MHHUCTEPCTBO OBPA3OBAHUS 1 HAYKU POCCUMCKOU ®EJIEPALIN

denepanbHOE TOCYAAPCTBEHHOE OFOKETHOE 00Pa30BaTENbHOE YUPEIKACHUE
BbICLIEr0 00pa30BaHuUs
«HyBanickui rocyapcTBeHHblil ynusepcurer uMenu M.H. Yieauosa»

CrpoutenbHblii paKyIbTeT

Kadenpa TennoTeXHUKU ¥ TUAPABIUKA

YTBEPXJIEH

Ha 3acelaHnu Kadeapsl
«29» aBrycra 2017 r.,
nporokos Ne 1
3aBenyromuii kageapoit
B.C. Bacunben

METOAUYECKHUE PEKOMEH/JALIMH ITO OCBOEHHUIO JUCHUIIJIMHBI

«b1.B.10 HEHTPAJIM30BAHHOE TEIVIOCHABKEHHWE»

Hanpagsnenue noarorosku (cnenuanbHocTh) 08.03.01 CTpouTenscTBo

KBanudukanus (cTeneHb) BEITYCKHUKA — OaKasas

[Tpoduns (HampaBieHHOCTH) Temiora3ocHa0KeHNe U BEHTUIISIIIUS
[puknanHoi GakamxaBpuat

Yebokcapsl - 2017



Metoauueckie Matepuanbl pa3paboTaHbl Ha OCHOBE paloueil mporpaMmbl JUCHUIUIMHBL,
MPEAYCMOTPEHHOM 00pa3oBaTelbHOM mporpamMmor Bbiciiero o6paszoanust (OII BO) mo
HanpaBienuto noarotoBku  08.03.01  «CTpouTensCcTBO»  HampaBlIeHHOCTh  (Tpoduiib)
«TemnnorazocHaOxeHNe U BEHTUIISLIS.

COCTABHATEIJID:

Crapumii npenoaaBaTesb
Kadeapsl TEIUIOTEXHUKH U THIPABIMKU T.B. lllennnkoBa

COIJIACOBAHO:
Metoauueckasi komuccus ctpoutenbHoro gakynsrera «30» aBrycrta 2017 r., mpotokon Nel.

Jexan dakynprera A.H. [InotHuKoB




1. [lepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00yUeHMs 1O JUCIHUIJINHE, COOTHECEHHBIX
¢ IVIAaHUPpyeMbIMH pe3yiabTaTamu ocBoeHust OII BO

B nmpouecce wu3ydeHus

MUCHUILIINHBI

oOyuatomuecss  (GOPMHUPYIOT — CIEAYIONTHE

KOMIICTCHINHW U ICMOHCTPHUPYIOT COOTBCTCTBYIOIIUE UM PE3YJIbTATHI O6yLICHI/I$[I

Komnerennus no ®I'OC

OxxutaemMble pe3yJabTaThbl 00y4eHHsl

IIK-1 - 3HaHue HOpMaTUBHOW 0a3bl B
00JIaCTH MH)KEHEPHBIX H3bICKaHWH,

MIPUHIIAIIOB IIPOEKTUPOBAHUS
31aHUN, COOPYKEHHM, HHKEHEPHBIX
CUCTEM u o0opyoBaHus,
IUTAHUPOBKU u 3aCTpOMKHU

HaCCJICHHBIX MCCT

3Harthb HOPMATUBHBIC JOKYMCHTHI IO IMPOCKTHPOBAHUIO
CHCTEM TEIJIOCHAOKEHHS.

YMeTb NpUMEHATh HOPMATHBHBIE JOKYMEHTBHI U pac-
4eTa U IPOEKTUPOBAHUS.

BJIa[[eTb MeTOﬂHKOfI pacuc€Tra C UCIIOJIb30BAHHUEM HOPMaA-
TUBHBIX JOKYMCHTOB.

INIK-3 - cmocoOHOCTh TPOBOJIUTH
MIpeIBAPUTEIILHOE TEXHHKO-
9KOHOMHYECKOE 000CHOBaHHE
IIPOEKTHBIX peleHui,
paspabaThIBaTh MPOEKTHYIO u
pabouyro TEXHUYECKYIO
JOKYMEHTAIHIO, 0hOpMIIATH
3aKOHYEHHBIE IPOEKTHO-
KOHCTPYKTOPCKHE paboTHI,
KOHTPOJIMPOBATH COOTBETCTBHE
pazpabaTbiBaeMbIX  MPOEKTOB  H
TEXHUYECKOM JOKYMEHTAITU!

3aIaHN10, CTaHdapTaM, TCXHUYCCKUM
YCJIOBUAM M JAPYTMM HOPMATHBHBIM
AOKYMCHTaM

3HaTh COCTaB MPOEKTHOW W pabodeil TOKYMEHTAIMH I10
MPOCKTUPOBAHUIO  CUCTEM LEHTPAJIN30BaHHOIO
TEIUIOCHA0KEHUs, MPUHLIUIIBI TTo00pa 00OpyIOBaHUS U
MPOBEACHUS UCIBITAHUN WHXEHEPHBIX CHUCTEM; METOJbI
CO3MaHMS W  aHalu3a  TEOPETUYECKHX  MOJeneH,
MO3BOJIAIOIIMX TMPOTHO3UPOBATH CBOMCTBA U IOBEJCHUE
O0OBEKTOB AESATENbHOCTH, HOPMATHUBHBIE JOKYMEHTHI I10
MTPOCKTHPOBAHHIO CHCTEM TETUIOCHAOKEHUSI.

YMerb  paszpabarbiBaTh  MPOEKTHYIHO U Pabouyro
TEXHUYECKYIO JIOKYMEHTALUI0 C yYETOM HOPMAaTUBHBIX
JOKYMEHTOB, O(OpMIIATH  3aKOHYEHHBIE  MPOEKTHO-
KOHCTPYKTOpPCKHE paboThl, CBsI3aHHbIE c
MIPOEKTUPOBAHUEM CUCTEM LTC, BKJTIOUAst
MIpeIBAPUTEIILHOE TEXHUKO-IKOHOMUYECKOE 00OCHOBAHUE
MPOEKTHBIX PEUICHHUH, CAMOCTOATEIbHO YIIIYONSATh CBOU
3HAHUS U NPUMEHATh HAa MPAKTUKE JOCTHKEHUS HAYKU U
texHuku B obnactu cucreM LITC; paspabarbiBaTh U
peayin30BbIBaTh MIPOrpaMMbl o JIOCTHKEHUIO
9HeprodPPeKTUBHOCTH 3JaHUNA U COOPYKEHUH.

Baanern METOTUKAMHU pacuera CUCTEM
LEHTPATU30BAHHOTO TETNIOCHA0KEHHSI C UCTIOJIb30BaHUEM
HOPMATUBHBIX JOKYMEHTOB, pacdyeToM i IMojadopa
OCHOBHOTO TEXHOJIOTMYECKOTO 000pYIOBaHUs, METOJaMHU
WCTIBITAHNN; HABBIKAMH IPOCKTHUPOBAHUS  OOBEKTOB
KUITUITHO-KOMMYHAJTbHOTO XO03SCTBa,
oOecreunBaIOIIUMA  HAJIEKHOCTb, 0O€30I1aCHOCTL |
3¢ (HEeKTUBHOCTH 170:¢ paboTHI; METOANKAMHU
KOMITEIOTEPHOTO  MOJICTTUPOBAHUS C HCITOJIb30BAHUEM
CHEIMAM3UPOBAHHBIX  MPOTPAMMHO-BBIUHCIUTENbHBIX
KOMIIJICKCOB.

IIK-8 - Bimagerb TEXHOJOTHEH,
METOJIaMH JOBOJAKH M OCBOCHHS
TEXHOJOTUYECKUX MPOLIECCOB
CTPOUTETHLHOTO MPOU3BOJICTBA,
JKCIUTyaTalluH, oOcTyKUBaHUS
3IaHUM, COOPYKEHUH, HWHKEHEPHBIX
CHCTEM, MIPOU3BOJICTBA
CTPOUTETHHBIX MaTEpPUAJIOB, U3ICITUN
u KOHCTPYKIUH, MaIlIiH u
o0opymoBaHUs

3HaThb METOAbBI JOBOJAKHW M OCBOCHHUA TCXHOJOIMYCCKUX
MIpOLECCOB CTPOUTCIIBHOIO IMPOU3BOACTBA, TCXHHUYCCKYIO

IKCILTyaTaIuIo CUCTEM [EHTPATN30BaHHOTO
TEIIOCHAOKEHUS.
YMeTh OCYIIECTBISITh OPraHHW3aII0 W IUIAHWPOBAHUE

TEXHUYECKOM dKcruryaramuu cucrem L[TC.

Buagers MeToaMu TEXHHYECKOM 3KCITyaTallud CHUCTEM
[HEHTPAJIU30BAaHHOTO  TEIUIOCHAOXKEHUSI € IEeNbI0
obecrieueHus HaJIe)KHOCTH, SKOHOMHYHOCTH U
0€30MacHOCTH UX (PYHKIIMOHUPOBAHUS.




3HaTh JOKYMEHTAIMI0 II0 MEHEI)KMEHTYy KauecTBa U
INK-9 -  cHoocoOHOCTh ~ BECTH |[TUIIOBBIM METOAAM KOHTPOJI Ka4eCTBA TEXHOJIOTMUECKUX
MOATOTOBKY  JOKYMEHTAallMd IO |IPOLIECCOB Ha MIPOU3BOACTBEHHBIX yyacTKax,
MCHE/DKMEHTY KadeCTBa M THUIIOBBIM |OPIaHU3ALMI0 pab0UUX MECT.
MeToJIaM KOHTPOJIS KayecTBa |[YMeTb  OCYIIECTBIISAITh ~ TEXHUYECKOE  OCHAIICHHUE,
TEXHOJIOTHYECKUX  TPOLIECCOB  HA [pa3MelIeHHEe U  OOCIHYXHBaHHE  TEXHOJOTHMYECKOTO
MIPOU3BOJICTBEHHBIX y4acTKax, |000py/I0BaHUs, OCYIIECTBIATh KOHTPOJIb COOIIOICHUS
OpraHU3alHIo pabouunx MECT, |TEXHOJIOTHYECKOW JAUCHUIUIMHBI, TpPeOOBaHHH OXpaHbI
CIOCOOHOCTH OCYILIECTBIISTH |TPYJA U SKOJIOTHYECKON 0€30MacCHOCTH.
TEXHUUYECKOE ocHaienue, |Biragerb cmoco6amMu TMOJATOTOBKH JOKYMEHTAllMU I10
pasMelieHue M OOCIy)KMBaHHUE |MEHEDKMEHTY KauyecTBa M METOJaM KOHTpOJIS KauyecTBa
TEXHOJIOTUYECKOr0  000pYJ0BaHUS, | TEXHOJIOTHYECKUX MPOIECCOB HA  MPOHM3BOJICTBEHHBIX
OCYILIECTBIISITh KOHTPOJIb |y4acTKaxX, CIoco0aMH OpraHu3aiuilo pabodyux MecT,
COOJIIOICHHS TEXHOJIOTUYECKOM |CTIOCOOHOCTBIO OCYIIECTBISATh TEXHHUUECKOE OCHAIICHHUE,
IUCUMIIIMHBL, TPeOOBAaHMN OXpPAaHBI [pa3MeIICHHsT W OOCIYXHBaHHS  TEXHOJIOTHYECKOTO
TpyIa U DKOJIOTUYECKOM |000pYAOBaHUS, OCYIIECTBISATH KOHTPOJb COOIIOICHUS
0€30MacHOCTH TEXHOJOTHYECKON JUCHUIUIMHBI, TpeOOBaHUI OXpaHbI

TpyZAa U SKOJIOIMYECKOi 0€3011aCHOCTH.

2. MeToauyeckue yKka3aHusi 00y4alomuMCs 110 BHINOJHEHHIO CAMOCTOATEIbHOI padoThl

CamocrosTenbHas paborta ompeaensercs crneuupUuKoil IUCHUIUIMHBI M METOJUKON ee
IPEeIoIaBaHMsI, BDEMEHEM, MPETYCMOTPEHHBIM y4eOHBIM IUTAHOM, a TAK)KE CTYMEHbIO 00yUYeHHS,
Ha KOTOpPOW U3y4yaeTcs AUCLHUILINHA.

,Z[J'I?I CaMOCTOSITEIbHOM IIOATOTOBKM MOKHO PCKOMCHAOBATH CJICAYIOIIHWEC HWCTOYHUKU:
KOHCIIEKTbI JIEKUMI W/WIM NpPaKTUYECKUX M J1a0OpaTOPHBIX 3aHATHH, y4eOHYIO JIUTEpaTypy
COOTBETCTBYIOLIETO MPOGHUIISL.

[IpenonaBatens B Havaje YTeHUs Kypca HHGOpMUpyeT oOydaromuxcs o popmax, BUgax u
COJIEp’)KaHUU CaMOCTOSITENIbHOM  paboThl, pa3bsACHAET TpeOOBaHUs, TMpPEAbIBIIEMbIE K
pe3yibTaTaM CaMOCTOSTEIbHON paboThl, a Takke (OPMBI U METOABI KOHTPOJII M KPUTEPHH
OLICHKH.

MeTtoauyeckue peKOMeH/allM U 110 MOATOTOBKE K 3a4eTy

[loaroToBka K 3ayeTy HA4yMHAETCSl C MEPBOTO 3aHATHS MO AUCLUUIUIMHE, HAa KOTOPOM
oOydaronuecss MOJIy4YarOT MpPeABAapUTEIbHBI TMEpeYeHb BONPOCOB K 3a4€Ty U CIHUCOK
PEKOMEH1YEMOM JIMTEPATYPBI, UX CTaBAT B U3BECTHOCTh OTHOCUTEIBHO KPUTEPUEB BHICTABIICHUS
3auéta U crneuuduke Tekymed u uroroBod arrecrauuu. C caMoro Hauana KeJlaTelbHO
IUIAHOMEPHO OCBaMBaThb MaTEpHall, PyKOBOJACTBYSCH IIEPEYHEM BOIIPOCOB K 3a4€Ty U CIUCKOM
pEeKOMEHAYEMOM JIUTepaTypbl, a TakKkKe MYyTEM CaMOCTOSTEIIbHOIO KOHCIEKTHPOBAHUS
MaTepHaJIOB 3aHATUI U PE3yJIbTaTOB CAMOCTOSATEILHOTO H3YUYEHUs YUeOHBIX BOIPOCOB.

MeTtoauyeckue peKOMEHAALMHU 110 MOATOTOBKE K IK3aMEHY

DK3aMeH TpecienyeT I1Leidb OLEHUTh paboTy CTyAEeHTa 3a ONpeIeNIeHHBIH Kypc:
MIOJIyYEHHBIE TEOPETUYECKUE 3HAHUS, MX IPOYHOCTb, Pa3BUTUE JIOTUUECKOTO U TBOPYECKOTO
MBILUIEHHSI, MPHUOOPETEHUE HABBIKOB CAaMOCTOSITEIbHOM pabOThl, YMEHMsI aHaJIU3UpOBATh U
CHUHTE3UPOBATh NOJyUYEHHBIE 3HAHNS U IPUMEHSATh Ha MPAKTUKE PEIICHNE PAKTUUECKUX 3a/1a4.

DK3aMeH NPOBOJIUTCS B MUCbMEHHON (Qopme Mo Ousietam, yTBEPKIECHHBIM 3aBEYIOIINM
Kaeapoil. DK3aMeHaMOHHBIN OMIIeT BKIIOYaeT B ceds ABa Borpoca. DopMyIHpoBKa BOIPOCOB
coBmazaer ¢ (HOpMyIMPOBKON MEpedHsl BOIMPOCOB, JOBEIEHHOTO 10 CBEIEHUS CTYACHTOB 3a
OJIMH MECHI] 10 9K3aMEHAIIMOHHOW ceccuu. B mpouecce MOArOTOBKU K IK3aMEHY OpraHW30BaHa
IpelPK3aMeHallMOHHasl KOHCYNbTallusl JJii BceX YydeOHbIX rpymnm. PesympraT 3K3ameHa
BBIPAXKAETCSI OLIEHKON «OTINYHO», «XOPOILOY», «YJOBIETBOPUTEIBHOY.




C menpl0 YTOYHEHMsI OLIGHKH SK3aMEHATOp MOXET 3a7arh He 0ojiee OJHOTO-IABYX
JOTIOTHUTEILHBIX BOMPOCOB, HE BBIXOMAILINX 3a paMKu TpeOoBaHUil paboueil mporpammsl. [lon
JIOTIOJIHUTEILHBIM BOIIPOCOM MOPa3yMEBAETCsl BOMPOC, HE CBSI3aHHBIM C TEMAaTUKOW BOIPOCOB
Ousiera. JIOMONHUTENBHBI BONpPOC, TakXKe KaK U OCHOBHBIE BOMNpPOCHl Ouiera, TpedyeT
pa3zBepHyToro otBera. Kpome ToOro, mpemojaBareiib MOXET 3aJaTh psJl YTOUYHSIOMIHUX U
HABOJAILIUX BONPOCOB, CBS3aHHBIX C TEMAaTUKONW OCHOBHBIX BOIpocoB Owmiera. Ywucio
YTOUHSIOIINX U HABOJSAIIUX BOMPOCOB HE OTPAHUYEHO.

MeTtoauyeckue peKOMeH/IallM 1 110 BBINOJIHEHHIO KYPCOBOI0 IIPOEKTAa

Llenv KypcoBOro MpOEKTa — CHUCTEMaTH3all¥s U 3aKpEIUIEHUE TEOPeTHUYECKUX 3HAHUN U
pa3sBUTHE TPAKTUYECKUX HABBIKOB II0 PEHICHHWIO 3a/a4, BBHIpA0OTKA HAaBBIKOB aHAIIN3a
CTaTUCTUUYECKUX JAHHBIX U (POPMYJIUPOBAHUS BBIBOJOB IO MOJYYEHHBIM PE3yJbTaTaM.

3aoauamu KypcoBOT0O MPOEKTA SBIISIOTCS:

— Pa3BUTHE HaBBIKOB CAMOCTOSITEIILHON paOOThI B 00JIACTH PELICHUS IPAKTUYECKUX 3a/1a4;

— moaldoOp M CHCTEMAaTU3aIUsl TEOPETUYECKOr0 MaTepHasa, SBISIOIIEIOCs OCHOBOW JUIS
pelIeHHs MPaKTHUECKOW 3a/laud, Pa3BUTHE HABBIKOB CAaMOCTOSATENIBHOM paboThl ¢ y4eOHOI,
METOJINYECKON U HOPMATUBHOM JIUTEPATYPOH;

— IPOBE/IEHUE PAaCUETOB MO UCXOAHBIM JAHHBIM U aHAIN3 MOJIyYCHHbIX 3HaYECHUH;

— (hopMyIHpPOBaHKE BHIBOAOB 110 TOJTYYEHHBIM PE3YIIbTaTaM.

Cmpykmypa Kypcoeoeo npoexma:

KypcoBoil NIpPOEKT COCTOMT M3 [BYX YacTe: pPacUETHO-IIOSICHUTEIBHOM 3allUCKU H
rpaduyeckoil yactu.

PacueTHO-TIOSICHUTEIbHAS 3AIIMCKU BKJIIOYAET B CE0s:

1. TuTyNbHBIN JUCT.

2. OrnasineHue.

3. 3amanue. Ha naHHOM sTame HaJ0 MOJHOCTBIO HU3J0XKHUTh JaHHOE O0YyYarolemycs
3aJaHue.

4. Vcxonusle naHHble. CTyIeHT NPEAOCTABISAET BCE CYIIECTBYIOLIUE MCXOJHbIE JaHHBIE,
KOTOpBIE MOTYT ITOHAI00UTHCS sl IPOBE/ICHUS PACUETOB.

5. Paznensl, koTopble OyayT COAEp)KaTh MPAKTHUYECKHE PEIICHUS U aHAINU3 MOJYYEHHBIX
pe3yNbTaToB.

6. BeIBOZIBIL.

7. CIMCOK UCTIOJIb30BaHHBIX HCTOYHHUKOB.

8. Ilpunoxenus.

I'padmyeckas yacTh MNpOEKTa BBHINOJHSAETCS Ha JBYX JucTax Oymaru ¢opmarta Al.
I'paduueckoe n3o0pakeHne Npoekiyid, 0003HaueHMsI, PUGTHI TOKHBI ObITh BBIIOIHEHBI 110
npaBuiaM oQopMIIEHUs CTPOUTENbHBIX uepTexkeil B cooTBercTBHM ¢ ['OCT 21.605-82 «Cetun
TEIUIOBBIE (TeIIOMEeXaHu4yeckast yacTb)». Ha uepTexax TOKHBI ObITh MPE/ICTaBJIECHBI: T'eHIUIaH
palioHa ropojia, MOHTaXHas CXeéMa TEIUIOBOW CeTH, MPOJOJbHBIA NpOoQuiIb TEMJIOBOM CETH,
bE30METPUUYECKHM IpaduK, MIaH U pa3pe3bl TEIIOBBIX KaMep.

Tpebosanus no opopmaenuro Kypcoso2o npoekma:

HaGop Ttexcra mnpousBoaurcs B TekcToBoM penaktope MicrosoftWord mpudrom
TimesNewRoman pasmepom 12 pt depes 1,5 unTepBana wmu 14 pt uyepe3 1 wuHTEpBa.
PexoMeHnyeMoe 3HaueHHeE oI cTpaHuLbl: ieBoe — 30 Mm, mpaBoe — 15 MM, BepXHee U HH)KHUE
20 mm.

Hymepanus ctpanuil KypcoBOro MpoeKTa J0JKHA ObITh CKBO3HASL.

Bce wmocTpanuu, nomemiaeMble B pacdeTHO-Tpaduyeckyro paldoTy, TOJIKHBI OBITH
TIIATEIBHO MOA0OpaHbI, YETKO BBINOJIHEHbI. PUCYHKHM M JHarpaMMmbl JOJDKHBI UMETh MPSMOE
OTHOIIEHHE K TEKCTY, 0€3 JIMIIHUX U300paKEeHUI U JaHHBIX, KOTOPBIE HE TOACHSIIOTCS.

OBIIME CBEJEHUA
KypcoBoil mpoekT cinyXKuT [uisi yriiyOJieHHus M 3aKpeIUIeHHs 3HAHWM, MOJIydYeHHBIX MpU
U3y4YeHUH TUCUUIUTUHBI « TernocHa0xeHne».



BrinmonHeHrne KypcoBOro MNpOEKTa HAYMHAETCS C IOJYYEHHs 3aJaHds U €ro HU3y4CHHUS.
[IpenBapuTeNnbHO caeayeT 03HAKOMUTBCS ¢ COBPEMEHHBIMUA MaTepUaiaMH IO NPOEKTUPOBAHUIO U
CTPOUTEIILCTBY PAllOHOB HOBOM 3aCTPOMKH.

3alaHue BKJIIOYAeT TEKCTOBYHO YacTh M BApUAHThl UCXOAHBIX NAaHHBIX. MHIMBUIyalbHBIE
3a[laHMsl PA3IMYAIOTCS UCXOJHBIMU JaHHBIMU (Ta0i.1) B COOTBETCTBHHM C HOMEPOM CTYIICHTA B
KypHaie. 3ananue opopMIIIeTCsl Ha OTASILHOM JIMCTE U MOMEIIAETCS B PACYETHO-TTOSICHUTEIIbHOM
3aMKCKE M10CJIE TUTYIBHOTO JIMCTA.

TUTYNBHBINA JTUCT OJKEH COAEPKaTh CIEAYIOLINE JaHHbIC: HA3BaHUE y4EOHOro 3aBe/ICHUS,
Kadeapel, TUCIMIUIMHBIL, TEMBl KYpPCOBOIO MPOEKTa, (aMIIMI0 W HHUIHUAIBI CTYACHTA, TOJ
BBITIOJTHEHMSL.

3AJAHUE K KYPCOBOMY ITPOEKTY

KypcoBo#i mpoekT cocTOUT u3 ABYX yacteill: 1) ropsiaee BOAOCHAOKEHHE JKUJIOTO JoMa; 2)
TeriocHabkeHue paiiona ropoga ot TOIl. B mepBoii wactu Tpebyercs pa3paboTarh CHCTEMY
ropsiuero BoJOCHa0keHusl U MHAUBUAYyanbHbIN TeroBoi nyHKT (WMTII). B UTII Tennonocurens
MOCTYyMaeT OT LEHTPAIM30BAaHHOIO HCTOYHUKA Temjaa. Y MOTpeOuTeneil OMKHBI OBITh
YCTaHOBJICHBI CIIETYIOIIE TPUOOPHL: B BAHHOW KOMHATE - CMECUTENb Y BAHHBI M YMBIBAJIbHUKA, HA
KyXHE - CMECHTEIb y MOHKA. B BaHHBIX KOMHAarax  IpelycMaTpuBaeTCsi YCTaHOBKA
MOJIOTEHIIECYILIUTENEH, MPUCOEIUHEHHBIX K LUPKYJISIUOHHBIM WM Pa3BOJAIIMM cToskaM. [lis
3MaHWi BBICOTOM Ooliee  JABEHAIIATH JTaXel NpeayCMaTpUBACTCA HIDKHAS MPOKIAIKa
Pa3BOIAIIMX MaruCTpaJied W BEPXHsA IIPOKIIAAKA HUPKYISLUOHHBIX Maructpanen. s 3naHuit
BBICOTOM 0Oojiee JABEHAJIATH STaKEW MNpeayCMaTPUBACTCS BEPXHAA MPOKIAAKA Pa3BOASIINX
MarucTpajied U HWXKHSS NMPOKJIAJKAa LUPKYJSIMUOHHBIX — Maructpaieil. s 31aHuil BBICOTOM
Ooree yeTbIpex JSTaxel cienyeT 0OBeAUHATH TPYIIbI BOJOPA30OPHBIX CTOSKOB KOJIBIYIOIIUMU
NEPEMBIYKAMH B CEKIIMOHHBIE Y3JIbl C MPUCOEANHEHUEM KAXI0T0 y3ja OJHUM LUPKYJISLHUOHHBIM
TpyOOIPOBOJOM K COOPHOMY LMPKYISIUOHHOMY TPyOOIPOBOAY CHCTEMBL. B CEKIIMOHHBIE Y3JIbI
ciefyeT OOBEOUHSTh OT TpeX JO CEMH  BOJAOPa30OpHBIX CTOSAKOB. (CxeMa BKJIHOYEHUS
MoJIoTpeBaTeNiell TopsYero BOAOCHA0KEHUS OMPEAessieTCs MO0 COOTHOIICHUIO HAarpy30K ropsiuero
BOJIOCHAO)KEHUSI U OTOIUIeHHs. Bo BTOpol wactu mpoekTta Tpedyercs pa3paboTarh CHUCTEMY
TEIJIOCHA0XKEHHsI pailoHa ropojia, paccunuTaTh M MoJ00paTh OCHOBHOE 000pYyJOBaHHE MCTOYHHKA
TEIIOTHL. B KadecTBe MCTOUHMKA TEIUIOTHI MPUHATH TertodekTpoueHtpains (TOLL). Ot TIL mo
HOTPEOUTENsT MPOEKTUPYETCS IBYXTpYyOHas TemsoBas ceTh (3aKpbITas WM OTKpBITass - IO
3aganuio). [Ipokaaka ocyliecTBIsSEeTCS B HEMPOXOJAHBIX KaHalax JIOTKOBoro Tuma. McxonHbie
JTAHHBIE /ISl IPOEKTUPOBaHMs BblOMpatoTcs 1o Tabn. 1. TeruoHocutenem siBisieTcs meperperast
BOJIa C TapaMeTpaMH I10 33/1aHUIO.

OPOPMJIEHHUE KYPCOBOI'O IIPOEKTA
B cocraB KypcoBOro npoekra BXOAAT pac4eTHO-NIOSCHUTENbHAS 3aMKMcKa U rpaduyeckas 4acThb.
Pacuemmno-nosicnumenvnas 3anucka JOJDKHA OBITh HAlMCaHAa B COOTBETCTBUU C IPaBUIIAMH
oopmieHust pa300pUMBBIM IMOYEPKOM. B KOHIlE 3amUCKU MPHUBOAMTCS CIHCOK JIMTEPaTyphl,
WCIIOJIb30BAHHOW IIPH BBINIOJIHEHUU NpoekTa. CChUIKM Ha JINTEPAaTYpPHbIE MCTOYHUKU IAIOTCS B
TeKCTe (B KBaJpaTHBIX CKOOKaX MPUBOAATCS HOMEpPAa UCTOYHUKOB, COOTBETCTBYIOIIE HOMEpPaM B
CIIMCKE PEKOMEHAYEMOM JINTEPATYPBHI).
B Hauane pacyeTHO-TIOSICHUTENILHOW 3allUCKU JIOJKHBI OBITh TOMEIIEHbl THUTYJIbHBIM JHCT
YCTaHOBJIEHHOTO 00pa3lia, OryiaBieHue, UCXOAHbIE JaHHbIE IS BHITIOJIHEHHUS KypCOBOTO MPOEKTA.

Taomuma 1

Iopsinko| Home | Kon- | Homep | Homep| Bun | IDnotsHocts | Ilapamerpst | Marepuan Paiion

BbII p Bo |renmwia| TOL | cucrembl | HaceleHMs,, |TEIUIOHOCWTEN| TEIUIOBOM | CTPOMTEIIBCTB




HOMEp | IUTaHa | JTaKe | Ha yerl./Ta s, VBOJBIAN a
o TaKa i T1 U To, C
KypHATy
1 1 5 1 1 |omkperras 300 150-70 My CMorteHcK
2 2 6 2 2 | 3aKpbITas 280 150-70 MC-50 TromeHb
3 3 7 3 3  |otkpbITas 260 130-70 MC-35 XabapoBCK
4 4 8 4 4 | 3akpbITas 270 130-70 [Ty OpeHOypr
5 5 9 1 5 | oTKpbITas 290 150-70 MCH0 Omck
6 6 10 2 1 |zaxperras 310 150-70 MC-35 YensiOnHCK
7 7 11 3 2 | OTKpbITas 330 130-70 [Ty ActpaxaHb
8 8 12 4 3 |3aKpbITas 350 150-70 MC-50 CaparoB
9 9 13 1 4 | oTKpbITast 360 130-70 MC-35 Kazanp
10 10 14 2 S | 3aKpbITas 340 150-70 [y Kupos
11 11 15 3 1  |orkpbITas 320 150-70 MC-50 H.Hogropon
12 12 16 4 2 | 3aKpeITas 305 150-70 MC-35 Mocksa
13 13 16 1 3 |oTKpbITas 285 150-70 [y HVBaHoBO
14 14 15 2 4 | 3aKpbITas 265 130-70 MC-50 ITenza
15 15 14 3 5 |orkpbrTas 255 150-70 MC-35 Tyna
16 16 13 4 1 |3akpbrtas 275 130-70 [y Boponex
17 17 12 1 2  |oTKpbITast 295 130-70 MC-50 Psanb
18 18 11 2 3 | 3aKpbITas 315 130-70 MC-35 Camapa
19 19 10 3 4 | otkpbITas 335 150-70 [y BpsHCK
20 20 9 4 5 | 3akpbITast 355 150-70 MCH0 Tomck
21 21 8 1 1 |3akpbrtas 345 130-70 MC-35 Npkyrck
22 22 7 2 2  |oTKpbITast 33 130-70 [y Kypck
23 23 6 3 3 | 3aKpbITas 310 150-70 MC-50 Yura
24 24 5 4 4 | oTKpbITast 295 150-70 MC-35 TBepb
25 25 5 1 5 |3akperras 250 130-70 Iy YeOoKcapbl
26 26 6 2 1 |omkperras 260 150-70 MC-50 baprayn
27 27 5 3 2 | 3aKpbITas 270 130-70 MC-35 Borrorpan
28 28 6 4 3 |oTKpbITas 280 130-70 My VYa
29 29 5 1 4 | 3aKpbITas 290 150-70 MC-50 | KpacHospck
30 30 6 2 5 |oTKpbITas 300 130-70 MC-35 Ilepmb
Pacuemnas 4acTb 3anIMCKM JOJDKHA CO/IEPKATh CIEIYIOLIHE Pa3/ieNbl:
1. [IpenBapuTeNbHbIN r’UAPaBINUYECKHI pacdyeT pa3BoAsILIUX TPyOOIpOBOIOB
CHCTEMBI TOPSTYETO BOAOCHAOKECHHUS.
2. OxoHYaTenbHBIA THUAPABIMYECKHH pacueT pa3BOASLIMX TPyOONpPOBOJOB
ropsiuero BOJOCHA0KEHHUS.
3. I'mapaBnarueckuil pacueT HUPKYISIMOHHBIX TPYOOIIPOBOAOB BETBH.
4. OnpeneneHue  pacyeTHBIX  TEIUIOBBIX  HAarpy3ok.  BbpIOOp cxembl
BKJIIOYEHHUSI TOAOTpeBaTeieldl ropsyero BOJOCHAOKEHHS.
5. Pacder u moctpoeHne rpadMKoB pacxo/ia TeIUIOTHI.
6. Omnpenenenne HapyXKHOM TeMIlepaTypbl, COOTBETCTBYIOIIEH TOUKE U3JI0Ma
rpaduxka.
7. Omnpenenenue TemMreparypbl BoJbl B OJAlOIIEH TpyOe TEIIOCETH B TOUKE
M3JI0OMa MOBBIILIEHHOTO rpaduka.
8. TemnoBoit  pacueT  BOAOHArpeBaTeNbHOM  YCTAaHOBKHM  TOPSYETrO
BOJIOCHAOKEHUS.
9. I'mapaBnauueckuil pacueT BOJOHArpeBaTeIbHOM YCTAHOBKU TOPSIYETO
BOJOCHAOKEHMS.

10.  IToxbop Bomomepa Ui TOPSTYErO BOAOCHAOKEHUSI.




11. Omnpenenenue TpeOyeMoro Hamopa XOJOIHOTO BOAONPOBOJA Ha BBOJE B
LITTI. IToxGop HMPKYAAIIUOHHBIX HACOCOB.

12. OmnpeneneHue 4YacOBBIX U I'OJIOBBIX PACXO0B TEIUIOTHI.

13.  Pacuer u noctpoeHue rpaguKoB peryjaupoBaHus OTIYCKa TEIIOTHI.

14. Onpenenenne pacyeTHbIX pacX00B TEIUIOHOCUTENS B TEIJIOBBIX CETSIX.

15. Br100p KOHCTPYKIIUM TETIJIOBOM CETH U pa3padOTKa MOHTAXKHOW CXEMBI.

16. I'mppaBinueckuii pacyeT BOASAHBIX TEIUIOBBIX CETEH.

17. Pa3pabotka rpadukoB gaBiaeHU W BBIOOP CXEeM MPUCOCIUHCHHS
A0OHEHTOB K TEIUIOBBIM CETSIM.

18. Pa3zpaboTka u nmocTpoeHue mpo10abHOTO MPOdUIIS TEIJIOBBIX CETEH.

19.  Tloxbop OCHOBHOTO OOOPYAOBAaHHS TETUIOMOATOTOBUTEIHLHOW YCTAHOBKH
TOL.

20.  MexaHu4ecKuil pacueT TEIUIONPOBO/IOB.

21. TenmoBol pacyeT TEMION30IALMOHHON KOHCTPYKIIHH.

B Tekcre MOSCHUTENHHON 3alMCKU MOMEMIAIOTCS CIIEAYIONe TpauKu M CXEMBbl: pacyeTHas
CXeMa TJIaBHOM BETBU CHCTEMBI TOPSYEro BOJAOCHAOXKEHUSI MUKPOpaiioHa ¢ ykazaHHEeM HOMEpPOB
Y4aCTKOB, MX [UJIMH M PAacXoJIOB TEIJIOHOcUTENs; npuHuunuaibHas cxema L[TII; cyrounsiit
rpaduk pacxoja Terja Ha ropsyee BOJOCHA0KEHHE; UHTErpaibHbIN TpaduK pacxojaa TeIuia Ha
ropsiuee BOJOCHAOXeHHE; TpadUKW pPETYIHPOBAHUS OTIYCKAa TEIUIOTHI;, TpaduKu pacxooB
TEIUIOHOCHUTETIS; PaCYeTHAs CXeMa TeIIOBOM CeTH; Mbe30METPHUECKU rpaduK.

I'pagpuueckas yacTb NpoeKTa BBIOJIHIETCA Ha JIBYX jucrax Oymaru ¢opmarta Al. ['papuueckoe
n300pakeHre MPOeKUUH, 00O03HAaYeHUs, MPHUQPTHl AOIDKHBI OBITH BBIMOJIHEHBI IO MpaBUIIaM
odopmieHust cTpouTenbHBIX udepTexeid B coorBercTBuH ¢ ['OCT 21.605-82 «Cetn TeruioBbie
(TerioMexaHU4ecKas 4acTh)».

['pacdmaeckas yacTp BKIIIOYAET B ceOsl:

1) ma" TUIOBOTO 3Ta)ka C HAHECEHUEM CTOSIKOB, Pa3BOJKHU U BOJIOPa30OPHBIX IPHOOPOB.

2) miaH TOJBaJa WIM 4Yeplaka 3[aHUsl C HAHECEHUEM pa3BOASIIMX U LUPKYJISLHUOHHBIX
TpyOOIPOBOJOB, BBO/Aa TPYOONPOBOJOB TOPSIUErO BOJOCHAOKEHHS M YKa3aHHEM JHaMETPOB
YUYacCTKOB.

3) aKCOHOMETPUYECKYIO CXEMY TpyOOIpPOBOJOB CHCTEMbI TOPSIUEr0 BOJOCHAOKEHUS 37aHUS C
yKa3aHHMEM HOMEPOB yYacCTKOB, INAMETPOB TPYO U HOMEPOB CTOSIKOB;

4) reHepasbHbIH MJIaH TETUIOBBIX CETEH;

5) MOHTaXHYIO CXEMY TEIJIOBOM CETH;

6) MPOIOTBHBIN MPO(UIH TEIIOBON CETH;

7) pa3pe3 1o KaHay;

8) aKCOHOMETPHUECKYIO CXEMY, IIJIaH U pa3pe3 TeIIOBOM KaMephbl.

PACUYETHO-ITIOACHUTEJIBHASA 3AIIMCKA
1. IlpeaBapuTenabHbIi rHIAPABINYECKHUIl pacyeT pa3BoAsIIMX TPYOONIPOBO/OB .
MakcuManbHBI  CEKYHAHBIM pacxol BOABI HA pPacyeTHOM y4yacTKe CeTH, JI/c, Tpu
THJIPABIMYECKOM pacueTe TEIUIONPOBOOB CUCTEMBI TOPSIUET0 BOJOCHAOKEHHSI ONpeAeTsieTcs o
dbopmyre:
q"=5-q5- , (1)
rie Q) - cekyHmHBIH pacxod ropsdel BOIBI BOJOPA30OPHBIM MPUOOPOM C HAUOONBIIMM
pacxoJoM, Ji/C, IpUHUMAEeMBbIli B COOTBETCTBHH C [7, mpui.2];
o - Kod(puIMeHT, ompenenseMblii 1o [7, mpwi.2] B 3aBUCUMOCTH OT OOIIETO KOJWYECTBA
npubopoB N Ha pacyeTHOM y4acTKe CETU U BEPOSTHOCTU UX JeicTBus P.
BeposiTHOCTB A€HCTBUS CAHUTAPHO-TEXHUUYECKUX MPUOOPOB HA YUacTKaX CETH IPU OJWHAKOBBIX
BOJIONIOTpeOUTENSIX B 3MaHuu Oe3 yuera usmenenus U/N onpenensiercs mo dpopmyire:
_ qr?r,u Y ( 2 )
3600-q,-N '’



rie qfy, - HOpMa pacxoja ropsyeil BoJbl B JUTPaX OJHMM MOTPEOHMTENEM B 4ac HAMOOIBIIErO

BOJIOTIOTPEOICHH S, IPUHUMAaeMasi COrfiacHo |7, nmpui.3], i npubopa ¢ HanOOIBIIUM PACXOIOM.
U - oOmiee yuciio KATeNEH;

N - obmiee 4nciIo BOAOPa30OPHBIX MPUOOPOB.

['mapaBiavueckuil pacyer ri1laBHOW BETBY NIPOBOJAT B JIBa dTara:

1) mnpenBapuTenbHBI pacder, Ui [OAOOpa JIUMAaMETPOB TPYO CHCTEMBI TOpPSUErO
BOJIOCHA0KEHUsSI IIPU CKOPOCTAX BOJABI B CTOsIKaX A0 1,3 M/c M B KBapTalbHbIX CETAX U
KBAPTUPHBIX TOJBOJKAaX K mpubopam 10 2 m/c 6e3 ydeTa IHUPKYJISLUOHHBIX PacxXxoJ0B U
3apacTaHusl TPyO HAKUIIbIO M LIUIAMOM;

2) OKOHYATENbHBIM pacueT, [UId ONpeAeieHHs IMOTEeph Harmopa B TJIABHOW BETBU CHCTEMBI
ropsiuero BOJOCHA0KEHHs IIPU CKOPOCTSX BOJbI B CTOsIKAX /10 1,5 M/c M B KBapTalbHbIX CETIX U
KBAaPTUPHBIX MOJIBOJIKAX JI0 3 M/C € yYETOM LUPKYJISIMOHHBIX PACXOJ0B U MX 3apacTaHUs.
[TpenBapuTenbHbIil THAPABINYECKUN pacyeT TPyOOIpOBOIOB INIABHOM BETBH CHUCTEMBI FOPSUYEro
BOJIOCHA0KEHUS] MUKpOpaiioHa BBIIOIHSIOT 1o (hopme 1.

Dopma 1

Howm | Juua | Kon-Bo N P o Pacxon Hnametp Ckopocthb | YnaenbHbie
ep |yu-ka, | mpubo- BOJIBI d, mm v, M/c oTepu
ya- [ M poB g, a/c JTaBJICHUS
Ka N, mrt R, ITa/m

2. OmpenelieHue TENJI0NOTEPb U HUMPKYJISIMOHHBIX PACX0/10B.
Temnonorepu Q,,, BT, onpenenstoT mo yyacTkam ¢ OJJMHAKOBBIMH yCJIOBHSIMH TEIUIOOOMEHa 10

dbopmyre:
Qu =t - K-L-{th ~t )} 0-m), (3)

rae d, - HapyXHbIi JuaMeTp TpyOonpoBoaa, M;

L - nnuHa ydacTka TpyOOIpoBoaa, M;

K - k09 DHUIHEHT TeIIonepeayn HeH30IMPOBaHHOro Teruonposona, K=11,6 Br/(m® °C) ;

th- CcpemHsAs TemmepaTypa ropsdeil BOAbl B MOJAIOMIUX TPYOOIPOBOAAX CHCTEMBI FOPSUETO
BoJocHaOkenus: t,) =60°C;

tox - TEMIIEparypa okpyxKaromieit cpepl, °C;

n - KIIJ reruoBoit u3onsuuu, ycpeaaennoe 3nayenue n=0,6...0,8.
Temriepatypy OKpyXaromieil cpeapl TNPUHUMAIOT B 3aBUCHMOCTH OT MeECTa IMPOKIIAJKU
teruonposoAa. Ilpu mpoxmagke TemaompoBoja B IAXTaX CaHUTAPHO-TEXHUYECKUX KaOuH,
KOMMYHHKAI[MOHHBIX [IaxTax, KaHanax to, =23 °C, B BaHHBIX KoMHatax — 25 °C, B KyXHAX W
TyasneTHbIx KoMHarax — 21 °C, npu npoknaake B HeoTarmBaeMsix nojsanax — 5 °C. B cucremax
TOpsIYero BOJOCHAOKEHHS C TOJIOTEHLIECYNIMTEISIMA Ha TOJAIOIIMX CTOSIKaX K CyMMe
TEIUIONOTEPh KAXJIOTO CTOSKA MPUOABIIAIOT MOTEPU TEIUIOTHI MOJO-TEHIECYIIUTENIMH, PaBHbIE
100n, roe 100 BT - ycpenHeHHAs TEIIOOTAada OJHUM IMOJIOTCHIIECYIIUTENEM, N - KOJTHMYECTBO
MOJIOTEHIIECYIIUTENeH, MPUCOETUHEHHBIX K CTOsAKY. [Ipu  ompeneneHuMM  HUPKYISIMOHHBIX
pacxooB BOJBl TOTEPH TEIUIOTH IMPKYJISIUOHHBIMU TEIUIONPOBOJAMH HE YUUTHIBAIOTCS.
[Tpu pacuere cuctem ropsiuero BOAOCHAO0KEHHUS € MOJOTEHUECYIUTENAMHU Ha IIUPKYISALUOHHBIX
CTOSIKaxX IeIeco00pa3HO K CyMME IMOTEPh TEIUIOTHI MOJAIOIIMMHU TEIIONPOBOJIaMHU T00ABIATH
TEIUIOOTAa4y IMOJIOTeHIecyluTeneil. Pacuer Temmonorepp  MOJAIOUIMMHU  TEIUIONPOBOJAMHU
BeneTcs mo popme 2.

Dopma 2
Howmep Jnuna Huamerp | Temmepa- | (:-.) | (1-n) | IloTepn CymmapHsbie
y4d-Ka y4d-Ka dy, MM typa okp. | °C TEIUIOTHl  Ha | OTepHU TeIl-

L, M cpesl ya-ke Q", Br | noter Y.Q™,
tom OC Bt
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[[upKyIAMUOHHBIM pacxoJ BOAbI B CHUCTEME OIPEHEIACTCS IPU YCIOBHM OTCYTCTBUU
BOJIOpa3z0opa, MCXOAs M3 Temionorepb Q. , KBT, BcaencTBUe OCTBHIBaHUS Topsdyeld BOABI B

MOJIAI0IIUX TEIJIONPOBOAX.
LupKyassquOHHBIN pacXxof (g, , J1/C, OMPEAEIAIOT 10 popmyie

qcir:B'tht/(C'At)’ (4)
rae B - KodpPHUIUEHT pa3peryIupoBKH HUPKYISINN;
¢ =4,19 xJI/kr’°C - yjuenbHas TEIIOEMKOCTb BOJIBL;
At - pa3HOCTh TEMIIEpaTyp B TMOJAIOIIMX TEIUIONPOBOAAX CHCTEMBI OT BOJOHArPEBATENS 10
HanOoJIee yIaJIeHHOW BOIOPa300PHON TOUKH.
JJ1s cucTeM ¢ CeKIIMOHHBIMH Y3JIaMH MPH UX OJUHAKOBOM COIPOTUBJICHUU TEIUIONOTEPH Qy

U LUUPKYJISIUOHHBINA pacxon (g, CleayeT onpenenars npu At= 8,5°C, p= 1,3; mis oTnenbHOro
BOJIOPa300PHOr0o CTOSKA MJIM CEKLIMOHHOrO y3i1a At= 8,5°C, p= 1.

Pacuer BeneM B crnenyromem nopsake:
1.OmnpenensieM UUPKYISIIIUOHHBIN pacXo BOAbBI AJIsl BCEH CHCTEMbI TOPSYETro BOIOCHAOKEHHUSI.
2.1lupKymAMOHHBIA  pacXxoJy Ha TOJIOBHOM Y4YacTKE pachpelessieM I0  y4acTKaMm
BHYTPHUKBAPTAIbHON CETH MPOMOPLHOHAIBHO NOTEPSAM TEIIOTHI B HUX.
3. OxoHYaTeJILHBIH rHAPABINYECKHIi pacyeT pa3BoasiMX TPYOONMPOBOIOB .
['unpaBnuyeckuil pacyeT CHCTEM TOpSYEero BOJOCHAOKEHHS CleJyeT MpPOU3BOIUTH Ha

pacyeTHBI pacxoi ropsdedl Boabl q" ¢ yd4eTOM LUPKYISMHOHHOIO pacxoia dg , JI/C,

OTIPEACIIIEMOTO 110 (hopMyJIe:
h h
dir =9 '(1+Kcir)’ (5)
rae K, - Ko3QQUIMERT, OnpeneaseMblii B 3aBUCUMOCTU OT COOTHOLIEHHS —pacxomoB q"/qg,

corJyiacHo [7, mpui.S].
[Tpy oKOHYATENBHOM T'MIPABIUYECKOM pacuere CKOPOCTH BOJbl PEKOMEHIYETCS NPUHUMATh HE
Oosee 1,5 M/c B CTOSIKax M MarucTpajisix M He Oojee 2,5 M/c B mojaBoakax k mpudopam. Eciau
CKOPOCTh JABM)KEHHS BOJBl IPEBBILIAET JOMYCTUMOE 3HAUYEHHE, TO YBEJIMYUBAIOT TUAMETP
y4acTKa.
ITockonbKy pacUeTHBIN pacxoj ropsideld BOJBI JUUI y4aCTKOB BHYTPHUJIOMOBOM CETH OT IIEPBOTO
BOJIOPa300pHOro crosika (IO XOAy JABMXKEHHUS BOBI) 0 CAMOI0 YIAJIEHHOTO BOJOPa300pPHOro
npubopa onpenensercs 0e3 ydera UMPKYJIALMOHHOTO —pacxoma, T.. qf =q", TO
THJIPABINYECKUN pacyeT 3TUX YYaCTKOB KOPPEKTHPOBKE HE TIOJJICHKHT.
OkoHYaTeNbHBI THAPABIMYECKUNA pacueT MOJAOIIUX TEIMJIONPOBOJOB CHCTEMBbI TOpPSYETO
BoJIoCHaOeHus Beaercs o ¢gopme 3. IloTepu Hamopa mo yyacTkaMm ONPEIENSIoTCs ¢ y4eTOM
MOTEPh /ABJICHUSI B MECTHBIX COIPOTUBIICHUAX 1O hopMyJie:
AP, =R-L-(1+k,), (6)

rie R- ynensHble oTepu JaBieHUs Ha TpeHue, [1a/M ;

L - nmuHa yyactka TpyOonpoBoJa, M;

ki - xoaddunmenr, YUUTBIBAOIINN notepu JIaBIICHUS B MECTHBIX
CONpPOTUBIIEHUSAX,paBHbIi: 0,2 — s pacnpedenuTenbHbIX TpyOompoBojos; 0,5 - aus
TEIUIONPOBOAOB B MpeJesax TelJOBOTO MyHKTa, a TakkKe s BOAOPa300pHBIX CTOSKOB C
nonoteHnecymutessvu ;0,1 - 1 BOJOpa30OpHBIX CTOSKOB 0€3 TOJOTEHIECYITUTENeH 1
LUPKYJISLHUOHHBIX CTOSKOB.

Dopma 3
Ho- - qh, Qcir Keir thir dy, R, v, ki AP, 2 APyt
Mmep Ha y4- [J/c | a/c a/c |mm | Ila/m | m/c IMa klla
yu-ka |ka L,

M

4. T'mapaB/u4ecKuil pacueT HUPKYJISALUHM B CHCTeMe ropsiuero BoJA0CHa0KeHu .
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FI/II[paBJII/I‘-IeCKI/Iﬁ pacucT NUPKYISIHNAUOHHBIX KOJICI] IIPOU3BOAUTCS JIA pCKUMaA NUPKYIIAINHU, T.C.
npyu HaWOOJIBIIEM IUPKYISAIMOHHOM pacxone. Kaxnoe MUpKyISAIMOHHOE KOJBIIO COCTOUT W3
TEIUIONPOBOOB: TMOJAMIINX TEIJIONPOBOJOB, AMAMETPHI KOTOPBIX MOM00paHBl B PEKUME
MaKCHUMaJIbHOTO BOAOPa30opa, M MUPKYISIUOHHBIX TEIUIONMPOBOOB. B ruapaBinyeckuii pacuer
LUPKYJSALUOHHBIX KOJEL BXOAAT pacyeT HOTEph AABJIECHUS B NOJAIOIIMX TEIUIONPOBOAAX IIpU
YCIOBHH OTCYTCTBHS BOJOPa300pa M MPOIYyCKa TOJIBKO IUPKYJISIMOHHBIX PAcXOJ0B BOIBI U
pacyeT NMoTephb AABJICHHA B HUPKYIIHUOHHBIX TCIJIOMPOBOAAX ITPU MPOIYCKE HUPKYIAINUOHHBIX
pacxooB BOJbL. PacderT MPOW3BOAMTCS AHAIOTUYHO PACYETy TMOAAMIIUX TEIJIOMPOBOJIOB.
JuameTpbl cOOPHOTO LUPKYISIMMOHHOTO TEIUIONPOBOJAa W Hauboiee YHaJeHHOTO CTOsKa
CJIeZlyeT IPUHUMATh, UCXOJIS U3 JOMYCTHMBIX CKOPOCTEH JBIMKEHUS BOIbL. [Ipu sTOM Iuamerpsl
UPKYJISILMOHHBIX TEIUIONPOBOJOB JOJDKHBI ObITh Ha 1-2 kanmuOpa MeHbIIE TUAMETPOB
COOTBETCTBYIOIIMX  YYaCTKOB TIOJAMOIIUX  TEIUIONPOBOJOB.  LUPKYJSIIIMOHHBIE  CTOSIKU
PaCcCUUTBHIBAIOT HA PAa3HOCTH I[aBJ’IeHI/If/'I B MECTax COCAMHCHUA HUX C INOAAOIIIMMH CTOAKAMH U
UPKYJISIIUOHHOW Maructpaibio. PasHOCTh MOTEph JaBlCHWsI B PA3IMYHBIX IUPKYISITUOHHBIX
KOJIblIaxX Jonyckaercs He 6osee 10 %.

[Tpu HEBO3MOXHOCTH YBSI3KU TIOTEPb JABICHHS ITyTEM H3MCHEHUS IUAaMETPOB TPYOOIPOBOIOB
Ha y4YacTKaxX UUPKYISALIHOHHON CETH MpeayCMaTpHBAIOT YCTAaHOBKY auadparM y OCHOBAaHUS
LUPKYJSIIIAOHHBIX CTOSKOB. J{[nameTp oTBepcTus auadparmel d,; onpeaensercs mo popmyie:

d, =113-4/9*/H,, , (7)

r7ie J - pacxoJ1 BOJbI uepe3 auadparmy, M/

H,- n30bITOUHBII HATIOP, KOTOPBII HEOOXOJMMO MOracuTh JUadparMoi, M.
Ecnmu npu pacdere amameTp oTBepcThs auadparMel monmydaercs meHee 10 mw, Jormyckaercs
BMECTO HEE€ YCTaHAaBIMBATh KpaH [UIs MOTameHus u30bIToyHOro Hamopa. OgHAKo Mpu
ycTaHOBKe auadparM HaOIrOAaeTCsl yBETMYEHUE 3alUIaMIICHUs M HAKUIIEOOpa30BaHHS B ITUX
MeCTax, MO3TOMY JOIMYCKaeTCsi MPOU3BOIUTH YBSI3KY MOTEPh AABIEHUS B LUPKYISALHOHHBIX
KOJIBIIAX MTyTEM YBEJIIMYCHUS THIPABIMYECKOTO COMPOTUBIICHUS CTOSKOB, BBOJS B WX HIDKHIOIO
4acTh BCTABKH U3 TPYO MEHBIIUX AUAMETPOB.
s cucteM ropsyero BOJOCHAOXKEHMSI C CEKLIUMOHHBIMU BOJOPa300pHO-LMPKYISIIMOHHBIMU
y3J1aMH OpU OJMHAKOBBIX JMAMETpPaxX CTOSKOB pacueT IUPKYJISIUU PEKOMEHIyeTCs
OCYIIECTBIISITh CIeAyomuM oOpazom. CHavana OmpeAessioT HUPKYISIHOHHBIN pacxom s
HanboJee yAaJICHHOTO CEKIIMOHHOTO y3J1a, IPUHUMAsE 3HaYeHUE 2 Q,, PABHBIM MMOTEPSIM TETIIIOTHI
MOJAFOIIMMH TETUIONPOBOJAMH BCETO Yy371a, a TIepernal TeMIIepaTyphl At3a CYET OCTBIBAHUS BOJIBI
B BOJIOPa300PHO-IIUPKYIISAIIMOHHOM y3iie Ha 2-3 °C MeHbIIe, 9eM Meperaj] TeMIepaTyphl BO Beel
cucreMe. B 3ToM ciyyae mHMPKYISIMOHHBIE PACXOABI JJISI OCTAIBHBIX Y3JIOB CHCTEMBI OYAyT
Bcerna Oombliie, yeM A HaumOojee YHaleHHOTO, TaK Kak pa3HOCTh JaBlEHHUH B TOYKax
MPUCOETMHEHNUS CEKIIMOHHBIX Y3JIOB K OJAIOIIEMY U IUPKYISIIMOHHOMY TEIJIONPOBOIaM OyieT
YBEJIMYUBATHCS 10 Mepe MPHUOIMKEHUs CEKIIMOHHBIX Y3JIOB K IHPKYISIIIHOHHOMY Hacocy. B
[ENsAX TIOBBIMIEHHUS] THAPABINYECKONH YCTOWYMBOCTH CHCTEMBI IEI€CO00pa3HO NPUHUMATH
MOTEPH JaBJICHUS B UPKYIALUOHHBIX CTOSIKAX Y3JIOB JIOCTATOYHO OOJBIIMMH MO CPAaBHEHUIO C
MOTEPSIMU JABJICHUS B COOPHBIX ITUPKYIISIIMOHHBIX TEIUIONPOBOAAX. PeKOMEH TyeTCsl, 9TOOBI TPU
MUPKYISIUOHHOM pPacxoJie MOTEPHU MAaBJICHUS B BOAOPA30OPHO-IUPKYISAIMOHHOM Yy3Ie s
3aKpBITHIX cucTeM Obuth B npeaenax 0,03-0,06 MIla [7]. B cuctemax ropsiuero BogoCHa0KeHUS
C HEMOCPEJICTBEHHBIM BOJOPAa300pOM M3 TEIUIOBOW CETH JUIs OTKPBITBIX CHUCTEM IOTEpU
JABJICHHUS B IUPKYJIAIUOHHOM KOJIBIIEC MPHU IUPKYJISIIMOHHOM Pacxoje He JIOJDKHBI MPEBBIIIATh
0,02 MITa [7].
['mapaBiawgecKuii pacdeT MHUPKYJSAIMOHHBIX TEIIONPOBOMOB Bedercs mo (opme 4. Homepa
Y4aCTKOB HUMEIOT CBOK HYMEpPAIHI0, OTJIMYHYIO OT pa3BOIALICH ITWUHUM, U CHaOXKaroTcs
uaaekcoM «L».

Dopma 4

Howmep | Jnuna | Llup. JHuame | Cxopo | Yaenwubie | ki | [Totepu CymmapHsblie
yu-ka | yd-ka |pacxox |1p D, |cTh IIOTEPH JTABJICHUS TOTEPU
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L, M Jeir, T/C | MM v, M/c | aBJICHUS Ha yd-Ke | JaBICHUS
R, ITa/m AP|, ITa ZAPLtot, klla

5. OmnpenesieHne pacyeTHbIX TEeIIOBBIX HATPY30K. BbI0Op cXxeMbl BKJIIOYEHUS
nojorpeBaTesieil ropsiuero BOA0CHA0KeHHU .
MaxkcuManbHbIA 4aCOBOM pacxoi BOJbL, M/, ClIeTyeT OMpeeNaTh o Gopmyse:

Gp =0,005- qg,hr Ol (8)

rae oy, - ko3dduuuenr, ompenensemsiid cornacHo [7, npui.4] B 3aBUCHMOCTH OT OOIIETO
yuciaa TNpUOOPOB, OOCTYKMBAEMbIX IPOEKTUPYEMOH CHCTEMOW, W  BEPOSATHOCTH HX
UCTIOJIb30BAHMUS;
Qahe - YACOBOM PACXOJl BOJBI CAHUTAPHO-TEXHUUYECKUM IPUOOPOM, JI/4, IPUHUMAEMBIii COTIIACHO
[7, npumn. 3].

BeposTHOCTh MCHONB30BaHMS CAHUTAPHO-TEXHUUYECKUX TNPHOOPOB Py s cuctemsl B
LIEJIOM OIpeienseTcs o GopMyIe:

~3600-P-q,

hr — h
qo,hr

[Tpu Bennuune P, >0,1 u N < 200 koaddunueHT o, cienyer onpeaensits no Tadn.l [7, mpui.

(9)

4], mpu apyrux 3HadeHusx P, u N KO3hOUIHMEHT o, CIeAyeT onpenesars mno tabn. 2 [7,
npui.4].

Cpennnmii  wacoBoif pacxon Bomsl @, M4, 3a mepuox (cyrkm) 7T MAKCHMAIBHOTO
BOJIONIOTPEOJICHHST ONpeesIeTcs o popmyIe:

h qhu : U
. TR 10
r 1000-T (10)
rac qhu - HOpMa pacxona ropﬂqeﬁ BOJEI, HOTpe6I/ITeJ'ICM B CYTKI/I HaI/I6OJ'IBH_IeFO

BOJIONOTpeOIIeHus, JI/CyT, coriacHo [7, mpui. 3];

U - gucio BojonoTpeOuTenei;

T - nepuoa Bogopazoopa, 4, A KWIbIX 3MaHui 7=24 .

TemoBoil moTok, kBT, 32 CyTKM MaKCHUMaJbHOTO BOJOMOTPEOJIEHHS HAa HYKIbl TOPSYEro
BOJIOCHA0KEHUS (C YUETOM TEIUIONOTePh) onpeaesercs no popmyse

a) B TEUEHHE CPEIHErO Jaca:

Q =11-q7 -(60—t,)+Q,, (11)
6) B TCUCHHUC 4YaCa MAKCUMAJIBbHOT'O BOI[OHOTpe6J'IeHI/I$I
Q:r ::LlCIrTr '(6O_tc)+th’ (12)

rae tc - Temneparypa xoa01Ho# Boabl, °C, Ipu OTCYTCTBUH JaHHBIX IPUHUMAaETCs paBHou +5°C
JUIsL OTOTIUTENBHOTO IEPHOAA;
Qi - TEIUIOBBIE MMOTEPH Pa3BOAALIMMHM M LUPKYISALHOHHBIMH TpPYOOIPOBOJAMH TOPSYETO
BOJIOCHAOKeHHMS, KBT.
MakcuManbHbI  (pacyeTHBIM) TEIUIOBOM TOTOK, BT, Ha OTOIJIEHHWE IKUJIOTO 3JaHUs
orpenensercs no popmyie:

Q;:qo 'VH'(ti_to)1 (13)
TAE 0, - YACIbHAs TEILUIONOTEPs 31aHMUs, BT/(M3°C), IpUHUMAETCS 1o Tabi. 2;
Vy - HapyKHBII 00beM 37aHus, M3 ;
ti - cpenHss TemrepaTrypa BHYTPEHHEro BO3/AyXa OTAIJIMBAE€MBIX 3/1aHUM, MpUHMMaeMas s
JKUJIBIX M OOLIECTBEHHBIX 3[aHuil paBHoii 18°C;
to - pacueTHas TeMIIepaTypa Hapy»KHOTO BO3/yXa JJIs IIPOEKTHpOoBaHus otoruienus, °C.
Bri6op cxembl BKIIIOYEHMs MojorpeBareneil ropsdyero BojgocHaOxkenus Ha WTII mpoumsBogsrt
coryracHo [8] Ha OCHOBE BEITMYMHBI

p"=Qn/Q,, (14)
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Y nenpHbIe TEIIONOTEPH 3aHUN KUJIOT0 HA3HAYCHUS Tabnuya 2
Hapy>xHbl1ii 00bem Yucno OTaXHOCTh VY enbHas TEmonoreps 34aHun

3ganui Vy , M CEKLIMNA 3IaHUMI Jo » Br/M>°C

5900 -9 300 2-3 5 0,49 - 0,45

12 700 - 16 000 4-5 5 0,43-0,42
o 25 800 4 9 0,43

38 500 - 51 100 6-8 9 0,42 - 0.385

14 200 - 27 700 2-4 12 0,48 - 0,42
24 100 2 16 0,56

[lpy npUMEHEHHH B TEIUIOBOM IIYHKTE pETyJIsATOPOB pacxoia BOJbI Ha OTOIUICHHE C
PEryJIMpOBaHUEM OTIYCKAa TEIUIOTBI B TEIUIOBBIX CETAX IO OTONHTEILHOMY rpaduky
[PUHUMAETCS CXEMA:
s pt <0,2up”>1 - mapamienbHas;
s 0,2 < p" <1 - aByxcTymnmeH4aras CMELIaHHAas.
[Ipy MpUMEHEHUH B TEIIOBOM MYHKTE PETYJIATOPOB PACXOJa BOMBI C PETYJIUPOBAHUEM OTITYCKA
TEILIOTHI B TEIJIOBBIX CETAX 10 MOBBINIEHHOMY Ipa(UKy MPUHUMAETCS CXEMA:
s p*<0,2up”>1 - napaienbHas;
st 0,2 < p* < 1 - qByxcrymneHuyarast mocjaeaoBaTesbHas.
[Ipy TpUMEHEHWH B TEIUIOBOM IIYHKTE OJJIEKTPOHHBIX PEryJISATOPOB pPacxoja TEIUIOTHl Ha
OTOIIEHHE HE3aBUCUMO OT Ipa)MiKa PEryIMPOBAHUS OTITYCKA TEIUIOTHI IPUHUMAETCS CXEMa:
s p<0,2up”>1 - mapamwienbHas;
ais 0,2 < p% < 1- aByxcryneHuaras CMEIIaHHas CXEMa ¢ OrPaHMYEHHEM MaKCHMAaJIbHOIO
pacxojia BOJIbI U3 TEIJIOBOM CETH HA BBOJI.

Br160p TemmepaTypHoro rpaduka peryaIupoBaHus IIPOM3BOJUTCS COMIACHO BETMUMHE

p?=Qr/Q, . (15)

B cBs3u ¢ TeM, 4YTO TOBBINICHHBIA TIpaduK TeMIeparyp SBISCTCS SKOHOMHYECKH Ooliee
BBITOJIHBIM, B HACTOsIIEE BPEMs OH 00s3aTesIeH BO BCeX cilydasx, korga eiamunHa p? > 0,15 .
Ipu p? < 0,15 momyckaeTcst IPUMEHSATH OTOIMTELHO-OBITOBOM rpaduk Temmepatyp| 8].

6. Pacuer u mocTpoeHue rpa)uKoOB pacxoaa TenJoThbl.
Jns moctpoeHus TrpaduKoB HEOOXOAMMO IMPEIBAPUTENHHO COCTaBUTH TAaOJIHUILy pPAacXoJI0B
TEIJIOTHI HA ropsiuee BOAOCHAOKEHHE IO YyacaM CYTOK 1o ¢opme 5 . B wactu cTpok B rpade 4
yKa3aHbl TPOIEHTHl YaCOBOIO pacxojia TEIUIOTHl 3a OTIENbHBIE MEPUOJBI CYTOK, KOTOPBIX
cienyeT npuaepkuBathes. OcTanbHBIE CTPOKH CIIEIYET 3allOJIHATh KaK MPOMEXKYTOUHBIC TAKIM
00pa3oM, YTOOBI BHITIOTHSIIOCH YCIIOBHE:

3(YQ)/24 = 2400/24 = 100%, (16)

riae Q - pacxop TeroTH , % .
Bennuuny uacoBoii HepaBHOMepHOCTH K4 cnenyeT onpenensaTs no popMmyie:

h h
K, =Qn/Qr, (17)
h h o o
rae Q. ,Qr - MaKCUMaJBHBIN U CPEeTHEUACOBOM PACXOIbI TEIUIOTHI Ha TOpsdee BOJOCHAOKEHHE,

KBT.
[Tocne 3anonnenus rpadel 4 ciexyer nposeputh o Gopmyne (16) mpaBUIbHOCT BHIOPAHHBIX
nporieHToB Q. B Tpade 8 yKkaszpBarOT MOCIENOBATEIIEHO CYMMHPYEMBIE PacXOJbl TEIIOTHI
rpagsl 6.
[To nanHbIM rpadsl 5 CTPOSIT CYyTOUHBIN I'padUK pacxoja TEIJIOTH Ha ropsyee BOJOCHA0KEHHE B
koopauHaTax Q, kBT - n, wcyTok; no gaHHbIM rpadsl 8§ CTPOSIT MHTErpalibHBIN Irpaduk pacxonaa
TETUIOTHI Ha TOpsTYee BOJOCHA0KeHNe B KoopanHaTtax Q, kKBt 4 - n, 4’ cyTok.
@opma 5

Pacxo/1pl TEIIIOTHI HA ropsyee BOJJOCHA0KEHHE M0 YacaM CYTOK.

Ho- | Ilepuoagsr 4acoB Kouin- Pacxon reruiorsr Q Hapacraromuii nepuos

Mep | CyTOK BO % | kBT | 3a IEPUOL, qyac | KBT " yac
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/o | ¢ OOWHAKOBBIMU gacoB Y kBT "yac
pacxonamMu
1 0-1 1 60 1
2 1-6 5 10 6
3 6-7 1 50 7
4 7-9 2 9
5 9-13 4 120 13
6 13-16 3 16
7 16-18 2 100 18
8 18-20 2 20
9 20-22 2 K.+100 22
10 22-23 1 23
11 23-24 1 100 24

7. OmnpenejieHue TeMIepaTypbl HAPYKHOT0 BO3/IyXa, COOTBETCTBYIOLIEH TOUKe U3JI0Ma
rpaguka remieparyp.
Hapy»kHasi TeMIieparypa t, OpeielseTcs U3 ypaBHEHHs TEMIEPATYPhl BOJBI MOCIE OTOILIEHHS

Ty B TOUKE U3JI0MA TpaduKa:

Tor =T =07, - Q, (18)
rIe 1y - TEMIEpATypa BOJBI B MOJAIOIIEH TPYOE B TOUKE U3JIOMa HOPMAJIBLHOTO OTOIHUTEILHOTO
rpaduka, paBHas 70°C;
81, - pacUeTHbIN Mepernaj TEMIIEPATyp BOJIBI B TEIUIOBOM CETH, TIPH TEMIEPATYpHOM rpaduke
150-70°C &1, = 150-70=80 °C;
Q_(',' - OTHOCHTENBHBIA PAacXoJ TEIUIOTHI Ha OTOIUIEHHE B TOYKE W3JIoMa rpaduka Temreparyp,
paBHBII

Qo :(ti _t;)/(ti _to)’ (19)
t; - CpemHsis TeMIepaTypa BHYTPEHHETO BO3AyXa, A KUIbIX 3/1aHui - 18°C;
t,

t, - pacdeTHas TeMrepaTypa HapyHOI0 BO3yXa JJIs MPOECKTUPOBAHMS OTOILICHHUSI.

- HapyxHad TeMIICpaTypa, COOTBETCTBYIOIIAsl TOYKEC U3JI0MaA ,

B rouke wuznoma rpapuka t,, =417 °C.
Torma t, =18-0,35318-t, ). (20)
8. Omnpenesienne TeMepaTypbl BOAbl B oa01Ieii Tpyde TernjioceTu B TOUKe H3J10Ma
MNOBBIILICHHOI'O rpac[)mca.

[TpomexyTouHas TemnepaTypa HarpeBaeMoi Bojbl nocie | ctyneHu mpu 6anaHcoOBON Harpyske
ropsiYero BOJOCHA0KEHUS B TOUKE U3JIoMa

s .
t =1, — At (21)
rIe At, - HEJOIPEB HATPEBAEMOM BOBI 0 TEMIIEPATYPHI IPEIOIIEH B I CTyIIEHH B TOUKE U3II0MA

rpaduka, npuauMaemsbiit 5+10°C.
[Tepenan Temmneparyp rperomeii Bosl B I crynenu Oyaer paBeH

LoQP [tV -t C

5 =< e |(z) -15), (22)
Qo th - tc

rae QF - GamaHCOBBIM PAcXo]] TEMUIOTHI HA ropsvee BogocHa0xkenne, QF =1,2-Qf .

CyMMapHsbIi Tiepenaj TeMieparyp rperomieii Boasl B [ u I crynensx npu Q omnpesensercs mo
dbopmyre:
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QG
5=05"+80 =~" (1, -1}). (23)
(o]
[Tepenas Temiieparyp rperomieit Bojbl Bo 11 crynenu npu t, onpeaeisieTcs mo Gpopmyiie:
5, =0-9,. (24)
Temreparypa BOAbI B IOJAIOLIEM TPYOOIPOBOJAE B TOYKE H3J0Ma MOBBIIMIEHHOTO rpaduka
COCTaBUT T, =T, +0,. (25)
9. TemnJioBoii pacueT BoJOHATpeBaTeIeil CHCTEMbI TOPsiYero BoA0CHAOKEeHHSI.
B 3aKkpbITBIX BOJSHBIX CHUCTEMax JJIsi TOPSAYETr0 BOJOCHAOKEHHS JKWIBIX 3/1aHUN HPUMEHSIOT
CEKIIMOHHBIC CKOPOCTHBIC IOJOTpEeBaTeNd. B mojorpeBaresisix ToOps4ero BOJIOCHAOKEHUS
rperomias (cereBasi) BoJa MPOMYCKAETCS MO MEXTPYOHOMY MPOCTPAHCTBY. DTHUM JOCTUTAETCS,
BO-TICPBBIX, BEIPAaBHUBAHHE CKOPOCTEH CETEBOI M MECTHOW BOJIBI, TAK KaK PAcXOJ] CETEBOM BOIbI
0OBIYHO OOJIBIIE, YEM Pacxo]l MECTHOW BOABI. BO-BTOPHBIX, OCaX/JI€HUE HAKUIIA BHYTPHU TPYOOK
Jerde oOHApY>KUBACTCS U YAAISETCS, YeM B MEKTPYOHOM MTPOCTPAHCTBE.
TernnoBoil pacuer BojOHAarpeBaresieil CHCTEMBI TOPSYETO BOJOCHA0XKEHUS TPOBOAAT B
3aBUCUMOCTH OT CXEMbI BKJIIOYCHHUS. PacdeTHy NpOM3BOIUTEIBLHOCTh BOJOHArpeBaTeleit
CHCTEM TOpPSYETO BOJOCHAOKEHHS C YU4ETOM HOTEph TEIUIa MOJAIOIIMMHU M IHUPKYISIHOHHBIMU
TpybonpoBogamu Q, BT, cnexyer npuHUMaTh:
- TIpU HaIW4YNH OaKOB-aKKyMYJIITOPOB HAarpeBaeMO BOJIBI - 10 CpPEAHEYACOBBIM pacxojam
TeIIa Ha ropsdee BogocHabxkenue QI
- IpH OTCYTCTBUU OaKOB-aKKyMYJIATOPOB HAarpeBacMOW BOJIbI - 10 MaKCHMaJbHOYaCOBBIM
pacxojiam Ha ropsiuee BoJocHa0keHue Q).
9.1.110060p cexyuoHHbIX 8000B0OSAHBIX NOOOcpesameliell OJisl 20psaue20 6000CHAOICEHUS NPU
napaiieibHou cxeme.
OnpenensieTcss pac4eTHBIA PacXoJ;:
1) cereBoii (MIEpBUYHOM) BOJIBI HA TOpsUEe BOJAOCHAOXKEHUE, KI/4:

" .3600
Ghlehr" y (26)
c-\t, — 7,4
rae 1, =70°C, 1,=30 °C, cormacHo [8];
2) HarpeBaeMoi (BTOPUYHOM) BOJBI, KI/4:
MIPHU OTCYTCTBUH 0aKOB-aKKyMYJISITOPOB
h
-3600
G h2 _ Qhr 1 ( 27 )
c (th _tc )
NpY HATMYHK 0aKOB-aKKyMYJISITOPOB
" .3600
G h2 _ QT ( 28 )

C'(th _tc)
Cpennenorapudmuyeckasi pPasHOCTH  TEMIIEPATYp MEXIy TPEIONMM M HAarpeBaeMbIM
TCIIJIOHOCUTCIIAMU.:

At :(T; _tc)”_(T; _th) (29)

CpenHue TeMreparypbl CETEBOW U HAarpeBAaeMOM BO/IBI:
’CmZ(’Cl+’C3)/2, (30)
tmz(tc_th)/z' (31)
3a1aBasCh CKOPOCTBIO CETEBOM M HArpEBAEMOM BOJBI V., =V, =1M/C, ompenensercs Tpedyemas

miomanb >)XUBOI0O CCUCHU A Me)Kpr6HOFO IMPOCTPAHCTBA U TPY6OK nogorpeBareid, Mz:
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f., =G™/(3600-v,, -10%), (32)
_ ~hl v 103

f, =G"/(3600-v, -10°). (33)
HOI[6I/IpaeTCH HauOoJjiee ONM3KUI TUIIOPA3MEp CCKUOHMOHHOI'0 BOJOBOASAHOI'O ITOAOIpEBATCIIA
AJId TOPAYCTO BOI[OCHa6)KeHI/ISI, HaXoIsaTCsA HeﬁCTBHTeHBHBIe SHA4YCHUA TOBCPXHOCTU HArpeBa
OJIHOW CeKLUU F , M2, TUTOIIATH KHBOTO CEUCHHS TPYOOK fops M2, TUTOIAH MEXTPYGHOTO
M® ¥ SKBHBAJICHTHOTO JHAMETPa MEXTPYOHOrO IPOCTPAHCTBA d, , MM:

2 2 2 2
d, =(D? —n-d2)/(D? +n-d?), (34)

rae D; - BHYTPEHHUH AUaMeTp Kopiyca, MM; N - KOJIMYECTBO TPYOOK; d,/d; - iuamerp TpyOoK,
MM.

npocrpaHcrsa f

MT °

OrnpenensroTcst:
1) neficTBUTEIbHBIC 3HAYCHHSI CKOPOCTH BOJIBI , M/C
- B Tpy6Kax: v, =G"/(3600- f_-10°), (35)

- B MEXTpYOHOM mpoctpaHctBe: V., =G hz/(3600~ fMT-lOs); (36)
2) ko3 GUIIMEHT TEIJI00TAaYN CETEBOM BOJIbI K CTEHKaM TPYOOK, Br/(M*°C):
a,, =116-(1210+18r, —0,038% }-v2?/d%?;  (37)
3) K03 GUIUESHT TEIUIOOTIAYH OT CTEHOK TPYOOK K HarpeBaeMoil BoJIe, BT/(M2 °C)
a,, =116-(L210+18t, —0,0382)-v2* /d®2;  (38)
4) ko uurenT Teronepenayun nogorpesarers, Br/(m*°C)
p :
k= ; 39
Yo +84 /Ay +8, /A, +Va, (39)
rae § ., - TONIIMHA CTeHKH TpyOku, paBHas 0,001 m ;

e, =104,4 BT/(M*°C)- k09D DUIMEHT TEMIONPOBOIHOCTH JIATYHH;
5,=0,0005 M - TONIMHA HAKUIIN;

%y =2,3 BT/(M*°C) - K03 HIHEEHT TEIIONPOBOIHOCTH CJI0S HAKHIIH;

B =0,95 - k03(ppuLIMEHT yUUTHIBAIOIINNA HEOAHOPOJAHOCTh TPYOHOIO MyYKa.

5) TpeGyeMast TLTOIIab TOBEPXHOCTH HATPEBA CEKIMOHHOrO BOJOBOSHOTO MOIOTPEBATENS, M2,
U TpedyeMoe YUCIIO CEeKIUH, IIT:

F=Q" 10%/(k-At,,), (40)
Z=F/F (41)
rae F., - IUI0IIaib MOBEPXHOCTH HArpeBa OAHOM CEKIUU, M.

K ycraHoBke mpHHUMAETCS 11eJ10€ YHCIO CEKITHIA.

9.2 I1o060p cekyuoHHbIX 8000800SAHBIX NOOOpesameell 0Jis 20psA1e20 8000CHAOICEHUs NPU
08YXCMYNeHYamMOU CMEeUAHHOU cxeme.

Onpenensercs:

1) pacxon ceTeBoii BO/IbI Ha OTOIJICHUE, KI/4:

. Q,-3600

G, cle-r,) (42)
2) MPOMEKYTOYHAsl TeMIIepaTypa HarpeBaeMoi BOJIbI 1ociie | CTymeHu B Touke u3iioMa rpaduka,
°C: t =1, —At (43)
rIe At, - TeMIepaTypHbIi nepenaj, npuauMaeMslii pasabiM 10°C nipu  otcyretBun u 5°C npu

HaJIMYUU OAKOB aKKyMYJISITOPOB.
3) terutoBas npousBoauTENLHOCTS | 1 |1 cTyneneli mpu Q" B Touke u3noma rpaduxa, Br:

Q" =(c-G"™/3600)-(t; -, ); (44)
Qn" :Qh _Q|h"1 (45)

cek !

H'!
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rae G" - pacxon HarpeBaeMoOM BOJIbI, ONpeaeseMblii o Gopmysie (27) npH OTCYTCTBUH U MO
dbopmyre ( 28 ) mpu HaMMUKMKU 0AaKOB-aKKYMYJIITOPOB, KI/4.
4)remueparypa rpetouieit Boasl nocie |l crynenu npu Q| B Touke usioma, °C

.
Ty =1, ——3600'8" : (46)
c-G
rae G" - pacxon HarpeBaeMoi BOJbI, KI/4.
OGbIUHO TemIlepaTypa Tperomieil Boibl Ha BXojie B | CTymeHb t) ~t,; €CIIM OHM OTIIMYAKOTCS
Gonee uyem Ha °C, ONPENENSAIOT CPEIHEB3BEHICHHYIO Temieparypy, °C, W HCIONB3YIOT e€e B
dopmye (47) B7MecTo 1,0 1) = (’Eh .G" +1, -G, )/(G h +G;) (47)
5)pacxon rperorieii Boasl Ha | u 1l CTymenu BogoHnarpeBaresisi, Kr/da:
o - 3600-Qq+Qr)
¢t -1;)
G - 3600-Q!II
c-ith -t ’

e Q, =Q, -(ti ~t. )/ (ti —to) - PacxoJ1 TEIUIOTHI Ha OTOILIEHHE TP HAPYXHOU TeMIlepaType t, ,

(48)

(49)

COOTBETCTBYIOLIECH TOYKE M3JI0Ma Tpaduka.
6)remneparypa rperouieil Boasl rmocie | crynenu B Touke uzsoma, °C:

) =1, —(3600-Q" /G"). (50)
7)remnepatyphbiil Hatop | u |l cryneneii B Touke usnoma, °C:
. Aty — At
At 6l MI . 51
' |niAt6I /at,)’ (31)

At (91 At Ml

At = L 52
! In[Athll /AtMH ) ( )

3aj1aBasich CKOPOCTBIO CETEBOM M HAarpeBacMoM BOJBI V,, =V, =1M/c, onpesensercss Tpedyemast

TUTOIIA b XKHBOTO CEYCHNS MEXTPYGHOTO POCTPAHCTBA U TPYOOK mogorpesarens 1 crynenn, m”:
hl 3).
f.. =G™/(3600-v,, -10°); (53)
_~h 3

f, =G™/(3600-v, -10°). (54)
[TonOupaercs Hanbosee ONM3KHI TUIOpa3MEP CEKIIMOHHOTO BOJOBOJSHOTO TOJOTpEBATENs
JUISL TOPSIYEro BOJIOCHAOKEHMsI, HaXOAATCs JeMCTBUTENbHBIE 3HAYEHUs IIOBEPXHOCTH HarpeBa

o 2 2

OJTHOM CEKIINU FceK,2 M, TUIOIIAN JKUBOTO cedeHus: Tpyook f.,, M°, miomamu MexTpyOHOTO
HpOCTpaHCTBa fy;, M™ M SKBUBAJIGHTHOTO AHAMETpa MEXTPYOHOTro mpocTpancTsa d, o ¢popmysie
(34), mm.
JleiicTBuTenpHas CKOPOCTh HarpeBaeMoil Bozbl B Tpyokax | u Il ctynenei, m/c:

v, =G"/(3600- f, -10°). (55)
JlelicTBUTENBHAS CKOpOCTB rperoeii Boasl B MexTpyOHOM mpoctpatcTse | u Il crymeneit, m/c:
—G/ /(3600 f,, -10°); (56)
v, =G" (3600 f, 103). ( 57 ) Cpenuue temreparypst
rperoIieii u HarpeBaeMoi BojbI B | cTynenu nonxorpesarens, °C:
T, =(‘C|2|"+’l:|2”)/2; (58)
t, =t +t )2 (59)
Cpenwue Temriepatypsi rperomen ¥ HarpeBaeMoii Bozsl Bo |l crymenu mogorpesarens, °C:
to =+l )2 (60)

t =t +t,)/2. (61)
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8) k03(pPHUIMEHTHI TEIUIOOTHAYM OT Trperoliedl BOAbI K CTeHKaM TpyOook o, (I crymenu) u
o, (I crymenu), ko3 HUIMEHTBI TEIUIOOT/Aa4YM OT CTEHOK ~ TPYOOK K HarpeBaeMod BOJC
o (I crynenn)  u oy (Il crynenn), kospuumentsr Temtonepenaun k, (I crynenun) u
k, (Il crymenn) o popmysam 37, 38, 39.

9)Tpebyemas TuIomaab MOBEPXHOCTH HArpeBa CEKIIMOHHOTO BOASHOTO mojorpesatens | u |l
CTyneHel u TpedyeMoe YHCII0 CeKIHM

F, :Q|h” '103/(k| 'At;l); (62)
Fy =Q.h." '103/(ku 'Atlul ); (63)
ZI=FI/FceK; (64)
Z":F“/FCBK' (65)

K ycTraHoBKe nprHHUMAETCs LEJI0€ YUCIIO CEKLIUM.
10. I'napaBauyeckuii pacyeT BOJOHArpPeBaTeJbLHOM

YCTAHOBKH TIOpPsiYero BOAOCHA0KeHHUH.
[ToTrepu Hamopa, M.BOJ.CT., HarpeBaeMoil BOJABI B TPYOHOM IPOCTPAHCTBE OOEUX CTyNeHEH
BOJIOHArPEBaTEILHON YCTAHOBKH OINPEAETSIOT 1o hopmyie:

H|+||:X'm'V2'n|+||v (66)
rae X - KodQQUIHUEHT, YYUTHIBAIOMINN YBEITMYECHUE MTOTEPh JABICHHUS B BOJOHArpeBaTelie 3a
CYEeT 3apacTaHMs HAKHUIIbIO, IPUHUMAEMbIN IPU YHCTKE MOJ0rpeBaTeseil oauH pa3 B roq X = 4;
m - xo3pduIMEHT THAPABIMYECKOTO COMPOTUBICHUS OJHOW CEKIMH BOJOHArpeBaTels,
MpUHUMaeMbIi paBHBIM M = 0,75 npu ee ainuHe 4w,
0 - CKOPOCTB JIBIDKEHHSI BOJIBI B TPYOKax BoJIOHArpeBaress 0e3 yuera ux 3apacTaHusi, M/cC;
N, - cymmapHoe uucio cekiuii B | u |l cTynensx BojoHarpeBaressi.
11. IloaOop BoxOMepa MJIsi ropsiyero BOJOCHAOKeHUs.

Bomomep mmist ropsyero BomgocHaOxenusi ycrtanaBiuBaercs B LTIl mepex | crymensio
nojorpeBaTesis Ha TpyOONpoBOoJEe XOJOJHOM Boabl. Bomomepsl ObIBAalOT KpbUIbYaThle U
TypOuHHBIE. FIX mOIOMParoT Mo pacueTHOMY PAacXo/1y BOJIBL, M>/d, COrIacHO TablL. 3.

Tabnuya 3
CueTunKu pacxoja BOJbI
CueTunk Pacxox Boanl ITocTosHHas
Tun Kanu6p HOMUHAJBHBIN | JOMYCTUMBIN TUIAPOCOINPOTUBIIEH
MM Mg Hs CYETUYHKa S,
MaKCHMAaJIbHbl | HUKHHUM IIpeaen M
i B cyTkm, m® | M3MepeHus, (Ms /q)z
MS/ q
Kpbuipa 20 1,6 10 0,06 51
aThId 25 2,5 14 0,06 2,64
32 4 20 0,105 1,3
40 6,3 40 0,17 0,32
50 10 60 0,22 0,0265
TypOun 50 15 140 3 0,0265
HBII 80 45 500 6 0,00207
100 75 880 8 0,000675
150 160 2000 12 0,00013
200 265 3400 18 0,0000453

IoTepro Hamopa B BogoMepe Hs , M.BOJI.CT., onpeiesIsroT 110 hopMyIIe:
h 2
H s = S- (q hr ) '

rae g - MAKCUMAaJBHBIN PacXojl ropsiaeii BOIb, M/,

(67)
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[Tpu pacueTax HOMYCKAarOT MOTEPIO HAMOPA B KPBUIBUATHIX BOJOMEpax 10 2,5 M, B TYpOMHHBIX -

no 1 m.

12. Onpenesienne TpedyeMoro Hamopa xoJioAHoro Bogonposoaa Ha seojae B L{TII. IToxdop
HUPKYJISAIMOHHBIX HACOCOB.

TpeOyeMblii Hammop XOJOAHOTO BOJONPOBOJAA JOJDKEH OIMPENSISIThCS W3 YCIOBHH TOPSYETo

BOJIOCHAOKEHHUS, TaK KaK W3-3a HAJIMYMS IMOJOTPEeBaTENs MOTEPU HANopa 3HAYUTEIHHO BBIIIE,

YeM B CHCTEME XOJIOJHOIO0 BOJAOCHAOKEHUS.

TpeOyemslit HaNIOP X0IOAHOrO BOAONPOBOAA Hipes, M.BOA.CT., Ha BBOAE B LITII cocraBut

H,=H +H  +2AH,  +H +H, +H., (68)

rac ngom - r€OMCTpHUYCCKasd BbICOTA IIOABEMa BOJABI, T.C. BbICOTA I[ymeBoﬁ CCTKU BCPXHETO

I,tot

JTaXka 37aHus HaJ YpOBHEM BoAOIpoBoaHOro Beoja B LTII;

H,,, - morepu Hamopa B TpyOHOM mnpoctpanHctBe | u |l cTymeneit momorpeBarenss mpu
MaKCHUMaJIbHOM PeXHMe BOJI0paz0oopa;

2AH| 1o - HOTEPU HALIOPa B Pa3BOIALIMX TPyOOIPOBOJAX INIABHON BETBH CETH;

H, - moTepu Hamopa B BOAOMEPE;
H,. =0,5M - motepu Hanopa B 00paTHOM KJIalaHe;
H; - cBOOOIHBII HANOp Ha U3JIUB, IPUHUMAEMbIN 2+3 M .

Ecmu wanop xomomuoro BogomnpoBona y LITIT Gombire TpeOyeMoro HacoChl yCTaHABJIMBAIOTCS
TOJIBKO JIJISl IUPKYJISIAKA. PacdeTHBIN Hamop, M, MUPKYJISIIIHOHHBIX HACOCOB OMPEICIIICTCS TI0
bopmyre:
: 2
h cir
) X- + .
SEEDYNTLIN RA Sl IS YNES (69)
q

rae 2AH °'.  morepm Hamopa B mTojaromeM Temmomposoae u Il crymenm
BOJIOTIO/IOTPEBATEIBHON YCTAHOBKU B PEXKHUME [IUPKYISIHHU, M ;

2AH " - noTepy Haropa B IMPKYJISLMOHHOM TEILIONPOBOJIE, M;

(x~qh +q°‘r)- pacxo]1 BOJBI B CHCTEME B PEKUME YACTHYHOTO BOJOPa30opa ¢ MUPKYIISILUeH, KI/4;
X - JIOJISI MAaKCHMAJIBHOTO BOIOPa30opa, MPUHUMAEMasi Ui CHCTEM TOPSYEro BOJAOCHAOKEHHS
npoTsKeHHOCThI0 10 60 M pasHoi 0,15, mnst cucreM mnpotrskeHHocThio 100+150 M -
0,2+0,3, st kBapTanbHBIX cucteM - 0,5+0,7, cormacHo [2].

Ecnu Hanop xonoanoro Bojorposoja y L[TII meHbiie TpeOyeMoro, MUPKYISIHOHHBIE HACOCHI
YCTAHABIMBAIOTCS ISl MUPKY/SIIAN M MOAKAYKH (TOBBICHTEIBHO-IMPKYISAIHOHHBIE). [Tomaua
HACOCOB B 9TOM Cliy4ae OyJIeT paBHa CyMME PacueTHOrO M [UPKYISIIMOHHOTO PACXO0B Topsiueit
BO/IBI.

PacueTHbIi HAMOp MOBBICUTEIBHO-IIMPKYISIIMOHHBIX HACOCOB PABEH HEIOCTAIOIIEMY HAIOpy Ha
BBojie B LITII: H=H_ -H,, (70)

rae H - nmelicTBUTENBbHBIA (CYMIECTBYIOIIMIA) HAIOP XOJ0AHOTO Bogonposoaa Ha Beoje B LITII,

M.

B kadecTBe IUPKYJISALMOHHBIX WJIM NOBBICUTEIBHBIX MCHONB3YIOT Hacochl tuna K, KM, BK,
[IBLI. Yncno HacocoB He AOIKHO OBITH MEHEE ABYX, OJUH U3 HUX SBIIsETCS pe3epBHbIM. Eciu B
HOMEHKJIATypE€ HAacoCOB HET MOAXOMALIEr0 IO IapaMerpaM, TO MOXHO  IPUMEHUTh
MOCJIeI0BAaTENbHOE BKIIOYEHHE KaK pabOuyMX, TaK M PE3EpPBHBIX HACOCOB, MMEs B BHIY, YTO
HAamopbl NpU OTOM  CKIQJAbIBalOTCA. Bozne IUPKYISAIMOHHOTO Hacoca HEOOXOIUMO
MPEeyCMOTPETh 3allOPHYIO apMaTypy HJsl NMEpeKIIOUeHHs Ha pe3epBHBIM, a Takke oOpaTHbBIN
KJIaaH.

B xypcoBoii paboTe yCIIOBHO MPUHSITO, YTO TPeOyeMBbIil Harmop XojoaHoro Bogomnposoaa y LTI
He 0oJIbIIIe AeHCTBUTEIHHOTO.
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13. OnpeneseHne 4acoBBIX U FOJOBBIX PACX0J10B TEIJIOTHI.
PacuerHble pacxoapl TEMJIOTHl Ha OTOIUIEHHWE, BEHTWIAIMIO M Topsiuee BOJOCHAOXKEHHE
ONPENENSAI0OT JIJIS KaXKJ0r0 KBapTaja Mo YKPYIMHEHHBIM MoKa3aTeisM, corinacHo [8]. TemoBbie
MOTOKU OMNPENENSIIOT, MCXOJAd W3 BEIMYMH KWIOM IUIOMIAJM W IUIOTHOCTH HACEJICHUS I10
3aganuio. /i 3TOro 1o reHIvIaHy ONpeessioT IUIOMAAN CeTUTEOHON M MPOMBIIUICHHON 30H.
Bce anMuHHCTpaTUBHO-00IIECTBEHHBIE 3/1aHUS B CETMTEOHON 30HE PABHOMEPHO PACIIPEEICHbI
no paiiony. Pacuer Benercs nmo ¢opme 1.

®dopwma 1
Howmep [Inmomaner kBapTaina, KonnuecTBO mpoKUBaIOIIMX Kumag miomans
KBapTajia ra JIIOJICH KBapTajia
Hroro
Uucrno xuTenel onpeensercss mo GopMyle:
m=P-F, (71)
rae P — miotHOCTh Hacenenus, yen./ra;
F — miomaap 3acTpauBaeMbIX KBapTalloB, ra (1O TeHIIaHy).
OO6m1as >xusias 1Ioaab KBapraia:
A=m-f, (72)
riae f — Hopma oOmied IIoIaaAn KUJIOTO 3JaHHs Ha OJHOTO yenoseka (9 - 12 MZ).
MaxkcuMalbHBINA TEIJIOBOK MOTOK, BT, Ha OTOMIEHHE KUIBIX U OOIECTBEHHBIX 3MaHUM:
Qo,max =0, - A(1+ Kl)v (73)

rae Qo — YKpPYIHEHHBIH TIOKa3aTellb MAKCUMAJIbLHOTO TEIJIOBOTO MOTOKA HAa OTOIUICHHUE >KUJIBIX
3gaHui Ha 1M~ oOuieii momanu, BT/MZ, MPUHUMAETCA 110 [ 8, TpuiL. |;

A — o01as mIomaab *KUIbIX 3IaHUH, M

K1=0,25 — koadduiimeHT, yuuThIBAIOMIMA TEIUIOBOI MOTOK HA OTOIUICHHE OOIECTBEHHBIX
3naHui [8].
MaxkcuMalIbHBIN TEMI0BOK NOTOK, BT, Ha BEHTUIALIMIO OOIECTBEHHBIX 3JaHMIA:

Qv,max =q, - A- K1 : Kz’ (74)

rae K,=0,6 — ko3 durmenT, yauThIBarOMA TEIJIOBOW MOTOK HA BEHTHIIAIIAIO OOIIECTBEHHBIX
3naHuil [8].
Cpenuuii TENIoBOM MOTOK, BT, Ha ropsiuee BOIOCHA0KEHHUE KIIIBIX U OOIIECTBEHHBIX 3/IAHUMN:

_12:m-c-(a+b)-(60-t,)

75
O 24-36 (79)
N
Qi =0y - M, (76)
rae gn — YKpYHHCHHLIﬁ IMoKa3aTclib CpeaHCTO TCIIJIOBOI'O IIOTOKa Ha rops4dee

BOJIOCHA0KEHHE Ha OJIHOTO YEJIOBEKa, MPUHUMAETCS 110 [2, mpuit. 3];

M — YUCJIO KUTEJIEH B KBapTaJe;

a — HOpMa pacxoja BOJbI Ha ropsyee BojocHabxkenuwe mpu Temmeparype 60 °C Ha ogHOrO
YelOBeKa B CYTKH, MPOKMBAIOIIETO B 3JaHUHM C TOPSIYMM BOJOCHA0KEHHEM, MPUHUMAETCS B
3aBHCUMOCTH OT CTE€TIE€HU KOM(OPTHOCTH 3/1aHUM B COOTBETCTBHH C [8];

b — HOopma pacxonma BoIbl Ha Topsiuee BOJOCHAOXKEHHUE, MOTpeOdasieMol B OOIIECTBEHHBIX
31anusx, pu Temueparype 60 °C, nmpuarMaeMas B pasMepe 25 JI/CyT Ha OJJHOTO YEIOBEKA;

t; — Temmeparypa XOJIOJAHON (BOAOMPOBOAHON) BOABI B OTOMUTENBHBIN MEPHO], TPUHUMAaEeMast
pasHoii 5 °C;

¢ — yJeNnbHas TEMI0OEMKOCTh BOJIbI, IPUHUMaeMast B pacuerax paBHoii 4,187 KJ[x/(xr’C).
MakcumanbpHBIA TEIJIOBOM TOTOK, BT, Ha ropsuee BOIOCHAOXKEHHE JKHIIBIX M OOIIECTBEHHBIX
3aHUN:

Qh,max =24. th : (77)
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Omnpenensist pacueTHBIM pacxo TEIUIOTHI ISl pailoHa ropoja, YYUTHIBAIOT, YTO IIPU TPAHCIIOPTE
TEIJIOHOCUTEJISI TPOMCXOSAT TOTEPH TEIUIOTHI B OKPYXKAMOIIYIO CPEly, KOTOPbIC MPUHUMAOTCS
paBHbIMU 5% TerioBoM Harpy3ku. [loaToMy cymmapHble pacxojbl TEIJIOTHI Ha OTOIUIEHUE,
BEHTUJIALIUIO U TOpsAYee BOJOCHAOKEHNE YMHOXKAIOT Ha kKoadduruent 1,05.

Pacuer remonoTpebienus Beaem mo gpopme 2.

®opma 2
Howmep Pacxonpl TernoTel, KBT
KBapTa | Qomax Qv max Qb Qn.max ZQ
ja
1 2 3 4 5 6

['omoBo#i pacxoj TEIUIOTHl Ha OTOIUICHUE, BEHTWISIMIO M TOpsyee BOJOCHAO0KECHHE KWIBIX U
0OIIIECTBEHHBIX 3AaHul, KJK:

Qoy = 86’4 Qom : no ; (78)
Q, =36-Z2-Q,,-n,; (79)
Q,, =86,4-Q,, -N, +86,4-Q;, -(n, —n, ). (80)

31ech Quy; Qun— CPEOHUN TEIJIOBOM MOTOK HAa OTOIUICHWE W BEHTHJIALIMIO 33 OTOIHTENIbHBIN

HEPHOLL;
_ . (tl _tom)
Q) ©
Q. -Q, . i =tm) (82)

;
(ti - to)

No — IPOJOHKUTEIHLHOCTh OTOMUTENLHOTO MEPUOJIA, CYT;

tom — CpenHssA TEMIEpaTypa Hapy»KHOTO BO3yXa 3a OTOIUTENbHBINA IIEPUO,

Z — yCpemHEHHOE 3a OTONUTENbHBIM MEepPHOJ YUCIO YacoB pPabOThl CUCTEM BEHTUIISIIUU

0OI1IeCTBEHHBIX 3/JaHUI B T€YEHUE CYyTOK, Z=16, o [8];

Nhy — PACYETHOE YUCIIO CYTOK B IOy pabOThI CUCTEMBI TOpsiuero BogocHabxkenus, 350 cyT.

JIJIsT IPOMBINIUICHHBIX TPEIPHUITHIA PAaCXOJbI TEILIOTHI OMPEISISIOTCS MCXOJI M3 YUCIa JTHEU

paboThl TPEAUPHITHS B TOMY, KOJIHYECTBA CMEH pa0OThl B CYTKH C YYE€TOM pPEKHUMA

TeIIoNnoTpedIeHus (M0 TEXHOJIOTUYECKUM KapTaM WU BEIOMCTBEHHBIM HOpMaMm).

[Tocne ompeneneHUss pacdeTHOTO TEIUIOMOTPEOICHHS MPUCTYIMAIOT K MOCTPOSHUIO TpadUuKoB

YacOBBIX PACXOJOB TEIUIOTHl HAa OTOIJICHHWE ,BEHTUIISIIUIO W Topsiuee BOAOCHAOXKEHUE B

3aBUCHUMOCTH OT TEMIIEpaTypbl HapyXHOTO Bo3xayxa. Ilo ocu abcmmcc OTKIAIBIBAIOT

TeMIepaTypy HapyXHoro Bosayxa oT t; = 8°C go t,, Mo ocu OpJMHAT — YacOBBIE PACXObI

TEIIOThL. TeryioBas Harpy3ka Ha ropsdee BOJOCHA0KEHHWE — KPYIJIOTOAOBas, B TEYCHUE

OTOMUTENLHOTO TMEepPHoJa YCIOBHO MPUHUMAETCS MOCTOSHHOW, HE 3aBHUCSIIEH OT TEeMIEepaTyphl

HapyXHOTO Bo3ayxa. [ToaToMy rpaduk 4acoBOro pacxojia TEIUIOTHI Ha Topsidee BOJIOCHAOKEHUE

npecTaBisieT co00i MpsAMYIO, MapaieTbHYI0 OCH a0CITHICC.

CymmapHbIii TpauK YacOBBIX PACXOJOB TEIUIOTHI HA OTOIUICHHE, BEHTWISIHIO W Topsdece

BOJIOCHA0KEHUE CTPOUTCS ITYTEM CIOXKEHUSI COOTBETCTBYIONIUX opauHaT mpu t, = 8 °C, t,.

['padmk roIOBOrO pacxoja TEILIOTHI IO MPOIOJIKUTESILHOCTH CTOSHUS TEMIIEPATyp HAPYKHOTO

BO3/lyXa CTPOUTCS HAa OCHOBAHHHM rpadrika CyMMapHBIX YacCOBBIX PACXOJIOB TEIJIOTHI U COCTOUT

U3 JIBYX 4YacTeW: MpaBoil — rpaduka 3aBUCUMOCTH CYMMAapHBIX YaCOBBIX PACXOOB TEIIOTHI OT

TEMIEpaTypbl HApY>KHOTO BO3JyXa M JIeBOM — TojoBOro rpaduka pacxona TemaoTel. Ha

MOCJICTHEM 110 OCH OPJIMHAT OTKJIAJBIBACTCS PACXOJ TEIIOTHI, 0 OCH a0CIHCC — YUCIIO YacOB

CTOSIHUSI TeMIIepaTyp HapYKHOTO BO3AyXa, KOTOPOE 3a OTOMUTENbHBIN MEepUoa A 3aJaHHOTO

ropoja ONpeAesioT 1o [2].

s moctpoeHusi rpaduka ToJOBOW TEMJIOBOW HArpy3kd W3 TOYEK Ha OCH adcmucc rpaduka

4acoOBOT'O Pacxojia TeIIOThI, COOTBETCTBYIOMIMX Temmeparypam +8, 0, -5, -10, -15, -20, -25, t,

°C, BOCCTaHaBJIMBAEM MEPHEHAMKYISAPHI JO TEpeceueHus C JIMHUEH CyMMapHOTO pacxoja
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TeroThl XQ. M3 momyueHHBIX TOYEK MPOBOAWM TOPU3OHTAIBHBIC MPSIMbIE J0 MEPECEUCHUs C
NEPIEeHIUKYIIpaMH, BOCCTAaHOBJIEHHBIMH K OCH aOCHUMCC M3 TOYEK, COOTBETCTBYIOIIHUX
IPOJODKUTEIBHOCTU CTOSHUS TEMIEPATyp HapyX Horo Bo3ayxa. CoelMHUB HalJIeHHbIE TOYKH,
MOJIy4YUM UCKOMBIN IpauK roJIoBOr0 pacxoia TEIUIOThI 32 OTOMUTENbHBIN MEPUO/I.
14. Pacyer u nmocrpoenne rpag)uKoB peryJTupoOBaHHSA
OTIYCKA TeIJIOTHI

B cucremax TemnocHaOKeHUS C Pa3HOPOJAHBIMH TEIUIOBBIMH HArpy3kKaMd TMPUMEHSIOT
MHOTOCTYIIEHYAaTyI0 CHUCTEMY pEryJlMpOBaHUS OTIYCKa TEIUIOThI, HMEIOIIYI0 CIeAYIOLIUi
IPUHLIMII IOCTPOCHUSA:

- IEHTpaJbHOE peryaupoBaHve mnpou3BoaiaT Ha TOIl wumu B KOTENbHOH 1O
npeo0aaroieil TerIOBOM HAarpy3Ke paiioHa;

- TPYIIIOBOE WM MECTHOE PEryJlMpOBaHUE — B y3jaX MPUCOEAUHEHUS OTICIIbHBIX BUJOB
TEIUIOBBIX HArpy30K;

- UHIAMBUAYAJIbHOE PpEryJUPOBaHHE — HEMOCPEACTBEHHO Yy TeIUIO-MOTPEOIAIOMUX
npuOOpOB.
[IprMeHeHre MHOTOCTYIIEHYAaTOr0 PETryJIMPOBAHUS MPUBOANT K CHIDKEHHUIO pacxoja TeIIOThl Ha
OTOIUIEHHE 3a CYET JIMKBHJAUUU "meperonoB" 31aHuil B nuamnazoHe oT +8°C 1o Temmeparypsl
HApY>XKHOTO BO3/yXa, COOTBETCTBYIONIEH TOYKEe H3JIoMa Tpaduka TeMmIepaTryp BOIbI, M K
CHI)KEHMIO pacxoja TEIUIOHOCUTENS Ha €AUHUILY OTITYIIIEHHOMN TEIIOTHI.
CornacHo [4] B BOJSHBIX TEIJIOBBIX CETSAX CIEAyeT NPUMEHATHh LEHTPaIbHOE KaueCTBEHHOE
peryiupoBaHue OTIIyCKa TEIUIOThl IYTEM HW3MEHEHHUs TEMIIepaTypbl TEIUIOHOCUTENS B
3aBHCHMOCTH OT TeMIIepaTypbl HApYKHOT'O BO3yXa.

14.1. PeryiupoBaHue OTIyCKa TEeIJIOTHI B 3aKPBITHIX CHCTEMAaX TeIJI0CHAOKeHH

B BOASHBIX TEMIIOBBIX CETAX MPUHUMAIOT LEHTPAIbHOE KaYeCTBEHHOE PETYIUPOBAHHUE OTITYCKa
TEIUIOTHl 110 HAarpy3Ke OTOIUIEHHMsI MJIM IO COBMEIICHHOM Harpy3ke OTOIUIEHHMSI M TOpSYero
BOJIOCHA0KEHUS.
Ecnn TemoBas Harpy3ka Ha JKWIMIIHO-KOMMYHAJIbHBIE HYXXIbl cOCTaBigeT MeHee 65%
CYMMAapHOH TEIUIOBOM Harpy3kd, a  p® =Qu,/Qq e < 0,15, peryampoBanne oTIycKa TENIOThI

IPUHUMAIOT 110 Harpy3ke oromieHus. [Ipm 3ToM B TEIOBOM CETH NOAJNEPKUBAETCS
OTONUTENILHO-OBITOBOM TeMIlepaTypHbIN Ipapuk.

[TocTtpoenue rpaduka LEHTPAIBHOTO KAayeCTBEHHOI'O DErYJIMPOBAaHUS OTIYCKa TEIUIOTHI I10
OTONUTENILHON Harpy3ke OCHOBAHO Ha ONPEIENIEHUU 3aBUCUMOCTU TEMIIEPaTypbl CETEBON BOJIbI
B HIOJjaroIeil 1 00paTHON MarucTpayisix OT TeMIepaTypbl HAPYKHOT'O BO3yXa.

Jlns  3aBUCHMBIX CX€M MPUCOECIUHEHHS] OTONUTENbHBIX YCTAHOBOK K TEIJIOBBIM CETSAM
TeMIIepaTypy BOJbI B MOJAAOLIEH T1, U 0OPaTHOM Ty, MarkcTpalsiX B TE€YEHHUE OTOMMTEIBHOTO
1Iepro/a, T.€. B JMana3oHe TEMIIEPATyp HapyKHOro Bozayxa oT +8 °C 1o t, , pacCUMTHIBAIOT 110

BBIPAKCHUAM:
08

(t - . N[t —t
T, =t AL | 4 (57, -050' ). L (83)
t—t )" t —t
T, =t +AL| | —050| | (84)
Y ti _to ti _to

3mech t; — pacyeTHas TeMIeparypa BHYTPEHHEro Bo3ayxa, °C;
tH
At, — TeMIIEpPaTYPHBIN HAIOP OTOIHTEILHOTO Ipudopa, °C,

— TeMIIepaTypa Hapy»kHoro Bo3ayxa, °C;

L Te, F Ty,
A, =20 20 ¢
2
7€ Ty, — TEMIEpaTypa BOJABI B MOJAMOIIEM TPYOOIPOBOAE CHCTEMBI OTOIUTCHUST TIOCITE

sneBaTopa pu to, °C;
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1,, — TEMIIepaTypa BOJbl B 0OPAaTHOM TPYOOMPOBOAE MOCIE CHCTEMbI OTOIUICHHS IpH to, °C;
81, —pacUeTHBI Mepenaj TeMIepaTyp BOIbl B TEIUIOBOH cetH, “C,

8‘Eo =To ~ To0o
rae 1, — TEMIeparypa BOABI B IOJAIOIIEM TPYOOIPOBOAE TEIUIOBOM CETH HPU PACUCTHOI
TEMIIEPATYpE HApPYKHOIr0 BO31yXa to;
© — pacyeTHBIN Mepenajl TEMIEPATYpP BOJBI B MECTHOM cucteme otorenus, °C,

O =15, —Ty-
3a1aBasch pa3IMYHBIMU 3HAYECHUSIMH TEMIIEPATYPHI HAPYXKHOTO BO3jyxa ty B mpexenax ot +8 °C
10 to, ONPENENAOT T,,,T,, U CTPOAT OTONMTENBLHBIA rpadMK TEMIIEPATYP BOJBI B IOJAIOIIEN U

00paTHOW MarucTpaisix TEIIOBON CETH.

Tak Kak I10 TEIJIOBBIM CETSAM OJHOBPEMEHHO IOJAETCs TEIIOTa Ha OTOIUICHHWE, BEHTUIALUIO U
ropsiuee BOJOCHAOKEHHE, I yIOBJIETBOPEHUS TEIUIOBOW HArpy3Ku ropsdyero BOAOCHAOKEHUs
HEOOXOMMO BHECTH KOPPEKTHBBI B OTONMTENbHBIM Tpauk Temmeparyp Boabl. Tak Kak
Temreparypa ropsiueil BoJbl B BOJOPa30OPHBIX CTOSKAX CHUCTEMBI TOPSYEro BOJOCHAOXKEHMS
nookHa ObiTh He Menee 60 °C, TO Temieparypa HarpeBaeMoil BOJBI Ha BBIXOJIE W3
BOJIONOJIOTPEBATENs TOPAYEro BoJocHaOKeHus aomkHa Obith 60-65 °C. TlosToMy MuUHHMAbHAs
TEMIIEpaTypa CETE€BOM BOJbI B MOJAIOIICH Marducrpaad mpuHuMaercs paBHoit 70 °C s
3aKpBITBIX CHCTEM TerlocHa0xeHus. [l 3Toro oTonuTenbHbli rpaguk cpesaercs Ha ypoBHe 70
°C, mosydyeHHbI rpadUK TEMIIEpATyp BOAbI B TEIUIOBOW CETH HA3bIBAETCS OTONUTENHHO-
ObITOBBIM. TemmepaTypa HapyKHOTO BO3[yXa, COOTBETCTBYIOIIAs TOYKE H3JIoMa rpaduka,
obo3Hauaercs t, . Touka u3oMa rpadMKa JEIUT €ro Ha JBE YaCTH C Pas3IMYHBIMU PEXUMAMU

peryjivupoBaHusia: B JUAIIA30HC TEMIICPATYP HAPYKHOI'O BO3AyXa OT t“

H

JI0 t, OCYILECTBIISIETCS
[EHTPaJIbHOE KaYeCTBEHHOE PEryIMpPOBaHHE OTIyCKa TEIJIOTHI, B AHANa30He TeMIepaTryp oT +8
°C 110 t, OCYIIECTBIISIETCS MECTHOE PETYIMPOBAHKE BCEX BUJIOB TEIIOBBIX HAIPY30K.

—_ 8] "
B | gmamazone Temmeparyp HapyxHOro Bo3ayxa or t,= +8 "C mo t,, Korma temmeparypa
CeTeBOW BOJABI B MOJAIOIIEH MarucTpald OCTAETCS MOCTOSHHOW, OCYIIECTBISETCS MECTHOE

KOJIMYCCTBCHHOC PCryJIMPOBAHUC OTOITUTEILHOM Harpyske¢ " pacxon CETEeBON BOJBI Ha
OTOILICHUEC OIMPEACIIATIOT IO BBIPAKCHUIO!

(t -t,)
GOZGOmax.( : H)’ (85)
tl - tH
rae G, . — PACYETHBINA PACXOJ BOJBI Ha OTOIJICHHE.

Bo Il nuanasoHe TeMreparyp HapyKHOTO BO3IyXa OT t [0 t, B CHCTEME IOIJIEPKUBAETCS
LEHTPAJIbHOE KaYECTBEHHOE PEryJIUPOBAHUE OTOIMTEIIBHON HATPY3KH M PacXoJ CETEBOM BOJbI
Ha OTOIUJICHHE MOJACPKUBAETCS MOCTOSHHBIM C MOMOIIbIO peryistopa pacxoaa (PP), paBHbIM
pacaeTHOMY G, .

[To pacCYMTaHHBIM 3HAYEHHUSAM PACX0ia BOJIbI HA OTOIUIEHHE CTPOAT Tpaduk: G, = f(t,).
B cuctemax TennocHaOXeHHs ¢ KWINMIIHO-KOMMYHaJIbHON Harpy3koi 6onee 65% cymmapHO#
TEIUIOBOM  Harpysku, a Takke Mmpu p® =Qu,/Qq . >0,15 mnpuHMMarOT ueHTpanibHOE

KAueCTBEHHOE PETYJIMPOBAHUE OTIIyCKAa TEIUIOTHI 10 COBMEIIEHHOW HAarpy3Ke OTOIUIEHUS H
ropsiuero BoJOCHA0XKEeHHUS.

[IpuMeHeHre MaHHOTO METOAA PETYIMPOBAHMS OTIYCKAa TEIUIOTHI IO3BOJSET pPaCCUUTHIBATH
MaruCTpajbHbIE TEIUIONPOBOJABI 110 CYMMAapHOMY pacXoAy CETEBOM BOJBI HAa OTOIUICHHE U
BEHTWISILIMIO, HE YYWTHIBAasl pacxo] BOJbI Ha ropsiuee BoJocCHaOxeHue. Jljisi yaoBIETBOPEHUS
Harpy3KH ropsiuero BoJOCHaOKeHHs TeMIepaTypa BoJIbl B [OJIAIOIIEH MarucTpaiy IpUHUMAeTCs
BBIIIIE, YEM I10 OTOMUTEIbHOMY TpaduKy, U OOJBIIMHCTBO MOTPEOUTENEH CUCTEMbI OTOTIIIEHUS U
ropsiuero BOJIOCHA0KEHUS JOJKHBI IPUCOETMHATHCS K TEIJIOBOM CETH 10 MPUHIUITY CBA3aHHOM
noaadn TeIioThl. [Ipu 3TOM CTpOWTENBHBIE KOHCTPYKLIHMM 3JaHHUI CIYKAT aKKyMyJsATOpamMHu
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TEIUIOTHI, BBIPABHUBAIOUIMMU HEPABHOMEPHOCTh CYTOYHOrO Trpaduka TEIUIOBOW Harpys3Ku
TOpSTYEro BOJOCHAOKECHHUS.

[TIpu sTOM crocoOe perynupoBaHusl OTIYCKa TEIUIOTHI B TEIUIOBOM CETH TOJJIEPKUBACTCS
MOBBIIICHHBIA TeMIIepaTypHbId TpaduK, KOTOPBIM CTPOUTCS HAa OCHOBAaHUU OTOIHTEILHO-
OBITOBOTO TEMIIEPATYPHOTO rpadukKa.

Pacyer MOBBIMICHHOrO TEMIIEPATYPHOTO rpaduka 3aKJIIOYacTCs B OINPEACICHHHM  Ieperaja
TEMIIepaTyp CETEBOH BOJBI B BOJOIOJOTPEBATEISIX BEPXHEHW &, M HIDKHEH §,CTyNeHeH Mpu
pa3IMYHBIX TeMIIepaTypax HApy)KHOrO BO3ayxa W OaJaHCOBOW HArpy3ke ropsdero
BOJIOCHAOKCHUS

Qr?m = XS ’ th’ (86)

rae y°— 6anaHcoBbli KOA(DMHUIUEHT, YIUTHIBAIOIIME HEpaBHOMEPHOCThH PACXO0JIA TEIIOTH HA
ropsiuee BOAOCHAOKEHNE B TEYEHHE CYTOK, IPUHUMAETCs y° =12 .

CyMmMmapHbIil Tiepenaji TeMIeparyp CeTeBOM BOABI B BOAOINOJIOIPEBATENAX BEpXHEH M HUKHEU
CTyIIEHEH O B TEUCHHE BCETO OTOMMUTEIBHOTO MEPHOJIa MMOCTOSHEH U ONPEILNISICTCS COrJIacHO [4]
o popmyse:

8=8, +8, =(Qhn /Qu K10 T2 (87)

3amaBasch BENIMYMHONW HENOTpeBa BOJAOMPOBOAHON BOIBI 10 TeMIIEpaTyphbl Iperollel BOJBI B
HWKHEl cTynenu Bogonozorpesatens At =5-10°C, onpenensoT TeMIeparypy HarpeBaeMoii
BOJIONIPOBOJHON BOJBI TIOCIE HUKHEH (IEpBOM) CTyNEHH BOJOIOAOTrpEBATENss t,  IpH

I

TEMIIEpAType Hapy>KHOI'O BO3/1yXa, COOTBETCTBYIOIEH TOUYKE M3JI0Ma TEMIIEpaTypHOro rpaduka
t,:

t, =T — AL, (88)
rie 1,,— TemIeparypa BOABI B OOpaTHOM TpyOONPOBOAE IOCIE CHCTEMBI OTOILICHHS,
COOTBCTCTBYHOIIIAsA TOYKEC U3JI0OMa TEMIICPATYPHOI'O I‘pa(bI/IKa, OC.
[lepenan Temmeparyp ceTeBoil BOABI B HIDKHEH CTYNEHH BOAONOOTPEBATENS O MPH PA3TMYHBIX
TEMIICPATYPaAX HAPYIKHOI'O BO3AyXa OIIPCACIIALOT:

mput, 8,=5- (89)

mput, 8, =8, 71— : (90)
(12,0 - tc )

3nech t,— TeMieparypa ropsdeil BOJbI, MOCTYMHAIOIIEH B CUCTEMY IOpsSYero BOJOCHA0KEHMUS,
OC;
t,— TeMIepaTrypa XOJIOJHOM BOMONPOBOAHON BOJIBI B OTONMTEIbHLIN mepuo, °C.
3Has 3, &,, HAXOIAT TEMIIEPATYPY CETEBOM BOJBI B OOPATHON MArkCTPAJIH IO MOBBIIEHHOMY
TeMIIepaTypHOMY rpaduKy:

Ton =T — 82 Ton=T20" 62; (91)

T5,= Tho- 05, (92)
[lepenan Temnepartyp ceTeBOM BOJbI B BEpXHEW (BTOpOH) CTYNEHH BOJOMOJOTPEBATENS
OIIPEIEIAIOT:
nput, — 01=38-02; (93)
mpu t’ — 8/=06-0,. (94)
Temneparypa ceTeBOil BOIBI B MOJAONIEH MarucTpajid TEIJIOBOM CETH MJI1 MOBBIIIEHHOIO
TEMIIEPATypHOTO Tpaduka:

Tin = T10 + 015 (95)
T = Tip + 8 (96)
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OnpenenuB 3HaYEHUS TEMIIEPATYp BOJBI B OJAIOIIEH 1 OOpAaTHON MarucTpaisix TEIUIOBOU CETH,
CTPOST TOBBIIIICHHBIN TEMIIEpaTypHBIN TpaduK.
BeiOop cxemMbl BKJIIOYEHHUs BOJOMOJOTpeBaTeNiell rTopsiuero BogocHaOxkenuss Ha L[TII
MIPOU3BOISAT COTJIACHO [§] HA OCHOBE:

PM = Qh,max/Qo,max 97)
[Ipy npuMeHeHHMH B TEIUIOBOM IIYHKTE PpEryJiTOpoB pacxoja BOJbl Ha OTOIUIEHHE C
pEeryJaHpOBaHMEM OTIYCKa TEIUIOTHI B TEIJIOBBIX CETAX [0 OTOMHTEIbHO-OBITOBOMY
TeMIIepaTypHOMY Ipa(UKy HCIIOJIb3YIOTCS CXEMBI:
st p < 0,2 u p* > 1,0 — napamiensHas;
s 0,2 < p¥ < 1,0 — nByXcTyneHuaTas CMelIaHHasl.
[Tpy npyMEHEHNHU B TEIUIOBOM ITYHKTE PETYJISITOPOB PAacXo/ia BOJbI C PETYyJIMPOBAHUEM OTIIyCKa
TEIUIOTHl B TEIUIOBBIX CETSAX IO IOBBIIIEHHOMY TEMIIEpaTypHOMY TI'pa(UKy HCIOIb3YIOTCS
CXEMBI:
s pt< 0,2 up" > 1,0 - napamensHas;
s 0,2 < p* < 1,0 — aByXCTyneHYaTas mocjaeqoBare/bHas.
[Ipy npuMeHEHHMM B TEIJIOBOM IYHKTE 3JIEKTPOHHBIX PErYyJISATOPOB pacxoja TElIoThl Ha
OTOIUIEHHE HE3aBUCHMO OT TpaduKa peryJIupoBaHUs OTIIYCKa TEIUIOThI UCIOJIB3YIOTCS CXEMBI:
s pt< 0,2 up" > 1,0 - napamiensHas;
st 0,2 < p* < 1,0 — aByxcryneHyaras CMENIaHHas ¢ OrPAaHUYECHHEM MAKCHMAJIBLHOTO pacxoja
BO/JIbl U3 TEIJIOBOM CETH Ha BBOI.
14.2. PeryiupoBaHue OTIIyCKA TEIVIOTHI B OTKPBITHIX CHCTEMaX TeNJI0CHAOKeHUs
B nByXTpyOHBIX BOJSHBIX TEIJIOBBIX CETAX OTKPBITHIX CHCTEM TEIJIOCHAOKEHUS LEHTPAIbHOE
KaueCTBEHHOE PEryJUpPOBaHUE OTIIyCKa TEIJIOTHI, KaK U B 3aKPBITHIX CUCTEMAX, OCYILECTBISIOT
[0 Harpy3ke OTOIUIEHUS WJIM TI0 COBMEIIEHHOW Harpy3ke OTOIUIEHHUS M TOpsidero
BO/IOCHA0KEHUS.
Ecnu teroBas Harpy3ka Ha KWIMIIHO-KOMMYHAaJlbHbIE HYXKIbl COCTaBiseT MeHee  65%
CyMMapHO# TerioBoil Harpy3ku, a PP = Qpm/Qomax< 0,15, peryaupoBanue OTIYCKa TEIIOTHI
OPUHUMAIOT TI0 Harpy3ke oTomieHus. Ilpm 3TOM B TEmIoOBOM ceTH MOAIEPKHUBAETCS
OTONUTENILHO-OBITOBOM TEMIIEPATypHbI TIpaduK, KOTOPBI CTPOUTCS HA OCHOBE pELICHUS
dopmyn (83) u (84). [na mnondep:kaHus TeMIlepaTypbl Topsiaell  BOJIBI th = 60°C
OTONHUTENBHBINA TpaduK cpe3aercs Ha ypoBHe 60°C, MOMyYeHHBIH IpadMK TEMIEpaTyp BOJBI B
TEIUIOBOM CETH HAa3bIBAETCS OTONUTENbHO-OBITOBBIM. Temmeparypa HapyKHOTO BO31yXa,
COOTBETCTBYIOIIAs TOUKE M3JI0Ma rpaduka, obo3Hayaercs t”. Touka u3noma rpaduka JenuT ero
Ha JIBE€ YaCTU C PA3IMYHBIMU PEKUMaMH PETYIMPOBAHMS: B JUAa30HE TEMIIEpATyp HAPYKHOTO
Bo31yxa oT t' 1o t, OCyIIeCTBISCTCS ICHTPAIbHOE KAa4eCTBEHHOE PErylMpOBaHUE OTITYCKa

H

TEIUIOTHI, B jauanasoHe Ttemmeparyp oT +8°C 1o t oCyIecTBISIETCSs MECTHOE PEryHpOBaHHE

BCE€X BUJIOB TCIIJIOBBIX HAI'py30K.

Ecnu teruoBas Harpyska >KMIMIIHO-KOMMYHAQJIBHOTO CEKTopa cocTaBisieT 65% u  Ooisee
CyMMapHOW TEIUIOBOW HAarpy3ku H

PP = Qnm/Qomax = 0,15, TO perynupoBaHue OTITYCKa TEIIOTHI OCYIIECTBIIAIOT MO COBMEUICHHOM
Harpy3ke OTOIUIEHUS U ropsyero BogocHaOxeHus. [Ipu 3ToM B TEIIOBON CeTH MOAAEPKHUBAETCS
CKOPPEKTHPOBAHHBIN TemnepaTypHbli rpaduk. [Ipu peryaupoBaHuu oOTMycKa TEMJIOTHI IO
COBMEIIICHHOM  Harpy3ke OTOIUIEHHS M TOpSYEro BOJOCHAOXKEHUS MOTPEOMTENH CHUCTEMbI
OTOIUICHUA U TOpAYCTO BOJIOCHa6)KeHI/I${ MPUCOCOAUHAIOTCA K TCIIJIOBBIM CCTAM IIO MMPHUHIUITY
CBSI3aHHOM NOJa4U TEIUIOTHI.

PacueT CKOpPpEeKTHpOBAaHHOTO TEMIEpPaTYypHOTO rpaduKa 3aKI4aeTcsl B  ONPEIEIeHUU
TEMIICPATYphl BOAbI B TOJAIOIICH M OOpaTHON MAarMCTpaisxX B JHamnas’oHe TeMIepaTyp
HapyxHoro Bo3zayxa ot +8°C no t; , mpu KOTOpo# Temmneparypa BoJbsl B 00paTHOM Marucrpaiu

v I3 3 . —
paBHa 60°C u mo GanaHcoBoil Harpyske ropsuero BomocHabxkenus, QJ. =%" Q..; x°= 1,1

[Tpu Temmeparype Boabl B oOpaTHOM Maructpanu Ooibiie 60°C Bomopazbop Ha ropsidee
BO/IOCHA0KEHHUE OCYILECTBISIOT TOJIBKO U3 00OpPaTHOM JIMHUU TEIJIOBOW CETH, U TOTJja B MECTHYIO
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OTOMHTEIIBHYIO CHCTEMY IOCTYNAEeT PAaCYeTHBI PAacXOa CeTeBOil BOABI Gomar. ITO MO3BOJISET
OCTaBUTH PETYIUPOBAHKE OTITYCKA TEIUIOTHI B HHTEPBAJIe TEMIIEpaTyp HApyKHOTO BO3/ayXa OT ty
10 t, IO OTOMUTENBHO-OBITOBOMY TEMIIEPATYPHOMY TpadUKy.

[Ipu Temneparypax HapyxkHoro Bo3ayxa oT +8°C ngo t,, Korma BOZOpa300p Ha ropsdce
BOJIOCHA0)KEHUE OCYIICCTBIISIFOT KaK W3 TOJAIOIICH, TaKk M M3 OOpaTHOW JIMHHWHA TEIUIOCETH,
MOCTYIUIEHHWE BOJABI B CHCTEMY OTOIUICHHMS MEHBIIE PacYeTHOro pacxoia. B sTom cimywae amns
YIIOBJICTBOPEHHS OTOINMUTEIILHOW HArpy3Kd TEMIIepatypa BOABI B IOAAIONIEM TEIJIOMPOBOJIE
JOJKHA OBITH BBIIIE, YEM 3TO TPEeOyeTcs MO OTOMUTENBHO-ObITOBOMY rpaduky. TemmepaTtypy
CETEeBOI BOJIBI B TOJAIOIIEM Ti, U OOPATHOM Tz, TEIUIONPOBOAAX JISI CKOPPEKTHPOBAHHOTO
rpaduka onpenessor o Gopmyaam:

Tin=ti + % (31, + AL - QE;Z -05-0'); (98)
Q G,
Ton = G+ %'(Aﬂ, =2-05-0). (99)

0 0
3,I[eCL Qo— OTHOCHUTEIIbHBIN pacxona TCIUIOTBI Ha OTOINIICHHUC, Hpe,[[CTaBJ'ISIIOH_[I/Iﬁ OTHOILICHHUC

TEIUIOBOTO MOTOKA Ha OTOIJIEHWE NMPU HEPACUETHBIX YCIOBUSAX K MAaKCHMAIbHOMY TEIJIOBOMY
HOTOKY:

60 :Qo/Qo,max :(ti _tn)/(ti _to);

Go - OTHOCHUTEIbLHBIN pacxon CETEeBOM BOABI Ha OTOIIJICHUC, Hpe,[[CTaBJ'IHI-OH_II/Iﬁ OTHOIICHHUC

pacxoza CeTeBOM BOABI HA OTOILICHUE IIPU PACUYETHBIX YCIOBUAX K MAaKCUMaJIbHOMY Pacxony
Bogel, G, =G, /G
JMana3oHe TeMIleparyp HapykHoro Bo3ayxa +8°C — tH*, KOTJa B CHUCTEMY OTOIUICHUS

MOCTYTAET PACX0JI BOJIBI MEHBIIIE PACUETHOTO, OTIPEACIISIIOT 10 (hopMyIie:

@I
1-05- p5 . ti
G, = £ , (100)

° Lt p® AL PP
t,—t. Q, t,—t Q2

rae p° = Quy / Qg
Crposites rpaduku: 1, = f(ty), ton = f(ty).

14.3. PeryjiupoBanue BeHTHJISINHOHHON HATPY3KH
PerynupoBaHue OTIyCKa TEIIOTH HAa BEHTUISIMIO MOXKHO OCYLIECTBUTh U3MEHEHHEM pacxoja
CeTeBOM BOJBI WIIM HAarpeBaeMoro Bo3ayxa. Ecim 3agaHueM He ONpeieNieH crnocod
peryIMpoBaHUsl OTIYCKa TEIUIOTHl HAa BEHTUILIHMIO, MPUMEHSIOT CIIOCO0 peryanpoBaHUs
M3MEHCHUEM Pacxo/ia CETEBOM BOJIBI.
Ha ocHoBanuu rpaMkoB pacxona TemioThl Ha BeHTH U0 Qy = f(t,) 1 TemmepaTypsl BOJbI B
nojatonied marucrtpanu 11 = f(t;) Bech OTONMUTENBHBIA MEPUOJ MOXHO pPa3OUTh Ha TpH
JMana3oHa:
| muanaszon — ot t, = +8°C mo t”, korma Temmeparypa ceTeBOW BOJBI B MOAAMOIICH MaruCTpaiy
MOCTOSIHHA, & PAcXOJ TEIUIOTHl Ha BEHTWIAIHMIO M3MEHsETCs. B 3TOM Iuama3oHe TeMmIiepaTyp
HapYKHOTO BO3/IyXa JIOTMOJHUTEIBHO K IIEHTPATBHOMY PETYIHPOBAHUIO OCYIIECTBISIFOT MECTHOE
KOJMYECTBEHHOE PEryIMPOBAHUE IYTEM U3MEHEHHs PacXo/ia CETEBOM BOJIBI uepe3 Kaiopudep.
Temmiepatypy BObI mocIie Kanopudepa Tz OMPEIeISIIOT U3 YPaBHEHHUS:

(leo + Tz,\,)— (t, +t) -1, 0.15 (-t 0,85 o
(Tf’o * Tg’v)_ (t: + tl) T1o0 ~ Tay ti - t: ,

rie T;,— TeMmIeparypa CeTeBOi BOJBI B IOjaolleil mMarucTpanu mpu t); T; — TeMiepaTypa

o.max * OTHOCUTEIBHBIN pacxon ceTeBOM BOJbI Ha OTOILUICHHUC GO B

BOJIBI TT0CIIe Kanopudepa npu t .
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JlanHOe  ypaBHEHHME  peIlaeTcs  METOAOM  IOCIENOBATEIbHBIX  HPUOMMKEHUH — Win
rpagoaHAIUTHYECKUM CIIOCOOOM.
Il nnanason — ot t” 1o ty °C, Koraa ¢ HOHIKEHHEM TeMIIepaTypsI t, TeMIeparypa ceTeBoil BOBI

B TOJAIOIIEH MarucTpajidi M pacxoJl TEIUIOThl Ha BEHTWISIHMIO YyBEIW4YuBalOTCA. B sToM
Jarna3oHe OCYUIECTBIIAECTCS HEHTPaIbHOE KAYECTBEHHOE PETYIUPOBAHUE OTITYCKA TETIOTHI.

”n.
Temnepatypa Bojbl ocie kanopudepos npu t':

Q”
"no___n v
TZ,V - Tl,o - G ) (102)
C- v, max
rie Gymax — PAaCUYETHBIA PAacXOJ CETEBOM BOALI HA BEHTUIIALMIO;

Q. — TemoBas Harpyska Ha BeHTHULInUIO 1pH t!, KBT, onpenensemas no BEIpakeHUIO

t- _t"
Q\I/’ = Qv,max ' H . (103)

1 0]
Il guamason —or t, g0 t, °C, Korga ¢ HOHMIXKEHHEM TEMIIEpATyphl HApPYKHOIO BO3/yXa
TEeMIIepaTypa CETeBOM BOJBI B MOJAIOIIEH MarucTpaidl YBEIMYMBAETCS, a PAacXo] TEIJIOTHI Ha
BEHTWIALIMIO OCTAeTCsl MOCTOSHHBIM. B 3TOM nmama3zoHe B JIOMOJHEHHE K IEHTPAIHHOMY
KaYeCTBEHHOMY pETryJIHpPOBAHUIO MPUMEHSIETCS MECTHOE KOJUYECTBEHHOE pEeryIupOoBaHUE
BEHTWIALIMOHHON Harpy3KH.

TeMHepaTypy BOJHBI I1OCJIC KaJ'IOpI/I(I)epOB OIIPCACIIAOT U3 YPABHCHUS:
0.15
(Tl,o + Toy ) — (tH + ti ) Ti’,'o B TIZ”,V _
- =1, (104)

(Ti’o + TZ,V)_ (tv + ti) Yo ~ Toy

"

rIe T, — TEMIEPATypa CETEBOW BOJbI B MOJAMOLIENH MAaruCTpald MpH TEMIIEPATYPE HAPYKHOTO
Bo3ayxa ty;

m

T,,— TEMIIEPATypa BOJIBI MOCJIE Kalopu(epoB NpU TEMIEPAType HApyKHOro Bosayxa ty,

n n

IPUHUMAETCS Ty, =Ty, ;

n

T, ,— TeMIIEpaTypa CETEBOM BOJBI ITOCJIE OTONUTEIBHOMN YCTAHOBKH.

Pacxonel BOAbl HA BEHTWIALMIO TMPU Pa3IUYHBIX TEeMIIEpaTypax HapyKHOTO BO3qyXa
OTIPENIETISIOT 10 hopMmyIIe:

G, X (105)
C- (Tl,o - Tz,v)
rae Qy, Tio, T2y — COOTBETCTBEHHO TEIUIOBAs HArpy3kKa Ha BEHTWIIAILMIO, TEMIIEpAaTypa BOJBI B
NoJaroIlell MarucTpald M TeMmIepaTypa BOABI Mocjie Kalopu(pepoB HpPU COOTBETCTBYOILEH
TEMIIEPAType HApYKHOTO BO3yXa.
[To paccuMTaHHBIM 3HAUEHUSM TEMIIEPATypbl BOJBI MOCie KajiopudepoB M pacxojia CEeTeBOI
BOJIbI HA BEHTUJISIIIHIO CTPOSIT rpaduku: oy = f(ty) u G, = f(ty).
15. OnpenesieHue pacyeTHbIX PACX0A0B TEIJIOHOCHTEJIS
B TEILUIOBBIX CETHAX
15.1. 3akpbIThIe CHCTEeMbI TeNJIOCHAOKEHUS

[Ipr KayecTBEHHOM pETYIUPOBAHHU OTITYCKA TEIIOTHI pac-4eTHBIC PACXOJIbI CETEBOW BOJIBI HA
OTOIUICHHE U BEHTHJIALIUIO, T/4,
OTIPEACIISAIOT MO CAEAYIOUMM (popMynam:

Gy max =—3’6,' Q°"“"‘,* : (106)
’ C'(T1,o _Tz,o)
Gv max w . (107)
’ C'(Tl,o _Tz,o)

3meck T;,, T,, — PacueTHBIE TEMIEPATyphl CETEBOH BOJBI COOTBETCTBEHHO B IOJAIOIIEM M
o0patHoM Teronposoaax, °C;
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Qomaxs Qumax — MaKCHMalbHBIC TEIJIOBBIE IMOTOKH COOTBETCTBEHHO HA OTOIUICHHE H
BEHTHJISAIINIO, KBT;

¢ — yienbpHas TeII0eMKOoCTh Bobl, KJ[x/(kr-K).
PacueTHbie pacxompl ceTEBOM BOJBI HAa ropsiyee BOJOCHAOKEHHME, T/4, 3aBUCAT OT CXEMBbI
MPUCOSAMHECHUS BOAOIOIOTPEBATENICH U ONIPEACTSIOTCS 0 CIASAYIONNM GopMyam:
a) IpHU MapajuIeTIbHON CXeMe MPUCOSAMHEHUS BOAOIIOA0TPE-BaTEICH

CpEeaHEYacoBOU
Gy = —3’?\, : Q“”‘,, , (108)
C- (Tl,o - 13,0)
MaKCUMaJILHBIN
36-
G — Qh,max . (109)

0) IIpu IBYXCTYIEHUYATBIX CXE€MaxX IPUCOEIUHEHHS BOJONOA0IpPEBATEIEH

CpeHEeYacoBOM
Ghm = 3’67( : thll >0~ tn + 0’2 ! (110)
c- (Tl,o - Tz,o) 55— tc
MaKCHUMaJIbHBIN

~36-055-Qp
et - 1)

3,I[eCL Ti’n — TeMIieparypa BOJAbI B MOAAOIICM TCIUIOIIPOBOAC B TOYKC HM3JIOMa TEMIICPATYPHOI'O

G (111)

rpaduka, °C;

T, ,— TEMIIepaTypa BOJBI B OOPaTHOM TEILIONPOBOJE B TOUYKE HM3JIOMa TEMIEPATYPHOTO
rpaduka, °C;

T3, — TEMIIEpaTypa BOJbl II0CIIE NMapajieNbHO BKIIOUEHHOTO BOJONOAOTPEBATENs IS TOUKH
M3JI0Ma TeMIepaTypHoro rpaduka, °C, pekomeHayercs npuaumarhb Ty, = 30 °C.
CyMMapHBIil pacueTHBII pacxoJ]l CeTeBOM BOABI, T/4, B ABYXTPYOHBIX TEIUIOBBIX CETSIX MpHU
pPEerylIMpOBaHUM 110 OTOMMUTEIBLHON Harpy3Ke:

G = Gomax + Gymax + K3-Gpm , (112)
rae Kz — ko3d@uuMeHT, y4uTHIBAIOLIMI [OJII0 CPEIHEro pacxoja BOJbl Ha ropsyee
BOJIOCHA0KEHHUE, IPUHUMAETCA B 3aBUCUMOCTH OT MOIIHOCTH CHUCTEMBI TEIUIOCHAOKEHUs (A
CHUCTEM C TEIUIOBBIM MMOTOKOM XQ > 100 MBT K3 = 1,0; 1151 CUCTEM C TEIUIOBBIM IOTOKOM XQ
<100 MBt npu orcyrctBum OakoB-akkymyiasTopoB Kz = 1,2; npu Hanuuuum OaxoB-
akkymysitopos Kz = 1,0).

Hns notpeduteneir  npu Qpm/Qomax>1 Tpu OTCYTCTBUHM 0aKOB-aKKyMYJISITOPOB, @ TaKXke C
TETIOBBIM MOTOKOM Q < 10 MBT, cyMMapHBIi pacdyeTHBI pPacxoja BOJBI OMpPEIEIseTCs IO
bopmye:

Gy = Gomax + Gymax + Ghmax - (113)
IIpy UEHTpaJIbHOM Ka4eCTBEHHOM pETYJIMPOBAHMM OTIYCKAa TEIJIOTHI IO COBMEIIEHHOM
Harpy3ke OTOIUIEHUS W TOpSYero BOJOCHAOXKEHUS pacueTHBIH pacxoj CeTeBOM BOJIbI B
JBYXTPYOHBIX TEIUIOBBIX CETSIX OINpPEeNIIeTCs:

Gy = Go,max + Gv,max . (114)
PacueTHbIi pacxo BOIBI, T/4, B HEOTOIMTEBHBII IIEPUOJT ONPENENAIOT 110 (OPMYIIE:
; = B ) Gh,max ’ (115)

rie Gpmax — MaKCHMaJbHBIA PAacXoJl CETEBOW BOJBI HAa TOpsSYee BOJOCHAOKEHHWE, NMPHU BCEX
CXeMax TMPUCOEIUHEHUS BOJOMOJOTPEBATENC TOpSYEro BOJOCHAOKEHHsI, OMpPEIeIsIeMbIi O
dopmyze (109);

B — k03 PunmenHT, yauTHIBaOIMNN U3MEHEHHE pacxoja BOJbl HAa TOpUee BOJAOCHAOKEHNE B
HEOTONMUTENbHBIN TMEepUO MO OTHOUICHHIO K OTOMHUTEIHbHOMY, MPUHUMAEMBIA NI KUIJIHUITHO-
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KOMMYHaJIbHOTO cekTopa paBHbIM 0,8 (a7 KypoOpTHBIX M IOXKHBIX ToponoB [ = 1,5; musa
MPOMBIIIICHHBIX Tpeanpustuii B = 1,0).

15.2. OTKpBITHIE CHCTEMbI TENJIOCHADKEHU S
PacuerHble pacxonbl CeTeBOW BOJbL, T/4, HAa OTOIUICHME M BEHTWIALHUIO OIPEAEISIOT IO
dbopmynam (106) u (107), Ha ropsiuee BOJAOCHAOKEHNE — 11O CIACAYIOIIUM BBIPAKCHUSIM:
CpEeqHEYacOBOM

Gy =0 Qum (116)
c- (th - tc)
MaKCHUMaJILHBIN
36-
G, = ﬂ (117)
c: (th - tc)

CyMMapHBIi pacueTHBI pacxoj CETeBOM BOABI, T/4, B ABYXTPYOHBIX TEIUIOBBIX CETSAX IPH
Ka4eCTBEHHOM PETyJIUPOBAHUM OTIYCKA TEIUIOTHI [0 OTOMUTENILHOW HArpy3Ke ONpeAessieTcs 1Mo
dbopmyie (112), rne koapdurnment Ks mpuHuMaeTcs paBHbBIM:
JUISL CUCTEM C TEIUIOBBIM IToTokoM XQ > 100 MBT K3 = 0,6;
>Q < 100 MBT K3 =0,8.

Jlnst norpe6ureneit ¢ P = Qnmax/Qomax > 1 PH OTCYTCTBHH GaKOB-aKKyMYJISTOPOB, a TAKXKe C
TeI1oBbIM MOTOKOM 10 MBT u MeHee, cyMMapHbIii pacueTHBIM pacxoJl BOJbI ONPEAEISIOT 110
dopmyne (113).
[Tpy KauecTBEHHOM PETYJIUPOBAHUH OTITYCKA TEIIJIOTHI [0 COBMEIICHHOW Harpy3Ke OTOIJICHUS U
ropsiuero BOJOCHAOXKEHHUS PACUETHBIM pacxXoJ CEeTeBOHl BOJBl B JABYXTPYOHBIX CeTSX
omnpenensercs 0e3 yueTra Harpy3Ku Ha ropsiuee BojgocHa0xeHue no gopmye (114).
B HeoronuTenbHBI MepHOJ pacyeTHblE pacxXolbl BOABl B IOAAOLIEM M OOpaTHOM
TETUIOTIPOBOAX HE OJMHAKOBEI. Pacxo ceTeBoi BOJIBI B TOIAIOIIEM TPYOOIIPOBOIE ONIPEIEIISIOT
o popmyse:

;=BG (118)
riae 3 — Ko3pUIMESHT, YIUTHIBAIOIIMA H3MECHCHHE PAcX0/ia BOJBI Ha Topsiuee BOJOCHAOKEHUE B
HEOTOINHUTENIbHBIA MEPUOJl MO0 OTHOUIEHUIO K OTOMUTEIBHOMY, NMPUHUMAEMbIN AJIS KUIUIIHO-
KOMMYHAaJIbHOTO cekTopa paBHbIM 0,8 (sl KypOpTHBIX M IOKHBIX ropoaoB B = 1,5; mns
npoMbIlUIeHHbIX npennpustuid 3 = 1,0). Ilpu 3ToM MakcuManbHBIA pacxo] BOJbI Ha ropsiuee
BOJIOCHA0KEHHE ONpeAESIoT 1o (popmyie:

h,max !

_ 3’6 : Qh,max

G = : 119
"ot -

rie t;— Temreparypa XOJI0JHOMN BOJIbI B JIETHHUIT TIEPHOJI, IpUHMUMaeMast paBHoit 15°C.

15.3. I'paduxku Bogopa3topoB Ha ropsiuee BOAOCHAOKEHH e
Pacxon cereBoii BojbI Ha ropsuee BOJOCHAOXKEHHE MPEACTABISAET cO00i cymMMy BOAopaz0opoB
u3 noparomiero Gpy n o6paraoro Gp, TETIIONPOBOJIOB:
Ghm = Gp1 + Gpo. (120)
Benmmunabl Bojtopazdopa u3 nogaromero Gpy u odparaoro Gp, TpyOOIpoBOIOB:
Gh1 =B Ghm; (121)
Gn2 = (1-B)- Ghm. (122)
3n1ech B — moJis Boopa3dopa u3 MoaaroIiero TpyoomnpoBoa,

B — (th — Tz) , (123)
(Tl - Tz)
IJIe T1, T2 — TEMIIEPATypa CETEBOU BOJIBI B ITOIAOIIEM U 0OPaTHOM TETUIONPOBOJIAX TPH TEKYIIEH
TEMIIEPAType HAPYKHOTO BO3TyXa.
Bonopaz6op Ha ropsiuee BoJIOCHAOXKEHHE B OTKPBITHIX CUCTEMAX OCYIIECTBISETCS CIEAYIOIUM
obpazoM:
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| nnanason Temmneparyp Hapy:kHOro Bo3ayxa ot +8°C no t! , korma 11= const = 60°C, B = 1 u G
= Ghm;
Il tnanason Temmeparyp Hapy)XHOTo Bo3ayxa orT t/ 1o t, , BOZOPa3Gop OCYIIECTBISCTCS H3
noxaaromiero Gpy u o6paraoro Gpy TpyoOIpoBOAOB;
Il xramasoH TeMmepaTyp HapyKHOTO BO3AyXa OT 1, 10 to, koraa T = 60°C, B =0u Gn =0, a
BOZI0paz0op u3 00paTHOTO TPYOOIIPOBOAA ONIpeAeseTCs 1Mo hopmyIe:
Gnz =7 Gpm, (124)

rae vy = (th - te)/(t2,0 - tc) — Moyt Bomopazbopa u3 oOparHOro TpyoOIpPoOBOA.
OnpenenuB  Bopopa3bop M3 TMONAIOMIETO W OOpPAaTHOTO TEIJIONPOBOIOB MPH Pa3sIUYHBIX
TEeMIIEpaTypax Hapy»XHOTO BO3ayXa, CTposT rpadpuku Gpy = f(ty) u Gpp = f(t,).

16. Bb100p KOHCTPYKIMH TEIJIOBOI CeTH

¥ pa3padoTKa MOHTAKHOM CXeMbI

[TpoexTrpoBaHKE TEIJIOBBIX CETEW HAUYMHAETCS C BBIOOpa Tpacchl U crocola MX Mpokiaakd. B
ropoJiax U JpyruxX HacEJIEHHBIX IIyHKTAX Tpacca JOJDKHA IIPElyCMaTpUBaThCs B OTBEACHHBIX JUIs
MHXEHEPHBIX CeTel TEXHUYECKUX I10JI0CaX, MapajyieIbHO KPACHBIM JMHUAM YIUL, 10poraM U
IIpoe3/1aM, BHE MPOE3KEU 4acTU U IOJOCHl 3€JCHBIX HACAKICHUM, a BHYTPU MHUKPOPAalOHOB U
KBapTaJIOB — BHE Mpoe3keil yactu aopor. [Ipu BeIOOpE Tpacchl TEIIONPOBOAOB HEOOXOAUMO
YUUTBIBaTh S3KOHOMMYHOCTh M HaJIe)KHOCTb paboThI TeMIoBbIX ceTeil. Hanbosee sxoHOMUUHON
ABJIIETCS TYIIMKOBAsl CXEMa.

C 1enpl0 MOBBIIIEHUS HAJEKHOCTH pabOThl TEMJIOCeTed Ieslecoo0pa3HO  yCTpauBaTh
pe3epBUPOBAHUE TOaYHM TEIUIOTHI MOTPEOUTENSIM 3a CUET COBMECTHOW pabOTBI HECKOJIBKHUX
UCTOYHUKOB TEIUIOTHI, a TAKXKE YCTPOWCTBA OJIOKMPOBOUYHBIX EPEMBIYEK MEXY MAarucTpalsiMu
TEIUIOBBIX CETEH MpU MOJ3EMHOM MPOKIAIKE.

ITpu BbIOOpE Tpacchl TEIUIOBBIX ceTell HEOOXOAUMO BBIJEPKUBATH HOPMATUBHbIE PACCTOSIHUSL OT
UX CTPOUTENBHBIX KOHCTPYKIUHI A0 31aHUM, COOPYKEHUN U NHKCHEPHBIX KOMMYHUKALIAM.

[Tpu BBIOOpE Tpacchl MpeaycMaTpUBAeTCA OJMH BBOJ TEIUIOBBIX CEeTel B KaKIbld KBapTal.
JonyckaeTcss mOAKIIOYATh PSIAOM PACIOJNOKEHHBIE KBAapTaibl U3 OJHOW TEILIOBOM Kamephnl. B
KypCOBOM TIPOEKT€ HEOOXOAUMO TMPHUMEHATh YHU(DHUIMPOBAHHBIE THUIIOBbIE KOHCTPYKIIMU
COOpPHBIX JK€J1€300€TOHHBIX KaHAJIOB, pa3Mepbl KOTOPBIX 3aBUCAT OT AUAMETPOB TEIJIONPOBOIOB.
BeiGop TpyO M apmarypbl ImpH NPOEKTUPOBAHUM OCYILECTBIISIOT MO pabouemy JaBICHHUIO U
TeMIeparype  TemjoHocuTens. J[ns  TemioBeIX  ceTell  pPEeKOMEHIyeTcs  IPUMEHSTh
3JIEKTPOCBapHbIe CTalbHbIE MpsiMoioBHbIe TpyObl mo I'OCT 10704-91. Coeaunsitor TpyOBI €
NOMOIIbI0 cBapKu. OCHOBHBIM BHJOM 3allOPHOM apMaTypbl SIBJISIOTCS CTaJIbHbIE 3aJBMXKKU C
PYYHBIM IIPUBOAOM NpH auamerpe 10 S00 MM U 3JIeKTpHUECKUM NpH Juamerpe 6omee 500 mm.
MonTtaxkHasi cxema paszpadarbIBaeTcsl mocje BbIOOpa Tpacchl, croco0a MPOKIAIKU TEIIOBBIX
CeTe M MpPEIBAPUTEIIHOTO TMIPABINYECKOTO pacueTa, 10 KOTOPOMY OIPENEISIOT JUaMETPbl
TEIJIONPOBOJIOB.

MoHTaxHass cXxeMa BBIYEPUYMBAETCS B [JB€ JIMHUM, MPUYEM MOJAIOUIMK TEIUIONPOBOL
pacrojiaraercsi ¢ MpaBoil CTOPOHBI IO X0y ABUKEHMS TEIUIOHOCUTENS OT UCTOYHMKA TEIJIOTHI.
B MecTax oTBETBJIEHMH K KBapTalaM WM 34aHUSM [IPENYCMAaTPUBAIOT TEIUIOBBIE KAMEPHI.
Pa3paboTka MOHTa)XHOM CXEMBI 3aKJIFOUAeTCsi B PACCTAHOBKE Ha Tpacce TEIUIOBBIX ceTeil
HEMOJIBUKHBIX OIOP, KOMIIEHCATOPOB M 3allOpHO-peryaupyromei apmarypel. Ha ydactkax
MEXly Y3JIOBBIMU KaMmepamu, T.€. KaMepaMHu B y3J1aX OTBETBJIECHHUH, pa3MelIaloT HETOABM)KHbBIE
ONOpBI, PACCTOSIHUE MEXIy KOTOPBIMH 3aBUCHUT OT JuaMeTpa TEIUIONpOBOJAA, TUIA
KOMIIEHCaTopa M CcHocoba TMpOoKJIaJKH TemioBelx ceTel. Ha ywacTke Mexay IByMms
HENOJIBYKHBIMU OIOpaMH MpeaycMaTpuBaloT KoMieHcaTop. [IoBOpoTsl Tpacchl TEMIOCETH MO
yraoMm 90-130° ucnonb3yroT 1Uisi CaMOKOMIIEHCALIMM TEMIIEPAaTypHBIX YIUIMHEHUH, a B MECTax
MOBOPOTOB 101 yriioMm 6osee 130° ycTaHaBIMBAIOT HETIOIBUYKHBIE OTIOPHI.

Kamepbl TemIoBbIX ceTeif MOTYT BBINOJIHATHCS M3 COOPHBIX OETOHHBIX M JKEIe300€TOHHBIX
AJIEMEHTOB, MOHOJIUTHBIMH WX U3 Kupnuda. VX rabaputHbie pa3mMepbl ONPEeAesioT U3 YCIOBHS
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yno0cTBa M 0€30MacHOCTH OOCTYXHBAaHUS U OOECIICUEHUS HOPMATUBHBIX PACCTOSIHUNA MEXITY
CTPOUTEILHBIMU KOHCTPYKIUSAMU U 000pyaoBanueM |8, mpui.7, Tadm.3].
B kypcoBoM mpoekTe HEOOXOIMMO BEHITIOJHUTH pabodre YepTeH OOOpYIOBAHHS OIHOW U3
TEIUIOBBIX Kamep. Pa3paboTKy CTPOMTENbHBIX KOHCTPYKIUI pa3peliaeTcsi He MPOU3BOAUTH.
MoryT ObITH BEIOpaHBI YHH(DUIIMPOBAHHBIE COOPHBIE JKeIe300€TOHHBIE KaMephl. HenmoamxHyto
OIIOpPY pacroyiaraloT Ha TeIIoNpoBojax Ooibliero nuamerpa. s cmycka B KamMepy M BBIXOJa
U3 HEe IpPeyCMaTpUBalOT HE MEHEE ABYX JIIOKOB, METAJUIMUECKHUE JIECTHULIBI WM cKOOBL. [Ipu
IUIOIA/M KaMephI 10 BHYTPEHHEMY 00Mepy Goliee 6 M’ YCTAaHABIMBASTCS YETHIpE JOKA. JIHO
ycrpauBaercsi ¢ ykioHoM 0,02 B cropoHy mpusiMka uis cOopa W ynajeHus BoAsl. Ha Bcex
OTBETBJICHUSAX TEIUIONPOBOJOB B KamMepe YCTaHABIMBAIOT OTKJIIOYAIOIIYI apMmaTypy. Ilepexon
Ha JIpyroil nuamerp TpyO OCYLIECTBISIOT B Mpeaenax Kamepbl. MUHMMabHAs BHICOTa KaMephl
MIPUHUMAETCS 2 M.
C 1enpl0 yMEHBIICHUS BBICOTHI KaMepbl M 3aryyOJeHHs TEIJIOBBIX CEeTed 3aJBIKKA MOTYT
YCTaHABIMBATHCS MOJ YIJIOM 45° UM TOPU30HTANIBHO. B MecTax yCTaHOBKM CEKLIMOHUPYIOIINX
3a/IBUKEK CO CTOPOHBI MCTOYHMKA TEIUIOTHl YCTPAUBAETCs MEPEMbIUKA MEXIY NOJAIOLIUM U
o0paTHBIM TEIUIONPOBOJAAMH AraMeTpoM, paBHbIM 0,3 muamerpa TerionpoBoja. Ha mepembruke
YCTaHABJIMBACTCS JIBE 3aJIBUXKKH, @ MKy HUMH — CITYCKHOIM KOHTPOJIbHBIH BEeHTHIIb d = 25 MM.
JlomyckaeTcsi yBeIMYUBATh PACCTOSHUE MEXKAY CEKIHOHUPYIOIIMMH 3ajaBuxkkamMu 110 1500 m
Ha Tpybomposogax d = 400 — 500 MM mpu yCIIOBHHU 3aIOJHEHUS CEKIMOHUPOBAHHOTO y4acTKa
BOJIOM WJIM CIycKa ee B TeueHue 4 4, mis TpybomposomoB d > 600 mm — g0 3000 M mpu
YCJIOBUH 3aIOJHEHHS YYaCTKAa BOJAOW WM CITyCKa BOJAbl B TEYEHUE S5 4, a I HaA3EMHOU
npokiaakd d > 900 mm — 10 5000 m.
[Ipu ycTaHOBKe 3aJBMXKEK OOJBIIOTO JUAMETpa C AIEKTPOINPHUBOJOM HE3aBHCHMO OT criocoda
IPOKJIAJKU TEIUIOBBIX CETEeH BMECTO TEIUIOBBIX KaMep MOIYT YCTPauWBaTbCi HaJl3€MHbIE
NaBWIBOHBI. B KaMmepax Ha OTBETBJICHHSX K OTIENbHBIM 3/IaHUSM IPHU JAUAMETPE OTBETBICHHI
10 50 MM u nuHe 110 30 M 3amopHyr0 apMaTrypy JIONyCKaeTcs He ycTaHaBiuBarh. [Ipu sTom
JIOJKHA — MpeaycMaTpUBaThCs 3alopHas apMarypa, oOecleyuBarolasi OTKIIOYEHHE TPYIIbI
3/1aHUi ¢ CyMMapHO# TemioBoi Harpyskoii 1o 0,6 MBT.
TennoBas kamepa Jo/DKHa ObITh M300paXkeHa B IJIaHE M B JABYX paspe3ax. B ciyuasx, xorpa
KOHCTPYKIUS U pacioiokeHrne o00py10BaHuUs B KaMepe SICHbI — U3 IJIaHa U OJIHOTO pa3pesa.

17. I'mapaBin4ecKuii pac4yeT BOASHBIX TEIJIOBBIX CeTEH
B 3amauy ruapaBiauMyeckoro pacdera BXOJUT OIpEAENICHUE JUaMETPOB TEIUIONPOBOOB,
JMaBJICHHUS B PpA3IUYHBIX TOYKaX CETH MW TMOTeph JaBieHHs Ha yuacTkax. llocienHue
YCTaHABJIMBAIOT METOJIOM YJENbHBIX IOTEPh NaBICHHUS HAa TPEHHE U MPHUBEACHHBIX [UIMH.
Cornacio [8, m.5.8], ynenbHble MOTEpPH MAABJIECHUS Ha TPEHUE JIOJDKHBI ONPENENsAThCS Ha
OCHOBaHUHU TEXHUKO-DPKOHOMHUYECKHX pacueToB. B KypcoBOM mpoekTe, Korjaa pacroJiaraeMblit
nepenaj JaBJieHUs] B TEIUIOBOM CETH HE 3aJaH, y/eJbHbIE MOTEpHU AABJICHHS B MaruCTpabHbIX
TpyOomnpoBojax cieayer npuHumarb B mpenenax 30 — 80 Ila/m, qis oTBeTBiIeHME — 1O
pacriosaraeMoMy JiaBjieHuto, Ho He 6osiee 300 ITa/m. Ecin n3BecTHO pacnonaraemoe JaBlieHUE B
TEIUIOBBIX CETSAX, pacueT BBINOJIHSAIOT B JIBa ATana (IpeaBapuTEIbHbIH U OKOHYATEIbHBIH).
[Tpu mpenBapuTeNbHOM pacdyeTe MOTEPU JaBJIEHUS B MECTHBIX COMPOTHUBICHUSAX OINPEIEISIOT
3aJaBasCh J0JEH OT MOTEPh JaBJICHUST 1O JJIUHE O, KOTOpas MOXET ObIThb NpPUHATA 110
[8, mpui.5] unu HaiineHa no ¢popmyse:

@ =0019./G, , (125)

rne Gy — pacxo/ ceTeBoi BOJIbI HAa TOJIOBHOM Y4acTKe TEIJIONPOBOJIa, KI/C.

IIpn OKOHYATENBHOM pacyeTe, KOI/a M3BECTHBI JHAMETPBI TEIUIONPOBOJOB M BCE MECTHBIE
CONPOTUBIICHUs, IAJCHUE  JAaBJICHUA B MECTHBIX COIPOTUBICHUAX HAXOLAT IO CyMMe
K02 (UIIMEHTOB MECTHBIX COMPOTUBIECHUIN UM CYMMapHON UX SKBUBAJIEHTHOM JUIMHE.
I'mppaBinyeckuii pacdyeT BOAAHBIX TEIUIOBBIX CET€H IIPOU3BOAAT Ul 3MMHErO, JIETHEro
PEXKUMOB, a TAKXKE JIJI1 AaBAPUHUHOTO PEKMMa B 3UMHHM ITEPUOJ.
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['mapaBaruecKuil pacdeT 3aKpBITBIX CHUCTEM TEIUIOCHAOXKEHHS BBIMOJIHSIOT IS MOJAIOIIEro
TEIJIONPOBOAA, MPUHMAMAS TUaMETp OOpAaTHOTO TEIUIONPOBOJA W TAJCHHE JAABICHUS B HEM
TaKUMHU K€, KaK U B TIOJJAIOIIEM.

'mapaBnuueckuii  pacdeT OTKPBITBIX CHUCTEM TEIUIOCHAOKEHMS [UIi 3MMHEro Iepuoja
BBITIOJIHSIOT JUISL IBYX PEXHUMOB: 1) pH OTCYTCTBHM BOJIOpa3zd0Opa Ha ropsyee BOJOCHAOKEHHE,
KOT/Ia PacUyeTHBIE PAcXObl TEIUIOHOCHUTEIIS, a CIIEJ0BATEIbHO, U IOTEPH JIaBJICHHS B ITOJAIOIIEM
U 00paTHOM TEIUIONPOBOAAX OyAyT paBHBIMHU (pacyeT MPOHM3BOIAT TOJBKO JUIS IOJAIOIIEro
TEIJIONPOBOAA); 2) PH MAaKCHMaIbHOM BOJIOpa30ope Ha ropsdee BOJOCHAOKEHHE U3 00paTHOTO
TEIUIONPOBOAA (pacueT BBHIOIHSIIOT IS OJAIOIIEro 1 00paTHOTO TEIIONPOBOIOB).
[IpenBapuTenbHBII ¥ OKOHYATEIBbHBIM pacueThl MOXHO COBMECTUTh. lIpum 3TOM pacuer
IOPOM3BOJAT B CIEAYIOUIEH IIOCIEIOBAaTEIILHOCTU: BBHIOMPAIOT Ha Tpacce TEIUIOBBIX CeTei
pacueTHyl0 MarucTpajib, KaK MpaBWiO, HauOoyiee TPOTSHKEHHYID U 3arpy)KEHHYIO,
COCMHSIONIYI0 HCTOYHHUK TETUIOTHI C TATbHUMHU NOTPEOUTESIMH; pa30MBAIOT TEIUIOBYIO CETh Ha
pacyeTHbIC YYaCTKH, ONPENENISIOT pacdyeTHhIE pacxoisl TermioHocutens Gy W M3MepsIoT 1o
TeHIUIaHY JUIMHY YYacCTKOB; 3aJIaBIIUCh yICIbHBIMU MOTEpsiMU JaBiieHus Ha Tpenue R (30 — 80
[Ta/m), ucxons M3 pacxoJOB TEIJIOHOCHUTENS HAa YYacTKax, MO TaOJHMIaM WM HOMOTpaMMaM,
COCTaBIICHHBIM I TPYO ¢ KOI((GUIIMEHTOM OSKBHUBaJICHTHOW TiepoxoBatoct K,=0,5 mm,
HaXOJAT JAWAMETp TEIUIONPOBOJA, JACHCTBUTEIbHbIC yICIbHBIC MOTEPH JABICHUS HA TPEHHE U
CKOpPOCTh JBM)KCHUS TEIUIOHOCHTENsI, KOTopas JoJKHa ObiTh He Oonee 3,5 m/c. Ecnm 3aman
pacnonaraemblii mepemnaja aasieHus mo Bcedl cetu AP (Ila), ompenensiror cpeaHue ynenbHbIC
norepu gasnenus (I1a/m):

R - AP (126)

m n

(1+0t1)2|i

i=1

n
rae Y|, — cyMMapHas NpoTsSKeHHOCTb pacuyeTHOH MarucTpanu, M. ITo Ry IpuHHMArOT HamMeTphl
i=1
TEIUIONPOBOAOB, HAXOIAT JCHCTBUTENbHBbIC YAEIbHBIC IOTEPH JABJIEHUS M CKOPOCTb
TerioHocuTens. OnpenenuB AUaMeTpbl pacueTHBIX YYacTKOB TEIUIOBOM CETH, pa3padaThIBarOT
MOHTQKHYIO CXEMY TEIUIOIPOBOOB, Pa3MeIlas M0 Tpacce 3allOpHYI0 apMaTypy, HEMOJBUKHbBIE
OMOpPBI, KOMIIEHCATOPHI ; 110 MOHTAXXHOW CXEME yCTaHaBJIMBAalOT MECTHBIE CONPOTHUBIIEHUS Ha
pacyeTHBIX Yy4yacTKaX, HaXOAAT CyMMY KO3(D(QHUIMEHTOB MECTHBIX CONPOTUBICHUH X& H
SKBHBAJICHTHYIO JiuHYy |, MecTHwIX compotuBnenuii. [lpuBenennyro iy |’ pacyerHoro
ydacTKa TeIIOBOM ceTH ompenensitoT kak cymmy |'= | + |,. [otepu naBneHus: Ha pacueTHBIX

yJacTKax TEIIOBOH ceTM HaxomsT kak Ap=R-1. Jlamee BHUMCIAIOT CyMMapHBlE MOTEPH

JIaBJICHUS B TOJAIOIIEM TEIUIONPOBOJE PACUETHOM MarucTpaiv, OTBETBICHHUS W JIpyTHE
MarvucTpajiy pacCUUTHIBAIOT MO PACIOJAraeMOMY MEPEnaay NaBICHUNW B TOUYKE IPUCOCIUHEHUS
OTBETBJICHUN K pacdyeTHOM Mmaructpanu. lIpu 3TOM HEBsA3Ka MeEXay IMOTEpPsIMU JABICHUS B
OTBETBJICHUSX M PacloJiaraéMbIM JIaBIIEHHEM He JoJikHa npesbimath 10%. Korga HeBo3MOXKHO
YPaBHATH MOTCPU AABJICHHA B PACCUHUTBIBACMBIX MarucCTpaiiax, U30BITOYHOE JaBJICHUC raCuTcCiAa
Ha a0OHEHTCKUX BBOJAaX AuadparmMamu.

I'mppaBnuyecknii pacder TEIUIONPOBOAOB IS JIETHETO MEPHOJA CBOJUTCA K ONPEICICHUIO
MOTEPh JABJICHHS HA PACUETHBIX YYACTKAX CETH IMPU M3BECTHBIX JUAMETPaX TEIUIONPOBOJOB IO
JICTHUM PACUCTHBIM pacxodaM TEIIJIOHOCUTECIIA. HpI/I OTOM JId  3aKpPBITBIX CHUCTEM
TEIUIOCHAOKEHUsT H3-32 OJMHAKOBOTO pacxojia CETEeBOW BOABI B IMOJAMIIEM H OOpaTHOM
TEILIOIIPOBOAAX FI/I)IpaBHI/I‘—IeCKI/Iﬁ pacyeT BBIMMOJIHAIOT TOJBKO JJIA nog:(a}omeﬁ JIMHUH TCIIJIOCETH.
JIist  OTKPBITBIX CHUCTEM TEIUIOCHAOKEHHsI TMPU PA3NIUYHBIX pPacXojaxX TEIJIOHOCHTENS B
MOIAIOIIEM U OOpaTHOM TEIJIONMPOBOAAX THUIAPABIMYECKHUN pacdeT BBIMOIHSIIOT OTACIBHO IS
Ka)XJ10T0 TEMJIONPOBO/IA.

[MuapaBnuueckuii pacyet BeayT 1o gopme 3.
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®opma 3
Hom | Gy, | dy, | R, v, | L1 1| Ap, | ZAp,
ep | kr/ |mm | Ila/ |M/c| M| M | m | x[la | k[la
yua- | € M
Ka
1 2 3 4 S |6] 7 |8 9 10

18. Pa3zpadorka rpagukoB JaBjieHUIl U BLIOOP CXeM NMPHUCOeTUHEHUSA A00OHEHTOB K
TEIUIOBBLIM CETAM

[Tbe3omeTpuueckuii rpaduk MO3BOJISIET: ONPEACIUTh HAIOP U pacloyiaraeéMblii Harmop B JIH000H
TOYKE CETH; Yy4YecTb B3aMMHOE BIHUSHHE pelbe(a MECTHOCTH, BBICOTHI TNPHCOEANHEHHBIX
noTpeduTeNnel U norepb Haopa B CETU MPH Pa3pabOTKe I'MIPABINYECKOTO PEXHMa; BbIOpATh
CXEMBl MPHCOCIMHEHHS MOTpeOuTeneil; mogodpaTh CceTeBble W TOJMHTOYHBIE HACOCHI,
aBTOPETYJISATOPBI.
[Tre30MeTpuyeckuii TpaduK CTPOUTCS IS CTATUYECKOTO M JUHAMUYECKOTO PEKUMOB CHUCTEMBbI
TeriocHaOxeHus. [Ipu ero mocrpoeHuu 3a Hayajgo KOOPAMHAT MPHUHHUMAIOT OTMETKY OCH
CETEBBIX HACOCOB, YCIOBHO CUYMTAasi, 4YTO OHA COBIAJAET C OTMETKOM 3€MJIM Ha BBIXOJE
teronposoga u3z TOLL. Ilo ocu opaMHAT OTKIAABIBAIOT 3HAYEHUS HAIOPOB B IMOJANOLIEH U
oOpaTHOM MarucTpajisix TEIUIOBOM CETH, OTMETKM penbeda MECTHOCTM M BBICOTHI
IPUCOETUHIEMBIX MTOTpeOUTENEH; 0 OCH aOCLUCC CTPOST NPO(UIL MECTHOCTU U OTKIIAJbIBAIOT
JUIMHY pacyeTHbIX YYacTKOB TeruionpoBoga. OCh TemjaoTpacchl YCIOBHO IPUHHUMAIOT
COBIAJAIOLLEN C IOBEPXHOCTHIO 3EMIIH.
[Tocne moctpoeHust mpoduisi MECTHOCTH M HAHECEHHUSI BBICOT MPHCOEANHIEMBIX MMOTpeduTeIeit
HAUMHAIOT pa3paboTKy rpaduka HaIOpOB MPH THAPOCTATUUECKOM PEXHUME, KOTraa LUPKYJIAIUSL
TEIJIOHOCHUTENI B TEIUIOBOM CETH OTCYTCTBYET M HANOp B CHCTEME IOAJIEPKUBACTCS
HOJNUTOYHBIMU Hacocamu. [Ipu TakoM pexkume rpaduk HaropoB MpeAcTaBiIsgeT co0ol MpsAMyIo,
napajuleJpHy0 ocu abcuucc. [locTpoeHue JUHUM CTAaTUYECKOTO Hamopa BEAYT M3 YCIOBHS
3aIl0JIHEHUS BOJIOM OTONMUTENIbHBIX YCTaHOBOK BCEX HOTpeOMTENeH M CO3[JaHHs B MX BEPXHHUX
TOYKaX M30BITOYHOro Hamopa 5 M. MakcuManbHbIA CTaTUUYECKUN HANOP B TEIJIOBOM CETHU NpHU
IIPUCOEANHEHNN OTOIUTENBHBIX YCTAHOBOK I10 3aBUCHMBIM CXEMaM He J0JDKEH MpeBslaTh 60 M
10 YCJIOBUIO MEXaHUUYECKOI MPOYHOCTH YYT'YHHBIX OTONMUTENBHBIX TPHUOOPOB.
IIpy BBINTOJIHEHUH IIPOEKTA CIENYET CTPEMUTHCA K YCTAHOBJICHHUIO OJUHAKOBOI'O CTATUYECKOTO
Hamopa Juisi Bcell CUCTEMBbI TEMJIOCHA0KEHUsI, KOTJJa HEBO3MOXKHO JTOCTUTHYTh 3TOT0 YCIIOBUS,
CHCTEMY TEIUIOCHA0XKEHUS DPa3JeNAl0T Ha HECKOJIBbKO CTaTMYECKMX 30H MJIM NPUCOEAUHSIOT
noTpeduTeNneil o He3aBUCUMOM CXeMe.
[Tocie mocTpoeHus IMHUYU CTaTUYECKOT0 HAropa MPUCTYMAIOT K pa3padoTke rpauKoB HAIopoB
P TUAPOJMHAMHUYECKOM PEKHME, KOIZJAa LUPKYJSLUs TEIUIOHOCUTENST B TEIJIOBOM CETH
OCYILECTBIIsIETCS ceTeBbIMU HacocaMu. IlocTpoeHne mbezoMeTpuyeckoro rpaduka npu JaHHOM
peXUME HAaYMHAIOT C HAHECEHMS JIMHUN MaKCHUMAJIBHBIX U MUHUMAJIBHBIX IbE30METPUYECKUX
HaropoB AJIs Hojaromeil 1 oOpaTHOM MarucTpasiel TemIoBbIX ceTeil. MakcuMaibHbII Hamop B
MOJIAIOIIEM TEIJIONPOBOJE HE JOJKEH MpeBblaTh 160 M MO yCIOBUIO MPOYHOCTH CTaJbHBIX
TpyOONpPOBOJOB M apMarypbl. MHUHMMalbHBII Hamop JOKEH oOecreYrBaTh HEBCKUIIAHHE
TEIJIOHOCHUTENI NPH €ro LUPKYISAIUH B CETH. YCIOBHS HEBCKHIIAHHS ONPENEISAOT B
3aBHCUMOCTH OT PACUETHOM TeMmepaTypbl BoJbl. 11 00paTHOrO TEIIONPOBOAa MAaKCUMAIIbHBIN
MIbE30METPUYECKUN HAmop MpH 3aBUCHUMBIX CXeMaX NMPUCOECTUHEHHS] MOoTpeduTeneil He NOJKeH
npeBbliaTh 60 M IO YCJIOBHIO MEXaHWYECKOM IPOYHOCTH UYTYHHBIX pPaguaToOpoB, IIpU
HE3aBUCUMBIX CXE€Max - II0 YCJIOBHI IIPOYHOCTHM BOJOmNoOJorpeBarencid. MUHHMaIbHBIN
IbE30METPUYECKHI Hamop JUisi oOpaTHOW MarucTpaid JOJDKEeH o0ecneunBaTh HM30BITOUHBIN
Harop B CETH Ui 3alIUThl CHCTEMBI OT IOJCOCA BO3AyXa M NPEAYNPEXKICHHS KaBUTALUU
HacoCcoB. MUHHMMabHBI HAoOp MPUHUMAKOT pPaBHbBIM S5-7 M. JIMHUM MaKCUMAJIBHBIX U
MUHUMAJIbHBIX HAalOpOB HAHOCAT Mapalie]bHO MNPOPHII0 MOBEPXHOCTH 3€MJIM MO JJIMHE
Tpacchl. JIMHMM J€HCTBUTENBHBIX HAMOPOB TMOJAIOIIET0 W OOpPaTHOTO TEIUIONPOBOAOB HE
JTOJIKHBI BBIXOJUTH 34 JIMHUM NPEIEIbHbBIX 3HAYEHUI HAITOPOB.
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[Tpu mocTpoeHUH MBE30METPUUYECKOTO TpadrKa HEOOXOIUMO YIUTHIBATh, YTO TPEOYEMbIi Harop
y BCachIBAIOIIETo MaTpyOKa CeTeBOro Hacoca 3aBUCUT OT MapKH Hacoca. Pacrionaraemblii Harmop
JUISL KBapTajla ONpeAesieTcs CyMMOM IOTEPh HAropa B BoaonogorpesarenbHon ycranoske LTI,
BHYTPUKBAPTAJIILHOM CETH W B CHUCTEME OTOIUICHMS, YTO COCTaBJIseT OKoJIo 25-35 M mpu
3aBHCHUMOM CXeMe BKJIIOYeHHS cucTeM oTorienus u 20-25 M — npu HezaBucumoi. Ha rpaduke
HEOOXOJUMO TOKa3blBaTh MMOTEPU HANOpa y HCTOYHUKA TEIUIOThI, KOTOpBIE MPUHUMAIOTCS
paBHbIMU 25-30 M.

[Tre3omeTpuyeckue rpaduKu CTPOST JUIsl SMMHETO U JIETHETO PEKUMOB, a JUIsl OTKPBITBIX CUCTEM
TEIUIOCHA0KEHUSI — JIOTOJIHUTENBHO JUIS PEeKUMa MaKCHMalbHOTO BOAOpa3bopa Ha ropsuee
BO/IOCHA0KEeHUE 13 OOPATHOTO TEILIONPOBO/IA.

B npoekTe HE0OXOAMMO H3IOXKUTH TPEOOBAHUS, MPEABABISEMbIC K THIPABIMYECKOMY PEKUMY
B TEIUIOBOI CETU UCXOMS U3 HAJIEKHOCTH €€ paboThlI.

19. PazpaGoTka 1 mocTpoeHue nNpoaobHOro nNpoguiis TenJIoBbIX ceTel
[TpomonpHBIA MpodUIs ydacTKa TEIUIOCETH CTPOMTCS B MacmTabax BepTukanbHoM 1:100 u
ropuzoHTasibHOM 1:5000 mmu 1:1000. [TocTpoeHne HAUYMHAIOT C OMpPEACIICHUS MUHUMAJIbHOU
[IyOMHBI TEMJIOBOM KaMephl IO Tpacce ¢ y4eTOM rabapuTHBIX pa3MEpOB YCTaHABIMBAEMOTO B
HUX oOopymoBaHus. CienyeT CTpeMUTHCS K MUHHMAIBHOHN TITyOMHE 3aI0)KeHUSI KaHAJOB MU
TerionpoBoAoB. C 3TON IENbl0 B TEIJIOBBIX KaMmepaxX JOMYCKaeTCsl YCTAaHOBKA 3aJBUKEK B
TOPU30HTAILHOM TIOJIOKEHUH Wi 1o yriaom 45°. KoaudecTBO CONMpSIKEHUS yY4acTKOB C
0o0paTHBIMU YKJIOHAMHU JIOJKHO OBITH 1O BO3MOXKHOCTH HAMMEHBIIUM. YKIIOH TEIIONPOBOJIOB
HE3aBUCHMO OT CIocoba MpoKIagku JojkeH cocTaBiiaTh He MeHee 0,002. Ilpum mpoknaaxe
TEIUIONPOBOJOB MO KOHCTPYKIIMSIM MOCTOB IPHU MEPECEUCHUU PEK, OBPAroB YKJIOHBI MOTYT HE
IpelyCMaTpUBaThCSI.

Ha nmpogonsHOM mpoduiie moKa3bBaloT: OTMETKH MOBEPXHOCTH 3eMJIU (TIPOEKTHBIE — CIUIOLTHON
JIMHHUEH, CYILIECTBYIOIINE — LITPUXOBOI); BCE IIEPECEKAEMbIE NH)KEHEPHBIE CETH U COOPY>KEHHUS C
OTMETKaMH BepXa WX KOHCTPYKIUU MPH PACIIOIIOKEHUU MPOSKTUPYEMOM TEIJIOBOM CETH CBEPXY
U C OTMETKaMU HHM3a WHXKEHEPHBIX CETed M KOHCTPYKLUMHA NpU HMKHEM paCIOJIOKEHUU
TEIUIOBBIX CETeW; OTMETKM HM3a TPYObl TEIUIOBOM CeTH, JAHA M MOTOJIKa KaHaja; TIIyOuHy
3aJI0’KEHHUS TEIJIONPOBO/IA; YKJIOH U JUIMHY Y4acTKOB TEIJIOBOM CETH; IMaMeTp TEIJIONpOBOJia U
TUIl KaHaJla; JAeTCsl pa3BEpHYTHIM IUIaH TPAcChl C yYKa3aHUEM YIVIOB IIOBOPOTA, OTBETBIEHUH,
HEMOJIBUKHBIX OMNOp, KOMIIEHCATOPOB, KOMIIEHCATOPHBIX HHUII M TEIUIOBBIX Kamep. [lpu
IIPOEKTUPOBAHUM IIPOJOJIBHOTO [PEHAXKa YKAa3bIBAIOTCSI OTMETKHM JIOTKA, IUAMETP U YKIIOH
npeHaxHbIX TpyO. [Ipm Ham3eMHOM crocoOe MpOKIaJKK Ha MPOJOJIBHOM Mpoduie TarTcs
OTMETKHM BepXa HECylled KOHCTPYKIMM M HHU3a TEIUIONPOBOAAa. B cambIX HU3KMX TOYKax
TEIUIONPOBOJOB IPENyCMAaTPUBAIOT JIPEHAKHbIE BBIMMYCKH, a B CAMBIX BBICOKUX — YCTpOMCTBa
JUIs BbIMyCKa Bo3ayxa. Heo0xoaumo coOiojaTh JOMYCTUMBIE PACCTOSHHUS MO BEPTHUKAIN OT
KOHCTPYKIUH TEIJIOBOM CETH 10 MHXKEHEpHbIX KoMMyHuKauuil. IIpoduns crpoutcs B BHIE
Tabnuuel no popme 4.

®opma 4

IIpoeKkTHBIE OTMETKH 3€MJIN, M
HarypHble oTMETKHM 3eMIIH, M
OTMeTKH MOTOJIKA KaHajla, M

OTMeTKH JHa KaHajla, M

Vknon, JlnuHa yyactka , M

Paspe3 / Ceuenue kanasia
I1nan Tpacchl

20. IToa0oop 0CHOBHOIr0 000PYA0BAHUSA TENJIONOATOTOBUTEIbHOM ycTaHOBKHM TIL]
Jns oOecnieyeHHs OTONUTENbHO-BEHTWISLIMOHHOW HAarpy3kKM W Harpy3kd ropsyero
BOJIOCHAOKEHUsT Ha coBpeMeHHbIX TDOIl ycTaHaBIMBAaIOT KOHJIEHCAIIMOHHBIE TYPOUHBI C
OTOMHTEILHBIM 0TOOPOM
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tuna T. Bce KoHAOeHCalMOHHBIE TYpOMHBI YKOMIUIEKTOBAHbI JBYMSI TOPH3OHTAIbHBIMU
nonorpesatensmMu [ICI. IlogorpeBaTenbHas ycTaHOBKa CETEBOW BOJBI B JAaHHOM Ciydae
COCTOUT W3 YETHIPEX CTYIECHEW IMOJ0TpeBa: BCTPOCHHOTO B KOHJAEHCATOP TEIUIO()UKAIMOHHOTO
MydKa, MoJOorpeBaTeseii MepBoi M BTOPOM CTYNEHEH W MUKOBOTO KOTJa. TermopuKarmoHHBINA
IIy4OK KOHJEHCATOpa Yallle BCEro MCIOIb3YIOT I IPEIBAPUTEIbLHOIO HarpeBa MOANUTOYHON
BOJIbI MPU OTKPBITBIX CHCTEMaX TEIUIOCHAOKEHHUSI M CETEBOM BOJIBI MPH 3aKPBITHIX cUCTeMax. B
KaueCTBE IIMKOBBIX KOTIOB MNpUMEHSOT BojorperHele komisl [IBTM u  KBI'M,
YCTaHaBJIMBAEMbIEC HA TEPPUTOPHUH CTAHIIMHU U B TEINIOBOM PaiiOHE.

Pacnipenenenue temnoBoil Harpy3ku TOLl MeXy OCHOBHBIMHM M IMKOBBIMH IIOJOTpPEBATENIMU
MIPOU3BOJIAT, UCXOAS U3 3aJaHHOTO KoddduiueHTa Temio(UKaluu O, KOTOPBIA MOKa3bIBaeT
JIOJII0 pacueTHOU TeruioBoil Harpy3ku TOLl, ynoBieTBopsieMoii 3a c4eT 0TOOPOB TypOUH.
PacuerHas TeroBas Harpy3ka oTOOpOB TeIOUKAIMOHHBIX TYpPOUH:

QTyp = O QTBL[, (127)
a IIMKOBOI'O UCTOYHHUKA.

QrmK = QT3L[(1 - 0LT)- (128)
OnTUMaJIBHBIN O IPH TIOCTOSTHHOW TEXHOJIOTHYeCcKoi Harpy3ke paseH — 0,7-0,8; mpu ce30HHOMN
teruioBoi Harpyske s TOL Beicokoro naBnenus — 0,5-0,7, cpennero gasnenus — 0,4-0,5.

IIo Q.y HaXoOmAT KOJMYECTBO TEIUIOYUKANUOHHBIX TypOMH (IO HOMMHAJIBHOW Harpyske
TEIUIO(UKAIIMOHHBIX OTOOPOB) M CETEeBBIX mozorpesareneir. [lo memomy umcimy TypOuH
onpeaensoT GaKTUYECKYI0 TEIUIONPOU3BOIUTENLHOCTh TYpOUH U (akTudeckuil kodhduimeHt
TerIopUKAIIN Ol

Ha rogmoBoMm rpaduke MNpoAOKUTENBHOCTH TEIJIOBOW HAarpy3kd IOKa3biBaeTcsi 0a3oBas U
nuKoBas yactu TeroBoil Harpy3ku TOL[. C momomipio 3TOro rpaduka HaxoAsIT TEMIlepaTypy
HApY>XKHOTO BO3/yXa, NMPU KOTOPOIl BKIIIOYAIOTCA B PabOTYy MUKOBBIE KOTJBI, a TAaKXKE YHUCIIO
4acoB pabOThI MUKOBOTO HCTOYHHKA TEIIOTHI B TCUYCHHUE OTOIUTEIBHOTO TIEPHO/IA.

Jlanee Npou3BOIAT paclpesieieHle TeIUI0BOM Harpy3ku Qy, MEXIy MOAOTrpeBaTeNsIMA HUXKHEN
Y BEPXHEH CTYIICHEH:

T, — T,

QH :QTYP - " ’ (129)
TB __TZ
T. —7T
= R 130
Q=0 (130)

311ech Ty, Ty — TEMIIEpPATypa CETEBOM BOJBI MOCIE MOAOTPEBATENEH COOTBETCTBEHHO HUXKHEU U
BepxHeit cryneneit, °C, v onpeensercs:
e =t — ALY (131)
T, = U0 —At]. (132)
3neck t’ ,t"— Temmeparypa HAaCHIIIEHHOTO Mapa MPU JaBJICHUH Iapa B 0TOOpax JUIsd BEpXHEH U
HUKHEHN CTYIIEHEH.
Tak kak B MoJgorpeBareny HWKHEW M BEPXHEW CTYNEHEW IOCTYNMAaeT Nap M3 PEeryaupyeMbIX
orbopoB TypOuH c¢ pgasnenuem 0,05-0,25 MIlla, cereByr0 BOAYy MOXXHO HarpeBaThb [0
temreparypbl 115-118°C. Jlo pacdyeTHOW TeMIiepaTyphbl ceTeBas BOJa HAarpeBAeTCsA B IUKOBBIX
koTiax. TeMmeparypy HarpeBa BOJbI IIOCJIE€ IOJOTPEBATENIE HW)KHEW M BEpPXHEU CTyNEeHEH
MO’KHO MIPUHHUMATh 110 TEMIEPAType HACBIIIEHUS Mapa U3 0TOOPOB TYpOUH, YUUTHIBAsI HEJOTPEB
B nojiorpesaresnx HwkHell At” =5-7°C u Bepxueit At’ =8-15°C cryneneii.
Temneparypa ceTeBoil BOABI Ha BXOAE B IOAOIPEBaTENlb HW)KHEW CTYNEHM OTIMYAETCA OT
TEMIEpaTypbl BOJIbI B OOPAaTHOM TEIJIONPOBOJIE Y CTAHLIMK BBHY 100aBKU MOJMUTOYHON BOJBI,

a TaKKe 3a CYET MPEABAPUTETHHOTO HATPEBa B TEIUTOPUKAIIMOHHOM MTyYKe KOHACHCATOpA.
J71s1 3aKPBITHIX CUCTEM TEIIIOCHA0KEHUS

» -Gy + -G
1, =20+ Y2 "4 T Fnom " Pnoan : (133)
G, +G

TIOTT



36

rae 20°C — OpHEHTHUPOBOYHBINM Mepernaj] TeMIEpaTyphl CETEBOM BOIBI B TEIUIOMHKAIIMOHHOM
Iy4YKe KOHJEHCATOPa;
T, — CPEIHsII TEMIIepaTypa CeTeBOW BOIbI B 00OpaTHOM TpybompoBoae mpu pacxome Gy u
pacyeTHOW TeMmmepaType HapyXKHOTO BO3AyXa Ui MNPOCKTHUPOBAHUS OTOIUICHHS 1o,
onpenensiercs 1o [7, hopm. (4.63a)];
Groqn — PacUeTHBIH pacxo] MOJMUTOYHON BOJBI C TEMIEPATYPOH Thomn, NPUHUMAEMONW paBHOU
40°C B 3umuuii nepron u 65°C B Je€THHIA.
JUIst OTKPBITBIX CUCTEM TEIIOCHA0KEHHUs MPH MPEABAPUTEIHLHOM HArpeBe MOAMUTOYHON BOJBI B
TEIIO(PUKALIMOHHOM ITyYKe KOH/EHcaTopa:
" — sz .Gd + (Tl'[())ll'l + 20).G
2 G, +G

B sToMm ciyuae 1, ompenessitot mo[7, dopwm. (4.63a)].

= (134)

oA

3Hasg TEIIONPOU3BOAUTEILHOCTD IMOJIOTPEeBATENC HEXKHEH W BEPXHEW CTYNEHEH W pacxoj
CETEeBOM BOJIbl, MPOU3BOJAT IMOBEPOUHBIN pacyeT BOJOMNOAOrPEBATENICH, 3aKIIOYAIOIIUNCI B
ornpezaeneHuu Ko3PPHUIIMEHTOB TeIIoNepeayu.

Cpennenorapudmudeckas pa3sHOCTh TEMIIEPATyp CETEBOM BOJBI y IOJJOTpEBaTENCH:

L ) -x,)
Ao =l )i =)
At (t: — Ty )_ (t: ) (136)

ST (e |

KoadduimenT remonepenayu nogorpeBaTeieii:

(135)

k= (137)
F. At
Q
K=o 138
*TFoat (138)

[TonGop MUKOBBIX KOTJIOB MPOU3BOJAAT MO BEIMUYMHE CYMMAapHOW MUKOBOM TEIUIOBOM Harpys3ku

QHHK .

Uucno NUKOBBIX KOTJIOB OMPENEINSIOT 10 GopMyIe:

n, = g— (139)
rae Q7 — enMHUYHAS TETUIONPOU3BOIUTEIBHOCTD OJHOTO ITMKOBOTO KOTJIA.
B kauecTBe NHMKOBBIX KOTJIOB NPUMEHSAIOT BoaorpeiHeie korisl Tunos IITBM u KBI'M.
[TonoOpaHHble TIO TEIUIOBOMY MAaKCUMyMY IHKOBBIE KOTJIBI NPOBEPAIOT HA THUIPABINYECKUIN
MaKCHMYM; IIPU 3TOM YUUTBIBAIOT, YTO TUKOBBIE KOTJIBI BKIIIOUAIOT MapajlIeIbHO.
B pacyYeTHO-TIOSCHUTEIIbHON 3aMmcKe IIPUBOAUTCS MIPUHIMITNAIbHAS cxema
TEIUIONOArOTOBUTENbHOM ycTaHOBKM TOL| 1 mOANMUTKY TEMJIOBOW CETH C OMMCAHWEM MPUHIUIA
paboThl 1 000CHOBaHKEM BBIOOPA TEIMIIOTEXHUYECKOTO 000PYA0BaHMUSL.
[TonGop ceTeBbIX U IPYrUX HACOCOB MTPOU3BOJUTCS MO UX XapaKTEPUCTUKAaM: HAllOpy U pacxoay.
Ilo npuHATOMY HaAmopy M pacyeTHOM IMOJaye OINPENEISIOT YHUCIO NapajllebHO WU
MOCIIEA0BAaTENbHO pabOTAIOMIMX HAcOCOB. MUHHMAabHOE KOJUYECTBO YCTAHABIMBAEMbBIX
CeTEeBbIX HACOCOB MNPUHUMAIOT He MeHee ompeaeneHHblx no CHull 41-02-2003. Ilpu
COOTBETCTBYIOIIEM OOOCHOBAHUU JIONYyCKAETCs MpelycMaTpuBaTh YCTAHOBKY OTIEIbHBIX TPYIIIT
CETEBBIX U IOAIUTOYHBIX HACOCOB JJI1 OTOIMUTEIBHOIO U JIETHETO MIEPUOIOB.
TpeOyemblil HanOp CETEBBIX HACOCOB H, IpH CyMMapHBIX pPacYETHBIX PACXOIAX CETEBOH BOJBI
CKJIaJ(bIBACTCSL U3 IOTEPh HAIOpa B BOJAOIOAOTPEBATEIBHON YCTAaHOBKE MCTOYHUKA TEIUIOTHI U
IMKOBOW KoTenbHOM AH,,, CyMMapHBIX TNOTeph Hamopa B MOJAIOIIEM H OOpaTHOM
TEIUIONPOBOAAX TEIUIOBOW ceTH (OT HCTOYHMKA TEIJIOThI JO Haubojee yIaJeHHOro
notpedutens) AH 1o 1 moteps Hanopa B LITIT unu y aGonenTa AH,q:
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Hp = AHH.y + AHI,tot + AHg6 . (140)
[Torepn Hamopa B momorpeBaTebHOM YycTaHoBke TOIl 3aBUCAT OT €€ KOMIIOHOBKU. B
BOJIOIIOJIOTPEBATENIbHBIX ycTaHOBKax TypOoun tuna T u IIT mnorepu Hamopa B Iydke
KOHJIEHCATOpa, B IOJOrpeBaTeNsiX HW)KHEH M BEpXHEW CTyNeHeH KOMIIEHCUPYIOTCS paboTon
OyCTEepHBIX HACOCOB, a B MUKOBBIX KOTJIAX, B TEIUIOBOW CETH U y a0OHEHTOB — pabOTOM CETEBHIX
HacocoB. [loTepn Hamopa B IydyKe KOHIEHCATOPA, B IOJOTPEBATENsAX HUKHEM U BEpXHEN
cTyneHel coctaBistoT 20-25 m. [lotepu Hanopa B MMKOBBIX KoTaax — 10 M.
[Torepu Hamopa y aOOHEHTa MOXHO OIPEENIUTh 110 GpopmyJie:
AH,6 = AH + AH,, (141)
rae AH, — notepu Hanopa B MUKpPOpPaliOHHBIX CETSX;
AH — norepu Hanopa B aDOHEHTCKOM yCTaHOBKE, KOTOPbIE 3aBUCAT OT CXEMbl BKIIOYEHHUS
a0OHEHTCKOM yCTaHOBKH.
[Torepu AH MOXKHO IpUHUMATD CIEAYIOLINE:
- IpU 3aBUCUMOM IIPUCOEJMHEHUU OTOIUTENbHBIX M BEHTWISALMOHHBIX YCTAaHOBOK 0€3
IPUMEHEHHS DJJIEBATOPOB, a TAaKKE IPU HE3aBUCHMOM IIPUCOECIUHEHUM C IOMOILBIO
MOBEPXHOCTHBIX TTogorpeBareneit 6-10 m;
- [IpY IPUCOEIMHEHUH OTONUTEIBHBIX YCTAHOBOK C IIOMOILIBIO 3eBaTopa 15-20 m;
- IPU IOCIEAOBAaTENIbHOM BKJIIOYEHMM BOJOBOJISHBIX IIOJOTpPEBAaTENIE TropsAdYeil BOABI U
aJeBaTOpHOTO y3i1a 20-25 m.
Hanop ceteBbIX HACOCOB [UIsl JIETHETO NEPUOJA:

HE=H, -| =2 |, (142)

rae G, G, — pacxoibl CETEBOI BObI COOTBETCTBEHHO B JIETHUM ¥ 3UMHHI [IEPHUOJIBL.

TpeOyeMbIii Hamop TMOJIUTOYHBIX HACOCOB YCTAHABIMBACTCS HMCXOAS M3 HEOOXOIMMOCTH
MoJJIepKaHUsL ONPESIICHHOT0 CTaTUYECKOro0 Haropa B TEIUIOBOM CETH, HAmopa B OOpaTHOM
TPYOOIIPOBOIE M 0OECIICUCHUS YCIIOBUI HEBCKHUITAHUS BOBI B TPYOOIIPOBO/IC TEIUIOBOM CETH.
JIJTs1 3aKPBITBIX CUCTEM:
Hn.p = HCT + AHno;m - H61 (143)
rae He; — cratudeckuit Hamop B TEIIOBOM CETH, M;
AHponn — IOTEpU HaTIOpa B MOAMUTOYHON JIMHUH, M;

Hs — BpICOTA yCTAaHOBKHM MOANMUTOYHBIX OAKOB OTHOCHTEIIEHO OCH TOIMTUTOYHBIX HACOCOB, M.

JIJ1st OTKPBITHIX CHCTEM TEIUIOCHAOKEHUS UCXOSI U3 JIETHETO pexruma paboThI:

—_ S
Hup=He + AH —H, (144)
rae AH/,,, —cyMMa moTeps Haropa B TEIUIOBOM CETH U B MOIUTOYHON JTHHUH, M.

[TpuHATHIA Hamop NOANUTOYHBIX HACOCOB JOJDKEH HPOBEPSTHCS Uil YCIOBHM pabOThl B
OTOIUTEINIBHBIN U JIETHUN NEPUOABI TOAA.
[Tonaya MOANMUTOYHBIX HACOCOB MJIS 3aKPBITBIX CHCTEM TEIJIOCHAOXKEHMs ONpeenseTcs H3
YCIOBUM BOCIHOJHEHHS YTE€UKHM BOJbI, NpuHMMaeMoi paBHOH 0,75% oObemMa BOAbI B
TEIUIONpPOBOJAaX TEIUIOBOM CEeTH, a TaKXKe MPUCOECIUHEHHBIX K HHUM CHUCTEM OTOIUIEHUS U
BEHTWISIMM 31aHui. KpoMe TOro, noimkHa IpeaycMaTpuUBaThCsi aBapHilHas IOANMTKA
BOJIOTIPOBOJAHOM BOIoOW B pasmepe a0 2% oO0bemMa BOJBI B TEIUIONPOBOJAX M CHCTEMax
OTOIUIEHMSI U BEHTWIALIMY 3/1aHUM.
[Togadya MOANMMTOYHBIX HACOCOB JUISl OTKPBITBIX CHCTEM TeruiocHaOkeHus cocraBiser 0,75%
00BbeMa BOJIBI B TEIVIOBOM CETH, CUCTEMaX OTOIJICHHUS, BEHTHIISILIMM U TOPSIYEro BOJOCHA0KEHUS
TUTIOC MaKCUMAJIbHBII 4acOBOW pacxo/l BOJbI Ha ropsiuee BOJOCHa0XKEHHUE.
KonnuecTBO MOANMTOYHBIX HAacOCOB B 3aKPBITBIX CUCTEMAX IPUHHUMAIOT HE MEHEE NIBYX, B
OTKPBITBIX — HE MEHEE TPEX, OJUH U3 KOTOPBIX PE3EPBHBIM.

21. Mexannvyeckuii pacyeT Temio0npoOBOAOB
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B kypcoBoM mpoekte TpeOyeTcs OmpeAeNuTh BEPTHUKAJIbHYI0 M TOPU30HTAIBHYIO
HOPMATUBHBIE Harpy3kKd Ha OJHY U3 HENOJBMKHBIX OIOP M PAacCYUTATh IO OAHOMY
KOMIIEHCATOpPY Ka)K/10T0 TUIIA U3 NIPUHATHIX B IIPOEKTE.

IIpn pacyere TrOpU3OHTAIBHONM HArpy3kM Ha HENOJBMXKHYI OIOpY HEoOX0IuMo
YUUTBHIBaTh: CHUJIBI TPEHUS B TOJBIIKHBIX OIOpax TpPyOONpPOBOAOB;, CHJIBI TPEHUA B
CaJbHUKOBBIX KOMIIEHCATOPAX; HEYPAaBHOBCIICHHBIE CHUJIBI BHYTPEHHErO JAaBJIEHUSA IIPU
IPUMEHEHUHN CaJIbHUKOBBIX KOMIIEHCATOPOB HAa ydYacTKaX TEIUIONPOBOJOB, MMEIOLIUX 3a-
HOPHYIO apMaTypy, Iepexo/bl, TOBOPOTHI WM 3arIyIlIKU; CUJIbl YIpyroi nedpopmanuu npu
rUOKMX KOMIIEHCATOpaxX M IpPH CaMOKOMIICHCAIIMHU; CHJIBl TPEHUs TPyOONpoBOIOB 00
000JI0YKY WU CUJIbl TpeHUs OOOJIOYKM O TPYHT NpU OeCKaHaIbHOM CHOCO0€ NMPOKIAAKH;
TOPU30HTAJIBHYK) BETPOBYIO HArpy3Ky IIpH HAA3EMHOWH IPOKJIAAKE TEILIONPOBOIOB.
I'opusoHTanbHas oceBas Harpy3ka Ha MPOMEKYTOYHYIO HEINOJBHKHYIO OIOPY OIpPEAEIsaeTcCs
KaKk CyMMa CuJl, JCHUCTBYIOIIMX C KaXJIOW CTOpOHBbI. lIpuuem MeHblIas cymma cuil, 3a
UCKJIIOUEHUEM HEYyPaBHOBELICHHBIX CHJI BHYTPEHHEro MaBJCHUs, IPUHUMAETCs C Kod(]-
¢ummentom 0,7. Tlpu paBeHCTBE CYyMMAapHBIX CHJ C KaKIOW CTOPOHBI OMOpPHI B KayecTBE
pacyeTHOM NPUHUMAETCS pPABHOJAEHCTByIOIIas CUJI C OJHOW CTOPOHBI ONOPBl C
ko dunuentom 0,3.

['opu3onTanpHas oceBas Harpy3ka Ha KOHIIEBYIO HEMOJBHXXHYIO OIOPY OINpPENENSeTCs Kak
pPaBHOJENCTBYIOIIAs] BCEX TOPU3OHTAIBHBIX CHJI Ha orope [8, mpui.§].
Cuibl TpeHHUSI B CaJIbHUKOBOM KoMIeHcaTope, H, onpenensroT no BeIpakeHUIO:

S =27P I pe (145)

rae P, — pabouee pmaBieHue TteruioHocurens; | — JUIMHA CalbHMKOBOW HAOMBKM IO OCH
KOMITEHCaTopa, M; Oy — HapyXKHBI JUaMeTp matpyOKa KOMIICHCATOpa, M; [e— Koddduiment
TPEHHsI CaJbHUKOBOW HAaOMBKHM O CTaKaH, CpeaHee 3Ha4YeHHE KOTOPOTO MOXKHO
npuHumath pe =0,15.

Cuiibl TpeHMs B TOJBMXKHBIX ornopax, H, Haxondt no gpopmyie:

N2P =uG,l, (146)
rie U — Kod(QQHUUUEHT TpeHUs Ha MOJBMKHBIX ONOpax, MPUHUMAETCS B 3aBUCUMOCTH OT
KOHCTPYKLMHU M TUIA ONOPBL: JUId KaTKOBOW miM mapukoBod pu = 0,1; s CKONb3AUIIMX — B
3aBHCUMOCTH OT KOHCTpYKIMi. [Tpu Tpenuu cranu no cramu p = 0,3-0,4; cranu no 6erony — 0,6;
gyryHa mo cramu — 0,35; G — cuiia TsHKeCTH eIMHHMIIBI JUTMHBI TETUIONPOBOIA ¢ U30JISAIHACH U
BoJI0#, H/M. 3Hauenue npuaumaroT 1o [7, npui.23]; | — minHa yyactka TemIonpoBoja OT pac-
CMaTpHBAEMOI HETOABUKHOM OIOPHI 10 KOMIIEHCATOpa WX JI0 yIiia IOBOPOTa, M.

HeypaBHoBelIeHHbIE CHUJIBI BHYTPEHHEro JaBiieHMs, H, BO3HMKAlOT MpH NPUMEHEHUHU
CaJIbHUKOBBIX KOMIEHCATOpOB. CHUJIbl BHYTPEHHETO JIaBJICHUS IEPEAIOTCS TOJIBKO Ha T€ OIMOPHI,
KOTOpbIE PacIOIOKEeHbl MEX/ly HEYpaBHOBELICHHBIM KOMIIEHCATOPOM U MOBOPOTOM TpPYOBI, Ha
y4acTKe C 3aJIBUKKOM IPH €€ 3aKPhITUU U HAa KOHEYHOM YYacTKe C 3ariylIKOH, a TaKKe MEXIY
JIByMsI CMEKHBIMU Y4aCTKaMH C MIEPEX0JI0M JAUAMETPOB TPYO.

PaccunThiBalOT cuibl BHYTPEHHETO JaBjeHus no popmyiie:

N; =aP,F,, (147)
rae P, — pabouee napneHue TteruoHocutens, Ila; F,— muiomans momepeyHOro ced4eHus
TpyOOIIpoBOJa MO BHYTPEHHEMY auaMmeTpy; a— Kod((UIMEeHT, paBHbIA €AUHUIIE, €ClId Ha
OIOpy JACHCTBYET HEYPAaBHOBELIEHHOE YCUJIME OT BHYTPEHHEro pasieHus. s omop,
YpaBHOBEIIEHHBIX OT CHJI BHYTPEHHET O AaBlIeHUs, KOOPPUITUEHT
a=0. lng cmyyaeB ¢ nepexo0M TuaMeTpoB TpyoO:

C
NE=aP (F,, —F,.). (148)
Pacnopuble ycunus cuib(QOHHBIX KOMIIEHCATOPOB OT BHYTPEHHETO ,Z[aBJ'IeHI/IS{N;, H,

ONPENETISIOT IO BHIPAKEHUIO: Nf, =PBFs,
(149)
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riae Fs — s dexTruBHas uomaas MonepevyHoro ceueHust KOMIeHcaTopa:

T
F, = (150)
S S s’
16(d* —d?)
rz[edj, st — COOTBETCTBEHHO Hapy)KHBIﬁ u BHyTpeHHPII?'I ANaMETPBI ruOKoro 3JjaeMeHTa

KOMIICHCATOPA, M.

Cunbl  ynpyrod agedopmanMd OT TEMIEPATypHBIX Y/UIMHEHUH TIpU  THOKUX
KoMIeHcatopax u camokomiencauuu Nk , H, ompexenstor pacueroMm TpyO Ha KOMIICHCAIIHIO
TemrepaTypHbix nedopmanuii [1, C.173-184].

[Ipu OGeckaHadpbHOW MPOKJIAAKE TEILIONMPOBOJOB BO3HHKAIOT OOJBIINE YCHIIUS OT TPECHUS
MOBEPXHOCTH TEIUIONPOBOJA WIIM TOBEPXHOCTH TEIUIOM3OJSLUMK B TpyHTe. Benmuuny cui

tpenus N, , H, onpeaenstor no 3aBUCUMOCTH:
N_ = 2?:-(0LAt - AIIJ , (151)

p

rae £ — Moayib MpoAOALHON yIpyrocT, s ctanu £ = 2- 10M ITa; F — mutomaap monepevHoro
CCUCHHUS CTEHKH TPYOBI, Mz; o — K03 (PpUIIMEHT TMHEHHOTO yATUHEHUs cTanu, o= 12- 10° 1/°C;
At — mepenan TemrepaTypbl CTEHKH TPyOONpPOBOJAa OT PAacCUeTHOM 10 TEMIEpaTypbl BO BpeMs
moHTaxa, °C; Al — pacueTHOe TemImepaTypHOe y/UIMHEHHE, M, y4acTKa TEIUIONPOBO/ia JIUHOM |
M, OT OTIOPHI 10 KOMIIEHCATOPA.

Jlns pacdeTra ycuIus Ha HEMOIBHKHYIO OIMOPY PEKOMEHAYETCS METOJIUKA, U3JI0KEHHas B [7,
C.267-268]. B [1, C.172] npuBomstcs pacyeTHbie GOPMYIBl JJIsI  ONpeaeeHUs
TOPU30HTAIBHBIX HArpy30K Ha HEIMOJBWXHBIC OMOPHI IS HauOojee pacmpocTpaHCHHBIX
cxeM. BeprukanbHas Harpyska omnpeznensieTcss B cooTBeTcTBuu ¢ [8, mpwi.8, n. 1]. Pacuer
CIBbHUKOBBIX M JIMH30BBIX KOMIIEHCATOPOB MOYXHO IPOHU3BOJIUTH IO METOAMKE, H3JI0KCHHON B
[4, C.240, 241]. [Ipu 3TOM pacyeTHYI0 KOMIEHCHUPYIOUIYI0 CIIOCOOHOCTH CaJbHUKOBOTO
KOMIICHCATOpa BCErJa CIeayeT MPUHUMATh MECHBIIE MPEIYCMOTPEHHONW KOHCTPYKIUEH HA Z
= 50 MM U151 KaKJ0r0 CTakaHa Komrencaropa [3, m.7.31].

[Ipu pa3paboTke MOHTaXXHOW CXEMBbI BBIOMPAIOT THITBI KOMIIGHCATOPOB M MeECTa UX
YCTAHOBKHM, MPUYEM MO BO3MOXXHOCTHU TMPEIyCMaTPUBAIOTCS YYaCTKH C €CTECTBEHHOM
caMokomIieHcaruen (yriasl moBopoToB oT 90 mo 130°, Z-06pa3Hbie y4acTKu U ap.).

[Ipu OeckaHanbHOW NPOKIAAKE YYACTKH €CTECTBEHHOW CaMOKOMIIEHCAIIMM HEOOXOIUMO
pa3Memnath B KaHajax JUIs OOSCIeUYeHHUs IONMEPEYHBIX CMEIIeHU TpyOompoBojoB. Pacuer
Y4aCTKOB CAMOKOMIICHCAIIUH MOYKHO MPOU3BOIUTH 110 BhipakeHusM [ 10, popm.(9.13)-(9.18)].
[T-006pa3Hble KOMIIEHCATOPHI CIEAYET PACCUUTHIBATH 110 METOJAUKE, U3JI0KeHHOH B [7, C.275-
277], npudeM MpH TPUMEHEHUU KECTKHX CBAPHBIX OTBOJIOB pacdeT HECKOJbKO YIpPOIaeTcs.
OnpeneneHne HANPSHKEHUH B KOMIIEHCATOPE JIOMYCKAETCs] MPOU3BOJUTE IO YIPOIICH HBIM
BeIpaxeHusM [10, ¢opm.(9.12), (9.19), (3.20)]. Hdna yBenuueHUs KOMIECHCUPYIOUIEH
criocoOHOCTH I1-00pa3HBIX KOMIIGHCATOPOB WX YCTAaHABIMBAKOT C MPEABAPUTEIHHOM
PACTSIKKOM, KOTOPYIO YUHUTHIBAIOT C MOMOIIBI0 Kodduiuenra €, [8, Tabn.5], x pacueTHOMY
TEIUIOBOMY  yJUIMHCHUIO  KOMIIEHCHPYEMOTO YydacTka. [lpm ompeaesieHuu TerIoBOTO
VAJMHEHUs] 3a pacueTHYI TeMIepaTypy OKpYXKawlleil cpeAsl cleayeT MNpUHUMATH
TeMIIepaTypy HapyKHOT'O BO3/JyXa JUJIS MPOCKTUPOBAHUS OTOIUICHHUS {, , €CITM yCTaHABIMBAIOT
pasMepbpl THOKHMX KOMIIEHCATOPOB WM  ONPEACNISIOT pacueTHbIE HAMNpsDKEHUS B
KoMIieHcaTopax. JledcTBUTEbHBIC HANPSOKCHUS HaXOMAT IMPHHSAB 3a PACUCTHYIO TeMIlepa-
Typy Hapy»XHOT0o BO3JyXa BO BpeMs MOHTaxa TeruonpoBoaa t,. B mmemsx oOnerdenus
KOHCTPYKTUBHOTO pacyeTa I[[-00pa3HBIX KOMIIEHCATOPOB COCTaBIEHBI HOMOTpPaMMBbI [4,
puc.VIIL7].

[Tpu poBepOYHBIX pacueTax KOMIIEHCATOPOB MaKCHMAalbHbIE KOMIICHCAIIMOHHBIE HAMPSKEHUS
HE JIOJDKHBI  TPEBBINATh  JIOMyCKaeMbIX. [l  mpeaBapuTENbHOH  ONEHKH  MOXHO
OpUEHTUPOBAThCS HA YCPEIHEHHBIE JOMYCKAaeMble KOMIICHCAIIMOHHBIC HAMPSHKEHUS TPU
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1=150°C u P, = 1,6 MIla: s rubkux xommnencaropos ¢ &, = 110 Mlla; s ydactkos
caMOKoMIeHcauu ¢ G, = 80 Mlla.

22. TenJioBoii pacyeT TEMJIOU30JISINMOHHONH KOHCTPYKIMH
[Ipu temnoBoM pacuere Tpelyercs: BbIOpaTh TOJIIMHY OCHOBHOTO CJIOSI H3OJAILMOHHOMN
KOHCTPYKIIMU, pPACCUMTaTh NOTEPU TEIJIOTHl TEIMJIONPOBOJAAMHU, OINPEACIUTh IaJcHue
TeMIepaTypbl TETJIOHOCUTEINS IO JJIMHE TEIUIONPOBOJA U PACCUUTATh TEMIIEpaTypHOE MoJie
BOKpYT TpyOOIIpOBOJIA.
TonmuHa OCHOBHOTO CJIOSl U30JISIIMOHHON KOHCTPYKIIMM BBHIOMPAETCS Ha OCHOBE TEXHHUKO-
HPKOHOMUYECKOTO pacueTa WIM [0 HOpMaM MOTEeph TEIUIOTHl, a NPH 3aJaHHOW KOHEYHOH
TeMIepaType TeIJIOHOCUTENS — B COOTBETCTBHUH C MEPEa oM TEMIIEPaTyp.
[Ipu pacdeTe TETUIOBBIX MOTEPh M I(HPEKTUBHOCTU HIOIAMHUOHHOW KOHCTPYKIIUU TOJIIUHY
OCHOBHOTO CJIOS HM3OJSIIMH JIOMyCKaeTcsd HNpUHUMAaTh corjacHo ¢ [9, mpwill, 12] wim
OTIpeNeNATh UCXO0/I U3 HOPM HOTEPh TEIIOTHI:
5, =d, (e~ -1)2, (152)
rae Ay — Kod(p(UIUEHT TEerIONPOBOJAHOCTH OCHOBHOro ciosi, Bt/(m-°C); R, — tepmuueckoe
COIIPOTHUBIIEHUE OCHOBHOTO CJI0s m30Jsimu, (M- °C)/Br;
RI/I = (Tm _tOK)/qk ) (153)
II€ Tm — pacyeTHas CpeaHerojoBas Temmeparypa TemnoHocutens, °C; ty — pacueTHas
TEMIIepaTypa OKpyxatomen cpernpl, °C; ( — HOpMa TOTeph TEIUIOTh, BT/M, TpuHMMaemas 1o
tabn.2 u [9, npwn4-8]; d, - HapyXKHBI AMaMETp TEIUIONPOBOAa, M; K; - K03 duiment,
VUUTBHIBAIONIMA W3MEHEHUE CTOMMOCTH TEIUIOTHl M TEIJIOM3OJISIIMOHHBIX KOHCTPYKIIUH B
3aBHCHUMOCTH OT pailoHa CTPOUTENHCTBA U cioco0a MPOKIaAKH TPyOOIpoBOAa, MPUHUMAETCS 110
Tabs.3.
[Ipu  BBIOOpE  OCHOBHOTO  CJOS  TEIJIOW3OJSIUOHHOW  KOHCTPYKLHMH  CIEAyeT
PYKOBOJACTBOBATbCS CIEAYIOIIMM: ISl KAaHAJIBbHONW M HAA3€MHOW NPOKIATOK NPUHUMATh
OCHOBHOH CIIOH TeILIOM30ISLHH C IUIOTHOCTBIO He Gonee 400 Kr/M° i TEIIONpOBOIHOCTBIO He
6omee 0,07 Br/(m °C), u ee ciieayeT NpUHUMATh ¢ yuyeToM Kodddunmenta yBnaxuenus K ([9,
Tab:1.3] uiu Tabn.s):
A=K, (154)

r7ie A — TEeIJIONPOBOJHOCTh MaTepuaia ocCHOBHOTo ciost, Bt/(m- °C) [9, mpuin.2].
Jns  TEeTuIoM30JAIMOHHOW KOHCTPYKIMHM W3  YIUIOTHAIOMIMX MaTepUaioB  TOJIIHHY
TETUTOM3O0JISAIIMOHHOTO CJI0sL  OMPEAeTAoT ¢ ydu€ToM kodddunuenta ymiotHenus K. [9,
npui.13]:

5, =K, (du+d)

u c m (155)

Hopmbl ioTHOCTH TemioBoro notoka, BT/M, yepe3 n30aupoBaHHYIO TOBEPXHOCTh
TpyOONIPOBOJOB ABYXTPYOHBIX BOASHBIX TEIJIOBBIX CETEH MPU YHCIIE YacOB padOTHI B ol

6omxee 5000 Tadmuita 2
Tun npoxianku
VY CIOBHBINA | OTKPBITHINA HEMPOXOJHOU
TOHHEIIb OeckaHaJIbHAs
IIPOXOJ BO3JyX KaHaJl
TpyO d, MM CpelHss Temieparypa temionocurens, °C
50 | 100 | 50 | 100 | 50 90 50 90
25 13 | 25 | 10 | 22 | 10 23 24 44
32 14 | 27 | 11 | 24 | 11 24 25 47
40 15 | 29 | 12 | 26 | 12 25 27 50
50 17 | 31 | 13 | 28 | 13 28 29 54
65 19 | 36 | 15| 32 | 15 34 33 60
80 21 | 39 | 16 | 35 | 16 36 34 61
100 24 | 43 | 18 | 39 | 17 41 35 65
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125 27 | 49 | 21 | 44 | 18 42 39 72
150 30 | 54 | 24 | 49 | 19 44 43 80
200 37 | 65 | 29 | 59 | 22 54 48 89
250 43 | 75 | 34 | 68 | 25 64 ol 96
300 49 | 84 | 39 | 77 | 28 70 56 105
350 55 | 93 | 44 | 85 | 30 75 60 113
400 61 | 102 | 48 | 93 | 33 82 63 121
450 65 | 109 | 52 | 101 | 36 93 67 129
500 71 | 119 | 57 | 109 | 38 98 72 138
600 82 | 136 | 67 |125| 41 109 80 156
700 92 | 151 | 74 | 139 | 43 126 86 170
800 103 | 167 | 84 | 155 | 45 140 93 186
900 113|184 | 93 | 170 | 54 151

1000 124 | 201 | 102 | 186 | 57 158

Ipumeuanus: 1. Ilpu pacnonoxeHUN U30JUPYEMBIX IIOBEPXHOCTEH B TOHHENE K

HOpMaM TUIOTHOCTH CJIEIYeT BBOAUTH KodddumueHT 0,85.

2. Ilpy mprMEHEHHNH B Ka4€CTBE TEIUIOU30JISLIOHHOTO CIIOS
neHonoymyperana, GpeHospHoro noporiacra GJI, momumepOeToHa ( ONPENEISIOT ¢ Y4eTOM
ko3 dunuenta K, , Tabm. 4.

3nauenue kodddurmenta Ky Ta6muua 3

Crnioco6 npokiaaku TpyoonpoBoia
Paiion ctpoutenscTBa OTKPBITBII HEMPOXOIHOU
TOHHEITh OeckaHaIbHAS
BO3JIYX KaHaJl
EBponeiickuii paiton CHI'
/1.1-15,11.1-11.2/ 10 10 1.0 10
VYpan
N11.1-V11.3/ 1,02 1,03 1,03 1,0
Kazaxcran /X1.1-X1.3/ 1,04 1,06 1,04 1,02
Cpenuss Aszusa /V1.1-V1.3, X11.1-
X11.4/ 1,04 1,04 1,02 1,02
3anagnas Cubupb
/V111.1-V111.5/ 108 105 103 102
3naueHue kodhdunmenta k; Tabnuna 4
Marepuan Y c10BHBII IPOX0 TPYOOIIPOBOJOB, MM
TEIION30JsIMOHHOrO0 ciost | 25 -65 | 80 - 150 | 200 - 300 | 350 — 500
[TonmumepOeTon 0,7 0,8 0,9 1,0
Ilenononmyperas,
¢denonbHbIM nopormtact OJI 0.5 06 0.7 08

[Ipu ompeneneHWH TONIIKMHBI OCHOBHOTO CJOSI M30JSLMM MO HOPMaM IUIOTHOCTH TEMJIOBOTO
MOTOKA, & TAKXe MPHU pacdyeTe MOTEPh TEIJIOTH TEIUIONMPOBOJAMHU 32 PACUCTHYIO TEMIIEpaTypy
TETJIOHOCUTES JUIsl BOJISIHBIX TETUIOBBIX CETE MPUHUMAIOT CPETHET0/I0BYIO TEMIIEPATYPY BOBI.

CpenneronioBasi TemrepaTypa BOJbl B KayKJIOM TEIUIONPOBOJE OMPEAEIAETCS M0 BHIPAXKEHHUIO:
Tt T - T
n,+n,+...+n,

m

TAC Tpiy Tmos -
o

MEcCiALaM.

rpaduKy I[EHTPAIBLHOTO
CpEIHEMECSYHBIX TEeMIIEpaTyp BO3AyXa; M1, N2, ...

Ka4C€CTBCHHOI'O

(156)

peryiaupoBaHusi B

3HaveHune ko3 dunrenTa yBaaxHeHus K

3aBUCUMOCTH
, N12 - KOIUYECTBO YAacCOB B rOAy IO

Tz » — CPCAHAS TEMIICpaTypa TCIJIOHOCUTCIIA IO MEcCiAlaM, OIIpeaAcIsieMasn

oT

Tabmuma 5
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Marepuan Tun rpysta v

TEIJIOU30JIAIIMOHHOIO CJIOS MaJIOBJIa)KHBIH BJIAKHBIH Hac}:g;[eo;%m
ApmorieH06eTOH 1,15 1,25 1,4
butrymonepiut 1,1 1,15 1,3
butymoBepMUKyIUT 11 1,15 1,3
burymokepaM3ut 1,1 1,15 1,25
ITenononmyperan 1,0 1,05 1,1
[TonmmmepbeTon 1,05 1,1 1,15
®DenonbHbBIN Toporutact OJI 1,05 1,1 1,15

3a pacueTHyI TemIepaTypy OKpYXKaromiel cpensl t,, MPUHUMAIOT: B TOHHENSX, MMPOXOIHBIX
ka"Haax — 40°C; nmpu OeckaHaIbHON TPOKIIAJKE, a TAKXKe IMPH MPOKIATKE B HEMPOXOIHBIX
KaHaJlaX — CPEeJHET0/I0BYI0 TEMIIEpaTypy I'pyHTa Ha IIyOMHE 3aJI0’KEHUS OCH TEIUIONPOBOA;
IIPU HAaJ[3EMHOM MPOKIIAIKE — CPEIHETOIOBYIO TEMIIEpaTypy Hapy>KHOTO BO3AyXa.
KoaddummenT Temnoornaun o, Ha TOBEPXHOCTSIX TEIUIOBOM H3OJSAIMM W KaHala CleayeT
OpPUHUMATH 110 [6, mpui.9]. JIas TernonpoBoI0OB, MPOKIAAbIBAEMbIX B KaHajaX M OT BO3JayXa
KaHaJla K CTCHKe KaHaia oy, = 8 Br/(m°- °C).

[lamenne TemmepaTypbl BOIBI 1O JJIMHE TEIUIONPOBOAA HEOOXOAWMO OMpPENeNsiTh U3
NPEANONIOKEHUST TMOCTOSHCTBA  yIENBbHBIX TEIUIONOTEph. B 3TOM ciiydae Temmeparypa
TEIUIOHOCHUTENl B KOHIIE ydacTka Haxoautcs mo [7, ¢opm.(10.36)] wmm [4, dopm.(X.29)].
TemneparypHoe 10Jie TPyHTa BOKPYI TEIUIOMPOBOJOB MOXHO PAcCUMTATh IO BBIpOXECHHUSIM [4,
bopm.(X.18), (X.19)]; [3, dopm.(10.29), (10.30)], mpu 3TOoM TemmepaTypy TEIJIOHOCUTEINS IS
BOJISTHBIX TEIUIOBBIX CETEH CIIeAyeT MPUHUMATH 10 TpaduKy IEHTPAILHOTO PETYIIMPOBAHUS TIPU
CpeIHEeMECSYHOI TeMIepaType Hapy>KHOTO BO3yXa PacyeTHOro MecsIIa.

OnTUMaNbHYI0 TOJIIUHY OCHOBHOTO CIIOSI M3OJISIIIMOHHOW KOHCTPYKIIMHM PACCUYUTHIBAIOT
UCXO0/I U3 MUHUMAJIBHBIX ITPUBEJCHHBIX 3aTpaT, pacCMaTpUBasi HECKOJIBKO BAPHAHTOB C PA3TUYHON
TOJIIIIMHON M30JISIIIMOHHOTO CJ10s. MOXHO BOCIOJIb30BaThCsl MeTOAUKONW u npumepom [4, C.395-
396].

IIpunoxxenns

10
19

73U,
[+5]

<

72
[A/3]
[ —
I~ | — 0
\







44

72U
(/3]
724

\ |77

T ) | T s ;6
NI
al ™
L,
VR
0y
hOY H—t wil 0
— o) ’} kr
— 0
@ a
R ﬂ N
200 o T
o %~
u 3
| O] 3
00— 0] 9
<l o | A~
NI T R,
Q O() Y

MeTtoauyeckue peKOMEHAALMHU 110 NOATO0TOBKE K JIA00PATOPHBIM 3aHATHAM

Benymeit nensto 1abopaTopHbIX paboT SABISETCS IKCHEPUMEHTAIbHOE MOATBEPXKIECHUE U
IPOBEPKA CYIIECTBEHHBIX TEOPETUUECKUX TMOJI0KEHUH (3aKOHOB, 3aBUcHUMOcTel). ConepkaHueM
71a00paTOpHBIX PabOT MOTYT OBITH SKCHEPUMEHTAIbHAs MpOBEepKa POpMYJl, METOIUK pacyera,
YCTaHOBJIEHHE M NOJITBEPKAECHUE 3aKOHOMEPHOCTEN, 03HAKOMJIEHHE C METOJUKAMU ITPOBEICHUS
HKCIIEPUMEHTOB, YCTAHOBIIEHHE CBOMICTB BEIIECTB, MX KAYECTBEHHBIX U KOJIMYECTBEHHBIX
XapaKTEepUCTHK, HAOJIOJICHUE pa3BUTHs SBJIEHUI, mpoueccoB U Ap. B xone BbIMoIHEHMS
3alaHuil 'y CTYJIEHTOB (OPMHUPYIOTCS NPAKTHUECKHE YMEHMsI M HaBbIKM oOpalleHus ¢
pasMYHBIMM  NpUOOpamMM, YCTAaHOBKAMH, JIAOOpPAaTOPHBIM OOOPYAOBAaHUEM, amlmaparypoil,
KOTOpBIE MOTYT COCTaBJIITh YacTh MPO(ecCHOHATbHOM MPaKTUYECKOW MOJITOTOBKH, a TaKKe
UCCIIeIoBaTeIbCKUE yMEHHUs (HaOmojgaTh, CpaBHMBATh, AaHAJIM3UPOBaTh, YCTAHABIHUBATH
3aBHCHUMOCTH, JeJaTh BbIBOABI U OOOOLIEHHUS, CaMOCTOSITEIbHO BECTH HCCIIEOBaHUE,
0(pOPMIIATH Pe3yabTATHI).

JlaBoparopHble pabOThI MOTYT HOCUTH PENPONYKTHUBHBIM, YACTUUYHO - MOMCKOBBIA U
MOMCKOBBIN XapakTep.

PaGotsl, HOCAIIME PENPOTYKTUBHBIN XapakTep, OTINYAIOTCS TEM, YTO IIPU UX MPOBEJICHUU
CTYACHTBI TMOJIB3YIOTCS MOAPOOHBIMH HMHCTPYKLHUSIMH, B KOTOPBIX YyKa3aHbI: IeNb DPabOTHI,
MOSICHEHHUsI (TeOopHsl, OCHOBHbIE XapaKTEPUCTUKH), 000pyI0BaHue, anmnapaTypa, MaTepuaibl U X
XapaKTEPUCTHKH, TOPSIOK BBIIOJHEHUs pabOThl, TaOMUIBI, BBIBOJBI (0€3 (OpMYIMPOBKH),
KOHTPOJIbHBIE BOIIPOCHI, yueOHas U ClielluaabHas JINTepaTypa.
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PaboTel, HOCAIIME YaCTHYHO - TIOMCKOBBIM XapakTep, OTIMYAIOTCS TeM, YTO INPH HUX
NPOBEJCHUU CTYACHTHl HE MOJNB3YIOTCA MOAPOOHBIMH HMHCTPYKIMSIMH, UM HE HaH HOPSIOK
BBITIOJIHEHUS] HEOOXOJAUMBIX JICHCTBUH, U TPEOYIOT OT CTYAEHTOB CaMOCTOSTEIBHOTO MOa00pa
o0opynoBaHusi, BbIOOpa CHOCOOOB BBIIOJHEHUs PaOOThl B MHCTPYKTUBHOW M CHPAaBOYHOM
JUTEPATYPHI U JIP.

PaboTh1, HOCSIIME TTOMCKOBBIN XapakTep, XapaKTePU3YIOTCSI T€M, YTO CTYAEHTHI JOJDKHBI
PELIUTH HOBYIO JJISl HUX MPOOJIEMY, ONMPAsACh HA UMEIOIINECS Y HUX TEOPETHUECKUE 3HAHMUS.

@dopMBbl OpraHu3ayy CTYJCHTOB Ha JIa0OPaTOPHBIX paboTax: (pOHTabHAS, IPYIIIOBAs U
WH/IMBUyaJIbHAS.

[lpu ¢QponTanbHOM (GopMe OpraHM3alM 3aHATHH BCE CTYJCHTHl  BBINOJHSIOT
OJTHOBPEMEHHO OJIHY U TY K€ padoTy.

[lpu rpynmoBoii ¢opme opraHu3anMy 3aHATHH OJHA M Ta XK€ paboTa BBIMOIHACTCS
Opuragamu 1o 2 - 5 4eJIoBeK.

[lpn wHIMBHAyanmbHOH QopMe opraHu3alMy 3aHATUH KaKABIH CTYAEHT BBINOJIHSIET
WH/IMBUIYalIbHOE 3aJ[aHue.

OdopmileHe NHCBMEHHOIO OT4YeTa [0 BBIIOJHEHHOM paboTe B COOTBETCTBUU C
TpeboBaHUsIMU. [TMCEMEHHBIN OTYET O BBHIOJHEHHOW Ta00paTOpHOH paboTe TOJDKEH COMepiKaTh
CIIC/TYIOIIME CBEJICHHUS:

- Ha3BaHUe paboTHI U CBeIeHUs 00 aBTOpe oTUeTa (KypC, uMs, (paMuims);

- 11e7b paboThl ¥ HOPMYIIMPOBKA HCIOIB3YEMOT0 METO/1a AHAIIN3A;

- OTIMCaHME BHIMOJIHEHUS Ta00paTOPHBIX UCCIIECAOBAHHIA WIIM PACUETOB;

- CIIMCOK UCIIOJIb3YEMOM JINTEPaTypHl.

OneHky 3a BBINOJIHEHUE J1a00paTOPHBIX pabOT YYHMTHIBAETCS KaK MOKa3aTeib TEeKyIIeH
yCIIEBAEMOCTH 00yYaromerocs.

pa3nuyHON GOPMBI.

JlaGopatopHoe 3ansaTue 1. OnpeneneHue yIeNbHOW TEMJIOBOH XapaKTEPUCTHKHU 3aHUM
pa3nuyHON (POPMBI.

[{esib paboThl. ONBITHOE OIpEesIeHUE BIUSHUS KOH(MUIYpaluy U pa3MepoB 37aHUs Ha €ro
yIIENbHYIO TEIUIOBYIO XapaKTEPHUCTHKY.

OCHOBBI TeopuHd. YenbHasl TEIJIOBas XapaKTepUCTHUKA 3[aHUsS SIBISETCS MOKa3aTeleM ero
TETUIOTEXHUYECKNX KadecTB. OHa TpENCTaBIseT COOOH BeNWYMHY TOTEPh TeIUIa €IUHHIICH
o0beMa 3/1aHUS B €IUHUILY BPEMEHU IPH PAa3HOCTH TEMIIEpPAaTyp MEXJy BHYTPEHHUM U
Hapy>KHBIM BO3/IyXOM B OJIUH TPayc:

qg=—2— (1)

V(tg—ty)

rae Q — pacueTHble IOTEPH Yepe3 HAPY>KHBIE OTPaK/IEHUSI BCEU MOMEIICHUSIMH 3/1aHUS,
BrT;

V — 00BpeM oTarIMBaeMoro 3/1aHus 0 Hapy>KHOMY oOMepy, M
ts - t, — pacdueTHas pa3HOCTh TEMIIEPATYP JJIT OCHOBHBIX TTOMemeHuH 3aanus, ° C.

OHLITHOC OIIPECACIICHUC q MMPOBOAUTCHA O6BI‘IHO Ha yMCHBHlCHHOﬁ MOICIN 3IaHUA.
Terutonorepu Ui paccMarpuBaeMoro 3xanust Q um ero momenu Q, CBsS3aHBI MEXIY COOOM
COOTHOLICHUEM
T h-Fi{ty—ty)
) ‘;':M'FMI{I‘-E_!:M:]'

Q=0Q," (1.2)

e FUF, kuk, - coorsercrBeHHo mwiomamy u KOd)PHUIMEHTHI TEILIONEPENAUH
HapyKHBIX OIPAKICHUMN 3/1TaHUSI U MOJIEIH, M 1 Br/m® C;

t, — cpeaHee 3HAYEHHUE TEMIIEPATYPBI TEIUIOHOCHTENS U MOJIENH, ONIPEENAEMOE B OIIBITE,

C.
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¥k, E,

T.x. S kF

=M, - M2, To moTepu 31aHHUS OMPEEISIOTCS KAK

_ Qre(fg—1y)
Q= M M2 (t,—t,) (1:3)

rae M — nuHeitHbIl MaciuTad mozenu, M, — macmtad ko3 GHUIIMEHTOB TeIonepe ayn.

Onucanye SKCIepUMEHTATLHON YCTAHOBKH:

CreHp, 371EMEHTOM KOTOPOTI'O SIBJISIETCS MOJIEJIbHASI YCTAHOBKA, IIPE/ICTaBJIEH HA puC. 1.

B nanHoil paboTe MoOIenbHOE HCCIENOBaHHE MPOBOIUTCS AJIs YEThIpeX KOH(UTypauun
371aHUS, MPEJCTABISAIONIUX B IUIAHE KBAJpaT, KPYT, BBITAHYTHIH MNPSIMOYTOJBHHUK, YIJIOBYIO
KoH(purypanuio. Moaenu uMeroT oiuHakoBbIid 00beM VM 0,0125 M3 1o HapyxHOMY 00MepY, HO
pasHylo noBepxHOCTh FM. OTHolleHHE IUIOMIAM HAPYKHOM MOBEPXHOCTH K OO0BEMY s
M3y4aeMbIX Mojiesieil mpuBeeHbl B Tabuie 1.

Jluneiinpiii Macmtad mogeneit M 1:200. Macmtad xo3ddunuentoB temmonepenaun Mk
10:1.

Tabymmna 1.
Ne mozenu 1 2 3 4
Fm/VM, M-1 26 24 32 32

Harperas B kKoTJIe BOoJa HacocoM IojaeTcs B oOwmil kosekTop. M3 KomnekTopa ropsyast
BOJIa TIOCTYNAeT B 00beMHBIe Mojienid. CIIMB BOJIBI U3 MOJIENIEH OCYIIECTBISCTCS B KAaHATU3AIHIO.

[TpoBesieHue onbITa:

['pynnoByr0 yCTaHOBKY MOJEIEH 3JaHUM 3alOoJHAIOT KOTIOBOWM Bojxoi. Temmeparypa
bukcupyercss uepe3 Kax/ple IATh MUHYT — BCEro HEOOXOAMMO IPOU3BECTH HE MEHee IIECTH
3amepoB. [Toka3zaHus TepMOIATUMKOB U TEPMOMETPA, CIYKALIETO JUIsl U3MEPEHUS] TEMIIEPATYPbI
OKPY’KaIOIIEro BO3/1yXa, 3alMChIBAIOTCS B TAOJIMILY.

O06paboTKa MoTy4eHHBIX JaHHBIX:

[Torepu Temna Jyuist MOJIENH ONpeNeNsIoTes o (hopmyIe:

0. = el E g —ts)

M

{Tﬁ_]’l]'ﬁﬂ ! (1 4)
rae ¢ —rtemtoeMkocth Boiwl, Jk/krC, G — macca BOIbl B MOJENH, KI; Ty U Tg —
COOTBETCTBCHHO HAYAJIbHOC U KOHCYHOC BPEMs H3MepeHHI>i.

Tabnuma 2.
Temnepatypa Bonbl B Mogensx , C | Temmepar
& ypa
g Bpewms
= U3MEpEHUS OKpYyXaio
°© 1 2 3 4 IIErO
~ T, MHH BO3/TyXa ty,
°C
1 2 3 4 5 6 7

Cpennee 3HaUYCHUE ty
Aty C
3Hag Q, MOKHO ONpPEIEIUTh MMOTEePU TeIla MOJEIUpyeMbIX 3maHuil. OmnpenenuB Q,
HAXOJATCS YJAETbHBIE TEIUIOBbIE XapaKTEPUCTHKH pAcCMaTPUBAEMBbIX 3/1aHUM. YenbHbIE
TEIUIOBBIE XapaKTEPUCTHKU onpenestores mis t,= -10 °C; -20 °C; -30 °C  u mpeacTaBisioTcs
rpadudeckoii 3aBucumoctbio q=q(F/V).
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Puc.1. MooenvHnas ycmanoska:

1- nacmennwiii 2azoswiti komen “Ariston 23-M1”; 2- sanexmponpudop omonumenvrvui “Oearn C1-5"
12- epynnosas ycmanoska moodeneu 30anutl; 14- nacoc, 15- konnekmop; 20- 0bimoxod,; 22- o610k
YCmpoucme 0Jisl UsMepeHust U KOHMpOJisi memMnepamyp

JlaGopatopHoe 3aHsATHE 2. PerynupoBaHue TEIIOOTAaYN OTOMUTEIbHBIX TPUOOPOB.
Henb pabGotbl. OmpeneneHue 3aBUCUMOCTH TEIUIOOTIAYM OTONUTENBHBIX MPUOOPOB OT
TEMIIEPATYPBI U PACX0/1a BOABI.

K
OcHoBbel Teopuu. Koapduuuent termonepenaun ™ XapakTepu3yeT HHTEHCUBHOCTD
HepeHoca TeIia OT TEIUIOHOCUTENS B OTAIlNIMBAEMOE MOMEIEHHE Yepe3 CTEHKH OTOMUTEIBHOTO
npubopa.

Fp OTIPEIEINISIOT, OOBIYHO, COBMECTHBIM PEIIICHUEM YPaBHEHUS TEIJIOBOTO OaliaHca:
QFFP = Grrp (tsx - tEar_‘\cj; (1)
U YpaBHEHUS TEIUIONEPEIavH:
Cnp = KrpAmy [tcp — i )’ (2)
e ©- yIelbHas MacCoBasi TEIUIOEMKOCTh BOJIbI, paBHAsI € =4187 JIx/Kr I:{:;

"F -KOJIMYECTBO TETUIOHOCUTEIIS, MPOXOSIIETO Yepe3 OTOMUTENBHBIN MPUOOP, KI/C;

t.. t... t
Bx, CBEX E- COOTBCTCTBCHHO TeMIIEpaTypa BOJbI Ha BXOJC M BBIXOJIC U3 OTOIMTEIBHOIO

(S .
npubopa W BO3AyXa B IOMEIICHUH, ;  ™- momans TEIIOOTAANIed MOBEPXHOCTH

M- t
OTOIIUTCIIBHOI'O HpI/I60pa, ; e CpeaHdas TEMIICpaTypa BOAbI B OTOIMUTCIIbHOM HpI/I60pe,

t{:P:O’S(tEx+tEamj (3)
N3 (1) u (2) xoaddunmenT remonepenadyd 0OTOMUTEILHOTO Mprudopa onpeaenseTcs
KaK
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_ c.GIIp{:tEX_tEhDC]
KHP _ A ({tﬂx'l'tﬂh[x]_t )
p . B )

BaxHpIM moOKazaTelieM TEIUIOTEXHUYECKOW A(P(GEKTUBHOCTH OTONHMTEIBHOTO Mpubopa
ABJISICTCS BEJIMYMHA YACIBHOIO TEIIOBOIO ITOTOKA

Qg = Ky * &tcp (5)
3nece:
E'-E}I-i_t‘-EI:[K

Mop-"2 & 6)

O,Z[HOI>'I N3 SKOHOMUYCCKHUX XAPAKTCPHUCTHUK OTOIMUTCIBHOI'O an6opa SABJICTCA IIOKA3aTClIb
TEIIJIOBOI'O HAIIPSAXKEHUA METaJLIa an60pa

Qrp
m= At "M
¥ (7)
At t, — t . o
rjae P= P B -pa3HOCTh MEXAY CpeIHEH TEeMIEepaTypod TEIUIOHOCUTENS |

o o C. M
TEeMIEPaTypoi OKPYKAIOIIEeH Ccpelibl ;- - Macca OTOIMTEIBHOrO IPUOOpa, K.

Yem Gonpie ', Tem Gosee SKOHOMHUYCH npubop 1o pacxoqy Merasia.

[TpoBenenue onbiToB. CxeMa cTeHAA Ui UCHBITAHUS OTONUTEIbHBIX MPUOOPOB MpHUBEICHA
Ha puc. 3. [lepBoHavanbHO crcTeMa OTOIJICHUS 3aIl0JIHAETCS XOJ0IHOM BOJIOM MpH CIIEAYIOIIEM
MOJIOKEHUHU 3allOPHO-PETYIUPYIOLIEH apMaTyphl: wmapoBele Kpanbl 14, 15, 16, 18, 19, 20 —
OTKpPHBITHL, a 21, 22 — 3akpbIThl. Bo3ayX ymansieTcss U3 CUCTEMBI C MOMOIIBIO aBTOMAaTUYECKOTO
BO3JyXOOTBOAUYMKA 9. 3alOoiIHUB CHUCTEMY TEIJIOHOCUTENIEM, BKJIIOYAKOT FeHeparop Temia | u
HUPKYJISUUMOHHBIN Hacoc 8.I'opsyasi Boja MO MOAAIOIIEMY MarucTpajJbHOMY TEIUIONpPOBOAY 2
IOCTYIAeT B OTONMUTENIbHBIE MPUOOPHI: HU3KUM KOHBEKTOP «YIOT» 3,CeKLIMOHHBIA paauaTop
«Cahdor Super» 4, crampHOl maHenbHBI pamuaTop «Radson» 5. Ilpoxoas oTomuTenbHBIC
npuOopsl, ropsiuas BOAA OTAAET 4YacTh TEIJIOThI BO3AYyXy momemieHus. OXJaxkIaeHHas BoAa U3
npuOOpOB JIBUKETCS MO OOpaTHOMY MarucTpajibHOMY TEIUIONpoBoAy 6 B 3ieKTpokoren 1.

t_. b
3HaueHusl TeMmIepaTyp BOAbI Ha BXOJE =% W BBIXOAE =** K3 NPUOOPOB (PUKCUPYIOTCS C

G

MOMOIIBIO JaTyukoB 23, 24, 25. Pacxon TEMJIOHOCHUTENs 4epe3 OTOMMTENbHble MmpuOopel ™
OTIPENIETISIOTCS 1O TTOKa3aHusIM cyeTunkoB 11, 12, 13.

[TocTosiHCTBO pacxoja BOJAbI B CHCTEME OTOIUIEHHUS! 00eCIeunBaeTCsl HEU3MEHHBIM YPOBHEM
BOJIbI B 3aKPBITOM pacHIMPUTENBHOM Oake 7.

HcnbiTanus npruOGOpoB NPOBOJATCS TOIBKO MPH YCTAHOBUBIIEMCS PEKUME.

TemnepaTypy Bo3AyXa B IMOMELIEHUU H3MEPSIOT TEPMOMETPOM Ha PAcCTOSHUU 2 M OT
(bpoHTa oTONMUTENBHOTO MpUbOpa U Ha ypoBHE 1,5 M 0T noa.

toe b O
OnpenenuB SKCHepUMEHTANbHBIE 3HAueHus ¢ , B2 - %P o (opmynam (4), (5), (6)
K

PacCUYUTHIBAIOT, COOTBETCTBEHHO, KOA(DPUIMEHT Terionepenadyn F , MIOTHOCTh TEIJIOBOTO

rmotoka T TEIJIOBYIO HANpPsDKEHHOCTh MeTalia " 1S KakIOro THIA OTOIHTEIBHOTO
npubopa.

W3mepenus npoBoaaTcs npu 3-4 3HaUEHUSX pacxo/a BOJbI Yyepe3 MpUOOpbl, KOTOPbII
YCTAaHABIMBAETCS pEryiupyomuMu kinanadHamu 13, 14, 15 u 3-4 3HaueHUsAX TeMIepaTypsl
ropsderl BOABI B CHUCTEME, BEIMYMHA KOTOPOM YCTAaHABIMBACTCS HA IIyJNbTE YIPaBICHUS
IIEKTPOKOTIIA.

Pe3ynpTaThl M3MepeHu M BBIUMCICHUN 3aHOCATCA B TaOi. 3.1 W MpEeaCTaBISIOTCS B BUIE

rpabuKoB Kap = K(Gpp, tﬂPj1 Qmp = q[Grrp’ tcp)_
Tabmwnma 1
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No Tun oTonu- AEP M to. tore ,[;n_p Kup - m
OrbI- TEJILHOTO i ' “Cl oC ' ) ) B /, " BT/l
T2 npuopa M" Kr Kr/c Br M"
M2 - n": BT/ KT - nc
1 2 3 4 5 6 7 8 9 10

[To manHbIM TaOs. | maeTcst cpaBHHUTEIbHAS OLIEHKA XapaKTEPUCTHK UCCIICOBAHHBIX THUIIOB
OTOTHTENBHBIX TIPUOOPOB.

JlaboparopHoe 3ansitue 3. MccnenoBanue padoThl TEIII000OMEHHHUKOB.

Llenb  pabotel.  Omnpexnenenue  kod3dduumeHTa  Temwionepenadyd  IUIACTHHYATOTO
TEII000MEHHUKA.

Koadunuent Tteruonepenaun K, xapakrepusyeT HMHTEHCHBHOCTh IE€peHOCa Terjia OT
TPEIOIIEro TETIOHOCUTEISI HArPEeBaeMOMY TEIIOHOCHTEIIO CTCHKH TUIACTHH.

JlabopatopHoe 3ansTue 4. MccienoBanue paboThl EHTPOOEKHBIX HACOCOB.

[{enb paboTel. [TocTpoeHHE XapaKTEePUCTHKHU IICHTPOOSIKHOTO HACOCA.

['mapaBiavueckol  XapaKTEPUCTHKOW HAcoca HA3bIBaeTCsl  3aBUCHMOCTh — Hamopa
C03/1aBaéMOT0 HACOCOM, OT OOBEMHOM TIOJJaYH HACOCA.

IIpoBenieHue onbITa:

Ha omnbITHOM YCTaHOBKE MEHSIOT PacXoj BOJIbI U 3aMEPSIOT JIaBJICHHUE HAa HArHETATEIIbHOM
narpyOKe IeHTPOOEKHOT0 Hacoca.

O06paboTKa MOAYYEHHBIX JTAHHBIX:

[To moy4eHHBIM TaHHBIM CTPOST 3aBHCHMOCTH HAIIOpa HACOCa OT Pacxoja BOIBI.

JlabopatopHnoe 3ansatue 5. MccienoBanue paboThl 31eBaTopa.

[{enb paboTel. Onpenencane ko HUIeHTa CMEIeHHs 3JIeBaTopa.

Jis  mpUCOEIMHEHHs] CHCTEM OTOIUICHHS C PACYCTHOW TEMIIepaTypoll BOJBI HUXKE
TEMIIEPATYPHI B TIOJIAIONIEM TEIIJIONPOBO/IE TEILIOBOW CETH 110 3aBHCHMOM CXEME yCTaHABIMBAIOT
aneBatopbl. OHU 00€CIEYMBAIOT TMOCTOSHCTBO KOA((UIMEHTAa CMEIICHUS TNPU HU3MEHEHHSX
TEIUIOBOTO M THUIPABIUYECKOTO PEKUMOB MAaruCTpaibHBIX cereid. [IpuHmmnm paboTsl
BOJIOCTPYHHOI'O 3JIeBaTOpa 3aKIIOYAeTCs B HCIOJIb30BAaHMM DHEPTUU BOJBI  IOJArOIICH
MaruCTpaIH.

[IpoBeneHue onpiTa:

Ha ombITHON ycTaHOBKE 3aMEpSIIOT PacXo]] M TEMIIEPATYPY BOJBI TIEPE]T JIEBATOPOM, MOCIIC
3JIeBaTOpa U B 0OpaTHOM TPYyOOIPOBOJIE.

O06paboTKa MOTYyYEHHBIX TAHHBIX:

[To maHHBIM OompenensoT KodHPUIIMEHT CMENIeHUs BOAOCTPYHHOTO 31eBaTopa.

JlaboparopHoe 3anatue 6. OmnpeneneHue MoTepb HAopa B TPyOOIpPOBOAAX Ha MOJENIU
TEIUIOBOU CETH.

[{enb paGoThl. 3ydueHUs BIHUSIHIS H3MEHEHHS MECTHBIX COTIPOTHBIICHUN HAa XapaKTEPUCTUKY
TEIUIOBOU CETH.

COnpoTUBJICHHE CETH 3aBHCHT OT TEOMETPUUYCCKUX Pa3MEpOB, aOCOIOTHOM MIEPOXOBATOCTH
BHYTpPEHHEN MOBEPXHOCTU TPYOOIPOBOIOB, SKBUBAICHTHOMN UIMHBI MECTHBIX COMPOTHBICHUN U
TJIOTHOCTH TETUIOHOCHUTEISL.

[IpoBeneHue onpiTa:

Ha ombITHON yCTaHOBKE W3MEHSISI CTENICHb OTKPBITHS PETYIHPYIOMHUX KPAaHOB H3MEHSIOT
COMPOTHUBIIEHHE AOOHEHTCKUX YCTAaHOBOK. 3aMepsIOT JaBJICHHsS B TMOJAIONIEM M O0paTHOM
TEIUIONPOBOAX BCEX A0OHEHTCKHUX CHCTEM.

O06paboTKa MONTYICHHBIX JaHHbBIX:

OnpenenuB MaaeHUs JABICHHS 10 YYaCTKaM CETH ONPEACIISIOT COMPOTUBIICHUS YIaCTKOB U
CTPOSIT XapaKTEPUCTUKY CETH.

JlaGopaTtopHoe 3ansTHe 7. PacdeT mbe30MeTpruiecKoro rpaduka MOIEIH TEIIOBOU CETH.

[{enb paboTel. [TocTpoeHre XapaKTePUCTHKU TETIJIOBOW CETH.

[Ipy NPOEKTHPOBAHWUM W OKCIUTyaTal[MM pa3BETBICHHBIX TEIUIOBBIX CETEH IIHMPOKO
UCTIONIB3YETCSI Mbe30METPUUECKU TpaduK, HA KOTOPOM B KOHKPETHOM MaciiTabe HaHEeCEHbI
pebed MECTHOCTH, BBICOTa MPUCOCTUHEHHBIX 3JaHUM, HAMOP B CETH, IO HEMY JIETKO




50

OTIpEICNIUTh HAmop (JaBJICHWE) U pacloiaraeMblii Hamop (mepenaja JaBleHUi) B 000N TOUYKe
CETH U aDOHEHTCKUX CHCTEMAaXx.

IIpoBeaeHuE onbITa:

BxutouaeTcst onbITHAs yCTAaHOBKA, B KOTOPOW BCE MPUCOEINHEHHBIE A00HEHTHI TOIKIIIOYCHBI
K TeryIoBOi cetn. CHUMAIOTCS MOKa3aHUS MaHOMETPOB, YCTAHOBJIEHHBIX B COOTBETCTBYIOIIUX
TOYKaX.

O06paboTKa MoJIy4eHHBIX JaHHBIX:

[To coOTBETCTBYIOUIMM MOKa3aHUSM MaHOMETPOB CTPOUTCS IbE30METPUUECKHUM Trpaduk
MOJEIINPYEMON TEIJIOBOM CETH.

JlaboparopHoe 3anstue 8. OnpeneneHue XapakKTepUCTUK COMPOTUBIICHUS Ui y3JI0B CUCTEM
MOKBapTUPHOTO TETNIOCHAOKEHHUS.

[lenb pabotel. MccrnenoBanue BIHMSHUS THUAPABIUYECKHX CONPOTHBICHUN 3aMBIKAIOIIETO
y4acTKa U MOJBOJIOK K OTOMUTENBHBIM MPUOOpaM Ha BENUYHHY K03 (PULIMeHTa 3aTeKaHMS.

OcHoBbl Teopun. Pacxon Bojb! uepe3 npubop 0JHOTPYOHOM CHCTEMBI OTOIUJICHHSI PAaBEH:

Omp =" O (4.1)

m
o G
rae - Kod>(pQUIMEHT 3aTeKaHus TEIIOHOCUTENs B IPHUOOD; - pacxol BOJIBI,
NPOTEKAIOIIEH 1O CTOSAKY, KI/C.

Koadduiuent 3arekanus % 3aBucur or COIPOTUBIICHUN 3IEMEHTOB MpubopHoro ysna. Ha
HEro OKa3bIBAIOT BIUSHUE CHOCOO NPUCOEIUHEHUS OTOIMUTENBHBIX MPUOOPOB K CTOSIKY;
PAacIoJIOKEHUE 3aMbIKAIOILEr0 y4yacTKa (OCEBOW WJIM CMEIIEHHBIN ); €ECTECTBEHHOE JIaBJIEHUE B
MaJIOM IIUPKYJSIIUOHHOM KOJiblie, 00pa30BaHHOM OTOMUTEIBHBIM MPUOOPOM C OTBETBICHUSAMHU K
HEMY U 3aMBIKAIOIINM YYACTKOM.

Koo duuument 3arexanus “« orpenenseT SKOHOMHUYHOCTh M AIPPEKTHBHOCTH PAaOOTHI
CHCTEMBI OTOTICHHI. YeM BBIIIE ATOT KO (PUIIHEHT, TEM SKOHOMUYHEE CHCTEMA.

[IpoBeneHue onpiTa:

OmnbIT mpoBoAMTCS HAa ycTaHOBKe. Pacxon Temmonocurens Grp depe3 OTONMUTENbHBINA TPUOOop
ompezeNsaeTcss MO TOKa3aHUSIM CuUeTYMKa TMPU OTKPHITOM 3aMblKarolieM ydactke. Jlis
OTIpeNIeJIeHUs] pacxo/ia TEIUIOHOCUTENSI dYepe3 CTOSK 3aKpPBIBAIOT 3aMBIKAIONIMNA  yJacTOK.
OKCIIepUMEHT TMPOBOAUTCS TMpPH pasHbIX pacxodax BOJbl uepe3 Mpubop, KOTOPBIH
YCTaHABJIMBACTCS C IOMOIIBIO IIAPOBOTO KpaHa.

O0paboTKa MONYYECHHBIX JaHHbBIX:

OnBIT IPOBOIUTCS HA YCTAaHOBKE, CXeMa M OMMCAaHUE KOTOPOU mpuBeaeHbl Ha puc.3. Pacxon

TEIJIOHOCHUTES G 4yepe3 OTONUTENbHBIN prubop 4 onpenensercs Mo MoKa3aHusIM cueTdrka 15.
Jnis ompeneneHuss pacxoAa TEIUIOHOCUTENS uepe3 cTosk Ne2 HeoOXOAMMO M3 IOKa3aHWM
cuerynka 10 BeluecTh MoKa3aHus cyeTdyukoB 11 u 13. DKcepuMEeHT NPOBOAUTCS MPHU Pa3HBIX
pacxojiax BOJibl 4epe3 Mpuodop, KOTOPBIH yCTaHABIMBACTCA C MOMOLIBIO IAPOBOro KpaHa 15.
Pesynbrarthel 3aMepoB W pacueToB CBOAATCS B TaOu. 4.1 W TPEnCTaBISIOTCS B BHJIC

. a=alv
rpaduyueckoil 3aBUCUMOCTH KO3(UIMEHTa 3aTeKaHHUA OT CKOPOCTH BOJBI B CTOSIKE (v)
a = a(Re)
WIH .
Tabnuua 4.1
Homep G G Gy Gy G, e v
OIIbITa
krlc kr/c kric kr/c kr/c m/c

1 2 3 4 5 6 7 8
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JlaGopaTtopHoe 3ansTre 9. MccnenoBanne cTaTUueCKOro pexkuma TeIIOBON CETH.

7

Z 2 i X

2 4 2

7

Llenb pabGoThl. M3yueHue BIMSHUS CTaTHYECKOTO pEXHMMa Ha BBIOOP MPHUCOCIUHCHUS
A0OHEHTCKUX YCTaHOBOK.

I'mppocTaTUdecKuil peKuM TEIUIOBOM CETH — 3TO PEKHMM KOT[a CUCTEMa 3aIll0JIHEHA BOJOM ¢
temieparypoii 10 100 °C u uupKyssnus orcyrcTByeT. Ha 0CHOBE IHPOCTaATHYECKOTO PEKMMA U3
YCIIOBHUSI HEMPEBBIIICHUS JTOMTYCTUMOTO JABJICHHS BO BCEX 3JIEMEHTaX O0OpYHIOBaHUs, BKIFOUAs
a0OHEHTCKHE YCTAaHOBKH, MPOBEPSIOT BO3MOXKHOCTh YCTAHOBJICHUS OOIIEH CTaTUYECKOW 30HBI
JUISl BCEU CHCTEMBI TEIJIOCHAOKEHUsI, a TAKKE BBISBIISIOT MPUYUHBI, TIPETSITCTBYIOIINE TAKOMY
PELICHUIO.

[IpoBecHME OIBITA:

BxurouaeTcst onpITHAS yCTaHOBKA, B KOTOPOW BCe MPUCOETUHEHHBIE a00OHEHTHI MOKIIOYESHbI
K TeryioBoi ceTtu. CHUMAIOTCS MOKa3aHUs MaHOMETPOB, YCTAHOBJICHHBIX B COOTBETCTBYIOIIUX
TOYKax. MeHsd [aBlieHHE€ B CHUCTEME ONpPEAENsIOT AaBICHUS B MeECTaX MNPUCOEAUHEHUs
a0OHEHTCKHX CUCTEM.

O0paboTKa NONYUEHHBIX JAHHBIX:

OrnpenenuB JaBlieHNe aHATU3UPYIOT BO3MOXKHBIE CXEMbI MPUCOEANHEHHUS dTHX aOOHEHTOB U
BBIYEPUYUBAIOT COOTBETCTBYIOIINE CXEMBI.

Jla6opaTtopHnoe 3anstue 10. VccnenoBanrue TuHaAMUYECKOTO PEXKUMa TETIOBOU CETH.

Llens pabotel. M3ydeHuwe BIWAHHS TUHAMUYECKOTO PEXHMa Ha BBIOOP MPUCOSAUMHEHUS
A0OHEHTCKUX YCTaHOBOK.

I'upponvHaMUYECKUH pPEXKHM — O3TO PEKHM  LHUPKYIsuuu  TemioHocutens. [lpm
TUAPOIMHAMUYECKOM PEXHUME MMbE30METPHUUECKHUE HAIIOPHI B JIFOOOH TOUKE CUCTEMBI MIPH JIFOOOM
pacxojfie BOJBI JOJDKHBI yIOBJIETBOPSTH CIEAYIOIIMM TpeOOBaHUSAM: 1) HE TIPEBBINICHUE
JIOITyCKaeMOT'0 JIaBJI€HUS U3 YCJIOBHS MEXaHWYECKOM MPOYHOCTU BCEX DJIEMEHTOB CUCTEMBI; 2)
M30BITOYHOE JABJICHHE JIOJDKHO OOECIeUWTh HEBCKUIIAHWE TEIUIOHOCUTENs; 3) W30BITOUYHOE
JIaBJIEHUE JOJIKHO UCKIIOYUTH SIBJIEHNE KaBUTAIlMU HACOCOB M MOJICOCOB BO3yXa B CUCTEMY.

[IpoBegcHME OIBITA:

Bxrodaercst onbpITHAs yCTaHOBKA, B KOTOPOI BCe MPUCOETUHEHHBIE A00HEHTHI TIOIKITFOUEHBI
K TeryioBoi cetd. CHUMAIOTCS MOKa3aHUS MaHOMETPOB, YCTAHOBJICHHBIX B COOTBETCTBYIOIIUX
TO4Kax. MeHsisl pacxo BOJbI B CUCTEME, CONIPOTUBIIEHUE OTAEIbHBIX YYACTKOB CUCTEMBI IIyTEM
OTKJTIIOUEHHUS a00OHEHTOB OIPEACIIAIOT JABJICHHS B MECTaX MPUCOETNHEHUST A00OHEHTCKUX CHCTEM.

O0paboTKa MOJYYCHHBIX JTIAHHBIX:
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OnpenenuB AaBlEHUST B COOTBETCTBYIOIIUX TOYKAX CHCTEMbI Ha TOJAIONIEM M OOpPaTHOM
TpyOOINPOBOJE CPABHHUBAIOT C JOMYCTUMBIMHM JABICHUSMHU B TpyOOmpoBoAax U aOOHEHTCKHX
YCTaHOBKAX.

JlabopaTtopHnoe 3anstue 11. Onpenenenue KIIJ[ TernoBoii u3osmum.

[{enb paboThl. O1ieHKa BIUSHUS H30JSIUN Ha TEIUIONOTEPH OTOMUTEILHBIX TPYO.

[Ipu mnepemerieHUH TEIJIOHOCUTENEH IO TpyOaM, MPOJIOKEHHBIM B HEOTAILIMBAEMbIX
MOMEIICHUSAX, MOXET 3HAUYUTEIbHO TIOHM3UThCA TeMIeparypa Tropsiueil BoJbl (BOASTHOE
OTOIUIEHHE) U OEClOoJIe3HO CKOHJIEHCUPOBAThCS YacTh Mapa (mapoBoe otoruienue). [ns
YMCHBIIIEHUsI OECIOJIC3HBIX  TEIUIONOTEPh OTOMUTENBHBIE TPYOBl B  HEOTAITUBAEMBIX
MOMEILEHUSIX MOKPBIBAIOT TEIJIOBON M30JIALIUEH.

OcHoBbl _Teopuu. llpu mnepememieHUu TEIIOHOCUTENEeH Mo TpybaM, MPOIOKEHHBIM B
HEOTAIlJIMBAEMbIX MOMEIIEHHUAX, MOXKET 3HAUUTEIHHO MOHU3UTHCS TEMIIEpaTypa ropsiyeil BoJbl
(BOISIHOE OTOIIEHHE) U OECIOJIE3HO CKOHACHCUPOBATHCS YacTh Napa (1mapoBoe ororuieHue). s
yYMEHbILIEHUsI OECIOJIe3HbIX  TEIUIONOTEPh OTOMUTENbHbIE TPYObl B  HEOTAIIUBAEMBIX
MOMEIICHUSX MMOKPHIBAIOT TETLIOBON U30JISIIUEH.

Beskoe mokpeITHE TOpsiueii MOBEPXHOCTH, KOTOPOE CHOCOOCTBYET CHIKEHHIO IOTEph
TEIUIOBOM 3HEPTMU B OKPYKAIOUIYIO CPEAy, HA3bIBAECTCS TEIJIOBOM M3oJsAnued. s TernmoBon
M30JSIIMM  MOTYT OBITh HCIOJIB30BaHbI JIIOObIE MaTepHallbl C HU3KUM  KO3(PPHUIHEHTOM
TEIUIONPOBOAHOCTH (Ta3bl, MOPHCTHIC MaTepHallbl, acOecT, MpoOKa, CTEKIOBATa, OMHIKH W
ApyrHe).

KauecTBO TerioBoi U30JIA1IUN OIIEHUBACTCS KOAPPHUITUESHTOM TOJIC3HOTO JICHCTBHUS:

_Q,-Q,

T 2.1)
rae Q’"P 58 Q"‘

COOTBETCTBEHHO, BT.

- TCILIOIIOTCPH HCI/ISOJIHpOBaHHOﬁ u I/ISOJIHPOBaHHOﬁ TPY6aMI/I,

. 1)
TonmuHa €10 TEIUIOBOW M30JALMU  “ ONPEAEIAETCS HMCXOAS U3 €ro TEPMHUUYECKOIO
CONPOTHUBJICHHUS:

Ru3 = Lj’
ﬂ’ua (22)
A, Mm=C
rae @ - KoaQGUIMEHT TeIUIONPOBOJHOCTH MaTepuaa u3osuun, Bt/ .
2.c <
Benmnunna Rus nomkHa ObITh He MeHee 0,86 C/Bm st TpyO d, <25 MM u 1,22
2 .o
m*-°C/Bm e d, >25 M

Tennonorepy, BbI3BaHHBIC TEIUIOOTIAYEH C MOBEPXHOCTH TPYOOIPOBOJA, OMPEICISIIOTCS
M3MEHEHUEM HHTANIBIINU TETIOHOCUTEIS

Q=cG(t, -t,) (2.3)
Mo ez

- U.C
rac C - yacibHas TCIJIOEMKOCTDb TCIIJIOHOCHUTECIIA, ) G . pacxoa TCIJIIOHOCUTEIIA,

wefe t t
e/ , '®W 2 - TeMIepaTypbl B Ha4aJie U KOHIIE paCCMaTPUBAEMOI'0 y9acTKa TPYOHI,

s

Onucanue dKCepUMEHTATbHON YCTAaHOBKH:

CpaBHMTENBHOE HCCIEIOBaHME H30JMPOBAHHOTO U HEU30JIMPOBAHHOIO TPYOOIPOBOJIOB
MIPOBOJSTCS Ha JIaDOpAaTOPHOM CTEHJE, CXeMa KOToporo npuseaeHa Ha  puc 1. HMccrnemyemsbrit
KOHTYp COCTOUT: PErHCTpP TPYOHBIH N30IMpOBaHHbIH (8), perucTp TpyOHBI  HEW30JIMPOBAHHBIN
(9), HacTeHHBIN TemI00OMeHHBIH amnmnapar (6), pacIIUpUTENbHbIN 6a4oK (7), pparMeHT «TeribIit
nom» (10), Hacoc(14).
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Puc. 1

IIpoBeneHue onblra:
W3mepsiercss pacxoi TEIUIOHOCUTENS B KOHType. /[lng 3Toro Heo0XoAMMO Bech IOTOK
TEIJIOHOCHUTEIIS IIPOIYCTUTh Yepe3 pacxonoMep. Ilocine B KOHTyp BKIKOYAETCS U30JIMPOBAHHBIN
TpyOHbI peructp. CHuUMAlOTCS NOKa3aHUsA u3Mepurenedl Ttemmeparypbl. [locime Toro, kak
MOJIY4EeHO JOCTATOYHO MOKAa3aHUMN, N30JIMPOBAHHBIN TPYOHBIA PETUCTP OTKIIOYAIOT OT KOHTYpA.
Bxiro4aroT B KOHTYp HEW30JMPOBAHHBIM DPETUCTP M CHUMAKOT II0KAa3aHHUS HU3MEpHUTENEH

TEMIEPATYPHI.
[Toka3zaHus pacxojoMepa U U3MEPHUTEIICH TeMIIepaTyphbl 3allMChIBAIOTCS B TAOIHITY 3.
mabauya 3.
o 5 | Pacxon HewsonupoBanHas Tpyoa W3onupoBanHas Tpyda
= £ 96,k QBm | t°C | t,°C | QBm | t,°C | t,,°C U
| o fr—
| L=
& L7 7
"/'
9}
- 3
\
[ 1) >—

O6paboTKa pe3yabTaToB:
[To cpennum 3HaueHusiM pacxoga G u temmepatyp t; u tp paccuuteiBaercst Q ans oOomx
PETUCTPOB U ONIPEAEIAETCS M.

3. Y4yeOHO-MeTOAMYecKoe U HHPOpManMOHHOe o0ecnevyeHne U CIUIIIMHbI
3.1. Pexomendyemasn 0CHOGHAA Tumepamypa
Ne HasBanmue
CoxkonoB E.A. Tennmodukanus u TemioBsle ceTu. 6-¢ u3j., nepepad.- M.: M3natenbctBo
MO3UH, 2001 r.,472 c.
Kosun B.E. u np. Teriocnabxxenune: yaeoHoe mocodue.- M.: Breicias mkosa, 1980 r.,
408 c.
[TognopuuoB b.®. TennocHabxeHue [ IEeKTPOHHBINA pecypc] : yuedHoe mocooue / b.D.
ITonnopuHOB. — DNEKTPOH. TEKCTOBBIE JaHHBIE. — benropon: benropoackuii
rocyJapcTBEHHBIN TexHonorndecknii yausepcutet uMm. B.I'. [llyxosa, ObC ACB, 2011.
— 267 c. — 2227-8397. — Pexxum nmocryna: http://www.iprbookshop.ru/28404.html
3.2. Pekomendyemasn 0onoinumenvnas iumepamypa
\ Ne | Hassanue
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buprozosa E.A. TermocHa6xxenne. Yacts 1. ['opsiuee BojocHaOxkeHNE [ DNEKTPOHHBIN
pecypc] : yueoHoe mocooue / E.A. buprozoBa. — DJIEKTPOH. TEKCTOBBIC JaHHBIC. —
CIIG. : Cankt-IlerepOyprckuii rocyaapCTBEHHBIM apXUTEKTYPHO-CTPOUTEIbHBIN
yauBepeuteT, ObC ACB, 2012. — 192 ¢. — 978-5-9227-0420-1. — Pexxum mocrymna:
http://www.iprbookshop.ru/19046.html

TemnnorazocHa0XeHUE HACEICHHBIX MECT M MPEIPHUATUI [ DIESKTPOHHBIN pecypc] :
ydaeOHOe mocoOue I CTyACHTOB 2-4 KypcoB OakanaBpuarta HarpasieHuid 13.03.01
«Tennosneprerrka u teriorexuukay, 07.03.04 «I'pagoctpoutenscTBoy, 08.03.01
«CtpoutenbcTBO» U MarucTpanToB HanpasieHui 13.04.01 «TemnosHepreTuka u
termiorexuukay, 07.04.04 «I'pagoctpoutenbctBoy, 08.04.01 «CTpouTenbcTBO» BCEX
dbopm oOyueHust / . — DIIEKTPOH. TEKCTOBBIE TaHHBIe. — BopoHex: Boponexckuii
rOCY/IapCTBEHHBIN apXUTEKTYypHO-CTpOUTENbHBIN YHUBepcuTet, D6C ACB, 2017. — 89
€. — 978-5-7731-0515-2. — Pexxum pocryma: http://www.iprbookshop.ru/72948.html
TemnocHabxeHue ropojia [DAeKTPOHHBIH pecypc] : yueOHoe mocodue / . — DIIEKTPOH.
TEKCTOBBbIE JaHHble. — Boponex: BopoHexckuil rocyqapCTBEHHBI apXUTEKTYpHO-
crpoutenbHblii yHuBepcurer, ObC ACB, 2015. — 58 c. — 2227-8397. — Pexum
nocryna: http://www.iprbookshop.ru/55062.html

4. | lleHTpanu30BaHHOE TEIUIOCHAOXKEHUE [DJNEKTPOHHBIA pecypc| : METOJIUYECKHE
VKa3aHUd K  BBIIOJHEHHIO  KypCOBOIO  MPOEKTUPOBAHHUS U BBIIYCKHOM
KBUTH(DHUKAIIMOHHOW padoThl MO quciuIumHe «lleHTpann30BaHHOE TEIUIOCHAOKEHUE)
JUIS CTYICHTOB OakajaBpuarta Bcex (opm oOydeHus: HampapiieHust moarotoBku 08.03.01
CrpoutenbcTBO / . — DJCKTPOH. TEKCTOBbIC gaHHbIe. — M. : MOCKOBCKUI
roCy/IapCTBEHHBI CTpouTeNnbHbI yHUBepcurer, ObC ACB, 2016. — 64 c. — 2227-
8397. — Pexxum pocryma: http://www.iprbookshop.ru/62641.html

5. | babkun B.®. MmxeHepHole ceTH [DIEKTPOHHBIN pecypc] : yueOHoe mocobue / B.O.
babkun, B.H. fuenko, B.JO. Xy3uH. — DIeKTpoH. TEKCTOBBIC JaHHBIC. — BopoHex:
Boponexckuii  rocynapcTBEeHHBIH apXUTEKTypHO-CTPOUTEIbHBIA yHHBepcuTeT, ObC
ACB, 2012. — 96 c — 978-5-89040-428-2. — Pexum Jgocryma:
http://www.iprbookshop.ru/22658.html

6. | CTpouTenbCcTBO, PEKOHCTPYKIHS, KAMUTAIBHBI PEMOHT OOBEKTOB KaMUTAIBHOTO
cTpouTenbcTBa. HxkeHepHOEe 000pyIOBaHUE 3/IaHUN U COOPYKEHUH M BHEUTHUE CETH.
TennocHaOxenue, OTOIJIEHWE, BEHTWISAIUSA M  KOHJAMIIMOHUPOBAHWE  BO3/IyXa
[DneKkTpoHHBIH pecypc] : COOPHUK HOPMATHUBHBIX aKTOB U IOKYMEHTOB / . — DIEKTPOH.
TeKCTOBBIC JaHHbIe. — CaparoB: A [Tu Dp Menua, 2015. — 379 ¢. — 978-5-905916-
34-2. — Pexxum nocryna: http://www.iprbookshop.ru/30242.html

7. | CIT 124.13330.2012 TemmnoBeie cetn. AkryanusupoBanHas Bepcus CHull 41-02-2003
[TpodeccuonanvHas cnpaBouHas cuctema «TexskcrnepT»

8. |CIlT 61.13330.2012 TemoBas wu30JANHAS OOOPYIOBAaHUS H  TPYyOOIPOBOJIOB.
AxrtyamusupoBanHas Bepcus CHull 41-03-2003 IIpodeccuonansHas crnpaBoyHas
cucrema «Texakcrnepr»

9. | CIT130.13330.2012 BHyTpeHHHUI BOJOIIPOBO U KaHATH3AIUS 3JaHHH.
AxryanusupoBanHas Bepcuss CHull 2.04.01-85 IIpodeccronanbhas cipaBoyHas
cucrema «TexakcnepT»

10. | CIT 131.13330.2012 CrpouTtenpHas kiumaTonorus. Axkryanusuponannas Bepcust CHull
23-01-99* TlpodeccnonanpHas cnpaBodHas cuctema «Texakcmepr»

3.3. Ilpocpammnoe obecneuenue, npogheccuonanvnovle 6a3vl OAHHBLIX U UHPOPMAYUOHHDLE
CHPAGOYHbIE CUCHIEMbL, UHMEPHEN-PeCcyPCbl

Ne Ilepeuyenn

1. |Ilaker opucusix nporpamm Microsoft Office

2. | ITaker oucHbix nporpamm OpenOffice

3. | Onepaunonnas cucrema Windows

4. | Autodesk, Autocad, Revit, Autodesk 3ds Max



http://www.iprbookshop.ru/19046.html
http://www.iprbookshop.ru/72948.html
http://www.iprbookshop.ru/55062.html
http://www.iprbookshop.ru/62641.html
http://www.iprbookshop.ru/22658.html
http://www.iprbookshop.ru/30242.html
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5. \ ITpodeccuonanbHas cipaBoyHas cucreMa «TexakcnepTy

1. | Hayuynas 6ubnuotexa UyBl'Y [DnektpoHHBIN pecypc]. — Pexxum nocryma:
http://library.chuvsu.ru

2. | DnexrponHo-omOmoTeuHas cuctema IPRBooks [ Dnexkrponnslii pecypce]. — Pexxum
nocryma: http://www.iprbookshop.ru

3. | DnexrponHas 6ubmuoTeunas cucrema «lOpait»: anexkTpoHHas OUOIMOTEKa I BY30B H
ccy30B [DnekTpoHHbIN pecype]. — Peskum mocryma: https://www.biblio-online.ru

4. | ObC «M3natennscTBO «Jlanby [DnexTpoHHbIN pecypc]. — Pexxum moctyma:
https://e.lanbook.com/

1. Munctpoit Poccun http://www.minstroyrf.ru/docs/

2. | MUHHCTEpPCTBO CTPOUTENHCTBA, APXUTEKTYPhI U KIIHITHO-KOMMYHAIILHOTO X031CTBA
Yygarmickoit Pecriyonmku http://minstroy.cap.ru/about

3. | ®eaepanbHOE areHTCTBO MO TEXHUYSCKOMY PEryITUPOBAHUIO U METPOJIOTUN
(PoccranmapT) www.gost.ru

4. | ObpazoBarenbHoe coobmecTBo Autodesk
http://www.autodesk.ru/adsk/servlet/pc/index?site|D=871736&id=18409945

5. | Enunoe okHO kK 00pa3oBaTelbHbIM pecypcaM [ DIIeKTpOHHBIN pecypc]. — Pexum
nocryma: http://window.edu.ru

6. | Poccwmiickas rocynapcTBeHHas Onbmmoreka [ DIeKTpOHHEIN pecypc]. — Pexxum gocryma:
http://www.rsl.ru

7. | Poccuiickas HanMoHanbHasg 6MbmuoTeka [ DNeKTpoHHBIN pecypc]. — Pexxum gocryma:
http://www.nlr.ru

8. | Hayunas snextponnas 6ubnuoreka «KubepneHnHKa» [ DneKTpOHHBIHN pecypc]. — Pexxum
nocryna: http://cyberleninka.ru

9. CaiiT )11 TPOSKTUPOBIIUKOB WWW.AW(.ru



http://www.minstroyrf.ru/docs/
http://minstroy.cap.ru/about
http://www.gost.ru/
http://www.autodesk.ru/adsk/servlet/pc/index?siteID=871736&id=18409945
http://window.edu.ru/
http://www.rsl.ru/
http://www.nlr.ru/
http://cyberleninka.ru/
http://www.dwg.ru/

