II_II/IeHT, 3aBUCSIIUN OT IepPOXOBaATOCTH prﬁOHpOBOH@. U INIOTHOCTH TCTIJIOHOCUTCIIA, ITPU-

BezeH B Tabimure 1;
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G; — MaccOBBII pacxo]l TEIJIOHOCUTENISI Ha YUacTKe CETH, KI/C;
d; — BHYTpEeHHUI AuaMeTp TpyOOIIpoBOIa, M.
4.1.2 TIpoBepouHbIi pacyeT
Oxpyrasiercs mpeABapUTEIbHO PACCUUTAHHBINA IUaMeTp A0 Onmxkaifmero no cranaapty. Onpene-

nsiercs (PaKTUUECKOe yIeNbHOE MajieHne IaBIeHus 1o hopmyIie:

G

5
d;

2
Rn.y,q = Ag ) .izsa ITa/m. (3)

[Tpu onpeneneHnn GaKTHUSCKUX YACTBHBIX MMOTEPh AABICHHS CIIEAYeT OPHEHTUPOBATHCS HA Ta-
METp YCIOBHOTO IMPOX0/1a TPYyOOIPOBOIa, KOTOPKIH /ISl CTATBHBIX TPYO paBEH YCPEIHEHHOMY I10 TOJIIIIHE
CTCHKHU BHYTPCHHEMY JIHAMETY.

Ompenensiercst cymma K03 QUIMEHTOB MECTHBIX conpoTuBienuit Y, & . Ilpu mojcyere CyMMbI KO-
3¢ (HUIMEHTOB MECTHBIX CONTPOTUBIICHUH YIUTHIBACTCS BCE YCTAHABIMBAEMOE Ha y4acTKe 000pYIOBaHHE:
3aJIBU)KKH, KOMIICHCATOPbI, OTBOIbI, TPOHHHUKH U T.1I.

Omnpenensiercss AMHA TPYOONPOBO/IA, SKBUBAJICHTHAST MECTHBIM CONPOTHUBIICHHSM, YCTaHOBJICH-

HBIM Ha KQXKIOM ydacTke, 1o Gopmye:
— 125
l3KB_Ai.ZE.di » M (4)
rae A; , A%, AY — ko> duumenTsI, 3aBUCAIIME OT MEPOXOBATOCTH TPYOOIPOBOJA U TLIOTHOCTH TEILIOHO-
CHUTeJIs, IpUBeIeHbl B Tabnuue 1.
Omnpenensiercs (hakTHUECKOE CyMMapHOE Ma/IeHue AaBJIEHUs Ha yJacTKe 1o Gopmye:
Aqu = Rn.yg (I + l:—)KB)a ITa. (5)

OHpeI[eJ'I}ICTCH (l)aI(TI/ILICCKaSI IMOTEps HAITOpPa Ha YYACTKE CCTU

AH.. = APy, _ APy _ APy
e Yep gPcp 9,8:Pcp

, M. (6)

OHpe,Z[CJ'ISICTCH pacmoJiar aeMBbI Harop B y3Jiax pvaeTHOﬁ Marucrpajim

AHysna = AHI/ICT - AHnog.yq - AHo6p.y!{ > M (7)
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e AH o 4 — pakTHUECKHE NOTEPH HANOPA HA YYACTKE MOAAIONIETO TPYOOIIPOBO/IA, M;
AH,gp.yq — paxkTHUECKHE IOTEPHU HAMOPA HA Y4ACTKE OOPATHOTO TPYOOIPOBOAA, M.

OmnpenensieTcsi CKOPOCTh ABHKEHHS BOJBI B TpyOax, KOTOpast JOJbKHA ObITh He Oojee 3,5 m/c

G G
y4 yu
Wyy = = — M/c. (8)
YT 3600 frppep 360052 p, ’

3aBI/ICI/IMOCTb MCKAY pacXo4a0M BOJbI, CKOPOCTBIO U JUAMETPOM YUAaCTKAa UMCCT BUI:
Gyy = 2826 * wyy * d? - pp, T/4. 9)

/1€ Pcp — IUIOTHOCTH TEINIOHOCHTEIS, Kr/™M°,

f:rp — IuIomaab IOIICPCYHOro CCYCHU TPY6OHp0BOI[a, MZ.

[lo u3BecTHOMY pacrojiaraeMOMy HAropy B y3/1ax PAacUETHOW MarucTpajii U pacroyiaraeMoMy
HaInopy y noTpeOuTesnel aHaJIOrMYHO MPOU3BOJAT PACUET OTBETBICHUM.

Pacuer cumTaercs y1oBIETBOPUTEIbHBIM, €CIIM MOJYYEHHbIE ITOTEPH HAIlopa Ha KaXa0# craauu
pacuera He MPEBBIIIAIOT Pa3HOCTh PACHOIAraéMbIX HAllOPOB Hayasla U KOHIIA PACYETHOr0 yyacTKa U OTJIH-
JaroTcs OT Hero He Oosiee uem Ha 10%. B aToM ciydyae pacdeTHBIN pacXo]] TEIUIOHOCUTEIS OyaeT obecte-
YyeH ¢ omuoKoi He Ootee 3,5%.

B cnyuae, korja pacronaraemMblii Harop Ha HICTOUHUKE HEU3BECTEH, €r0 00OCHOBAHUE CIIEYeT BbI-
MOJIHATh Ha OCHOBAHWU TEXHUKO-3KOHOMHYECKUX pacueToB. IIpum OTCYTCTBUM NaHHBIX JUIs SKOHOMHYE-
CKOT0 0O0OOCHOBaHUS yJI€JIbHbIE IOTEPH BJI0JIb [VIABHOM MarucTpaiu MoxHo npuHumarhb oT 30 1o 80 [Ta/m.
JIJ1st OTBETBJICHHM K OTNIEIBHBIM 3JJaHUSIM — TI0 pacrojiaraeMoMy Tepenanay naBiieHuit, Ho He 6onee 300
[Ta/m.

IIpu 5TOM KOHCTPYKTOPCKUI pacyeT TEIUIOBOM CETH BEAYT IO CIEAYIOLIEH METOIHKE.

Hcxons U3 cxembl MPUCOEAMHEHHSI MECTHBIX TEIUIONOTPEOISIONINX YCTAHOBOK, ONPEIEISIIOT Tpe-
OyeMblii Iepemnaj AaBjIeHU Ha BBOJIAX B 3/1aHUS U COOPY>KEHHUS.

HauunHas ¢ KOHIIEBOTO yuacTKa pacdeTHOM MarucTpaiu, olpeleNsaioTcs TuaMeTphl TpyO 1o pacyer-

HOMY pacxoay TCIIJIOHOCUTCIIA U 9KOHOMHWYCCKU I_ICJICCOO6p3.3HBIM YACIBbHBIM MOTEPAM HaBJICHUS, (bOp-

b. G
= AR ' ﬁ , ITa/m (3))

14

myna (R AyA

o dopmyine (APy = Ry * (I + Lygy), [a (5)) onmpenensroTcs noTepy AaBIeHHS HA y9acTKe C yde-
TOM CbaKTI/I"IeCKI/IX YACHBHBIX MOTEPE AABJICHUSA U €TI0 HpI/IBe)IeHHOﬁ JJINHBI.

Pacnonaraemsrit nepenang JIaBJICHUM B KOHIIE paCyYCTHOI0 y4acTKa CKJIaAbIBACTCA U3 Tpe6yeM0r0

nepemnaga JaBIICHUI Ha BBOJE U CYMMBI IOTEPb AABJICHUS B IIOJAIOIIEM U O6paTHOM prﬁOHpOBO[{&X. I[J'DI
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MOCIIEAYIOIUX YUaCTKOB pacYeTHON MarucTpajil onpeeieHue NoTeph JaBjIeHHs U KOHEUHbIX pacioiara-
€MBIX MepenaoB NPOU3BOIUTCS AHATIOTUYHO.

[Tocne pacyera MmarucTpanu BO BCEX y3JIOBBIX TOUKAX CETH OYAYT U3BECTHBI paclojaracMble rnepe-
najpl naBiaeHuit. [loaToMy mocneayromnmii pacueT MOKHO MTPOBOAUTH MO0 METOIUKE, PACCMOTPEHHOM BBIIIE.

Jlj1s mpe1oTBpalieHusl BO3MOXKHBIX 3aKYIOPOK TPYO MPOIyKTaMH KOPPO3UHU U APYTUMHU MEXaHUYe-
CKHMMHU OTJIO)KCHUSIMA MHHUMAJTbHBIC TUAMETPHI TPYO TEIIIOBBIX CETeH OTrpaHUYCHBI U TPUHUMAIOTCS, HE3a-
BHCHMO OT PAcXOJ0B TETUIOHOCUTEIS, I MArUCTPAJIbHBIX U PACTIPECIUTEIbHBIX YYaCTKOB HE MeHee 32
MM, a JUIsl OTBETBJICHUM K OTAENbHBIM 3/1aHUSM — HE MEHee 25 MM.

JlnameTpsl moJaromiero 1 00paTHOro TpyOONnpoOBOI0OB ABYXTPYOHBIX BOASIHBIX TEILIOBBIX CETEH Mpu
COBMECTHOH TOJja4€ TEIUIOThI HAa OTOIUICHHE, BEHTUWISIIIUIO M TOpsYee BOJOCHA0KECHHUE TOJKHBI TTPHHHU-
MaTbCsl, Kak MPaBUII0, OJMHAKOBBIMHU.

Jl1ia pacnpeenuTeabHbIX YYaCTKOB CETH M OTBETBIEHUI HEOOXOMMO CTPEMUTHCS K MOI00pY Ta-
KHX TUAaMETPOB TPYO, IPpU KOTOPBIX oOecreunBaeTcs MOJHOE HCIONIb30BAHUE PACIIONaraeMoro nepemnaaa
naBJieHu. Bce n30bITOYHBIC TaBICHHS B CETH HEOOXOIMMO TOTAaCHTh Ha BBOJAX B 3/IaHUS JIMOO COILJIOM
3JIeBaTOPA, JINOO MyTEM YCTaHOBKH JIPOCCEIBHBIX MIAi0.

[To pe3ynbraTaM KOHCTPYKTOPCKOTO THAPABINYECKOTO pacyeTa MOXKHO MOCTPOUTH MHE30METPUYIE-
CKuii rpaduK, Jajee BHIMOTHUTD HATaJIKy CHCTEMbI TeINTIOCHA0KEeH s THOO0 TOBEPOUHBIHN pacyer.

Tabnuna 1 — PasmepHocTr 1 3HaYeHHUS KOADHUIIMEHTOB A; , Ab. Ag.

AOGcooTHAs SKBUBAJICHTHAS IEPOXOBATOCTH Koxe, M
Koa¢ppuuuent | PasmepHocts | Beipakenue

0.0002 0.0005 0.001

Ab M3.25/kr 0.0894- ljo 10.92-10-6 13.64-10-6 16.3-10-6
k0.0475
Ab M3.25/kr0.19 | 0-63- ,o 111.5-10-3 117-10-3 121-10-3
9.1

A; M-0.25 F 76.4 60.7 511

PasMepHOCTH ¥ 4HCIIOBBIC 3HAUCHUS YKa3aHHBIX KOA(OUIIMEHTOB B3SITHI IPH TUIOTHOCTH p = 975

KI/MS, 4TO COOTBETCTBYET CpejHeli TeMIepaType TeIIOHOCUTENs 3a TOx Tep = 75 °C.
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4.2 PacyeTt nmoTokopacmnpejejleHusi B TpPyOONPOBOIHOM ceTH

[TporpaMMHBII MOAYJIh MPEAHA3HAYCH IS pacueTa peKMUMOB pabOThI TPYOOIIPOBOTHBIX CETEH.

K Hagairy BBIITOJIHEHUS THIPABIMYECKOTO pacUeTa OMpPE/ICIICHBI:

COIMPOTUBIICHUS YYACTKOB TEIJIOBOW CETH;
COIPOTUBIICHUS TOTPEOUTENEI;

pacxojpl B y3J1ax CeTH;

JEHCTBYIONIME HAIOPHI HA HCTOYHUKAX U HACOCHBIX CTAHIIUSX.

B pesynbTate ruapaBlIdyYecKOro pacueTra ONPEAeNSIOTCS PAacXOoJbl TEIUIOHOCUTENS Ha KaKIOM
y4acTKe TEIUIOBOM CeTH M JaBJCHMs B KaXKIOM y3ie. J{s onpeneneHus] Ha3BaHHBIX BETUYUH UCIOJIb3Y-
1oTcs 3akoHbl Kupxroda:

CyMMa pacxo0B, BTEKAIOIINX B KaXKJIbIN y3€ll, paBHA HYJIIO (WK YTEUKE);

CyMMa MajieHUil JaBlIeHUs Ha BCEX y4acTKaxX 3aMKHYTOTO IUKJIA paBHA HYNIO (WIH CyMMeE Jeii-
CTBYIOILIUX HAIOPOB).

Ot nBa GyHIAMEHTAIBHBIX 3aKOHA CIIEAYET JOMOIHUTD IMITUPUICCKON 3aBUCUMOCTBIO MaJICHUS

AAaBJICHUA HA YYaCTKC CCTH OT pacxoJa:

Ap = f(@). (10)

I[J'IH BCEX TPY6OHpOBO)IHBIX CeTe CumTaeTCs onpaBAaHHBIM HMCIIOJIb30BAHUC 3aBUCUMOCTH BHJA

[13]

(@ =slqlfFq. (12)

B HYaCTHOCTH, IJIid BOI[OHpOBO)IHOI\/'I CCTHU IMPUHATO HUCITI0JIb30BaTh q)YHKHI/IIOI

f(q) =slqlq,

r7ie S — MOCTOSHHBIN K03()(PHUIIMEHT, Ha3bIBAEMBbII CONTPOTUBIICHUEM.
C ucnonabp30BaHUEM MaTPHIIBI MHIIUJEHTHOCTH rpada cetu nepByro cuctemy ypaBHeHui Kupxroga

MOKHO 3a1ucaThb B BUAC:

A-g=Q. (12)

3nech A — MaTpuIla HHITUACHTHOCTH 0€3 MOCIIeHEH CTPOKH,

(J — BEKTOp pacXxo0B Ha y4yacTKax,
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Q — BEKTOp yTEUeK B y37axX.
Bropas cucrema ypaBaenuit Kupxroga Moxer ObITh MOJTydeHa U3 CHCTEMBl YPaBHEHHIA, BbIpaXka-

onux 3akodH OMa 11 KaxJ10ro y4dacCTKa CCTH:

A'p = H - Sf(q). (13)

31ech P — BEKTOp JaBJICHUH B y3JIax;

H — BexTOp AelcTBYIONINX HA y4acTKaxX HAINOpOB;

S — nuaroHanbpHas MaTpPUIA COMPOTUBJICHHU YIaCTKOB.

Ecnu nns rpada cetn BHIOpaHO OCHOBHOE JIEPEBO, TOTZIA €My COOTBETCTBYET OIpEeIeHHAs CH-
cTema 0a3MCHBIX IIMKJIOB, OMUChIBaeMas MaTpulleil B. YMHokas mociiejHee COOTHOIICHHE Ha MaTpully B

cieBa u, yunThiBas, uto BAT = 0, momyuaercs Bropas cucrema ypasHenuii Kupxroga:
BS f(q) = BH. (14)

Pemenne Takoil cucTeMbl HEJIMHENHBIX YPAaBHEHUM HAXOJUTCS YMCIEHHO C MCIIOJIb30BAaHUEM Me-
tona Herorona. Ilpu aToM Bpems, Tpedyemoe [uisl pelieHus, NpONOPLHUOHAIbHO TPEThEN CTEIIEHU YUCIIa
HEM3BECTHBIX. JJ1s1 ToCcTaTOuHO OOIBIIMX TPYOOTPOBOAHBIX CETEH ONMMCAHHBIN MOAX0] TPEOyeT CIUIIKOM
OOJIBIINX 3aTpaT MAIIMHHOTO BpeMeHH. [ yckopeHus mpoiecca pemeHus eme Kupxrogom npeanoxex
METOJ KOHTYPHBIX PacXo0B. B kauecTBe HEM3BECTHBIX BEJIMUYUH BHIOUPAIOTCS KOHTYPHBIE PaCcXObl, TOU-
HEee PacXoJlbl Ha yJacTKax CEeTH (XOpJAax) He BXOSIIMX B OCHOBHOE JepeBo. KommnuecTBo Xop. 3HA4YM-
TEJIbHO MEHBIIE, YEM KOJUYECTBO Y3JIOB U YYaCTKOB.

Cucrema (A-q=Q (12), BS f(q) = BH (14)) nepenuchbiBaetcsi B BUJIE:

{ Aqe = Q

B.S.f(q)) = BH’ (19)

/1€ HKHUM HHJIEKCOM “t” OTMEYeHbl BEJIMUMHBI, OTHOCAIIUECS K y4acTKaM, 00pa3yroluM JIepeBo, a UH-

[IPN2)

ACKCOM C — K XOpaaM.

Marpuia At o6paTima, TO3TOMY IIepBO€ ypaBHEHHE IIpeoOpa3yeTcs K BUIY:
q: = B{q. + A7 Q. (16)

JInHeapu3zanys OCTaBIIMXCA YPABHEHUMN C YUETOM 3TOTO COOTHOIIEHUS JIA€T:

KAq. = F, an
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rne K = B;S; f'(q.)Bf + S, f'(q.) — marpuna Kupxroda,

IpaBasi 4aCTh BRIYUCISAETCS TTO popmyrie:

F =BS; f(Qt) + Scf(qc) — BH. (18)

B cooTBeTcTBHU C 3TUM IJIs1 pEIICHUS CUCTEMBI HEITUHEHHBIX anre6panquKI/Ix ypaBHCHHfI HNMCCM

PEKYPPEHTHYIO (hOpMYITy:

M =g —gF. (19)

Marpuna K CHMMETPUYHA M TOJOXHUTEIHHO ONpeAesieHa, MO3TOMY JUISl PEUICHHS YpaBHEHUS
(KAq, = F, (17)) npumensiercs MeTo]] X0JecCKoro. XpaHeHue u 00padboTka nHGOPMAIHH ITPOU3BOIUTCS
HE B MaTpU4HOH (opme, a B BUJIE CIIMCKOB.

Ha ocHoBaHuu pelieHust IpeACTaBIEeHHBIX BhIIE YPaBHEHUH IPOU3BOAUTCS pacueT NOTOKopacIpe-
JeJIeHus B ceTu. B pesynbrare pacuera onpeaessoTes:

pacxo/ibl ¥ MIOTEPH HAIOpa M0 Y9aCTKaM CETH;

HAIropbl BO BCEX y3J1aX, KaK B MOJAIOLIEM, TaK K 00paTHOM TpyOONpOBOJaX;
(akTHUeCcKue pacroyiaraéMble Harmopbl y NOTpeOUTeNeH.

Ecnu B pe3ynbpTaTe Hala Ky y KaKoro-auoo notpeduTens pakTHYecKuii Harmop NoJydUTCsl MEHBIIIE,
yeM TpeOyeMBbIid, TO 3HaYeHHE ITOW pa3HUIIBl 3aIIOMUHAETCS U BBIJACTCSl COOOIICHHE «3a/laHHOTO HAropa
Ha UCTOYHHMKE HEJOCTATOUYHO». B 3TOM cilyuae BO3MOXKHBI CIeIyIOIlMe BApUaHThI pacueTa:

OxoHuaHMe pacyeTa 0e3 U3MEHEHUs Haropa. BapuaHT MoXeT ObITh MPUHSAT, €CIU Ha UCTOUHUKE
3a/1aH peanbHbIN pacrionaraeMbli Hanop. [locie 3aBepuieHus pacdera ciaeayeT MPOAHAIU3UPOBATh IIPH-
YUHY HEJJOCTAaTKa HAIlopa y MOTpeOnuTemneH.

3anaTh HOBBIM HAloOp Ha UCTOYHUKE. BpIOOp 3HaueHMs Hamopa, KOTOpoe HEOOXO0AUMO JOOaBUThH
JUIs. HOpPMAJIbHOM paboThl ceTH. B 3TOM ciiydae npou3oiiieT nepecyer moToOKOpacnpeaeIeHns U HallopoB
BO BCEX y3Jax CeTH. BapmaHT MoOXeT OBITh MCIIOJIB30BaH JJIS BBIOOpA ONTHMAJIBHOTO PacIiojaraeMoro
Haropa Ha nctouHuke. C 3TOH menbio Iepes HayaloM pacdeTa B KaueCTBE MCXOAHBIX JaHHBIX 337aeTcs
3aBEJIOMO MaJloe 3HAUYEHHE PACIOIaraeMoro Haropa, KOTopoe B JajbHEUIIeM epecUuThIBACTCS.

4.3 TemnepatypHble rpa¢uKH CHCTEM HEHTPAJU30BAHHOIO TENJIOCHAOKEHUS

B cootBerctBrm co CHull 2.04.07-86* perynmupoBaHue OTITyCKa TETIOTHI IIPETYCMAaTPUBACTCSI, KaK
MPaBUJIO, KAYECTBEHHOE TI0 HAarpy3Ke OTOIJICHHS WJIH 110 COBMEIIEHHOW Harpy3Ke OTOIJICHUS U TOPSUYETO
BOJIOCHA0)KEHUS COTJIaCHO TpadMKy HW3MEHEHHs! TeMIepaTypbl BOJBI B 3aBUCHMOCTH OT TeMIEpaTypbl

Hapy>KHOI'O BO3yXa.
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[Ipyu HeHTpaIbHOM KaueCTBEHHOM PEryJIMpOBaHUM B CHCTEMaX TEIUIOCHAOXKeHUs ¢ mpeolianaro-
uieit (0osiee 65 %) KUIUILHO-KOMMYHAJIBHON Harpy3Ko# cienyeT NPUHUMAaTh PEryJIMpOBAHUE 110 COBME-
LIIEHHON Harpy3ke OTOIJIEHUS U TOPSYEro BOJOCHA0KEHHUS, a IIPU TEIUIOBOM HArpy3Ke *KHJINIIHO-KOMMY-
HaJIbHOTO CeKTopa MeHee 65 % OT CyMMAapHOH TEIUIOBOM HArpy3Ku W J0JIe CPEIHEW Harpy3Ku rops4ero
BojiocHaOeHus: MeHee 15 % OT pacdeTHOll HAarpy3KH OTOIUICHUS — MPUHUMAETCS PEryJIMpOBaHUE IO
Harpy3Kke OTOIUICHHUS.

Onnako, BBIOOp Tpaduika peryIMpoOBaHUs 3a4acTyI0 ONPEACSCTCS LEIbIM PSI0M MECTHBIX YCIIO-
BUI, a TAK)XXE CIOKUBLUIMMUCS YCIOBHUSIMH MPOSKTUPOBAHUS CUCTEMBI TEINIOCHA0XKEHHS (CXeMaMH MPUCo-
€IMHEHUS OTpeduTeNei, TuaMmeTpaMu TpyOoOpoOBOAOB TEIIOBOM CETH U T.1I.).

B 00oux ciryyasix neHTpallbHOE Ka4eCTBEHHOE PEryJIMPOBAHUE OTIIYCKA TEIUIOTHI OrPaHMYUBACTCS
HAaMMEHBIINMHU TEMIIEpaTypaMy BOJBI B MOJIAIOIIEM TPYOOIIPOBO/IE TEIUIOBOM CETH, HEOOXOAMMBIMH ISt
MOJIOTPEBa BOJIBI, MOCTYMAIOIIECH B CUCTEMBI TOPSYETr0 BOJOCHA0KEHHSI TOTPEOUTENCH:

JUTSL 3aKPBITHIX CUCTEM TeriocHa0xenus — He menee 70 °C;

JUTSL OTKPBITBIX CHCTEM TeriocHabkenust — He menee 60 °C.

IIpu pacuere rpadukoB TeMIiepaTyp NPUHUMAETCS: HAYAI0 U KOHEI] OTOMUTEIHHOTO Meproa npu
TeMIlepaTrype HapyxHoro Bo3ayxa 8 °C.

4.4 T'paduk Ka4eCTBEHHOI0 PeryJIMpPOBaHUs 110 OTONUTEIbHOI HATPY3Ke

[Tpu KaueCTBEHHOM PETYIMPOBAHUH OTITYCKA TETUIOTHI 0 OTOIMTEIBHON HArpy3Ke TpapuKu TeM-
neparyp 10 U Mocie y3ja CMEUIeHHUs] U TEMIEpaTypbl BO/bI, NOCTYNAIOIIEH B TEIJIOBYIO CETh, ONIPEAEIs-
IOTCS IO pe3yJbTaTaM pacyeTa CUCTeMbl TeIIOCHa0XeH!s. Pacuer MOXKHO MPOU3BOIUTH KaK JIIsl OTKPBI-
TBIX, TaK U JJIs 3aKPBITBIX CUCTEM TEMJIOCHA0XEeHUs ¢ 3aBUCUMBIM MPUCOEANHEHHEM CUCTEM OTOIIJICHHUS.
Be16op motpebuTtens, Ha KOTOPOro MPOU3BOJUTCS pacueT TeMIepaTypHOro rpaduka, oCylmecTBIsIETCS
ornepaTtopoM. [Ipu BeIOOpE MOKHO OPHEHTHPOBATHCS HA CaMOTO IUIOXOI0, ¢ TOYKU 3PEHUS TEIUIOTUAPAB-
JIMYECKOTO PeXHUMa, MOTPeOUTeNs UM NOTPEOUTENs, XapaKTepPHU3YIOIero OCHOBHYIO Maccy 3/1aHU JaH-
HOTO paiiOHA TETJIOCHAOKEHMSL.

4.4.1 be3 y4eTa TEMJIOBBIX NOTEPh B TETJIOBBIX CETAX

B aToMm ciydae Ha KOIMYECTBO TEIJIOBOM SHEPTUH, MOTydaeMol norpeduresnem, OyieT oKka3biBaTh
BIIUSTHUE TOJIBKO TUAPABINYECKHUM PeKUM pabOThI TEIIJIOBOM CETH, T.€. 4eM OO0JIbIIIEe pacroiaraeMblii Harmop
Ha noTpedurene (Ipu OTCYTCTBUH PETYNISATOPOB), TEM BhIIIE TEMIIEPATypa BHYTPEHHETO BO3/lyXa OTaIlIU-
BaeMOro 3/JaHHUS.

Temneparypa ceTeBo BOJIbI B TOAAIOIIEM TPYOOIIPOBO/IE TIEPET OTONMUTEIIHFHONW YCTAHOBKOM OyIeT

paBHa TeMIiepaType BOJIbI [TOC/Ie UCTOYHUKA U B 00IIIEM Cilydae MOXKET ObITh olpezienieHa 1no popmyiie:
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9P
2

T10 = tB.p + Ato.p ' (65)0.8 + (STo.p - ) ' Qg , °C (20)

riae 0P — pacueTHbII nepenaj TeMIepaTyp TeIJIOHOCUTEINS B HarpeBaTeIbHBIX Mpuoopax, °C.

gr = 2or. (21)

14+u

TeMnepaTypa BOJBI ITOCJIC OTONUTEILHOMN YCTaHOBKH

—p 0.8 9P =
T20 = tB.p + Ato.p ’ (sz))) -5 Q(z)) (22)

TeMnepaTypa BOJBI ITOCJIE CMCCUTCIBHOI'O YCTpOﬁCTBa

— 0.8 gr —
T30 = tB.p + Ato.p ) (Qg) + < Q(I)J . (23)

4.4.2 C y4eToM TEIUIOBBIX ITOTEPH B TEIUIOBBIX CETSIX

B sTOM ciryuae Ha KOJIMYECTBO TEIUIa, OJIy4aeMoro norpedureneM, OyAeT oka3bplBaTh BIUSIHUE HE
TOJIBKO FMJIPABIMYECKUIN PEKUM pabOThI CUCTEMbI TEIUIOCHA0XKEHUS, HO U ITOTEPH TeIlJla OT UCTOYHUKA 10
BBIOPAHHOTO OOBEKTA.

[Ipu 3TOM, ecnu onepaTrop OpUEHTUPOBAJICS HA MOTPEOUTENS, HAXOJAIIETocsd B HAUXYALLIUX yCIIO-
BUSX pabOThl, TO NOTPEOUTENH, HAXOASIIMECS BOIM3U OT HICTOYHHUKA U HMEIOLIE MUHUMAJIbHbIE TEIIOBbIE
MOTEPH B TEIJIOBBIX CETAX, OyAYT MOIy4aTh U30BITOUHOE KOJIMYECTBO TEIIOBOW SHEPTUU.

o pe3ynbTaTam pacueTra CTPOUTCS TEMIIEPATypHBINA IpaduK.

4.5 PacueT HOMHHAJIBHOTO THAPABJINYECKOI0 Pe;KUMa CHCTEM ropsiuero Bo10CHAOKeHus1

Pacuer HOMUHANBHOTIO TUAPABINYECKOTO PEKUMA BBIIIOJIHAETCS B pacdyeTHOM Moayne «Hanamou-
HBIN pacueT TEIIOBON CETH» U SBJISIETCS YCIIOBHBIM PacyeTHBIM IPUEMOM JIJIS 1T0100pa APOCCEIUPYIOIINX
YCTPOWCTB U ONPEAEIEHUS MECT UX YCTAaHOBKH.

Huxe npuBeneHa MeTouKka HajlaAOYHOTO pacyeTa Ui OTKPBITHIX U 3aKPBITHIX CHCTEM TOPSIUEro
BopocHaOxeHus (I'BC), HeaBTOMaTU3MPOBAHHBIX CUCTEM M CHCTEM C YCTAaHOBJIEHHBIM PETYISTOPOM TEM-
neparypsl. [IpuBeieHHbIE B KauecTBE MPpUMEpPa BBIBOIbI IPUMEHHUMBI ITPU LEHTPATIbHOM Ka4€CTBEHHOM pe-
T'YJIMPOBAaHUU 110 OTONUTENBHOM Harpy3Ke.

4.5.1 OTkpsITas cucTeMa TOPSYETO BOJOCHAOKEHUs 0O€3 Peryisaropa TeMIepaTypbl Ha CUCTEMY

I'BC
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HeaBTomaTu3npoBaHHas cucTeMa LIEHTPAIU30BaHHOIO TEIIOCHAOKEHHs, A0OHEHTCKUI BBOJ KO-
TOPOH NOJKIIIOYEH K TEIUIOBOM CETU IO CXEME, IPEJCTABICHHON Ha pucyHke 3.1, He UMEeT HU OJHOTO
PEryIupyoIEero yCTpoicTsa (IIpH MPOBEACHUN HAIAJI0YHOIO Pacyera peryysarop TEMIEpaTypsl HE pac-
cMaTpuBaeTcs). 3/1eCh, CUcTeMa OTOIIEHUS MOJKIII0YEHA 10 3aBUCUMOM cXxeMe yepe3 3J1eBaTOPHbIN y3ell.
Cuctema ropsiuero BOJOCHAOXKEHHUS OTKphITas. Mecta BO3MOXKHOM YCTaHOBKH JIPOCCEIUPYIOIIUX

ycTpouctB 1, 2, 3, 4 mokazaHbl Ha pucyHke 17.

(&
7 5

TUHFP
Pucynok 17 — Cxema nojakiitoueHust a00HEHTCKOTO BBOJIA K OTKPBITOH HEaBTOMAaTHU3UPOBAHHON CHCTEME

I'BC

Hpoccenupytromue ycTpoicTBa 1, 2, ycTaHaBIMBaeMbIe Ha CHCTEMY OTOILICHUS, TOJKHBI TIOIOH-
patbcs Ha caMblil HEOJIaronpuaTHbINA pexuM padoTel. Camblil HEOIArONPUATHBIN PEXXUM pabOThI XapaKTe-
PU3YETCs CIIENYIOIMMH PACYETHBIMU APAMETPAMU: T1 p, T2, T3p 5 tupo-

T1p — PacyeTHas TEMIIEpATypa TEIUIOHOCHTENS B MOJAONIEM TpyOonpoBoje, Hanpumep, 150°C,
130°C;

T,p — PAcUETHas TEMIIEpATypa TEIUIOHOCUTENS B 00paTHOM Tpybomnposose, 70°C;

T3p — PAcUETHas TEMIIEPATypa TEIUIOHOCHUTENS HA CHCTEMY OTOILIEHHUS, Hanpumep, 95°C;

tupo — TEMIIEPATYpa HAPYKHOTO BO3/yXa pacueTHas Ha OTOILIEHHE, Hanpumep, -30°C.

[Tpu sTOM Mojaromuii TPyOONIpPOBO/ TETNIOBOM CETH JAOKEH OBITh HArPY)KEH MaKCUMAaJIbHBIM pac-
XOJIOM CETEBOM BOJbl. MakCUMabHBIN pacXxo/ CETEBOM BOJABI IPU HAJIMYUU BEHTUJISILIMOHHON Harpy3ku

OIIPEIeIIICTCS 110 CICIYIoIIeH GpopmyIie:
Gnoa = Go.p + GFBC + GB.p
Pacxo BoJibl Ha CHCTEMY TOPSIUEro BOJOCHAOXKEHHSI OTIPEICISICTCS] HA TOUKY M3JI0Ma TeMIIepaTyp-

HOro rpaduka, mpu TemrepaType BOJAbI B MojarolieM TpybompoBoje, coorBeTcTBytomeii 60°C. Otbop

BOJIBI OCYILIECTBIISIETCS] M3 Mojaromiero Tpybonposoa. [Ipu 3arpy3ke mogaroiiero TpyoornpoBoaa MakCH-
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MaJIbHBIM PacX0JI0OM CETEBOM BOJbI paclojiaraeMblil Harop nepes] CUCTEMOM OTOIUICHHSI OyJIeT MUHUMAITb-
HBIM, a 3HAYUT U U30BITOUYHBIA HAMOP, KOTOPBINA TOJKHO MOTACUTh APOCCENUPYIOIIEE YCTPOMCTBO, TOXE
Oy/seT MUHUMAJIbHBIM.

Jlpoccenupytoiee yCTpOHUCTBO, ISl rallieHrs W30bITOYHOTO HAallopa Ha CUCTEMY OTOIUICHHUS], yCTa-
HABJIMBAETCs, KaK MpaBWIIo, Ha MmojaromieM Tpyoonposose (1), eciiu He HapyIIaeTcss OJHO U3 CIeIYIOUINX
YCJIOBUA:

1. Hammop B oOpaTtHOM TpyOOompoBoie (TI0CIe CHCTEMBI OTOTUICHHUST) MEHBIIIE BHICOTHI 37JaHU (OT0-
POKHEHUE CHUCTEMBbI OTOIIJICHUS).

2. YcTaHOBJIEHHOE Mepe]l CUCTEMON OTOIUICHUS JPOCCENUPYIOIee YCTPOMCTBO MPUBOAUT K BCKU-
MAHUIO BOJBI B TIOJAIOIEM TPYOOIIPOBO/IE.

Ecnu 3T ycnoBus HapylaroTcs, IpOCCENUPYIOIIee YCTPOMCTBO OYJET YCTAaHOBJIEHO Ha 0OpaTHOM
TpyOomnpoBoje (2). B 3Tom ciydyae oHO UTpaeT polib MOANOPHOro ycrpoicTBa. OmHAKO, IPU YCTaHOBKE
JPOCCENUPYIOIIEro YCTPONCTBA Ha 0OpaTHOM TPYOOIIPOBOJIE HATIOP MOCIIE IPOCCETUPYIOIIETO YCTPOCTBA
HE JIOJDKEH IPEBBIMIAThH JOIMYCTUMOTO 3HAUCHHS U3 YCIIOBHS MPOYHOCTH YCTAHOBJICHHBIX MPUOOPOB CH-
CTEMBbI OTOIIEHUS 3[aHMsl, HAaIpUMEp, /Ul YYyT'YHHBIX paguaTopos, 60 M. Boa. cT. Eciu 310 ycinoBue Oyner
HapyIIeHO, MPOrpaMMHOe oOecriedeHre aBTOMAaTHUECKU MOAOEpeT JBa APOCCETUPYIOIINX YCTPOMCTBA U
MIOCTAaBUT OJIHO Ha MojaroiieM Tpydonposoae (1), apyroe — Ha odpatHoM (2). [Ipu 3TOM BCe orpaHudYeHUS
JIOJKHBI OBITH COOJTFO/ICHBI.

[Ipn HanMuuMy TUPKYISIUOHHOTO TpyOonpoBoaa U otoope Boasl Ha ['BC u3 nogaromero tpyoo-
MIPOBOJIAa YCTAHABIMBAETCS APOCCENUPYIOLIee YCTPOUCTBO (4), OrpaHMUYMBAIOIIEe PACXO BOJBI HA LIUPKY-
nsuuio. B cimydae otrOopa Bosibl M3 00paTHOro TpyOONpoBOAa IpOCCETUPYIOIIee YCTPOHCTBO (4) TOMKHO
IIyHTHpOBaThes Oaitnacom. [Togbop Apoccenupyromiero ycTpoiicTa (4) mpoBOAUTCS HA IUPKYISIITAOHHBIN
pacxo]l ¥ HaTop, paBHBIN pacnonaraemoMy Hamopy nepen cucremoirt [ BC munyc notepu B cucreme ['BC,
IpUHUMaeMble paBHbIMH 2-3 M. BoA. cT. [Ipu Bo3zmoxkHOM 0TG0pe Bozb! Ha 'BC u3 o6patHOro Tpybomnpo-
BOJIa Moi0MpaeTcs Jipoccenupyroiee ycrpoiicto (3). poccenupytomiee ycTpoicTBo (3) nMpu HEHTpallb-
HOM PEryJIMPOBaHUM OTITyCKa TEIUIOTHI IO OTOMUTENILHOW HArpy3Ke MoJA0UpaeTcsi Ha pacueTHBIN pacxoy
BOJIbI HA OTOIJICHHE M ITOTEPH HATIOpa, paBHbIE oTepsiM B cucteme ['BC.

Heo6x0a1Mo y10cTOBEPUTHCS B TOM, YTO HAIop B TpyOONPOBOAE, U3 KOTOPOTO MPOUCXOJUT BOJIO-
pa36op, Gosbliie, 4eM CyMMa BBICOTHI 3/1aHHs U IOTephb Harnopa B cucreme ['BC.

[TonGop apoccenupyronmx ycTpoicTB MOKHO MMPOU3BOANUTH KaK C yUETOM, TakK M 0e3 yueTa Terio-
BBIX MTOTEPH B TEIJI0BOM ceTu. [Ipu 3TOM, pacueTHble pacxoabl s MOJ00pa APOCCETUPYIOLIUX YCTPOICTB
OIIPEIEIIAIOTCS TIO CIEAYIOIIUM 3aBUCUMOCTSIM:

a) 6e3 yueTa TeIJIOBBIX MOTEPh:

Qo.p°1000

P ety —t2p)’

G /4 — pvaeTHLIﬁ pacxod TCIIJIOHOCUTECIIS Ha CUCTEMY OTOIIJICHUSA
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0P -1000 .
Gracp = % , T/4 — pacdyeTHbIN pacxoj TeronocuTens Ha cucremy ['BC,
“\trs ~lxB
rae t.; — TeMieparypa ropsuei Boasl Ha cucremy ['BC;

tys — TEMIIEpATypa XOJOIHOM BOJONPOBOTHON BOBI;

Q51000
GC.B

= ﬁ . /4 — paC‘IeTHHﬁ pacxoa TEIIJIOHOCUTEIA Ha CUCTEMY BCHTUIIALIUU,
‘\t1p 7t2Bp

TI€ Typp, — PAacUETHAs TEMIEPATYpa CETEBOM BOJIBI IIOCIIE KaNOpU(epa CHCTEMbI BEHTHIIALINH;

0) ¢ y4eTOM TEIJIOBBIX MOTEPh:
PaccumnThIBaroTCS MOTEPH TeIIa OT KCTOYHHUKA JI0 TIPUCOSAMHEHHOTO y3J1a, ONMPEICIISIOTCS (haKTH-

YEeCKUE TeMIIepaTyphl TETUIOHOCUTEISI Ha BXO/JIE M BBIX0JIe aDOHEHTCKOTO BBOJIA!
Qo.°1000

p = (rrg—t2g) T/4 — pacxo]] TETNIOHOCHUTENS Ha CUCTEMY OTOIUICHUS C YU4eTOM (paKTHUECKOn

C.

TEMIICPATYPhL CEeTeBOM BOJBI B IIOJAOIIEM U 06paTHOM prﬁOHpOBOI{&X;

cp
P 1000

Grgep = trng )’ T/4 — pacxoj TerioHocutens Ha cuctemy I'BC ¢ ydaerom aktuueckoil Tem-
TB. XB

nepaTypbl ropsueii ¥ X0JI0IHOM BOJIBI;
Q5.p'1000

G..=—=p "
C.B C'(Tl.(l) _TZ.B.(l) ) B}

T/4 — pacxoJl TEIUIOHOCUTENS HA CUCTEMY BEHTHJISIIIUH C y4eTOM (DaKTHIECKOM

TEMIIepaTypbl CETEBOW BOJIBI HA BXOJIE M HA BBIXOZE U3 Kajopudepa.

Takum o6pazom, moOMparOTCs Bce IpOCCEIUPYIOIINe yCTpoiicTBa Ha aboHeHTCKoM BBoje. Oni-
HAKO, YCTAHOBKA ITHX JIPOCCEJIBHBIX YCTPONCTB BO3MOKHA I1OCIIE BBIIIOJIHEHHUS JIBYX IIOBEPOYHBIX pacye-
TOB: TIEPBBII — IPU MakCUMaIbLHOM 0TOOpe Boabl Ha ' BC u3 momaromiero TpydornpoBoia (TeKyIas Temrie-
paTypa BOJIbl B IOJaroIeM TpyOonpoBoae TerioBoi cetu 60-65°C u cooTBeTCTBYIOLIEH €1l TemnepaType
Hapy’>KHOTO BO3]lyXa), BTOPOIl — Ipu MakcuMalibHOM oT60pe Bozbl Ha ['BC u3 oOparHoro tTpybonpoBosa
(TemMnieparypa TEIJIOHOCUTENS pacueTHas, HapuMep, T, = 150°C u t,, ; ,= -31°C), mpu 5TOM Apoccenu-
pymollye ycTpoiicTBa MPUHUMAIOTCS U3 Halalku. B mepBom ciiydae pacnosnaraeMble Haropbl Ha OTpeOu-
Tengax OyayT MUHUMAJbHBIMU, TIPU 3TOM IPOBEPSETCs, Kak MOBEJET ceds cucTeMa oToIieHus. Bo BTopom
cllyyae pacriojlaraeMblii Harop Ha rnotpedurene OyaeT MakCUMalbHbIM. BhINOIHsIETCS TpoBepKa Ha BO3-
MO>KHOCTh OIIOPOKHEHUSI CUCTEMBI OTOIIEHUs. B ciyyae, koria cuctema OTOIICHUS KaKOTro-JI10o moTpe-
ouTens ONOpOKHAETCS, 1aii0a, yCTaHOBJIEHHAs Ha MOJJAl0IIeM TpyOOIpOBoie, TIEPEHOCUTCS Ha 0OpaTHBIM.
B sToMm ciydae oHa BBINOJHSET pojib MOAMOPHOM maiiobl. [Tocine nepecTaHoBKY MIailObI TPOBEPSETCS CO-
OJII0IeHNE BCEX YCIIOBH, MPUBEJCHHBIX BBILIE.

4.5.2 C yCTaHOBJIEHHBIM PETYIIATOPOM TeMIepaTypsl Ha cuctemy [ BC

Ecnm aGonenTCKkmit BBOJI MMeeT yacTUyHO aBToMatusupoBanHbiii UTII (0e3 aBToMaTnueckux pe-

T'YJIMPYIOIIMX YCTPOMCTB Ha OTOIUIEHME M C YCTaHOBJIEHHBIM Ha cucrtemy I'BC perynsaropom temmnepa-
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Typsl). Perynsatop Temneparypsl npeHa3Ha4yeH Ul aBTOMaTUYECKOIO PEryJIMpoBaHus TEMIIEPATYPBI 0-
psiaeit Boabl, oroupaemoit Ha cuctemy I BC (ycTpoiCTBO yUnTBIBaETCs IPU MPOBEACHUN TTOBEPOYHBIX pac-
4eTOB, [IPU IPOBEACHUH HAJIaJ0YHOI0 pacueTa peryysiTop TeMIepaTypsl HE paccMaTpuBaercs). Mecta Bo3-

MO>KHOHM YCTaHOBKH JIPOCCEIUPYIOMIMX YCTPOUCTB MMOKa3aHbI Ha pUCYHKe 18.

IBC
&
co
T
T

Pucynok 18 — Cxema nmoaxiroueHus abOHEHTCKOT0 BBOJIa K OTKpbITol cucteme ['BC ¢ ycTaHOBIECHHBIM

PEryIATOPOM TeMIIepaTyphbl

Hpoccenupyromue ycrpoiictsa (1), (2), yctaHaBIMBaeMble Ha CHCTEMY OTOIUICHUS, TOJDKHBI MO/~
Ouparbcs Ha caMblil HeOIaronpUATHBIN pexxuM padoThel. Camblil HEOIArONPUATHBIN peKUM paboThI Xapak-
TEPU3yETCs CIENYIOIMMH PaCU€THBIMU ITapaMeTpaMHu:

T1p — PacyeTHas TEMIEPATypa TEIJIOHOCUTENS B MOJAONIEM TpybonpoBoae, Hanpumep, 150°C,
130°C;

T,p — PAcUETHas TEMIIEpATypa TEIUIOHOCUTENS B 00paTHOM Tpybomnposose, 70°C;

T3p — PacyeTHas TEMIEPATypa TEIMIOHOCUTENS Ha CUCTEMY OTOIUIEHUs, Hanpumep, 95°C;

typ.o — TEMIEPATypa HAPYKHOTO BO3/lyXa pacyeTHas Ha OTOIICHUE, Hanpumep, -31°C.

[Ipu 3TOM noparomuii TpyOOIIPOBO/ TEMJIOBON CETH JTOJIKEH ObITh Harpy>kKeH MaKCUMaJIbHBIM pac-
XOJIOM CETEBOM BOJBI. MaKCUMaJIbHBIN PacXoJ CETEBOM BOJABI IIPU HAIMYMU BEHTUJISILIMOHHOW HArpy3KH

OIIpEJIeIIIETCS 110 CIeNYyIoIIeH GpopmyIe:
Gnoa = Go.p + GFBC + GB.p :
Pacxo BoJibl Ha CUCTEMY TOPSIUEro BOJOCHAOXKEHHS OTPEICIISICTCS Ha TOYKY U3JI0Ma TeMIepaTyp-

HOro rpaduka, mpu Temreparype BOAbI B MOJaroIeM TpybompoBoje, coorBercTBytomiei 60°C. Otdop

BOJIBI OCYILIECTBIISIETCS M3 Mojatomiero Tpybornposoa. [Ipu 3arpyske mogaroiiero TpyoonpoBoaa MakCH-
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MaJIbHBIM PacX0JI0OM CETEBOM BOJBI paclojiaraéMblii Harop nepeji CHCTEMO OTOIICHHS Oy1eT MUHUMAaJIb-
HBIM, a 3HAYUT U U30BITOUYHBIA HAMMOP, KOTOPBINA TOJKHO MOTACUTh APOCCEIUPYIOIIEE YCTPOMCTBO, TOXKE
Oyzner MUHMMaJIbHBIM. J/Ipoccenupyromniee yCTpOMCTBO, sl TalleHus] U30BITOYHOTO HAopa Ha CUCTEMY
OTOIUICHHUS, YCTaHABIMBACTCS, KaK MPaBUJIO, Ha MojaroleM Tpydonposoe (1), ecinu He HapylIaeTcs: OJJHO
U3 CIENYIOIINX YCIOBHIA:

1. Hammop B oO6patHOM TpyOOompoBo e (TIOCIe CHCTEMbI OTOTICHUS) MEHBIIIE BEICOTHI 31aHUS (OTIO-
POXXHEHHE CHUCTEMBI OTOIIJICHHUS).

2. YcTaHOBJIEHHOE TIEpe]l CUCTEMON OTOIICHUS JPOCCENUPYIoIiee YCTPONUCTBO MPUBOAUT K BCKH-
MIAHUIO BOJBI B MOJAIOIIEM TPYOOIPOBO/IE.

Ecnu 3TH ycnoBust HapyIIaloTCs, APOCCENUPYIOLIEe YCTPOUCTBO YCTaHABIMBAETCS Ha OOpaTHOM
TpyOompoBosie (2). B aToM ciayuae oHO UrpaeT posib MOANOPHOro ycrpoiictBa. OaHAKO, MPU YCTAaHOBKE
JPOCCENUPYIOIIEro yCTpoiicTBa Ha 0OpaTHOM TpyOOMpPOBOE, HAIOP IMOCIE IPOCCEIUPYIOIIETO YCTPOK-
CTBa HE JIOJDKEH IMPEBBIIATH JOIMMYCTUMOTO 3HAYEHUSI U3 YCIOBUS TPOYHOCTH YCTAHOBICHHBIX MPHOOPOB
CHCTEMBI OTOIUICHUS 3[aHHs, HApUMEp, I YYT'YHHBIX paauaTopoB 60 M. Boa. cT. Ecnm 3To ycrnoBue
HApYIIAEeTCs, PACUETHBIM MOYJIb aBTOMAaTHYECKH TOJ0EPET J1Ba JPOCCEIUPYIONINX YCTPOUCTBA U MOCTa-
BUT OJTHO Ha nofaromieM Tpydomnposoae (1), apyroe - Ha oopatHoM (2). [Ipu 3TOM cobmrogaroTcs Bce orpa-
HUYCHHUS.

[Tpu HamM4Mu TUPKYISIHOHHOTO TpyOorpoBoaa u otdope Boasl Ha I'BC n3 moxparomero tpybo-
MIPOBOJIa YCTAaHABIUBAETCS IPOCCEIUPYIOIIEE YCTPOUCTBO (4), OTpaHUYMBAIOIIIEE PACXO]T BOJBI HA IIUPKY-
nsuio. B ciydae ot6opa Boabl M3 00paTHOro TpyOONpoBOAa APOCCENupyoliee YCTPOUCTBO (4) LIyHTHPY-
eTcs Gaiimacom. [logbop apoccenupyroiero yctpoiicta (4) mpoBOIUTCS HA HUPKYISIUOHHBINA Pacxo U
Harop, paBHBIN pacnosiaraeMomy Haropy nepen cuctemoit 'BC munyc norepu B cucteme I'BC, npunuma-
eMbl€ PaBHBIMU 2-3 M. BOJ. CT.

[Tpu Bo3moxkHOM 0TOOpE Boabl Ha 'BC u3 o6patHoro TpydompoBoaa moadupaercs Apoccenupyro-
iee ycTpoicTBo (3) U yCTaHaBIMBAETCS MEXIy MecToM 0TOopa Boabl Ha cuctemy ['BC u mectom moj-
KIIFOUEHHS IUPKYISIIIMOHHOTO TpyOornpoBoaa (Pucynok 18). [Ipoccenupyroiiee ycTpoicTBo (3) mpu 1eH-
TPaJILHOM PETYJIMPOBAHUM OTITYCKA TETIOTHI 10 OTONMHUTEIBHOMN Harpy3Ke moa0upaeTcsi Ha pacueTHBIN pac-
XO/JI BOJIbI Ha OTOIUICHHE U TIOTEPH Haropa paBHbIe ToTepsiM B cucteme [ BC.

Heo6xoauMo umeTs B BUY, YTO HANop B TPYOONPOBOJE, U3 KOTOPOTO MPOUCXOAUT BOAOPa3doop,
JOJDKEH OBITH OOJIBITIE CYMMBI BBICOTHI 3/1aHUs U oTeph Haropa B cucteme ['BC. [Toxbop apoccenupyro-
IUX YCTPOHCTB MOXKET MIPOU3BOTUTHCS KaK ¢ y4ETOM, Tak U 0e3 ydeTa TEIUIOBBIX TOTEePh B TETUIOBOM CETH.
ITpu 5TOM pacueTHbIE PACXOAbI AJIs [10100pa IPOCCETUPYIOIIUX YCTPOMCTB ONPEAEISIOTCS O CIeTyIOIUM
3aBUCHMOCTSIM:

a) 0e3 yJyeTa TeTUIOBBIX MOTEPh

G = Q1000

cp — m , T/a— PaCUYCTHBIN PACXOJ TCIINIOHOCUTECIIA Ha CUCTEMY OTOIIJICHUA
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_ Qh-1000

Gracp = prar— T/4 — pac4eTHBIN pacxoj Teruionocutens Ha cucremy [ BC, roe ¢, — remnepa-
“\Ure ~lxB

Typa ropstueii Boabl Ha cucremy ['BC; t,,— Temneparypa X010 JHOW BOAOIIPOBOAHON BOJIBI;
Q1000

c(tip—T2mp)

Gy = T/4 — pacUeTHBII pacxo TEMJIOHOCUTENS Ha CUCTEMY BEHTUJISIUH,

TJIE T2 — PACUETHAS TEMIIEPATYPA CETEBOU BOJIBI HOCIE Kalopudepa CUCTEMbI BEHTUIIALIH;
0) C y4eToM TeIJIOBbIX OTEPh
PaccuunThiBaroTCs IOTEpHU TEIUIA OT UCTOYHUKA JI0 TIPHCOCANHEHHOTO y3J1a, ONPEACISIOTCs (haKkTu-

YECKHUE TeMITepaTyphbl TEIUIOHOCUTES Ha BXO/IE U BbIXOJIe aDOHEHTCKOTO BBOJA.
Qo.p°1000

p= Trs—raa) T/4 — pacxo]] TEIJIOHOCUTEJIS HAa CUCTEMY OTOIUIEHUS C y4eTOM (haKTHuecKoin

C

TeMIIepaTypbl CETEBOW BOJIBI B IOJAIOIIEM M 0OpaTHOM TPYOOIPOBOIAX;

P .1000

I'BC

Grgep = 3 T/4 — pacxoj Tertonocutens Ha cuctemy ' BC ¢ yuerom akrudeckoit tem-

C'(trB.cb —lxs
repaTypbl rOpsiYed U XOJIOAHOU BOJIBI;

Qp.p'1000

G =—
oB C'(T1.¢ T2 ) ’

/94— pacxod TCINIOHOCUTEIIA Ha CUCTEMY BECHTUJIAIUU C YHETOM (1)aKTI/I‘leCKOI>'I

TeMIIepaTypbl CETEBOW BOJIBI HA BXOJIE M HA BBIXOZE U3 Kajopudepa;

[TomoOpaHsl BCce POCCENMPYIONIME YCTPOUCTBA HA aOOHEHTCKOM BBOJIe. OTHAKO, YCTaHABIUBAThH
3TH APOCCETbHBIE YCTPOICTBA MOKa Helb3s. Heo6X0AuMO BBIMOIHUTD JIBa TOBEPOYHBIX PacyeTa, MepBbIii
— IIpu MakcuMalbHOM oTOope Boabl Ha 'BC u3 monaroiiero TpyoomnpoBoja (TeKyIas TemMrnepaTrypa BObl
B Iojiaro1eM TpyOonpoBoie TemioBoil cetu 60-65°C U cOOTBETCTBYIOIIEH €l TeMIiepaType Hapy>KHOTO
BO3J/lyXa), BTOPOH — IMpu MakcuMaibHOM 0TOOpe Bojibl HAa I'BC u3 oOpaTHOTO TpyOOompoBoaa (TeMieparypa
TEIJIOHOCUTEJIS pacyeTHast, Hanpumep T, p, = 150°C u t,, , ;= -31°C), Ipu 5TOM POCCENUPYIOIIHE YCTPOM-
CTBA JIOJDKHBI OBITH IPUHSITHI U3 HAJIAKU.

B niepBom citydae pacrosiaraeMblie Harmopbl Ha TOTPEOUTENSIX OyIyT MUHUMATBHBIMH, HEOOXOMO
MIPOBEPUTH, KaK MOBEIET ceOs cucTeMa OToIuIeHus. Bo BTopoM ciydae pacriosnaraeMblii Harmop Ha moTpe-
ourene OyzaeT MakcuMaibHbIM. Heo6xoanMa npoBepka Ha BO3MOKHOCTh OMOPOKHEHUS CUCTEMBI OTOILIE-
Hus. B ciydae, korza cucremMa OTOIUIEHUS KaKOro-1100 moTpeduTens OyieT OnopoKHAThCS, HEOOXOJUMO
a0y, yCTaHOBJIEHHYIO Ha MOJAIONIEM TPYOOIpPOBOE, IEPEeHECTH Ha oOpaTHBIN. B manHOM ciydae oHa
OyZeT BBIIOJHATH POJIb MOANOPHOM 11aii6bl. [Tocne nepecTaHoBKH maitobl HEOOXOJMMO CHOBA NMPOBEPUTH

CO6HIO,Z[CHI/IG BCEX yCJ'IOBPIfI, MMPUBCACHHBIX BBIIIC.
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5 MopeqmpoBaHue BeceX BUAOB NepeK/II0YEeHHI, 0CyIeCTBIsIEMbIX B TEIUIOBBIX CeTAX, B TOM
yucIie NepeKJIIYeHNH TeNJIOBbIX HATPY30K MeKAy HCTOYHMKAMM TeIJIOBOI SJHEeprumn

MonennpoBaHue NepeKIOYEHNH, BbINOIHSAEMBbIX B TeIUIOBbIX ceTsix 3ATO CeBepck, ocyliecTBis-
eTcs pelIeHneM KOMMYTAIMOHHBIX 33Ja4, B Pe3yJbTaTe PELICHHUs KOTOPhIX BO3MOXKHO IIPOBEACHHE aHa-
JIM3a U3MEHEHUs PEKHUMOB pabOThI TEIUIOBBIX CETEH M3-3a OTKIIFOYEHUS 3aJBHXKEK MM y4acTKOB ceTu. B
pe3yJbTaTe peHIeHus 3TUX 3a/1a4 ONPEACISIOTCS 00BEKTHI, ONABIINE IO OTKIIOYeHHE. Pe3yabpTaTsl pac-
gyeTa 0TOOpaXaroTcs Ha KapTe B BUJE TEMATUYECKON paCKpPaCKH OTKIIFOYCHHBIX yYacTKOB U MOTpeduTeneit
U BBIBOJIATCS B OTYET.

a) OO6beM BOJIBI B TIOJIAIOIIEM U OOPAaTHOM TPYOOTIPOBOIE

CymMupyIOTCSI 00BEMBI BOJBI BO BCEX MOMABIIUX O] OTKJIIOYEHHE Y4acTKOB ceTH. OO0beM Kax-

aoro yqaCTKa BBIYHUCIISIECTCA 110 (1)OpMyJIel
=1I.- 2. 3
[/i = Lj Di -, M

riae, L; — nuHa ydacTtka, M; D; — nuaMeTp roaaromiero (00paTHoro) TpyoompoBoia, M.
[To kaxIoMy OTPEOUTETIO CYMMHPYIOTCSI pacueTHBIC HATPY3KU:
Ha OTOIJICHUE;
Ha BEHTHJIALIUIO,
Ha ['BC.
6) OO0beM BHYTPEHHUX CUCTEM TEIIONOTPEOICHUS

PaccuuteiBaeTcs UCX0as U3 CJ'IC,ZLYIOH_IGI\;I 3aBUCHUMOCTH

— . 3
VCHCT - QCPICT v, M

rae: Qcuer — PacUeTHas TEIJIOBAsi HArpy3Ka CUCTEMBI Terutonotpebnenust, I'kan/u;
v — yIeTbHBIH 00heM BOJIBI, IPHHUMACMBI B 3aBUCHMOCTH OT BHJIa OCHOBHOTO TEIIOMOTPEOIISIOIETrO
obopynosanns, (M>-4)/Tka.

B) 3amyck pacueTa

3amycka penieHus: KOMMYTAIMOHHBIX 3a/1ad OCYIIECTBIISCTCS KOMAH/OM W3 TJIaBHOTO MEHIO 3a-

naun/KoMmmyTtanronssie 3a1aun (pucyHok 19).
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KommyTaumoHHEIE 3a8a4um e
[ putdEn TENAOBOH CETH
AHanus neperayendi | MNouck B cnoe nognomke r
Crucor, Nepeknyastiby offbeKTos CeTk

Kooy Tun HedicTeue E
(=]
[Ebll‘ICl.l'IHH'I'b] [ HacTpoiiku ] [ Cnpaeka l [ Jakpeme l

Pucynok 19 — Jlnanor «KoMmMmyTanimoHHbIE 33241

[Ipu BeIOOpE «Ci0H...» B OSIBUBIIEMCS 1MaJIOrOBOM OKHE BBIOMpAETCS CJIOW TEII0BOM ceTu (pu-

cyHok 20).
BreibepuTe cnoil ceTh ? 2
{dKeapTans oK
3,0.an;|
- )

i Mpurep Tenaoeoii ceTu

[T NokazeieaTe ueHa pabinos

Pucynok 20 — /Tuanor BeI6opa ciost

Jlanee IMPOBOAUTCS aHAJIN3 HCpCKHIO‘IGHI/Iﬁ WJIN TIIOHUCK B CJIOC-TIIOJJIOKKE.

') AHanu3 NepeKIIoUeHU

[Ipn ananuze nmepexsIIoUeHUu OMpeneNsitoTCsl 00BEKThI, KOTOpPhIE MOMAa0T MO OTKIIOUEHUS U
BKJIIOYAET B ceO0sl:

BBIBOJ] UH(OPMAIIMH MO OTKJIFOYEHHBIM 00BEKTaM CETH;

pacuer 00bEMOB BHYTPEHHHX CHUCTEM TEIJIONOTPEOICHUsI U HAarpy30K Ha CUCTEMBI TEIUIONOTPeO-
JICHUS TPU JAHHBIX U3MEHEHUSX B CETH;

0TOOpakeHHe Pe3yJbTaTOB pacuera Ha KapTe B BUJE TEMAaTUYECKOW PacKpacKH;
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BbIBO TaOJIMYHBIX JaHHBIX B OTYET, C HOCJ'ICI[YIOH_[Cﬁ BO3MOXHOCTBIO UX ITI€YaTH, SKCIIOPTa B (1)Op-

mat MS Excel wiiu HTML.

3arnyck aHajau3a NepeKItoYeHUu N

3amyck aHanM3a MepeKIOYCHHH BBITOIHSACTCS B CIEAYIOIIEM HOPsIKe:

1. 3anyckaercs pemenue «KoMMyTallMOHHBIX 3a7a49»;

2. BeimonHsieTcst BEIOOp «AHaNN3a NEPEeKITI0YSHUI;

3. BeimmomHsieTcs BBI30B JUANOra HACTPOEK MPOrPaMMBl;

4. BeinonHsieTcs BIOOp HA KapTe 3allOPHOTO YCTPOMCTBA (y4acTKa), 1l KOTOPOro MPOU3BOIUTCS

OTKIII0YeHHE. BrIOpaHHbI 00BEKT 100aBISIETCS B CIIMCOK MEPEKIII0YaeMbIX 00BEKTOB CeTH (PUCYHOK 21).

KomMmMyTauuoHHEIE 3354340 - X
CHCTEME LEHTPANHM30BAHHO 0 TEMAOCHAEHEHM
AHANMS NEPEKMMEHIE | TToMcK B CA0E Nognotke g
CrMcoK NepeknoMastsls OFEEKTOE CETH

Ko Tun HefcTeWe E]
= JanEWHES Bk ADMHTE
[ BrinoaHHTE I [ Hactpoiikm I [ Cnpaeta ] [ Sakpere J

Pucynok 21 — Cnucok nepexitodaeMbIX 00bEKTOB

Ilocne BBI60pa Ha KapT€ aBTOMAaTUYCCKU OTO6pa3I/ITC$I B BUJIC pACKPACKU PACUCTHAA 30HA OTKIIIO-

7_? 9

R D A

A e

Pucynok 22 — OtobpaxeHne OTKIIOUEHUI Ha KapTe

YEHHBIX YUYaCTKOB CETH (PUCYHOK 22).

5. BemomnHsieTcst BBIOOp HEOOXOMMOT0 BU/JIA TIEPEKITIOUeHHS (PUCYHOK 23).
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Koy

KemmyTaymoHHsle 33ga4m
NpuEp TENNDEDA CETH
AHanus nepermoueHuE | Nouck B cioe Noanomke

Crmcor NEREEAMIYIEHETR OfLEKTOE CETH

Tun

x

Ciofi

b

JledicTene

FTEh

SagEukKa

HSDHHDDB&Tb aT MCTDHHHKE%

187

SanEHKa

OTEoueHD

189 2anEHka CTrnrayeHo

b &[]+

| BrinonHuTe | | Hactpoiikm | | Cnpaeka | | 3akpeme

Pucynoxk 23 — PaGota B okHe «KoMMyTallMOHHBIE 3a/1a4n»

Buel nepexitoueHui:

«BKIHOUNTE - PEKUM 00BeKTa YCTAHABJIMBACTCs HA «BKJ’IIO‘ICH»;

«BBIKITIOUNTBY - PEKUM 00BEKTa YCTaHABIMBAETCS Ha «BBIKITIOUEeHY;

«M3011poBaTh OT UCTOYHUKA» - PEKUM OOBEKTA ycTaHaBIMBaeTcs Ha «Bpikmouen». [Ipu 3tom
aBTOMaTHYECKH J00aBIsETCA B CIIMCOK U MEPEBOAUTCS B PEKUM OTKIIIOUEHMS BCSI M30JIUPYOLIasi O0BEKT
OT UCTOYHUKA 3allOpHAasl apMarypa;

«OTKIIIOYUTH OT UCTOYHHUKA» - PEKUM 00BEKTa ycTaHaBIuBaeTcs Ha «Bpikimtouen». [Ipu aToM aB-
TOMAaTHYECKU JOOABJISIETCS B CIIUCOK U NIEPEBOAMUTCS B PEKUM OTKIIIOUEHHSI BCSI OTKJIIOYAronasi 00bEeKT OT
MCTOYHUKA 3allOpHAas apMarypa.

7. Beinonnsiercs 3amyck («BbIIOIHUTE») pacueTa KOMMYTallMOHHOM 3a1a4u. B pe3ynbraTe BbIOI-
HEeHMsI 33/1a41 osiBUTCs Opoysep «IIpocMoTp pesynbraray, coaepxkaiuil TabIUuYHbIe JaHHbIE PE3YIbTaTOB

pacuera (pucyHok 24). Bknaaku Opay3epa cozepkaT TaOJIUIIBI MTOTABIINX MO OTKIIOYEHNUE 00BEKTOB CETH

H UTOT'OBBIC 3HAUCHUA PE3YJIbTATOB pacucTa.

MpocmoTp pesynbtata =

iR e

Morpeturent - 3aaHuA | Tennoean kamepa | Notpedurent | MToroese 3HaUEHUA

MapareTp SHaueHue
: Uffbem BOAE B NOGAKIWERM T, KYE.M + 0160339
Offem Boakl B OGPATHOM TR., KYG. M 0160339
FacuyeTHas Harpyska Ha oTonaeHue, [kandy 0.916000
PacueTHan Harpyaka Ha BeHTHAALMID, [Tkandy 0.000000
PacuetHan cpeaHas Harpyska Ha TBC, Mkandy 0.150100
Qe BOAEI B CHOTEME OTOMNEHMA, KYG. M 19.788600
Offbem BOAEI B CHOTEME BEEHTHUAALMM, KYS.M 0.000000
Oftem soakl B cHoTene [BC, kyd.m 1.140600
CyrrapHeli ofbem Bodkl, KYa. M 21246878

Pucynok 24 — OkHO pe3ynbpTaTOB pacuera

[IpocmoTp pe3ynbTaToB pacuera

BriBog PE3YIbTATOB aHAIN3a HepeKJ'IIO‘IeHHI\/'I OCYHICCTBIIACTCA B OKHO, BKJIIAJIK KOTOPOT'O COACP-

Kart Ta6J'II/IIII)I omaBIIMX IMOJ OTKIHOYCHHEC 00BEKTOB CETH M MTOTOBLIC 3HAYCHHS PE3YIbTATOB pacyeTa
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(pucynox 25).

MpocmoTp pesynetata -
=
MoTpeturent - 3aaHua | Tennoeas kamepa | MotpetuTent | Mroroesie sHaveHa
MNapametp SHaveHue
Utreem B0kl B NOLEKWWEM TP., KYO.M i 0160339
Offeer Boakl B 0GPATHOM TP., KYE.M 0160339
PacyeTHaA Harpyska Ha oronnedue, Mkandy 0.916000
PacueTHan Harpyska Ha BeHTUNALMI, [kandy 0.000000
PacuetHan cpeanan Harpyska Ha FBC, Mkandy 0.190100
Offber BOAbl B CHETEME OTONAEHHA, KYE.M 19.785600
Offber BOOEl B CHCTEME BEHTHAALMMH, KYG.M 0.000000
Oéber sonbl 6 ckcteme [BC, kyd.m 1.140600
Curar4apHENi offber BOLEL kYO, M 21.246878

Pucynoxk 25 — OkHO pe3ynbTaTOB pacueTa

OxHO ((HpOCMOTp pe3yiibTaTa» COACPKUT TaOIMYHEIE JaHHBIC PE3YJIbTATOB pacycTa, a TaKKC Ta0-

JIUIBI TTOTIABIINX TOJ] OTKIIOYEHHS 00beKTOB (prcyHOK 26). [Ipu Beinenennu 3amnucu B TabIuIe, Ha KapTe

ABTOMAaTHUYCCKU BbIJICIIACTCA COOTBCTCTBYIOHII/Iﬁ OOBEKT.

MpocmoTp pesynbTata
i A g

MNorpetvrent - 3naHua | Tennosad karwepa | Notpedurens | Mroroseie sHaveHwa

Pesibra Hawtten... | Pacuer... | Pacuer... | Hucno sumensi
BeikoueH | 0.249 0.0687
Briknover 0.249 0.0647

Brikniouen  ynflomoHocosa 48 T/ s 0418 0.0867

4 1

]

Kea

105
105

PucyHnok 26 — [1ouck BBIKIIOUEHHOTO 00BEKTa Ha KapTe
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6 Pacyer 0a/1aHCOB TENJIOBOI YHEPIHH M0 UCTOYHNUKAM TENJIOBOM SHEPIruM U 10 TEPPUTOPH-
AJIbHOMY NIPH3HAKY

TeruioBast Harpy3Ka 1o 30HaMm JeHCTBUS UCTOUHUKOB TerioBoi s3Heprun 3ATO CeBepck omnpenie-
JsieTCs B COOTBETCTBUU C JAHHBIMHU, 3aHECEHHBIMHU B 3JIEKTPOHHYIO MOJIEb, 3 UMEHHO NOTpeOIeHue Ter-
JIOBOH 3HEPruM MpH pacuyeTHBIX TEMIEPATypax HapyKHOTO BO3yXa U MOXKET ObITh OCHOBAHO Ha aHAJIU3e
TEIUIOBBIX HArpy30K MOTpeOuTeNel, yCTaHOBICHHBIX B JOTOBOPAX TEIJIOCHAOXKEHHS, TOTOBOPAX HA IOJ-
Jep KaHue pe3epBHON MOITHOCTH, B IOJTOCPOUYHBIX JOTOBOpaX TEINIOCHAOKEHUSI, lIeHa KOTOPBIX Orpesie-
JsieTCs 10 COTJIALCHUIO CTOPOH, U JIOJTOCPOUYHBIX JOIOBOpaxX TEMJIOCHAOXKEHUS, B OTHOILIEHUH KOTOPBIX
YCTaHOBJIEH JA0JITOCPOYHBIH Tapud, ¢ pa30MBKOM TEIUIOBBIX HArPy30K HA MaKCUMaJIbHOE TOTPeOIeHUE Tell-
JIOBOH SHEPTUU Ha OTOIUICHUE, BEHTWISALINIO, KOHIMIIMOHUPOBaHHE, TOpsAYee BOAOCHA0KEHNE U TEXHOIIO-
TMYECKHUE HYK]BL.

B Ga3y naHHBIX 3JIEKTPOHHON MOJIENIN 3aHOCUTCSI MH(POPMALIUS [0 YCTAHOBJIEHHOM, paciojiaraeMon
TEIJIOBOM MOILIHOCTHU U TEIJIOBOM MOIHOCTU «HETTO» UCTOYHUKOB TEIJIOBOW YHEPIHUH.

VYKa3aHHBIE BBIIIE JAHHBIE 3aHOCATCS B JJIEKTPOHHYIO MOJEIb IS CYLIECTBYIOLIErO MOJIOKEHUS
(1-# cro¥i) ¥ Ha MEPCIIEKTHBY JI0 PACUETHOrO Cpoka (2-i cIioit).

Jlns onpezneneHus 0alaHCOB TEIJIOBOM MOIIHOCTH U TEIUIOBOW HArpy3KH I10 30HaM JIEHCTBHS UC-
TOYHUKOB TEIUIOBOM HEPTUHU BBINOIHICTCS CIEAYIOIIAsl I0CIE€0BATEIbHOCTD JEHCTBUI:

B sexTpoHHONM MO/IENH BBIIENIAETCS UCTOYHUK TEIUIOBOM 3HEPTUU

C nomomsto onuun «Halitu cBa3anubie» MeHI0 «Kapra» Bkianka «Tomonorus» BbIAEIAI0TCS BCE
MOJIKJIOYEHHBIE K UICTOUHUKY TEIIOBBIE CETH M MOTPeOUTENN

C nomoursto onmuu «Jlo6aBuTh B rpynmmy» (mpaBasi KJIaBUIIa MaHUIYJISTOPA) BbIACICHHbIE 00b-
€KThI TEIJIOBOM CETH OOBEAUHSIOTCS B TPYIIITY.

C nomomipto onuu «MHpOpMaIys» MPOU3BOIUTCS 3aMPOC MO TPYIITE TOTpeOnuTeNeH:

Cymma «PacyeTHas Harpy3ka Ha oToruieHue, ['kan/a»;

Cymma «PacuetHas cpennss Harpyska Ha ' BC, I'kan/uy;

Cymma «PacueTHast Harpy3ka Ha BEHTHIISIIMIO, ['kan/u».

B pesynbTate 3anpoca onpenensercs cymMmapHas MOJKJIFOYEHHAs! TEIUIOBasl Harpy3Ka K HCTOYHUKY
TEIJIOBOM HEPTUH.

PesynpTathl 3ampoca 3aHOCATCS B 0a3y JaHHBIX UCTOYHUKA B COOTBETCTBYIOLIHUE MOJIS:

«Tekymiast Harpy3Ka Ha oToruieHue, ['kan/4»

«Tekymiast Harpy3ka Ha BEHTUJISAIMIO, [ Kas/4»

«Texymas Harpyska Ha [ BC, T'kan/u».

AHaNOru4HoO 3anpocaMu 00pabaThIBAIOTCS Pe3ysIbTaThl HAIQJ0YHOTO pacyeTa TeIIOBOM CETH OT

BBIJICJICHHOT'O HCTOYHHUKA. Ecmu PaCUCT BBIMIOJHAJICA C BKIIFOYCHHBIMHU ONIUAMHA «C YUETOM YTCUCK» U «C
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YUETOM TEIJIOBBIX MOTEPh», TO B MoJie «TernoBsie MoTepy B TEIIOBBIX CeTAX, I Kan/u» 6a3pl TaHHBIX HC-
TOYHUKA aBTOMATUYECKH 3aHOCSITCS Pe3yJIbTAaThl pacueTa TEIIOBBIX OTEPb.

[Tocne mpoBeieHHsT ONTMCAHHBIX BBIIIE OMEPALMM C SJIEKTPOHHOM MOJIEIBIO JUIsl BCEX UCTOYHUKOB
TEIUIOBOM 3Hepruu hopmMupyercs 3amnpoc K 6aze JaHHBIX HCTOYHUKOB Ha BBIOOPKY CIEIYIOIIMX JAHHBIX:

HaumenoBanue nctouHuka;

YcranoBneHHas MOIIHOCTD;

Pacnonaraemast MOIITHOCTb;

Pacrnionaraemast MOIIIHOCTh «HETTOY;

Texyias Harpy3Kka Ha OTOIICHUE;

Tekymias Harpy3ka Ha BEHTUJISIHIO,

Texymias narpyska vHa 'BC;

TenoBbie MOTEPHU B TETIOBBIX CETHX.

[Tpu HEOOXOAMMOCTH pPe3yabTaThl 00PAOOTKH 3ampoca MOTYT ObITh BBITPYKEHBI BO BHEIIHHE Ta0-
JuIel Tama * .xIs.

[To kaxIOMy UCTOYHHKY OIpenesieTcss pe3eps (IeUInT) pacmojgaraeéMoi TerIoBOiH MOITHOCTH

«HETTO» U HpHCOCHHHeHHOﬁ TEIJIOBOM Harpys3kKu € y4€TOM TCIJIOBBIX ITIOTEPb.
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7 PacyeTr noTepb TENJI0BOM SHEPrUM Yepe3 U30JSIIUI0 U ¢ YTeYKaMH TeNJIOHOCUTEeJIst

OrmpeziesieHne HOPMUPYEMBIX SKCIUTYyaTallMOHHBIX YACOBBIX TEIUIOBBIX MOTEPb MPOU3BOAMUTCS Ha
OCHOBAHMM JAHHBIX O KOHCTPYKTHUBHBIX XapaKTEPUCTHUKAX BCEX Y4YaCTKOB TEIUIOBOM CETHU (TUIIE MPO-
KJIaJIK¥, BUJIC TETUIOBOM U3OJISAIMHU, JUAMETPE U ITTHHE TPYOOIPOBOIOB M T.I1.) TIPH CPEIHETOIOBBIX YCIIO-
BHSIX paOOTHI TEIIOBOM CETH MUCXOJ U3 HOPM TEIJIOBBIX MOTeph. HOpMBI TEIIOBBIX MOTEPH (IJIOTHOCTH
TEIJIOBOTO MOTOKA) JIJISl Y4aCTKOB TEIUIOBBIX CETEH, BBOJMMBIX B IKCILTyaTaIMIO, WU 3aIIPOCKTUPOBAHHBIX
no 1988 rona, a Taxke IJis y4aCTKOB TEIUIOBBIX CETEH, BBOJMMBIX B IKCILTyaTalMIO MOCIE MOHTaXa, a
TaKKe PEKOHCTPYKIIMH WM KaITMTAIBHOT'O PEMOHTA, ITPU KOTOPBIX MTPOU3BOAMINCH PAOOTHI IO 3aMEHE TETlI-
JI0BOM m30JisiuK mociie 1988 roa mpuHUMAIOTCS TIO CIICIMAILHBIM TaOJIUIIaM.

Omnpe/eneHrne 4acoBbIX TEIUIOBBIX MOTEPh MPU CPEIHETOIOBBIX YCIOBUSX PAOOTHI TEIIOBON CETH
110 HOPMaM TEIUJIOBBIX MOTEPh OCYIIECTBISETCA Pa3/IeIbHO JJIsl TTOJA3EMHOM M HAJI36MHOM MPOKJIAA0K MO
dbopmynam:

JJIA HO,HBeMHOﬁ MMPOKIIaIKN CYMMApPHO I10 IOJAA0IIEMY U 06paTHOMy TPY6OHpOBOI[aMZ

;I())gM = Z(qHOpM "L ﬁ)a KKaJ/4 (24)

IS HAI3€MHOM MIPOKJIAIKHU Pa3aeIbHO 0 MOJAIOIIEMY B 00paTHOMY TPYOOIPOBOIAM:
;iggm.n = Z(qupM.H L- ﬁ)o KKaj1/9 (25)
gggM.o = Z(qHOpM.O L+ .B)a KKaj/4 (26)

Quopms uopm.ns Fuopm.o — YAEIbHBIE (HA OJIMH METP JJIUHBI) YACOBBIE TEILIOBBIE IIOTEPH, ONPEIEIIEH-
HbIE TI0 HOPMaM TEIUIOBBIX MOTEPH IS KAKI0T0 AMaMeTpa TpyOorpoBoia IPU CPEIHETOJOBBIX YCIOBUAX
paloThI TEMIOBOH ceTH, A MOJ3eMHON MPOKJIAJKA CyMMapHO IO MojarolieMy U o0paTHoMy TpyOompo-
BOJIAM U Pa3AEIbHO JUIsl HAA3EMHOM MPOKIAIKU, KKaJl/(M-4);

L — nrHA TpyOOIIPOBO/IOB HA yUacTKE TEIUIOBOH CETH ¢ TUMETPOM Oy B IBYXTPYOHOM UCUUCIICHUU
IpU NOJ3€MHOMN MPOKIIAJKE U MO Nojarolel (00paTHOI) IMHUM NTPU HAA3EMHOM MPOKJIA/IKe, M;

S — K03 PUIIMEHT MECTHBIX TEIJIOBBIX TOTEPH, YUUTHIBAIOIIN TETJIOBBIE TIOTEPU apMaTypoil, KOM-
neHcaTopamu, onopamu. IIpuHnMaeTcs ais noA3eMHON KaHAJIbHOW U HAaJ3€MHOW MPOKIAIOK PaBHBIM 1,2
npu quametpax TpyoonposoioB a0 0,15 m u 1,15 npu nuametpax 0,15 M u Oosnee, a Takxe MpH BCeX gua-
MeTpax OecKaHaJIbHOM MPOKIIAKH.

3HaueHus yJeNbHBIX YAaCOBBIX TEIIJIOBBIX IOTEPh NPUHUMAIOTCS 110 HOPMaM TEIUIOBBIX MOTEPh AJIs
TEIUIOBBIX CETEH, TEIUIOBas M30JIALUS KOTOPBIX BHIIOJIHEHA B COOTBETCTBUU C HOPMATUBHBIMU TPEOOBaHU-
SIMH, WIHM 110 HOPMaM TEIUIOBBIX MOTEPh (HOPMBI IUIOTHOCTH TEIUIOBOTO MOTOKA) /ISl TEIJIOBBIX CeTell C
TEIIIOBOM H30JISIIIHEH.

3HaueHus yJeNbHBIX YaCOBBIX TEIUIOBBIX IIOTEPH IPU CPEIHETOA0BOM Pa3HOCTH TEMIIEpATYp CETe-
BOI BOJIBI U OKpYXKaromeil cpeapl (TpyHTa WM BO3JlyXa), OTJIMYAIOLIEICS OT 3HAaUeHUH, TPUBEJICHHBIX B

HOpMax, OMpEaACIIIOTCA IMyTEM JIMHEHHOM HHTCPITOJIIIUHN UJIW SKCTPAIIOJIAIUN.
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HHTepnionupyeTcs cpeHero1oBas TeMiepaTypa BoIbl B COOTBETCTBYIOIIEM TPYOOTIPOBO/IE TETLIO-
BOM CETU WJIM HA Pa3HOCTh CPEIHEr0/IOBbIX TEMIIEPATyp BOJABI U TPYHTA JIJISl JAHHOM TEIIOBOW ceTH (Un
Ha Pa3HOCTh CPEIHET0JIOBBIX TEMIIEPATyp BOJIbI B COOTBETCTBYIOIIUX JIMHUSIX U OKPYXKAIOIIETO BO3AyXa
JUTSl TAaHHOW TETIJIOBOM CETH).

CpennHeroioBasi TEMIEPATYPy OKPYXKAIOIIEH CPeIbl ONPEaesaeTCs Ha OCHOBAaHUU CPEIHUX 3a TOJ
TEeMIIepaTyp HApY>KHOTO BO3/yXa U IPYHTA Ha YPOBHE 3aJI0KEHUS TPYOOITPOBOIOB, IPUHUMAEMBIX T10 KJIH-
MaTOJIOTHYECKUM CIIPABOYHUKAM WJIU 110 JaHHBIM METEOPOJIOTHUecKoi cTraHiuu. CpeaHerojoBbie TeMIie-
paTyphl BOJIbI B MTOJAOIICH U 00paTHOW JTUHUSAX TEIJIOBOW CETH HAXOJATCS Kak cpeaHeapuMeTHIecKue
W3 CPEIHEMECIYHBIX TEMIIEpaTyp B COOTBETCTBYIOIIMX JIMHHUIX 32 BECh MEPHO] PabOThI CETH B TCUCHUE
rojna. CpelHEeMeCsUHbIe TeMIIePaTypbl BOJBI OMPENEISIOTCS MO YTBEPKIACHHOMY SKCIUTYyaTallHOHHOMY
TeMIIEpaTypHOMY TpadUKy MpU CPEeAHEMECTIHON TeMIIepaType Hapy>KHOTO BO3AyXa.

J1J14 TETIIIOBBIX CETEH C TeIIOBOM U30JISIUEH yIeIbHbIEC YACOBBIE TETNIOBBIE TTOTEPH OIIPEACISIOTCS:

- IV TIO3€MHOM MPOK/IAJKK CyMMapHO IO MOJAIoIIeMy H 0OpaTHOMY TPYOONPOBOAAM (yopy
Kkkay/(M9) o popmyie:
cp.r

At DT —AeTL
_ T1 T2 T1 JBbep —ALep

qupM - qupM + (qupM - qupM AtTZ —A¢T1 (27)

cp cp

rae qg(}pM, qggpM — yZAeNbHbIE YaCOBBIE TEIJIOBBIE MTOTEPU CYMMAapHO MO MOJA0IIEMy U 00paTHOMY Tpy0o-
MPOBOAAM KaXKJIOTO IMaMeTpa MPH JBYX CMEKHBIX (COOTBETCTBEHHO MEHBIIIEM U OOJIbIIIEM, YeM /IS JaH-
HOM ceTH) TaOJIMYHBIX 3HAUYEHUAX CPEIHErOJ0OBOM Pa3HOCTH TEMIEpaTyp CETEBOM BOJbI M TPYHTA,
KKai/(M-4);

Atgg'r — 3HA4YECHHUE CPEIHETOJ0BOM Pa3HOCTH TEMIEPATYP CETEBOM BOJIbI M IPYHTA JUIS TaHHOM TEILIOBOM
cetn, °C;

At;rpl, At;rl[,2 — CMEXHBIE (COOTBETCTBEHHO MEHBIIIEE U OOJIbIIee, YeM /I JAaHHOW CETH) TaOJIMYHbIC 3HAUE-
HUS CPEJHETOA0BOM Pa3HOCTH TEMIIEPATYp CETEBOM BOJbI U IpyHTa, °C.

o v cp.r
3HaueHue CPeAHEr0I0BOM Pa3HOCTH TEMIIEPATyp CETEBOM BOJBI U I'PyHTa Atcg (°C) ompenens-

10TCs 1o popmyiie:

cp.r t:):p.r

pPT_
At = L to” (28)
raec tﬁp'r, t(c)p.r‘ — CpCI[HeTOIlOBaH TeMnepaTypa CCTCBOﬁ BOABI COOTBETCTBCHHO B IIOAAOIIIEM U O6paTHOM
TpyOOnpoBOJax AaHHOMU TemoBoii cetH, °C;

trcg " — cpenHerooBas TeMepaTypa IpyHTa Ha TITyOHHe 3a05KeHus Tpy6onposoaos, °C;

JUist Haa3eMHOM NPOKIIAIKK Pa3JEbHO MO TOJAIIEMY U 00paTHOMY TPYOONPOBOAAM yopm.nis

Qxopm.o> KKay/(M-4), o popmynam:
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cp.e.

T1
T T2 noy Al Al

L I (¢ L ¢ W
HopMm.n. HopMm.n. HOpMm.N. HOpM.N.

T2 T1
Atcp,n, - Atcp,n, (29)
cp.2. T1
T1 T2 T1 At —at.,
qHOPWO - qupwo * (quJpMU - qupwo) ’ %
R S s
cp.o. cp.o. (30)

Tl T2

q Hopm.n. q Hopm.n.
1

AnaMeTpa Ipu ABYX CMECKHBIX (COOTBGTCTBGHHO MCHBIIEM U 60J'II)I.H€M) TaOJIMYHBIX 3HAUCHHIX CpE€aHEro-

rje - yIeJIbHbIE YaCOBbIE TEIJIOBBIC MOTEPH IO MOJAIOIIEMY TPYOOIIPOBOAY JIJIsl JTAHHOTO

JIOBOM Pa3HOCTHU TeMIIEpaTyp CETEBOM BOJIbI U HAPYKHOT'O BO3yXa, KKaj/(M*4);

T1 T2

q HOpM.O. q
H

MCTpa IpHU ABYX CMCKHBIX (COOTBGTCTBGHHO MCHBIICEM M 6OJ'IBH_IeM) TaOJIMYHBIX 3HAYEHUIX cpeaHeroao-

Hopa-o- - YyNEJIbHBIC YaCOBBIC TCINIOBBIC IIOTEPH 11O 06paTHOMy Tp}I6OHpOBOI[y JJI JaHHOI'o aua-

BOI Pa3HOCTH TEMIIEpaTyp CETEBOM BOJBI M HAPY)KHOTO BO3yXa, KKaJ/(M*u);

fio.a &
7.

fio.
Atﬁa"'-, Alssi. CpEIHEr0/I0Basi Pa3HOCTh TEMITEPATYP COOTBETCTBEHHO CETEBOM BOJBI B TOIAIOIIEM U 00-

paTHOM TpyOOIIPOBOAAX U HAPYKHOTO BO3AYyXa JUIsl JaHHOW TEIuIoBoil cetu, °C;

T1 T2
Atﬁa-"'-, Alsos. - CME)KHbBIC TAOJIMYHBIC 3HaYEHUs (COOTBETCTBEHHO MEHBIIEE M OOJbIIEE) CPEAHETOA0BOM

Pa3HOCTH TEMIIEPATyp CETEBOM BOBI B IOIAIOLIEM TPYOOIIPOBOJIE U HAPYKHOTO Bo3ayxa, °C;

T1 T2
Atﬁ“-, Al CMEXHbIC TaOJIMYHbIC 3HAYCHHUSI (COOTBETCTBEHHO MEHbBIIEe U OOJIbIlIee) CPEeIHEr0J0BOM

Pa3HOCTH TEMIIepaTyp CETEBOM BOABI B 00paTHOM TPYOONPOBOE M HAPYKHOTO Bo3ayxa, °C;

=
ar

fio.a 5.
At fig.i . .

Atﬁa

=

CpenHero1oBble 3HAUEHUS! PA3HOCTU TEMIEPATyp Ui MOAAIOIIErO 1 00paTHOTO

- Tpy-
00NpOBOJOB ONpeEeNseTcs KaK pa3HOCTh COOTBETCTBYIOLINX CPETHET0JIOBBIX TEMIIEPATyp CETEBOI BOJIBI
t. t oy CPE/IHETOI0BON TEMIIEPATYPBI HAPYIKHOTO BO3IyXa t.

OmnpeneneHne YaCOBBIX TEIIOBBIX OTEPh TEIUIOBBIMU CETSIMU, TEIUIOM3O0JISILIMOHHBIE KOHCTPYKLIUU
KOTOPBIX BBIMOJIHEHBI B COOTBETCTBUHM C HOPMaMM, IPUHIMIIAAIBHO HE OTIMYAETCs OT BBIIIETPUBE/ICH-
HOro. B To ke Bpemsi He0OX0AMMO YUUTHIBATh CIIEIYIOIIEE:

- HOpPMBI PUBEJICHBI Pa3/I€IbHO I TEIUIOBBIX CETEH ¢ YMCIOM 4acoB paboTsl B roa 6oiee 5000, a
Taxxke 5000 u menee;

- JUIS TIOA3EMHOM MPOKJIAJAKU TEMJIOBBIX CETe HOPMBI MPUBEACHBI Pa3/IEIbHO ISl KaHAJIBHON U
OecKkaHaJIbHOM MPOKIIAIOK;

- HOPMBI TTPUBEICHBI TSI a0COIOTHBIX 3HAYEHUH CPETHETOIOBBIX TEMITEPATYpP CETEBOM BOBI B TI0-
JaroIieM U 00paTHOM TpyOOIpoBOAax, a He I Pa3HOCTU CPEAHETOJIOBBIX TEMIIEpaTyp CETeBOW BOJABI U
OKpY>KaloIen cpeabl;

- YACIBHBIC TCIJIOBBIC IMMOTCPU AJISI YHaCTKOB MOA3EMHOMN KaHAIbLHON U OceckaHaIbHOM IMPOKJIaJI0OK
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JUIS KaXJI0T0 TuaMeTpa TpyOonpoBo/ia HAXOAATCS IMMyTEM CYMMHPOBAHUS TEIJIOBBIX MOTEPh, ONpEIesIeH-

HBIX TI0O HOpMaM pa3aeIbHO JUIS MOAAOIIEr0 U 00PaTHOTO TPYOOIIPOBOIOB.

CpenHero10Boe 3Ha4€HHUE TEMIIEPATYpPbl CETEBOI BOABI t, , [ OIIpeeIIAeTCs KaK Cpe/lHee 3Ha-
YeHHE U3 OKUJAEMbIX CPETHEMECSUYHbIX 3HAUCHUI TeMIepaTyphl BOJIbI [0 MPUHITOMY TeMIIEpaTypHOMY
rpaduKy peryjIMpoBaHUsl OTIIYCKa TEIUIOTHI, COOTBETCTBYIOIIMX OXKHUIAEMbIM 3HAUEHHUSIM TEeMIIepaTypbl
HapY>KHOTO BO3/yXa 32 BECh IEPHO pabOThI TEIUIOBOW CETH B TEUCHHE TO/IA.

OsxuiaeMble CpeTHEMECSYHbBIC 3HAUCHUSI TEMIIepaTypbl HAPY>KHOTO BO3/lyXa M TPyHTa OINpeaes-
I0TCA KaK CPeHUE 3HAUCHUSI U3 COOTBETCTBYIOIIMX CTATUCTUYECKHUX KIIMMATOJIOTHYECKUX 3HAYSHUH 3a T0-
CJIEHUE 5 JIET 10 JaHHBIM MECTHON METEOPOJIOTrHUYECKON CTAaHIIMK WU 110 KIMMATOJIOIMYECKUM CIPaBOY-

HHUKaM.

cp.e.
Cpe,I[HGFO,I[OBOG 3HAYCHHUC TCMIICPATYPhI I'PYHTA tgp' OIIpEaACIACTCA KaK CPCAHCC 3HAUYCHUC U3

OXKHUJIaEMBIX CPETHEMECSYHBIX 3HAYCHUI TeMIIepaTyphl TPyHTa Ha TITyOUHE 3aJIeTaHus TPyOOIIPOBO/IOB.
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8 I'pynnoBble H3MEeHEeHHsI XapaKTEePUCTHK 00beKTOB (Y4aCTKOB TENJIOBBIX ceTeil, moTpedouTe-
Jieil) Mo 3aJaHHBIM KPUTEPHUSM C LeJbI0 MOAEJIMPOBAHNS PA3JIMUYHBIX NEPCHEKTHBHBIX BAPUAHTOB
€XeM TeIJIOCHAOKeHUs!

1) dopmupoBaHHUE IPYIIBI OOHEKTOB

B snexrponnoit Mogenu 3ATO Ceepck rpyria 00beKTOB HCIIOIB3YETCS B PA3IMYHBIX PEKUMAX U
omneparusax. ['pymnmna o0beKToB HGOPMHUPYETCs TOIBKO B AKTHBHOM CJIO€ i OTOOPaXkaeTCsl 3aIaHHBIM I[BETOM.
[Tpu 5TOM HCTIONB3YIOTCS Pa3INYHbIE CIIOCOOBI (hopMHUpOBaHUS (PUCYHOK 27):

- no0aBJieHHe B TPy OAMHOYHOTO O0BEKTA;

- BbIJIEJICHHUE IPYIIIBI YKa3aHUEM 00J1acTH;

- nobasiieHre 00BEKTOB B TpyIy o ux ID;

- CO3JIaHHe TPYIIIHI [0 Pe3yIbTaTaM 3apoca K CEMaHTHIECKOH 0a3e NaHHbIX;

- CO3/IaHME TPYIIIBI MO TpauyecKuM aTpudyTaM 0OBEKTOB CIIOS;

- CO3/IaHHE TPYIIIHI U3 BCEX 0OBEKTOB CIIOS;

- CO3JIaHUE IPYIIIBEI 0OBEKTOB IO MEPECEUCHUIO CO CIIOEM;

- CO3JJaHUE IPYIIIBI HHBEPTUPOBAHUEM MPEABIAYIIECH TPYIIIBL.

a) b) C)

Pucynok 27 — [Ipumep co3nanus rpyninsl 00bEKTOB

2) H3MeHeHHe mapaMeTpoB IPYIIbI O0BEKTOB

[Tpu n3MeHeHnn TapaMeTPOB TPYIIITBI BBITTIOIHSIOTCS OTIEPaIliu:

1. AKTUBHUpYETCS peAaKTUPYEMbIi CIIOM;

2. YcTaHaBIMBAETCS PeXKUM PEJaKTHPOBAHUS OOBEKTOB;

3. BoiOpaTb 00BEKT rpymIIbI.

4. I3MeHUTh MapaMeTphl B OKHE PEAaKTUPOBAHUS ITAPAMETPOB COOTBETCTBYIOMIETO 0ObekTa. BHe-

CEHHBIC M3MEHEHHUSI MPUMEHSIOTCSI KO BCEH TPYIIe 00BEKTOB (PUCYHOK 28).
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Tunoesie cmBons! (2)
MNpocTee cumsons (4)
Nonunuesu (2)
Mosurowe! (2)

Caenare NpuMUTHBOM l

Mpeotpazoeats B KOHTYPLI l

Bomog [

Cnpaeka I

Pucynok 28 — OkHO BbIOOpa 00bEKTA JIJIs1 U3MEHEHUS TApaMETPOB TPYIIIIbI

3) OrtMmeHa rpyIsl

OTmeHa Bcex paHee CO3JaHHBIX TIpYNI BO BCEX CJOSIX KapThl, BBINOJIHAETCS KOMAaHION
«Kapta|['pynma|Otmenutsy. [lpu 3T0M aKTUBHPYETCS CIIMCOK 3arpy>KEHHBIX B OKHO CJIOEB, U3 KOTOPOTO
BbIOMpPAETCs CJI0M, rpyIa KOTOporo OyneT OTMEHEHa.

JU11 OTMEHBI I'PYIIIBI TOJIBKO OJTHOTO CJI0SI, B CIIUCKE 3arpyKEHHBIX CII0EB, BEIOUPAETCS TOJIBKO TOT
CJIOH, B KOTOPOM OTMEHSETCA IPYIIIA.

4) Y naneHue rpyIbl

VY nanenue BBIIOIHAETCA B CIENYIOIIEM MTOPSAIKE:

AKTUBUpYETCS pEJAKTUPYEMBIi CITOM.

VYcTanaBiuBaeTcs peKUM peJaKTHPOBAHUS OOBEKTOB.

Boiaensiercs ynansemas rpynna oObeKTOB.

I/IHI/IHI/II/IpyeTCﬂ yAaJIeHue BBI,HGHGHHOﬁ T'pYIIIIbI 00BEKTOB.
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9 CpaBHuUTe/IbHBIE Tbe30MeTpUYecKHe rPaguKH 1Jis1 pa3paboTKU U aHAJIHM3A ClleHapHeB Tep-
CHEeKTHBHOI'O Pa3BUTHUSI TEIJIOBBIX ceTeil

OnHUM U3 OCHOBHBIX MHCTPYMEHTOB aHAJM3a PE3yJIbTATOB PACUETOB TEIUIOBBIX CETEH SIBIIAETCS
nbe3oMeTpuueckuit rpaduk. I'paguk n3obpaxkaeT JIMHUK U3MEHEHHUS JIaBJICHUS B y3/1aX CETH MO BhIOpaH-
HOMY MapuUIpyTy, HallpuMep, OT UCTOYHHMKA 0 OJHOTO U3 notpedurteneit. [Ibe3omerpuueckuii rpapuk
CTPOUTCS 10 yKa3aHHOMY IyTH. [1yTh yKa3pIBaeTCsi aBTOMAaTHUECKH, IOCTATOYHO OMPECIUTh €r0 Hayallb-
HBIA 1 KOHEYHBIHN y37bl. ECIM myTeii OT 0HOTO y371a 10 IPYroro MOXeT OBITh HECKOJIBKO, TO IO YMOJI4a-
HUIO ITyTh BHIOMPAETCS CaMblii KOPOTKUIA, B TOM CIIy4ae €CiId UCCIIEAYeTCsl APYTrol MyTh, TO YKa3bIBAIOTCS
MIPOMEKYTOUHBIE Y3JIbL.

1) IMopsmaok OCTPOCHHS MTEE30METPUUIECKOTO Tpaduka

[Topsimok mOCTPOCHHS THE30METPUIECKOTO TpaduKa CIIeTyIOTITHIA:

1. AKTHBUpYETCS CIIOM, COJEPKAIIHI TEIJIOBYIO CETh.

2. BrpiOupaercs pexuM ycTaHOBKHU (DIaros.

3. BriOupaercs HavyadbHBIN (HAapUMEp UCTOYHUK) M KOHEYHBIH 00BEKT (Hampumep, mpoOIeMHbIN
MOTPEOUTEIh) CHCTEMBI TEIUIOCHAOXKeHUs (pUCYyHOK 29 a, b, ¢).

4. B KOHTEKCTHOM MEHIO aKTUBUpYeTcs koMmaHaa «Haiitu myTb». BeiOpaHHbIil MapmipyT Asis mo-

CTpoeHHs rpaduKa BbIIEISIETCS KPACHBIM LIBETOM (PUCYHOK 29 c);

a) . . b . [r C) ;
@——[] [——@ @——[] [——a : f

Pucynok 29 — [ToctpoeHue npe3oMeTpruueckoro rpapuka

|

B Mento «3anaun» aktuBupyetcs komanna «lIbesomerpuueckuii rpadux.
B pe3ynbTare BeIoNIHEHNS KOMaH bl B OKHO «I"pa(uKk» BBIBOJSATCS pE3yJIbTAaThl pacyeTa Ibe30MEeT-

pHuuecKkoro rpaduka sl UCCIeyeMOoro yyacTKa CeTH B rpaduyeckoM U TabianuHoM Buje (pucyHok 30).
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rpaduka

JWHERAHOTD rpadHKos

Pucynox 30 — OxHO nibe30MeTpu4ecKoro rpaduka

Nawens 0Bnacte AumeiHoro Yaen auneinoro
MHCTPYMENTOR rpaduka rpadura
Toobnx l —ax
| @ain +| @'y e 100% - | 2 3| & (crangaprian) <@
& ~
70
0
I s ™ T T s e e e e
3'_ 50
5 40
T 3
20 2
10
° -
Hanmerosanne yina Cesepran TK.1 TK-2 TK-21 TK.22 TK.23 Ty,
feogesnvecras Bucora, M " 10 1 10 10 10 12 13 14 10 20
Hehop 8 oBpaTHoM 2 2619 2641 26604 26704 26832 26975 | 26161 2743 28402 2862
Tpybonposoge, M
Pacnonsraemuiii wanop, M 0 59566  $9.05 8595 58357 58054 57726 | 57.289 54999 52044 51528
Lnima ysocTxa, M 6075 10748 7663 1093 1908 1623 236 6119 8064 1516
LrameTp yuacTxa, M 025 0258 025 0125 01 0.08 0.08 0.07 0.07 0.05
MoTeps anopa 8 nogaomeM o544 0296 026 0138 0175 0185 0251 1309 1696 0.2%
TpySonposoge, M
florepw Hanopa 8 obpaTHom 018 022 0134 01 0128 0143 0185 0981 1259 0219
TpyBonposoge, M 3
06n Mnanka uzmeHaHna . MNepemewyaeman nnanxka
_1 ACTH WKANBHOFD pacueps oBaacH Aueitka WKaNLHOM pasmep
rpagura 3ar0N0BKA WKANLHOTO rpagika loBnacte wransHoro u
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10 McxoaHble JaHHBIE U MTPUMEPHI pacyeTa.

10.1 Uicxoanble TaHHBbIE

Ha pucynxke 31 npusenena cxema nosanas cxema TemioBslx ceteil 3ATO CeBepcek, peann3oBaHHas
B paMKax 3JIeKTPOHHOU Mozenu. DnekrpoHHas mojeinb 3ATO Cepepck (pucyHok 31) OTHOCHUTCS K MOJIEIH
BTOPOT'O YPOBHS (CaMblil BBICOKUN YPOBEHB) COTTIACHO KJIACCU(UKALIUYA METOJUYECKUX PEKOMEHIallUui 1O
pa3paboTKe CXeM TeIUIOCHAOXKEHHSI, YTBEPKACHHBIX MpHKazoM MuHsHepro u Munperunona Poccun ot
29.12.2012 1. Ne 565/667, [locranoBnenue [IpaButenscrBa PO ot 03.04.2018 N 405 «O BHeceHUU U3Me-
HEeHUI B HEKOTOphie akThl [IpaBuTenscTBa Poccuiickoit @eaepanum». Moienb COAEPKUT ONKUCaHUE pac-
MpeIeIUTENbHBIX (KBAPTAIbHBIX) TEIJIOBBIX CETEH C THUIIOM NMPUCOCTUHEHHUM TeIIONOTPEOISI0IUX yCTa-
HOBOK TMOTPEOUTENCH.

[Ipumep kBapTaJIbHOM TEMJIOBOW CETH NMPEACTABIEH Ha PUCYHKE 32.
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Pucynok 31 — Cxema temnoBbix ceteit 3ATO Ceepck
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Pucynok 32 — Ilpumep KBapTajbHOI TEMJIOBON CETH.

Ucxonnsie qanusie no uctounuky TIOLl AO PUP npencrasnens! B Tabmuire.

HanmeHnoBanue ncroynmka TOI AO PUP
PacueTtHast Temneparypa B nojaromem Tpyoonposojie,°C 150
Pacuernas temrneparypa B o6patHoM TpyOomnposoje,°C 70
Pacuernas temrepaTtypa xoJn0AHOU BOJIbI 3UMHSSL,°C 5
PacuetHas Temneparypa xon01H0H BoApb! 1eTHsA,°C 17,69
PacuerHast Temneparypa Hapy>kHOTO Bo3ayXxa,’C -32
MaxkcuMasbHBIN pacxoJl Ha MOJIUTKY, T/4 500
VYcraHoBiaeHHas TEMIOBAsE MOITHOCTD, I 'Kar 1215,8
CpennerojoBasi TeMiepaTtypa rpynra, °C 6,4

[Ipumep pe3yabTaToOB pacueTa MCTOUHUKA MPEACTABIIEH B TA0IHIIE

HaumeHnoBaHue MCTOUYHHMKA TOI[ AO PUP
Texymuii pacroiar. Harmop Ha BBIX0JIC U3 UCTOUHMKA, M | 128,348
Hamop B mojaromnem tp-je, M 159,348
JlaBjieHHE B IOJAIOLIEM TP-A€, M 110

Texymmii Harop B 00paTH. TP-/ie HA UCTOYHHUKE, M 31

JlaBneHue B 00paTHOM Tp-/ie, M 40
CpemHeroioBasi TeMiiepaTypa BoJsI B 1oj1. Tp-ae,°C 81,21
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CpenneroioBasi TeMIiepaTypa BojsI B 00p. Tp-n1e,°C 58,62
Tekymias Harpy3ka Ha oTorjieHue, I kan/yac 95,29079
Texymias Harpy3ka Ha BEeHTHIAIMIO, [ Kaj/4ac 8,54245
Texymas Harpyska Ha I'BC, I'kan/gac 140,45707
CyMMapHas TerioBasi Harpyska, [ kaji/gac 264,44327
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