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Beeoenue

OHepreTukol Ha3bIBa€TCA CHCTEMa YCTAHOBOK M YCTPOMCTB s mpe-
00pa3oBaHuUs IEPBUUHBIX SHEPTOPECYPCOB B BUJIBI SHEPTHH, HEOOXOAUMBIE
JUIS HApOJIHOTO XO3SHCTBAa U HACENIEHHU, U Mepeaun 3TOH SHepruu OT Hc-
TOYHHKOB €€ MPOU3BOACTBA A0 0OBEKTOB HCIIOIb30BaAHUSI.

TennoBoe morpediieHMe — OAHA M3 OCHOBHBIX CTaTel TOMJIMBHO-
9HEpreTHYecKoro OanaHca Hamiei ctpaHbel. Ha ynoBieTBopeHHe TEIIoBOi
HArpy3KH CTpaHbl pacxomyercst exerogHo oosee 600 MIIH. T YCIOBHOTO
TOIIMBA, T.e. okono 30 % Bcex HCIONMB3yeMbIX MEPBUYHBIX TOIMIMUBHO-
SHEPreTHYECKUX PECYPCOB.

Bce mporeccsl 100b1uM 1 iepepabOTKU TOMIIMBA (TOMIMBHBIE OTPACIH
MPOMBIIIIEHHOCTH), MPOU3BOJCTBA, TPAaHCIIOPTHPOBKH U paclperereHus
TEIJIOBOM U 3JIEKTPUYECKOM SHEPIMM OXBAThIBACT OJMH W3 BAXKHEUIIUX
MEXKOTPAaCIEBBIX KOMIIIIEKCOB — TOIIMBHO-IHEPT €THYECKUIT KOMITIEKC.

B TeueHue anuTenpHOrO nepruosia TEMIOBOE X035UcTBO Poccuu passu-
BAETCs MO MYTH KOHLEHTPAIMU TEIUIOBBIX HArpy3oK, LEHTpaIu3aluy Terl-
nocHaOkeHUs] 1 KOMOMHHUPOBAHHOW BBIPAOOTKH TEIIOBOM M DJIEKTpHYe-
ckoli aneprun. lllupokoe pa3BuTre monyunsa TermToGUKaus, SBISIOMas-
cst HanboJiee palMoOHaIBLHBIM METOJIOM HCIIOIB30BAaHMS TOILUTUBHBIX pecyp-
COB JUIS TEILIO- U DJICKTPOCHAOKESHHSI.

BaxxHO#l XapaKkTepHUCTUKOW TeroQUKAIUK SBISETCS IICHTpaIU3ausl,
TO €CTh NMPOM3BOJCTBO TEIJIOTHI Ha TeruodekTpoueHTpamu (TOL) umm
aToMHOM snmekTpoctanHiyu  (ATOLI), oOcmy)MBarOIUX AECSITKH U COTHH
TBICSY JKUTEIEH.

Jns peanu3anuy TeriopuKauy HeoOX0AUMO UMETh TEMI0BOW HCTOY-
HUK Ha CTaHLIMHU; Pa3BETBJICHHYIO TEMJIOBYIO CETh B BHJIE TEIJIOM30IUPO-
BaHHBIX TEIJIONPOBOAOB, 00ECIEUMBAIONINX JOCTABKY TEIJIOHOCUTENS



a0OHEHTaM; TCIUIOBBIC TTYHKTHI, TOTOBSIIME I OTPEOUTENEH C IOMOIIBI0
ceTeBOl BOJIBI (Iapa) TEMIOHOCUTENh HEOOXOIMMBIX ITAPaMETPOB, U COOCT-
BEHHO 000pyaoBaHHEe aOOHEHTOB, WCIONB3YIOIIEe TOpAYyIo BoAy (map) B
cUCTeMax oOToIuieHusi, ropsdero BopocHaOxenus (['BC), BenTmisuwy,
KOHJUITMOHUPOBAHHUS BO3/IyXa U B TEXHOJOTHYECKUX YCTAHOBKAX.

OYHKIMIO EHTPATM30BAHHOTO TEIJIOCHAOKEHUS BBIMTOJIHSAIOT TaKXKE
palioHHBIC KPYIIHBIE KOTENbHBIE. B OTiHYne 0T MEIKUX KOTENbHBIX, OHU
00JIee PKOHOMHUYHBI M SKOJIOTMYCCKHU YHUIIE, KPOME TOTO, B HUX MOT'YT CKH-
raThCs HE TOJIBKO BBICOKOCOPTHEIC, HO M HH3KOCOpPTHBIE TOIUMBa. Bo3-
MOXKHO KOMOMHHUPOBAHHOE MPOU3BOJICTBO TEILIOTHI: HATPEB CETEBON BOIbI
Ha TOLl ¢ nanpHeHIIUM ee MoAOrpEBOM B KOTEIBHOW, KOTOpast B 3TOM CIIy-
4yae Ha3bIBAETCs ITUKOBOM.

[Ipouiecc monyuenus TermnoTel Ha TOL MPoMCXOaUT B OCHOBHOM B Ta-
porypouHHBIX 1UKIaX. CyTh €ro COCTOUT B cieayromieM. B sHepreruue-
CKUX KOTJIaX CO3JIA€TCS MeperpeThiil map, MpONU3BOISAIINIA JIEKTPOIHEPTHUIO
C MOMOIIIBIO MapOBOH TypOMHBL. HekoTopoe KONMMYeCTBO mMapa, YaCTHYHO
oTpaboTaBiero B TypOuHe, 3a0upaercs U3 TemIOPUKAUOHHBIX PeryJu-
pyemMbix oTO0poB TypOuHbI ¢ nasiaeHueM 0,05...0,25 MIla u Hanparisercs
JIM00 HEMOCPEJCTBEHHO K MOTPEOUTENIO, JINOO B CETEBBIC MTOIOrPEBATENH,
B KOTOPBIX 3@ CUET TEIUIOTHI KOHJEHCAIMU Mapa MPOUCXOAUT IMOIOTPEB
cereBoii Boabl 10 110°C. Tlocne norpeBa cereBoi BOABI IPH HEOOXOAUMO-
ct 10 150°C B MUKOBBIX BOJOTPEHHBIX KOTJIaX OHA HANpaBJISETCSA B TeTl-
JIOBYIO CETb.

AJbTEpHATUBHBIM BapUAHTOM TEIUIOQHUKAIIUKM SBJISCTCS IOJIyYCHUC
AIEKTPOPHEPTUU U TEIJIOTHI B PA3MYHBIX IHUKJIAX. B 3TOM ciyuae aiek-
TPOSHEPTUS MPOU3BOAUTCA B KOHJCHCAIIMOHHOM IapOTypOMHHOM IIHKIIC
(KOC wmymu TPOC). IMap, orpaboraBmiuii B KOHICHCAIIMOHHOM MapOBOM
TypOWHE, HAINpPaBJSICTCS B KOHJEHCATOP, TJI€ IMPOMCXOIUT €ro KOHJCHCA-
LM 33 CUET OXJAXJEHUA TEXHUYECKOW BOAOW, OTBOASLIEH TEIIOTY KOH-
JICHCAIlMW B KOHEYHOM UTOre B atMocdepy. Ternora mponu3BoanuTCs B pai-
OHHOM KOTEJIbHOM B MAPOBBIX WJIA BOJAOTPEMHBIX KOTJIAX 33 CUET CHOKUTaHUA
OpPraHUYeCKOro TOTUIMBA.

Jis eBporetickoii yactu Poccuu pasnienibHbIi CIIOCO0 MOJTydEHUS Tel-
JIOTHI U DJIEKTPOIHEPTUU IKOHOMHUYECKH BBITOJICH MPU TEIUIOBBIX HATPY3-
Kax paiiona menee 450 MBT. B mpotuBHOM ciydae Gonee 3¢ dekTuBHBIM
SIBJIACTCSI KOMOMHUPOBAHHOE MPOM3BOJICTBO 3THUX JIBYX BHJIOB DHEPTUU Ha
T3L. 3To cBsi3aHO ¢ TeM, YTO KamuTadbHbIC BIOKeHUs B TOLl u TemmoBsie
CEeTH TIPH HEBBICOKOH TEIIOBOM HArpy3Ke MPEBBIMIAIOT aHAIOTUYHBIEC BEJTH-
YUHBI JUISI KOHAEHCAMOHHOM 3JIEKTPOCTAaHLIMH U pailOHHON KOTEIbHOM.



1. TEIVIOCHABXXEHHWE U TEIVIOBBIE CETH
1.1. Buas! TensiocHa0keHHS MPOMBIIJIEHHBIX NPeANPH THI

OCHOBHBIMH YacTSIMH CHUCTEMBI TEIIODHEPTrOCHA0XKEHUST IPOMBIIILICH-
HBIX MPEANPUATHNA ABISIOTCA: 1) IpennpusTH, MPOU3BOISAIINE TpeOyeMbie
BUJBI HEpropecypcoB (OP); 2) cucremsl TpaHCcopTa u pacipeaeienus JP
MEXK]ly TOTPeOUTENIIMHU (TEIIOBBIC U 3JICKTPUUYECKUE CeTH); 3) moTpeduTe-
JIM SHEPTETHYECKUX PECYPCOB.

PaznuuatoT 1Ba BUaa TermiocHaOXeHUs] — HEHTPaTM30BAHHOE U JIeIICH-
Tpanu3oBaHHOE. [Ipy IEHTpaIM30BaHHOM TEIIOCHAOKEHUH HUCTOYHHUK Te-
miocHaOxkenust TOL, ATOIl wmiam koTenmbHas pPacHONOKEHBI HA 3HA-
YUTEFHOM PACCTOSHUM OT CaMoro yJalleHHOTO MOTPEOUTENs TEeIIOTHI,
OOBIYHO PaBHOM OT HECKOJBKHX IO JIECSTH KHIOMETPOB. B 3TOM ciyuae
HEOOXOJMMO COOpPY)KEHHE TEIIOBOM CeTH, O00ECIeYMBAIOMICH JOCTaBKY
TEIJIOHOCUTENS. K MOTpeOuTeNnto. B KauecTBe TEMTOHOCUTENS ISl CUCTEM
LHEHTPAIBHOrO OTOIUICHUS! KHWIBIX 3[aHWi M TOpSYero BOJOCHAOKEHUs
(I'BC) ob6b1uHO ncnonb3yercs Boja. [Ipu Temmneparypax TEMIOHOCUTENS 10
100...150°C Boma mpuMeHsAeTCS W B Pa3IMYHBIX TEXHOJOTHYECKUX MpO-
MBILICHHBIX Tiponieccax. [Ipu Temneparypax temionocurens oomnee 150°C
B MTPOMBIIIUIEHHOCTH Yalle UCTIONB3YIOT map.

B Poccuu moyunnm oHaKOBOE PaclpoCTpaHEHUE JBa CIIOco0a OT-
MycKa TEIUIOTHI U3 BOASHOM TEIJIOBOM CETH — 3aKpBITHI M OTKPHITHIN. 3a-
KPBITBIH CIOCOO MCIONB3yeTcsl PU KECTKOH MECTHOW BOJE, OTKPBITHIA —
npu markoi. [lpu 3akpbiToMm criocobe Boaa M3 TEMIIOBOM ceTH He 3abupa-
ercsl, a HarpeBaeT B TEMIOOOMEHHHKAX XOJOAHYIO BOJOIPOBOAHYIO BOAY.
B aToM ciydae cereBasi BOAa MPAaKTHUECKH MOTHOCTHIO, 33 MCKIIOYEHHEM
yTedeK, BO3BpallaeTcs W3 TEMJIOBOW CETH B HMCTOYHUK TEIUIOCHAOXKEHHS,
rJle BHOBb IPOMCXOAUT €€ HarpeB M BO3BpAT B TEIUIOBYIO ceThb. [Ipu oT-
KPBITOM cItocobe OTmycka TernoTsl Boaa s 'BC M TeXHOMOrHYecKhx
HYXJ1 3a0UpaeTcs U3 TEIUIOBOM CETH W IOCJe MCIOIb30BaHHS CITUBAETCS B
KaHAJIM3aIHIO.

B mapoBeIx cHcTeMax TeIUIOCHaOKeHHS OOBIYHO HWCIONB3yeTcsl Ha-
CBIIIICHHBIN WM C1ab0 Teperpersiii map. DTO MO3BOJISIET OOCSCIICUUTH B
mpolecce KOHAEHCAIMK Mapa MPaKTHYECKH MOCTOSHHYIO TeMIlepaTypy B
TEXHOJIOrH4YecKoi 30He paboyero mpouecca. [lap mogaercs no moxaromemMy
napomnpoBony. KongeHcar, oOpa3yromuiics B TEIIOOOMEHHBIX YCTPOUCT-
Bax, coOMpaercs B KOHAEGHCATOCOOPHHMKAX W 3aTeM TPAaHCIOPTUPYETCS MO
KOHJICHCATOIIPOBOIY K HCTOYHUKY TeruiocHaOkenus. Eciau koHaeHcaT oka-
3BIBAETCS 3arpsi3HEHHBIM, TO OH CIIMBAETCS B KaHAJIHU3ALHUIO.



[lpu nmeneHTpanM30BaHHOM TEIJIOCHAOKEHHMH HCTOYHHK W MOTPEOH-
Telb Telyla HaxoAATCs OM3KO APYT OT Apyra. TemnoBas ceTb OTCYTCTBYET.
JlelieHTpann30BaHHOE TEMIIOCHAOKEHNE Pa3/IeNaloT Ha MECTHOEe (Terio-
cHaOKeHHe OT MECTHOW KOTEIbHOH) W MHIMBHIyalIbHOE (IIEYHOE, TEIIo-
cHaOkeHHE OT KOTJIOB B KBapTUPaX).

B 3aBUCHMOCTH OT CTelleHH IEHTPaIn3alui CUCTEMbI IEHTPaTu30BaH-
Horo terutocHadkenust (LITC) MokHO pa3aenuTh Ha YeThIpEe TPYIINbL:

1. rpynmoBoe terocHatkenne (TC) rpynimsl 31aHuid;

2. paitonnoe — TC ropoackoro paioHa;

3. ropoackoe — TC ropona;

4. mexropojckoe — TC HECKOMBKIX TOPOJIOB.

[Ipouiecc LITC cocTout U3 Tpex omeparuii — MOArOTOBKA TEILIOHOCH-
tenst (TH), tpancnopt TH u ucnonszosanne TH.

[Monroroska TH ocymecTBisierca Ha nctounukax Teriorsl TOLl u ko-
TenbHBIX. Tpancnopt TH ocymecTsisercss no TemioBsM cetsaM. Mcnomns-
3oBanre TH ocymecTBisiercss Ha TEIUIOMCHONB3YIONIMX YCTaHOBKAaX IO-
Tpedurenei.

Komnaekc ycmanogok, npeonanauennix 014 noo020moeKu, mpawc-
nopma u UCROIbL306AHUA MENTOHOCUMEA HA3ZLIBACMCA CUCHEMO
UEeHmMPAnIu306aHHO20 MEeNa0CHADI CERUA.

PaznuuatoT 1Be OCHOBHBIE KaTErOpPUH TMOTPEOJICHHS TEIIOTHI.

1. Jns co3manust KoM(pOPTHBHIX YCIOBUH Tpyda U ObITa (KOMMYHaJIEHO-
OBITOBas HArpy3Ka).

Croza oTHOCST TOTpebieHne BOABI HA OTOIUIEHHE, BEHTHIISIUIO, TOpS-
yee BogocHadxkenne (I'BC), koHAnIIMOHUpOBaHNE.

2. JIns BBIMYyCKa MPOIYKIMHM 3aJJaHHOTO KauecTBa (TEXHOJOrMuyecKas
Harpyska).

o ypoBHIO TemIepaTypsl TEIJIOTa MOIpa3ensercs Ha:
® HU3KOIOTEHIMAIBHAS, C TeMIepaTypoit 10 150 °C;
e cpejHenoTeHnnanbHas, ¢ Temmneparypoit ot 150 °C mo 400 °C;
® BBICOKOIOTEHIHAJIbHAS, ¢ TeMiepaTypoii Beiiie 400 °C.

KomMmyHanbHO-0BITOBAsI HATPY3Ka OTHOCUTCS K HU3KOMOTEHIIHMAIbHBIM
nporeccaMm. MakcuMmalbHas TEeMIIEpaTypa B TEIUIOBBIX CETSAX HE MPEBbI-
maet 150 °C (B mpssmoM TpyGompoBoe), munumansHas — 70 °C (B obpat-
HOM).

JI71st TOKPBITHSL TEXHOIOTHYECKOW HArPY3KH KaK MPaBUIIO PUMEHSIETCS
BOJSTHOM map ¢ aaBieHueM 1o 1,4 Mlla.

B kauecTBe MCTOYHWKOB TeIUIa MPUMEHSIOTCS TEIUIONOATOTOBUTENb-
Hble ycranoBku TOL] m korenbubix. Ha TOII ocymiecTBisercs KoMOUHU-



poBaHHas BHIPAa0OTKa TEIUIa W DIIEKTPOIHEPTHH Ha OCHOBE Teruiodukanu-
OHHOT0 LuKIa. Pa3nenbHas BeIpaObOTKa TeIUIa U 3JIEKTPOIHEPTUH OCYILECT-
BJIIETCS. B KOTENBHBIX M Ha KOHACHCALIMOHHBIX 3JeKTpocTaHuusax. IIpu
KOMOMHHMPOBAaHHON BBIpaOOTKE CyMMAapHBIM pacxoj TOIUIMBAa HWXKE, YeM
IIpU Pa3ACIbHOMN.

B ocHoBe ypaBHEHUIT SHepreTHUecKHX OanaHCOB MPEANPHUITHN JISKUT
3aKOH COXpaHEHUs U TpeBpalleHus YHepruu. B olmieM ciydae ypaBHEHHE
SHEPreTHYEecKOoro OanaHca MPOMBIIUICHHOTO NPEANPHUITUS UMEET BUJ:

ZQi:ZQI'IlOﬂ—"_ZQ;lom +ZQ,
i i i J

rae Q; — MOABEICHHBIN NPEANPUITHIO SHEPrOHOCUTENb i-ro Buma; Q)" —

IIOJIE3HO HCIIONB30BAHHBIA JHEPrOHOCHTENb i-ro Buaa, Q)" —

oTepu
SHEProHOCUTENs i-ro Bujaa; (J; — o0pa3oBaBLINIiCS HAa MpPEIIPUITUN SHEpP-
TOHOCUTCIIb j-FO BHJa, B TOM 4YHCJI€ BTOPUYHBIC SHCPTCTUYCCKUC PECYPCHI

(BOP), naxonsume npruMeHEHUE HA CMEKHBIX CTaAUSX MTPOU3BOACTBA.
1.2. Pacyer TenoBoro norpedjaeHust

TeroByto Harpy3Ky MOXKHO pa3fiefUTh Ha CE30HHYIO M KpPYIJIOrony-
Hylo. MI3MeHeHne ce30HHON Harpy3kd 3aBUCHT TJIaBHBIM 00pa3oM OT KJIH-
MaTHYECKUX YCIOBHM — TeMIepaTypbl HapyKHOIO BO3AyXa, €ro BIaKHO-
CTH, CKOPOCTH BE€Tpa, COTHEUHOM paguaiuu 1 T.1. OCHOBHYIO POJIb UTpaeT
M3MEHEHHE TeMIepaTyphl HapyKHOro Bo3ayxa. Ce3oHHas Harpyska UMeeT
CPaBHUTENBHO MOCTOSHHBIN CYyTOUHBIN rpadMK U mepeMeHHbIH TonoBoi. K
CE30HHOM Harpy3ke OTHOCST Harpy3Kd OTOIJICHMsI, BEHTWJIALUU (3UMHUE
HArpy3KH), KOHAWIMOHUPOBaHUs (JeTHss Harpyska). K kpyrimorogumuHoi
Harpy3ke OTHOCSTCS Harpy3ka ropsaero BojocHaOxkenus (I'BC) u texHo-
Joruyeckas Harpyska. I'paduk TeXHONOTHYecKOi Harpy3KH 3aBHCHT OT
XapakTepa npou3BoictBa. [ papuk Harpy3ku ['BC 3aBucut or Gmaroycr-
po¥icTBa 37]aHMIA, COCTaBa HaceleHus, rpaduka pabovero JHs, peKUMa pa-
00Tbl KOMMYHJIBHBIX NpeAnpusaTuil. TexHomornvyeckas U Harpyska ['BC
cJ1a00 3aBUCAT OT BPEMEHU TOJIa.

1.2.1. Pacuer oTmycka TemnJja Ha OTONJIEHHE

Lenp oTomieHUs — MOIEPKAHUE TEMITEPATYPhl BHYTPEHHETO BO3IyXa
B IMOMEIICHUH Ha 3aJJaHHOM ypoBHE. TemrepaTypa BO3ayXa B MOMEIICHUH
3aBUCHT OT Ha3HAUCHHS MOMEUICHHS, a B MPOMBIIUICHHBIX 3JIAHUAX OT
XapakTepa BBINOIHSAEMBIX pa0oT. 3HaUCHHS TEMIIEPaTyphl BO3/IyXa B IO-
MEIIEHUAX MPUHUMAIOTCs cornacHo [1-3]. B wactHOCTH,
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e JUIS KWIBIX 30aHui — oT 18 1o 20 OC;

e ISl IPOMBINIICHHBIX 31aHUK — OT 16 10 20 OC;

e Ut OOLIECTBEHHBIX 3MaHuii — ot 14 10 25 °C.

Jns mopaep kaHusl TeMIiepaTypbl BO3[yXa B IIOMEUICHUH TIOCTOSIHHOM
HEOOXOJMMO 00eCHeYnTh PaBEHCTBO TEILUIOBBIX MOTEPh M TEIIONPUTOKOB.
MoIHOCTH OTepU Teruia 00yCIIOBIIEHBI TEIUIONepeaueii yepe3 orpakie-
HHSI, HAa KOTOPBIX miepena temmepatyp 6onee 3 °C — O, a Takke HHPUIBT-
pauueit, Quup — 3aTpaT TEIJIa HA HArpeB BO3AyXa, HMOCTYMAIOIIEro M3BHE
4yepe3 HEIUIOTHOCTH OTPaKICHUN.

Or + Quny = Q1 + Qung/ @) = Or (1 + ), (L.1)

rae b = Quug/Or — KOXPPUIUEHT MHOUIBTPALMHY, YUUTHIBAIOIIUH 00
MOTEpH TeIUIa Yepe3 BCEBO3ZMOXKHBIE HEIIOTHOCTH OTPaskKACHHUS.

B npon3BOACTBEHHBIX TOMEMIEHUSAX TEMJIO PACXOMYETCsl TaKKe Ha Ha-
IpeB MaTEpHAaJIOB U TPAHCIIOPTHBIX CPEACTB, MOCTYMAIOUINX U3BHE — Oy

O603HauMM: MOIIHOCTH MPHUTOKA TEIJIa B MOMEIICHUE Yepe3 OTOIH-
TeNbHBIE YCTAaHOBKH 4epe3 (J,, MOIIHOCTh MOJBOJA TEIUIOTHI 3a CUeT MpH-
HYJUTENbHOW BEHTHISIIMU — (J,, @ MOUIHOCTD BBIJCNEHHsI Temia OT pado-
TAIOMIMX BHYTPEHHUX YCTaHOBOK — (. Torna ypaBHeHue OanaHca Teruia
MOXHO 3aIHcaTh B BUJC

Or + Qi+ Oe= Qo+ Os + O (1.2)

Jus xunbix u odmectBeHHbIx 3nanuii B = 0,03...0,06. Tak kak 3ta Be-

JINYHNHA HEC HpeBLIHIaCT HOFpCIHHOCTI/I HpI/I OHpCI[CJ'ICHI/II/I CYMMapHBIX TCII-
JIOBBIX MOTEPh, TO B pacueTax MOxHO royarath W= 0. Torma:

QMT = QHH(I) = QBT ~0 , TOrJa Q" = QT - QB’

HHH MMPOU3BOJACTBCHHBIX HOMCHIGHI/Iﬁ MOIIHOCTD IMOTEPU TCIJIOTHLI HA
UHQUIBTPALUIO Oyygy MOXKET COCTaBIATH 25...35 % ot Q,, u ee HeoOXoaU-
MO YUYUTBIBATH

Qo =0:(1+ 1) +Ouwr — 05— O (1.3)
Koadduuument | npuOImKeHHO MOXXHO BBIYHCIUTH MO CIEAYOLIeH
dhopmye:

w=>b_|2gH LS P (1.4)
TB
rie b — nocrostHHas nHUIbTpaunH, b = (35...40)-107%; g — yckopenwue
CBOOOJHOrO majeHus; H — BbICOTa IMpoeMa OMBIBAEMOI0 BO3IyXoMm; Ty —
TeMIeparypa HapyXHOro Bo3ayxa, K; 7, — Temmneparypa Bo3ayxa B IoMe-
mennn, K; w — ckopocth Betpa (s PT w =4...5,4 wm/c).
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1.2.2. Tennomepena4ya yepe3 orpaxaeHust

MOomHOCTE MOTEPH TEIIa TEIUIoNepeaaueii pacCCUUTHIBAETCS CYMMHUPO-
BaHHMEM Uepe3 BCE OTPakIar0NINe TOBEPXHOCTH 110 YPABHEHUSIM

N

N N
Or = 2.4yS: = 2.8, kit — t,) no, wmi O, = Z%(te —t)nep, (1.5)

i=1 i=l i=1"Y

TZie ¢, — MOBEPXHOCTHAS MIOTHOCTD TEMJIOBBIX TIOTEPH Yepe3 i- 0€ Orpax-
nenue; S; — MJI0Ma b HAPYKHOM MOBEPXHOCTH COOTBETCTBYIOIIETO OTPax-
nenust; k; — xodduimeHT Temonepenayn Yepe3 OrpaxkJeHue; f, — pac-
YeTHasi TeMIlepatypa BO3ayxa BHyTpH momeinenus, °C; f, — pacueTHas
TeMmIepaTypa Hapy>KHoro Bo3ayxa, ‘C; R; =1/¢,; — COMpOTHBIECHHE TEILIO-
nepenave i-ro OrpakiacHus; 7 — KOd(PQUINEHT, YUUTHIBAIOMINI 3aBHCH-
MOCTb TIOJIOKEHUSI HapY>KHOW MOBEPXHOCTH MO OTHOLICHHIO K HAPYKHOMY
Bo3ayxy (CHull 23-02-03, ta6n. 6) [4]; ¢ — koadduLKeHT, yUUTHIBaO-
Ui 100aBKM Ha OPHEHTAIMIO OTHOCUTENBHO CTOPOH CBETa, ATAXKHOCTh
3[aHMsI, CKOPOCTHh BETpa, pa3MelleHHs MoMelleHus B 3aaHuu. [IpuBo-
qurcst B CHull 11-3-79%*, Tabi.3.

¢ =1+ P, rae p — nmompaBka, yUUTHIBAIOIIAS OPUEHTAIMIO TI0 CTOPOHAM
cBerTa.

Cornacao CHull 2.04.05-91* noGaBovHbIe MOTEPH TEIIOTHI B uepes
OrpakJaroline KOHCTPYKIMH CIEAyeT NPUHUMATh B JIOJISIX OT OCHOBHBIX
MOTEpk:

@) B TIOMEIEHHUSX JII0O0r0 Ha3HAUYEHHsI Yepe3 HapyKHbIe BEpPTUKAIbHbIC
W HaKJIOHHBbIE (BEpTUKAIbHAsI MPOEKIUs) CTEHBI, ABEPH U OKHA, OOpallleH-
HBIE Ha CeBep, BOCTOK, CEBEPO-BOCTOK M ceBepo-3amaj B pasmepe 0,1; Ha
IOT0-BOCTOK M 3amaj — B pazmepe 0,05; B yriIOBBIX MOMEIIEHUSX TOMOTHU-
TenpHO — 1o 0,05 Ha KaxayIo CTEHY, ABEPb U OKHO, €CITU OJHO M3 Orpak-
JIeHUH o0palIeHo Ha ceBep, BOCTOK, CEBEpO-BOCTOK M ceBepo-3aman u 0,1 —
B JIPYTHX CIyYasx;

0) B TMIOMELICHUAX, pa3pabaTbIBAEMBbIX ISl THIIOBOTO MPOEKTHPOBAHUS,
4yepe3 CTEHbI, IBEPU U OKHA, OOpallleHHbIe Ha JII0OYI0 U3 CTOPOH CBETa, B
pasmepe 0,08 mpu ogHOM HapyxkHOM creHe u 0,13 s yriIoBBEIX TOMeEIe-
HUH (KpoMe XHWIIbIX), @ BO BCEX KUJIbIX MoMenieHusx — 0,13;

6) uepe3 HeoOorpeBaeMble MOJBI MEPBOTO 3Taka HaJ XOJIOIHBIMHU MOJ-
MOJbSAMH 3/1aHUII B MECTHOCTSIX C Pacue€THOW TEMIIEpaTypodl Hapy»KHOIO
Bo3ayxa Munyc 40 °C u nmxe (mapamerpsi B) — B pasmepe 0,05;

2) uepe3 HapyKHbIE JBEpH, HE 000pYyJOBaHHBIC BO3MYIIHBIMH HIIM BO3-
JYIITHO-TEIJIOBBIMU 3aBecaMu, MpH BbICOTE 31aHuii H, M, (puc. 1.1.) ot
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CpefHel MJIaHUPOBOYHON OTMETKH 3eMJIM J10 Bepxa KapHHU3a, IIeHTpa BbI-
TSDKHBIX OTBEPCTHH (YOHAPS WM YCThS IIAXTHI B pasMepe:

0,2 H — n7st TpOMHBIX ABEpei ¢ AByMs TaMOypaMu MEXy HAMU;

0,27 H — s ABOMHBIX JIBepeit ¢ TaMOypaMu MeXay HUMH;

0,34 H — yis nBOMHBIX JiBepel 0e3 TamOypa;

0,22 H — st onuHApHBIX JBEpEH;

0) depe3 HapyKHbIE BOpoTa, He 000pyJOBaHHBIC BO3JAYLIHBIMU H BO3-

JOYIIHO-TEIUIOBBIMU 3aBeCaMH — B pa3Mepe 3 Ipu OTCYTCTBUHU TamMOypa U B
pasmepe | Tipu Haau4yMK TaMOypa y BOPOT.

HpHMeanHe. I[J'IS[ JICTHUX U 3allaCHBIX HApPY>KHBIX }:[Bepei’l " BOpPOT I[OGaBO‘{HLIe TIOTEPHU TEIJIOTHI 11O
TIOAIYHKTaM «I'» U »11» HE CIIEAYET YUUTHIBATh.

COHpOTI/IBHeHI/Ie TEIIonepeaadc CJICAYyECT ONPEACIIATE:

@) U He YTEIUIEHHBIX TIO0JIOB Ha TPYHTE U CTEH, PACIIOIOKEHHBIX HIDKE
YpOBHS 3eMiH, ¢ KOd(Q(HIMEHTOM TemnonpoBogHocTu A > 1,2 Br/(m*-°C)
M0 30HaM MIMPHHOW 2 M, MapajulelbHbIM HAPYKHBIM CTEHaM, PHHUMAIOT
R., M*-°C/BT, paBHBIM (II0JI0XKEHHS 30H yKa3aHbl Ha puc. 1.2.):

2,1 — nns 1 30HBI

4,3 — nnsa 11 30851

8,6 — mis 111 30HEI;

14,2 — nyst IV 30HB1; (UIst OCTaBIICHCS TUIOMIAIN T10J1A);

0) IS yTEIUIEHHBIX TMOJOB HAa TPYHTE U CTEH, PACIOJOKEHHBIX HIKE
2
YPOBHS 3eMITH, ¢ KO3 PHIHEHTOM TerionpoBoaHocTH A;< 1,2 B1/(M™°C)
o 2
YTEIUISIONIErO CJIOS TONIIUHON O, M, mpuHuMas R;, m™-°C/BT o ¢popmye

R,=R.+0/\,,
@) JUTA TIOJIOB HA JIaraX, MpuHUMas R, M>- °C/BT, o opmyie
R,=1,18(R.+06/L)

Jnisa onpenenenus Temsonepesayd OTASIbHBIMA MOMEUIEHUSIMUA U 371a-
HUEM B [eJIOM HE0OX0AMMO UMETh: TIaHBI 3TAXKEH U XapaKTepHbIE Pa3pe3bl
MO 37]aHHI0 CO CTPOHUTENBbHBIMU pa3MepamMu (puc. 1.1); mian noMenieHus B
Mpeenax reHepajbHOro IUlaHa MPEANpHUATHS ¢ 0003HAYCHHWEM CTpaH CBe-
Ta ¥ po3bl BETPOB; KOHCTPYKIIMH BCEX HAPYKHBIX OTPAKICHUH, TETIOTEX-
HHUYECKUE XAPAKTEPUCTUKU HAPYKHBIX OrpaxkJeHuil. Pacder TeroBoi Ha-
IPY3KH OCYIIECTBIISIIOT B BHJIE TaOIHIIBI TEIIJIOBBIX MOTEPS .

Bce nmomenienust 31aHus HyMepyloTCs Ha IJIaHaX HayuHas C JIEBOTO
BEPXHEro yria o HallpaBJIEHUIO YacoBoi cTpenku. Hampumep, ais nome-
menuit monsana — Ne 01, 02 u T.1.; JUIsl MTOMEIICHUH, PACIIOIOKEHHBIX Ha
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nepBom dTaxke — Ne 101, 102 u T.74.; Ul MOMEIIEHUH BTOPOro »Taxa — Ne
201, 202 u T.n. ¥ jganee oA BceX dTaKeW 37aHHs. JIECTHHYHBIE KIETKH
MPUHUMAIOT KaK €IMHOE MMOMEIIEHHE TI0 BCeH BBICOTE 3/IaHUs M 0003HaUa-
10T, KaK NPaBUJIO, 3arjaBHbIMU OyKBaMU, HAIIPUMEp JICCTHUYHAS KJIeTKa A
H T.1.

7 Puc. 1.1. Cxema oOMmepa
% TETIONePEAAI0IINX
OTrpaXKJeHUI
o
<
7/ a
7
S
%
LS < —_
= =
% a
N — | ]
N\

Puc. 1.2. Cxema k
ONpeJIeNIEHUIO TTOTEPh
TEIJIOTHI Yepe3 MOJIbL:
1 —nepBas 30Ha;

2 — BTOpas 30Ha;
3—TpeTbs 30Ha;

4 — yeTBepTad 30Ha
(cepenuna moa)
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TemiorexHUUeCKUi pacyeT MPOBOAUTCS JUISI BCEX HApYKHBIX Orpax-
JEHUH Ul XOJIOJHOrO IEPHOAA roja ¢ y4eTOM pailoHa CTPOUTENBCTBA,
YCIIOBMH DKCIULyaTalliy, HA3HAYECHUA 374aHuA. [ X0JIOIHOro Iepuona Bo
BCEX MOMEIEHUIX MPUHUMAETCSA CyXOH PEXUM.

C yuyeroM BIQXXHOCTHOT'O PEXHUMa MOMENIEHUH M 30HBI BIAXKHOCTH
BBIOMpAIOT YCIIOBHSA dKCIUTyaTanuu (A wiu b) mis orpaxaaronmx KOHCT-
pykuuii. bonpmas wacte Teppuropuu PecnyOnuku TatapctaH, B TOM
yycie 3aKaMbe OTHOCUTCS K 30HE BIaXKHOCTH — b.

Ucxons u3 ycnoBuit skcrutyatauuu A unu b s mMaTepualioB orpax-
JAfOIINX KOHCTPYKUMH BBIOMpArOTCs 3HaueHHs Kod()(UIMEeHTOB Temo-
nposoaHoctu 1o CTO 00044807-001-2006 [5].

KonnuectBo TennoTsl g, Mpoxonsie yepe3 eIUHUILY IUIOIAIH TOo-
BepxHOCTH orpaxaennus (1 M°) B eIMHHITY BPEMEHH, PABHO

Bt
qr = kr(te _tH) nQD: RL (tB _tH) n(Pa _2 (16)
0 M

rae k, = RL — ko3 (PUILIMEHT TeIIonepeau; &, — pacueTHasl TeMIIepaTy-

0
pa BHyTpeHHero Bo3ayxa, 'C; f, — pacderHas Temreparypa HapyXHOro
Bo3ayxa, ‘C, paBHas cpeiHell Temieparype HanOonee XOJIOTHOW ISTH-
nHeBkU, obOecrieueHHOCThIO 0,92 (mms HukHekamckoro paiioHa oHa co-

crapiser t, = -33°C); R, — oOliee CONPOTHBIEHUE TEIUIONEPEIaYe,
m*-°C/Br.
OO0I1ee CONMPOTHBIICHUE BKITFOYACT:
R, =Ry + R+ Ry + Ry = 1o, +Z8/M; + Ry + /a1, (1.7)

rae R, = 1/a, Ry = 1/0,; — CONPOTUBIICHUS TEILNIOOOMEHY Ha BHYTPEHHEH U
HAPY>KHOH MOBEPXHOCTAX OTPAKICHHS; Oy, Ol — KOIPQULIMEHTHI Term1000-
MeHA Ha BHYTPEHHeil ¥ HapyKHOIl MOBEPXHOCTSX orpaxaenus, Br/(m*-°C);
R, = Z5/A; — TepMHYECKOE COMPOTHBIICHHE MAaTEPHAJbHBIX CIIOEB OTpa-
Jarole KOHCTPYKINU; O; — TOJIIMHA CJIO MaTepuaia B OTPa)IeHHHU, M;
A; — pacueTHbIi KO3(PHUIMEHT TEIJIONPOBOAHOCTH MaTepHuaia Clos,
B1/(M-°C); R,, — TepMHUYECKOE COMPOTHBICHHE 3aMKHYTOH BO3IYIIHOM
MPOCTIONKK B TOJIIE Orpakaaromed KOHCTPYKUMH (TPUHUMAETCS 110
CHull 11-3-79*, npui.4).

[Ipu pacyerax At KypcoOBBIX U AUIIIOMHBIX IPOEKTOB MOKHO TIPUHSITH
o, = 8,7 BT/(MZ'OC) JUTSL CTEH, TI0JIOB, TJIaJIKMX TIOTOJKOB C BHICTYIAIOITHMHU
pedpaMu TpW OTHOILIGHHH BBICOTHI pedep /i K PacCTOSHUIO @ MEXKIy Tpa-
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HAMH coceHnx pebep h/a < 0,3; a, = 7,6 Br/(M*-K) 1s moTonkos ¢ ped-
pamu nipu oTHorienuu h/a > 0,3 u o, = 8,0 BT/(MZ'K) JUISL OKOH; o, = 9,9
Br/(M>K) U151 3eHUTHBIX (pOHAPEIA.

3HaveHus: KO3 QUIMEHTa TEIJI000MEHA Ha HAPY)KHOU IMOBEPXHOCTH
Orpacaaromeil KOHCTPYKIHH O, BT/(M>K) 11 3MMHMX yCiIOBHil clemxyeT
MPUHUMATh PABHBIMH: HapYyXHBIC CTCHBI, IEPEKPBITUS HaJ MPOE3JaMu U
HaJ XOJIOJHBIMH TIOJIONbSIMA 0€3 OrpaKIaIONIMX CTCHOK o, = 22; mepe-
KPBITUS HaJl XOJIOJHBIMU IO/IBAJIAMH, COOOIIAIOIIMMUCS C HAPYKHBIM BO3-
JIyXOM, TIEPEKPBITUS HAJl XOJIOAHBIMH 3TaXKaMH Oy = 17; TIEpEKPBITHS Yep-
JIAYHBIE€ U HAJ HEOTAIJIMBAEMBIMH MMOABATIAMU O, = 12 Bt/ (MZ-K).

Eciu orpaxjeHue COCTOMT M3 Pa3jIMyYHBIX CJIOCB OJHOPOJHBIX Mare-
pHUAaJIOB, TIOCIE0BATEIBHO PACIIONIOKEHHBIX MEPICHIUKYIISIPHO HAIpaBJie-
HUIO TEIUIOBOIO TMOTOKAa, TO TEPMUYECKOE COMPOTHUBIICHUE OIPEICISIIOT
CYMMUPOBaHHUEM TEPMHUECKUX CONMPOTUBIICHUH OTICIBHBIX CJIOCR!

N N §.
— — 1
R= YR = ZT (1.8)
i=1 i=1 "
Ecnu orpaskaeHue HEOAHOPOJHO 10 IOBEPXHOCTH, NEPIIEHIUKYIIPHON
HaIIpaBJIEHUIO TEIJIOBOI'O IIOTOKA, TO IPUBEIEHHOE TEPMUUECKOE COIPO-
TUBJICHHUE

N N
Re= 2.8 /Y(S;/R;), (1.9)
i=1 =l

rae S; — IUIOoIAa K OT/AENbHBIX YUaCTKOB Orpak/IeHHs, B Iepeenax KoTo-
PBIX KOHCTPYKIUS OJHOPOIHA.

Koa¢dpuumenTs! TermmonpoBoaHOCTH HEKOTOPBIX CTPOUTEIBHBIX MaTe-
pHAJIOB MpUBENEHBI B TpuiiokeHuu 115.

[ToTepu TemyOTHI MOMEIIEHUAMH Yepe3 OTAEIbHBIE OrpaKIaroIIre
KOHCTPYKIIMHM CYMMHPYIOT € OKpyrieHneM a0 10 BrT.

1.2.3. Pacuer nocrynjieHuii TenJoTsl B IOMeNleHHUs

YacTh TEIUIOBBIICICHUN MPOUCXOAUT OT PAbOTAIONIUX DIICKTPOIABUTA-
Tener ooopynoBanus. [loTpebnasiemas UMU SHEPTHSI MOXKET TIOJTHOCTBIO T1e-
PEXOIUTh B TEIJIOTY, HATPEBAIOIIYI0 BO3IYyX MOMEIICHUS, WA YaCTUIHO
pacxooBaThCsl Ha HarpeBaHue o0padaThIBAEMOrO IMPOIYKTa, MEpPEeKadH-
BaeMOH KUAKOCTH WU BO3AyXa, YAAIIEMOrO U3 IOMEIICHHUS.

TennoBeIzeNeHUs OT DSJEKTPOJBUTATENCH, HE HMEIOIIUX TPUHYIU-
TEIHHOTO OXJIAXKJIEHUS C OTBOAOM TEILJIOTHI 3 MPEIETbl TOMEIICHUS

QBL[ :PHKaaepKor)(l - T'll)/ N, (110)
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rae P, — HOMHHaJbHAsE MOLIHOCTb 3JeKTpoasurarens, BT; K., — ko3¢d-
(UIMEHT 3arpy3Kd DJIGKTPOJBUTATENSI, PABHBIM OTHOLICHHIO CpEIHEH
MOIITHOCTH, TIepeiaBacMoii 000pyIOBaHUIO B TCUCHUE PACUETHOro yaca P,;
K HOMUHAJIBHOW MOIIHOCTH 3JIEKTPOABUTaTels, T.e. Kiup = Poo/Py; Koo
k03 puLmeHT 0HOBPEMEHHOCTH pabOThI dNeKTpoABUraTene; n; = Kyn —
KIIJ] snexrponsurarens npu gaHHoi 3arpyske; n — KI1/] anextpoasurare-
JIsl TIpU TIOJTHOM 3arpy3Ke, ONpeeNsseMbli 1Mo Katanory; K, — moIpaBOYHbII
K03 GHULNEHT, YUNTHIBAIONIMI 3arpy3Ky aBurateneii: npu K., = 0,8 3Ha-
yenue K, = 1. [lpu apyrux sHaueHusx ucnomnbsyercs Ki,., 3aBUCUMOCTb:
Kyop- - - - 0,7 0,6 05 04 03
K, ----099 098 0,97 0,95 091.
TennoBbIENEHUS OT MOTOP - TEHEPATOPOB OMPEALISIOTCSI CYMMOHt T10-
Teph PHEPTUH B MIEKTPOJABUTATEISAX U IT'€HEPATOPAX:

QBMF:PHK3a2 ot)l_n—lnz’ (111)
M2
rae M. — KIIJI renepatopa npu gaHHOI 3arpy3ke.
TenmnoBbineneHus OT 060pyz[0BaHmI, MPUBOJMMOI0 B JEHCTBUE DJEK-
TPOABUTATCIIAMMU

QBOG = PH KaaepKodKTa (1 12)
rae K, — koddduuueHT nepexoia TEIUIOTH B TOMEIIEHHUE, YIUTHIBAFOILHIA,
YTO YacTh TEMJIOTHl MOXKET OBITh YHECEHa W3 IMOMEIICHHS C IMYJIbCHEH,
BO/ION MJIM BO3JyXOM; 3HaueHue K cieayer MpUHUMATh MO OMBITHBIM JIaH-
HBIM, TOJB3YSICh JUIS €ro ONpeneNeHHs] BEJOMCTBEHHBIMH YKa3aHUSMHU U
HOpMaMH.

KonnuecTBo Temnorsl, mocTymnaomnei B IoMelieHne 0T HarpeToro Tex-
HOJIOTUYECKOTr0 000PYAOBAaHUS M MaTepUaIoB, IPUHUMAIOT MO TEXHOJIOTH-
YecKOW 4YacTH NMPOEKTa HJIM ONpPEJeNsIioT B COOTBETCTBUM C BEJOMCTBEH-
HBIMH yKa3aHUSMHU.

[lpu cocraBiennn OanaHca TEMJIOTHl il MOMEIIEHUS HE0OXOAUMO
YUYUTHIBaTh MOCTYyIJIeHNE (yAajeHrne) TEIUIOTh HarpeThix (OXJIa’KIeHHBIX)
MOBEPXHOCTEW BO3/1YXOBOJIOB BEHTHJIALIMHM, MECTHBIX OTCOCOB, 30HTOB U
YKPBITHI 000pyJ0BaHUSI.

[lepenayda TemnynoThl yepe3 CTEHKH YKPBITUN, 30HTOB M BO3JyXOBOIOB:

O = ke S (tp — 1), (1.13)

rae k, — Ko3QQUIHEHT Teronepeaays CTEHOK yKa3aHHBIX KOHCTPYKIIHIA;
S — momaas NOBEPXHOCTH KOHCTPYKIHUH CO CTOPOHBI MOMEIICHHUS; Zqp
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TeMIlepaTypa Cpenbl BHYTPH YKPBITUH; f, — pacueTHas TeMIlepaTypa BO31y-
Xa B IIOMEILEHUU.

[Ipu HanuumM HarpeThix (XONOJHBIX) MOBEPXHOCTEH C TeMIepaTypou
t110s MOIITHOCTD BBIZIETICHUS (TIOTJIONICHHS1) TEIJIOTHI ONpeeNsieTcs Kak

QBHOB =a S(tnma - tB)a (1 14)

rjie o — KO3 UIUESHT TEIJIOOTIaYH OT MIOBEPXHOCTH K BO3JIYXY:
JUTSL TIOBEPXHOCTH HArPETON BOJIBI

a =1,17(4,9 + 3,5w), Br/(M*-°C);

JJIA HOBerHOCTI/I CTCHKH prbITI/ISI, 30HTA U BO3I[YXOBOI[3
o = 11,67w , Br/(m>°C).

31ece W — CKOpPOCTh ABHIKEHHUS BO3AyXa y HAPYKHOH MOBEPXHOCTH (MOXK-
HO TpuHATH W < 0,4 M/c).
MOIIHOCTB TEIUIOBBIAECIEHUN OT OCBEIICHUS

QOCB = (x‘POCBﬂ (1 . 1 5)

rae Py — CyMMapHasi MOIIHOCTh MICTOYHHKOB OCBELICHUS; oL — Kod(pdu-
IUEHT, YYUTHIBAIOIIMN BUJ BHJI MPHUOOpPA U apMaTypPhl: OTKPBITHIC JIAMITBI
HakanuBaHus — o = 1,0; JamIbl HaKaJTUBaHUS, 3aKPBIThIC MATOBBIMHU KOJI-
nakamMu — o = 0,7; JIOMUHECIIEHTHBIE OTKPBITHIE JTaMIibl — o = 0,9; To xe
3aKpBITHIE MATOBBIM cTeKIoM — o = 0,6.

BbiienieHre TEIJIOTHL M BJIAard JIFOJBMU 3aBUCHT OT 3aTPauyeHHON UMU
SHEPTUM U TEMIIEPATyphbl BO3JyXa B MOMeEIICHUH. [[Jisi pacueToB pekomeH-
JIyeTCsl T0JIb30BaThCsl TaOu. 1.1, B KOTOpOM NMPUBEACHBI CPEIHHUE JaHHBIC
I MyXunH. [IpUHSTO CUUTATh, YTO KECHIIMHBI BBIACISIOT 85 %, a JIeTH B
cpenHeM 75 % TEIUIOThI U BJIaTH, BBIJICIAEMBIX MY)XUHHAMH.

Tab6muna 1.1.

Kosmm4ecTBO TEmnoThl, BbIesIeMOil B3POCJIbIMHA My »KYHHAMH, BT

Temmeparypa Bo3ayxa B nomerienuu, °C
Tun padoret 10 15 20 25 30 35
JIETKHI 150 120 100 65 40 5
cpeaHui 165 135 105 70 40 5
TSDKENBII 200 165 130 95 50 10
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1.2.4. PacueT TemJI0THI HA BEHTHJISIINIO

B xunbix 3JaHUAX pacxXxo/ TCIUIOThI Ha BEHTUJIAIIUIO O6LI‘IHO HEBCIIUK
u He mpebiaer 5...10% oT pacxoga Ha ororieHHe. B 00IIeCTBEHHBIX
3JaHUAX O3TU BCIWMYHMHBI COM3MCPHUMBI, 4 B INPOMBIIUICHHBIX 3IaHUAX pac-
XO4 TCIUIOThI Ha BEHTUWJIALIUIO MOKCT NPCBLIIMIATE PaCXO/] TCIIJIOTHI HA OTO-
TJICHHE.

Pacxozx TCIUIOThI HAa BCHTUJIALUIO ONPCACIIACTCA NMPOCKTHBIMU JaHHBI-
MU JJI1 CUCTEM BCHTUIIAIIUH, 4 AJIA pa60Ta}01u1/Ix YCTA@HOBOK — I10 UX 3KC-
IJIyaTalluOHHBIM XapaKTCPUCTUKAM.

Ecnu juist BEHTUIISLMK MCIONB3YETCS MOJOTPETHIA BO3AYX, TO PacxXol
MOII[HOCTH TEILIOTHl J; MOXKHO OIIPEISIIUTH 10 (hopMyJie

QB = chs(tBn _tH):r Br (116)

rae V — 00beM BEHTHIMPYEMOTO TIOMEIIEHHST;, M — KPaTHOCTh BO3IYX000-
MeHa, m = V,/V;, V, — o0ObeMHBII pacxoj BO3yXa, MOJAaBaeMOro Ha Io-
Meltenne, M/c; ¢, = 1260 Jix/(m*-K) — ynenpHas mo 06beMy TerI0eMKOCTb
BO31yXa, fy; — TEMIIEpaTypa BO34yxa, IIOJaBAa€MOro B IIOMEIICHHE, & —
pacuerHas TeMIeparypa Hapy>KHOTO BO3IyXa.

HO pryHHCHHI)IM IIoKa3aTeiIsAM 1JIA HpOMBIHIHeHHLIX Hpe,Z[HpI/ISITI/Iﬁ
pacyer MOIIHOCTH TEIUIa Ha BEHTUJISINIO /ISl CHCTEM C PEIUPKYIIAIHEi
MOKHO BECTH 110 (hopMmyJie

QB :qBV(tBn _tH)a Bt (117)
re  ¢,— yJAeIbHAas BEHTHISIHOHHAS XapaKTepUCTHKA 3anus, Br/(m’-K),
3aBHCHUT OT TUMA 37aHus. Eciu neranpHas nHGOpMaLUs O THIIE 3/IaHUS OT-
CYTCTBYET, IPUHUMAaETCs CpeHee 3Hauenue ¢, = 0,235 Br/(m’-K).

B cootBerctBun co CHull 2.01.01-82 pacyernas temnepaTypa HapyX-
HOT'O BO3AyXa MPH MPOSKTHPOBAHWU CHCTEMbI BEHTWIALUU ONpPEIessieTcs
KaK Cpe/Hssl TeMIepaTypa Haubosee X0JI0AHOr0 Hepro/ia, COCTABIISIOLIEr0
15% npogomKUTENbHOCTH BCETO OTONMUTENBHOr0 nepuoaa. Hanpumep, mis

Kazanu #; = —18°C.

1.3. 'ogoBoii pacxoa TenJa0ThHI HA OTONJIEHUE

[Ipu mpOEKTHPOBAaHUM HCTOYHHMKOB TEIIOTHI MOTPEOHOCTH TeIla Ha
OTOILICHUE MOXKET OBbITh OMpeelicHa M0 YKPYITHEHHBIM MTOKa3aTeNIsM.

Oo6mme Tertonorepu 3aanust Oy, MJIX, 3a OTONUTENLHBIN TIEPUO] CO-
ritacio CHull 23-02-2003 cneayer onpenensts o GopMmyiie

Qh = 030864kdeSmm (118)
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3nech k, — oOuwii Kod3pdumrenT Temonepenaun 3aanus, Br/(m*-°C),
orpeneNnsieMblii o hopmysie

fow= k" + k" (1.19)

k" — npuBenenHHslit KOd(DOUIMEHT TeIUIONEPENaYn Yepe3 HaPyKHbIE OT-

2 o
pakaaronie KOHCTpyKuu 3aanusi, Br/(m™-°C), onpenensemMsiii mo gpopmy-
ae

Sw SF Sed Sc nScl
—t—t—+—+—+
R, R. R, R R

w c cl

R R sum >
A 1

e S, R, — I0mans, M, 1 IPUBEIEHHOE CONPOTHBIIEHHUE TEMLIoNepenaue,
M°-°C/BT, HapyXHBIX CTeH (33 HCKIIOUEHHEM IIpoeMoB); Sr, Ry — TO Xe,
3aMOJIHEHUN CBETOIPOEMOB (OKOH, BUTpaxel, (hoHapei); S.y, R.s — TO XKe,
HapyXHBIX JIBeped U BOPOT; S., R, — TO *Ke, COBMEIICHHBIX MOKPHITUH (B
TOM 4MCJIE HaJ| 3pKepaMu); S.i, R — TO ke, YepayHbIX NepeKpbITull; S, Ry
— TO K€, LIOKOJIbHBIX IIEPEKPBITUl; Sp, Ry — TO K€, NepeKpBITUIl Hax Mpo-
€37laMH U 11oJ1 apkepamu. [Ipu mpoexkTHpoBaHUH TMOJIOB MO TPYHTY WM OTa-
IUIMBAaEMBIX I10JIBAJIOB BMECTO Sy U R, NEpeKphITUIl Hajl LIOKOJIBHBIM 3Ta-
xoM B (opmyite (1.20) moacTaBisoT miIomany Sy 1 NpUBEIEHHBIE COMPO-
TUBJIEHUS Telulonepenade Ry CTeH, KOHTAKTUPYIOIUX C IPYHTOM, & IOJIbI
10 TPYHTY pazfenstor o 3oHam corinacHo CHull 41-01 u onpenenstor co-
oTBeTCTBYyIOLIME Sy U Rj; n — KO3((ULKEHT, YUUTHIBAIOMIUI 3aBHCUMOCTh
MOJIOKEHUST OTpaKIaromieil KOHCTPYKIMM MO OTHOIIEHHIO K HapyKHOMY
BO3AYXY; Syum — OOIIas Miomaab BHYTPEHHHX TOBEPXHOCTEH HapyKHBIX
OrpakJAIOIIMX KOHCTPYKIIHHA, BKIIOYAs MTOKPHITHE (TIEPEKPHITHE) BEPXHEro
3Ta)ka U MepeKphITHE T0a HMYKHETO OTAINIMBAEMOI0 IOMEIIEHHUS, M .

ki = (1.20)

k™ — ycnoBHBIH KOd(Q(HUIMEHT TeIUIONepeNaun 3/aHUs, yIUTHIBAIO-
1T TEMIONOTEPH 3a cueT MH(UIBTPAMK ¥ BeHTHIsIuH, B1/(M>-°C), on-

penensemslii mo popmyie
k™ =0,28¢cnB,V P, k/Sum, (1.21)

re ¢ — yAenbHas TEMIOeMKOCTh Bo3ayxa, paBHas 1 k/x/(xr-°C); n, —
CpelHss KPaTHOCTh BO3IYX00OMEHA 3/1aHHs 3a OTONMTEIbHbI IIepHO, 4 '
(n, = 1,2); B, — ko3 durmeHT cHkeHUs: 00beMa BO3AyXa B 3/IaHUU, yUH-
THIBAIOIIMK HAJIU4ME BHYTPEHHUX OIPaKJArOIUX KOHCTpyKuuid. IIpm or-
CYTCTBHHM JaHHBIX mpuHUMATh f3, = 0,85; p,— cpeaHss MIOTHOCTh IPUTOY-

HOTO BO3/TyXa 33 OTOMMTENbHBIH Tepuo, Kr/M (P, ~ 1,2 kr/m’); k — kod¢-

(UIMEHT y4yeTa BIMSIHHUSA BCTPEYHOTO TEIUIOBOTO MOTOKA B CBETONPO3pay-
HBIX KOHCTPYKLUSIX, PaBHBIN AJIS: CTHIKOB maHenei creH — 0,7; okoH u 6a-
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KOHHBIX JIBepeil ¢ TPOMHBIMHU pa3fenbHbeIMU nepemieramu — 0,7; To ke, C
JTBOMHBIME pa3lenbHbIMU neperieramMu — (0,8; To ke, o CapeHHBIMU Tie-
pertatamu — 0,9; To e, ¢ oAMHAPHBIMU nieperuietamu — 1,0; V' — otamiu-
BaeMblii 00bEM 37aHMs, PaBHBIH 00bEMY, OFPAHUYCHHOMY BHYTPEHHUMH
MOBEPXHOCTSIMHU HAPYKHBIX OTPaKACHUN 3/IaHUS, M.

I'papyco-cytku oronutenbHoro nepuoaa Dy B (1.18) Berumcisiercs mo
bopmyne

Dy = (ts — tn)zms, (1.22)

TAe ¢, — pacueTHas CpeAHssl TeMIepaTypa BHYTPEHHETO BO3yXa 3/IaHMS,
°C, mpuHUMaeMas JUIsi pacuera OrpakJIarolInX KOHCTPYKIIUM TPYIIIBI 3/1a-
HHUHA 10 1mo3.1 Tabmunpl 4 MO MUHUMAJIbHBIM 3HAYCHHSIM OINTHMAIbHOM
Temrepatypsl coorBercTByomux 3aanuid mo 'OCT 30494 (B unTepBaie
20...22 °C), ans Tpynnsl 3AaHUR 1O 1M03.2 TaOmUIBl 4 — cOrjlacHO Kiiac-
CU(UKAIUU TOMEIICHUIH U MUHUMAJIBHBIX 3HAYCHUHN ONTUMAIbHON TeMIle-
patypsl o 'OCT 30494 (B unrtepsaie 16...21 °C), 3ganuit no no3.3 Tabd-
JULEI 4 — 110 HOpMaM MPOEKTUPOBAHUS COOTBETCTBYIOIIMX 3AaHUM; fy, Zj —
CpenmHss TeMmIepaTypa HapyXHOro Bo3ayxa, °C, U MpOIOKUTENBHOCTS,
CYyT, OTOIUTENBHOTO Tiepuoaa, npuaumMaemsie o CHull 23-01 nns nepuo-
Jla CO CpeIHEl CyTOYHOI TeMIepaTypol HapyKHOro Bo3ayxa He oonee 10
°C — 1pu IPOEKTUPOBAHUH JIEUEOHO-TPOPHIAKTHUECKHX, JETCKUX YUpexK-
JeHUH W JOMOB-MHTEPHATOB IJIsl MIpecTapensix, u He Oonee 8 °C — B oc-
TanbHbIX ciaydasx. Eciu 1, = 18 °C, #, = - 5,5 °C (mis ycnoBuii Huxne-
KaMcka) u zj,, = 215 cytok, To Dy = 5053 °C-cyT.

Pacxon TennoBoil SHEPruM Ha OTOIUIEHUE 31aHUA B TEUEHUE OTOMH-

TensHOro Q; mepuona, MJIx, ciemyer onpenenaTs o Gpopmyie

0 =01 — (Qine + Q)IVCIBs- (1.23)

3neck Qi — OBITOBBIC TEIIONOCTYILICHUS B TEUYCHUE OTOIMUTEIHLHOTO
nepuojaa, M/JIx, onpenensemsle o GpopmyJie
Oint = 0,0864 G, 21 i, (1.24)
€ ¢ — BETHYMHA OBITOBBIX TEIUIOBBIICICHHH HA | M MITOMAIH HKUITBIX
MOMENICHUM WM PacueTHOW IUIOMIaAd OOIIECTBEHHOTO 3IaHus, BT/MZ,
MpUHUMaeMasi JUIs: a) KWIbIX 3J[aHUH, MPeIHa3HAYCHHBIX TPaXKJiaHaM C
YUYETOM COLHAIBHOI HOPMBI (C PACUETHOI 3aCENEHHOCTHIO KBApTHPhI 20 M
of1Ieil IIOIMAN 1 MEHEe HA YeI0BEKa) ¢y, = 17 BT/M’; 6) KUIbIX 31aHMit
0e3 orpaHHYEHUS COIMATbHON HOPMBI (C PACUETHOM 3aCEICHHOCTHIO KBap-
THpbI 45 M” 06mieit mIomaM 1 Gosee Ha yenoBeka) ¢i, = 10 Bt/M*; 6) apy-
TUX KWIBbIX 34AHUI — B 3aBUCUMOCTH OT PAaCUETHOM 3aCEIICHHOCTH KBapTH-
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Pl 110 MHTEPIIONSINH BETHUMHEI ¢, Mexkay 17 u 10 Br/m*; 2) ansa obmect-
BEHHBIX M aJIMUHUCTPATUBHBIX 3aHHI OBITOBBIC TEMJIOBBIICICHUS YIUTHI-
BalOTCS 10 pacdyeTHOMY uuciy yrojaed (90 Br/den), Haxomsmmxcs B 31a-
HUH, OCBelleHns (10 YCTAHOBOYHOM MOIIHOCTH) U oprrexHuku (10 Br/m®)
C y4eToM pabodrX 4acoB B HEAENIO; S; — AJIS KWIBIX 3JaHUN — TUIOMIAIb
JKUJIBIX TIOMEIIECHUM, JUIs OOIIECTBEHHBIX 3JaHHMI — pacueTHas IUIOINAb,
ompenensemas cornacHo CHull 31-05 kak cymma mitomazieil Bcex mome-
LICHUH, 32 UCKITFOUEHHEM KOPUIOpOB, TaMOYpOB, MEPEX0/I0B, JIECTHHYHBIX
KJIETOK, TU(TOBBIX MIAXT, BHYTPEHHUX OTKPHITHIX JIECTHUI] U MAHIYCOB, a
TaKXKe MOMENIeHWH, TMpelHa3HAYEeHHBIX IS pa3MelleHus] WHKEHEPHOTO
0GOpYIOBAHMS 1 CeTei, M°.

(O, — TEIIONOCTYIIJICHUSI Yepe3 OKHA M ()OHAPU OT COJHEYHOW pajv-
alMy B TEUYEHHE OTOMHTENbHOro nepuoaa, Mx (aa mmpote Mockssl, [le-
TepOypra TEMIONOCTYIJICH!sI Yepe3 OJUH KBaJpaTHBIA METpP OCTEKJICHHUs
OyayT: ceBepHas opuentarms — 81 Br/m?; roxkHas opuenTamms — 198 Br/m’;
IOr0-BOCTOUHAs OpHeHTAIus — 244 Br/M’;ceBepo-3amaHas OpHEHTAIHS —
302 Br/m’; 1oro-zamagHas opueHTtamus — 302 Br/M°; ceBepo-BocTOUHAs
opuentanus — 337 BT/Mz; BOCTOYHas opueHrtamus — 337 BT/Mz; 3amnajaHas
opuentauus — 395 Br/M’, ropmsoHTanbHOE OcTeKieHHe — 576 Br/m .
Ecnu okHO 3aTeHEeHO 1epeBbsSIMHU WIIM MMEIOTCS MJIOTHBIE CBETIIBIE JKATIO3H,
MPHUBEACHHBIC BEJIMYMHBI IeNAT Ha KoddduumeHT 1,4).

vV — KO3(PUIMEHT CHUXCHUS TEIUIOMOCTYIIJICHUH 3a CYET TEIIOBOM
WHEPINH OTPaXKAAIONINX KOHCTPYKIUH; pekoMeHayeMoe 3Hauenue v = 0,8;
€ — koappureHT 3((HEeKTUBHOCTH aBTOPETYJIMPOBAHHUS M10JIaYH TEILJIOTHI B
CHCTEMax OTOIICHHS, PEKOMEHyeMbIe 3HAUCHUS:

€ = 1,0 — B ofHOTPYOHOI CHCTEME C TEPMOCTATaMU U C MOQacaJHbIM
aBTOPETYJINPOBAaHMEM Ha BBOJIC WJIM MOKBAPTHPHON TOPH3OHTAIBLHON pas-
BOJIKOM;

€ = 0,95 — B qByXTpyOHOIl CUCTEME OTOILICHHS C TEPMOCTATAMHU U C
HEHTPAILHBIM aBTOPETYJIMPOBaHHEM Ha BBOJIE;

€ = 0,9 — ogHOTPYOHOI CHUCTEME C TEpPMOCTATaMU MU C IEHTPAIbHBIM
aBTOPEryJIMPOBaHMEM Ha BBOJC WMJIM B OAHOTPYOHOH cucteme 0e3 TepMmo-
CTaToB M ¢ modacaHbIM aBTOPETYIMPOBaHWEM Ha BBOJIE, 4 TAKXKE B BYX-
TpyOHOI cHUCTeMe OTOIUIEHHUSI C TEPMOCTATaMH M 0€3 aBTOPEryJIUPOBAHHS
Ha BBOJE;

€ = 0,85 — B 0IHOTPYOHOI CUCTEME OTOILICHHSI C TEPMOCTaTaMu U 03
aBTOPETYJINPOBAHMS Ha BBOJIC;
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C = 0,7 — B cucreme 0€3 TEPMOCTATOB W C LEHTPaIbHBIM aBTO-
peryinpoBaHrieM Ha BBOJE C KOpPPEKIMEH Mo TemIepaType BHYTpEHHEro
BO3/1yXa;

€ = 0,5 — B cucreme 6e3 TepMOCTaTOB U 0O€3 aBTOPETYIMPOBAHUS Ha
BBOJIE — peryinpoBaHue HeHTpansHoe B LTI mim koTenbHOM;

Br — KOXpQHUIMEHT, YYNUTHIBAIOUIMH JOMOIHUTEIBHOE TEMJIONO-
TpeOJieHHe CHCTEMBI OTOIUICHUS], CBS3aHHOE C JUCKPETHOCTHIO HOMHHAIb-
HOT'O TETUIOBOT'0 TIOTOKa HOMEHKIIATYPHOT'O Pia OTOMUTEILHBIX MPHOOPOB,
WX JOMOJHUTENBHBIMU MOTEPSAMHU TEIJIOTHI Yepe3 3apaJuaTOpHbIe YIaCTKU
OrpakJICHUM, IMOBBIIIEHHOW TEMIIEpAaTypOil BO3JyXa B YIJIOBBIX ITOMEILE-
HUSIX, IOTEPSAMH TEIUIOTHI TPYOONPOBOIOB, IPOXOAIINX Yepe3 HeoTarlIu-
BaeMble IOMEUICHUS JUIA:

" MHOT'OCEKIIMOHHBIX U JPYTUX NPOTSHKEHHBIX 31anuid 3, = 1,13;

» 3qaHui OameHHoro tuna 3, = 1,11;

" 3JaHMI C OTAIIMBaeMbIMU NojBaiamu 3, = 1,07;

" 3JaHM{ C OTAINIMBAEMBIMHU YepJlaKaMH, a TaKKe C KBapTHUPHBIMU Te-

HepaTopaMu TerioTs 3, = 1,05.

TeruonocTyruieHns oT COMHEYHOM paauanuu Qg MpH pacyere MOIIHO-
CTH OTONUTENIFHBIX YCTAHOBOK BKJIIOYAIOT B TEIJIOBOH OallaHC B UCKIIIOYH-
TENBHBIX cIydasx (B pailoHax c mpeoOiiaflaHueM 3MMOW COJTHEYHOHM MOro-
Ib1) 751 TIOMEIIEHW CO CBETOBBIMH IPOEMaMH, OOpalleHHBIMH Ha IOT.
OOBIYHO k€ ATH TEIUIONOCTYIUICHHS YYUTHIBAIOT MPH IKCILTyaTallul OTO-
MUTENBHBIX YCTAHOBOK, YMEHbINIAs TEMJI00T/auy B MOMEIIEHUS IJIs1 9KOHO-
MHH TEMJIOBOW 3HEPTUU.

1.4. OTonuTtenbHbIe NPUOOPHL, ONpeaAeIeHNe UX KOJUYeCTBA

OTOHI/ITGHI)HLIG HpI/I60pLI ABJIAKOTCA OAHUM M3 OCHOBHBLIX 3JIEMEHTOB
CHUCTEMBI OTOIIJICHHA, Hpe,HHa3Ha‘IeHHBIX JUISL OGCCHCHCHI/ISI MOIIHOCTHU
Moja4y TeIIoThl B KONMMYeCTBE (Jypz, COOTBETCTBYIONIEM MOIIHOCTH
HpI/ITOKa TCrJjia B IIOMCUICHUC qepGS OTOIIUTCIIBHBIC YCTaHOBKI/I 06CHy)KI/I-
BaeMOro moMenieHus (), 3a BEIUETOM MOIIHOCTH TEIIOOTAAYH TPYO Oip.

Takum oOpa3oM, JOKHO ObITH COONIOJICHO paBEHCTRO, BT,

Onpz = 0o = Brp Orps (1.25)
rie Prp, — K03QUIMEHT, COOTBETCTBYIOIIMK JI0JIE MOJIE3HON TEIJI00TIauH
TpyOONpPOBOIOB, MPOJOKEHHBIX B moMemieHuu (B, = 0,9 mpu oTkpbITOM
npokianke, B, = 0,5 mi1st TpyO, MPOIOKEHHBIX B 3aKpBITOH O0po3ae, P
= 1,8 s TpyO, 3aMOHOJIMYEHHBIX B OETOH).
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MOIIHOCTh TEIUIOOTAAYN OTOMHUTEIBLHBIX MPUOOPOB MOXKET OBITH OII-
peAelieHa U3 CIeAyUero ypasHenus, Br,

anZ = an Snp = Qo - BT]’) QTpa (1 26)

2
TZi€ ¢up, BT/M™ — IJIOTHOCTH TEMJIOBOTO TIOTOKA, T.€. KOJMYECTBO TEIJIOTHI,
> 2 2
nepegaBaeMon uepe3 1 M IJIOIIAJHU TTOBEPXHOCTH TPUOOPOB; Syp, M~ —
TUTOIIA/Ib TOBEPXHOCTH OTOMUTENBHBIX TPHOOPOB.
Tennootaauy Tpy6 @y, MOKHO OMPENETUTD MO BHIPAKEHUIO

Orp = @l + qils, (1.27)
TIe ¢y, ¢r — yOAETbHAS TEII00TAaua | M BEPTUKAIBHBIX M TOPU30HTAIIBHBIX
TpyO, mpuHUMaeMbIX 1o Tab:. [16 ucxons nuamerpa TpyO U pa3HOCTH TEM-
nepaTyp TEIUIOHOCHUTENS ¢, U BO3AyXa B IOMEIIEHHH t,, BT/M; 1, [, — nm-
HBI BEPTUKAIBHBIX U TOPH30HTAIBHBIX Y4aCTKOB TPYO.

OTH NIBe BETUYHMHBI ONPEACISIOT CBA3b TEIIOTEXHUYECKOW U KOH-
CTPYKTHBHOH XapaKTEPUCTUKH OTOMUTEIbHBIX IPUOOPOB.

TpeboBaHus, IpeabIABIIEMbIE KO BCEM BHIAM OTOMHUTEIBHBIX MPHOO-
POB, Ha OCHOBAaHHH KOTOPBIX MOXHO IPOU3BOJAUTH CPaBHEHHUE U BHIOOP
NpUOOPOB IS MOMENICHUH Pa3IMYHOTO Ha3HAUCHUS:

» CanumapHo-cucuenuyeckue mpeOoganusi, TAKTyeMble Ha3Ha-
YeHHUEM TOMEIIECHUs, CBOASTCS K HEIONMYUICHUIO CKalIMBaHUS MBI,
T. €. K IPOCTOTE U YJAOOCTBY OYHMCTKH IMOBEPXHOCTH OTOMUTEIHHOTO
npudopa U MPUMBIKAIOLIETO MPOCTPAHCTBA TTOMEIICHUSI.

» Tennomexnuveckue mpeOo8anuss OMPEICISIIOTCS BEIUYUHON
kodddunrenta Temnonepeaaun npudopa k,, OT KOTOPOH MpU MPOUHX
PaBHBIX YCIOBHUSX 3aBHCHUT IUIOTHOCTh TEIUIOBOTO MOTOKa. [pyroi
Ba)XXKHBIH MOKa3aTellb — BEJIUYUHA TEIJIOBOM MHEPIUU mpudopa, OT KO-
TOPOW HEPEKO 3aBUCHUT €T0 BHIOOP.

» OkoHomuueckue mpeOosanusi OICHUBAIOTCS KOJIUYECTBOM U
CTOMMOCTBIO MaTepuaia, U3rOTOBJICHHS U MOHTaKa MPUOOPOB OJUHAKO-
BOH TEIJIOBOM MOIIHOCTH.

[ToBeimeHHBIE TPEOOBaHUSI K WHTEPHEPY MOMEIIEHUSI OMpPENesioT
JCTETUYECKHE TPEOOBAaHUS K yCTAHABIMBAEMBIM B HUX OTONHUTEIHHBIM
npudopam.

EcTecTBeHHO, YTO TMpUMEHsSEMble OTOMHUTENbHBIE MPUOOPHI B pPa3-
JUYHOU CTETEeHH yIOBIETBOPSIOT MEPEUUCICHHBIM TPeOOBAHUSIM.

B 3aBHCHMOCTH OT mpeBaJMpYIOIIETO crocoba Teruionepenadu pas-
JUYaIOT TPHU TPYMIBl OTOMHUTEIBHBIX MPUOOPOB: paadaldOHHBIE, KOH-
BEKTHBHO-paJlMalliOHHbIE W KOHBEKTHUBHBIC. [IpubOopsl mepBoro Tuma
nepenarmT usiyueHueMm oosiee 50 % TEIIOBOro MOTOKa, BTOPOTO — OT 25
10 50 % u Tperbero — menee 25 %.
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Hawubonee mupoko pacrnpoOCTPaHCHHBIMH OTONUTEIBLHBIMU MPHUOO-
paMu B Hallled CTpaHe SIBJISIOTCS paauaTopbl KojoHuateie (puc. 1.3) u
CTaibHBIC IITaMIIOBaHHbBIE (pHC. 1.4). DT mpubOpHI OTHOCATCS KO BTO-
poii rpynmne. Konmonuateie paguaTopbl COOMPAIOTCS U3 OTACTBHBIX CEK-
U ¢ TIOMOINBIO pPe3b0OBBIX HUIIIENCH B KOJIWYECTBE, COOTBET-
CTBYIOIIIEM PaCYeTHOW IUIOMIaAX MOBEPXHOCTH. OHU MOryT OBITH W3-
TOTOBJICHBI U3 Pa3MYHOr0 MaTepuana, OJHAKO, Yalle BCEro Ha Mpak-
THKE TPUMEHSIOT YYT'yHHbIC CEKIIMOHHBIE pajauatopbl. Haumbomnee pac-
NPOCTPaHEHHBIM sBIgeTcs paauatop M-140-AO, ornuyaromerocss Ot
panuatopa M-140 Hanuuuem opeOpeHus.

Buympennss 4
pesvba

Kononku

=10 £1

a

90|
M-90

6 140 90 |
M-140 (M-140-A)  PI-90

Puc. 1.3. UyryHHbIe CEKIIMOHHBIE PaMaTOPhI: a) TadapuTHBIE Pa3Mephl CEKIIHIA;
6) CEKLIMM HEKOTOPBIX THUIIOB PaJaTOPOB

labaputHble pasMepsl pajuaTOPOB XapaKTEPU3YIOTCS TOJTHOW BHI-
COTOH /1, MOHTaXXHOW BBICOTOM /1, 8 TAKXKE CTPOUTEINBHON TITyOHMHON b U
JUTMHOM ceknuu [/, MM. B COOTBETCTBHM C MOHTaXXHOUW BBICOTOW pa3Jiv-
4aloT BeIcOKUE paauaropsl (A, = 1 000 mm), cpenuue (4, = 500 Mmm) u
uuskue (hy, = 300...350 mm).

CranpHble IITAMIOBBIE PaaWaTOPbl HM3TOTaBIMBAIOTCS CBapKOi
JBYX IITAMIOBaHHBIX JUCTOB TONMMHON 10 1,5 MM. OHH OTIMYarOTCS
MaJioi TTyOMHOW M MMEIOT pa3lIMyHyI0 JJIMHY W, CIeA0BaTeNbHO, Tel-
nooraauy (puc. 1.4).

Jnsi cpaBHEHHWs Pa3IMYHBIX MPUOOPOB HCIOJB3YIOT IMOKa3aTelb
TENJI0BOr0o HamnpsbkeHust meramwia M, Br/kr-K), npeacrasnstomuii co-
00l OTHONICHHE TEIIOBOrO MOTOKa (yps K Macce MeTajuia m, Ipu pas-
HocTu Temreparyp At =1 °C:
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M = Onps/(myAtep), (1.28)

rae Aty = fop — ty — Pa3sHOCTb CpPEAHEN TeMIIEepaTyphl TEIIOHOCUTENS U
OKpYKaIOILEro Bo3yXa.

7444 A

Puc. 1.4. OOuwmit BUI OTOMUTEIHLHOrO MITAMIIOBAHHOTO paguaTopa

Jnisi 9yryHHBIX CEKIMOHHBIX PaJlaTOPOB €ro BEIMYMHA COCTAaBIISCT
M = 0,29...0,36 B1/kr-K), mis cTalbHBIX IITaMIOBaHHBIX — M =
=0,55...0,8 Br/(xr-K), uTo cBHIETETLCTBYET O MEHBIIIEM PACXOJIe METallia.
K mnpeumymectBaM TOCHEIHUX MOXKHO OTHECTH TaKkKe HUX TIpHU-
BIIEKAaTEIbHbIM BHEIIHWN BUJ W JIETKYIO OYHMCTKY OT MIBUIM Onarogaps
rJaJKod Hapy>KHOW MOBEPXHOCTH.

Hdpyro#i pa3sHOBHAHOCTHIO TPHUOOPOB, TakkKe OOeCImedHBaIOIINX
JErKyl0 OYHMCTKY HapyXHOH IMOBEPXHOCTH, SIBISIOTCS TPHUOOPHI U3
raagkux TpyO (puc. 1.5) 3MeeBUKOBOM MU PErUCTPOBOM (HOPMBEL.

Takue npuOOpPHI U3TOTABIMBAIOT U3 TPYO Pa3IMYHOTO AHAMETpa
D, = 32... 100 MM, pacmonoXeHHBIMH OJTHA HAJ IPYrol Ha PACCTOSHUU Ha
50 MM OomnpuieM, 4yeM amamerp TpyO. OTH mpuOOpbl UMEIOT BBICOKHE
3Ha4YeHHUsT KO3(PQPUIMEHTa Temlonepeaadd, OJHAKO OHU TPOMO3JIKH,
BCIIEZICTBHE YEr0 UMEIOT OTPaHUYCHHYIO 00JacTh MPHUMEHEHHs (3allbl-
JIEHHBIE MPOU3BOACTBEHHBIE U CKIAACKUE TOMEIIEHHU S, TapaxH U T.I1.).

1 2
4
i 7 >) 7
(e 3
—
a o

Puc. 1.5. OronurensHble MPUOOPHI U3 TIIAAKUAX TPYO: &) 3MEEBUKOBBIN;
6) perucTpoBblif; 1 — TpyOBI; 2 — KOJIIEKTOp; 3 — Kanayd
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Bonbuioe pacnpoctpaneHrne B HacToslee BpeMsl MOJIYYHIH OTOIMH-
TelnbHBIe TPUOOPHI, UMEHYeMble KoHBeKkmopamu. OCHOBHBIM 3JIEMEHTOM
3TUX NPUOOPOB SIBJISICTCS HArpeBaTelb U3 OPEOPEHHBIX TPYO, M3roTaB-
JMUBAaeMbIX M3 Pa3IMYHBIX METAJIOB (CTald, MEAH, allOMUHUS H [Ip.).
HarpeBaTens MoxeT ObITH MOMEINIEH B KOXYX, YTO CIIOCOOCTBYET YBe-
JUYEHUIO JOJHM TemiooTnauu KoHBekiued (mo 90...95%) u cyme-
CTBEHHO yJydIaer Buj npubopa (puc. 1.6).

[IpumeHeHHEe KOHBEKTOPOB OOYCIIOBJICHO BO3MOKHOCTBIO MEXaHH-
3alliM M aBTOMAaTH3allMd UX MPOU3BOJACTBA, a TAKKE CHUKEHHEM TpPY-
703aTpaT MpHU MOHTaXKeE.

- o
Z L
7 /4
“
Ao o
7 [
Z s 28
B’:/\’ £ ?
7 \ :
4.2 = :
1 ,
Jiize h
5 7 =1
;] T— = :
77 7z Z T T
o
a

Puc. 1.6. Tumsl KOHBEKTOPOB: a) € KOXYXOM; 0) 0e3 Koxkyxa; 1,2— mogorpena-
TENBHBIN JJIEMEHT; 2 — opeOdpeHue; 3 — KOKYX; 4 — penieTka; 5 — BO3AyITHBIN
KiarnaH
Crnenyer OTMETHTB, YTO JUISI KOHBEKTOPOB C KOXXYXOM HMEETCS BO3-
MO>HOCTb PEryIUPOBAHUS TEILIONPOU3BOAUTEIBHOCTU «I10 BO3AYXY» C
MOMOIIBI0 YCTAaHABJIMBAEMOrO B KOXXYXE€ BO3JAYLIHOro kiuamaHa. IIpo-
necc Tenjaonepeaayn MOXHO HHTEHCU(PUIIMPOBaTh, 00ECTIEUnB PEKUM
BBIHYK/JIEHHON KOHBEKI[MU NPU NOMOILIM BCTPOEHHOIO B KOXYX JIHa-
METpPaJIbHOI0 BEHTUJISTOPA (BEHTUJISTOPHBIA KOHBEKTOpP). B mpwmio-
xkeHuu II7 npuBeneHa cpaBHUTENbHAsE XapaKTEpPUCTUKA HEKOTO-
PBIX BUJIOB OTOMUTEIBHBIX MPUOOPOB.

OtonuTebHbIE MPUOOPHI B 00CIYKUBAEMBIX MOMEIICHUAX, KaK
MpaBujIo0, CIEIyeT pacrojiarath MoJ OKHAMH, YTO CIIOCOOCTBYET JIOKa-
JIM3aIlMU HUCHAJAIOIUX BIOJb OKOH IOTOKOB XOJOJHOIO BO31yXa.
[Ipu 3TOM AJTMHA OTONMHTENBHOTO MPHOOpa MOIXKHA MPUMEPHO COOT-
BETCTBOBATH LIMPUHE OKOHHOI'O Mpoema.

s oTomJIEHUS TECTHUYHBIX KJIETOK MHOTO3Ta)XHOTO 3JaHUS pe-
KOMEHAYETCA IPUMEHSITh BHICOKHE KOHBEKTOPHI UJIM PELUPKYISALUOH -
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HbI€ BO3YyXOHArpe€BaTciiu, yCTaHABJIHNBA€MbIC B UX HU>KHEW YacTH
(puc. 1.7). Jlns 3To# 11eM MHOTIA UCHIOJIB3YIOT Kalopugepwl, IpuMe-
HsJAE€MbIC B CHCTEMaAX HpI/ITO‘-IHOI\/'I BCHTH-
JAUMK U BO3AyWIHOro oromienus. Kao- HarpeTsifi BO3IyX __ \
pudep mnpencrasnsier coOOH KOMMAKT- )
HBIA TEMJIOOOMEHHBIN ammnapar, COCTOsI-
IUH M3 HECKOJIBKUX PSAOB OpeOpeHHBIX
TpyO, MEXJIY KOTOPBIMU ITPOXOJHUT Ha-
rpeBaeMbIi BO3AYX.

S

IS

MoMetnenue

Pacuer oTOnmMTEIbHBIX HpI/I60pOB CBO- f/,/:
AUTCA K OMPEACICHUIO TLIOI@AAN UX TCIJI0- 2\\ 7
OoTJaromie IMOBEPXHOCTHU Sl’lpa M2 n KOoJIn4de- - -
CTBa OTONUTEIBHBIX 3JEMEHTOB. B Cripa- TR ;/é
BOYHBIX JaHHBIX Ha HEKOTOPLIC OTOIIUTEIIb- Puc. 1.7. Cxema YCTaHOBKH

Hble NPUOOPHI MPUBOAUTCA HOMHUHAIbHAS  PELUPKYJSALUOHHOIO BO3AY-
MOIIHOCTb TEIIOBOr0 1MOTOKa (,,, OZHOro  XOHArpeBarens: 1— Harpesa-

3JIMEHTA TIPU CTAHJAPTHBIX YCIOBHAX (CM. Lo’ 2 — pemerka; 3 —
P ap y * BO3IYLIHBIA KaHa
tabm. I17):

a) cpeyHuii TemmepaTypHbIi Harop Afg, = 65°C, momydeHHsIi kak
Atgy =ty = 1, = 0,5(tux + tawn) — 1o = 0,5(95 + 70) — 18 = 64,5°C,
rae fp — CpeqHssl TeMIIepaTypa TeIIOHOCUTENs B mpubope; £, = 95 °C —
TeMIiepaTrypa TEIUIOHOCHTENS (BOJbI) Ha BXOJE B MPHOOP; fyu = 70 °C —
TeMIieparypa Ha BbIXojie; 4, = 18 °C — TemmepaTypa Bo3ayxa;
6) pacxon BojsI B ipubope Gy, = 0,1 kr/c.
TennoBast MOIIHOCT KaxJ0ro npudopa Q,,, onpenensiercs myTem Je-

JIeHHs MOIHOCTU Ha OTOIJIEHHE BceX NPUOOPOB Qp,s HA MpEroIaraeMoe
YHCIIO OTOMUTEIBHBIX MPUOOPOB N:

Onp = Omps/ N, Br. (1.29)

IIH)I OZ[HOpr6HI>IX CUCTEM BOAAHOI'O OTOINICHHUSA HAXOOAUTCSA TCIIJIOBast

MOIIIHOCTBH CTOsSIKa QCT , KaK CyMMapHas MOIIHOCTh IMOJKITIOYCHHBIX K HEMY
MPUOOPOB M OMPENEISICTCS MACCOBBIN PAacXOJ1 BOJBI B CTOSIKE:

G = M, Kr/c. (1.30)
Cq (th - tBI;IX)

Jis ABYXTpYOHBIX CHCTEM OIPENENSIeTCs MAcCOBBIM pacxojl BOJbI Ye-
pe3 KaxIblil MpruoOop, MOAKITFOUEHHBIA K PACCMATPUBAEMOMY CTOSKY
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Gup = QHP—BIBZ, Kr/c. (1.31)

Cq (th - tBI)IX )

B nocnenaux nByx gopmynax ¢, — ylelnbHas TEI0eMKOCTh BOJbI, paB-
Has 4190 JIx/(xr-K); B = 1,02...1,13 — xoapduiiueHT ydyera qomMoIHU-
TENFHOI'O TEIUIOBOTI'O MOTOKA MPUOOPOB 3a CUET OKPYIJIEHHS JI0 CTaHAapT-
HBIX 3HAYEHH B 3aBUCHMOCTH OT HOMEHKJIATYPHOTO Iara npuOopoB (3Ha-
YeHUs omnpenenstorcs mo tadm. 1.2); B, — KodQPHUIMEHT, YInThIBaIOIIHMA
JOTIOJTHUTENBHBIE MOTEPU TEIUIOTH MpHOOpaMy MpH YCTAaHOBKE MX Y Ha-
pyxHbIX cTeH: ;= 1,02...1,04 151 panuaTopoB 1 KOHBEKTOPOB IIPH ycCTa-
HOBKE MX 1OJ] OKHamMH, [3,= 1,07...1,1 nmpu yCTaHOBKE Y OCTEKJICHUSI.

Tabnuma 1.2
3navenust kodgpunuenta 3
pan, Bt 120 150 180 210 240 300
B, 1,02 1,03 1,04 1,06 1,08 1,13

Hano ompenenuTs cpeqHIo TeMrepaTypy BOABI B KaXJoM mpubope
CTOSIKa:
® I OJHOTPYOHBIX CUCTEM

Onp | BiB2
t :tBX_ z |7 = > 132
¢ ( Ony 2a )¢,G,, (132)

® U IBYXTPYOHBIX CHCTEM
tcp = 035 (tBX + tBle)a (133)

rae Oy, — CyMMapHasi TEIJIOBasi MOIIHOCTb IPHOOPOB, MOJAKIIOUEHHBIX K
CTOSIKY JIO paccMaTpuBaeMoro npubopa, BT; o — koadduimenT 3aTekanus
BOJIbI B OTOMUTENBHBIN MPUOOp, MPUHUMAEMBIH 1Mo Tab:. 1.3.

Tabnuna 1.3.
3HaveHust ko3ppunueHTa o
I o IIpucoenunenue IToBogaxa c 3aMbIKato-
pHUOOpPHBIT y3en o
CTOSIKY MM Y4aCTKOM

C TpexxoJI0BbIM OnHOCTOpOHHEE - 1,0
kpaHoM KPT JIByxcTopoHHEe — 0,5
CMEILEHHBIM* 0,5
C npoxXoJIHBIM Omroctoponnee OCEBBIM 0,33
kpanom KPII CMEIEHHBIM 0,2
JIByxcTopoHHEE OCERBIM 0,17
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OmnpenensieM pa3HOCTh CPEAHEH TEMIIEPAaTyphl BOABI B TPUOOPE U TEM-
nepaTypsl BO3yXa B MOMENIEHUH
Aty = tep — to. (1.34)
Brruucnsiercss BennunHa TpeOyeMoil HOMHHAIBHOW TETJIOBOW MOIIHO-
ctu npu6opa Qunp, UCXOAA U3 TOTO, YTO OHA HE JOJDKHA YMEHBIIATHCS 00-
jee 4eM Ha 5% 10 CpaBHEHUIO C Oyp:

Qan = 0395 an /(pm (135)
rIe @, — KOMIUIEKCHBIN K03 duuueHT npuseaeHus Q,,, K pacCieTHbIM yc-
JIOBHSIM, OTIPENENSIeMBIH JIJIsl BOJIBI IO (hopMyJie

1
Atcp +n G p

0= w | e (6.36)
65 0,1
3HaueHusT n,pUu ¢ NPUHAMAIOTCA Mo Tabnwmue 1.4
Tabmuma 1.4.
3HayeHusi n, p U ¢ JJIsl PA3JIUYHBIX TUIIOB OTONUTEIbHBIX IPUOOPOB
T Hampasnenune | Pacxon Terio-
UII OTOIHTEIHLHOTO
Gopa JIBIDKEHUSI TETI0- HOCHTEJTS, n )4 c
TIprOOp HOCUTEJIS Grp, KT/9

Paguatopst 18 -50 0,02 1,039
YyT'yHHEIE CBepxy - BHI3 54 - 536 0,3 0 1,0
CEKI[HOHHEIE, 536 —-900 0,01 0,996
CTallbHEIE CHusy - BHm3 18 -115 0.15 0,08 1,092
[TaHEJILHEIE, 119 - 900 ’ 0 1,0
ATIOMUHHUEBBIC U 18 - 61 0,12 1,113
OGUMeTaInIeCcKIe Crusy — BBEPX 65 —900 0.25 0,04 0,97
Konsekrop
HACTCHHBIN C 36 -86 0,18
KOKYXOM Thoboe 90 - 900 03 1 go7 | !
«YHuBepcany

Jis cranbHBIX TAHEIbHBIX PaJUATOPOB U KOHBEKTOPOB BBHIOMpACTCS
THUIIOpa3Mep OTOMHUTENbHOro Npuodopa u3 yernoBUs Quow = Qunp 10 Ta0I. 117
U3 MPUIIOKCHU.

JIIsl  CEeKIIMOHHBIX PaJUaTOPOB OIPENeNseTcsl MUHHUMAJIbHO HEeoO-
XOJMMOE YHCIIO CEKLUH OTONUTENBHOro Iprdopa:

Qan ’ B4
Heew = ———, (1.37)
QHOM ’ B3
riae B3 — Ko3QPUIHMEHT, YUYUTHIBAIOIINA YHCIO CEKIUH B pajuaTope, MpH-
. Qan ’ B4
HUMAaeMbI{ TIPH OPUEHTUPOBOYHOM 3HAYCHUU ek = Q—
HOM
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o s paauatopoB MC—140, MC-90 ;= 1 npu uucie cekuuii oT 3 110
15, [33 0,98 pu uncne cexuuii ot 16 1o 20 u ;= 0,96 npu uncne
ceknuii ot 21 1o 25;

e U paIuaToOpOB APYTHUX THUIIOB IO GOpMyJie

B3=0,97 + 34/( neexQOron); (1.38)
B4 — KO3 PHULIMEHT, YIUTHIBAIONHN CIOCO0 YCTAHOBKH PajilaTOPOB B IO-

MEILEHUH, TIPH OTKPBITON ycTaHOBKE B4 = 1, B OCTalBbHBIX CIy4asx Ompe-
JeNsieTcs coriaacHo puc. 1.8 .

a) 0 . 2) 0)
Ape=1.12 g poros YRl 4 _
2 7 7 1 o Bi=1,05
7 Z 7 4 B=09
7 Z 7 7
250 z 7 <
y z 7 “ 7
7—1E¢ 2 - 4— /
7 ki < 7 7
4 7 7
v Z —f Z
404 2 7 7
7 402 7 2
AIE 7 2 2
g ZUE 2 <
4 7
7 Z 2 2V %
A SIS TS TS TS TS /r// FFI TP é T, , s s
A

Puc. 1.8 . Pazmuunbie ciocoObI YCTAHOBKH OTOIMHUTEIBHBIX TPHOOPOB

Eciimu B pesynbrare BhiuucieHuit mo ¢opmyne (1.37) momyuunoch
JIPOOHOE YUCII0, €r0 OKPYIJISIFOT JIO 1[EIOr0 B OOJIBIIYIO0 CTOPOHY.

B HEKOTOPHIX CNPaBOYHHMKAX MPHBOAAT TaK HA3bIBAEMBIH HOMUHAIIb-
HBIA YCJIOBHBIH K03(p(HIMEHT Teruonepenadyd OTOMUTENBHOTO NpuOopa
kuy, BT/(M*K) (cm. Tabn. T18). Toraa ompenensor TpeGyeMyio IUIOMIAb
TEIUIONEPEAAIOIICH MOBEPXHOCTH OTOIMHUTEIBHBIX IPHOOPOB

p = anZ/qnp- (139)

IIpu 3TOM yzAENbHYIO IJIOTHOCTh TEIUIOBOIO IOTOKA ONPENENA0T 110 COOT-
HOILIEHUIO

o=k AL = 65 Ky (1.40)

PerynupoBanue TemiooTAaYn OTONUTEIBHBIX IPUOOPOB HEOOXOIH -
MO OCYHIECTBJSITH IJISl MOJJIEPKaHUS TPeOyeMOTO TEMIOBOr0 pexXUMa
MOMEIIEHHUS B T€YEHHE OTONUTEIHHOTO MepHoJia MPHU M3MEHSIOIUXCS
HapyXHbIX U BHYTPEHHUX BO3MYIIAIOMINX BO3AEHCTBUSAX.

PaznnyaroT kayecTBEHHOE M KOJMYECTBEHHOE PEryJMpOBaHUS TeI-
Jonepeaayy OTOMUTENBHBIX MPHOOPOB.
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KauecTBeHHOE perynupoBaHHE OCYIIECTBISETCS MyTeM H3MEHEHHS
TEMIIEpaTyphl IOJABAEMOI0 TEILIOHOCUTENS B CUCTEMY OTOILJICHUS U K
OTONUTENbHOMY NPHOOpPY B YAaCTHOCTH. Takoe peryjiupoBaHHE MOMKET
OBITh IICHTPaJbHBIM, TPYNIOBEIM M MeCTHBIM. lleHTpanpHOe pe-
TryJIMPOBAaHHUE IPOU3BOJAUTCS HA TEIJIOBONH CTAHUUU B COOTBETCTBHU C
(haKTHUECKOH TeMIepaTypoll HapyKHOTO BO3]lyXa, IPYyINIIOBOE — Ha IeH-
TpaiabHOM TeruioBoM myHkTe (LITII) miist HecKonbKUX MPUCOEI HEHHBIX
3paHui. [IoaToMy U B TOM U B IpyrOM Cily4ae HEBO3MOXKHO Y4€CThb OCO-
OEHHOCTU Ka)J0ro KOHKPETHOro 37aHHs. MecTHOe KaueCTBEHHOE pe-
T'YJIUPOBAaHHUE BBIMONHSIETCS B MecTHOM TemioBoM nyHkte (MTID) ans
KOHKPETHOTO 3JaHusl WU JAXKe OTAENbHBbIX ero yacrtei. Ilpu aTom Hau-
JTyYIIMHA pe3yabTaT MOXKET OBbITH JOCTUTHYT B TOM Cllydae, KOTJa MecT-
HOE PEeryJIMpOBaHUE JOMOJHAET LIEHTPAIBHOE.

KonunuecTBeHHOE perynupoBaHHUe IpeaycMaTpUBaeT H3MEHEHUE
TEIJIOBOI'0 TOTOKAa OT OTONUTENBHBIX MPUOOPOB MyTEM H3MEHEHHS
pacxoza NOCTYNAaLWEro B HUX TEILIOHOCUTENS.

[ToaToMy KpoMe YMOMSIHYTBIX BBIIIE CIOCOOOB ITOT BUJ PETyJH-
poBaHUSA MOXeT ObIThb MHAMBUIYaJlbHBIM. V3MeHeHHe Temnsonepenaun
IPOUCXOIUT IIPHU ITOM HM3-32 U3MEHEHHUS CPEAHEN TEMIIEpaTyphbl BOALI B
npubope. Takum oOpa3zoMm, B cucTeMax BOASHOI'O OTOIUJICHHS CYIIECT-
ByeT BO3MOXHOCTb OCYILECTBIIEHUS Kauye€CTBEHHO-KOJIUYECTBEHHOIO
perynupoBaHus. IIpu aBTOMaTH3alUM IIpoLEcca PETyJIUPOBAHUS Kade-
CTBEHHOE pEryjJupoBaHHE MPOU3BOJIAT «IIO BO3MYIIEHHIO» (M3MEHe-
HUIO Hapy>XHOW TeMIlepaTypsl #,), MHAUBUAYAIbHOE KOIHMYECTBEHHOE
— (IO OTKJIOHEHHIO» (M3MEHEHHUIO 1,).

Jns MHAMBUIYANBHOIO PYYHOIO PETyJHPOBAaHUS TEIUIONEPENaAun
npuOOPOB CIyXaT KPaHbBl M BEHTUIH, KOHCTPYKIHUIO KOTOPBIX BBIOH-
paroT B 3aBUCUMOCTH OT BUJA CUCTEMBI OTOIJICHUS.

1.5. Kpyrioronnunas TenJjiopasi Harpy3Ka

Kpyrnoroguunyto Harpysky TMpeacTaBIsIOT CUCTEMBI  TEXHOJIO-
THYECKOTr0 TMOTpebieHus: TemnoTsl W cuctembl [ BC. B paznuyHbIx Tex-
HOJIOTMYECKHX MpoIeccax HOPMbI OTPEOIeHUs TEMIOTHI IS IIPOU3BOJICT-
Ba €IMHULIBI IPOAYKIHUH IIPEIACTABIECHBI B COOTBETCTBYIOIIEN CIIPABOYHOU
aureparype. Hanpumep, st OpHEHTUPOBOUYHBIX PACUETOB MOXKHO UCIIOJIb-
30BaTh CIEyIoNHe yaenbHble xapakTepuctuku [1]. Ilpu mpousBoactse 1
TOHHBI MTPOIYKIIMKA HEOOXOANMO 3aTpaTuTh: s Kaydyka — 115 ['[Ix, xu-
MHUYECKUX BOJIOKOH — 75 I'J[X, miactMacc M CHHTETHMYECKHX CMON — 25
I'Ix, 6ymaru — 10 I'JI)x, cuaTernueckoro ammuaka — 5 I'JIx, mpomgyKToB
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Hedrenepepadorku — 0,9 '/, cepHoii kucimorsl — 0,5 ['Jx, TpyO craib-
HBIX U TpokaTa uepHbIx meramioB — 0,35 I'/x, uyryna — 0,25 I'/Ix; npu
IIPOU3BOJICTBE JPEBECHOCTPYKEUHBIX MUINT U (areps! 5...6 I'JIk Ha 1 M’;
yIIeNbHBIN pacxo/ TEIOThl Ha U3TOTOBJIEHHWE TEKCTUIIBHBIX TKaHEH paBeH
0,01...0,04 T' Ik Ha 1 m”.

Becbma 3HauuTenbHA B 00LIEM, TEIUIOBOM OallaHCE TEMJIOTa, UCIOJNb-
3yemast Ha HyXJipl [ BC. B coBpeMeHHBIX KUJIBIX paiioHaX OTITYCK TEIJIOThI
Ha I'BC cocraBnser no 40% o011iero oTmycka TeIioThl o pailoHy. Xapak-
Tep MOTpedIeHUs Topsiuell BOJIbI BECbMa HEPaBHOMEPEH B TEUEHHE CYTOK,
HECKOJIBKO OTJn4aercsi B OyJHHE U B BBIXOAHBIC THH, a TAKXKE B 3UMHHN U
JIETHUY NIEPHOABL.

Ha puc. 1.9. nmpencrapiieHO mpuUMeEpHOE U3MEHEHHUE TIOTPEOJICHUS T0-
psideii BOJIBI KUJIOTO 31aHHSI B TEUCHUE CYTOK B Cpelly U B Cy0OOTY.

0

3 6 9 121518 21 0 3 6 9 12 15 I8 2l
Puc. 1.9. CyTtounslii rpadMk ropsiaero BogocHa0XeHHs KHUIOTro paiioHa

Paznmuuator cpenHedacoBoe norpedieHue ropsuei Boael, O cpen-

HecyToyHOe — Q)¢ M cpenHenenensHoe — Q" . 3HaYeHus STHX BEIUYHMH
CBsI3aHBI MeXxay co0oil. KoadduimenTs:, onpeaenstonye cBa3b, 3aBUCST
OT YHUCJIA JXXKUTENeH, ucronb3yromux Temiory ['BC.

Jiis Hanboliee pacpOCTPaHSHHBIX COBPEMEHHBIX KUJIBIX 3/IaHMi [ 1]
mo=e O, ¢i= 1.2, (1.41)

Pacuernsim pacxomom Termnotrel Ha ['BC sBisieTrcs MakCHMabHBIHM
CPEAHEYACOBOM pacXo TEMIOThI TOPAYEH BOJBI

05,=05"= @192 O, ¢2= 2. (1.42)

32



B cootBercTBuE ¢ rpadukomM (cM. puc.1.9.) MakcHManbHBIA BO103a00D
ropsiueii BOJIbI UMEET MECTO B BEUEPHHE Yachl B Cy0OOTY.

CpenHeHeziellbHasE MOLIHOCTh PAacXojia TEIUIOTHI IPYIIIbI MOJIb30BaTE-
JIell B OTONUTENBHBIN MIEPUOJ, OLPEAEISAETCS 110 COOTHOLLIEHUIO

" =(a+ b)Nc(t, —t,)/n. , Bt (1.43)

IJIe @ — HopMa pacxojia ropsiueil BoJsl ¢ TemrepaTtypoi 60°C(B Ji/uen.cyT)
B JKWJIBIX 3/1aHUAX; b = 25 n/duen.cyt — Juist OOIIECTBEHHBIX 3aHUN paiioHa;
¢ = 4190 Ix/(xr-K) — ynenbHasi TEIJI0EMKOCTh BOJBI, £, — TEMIIEpaTypa
ropstueit Bozbl, o CHull 2.04.01-85 «BHyTpeHHuit BOIONpOBOJ U KaHATHU-
3ars 3aanuiny ¢, = 60°C; ¢, — TemmepaTypa XO0JIOJHOU BOJBI, B CIydae OT-
CYTCTBHSI JIAHHBIX CJIe[lyeT NPUHUMATh B 3UMHUIN niepuon &, = 5 °C, B jer-
Hult nepuon t, = 15°C; n, — nonst BpeMeHu, B TEYEHHE KOTOPOH OCYIEeCTB-
nsiercst pabora cuctembl ['BC, ¢/cyT; N — 4uCIO )KUTENEH, MOTPEOSIONIIX
TOPSIYYIO BOJY.

Hopwmsl pacxona ropsdeii Boas! ¢ TemnepaTtypoit 60°C npuBoasaTcs B
CHullI 2.04.01-85. Hanpumep, 1yist 5KHIIBIX 37aHUH, 000PY/IOBAHHBIX BaH-
Hamy, a = 110 n/gen.-cyt, n. = 86400 c/cyT.

Pacuer MomHOCTH pacxoja napa Ha TEXHOJIOTHUCCKUE HYXKIbI TIPOH3-
BOJIAT 110 (hopMmylie

QT = Gn (12 - 51( im()a BTa (144)

rne G, — pacxoj mapa, Kr/c; i, — yAeJdbHas dHTAIBIUS Mapa, OTIycKae-
MOT'0 TIPOU3BOACTBEHHBIM MOTPEOUTENSIM Ha BBIXO/IE U3 KOTeNbHOH, JK/KT;
inx — DHTAJBIMS TAPOBOTO KOHJEHCATa, BO3BPALIaEMOro ¢ MPOMU3BOICTBA
npu temreparype t,, ~ 80°C; & — mons Bo3BpaTa KOHIEHCATA C IPOM3BOJI-
cTBa (pekoMeHayercs npuaumars & = 0,7...0,9).

KonudecTBo TemnoTel, morpedisieMoe BceMH CUCTEMaMH paiioHa, or-
pelnenser CTOMMOCTb SKCILUTyaTallHOHHBIX TEeIIOBBIX 3aTpaT. [loaTomy To-
JI0BO#1 pacxox TemoThl O TakKe HEOOXOAMMO YMETh PACCUHTHIBATS.
Ero BennumHy MOXXHO OMPEAETUTH MO COOTHOIIEHUIO

200 __ 200 200 200 200
Q _Qo +Q3 +Q1‘ +QT > (145)
rae 07,0, 0, 0 — rojioBIE 3aTPAThl TEMIOTH HA CHCTEMBI

otoruieHus:, BeHTsuu, ['BC u TeXHOTOTHYECKHE TTPOIIECCHI.
Kaxxnoe n3 cnaraeMbIx HaXOIAUTCS CIACAYIOIIMM 00pa3oM:

cp.o

tpr —1

0 e B —tH
0 =07 =24 )+ 22 M | (1.46)

BP H

33



rae O — cpenHsis MOIIHOCTb PAacXO/a TEIUIOTHI 38 OTOMHUTENbHbII MepH-

on, Bt/c; z); , zy — ANUTENBHOCTH OTONMUTENBHOIO CE30HA M TEpHoJa Jie-
KYPHOTO OTOIUICHHS B TOJY, C/TOJ; tpp, tpy- CPEMHSS TEMIIepaTrypa BO3IY-
Xa B MOMEIIEHUH B OCHOBHOW OTOMMUTENBHBIN MEPUOJ U MEPUO JEKYPHOT'O
OTOIUICHHUS; ;7 — CpelHsisi TeMIIepaTypa Hapy)KHOrO BO3JyXa 3a OTOIH-
TenpHBIA ce30H. Hampumep, ans PT mo CHull 23-01-99 «KnumaTtomorus»
t7?=-5,5°C, nns Huxaekameka 7= —5,8°C.

CpenHss MOIIHOCTB Pacxo/ia TEIUIOTHI 32 OTOMUTENbHBIN e

, t _ tL‘p.() , ,
o __ BP H —
Qo - Qo s rne Qo - Q - QTB s (147)
Lyp = Lo
(Q — pacyeTHbIE TEIJIOBBIE TIOTEPH 3/JaHUS IPH TEMIIEpaType HapyK HOTO
BO3AyXa tyo; (J;, — BHYTPEHHUE TEIJIOBbIICICHHUS.

OueBHUIHO, YTO JJIS KUIIBIX M OOIIECTBEHHBIX 31aHui z7 = 0 1
200 __ )Cp
Qo - Qo Zpy -
FOZ[OBI)IG 3aTpaThl TCIJIOTHI HA BEHTUJIAIIUIO PaBHBI

200 Iy — t:p-B Z4o
3 =0, Zﬁﬁ(zm—zfg) ==, (1.48)

6 H th

rae O, onpenensercs us (1.17) ; z, — Bpems pabOTbl CUCTEMBI BEHTUIIALIMU

B TEUCHHE T'0JIa, C/TOM; Zs — JUIMTEIBHOCTh OTOIUTEIBHOIO MIEpUOia MPU
o p.B

HepaboTaomell BEHTWIILNM; [~ — CPEAHSSL TEMIIEpaTypa HapyXHOTO

BO3/1yXa 3a MEPUOJ, B TEUEHUE KOTOPOTO  fyp < fy < fyx
I'onoBoii pacxon Temnotsl Ha ' BC paBen

200 = QP zht+(pf—; t”(ze—zht) , (1.49)

e X.3
rae z. — Bpems pabotsl cucteMmsl I BC B Tedenue roga, ¢, — koddourm-
€HT, YYUTBIBAIOIIUN CHM)KEHUE pacxofa ropsyeil BOAbI B JIETHUN MEPUOJ
(00bruHO @) = 0,8 JUIst KUIBIX 30AHUN U @, = | JUISL IPOMBIIUICHHBIX 3/1a-

HUW); 1, t.; t., — Temmeparypa ropsdei Bojbl (z, = 60°C) u X0NOmHOM
BOJIBI B TIEPHO/IBI pabOTHI CHCTEMBI OTOTUICHHSI U €€ OTKJIFOUCHHS.
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C uenplo onpeAeneHus SKOHOMUYECKUX W TEXHUYECKUX IOKa3aTenel
paboThl CHCTEMBI TEIUIONOTPEOIeHUsI HCIOIb3yeTcd TpaduK MPOJOIIKH-
TENBHOCTH CE30HHOW Harpy3ku. Ero moiyyaroT Ha OCHOBE 3aBHCHMOCTH
CPEIHECYTOYHOTO PacXo/ia TEIIOTHl OT TeMIIepaTyphl HApYKHOTO BO3IyXa
(puc. 1.10), a Takxke UCXOAS U3 KIMMATUYECKUX JIAHHBIX O JJTUTEILHOCTH
CTOSIHMSI ONpE/AETICHHON TeMmIepaTypsl HapyXHoro Bo3ayxa. [lo ocu abc-
IUCC OTKIIAABIBAETCS MPOJODKUTENBHOCTD, Y/TOJ, TIEpHOAa C HapyKHOU
TeMIIEpaTypou BO3/yXa, HE MpeBbIIIAONIEd Benuuuny ¢, I[lo ocu opaunar

Q’ Q!r
MBT MBT
1000 1000 .
3 /
800 800 > 2
600 600 ,/ /
1
400 400 / ,/
o 2
200 200}
—"

0 02 04 0,6 0,8 77y, 10 0 -10 20 ¢,°C
a o

Puc. 1.10. I'pachuk npooIKUTENEHOCTH CE30HHOM TETUIOBOM HATrPY3KH: a) B
3aBHUCHMOCTH CPEHECYTOUYHOM TEIUTOBOM HATPY3KHU; 0) OT HAPYKHOM TeMIepa-
Typsl; | — Harpy3ka Ha OTOIUIEHHE; 2 — Harpy3Ka Ha BEHTWIALUIO; 3 — cymMmap-
Has TeIUIOBasi Harpy3ka

MIPH 3TOM OTKJIAABIBAETCS PacXo]l TEMIOTHI IPU TEMIIEPATYPE f,,.
Ha ocHoBe 3Toro rpaduka BBOISTCS JBE XapaKTEPUCTUKU CHUCTEMBI

TEIIONOTPEeOICHHUS: (Qf” z,, =0’ ) — cpenHuit pacxoJ TEMIOTH 32 OTOMH-
TEIbHBIN nepuoa u z, — JIMTCIbHOCTb UCIIOJIb30BaHUA pacqerHof/'I OTOITN-

200

TenbHOM Harpysku ( Q. = Q;zu , Q; = Q; +Q, ). Cpenuuii pacxos Temnio-
TBl HA CUCTEMY OTOIUIEHUS 33 CE30H OPUEHTHPOBOYHO MOXKHO IPUHUMATh
PAaBHBIM ITOJIOBUHE PACUETHOr O 3HAUEHUS PACXO/A TEIJIOTHI IIPU  TEMIIEpa-
Typ¢ Hapy>KHOI'0 BO34yXa ..

AHAJIOTHYHO CTPOUTCS TrpadUK TEIUIOBOW HATPY3KH 3a TOA C yYETOM
KpYyIJIOroAMYHON TemsioBod Harpy3ku no I'BC u Ha TexHOnorudeckue Hy-
]Il HA OCHOBE Tpa(uKOB CpeHE HEJEIbHOM TEIIOBOM HATPY3KH.

JUIsl OpUEHTUPOBOYHBIX PACUYETOB MOXKHO HCIIOJIB30BATh CIIEAYIOLIUE
YIEIbHBbIE XAPAKTEPUCTUKHU: IJIOTHOCTh HACENEHUS B HOBBIX 3acTpau-
BaeMbIX paiioHax 350 ven./ra, pacueTHyIO TEMJIOBYIO MIOTHOCTH | MBT/ra

35



Ui ceBepa eBpomneiickoit yactu Poccun, Cubupu u Ypana u 0,8 MBt/ra
JUIsl 1ora eBpomnerckoi yactu Poccuu; MakCHMallbHYHO TEIUIOBYHO MOII-
HOCTh C y4€TOM pacxojia Ha oTorieHne, BeHTwAnuio U ['BC Ha omHOro
KUTENS] MUKpOpaloHa JUIs 3TUX ke pernoHos 2,82 kBt u 2,28 kBT.

FOZ[OBI)IG pacxoa TCIUIOThI Ha TEXHOJIOIMYCCKHUEC HYXKIbI MOXHO OIIpe-
JeTTUTh Ha OCHOBE TpaduKa TEIUIOBOTO MOTPEOJICHUs] MPEANPUATUS WIN
MPHOJIMKEHHO PACCYUTATH 110 COOTHOLIEHUIO

07" =2z.&0r, (1.50)

rJie Z; — JUIUTEIBHOCTh Pa0OThI TEXHOJIOTHYECKOr0 000PYyI0BaHUS, C/TOJ;
& — k09 HUIIUEHT paBHOMEPHOCTH MUCIOJIL30BAHUA TIapa.

1.6. Tem1oBBIE CETH

TennoBoe XO3sMCTBO CTpaHbl Pa3BUBACTCA HA OCHOBE HENPEPHIBHO
WIYIIEro Mmpolecca KOHLEHTPAlMN TEIUIOBBIX Harpy3ok B ropojax M Ipo-
MBIIUIEHHBIX PallOHaXx.

Jlyis opraHu3anuy paruoHaIbHOTO SHEPrOCHA0KEHUS CTPaHbl 0COOCH-
HO OoblIOoe 3HAYEHWE MMeeT Teruto(uKanus, sBistonascs Hanbosiee co-
BEPUICHHBIM TEXHOJIOTMYECKUM CIIOCOOOM MPOU3BOACTBA AIIEKTPHUIECKON 1
TEIUIOBOM SHEPTHM M OJHUM M3 OCHOBHBIX MyTel CHM)KEHHS pacxoja ToIl-
JIBa HA BHIPA0OTKY yYKa3aHHBIX BUJOB YHEPTHH.

B koMOMHUPOBaHHOW BBIPAOOTKE 3aKITIOYACTCSI OCHOBHOE OTIIHYHUE Tell-
noUKaUKA OT TaK Ha3bIBAEMOI'0 Pa3/IelbHOrO METOJIa YHEProCHA0KEHM S,
IpH KOTOPOM DIIEKTpUYECKass JHEPrusl BbIpaOaThiBaeTCs Ha KOHJEHCa-
UOHHBIX TEIJIOBBIX djekTpocTaHusax (KOC), a TermoBas — B KOTENbHBIX.

LenTpanu3zanus TenjaocHaOXeHUsI HE SBISETCS 0COOEHHOCTBIO TEMIIO-
¢uKanM ¥ MOXeT OBITh peajn30BaH B CHUCTEMax TEIUIOCHAOXKEeHUs He
Tonbko oT TOIl, HO M OT APYrMX MCTOYHUKOB TEIUIOTHI, TaKMX Kak Ipo-
MBIIUIEHHBIE, paHOHHbIE U KBapTajbHbIE KOTEIbHBIE, OT MYCOPOCKHUTaIO-
IIMX 3aBOJIOB M OHEPTOYCTAHOBOK, YTUJIM3HPYIOUIMX W30BITKH TEIJIOTHI,
oOpasyromyecss B TEXHOJIOIMYECKAX YCTAHOBKAX MPOMBIIUICHHBIX MpeN-
HNpUATUH, U T.IL

HecmoTpst Ha nomoONHUTENbHBIE MOTEPH IHEPTUH B TEIJIOBBIX CETSX,
HEHTPaTN3alHs B TEUIOCHA0KEHHH MOXKET 00€CleYnTh YKOHOMUIO TOILIH-
Ba 3a CYeT:

»  YTWIM3AalMH TEIUIOTHl OT MNPOMBIIUICHHBIX TEXHOJOTHYECKHX
(Bxumtovast kpynHbie [ POC) 1 MyCOpOCKUTAIONIMX YCTAaHOBOK;

» ©Oonee Boicokoro KII/I KpymHBIX MPOMBINLIICHHBIX U PaOHHBIX KO-
TENbHBIX, @ TAaK)X€ MOILIHBIX KOTEIbHBIX YCTaHOBOK KpymHbIX TOIl mo
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CPaBHEHHIO C MEITKUMHU MECTHBIMH KOTENTbHBIMH, pa0OTalONIMMH Ha HEKBA-
TUQUIMPOBAHHBIX HU3KOKAJOPUHHBIX M MHOTO30JIbHBIX BHAAX TBEPIOTO
TOIUIMBA;

» 0oJee paliOHAJIBHOM 3arpy3KH HCTOYHHKOB TEILIOTHI C Pa3InYHON
3¢ PEKTUBHOCTBIO IPU paboTe 3TUX UCTOUHHKOB Ha OJTHY CETh.

OteuecTBeHHas! TerutopuKaius 0asupyercs Ha paioHHbx TOL] obmre-
ro TMOJIb30BaHHA U Ha MpoMbIIIeHHbIX TOLl B cocTtaBe MpennpusTHii, oT
KOTOPBIX TEIUIOTa OTIYCKAETCs KaK MPOMBIIUICHHBIM NPEIIPUATHIM, TaK 1
PacCMONOKEHHBIM TOOJIM30CTH TOPOJaM M HAaceJIeHHBIM IyHKTaM. J{is
YIOBJIETBOPEHHS] OTONMHUTENBFHO-BEHTUISIIIMOHHOW M OBITOBOH HAarpy3ok
KHUIIBIX U OOIIECTBEHHBIX 3[IaHUH, a TAaK)Ke MPOMBIIIICHHBIX MPEANPUITHN
HCTIONB3YeTcs TTIaBHBIM 00pa3oM ropsdast Boja. [IpumeHenne ropsiaeii Bo-
bl B KauyecTBE TEIUIOHOCUTENS IMO3BOJISET MCIOIb30BAaTh JUIA TeMl-
JocHa0KeHHs TEeIUIOTY OTpaboTaBIIero mapa HU3KOTO JIABJIEHHS, YTO IO-
BbIIaeT APPEKTUBHOCTh TEIUIOPHUKAIMH OJIarofaps YBETHUCHHUIO YAEb-
HOM BBIPaOOTKH JIEKTPHUYECKOI SHEpTHH Ha 0a3e TeMmI0BOro NOTPeOIeHHUS.

B pailionax, pacnomarammmx razoM B KadecTBe 0a30BOr0 TOIUIMBA,
MEepPCIeKTUBHO MPUMEHEHUE Mapora3oBhIX TEIUIOPHUKAIIMOHHBIX YCTAHOBOK
C BBICOKOTEMIIEPaTypHBIMH Ta30BbIMH TypOuHamu. Takue yCTaHOBKH MO-
3BOJISIFOT MOJYYHUTh HU3KHE YIENbHBIE PACXObl TOIUIMBA MPH HEBBICOKMX
yIeNbHBIX HAYaJIbHBIX 3aTpaTax.

Cucrema 1enrpammsoBanHoro TtertocHabkenuss (CLIT) — cucrema,
COCTOSIIIIASI U3 OJTHOrO MM HECKOJBKMX MCTOYHHMKOB TEILIOTHI, TEIJIOBBIX CeTeit
(HEe3aBHCHMO OT JMaMeTpa, YHCiIa U POTSHKEHHOCTH HapY)KHBIX TETIONPOBOJIOB)
1 notpeduTeseii (A00HESHTOB).

BaxxHBIM 3BEHOM TEIUIOPUKAIIMOHHON CHUCTEMBI SIBISIOTCS MEna06bie
cemu, IO KOTOPBIM TeruioTa (ropsyast BoJa, Nap WM TOpsUe Tasbl) TpaHC-
MOPTHUPYETCs. OT UCTOUYHUKOB TEIIIOCHA0KEHHS 10 TEIUIOBBIX MOTpeduTe-
JIeH.

TernoBble ceTH — COOpYXKEHHMS CaMble JOpOTHE, METAJUIOEMKHE U
TpyAO3aTpaTHBIE CPEU WH)KEHEPHBIX KOMMYHHKAIIMIA TOPOJIOB, TOTOMY OHH
JIOJKHBI BBITIONIHATHCS TaK, YTOOBI MO CITY>KUTh He MeHee 30 siet, He TpeOys
YacThIX PEMOHTOB M TEPEKIaJOK W HE CHIKAs CBOMX OKCIUTYaTAlMOHHBIX
KauecTB B TOT CPOK. DTH TpeOoBaHMsI OPMHUPYIOT TIOKA3ATENN HAJAKHOCTH
nonroseuHoct cucreM CLT, xotopele B CBOIO O4epenp ONPEENsIOT
SKOHOMHUKY TEIJIOCHA0KEHHSI B TIEJIOM.

B cBsi3u ¢ moBbIlIeHHEM TpeOOBaHMIA K KAYeCTBY TNIAHUPOBKH U YHCTO-
Te Bo3aylIHOro OacceifHa roponoB MHorue momHble TOL pasmeniarorcs
Ha 3HAYMTEIFHOM PAacCTOSHUU OT paHOHOB TEIUIOBOTO MOTPEOJIeHHs, Yac-
TO 3a NpeJenaMud ropoACKON 4epThl. POCT €AMHUYHBIX MOLIHOCTEH MCTOY-
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HUKOB TEIUIOCHAOXKEHHUSI U PaJIyCcOB Nepeaayr TEIUIOTHl BBI3BIBAET HEO0O-
XOIMMOCTh CYIIECTBEHHOTO MOBBIIICHUS HAIEKHOCTH M SKOHOMUYHOCTH
CHCTEM TeIIOCHA0XKEeHUSI.

Baxxnoe HapOTHOXO3HCTBEHHOE 3HAUYCHHE UMEET MOBBIIEHNE TEXHU-
YECKOr0 YPOBHSI TEIUIOBBIX ceTel. Bce 31eMEeHThl TEMIOBOM CETH TOJKHBI
OBITH paBHOM MPOYHOCTH M 00ECTIEUYMBATh Ka4eCTBEHHYIO PabOTy CHCTEMEI
terocHabxkenus 25...30 mer.

OCHOBHO# IyTh TOBBILIEHUSI HAJISKHOCTH U JIOJATOBEYHOCTU TEILIOBBIX
ceTell — 3aIIuTa OT KOPPO3UH CTAIBHBIX TPYO, KOTOPBIE SIBJISIOTCS TJIaBHBIM
3JIEMEHTOM TEIIONPOBOJIOB, TPAHCIIOPTHPYIOMINX TEIJIOTY OT HCTOYHHKOB
JI0 IoTpeOuTENeH.

3HauNTENBHBIA MPOrpecC B MOBHIIICHHH HAISKHOCTH TEIJIOBBIX ceTel
W CHW)KEHHH 3aTpat MPH IKCITyaTallul MOXKET ObITh JOCTUTHYT P ycTa-
HOBKE Ha TEIUIONPOBOAAX CHIIb(OHHBIX KOMIEHCATOPOB TEMIIEpaTyPHBIX
nedopManuii BMECTO CAIbHUKOBBIX KOMITEHCATOPOB.

HeoOxoauMo Taxke MOBBICUTH KA4eCTBO TEMJIOBOM W3OJSIMH TEILIO-
MPOBOAOB JIJIsl CHU)KEHHS TETIJIOBBIX TTOTEPb.

Cucrema TeIuToCHa0KEeH s 3TO COBOKYITHOCTh B3aMMOCBSI3aHHBIX NCTOYHHKA
TEIJIOBBIX CETEH M CHCTEM TEITONOTPEOICHHS.

B cBs3u ¢ Oo0NbIION HEPAaBHOMEPHOCTHIO HSHEPronoTpeOSieHHs 3Hep-
TOUCTOYHHKU U CETEBBIC YCTPOWCTBA CTPOSTCS CO 3HAYMTEIBHBIMHU 3allacaMu
MOIIIHOCTH, B 2..3 pa3za NpeBBIIIAIONIMMHA CPEIHEYaCOBbIE MOTPEOHOCTH B
SHEPTHU.

Cxembl TEIUIOBBIX CETe 3aBUCAT B TMIEPBYIO Odepep OT HaJIWuHs,
MOIITHOCTH ¥ Pa3MeIleHHs TEIJIONCTOYHUKOB, BU/IA TEINIOHOCHTENS U ITPEBaIH-
PYIOLIEro TEIUIOBOrO MOTPeOIeH s, B3aMMHOTO pa3MelIeH s TEIJIOBbIX oTpe-
outeneit, npunsToi cxembl CLIT u psima apyrux ¢GakropoB (HajaudMe BOIOHC-
TOYHHMKOB, TPAHCIIOPTHBIX KOMMYHHKAIIMH, OCHOBHBIX TI'PalOCTPOMTEIBHBIX
pereHui).

VYuuThIBask CIOXKHOCTB 33Jja4Kl MPaBUIILHOTO BHIOOpA M Pa3pabOTKH TaKUX
cxem, B 1980 . 6butn BeimymeHs! CH 531-80 «MHCTpyKImst 0 cocTaBe, MOpsiIKe
pa3paboTKu W yTBEPKICHHS CXEM TEIJIOCHAOKEHHS! HACEIEHHBIX IYHKTOB C
CYMMapHO# Ter1oBoi Harpyskoii 1o 116 MBT (100 I'kan/a)». .

o npuHIMITY paboTHI CXEMBI TEIUIOBBIX CETEH MOAPA3IENSIIOT Ha paiiOHHbIC
(MM M3OITMPOBAHHBIC) U O0IIHE (WK SIIMHBIC).

W3ommpoBaHHbIe CeTH MPUBSI3aHBI K OJHOMY HCTOYHHKY TEIUIOTHI U
00CITY’KUBAIOT KOHKPETHBIA HM30JMPOBAHHBIA paliOH, TPOMBIIUICHHBIA LEHTP
WM Topon B menoM. HemocraTkoM Takux cereld sIBIsieTcss HHU3Kas MaHEB-
PEHHOCTh TIpY TPHCOSAMHEHMH TEIUIOBBIX MOTpeOHTENel, HEeBO3MOXKHOCTh
PE3epBUPOBAHUSI OT OTACIBHBIX TETIONCTOYHHKOB.
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Jns KpymHBIX TOPOAOB W TPOMBIIDICHHBIX DPallOHOB pa3pabOTaHbl H
MOCTPOEHBI €IMHBIE TEIUIOBBIE CXEMBI TPYOOIPOBOJIOB, KOTOPHIE HE MPHBSI3aHbI
K KOHKPETHOMY HCTOYHHUKY TEIJIOTHI, OHM IIO3BOJISIIOT OPraHU30BaTh Mapal-
JISTBHYIO0 pabOTy MHOTMX WUCTOYHHKOB Ha OOIIYI0, OOE3JIMUCHHYIO CETh. JTO
CO3/1a€T BOBMOKHOCTb PE3EPBUPOBAHMUS UCTOUHHUKOB TEIJIOTHI, PAaIlMOHATIBHOTO
WCIIONb30BaHUS HMEIOIIMXCS TEIUIOBBIX MOIIHOCTEH, TI03BOJISIET MAaHEB-
PHPOBATh COOPY’KEHUEM TEIUIONCTOYHMKOB M Pa3BUTHUEM CETH, NIPEOTBPAILATh
pa3BUTHE aBAPHIL.

B cBs13u ¢ BBICOKO# LeHTpanm3anueii TerocHaoxkenus: ot TOL] BosHuKa
HE0O0XOIMMOCTh TI0 AHAJIOTHH C SJIEKTPHIECKUMHU U TA30BBIMHU CETSMHU CIIIHBIC
TOPOJICKUE TEIUIOBBIE CETH KPYMHBIX TOPOJOB BBINONHATH MO ABYX- H
TPEXCTYNEHYaTO CXeMe, C YETKUM JIeJIeHHUEM CeTell Ha MasucmpaibHble
(«BBICOKOTO TeMIIEpaTypHOro moTeHnuanay) avamerpamu 600...1400 MM u
oonee, pacnpedemumenvhvie (kéapmanvhvie) muamerpamu  300..600 MM U
0soposvle cemu nuamerpamu Menee 300 M. [1j1s OBBIIICHNST HAJGKHOCTH U
KayvecTBa MapajutefibHON pabOThl HCTOYHUKOB HA €IMHBIE CETH MOTpedoBaach
THAPABIMYECKas U TEMITEPATYPHAS M30JIAIMS MarUCTPAIBHBIX TEIUIOBBIX CETeH
OT paclpenenTeNbHBIX (KBapTAIBHBIX), OCYILECTBIsIEMAast ITyTeM COOPY>KEHUsI
BOJIONO/IOr PEBATENBHBIX MMOJCTAHIMI UM CMECUTENBHBIX HACOCHBIX MOACTaH-
LU, a TaKKe COOPY)KEHHS CHElHUAIbHBIX PpACIpENeTUTENbHBIX YCTPOMCTB,
Ha3bIBAEMBIX KOHMpoIbHO-pacnpedenumensivimu nyHkmamu (KPIT).

Booonoooepesameny — ycTpoiicTBO, Haxomsieecs: MOJ JABJICHHEM BBIIIE
arMoc(epHOro, Ciy)kailee il HarpeBaHUs BOIBI BOISHBIM IApoM, Topsaei
BOJIOM WJIM IPYTMM TEIUIOHOCUTEIIEM.

o xoHGHTYypalyy pasMyaroT JydeBble (paJuaibHbIC) U KOJBLEBBIC CETH.
BonbmacTBo TemoBbix ceteit o KPIT ctporuck kax jrydeBble, OHU Hanbosee
MPOCTBI, JICIIEBBI ¥ YAOOHBI B SKCILTyaTalll, XOTsI B aBAPUIHBIX YCIIOBUSIX OHH
HE MO3BOJISIIOT 00€CTIeYNTh OTKIIIOYAEMBIX MTOTpeOnTeNed Aake MUHUMAITBHBIM
pacxonoMm TerioHocuTens. KomblieBble CeTM M JIy4deBble C IEpeMbIYKAMU
00ecIIeunBAaOT PE3EPBUPOBAHKE, U B 3THX CITYYasX YacTO CHACAIOT TOJIOKEHHE.
Ha puc. 1.11 noka3ana cxema M30JMPOBaHHON TETUIOBOM cetu oT oHoi TOL] ¢
HACOCHO-TIOBBICUTENBHBIMU TTOJICTAHIMAMH, THIPABINYECKUMH PETYIATOpaMU
1 TIEPEMBIYKaAMU.

BeiBon Terutorel ot TOL (wmn KPII) ocymecTBisieTcsi, Kak MpaBuiio, Mo
HECKOJIbKUM MaructpaisMm. J[Jisi MOBBIMICHHS! HAIEKHOCTH TEIIOCHAOKEHUSI
MarucTpajii COSIUHSIOTCS MEKIY CO0OW pe3epBUPYIOLIMMY TepeMblukaMu. B
pe3yipTaTe 3TOro B TEIUIOCETH OOpa3yrOTCSl CIIOKHBIE MHOTOKOJIBLEBBIE
ruapaBiIddeckie cucreMbl. CTOMMOCTh TeIJIOCETH TP 3TOM  HECKOJIBKO
Bo3pactaer. KoHTposb 3a rWpaBiInyeckuMHu M TEMIEPaTYpHBIMU PEeKUMaMU
OCYILIECTBJISIETCS C TIOMOIBIO CPEICTB TEEMEXaHWKM W aBTOMAaTHKUA Ha
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komtektopax TOL[, Ha HacOCHBIX MOACTAHIMAX M B XapaKTEpHBIX TOUKaX
TEIIOBBIX CETEN.

Puc. 1.11. Cxema u3onupoBaHHOl TemaoBoi cetu of ogHoit TOLI:

PJII1 — palioHHBIN TUCTIETYEPCKUIl ITYHKT; MarucTpaibHblE TEILUIOBBIE CETH;
pacnpeneuTeNbHbIE TEIIOBBIE CETH; |:|— HTIT; o— UTIT; @ — HaCOCHBIE IOJ-
CTaHINU

TennoBbie ceTH MPOESKTUPYIOTCS 110 CIAETYIOUIUM CXeMaM:
1. TynmkoBas (puc. 6.12 a) — nHambojee mpocras, UMEET pacHpoc-
TpaHeHHE B TIOCEIKaX U MaJbIX TOpOJax.
2. Paamanenas (puc. 6.12 6) — ycTpanBaercs, KOrja HET BO3MOKHOCTH
OpeIyCMOTPETh KOJIBIIEBYIO, HO TIEPEPHIB B TEIJIOCHAOXKEHUU HEIO-
ITYCTHM.

uT
\1 1 1 ur )

Puc. 1.12. CxeMsbl TEIJIOBBIX CETEH: @) TYNUKOBAs; O) paJuaibHas CXeMa;
1 — HCTOYHUK TEIUIOTHI; 2 — MAarUCTPaNIbHBIC CeTH; 3 — mepeMbruka; 4 — LITIT;
5 — pacrnpenenuTenbHBIC CeTH; 6 —KBapTaJILHBIC CETH; 7 — OTPEOUTEIH TETIIOTH
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3. Kombuesas (puc. 1.13) — Haubonee goporas, COOpyKaercs B Kpyri-
HBIX TOpoJax, obecrieunBaeT OecriepeOONHOE TEIUIOCHAOXKEHUE, IS Yero
JIOJDKEH OBITh MPEAYCMOTPEH BTOPOH UCTOYHHK TEMIJIOBOM SHEPTHUH.

B xadectBe TeroHocHuTeneil cucreMm
LT npumensitorcst Boaa — ISl LEJIEH OTO-

MJICHUA, BCHTUIIAIIUU W TOpAYEro BOJO-

cHaO>KeHMsI U BOJSHOM map — Ui Mpo- | - H H
MBINUICHHBIX U TEXHOJIOTMYCCKUX HYXK/I.
Kasxapiit u3 3THX TemIoHoCUTENel o0aaaer

crienupuIeckuMu 0cOOEH-HOCTSIMA U Kave-

CTBaMH, KOTOPBIE 0053aTEIbHO YUUTHIBAIOT-
Csl TIPH MPOCKTUPOBAHUK CHCTEM, SKOHOMH-
YecKMX M TEXHHUYECKHX pacueTax, pa3paboTKe MpaBiul KCIUTyaTAlMH M COAEP-
’KaHUsI SHEPrOyCTAaHOBOK.

Boosmas cucmema mennocnabocenus — cucmema menioCHAONiCEHUs, 6
KOMOpOtl MenioHOCUmenem AGNAemcsl 600d.

Boma kak TermoHocutens B cuctemax L[TC wumeer cnemyromme mpe-
HMYIIECTBA MEPE ITAPOM:

1) BO3MOXKHOCTb TpaHCIIOPTUPOBaHMS Ha OonbllMe paccTosHus 0e3
OONBIIMX TMOTEPh TEMIIEPATYpHOrO TIOTEHIMANa, a CIeA0BaTelbHO, BO3-
MOXXHOCTh 00Jiee SKOHOMHYHONM KOMOWHMPOBAHHOW BBIPAOOTKH TEIIOTHI M
anekTposHeprun Ha TOLI;

2) ynoOCTBO  ILEHTPaJbHOTO  KAa4eCTBEHHOr0O M KOJMYECTBEHHOTO
PEryIMpOBaHUs OTITYCKa TETUIOTHI Ha €€ UCTOYHHKE;

3) mpocToTa TpPUCOSOUHEHHs OONBLIMHCTBA a0OHEHTCKHX CHCTEM K
TEIIJIOBBIM CCTAM,

4) coxpaHeHHE BCEro KOHJEHcaTta rperomiero mapa Ha TOL[ B Bo-
JIOHArpeBaTeNbHBIX YCTAHOBKAX.

Ilaposas cucmema menniocHabiCceHUss — cucmema MmenioCHAOHCeHUs, 6
KOMOpOtl MenioHoCUmenem AGNAemcs nap.

Ilap B cBoro ouepens oOdazaeT mepen BOAOH CICAYIOUIMMU IPEUMY-
LIECTBAMH:

1) Gomee mMpOKME BO3MOKHOCTH TPUMEHEHHS KaK TEIUIOHOCHTEIIS
(OorbIasi yHUBEPCATBHOCTD) — BO3MOXHOCTH Y/IOBJIETBOPSITH HE TOJIBKO YHCTO
TEIIJIOBBIC HOTpe6HOCTI/I, HO TakKXKC W CHIOBBIC, MW HCEKOTOPLIC YHCTO
TEXHOJIOTUIECKUE HYKJIBI (TIporapKy, abCopOupoBaHUE Ta30B U JIp. );

2) Manblii BeC M HE3HAYUTENBHOCTH CO3/IABAEMBIX THIPOCTATHYECKUX
JIaBJIeHUH B TPyOONpOBOAAax JiaxKe MpU caMbIX HeONaronpusTHBIX penbedax
MECTHOCTH TeIIOCHA0KaEMBIX PAiOHOB;

I/IT|

Puc. 1.13 KonbrieBass cxema
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3) mpocrota OOHApYXCHHS WM JIMKBHJAIIMW aBapyvii B CETSIX, TaK Kak map
BCErJla BBIXOIUT HA IOBEPXHOCTh 3E€MJIM, & BECTH CBApOYHBIC PabOTHI IPU
aBapHsIX MOYKHO HEMEJICHHO TOCJIC BHIKITFOUYCHHS 1apa;

4) mpocToTa HAyYaJIbHOM PEryJIUpOBKA aOOHEHTCKMX CHCTEM BCIICICTBHC
ABTOMATH3Ma PACIPEACIICHHUS Tapa OT/ICIbHBIMU IPUOOPAMH U CHCTEMaMH;

5) oTcyTCTBHE pacxofia AIEKTPOIHEPTUH Ha Iepeiady Tapa, Tak Kak OH
noctymaer K aOOHEHTY MOJ JaBJGHWEM B MAapOreHepaTopax Ha TerIoHC-
TOYHHUKE, & pacXoJl SHEPI'MU HAa BO3BPAT KOHJICHCATA BeCbMa HE3HAYMTEIICH 10
CPaBHEHHIO C PACXOJIOM SHEPIHH Ha MEPEKAYKy BOJIbI B BOISTHBIX TEIUIOCETSIX.

B Poccunm nperMyIIECTBEHHOE CTPOMTENLCTBO IIONYYHMIM BOJSHBIE
cucrems! L[T, B To Bpemst kak B CIIA, ®PI', benbrum — mapoBsie

[portyckHast CriocoOHOCTh TPYOOIPOBOAOB MO TEILIOTE M MO TEIJIOHO-
CHTEJIIO MpeicTaBiieHa B Ta0n. 1.5. CpaBHeHHE BOJSIHBIX CETEH C MApOBBIMH IS
CPEIHUX YCJIOBHH TOKAa3bIBAET, YTO BOJSHBIE CETH C PACUECTHBIM IeperagoM
temmepatyp B 60°C mpuMepHO paBHOIEHHBI MApOBBIM CETSM CO CPETHUM
nasienveM mapa B 0,5 Ml1a.

Tabmnuma 1.5

IIponyckHasi ciocoGHOCTH TPYOONPOBOAOB M0 TEILIOTE U 10 TEILIOHOCHTEJTI0

IpormyckHas ciocoGHOCTH IpormyckHas ciocoGHOCTH
Tuametp Io Terore Eg;gg:(; Tuametp Io terore  (Tlo TemmoHoCHTEO
TpPyOBI, MM TpPyOBI, MM
Bona Iap Bona Iap Bona Iap Bona Iap
MBt Kr/c MBt Kr/c
15 0,013 | 0,006 | 0,051 | 0,003 300 36,05 16,52 1233 6,157
25 0,045 | 0,021 0,181 | 0,033 350 54,55 | 25,01 186,7 | 9,333
38 0,128 | 0,058 | 0,506 | 0,025 400 76,6 35,2 261 13,06
50 0,279 | 0,128 1,111 | 0,056 450 92,5 48,7 364 18,19
75 0,838 | 0384 | 3,333 | 0,167 500 163 64,2 481 24,03
100 1,76 0,803 | 6,944 | 0,347 600 263 121 772 38,61
125 3,14 1,44 12,5 0,625 700 338 156 1156 57,78
150 5,07 2,34 20,22 | 10,11 800 479 220 1639 81,94
200 10,7 4,93 42,78 | 2,139 900 857 394 2917 1458
250 19,3 8,85 76,67 | 3,833 1000 1380 636 4750 2375

[To cnoco0y WCIOb30BaHMs TIEPBUYHBIX TEIUIOHOCHTENEH cuctembl L[T
JIENISATCS HA JIBE OOJBIIINE TPYIIIBI — 3aKPbITHIC U OTKPHITHIE.

[paBunbHBIN BBIOOP MOCTPOCHUS W pPEaM3allfsl CXEMbl TEILIOCHAOKEHUS
HACEJIEHHBIX IYHKTOB BO MHOI'OM OIPENEISAOT MyTH pa3Butus cucteM LT kak
COOCTBEHHO MCTOYHUKOB TEIUIOCHAOKEHUS, TCIUIOBBIX CETEH OT HHUX, TaK U
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aOOHEHTCKUX YCTAHOBOK, & TAKOKe TEXHUUECKHE M IKOHOMUYECKHE TIOKa3aTelH
ux. B oTeuecTBeHHO! TemIosHEpreTHKE OoJIee MONOBHHBI cucTeM BoAsHOro LT
IIOCTPOEHBI [0 OTKPBITOM CXEME.

3aKkpbiTasi BOASHAs CHCTEMa TEIUIOCHAOXKEHHMsST — BOJASHAas —CHCTEMa
TerocHaOKeHHs, B KOTOpOH BOJa, LUPKYJIMPYIOMAsi B TEIUIOBOM CETH,
HCHOJB3YETCs TONBKO KaK TEIIOHOCHTENb M U3 CETH HE OTOMpaeTcs.

B 3akphITBIX cHcTeMax TeMJIOHOCHTENb HCIONB3YETCd B BUAE T'pErOLIeH
cpenpl (paboyero Tena), Ui HArpeBa BTOPUYHOIO TEIUIOHOCHTEIS — BOJIBL
BO3/IyXa, ra3oB, padouMX J>KUAKOCTEH W cpei aOOHEHTa B TOBEPXHOCTHBIX
anmaparax. Hampumep, i HarpeBa B IUIACTUHYATBIX WIIM KOXKYXOTPYOHBIX
MO/IOrPEBATENSIX BOAOIPOBOAHON BOABI JJIS TENel TopsYero BOJOCHAOKEHMS,
WIM BO3AyXa B Kanopudepax mis CyIIMIbHBIX anmapatoB U T.A4. KonpeHcaT
MapoBbIX TEMJIOOOMEHHBIX amIapaToB COOMpaeTcsi B KOHJCHCATHBIE OaKH U
BO3BpALIAETCSI HAa CTAHIIMIO.

OtkpblTass BOJAHAs CUCTEeMa TEIUIOCHAOXKEHUs — BOJAHAs CUCTEMa
TeIUI0cHaOKeHNsI, B KOTOPOH BOJJA YACTHYHO WM OJIHOCTBEO OTOMPAETCSI U3 CEeTH
MOTPEOUTENSIMU TEIJIOTHL

B OTKpBITBIX cUCTEMax NEPBUYHBIA TEIUIOHOCUTENb HCIONIB3YETCS KAk
pabouasi cpea TOMHOCTHEO WIM YaCTHYHO B a0DOHEHTCKUX YCTAHOBKAaX
TEeruIoBOro motpebneHus. Hampumep, B OTKPBITBIX BOASHBIX cucTemax LT
cereBass BOJa TMOJHOCTHIO OOECIIEUMBAET TOpA4EH BOAOH aOOHEHTCKHE
YCTAHOBKH, OyIb TO >XWJble AOMa, aJIMHHHACTPATHBHBIC 3[aHHS WIIH JKE
MPOMBIIUIEHHBIE PEANPUSTHS (0OOMBIBOUHBIE TPOU3BOCTBA, TAPaXU H AP.), TO
€CTh pazOupaceTcs U3 TOPOACKOH TEIIOCETH.

B mapoBbIX crcreMax map MOMKET WCIONB30BATHCS HEIMOCPEACTBEHHO IS
MPOMAapKH JKene300eTOHa B MPOMapouHbIX Kamepax 3aBonoB JKBU, B Oyumib-
HBIX ammnapaTax KpacHJIbHBIX U XUMHYECKHX TPOU3BOJICTB, B CMEIIHBAIOIINX
0apOOTaXXHBIX TONOTPEBATENAX TOpsYed BOABI M pabOYMX KUAKOCTEH,
KOHTaKTHBIX armaparax u Jp. KoHaeHcaT npy 5TOM MOTHOCTHIO UCTIONB3YeTCs B
TEXHOJIOTMYECKOM TPOM3BOJICTBE UM aIiapaTax U Hazal He BO3BPAILAeTCsL.

1.7. Cxembl NMPUCOCIUHCHUSA HOTpeﬁI/ITeJIeﬁ K TEeIJIOBBIM CETAM

ITo crocoOy oTmycka TEMIOTH MOTPEOUTENIO CXEMbl MOIKIIOYEHHS
norpedurenei k remnoBeM ceraMm (TC) mensrest:

e /IS OTOIJICHUsI — cXeMbl noakitodeHuss TC: 3aBuCHMBIE U HE3aBU-
CHMBEIE;

e JIJIsl TOPSYEro TerocHabxeHus: — cxeMbl nonkirouenus TC: 3akpbl-
ThI€ ¥ OTKPBITHIE.
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3aBUcHMas cXeMa MOIKIIOUEHHS — KOrja BOJa W3 TEIJIOCETH Hemo-
CPEACTBEHHO MOCTYyMAaeT B HarpeBaTeIbHbIE MPHUOOPHI MECTHOW OTOMHTEIb-
Hoii cuctembl (MOC).

HezaBucumas cxema MoAKIIOUEHUs] — KOTJja MMEETCs IBa pa3iedbHBIX
KOHTypa (IepBUYHBIA — BOAA, UUPKYJIUPYOMas B TEIJIOBOW CETH, W BTO-
PUYHBINH — COOCTBEHHBIH KOHTYp J0Ma, Boja, nupkyiupywoomas 8 MOC),
MIPH 5TOM, BO/Ia U3 TEMJIOCETH Yepe3 TEI00OMEHHUK OTJaeT TEeIIOTy BoJle
coOcTBeHHOTrO KOHTypa. Boyma u3 TC moXoauT TOIBKO JIO TEMIOBOW TMOJ-
cranmmu MOC (tertoBast moacrannus — 310 LITIT wiu MTII), rae B mo-
norpeBarensx (TerioooMeHHHKax TA) HarpeBaroT BOAY, KOTOpas LUPKY-
mupyer B MOC. B »ToM cityyae uMeeT MeCTO JBa TEIUIOHOCHTENS: Ipero-
it (Boga u3 TC) u Harpesaembiii (Boma B MOC). JlaBieHue nepBUYHOTO
KOHTYpa HHKaK He Iepeaaercss Ha JaBleHHe BTOPUYHOr0, KOTOPBIH pabo-
Taer 3a CYeT COOCTBEHHOTO IIMPKYJISIIIMOHHOTO Hacoca.

OTKpBITHI BOAOPA300p — HANPSAMYIO M3 TEIUIOBOM CETH. 3aKPBITHIA
BO/IOpa3bop — uepe3 TeriooOMeHHUK Boja u3 TC HarpeBaeT BOJy MUTheE-
BOT'0 BOJIOIIPOBO/IA.

O6opynoBaHue TEMIOBOM MOJICTAHIIUK TP 3aBUCUIMOM CXeMe Mpolie U
JienieByie, 4YeM MpH He3aBUCHMOM, OHAKO, HEOOXOAMMO YYUTHIBATH, YTO B
3aBHCHMBIX CXeMax JaBJieHHe Mepenaercsa u3 TemioBoil cetu B MOC, ko-
Topas BhIepkuBaeT nasieHue g0 0,6...1,0 Mlla B 3aBucuMocTH OT Tuma
HarpeBaTelnbHBIX NMpHOopoB. Hanpumep, dyryHHBIE paguaToOpbl BBIICPIKH-
BaroT gaBiienue g0 0,6 MIla.

Ha puc. 1.14 moka3aHbl 3aBUCUMBIC CXEMBI MOAKIIOYSHHSI MECTHBIX
oronuTenbHbIX cucteM (MOC) K TemoBoi ceTH.

MOC

r MOC
T1 rT >

T1

C
v, =
a 7]

Puc. 1.14. 3aBucumast cxema nojakiodeHuss MOC K TEIUTOBBIM ceTsM: a) 0e3
CMEIIICHUST;, 6) ¢ AIIeBaTOpHBIM cMemienreM; T1 — mopatoruii Termonposo TC;
T2 — obpatnslii Tpybonposog TC; § —apMmaTypa OTKIIIOUAIOIIEr0 YCTPOICTBA;
Y — anesatop

<<
-

44



3aBucumas cxema 0e3 CMeENIeHHS NMPUMEHSETCS MPH TeMIepaType B
nofaromieM TpyoomnpoBoge TC He mpeBbIIIAIONIEM Tpesena, YCTaHOBIIEeH-
HOT'O CAaHUTAPHBIMH HOpPMaMH IJisi TPUOOPOB MECTHBIX CHUCTEM. JTO BO3-
MOXHO B Clydae MaJjloro MCTOYHHKA TEIJia, KOT/ia KOTellbHas BhIpaOaThIBa-
er TeroHocuTens mapamerpamMu 95...105 °C wim B cHCTEME OTOIUIEHHS
NPOMBIIIIEHHBIX 31anuid ¢ > 100 °C, HO OHa JOMmycTHMA.

B 3aBucuMon cxeme MOAKIOYCHUA C DJICBATOPHBIM CMCUHICHHUEM BOJa
u3 nojasorero Tpybornposoaa T1 ¢ remneparypoii £, = 130 °C moctymaer B
anesarop (puc. 1.15), yepe3 naTpyOoK K 3eBaTOPY MOJCACHIBACTCS BOJIA U3
oOpatHoit MecTHOM cetn T2 ¢ TemnepaTypoii £, = 70 °C. Braromaps coruty,
KOTOpPOC BCTPOCHO B 3JICBATOP, U IO MPUHIUITY WHKCKIWH, IIPOHUCXOOUT
CMEIICHUE TEIUIOHOCHUTENEH ¢
temmeparypamu ¢ = 130 °C u
t, = 70 °C, cMmemanHas BOJa C
temmepatypoit ¢ = 90 °C mocry-
macT B HArpeBaTCIIbHBLIC HpI/I60-
pel.  D7neBaTopbl  pPacCCUUTHI-

BAIOTCS, M MIOIOMPAETCA TMAMETP Py, 1.15. Cxema aneBaropa: 1 — corio;
comna. Y Hac B cTpaHe Ooib- 2 — kaMmepa NOoJMEIIMBaHUSA; 3 — KaMepa
IIMHCTBO BBOJOB B 3JaHud  cMmemreHus; 4 — muddyzop

cHa0>XKEHO DIIeBATOpPaMH TaM, TJIe

O TEIJIOCETSAM TPAHCIIOPTHPYIOT MEPErPETYIO BOY.

Heo0xoauMo yuuThIBaTh, 4TO JUIS paOOTHI 3JIeBaTOpa TPeOyeTCs Harop
Ha Boze 15 M BogHOTO cTonoba.

Ha puc. 1.16 nmoka3ana cxema He3zaBucuMoro nozxitoueHuss MOC c
TEr1000MEHHUKOM.

[Tpu Takom cnocoGe HezaBucuMas cxema aeaut MOC Ha /1Ba KOHTYpa,
He jomyckas koneOanuii naBieHnid. O0a KOHTypa TMAPABINYESCKH M30JIH-
POBaHBI M HE3aBHCUMBI JIPYT OT Apyra. B maHHOW cxeme JIerko YYUTHIBATh
MOTPEeOHOCTh B TEIJIE, PeryJupoBaTh Mojavy Terja, T.e. YCTPaHSITh Hpo-
OneMy JUILIHEH Mepeadd TEIUIOTHl Ha OTOIJIEHHE, YTO MO3BOJISET YKOHO-
MUTH SHEPTHIO.

Jrobast cucTeMa BOASHOTO OTOILICHHS MPEACTaBIISIET COOOW 3aMK-
HYTBII HUPKYJISLUOHHBIIA KOHTYp, 3allOJHEHHBINA BOJOU, IEPEHOCA NN
TEIJIOTY OT UCTOYHHMKA (TENJIOTeHepaTopa, TeMI000OMEHHOr 0 anmnapa-
Ta) 10 CTOKOB (OTONMHUTENBHBIX MpUOOpoB). CiaeqoBaTenbHO, TeMIepa-
Typa UUPKYIUPYIOIIEro TEIUIOHOCUTENS (BOABI) OYAET pa3andaTbes B OT-
JeNbHBIX YacTsx cucTeMmbl. CaMoil BBICOKOW OHa OyAeT Ha BBIXOJE M3
HWCTOYHUKA TEIJIOTHI, a 3aTeM BCE HIDKE 3a CYET TEMJIOOTAadd TPYyO M
OTONUTENbHBIX MpUOOpoB. [Ipu 3TOM Hambonbllee TOHMKEHUE TeMIIe-

T1
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paTypbl NMPOMCXOAMT MMEHHO B OTONUTENbHBIX Npubopax. Hambonee
HU3Kasl TeMIepaTypa HaOJloaeTcs Ha BXOJE B MCTOYHHUK TEIIOTHI (BO-
noHarpeBartens). Kak ciencTBue M3MeHEHHs TeMIlepaTypbl BOABI U3Me-
HSIETCS U €€ TUIOTHOCTh. ECIIM MCTOYHUK TEIJIOThI PACIIOIIONKEH 110 BEp-
THUKaJIM HUKE CTOKA, TO B 3aMKHYTOM KOHTYpE BO3HHUKHET I'DaBUTAIIU-
OHHOE WM €CTECTBEHHOE UUPKYISAIUOHHOE JaBJeHHE, CIOCOOHOE

obecrieunTh PabOTOCIIOCOOHOCTH

P CHCTEMBI OTOILUIEHHS B HEOOIb-
BE= IUX OJHO- WJIH JIByXATaXKHBIX
JIOMax.
1—] moc
. B coBpeMEHHBIX MHOTIO3TaX-
" d, B HBIX 3JaHHUAX W  COOPYXEHHSIX

Oonpmoro odbeMa M MPOTIKEH-
HOCTH HTOTO JAaBJIEHHSI OKa3blBa-
—5 ercs HexocrtatodHo. Iloatomy Bee
JICHCTBYIOIIME CUCTEMBI OTOILIE-
HHUA B YKa3aHHBIX 06’LGKTaX ABJISA-

G ™ : § IOTCS HACOCHBIMH, T.€. LUPKYJIS-
g T2 < Y1 BOJBI OCYIIECTBISAETCS B OC-
Puc. 1.16. HeszaBucumas cxema ¢ Ter- ~ HOBHOM 3a CU€T paboThl Hacoca,
J000MEHHHKOM: | — MecTHas 0TO- BMOHTHUPOBAHHOTO B LIUPKYJIALHU-
NMTENbHAS CUCTEMA; 2 — LUPKYIALU- OHHO€ KoJibllo. Ho rpaButanuosn-
OHHBIH HAcoC; 3 — TEIIOOOMEHHHUK; HOE JIABJIEHHE TAKXKe OKA3bIBAET

4 — pacmpuTeNnbHBIN Oak: 5 — oT-

olpeJeNieHHOe BIHMsIHUE Ha pabo-
KJIro4aronias apmMarypa

Ty 3THX CHCTEM.
Ha puc. 1.17 nokazana 3aBUCHMasi CXeMa C HACOCHBIM CMENICHUEM, KO-
TOpasl UCHONB3YyeTcs B Cilydae HEAOCTaTOYHOro Hamopa. LleHTpoOexHbrii
HACOC CTaBAT MEXKAY MOJAIOIIUM M 00paTHBIM TPyOOIPOBOJAOM M OH Kak
3JIeBaTOp MOAMEUIMBAET K MOJAIOIIEH BO/Ie OOpaTHYIO OXJIaXKACHHYIO BOAY.
CyIIecTBYIOT CXEMBI H € 3JIEBATOPOM H C HACOCOM.
JIOCTOMHCTBOM 3aBUCUMOM CXEMBI IIpH-
MOC COEJIMHEHMsI SBJISIETCSl TPOCTOTa W OTHOCH-
TEJTbHO HEBBICOKAS! CTOMMOCTh a0OHEHTCKUX
S YCTaHOBOK TIO0 CPaBHEHUIO C HE3aBHCHMOM
cxemoi. Kpome Toro, mpu 3aBUCHMOM MpH-
Tl S COeJMHEHNH B aOOHEHTCKOM YCTaHOBKE MO-
T2 KeT ObITh TIONTy4YeH OOJNBIINIA, YeM TP He3a-
BHUCHMOM TIPUCOEMHEHHH, TIepena]] TemIle-
Puc. 1.17 3apucnmas cxema patyp CeTeBOi BOJBI, 4YTO CIOCOOCTBYET
CHW)KEHHUIO pacxolia BOJBI B TEIUIOCETH H,
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COOTBETCTBEHHO, YMEHBILICHHIO JUAMETPOB TPYOOIPOBOIOB TEIUIOCETH U
CHWKEHUIO KallUTaIbHBIX 3aTPaT B TETUIOBBIE CETH.

Paccmorpum cxembl monkiroueHust ropsiaero BogocHadxkenus: (I'BC)
norpeduTeneil K TeruIoBbIM ceTsiM. Kak yxe ObUIO cKa3aHO BBILIE IpUMe-
HSIIOTCS 3aKPBITHIE H OTKPBITHIE CUCTEMBI TETUIOCHA0KEHUSL.

B 3akpBITBIX CHCTEMax TEIUIOCHA0XKEHHS TEIIOHOCHUTENb MOTHOCTHIO
BO3BpallaeTcs K UCTOYHHUKY TEMJIOCHAOXKEHUS (38 MCKIIOUEHHEM yTEdeK).
TennoHOCUTENb UCIONB3YIOT KaK TPEIOULYI0 Cpeny B TEMI00OMEHHBIX al-
napaTtax. 3aKpbIThle CUCTEMBI THPABIMYECKA W30JMPOBAHBI OT TEIIOBBIX
cerei, 4TO oOeceunBaeT cTabMiIbHOe KauecTBO Boabl B I BC, Tak kak HeT
BBIHOCA IUTaKOBBIX oTioxeHui B cucteMy ['BC. Onnako, B cuctemy I'BC
(B TpyOBI) IOCTYyMAET BOJIA M3 XOJOJHOI'0 BOJIOMPOBOIA, KOTOPBIN HE TOJ-
Bepraercs Jeadpanuu (yAaJeHHI0 KUCIOPOAa M YIIIEKHUCIIOro rasa), Harpe-
BaeTcs U YCYryOJsieT KOPpO3HMOHHYIO aKTUBHOCTb, CJIE€IOBATENbHO, OBICT-
pee IPOUCXOAUT pas3pylIeHHe TPyO OT KOPPO3UH, YEM B OTKPBITHIX CXEMax.
[ToaTOMY B 3aKpBITHIX CHCTEMaX PEKOMEHIYIOT MPUMEHATh HeMeTalinye-
CKHe€, TNIACTHKOBBIE TPYOBI.

3aKphIThIe CXEMBI Pa3IMYaroT OJHOCTYIICHYAThIC 1 MHOTOCTYIICHYATHIE.
BbI00p cxeMbl 3aBUCHT OT COOTHOILEHHS Pacxoia TeIula Ha OTOIUICHHE U
I'BC. Bribop cxembl NpUCOETUHEHUs MPOU3BOAUTCS HA OCHOBAHUM pac-
yera. Ha puc. 1.18 mokazaHsl OZHOCTYIE€HbYATHIE CXEMbI IPUCOETUHEHUS
cucreM ['BC x TemioBeM cersiM. B cityuae npenBkitoueHus (puc. 6.18 a)
OJIMH TEIUIOOOMEHHHUK M HarpeB Bojbl Ha ['BC mpoucxomuT 10 MecTHOU
OTOIUTENBHOM cucteMbl. B ciyuae puc. 1.18 6 temooomennuk I'BC u
MOC noaxiaro4YeHsbl K TeIJIOBOU CETH MapajlieibHO.

yMOC— yMOC—

=] =]

T1 T1
< 12 [ < T [
a 6
Puc. 1.18. OgHOCTyIIEHBYATHIC CXEMBI: @) TIPEIBKIIOYCHHAS; 0) TIapaUIeIbHAS

Ha puc. 1.19 noka3anbl IByXCTyIEHHUATHIC CXEMBI MTOKITIOUEHUS TEll-
nooomennnkos ['BC k TC.
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B orkpeIThix cuctemax I'BC ncnonb3ytoT He TOIBKO TEMJIOTY, MMOIBO-
JUMYIO TEIJIOHOCUTENIEM U3 TEIUIOBOM CETU B MECTHYIO CETh, HO U CaM Te-
TUIOHOCHTENb. B OTKpBITEIX cxemax TpyOsl [ BC Koppo3upyloT B MeHbIIEH
CTEIEHH, YEM B 3aKPBITBIX CUCTEMAX, TaK KaK BOJA IIOCTYIIAET U3 TEIIOBON
cetu nocie XxuMBonouucTkd (XBO), HO pH 3TOM BO3MOKHO HapylleHHe
CTaOMJIBHOCTH CaHUTAPHBIX HOPM TOKasaTeneid BoAbl. OTKPBITHIE CXEMBI
JieneByie, YeM 3aKphIThIe, TaK KaKk He TPeOYIOTCs 3aTpaThl Ha TEMI000MEH-
HUKH U HACOCHOE 000pY/I0BaHHUE.

A t(fSC

I crynens

IT cryhiens

T1

—\/

[ T2

a 9]
Puc. 1.19. JIByxcTyneHbUaThIE CXEMBI: @) TOCIIeA0BaTEIbHAS; 6) CMEIIaHHAS

T2

B 3aBucuMocTH OT uucna TpyO, nepenaromnX TeIOHOCHTENb B OTHOM
HaTpaBJICHUH Pa3IHyaroT OHO-, ABYX- U MHOroTpyOHbIe cuctembl TC. o
MUHHMAJIBHOMY YHCITY TPYO MOXET OBITh:

" OTKpBITas OOHOTpYyOHas cucreMa — TpPUMEHSETCS IMpU IEeHTpa-
JM30BaHHOM OTOIJICHWH Ha TEXHOJOTHMYECKHE M OBITOBBIE HYXKABI, KOT/Aa
BCS CeTeBasi BOJA pa3dupacTcs MOTPEOMTENSIMU MPHU IMOJIayue TEIUIOTHl Ha
ororuienne, Beutuisiiuioo u ['BC, T.e. korma O, + O, = Q.. Takue cutya-
LMY XapaKTEPHBI JUIA IO)KHBIX PaiOHOB M TEXHOJIOTHYECKHX MOTpeOuTenei
(penko BcTpevaroTcs).

" IBYXTpYOHasi cMcTeMa — camasl paclnpocTpaHEHHas, COCTOUT U3 TO-
natoriero (T1) u ooparnoro (T2) TpyOonpoBoaoB.

" TpexTpyOHasi — COCTOMT U3 COENUHEHHUs ABYXTPYOHOH CHCTEMBI BOJIO-
cHaO)KeHHsI Ha OTOIUIEHHE W BEHTHJLIIMIO M TpeThell TpyOBl IS 1enei
I'BC (T3), uto He oueHb y100HO.

" 4eThIpeXTpyOHast — Korjga Jo0aBIseTcsl MUPKYJSIMOHHBIN TpyOoIpo-
Bon Ha ['BC (T4).

" B MHOTOTPYOHBIX J00aBISIFOTCS TPYOOIPOBOABI IS TEXHOIOTHIECKUX
nyxna (T,).

1.8. Tpacchl TeMIOBBIX ceTell U CIOCOOBI MPOKIAAKH

TemoBas ceTh — 3TO CUCTEMA MPOYHO U TUIOTHO COSTUHEHHBIX MEXKIY
cO00H y4acTKOB TEIUIONPOBOAOB, IO KOTOPHIM TEIUIOTa C MOMOIIBIO Tell-

48



JoHocuTeNs (Tapa WM Topsidedl BOABI) TPAHCTIOPTHPYETCsl OT UCTOUHHKOB
K TETJIOBBIM TIOTPEOUTENSIM.

Hanpasnenue TemnomnpoBoaoB (Tpacca) BEIOMpaeTcs 1Mo TEIUIOBOH Kap-
Te paiioHa C y4eTOM MaTephalioB T'e0Je3MUeCKON CheMKH, IJIaHa CyIIecT-
BYIOIIIMX ¥ HAMEUAEMbIX HAJ[3¢MHBIX M MOJ3EMHBIX COOPYXEHUH, TaHHBIX O
XapaKTepPUCTHKE TPYHTOB, BBICOTE CTOSHHS TPYHTOBBIX BoA W T.m. [lis
MPEeAYNPEKICHUS KOPPO3UN HE PEKOMEHyeTCsl TPOKIaAbIBaTh OA3EMHbBIC
TEIJIOBBIE CETH B OJHOM TpOe3/ie Napajie]bHO ¢ TPaMBAHHBIMH ITYTSIMHU U
OTCACHIBAIOIINMH KaOeNsIMH MMOCTOSTHHOTO TOKa, a TakKe Ha TEPPUTOPHIX
Y4YacTKOB, MOJBEPTAIOIIMXCS 3aTOIUICHUIO 3arPsS3HEHHBIMU JKUAKOCTSIMH, B
3a00JI0UEHHBIX MecTax.

[Ipu BBICOKOM YpOBHE TPYHTOBBIX M BHEIIHHX BOJI, OOJNBILIOW T'YCTOTE
CYIIECTBYIOIINX IMOJI3EMHBIX COOPYXEHUH Ha Tpacce MPOEKTUPYEMOro Te-
TUIONPOBO/IA, CHIILHO MEPECEYEHHON OBparaMM MECTHOCTH M Tepece-
YEeHUN MHOTOKOJICHHBIX KeNIe3HOJOPOXKHBIX MyTeH B OONBIIMHCTBE CIyda-
€B OT/Aaercs MpeANnoYTeHHe HaJA3eMHBIM TerionpoBoaaM. OHH OOBIYHO
TaKXKe MPUMEHSIOTCS Ha TEPPUTOPHUSIX MPOMBIIUICHHBIX MPEANPUITHIA TIPU
COBMECTHOW MPOKJIAZKE SHEPreTHUYEeCKUX M TEXHOJIIOTHYECKUX TPyOompo-
BOJIOB Ha OOIIMX 3CTaKaJaxX WK BBICOKUX OMOpax.

B >kunbIx paiioHax U3 apXUTEKTYPHBIX COOOpaXKeHHH OOBIMHO MPUMEHS-
eTcsl TI0/I3eMHAsI MPOKJIa/IKa TEIUIOBBIX ceTeil. OAHAaKO OMBIT MOKa3bIBaeT,
YTO HaJ3EMHBIE TEIUIONPOBO/IBI IOJTOBEUHEE 1 O0Jiee pEeMOHTHONPHUTOTHBI
MO CPaBHEHHIO C MOI3EMHBIMHU.

Tpacchl TEMIIOBBIX CETel HE MOTYT OBITh ClIeNaHbl IPOM3BOIBHO, MO CyOb-
eKTHBHOMY >KE€JIaHHIO, OHU BBITIOJHSIOTCS B COOTBETCTBUH ¢ ykazaHusimu CHull
41-02-2003, CHulI 3.05.03-85 u cTporo periaMeHTUPOBAHbL

[To ycnoBusiM 6e30nmacHOCTH PabOThI TEILIOBBIX CETEH M HAJACKHOCTH
TerIocHa0XeHUsl He JONyCKaeTcsl MPOKIaKa B OOIIMX KaHalaX TEerIonpo-
BOJIOB COBMECTHO C KHCIIOPOAONPOBOAAMH, Ta30MPOBOJAMH, TPyOOIIPOBO-
JlaMH CXKaTOro BO3Jyxa jaaBiieHueM Bhwimie 1,6 MIla, TpyOonpoBogamu jer-
KOBOCIIJIAMEHSIFOIINXCS M SIOBUTBIX JKHIKOCTEH W ra3oB, TpyoonpoBoaamu ¢e-
KaJIbHOM U JINBHEBOW KaHAJIM3ALIUH.

CoBpeMeHHBIE CITOCOOBI MPOKJIAKA M BO3BEICHHS TEIJIOBBIX CeTel (pHc.
1.20) k1naccUpUIMPYIOT CIICYIOIIMM 00pa3oM:

1. BeckananbHasi MPOKJIaKa TEIUIOBBIX cereid B TpyHTe. ([l TerutoBbix
cereil ycnoBHbIM juamerpoM Dy, < 400 MM crnenyer nperycMaTpuBaTh IIpe-
MMYIIECTBEHHO OCCKaHAIBHYIO ITPOKIIAJIKY.

2. CoBMellleHHass MHOTOTpYOHast TPOKJaJKa TEIJIONPOBOAOB B OOLIEH
TpaHIIIee COBMECTHO C IPYTMMH KOMMYHHKAIIMSIMH.
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3. IIpoknaska TEIUIOBBIX CETel B IMOJ3EMHBIX HEMPOXOAHBIX KaHATaX —
Pa3aebHO WM COBMEIIEHHO C JPYTUMH KOMMYHHKAILIHSMU.

4. CoBMellleHHasT TIPOKJIa/IKa TEIJIONPOBOIOB B TIOA3EMHBIX IPOXOIHBIX
KOJJIEKTOPAX U TEXHUYECKUX MOJIONbX 37aHUi.

5. HapzemHast — BO3yIiHas MPOKIIAJIKa TEMIONPOBOIOB.

BeckananpHast mpoknagka 1 siBisiercss HarOoiee SKOHOMUYHBIM CITOCOOOM
COOPY)KEHHsI TETUIOCETEeH, 00ecreunBaroias MEHbIINE OOBEMBbl 3EMIISTHBIX U
CTPOUTEIBHO-MOHTAXKHBIX padOT, SKOHOMHUIO COOPHOIO JKeJIe300€TOHA, CHIDKE-
HUEC TPYAOCMKOCTH CTPOUTEIILCTBA U ITOBBIICHUE ITPOU3BOAUTCIILHOCTH TPY/a.

IIpu coopyxeHuu BHYTpU-
KBapTaJIbHBIX TIOA3EMHBIX
KOMMYHUKAIU OT KOTENIBHBIX,
IOTII B  paiioHaX  HOBOIO
KHJIMIIHOTO CTPOUTENBECTBA TO-
ponoB HamOonee 3PdeKTUBHO
MPUMEHSIETCS] COBMEILIEHHas Oec-
KaHaIbHAs ~ TPOKIAJKa  Hec-
KOJBKHMX CeTeil 2 — ropsiuero u
XOJIOMHOTO BOJIOCHAOXKEHUsI U
Jpyrux B 0OIIel TpaHIee.
Uuciio TpyO NpU 3TOM MOXKET
nocturatb g0 10...12 . Ona
Oonee SKOHOMUYHA, YeM pas-
JieTbHAs pokazka (Ha 15 % mo
croumoct, Ha 25..30 % mo
00beMy  3eMJISIHBIX  paloT),

2277,

Puc. 1.20. CoBpemeHHBIE cITOCOOBI
MIPOKJIA/IKK TEIUIOBBIX CeTei

COKpAILIAOTCS CPOKH CTPOUTENBCTBA.

[penmyiiecTBEHHOE pACIpPOCTPaHEHWE B TOpOAax TMOMY4YMJ —CIoco0
CTPOMTENLCTBA TEIUIOBBIX CeTel B HEMPOXOMHBIX MOMBEMHBIX KaHamax 3. Kanan
3alMIIACT TEIUIONPOBOA OT MEXaHWYECKMX HArpy30K, oOecreunBacT
TeMmriepaTrypHble jaedopManiy ero, 3aluMinaeT OT BO3AEHCTBHUSI TPYHTOBOH
Cpcabl 1 TOBEPXHOCTHBIX BO.

OrpaHu4eHHOE MPUMEHEHUE MOTYYMJI CIOCOO COBMEIICHHOW MPOKIAIKK
TEIJIONPOBOIOB B TOHHENSX, IMPOXOAHBIX KOJWIEKTOpaX M TEXHUYECKHX
MO/ANONBAX 3/1aHNH 4.

[Nom3eMHyr0 TPOKIAAKy TEIUIOBBIX CETEH JOMYCKaeTcss MPUHUMATh
COBMECTHO C JPYIMMH HWHXCHEPHBIMH CETAMH: B KaHalaX — TOJNBKO C
BOJIOMPOBOZIAMH, TPYOOIIPOBOZAMH CKATOro BO3dyxa AaBieHueM 1o 1,6 Mlla,
Ma3yTONpPOBOAMH, C KOHTPOJBHBIMH KaOe/sIMH CBSI3W TeIUIOceTed, a B
TOHHEJISIX — TOJIEKO C BOJIONPOBOaMH JiiaMmeTpoM J1o S00 MM, KaOelsiMu CBsI3H,
CWIOBHIMH Kabensmu HampsbkeHneM a0 10 kB, TpyOompoBomamu cxatoro
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Bo3myxa naBnenueMm A0 1,6 MIla u mamopHoit kanammzarmmu. [Ipokmagka
TpyOOIPOBOIOB TEIUIOBBIX CETel B KaHANAX C APYrMMU WHKEHEPHBIMH CETSIMU
KpOMeE yKa3aHHBIX HE JIOITYCKAETCs.

Jlnst oOerdeHus OMOPOXKHEHHUs (IPEHaXkKa) TEIUIONPOBOIOB X TPOKIIA IbI-
BAaIOT C YKJIOHOM K FOpU30HTY. MUHUMAJIbHBIN YKIIOH BOASHBIX CETEN MPUHUMA-
ercst papubiM (0,002, Hanpasienue yxiiona 0e3pa3nmuiHo. B mapoBbix cersix Mu-
HUMaJIbHBIA YKJIOH npuHMMaercd paBHbM 0,002 mpu HampapieHHH YKJIOHA IO
xomy napa 1 0,01 mpotuB xoza mapa.

J14 3anmThl TapoIpoBO/Ia OT MOMAJaHNsl KOHJIEHcaTa U3 KOHAEHCATOIPOBOIa
B TIEPHO/] OCTAHOBKH TIapOIPOBO/IA I A JIEHNs TaBJIEHHS Tlapa 1ocie KOH/IeH-
CaTOOTBOIYMKOB JIOJDKHBI YCTAHABJIMBATHCS OOPATHBIE KIAMaHbl KA 3aTBOPHI.

Br10panHOe HaripaBiIeHHE TPacchl TEIUIOBBIX CETeH C y4eToM HOpM NpuOIH-
YKEHHsI K COOPY)KEHUSIM M CMEKHBIM KOMMYHHUKAIIUSIM HAHOCUTCS Ha TIaH T'eo-
JIe3MYECKOI CheMKHU C TIPUBSI3KOW OCH TPACChl K CYIIECTBYIOIIMM 3JaHUSM WITH
JpyruM coopykeHusM. 110 Tpacce TEIUIOBbIX CETel CTPOUTCS IMPOAOIBHBIN IIPO-
(Wb, Ha KOTOPBIN HAHOCAT TUIAHMPOBOYHBIC (KPACHBIC) U CYIIECTBYHOIIHE (4ep-
HBIC) OTMETKH 3€MJIH, YPOBEHb CTOSIHHSI TPYHTOBBIX BOJI, CYILIECTBYIOLIHE U TIPO-
eKTHpyeMble TI0/[3EMHBIE KOMMYHHUKAIMU U JIPyrUe COOpY>KEHMs, TiepeceKaeMble
TEIJIONPOBOAOM, C YKa3aHMEM BEPTUKAJIBHBIX OTMETOK 3THX CoOpykeHui. Ha
puc. 1.21 npuBeIeHbI VTS WUTFOCTPAIMK TPACCHI U MPOQHIIb YJaCTKa MOI3EMHOTO
TEIJIONPOBO/IAa B HEMPOXOAHOM KaHaJle.

/ﬁﬁK] K-lll-IO 9o'l _ H_o HE' i H;_T— _ H:' K-‘[J_T+]- lHK‘Ilql;-

e

1
3 644

Puc. 1.21. Tpacca TemioBoi ceTu: @) TUIaH TPacChl; 6) MPOGUIL TEIUIONPOBOIA B
HenpoxoHoM KaHaie; K — kamepa; HK — Humia komrieHcatopa; HO — Henoj-
BIDKHAsSI O1opa; | — YepHbIe OTMETKHU 3eMJIH; 2 — IUTAHUPOBOYHBIC OTMETKHU 3EM-
JU; 3 — BOJOCTOK; 4 — KaHAJIM3AIWS;, 5 — BOJAOMPOBOJ;, 6 — BIICKTPOKa0EIh

B nonzeMHBIX KaHanbHbiX TEMIONPOBOAAX U3OALMOHHAS KOHCTPYK-
LM pa3Tpy’keHa OT BHEIIHUX HAarpy30K rpyHTa CTEHKaMHU KaHauna.
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B 6eckananvupix TemnonpoBonax M30SIMOHHAS KOHCTPYKIHUS HCIIbI-
TBIBAET HAIPY3Ky IPyHTA.

Kanansr COOPYIKAKOTCA MPOXOAHBIMHA U HETIPOXOIHBIMHU.

N3 Bcex MOA3EMHBIX TCILJIOIIPOBOI0B HaI/I6OHee HaaC)KHbIMH, 3aTO U
HaI/I60Hee JOPOruMH 10 Ha4YaJIbHBIM 3aTpaTaM SABJIAIOTCA TCIIJIOIIPOBOALI B
MPOXOJIHBIX KaHAJIaX.

OcHoBHOE NpeMMylIeCTBO IMMPOXOJHBIX KaHAJIOB — MOCTOSTHHBIHN J0CTyl
K TpyOonpoBoaaM. I1poxo/HbIe KaHaIBI IO3BOJISIOT 3aMEHSITh U JJOOABIIATH
TpyOONPOBOIBI, MPOBOIUTH PEBU3HIO, PEMOHT M JIMKBHJALMIO aBapvil Ha
TpybonpoBonax 0e3 pa3pylIeHUs] TOPOKHBIX MOKPBITHI U Pa3phITUS MOC-
TOBBIX. HpOXO[{HI)Ie KaHaJIbl MTPUMCHAIOTCA O6I)I‘IHO Ha BbBIBOJAaX OT TECILIIO-
3JEKTPOLEHTPAIEN U HA OCHOBHBIX MarucCTpaIsIX IPOMILIOIAJO0K KPYITHBIX
npeanpusTiid. B mocneanem ciydae B 001eM MPOXOAHOM KaHalle TpOKJa-
JBIBAIOTCS BCE TPYOONPOBO/IBI IPOM3BOICTBEHHOTO0 Ha3HAUSHUs (ITapoIpo-
BO/IbI, BOJIOBO/IbI, TPYOOIIPOBO/IBI CXKATOT'O BO3/1yXa).

BoapmmHCcTBO TCIUIOMPOBOAOB MPOKIAABIBACTCA B HCEIIPOXOIAHBIX Ka-
HaJax Wi 6ecKaHalbHO.

TerutonpoBoibl B HENPOXOAHBIX KaHanmax. KaHanbel coOuparorcs u3
YHU(UIIMPOBAHHBIX KeJIe300€TOHHBIX 3JICMEHTOB Pa3HBIX Pa3MepoB (PHC.
1.22). Jlnst HageXHOM U JONTOBEYHOM PabOThI TEILIONPOBOa HEOOXOAMMa
3allUTa KaHajlla OT IOCTYII-

e e q | JICHHsI B HEro TPYHTOBBIX HIIU
/ \ MOBEpXHOCTHBIX BON. Kak mpa-
% BUJIO, HIDKHEE OCHOBAaHUE KaHa-
I~y i JIa JOJDKHO OBITH BEIIIE MAaKCH-

MajabHOIO YPOBHSI TPYHTOBBIX
BOJ.
[Mpumenenne  OeckaHaib-
HBIX TEMJIONPOBOAOB B MOHO-
Puc. 1.22. TenonpoBo/ B HENPOXOJAHOM JIUTHBIX 000JIOYKAX — OOWH U3
KaHaJI€ ¢ BO3AYIUIHBIM 3a30pOM: OCHOBHBIX Hy"[eﬁ UHOYCT-
1 —Tpybonposox; 2 — aHTHKOPPO3HOHHOE puaM3aluyd CTPOUTEIILCTBA TE-
TIOKPBITHUEC, R TCIINION30JIIINOHHBIN CJIOU, v
4 — 3alllUTHOC MEXaHNUYCCKOC IMTOKPLITHUC IUIOBBEIX CCTEH. B STH?’( TEILIo-
MPOBOJIaX Ha CTaJbHOW TpPyOO-
MPOBOJI HAJIOXKEHA B 3aBOJICKUX YCJIIOBUSX 000JIOUKA, COBMEIIAIOIIAS TEll-
JIO- ¥ TUAPOU3ONIAIIMOHHBIE KOHCTPYKIIMU. 3BEHbS TaKUX SJIEMEHTOB Tel-
JIOMPOBO/A JIUHOM 10 12 M TOCTaBISAIOTCA C 3aBOJIa HA MECTO CTPOUTEIh-
CTBA, T'/I€ BBINIOJIHAETCS UX YKJIAJKa B IMIOJATOTOBJIEHHYIO TPAHIIEIO, CTHIKO-
Basi CBapKa OTJICIBHBIX 3BEHBEB MEKIY COOOW M HAKJIAJKA M3OJSIIMOHHBIX
CJIOEB Ha CTBIKOBOE COeIMHEHKE. [[pUHIIMNINATBHO TEMIONPOBO/IbI C MOHO-
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JIUTHOW M3ONISAIMEH MOTYT MPUMEHSTHCSA HE TOJIBKO OECKaHabHO, HO U B
KaHaJax.
Ha puc. 1.23 nokazan 2 !
paspe3 aByxTpyOHOro Oec- 1
KaHAJIBHOTO TEIUIONPOBO/IA
B MOHOJIMTHBIX O0OJIOYKAaX. M — ,
CoBpemeHHBIM TpebOo- =] | | Sp orts
BaHUAM K HAJSKHOCTH H LB B Pharontvarcive sarcuns -:::f 13
JIOJITOBEYHOCTH JI0CTa- i & 3 % r by _ —#'
B .
00

TOYHO TIOJIHO YJIOBJIETBO-
PAIOT TEIJIOOPOBOABLI C MO- 15 2
HOJIWUTHOM TENJI0U30JISIU-

eif U3 SUEHCTOrO MOMHMEp- Puc. 1.23. O6uwmit Bug qByXTpyOHOTO OCcKa-
HAJIEHOTO TEIUIONPOBOJA B MOHONUTHEIX 000-

HOro Marcpuaia Tala Te-  poygax: | — nomarommii Teronposox; 2 — obpat-

HOIIoJInype€TaHa C 3aMKHY- HBI TETUIONPOBOJ; 3 — T'PAaBUHWHEIA QIIIBTP;

TBIMH [IOpAMH W HMHTE- 4 — mecyaHsIil QUIBTP; 5 — ApeHaXHas TPYOa;

rpasbHO CTPYKTYpOi, 6 — GeroHHOE OCHOBaHME (IIPH CIAOBIX TPYHTAX)

BBITIOJIHEHHOM METOI0M

¢dbopMoBaHHsT Ha cTalbHOM TpyOe B MONUATUIIEHOBOW 00010YKe (THMa

«Tpy0ba B TpyOE»).

Hapmzemusie TermonpoBoas! (puc.1.24) oObIMHO YKIIaIbIBAIOTCS HAa OT-
JeTTbHO CTOSIMX OMopax (HU3KWUX MU BBICOKMX), HA BAHTOBBIX KOHCTPYK-
LUSIX, TOIBEIIEHHBIX K MMUJIOHAM MauT, Ha 3crakajnax. [Ipu npoknanake ren-
JIONPOBOJIOB Ha HU3KUX OIMOPaX paccTOSHUE MEKIY HIDKHEH oOpasyrome
W30JIIIUOHHON 000IOUKK TPyOONpOBOIa W MOBEPXHOCTHIO 3€MIIU MPUHU-
Mmaercsi He MeHee 0,35 M npu mupuHe Tpynnsl Tpyo 10 1,5 M u He MeHee
0,5 M ipu wupuHe rpynmsl Tpyo Oosee 1,5 M. Bricokue oTnensHO cTosmme
OTOPBI MOTYT BBIMOIHATHCS KECTKUMHU, THOKMMHU M Ka4arOIIIMHCS.

> I. 1
L i\ | — TN
& 5 2 y ?
/ 2 v 4 v
’ 4 6
a

Puc. 1.24. Buzs! oTeBbHO CTOSAIIMX MPOMEXYTOUHBIX OIOP: @) — XKECTKast OIopa;
6) — rudKas oropa; ¢) — IByXIIAapHUpHAs (Kadaromiascs) ornopa; 1 — rpydonposox; 2 — npo-
MEXKyTOUHEIE OIOPEL; 3— TeMIepaTypHas AedopMarist; 4 — IONIOKEHHE IPOMEKYTOIHBIX
OIIOp TP TEeMITepaTypHOil nedopmarmu; 5 — aHKepHast oropa

Ha puc. 1.25 nokazaH Ha/i3eMHBIH TEIJIONPOBOA MOIBECHON KOHCTPYKLIMY Ha
xecTkux Mautax. Ha puc. 1.26 m300paxkeHo mepexof] 0T HU3KUX OMOp K JKecT-
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KM BBICOKUM OIOpaM JijIsl TIPOBEICHUS TPYOOITPOBOJIOB HAJT JIOPOroi. TpyOsl
MEHBIIIETO JITaMeTpa TO JITHUKM 00PAaTHOTrO TPYOOIPOBO/IA.

Huzkue onopsl NpUMEHAIOT B OCHOBHOM [JIi HAJI3€EMHOW TPOKJIAJIKU
TEIUIOBBIX CeTell Ha CBOOOJHBIX OT 3aCTPOCK ILIoNankax. [lpu mpokiaake
Ha HU3KUX OMOpax PacCTOSHHE B CBETY OT MOBEPXHOCTU 3eMJIM JO0 HU3A
TEIUIOBOW M30JISIIIMK TEIIONPOBOIOB JIOJDKHO ObITh He MeHee 0,35 M.

MeTannuyecKas BepPIIMHA

Taru
TloasecHbie ONOPE

@250

Puc. 1.25. HagzemHslii TerionpoBo Puc. 1.26. [IpoBeneHue Temiompo-
MOJIBECHOM KOHCTPYKIIMM HAa MayTax BOJIOB HAJI JIOPOrOi

XKectkme omopsl MpeacTaBisIFOT COO0M OTAETbHBIE KOJOHHBI MM pa-
MBI, KECTKO COeAMHEHHbIe ¢ (pyHIameHTOM. ['MOKkue omopsl — 3TO CTajb-
HBbIE CTOMKH, JKECTKO 3a/ielaHHble B (yHAaMeHT. Bepxymika ruOKuK omop
HIAPHUPHO COEIMHATCS C TPYOONPOBOAOM U MPH TeMIIEpaTYpPHOM yUTHHE-
HUHM TOCJIEIHEro IepeMelaeTcs COBMECTHO ¢ TpyOoil. [lepemernenne Bep-
XYIIKH TPOMCXOAMT 3a CUET YIPYyroro u3rnda croiku. Kavarommecs: Bbico-
KHE OIOPBI COCTOSIT U3 CTAJIbHOW MIIM kKeJIe300€TOHHOW CTOMKH, IapHUPHO
COCAMHEHHOU ¢ pyHAaMeHTOM. BepxyIika cToek MapHUPHO COSMHSETCS C
OMUPAIOIIMMCSL TPYOOIPOBOAOM M 32 CUET TOBOPOTa CTOWKU BOKPYT HHXK-
HEro HIapHUpa MOXKET CBOOOJHO IepeMelaThCid B TOPU3OHTAILHOM Ha-
MpaBJIeHUU TPU TepeMelIeHUH TpyOONmpOBOJOB BCIEICTBUE W3MEHEHUS
TEeMIIepaTyphl.

BbicoTy MauT onpenensroT UCXOAs U3 3aJaHHBIX Ta0apuTOB JUIS MPO-
€3/10B. MauTy paccUMTBIBAIOT Ha MaccCy IpoJiera TpyO, OpH30HTAIbHBIE
oceBbIe U OOKOBBIE YCHIIUS, BOSHUKAIOIINE OT TPEHHUS TEIIONPOBOJOB Ha
MOJBIKHBIX OMOpax, a TakkKe Ha BETPOBYIO Harpysky. llpu mpokmanke
TpyO HeOONBIIOr0 AMaMerpa Ha OTACIBHBIX OMOpax, MPOMEXKYTOYHBIC
OIOPBI CO3AI0T MOCPEICTBOM BaHTOBBIX PACTSIKEK U MOABECOK. OTIEIbHO
CTOSIIIME MAaYTHI HJIH OTOPHI BHIMOIHSIOT U3 CTaJlM WK Jkene3o0eroHa. [Ipn
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HeOONBbIINX 00bEMaxX CTPOUTENBCTBA HA/I3EMHBIX TEIUIOBBIX CETel MmpuMe-
HSIOT CTaJIbHBIE MauThl U3 MPOQMILHON CTallM, OHAKO OHH JOPOTH U TPY-
JOEMKH W TI03TOMY BBITECHSIIOTCS JKEIe300€TOHHBIMH. MauTel M3 Ke-
ne300eToHa 0COOEHHO IEeNeco00pa3HO MPUMEHATh MPH MacCOBOM CTPOH-
TENbCTBE TEIUIOBBIX CETeW Ha MPOMBIIIIEHHBIX IJIOIMAKaX, KOrja peHTa-
OeNbHO OPraHNU30BaTh MX U3TOTOBIICHHUE B 3aBOJICKHX YCIOBHUSX.

J1n1st cCOBMECTHOM MPOKJIAJKH TEIUIOBBIX CETeH ¢ JPYTUMH TPYOONpOBO-
JaMH Pa3InYHOr0 Ha3HA4YeHUs MPUMEHSIOT 3CTaKaJlbl, U3TOTOBIISIEMbIE U3
MeTaJlla WK kKene300eToHa. B 3aBUCHMOCTH OT KOIMYECTBA OHOBPEMEH-
HO MPOKJIAZBIBAEMBIX TPYOOMPOBOAOB MPOJIETHBIE CTPOCHHS ICTAKA][ MOTYT
OBITb OAHOSIPYCHBIMH WJIM MHOTOSIpDYCHBIMH. [IprMepbl pa3MelieHus Tpy-
0OMpoBOIOB Ha dCTaKaJax moka3aHsl Ha puc. 1.27. TemmonpoBoasl 00BIYHO
MPOKJIAJBIBAIOT Ha HIDKHEM SIPYCE 3CTaKabl, TP 3TOM TPYOONPOBOABI C
Oosee BBICOKON TeMIIepaTypOi TEMIOHOCUTENS pa3MeIlaoT OIMxKe K Kpalo,
obecrieunBasi TeM CaMbIM Jiydinee pacrnoioxeHue [1-o0pa3HbIX KomIeHca-
TOpPOB, MMEIOIINX pa3Hble pasMmepsl. lIpu mpokagke TEMIOBBIX ceTel Ha
TEPPUTOPUH TPOMBIIUICHHBIX NPEANPHUATHH MPUMEHSIOT TaKXke crnocod
HAaJ[36MHOH NPOKJIaJAKU Ha KPOHIITEHHAX, YKPEIUIAEMBIX B CTEHAaX 3/aHMIA.
Bri0op mpornera TemonpoBoIoB (T.€. pacCTOSHUI MEKAy KPOHIITEHHAMM )
MPOHU3BOST C YUETOM Hecyllel ClIOCOOHOCTH KOHCTPYKIIMH 37aHUSI.

mx_’ag_\_
P vap s [ J
DEEas O oo |dd
olegeles A R L
ST Gol Was 69 S,
T 7 egefloddilodd oo doellede
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a 6 I 6
A PR w TN v

Puc. 1.27. Ceuenns scrakaj: a) OJHOSAPYCHOE; 0) ABYXSIPYCHOE; 6) TPEXSPYCHOE;
1 — mpomonbHEIE Galku; 2 — TPYOOIIPOBOBI; 3 — HAJICTPOIKA; 4 — HACTHII JUIS IPOXOJIa

Ha puc. 1.28. mokazano Hai3eMHOE PACIOIOKEHUE TEIIONPOBOIOB 0T TOL]
B HAIpPaBJICHUM HACEIEHHOTO MyHKTa Ha HU3KWX omopax. Ha mepenHem maxe
XOpOIIIO BUAHBI BEPTUKAIBHO pacronoxkeHHble U- oOpa3Hble KOMIIEHCATOPHI
TEMIIEPaTypHOro YIUTHHEHHUS TPYyOOIPOBOJIOB.
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B nocnennee Bpems Haa3eMHas IMPOKJIAJIKa TEIJIOBBIX CETEH IMOydaer
Bce Oolbllee pacnpoCTpaHEHHE, OCOOEHHO NMPH PEKOHCTPYKIMHU U KamH-
TaJIbHBIX PEMOHTAX CYIIECTBYIOLIMX MOJ3EMHBIX COOPYKCHUIA.

Puc. 1.28. HanzeMHOe pacnonoskeHue TemIonpoBOI0B Ha HU3KUX ONopax

1.9. O6opynoBanue TenJa0NpoBoI0B

Marepuanbl, TpyObl W apMaTypy ISl TEIUIOBBIX CETEH, HE3aBHCHMO OT
MapaMeTpoB TEIUIOHOCUTENS, & TaKKe pacdeT TPyOONpOBOJOB HA MPOYHOCTE,
CrmocoObl  CTPOMTENBCTBA W MOHT&Ka TPUHUMAIOT B COOTBETCTBHU C
tpedoBanusmu PJ] 10-249-98, PJ] 10-400-01 TI'ocroprexnamzopa Poccuu, a
taroke TpedoBanusMu CHull 41-02-2003.

K Tpybam TemnoBeIX cerell TNPEABSBISIIOTCA CJELYIOIINEe OCHOBHBIC
TpeOOBaHUS:

1) BeICOKast MexaHW4ecKasi IPOYHOCTh M TEPMETHYHOCTh, HEOOXOAMMBIE ISt
Oe3aBapritHON PaOOTHI TIPH 33JaHHBIX JABICHHUSIX U TEMIleparypax; 2) MocTo-
STHCTBO MEXaHWUYECKUX CBOMCTB M HU3KUI KOI(PHUIMEHT JIMHEWHOTO YIITMHEHNS
JUI CHM)KEHHS BOZHHUKAIOIIMX TEPMUUECKUX HAIPSHKEHUH TP MEepeMEHHBIX
TETUIOBBIX PEKUMAX OSKCIUTyaTalluH; 3) aHTUKOPPO3HMOHHAS CTOMKOCTB; 4)
BBICOKHE TEIUIOM30JIPYIOIIME CBOWCTBA CTEHOK TPYOBI Il COXpaHEHWs
TETUIOTHI W TEMIEpaTypbl TEIJIOHOCHUTENS; 5) BOSMOXKHOCTH M TPOCTOTa
XpaHEH!sl, TPAHCTIOPTUPOBKH, MOHTaKa M TEPMETUYHBIX COSTUHEHHI, TIPUOOop-
HOT'0 KOHTPOJISI 3JIEMEHTOB TETIOCETH; 6) HEBBICOKAst CTOMMOCTb H JIOCTYITHOCTh
Ha pbIHKE U JIp.

Jnsi KayKool CTYNEHW TMOCTPOEHUS TEIJIOBBIX CETEM — MaruCTpasibHBIX,
KBapTAJIbHBIX M JBOPOBBIX — PEKOMEH/IYIOTCSI CBOU TPYOBI U M3/IENHS U3 HUX,
OTBEYAIOIIHE TI0 KAa4yecTBY, MapamMeTpaM TETUIOHOCUTENS B HUX, Ha3HAuEHUIO,
MPOYHOCTHBIM M CAHUTAPHBIM TPEOOBAHHSIM.
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Tak st MaruicTpaIbHBIX M KBApTAIbHBIX TPYOOHPOBOJOB CIEMYyeT Mpemyc-
MaTpUBaTh CTaJbHBIC AJIEKTPOCBAPHBIE TPYObI MM OECIIOBHBIC, YyT'yHHBIC H3
BBICOKOIIPOYHOr0 4YyryHa ¢ IapoBuaHbiM rpadurom (BULID), mis tpyGo-
MPOBOJIOB JIBOPOBBIX cereld (Tipu pabdoueM napiieHuu mapa 0,07 Mlla u Hmxke u
temmeparype Boapl 115 °C u Hipke) nipu gasieHun 10 1,6 MIla BKITIOUHTETEHO
JIOMYCKaeTcsl MPUMEHSITh Takke U HeMeTaluiieckue Tpyobl. Cpenu mociaenHux
HanOoJblIee pacnpocTpaHeHHE TMOMYYHIM METAIIO-TIONUMEpPHBIE, acOecTo-
LEMEHTHBIE, MEHBIIIEE — CTEKIISTHHBIE, KEPAMUUYECKHE.

[pumensiemble MeTaILTUecKre TPYOBI U (JaCOHHBIE /1Tl IOMKHBI UMETh
TONIIMHY CTEHOK HE MeHee NPHHATOM MO0 HOMEHKJIATYpHOMY THUIIOPSITY
cornacHo TpuBefeHHON Ta0n. 1.6. OkoHuUaTenbHBIM BHIOOP MAapKd CTalld H
TOJIIMHBI CTEHKH (Ta0. 1.7) onpenernsitoTesi pacueramMmy Mpy NPOEKTUPOBAHUH,
a ondop — 1o 'OCT u HT/] Ha TpyOBL.

Tabmuna 1.6
IepeyeHs cTabLHBIX TPYO IS ceTell Tem10CHAOKeHUsT
Jlnamerp ycrnoBuii, MM Jlnamerp HapyXHbII, MM Mngg{a{g:l;lajﬂ ygf);ﬁma
25 32 3
32 38 3
40 45 3
50 57 3
65 76 3
80 89 4
100 108 4
125 133 4
150 159 4,5
200 219 6
250 273 7
300 325 7
400 426 7
500 530 7
600 630 8
700 720 8
800 820 9
900 920 9
1000 1020 10
1200 1220 10

JIs CTpOMTENBCTBA TETUIOBBIX CETEH COpTaMEHT TPYO BBIOMPAIOT C y4EeTOM
YCJIOBHOI'O JaBJICHUS, MaKCHMaJIbHOM TEMIIEPATYPhI TCIUIOHOCUTEIIA, JUaMETPpa
TpyOOIPOBO/IA, MAPKH CTAJIM, OMpPENETICHHBIX B MpoekTe. [Jist cereii ropsiuero
BOJZIOCHA0XXEHUSI B 3aKPBITHIX CHCTEMaX TEIUIOCHAOKEHUsI U OT KOTEIBHBIX
JOJKHBI IPUMCHATHECSA OHMHKOBAHHBIC WJIM SMAJIMPOBAHHBIC CTAJIbHBIC Tp}I6I)I,
a Taroke Tpyos! u3 BULLT.
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Ceonamu npasuit CI1 41-102-98 u CII 40-103-98 pa3peliieHO B TBOPOBBIX
pasBoIKax TEIUIOBBIX CETel, B CHCTEMAX OTOIUICHUA H©  TOPSYEro
BOJIOCHAOXXEHUSI 3[aHMH TpH  MEHATh  METaJUIONOJMMEpHbIE  TPYOBI,
W3TrOTOBJICHHBIE TI0 TeXHUYeCKMM ycioBusiM (TY) Ha HuX.

Jns cereil Topsdero BOAOCHAOXKEHWS B OTKPBITBIX CHCTEMax CIeayeT
NPUMEHSTh  HEOLMHKOBAHHBIE TpPYOBl, JIOyCKAIOTCS TaKKe MEeTallio-
[IOJIMMEPHBIE.

Tabnuma 1.7
HopmaTnBHO-TexHHYecKasi JOKYMEHTALUS HA CTAIb TPYO
Mapxka cram HTJI na TpyOBI | HTJ/I na crans
BecmoBHEIE TpyOBI
10,20 TV 14-3-190 T'OCT 1050
20,15TC TV 14-3-460 TV 14-3-460
20 T'OCT 550 (rpymma A) T'OCT 1050
1012 I'OCT 8731 T'OCT 8733 FOCT 4543
(rpyrma B)
0912C TV 14-3-1128 I'OCT 19281
lerc TV 108-1267 TY 3-923 TV 3-923
ITpsIMOIIIOBHBIE TPYOBI
10,20 I'OCT 10 705 (rpyrma B) I'OCT 1050
20 I'OCT 20295 I'OCT 1050
17TC, 17T'1C I'OCT 20295 I'OCT 19281
17TC, 17T'1C, TV 14-1-1921 TY
17TICYTY TV 14-3-620 14-1-1950
17TC, 17T'1C, 17T1CY TV 14-3-1138 TV 14-1-1950
TpyOsI co cnpatbHBIM mBOM™
20 TV 14-3-808 TV 14-1-2471
20 I'OCT 20295 I'OCT 1050
17TC, 17T'1C I'OCT 20295 I'OCT 19281
17T1C, 17T'1ICY TV 14-3-954 TV 14-1-4248
* prﬁbl CO CIIUPAJIbHBIM HIBOM ITPUMEHSOTCS TOJIBKO IS yc‘rpoﬁcha HpﬁMOHMHeﬁHBD(
Y4aCTKOB cereil v He MOI'YT UCITOJIb30BAaTLCA ISl U3TOTOBJICHUS OTBOJOB M HENIOJABUXKHBIX OIIOP

INoBepounblii pacuer TpyO W OIEMEHTOB TEIUIOCETM HA IPOYHOCTH
npousoautcs 1mo PJ] 10-400-01. On npemxycMaTpuBaeT OIEHKY CTATUYECKON U
IUKINYECKOH TPOYHOCTH (BBIHOCIMBOCTH) TPYOOIPOBOIA M €ro 3JIEMEHTOB.
Cratnueckass ~ NPOYHOCTh  OLEHUBAETCS  pa3/ielbHO  Ha  JelicTBHe
HEeCaMOYpaBHOBEIICHHBIX HArpy30K (Bec M BHYTPEHHEE JIaBJICHHE) U C YYETOM
BCEX Harpykarommx (pakropoB, B TOM YHCIE TEMIIEpaTypHBIX Ae(opMariuid.
VYuutelBacMble B pacueTax Ha I[POYHOCTb HArpy3KM W BO3JEUCTBUSA
MOJpa3IeISIIOTCs Ha Tpy Buja (15 BO3EHCTBUI):

nocmosnnvle — 1) coOCTBeHHBI Bec TPYO, HeTaseid, apMmaTypel U
00yCTpOWCTB; 2) Bec M30ISIIMK; 3) BeC U IaBJIEHHE TPYHTA; 4) IpeaBapuTebHAS
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pacTsKKa; 5) CHIIBI TPEHHS B OIOPaX CKOJIBKCHUS WM TIPY B3aUMOJICHCTBUH C
rpyHTOM (IpH OecKaHAIBLHON MPOKIIAJIKE); 6) HATST YIPYTHX OTOp;

OnumenvHble 6pemenHble — ) BHYTPEHHEE JaBJICHHE; 8) BEC TpaHC-
MOPTHPYEMOH Cpeibl — BOMIBL, Mapa; 9) TemrepaTypHbli nepenasm; 10) cMmereHne
KOHIIEBBIX 3aIlEMJICHUI MpU HarpeBe IMpHUCOEIUHEHHOro obopynoBanus; 11)
pachopHbIe YCHUIIUS OCEBBIX KOMIIEHCATOPOB;

Kpamrkospemennste — 12) cuerorast; 13) rononennas; 14) Berposas; 15) or
MOJIBIYKHOI'O COCTaBa.

OCHOBHBIE pa3Mepbl TPyO0 M JIETaJNed TEIUIOCETH BBIOMPAIOTCS IO
pacyeTHbIM JIABJIECHUIO M TeMIIepaType C y4eTOM KOpPpPO3MOHHOW aKTUBHOCTH
cpenbl. 3a pacuerHoe JlaBieHne MPHHUMAIOT MaKCHMalIbHOE paboyee JaBiieHue,
332 pacyeTHYIO TeMIIEpaTypy — MaKCUMaIbHYIO pabodyio TeMriepatrypy o
IIPOEKTHOM TOKYMEHTALUH.

HomuHaneHast TONIIMHA CTEHKW TPsIMOM TPYOBI JOKHA OBITH HE MeHee
OIpeJeNIeHHOM 10 (hopMyJiam:

0 =0+ C, MM, (1.51)
pacueTHasi TOIIMHA CTEHKH TPYObI
D
Sp= _ P , (1.52)
2¢,[c]+p

rae p — pabouee nasienue, Mlla; D, — HapyKHbBIId qUaMeTp TPYOBI, MM; @,, —
pacyeTHbIN K03 (QUIMEHT MPOYHOCTH MPOIOIHLHOIO MM CITUPATIBHOTO CBAPHO-
ro mBa ( paBHBIN | MpH 3aBOJICKOM KOHTPOJIE KaYecTBa CBApKH); [G] — HOMHU-
HaJIbHOE JIOMYCKaeMO€ HANpsHKEHHE IPU PACYETHOM TeMIlepaType CTEHKH,
MIla; C — cymmapHast npubaBka K pacueTHOH TOJIMHE CTEHKH (3arac Ha Kop-
pozuto, C=0,5...1,0 mm).

HomuHaneHast ToMMHA CTEHKH TPYO MPH M3TOTOBJICHHW M (PaKTHUeCKast
TOJIIMHA CTEHKU TPYO TP SKCIUTyaTallMy JIOJDKHBI ObITh HE MCHEE 3HAYCHUH,
yKa3aHHbIX B TaOn. 1.8, M HE MeHee 3HAUYCHMM, MOJMYYCHHBIX B PE3YJIbTATe
pacyeToB Ha MPOYHOCT.

Tabmma 1.8
JomycTmasi TOJIIIIMHA CTEHKH TPYO

Tiponece S, mm, ipu D, MM
<38 <51 <70 <90 <108 | >108
WsroroBienue 1,80 2,00 2,50 3,00 3,50 4,00
DKCIuTyaTalus 1,45 1,60 2,00 2,40 2,80 3,20

W3 tabn. 1.8 cnemyer, 4to B mpollecce IKCIUTyaTalliM TEIUIOBBIX CeTel
HEOOXOIMMO BECTH CUCTEMATUYUECKUI SXKErOIHBII KOHTPOJIH (110 MHAMKATOPAM )
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3a COCTOSIHUEM MeTailia TpyOOIpOBOIOB BO H30SKaHHE PA3PHIBOB M aBAPHIHBIX
TIOBPEXKICHUM HX.

Lenblo MOBEpOYHOro pacyuera SIBISIETCSI HEe TOBKO OIEHKA CTATHUECKOH U
IUKIMYECKOH IPOYHOCTH CaMOro TpPyOONpOBOAAa, HO TakKe OIpereieHne
YCUIIHI, JEHCTBYIOIIMX CO CTOPOHBI TPyOOMpoBopa Ha omopsl (puc. 1.29),
CTpOWTENbHbIE KOHCTPYKIMH W  TNPUCOSAWHEHHOE  O0OpyAOBaHWE —
OTBETBJICHHS, CEKIIMOHHYIO apMaTypy, CIIyCKHbIE M JpEeHaKHbIE YCTPOMCTBA,
KOMITGHCATOPBI U Jp. JIIs BBITONHEHNS TAKUX JOCTATOYHO OOJNBIINX PacyeToB
pa3paboTaHbl CHEIMAILHBIC KOMITBIOTEPHBIC TPOrPaMMBI, TaK KaK MHAUE 3Ty
TPYAOEMKYIO paboTy BBIOIHSTH BECbMa CIIOXKHO.

B TemoBbIX ceTsix Ha TPyOOIPOBOAAaX YCTPaUBAIOT OMOPHBIE KOHCTPYKIIUH
JIBYX THITOB — TIOJIBYKHBIC (CBOOOIHBIC) U HEITOBUKHBIC (MEPTBBIC).

| e } o

Puc. 1.29. Cxema Harpy3ok Ha OIopy: ¢, — OOKOBasi COCTABIIIONIAS CHITBI
TpPEHHUS; ¢, — NPOJOIbHAS COCTABIISIONIAS CUITBI TPEHUS; (. — BEpPTUKATIBLHOE
JIABJICHUE TPYOOIPOBOIa HA TIOABIKHYIO Oopy; 1 — Tpy0da; 2 — moABHKHAS
oropa

[No npuHIMITY CBOOOAHOTO MEPEMEIIEHUS] Pa3iinyaroT MOIBIKHBIE OMOPHI,
CKOJIB3SIIIIME, KATKOBBIE, IIAPUKOBBIE M TIOBECHBIE, MX HCIOJIB3YIOT BO BCEX
THIaX IPOKJIAI0K, KpoMe OecKaHaTbHBIX.

Tloosudicnbie onopel ciyscam Ol nepeoauu 6eca Mmenionpoeooo8 U Ux
USOTAYUOHHBIX 0DOJIOYEK HA Hecyujie KOHCMPYKYUlL U obecnedenis nepemenyeHult
mpy6, NpOUCXOOUWUX BCIEOCEUEe USMEHEHUSl UX ONUHbL NPU  UBMEHEHUSIX
memnepamypbl MenioHOCUMEIA.

Haunbonee pacnpoctpaHeHbl B HACTOSIEE BPeMsl B TEIUIOCETSX THIIOBBIC
CKOJTB3AIIIHE OIOpBI, UX Mopa3aensatoT Ha Hu3kue (90 Mm) u Beicokue (140 mMm)
W TIPUMEHSIIOT IS BCEX THIIOB M AUAMETPOB TPYO HE3aBUCHUMO OT HAIIPABIICHHUS
TOPH30HTAIIBHBIX TIepeMEIIeHni TpyOorpoBoaoB. [lepBble HCHONB3YIOT IS
TpyOOIPOBOIOB C TOMIMHOM TETOM30ISINH 10 80 MM, OHH HMEIOT TIOCKOCTh
CKOJIBXKEHHSI HEMOCPEACTBEHHO Yy Tela TpyObl. B MecTax mX pacnonokeHUst
JOJDKHA OBITh CHSITA TeIUIOBas H3OISIIMS. BTopble MpPUMEHSIOT st
TpyOOIPOBOZIOB C TONIIMHON Terwion3oisiuu 0oee 80 MM, OHM UMEHOT
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TUTOCKOCTD CKOJIBKEHUsI HIDKE TTOBEPXHOCTH TETUIOM3OJISILNN, U TIO9TOMY HET
HEOOXOJMMOCTH €¢ HapyIlaTth, Bce oHM CBOOOIHO ONMPAKOTCs HA OCTOHHBIC
MOZIYIIKH, B KOTOPBIC TPEABAPUTENHHO 33CBIBAIOTCS CTATBHBIE MOJIOCH IS
YMEHBUICHHUSA CUJI TPDEHUA U UCTUPAHUS.

Jns tpyOonpoBonoB ¢ auamerpom Tpyo or 200 MM u Oosblie yis
YMCEHBIICHHA CWJI TPEHUSA Ha OIOpax MPUMCHAIOT OIOPbl KAYCHUA — KAaTKOBBIC,
POJIMKOBBIE, IAPUKOBBIE.

ITonBecHble ONOpbl MPUMEHSIIOT NI HAJA3EMHOM IMPOKIAJKA BOIOBOAOB
HeOombImX auameTpoB (o1 150 10 500 MM) — maponpOBOIOB, BOAOIPOBOIOB U
np., THOKas TIOABECKAa TMO3BOJISIET OMOpE JIETKO TMOBOPAYMBATHCS M
MepeMeIaThcsl BMECTE C TPYOOTIPOBOIOM.

Ha puec. 1.30 noka3aHbl BapuaHThl HU3KUX, BBICOKMX M KaTKOBBIX OIOp, a Ha
puc. 1.31 — monBECHBIX IPOCTHIX OIOP.

Huskiie CKONb3sie onope: BBICOKA CKONB3SAIA ONopa  Karkosas onopa
a) HaTIpaBJIEHHAs; 6) CBOOOIHAS

Puc. 1.30. BapuaHTbI BBICOKHX M HU3KUX OIOP

Puc. 1.31. IToxBecHbie onOphI TpyOOIIPOBOIOB: @) IS TPOJIOIBHBIX U TTOTepey-
HBIX HeDeMeH.IeHPIﬁ; 6) JUI IIPOJOJIBHBIX HeDeMeH.IeHPIﬁ; 2) ¢ 00BsI3KOM OaKu
HernongrkHble OMOpBI  CILy’KaT Uil pACHpENENeHUs yUIMHEHUR Tpy-
OOMpOBOIOB M BOCTIPUSITHS YCWIMH OT TeMIlepaTypHbIX JAedopMaluii u
BHYTPEHHMX JIaBJICHUN MyTEM 3aKperyieHHs TpyOOIpoBo/ia B OTACTBHON TOUKE
OTHOCUTEJIbHO  KaHajJOB WM  HECYylIMX  KOHCTpYKUMWA. Pa3memaror
HETIO/IBIDKHBIE OTIOPBI MEXTy KOMIIEHCATOPaMH M Y9aCTKaMHU TPyOOIPOBOJIOB C
€CTECTBEHHON KOMIICHCAIMEeH TeMIIepaTypHBIX YIJIMHEHWH TakuM 00pa3zoMm,
YTOOBI MEKTY KaXIIbIMH JBYMs KOMIICHCATOPaMH ObUIa OJHA HETOIBIKHAS
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onopa, a MeXIy [BYMS HEMOABW)KHBIMH OIOPAaMU HAXOAWICS OJUH
KOMIIeHcaTop. HemoABWKHOE 3aKperieHne TpPYOOIPOBOAOB  BBITIONHSIOT
pa3MUHBIMK  KOHCTPYKUMSIMH B 3aBUCHMOCTH OT MPHUHATOrO crocoda
MPOKNIAJIKK TerioceTH. Tak st OeckaHaIbHOW MPOKJIAAKH U ISl HEITPOXOIHBIX
KaHAJIOB BBITIOJIHSIOT KOHCTPYKIMIO UHAYCTPUAIBHON [IUTOBOM OIOPHI B BUJIE
KEeJIE300€TOHHBIX IIUTOB C 33/Ie/IAaHHBIMU B HUX U30JIMPOBAaHHBIMH dJIeMEHTaMU
(puc. 1.32). Takwe onopel H3rOTABIMBAIOT B 3aBOJACKUX YCIOBUSX U
MOCTAaBJIAIOT Ha TPAcCy CTPOHMTENHCTBA B KOMIUIEKTE C H30JIMPOBAHHBIMH
TpyOaMu U JPYTHMH H3/ICITHSIMU.

Puc. 1.32. [IluroBast HeNoABM)XHASI OITOpa MPH YCTAHOBKE: d) B HETPOXOAHOM
KaHasie; 6) B OeCKaHAJILHOM TeruioTpacce; | — kene300eTOHHas HTOBAs CTEHKa,

2 — acbecToBast IpoKIaaKa; 3 — J000Bast oropa; 4 — MepeKpsITHE; 5 — IPEHAKHOE OT-
BepcTHE; 6 — THO KaHAJa; 7 — OHOpHAsi OETOHHAS ITOAYIIKA; 8 — OTBEPCTHE JUIS IPSHANK-
HOH TDVOBI

B KaMCpax TIOA3CMHBIX KaHaJIOB W IIPpU HAJA3CMHBIX IIPOKJIaJKax
HCTIOABMIKHBIC OIMOPBI BBINOHAKOTCA B BUAC METAJUIMYCCKUX KOHCprKHHﬁ,
CBapEHHBIX WM COCIMHEHHBIX Ha OonTax ¢ Tpyoamu (puc. 1.33).
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Puc. 1.33. HemonmsrkHBIC OMOPHL: a) Ha (GYHIAMEHTaX; O) Ha OaJke; g) Ha

CTOMKax

il

Yceums Q, BOCIIPUHMMAEMBIC HENNOABUIKHBIMHA OIIOPAMU, CKJIa/IbIBAOTCA U3
peakuuy cuil TpeHusl R, B IOIBIDKHBIX OIIOpaX, PEAKIMU KOMIleHcaTtopa R, u
peaKuMK CWJI BHYTPEHHEro JaBiieHus R,, llonmHas cuna, aedcTByrolas Ha
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HEIOJBIDKHYIO OIOpYy, PaBHA CyMME 3THX BEJIUYMH U B JKCIUTyaTAlMOHHBIX
YCIOBHSIX MOYKET JIOCTHTaTh OOJBIINX Pa3MEpPOB.

Q=Rp+RAR,=qlgu+R~+77dp, H, (1.53)

rae / — anuHa TpyOOmpoBoJa OT HEMOABMXKHOW OMOPHI 10 KOMIIEHCATOPA,
M; ¢ —Macca 1 M TpyOOnpoBo/a ¢ U3OJSIHMEH U TEMJIOHOCUTENEM, KI/M; g —
yCKOpEHHEe CBOGOIHOrO mafeHus, m/c’; p — koddduuuent tpenus; d —
BHYTPEHHHH TUaMeTp TpyOBbl, M; p — MAKCHMAJILHO BO3MO)KHOE JIaBJICHHE B
Tpybe, MIIA.

VYKazaHHbIE CWJIbI IEUCTBYIOT HA HEIOABMXHYIO OIOPY C JBYX CTOPOH U
MPU CUMMETPUYHBIX y4YacTKax B3aMMHO ypaBHOBelMBaroTcs. Ho mpu mycke
TEIIONPOBO/ia WM NPH W3MEHEHUH TeMIIepaTypbl TEIJIOHOCUTENS YKa3aHHbIE
CHJIBI MOT'YT OBITH HEypaBHOBEIIEHHBIMU. [109TOMY pacueT HENOIBIKHBIX OIOP
MTPOU3BOIUTCS Ha OJTHOCTOPOHHEE JIeHCTBUE cril coryiacHo dopmyite (1.53). He
y4eT TaKHX BO3JIEUCTBHM, MOBPEXIEHUE UM TTOJIOMKA HEMTOABIKHBIX OIMOpP MO-
TYT CTaTh PUUMHOM CEpPbE3HBIX aBapHil Ha TEMJIOTpaccax.

B akcrutyaTallMOHHBIX CETEBBIX MOAPA3JIENICHUSX NOMUMO «PacuerHoit
CXEMBI TEIUIOBBIX CeTei» HEeOOXOAMMO COCTaBIATh «VICTIONHHUTENBHBIE CXEMBI
Ha OTJENbHBIE YYacTKM TeIUIOBBIX ceTedl (TumaHmierHele)». Ha Hux
n300pakaroTcss B IUIAHE OTAENbHBIE Y4YacTKW Teruiocereld  (OCHOBHBIX
TpyOOIPOBO/IOB ¥ OTBETBJICHUH) C yKa3aHWEM JUaMETPOB, OOO3HAYECHHEM
TEIJIOBBIX ~ IIYHKTOB, TEIJIOBBIX KaMmep, KOMIIEHCATOpOB,  3aJBHKEK,
HETIO/IBIDKHBIX OIOpP, HOMEPOB U aJIpecoB a0OHEHTOB C yKa3aHHEM Ha3HAYCHUS
u sTakHocTH 3MaHus. Ha puc. 1.34 mokazaHbl cXeMbl pasrpyK€HHBIX W
Hepas3rpyKeHHBIX OIOp.

PasrpykeHHBIMH Has3bIBalOTCS OIOPbHL, Ha KOTOpBIE HE TEpealoTcs
Harpy3Kd OT BHYTPEHHEro JIaBJICHWsI B TPYOOIPOBOAAX, a BOCHIPHHUMAIOTCS
CTEeHKaMH TpyO ¥ B3aMHO YpPaBHOBEIIMBAIOTCS, KaK 3TO MPOHUCXOIHUT TpH
KOMITIEHCALIMH Y4aCTKOB FHYTBIMHU KOMITEHCATOPAMH.

Ecnu Ha KOMITEHCHMpYEMOM Y4YacTKe TEIUIONPOBOJIOB  YCTaHOBJIEH
CaJIbHUKOBBIM WJIM JIMH30BBIA KOMIICHCATOP U 3allOpHBIA OpraH (3a/IBHIKKA,
BEHTWJIb, 3arJyIlIKa), TO B 3TOM CITydae peakiys CHJ BHYTPEHHErO JaBJICHUS
TIepeAaeTCs Ha ONOpPY U OHA Ha3bIBAETCS HEPA3rPyKEHHOM.

B TemioBbIX ceTsX AODKHA OBITh oOecriedeHa HaleKHAsd KOMIIEHCALS
TETUIOBBIX Y/UIMHEHUH TPYOONPOBOIOB, JUISI YEro NPUMEHSIOTCS: THOKHE
komrencatopel  TpyO (I1-00pasHble) ¢ TpeaBapUTENbHONW PAaCTSHKKOH TpH
MOHTaXe; yIJIbl TOBOPOTOB OT 90 10 130° (camokomIieHcanus); CUITb()OHHBIC,
JIMH30BbIE, CATbHUKOBBIE M MAaHKETHBIE KOMITEHCATOPBI.
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Komnencamopvl  npeonasnauenvl  Onsi  80CHpusimusi  mMeMnepanypHbix
VOMUHEeHUl MpyOonposoo08 U pasepysku mpyb om MmeMAepamypHbiX Hd-
npsidicenutl u degpopmayuil.

TemrepatypHoe yJIMHEHNE CTATBHBIX TPYO BBIYMCIISIETCS 110 hopMmyIie:

Al = aAt1=0,0012(t—1,)1, (1.54)

rie o — ko3 durmenT amHelHoro yuuHeHus, i ctam o = 0,0012 °C'1; t—
TemIiepatypa Harperoii Tpyosi, °C; ¢, — Temmeparypa TpyoOsl npu MoHTaxe, °C;
[~ ;ymHa TpyOBI, M.

" NV, RN,
e AV A

AR N S

Puc. 1.34. Cxembl pa3rpy>K€HHBIX U HEPA3TPYKEHHBIX OMOpP TPY-
OOMPOBOIOB: 1 — pasrpy:keHHas onopa; 2 — Hepasrpy>KeHHas ornopa; 3—
3aIropHbIi opraH; 4 — CAIbHUKOBBIA KOMITEHCATOP; 5 — THYThI KOMIICH-
caTop

Ecimu ywactok TpyOBbl 3amiemiieH ¥ TIpH HarpeBaHUU HE YIMHSETCS, TO B
MeTaJljie BO3HUKAIOT OOJbIIe HAPSHKSHUST CKATUSL, ISl CTAJId OHM COCTaBST
c = 2,35A¢t MIla. Ot He 3aBUCST OT JUAMETPA, TONIIIMHBI CTCHKUA U JJTMHBI
TpyOONpoBO/Ia, a TONBKO OT BHIA MaTepuana (MOMyJsl YIPYrocTH |
K03 hHIIMEHTA TMHEHHOTO YIUTMHEHNS ) U [Ieperiaia TeMIIepaTyp.

Komrnencarops! 1o MpHHIMITY JEHCTBHS TIOAPA3IEISIIOTCS Ha JIBE TPYIIIbL:
OCeBblE W paauanbHble. [lepBble yCTaHABIMBAIOT Uil KOMIICHCALIUH
TEMIIEpaTypHbIX YIIMHEHWH TPSMBIX YYacTKOB TPyOONpPOBOAOB, 3/1€Ch
MPUMEHSIOT JIN0O CaJTbHUKOBBIE (TeecKomuueckue, puc. 1.34, Ha quaMerpsl oT
100 mo 1400 MM u pabourm paBneHueM jgo 2,5 Mlla), mubo npykuHsIIHEe
(H30BBIE, CUITB(OHHBIE, prC. 1.35) KOMITEHCATOPHL
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Puc. 1.34. OnqHOCTOpOHHUM CBApHON CaJIbHUKOBBIN KOMIIEHCATOP: | — HAXKUMHOM
(naner; 2 — rpyHaOyKca; 3 — cambHUKOBas HAOWBKa; 4 — KOHTPOyKca; 5 — cTakaH; 6 — Kop-
myc; 7 — nepexon auameTpos; Kommencupyromas criocobHocTs ero coctasiser 250...400 mm

Puc. 1.35. Cxema TpeXBOIHOBOTO CHIIb(HOHHOTO KOMITEHCATOPA.
(komIeHcHpyromas cnocodHocth coctasiser 50...150 mm.

Jns  mepromuueckoro  OOCITY)KMBAHUSL  CAJIbHUKOBBIX  KOMIIGHCATOPOB
(cMeHBI CcanbHUKOBOM HAOMBKH, OOTSDKKM €€) MX pa3MEIlaroT B TEMJIOBBIX
KOMIICHCATOPHBIX KaMepax WM Kamepax OTBETBJICHUN TPyOOIpPOBOJIOB.
HaOuBka calbHUKOBOrO KOMITGHCATOPa BBIIONHACTCS U3 MPOrpaprueHHOrO
acOecTOBOrO IIHYPa U TEPMOCTONKOM KPYIJIOH PE3UHBI, KOTOPHIE B BUJIEC KOJIEIl
3aIOIHSAIOT 3a30p KOMIIEHCATOpA.
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[pyxussiiie oceBble KOMIICHCATOPHI TIONYYMJIM TNPUMEHEHHE TIpH
OeckaHaTbHOM —TpoKyajke.TeruioceTeil. CBapHble THYThIE KOMIIEHCATOPHI
WCIIONIB3YIOTCSL  TIPU  JIFOOOKW  KOHCTPYKIIMH — TPYOOIPOBOJIOB W JIFOOBIX
napameTpax TerutoHocuTens. OHM IIMPOKO HMCHONB3YIOTCS Ha TEIoTpaccax
MPOMBIIUIEHHBIX TPEIIPUSTHIA (CM. puc. 1.27), a Takoke B TOPOACKUX TEMIOBBIX
cersix mpu Hebompmmx (1o 200 MM) guamerpax TemionpoBomoB. Mx
W3TOTABIIMBAIOT U3 THYTHIX WK CBAPHBIX OTBOJIOB C MOMOIIBIO 3JIEKTPOIYTOBON
ceapku [-, II- u Q- oOpasHoii (hOpMBI W TIEpPEN MOHTAKOM B TEIIOCETH
MPOU3BOIAT UM XOJOIHYIO PACTSDKKY, UTO TOYTH BJBOE YBEIMYMBAET HX
KOMITCHCHPYFOIIYIO CIIOCOOHOCTb.

I'mbkre KoMITeHCATOpBl PACTIONAraroT B KOMIIEHCATOPHBIX HEMPOXOIHBIX
KaHaJlaX, BBIIONHSAEMBIX MO KOH(UTypaliy, COOTBETCTBYIOMEH dopme
KOMITEHCATOpa.

B 70-x Togax mpomuioro Beka ObUia M300peTeHa caMOKOMIIEHCHPYIOLIAsICS
CTaJibHasi TPyOa, MO3BOJISIONIAS TPUMEHSTh €€ 0e3 YCTPOWCTBA CHEIHAIBHBIX
KOMIIEHCATOPOB TIPH JIFOOBIX MPOKJIAAKAX TEIIONPOBOAOB. KOHCTPYKTHBHO OHa
BBINIOJTHEHA B (JOPME BHHTOBBIX TO(p, PACTSHYTHIX MO BCEH UTMHE TPYOBI
CIIUpAJbI0 B BUZE BHHTOBBIX OOpasylolmMX TpPyObl, BHEIIHWH BHJ KOTOPOU
TIpescTaBlieH Ha puc. 1.36.
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Puc. 1.36. CamokoMnieHCUpYIOIIAsCs cTainbHas Tpyda u rodpa (y3er 1)

Apmamypa mennogvix cemeil TOOpa3IeIseTCs HAa 3allOPHYIO, DPeryiiH-
POBOUHYIO, TPEAOXPAHUTENBHYIO,  APOCCENUPYIOUIYI0 W KOHTPOJIBHO-
W3MEpUTENbHYI0. B MapoBBIX CETSX KpOME TOTO MPUMEHSIOT CIIENUaIbHYIO
KOH/ICHCATOOTBOJISIILLYIO apMaTypy.
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B TennoBbIX ceTsiX BCIO apMaTypy MPEeIIIOYUTAIOT BBINOJHSATH W3 CTaJH,
Jlayke KOrjia 3TO He IpeuchiBaeTcs mpaBuiamu ['ocroprexnaa- 3opa Poceun.
3T0 BBI3BAHO JKEIaHWEM MOJHOCTBIO TPEAOTBPATUTH OMACHOCTH pa3phbiBa
3a/IBIDKEK OT TeMIIEpaTyPHBIX HAPSHKEHUH, TOCTHTAIONIMX OONBIINX 3HAYECHUH
MPH TTyCKE TEIIONPOBOIOB OOJBIINX THAMETPOB.

B kauecTBe 3amOpHBIX OpPraHOB IPUMEHSIOTCS B OCHOBHOM 3a/IBHKKH
(KIMHOBBIE W TapaUlelibHbIE), IIAPOBBIE KpPaHBI W BEHTWM. [IpHUMeHATH
3alIOpHYI0 apMaTypy B KadecTBEe perylupyromed He Jomyckaercs. B
MarucTpajibHbIX W KBapTAIbHBIX TEIUIOBBIX CETSIX IPEUMYIIECTBEHHOE
MpUMeHEeHHe MOoNyqnia cTajibHas apMatrypa. OHa o0si3aTenbHa K IPUMEHEHUIO
Ha BBIBOJAX TEIUIOBBIX CETEH OT MCTOYHHMKOB TEIUIOCHAOXKEHHs, HA BBOJAX B
neHTpanbHple TerioBble MyHKTHI (LITII), Ha OTBeTBIEHHAX, B KauecTBe
CEKIMOHHUPYIOIINX.

Cex1MoHUpYIOIIUE CTadbHbIE 3aABIKKU (HauuHast ¢ D, > 100 mm) u
[IapOBbIe KpaHbl YCTAHABIMBAIOT B TEIUIOBBIX CETSX HA PACCTOSIHUU He Oonee
3000 M c ycTpOMCTBOM IEpEMBIYKH (C 3allOpHOW 3aBMXKKON) MEXIY
MOJIAIOIIMM ¥ 00paTHBIM TPYOOIIPOBOJIAMH, pacrojiaras MX B TEIUIOBBIX
kamepax. OHM TIO3BOJISIOT MPOU3BOIUTE ONEPATUBHBIE OTKIIFOUCHHS B CITY4astX
aBapuii Ha AGHCTBYIOIMX TPYOOIPOBOJAX MM FOTOBUTH MOIKIFOYEHNUS! BHOBb
MOHTHPYEMBIX y4aCTKOB.

Ha npumeHenne apMaTypbl U3 KOBKOTO U CEPOT0 UyTryHa, a TakKe U3 JATyHH
n Oponssl CHull 41-02-2003 wHanoxkeHsl orpanuueHus. Ee pasperieHo
WCIIONB30BaTh TONBKO B TEIUIOBBIX MYHKTaX W Ha OOBEKTAX, CTPOSIIMXCS B
OrOBOPEHHBIX KIIMMATHYECKHUX YCITIOBHSIX.

Ha croyckHbIX UM JpeHaXHBIX YCTPOMCIBAX TEIUIOCETEM IPUMEHEHUE
apMaTypbl U3 KOBKOT'O UyTr'yHa HE JJOIMYCKAETCS.

Jns TemyoBBIX ceTel, Kak MpaBWiIO, JOJKHA TPUMEHATHCS apMarypa C
KOHIIAMHU IO/ TIPUBApKy WM (uiaHieBas, My(QTOBYIO apMaTypy JOIyCKaeTcs
MIPUHUMATH YCIOBHBIM IpoxofioM D, < 100 MM npH 1aBlIeHUN TETNIOHOCUTENS
1,6 MIla u mmke u temmeparype 115 °C u Hbke B Cilydasix MPUMEHEHHS
BOJIOra30IPOBOIHBIX TPYO.

3agBuwkky U 3atBopel ¢ D, = 500 MM NOIKHBI MMETh 3JIEKTPUYECKHE
npuBopl. [Ipy 3TOM mpy TOA3eMHOM TPOKIIaKe OHH JIOJDKHBI Pa3MelaThesl B
Kamepax C HaJ3eMHBbIMH MaBWJIbOHAMH WJIM B TMOA3EMHBIX Kamepax C
€CTECTBEHHOM BEHTUIISILIMEH, OCHAIICHHBIX JIA3aMH ISl BHIEMKH apMaTypBbL.

B HIWKHHX TOYKax TPyOOMpPOBOIOB BOASHBIX TEIUIOBBIX CETE M KOH-
JICHCATONPOBOJIOB HEOOXOAMMO YCTpauBaTh CITyCKHBIE YCTPOWCTBA C 3aIIOpHOM
apMaTypoil s CITyCKa BOJBI, a caMd TPyOONpOBOABI JIOJKHBI HMETh
NPOAONBHBIA YKIOH K Ommkaimed kamepe He Mmenee 0,002. Ilpu stom
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MpeIyCMaTPUBAETCSl CTPOUTEIILCTBO COPOCHBIX KOJIOAIEB C OTBOJOM BOIIBI B
CHCTEMBl KaHAJW3alMd CAMOTEKOM WIIM TEepeBIXHBIMU Hacocamu. [lpu
HaJ[3eMHOHM TIPOKJIaJKe TPYOOIPOBOJOB MO HE3ACTPOCHHOH TEPPUTOPUH IS
CITyCKa BOJIBI CJIEMYET MperycMaTpiuBaTh OCTOHUPOBAHHBIE MPUSIMKH C OTBOJIOM
W3 HAX BOJIbI KIOBETAMH, JIOTKAMH WJTH TPYOOTIPOBOJAMH.

W3 maponpoBOZOB TEIUIOBBIX ceTell B HIDKHUX TOYKax W Tepel Bep-
THUKAIBbHBIMA TIOIBEMAMHU JIOJDKEH OCYILECTBISITECSI HENPEPHIBHBIA  OTBOI
KOHJICHCaTa 4epe3 KOHJCHCATOOTBOMUMKU. B 3THX ke MecTax, a TakkKe Ha
MpAMBIX ydacTkax maporpoBozaoB uepe3 400..500 M mpu MOMyTHOM U 4epe3
200..300 M mpu BCTPEUYHOM YKJIOHE MOHTUPYETCSl YCTPOMCTBO ITyCKOBOIO
JpeHa<a MaporpoBOIOB.

B BeICHIX TOYKax TPyOONPOBOJOB TEIUIOBBIX CETE HAa KaKIOM CeK-
[UOHHOM Y4YacTKe JMAODKHBI OBITh YCTaHOBJIEHBI INTYLIEPHI C 3aIllOPHON
apMarypoi JUTsl BBIITyCKa BO3yXa (BO3IYIIHHUKH).

CoenuneHne TPyOOIPOBOJOB MEXIy COOOW, (haCOHHBIMU JIETAISAMUA U
000pY/I0BaHHEM OCYIIECTBIISICTCS 3JICKTPOIYTOBOM CBapKOW CHEIMAbHBIMU
anekTporami. [a30Byr0 CBapKy WCHONB3YIOT Uil COGAMHEHUS TpyO
HeOombIIoro auamerpa (1o 50 MM) B CaHMTApHO-TEXHUUYECKHUX YCTPOHCTBAxX
37aHHIA.

1.10. Cxembl npucoenunenns ycranoBok I' BC k TenioBbIM ceTsiM

[To cxeme MPUCOEAMHEHNS YCTAHOBOK TOPSYEro BOJOCHAOXKEHUS CHUC-
TEMBI TEIJIOCHA0XKEHUS pa3AeisIioT HA OTKPBITHIE U 3aKpbIThie (puc. 1.37 u
1.38).

KadecTBo BOJIBI, TTO1aBaEMOI Ha XO035HCTBEHHO-TTUTHEBLIE HYXX/IBI, KaK
XOJIOJIHOM, TaKk W Topsived, NOKHO oTBevyarh TpeOoBanusM CanlluH
2.1.4.1074-01. TemnepaTypy ropsiucii BOABI B MeCTax BoJopa3dopa ciemayer
npuauMaTh coriacHo CHull 2.04.01-85*: mis neHTpaaIn30BaHHBIX CUCTEM
rOpsiYero BOJOCHA0KEHUS, TIPUCOSANHEHHBIX K OTKPBITHIM CHCTEMaM Tell-
JIOCHAOYKEHHSI TeMIIepaTypa BObI JIOJDKHA COCTaBIATH £, = 60...75°C; mis
IEHTPAJIM30BAHHBIX CUCTEM TOPSYEro BOJAOCHAOKEHHUS, TPUCOCTUHEHHBIX K
3aKpBITHIM CUCTEMaM TeriocHadxkeHus — ¢,= 50...75°C.

B oreuecTBEeHHOM TEIUIOCHA0XKEHUU MIUPOKOE PACIPOCTPAHECHUE TOJTY-
YUJIM KaK 3aKpBIThIE, TaK U OTKPBIThIE CHUCTeMBbl. Kakmas u3 3TuX cucrem
HMMEET CBOU JIOCTOMHCTBA U HEAOCTATKH.

OCHOBHBIE TOCTOMHCTBA 3aKPBITBIX CHCTEM: CaHUTapHas HAJCKHOCTH;
CTaOMJIBHOCTh THJIPABIMYECKOTO PEXKUMA; OrpaHHUCHHAS MOJANUTKA Ha Te-
IJIOUCTOYHHKE;, ObICTPOE OOHApYXKEHHE MOBPSKICHUN TEIIOCETH IO yBe-
JWYEHUIO BETUYUHBI TTOIITATKH.
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Puc. 1.37. CxembI nprcoeAHECHUSI a00OHEHTOB K TEIUIOBBIM CETSIM B OTKPBITHIX
CHCTEMAaX TEIUIOCHAMKEHUS: | — aKKyMyJIsITOp ropsaeil Bojbl; 2 — BO3YIIHBIA KpaH; 3
— BOJIOpa30OpHBIi IPUOOp; 4 — OTOMHUTENBHBIHN MPUOOpP; 5 — 0OpaTHBII Ki1anaH; 6 — BOIOMO-
JIOrpeBarelib; 7 — PEryisTop pacxofa; 8 — peryysirop TeMIeparypbl BOIbl; 9 — peryssrtop
oromieHus; 10 —aneBarop; 11 —Hacoc; 12 — cMecurenb; 13 — perynsrop TaBieHust; a, 6 —
CHCTEMBI TOPSTYEro BOTOCHA0KEHIS C BEpXHEH M HIDKHEH Pa3BOJIKOI; @ — OTKPBITAs CHCTEMa
rOpsIYEro BOJZOCHAOKEHHUSI C 3aBHCHUMOM CXEMOW MPHCOCIMHEHHSI CUCTEMBI OTOILICHHS, & —
OTKpBITAs] CHCTEMa TOPSUEero BOJOCHA0KEHHS C HE3aBUCHUMOI CXEMOM MPUCOSIMHEHHUS CHC-
TEMBI OTOILICHHUST; 0 — CUCTEMA TOPSYEro BOIOCHAOKEHHUSI C TIPEIBKITIFOYEHHBIM TIO/I0rpeBaTe-
JIeM ¥ 3aBUCHMBIM BKJTFOYCHHEM CHCTEMBI OTOTUICHHSI

Henocratkamu 3aKpBITBHIX CUCTEM SIBIISIOTCS: HEOOXOJUMOCTh YCTAHOB-
KH TIOBEPXHOCTHBIX TEIIOOOMEHHMKOB B a0OHEHTCKHX YCTaHOBKaX ropsi-
4ero BOJ0CHAOXKEeHUs; HEOOXOJMMOCTh BO MHOTHX CITy4asiX 3allUThl TPYOo-
MPOBOAOB TOPSIYEH BOABI OT BHYTPEHHEH KOPPO3WHU; HEOOXOIUMOCTh KOM-
IIEHCALMU HEIOrpeBa A0 TEMIIEPATYphl IPEOLIEH CPEAbl B IOBEPXHOCTHBIX
MIOOrPEBATENAX.
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Puc. 1.38. CxeMbI IpuCcOeTUHECHUST A00HCHTOB K TEIUTOBBIM CETSM B 3aKPBITHIX
CHUCTEMaX TeIIOCHAOXKEHHUs (0003HaYeHus Te ke, uTo Ha puc. 6.37): a, 6 — ycTaHOB-
KU TopAa4ero BOZ[OCHa6)KCHI/ISI C BEPXHUM U HUKHUM PACIIOJIOKECHHUEM aKKYMYJIATOpA; 6 —
YCTaHOBKa ropsiero BOIIOCHaG)KCHI/ISI C apaJuICJIbHbIM BKJIIFOUCHUEM IOAOTPEBATECIIA U
3aBUCHUMas CX€Ma BKIIFOUCHUSA OTOHHTCHBHOfI YCTaHOBKH; ¢ — ABYXCTYyII€HYaTass CMC-
IIaHHAasIT CX€Ma BKIIFOUCHUS HOZ[OTpCBaTCIICﬁ rops4ero BOZ[OCHa6)KCHI/ISI " 3aBUCHUMaAs
CXEMa BKIIFOUCHUA OTOHHTCHBHOfI YCTaHOBKMH; 0 — ABYXCTYN€HYATAast OCJI€A0BaTCIbHAs
CXEeMa BKIIKOUCHUSA HOHOFpeBaTCHCﬁ rops4ero BOIIOCHa6)KCHI/I$I " 3aBUCHUMas CXEMa
BKIIFOUCHUSA UIOHI/ITCIIBHOfI YCTaHOBKH; € — YCTAaHOBKa TIOpsA4Cro BOIIOCHa6)KCHI/IH C
NOPCABKIIIOYCHHBIM TMOAOIPEBATCIIEM U 3aBUCHMasA CXEMa BKIIFOUYCHUST OTOHHTCHBHOﬁ
YCTAHOBKH; o/ — NBYXCTYNIEHUATas MOCICAOBATCIIbHAA CXEMa BKIIFOUCHUSA IMOAOTrpeBa-
Teneﬁ rops4ero BOIIOCHaG)KCHI/ISI " 3aBUCHUMAsI CXE€Ma BKIIHOYCHUS OTOHHTCHBHOfI ycCra-
HOBKHU C HACOCHBIM CMCIICHUEM

OCHOBHBIC JIOCTOMHCTBAa OTKPBITBIX CHCTEM TEIUIOCHA0XKEHUS: YIIPO-
LIEHHAas cxeMa a00OHEHTCKUX BBOJOB 0€3 BOIO-BOASHBIX TEILIIO0OOMEHHUKOB
TOpSIYero BOJOCHAOMKEHMS, BO3MOXKHOCTh JIOTOJIHUTEIILHOW — Tertodu-
KaIlMOHHOM BBIPA0OTKU 3JICKTPUYECKOM SHEPTHH TMPU TPOIYCKE OOIBIINX
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PacxooB MOAMUTOYHON BOJIBI Yepe3 KOHEHCATOPbI TYPOMH; BO3MOKHOCTD
MPUMEHEHUS OTHOTPYOHOTO TPAHCIIOPTa TEIJIOTHI.

W3 HEZOCTAaTKOB OTKPBITBIX CHCTEM HEOOXOIMMO OTMETHTH CIEAYIO-
mue. HemocpencTBeHHasi CBSI3b CUCTEM TOPSAYEr0 BOJOCHAOKEHHUS M OTO-
TUICHUSI MOYKET OKa3bIBaTh HEOJIATOMPUATHOE BIMSHUE HA KAYECTBO BOJBI B
TOYKaX BOAOpa30Opa MpH MEPHOIUYECKUX M CE30HHBIX BKIIOUEHHUSIX U OT-
KIIIOUEHHUSIX CHCTEM OTOIUICHHS, a TakKe MpH cllaue B SKCIUIyaTaluio 3Ja-
HUsSI TIOCJIE TIPUCOCMHEHUSI HOBBIX CHCTEM K TeIUIOBhIM ceTsiM. Cucrema
SIBJISICTCS. HAJIOKHON B CAHUTAPHOM OTHOLICHHH TPH KaueCTBEHHOM MPOCK-
TUPOBAHUH, COOPY)KEHHH W 3KCITyaTauuu. HemocraTkamu sIBISIOTCS Tak-
&Ke He0OXO0IMMOCTh COOPYKEHHUSI HA TEMJIONCTOUHUKE KPYITHBIX YCTAHOBOK
IUIsL Jleadpaliii, XUMHYECKOH 00paboTKH M XpaHEHHs OONBIIMX PacXoloB
BOJIBI; BO3MOXXHOCTh MCIIOJIb30BaHUS BOJBI U3 TEIJIOBOM CETH HE MO Mpsi-
MOMY Ha3HAYEHUIO MPHU HENOCTaTKe BOABI B TOPOJICKOM BOJOIPOBOJAE M
HEOOXOAMMOCTD B CBSI3H C OTUM 3HAUYMTEIBHOTO YBEIMYCHUs pacxoja Mmoj-
MUTOYHON BOJIBI; BO3MOXKHOCTh BHYTPEHHEW KOPPO3HU TPyOOHPOBOIIOB Te-
TUIOBBIX CETEH M OTJIOKEHMs HAKHUIHM B BOJOIPEHHBIX KOTJIAX MPU HECOOT-
BETCTBHU MEXJIy MOILIHOCTBIO BOJIOMOATOTOBKH M TOTPEOHOCTBIO B MOJIIH-
TOYHOH BOZE; HECTAOMIIBHOCTh THAPABIMYECKUX PEXHMOB; TPYIHOCTH 00-
HAPY)KEHHsI aBAPUIHHBIX YTEUEK BOJBI U3 TEIIOBOW CETH.

JIsisl TIOBBIIICHUSI HAJIGKHOCTH OTKPBITBIX CHUCTEM TEIUIOCHA0KEHHS
HNPUMEHSIIOT IByXKOHTYPHBIE CXEMbI C BKIIFOYEHHEM BOJIOIPEHHBIX KOTJIOB B
3aMKHYTBIH KOHTYp, YTO TO3BOJISIET CYHIECTBEHHO CHHU3UTH IOBpEXaae-
MOCTbh BOAOTPEHHBIX KOTIOB. HeoOX0auMoO OTMETHUTh, YTO B HACTOsAIIEE
BpeMsi OTCYTCTBYIOT KakKHe-IMOO JaHHbIE O TeMIlepaTypHbIX rpadukax
3aMKHYTOT'O KOHTYpa BOJOTPEUHBIX KOTJIOB, YTO 3aTPYAHSET SKCILUTyaTalnio
Y HE TI03BOJISICT C/IeNIaTh OObEKTHBHBIN BBIBOJ] O MPEUMYILECTBAX JBYXKOH-
TYPHBIX cXeM. PellieHue 0 NPUMEHEHNHU JIBYXKOHTYPHBIX CXEM HE0OXO/u-
MO TIPUHUMATh Ha OCHOBAHHWH TEXHHWKO-)KOHOMHYECKOTO pacuera, B KOTO-
pPOM Hapsiy C KalUTaJbHBIMU 3aTPaTaMU B PEKOHCTPYKIIMIO TEIJIOMCTOY-
HUKAa HEOOXOIMMO YYMTHIBATH 3aTpPaThbl, OOYCIOBJICHHbBIC MOBBIIICHHBIMU
napaMeTpaMy TeMIepaTypHoro rpaduka 3aMKHYTOrO KOHTYypa BOJOTpeEii-
HBIX KOTJIOB.

B 3aKpBITHIX cHCTEMaX MOIOTPEBATENH TOPSIYEro BOJOCHAOXKEHUS TPH -
COEIMHSIOTCS K TEIUIOBBIM CETSIM B OCHOBHOM I10 TIOCIIEIOBATENbHON (pHC.
1.38 0), cmemanHol (puc. 1.38 2) wiun napaiensHoi (puc. 1.38 6) cxemawm,
KOTOpPBIC IPUMEHSFOTCS KaK MPU 3aBUCHMOM, TaK U TPH HE3aBUCHMOM TIPH-
COEIMHEHNHN CHCTEM OTOIUICHUSI.
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IIpuMeHeHne TON UM UHOM CXEMBI ONPEAENSIETCS] OTHOLIEHUEM MaKCH-

MabHOH HArpy3KH ropsuero BogocHadxenns Q' K pacdyeTHOH Harpyske

oromtenust Q) : p"* = Q""/ Q! UpHHATEIM B paiiOHE TEMIIEPATyPHBIM

TBC
rpadMKOM LEHTPaIBLHOrO PEryInpoBaHusl OTIycKa TeraoTel. [Ipucoenune-
HUE BOJIONOJIOTpeBaTeleil ropsiuero BOJOCHA0KEHH s CIIeAyeT TPUHIMATH:
npu 0,4 < p"* < 1,0 — AByXCTyII€HYATbIE CXEMBI;
MIPH OCTAJIBHBIX COOTHOUIEHHUAX — OJTHOCTYIEHYATYIO MapauIeNbHYIO.

OCHOBHBIM JIOCTOMHCTBOM IIIMPOKO pAaclpoCTpaHEHHON MocieoBa-
TenbHOU cxeMbl (puc. 1.38 0) siBisieTcs CHUKEHHE PacyeTHOTo pacxojia ce-
TEBOHM BOJIBI JUIS MMOKPBITHS HATPY30K OTOIUICHHS M TOPSYEro BoIocHa0xe-
HUS B Tpenene 10 3HaueHMsl pacxoAa BOABI TOJIBKO Ha OTOIUIEHHE. DTO
JIOCTUTAETCsl HCIOJb30BAaHUEM TEIJIOThl CETEBOM BOJBI TOCIE CHUCTEMBI
OTOILJICHHSI, aKKyMYJUPYIOIICH CIIOCOOHOCTH 3JaHMid ISl KOMITCHCAIIMU
HEPaBHOMEPHOCTH CYTOYHOTrO TpaduKa HArpy3Kd Tropsdero BoJocHabOxke-
HUA, a TAKXKC IPUMCHCHUCM LIECHTPAJIBHOI'O PEryJIMPOBAaHUA OTITyCKa TECIJIO-
Thbl, pPAaCCYATAHHOTO Ha IMOKPBLITUC COBMECTHOM Harpy3ku OTOIUICHUSA U T'O-
psidero BOAOCHa0KEHMS.

[Ipu aByxcTyneH4aroil cMemanHoi cxeme (puc. 1.38 2) Takxke UCTIONb-
3yercsl TEIIoTa CETEBOM BOJIbI MOCJIE CUCTEMBI OTOIUJIEHUs. PacuerHbli
pacxoj ceTeBoil BOJBI MIPH CMEIIaHHOW cxeMme mpumepHo B 1,6...1,8 paza
MIPEBBIIIAET PACUETHBIN pacxo/ BO/bI Ha oToruieHue. [l cokpalieHus pac-
X071a BOJbI OblIa MpeAioKeHa CMeIIaHHasi CXeMa C OTPaHHYeHUEM MaKCH-
MaJIbHOTO PACX0Jia CETEeBOM BOAbI. Takas cxeMa IO CBOMM IIOKa3aTeNsiM
MPUOIIKAETCS K MTOCIEA0BATEIEHON CXEME.

IIpy mapayuienbHONM cXeMe BKIIIOYEHUS IIOJOrpEeBaTeNsl TOPSYEro BOJO-
cHaOxenus (puc. 1.38 6) pacueTHbIN pacxof] ceTeBOH BOABI Ha TETUIOBYIO MO~
CTaHIIMIO MPUMEPHO B 2,5 pa3a MpeBbIIIAeT pacxoj] BoJbl Ha oTorieHue. [1o-
9TOMY IPUMCEHEHUC HapaJUIGJILHOﬁ CXEMbI OrpaHWYCHO OYCHb MAJIbIMU WJIN
O4YCHb 6OJ'II)HII/IMI/I OTHOCHUTCIIbHBIMU HAarpy3kamMu ropa4ero BOILOCHEI6)KCHI/I}I.

1.11. Boasiable cucTeMbI TEILIOCHAOKEHU A

Haubonee pacmpocTpaHEeHHBIM TEIUIOHOCHTENEM B CHUCTEMax TeIUio-
cHaOkeHMsl ABIsieTcsl BoAa. Mcmonb3yroTest 3aKphIThIe U OTKPBITHIE CHUCTE-
MbI TeriocHaOkeHus. JIro0as cucTeMa BOJASHOTO OTOIUICHUS NPEICTaB-
nseT co00i 3aMKHYTHIM HHUPKYISLUUOHHBIM KOHTYp, 3allOJHEHHBIH BO-
J0M, mepeHocAIMUN TEemiI0Ty OT UCTOYHHUKA (TENJIOBOM CeTH, Temso-
0OMEHHOT0 afmapara) 0 CTOKOB (OTONMHUTENbHBIX pubdopon). Cuemo-
BaTENbHO, TEMIIEPAaTypa HUPKYIUPYIOIIEro TEIIOHOCUTENS (BOAbI) OyneT
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pasnuuaThcsl B OTACTBHBIX YacTiaX cucTeMbl. CaMoil BBICOKOW OHa Oyzaer
Ha BBIXOJI€ M3 MCTOYHHMKA TEIJIOTHI, a 3aTEM BCE HMXKE 3a CUET TEIlJI00T-
naun TpyO M OTONMMTENbHBIX MpuOopoB. [Ipum 3TOM HamOomblnee Mo-
HIDKCHHUE TEMIIepaTyphl MPOUCXOJUT MMEHHO B OTONHTENbHBIX IPHU-
Oopax. Haubonee Hu3kas TemmepaTypa HaOJIOJacTCs Ha BXOJE B HC-
TOYHHUK TEIUIOThI (BOjJOHArpeBatenb). Kak cieicTBUE H3MEHCHHS TEM-
nepaTypbl BOJbBI U3MEHSETCSI M €€ IUIOTHOCTh. ECIM MCTOYHUK TETIOTHI
PacIoJIOKEeH MO BEPTUKAJIN HUXKE CTOKA, TO B 3aMKHYTOM KOHTYp€ BO3-
HUKHET TPaBUTAIlMOHHOE WJIM €CTECTBEHHOE WHUPKYJSIHOHHOE AaBJe-
HUE, CIIOCOOHOE 00eCcneYnTh paboTOCIIOCOOHOCTh CUCTEMbI OTOILJICHUSI B
HEOOJIBIIMX OJTHO- WU JBYX3TAXHBIX JJOMaX.

B cOoBpeMEHHBIX MHOTO3TaKHBIX 37aHHIX U COOPYKECHUSIX OOJIBIIOTO
o0bemMa M MPOTSIKEHHOCTH 3TOTO JIaBJICHUSI OKa3bIBA€TCS HEJOCTATOUHO.
[TosToMy BCe HeliCTBYIOIIME CHCTEMbI OTOIICHHS B yKa3aHHBIX 00bEK-
TaxX SIBJISIOTCS HACOCHBIMH, T.C. IIUPKYJISIUS BOJABI OCYIICCTBIISIETCS B
OCHOBHOM 3a cueT paboThl Hacoca, BMOHTUPOBAHHOTO B IUPKYJIALHU-
OHHOE KOJbI0. HOo rpaBuTanimioHHOE JAaBJICHUE TAKXKE OKA3bIBACT OIpe-
JIeJICHHOE BJIMSIHUE Ha Pa0OTy 3TUX CHCTEM.

BopsiHbie cucTeMBl IENATCS Ha OJHO-, IBYX- U MHOTOTPYOHBIE B 3aBH-
CHMOCTH OT KOJIMYECTBa MapaJUIeNbHO MPOJIOKEHHBIX TEIUIONPOBOIOB (JIU-
Hull). OMHOTPYOHBIE CUCTEMBI UCTIONB3YIOTCS B TOM CJIydae, €Clid BCS BO-
Jla, TojaBaeMas B CETh, pa3dupacrcs aOOHEHTaMH. 3HAYMTENILHO dYallle
MPUMEHSIIOTCS ABYXTPYOHBIC BOJISHBIC CUCTEMBI, B KOTOPBIX ropsivyasi Boja
MOJaeTcsl MO MPSIMOMY TEIJIONPOBOAY, a OXJAXKIEHHAas BO3BpAIAcTCs K
WCTOYHUKY Teria. J[ByXTpyOHbIE CUCTEMBI OOBIYHO HCIIONB3YIOTCS B CITy-
Yae OIHOPOJHOM TEIUIOBOW HArpy3KH, HallpUMep, TaKOH, KaK OTOIJICHHE,
BeHTwIsinus 1 ['BC sxunbix 3manuif. B mpoMBINIUIEHHBIX pailoHaX MOTYT
WCTIOJIB30BAaThCSl TPEX- U MHOTOTPYOHBIE CUCTEMBI TEIJIOCHA0KEHUS, eClin
HUMEIOTCS TOTPEOUTENH TEIIOTH Pa3HOTO MOTEHIIHAA.

B 3aBucumocTH OT BHJia aOOHEHTCKOW TEIIOBOW HATrPy3KH CYIIECTBY-
10T pa3iM4yHble CXEMBbl NMPUCOENUHEHHs cHucTeM Teronorpednenus. [lo
cXeMe MUTaHMUSI OTOMUTENbHBIX TPUOOPOB TEMJIOHOCUTENEM pasiinya-
0T OJHOTPYOHBIC W JIBYXTPYOHBIC CTOSIKM M BETBU. B mepBoM ciiyuae
OTONUTENIbHBIE TPUOOPHI COESAMHEHBI MOCIE0BATEIbHO, BO BTOPOM —
napajielbHO MO TEMJIOHOCUTEIIO.

CTosiKM ¥ BETBU OJHOTPYOHBIX CHUCTEM pa3JIMYalOTCs MO CBOCH
KOHCTPYKIMU. OHU MOTYT OBITh HMPOTOYHBIMH, HPOTOYHO-PETYIHPY-
EMBIMH C HaJIMYMEM OOXOJHBIX YYaCTKOB M PEryJIupyeMbIMU C pabo-
YUMHU 3aMbIKalOIMMH ydacTkaMu. OOXO/HBIC U 3aMBIKAIONINE yU4aCTKU
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OBIBAIOT OCEBBIE, T.€. PACIONIOKEHHBIE TI0 OCH CTOSIKA W CMEIICHHBIE OT
OCH CTOsIKa Ha HEKoTopoe paccrosuue (puc. 1.39).

BriOpaHHas KOHCTPYKIHS CTOSKOB WJIM BETBEH OMpEIeNsieT 0COo-
OCHHOCTH WX THJIPABIUYECKOTO pacyera M THUIl NMPUMEHSIEMBIX Pery-
JIUPYIOIIUX YCTPONCTB, YCTAaHABJIMBAEMBIX HA MOABOJIKAX K OTOIMHUTEIb-
HBIM TIprOOpaMm.

Puc. 1.39. KoHCTpyKUMH CTOSIKOB: @ — ONHOTPYOHBII MPOTOYHBIN; 6 — TO XKe, C
OCEBBIM 3aMBIKAIONIUM YYaCTKOM; 6 — TO K€, MPOTOYHO-PETYIUPYEMBIH; & — TyXTpyO-
HBII; 0 — OMHOTPYOHBIN CO CMEIIECHHBIM 3aMBIKAIONINM yJacCTKOM; ¢ — OJTHOTPYOHBIN
MPOTOYHO-PETYIIUPYEMBIH CO CMEIICHHBIM OOXOJHBIM YYacTKOM; | — OTONMUTENBHBIN
pubop; 2 — CTOSIK; 3 — 3aMBIKAIOIIUI y4acTOK; 4 — 00XOIHOM y4acToK; 5 — mogaromumi
CTOSIK; 6 — OOpaTHBIN CTOSK; 7 — CMENICHHBIN 00XOTHOW y4acTOK; 8§ — CMEMICHHBIH 3a-
MBIKAIOIIUH y4acTOK

Ha puc. 1.40. mokazaHbl HEKOTOPHIE HCTIOIb3YEMbIE B MPAKTHKE CXe-
MBI MIPHCOEMHEHHSI YCTAHOBOK TEIUIONOTPEONIeHNs K JIBYXTpYOHOH 3a-
KpBITOM TEIJIOBOI ceTu. 3/1ech MPUBOAATCS CIEIYIOIINE CXEMBI NMPUCOe-
JOWHEHWH: a...2 — OTONUTENbHBIE, @ — 3aBHCHMas, O — 3aBHCHUMas CO
CTPYWHBIM CMEIIEHNEM, 8 — 3aBUCHMasi C HACOCHBIM CMEIIEHUEM, & — He-
3aBucuMast; 0, e — [BC ¢ akkyMyJIsiTopoM ropsdeid BOJbl BEPXHHM H
HUKHUM; JfC...K, H, O — OTONUTEIbHBIE CO CTPYWHBIM CMEIIEHUEM, X —
I'BC-napamnensHas; 3 — ' BC-nByxcrynenuaras cmemanHas; u — ['BC-
JIBYXCTyIEeHYaTas mocienoBarenbHas; kK — [ BC-mpeaBapuTensHO BKITIO-
YeHHas.

Bce npuBeeHHbIE CXeMbI Ha3bIBAIOTCS a00HEHTCKUMH BBOJAMH, MECT-
HbIMM (MHIUBUIYalIbHBIMH) TETJIOBBIMM IMYHKTaMU WM MOJCTAHIMSAMH U
00CIyXMBarOT OMHO 3/aHKue. Ha3HaueHne TaKuX TEIUIOBBIX ITYHKTOB CO-
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CTOHT B CO3/IaHUM MOTOKA BOABI C HEOOXOAUMON pacyeTHON TeMIlepaTypoit
(95°C) ans cuctemsl oromenus u g Hyxn [BC (60°C). Ucxoqubivu
MOTOKAaMH, C MIOMOIIBIO0 KOTOPBIX pellaercs 3Ta 3ajiayda, sBJSIFOTCS cereBast
Boma B mopawomeii ymauu (150°C) u B obOpatHoi yimuauu (70°C). s
CHCTEM OTOIUICHHUS MIPU 3aBHCUMOM MPUCOETUHEHUH MPUOOPOB OTOILIICHUS
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Puc. 1.40. 3axpeiTast 1ByXTpyOHas BOZsHAsI CUCTEMa TEIUTOCHAOXKEHHsT C pas-
JIUYHBIMUA CXEMAaMHU TPHUCOCIUHCHUS TOTPEOUTENeH: 1 — akKyMyJsiTop ropsuei
BOJIBI; 2 — BO3AYIIHBEIA KpaH; 3 — Boxopa30opHBIi KpaH; 4 — MpHOOp OTOILIEHUS; 5 —
obpatHbIi KiamnaH; 6...8 —nogorpesarenu [ BC; 9 — momorpesareis OTOMHTENBHBIN; 10
— pacummpuUTeNbHEIH cocyn; 11 — perymarop maBieHus «rocie ceds»; 12 — peryasrop
pacxoma; 13 — perynsarop temreparypsl; 14 — perynarop oTorieHus; 15 — anesarop; 16
— Hacoc; 17 — moanmuTOYHkIH Hacoc; 18 — ceTeBoil Hacoc; 19 — perymsitop monnutku; 20

— JIPOCCENTbHOE YCTPOICTBO; 21 — TeIIoKaIMOHHEI TO0rpeBaTellb; 22 — MUKOBBII
BOJIOIPEHHBIN KOTEN
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BO/Ia TOTOBUTCS ITyTE€M CMEIIEHUS TOTOKOB CETEBON BOJBI U3 MOJAIONIEN U
00paTHOM JIMHUH C TIOMOIIBIO JTUOO CTPYHHBIX HACOCOB, JMOO IEHTPO-
OeXKHBIX HacocoB (cM. puc. 1.40 6, ).

B ciydae He3aBUCHMOTO NMPHCOSTMHEHUSI OTOMUTENBHBIX MPUOOPOB B
OTONMUTENBHOM KOHTYpE HUPKYIUPYET BOJA, IMOy4yaroias TEIUIOTY B PeKy-
MEePAaTUBHOM TEIJIOOOMEHHUKE OTOILJICHUS OT CETEBOM BOJIBI M3 IOIAOIICH
muaun (cM. puc. 1.40 2). Ha myxxap1t 'BC Boma roToBHTCS M3 XOJOAHOU
BOJOIIPOBOJIHOM BOJBI IIyTEM HATPEBA €€ OT CETEBOM BOJBI U3 IOJANOLIEH
JIMHUHU B BOIO-BOJISIHBIX TEIMNIOOOMEHHUKAX TOpsiueid BOJIBI.

CxeMbl C 3aBHCHUMBIM TNPHUCOCIMHEHHUEM OTOMHTENBHBIX MPUOOPOB
MMEIOT B BEpXHEN TOYKE CHCTEMBI BO3YLIHbIE KPAaHbI JUIsl BBIITyCKa BO3/Y-
Xa u3 cucreMbl. Bce cxembl ¢ He3aBUCUMBIM NPUCOETMHEHUEM OTOMUTENb-
HBIX TPUOOPOB UMEIOT B BEPXHEW YACTH CHCTEMBI PaCIIMPUTEIBHBIE COCY-
b1, TIO3BOJISIFOIINE, BO-TIEPBBIX, M30€KaTh BOSHUKHOBEHHUS Pa3pylIeHUH OT
TEPMHUYECKOT0 PACHIMPEHUSI BOABI, BO-BTOPBIX, O0ECIEUUTH BBIXOJI BO3-
JOYUIHBIX MY3bIPHKOB, BBIIENSIONIMXCS MPH MOBBIIICHUH TEMIIEPaTyphl BO-
Ibl, W, B-TPETbUX, CO3/aTh NPHUEMIIEMBIH YpPOBEHb JABIIEHUS B KOHTYpE
HUPKYISIH.

[Ipu HE3aBHCHMOM NPUCOEAUHEHNUN OTONMMTENBHBIX MPUOOPOB JBMKE-
HUE TEMJIOHOCUTENS] MPOU3BOAUTCS C MOMOIIBIO IUPKYISIIIMOHHOTO LIEH-
TpoOeKHOro Hacoca. B ciydae 3aBHCMMOro MPHCOETUHEHUS! CMEIICHHE
CETEeBOM BOJIbI M3 MOMAOIIEIO U O0PATHOIO TEIUIONPOBOJIOB OOBIYHO TPO-
HCXOAUT B YCTPOICTBE, HA3bIBAEMOM 3JIEBATOPHBIM Y3JIOM. DJE€BATOPHBIM
y3ell SIBJIAETCSl CTPYHHBIM >KUJKOCTHBIM HAcCOCOM, B KOTOPOM 3a CYET aK-
THBHOT'O MOTOKA CETEBOM BOJBI U3 MOJAIOIIEH JTUHUU MPOUCXOANUT MOJICa-
CBIBAHHE BOJIBI M3 OOPATHOM JIMHUHM TOCJIE CUCTEMBI OTOILUIEHUS. B pe3ynb-
TaTe CMELIEHUs JTUX JABYX IOTOKOB O0pa3yercsl MOTOK TOpsiuei BOJBI,
MMEIOIIMK TeMIepaTypy W JaBjieHHe, INPOMEXYTOUHBIE [0 CBOUM 3Haue-
HUSAM MEXIy MCXOAHBIMM NoTokamH. OuYeBHIHO, YTO JaBJEHUE B MOTOKE
Mocjie CMELIEHMs] OMpPEeNseTcs] OTHOIIEHHEM pacxXoJ0B M JIaBIECHUSIMU
CMEIIMBAaEMBbIX MTOTOKOB. [Ipy HEZOCTAaTOUHOM Tepenajie JaBIeHUH MEeXIY
MOJAIOIICH U 00paTHOM JIMHUSAMU (paciiojiaragMblil Tiepenaa AaBJICHUN Te-
wioBoi cetn MeHee 0,1 MIla) u30bITOYHOrO JaBiIeHHs MIPUTOTOBICHHON
BOJIBI MOYKET HE XBaTUTh JJIsl TPAHCIIOPTUPOBKH BOJIBI Uepe3 MPHOOPHI OTO-
mieHrd. B Takom citydyae BMECTO 371€BaTOPHOIO y3ia MpUMEHseTcs IUPKY-
JIIMOHHBIM HAcoc, YCTaHaBIMBAaEMBI B OTOMUTEIBHOM KOHType (pHc.
1.40 6).

Kpome MecTHBIX TEIUIOBBIX ITYHKTOB, B 3aKpPBITBIX CHCTEMax TEIUIO-
cHaOKeHUsI IOy PacIpOCTpaHeHNe TPYIIOBbIe (LIEHTPalIbHbIE) Tell-
noseie myHktel (I'TTI, LITII), oGcmyxuBatomue rpynmny 3naHuid. B atux
MyHKTaX MPOUCXOANT MPUTOTOBJIEHHE ropsYel BOJb; B CEKIMOHHBIX BOJO-
BOJITHBIX TEMJIOOOMEHHUKAX, MOJKIIOYaeMbIX MO OJHOM M3 CXeM: Ta-
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paJIIENIbHOM, ABYXCTYIIEHYAaTOM TMOCIIEIOBATEIbHOM M JIBYXCTYIEHYaTOU
cmemanHon (puc. 1.41.). BeiOop cxembl BKIIIOYCHHS TEILIOOOMEHHHUKOB
ropstuell BOJIbI MPOU3BOJUTCA B 3aBHCHUMOCTH OT COOTHOIIEHUS MAaKCH-
MaJbHOH TerIoBoit Harpys3ku mo 'BC u ororenus: mpu p™“ > 1,2 — uc-
NoNB3yeTcst apasviensHas cxema; mpu 0,6 < p”* < 1,2 — aByxcrynenya-
Tasi cMelanHast cxema u npu p"“ < 0,6 — AByXCTymeHYaTas MOCIeI0Ba-
tenbHas cxema. B LITII moryT pacmnonaraTbCsi ¥ TEIIOOOMEHHUKH 110 OTO-
MJIEHUIO, €CNIM HCIOJb3yeTCs HE3aBHCHMOE NPUCOEAMHEHUE CHCTEM OTO-
MJIEHUS.

B cBsi3u ¢ mManbiM noTpebiieHneM Topsiueil BOABI B KWIIBIX 3JaHUSX B
HOYHOE Bpems, Bojaa B Termionpoogax ['BC, ocoOeHHO B 3MMHEE BpeMms,
3aMeTHO oxjaxnaaerca. IloaToMy mnpemycmaTpuBaeTcsl HCIIOIb30BaHUE
HUPKYISIUH Topsiaeit Boapl Mexkay norpeourensmu u L[TII (puc. 1.41.). B
JBYXCTyIEeHUaThIX cxemax obpatHas munus ' BC monBomutes moce I cry-
TIEHH TOAOTpeBaTes.
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Puc. 1.41. Cxema npucoeuHeHHs K TEIJIOBOU ceTH cucteM ororuienus: u ' BC Ha
ITII: o6o3HaveHus kak Ha puc. 1.38

HenocratkamMu 3akpbITOW CHUCTEMBI SIBISIOTCS: CIIOXKHOCTb M IOBbI-
menHass crouMmocth obopynoBanuss UTII u LTI, BeimaneHue Hakumu B
obopynoanuu ['BC B CBs3M ¢ OTCYTCTBHEM XHUMBOJOOYHMCTKHA BOJOMPO-
BOJIHOM BOJIbI, KOppo3us obopynoBanust [ BC u3-3a orcyTcTBHS Jlea’panuu
BOZOIIPOBOJIHOM BOJIBL.
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B oTkpBITHIX cHcTeMax ropsiyas Boja CO3/aeTcsl B pe3ysbTaTe cMellle-
HUS CETEBOM BOJBI M3 Tojatolield U oopaTHo juHUA. Cle0BaTelIbHO, U3
TEIJIOBOM ceTh Boaa oTOupaercs 6e380o3BpaTHO. CMelIeHHE TPOUCXOIUT B
cMecuTee B HEOOXOAMMOM MPONOopHrH, oOOecreunBaeMol peryasTopoM
Temrepatypbl. OOBIYHO YPOBEHb TeMIEpaTyphl TOpsiUeil BOIBI COCTABIISIET
50...60°C. B OTKpBITBIX CHCTEMax TEIUIOCHAOKEHHs MPHCOETUHEHUE CHC-
TEM OTOIJICHHSI TAKOE )K€, KaK U B 3aKPBIThIX CHCTEMaXx.

B mectHoMm TemnoBoM myHkTe (MTII) ycTaHaBnmMBalOT KOHTPOJIBHO-
W3MEpUTENbHBIC MPUOOPHI U TPS3EBUKU IJIS 3aIIUTHI KAK MECTHOH CHC-
TEeMBI OTOILICHHUS, TaK U TEILIOBOM ceTu. Ha moparomieil JTMHUN UMECTCS
PETyISITOp pacxoia TEIJIOHOCHTENS, Ha OOPaTHOM peryyisiTop AaBlieHUs
1o cebs W oOpaTHbIM KiamaH. Bo Bcex ciydasx MeECTHBIE TENJIOBBIC
MYHKTBI 000PYIyIOTCSI TPUOOPOM ISt UBMEPEHHUS U PETUCTPALMK KOJIH-
4ecTBa MOTPEOISIEMOI TETIIOTHI.

B OonpMHCTBE CiyyaeB AJisi CUCTEMBI OTOIUICHUSI TPeOyeTcsl CHH-
JKEHUE TeMIlepaTypbl NoJaBaemMol BoAbl. g 3TOW 1Lenu NPUMEHSIOT
BOJIOCTPYIHBIE 3JIEBATOPHl MJIM CMECHUTENIbHBbIE HAacOChl, yCTaHaBJIMBa-
€Mble B MECTHOM TEIJIOBOM NyHKTe. CXema C HCMOJIb30BaHHUEM 3Je-

BaToOpa MpuBeaeHa Ha puc. 1.42.
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Puc. 1.42. Cxema MTII npu 3aBUCHMOM 3J€BaTOPHOM NPUCOETMHEHUN CHCTEMBI
OTOIUICHUSA K TEIUIOCETU: 1 — 3anBIDKKa; 2 — TPSA3EBHK; 3 — TepMoMeTp; 4 — MaHoO-
METp; 5 — peryJsITop pacxojaa; 6 — oOpaTHBIN KiIamaH; 7 — TEMeI0CUeTINK; § — peryins-
TOp JaBJICHUS; 9 — BOXOCTPYHHEIH 31eBaTop; 10 — OTBETBIEGHHUS K CHCTEMaM BEHTH-
JSIIUH U TOPSTYETO
BOTTOCHAOXKEHUS
Perynstop pacxona (PP) MoHTHpPYIOT mocie OTBETBICHMH K CHCTe-
MaM BCHTWJISALOUU U TOPAYETO BOI[OCH36)KCHI/I$I, qTo CHOCO6CTBy€T cTa-

OMITM3aIMU PacXxojia BOJIbI B CUCTEME OTOIICHUS.
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Ha oGpaTHOM TpyOONpPOBOJIC YCTAHABIUBACTCS PErYJISTOP JaBJICHHS
(P1), momnepxuBaromMii HEOOXOAMMOE JIaBJIEHUE B CHUCTEME U IIpe-
MATCTBYIOIIMN €€ OMOpoXXHEeHWIo (Kak W OOpaTHBIN KiamaH) NMpu aBa-
PHUIHON CUTyalluU B TEIIIOBOU CETH.

[Mlupokoe NpUMEHEHUE KAK NPOCTOM M HAJEKHBIA CMECUTEIbHBIN
anmapaTr “MeeT BOAOCTPYWHBIA 3JIEBATOP B KOTOPOM OTCYTCTBYIOT JIBU-
XKYIIHEcs 3JIEMEHTHI, UTO, 0€3yCIIOBHO, YIIPOIIAET €r0 IKCILTyaTaluIo.

Bonoctpyitusiii sneBatop (puc. 1.43) oOGopymoBaH COIJIOM JUIs
BBINIyCKa CETEBOW BOJBI C OONBIION CKOPOCTHIO B KaMepy CMELICHHS.
[Ipu 3TOM BOKPYT CTpyH BBICOKOTEMIIEpATYypHOH BOZBI CO3AAaeTCs pas-
pexxeHne, obecreynBaroliee BcachiBaHWE OXJIa)XJAEHHOH BOABI U3 00-
patHoii MarucTpanu. CMmemaHHasi BoJa IMOCTYNaeT B TOPJOBUHY dJie-
BaTopa, a 3areM B auddy3op, TAe JUHAMHUYECKOE AaBJIEHUE MOTOKa
npeoOpasyercss B CTaTUYECKOE, OOeCleunBaroiee IUPKYJISIUI0 B CHU-
cTeMe OTOIJICHHUSI.

OCHOBHBIM HEIOCTaTKOM BOJOCTPYHHOI'O 3JieBaTOpa SIBISIETCA €ro
Huskuit KIIJI (oxono 10 %). CnenoBarensHO, JaBi€HHE Ha BBOJE Tell-
JIOBOW CETH JOJKHO JEeCATHKPATHO MPEBHIIATH HACOCHOE HHPKYIS-
UOHHOE JIaBJICHHUE B CHCTEME OTOIICHHUSI.

Puc. 1.43. YcrpoiicTBO BOO-
CTPYHHOTO 3JIeBaTopa:

1 — como; 2 — Kamepa BcachIBaHUS;
3 — cMecHUTenbHBIN KOHYC; 4 — Top-
n0BHHa; 5 — muddy3op

K npyrum HemoctaTkam OTHOCAT MpeKpalleHHe MUPKYISIHA BOABI B
CHUCTeME OTOIICHUS MPU aBapUHU B TEIJIOBOW CETH M IMOCTOSHCTBO KO-
s unmenTa cMenIeHus u.

U = Grog/Grc (1.55)

e Grom Gr.c — PaCXOJI BOIBI, TIOIMEIIMBAEMOM U3 00PATHOM MarucTpaliu, u
pacxo BOJIbI U3 TEIJIOBON CETH COOTBETCTBEHHO, KI/4.

[TocnenHuii HEZOCTATOK MOXHO MPEOAOJIETh NPUMEHEHUEM »3JIEBa-
TOpa C PEryJIHUPYEMbIM COIUIOM, CIHOCOOHBIM HM3MEHSTh TEMIIEPATYPY
BO/JIBI, MIOJIaBAEMYIO B CUCTEMY OTOILICHUS.
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Pa3HocTh aBiicHHs Ha BBOJIE TEIIOCETH Ap. ., K[1a, HEOOXOAMMYIO ISt
paboThI 3JIeBATOPA, HAXOAT, UCIIOIb3YS 3aBUCUMOCTD

Ap.. =6,3 G2 /d}, (1.56)

rae d. = d./(1 + u) — nuameTp coruia, d. — TuaMeTp TOPJIOBUHBI dJIEBATOPA
(d-=2..20 mm).

Pacxon Boapl B cucteme ororuieHust G., CBS3aH C PacxoJOM BO/IbI,
MOCTYINAaUIeN U3 TEIIOBOW CETHU, COOTHOLLIEHUEM:

Geo=(1+u)G;e. (1.57)

HacocHoe mnupkyislMOHHOE JAaBi€HHE, IepeaBaeMoe€ B CHUCTEMY
OTOIJICHUS U3 TEILIOBOH ceTu Apy, klla, onpenenstor nmo Gpopmyie

Apy = 0,75Ap, /(1 + 2u + 0,2117). (1.58)

Jnst obecrieueHus: TpeOyeMol TeMIepaTyphbl BOJIbI, ITOJaBAEMOI B CUCTEMY
OTOIUJICHHSI, UCTIONB3YIOT CMECHTEIBbHBIE HACOCHI, KOTOPBIE MOTYT OBITh yCTa-
HOBJICHBI Ha TIEpEMBIUKE MKy 0OpaTHOM M MOJAIoIIel MarucTpaibio, Ha 00-
paTHOW WJIK MOJIAOIIEN MaruCTpalIy.

CMecHTeNbHBIM HACOC, YCTAHOBJICHHBIN HA TIEPEMBIUKE, 00CCIICUMBACT MOJI-
MCEHIIMBAHHUE OXJAXKJACHHOI'O TCIIJIOHOCUTEIIA U3 O6paTHOI\/‘I MarucTpajim K BbI-
COKOTEMITIEpaTypHOMY, TOCTYIIAIOIIEMY M3 TEIUIOBOM CETH, HE BIMsAA Ha BENU-
YUHY HUPKYJSIIAOHHOTO IABJICHHSI B CUCTEME OTOIUIeHHs. Takum o0pazom, OH
BBITIOJTHSIET TY e (DYHKIHUIO, YTO U BOJOCTPYHHBIN 3JIEBATOpP, HO JIMILIEH TPH-
CYIIMX eMy HemocTaTkoB. J[is obecrieueHusi TpeOyeMoro pacxoja TEIIOHO-
CHUTENS B CHCTEME OTOIICHHs TpeOyeTcs 3HAYMTENBFHO MEHBILHHN Mepenaj 1aB-
JICHUS Ha BBOJIE TEIUIOBOM CETH, a TAKIKE CMECHUTEIbHBINA HACOC MOJKET 00ecIe-
YUTb HUPKYJISLMIO BOJBI ITPU ABAPUIHOM CUTYalMU B TEIIOBOU cetu. IIpu atom
Mojlaya Hacoca, YCTAaHOBJIEHHOIO Ha MEpeMBIYKEe, MEHBIIIE, YeM B CiIydae ycTa-
HOBKHM Ha MarucTpaliv, Tak KaKk pacxoJ MOJMEIIMBAEMOIN BO/IbI MEHBILIE LIUPKY-
JISILIMOHHOT 0.

CMecuTeNbHBINA HACOC YCTAHABIMBAIOT HA MarucTpaiy (0OpaTHOH W T0-
JIAFOITICH ), KOTJIa Pa3HOCTH JIABJICHHI Ha BBOJIC TEIUIOBOM CETH HE 00ecrieunBa-
eT TpeOyeMblii pacxoj BOIbI B cUcTeMe oTorieHusi. Hacoc B 3ToM cirydae
BBITIOJHACT IUPKYJISIMOHHO-CMECUTENBbHYI0 (hyHKimIo. [Ipu 3ToM OH miepe-
MelIaer BCIO BOMY, IMPKYJIUPYIOLIYIO B CHCTEME, YBENUYMBAs LUPKYIISLIMOH-
HOE JIaBJIeHHE JI0 TpeOyeMOil BETHINHBI.
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Ilpn ycraHoBke Hacoca Ha OOpPaTHOW MAaruMCTpalld JIABICHWUE B CHCTEME
oToIUIeHUs! OyZeT MeHbIIIE JaBiIeHus ceTH. JlaBlieHre B TOYKe CMEIICHHS YCTa-
HaBJIMBAETCS C MOMOIIBIO COOTBETCTBYIOIIEH HACTPOMKU pEryssiropa pacxona,
CMOHTHPOBAaHHOTO Ha MOZIA0IIEM TpYOOIPOBOIE TEIIOBOM CETH.

Hacoc, ycTaHOBIEHHBII Ha MOJAIOIIEH MAarucTpaay, IIOMHUMO IIe-
pedrciIeHHBIX QYHKIMH 00ecrieunBaeT TaAKKe MOBBIILIEHHE THAPOCTATUIECKOTO
JTABJIEHUS], €CJIM €T0 HEOCTATOUHO /ISl CHCTEMbI OTOIUIEHHUS BHICOKOTO 3aHUsL.
OOBIYHO YCTaHABIMBAIOT [IBA MAPALIEIFHO CMOHTUPOBAHHBIX CMECHTEIBHBIX
Hacoca (paOouwii U pe3epBHbIl ). [IpuHITMIUATIEHAS CXeMa MECTHOI'O TEIIOBO-
ro IMyHKTa IMpHu HE3aBUCUMOM NPUCOCANHCHUN CUCTEMBbI OTOIJICHUA K TCII-
JIOBOM ceTH mpuBeneHa Ha puc. 1.44. 1o cBoeii cyTn oHa OIM3Ka K cXeMe ¢ Jie-
LEHTPaIN30BaHHBIM TEIUIOCHAOXeHHeM. Pa3HuIla 3aKimodaeTcs JIMIIb B TOM,
YTO POJIb FeHepaTopa TEIIOTHl B HEM UCHOMHSAET BOJO-BOASHOM TEII000MEH-
HUK ¥ CHCT€Ma OTOIUIEHMS, KaK MPaBUIIO, 3aIlOHAETCS Aea3pUPOBaHHbBIM TeT-
JIOHOCHUTEJIEM W3 TEIUIOBOM CETH.
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Puc. 1.44. Cxema M 111 ipy He3aBHICKMOM TIPHCOSIMHEHHH CUCTEMBI OTOIUIEHHSI K TeTUIoce-
TH: 1 — 3a7BWXKKa; 2 — TPSI3EBUK; 3 — MAHOMETPHI; 4 — PETyasATOp OaBICHUS; 5 — OT-
BETBJICHUS K CHCTEMaM BEHTHWISAIMH U TOPSYEro BOJOCHAOXKEHNUS; 6 — BOJOBOISHOM
TEINI000OMEHHHK; 7 — 00paTHBIH KiamnaH; 8§ — MUPKYISIHOHHBIA Hacoc; 9 — pacmupu-
TenbHBEIN Oak; 10 — mognmuTouHBIi Hacoc; 11 — KiIamaH ¢ JIEKTPONpPHBOROM; 12 —
perynupyromuii knamas; 13 — repmomMetp; 14 — TETIIOCUETIHK

Cremyer OTMETUTb, YTO B 5TOM CITy4ae B CUCTEME TIOIJICPIKUBACTCS COOCT-
BEHHBIN TEIIOTMIPABIMYECKUI pexum. [loanmnTka cUCTEMBI OTOIIEHUS B TOM
cily4yae, KOrja JaBJICHHE B TEIJIOBOM CETH HEIOCTaTOYHO, OCYLIECTB-
JISIETCSl TIEPUOJAMYECKHU C MOMOILIBI MOJAMUTOYHOI0 Hacoca MO CUTHANYy
YPOBHS BOJIBI B OTKPBITOM PACIIMPUTEIBHOM Oake JIMOO MOHMXKCHUIO
JIaBJIEHUS 10 HUXKHETO Tpeena.

81



Pacxopn cereBoii BOIBI PETryIMPYETCsl aBTOMATU3UPOBAHHBIM KJIAIla-
HOM 10 HporpaMme, OOECIEUYUBAIONICH TpeOyeMyr TeMIepaTypy
BOJIbI, MOJIaBaeMON B CHUCTEeMy oOToruieHus. Jlns oOecrieueHuss HEOOXo-
JUMOTO JAaBJEHUsI BOJBI Tepel TeNI000OMEHHHMKOM YCTaHABIMBAIOT
perynstop nasienus (PJ]).

Jns HarpeBaHUS BOABI MPUMEHSIOT CKOPOCTHBIE BOJO-BOJSIHEBIC
TEIII000MEHHHUKH KOXXKYXOTPYOHOI'O WJIM IJIACTHHYATOrO THHa (pHC.
1.45). Tlpu sTOM >XenaTelbHO 00ECNeYyUuTh MPOTHUBOTOYHOE HIIM Tiepe-
KPECTHO-IPOTUBOTOYHOE ABWKEHHE TPEIONIEr0 W HarpeBaeMoro Tem-
JIOHOCHUTEIIEH.

Puc. 1.45. BogoBoxasHble TEIUIOOOMEHHUKH: @)
KoXyxoTpyOHslif Tuna [IBPM (1 — kamepa pac-
TpefieNuTenbHast; 2 — Kopryc; 3 — TpyOHas cucre-
Ma; 4 — Maias BOJAsSHas KaMepa: 5 — CheMHas 4acTh
kopmyca; A, b — OTBOJ ¥ MOJBOJ HarpeBaeMoi BOJBI;
B, I' — monBon 1 OTBOJ TPEIOIIEi BOMIBI); O) TUIACTHH-
garoro Tumna (1 — TOHKWE ITaMIIOBaHHKIC TUIACTUHBL,
2 — yOjuoTHEHWs; 3 — HEMOJIBWXHas Iuiara; 4 —
MpWKAMAloIIas InTa; 5 — INWIbKa; 6 — BEPXHAA
HaMpaBISIOMas; 7 — HUKHsSA Hampapismomas; 8§ —
3a7HsAs CTOMKA; 9 — INTymepa I TEeTIOHOCHTENEH)

IlepememieHne BOABI B HE3aBUCHMO NPUCOEIUHEHHON CHUCTEME
OTOIUIEHUS OCYLIECTBIAETCS C MOMOIIBIO HUPKYJISLIUMOHHOTO HAacoca.
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MoiHOCTh, TOTpEOJIseMasi DJICKTPOABUTATEIEM HPKYISIIIHOHHOTO
Hacoca, N, kBT, 3aBUCUT OT pacxoja TEMJIOHOCUTENS W JaBJICHUS,
C03J1aBa€MOTr0 HACOCOM, U ompeensiercs no Gopmyie

N = kG.Ap10°/3,6Muac, (1.59)

rie k — koappuuueHT 3anaca, yYuTHIBAIOIINN MTyCKOBOW MOMEHT (Max-
CUMAabHOE 3HAYCHUE Kygy = 1,5 TPH MUHUMAJIBHON MOITHOCTH DIIEKTPO-
neuraresisi); G. — pacxoJi HUPKYJIUPYIOIIETO TEIIOHOCUTENS, KI/4; Ap, —
HacocHoe JiaBiieHue, kl1a; Ny, — KI1J] Hacoca (MOXHO MPUHSTE Myae = 0,6).

B HacTosimiee BpeMs B KauecTBE LUPKYJIAIMHMOHHBIX B OCHOBHOM
NPUMEHSIOT MOHOOJIOYHBIE OecCIIyMHBIE HAacOChl, MOHTHPYEMBIE He-
MOCPEACTBEHHO Ha TpyOompoBogax. LMpKymsIMOHHBIE HAacOCHl MOJ-
OHMpaIOT B COOTBETCTBHUHU C MX XapPaKTEPUCTUKON TaKUM 00pa3oM, YTOOBI
paboyas Touka (TOYka MmepecedeHus] XapakTepUCTHK Hacoca U CHUCTe-
MBI OTOIJIEHUS) cooTBeTcTBOBana 3HaueHusiM KIIJI Hacoca, Gnu3kum
K MakcumanbHOMY. [l oOecnieueHus OeCpensaTCTBEHHON HPKYJIS-
WU TEIUJIOHOCUTEINsI B CHCTEME OTOIUICHUS NPUMEHSIOT JBa mapaj-
JIeIbHO TMPHUCOEAMHEHHBIX MOMEpeMeHHo paboTarommx Hacoca. OOpart-
HbIE KJIallaHbl, YCTAHOBJICHHBIE HAa TPYOOIPOBOJAaX, MPEMSITCTBYIOT LUP-
KYJISIITUY BOJIBI Yepe3 HepaboTaromuii Hacoc.

1.12. [1apoBbIe cucTEMBbI TEMJI0CHAGKEHHS

[TapoBbie cUCTEMBI COOPYKAIOTCSI IBYX THIIOB: C BO3BPATOM KOH/IEHCA-
Ta, 0e3 BO3BpaTa KOHJCHC aTa.

B mpakThke MpPOMBINUIEHHOW TEMIO(PHUKALNN IIUPOKO MPUMEHSETCS
OJTHOTPYOHas mapoBasi CUCTeMa ¢ BO3BpaToM KoHjeHcata (puc. 1.46). Iap
13 0TOOpa TYpOMHBI TOCTYIAET B OJHOTPYOHYIO MapOBYIO CeTh / M TpaHC-
MOPTHUPYETCs MO Hell K TemIoBbIM nmotpeduTessiM. Konnencar Bo3Bpamiaer-
cs OT moTpeduTeNel Ha CTaHIMIO MO KOHJeHcaTonposoay /1. Ha ciydai
OCTaHOBKHM TYpOWHBI WJIM HEAOCTATOYHOH MOIIHOCTH OTOOpa MpenycMoT-
peHa pe3epBHAas Mojavya mapa B CETh Uepe3 PeAyKIMOHHO-OXJIAAUTENBHYIO
ycranoBky (POVY) 31.

CxeMbl IPUCOECAMHEHNH a00HEHTCKUX YCTAaHOBOK K MTApOBOM CETH 3aBU-
CAT OT KOHCTPYKIMH STHX YCTaHOBOK. Ecim map MoxeT OBITh IyIIeH Hero-
CPEICTBEHHO B YCTAHOBKY a0OHEHTA, TO MPUCOSTUHEHNE TIPOU3BOAUTCS 110
3aBucuMoit cxeme (puc. 1.46 a). Ecnu map He MOxeT ObITh MMOJAH HEIO-
CPEICTBEHHO B YCTaHOBKY aOOHEHTa, TO MPUCOEIUHEHHE PO3BOAUTCS IO
HE3aBHCHUMOM CXeMe uepe3 Terioo0MeHHuK (puc. 1.46 6 u g).

&3



Konnencat oTBOANTCS KOHAEHCATOOTBOJYMKOM 6 B COOpHBII pe3epBy-
ap 7, oTKyza oH 3abupaercs HacocoM 16 W mepekauynBaeTcs Mo KOHJIeHCa-
TOIPOBOJY TEIUIOBOW CeTH 0OpaTHO Ha CTaHIMIO. JIJIs 3alUThl YCTaHOBOK
OT MOCTYIUICHUS] B HUX KOHJICHCATa U3 KOHJICHCATOIPOBOIA TEILJIOBOM CeTH
rmocie Hacoca 16 ycTaHOBJIEH OOpaTHBIN KJiamaH 5.
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Puc. 1.46. OnHoTpyOHAs MapoBast CUCTEMA TEIIOCHA0XKEHHS C BO3BPAaTOM KOHJIeHcaTa:
Cxewms! npucoenurennit: a — O(3); 6 — O(H); ¢ — I'(AB); ¢ — TexHONMOrMYecKuX anmapa-
TOB; 0 — TEXHOJIOTHYECKHX alIapaToB ¢ MECTHOIH TEPMOKOMIIpecCHel; / — maponpoBoz;
1I- xonnencaromnposox; 1 — mapoBast TypOHHA; 2 — BO3IYIIHEIA KpaH; 3 — Bogopa300pHBIit
KpaH; 4 — HarpeBaTeNbHBIN MPUOOp; 5 — 00paTHBIN KiIaraH; 6 — KOHJEHCATOOTBOMINK; 7 —
KOHJICHCATOCOOPHHK; 8 — TepMOKOMITpeccop; 9 — TexHonoruyeckuii anmapat; 10 — pacmu-
pUTENBHBIN cocy; 11 — perynupyromuii knamas; 12 — akkyMynsTop ropstaeid Bojpl; 13 —
PEryisaTop TeMIeparypsl Bozsl; 16 — Hacoc; 31 — peqyKIIMOHHO-0XJIaAUTE/IbHAsL YCTAHOBKA

Ha cxeme 1.46 ¢ mokazaHO IpUCOETUHEHUE TOPSTYETr0 BOIOCHAOKECHHS.

TexHonornueckue amnrmapaTtbl IMMPOMBIINIJICHHBIX HpeﬂHpHHTHﬁ Impucoe-
JMHSIOTCSI 00OBIYHO K TMApOBOM CETH HEMocpeAcTBeHHOo win uyepe3 POY 31.
Cxema Takoro nNpucoeANHeHNUs Noka3aHa Ha puc. 1.46 2.

COop KoHJIeHCaTa OT TEMIONOTPEONAIONINX YCTAHOBOK U BO3BPAT €ro K
HUCTOYHUKY TCIIOTHEI UMCIOT BA’KHOC 3HAUCHHE HE TOJIBKO I HAACKHOCTU
paboThl KOTENBHBIX YCTAHOBOK COBPEMEHHBIX TEIIOAIEKTPOIIEHTpaseH, HO
n 114 3KOHOMHH TCIIJIOThI U O6H.[el71 SKOHOMHYHOCTH CHCTEMBI TEINIOCHA0-
KeHUs B 1esIoM. Bo3Bpat koHIeHcaTa ocobeHHO BaxkeH st TOL] ¢ Brico-
KHMH ¥ CBEPXKPUTHUYECCKUMH HadaJbHBIMHU mapamerpamu (13 MIla u BbI-
mre). CoopykeHue o0eccolMBaloUMX yCTaHOBOK Takux TOL odeHs mopo-
ro, U MO3TOMY MOIIHOCTE 3TUX YCTAHOBOK, KaK ITPaBUJIO, OrpaHUYCHA. He-
BO3BpAaT KOHIACHCATa BbI3bBIBACT HCO6XOI[I/IMOCTB YBCIMYCHUSA MOIIHOCTH
BOJOIIOATOTOBUTCIIbHBIX YCTAHOBOK U JOIMOJHUTEIBHOI'O pacxoga XuMmn4ie-
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CKHUX pPCarcHTOB, a TaAKXKXC MPUBOAUT K JOIMOJTHUTCIBHBIM TCIIJIOBBIM ITIOTC-
psM.

[IpumMeHeHue OTKPHITHIX CUCTEM cOOpa M BO3BpaTa KOHAEHcaTa JOMmyc-
KaeTcsi 0OBIYHO TOJBKO B YCIOBHSX, HCKIIFOUAIONIMX BHYTPEHHIOK KOPPO-
3MI0 KOHACHCATONMPOBOJOB, HAapUMEp B CHUCTeMax cOopa 3amMacieHHOTO
KOHJIeHcaTa. B OONbIIMHCTBE CiTy4aeB MPUMEHSIOTCS HAllOPHBIE CUCTEMBI
KOHJICHCATOITPOBOJIOB C Pa3MelIeHNeM KOHIEHCAaTHBIX HACOCOB Y MOTpeOH-
TeJel, Kak 9TO MoKa3aHo Ha puc. 1.46.

OcobeHHo BayKHOE 3HAYEHHE B CHCTeMe cOopa M BO3BpaTa KOHJEHCATa
HUMCIOT KOHACHCATOOTBOAYNKHN, KOTOPHIC YCTAHABJIIMBAIOTCA, KAK MPaBUIIO,
TOCJIC BCEX MOBCPXHOCTHBIX MMAPOBBIX HAI'PEBATCIIbHBIX HpI/IGOpOB, a TaKXKe
Ha TapornpoBOJaX HACHIIIEHHOI'O0 Tapa B BO3MOXHBIX Y37ax CKOIMJICHUS
KOHJIEHCATa.

B tex cimyyasix, korja JaBJIEHUE Mapa B MApPOBOM CETM MEHBLIE ABJIEHUS,
TpeOyIOLIErocs: OT/ICIBHBIM a00HEHTaM, OHO MOXKET OBITh MCKYCE 1 IIEHHO TOBBI-
IIICHO Y a0OHEHTOB TIPY MOMOIIM KoMmripeccopa. s 3Toi Leimu MPUMEHSFOTCS
TIOpLIHEBbIE, POTAIIMOHHBIC UM EHTPOOEKHBIE KOMITPECCOPHI C dIIEKTpHIC-
CKHM WJIH MEXaHHYECKUM MTPUBOZIOM (puc. 1.46 0).

Ecim nmasnenue mapa, momydaemoro u3 otoopoB Typoun Ha TOLl, Hemocra-
TOYHO Ui YJAOBJICTBOPEHHS BCEX WM 3HAYUTEIBHOM YacTH TEIUIOBBIX II0-
TpeOUTEIICH, TO OHO MOXET OBbITh WCKYCCTBCHHO TOBBIIICHO Ha cTaHimu. J[is
MOBBILICHUS IABJICHHS Tapa Ha CTAHLIMM MOKHO ITPUMEHSTD CTPYHWHBIE KOMIIPEC-
copsl. Ha puc. 1.47 mokazana mapoBasi clcTeMa C IIEHTPaTbHOM TePMOKOMITpEC-
CHEH.

Puc. 1.47. OnHotpyOHast TiapoBasi Crc-
TeMa TEIUIOCHAOKCHUSI C IICHTPATEHOM
CTPYHHOU KOMIIpECCHe U ¢ BO3BPATOM
KOHJICHCAaTa: 3 — mapoBoid Korer, 17 — e
asparop; 18 — crpyiiHbIiT Komrpeccop; 36 — XuM-
BOIOOHHMCTKA, OCTAIEHBIC 000BHAYEHNS TS K€, 4TO
nHapuc. 6 .46

OrtpaGoTaBimii ap U3 TypOUHBI IOCTYIAET B IPUEMHYIO KaMepy CTPYHHOTO
KoMIpeccopa 18, B COMmIO KOTOPOro MOCTYMaeT CBeXUN map u3 koria. Ckarblit
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Trap TP MOBBIIICHHOM JIABJICHUN BLIXOIUT U3 udpy3opa KoMIpeccopa B ma-
POBYIO CETb.

B Tex ciyuasix, xorza MpOMBIIUIEHHBIM IMOTPEOUTENAM paiioHa Tpedy-
eTCsl map pa3HbIX JAaBICHUM (HU3KOTO U TMOBBIIIEHHOI0), @ CTAHIIUS MOXXET
YIIOBJICTBOPUTH MOTPEOHOCTh B Mape HU3KOTO JIABJICHHUS U3 OTOOPOB Typ-
6I/IH u HOTpe6HOCTL B 1ap€ MOBBINICHHOI'O JaBJICHUA HEIIOCPCACTBEHHO U3
KOTJIOB, MPHUMEHSIOTCS JABYXTPYOHbIE M MHOTOTPYOHBIE cHUCTeMBl. JIByX-
TpyOHBIE MAPOBBIE CHCTEMbI MHOTIa IPUMEHSIOTCS TAKKE MPH Pa3IHUHBIX
pacxoax mapa y aOOHEHTOB B Pa3HbIC CE30HBI, HATPUMED, 3UMOM U JIETOM.
B aToM citydae B meproibl OONIBIIMX PacXoOB Napa BKIIOYAIOTCS B PaboTy
00a mapomnpoBoja, a B MEPUOABI MallbIX PacXoloB — OAWH. B HeKoTophIx
clly4asix IByXTpyOHBIE IapOBBIE CHCTEMBI TPUMEHSIFOTCS 110 YCIOBHSM pe-
3epBUPOBAHUS, KOT/Aa JJIsl TEXHOJIOTMYECKOTo Mporecca HeAOMYCTHMBI Ja-
e KpaTKOBpEMEHHBIE IepePhIBHI B Moaue mapa.

Ha puc. 1.48 noka3ana nByxTpyOHasi mapoBas CHCTEMa C BO3BPaTOM
KoHJeHcaTa. OTpaboTaBIIMii Map HU3KOTO JABJICHUS MOCTYIAeT U3 TypOH-
HBI B O/IMH NapoIpoBo. PexynupoBaHHbIil Map U3 KOTIa WM map u3 0T0o-
pa IMOBBILIEHHOrO JABJIEHUS NOCTYNAET B IPYrol mapomnposoi. B 3aBucu-
MOCTH OT TpeOyeMbIX MapaMeTPOB TEIJIOThI A0OHEHTCKUE YCTAHOBKU TPH-
COEIMHSIOTCA K TOMY WM Apyromy napomnpoBony. KonaeHcat Bo3Bparia-
eTcsl Ha CTaHIUIO 1Mo 00IIeMy KOHJIEHCATOIPOBOY.

Puc. 1.48. [IByxTpyOHas napoas
cUCTEMa TEIUIOCHA0KEHUS C BO3-
BPaTOM KOHJIEHCATa: 3 — mapoBoif
koren; 17 — neasparop; 36 — XMMBOJIO-
OYHCTKa, OCTAJIbHBIC O603Ha‘lCHI/I$I TC
ke, 9TO U Ha puc. 6.46
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B HekoTophIX ciydasx mpu mapocHaOxkeHuu mnorpeduteneit ot TOLI
HU3KOTO JaBjieHus (HadaiabHoe aasiieHue 4,5 MIla u Huxke), Ha KOTOPBIX
MPUMEHSIFOTCSl YIIPOLICHHBIE BOJIOMOATOTOBUTENbHBIE YCTAHOBKH, HKOHO-
MHUYECKH OIPaBJbIBAETCA OTKa3 OT BO3BpaTa KOHJEHCAaTa, €ClIi €ro MOXHO
WCTOJIb30BaTh B aDOHEHTCKUX ycTaHOBKax. [Ipu oTKa3e oT BO3Bpara KOH-
JIeHCaTa YIPOILIAOTCS U YACUICBISIOTCS TEIUIOBasi CeTh U aDOHEHTCKas yc-
TaHOBKa (M3-32 3aMEHBI MOBEPXHOCTHOTO TOAOTPEBa CMEHIMBAIOLINM), a
TaKKe HKOHOMHUTCS DJIEKTPOIHEPrusi Ha mepekauky. [lockoibKy moTeps
KOHJIeHCaTa KOMIIGHCHUPYETCSl yBEIMYEHHEM MPOU3BOAUTENILHOCTH CTaH-
MOHHON BOJIOTIOJATOTOBKH, BO3pACTaeT HayalbHAasi CTOMMOCTh CTaHIMU H
YBEITHMUUBAIOTCS TIOTEPH KOTEIBHOM M3-32 YBEINYECHUS MMPOAYBKH KOTIIOB.

[IpoBenenHbIe UCCIENOBAaHUS MOKA3BIBAIOT, uTO st TOLl HuU3KOro u
CpEeIHEro AaBieHHsI TIPH yIOBJIETBOPUTEIHHOM KAa4eCTBE UCXOJHOM CBIPOii
BO/IBI (coJiecojiepxkanue MeHee 250 Mr/i) SKOHOMHYECKH Ielieco00pa3Ho
WCTIONIb30BaTh KOHJIEHCAT Yy aOOHEHTOB AJISi TEXHOIOTHYECKOrO TOpSYEero
BOJIOCHAOXKEHUSI.

Ha puc.1.49 noka3zana napoBas cuctema 0e3 Bo3BpaTta KOHJieHcaTa. Bee
MOTPEOUTENN TEMJIOTHI MPUCOSTUHSIIOTCS, KaK MPaBHUII0, HETOCPEICTBEHHO,
0e3 MPOMEKYTOUHBIX TEIUIOOOMEHHUKOB. KOHIEHCAT Tperoliero mnapa mc-
MOJIL3YETCS JUIS TOPSIYEro BOJIOCHA0XKEeHUs a0OHEHTOB.

Puc. 1.49. OnnoTpyOHas nmapoast cucrema 0e3 BO3BpaTa KOHJIEHcaTa:

CxeMsbl HpHCOCﬂHHeHHﬁZ a) BOII}IHOﬁ OTOIUTEIIHLHON YCTaHOBKH U YCTAHOBKHU I'OpSIYETO
BOHOCH3.6)KCHI/ISI; 6) HapOBOﬁ OTONUTEIIFHON YCTaHOBKH U YCTAHOBKH Iropss4ero Boa0-

CHa0XXEHUSI; 6) YCTAHOBKH TOPSIETO BOJJOCHAOKEHHUS; 15 — mapoBoii HHXeKTop; 16 —

CTPYHHBIN ITOJOTpeBaTeNb; OCTaIbHBIE 0003HAYCHUS Te e, 9TO U Ha puc. 1.46
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2. PET'YJIMPOBAHUE TEILIOBOM HAT'PY3KH
CUCTEM TEIIVIOCHABXEHUA

2.1. PeryiimpoBanue TenJIOBOM HArpPy3KH

TemuioBas Harpy3ka B T€YEHHE OTONUTEIBHOTO ce30Ha MeHseTcs. [lo-
3TOMY JUIS TOAJEpKaHUsI TPeOYEeMOro TEIMIOBOr0 pPeKUMa TEIUIOBYIO Ha-
Ipy3Ky HEOOXOJMMO PETYIHPOBATh.

PaznmuyaroT neHTpanmbHOE, TPYNIIOBOE, MECTHOE M WHAMBHUAYaJbHOE
perynupoBanue. LlenTpansHOe peryiaupoBanue ocymectisiercs Ha TOL u
KOTENBbHBIX. ['pyNnIoBoe — Ha TPyNIOBBIX TEIUIOBBIX MOACTaHUUAX. Mect-
HO€ — Ha MECCTHbLIX TCIIJIOBBIX IIOACTaHIIHUAX. I/IH[[I/IBI/IZ[yaHI:»HOG — HCIIO-
CPEICTBEHHO Y aOOHCHTOB.

Ecnu tennoBas Harpyska y Bcex moTpeOuTeneil mpuMepHO OJMHAKOBA,
TO MOXKHO OTPaHUYHUTHCS IIEHTPANTBHBIM pPerylupoBaHueM. B GonbmmHCTBE
e CllyyaeB TeIIoBas Harpy3ka HEoJHOpoJHa. B 3ToM ciydae meHTpasb-
HOE pEerylupoBaHME BeJEeTCA M0 XapaKTepHOM TEMIoBOM Harpyske i
OonmpIIMHCTBA MoTpeduTeneil. B mepByto ouepenp 3TO OTOMHUTENbHAs Ha-
rpy3ka u coBMecTHas Harpy3ka ororienus u 'BC. Bo Bropom ciydae pac-
xo71 Boabl B TC yBemMYMBAETCS HE3HAUUTEIHHO MO CPABHEHUIO C PETYIIH-
pPOBaHUEM 110 OTONUTEIBHOW HATPY3KE UM HE MEHSAETCS.

OCHOBHOE KOJIMYECTBA TEIJIOTHl B a0OHEHTCKUX CHCTEMaX pacxomyeT-
Cs Ha HarpeB BOALI B BOAAHBIX CUCTEMax T€HHOCH36}KCHI/I$1. HOC—)TOMy TEII-
JIOBasi Harpy3ka B IMEPBYIO OYepeab 3aBHCHUT OT peXHMa TeIIonepeaayu.
Tennootaaua Bcex HarpeBaTENbHBIX NPUOOPOB OMUCHIBAETCS ypaBHEHUEM
TeIuIonepeaadn

O = kSAt z, @2.1)

rae O — KOJTU4eCTBO TEIIOTH, IepeaBaeMoe OT TETIJIOHOCUTENS TETJI0BOM
CEeTH K HarpeBaemMou Boje; k — ko3 duiueHT Teronepenayn; S — rmiomaib
MOBEPXHOCTH Terioo0MeHa; Af — cpeiHssi pa3HOCTh TEMIIEPaTyp MEXIY
TperoIel U HarpeBaeMoil Cpeoit; z — TN TENIbHOCTh Pa0OThl CUCTEMBI.

B nepBoM npuOIMKEHUH CPEAHUE TeMIIepaTypHbBIi HAalop:

At = Lt _hLth , (2.2)
2 2

T — TeMIlepaTypa CeTeBOW BOJIbI; / — TEMIIEpaTypa HarpeBaeMon BOJIbI; WH-
JeKchl 1 1 2 OTHOCATCS KO BXOJY M BBIXONY TEMJI000MEHHHKA.

W3 ypaBHEHUS TEMIIOTHI, OTOMpaeMol U3 CETH

0 =¢,G (11 — 1)z =Wu(T1 — T2)z,
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rae G, — pacxo[ cereBoil BoAbI (Iapa); ¢, — yAelbHas TeNJI0eMKOCTb Tell-
noHocuTens HaipeM; W, = c¢,G| — SKBUBAJIEHT pacxoja I'PeroLiell Cpeabl.
W3 nocnenHero ypaBHEHUsI HAWJIEM Ty:

T, =11 — QA ze,Gy).
[MoacraBuB momydeHHOE BhIpakeHHE B (2.2) M pemas COBMECTHO C
(2.1), nonyunm
0- [t,—05( +1, )z (t,-1,)z
1 N 0,5 1 ,05°
Ta kS W,
kS G, n
Takum 00pa3oM, TEIUIOBYIO HATPY3KY B MPUHIIMIIE MOXKHO PErylupo-
BaTh U3MEHEHUEM IISTH MapamerpoB — k, S, z, 1), G|. U3menenue 1, u G
UMEIOT orpaHuyeHus. Temmeparypa ceTeBOW BOJBI HE MOXKET ObITh HUXKE
60°C, nHeobxomumoit 1yist obecrieuenus Temneparypsl Boasl I BC u He Mo-
XKeT OBbITh BBIILIE TEMIIEPATYPbl HACBILIEHUS U JAHHOTO AaBJeHus. Pacxon
BOJIBI OIPEJIEIISIETCsl pacloiaraeMbIM MepenagoM JaBieHus] Ha TPYIIOBOM
teroBoM myHKTe (I'TIT) u mectHOM TemnoBom myHkte (MTII).
Ecnu TemnmoHocuTeNneM CIy)KUT HACBHIEHHBIA Map, TO Ty = T, = T H
ypaBHeHue (2.1) npuHUMaeT BUA

O=kt—ty) z, (2.36)
rje T — TeMIepaTypa KOHAEHCalluH Hapa.

OCHOBHOI MeTOJ perylupoBaHHs TEIUIOBOM HArpy3KH HarpeBaTelb-
HBIX TPUOOPOB MPH MCIOIH30BAHUH Mapa 3aKI0vaeTcs B M3MEHEHHH TEM-
nepaTypbl KOHACHCAIIMK MOCPEICTBOM JIPOCCEIUPOBAHUS HIIH K€ B U3Me-
HEHHMU BpPEMEHHU 1 paboThl Mpubdopa, T.e. padoTa TaKk HAa3bIBAEMBIMU «IIPO-
nmyckamu». O0a MeTo1a PeryIupoBaHus SBISIFOTCS MECTHBIMH.

B BomsHBIX cucremax peaqbHO MOXKHO MEHSTh TEIUIOBYIO HArpy3Ky
Tpemsi criocobamu:

1. W3MEHEeHHWeM TeMIepaTyphl CEeTeBO BOJIbI — KaYeCTBEHHOE PEryJiH-
poBaHue;

2. W3MEHEHHEM pacxofa CETEeBON BOJBI — KOJIMYECTBEHHOE PEryIpoBa-
HHUE;

3. W3MEHEHHMEM pacxoJa W TeMIepaTypbl BOJAbl — KayeCTBEHHO-
KOJTMYECTBEHHOE PEryJInpOBaHHeE.

PerynupoBanue myTeM N3MEHEHUS JUIUTENLHOCTH PabOThI z Ha3bIBAET-
Csl peryJMpoBaHUEM Npormyckamu. [IpuMeHsieTcsi Kak MeCTHOE B JOMOJHe-
HUE K HEHTPAJIbHOMY.

2.3 a)

&9



Bri0op Merona peryiaupoBaHUs 3aBUCHT OT THAPABINYECKON YCTOMYH-
BOCTH CHUCTEMBIL. [ udpagiuueckas ycmoudugocms — MO CHOCOOHOCHD
cucmembl NOOOEPAHCUBAMb 3A0AHHBII SUOPABIULECKUL PEXHCUM T XapaKTe-
pusyercs Ko3(QQPUIMEHTOM I'APABIMYECKON YCTOMUYNBOCTH

Yy :f(Apaﬁ/Apc)'

3neck Ap,; — pacnonaraeMblii mepenaj JaBlieHus y HauOolee yIaleHHO-
ro norpedurens; Ap, — nepenaja JaaBieHus, cpabaToiBaeMbiii B ceru. Ec-
auy < 0,4, To mpUMeHsieTCsl KaueCTBeHHOEe peryiaupoBanune. Ecnmu koad-
¢unment y > 0,4, To mpUMEHsIETCsl Ka4eCTBEHHO-KOJIMYECTBEHHOE PeryIin-
poBanue. lleHTpasibHOE peryaupoBaHue OpUEHTUPYETCS Ha OCHOBHOM BUJI
Harpy3ku paiiona. TakoBoil MOXET ObITh HArpy3Ka OTOILICHUs (PEryIupo-
BaHHE 110 OTONMUTEIBHOM HArpy3Ke), TM00 COBMEIIEHHAs Harpy3Ka OToIlIe-
Husi u 'BC (perynupoBaHue 1o COBMEIIEHHOH Harpys3Ke).

B nanbHelimem OyleM UCIONB30BAaTh CIEAYIONIME YCIOBHBIE 0003HA-
YEHUS: t,, — pacueTHas TemrepaTypa HapyKHOTO BO3/yXa JjIsl POEKTHPO-
BaHuA ororuieHus, °C; #, — TeKyllee 3HaUeHUE TeMIepaTyphl Hapy>KHOTO
BO31yXa, &y = by, Isp — PacUeTHasl TEMIIEpATypa BO3yXa OTAILIMBAEMBIX
nometennii, °C; ¢, — mobas TemrepaTypa BO3[yXa B OTaIlNIMBAEMBIX MO-
memeHusx, °C; t,, — pacueTHas TeMmIiepaTypa Hapy»XHOTO BO3ayXa JUIs
MpoeKTUpoBaHus BeHTwAuu, °C; ¢, — TeMIeparypa Hapy>KHOI'0 BO3/1yXa,
COOTBETCTBYIOIAsl HAYally WJIM KOHIy OTONUTENRHOro ce3oHa, °C; Q' —
pacdeTHas TerIoBasi Harpy3ka (Ui OTOIUIEHUS COOTBETCTBYET Hapy)KHOM
TEMIEPATYPE ty.o).

ITpu pacyerHoO# TeroBoii Harpy3ke Q" T, — TemIepaTypa BOJbl B MO~

natoteM tpyodomnpoBoze, °C; T, — TemiepaTypa BoAbl B 00paTHOM Tpy0o-
nposoze, °C; T; — Temieparypa BOJbI B HOJAIONIEM CTOSKE MECTHOI CHC-
TEMBI [I0CJIe CMellIeHust Ha BBoze, °C; 81’ = ) — T, — mepenaj Temmeparyp
BOJIBI B TemIoBoil cery, °C; 0’ = 1, — 1, — mepemnaj TeMieparyp BOAbI B
MecTHOH cucteme, °C; T, — CPE/HsA TeMIlepaTypa HarpeBaTebHOTO MPH-
6opa B MecTHOH cucteme, °C; f[, — CpelHss TemIlepaTypa HarpeBaeMoi
cpensl, °C; At' — TemmepaTypHBIi Halop HarpeBaTeNbHOro mpubopa Mect-
HOM cuctembl, At' = T — t,, , °C; k' — koo dunment Teronepenayu Ha-

rpeBaTelIbHBIX TPUOOPOB MECTHOM cHCTeMBbI, Gj — pacXoJ1 BOJBI B TEILJIOBOM
cetu; W' = Gic, — 3KBHBAJICHT pacxoja BOIBL; Ty, T2, T3, Tup, OT, 0, ALk, G,
W — Te e BENUYUHBI IPU MPOU3BOIBHOM TETUIOBOM Harpy3ke QO < Q' u —
ko3 uLmeHT cMemeHusl, T.e. OTHOLICHHE pacxona MOIMEIINBAEMO BOIBI U3
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00paTHOH JIMHUM K pacxofy BOIbI W3 MOJAIOIIEH JIMHAY TEIUIOBOH CeTH; S — IIo-
3JIb TTOBEPXHOCTH HArpeBaTelIbHBIX TIPUOOPOB, M ; ¢, — TEIFIOEMKOCTh BOJIBI,

¢, =4,19 xx/(xr-K) = 1 xkan/(xr-°C); Q ,G ,W ,8%,0 .,k — orHocures-
HBIE BEJIMYMHBI COOTBETCTBEHHO TEIIOBOM HATPY3KH, Pacxojia TEIJIOHOCHUTENS,
SKBUBAJIEHTA PACXO/Ia TEIIOHOCUTEIS, TIepernasia TeMIIEpaTyp B CEeTH, Tiepernaia
TeMIIepaTyp B MECTHOW CHCTEME, TEMITEPATyPHOrO Haropa B HAarpeBaTeTbHBIX

nprdopax, koadduipenTa Termonepeayn HarpeBaTeNbHbBIX TproopoB: O =
0/0'; G=G/G'\W =W/W,5t =1/t k =kik'

[Mpu aBTOMaTM3amyu aOOHEHTCKUX BBOJOB OCHOBHOE NPHMEHEHHE B
ropojax MOIY4YWIO LEHTPAIBHOE KAYECTBEHHOE PEryJIMpOBaHUE, JOIOJ-
Haemoe Ha I'TII wuim MTII Konu4ecTBEHHBIM PErYJIMPOBAHUEM WU PEry-
JINPOBAHUE NPOITYCKAMH.

KauecTBenHass paboTa OTOMUTENBHBIX YCTAHOBOK JKHUJIBIX M OOIIECT-
BEHHBIX 3/JaHUM MpPHU MPUMEHEHWN KOJIMYECTBEHHOI'O PETyIUPOBAHUS HIIH
peryanpoBaHus MPoNyckaMi BO3MOXKHA TOJIBKO MPHU MPUCOETUHEHUH ITHX
YCTAHOBOK K TEIJIOBOM CETH MO HE3aBHUCUMOM CXEME WJIM 1O 3aBUCHUMOU
CXEeM€ CO CMECUTENbHBIM HaCOCOM, TaK KakK TOJNBKO MPHU 3TUX cCXeMax Mpu-
COEJIMHEHUS B MECTHBIX OTOIUTENIBbHBIX YCTAHOBKAX MOXKET MOAJEPHKH-
BAaTbCSl PACUETHBIM PACXOJ BOABI HE3aBUCUMO OT €€ PacXo/a U3 TEIUIOBOU
CETH.

[Ipu nmpucoearHEHUU OTOMUTENBHBIX YCTAHOBOK K TEIJIOBOM CETH IO
3aBHCHUMOI CXeMe C 3JIeBaTopoM 0e3 JOMONHUTEIHLHOTO CMECHTENBHOTO
Hacoca CHUXKEHHME PacXOAd CETEBOM BOJBI BBI3BIBAET INPONOPLUOHAIBHOE
W3MEHEHUE €€ pacxoja B MeCTHOHU cucreme. IIpu ymeHblmieHuMu pacxona
BO/IbI B OTOINUTENBHOM YCTAaHOBKE YBEIMYMBAETCS IEpenajl TeMmIlepaTyp
BOJIBI B OTOMHTENLHBIX MPHOOPax M BO3pacTaer rpaBUTAIIMOHHBIN Tiepena,
YTO MPUBOAMT K BEPTUKAJIBHON pa3perylvpoBKE OTOMHUTEIbHBIX CHCTEM.
3TO 00CTOATENBCTBO OIPaHUYMBACT MCIOIB30BAHNE KOJIMYECTBEHHOTO pe-
TYJIMPOBaHUs B ABYXTPYOHBIX OTONMUTEIBHBIX YCTAHOBKAX >KHUJIBIX 37aHUH,
UMEIOIINX, KaK MPaBUIJIO, 3HAYUTEIBHYIO BBHICOTY M HEOOJNBLIYIO TOTEPIO
HaIopa Ipu pacuyeTHOM PacXOA€e BOJBL.

PasperynupoBka B OTONUTEIBHBIX YCTAHOBKAaX BO3HHUKAET TaKXe MPH
peryInpoBaHuH MPOMyCcKaMH, TaK KaK IPH MePpUOJUUECKUX BBIKIIOUEHUIX
W BKJIIOYCHUSIX HHUPKYJSIIUU OTOMHTENbHBIE TMPUOOPHI, HaXOASIIMEcs Ha
Pa3IMYHOM PACCTOSHUU OT y3J1a PErYIUPOBAHMUSL, HAXOAITCS B HEOJUHAKO-
BBIX YCIIOBHSX.

[Mpu Termnocuatxenuu or TOLl koMOMHUpOBaHHAs BhIPAOOTKA DJICK-
TPUYECKOW DSHEPruM MpH IEHTPAJIbHOM KadeCTBEHHOM pEryJIupOBaHUU
Oonpllle, YeM TpPU JAPYTUX METOAaX LEHTPalbHOro peryinupoBaHus. LleH-
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TpabHOE KOJIUYECTBEHHOE PEryJIMpPOBAaHUE YCTYMaeT KauyeCTBEHHOMY B
OTHOILIICHUH CTa6I/IHLHOCTI/I TCIJIOBOI'0 peXXUMa OTOIMUTEIBbHBIX YCTAHOBOK,
MPHUCOEANHEHHBIX K TEMJIOBOW CETH IO 3aBHCHMON CXEME C DJIEBATOPHBIM
CMelleHHeM 0e3 YCTaHOBKM JIOMOJHUTEIBHOTO CMECHTENBHOrO Hacoca.
BceneacrtBrue mepeMeHHOT0 pacxoja BOJBI B CETH PacXo[l 3JIEKTPOIHEPrHU
Ha MEPEKAYKy MpU KOJINYCCTBCHHOM PCryJIMPOBAHUM MCHBIIC, YCM IIpHU
KayeCTBEHHOM.

Jl1st BCex CHUCTEM HENPEPBIBHOTO PETYIUPOBAHUS JICHCTBUTENbHBI CIE-
JyIoIIe 3aBUCUMOCTH, 0a3upyIolnecss Ha YpaBHEHHSX TEMIOBOTO OaiaH-
ca U Teruionepeaayn:

Q =Wdt=kAt (2.4)

B psize cinydaeB mpu pacdere peXMMOB PETYIHPOBaHUS C TIEpPEMEHHBIM
pacxoZoM BOJABI IMPUXOIUTCS 3a1aBaThCsl 3aBUCMMOCTBIO PAcXo/a WM K-
BHBaJIEHTa pacxoja BOJABI B CETH OT TEIUIOBOM HArpy3Ku. JTy 3aBUCHMOCTh
y[[O6HO ONMCBIBATH SMITMPUYCCKUM YPAaBHCHHUEM

W=0" um Q=W"". (2.5)

[MpunnMnuanbHO ypaBHEHUs (2.5) NMPUMEHUMBI ITPH BCEX CHCTEMaXx pe-
TyJIUPOBaHUS.

[Ipu xayecTBEHHOM PEryJIHPOBAaHUM, T.€. TIPH MOCTOSHHOM Pacxoje ce-
TeBoro Teronocutens, m = 0, W = 1. Kak BugHo u3 (2.4), B 3TOM ¢ Jy-
qae O =07.

Ha puc. 2.1. npuBeneHa 3aBUCUMOCTb OTHOCHUTEIBHOT'O DKBHBAJICHTA
pacxojia BOAbI OT OTHOCUTEIBHOM TEIUTOBOM Harpy3ku W = f{Q ) npu paz-
JIMYHBIX CUCTEMAX PETyJINPOBaAHUSA.

_ m=0

w T

1

o 3
os s /

,/ / Puc. 2.1. 3aucumocts W = f{Q ):

o0 / “ /'<

1 — KauecTBEeHHOE peryaupoBaHue: 2 —

4
&’ V4 KaueCTBEHHO-KOJIMIECTBEHHOE PETyJIn-
0,4 P 4 poBaHnue; 3, 4 — KOMMYECTBEHHOE PETy-
@ JIMPOBAHKE
/ v
0.2 -/ A

92



[Ipu konnyecTBEHHOM peryiaupoBaHuu m > 1. Torma kak BHIHO M3
ypasHenus (7.5) W < Q.

[Ipu xadyecTBEeHHO-KOIMYECTBEHHOM peryiaupoBanuu 0 < m < 1 u B 3TOM
ciryyae W o> Q

2.2. lenTpajbHOE peryJiupoBaHue OJHOPOIHOI TeIIOBOH HATPY3KH

Pacxojipl TEII0Thl Ha OTOILUIEHHE — OCHOBHOM BHUJ| TEIJIOBOM HArpy3Ku.
Jonst qpyrux BUJIOB TEIUIOBOM HArpy3KH, HaIpUMeEp TOpsSYero BOAOCHA0-
KEHUS! ¥ BEHTHJISIIIMH, B TIEPUOJ OTOIUTEIBHOTO Ce30Ha OOBIYHO CYIIECT-
BEHHO HU)KE€ OTOMMUTEIbHOW Harpy3ku. Ilo3ToMy B OCHOBY LEHTPaJbHOIO
PEryIMpPOBaHMs YacTO 3aKIaAbIBACTCS 3aKOH HM3MEHEHMS! OTONUTENbHOU
HAarpy3Ku OT TEMIIEPATYPbI HAPYKHOTO BO3AYXa.

B paiionax ¢ mpeoOamaronieil OTONUTENLHOW HArPY3KOH LEHTPaabHOe
pEryJIMpOBaHUE OTITYCKA TEMJIOTHI 1eIeco00pa3HO OCYIIECTBIISTh M0 3KBU-
BAJICHTHOM HAPY>KHOU TeMIIEpaType.

ITon PKBUBaJIECHTHON HapYXKHOWU TEMIIEPATYPOH #;, IOHUMAETCS HAPYX-
Hasl TeMIIepaTypa, TPy KOTOPOM TEIUIONOTEPU 34aHUN OT TEILIONEpenadu
4yepe3 HapyKHbIE Orpa)<IcHHsI paBHbI (PaKTHUECKUM TEIUIONOTEPSIM STHX
3MaHHUN ¢ y4eToM WHPUIBTPAIMK XOIOIHOIO BO3/AyXa U COIHEUHOU pajua-
1007038

JlaHHOW Hapy»KHOM TeMmrmeparype f; B 3aBUCUMOCTH OT MHTEHCUBHOCTHU
WHOUIBTPAIMKA ¥ COTHEYHOH pajnallid COOTBETCTBYIOT Pa3lUYHbIC SKBH-
BAJICHTHBIE HAPYKHBIE TEMIIEPATYPHI fy. 5.

OKBHUBaJIEHTHAs HapyXKHas TeMIepaTypa

tus = by — Aty + Al
rie Aty — iepenaj TeMneparyp, yuutbiBaronmii agdexr naduisrparmm,
Aty = W( top— 1)
rae | — kodpdunrent nHpuIbTpauy; Atf., — nepenaja TeMreparyp, yam-
THIBAFOIIMHA AP PEKT COIHEUHON pagrann,
At = aqcp/ O,

a — Ko3(pGUIHMEHT TOTJIOMIEHHs CONHEYHBIX JTy4eld HapyKHOW MOBEPXHO-
CTBIO OIPAXJAIOLIMX KOHCTPYKLMH, PaBHBIA OTHOLIEHHWIO MOIJIOLIEHHOM
JIy4MCTON SHEPIUHU K NAJIAIOIIEH SHEPTUH; (., — [IOBEPXHOCTHAS IUIOTHOCT I10-
TOKA COJIHEUHOM pajaliuy Ha JAHHYIO TIOBEPXHOCTh, BT/M%; o, — Koddpum-
€HT TEIUIO0TIa4Yl OT HapyKHOIO BO3IyXa K IOBEPXHOCTH HAPYXHBIX OrpaxJe-
muit, Br/(v*K).
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JInst cepbIX TeN, KaKMMU OOBIYHO SIBJISIFOTCS CTEHBI 3[[aHHMI M OKUCIICHHOE
xkeneso, a = 0,7...0,9; mis onuHakoBanHoro xenesa a = 0,6...0,8; a1 kpacHol u
KopuaHeBoit uepermiibl a = 0,65...0,75.

[Ipu pacuere t,., I NEHTPATHLHOIO PETYIUPOBAHUS YIUTHIBACTCS TOIHKO
paccesHHAst CONTHEYHAs PaHaLs g, ~ 100 Br/m’ .

3agada peryJupoBaHus COCTOUT B MOAJIEPKAaHUU PACUETHON BHYTPEH-
HEW Temrmeparyphl f,, B OTAILUIMBaEMBIX IMOMEIIeHHsIX. PaccMoTpuM Tpu
TEOPETUUECKA BO3MOXKHBIX METOJIa IIEHTPAIBHOIO PEryJIupOBaHUS OTOMU-
TEJIbHOW Harpy3Ku: KauyeCTBEHHbBIN, KOJIWYECTBEHHBIM W KayeCTBEHHO-
KOJINYECTBEHHBIN.

2.2.1. KayecTBeHHOe pery;iupoBaHue

Pacuer kadyecTBEHHOTO PEryjaupoBaHusd 3aKIIOYACTCA B ONPCACICHUU
TEMIICPATyphbl BOABI B TEIJIOBOM CETH B 3aBUCHUMOCTH OT TEIJIOBOM Harpys-
KU MIpU TOCTOAHHOM 3KBHBAJICHTE pacxoJa TCIJIOHOCUTECIISA B TEIIOBOMU

ceru, T.€. ipu W, = 1.
HpI/I 33BI/ICI/IM017I CcXeMe HpI/ICOGI[I/IHeHI/ISI OTOIIUTCIIBHBIX yCTaHOBOK K

TerioBoit cetu (cM. puc. 1.17, 1.40 a...6) Temneparypa ceTeBOM BOJIbI Iie-
pPeA OTONUTENBHON YCTaHOBKOM

7a) 2 e' 2y
Ty =1, AL (O)"F +[57, —E]QOp ) (2.6)

TemmnepaTypa BOBI IOCIIC OTOMUTEIBLHON YCTAaHOBKH
5 Soys_ 9 5
_ AP _ ()P0 p
T =T —07,0, =1, + A1, (Q)) _EQ” . 2.7
TemmnepaTypa BOBI TIOCJIE CMECUTEIBLHOTO YCTPOHCTRA (3J1€BaTopa)

T3 =T +9'0), (2.8 a)
17817}

S g

— ! pyY, p
Tos =1y, TAL,(0)) JFEQ0 . (2.8 6)
B nocnennnx dopmynax: t,, — pacderHas Temreparypa BO3/1yXa OTaILIH-
BaeMbIxX nometenuit, °C; At/ = (T, + 1T, )/2 — t,, — TEMIEpaTypHbIil Ha-
. r_
1Op OTONUTENBHOTO TpubOpa mHpu pacyeTHoM pexume, °C; 0671, =
Ty — Top = (1 + u)0’ — pacuerHbIif nepenas TeMepaTyphbl B TEILIOBOI CETH,
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rae u — kod(pduLueHT cMemenns; 0 = 1, — 1, — mepenaj TemmepaTyp Bo-
Ikl B MecTHOI cucreme, °C; Qf’ — OTHOCHUTEINbHBIN pacueTHbIN pacxoj Te-
IJIOTHL HA OTOIUJIEHHUE.

IIpu oTCYTCTBHM CMeLIeHHs Ha aDOHEHTCKOM BBoze O T, = 0' u ypas-
Henus (2.6) u (2.8) coBmanaror.

Jnst oOpaTHOM JMHHMM B 3TOM Cllydae CIpaBeIJMBO ypaBHeHHE (2.7).
Kak BumHO u3 (2.6) u (2.7), TemMnepaTypHble OTOMUTENbHBIC TPAQHUKH SIB-

JAIOTCS OHO3HAYHON (yHKUMeH Benmmuuubl QF . DTu rpaduku mWis f,,
=18 °C npuBeneHs! Ha puc. 2.2.

L 150 T
g G
E © 130 5
E % 4 74 / To1
g 110 3 (A Puc. 2.2. TemnepatypHble rpaduku
; :° S - Ka4eCTBEHHOTO PETYJIUPOBAHUS
& g0 // 914 OTOMUTENILHON HArpy3KH:
a © _
1473 7, e 0, = 0,/ Q) — oTHOCUTENbHAS OTOIH-
=

gg 0 /‘ | o2 TeJIbHASI Harpy3Ka MpH Hapy>KHOW TeM-
§ § — 2 nepaType t,,, °C; 81" — pacUeTHsIN 1me-
£ 50 pemaj TeMmneparyp B TeIuioBoit cetH, °C;
& | | t4.0 — PAacUETHas TeMIepaTypa Ha-

30 A& PYKHOTO BO37yXa JUis oToruieHus, °C;
2 - 8t=25°C;2-087t"=40°C;3-57
g 1 5 =50°C;4-0t"=60°C;5-31" =70
Ko ; °C; 6 — 87 =80 °C; T — 1,0 = -15 °C; 8
ac. 10 9,2[ 0,4] 0,6 |[0,8 tio=-20°C;9—t1,,=-25°C; 10— t,,, =
ol 718 9 30°C; 11 —¢,,=-35°C; 12— t,,=-
2y o 40°C

2 .10
5§10 TS
: -20 N
~30 11

ﬁ ~40 ’ . 13

B Ta6. 2.1 nanbl 3Havenus 1o = f{ OF).

[Ipu npUHYIUTEIHHON UPKYISIME BO3yXa BJOJb MOBEPXHOCTH Ha-
rpeBa OTOMUTEIBHBIX MPUOOPOB (HAIPUMEP, B OTOIMTEIBHBIX arperarax
BO3/YIIIHOTO OTOILICHUS) KO3(DUIMEHT Terionepeayn ocTaeTcs MpakTH-
YECKH MOCTOSHHBIM HE3aBUCUMO OT TEMIIEpaTypbl BOJbI B pubdope. [Ipu
ATUX YCIOBUSX TEMIIEPATypHbIC Tpa(UKK MPUHUMAIOT BUJI TIPSIMBIX JIHUIM
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Tor =1y, +(To _t;.p)gop > (2.9)

Toy =lyp +(Tho _tB.p)Q{)p‘ (2.10)
Tabnuna 2.1
TemnepaTtypa BoAbI B TEILIOBOM CeTH NPH Ka4eCTBEHHOM PeryJMpoOBaHuA
OTONMTEJLHOH HATPY3KH H 3aBHCHMOM cxeMe
NPHCOeJUHEHUS OTONNTEJIBHBIX YCTAHOBOK

Temmnepartypa BOJbI B IIOAAIONIEH JIUHUH Ty, °C, TemnepaTypa Bojibl 1ocie
op npu 37',, °C OTOMNHTEIBHOM YCTaHOBKH
25 40 50 60 70 80 T2, °C

0,2 38,3 41,3 433 453 473 49,3 33,3
0,4 54,0 60,0 64,0 68,0 72,0 76,0 44,0
0,6 68,5 77,5 83,5 89,5 95,6 | 101,5 53,5
0,8 82,0 94,0 102,0 | 110,0 | 118,0 | 126,0 62,0
1,0 95,0 110,0 | 120,0 | 130,0 | 140,0 | 150,0 70,0

HpI/I HE3aBHCHUMOM cXeMe MPpUCOCANHCHHUA OTOIMTECILHBIX YCTAHOBOK
cetu (puc. 2.3) npu W, = W, =1, 1.e. W, = W', cripaBeJUIMBO ypaBHEHHE:

Puc. 2.3. Cxema HE3aBUCUMOTO
MIPUCOEUHEHUS OTOMUTEIBHON
YCTaHOBKH K TETIJIOBOW CETH:

1 — oTONMUTENBHBIN TEIMII0O00OMEHHHK;
2 — IIUPKYISIMOHHBIA HACOC OTOITH-
TEIHHOW YCTAHOBKHU; 3 — OTOMUTEIh-
Hasl YCTaHOBKa; 4 — 31ieBaTop

— w 0,5 —
=t + AL (ON) + 81 (———-—)0°". 2.11
TT] B.p {)(Q{) ) T()(WN-{ST 1+M)QO ( )
ITockonbky ——31, =—, TO
1+u 2
T = Ty T, (1) (2.12)
Wie,
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T =ty HALON™ +0T (=2 or s gr.  (2.13)
' Wie 1+u
IMockonbky 6T, =31, W./W,, TO
To=1Tp + 81, M or. (2.14)
W.e,

B nocnennux ¢opmynax g, — kodpdunueHT 3pHeKTUBHOCTH OTONH-
TenpHOro npudopa (g, = 0,7...0,999); 4 T, — nmepenazn TemmepaTyp rperorei
Cpenbl B OTOMUTENBHOM MPHOOPE TPU pacueTHON Hapy>KHOH TeMmIeparype
two; Wi — DKBUBAJIEHT pacxoja Iperouieil cpelibl B OTOMUTEIbHOM TEMIO-
OOMEHHHMKE IpU JIAaHHOM pexume; W, — MeHblllee 3Ha4eHNUe YKBHBAJICHTA
pacxoa TerT000MEHHBAIOIIMXCS TIOTOKOB TEMIIOHOCHUTENSI B OTOMUTENb-
HOM TeIUI00OMeHHHKE; W, — dakTHUecKuii SKBHBAJCHT pacxofa CETeBOH
BOJIbI Ha OTOIJICHUE.

B 1abn. 2.2 npuBenens! 3Ha4eHus T, = Q) u 1o = A QF) nna Hesa-
BHUCHUMOM CXeMbl mpucoequHeHus. [Ipy mocTpoeHnn TaOiuIpl pacyeTHbIE
TEeMIIepaTypbl BOJbl BO BTOPHUYHOM KOHTYpE (MEKIY OTOMUTEIBHBIM IO-
JorpeBaTeneM U OTOHMMUTEIbHBIMH YCTAaHOBKAMM) HPHHATHL Ty, = 130 °C u

r— [¢]
T, = 70 °C.
Tabnuma 2.2
TemnepaTtypa BoAbI B TCILIOBOM CeTH NPH Ka4eCTBEHHOM PeryJMpoOBaHuA

OTONMTEJBLHOH HATPY3KHM M He3aBHCHMOIi cXeMe NMPUCOeAMHECHHSA
OTONMTEJBHBIX YCTAHOBOK, °C

ot',=75°C ot',=85°C 6t =95°C | &', =105°C | &', =115°C

0,

Trl T2 Trl T2 Trl T2 Trl T2 Trl T2

0,2 49,5 | 34,5 | 51,3 | 343 | 53,1 | 34,1 | 549 | 33,9 | 56,7 | 33,7
0,4 76,4 | 46,4 80 46 83,7 | 45,7 | 87,2 | 452 | 90,8 | 44,8
0,6 102,1 | 57,1 | 107,5 | 56,5 113 56 | 1183 | 55,3 | 123,7 | 54,7
0,8 126,7 | 66,7 134 66 | 1414 | 654 | 1483 | 64,3 | 1556 | 63,6
1,0 150 75 160 75 170 75 180 75 190 75

2.2.2. KosimyecTBeHHOE peryJJMpoBaHue

Pacuer KOIMYECTBEHHOrO PETryNMPOBAHMS 3AKIKYAECTCS B OIpEAeie-
HUUW 3KBHBAJIEHTA pacxojia BOJbI B CETH U TeMIlepaTypbl 0OpaTHOI BOABI B

3aBHUCHUMOCTH OT OTHOCUTEIBHON PACYETHON TEMIOBOW HArpy3Ku Qf’ .
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Jlist paccMaTpuBaeMOro METoja PEryJIupOBaHUs IIPU 3aBUCUMOM cXeMe
IPUCOCUHEHNS OTOMHUTENBHOM YCTAaHOBKHU To; = T, = CONSt, OTHOCHTEIb-

HBIl SKBHBAJICHT pacxoza Boisl cetu W, = W,/W, = var (IepeMeHHbIi) 1
OIIpENENAeTCs ypaBHEHHEM

_ 0P
W, = A7 9 (2.15)
0.8
* 500500 @) )
BripakeHue ais TeMnepaTypsl 0OpaTHOM BOABI CETH UMEET BH]L
' ' At' 0,8
T = Ty — 8T, {1+ ——0 2.16
w8 ke i-@] e

Ha puc. 2.4 npuBeneH rpaduk KOIMUECTBEHHOTO PEryIUpOBaHUs OTO-

80
°a Puc. 2.4. I'padyik KOITMYECTBEHHOTO
g .; 6o 21 peryaupoBaHus OTONUTEIBLHON Ha-
E 5 D% rpysku (8’ =25 °C, t,, = 18 °C):
g 40 1-1,,=150°C;2 - 1, =130°C;
) // \\; 01 01
e E AV 3T ™ 3- 1), =110°C;4— 1),=90°C
2, A
' 20 2
°
NN Jns ycraHoBOK, B KOTOPBIX
0,2 N koo dument Teronepenadn
NN 3 /4 HarpeBaTelbHBIX NPHOOPOB HE
50 0 \\\< Y 3aBUCUT OT TEMIIEPATypHOrO
22 A Haropa, Hampumep, Ajis ycTa-
3806 PN HOBOK BO3JyLIHOIO OTOILIE-
g 171N Hus, B (2.15) u (2.16) moka3za-
s —
5 go,s Telb CTeneHy npu QF 3aMeHs-
ercst Ha 1,0.

0 0,2 0,4 06 _ 0,8
Pacxoxn Tenioret @,

NUTEIBHOW HArPy3KH.
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VYpaBuenns (2.15) u (2.16) cnpaBeqyiuBEI Korja Temieparypa oopart-
HOW BOABI ceTH OOJIbIIEC pACUETHOH TeMIlepaTyphl BO3/lyXa OTAIUIMBAEMBIX
MIOMELIEHNH, T.€. IIPH Toz > Ly .

2.2.3. KauecTBeHHO-KOJIMYeCTBEeHHOE PeryJIMpoBaHue

3agada pacuera KadeCTBEHHO-KOJIMYECTBEHHOI'O PETyIMPOBAHUSA 3a-
KJIFOYAETCS B ONPEJEIECHUN SKBUBAJIIEHTA PACX0/la CETEBOM BOJABI U €€ TEM-
MepaTyp To; U Toz B 3aBUCUMOCTU OT OTHOCUTENIbHOW PAacUETHOM TEMJI0BOM
Harpy3ku Qf’ . YpaBHEeHUs [Jis pacueTa KauyeCTBEHHO-KOJIMYECTBEHHOIO
pEryJIMpOBaHMs OTONUTENBHON HArPy3KU UMEIOT BU]L

’
_ ) py\0.8 ’ 0 A P\I-m .
TO] - tB.p + Atn (Qn ) + (ST{) - E)(Qn ) s (2 17)
6!
_ 2y Ap\l-m .
TOZ - tB.p + Atn (Qn ) - E(Qn ) s (218)
6!
— 1 p\0.8 Y P\1-m
T03 - tB.p + Atn (Qn ) + E(Qn ) . (2 19)
o 150 [
50 Mo VRPN Ha puc. 2.5 npuBeaens! rpa-
?E: § 130 LN , UKH Temmeparyp u pacxona
= 120 3] N\ XV V. BOABI IIPU KayeCTBEHHO-KOJIU-
23 110 z 729 YECTBEHHOM PETYJIMPOBAHUU Ha-
1 7
58 oo Y/ rpy3ku ipu m = 0,33,
o 90 )/ A
§:=§ 80 / ( V.
: S: 70 // To2
5 g a
E 2 74 /(
& 50 b— >~
0 A
§ 30 (4
g0 20
&,
B
2% 0,9 P -
39 7 1
g E 0,8 =
=1
56 0
Bx
0,6
S /
® 0,6 y
g 18R
§:9_ 1o N Wi Puc. 2.5. I'paduku Temmnepatyp u
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[Ipu paznMuHBIX 3HAUEHMX MOKa3aTeNns /1 MONYy4aroTcs pa3iInyHbIe 3a-
KOHBI U3MEHEHUsI pacxo/ia BOJIbI B CETH.

MoXHO BBIOpaTh TakOH 3aKOH Ka4eCTBEHHO-KOJIMYECTBEHHOTO PeTyiIH-
pOBaHMs, TIPU KOTOPOM yCTpaHseTcs TIepeMeHHOe BIUSHUE Tpa-
BUTAIIMOHHOTO Tiepernaja JaBlieHUH Ha padoTy NBYXTPYOHOH OTOMHTEINb-
HOM CHCTEMBI.

Kak mnokaspiBaeT mpoBeseHHOE HcCieoBaHUE, MPH OCYIIECTBIEHUHU
KaueCTBEHHO-KOJIMYECTBEHHOT'O PEryJIMpPOBaHMS OTONUTEIBHON HArpy3KH
no 3akony m = (0,33, T.e. mpu W3MEHEHUH PACXO0]la BOJBI B CETH IMPOIOp-
[UOHAIBHO KyOMYECKOMY KOPHIO M3 OTONMUTENBHOH Harpy3ku, pacrpese-
JICHWE Pacxofa BOABI IO BHICOTE JABYXTPYOHOH OTOMHMTEILHOW CHUCTEMBI
TEOPETUUECKH J0JKHO OCTaBaThCsl MOCTOSHHBIM MTPH JIFOOOH TEMIoBOi Ha-
rpy3Ke.

2.3. LlleHTpajbHOE peryJMpoBaHue Pa3HOPOAHON HATPY3KH

[TpuMeHeHHe TONBKO IEHTPAJIbHOIO PEryIMPOBAHUS CHUCTEM TeIIO-
CHa0)KCHUsI HE MOXKET 00ECIeYnTh Ka4eCTBEHHOE U SKOHOMHYHOE PEeryliu-
pOBaHME PAa3HOPOMHBIX TEIUIOBBIX HArpy3ok. lleHTpajbHOE perynupoBa-
HHE, BBINOIHSAS TPYOyI0 PEryIMPOBKY CHCTEMbI TEIIOCHA0KEHHS, 03BO-
JSIET CHU3MTh Harpy3kKy Ha CHCTEMbI TPYIIIOBOIO M MECTHOTO peryJiu-
poBanust. OnHako Hanbosnee 3((HEKTUBHBIM METOJIOM PEryJIUPOBaHUS pa3-
HOPOJHBIX TEIIOBBIX HAIPY30K SBJISCTCS MHMBUIYaJIbHOE PEryIHPOBaHUE
YCTaHOBOK MOTpeOiIeHust TeroTel. LleHTpanbHOe peryiupoBaHue TOpoJ-
CKHX PallOHOB OPHEHTHUPYIOT OOBIYHO Ha OTOMHUTEIBbHYIO HArPY3Ky HJIH JKe
Ha COBMEIICHHYIO HATPY3Ky OTOIUICHHS M TOPSUEro BOJOCHAOKCHUSI.

Eciu y OonblimHCTBa a0OHEHTOB B padOHE HapSy C OTOIUICHUEM
UMEIOTCS YCTAHOBKH TOPSYEro BOJOCHAOXKEHUsS, LEHTPAIbHOE pery-
JUPOBAHUE YaCTO OCYIIECTBISIETCS MO 3aKOHY M3MEHEHHWs COBMENICHHOW
Harpy3KH OTOIUICHHS U ropsdero BojpocHaOxeHus. HepaBHOMepHOCTH Cy-
TOYHOIO rpadka CyMMapHON HAarpy3KH BBHIPABHUBAIOTCS 33 CUET TEIUIOaK-
KyMY-JIUPYIOLIEH CIOCOOHOCTH CTPOMTEIIBHBIX KOHCTPYKLMI OTaruiMBae-
MBIX 3[aHHI WM e IyTeM YCTAaHOBKH CIEIHAJIbHBIX aKKyMYJISITOPOB I'0-
psueit Boasl. 1lpu pa3HOpOAHOM TEILIOBOM HArpy3Ke palioHa HE3aBUCUMO
OT LEHTPAJbHOIO PEryJIMPOBAHUS JOJDKHO HPOBOIUTHCS TPYIIIOBOE H
(MM) MECTHOE peryJjMpoBaHHE, KaK MPaBUIIO, BCEX BHJOB TEIJIOBOM Ha-
rpy3ku. [Ipu 3TOM Temreparypa BOIbI B MOJAIOLIEM TPYOOIPOBOIE TEIJI0-
BOU CETH HE JO0JDKHA CHIKATHCSI HUKE YPOBHSI, OMPEICIISIEMOr0 YCIOBUSIMU
ropsiaero BOJOCHaOXKeHusI.

B coorBerctBum co CHull 2.04.01-85 Ttemmnepartypa ropsiueil Bojbl B
MecTax Bogopazoopa JoimkHa ObITh He Hike 60 °C mpu oTkpeiToid u 50 °C
MPH 3aKPBITOH CHCTEMaX TEIIOCHA0KEHUSL.
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C y4eroM CHUIKEHHMSI TEMIIEPATyPhl BOJBI B MECTHBIX KOMMYHUKAIIUSIX
ropsiuero BOAOCHAOXKEHHS U Tepernajia TeMIIepaTyp MKy IPErolei U Ha-
rpeBaeMoii BOJIOM B MOJOTPEBATENIC TOPSYETO BOJIOCHA0KEHUS MUHUMAIIb-
Has TeMIIepaTypa BOJbI B MOAAIOIIEM TPyOOMPOBOJIE TEIUIOBOW CETH Kak
MPHU OTKPBITOM, TaK ¥ MPHU 3aKPHITOM CUCTEMAX TEIIOCHA0KEHUS TPUHUMA-
ercst 00bIYHO paBHOM Mim Beie 65 °C, T.e. Ty, = 65 °C. Ha puc. 2.6 npu-

BEJICHBI rpa)MKK TEMIIEPATyp U PACXO0B CETEBOM BOJBI TPH KOMOUHUPO-
BaHHOM PEryJIMPOBAaHUU OTONMMTEIBHON HArpy3KH, T.€. NMPU NPUMCHEHUU
Pa3HBIX METOAOB PEryJMPOBaHUS B Pa3IMUHBIX JMANa30HAX HAPYKHBIX
TeMIIepaTyp.

I'paduk Temnepatyp B MoAaroIIeM TPyOOIIPOBO/IE TEIIOBOW CETH UMe-
eT BuA JoMaHoi muHuH (puc. 2.6 6). [Ipu HapyXHBIX TeMIeparypax t; <ty
rae t,, — HapyXHas TeMIlepaTypa, COOTBETCTBYIOIIAs H3JIOMY TeMIlepa-
TypHOro Tpaduka, rpapuk TemrepaTyp BOIbI B IMOAAOINEH TUHUH CTPOUT-
Csl 10 3aKOHAM OTOMMTEIBHON HArPy3KH MJIM COBMEIICHHON HArpy3Ku OTO-
MJICHHUS U TOPHEro BOJOCHAOKEHUSL. HpH ty > tyy TEMIIEpATypa BOABI B IIO-
JAoIIei TMHUHU TEIIOBOM CETH To; = T = const.

KauectBenHoe
'
01 DEryJIMpoBaHNE
Q 0 < ol N 7
) 0, Q.
g = > " 3| ¥
o 2 = 01 = x|/ 1 o
g al Qe - - °
=l o Toz T2 & % B
O =) 3 X
= o= = 2 o
=
SEep-2 5 5
=R fifs
1 5 =

Lux Lun a Lio lux lun 6 lno Lux Lun 8 Lio

Puc. 2.6. I'padriku ipy KOMOMHUPOBAHHOM PETYJIIMPOBAHUH OTOIUTEIEHON
Harpy3KH: ¢) TEIUIOBOM HAarpy3KH; 6) TEMIepaTypbl CETEBOW BOJIbI; §) SKBHBa-
JIEHTa pacxojia CEeTEBOM BOJIBI; | — KONMUECTBEHHOE PETYITHPOBAHIE; 2 — PETYINPO-
BaHHUC MECTHBIMU IIPOITYCKaMHU

PaccMOTpHM METOMMKY MOCTPOCHUS TPaGHUKOB TeMIepaTyp MU pacxo-
AOB BOJbI IPU IBYX XaPAaKTCPHBIX METOAAX LICHTPAJILHOI'O PEryJIMPOBaHUA:
1) mo oronuTENBHON HArpy3Ke; 2) MO COBMEIICHHOW HArPy3Ke OTOILICHUS U
ropsiuero BOJIOCHA0KEHUSI.

2.3.1. llenTpajibHOE peryJIMpoBaHHe MO0 OTONUTEJBHONH HATpy3Ke

IIpy mEeHTpaJIBHOM PETYIMPOBAHUU 110 OTOIUTENBHONW HArpyske JyIs
noJiepKaHus CTaOMIBHOW pacyeTHOH BHYTpPEHHEH TeMIepaTyphl B OTall-
JINBAEMBIX 3[aHUSX B IUANIA30HE HAPYKHBIX TEMIIEPATYP OT fy o 10 fyy TEM-
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repaTtypa BOJbl B IOJAOLIEH JIMHUU TEILUIOBOW CETH JIOJKHA COOTBETCTBO-
BaTh rpad)uKy Ka4eCTBEHHOTO PEryJlUpOBaHMS OTOMUTEIbHOM HArpy3KH,
OIUCHIBAEMOMY ypaBHeHHEM (2.6), a pacXoj CETeBOH BOJBI Ha OTOIICHHE
JOJKEH OBITh MOCTOSHHBIM.

B nunanazone teMiiepaTyp OTONHUTEIBHOIO NEPUONA by > fyy PETYIHPO-
BaHUE OTOIUTEINbHBIX YCTAHOBOK MOXKET IIPOBOJUTHCA Kak KO-
JINYECTBEHHBIM METOJIOM, TAK U MECTHBIMH IIPOIYCKAMH, T.€. IOCPEACTBOM
MIEPUOUYECKOrO OTKIIIOUEHUS] OTOIUTENBHBIX YCTAHOBOK OT TEIUIOBOH Ce-
TH.

[Ipu ycraHoBKe HAa a0OHEHTCKUX BBOJAX CTPYHMHBIX cMecuTene (de-
BaTOPOB) KOJMYECTBEHHOE PETYJIMPOBAaHWE MPUBOIUT K Pa3peryinpoBKe
OTONUTENBHBIX YCTAHOBOK. DTOT HEJOCTATOK YCTpaHAETCs MPH YCTaHOBKE
Ha a0OHEHTCKMX BBOAAX WJIM TPYNIOBBIX TEMJIOBBIX MOACTAHIHMIX KpOMeE
CTPYHHBIX CMECHTENEH Tarkke MeXaHHMYeCKUX (LEHTPOOEKHBIX HACOCOB).
OTO MO3BOJIAET IPHU HAPYKHBIX TeMIlepaTypax #; > ty, NOJIEPKUBATH I10-
CTOSIHHBII PAacXoJ BOABI B OTONHUTENBHOW YCTAHOBKE IIPH YMEHBUICHUHU
pacxozia CeTeBOi BOJbI U3 TEIJIOBOM CETH.

[Ipyu cHMXKEHMHU MOJayu CETEBOM BOJBI BO3pAacCTaeT Mmojaya MexaHHhue-
CKOr'O0 CMECHUTEIILHOIO HACOCa, 4 CyMMAPHBIA pacxoj BOAbI B OTOIUTEIb-
HOHM YCTaHOBKE OCTaeTcs IMOCTOSIHHBIM. IIpu Takol cxeme MpucCOeIUHEHUs
B CaMOM OTONUTEIBHON YCTaHOBKE OCYILECTBIISIETCS Ka4eCTBEHHOE pery-
JINPOBAHUE IIPU NEPEMEHHOM PACXOl€ BOJBI, ITOCTYIAIOIIEH U3 TEILIOBOU
CEeTH B OTONMHUTENBHYIO YCTaHOBKY. B 3TOM cityuae Temmeparypa oOpaTHOI
BOJIbI I1OCJIE OTONHUTENBHON YCTAHOBKU Toy U3MEHSETCS 110 3aKOHY KauecT-
BEHHOTO PETYJIUPOBAHUS K MOXKET ONpPEACAThCS 10 (2.7).

IIpy npuMeHeHnN pacCMOTPEHHOIO METOAA KOIUYECTBEHHOI'O PETYJIN-
pOBaHUs SKBUBAJIEHT PAacXo/a CETEBOM BOJABI HA OTOIJICHUE ITPU HAPYXKHBIX
TEMIEPaTypax t; > &, ONPEACIAETCS 10 (POopMyIIe

P
w,= # . (2.20)
To1 ~To2

IIpu perynupoBaHUM OTONUTENBHON HArpy3KU B AUANa30HE HAPYKHBIX
TeMIIePaTyp &y = lyu APYTUM METOJOM — MECTHBIMH IIPOITyCKaMM YHCJIO Ya-
COB €KECYTOYHOH PabOThl OTOMUTEIBHBIX YCTAHOBOK BBIUYUCIISIETCS KaK

z = 24(ts — 1)/ (Lo — tuw)- (2.21)

[Tpy KONMYECTBEHHOM PEryIMPOBAHUM PACXOJ CETEBOM BOJIbI M3MEHS-
€TCsl CHIIbHEE, YEM IIPH PETYIMPOBAHMU MECTHBIMU MPOITYCKAMH, YTO 00b-
SCHSAETCS OOJBIIMM IEPENAgOM TEMIIEPATYP CETEBOM BOIBI B OTOIMTENb-
HOW yCTaHOBKE (T - Tz) IO CPABHEHHIO C PEryIHPOBAHHEM MECTHBIMH

MPOITyCKaMHU.
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2.3.2. CymMapHBbIii pacxo BoJbI B TEMJI0BOIi ceTH

MHorue Ba)xHbI€ SKOHOMUYECKHE MOKa3aTeIN CUCTEM IIEHTPaN30BaH-
HOT'O TeIuIocHaOKeHMs (HayallbHble 3aTpaThl Ha COOPY)KEHHE TEMIOBBIX
ceTell M CeTEeBbIX HACOCHBIX YCTAHOBOK, PacxXoJl SHEPTUHU Ha MepeKauky Te-
MJIOHOCUTENSA M T.JA.) 3aBUCAT OT PacueTHOro pacxoja BOJBI B CETH, MOJ
KOTOPBIM IIOHMMAETCS MAKCUMAJIbHBIM CyMMapHBIA PACXOJ CETEBOI BOJBI.

B 3akpbITBIX cHCTeMax TerIoCHaOXeHUs! MPH MapajielbHOM MpHCcoe-
JMHEHUH Ha aOOHEHTCKUX BBOJAX YCTAHOBOK OTOIUICHHS M TOPSYEro BOJIO-
cHaOxenwust (cM. puc. 1.37, 1.38) cymMMapHBIil pacXoj CETEeBOW BOJIBI B TEII-
JIOBOH CeTH sBJIAETCS CYMMOW pacXOA0B BOJBI Ha OTAENbHBIE BU/IbI TEIJIO-
BOW Harpy3kd, NMpHUYeM, TOCKOJBbKY BOJa W3 TEMJIOBOW CETH HE pa3zOu-
paercs, pacxoipl B MOJaromiell M OOpaTHOH JIMHUSX CeTH OJWHAKOBEHI.
CyMMapHBI 3KBUBAJIEHT pacxojla CETeBOW BOJBI B 3aKPHITOM TEIIOBOW
CETH IPH JIIOOOM peKHMeE ee paboThI onpenesiercs mo Gopmyie

W =Wy= W= Wo+ Wit Wi, (2.22)

rae Wu, Wos, We, Wise — DKBUBAJIEHTBI pacxo/ia CETEBOM BOJBI COOTBETCT-
BEHHO B TIOJafOIICH M OOpaTHOM JUHMSIX TEIJIOBOW CETH, Ha OTOIUICHUE,
BEHTHJIALIHIO, TOpsiUee BOJIOCHAOKEHHE.

Ha puc. 2.7 npencraBieH rpadguk cyMMapHOrO SKBHBAJIEHTa pacxoia
BOJIBI B CETH 3aKpPBITOH CHCTEMBI TerulocHaOkeHus. CyMMapHBIA pacxon
BOJIBI B CeTH (IUHMS 5) M3MEHsETCs 110 HEKOTOPOH KpHUBOH. Makchumaib-
HBIM pacxoJl BOJIbI B CETH UMEET MECTO MPH #;,; B TOUKE «H3JIOMay TeMIlepa-
TYypHOT0 rpaduka B IMOJAIIEM TPyOONpoBoe TEIIoBOM cetr. [Tockonbky
Harpyska ropsiaero BOAOCHAO0)KEHUSI UMEET HEPOBHBIA CYTOUYHBIN Tpaduk,
TO MaKCHUMAaJIbHBIA CYMMapHBIN pacXoj BOABI B CETH UMEET MECTO IPH £y, B
Yachl MTUKOBOW HArpy3KH TOPSYEro BOAOCHAOKEHHs! (I JKUIIBIX 31aHUHA —
BEUEpHHUE Yachl HAKaHyHE BBIXOAHBIX AHEH). g mocienyromnero cpaBHe-
HUS C IPYTUMH CXeMaMH MpHCOeAnHeHns aO0OHEHTOB Ha puc. 2.7 MoKa3aH
TaKXe€ CyMMAapHBIM pacxojl BO/bI B CETH Ha OTOIUIEHHWE U Topsiuee BOAO-
cuHabxenue (kpusas 4).

Ha puc. 2.8 npuBenen rpagux cyMMapHOTO SKBUBAJIEHTa pacxoja Bo-
JIbl B CETH OTKPBITOH CHUCTEMBI TeIIocHaOXeHus. Pacxopl BOJABI Ha OTO-
TUIEHHE W BEHTHISIMIO (KpuBbIe | M 2) UMEIOT Te K€ 3HA4YeHHs, 4YTO U B
3aKpBITHIX CUCTEMax. B MHTepBalie HApYKHBIX TEMIIEpaTyp OT (tH,K 10 tyu
BECh PacXo BOJBI HA TOpsuee BOJAOCHAOKEHHE OTOMpaeTcs U3 MoAarouieit
muann (kpuBast 3,). [Ipy MOHWKEHUN HApYKHOU TEMIIEPaTypbl OT f,, [0
t,r BOAOPa300p M3 MOJAIOIIEH JTMHUM COKPAIAETCs O HyJsl U COOTBETCT-
BEHHO BO3pacTaer Bojopa30oop 3 obopatHol JnHuM (3.). B quanasone Ha-
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PYKHBIX TeMIIepatyp OT f,, JIO t;, BECb BOJOPa30op uaer u3 oOpaTHOH JH-
HUW TEIUIOBOM ceTHU. AOCONIIOTHOE 3HAYCHHWE BOAOPa300pa HECKOJIBKO
YMEHBIIAETCA MIPU CHIXKCHUM HAPYKHOW TEMIIEPATYPhl OT fyr A0 byo, MO-
CKOJIBKY IPHU HAPYKHBIX TeMIIepaTypax fy < fyr —> To2 = b

ITo xapakTepy U3MEHEHHS pacxoda TEIIOTHl U TEMIIEPATYPhl B IIOAAI0-
meﬁ JIMHUU PCKUM pa6OTI)I BCHTUJIAIIMOHHBIX YCTAHOBOK MOXHO pasjc-

HMuanason A
_ 1 1 S i O 4
P ¥ RN
456 \
% S~ ] NN
- (o4 N
g 1 g
)
g W, o Wes | | Wi
Sn 2 306
/ 3 yi
2 P
[ Py
]
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tax tym tup tuo tyx byn tup tur tuo

Puc. 2.7. T'paduk cymmapHOTro pacxo-
Jla CETEBOU BOJBI B 3aKPBITOH CUCTEME
TEIUTOCHAOKEHUS

1 — ororieHUe; 2 — BEHTUISINS, 3 — TOpS-
qee BOIIOCH3.6)KGHI/IG; 4 — pacxoa Ha OTO-
IUICHUE W TOpsdee BOJMOCHAOXKEHWE; 5 —
CyMMapHBIﬁ pacxoq Ha OTOIJICHUE, BCHTH-
JIAOUIO U Topsiuee BOI[OCH3.6)KGHI/IC

JIUTh HA TpH AuarnasoHa (puc. 2.7):

Puc. 2.8. I'paduk cymmapHOTro pacxo-
Jla CETEBOM BOJbI B OTKPHITON CHCTEME
TEIUIOCHAOKEHHUS: 1— oromnenue; 2 —
BEHTHIIAIHS; 3, — TOpsTIee BOJTOCHAOKCHHE
U3 TOJIAIOIIEH JINHUK; 3,5 — TOpsTYee BOIO-
cHaOkeHUEe W3 OOpaTHOW JmHWH, 4, —
CYMMapHBI Pacxojl B MOJAOLIEH JTUHUH;
405 — CYMMapHBI pacxomx B 00paTHOH

T

I — Mexny HapyKHBIMU TEMIEPATYPaMU fyy... fyy; TEMIIEpATypa BOABI B
MOJAIOIIEH JTUHUU TEMJIOBOM CETH OCTaeTCsl MOCTOSHHOM, a pacxo Temjio-

Thl HAa BEHTUJIAIINIO U3MCHACTCA,

II — Mexny HapyKHBIMH TEMIIEPATYPAMU fyy... fyp, U3MEHSETCA Kak
TeMmrepaTypa BoAbl B OJAOUIEH JIMHUHU, TAK U PACXO]l TEIUIOTH HA BEHTHU-

JISLHIO;
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III — Mexxny HaApYKHBIMH TEMIIEPATYPAMU Iy .. .1y 0; TEMIIEPATYPA BOABI B
MOJAIOIIEH IMHUU U3MEHSETCS, a PacXo]] TEeIJIOTH Ha BEHTUJIAIUIO OCTaEeT-
Csl TIOCTOSIHHBIM.

B nunamnasone I Temmneparypa cereBoi BOJbI, IOCTYNAOLIEN B BEHTHIISA-
[UOHHBIE Kaopudepbl, MOCTOSHHA.

B nunanasone II Temmniepatypa cereBoi BOABI, MOCTYNAIOLIENH B KaJIOPH-
(epsl, pacTeT o Mepe MOHWKEHHUSI HapyKHOW TemrmepaTypsl. Pacxox Ter-
JIOTHI TaKXKe JIOJKEH PAacTH NMpH MOHWKEHUH HapyKHOW Temmnepartypsl. Ta-
Kas B3aUMOCBSI3b MKy Tpa(HKOM TeMIlepaTyp MoJalollell JMHUU U pac-
XOJIOM TEIUIOTHI SBJISI€TCS TUIIUYHON Ul KaueCTBEHHOI'O PEryIupOBaHUS.
[Mosromy B auamazone 11 pacxoj cereBoii BoabI uepe3 kaopudepbl ocra-
ercs MPaKTUYECKU MOCTOSIHHBIM.

B nuanasone Il npu cHUYKEHUM HApPYKHOW TEMIIEPATYPBL OT fy 5 JO fyo
aBTOPETYJIATOPBl YMEHBIIAIOT PACXO] CETEBOW BOABI Uepe3 Kalopudepsl
TakuM 00pa3oM, YTO TEIUIOBas Harpy3ka (), OCTaeTcsl MOCTOSHHOW. DTO
BBI3BIBAET CHUIKEHHE TEMIIepaTypbl OOpaTHOW CeTeBOW BOABI, a TaKkKe
CHIDKEHUE Kod((UIIMEHTa TeIUIonepeiau Kajaopudepos.

CyMMapHbIil SKBHBAJICHT PacXo/ia BOJABI B MOJAIONICH M OOpaTHOW JIH-
HUSX OTKPBITON CHCTEMBI TEeIJIOCHA0KEHHS TPH JTI000M pexKUMe ee PadOoThI
ompezesnsieTcs Mo caeayomuM GopMynam:

W= Wo+ Wyt BWie, (2.23)
Wes = Wo+ Wy — (1= P) Wi (2.24)

3necw B, (1— ) — nonst pacxona Boxsl Ha ['BC u3 mopatorieid 1 00paTHOA
JINHUN:

B = (t:— t02)/( To1 — T02), (2.25)

TOE Toi, Too — TEMIIEPATYPBI CETEBOM BOJIbI COOTBETCTBEHHO B MOJIAIOIIEH U
00paTHOM JTUHHUSIX, f. — HATPETOW BOAOMPOBOIHOM BObI st ['BC.

B nmnamnazone HapyKHBIX TEMIEPATYP OT fy [0 ., KO3 duuent B = 1;
npu HanOoJee HU3KUX HapY)KHBIX Temreparypax (Korja f, < t,,.) B = 0.

CyMMapHbIe pacxoabl BoAbl B mopjaromield (kpuBas 4,) U B 0OpaTHOI
(xpuBas 4,5) TMHUSIX UMEIOT MAaKCUMaIIbHOE (pacueTHOE) 3HAYEHHE TIPH £, B
TOYKE M3JI0Ma TeMmIeparypHoro rpaduka. Pacxox Boabl B mojaromen -
HUU TIOCTOSIHHO OOJIbIIIE pacxoja B oOpaTHOW JuHMU. Pa3HOCTH pacxonoB
BOJIBI B MOAAIONICH M 0OpaTHOM JTHMHHUAX CETH paBHA pacxoiy BOJABI Ha ro-
psdee BojocHaOkeHue (0e3 yuera yTeueK B CeTH).

IIpy ogvHAKOBBIX TEIUIOBBIX HArpy3Kax M OJMHAKOBOW PAaCUETHOU TEM-
repatype BOJbl B MOJAIOIIEN JTMHUM TETJIOBOW CETH B OTKPBITBIX CHCTEMaXx
TEerI0CHA0XEeHUs paCUeTHBIM pacxo] BOABI B MOJAIONIEH JIMHIUHA HECKOIBKO
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MEHbIIIE, YeM B 3aKPBITOM CHCTEME, a pACUCTHBIN Pacxo]] BOJbI B 00paTHOM
JIMHUM 3HAYUTENIbHO MEHbBIIIE, YEM B 3aKpbITOM cucteme. bonpiuuid pacuer-
HBIH pacxXojd BOJbI B 3aKPBITHIX CHCTEMax IO CPaBHEHHUIO C OTKPBHITHIMU
BBI3BIBAETCSL TEM, UYTO B 3aKPBITHIX CHCTEMaXxX MPHU MapajuieIbHOM BKIIIOYE-
HUW YCTAaHOBOK OTOIUICHHUS W TOPSYEro BOJOCHAOXKEHUS SHTAJbBIHUS CeTe-
BOI BOJIbI HEJIOCTATOYHO TIOJTHO MCIIOJIb3YETCS B aDOHEHTCKUX yCTaHOBKAaX
JUIS YIOBJICTBOPEHHS Harpy3Ku Tropsiuero BojocHaOxeHus. [Ipu nByxcry-
MEHYaTOW CMEIIAHHON CXeMe MPUCOCIUHEHHUS YCTAHOBOK TOPSYEro BOJIO-
cHaOxeHus (cM. puc. 1.41) ynmydmaercss MCTIONb30BaHNE SHTANBIINU CETe-
BOI BOJIBI JUIs TOpSYEro BojocHaOxeHus. OHAKO U TIPH 3TOM 0N MaK-
CUMaJIbHOW Harpy3Kd TOpPSYEro BOJOCHAOXEHMs, YJOBJIETBOpseMas 3a
CYET TEIUIOThI OOPaTHOW BOJBI OT OTOIUICHUS MPH HAPYXKHBIX TEMIIEPaTy-
pax ty > ty,, HEBEIHKA.

Cpennss Temmeparypa BOIbl B OOpaTHOH JTMHHH TEIJIOBOH CETH B 3a-
KPBITBIX CUCTEMaX TEIUIOCHA0XKEHHUS OTPEeseTcs Mo Gopmyie

T, = TOZWo - TB2WB - TrZVVch , (226)
w

TJIC T2, Ta» Tr2, — TEMIIEPATypa OOpPATHOW CETEBOM BOJBI COOTBETCTBEHHO
MOCJIe YCTAHOBOK OTOIUICHUS, BEHTWIALUU U TOPSYETO BOJOCHAOXKEHUS,
°C.

B OTKpBITBIX CHCTEMaX TEIIOCHA0KEHUS CPEHSS TeMIIepaTypa BOJbI B
00paTHOM TPYOOIPOBOJIC TEIJIOBOM CETH

— TOZVVO — TBZVVB — (1 _B)TFZVVFBC .
W, +W, —(1=-BW,

(2.27)

Ty

BC
2.3.3. llenTpanibHOE peryJiupoBaHNe M0 COBMEIIEHHOH Harpy3Ke

B paﬁOHaX, B KOTOpI)IX KpOMe OTOIINICHUA UMECTCA 3HAUYUTCIIbHAS TCII-
JIOBasl Harpy3ka JPYroro BHJIA, HAIPUMEp Tropsdee BOJOCHAOXKEHHE WIIH
BECHTUJIALIUA, MOXXHO 3HAYUTEIIBHO yMeHLHII/ITL paC‘IC’THI)II;'I pacxoz[ BOJbI B
TEIJIOBOM CETH TMPH IMEPEXojie OT IEHTPAIbHOTO PErYIUPOBAHHS OJHOTO
BHUJIa TEIJIOBOW HArpy3Kd — OTOIUIEHUA, K LEHTPAJIbHOMY PEryJIHPOBAHUIO
COBMeHIeHHOfI HaI'py3KI/I — OTOIJICHUSA H ropﬂqero BOZ[OCH36)KGHI/ISI N
OTOIUJICHUS U BEHTHIISAIMH. Hike pacCMOTPEH METOJ pacyuera eHTPabHO-
o perﬂI/IpOBaHHH 110 COBMeIHeHHOﬁ Hany3Ke OTOIIVICHUA U FOpH‘ICFO BO-
JIOCHAOXKEHUS.

[{eHTpanbHOE PEryIUPOBAHUE COBMEIIEHHON HArpy3KH OTOIUICHHUS H
ropsTYero BOAOCHAOKEHHSI OpUEHTHUPYETCSl OOBIYHO Ha THIIMYHYIO JUTS JaH-
HOT'O paiioHa OTHOCHTEIBHYIO HArpy3Ky TOpSYero BOJOCHAOKEHHS, PaB-
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HYI0 OTHOIIECHHUIO pAaCYEeTHBIX 3HAYEHUHW PETYJIUPYEMBIX Harpy3ok
(PP )= (02" /O )y, THE Q¥ — cpenHeHENENbHBINH PACXOJ TEIUIOTHI Ha

TBC TBC
ObITOBOE ropsiuee BojgocHaOkeHue; () — pacueTHas TEIUIOBasi Harpyska
OTOIUICHUSI.

Jlna obecneyenus KauecmeeHHO20 U IKOHOMUUHO20 MENI0CHADICEeHUs
aboHeHmMO8 NpU YEeHMPATbHOM PeyIUpPoSanul N0 COBMEUeHHOU Hazpy3Ke
HeoOX00UMo, 4mobbl He3aBUCUMO OM YEHMPATbHO20 Pe2yIuUpo8anus, ocy-
wecmeasieMozo 00biuHO 6 ucmounuke meniaocuaboicenus (ma TOL unu 6
KOMENbHOU), NPOBOOUNLOCH OONOIHUMENbHO epynnogoe u (uau) mecmuoe
KOMUYECMBEHHOE pe2yIuposanuedcex 6udo8 meniosol naepysku na I'TI u
(unu) MTII, a maxoice dononnsemoe UHOUBUOYATbHBIM PE2YIUPOSAHUEM.

B kavecTBe umItyJibca A5l pEryJIMPOBaHUsl OTOMUTENBHON Harpy3ku Ha I'TTI
nmn MTII Hanbonee 1enecooOpa3HO MCHONBE30BaTh BHYTPEHHIOK TEMITEPaTypy
OTAIUIMBAEMBIX IIOMEILEHUI MM TEMIIEpaTypy YCTPOMCTBA, MOIAEIUPYIOLLErO
TEMIIEPATYPHBII PEXUM OTAIUIMBAEMBIX 31aHUM. Takas cxema peryJMpoBaHus
MO3BOJISIET MUCIIONIB30BATh TEMIIEPATYPY BOIBI B MONAOIIEM TPYOOIPOBOIE Tell-
JIOBOW CETH B KAYECTBE OJHOIO W3 MAHEBPEHHBIX MApPaMETPOB CHCTEMBI TEILIO-
cHaOkeHus. [Ipu HEoOXOMMOCTH MOXKHO 0€3 HapYIIICHHUS KauecTBa TEIIOCHA0-
KEeHUs TIOOHSTH TEMIIEpaTypy BOIbI B TIOAAIOIIEM TPYOONPOBOIE CETH 3HA-
YUTEITBHO BBIILIE, YEM ITO TPeOYeTCsl 110 ONTUMAIBHOMY PACUETHOMY PEKHMY TSI
JITAHHBIX YCJIOBHI.

Kpome Toro, npu ycranoske Ha I'TTI it MTTI perynstopoB oTOIuIeHHs! MOKHO

BBIOMpAaTh CPaBHUTENBHO CBOOOHOE OTHOIIGHHE HArpy3ok (pi'), =

=(Q>"/ Q! ), 0 KOTOPOMY CTPOHTCS PEIKUM LIEHTPAILHOIO PEeryINPOBAHNS,

TBC
HE OI1acasich Mepepacxoia TEIIOThI, NOCKOIbKY KOPPEKTUPOBKA Pacxoja Terio-
Thl HA OTOIUIEHUE MPOU3BOJUTCS 10 BHYTPEHHEN TEMIIEPATYPE OTAILIMBAEMBIX
TIOMEIIEHUH.

Kaxk npasuno, ysemrderue (p;"" ), Ipyu HEM3MEHHOH PacyeTHOI TEIIOBOI Ha-

rpy3Ke paiioHa NPUBOIUT K YMEHBIIEHUIO PACYETHOTO pacxo/ia BOAbI B TEIJIOBOU
CETH U DKCIUTYaTAIMOHHBIX PAacXOJIOB Ha Tiepekauky TeruoHocurens. OIHoBpe-
MEHHO YMEHBIIIACTCS KOMOMHUPOBAHHAS BBHIPA0OTKA 3JICKTPHYECKOM SHEPTUH HA
TOL, Tak Kak MOBHIIACTCS TEMIIEPATypa CETEBOM BOMIBI B MOMAIOIIEH JIMTHUH Te-
IJIOBOM CETH.

PaccMoTpuM mpuMeEHEHHE LEHTPaIbHOTO PETYJIUPOBAHUS COBMELICH-
HOI Harpy3kyd — OTOILICHHS M TOPSYETrO BOJOCHAOKEHUS — B 3aKPBITHIX U
OTKPBITHIX CUCTEMaX TEIIOCHAOKEHHSI.
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2.3.4. llenTpajibHOE peryJIMpoOBaHHe 3aKPBITHIX
cHCTEeM TenJI0CHA0KeHH .

B 3aKPLITBIX CUCTEMAX TeHHOCHa6)KeHI/ISI IIpr UCIOJB30BAHUUN PCTYIISA-
TOPOB OTOIUICHHS IIEHTPAJIbHOE PETYJIMPOBAHUE 110 COBMEUICHHOH Harpys-
K€ MPHHIHUITHAIBHO MOXET NPUMEHSITHCS B JIIOOOM paiioHe, T UMEIOTCS
00a BuAa TEMJIOBOM HArpy3ku (OTOIUIEHHE U Topsiuee BOAOCHAOXKEHHE),
HE3aBUCHMO OT OTHOCHUTEIBHOIO KOJIMYECTBA a0OHEHTOB C 000MMH BHIAMU
Harpy3KH.

ITpy mcnonb30BaHUM KaK PETrySTOPOB OTOIUIEHMS, TAK U PETYJIATOPOB
pacxona pexHuM IIEHTPAIbHOIO KAYECTBEHHOIO PEryJIMPOBAHUS 110 COBME-
IIEHHOH Harpy3ke pacCUMTHIBACTCS U3 YCIOBHUS ITOCTOSIHHOIO pacxoja ce-
TEBOH BOJBI JUIS YJOBJICTBOPEHHS CYTOYHOIO pacxoja TEIUIOThl Ha OTO-
IUICHHE U Topsvee BOIOCHAO)KeHHWE a0OHEHTOB C THIMYHBIM Ul paiioHa

3Ha4eHueM (P’ ).

Haubonee paumonanabHOM 3aBHCHMOW CXeMOH NpucOeAnHeHHs abo-
HCHTOB IIpU pacCMAaTpUBAC€MOM METOAC LECHTPAJIBHOIO PEryjinpOBaHUs sB-
JIAETCA CX€Ma C ABYXCTYINCHYAThIM IMMOAOTIPEBOM BOABI I IrOPpAYCro BO4O-
cHaOKeHHUs. DTa cxeMa C PeryisiTopaMH OTOIUIEHHS M PEryJisiTopoM pac-
xo0J1a ToKazana Ha puc. 1.40.

Ha puc. 2.9 a sta cxema mprBeacHa B YBEITMYEHHOM MaciuTale, a Ha
puc. 2.9 6 mokazaH XapakTep H3MEHEHHS pacxoja CeTEBOH BOJBI Uepe3 yc-
TaHOBKY W B 3aBUCUMOCTH OT PacxXxoja CETEBOM BOIbI W yepe3 BEPXHIOK
CTYIEHB MOJIOTPEBATENs ropsiuero BogocHaoxkenus 1. Pacxox cereBoii Bo-
JIbl B pacCMaTpUBAaEMON YCTAHOBKE PEryJIMPYyeTcsl IBYyMsl Ipubopamu — pe-
TYJISITOPOM pacxojia 6 U peryyaropom Temieparypsl 7. Perymisarop pacxoaa
6 ToAnepKHUBAET MPAKTUYECKH MOCTOSHHBIM 3aJaHHBI PacXoll CEeTEBOH
BOJIbI UEpEe3 COILIO 3JIEBATOpa MM 4Yepe3 Kakoe-mubo APyroe 3aJaHHOE CO-
MPOTHUBIICHHWE YCTAaHOBKM, HApUMeEp yepe3 ApOoccelbHyo Iaidy Ha Tpy-
6onpoBone. Korna perynsatop temmepatrypsl 7 OTKPBIBAE€TCSI U pacxof ce-
TeBOH BONBI W), uepe3 mojgorpeBaTenb | yBENUUUBACTCA, PETYISTOp 6 Mpu-
KpBIBAETCSl HACTONBKO, YTOOBI PacXo] CETEBON BOJBI Uepe3 COIUIO JIEBATO-
pa COXpaHHUJICA MPAKTUYCCKU IMOCTOSAHHBIM. Tonbko B Tex CiIydasx, Korjga
pacxon cereBoil Bonbel W, uepe3 mojorpeBarenb 1 MpeBbILIAeT 3aJaHHBIN
pacxon cereBoi Boawl W' Ha ycraHoBky W./W' > 1, perynstop 6 moiHo-
CTBIO 3aKPBIBAETCS M BECh PACXO/1 CETEBOW BOBI IPOXOAUT Yepe3 Mojorpe-
Batens 1. B atom pexume W= W,> W',

OcCHOBHBIE TPENMYILECTBA ITOIM CXEMBI:

@) BBIpaBHHBaHHE CyTOYHOTO Tpadrka COBMELICHHON HArpy3KH 3a CUeT
WCTIOJIb30BaHMs AKKyMYJIUPYIOIIEH CHOCOOHOCTH CTPOUTENBHBIX KOHCT-
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PYKLUH OTarIMBaeMbIX 37aHUI 0€3 YCTAaHOBKH CIIEUABHBIX aKKYMYJISATO-
poB;

0) MUHMMaJIbHBIA PacUeTHBIH pacXoJl CETEBOW BOJbBI, PaBHBIA I THU-
IIOBBIX BBOJIOB PACUETHOMY PACXOLY BOJBI HA OTOILIEHHUE;

6) TIOHW)KEHHasl TeMIiepaTypa oOpaTHOH BoJbI OJarojapsi UCIOIb30Ba-
HUIO TEIUIOTHI 3TOM BOJBI AJII YACTHUUHOI'O IOKPBITUS HATPY3KU TOPSIYEro
BOJJOCHA0KEHUSL.

5 w
v 7
1,2
tl"
- /
1 08 [ 1,e
e O 0,4
6 1w
2 tn ‘ln
——O 0{
Wig To2 02 06 1,0 Wy/W
Wy 92,
a o

Puc. 2.9. TlpucoennHenne ycTaHOBKH TOpsIYEro BOJ0CHA0KEHHS 1O IBYXCTYIICH-
4aToM MOCIE0BATENIBHON CXEME U OTOMUTENBHOM YCTAaHOBKH IO 3aBUCUMOH CXe-
Me€: @) NpUHIUIHUAIBHAS CXeMa; 6) 3aBHCHMOCTh CyMMapHOT'O Pacxofa CeTeBOH BOAbI I oT
€e pacxo/a uepe3 BEPXHIOIO CTYIEHb 00T PEBATEIs TopsiYero BoocHaokenus Wy; 1— mo-
JiorpeBarelb BEpXHEH CTYNEHH; 2 — TO JKe HIDKHel! cTyneHu; 3 — a1eBaTop; 4 — OTOIMUTEIb-
HBII TIPUOOP; 5 — BOIOpa300pHBIN KpaH; 6 — perylaTOp U OTPaHIYHUTENb Pacxoa; 7 — pery-
JIATOp TEMIIepaTyphI

3aaya pacyera IEHTPAJIbHOIO PEryIUPOBAHUS 3aKIIIOYACTCS B ONpeEe-
JICHHH TEMIIEPaTyphl CETEBOW BOJIbI B MOAAOIICH U OOPATHOM JIMHUSX CETH
MIPH Pa3IMYHBIX HAPYXKHBIX TeMIeparypax Ty, To = fity) (puc. 2.10).

McxonHBIMU JaHHBIMH JUISL pacueTa CIy)KaT: 3HauUeHHe P, s TUIIO-
BOro a0OHEHTA; PacUeTHBIN rpauK TeMIepaTyp Jisl OTOIUICHHUS Toi, Tox =

f(t;), TOCTPOCHHBII TO (opMyJiaM KauyeCTBEHHOro peryiaupoBanus (2.6),
(2.7); TMLIOBOW CYTOYHBIH IpaduK ropsiuero BOI0CHAOKEHHS.
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r W=W,
Tol
©°C. > W<wr,
120 |-
100 [
80 I tH.R tB.H 5 tH.O
B To2
60 -
- L g < Puc. 2.10. I'paduku mpu neHTpaIbHOM
40 F o 89 KaYeCTBEHHOM ~PEryIHPOBAHMH COBME-
5 [IEHHOM HArpy3KH OTOIUIEHHS W TOpsive-
- ' T'0 BOJIOCHA0XKEHUS (3aKphITasi CUCTEMA):
tix  fnau tho a) Temrepatyp; 6) W pacxola CEeTeBOU
a BOJIBI

[TockonbKy CyTOUHBIN rpauk ropsdyero BOJOCHAOKEHUSI BeChMa He-

pPaBHOMEpEH, TO OCHOBHOM pacueT NPOBOAUTCS MO 0aJaHCOBOW Harpyske
6

TBC’

ropsiuero BOJOCHAOXKECHHUS HECKOJIBKO TPEBBIMIAIONIEH CpeaHeHe-

cp.H
TBC

JENBHYIO . DTO 00BSACHSAETCS TEM, YTO MPHU HATPY3KE TOpSUYEro BOJO-

caabxeHust Oy, 00see BEICOKO#H, uem Q™ | mo xoTopoii BEIOMpaeTCs MIo-

TBC

a6 TTOBEPXHOCTH HarpeBa MOJOTPEBATENsS HWKHEH CTYMEHH, PasHOCTb
HArpy30K Qe — OPF mokphIBaeTCsI B OCHOBHOM TOJIOTPEBATENIEM BEpXHEi

TBC
CTYNEHM 3a CHET TeIJIOThl BOJIBI MOJAIONIeW JMHUM TEIUIOBOW CETH, YTO
MPUBOJIUT K CHH)KEHUIO OTITycKa TEIUIOTHl Ha oToruieHue. [lostomy u3 yc-
JI0BHsI 0OecredeH s CyTOYHOro OajlaHca TEeIIOThl Ha OTOIUIEHHUE IPH pac-
4eTe TeMIepaTypHoro rpaduka B Ka4ecTBE PacueTHON HArpy3KH TOpsSYero
BOJIOCHAO)KEHHS TPUHUMAIOT HE CpeAHEHENeNbHYI0, a TaK Ha3bIBaeMYIO

0aJlaHCOBYIO HATPy3Ky ch = %5 02", T %5 — TONMPaBOYHBIH K03 DHIH-
SHT JUIsl KOMIICHCAllMM HebalaHCca TeIUIOThl Ha OTOIUICHHE, BBI3BIBAEMOrO
HEPaBHOMEPHOCTBIO CYTOYHOr0 Tpaduka ropsidero BogIoCcHa0KeHusI.

[Tpn MCKYCCTBEHHOM BBIPAaBHHBAaHHHM CYTOYHOrO TpaduKa Tropsuero
BOJIOCHA0XKEHHUS1 Y aDOHEHTOB C MOMOIIBIO0 aKKyMYJIITOPOB TOpSYeH BOJBI
%5 = 1. Ilpy OTCYTCTBHH aKKyMyJISITOPOB MOXKHO NMPHHUMATh JUIS YKHJIBIX
3[JaHUI OPUCHTHPOBOYHO %5 = 1,2. BO3MOXHbBIE HETOYHOCTH, CBSI3aHHBIC C
OPUEHTUPOBOYHBIM BBIOOPOM 3HAYCHHS g, YCTPAHSIOTCS IyTEM IpPOBE-
POYHOro pacyera TeMIepaTypHOro rpaduka EeHTPAIBHOTO PeryIHpOBaHHS
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M0 CYTOYHOMY TEIUIOBOMY OaTlaHCy OTOMUTEIBHBIX YCTAHOBOK C THIIOBBIM
OTHOHICHHWEM HArpy30K ropsucro BOZ[OCH36)KCHI/I$I 1 OTOILJICHHUA.

Pacuer TemnepaTypHOro rpauka 3aKirodyaeTcs B ONpe/e/IeHuH Iepe-
MaZoB TeMIepaTyp CETeBOH BOIBI B MOAOrpeBaTeNie HIDKHEW CTYMEHH Tro-
psidero BojocHaOXeHUsl O, W MojorpeBaTenell BepxHEeW CTYyMeHH O, MpH

Pa3INYHbIX HAPYKHBIX TEMIIEpaTypax f, U OalaHCOBOH Harpy3Ke Trops-
6

TBC*
AYIOIMM 00pa3oM. 3aaroTcs HenorpeBoM Af" B HWKHEH CTYIEHH, T.c.
Pa3HOCTBIO MEKIY TEMIIEpaTypoil 0OpaTHOW BOJBI IOCIE CHUCTEMBI OTO-
IUIGHUS. Ty, M TEMIIEPaTypoi BOLOIPOBOAHON BOJBI MOCHE HIDKHEH CTyIIe-

4ero  BOJIOCHAOXKEHUS Pacuer 3nauenuit 6, U O; MPOBOIUTCS Clie-

HU TIojlorpeBatens ¢ mpu Harpyske Q° . M HAPYKHOH TEMITEPATYPE fy -
m m m
At =1, — 1. (2.28)

IpenBaputensHo MokHO npuHuMaTh At =5...10 °C.

Beluncisiror nepenajg TeMmieparyp CET€BOM BOJbI B HMXKHEH CTYIIEHU
6

HoJI0rpeBaTells ropsiuero BogocHabxkenus npu Q) U t,, 10 popmyiie

t—t
87 =p! (T4~ Tpn), (2.29)
tF - tX
rae p°= Q°./Q; t" — TemmepaTypa BOIOMIPOBONHOI BOBI MOCTE HHX-

m.

Hell CTYNeHH HOJOrpeBaTellsi rops4ero BOAOCHAOKEHHUS; ¢ =1 +0) ; t —

TeMIlepaTypa XO0JI0JHOM BOJOMPOBOTHON BOIBL.
6

TBC

Onpezaensitor 3Ha4eHue O, Npu 1 JIF000H Hapy>KHOM TeMIiepaType

ty U3 yCIIOBUSL:

8 _ YV (e~ )t —t,) 0 opuyatc
37V

82 = 8'2"(T02 _tx)/(ng _tx)‘ (2.30)
0

TBC

[Ipu Harpyske ropsyero BOAOCHAOKEHUS CyMMApHBII Iiepenan

Temnepatyp 6 = &; + O, MOCTOSHEH IPH BCEX TEMIIepaTypax HapyKHOTO
BO3/1yXa M paBeH

8= p (Th — o). (2.31)

IIepenan TeMiepaTyp CETEBOM BOABI B BEPXHEW CTYIIEHU IIOJOTPEBATE-

JISL TOpSIYEro BOAOCHAOKEHHsI TIPH JF000H Hapy>KHOH TeMIlepaType MOXKeT
OBITH HaiizieH 1o Gopmylie

81 =08 -— 82. (232)
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Ecnu pacderHblil HELOIPEB BOJABI B HUXKHEH CTYIIEHU IIPU HAPYKHOU
TEMIIEPATYPE lyu

T
Af" = 22 F( n—t), (2.33)
TOZ X
TO IIpH pvaerHOﬁ Hapy>1<H0171 TEMIEPAType o «OamaHCcoBas» Harpyska

ropsiuero BOJOCHAOXKCHHUS Q

e LIEIMKOM TMOKPBIBAETCA 33 CUET TEIUIOTHI
o0paTHOI BoJBI Mocie oToruieHus U nepenayn o, = 0. [To HaliieHHBIM 3Ha-
YeHUsIM O, M O; W M3BECTHBIM 3HAYCHUSIM TEMIIEpaTyp BOABI B CETH MpPH
YUCTO OTONUTEILHON HArpy3Ke To; U Top W JIFOOOM HAPYKHOM TeMmIepaType
B MoJaloIeil u oOpaTHON JIMHUAX TEIIOBOW CETH MpH «0anaHCOBO» Ha-

IPpy3Ke Tops4Yero BOJOCHA0KEHNUS JIETKO ONPEeNiTh T) U To:
T1=T01 81, T2= T2 — . (2.34)

[Ipu ueHTpambHOM peryjIupOBaHMU 1O COBMEIICHHOH Harpys3ke OTO-
TUIEHUSI U TOPAYEro BOAOCHAOXKEHHsI TeMIlepaTypa CETeBOH BOIBI B MO-
Jarollel JIMHUH TETUIOBON CETH MPH MOBBIIICHHBIX HAPYKHBIX TEMIIepaTy-
pax BBILIE, YEM MO OTOMUTENBLHOMY TPaQuKy T1 > T .

3TO 00CTOSTENBCTBO AA€T BO3MOXKHOCTD CABHHYTH HApYXHYIO TEMIIe-
paTypy usioma rpaduka t,, B CTOpoHYy 00Jiee BBICOKUX #; U OJlarogaps 3To-
My YMEHBIIHTD AHAana3oHa u3lioMa rpaduka B psje ciiydaes 70 HyIs.

Takoe pelieHHe CYIIECTBEHHO YIy4lIaeT paboTy TermIopuKaloOHHOMN
CHCTEMBI, HO TpeOyeT yBelTMueHHs MOBEPXHOCTEH HarpeBa mojorpeBareneii
ropsiuero BoJlocHaOkeHus (CM. myHKTHp Ha puc. 2.10).

[lo mpuBeneHHBIM BhIIIE (HOpMYIaM HAXOAAT 3HAUEHHS O U O, JUIA
JIMana3oHa IIEHTPATBHOTO Ka4eCTBEHHOTO PEryJUpOBaHUs MO COBMELICH-
HOW HarpysKe OTOIUICHHSI M TOPSYEro BOJOCHAOKEHUS, T.€. IS Jrara3oHa
HapY>XHBIX TEMIEPATYP OT £y o A0 Ly u.

Ha Bcem 3TOM Imamnas3oHe pacxoj] CETeBOM BOABI y aOOHEHTOB C THIIHY-
HBIM OTHOLIEHHUEM Harpy3oK p;" mpaKTHYEeCKU MOCTOSHHbIN W = W'

B amamazone uznoma temmepatrypHoro rpaduka, T.e. B Auana3oHe Ha-
PYKHBIX TEMIIEPATYP OT fyy, JIO tyx, PETYISATOP OTOMJICHHS, YCTAHOBIICHHBIH
Ha ['TII unu MTII, cHmkaeT pacxos CETeBOM BOJBI IO MEPE MOBBIICHUS
HapY>KHOH TeMIIepaTyphl, TaK KaK TeMIlepaTypa BOJbI B MOJAIOIIEM TpyOo-
HPOBOJIE TEIJIOBOM CETH T; = T| HPEBBIIIACT TEMIIEPATYPY, TPEOYIOIIYIOC
JUTSl KAYeCTBEHHOT'O PeryTUpOBaHUs TEIUIOBOH HArpy3KH.

Jns monaep)kaHusi B 9TOM JMANa3oHe MOCTOSHHOI'O PacXxoja BOJbl He-
MOCPEACTBEHHO B OTOMUTENBHON YCTAHOBKE JOJIKEH BKIIOYATHCS B PabOTy
cmecutenbHblil Hacoc Ha MTII wnm I'TTLL
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2.3.5. llenTpajibHOE peryJIMpoBaHHe OTKPBITHIX
CHCTEM TelJI0CHA0KeHUs.

LenTpansHoe peryaupoBaHrE OTKPBITBIX CHCTEM TEIIOCHAOXKEHHS I10
COBMEILIEHHON Harpy3ke OTOIUICHUSI M TOPSUEro BOJOCHAOXKEHUs TPOU3BO-
IUTCS OOBIYHO KaueCTBEHHBIM MJIM Ka4eCTBEHHO-KOJIMYECTBEHHBIM METO-
JIOM IIpU CBOOOIHOM PacIojaraéMoM HJIM IOCTOSHHOM HAaIlope Ha KOJUIEK-
Topax TOLI

Kauecmeennoe pezynuposanue. B 3aBUCHMOCTH OT IPUMEHSEMBIX Ha
I'TII i MTII THDOB perynsTopoB IIPU LEHTPAIBbHOM Ka4eCTBEHHOM pe-
TYJIMPOBaHUM 1O COBMEIICHHOH Harpy3ke Yy3Jbl TNpuUcoennHeHHus abo-
HEHTCKHX YCTAHOBOK K TEIJIOBOW CETH BBIMOJHSAIOTCS MO PAa3IUYHBIM CXe-
MaM.

[Ipu mpuMeHeHUH PEerysisITOPOB OTOIMJIEHMS JJS KOJIMYECTBEHHOIO pe-
T'YJIMPOBAaHMS OTOMUTENBHON Harpy3KH Mo BHYTpEHHEH TemrmepaType oTal-
JIUBAaeMbIX MMOMEIIEHUI 3TH PEryisaTopbl YCTaHABIMBAIOTCA: MPU 3aBUCH-
MOW cXxeMe MPHUCOENNHEHUS — Mepel] CMECUTENbHBIMU Y3JIaMU OTOIMUTENb-
HBIX YCTaHOBOK (puc. 2.11 a); mpu He3aBUCUMOI cXxeMe PUCOeANHEHNS —
nepen OTONUTENBHBIME MofiorpeBaTensiMu (puc. 2.11 6).
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Puc. 2.11. Cxema aOOHEHTCKOTO BBOJIA OTKPBITON CHCTEMBI TETUIOCHA0KEHUS:

a) pH 3aBUCUMOM MPUCOCTUHEHUU 6) Ipyu HE3AaBUCUMOM MPUCOCINHEHUN OTOIHUTEIIEHON
YCTaHOBKH; 1— PerynsaTop OTOIUICHHS; 2 — PETYISTOp TeMIlepaTyphl Topsiaei Boasl; 3 —
00paTHBIH 3aTBOP; 4 — OTONHUTENBHBIN IPHOOP; 5 — Bomopa30opHBIil KpaH; 6 — 51eBaTop;

7 — Hacoc; 8 — OrpaHUYUTENb PACXOMA; 9 — MOOrPEBATENb OTOMIICHHUS
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[lpu mpUMEHEHWHW PEryisSTOPOB pacxoJa WX YCTAHABIUBAIOT Ha I0-
Jarollel IMHAK TeIJIOBOM CETH Mepell y3I0M 0TOOpa BOIBI Ha TOpsiuee BO-
JocHaOXeHHe.

[Tpu npuMeHEeHUH PEeryJIATOPOB OTOIUICHHS, TIOICPKUBAIOLINX 3a/1aH-
HYIO TCMIICPpATYpy B OTAINIMBACMBIX MNOMCIICHUAX, MOXKHO HCIIOJIbB30BATH
TEeMIIEpaTypy BOJbI B IIOJAOUIEH JIMHUU TEIJIOBOM CETU B KAYECTBE OJHOr0
M3 MaHEBPEHHBIX MTAPAMETPOB CUCTEMbI TEIUIOCHAOXKeHUs. Takoe penieHne
MOBBIIIAET MAHEBPEHHYIO CITIOCOOHOCTH TEIJIOBOM CeTH M MOo3BOJIsIeT obec-
MEYUTh OTHOCUTEIBHO KauecTBEHHOE TeIoCHA0KeHne a0OHEHTOB, UMEI0-

IIMX PA3TUYHOE OTHOLIEHHE P, " 0€3 YCTAHOBKU JOMOIHUTEIbHBIX PEry-

JIATOPOB.

[Ipu oTCYTCTBMM y aOOHEHTOB aKKyMYJISTOPOB TOpsSYed BOABI MOXKHO
MPUHUMATG JUIS XKUJIBIX 30aHui %6 = 1,1.

IIpy npuMeHEeHWH KaK pPEryJsiTOpOB OTOIUIEHUSA, TaK U PETYJIATOPOB
pacxoza 3ajaya pacuera pexuma LEHTPAIbHOTO PEryJIMPOBAHUS 3aKI04a-
eTCS B ONPENCICHUN TEMIIEPaTyp BOJBI T U T, B MOJMAOIICH M 00paTHOU

JIMHUSX TEIUIOBOM CETH MPHU Pa3IUYHBIX HAPYXKHBIX TEMIIEpPAaTypax f; u 0a-
6

JIaHCOBOM HAarpyske ropsdero BogocHaoxkenus Q.. .

Ha puc. 2.12 @ noka3aH TeMIiepaTypHbI TpauK OTKPBITOH CHCTEMBI
TeII0OCHA0XEHUsI TPH PacCMaTPUBAEMOM METOJIE KaUeCTBEHHOTO PeryJiiH-
pPOBaHMSI MO COBMEIIEHHOM Harpyske M 3aBHCHUMOM IPHCOEIMHEHUHU OTO-
MUTENILHOW YCTAHOBKH K TEIJIOBOM ceth (cM. puc. 2.11 6), a Ha puc. 2.12 6
— pacxoji CeTeBOH BOJBI.

[Ipu xauecTBEHHOM pEryJIMpPOBAaHUM MO COBMEIIEHHOH Harpyske oTo-
TUIEHUS U TOPSYEro BOJAOCHA0KEHHs SKBUBAJCHT pacxoja BOIbI B IMOAAI0-
el JINHUY TEIIOBOW CETH B JUana3oHe HAPYKHBIX TEMIIEPaTyp OT fy, 110

ty.u TIOAIEPKUBACTCS TIOCTOSHHBIM, PaBHBIM PacyeTHOMY SKBHUBAJIEHTY pac-
Xofia Bojibl Ha oTortenue W, = W= W= Q. /81, ; W, = W/W,= 1.

[TosTomy BOMOpPa300p M3 MOJAIOIICH TUHUKM CHUYXAET PAcXo]] CETEBOM
BO/IbI B CHCTEMY OTOIUIeHUs. J[msi mpeaynpexiaeHdus THApaBIdYecKod U
TEIJIOBOM Pa3peryJrupoOBKH OTOMUTENBHBIX YCTAHOBOK HEOOXOIMMO B y3-
JlaX CMEIIEHHUs YCTaHaBJIMBaTh KPOME CTPYHHOro Hacoca (3yieBaTopa) Tak-
K€ MEXaHHMYeCKUH HacoC, KaK 9TO Moka3aHo Ha puc. 2.11 a.

Takoe pelnieHue Mo3BONSIET MOAAEPHKUBATH TTOCTOSHHBIM PacxoJl BOJbI
B OTONMMTENHHON YCTaHOBKE MPU MEPEMEHHOM pacxoje CEeTeBOI BOAbI, MO-
CTYHAIOIIEN B CUCTEMY OTOILIEHHSI. B 3TOM ciydae TeMIepaTypHbII PeXUM
HEIOCPEACTBEHHO OTONUTENIBHON YCTAHOBKH, T.€. TEMIIEPATYPHBINA PEXUM
OTOIUTEIBHBIX MPHOOPOB, COOTBETCTBYET PEKUMY KauecTBEHHOTO pery-
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smupoBanus. [losToMy TemmepaTypa oOpaTHOM BOJBI MOCIE OTOMUTEIBHOM
YCTaHOBKH Ty COOTBETCTBYET ypaBHEHUIO (2.7).

L pwswy  Wy=1

120 |

d
(]

v

®
wg/

100 [~

Wy

we/

3|

80 I~ Wo

4 w w

tpx tum o tur tho

60 ™

10 F Puc. 2.12. I'paduku mpy HEHTPAIEHOM Ka-
YECTBEHHOM pEryJHpOBaHMM IO COBMe-
IIEHHOW Harpy3Ke OTOIUICHHS M TOpSYero
BOJIOCHAOKEHHMS (OTKpBITasi CUCTEMa; 3aBH-
cHMasi cXeMa NPUCOEANHEHUS OTOIHTEINb-
T e fue HOH YCTaHOBKH): @) TEMIIEPATYPHBIH;

a 6) rpaduk pacxona CeTeBOU BOJIBI

20 |~

Temneparypa BoAbI B NMOAAIOLIEH JTUHUM B IUANIA30HE fyy, ... fyy ONPEIE-
JIIETCS HA OCHOBE YpPaBHEHUSA

’ 6 —
(W, = W )T = 102) = Qo (2.35)
rac VVfH— OKBUBAJICHT pacxXxoJa BOABI U3 HO[[aIOHIeﬁ JIMHUW Ha TOpAYCC BO-
nocHaOkeHue npu 0aaHCOBOW HarpysKe.

ockonsky W, =Q) /8t,; WS = EPQ 0,=00; [3=tr_T°2,To

r X Tl - TOZ
13 COBMECTHOI'O pCHICHU A Cnez[yer
t - -1
— 4 02
T =Tp + STO( - + Qo ) =To + STOpF . (236)
tr tx tr - tx

U3 (2.36) cnemyer, 4To MpH KauyeCTBEHHOM PETYIMPOBAHUU OTKPBITHIX
CHCTEM TEIUIOCHA0XKEHHsI TI0 COBMEIIEHHOW HArpy3Ke OTOIMJICHUS W Tops-
4ero BOJOCHAOKEHHUsI TeMIlepaTypa BOJAbI B MOAAIONICH JIMHUM TEIIOBOH
CETH BBIIIE TEMIIEPATyphl B MOJAIONISH JIMHAH MPH Kaue€CTBEHHOM PeryJiu-
POBaHUHM MO OTOMUTENHHOM Harpy31<e (2.6) Ha BenMUYWHY, paBHYIO

5t.p L~ T
[ .
t.—t,
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IToaToMy 1npu HapyXHOH TEMIEPATYpPE ty = ty.r, KOTHA T = #r, YKa-
3aHHas Haj0aBKa paBHa Hymo. [Ipu HapyKHBIX TeMmepatypax t, < t.. rpa-
¢$uK TemnepaTyp NOJArONIeH TMHUN IPU KaueCTBEHHOM PeryIupOBaHUH 110
COBMEIICHHON Harpy3Ke OTOILICHHSI U TOPSYEr0 BOJOCHAOKEHUS COBIIAIa-
eT ¢ rpaKOM Ka4eCTBEHHOTO PETYIMPOBAHUSI OTOMUTEIBHON HATPY3KH T
= To1 (CM. (26))

B nuana3oHe HapyX HBIX TEMIEPATYP fy.o .--Ly.r, KOTJA To2 = f, BECH BO-
JI0pa300p OCYIIECTRIISIETCS M3 O0paTHOM JIMHUM TerioBoi cetd, (B = 0 u
pacxoj ceTeBOM BOJbI, MIOCTYNAOIIEH B  OTONMUTENbHYIO cucTemy W,
=W WO = 1. B nuana3zoHe HapyXHBIX TEMIEPATYP fy ...y BOJOPA300P
YaCTUYHO YIOBJIETBOPSETCA W3 IONAIOLICH JIMHUM TEIUIOBOW ceTu. [lonsd
BOjiopa3bopa u3 noparoiell auHuu P = (4 — To2)/(Ti— To2) BO3pacTaer ot 3
=0 npu ; = ty.r, KOTHQ = Top, 10 p = 1 1IpH ¢, = £, KOTHA £ = T).

OTHOCUTENBHBIN 3KBUBAJIEHT PacXojla CETEBOW BOJABI HA OTOILICHHUE B
3TOM JMara3oHe

W, =61, _9Q . (2.37)
U T
B nuana3oHe HapyX HBIX TEMIOEPATYP tyy ...ty x» KOTHA G = To1, B =1lu
BECh PacXojl BOJbI Ha ropsvee BOJOCHA0KEHNE OTOMPALCTCS TOIBKO U3 T10-
JIAFOIIEN JIMHUM TEMJIOBOW CETH. B 3TOM Juana3oHe SKBUBAJIEHT pacxoia
BO/IbI B MOJAIOIIEH JIMHUM TEMJIOBON CETU

p Q6
Wi=W,—W,= —=—+—=- (2.38)
T =T T~
WIH
— Q) o
W, =W,/W, + W/W, = &1t ( o +——). (2.39)
T =T Tk

B mnpaBoii gactu (2.38) mepBoe crnaraeMoe — 3KBHBAJICHT pacxoja ce-
TEBOH BOJIBI Ha OTOIUIEHUE, BTOPOE — Ha Topsiyee BoAOCHAOKEeHUeE.

Pacxon Boabl B 00paTHO# JIMHWUM CETH PaBEH PAacXoJ]ly B IOJAOIICH
JUHAW MHHYC pacxo]l Ha Topsiuee BOAOCHa0KeHHe:

Wy=W,-W7.
B 1auanazoHe HapyXHBIX TEMIEPATYP luo-.. Lun

W,=W, - Wr6 WIn
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W 7, - O (2.40)
VVO tr _tX

[Ipu HapyKHBIX TEMIIEPATYPAX fyo...Lxy OOpaTHAS BOJA TMOCIE OTOIH-
TEJIBHOM yCTaHOBKHU, OTOMpaeMas Ha TOpsdee BOJOCHAOKEHUE, UMEET TeM-
neparypy Toz = &, IpUUYEM TEMIIepaTypa Top BO3pacTaeT MPU CHUIKCHUMU 1.
ITosToMy B 3TOM IHana3oHE CHUXKAETCS 3KBUBAJIEHT pacxoja BOAbI HA To-
psidee BOJOCHAOKEHHE 1 BO3pacTacT Wz .

B nnana3oHe Hapy)XHBIX TEMIIEPATYP .. fux PKBUBAJICHT PAcxojia BOJIbI
B 00paTHOI JIMHHUM PaBEH PacXojy Ha OTOIUICHUE, TOCKOJIBLKY BOJa Ha TO-
psidee BogOCHaOXKeHHe OTOMpaeTcsl TONBKO U3 MOJAIONIeH JIMHUN TEeTJI0BOH
CeTu:

P
A Y (2.41)
L )

Ha puc. 2.11 6 u neHTpaIbHOM KaueCTBEHHOM PEryJIMPOBAaHUU TI0 CO-
BMEIIICHHON HAarpy3ke OTOIUICHHS W TOPSYEro BOJIOCHAOXCHUS W IICH-
TpPaJbHOM KaueCTBEHHOM PETYJIUPOBAHUU 10 COBMELIEHHOW Harpy3ke oTo-
IJICHUA U TOPAYCTO BOZ[OCH36)KCHI/I$1.

HpI/I HMCIOIb30BAaHUU dTOM CUCTEMBI SKBUBAJICHT pacxoaa BOJAbI BO BTO-
PUYHOM KOHTYpPC (Me>1<z[y OTOIMIUTEIIBHBIM TMOAOTrPEBATCIIEM U OTOINHUTEIIb-
HOW yCTAaHOBKOI) SIBJISIETCS] TIOCTOSTHHBIM TIPH BCEX TEMIIEpaTypax OTOIMH-
TenpHOro nepuoaa W, = const. 3Hauenue W, 3aBUCHUT OT PACUETHOTO Tie-

permajia TeMreparyp O 7T

’
0

MPUHATOrO 111 BTOPUYHOTO KoHTtypa. Ilpu 3a-

JAHHO# GanaHCOBOI HArpy3Ke ropsyero BogocHatkenns Q°  SKBUBAJICH-

TBC
ThI pacxojia BOJIbI B MOJAIOIICH U 0OpaTHOM JIMHUIX MIEPBUYHON ceTH Wi u
W, cBA3aHBl ypaBHEHHEM

w, =w,+ Wf = const,
IIpAYEM
w, = Q. /51, (2.42)
e 0t =1, — 1
W= Q° /(t—t). (2.43)

TemrmepaTypa B moAaromel 1 0OpaTHOM JMHUSX EPBUYHOTO KOHTYPA T
U T, MpH OONBIIUX 3HAYCHUSX OTHOCHUTEILHOW OTOMHTENHLHOW HArpy3KH
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0, , Korja T, > t, T.e. KOIjla BoJa JUls ropsiuero BoJOCHa0KeHus: oTOnpa-

ercsl TOIBKO U3 00paTHOW JuHMY TersioBoi cetn (P = 0), ompenensercs mo
(2.11—2.13) ans Ka4eCTBEHHOTO PEryJIMPOBAHMS OTOMUTEIBHON HATPY3KU
MIPY HE3aBHCHMOM cXeMe IPUCOETNHEHNS OTOIMUTENBHBIX YCTAHOBOK.

[pu 1, < ¢, pacuer TemrepaTypsl BOJbI B MOAAIONICH U 00paTHOH JIMHU-
SIX TEIJIOBOM CETH MEPBUYHOIO KOHTYpA INPHU 3aJaHHOW OajlaHCOBOW Ha-
Tpy3Ke TopsYero BOJOCHAOXKEHUSI M Pa3InUHBIX OTHOCHUTEIbHBIX 3HAUYCHH-

SIX OTONUTENBHON Harpy3ku QF NPOBOIUTCS CIEAYIOIINUM 00pa3oM.

OrnpenenstoT OTHOCHUTEIBHBIN pacxoja Tperolield BOABI Yepe3 OTOMU-
TEIBHBIN MOJOTPeBATENh MO CICAYIOIIEMY YPABHEHHUIO:

tr_T,OZ_L_aSTr:)_L WTST(: _(WE
ot QOF ot @ ot

T r

WT(%Jr “14+b)=0, (2.44)

e W= W./W, = W./W/; 19, — TeMnepaTypa 00paTHO# BOJIbI MOCIIE OTO-

NUTENBHON YCTAaHOBKH IIPU OTOIMTENbHOI Harpyske OF .

[Tapamerp oronuTenbHOro nojgorpesarens @, ONpeAesstoT 0 U3BECT-
HBIM JAaHHBIM JJId €0 PaCU€THOI' O pCKUMa

_ k_S,: Q(: /Ati, =8i<; ’ (2.45)
w) Q) /dt, At

o

D,

rae k — Kod(pPUIUEHT Teronepeaayy moaorpeBarens; S — miomaab mno-
BEPXHOCTU TeII00OMeHa; 3T, — Iepenaj TeMIepaTypbl CEeTeBOil BOABI B
OTOIHUTEIBHON YCTAaHOBKE; Af) — Cpe[Hsis PasHOCTh TEMIIEPATyp B OTOIH-
TENFHOM MpHOOpEe MEKIY Tperolield BOJIOH M BO3AYXOM B OTaarlsIMBAEMOM
MOMEUICHHH TIPH PACYCTHOM PEKHME, T.€. IIPU HAPYKHOU TEMIIEPATYPE fiy 0.
JIJ1s CeKIMOHHBIX BOIO-BOISHBIX mogorpesarened a = 0,35, b = 0,65.
HaxonsaT Temnepatypy BoAbI B IOAAOLIEM U 00paTHOM TpyOOIpoBOAax
TEIIOBOM cetu mo (2.11 —2.13).
B Ta6:. 2.3 npuBeneHbl 3HAUECHUSI Ty, T, IPH OTKPBITON CUCTEME TEIIIO-
CH36)KCHI/I$I M 3aBUCHUMOM CXeMe MMPpUCOCANHCHHA.
IIpu nposenennu pacyera npuHaTo: Ty, =150°C; 13, =70°C;%s=1,1.
B Ta6u. 2.4 npuBeCHBI TE ke BEIIMYUHBI, YTO U BBIIIE, HO TIPH HE3aBU-
CHUMOii cXxeMe IpHcoeanHeHus. [Ipu NpoBeeHun pacyera IPUHATO: Ty, =

130°C; 1, = 70°C; % = 1,1.
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Tabmuna 2.3
TeMmnepaTypa ¥ OTHOCUTEJbHBIH PACX0 BOALI HA OTOIJIEHHE TIPHU
HEHTPAJIBLHOM KAa4YeCTBEHHOM PeryJJMpoOBaHUHU 10 COBMEIIEHHOH HATPY3KH
OTOIJIEHHSI ¥ TOPAYETro BOJOCHAOKEHUSA U 3aBUCHUMOM
cxeMe NMpUCoeTUHEHHs] OTONMUTENbHBIX YCTAHOBOK (OTKPBHITasi cMCTEMa)

o pr =0 pr =015 p;" =03
' u | on W, T on | W, u| o | W,
1 150 70 1,0 150 70 1,0 150 70 1,0

0,8 126 62 1,0 126 62 1,0 126 62 1,0

0,6 101,5| 53,5 1,0 103 53,5 | 0,97 | 104,6 | 53,5 0,94
0,4 76 44 1,0 | 79,8 44 0,894 | 83,7 44 0,806
0,3 62,9 38,9 1,0 68 38,9 | 0,825 73 38,9 | 0,703
0,28 | 60,2 37,8 1,0 65,5 | 37,8 | 0,809 | 70,8 37,8 | 0,679
0,25 56,2 36,2 1,0 61,2 | 36,2 0,8 67,6 | 36,2 | 0,636
0,2 49,3 33,3 1,0 60 33,3 0,6 62,1 33,3 | 0,555

Ta6nuna 2.4
TemnepaTypa U OTHOCHTEJIbHBIH PACXO0/I CETEBOI BO/IbI Yepe3 0TONMUTEbHBII
BO/IOTIOI0TPEBATEJIb MPU IEHTPAJIBHOM KAa4eCTBEHHOM PEryJTHPOBAaHUM 110
COBMEIIIEHHOM HATPY3Ke OTOIJIEHHS U TOPsiYero BoJI0CHAOKEeHUsI U HE3aBHU-
CHMOIi cXeMe NPUCOeIMHEHUs] OTONMTEJIbHBIX YCTAHOBOK

.H .H .H
o0 pr =0 pr =015 pr =03
A — — —
Y T, /8 T T, | W Y T, | W
1,0 150 75 1,0 150 75 1,0 150 75 1,0
0,8 126,7 66,7 1,0 126,7 66,7 1,0 126,7 66,7 1,0
0,6 102,1 57,1 1,0 102,2 56,5 0,985 103 56,5 0,97
0,4 76,4 46,4 1,0 78,5 452 0,895 81,5 44,7 0,815
0,28 61 40,0 1,0 65,0 39,6 0,82 69,5 39,0 0,69
1,0 180 75 1,0 180 75 1,0 180 75 1,0
0,8 148,3 643 1,0 148,3 643 1,0 148,3 643 1,0
0,6 118,3 55,3 1,0 120 55,3 0,98 121 54,6 0,94
0,4 87,2 452 1,0 91,5 44,7 0,895 96,3 44 0,80
0,23 60 35,8 1,0 67,7 35,6 0,76 75,4 35,6 0,60

Kauecmeenno-xonuuecmeennoe pezyiuposanue npu c60600HOM uiu
HOCMOAHHOM pacnoniazaemom Hanope Ha koanexkmopax TIL].

[MpuHtunuaneHas cxeMa aOOHEHTCKOTO BBOJA MPH paccMaTpUBAEMOM
METO/Ie peryJIMpoBaHMs OTITyCKa TEIUIOTHI MToKa3aHa Ha puc. 2.13.

I[HSI MOJIy4CHHUSA OAMHAKOBOI'O 3aKOHa M3MCHCHUS pacXoJida BOAbI Y BCCX
a0OHEHTOB HEOOXOANMO MPH HAYAJBHOW PEryJHpOBKE CETH, KOTOpas Mpo-
HU3BOAUTCA IIPU BBIKIIIOYCHHOM TOpsYEM BOI[OCH36)KCHI/II/I, YCTaHOBUTH
OJIMHAKOBBIC HAIOPHI B MOJAIOIICH U OOpPAaTHOM JTMHUSIX HA BCEX aDOHEHT-
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CKMX BBOjax. [Ibe3oMeTpuueckuil rpaguk M3MEHEHHs Hamopa TEmIoBOM
CeTH MpHU HaYaJIbHON peryaupoBKe MokazaH Ha puc. 2.14. [1pu atom momx-
HBI OBITH COOTIOJICHBI CIIEYIONIIE YCIOBHUS JJIsl HAITOPOB Ha BCeX aOOHEHT-
ckux BBogax: H,, = idem; H,; = idem; H, = idem.

& 4 Puc. 2.13. Cxema aOOHEHTCKOrO BBO-

‘ J1a B OTKPBITOM CHCTEME TEeIIOCHA0-

JKEHUS] TIpU  IEHTPAJbHOM KayecT-

r-= BEHHO-KOJIMYECTBCHHOM  Pery/IHpoBa-

L HUU MO COBMEIIECHHON HArpy3Ke OTO-

CWITI 2 |Wode IJICHUS W TOPSYEro BOAOCHAOKEHUS:
§3

7
A1
L 7 — MOCTOSTHHOE THAPABIMYECKOE CO-
7 MPOTHBIICHHE, OCTaJlbHbIE 000O3HAUE-
Watg
o} + HUS T€ K€, 4TO U Ha puc. 2.11
_ Bce u30bITKH Haopa mpu Havajlb-
A HOM pEryJIMPOBKE JOJIKHBI TaCUTHCS
o }qﬂ | Y i MOCTOSSHHBIMHM ~ CONPOTUBJICHUSIMU 7,
i ) ,LM YCTaHOBJICHHBIMM Ha BBOJIE€ MeEpen
H,
L Hog a y3JI0M Bojiopa3zoopa (cM. puc. 2.13).

% IIpu naHHOM MeETOnE pEryaupoBa-
\7777777777”777,,,,,_ HHUSI pacxof, BOJABI B TEIUIOBOM CETH
3aBUCUT OT OTHOCUTEIIBHOM Harpy3ku
ropsiYero BOIOCHAOKEHHS U XapaKTe-
pa pacmpenesieHusi 3TOW Harpy3Ku
MEKAY mnonaromeil u obpaTtHol IH-
HHUSIMH TEIJIOBOM CETH.

OCHOBHO#1 pacueT IeHTPaIbHOTO PETYINPOBAHHUS, T.€. pacueT rpaduka
TeMIIepaTyp BOJbI B OJAIONIEH U 00paTHOM JTMHHSIX TETUIOBOM CETH BEIET-
sl IO TUTIOBOMY aOOHEHTY palioHa W 10 CpeJHEHEAENbHON Harpy3Ke ropsi-
4ero BojocHaOkeHnsa. Kak moka3eiBaroT MPOBEICHHBIE HCCIICAOBAHMS, IPH
3TOM, KaK MpaBWIO, 00ECIIeuUBAETCsl CYTOYHBIN OajlaHC TEeMJIOThl Ha OTO-
IIJICHUE.

PacuerHbIM ypaBHEHHEM JUIsl paCCMATPUBAEMOr0 METO/A LIEHTPaIbHO-
IO peryJIMpOBaHus SBISETCS YPABHEHUE IMAPABIINKY, CBSA3BIBAIOIIEE [1OTE-
pH JaBlIeHHS B CHCTEME TEIUIOCHAOXKEHHS C pacrojlaraeMbIM IepenaioM
JIaBJICHUI HA KOJUIEKTOpaxX CTAHLIMMU.

Jnst 1ByX peXMMOB pabOThl TEIJIOBOM CETH, M3 KOTOPBIX MPH OTHOM
uMeeTcs BoJopa3dop Ha ropsiuee BOAOCHaOXKeHHe, a MPH APYrOM BOJOpas3-
00p TMOJHOCTBIO OTCYTCTBYET, MOXKHO HAaMUCaTh CIEAyIOIIMe ypaBHEHUS
THIPaBIHKH:

i

Puc. 2.14. [Ibe30MeTpuyeckuii rpa-
(UK OTKPBITON CHCTEMBI TEILIO-
CcHaOXeHUS
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5.V, +BV,) +s,V) +s,(V,—(1-BW,)’ =H,; (2.46)

(5, +5,+5,)(V))* =H_,, (2.47)

rae V, u V; — pacxoapl ceTeBO BOJBI Ha OTOIUIEHHE U ropsiuee BOAOCHA0-

JKEHWe TP HAMYMM BOjopaszbopa, M/c wmu M /a; V) — pacxon cereBoii

BOJIbI HA OTOIUIGHHE P OTCYTCTBUHU BOJOpa30opa, M/c wmn M/a; H.,, H o

pacronaraeMblii Hamop Ha KOJUIEKTOpPax CTaHLMWHM TPH ABYX paccMaTpH-

BaEMBIX PEKUMax pabOTHI CETH, M; Sy S, S, — COMPOTUBICHUS MOAAIOMICH

JIMHUM TEIJIOBOM CETH, 3JIEBATOPHOIO y371a U OOpPaTHOM JIMHHUM TEIJIOBOM

cern, M-c/M° mmm M-a*/M° ; B — 1oas oTGopa BOJBI Ha Topsidee BOAOCHAO-
KEHUE U3 MOJAIOIIeH JTMHUHU TEIIIOBOH CeTH.

U3 coBmecTHOrO pemieHus ypaBHeHu# (2.46) u (2.47) nomyyaem

v, =W, = — =, (243
v, v,
S|1+B—"| +5,+5,[1-(1-B)-——
o BV ) 1) ( B)Vo

o

rne V, =W, =V,/V, =W,/W, — oTHOLIeHNE PacXx0a BOJbI WM IKBUBA-

JIeHTa Pacxojia BOJABI HAa OTOIUICHHE IIPH JIIOOOM PEXHMME K Pacxojmy WiIn
2

SKBHUBAJICHTY PAcX0/ia BOJBI IIPU OTCYTCTBUH Bojopaszbopa; o” = H.,/H,, —

OTHOILICHUE PACIIOIIAraeMOro Haropa Ha KOJUIEKTOpaxX CTAHIUU IIPU JII0O0M
pexXHMe K pacloiaraeéMoMy Hamopy IpH OTCYTCTBHM Bojopazbopa (mpu
ToJUIepKaHNH Ha CTAHIMH TOCTOSIHHOTO Haropa o’ = 1); 5, 5,5, — OTHO-
CUTEIbHBIE COMPOTUBIICHUS IOJAOIEH JIMHUM, 3JI€BaTOPHOrO y3ia, 00-
PATHOM JIMHUHM, S, = Su/S; 5, = S,/8; S, = S,/S;8 = Sy T 85+ So.

U3 coBmecTHOTO pemienus ypasaenuit (2.11—2.13) u (2.25) BbiBOAUT-
Csl 3aBHCUMOCTb JI0JM BOI0pa300pa U3 MoJaroliell IMHUM CeTH OT Pacxoja

BOJBI HA OTOIVICHUEC U OTOIMUTEIIbHOU HarpysKku:

W (t—t, AL 0,5
P=——="=7|* ;
ot 0, [0 1+u

o

(2.49)

a U3 coBMecTHOro pemrenus (2.48) u (2.49) — 3aBHCUMOCTD JUIsl pacdera
OTHOCHTENIBHOT0 SKBHBAJICHTA PACcX0/ia BOJbI HA OTOIICHNE

2
. -n+qn’-4
o= N —amp (2.50)

0 B

2m
rae
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m=(s; +5,)c"+5,;

=925, -05
pof(Esfas (i a el e
gt

d= pr%; pr= g—o )

Ecnu npunsats p, = pP* = Q" /Q" | To no ypaBuenuto (2.50) MoxkHO

TBC
OnpeaACINTb OTHOCHUTEIbHBIN YKBUBAJICHT pacxoaa BOAbLI Ha OTOIJICHUEC IIPU
CPEIHCHEICNILHOW Harpy3Ke Tropsiuero BOJOCHA0KEHUS MPH 000 OTOMH-

TenbHOM Harpyske 0.

Opup,=0;d=0,c=1;p=-0%n=0; m=1— WO =40’ /o =

Ha ocHOBe HaliicHHBIX 3HAYECHUU Wo no (2.11—2.13) omnpeaensiroT
TeMIIepaTypy BOJIbI B TIOAAIONINX W OOPATHBIX JIMHUIX TEIJIOBOH CETH.

Eciu naiinennoe no (2.13) 3HaueHuE T, YIOBJICTBOPSET YCIOBHIO Ty <
t, TO TONyYEHHBIH Pe3yabTaT HEe HY)KIaeTcs B yTOUHeHHH. B Tom ciyuae,
Korja HaijenHoe 1o (2.13) 3HadeHue T, > £, CIACIyeT MPOBECTH KOPPEKTH-
POBKY f. IyTeM MojcTaHOBKY B (2.50) 3HaUCHUS Tp > £, TaK Kak (pU3HUECKU
t- He MOXeT OBITh MEHbIIE T. B 3TOM cityyae 3ajmava pemiaercs METOAOM
MOCIEAOBATENbHBIX NPUOIIKEHUH: YTOYHSIOT 3HAUYCHHE Wo o (2.50) u
BHOBb HaXOJAT 3HauUeHUs T; U Tp o (2.11) u (2.13). Pacuer cuuraercs 3a-
KOHUYEHHBIM, KOTJa MOJMy4eHHOE 3HA4YeHHE T, COBMAJAET CO 3HAYCHUEM 1,
npunsTeM B (2.51) ipu pacuere W, .

OKBUBAJICHT pacxojia BOJbI B MOJAOIICH JIMHUM CETH TPH JIF00OH Ha-
IPy3Ke TOPSYEro BOJOCHAOKEHUS

W, = W,+ BW, (2.52)

W B OTHOCUTCIIBHBIX BEJIIMUHMHAX
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!’

+Bp, 9%, (2.53)

t —t
OTHOCHTENBHBIN SKBUBAIEHT Pacxojia BOABI B 00paTHOH JIMHUHU TEIIIO-
BOU CETH

— 8 !
=W, -(1=P)p,
‘ Y1 —t
Ha puc. 2.15 u B Tabn. 2.5 npuBeneHbl TpapuKu TEMIIEPATyp U pacxoa
BOJIBI IIPH OTKPBITON CHCTEME TEIIOCHAOKEHUS U TIOCTOSTHHOM HAaIope Ha
xomtekropax TOLI. Ilpu pacuere npunsirto: 5,= 5, = 0,4; 5,=0,2; 1), =

150 °C; 1y, =70 °C; £, = 60 °C; t,=5°C; OF" = const.

TBC

(7.54)

o W T
" = 1,2 N L P
al £ J
120 s . 7 ]
A0 N TS _
BO[~T v’ - tof 4+ P HL EeTPar L]
Tol s :
o To2 L ,2,7 T
K 0,9
e / ,1-3)%’-!
o 08 w. -
02 04 08 08 P : ; 7y
a 6 071

0 02 04 06 08 @
Puc. 2.15. I'paduku OTKPBITOI CHCTEMBI TEIUIOCHAOKEHHS TIPH IICHTPATHHOM KadeCTBEH-
HO-KOJIMYECTBEHHOM PEryJINPOBAaHUU 110 COBMEIICHHOM HArpy3Ke OTOIIEHHSI U TOpSiYero
BOJIOCHA0KEHUS ¥ TIOCTOSIHHOM pactionaraeMoM Harope Ha TOL] : @) TemmepaTypHBIif; 6)

rpaduK (SKBHBATIEHTOB) PacXoIoB ceTeBoi Bombl; ——— QO =0;—— - 0P /0" =03
o

TBC

Tabnuma 2.5
TemnepaTypa U OTHOCHTEJIbHBIH PACX0/l BOAbI B TEILUIOBOH CETH U
OTONMTEJIBLHOM CHCTEMe NPHU MOCTOSTHHOM PacIoJiaraeMoM Hamope
HAa KOJUIEKTOPAaX CTAHIUH U HEHTPAJILHOM PeryJIMpOBaHUU
10 COBMEIEHHOH HATPY3KM OTOIJIEHUS] M TOPSiYero BOJA0CHA0KeHUS

cp.H cp.H

pP =0 p P =015 p P =03

el
o, T=Tol|T=Td 7 | U | T | W [/71 [/72 | |w [/71 [/72

o o o
1,0 | 150 | 70 1,0 |1455] 70,7 11,07 | 1,07 1 0,89 | 141 | 70,5 | 1,13 | 1,13 | 0,76
0,8 | 126 | 62 1,0 |121,8] 62,6 | 1,08 | 1,08 | 0,87 | 119 | 63,6 | 1,15 | 1,15 | 0,74
0,6 |101,5|535| 1,0 | 99 |538 | 1,06]1,09 087 |97,5]|543 | 1,11 |1,17]0,73
0,4 76 44 1,0 1763 | 44,0 0,99 | 1,10 | 0,88 | 76,6 | 43,9 | 0,98 | 1,19 | 0,75
0,3 1628 | 388 | 1,0 | 64,2 |38,6 (0936]1,105]0,885| 66 | 38,5|0,87 | 1,21 | 0,77
0,25 | 56,2 1362 | 1,0 | 582|358 089 | 1,11 | 0,89 | 60,5 | 355 | 0,80 | 1,23 | 0,79
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B HekoTophIX Ciyuasx HayajbHas PEryJIMpOBKa (JPOCCEMPOBAHUE) abo-
HEHTCKMX BBOJIOB INPOM3BOAMTCS HE IO «TOPU3OHTAIBHOM IOPOMKKE», IMTOKA3aH
HOI1 Ha puc. 2.14, a M0 «HAKJIOHHOIY, TTOKa3aHHOU Ha puc. 2.16 a. B atom
cllydae Bce M30BITKH HAropa Mpy HaYallbHOM PEryJupOBKeE TacsTCsl OCTO-
SHHBIMH CONPOTHBIICHUSMHU (JPOCCENbHBIMU Iaii0amMu), yCTaHABIMBae-
MBIMH TOJIbKO Ha MOJAOIIMX JIMHUAX BBOJOB, TEpe]] y3IaMu Bojgopa3dopa
(puc. 2.16 6). [lpu Takoil HauaNbHOH PETYNHPOBKE COOIIONAETCS TOJIBKO
ycnoBue H, = idem. Uto ke kacaercsi OIHBIX HAOPOB B MOAAIONICH U 00-
paTHOI IMHUSIX B y3/1ax Bogopazbopa (H, = Hy), TO OHM pa3IHyYHbI BOJIb
cerd. OHM UMEIOT MUHUMAJIbHBIE 3HAUYEHHUS Yy aOOHEHTOB, ONMKAHIIMX K
CTaHIMK, ¥ MaKCHUMaJibHbIC Y KOHIEBBIX a0OHEeHTOB. [Ipu Takom merone
nradparMupoBaHus MOTHOE 3HAYEHHE BKIIOYAEMOT0 MOCTOSHHOIO COMPO-
TUBJICHUS S, . HA AOOHEHTCKOM BBOJIE TAKOE JKe, KaK M MPH JuapparMupo-
BaHUM M0 «TOPU3OHTANBHOW JOpokKe». OJHAKO B TAHHOM Cllydae BCE CO-
MPOTHUBJICHHE BKIIOYAETCSI Ha TOAAOUIeld JIMHUM BBOIA, B TO BpeMs Kak
MIPH «TOPU30HTAIBHON JOPOXKKE» MOJIOBHHA COMTPOTHUBIICHUS BKITIOUAETCS B
MOJIAIOIIEM TPYOOIIPOBOJIC U TIOJIOBUHA — B 00PaTHOM.

¢ 3
81
= 2 3
Her H, ZE |- |
sg 3 :
Heg 80 F
a) 2a 3 \
Ex ,
™

nesE 1 i "t
1t AGBOHERTRI
i u-p i (1 B _ja-m,

Puc. 2.17. Xapakrep nusmeHeHus

N BJIOJIb CETH OTHOCHTENILHOTO PacXo-
2.16. Ilpy HaYanbHON PEryIUPOBKE [0 ;14 RoNIEI HA OTOMJICHHE:

«HAKJIOHHOH JIOPOXKKE»: a) MbE30MET- 1 — Bompa36bop OTCYTCTBYET; 2 — BOIO-

pUYECKUH TPaduK; 0) NPUHIUITHATL- pa3bop TONBKO U3 mojaronei Tuaun (B

Has CXeMa CeTu = 1): 3— Bogpa36op TOIBKO M3 00paTHOM
e (= 0)

[Mockonbky mpu Bogopa3dope pacxoi BOABI B MOAAIOIIEM TPyOONpoBO-
ne Oonblie, 4eM B 0OpaTHOM, TO TpH IHapparMUpOBaHUU MO «HAKIOHHOW
JOPOKKE» TOTepst AaBJieHus B quadparme Oomblie, yeM npu audparMupo-
BaHHU 0 «TOPU3OHTAIIBHOM MOpoXkKe». Tak Kak BKIOYaeMOE COMPOTHB-
JICHHE TeM OOJIbIle, ueM OJrke aDOHEHT K CTaHIUH, TO MPHU Bojopazdope
BO3pacTaeT MOTeps JABICHUS y OJIMKANIINX K CTaHIMM a0OHEHTOB, UTO
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co3yiaer OoJiee OJIArONpPHUATHBIC YCIOBHUS JUIsl KOHIEBhIX aO0HeHTOB. [Ipu
ATOM MOJNYYaeTcsl pa3peryJrupoBKE BIOJb CETH, TaK KaK OTHOCHTEIBHOE
HU3MCHCHUC MATXO0JO0B BOJbI HAa OTOIJICHUC PA3JIMYHO, OAHAKO KOHIECBBLIX
a0OHEHTORB TPU BOJIOPa300pe pacxo]] BOJbI HAa OTOILUICHUE OOJIbIIE, YeM Y
a0OHEHTOB, Oymkaiimux k craniuu. Kak BujgHO M3 puc. 2.17, npu Bojo-
pasbope U3 Mmojarolleil JTMHUU, TaK e Kak U MpH Bojgopaszdope u3 odpat-
HOW JIMHUH, PAacXo] BOJbI HA OTOIJICHUE Y KOHIIEBBIX a0OHEHTOB TAKOM Ke
Kak y aOOHEHTOB, MPUCOCAMHEHHBIX K HaYalbHBIM y4acTKaM ceTH. Takoin
METO]] HaYaJbHOW PEryJIMPOBKH MPEACTABIISET HHTEPEC ISl CUCTEM TEIIO-
CHa6)KeHI/I5I C HCAOCTAaTOUYHBIMHU pacrojiaracMbIMU HallopaMu Ha KOHIICBBIX
y4acTKax.

2.4. Bo10op MeTOa HEHTPATbHOI0 PeryJINpoOBaHHs
OTIYCKA TemJI0ThI

LlenTpanbHOE peryaupoBaHuE OTIIYCKa TEIJIOTHI JIOMKHO OPHEHTUPO-
BaThCAd HA OCHOBHYIO TEIUIOBYIO Harpy3ky paiiona. [Ipu pazHopoaHoii Temn-
JIOBOH Harpyske Hapsily ¢ LEHTpPaJIbHBIM PErYIHPOBAaHUEM JIOJKHO MPOBO-
JTUTHCS PETYJIMPOBAHUE BCEX BUJIOB TEIJIOBOW HArpy3KH: I'PYNIIOBOE WIH
MECTHOE B y3JIaX MPUCOCIUHECHUS TPYII OJHOTHUITHBIX MPUOOPOB M MH]IU-
BHJIyaJIbHOE — Ha TEIUIONOTPEOISIFOIINX PUOOpax.

I'pynmoBoe miau MecTHOE peryiupoBaHHE OTONMUTENBHON Harpy3Ku
MOJKET MPOBOAMUTHCA IO PA3IMYHBIM HMITYJIbCAM: 110 YCPETHEHHON TeMIe-
paType Hapy>KHOTO BO3/lyXa 3a CPaBHUTEIBHO JUIMTEIbHBINA NEPHO BpeMe-
HU (6...12 9); O ycpenHeHHOW BHYTpPEHHEW TeMIlepaType MpeACTaBUTEIb-
HBIX TIOMELIEHUH; M0 BHYTPEHHEW TEMIIEPATYpPE YCTPOMCTBA, MOAEIHUPYIO-
LIEr0 TEIUIOBOM PEXUM 3aHUM. PerynupyemsIM ImapaMerpoM JIOJIKEH SIB-
JIATBCSI CYMMAapHBIN pacxojl CETEBOM BOJIbl HA 3JaHUE WJIU TPYIIY 3JIaHUI
WM pacxo]l CEeTeBOM BOJABI Ha OTJENIbHbIE BHUJIbI TEIJIOBON HAarpy3ku (oTo-
TUIeHNE, BEHTWIALIUIO, Topsiuee BOJOCHAOXKEeHUE U 1p. ).

Cucrema rpynmnoBoro Ujimu MECTHOTO aBTOMaTHYECKOr0 peryJIipoBaHUs
HE JIOJDKHA JIONMYCKaTh YBEIWYEHUsS CyMMapHOI'O0 pacxojila CETeBOM BOJbI
BBIIIIE 33JJAHHOT0 PACYETHOT'O 3HAUEHHUS.

[Ipu ocymiecTBiieHNH B y37aX MpUCOETUHEHHUsS aOOHEHTCKUX yCTaHO-
BOK KOJIMYECTBEHHOI'O PEryJIHpOBaHUS BCEX BUJOB TEIUIOBOM HArpy3KH
HauOoJIee 1enecoo0pa3HbIM METOJIOM IIEHTPAJIBLHOIO PEryJIMPOBAHUS CO-
BMEIIIEHHON Harpy3ku sIBJI€TCsl KaueCTBEHHOE peryiupoBaHue. B 3Tmx
YCIIOBUSIX 3TOT BHUJ HEHTPAJIbHOTO PEryJUpOBaHHS 11e1eco00pa3Ho mpruMe-
HATH MPH JIIOOOM OTHOIIEHHH PAaCUYETHBIX HArpy30K ropsiiero BOAOCHA0-

’KEHUS U OTOILUICHUS P .
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[Ipu TakoMm pemeHnn obOecrednBaeTcs MaKCHMallbHAsh KOMOMHHUPOBAaH-
Hasl BBIPA0OTKA ANEKTPUUECKON SHEPTUU Ha 0asze TEIUIOBOTrO MoTpeOieHus
W Ka4eCTBEHHOE M YKOHOMHYHOE TeIIOCHa0KeHHe aOOHEHTOB MPH MUHU-
MaJbHOM Pacxo/ie BOJIbI B CETH.

VYcnoBus paboThl CUCTEMBI TEIIIOCHAOXKEHUS CYIIECTBEHHO U3MEHSIOT-
csl, KOrJJa MECTHOE WJIM TPYIIIIOBOE PEryIHpPOBAHHUE OTOMUTENIBHOM Harpys-
KM COBCEM He MPOM3BOJUTCA WM XKe B y3JIaX MPUCOEANHEHUS YCTaHABIIH-
BAaIOTCSI PETYJSITOPBI PacXo/a, KOTOPbIE MO MPUHIUIY paOdoThl HE KOHTPO-
JIUPYIOT TEMIIEPATYPHBINA PEXUM OTAILUIMBAEMBIX IIOMEIIEHUN. B aTOM ciry-
Yae BHIOOP CHCTEMBI LEHTPAILHOTO PErYJIMPOBaHMs OTIYCKa TEIJIOTHI 3a-
BHUCUT OT CTPYKTYpHI TEIJIOBOM Harpy3ku pailoHa M THAPABIMYECKON yc-
TOMYMBOCTHU TEILIOBOM CETH.

B 3akpbITBIX cHCTEMax TEIIOCHAOXKEeHUs PH HAIMYMU B PailoHe Kpo-
Me OTOIUICHHS TaKKe Harpy3KH TOpsS4ero BOIOCHAOXEHWs MpPUMEHsETCs,
KakK TpaBWIIO, IEHTPAIbHOE Ka4eCTBEHHOE peryiaupoBanue. Ecim y 0onb-
IIMHCTBAa a0OHEHTOB UMEIOTCsl 00a BHJa Harpy3Kd — OTOIUICHUE U Topsidee
BOJIOCHAOXEHHE, TO LEHTPaJbHOE PETyIMPOBaHUE 1IeTIECO00pa3HO MPOBO-
JUTH TI0 COBMEIIEHHOM Harpy3ke, B MPOTHBHOM ClIy4yae IIEHTpaJbHOE pery-
JMPOBaHUE 1eNIecO00pa3HO BECTH MO OTOMUTENBHOM HArpy3Ke.

B OTKpBITBIX cHCTeMax TEMIOCHAOKEHUs, B CETAX C  IMOBBIIICHHON
THIPaBINYECKON YCTOMYMBOCTHIO (OTHOLIEHHE pacrojaraeMoro Haropa y
KOHIIEBOTO a0OHEHTa CETH K pacrojiaraeMoMy Hamopy Ha KOJUIEKTOpax
cranuu okoio 0,4 m Oosiee) mpW HANMYUKM Y OOJNBIIMHCTBA aOOHEHTOB
KpOMe OTOIUICHUS] HArpy3KH TOPSYEro BoJoCHa0KEeHUs IPUMEHsIeTCsl Kade-
CTBEHHO-KOJMYECTBEHHOE PEryJIUPOBAHHUE 10 COBMEIIEHHOM Harpy3Ke oTo-
TUIEHUS M TOPSYEro BOAOCHA0KEHMSI.

B cersix ¢ HHM3KOM THAPABIMYECKONW YCTOMYMBOCTBIO IIE€IECO00Pa3HO
MIPUMEHATh KaUYeCTBEHHOE PETYIHPOBAHUE.

2.5. Pexxum otnmycka Ternyiorsl ot TIL

[Ipu ynosnerBopenun ot TOL| ce3oHHOI HAarpy3ku (OTOILICHUE, BEH-
TUIALIKS), a TAKXKE CE30HHOW Harpy3KH M TOpSYEro BOIOCHAOXKEHHsI Tel-
JIOBasi Harpy3Ka TerIopUKAIMOHHBIX TYpOUH U MapaMeTpsl mapa B oToope
JIOJDKHBI U3MEHSThCA B 3aBUCHMOCTH OT TeMIlepaTypbl Hapy>KHOTO BO31Y-
xa.

[Ipy moHM)KeHUM TeMIlepaTypbl HapyKHOT'O BO3JyXa YBEIHYHBAETCA
TEIJIoBasl Harpyska paiiona. OJHOBPEMEHHO JOKHA MOBBIIIATHCS TEMIIE-
paTypa BOJBI B TEIUIOBOM CETH, a JJIsl 3TOro HeoOXOAMMO MOBBIIIATH JaB-
JieHue OTpaboTaBLIero mMapa, MCHOIb3YeMOro Juis mojorpeBa Boabl. [Ipu
pacdeTHON HapyXHOMW TeMIepaType TerioBas Harpys3ka pailoHa JOCTHUTaeT
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Makcumyma. OJIHAKO JUIMTETBHOCTh CTOSHUSI HauOoliee HU3KHX TeMIlepa-
Typ OTONUTENBHOTO MEepHoAa OOBIYHO HEBEIMKA, TO3TOMY MAaKCHMAaIbHBIH
OTITYCK TEIJIOTHl UMEET KPaTKOBPEMEHHBIN XapaKTep.

Ecnu TennoBasi MOITHOCTH OTOOPOB TypOWH BBEIOMpAeTCs MO0 MaKCUMY-
My TEIUIOBOW Harpysku, mpucoenuHeHHod k TOLI, To romoBas AmuTENb-
HOCTh HCIIOJIb30BaHMsI MaKCHMyMa TEIUIOBOM MOIIHOCTH OTOOpPOB Maja,
TaK Kak OOJBIIYIO YacTh roJja OHU HeJorpykaroTcs. B To jxe Bpems mo yc-
JIOBUSIM TIOKPBITHA Tpaduka >JIEKTPHUUECKOH Harpy3Kd DHEProCHCTEMBI
YHCIIO YacOB MCIOJIb30BAaHUS MaKCUMyMa AJIEKTPUYECKOW MOIIHOCTH Tel-
JIOPHUKAIIMOHHBIX TYpOWH IOJDKHO COCTaBJISATH OOBIYHO OKOJIO 5...6 ThIC.
4/To7. DTO MPUBOJHT K CYIIECTBEHHOMY YBEITUYEHHIO JOJIU KOHJIECHCAIH-
OHHOHM BBIPa0OTKH B TOJOBOM NPOHM3BOACTBE AIEKTPHUYECKOH SHEPTUU Ha
TOL. IIpsMbIM CIEACTBHEM TAaKOT'0 PEIICHMsS SBISIETCS MEepPepacxo TOIl-
JIUBA B HEPTOCUCTEME, IOCKOJBKY PACXO]] TOIJIMBA HA KOH/IEHCAI[MOHHYIO
BBIPA0OTKY JIEKTpUUecKoi sHepruu Ha TOLl Oonbie, YeM Ha KOHJCHCA-
LIMOHHBIX TEIUIOBBIX JJEKTPOCTAHIMAX C TEMHU K€ HadyaJbHBIMU MapaMerT-
pamu. 3aBbIIIICHUE AIEKTpUUecKoil MomrHocTH TOL BBI3BIBaET Takke He-
ONPaBJaHHBIA Iepepacxo]] KaNmUTaJOBIOKEHWH H3-3a Ooyiee BBICOKOM
ynenbHOM croumoctd TOL| mo cpaBHEHHMIO C COBPEMEHHBIMHM MOIIHBIMU
KOH/ICHCAI[MOHHBIMH 3JIEKTPOCTaHIUSIMH.

Jns yMeHbIIEHWsS KOHICHCAIIMOHHOW BBIPAOOTKH AIEKTPUUECKON
sHeprun Ha TOI 1enecoodbpa3HO MaKCHMYM CE30HHOM TEIJIOBOI HATrpy3KH
MOKPBIBATh OTPAOOTABIINM MAPOM TEIUIOPHUKAIIMOHHBIX TYpOHH HE TOIHO-
CTBIO, & YaCTHYHO. YacTh TEIIIOTHI 1enecoo0pa3Ho OTIYCKaTh HEMOCPEACT-
BEHHO M3 KOTJIOB. MaKCHMaJIbHBIH OTHYCK TEIUIOTHI B CHCTEME Tel-
JocHa0KEeHHSI MOYKHO TIPEICTABUTh KaK CYMMY JIBYX CJIaraeMbIX

0 = Cos + 00> (2.55)

rae Q. — pacuerHas TeIUIoBas Harpyska cucremsl; Q.

— pacuerHas Tel-
JI0Basi Harpy3ka OTOOPOB TerIoGHKALMOHHBIX TYpOuH; O — IMHUKOBas Tel-
JIOBas Harpy3Ka, MOKphIBaeMasl HEMOCPEACTBEHHO OT KOTJIOB.

Jlons pacderHOM TEMJIOBOM HArpy3KM CUCTEMBI, YIOBIIETBOpsiEMas W3

0TOOpOB TypOWH, Ha3bIBaeTCs KO3 PHUIIMEHTOM TemIo(DUKAIIH:
0= Qls/ Oh (2.56)

Ha puc. 2.18 nokazano pacnpenenenue TemioBoi Harpy3ku TOL[ mex-
Iy OTOOPOM W TTMKOBBIMH KOTJIAMH TIPH O, < 1.

YacTh TEIIoBOi Harpy3ku (IUiomaaka abc) MOKphIBaeTCS HEMOCPEACT-
BEHHO M3 KOTJO0B. [Ipy MakcuManbHON TEMIOBOW HArpy3ke OT KOTJIOB IO-
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KpBIBaeTCsl 3HAYMTENbHAs 071, 00BIYHO OKOJ0 50 % pacueTHoOl TemIoBOi
Harpy3kKu. OZ[HaKO OT IrogoBOro OTITyCKa TCIUIOTBI AOJIA TCIJIOThI U3 KOT-
JIOB BechbMa HeBeNnuKa (oTHouleHwe miomamd abc x twomamn 0bcdkl0
00BIYHO cocrassier 15...18 %).

[ns BbIsICHEHHS pexuMa pa-

3 00TBl TEIIOUKAIIMOHHOTO 000-

o= @ PYAOBaHUS, OIpEACIeHUs JlaBie-

. a - HUS 1apa B perylupyeMbIX oT0o-
Sl I Y pax TeroGUKaIlMOHHBIX TYypOHH,
\Q? Qs g * HoJICYeTa rOJ0BOr0 pacxoja TOIl-

0 nuBa Ha TOLl mpu pa3nu4HbIX Me-

Hieno wacon paborsr 2 ! TOAAX PEryJIupOBaHMs OTIIyCKa

Puc. 2.18. Xapakrep HOKPBITHS TEIIO- TEIUIOTBI M PasHbIX Kod(pduumeH-
BOM Harpysku TOL] Tax Temiopukanuu ynooHO MOJIb-

30BaThCsl TOJOBBIMU TrpaduKaMu

MPOAOKUTENIEHOCTH TEMJIOBON HArpy3KH U MapameTpoB TEMJIOHOCUTENS.
Ha puc. 2.19 npuBenens! 1 wiunocTpanun takue rpaduxu st TOL
C pacueTHO#M TeruoBOil Harpy3koil (). Pacnonmaraemas TemsoBast MOLI-

HOCTh OTOOPOB TeIIOGUKALMOHHBIX TypOuH paBHa O

T

¢ bacnonaraemas
MOIIHOCTh MUKOBBIX KoiioB Q). Ha puc. 2.19 a cneBa nokasaHa 3aBHCH-
MOCTh TCIUIOBOM HATpPy3KH OT HapyXHOUH Temrepatyphl (kpuBas abcdek0).
[Ipu HapyxxHOW TemmepaType f,, TEIIoBas Harpy3ka CHCTEMBbI paBHa Te-
TUTOBOM MOIIHOCTH TeMJIOPUKAIMOHHBIX TypOuH. [IpH TeniaoBoil Harpyske
O < Q! s TEIIOBOE MOTPEOICHHE YAOBIETBOPSACTCS OTPAOOTABLIUM I1apOM
oT TemnopuKanuoHHbIX TypOuH. Kak BumHO w3 puc. 2.19 a, Takoe mo-
JIO)KEHHE UMEET MECTO IIPU TEMIIEpATypaxX Ha PYKHOIO BO3AYXA fy = lyg.
IIpu TemmepaTtypax HapyKHOIO BO3AyXa #; < fy, TEIUIOBAas HarpysKa CHUC-
TEMBI MPEBBIACT TEIUIOBYID MOIIHOCTh TEMTO(QUKAIIMOHHBIX TYypOWH
O: > Q! s, 1 IOITOMY JUISL TIOKPBITUSL TEILIOBOWH HAarpy3KH KPOME TEILIOThI
13 oTOOpPOB TYpOWH HCHONB3YyeTCs TakkKe TEIIoTa HEMOCPEICTBEHHO W3
komioB. IIpu pacdyeTHON HapyKHOW TeMIleparype fy, TEILIOBas Harpyska
CHCTEMBI JOCTHIaeT MakcumaibHoro 3HadeHusi Q. Ilpu aToM pexume ot-
Jladya TEIUIOTHl OT MUKOBBIX KOTJIOB B TEIJIOBYIO CETh TakKXe JOCTHIaeT
MaKCHMaJbHOro 3Ha4YeHust Q' .

Ha puc. 2.19 a cnipaBa HaHeceH rpaduk TEIUIOBOM HArpy3Ku paiioHa 1o
MPOAOKUTENLHOCTU (KpuBast almnps(). OpavHaTta JI000M TOYKU 3TOrO
rpaduka paBHA YaCOBOH TEIJIOBOW HArpy3Ke CHCTEMBI MPH JAHHOH TeMmIie-
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parype HapyKHOT'0 BO3/lyxa, a abcipcca — TO0BOH JUTMTEIBHOCTH CTOSHUS
TEeMIIepaTyp HapYKHOI'0 BO3llyXa, PaBHBIX W HIKe aaHHOW. [lnomanb
almnps0, SKBUBaJIEHTHASI TOIIOBOMY PacXoJy TEIUIOTHI, Cllaraercsi U3 JIBYX
wiomaaeit: 0rlmnps0, SKBUBaJIEHTHOW T'OJOBOMY Pacxoiy TEMJIOThI U3 OT-
00poB TemIOQUKAMOHHBIX TYpPOWH, W ralr, DKBUBAJICHTHOH TOJOBOMY
pacxofy TEIIOThHI U3 MUKOBBIX KOTJIOB.

Kak Bumno u3 puc. 2.19 a, pacdeTHblii MaKCUMyM TEIUIOBOM HArpy3KH
MOKPBIBAETCS B IAHHOM ClIydae MOPOBHY M3 0TOOPOB TypOWH U M3 KOTJIOB,

tak kak Q! /0. = a, = 0,5. OnHaKO roJ0BO OTIIYCK TEIJIOTHI U3 0TOOPOB

3HAYUTENLHO OOJbIlIE TOJOBOTO OTIYCKA TEMJIOTHI HEMOCPEICTBEHHO M3
KOTJIOB, TaK KaK JIMTCIBHOCTL CTOSAHHA HHU3KHX HAPYXHBIX TEMIIEPATYp
HeBeITHKa.

Ha puc. 2.19 6 noka3aHbl 3aBHCUMOCTH TEMIIEPAaTyphl BOJABI B CETH:
clieBa — OT HapY)KHOH TeMIepaTypHl f,, CIpaBa — OT JUTUTENBHOCTU «CTOS-
HUS» t, B OTONUTEIHHOM TepHoze (T, — TemIepaTypa BOIbI B MOAaomeH
JIMHUU TEIJIOBOH CETH; T — TEMIIEPATYpa CETEBOM BOJIBI MOCTE TEIIOPH-
KaIIMOHHBIX MOJIOTPEBATEIICH; Ty — TeMIlepaTypa BOAbI B OOpaTHOH JIMHUU
TEIUIOBOM CETH; OT — Mepenaj TEMIIEPaTyp CETEBOM BOABL: 8T = T| — Tp; OTors
— Tepemnaj TeMIepaTypbl CETeBOH BOJBI B TEMI0(UKAIMOHHBIX MTOJIOrpeBa-
tensax TOLI, moaydaeMblit 3a cYeT TEIIOThl OTPaOOTABIIEro Mmapa Terio-
(UKAIMOHHBIX TYpOHH; 0T, — Iepernaj] TEMIIepaTypbl CETEBOW BOJIBI 32 CUET
TEIJIOTHI, B3ATONH HEMOCPEACTBEHHO U3 KOTJIOB).
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/ , gl 1o
@ Ot Koraon p. 13
b/ 1 w49
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Puc. 2.19. T'onoBble rpaduku npoIOHKUTEIEHOCTH TEIUIOBOW HATPY3KU U
MapaMeTpOB TETUIOHOCUTEIIS

[Tpu nro00# HapyKHOM TeMIlepaType BBIOIHSIIOTCS YCIOBHUS
0T016/0T = Qore/Or; 0T/0T = O/ Or.

C nmomouipio rpaduka Ha puc. 2.19 Jerko onpenenuTh peKUM JAaBie-
HUS Mapa B 0TOOpax Temmo(GUKaluOHHBIX TYpOMH M MHUKOBBIX KOTJIOB. Ha
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OCHOBE T'0JIOBOT0O Tpaduka MpoJOJKUTEIBHOCTH TEIJIOBON HArpy3KH H Iia-
paMeTpoB TEIUIOHOCHUTEIIS JIETKO MOACYUTATH TOJOBYI0O KOMOMHUPOBAHHYIO
BBIPaOOTKY 3JIeKTpU4eckoil sHepruu. [Ipu mpeaBapuTeNbHBIX pacuerax ee
3HaYCHUE MOXKET OBITh OMpENEIEHO IO CPEeTHEroJOBOM TeMIlepaType Ha-
CBILIEHHS Mapa B YCIOBHOM TeMI0(QUKAMOHHOM OTOOpE, SKBHBAaJCHTHOM
yIenbHONH KOMOMHUPOBAHHOM BBIpabOTKE B pealibHOM OTOOpE.

CpennerogoBasi TeMIlepaTypa HACHIIEHUS Mapa B YCIIOBHOM TEIUIO(pH-
KaIlMOHHOM 0TOOpE:

rog __ i i rox
tcp - Z( Z‘yCH QOT6 )/ Q0T6 s (257)
rae t;cn — TeMIlepaTypa HaChIIIEHH Tapa B YCIOBHOM TEMIO(UKATHOHHOM

ot6ope Npu JaHHOM pexuMe paboTsl TypOounsr; O

or6
TerT0(UKAaMOHHBIX OTOOPOB MpPH AaHHOM pEXKUMeE pPabOThl TYpOMHBI,

OTITYCK TCIIJIOTHI U3

Q.5 — TOJI0BOM OTIYCK TEMJIOTHI U3 TEIO(QUKAIHOHHBIX OTOOPOB.

Temneparypa tlycII 3aBHCHUT OT TEMIIEpaTyp CETEBOM BOJABI HA BXOJE B

nojorpeBarenbayto ycranoBky TOLl u Beixone u3 Hee (T, U Ty), KO3 u-
IHEHTa TETUTOQUKAIIUK O, YHUCIIA MTOCIEIOBATEIBHO BKIIFOYEHHBIX CTYyIIE-
Hel TOoJorpeBa U XapakTepa pachpeieieHus] MKy HUMH TEIUIOBOH Ha-
TPY3KH.

MOYXHO OTPEACIUTH 1Mo popmyiie

£ =at,+ bt + At,, (2.58)

yen

i
3HaueHue fy,

rzie T; — TeMIepaTypa BOJbI Ha BBIXOJIE U3 MMOAOTPEBATEILHON yCTaHOB-
Ku (B Mmojaronieil JMHUK TemIoBoi cetn), °C; At, — cpe/iHee 3HaYEHHE He-
JIOTpeBa BOABI B TEMIOMUKAMOHHBIX MOJIOTPEBATENAX, T.€. pA3HOCTh MEXK-
Iy TeMIepaTypoil HACBIIICHUS TPEIOLIEro mapa U TeMIepaTypol BOIbI Ha
BbIXOJIe U3 mojorpeBatens, °C (1 MpeIBapUTEIbHBIX PACUYETOB MOXKHO
npuauMath At, = 5 °C); a u b — K03 PUIHEHTHI, 3HaYCHHE KOTOPHIX 3aBH-
cUT OT ko3 unMeHTa TerIo(UKAIMY, YUCIIA TOCIEN0BATEILHO BKIOYCH-
HBIX OTOOPOB TYPOMHBI M XapakTepa pachpencieHus] MeXy HUMH TeIio-
BOW Harpysku, a + b = 1.

[Tpu TpexcTyneHp4aToM TEMI0PUKALIIOHHOM MTOJIOTPEBE

a =1-(@ @3+ @12+ P13 + P2p3)/0lr, (2.59)

rie @1, ¢2, O3 — JOIM OT CYMMapHOH TEIUIOBOW HArpy3kH (BKJto4as MHUKO-
BYIO), YJOBJETBOPSEMbIE OT IOCIIEIOBAaTEIbHO BKIIOUEHHBIX MO CETEBOM
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BOJIE COOTBETCTBEHHO IMEPBOT0, BTOPOrO U TPETHErO TEIUIOPUKAIIMOHHBIX
nojorpesarenen: @; + @2 + @3 = a,.

Wnpexc npu @ COOTBETCTBYET YPOBHIO JaBJIEHHsS B OTOOpax TYpOHH.
Wnpexc 1 nmpucBoeH mogorpeBaTento caMoro HU3KOoro JIaBjieHus oToopa.

B ywactHom ciydae mipu o, = 0,5 1 paBHOMEPHOM paclpeneiaeHuit Tem-
JIOBOW HArpy3KH MEKIy oTOopaMu TypOHH ¢ = @, = @3 = 0,167; a = 0,667,
b = 0,333. Ha puc. 2.20 noka3ana 3aBUCHMOCTb KO3(G(PUIMEHTOB a U b B
(2.58) or koadPuumenTa TennopUKAUMH O, W YHCIA CTyNEHEeW Teryio-
(DUKAIIMOHHOTO TOJOTPEBa CETEBOI BOABI MPH PAaBHOMEPHOM pacrpeerne-
HUY TEIJIOBOW HArpy3KH MEXy TemTo()UKallMOHHBIMH MOIOTPEBATEISIMH.

C yBenuueHueM 4ucia CTyneHel mo-

JorpeBa pacter KOA(PPHUIMEHT ¢ U CHU- a b
xaercst kodduuuent b, yro npu mpo- 0.8 N\ 0.2
YUX PpaBHBIX YCJOBUSIX MPHBOIUT K ’ X 3 ’
CHIDKEHUIO CpeHel TeMIiepaTypbl t;cn 0,6 \\ 0,4
OTBOJA TEIUIOTHl M3 TeIIOGUKALM- (4 \\ 0.6
OHHOTO ITUKJIA. 1

llpn HeusMEHHOM 4HCe CTyIeHeH (- 0.8
MoJjorpeBa yBenudeHue Kod(pQuimeHTa
TeroUKauy MPUBOIUT K CHUKEHUIO

K03(QQUIMEHTA d U yBEIMYEHHIO KOI(]- 0.2 04 06 08 o,

¢unmenTa b, 4yTO MpU MPOUYMX paBHBIX Puc. 2.20. 3aBucumocts K03(-
YCIOBUSX TNPHUBOAMT K TIOBbIlIeHHI0  (uimeHToB a u b B (7.58) ot 1, 1
CpeHEl TeMIIepaTyphl OTBOJA TEMNOTH  1HCHA CTyNenel TennoduKaii-
W3 IHKITA OHHOT0 0TOOpa mpu @ =idem:

0 ’ 1 — ofHa cTyIEHb; 2 — NIBE CTYICHU;

JIHAKO OTCIOZA HE CIEYET, 4TO 10~ 3 _ rny crynenm mogorpesa

BbIILICHHE KOd(pUIMEeHTa TeriopuKa-
UM O, TIPUBOJIUT K CHIDKCHUIO KOMOMHHPOBAHHON BBIPAOOTKHU DIICKTpHYE-
cKkoif anepruu Ha TOL.

i

VYBenudeHue o, NPUBOAUT K IOBBILIEHUIO Lyen »

YTO J3KBUBAJICHTHO

CHIDKEHHUIO YAEIbHOM KOMOWHHPOBAHHOW BBIPAOOTKH, HO 3aTO TPU 3TOM
BO3pacTaeT aOCONIOTHOE KOJIMYECTBO TEIJIOThI, OTBOAMMOE M3 OTOOPOB
TypbuH. [losTOMY TipW 3aaHHON pacyeTHOM TEIUIOBOM HArpys3Ke paiioHa
YBEIIMYCHHUE O, TIPUBOJUT K YBEIMUYCHHIO aOCOJIOTHOTO 3HAYCHMSI KOMOU-
HHUPOBAHHOW AIEKTPUYECKOW DHEPrUU, XOTS U HE MPONOPLUOHAIBHO KOJHK-
YeCTBY TEIJIOTHI, OTBEJICHHOH U3 0TOOPOB TypOUH.
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3aBHCHMOCTb M3MEHEHMsl CPEIHEH TeMnepaTypbl f,, OT H3MEHEHHs

TEMIICpATyp CETEBOI BOJBI Ha BXO0A€ U BBIXOIC U3 nozxorpeBaTeanoﬁ yCTa-
HOBKH OIIPECACIACTCA YPAaBHCHHUEM

dt' =a+bdr,. (2.60)

yen
Kak BumHO u3 ypaBHeHus (7.60), u3MeHeHHe TeMIepaTtyp T, ¥ T Ha
OJTHO M TO € 3HAUEHHE BBI3BIBAET PA3HOE M3MEHEHHE df, B 3aBUCHMO-

CTH OT 3Ha4YeHHH K0 PUIIMEHTOB a U b.
2.6. Pacnipenesnenue Tenja0Boii HArpy3Ku MexKay KOTJIAMHU

OKo110 KpYIHBIX TOPOJOB M MPOMBIIUICHHBIX pailoHOB il obecrede-
HHS TMKOBOW YacTH CE30HHOM TEINJIOBOM HArpy3KH MCHOIb3YIHOTCS MOLIHBIE
BOJOIPEWHBIEC KOTIBL. J[JIs1 IOKPBITUS NMHKOBOM YacCTH TEIUIOBOM HArpy3Ku
MOT'YT OBITh TaK)KE€ MCIIONB30BaHBI MMAPOBBIE KOTJIBI HU3KOTO M CPEIHEro
nasiieHus. Takoe peleHne MOXKET OKa3aTbesi Ooliee MpennoYTUTENbHBIM
npu paboTe Ha TBEPJOM TOILTUBE B CBS3U C YCIOKHEHHUEM B TOM Cilydae
KOHCTPYKIIMH BOJOTPEIHBIX KOTJIOB.

[Ipu ucnonbp30BaHUM MAPOBBIX KOTJIOB CeTeBasi BoJa Mocie TemIopu-
KallMOHHBIX IOJIoTpeBaTenel MpOXOoJUT Yepe3 MUKOBbIe NapOBOASHEIE I10-
JIOTPEBATENN, B KOTOPBIX OCYILECTBIISIETCS €€ JAOMOJHUTENbHBIA MOI0TPEB
3a CYeT TeIJIOThI Mapa U3 MUKOBBIX MapOBBIX KOTJIOB.

Ha puc. 2.21 mokazana mpuHIHMNHAIbHAs cxema BmodeHus TOL u
MUKOBBIX KOTENbHBIX. B TaHHOM cilyyae B paifoHEe UMEIOTCS J1Ba HCTOYHHKA
terocHaOxenusi: TOL| n nukoBast kotenbHas paiioHa (ITKP) 4. K Bome,
HUPKYJIUPYIOLIEH B TEIJIOBOM CETH, TEMJIOTa MOJABOJUTCS U3 OTOOPOB Tell-
no(pUKAMOHHBIX TypOuH | B momorpeBaTeisix 2 U B MUKOBOH KOTEIBHOU
(TTKT) 3, pacnonoxennoit mHa TOLI. CereBbie moAOrpeBaTeNn, MUTAEMBbIC
13 OTOOpPOB TEIUIOPUKAIMOHHBIX TypOWH, M THKOBas koTelbHas TOI]
BKJIFOUEHBI TIOCIIEI0BATEIBHO MO CETEBOM BOJIE.

TennoBeie moTpeOuTenu, pacnoioxeHnble mMexay TOL u [IKP 4,
CHa0XKaloTCsl TEIIOTOW W3 MOJAIONIeH MarucTpaid CEeTH, TeMIlepatypa B
KOTOpOW omnpesensercs pexumoM nogorpesa Ha TOL. Otu norpedurenu B
nanpHeleM OyayT Ha3bIBaThci HeaBTOHOMHbIMH H. Korma rpaduk tem-
nepatyp Bojsl, octynatouied ot TOLl, He COOTBETCTBYET pEXKUMY TEIUIO-
noTpeOSieHns HeaBTOHOMHBIX a0OHEHTOB, B CHCTEME paclpe/elieHUs Tell-
JIOTHI JIOJDKHA OBITh YCTAHOBJICHA HACOCHAs MOJCTaHIMs 11, mpu momorniu
KOTOpPOH MOXKET KOPPEKTUPOBATHCS TeMIIepaTypHbIH rpaduk 3TUX abOHEeH-
TOB.
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YacTb BOJBI MOCTYNAET K aBTOHOMHBIM a0OHEHTaM A, TEIUIOBBIC CETH
KOTOPBIX MOTYT MHUTaThcs TemioTol kak oT TOLl, Tak u oT MUKOBOH KO-
TeNbHOM paiiona 4. JIjis TOro 4To0bl B CUCTEME TEIIOCHA0KEHHSI aBTOHOM-
HbIX a0OHEHTOB MOT IMOJJEPKUBATHCSA CTAOWIIBHBIN THAPABIMYECKUIA pe-
)KUM, B MECT€ IMPUCOEAMHEHUS MarucCTpajibHbIX TEIUIOBBIX CETEH K IH-
KOBOM KOTEIBHOM paiioHa JOJKHBI ObITh YCTAHOBJICHBI TOJMEITUBAIOIIIE
Hacocsl 12.

A 1 — TypbuHna; 2 — TeruopUKaMOHHBII
10913 TIOIOTpeBaTellb; 3 — MUKOBasi KOTEJb-
Has TOIl; 4 — mukoBas KOTENbHAs
paifoHa; 5 — ceTeBoit Hacoc; 6 — mon-
MMUTOYHBIA Hacoc; 7 — peryisarop
! TIOATINTKY; 8 — TeruoBast ceTb; 9 —
pacmpenenuTenbHas  CeTh  HEaBTO-

HOMHOTO paifona H; 10 — pacmpene-
JIUTENIbHAS CETh aBTOHOMHOT'O paifoHa
2

14 +[ 4 14 pyc 2.21. Cxema BKIIOUYCHHUS
T3OII ¥ TUKOBBIX KOTEILHBIX:
13
4
1

A; 11 — mogmemmBaromue HACOCHI
HEaBTOHOMHOTO paifoHa; 12 — mon-
MEIIMBAIOIINE HACOCHI aBTOHOMHOT'O
paiioHa; 13 — aneBaTopHbIi y3em; 14 —
CHCTEMa OTOILICHHS

Ha puc. 2.22 npuBesneH rpauk OTOMHUTENLHO-OBITOBOW TEMJIOBOW Ha-
rpy3ku Q = f{(t,) ¥ MOKa3aH XapakTep ero MOKPHITUS Pa3IMYHBIMH TEILIO-
BBIMU HCTOYHHMKaMH. TerioBasi MOLUIHOCTh OTOOPOB TEIIO(PHKAIMOHHBIX
Typ6un Ha TOL] paBna Q! .. 3a cueT TEIIOTH U3 0TOOPOB TypOHUH yJ0BIIE-

o
TBOpsiercsi 0a3oBasi 4acTh TeruioBoro rpaduka. [lpu Temmeparype Hapyx-
HOT'0 BO3/yXa HUXKE f, B JIONOJHEHUE K 0TOOpaM TypOHMH B pabOTy BKJIIO-
YaroTcsl MMKOBBIE KOTENbHBIE. B TepByr0 odepenr HauMHAET padoTaTh MU-
koBas kotenbHas TOL. IIpu Temmepatype Hapy>KHOTO BO3IYXa fy, TEILIO-
BOE moTpebIieHe paiioHa paBHO TerutoBoi momHoctd TOL] Q! , xoropas

CKJIaJIBIBACTCS M3 TEIIOBOI MOIIHOCTH 0TO0pOB (! - ¥ TEIIOBOH MOIIHO-

CTHU NHUKOBOM KOTEILHOU

T °

01 = Oors + Qs (2.61)

[Ipu TemmiepaTypax HapyKHOTO BO3JyXa HUXKE ., TEIUIOBOE TOTpebdIe-
HUE paiioHa mpeBbIIaeT TermioByo MomHocTh TOLl 1 B paboTy BKiIIOUaeT-
Cs MMKOBas KOTEJIbHAsA palioHa.
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IIpu pacyerHOl TemmepaType HapyKHOI'O BO3JyXa fy o JAJIS YJOBJIETBO-
peHHMsI TEIJIOBOro noTpediieHust paiiona O, HCIIONb3YETCsl CyMMapHasl Tell-
noBast MOmHOCTh TOL] 1 MMKOBOM KOTETHHOM paifoHa:

Q=0 0y = Qs ™ it Q= Qist O (262)

rae Q) — cyMMapHasi HMKOBasi MOIIHOCTb.

IIpy HapyXkHBIX TeMIlepaTypax
Q \ AQm.p BBILIE 1, BCSA TEIIOBas HArpyska
) ¥ pailoHa yAOBJIETBOPSAETCS LIEJIH-

HSETCSl, MOCKOJIBKY TEIIOBOE I0-
TpeOiieHue paiioHa obecreunBaeT-

@ 1 koM ot TOII u TemnoduKanuoH-

o HOe 00OopyjoBaHuE paboTaer o

E‘ ?, 2 o0braHOMY pexumy. Ilpu Hapyx-

W A HBIX TEMIeEparypax HWUXKE [y, Pe-

paTyp p

g - KHUM Pa0OTBl HECKOJIBKO YCIIOXK-
e
:
3

L lie

7
Q.

|
l
I
|
|

-

{ Cs OOAHOBPEMECHHO OT ABYX HMCTOY-

E l Y HUKOB — TOIl ¥ MUKOBOW KOTENb-
tep fux fwu  fne  fwe fmo HOM paiioHa.
Temnepatypa Jlns ynpolieHust paboThl CUC-

Hapy»KHOro BO3AYXa TEeMBbI TEIUIOCHAOXKEHHS I1eIeCo-

00pa3HO BBIOpaTh TaKOW METOJ
pEryJIMpOBaHMs OTIIYCKA TEIJIOTHI,
IIpU KOTOPOM B MAarucCTpajlbHOW TEIUIOBOM CETH B TEUEHHUE BCETO OTOIU-
TEJIBHOI'0 TIEPHO/Ia BBIJICPKUBACTCS PACUCTHBINA rpa(uK TeMIIepaTyp, COOT-
BETCTBYIOLIMA KaueCTBEHHOMY PEryJIMPOBAHUIO OTOIJIEHUS WM COBME-
HICHHOM Harpy3Kd OTOIUIEHHUS U Topsiero BogocHabxeHus. B atom ciydae
OTHazaeT HeoOXOIUMOCTh B TIOCTOSIHHOM paboTe HACOCHBIX CMECHTENbHBIX
nojcTaHiuii 11 y HeaBTOHOMHBIX a0OHEHTOB, TaK KakK YACIbHBIA PacXoj
CETEBOM BOJIbl HA €IMHUILy PACUETHOM TEIJIOBOM Harpy3Kd B Pa3BOASAIINAX
CeTSIX HEaBTOHOMHBIX a0OHEHTOB COBMAAACT C YAEIbHBIM PacX0JOM BOJBI
B MarucCTpaJIbHbIX TEIMJIOBBIX CETAX.

IIpy poBeAEHUH TAKOr0 PETYIMPOBAHMS PACXOJ CETEBOM BOJBI UEPE3
TEIOUKANMOHHYIO yCTaHOBKY TOL MOJKeH MOCTENneHHO YMEHbIIAThCS
MU CHUKEHUM HApPY>KHOW TEMIEPATYPBI OT fye 110 fyo, TAK KaK pacrosarae-
Masi TerutoBast MotHoCcTs TOL[ Q! MOIHOCTBIO UCIIONB3YETCs YoKE MPH Ha-

PYKHOM TeMITepaType t,, U TIO3TOMY HE MOXKET ObITh YBENTMUEHA, a Tepenas
Temrepatyp cereBoi Boasl Ha TOL] (T; — T,) IpU HEHTPaJIbHOM KauecTBEH-
HOM DEryJIHpOBaHWUM JOJDKEH YBEIMYUBATHCS NMPHU CHUKEHUHM HApYKHOU
TeMIIepaTyphl.

Puc. 2.22. I'pacuk TennoBoii Harpy3Ku
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ITockonbKy B Auana3zoHe HapyKHbIX TEMIIEPATYP OT fye 1O ty o TEIIOBAS
MOIIHOCTb OTOOPOB TEIUIOPUKALMOHHBIX TypOUH O . OJKHA OCTaBaThCs

T
MTOCTOSIHHOM, a pacxoJl CETEBOM BOJBI Yepe3 TEIJIONOATOTOBUTENBHYIO yC-
TaHoBKY TOIl yMeHbIIAETCS, TO MOSBISETCS HEOOXOIUMOCTh ITOBBIIICHUS
TEMIICPATypPhbl IMOJO0rpe€Ba BOALI B TGHJ]O(bI/IKaHI/IOHHBIX nmogorpeBaTeiiax u
pacrter gaBiieHHe mapa B 0TOOpax TeropuKanuoHHBIX TypOuH. B pe3ynb-
TaTe B OTOM JHama3oHe HECKOJbKO YMEHbIIaeTcs yiAelbHas KOMOWHU-
poBaHHasi BEIpabOTKa DIIEKTPUIECKON IHEPTHH.

Ha puc. 2.23 noka3ansl rpaduxy TemriepaTyp ¥ pacxoja BObI IIPH paccMart-
pHUBaEMOM METOZIE PEryJIMpOBaHUS OTIyCKa TerioThl. [Ipu Temmneparypax Ha-
PY)KHOTO BO3MIyXa BBIIE #,, OT TOLl B TEIUIOBYIO CETh MOCTYIACT YKBUBAJICHT
pacxojia ceTeBoil BOJIbI, paBHBIA ;. DTOT 3KBUBAJIEHT pacxofia BOJIbI pacrperie-
JISIETCS. MKy HCABTOHOMHBIMHU M aBTOHOMHBIMU aboHeHTamu: W, = Wy + W,

131 T ////fg"w “
140 :
&t 3 ' ; ‘%L
P / 8 l .7 \4
120 v 8 +
P 01'6 = I
=]
1 % w
100 P ol w W
3 5 < K T
= oté [ l I
8 II l
g 80 }
B ) ‘8o tuwk tnuluo ke tho
60 o
§ i
s Puc. 2.23. Pexxum coBMeCTHOU pabOTHI
& 40 TOLI 1 MMKOBBIX KOTENBHBIX: ¢) TEMIIE-
PaTYpHBIH, O) TUAPABIMICCKUN PEKUMBI
20 TeMIepaTyphl BOJBI; / — B MOAIOIIEM
TpydonpoBoje; I/ — mocne Terroduka-
0 UOHHOT0 TIogorpesates; [// — B 00-

tso tax tamime t'se tao  paTHOM TpyKOOMpOBOIE
a

B nmanazone TemmepaTyp Hapy>KHOTO BO3JyXa OT tyq 110 ty, PACXOJ BO-
ne1, mogaBaemoit ot TOLI, ymensinaercs. MuHUManbHas Mojavya BOJBI OT
TOL W, umeer MecTo MpH pacueTHON TeMIlepaType Hapy»KHOTO BO3IyXa
tyo. ITOT PACcCXo/ BOJBI MEHBIIIE CYMMApPHOI'0 PAaCUETHOTO Pacxo/ia BOMABI Y
a0oHEeHTOR. [y o0ecrieueHus Mpu 3TOM PEXKUME PACUETHOT'O pacxoja Bo-
JIbl B CHUCTEME TCIUIOCHA0KECHUS aBTOHOMHBIX aO0OHEHTOB JIOJDKHA OBIThH
BKIIIOUEeHa HacocHas moxactaHuust 12 (cMm. puc. 2.21) mpou3BOIUTENb-
HOCThIO Wiy (cM. puc. 2.23).
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3. TUAPABJINYECKUI PEXXUM
CUCTEM TEIIVIOCHABXXEHUA

3.1. 3agauu ruAPaBINYECKOr0 pacyera u
KOH(UTypanun TerioBbIX ceTel

IIpy mpoeKTUpPOBAHUU TEIJIOBBIX CETEW B THUAPABIMYECKUU pacCUET
BXOJAT CIIENYIOIINE 3a/[auu:

1) onpeneneHue AMaMeTPoB TPYOOITPOBOJIOB;

2) onpenieNieHre TaJIeHUs 1aBJIeHUs] TETUIOHOCUTENS (Haropa);

3) onpeznenenue NaBieHui (HAMoOpoB) B pa3IMYHbBIX TOUKAX CETH;

4) yBs3Ka BCEX TOYEK CHCTEMbI MPU CTATUYECKOM U TUHAMUYECKOM pe-
KHMax C IeNblo 00ecreueHns TOMyCTUMBIX JIaBICHUH U TpeOyeMBbIX Haro-
POB B ceTH M aOOHEHTCKUX CUCTEMaX.

B HekoTophIX ciydasix MOXKET OBITh MOCTaBJIEHa TaKoKe 3ajaya orpe-
JIeTICHUs] TIPOITYCKHOW CIIOCOOHOCTH TPYOONPOBOIOB NMPH M3BECTHOM HX
IMaMeTpe U 3aJJaHHOM TOTepe AaBJIeHUsI.

Pe3ynbTaThl THAPABIMYECKOTO pacyera JA0T CIENYIOIINH HCXOJHBIH
MaTepHa:

1) nns ompenelieHus: KaruTaloOBIOKEHUH, pacxona meramia (Tpy0) u
OCHOBHOI'0 00beMa padoT 10 COOPYKEHHIO TEIIIOBOM CETH;

2) yCTAaHOBJICHUS! XapaKTEPUCTUK HHUPKYJSAIMOHHBIX M TMOAMUTOYHBIX
HACOCOB, KOIMYECTBA HACOCOB U UX Pa3MEICHHUS;

3) BBISICHEHHUS YCIOBUI paOOThl KICTOYHUKOB TEIUIOTHI, TEIUIOBOH CETH U
a0OHEHTCKHX CHUCTEM M BbIOOpa CXeM MPHCOCAMHEHHS TEerIonoTpedsio-
IUX YCTAaHOBOK K TEIIOBOW CETH;

4) BeiOopa CpeACTB aBTOperyiIMpoBaHUs B TemoBod cerm Ha ['TII,
MTII 1 Ha aOOHEHTCKHUX BBOJAX;

5) pa3paboTKU PEKUMOB IKCIUTyaTAI[MH CUCTEM TEIIOCHA0XKECHUSI.

Jns mpoBeneHMs] THIPAaBIMYECKOTO pacyera JOJDKHBI OBbITh 3aJaHBbI
cxema M npoduiib TEIUIOBOH CETH, yKa3aHbl pa3MelleHne UCTOUHMKOB Tell-
JIOTHI ¥ IOTPEOUTENEH U pacyeTHBIE HATPy3KH.

Cxema TeIUIoBOH CeTH OmnpefessieTcsl pa3MelleHHeM HCTOYHMKOB Tell-
siotel (TOL] miK KOTENBHBIX) O OTHOIICHUIO K PaiioHy TEIIOBOTO MOTPeO-
JICHUs, XapaKTepoM TeIJIOBOW Harpy3kd MOTpeOuTenei paiioHa U BHIOM
TeIJIOHOCUTENISL.

[Tap B kavecTBE TEIIIOHOCUTENS MCIONB3YETCs TIaBHBIM 00pa3oM ISt
TEXHOJIOTMYECKHX Harpy30K MPOMBIIUICHHBIX Npeanpusathii. OcHOBHas
Harpyska MapoBBIX ceTell 0ObIYHO KOHIICHTPUPYETCS B CPaBHUTEIHHO He-
OONTBIIIOM KOJNHYECTBE Y3JI0B, KOTOPBIMH SBISIOTCS [[€XU MPOMBIIUICHHBIX
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npennpusatui. Ilo3aToMy ynenbHas NPOTSKEHHOCTb IIAPOBBIX CETEW HaA
€IMHHUIlY pacyeTHOW TEIIOBOM Harpys3ku, Kak HmpaBuio, HeBenuka. Korma
10 XapakTepy TEXHOJIOTHYECKOro IpoIecca JOMYCTUMBI KPaTKOBPEMEHHBIE
(mo 24 49) mepepbiBBI B MoJaue mapa, Hanbojaee YJKOHOMUYHBIM H B TO K€
BpeMsl JIOCTATOYHO HAJIeKHBIM PEIICHHEM CIYXHT MPOKIaaKa OJHOTPYO-
HOT'0 IIapOIPOBOJa C KOHIEHCATOIPOBOAOM.

Bonee crnoxxHOl 3agaueil cunTaeTcst BBIOOP CXEMBI BOJASHBIX TEIUIOBBIX
cereif, MOCKONBbKY HMX Harpyska, Kak MpaBHUJIO, MEHEe KOHIIEHTPHpOBaHa.
BonsiHbie TEMIOBBIE CETH B COBPEMEHHBIX TOPO/IaX 00CIyKUBAIOT OOJIBIIOE
YHCII0 MOTpeOuTENel, H3MepIeMoe HEPEIKO THICSYaMHU H Jaxe JeCSITKaMH
TBICSIY TPUCOEANHEHHBIX 3/JaHUM, pacION0KEHHbBIX Ha TEPPUTOPUSIX, U3MeE-
PSIEMBIX 4YacTO MHOTUMH AECSATKaMH KBaJpaTHBIX KUJIoMeTpoB. I1pu BbIOO-
pe cxembl BOJASHBIX TEMJIOBBIX CETeM BOImpocaM HAJleXHOCTH U pe3epBHU-
poBaHus TeriocHa0XeHUs1 He0OOXOUMO YIEIUTh 0c000e BHUMAaHUE.

TeruioHocUTENs MOCTYMAET U3 MaruCTpalbHBIX CETeM B pachperenu-
TENbHBIE CETH M MO PacHpeeNIUTENIbHbIM CETSIM TOoJaeTca uyepe3 rpymnmo-
BBIE TEMJIOBBIE MOJCTAHIIMM WJIM MECTHBIE TEIJIOBBIE MOJICTAHIINH K TEIUIO-
MOTPeOAIOMIMM yCTaHOBKaM aboHEHTOB. HemocpeacTBeHHOE mpHcoen-
HEHHE TEIUIOBBIX MOTpeOuTeNeld K MaruCTpaibHBIM CETSM HE CIedyeT J0-
MycKaTh, 3a MCKIIOYEHHEM CIIy4aeB MPUCOECAMHEHUS KPYIHBIX MPOMBIII-
JICHHBIX MPEeINpPUITHH.

MarucrpanbHble TEMJIOBBIE CETH C MOMOIIBIO 33JIBUKEK Pa3AeNIioTCs
Ha cekiuu jJmHou 1...3 kM. Ilpu packpeituu (pa3peiBe) TPyOOIpoBOIa Me-
CTO OTKa3a WJIM aBapHH JOKAJU3YeTCS CEKIIMOHUPYIOUIMMH 3aJBHKKaMU.
bnaromapss 3ToMy yMeHbIIalOTCS MOTEPHU CETEBOI BOJABI M COKpaIlaercs
JUTNTETEHOCTh PEMOHTA BCIIEICTBHE YMEHBIIIEHUSI BpEMEHHU, HE0OX0IMMOT0
JUIsl IpeHa)ka BOABI U3 TPYOONpPOBOAA Tepes] MPOBEAEHNEM PEMOHTA U IS
3aIl0JTHEHUS y4acTKa TPyOOIpoBo/ia CETEBON BOJOH MMOCIIE PEMOHTA.

PaccrosiHne MeXIy CeKIMOHMPYIOIMMU 3aJBI)KKaMH JIOJDKHO OBITh, Kak
MPaBWJIO, MEHBIIIE NMPU OOJIBIIMX JUaMETpax TPyOOIPOBOIOB U MpH Oojiee
HU3KOM PaKETHON HapyXHOW TeMIlepaType M OTOIUIEHUS fy .

[Ipu ucmonk30BaHUM TEIIONPOBOJA OOIBIIOTO AUAMETPA JKENATENBHO
MpeaycMaTprUBaTh CUCTEMHOE pe3epBHpOBaHUE TermaocHabxeHus. OaHuM
W3 METOJIOB PE3EPBUPOBAHUS SBISETCS OJIOKMPOBKA CMEXHBIX Marucrpa-
JIeH.

CeKIMoHHpYIONIHMEe 3aBHKKH YIOOHO pa3MeliaTh B y3JaxX MPHUCOSAH-
HEHHS paclpeeuTeNIbHbIX CeTed K MarucTpajbHBIM TEIJIOBBIM CeTsM. B
3THX Y3JI0BBIX KaMepax KpOMEe CEeKIIMOHUPYIOIINX 3aJIBUKEK pa3MelIatoTCs
TaKKe TOJOBHBIE 33/IBUKKH PaCIpeleIMTeIbHBIX CeTel, 3aABIKKU Ha O10-
KHPYIOIUX JINHUAX MEXKIY CMEXKHBIMH MarucTpalsiMd MM MEXIY Maru-
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CTpaJISIMU U pe3epBHBIMU MCTOYHHWKAMHU TEINIOCHAOXKEHUS, HAIIpUMEp paii-
OHHBIMH KOTENIbHBIMH (KaMephbl 4 Ha puc. 3.1).

B cekunoHnpoBaHNH NIAPOBBIX MarucTpaieii HeT He0OXOIUMOCTH, TaK
Kak macca mapa, TpeOyromasicst Ul 3all0JTHEHUS [JUIMHHBIX MaporpoBOIOB,
HeBenka. CeKIIMOHHBIC 3a/IBKKHU JIOJKHBI OBITH 000pyI0BaHbI AJIEKTPO-
WIH THAPONPUBOJOM M UMETH TEIEMEXaHMUECKYIO CBS3b C IIEHTPAJIbHBIM
JHMCTIETYEPCKUM MyHKTOM. PacrpenenuTenbHble CeTH JOMKHBI UMETh MPH-
COEIMHEHNE K MaruCTpain ¢ 00EUX CTOPOH CEKIMOHUPYIOUINX 3aJABHIKEK C
TeM, 4TOOBI MOXHO ObLIO OOECHeYnTh OecriepeOOiHOe TEIIOCHA0KEHUE
aOOHEHTOB TNpH aBapUsAX Ha JIIOOOM CEKIIMOHWPOBAaHHOM YYacTKE Maru-
CTpaJIH.

BrokupoBoYHBIE CBA3M MEXIYy MaruCTPaJIIMH MOTYT BBITOJTHSTHCS OJI-
HOTpYOHBIMH. COOTBETCTBYIOIIEH CXEMOW MX MPUCOEAWHEHHSI K MarucT-
pAIbHON CETH MOXET OBITh MPENYCMOTPEHO HCIONb30BaHHE OJIOKUPOBOY-
HOW CBSI3M KaK JJIs MIOIAOIIEro, TaK U JJisi 00paTHOr0 TPyOOIpoBoOIa.

B 3maHusx oco0oli KaTeropuu, KOTOpbIE HE JOMYCKAIOT MEpephIBOB B
TEIUIOCHA0XKEHUH, JOJDKHA OBITh MPEIyCMOTPEHA BO3MOXXHOCTh PE3CPBHO-
T'0 TETUIOCHA0KEHHS OT Ta30BBIX MIIH DJIEKTPHUUECKHX HarpeBaTelel Win ke
OT MECTHBIX KOTENbHBIX Ha CIIyyail aBapuiHOTO MpEKpaIeHus [eHTPaIn-
30BaHHOTO TEIIOCHAOXKeHus. J{Jsi mpennpusTHii, B KOTOPBIX HE JIOMycKa-
IOTCSI TIEpEPBIBBI B TMOJIa4€ TEMJIOTHI, JOJDKHBI MpeaycMaTpuBaThes Iy0-
JINPOBAHHBIE WJIM KOJIBLIEBBIE CXEMBI TEIUVIOBBIX ceTell. PacueTHble aBapuii-
HBIE PACXOJIbl TEIIOTHI IOJDKHBI TPUHUMATHCS B COOTBETCTBHHU C PEKUMOM
paboThl MPEANIPUATHH.

Ha puc. 3.1 npuBeneHa npuHOMIUATBHAS OJHONMHEWHAS CXeMa JBYX-
TpyOHOW BOASHONH TerIoBod cetn or TOL| smekTpuueckoil MOLIHOCTHIO
500 MBrT u TemmoBoit morHocThio 2000 MIx/c.

Panuyc nelictBus temnoBoit cetu 15 kM. Jlo KOHEUHOTro pailoHa Temo-
noTpeOJieHHs ceTeBast BOAa Mepeaercs Mo IBYM JIBYXTPYOHBIM TpaH3UT-
HBIM Maructpansm jummHod 10 kM. [uamerp maructpasieit Ha BBIXOIE C
T3L 1200 mm. ITo mepe pacupernenenust BOABl B TMOMYTHBIE OTBETBIICHUS
JUAMETPbl MaruCTPaIbHBIX JIMHUKA YMEHBIIAOTCS. B KOHEUHBIN paiioH Te-
TJIOBOTO TIOTPEOJICHHs CceTeBasi BOoJla BBOJUTCS MO YETHIPEM MaruCTpasiM
muamerpoM 700 MM, a 3aTeM paclpeaensercs MO0 BOCBMH MarucCTpaysiM
muamerpoM 500 mM. brokupoBodHBIE CBS3M MEXAY MarucTpaisMH, a Tak-
e pe3epBUPYIOIINE HACOCHBIC MOJICTAHIIMU YCTAHOBIICHBI TOJBKO Ha JIH-
Husix auamerpom 800 MM 1 Ooree.

Takoe pelieHue AOMYCTUMO B TOM cllydyae, KOrja Mpd MPUHSITOM pac-
CTOSIHUU MEX]y CEKIIHOHHPYIOIINMH 3aJBIKKaMH (Ha cxeme — 2 KM) Bpe-
Msi, He0OXoMMOe JJIsl peMOHTa TpyoonpoBona nuamerpom 700 MM, MEHb-
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e BPEMEHM, B TEUEHHE KOTOpPOro BHYTPEHHAS TeMmIepaTypa OTaIlIu-
BAaEeMBIX 3JIJaHUI NPU OTKJIIOUYEHHH OTOIUIEHMSI PU Hapy>KHOW TeMIepaType
tyo cHU3UTCS OT 18 110 12 °C (He Huxe).

3 3
2 KM 2 KM 4
<~ 7 5 21000 4o G 700 & 500
£x 7 6 5
D o L3 o 800 = & & &
! 5 [ 1200 7
| 2 I/ i X
7, 2 800 {
l 4 X
4 Va7
il —f— T g 3
v
2 kM 2 KM 2 KM 2500
2 KM = 3 KM

Puc. 3.1. IlpuHnmnmansHasi OMHOMHHEHHASI KOMMYHUKAIIMOHHAS CXeMa JIBYXTpYyO-
HOU BOJISTHOM TETJIOBOM CETH € ABYMsI MarucTpaiasmu: 1 — komwrexrop TOLL; 2 — maru-
CTpasibHast CeTh; 3 — paclpeeuTelbHas CeTh; 4 — CeKIMOHMPYIOIIAst KaMepa; 5 — CEKIHO-
HUPYIOIIAs 3a/IBIXKa; 6 — HACOC; 7 — GIOKUPYFOIIAst CBSI3b

BrokupoBoYHBIE CBSA3M M CEKIIMOHUPYIOLINE 3aJIBUKKH PaclpeacieHbl
TakuM 00pa3oM, 4TO MPU aBapuu Ha JIIOOOM y4acTKE MarucTpalld TUaMeT-
pom 800 MM u Gosiee oOecrieUrBaETCs TEIUIOCHAOKEHHE BCEX aOOHEHTOB,
MPUCOSIUHEHHBIX K TEIJIOBOM ceT. TermnocHa0xeHrne abOHEHTOB HapyIia-
ercs TOJIBKO MPH aBapusax Ha IMHUAX nuamerpoM 700 MM 1 MeHee.

B sTom ciyuae mpekpamiaercst TeUIoCHa0KeHHe aOOHEHTOB, PacIolo-
KEHHBIX 32 MECTOM aBapuH (10 X0y TEIJIOTHI).

[Ipu TennocHa®XeHWU KPYIHBIX TOPOAOB OT Heckonbkux TOLI meme-
coo0pa3HO MpPeIyCMOTPETh B3auMHYyHO OnokupoBky TOIL[ mocpencTBoM
COEIMHEHHUsI UX MarucrTpajieil OJOKHPOBOYHBIMH CBA3sIMU. B 3ToM ciydae
MOXeET OBITh CO3/laHa 00bEIUHEHHAs KOJIBIEBAsl TEIUIOBAs CETh C HECKOJIb-
KHMH UCTOYHMKaMHu nuTaHus (puc. 3.2). B takyro ke cucreMy MOTyT ObITh
B psilie cIydaeB 0ObeAMHEHBI TeroBble ceT TOL] 1 KpymHBIX pafoHHBIX
WJIM TIPOMBIIIUICHHBIX KOTEbHBIX.

OObenmHeHue MaruCTPaibHBIX TEMJIOBBIX CETeH HECKOJIbKMX MCTOYHH-
KOB TEIUIOTHl HapsAgy C pPe3epBHPOBAHHWEM TEIUIOCHAOXKEHHS IO3BOJISET
YMEHBUINTh CYMMapHbIN KOTeNbHBIN pe3epB Ha TOL n yBenu4uTh cTeneHb
WCTIONIb30BaHMs Hamboliee SKOHOMHUYHOIO OOOpYyJOBaHMS B CHUCTEME 3a
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CUET ONTHMAJIBHOTO paClpeneSieHuss HarPpy3KH MEKIY HCTOUHHKAMH Tell-
JIOTBL.
He3zaBucumo or O10KH-

. g ToLl N 2
PYIOIINX CBsI3el MEXIy Ma- H- +_I
THCTPaJISIMU 1IeTIeco00pa3Ho
B TOpoJax C pa3BUTOM Ha- l"l""HE :l:
rpy3Koil ropsdero Bomo- 1t Koasno
cHaO)XKEHUSI TpeayCcMaTpH- 40 j: $ l ToL M 8
BATh TIEPEMBIYKHM CPABHH- $ :F :F:F
TENIBHO HEGONBIIOro  Jiua- I—
MeTpa MEXKIY CMEKHBIMH ¢ $ il i i:l:
pacrpeieuTeIbHBIMEI  TETl-
JIOBBIMH CETSMHU JUISL PE3€Ep- } {I 0
BUPOBAHUSI HATPY3KH TOps- BT N 1
4ero BOJOCHAOKEHMSI. Puc. 8.2. Konbuesas TemnoBas ceTh

3.2. OcHOBBI THAPABJINYECKHX PACYETOB

Paznen dusuku, usyvarommii JBMKEHUE KUJKOCTH WIK ra3a, Ha3blBa-
eTCS 2UOPOOUHAMUKOU VI AdPOOUHAMUKOU. DTOT pasien (pU3UKH BhIJIC-
JIUJICS KaK OT/AeIbHas HayKa.

Pazmmnualor n1Ba OCHOBHBIX THIIA TE€YEHHHU KUAKOCTEN U razos. Eciou
meueHue TIABHOE U CMEKHBIC CIIOM KaK OBl CKOJIB3ST JPYT OTHOCHTEILHO
Jpyra, TO €ro Ha3bIBAIOT JAMUHAPHLIM WU nomeHyuansHuim. Korna
CKOPOCTh JBIKEHUS TPEBHIIIACT ONPEACTCHHYIO BEIUYHNHY, TCUEHUE CTa-
HOBUTCS mypOyieHmubim. Takoe JBYXKEHUE COIPOBOXKIACTCS BpallleHHEM
MaKpOYacCTHII )KHJIKOCTH, T.¢. 00pa3oBaHueM Buxpei. [IpuunHoit BUXpeoO-
Pa30BaHUS SBISIETCS BSI3KOCTH KUAKOCTH.

JlamuHapHOE TEYEHHME HECKHUMACMOM IKUIKOCTH IO TPYOONpPOBOIY
(puc. 8.3) onuchiBaeTCs ypaBHEHHUEM BepHYIUH, KOTOPOE BhIpa)kaeT JHEp-
TeTUYECKUI OallaHC eIMHUIBI MAaCChl XKHUJIKOCTH 0€3 ydera M3MEHCHHsS e
SHTAJIBITUU:

Zlg+—+ﬁ= 2g+_+p2 Ap, (3.1)
2.9 2 p P

rae Z,, Z, — reoMeTpuyecKas BBICOTa OCH TPYObl B ce4eHUsIX | 1 2 OTHOCH-
TEJIbHO TOPU30HTAJILHOTO YPOBHS OTCYETAa, M; W U W, — CKOPOCTH JBUXKE-
HUS JKUAKOCTH B CeUeHUsIX | U 2, M/c; p, ¥ p, — AaBIIEHUE KUJIKOCTH Ha OCH
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TpyOsI B ceuenusx 1 u 2, [a; Ap — manenue naBneHus Ha orpeske 1...2; g —
YCKOPEHHE CBOOOIHOTO TAJCHUS;, P —

Jlunus noHbIX HANOpoe IIJIOTHOCTB ) KHUAKOCTH, Kr/ M3.

[epeiii unen B (3.1) Zg — ynenbHas
9HEprusi BBICOTHl B JAHHOM CEUYCHHH,
(oTHeceHHasl K eUHHIIE MACCHI KHJIKO-
ctu), JIx/Kr; w'/2 — ynenbHas KUHETH-
4yeckasi DHEPrusl >KUAKOCTH B JaHHOM
ceueHuu, JDK/Kr; p/p — yaenpHas mo-
TEHIIMaJbHAS DHEPTHHM KUJIKOCTH B
naHHoM ceueHuu, JLk/kr; Ap/p —
Yposens omcuena yAelbHAasA MOTEps  MOTEHIMAJIbHOU

AL SHEPIUHU KUAKOCTU U3-3a TPEHHUS U Me-

Puc. 3.3. /IBwkeHHEe )XUIKOCTH
o TpyOonpoBoIy

CTHBIX CONpPOTHUBIECHUN Ha y4acTKe
TpyOomnpoBona 1...2, Jx/kr, koropas
MEePEXOIUT B TEIIOTY, YTO MPUBOIUT K YBEIHMUCHUIO YACTBLHON SHTATBITHU
YKUJKOCTH B TPOIIECCE €€ JBMKECHUS 110 TPYOOIIPOBO/TY.

YpaBHeHue bepHymM MOXKHO 3amnucaTh OTHOCUTEIBHO HAIOPOB, pa3-
nenuB o0e yactu Ha g. Hapsimy ¢ ynenbHOM sHeprued B TUAPABIMUECKOM
pacyere TEIUIOBBIX CETEH HMIMPOKO MCIONb3YETCS APYro MnapaMerp — Ha-
op, M,

2 2
H0=Z+W—+£=Z+W—+H, 3.2)
2g v 2g
raey = pg — yIeNbHBIN Bec xkuakoct; H = p/pg = H/y — nbe3oMeTpudeckuit

Harop, M.

CKOpOCTh KHIIKOCTH B TPYOONPOBOAAX HEBENMKA, TOITOMY KHHETHYE-
CKOM dHEpruei MoToka MOXKHO MpeHedpeyb W MpH THAPAaBIMYECKUX pacde-
TaX HE YUUTHIBAIOT OTHOMIEHHE W/(2g).

[NaneHve naBieHUs B TPyOe MPEICTABISIET COOOW CYMMY JIMHEHHBIX
HOTEPh JaBJEHUS Ap, ¥ IOTEPh NABJICHUS HAa MECTHBIX T'MAPABINYECKUX
COIIPOTUBIEHUAXAD,,:

Ap = Ap, + Apy,. (3.3)

B tpybonpoBogax Ap, = R, [, tne R, — ylIenbHOE NaJIcHUE JaBJICHUs,
T.€. MaJICHKUE JAaBJICHUE SAMHUIIBI JTUHBI TpYOsI, [1a/M; [ — qymuHa TpyOBI, M.
VY nenbHOE IMHEWHOE NaieHue onpezensercs no popmyiie 1 Apcu:
2 2
w G
R,= 22— 08120, (3.4)
2d d’p
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rae A — Ko3QQHUIHEHT THAPaBIMYECKOTO COMPOTHUBIECHUs (Oe3pa3mepHast
BeIMYMHA); d — BHYTpeHHUH Ouamerp TpyOwl, M; G — MacCOBBIi pacxon
TEIUIOHOCUTEIA, KI/C.

KoaguimeHT THIpaBInyeckoro COMpOTHRIICHUS A 3aBUCUT OT PEKH-
Ma TEYEHHUsS XHUJIKOCTH M aOCONIOTHOM DKBUBAJIEHTHOW HIEPOXOBATOCTH
CTEHOK TPYOBI k,. MOXXHO B pacuerax MpUHUMATh CICAYIOMINE 3HAUCHUS K,
— B mapompoBonax k, = 0,0002 m; B BonsHbIX ceTsax k, = 0,0005 M; B KOH-
nencaronpoBojax u cucremax ['BC k, = 0,001 m.

[Tpu namuHapHOM TeueHUM KUAKOCTH B TpyOe (Re < 2300)

A = 64/Re. (3.5)
B nepexonnoit obnactu 2300 < Re <4000
K, 68)7
A=01 l[—3+—J . (3.6)
d Re
ITpu Re > 568d/k, = Re,, Gonblie mpeaenbHOro 3HaYeHHs:
0.25
k
A=011—=| . 3.7
(&) 67

OOBI4HO B TEIUIOBBIX ceTax Re > Rey,, mostomy popmyny (3.4) mns
YASTBHOTO MACHUS JaBACHUS MOYKHO MTPUBECTH K BU/IY

G2
RHZ ARW),HB/M, (38)
e Az = 0,0894k,"%.

Ortciona quaMeTp TpyoOnpoBoaa, M:
d = A,G"*(R,p)™", (3.9)
rae A, = 0,63 k,""7.
[IponyckHast criocoOHOCTH TPYOOIIPOBOIA, KI/C:
G = Ag (Rp)"d*®%, (3.10)
rae Ag = 3,35/ k',
[loTepn naBieHUS Ha MECTHBIX CONPOTHUBIICHUSX ONPEIENSIOTCS MO
bopmyne
G2
pd*’
rae & — cymma Ko3(Q(QUIMEHTOB MECTHBIX CONMPOTHBICHUN ydyacTka; & —
Oe3pa3MepHas BeIMYHMHA, 3aBHUCAIIAS OT XapaKTepa COMPOTHUBIICHHUS .
3naueHus K03 HUIEHTa MECTHOTO THAPABINYECKOTO COMPOTHBIICHUS
& mnpuBozsTcs B cripaBouHukax [19]. [lpu rumpaBiandeckux pacderax mo-

2
Ap,, =Z§p%=0,812§ (3.11)
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TEpH JIABJICHHUST HA MECTHBIX CONPOTHUBIICHHSX MOXXHO YYHTBHIBATH uepe3
SKBUBAICHTHYIO UIUHY /,:
Apy = Ril; (3.12)

l,=2& d/\. (3.13)
Ko3¢pduumeHTsl MECTHBIX COMPOTHBICHUII HEKOTOPOH apMarypbl H
(acoHHBIX yacTeil npuBeneHsl B Tadu. [1( mpunoxkenus, 6onee moapoOHbIe
JlaHHBIC UMeroTcs B [19].
KoagpuimeHT MECTHOTO COMPOTHUBIICHUS 3a/IBHXKEK M KIIAMTAHOB MOXK-
HO OMPEACTUTH 10 (PopMyJie

2
S L
= {(0,67—0,57;1)” 1} ’ (3.14)

TJIe # — CTENEeHb CXKaTUsl CEYEHMS, T.€. OTHOIIEHHE CXKATOTO CEeYeHMs MOTOKa K
TUIOIIA /I TIOTIEPEYHOr0 CEYeHUsT TPyOOIpoBoa:

[pu OTKpBITOM 3a/IBIDKKE n=1, g€ =0
[Tpu 50 %-HOM OTKpBITHH n=0,5, =44
Ipu 10 %-HOM OTKpBITUN n=0,1, £=235
[Tpu 3akpbITON 33IBUKKE n =0, =

ComnporuBiieHnss MyQTOBBIX, (IaHIEBBIX H CBAPHBIX COCTUHEHUH TpPY-
60Hp0B0[{0B IIpu MpaBUJIBHOM BBIIOJHCHUHN HE3HAUHUTECIIbHBI, ITIO3TOMY HX
Haao paccMaTpuBaTh B COBOKYITHOCTH C JIMHENHBIMU COITPOTUBJICHUSAMU.

OTHOHIGHI/IG nmaacHusa NaBJICHUS B MECTHBIX COINPOTHUBIICHUAX pr60-
NpOBOJA K JIMHEHHOMY MMAJICHHUIO B 3TOM TPYOOMPOBOJIE MPEICTABIISET CO-
0oli D00 mecmubix nomeps. HeTpyIHO BUIETh, YTO J0JISI MECTHBIX TIOTEPh
paBHa OTHOWICHHIO SKBUBAJIEHTHOH JUJIMHBI MECTHBIX COHpOTI/IBHeHI/Iﬁ K
JUIMHE TPyOOITpOBO/IA:

o= Ap/Ap,=1,/1. (3.15)

ITpu TpaHCIIOPTHPOBKE KUAKOCTH, B YACTHOCTH BOABI

azl,lSAZ& G (3.16)

a1

rae A, = 5,1/(k,"""p***); Ap — pacionaraemsiit iepena nasnenwus, Ia.
CymMmapHoe niaJieHue 1aBjIeHHs BIOIb TpyOOnpoBoa:
Ap= Ap, + Apy = Ap,(1 + Ap/Apy) = RI(1 + o) = Ry(I + L,). (3.17)
Otkynma R,= Ap/[l(1 +a)]. (3.18)
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Jlonist MECTHBIX TOTEPh BO3PACTAeT MPH YBEIMYEHUH CYMMBI K03 (hu-
IIUEHTOB COMPOTHBIICHUI Ha €IMHUILY JJIUHBI TpyOoIrpoBoaa X&//, a Takke
MPH CHMKEHUH PACIoNaraeMoro yAedbHOTO Tepenasa AaBieHUN Ha eu-
HUILY JJIMHBI TpyOorpoBoaa Ap/l.

3.3. [lopsaaok ruApaBIANYECKOro pacyera

[Ipu ruapaBnnveckoM pacuere TpyOONpPOBOAOB OOBIYHO 3a/JaHBI pac-
XOJI TETUIOHOCUTEII U CyMMapHOE IMaJIeHUe JaBJICHUs Ha y4acTke. Tpely-
€TCA OHpPCACINTh TUAMETP pr6OHpOBOI[a. Pacuer coctout m3 ABYX 3Ta-
[IOB: IIPEIBAPUTENIBHOIO U IIPOBEPOYHOTO.

I'mapaBinnyeckuil pacdyer ynpouaercs Ipyu UCIOJIb30BaHUU HOMOIPaMM
(puc. 3.4—3.6).
Pacxon napa G, r/c

0,06 01 02030405 1 2 845 10 20 804050 100 200 300 500
R, IIa/m

[ D \‘H: 7 A
8000 T & IS Ie
- N }Q NS N &750 & (’."’,.,,‘ 14_/_
s AN K S
1000 b2 b h AN A \ qujfo Yo
800 N P#;g_‘. A \l’ I‘ . ulé
600 ) (5f amghd 7 ,10‘20
i < _°': _@# V4 \I 10_
o AW SV 8 VAW 22 Y4
[N [T A S o0
200 0 NN I NS ge‘? o7 7\{
N 3
100 N L ? > » G\Q}' ‘?3"0@ 7 N 7
80 7~ 77 S FATaN/
60 7 II \7\ ~ 7 717 C
a0 AU USS .V, 4 2y
901 Y / JaNVIVVAIA N, SN
% 7717 NN a TR
20 l’bs{;" 6 &0/ / A N
LAl /A AR /PN

10
1 2 8 456 810 20 3040 6080100 200 300400 8001000 2000 4000 10000

Pacxon Bogu G, Kr/c

Puc. 3.4. Homorpamma Juist ru/ipaBiMdecKoro pacuera TpyoonpoBoaoB: &, = 0,0002 m;
ps = 975 KI5 py = 2,45 kov; d = 0,07..1,392 M; Tpur Apyroii IUIOTHOCTH Tapa R, =
=(2.45/p2)/Ry,
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Pacxon napa G, xr/c
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Pacxon napa G, xr/c
o005 01 0,2030,4005 1 2 8465 10 20 304050 100 200 300 500
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100 SN A /DN PN/ AL
80 7Y X / 77 NS 7
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1 2 8456810 20 80 40 60 80 100 200 800 400 600 800 2000 4000 1000
3 Pacxon Bostst G, Kr/c

Puc. 3.5. HoMorpamma 71t THIpaBIHYIECKOTO pacdera TpyOOompoBOIOB:
a) d=0,005...0,07 m; 6) d= 0,07...1,392 m; k, = 0,0005 m; p, = 975 Kr/m’; p, = 2,45 kr/M’;
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Pacxox napa G,kr/c
0,01 0,1 0,20,8040,5 1,0 2,00,30,40,5 10 1520 30 4050 100 150 200 300 500
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Pacxost BOLbL, Kr/c

Puc. 3.6. Homorpamma juist THIpaBINIECKOTO pacueTa TPyOOoIpOBOIOB:
k,=0,001 m; p,=975 kr/ M P=2,45 xr/ M TIPH IPYTOi TUIOTHOCTH Tapa R, = (2,45/p,)/R,,

Ilpeosapumensnutii pacuem.

1. 3agaroTcst josiell MECTHBIX TOTEPh HJIM BBIYHCISAIOT ¢ 1o (GopMmyie
(3.16).

2. HaxonaT yaenbHOe JTMHEHHOE najieHre aapieHus 1o (3.18).

3. OnpenensroT CPenHIO IJIOTHOCTh TEIUIOHOCHTENS Ha y4acTKe IO
bopmyne

Pep = (Pras t Pron)/2. (3.19)

WHaekchl «HaY» M «KOH» OTHOCSTCS K Hayaly M KOHIY ydacTka. Eciu

TEIIOHOCUTENb — JKUAKOCTb, TO IPHHUMAIOT Pyay = Pron = Pop-

4. OnpenensoT quamMerp TpyOoopoBoia U3 MPEIoiIoKeHUS ero pado-

ThI B KBaJpaTH4HON 00mactu 1o (3.9)

IIpoeepounwiit pacuem.

1. [IpenBapuTenbHO PAaCCUUTAHHBIA TUAMETP OKPYIIISAIOT 0 OJMXKaii-
IIero mo craHaapTy. Tabnuia cTaHAapTHBIX JAUAMETPOB TPYO, IpUMEHSsIe-
MBIX TIPH TPAHCIIOPTHUPOBKE BOJBI U BOASHOTO Mapa, MPHUBEJCHA B MPHUIIO-
sxkernu ta6u. [110.

2. OmpenenstoT yucio Re, cpaBHUBAIOT €ro ¢ MpeleIbHbIM 3HAYCHUEM
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Re,, = 568d/k, . YcranaBnuBarOT pacueTHYIO 00JIaCTh, B KOTOPOU paboTaeT
TPYOOITPOBO/I.

Korga tpybompoBox paboraer B KBaApaTU4YHOW 007acTH, JTUHEHHOE
yaenbHOe NaJeHUe AaBIeHUs ONpeaestoT no (3.8) , SKBUBAJICHTHYIO JUIH-
HY MECTHBIX CONPOTUBJIEHUH — 10 (3.13), cyMmMapHOe najieHue JaBJICHHS —
mo (3.17).

Eciu tpybonpoBoj paboTtaer B nepexofqHoi oonactu, 1o 1mo (3.6) BbI-
YUCISIIOT KO3(D(UIMEHT TUAPaBIMYECKOTO TpeHHsl A, HaxomsaT mo (3.4)
yaenbHOe JIMHEHHOE MajieHne qaBieHus, a 3ateM 1o (3.13) HaxosIT SKBUBAJICHT-
HYIO JUIMHY MECTHBIX CONpOTHBIeHUH 1 1o (3.17) cymMMapHOe najicHue JaBiie-
HUS HA y4acTKe.

Onpezenenre 00JIaCTH, B KOTOPOi padoTaeT TpyOOIpOBOI, CIISYET ITPOBO-
JIATBH TOJIBKO TPH pacdere Y4acTKOB C MAJION Harpy3koi (aOOHEHTCKUE OTBETB-
JICHUSI ¢ MaJIbIM PacxoloM TerioHocuTens). [Ipu pacuere MarucTpaibHbIX JH-
HHI 1 OCHOBHBIX OTBETBJICHHI MPOBEPKY PACUETHOM 00JIaCTH MOKHO HE BBITOJI-
HSITh, CYMTASL, YTO ITH CETH PaOOTAIOT B KBaJAPATUUHOI 00JIaCTH.

3. Ilpu pacyere naponpoBOOB COMOCTABIISIOT MOIYYEHHOE 3HAYCHUE P, C
MpeBapUTeIbHO MpUHATHIM. [Ipy OOMBIIOM pacXoKIEHWH 3a/aloTcs Ooree
OMM3KUME 3HAYECHWSIMU OTHX BEIMYWH M BHOBb OCYILECTBIISIOT MPOBEPOUHBIN
pacuer.

3.4. IIbe30MeTpHYecKHuii rpadg ik U HelTPaTbHbIE TOYKH

IIpy mpoexkTUpoOBaHUU U HKCIUTYaTallMU PA3BETBIEHHBIX TEILUIOBBIX CE-
Te IIMPOKO HCIONB3YETCsl TbE30METPUUECKUi rpaduk, Ha KOTOPOM B
KOHKPETHOM MaciiTabe HaHeCceHbI penbed MECTHOCTH, BBICOTA MPUCOCAH-
HEHHBIX 3/IJaHUH, HAIlop B CETH; MO HEMY JIETKO ONpPEIENIUTh Harop (JaBiie-
HUE) U pacroiaraeMblil Hanop (mepenas AaBieHnid) B J1F000H TOYKE CETH U
A0OHEHTCKHX CHCTEMaXx.

Ha puc. 3.7 npuBenensl npe3oMeTpuieckuii rpaduk AByxXTpyOHOI BO-
JSTHOM CHCTEMBI TETUIOCHAOKEHHS U MPUHIUIIHATIbHAS CXeMa CUCTEMBIL. 3a
FOPU30HTAIBHYI0 INIOCKOCTh OTCYETa HAIOPOB IPUHAT YypoBeHb I-1,
HMMEIOIINN ropu3oHTANIbHY0 oT™MeTKy 0; Hy), Hy4 — rpaduk Hanmopos mo-
natoried uauu cetu; Hy, Hyy — Tpaduk HAmopoB oOpaTHOM JIMHUM CETH;
H,, — nonHbIi Hanop B 00paTHOM KOJUIEKTOPE UCTOYHUKA TETUIOCHA0KEHHS
H, — Hanop, pa3BuBaeMblid CETEBBIM HacocoM [; H, — MOJIHBIA HaIop, pas-
BUBAEMbIH IIOAMUTOYHBIM HACOCOM, WM, YTO TO XK€, TONHBIA CTATUYECKUN
Harop TerIoBoi ceTH; H, — MOIHBII Hamop B Touke K Ha HarHeTaTebHOM
naTpyOke Hacoca [; OH, — moTepst Haropa CeTeBOH BOJBI B TEIJIOMNOATOTO-
BUTENbHOW ycTaHOBKE /I[; H,, — NONHBIA HANoOp B MOJAOUIEM KOJUIEKTOPE
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WCTOYHMKA TeruiocHaOxenust, H, = H, — OH, . Pacrionaraemsiii Hamop ce-
TEeBOU BOIbI Ha koyuiekTopax TOU H, = H, — H,. Hamop B mt060ii Touke
TEIJIOBOM CETH, HalpruMep B TOUKe 3, 0003HaUaeTCs CIEAYIOIUM 00pa3oM:
H,; — monHeIi HAMOp B TOYKe 3 MOAAIOIIEH JIMHUM CeTH; H,; — MOIHBIN Ha-
nop B TOUKe 3 0OpaTHOM JIMHUM CETH.

I14
4§’ZI
o4

6

Puc. 3.7. Cxema (a) u mpe3oMeTprdeckuii rpaduk (6) IByXTPYOHOH ceTH

Ecnu reomesndeckasi BBICOTa OCH TPyOONpoOBOJa HaJA TIOCKOCTBIO OT-
cyeTra B 3TOM TOUYKE CETH paBHA Z3, TO MbE30METPUUECKHM HAIlOp B TOUKE 3
nojaromed T H,3 — Z3, a Ibe30MeTpHUECKUil Harop B 0OpaTHOM -
Huu H,; — Z;. Pacmionaraemsbrii Hamop B TOYKe 3 TEIJIOBOM CETH PaBEH pas-
HOCTH MbE30METPUYECKIX HAMOPOB ToAatoulell 1 00paTHON JTUHHUN TErIo-
BOMW CETH WJIM, YTO OJITHO U TO K€, PA3HOCTH MOJIHBIX HANIOPOB Hx=H 3= H;.

Pacnomaraemplii Hamop B TEIUIOBOW CETH B y3Jie MpUCOCAMHEHHs abo-
Henra J[. Hy= Hys— Ho, ti€ Hys v Hyy — IONHBIE HATIOPHI B TOAAOUIEH U
o0paTHO JIMHUSX TEmIoBoi ceTH B Touke 4. [loreps Hamopa B mopatorieit
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JIMHUY TETJIOBOW CETH Ha y4acTKe MEX]y HCTOYHHKOM TEIIOCHAOXKEHHS U
aboHeHTOM /[,
SHIL anl _Hn4‘
[Noreps Hamopa B 0OpaTHOW JIWHUK HAa STOM YYaCTKe TEIIOBOM CETH
8H104 =H, —H,

[Ipu pabore cereBoro Hacoca [ (cM. puc. 3.7 a) Hanop H.,, pa3BuBac-
MBII MOAIUTOYHBIM HAacOCOM [I, ApocCeNnpyeTcs PEryysiTopoM AABICHUS
Vi%4 a0 H. ol-

IIpu ocranHoBe cereBOro Hacoca / B TEIJIOBOM CETU YCTaHABIMBAETCS
CTaTUYECKUM Haop H,, pa3sBUBAEMBIN IIOJIIUTOUYHBIM HACOCOM.

YcrpoiicTBo, obecriedrBaroiiee MOMOTHEHHE CHCTEMBbl TelIOCHa0Xe-
HHSI BOJIOM M TMOJAEPKUBAIONICE MOJHBIA CTaTUUECKUN HANOp TEMJIOBOU
CETH IOCTOSHHBIM Ha3bIBA€TCSl MOJIUTOYHBIM YCTPOMCTBOM. B cucreme
TEerI0CHA0XEeHHUs N3-3a HEMOIHOW TepMETHYHOCTH BO3HUKAIOT YTEUKH, CO-
crapisitorue 2...3% pacueTHOro pacxoma cereBod Boapl. [loamurodnoe
YCTPOWCTBO TEIIOBBIX ceTeil BocrnonHseT ux. [lonoxeHne npesomerpuye-
CKOro rpaduka Mo BBICOTE OMPENENsIOT BBICOTA U MECTO PACHOIOKEHHS
HellmpaibHOoll MO4YKU, B KOTOPON JIaBJIEHUE COXPAHSIETCAd HEM3MEHHBIM B
JTUHAMMYECKOM M CTaTHYECKOM pekrMax. OHO MOoJIep >KUBAETCs TOCTOSH-
HBIM OAIMTOYHBIM HAacOCOM. IIpy OCTaHOBKE LMPKYJSALMOHHBIX HACOCOB
BCE IIbE30METPHI COIBIOTCA B OJHY TOPU30HTAIBHYIO JINHUIO, IPOXOASIIIYIO
4yepe3 HEUTPAIbHYIO TOUKY, B KOTOPOM COXPAHUTCS MOJHBIA CTaTUYECKUM
HAafop TEmIoBOM ceTh. Eciiv MoanuTOYHBIN HACOC BKIIOYUTH HENOCPEACT-
BEHHO Iepel HUPKYJIALUOHHBIM HACOCOM, TO HEUTpallbHAs TOYKA COBIIAJa-
€T C TOUKOU MPUCOEAUHEHUS HAcOoca M B HEW Oy/IeT MOCTOSTHHO TOJIEPIKHU-
BaThCs CTATUYECKHI HAOp — Kak Npu paboTe HUPKYISIHOHHBIX HACOCOB,
TaK U MPH UX OCTaHOBKE. YacTo HEUTPaNbHYIO TOUKY HEOOXOMMO MOTHSITh
Ha OOJIBIIYIO BBICOTY, & Halop B Ha4aJbHOW TOYKE OOpaTHOW JIMHHU CO-
XpaHHUTh Ha OoJiee HU3KOM YpPOBHE M TOJJIEP)KUBATH TOCOSHHBIA TOIBKO
NpU TUAPOANHAMUYECKOM pexuMe. Ho mpu ocTaHOBKE LIUPKYJISILIUOHHBIX
HacocoB Hamnop B Touke 01 JOMKeH cTaTh paBHBIM CTaTUYECKOMY HaIopy B
HEUTpaJIbHOW TOUKE. /{1151 3TOro BOKpyr UMPKYJIAILIMOHHOTO Hacoca AENaeT-
Csl NEpPEMBIYKA, KOTOpask MOJAECIHUPYET THIPABIMYECKUM PEXUM TEIIOBOU
cerd. Ha nepeMbIuke ycTaHABIMBAIOT JBE 33BUKKH, C IOMOILBIO KOTOPBIX
HMUTUPYIOT HEUTPAJIbHYIO TOUKY. Boja Mo mepembluKe ABUIKETCS B Ha-
[IPaBJICHUH, IPOTUBOIOJIOKHOM JBHKECHUIO €€ 4epe3 LUPKYJSILIUOHHBIN
HACOC, M BO3BpAIllaeTCsl B €ro BcachBAIOMIMK maTpyOok. Ha 3aaBmikkax
cpabaThIBaeTCsl BeCh HAIoOp, pa3BuUBaeMblii HacocoM. CTemeHb 3aKpBITHS
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3aJIBI)KEK PETYIUPYIOT TaK, YTOObI HATIOp MEXIYy HUMH OBUI paBeH CTaTH-
YECKOMY.

IIpn ruapOAMHAMUYECKOM PpEXHMME HAIOp IOAIUTOYHOIO Hacoca
JPOCCEIUPYETCs KJIAIaHOM peryJisaTopa TakuM 00pa3oM, 4TOOBI B TOUKE
0TOOpa MMITYJIbca M3 MEPEMBIYKH CETEBOT0 HACOCA YPOBEHb CTATHYECKOTO
Haropa TEIUIOBBIX CETel MOIJEepKUBAICA MOCTOSHHBIM. [IpocTpaHcTBEH-
Hasi (opMa MbE30METPHUECKOTro TpaduKa coXpaHseTcss HEM3MEHHOU B pe-
3ynbTaTe padoThl IUPKYISAIMMOHHOTO HACOCA, TOITOMY B OOpaTHOM JTUHHUA
nepen MOAMUTOYHBIM HAcOCOM OyJeT TOJIepKUBATHCS HAIIOp HA KianaHe
peryisiTopa AaBieHus: cpabaThIBAeTCs HATIOP.

[lpu yBenwueHWH yTEUKH TEIJIOHOCUTENS JaBJIEHUE B TOUKE OTOOpa
HMITYJIbCA U3 NEPEMBIYKU CHHU3UTCS U KJAIAH PEryJsATOpa JABJICHUS YBeE-
JIUYUT TOJMUTKY CETH, TPU YBEIMUYEHUH JIABJICHUS MOJIMUTKA COKPaTUTCA.
IIpu pocTte naBiieHUs M 3aKPBITOM KIallaHe PEryJsITOpa JaBJICHUSI, HAIIPU-
Mep B pe3ynbTaTe MPUPOCTa 00beMa BOJBI MIPH IMOBBILIEHUH €€ TeMIIepaTy-
PBI, U30BITOK BOJIBI COPOCHT JIpeHaKHBIN kianaH. [Ipyn ocTaHOBKE CEeTEBBIX
HAaCcOCOB LUPKYJALUS TEIJIOHOCUTENST B CETH IPEKPAIIAETCs, HAIOp BO
BCEH CHCTEME IAJIaET.

s mpenynpexIeHns OMMOOYHBIX PElIeHUH ClIeNyeT 10 MPOBEACHUS
TUPABIMYECKOTO PacyeTa BOASHON TEIUIOBOM CETU HAMETUTH BO3MOXHBIN
YPOBEHb CTaTHYECKHX HAIOpPOB, a TAK)K€ JHMHHUM MPEAENbHO JOMYyCTUMBIX
MaKCHMAaJIbHBIX U MUHUMAJbHBIX THAPOJUHAMUUYECKUX HATIOPOB B CHCTEME
W, OPHEHTHPYSCH 110 HAM, BBIOpATh XapakTep Mbe30METPUYECKOro rpaduka
U3 YCIOBHS, YTO MPH JIOOOM OXHJIA€MOM peKuMe pabOThl HAOPHI B JIFO-
00i1 TOUKE CHCTEMBI TeIIOCHa0KEHUSI He BBIXOJT 32 JIOMYCTUMBIE TIpesie-
abl. Ha OCHOBaHMM TEXHHMKO-d’KOHOMMYECKOIO pacuera CIeAyeT JIUIIb
YTOYHUTH 3HAYEHUS MOTEPh HAIOpPa, HE BBIXOMA 3a Mpeaesbl, HAMEUEHHbIE
MO MBE30METPHUECKOMY TPaUKYy.

Bo Bcex TOoukax CHCTEMBI TEIUIOCHAOKEHHS JTOJDKHO TMOJJIEPKUBATHCS
JIaBJICHUE, IPEBBIIIANOIIEE JABJICHUE HACBIIIEHHOrO BOJSHOIO Iapa IpH
MaKCHUMAaJIbHON TEMIIEPATYPE CETEBOM BOABI B CUCTEME.

Ha npe3omerpuueckux rpadukax HaHOCATCS JUHHH HAMOPOB ISt OC-
HOBHOM pPacyeTHOM MarucCTpajlyd M XapaKTEPHBIX OTBETBICHHUM Kak JUIs
TUAPOJAMHAMHYECKOIO PEXUMA, TaK U JUIS CTATUYECKOTO COCTOSHUS CUCTE-
MBI TeruiocHaOkeHus. Eciau ruapoqHaMUYecKiii PeXiM CHCTEMBI TEIIo-
cHaOKeHHsI CHIIBHO U3MEHSIETCS B TEUEHHE OTOMHUTENBHOTO Ce30HA MM T'0-
7ia, TO Ha Tbe30METPUYECKUH Irpad)uK HAHOCATCS JTMHUW HATIOPOB AJISl HAU-
Oornee XapaKTepHBIX PEXHMOB CHCTEeMBbI. Hampumep, mpu OTKpHITON cUCTe-
M€ TeT0CHA0KEeHUs Ha MTbe30METPHUECKUX TpadrKax 0OBIYHO TPUBOIATCS
JUHAW HAMopoB JJISl TPEX XapaKTEePHBIX PEKHMOB PabOTBHl CHCTEMEBI, a
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WMEHHO: TIPH OTCYTCTBHU BO03a00pa, MPU MaKCUMalIbHOM OTOOpE BOJBI
Y3 MOAAOIIECH JIMHUM TEIIOBOM CETH, MPU MAaKCUMAaJILHOM OTOOpE M3 00-
PAaTHOM JINHUHU TEIUIOBOU CETH.

[Ipu mpoeKTUPOBaHUM KPYIMHBIX CHCTEM TEIUIOCHAOXKEHHUsI, MTUTAEMbIX
OT HECKOJBKHX MapauleibHO paboTaloNIMX MCTOYHUKOB TEIJIOTHI WM OT
HECKOJIBKHX TMapaulelbHO PadOTaIOMINX B3aMMHO COJOKMPOBAaHHBIX Maru-
CTpaJieii, Ha Mbe30MEeTPUIECKUX Tpa(uKax yKa3bIBAIOTCS TAKKe JTMHUH Ha-
MOpPOB TIPH aBapUHHBIX CUTYalMsIX, KOTJIa OTAENbHbIE CEKIIMM OCHOBHBIX
MarucTpayieil BBIKIIOYaloTCs M3 paboThl U B pabOTy BKIIIOYAIOTCS OJIOKH-
pyIOIIE TepEeMBIYKH.

Pa3paboTky mbe3oMerprueckoro rpaduka HAUMHAIOT C THAPOCTATHYE-
CKOT'0 PEeKHMa, KOrJa HUPKYJSIUS OTCYTCTBYET M CHCTEMa TeryiocHaxke-
HUS 3ar0JdHEeHa BoJoi ¢ Temmepatypoii He Bhime 100 °C. Ha ocHoBe ruji-
POCTaTHYECKOr0 peXuMa M3 YCIOBHS HE NMPEBBIEHUS JOMYCTUMOIO JIaB-
JICHUs BO BCEX DJIEMEHTax O0OpYAOBaHMS, BKIIOYas aOOHEHTCKHE YCTa-
HOBKH, ITPOBEPSIIOT BO3MOXXHOCTh YCTAHOBJICHHUS OOIIEH CTaTHUECKOM 30HBI
JUIsl BCEll CUCTEMBI TEIUIOCHAOKEHUS, T.€. BO3MOKHOCTD MOJICPKAHUS O
HOTO U TOTO )K€ CTaTUYECKOro Haropa BO Bceil crucTeMe.

YcranoBneHrne oOmIel CTATHYECKOH 30HBI JJISI BCEH CHUCTEMBI TEILIO-
cHaO)KEeHMsI YNPOIIAeT SKCIUTyaTallMi0 M TMOBBIIIAET HAJISKHOCTH TEIIo-
cHaOKeHMsI, TTO3TOMY TaKoe pellieHre SBISeTCsl MpeanouYTuTeNbHbIM. Han-
Oornee MpoCTO ATa 3a/1a4a perraeTcsi Py HE3aBUCUMOM CXeMe MPUCOeTHHE-
HUS BCEX OTOINMUTENBHBIX YCTAHOBOK M TEIUIOBOM CETH, TaK KaK B 3TOM CIIy-
yae MEXaHM4YeCKH HamOoyiee cialblii 3JEMEHT CHCTEMBI — OTOMHTENbHBIC
YyT'YHHBIE paJMaToOPbl MM OTOMUTEIbHbIC OETOHHBIC MAaHEeTN THIpaBIye-
CKH M30JINPYIOTCSL OT CUCTEMBI TEIIOCHA0XKEHUSI.

[Ipu 3aBuCHMOl cxeMe NMPUCOETUHEHHUS OTONMUTENbHBIX YCTAaHOBOK K
TEIJIOBOM CETH YCTaHOBJICHHIO OOIIEH CTaTHUECKOH 30HBI YACTO MPEIsITCT-
BYET BBICOKMH IIOJHBIM CTaTHMYECKHMM HAIoOp, ONPENENsSeMbId U3 yCIOBUS
obecrieduenus n30bITouHoro nasienus He meree 0,05 MIla (5 M Boa. cT.) B
BEPXHHUX TOYKaxX HanboJee BBICOKO PACIONOKEHHBIX OTOMUTEIbHBIX yCTa-
HOBOK, YTO BBI3BIBA€T HEJIOMYCTHUMO BBICOKHME JABJIEHHS B OTOMHUTEIHHBIX
cUCTeMax 3JaHHU{, PacIONIOKEHHBIX Ha HU3KHX Te0/Ie3NYECKUX YpPOBHSX.
OTO MpensTCTBUE YCTpaHsSETCs MPHCOEIMHEHHEM IO HE3aBUCHMOI cxeme
OTOINMUTENBHBIX YCTAHOBOK 3JaHWM, CO3AAIOLIMX IOBBIIIEHHBINA MOJHBINA
CTaTHYECKHUIl Hamop, WIX 3AaHUH, B KOTOPBIX CO3/1a€TCA HEJOITYCTHUMO BbI-
COKHUH ITb€30METPUUYECKHUM CTATUYECKUI HAIOP.

Jpyroe BO3MOXHOE pelleHHe 3ajjaud — pa3/ielieHue CUCTEMbI TerJIo-
cHaO>KeHMsI Ha OT/IeTIbHBIE CTATHUECKHE 30HbI, B KaX/I0H U3 KOTOPHIX C TO-
MOIIBI0 aBTOMATHYECKUX KJIAaHOB M MOANHUTOYHBIX HACOCOB IMOAIEPKHU-
BaeTCs 3aJ]JaHHOE 3HaYEHHE MOJIHOTO CTATHUYECKOT0 Haropa MpH Ipekpaiie-
HUU OUPKYJSIIUAN BOJIBI B CHCTEME TETIOCHA0KEHMSI.
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3.5. Oco0eHHOCTH THIPABINYECKOr0 pacyeTa NaponpoBoioB

[Ipu ruapaBIUYecKOM pacyere MapoBBIX ceTel MpoduiIb MaporpoBoaa
MOYKHO HE YYUTHIBAaTh BCJIEACTBHE Majioi IUIOTHOCTH mapa. Ilanenue nas-
JICHWsI Ha y4YacTKe MapoIpoBOja MPUHHUMAETCS PaBHBIM Pa3HOCTH JaBiie-
HHUM B KOHLIEBBIX TOYKax ydacTka. IIpu pacuere mapoBbIX ceTel 3a/laHHBI-
MU SIBJISIOTCSL pacXopl Mapa, ee HavyajJbHOE JaBieHHE p, U HE0OXOIMMOe
JlaBJIEHUE Mepel yCTaHOBKAaMU, HCIOIb3YIOIIMMU Tap.

JnaMerp mapornpoBoJia PacCUUTHIBAIOT UCXOIS JTUOO U3 JOMYCTUMBIX
MOTephb JaBlieHHus, 100 M3 JOMYCTHUMOW CKOpOCTH mMapa. MakcuMaibHbIe
CKOPOCTH Iapa B MapornpoBoOAax npuseneHsl B a0, 3.1. IlpeaBapurenbHo
3a/1aeTcd MJIOTHOCTh Mapa Ha pacyeTHOM ydacTke. [Ipu pacuere mapompo-
BOJIOB TUIOTHOCTH Tapa OMpPEAeNsioT Mo TadnuiaM B 3aBUCHMOCTH OT JaB-
neHust. Tak Kak JaBieHUE Mapa 3aBUCUT OT THAPaBIWYECKUX IOTEpPb, pac-
YeT MaponpoBOAa BEAYT METOAOM IOCIENOBATENbHBIX MPHONMKEHHUH.
CHayasna 3ajatoTcs MOTEPSIMU JIaBJICHHUS Ha y4acTKe, 110 CpeJHEMY JlaBiie-
HUIO ONPEENAIOT MIOTHOCTh Mapa M Jajee pacCUUTHIBAIOT AEHCTBUTENb-
HbIE TOTEPH JaBJICHUS.

Tabmuma 3.1
MakcuMaJibHasi CKOPOCTDH IBHKEHUS MIapa B apoNnpoBoIax
Y cioBHBIN TPOXoa CKOpOCTh IBIKEHUS Mapa, M/C
Tpyb dy, MM IIEPETrPETOro HACBIIIEHHOI0
<200 50 35
> 200 80 60

Pacuem no oonycmumuvim nomepsam 0agieHus.
O1eHUBAIOT YACIBHOE JIMHEHHOE Ta/ICHUE JIaBJICHUS

R,= Dr—=Px, (3.20)
I(1+ )
TE Py, Px — JABJIEHUE Nlapa Ha Ha4YaJIbHOM M KOHEYHOM TOUKax yvacTka, [la;
JI0TIel MECTHBIX TIOTEeph MPUHUMAIOT B Tipenenax o = 0,3...0,6.
PaccuutbiBator quamerp TpyOsI 1o Gopmyiie
5 \019
d= AG , 3.21)
PR,
rae A = 0,0894k,"”; G — pacxon mapa, Kr/c; p — CpeHss IIIOTHOCTh Mapa
Ha JIAaHHOM Y4acCTKe.
[To T'OCTy noabupaercs Tpyba ¢ OnmKalIMM BHYTPEHHHM JHAMET-
pOM. YTOYHSIOTCS YACIbHBIC JIMHEHHBIC MMOTEPH M BUJIBI MECTHBIX COIPO-
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TUBJIEHUH, pacCUUTHIBAIOTCS SKBUBAJIEHTHbBIE JUIMHBI. Onpenenserca naB-
JIeHWEe Ha KOHIIe TPyOompoBoaa. PaccumThiBalOTCS MOTEpH Tellla Ha pac-
YETHOM y4YacTKe 110 HOPMUPYEMBIM IIOTEPSM TeILIa.

Ouwor= qi I, THE q; — TIOTEpH TeIa Ha €AWHUILY JUIMHBI IPU 3aJaHHON
Pa3HOCTHU TEMIIEPATYP Mapa U OKPYKAIOLIEH CPENbI C yYETOM IOTEPh TEILIa
Ha OTopax, 3aJBMKKax U T.I. Ecnu g, onpeneneno 0e3 ydyera noTepb Temia
Ha OIopax, 3aIBUKKax U T.II., TO

Onor=qi(tep — 1,)(1+D), T1E 1, — CpenHsis TeMIepaTypa napa Ha y4acTKe,
t, — TEMIIepaTypa OKpYyKalollel cpeibl, 3aBUCSINAs OT crioco0a MPOKIaIKH.
[Ipu Ha3eMHOW MPOKIAAKE #, = fy,, MPHU MOI3EMHON OCCKaHAILHOW MPO-
KJIaJKe ¢, = t, (TemMrepaTypa IpyHTa Ha [NIyOMHE YKIAJKH), MPH IPOKIa-
K€ B MPOXOJHBIX W MOJYMPOXOMHBIX KaHamax f, =40...50 °C. Ilpu mpo-
KJIQJIKE B HEMIPOXOJHBIX KaHanax #, = 5 °C. ITo HalIEHHBIM MOTEPSIM TeIIa
OIIPEEIISIOT U3MEHEHUE DHTAJBIIUY 11apa HA yYaCTKE U 3HAYECHUE HHTAJIb-
IIMY [1apa B KOHIIE y4acTKa.

Aige = Ouo/G, i =iy —Aiyy .

ITo Haﬁ[[eHHBIM 3 THAYCHUAM NaBJICHUSA W SHTAJIBIINU I1apa B Ha4YaJlC U
KOHIIE y4acTKa OINpeseNnsieTcss HOBOEe 3HaueHHE cpelHel IIIOTHOCTH Tapa
Pep = (Pu + px)/2. Eciu HOBOE 3HaUEHME IVIOTHOCTH OTJIMYACTCS OT paHee
3agaHHoro Oojiee ueM Ha 3 %, TO OBEPOUHBIH pacyeT MOBTOPSIOT C YTOU-
HEHHEM OJIHOBPEMEHHO U R;.

3.6. Oco0eHHOCTH THIPABINYECKOT0 pacyeTa KOH/IEHCATONIPOBO/IOB

[Mocne TemIO0OMEHHBIX YCTPOWCTB y MOTPEOUTENCH CKOHJICHCHPO-
BaBIINMCS nap mnpoxoauT 4Yepe3 KOHACHCATOOTBOOAYMKH U IIOCTYyHNac€T B
KoHzeHcaTorpoBoA. Ilo KoHJeHcaTompoBOLy KOHJIEHCAT JBHXKETCAd K
cOOpHOMY KOHJIeHCaTHOMY 0Oaky, OTKyZla HacocaMH NepeKavynBaeTcs K uc-
TOYHHKY Telljla WM MoJaeTcsi 0OpaTHO B MapoBoi KoTen. B KoHIeHcaTooT-
BO/TYMKE UMEETCS CY)KEHOE OTBEpCTHE, Yepe3 KOTOPOe MPOXOIUT KOHJIEH-
cat. B aTtom OTBCPCTUH, KaK B THAPABIINYCCKOM COIPOTHUBJICHUHU, Cpa6aTI)I-
BaeTCs Mepernaj AaBIeHUs:

Ap =p1—pa,
I/ie p; — aBJICHHE B MapONpPUEMHUKE; p, — JaBJIEHUE Mociie KOHJIeHCcaTo-
OTBOAYHUKA.

Ecnu uepe3 oTBepcTre KOHIEHCATOOTBOAYMKA BBITEKAeT HelepeoxJya-

JKJIEHHBIM KOHJEHCAT, TOrJa 3a HUM JIaBJICHUE NaJIa€T HUKE KPUTHUYECKOTO
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P2 =P = 0,5p,. Benenctue 3Toro gaBieHue nocie KOHASHCATOOTBOIUNKA
MOXET 0Ka3aTbcsi OOJIbIle TaBICHHS B KOHJCHCATONPOBO/IE.

[Ipu nporekanuu yepe3 KOHIACHCATOOTBOMUMKH HETIEPEOXJIAXKICHHOTO
KOHJICHCATa B pe3yJibTaTe MaJICHUsI JIABJICHUS MTPOUCXOAUT BTOPUUYHOE €TI0
BCKUIIaHKE ¢ o0pazoBaHueM mapa. [lap oOpa3yebcs Takke Mo Mepe JABHUKe-
HUs KOHJICHCATa 0 KOHJICHCATONPOBOJY, TaK KaK W3-3a THUIPaBIMYCCKUX
COIIPOTHUBJICHUH JaBJICHUE B HEM NajiacT. BTOpUYHOE BCKUTIAaHKUE TPUBOIUT
K TOMY, YTO 110 KOHJICHCATONPOBOY JBHIKETCS MapOBOJIHAS CMECh, IIJIOT-
HOCTh KOTOPOM MEHBIIIE IJIOTHOCTH BOJIBI.

[lpu THAPAaBIMYECKOM pacyeTe KOHICHCATOIPOBOJOB YUUTHIBAIOT
CPEIHIOI0 TIOTHOCTh MAapOBOASHOW CMECH, MONydYalolIeicsi B pe3yabTare
BCKHITAHHS KOHJICHCATA.

KonnuecTBo mapa BTOPUYHOTO BCKUIIAHHUS ONPEACISAIOT MO MAaJCHUIO
SHTAJILITUU KOHJICHCATA!

1

x=(il = i), (3.22)

rae x = G,/G — crenenb cyxoctu napa: G, — MacCOBBIH pacxojl mapa BCKH-
naHusi; G — MaccoBBIH pacxo]] KOHAEHCaTa, MOCTYIAOUIEro B KOHIEHCATO-

IPOBOA; I H i; — YZAENbHBIE SHTAJIBIIMU BOAbI HA JINHUU HACBIILIEHUS TIPU

JaBIIEHUSIX p; U pj; 1; — YAENIbHAs TEIUIOTa N1apoo0pa3oBaHus IpH p;.

[InoTHOCTE MApOBOASHOW CMECH OMPEAENTAIOT KaK OTHOIIEHHE OOIen

ee Macchl K CyMMe 00BEMOB JKHJKOCTH U CyXOro napa IpH JaBIEHUU p;,

T.€.

! 14
Den = G __ PiTP;

cM T — - , ” PRE)

GGy Gy x(p, —p)) +p]

"

P; Py

(3.23)

rae p'/ n p; — IUIOTHOCTH BOJbI HAa JIMHWHW HACBIMICHUSA U CYXOI'0 1mapa 1npu

JIaBJICHUM p);.

M'mapaBnuyeckuit pacuer KOHJIEHCATONPOBOAOB IMPOU3BOMAT TaK Ke,
KaK ¥ TEMJIONPOBO/IOB, C YUETOM Cpe/iHel MIIOTHOCTH NapoBOJSHON CMECH.
Ot yyacTka K y4acTKy JaBjeHHe OyJeT majaTh T IUIOTHOCTh OyneT u3Me-
HATBHCS, YTO CIIEAYET YUUTHIBATEH B pacyere.

Pacnionaraemoe najeHue naBiaeHus Ap ONPEAENSIOT C YYETOM pPa3HO-
CTH TeO0Ie3UYEeCKUX OTMETOK Hayala M KOHIIa pacyeTHoro ywactka. OHO
paBHO:

Ap = [(pPu =P + pa(Zs = ZJ)], (3.24)
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TAE Py, Px — AABJIECHUE B HAaYaJle U KOHIIE YYacCTKa; Pey — IJIOTHOCTH Mapo-
BOJISSHOM CMECH; g — YCKOpEHUE CBOOOIHOTO MajeHUs; Z,; U Z, — TeOMETPH-
YECKHE BBHICOTHI HaYalla U KOHI[A YJacTKa.

Ecin konpmeHcaT OM30K K COCTOSHUIO HACBIICHUS, TO PACUYeT HYXHO
BECTH Kak sl maponpoBona. IIpu TpaHcmopTte mepeoxiaxJeHHOro KOH-
JIeHCcaTa pacueT BBIMONHIETCA TaK JKe, KaK U JIJIs BOASHBIX CETEH.

Ha puc. 3.8 moka3aHbl mb30MeTpH-
4ecKuii TpapuK M cxeMa KOHJICH-
catHoM ceru. Ilo 3Toit cerm KOH-
JIEHCAT OTKAUMBAeTCs OT a0OOHEHTOB
Ha craHuup. IIbe3omerpruueckuii
rpa)vk UMEeT YKJIOH OT aDOHEHTOB
K cTaHUMH. H|; — mbe3oMeTpuye-
CKUM Harop B KOHJEHCATOIIPOBOJIE
Ha ctaHuuu; H , u H; — nbe3oMeT-
pudecKkue Hamopsl B Todkax 2 U 3
KOHJeHcaTHOM JuHuM;, H,..Hs — 2
HIBE3OMETPUYECKNE HAIIOPBI B KOH-  Pyc. 3.8. [Ise30MeTprdeckuii rpaduk
JICHCATHOW JMHUM y a0OHEHTOB.  OJHOTPYGHOrO KOHAEHCATONMPOBOJA
OTU Hamopsl CO3/aI0TCS YCTaHOB-

JICHHBIMU y a0OHEHTOB KOHJICHCATHBIMH OaKaMu, Pa3MEIICHHBIMU Ha COOT-
BETCTBYIOIIEH BHICOTE, MJIM KOHJICHCATHBIMA HACOCaMHU.

3.7. BuiOop cxeMbl NPUCOeTMHEHUST A00HEHTCKUX YCTAHOBOK

[Mbe3omerpuueckuii rpaduk TaeT HATISIHOE MPEACTABICHUE O JICHCT-
BYIOIIIMX HAMOpax MpHU THAPOJUHAMUYECKOM PEXKUME M CTaTUYECKOM CO-
CTOSTHUU CUCTEMbI TEILIOCHA0KEHUS, YTO UMEET BaXKHOE 3HAUYCHUE JIJIS BbI-
0opa palMOHAJBHBIX CXEM MPHUCOCIUHEHMS aO0OHEHTCKUX TEIJIOMCIIONb-
3YIOUIMX YCTAHOBOK K TEIJIOBOM CETH.

Ha puc. 3.9 a npuBeneH npe3oMmerpuueckuii rpaduk AByXTpyOHO!H BO-
JTHOM TEIJIOBOU ceTU: AB — nuHHS TUAPOAMHAMHUYECKHUX HAMOPOB IIO-
natoried Jimauu; CD — JTUHUSA TUAPOIUHAMHUYECKUX HAIMOPOB OOPaTHOM
nuHuY; SS — JUHHS CTaTHYeCKOro Haropa. CXeMbl IPUCOSANHEHHS OTOMH-
TENBHBIX YCTAaHOBOK K TEIJIOBOM CETH MMOKa3aHbl Ha puc. 3.9 6.

OtonuTenbHas yCTaHOBKA [ MOXET ObITh MPUCOCIUHEHA K TEIIOBOM
CETH IO 3aBHUCHUMOM CXEME C DJIEBATOPOM 7 B KaueCTBE CMECHTEIHLHOTO
YCTPOICTBA, TaK KaK B MECTE PACIOJIOKEHUS ITOTO 3AaHUS MHE30METpHYIe-
CKHM Hamop B 0OpaTHOM JIMHUM TEIUIOBOM CETH KaK IPH CTaTHYECKOM, TaK
Y TIPU THUAPOJTUHAMUYECKOM PEXUME HE TIPEBBIIIACT JOMYCTHMOrO Mpeerna
(60 M), a pacrioiaraeMblii HaroOp B ceTH OoJbIe 15 M, 4TO TOCTATOYHO IS
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co3faHusl HEoOXOJUMOrO HAamopa B COIUIE 3J€BaTOpa M KOMIICHCALUH
[IOTEpU HAIlopa B PEryJIUpyIOIIeM KiIalaHe.

H,m A
120 | g 1 gyl
3 3
100 |-
B
8o} =2
6ok . ———Tau"s
2 i 7 7
Y B
X 4 X XX X
<-—-—1<-——-L<-—-|-<-—-|<-—J:<-

a 0

Puc. 3.9. [IByxTpyOHOE MPUCOCTUHEHUE OTOIUTEIHHBIX YCTAHOBOK K TEIUIOBOU
CCTU: a) HBe3OMeTpPI‘IeCKPII>i I’pa(l)I/IK BOI[HHOf/i TEIJIOBOI CCTH, 6) CXCEMBI ITpUCOC-
JUHCHUAA, OronuTeasHbIe YCTaHOBKMU: [ — 3aBuCHMas ¢ DJIEBATOPOM; Il — 3aBuCHMas C
3JIEBaTOPOM W PETYISTOPOM JaBIICHHS Ha 0oOpaTHOUM nuHWM; [I] — 3aBHCHMas C dJieBa-
TOpPOM U HACOCOM Ha O6paTHOﬁ JIMHUW; IV — 3aBuUCHMasi CO CMECUTEIIBHBIM HacoCoM; V-
He3aBHCHMast; | — BO3IYIIHEIA KpaH; 2— pacIIupHUTeNb; 3 — HarpeBaTeNbHBIN puoop; 4 —
PETYISTOp NABJICHUS «II0 ceOs»; 5 — BOMO-BOISTHOM MOIOrpeBaTelib; 6 — Hacoc; 7 — dIieBa-
TOp

[To Tem >ke MOTHBaM OTONUTENbHASI YCTAHOBKA [/ MOXET OBITh TaKXKe
IIPUCOEMHEHA K TEIUIOBOM CETH IO 3aBHUCHUMOM CXEME C 3JIEBAaTOpoOM 7.
OpHako M3-3a TOTO YTO THAPOJMHAMUYECKUH MBE30METPUUECKUI HAIOp B
00paTHOM TpPyOOMPOBOJIC TEIUIOBOH CETH MEHbBIIIEC BBICOTHI 31MaHus /I, He-
00XOOMMO YCTaHOBHTh Ha O0OpaTHOM TpyOOmpoBOAe B Yy3Jle WpHU-
COEIMHEHUS 3/IaHMs PEryJsTOp NaBieHHs «10 cebs». YcTaHOBKa peryls-
TOopa AaBlieHHs 4 MO3BOJMT MPEBBICHTH HANOpP B OOpATHOM JHMHUM Tiepen
PEryisTOPOM [0 YPOBHs, IMPEBBIMIAIOIIEIO BBICOTY OTOIMUTENBHON YCTa-
HoBku. [lepenian AH, co3aaBaeMblii peryisiTOpoM, JTOJIKEH ObITh PABEH WU
Oonpllle Pa3HOCTH MEKAY BBICOTOW OTOMUTENBHOW YCTAHOBKH U IbE30-
METPHYECKHM HATIOPOM B OOpaTHOI JTUHHH.

B Touke mpucoequHEHHs OTOMMUTEIbHOW yCTaHOBKM [II cTaTMyeckuil
Harmop TakXKe He MpPEeBbIIaeT AonycTumMoro npenena. OgHaKo THAPOIUHA-
MHUYECKHI Mbe30METPUYECKUi Hamop B 00paTHOM TpyOompoBonie CeTH B
MECTE pa3MELLCHHUS 31aHUsI paBeH 75 M, T.€. IPEBBILIAET JOIYCTUMOE 3HA-
yeHue. Kpome Toro, pacrnonaraemslii Harmop B TEMJIOBOW CETH B MECT€ MpH-
COeIMHEeHUs1 aOOHEHTCKON YCTaHOBKM HEAOCTATOYEH AJIi HOPMAaIbHOW pa-
0OTHI AyIeBaTOpA.

OtonurenvHas yctaHoBKa [// IpUHIUNHAIBHO Moryia Obl OBITH TpHU-
COeIMHEHAa K TEIUIOBOHM CETH 10 3aBUCHMOW CxeMe ¢ HacocoM 6 Ha obpat-
HOM JIMHUU W C 3JIEBATOPOM 7 B KA4YECTBE CMECHUTEIIBHOIO YCTPOMCTBA.
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Bkitouenne Hacoca Ha 0OpaTHOW JTMHUU YMEHBIIMIIO OBl HAaIllOp Ha BBIXOJIE
W3 OTONMHTENBHON YCTAHOBKH /O JOIMYCTUMOI'O 3HAYEHUS! U MOBBICHIIO Obl
pacronaraeMblii Harop Ha BBOJIE, YTO TIO3BOJIHIIO OBl OCYIIECTBHThH CMelle-
HHE [IpU noMouM snesaropa. Hamop, pazBuBaeMslii aTuM HacocoMm, AHy,
JOJDKEH OBITh paBeH MM OOJbIle Pa3HOCTH THAPOJUHAMUYECKOTO MbE30-
METPHYECKOTO Hamopa B OOpaTHOH JMHHM W AOIYCKaeMOro Hamopa Jyis
OTOINMUTENIBHOW ycTaHOBKH. Ho Tak Kak mpu ciydailHOW OCTaHOBKE Hacoca
OTONMTENbHAs] YCTAHOBKA OKAa3bIBAETCS MOJI MbE30METPUUECKHM HalopoM
Oonpire 60 M, TO Takoe MPUCOSTUHEHWE HETOCTATOYHO HaJexHO. Bonee
HAaJI&KHO MPUCOEIMHEHUE OTONUTENIBHON YCTAaHOBKHU [/] K TEIIOBOM ceTH
10 HE3aBUCHUMOM CXEME.

OtonuTenbHas ycTaHOBKA [V MOXKET OBITh MPUCOCIUHEHA K TEIIOBOU
CeTH 1o 3aBUCUMOIl cxeme. OJTHAKO MOCKOJIBbKY pacIojiaraeéMblii Hamop Te-
IJIOBOM CeTH B 3TOM Touke Man (Huxe 10 M) u He obecrieunuBaer pabory
3JIeBaTOpa, TO B KAYECTBE CMECHTEIBHOIO YCTPOUCTBA IOJKEH OBITH MpH-
MeHeH Hacoc 6 Ha nepembluke. Harmop, pa3BuBaeMblii CMECHTENBHBIM HACO-
COM, JIOJDKEH OBITh paBeH MOTepe Halopa B MECTHOW OTOMUTEIbHOH ycTa-
HOBKE.

OtonurenvHas ycTaHOBKa V MOmKHA OBITH MPUCOENMHEHA K TEIOBOM
CETU MO HE3aBUCHUMOW CXEME, TaK KaK CTaTUYECKUI Hamop, cO34aBacMblii
9THM 3JIaHHEM, MPEBBIIIACT CTATHYECKUI Hamop (JuHUsA SS), yCTaHOBIICH-
HBIW 7151 CUCTEMBI TETUIOCHA0KEHHS palioHa.

B xpymnHBIX TOponax Mnpu nepegade TEMIOThI OT OJHOTO MM HECKOJb-
KHX UCTOYHHKOB B PallOHBI TEIJIOBOTO MOTPEOIEHHUS M0 [JUIMHHBIM MarucT-
payisiM OOJBILIOTO AMaMeTpa W MpPU PAa3HOPOAHOW TEMIOBOW Harpyske abo-
HEHTOB I11€1ecO00pa3Ho BCE OTONMHUTENbHBIC YCTAHOBKH NMPHCOCIUHATH K
TEIUIOBOM CETH MO He3aBUCHMOW cxeme V. Takoe pelieHue CyuieCTBEHHO
YIPOIIAET PEeXUM PabOThl CHCTEMBI TEIUIOCHAOXKEHHS, TOBBIIIAET €€ Ha-
JEKHOCTh M YBEIMYHMBAE€T MAHEBPEHHBIE BOZMO)XHOCTH TEIUVIOBOW CETH B
CBSI3M CO 3HAUMTENBHBIM YBEIMUYEHUEM MPU 3TOM MAaKCHMAaJlbHO JOMYCTH-
MOT'0 TTbE30METPHUYECKOr0 Haropa B 00paTHOM JIMHUHN TEIJIOBOKM CETH.

3.8 Omnpenenenne pacueTHbIX Pacxoa0B BOAbI

OCHOBHBIM HCXOJHBIM 3HAYE€HUEM JIJIsl THJIPABINYECKOTO pacueTa CeTn
CILy’KMT Pacu€THBIM pacxoj cereBoi BoAbL. IIpn HAX0XKIEHUH PAaCYETHOTO
pacxona 1enecoo0pa3HO YUUTHIBATE HE TOJIBKO CYIIECTBYIOIINE HArPy3KH,
HaMEYeHHBIE K MPUCOEANHEHHIO K TEIJIOBOH ceTr B ONMKallne roapl, HO
TaKXe M MepCIEeKTUBBI Pa3BUTHS CHCTEMBbI TEMIO0CHAOXKEeHUs. DTO 0COOeH-
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HO Ba)KHO TPH OIPEACICHUH pacxoAa BOJBI Ul pacyera Marucrpaied u
OCHOBHBIX OTBETBIICHUI PACIPEACIUTENbHBIX CETEN

[Ipu onpeneneHny pacueTHBIX PacX0J0B BOJABI B TOPOACKUX TEIUIOBBIX
CeTsAX 11eJIeco00pa3HO YUUTHIBATh HATPY3KY TOPSYEro BOJOCHAOKEHUS IS
BCEX JKWJIBIX 3aHWI HE3aBUCHMO OT TOTO, UMEETCS JIH MPH MPOESKTHPOBa-
HUU BHYTPH 3[aHUN Pa3BOJKa TOPSUEro BOJOCHAOXEHWS, TaK KakK B MpPO-
1ecce 0JIaroycTpoicTBa TOPOAOB BCE JKUIIBIE 3[JaHUS 000PYIYIOTCS CHUCTE-
MaMH Trops4Yero BOJOCHa0XKeHusI.

Korga B TemnoBoi cetm Kpome MOCTOSHHOTO pacxoja BOABI Ha OTO-
IJICHUE HMMEETCs IIEPEMEHHBIN PACXOJX CETEBOM BOJABI Ha ToOpsdee BO-
JOCHAOXKEHUE, 3aBUCSIIUN OT rpaduka HArpy3KH ropsdero BOAOCHAOXe-
HUs (aOOHEHTCKUE BBOJBI C TapaJIeIbHBIM MM CMEIIaHHBIM IIPUCOETUHe-
HUEM CHCTEM OTOIUIEHHS W TOpSYero BOAOCHAOXKEHHsI), CyMMapHBI pac-
YETHBIM PAaCcX0J1 BOJIbI B TEILUIOBON CETH Ha Topsivee BOJOCHAOKEHHE HE SIB-
nsiercst apu(MeTHuYeckoil CyMMON MaKCHMaJbHBIX PacXo0B BOJABI HA TO-
psidee BoAocHaOxeHHE y aOOHEHTOB H3-32 HECOBMAJICHHS MaKCHMYMOB
pacxozaa.

PacueTHbIil pacxon ceTeBOd BOIBI Ha ropsiuee BOJOCHAOXKEHHE B OT-
JeTbHBIX DJIEMEHTaX CETH MOXKHO ONPEACTHUTH IMyTeM BBEICHUS MMONPABKU
K apu(pMETUYECKONH CyMME PacXoJIoB B BHJIE KO (DHUIIMEHTA TONaIaHus B
MaKCHUMYM . 3HaYeHUS ATOro KO3 PHUIMEHTa CIeAyIoIIre: AJIsl MarucTpa-
neit 0,7...0,75; mst orBerBienuit 0,8...0,9; mist BHyTpUKBapTAIBHBIX CETEH
¥ a0OHEHTCKUX BBOIOB 1,0.

B OTKpHITHIX cHCTeMax TeIIOCHA0KEHHsI pacdeTHbIE PacXObl BOJBI
MOJTY4aloTCsl B Psijie CIy4aeB Pa3IMYHBIMH JUIS MOJAIOMIEr0o W 0OpaTHOTO
TpyOonpoBonoB (aOOHEHTCKHE BBOABI C HECBSI3aHHBIM PEryIHPOBAHHUEM
MPH HAJMYUH PEryJSTOPOB pacxojaa Iepe OTOMUTENbHONU cucteMoit). Of-
HaKO MOJAIoNMe U 00paTHBIC TPYOONMPOBOBI CETH OOBIYHO MPOKJIa/IbIBA-
IOTCSI OAHOTO TUaMETPa, XOTs UMEIOT MECTO CITydaH, KOrja IeinecooopaszHo
YKIIaAbIBaTh TPYObl pa3HOrO AWAMETPa COTIACHO THJPAaBIMUYECKUM pacye-
TaMm. PacuerHblil pacxoa BOABl B 3TOM Cllydae JOJKEH BBIOMpaThCs U3 yC-
JIOBUS1, 4TOOBI CyMMapHasi IoTeps Haropa IMpH pacxoje BOAbI B TOAAIOLIEM
(G, + Gy + Grye) 1 00paTHOM (G, + G;) TpyOOIIpOBOAaX ObLIA PaBHA CyM-
MapHOM MoTepe MpU OJMHAKOBOM pacxojie Boabl G B TOAAIONIEM H 00paT-
HOM TpyOOIPOBOAX.

DTOT pacyeTHBIH pacxoi BOJIBI, MO KOTOPOMY M CIIEAYEeT BBHIOMpATh
JMaMEeTPhl TEIIOBOM CETH MPH MCIOJIb30BAHMH OTKPBITOH CHCTEMBI, ONpe-
JEISIOT 110 (hopMmyJie

G = \/G(iB + GO.BGch + 015G2 (325)

TBC 2
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rae G,, — CYMMapHBIA pacueTHBIM Pacxoj] CETEBOM BOJBI HA OTOIUICHHE U
BeHTWIANUIO: G, = G, + Gy Grpe — PACUCTHBIN PACXO]] CETEBOM BOABI U3
MoJlaroIiero Tpyoonporoia Ha ropsiuee BojpocHadxkenue. [lo CHull «Te-
IoBbie ceTtu» [17]:

G=Gypt0,6G5. (3.26)

PacuerHbIif yacoBOI pacxo/ MOANUTOYHON YMSATYEHHON JE€a’3pUPOBaH-
HOMW BOABI AJISl KOMIICHCAIIMY YT€UEK B 3aKPBITHIX CUCTEMax TerIocHabxe-
Hus npuHuMaeTcs paBHbIM 0,75 % oO0bema BO/IbI B TPYyOOIIPOBOAAX TEILIO-
BBIX CeTell M MPUCOEANHEHHBIX K HUM MECTHBIX CUCTEM MOTpeOHTENeH, a B
TpaH3uTHBIX MarucTpainsax 0,5 % odbema Boabl B HUX. OObEM BOABI B TPY-
OompoBoax TEIUIOBBIX ceTeil (MarucTpallbHBIX, paclpeeUTeNbHbIX, OT-
BETBJICHUH K OTIENBHBIM 3[aHUSIM) ONpPEIENsercs MO IMPOEKTHBIM WIIU
(haKTUYECKUM JTaHHBIM.

[Ipu orcyTcTBUM AaHHBIX 00 0OBEME BOIBI B PacIpeienuTENbHBIX ce-
TAX U OTBETBJIEHUSX €r0 OPMEHTHPOBOYHO OMpPEAENAIOT U3 pacuera 13...16
M Ha 1 MBT cyMMapHOii pacueTHoil TemmoBoii Harpy3KH.

O6beM BOABI B MECTHBIX OTOMUTENHHO-BEHTHIISLIMOHHBIX CHCTEMaXx
ONPEENSIOT MO yaenbHoMy o0beMy Boabl Ha | MBT cymmapHO# pacuer-
HOM OTOIHTEIbHO-BEHTUIIALMOHHOM HArPy3KH U3 pacdera 26 M’ JUIsl 5KH-
JBIX M OGIIECTBEHHBIX 3[aHMi 1 13 M’ 1S IPOMBIILIEHHBIX 3/JaHHUI.

[Ipu OTCYTCTBUM AaHHBIX O MaruCTPalbHbIX U pacIpeleTUTENbHBIX ce-
TAX, @ TAKXKE O TUIE AOOHEHTCKUX YCTaHOBOK JJIsl IPEJBapUTEIbHBIX pac-
YeTOB MOKHO OTpeNeNnsiTh 00beM BOABI B 3aKPBHITBIX CUCTEMaXx TEIOCHA0-
YKCHMSI, UCXOI M3 yIeNbHON eMKocTH 55 M° Ha 1 MBT (65 M° Ha 1 T'kan/u)
CYMMapHOIl pacueTHOH TEIUIOBOW Harpy3KH OTOIUIEHUS, BEHTHWISILIMK U TO-
psIUero BOIOCHA0KEHHS.

i1 OpUEeHTHPOBOYHBIX PAacye€TOB MOXKHO MPUHUMATh pacdeTHBIA da-
COBOMW pacxoj MOJIUTOYHON BOJBI B 3aKPHITHIX CHCTEMaX TEIIOCHAOKEHNUS
paBHbIM 1,5 % pacuerHoro pacxoaa cereBoil Boabl. OObeM BOABI B MECT-
HBIX YCTAHOBKAaX TOpSIYEro BOJOCHAOMKEHUsS OTKPBITBIX CHUCTEM TEIIOo-
CHaOKeHMsI BBIUUCIIACTCS U3 pacuera S5 M Ha 1 MBr CpEIHEHEENIbHOW Ha-
TPy3KH TOPSUEro BOJOCHAOKEHUS.

Pacuernblil pacxoa NOANMUTOYHON BOJABI B OTKPBITBIX CUCTEMAX IPEBbI-
IIaeT pacyeTHBIN PacxXo MOAMUTOYHOM BOJIBI B 3aKPBITHIX CHCTEMAX Ha pacXofl
JUTsL KOMITEHCAIMX YTeYeK W3 MECTHBIX YCTAHOBOK rOpPSIYero BOIIOCHA0KEHHS.
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3.9. BriOop ceTeBbIX, MOANUTOYHBIX U MOAKAYMBAIOIINX HACOCOB

Hacocbl npenna3HaueHsl st o0ecriedeHus] moJayd HeoOXOAUMOTO KOJH-
YecTBa TEIIOHOCUTENSI K OTOMUTENBHBIM MPUOOpaM U MOJ/IepKaHNs Haropa B
TPYOOIPOBOIAX CUCTEM TEIJIOCHAOKEHUSL.

OfHa 13 33124 TUIPABIMYECKOTO pacueTa CeTH 3aKIII0UacTcsl B ONpeierie-
HHUU XapaKTepUCTUK HacocoB. Pabounii Harmop ceTeBbIX HACOCOB 3aMKHYTOW BO-
JSTHOW CETH BBIMUCISIETCS 10 popmyiie

H = 8H, + 8H, + 8H, + AH,, (3.27)

rie OH, — moreps Haropa B TOIOIPEBATEILHOM YCTaHOBKE (OOMIICPHOI) CTaH-
UM, TIMKOBOM KOTEJIBHOM M CTAHIIMOHHBIX KOMMYHHKAIMSX (00braHO 20...25 M);
OH,, OH, — moTepy Hamopa B MOAAIOLICH W OOpaTHOW JIMHHSX TEIIOBOH CETH
(ompenensitoTcst THAPABIMYECKUM pacderoM ceTn); AH, — TpeOyrommiics pactio-
JlaraeMblii Harlop B KOHEYHOW TOuKe ceTu Ha aboHeHTckoM BBoze (MTII) mm
rpynmnosoi noacranuuu (I'TII) ¢ yuerom norepu Hamopa B aBTOpPEryJisTopax.

3naueHre AH, 3aBUCHUT OT MECTHOM TEIUIONOTPEOJISIONICH YCTaHOBKU WU
CXEMBI €€ MPUCOSIMHEHNS K TEIIOBOW ceTu. [Ipu pa3MerieHnn y3iioB Mprcoe-
JIMHEHMS Ha a00HeHTCKUX BBOoMax (MTII) MOXKHO TpUHUMATH CICAYIOIIUE 3HA-
yenus AH,:

e TIPU 3aBUCHMOM TIPHUCOEANHEHUN OTOMUTEIBHBIX U BEHTUISAIMOHHBIX YC-
TaHOBOK 0€3 NPHMEHEHHS 3JIeBAaTOPOB, a TAKKE MPU HE3aBUCUMOM IIPUCOCIIH-
HEHHUH C [TOMOIIIBIO TIOBEPXHOCTHBIX Mojorpenareseit 6...10 m;

e TIpU NPHCOETMHEHUN OTOMUTENBHBIX YCTAHOBOK C TIOMOLIBIO 3JI€BaTOpa
15..20 m;

e [P TOCJIEI0BATEIFHOM BKJIIOYEHUH BOZO-BOJISHBIX MOAOrpEBaTeNeH ro-
psiuero BoJocHaOXeHus U AJieBaTopHOro y3na 20...25 .

[Ipu rpynmnoBoM npucoenuHEeHNH a00HEHTCKUX YCTAHOBOK K TETJIOBOH
ceru uepe3 ['TII 3nauenus 0H, u 0H, B (3.24) npencrarisiroT co0o0i mote-
pH Hamopa B ToAaroied 1 oOpaTHOM JIMHHUSIX TETUIOBOM CETH MEXIY HCTOY-
HukoM TernoTel (TOL, korenbroit) u I'TIL

[Ipu 3aBUcHMOl cxeMe MPHCOCAMHEHUS A0OHEHTCKMX YCTAaHOBOK 3a
npenenamu ['TII ciaenyer k BblIeyKa3aHHOMY 3HaueHUI0 AH, nprOaBUThH
MOTEepPH HAaropa B TpyOonpoBomax cereBoi Boabl Mexay [ TII u aboHeHT-
CKOW YCTaHOBKOM. XapaKTEpUCTUKH OCHOBHBIX THUIIOB CETEBBIX HACOCOB,
ycraHaBnuBaeMbix Ha TOLI, a Takxke psiga HacOCOB JUJISl TPYIIOBBIX U Me-
CTHBIX MOJICTaHIMM MpHUBeeHbI B mpuioxkeHuax 12—13 [1].

[IpoekTHas momada pabOYMX CETEBBIX HACOCOB, YCTAHABIMBAEMBIX Ha
CTaHIIUH, JOIKHA COOTBETCTBOBATh MAaKCHMaJIbHOMY pacxojay BOJBI B ce-
Tu. KonnuectBo ycTaHaBIMBaEMbIX CETEBBIX HACOCOB JOJIKHO OBITH HE Me-
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Hee JIBYyX, U3 KOTOPBIX OAWH pe3epBHBIN. [lpu uncie mapamiensHo pabo-
TAIOIUX CETEBBIX HACOCOB OOJIbIIE IMATH YCTAHOBKY PE3EPBHOrO Hacoca
MOXKHO HE TIpelyCMaTpUBAaTh.

Jlyiss yIIOBJIETBOPEHUST HATPY3KU TOPSIYEro BOJMOCHAOXKCHUS B JICTHHIA
MEPUOJI 1IENIECO00Pa3HO B 3aKPBITHIX CHCTEMaX TEIJIOCHA0XKEHUS yCTaHAB-
JINBATh HA CTAHLIMM CIEMAJIbHBIA HACOCHBIN arperat MEHbIIEW MOIIIHOCTH.

B oTKkpbITOI crCTeME TEIIOCHA0XKEHUS HAIIOP MOAINUTOYHBIX HACOCOB,
YCTaHABJIMBACMBIX Ha CTAHIIMU JIJIsi BOCIIOJIHGHHUS BOJI03a00pa M yTeueK
BOJIbI U3 TEIJIOBOM CETH, ONPENESIISIOT UCXOAS U3 JISTHETO PeKUMa paboThI
CUCTEMBI 110 (hopMyIie

H=H,+0dH,— Z, (3.28)

rne H — cratudeckuii Hamop B TemioBoi cet (00bruHO 60 M); OH, —
CyMMapHas oTeps Haropa B NOANMUTOYHON JTMHUM U B TEIJIOBOW CETH NMPHU
JIETHEM peXUMe paboThl CHCTeMbl; Z — reofe3nyeckas OTMETKa ypPOBHS
BOJIBI B 0aKe, 13 KOTOPOT'O BEAETCS MOIIUTKA CUCTEMBI.

Hanop HacocoB, ycTaHaBIMBaeMBbIX y MAPOBBIX a0OHEHTOB — MOTPEOH-
Telnel mapa JJisl OTKauKy KOHJIeHCaTa Ha CTaHIUIo,

H=03H:+Z, (3.29)

rne O0H, — morepst Hamopa B KOHJIEHCATOIPOBOJIE HA YYacTKe OT COOpHOI0
Oaka abOHEHTa 10 MPUEMHOro 0aKa CTaHIIMK MIPU PACYETHOM pacxojie KOH-
JieHCaTa B KOHACHCATONPOBONE; Z — Pa3HOCTh TE€OAC3MYECKHX OTMETOK
Oaka cTaHiuil u 6aka aboHEHTa.

Eciu Oak craHmmu ycTaHOBJIGH HUXKE aOOHEHTCKOro Oaka, pa3HOCTb
re0JIe3UUECKUX OTMETOK Z MMEET OTPULIATENbHBIM 3HAK. Y YUTHIBASI HEPAB-
HOMEPHOCTh OTKAa4YKH KOHJICHCATa, MOJayy KOH/JICHCATHBIX HACOCOB IPH-
HUMAIOT PABHOH IONYTOPAKPATHOMY MAaKCHMallbHO-4aCOBOMY pacXoay
KOHJIEHCATAa.

3.10. I'mapaBanyeckas XapaKTepHUCTHKA CHCTeMbI

CucTeMBl TEMIOCHAOXKEHHUS TPENCTABIIAIOT COOOM CIOKHBIE THAPAB-
JINYECKHE CHCTEMBI, B KOTOPBIX paboTa OTJEIBHBIX 3BEHHEB HAXOIUTCS BO
B3aMMHOM 3aBHCUMOCTH. J[JIs IPaBMIILHOTO YIIPABICHUS M PETyIHPOBAHMS
HEOOXOJMMO 3HATh THUJPABIIMYECKUE XapAKTEPUCTUKU padboTaromiero 0oo-
PYAOBAHUS — MUPKYJIAIHOHHBIX HACOCOB M CETH.

I'mapaBinyeckuil pexUM CUCTEMBI OIIPENEIISECTCS TOUKOW IIepeceueHus
THJIPABIMYECKUX XapPaKTEPUCTUK HACOCa M CEeTU. [ u0pasiuueckou xapak-
MEPUCMUKOL HACOCa Ha3vleaemcs 3agucumocms Hanopa H uiu nepenada
Odasaenuil Ap, cozdasaemozo Hacocom, om o6vemHou nodauu Hacoca V
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(0ObeMHOro pacxoja BOJbI). XapaKTEPUCTHUKH HACOCOB OOBIYHO OIpee-
JISIIOTCSL 3aBOAAMHU-M3TOTOBUTEISIMI WJIM MOTYT OBITH TIOCTPOEHBI IO JIaH-
HBIM HCIBITaHUS.

Ha puc. 3.10 xpuBas 1 — xapakrepucTHKa Hacoca; KpuBasg 2 — Xapak-
TEPUCTUKA TEIUIOBOW CEeTH; TOUKa 4 — IepeceueHre 3TUX XapaKTepUCTHK,
OlIpeaesieT THAPABIMYECKUN PEXXUM CUCTEMBI; /{1 — Hamop, pa3BUBAEMBII
HacOCOM, PaBHBIM TOTEPE HANoOpa B 3aMKHYTOW cucteme; V — oObemHas
roJjlaya Hacoca, paBHasl pacXxoiy BOJbI B CHCTEME.

IIpu mocrositHHOM YacToTe Bpa-

H.Mj o
IeHus pabodero kojeca pabouwuii
—k\ Y4aCTOK XapaKTEPUCTUKH IEHTPO-
1 OEKHOro Hacoca MOXET OBbITh MPH-

& OJIDKEHHO OMKCaH YpaBHEHHEM
a5 H H=H,—s,/”, (8.30)
rae H, — yclnoBHBIM Hamop Hacoca
npu pacxoae V = 0; s, — yClIOoBHOE
X4 - BHYTPEHHEE COIPOTHUBIICHHE HACO-

Pacxon Boger  Vam3/c ca, M-c> /M .
Puc. 3.10. FHz[paBﬂquCKHevxapaKTe- IIpi MOCTOSHHON 4acTOTE Bpa-
PUCTUKH HACOCA U TCIUIOBOU CCTU [IEHUS MOIIHOCTD, HOTpe6H$IeMaH
HACOCOM,

N=Nyx + V/Vy(1 =x)], (3.31)

rae Vi, Ny —1mojmaya ¥ MOIIHOCTh HACOCa MPU HOMUHAILHOM pexXuUMe (TIpH
makcumanbaoMm KI1JT); N — momrHOCTh Hacoca nipu nogaue V; x = N/N, —
KO3((UITUEHT XOJOCTOro Xoja; N, — MOIIHOCTh Hacoca IMPH XOJOCTOM
xoze (V= 0).

KoagduimeHT X0M0CTOro Xo/a MeHTPOOSKHBIX HACOCOB HAXOIUTCS B
npenenax 0,2 < x < 0,5.

MormHocTs, BT, morpebnsieMass HacCOCOM NMPH HOMHHAJILHOM PEKHME,
orpenensercs mo Gopmyiie

Ny = VaApu/Muy, (3.32)
rae Ap, — nepenaj aBi€HUM, pa3BUBAEMbIiI HACOCOM IPU HOMHUHAJIBHOM
pexume, Ila; V, — nonaua Hacoca, M3/c; Nuy — KIIJI HacocHO! ycTaHOBKH
(npouseenenue KIIJI Hacoca n,, Ha KI1J] anmekTponsurarens 1y).

[Ipu HOMUHATBHOM peXHUMe B CpeaHeM N,y = 0,7...0,8. Tak kak noreps
Haropa B TCIJIOBBIX CCTAX, KaK IMPaBUJIO, MOAYMUHACTCA KBAAPATUYHOMY
3aKOHY, TO XapaKTEPUCTHKA TEIIOBOW CETH MPEACTABIIICT COOOW KBajpa-
TUYHYIO 11apadoITy, OMUCHIBAEMYIO YpaBHEHHEM
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AH=sV? wm Ap=sV? (3.33)

rae AH — noreps Hanopa, M; Ap — najenue nasnenus, I1a; V' — pacxon Bo-
AbI, MS/C; Sy — COINPOTUBJICHUE CETHU, BBIPAKCHHOC YCPE3 CAMHUIIBI HAIlopa
(moteps Hamopa mipu V = 1), m-c’/m® ; 5 = 5,08 = 5, Y — CONPOTUBIICHHE Ce-
TH, BBIPOKEHHOE Yepe3 CIUHUIILI JaBJcHUS (MaJICHUe JIaBJicHUs npu V =
1), Ma-c*/M°% p — maoTHOCTH BOIEL, KI/M™; g = 9,81 M/c* — yCcKOpeHHe CBO-
0OIHOTO TIaJICHUS; Y — Y/CIbHBIN BEC BOJIBI, H/v®.

W3 coBmectHoro pemenus (3.4), (3.6), (3.11), (3.15), (3.32) u (3.33)
HaXO0JIUM

s = Ap(l + L)pld>*; (3.34)
Su = Ar(l + L)Y gd ™, (3.35)
rie Ag = 0,0894 0%, Mm%,

Kak Bumno u3 (3.34) u (3.35), conmpoTuBIeHHE CETH § 3aBUCHT OT €e
TE€OMETPUYECKUX Pa3MEpOB, aOCOIIOTHOW MIEPOXOBATOCTH BHYTPEHHEN TMO-
BEPXHOCTU TPYOOIPOBOJIOB, SKBHBAJIICHTHOH JJIMHBI MECTHBIX COIPOTHB-
JICHWH ¥ TUIOTHOCTH TEMJIOHOCUTENSI, HO HE 3aBHCUT OT Pacxojia TEIIOHO-
curens. s AaHHOTO COCTOSHHSI CETH €€ XapaKTepUCTUKa MOXKET OBITh
MOCTPOEHA 0 OIHOMY U3BECTHOMY pexuMy. JJIst onpeaeneHus conpoTHB-
JIEHUs1 § JOCTaTOYHO 3HATh U OIHOTO KaKoro-HHOyIbh peKuMa pacxon
BOJIBI /' 11 COOTBETCTBYIOIIEE AITOMY PacXo/ly NMajJcHUe AaBleHUS Ap.

HaiinenHoe conmpoTHBIEHUE OTHOCUTCS K TEMIIEpPaType TENJIOHOCHUTE-
JIs, UIMEBILEH MECTO IpU JaHHOM pexxume. [Ipu u3MeHeHnu teMiiepaTypsl
TEIJIOHOCUTENS COMTPOTUBIIEHHUE CETH, CTPOTO TOBOPSI, TOJPKHO U3MEHSTHCS
MPOIOPIIMOHATIBHO €T0 IJIOTHOCTH: S| /Sy = Yi/Y2 = pi/pa.

O[[HaKO €CJIM Ha OCHOBE PCKUMHBIX JAaHHBIX HAXOAUTH COITPOTUBJICHHUE
MpH CpeAHel TemIepaType TEIUIOHOCUTENSI, TO B YCIOBUSAX pabOThI BOAS-
HBIX TEIJIOBBIX CETEH MOXKHO HeE YUUTBIBATH 3aBUCUMOCTL COIPOTHBIICHUA
OT TEMIICpATyphbl BOJbI, TAK KaK CTCIICHb M3MCHCHHA ITJIOTHOCTU BOABLI B
npeaeciiax u3BMCHEHU TEMIICpATyp, UMCIOINIUX MECTO B TEIIOBOM CCTH, HEC-
3HAYHUTENbHA.

CompotuBiieHHE §,, 0OBIYHO HCIONB3YETCS MPU MOCTPOCHUH MBE30MET-
puueckux rpadukos. B oTiHume oT CONPOTUBIICHUS S COMPOTUBIIEHHE S, HE
3aBHCHUT OT IUIOTHOCTH TEMJIOHOCUTEIIS.

[Ipy M3MeHEHNH YacTOTHI BpallleHUsl IIEHTPOOSKHOT0 Hacoca M3MEHSI-
ercsa u ero xapakrepuctuka. OObeMHBIN pacxon (Iojada), HAIop U Tpe-
OyeMasi MOIITHOCTh Hacoca CBS3aHbl CIEAYIOIIEH 3aBHCHMOCTBIO C YacTO-
TOM €ro BpauleHUs:

m/ny=V,/V,=\H/H,=3N,/N,, (3.36)
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rae Vi, H;, N\ — nogava, Harop ¥ MOILIHOCTh IPY YaCTOTE BpallleHus ny; V5,
H,, N, — Te e noka3arenu Mpyu 4acTOTE BPaLEHUS 7.
Ha puc. 3.11 npuBenena xa-

H,m pakTepuCTHKa Hacoca IIpH JBYX
3HAUEHMSX YacTOTHI BPALICHHUS 1)
U nj.
n YpaBHEHUE XapaKTEPUCTHKU
P . Hacoca MU YacTOTe BPaIeHHUS 71
T (xpuBas 1)
8 _ 2
mc ng H_HOI_SOV .
IIpu conmpoTuBiIEHUU CETH S,
pabouas Touka Hacoca A Haxo-
Vs v, m3/c JUTCSA W3 YCIIOBHS paBEHCTBa Ha-
a 1mopa, pa3BHBAaeMOr0 HAacOCOM,
Puc. 3.11. Tunpasnnueckuii pexxum [IOTEpE HAIlOpa B TCIIJIOBOU CETH:
CHCTEMBI TIPH PA3HOM 4acToTe Bpalie- ) )
HUSI HACOCOB Hy=Hy —s, V" =s V", (3.37)
OTKy/a
SC
V= H=——H,. (3.38)
s, +s

o c
[Ipu M3MeHeHnH YacTOTHI BpallleHUsI C 71y 10 71, pabouasi TouKa Hacoca
nepemeriaercs u3 Touku 4 B Touky B. Ilpu yacrore BpaieHus n, ycioB-
HBII HaTMop, pa3BUBaeMbIil HACOCOM TIpH HyJiero nmomaye (V=0),
2
n
Hy, = _22H 01
ny
[Ipu »TOM ypaBHEHMH XapaKTepHCTHKa Hacoca (KpuBas 2) MpUHHMAET

2
- 2_ M 2
Bun Hy =Hy, —s,Vy =—5Hy =50V .
n
W3 ycnoBus paBeHCTBa Hamopa, pa3BUBaeMOro HacOCOM, IIOTEpe Haro-
pa B TEIUIOBOM CETH CIIENYET

2
Hy = Hy =2y (339)

C yBenu4eHHEeM COIPOTHBIIEHHUS TEIJIOBOM CETH S, BO3pacTaer Harop,
pa3BUBAEMBIIl HACOCOM, U CHUXKAETCsA €ro nojava.
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[Ipu s.=oo, V=0wu H= H, XapakTepucTHKa HACOCa COBMAJAET C OChIO
opauHar. Ilpu s. = 0, V= \/H,/s, n H=0 XapakTepuCTHKa HacCOCa COB-

nazaer ¢ ockro aderucc. Ipu 0 <s.<oo, JH, /s, >V>0u0<H<H,.

YacTo Ha cTaHIMU pabOTaeT COBMECTHO HECKOIBKO HacocoB. [l orm-
peleneHns peXrMa UX COBMECTHOM pabOThl HEOOXOAMMO MOCTPOHUTH CyM-
MapHYIO XapakTepucTuKy. [1opsaok cyMMHUPOBaHHS XapaKTEPUCTUK HACO-
COB 3aBHUCHT OT cIoc00a MX BKIIOYEHHs. Eciu Hacochl BKIIIOUEHBI Mapall-
JIETIbHO, TO CyMMapHasi XapaKTePUCTHKA CTPOUTCS ITOCPEIICTBOM CIIOKEHHS
pacxooB (1ojay) Mpu OAHUX M TeX ke Hamopax. Hampuwmep, eciau (puc.
3.12 a) AB — xapakrtepuctuka Hacoca 1, a AC — XapaKTepHUCTHKa Hacoca
2, TO CyMMapHOM XapaKTEpUCTHUKOW 3THX HACOCOB CIYXHUT KpuBass AD.
Kaxxnas abcumcca kpuBoit AD paBHa cymme abcuucc kpuBbiX AB u AC.
Hanpumep, ab + ac = ad.

[ X1
-
-0
N

H)
H|
d
X, b /]
BC ¢
L
ngL
v a 4
a o

Puc. 3.12. ITocTpoeHue cyMMapHOI XapaKTEPUCTHKH HACOCOB: @) MapasuIeIbHO
BKJTFOUCHHBIX; 0) ITOCIIEI0BATEIEHO BKITFOUCHHBIX
CyMMapHas XapakTEepUCTHKa TPYMIbl M TapaiebHO BKIIOYCHHBIX
HaCOCOB, HMEIOIIUX OJMHAKOBBIC XapaKTEPUCTUKHU, OMUCHIBACTCS MPUOIIHU-
JKEHHBIM YPaBHEHHUEM

Hyop=H, — s/ (ZV)’, (3.40)

rae Hy,, — Halop HACOCHOM IPYIIIBL; S, — YCIOBHOE BHYTPEHHEE COIpO-

[
o 2
THBJIEHHE HACOCHOH IPYNIBI, S," = S, /m’; XV— cymMapHas oObeMHas

[10/1a4a HACOCHOM I'PYIIIBL.
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[MocTpoenne cymMmapHOW XapaKTEPUCTHKH TOCIIEAOBATEIBHO BKIIIOYEH-
HBIX HACOCOB IMPOBOAUTCA IMYTEM CJIOKCHUA HAIIOPOB IIPU OAHUX MU TEX KE
pacxoaax. Hanpumep, ecnu (puc. 3.12 6) AB — xapakTepucTuka Hacoca 1, a
CD — xapakTepucCTHKa Hacoca 2, TO CyMMapHas XapaKTepHCTHKa 000nX
HacocoB m300pasutcs kpuBoi KL. Kaxpmas opaunata xpuBoid KL paBHa
cymMme opanHaT KpuBbIX AB u CD. Hanpumep, ab + ac= al.

CyMMapHas xapakTepHCTHKa TPYIIbl 7 TOCIEN0BATENbHO BKIIIOYEH-
HBIX HACOCOB, HUMCIOUINX OAHMHAKOBLIC XapPaKTCPUCTUKH, OIIUCHIBACTCA
MPHUOJIMKEHHBIM YpaBHEHHEM

Hyoo = n(H,— s,V ). (3.41)

Crenenp U3MEHEHUS noJgavu Ipu napajuiCjibHOM BKIIFOYCHUHU HACOCOB
3aBUCHT OT BHJIa XapaKTePUCTHKH ceTH. Uem Ooliee MOJIOTUH BUJ UMEET
XapaKTepUCTHKA CETH, T.C. YeM MEHbIIE S., TeM dPPEKTUBHEE Mapaslieb-
HOE BKJIFOYCHHE HAcOCOB. YeM Kpydye XapaKTepUCTHKa CeTH, T.e. 4eM
OOJIBIIIE 5., TEM MEHBIIUH 3PQPEKT JaeT napaieIbHOS BKIOYCHUE.

Ha puc. 3.13 npuBenena cymmapHasi XapaKTepUCTUKa JIBYX Mapajlielb-
HO BKIIIOYECHHBIX HACOCOB, UMCIONIUX OAMHAKOBBLIC XapaKTCPUCTUKU! AB —
XapaKTepUCTHKa OIHOro Hacoca, AD — cyMMapHasi XapakTepUCTHKA JBYX
HacocoB. Ecnu xapakTepucTHKa CeTd MMEeT BHJ MPEJCTaBICHHON Ha PH-
cynke iquHuei OK, To npu pabore 0IHOTO Hacoca B CETh MOAaeTcss 00beM
Vi Bombl, a ipu pabore ABYX HAcocoB — oObeM V). Takum oOpaszom, aBa
Hacoca MoJarT OOJIbIE BOIbI, YeM OJHMH. ECIin XapakTepucTuka cetu uMe-
er Bux OL, TO mojava BOJIbI OCTAETCs OJIHOM M TOM )K€ KaK MPH OJJHOM, TaK
U [IpU JBYX HACOCAX.

HA L IIpyn mpoekTUpoBaHUM HACOC-
Vo K HBIX YCTAHOBOK, COCTOSIIUX U3
HECKOJbKUX IapajuiebHO pabo-

A TaIOIIUX HACOCOB, ClIENyeT BBIOU-

paTh BCce HACOCHI C OJJMHAKOBBIMHU
D xapaKTepHCTHKaMH, a pacyeTHYIO

B nojlayy KakJIoro M3 HUX MpPUHH-

- MaTb PaBHOW CyMMapHOMY PacXxomy

0 v BOJIBI, JICICHHOMY Ha 4HCJIO pado-

Puc. 3.13. U3meHeHune pacxona BOAbI TAIONIUX HACOCOB, HE CUUTas pe-
B CCTU NIPpU MMapaJIJICJIbHOM BKIIFOUCHUUN 3CPBHBIX.

H B
acoco IMoaua HACOCOB IIPU TOCHIENO-

BATEIbHOM BKJIFOUYEHHH TAaKXKE 3aBHUCUT OT BHJA XapaKTEPHCTHKH ceTH. YUem
Kpyde XapaKTepUCTHKa CeTH, T.e. 4eM Oombiie S, TeM 3(p¢eKkTuBHEe MOo-
CIIe0BATENBEHOE BKIIIOUCHUE.
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Ormpenenenre CyMMapHOH XapaKTEPUCTUKU CETH MOXKET OBITh IMPOBEACHO
Kak rpa)M4IeckuM, Tak U aHAIMTHYECKUM MeToAoM. MeToq rpaduyueckoro cio-
JKCHHS XAPAKTEPUCTHK YYaCTKOB CETH aHAJOTMYeH TpaUyecKOMy CyM-
MHPOBAaHHIO XapaKTePHCTUK HacocoB. [IpakTideckn Gosee yI0OHO MPOBOIUTH
CYMMHPOBaHHE XapaKTEPUCTHUK YYaCTKOB CETH aHAIMTHYECKH. [Ipu 3TOM NOJTh-
3YIOTCSI CIIGAYIOIIMM ITPABUJIOM, BBITCKAFOIIM U3 KBAPATHYHON 3aBUCUMOCTH
MEXKIy TIoTepeli IaBIIeHHs U PacXoloM BOJbI: CyMMapHOE COMPOTUBIICHHE PaBHO
apudMeTuIecKol CyMMe COPOTUBIICHUH, TIOCIIEI0BATEILHO BKITFOUCHHBIX y4a-
CTKOB.

[ycts (puc. 3.14 a) s1, 5, ¥ 53— CONPOTURIEHUS TPEX TIOCIIEIOBATEHHBIX yda-
cTKOB ceTi. CyMMapHOE COITPOTUBIICHUE STHX YIACTKOB

S=8+8,+5;5. (3.42)

Ecnu ydacTky cOeIMHEHBI MapasuIeibHO, TO Ul CyMMHUPOBAHUSI XapaKTe-
PUCTHK YIOOHO MOJIb30BATHCS APYTHM THUIPABINUESCKUM MOKA3aTeIeM — MPOBO-
JIMMOCTBIO, TIOJ] KOTOPOH TOHMMAeTcsi BEIMYMHA, OOpaTHas KOPHIO KBajl-
paTHOMY M3 COIIPOTUBJICHUA:

a=1/\ls=v/Ap. (3.43)

[ycts (puc. 3.14 6) ai, a; a; — NPOBOAUMOCTH TPEX MapajuIebHO COEIH-
HEHHBIX y4acTKoB cet. CymMMapHas MpOBOJUMOCTh 3TUX YYaCTKOB paBHA MX
apuU(pMETHIECKON CyMMe

a=ata+as. (3.44)

TakuMm 00pa3oM, CyMMHpOBaHHE
XapaKTEPUCTAK YYacTKOB TEIUIOBOM , 8y , 53 , 83 .
CETH BBIIONHSAETCS 10 CIIEAYIOIEMY
NpaBUily: TpPH  TIOCIIEIOBATEILHOM
COCIIMHEHNN CKIIaIbIBAIOTCS  COIPO-
THBJICHUS, TIpU TapaUIebHOM —
TIPOBOAMMOCTH. Vo6 Vg.ag

[IpuBenennsii Ha puc. 3.12 Mme-
TOJI IOCTPOEHUSI CyMMapHOW Xapak-
TEPUCTUKN TMapajUIeIbHO paboTaro-
[IMX HACOCOB CHPABEJINB TOIBKO B TOM CITy4ae, KOIJla 3TH HACOCHI PacoosKe-
HbI B OAHOM M TOM XK€ Y3JIC, T.C. TIOAKIIIOYCHBI K O/THUM U TEM K€ IMOJAar0IINM U
o0paTHbIM KoJIeKTopaMm. Ecnu ke mapasuiensHo paboTarolne HacOChl Pacro-
JIOKCHBI B pa3HbIX Y3JlaX CHUCTEMbI TCHHOCH36)KCHI/ISI, TO I TMOCTPOCHHUA HX
CYMMapHOW XapaKTEpPUCTHKH HEOOXOAMMO TMPEABAPUTENHHO MPUBECTH Xapak-
TEPUCTHKH 3TUX HACOCOB WJIM HACOCHBIX YCTAHOBOK K OZHOMY OOIIEMY Y3ITy.

V.81
Va.ag

<Y

Puc. 3.14. CoenuHeHus y4acTKOB CETH:
@) TIOCIIeIOBATENIbHOE; O) MapalIeIbHOe
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Meron npuBeneHyst XapaKTEPUCTUK HACOCOB K 33JAHHOMY Y371y CUCTEMEI 3a-
KJIFOUaeTCs B AreOpanieckoM CIIOKEHUH HAIIOPOB HACOCOB C MOTEpPEl Haropa B
JIMHUM, COSIUHSIFOIIEH HACOC C 3aJJaHHBIM Y3JI0M.

3.11. I'mapaBanyeckuii pexkUM 3aKPBITBIX CHCTEM

Jns HOpManbHOM pabOTBl CHCTEM TeIUIOCHAOKEHHs] HeoOXO0anMo
o0ecreunTh B TEIUIOBOM CETH Tepel TPYMIOBBIMA MM MECTHBIMHU TeILIO-
BbiMH TyHKTamu (['TTI mmu MTII) pacnonaraeMbeix HaropoB, JOCTaTOYHBIX
JUISl TIOIa4YH B a0OHEHTCKUE YCTAHOBKH PAcXOA0B BOJBI, COOTBETCTBYIOIINX
HX TEIJIOBOM Harpyske.

3ajaya pacuera IIpaBINYECKOro peXuMa CEeTH 3aKIIoYaeTcs B ornpe-
JIeTICHUN PacXoJiOB CETeBOM BOJbI y aOOHEHTOB M Ha OTACIBHBIX Y4acTKax
CeTH, a TaKKe JAaBIICHWH (HAIoOpOB) M pacrojaraeMbIX IMepernajoB JaBie-
HUH (HarmopoB) B Y3JIOBBIX TOYKAX CETH, HA TPYMIIOBBIX U MECTHBIX TEIJIO-
BBIX MYHKTax (A00HEHTCKHUX BBOJAX) MPHU 3aJaHHOM PEKUME PabOTHI CETH.

3amaHHBIMUA OOBIYHO ABIISIOTCS CXEMa TEIUIOBOH CETH, COMPOTHBIICHHS
S BCEX €€ Y4acTKOB, JaBJICHUs (HAMOpPHI) HAa MOJAIOIIEM U 00PaTHOM KOJ-
nekTopax TOII uimu pacnionaraemblii repenaj IaBjicHU (HAIIOPOB) Ha KOJI-
nektopax TOLl u nanenue (Hamop) B HEWTpaJbHOU Touke ceTu. [Ipu Ha-
YU Ha a0OHEHTCKUX BBOJAX aBTOPETYJSTOPOB M3BECTHHI TAKXKE PaCXo-
JIbI CETEBOMH BOJIBI Y aDOHEHTOB, MOCKOIBKY 3TH PacXOJIbl MOICPKUBAIOTCS
C TIOMOIIBIO aBTOPETYJIATOPOB Ha 3aJaHHOM YypoBHE. B 3ToM ciydae mo
W3BECTHBIM PacxoJaM CETeBOW BOJABI y a0OHEHTOB HaXOJAT PaCXOJbl BOJBI
Ha BCEX y4yacTKax TEIUIOBOM CETH, a 3aTeM IOTepH JaBjieHHs (Harmopa) Ha
Bcex ydactkax cerd mo (3.33) u cTposAT mbe3oMeTpHieckuil rpaduk, mo
KOTOpOMY OIPENENsIOT AaBlIeHUs (HAMOphl) B Y3JIOBBIX TOYKaX TEIIOBOH
CEeTH ¥ Ha a0OHEHTCKUX BBOJIAX.

ITpu orcyrcrBum B I'TII nnu nHa MTII aBTOpErynssTOpOB pacxof cere-
BOI BO/IBI Y aOOHEHTOB 3apaHee HEU3BECTEH W ONpeEeNieHHe UX SBISETCS
OJTHOW M3 OCHOBHBIX 3ajJlad pacyera TUApPaBIMUYECKOro pexuma TerIoBon
ceru. [lyis pemreHust 3Tod 3ajla4u HEOOXOIUMO 3HATh KPOME COIPOTHUBIIC-
HUM BCEX YYACTKOB TEILIOBOM CETU Takke U conporusieHus Bcex MTII u
a0OHEHTCKHMX YCTAaHOBOK. PaccMOTpUM MeTOoA pacuera pacxoia BOIBI Y
a0OHEHTOB TEMJIOBOI CETH MPH OTCYTCTBUHU aBTOPETYISTOPOB HAa aOOHEHT-
CKUX BBOJaX.

Ha puc. 3.15 mpuBeaeHa cxema TEIJIOBOM CETH B OJHOJUHEHHOM U
IBYXJIMHEHHOM n300pakeHusx. [IpuMem crenyromyro cucremy obo3Have-
Huil. Hymepanusi y4acTkoB ceTH M aOOHEHTOB HAUWMHAETCS OT CTaHIIHH.
VYdacTKu Maructpaii HyMepyroTCsl pUMCKUMHU IU(PpaMH, a OTBETBICHUS K
aboHeHTaM U aOOHEHTHI — apaOCKHMHU.
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I II I v | 4

b I II I J14 |4
1 2 3 4 5
a 6
Puc. 3.15. Cxema TEIIOBOM CETH: a) OAHONMHENHOE; 6) ABYXJIMHEHHOE H300paKEHNE

CyMMapHBIii pacxon BoJbl B ceTH 0003HaunM OykBoii V' 6e3 nHzeKkca.
Pacxop Bonbl uepe3 aOOHEHTCKYIO CUCTeMY — OYyKBOW V' ¢ MHIEGKCOM, paB-
HBIM HOMepy aboHeHTa. Hampumep, V,, — pacxoj BoJibl uepe3 abOHEHTCKYIO
CHCTEMY .

OTHOCHTENTBHBIH pacxoj BOJbI 4epe3 aDOHEHTCKYIO CHUCTEMY, T.€. OT-
HOIIIGHHE pacxoja uepe3 a0OHEHTCKYI0 CHCTEMY K CYMMapHOMY pacxojay
BOJIBI B CETH, 0003Ha4nM /¢ mHaekcoM. Hampumep, OTHOCHTENBHEI pac-
X071 BoJbl y abouenta V, = V,,/V.

Pacxon Bojipl y aboHeHTa 1 MOKET ObITh HaliJIcH U3 YpaBHEHUS

sVii=s,_7. (3.45)

TJIE S| — COMPOTHBIIEHHE A00HEHTCKON YCTAHOBKH 1, BKITFOUast OTBETBIICHUE
S1.s —COITPOTUBIICHHE TEIUIOBOI CETH CO BCEMU OTBETBJICHHUSIMU U AOOHEHT-
CKUH cuctemMamu OT aboHeHTa 1 710 aboHeHTa 5 BKItounTenbHO. M3 (3.45)

(3.46)

Hatinem pacxoj BojbI uepe3 aOOHEHTCKYIO YCTAHOBKY 2, JUIsl KOTOPOW
CIPaBeUIMBO CIEAYIOIIee ypaBHEHHE:

s,Vh =5, (V=1 (3.47)

TJIe §p — CONMPOTHBIIEHHE aOOHEHTCKOW YCTAHOBKH 2, BKIIOYas OTBETBIIE-
HUA, Srs5 — COHpOTI/IBHeHI/Ie TeHJ’IOBOﬁ CETH CO BCEMHU OTBCTBJICHUAMU U
a0OHEHTCKMMU CHCTEMaMU OT aOoHeHTa 2 10 aOOHEHTA 5 BKIIOUMTEILHO.

Paznocte pacxonoB V' — V; MOXHO ONpENEIUTh U3 CIEAYIOIIETO ypaB-
HCHUA:

sV =55 (V=1 (3.48)
rAe Sy.s =Sy + S2.5; Sy— CONPOTUBIIEHUE YUacTKka Maructpanu I/, otkyaa
V-V ==y, (3.49)

17-5

U3 (3.47) u (3.49)
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(3.50)

AHaJIOTHYHO HaXOJST OTHOCHUTEIBHBIM pacxoa BOIABI 4epe3 a0OHEHT-
CKYIO YCTaHOBKY 3:

S1-s S2-5 S3-5

: (8.51)

83 Sys Su-s

TJIE §3.5 — CONMPOTHUBIICHUE TEIIOBOM CETH CO BCEMH OTBETBJICHHSIMH OT
aboHeHTa 3 710 ITOCIIEIHEr0 A0OHEHTA 5 BKIIFOUUTEIILHO;
Sprs =Spr +S3.s; Sy — COIPOTUBIIEHUE yYacTKa Maructpanu I11.

Ecnu k TemoBo ceTu npucoequHeHo n aboHeHToB (puc. 3.16), To oT-
HOCHUTENIBHBIN pacxo]l BOJIbI Uepe3 CUCTeMY JIF0O0ro aboHeHTa m:

7 San Spn S s

n Seen | Zmon (3.52)

Sm Sp-n Sc-n SM-n

A B C DEZKTLMN ITo (3.52) MoxHO HalTH
pacxonx BOIbI depe3 o0y

6 %‘1 %b %‘ %d %e %k %‘I %m Jf" aGOHEHTCKYIO CHUCTEMY, eclli
W3BECTHBI CYMMAapHBII pac-

Puc. 3.16. Cxema TensoBoi cetn XOJI BOJIBI M COMPOTUBIICHHS
yuacTkoB ceru. M3 (3.52)

CIIeyer:

1. OTHOCHUTENBHBIN PACXO/ BOJBI Uepe3 aDOHEHTCKYIO CHCTEMY 3aBUCHT
TOJIBKO OT COTIPOTHBIICHHS CETH M aOOHEHTCKMX YCTAHOBOK M HE 3aBUCHT
OT abCOJIFOTHOT'O Pacxo/ia BOJIbI B CETH.

2. Ecnu x ceTH MpUCOEIUHEHO 7 aDOHEHTOB, TO OTHOLICHUE PACXO/0B
BOJIbI Yepe3 aDOHEHTCKUE YCTAaHOBKY d U m, TA€ d < m, 3aBUCUT TOJIBKO OT
COTMPOTHUBJICHHUS CHCTEMbI, HAYMHAS OT y37a d JI0 KOHIA CETH, U HE 3aBHCUT
OT CONPOTHUBJICHHS CETH JI0 y37a d:

Vm — Sen Sin Sin Sm—n
Vd N

S, (3.53)

En Skn Sin Smun Sm

[Ipu m3MeHeHWH CONPOTHBJICHUS HAa KaKOM-THOO y4acTKe TEIIOBOM
CeTH Y BCeX a0OHEHTOB, PACIIOJIOKEHHBIX MEXK/Ty 3TUM Y4aCTKOM W KOHIIe-
BOM TOYKOH CETH, pacxoj BOAbI M3MEHSETCS MPOINOPLMOHaIbHO. B Toi
YaCTHU CETH, TJI€ PacxoJl MEHSETCS IMPONOPIUOHAIBHO, JOCTATOYHO OMpe-
JICNTUTh CTENICHh M3MEHEHHMSI PacxXo/ia @ TOJIBKO Y OJHOr0 aOOHEHTA.
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Eciu B TemioBoii cetn paboTalOT HACOCHBIC MOACTAHIIUH, TO TIPH pac-
4yeTe T'HApaBIMYECKOro peKHMa 4JacTHOE OT JeNIEHUs Hamopa Hacoca Ha
KBa/paT pacxojia BOABI Yepe3 HACOC YUMTHIBAIOT KaK OTpPHUIATEIHHOE CO-
MIPOTUBJIEHNE Hacoca:

=-H,,/V;}

H.IT

(3.54)

rae H,, n Vy, — Hanmop HacOCHOW MOACTaHLMH, M, U pacXoi BOJIbl YEpeE3
Hee, M/c.
CyMMapHBIif pacxoll BOJBI B TEIJIOBOI ceTH (cM. puc. 3.16)

v=JH/s, (3.55)

rae H — namop Ha xomuiekropax TOIl, m; sy, — CyMMapHOE COMpPOTUBIICHUE
TEIJIOBOU CETH.

ITo u3BeCTHBIM pacxojiaM CETEBOM BOJBI Ha y4acTKaX CETH U U3BECT-
HBIM CONPOTHBIICHHUSIM 3TUX YYaCTKOB CTPOSIT MbE30METPHUYECKHI TpaduK,
MO0 KOTOPOMY ONPEACISIOT HANOPHI (AaBJICHHUsI) B Y3JIOBBIX TOUKaX CETH U
Ha a0OOHEHTCKUX BBOJIAX.

Xapakrep 0KuJaeMOoi pa3peryIMpOBKH MIPH JIFOOBIX TIEPEKITFOUCHUAX B
TEIJIOBOM CETH JIETKO YCTAaHOBUTH HA OCHOBE OOIIel 3aBHCUMOCTU PacXo-
JOB BOJbI OT COHpOTI/IBHeHI/Iﬁ OTACIIbHBIX 3JIEMCHTOB TEIUIOBON CETU 10
(3.52) u (3.53).

Pacuer HeO6XOI[I/IM TOJIBKO JJIs1 BBIABJIICHHSA KOJIMYCCTBCHHBLIX 3HA4cC-
HUH pasperynupoBku. Tak, ecnu oT TemnoBoi cetu (puc. 3.17 a) or1-
KITFOYUTCS KaKOH-IMOO abOHEHT X, TO CyMMapHOE COMNPOTHUBIICHUE CETH
YBEJIMUHUTCS, TIPU 3TOM, Kak BUAHO U3 (3.55), cyMMapHBIid pacxox BOIbI B
CCTU YMCHBIIHNTCA. BCHGZ[CTBI/IG YMCHBUICHHA pacxXoda BOABI B TEIIOBOM
CCTU YMCHBIIUTCA IMOTCPA HAIlOpa B €€ MArucCTpajaax Ha Y4aCTKEC MCKIAY
CTaHIIMEH M TOYKON NMpPUCOCTUHEHMs aDOHEHTa X, MbE30METPHUYSCKUI Tpa-
(MK ATOr0 yyacTka Maructpaiu Oyner 0oJiee moJ0ruM (IITPUXOBBIC JTHHUH
Ha puc. 3.17 a).

Tak Kak B TOUKE X MAarCTPpaJIbHOM TEIJIOBOM CETH YBEJIMYMTCS pacro-
J1araeMbIit Harop, TO YBCIIUYUTCA pacxoJ BOAbBI B CCTU HA YYACTKE MCKIY
TOYKOW X W KOHLIEBHIM a0OHEHTOM, B PE3YJbTAaTe YEro Mbe30MEeTPHUCCKHHA
rpaduk 3Toro yyactka Oyner 0ojiee KpyThIM.

Kaxk cnenyer u3 (3.53), y Bcex a0OHEHTOB, PACIIOJIOKEHHBIX MEXIY
TOYKOM X U KOHUEBOW TOYKOW CETH, IIPOU3OUAET MPOMOPLUUOHAIIbHAS Pa3-
peryJIupoBKa, T.e. CTelleHb M3MEHEHHUs pacxola BOABI Y BceX aOOHEHTOB
Oyzer onuHakoBa (¢ = idem):

SH.I'I

o =Vi/Vs (3.56)
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rne V, —pacxon BoJbl y aDOHEHTOB TIOCIIE€ OTKIFOUCHUST A00OHEHTa B TOUKE X
TEIUIOBOM CeTH; V; — pacxoa BOJbl y aDOHEHTOB JI0 OTKJIFOUYCHUS aOOHEHTa
B TOYKE X.

VY Bcex aOOHEHTOB, PACIONOXKEHHBIX MEXJIY CTaHIMEH M TOYKOH X,
MPOM30MIET HENPOMOPIHOHAILHAS Pa3peryIupoBKa, T.e. CTelleHb U3MEeHe-
HUS pacxozia BoAbI (¢ OyAeT pa3inuyHOi y pa3HbIX aOOHEHTOB. MUHUMAIb-
Hoe 3HaveHue @ = | Oyaer MeTh MecTo y a0OHEeHTa, PacinoI0KEHHOTro He-
MOCPEICTBEHHO BOJIM3M CTaHIMU. MakcuMallbHOE 3HadyeHue ¢ > 1 Oymer
HUMETb MECTO y BCCX a60HeHTOB, MPUCOCAUHCHHBIX K CETU B TOYKEC X U I10-
CJI€ TOUKH X 10 X0y Teronocutens ot TOLI.

R R —

cKoro rpauka BOJITHOH TETUIOBOMH
CeTH: a) NP OTKIIIOYEHNH a0OHEHTA;
6) IIpy M3MEHEHUH HAIopa Ha CTAHIIUH

a o

Ecnu Ha cTaHmmMu M3MeHseTcsl pacrojaraeMblii Hamop, a COMpOTHBIIE-
HUE CeTH § OcTaercss HeM3MEHHBIM (cM. puc. 3.17 6), To, KaKk BHIHO U3
(3.55), cymmapHbIii pacxo]] BOJIbI B TEIIOBOW CETH, a TAKIKE PACXOJIbI BOJIBI
y BceX aOOHEHTOB W3MEHSIOTCSl TPOITOPIIMOHATBFHO KOPHIO KBaIPATHOMY U3
pacrosiaraemMoro Harmopa Ha CTaHIIUU.

3.12. 'uapaBauyeckas yCTOMYMBOCTb

oo cudpasnuyeckou ycmouduugoCmvl0 NOHUMAEMCST CHOCOOHOCHb
cucmembl nOOOEPHCUBANDb 3A0AHHBII eudpasiuveckuti pedxcum. Yem yc-
TOWYMBEE CUCTEMa, TEM MEHbBIIIC BIMSIHUE THIPABINYCCKOr0 PeKUMa BCel
CHCTEMbI Ha TU/IPABIIMYCCKHI PEKUM OT/ACIbHBIX A00OHEHTCKUX YCTAHOBOK.

KonunuecTBeHHasi OLGHKa THAPABIMYECKOH YCTOWYMBOCTH aOOHEHT-
CKHX YCTaHOBOK MPOBOJMTCS MO KOIPPHUIUCHTY THAPABIMYSCKON YCTOM-
YUBOCTH, PABHOMY OTHOILICHHUIO PAaCYETHOTO Pacxoja CETeBOil BOIBI uepes3
aOOHEHTCKYIO YCTaHOBKY K MAaKCHMaJIbHO BO3MOYKHOMY PacxXoiy uepe3 3Ty
YCTaHOBKY B YCIIOBUSIX PaOOThI TAHHOW CHCTEMBI [[EHTPAIN30BaHHOTO TETI-
JocHa0KeHUSI.

Koadduument ruapaBnudeckoil ycToMdMBOCTA aOOHEHTCKHX yCTaHO-
BOK, OCHAIIICHHBIX aBTOPETYJSATOPAaMH, NMPAKTHUYSCKU PABEH CMHHMIIE, TaK
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KaK JEHCTBUTENbHBIM PacXof CETEBOM BOJbI UYEpPE3 TAKUE YCTAHOBKH IIPU
BCEX PeKHUMaX PaBeH MK OJM30K K pacyeTHOMY.

[pu orcyrcrBuu Ha I'TII mnm MTII (abOHEHTCKHX BBOAAX) aBTOPEry-
JIATOPOB KOA((OUIIMEHTHI THUAPABIMYECKON YCTOHYMBOCTH aOOHEHTCKUX
YCTaHOBOK 3HAYHMTEIHFHO OTJIMYAIOTCS OT eIMHHIBL. MakcuMmanbHas paspe-
TYIMPOBKAa BO3HHMKAET MPH HaWOONbIIEM OTKIOHEHHH IEHCTBHTEIHLHOTO
pacrmonaraeMoro Hamnopa B TEIJIOBOM CeTH repea aOOHEHTCKON yCTaHOBKOH
OT PAaCUYETHOrO 3Ha4YeHUs. [Ipu OTKIIIOYEHHUH YacTH a0OHEHTOB OT TEIJIOBOU
CeTH YMEHBIIIAI0TCA pacxoj] BO/bI U MOTEPU HAINOpa B CETH, a pacrojarae-
MBII Hamop Ha paboTaromux abOHEHTCKUX BBOAAX Bo3pacTaeT. B mpenerne,
KOrja MOTepH Haropa B TEIUIOBOW CETH JIeNaroTcs HE3HAUYHUTENbHBIMU IO
CPaBHEHHIO C pacroiaraéMbIM HalopoM Ha KOJUIEKTOpax CTaHIWH, pacro-
JlaraeMblii Harmop Ha aOOHEHTCKHUX BBOAAX MPHOIMIKAETCS MO 3HAYEHUIO K
pacronaraeMoMy Hamopy Ha CTaHIMM U CTeleHb M3MEHEHHUs pacxoja B
a0OHEHTCKHX CHCTeMaX JOCTUTAaeT MaKCUMAaJIbHOTO 3HAYEHUSI.

VYuuTeIBas KBaJAPaTUUHYIO 3aBUCHMOCTh MEXKJY PacxoJIoM BOJBI U TIO-
Tepeil Hamopa, MOXXHO HamucaTh Clieaylollee MpHONMKEeHHOe BBIPaKEHHE
st Ko PHUIHEHTa TUAPABINYECKOH YCTOHYMBOCTH aOOHEHTCKOW yCTa-
HOBKH IIPY OTCYTCTBUH aBTOPETYJIMPOBaHUs Ha aOOHEHTCKOM BBOJIE:

4 AH 1
—__Pr _ = a
= JAH, /H, : (3.57)

AH,+H, [, AH,
AH

a

rne AH, — pacrionaraeMblii Harop Ha aOOHEHTCKOM BBOZE MPH pacueTHOM
pacxone Boasl; AH, — moreps Hamopa B TEIUIOBOM CETH IIPU PacueTHOM pac-
X0Jie BoJbl; H,, — pacronaraemelid Harop Ha cranumu: H, = AH, + AH, .

VYpaeHenue (3.57) mokas3plBaeT, UTO THAPABIMYECKAs yCTOHYMBOCTH
a0OHEHTCKHX CHCTEM TeM OoJbllle, YeM MEHbIIE MOTepsl Halopa B TEMIo-
BOi1 cetn AH, 1 yeM OoJibllie IOTEpsl Hamopa Ha aOOHEHTCKOM BBoOuE AH,,.
JU1sl OBBILIEHUST THIPABINYECKON YCTOMYMBOCTH CHUCTEMBI CIENYET BCE
M30BITKH HaIopa, UMEOIIIECs: B CETH, MOTJIOMATh MPY TTIOMOIIN CONPOTHB-
JICHH# (COILT 3JIeBATOPOB, IIaii0) U PEryIUPYIONIUX KIIAaHOB HAa aOOHEHT-
CKHMX BBOJIaX WJIM Y TEILIONOTPEOIIIONMX NTPHOOPOB a0O0OHEHTOB.

OCHOBHOI IyTh MOBBIIIEHUS THIPABINYECKON YCTOMUMBOCTH 3aKIIH0O4a-
€TCsl B CHUKEHUU IOTEPU HAIopa B MaruCTPajabHOW TEIIoBOW cetn AH..
st 9Toro HEOOXOANMO YBETHMYUBATH AMAMETPBl MaruCTPabHBIX TEILIO-
BBIX CETEH.
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Boree Tounoe 3HaueHne KOA(POUIMECHTA THAPARTUYECKON YCTOMYMBOCTH a00-
HEHTCKUX BBOJIOB orpezessercs mo npeioxkerHoi E.S1. CokonorbiM opmyrie Ha
OCHOBE YpaBHEHHsI TIOTOKOpactpeseneHus (3.52):

y=vr |2 (3.58)

rae V,” — OTHOCHTENBHBII PacXof CETeBOH BOBI UePe3 JaHHYI0 a00HEHTCKYIO
YCTAaHOBKY IIPU PAcdeTHOM DPEXHME; s7 — TMAPAaBIMYECKOE COMPOTHBIICHUE

CHCTEMBI TEITOCHA0KEHHS TIPH PACUETHOM PEKUME; S — THAPABIMUECKOE CO-

MIPOTHBIICHUE CHUCTEMBI TEILUIOCHAMKCHUS TIPH OTKITFOYCHUM BCEX a0OHEHTCKUX
YCTaHOBOK, KPOME JJAHHOW.

JU1st TaHHOM cucTeMBI TerocHa0xenus s = const. [l xaxoi abo-

HEHTCKOH yCTaHOBKH B 3Toi cucteme V,” = const. Takum 06pa3zom, paznune
B 3HAUCHUSIX KO3(D(HULIMEHTa THAPABIMYECKON YCTOHUNBOCTH PAa3HBIX AOOHEHT-
CKHX YCTAHOBOK OIPEIEISIETCS TONBKO CONPOTHBIICHUEM S, .

Koo duumenT ruapaBiudeckoll YCTOHUMBOCTH XapaKTEpU3yeT HadyaIbHYIO
PEryJIMpPOBKY CHCTEMBI TEILIOCHA0KSHHMSI.

CTa0WIBHOCTh THAPABIMYECKOTO PEKUMA CUCTEMBI 3aBUCUT HE TOJIBKO
OT €€ HauyaJIbHOW PETryJIMPOBKH, HO M OT PEKUMa pacxoja BOJbl Y OTHEIb-
HBIX TPYII aO0OHEHTOB.

Jis ctaOMiu3aiuu THIIPABIMYECKOr0 PeKUMa Iel1ecoo0pa3Ho HCKYC-
CTBCHHO BBIPABHUBAThH TEIJIOBYID HArpy3Ky aOOHEHTOB C pPe3KOIepeMeH-
HBIM PAacXOJOM TEIUIOThI, HAIPUMEP C MOMOIIbIO TEIJIOBBIX aKKyMYJISTO-
POB, WM K€ MPUMEHATHh CXEMbl NMPUCOEAMHEHHUM, JOKAJIU3YIOLIUE Tepe-
MEHHBIE THIPABINYECKHE PEKUMBI B MPEENax yCTAHOBOK, /1€ OHU BO3HU-
KalOT, HE MepeiaBasi 3TH PSKUMbI Ha CUCTEMY TEILIOCHAOXKEHHUS B LICJIOM.

Jiis obecrieueHuss HaJeKHOW PabOThI TEIUIOBBIX CETEH U MECTHBIX CHUC-
TEM HEOOXOJUMO OTPAaHHYUTHh BO3MOXKHBIC B YCIOBHUSX DKCIUTyaTallUU W3-
MEHEHUS JIaBJIEHUMN B TEIJIOBOM CETH JOMYCTUMBIMU npenenaMu. g 3Ton
LIEJIM B OJTHOM M3 TOYEK TEIUIOBOM CETH, & MPU CIIOKHBIX MPOPUIIX MECT-
HOCTH B HECKOJIBKMX TOYKAaX MUCKYCCTBEHHO M3MEHSIOT JAaBJIEHUE IO OmIpe-
JICJICHHOMY 3aKOHY B 3aBHCHMOCTH OT pacxojia BOJBI B CETH. JTHU TOUYKHU
Ha3BIBAIOTCS MOUYKAMU Pe2yaupyemo2o 0aeieHus. B 4acTHOM ciiydae, Korjia
JIABJICHUE B ATHX TOYKAaX IOJICPIKUBACTCS MOCTOSIHHBIM Kak Ipu padoTe
CeTH, TaK U B CTAaTUYECKOM COCTOSHUHM, OHU HA3BIBAIOTCS HelmpanibHbIMU
moykamu. HelTpanpHyt0 TOYKY OOBIYHO pa3MelaloT Ha INepeMbIYKe, CO-
€MHAIONIEH HarHeTaTelbHbINA KOJUIEKTOP CETEBBIX HACOCOB CO BCACHIBAIO-
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UM KOJJIEKTOPOM, MCIIOJIB3Ysl IaBJIEHHE B HEUTPAJIbHON TOUKE B KAUECTBE
HMITYJIbCA, PETYJIUPYIOLIETO PacX0l NOAINUTKY B TEIIOBYIO CETh.

Ha puc. 3.18 a npuBeneHa mpUHIMIHANIBHAS CXE€Ma MOIMUTOYHOTO
YCTpOMNCTBA C PEryisaTopaMH, YIpaBiseMbIMH OT HEWTpasibHOM Touku O,
pacrolio)keHHONH Ha mepeMbluke 4 cereBoro Hacoca. CTeneHb OTKPBITHS
KJIamaHoB 2 W 3 ycTaHaBIUBaeTCsi MeMOpaHHBIMH npuBoAaMu. [Ipu yBenn-
YEHUU YTE€UYKH BOJIBI U3 TEMJIOBOW CETH CHUXAETCS JaBJIEHHE B HEUTpajb-
HOU TOYKE, YTO MPUBOAUT K CHIYKEHHUIO AaBICHHS HA MEMOpPaHHBIA TPUBOJ
KJlaraHa 2, OH OTKpBIBAeTCsl, M MOJKa4Ka BOJBI MOJMUTOYHBIM HACOCOM B
TEIUIOBYIO ceThb Bo3pacTaeT. [loBhIlIEHHass MojKayka BOJABI B TEIUIOBYIO
CETb IIPUBOAUT K BOCCTAHOBJICHUIO JABJICHUs B HEUTPAJIBbHOU Touke. IIpu
MOBBIIICHUN JIABJICHUS B HEUTPAIBHOM TOUYKE BO3PACTAECT JABJICHHUE HA
MeMOpaHHBIA MPUBOJ KjamaHa 2 W OH NpUKpbIBaeTcs. B cBs3u ¢ 3TUM
yMEHbLIaeTCs MOJIKayka BOJbI B TEIUIOBYIO CETh, UTO JIOJKHO MPHUBECTU K
BOCCTaHOBJICHHIO JABJICHUS B HEUTpaJIbHOW TOouke. EciM mpu MONMHOM 3a-
KpBITHN KJIanaHa 2 JaBjeHHe B HEWTpaJIbHOW TOUKe MpOJOJIKAaeT Bo3pac-
TaTh, TO MPOUCXOAUT OTKPHITHE APEHAKHOTO KJaraHa 3, 4acTh BOABI M3
TEIUIOBOW CeTH ciuBaeTcs B ipeHax. Kimaman 3 ocTaercs OTKpPBITHIM /10 T€X
10, MOKAa JABJIECHHUE B HEUTPAIbHON TOUKE HE BOCCTAHOBUTCS.

Ha puc. 3.18 6 npuBeneH npe3oMeTpuieckuii rpad@uK TaKOW CHCTEMBI.
3nece ABCD n AKLD — nbe3omerpuyeckue rpaduki MarucTpaibHON Terl-
noBoii cetn; AOD — mbe3oMerpudeckuil rpaduk mepemblukn; O — Hei-
TpajibHasg TOYKa Ha mepeMbruke. Bo Bpemst paboThI B MepeMBbIYKE POUCXO-
JTUT HENpephlBHAs IUPKYIALHUS BOABI IO HAMPaBIEHUIO OT HarHe-
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Puc. 3.18. Cxema MoANMMTOYHOrO IPEHAKHOTO YCTPOUCTBA (1) M TbE30METPHIECKHUI
rpaduk (6): 1 — HOANUTOYHBIN HACOC; 2 — MOANUTOYHBIH KiIanaH; 3 — IpeHaXHBIN KIIaTlaH;
4 — mepeMbIUKa: 5 — ceTeBOl Hacoc: 6 — DErVIMDOBOYHBIE KDAHbBI: 7 — Oak

175



TaTeIBHOr0 MaTpyOKa Hacoca K HeWTpaibHOM Touke O W OT HEHTpaIbHOU
TOYKH K BCACHIBAIOLIEMY MATPYOKYy.

W3MeHss cTeneHb OTKPBITUS PeryJMpPOBOYHBIX KPAaHOB 6 Ha MepeMbly-
ke 4 (cMm. puc. 3.18 @), MOXKHO yCTaHaBIHMBATH JI000H (PUKCHPyEMBIii HATIOP
B HEWUTpalIbHOM TOYKE WIM CTATHUYECKUM HANOp B CUCTEME TEILIO-
cHaOKeHMSI.

@uxcanys JaBIE€HUS B OTJENBbHBIX TOYKAX CHUCTEMBI IIEHTPAJIU30BaH-
HOT'O TEIUIOCHA0KEHHUSI MOXKET OCYILIECTBIISITHCA TaKXKe C MOMOIIbIO pac-
mupuTeneil u ruapodopos. Pacmupurens npenacrapiser co00i OTKPBITHIHN
COCYJ, yCTAaHOBJICHHBIH Ha BBICOTE, paBHOH (pukcupyemomy Hamopy. ['ua-
podop npencrapiser cobOi 3aKPBITHIA COCY, B KOTOPOM BOJIa HAXOIUTCS
MOJ] TTIOCTOSIHHBIM HaropoM (JaBJIeHHEM) Ta30BOW WM MapoBOW MOAYILIKH,
paBHBIM (QuUKcHpyeMoMmy Hamopy. [locTosHHOE AaBieHHE HaJ MOBEPXHO-
CTBIO BOABI B TUApo(dope cozaaercss ¢ MOMOUIBIO CIIENUAIBLHOTO ra30BOr0
KOMIIpeccopa WM OT MapoBOro UCTOYHMKA. [Ipy yMeHbIIEHUU TaBIEeHUs B
TEIJIOBOK CETH BOJA M3 PACLIMPUTENS WK THIPOQOpa MOCTYyMaeT B TEIIIO-
BYIO CETh M KOMIIEHCHPYET YTEUKy BOJBI WJIM YMEHbIIICHHE €¢ o0beMa B
CUCTEME, BBI3BAHHOE IIOHUKEHUEM €€ CPEAHEN TEMIIEPATYPHI.

3.13. I'mapaBanyeckuii pe;kKUM OTKPBITBIX CHCTEM

OcHoBHAast 0COOEHHOCTh TUPABIMYECKOTO PEKMUMA OTKPBITBIX CUCTEM
TEeII0CHA0XEeHUs 3aKITI0YaeTCsl B TOM, YTO TPU BO0paz0ope pacxoi BOIBI
B 00paTHOM TpYOONPOBO/IE TEIJIOBOW CETH MEHBIIE pacxoja B MOAAI0IIEM
TpybonpoBone. PazHOCTh pacxoZoB BOJBI B MOAAIONIEM U OOpPaTHOM TpY-
OonpoBoaX paBHA BOJOPa300py IUIOC YTEUKH M3 CHCTEMBI.

Ha puc. 3.19 nokaszan nbe3oMeTpuyuecKuii rpadMK OTKPBITOH CHCTEMBI
TEeII0CHA0XEHHs1, B KOTOPOH a0OHEHTCKHE BBO/IBI OCHAIIICHBI aBTOMATHKOM
W paboTaloT MO MPHHLUIY CBA3aHHOTO perynupoBaHus. B pac-
CMaTpHBaEeMOil CHUCTEME MbE30METPUUECKUil TrpaduK Monaromell IMHUA
TEIJIOBOM CETH COXpaHSETCs HEM3MEHHBIM IIPH JI000M Bojopa3bope, Tak
KaK pacxojl BOJAbI B IMOJAIONIEH JIMHUM TEIIOBOM CETH MOAIEPKUBACTCS

Puc. 3.19. IIbe3oMeTpuuecknii rpaguK OTKPHITOM
CHUCTEMBI TCIIOCHAOXKCHUS CO CBSI3aHHBIM aBTO-
MAaTHUYECKUM PETyJIUPOBAaHHEM Ha aOOHEHTCKHX
BBOJAAX: | — mogaromias JuHUS; 2 — oOpaTHas JTMHUS
pu OTCYTCTBHU Bojopazbopa (V. = 0); 3 — oOpaTHast
JIUHHS TIpH Boziopazbope, paBHoM 30 % pacxona BOIbI
B MO/IAIOIIEH TUHUU
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MOCTOSIHHBIM C TTOMOIIBIO PETYSTOPOB Pacxojia, YCTaHOBJICHHBIX Ha abo-
HEHTCKHUX BBOJAX.

[onoxxeHne Mpe30METPUIECKOTO TpaduKka 0OpaTHOW JIMHUK TEMJIOBON
CETH 3aBUCHT OT Bogopazbopa. C yBennueHueM Boopa3zdoopa yMeHbIIaeTCs
pacxof BoJBI 10 0OpaTHOW JTMHUU U MbE30METPHUECKH Tpaduk oOpaTHOM
JIMHUM CTaHOBUTCS Ooiiee mojoruM. Koraa Bojiopa3oop paBeH pacxoay Bo-
JIbl B TIOJIAIONICH JIMHUM TEIUIOBOM CETH, PAcXOj BOJbI B 0OpPaTHOM JIMHUU
PaBeH HYJIIO, Mbe30METPUIECcKHil Tpaduk oOpaTHON JTMHUU NPHHAMAET BUA
TOPU30HTAIBHON MpsiMoid. [Ipy 0MHAKOBBIX JAMaMeTpax Mojarolied u 00-
paTHOM JIMHUI TEIIOBOW CETU M OTCYTCTBUHU BOJOPa300pa Mbe30METpUYe-
CKHe TpaMKH STHX JIMHAN pacroiaratloTcsi CHMMETPUYHO.

YacTto B OTKPBITBIX CHUCTEMax TEIUIOCHAOKEHHS BMECTO pEryssiTopa
pacxoia ycTaHaBIMBarOTCs noctosHHbie conpotusienus (I1C) — mpocce-
JUPYIOLIME BCTABKY HA MOJAIOIIEH 1 00paTHOM JIMHUSX CETH TMepe]] y3JIoM
Bozopa3bopa. B Takux ceTsx n3MeHeHHe Bojopaz0opa MU Tepepacipere-
JieHne BoAopa3dopa MeXIy Mojarolieil u oOpaTHOW JHMHUSMH BBI3BIBACT
W3MEHEHHUE PACXO/I0B BOJBI HE TOJILKO B OOpPAaTHOW, HO U B MOJAIONIEH JIH-
HUU TEIIOBOH ceTH. B 3THX yCIOBHSX OCYIIECTBISTH LIEHTPAIBLHOE pery-
JUPOBAHUE OTOMHTENHFHON HATPYy3KH MOXKHO TOJILKO B TOM CIy4ae, €Ciu
CTEICHb U3MEHEHHS PAacxojia BOJbI Uepe3 OTOMUTEIbHBIC cucTeMbl ¢ (8.56)
OJIMHAKOBA Y BCeX aOOHECHTOB.

Bonopazbop u3 moparomieidl JTMHHM JOJKEH OCYIIECTBIISITHCS IEpen
aneBatopom mocie 1C, a Bogopa3bop u3 oOpaTHON JIMHUK — HETIOCPECT-
BEHHO TI0CJI€ OTONMUTENbHBIX ycTaHoBoK mepen [1C. Eciau npu 3ToM B ye-
JIOBUSIX JKCITyaTallMd y BCeX a0OHEHTOB MOJIEPKHBAETCS OIMHAKOBOE
OTHOIICHUE BOAOPa300pa K pacyeTHOMY PacXoAy BOJIBI Ha OTOIJIEHHE, TO
MojyJaeTcs OJMHAKOBas CTETeHb U3MEHEHHS pacxojia BOJbI (¢ Ha OTOILIe-
HUe y Bcex aboHeHToB. Ha puc. 3.20 @ moka3aHa nmpHHLIWIHNATIbHAS CXeMa
TaKoH TEIIOBOW ceTH, a Ha puc. 3.20 6 — Mbe30METPUUSCKUH TpaduK ITOMH
CEeTH IPH OTCYTCTBHH BOJIOpa30dopa.

[Ipu BBIKIFOUEHHOM BOJOpa300pe HAmophl B MOJAIONIEH JIMHUH TIEpe]
3JIeBaTOpaMU BCEX aOOHEHTOB, MPUCOCAMHCHHBIX K TEIJIOBOW CETH, PaBHBI
H,,, a Haropbl B OOPaTHOM JIMHUU TIOCJIE BCEX OTOMMTEIBHBIX YCTAHOBOK
H,,. PacnosaraeMblii Hamop B 3JIEBATOPHBIX Y3JIaX BCEX OTONUTEIbHBIX
YCTaHOBOK OJIMH U TOT %€ AH, = H,,, — H,,.

[To xapakTepy THAPaBIMYECKOTO PEXHMa paccMaTpuUBaeMasi Pa3BETB-
JIEHHAs! TETUIOBasl CeTh CO MHOTUMH a0OHEHTaMH SKBHBAJICHTHA TETJIOBOU
CEeTH ¢ OJHUM aO0OHEHTOM, y KOTOPOTO pacdyeTHbIE Pacxoabl BOALI HA OTO-
IJICHUE U ropsdee BOJAOCHA0KEHUE paBHBI CYMMapHBIM PacxojiaM BOJIbI Ha
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yKa3aHHbIC BUJIbI TEIJIOBOT'O MOTPEOICHHS peabHbIX aDOHEHTOB, a MOTEpS
Harmopa IMpH OTCYTCTBUU BOJOPa300pa COCTABJSET: B TOJAIONICH JIMHUU
H, — H,,, B 3neBatopHoM y3iie AH,, B oOpatHoit unauu H,, — H,.

I 1 b7 4111
K. XB {B B
. I Fm_ Z mo
m| ] ¥ fm
) ) 3
=48 L. )2
PT OK 41"1‘-1 70K };’l‘—:“ ]
ICF FICIHCFE FHCOCTF =FIIC
@ 2 10
1 5 x 13

a
Puc. 3.20. Cxema OTKpBITOI CHCTEMBI TEIJIOCHAOKEHHSI ¢ aOOHEHTCKUMH BBO/IA-
MU, OTPETYINPOBAHHBIMH O MPUHIUIY «TOPU30HTAILHON JOPOXKKU» (a) U TIbe-

30METpUYECKHi rpaduK 3ToH cucTeMsl (6): B — Bosaywnbiil kpad; K — Bonopas6op-
HBI KpaH; O — OTOMUTENBHBIN TIPHOOP

ComnpotuBiieHue MoAaIIeH JTuHUU (0T MojaroIiero kojuiekropa TOI]
o o 2
710 3JIEBaTOPHOT'O y371a) TAKOH SKBUBAJIEHTHOMN CETH, M-C /M:

s, =(H,—H, V). (3.59)
ComnpoTHBIIEHHE 3JIEBATOPHOTO Y3712
5, =(Hy, ~H, (V) (3.60)
ComnpoTuBiieHHe 00paTHOM JTHHUU
5, = (Hy, = H )Y, (3.61)
CyMMapHO€e COMPOTUBIICHUE CETH
s=s;t8, 15, (3.62)

rae V) — cyMMapHbIii pacueTHBIH pacxos BOJABI HA OTOIJICHHE IPH MOIHO-
CTBIO BBIKJIFOYEHHOM BOJI0pa3zdope, M3/c; H, H,, H,, H,— noaasle Hamo-
PBI, M.

Paccmotpum, kakoe BIMSHHE OKa3blBaeT BOAOPa30Op Ha THIpaBiIMye-
CKUM PEXUM OTONUTENIBHBIX YCTAHOBOK U KaK CIEAYET U3MEHATh PacIlona-
raeMblil Hanop Ha TOLl nmpy KaueCTBEHHOM PEryIUpPOBAaHUH OTOMUTENBHOM
Harpys3KHu.

[NoTeps Hamopa B ceTu mpu Bogopazoope:

AH, = V) s, (V, +nB)? +s,(Vy)* +5,[V, —(1-P)n]’}, (3.63)

a IoTepst Haropa B CETH IIPU OTCYTCTBUH BOJOpa30bopa
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AH? = (V?Y)s, (3.64)
rZie 1 — OTHOUICHHE pacxola Ha ropsuee BOJOCHAOKEHHE K PacueTHOMY
pacxofy BoAbl Ha OTOILIeHNe, 11 = Vi/V.); V, =V,/V, — oTHOwwEHHE pac-
X0Jia BOJIbI Ha OTOIUICHHE MPU JFOOOM PEKUME K pacXojay IMpH OTCYTCTBUU
Bozlopa3oopa; 3 — gonst orbopa Boabl Ha ['BC u3 noparomieii IMHUM TETLIO-
BOU CETH.

Pa3znenus (3.63) Ha (3.64), nonyduM ypaBHEHUE, IOKA3bIBAOIIICE 3aBH-
CHMOCTb Pacxojia BOJIbI Ha OTOIUICHHE OT PeXHMa Boopa3oopa,

ol =5,(7, +np)* +5,(7,)* +5,[7, - (1~ )]’ (3.65)

Vpasnenne (3.65) crnpasemiuBo Tonbko npu V, > (1 —B)n.

[Ipu 170 < (1 — B)n MeHsieTCsl HaNPaBIICHHUE JIBUKCHUS BOJBI B 00paT-
HOW JINHUHM TETJIOBOW CETH M ypaBHeHHe (8.65) HempuMeHHMO.

VYCnoBUI0  KayecTBEHHOTO  PEryJHpOBaHUs OTOMUTEIBHOW HArpy3KH
coorsercTByer V, = 1.

B aToM cityuae

o =5 (1+nBY+5, +5[1-(1-PBnl. (3.66)

Onpenenum 110 (3.66) 3HadeHHe 0 U HEKOTOPBIX YACTHBIX CIIY4aeB.
[Tpu otcyrcTBHM Bogopazbopa (n = 0)
ol =1, (3.67)
T.€. HAaIllop Ha CTAHILIMHM JOJDKEH OBITh PaBEH pacyeTHOMY 3HaueHH0 AH 7.
[Ipu Bogopazdope TonbKko U3 moparomiek auHun (§ = 1)
o =1+n2+n)s, . (3.68)

Kak BumHO U3 (3.68), Hamop Ha CTaHIMU JOJKEH YBEITHUUBATHCS C POC-
TOM BOzOpa3oopa 7.

3.14. I'mapaBanyeckuii yiap B TeIJIOBBIX CeTAX

T'uopasruueckum yoapom HA3618AeMCst BOIHOBOU NPOYECC, 80ZHUKAIO-
wutl 8 JHcUOKOCMU NPU ObICIMPOM USMEHEHUU ee CKOPOCTIUL.

B 1pybonpoBomax 3TOT MpoIecC COMPOBOXKAAETCS MIHOBEHHBIMH Me-
CTHBIMH TOBBIIICHUSIMUA M MOHIKEHUSIMH JaBJICHUS, KOTOPbIE MOTYT 3Ha-
YUTENFHO BBIXOAUTH 33 TPENENbl, UMEIOIINEe MECTO MPH CTaOWIEHOM pe-
KUME.

B coBpeMeHHBIX BOJSHBIX TEIUIOBBIX CETSAX BEPOSTHOCTH BOZHHKHOBE-
HUS THAPABIMYECKUX YAApOB B MOCIEAHNUE IOJIbl CYIIECTBEHHO BO3pOCHa B
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CBSI3M C YBETMYEHHUEM E€IMHUYHOM TEIJI0BOH MOIIHOCTH HMCTOUYHUKOB TETl-
notel (TOL] 1 pailoHHBIX KOTENBHBIX), BBOAOM B PaOOTy JJIMHHBIX TEILIO-
MPOBOAOB OOJIBIIOr0 AHaMETpa W MOUIHBIX HACOCHBIX MOJCTAHINHA ¢ 00Jb-
MM KOJIMYECTBOM PETYIHPYIONMX MPUOOPOB, KIANaHOB M 3aJBIDKEK, a
TaKXKe BKIIOYCHHEM B CHUCTEMY TEIUIOCHA0)KEHHS MHKOBBIX BOJOTPEHHBIX
KOTJIOB.

IMpu oTkaze Kakoro-mMOO 3JEeMEHTa TaKOW CHUCTEMBI, HAallpUMEp NpHU
BHE3aITHOM OCTaHOBKE HACOCOB HAa CTaHIMHU WM MOJCTAHLMSIX, MOXKET
MIPOU3OMTH pe3Koe U3MEHEHHE CKOPOCTH BOJBI B CETH, COMPOBOXKAAOIIIEe-
Csl TUJPABIIUYECKUM yJIapOM.

OnacHOCTh BO3HMKHOBEHHUS THMAPAaBIMYECKOT'O0  yJaapa  BO3pacTaer
IIpU  BKJIIOUEHUHU B CUCTEMY BOJOTPEHHBIX KOTJIOB. B 3TOM ciydae BHe-
3aIHOe U3MEHEHNE pacxo/a BOABI Uepe3 KOTel MOXET MPUBECTH K pe3KOMY
MOBBILIEHUIO TEMIIEPATYphl BOJBI B KOTJIE, a 3aTEM K €€ BCKUIIAHHUIO B CETH
W TIOCIIEAYIONIeH KOHAEHCAMK 00pa30BaBIIMXCs MMAapOBBIX My3bIpel B MO-
TOKE BOJIbI 0OJiee HU3KOW TEMIIEpPaTyphl, COMPOBOXIAIOIICHCS THIIPABIIH-
YECKUM Y/IapoM.

I'unpaBianueckuit yoap MOXeT TakKe BO3HUKHYTh MPU OBICTPOM 3a-
KPBITUN PETYIUPYIOLINX KJIAMIaHOB Ha HACOCHBIX U JIPOCCENIbHBIX MO/ICTaH-
LIMSX, BBI3BABIIEM PE3KOE H3MEHEHHE CKOPOCTH BOJIBI B CETH.

BonHbl ruppaBaMueckoro ynapa pacHpoCTpaHSIOTCS MO CHUCTEME CO
CKOPOCTBIO 3ByKa B Boje okono 1000 m/c © MOTYT MHOTOKPaTHO MOBTO-
pATBCS, TIOKa SHEPTUS ylapa He M3Pacxodyercs Ha padoTy CHI TPEeHHs M
neopMalio TPyOOIPOBOJOB WM HE OyJeT MOralieHa B CIHEIMAbHBIX
yCTpONCTBAX, OrPaHUYHMBAIOIINX PACIPOCTPAHEHUE THAPaBIMUECKOro yJa-
pa (BO3IyILIHBIE KONMAaKH, pe3epByapbl U Apyrue ycrpoiicrBa). Hambomb-
HIYI0 aMIUIUTYAY W3MEHEHHUs TaBJIeHUs WMeeT OObIYHO MepBasi BOJHA y/a-
pa, KoTopasi Mo3TOMY SBIISieTCsl HanboJiee OMacHOM.

PaccMotpum npotiecc u3MeHEHHs JaBJi€HMs B TEIUIOBOW CETH IpH 3a-
KPBITHH PETYJIMPYIOLIEro OpraHa Ha MarucTpaliu.

Ha puc. 3.21 a nokazaHa cxema JBYXTpyOHOI BOJSHOM TEIIJIOBOM CETH:
I — cereBoii Hacoc, /] — 0OpaTHBINM KiIanaH WM 3aTBOP Ha HarHETaTEIbHOM
naTpyOke Hacoca, /Il — perynumpyromuii Kianad Ha noAaloulell TMHUU Ma-
ructpamu. CereBas Bojia mocje peryiaupyromlero kinamnana /I pacupenens-
eTcsl TI0 MHOTOUYHUCIICHHBIM TEIUIONOTPEOISIOINM YCTaHOBKaM a0OHEHTOB,
KOTOpBIC Ha CXeMe MOKa3aHbl YCIIOBHO B BUJIE OJJHOTO MOTpeOuTENst /1.

Jlig ynpolieHus: paccMaTpuBaeMoro Mpoiecca U UCKIIIOUEHHs U3 Hero
SIBJIGHUI, HE CBSA3aHHBIX HEMOCPEICTBEHHO C THUIPABIMYECKUM YJapoM,
YCIIOBHO TPUMEM, YTO HAIlop, pa3BHBaeMblil HacocoMm [ , HE 3aBUCHUT OT
pacxonia M MOJIHbIE HANOPbl Ha BCAChIBAIOIIEM U HarHeTaTeIbHOM KOJIIeK-

180



Topax Hacoca B Toukax 6 M 1 momjepKUBAIOTCS MOCTOSHHBIMH MPU BCEX
TUAPABIMYECKUX PEXKUMaX CETH C MOMOIIBIO PACIIMPUTEIILHBIX pe3epBya-
poB [V u V, npucoeArHEHHBIX K 00paTHOMY M TOAAIOUIEMY KOJUIEKTOpaM
TEIJIOBOM CETU Ha CTaHIMHU.

Ha puc. 3.21 6 nokazaH mbe30- VE—F’
METPHUYECKHHA TpaguK ITOH Terio-
BOM CETU NPH ABYX IOJIOKEHUAX

perynupyroniero kianana I11: 1-2- IVEII 2113 4
3-4-5-6 TpH TOIHOM OTKPBITHU T 317
knanana /Il w 1-2'-3'-4'-5'-6 mpu 6 a 5

IIOJIHOM 3aKpbITUU KianaHa /11

Ha puc. 3.22 mokasan xapaxrep
M3MEHEHHUs] Halopa BO BPEMEHHU C
00eMX CTOPOH PEryJUPYIOIIEro
knanaHa /Il B Toukax 2 u 3 mpu
JIByX pEKHMax €ro 3aKpbITHS: M- 6 3 £
JICHHOM — IITPUXOBasi U OBICTPOM — 5
CIUIONIHAS JINHUS. He  Hp| [HjHj|Hs

Mo 3akpeitus Knanana 11 wa- Y e e
MOpBI B TOUKax 2 u 3 paBHbl (H, = 6

H;). Tlocme MONHOrO  3aKPBITHA  pye 371, JIByxTpyOHas BoJsHas Ter-
Kianana [/l v HaCTyIJIEHHS YCTa-  joBas ceTh: d) NPUHLMITHAJILHAS CXEMA;

HOBHUBILIETOCS PEKHAMa Hamop B  0) Nbe30METPUUECKUI rpaduK
touke 2: H, = H,, rae H, — Hamop

:

Ha nopatomieM koiekrope TOLI, a nanop B Touke 3: H; = Hg, rae H ¢ —
Harnop Ha oOpatHoM kosuiekrope TOL (cMm. puc. 3.21).

[Ipu MeneHHOM 3aKkpbITUH KiaraHa //] Haropel B TOUKax 2 U 3 MOHO-
TOHHO M3MEHSIOTCS 0T H, 10 H) = H) ¥ cOOTBETCTBEHHO OT H; no H =
H;.

[Tpu OwbicTpoM 3akpbITUN KiamnaHa /// Boja B TIEpBBI MOMEHT HPOJIOI-
JKAeT JIBUTAThCS B MPEKHEM HANPABJICHUH U C TIPSKHEH CKOPOCTHIO W, UTO
MPHUBOAMT K MOBBIIICHHIO Hamopa B TpyOONMpoOBOJe Tepes KiamaHoM Ha
BeMUUHY Sl Ha3bIBaEMYIO Hanopom euopasiuieckozo yoapa (puc. 3.22 a).
Benuuuna p, = H, pg Ha3bIBACTCS 0asieHuem cUOPAGIULECKO20 Yoapd.

[ToBblllieHHE JaBiIeHUS TiEpel KiamnaHoM [// BbI3BIBAET CKATUE BOIBI U
pacTshkeHue CTeHOK TpyOompoBoga. B oOpasoBaBmieecss moj AelCTBHEM
JaBJICHHUS THIPABIMYECKOTO yaapa npupalnieHie eMKOCTH MOCTyMaeT BoJa,
oABOAMMAs K Kianany /1.
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a Bpems z, ¢ 6 z.C

Puc. 3.22. Xapakrep n3MeHEHUs Haropa MpH FHIpaBINnYeCcKOM yaape:
@) I3MEHEHNe Haropa B TOUKe 2; ) N3MEHEHHE Haropa B TOUKe 3; OBICTpOE 3aKphI-
THe KIanasa /I/; — — — - MeUIeHHOe 3aKpbITHe KianaHa /1]

BosHukmas nepen kjianaHoMm MpU THAPABIMYECKOM YJape BOJIHA IO-
BBILLICHUS IABJIEHUA JIBUKETCS CO CKOPOCTBIO 3BYKa OT KiianaHa //] Kk Touke
1, T.e. B HampaBJICHUU, OOPATHOM JBUKCHUIO BOJBI, U TOPMO3UT JIBHXKY-
IIHUIACS TOTOK.

B MomeHT TopMoOKeHHsS MEHSIOTCS 3HAaK M 3HAYEHHE CKOPOCTH BOJBI
(oT + W 10 CKOpOCTH YAapHOH BOJHEI -a).

JlaBieHue rupaBINveCcKoro yaapa MoXeT ObITh ONMPEICICHO Ha OCHOBE
BTOpOro 3akoHa HeroroHa. M3MeHeHHe uMIlyibca BOJbl PABHO MUMITYJIbCY
CHJIBI:

Gw + a)=p,S, (3.69)

rae G = Swp — MaccoBBIi pacXoi BOABI, KI/C; W — CKOPOCTb BOJBI JI0 TOP-
MOKEHUSI, M/C; @ — CKOPOCTh 3BYKa B BOjIE, M/C; S — TUIOIIA/Ib CEYCHUS TPY-
GBI, M ; p — IIIOTHOCTh BOJBI, KI/M’; p, — IaBJICHUE T'UPABINYECKOr0 yJIa-
pa, IIa,

py = (W +aw)p. (3.70)

[IpeneOperas 3HaYeHUEM W BCIIEACTBHE €0 MAJIOCTH MO CPAaBHEHUIO C
aw, oiydaem

Py = awp. (8.71)

VYpasuenue (3.71) — uzBectHas popmyna H.E. XKykoBckoro, mpemio-
JKeHHas uM B 1899 .

IIpyn ruppaBIM4ecKkoM yhape JaBJIE€HUE p BO3ZHUKAET IPAKTUUYECKU
MI'HOBCHHO; ITO3TOMY BBI3BIBACMBIC THAPABIINYCCKUM YIapOM HAIIPSKCHUA
u nedopManuu B TPYOONpPOBOJAX CYIIECTBEHHO, NPUMEPHO B 2 pa3sa,
6OHI)H_IG, YEM IIPU IMMOCTCIICHHOM ITOBBIIICHUHN JaBJICHUA OT 0 a0 Dy -
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JA7ist 3aI0UTBl CHUCTEMBI TEMIOCHAOXKEHUS! OT HEAOMYCTHUMOrO MOBHIIIIE-
HUS JIaBJE€HUs MPH THIPABIMYECKOM yJape NMPUMEHSIOTCS CIelUalbHbIe
YCTPOMCTBA, KOTOPBIE M0 MPUHIIMITY PAa0OTHI MOXKHO pa3eluTh Ha CIEIyTO-
M€ TPYIIIIbL:

1) ycTpolicTBa, H3MEHSIIOIIE 3HAK BOJHBI AaBlieHni. K HUM oTHOCSTCS
oOpaTHbIEe KianaHbl Ha TEPEMBIYKaX, COSAUHSIONUINE TPYOOIPOBO/BI, B KO-
TOPBIX BOJHBI JIaBJIEHUM MMEIOT pa3Hble 3HaKU. B wacTHOCTH, Takue mepe-
MBIYKH YaCTO YCTaHABIHMBAIOTCS MEXIy OOpaTHBIM M MOAAIOUIMMHU KOJUIEK-
TopaMu HacocHbIX Ha TOLl miau B KpynmHbBIX KOTenbHBIX. [Ipn BHe3amHOM
OCTaHOBKE HACOCOB, KOTJIa aBJIeHHE B 0OPaTHOM KOJUIEKTOPE MpPEBBIIIAET
JaBJIeHNs B TIOAAIONIEM KOJUIEKTOpE, OTKPBIBAeTC OOPAaTHBINA KianaH Wix
3aTBOp Ha MPOTHUBOYAAPHOW NEpEMBIYKE M JABJIEHUS B KOJIJIEKTOpPax BbI-
PaBHUBAIOTCS;

2) yCTpOWCTBa, TOPMO3SIIME PAacHpOCTpaHEHHE BOJIHOBOTO Ipollecca.
K HUM oTHOCATCS Ta30Bble U BO3AYIIHbIE KONIAKHY;

3) ycrpoiictBa jyis cOpoca naBieHuid. K HUM OTHOCSTCSI YPaBHUTEIb-
HBIE pe3epByapbl, pa3phiBHBIC OUaparMbl U MpeNOoXpaHUTENbHbIEC Kiana-
Hbl. [locnenHre ManoHaAeKHBI U3-32 BO3MOXKHOTO IPUKUIIAHUSA U HEI0CTa-
TOYHOTO OBICTPOICHCTBUS;

4) ycTpoiicTBa, U3MEHAIOUINE XapaKTEPUCTUKY MCTOYHHKA BO3MYIIE-
Huda. K HUM OTHOCHMTCS ycTaHOBKa MaxXOBBIX KOJE€C Ha Bayly Hacoca, KOTO-
pble YBETUUMNBAIOT MOMEHT WHEPLIUH arperaTa, 6Jarojaps ueMy Bo3pacraer
€ro MoCcTOSHHAs BPEMEHU Z,. JTO MPUBOAUT K YBEIHMUYEHHUIO BPEMEHHU Z, 32
KOTOpO€ TIPH OTKJIIOUEHUH HJIEKTPONUTAHMs 4YacTOTa BpaIlEHHs Hacoca
M3MEHSETCS] OT HOPMaJIbHOW JI0 HYJIS U, CIe0BaTENbHO, CHUKAET YIapHBIH
Harop.
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4. TEILJIOBOM PACUET CETH
4.1. Pac'{eT TEIJIOBBIX l'[OTepb HaJA3€MHbIX Tel'[JIOI'[pOBO}IOB

TennoBoil pacder NPOBOAUTCA C LENBK OIPEACICHUS MOTEPh TEIlIa
4epe3 TpyOONpoBOI M U3OJALMIO B OKPYKAIOLIYIO Cpeay, TaleHus TeMIie-
paTtypbl TCIUVIOHOCUTEIIA MPHU JABUIKCHUU €ro IO TCILUIONPOBOAY U YCTAHOB-
JICHHS PKOHOMMYECKH BBITOJHENIIICH TOMIIMHLI U30JISIIUH.

IIpyn Hax3eMHON IPOKIIAJKE YAENbHAs MOIIHOCTh TEIUIOBBIX IOTEPH
W30JIUPOBAHHBIM TPYOONPOBOAOM B OKPYKAIOLIYIO CPEAy, OTHECEHHAs K
1 M IHBI TPYOONPOBO/IA ¢, PACCUUTHIBAIOTCS 110 (OpMYJIe TerIonepena-
YW 4YE€pEe3 MHOTOCIONHYH UWJIMHAPUYECKYIO CTEHKY, OKPYXEHHYIO BO3-
JyIIHOW Cpeoi:

1 (1+B), Br/m, 4.1

q = -
1 1
and, 2o, M,

rne T, !, — CPeOHssl TeMIlepaTypa TeIJIOHOCUTENS U TeMIlepaTypa OKpY-
xatoreit cpenpl, °C; o, o, — KO3(PHUIMEHTHI TEIIO0TAauH OT TEIIOHOCH-
TeNsl K CTeHKe TpyOOonpoBosa (BHYTpEeHHHI KO3 (QHUIIMEHT) U OT Hapy>KHOH
MOBEPXHOCTH HM30JILUU B OKPYXAIOIIyI0 cpeny (HapyKHbIH Koddduu-
ent), Br/(M>°C); d,, d, — BHyTpeHHUiI 1uaMeTp TPyOOIPOBOIA U HAPYK-
HBIN TMaMeTp U30JIAIIMOHHOTO TIOKPBITUS, M; A; — KO3(DOUIIMEHT Terionpo-
BOJHOCTH -r0 ciost uzonsinuu, Br/(m-°C); d;4, d;,, — BHyTpEHHHI U HApYK-
HBIW IUAMETPHI i-TO CII0S H30JISAIIUH, M.

Kak u3BecTHO M3 TeopuH TemiooOMeHa, KaxKIoe ciaraeMoe 3HaMmeHa-
Tenst (opmynbl (4.1) COOTBETCTBYET ONMpeENeeHHOMY TEPMHUYECKOMY CO-
MPOTHUBIEHUIO. TepMHuUYecKkre CONMPOTHBIIEHHS TEIUIOOTAAYH COOTBETCTBEH-
HO OT TEMJIOHOCHUTENSI K CTeHKe TpyOoIpoBoaa R, M OT HapyKHOH MOBEPX-
HOCTH K OKPY’KaIOIIeMY BO3yXY R,, OyIyT paBHBI:

= # M = #
R o,nd,’ R, o,nd, (4.2)

TepMmuueckoe CONPOTUBIEHUE i-T'0 CI0SI U3OJISLIUHN:

R = , (M-°C)/Br. 4.3)

d

21 k d
Tepmuueckoe conpoTruBieHue R, U R, TEpPMUUECKOE CONPOTUBIICHUE
CTEHKHU R,, BECbMa MAJIbI [10 CPABHEHHUIO C TEPMHUUECKUM COIIPOTUBIICHUEM
M30JIALIMY, TI03TOMY B MPAKTUYECKUX pacdeTax MMH MOXKHO NpeHeOpedb.
OnHako HEOOXOAMMO YUYHTHIBATH JOMOMHUTENbHBIE MOTEPH Yepe3 HEu30-
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JIUPOBAHHBIE YACTH TEIJIOMPOBO/A (apMaTypy, OMOPHI, KOMIEHCATOPHI). X
YUUTBIBAIOT B JIOJSAX [} TEIJIOBBIX MOTEPh TeruionporoioM (B ~ 0,2).

Hapyxubiii K09 (HHUITHEHT TEIIOOTAaYH MOKHO BBIYHCIUTH MO YIIPO-
LIEHHON 3aBUCUMOCTH:

o, = 11,6 + 7w, (4.4)
IJie W — CKOPOCTh JIBUXKCHHS BO3]yXa, M/C.

4.2. TensioBbIe MOTEPH TEMJIONPOBOI0OB MMPH
0ecKaHAJIBbHON MPOKJIAIKe

[Tpu mpoknagke TEMIONPOBOJa HEMOCPEACTBEHHO B IPYHTE MOCIEIHUIH
MpeACTaBIsAeT COO0H OIpeneNieHHOe TEPMUYECKOe CONMPOoTHBIeHUE. Tero-
BOW MOTOK HAMpaBJIeH OT TEIUIOHOCHTENs (4Yepe3 CTEeHKYy TpyOompoBona,
TEIUIOBYIO M3OJIALMI0O M TPYHT) K IMOBEPXHOCTH 3€MJIM U Jaliee B OKpY-
Karotyto cpeny. Ha puc. 4.1. mokazaHbsl ©30T€PMBI B TPYHTE OKOJIO M30JIH-
POBaHHOTO TPYOOIPOBOA, MPOIOKEHHOTO B TpyHTE. V30TepMBI IpecTaB-
JISIIOT OO0 OKPY)KHOCTH, IIEHTPBI KOTOPBIX C YMEHBIIICHHEM TeMIIepaTyphl
CMEMIAI0TCsl BHU3 OT MOBEPX-
HOCTH 3eMiu. JImHuu Terio-
BOro IIOTOKa CHUMMCTPUYHBI
OTHOCUTENIBHO BEPTUKAIBHON
IUIOCKOCTH, NPOXOASAIIEH ue-
pe3 ock TpyOompoBoaa, OepyT
HAYaJI0 y ero MOBEPXHOCTH M
BBIXOJAT U3 IT'PyHTaA 11O HOpMa-
JIU K TocieqHeMy. 3aaady ofl-
peleneHnst TEPMHYECKOTO CO-
MIPOTHUBJIEHHS TPYHTa B TEOPUU

TerIonepeayn pemarT ME-  Puc. 4.1. TermonpoBona npu 6eckaHAITEHON

TOJIOM «HCTOKa M CTOKay». Pe- HPOKIIa/IKe
3yJIBTUPYIOLIAS dhopmyna
dopxreiMepa UMeET BU;
2
_ 1 2hy | 20y )
R, amh, In{ i + [dﬁ 1}, (4.5)

rae R,, — TepMHUUECKOE CONPOTUBIIEHHE IPYHTA, BKIIOYas BHEIIHEE TEPMU-
YeCcKOe COMPOTHBIICHHE OT IPyHTa K Bo3ayxy, (M-°C)/Bt; A, — koadduum-
eHT TEIUIONPOBOJHOCTH TpyHTa, (A, ~ 1,7 B1/(M-°C); d, — HapyXHbIii 1na-
METP H30JIIIUOHHOTO TIOKPHITUSL TPyOOIpoBoOa, M.
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OKBUBAJICHTHAS TITyOWHA 3aJI0KEHUS /1., OTIPEeNsieTcs o (hopMmyiie:
hye=h+N,/0, (4.6)

rze h — riyOnHa 3a0KeHNs TPyOOIpoBoia OT MOBEPXHOCTH 3EMIIH JIO €TI0
0CH, M; 0L — KOO((QUIUEHT TEIUIOOTAAYH OT MOBEPXHOCTH 3€MIIM K BO3IYXY
(umeer mopsimok o ~ 10 Br/M’); A, /oL — SKBHBAJEHTHAsS TONIIMHA CIIOS
IPYHTa, 3aMEHSIOIIEr0 BHEIIHEE TEPMUIECKOE COITPOTUBIICHHE MACCUBA, M.

Ilpu nmocratoyHo OOMBINON TIIyOWHE 3alI0KEHUS TPyOOmpoBoma 0e3
cymiecTBeHHOU norpemHocTH Gopmyna (10.5) Moxer ObITH MpencTaBieHa
B yIpoOIeHHOM BHJe (ipu 2/4/d = 2 ommbka cocrapiusiet 5 %):

_ 1 4h,,
R, 27T7&2p In ) .

(4.7)

VY nenbHast MOIHOCTH TEIIOBBIX TTOTEPH Yepe3 U30IUPOBAHHBIN TEILIO-
MPOBOJI TIpH OECKaHAILHOW MPOKJIAJIKE B TPYHTE HAXOMAAT 10 (hopMyJie:

2 —t
g = —— 2% k) (1+B), (4.8)
> L d + L ln—4h3’(
i=1 7\'1' di.e kep dH

TAE T, t; — CPEOHSSA TeMIlepaTypa TEIUIOHOCUTENS M TeMIlepaTtypa OKpYy-
JKaroUIEN cpepbl.

[Ipu pacuerax BHENIHEEe TEPMUUYECKOE COMPOTHUBICHHE YaCTO HE y4H-
ThIBAIOT, B TAKOM CJIy4da€ 3a paCUCTHYIO TEMIICpATypy NPHUHUMAIOT TEMIIC-
paTypy TpyHTa Ha rIIyOWHE 3aJI0KCHHUS TEILIONPOBO/IA.

[Ipu GeckaHaJbHOW MPOKJIAIKE ABYX MapauICNbHBIX MM HECKOIBKUX
TEIJIONPOBOIOB TEMIIEpaTypHBIC TOJs OTACIBHBIX TEIUIONPOBOOB CKJIa-
JIBIBAIOTCS U TEIIOBBIE MMOTOKKA B3aUMOAECUCTBYIOT. Eciin ouH Terionpo-
BOJI UMEET 00JIee BBICOKYIO TEMIIEpaTypy, YeM BTOPOM, TO TEIUIOBBIE MTOTE-
pPH BTOPOTO TEIJIONPOBOAA OyAyT yMEHBIIECHBI, a Mpu OOJBIIONH pa3HUIe
TEMIIEpaTyp BTOPOM TEILJIONPOBOJ BOOOIIE MOXKET HE UMETh TEIIOBBIX IM0-
Teph. I pacyera TEMJIOBBIX MOTEPh MapajuIeIbHBIX TEIIOMPOBOJOB MIPHU
OecKkaHAILHOW TPOKJIAJKE B TPYHTE, MCIOIB3YIOT MPUHITUI HAJIOKCHHUSI
TeMIIepaTyPHBIX MOJIEH, CO3IaBAEMBIX KaXKIbIM TEILJIOMPOBOJIOM OTIEIBHO.

Meron pacuera TEIUIOBBIX TOTEPh MHOTOTPYOHBIX TEIIONPOBOOB MPH
OeckaHanmpHOW mpokiiaake Obi1 paspadoran E.IL IllyOouneim*. [[ns yuera
B3aMMHOI'O BJIMUAHUA TCIJIOIIPOBOAOB BBOAUTCA JOIMOJIHUTCIILHOC TEPMUUC-
CKO€ COIIPOTUBJIEHUE R,.

* 1IIyoun E.I1. OcHOBHBIE BOIPOCHI MPOEKTUPOBAHUS CHCTEM TEILUIOCHA0KEHHUS TOPO-
noB. — M.: DHeprus, 1979.
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[Ipu GeckaHaabHOW MPOKJIAAKE IBYXTPYOHBIX TEIJIONPOBOIOB JOIOJI-
HUTEIBHOE TEPMHUUECKOE COMPOTUBIIEHHE ONpeensiercs mo popmyie

R, = ﬁmJu(%)z , (4.9)

rac b— TOPU3OHTAJIBHOC PACCTOAHUE MCIKAY OCAMU TPY6, M.
y[[eHI)HLIe MOIIHOCTHU TEIIJIOBBIX MOTEPh Z[ByXpr6HOFO TCIIOIIPOBOIAa
npu OecKkaHaILHOM IMMPOKJIAAKE PACCUUTBIBAIOTCA IO CJICAYHOIIHUM (I)OpMy'
JlaM J1d I€pBOro 1 BTOPOro TPY60HPOBOZ[OB COOTBCTCTBCHHO:
(Tl — tH )RZ — (TZ — tH )Ro .
P i
R1R2 - Ro

qn =

(4.10)
(TZ — tH )Rl — (Tl — tH )R
2
RR,-R,
TZie T; ¥ T, — TeMIIepaTypa TeMJIOHOCUTENS B IEPBOM U BTOPOM TPYOOMpo-
Bojax, °C; t, — HApy)KHasl TeMIieparypa, IPHHUMAaeMasi eCTECTBEHHOW TeM-
nepaType rpyHTa Ha riyOMHe OCH TEIUIONpOoBOAa; Ry U R, — TepMHUYECKUe
CONPOTUBIICHUSI TIEPBOIO M BTOPOTO TPYOOMPOBOIOB, BKIIIOYAOIINE Tep-
MHYECKOE COIIPOTUBIIEHUE U30JSIUN U TPYHTA, T.€.
d. 1 4h

L= ; —LH 1 ELS
ap.Jj 2_/ 27'[7\,1- In d + 27'[7\.217 In dH . (411)

o
B

qn

Ri =Ryt R

1.6

VYaenbHasi MOIIHOCTH OOIIMX TEIUIOBBIX TOTEPh paBHA CyMMeE YIeib-
HBIX MOIITHOCTEH EPBOTr0 M BTOPOTr'0 TPYOOIPOBO/IOB:

q:1= qnt qn. (4.12)

[Ipu coBMecTHOH TpoOKIaAKe TPyOONPOBOAOB TEMJIOBBIE MOTEPU
MEHBIIE U COCTABIIAIOT OT CyMMAapHBIX TEIUIOBBIX NMOTEPh OJMHOYHBIX TPYO

80...90 %.

4.3. TenJsioBble MOTEPH NMPH MPOKJIAIKe TeNJONPOBOIOB
B KaHaJax

IIpu pacyere TEIUIOBBIX NOTEPH TEILIONPOBOAOB, IIPOJIOKEHHBIX B Ka-
HaJiax, y‘II/ITbIBaIOT CHGZ[YIOH_[I/IG TepMquCKHe COHpOTI/IBHCHI/IﬂZ U30JI1Inu
R,;, TENIOOTaYM OT U3OJISINMU K BO3AyXY KaHana R,, CTEHOK KaHaja R, u
rpyHTa R,,. OmnpenencHue ynenpbHOM MOLIHOCTH TEIUIOBBIX IOTEPb OfM-
HOYHOI'O TEIUIONPOBOJIa B KAHAJIE CBOJIUTCS K PACUETy BCEX TEPMHUUECKUX
COIPOTHUBJICHUN W BBIYUCICHUIO YACILHON MOITHOCTH 110 (hopMyIie:
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TR _tH

2R
i=1

IIpu pacyere TEpMHUECKOrO CONMPOTUBIECHUS 3KBUBAJICHTHBIN TUaMETP
MOKHO OIPENEIUTh KaK JIjIsi KaHaJla MPSAMOYTOJIbHOIO CEUYeHUs 1Mo (hopMy-
ze:

d,=4S/L,
e S — MIoma/b TIOMEPEYHOro CedeHHs KaHaa, M L — MepuMeTp cede-
HMUL.

IIpu pacuere HECKOJIBKHMX TEIJIONPOBOAOB, IPOJIOKEHHBIX B KaHajax,
IJIA yd4€Ta B3aMMHOI'O BJIMAHUA BHA4aJIC HCOGXOI[I/IMO OImpeACINTb TEMIIC-
paTypy BO31yXa B KaHaJe 110 TEIJIOBOMY OaJaHCy, a 3aTeM — TEIIOBbIE 110-
TepU KaXIbIM TPyOONpoBOIOM B KaHaye. TemsoBol OajaHC COCTaBISAIOT
crneqyromuM odpaszom: OOIIMEe TEMIOBbIE TOTEPU BCEMH TEILIONPOBOIAMHU
B KaHaJle paBHBl TEIUIOBBIM IIOTEPSM U3 KaHala B OKPYXKAIOILYIO CPErdy.
Hcnone3ys mpuHATHIE BbIlIe 0003HAYEHHS, TEIUIOBOH OanaHC MOXXHO Ha-
IucaTh B CIEAYIOLIEM BUJE!

1T, —t t.—t
Y1+ p) = (4.14)
i=1 Ru3.i + RH.i Re.K + RK + Rep
rJe T; — TeMIepaTypa TEIOHOCUTENs B i-oM Tpyborposoze, °C; n — 4ucio
TpyOOIPOBOJIOB; 1, — TeMIepaTypa Bo3ayxa B kanaie, ‘C; R,, — TepMude-

CKO€ COMPOTUBIIEHUE BO3/yXa B KaHaje (MOKHO IpeHeOpeyb).
4.4. Pacuer nmajgeHusi TeMIepaTyphl TENJIOHOCHTESI

TemriepaTypa TEIUIOHOCHTEINS, IBHXKYIIErocs Mo TpyOompoBoaam, B
pe3yabTaTe MOTEPh TEMJIOThl B OKPY)KAIOLIYIO Cpely MOCTENEHHO yYMEHb-
maercs. OnpenenuTs MajieHue TeMIepaTypbl TEIUIOHOCUTENS Ha y4acTKe
JUTMHOM | MOXKHO Ha OCHOBAaHHM TEIUIOBOTO OaslaHCa. YMEHBLICHUE 3H-
TaJbIMM TETJIOHOCUTENA 32 O/IHY CEKYH]Iy PaBHO MOTEPH TEIJIOTHI B OKPY-
YKAIOIIYIO CPEAY 3a 3TO K€ BpeMs:

Ge(ty— 1) = qll, (4.15)

rae G — MaccoBBI pacxo]] TEMIOHOCHUTENS, KI/C; ¢ — y/eNbHas TelaoeM-
kocTh Terutonocutens, Jx/(kr-°C); Ty u T, — TeMIepaTypa TeIIOHOCHTEIISI
B Hayaje 1 KOHILIE y4acTKa.

Ecnu manenue temnepatypsl HebomnbIioe u coctasisier 3...4 %, To pac-
YCT MOKHO BECTHU B MPEAIOJIOKCHHUUN MOCTOAHCTBA YHCHBHOﬁ MOIIHOCTHU
TCIUIOBLIX MOTEPL U ONPCACIIATh UX IO HAYaJIbHOMY COCTOAHUIO TCIJIOHO-
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cutens. [Ipu OONBIIMX MAJCHUSX TEMIIEPATyphl MPHU pacyerax Cleayer
YUYUTBHIBATh U3MEHEHUE ¢; C YMEHBILIEHUEM TEMIIEPATYPhl TEILIOHOCUTEIS.

4.5. Ucnonb30BaHMe MAaKeTOB MPHUKJIAIHBIX POrpaMM
IJISl pacyeTa CHCTeM TelJIOCHa0KeHHUs

B nactosmee Bpems pa3paboTaHO U peasu3yeTrcss MHOXKECTBO IMPO-
IPpaMMHBIX CpEACTB pacueTa M IPOEKTHUPOBAHUS WHXKEHEPHBIX COOpPY-
KEHUW, HauMHas OT MPOCTEUIIMX U JI0 CJIOXKHBIX IUIAaHIIETHBIX Ipa-
¢udeckux U u3narenbckux mammH. B cucreme [Nocctpost Poccuum pas-
paboOTKOM, pa3sMHOKEHUEM M PACIpPOCTPaHEHHUEM JCHCTBYIONUX HOpMa-
TUBHBIX, METOJUYECKUX U IMPOrPAMMHBIX CPEJCTB U JTOKYMEHTOB 3aHU-
MaeTrcsl  psAJl  TOCYNapCTBEHHBIX  NPEANpPUATHH, Hay4dHO-UCCIe-
JOBaTeNIbCKUX M TPOEKTHBIX HMHCTUTYTOB M opraHuzauuid. HawmOomee
W3BECTHBIMU U3 HUX SABIISIOTCS:

denepanbHOE FOCYJapCTBEHHOE YHUTapHOE npennpuarue — «L{enTp
MpOoeKTHOI npoaykuuu B crpoutenscte» (PI'YII LIIIT), koropoe pe-
aJu3yeT CIeAYIOIYIO0 JOKYMETAIMI0: CTPOUTEIbHbIE HOPMBI M MpaBUIia
(CHull). mexrocynapcrsennslie crannaptel ([OCT), rocyaapcTBeHHbIC
crannaptel Poccuiickoit ®@enepanuu ('OCT P), pykoBonsdimmue IOKy-
MeHTHl cucteMbl (PIC). HopMaTHBHBIE U METOAMYECKHUE JOKYMEHTHI 110
BOIIPOCaM [€HOOOpa30BaHUS M CMETHOIO HOPMHUpOBaHHUs, ydeOHas W
CIIpaBOYHas JUTEpaTypa u JIp.

lNocynapctBenHoe mnpeanpusitue «LleHTp HporpaMMHBIX CpPEICTB
MaccoBoro npumenenus B crpoutenscrsey (I'Tl LIHC), npennaraer ®@e-
JepanbHblii (GOHA MPOTPaMMHBIX CPEACTB: IeHepalibHbIE IMJIaHBl, apXu-
TEKTypa U IM3aiH; KOHCTPYKIUU 3JaHUH U COOPYXKEHHI; COOPY-KEHUS
TpaHCIOpTa; TPYOOIPOBOJBI; CTPOUTENbHBIE AJIEMEHTHI; OCHOBa-HUSA H
(yHIaMEHTBI; KOHCTPYKLIMHM KaMEHHBbIE; KOHCTPYKIHH >KeJae300e-TOoH-
HbIE, METAITNYECKIEe KOHCTPYKIMHU; BOJAOCHAOKEHHE W KaHaJIH-3allis;
TEMJIOCHA0KEeHHe, OTOMJIEHWE W BEHTWIISIIMS; JJIEKTPOTEX-HUYECKUE
CHUCTEMBI; 3allIMTa OT BPEIHBIX BO3AEHCTBUMN U AP.

PaccmoTrpum mocnenoBaTeIbHOCTh MPOEKTUPOBAHMUS CHCTEM OTO-
MJeHNUsT ¢ ucnoib3oBaHueM nporpammsl «Otomnenue 3J[. Bepcus
2000/2002» oteuectBeHHoil Qupmbl «HHxkcepBuc». Pabota ¢ mpo-
rpaMMOH Ha KOMIbIOTepe pa3OuBaeTcss Ha HECKOJIBKO IOCIeN0Ba-
TEIBHBIX JTaNoOB-CTaJMA W IIaroB-KOMaHJ C KCIOJb30BAaHUEM CO-
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OTBETCTBYIOIUX TpauIECKUX, PACUECTHBIX U KOPPEKTUPYIOLUINX MECHIO
IOJMEHIO.
Pabora c rpadguueckuMu MEHIO M MTOJMEHIO:

Bri3siBaercs meHio «Co3fjaHue OTAENbHBIX apXUTEKTYpPHBIX IUIa-
HOB». B OTKpBIBIIEMCS JUAJIONOBOM OKHE Ha JUCILIEE 33aJal0TCS BEIU-
YUHBl TpeOyeMo#l TenjJoBOH MOIIHOCTH W TeMIlepaTypbl BO3AyXa s
KaXXJIOro IOMelleHus INpoektupyemoro 3xaHus. Ilo xomanne «Bcera-
BUTH» HAa CXEMY 4YepTeXa IOMELIECHUS 3aHOCUTCS HOMEDP IIOMELIECHUS,
Tpebyemasi TeraoBasi MOIIHOCTh MPUOOPOB OTOILICHUSI U TEMIIEPaTyphl
(mocnenoBaTenbHO SISl BCEX MOMEIIEHUH ).

Pasmemienne mo momenieHWs M, BBHIOPAHHBIX MPOCKTAHTOM KOH-
CTPYKIMH, OTOMUTENBHBIX NMpuOopoB. B mporpammy Ha auciiee BHO-
CATCSL JAaHHBIE O TEINIOTEXHUYECKUX M TUJPABIMYECKUX Iapamerpax
MPUMEHSIEMBIX B MPOEKTE OTOMUTENBHBIX MPHOOPOB, HIJSI YEro BBI3HI-
BaeTCs TJIABHOE MEHIO «PanuaTtopbl» U IPOU3BOAUTCA pydHas paccra-
HOBKa OTOIHUTEILHBIX MPUOOPOB, KOTOPHIE H300pakeHbl HA AMCILIEE 1O
paHee BBINOJIHEHHBIM ITOCTPOEHHUSIM.

Bri3siBaercs MeHI0 «CTOSAKN» M KOPPEKTUPYETCS MECTO MPOKIal-
KU CTOSKOB, UX ITOJOKEHUE HA apXUTEKTYPHBIX IIaHax 3faHus. Ilocie
3TOTO0 MPOU3BOJIUTCS KOHCTPYHPOBAHUE MOAAIOIINX W OOpPaTHBIX KOJI-
JIEKTOPOB CUCTEMBI OTOILIIEHUS.

B mento «llITynepsl uisi OTOMUTENBHBIX MPHOOPOB» 3aJOXKEHO
YeThIpe BapHaHTa MOAKIIOYCHHS] OTOMUTENbHBIX MPHOOPOB K CTOAKY (K
OTHOTPYOHOMY, K IBYXTPYOHOMY U B 32aBHCHUMOCTH OT T€OMETPHYECKOT0
MOJIOKEHHUS CTOSIKOB: TOPU30HTAIBHOE MM BEPTUKAIBHOE), BRIOUpaeTcs
HEOOXOIUMBIH.

B meHio «BeHTUNIM CTOAKOB M KONbIAa IMUPKYISLIUU (ITOACETH)»
ONPEACIISIIOTCS MECTa YCTAHOBKHM 3allOPHBIX KPAHOB W BEHTUIIEH Ha
CTOSIKaX M YCTaHaBJIMBAIOTCS KOJIbIa (TTOJCETH) IUPKYJIIALHH.

B MeHI0 «YcTaHOBIIEHHE penepHO TOUKHU (TOYKH OTCUETa)» Mpo-
HU3BOJUTCS PACIIONOKEHHUE HA APXUTEKTYPHBIX MOATAXKHBIX IJIAHAX CTO-
SIKOB, KOTOPBIM IPUCBAaMBAETCSI COOCTBEHHBIN MOPSAKOBBIM HOMep (T10-
JAIOUIMA U OOPAaTHBII CTOSKK), aBTOMAaTHYECKOE MOJKIIOUEHUE CTOSKOB
K 00IIell aKCOHOMETPHUUECKOH CXEeMe CHCTeMBI OTOIUIeHHS (TOocienoBa-
TENBbHO JJISI BCEX dTaeH).

s BBIOpaHHON cXeMbl HUPKYISIIHK (OAHOTPYOHAas, IBYXTpyOHast
CHCTEMa) MOCJIEeI0BATENbHO Ha MO3TAXKHBIX MJIAHAX MPOU3BOJUTCS Tpa-
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¢uyeckoe TPHUCOECAMHEHHE OTONUTENBHBIX NPUOOPOB K COOTBET-
CTBYIOIIUM CTOSIKaM.

IMoctpoenne B MacmTabe MOJHOH OPTOrOHaNbHOW aKCOHOMET-

pUYECKON CXEMBI CHCTEMBI OTOIJICHUS 3/aHUA C UCIOJIb30BAHHEM Ha-
paboTaHHBIX rpa@UUYecKNX peHIeHui (Bce M3IUIIHNE CETMEHTH TPyOo-
MPOBO/IOB YIAJAIOTCS).
B okHax Ha aucriiee 3aHOCATCS MCXOJHBIE AaHHBIE O MaTepuaie Tpyo,
W30JSIUH, TeXHUYEeCKHe mapameTpbl apMaTypel u ap. Ilocie BeiOOpa
Ha4aJIbHOTO ¥ KOHEYHOTO CerMeHTa MPOBOAUTCA Tpacca TpyOoIlpoBoja,
MpOBEpPKa M aHAIM3 COOTBETCTBHS MPUHSTHIM PELHICHUSM MO MPUCOETU-
HEHUSM U Pa3MEUICHHUSIM BCEX 3JIEMEHTOB CETH — Pa3MELICHHE CTOSKOB,
OTBETBJIEHUI M MOBOPOTOB U Ti. Ilociie ycTpaHeHU BCEX HECOOTBETCT-
BHH MPUHATHIX paHee pPEelIeHUH MPUCTYMarT K COOCTBEHHO pacuery. B
JMAIOrOBOM OKHE JUCIUIeS KOMITbIOTEpa MOSBISIETCS 3alMiCh C Pe3yiib-
TaTaMd pPacueTOB IO OTHEIbHBIM YYacTKaM Tpacchl TPyOONpOBOIIOB
(paccuuTaHHBle yYacTKM TPYOONPOBOAOB OKpamieHbl B (DHOIETOBBIH
IIBET).

C momouipio moaMeHto — «Co3aaHue sSpiIbIKOB TPYyOOIPOBOAOB» Ha
aKCOHOMETPHYECKOH cXeMe TpyOONpOBONOB HAHOCATCA MOSICHSIONINE
HaJIMICH K TPOHYMEPOBAaHHBIM y4acTKaM TPyOOIPOBOIOB.

C nomompio MeHIO «Co3nanue crnenuuKanuu» BBIOUPAIOTCS
¢dbopMbI TabmuI criequUKAIMA U yYETHbIE OOBEKTHI JUIsl BKIIOYEHUS B
HUX. B BBIOpaHHYIO ()OpMYy aBTOMAaTHYECKH 3aHOCSTCS BCE PE3yJbTaThl
pacyeToB ¢ 3aBOACKMMH MapKHpPOBKaMU U crenudukaimed Bcex diie-
MEHTOB BBIOpaHHOW CHCTEMBI OTOILJICHHS.

B mporpamMMe nMeroTcs MEHIO IS TPOBEACHHUS KOPPEKTHPOBKH OT-
JeNbHBIX MOACUCTEM U YYaCTKOB CETH CHCTEMBI OTOIJICHHUSI.

PabGora c pacuerHRIMH MeHIO W MojaMeHI0. Hapsay c mpencraB-
JIEHUEM TEIJIOBBIX, THIAPABINYECKUX, TEXHOJIOIMYECKHX PacueToOB CHC-
TeM U 000pyloBaHUS 00A3aTENbHBIM YCIOBHEM JOOPOTHOW MPOEKT-HON
JOKYMEHTAllUW SIBJISIETCS HAIW4YUe CMETHO-QHHAHCOBOro Moayms. Pasz-
paboTka ero B JIFOOOM MPOEKTE ABISIETCSA 3aBEPLIAIONINM U TPYJOEMKHUM
3TANoOM, CBSI3aHHBIM C IOJICYETOM CIeNM(PUKALNN MaTepHaoB, MPUOO-
poB u 000pyAoBaHMS. 37ech BCTYNAET B CHIIy YelOBEUeCKHH (HaKTop, U
ecii 00beM BBINIOJHEHHOTO MPOEKTa JOCTATOYHO BEIHK, TO BEPOST-
HOCTHh TOYHOTO MOjcUYeTa 0e3 MHOTOKPATHOM MPOBEPKH PE3KO CHIKAET-
csl.
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HerouHocTh pacueToB MPUBOIUT K kao0aM CTPOHTEIHLHO-MOHTAX-
HBIX OpTaHM3alHii Ha HEXBAaTKy TOr'0 WJIM MHOT'O Marepuaja C SBHBIMHU
MPETeH3UsIMU Ha HEAOCYCET MPHU BBIMOJHEHUH MPOEKTHO-CMETHOH 10-
KyMEHTaIUH.

MockoBckoe OOO HTL «KoHcTpykTOop» mpeajsaraer ycoBEpIlIEH-
CTBOBAaHHYIO M 0€30MIMO0YHYI0 CHCTEMY aBTOMATH3HPOBAHHOI'O MPO-
extupoBanusi Autodesk® Building Systems (ABS3), Bxirouatonryio B
celOst Tpu Moyl mpoekTupoBaHus: Mechanical - s mpoekTUpoBaHUS
CUCTEM OTOIUICHUS, BEHTUJISALUH, KOHIUIMOHUpOBaHUs, Plumbing-mns
MPOEKTHPOBAHUs ceTell BoJocHa0X eHus U Kananuzanuu, Electrical -mms
MPOCKTUPOBAHUS DJIEKTPUUECKUX U cIa0OTOUHBIX ceTedl. B aToT mpo-
IPaMMHBIH  TPOAYKT  BKJIIOYEHBl  MHOT'OYMCJICHHBIE  yTHIWTHI-
WHCTPYMEHTHI JIJIsl y100CTBa MOJIB30BaHHS MOJYJISIMU, a TakKe pa3pabo-
TaHHass B COOTBETCTBHUM C TPEOOBAHUSIMH POCCHMCKHUX ToOCyAap-
CTBeHHBIX cTannaptoB «STS-bubmuoreka 1.0 qus ABSy», orpaxkaromas
6omnee 5000 3meMEHTOB MPOU3BOJUMBIX y Hac mpubOpoB U obopyaoBa-
HUAL

W3 mpoBeneHHOTO OMUCaHMS MOPSAKA M MOCIEAOBATEILHOCTH HC-
MOJIb30BAHUSI KOMITBIOTEPHBIX MPOrPaMM JUIsl POCKTUPOBAHUS CHCTEM
OTOIUICHHSI CJEyeT, YTO CIeUAJMCTaM U MPOEKTHPOBIIMKAM HE00XO-
MO XOpolllee 3HaHHE KOMIBIOTEPHOW TEXHUKH U TEXHOJIOTHH, BiIaje-
Hue HaBblkamu paboThl Ha [IK. OTu TpeOoBaHUS SHIAIOTCS 0053aTelb-
HBIMH 3JIEMEHTaMH MOATOTOBKH CIEUANINCTOB B JIO00H OTpaci.
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5. MPOYHOCTHBIE PACUETHI 3JIEMEHTOB CETEI
5.1. Pacuer TpyO6onpoBoa0B

CreHku TpyO TpyOOITPOBOIOB TEIUIOBBIX CETEH HCIBITHIBAIOT HArpsi-
JKEHHUSI OT BHYTPEHHETO JABJCHUS MEHBIINE, YeM U3rHOaroIne HampspKe-
HUSA OT KOMITEHCAIIMN TEMITEPATYPHBIX YUTMHEHUH TPyO W M3ruda OT Beco-
BBIX Harpy3ok. XapakTep W BeIHYMHA HATPY30K CYIIECTBEHHO Pa3IMyYHBI B
3aBUCHMOCTHU OT CrIoco0a MPOKIIaJIKU TPYO.

B pacyerax Ha MPOYHOCTDH JOIDKHBI YIUTHIBATHCS CIEAYIOIINE HATPY3-
KW ¥ BO3JICHCTBYSI HA TPYOOIPOBO/IBI, PA3THYAIOIINECS IO BETUYNHE U Xa-
pakrepy:

® BECOBBIE MIPH pacyeTe TpyO Ha U3THO;
e BETPOBBIE ([T HAJA3EMHBIX MTPOKIIAIOK Ha ICTaKaax);
e OT CHJI TPEHMSI B TIOJBIIKHBIX OMOpaXxX MIIM TPEHHUS B OKPYIKAIOIIEM

TPYHTE;

e BO3/ICHCTBHE BHYTPEHHETO JABJICHHS TEIJIOHOCUTENS B TpyDax;
e BO3/ICHCTBHE U3MEHEHUS TeMIIEpaTypsl TPYyO.

Onpezenenre TOMIMHBI CTEHOK TPYO O, M, cortacio CHull 11-45-75

MPOM3BOMTCS METOJIOM TIPEAEITBHBIX COCTOSHUIA:

D
5= P2\ (5.1)
2(R, +np)

rae n = 1,1 — xoapPUIHMeHT neperpys3ku; p — BHyTpeHHee naBienne, MIla;
R, — pacuernoe conporusnenue s cranu, Mlla; D, — HapyKHBII nua-
MeTp TpyOBl, M; R; MPUHUMAETCS PaBHBIM MHUHHUMAalbHOMY BPEMEHHOMY
CONPOTUBIICHUIO cTany Ha pacTsbkerne o [OCT B 3aBUCHMOCTH OT MapKu
TpyOHOI cTanu, ¢ y4eTOM psijia CHIKaoIHX K03 PUIMEHTOB: Oe301acHo-
CTH, CTENICHU HaJISKHOCTH PabOTHI U JIp.

Omnpenenenrie TONMIMHBI CTEHOK MO JIOMYCKAEMOMY HAIPSKEHUIO CO-
rracio OCT.108.031.02-75 npousBoautcs 1o Ghopmysie:

pD,

5= L=
2(pc()on +p

M, (5.2)

TJIe G,,, — JONTycKaeMoe Hanpspkenue, Mlla; ¢ — koadGuIueHT NpOoYHOCTH
CBapHBIX IIIBOB, 3aBUCHINIMNA OT CIOCc0o0a CBapKH, JJisi OECIIOBHBIX TPYO
¢o=1.

Jlis yruepoucThiX TPYOHBIX CTaliel, paOOTArOINUX MPH TeMIIepaType
He Boitre 200 °C, NpUHSTHIE BETHYHHBI Gy,, MPUBEIEHBI B TA0I. 5.1.
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Tabmuma 5.1

JomyckaeMbl HATIPSIAKEHUS! YTJIEPOAUCTBIX TPYOHBIX cTajel

Mapka BCr3cm, 15, 15k, 20,20k,
cramm BC12Kn BCr13Kn BC3me 16x 18x 16I°C
Gyon, MITa 95 110 117 130 140 145

Tonmmmua crenku, o ¢opmyie (5.2) momydaercst OOJbINe, YeM IO
¢dopmyne (5.1), HO OHa HEIOCTATOYHA, TaK TPYOOIPOBO/IBI OJHOBPEMEHHO
HCIIBITHIBAIOT JOIMOJIHUTCIIBHBIC HAIIPAKCHUA 1/13r1/16a OT COOCTBEHHOI'O Be-
ca 1 OoJbIIME TEeMIIepaTypHbIe, KOMIICHCAIIMOHHBIE yeuus. Huke npuBo-
JUTCS. IOPSZIOK pacuera ¢ y4eToM JAEUCTBUSA CYMMAPHBIX Harpy3oK.

OmnpenensitoTcst HAMPsHKEHHUS PACTSIKEHUST B CTEHKaX TpyO OT BHYTpEH-
HEro JIaBJICHUs G}, JICHCTBYIOLIME B OCEBOM HAIPaBIICHUH (AaKCHAIBHOE), U
G, — B [IONEPEYHOM (TaHTeHIIMAJIBHOE):

o) = npD,, /49; (5.3)
o) = npD,, /20; (5.4)

rae D, — BHYTpEHHUI quaMerp TpyOsbl.
OceBas pacrsaruBamomas cuwia P o gopmyie:

P =npnD? /4. (5.5)

B TpyOompoBomax ¢ CaabHUKOBBIMH KOMITEHCATOPAMHU, KOTOPBIE IO-
MyCKAaT CBOOOHOE TIepeMellleHIe TPYO B 0OCEBOM HarpaBieHUHU (B MECTaxX
YCTaHOBKH KOMIIGHCATOPOB TPYOONpPOBO;] (PaKTUUYESCKU pa3pe3aH Ha YacTH),
CHIIbl P LEeMMKOM TepefaloTcsl Ha HeMOoJABM)KHbIE oropbl. KoHCcTpykumuu
9TUX OIOP AOJIKHBI 6LITL BBIITIOJIHEHBI OCO6CHHO IMPOYHBIMH.

C yderoMm TpeHUus B OlOpax M PEaKTHBHBIX CHJI P, B KOMIIEHcaTopax
cwia P B 00IeM BHJIE OIIpeIeisieTcs o hopmyJie:

P =npnD? /4 + gL + P,, (5.6)

rJie ¢ — yAenbHasl Harpy3ka OT Macchl Temionposona, H/m; L — paccrosiHue
OT HEIOJBHKHOK OIMOPHI 10 KOMIIEHCaTopa, M; L — KO3 pHIMeHT TpeHus
B OIOpax, 3HAK «+» WK «—» 3aBHCUT OT TEMIIEPATYpPHOr0 peKUMa (Harpes
WIH OXJIaxJeHne). B OeckaHalbHBIX TPyOOIPOBOAAX BMECTO [l NIEHCTBY-
10T CUJIBl TPEHUS Py, OTHECEHHBIE K €UHUIIE AJIUHBI TPYOBI, OIpeaese-
MBbIE M3 OMbITA M0 CHENUATBHBIM U3MepeHusM. Hanbonpime HampsoKeHus
CXKaTHs JEHCTBYIOT B p&KUME Harpesa.
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5.2. Pacuer Tenj1onpoBOOB HAa BeCOBbIe HATPY3KH

MakcuManbHbIe U3ru0aroMii MOMEHT HaJl ornopaMu M W B cepelrHe
MpoJieTa MEXy ornopaMu M, onpenensares no GopMyiam:

—M = q1*/12, H-m; (5.7)
M, = gl*/24, H-m; (5.8)

MaxkcuManbHbIA Tporud fi, ompenensercs U3 BHIPaKeHUs:
fin=ql*/(384EI), m, (5.9)

rjie [ — pacCcTossHUE MEXKIy oropamu, M; EI KeCTKOCTh MOMEPEUHOro ceue-
HUs TPpYOBI; E — MOIYIb MPOONBHOM ynpyrocty, I1a/M’; [ — SKBaTOpHAIIh-
HBIII MOMEHT WMHEPLIHU TPYOBI, M'; ¢ — pacyeTHas BecoBas Harpyska Ha
SJIMHUILY JUTHHBI TpyOonpoBroaa, H/m.

B TpyOonpoBogax ¢ BOJMHHUCTBIMU (JINH30BBIMHU) KOMIIGHCATOPaMH, KO-
TOpBIC CO3JIAIOT IMAPHUPHOCTH, T.€. JOIMYCKAIOT MOBOPOT CEUEHUH TPyOo-
MPOBOJIa Ha HEKOTOPBIH yrojl, MaKCUMAaJIbHBI U3rHOAIONIMI MOMEHT HaJl
oropamu M wu niporud f, BO3pACTAIOT:

—M = q1*/10, H-m; (5.10)
fin=ql*/(185EI), m. (5.11)

Bonpime mporuObl MOTYT BBI3BaTh 00pa30BaHHE «MEIIKOB» B IOHU-
JKCHHBIX TOYKaX, B KOTOPbBIX 6y,Z[CT 3aCTanuBaTbCAd BOAA, YTO MOXET IIPUBO-
JIMTh K THAPABIHYECKUM yaapaM B MyCKOBOM peskume. [TonHoe ocyrieHue
TPYOONPOBOIOB JTOCTUTAETCS MPH OTCYTCTBHH «MENIKOBY», KOT/Ia MAaKCH-
MaNbHBIA TIporud fi1, He mpeBbimaer 0,25 OTHOCHTENBHOTO CHHUKEHUS
orop i/ 3a cueT MOHTaXXHOTO YKJIOHA oceil TpyoO i:

fin £0,25l. (5.12)

Hanpumep, B TpybonpoBoze pu [ = 20 M, yJIO)KEHHOM C YKIOHOM I =
0,005, T.e. 5 MM/M, Iporud HE JOMHKEH NpeBBIIATh fi, < 0,25-0,005-20 =
=0,025 M =25 mM.

B HEnmpoxoaHBIX KaHallaX PEeKOMEHIYIOTCS CIEAYIOUINe paccTOSHUs [
MEKAY OMOPaMHU:

Huamerp 1py06 D), MM 25..50  80...300 400...900 1000...1400

Paccrosaue /, M 40D, 30D, 20D, 15D,

[Ipounocts TpybonpoBonoB ¢ rudkumu [1-o0pazHeIMU KOMIIEHCATOpa-
MU JIOJKHA TIPOBEPSATHCA MO YCIOBHIO:
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P M
+t—+— + 0 <R,, 5.13
F-w 7 (5.13)

rae +P — pacyerHoe oceBoe ycuine; M — u3rubaromiuii MOMEHT OT OCEBBIX
Harpy3ok; F' u W — miomaab ce4eHus CTEHOK MU MOMEHT COIPOTHUBIICHUS
MMONCpEeYHOro CEYCHUA Tp}I6LI; O — pacCTAruBarouice HANps>KCHUEC OT BHYT-
PEHHETO JIaBJieHHs, onpeelieHHoe o Gopmyite (5.3) ( B TpyObOnpoBOIax
canpbHUKOBBIME KoMmIiieHcaTopamu o; = (). CormacHo CHull 2.05.06.-85

R, paBHsieTCs HOpMaTUBHOW BENWYMHE R) , TOMYYEHHOH O HAUMEHBILIEMY

3HAUEHHIO YCIOBHOTO Mpefesia TeKy4YeCcTH CTall G;, KOTOPBIA 3aBUCUT OT
MEXaHUYECKMX CBOWMCTB M KauecTBa (Mapku) TPyOHOW CTalid, C Y4E€TOM
cCHIKarommx koddduuuentop HanexxHoctu K, um 6e3omacHoctn C;. Ha-
npumep, g yriepoaucteix craied 10, 20 — R, = 210 MlIla, qusa cramu
C12cn — R, = 220 MIla, ana 10I°'C1, BMCt2cn, BMCt3cn — R, = 220
Mlla, 17T'1C — R, =300 MIla, 142CA®D — R, =360 MI]a.

CyMMapHbIil pacueTHbIN M3rHOAONIMii MOMEHT TIPU OJHOBPEMEHHOM
JEMCTBUM Harpy3oK B JABYX Pa3fIMYHBIX MJIOCKOCTAX (BEpTUKAJIbHOW U Io-

PHU30HTAIILHOM):
SM= M} +M;, (5.14)

7€ MOMEHT M| — MOMEHT OT BEPTHKaJIbHOW BECOBOW HAarpysku; M, — mo-
MEHT OT FOPU30HTAJIbHOW BETPOBON HATPY3KHU.

Jnst IpeaBapUTENbHOTO OIpeeNieHNs pacCTOSHUE [ MeXIly oropamu
3CcTaKaJbl Ha KOMIEHCHPYEMBIX ydacTKax, 0e3 ydera cHil TPEeHHs U BETpO-
BOI Harpy3Ku, MOXKET OBITh HCIIOJIb30BaHa popmyna:

1= 2 ER) (5.15)

B Ttabn. 5.2. mpuBegeHo MakCHMalbHOE paccTosiHue [ s Tpyo D, =
250...1200 mm u3 cramu 14I'2CA, R, = 360 MIla. Bo3MOXXHOCTh yBeInue-
HUsA paCCTOHHI/Iﬁ MCKIYy OIopaMu HeO6XOZ[I/IMO HCIIOJIL30BaTh IIpU HanI-
3eMHOM TPOKJIAJKEe TPYyOOIPOBOIOB MAJOro AUAMETpa COBMECTHO C OOJb-
MUMH. ITO JOCTUTACTCA NPHU YBCIMUYCHHUU KCCTKOCTU MOIIEPEYHOI'0 CeYC-
HUs TPyO Majoro guamerpa mpuBapkoit pedep xectkoctu (puc. 5.1). Ycu-
JMBaroIIMe pedpa KECTKOCTH M3 TOJIOCOBOW MJIM YIJIOBOH CTalu MpUBapH-
BaIOTCS HAJl OTIOPaMHU, TJI¢ JSHCTBYIOT U3rMOAIONINE MOMEHTBI MaKCHMAJTb-
Hoii BennuuHbl. [iimHa pedep cocrarser 0,07...0,1 yactu paccrosiHus Me-
K]y OTIOPaMH.
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Tabnuma 5.2
Pexomenyembl paccTossHus / MesKAy OnopaMu Uist
HA/3eMHOI MPOKJIATKH

VcnoHblii tuametp Tpybonposoaa D, MM

HaumenoBanue
300 400 500 600 700 800 900 1000 | 1200

TonmuHa CTeHKH, MM 8 7 8 9 10 11 12 14 14
MOMeHT COIIPOTUBJICHUS
ceuenus 1py6 W, om 616 | 955 | 1680 | 2690 | 3900 | 5500 | 7660 | 10930 15740
Pacuernas warpyska | 5 o5 | 58 | 51 | 55 | 70 | 87 | 102 | 13,3 | 17,9
q, k<H/™m
Jlomyckaemsie pac-
cTosEA I, M 28 33 34,5 38 39 40 41,5 43 45

B Tabn. 5.3 mpuBeneHs MOMEHTHI MHEPLIUH U MOMEHTHI CONMPOTHBIIE-

HUS YCUJICHHOTO CEYCHUS TPYO.

Tabnuma 5.3
MomenTs! HHepuuu I 1 MOMEHTBI CONPOTHBJICHUA W yCHIIEHHOTO
cedyeHus TpyO

Pasmepsl pebep, cM | Bes ycunenus | YeuienHoe LM
D,, MM | 5, MM W. i ce‘:{eHH?/V 6e3 : c ycu-
’ Beicora | Tomuwmna | Jimnua | [, CM4 CM’3 » M CM’3 yennenns | nexuem
76 3 6 0,6 60 46 12,1 | 246 45 5 9,5
100 4 8 0,8 85 177 | 32,8 | 847 80 8 12
150 4,5 8 1 85 652 82 1840 | 145 9,5 12,5
200 6 15 1,2 180 | 2279 | 208 | 8400 | 432 18 26,1

Ycunenue TpyOONpOBOAOB MPUBAPKOH pedep MKECTKOCTH HCIONb3YeT-

csl TaKkXKe MpH MPOEKTHPOBa-
HUU Ta30lpOBOIOB M Hedre-
IIPOBOJOB IIPU UX HAJ3EMHOMI
npoxanke. IIpu ucnons3osa-
HUU B 3CTaKaJgax IMOJBECHOTO
MPOJIETHOTO CTPOCHUSI Ha TA-
rax, NPUKPEIUICHHBIX K Bep-
XyIIKaM MadT, HeoOXOANMO
YUUTHIBaTh  TEMIEPaTYpHYIO
nedopmanuio TAT, B pe3yiib-
TaTe KOTOPBIX B TPYOOIPOBO-
Jax BO3HUKAIOT JOMOJHU-
TenpHBIE W3THOAIONIME Ha-
MPSDKEHUS.

1

B2

l
==

4
=]

r

L

4

~0,1L

~
.

0,1

bbbt

==

Puc. 5.1. Ycunenue tpy6 pebpamu
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5.3. Yceunnus, aeficTByomue Ha HeMOABUKHBIE ONOPHI

HenonsuxHble OMOpbl AETAT TPyOONPOBOABI HAa YYACTKH, PAacCUUTHI-
BaeMble Ha KOMIICHCAIIMIO MPH MOMOIIM CIEHUAIBHBIX YCTPOMCTB (KOM-
MEHCATOPOB) MIIM 33 CYET COOCTBEHHON I'MOKOCTH (CaMOKOMITEHCAIIHSI) JUIst
CHIDKEHUS TEMIIEPATYPHBIX YCUIIMH U HANPSHKEHUH B TpyOax.

OT palMoHAIBHOTO pa3MEIleHUs HEMOJIBMKHEIX OMOP BO MHOTI'OM 3a-
BUCST HANpsDKEHUS B TPYOONPOBOAAX, KOTOPHIC HE JIOJDKHBI MPEBBIIIATH
JIOMyCKaeMbIX. PEKOMEHIYIOTCSl CIIEIyIOIINEe PACCTOSHUS MEXKIY Herojl-
BMJXHBIMU OIIOpaMH U CaJIbHUKOBBIMH KOMIICHCATOPaMMU:

D, Mm 100 150 200 250 300 600 u Gonee

L,m 80 100 120 130 150 160

Henonsu:xHbIe ONOPBI AEHATCS HA KOHCTPYKLUU HEPA3TPYKEHHOrO U
pasrpyxeHHoro tumna. K mepBbIM OTHOCATCS OMOPHI TPyOOIPOBOJOB C
CaJIbHUKOBBIMU M BOJIHUCTBIMU KOMIICHCATOPAMU, Ha KOTOPBIE MTEPENAIOTCS

0CEBbIC CUIIBI P OT BHYTPEHHErO JIABJICHUS TEIUIOHOCUTENS: P = an pla.

K pasrpyxeHHBIM OTHOCSITCS OMOpHI TPYOONpoBoaoB ¢ [I-o0pa3HbIMH
KOMITEHCATOPaMH U CAaMOKOMITCHCHPYIOLIHECS, U KOTOphIX P = 0.

KoHCTpyKIMM HEMOABMKHBIX OMOP HOPMAJIM30BaHbI U MPHUBEICHBI B
anpbomax MBH 1324-56 u MBH 1326-51. Bonbmioe pacnpoctpaHeHue
MOJIYYMJIA HETOJBHIKHBIC OMOPBI IIUTOBOM KOHCTPYKIIUU B BHJIC TUIMT W3
xere300eroHa. X HemoCTaTKOM SIBIISIeTCsl Hapy>KHasi KOppo3usl TpyO, Ko-
TOpasi cocpeloTaunBaeTcs B MecTax mpoxojia Tpyo uepe3 oTBepCTHs B ILUIH-
Tax Tam, TJe K TpyOaMm MpUBapHBaIOTCS METAJUIMYESCKUE YIIOPEI.

Ha puc. 5.2 npuBeneHbl TUIOBBIE pacueTHBIE CXEMBI KOMITEHCALIUU
TEeMIIepaTypPHBIX PaCIIMPEHHH TEIIONPOBOJOB sl pacdyeTa KOHCTPYKIHMN
OTOp, YCTaHOBJIEHHBIX B TOUKaxX A4, B, C. 3HAKH «+» H «—» COOTBETCTBYIOT
peXMMaM HarpeBa WM OXJIAXKJEHHs TEMJIONPOBOAOB, /i U [, — IUIMHBI
OOJBIIIEro U MEHBIIEro Y4acTkoB, Dy, D, — HapyKHbIE JUaMeTpsl TpYO Ha
CMEXHBIX ydacTkax 1 u 2. PacdeT cuil mpoW3BOIUTCS MPU HECTAIHOHAP-
HOM peXHMe padoThI (TIPH 3aKPBITHIX 3aJIBIXKKAX M CITyCKE BOJBI U3 Y4acT-
KoB [, u [;), Ipu KOTOpOM CuIibl P, TiepeiaBacMbl Ha OIMOPBI, JIOCTUTAOT
MaKCHUMaJIbHOM BETMYMHEI.

B pacuernbIx popMyniax 1aHbl CHIIBL, ISHCTBYIONIKME HA oropy B. Cuiibl
B oniopax 4 u C ONpenemnstoTcs B 3aBUCUMOCTH OT KOMIICHCAIITMOHHBIX Xa-
PAKTEPUCTUK MPUMBIKAIONIMX K HUM YYaCTKOB IO aHAJIOTMYHBIM (OopMYy-
nam. [IpuBereHHBIE ceMb OCHOBHBIX CXEM KOMIIEHCAIIMHM HCKIIOYAIOT He-
00XOIMMOCTb PacyeToB MO BApHAHTAM CXEM KOMIICHCAIIHH.

Juis pacuera cxemsl [ (puc. 5.2) npumennma opmyia:
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+P=+P,+ pn(D; — D})/4. (5.16)

Cxema 1 Cxema v
A, D 8 i al A4 I
i/ 2 ‘/f‘ c 11 — ZZ '
b i‘: L P Cxema VI cHES
Cxema I Ag _ Iy BeeDarh
A s I, :B ;]‘—C Dy 4l = 1, H01,/2|1/L 7
7 1, 71, T A L lz
S_ xema Vil
A Cxema Il
__D%C Dy D2 «4C
2 2 T

A I, By I c
——:)%C Z, + 123%C‘— Yenobrere  obosnaverus :

—f— w0 Henodbumwas onopa

Puc. 5.2. TUNOBBIE PACUETHBIE CXEMBI  —b—  Jadfuxxa

JUTs ONPEENCHUS CUIT, ICHCTBYIOIMX =  Camemunobon KOMPEHCAMOP
Ha HEMOJBUKHBIE OIOPHI

11 71-odpasweri womrencamop

Hns cxemsbl II MakcuManbHas cuia AEUCTBYET IIPU 3aKPBITON 3a]IBUKKE
Y CIIyCKE BOJIbI (OXJIAXKICHUE y4yacTka /)):

P=pnD;/4+P,. (5.17)

Hns cxemnr 111
+P=pn D] /4 + qlp+ P, (5.18)

Hns cxemsl IV:
+P=pn(D; — D})/4+0,5P, + qp[ll —172) (5.19)

Hns cxemsl V:

P HarpeBe P=pnD;/4—P.—P,—qu(L+1), (5.20)
MPY OXJIAXKJICHUN P=pnD;/4—P.+P.+qu(L+1). (5.21)

Hns cxemsl VI:
P HarpeBe P=pnD;/4—P.— P+ qul, — qu /2, (5.22)

npu oxnaxkaennn P =pn D3 /4 + P+ P, —qul, + qu /2, (5.23)

s cxemsbl VII ¢ yrioM moBopora cuiia P HarpaBiieHa 1o OMCCEKTpUce
yIiia o, «1+» IPpU HarpeBe, «—» Ipu OXJIAXKIECHUHN:

P=[+0,5P, + qp(ll —172) + pr D2 /4]sin. (5.24)
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31ech U Be3Jie p — AaBICHUE TEIJIOHOCUTENST;, ¢ — BECOBas Harpys3ka Ha 1 M
JUTUHBI TEIIONPOBOA; L — KOd(GGUIMEHT TpeHusl, paBHbIA 0,3 1Sl CKOIb-
3ammx onop u 0,05/ ans xaTKOBBIX omop (v — paauyc KaTka, cM); P, —
cHJia TPEHHUS B CAIbHUKOBBIX KOMIIEHcaTopax (cM. mpuiiokeHue taodm. 1112,
[113); P, — cuna ynpyroro orrnopa [1-o0pa3Horo komrencaropa.

B paccMOTpeHHBIX cXeMax CallbHUKOBBIE KOMIIEHCATOPHI MOTYT OBITH
3aMeHeHbl Ha ruokue, [1-o0pasHble nam apyrod xoHdurypamuu. B stom
cllydae B pacyeTHbBIX (JOpMyJiax CleayeT IPUPABHATh BEIPAKEHUS:

pr(D? — D})/4; pnDi/4 u pnD;/4, (5.25)

a CUJIy TpC€HHA B CAaJIbHUKOBBIX KOMIICHCATOpax iPK 3aMCHUTHL Ha CUITY
YIPYroro OTIopa ruOKMX KOMIIEHCATOPOB P,.
Cuna Tpenus B cayiibHukax P,, kH, Moxker ObITh omnpeneneHa mno ¢op-
MyJI€:
P.=4mnD,du /f, (5.26)

rne D, — HapyXHBIH AuaMeTp cTakaHa (maTpyOka) BHYTPH KOpPITyca KOM-
HeHcaTopa, M; f — IUION[Ab CEeYCHUS HAOMBKU CaJIbHUKA, M'; 7 — YUCIIO
OONTOB AJIS 3aTSKKK CAJIbHUKA; O — BBICOTA CIIOSI HAOMBKH, M; L — KO3 du-
nueHT Tpenusi, U= 015 g acbecroBoro muypa, W= 0,35 11 pe3uHsI;
4 kH — MakcuManbpHOE YCHITHE 3aTSHKKH O0JITa TaCUHBIM KITFOUOM.

Jl1st komnieHcatopoB D, > 500 MM cikaThe HaOUBKU MOXKHO IPUHUMATh
PaBHBIM THIPOCTATHUECKOMY JABJICHUIO TEIUIOHOCHUTEIS.

B THMOBBIX pacuerax MOXXHO MOJB30BaThCs CIEMYIOUIMMH YCpPEIHEH-
HBIMH BETTHUYUHAMU P,

D, mm 150 200 250 300 350 400 500 600 700 800 1000 1400
P:oxH 23 23 24 27 31 39 59 71 81 90 110 150

Hanpsbkenue B CTEHKax KopHyca CalbHHUKOBBIX KOMITEHCATOPOB OT
JIABJICHUS TEIJIOHOCHUTEIS pacCuuThiBaeTcs 1o dopmyde (10.4).

JnaMerp U KOIMU4ecTBO OONTOB TPYHAOYKCHI (YIJIOTHSIOIUX HaOMBKY
CaJlbHUKOB) Ha JIEWCTBUE pacTATHBAIONIE CHIIbI P ompenenstor o ¢op-
myie (5.5).

B03MOXXHOCTh BBIPBIBAaHHS TOABIIKHBIX CTaKaHOB W3 CAJIBHUKOBBIX
KOMIIEHCATOpOB (B cly4ae HapyllEeHHs MPOYHOCTH HEMOABHMKHON OIOPHI,
YCTAHOBJICHHOW Ha TPyOOMPOBOJIE) MCKIIOYACTCS TOJIBKO IMPHU YCIOBUU
MPHUBAPKH K CTAKaHAM MPEJOXPAHUTENBHBIX KOJEIl.

IIpouHOCTH KOJEL U CBApHBIX LIBOB HA JEUCTBUE CUIIBI P ONpENeNsoT
o popmyie (5.5).
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5.4. Pacuer I1-00pa3HBIX KOMIIEHCATOPOB

B Hag3eMHBIX W MOA3EMHBIX TPYOOMpPOBOAAX HAXOAAT IIMPOKOE MPH-
MeHneHue [1-o6pasnbie komnencaTopbl. K UX mpenmyIiiecTBaM OTHOCSATCS:
HEOOJIbIINE yCUITUS, TIepeaBaeMble Ha HEMOIBH)KHBIC OMOPbI; OTCYTCTBUE
HEOOXOAMMOCTH OOCIY)KUBaHUS, OOJIbIIasi KOMIICHCHUPYIOIIAs CIIOCO0-
HOCTb.

Nmerotcs u HemocTaTku: OOJbIIME ra0apUTHI; YBETUUYCHUE THIIPABIIN-
YECKHX COINPOTHBICHUI TEIIONPOBOIOB; YIOPOKAHHE CTOMMOCTH TEIIO-
MIPOBOJIOB M YBEJIMYEHNE Ha HUX 3aTpaT Merasuia Ha 7...8 %.

C [0CTaTOYHBIM 3aacoM TMPOYHOCTH M HAASKHOCTH pacuer [I-
O6pa3HI)IX KOMIICHCATOPOB MOXXHO BBIIIOJIHUTL, IPUHHUMAA B Ka4€CTBC J10-
MyCKaeMoro, u3rudaroniee HarnpspKeHue:

o, = 0,7R, — npD,, /(45), MIla. (5.27)

Otciona o, = 160 MIla nns xomnencaropos u3 cranei 10I22C, BMCt2cm,
Ct3cm, BMIIT3cn u 6, = 120 MIla g cranei 10, 20, Ct2cm.

[Ipu ompeneneHnn MOXKET G, HE YYUTHIBATHCS HAINPSDKEHUE M3ruba ot
BecoBoil Harpysku. [l kommneHcatopoB u3 Tpyo D, < 500 MM G, MOXeT
ObITh yBenuueHo 10 %. [lns mapompoBooB ¢ naBieHHeM He Oonee 2,5
MIla u temmnepatypoit 10 350 °C momyckaemple HAMPSHKEHUSI CHUKAIOTCSI
no o, = 80...100 MITa.

KomnieHcatopbl HM3rOTOBJISIIOTCS C THYTBIMH OTBOJAMHU C PajnyCcoM
m3rnba R = (3...4)D,, a Takke co CBapHbIMH OTBOJaMH (M3 CErMEHTOB) C
R=D,, 1,5D,, u 2D, u ¢ KpyTO 3aTHYTHIMH IITAMIIOBAHHBIMHI OTBOJIAMH.

[Iupoko MPUMEHSIOTCS KOMITEHCATOPBI CO CKIaa4aThiMu (TIOaypudIie-
HBIMH) OTBOJAaMH, KOTOpbie UMEIOT Ha 20 % Ooiee BHICOKYIO KOMIIEHCH-
PYIOIIYIO CIIOCOOHOCTh, YeM TJIaJIKUE OTBOJbI. PacuerHas cxemMa KOMIICH-
caTopa IoKa3aHa Ha puC. 5.3. pacuer HAYMHACTCS C BBIYMCIICHUS KOOPIH-
HAT YIPYroro IeHTa, X; U V. BClencrBue CUMMETPUYHOCTH YIIPYTHH TICHTP
S JIGKUT Ha OCH Y, ModTOMYy X, = 0.

B pacuerax yuuThIBaeTCs BO3pacTaHUE TMOKOCTH M30THYTHIX YYaCTKOB
(orBOmOB) 0 Teopun Kapmana:

Vs = [6,28/k + 3,14m/k + m* + 2m +p(m + 2)|R*/L,, (5.28)
roe L,— NpUBEJCHHAsA JJIMHA OCH KOMIICHCATOpa:
Ly, =Qn+2m+p+ 6,28/k)R. (5.29)

CMBICTT KO3(PHUIMEHTOB KPaTHOCTH JJIMHBI IPSMBIX YYacTKOB p, 11 U M fAC-
HBI U3 puc. 5.3; kodpPuueHT £ cMm. HUKE)
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Puc. 5.3. Pacuernas cxema [1-00pa3HBIX KOMIIEHCATOPOB: B ToUKe () — Hayano oceil
X My, B TOUKe S ¢ KOOPIMHATAMH X; M ys — LEHTP YIPYTOCTH, pR, mR, nR — IIIMHBL TIps-
MBIX Y4aCTKOB.

Janee onpenensoT MOMEHT MHEPIUU YIPYroi JIMHUM OCH KOMIIEHCa-
TOpa OTHOCUTEIBHO OCH X!

L =[9,42/k + 10,28m/k + 3,14m*/k + 0,67Tm’ + 2m* + 2m + p(m + 2)°IR’ —
—Lipy? .. (5.30)

Cuna ynpyroro oTrnopa KOMIeHcaTopa:
P.= ALEI /I, \, (5.31)

rae Al — pacdyeTHast KOMIIEHCHPYIOIIasi CIIOCOOHOCTh, M; £ — MOaynb yII-
2
PYTOCTH CTaJH C y4eTOM TemiiepaTypbl, H/M™; / — MOMEHT WHepIuH more-
93 4
PEYHOro cedeHust TPYObl, U3 KOTOPOH M3TOTOBIISIETCS KOMIIEHCATOP, M .

MakcuMalbHbBIN W3ru0aONNil MOMEHT JISHCTBYET Ha MPSMOM Y4acTKe
B MECT€ HavaJia u3ruba BBEpXy KomrieHcaTopa (puc. 5.4):

Mmax = P,\(H _ys)a H'M, (532)
rae H — BpUIET KOMIIEHCATOpa.

Jlnsi KOMITEHCAaTOPOB, YKIAAbIBAEMBIX OecKaHalbHBIM crocoOoM (Ha-
MpHUMeEp, C TEMJIOBOW HM30JSUed THAPOPOOHBIMH 3aCBIIKAMH WU TYTO-
TUTABKUMU OUTyMamHu), CBOOOAHBIM M3rHO MPSAMBIX Y4acTKOB B IONEped-
HOM HalpaBJIeHUH CHJIBHO 3aTPyJHEH MM BooOIIe HeBO3MOKeH. [ToaTomy
B popmyite (5.29) 2nR = 0, oTkyna cienyer:

L,,=2m+p+6,28/k)R. (5.33)

B pesynbrare ymensmenus L,, cuna P, Bozpacraer Ha 30..40 %, a
KOMITEHCHPYIOIIas CocoOHOCTh yMenbmaercs Ha 10...12 %.

202



OwmerooOpaszueie  (€2)  KoOMIIEH-
caTtopbl, HE MMEIOIIUE MPSIMBIX Y4acT-
KoB (mR = pR = 0), paccUUTHIBAIOTCS 110
Oornee mpocThIM (hopmyram:

1= Rloa-101) (534

k kn+m /)’
_ 314 .
Ys = Tokm? (5.35) Puc. 5.4. Dmropa n3rudaromux
MOMCHTOB
P.= Al Elk . (5.36)
(9 42 _ 19,7 3
’ kn+3,14
MakcuMalIbHbIIA U3rnOaroMi MOMEHT:
3,14PR
My = Py, = ———— . 5.37
P kn+314 ( )

Koaddpuuument Kapmana miist THyTBIX OTBOIOB Ompeaensiercs: mo ¢pop-
MyIie:

k= % npn > 0,3, (5.38)

rae h = Rd/r’> — mapamerp; R — pammyc u3rmba oTBOIA; O — TOJIIMHA

cp
CTEHKH TPYOBI; 7., — PaJUyC IOINEPEUHOr0 CeueHHs TPYyObl MO cepeanHe
TOJIIIMHBI CTEHKU.
Jnist cBapHBIX M KOPOTKO3arHYTHIX HITAMIIOBAHHBIX OTBOAOB K03 du-
uueHt Kapmana ompezensiercst mo gpopmyie:

k= h",52, (5.39)
rae h = R,0/ P2 R, = ry(1 + ctgo)/2 — SKBUBAJIEHTHBIN pajinyCc CBApHOIO

cp 2
OTBOJA.

Jlnst cBapHBIX O0TBOJOB (o yriom 90°), COCTaBIEHHBIX U3 JIBYX CEK-
TOpPOB, o = 15°, a y1st OTBO/IOB M3 TPEX M YEThIPEX OTBOIOB oL = 11°.

[To Teopun Kapmana HanmpspkeHus m3ruba moj| JelicTBUEM H3rHOalo-
IIMX MOMEHTOB PaBHOH BEIMYMHBI B M30THYTHIX TPyOax B HECKOJBKO pa3
Oonpllle, YeM Ha MPSIMBIX ydacTkaX. [103ToMy B pacueTsl BBOIUTCS KOp-
PEKIMOHHBIN KO3(DDUIIMEHT 71, 3aBUCAIINI OT apamerpa /:

JUTS THYTBIX OTBOJIOB my, = 0,84/ h* ; (5.40)
JUIS. CBAPHBIX OTBOJIOB m; = 0,9/h"%. (5.41)

Hanpsokenust n3rnba Ha U30THYTHIX y4aCTKAaX KOMIIEHCATOPOB CIIEIyeT
OIpeneNsTh 1o Gopmyie:

203



o =mM/W, (5.42)

e riae M onpenensiercs u3 ¢op-
My (5.32)...(5.37).

B Tabn. 111 npunoxeHus
MNPpUBCACHBI MOHTAXHBIC TH-
] nopasMepbl U KOMIICHCHPYIO-
mas cnocobHocts [1-00pas-

\
P
4

T X
HBIX KOMIIEHCATOPOB, H3rO-
R TOBJIEHHBIX 110 CXEME PHC. 5.5,
N/ a B Tabn. I112..1114 — napa-
' b

£&&—=L C [ ——- METpPBI KOMIICHCATOPOB C T'HY-
FAT b S THIMUA ¥ CBapHBIMH OTBOJIAMH.
- B Tabn. I115 conepxarcs Tex-
Puc. 5.5. Cxema tunopasmepos I1-o6pas- HHYCCKHE  XapaKTCPHCTHKH

HBIX KOMIIEHCATOPOB C THYTHIMH OTBOZIaMu  TPYO 1 OTBOJIOB.

5.5. CamokomneHcanus TeMIepaTypHbIX pacliupeHni

TpyOonpoBo/Ibl, CAMOKOMITEHCUPYIOIIMECS 33 CUET CBOCH TMOKOCTH, HE
MMEIOT yTeUeK TEINIOHOCHUTENISI M He TPEOYIOT PEryJIsipHOro HaOIOICHNUS 32
paboToii.

MOXHO TaK pacipeAenuTs yITuHeHue TpyO Mol BIUsHIEM HarpeBa Al,
MCKIY OTACIBbHBIMU ONOpaMU HCIOJABUIKHOI'O 3aKPCIJICHUA, YTO IIEpEME-
HICHUS TPYO, YCHITUS ¥ HalPSOHKEHUs] B HUX He OyayT MPEeBbIIIATh JOMYCTH-
MBIX 3apaHeC 3a/IaHHbIX BEJIMYUH.

Haubonbiiee npuMeHeHHe UMEIOT TUIOCKOCTHBIE [-00pasHble C mpsi-
MBIM HJIH TYIIBIM YTJIOM MTOBOpPOTa, Z-00pa3HbIe ¢ TPEMsl pacueTHBIMHU y4a-
CTKaMH, Z-00pa3Hble ¢ TPEeMs Y4aCTKaMH, PaclojOKEHHBIMU B TPeX pas-
JIMYHBIX IJIOCKOCTSIX CAMOKOMIICHCHPYIOIIHECS CXEMbI TPYOOIIPOBOIOB.

I'-o0pa3nas cxema (puc. 5.6) nmomyumnina HauboJIee MUPOKOE MPUMEHE-
HHE.

B mpuBeneHHbIX HIKE QopMyaax Meroaa ympyroro meHtpa: /; u [ —
JUTMHA TPSMBIX Y4acTKOB; R — pamuyc u3ruba oTBoja; ys U Xy — OCH KOOp-
AWHAT ¢ HA4YaJIOM B TOYKE § — YIIPYIOM LHEHTPEC, X U )5, M — KOOPAUHATHI
LIEHTpa YIPYrOCTU B CHCTEME BX)y C HA4aJIOM KOOPJMHAT B TOUKE B:

x, = (0,517+ LR + 0,5R*/k)/L,,; (5.43)
¥, =(0,57R*/k + 0,512+ LR)/ Ly, (5.44)
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rac npuBE€ACHHAd JJIMHA OCU!:
an = ll + 12 + 1,57 R/k, M, (545)

= | [1 = }’lR s Y
MOMEHT WHEPLUUHM OCEBOM JIMHUU Iy
OTHOCHTEILHO OCH X: %A B X
L, =035Rk+ 15 /k+ R+ =
+ lsz - an ygz > MS’ (5‘46) Xs ‘PX ’

Xs

PR

MOMEHT HMHEPLHH OCEBOW IIMHUM I
OTHOCHUTEINBHO OCH Y.

Ly=0F/13+ R+ 1R+ CHE——
4 0,35R3/k—Ln,, xsz ’ M3; (5.47) Puc. 10.6. Pacuernas cxema

I'-00pa3HbBIX TPYOOIPOBOIOB
HEHTPOOSKHBIH MOMEHT HMHEPIIUH
OCEBOM JINHUM [, OTHOCUTEIIBHO OCEH X U Yy

L

Ly =0, 07R/k — Ly X s, M. (5.48)
Cuns! ynpyroro ornopa P, u P,
EI(AL, A, Al
P.= ( o) , H; (5.49)
Iulys - Ixyy
EI (Al I +AlL 1)
P, = , H, (5.50)
Iulys - Ixyy

riae Al, — TemnepaTypHOe YAJUHEHNE y4acTKa /| B HAIIPABJIICHUU OCH X, M;
Al, — TeMnepaTypHO€ YAJIMHEHHE yJacTKa /, B HAallpaBI€HUU OCH ), M
M3rudarommii MOMEHT:
B ceueHuu A

M, =Pl + R—x,) — Py,, Hwm; (5.51)
B ceueHuu C
Mc = P(l,+ R~y — Pyx,, Hm (5.52)
B ceucHUu B
Mg =P, (ys—0,29R) + P(x,— 0,29R) , H-m. (5.53)
KomneHcannoHHoe HanpshkeHue u3ruda G, Ha IpSIMOM Y4acTKe:
=M/W. (5.54)
Ha U30THYTOM:
O =M3m1/W, (555)
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rae m; — Ko3Q(QUIMEHT KOHLIEHTPAIK HapsHDKeHWH; W — MOMEHT comnpo-
tuBjieHus (Tabm. [116).

Pacuerst mo dopmymnam (5.43)...(5.55) mokasbIBarOT, YTO MaKCHMallb-
HbIE U3TMOAIOIINE MOMEHTBI M HANPSHKCHHs BO3HUKAIOT B ceueHusix 4 u C
Ooree KOPOTKOTO y4acTKa B CIydasix, Korjaa 8 > n > 2 npH JitoOoM COOTHO-
mennu n/p, tae n =0/R; p = L/R.

VYuuTteiBas, 4To 1o Teopur KapmaHna Ha M30THYTHIX ydacTKax TpyO u3-
rubaronye HANPSDKEHUST YBEIMYMBAIOTCS 110 CPABHEHHUIO C MPSMBIMU y4a-
CTKaMH, CIIeIyeT IPOBEPATh MPOYHOCTh B cedeHUH B 1o Gopmyrie:

G:( =M3m1/W, (556)

U B T€X ciy4asx korja My MeHblue, yeM M, unu M.

Hus TpyOonpoBogoB ['-00pa3Hoi koH(UTrypalluu € JJIMHHBIMU TIPsi-
MBIMH Y4aCTKaMH, JIOMIOJHUTEIIbHYI0 THOKOCTh OTBOJIOB MOXKHO HE YUUTHI-
Bath, ecii [} win [, 6ombiie (10...15)R. Torma dopmyinsr (5.43)...(5.55)
CYIIECTBEHHO YIPOIAIOTCS:

3 3
I, =025 (5.57)
3 n+l
343 443
h,= 2l 02k (5.58)
3 n+l
Lys = 025071 /(n + 1); (5.59)
x,=nh/Q2n + 1)); (5.60)
vy = (nly + 1/2)/(n + 1), (5.61)

raen = lz/l].
Cwiel P, u P, Beruncistores no ¢opmynam (5.49), (5.50). Makcu-
MaJIbHBIN M3ru0aroNMii MOMEHT Ha HEMOABM)KHOM OMOpe KOPOTKOTO T1JIeya;

MA = PJ; —Py(ll —xs). (562)

OkoHUaTeNbHYI0 NMPUTOAHOCTh MPEIBAPUTEIBHO MPUHATHIX MpPU IpPO-
€KTUPOBAHUU PA3MEPOB MPSAMBIX M HU30THYTHIX Y4aCTKOB CAMOKOMIIEHCHU-
pYIOIUXcs TpyOOIPOBOIOB CieqyeT IPOBEPSTH MOCIE ONPEAeNeHUs Gy 10
BBIILIETIPUBECHHBIM (POpMYyJiaM, TOIyYEeHHBIM U3 YCIOBHS MPOYHOCTH MPH
OJIHOBPEMEHHOM JICHCTBUH BCEX HArpy30K.

B o01iem Bujie 3TO YCIIOBHE BHIPAXKAETCS CIASTYIOIMM 00pa3oM:

P M?+M?
Yo, < Ry> £+ ¥ "¢ "% 45, (5.62)

F w
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rne R, — HopMaTuBHas BednunHa (cM. 1.5.2); P, — cuja TpeHHs B CaJbHUKE
KoMIIeHcaTopa; M, — u3rnbaronmii MOMEHT OT BECOBOH Harpysku; M, —
M3rubaromunii MOMEHT OT KOMITCHCAIIMH TEeMIIePaTypHBIX YUIMHEHUH; O —
HanpsbKEHUE OT BHYTPEHHEro NaBieHus 1o dopmyne (5.3); F — miomanb
CEUYeHHUsI CTEHKH TpyOompoBona; W — MOMEHT CONPOTHBIICHHSI TIONIEPEUHO-
ro ceueHus TpyOsI (Tabm. I116).

Jng BO3AYMIHBIX (HAA3E€MHBIX) MPOKIAJ0K CIEeNyeT JIOMOJHUTEIBHO
YUUTHIBaTh M3ru0aroliee HamnpsHKeHHe OT BETPOBOW HArpy3KH, JEHCTBYIO-
1EH B TOPU3OHTAIBHOM INIOCKOCTH.

5.6. Ycunus, nefictByonue B 0eCKaHAJIBHBIX TeNJIONPOBOAAX

B GeckaHalbHBIX TPYOOIPOBOIAX M3-3a CHIIbI TPEHUS B TPYHTE BO3HHU-
KalOT OOJIBIIME OCEBBIC YCHJIMS W HAINPSHKCHHS 332 CUET TEMIIePAaTyPHBIX
yannHeHni. K ToMy ke HeT BO3MO)KHOCTH MOMEPEYHbIX (110 OTHOLICHHIO K
OCH) TEpEMEIICHUH 3a)KaThIX OKPYXAIOUIMM TPYHTOM TPYOOIPOBOMIOB C
MOHOJIUTHBIMH TEIUIOU3O0JIIIMOHHBIMU 00070YKaMu (apMOIeHOOeTOH, Ou-
TYMOIIEPIIUT, MEHOIUTIacT u 1p.). [ToaToMy Ha yriax moBopota TpyOompo-
BOJa M B MECTax YCTaHOBKM [I-00pa3HBIX KOMIIEHCATOPOB HEOOXOIUMO
HperycMOTpeTh KaHaibl. OrpaHUUeHHON MOJBHKHOCTBIO TPYO B morepey-
HOM HANpaBJICHMH B KaKOW TO CTENEHH 00ianarT OeckaHajbHBIE TPYOO-
MPOBOABI C 3aCHIITHON TEMION30IIsuel — THAPOGOOHBIH, cCenapupOBaHHBIN
Men (TPOTEKCYNelT), achanbToU30i, YTO MO3BOJSET YACTHYHO HCIIONIB30-
BaTh ISl CAMOKOMIICHCAIIMU TEMIIEPATypPHBIX YUIMHEHUI TPYO YIJIOBBIC,
OeckaHaJIbHBIE YYaCTKH TPYyOOIpPOBO/IA.

TeopeTnuecku CUIbI TPEHUs B IPYHTE P, MOTYT OBITh ONpPEAENIeHBI 10
dhopmynam:

P,,=Ntgo; N=pHnD,n, (5.63)

TJIe p — IIIOTHOCTH IPYHTA, KI/M’; tgp — KOd((UIMEHT TpeHus rpyHTa; H —
3ariry0JieHne 10 BepXa TEMIOM30JIIIIUOHHON KOHCTPYKIIMK TPYOONpOBO/a,
M; D, — HapyXHBIH TUaMeTp TemIon30suuu, M; 7 = 1,2 — koo duunent
Meperpy3KH.

dopmyna ans nonepedHol cuibl N Ui TpyO Majioro U CpeaHero Jaua-
METPOB, ISl KOTOPBIX WHTEHCHBHOCTH BEPTHUKAJIbHOTO JIABJICHUS TPYHTA,
OTHeceHHast K 1 M JIMHBI TpyOonpoBoaa p = pH paBHa UHTEHCHBHOCTH
rOpU30oHTaNBHOTO (O0KOBOrO) naBieHUs ¢. s TpyOompoBogoOB AMaMer-
poMm OGonee 250 MM clieAyeT yUMThIBATh HEPABEHCTBO ATHX JABJICHHM, TIPU
3TOM

N=7nD,n(p + q)/2, (5.64)

rie
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q = p(H + D,/2)tg*(45 — ¢/2). (5.65)

bonee TOYHO CHIIBI TPEHUS ONPENEIAIOTCS U3MEPEHUSIMHU Ha JEUCT-
BYIOIIX TPyOOIPOBOJIaX U CYHIECTBEHHO Pa3lWYHBI JUIS Pa3IMYHBIX Oec-
KaHAJIBHBIX KOHCTPYKIUI U MaTEPUAIIOB TEILJIOBOU U30JIALUH.

Mexay TeMmrepaTypHbIM YAJIHMHEHHEM OeCKaHAIBHOIO TPYOOIpoBOAa
Al, m mepenazoM Temmepatypsl Af CyHIECTBYET OIpelelicHHAs 3aBHCH-
MOCTh. B HayanbHBI TNEpHOJ HAarpeBa WJM OXJAXKIEHUS TEIJIONpPOBOJIa
TeMIlepaTypHble U3MEHEHHS AJTUHBI A/, BOSHUKAIOT TOJBKO Ha HEOOBIION
JIIMHE TpyO, HEMOCPelNCTBEHHO OKONo KomreHcaTopoB. C yBelnueHHEM
TEMIIEpaTypHOro mepenajga Af nepeMelieHus pacipoCTPAHSIOTCS HA BCHO
JUIMHY KOMIIEHCUpYyroLero yyacrtka L. ITpu atom TeMiiepatypHoe ycunue

P, = 0EA(F, (5.66)
CTAaHOBHUTCA paBHI)IM CHUJIC TpeHI/ISI:
Pmp :pmpLa

rze o — K03 (GUIUEHT JIUHEHHOTO TeMIIepaTypHOTo YIJIMHEHUS JJIsl CTaJIH;
E — Monyns ynpyroctu crany; F — IIOma s MONepeyHOro CEUeHUs CTEHKU
TpyObl; L — AnuHa y4yacTka TpyOOHmpoBOAa OT KOMIIEHCATopa 0 HEMo-
BUKHOW OIOPBI.

JanbHeitiee yBenuuenue Af, 0003HayaeMoil Af,,,,, HE BBI30OBET BO3-
pacTaHus TeMIepaTypHBIX YCHIIMH W HalpsHKEHUH B CTEHKax TPyOOmpoBo-
Jla ¢ KOMIIEHCATOPOM, T.€.

Pt = Pm])aEAtmax :pmpLa
OTKy/a
Atyax = pmpL/QEF. (5.67)

Ha puc. 5.7 a nokasaHa 3aBUCHMOCTb TEMIIEPATYpPHOro ycuwius P, oT

At, Ha puc. 5.7 6 — 3aBHCHMOCTbh KOMIIEHCHPYEMOTO YIJIHHEHHS TPyOOnpo-

BOJIa, HE BCTPEYAIOLIEr0 CONPOTUBIICHUS TPEHUS, ompenensiemoe Gopmy-
JIOM:

Al = oLAt. (5.68)

Kpusast ObB (c npsmbiM ydacTkoM HB) mpeacraBiser coboil 3aBucH-
MOCTh TEMIIEpPaTypHOro YAJMHEHHUS oT At uis TpyOompoBona, KOTOPOMY
HPENSTCTBYOT CWIBI B TpyHTE. B Touke b>, KOTOpas COOTBETCTBYET Afy,
ycwine P, JOCTUTaeT MaKCUMalbHOIO 3HAYEHUS, KOTOPOE B JAJILHEUIIEM
ocraercs mocTosHHBIM. Ha yuacTtke kpuBoit OF yivHeHus TpyOorpoBoaa
B 3aBHCHMOCTH OT TEMIIEPATYpHOro mepenajga Af IpoOUCXOIUT IO KBaJpa-
TUYHOM 3aBUCHMOCTH, TaK Kak A/, o 3akoHy ['yka Oyjer yMEeHbIIAThCS Ha
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BEIMYHMHY JepOopMalliy, BbI3BAHHON CHJIAMH TPEHUS W ONpeesieMoi Mo
dhopmye:

Ay = pu L 2EF, (5.69)
. Al, p i
b,
By )
BabAlos e
b Y. Al ’ = )
) 6

Puc. 5.7. I'paduk 3aBucumoctu P,,, Al, u Al, oT At Ui GeckaHATBHBIX TPYO

M3MeHeHue JuHbl yyacTka L U3-3a U3BMEHEHUs TeMIlepartypbl Ha Af ¢
Y4eTOM TIPOTHBOJICHCTBYS CHUJI TPEHHUSI ONpeessercs mno Gopmyiie:

Pupl’

Al = oLlAt— ———. (5.70)
2EF

Otciofa o M3BECTHBIM M3 OmbiTa Al 1 At onpezaernsieTcsi pacyeTHast HH-

TEHCUBHOCTH CHJI TPEHHS

2EF Al

mp = —— | At ——L |, 5.71

Pmy 17 ( 17 ) ( )

W3 rpaduka puc. 5.7 6 cnenyer, uro npu At u3MepeHHas Al, MEHb-
IIe TeOPETHUYECKOM, onpenenseMoii o ¢opmyne (10.68), Ha Tak Ha3bIBae-
MY HEJOKOMIEHCaIui0 (0Tpe30K npsiMoit b,b; Ha rpaduke), Koropas co-
craByser 50 % TeopeTHUECKOW BeIMUMHBI (0TPe30K mpsMoit Ob3).

Ha puc. 5.8 mpencraBieHo pacupeeneHne COXUMAIONUX OCEBBIX CHII
TpeHUs B OecKaHANBHBIX TPYyOOIPOBOJaX C TPEMs Pa3InUHbIMU BapHaHTa-
MH YCTAaHOBKH CaJIbHUKOBBIX KOMIIEHCATOPOB, COOTBETCTBYIOIIEE TIEPHOAY
Harpepa IpH yCJIIOBUH, YTO TEMIIEPATYPHBIN I€pena PEBbIIIAECT 3HAUECHUE
Atyax, OIpenensiemoe hopmyioii (5.67).

Haubonbime ycumus eicTBYIOT B MECTaX YCTaHOBKH HEMOIBHIKHBIX
ornop. 3HAYUTENTLHO MEHBIIIEE YCHIIHE ISHCTBYET HEMOCPEACTBEHHO Y KOM-
nencatopoB. Onpeznensiemble o ¢popmyse (5.26) CHITbI TPEHHSI OTHOCATCS K
HOPMAaJIbHO Pa0OTaIOIIMM KOMIIEHCATOpaM, HE WMEIOIIMM IEePEKOCOB M
3aemanuil B rpyHaoykce. [Ipu mepexocax oceil KOMIIEHCHPYEMBIX y4acTKOB
TPyOOITPOBO/Ia, BHI3BAHHBIX HEPABHOMEPHOM 0CAJIKOM OCHOBAHUS MO TPY-
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0aMu, HEM30©KHO BO3PACTAIOT CUIIBI TPeHUsl Py, He MOAaloIuecs Teope-
THYECKOMY pacuery.

H.D HO H O
t = f-= fo
L 7 L L k L

7 7 7
pl‘ +pK Qf‘ pL"‘pK 8
Puc. 5.8. I'padux pacnpenenenus cun P, B 6eCkaHaIbHBIX TpYOONPOBOJAX B
3aBHCHUMOCTH OT MPHUHATOTO CIOCO0A YCTAHOBKH KOMIIEHCATOPOB:
a) C OIHOCTOPOHHUMU KOMIIEHCATOPaAMMU; 6) C «IUT1aBarOIIMMMN» KOMIICHCATOPpaAMU;
6) C IByXCTOPOHHUMH KOMIEHCATOPaMH; —(—— KOMIIEHCATOP; 4£H.0 — HENOJ-
BIDKHAS — OIIopa

ITpu nonHOM oTKa3e pabOoTH! CAIbHUKOBOIO KOMIIEHCATOPA BO3MOXKHO
yBEJIMUYEHHE HANPSDKEHUH B CTEHKaX TPyO /10 OONBIION BETMYMHBI, PABHOH

to, = aFAtL

W3 mpexacraBiieHHBIX Ha pucC. 5.8 Tpex CXeM MPEUMYIIECTBO MPUHAJ-
JIGKUT CXEME C IJIABAIOIIMMHU KOMIIEHCATOpaMu, AJisi KOTOPOW pacyeTHas
CuJIa TPEHUS:

Pmp :pmpL/2
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OyzeT B IBa pa3a MEHBIIIE 10 CPAaBHEHHUIO C ApYyruMu cxemaMu. Eciu koM-
MEHCATOPHI YCTAHOBJICHBI B CEPEMHE PACCTOSHUS MEXKIy HElOIBHKHBIMU
OTOpaMH IO cxeMe pHc. 5 8 6, To BOSMOXKHO B JIBa pa3a YMEHBIIUTh KOJIU-
YECTBO YCTaHABJIMBAEMBIX KOMIIEHCATOPOB IO CPAaBHEHHIO CO CXEMaMH
puc. 5.8 amus.

Pexomennyemast pacueTHasi HHTEHCUBHOCTh TPEHHS MIPHUBEJCHA B TA0.
I115. Tlpu cooTBeTCTBYIOLIEM BBIOOPE AJIMHBI y4acTka L cymMMapHOe Ha-
MpsDKEHKE He TOJDKHO MPEBBIATh 3HaYeHUS R,.

s tpybonporosioB ¢ D, > 250...300 MM BBIOpaHHYIO IO pacueTy Ha
MPOYHOCTh JJMHY YYacTKa CIIeAyeT MPOBEPUTH IO YCIOBUIO COXPaHEHHUS
YCTOWYHMBOCTH TPYO Ha MpoaoibHbIN n3rubd. Kputnueckoe oceBoe ycuiue,
BBI3BIBAIOIICE MPONOJBHBIA W3O MpH HarpeBe TpyO, ompenensiercs Io

dhopmye:
P, =2 EIK , (5.72)

rie E — MOIynb ynpyroctu cranu, H/m”; I — MOMEHT MHEpIHH MOIEepEeuHo-
ro ceuenus Tpy6sl, M*; K — peakTUBHBI oTIIOp rpyHTa, H/M’.

Jyis cnaObIX BOJOHACHIIICHHBIX TPYHTOB K = 5-10* H/Mz, s TIecua-
HBIX CpelHEN IIoTHOoCTH K = 10° H/M?, 11 TI0THBIX, yTpaMOOBaHHBIX
rpynToB K = 5-10° H/M.

B cnyuasx, xorma P, < P, = oEAtF, 1 yBeIU4eHUs yCTONYMBOCTU
CIEAYET YMEHBIIUTh PACCTOSHUS L MEXy HENOABUKHBIMHU OIOPaAMH, KO-
TOpBIE MOT'YT OBITH OIpe/eNeHbl o Gopmyie:

_ [2m2E]
L= /—Pxp . (5.73)

VYcnoBue ycTOWIMBOCTH OECKOMITEHCATOPHBIX TPYOOIPOBOOB HA MPO-
JOJIHBINA U3TH0 TpeOyeT BHIMOIHEHUS YCIOBUSL:

Py > QEAL g F. (5.74)

B GeckommeHcaTopHOM TpyOONpOBOJE MPH HarpeBe JIEHCTBYeT Ha-
HPsSDKEHNE CXKATHs, onpeernsieMoe 1o hopmyoe:

6, = aEAl — pD,,/(43), (5.75)

rae O — TONIMHA CTEHKU TPYOBI; p — NaBJIEHHE TEMJIOHOCUTENS B TPyOO-
IPOBO/IE.
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ITo ycnoBusIM IPOYHOCTBUA MOKHO OIPEAEIHUTH JOIMYCTUBYIO IIPU JKC-
TUTyaTaliy TeMIlepaTypy HarpeBa Tpyo, NpuHUMas G; = R,:

Abyos = (Ro + 2251 )(aE), (5.76)
45

Eciu npoussectu pacyer nmo popmyse (5.76) npu 1aBICHUU TEILIOTO-
curenst p = 1,6 MIla, R, = 300 MIla B cpeanem nonydaercst A, = 130 °C.

CretoBaTesbHO, TIPH TEMIIEpPATYpe Bo3ayxa mpu Moutaxke -30 °C Ha-
rpeB TpyO Mpu SKCIUTyaTal[d MOXeT gocturate 10 ¢ = 100 °C, a mpu Ha-
rpese TpyO B mepuoja MoHTaxa j10 25 °C temmeparypa TeIUIOHOCUTENS MO-
KeT ObITh yBenuuena 10 150 25 °C.

YcnoBue ycTOWIMBOCTH OECKOMITEHCATOPHBIX TPYOOIIPOBOOB HA MPO-
JOJIGHBINA U3TH0 TpeOyeT BHIMOIHEHUS YCIOBUSL:

P, <Py, (5.77)

rae P, = oaEAt . F.

Pacuerbl moka3sbiBaroT, 4To 3TO yciaoBue ( ¢ koddduimenToMm 3amaca
1,5 u Oosee) BBIOTHATCS AJsl BCex TpyOompoBonoB nuamerpoM 200 MM u
Beiie. TpyOonpoBoabsl auamerpoM 150 MM ¥ MeEHbIIle, HarpeBaeMbie Ha
100 °C u BbiIIIe, TPEOYIOT YCTAHOBKH KOMITEHCATOPOB.
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HNPUJIOKEHUE

Tabnuya I11
Kiaumarosiornyeckue faHHbIe HEKOTOPBIX ropoxos P®
T TemnepaTypa Hapy>KHOTO BO3/IyXa
HocTb Ororm R m CPETIHSISI3A OTO -
| oo | o | oo | i
MOCALIA
AKTHOOHHCK 4870 31 21 -15,6 -7,2
Amvia-Ata 3980 -25 -10 -7.4 2,1
ApxaHrensek 6020 -32 -19 -12,5 -4,7
Acipaxarb 4130 22 -8 -6,8 -1,6
Baprayn 5260 -39 23 -17,7 -8,3
Bpsmex 4940 -24 -13 -8,5 -2,8
Bramsocrok 4820 -25 -16 -14,4 -4,6
Boporex 4780 -25 -14 9,3 3,4
Barrorparn 4370 -22 -13 -9,2 -3,4
MBaroso 5210 -28 -16 -11,8 -4,4
Mpryrex 5780 -38 -25 -20,9 -8,9
Kazanb 5230 -30 -18 -13,5 -5,7
Keparanm 5090 -32 -20 -15,1 -7,5
Kues 4490 -21 -10 -5,9 -1,1
Kpacrospex 5640 -40 =22 -17,1 -7,2
Cavapa 4940 27 -18 -13,8 -6,1
CATerepGypr 5260 -25 -11 -7.9 2,2
Mocxsa 4920 -25 -14 -9,4 -3,2
HosocrGrper 5450 -39 24 -19 9,1
Omcx 5280 -37 23 -19,2 -7,7
OpeHOypr 4820 -29 -20 -14,8 -8,1
Opcx 4900 -29 21 -16,4 -7.9
ez 4940 =27 -17 -12,1 -5,1
Tepve 5420 -34 -20 -15,1 -6,4
Caparos 4750 -25 -16 -11,9 -5,0
VrbsHOBCK 5110 -31 -18 -13,8 -5,7
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Tabruya 112

OCHOBHBbIE JHEPreTHYEeCKHe MOKA3aTeI! TeII0()MKAIMOHHBIX TYPOHH

Tun TypOuHBI
=) =
= Q i S
Iokasarenu S S & S
A D — &
o 2 S 2
' = IS
3 = e D
MomHuocTts, MBT:
- HOMHHAJIEHAS 25 55 105 250
- MAKCHMaJIbHAS 30 60 120 300
JlaBnenue cpexero mapa, MIla 8,83 12,75 12,75 23,5
Temneparypa cBexero mapa, °C 535 565 565 540
Pacxon cBexero mapa, Kr/c:
- HOMUHAJIbHBIH 35,8 71,1 127,8 2514
- MAKCHMAJILHBIH 44,4 73,6 1292 258,3
Ipemensl perynupoBaHus JABJICHUS B
orbopax, MIla:
- B BEPXHEM OTOIUTEIEHOM 006-025 006025 | 006-025 | 006-020
- B HIDKHEM OTOIHUTEIHLHOM 005-020 005-020 | 005-020 | 005-025
TemnoBasi ~ OTONUTENbHAsE  HArPy3Ka,
MBt(I'kan/q):
- HOMUHAJIbHAS 107(92) 110(95) | 195(168) | 384(330)
- MaKkCHMaJIbHasI 107(92) 116(100) | 206(177) | 384(330)
Temreparypa nuTaTenbHoN Bofbl, °C 230 232 232 263
KonugectBo 0T0OpOB ISl mOOrpeBa 6 7 7 7
MTUTATEILHON BOJBI
Tabruya 113

OcHoBHBIE HepreTHYECKHe MOKA3aTeJIM NAPOBBIX NPOTHBOAABICHYECKHX TYpPOUH

IMoka3aTelnb Tomt Typ6uHBL
P-50-130/13 P-100/105-

130/15

MomHuocTts, MBT:

- HOMHHAJIEHAS 50 100

- MaKCHMaJIbHast 60 107

JlaBnenue ceexero napa, MIla 12,75 12,75

Tewmmeparypa cBexero mapa, °C 565 565

Pacxon cBexero mapa, Kr/c:

- HOMUHAJIbHBIN 130,5 211

- MaKCUMAaJTbHEIN

[Ipenensl  perynupoBaHus MPOTHBOAABICHUS, 1,0-1.8 12-1.8

MlIla

HomMuHanbHEI pacxol mapa noTpeOuTeto, Kr/c
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OcHoOBHBIE JHEPreTHYEeCKHe MOKAa3aTe Il TYpOuH
¢ IByMsl peryJiipyeMbIMH 0TOOpaMu napa

Tabruya 114

Tun TypOuHBI

o o 7
= | 2| s |2
IokaszaTenn C?,\ > A >
e 0o Ne] S
S s | 2] 2
= |
= = @ ®
= D E
MomHuocTts, MBT:
- HOMUHAJbHAS 25 (30) 50 135 80
- MaKCHMaJbHasI 30 (35) 60 165 100
JlaBnenue cpexero mapa, MIla 8,83 12,75 12,75 12,8
Temmneparypa cBexero napa, °C 535 565 555 555
Pacxop cBexero mapa, Kr/c:
- HOMHUHAJILHEIT 44,4 76,1 208,3 130,6
- MAKCHMaJILHBIH 52,8 83,3 211,1 130,6
Ipenmensl peryiupoBaHUs TABICHUS B
orbopax, MIla:
- IPOU3BOACTBEHHOM 08-13 05-10 12-21 1-16
- BEpXHEM OTOIUTEIHHOM - 006-025 009-025 005-025
- HIDKHEM OTOIHUTEILEHOM 007-025 | 005-020 04-012 | 003-010
TerutoBast Harpy3ka:
— TIPOU3BOJICTBEHHAS] HOMUHAJL., KT/C 194 328 889 514
— OTOMNHTEIbHASI HOMHUHA., KI/C 147 60 609 -
— 10 xe, MBT (I'kain/a) - 46,6(40) 128(110) -
— TIPOU3BOJICTBEHHASI MAKCHM., KT/C 347 444 1083 833
— OTOIMTEJILHAS] MAKCHUM., KI/C 256 60 775 556
— 10 %, MBT (I'kaur/a) — — 1629140) —
Temreparypa nuTaTebHoN Bogbl, °C 218 230 232 249
KonugectBo 0TOOpPOB uisi momorpesa 6 7 7 7
MMUTATEILHON BOMIBI
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Tabauya I15

XapaRTepI/ICTI/IKI/I CTPOUTEC/IbHBIX MAaTCPHAJIOB

Koadpdrmment
[TnorHOCTH TEIUIONPOBOAHOCTH TIPH
HanmenoBanue B CYXOM YCITOBHSIX DKCIUTYaTAINH
MaTepuaia COCTOSTHUH, Awnma b,
p, Kr/m’® A, Br/(M-K)
1y
1 2 3 4
OCHOBHOI KOHCTPYKTHBHBIH CJ10M HAPY’KHOM CTEHbI
TI1OTHEBIN CHIIMKATHEINA OETOH 1800 0,99 1,16
Kupnug Ke}gaMI/I‘ICCKI/IfI 1200 0,33 0,42
ITyCTOTEJIBIN
Iem306€TOH 1600 0,62 0,68
KepaM3nTo0€eTOH Ha KBapIEeBOM 1200 0,52 0,58
ecke
Kupnny KkepaMu4ecKuii MOJIHOTEIbIH 1800 0,57 0,69
IMepautobeToH 1200 0,44 0,50
Slaencroie ra3o- ¥ MeHOOETOH 1000 023 025
(6110kM)
Kupnua xkepamudeckuit
ITYCTOTEIIBIA Ha IIEMEHTHO- 1400 0,64 0,76
TIeCIaHOM PacTBOpe
Kupnua xkepamudeckuit
ITYCTOTEIIBIA Ha IIEMEHTHO- 1300 0,4 0,47
TIEPIINTOBOM PacTBOPE
[InaxkoBbIf KMPIHY U KAMEHb HA 1500 0,64 0,70
[IEMEHTHO- [IECYaHOM PacTBOpPE
Tenion30JIs1 11 OHHbIN CJ10ii HAPY/KHOI CTeHbI
[lenomonmyperan 75 0,03 0,03
[lenomonmucrupon 100 0,041 0,052
Martsl MHHEpaIOBaTHBIE
npomuBHee (TOCT 1880) 7> 0,06 0,064
ROCKWOOR (mmutsr) 100 0,045 0,045
MuHepaioBaTHBIE IIATHI 90 0,042 0,045
nonmyxectkue [1-125
Tenion30/Is11IMOHHbIN €101 YepAa4YHOro NepeKpbITUs

ROCKWOOL (matsr) 50 0,047 0,047
[lenomonmypeTaH (HaBUIIEMBIiT) 45-70 0,028 0,028
Ba3aHBTOB§ﬂ H3O0JISIIHS 40 0,038 0,044
«TepmonaiTy (MINTH MATKHE)
CTeKITHHOE MITaleIbHOe BOIOKHO
«Dmaiinep- YynoBo» 45 0,045 0,045
(mmta [1-45)
Martsl MHHEpaIOBaTHBIE 50 0,052 0,06
MPOIINBHBIC
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TIpooonxcenue madbruyer 115

1 2 3 4
Tenon30/Is1IMOHHbIN CJI01i NePeKPLITUS HAJ II0ABAJIOM
[enomonmuctupon 40 0,041 0,05
[enomonmucrupon «IleHOTUIEKCY 43 0,031 0,032
[NenomnacT(mmuTH,
40 0,041 0,06
I'OCT 20916)
[NenomnacT(mmuTH,
50 0,05 0,064
I'OCT 20916)
[lenomonuyperan 45-70 0,028 0,028
OO0MI0BOYHBI CJI0i HAPYKHOI CTEHbI
Kupnuu cunukaTHbli Ha
LIEMEHTHO-TIECYaHOM 1300 0,50 0,61
pactBope
Kupnuu xepamugeckuii
1200 0,33 0,42
IIyCTOTENbINA OAUHAPHBII
Kupnuu xepamugeckuii
1650 0,64 0,73
MIOJTHOTEJIBIM OAMHAPHBII
Cmansra 2500 0,76 0,76
IMapousoasinus
Py6eponn  (I'OCT 10923),
nepramue (TOCT 2697), Ttonb 600 0,17 0,17
(I'OCT 10999)
burym HedTAHON KpOBEIBHBII
y ey P 1000 0,17 0,17
(T'OCT 6617)
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YaenbHas Teniooraaya TpyoonpoBonos

Tabnuya 116

(¢ — BepXxHssl, ¢, — HIKHAS) CHCTEM BOASTHOT0 OTOILIeHUsI, BT/M

Ir—t, Y cnoBHBIH uamMeTp TpyObl, MM
°C 10 15 20 25 40 50
40 22 28 36 44 56 64 79
31 38 46 57 74 77 93
45 25 34 42 52 65 74 93
36 44 55 68 86 88 107
50 30 38 47 59 74 85 106
41 50 60 73 91 100 122
55 34 43 53 67 84 96 120
46 57 68 82 101 113 138
60 38 47 59 74 94 107 134
52 63 77 92 114 127 155
65 42 53 66 83 105 119 149
57 70 85 102 125 141 171
70 46 59 74 93 117 132 165
63 77 93 113 138 155 187
75 51 65 81 101 128 145 180
68 84 102 123 151 168 205
30 56 71 88 110 139 158 196
75 92 109 134 164 184 223
85 60 77 96 120 151 173 214
81 100 120 145 178 198 242
90 65 82 103 130 164 186 231
87 107 128 156 191 214 260
95 71 89 112 138 175 200 250
93 115 138 167 204 229 280
100 75 95 120 149 188 214 268
101 122 149 180 222 246 300
105 81 101 129 159 202 230 287
107 131 159 194 237 265 322
110 86 108 136 169 207 235 295
113 139 169 205 244 271 330
115 91 115 144 180 222 253 315
120 147 180 219 260 291 354
120 98 122 154 192 226 257 321
128 156 191 233 266 295 360
130 99 123 156 194 244 278 348
131 159 194 234 289 320 390
t; — TeMIIepaTypa TeIUIOHOCHTEIIS; 1, — TEMIIepaTypa BO3Iyxa
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Tabnuya 117
Tun u xXapakTepucTUKAa 0TONUTEIBLHBIX IPHOOPOB

Homunanbnas Jmuna
TEeIU1oBast OJTHOTO
Tun oronuTensHOrO MPUOOpPa MOIITHOCTb JJIEMEHTa
OJTHOT'O BJIEMEHTa | TpHubopa
Quam BT la MM
PanimaTopsl YyryHHbIE CEKIIMOHHBIE
MC-140-108 185 108
MC-140-98 174 98
MC-90-108 150 108
MC-140-A0 178 96
M-140-A 164 96
M-90 140 96
PanuaTop anroMuHUEBBIN
«Extra Thermy 151 80
Panuarop Oumerammaeckuii «RiFar 204 80
PanuaTop nanenbHbIN CTAIBHON
OJTHOPSITHBIE!
PCBI-1 504 538
PCBI-2 676 724
PCBI-3 850 910
PCBI-4 1025 1096
PCBI-5 1199 1282
JIBYXPSITHBIE
2 PCBI-3 1475 910
2 PCBI-4 1799 1096
2 PCBI-5 2083 1282
KoHBeKTOp HAaCTEHHBIN C KOXKYXOM
«YHusepcan» (KoHIEBOH0
KH20-0,4x 400 500
KH20-0,479x 479 600
KH20-0,655x 655 500
KH20-0,786x 786 600
KH20-0,918x 918 700
KH20-1,049x 1049 800
KH20-1,18k 1180 900
KH20-1,311xk 1311 1000
KH20-1,442x 1442 1100
KH20-1,573x 1573 1200
KH20-1,704x 1704 1300
KH20-1,835k 1835 1400
KH20-1,966x 1966 1500
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Tabnuya I18
YcioBHBI K03 GUIMEHT TelionepeAaYd HEKOTOPbIX

OTONMTEJILHBLIX NpUdOpoB — k,, ,, Br/(M*K)

PanuaTtopsl ’E Kounsektop o
B = = S S 3 )
EE |BE |FE |88 £ 2 | E5s | T
== == T &@ % = O =
g = 3 a4 g a4 = £ g =% &
> 2 58 S G g B = X & & =
S5 | E& s | & 2 g |« <
=) § O E R = = © )
,5..11,3110,5...11,5|7,5...11,6| 10,5...14 | 4,7..7 4,7..7 14,7..55| 9..35
Tabnuya 119
Ko3¢gdpuuueHTH MECTHBIX CONMPOTHBJIEHUI
MecTHoe conpoTHBieHHe S TIpH YC/IOBHOM 1Ip (,)XOHC TPYO, MM
10 15 20 25 32 40 50
Paauatop ceKUMOHHBII 2 2 2 2 2 2 2
Paamarop cra/ibHOil NnaHe IbH bl 03] 06 2 5.3 — - -
Kousekrop «VHusepcai» 07|16 | 54 |144]| - - =
Tpoiinuku:
NPOXOIHbIE !: 1 1 1 1 1 1 1
MOBOPOTHBIE HA OTBETBJICHHE L3 LSS | La| 1,5 55 | i,5

Ha IIPOTHBOTOKE |? 3 3 3 3 3 3 3

KpecroBuusi:

NpOXOaHbIE ::'— 2 2 2
IIOBOPOTHBIE "-_;l_ 3 3 3 5

3]
tJ
3% ]
(B8]

3 3 3
Bentunu obbikHOBeHHBIe—><F—| 20 | 16 | 10 9 9 8 7
Kpaue! npodkossie A 5 5
IPOXOAHbBIE el : i = & = e
Kpanb! 1BOIHOIM peryImposkn _
€ UMJIMHAPHY eCKOil npodkoit 5 - 2 2 2 - -
3a1BH KK Napal/leibHble —><}—| - - - |05(105]05] 0,5
Oreoae1 90°myrka L — | 2 | 1,5 ] 15 1 1 0,5 | 05
Orsoas! 135° N 1 10,75]0,75| 0,5 | 0,5 ] 0,25 0,25
Cxobbl — N - 3 2 2 2 2 2

BozayxocSopHuk ——F

G
i
8
A
'.'I.
i

222



LOO. "0T B 0] HIrBLD ‘g 1) ‘IOT "1 “WOSI NMBA

D MItH

a

g ¥ 'V MunAdi ‘47 -9698 1LOO.1 'V euukdl ‘9.-90L01
Aatr > orndeEo0diNoIe AMHALELY — W 001 1—00% = °P KT *£8-€€28 LOO

H [3-1€L8 LO0J "0T H Q] HURLD ‘UDE 1) ‘WO "1 “OMHERIENOHWOKOX H IMHRLEOREdOI 9MHEOMIONY — WW 00p—C¢ = p ¥urr 0AdL muin wendarepy - SNESLIWRAYY

A3

N ‘“ 501 FHHOIAKIOAN00 1BONOW HMHIreBdoLEDIC

00STZ  00E9T 00911 0088 OS6L 000S OWOF OVWLZ OSLI  OIZE 026  OIEl

0000091 0000001 0000S9 0000Sy 000 S9E 000SOT 000 SY1 00008 0009% 0006Z 00S61 000 8T M 701 Mandouy 15anom yraredossic
Ly £8'c e LT 08T st 81T L6 991 ISt bET vEl g rosoduogAdy rmmA w | atoomxdosoyf
00ES1  00THL Ov¥6  O¥BL 0989 0C0S OSS8E€ OS6Z OLOC S691 OSEl  OIEl M 4,01 K138 8 kKoL) QokndaTON HTrUmOLT]
[4:14 Siy 743 86T W 00z yLl LE1 €01  S08 0T9 96 i ‘9AdL W | eooR
1 ¥ 14| Al 1 ot o1 6 8 L 9 6 WK ‘Q IMHOLD SHHIIO .
T6€E1 7611 9601 966 868 008 0oL TI9  vIS 9%  pivy  80¥ WR “p drowenyr yunEodikEg
otyl 0zz1 ozl 0701  0T6 03 0L 059 0eS 08y 9Ty 9Ty Wi “p dioweny yruoxAdey
00¥1 001 0Ll 0001 006 008 0OL 009 00S Osy OOF OOV WH “°p woxodu ymuso
9 sz ¥ 71 © 1z 0z 6L 8L L1 91 st 1

11 “ocorndu annphHOY()

0s6 sv9 ¥88  OIZ  6TE  I'TB IS TSE I8l 1Tl $89  TSE €67 | ¢ Hg01 vHBOranoduod wmowon yrnirendoeag

00081 00S01 0SZS O00ET OSTI €59 666 061 S08 9  S61  06L Tv'p M 7401 Wtidou Lianow yriwrendotrnig
81 T01 0980 8890 0190 6650 BIYD 6EE0  6LT0 SETO 6LID IMEO 6110 ¢ ‘wrosoduogAdy rmai M | rootrdogol)
0201 vSL LTS ¥EE 19T LU €11 98L  ¥es S8 vor  9u T3 M 4,01 A1982 @ 52019500 uoHEAdSLION AIEHONT]
‘18§79 L9y SUE Tee TL LT Tol €L ¥'s o'y 9'c ST i ‘MOAdL W | BooR
6 08 0L 09 05 sY 0v O 0¥ 0¢ 0 ST ST WA ‘Q HYHALD BHHHIIO],
65 60E 65T LOZ ¥31  OSI szt o0l T8 oL s oy €€ WK “p droweny yunroding
LLE  sTe €T eIt w6l 651 €€1 801 68 oL Ls Sy 8¢ W “p diawent yrioxAdey
OS€ O0E  0ST 00z SLI __OSL_ Sz 00l 08 oL 0s o (43 O “p woxodu yrngordg
p1 €1 T 11 o1 6 3 L 9 s ¥ £ z 1

0111 vhnrgn

IMAIFEL) MoAd]

223



Tabnuya 1111
TunopasMepsl KOMIIEHCATOPOB 110 puc. 10.6

D,, H, b, c, d, e, IA R, IR L*, Al
MM M MM MM MM MM MM MM MM M MM
0,6 | 1200 | 500 | 200 | 100 | 150 | 200 | 314 | 2,05 50
50 0,8 | 1200 | 500 | 400 | 100 | 150 | 200 | 314 | 245 70
1,0 | 1200 | 500 | 600 | 100 | 150 | 200 | 314 | 2,85 | 100
1,2 | 1200 | 500 | 800 | 100 | 150 | 200 | 314 | 3,25 | 120
1,2 ] 2600 | 1100 | 300 | 200 | 300 | 450 | 707 | 428 100
100 1,6 | 2600 | 1100 | 700 | 200 | 300 | 450 | 707 | 5,02 | 150
2,0 | 2600 | 1100 | 1100 | 200 | 300 | 450 | 707 | 5,82 | 250
2,4 | 2600 | 1100 | 1500 | 200 | 300 | 450 | 707 | 6,62 | 280
1,5 12970 | 1310 | 440 | 250 | 300 | 530 | 832 | 5,08 | 100
125 2,0 12970 | 1310 | 940 | 250 | 300 | 530 | 832 | 6,05 | 180
2,5 12970 | 1310 | 1440 | 250 | 300 | 530 | 832 | 7,05 | 260
3,0 {2970 | 1310 | 1940 | 250 | 300 | 530 | 832 | 8,05 | 310
1,8 | 3520 | 1560 | 540 | 300 | 350 | 630 | 989 | 6,03 | 120
150 2,4 | 3520 | 1560 | 1140 | 300 | 350 | 630 | 989 | 7,23 | 220
3,0 | 3520 | 1560 | 1740 | 300 | 350 | 630 | 989 | 843 | 280
3,6 | 3520 | 1560 | 2340 | 300 | 350 | 630 | 989 | 9,63 | 350
2,4 | 4600 | 2100 | 700 | 400 | 400 | 850 | 1335 | 7,94 | 160
200 3,2 | 4600 | 2100 | 1500 | 400 | 400 | 850 | 1335 | 9,64 | 240
4,0 | 4600 | 2100 | 2300 | 400 | 400 | 850 | 1335 | 11,14 ] 350
4,8 | 4600 | 2100 | 3100 | 400 | 400 | 850 | 1335 | 12,74 | 420
3,0 | 5500 | 2500 | 1000 | 500 | 500 | 1000 | 1571 | 9,78 | 200
250 4,0 | 5500 | 2500 | 2000 | 500 | 500 | 1000 | 1571 | 11,78 | 310
5,0 | 5500 | 2500 | 3000 | 500 | 500 | 1000 | 1571 | 13,78 | 400
6,0 | 5500 | 2500 | 4000 | 500 | 500 | 1000 | 1571 | 15,78 | 600
3,6 | 6800 | 3100 | 1100 | 600 | 600 | 1250 | 1963 | 11,85 | 260
300 4,8 | 6800 | 3100 | 2300 | 600 | 600 | 1250 | 1963 | 14,25 | 400
6,0 | 6800 | 3100 | 3500 | 600 | 600 | 1250 | 1963 | 16,65 | 500
7,2 | 6800 | 3100 | 4700 | 600 | 600 | 1250 | 1963 | 19,65 | 680
4,2 | 8100 | 3700 | 1200 | 700 | 700 | 1500 | 2355 | 13,92 | 320
350 5,6 | 8100 | 3700 | 2600 | 700 | 700 | 1500 | 2355 | 16,72 | 470
7,0 | 8100 | 3700 | 4000 | 700 | 700 | 1500 | 2355 | 19,52 | 640
4,8 | 9600 | 4400 | 1200 | 800 | 800 | 1800 | 2827 | 16,10 | 300
400 6,4 | 9600 | 4400 | 2800 | 800 | 800 | 1800 | 2827 | 19,30 | 410
8,0 | 9600 | 4400 | 4400 | 800 | 800 | 1800 | 2827 | 22,50 | 600
6,0 {11000 | 5000 | 2000 | 1000 | 1000 | 2000 | 3142 | 19,56 | 350
500 8,0 {11000 | 5000 | 4000 | 1000 | 1000 | 2000 | 3142 | 23,56 | 500
10,0 | 11000 | 5000 | 6000 | 1000 | 1000 | 2000 | 3142 | 27,56 | 650

*[, — BBINPSIMIICHHAS JJTHA KOMIICHCATOPA;

Al — KOMIIEHCHPYIOIIast ClIOCOOHOCTh, MPH YCIOBHHU MPEABAPUTEIBHON PaCTSDKKE TPU MOHTaXE Ha
ALJ2.

Jlonyckaemblie pabouee nasienue jo 2 MIla, temnepatypa jgo 200 °C
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Tabnuya 1112
Ocessble cuibl P, kH, n1s1 I1-06pa3HbIX KOMIIEHCATOPOB € THYTBIMH
orBogamu npu Al, =1 cm

Bruter YcnosHelit auamerp Tpy6 D,, MM
KOMIIEH-
czroaa 80 100 150 200 250 300 400 500
1,5 0,3 0,6 0,9 2,0
2,0 0,18 0,3 0,6 1,8 3,0
2,5 0,1 0,2 0,4 1,0 2,0 3,0
3,0 0,08 0,12 0,25 0,6 1,2 2,0 3,0
3,5 0,1 0,2 0,5 0,9 1,4 2,0 3,0
4,0 0,08 0,15 0,3 0,7 1,0 1,8 2,2
5,0 0,05 0,1 0,2 0,4 0,6 0,9 1,4
6,0 0,12 0,25 0,4 0,6 0,9
7,0 0,10 0,20 0,3 0,45 0,6
8,0 0,08 0,15 0,2 0,35 0,5
9,0 0,05 0,10 0,18 0,25 0,35
10 0,08 0,12 0,2 0,3
IlpuBeneHHbIe B TaONMIe BEIMYMHEI P, CleAyeT YMHOXHTH Ha PACUCTHYIO BEIUYHHY
yuIMHeHHs TpybomnpoBona Al,, cM

Tabruya 1113
Komnencupywmas cnocodnocts Al,, M, [1-00pa3HbIx
KOMIIEHCATOPOB C THYTHIMH OTBOJIAMH

Bruter YcnoBHbli quamerp Tpy6 D,, MM
KoMHeH- 200...
caropa | 50...80 100 150 250 300 400 500
H ™M
1,5 110 140
2,0 250 250 160 150
2,5 330 280 220 180 160 140
3 400 350 280 250 200 170 140
3,5 500 450 350 300 250 200 170
4 500 420 350 310 250 200
5 550 450 400 320 260
6 600 500 410 350
7 600 500 400
8 600 500
9 570
10 650
CocrasieHo npu 6 = 160 MIla ¢ yueToMm npensapuTebHON MOHTaXKHOH PacTsKKH KOMIIEHCATOPOB
Ha 50 % pacueTHOro TeMIepaTypHOro yIIMHEHHs TpyOonpoBosa
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Tabnuya 1114

Komnencupywmas cnocodnocts Al,, M, [1-00pa3HbIx
KOMIIEHCATOPOB CO CBAPHBIMH 0TBOAMH

Bruter YcnoBHbli quamerp tpy6 D,, MM
oo | 200... 600... | 900...
e | aso | 300 400300 Teng 200
4 160 130 100
5 220 170 140
6 270 220 180 160
7 350 260 220 190 180
8 400 310 260 230 200 180
9 360 300 260 230 200
10 400 350 300 270 230
11 380 330 300 260
12 370 330 300
13 420 370 320
14 400 370
15 400
CocrasieHo npu 6, = 160 MIla ¢ yuetoM npenBapuTeIbHON MOHTaXKHOW PaCTSKKH KOMIIEHCATO-
poB Ha 50 % pacyeTHOro TEeMIEPATYPHOrO YUIMHEHUsI TPyOOnpoBoja

Tabnuya I115

PacyeTHasi HHTEHCMBHOCTB CWJI TPEHUS TPYHTA Jisl 0eCKAHAJIbHBIX
TpyOonposoaoB (npu 3arayonenun H =1...1,5 m)

Haumeno-
BaHHE

VcnoHselii tuamerp Tpy6 D, MM

100

200

300

400

500

600

700

800

900 | 1000

Hapyxwnsbrit
JaMeTp ¢
TEIUION30IIs-
nyen apMo-
OCTOHOM, MM

250

350

480

600

740

840

940

1040

1140 | 1240

HMHTEeHCHBHOCTH
CHIT TPEHUSI IS
apMmobeToHa
P, xH/M

6,5

10

14

18,5

21,5

25

28

32

34 36

HMHTEeHCHBHOCTH
CUJT TPEHUS [T
3aCBITTHON
TETUTON3OJISITIIH
P, xH/M

9,5

12

16
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Tabnuya 1116
TexHUYEeCKHe XapaAKTePUCTHKH TPY0 U OTBO/IOB

: k m
< o 1
D, | D, |5 | F, | I w, | 82| 52| x Z o :
MM | MM | mm | oM’ | em? e | 35| 28| Ex | Bx | Ex | §8
ce| g5 | 28| g8 | 28 | 2%
CE| 2| EE| 5B | zE | BB
Xo | &E =43 =43 =43 e
50 51 3 5,1 18,6 6,5 230 - 0,57 - 0,9 -
70 70 3 6,8 45,9 12,1 300 - 0,44 - 1,1 -
80 82 35| 94 84 18,9 360 - 0,42 - 1,1 -
100 100 4 | 13,1 177 32,8 430 150 0,39 0,15 1,2 2,6
125 125 4 14 337 50,8 530 175 0,31 0,15 1,4 2,7
150 150 | 45| 22 652 82 640 200 0,29 0,13 1,5 2,9
200 | 207 6 40 2279 208 870 250 0,28 0,12 1,5 3
250 | 261 6 | 50,3 | 4484 328 1100 | 300 0,26 0,11 1,6 33
250 | 259 7 58 5177 380 1100 | 300 0,26 0,11 1,6 33
300 | 313 6 | 60,1 7647 470 1300 | 350 0,25 0,1 1,6 3,5
300 | 309 8 80 10000 616 1300 | 350 0,25 0,1 1,6 3,5
350 | 359 9 104 | 17600 935 1400 | 400 0,22 0,1 1,7 3,7
400 | 412 7 88 20300 955 1700 | 450 0,14 0,07 24 5
400 | 408 9 117 | 25625 | 1203 | 1700 | 450 0,14 0,07 2,4 5
450 | 464 7 100 | 28700 | 1200 | 1900 | 500 0,12 0,07 2,6 5
450 | 462 8 118 | 32608 | 1364 | 1900 | 500 0,12 0,07 2,6 5
500 | 513 8 131 | 44670 | 1685 | 2100 | 550 0,13 0,06 2,5 5,8
500 | 511 9 147 | 49720 | 1880 | 2100 | 550 0,13 0,06 2,5 5,8
600 | 614 8 156 | 75600 | 2400 - 650 - 0,06 - 5,8
600 | 612 9 176 | 84600 | 2690 650 0,06 5,8
700 | 704 8 190 | 113100 | 3150 750 0,06 5,8
700 | 700 | 10 | 223 | 140500 | 3920 750 0,06 5,8
800 | 802 9 229 | 188600 | 4600 850 0,05 7
300 | 798 | 11 | 279 | 228631 | 5576 850 0,05 7
900 | 902 9 258 | 267300 | 5811 950 0,05 7
900 | 896 | 12 | 342 | 352640 | 7666 950 0,05 7
1000 | 1020 | 10 | 317 | 404740 | 7936 1050 0,05 7
1000 | 1020 | 12 | 365 | 482800 | 9467 1050 0,05 7
1000 | 1020 | 14 | 442 | 557457 | 10930 1050 0,05 7
1200 | 1220 | 11 | 417 | 762883 | 12606 1150 0,05 7
1200 | 1220 | 12 | 465 | 834200 | 13630 1150 0,05 7
1200 | 1220 | 14 | 530 | 960594 | 15747 1150 0,05 7
1400 | 1424 | 12 | 531 [1316000| 18540 1450 0,05 7
1400 | 1424 | 14 | 618 [1527230| 21510 1450 0,05 7
1400 | 1424 | 16 | 706 |1740000 | 24520 1450 0,05 7
D, — ycnoHslit guaMeTp TpyObl, D, — BHYTPEHHUH auaMeTp TpyObl, O -- TOMIMHA CTEHKH TPYObI,
F — rutoniaie cedeHus CTeHKH, [ — MOMEHT MHEpLHH, /¥ — MOMEHT CONpPOTHBIICHUS,
k — xoapdunuent Kapmana, m; — k09 GUIHEHT KOHIIEHTPAINH HAIPHKECHU I
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